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This paper is devoted to Brillouin study of the influence of different regimes of electric field
application on the temperature behavior of a quasi-longitudinal acoustic phonon and quasielastic light
scattering in the temperature range from 77 to 300 K in PbMgy;sNby305 (PMN) crystal.

Keywords: relaxor ferroelectrics, acoustic phonon, quasielastic light scattering, phase transi-
tion.

PbMgi/3Nb,;303 (PMN) is a model compound for studies of properties of a large fami-
ly of relaxor ferroelectrics with the general formula ABIBnO3s. The PMN crystal lattice dy-
namics is characterized by a frequency-dependent anomaly of the dielectric response extended
for hundreds of degrees which is not related to a structural phase transition. The crystal sym-
metry remains cubic up to helium temperatures. The electric field application leads to a
change in the dynamics of phase transformations, i.e., a ferroelectric structural phase transi-
tion occurs in PMN. The results of PMN investigations under an applied electric field are
clearly visualized in phase diagrams [1]. It is well known that relaxor properties depend on
the applied field regimes. For example, Brillouin light scattering studies of the PMN proper-
ties in E T 0 revealed the electroacoustic effect which manifested itself in the dependence of
the behavior of the quasi-longitudinal acoustic (QLA) phonon velocity on the magnitude and
direction of the applied field  [2].

The goal of our studies reported here was to understand how the applied electric field
regimes (E = 5 kV/cm) affect the behaviors of the QLA phonon with a wave vector q|[[110]
and quasielastic light scattering in the temperature range from 77 to 300 K. The following re-
gimes of electric field application were used: (i) Cooling in E = 0 (ZFC), the field application
at the liquid nitrogen temperature, and then heating in the field (FH); (ii) Cooling (FC) and
heating in the field (FH); and (iii) Cooling in the field (FC), removal of the field at the liquid
nitrogen temperature and then heating in E = 0 (ZFH). The objects of the experiments were
PMN samples 5x3x1 mm® in size with the largest faces on which electrodes were deposited
perpendicular to the crystallographic [111], [110] and [100] directions. The measurements
were carried out by Fabry-Perot tandem interferometer in a 180-degree scattering geometry.
The light source was a laser with a wavelength of 514.5 nm. It was found that the behaviors of
the QLA phonon and quasielastic light scattering exhibited anomalies that depended on the
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applied field regimes and direction of applied field. The results are discussed within the
framework of existing phase E-T diagrams and modern concepts of the physics of relaxor fer-
roelectrics.
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Figure. Temperature behavior of relative changes of sound velocity of QLA acoustic
phonon with different regime of applied electric field
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Current literature presents quite a few facts evidencing that the energy barriers, which
control various relaxation processes in metallic glasses, are determined by the unrelaxed shear
modulus. This idea is put into the basis of the Interstitialcy theory of condensed matter states
assuming that relaxation phenomena in metallic glasses are governed by structural fidefectso,
which by their properties are similar to dumbbell interstitials in crystalline metals. The for-
mation enthalpy of these defects is proportional to the shear modulus while the latter deter-
mines their concentration. Thus, precision measurements of the shear modulus allow monitor-
ing the defect concentration, which reflects the Kinetics of relaxation phenomena in metallic
glasses.

This approach is being developed by the present authors during a few past years and
found to be quite fruitful. It was shown that various relaxation phenomena occurring upon
structural relaxation and crystallization of metallic glasses can be quantitatively explained
within the framework of this approach. This applies first of all to numerous examples of the
interrelationship between the relaxation of the shear elasticity and the heat effects (heat re-
lease or heat absorption). It was found that the excess internal energy of the non-crystalline
state with respect to the maternal crystalline state is mostly determined by the elastic energy
of the interstitial-type defects frozen-in upon glass production. This energy dissipates as heat
upon crystallization of glass so that the heat of crystallization approximately equals to the
elastic energy of these defects, which is controlled by the macroscopic shear modulus. The
same approach allowed explanation of the relationship between the enthalpies of structural
relaxation and crystallization of metallic glass with the melting enthalpy of the maternal crys-
tal. 1t was found that the excess enthalpy of metallic glass determined by the macroscopic
shear modulus also controls the height of the low temperature boson heat capacity peak of
metallic glasses.

This presentation is devoted to a review of the above approach, which clearly demon-
strates a genetic relationship of the relaxation of the shear elasticity with various relaxation
phenomena in metallic glasses.
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AP JV A [ cutenv diidkd titoses HejLdHiks0 tahidd A . (- yd@oe, Sok jtdializes

A t0BBls tfie jHis00d ji " tejLizi2s0l" dhikiHBe0GdY Wisthdistso0dd™ HjhHedshkE2 HSMR jiHks2
MistelzClstzte ™ o SHASISTG TR fjet st jSistsqSon d fie jerarijstses tisjots0f jhdw Hst jdse o Wil of-
Clatzs "7 ChSCBkEEIGASEs o or fzCEr j. A Watz jhtr j AWW ST sBI Wik jiT o 6OGSOR St jsdyinSs-
65 YsHABHO, ditfsizALizEP jots 0G0EsedE BJMHE SAtjsdSs2 HE® bR d tehissd Stdhisotese. IsCOLO-
05, Ysts LOYOLH 90ddj 5BI JBses 1St0kdito0kdw HjtsEVedLEzE jot kv dets0dls stftejHjiweshizes
totsdz-.

sty jor j fise0: HjkHtsdlsT, daseOls dalsdw, Hist jdkow fistlzClstzs0, HEBjasr j fisjiSd), Wists-
&0 HEBjdGse.

RAfEjHEo0GS LB jkikd] Wk dLstdese0tt ™ Heskjdse tid fitiSt=yibdd fs-
tedLOVGd © SHSESHGEE Ak jClstedy NSt st o dsksSedsotton SrhablAdskses Gass0k0
tdlsq LiNbO3 (CLN) f) tiscssPs stflsqyjfiCs2 odL0tdioydd djtfishis jHise bt o Hesyjhng
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Sy jkdy ) ormsCdd wOLsjh jldjd ts otjdjdkd. tfstddsjcdés dhtfsezLse0ddh-
dLisBteO>] jhdW fisOlsdy jhSs2 Hisk jhdts? histelzClsizts v, isdzlzyjdatr j: &0 tisojordishisd - ) Yisdits-
haes nCogdzsh 2 Ak jClteshit? GdShshSstdd, o s jd@j I i fodkchis CogwsCor bR
GdSteshCatfdd StdBdhOydsheses wonhjveadw (confocal Raman microscopy) d 6jdJteOydd
alststets? cOwiskdSd (Cherenkov-type second harmonic generation).

ICOL0ES, Yst fted tjtejSeE=vjhdd edvedLOydd © CLN tied fsorh jhhks2 s jdstfjto-
lztej OBEEHO IS IsstfsizseduinSow & jhisosdiz-dshist Wisted™ o WistedidtelzEslshw HjdHtsdlsd T j
HEsdG & [1,2]. T6his HjdHEdlsG Y~ HisG ko GOBEZEHOENY o Hizonsdhon i) dihCizhhise jdd r dd -
0 jtormdasist " dsq HOAdjSistecfu inCddsd fizswdd, Srlssterj 2o jkdydedid et @ jH jhhkset tBl -
JREset ACE0hkdieso0hd [3]. RLB]tjE0 LOadhdashist Wistds™ ik j>d@sS (dendrite envelope)
sls GOtftew> jatshisd tedizsy jehkses kv, rav sBdWhikjdadw Wistd ™ dLstdiso0bkt ™ n HE® jGse
ditfsiLse0h StjisduinSd? tfsHAtH € toshiskz Hisd jdso LO Myl 6jdkjt0ydd skt jij2 (gotr
CdwSso) d HodX jaadW CAiSe oHBEA HSR jihk T - fisjhsS [4]. vSrteshisd ¢ jdjtoydd fisztjki2 d
HOO oW CdtSe Hlestteydshozdr tijor M jkds ¢OH ket EsCOEGE2 o jedydnr
izcseB ™ tftecfizs> jdatsts st df ishisOsYSEs HjtsEvedLEEs P jats s,

RLAB & jBd] Wateds™ HEG %R, BBkt jdkis] Watddbto0dkdjd Ne j2W0 shististyd
LOWHISO tfted djWW iSlsdodisds 1St0dkdteso0dkdd (BjHtidks2 teiz0Shoydd) dhfzjHse0ds 1¢H)-
tfjtedck jdrsOz dats o ditsH jzdftetso0hojdz [4]. ICOLOGS, st tetshls didasetslzatsddr m Hisds jdso tfted
Isjokt jteOlstzts j B jdzjJ 200-C sBlhdot jd Hjls jtedsdtdteso0ls &3 sBtsOLEa0hd j& szt jkj2 &0
ot dz0r d OkdLsltestizr & HodM jhedjd SdkSro. ABtBdesa0hkd) or iz = ¢jShocsk0n-
G r HBBjEse, htlse jishisokzsPdn hdhdstedd CLN, ¢0BkE=HOESHA tfied AWW jSisdodsd 1Sts0-
Gdtesa0kdd HjtsEVedLizE P jots fstw, O tfied LOHjeX S ASt0kdtsso0kdw iz & jtfic0odz1dkr -
BeseszestGdSte d Lo jLH. At jer | dhfitjHEe0dk AWW Sl oshisOdsod jhkdw ¢ jShocstk0k1dks2
Wstelg ™ o fizCk v - Hisds jdse sz hedwddw [5]. tishls ¢jShocsROE G~ Hisd jkiko SBEZhEsad jd
MOds T gd ds jHez jdeds " dsd Hiscljdade ™ 3] fils jSOdkd, O MSwtetshisA Mo jtenB fister A fils jhsS, Wistedsd-
ez daihw o ochizsn BHsesEZesE &dSon, o sriwykz oL Bk N . ¢pkokdL Eshiso o fizikr A
d oschizs ' Hist jhse tsLoshdl tishistsdlst CdtjisdyjiSd? Wulff plot HodM jhdW HS® jadk A
s j&sS [6].

s jSBEOHOGA) skt YrsosHddshisd Yid sjktjtokktj Btjj 2004C tfedotHds €
dLsktestbsBE tshiskz Hishjhkse, BEOSSHOEY fistrohisdyhts? ¢jbjedydd hiskztfjdj2. Lshizls-
fisodj AWWJSIs0 fsmtsOd jizdw Wistegr tlsSter a0 jls izs € Wistedidftetso0ddts Hisds jditse iy dis2
Wistecs ™ d HjbHtsdlshsgL stz

108650 o tfisizdz k0 tfied tsHHjeX ] 60w T — 19-12-00210. Riftfstz-LS00E%s SBS-
telzHES06%d LEOEANCEES AST cutot jBjhhk T § GOk jrEsEscdde LEOENSEES WjHjLokGSes
zdzdfo jtefdis JisO.
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QAU RENISsES T jscfuifSor st kT gk jiedotse db. 1.4, [adSsesse0 T

A &OnsEWh j2 0Bl tsONNdEse jk0 osLBEM G stiejHitjddy CdiisdyinSdm HoL0REse
t6JOSydd, teslsjCosh 2 o t5jOChiste] f) ditsHodME& 3 Mtz id COOEZALOKEE0, Stdhobs st 2hises s0-
Csets o jOSIsBts0 of MizjHhsodw Wodzjidw oshtfOBkihdw. JBI JSkisd dhfikzjHse0dkdw wWodwihw SOkOkdlsd-
YinSd? fdwsiL o dn htfdislstse dL &L d osHBGEHO GO otshiisOdksot ikt - Ykoot ik~ Mz jLkrn CO-
50EdLOkEE0R. e jHEE jhk 2 tisHABH Hedljddd S0 J ¢ fistlse jishisolzsdd o0bd0dkisod hddisiLse
Adh jts0-utestN0 ) y ik il L0 et josHbtsHE, 0 50E | Hiszedn fidtisjLse i) & ifsHod> & ¢ -
J&g COLOEALOEts0 o o isCdld iitsedvdzd 0Skdo0ydd.

stsyjorj fise0: fsktykr? tj0Sksts, Hizs? COkOzdLOLEED, kjtksetj oshtizodjdikd], sidk-
11te0lslzte0 ¢0LO o WHigj tfislssCO, istewHsS tsjOSydd, B jd3B0W o ddi]2G0w NSatshist 0Lttt YeissSo,
fishisOe cOLBoBEH Yisissso.

sO0edisduhSdy fddsjLr di & J d osHBESHO o Gofisswh jj ots jdiw t0nik0kteda0sishw
COC Od-ls jtetzOlscfodz ™ j o0tedOtsT fsizlzy jldw ksstfizdfo, MdsOLES, YedhOHES du tisyizst = tfied
HBBY Y] GjWisd oo, orHjEWjdvr Hs 100 &%/ I HEBYo0 B2 GjWhd d, tt dBhkjkds
r-RIJbH ik j o0 "> de0dd] tesHizClstse d&jWisiHtsByd Ists 3 hOds, yst lsstfdis+ offdedoyd-
weird". W J Hdodjz dts Yislssdlz, st BkCterisT2 o 1926 esHEz AN jesd d .utestyh jd
s Ju etz josHsEsHEs dL & J  oBHBESHO o GORsEwWh ji ot jdsw GORBHAISHY &0 yJlsejtlsisds Hits-
Oz jidd teOLadisdw d diis jihdots tesHisE0Eskhv 0BEST s jot fise jth jhhisoto0hkdts Hiw
tfsor 1 jadW i jw jSkdedishisd df desdLosHdlsje-dishisd [1]. YR L hses Yededhisd fizxHikdd
Ir-¢. At0ZS-s0BJBJysEes 5 50, Ust "ttWH 00X %Y - SOOEZdlsdyjnSdn tesydhfise ¢0de ™ GSH-
BN ks 5BEOLEE ek S0k o b iss2udorn 6jXdkon, YEiCsESE Ssteshst ©joSydd o
GG EZhss2udesd tiMdan sy jdt GOE0, 0 o o jtentjd Ehksts2ydesd tsj>dikj ojedS or AsH
B> Jt0s je G R tesHESsss 8 joCydd”. i tjoedLoydd S0SEes YEHRBHO & jsBREHARS fistsk-
o jishisolzesh jj k0P jhdj dsHjz dgses E0Btteolsstehkses to joChste0 f ks jd, ystsBr &0 shdksa0-
Gdd sty itk tjLzes0kse shizh jhsodist 0oLkt sWistdtikd) tesylhho o Biz--
h jds 30f N s0B4.

Jsedydls i a2 shse jkhshist s ohnd0tdo0 jGset o 0Bl HisHABHO Wk jishw df)-
stz Lso0kdj © SOyjfisej kdHdtlzEP jots YO0 jisted Is jdsY jteOlskztelz GOLoE2 fidsjfid © WHis tfts-
5560, oV RsHWh jots tfishik] fksw CO0tdLOkEE d Jd &OwonisOhkd ] ik HEshisdMJddv Stedlsdud-
MCB2 s i jteOlsizte™ oshtfz0kjiildw, 0 50SMJ Gittsit ok AtsBOECLOWIY ISR 0k0dzdL
6OLO 0 MsHjtex0%dj v d B jls0k0, Wedwesh jershv daHACOLERN Mk jSsdodshisd sy dhho

3].

Clstsls fsHREH s jdidds HEW dbry it ASLES jisdduinSdn fesyfise, HisljCosPdn
tled] oSSR s8I jhshr T NCSEEhEYE d BOErT fs " g jowoP jhdv. A HECEOH] i jHisOs-
bk " 08t jhd HEW GONy O SatsquifCdn YO0 jistkke s G0N jh v ds LaOiddvd b jdtj-
0kt osNYt0B & jkd" o LoadhddEhsd &l Htsed? Hiese jHjkd™ s jL0. 30 tdf.1 dLEao-
M L it 16 jOCKHstE0, f) st Culssiesets YesosHdtdl PCOL0GGT j dLds i jdd™.

Qlstsls L jir fsistswiz oL s jtecsstotsT, oo jH ks o tjOCkst o risCisets HOotjhkdw f tis-
P i jydo dses Lhsks2fse0 di See0GquiSses fsjSto. 10 Sjeokduiicl's sekalk
s jiedsSYOET isdSie jitrjk0 YsEsuCo (8) HiW oishsOtksot jGiscs COSOkdLOEE0, LOGEEY0 jdses
o 5teBCl 15,0CEE0 o b5C ot jShEses cOL0. I GvHj ityde BhizP jhse i Heahiso-
Gsotjhdj COOudLOLSED o IsisCj osHBtEHO tied 500isd. 30 &di). 2 dLsBLOM bt dLdsjbjdkd]
5 iBJosts & BESS] tj0SksE0 d Yk fEs” CosORALOSEED o St Nseshsd b jdt itk
oshtOh it jtd. [ istdos adHbs, st tied fedaed itdd S bjdtjoktzts | ashtkods id idd
s JsJe0lszi0 ¢0LO sz fzsw COSOkCLOSED GOUBOS st jdsdls it Gt oiLEORsOs o SHS-
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HIGH-RESOLUTION MECHANICAL SPECTROSCOPY, HRMS:
RECENT PROGRESS AND NOVEL SOLUTIONS

Leszek B. Magalas
AGH University of Science and Technology, Faculty of Metals Engineering
and Industrial Computer Science, Al. Mickiewicza 30, 30-059 Krak- w, Poland

The high-resolution mechanical spectroscopy, HRMS, was developed in a time span
from 2011 [1] to 2019 in Krak-w, Poland. In this lecture we present the multi-scale high-
resolution characterization of dissipation of mechanical energy in solids for low-frequency
mechanical spectroscopy. The high-resolution mechanical spectrometer is a very sensitive tor-
sion pendulum characterized by an extremely low internal friction background, tang° 23 10°
> in the frequency range from 0.001 to 5 Hz. The sinusoidal external stress signal and the
symbiotic strain response signal are acquired with a resolution of 24 bits at a sampling rate of
around 10 kHz. The stress signal (harmonic or linear ramp) is generated by a 20-bit DAC.
Stress and strain signals are subjected to simultaneous coherent sampling.
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Progress in our ability to control and record low-noise stress and strain signals pave
the way to high-resolution measurements of complex mechanical susceptibility: extremely
small magnitudes of mechanical loss tangent, tanyg, high-resolution fine variations in shear
modulus, and, thus, very low internal friction background. It should be emphasized that high-
quality stress and strain signals are subjected to on-line Signal Quality Test, which involves
complementary and supplementary analysis of the signals in both the frequency and time do-
main. Experimental and computational tools exist to address both domains with high precision
such as interpolated discrete Fourier transform (IpDFT) and Hilbert transform, and computa-
tion of 6true enveloped [2]. Thereby, the stress and strain signals can be analyzed at each step
of the experimental procedure: (1) simulations carried out on synthetic signals, (2) analysis of
the reference harmonic signal and (3) output signal from a bipolar amplifier, (4) strain signal
acquired from a laser triangulation system, (5) signalsd deterioration caused by noise, (6) slow
drifts of the base line of strain signal (zero-point drift, ZPD), and (7) standard signal analysis.
The performance of computational methods and algorithms is also optimized. Recent experi-
mental results indicate that the mean background level in the high-resolution mechanical
spectrometer ranges from 1 to 2 3 10 in the frequency range from 10 to 5 Hz. Moreover,
the dispersion of experimental points is negligible: from N13 10™ to N2.53 10®. It can be
safely concluded that the overall performance of the high-resolution mechanical spectrometer,
HRMS, is more than one order of magnitude higher than current spectrometers (forced tor-
sion pendula). As of writing this text, new high-resolution mechanical loss spectra are being
measured; recent results are demonstrated, and new challenges and perspectives for the reso-
nant and subresonant mode are advocated. Furthermore, stochastic nature of investigated ma-
terial and imprecision in measurements are also tackled.

It is noteworthy that commercially available DMA analyzers suffer from high back-
ground (tanf° 53 10) and low resolution, which drastically limits practical applications of
DMA instruments.

Devised novel IpDFT methods provide precise estimation of the logarithmic decre-
ment, g, and resonant frequency of exponentially damped sinusoidal signals embedded in ad-
ditive white Gaussian noise and corrupted by time-dependent zero-point drift (ZPD). As antic-
ipated, classical methods for determining the logarithmic decrement and frequency, for the
same input data, yield incorrect results, and these inaccuracies are quantitatively assessed. In
this context, we discuss the performance of the: (1) reference-resolution (RR) method de-
signed for ZPD-free exponentially damped sinusoidal signals embedded in additive noise, and
(2) high-resolution (HR) method designed for exponentially damped sinusoidal signals em-
bedded in additive noise and corrupted by ZPD is illustrated and discussed. Hitherto unattain-
ably high-resolution estimations of the logarithmic decrement and resonant frequency are suc-
cessfully obtained. The devised methods and algorithms can be used in a wide range of damp-
ing magnitudes, that is, for logarithmic decrement ranging from 1110 to 0.5.

References
1. L.B. Magalas, Development of high-resolution mechanical spectroscopy, HRMS: status and
perspectives. HRMS coupled with a laser dilatometer, Arch. Metall. Mater. 60, 2069-2076 (2015).
2. L.B. Magalas, M. Majewski, Hilbert-twin: A novel Hilbert transform-based method to com-
pute envelope of free decaying oscillations embedded in noise, and the logarithmic decrement in high-
resolution mechanical spectroscopy HRMS, Arch. Metall. Mater. 60, 1092-1098 (2015).
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KINETICS OF ORIENTATION AND ABSORPTION PROCESSES
IN POLYMER SYSTEMS ON SUBSTRATES
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'Dr. Sci., Professor, a_v_maximov@mail.ru
2 Ph. D., Associate Professor, 0g62@mail.ru

Cherepovets State University

In this paper, the kinetic theory of orientation and absorption processes in flexible-chain pol-
ymer systems on solid substrates is depeloped in the mean field approximation. Kinetic equation for
the order parameter was derived; its solution was obtained for two types of relaxation behavior during
transitions to the state of chains completely torn off from the surface and the chains fully adsorbed on
the substrate surface.

Keywords: mean field approximation, flexible-chain polymer systems, orientational order pa-
rameter, absorption, relaxation times, critical slowdown.

The investigation of physico-chemical properties of surface polymer structures: films,
layers, membranes, etc. has not only theoretical, but also practical meaning associated with
their unique characteristics important for use, for example, as protective coatings for sheet
metal [1, 2]. The solution of the problem of adsorption of macromolecules is nessecary for
constructing a theory of adhesion of polymers at interphase boundaries [2, 3].

For first order phase transitions of classical low-molecular systems, the description of
both phases and the study of equilibrium and dynamic effects associated with the finite size of
the system is a very difficult task [4]; it is achieved only by means of numerical calculations
and computer simulation methods.

In this paper, the critical behavior and dynamics of the orientation and absorption pro-
cesses of partially adsorbed polymer chains under the action of intermolecular orientational
interactions with elongated sections of other chains were studied in the effective mean field
approximation for the multichain version [5] of the fisticky taped model [3].

a) b)

r I

I V L V=9
v oW ¥ T

Figure. The fisticky taped model [3]: the schematic drawing of the polymer chain adsorbed on a plane
surface (a) and the chain nearly completely peeled-off from it (b) at small and great intermolecular
interactions correspondingly. The multichain version [5] of the fisticky taped model: an adsorbed
flexible macromolecule placed in mean field created by other chains (c). The energetic constants
and V describe accordingly interactions with the surface and other chains
(they are shown by dashed lines)

26






d fshssrad™ [nk) AtjCsiest0 fattsotHidSsas 6k jbshsekShitr (14) o GBS HE-
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ABOUT THE RELAXATION SPECTRUM OF THIN FERROELECTRIC
FILM IN A PHASE TRANSITION POINT
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In the framework of the Landau i Khalatnikov theory, the spectrum of relaxation frequencies
and it temperature dependences in the near of the second-order phase transition point in a thin ferroe-
lectric film were determined depending on the film thickness and degree of polarization fixation on the
film surface.

Keywords: soft mode, ferroelectric film, phase transition.

The study of the relaxation time spectrum is necessary for understanding the general
laws control the physical kinetics of materials, in particular, their thermal and electrical prop-
erties, absorption and damping of various types of waves. In second-order phase transitions,
the shortest relaxation time in the system is the relaxation time of the order parameter. The
relaxation of the order parameter in the phase transition under conditions of limited geometry
and the influence of the environment is significantly different from the relaxation in the bulk
material. The purpose of this work is to determine the temperature dependences of the lowest
relaxation frequencies associated with the phase transition in a thin ferroelectric film for dif-
ferent thickness | and the degree of polarization fixation on the film surface. On the base of
the Landau-Khalatnikov theory we write the dynamic equation, describing the oscillations of
the polarization vector P(0,0,P):

d_F - gﬁ = 01 (1)

dP ut
where the first term is the variation of free energy F, and 2 is the damping factor. We expand
the expression for free energy density [1] in a series near the Curie temperature T¢ of an ideal
crystal:

F=138 352, Kippplyy + 118ipagg. ()
Vit 2 2 y Vg 2

where a=a, (TC —T),as are the volume and surface decomposition coefficients, re-
spectively; k° a® is the correlation constant, a is the lattice parameter; V and S are the vol-
ume and surface area of the film, respectively. Substituting expression (2) into (1), and, as-
suming a simple harmonic dependence of polarization on time P(Z,t) = P(Z)e"Wt , we get
the equation

2
K ;EZ)+(a—iwg)P(z)=O 3
with boundary conditions
Pl ap@) =0 @
dZ z=0)|

Substituting the solution of equation (3) into the boundary conditions (4), we obtain a homo-
geneous system of linear equations for the integration constants .Equating itds determinant to
zero gives a transcendental equation for determining the temperature dependences of relaxa-
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tion frequencies

a [32 22 O a [52 22 0
(as -ya? +W2)sin& M|§+ Zassinﬁ M| 0 =0, (5)
e T

thissj solution can be obtained only numerically. In fig. shows the dependences of the soft
mode W, (T) for a model TGS crystal with parameters Tc=322 s, Up=3.92k10° s'! [2] for

different values of the normalized film thickness I/a and parameter Ug/a of fixation polariza-
tion on the film planes.
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Figure. Temperature dependences of the normalized soft mode w,g of the film for different
normalized thicknesses I/a (a) and parameters Ug/a (b)

From fig. it can be seen that with decreasing temperature, the natural frequency ¥, de-
creases and drops sharply to zero at the point of phase transition. Temperature dependences of
relaxation frequencies ¥, ¥, within the framework of the task are linear. Apparently, taking
into account the own electric fields, will reveal the nonlinear character of these frequencies,
which will give the model more realism.
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INFLUENCE OF EXTERNAL ELECTRIC FIELD ON PHASE TRANSITIONS
IN THE RESTRICTED FERROELECTRICS
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On the base of Landau-Ginzburg theory, the shift of the phase transition temperature in a thin
ferroelectric film, located between electrodes, are investigated depending on the film thickness and the
type of polarization fixing on the film planes.

Keywords: thin ferroelectric film, phase transition temperature.

As is known, in a bulk ferroelectric at a phase transition (PT) temperature, its sym-
metry changes abruptly. In conditions of restricted geometry, for example in thin ferroelectric
films (FEF), the PT point shifts, as a rule, down the temperature [1], and the solvability of the
corresponding boundary value problem will be determined by the Fredholm alternative. In
this case, both the temperature T; of the PT and the type of solution near the transition point
must change, which is associated with relaxation processes in the crystal. The purpose of this
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work is to determine the temperature shift of the PT in a FEF, placed between two electrodes,
and the temperature interval of the PT diffused depending on the thickness | of the film and
the type of polarization fixed on its surface.

We expand in series, near the Curie point Tc, the specific free energy of a FEF with a

polarization vector P ={0 O,P}, lying in the (x,y) plane, limited to a second powers [2]:

F=fig- 2P0+ S (BP) - E0P - E,, 0PJV + % Pids, ®
ve 22 T8

where a =a, (TC —T) and Us are the volume and surface decomposition coefficients, re-

spectively; k© a? is the correlation constant, a is the lattice parameter; E and Eext are the

vectors of own and external electric field strength, respectively; U are contribution to the die-
lectric constant (mainly electronic), not considered using the order parameter; V and S are the
volume and surface area of the film, respectively From variating of expression (1) we receive
coordinate dependences

=C,cos, fi z+ C,sin, ,i z+C,;
()

-\ _ ,0 ,0
Z Ccos - —— Csm z+a
J(z)= 1/ ey J‘

where &, =a-4p |/ e. The electrlc charges on the film planes are neutralized by the charg-

es of the electrodes; therefore, leakage field do not arise here. The electric field strength from
the electrodes is represented as
L __i()-i(0)

T
whence the potential on the top plane is J (I) =-hl+} (O) Assuming for convenience of

calculations, the potential on the lower plane is equal to zero, we attain eventual the system
for determining the integration constants &1, &, ts, t:

?kd—Pia Pl =0,

~ dz |

1 z=0, 3
1§(0)=0, ©)
STOESL!

[

Equating the system determinant to zero (3) gives a transcendental equation

8pa, € [a, , 0o | & , - / fa f 4)
——==éa.sin,[—=l+a, l cos,[—=lou -a—=¢las - a, )sin,[—=I + 2a . /a cos =0
ea g ¢ K g K 93 JES( i-a.)

for finding the first nontrivial solution that determines the temperature T¢ of the PT.To
find the temperature T, of the FP in the external field, we use the Kronecker-Capelli theorem

on the system compatible (3) (fig.).
The situation, considered in the paper, represents example of anomalous physical phe-
nomena, where an arbitrarily weak external force generates a finite response of the system.
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Figure. Dependences of the temperature Tfh (a) and shift temperature DT (b) of the PT on the
normalized thickness of the TGS film under the action of an external field
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Phase transitions and related anelastic effects are examined in Fe-xGa alloys (x = 8-33%) by
means of in-situ neutron diffraction, vibrating sample magnetometry, dilatometry, and three different
mechanical spectroscopy techniques: torsion forced pendulum, vibrating reed, and commercial DMA
Q800. Anelastic transient effects due to ordering-disordering (D0; = A2) in Fe-19Ga, and first order
phase transitions (D03 ¥ L1, Y DOy Y B2) in Fe-27Ga compositions, are discussed with respect to
phase and magnetic transitions.

Keywords: phase transitions, mechanical spectroscopy, Snoek effect, Zener relaxation.

Amplitude-independent thermally-activated and transient effects in as-cast Fe-(8-
33)%Ga alloys in a temperature range from 0 to 600AC and frequencies from 0.1 to 30 Hz
were investigated. Activation energies and characteristic relaxation time are evaluated and
analysed to conclude about the influence of Ga content on Zener relaxation, possible overlap-
ping of Snoek-type relaxation with another, still not well defined, mechanism [1-5]. The tran-
sient effect along with a sharp increase in the modulus is a sensitive tool to detect transition
from metastable to stable structure in the Fe-Ga alloys. First ever systematic study of anelastic
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effects in binary as cast Fe-Ga (with Ga < 33 at.%) alloys between 0 and 600AC is carried out
in this work. The following conclusions can be drawn:

- Three thermally activated IF effects (P1, P2 and P3 peaks) and a transient effect (P+)
due to metastable/stable structure transition are recorded in Fe-Ga alloys and analysed. The
P1 peak is recorded in the alloys with Ga < 30 at.%, the P2 peak e below Ga < 25at.% and the
P2 peak - in the alloys with Ga > 25 at.%. The transient peak (Pt) is observed in the alloys
with Ga > 24% and is accompanied by an increase in the elastic modulus. One more thermally
activated peak (P4) can be distinguished close to the upper temperature limit of our tests
(600AC), it is not discussed in this paper due to lack of experimental data in this temperature
range.

- The relaxation strength of the Zener relaxation in Fe-Ga alloys has a complicated
character: the relaxation strength increases with an increase in gallium content in the disor-
dered alloys with <19%Ga, then the relaxation strength decreases rapidly in the range 19 < Ga
< 25 at.% due to alloys ordering. This anelastic effect is denoted in the paper as the P3 peak.
In Fe-Ga alloys with Ga > 25 at.%, the P2 peak height increases with an increase in deviation
from stoichiometric composition FesAl, and it vanishes after transition from the DO; Y L1,
structure. The values of the relaxation time for both P2 and P3 effects suggest point defect
relaxation and a smooth decrease in the activation energy on Ga concentration in Fe-Ga al-
loys, which is in agreement with the Zener relaxation and theoretical predictions.

This work was supported by RFBR grants No. 18-58-52007 (JNT_0) and No. 18-58-
53032 (GFEN_0) and also RNF grant No. 19-72-20080.
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howLObs f) tfswadjidjds tshsOlstydbs? tistedhisshisd o Ctdjudisd iosHizSlsj. Ishikj ovHjEeMSd
sBteOLYO tfied & jhSaEACE tfsor M jhds? s jdtfje0biztsj st fiejdhiz jhise jkdks tonYtt0c0sks-
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RL tj jhdw d&hisOydstOtdisets & jsHbstsHGSES Zs0od jadw HaWWzLdd f) 4 jtedsHdy-
nSdds dissytdSsts 00C0GR GOREHSHY Loadhddshst dLBTssyEs? Hf fistotjkdss f E0atks-
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cd? 0Skdolydd HEsyifie o woLEquBr R kit jboskets-yonssse TR SBEONsYA. sty jkd.
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SEsyjorj fEse0: sysisedyifiSdj WOLY, &St ulz-=edWW js0-mdej0, OCkdodr
syt

s jierdashish ™ J bstfsesedyinSdd fshisswidw difezjHizE=shv o owrd ) 0Ckz0E dishis+ &
Msots jlg Jeh~ Mfduistshe - fodisyjkd?, tOLodlsdjd tfisdLotHiise0 Wislkshdn, 0SEhsdy,i-
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GOBuInSdn fhisgds [1].

alzh jilsolz jls Is jtste jlsofu iSOV dssHjiz+ wiz-ZtedWW jte0-mdc jte0 (ezm), tfte jHEOLGOY, jd-
GOV HEW stdhodkdw sstsksedyihSdn HJW Skt fskdlsthdsets sdtfo, Saisster | stfts jHjdvesls Hf j-
te @) LOBWHO o zjcdftetso0hdk m g0k jted0t0n, did ksYtisedyinSd? WoLse 2 it jasH. A jte-
orj sh0 BYw0 tesdiut=histedissodlz0 HEW fklzydow fkdoyjsdiz o [2], dgish et sHAE -
Az jClstotsty zet jtotsHs2 fowid o SOyihise] tesosHWh jets fishistwadw.  &GOhsswh jj ote jdgw d3ts-
HJE* e Zm tistzizydi0 OLadisdj HEW oMy jisO fesosHwhdrn hes2hise NdtesCret Cdzohno tfisdd-
Gtelz ' CotLdkEe, bsytizsedyihSdr dLstvisstse d cteOW idkse, s&0 Ohfisyddislzjishv fj WoLs?2
10C0 Wislststudz ' StodiylsOtztse [3-6] o tte. vzm - OBt stsd0d fidz1ds2 howid [7] o7 t0>10-
Jisiw CO¢
HSSH © alM i#z + E"iﬁgbi,— - 4\/3‘33 - a[gto - \/5abij ](Ci+Cj +Cj+Ci)_ eéci+ci ! (1)
i 2 i 2 ] K 0 i i

GHd Mi d rii d30mi0 o Ytz jidd oJSkets0 i-6t OssdihBes 2Lk, bij=|ri-rj| Hzdho howrd
B HIz Olsscidz ¥ 3 zLzOdsdf, K 1 CistamisOdzls0 HAGOdu S S dmisChisd, to 1 tetfjtedz 2 -
Csor2 dalsjote0t, U T iz 20w Atz jChstetstz-WistatstadsOW CsizfisOis® ewrd brdse i d j, Ci d Cii
Y jtelsste ™ e HIGAY o Zddylst>] jhdw Ak jSktesd0 o ZLkj i. Ydhtitks] i jedi (1) tsoLo-
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tftelzedrn otstd HAMESCOYd2) otfjtcor J OmfdBlste ik G jied [1]. IBLHE]) LOHOYO BB dLizlz-
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It GaLSyOnsEsG R dLedet T Ciijs0kd? o HEdkhsostGsost i jH it

37



(1 kI 1<<1) disjjs
=Lg° w3 - x+ 20x28p2 + dax - §><28|oe j(<. )21 Sd_
10p eg 3 = C 3 || |
R T T st ok, g° T Clihisons0 SNy 0 A jSEEaBESS eehEy -

v, W i wonsss0, X =c2 /¢, ¢, o ¢ T MEstshsd Ystjjubr R o flesHst ik T LobSsery
otz & BjLHAYOsdotsd Sedfsodt], by o by T edikssew o Cte0jodw Crbstist s ojCksts0
At jteh0 HAhesCoydd, K, T Csdsyisiidis0 ostdisatsets ojSistd oHst+ &dtdd HdhesCoydd, |
I HEJ®0 hotsBiSHESES tetsB 60 AdjSistesk0, Cq T MSHtetshs dLedBk ~ otstdk oHisE* HAMESSO-

ydd.
Fov  GALCsOnssbtrn  diedekrn  Sszjs0gd? o  CtskSosthsesss  HiejHit
A<k, I |<<kpl) didcs

W:Lgo ea@_@ +4px20b2+aﬂ+40 5—px28b§gL|W|,

18p e@pp T ¢P P2 +70Cy
GH Ky T BOSHd0t1disg ottt ydhds.
v CstessChonkisern el Cuikzjs0hd? HANESSOYd] HesdLost s yosssT
tsizizydds

:irbzw (k) arctg89—0 %%—lx rb2w? (k,1)? arctg oW
4p 3pwilk | ¢p® P wr [k ||
3 2 24 0
+3xrb2w| %i—— xo(k, 1)? —%iz—lxgw—zuarctan p/;/g :
P gc3p> 6 - ¢3p° 6 swig  3wilk,

]HJ.ff]J Wt :Ct/I,W| =C|/I
v Hededsotstkte » diedBhr~ SizjB0kd? HOhEsSOydd tiesdLotkzidis? okt
tfisizizycfds

rg 2 rb 0y ea 8 20 2 1
W =C—=—bSwin k1) + = 24x - —x“o(k,D)* In +
10p 5w |( )* 1op 8 MM P kDTN

anx—gngw— n ! éllox 64 2w
I R AT P T
¢Hj C T CstisOdisO tfistewHSO jHdddy ™, Loadiwhow sis CAWWdyd jdisO I0fitsdO.
Jisdiisdd, st Yodizyidkrd ovidMjudy fisslokshisolzEsls  ddls jteW jteJdy stz
oCOHE o LOLEZROGd] Sl jB0dkd? HAhEsSOydd LO fiyil tOHdOYdBhkdses sttty jddy d oL0d-
GgtsH2Msad™ 1) HoficOlscfors? fits jHE?.

s jte0lskzte0
1. Eshelby J.D. Dislocations as a cause of mechanical damping in metals / J.D. Eshelby //

Proc. Roy. Soc. London A. 7 1949.7 V. 197.7 N 1050. 7 P. 396-416.

2.700ydS .. TOHdOYdhEs ) sty jed] HhEsSOydsde - s jz / A. . oydS // AdLdso
SO JteHISGES Isj0. T 1966. T ©. 8.7 — 7.1 & 2244-2246.

3. OydS Jd.r. rRutlzyjtdj LozC0 HAmisCOyd?, orasHwh j2 ©0 tfise jtendshis+ CtodhsOddo /
A royds // 3dntd0 0 rGun. T 1968.1 1. 8.7 T 6.1 ¢ 324-328.

4. Ninomiya T. Eigenfrecuencies in a dislocated crystal / T. Ninomiya // Fundamental aspects
of dislocations theory. i New York: Nat. Bur. Stand. Spec. Publ. 317.1 1970.7 V. 1.1 P. 315-357.

5. JOuHOEZ [ 1. udstedsduinSow WdLdSo. u. V. abkolsdhsdyihSow wdrdSo. v. 1/ .. JO&HOE,
L Fqwhdy. i - AdLdi0lsizdls, 2002. 7 616 f.

38



6. tshiygSdy ¢ JBoBh jukov oshtfiedddsydeshist HdhEsSOydd o HhidtOsdonsd Sed-
fisoddz / ¢. I tsPySdiz, RJ- A00tsHEe, A.d. ixde // RLahsdy td. v, AdLdyinSow. 1 1995.
Tvu.59.1T 7 10.7 & 12-16.

7. Dezhin V.V. On damping of an edge dislocation vibrations in a dissipative crystal: limiting
cases / V V Dezhin // J. of Physics: Conf. Ser. 1 2017.7 V. 936.71 012062.

8. Dezhin V.V. On damping of screw dislocation bending vibrations in dissipative crystal: lim-
iting cases / V V Dezhin // IOP Conf. Ser.: Materials Science and Engineering 1 2018. i V. 327. 1
032017

urs 519.87
sJI?Svrtndc LIr I RtLAWRE I nERroESM AP LA 3ZM
Irtemdrdd 1 oL fxasm e fodomne Jo fAc
tersdcdd > GEw frod gl

¢. ). asBHOGjo!, R, I A0s06sEGEs?, R - IO jo0®
'S0GH. WL.-d50k. 0kS, HsY jils, bondarev_a_v@mail.ru
2t WdL.-030ls. %Ok, tfistsW fftsts, i-bataronov@mail.ru
3SO0GH. s jrt. GOES, HESY i, vapushka@yandex.ru
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sE=yjorj fEse: ds0dbduinSs] fisjSes, dsHEe! fHodcd, id0Shoydw, YEonsdunsow
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sl jiB " j GOwsHOsjed0Lr 1) shserad WoLduiiSded fosse0kd [1]. dstiesh & oedvddd
SOC6M tSHO HjWSteds0yd2 d0 fistelzClsiztelz Otstewtz - (G JStedfisOkzedyintdn) MYkoose iSO jishwv
9 LGOYds iz ds2 fisjiikd sksSterisrd d wedw jishiv tfie jHR R & jshizoB jo0sh jes dilsjtsjho
wdLdSBo-a jls0kdtso jHEso.

Wt JZOShdfteso0dh 2 GBHEE! fHaded G Wodw jishv 90>k j21 J2 s tedsHROMGuINSE2
ojedudis?, CoboteOw  R0E0CkjtedLizjls e jZOSHOYdthRzE  (BjHEjRdEzE) d  Olstdbks-
s jShienlts (Brijstlt) HAGORASE fiskkShizsr OGsEWGrn ojPjijse  (qHSHHS 2 d
MsjSst) [2]. A yohshkshsd, HEW djsOkeduinSdm kit ojedudtd G &LOLYr o0 jishw
o0& j2Ndls dizs o0k kg dizHdSOksERE kjtfisera AWW jCste, Cabtisrj fstictosyHOEIS
tftetsy i tojz0SHOydd ddStedisOnddyinSs? fistelzClskzte ™ [3].

1 HOGEs®  dhfhkiese0kdd  efjwerj  BYdd  ovibidjkr  diditeiddw
G JteJOSHdtes00hkBEes BisHEzEY hHoded G tied ®%Octsjo SBOLYSE &JSOtdduinSEes fisiSeo
PdaoNisoP20, YisHe etz R i jHoOkdlsjiiGE2 das Ghdots? HronsduiiSs? HjWstdoydd
GssHeg  Stelzyjidv  fsH  HOodzjddjds. RLBJtjRdv G tesotHkdnt  gJBHENG
Az jChstesd30ctdlsiset 0SSy nises tiLsaohtnd (Hisokd ., Gottedide, o oBSS [4]). WO
tediztzSd thedHhisOatzjhr tojLizzisO™ dLidtej@d? ted 3 s/dsdl HEW GJHIWSEBRJLEO0RM;EES
BOLYO (9 odH  Blswshdls ji2dses dudjdidkdwy gisHzEY fiHade0 g = G / Gagox T 1, 6HJ Gagox T
ojdyd®0 dsHEzEw hHoded tied 340 s), 0 OS] shiz] tiejHo0kdls jz 4 d&is2 HjWstedsOydd tied
Codt0lsdas? s jostf.iteOlstzts j T YfisH HOOE jlrd i 5k 12 430 Hfishikzj N = 3, 10 d 100 sBBtesisse.
EOnisdydnSow HIWstBOydY orLredjls dLdsikdedd SAhdsdSd G (run 1). Ishikd ®Ostjo0
BBiEOLYO HE 620 s > Ty (GHJ Ty T i jts0bkzte0 fisjSuso0kdw) d tishijHizEs P jet a0 Hjkdw
HE Ty 6 jORdLE S 5 j0STdiesa0his | fshssad,j. Lisd Assds dssesad™ o jedydtd tjz0Shoydd
d3sHEzEW fHade0 (gre) (M. omisOallz &0 tedhlzié) HEW T = 340 s) Loaddls i ydink0 SBiEEsEo
N, s. . tsls AWW jSscforts? o jedudts™ YomisduinSs? HiWstroydd. Sakisdso dsHEzeY fHede o
t6 jz0CT distso0ttists SBEOLY (run 2) Sty jsiv sl qiREHESES (] B> jGGEEs) s jSk0.

A ©60BsIS SBiZYHOESKIW oL B Hedfuder dLdsjujudvy SdidsdSd G ez jHsodd
Wisteczcftetso0tc tistzish fiHod stz dis jthoots2 Htohsdy 2 HjWstdoydd.
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tohzasS. U jdtj0bkzekow Loadhddishist sitshs i bses dLdjdjtdy Gz fiHadco
9 G jHJWstedstelso0ttst d HJWEtehtese0GhsS s jSti PdioNioPa0

10B5IS0 o  tfiswd b0 tfied tisHHEM S Froftschisjtehiso0 GOLSd o o i jets SBiOLSa0RIW
A (LOHOGAj 3.1310.2017/4.6).

s jte0skzte0
1. Estrin Y. Extreme grain refinement by severe plastic deformation : A wealth of challenging

science / Y. Estrin, A. Vinogradov // Acta Amterialia. I 2013.7 Vol. 61.7 P. 782i 817.

2. Dyre J.C. The glass transition and elastic models of glass-forming liquids / J.C. Dyre //
Reviews of Modern Physics. T 2006. 1T Vol. 78.7 P. 9531 972.

3. Khonik V. Metallic glasses : A new approach to the understanding of the defect structure
and physical properties / V. Khonik, N.P. Kobelev // Metals. T 2019. 7 Vol. 9.1 P. 605-1i 605-21.

4. Mitrofanov Y.P. Towards understanding of heat effects in metallic glasses on the basis of
macroscopic shear elasticity / Y.P. Mitrofanov, D.P. Wang, A.S. Makarov, W.H. Wang, V.A. Khonik
/ Scientific Reports. I 2016. 17 Vol. 6.7 P. 23026-1i 23026-6.

urs 544.6
st e stonRe 4 svstusvutdm CrsstIRURY s JASI MTSI O

S5 Z0kddlee’, A.R.szHEVN?, . I = 0kdhse’
-6 s jrds. GOES, tssW jiists, shalimov_yn@mail.ru
2S0hH. WelL.-50k. GOES, Hsyjils, kudrjash_vi@mail.ru
"AaJU A S cAseshMnSo? shizHoEhiss jdd ™2 lsjrbdu S zakds jehds jse
‘A J L cdsiesnjMhS? dansdistzs §1 e
Ud CAJetedisé

1 0Bk j 0ot jGT ostieshT Wiskhdisse0tdw fistkSisizts di i jCkeskdsdynSises Resk0 o
fzseds fisOydistotises o qostifises AdjCstestdi0. FECOLOGS, st bk HI%W Chise o tistgvest
CEOBAY T L jts i, s SislststeTas s joftsizP jiso jads HiesciRsHals Wistshdtese0taj 6isOuzscHEdHSs.

Sty jor j fizse0: BisOLESCdHEdHT, HJWICkT fisklCisr sl fer? A jSkiestdL, obizls-
t6 jdats  j Ite jecl .

RL9 jfsds, sts At jCstesizeflsofyfiSolj & jlsoktzr of ftfz0or COS fidhlsjir f i jk1hj2 fils -
i sy jhadshisd Okthse BBoLEZES HJW ST fstlChizer, s Colsttsrd; obLBE|dGS
Wistedsdteso0hdj & jlsoktsedHisdHse ted itsedd sl jSondd Histtews) ikt e tesyiffise &0
ColstsHj [1]. JBP 2 odH 50SdR sty jffise tejHhisOot jd fjm jdis2
Me* " +ne¥YMe?, H*+eYH°, Me’+H"Y MeH

S0S Yt0adizs, 1hjtecdw fowird o Asdr MsjHdujidY BJjodkdSo d HEW Atssdsor m Yistisr-
52 o1l © YejHjt0R 0,45-0,6 eV, Ut fssise jshfsoll s jdstitsalsizs, ACTSEOC oSHEEHE
dL ¢dntsdHO o tfisjH k0 125-150Au. wOSH® SBEOLEM, osLdsYdEh s dHBoHMbGSES ROl jadw
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OBHBSEESHO HEW AdzjChstestzdlsdujhiSdn & lsOtise o htftOese L&OydsjEidks ovhj, yjd HEY & j-
sOkztzse, sty ki - diltHEg oot ikdw. JHEOSE d HEW diksOddse, Yty itsr Bilsod-
lztsedu inSddsd B ilssHOMG, GG MWstddisotist HJW ST tizs jd ks jtedsdu it sBtOBBISS
dizd B jrotdunSees osLHj2fsodw tfizs jds tBte0BBISSj o teofsottsj i isteOLokzSEE o toj>dhj CO-
adsoydd.

A Coyjhisej tfteddzjte teOmfdtsistocs Adz jSistatsizeflsofy jSisets Wistedsdftetso0hdj HJW jShsso o
MistelzClslztej Rtelsdz0. O tedhizkSy Yo jHhisOokjdr s idt je0siztetz J LOodhd®shisd odizist jdkdjcs
ste jdacw Q(T) AdzjShtsszdlsyinSaet Resd0, stizyjkhkses du fjesSdhtrn A jSkithdsss
nesdBdteso0hkdy o Eibsadwa hisOydishkothsets o dhtzdhbses Ak jCkteskdio [2]. dphyidisizHO
S0 alzists jastzjets IstejddW duddls ds0ShddOdGisj LiOUJddj HEY o> ddse dhisOydfsiOtsiisets
Az JChtetsdLO. Ut s ydids HIW Sktse fistelzClslzter o jzdyded ls ted dastflzd1fdsds teiXddzd
A jClstestzdL0. & sySd LisjkdW fise jteh jahise0 fistelzCllzter Asts tisLotkwjls s jtexHOkA, ysts
tesfyls ydh@0 HJWiCkte MewLod f o kduikdid hizkdoths? WW iSdods? HEdRY ctedddy L4-
tejiz. Yists fisLot@v jis tfe jHsks>dis! GOkdyd hisddzevydd sBisOLse0kd™ cdHisdHESe %O H W jS-
IsOR fistelzClstzts ™ & Asdm sBEOfSWE.

a*10

1- HIMITYIBCHBII PEIKIM:
1,=35 A/aM?, BpeMst HMITy/IbCca
-—1" 15 cex, Bpems nay3sl 10 cek;

26 I/
1 2 - IMITYJIbCHBII PE/KHM:
- 1,=35 A/mM>2, BpeMs IMITy!
Ill’( | ——— cox, opews nayam 500k,
3 - HeNpepHIBHBIIT PeKIM:
/’f’\\*\ IR
?

N
/-

d

-200 -100 0 100
TohlzisS. s jastfjte0bskzehOw LOadoidsisiist otaiziste iz s Ists jaacf Atz jSIstatstzcfscfuiSets Rest0, Histizyjd-
565 AL ) jisisCfEses At jSlestdso

v jdujkdj Pdedir HdSse Q™(T) fsslse jshiselzEsFrdn diflsOydskOeid tbixddse
Az jChstetsizofLO MadHls e+ iselzls s w0t jHjEjedd Ljtsedd 0SsfoOydd Ytesymftse, hoWLOddsds
f sBteOLSOOa N di3diw cdHtsdHb &3 fistelzClstzteOid. Yists eotstedls 5 osLBEMEGEhisd dijtst-Lso0-
GoW tojHEZCYdshdsets AWW S50 tfied tfishikjHizes P j& dLedjyiddd otsHistesHO tted tic0CisdunSsd
ditfisiz-Lse0kdd S0SdR cdHtedHE - Midfisids © SOy ifsej &OSsYdls jkj? osHBESHO.

A LOadhdashisd tsis Mas2Mise Az jCitesddlsse Zhisodw tBtOLsa0GkdW Ak jCstestdisdyintdn
shoHSEe diselzs fdids oLkdyols2iw LO fiydls ojedyddr eteided teiz0Shoydd tied tejozdLo-
ydd Az jd jdlsOtedzsets 0S50, A Az jShtekdson ~eshdeso0hdy &0 shbksel ntesdhkzEz1Wolkse -
¢ jChteszdite ey oshisoksot jkdy ntesd0 shizh jhsedw jisiv dL 0dkdthkhks? Wiktedr &0
COH]. ABtedzdieso0dd] OlssdiOlkt? fistelzClsizter tetls iS04l o Mo jteh jhds dur- Znksedvn,
YJds 0 Az jShietkdlson 10 thdksej fjtksSdhises nsd0, 50S COS Ad jteedd 1k jdisOtkres 0S50
teOLEdyOjlshw. stidyhisot ofsHBSESHO o Mikky0j netdihzaWolsd = Atz jShteistzdlstse o Hjdw jishw
LEOYdlsjiAdts BTN GO COLSHY. Ujl B Bikdd, © NithsSdnt ™ Lz jChtstdlson SBeOLEZ s
B4 j eqHtedHBe. e jHtfstEyd it b o hksadva Homhdeydd Yisedtendshisd Wistddtslztls-
fw 6 jls jteshistelzClsizts T ~tes0 o SEMJHO Atssd0.

s jieOblzts0
1. Ajskjis s. SiSsesRdBdyincom Sotisdso. 45 makdw. 1967. 856
2. W0y@Ow NGO . . ISiskSse0 o A >ISES tskdsing: ¢. ¢. zJsddi ko, tjH.
ASESGj>): Se0tsls, 2015. 2111,
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The vibration level in industry can be reduced using various vibro-isolating and vibro-
absorbing devices based on viscoelastic organic materials [1, 2]. However, viscoelastic organ-
ic materials are characterized by low elastic modulus, and application of these materials re-
duces rigidity of the assembly. Also, organic materials cannot be used at elevated (higher than
200AC) or low (less than -70AC) temperatures, for instance in the satellite systems, where a
small vibration of the laser beam makes the system useless. It is well-known that vibration,
acoustic and operating properties of various precision devices can be improved with the help

of High Damping Metals (HIDAMETS) [3, 4].

ADIF (Forced vibrations) ADIF (Free decay)
0.08 Free-deca
Q' |Single cantilever 0081 “eoorc y
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Fig. 1. Dependence of damping capacity Fig. 2. Dependence of damping capacity
on the annealing temperature on the annealing temperature
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Fig. 3. Dependence of max. damping capacity on annealing temperature

The main structural mechanism of damping for the Fe-Cr alloys is magneto-
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mechanical damping due to irreversible motion of magnetic domain walls (DWs), which also
leads to a magnetostriction effect. In this investigation, we used cold-rolled (CR) sheets of a
high-purity Fe-18Cr alloy to find out the correlation between heat treatment and damping ca-
pacity as well as magnetic properties including magnetostriction and grain size. Damping ca-
pacity of the samples was measured in several structural states after different annealing treat-
ments using forced vibrations by means of dynamical mechanical analyzer Q800 TA Instru-
ment and self-made vibrating reed with free-decay of bending vibrations. The results show
that the optimal properties for Fe-18Cr binary alloy were achieved after 800AC annealing of
the CR sheets. Slow cooling of the samples after high-temperature heat treatment causes a
marked decrease of the impact toughness, reduction of damping capacity and increase in the
coercive force of the Fe-18Cr alloy. This effect is caused by spinodal decomposition of the
Fe-Cr solid solution and formation of local zones enriched with Cr. Damping capacity results
are shown in the following Fig. 1, 2 and 3.

The work was carried out with support from the Ministry of Education and Science of
the Russian Federation in the framework of increase Competitiveness Program of NUST
AMISISO, implemented by a governmental decree dated 16th of March 2013, No 211. This
work was supported by the RNF project 19-72-20080.
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One of the reasons for the promise of Magnetostrictive materials in a host of applica-
tions is the development of a new class of structural magnetostrictive materials. Ironi gallium
alloys (galfenol) exhibit moderate magnetostriction (D350 ppm) under very low magnetic
fields 100 Oe (8000 A.m™), have very low hysteresis, and demonstrate high tensile strength
(500 MPa) and limited variation in magnetomechanical properties for temperatures between
T20 and 80°C [1]. They have a high Curie temperature [1] and are corrosion resistant [2] and
biodegradable [3]. The raw materials used to produce FeGa alloys are relatively inexpensive

[2].

Several research techniques were used to study structure and phase transitions at heat-
ing and cooling of three Fe-Ga alloys with 25, 27 and 33 at.% Ga. Structure of these alloys in
the as cast state and after different annealing regimes were characterized by XRD, SEM,
MFM, HV and low-temperature heat capacity. Using high resolution neutron diffraction, it is
proved that initial state of the as cast samples has the high temperature BCC-derivative D0
phase which is metastable at room temperature. Heating of the as cast samples and their sub-
sequent cooling lead to a cascade of phase transitions changing sampleds structure, mechani-
cal and physical properties including damping capacity. The phase transitions were character-
ized by in situ neutron diffraction, internal friction, resistivity, vibrating sample magnetome-
try, dilatometry, and differential scanning calorimetry. Activation energy and relaxation time
were calculated for thermally-activated relaxation peaks. Transition from metastable D05 to
stable L1, phase at heating or isothermal annealing leads to significant changes in macro
(grain size) and micro (atomic ordering) structure, hardness and magnetic properties (magne-
tostriction, magnetization and internal friction). According to our structural studies ND which
shown in the following figure, composition Fe-25.5 at.% Ga below ~600AC belongs to a sin-
gle phase (L1,) range in contrast with existing equilibrium phase diagrams.
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Figure. Temperature dependences of the intensities of fundamental diffraction peaks and their first
derivatives (transformation rate, right upper Y-axe) of different phases during the transition from
the initial (DO; phase at RT) to the final (A2 phase above 750AC) state of the alloy Fe-25.5Ga (a),

and of the alloy Fe-26.9Ga as well (b) during heating
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A JL A L At >nSd? eshizHOLhise jdb 2 sjntdyinSd? kadejehdlsilse

e jHisOatz jir tejLizzs0lsT oz iHse0hkdw siBY itttk ~ d 0GtkdszHE ~ LOadhddssh)s?
olzlziste jhaz jots st jdzdw (M) edBtedHlz - S3tLdlkse dL et jtetHE = SHESEOY 0ok jkhk n otkisSEl d
MisJCaVdi - 5C0& 42 o WEChdHEE2 wonYz0aks? &oktdyd u-107. I o isCls jitf ite0kkzisns®z Zyomnis-
Clz W0 odelzists jhdz et Iste jrd fy 2y jlstscy LSl jostf jteOstztetsets ZyoisCo Wish0 BY &0 fHjz0%0 sy jdso
1 jteedd d3detsOydd d sBieOLsa0RdY 90S0GNdEsHEBEEEE HIW SO 0dtteWns? Gostedy™ difiizjHzig Y ~
s Jezskzet itfzofisdCse.

stsyjor j fitse0: ek jfionisdS, fis jShsyzohsdS, 1sShdHEOW Golstedy0, odszists jddj stejdad .

Ajb4 0BBET LOSHE=OHON! o difiitjHse0hkdd ovisSisl jdtfjt0klzsks? LOadmddsshise
olalziste itz jos Istejtzdw cBodHEBEE Yiskdd jietiset StBHsLydshtses doljtd0rd (Isg) &o
shdse] et - d s jStsoisSst f) oLk d iy jdist T d Hsslsbsh jkdjd Sttt jdsss o dok-
tedfyj tONtOatset AfsShdHbses fowLkzsh jos koL 1-107, fishisde Solstses BOLE0BES0E:
ndBduinCdd WoSkd-k jissds Jqu [1]. A Soyhise  OdidislzesP jots GOtisiddls e dhtftstLs0-
k! SHESGOY00E jkh0w ¢ jdiso f) ket itsHE T ds ostsChisd Formosa TC-35 (12s) (G,=4000
430, =240 430) [2] d flsjSeskSOn 5-10-14 [3]. Msjisjod ©0 shbse] ekj- d fisjSs-
GOYsEhdls jzj? d howLkzs=h jos 5-107 Brid sty " o jlssHss Hot-melt f) ks hats s jndgs-
EsedyjiSres SodtiSho testfolsSd COS.T.A. [4].0 tedf. 10 s jHiisOotjd" ks jdstf jisOlstztets ™ j
LOodddshisd odizsts jttz jots st jdsd fls jSsket j0nisdSse o dObtseyj u-107 f tLOLEqysY S
NiSH jtex Ot o et jtetsH R of fls jShwad v 7 otksCist. ed SthkOkhs ks jdtjeobiztj o jedudno
olilzlsts jtih jots bstejdc Hie0SkofunCd @ slstouo s d fishistervjs Q1 ~ 5107 Isorh jhdj
s jostf jieObizts ™ His U~ 450 s fystftctsotsyHO s G jLioydlsjt1dsTds toshistss, Stlststs ™2 s jda jisiw
ACh st jdydot 't d teshissds . e thedio>jkdd S kjdt okt hisjStso0id™ (b = 458
s) 8jzdudio Q™ jP j Bsi4h j osLE0RS0 .

WOBEEHO BT j AT jtedB jtsOt G j to jLizz1s0 T ttsdf ks jst,jts0lstzts0m, BEALSHR € b5 jds-
tfjteOlsizte j fls jStso0tkaw, HisCOL o0k, yists v LOBjistis oLts0nsOls o Astls ttshls fiowLod f) tfts-
2B jtstzs2 ROty 2, O g f) ROk jtecfOtzsd GOtfshddls jiv. BOSE? tishls 5B Yl GOLY o0l o v -
NSl jostf jieObiziel v o5 Wstisd v d st stidhre0jshv st jtydot as? Loadhddshis s sis
B0 s jBHjtolkztr [5]. WO tedf). 1B tfejHijsOotjk0 LOodfhddishist GOkEOEdEes disco-
eqWk0 A i BOHE2 s jiHjokzer HEw fs jChsket jtfzohsdSo, ek jttohsdSo d fisjShts-
zOhlsdSO ¢ dOlstecfyj2 1-107. SOS adHds dL tedfy. 1 B, o SBEORSH o TSl jditf jie0biztstkets Wis-
%0 %0 LOodhdBshiswh InQ™ ~ (1/T) GOBEEHOKIW HOO fiswdshdi 26" A LyONsSo (HE kst jts0-
izt ¥~ s jSetso0da of st bs jds jieOsizts ™ fls jSzso0the™).

Vetso jH jtt 2 OOddfL tsCOLOE, ists, OftfssChdddisl tistzzyjtd T j LOodddsishise] odskzls-
o jljots stejdaw HES Is st jtsOlskzts ™ ls jStso0daw, dsMds sy jddlst Adjiecdts 0Skdo0ydd -
GteOydd HJWjSkse HEW BOltsdfy™ difijHEidkses SohitfsLdiso tfs soke jhhl ket GOSts:O Lood-
ffdssise InQ™ ~ (L/T).
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Effect of spinodal decomposition on structure and rerevsible f.c.c. Z f.c.t. martensitic trans-
formation in as-quenched Mn-15Cu and Mn-12Cu-3Cr alloys is investigated after different ageing
treatment. According to the small angle neutron scattering, degree of spinodal decomposition in Mn-
15Cu samples aged for 8 h at 480 (C is maximal, whereas for samples aged at 440 (C, degree of spi-
nodal decomposition increases by increasing ageing time up to 120 hrs in agreement with DSC and
internal friction results.

Keywords: Mn-Cu alloys, spinodal decomposition, martensitic transformation, damping capac-
ity, SANS.

Mn-Cu alloys are well-known materials with a remarkable damping capacity, shape
memory effect and good mechanical properties [1-3]. Functional properties of Mn-Cu alloys
are based on the f.c.c. Z f.c.t. thermoelastic martensitic transformation (TEMT) [4, 5]. Mar-
tensitic transformation in Mn-Cu alloys leads to a lattice structure change from the face cen-
tred cubic (f.c.c.) parent phase to the face centred tetragonal (f.c.t. with c/a < 1) martensite
phase [6-8]. Mn-Cu alloys have a small transformation thermal hysteresis and phase transfor-
mation temperature is strongly affected by Mn content and heat treatment [9].

The structure of studied as-quenched from 850 (C alloys is f.c.c., f.c.t. phases and U-
Mn, while an ageing treatment leads to a change in the volume fraction of co-existing phases
and in the transition temperatures. The heat flow (DSC) and internal friction (IF) results show
that the temperatures of the direct and reverse MT in Mn-12Cu-3Cr alloy approximately line-
arly increase by increasing ageing temperature from 400 UC to 520 UC at ageing time for 8 h.
After ageing at 440 UC from 1 to 8 h, temperatures of MT of as-quenched samples sharply in-
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crease, further long-term ageing leads to a slower increase. During MT, softening of elastic
modulus is observed. Quenched Mn-12Cu-3Cr samples after ageing at 440 (C for 5 h have
enhanced amplitude dependent IF. According to the small angle neutron scattering (SANS),
the degree of spinodal decomposition in the Mn-15Cu samples aged for 8 h at 480 C is max-
imal, whereas in the case of samples aged at 440 (C, the degree of spinodal decomposition
increases by increasing ageing time in agreement with DSC and IF results. Variations in tem-
peratures of direct and reverse MT due to ageing of the studied alloys are explained by spi-
nodal decomposition of Mn-Cu solution and formation of sonez enriched by Mn. Ageing
temperature and time, i.e. decomposition of the solid solution, have also a pronounced effect
on the samples hardness.
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The microstructural changes, volume fraction of co-existent phases, microstrains and
internal friction of Fe-16Mn-8Cr-2Cr, Fe-22Mn-3Si and Fe-26Mn-4Si (wt.%) alloys have
been investigated.

From in situ neutron diffraction tests, we found that microstrains are isotropic in the o-
austenite in the samples, whereas microstrains in the U-martensite are apparently higher and
strongly anisotropic. During thermal cycling, the internal friction and DSC peak of Fe-Mn
based alloys for the direct martensitic transformation shifts in the direction of a lower temper-
ature, for the reverse martensitic transformation shifts to a higher temperature, enhancing the
thermal hysteresis @T.

Keywords: Fe-Mn based alloys, martensitic transformation, microstructure, in situ
neutron diffraction, internal friction.

The Fe-Mn based alloys are known as materials with an excellent combination of high
strength, high ductility, and enhanced damping capacity [1-4]. They have been extensively
investigated in recent years, and have even been given a special name HIDAS (high damping
steels) [5].

After thermal cycling between room temperature and 350 3 with a 10 min holding
time at high temperature over the phase transformation, volume fraction of U-martensite in the
annealed Fe-26Mn-4Si samples increases, while volume fraction of U-martensite in the cold
rolled samples decreases. These results explain the changes in the hardness with thermal cy-
cling by increasing the ratio U/2 in the annealed samples and by decreasing the ratio U/2 in the
cold rolled samples. In situ neutron diffraction tests reveal that microstrains are isotropic in
the o-austenite in the samples, whereas microstrains in the U-martensite are pronouncedly
higher and strongly anisotropic. During thermal cycling, the internal friction and DSC peak of
Fe-22Mn-3Si alloy for the direct martensitic transformation shifts in the direction of a lower
temperature, for the reverse martensitic transformation shifts to a higher temperature, enhanc-
ing the thermal hysteresis T (Fig. 1). The transmission electron microscope and neutron dif-
fraction results demonstrate that lattice defects accumulation in the o-austenite and U-
martensite phases due to the volume difference of the transformed phases. They explain cor-
responding increase in the martensitic transformation hysteresis. Transient peaks height of the
Fe-16Mn-8Cr-2Cr alloy (Q:) are dependent on a function K( /fT0g) (Q = 3,5110% ; Qi =
75110 + 7,3T10°%; Qi = 4,1T107¢;' + 0,01) during heating for reverse martensitic trans-
formation in accordance with the Wang model. On contrast to Ni-Ti and Mn-Cu alloys, the
elastic softening does not take place during martensitic transformation in Fe-Mn based alloys.

Q-1 Fe-22Mn-3Si annealed A 20 cooling i Fe-22Mn-3Si

3 K/min il
1Hz

0.06

n. cycles:

—o—1
——2
— 3

Annealed
sample

0.04 cooling

Cold worked
sample

Heat flow (mW)
o

0.02 1
-204

heating

50 100 200 250 T, °C

100 150 200 250 T,°C
a b
Figure. Effect of thermocycling between 0-350AC on the position and the shape of (a) the internal
friction peaks (f = 1 Hz, &, = 3.6 310'°, T = 3 K/min, n is cycle number); and (b) the DSC peaks
during martensitic transition in Fe-22Mn-3Si alloy
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te0misOsls sls yidzists0 € 4 jtedWitedd d Hihsde0Els L&Oy kg2 3.34 d 2.1 GPa o fif0s0=~ AINIGd
d AICrZrMo fstslse jishise jhds, Usts &0 31.4 d 60% ovh j Li0yjkd? He dijntHEY A G jH WS-
Bteso0hkd - SBEOLYS;

T BOShdR0E21dr j L0y iGdy ddSesie jteHshisd tfise jndshstn hiksjo st jnhks2d -
4f0C jistso oSOk ls 3,1 His 4,1 430 tfs Bt o jdy jkd™ BOSHAdEOL G2 HIWSEROYdd Sis
218 His 720.
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the AlgsYgNisCo, alloy / D.V. Louzguine, A. Inoue // J. Light Metals. 7 2001.7 V. 1.7 P. 105i 109.
2. Valiev R.Z. Bulk nanostructured materials from severe plastic deformation / R.Z. Valiev,
R.K. Islamgaliev, 1.V. Alexandrov // Progr. Mater. Sci. i 2000.1 V. 45.7 P. 1037 189.
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1 HOGGs2 0Bl dhfidjHse0kd € jt0BdyinCd tBOLYY fishis0a0 Bagge7SroosTiOs f
HsBOOSOMd distztse La d Ce (0.35 d 0.60 0. % fystsise jishise jitts), tistizyjddrj tis fisOdHOtks-
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j’he obtained valugs of the constants of Ehese exponents are: U; = 14.82 N 3.24 min, B;
=0.79N 0.04, U,=13.10 N 1.54 min, B, =0.78 N 0.03.
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Figure. A. The kinetics of reducing the light transmittance of samples during exposure;
B. Kinetics of the restoration of light transmittance of samples after the end of the exposure

In contrast to the results of Caixia Xu et al [3], the kinetics of both processes in the
PZT-19 ceramics are characterized by the same kinetic parameters of the exponents.

The initial light transmission of the samples is fully restored after they are exposed in
air at a temperature of +55 N 3 AC for 10 minutes. Such small values of both the temperature
and duration of thermal annealing suggest the physical nature of the photochromic effect in
the PZT ceramics, which is caused by the presence of small traps in the band structure of lead
zirconate i titanate.

The obtained results are considered with using a Dember's photo effect theory for
structures with point defects.
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Temperature dependences of dielectric constant for the organic ferroelectric of diisoprop-
ylammonium iodide (C¢HisNI) have been investigated. It was found that upon the first heating, only
one phase transition occurred without the presence of ferroelectric phase. For samples preheated over
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420 K, two phase transitions at 363 and 378 K appeared in heating process, and the ferroelectric state
was also observed between them.

Keywords: diisopropylammonium iodide; organic ferroelectrics; phase transition; dielectric
properties.

Diisopropylammonium iodide (CgHisNI) belongs to the family of organic
ferroelectrics, which have several advantages over the widely used inorganic ferroelectrics in
relation to light weight and environmental friendliness because of the absence of heavy metals
in their structure [1-3]. In this regard, the present work is devoted to clarifying dielectric and
thermal properties of polycrystalline sample of diisopropylammonium iodide.

In the present work, diisopropylammonium iodide was synthesized through the reac-
tion between diisopropylamine and acidic aqueous solution of hydroiodic acid with mole ratio
of 1:1. The diisopropylamine (Sigma-Aldrich, 99,95%) and HI (Scharlau chemie S.A., 57.0%)
were utilized for the preparation process. The reaction mixture was stirred for 30 min and then
filtered to get a solid residue, which was recrystallized from ethyl alcohol at 350 K. After
evaporation of the solvent, acicular colorless diisopropylammonium iodide crystals were ob-
tained and then dried in a desiccator with calcium chloride. A crystalline powder formed after
drying was carefully washed by diethyl ether and dried again in the desiccator with calcium
chloride. Finally, the synthesized power was compressed into tablets of 12 mm in diameter
and 1.5 mm in thickness under a pressure of 7500 kg/cm?.

The obtained results for temperature dependences of dielectric constant Uj for samples
of DIPAI at different frequencies are presented in Fig. 1. Upon the first heating to 390 K, an
anomaly found at 381 K as seen in Fig. 1 corresponds to the transition from the orthorhombic
P2,2;2; to monoclinic P2;/m phases [2]. Upon cooling, the transition temperature decreased
and was detected at 361 s. For temperature dependences of tgd(T), there were two minima at
381 and 361 s observed during heating and cooling, respectively (the inset, Fig. 1). Besides,
the increase in measuring frequencies led to the reduction of ej and tgd values, indicating the
presence of dielectric dispersion. This dependence is in good agreement with the experimental
data obtained for single crystals of DIPAI [2].
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Fig. 1. Temperature dependences of dielectric Fig. 2. Temperature dependences of dielectric
constant U' for polycrystalline samples of DIPAI constant U' for polycrystalline samples of DIPAI

upon the first heating/cooling round up to 390 K at  at 1 kHz upon the first heating/cooling round up
frequencies of 1 kHz i 1, 10 kHz i 2 and 100 kHz  to 390 K (closed symbols) and after preheating to

T 3. The inset shows temperature dependences of 420 K (open symbols). The inset shows
tgli(u) obtained upon the first heating/cooling temperature dependences of tgli(v) obtained upon
round at 1 kHz the first heating/cooling round at frequency

of 1 kHz after preheating to 420 K

It was found that the heating history strongly affected the sequence of phase transitions
in polycrystalline samples of DIPAI. Indeed, after preheating samples up to 420 K and higher,
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two phase transitions at 363 and 378 K appeared upon heating (Fig. 2). Correspondingly, two
minima at 363 and 378 K in tgd(T) dependence were also observed in heating mode. Mean-
while, upon cooling, these phase transition temperatures were slightly different from the heat-
ing ones (within 1 degree) (Fig. 2).

Thus, the influence of thermal prehistory on the appearance of ferroelectric state in
polycrystalline samples of DIPAI was clarified. After preheating samples over 420 K, the fer-
roelectric phase was found between 363 and 378 K. During cooling process, the ferroelectric
state occurred from 361 to 300 K. In the case of keeping samples at room temperature over
24h, polycrystalline DIPAI was completely converted into the paraelectric phase.
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L24 A 1aJ0 A S cad0etse P jaiCd? cshizHOtse jad 2 tfjHOcsedu NS kdkde jehdis jise
AL A S cu0bCls-3 s joBlztsehCd? atshizHOBhise jdads ™2 Ldado jtehdls jlsé

1 t0BBlsj tftesojH it HOz Sty jhSdj itz iHse0hkdw BtesdHO HAdLEHissYdz0dkbsedw,
ol jHE jhlkses o dOtedyr sEhIHO Ok=ddidy ) LOLzdukrid OLgdie0d tist. RMiEiHESo0GIW
orwodd fkjNJedd BikYieosizer ssted ¢ GALidd BjBYiEobleod bjd Bz My, Yk Gjehj
0L jts tfiste Yz jdsS AlOs. & &OdsyOhisdy DIPAB 9 tftstsdn Al,O3 60L& jtetsds 60 nm GOBLESHOEIshw
HO0 WOLBO Y A 1 jte JrSHO, (3 j>HIz Cislststedsdf Wistedioftolz,jlshw fjetz jlsts4dz jCstedfy i GOW WOLO.

stsyjor) fise0: wOLdjtehrj AWWISkr, wec0udyjnSd fnictkistiz CktedSd, WoLser?
tjtejA5H, HOAZ Sty inSdj fiots2Mise0.

ulstelzCllzs T G0 Sitse, LisEvHEYiGGTR dosedy (50t YiikSq fstaisses sSHoHO
OkEBAGAY d He.), LOYShijih T j fjctk st SkisdSodd, dsets difstLEa0kiw HE™ dLesisse-
trjdacf 0Lyt Az jcR jlstse GO SteshdCd. [HEOSS, akdWidj AWW jSkte, fovLodG R f)
0L Jt0id d cisddsted)? hksCd Yt aL0ddsHi2misod i yohisdy fis fisjdCodd st d ii>HE
B2 HledoisHwls € lssdlz, Uss fjot s jSkidy inSdj hos2hise0 yofsdy o BOsEqyOR LoLGEEES
S0 dgtsclzls syl . A SOy e  SHbAR dL tishiSsdotn kolstdy, dtstiLzidrn Hew
st idw GOwshselSsls, Worwjshv sCHdH OkEGARA™ (Al,Os), fijHis0ashd? fisaE2
il ) o jelemiehts wOntisisy jdt Tt Pste0kd, Stedjisdieso0ti ™ did t it jGHASkivetks -
o jerntshisd. 1 HOGGS? ©0BSS] YdosHMSHY 6 jLes0sT difikiHse0kd? Cdbj2Gr s o Gitd-
2GR HOEChdu SR fos2hise a0k inSEes fjdt st iSlisdCo HAdLTEsYdEOdMss-
tw BlesddH (CsHisNBr, DIPAB) ot jHis jGiisets o G0stsdy™ Al,Os fi HJOG jstetsts tists 330, 100
q 60 G,
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I oL dEOBHBGd™ BEsdH, dhidls bttt fsredoydss (Ps ~ 23 0Cxem'
2) LSl  keflst0stz B0, o FijsClzs s jastfjteOlsiziel Ststeqf (w5 = 426 S) df Hjdsitihstediskzs
nstesP AR 2 jLsAECssdu SR SShdS [1]. Slsq OseBlST Hit0sls s 0k jbhosdos? -
tesofCalsisHBR a1 jet s jCktedCok. A GONdR difijHse0kdva HAdLstestdkoddsRdw
BIESBAH BT & Yty il 6j0Sydi2 HOLEYEEYItOGHO f) 48%-GTds oHEY s ONsosESsd HBr
s djSSHAS, Hiedfo il o [2]. tisctOnds Sz XRD, tied Sshtolstis b jdtjtsolsiztj
sel jhhr2 DIPAB gk ls fichssAdiCstedu il fselShlzel (T24).

20 teoffy. 1 d 2 tftejHiisOatzjts* LOacfodsshisd Ui(T) o tsj>ddsj GOGts jo0 - SRkOMHjddW Hiw
tsBd jistsets sBtsOLYO DIPAB d LOtfistds jlde ' - tfiz jlatsS AlLOs fy teOLEdydr &3d 0L jeOdd tists.
JOChduslzas ™ 60 Stedorm ei(T) HEw sBI jdsiiscts SBEOLYO GOBEE=HOIW tied |5 jdstfjteOlstzts j 426
K, Ust fisskejkhisolzjls hitelzCliztetsilz HfjtejnrsHz 21 — P2/m d fsekohizjlshw
t6 jLizz 1500, tts jHiisOat jist & © t0BEISOR [3]. Mied SrtOMHGAd BOShABLzds Ui hHadco jishw
o fisstesilz ddLCdn bidHitelzts oz itets &0 3-4 K. i ¢0ksSsaktsLdiste DIPAB/AILO;
0hsas0hdd Ui(T) o sBEONs] WOLeses fjejntHO didjj oTkOMjBr ts fMilokjkds
tsBd jogtz g tsBteOLYOBR d fiHodeOslshw o histstetstzlz Bistzjj ddLSdR Isjdstf jteOlsizts.
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. 1. Y0adhddstshisef U(T) Hiv DIPAB td.2. Y0adhddstshisef Ui(T) Hizv DIPAB
(stejestidSd, ¢jo0w sfiit) d LOseditdrn  (Stilzest Gded, ¢jodw i) d DIPAB/ALO;
DIPAB/ALLQ; HJOM jistetscs 330 s (Stelzae, ¢ MO jisteses tfists 60 dacy (Stalzed, tfe0o0W i)
tc000w i) o tei>dd3] 06t jo0 d SREOMHdkdW 9 tej>diz 0cte jo0 d SREOMH jddW
%0 yOflsslsj 1 kHz (0 yOflsslsj 1 kHz

rev Essykjtdv il itskziets? sBEonsd iz jhsosedddw fjetlss-djChtdyjhis?
WOLY o dOnsSCelYBLdlson BYdd difiziHse0GY dn Gjedhj2erJ heots2ise0 o fisOedidkdd f
5B jds 5 DIPAB. Hs60NGS tejLiziz+Is0l50d3 4t 6 itz jtedydd Istedls* j2 c0tedzstzdSd, Yitzizyjdd ™ d
tfed %GOGt joj, HEZW DIPAB d SthtfisLdsse DIPAB/AIO; f) LB jts0kd tists 330 o 100 nm
ormsCdl L&Oyjdkdy CEAWWAYdiG0 93¢ HOBEEHOBKIW o dhlsjto0k] sjdt itk fls
ChBObks? HE 426, 423 d 420 K fisslejishise jhks. Arhj LSOLOGEY R s jdtjobie 93y
Gidw jlsiw G jLeoydls jzes, st hewloks f fjtintHEl GBOLYSe o YO0k jSistedyinSs]
nshisswizdj. tolze0W COtelsddz0 BOBEESHO ISt HEZW CdstfsLdisO DIPAB/AILO3 ) 60L& jte0Rd tiste
60 nm, 6HJ teJLCd? teishis CEAWWAYIJHEISO 03+(T) GOBEZEHOJSHWY o ddslsjea0iz] s jdstfjteOlslzte 403-
418 K tfted G0ctsjo o 401-416 tfted SatOMHbdd. isd obstesss o st jHzENdR EsAsHOR
50 Hftetsiizj> Jo0Elshw HoO WOLESe Y A Y te jnSHO.

u0Cds SBieOLESH, B ES LOSEE=YsH, Yt HEZW &Odksyohsdy DIPAB o tfists0n 60 nm tfisd
GOt joj d SREOMHjGA] tjOtdiizisiv He0 WOLseTR HjjntHO, ®BjdHEZ CHssErhd
Wistetzeftelz jisi™ f.jctaissAtiChstscfu jiSow WoLo.
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This work given results of dielectric and colorimetric researches of ferroelectric composite
(CsH16NBI) 1, /(M0TiOs),. It is shown, that mutual influence of composite components can lead to
change an order of phase transitions.

Keywords: organic ferroelectrics, phase transition, ferroelectric composite, dielectric permea-
bility

When studying of dielectric properties of ferroelectric composite (see [1-3] and refer-
ences therein), it was found that for such systems mutual components influence on both prop-
erties is possible. For composites (KNO3)14/(BaTiOs)y,
(KNO3)1-«/(KNbO3), expansion of potassium nitrate ferroelectric phase existence was ob-
served [1, 2]. Significant shift of Curie temperature for AgNa(NO;), was found in composite
AgNa(NOZ)z]olgl[BaTi03]0.1 [3]

In recent years, a number of organic compounds with polar point group at room tem-
perature and relatively high melting point (~450K) were discovered. Particularly, such ferroe-
lectrics include diisopropylammonium bromide (CsHigNBr) Ps ~ 23 ~Clcm?, Uy = 426 s [4].
Diisopropylammonium bromide has a spontaneous polarization close to that of barium titan-
ate, high Curie temperature and exhibits good piezoelectric response. Experimental results of
A0TiO3 particle influence on phase transitions of composite (CgH16NBI)1.x/(A0TiO3), for a=
0.05, 0.1 are given in the present work.

In experiment samples of CgHigNBr and C¢H16NBr with 10TiO3 volume fractions of
inclusion 5 and 10%. Broadband dielectric spectrometer Novocontrol BDS-80 with frequency
range from 0,1 Hz to 10 MHz was used to complex dielectric constant measurement.

As dielectric studies shows (Fig.1), at room temperature CgH1gNBr is ferroelectric
(with P2; symmetry). At frequencies about several Hz spontaneous polarization gives signifi-
cant contribution to dielectric permittivity and minimum ej(T) corresponds to phase transition
due to spontaneous polarization equal zero. According colorimetrical and dielectric studies, at
T=421,6K CgH1sNBr converted into paraphrase (with P2:/m symmetry), and when cooling
down lower T=419K shifted back to polar (with P2; symmetry).

For composite (CeH1sNBr)o.o/(A0TiO3)o1 (Fig.2) at room temperature realize the ortho-
rhombic phase with space group P2:2,2;, which is ferroelectrically inactive. During heating
above 415K it goes to polar structure with P2; symmetry. This structure exists at range from
415 to 421K. At temperature, higher than 421K a transition occurs to non-polar monoclinic
phase P2;/m. When cooling down at 418K CgH1sNBr structure changes directly from P2;/m
to P2; symmetry). Determination of phase transitions temperatures from the maximum dielec-
tric constant is not accurate because of composite (C¢H16NBI)1./(A10TiO3)x maximum temper-
ature depends of frequency and changes from 419,8K at 1Hz to 424,5K at 500 kHz. At the
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same time according to calorimetric measurements this value is 426,5K. It means that compo-
site present relaxor properties.
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Fig. 1. Dependence U (T) for CgH;sNBr at heat- Fig. 2. Dependence U (T) for
ing and cooling (the inset) (CsH16NBI).o/ (10TiO3)0 1 at heating
and cooling (the inset)

Non-polar phase instead of polar one implementation is connected with the fact that
composite free system energy includes components energy and the energy of dipole-dipolar
interaction. In this case dipole-dipolar interaction of J0TiO; and CgHisNBr polar particles
leads to increase of free energy and ferroelectric state will be disadvantageous.
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UojteHT J tOfsester &0 shdsej PbMnysNbysO3 Wodweslstiv ddzls jteifd ™ d3d d dz0dsdLiz-
YJbhrgd fshis0e0id, sBEOHOEPdRT Yo jHikdid nictkilstiz SistedyinCtet toiz0Chst0 d
M tfslsOdi o5 EOdOcEdydo0hdjd. Folsjteoisizisl ™~ HOGGY » s SastfzjShusslz dLizyjids Sah-
Y jisteOydsthrn WoLse - tfjtsjatsHse 5o jisH - teOfsatstese (1-X)Pb(Mn13Nby3)Os-X(PbTiOs)
eSSy hCd ddls, gsssilz GO j2 k1 wodw jishw othsidikd | Ustes tiess 0.

J t60BBk] tiejHnisOok kY tejLizizs0sT dLizyikdw fistkCliziet o0 istse, HEjS-

stedy hSdn hes2Mise, zHJjEAdE2 1k St tfiesosHbshisd (1-X)Pb(MnysNb,s)Os-x(PbTiOs) d s-
sdydnSdn MYiSkteso @ Nt CidryjdistOydtiass HAOYOLEE.
IBCOLOESE, s Hddddsted” PbMnysNbys03 @lzyhj efjets st o0 i tfishist0diise jdhks2
eelztftfis?2 R3m, d stz Wadkw jistiv te jz0Shstetscz. Lo jkdyikd]j SlyjdisteOydd HetdblzEsh 2 Crk-
tfistjdisT HEs 0.15PhTiO; fedfotsHdls € tsHOat jtidts tsjt0CHstetses e jHjddw o Wetskdiese0-
Gt dGseWskestbs? seaohisd (I, e jHhsOadzvesh j2 hsosCzyhshist R3m+P4mm WoL. [B-
@Ofis I tteshisdte0jlsiw His Ctsdey jdalsteOydd HsOhO, teOats? 0.25 PbTiOs. B0tz jdis,
Uss Pdedt0 Lotts P jahs? Lk Eg K0Sy dids@vishv o LOadhddshisd Bls Sodyjdists0ydd
HESOSO.

¢dolsster BEOGSHOLRT LO fsHHjEeX S Ad.cte. — 07/2017-08 Hxbisets W jH 0k k6t
bdscfo jishs iSO o 4] WA TN %0 2019¢., — . s iSk0 dpddd-d19-119040390084-3.
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J ©60BBIs] Yo jHisOadjhr tojLlza2sOlr dizyjndy etzdwkdw hdisetses osLHj2Msedw o fisylso-
Gdfdf s HHadeses? HjWEEROYd 2 G0 WdLdyihSdj hot2Mmise0 fjet stz jSidCse, fjchk it jz0Shstss,
Odaisoffy j6ts jlss A jClsteclStse of dlzdzlsaW jisteiscfStse.

j~0GAu NS hdtsets osLHj2hsed | &0 lso jeH ™ j StediisOdizdyinSdd sjko i) fsgshats
ZOCBo0Ljd AtedHMBIBO Wodwjsiiv SHGAd dL dGiktHse Wetddto0kdy WdLduihtdn dn
hes2Mise.

J tfiejHr060 jdssds HSSEOH] dLizu dis adzdWidd SOSEEE osLHi2MisodW &0 fets2Mise0 fofisls -
Lteso0kk n SEonfduinSda hictklssikjSiktedSte, Odisdhich sttt jSistedSre, jct st jSitd-
(o - e jkoChstelse o dlzasdW jstetsdSte. stttz jdrid Yorosdstodd ted diizyisdd
fstesh S sBEOLYSo orfskztfotd woLgjtr Lst d ddSesH iWetekoydd, oLogistr” RS -
htfjSktetso, YO0k jster CtecfilsOddzdujhSe? i jsCd, Sy jdisteoydd WoL, ftejHdjSo0Ht0sdy-
&Y J g P jdedw, ~0t0Cls jtediisdy hSow ks jostf jteOlsizte® 1 jBOW of WOSktte | jBOW - N0tz jteO.

v Sttty okdvkdy o jR0ks0Skdeoydd &0 WdLdyind, hets2hise0 S B0y inSdn
SBEOLYSe dLiORdi HOL SedquinSdi d sYsquinSdi NISkEr, kHji Gk At jCktstfesosH-
Gyl of lsjtfizts jgStshis, lsted dz0cdeeflstztsets df i jedzlstsdz jSlstecfufSsets edils jtejLofio.

¢dolsster BZOGSHOLRT LO isHH X SE Ad.cte. — 07/2017-08 D>dfsets WiH 0k g6t
ddo jtehdis 0 d ik ddPpd-Pp19-119040390084-3 D tsets GOLYHSES Y idistsd T
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1 HOGHSY 0Bk W jHisOat il Lzt OsT  fiCki0d G 0GOkALO  qustzE TR
tesydifise  YiteiCesyied®, dedyddsedts - oiiheds ejSkteduinCds Yseih d didgdededds
SiGUjeobkisT, o  ClofsoddOn  fjetsskiCsiedSo-6 eSS0 SBN  f) it
Gst5H st ists00052 SEOMAYINCE? khs0ns8 s difikjHEa0Gd™ | jEsases AWW S0 10ESeOkL jk0.

sty jor j fzse0: fjSsis0z-dar2 OG0kdL, Pesy i s iShEsy s,

Lz s0ls ™ oyt jHso0h%dW AWW S50 A0LSEOkL j&0 (Ga) o SEOhhduihCdn fjctk st S-
ste[COR HEMsOlsykE ~Bshs dLa st [1]. steOHdydkgs Shisetkj LOSEHEE jEhkshisd e j-
Hjddw MCOUCHtBOLGY R daistfza kA fesyjiise 4 jtjCtsyikdy dhdyddtsedts  tedits-
MJed ik ekjhdjet Az jClstedunSses sk howL ro0sisiw f) Ad j& jesokd Y jistd HEjSistedy,j-
hees cdfylsjtejrdid, O lsjdstfjteOliztetitsets tsojHjddw f) ks jdstfjteOlskztetzs? LOadhddsshisa s fitftsdz-
sO0ts2 fsiedLOydd. REOW hdszOydw osLBEEO o f)jed At jStedSon-te jz0Shst0n, R0te0C j-
L= AR GO ds WoLse (s YjtsjnsHit [2]. Jhkisdt, st k0t a2 0GotdL
dastfzdzse 4 jtejShsjhdv, 60 shbse0hdd Shlstteses GMds dsostdis! 5 SshCtejskrn d3jno-
GALkOR d dn 9SEOHj o tetsy i fjedjistsd jCistedy jhSsets tjte jShtsy jhkdw o to jb0Shsted ™ -
6tz jlsts ez jSlstedSOR eSSy inSd b tstsosHdW.

1 HOGG2 te0Bsls | tfietse jHjk " difikjHse0kdw ey jhiise tfjtjSktsyjkdv o StedhsOddon
fjetelsts Atz jSIstedfSO-te jzOCH S0 Sr0.61Ba0.39Nb206 (SBN), tfishistets jdar MtfjChste™ OdstizdsizH
dastilziz2fse, Celssterj stitsjHjbvesls sk jSOsPdj o CtedhlsOddj tfesyghh™ fjtejSe=syjsgdv,
szizy j& mf jShkte™ ote jds jdod tetsls jSOkdY SHAEBYG = ddstfizizhse, fiese jHjk0 sy kS sBIY-
&0 tfjtejShsvjkdw StecilsOdzaz0 HEW slsH jd G = B jrobdLdgse ditizzse d dr oCkOH o BN 2
sBIYRO tfjte Sy jkdv, dedyddisse0ddsets s jteddyihCdid otsLHj2hisodwdd.

R jHEZ B J StedhsOkz™ SBN o0 jir djssHEd Yin0z NSEes  tsHesksokjigr € df)-
e jHso0kdwds o dihsdisizisj WoLdSd ¢. Jhk0BEsS, Aty RiffjtjHE00RdY tfssosHddh! GO yd-
fistsds StediylsOktzj SBN d f) tfieddzjfjvdz Ce, Cr, Rh, Ru d dn Stsczedioydvn.

rev dedyddissedndw ttesyjhise tjtejCasyjhdy StedhisOzer tfsHe jecOkdh+ ofsLHj2-
fisodts et jPdjots Atz jStedujhSaets tfistw 50 o 100 A d &Octejo0kdi! HEs lsjdtfjteOlslzte 2006
(o j BOShHddzR0 s jdstf jteOlstztedits? LOadmdcshisd HAk jCistedufSs2 Ytesddyo jdshisd). A O-
Yjhsej s difikjHse0ls jez1hiCs2 ZhisOdksoCd tiedd jdweon! disH jtkdLdtse0he0w Oalsste0dd
ZhisOtts0S0 HAEW dffyfiytz jHSe0h%dW s jtfisotscts AWW jCIsO A0tCeOlzL j&0. Tz jSlstedyihCd ddstflzdir
tfishiskzozd &0 onsH orfisChCitashistisets s jeOydstbses Zhdidsjzvy, 0 tfshbj Ehdejedw
wdShdtesa0ddi+ fzols2 A L-783 JLLL cf sOtHe.

V0adhdastshis* dasjahdeushisd hidHse0kdy daiflzefise Yitjfse edioydd sl sjdkyd-
Ozt ™ o CtedhsOkzz0n SBN, ydhis = d i fedizihvdid, ot ofjd dalsjteodd] dihkjHso0dkd -
s jdstf jteOlslzte © BsE+M s StedhisOkdse dijdls sted BOSHdEMG0, ke jshisokzEshdr Istejds
s jostf.jteOlslztets o tsBEOMsWd: 1 T tsBEOMS! Hetsls jCOhdW dastfza ke tfesyjhfise tfjtjSe=y-
&dw o CtedsOdzdzj HES cWOLBOISES tf jtejntHO, 2 T SBEOMs Isjdtf jteOsizte™, BEdLSE2 € Isjdstf jt0-
bizte j B3OSHABEBO HAE jSsteduinSE2 Hieshdyojdshisd, 3 T sBEOMNSA HislsjCO0kdw dastizd e
ey jhise hizh jhise jeds o j Ast? Is jdstf jieOlsizts . y Oz Istejls j2? sBEOMSH t2jr0te0Sls jto-
s HEW fjet st jSistedyinCdn StedisOkise d B>l BY s+ sBIWd jdis ts jEz0Shistd r &d hots2-
MisoOdzd SBN.

JBt0BEkCO HOGER -, LOWdShdlso0hk = GAY, tfiesosHdLon ) tekshas Hiseokhhses
Bt jujidw, tOLeOBBIOGESeE Oolsold. tjLize oy sBteOBSH tfsLotkdld tistizydls-
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DOMAIN STRUCTURE IN NANOSCALE FERROELASTICS

V. N. Nechaev', ¢. V. Viskovatykh?
! Dr. Phys.-Mat. sciences, professor, ostrogvisk@mail.ru
2 PhD student, ostrogvisk@mail.ru
Voronezh State Technical University

In this work, in the framework of the thermodynamic theory of Landau for phase transitions, it
is shown by an exact numerical solution of a nonlinear system of differential equations that a ferroe-
lastic nanoparticle has a domain structure in the low-temperature phase. This structure depends on the
size and shape of the particle, as well as on the boundary conditions for the order parameter.

Keywords: ferroelastic, domain structure, phase transition, nanocomposite.

Nanoscale materials are of great interest both from the point of view of studying phys-
ical laws in low-dimensional systems and from the practical side - they are associated with the
search for materials with new properties. The main reason for the difference between the
properties of nanoscale materials and the properties of bulk analogs is associated with an in-
crease in the proportion of atoms on the surfase of the particle. As a result, the balance of var-
ious contributions to the free energy of a material changes and its ground state may change [1-
3]. In [1-2], it was shown that the ground state of a ferroelectric nanoparticle formed during
the phase transition from the high-temperature paraphase is inhomogeneous domain-like. The
heterogeneity of the order parameter refers to a change in the direction (sign) of the order pa-
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rameter, and not a change in the order parameter in magnitude. Such a heterogeneous struc-
ture depends on the temperature, shape and size of the sample, boundary conditions for the
order parameter, the presence of external fields, etc. The same situation occurs in thin ferroe-
lectric films [3]. But the basic state in magnetic materials, in particular in frustration magnets,
IS most studied [4-7].

The purpose of this study is to study the structure of the low-temperature phase in fer-
roelastic nanoparticles.

The thermodynamic potential of a ferroelastic nanoparticle is the sum of three compo-
nents: the elastic potential, the contribution to the thermodynamic potential associated with
the order parameter, and the term that takes into account the interaction of the order parameter
with elastic stresses.

Q= [, (PadV = fismxmfka OmdV, 1)
©, = [ (Pav = [ Gk —an* +3pm*)av, (@)
©, = [ @, (F)dV = — [na,,dV, (3)

where §;;1.m,, 1S the elastic compliance tensor, having the following form in an isotropic elastic
environment:
s

Sikim = % [8510:5 01 + 52 (61 8km + 8 Op)], 51 = _i  S2 = (4)

where §; d § is two independent components are expressed in terms of the Young modulus
E and the Poissonbs ratio v, gy, is the elastic stress tensor, @, [ are the Landau coefficients

of the bulk ferroelastic, ¥ is the correlation constant.
In addition, when writing expressions (1) - (3), it was assumed that as a result of a

phase transition in the material there is a spontaneous (plastic) shear deformation ui‘? , taken
as a parameter of the order 1, as in potassium trinydroelenite KH3(SeOs),. This assumption

explains the kind of expression for @.

As an object of study, we consider a paralelepiped nanoparticle, which is a homogene-
ous ferroelastic crystal. Its size is 30 % 30 X d nm, where d is the thickness (height) of the

nanoparticle.

The plastic deformation distribution also has a domain-like structure in a ferroelastic
nanoparticle below the Curie temperature similarly to the domain-like picture in ferroelectric
nanoparticles. As it was shown, the cause of the division of ferroelectric particles into do-
mains is depolarizing electric field. In the case of a ferroelastic particle, the elastic fields are
the cause. At d = 8 nm, the phase transition at Curie temperature occurs in a single-domain

state. At 9 nm =< d < 12 nm a two-domain state is observed. For d = 13 nm it is observed

three and more domains.

In conclusion, we note that the formation of the domain structure of a ferroelastic na-
noparticle, in addition to the size and shape should certainly be influenced by the following
parameters. These are the boundary conditions for the order parameter and mobility of the
boundaries of nanoparticle, the presence of stresses at the nanoparticle boundaries, thermal
stresses, primarily due to the production technology, the presence and concentration of de-
fects, and others. All this complicates the analysis of such states and is the subject of future
research.
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'Dr. Phys.-Mat. sciences, professor, ostrogvisk@mail.ru
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This paper presents an approach for determining the oscillation spectrum of ferroelectric na-
noparticles of different shapes in a dielectric matrix. The spectrum of their oscillations determines
many important thermodynamic and kinetic characteristics. On the basis of this approach, the influ-
ence of the size, shape and concentration of ferroparticles on the macroscopic properties of the nano-
composite material is determined.

Keywords: ferroelectric, phase transition, nanocomposite, eigenvalues, polarization relaxation.

The fluctuations spectrum of a material determines its many important thermodynamic
and kinetic characteristics, such as heat capacity, thermal conductivity, electrical conductivity,
acoustic and optical properties, etc. [1]. A fundamental reorganization of the fluctuations
spectrum occurs in the composite material due to the presence of inclusions of another phase
in the matrix phase. The purpose of this work is to study the features of the fluctuations spec-
trum of a ferroelectric-dielectric nanocomposite, necessary to clarify a number of fundamental
issues of their behavior.

Consider a representative cell of a composite material, which is a parallelepiped of a
dielectric with a ferroelectric particle located in its center. For this representative cell, we pro-
ceed from the Lagrangian of the form:

L= fy {iﬂpz _Ki(ﬁP)E—F éﬂipz —iﬁp‘b}dV—FIS {ifstz}dS' 1)

where (i is the mass coefficient for the fluctuations of polarization, P = {0,0, P} is
the vector of polarization, which plays the role of the order parameter in the phase transition;
a = ay (T —T) and B are the Landau coefficients in the expansion of free energy [15],

T, is the Curie temperature of homogeneous infinite crystal, T is the current composite tem-
perature, ¥ is the correlation constant, cc is the coefficient of the quadratic term characteriz-
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ing the order parameter at the border [2]. The integration is taken over the volume IV and the
surface 5 of the ferroelectric particle.

The mass coefficient gt for polarization oscillations is estimated as
Mg

h=n @
where m, is the mass of unit cell, N is the number of cells per unit volume. Evalua-
tion of u for TGS (triglycine sulfate) gives: it =~ 0,8 - 10?3 cer? [3].

Varying expression (1), we obtain an equation describing the oscillations of a ferroe-
lectric nanoparticle, and the boundary condition to it:

mP — kAP —aP + BP? = 0; MeD ()
rﬁ:z—z—kasP:D. Qerl (3)
where P(M) =P(x,y,z),x,v,z€ D; P(Q)=P(x,v,z),x,v,z €T;

D = D U T is the area of the space occupied by the nanoparticle, with the border I; 2_? is the
n

derivative of the normal to the surface I, external to the region D.

—iwt

For stationary oscillations P = p e the equation (2) takes the form:

—mw?p —klAp —ap =0 . (4)

The boundary condition (3) does not change.
The problem of finding the oscillation spectrum of ferroelectric inclusions in a nano-
composite is posed as an eigenvalue problem.

Equation (4) is the eigenvalue equations for the parameter A = & + mw?. Solving
problem (3) - (4) we obtain the set of eigenfunctions {p,, } and eigenvalues {4,, }. The lowest
eigenvalue A, corresponds to the phase transition and determines the phase transition temper-

ature shift. Higher eigenvalues determine the eigenfrequencies c,, of the nanoparticle oscilla-
tions::

Ap—c

Wy = k=12, )

m

The eigenfrequencies w,, depend on the temperature according to (5), on the size and

shape of nanoparticles. A ferroelectric particle of elliptical shape and particles of the simplest
geometries (spherical, cylindrical forms) are considered in the work. For particles of spheri-
cal, cylindrical and parallelepiped-shaped, the solution can be obtained in general form
through Bessel functions. The spectrum of oscillations is analyzed depending on the size,
shape of particles, and boundary conditions for polarization.
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The group ¢, dmsmodel crystal - chlorzincate rubidium Rb,ZnCl, repolarization process under
the harmonic electric field action with the amplitude above the coercive field intensity in the domain
structure freezing temperature vicinity (T*° 150 K) by the harmonic analysis method was investigated.

The study of the current density harmonics that arising in the sample under the harmonic field

action allowed constructing the sample volume unit electric energy W, dependence on the polarization
P. measured in the dynamics. It is shown that in a relatively small temperature range in the T*vicinity

there is a significant dependence W, (P,) potential relief shape change.
Keywords: polarization, phase transition, incommensurate phase, ferroelectrics.

It is known that the behavior of dielectric and polarization Rb,ZnCl, crystal properties
in the ferroelectric phase in the temperature range from the Curie point T¢ to T*°150 K is de-
termined by the dynamics of ferroelectric domain boundaries as solitons, and their contribu-
tions values significantly depend on the crystal background and in particular on the tempera-
ture and samples holding time in the paraelectric and incommensurate phases [1,2].Structural
changes like phase transition in the domain wall are observed in Rb,ZnCl, in the vicinity of
T* 150 K [3, 4], accompanied by a change of the domain wall width. The domain wall width
decrease results to a sharp decrease in its mobility due to increased interaction with lattice de-
fects, which is accompanied by the coercive field sharp increase with a small polarization
change [5].

In order to remove the soliton structure dynamic contribution to the crystal dielectric
and polarization properties the experiment was carried out as follows. First, the sample was
cooled below T* by 20 K, where, as was established in [2], the soliton structure disappears
almost completely, and thenthe sample was heated to 151 K. Thepolarization harmonics and
current density components measurements at the sinusoidal electric field amplitudes E

above the coercive one that was applied to the test sample at itsisothermal exposure in the
temperature range from 151 K to 159 K were carried out. The study of the current density
harmonics that arising in the sample under the harmonic field action allowed constructing the

sample volume unit electric energy W. dependence on the polarization P,measured in the

dynamics. The dependence W, (P.) measured at the test sample isothermal exposure at a
temperature T=159 K and application to the test sample plates harmonic electric field with

amplitude E, =3.2010* V/m and frequency f,=0.3 Hz shown in Fig.
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Figure. Dependences of thetest sample volume unit electrical energy W, on its polarization P,
constructed by means of harmonic analysis

It is found that in a relatively small temperature range in the T* vicinity there is a sig-
nificant dependence W, (P,) potential relief shape change.
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The group ¢,Am, model crystal - chlorzincate rubidium Rb,ZnCl, repolarization process un-
der the harmonic electric field action with the amplitude above the coercive field (E, ) in the ferroe-

lectric phase (FF) near the ferroelectric phase transition temperature T, was researched by the har-
monic analysis method. The current density harmonics study arising in the sample under the harmonic
field action allowed constructing the sample unit volume electric energy W, dependence on the polar-

ization P, measured in the dynamics. The dielectric hysteresis loops time evolution after exposure of
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an alternating electric field E- with a frequency about 20 kHz and an amplitude higher than E, in the
FF near T, to the sample was studied in detail by the harmonic analysis method. The temporal evolu-
tion of the dependence W,_(P.) after exposure to the sample E, was obtained. It is established that

there is a significant change of the dependence W, (P, ) potential relief shape during relaxation.
Keywords: polarization, phase transition, coercive field, electric energy, ferroelectrics.

On the base of Rb,ZnCl, crystal samples dielectric and polarization studies it was
shown [1] that relaxation of nonequilibrium dielectric permittivity (U, ) above the ferroelec-

tric phase transition temperature (T, °199.4 K) is associated with the ferroelectric domain
boundaries (DB) detachment from the stoppers and the subsequent domain structure disap-
pearance in a incommensurate phase. There is a peak of dependenceU, (T) recorded during

the test sample heating at T_temperature. It is noteworthy that in equilibrium conditions in

the T_vicinity in FF there is a temperature-independent behavior of E, obtained after dielec-
tric hysteresis loops processing measured at a frequency of 0.3 Hz. In [2] it is shown that
E,=E_.+E, where E_ - the field strength due to losses occurring in the sample, and E, - the

switching field strength. The field strength E, is a value that must be added to E_ for main-
taining almost full test sample monodomainisation. In equilibrium conditions in the T_ vicini-
ty in FF Etends to zero when T_approaching, and E_ increases. It was suggested that in ul-
trapure crystals the value E _ associated with losses will not give a significant contribution to
E,andE, will be determined practically by the E value, i.e.E, will tend to zero when

T, approaching, as follows from the thermodynamic representations [3].According to the
Landau-Ginzburg-Devonshire theory, in the case of a uniaxial ferroelectric, it is possible to
decompose the free energy W, into powers of a P, single component. The Landau-Ginzburg-
Devonshire theory use for quantitative estimates of the Rb,ZnCl, crystal polarization proper-
ties measurements results is applicable if the free energy W. is decomposed by degrees of a

single polarization component limited to terms up to the fourteenth degree [4]. Thus, we

have: W :EaP2+1bP“+1cP6+1dP8+ieP“’ifP12+igP“-EP , where a, b, c, d, e f g-
2 4 ° 6 °8 °10 “12 ° 147° °°

coefficients having a certain physical meaning [3], E T the electric field strength. In [4] the
Rb,ZnCl, crystal repolarization process under the harmonic electric field action with ampli-

tude higher than the intensity E, was investigated by the harmonic analysis method.The cur-

rent density time dependence J, (t) which occurs in the sample under the harmonic field ac-
tion whose intensity is higher than the coercive has a complex periodic form. The harmonics
J. (t) study allowed to construct the sample unit volume electric energy W, dependence on

the polarization P, measured in the dynamics, to determine the values of the coefficients a, b,
¢, d, e, fand g. In [1] it was shown that, if E_ are applied to Rb,ZnCl, crystal samples in FF
at isothermal exposure, then after E | disconnection Uxand E, relaxation are observed. The
field E  influence on the sample leads to a E, decrease which confirms the DB releasing
process from defects. After E shutdown the reverse process occurs i the DB fixing defects
process which reveals inan E, increase.

In this paper the dielectric hysteresis loops temporal evolution after E | exposure to the
sample in the FF near T_ was studied in detail by harmonic analysis method. The dependence
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W_(P.) and expansion coefficients a, b, c, d, e, f, g time evolution is obtained.It is estab-

lished that there is a significant change of the dependence W, (P,) potential relief shape dur-
ing relaxation.
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The effect of cobalt concentration on the character of the reversive dependences of the dielec-
tric constant U'(E=) in the Bag gsPbq o5 TiO5 ferroelectric ceramics is studied.
Keywords: ferroelectric ceramics, dielectric constant, reversible dependences.

Despite the huge number studies of the physical properties of ferroelectric materials
based on barium titanate, interest in them continues unabated today. The study of the proper-
ties of modified barium titanate and their structure remains an urgent problem of time stabil-
ity of electrophysical properties (aging) and in the process of cyclically changing loads (dura-
bility of work) and continues to attract the attention of developers of end products [1].

In this study, the reversible dependence of the dielectric constant U'(E-) in ferroelectric
ceramics (11x)Bag gsPbg 05 TIO3+XxC0,03, obtained from high-purity oxides by the 2-step solid-
phase synthesis method with different content of the cobalt modifying additive was studied.
The dielectric response measurements on plane-parallel samples of size S = 15 mm? (covered
with silver electrodes) and thickness d = 0.5 mm were carried out by the bridge method device
with a weak alternating field of frequency 1000 Hz and with a stepwise supply of constant
bias field E= with a step 0.85 kV/cm.

It was found that in the nominally pure composition Bag gsPbo s TiO3, in addition to the
maxima U'(E-), corresponding to the coercive fields NE., for some values of the bias field
TE-T>TNE,Tat the increasing and decreasing of E-, the local minima of Ui(E-) appears. These
minima of U|(E-) are most likely due to the effect of piezoelectric clamping of antiparallel
domains (Drougard i Young effect) [2]. The presence of cobalt into ferroelectric ceramics
leads to the fact that in the used interval E- local minima Ui(E-) disappear. At the same time,
the diffusion of the maxima U'(E-) in this region of E. increases with a simultaneous increas-
ing the values E..

The behavior of U'(E=) at room temperature for x = 0 and x = 0.5 (Figure) indicates that
the curves are asymmetric with respect to E = 0, which is probably due to the preliminary po-
larization of the structural elements.
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Figure. Reversive dependences of L°JNJ((=) in (1TX)Bag.g5Pbg.05 TIO3+XC0,0;3
compounds (x =0 and 0.5 wt%) at T = 25 edt

Increasing the cobalt content (Co>0.5 wt%) leads to a significant smearing of the max-
imum Ui(r-) at Ec, which agrees well with the behavior of temperature dependences Uj(T) in
the region of the ferroelectric phase transition [3]. There was found that modifying by admix-
ture of Co to change substantially the thermal anomalies of dielectric properties and shift the
ferroelectric phase transition temperature.

The nature of the dielectric response U'(T) in (1Tx)Bag.o5Pbg.o5 TiO3+XxC0,03 composi-
tions have shown that the phase transition at x>0.5 wt% becomes substantially diffused, and
can be described in the framework of existing approaches to the relaxation of polarisation in
ferroelectrics with diffuse phase transition.

The obtained results are interpreted within the framework of the contribution of do-
main and phase boundaries to the processes of polarization and depolarization with different
arrangement of the structure of the ferroelectric material under study.

The authors are grateful to A. Kalvane for the synthesis of the samples.
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Relaxation of the non-equilibrium domain structure of a ferroelectric crystal triglycine sulfate
(TGS) rejuvenated by a short-term exposure in the paraelectric phase was studied in the temperature
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range ou = 1 "4 near the Curie point Tc. The domain structure had been observed by means of AFM
technique.

Keywords: triglycine sulfate, Curie point, non-equilibrium domain structure, relaxation, corre-
lation length, scaling.

Relaxation of the non-equilibrium 180°-th domain structure emergent at the ferroelec-
tric phase transition of the 2-nd order can be described using the ideas developed for the anal-
ysis of the ordering dynamics of two-phase systems described by the scalar order parameter

[1].

In this paper, the relaxation of DS, visualized in ferroelectric crystal TGS by means of
AFM technique in the temperature interval T¢ T 1% 0 & < T¢ was investigated. Before these
measurements, the aged samples were "“rejuvenated" by exposure for 30 min at T = 60 A C and
as a result a fine striped domain structure [2] emerged initially in the ferroelectric phase just
near Tc. Over time the enlargement of the domain structure occurs. This process is rather
complicated and involves the various stages of transformation of the domain pattern.

Earlier studies were carried out, either by nematic liquid crystals for lenticular domain
structure [3], or at a much greater distance from the T¢ [4].

A quantitative description of the evolution of two-phase systems is carried out usually
using a space-time correlation function of the macroscopic order parameter K(r,t) = <q(r, t) q
(rl, t)>, from which the characteristic length Lc(t) can be determined. According to [1], the

dependences Lc(t) are power-law: L .(t)~ (t — t,)%, where U = 0,5 for the non-conserved or-

der parameter and U = 0,3 - for the conserved one.
As a result of the studies was found the following: )
1) the characteristic length L. increases with time according to the power law L¢(t) ~ t "
(Fig.1); the decrease of the absolute values of the exponent U on the lowering of a tempera-
ture from T¢ in the temperature range under study is a consequence of the transition of the
domain structure during its evolution from the non-conservative state to the conservative one;
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Fig. 1. The time dependences of the characteristic length for pure TGS: a) at a temperature
T = 48,9 “Calong the crystallographic directions [001] and [100];

b) the same at a temperature T = 48°C

2) the correlation functions, presented for different time moments as dependences
Cr,t)=f G) = f(x), have near the temperature of ferroelectric phase transition the
form f(x) = 1 — 0.5x (for 0 0 x 0 2), which is the universal for ordering kinetics of two-
phase systems with scalar order parameter (Fig.2).
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The influnce of weak static magnetic field on the nominally pure ferroelectric crystal tri-
glycine sulphate (TGS), which depends on the mutual orientation of the vectors of magnetic induction
and spontaneous polarization, leads to a long lasting and non-monotonic change of the dielectric per-
mittivity, the tangent of the dielectric loss angle, the coercive field and the spontaneous polarization of
the crystal.

Keywords: static magnetic field, ferroelectric tryglycine sulphate crystal.

The effect of the magnetic field on ferroelectric crystals leads to certain changes in
their electrophysical properties [1-3], but the insufficiently studied mechanisms of these phe-
nomena are currently unclear, that requires further research.

In the present work the influence of weak static magnetic field (permanent magnet, B
= 0,3 T, exposure time 30 minutes) on the dielectric permittivity U, the tangent of dielectric
loss angle tg U, the coercive field, Ec, the spontaneous polarization Ps of nominally pure tri-
glycine sulfate ( TGS) - chemical formula (NH,CH,COOH)3:AH,SO, -uniaxial ferroelectric
crystal with the model second order ferroelectric phase transition at a temperature Tc =49 °C
had been studied.

Measurements of these parameters were carried out in the temperature range from 20 A
C to 47 A C. The influence of the magnetic field on the value of the Curie temperature T¢ was
also studied.

The following regularities were established.
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1. 2 0dsCedhisOtzzdydnSd? sdlsok0ls fistesizydw tfssdLonjder2 Wdtds? ¢Sigma Al-
driché tfts edHtesls jz0E G2 s jrtstsedd Hjgshkhstdtlzjls hos2hise0 CoOdistotses YoeodjS-
Isteq[<0.

2. rdWiskr CoofhisOdzizduhSs? tejh jisCd, sBtOLsa0aNdjiw o AtHj tfjtsjds0d o0ddw
SITiOz HE GOdESEdhs0ttdyinStes hshstwhdy sizhzsotzde0tsls §jtintH GO ittd0E0 o t6j-
ZOChstews ] MshissWid] tied EdLSdn sjdtitsolsizs0n.

3. W 0BEZHHOj 2 oBEdLd U tejEZOSHOYdhE2 ey ~O0Sk jedLizjishv NdesSdds
Mt JjSlstelsds ots jo3 it e jOSHOYd.

[OtG0™ 0BEEO o T iistt k0 tfied YEHH XS] TAAR (406s — 18-52-00039 4 jtz_0).

s iteOlszt0
1. AdLdCO fjeh stz jStedyinSdn Wokikd? / 4.¢. a@sijEnCd?, A.¢. asSse A.¢. Rzt d
HE6.; tfiSH teJH. 4. . vl idnSEes. T f-:0kCo, - 1985. 1 476 f).
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-t WdL.-50ks. GOkS, tfssW jhfsts, |_korotkov@mail.ru
2S06GH. WdL.-B0k. GOkS, HEYjds, tn_korotkova@mail.ru
AL 1 cAsshjncd? eshizHothise jhdkr2 s jadoyihSd? kads jthdsjise
2 A6tesiMnSo? dahsdstzs S A

Vo jH BT L0 ACHHjtdhjlsot G difiziHse0hd? ot jkikhr R LOodddkshs 2
tsevsdLoydd o Mjet sty jiSs? WoLj disusSdiisoztd KH,PO, o Nt0BS®: tfshiss it
Az Cstecfu S iz, JBHOEE i, s ROL0k jisls | ots il & jz0SHOydd t & jdsstslsshis Loadidd sk
s jstfjteOblzs . dBiid 117 s LOadhddsshs! t(u) YesmsHls it dOSHOdEd, O did kjdtje0kizE0n
o1 90 S GOBESHO ST Rk tisj obLIEONsOGA) ot ikt 16 jE0SHOYAd, SBENtSet jkhs, Hesyinhodd o
Hisds jds stetzlstzts j StocfyisOr0.

Sy jorj fiise0: ot jdjukov Loediddsis! fstedLoydd, otjkW &ikoChoydd, HsG k0w
lstelzCslzic0. 3OSt ABCEY - AlZjt0.

IrJeduteswisiiwols Cozdw (KH,PO,4 T 08B jodOlsiztsd KDP) tfte jls jtetf jo0 Jis tf_jte jrtsH © tfts-
EVedzlzs WOLE tfted ks jdstfjteOlstzts j Uy © 122 5. RL (s jteOsizte™ dLojfisdits [1], Usts GdMd Uy ©
CediisOtztzj otLBASOjls fsHodXB0W HE®RjRGOW fistzChlizts0, tBEzhztakdo0show orisClzts HJ-
Atz jClstecfy Sl ttetstedy0 s StecfiylsOtk0. JCsdts 100 s tsHod>dshst Hsg jhkdk R ctedddy
fizh jhise jits Had>0jshv. JB Astsd, o yonstkshisd, hodH it iselzEsls tsjLizzs0 Y Ghsesydh-
Ejdadz qigfr]dzchIsaOOZdQ HoAd jClstedy ifStsets ssChzdSo CtedisOdt0, HtosojHjhdkr j o ddisjteoddj
YOstsls 107 - 10° gy

Agghisd f) Isjos Sy jtedcsjdesOniJ HOwERY § CONOBjudts HABOBAS HsiWedLoydd
CtedlsOkz0 o LB HishistWidsd At iCtdyintsd it tie0SkdyinSd skhkzishisozEsks.

A mowrd f) Usdds yjits HOGMGS E0BMss™ flsOkts dLizyjhkdj tjsOteHOydd fszvedLoydd o
CtoaffysOtztj KDP o ol jiso0tz,j s jdstfjieobizts 80 i 125 s tfiedf fsHOY fzoBses Atz iChtsdyiSses
tfisdw.

v AChtf jteddz jdis0 ditfisizLise0kd sBEeOLY Y ) teOLd3jteOid 10710R1 B, oYt jLOGkT j
dL BshsCediisOzEzd KDP, s0Sdd sBteOLsd, Ykt BN dj dn ctdkd BV dd tfjtetf jGH]CzdVed ™
tistrtets? i z. W0 BSEPdj so jtnshisd BissHE s jBdyifSses Lo rzigdw o o0Skizdk
BV &zd &0 jhjder fjtejBteWdsr j Az jSlstetsHY . JBLOLYY tfisdjMokd o Stedtshisols, ¢Hj ks jdztjteOlstztsd
dLizjvomn o tfte jHjkz0~ 80 T 300 s d Shiistesizdtsa0rzomn- f) fiscts jhdshs s © 0,1 s.

uCOYCssBieOLtsj BOtfiew> jidj 1 7 10 A tfisH090kd &0 tte jHoObdls jzdits SRdO>H jdid 2
HES LOHOGES2 s st jteOlsizts ™ sBtOL jy. IstWedLOYdEs sBOLYO (P) dLdjtevdzd o tej>ddzg Isjteckis-
isOBgEALOYdd ) Jdsh s i jSseshisosdyinCses ot jistd A7-30 o AsOtistises SistH jd-
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MisdzSk tfedosHdls € fizh jhise jdhs? it jistes2S 6 isdilstedd HIW SIS0 d & jdtkElsthasdkE dLiidieds
stz jady EesodW Ajteid o dhsiBd. Glsd hos2Mmised HJW Skte sHts jHjdVEsls fisOsdyjnSd? slstdyo-
SJEA T2 LOLWH, Silstster 2 st teswalwesls o ACHH jtscl jdrsj. JBI Wi jdss, Yyl HIW ST f) fHsE-
G &d hos2Mise0Bd Gekls osLidSol- k1Sl o CoOLdHolz® et~ fdfls jds0n.

sty jorj fizse0: HolzsCdh sds0k0, GOk EONsdRSd, 90S0hndd, oyl dL 4 jter~ tisdd-
ydtfse.

WOhsYZOhsduSd du HekzsSdhd sdlsod0 TiO, kst dis? o SHAh BiEhkshEs2 o it jHd
ote jd3W MisOdzd sBI jSkstsds L0yl jz1dGBes oddd0dkdy o howrd f) dn kedSok1dr&d WdLdyihSdad
d ~dBdyjhSdhd het2mse0dd [1]. A yohlkhshisd, o GOGSYEONSdBSOR, djcdito0tky  ~ CtBOE-
sds d MJzJLise3, BY & SBGOLEZY J& Wittesf0etksdLd tied 300 K, GO0BkE=HOEN* cdcOdishSd?
BOct jssstlsduinSd? AWW jSIs d dizls jts jid T j WislssCosokdlsdyhSdy hets2mise0.

1 GOGsonsdRSon TiO,, Stlbsste | isdizydsishw tis jds 0P jidjdkdw feskshkdisso0d-
G fEsdhs R fsjHdEjed? fshs0s0 H,Tii, 1,0, fis fistlCsizes? ¢ jtfdHESEsSdsO, oiljeHO
tftedhizishisolztsls 90SO&Ndd sls0dz0 i Sdry jdste0ydj2 tCEs 9%. sty jdistOydy 00S0Ehd? d3s-
Ml BYlst ko jedu k0 ted djedtesodldd TiO, &dkdjd did GOchkdic. Gkt sLEOy0js, yss
heos2Mise0 &jijedttadkt » d NtoBt tjcdtto0hlk ~ GOk ZONsdBES o LeOydls jzrks2 fis it j-
tqf Stfts jH sk gediizshsodjds Asdm HIW jSkse.

1 GOohstswh j2 te0Btlsj tts jHisOadjdar tojLizizlsOls v Is st jlsdyjiiSdm 0y lstse 6 jtsds jls-
tedd d 1z jShtesihm fos2hise 00S0dhdd bdls0t0 o &OGYEONSdRSOR TiO,, 0 K0S J dLidkjdkd?
Asdm Moo o tojLizizsOlsj oLOdd3sH j2MisadW GOGEYEONsdEES i sChiz0shddd OlksdORd.
Ay jedv tesosHdhdh! djlssHsd WzdSydthkoko fisksdshisd f) difseLse0dkd jd tescte0d-
& ABINIT.

o™ cjshistedd o AdjSkteshns? fistkSske T GOnsYEonsdesS Nshs0e0 Tisrs0-
(SslyjdistsOydwy 90S0GNd2 sdis0k0 12.5%) tBhOBEZYdEd, Ysts Astls d30lsjted0dz WodW jistiv H(-
Atz jSlsted S T 0 wlszdyd] tls sBI jhBhses Tipgrs02 i KOSE M Jj Sty jdisteOyd,j? 90S0dkhd2. 3 -
B ydshis! Assets tejLizas0s0 MeowL0k0 i) Isjd, uss fted t jtsjteOntte jHijE jidd LOLWHESe o disd-
Gl s jHdbjddd EJHshisOES ydihko Az jCkiestse, osLkdSosnd2 du-L0 HIWAydsO sdlsodo,
HEE & tedfosHdls? € ol jidts d&jLOtshd bk - hshistWikd? o 00t jhshks? Lk, ks jist €
Wit dftetso0dkdts oV ety H jhbses HistiztiietsotHEICO p-sdfo (0S¢ tiesdhntHdls o B josdbsd
Tiog7502). Medydt0 sOCHsets tfiso jHjhdW BT 0 EZhsOdisod jh0 dL 0k0zdLO ¢ jsdsjistedd teOmihdOls-
tecfo0 ja3set HJW jSIs0. JLOL0dEsh, st fied ZHOEZ jidd Oti0 Isds0t0 dL &0ksionhsdaSd fiet-

~sHAS fizh jhise jadkow tf jte jhistes2C0 o sty jadd M hisd sStelzy0shdn sdisot dsdse Sdh-
stesHO, ColstteOw tiedosHdls & Wistdidtssa0ddt Holzm i jesShdH-dBkEe. Uts, Yt i jtsShdH-dsd
dazdls LOEWH 21, sBIWhGW jis, sy iz it jteontfte jHjt jddj LOLWHESe o Alstsds H W jSistisds dzols j-
tedOiz,j tshisOadzW jls jots & HoAdz jSlstedy jiStsds Mishisswizdd.

GBOEdL tfiso jHjbd™ GOGSHEONSARES TiosrsO2, oLOduEH2Msolz=MdR f) OLEyd ¥ dsdf
S0P did jj OssBOGd (Ar, K, Ca, Mg, Y, Cl, H) d 0t0kd Olssdise, isSoLra0js, st
tfied o tfistsjbdd StfiejHjkjhkr n Zhdsod? djMHEZ GOGsEOhsdRSs? d otk dddkd Olssdodkd
B3l YtesdnsHdls 4 jte jdish Az jSlstestse. I jte jdish Az jShiethkte ¢0 GobsiohsdeSE fsttsts-
OB HOjisiw iz jhise jhdks2 U jtojiistes2Cs2 6 sk jlstedd HJW S0, tied Clststes? HiesdhRisHls
st jHE00k jiGr 2 wOhtfoH tjtsChdH-detkse, hizjHhlsedjd Crlsstses SCOLT 0 jishW b jdsdais-
Isstutusd dLedizdbdd Hws>jedy ZesedW Adtedsd o fidhlsidd. vOS, fed odedyikdd ydheo tj-
e jlz i jdsde " = Az jSlstetstzso GOLSYEONSHRSO b jhCriz1Sh oL tf jtsjrtsHdls dL tfissosHWh jets (Hfisiziz-
fesotsHEdS p-sdf0) o HokjCltedyjnSs Mishistwidj, YsC0 BoSthjy st0 d&j hisOdsedishv tistiz-
tesotHEICER n-sdtf0. A tBd jBdk ~ d30ljted0k0n 50 tiso jHjkdw ddSseHO ¢j GO0BEEHO-
sty

Ity jdh | tjLizzas0sr hscizonizEsishw i AChtf jtedd 0k d - &gd HOGG &d [2], hod-
HJjiAselzE= P ddsd s Istsas, Ylsts kztetso jht A jiesd © GOGszOnsd®S0n G0 tizokdksor n tisHEE-
COR teOntfisiz0e0 jishw oBkdLd fjtejHdd" LOtte M jhdis? List' .

WO2H bt j hos2hised o0COdNdd scfls0h0 I whbwesls odydblz Wistsdsdfteso0hdw fisOlsd-
YjhSsets sistedyols jzdses LOWHO GOGsEonisdikisS, Crlstter?2 shd itwodwesls o AChY jtodds jd-
50m o SstzdtsdHE T d3d teOmsotste0dd.
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(810/=Tde V(0]
3003 st SzedyihSs2 Wy j2Sd PMN tfted 0Lt Is jdstf teOlslzte0m
gz iHse0dkdv, ciztftfo fiddgdstedd Pm3m

20603 jlsts ™ U j&tj0lsizt

W j2Cd T=293 K T=203 K T=183 K T=103 K
ax 4.033(2) 4.029(3) 4.028(1) 4.034(1)
b, T 4.034(1) 4.030(2) 4.028(1) 4.035(1)
c, ¥ 4.034(7) 4.029(3) 4.028(1) 4.033(1)
0,° 90.0(1) 90.17(5) 90.0(1) 90.0(1)
b, ° 90.0(1) 90.04(5) 90.0(1) 90.0(1)
9,° 90.0(1) 90.04(5) 90.0(1) 90.0(1)

bLOLdL to jLiztIsOstse Hftetse jH jddasets ik jHso0dkd™ o tohiydisOddj YsLdydsht:rj o
sjtftztsor j otc0cz jiste™ ofyjr Okstscgtso PMN tfsLotstvjls fiWstedslzedtetso0ls! fikzjHztsPizEs o jtetswis-
(lzt BsH & tfse jH jddw Olssdgse fadiyo, sdfo d (Mg/Nb) d SddstesHO: tfistizy btk j Lkoyj-
Gedw Olstscgdz = s i jded? ZSEOH 90w o BsH ik fischOfso0hkk - ottt CohkstesHE R
5C0Htsse, di3i=Mdn Ginst o BewLonduiks ~ Wis0chjdis0n SedhisOkE0 (HE 10 &dE). RL-LO d30-
shisd WedSyd? Olssdbsets i jvadw CofidstsHO s fittOodkdts f) WizdSydwdd Olkstsdbsets
teOMnWaadw BSEZI] Wy~ Oksdse Pb, Mg, Nb &0BzE=HOK fisslse jshisolz=sPdJ o tenistelzS -
Slztez ™ J e JWzjSh T 9 te jdalse jhasonCs? HAWsOSydd ytsjLo M0t ks> d&s.

FoGirJ ovosHY &J tesisdostejyols 60dkdd tistlzyjddkds tejLize2s00d; OBl Hiszedn
ik jHse0k ji 2 [3-5].
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Yieo jH jdk ™ j diikjHse0dkaw b jdtjbokizieks? Loadhddshis U Sais0Lyss djLotfisidjh-
G fjed st jSistedf SO GOk btedhistes HABSHHO Cte jdhdw YisCOLOkd Lioyds je b ko j-
zdu,jtzdj U ks 10620 jHdddfy HE 10° ) teishlstsds o0 dshisd ©ls O HE ~ 80 % ot of) j&3 HAOYOLSH ]
s jastfjteOlslzte ls SscBOt R +150% [2]. il Loy itd? U GoBaEHOjSTY d f kzds jd b jddjds
YOmissis T dLagdtedfls iz dsets tisdw. 3O tedilzkSd e iHhisOod ity s jdstfjteOlsiztedz J LOadhddshisd
tgl. & teshistseg YOmissis T tfistw s 0,1 Hs 100 Sy HOAk i Sstedy S disis jted k2 jdz P OEsishw {fts-
Ysd &0 YisteWHES.

ied SBBOLGT R s jdstf jie0lsizts0n GOBEEHO jsNW GOBEZEHOjISHW tshls did d ji2 jdgdj U
s oteJB ikl o LOadhddshisd Bl akOMGahisd tStelzy 0= j2 fie jur. b, Jhkd &0 Sodkyjolzts
tiSHEEMSE GO jhisd SOtfizts osH, Ists U 40 6zOLOR Izo jkdude0 jishw fisysd o 2 t0LO.

sty jeh T oLz s0s T dselzls BY 54 fowLoh ™ ) fiswWolkz jhd jdz iz jetfots04d jSistedy,j-
hetsets dizd fjed jistsdz jSlstediy i Cisets fshistwiadw otsHT o GOGSHsE0R SiO,.
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AL JL A L At >hSd2 eshizHOthise jdh 2 kdde jtehdls jlsé

1 086k, i jHnsOotjer 6jLa k0T it jHse0tdy obdhady dstjSke dLslesyoRstO GO
HOA JSSdu il Gjtdbj2ashs d ddesidjSseduinCd) hosmsed Cdisoidd wiw. IECOLOGS
osLbqChtajhdj ohsejthdr NBjPOSPdR  gskj?, Cskskrj  fldesHs C  fsOBEGShs
ey inSdn floshke dshij kjftsern d fskjors osLHj2Mked? ©OLGS2 OBYEdszHT o
YOmistsis .

sEsyjorj fise0: HOAZISSEAuNCoY G jbde s, YoesCeWWAdjds, izt jidjj
fdMoE=h jj fsied.

Rtz jHs00dkd | fot2fise fjed jissid jCistedyjhiCdn GolsjtedOise tfetHEEX 0l shs0a0ls4 v
OCsZ0d+ o5 BOHieOotjdadjds WALASd SstzH b dtese0nhkses hshisswhkdw o hewid ) tjthyiSsd-
00dsd dn tfeddikikdw o Gisej2Ndn Ihstets2fso0n BdStes-, GOk SitestdSd o s jizjSoddskz-
GASOyd2.

RLIZj&dj hots2fise 5Bl jdikrn StocfisOddtse WodW jishw sHiAd oL d&jsBRisHAR = o 90 -
BY - Zhizsed? HEW MSLHOGAW teOLEzdul Y ~ GOGECEaGYBLdEe 10 dn Shdkse .

BBz G ydhisr§ SedhsOtd™ s dBisls &jhsosdi by Hsd bkt fistizChltlz,
UYss gih04ls dn eoCisduinSagl tedhiditds. rdv hsLHoGdY Zhss2ydeses § eOLzdyer 6
otsLH j2Msadwdz hshisswadw, k.. Eadtfseehshisd, StedisOtdse sid o ddn tfied or 0P dadhkdd
ooisHWls i jydoddr j tfeddsjiid did sBhizyosls sBteOLY Y to jdise jhsonCdd dzyddd [1].

SOC fsCOLOEd BOP dffitiHse0hd™ [2] fisLHOL! Lhdtstets, fshss tdj BEEs k-
IsJog gL jd jdd™ otsHBEeBHE T~ MWL j2 tizsjd o0 do0hdw StodisOizz0 vt ted Slstedyols jiz--
% ks jstjte0lstzis0r.

1 HOGGE2 0Bl tfiedosHwshv tojLizd Oy oz jHso0hkdw  Ydtetsd jSistedyifSdn
oMo CtedisOdtse o, oV E0P jGhT R isd Sistdyols j ds2 stttz oL oHESES ©Of)-
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Sost0 GistAE0LGs ydsTR J Yleds i e dstiSkt dustiesonsto s BissHAS], SHdhokEE?
G0dd o [3].

s jSstecyinSd difitiHse0td™ fesesHdidl o tiXdBi Gttt otses GOt joo.
LIS By jkdedon! s HajP jkds kit HodjCistedyjhSres edisjtejrdho o tiz-
Isjoi dzjtftshte jHlso jlatzsets GOBEESH jdW HisMs jhdks2 fistelzClstzts T

0 tecffy. s jHisOadzjdr s jdstf jteOlskztedz ™ j LOadhddshisd oteSAWWAyd jdisO HEW dits-
BdRo G ydhlstsets sqd, o0 jhhkses fiod sitedyjzdrn kidy jtokkzeon (a). thistoow
g tfsuisdsh)sH, ColssE0w tBEOGLEZYo0z0m+ gt fkiP jads kit edhsitiLdho o 1z iClstedy-
hCeB tisizd yomlsslss2 50 4y (Cng ~ 50 A/Md) [2], diudodls tshzd titjosHO SBLOLYO it L
ssYSk ssted. Itz ChedyinSd? SsWwWAyd s tied folsstehsd dridtdedd geoSsdyinSd
00 jt (Steqfo0™ 2 tedffy. a).

J 8BeOLY0R M StedisOtdon sqe + RIe LiO0YjGdY tdtesCsaWWdydddiso o Lioydisjé--
(s BSEA N j ofs of jds s jdstf jteOlslztedzisdy dfdzls jteo0dz (Stefo®W 1 tedfy. b). Hed tfisolbtsted ™ gL jte-
Gdwa LGOUjhoW 9 GjLaOydis jhAds kzas jdi2 hoesksiw (Stedo0w 2 tedy. b).
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TS, Y0adhodsshis! JoesSEAWWaydidis0 s ks jdstits0lstzs™ ydissets Stedisodt0 wt (a)
d v fi) dustftestfOdshsd (b): 17 tfjteotsj dLdjtejbd], 2 - isolststetis j oLdsjtejdadj

IEjSher qLsEsyoRst di sk BstPdj 0Lk T Ui 0otk ibdts f) dstiSkiodd
osHT d Wotwessiw Htisivdid], GOC df szl L, U i 0&0Gd0 [1]. Lid 50Sj diselzls LOdsj-
POkt O dsiSld o, fsLHOeOW o StediisOkizj djR0GdWinSd) d AdjCkeduinSd
GOtemy i oI dj C Yo jBdts atlkists jid jds g iPO=P jds Ystv, S fsodedLoydd
IS jats2 flstelzClstzie™ f SOC iz jHsadj YolistsAtz jClstecfuifiCAR Moo, st o dOBEEHO S o
e dssds CteasOttj vt ) dListiesyotstsd.
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Mossbauer and magnetization studies of 0.5BiFeO;-0.5ATiO; (A=Pb, Sr) solid solution
compositions prepared using solid phase reactions route have been carried out. Temperature Ty of
magnetic phase transition for 0.5BiFe0s-0.5PbTiO; is about 150 K, while for 0.5BiFe0-0.5SrTiO; it
is only & 20 K. This dramatic difference in Ty values is ascribed to additional contribution of the
magnetic superexchange between Fe** ions via the empty 6p states of Bi*" and Pb*" ions to the overall
superexchange in accord with theoretical predictions.

Keywords: multiferroics, Mossbauer effect, BiFeO;, magnetic superexchange.

BiFeOj; is the most widely studied multiferroic due to high temperatures of both ferro-
electric and magnetic phase transitions. Recently a possibility of magnetic superexchange be-
tween Fe** ions in BiFeOs via the empty 6p states of Bi®* was predicted theoretically [1]. Ear-
lier we showed the role of Pb*" ions which also possess the empty 6p states, in the enhance-
ment of the magnetic phase transition temperature Ty in perovskite PbiyxAxFe12Nby 203 (A=
Ca, Ba) solid solutions [2, 3]. However this mechanism of magnetic superexchange seems to
become noticeable only at high enough dilution of the Fe-sublattice, i.e. in solid solutions.

The 0.5BiFe03-0.5ATiO3 (A=Pb, Sr) solid solution compositions were prepared using
solid phase reactions route. The XRD study revealed that the samples are single phase and
possess the perovskite structure. Room temperature Mossbauer spectra of both compositions
consist of the quadrupole-split double lines. The main reason of quadrupole splitting in such
systems is a compositional disorder in B-sublattice. All spectra contain 2 or 3 doublets with
different values of quadrupole splitting. The isomer shift values of doublets correspond to the
Fe** ions in oxygen octahedron. The presence of 2 or 3 doublets indicates that Fe** has 2 or 3
different environments in the lattice which may be a fingerprint of B-cations short-range or-
dering or clusterization [4]. To estimate the temperature of magnetic phase transition (Ty) we
performed the measurement of Mossbauer spectrum line intensity I, under subsequent tem-
perature lowering. Near magnetic phase transition the Mossbauer spectrum transforms from
doublet into sextet and I, decreases dramatically. Mossbauer studies have shown that while
for 0.5BiFe03-0.5PbTiO3 the Ty value is about 150 K, for 0.5BiFe0s-0.5SrTiOs it is only a
20 K. This dramatic difference in Ty values seems to be due to additional contribution of the
superexchange between Fe®* ions via the empty 6p states of Bi** and Pb** ions to the overall
superexchange in accord with predictions of De Sousa et al. for BiFeO3 [1] and the experi-
mental findings for PbFe;,,Nb1,,0si based solid solutions [2, 3].

For both compositions magnetization M studies in the 5 K- 200 K range revealed only
a maximum at 20-25 K in the zero-field cooling mode. In the field-cooled mode this maxi-
mum was not observed. Such behavior is typical of spin glasses. In PbFe**1,B%* 1,05
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(B>*=Nb, Ta) perovskite multiferroics a spin-glass state is known to coexist at low tempera-
tures with the antiferromagnetic state [2]. The absence of the M(T) anomaly at around 150 K
for 0.5BiFeO3-0.5PbTiO3; composition seems to be due to the strong diffusion of this anomaly.
Similar "disappearance™ of the M(T) anomaly corresponding to antiferromagnetic phase tran-
sition was observed, e.g. for some compositions of the PbFey;3W1303-PbTiO3; and
PbFe1,Nb1,03-PbTiOj3 solid solutions [5, 6].

This work was supported in part by RFBR project 19-52-53030 GFEN_a and by the
Ministry of Education and Science of the Russian Federation (research projects
3.1649.2017/4.6 and 3.5346.2017/BP).
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WOYdst0L a2 difyz jHse0lk jE1hSd? kdkde jtehdisjls c FRGuE

1 HOGGE? BBl tOfhdetitr HAZiChtedyintdi hos2hsed HizjksS Sn,P.Se f) kzyjksd
oBLHj2MsodW dLilzyjkdv edHddses HAOYOLBERO. IECOLOES, st Yihistwhkow tisHie iSO tiedotHdls ¢
o jkduikdt HzjStedy S  tfeshdyojdshsd o sOGejeho kekd HdzjShtedyihCdn sl jts.
LfjsOGak s  GOkdqudi hHeded &GOSHkkMO bk jdt jtOblztets?  LOadhddshisd HAZ Sistedy S
tletstzcfy0 jditshisd © o v fsSisks jdstjts0bltstlzts SBEOMS HisH H2hsodjds o jiso.

Sty jor j fiise0: WissSHA Sy inSaR AWW S, T ict st jSstedu,ifSow i ikSso.

IijBS fjoh st jChedso-YistifesoHEdSO SqseqtsHIWEWOS0 sised SnoP,Ss Wo-
dveslsiw o jietfiClscfods &3 B30l jedOLOBd HE™ RSt Seshi TR Yledhjkita. Tl dols j-
tecfotz o Ytvdsydssds otz jdacic] W jsiW zHISBA T8 HEY ASHY jscidsidisO f) ks jntoyinSts? ssy-
G Lis i, usts, Yej>iH ofiics, eWLoGs f GOLdudits et o 0> itk R fick st Ssedy,j-
NSAE d 4 jusidjSkieduinSdn fots2hise. stesd 5sas, 5& dqnSesyds jtds LHss ji SO sai jCk
HEW iz jHse0GdW aedWhdw At Sk HsHidhs kT GO fjct st SsedyinCdj o HodiS-
stedfu NS} ROEOCk jisdsqCel Yiyhsyt R fistekClsize. LB jCl HisLatiwjis dLds jdst Cdey,jdaisicO-
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yds Gjie0otse jiit R Ak jSkestse o PAEsSAR e jHizon Yisyd shojf jkdw, 50 COC sBEOHO jis
wiksstfissosHdMshis 15 o adHhks? sBEOMsd Wt jSite0. Ajz4s Gohlstwh j2 teOBtisT Wolzwizsh
it iHEe0Gd atdwhdW djt0otse ks A Chistts? YHidisidr, obLBEHO kSR At iC-
Istetsa306tzdlsdz 3 dLizizyidd i, %0 HAz jSistedyinCd? BlsCEdS iz idss SnoP,Se.

JBi jSksds diitzjHse0kdw Wodwrdh fjctdissAdziStedudnSdy teikSd SnyP.Se, tistlz-
YJGhrJ LBEI-6JE! dilssHEE. RifiEjHse0kdn! tijkSd &0 Oz=ddidjos? tsHEsM S f) GOy -
Cjhbrdd 0ksddedjordd Ak jSktesHOR. 3 jhdslstey &0 Gokdyd] ojtrtjes 0ksddhkd jotsets
A7 jCltesHO, BBEOLYT iz jkse Wodweskiw Wisksyzehisodls jihardid sBd jCs0dd. A dilsjtodlj
sJo3tf.iteOlslzte 20 - 120 & iz ikSd Mich st jSlstedCO-YriiztfietosHEdCO Sn,yP,Ss SBHOEEZ>d00-
bls tz jfilsOydistoted ™2 WisksoskAs0duinSd? sisChdS tied osLHj2hsodd o jlsO adHddsses HAOHO-
LGO ted fsBhse jbksd o Giiseiseithsn fsctsh jedd. JPShdnsls WikseszkodyiSses
ssCedSO thednsHdSiW 60 HEdbkz ok ~510 b fied Sdskolkks? siBYjkkizied, st fistlse -
fisolzjls GOShdslzzlz MisOydshOttses Wikt jCistedyjhSeets 560 d SO fsBhise jhbses Hfis-
s jidw di0ls jted0k0 SnyP,Se. Med Astsds WislssosizsOdy iSd? sisCidS ¢OBEEHO W o His-
MisOssydts NdtesSises MY iSlste0d- Gsdg HAOYOL .

A 0BBslsj tfistzizy jt otskAls-WotsOHE ™ j ROte0Sk jtediisoSd Yz jdtsS SnyP,Se o sishizishisodd
d ted aowdudd Yshissviks? tsHiedlstd. RLBjEiG™ o fsudkjer i) Ysksna= didjtdsjey
dasczdisOdzin® 7-20. A Coyise j distsyddSe dakyjdd™ dijtfsizLse0d " ¢0dto ¢0Sozde0dkdw d
Mo jlssHdHY, dLiizy0shdj hadls f) tOLkdyds? HEdbs? otk . 30 tedf). tfedojHjkr otsdls-
WOteOHEG ™ j ROts0Ck jtedhisdSd (AAm) iz jksS SnoPySe.
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SOC fizjHljls dL edoHiGira dAm (edf. 0), Loodhddshisd C(U) ekt cdijs jis -
LT Bq d ROLOSk jelr HEW Ui jlsS, SBEOHOSPAT fjdt st jSkisduinSddd fos2hse0dd.
AsLH2Msedj HisOydsuotetses fiskisCo dLizyjsdw fedosHds S st Loy jkd? JeSshsd i -
S Sn,P,Se, SisOod™W djqLds it T ds ROw0Sk jte LOadhddsshisj2 C(U). ddodseaudr?2 shs 20-
60CIs jis j o HEW 508 jdah0 ek O Sssdfu SR sk e tted] osLH2Rsodd fiegiso. ve jhdy-
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CChtfjtedds jazlsOtz- dzts iz jHse0&  HAd jSkteduihSd d e jftivedLoydsterj hot2Mse0
hizsdhls A fistelzClizte 0 shdse  bdls0k0s0 BOd™: SrTiO/BaTiOs/SrTiO;. LIsOGEoL G, Yss GOBEZEHO-
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G jddts i) sHESCEHYSG jEse 6 BaTiOs. I 1 jisiwds Hddk jSlstedy hStes edilsjtejrdh® stftsjHjz b Ld0-
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AH.
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ma spraying. It is shown that with an increase in the temperature of the RTA from 500 to 700 A C, the
number of crystallites growing in the (110) direction increases.
Keywords: lead zirconate titanate, crystal structure, rapid thermal annealing.

Thin ferroelectric PZT films of Pb (Zr, Ti)O; composition were deposited on silicon
substrates on the fiPlasma-80e installation using high-frequency reactive plasma spraying in
an oxygen atmosphere with a pressure of 0.51 Torr [1, 2]. The thickness of the PZT film ap-
plied to the silicon substrate was 1.0 N 0.1 em. In the future, the samples were divided into
several parts. One part of the samples was subjected to rapid thermal annealing (RTA) with
halogen lamps in the ITO-18 installation at temperatures of 500, 600 and 700 AC and anneal-
ing times of 30 s, and a number of the samples remained without exposure to RTA.

Using X-ray phase analysis, it was found that the films that did not undergo RTA have
a PZT phase with a predominant crystallite growth in the (110) and (001) directions. And in
the films that underwent RTA, the crystal structure changed, namely, the maximum of the
peak of the perovskite phase (001) shifted towards smaller angles 2d, and the maximum of
peak (110), conversely, shifted towards larger angles 2d, as shown in the table. These results
indicate that at higher RTA temperatures (600 and 700 AC), the transformation of the PZT
crystal lattice towards the predominance of the tetragonal phase is observed.

This conclusion is also confirmed by an estimate of the crystallite size of the PZT,
which was produced by the Scherer equation, as well as by the ratio of the intensities of the
maxima of the I(110) and o1y peaks, which are presented in the table. The calculation showed
that there is an increase in the size of crystallites of the crystallographic orientation (110) and
a decrease in the size of crystallites of orientation (001).

Energy dispersive analysis of the film structure showed that the ratio of elements in
the Zr / Ti film is 0.36 / 0.64. This fact, according to the PZT phase diagram [3], also indi-
cates the predominance of the ferroelectric tetragonal phase.

Table
The sizes of crystallites PZT

Sample number Angle 2d for the maximum | PZT crystallite size for Peak intensity

of the PZT peak for orien- orientations ratio

tations
(001) (110) (001) (110) a0/ loon

PZT 22,22 31,32 51 12.8 1,2
PZT + RTA 500°¢ 22,22 31,32 47 20.1 1,2
PZT + RTA 600° 22,22 31,34 47 30.6 1,3
PZT + RTA 700° 22,18 31,36 17.6 35.2 1,6

The results were obtained using the equipment of the centers for collective usage iMi-
crosystem Engineering and Integrated Sensoryo and fiNanotechnologieso of Southern Federal
University.

Thanks to Pavlenko A. V. and Stryukov D. V. for conducting x-ray phase studies.

This work was supported by the RFBR grant No. 18-29-110109.
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EVOLUTION OF DIELECTRIC PROPERTIES IN THE
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Dielectric studies of (1-x)NaNbO; - xGd;3NbO; solid solution compositions prepared using
solid phase reactions route have been carried out in the temperature range 12-700 K. The permittivityi
temperature dependences of the compositions studied were found to change, as x grows, from
relatively sharp maxima typical of usual antiferroelectrics to the diffused but frequency-independent
maxima typical of ferroelectrics and antiferroelectrics with diffused phase transition and then to the
smeared and frequency-dependent maxima typical of relaxors.

Keywords: antiferroelectric, diffused phase transition, NaNbOjs, relaxor.

One of the main trends of modern materials science is the replacement of lead-
containing electronic materials with their lead-free analogues. Among the most prospective
representatives of the new generation of lead-free functional materials are sodium niobate
NaNbO; -based solid solutions. Previously the main attention was paid to the ferroelectric
NaNbO; - KNbO3; and NaNbOs - LiNbO; solid solutions prospective for piezoelectric appli-
cations [1, 2]. Nowadays a far more promising application of NaNbO3 and its derivatives is
considered to be high energy storage capacitors, where the antiferroelectric nature of the ma-
terial is utilized.[3].

Solid solutions of NaNbO3; may be divided into two groups [4]. In solid solutions of
the group | ( e.g. NaNbO3 - KNbO3; and NaNbO;3 - LiNbO3) high temperature ferroelectric
(FE) phase appears at small (a few mol.%) content x of the second component, concentration
dependence of the temperature T, of dielectric permittivity U maximum is rather smooth and
the U(T) maxima are sharp. In solid solutions of the group Il the antiferroelectric (AFE) phase
remains stable up to a comparatively high threshold x=x, value (Xo is usually about 10-15
mol.% [5]) while in compositions with x>x, the phase, usually referred to as FE or ferrielec-
tric becomes stable, which is accompanied by an abrupt drop in T, values and dramatic
smearing of the U(T) maxima. Solid solutions of the group Il are most prospective for high
energy storage applications [3]. Though at room temperature NaNbO3 is an AFE, a sufficient-
ly strong electric field induces in NaNbOj3 an othorhombic (space group Pmc,;) FE phase Q
which remains stable after removing the field and it is destroyed only by heating up to high
temperatures [3]. Recently stabilized antiferroelectricity and superior energy storage proper-
ties were reported for the compositions of the NaNbOj3 -based lead-free ceramics with A-site
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vacancies obtained via a Bi,Os3 substitution -solid solution system [5]. The scope of the pre-
sent work was the study of evolution of dielectric properties in the similar solid solution sys-
tem with A-site vacancies (1-x)NaNbO; - xGd;3NbOs .

Ceramic samples of (1-x)NaNbO;3; - xGd;;3sNbO3; compositions with x=0, 0.05, 0.10,
0.15 and 0.20 were prepared using solid phase reactions route. All the investigated composi-
tions were single-phase and have a structure of the perovskite type. Dielectric studies carried
out in the 12 K-700 K temperature range have shown that the T,(X) dependence has an abrupt
drop at X = Xo & 0.1. While T, values of compositions with x<x, do not depend on frequency,
compositions with x>xo exhibit a frequency dispersion of U(T) and a frequency shift of Ty, i.e.
the increase of T, with frequency. The frequency shift of T, for the compositions with x>Xg is
well described by the Vogel-Fulcher relation typical of relaxors. Diffusion of the U(T) maxi-
mum increases as x grows and the U(T) maxima for compositions with x>x, exhibiting relax-
or-like properties appear to be very smeared.
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stsyjorj  MEse0:  ydeSshosO-gls0nOsd  fledtye,  foise0v  dsSlshSstw
1 jLsAdr JClstecfu jfICEEE BisSkSo, sstiSdj Yt ikSd.

JHidd dL BOLseY = 3O jtedOizise HEW MSLHOGAW tOLGSEBIEOLG Y - Zhsts2Mse GdCes-
A jChtes jr0kdSd  wodweskshv  fjed st iCtedyinSdl kojtHrj teOfsester  ydteCikoko-
Iscfls0dz050 Maddy® Pb(Zr, Ti)Os (PZT) o odHy kstkSdn Yl jaisS [1]. Idjutd, fishiste Caisttera
histslse jistisolz jls sBEOMsT MsteWslstosizs? WoLSes2 ctedkdyr (JAL), tOLHjEwesh j2 s jist0cts-
GOw-+ iz d tesdBAHEdYNSEZE BsHAWISOYd hdetista jSistedufSt? WoLY, sBZOHOIS BOS-
ofds0k2de &3 AdzSlstetsds im0y inSdid o0 ilste0dd. tte! jLdird3 ftejdgz jhisetd sBEOHO-
sl bhadtsivied 4 (MOGstsivedLEo0he ) YijdSd, HEw Colstern dd lteiBlzilshw Histsddd-
sz oW tftesy JHizte0 gsdWiedLoydd, d o St n B0SteshSsdyinSow fsevedLOydw Hishisdeols
o jezdudd, Medadkdd - N o jkdydns? Nfsts0ndks? tsivedLoydd [2].

A 6086k dhfiizjHEo0dsh! ezdwhd] iBY oz BisMde0 (Usksy) B0 WOLBEE] hishisEw-
Gdj, hehste d WdLdyinSdj het2ised nOGsYsEMedLso0hkeG - ktkSdn ijkse PZT. IdjtSd
sz dds? 500 df shHOMHOE & jltHsd Ay BOcH jtstkhkses oht i jkd™ 40 Hikosdddtss-
000G T j Stejdtkdjorj JrOmsdsr f) tehtjHzEsPdh ssydesd g Ussy = 530-570 ®w. 0o
iz jbsS hstise jishisoto0t sBEONSd AL FLissHOR teOfstesos? Ak jCistelds? adStshSstidd
(Zeiss EVO-40) d hditsets? ddCeshCatfdd - jLstisSizdso (Ntegra Prima NT-MDT) dLizy0d0fm
MstelzClslzte0 MWsteldieto0hi » Yz j&sS. rdv dLlzyisdy HdiukjSkedyjnSdn fes2hikse dhskaLs-
90w OolsslOsgLdtsa0hkd 2 SedYzjsh &0 BOLJ dLdsjedisjiw ddsdsdisOdho ¢7-20.
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tats-cfi jHso0ls jeCdj 6OBEST, 0 50Sj Hswot jkdj GsorS ki jieh jhijsote0htr ™ s jnts-
s [2].
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1 HOGGS?  toBSkj  dffkjHse0Gr  ohssstrj  LOsdhddsshsy Otttz ST T
USSR,  HWSkequiSdr  bflkedn  4osOdjsese  Bjffjeddysery
ol jLsS je0ddS GO Shdse lojeHTR wOfsosese ffsjd™ (Na,Li)NbOs. IsCOLOGS, yss
difiHEe0GGT | Biffediyser ficdhisst jLsCj0ddSd RoL0Ck jedizkh GdLSdd LOkZR0Gd ik
bsOLok o ot o Sshshsodics HAiEhdd & PdesSsh HAOYoLER] oRsss d dsckls Bl
it Lse0GT & o iiESHYONSEsE T ki se0LokCse L i jsBie0LEa0l &R HEY b jHAydENSS? kirddCd d
. j60LEE PO jeis Codistest™,

sesyjorj  fEse0:  Bjffledeysedy  jctlssy jLsS 0k,  ddSshsSsizEn
i) iHse0GAw, Sty iChi T j Jow0ds s, dqostiHOGGT 2 fifjCkts, HAfjEhd™.

R jtejf € Bihhodiyse ds fjetissy jLtC jt0BdSod howLod f) ik, st o fishiziHdbij
ots jdgW ofj Bt j atddz0dedW bzH jdw jishw ACstsedy jiSdd ez jds0cz. dddds0ddj iyt jHtse0-
sdz4? o GOmsEwWh i otsjdsw Ctpydistedfslzilsiiv G0 x4 fizbr Jhiselz=Pdr BJhhadiytse™ - SshYts-
Lfyd*n [1].

weJH] dLahiszr = Bjflodizytsern fishisOotse &0 thbkse adtsokse P jesykra djls0d-
59 &OdBsE1Nd2 oSy inSd? distjh tieiHnisOakWesls fjck st jLBS itt0sdSd &0 shbse
sojteH™ = teOfsostese (Na,Li)NbO3 [2], Hjdshhistedtelzts P dj stededi0k1d 2 G0t HoAL jSisted-
YdhSdr, tfekzedn d g4 LsidjCtedyjnSdn o0k jktese, Usts Hjz0ds dn StkSkte jdksshtishse-
G a3 of Hjtet jSlscfods ™ &gd HAZW teWHO o " fisCsyEnissist: - t-isteOLokzSso A tedds jd jhd?.

J HOGHS?2 ©0Bsls) o Yskd bt AShY jtedBJwsOzdgisd dhfkzdHse0kd] yonssise LOad-
odsshlsj2? Stz jChirn 1 jusd jSteduihCdn, HAdjShtedujnSdm d tfiszedn Yook it
BJfhodiytses? et isste jLsSt0BdSd &0 shdkised (Na,Li)NbO3; o HIOYOLEER] yomissls HES 100
Jy. A Soyghlse Bl jSk0 diikzjHso0kdw BY &0 ovBsORO fjet st jLES j0kdSo fishs0e0
Nao ge625L10,12375510,00ND0,988Al0,0102 905 (FST-35), UbsizizyjdeiO™ dlsBHENR 6ty et tits jhfs0-
tw [2].

RLAGjtejizdW SdstfziShh m tftozedn, Hod jStedyjhSdn d - justd jStedyinCdr Hot0-
GJbteso 4 jLisAdz jdjdisse o tiskdvddh+ 6O fisOdkHOtsE ~ SBiOLYOR ) Hisdss+t 0G0tdLOkStE0
dais jHOENO Agilent 4294A d tftesete0zds™ 0k0kdLO teiLsdkOkht~ It jCkteso PRAP [3]. rdv
diftjHso0dkdw yohssist m LOadhddshisj? SadstizjShb = tow0d jistese St jtedds jdls0ddrn
tsBteOLYsO & HJOYOLER HEs 100 gy ditfistzLsa0dihw ds jlstsH 0%0ddLO to jLiskOdkhdk = M jSistetso
(0 Shisens2 UONSEIs d tejLsk0kh0n o i dn YistwHS s [3].
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~0t0Cks jtodLiz jlstw ssishizishisod jds LOG st Etftezes? HAhtfitehdd d slsdshdisjz b G&disds, tis
MteOot jzd® ) - JLC je0idSORd hdhs ik Auy, LOEZROR jd ZEzsteOLokSso Y - otz o oY fts-
Coyonistsistzisds HJOHOLEG, d BB Jls BY st ditfskzLse080 o o riisSayonssisr - Zz-ists0LokzCso
tfte isBEOLESO0 JiWn HEW BJHAYdEhCE2 b jnddSd d ¢ jtiLezn0sh jes Cdisteist?.
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P jCOLOGG TR Heolts st Worwessiw fijets sz iCtedunSdj P itCd, dLeslssatighrj o od-
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TohiztsS. LiydesceohtT YoisssssidSss (Sedorj 1), ticdhsediezisn HAGOBAInSds dissHSeH
tled] o5LHj2Msadd] dsHEkdeso0nHkses | jfizsoses Yuksso (Sedorj 2) &0 Y syt j fselCslisr: 0 -

AlIPZT/sOtAG0W fisHisyCO, B — PYPZT/PY/Si. YO0 dsisHizivydd b jtfizsoses §isssCo i 18 4y
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Gtz jlstsAdz jSlstedy iS22 i jdkCs2. Yhoudsjz b eOLkdydj o StAWWdyd jdison ks jtisetsets tof)-
s jadW Yz S o jlsOkdzay S tfisHEsHSH o LY o0l Histfstzkdlsjzidklzs HjWskhoydes
fjed jlstsd jSlstedy i Cisets fitsw, slzizsozdodw tswok jdd]j - jLsdjCistedyjhts? CodttsdjdlsT
qavis (0]

RLEBJGjGd] fivtedLoydd fjet stz jShtedyinSaet fiksy, orLodhksj jots %Ot josd o
HJWistezOydWasd, sBlNEsa jhs dLijkjtdid teivedLoydd tied o0t dsse0hkdd s ik otz
0 60C>1j oCEOHEE - jLsAd sty s shstaev=h 2 o o jkdudtl YstvedLoydd. Yed SHG-
oS A LGy jhdwn SAWWAYdjdis0 s jtftzsetsets o diejidw, COS Asts daigls dfists HEw d30-
5jtsOw0 PZT d Stejdstac, fistelzSslzted t0cts jo0 s s jtfizse rds sk, o HIWSEROYIW fisjo
disdls BsHAGOSEe LEOYiGdj ted tiesntHikdd kjtkses? ostdr el hdhlsjslz k-
COASHESHSO, k5. . HiSYsEhAs et Bin0hduinSs] osLHjmsodj 4O fijct it iSsdyinSEss
ikl fis Miststetsds™ YsHEsH S Bishizshisolzjls. asz+PoOw 0LEdY0 o o jkdudkon SEWWdydjd-
stso Is jtfizsoses BONNdEjtgdY fisje, SOC At dBis kiflss HEY PZT d & jlsozdyiiSs? tisH-
s>, ©Ohswedo0 jls kdBts fixdds0ls Yz jhSk o YshCshisd fiksjo, o L oW Y jLsk jSlstecfy,j-
NSk eMedLOyds, SissEd™ fonLon0 f) 1 jLEAd iSstedyiSddd SeWWdydiGsokd es: d es o
fizlzy0j fjet stz jShstedu jnSe? iz jkld, sted jdisdso0bhs? o ¢otte0ad jedd [111].
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A 55 >4 ots jBW dLe jists, s Mishistwidj st fdfsjd* Loadhds Bls 6WHO WOSkEESs,
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CeofiysOdziofynSad fichissiziShedS, BlzH jls LOG ks Szduok+iw s 0Ssern o B jditsd
50ls jts Oz,
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JBOLYT HEW diffitjHse0dkd2 tstkyobd tizsjd objHt jdadw s jistondsteydteolko tkzed-
HaW o tistediisj a0ty SiO, s ftsjnddds HAO®,jistssdy MSoBLGY A st BCEs 23 ¢d oL
GOf T P jhhkses osHEEES Eof)sotsts0.

A 76K S jtedds jdis0 sBB0LY " st jP0kd o Stedshisols, GH ks jdstfjis0lsizis0 dLds jdaizOn
o tfis jH j0R ls 100 HBs 350 S. RLE,jte i HOAd Sty fiCs2 sty jdshisd U of o iShtsd-
wihSam sk jes+ 07 tesotHdid &0 yomssson f = 5§ 500 Sy f) tsdsh didjeds it (7-20.
stz oz § LOodelassiisd U'(ws) of () dissst i &0 tedfifzizC ooy

Adniss, ylsts o St jhlstshiswn ik jeobizer u* & 156 s GOBE=HOELNY GOSHddkkzdg ™ H-
A jSstecfy iS22 tetsdzoy0 jdsshisef d tisls jis+. Iedf st 5O d5OSHdszeR0 fids jFrOEsksiw o GOYE0s-
Zjbdj Bisizjj o visCdn it jtlsizts i) e v jhdjds yomisils™ dLdjteds ji disets sk, ysts ZS0-
Lro0 s &0 dn s jehs0Skdodydisi2 R00Sk k. Jedhdhow o ehdkond], yss koShddEd U
GOBE=HO ST tfed Zhisodd wt=1 (w = 2pf, 0 t - ete k" tjz0SHOYAd), BEMES St jH jzdls
LOadhddisshis+ t(u).
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(f) 0ot jds dletejddiznO (1) edotsHdid ¢ WALduinSd o LBOUds*ds o jedydd0ds yOnistsls*
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Detailed temperature studies of the dielectric responce, conductivity, Brillouin and Raman
spectra are presented in this work. Analysis of the obtained data revealed a number of anomalies in the
phonon dynamics of the relaxor ferroelectric PbNiy;sNby303; (PNN), which are not found in typical
relaxor ferroelectrics, such as PbMg13Nb,303 (PMN).

Keywords: dielectric permittivity, local and bulk conductivity, optical and acoustic phonons,
quasi-elastic light scattering.

PbNi1sNb2s03 T (PNN) single crystals belong to the family of complex perovskites
with the general formula ¢1':1".- . The physical properties of this family of perovskites are
the subject of intense research, but PNN crystals have been poorly studied, which can be ex-
plained by difficulties in synthesis of ceramics and growth of single crystals.

The lattice dynamics of the PNN crystal has been studied by dielectric spectroscopy
[1], Brillouin and Raman light scattering [2,3] earlier. Raman light scattering experiments
have confirmed the existence of polarized scattering spectra which change with temperature
[3]. The behavior of low-frequency optical phonon is characterized by anomaly in the vicinity
of the phase transition from cubic to a ferroelectric rhombohedral phase T, & 153 K [4]. A
wide anomalies of the frequency shift (which is proportional to the velocity) and the full
width at half maximum (FWHM, which is proportional to the attenuation) of longitudinal
acoustic (LA) phonon are a characteristic features of relaxor ferroelectrics [2]. But in contrast
to PbMg1/3Nb2303 (PMN) - typical representative of relaxor ferroelectrics, the minimum in
velocity and the maximum in attenuation in PNN do not correlate with the temperature of
maximum in the dielectric permittivity T, which is equal to T.. The temperature evolution of
quasi-elastic light scattering (QELS) in PNN is nontrivial. Thus, in spite of a seeming similar-
ity between the two compounds, PMN and PNN have different lattice dynamics. This moti-
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vated our detailed studies of dielectric, Brilloun and Raman experiments in a wide tempera-
ture range 77-700 K.

The PNN single crystals were grown by solution in the melt. The dielectric response
and AC- conductivity were measured by a Good Will LCR-819 impedance-meter at the fre-
quency range 12 Hz -100 kHz and at temperatures 78 -750 K. The DC-conductivity was
measured by an electrometer with sensitivity up to 1 pA. In our measurements the maximum
of the real permittivity at a frequency of 1 kHz reaches ', = 5500 at Ty, = 153 K and width of
maximum is @T = 145 K (PMN, for comparison: 0',=11400, T,= 265 K and @T = 80 K). A
local conductivity due to the characteristics of the Ni atom was obtained in the temperature
range 10071 200 K. At the temperature above 600 K an appreciable increase in bulk conductivi-
ty was found.

The temperature investigations of the light scattering spectra were carried out in the
backscattering geometry by using an advanced Sandercock's (3+3)-tandem interferometer
(TFP-2) for Brillouin measurements and the T64000 spectrophotometer for Raman study.
Raman measurements showed the difference in the behavior of optic phonons of PNN and
PMN crystals. The intensity of Raman spectra of PNN increases with decreasing temperature,
at the same time new phonon lines appear. The "softening" of the frequency shift, the maxima
of the intensity and full width at hath maximum (FWHM) of the low-lying optical phonon in
the region T, = 153 K are revealed. Unusual temperature dependences of quasi-elastic light
scattering parameters are found. The maximum intensity of QELS is observed at the room
temperature, while the anomaly of the FWHM of QELS is shifted to ~ 460 K.

When we compared the Brillouin spectra of the PNN and PMN crystals, discrepancies
were also found. At temperatures above T, in the PNN crystal, where cubic symmetry is as-
sumed, at backscattering geometry of experiment with phonon wave vector along [001]-
direction according to the selection rules only longitudinal acoustic phonon (LA) should be
observed, as it was for PMN. However, we found additional transverse acoustic modes (TA)
in the spectra of PNN, which are forbidden in Brillouin spectra by the selection rules for cubic
symmetry. It can be assumed that the symmetry of the PNN crystal at these temperatures is
different from cubic symmetry. It should also be noted, that two additional peaks were found
in the temperature dependence of the FWHM of the LA phonon at temperatures T; ~ 560 K
and T, ~ 440 K. These anomalies correspond to weak anomalies in the temperature depend-
ence of the frequency shift of this phonon. In the low-temperature region, in the temperature
range between T3 ~ 212 K and T4 ~ 130 K, there is a noticeable slowdown in the change in
both the frequency shift and the FWHM of the LA phonon. As a result, their peak anomalies,
which were expected at Ty for PNN crystal, were in fact suppressed. The results of measure-
ments in PNN crystals are discussed in the framework of modern concepts of the physics of
relaxor ferroelectrics.
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