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BJIUSTHUE OBJYYEHUS BbICTPBIMUA HEUTPOHAMM HA CTPYKTYPHBIE

M3MEHEHUWSI B MOHOKPUCTAJUIAX BaTiO,
INFLUENCE OF NEUTRON IRRADIATION ON STRUCTURAL CHANGES IN BaTiO,

A.N. Cram, C.A. UBanos, C.10. CrepanoBuy, A.B. Mocynos, B.M. boiiko, A.B. Kopy.iun,
AM. Kamokanos, H.H. UcakoBa
A.L Stash, S.A. Ivanov, S.Yu, Stefanovich, A.V. Mosunov, V.M. Boyko, A.V. Korulin,
A.L Kalyukanov, N.N. Isakova

NIFHI named after L.Ya. Karpov, Moscow

An intriguing question related with an irradiation influence on ferroelectric properties of perovskites still re-
mains open. In order to answer this question which is the subject of many controversies, the crystal structure of
these materials must be studied in detail. Single crystals of BaTiO3 irradiated by reactor neutrons (neutron fluence
F = 1x1017cm-2, T= 340 K) were firstly studied by X-ray single crystal diffractometry, dielectric spectroscopy and
non-linear optic measurements. The accurate intensities were carefully measured by means of a scanning tech-
nique on CAD-4 diffractometer using a small (<0.16 mm) untwinned single crystal, and MoKa radiation. The inten-
sities were corrected for absorption and secondary extinction effects. The original technique for calculation of total
diffuse scattering was proposed and used for this particular crystal. The reasonable values of cation displacements
and thermal parameters at room temperature for initial and irradiated samples have been obtained. The structural
parameters are consistent with an assumption concerning a mechanism of radiation phase transformation deter-
mined by a concentration of radiation-induced point defects which appears to be a radiation instability parameter
of the structure relative to the high-temperature cubic structure of BaTiO3. The results are compared with those
published by other workers on ceramic samples of BaTiO3. It has been shown that the irradiation of BaTi03 by fast
neutrons with integrated flux of 1x1017cm-2 gives rise to the Curie point shift to lower temperatures and to the
decrease of the tetragonality of the crystal lattice (c/a). Lattice parameter measurements indicate a tendency to-
ward the radiation induced tetragonal-cubic phase transformation. Qualitatively reversible changes in the dielectric
constant and SHG signal have been revealed. Radiation induced changes partially vanish as a result of subsequent
annealing above Tc. Possible structural mechanism of phase transition in BaTiO3 induced by irradiation is discussed

in details.

BaTiO, siBiisieTcsl yHUKAIBHBIM MOJICTIEHBIM O0BEKTOM ISl U3y4EHHs 3AKOHOMEPHOCTEN U MEXAHU3MOB Pa/Iu-

AIIMOHHOTO MOIU(HUIMPOBAHUS CETHETOMICKPHKOB CO
CTpyKTypo# mnepoBckuta [1-3]. HeliTponnoe oOmyuye-
HUe sBIseTcs APPEKTUBHBIM CIIOCOOOM J103UPOBAHHO-
ro BBeIeHHS 1e(PEKTOB B KPUCTAIUINIECKYIO CTPYKTYPY.
[Ipu 3TOM Takue CTPyKTypHBIE COCTOSHHUS, KOTOPBIE BO
MHOTHX CIy4asX HEBO3MOXKHO IOJYYHUTH ITyTeM IpH-
MEHEHHsI TPATULMOHHBIX TEXHOJIOTHYECKHX METOOB,
O0COOCHHO BayKHBI [T HAXOXKACHUS MTyTeH IeJIeHanpaB-
JICHHOTO BIUSHUS 00TydYeHHs Ha CTPYKTYPY U CBOICTBA
CErHETOANEeKTpUYEcKHX MarepuaioB. [lo HacTosImero
BPEMEHM BO3JIEHCTBHE HEUTPOHHOTO OONyuyeHHUs Ha
cTpyKkTypy U cBoiictBa BaTiO, nan6osnee monno 6bu10
MU3YYECHO TOJBKO JIsl KEepaMUUYCCKUX MaTepuaios [1-3].

B pabote BuepBble pacCMOTPEHO BIHsSHHE 0OIyUe-
HUS OBICTPBIMH PEaKTOPHBIMH HEHTPOHAMHU Ha CTPYK-
Typy M CBOWCTBA MOHOIOMEHHBIX MOHOKPHCTAJIIIOB
BaTiO,. IIpescrapieHbl SKCIIEPUMEHTAIBHBIC PE3YITh-
TaTbl 110 BIMSHUIO OOJIYy4EHHs Ha IUAJIEKTPUUYECKHE
U HeTuHeWHo-onTHueckne xapakrepuctuku (Puc.l),
BIIEPBBIC METOJIOM JU(PPAKIUK PEHTICHOBCKUX Y-
Yell MCCIe0BaIOCh CTPYKTYpPHOE COCTOSHHE MOHO-
KPUCTAJJIOB BaTiO3 0 U IOCHe BO3HEHUCTBUS ObI-
CTPBIX HEUTpOoHOB. OONMydeHHWE HEUTPOHAMH TPOBO-
JWJIM B BEPTHKAJIBHBIX KaHAJaX HCCIIENI0BATENLCKOTO
simepHoro peaktopa BBP-ii (F = 1x10 ¢cm , T = 340
K). Jlms wucclienoBaHME HCITOJB30BAINChH Mé')GﬁOKpH-

crawiel BaTiO,, nosny4eHHbie METOIOM KPUCTAILIH-
3anuu U3 pactBopa B pacmiaBe KF. Ha ocHose mony-
YEHHBIX TOYHBIX 3HAYECHHWH CTPYKTYPHBIX aMIUIUTY[ C
UCIIONIb30BaHUEM Pa3padOTaHHOTO METOAa IO Y4YeTy
IKCIIEPUMEHTAJIbHON monpaBku Ha auddys3Hoe pacce-
sane (Puc.2) mpemcraBieH MOAPOOHBIA aHAN3 IPO-
UCXOIUIIINX CTPYKTYPHBIX HM3MEHEHHH B oOpasumax c
Pa3IMYHBIM HUCXOAHBIM COCTOSHHEM Iociie OOIydeHus
ObICcTpbIME HeliTpoHaMu. OOCYXIAIOTCS CTPYKTYpHBIE
MEXaHNU3MbI BO3ICHCTBHS OOITyUEHHsI ¥ BIUSTHHE e eK-
ToB Ha cBolicTa BaTiO,. Ha ocHoBanuu pesynsratoB
JTUDIIEKTPUYECKUX M HEIMHEHHO-ONTUYECKUX H3Mepe-
HUH OOJyYeHHBIX KPUCTAJUIOB YCTAHOBJICHO HEOOIb-
moe ymenbieHue temmeparypsl Kropu mo 8K (Puc.1).
OO0OHapyKeHO, YTO HEUTPOHHOE OOTy4YeHHEe TaHHOW J10-
3001, COXpaHssl NOJSIPHYIO TETPAaroHAIbHYIO CTPYKTYPY,
HNPUBOAMT K 3aMETHOMY U3MECHEHHIO BEJIMUUH U 3HAKOB
ATOMHBIX CMEILECHU.

[IpuBeneHs! apryMeHTHl B MOJB3y TOTO, YTO PajH-
AIMOHHO-MHAYIIUPOBAHHOE U3MEHEHHE CTPYKTYpPHI
MIPOXOAMT IO BBHICOKOTEMIEPATYPHOMY THITy M COIIPO-
BOXaeTcs (POPMHUPOBAHHEM CTPYKTYPHOTO COCTOSIHUS,
OJM3KOTO K BBICOKOTEMIIEpAaTypHOH KyOW4ecKkol MOJIu-
(uxamuyn HeoOmyuennoro kpucramia BaTiO,.

[lonmy4yeHHBIE CTPYKTYpPHBIC JaHHBIE IO3BOJISIOT
YTBEP)KAATh, YTO PAJUALMOHHAs IEPECTPONKa TeTparo-
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HaybHOM CTpyKTYphl BaTiO, npu komMHaTHOH Temmepa-
Type 00yCIIOBJICHA HAIPaBICHHBIMH KOPPEIHUPOBAHHBI-
MH CMCIICHHAIMH aTOMOB, BbI3BIBACMBIMH TOYCYHBIMU
nedeKTaMu paJualliOHHOTO IPOUCXKaeHusI. CpaBHe-
HUE aTOMHBIX CMEIICHUH 10 1 ocjie oomyueHwus (Puc.3)
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Puc. 1. Casur TemnepaTtypbl ¢a3oBoOro nepexoa B 06/1y4eHHbIX MOHOKpPUCTaNNax BaTiO, no pe3synbratam AM3NEKTPUYECKNX
(a)  HeNMHENHO-ONTUYECKUX N3MEPEHUIA (TeHepaLLMa BTOPOI rapMOHUKM a3epHOro usnyyeHums) (6)

Fig. 1. Shift of phase transition temperature in irradiated BaTiO3 single crystals based on the results of dielectric (a) and
non-linear optic (second harmonic generation) (b) measurements.
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Puc. 2. Mpoueaypa yvyeta nonpasku anddysHoro pacceaHna B AUPPaKLMOHHbIE MUKK.
Fig. 2. Calculation procedure of total diffuse scattering correction in X-ray diffraction reflections.
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Ba

a 6
Puc. 3. CxemaTuuyeckoe M306parkeHne BeIMUYNH aTOMHbIX CMELLEHNI B 061y4eHHOM (a) n HeobayyeHHOM (6) MOHOKpuUCTan-
nax BaTiO, Ps — cnoHTaHHasA anekTpuyeckas nonapusauma.
Fig. 3. Schematic diagram indicating the atomic displacements in irradiated (a) and initial (b) BaTiO3 single crystals. Ps- a
spontaneous electric polarization.
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