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AHHOTan A

Jlist onpeieIeHUs CTeNeH ! ierpajalii 06 beKTOoB (y3J10B,
anmaparoB, CHUCTeM), PabGOTAIOIMX IPH MOBbILIEHHBIX
TeMIepaTypax, HUCIOJb3YIOTCI pasJIMuHble METO/Ibl
HepaspyamIlero KOHTposist. OAHUM U3 Haubosee 3P Pex-
THBHBIX METO/IOB fIBJIIETCS YJIbTPa3BYKOBass JiepeKTo-
CKOMVS, B OCHOBE KOTOPOH HCIHOJIb3YIOTCS Tb€30KEPAMHU-
YecKre MaTepuasibl, COXPaHSAI[HEe CTAOUIBLHOCTh Mapa-
METPOB NPU H3MEHEHUU TEeMIIepaTypbl KOHTPOJIMpYeE-
MOro 06'beKTa B IIMPOKHUX Npejienax. Llesbio paboTsl Oblia
pa3paboTKa HOBBIX Ibe30KepAMHUYECKUX MaTepHasioB
OKCUGTOPU/IHOTO THUIIA, U3TOTABJIMBAEMbIX HA OCHOBE pa3
cucteMbl BiFeOs - BaTiOs - BaFeOzF, koTopble crioco6HbI
JUIUTEJIbHO COXPAHATh BhICOKHE 3HaYEHHMs Tbe30mapamMe-
TpoB (d33 ~ 150 nKn/H) npu Temneparypax o 330°C.
TexHOJIOTHs BK/IIOYAET: a) HU3KOTEMIIEPaTyPHbIA METO/
CHHTe3a yJbTPafMcrepcHbix mopomkos (YAI) das
cocraBa Bi0,67Ba0,33Fe0,67+xTi0,33-x03-xFx (0<x<0.1);
6) TeXHOJIOTHYECKHEe TapaMeTphbl ClIeKaHHsl IPecc3aroTo-
BOK, M3roTaB/IMBaeMbix u3 Y/II1 nesesbix ¢pas; B) yca0Bus
HoJISIpU3alMy 00pasIoB 1ieJ1eBOM Mbe3oKepaMuKu. [loka-
3aHO, YTO KCIOJIb30BaHHWE HOBOro MeToJja cuHTe3a Y/III
6a30BbIx a3 MO3BOJIIET HE TOJBKO CHU3UTb TeMIlepa-
Typy ux GOPMHUPOBAHUS, HO U TeMIepaTypy CleKaHHus
MPecc3aroTOBOK, U3TOTABJIMBAEMbIX U3 3THUX MOPOIIKOB, a
TaKXKe MOBBICUTb BOCIPOM3BOJUMOCTDb 3JIEKTPopU3nUe-
CKHUX CBOWCTB 00pasL0B Lie/1eBOM Ib€30KepaMUKH.

Karwouesvwle caoea: C€2H€m0¢6131>l, mexHosi02uu cuHmesa

U CheKkaHus, 6bICOKOMeMnepamypHas nbe30Kepamukda,
anekmpogusuieckue cgolicmaa

BBeaeHue

Abstract

Various methods of non-destructive testing are used to
determine the degree of degradation of objects (nodes,
devices, systems) operating at elevated temperatures are
used. One of the most effective methods is ultrasonic flaw
detection, which is based on piezoceramic materials that
maintain the stability of parameters when the temperature
of the controlled object changes over a wide range.
The purpose of this work was to develop new piezoceramic
materials of the oxifluoride type, manufactured based on
phases of the BiFeOs — BaTiO3 - BaFeOzF system, which can
maintain high piezo parameters for a long time
(d33 =~ 150 pC/N) at temperatures up to 330°C.
The technology includes a) a low-temperature method for the
synthesis of ultrafine powders (UFP) of phases of the
composition Bi0.67B0.33Fe0.67+xTi0.33-x03-xFx (0<x<0.1);
b) technological parameters of sintering of press
preparations made from UFP of target phases; c) conditions
of polarization of samples of target piezoceramics. It is
shown that the use of a new method for the synthesis of UFP
base phases allows not only to reduce the temperature of
their formation, but also the sintering temperature of press
preparations made from these powders, as well as to
increase the reproducibility of the electrophysical properties
of target piezoceramic samples.

Keywords: ferroelectric phases, synthesis technologies,
piezoceramics, microstructure, electrophysical properties

AKTHBHO cocTaBJisoNIel nbesonpeobpasosareseii (I111), BXOAAMX B COCTaB CHCTEM HepaspyLIAIIEro KOH-

TPOJIST U MEJUIMHCKON [UAarHOCTHUKH, ABJSIOTCS 06BEMHOYYBCTBUTE/bHbIE MbE30KEPAMUYECKUE MaTepHUasIbl
(ITKM). Heo6x0anuMbIM yci0BHeM GYHKIMOHMPOBAHUS TaKMX CUCTEM CJIYXKUT COXpAHEHHE aKTUBHOCTH 6a30BbIX
be30MaTepPUaIoB MPU BICOKUX TEMIIEPATYpax 3KCIIyaTallMy. B paMkax 0/JHOTO IMKJIa HAarpeBaHUe — OXJIaXK/e-
HHUe, Ibe30KepaMUYecKre MaTepHaJibl MOTYT COXPAHATD [Ibe30aKTUBHOCTh J10 TeMIiepaTypbl Kiopu (Temneparypa
nepexozia cernerodasbl B mapa-¢dasy) [1, 2]. [losspuszosanubie [IKM 0THOCATCS K HEpaBHOBECHBIM CUCTEMAM, TaK
KaK OHU GOPMHUPYIOTCS B MPOIleCCce COBEPLIEHHUS HAaJl CUCTEMON PabOThl 3JIEKTPUYECKOTO MOJIs BICOKOH Hamps-
*EHHOCTU. [l03TOMYy, pU BBEJEHUM B CUCTEMY 3HEPTHH J0GOro BuUJA, cGOpMHUpPOBAaHHAS MpPU MOJSIPU3ALUU
JIOMEHHas CTPYKTypa paspyluaeTcs (Mpolecc Aeno/spU3aliu), YTO CHUXKAET 3HAYEHHUS Mbe303JIeKTPUIECKUX
HapaMeTpoB BIUIOTH /IO HYJIEBOT0 3Ha4YeHus. [Ipoliecchl fenossipusanuu Hab o aarTces y Beex THnoB [IKM, ogHako
9Heprusl aKTUBALUU 3TOTO Mpoliecca [Jis KaKA0ro o6pasia UHAUBHU/YAIbHA. ITO CBSI3aHO C TEM, YTO CTAOU/Ib-
HOCTb JIOMEHHOM CTPYKTYPBI MIOBBIIIAETCS ¢ pocTOM: a) TeMnepaTyprl Kiopu (T,) GazoBoii cerneTodasel; 6) sHep-

T'MH, He0GX0IMMOM JIJIS1 Havasla IBM)KEHUsT JOMEHHBIX CTeHOK [1-3].
[ ]
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HpOBeL[éHHbIe HaMHu MCCJIeZIOBaHUSA MOKas3a/y, 4To ¢asbl cucteMbl BiFeO, — BaTiO, — BaFeO,F, cocrasos
Bi, ., Ba,,.Fe . Ti,, O, F (0<x<0 1) uMeroT He ToJ1bKO TeMnepatypy Kiopu Beiuie 500°C, HO U U3rOTOBJIEHHbIE HA
ux ocHoBe [IKM xapakTepusyoTcs 60siee BHICOKUMH 3HaYeHUSIMU 3HEPTUi aKTUBALMU NPOLEeCCOB JlenoJisipusa-
uu (mo cpaBHenuto ¢ [IKM Ha ocHoBe (a3 cucteMbl BiFeO, — BaTiOs), YTO JieJIaeT UX NepCreKTUBHBIMU [JIf CO3-
JlaHUs BbICOKOTeMMNepaTypHbIX 11

CiefyeT OTMETHUTD pAA TpeOGOBaHUH, MPeAbAB/ISEMbIX K MaTepHasaM BOJHOBOTO TBEPOTeIbHOI0 TUPOCKONa
[4] ¥ AaTYMKOB yNIBTPa3ByKOBOM AMAarHOCTHKH [5], yIUTHIBAIOIUX Kak HEOOX0AUMOCTb UX COTJIACOBAHUA C IOBEPX-
HOCTBIO KOHTPOJIUPYEMOr0 00'beKTa, TaK U AJUTEJbHOCTb COXpaHeHHs 3HaYeHUH be3onapaMeTpoB B YCJIOBUAX
9KCILTyaTalyK (B CTAalMOHAPHOM WJIM W3MEHSIIOIEMCS] TEMIIEPATypPHOM pexkuMe). B cBsiau ¢ aTum st [IKM BBO-
JMTCSA IOHATHe «paGoyas TeMnepatypa (T,)», 3HaueHHe KoTopoii Hixke T,. B orimuue ot T,, T, He ABJIAETCA MOCTO-
SHHOW BeJMYMHOM s onpezenénHoro [IKM, Tak Kak cBf3aHa: a) C pexXMMoM 3KciyaTanuu [T (mocTosHHBIH,
NepUOIMYECKHiA); 6) C TEMIEpaTypoil KOHTPOJIUPYEMOro 06beKTa (1 C eé BO3MOXKHBIMH M3MEHEHHsMH BO Bpe-
MeHH); B) C BpEMEHEM HaXOXK/IeHHs JATINKA B «TOPsiYei 30He» U T.A.. J[pyruMu CJIOBaMH, B U/ieasie, BBICOKOTEMIIe-
paTypHBbIM AaTYMK Hepa3pylIawllero KOHTPOJs JOKeH C03/jaBaThbCA 110/, KOHKPeTHBIH 00beKT HCC/eJ0BaHUsA
Y rapaHTUPOBATh MOJIy4YeHHe JOCTOBEPHBIX Pe3yJIbTATOB B ONpe/ie/IEHHBIH IIepyuo/, BpeMeHH ero 3KCIUTyaTaluu.

llesiblo IaHHOW paboThl SBJSETCA pa3paboTka TexHosoruu [IKM, umeromux Tp = 280-330 °C, koTopble
(mpu cTaHAAPTHBIX YCAOBUAX (C.y.)) XapaKTepH3yITCs 3HaYeHHeM MPOJOJIbHOro mbesomoayns d,, ~ 120 nKi/H,
a B yCJIOBUSIX UX IKCIUIyaTalliK IPH 6oJiee BbICOKMX TeMIIepaTypax, 3Ha4eHus d,, JoCcTUraoT Bemyntbl 150 nkoi/H.

3KCl'lepI/lMOHTaJIbHaﬂ qacThb

i ™
Cunres Y/III cernerodas, cocrasa Bi Ba ,Fe . Ti,, O, F (0<x<0.1), npoBogucs B peaktope Ready™.

B kauecTBe NpeKypcopoB BbICTYIAId HUTPATHbIE PACTBOPbI KOMIUIEKCHBIX coeanHenui Ti(IV), uutpatsi Fe(Ill),
Bi(Ill) u Ba, a Takxke 6udTOpua aMmMonus (puc. 1).
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Puc. 1. [lpuHyunuabHAas MexHo102u4eckasl cCxema (popMupOSaHusl
Y11 gpas cocmasa Bi _Ba, . Fe, . Ti .. O, F (0<x<0.1).

0.67+x " "0.33-x ~ 3-X X
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Ha nepBoM 3Tane cuHTe3a, B HUTPATHBIA PacTBOP KOMIIEKCHBIX coeguHerui Ti(IV) u3BeCTHON KOHIIEH-
TpaLMHU BBOJUTCA: a) paCCYMTAaHHBIA 06'bEM BogHOr0 pacTBopa HuTpaTa Fe(Ill); 6) paccuuTanHas macca 6ud-
TOpHUJia aMMOHMUSL.

Ilocsie cMeleHKst TPEKYPCOPOB B EPBUYHBIA PACTBOP MaJIbIMU MOPIUAMHU (P HHTEHCHBHOM INepeMellBa-
HUY U TIPUHYUTEIbHOM OXJIXAeHUH), no6aBasica 10% pacTBop aMMuaka. B pesysbTaTe aToro pH pactsopa
HOBBIIIAJICA 0 5, YTO BbI3bIBAJIO 06pa30BaHUE IeTEPONOIUMEPHBIX CMeLIaHHbIX 0-GOpM MAPOKCHUJ0B TUTaHA
(IV) u Fe(Ill), B koTOpbIX B KauecTBe uranzioB (momumo H20 u rpynn OHY), npucyTcTByroT Honbl F~. Tlo 3aBepuie-
HUY GOPMUPOBAHHUA el TUAPOKCH/IOB, B peaKTOp BBOAUIKMCH pacTBopbl HUTpaToB Bi(lll) u 6apus. O6pasoBas-
Imasicsi CycreH3us epeMelirBaaach B TeyeHue 1 yaca, 4To NPUBOAMIIO K e€ paccianBaHuUIo. [IpoMexyTo4HbIH po-
AYKT peakuuu (puc. 2(a)) OTAessICA OT MaTOYHOrO pacTBOpa METOOM LEHTPUPYTHPOBAHUS U [l€KaHTALWH,
v 3areM cymuics mpu T = 90-95°C B Tevenue 1.5 yacos (puc. 1). 06pa3oBaBiuriicss aMOpHbIiA TOPOLIOK TPOKAIH-
Basy npy TemMnepartype 500-550°C (pexuM TepMUYeCcKoii AecTPyKLuK aMopdHOU pasbl ONpeseNsacs 0 JaHHbIM
JITA — TT'A: gepusarorpad Diamond T6/DTA).

TlepBHUHEI IPOAYKT CHHTe3a ¢a3 cocTraBa
Bio.57Bao,331_:’eo,57+xTio_33.x03.xF x

Jin"s 4 s

Puc. 2. (a) — nepsuunbiii (ACM) u (6) — smopuunbiii (CIM) npodykm cunmesa:
YAl ¢asel cocmasa Bi Ba, ,.Fe, .. Ti, 0,,,F

0.2772.94" 0.06"

Mponyxtsl cuuTe3a (puc. 2(6)) uccaenosanucs Metogom POA i PCA (gudpaxromerp ARL X'TRA, Cu-K | uziy-
YeHHUe, NiB-QJHanp). [lapameTpbl TETparoHa bHbIX 3JIEMEHTAPHbIX AYEEK PACCYMTBIBAIMCD 110 OTpaXkeHUsAM (220)
¥ (202). ®opma ¥ 06'bEM YACTHUI] CHHTE3UPOBAHHBIX MOPOLIKOB HIKUXThI ONPEAEJAICS METOJAMH aTOMHO CHJIOBOM
(Solver Pro-M, NT-MDT) 1 ckaHMpyIOILieil pacTPOBOM 3/1€KTPOHHO# (JSM-6390LA) MUKPOCKOTHH.

CorsiacHo raHHbIM POA, 3amenienre nonoB O Ha oHbl F B dpasax cocrasa B, Ba . Fe . Ti ., O, F (BbI3BI-
BaBIlee 0ZIHOBPEMEHHOE CHUIKEHHE MOJIbHOM 1011 HOHOB Ti*), BILIOTH /10 X < 0,06 OKa3bIBAeT HEGOJIBIIOE BIIHS-
HHe KaK Ha (a3oBbIH cOCTaB cHCTeMbI (KOTOPBIH Takxke U a4 da3 cocrasa Bi Ba ,.Fe _Ti ..0, npescrasieH
IICeB0KYy6MYECKON U poM603pHuuecKoi pasaMu [6, 7]), Tak ¥ Ha MapaMeTpPhl 3J1eMEHTAPHBIX AYeeK 6a30BbIX CEr-
HeTodas. OaHaKO AaJbHERIINN POCT MOJILHOM [J0JIM UOHBI F B cucTeMe NPUBOAUT K OGBICTPOMY YMEHbIIEHUIO
B Hel poM603/ipuieckoi ¢paspl. ITO, Kak OyeT 0Ka3aHO HUXKeE, COBIIAAAeT CO 3HAYUTeIbHbIM U3MEHEHUEM 3JIeK-
TPodU3UUECKUX CBOMCTB Ib€30KEPAMUYECKHUX MAaTEPUAJIOB, BIPAXKEHHOM B CHIXKEHUU BEJIUYUH Ibe30MOyJIen
06pas310B NPU HEGOJIBIIKMX U3MEHEHUSAX UX JUIIEKTPUYECKOM POHUL[AeMOCTH (Tab1. 1).

IIpecc3aroToBku i criekaHus (quamerpom 11.5 MM) GpopmoBanuch U3 kpuctaaardeckux Y11 neseBbix a3
METO/IOM OJJHOOCHOTO ITPecCOBaHUSA U NOMeIAJINCh B TUIJIY, HA JIHE KOTOPBIX HAX0AWJICS KPYITHOKPUCTa/JINYe-
CKMH mopouiok cocrasa Bi Ba ,.Fe Ti ..0, CHHTe3npOBaHHbBIA B paMKax MeTOJa TBEPAODA3HBIX PEAKIUH.
Jl/151 ©3roTOBJIeHUS 06pa31l0B Ibe30KepaMUKHU UCI0/1b30BaJICSl CTYNIEHYAThIN PEXKUM 06KUTa Pecc3aroToBOK, Ha
IIepBOM 3Talle KOTOpPOro 06paslbl HarpeBaJuCh OT KOMHATHOW Temnepatypbl o 750°C co CKOpOCTbIO
20-25°C/MuH. 3TO M03BOJIsIET CPOPMUPOBATH B CUCTEME GOJIbILIOE YUC/IO TIEPBUYHBIX KPUCTALJIUYECKUX 3aPO/ibl-
et 1esieBoit $asbl, YTO B UTOTE 06ECIeYrBaET MEJKO3ePHUCTHOCTL KOHEYHOTO POAYKTa clieKanus (puc. 3(a)).

Ha BTOpoM 3Tare mporjecca CKopocTh nogbéMa TeMiepatypsl (10 950-1000°C) cocrasJsia 5-7 °C. [lpu KoHey-
HOH TeMIlepaType 06pas1ipl ClIeKaIUCh B TEYEHHE 2 YaCOB.

HccnenoBanne BausaHus GproprpoBanus o6pasios cuctembl BiFeO, — BaTiO, Ha usMeHeHue 3HauyeHUH UX
KO3PLUMTHUBHBIX T0JI€l ¥ 3JieKTpodusnyeckux mapamerpo (IPII) mokasaso, 4To MO Mepe pocTa B CHCTEME

BiFeO, — BaTiO, — BaFeO,F mMosibHO# o111 oC/IeAHeN dasbl (BIIOTD 210 6 MOJIb. %), 3HAYE€HUS KOSPLUTUBHBIX

. . : 140 i
nosieit [IKM COCT.BlBa B10‘67Ba0l33FeOA67+XT10A33_XO3_XFX Bo3pacTalT Ha 11-14% (110 cpaBHEHMIO C aHAJIOTMYHBIMK COCTa
BaMH cucTeMbl BiFeO, — BaT103).
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15kV X3,000

Puc. 3. Mukpocmpykmypa IIKM na ocHoee pasvl B Ba, ,.Fe, . o,.F

0.67 0.33 027 2.94 006
a) do noaspuzayuu; 6) nocae NOAAPU3AYUL.

[lpy 3TOM 3HayeHus tgd obpasuoB 3tux [IKM (mpu 25°C) cHmxkaerca ot 8-9% (mpu x = 0) go 0.94-1.23
(mpu x = 0.06). JlabHEHIMH POCT MOJILHOM 011 MOHOB $pTopa B 06pasuax (BmioThb 40 0,1) BHOBb yBeJUYUBAET
3HayeHUs tgd 06paslioB, y KOTOPIX BeJMUKMHA KO3PLUTHUBHBIX N0J1el Mpojo/KaeT 6bICTPO YBEJUYUBATHCS.

OTHOCHTE/JIbHO HM3KHe 3HayeHus tgd (B ToM yuciae W mpu Temneparype g0 100°C) o6pasuos [KM
(0.04 <x<0.07) mo3BOJIM/IM IPOBECTH MX MONAPU3ALMIO B CUIMKOHOBOM XUAKOCTH NIpH TeMnepaType 80-100 °C,
nosieM 45-50 kB/cM (Bpemst mosspusanuu ot 30 40 60 MKH). 3HaYeHMsl POJO0JBHOTO Tbe30MOYIs (d33) 3TUX
06pasIioB 6blJIM U3MEPEHbI C IOMOLIbI0 yCTaHOBKH Piezo d,, Test System (mpousBogcTso CIIA), a monepeyHoro
nbe30Mo/yJiA (d,,), OTHOCUTEJILHOM JIN3/IEKTPHYeCcKOi IPOHULIAeMOCTH (g,,"/¢€,), TaHTeHCa yria AU3JIeKTpUYe-
CKHUX T0Tepb (tgd) (mpv KOMHATHOM TeMIepaType) — C UCIOoJIb30BaHueM ycTaHOBKHU «[[EH3YPKA-M» npousBoz-
crtBa HKTB «IIbe3onpu6op» (qUHaAMUYECKH METO).

JlanHble no IPII uccne;oBaHHBIX 06pa3L0B Npe/cTaBaeHbl B TabJ . 1. O6paljaeT Ha ce6s1 BHUMaHUE XapaKTep
¥3MeHeHHUH (10 Mepe PocTa MOJILHOM JI0JIH B CHCTeMe HOHOB F) 3HaueHHUi be30MoJyel d,, ¥ d,,: 3HaYeHus d,,
pacTyT (1o Mepe yBeJMYeHHsl MOJIbHOM 10/ F~ B 06pasiax, BIoTh X = 0.06), a 3aTeM — CHIXAIOTCA, TOrJa Kak
3HaueHus d,, UMEIOT TEHJEHIMI0 K CHIDKeHHMIo (o Mepe pocta (x)). [lo-BMAMMOMY, NOCIeIHUH $aKT CBA3aH
C YaCTUYHBIM pa3pyLIeHHeM KepaMHUYECKOT0 KapKaca B IPoLiecce MoJisipu3aluy 06pasios kepaMukH (puc. 3(6)).

Ta6auya 1. 3nauenus (npu c.y.) IPI [IKM, uzzomosaennbvix uz YAII paz cocmasa Bi,.Ba,..Fe . Ti . O, F
X d,, nKn/u d,, nKn/H tgd % T°C
0.04 91 42 5.8 531
0.05 106 40 2.6 524
0.06 123 34 0.94 515
0.07 101 28 2.9 503
0.08 74 19 4.6 478
3ak/iloueHue

B mpouecce BbIMOJIHEHUS aHHO# pa6oThI: a) Gblia pa3paboTaHa HU3KOTeMIIepaTypHask TEXHOJIOT sl H3TOTOB-
nenus Y/III ¢pas cucremsr BiFeO, — BaTiO, — BaFeO,F, cocraa Bi, _Ba ..Fe . Ti .. O, F (0 <x<0.1); 6) npeao-
»KeHa CTyleH4YaTasi TeXHoJIorus crnekaHus o6pasuoB [IKM, opmupyeMbix Ha ocHOBe $a3 yKa3aHHOI'O COCTaBa.
JTO MO3BOJIUJIO U3TOTOBUTH 06pa3iibl Mbe30KEPAMUKH, UMeEI0IKe pabouyto TeMmnepaTypy 280-330 °C, 3HaueHUs
NPOJI0JIbHOTO Mbe30MOYJIsl d,, KOTOPbIX (mpu c.y.) ~ 120 nKn/H. Beegenue B coctas Y/II 6a30BbIX (a3 HOHOB F-:
a) Croco6CTBOBAIO CTabUIM3alMK MX JOMEHHOW CTPYKTYpbI; 6) MPUBEJIO K yMeHblIeHHI0 3HayeHus tgd [TKM
(3a cuéT cumxenust adpdexra Makcsesiia-Baruepa) 10 1%, 4To, B CBOIO 04€pe/ib, 06€CEYHII0 BO3MOKHOCTD OBbI-
IIeHUs] HANPSDKEHHOCTU MOJISIPUSYIOILETo 1101, a, CJIeJ0BAaTeIbHO, U JOCTHKeHUs 60J1e BbICOKMX 3HAUeHUH Ibe-

30MozyJIel iesieBbIx 06pasoB [IKM. B cBoto odepe/ib, HCI0/Ib30BaHHE HU3KOTEMIIEPATYPHBIX TEXHOJIOTUN CHH-
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Te3a 6a30BbIX cerHeTodas no3poauio chopmuposars ux Y/II npu temneparypax 500-550 °C (4T0, MUHUMYM,
Ha 400°C HMXKe, IO CPaBHEHUIO C MeTOZIoM TBEpodasHbIX peakiuil. cnosbzoBanue Y/I1 npu U3roTOBJIEHUH
IPeCcc3aroToBOK, MOHU3MJIO UX TeMIlepaTypy cnekanust (Ha 100-150 °C), a cTyneHyYaThlid METO/ ClIeKaHUS KepaMHu-
YeCcKHUX 00pa3lloB He TOJIbKO COKPaTUJI BpeMsl IpoLiecca, HO U M03BOJIHI GOPMUPOBAThL 06pasLibl, 3¢pHa KOTOPIX
MMEIOT IMaMeTp MeHblie 3 MKM (IPH Y3KOM MHTepBaJie 06bEMOB).

Wang D. W, Wang G., Murakami S,, et al. BiFeO3-BaTiO3: a New
Generation of Lead-Free Electroceramics// ]. Adv. Dielectr.
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NEW OXYFLUORIDE PIEZOMATERIALS
FOR HIGH TEMPERATURE FLAW DETECTION SENSORS
NESTEROV A. A., PANICH A. E.
Southern Federal University

doi: 10.25210/jfop-2403-PMTCGV | edn: PMTCGV

Various methods of non-destructive testing are used to determine the degree of degradation of objects
(nodes, devices, systems) operating at elevated temperatures are used. One of the most effective methods is
ultrasonic flaw detection, which is based on piezoceramic materials that maintain the stability of parameters
when the temperature of the controlled object changes over a wide range. The purpose of this work was to
develop new piezoceramic materials of the oxifluoride type, manufactured based on phases of the BiFeO, —
BaTiO, — BaFeO,F system, which can maintain high piezo parameters for a long time (d,, ~ 150 pC/N) at
temperatures up to 330 °C. The technology includes a) a low-temperature method for the synthesis of ultrafine
powders (UFP) of phases of the composition Bi, B, ..Fe . +xTi ., 0, F (0<x<0.1);b) technological parameters
of sintering of press preparations made from UFP of target phases; c) conditions of polarization of samples of
target piezoceramics. It is shown that the use of a new method for the synthesis of UFP base phases allows not
only to reduce the temperature of their formation, but also the sintering temperature of press preparations
made from these powders, as well as to increase the reproducibility of the electrophysical properties of target
piezoceramic samples.
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The purpose of this work is to develop the technology of PCM having a Tw = 280-330 °C, which (under
standard conditions) are characterized by the value of the longitudinal piezo module d,, * 120 pC/N, and in their
operation at higher temperatures, the values of d,, reach 150 pC/N.

Synthesis of UFP ferroelectric phases of the composition Bi, ,Ba ,.Fe . Ti .. O, F (0<x<0.1) was carried
out in the ReadyTM reactor. The precursors were nitrate solutions of complex compounds Ti(IV), nitrates
Fe(III), Bi(Ill) and Ba, as well as ammonium bifluoride. At the first stage of synthesis, a nitrate solution of
Ti(IV) complex compounds of known concentration is introduced: a) the calculated volume of an aqueous
solution of Fe(IIl) nitrate; b) the calculated mass of ammonium bifluoride. After mixing the precursors into the
primary solution in small portions (with intensive stirring and forced cooling), a 10% ammonia solution was
added. As a result, the pH of the solution increased to 5, which caused the formation of heteropolymer mixed
a-forms of titanium (IV) and Fe(III) hydroxides, in which F~ions are present as ligands (in addition to H,0 and
OH groups). Upon completion of the formation of the hydroxide gel, solutions of Bi(Ill) and barium nitrates
were introduced into the reactor. The resulting suspension was stirred for 1 hour, which led to its delamination.
The intermediate product of the reaction (Fig. 2a) was separated from the mother liquor by centrifugation and
decantation, and then dried at T = 90-95°C for 1.5 hours (Fig.1). The formed amorphous powder was calcined
at a temperature of 500-550°C (the mode of thermal destruction of the amorphous phase was determined
according to DTA — TGA: Diamond derivatograph T6/DTA).

The synthesis products were studied by X-ray diffraction (ARL X'TRA diffractometer, Cu-Kal radiation,
NiB filter). The parameters of the tetragonal elementary cells were calculated from reflections (220) and (202).
The shape and volume of particles of the synthesized charge powders were determined by atomic force (Solver
Pro-M, NT-MDT) and scanning electron (JSM-6390LA) microscopy.

According to XRF data, the substitution of 027 ions for F~ ions in phases of the composition

Bi0.67Ba0.33Fe0.67+xTi0.33-x03-xe
(which caused a simultaneous decrease in the molar fraction of Ti4+ ions), up to x < 0.06, has a slight effect on both
the phase composition of the system (which is also for phases The composition of
Bi0.67BaO.33Fe0.67Ti0.3303
is represented by pseudocubic and rhombohedral phases [4, 5]), and by the parameters of the elementary cells of the
basic ferroelectric phases. However, a further increase in the molar fraction of the F~ ion in the system leads to
arapid decrease in the rhombohedral phase in it. This, as will be shown below, coincides with a significant change in
the electrophysical properties of piezoceramic materials, expressed in a decrease in the values of the piezoelectric
constants of the samples with small changes in their dielectric constant (Table 1).

Table 1. Electrophysical values of the composition Bi, .Ba, ,.Fe . Ti .. O, f

X d,, pC/N d,, pC/N tgd, % T,°C
0.04 91 42 5.8 531
0.05 106 40 2.6 524
0.06 123 34 0.94 515
0.07 101 28 2.9 503
0.08 74 19 4.6 478

In the course of this work: a) a low-temperature technology for manufacturing UDP phases of the BiFeO, —
BaTiO, — BaFeO,F system, composition Bi, B, ,.,Fe, . +xTi .. O, F (0<x<0.1) was developed; b) a step-by-step
technology for sintering PCM samples formed based on the phases of the specified the composition. This made
it possible to produce piezoceramic samples having an operating temperature of 280-330 °C, the values of the
longitudinal piezoelectric constant d,, of which (at c.0.) are ~ 120 pC/N. The introduction of the basic phases of
F-ions into the UFP: a) contributed to the stabilization of their domain structure; b) led to a decrease in the value
of tgd PCM (due to a decrease in the Maxwell-Wagner effect) to » 1%, which, in turn, made it possible to increase
the strength of the polarizing field, and, consequently, to achieve higher values of the piezoelectric constant of
the target PCM samples. In turn, the use of low-temperature technologies for the synthesis of basic ferroelectric
phases made it possible to form their UFP at temperatures of 500-550°C (which is at least 400°C lower than the
method of solid-phase reactions. The use of UFP in the manufacture of press preparations lowered their sinter-
ing temperature (by 100-150 °C), and the stepwise sintering method of ceramic samples not only shortened the
process time, but also allowed the formation of samples whose grains have a diameter of less than 3 pm
(with a narrow volume range).
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