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BeegeHve. HecMOTps Ha 3HauUMTeNbHbIe JOCTUXKEHUS B 06/1aCTU UCCNE[0BaHUNIA Mbe30KepaMUYecKmx
marTepuanos, TeMMbl UX COBEPLUEHCTBOBAHWA B NOCNeHWNE TOAbl 3HAYNTENbHO CHU3WUUCL. 3TO 0O6BACHS-
eTCs TeM, YTO BO3MOXHOCTU Y/YULLEHNUS 3NeKTPODMU3NUECKUX CBONCTB Nbe303NEKTPUUECKUX KepaMuK
nyTeM U3MEHEeHUS XMMWUYECKOro cocTaBa npakTuyeckn ncyepnarbl. CerogHs Ha nepsblil NnaH BbICTyNa-
eT 33/a4a NomcKa HOBbIX NPUEMOB COBEPLLEHCTBOBAHMSA CTPYKTYPbI N MOP(ONOTM YXKE CYLLECTBYIOLLUX
MaTepuanoB, KOTOpas MOXET peLuaTbes MyTeM NMPYMeHeHNs PasnuyHbIX BO3AENCTBUIA KaK MpW NpUroTos-
NEHUN UCXOAHbIX NMOPOLLUKOB, TaK W B NMPOLIECCe MOMYYEHNA KepaMuKu.

MonyyeHve BbICOKOMPOYHOA OKCUAHOW Nbe303M1EKTPUYUECKON KepaMMKN KOHCTPYKLUOHHOIO U WH-
CTPYMEHTaNbHOIO Ha3HaYeHWs C BbICOKOAMCMEPCHON CTPYKTYPOW BO3MOXHO MpW UCMOMb30BaHUN B Ka-
YeCTBe MCXOAHOMO CbipbA [/18 CNeKatoLWwmnXcsa KepaMmmK HaHOCTPYKTYPHbIX MOPOLLKOB, NPUTOTOB/IEHHbIX
METOAOM Y/bTpa3ByKoBoro Bo3sgeictensa (Y3B) [1-3]. [0 HacTOAWEro BPeMEHW OCTaeTCs Manoumsy-
UeHHbIM BOMPOC O BAUAHUW YNbTPa3BYKOBOW 06pPabOTKM WUCXOLHOIO MOPOLLKOBOrO Chlpbsi HAa 0COBEH-
HOCTWU KPUCTaN/IMYecKOW CTPYKTYpbl U 3MeKTPO(U3NUYECKMe CBOWCTBA MOMy4YaeMbIX Ha €ro OCHOBE
nbesokepaMuk. MccnefoBaHne MexaHW3MOB BO3AeWCTBUSA YNbTPa3BYKOBOW MeXaHOaKTMBaLuu BaXKHO
TaKXe 415 fanbHenLwero nporHo3MpoBaHWs CBOMCTB KepaMmnyeCcKUX MaTepuanos.

Llenbto HacTosLel paboThl ABAANOCH UCCNEA0BaHNE BNUAHUS YNbTPa3BYKOBOM 06paboTKN UCXOAHbBIX
CUHTE3MPOBAHHbIX MOPOLUKOB Ha KpucTanamyeck}-'HO CTPYKTYpY U 3NeKTpodu3nyeckmne CBOCTBa cre-
UeHHOW Nbe303aNeKTPUYECKOR KepaMUKy Ha OCHOBE LIMPKOHaTa-TUTaHaTa CBUHLA.

JKcnepuMeHTanbHaa yacTb. Kepamuka Ha OCHOBE LMpKOHATa-TUTaHarta CBMHLA NoyyeHa nyTem
CMeKaHWs MOpPOLLKOB LMPKOHaTa-TUTaHaTa CBMHLA, MOABEPrHYTbIX Y/NbTPa3ByKOBOMY BO3[EACTBUIO,
B nabopaTopum 3neKTPoHHOM kepamuku MHMO «HayyHo-npakTuyeckuii ueHTp HAH Benapycu no mate-
puanosefeHunto» (r. MUHCK). Y NbTpa3ByKoBas 06paboTKa NOPOLLKOB C Liefbio NOMyYeHUs HAHOMOPOLLIKOB
nponssoannack B MTHY «MHCTUTYT TexHu4eckoi akyctukn HAH Benapycu» (r. Butebek). B KavecTtse
WCTOYHMKA YNbTPa3BYKOBbIX KONeb6aHUiA Mcnonb3oBancs reHepatop Y3M-1 ¢ MarHUTOCTPUKLUOHHBIM
npeobpasosatenem MMC-1-1, coefiMHEHHbIM C aKKyCTUYeCKUMMK y3namu (BycTep, Kamepa BbICOKOrO
[aBneHns), aMmnanTyaa 3BYKOBbIX CMeLeHNiA KoTopbix cocTasnsna Ao 30 mkm [3]. B npouecce Y3B
BapbMpOBaNIOCb Bpems 06paboTKu, KoTopoe cocTasnsno 30, 60, 90 MUH.

$a30BblIli COCTaB CUHTE3MPOBaHHbLIX MOPOLLIKOB LIMPKOHATa-TUTaHaTa CBUHLA MOC/e YbTPa3BYKOBO-
ro BO3LeiCTBUSA M KepaMMUyecknx o6pasLoB nocne CrekaHns KOHTPOIMPOBAACs € NOMOLLbIO PEHTIEeHO-
(ha30BOro aHasn3a, KOTOPbIA NPOU3BOAWICA B MOHOXPOMATUUECKOM Cu/TVV -u3flyueHMn B AnanasoHe yrios
20-60°. MapaMeTpbl KPUCTANIMYECKON CTPYKTYPbl YTOUHANNCL METOAOM MOAHOMNPOGMIBLHOIO aHa/n3a.
MwuKpoaHann3 nonyyeHHbIX KepamMmuyecknx 06pasLoB MPOBOAWCA C UCNOb30BaHNEM MUKpOaHanu3aTopa
«Rontec Edwin» (gnameTp 30HAMPYIOLWErO yyacTKa - 3 MKM). HabnogeHne Mopgonornm noBepxHoCcTu
1 OonpejeneHre pa3mepoB 3epeH a3 nccnegyemMbix KepaMMYeCKNX MaTepuasioB OCYLLECTB/IANOCH C MOMOLLbHO
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pacTpOBOro 3/1eKTPOHHOIr0 MUKpOCcKona Mapku «LEO» qmpmbl «Kapn Leiicc». [JnanekTpuuyeckue nsme-
peHnsa 06pa3LoB Obln NPOBEAEHbI C NOMOLbIO MocTa E7-20 Ha yacToTe 1KEL,.

PesynbTaTbl 1 UX 06cyxaeHne. CornacHo peHTreHogasoBbIM UccnegosaHmsm (puc. 1, a, 2, a), no-
powkyn cocTaBa (PBaas3raqix z ra ~3Tig 4003+ 1 %Nb (LLTC) nocne ¥Y3B npu KOMHaTHOW TeMnepaTtype
VMeNn CTPYKTYpY NEepoBCKMTA C TeTParoHaibHOM (MpoCTpaHCTBEHHas rpynna PATTM) n pom6oagpuue-
CKOWA (NpocTpaHCTBeHHaa rpynna R3mR) KpuCTanInyecKo peLleTKamu.

BnusHne NpoaomKnUTeNbHOCTM YIbTPa3BYKOBOIO BO3AENCTBMS Ha OCOBGEHHOCTU KPUCTaN/IMYeCKoii

CTPYKTYpbI NOpoLKoB cocTaBa (PbQ95SQQE)(ZrQ53TiQ4y)03 + 1 %Nb 1 cneyeHHbIX Ha UX OCHOBE Kepa-
MUK Npoun3Boamnnock Ha nukax: (002), (200).

AHanuns gopmbl nnkos (002), (200) nopolukos nocne ¥3B (puc. 2, a) yKasblBaeT Ha pasMbITOCTb ped-
nekcos (002) TeTparoHa/bHOM (hasbl U NX MEPEKPbITME C pedieKcamy pomb0o3apuyeckon dasbl. N3yye-
HWe 3aBUCUMOCTY YLUMPEHUs AUGPaKLMOHHBIX MUKOB 415 AMpaKTorpamMmM, NpeacTaBieHHbIX Ha puc. 1, a.

Puc. 1. Bug peHTreHorpamm nopolukos LLTC (a) n o6pasuos LITC nocne cnekaHus (6) B 3aBUCUMOCTW OT BpeMeHn Y3B
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Puc. 2. dopma nmkos (002) n (200) nopowkoB LITC (a) n kepammyecknx obpasuos LITC (6) B 3aBUCMMOCTM OT BpeMeHn Y3B

MoKas3bIBaeT, yto npu BpeMeHn Y 3B ot 30 4o 60 MWH CcTeneHb YLINMPEHWSA NMNKOB YMeHbLUaeTca. 3TO roBo-
puUT 0 TOM, 4TO Y3B NpMBOAWT TOMLKO K YBEMUEHUIO YAE/TbHON MOBEPXHOCTY MOPOLLKOB U HE YBENYU-
BAeT YMCMO NJOTHOCTU TOUEYHbIX Ae(EKTOB B Kpuctanamntax. Mo pesynbraTtaM PeHTreHOCTPYKTYPHOro
N peHTreHoja3oBoro aHanM3oBs (puc. 1, 6, 2, 6) Kepammnyeckue 06pasubl, NOMYYEHHbIE B Pe3y/bTaTe cre-
KaHWs MOPOLLKOB, NOABEPrHYTHLIX Y/IbTPa3BYKOBOMY BO3AENCTBUIO, COLEPXKAMN TOMbKO TETPArOHaIbHYHO
(hasy, 3HaueHNs NapameTpOB 3/IEMEHTAPHON AYENKN KOTOPOIA B 3aBUCMMOCTY OT BPEMEHU Y/bTPa3ByKoO-
BOro BO3AENCTBMA NpefcTaB/eHbl B Tabnuue.
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MapamMeTpbl 3NeMeHTapHON KPUCTaNIMUecKoi Aueiikn Kepamuku LITC TeTparoHanbHoli datbl

O6pasus Bpems Y38, mun MapameTp 3neumeHTava017| MapameTp 3neruw|eHTaupH0|7| O/LHOPOAHbIV napameTp
KPUCTANNNYECKOW AYeiikn a, A KPUCTANNNYECKOW AYeiiku ¢, A nfedopmauun S
0 4.0504 41175 0,0110
e 30 4,0467 4.1245 0.0128
60 4,0463 4.1267 0,0132
90 4,0452 4.1245 0.0131

TakKe B Heil MoKasaHbl 3Ha4eHWs1 OAHOPOAHOrO NapameTpa aeopmaumm 5= 2/3(c/a-1), KOTopbIi Xa-
PaKTepU3yeT CTeMeHb UCKaXKEHNS NMPUBEAEHHON NEPOBCKUTHOW SUEKN BAOb MOMSAPHO OCK B 3aBUCU-
MOCTU OT BpeMeHU Y 3B Ha NCXOAHYH CMeCh, COTIaCHO KOTOPLIM MPW YBENUYEHWUN MPOLO/HKUTENBHOCTH

Ji¢

T. C

Puc. 3. TemnepaTypHble 3aBUCUMOCTY LN3NEKTPUYECKOW NPOHMLLAEMOCTH () U TaHreHca AManeKTpuyeckmx notepb (6)
o6pa3yos LITC ansa pasnmuHbiX BpemeH Y3B
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YNbTPa3ByKOBOIO BO3AENCTBMA NCKAXKEHUE 3NEMEHTApPHONM KpucTannmnyeckoi aueiikn (5) LUTC-kepamuk
pacTeT. [Mpy 3TOM, HE3aBUCUMO OT NPOAO/IHKMNTENBHOCTU BPEMEHW BO3AECTBMS, HAbM0AaeTCA YMEHbLLe-
HVe napaMeTpa a KpUCTa//IMYECKON pelleTku, B TO BPEMS KakK MapameTp C A4/ BPEMEHU BO3LE/CTBMA
oT Opo 60 MWH yBeNMUMBAETCS, a 3aTeM HaUYMHAET CHMXKATbCA. POCT 3HaYeHUli OAHOPOAHOrO NapameTpa
pedopmaLmu oS NepOBCKUTHOM AYEKN NMPUBOAUT K YBEIMUEHWNIO OTHOCUTEILHOTO YAJIMHEHUSA SiUEKM
W, KaK CNeAcTBue, K POCTY 3HauYeHMWid TemnepaTyp (a3oBOro nepexofa cerHeT031eKTPUK-MapasnekTpuk
(puic. 3, a) [4]. B nHTepBane BpeMeHn Bo3aeincTems ot 30 Ao 60 MyH TemnepaTypa Kiopu cmeLlaeTca Ha
50-60 °C, uTO CyLLeCTBEHHO AN 061acTW NPaKTUYECKOro NPUMEHEHUS KepaMuK.

TakvMm 06pa3oM, MpoBeLeHHbIe MCCNe0BaHUA MOKa3blBaloT, YTO UCMO0/b30BaHME Y/bTPa3BYKOBOr0O
BO3/eCTBUA CMOCOOCTBYET CHMDKEHMIO TemnepaTypbl cnekaHus LITC-kepamumk cocTtaBa (PhQg SrQQMY)
(Zr,) "sTig4M03 + 1%Nb ¢ 1260 go 1200 °C, a Takxe no3sonseT nonyunts LI TC-nbe3okepamuky co 3Ha-
YeHMAMM TaHreHca AuanektTpuyeckmx notepb oT 0,01 go 0,007, KoTOpble NPeBOCXOAAT COOTBETCTBY-
loLMe napaMeTpbl KepaMuKK MUCCedyeMoro cocTaBa, BblMyCKaeMol CepuiiHO, No TemnepaTypHOli cTa-
6unbHOCTM B UHTepBase TemnepaTyp Ao 200 °C (puc. 3, 6).

MUKPOCTPYKTYPHbIE 1CCNeaoBaHNsa NopoLkoB cocTasa (Pbg 95Srg 5Ti,, 47)03 + 1%Nb, He nog-
BEPraroLnxcs ynbTpa3ByKOBOMY BO3EACTBUIO, MOKa3anm, YTO CPeAHMIA pasmep YacTuL, nepes npoLeccom
crnekaHus coctaBnan 1-2 MkMm. Flocne ux cnekaHws 3epHUCTas CTPYKTypa Kepamuk 6blia Heo4HOPOAHA
M 3epHa JocTuranu pasmepoB Ao 5 MKM (puc. 4, a), Npu 3TOM 3HA4YeHUs NAOTHOCTU BapbMpOBasUCh
0T 98 10 99 % OT TEOpPETUYECKONA.

M3 npeacTaBneHHbIX Ha puc. 4, 6-r MukpodoTorpaduii Kepamuk, KOTOpble OblIN MOMY4YeHbl Ha
OCHOBe MOPOLLKOB, 06paboTaHHbIX ¥Y3B, BUAHO, YTO KepaMuKa COCTOMT U3 NIOTHO YNakoBaHHbIX 6osee

Puc. 4, MUKpPOCTPYKTYpa NOBEPXHOCTU 13N10Ma Kepamnyeckmnx o6pasiios LITC ¢ pa3nnMyHbiM BpeMeHEM MexaHOaKTMBaLuu:
a- 6e3Y3B;6- ¥Y3B 30 MuH; B- Y3B 60 MuH; 1 - ¥3B 90 MUH
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MEJ/IKMX 3epeH MpaBuUIbLHON (JOpMbI, pasMepbl KOTOPbIX BapbupytoTcs oT 500 HM 0 2 MKM. HanbonbLuyto
NMOTHOCTb MMelT 06pasubl ¢ Y3B B TedeHne 60 MuH. MpeAcTaBieHHbIE AaHHbIE MOKa3bIBAOT, YTO
B Y3-Kepamuke, B OT/IMUME OT KepamMMKK, CMEYEHHON 13 NOPOLLKOB, KOTOPbIE He MOABEPratTCs ynbTpa-
3BYKOBOMY BO3A€CTBUIO, (hopMUpyeTCs ynbTpagucnepcHas v 6onee 04HOPOAHas CTPYKTypa. V13BecTHo,
YTO YeM MeHbLLEe AMCMEepCcKs pacnpesenieHns 3epeH Mo pasmepam, Tem 60/blie BEePOSTHOCTb TOrO, YTO
MpoLeccbl NOSpU3aLMn NpoAgyT C MEHbLUMMU MexaHM4YeCKumu HanpsbkeHusamu [5]. ViccnefoBaHus
MPOLLECCOB MOAPU3aLMN MOATBEPAUN 3TOT (haKT.

Takum o6pa3oM, Y3B crnocobcTBYeT (OPMUPOBAHNI0 HAHOCTPYKTYPHON KepamMKW C MEHbLUUMU
pasmepamu 3epeH (dp oT 500 HM JO 2 MKM) MO CpaBHEHWUIO ¢ 06pasuamu, M3roToBneHHbIMK 6e3 Y3B.
3TO NPUBOAMUT K NOBbILLEHUIO UX TPELLMHOCTOMKOCTM.

3akntoueHue. VccnefosaHns nokasaam, YTO NPUMEHEHMe YbTPa3BYKOBOr0 BO3AENCTBUA Ha UCXOA-
HbIli MOPOLUOK CUHTE3MPOBAHHOIO COCTaBa AaeT BOSMOXHOCTb NOMyyaTb Nbe303/IEKTPUYECKYHO KepaMu-
Ky C MOHOKPUCTaNIMYECKON CTPYKTYPOI 1 3a4aHHbIMU (PU3NYECKUMI CBOCTBAMM.

YnbTpa3BykoBasi 06paboTKa MOPOLLKOB MPUBOAUT K CHUXKEHMIO TemnepaTypbl CreKaHus Nbe3oKepa-
MUK Ha 60 °C 1 cmelleHuio Temnepatypbl Kiopy Ha 50-60 °C B CTOpOHY 60/bLINX TEMMEPATYp, YTO yBe-
NNYMBAET fMana3oH paboumx Temnepartyp YCTPOMCTB, M3rOTOB/IEHHbLIX HA OCHOBE Kepamuku. Haunyuiive
napaMmeTpbl UMeT nbe3okepaMmuyeckme LITC-06pasubl, NONyUYEHHbIE C UCMO/L30BaHUEM Y/bTPa3BYyKoO-
BOM MexaHoakTuBauuu B TeyeHne 60 MuH: tgS = 0,007; e = 1430; kp = 0,61; d3j = 173-10“'* Kn/H.
YMeHbLUeHMEe pasMepoB KPUCTAIMTOB U OAHOPOAHOCTbL MUKPOCTPYKTYPbl KepamuK Crnoco6CTByeT no-
BbILLIEHWNIO UX TPELLUHOCTOMKOCTN U MHOFOKPAaTHOMY MOBbLILIEHUIO BbICOKOTEMNEPATYPHOM MPOYHOCTH.

Wcnonb3oBaHve ¥Y3B noBbIaeT 3KOHOMUYHOCTL TEXHONOMMYECKOro npoLecca 3a CYeT NPUMEHEHNS
CepuinHoro o6opyaoBaHus, COKpaLleHWs Yucna onepawmin, a Takke sHepro- U TpyA0EMKOCTM MpoLecca.
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INFLUENCE ULTRASONIC TREATMENT ON THE CRYSTAL STRUCTURE
OF CERAMICS BASED ON LEAD ZIRCONATE-TITANATE

Summary

The crystal structure and electrical properties of ceramics obtained from sonicated powders of lead zirconate-titanate
were investigated. It is found that ultrasonic treatment of the initial powders allows to obtain piezoelectric ceramics with
the monocrystalline structure and desired physical properties.



