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BBeI[eHI/le. HeCMOTpH Ha 3HAYUTCJIIBHBIC JOCTUXKCHUA B obJyactu I/ICCJIC)Z[OBaHI/Iﬁ IMbE30KECPAMUYICCKUX
MarepuaaioB, TEMIIbI KX COBECPUICHCTBOBAHUA B IOCICAHUE I'OABI 3HAYUTCIIBHO CHU3UIIUCD. 9T0 00BsICHS-
€TCA TEM, YTO BO3MOKXHOCTHU YJIYUIICHUA BHeKTpO(pI/I?,I/IT-IeCKI/IX CBOMWCTB IMBE30JICKTPUICCKUX KEPAMHUK
IMyTEM U3MCHCHHSA XUMHNYCCKOI'O COCTaBa IMPAKTUYCCKH UCUCPIIaAHbI. CeFOI[HH Ha HepBLIfI IIJIaH BBICTYIIA-
T 33/1a4a [TOMCKA HOBBIX MPHEMOB COBEPIICHCTBOBAHHS CTPYKTYPBI U MOP(OIIOTHH yKE CYIIECTBYIOIINX
MarepuaaoB, KOTOPas MOXET PEIIATLCA ITyTEM IIPUMCHCHUS PA3JIMYHBIX BO3JJ;€I71CTBPH71 KakK I1pu ImpuUuroToB-
JICHUU UCXOJHBIX IMMOPOIIKOB, TaK U B IIPOLECCE MOJTYUYCHUA KEPAMUKU.

[Tony4yeHue BBICOKOIPOYHON OKCUIHOM IbE303JIEKTPUUECKON KEPaMUKH KOHCTPYKLIMOHHOIO U UH-
CTPYMEHTAJIbHOTO HA3HAUYEHHUsI C BBICOKOJMCIIEPCHOUN CTPYKTYpOH BO3ZMOXKHO IIPU UCIIOJIB30BAHUM B Ka-
YECTBEC UCXOAHOIO CBIPbA I CIICKAIUXCA KEPAMHUK HAHOCTPYKTYPHBIX IMOPOUIKOB, IMTPUTOTOBJIICHHBIX
METOZIOM YIbTpa3BykoBoro Bozzaeiicteua (Y3B) [1-3]. [lo HacTosmero BpeMeHH OCTaeTCsl MajloHu3y-
YEHHBIM BOIPOC O BIUSHHU YJIBTPa3BYKOBOH 00pabOTKM MCXOIHOTO TOPOIIKOBOTO CHIPhsi HA OCOOCH-
HOCTH KPHUCTAJUIMYECKOW CTPYKTYPhI U JIIEKTPOPH3MUYECKUE CBOMCTBA IOJNy4acMbIX HA €r0 OCHOBE
nbe30okepaMuk. MccnenoBaHue MEXaHU3MOB BO3JEHCTBHS YJIBTPA3BYKOBOH MEXAHOAKTUBALMU BAKHO
TaK¥XE 1JIA IIaJII:HefIIlIeI‘O IIPOrHO3UPOBAHUSA CBOMCTB KEPpaAaMHUYCCKUX MaTcpualioB.

Lenbro HacTosmmel paboThI SIBISIOCH UCCIIE0OBAHIE BIMSHNUS YABTPa3BYKOBOKH 00paOOTKH NCXOIHBIX
CHHTE3WPOBAHHBIX TOPOIIKOB HA KPUCTAUIMYECKYIO CTPYKTYPY W JIEKTpO(U3NUYEeCKHEe CBOWCTBA CIie-
YEeHHOU HBC303HCKTpH‘IeCKOI>‘I KE€paMHKN Ha OCHOBE IUPKOHaTa-TUTaHaTa CBMHIIA.

JKcnepuMeHTANbLHAs YacTh. Kepamuka Ha OCHOBE IIMPKOHATA-TUTAHATA CBUHIIA MTONYYCHA MYTEM
CIICKaHUs IMOPOLIKOB IUPKOHATA-TUTaHaTa CBHUHIIA, IMOABEPTHYTBHIX YIbBTPAa3BYKOBOMY BOSIIefICTBPIIO,
B taboparopun smekTpoHHon kepamuku [ HI1O «Hayuno-npakrrueckuit nentp HAH bemapycu mo mare-
puanoBeneHnto» (. MUHCK). YIIBTpa3ByKoBasi 00paboTKa ITOPOIITKOB C IEIBI0 MTOTYYSHUS HAHOMTOPOIIIKOB
npousBoaniack B 'HY «MuctutyT Texunueckoit akyctukn HAH benapycn» (1. Bure6cek). B xagecTse
HCTOYHHKA YJIBTPA3BYKOBBIX KOJEOAHMH HCIONB30BajIcs rereparop Y3I'-1 ¢ MarHMTOCTPUKIIMOHHBIM
npeobpazosaresieM [IMC-1-1, coenmMHEHHBIM C aKKyCTHYeCKMMHU y3inamu (OycTep, Kamepa BBICOKOTO
JIABJICHUS), aMIUTUTY/Ia 3BYKOBBIX CMEIIEHHH KOTOphIX cocTasisia 1o 30 mxm [3]. B mpormecce Y3B
BapbUPOBAIIOCH BpeMsi 00paboTku, KoTopoe coctaisuio 30, 60, 90 MuH.

da30BEIN COCTAB CHUHTC3UPOBAHHBIX ITOPOIIKOB IMUPKOHATa-TUTaHaTa CBUHIIA ITOCJIC YIIBTPa3ByKOBO-
rO BO3JIEHCTBHUS U KEPAMUYECKHUX 00pPa3IoB TOCHE CIIEKaHHUs KOHTPOJIUPOBAJICS C IMMOMOIIBIO PEHTIEHO-
(azoBoro ananusa, KOTOPbIA MPOM3BOIAMIICA B MOHOXpoMaTn4eCkoM CuK -M3JTy4eHUH B IMANa3oHe YITIOB
20-60°. ITapaMeTpbl KPUCTAIUIMYECKON CTPYKTYPBI YTOUHSUIUCH METOIOM TTOJHOMPO(PHIEHOTO aHAIH3a.
MuKkpoaHaHu3 TOJyYeHHBIX KepaMHUUECKHX 00pa3IoB MPOBOIUIICS C HCTIONB30BAHUEM MHKPOAHAIN3aTopa
«Rontec Edwiny (nmamerp 30HaupyroIero yuactka — 3 MkM). Habronenne Mop(hoaoruy oBEpXHOCTH
U OTIpeIeNIeHrE pa3MepOB 3epeH (ha3 MCCllelyeMbIX KepaMUIeCKIX MaTepPHUANIOB OCYIIECTBIIIOCH C TOMOIIIBIO
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pacTpoBOro eKTpoHHOro Mukpockona Mmapku «LEO» gupmsl «Kapn Lefice». Ausnextpuueckue u3me-
peHust 00pa3IoB ObLTH MPOBEEHBI C MOMOIIBIO MocTa E7-20 Ha wactote 1 k['1.

Pe3yabTarsl u ux 06cy:kaenne. CoriacHO peHTTeHO(a30BbIM HccienoBaHusIM (puc. 1, a, 2, a), no-
pouku cocrasa (Pby o5Sr; 45)(Zr 53T 47)O05 + 1 %Nb (LITC) mocae ¥Y3B npu komMHaTHOMN TemIiieparype
UMEIH CTPYKTYPY MEPOBCKHUTA C TETParoHaNbHOW (IPOCTpaHCTBEHHAs rpynmna P4mm) u pomoosapuye-
CKOY (TIpOCTpaHCTBEHHAS TpyIa R3mR) KPUCTAIITMYECKON PEIIESTKAMH.

BnusiHue npooKUTENbHOCTH YIBTPa3BYKOBOTO BO3ACHCTBHS HA OCOOCHHOCTH KPHCTATMYECKON
CTPYKTYpBbI IIOPOLIKOB cocTaBa (Pby o5Sr, o) (Zry 53Tl 4,)O5 + 1 %Nb 1 criedeHHBIX Ha HX OCHOBE Kepa-
MUK TIpou3BomIock Ha ukax: (002), (200).

Amnammus popmsl rkos (002), (200) moporkos nocie Y3B (puc. 2, @) ykassiBaeT Ha pa3MBITOCTb ped-
nekcoB (002) TerparoHambHON (a3bl U MX MEPEKphITHE C peduiekcamMu pomOodaprudeckoid (asel. M3zyde-
HHE 3aBUCUMOCTH YIIUPEHHS IU(PPaKIMOHHBIX ITUKOB Il TU(pakTorpaMm, MpecTaBlIeHHbIX Ha pHc. 1, a,
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Puc. 1. Bun pentrenorpamm nopomkos LITC (a) n o6pasnos LITC nocne cniekanus (6) B 3aBUCUMOCTH OT BpeMeHH Y 3B
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Puc. 2. ®opma nukos (002) u (200) noporukos I[TC (a) u kepamuueckux obpasuos LITC (6) B 3aBucuMocTH 0T Bpemenu Y3B

MOKa3bIBaeT, yTo NMpH BpeMeHu Y 3B o1 30 10 60 MUH CTeNneHpb YIIMPEHHs TUKOB YMEHbIIAeTCsl. DTO rOBO-
pUT 0 TOM, uTO Y3B MpHBOIUT TONBKO K YBEIUYEHHIO YACIbHON OBEPXHOCTH NOPOIIKOB U HE YBEIUYH-
BaeT YUCIIO MJIOTHOCTH TOYEYHBIX JICPEKTOB B KpucTauiuTax. [1o pe3ynsratamMm peHTT€HOCTPYKTYPHOTO
u peHTrenodaszoBoro aHanu3oB (puc. 1, 6, 2, 6) KepaMuiyeckre 00pasibl, MOTyUYCHHBIE B pe3yabTare crie-
KaHUsI TIOPOLIKOB, MTOJBEPTHYTHIX YIBTPa3BYKOBOMY BO3JICHCTBHUIO, COMEPIKAIH TOIBKO TETPArOHATBHYIO
(a3zy, 3HaYCHHUS TAPAMETPOB AIEMEHTAPHOM STYSHKH KOTOPOW B 3aBUCUMOCTH OT BPEMEHH YJBTPa3ByKO-
BOTO BO3/ICHCTBUSI TPEACTABICHBI B TAOIHIIC.
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IMapameTpsl 31eMeHTapHOl KpUcTaInyeckoil sdeiikn kepamuku LITC TerparonaabHoii ¢gasbl

N e e
0 4,0504 4,1175 0,0110
1ITC 30 4,0467 4,1245 0,0128
60 4,0463 4,1267 0,0132
90 4,0452 4,1245 0,0131

Takoke B Heli MOKa3aHbl 3HAYCHUS OAHOPOJHOTO apaMeTpa Aeopmarmu o = 2/3(c/a—1), KoTopslii Xa-
PaKTepH3yeT CTENEHb NCKaXCHUS IPUBEIICHHON MEPOBCKUTHOM STYEHKH BJOJb MOJISIPHON OCH B 3aBHCHU-
MOCTH OT BpeMeHH Y 3B Ha HCXOIHYI0 CMeCh, COIIACHO KOTOPHIM MPH YBEIMYESHUH MTPOIOKUTEILHOCTH
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Puc. 3. TemnepaTypHbie 3aBUCUMOCTH AUIICKTPHUUCCKOM MPOHUIIAEMOCTH (@) ¥ TAHTCHCA TUICKTPUUYCCKHUX MOTEPH (6)
o6pasuos L[TC mis pasnuunbix BpeMeH Y3B
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YABTPa3ByKOBOT'O BO3ACHCTBHS UCKKEHHE AIEMEHTAPHON KpUcTauinaeckoi siueiiku (8) LITC-kepamuk
pacret. [Ipu 5ToM, HE3aBUCHUMO OT MPOAOHKATENILHOCTH BpEeMEHH BO3CHCTBUS, HAOMIOAAEeTCsl yMEHbIIIe-
HUE MapameTpa ¢ KPUCTAIIMYECKON PelIeTKH, B TO BpeMsl Kak IapaMeTp ¢ JUIsl BPEMEHH BO3JCHCTBUSI
ot 0 1o 60 MUH yBeIMYMBAETCs, A 3aT€M HAUMHAET CHIKAThCs. POCT 3HaueHu 01HOPOAHOTO apamMerpa
negopMauy Assl IEPOBCKUTHON STUEHKU IPUBOAUT K YBEIMUCHUIO OTHOCUTENILHOIO YAJUHEHUS SUSHKH
U, KaK CJIEACTBHUE, K POCTY 3Ha4CHUIl TeMieparyp (Ha3oBOro rnepexoia CerHeToNIEKTPUK—IIapasIeKTPUK
(puc. 3, a) [4]. B untepBane Bpemenu Bo3zaeicteus ot 30 1o 60 mun Temneparypa Kiopu cmemiaercs Ha
50-60 °C, uTo CymIeCTBEHHO AJIsl 00IaCTH MPAKTUIECKOTO MPUMEHEHHUST KepaMHUK.

Takum 00pa3oM, MPOBEJCHHBIC UCCIIEIOBAHUS TTOKA3bIBAIOT, YTO MCIIOIH30BAHHE YIABTPAa3ByKOBOTO
BO3JCHCTBHS CLIOCOOCTBYeT CHIKEHMIO Temneparypsl criekanust LTC-kepamuk cocrasa (Pby 58t o5)
(Zry 53Ty 47)05 + 1 %NDb ¢ 1260 mo 1200 °C, a Taxxke mo3Bossiet nomyuuth L[ TC-nbe3okepamMuKky co 3Ha-
YEHUsIMU TaHreHca audiekTpuueckux norepb oT 0,01 mo 0,007, koTopble MPEeBOCXOISAT COOTBETCTBY-
IOLIME MapaMeTphl KepaMHUKH HCCIEAYEMOTO COCTaBa, BBITYCKAEMOH CEpHITHO, 110 TeMIIEpaTypHON cTa-
OomwipHOCTH B MHTEpBase Temneparyp 10 200 °C (puc. 3, 6).

MHKpOCTPYKTypHBIC HCCIEA0BAHMS IOPOIIKOB cocTaBa (Pby 458ty os)(Zry 53Tl 47)05 + 1 %Nb, He nox-
BEPrarolluXcs yAbTPa3ByKOBOMY BO3ICHCTBUIO, [10KA3aJIH, YTO CPEAHUMN pa3Mep YacTULL IIepe]] IIPOLECCOM
criekaHusi coctaBisul 1-2 MxM. [locne ux cnekaHus 3epHUCTas CTPYKTypa KepaMUK Oblila HEOAHOPOIHA
1 3€epHa JIOCTUTaJIM pa3MepoB 10 5 MKM (puc. 4, a), IpHU 3TOM 3HA4YCHUS IUIOTHOCTH BapbUPOBAINCH
oT 98 10 99 % OT TeopeTUUECKOH.

W3 mpencrapneHHslx Ha puc. 4, 6—e Mukpodororpaduii KepaMHK, KOTOpble OBLIM MOJyYeHBI Ha
OCHOBE ITOPOLIKOB, 00paboTaHHbIX ¥Y3B, BUAHO, 4TO KEpaMUKa COCTOMUT U3 IIOTHO YIIAaKOBaHHBIX Oojee

Signal A= QBSD  Date :25 Sep 2014
Mag = 10.00K X WD = 20 mm Photo No. =9173  Time :12:38:07
EHT =20.00 kv

Mag = 10.00K X WD= 19mm Photo No. =9169  Time :12:32:19
EHT =20.00 kV

& i
Signal A= QBSD  Date :25 Sep 2014

Mag = 10.00K X WD= 19mm Photo No. =9181  Time :12:52:11
EHT =20.00 kv

Signal A= QBSD  Date :25 Sep 2014
Mag = 10.00K X WD= 19mm Photo No. =9177  Time :12:44:33
EHT =20.00 kv

6 2

Puc. 4. MuKpoCTpyKTypa IIOBEPXHOCTH U3JioMa Kepamudeckux 00pasioB [[TC ¢ pa3nuyHbiM BpeMEHEM MEXaHOAKTHBAIINK:
a—6e3 Y3B; 6 - VY3B 30 mun; 6 — Y3B 60 mun; 2 — Y3B 90 mun
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MEJIKUX 3€pEeH MPaBUIbHOH (hOPMBI, pa3Mepbl KOTOPBIX BapbupytroTcs oT 500 HM 10 2 MxM. Haubomnsmryto
IUIOTHOCTH UMEIOT 00pasusl ¢ Y3B B Teuenne 60 mun. lpencrasiennsie JaHHBIE MTOKa3bIBAIOT, YTO
B Y3-KepaMuKe, B OTIIMYHE OT KEPAMHUKH, CIEYCHHONW M3 MOPOIIKOB, KOTOPbIC HE TIOBEPratoTCs yIbTpa-
3BYKOBOMY BO3JEHCTBUIO, (YOpPMHUpPYETCS YIbTpaanuCIepcHas 1 Oosiee oHOponHas cTpyKTypa. M3BecTHo,
YTO YeM MEHBIIE JTUCIIEPCUs paclpeesieHNs 3epeH Mo pa3Mepam, TeM OoJblIe BEPOSITHOCTH TOTO, YTO
NpOLEeCChl TOJISIPU3ALUHU MPOMIYT ¢ MEHBLIMMHU MEXaHHMYCCKUMM HampspkeHusmu [S]. MccnenoBanus
MPOLIECCOB MOJSPU3ALNN TOATBEPANIN TOT (aKT.

Takum obOpazom, Y3B crnocobctByeT (HOpMHUPOBAHHMIO HAHOCTPYKTYPHOH KEPaMHUKH C MEHBIIUMH
pa3mepamu 3epeH (dcp ot 500 HM 70 2 MKM) 1O CpaBHEHMIO C 00pa3laMH, U3TOTOBICHHBIMU O0e3 Y3B.
OTO NPUBOAMT K MOBBIIICHUIO HX TPELIMHOCTONKOCTH.

3axiouenue. VceiaenoBanus nokasaid, 4YTO IPUMEHEHHE YIbTPa3ByKOBOTO BO3/IEHCTBUS HA MCXO.I-
HBI{ TIOPOILIOK CHHTE3WPOBAHHOTO COCTAaBA JAET BO3MOXKHOCTD TOJIy4aTh MbE303JIEKTPHUCCKYIO KEpaMu-
Ky ¢ MOHOKPHCTAJITMUECKON CTPYKTYpOH U 3aJJaHHBIMU (PU3UUECKUMH CBOWCTBAMHU.

VYnprpa3BykoBasi 00pabOTKa MOPOLIKOB NPUBOANT K CHIXKEHHIO TEMIIEpaTyphl CIIEKaHUs Tbe30Kepa-
MUK Ha 60 °C u cMmemmenuto Temneparypsl Kiopu Ha 50-60 °C B cTopoHy 0OJBIINX TEMIEpaTyp, 4TO yBe-
JMYUBAET AUATIa30H paOOUUX TEMIIEPaTyp yCTPOHCTB, N3TOTOBJICHHBIX Ha OCHOBE KepaMHuKH. Hanmydmne
napameTpsl UMeroT nbe3okepamudeckue L[TC-o0pa3isl, omydeHHbIE C UCTIOIb30BAHUEM YIBTPA3BYKO-
BOI MexaHoakTuBaiuu B TeueHue 60 mmH: tgd = 0,007; ¢ = 1430; kp =0,61; dy; = 173-107'2 Ki/H.
YMeHbIIeHHE Pa3MEPOB KPUCTAJUTUTOB U OHOPOAHOCTh MUKPOCTPYKTYPhI KEPAaMHK CIOCOOCTBYET I10-
BBIILICHUIO UX TPEIIUHOCTONKOCTH U MHOTOKPATHOMY IOBBILICHUIO BBICOKOTEMIIEPATYPHON POYHOCTH.

Ucnone3oBanne ¥Y3B noBblmaeT 3KOHOMUYHOCTD TEXHOJIOTHUECKOTO MPOLIECcCca 3a CUeT MPUMEHEHUS
cepuitHOro 000pyI0BaHMsI, COKpAILICHNs YHCIIa ONIePaLMi, a TAKKe 3HEPro- U TPYAOEMKOCTH ITpoliecca.
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A. K. LETKO, A. D. SHILIN, G. K. SAUCHUK

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.



