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JUIJIEKTPHYECKHUE U MATHUTODJIEKTPUYECKHE XAPAKTEPUCTHKHN
KOMITO3UTA LHTC42 — NiFg ¢C0p 004

Kano. gus.-mam. nayk BM. JIAIETHH, 0-p pus.-mam. nayx, npo¢p. B.H. IIYT,
KaHo. ¢pusz.-mam. nayk, ooy. C.P. ChIPI[OB, BJI. TPYB/IOBCKHHU
(FHY «Hnucmumym mexnuueckou akycmuxu HAH Benapycu»)

Hz2omoenenvt obvemnvle kepamuueckue xomnozumol (1-x) ITC42 —xNiFe, C0po04 (x = 0,1-0,8)
co ceaznocmoio 3-0. C nomowvio penmeenocmpykmypHo2o anaiu3da noOMeepi#COeHo, Ymo UCOAb3YeMds mex-
HONO2UsL NO380JIsIem NOAYHAMb 08YX(haszHble cmpyKkmypol, cocmosiuue us eppomacnumnoi gaszvt NiF&0, (co
CcmpyKmypoil winunen) u cecnemodsnekmpuyeckoti gpasvl LJTCA2 (¢ mempazonanbHotl nepo8cKUmHol CmpyKniy-
poil). Hccredosansl ux snekmpogusuyeckue, CecHemoIleKmpuieckue U MAeHUMOodNeKmpuiecKue xapakmepu-
cmuxu 6 ouanazone memnepamyp 20—-200T. [Honyuennvie Komnosumsl 061a0aiom 6bICOKUMU MACHUMODIEK-
MPUHECKUMU XAPAKMEPUCTIUKAMU: Kodpduyuenm no nanpsaxcenuro oas cocmaeéa x = 0,6 pasen 213 mBIA na
yacmome 1 xl'y u 130B/A na pezonancroii wacmome (380x[y).

Knrouegvie cnoea. macnumosnekmpuyeckuti d¢pgpexm, Kepamuueckue KOMNO3UMbL, OudIeKmpuiecKue
CBOIICNBA, PeHMEeHOCMPYKINYPHBIIL AHATIU3.

Benenue. B mocie/Hue ropl COXpaHSETCS YCTOWYHUBBIA HHTEPEC K MATHUTORJIEKTPUKAM — KJIaCCy Mare-
PHAaJIoB, B KOTOPBIX COCYIIECTBYIOT MATHUTHOE U dJIEKTpHYEcKoe yrnopsiiouenue [1]. BaaumoaeiicTBue sekTpu-
YEeCKOM M MAarHUTHOM MOJCUCTEM B JTHX MarepualiaX MPOsBIIETCS B BHJE MarHuTodjekTpuueckoro (MD)
addexra. Ykazanubiit 3Q(HeKT 3aKr09aeTcsi B BOSHUKHOBEHHH B 00pasile JIEKTPUUECKOrO MOJIsl TPH MPHIIOKE-
HUH MarHUTHOTO — npsiMoit MO sddext (E = azH) Wi MarHuTHOTO TOJISl PU HPUIIONKECHUH 3JIEKTPUIECKOTO —
obpatueiii MO sddekr (H = ayF). Hanboliee nepcrieKTUBHBIMU ¢ TOYKH 3PEHHUS MPAKTUYECKOTO MPUMEHEHHS
ABJISIIOTCS JIByX(hazHbie MD KOMIIO3HUTBI, COCTOSIINE M3 JBYX MEXaHHYECKU CBS3aHHBIX APYr ¢ Apyrom ¢as:
MarHUTOCTPUKIIMOHHOW M MbE303JIEKTPpUIeCKOr. XOTsI MO 3¢ (heKT OTCYTCTBYET B OTACIBHBIX (ha3ax, HO 3a CUeT
NPOSIBJICHUSI MEXaHHUYECKOI CBSI3M MEXIy HHMH, OH HaOIIOJaeTCsi B KOMIIO3MTaX HA MX OCHOBe. B kauecTBe
MaTepuaoB JJisi MAarHUTOCTPUKIIMOHHON M TbE303JEKTPUYecKor (a3 darie BCero MCIOJIb3YIOTCS Pa3IHYHbIC
(deppuThl U cerHeTodNIeKTpruueckre kepaMuku (B ocHoBHOM LITC pasnuunoii Mogudukaiuu). JJ0CTOMHCTBOM
00BEMHBIX KOMIIO3UTOB SIBJISIETCS TMPOCTOTa B U3TOTOBJIEHHHM M OTCYTCTBHE JOPOTOCTOSIIUX KOMIIOHEHTOB.
Kpome BoicOknx M3 k03 UIMEHTOB, BaKHBIM (HaKTOPOM, OMPEACTIIONUM dPPEKTUBHOCTh UCIIOJIb30BAHUS
00BEMHBIX KOMIIO3UTOB B PA3JIMYHBIX 3JEKTPOHHBIX YCTPOMCTBAX, SABISIOTCS UX BBICOKHE JJIEKTPOPHU3UUECKUE
xapakrepuctuku [2-5]. C pyHIaMeHTaNbHON TOYKH 3PEHUS HECOMHEHHBIM MHTEPEC MPEICTABISET HU3y4YCHHUE
0COOEHHOCTEW CErHETOAIEKTPUYECKOTO TOBeAeH s ABYyX(Pa3Hbix MD kommo3utoB. Llenbio gaHHOM pabOThI sAB-
JSIETCSI KCCIIEA0BAHUE DINEKTPODU3MUCCKUX M CEIHETOICKTPHIECKUX XapaKTepUcTUK oobemuoro 3-0 kommno3u-
ta [{TC42 — NiFg ¢C0y 004 B IlpakTHYECKH BaXKHOM jauana3zone temmeparyp 20—200€C.

Metoauka ’kcnepuMerTa. OOBEKTOM HCCIIEOBaHUS B JaHHOW paboTe sABIsuics MO KepaMUYeCcKHit
KOMITO3HT €O CBs3HOCTBIO 3-0, Ipu KOTOPOIi YacTHllbl (peppuTa HUKEINST BHEAPECHBI B MATPHUIY CETHETOIICKTPHU-
yeckoro rupkonat-turanata ceunna (1-x)L[TC42 —xNiFe; Cay 004 (x = 0,1-0,8) Hapsiy ¢ BEICOKHMH MarHu-
TOCTPUKIIMOHHBIMH MapaMeTpaMu U HU3KUM KOIPLUTHBHBIM MOJIEM, BEIOOP MOAM(MUIIMPOBAHHOTO MAarHUTOMSIT-
koro (epputa Hukenst NiFe; C0y ¢ 04 B KaueCTBE MATHUTHOM COCTABJISIONIEH KOMIIO3UTa OOYCIIOBJIEH €ro Mo-
BBIIIIEHHBIM YJIEJIbHBIM COMPOTHBIIEHHEM p (DoJiee ueM Ha deThipe mopsika Beite conporusieHus NiFe0,) [6].
B kauecTBe MaTepHana sl be303JeKTPUUECKON (ha3bl KOMITO3UTA UCToNb30Batack LITC42 —kepamuka «cpej-
Hell HKECTKOCTH» C BHICOKMMH 3HAYCHHAMH be30K0d(duimentos (dzs ~ 280- 10 Kin/H) u Temmeparypoii cer-
HeToanekTpuueckoro ¢asoporo nepexoxa (7. = 275T).

OObeMHbBIE KOMITO3UTHI OBUIM M3TOTOBJIEHBI MyTEM CIEKaHHs cMecell ogHOo(a3HbIX KoMmoHeHToB. O6-
pasupl cucremsl LITC42 — NiFg ¢Coy 004 ¢ comepxannem deppura 10, 20, 30, 40, 50, 60, #080macc.% cre-
KaJIUCh B TUIJISIX CO CBUHELICOIePIKAIIeH 3aChIIKON B TeUeHUe NBYX 4acoB mpu temieparype 1240T. CkopocTb
oxmaxaeHus: 00pasnoB He mnpessimiaga 50°C B gac. OOpasisl uMenn GopMy AUCKOB auamerpom 8,7—8,8Mm
u rosmuHo# 0,8—0,9MM. DeKTpo bl HAHOCHIIM BXKUTaHHUEM cepeOpsiHOi macThl mpu Temieparype 650C B te-
yerne 20 muH. [Tonspusanuio MaTepuanoB ocymiecTasuid npu temmeparype 70—100€ B TeueHne aByX 4acoB
B JIEKTpHYIEeCKOM Toie 4 KB/MM ¢ HOCIeIyOINUM OXJIaX ICHUEM B 0JI€ 0 KOMHATHOM TEMIIEpaTyphl B TCUCHHUE
noJjyyaca.

HUccnenoBanus qUAJIEKTPUUECKON MPOHUIIAEMOCTH € U TAHT€HCA YIJia AUDICKTPHUUECKUX MoTeph tgd mpo-
BOJMINCH HA aBTOMATHU3MPOBAHHOH yCTaHOBKE, CO3NIaHHOW Ha 0a3e m3Mepurteneil umnenanca E7-12, E7-14
u yauepcanbHoro LCR-mocta E7-8 (a yactore 1 x['1). Kpucramnudeckas cTpykTypa u (a3oBblil cocTaB Uc-
CJIE/IOBAJIMCH C TIOMOIIBI0 PEHTTEHOBCKOTO MU(PPAKIIMOHHOTO aHaiM3a C HCHojb3oBaHueM FeKo-uzmyuenus.
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OrmnpezeneHne OCTATOYHOM MONsApU3anun Py ¥ BeIMYHHBI KOIPUHUTHBHOTO Mouis E, MPOBOAWIOCH MYTEM HCCIIe-
JOBaHUs MeTeNb rucrepesuca (MoaubuuupoBanHas cxema Sawyer—Tower)MD sdbekt ucciaeaoBain myTem
M3MEPEHHsST HAMPSDKCHHS, BO3HUKAOIIETO Ha 00pa3iie Py BO3ACHCTBHU HA HETO IIEPEMEHHOIO M MOCTOSHHOTO
MarHMTHBIX ToJieH [6].

Pe3yabTaThl U UX 06cyKaeHHe. Pe3ynprarsl AM(paKIHOHHOTO aHAIM3a KOMIO3UTOB Pa3ndHbIX COCTa-
BOB U YHCTHIX HCXOJHBIX KOMIIOHCHTOB, IIPEICTABICHBI HA PUCYHKE 1.
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Pucynok 1. —Indpaxrorpammbl komnosutos (1-x)IITC42 —xNiFe; gC0p 04

OHH CBHIETENBCTBYIOT O TOM, YTO HCIIOJIb3yeMas B HACTOAIIEH paboTe TEXHOJIOTHS O3BOJISIET MOTy4YaTh
IByxdasHble CTpYKTYpbl: deppomarautHas Gaza NiFeO, (co cTpyKTYpoOil MIMHUHENN) M CErHETOAICKTPUYECKas
¢daza LITC42 (c TeTparoHalbHOW MEPOBCKUTHOM CTPYKTYpOil) pasmelnbHO COCYLIECTBYET B KOMIIO3HTAaX BCEX
cocTaBoB. M3 nu¢pakrorpaMm cienyer, YTO HHTEHCHBHOCTH IMKOB, COOTBETCTBYIOIIUX (eppuTHOIi (ase, yBe-
JUYHMBAIOTCA C POCTOM €€ KOHIIEHTpalu¥ B KOMIO3UTE. J[pyrux NmpOMEXyTOUYHBIX WIIM MEXIPaHUYHBIX (a3
B CHCTEME C IIOMOIIBIO0 PEHTI'€HOBCKOTO AU(PPAKIMOHHOTO aHaiIu3a OOHApYKeHO He ObuI0. JlaHHbBIE AIICKTPOH-
HOW MHUKpPOCKONHHU MOATBEPAMIN TONydCHHE ABYX(a3HOTO KOMIO3UTA C OAHOPOAHOW CTPYKTYpOH M XOpOLIO
JIUCTIEpTUPOBaHHON (eppuToBoii (Da3oii B MaTpulle NUPKOHAT-TUTaHATAa CBHWHIA. Pa3Mmep 3epeH depputa
NiFe; oC0y 04 pacTer ¢ yBemMIeHHEM €ro COACPIKAHMUS B KOMIIO3UTE U JOCTHIACT CPeIHUX 3HaYeHHH d ~ 2 MKM
mpu x = 0,5.

Ha pucyHke 2 npencraBieHbl TeMIIEpaTypHbIE 3aBHCHMOCTH IIPOHUIAEMOCTH € U JTHAJICKTPHYECKHX II0-
Tepsb (tg 8) KOMITO3UTOB Pa3IMYHBIX COCTABOB B Auana3oHe Temneparyp 20—200€.
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Pucynok 2. —TemnepaTypHasi 3aBHCHMOCTb JM3JIeKTPHYECKO NMPOHUIIaeMOCTH £ ()
W IMJIeKTpHIecKux noreps tgd (6) kommosntos (1-x)LITC42 —xNiFe; oC0g 0f04 (acTora 1kl'n)

J11st KOMIIO3UTOB BCEX COCTABOB XapakTePHO MOHOTOHHOE YBEJIMYEHHE € C POCTOM TeMIIepaTypbl, YCUIIU-
BAIOIIEECS 110 Mepe MPHOIMKEHHs K Temieparype ¢azosoro nepexonaa (7, = 275C) B CErHETORIEKTPHUYECKOI
KOMIIOHEHTE KOMIIO3UTa (PHCYHOK 2, a). PasGasnenne cernerosnextpuueckoii [{TC-kepamukn (¢ > 10%) mar-
HUTHOM (a3oii ¢ HU3KOM MpoHUIaeMocThio (¢ ~ 10) mPUBOAUT K YMEHBIICHHIO MPOHUIIAEMOCTH KOMITO3UTA BO
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BCeM uccieayeMoM auanasone temmeparyp (20—200€). I'paduk n3MeHEHUS QUAICKTPUIECKOH POHUI[AEMOCTH
KOMIIO3HTA MpU KOMHATHOH Temmeparype (20°C) ¢ yBennueHHEeM B HEM KOHLEHTpauuu GeppUuToBoil (hasbl npu-
BejieHa Ha pucyHKe 3. M3 Hero BHIHO, YTO MPOHUIAEMOCTh KOMIIO3UTa yMeHbInaercs ot € =~ 420 @pu x = 0,1)
1o € = 40 [@pu x = 0,8). Haubosee cymiecTBEHHOE U3MEHEHHUE XAPAKTEPHCTHK KOMIIO3UTOB IPOUCXOJUT HPU
koHueHTparuu heppura o 30macc.%.
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PucyHok 3. —3aBHCHMOCTDb AM3JIEKTPHYECKOH IPOHUIAEMOCTH KOMIIO3UTOB
oT coep:kaHust (peppuTOBOii (pa3nl Mpu KOMHATHOM Temmepartype (20°C)

Kak crneayer u3 pucyHka 2, 6, IUAJIEKTPUUECKHUE OTEPH B KOMIIO3UTE MOHOTOHHO YBEITUYHUBAIOTCS C PO-
CTOM KOHIeHTpanuu (hepputoBoii (hasel. ClielyeT OTMETHTD, U4TO NpH KoHIeHTpanusax menee 40 macc.% morepu
B MPAKTUYECKU BakHOM juana3oHe temreparyp 20—80T HaxojsITcs Ha YJIOBIETBOPUTEIBHO HH3KOM yPOBHE
(< 0,05). Cy1uecTBeHHBIH POCT MOTEPh B KOMIIO3UTE MPH KOHIEHTPALMM MarHUTHOH (asbl cBbime 50 mace.%
obnscHsieTcs Gosiee Boicokumu notepsiMu B NiFe; oC0y g 04 U mposiBiieHHEM MepKOJIAIUOHHOTO 3ddexTa.
YBenuueHue AUAICKTPHUECKUX MOTEPh C POCTOM TEMIIEPATYPHI [T BCEX UcceayemMbix coctaBos (x = 0,1-0,8)
MPOUCXOJHUT B CBS3U C YBEIMYCHHEM MPOBOJUMOCTH B 00CHX KOMIIOHEHTaX CHCTEMBI.

M3MeHeHne cerHeTodniekTpudeckux xapakrepuctuk [[TC-kepamuku, 1mo mepe «pa3daBieHUSI» ee He-
CEeTHETOAKTUBHON (Da30il ¢eppuTa ¢ HU3KOW TUAIEKTPUUECKON MPOHUIIAEMOCTHIO, MCCIIENOBAIOCh C TTOMO-
mpto P-E-nerens rucrepesuca (na wactore f = 50T'n) npu KoMHaTHOM Temmneparype. XapakrepHas P-E-nets
ructepesuca (mias cocraa x = 0,1)npencrasiena Ha pucyHke 4.
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PucyHok 4. —Iletusi rucrepesuca qisi kommosuta 0,A[TC42 — 0,1NiFg C0og 04 (20°C, f = 50T'n)

KoMIo3uTsl Bcex HCCIEAyeMBIX COCTABOB JIEMOHCTPUPYIOT OTUETIHMBOE CETHETOMIEKTPHUECKOE MOBEJIe-
Hue. C pocrom konuuectBa (GpeppuToBoiil (ha3zel B 0Opasie HaOI0AAN0Ch YBEINYEHHE «CIUTIOCHYTOCTH» HX IIe-
tenb rucrepesuca. [Ipu ysemuuenun konueHtpauun NiFe ¢Coy o0, BenumuuHa octaToYHON mosspusauuu Py
cymecTBeHHO ymenbmaercs: ot 1,64mxKn/em® mpu x = 0,110 0,03mkKn/em? npu x = 0.8 pucynok 5). Kosp-
uutuBHOe mone E, cHmkaercs mpu 3tom cymiectBeHHo Menbine: ¢ 0,85kB/mm 10 0,44kB/MM COOTBETCTBEHHO.
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3amMeTHM, YTO MMEHHO UCIONBL30BaHUE B JAHHON paborte B kayecTBe MarHUTHON (asbl NiFey ¢Cog 04, ¢ MOBHI-
IICHHBIM YJIebHBIM conpoTuBicHreM (p ~ 10° OM-M) MO3BONMIO CYIIECTBEHHO YMEHBIINTh OTPHLATEILHOE
BiusHue d(PQPeKTa NEPKONALNMKM M MCCIEA0BATh MOJNAPU3AIMOHHBIE XaPAKTEPUCTUKH KOMIIO3UTOB C BBICOKMM
(6oee 50macc.%) conepikanreM GEPPUTOBOI (asbl.
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Pucynok 5. —3aBHcHMOCTB 0CTATO4YHOI Moasipuzanuu P,
ot coaep:xanus peppurtooii pazsr (20°C)

UsrorosneHHble 00pa3ibl 001aqa0T BeicokuMu MO xapaktepuctukamu[6]. TloneBas 3aBucumocts MO
K03 HIIMEHTa M0 HANpsDKEHUIO Uit obpasua cocraBa IITC42 — 40macc.%, NiFe ¢Cog 00, — 60mace.%,

JEMOHCTPHUPYIOIIETO MaKCUMAIBHBIH MD CHTHAI TIPH MPOJOIHEHOM U MOMIepeYHOM 3 PeKTax, MmpeIcTaBicHa Ha
pucyHke 6.
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PucyHok 6. —IToJieBast 3aBHCHMOCTD MPOA0JILHOrO (1) u monepeunoro (2) M9 ko3 punueHToB
(na vacrore 1 k') ausa komno3ura 0.41TC42 — 0.6NiFg ¢C0g 004

B cayuae npomonsHoro adgexra (kpusas 1) MD k03()GUIMEHT 10 HANPSHKEHHUIO TOCTUTAET MAKCHMAIIb-
HOM BenmuuHbl 213MB/A B MarautHOM moje, papaoM 100kA/M. B ciayuae nonepeunoro s¢dekra (kpusas 2),
KO (UIMEHT 0 HANPSHKCHHIO MPHHUMAaeT MakcuManbHoe 3HaueHue 133MB/A mpu 16 kA/M. Marautosnexk-
TPUYECKUI CHrHAN Ha pe3oHaHCHOH yactoTe 380kl B KOMIIO3HUTE JaHHOTO COCTaBa MPEBBILIACT HU3KOYACTOT-
Hblii Ha Tpu mopsiaka u gocturaet 130B/A. Tlonebie 3aBucuMocTd M3 kK03 PULIMEHTOB, MOTyYCHHBIE s 00-
pa3LoB APYrHX COCTABOB, UMEIOT aHAJOTHYHBIA BHUI, OTIMYAOIIMNACS BEINYMHON CHIHANA U 3HAYCHHEM IMOJ-
MarHU4YUBaIOLIETO MOJIS.

3akaouenne. [lo KepaMHYECKOH TEXHOJOTHH H3TOTOBJCHBI 0ObeMHble KoMIo3uThl (1—x)LITC42 —
xNiFe; oCay 04 (x = 0,1-0,8)c0 crsasHocThio 3-0. C MOMOILIBIO PEHTIEHOCTPYKTYPHOIO aHAIM3a MOATBEPIXKIE-
HO, YTO HMCHOJIb3yeMasi TEXHOJIOTHS IT03BOJIET MONy4aTh ABYX(a3HbIE CTPYKTYPHI, cocTosIMe U3 (eppomar-
autHO (aszel NiFe,O, (co cTpykTypoil HINUMHEM) W CerHeTOAIeKTprYeckoi ¢asel IITC42 (¢ TeTparoHaabHOM
HEPOBCKUTHOU CTPYKTYPOIA).

IIpu yBenuyenun copepxkanus marHuTHON ¢aszbl (NiFe, C0gof0,) AMdIEKTPHYECKAs MPOHUIAEMOCTh
¥ OCTAaTOYHAs IOJIAPU3ALM KOMIIO3UTOB YMEHbIIAIOTCSA. [IpH 3TOM AMIIEKTpUYECKHE IOTEPH IIPH KOMHATHOM
TeMIepaType OCTAIOTCS Ha NOCTaTOYHO HHU3KOM ypoBHe (1gd < 0,07),4ro 00yCIIOBIECHO BBICOKHM YyICIBbHBIM

43



2017 BECTHUK IIOJIOLIKOI'O I'OCYJ[APCTBEHHOI' O YHUBEPCHUTETA. Cepus C

conporusierneM (p ~ 10° Om-M) deppura Hukens KoGaabTa. B CBOI0 Odepeh HU3KHiA yPOBEHb [OTEPh MTO3BO-
JSET CYNMIECTBEHHO YMEHBIIHWTh OTPHLATEIBHOE BiHMsHUC 3(PdeKTa MepKOIAIUN U MPOBOIUTH 3()(HEKTUBHYIO
HOJISIPU3AIUI0 KOMITO3UTOB ¢ BhicokuM (6ostee 50macc.%) cogepixkanuneM GeppuToBOii Bassl.

TTony4ennbie 00pa3Ibpl JEMOHCTPUPYIOT BRICOKHE MD XapaKTepUCTUKN — KOI(PPHUIMEHT 10 HAMPSKESHHUIO
st x = 0,6cocrasisier 213MB/A na yacrore 1 kI'ip 1 130B/A Ha pesonancHoi yactore, paBHoii 380k 1.
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DIELECTRIC AND MAGNETOELECTRIC CHARACTERISICS
OF THE PZT42 — NiFe, ¢C0 004, COMPOSITE

V. LALETIN, V. SHUT, S. SYRTSOV, V. TRUBLOVSKY

Bulk ceramic composites (1-X)PZT42 — xNif&n, 004 (X=0.1-0.8) with connectivity scheme of 3-0
were fabricated. With the help of X-ray diffractianalysis it was confirmed that the used technokdipws one
to obtain two-phase structures consisting of feragmetic phase of NiR®, (with spinel structure) and
ferroelectric phase of PZT42 (with tetragonal peskite structure). Their electrophysical, ferroetéctand
magnetoelectric characteristics are studied in theperature range 20—200°C. The resulting compesitere
high magnetoelectric characteristics: for the cormsiion with x = 0.6 the voltage coefficient is 2a8//A at
frequency of 1 kHz and 130 V/A at resonance frecyuen380 kHz.

Keywords: magnetoelectric effect, ceramic composites, digteptoperties, X-ray structural analysis.
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