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OCOBJIMBOCTI ®OPMYBAHHSA IHIAPYBATUX HAHOKOMITIO3UTIB TUITY
«METAJI-AIEJEKTPUK» METOJAOM TPA®APETHOI'O IPYKY

Jlana cmamms npuceauena opmysanHio HAHOKOMNO3UMIE MUNY «Mema-0ieeKmpuK»
memooom mpaghapemnozo OpyKy. Bcmanoeneno, wo ooepoicanns HAHOKOMROZUMY ULIAXOM
NOCNI008HO20 HAHECEeHHS 0eKINbKOX Wapie niacmu@ikoeanoi dielekmpuyHoi nacmu Ha OCHO8I
Hanonopowky BaTiOs3 i3 nodanvwum HaweceHHAM wapy NPOGIOHUKY HACMU HA OCHOBI
Hanonopouwky Ni/NiO obymosnoe Gopmysanns cyyitbHux 080owlaposux o06’ckmie nicis
cnikauus. [lpu ybomy o0eporcani HAHOKOMNOZUMU XAPAKMEPUIYIOMbCS YIMKOK MedNHCer0 PO30LY

MIDIC 080MA PYHKYIOHATLHUMU WUAPAMU.

B oanHou cmamve UCCIE008ANACH  BO3MONCHOCMb — (POPMUPOBAHUSL  CHIOUIHBIX
HAHOKOMNO3UMO8 — MUNa  «Memani-OudNeKmpuK»  Memooom  mpagapemuon  neuyamu.
Yemanosneno, umo nonyuenue Hamokomnozuma nymem NOCI€008AMENbHO20 HAHECEHUs.
HeCKOIbKUX C0e8 OUINeKmpudeckoll nacmel Ha ocHose Hanonopouwka BaTiOs u danvhetiuezo
HAaHeceHUsi Npoeooawe2o Cclos nacmel Ha o0cHoge Hanonopouika Ni/NiO obyciaeiueaem
Gopmuposanue CniOWHBIX O08YCIOUHBIX 00beKmo8 nocie cnekanus. Ilpu smom nonyueHHvle
HAHOKOMNO3UMbl  XAPAKMepusylomcs — 4emkou  epanuyen  pazoeia  mexcoy  08yMs

gbyHKL;LIOHCUZbelMM CILOAMU.

This article is about the formation of solid nanocomposites of «metal - dielectric» type by
screen printing method. It was established that nanocomposites could be obtained by the
consistent printing of several layers of plasticized dielectric paste based on BaTiOs nanopowder
with subsequent printing of conductive paste based on Ni/NiO nanopowder. As a result, after
sintering the continuous bilayered nanocomposites with clear interphase between functional

layers were obtained.

Beryn
HanokoMno3wuiiiifHi Matepiaiay npeAcTaBisaioTh o000 Ki1ac OararodasHux MaTepiaiB i3
YITKOIO MEXKEI0 PO3/TY CTPYKTYpHUX elleMeHTiB [1], B skux xouya 6 omHa 3 ¢da3 Mae po3Mip

mene 100 uMm [2, 3]. [lepeBaroro HAHOKOMITO3UTIB € iX 0araroQyHKIIOHAIBHICTD, KA MOJIATAE
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y MOXJIMBOCTI JIOCSITHEHHSI Ta TO€JAHAHHS YHIKQJIBHUX BJIACTHUBOCTEH, HE NOCSKHUX MiJ Yac
3acTOCyBaHHs TpaauiiiHuxX mMarepianis [1]. OkpiM 1bOT0, Cy4acHI HAHOTEXHOJIOTI{ J03BOJISIOTH
pO3po0IATH HOBI TiAXoaw 10 (GopMyBaHHS O0’€KTIB Ta MOJEPHI3yBaTH OUIBIIICTH BIJOMHUX
MPOMUCIIOBHX TEXHOJOTIUHUX OTepalliil 3a/yis OJIep>KaHHs BiIMOBIAHUX BHUPOOIB i3 CYTTEBO
MOKPAIIEHUMH XapaKTEPUCTUKAMHU.

['any3p JOpyKOBaHOI ENEKTPOHIKM € HAWACKPABIIIMM MPHUKIAIOM HAHOTEXHOJIOTIYHOT
monepHizamii [4]. s OLIbIIOCTI TpaauIiHHUX MeTOMIB Jiitorpadii BUXIIHUM poOOYUM
00’€KTOM € CYCHEeH31sl TBEpAMX YAaCTMHOK (PYHKIIOHAJIBHOI'O Marepiajly y OpraHidHOMY HOCII.
[Ipy 1boMy IpOMHUCIOBE BUPOOHHUIITBO OararormapoBuX 00’€KTIB mependadyae BUKOPUCTAHHS
MIKPOHHHUX Ta CyOMIKPOHHMX IMOPOLIKIB, pO3MIp SKHUX MEPEBUILYE PO3MIP OPraHIYHOT MOJIEKYIIH,
1 CTPYKTYpHO-MEXaHI4HI BJIACTUBOCTI TaKUX CHCTEM € JIOCHUTh NPOTHO30BAHUMH Yy paMKax
KJIACUYHOI HAyKH. 3 TOYKH 30py HAHOTEXHOJOTIH Ui 3MEHIICHHS TabapuTHUX pPO3MipiB
BIJIMOBITHUX TPUCTPOIB 13 OJHOYACHUM TIOKPAIEHHSIM EeKCIUTyaTalliiHUX BJIacTUBOCTEH
JOIIJILBHO BHUKOPUCTOBYBAaTH po0OOYl CyCNeH3ii Ha OCHOBI HAHOMOPOIIKIB (hYHKIIOHAIBHUX
marepiainiB. [lo-niepiie, Take TEXHOJOTIYHE PIICHHS € €KOHOMIYHO OOIPYHTOBAaHUM — BHCOKa
OUTOMa TMIOBEpXHsS Ta peakliliHa 3/JaTHICTh HAHOYACTUHOK OOYMOBUTH 3HMKEHHSA IX
KOHIICHTpalii IOHaMeHIIe y/Bivi, a MO-apyre, J03BOJIUTH (POPMYBATH BUCOKOCTPYKTYPOBaHI
TOHKI ()YHKIIOHAJIBHI IIApPH.

Y KOHTEKCTI TEeHJAEHIIl MiHIaTIOpu3alii 3arajJoM YycCiX eJIEeKTPOHHUX MPHCTPOIB
HAMOIIBIIMK  1HTEpeC TMpenacTaBise MeToA TpadapeTHOro JAPYKYy, SKUA € OCHOBHHUM
mitorpagiYHUM METOJOM BUPOOHMILTBA IPYKOBaHMX elekTpoHHMX mnpunaaie (MLCC [5-7],
SOFC [8-12], DSSC [13]) mpotsirom octanHiX 25 pokiB [14] dyepe3 HU3BKY BapTICTh, BUCOKY
MIBUAKICTH 3A1MCHEHHS TPOIECY Ta MOMJIHMBICTh (DOPMYBAHHS TTAAKUX, OJHOPITHUX, MIITBHUX
mapiB 3aBTOBIIKK 1 — 100 MKM 13 po3noAinbuoro 3naTHicTio JiHiid Menme 100 mxm [15] 3a onun
kpok [16-18]. Ilpouec tpadapeTHoro Apyky mpencraBise co000 HAHECEHHS NacTH (HoCis
METaJIYHOTO Ta/ab0 HeopraHiyHoro mnopomkiB [19]) ma marepian ocHoBU (ab0 mMigKIIAIKHN)
IUIIXOM MPOJIABIIIOBAHHS KPi3b KOMIPKHU IIJIETEHOTO TpadapeTy 3 puCYHKOM JAOBUILHOT TeOMeTpii
[16]. ITpu uboMy SIKICTh OJIEp’KaHUX BIATHUCKIB BU3HAYAETHCS CEPEAHBOIO TOBIIMHOIO BIATHCKY 1
il OJTHOPITHICTIO, PO3AUILHOIO 3/IaTHICTIO TOHKHX JIIHIN Ta KUIBKICTIO OTBOpiB Tpadaperty [15].
Ha sxicTh BIATHCKIB CYTTEBO BIUIMBAIOTH B’A3KICHO-PEOJIOIYHI BJIACTUBOCTI MMacT Ta
TEXHOJIOTIYHI MapaMeTpu 3iHCHEHHS APYKY.

Y Hammx MomnepenHix JIOCHIIKeHHSX OyJ0 BCTAaHOBJIEHO, IO, HAa BIAMIHY BiJ
TPaTUIIHUX TacT i TpadapeTHOro IPYKY Ha OCHOBI MIKPOHHHX Ta CyOMIKPOHHHUX MOPOIIKIB,
rtacTugikoBaHi MacTH Ha OCHOBI HaHOpo3MipHoro mopomky BaTiOs mpeacrasisuin co0oro
CHUCTEMH 31 CKJIQJHUM XapaKTepOM Tedii, IO TMPOSBJIAIOTH SBHIIEC 3POCTaHHS EPEKTHBHOI

B’SI3KOCTI 32 HU3BKUX HaIpykeHb 3cyBYy [20, 21]. OCKiIbKH, OKPIM TEXHOJOTIYHHUX MapaMeTpiB
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3MIMCHEHHS JApyKy [22] Ha SKICTh BIATHCKIB CYTTEBO BIUIMBAIOTH B’S3KICHO-PEOJIOTIYHI
BJACTUBOCTI mact [23], maHa poOoTa mpHcBAdYeHA (OPMYBAHHIO LIAPYBATHX HAHOKOMIIO3UTIB
TUITy «METaj - JIeTIEKTPUK» METOJ0M TpadapeTHOro APyKy Ha OCHOBI JI€IEKTPUYHUX MACT i3
PI3HUM XapaKTepoM Teuli.

ExcnepuMenTabHa YaCTHHA

Jnst mpuroTyBaHHS MIEEKTPUYHUX Ta MPOBIIHUX TMAacT s TpadapeTHOro APyKYy
BUKOPHCTOBYBAIM HaHOpo3MipHuil mopomok BaTiO; 3 po3mipom uactuHOok 20 — 25 HM,
OTPUMaHUN METOJIOM HEI30TepMIYHOTO PO3KIIaJaHHs TUTaHUTOKcanary 6apito (puc. 1) tTa Ni/NiO
3 PO3MIPOM YaCTHHOK 8 HM, OTPHUMAaHHUN METOJIOM TEPMIYHOTO PO3KJIAJaHHS T'eKCaaMiaKyTy
arerary Hikemo (puc. 2).

VY sKocTi PO3YMHHUKIB Ui AMCIEPTYBaHHS HAHOMOPOIIKIB THUTaHATy Oapito Ta Ni
BUKOPHCTOBYBAIM TepmiHeon (cymim i3omepiB o- Ta P-tepmineony) (Merck GmbH) — 2-(4-

METHJI- | -IIUKII0TeKC-3-eH 1T )TponaH-2-o01 Ta 1-meTun-4-nporn- 1 -eH-2-UTuKIorekcan- 1 -oi.

L

100 nm -

Puc. 1. Hanomopomoxk BaTiO3

Puc. 2. Hanonopormok Ni/NiO

VY gKxocTi MOTIMEPHOTO B sKy4oro BukopuctoByBanu eruinentonosy EL] (Merck GmbH)

— eTHJIOBUH edip LeTI0I03H 3 BMICTOM eTOKCHIbHUX Tpyn 48 %. [Inactudikanis nomimepy ELL
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MPOBOJIMIIACH NUISIXOM JOAAaBaHHS TEBHOI KUTBKOCTI miactudikaropy auoOyrundranaty JbD
(Merck GmbH), sikuii npeacrasisie co0oro nuOyTuinoBuil edip GpraneBoi KUCIOTH.

[TpuroTyBaHHg macT NMPOBOJWIOCH Yy JBa eranu. Ha mepmioMy erami 37ilicHIOBasIach
Jie3arperaiisi YaCTHHOK IMOPOIIKY IUIIXOM PO3TUPAHHS y PO3UYMHHUKY TepIiHEoi nmpoTsrom 60
XBWJIHMH Yy IUTaHeTapHOMY MoHoMuuHiI Pulverisette 6 ¢dipmu Fritsch 3a mBuakocti oGepTaHHS
6apabany 450 006./XB; mapajesbHO 13 IIMM TOTYBQJIM OpraHiuHe B’SDKyde IIJISIXOM PO3YMHEHHS
nosimepy EIl y Tepmineoni (y BuUmaaky miacTU(IKOBAaHMX MACT TaKOX JOJABAIA HEOOXITHY
KiTbKicTh Tutactudikatopy [Ab®) i3 BukopucranHsm marHiTHOi mimanku RCT basic safety
control (IKA) 3a mBuakocti o6eprannst 1000 006./xB.

Ha ngpyromy erami g0 cycreH3ii HaHOMOPOIIKY BiAMOBIAHOTO (YHKIIOHATEHOTO
MaTepially oJaBalM HEOOXiNHY KUIBKICTh OPTraHi4YHOTO B’SDKYYOrO Ta TPOJOBXKYBAIU
TOMOT€HI3allil0 CycIeH3ii mporsarom 60 XB. y ITutaHeTrapHoMy MoHOMIIMHI Pulverisette 6 ¢ipmu
Fritsch 3a mBuakocti obepranus 6apadany 450 00./XB.

JlocmikeHHs peoJioTii BINMOBIAHMX TAacT MPOBOAMIN 3a JIOMIOMOTOI POTALiHHOTO
BickozuMeTpy Rheotest RN4.1 ¢pipmu Medingen B 1iana3oHi 3pocTarouux HampyXeHb 3CyBY BiJl
1 mo 1000 ITa i3 3a30poM Mix KoakcianbHMUMHU LwmiHIpamu 1,48 mm Ta Temnepatypi 20 °C i3
BUKOPHUCTAHHSIM BUMIipPIOBAILHOTO BY3J1a «KOHYC - IUTOIIHUHAY.

Tpadapernuit npyk mact 3milicHIOBaBCS Ha THOJiIMEpHY IUTiBKY posMipamu 10x10 cm
yepe3 HeiutoHoBHil Tpadaper i3 umciaoMm Mex 151 Ta 158 3a gomomMororo mMperu3iiHOTO
TpadaperHoro mnpuntepy MPS-485 ¢ipmu AMI y pexumi «3anoBHeHHS/Ipyk». Ilicns
HAHECEHHS BIATHCKHM BHCYIIYBAJIUCh MPOTAToM 2 Ton 3a temreparypu 70 °C 31 MIBHIKICTIO
HarpiBanss 20 °C/ron y cymmnsHil madgi CHOJI 294/350.

Bunanenns opraHivHOro B’SDKYYOTO 3AIMCHIOBAIM 13 BUKOPUCTAHHSAM My(derabHOI medi
ESCK-T 3a temneparypu 450 °C npotsrom 12 ron. CriikaHHS MOPUCTHX 3pa3KiB MPOBOIWINA Y
mydensriit mewi ESCK-T 3a remnepatypu 1000 npoTtsirom 7,5 rox.

Bi3zyanbHa OIliHKa SKOCTI Ha TPEIMET HAsSBHOCTI TpyOuMx nedeKTiB 3a MEepPHUMETPOM
BIITHCKY Ta TOPYIICHHS CYLNUIBHOCTI BIATUCKIB JOCTI/KYBaHUX TMAcT MPOBOAMIACH 32
JIOTIOMOT'OI0 ONITUYHOTO Mikpockoiry Bresser Advance ICD 10x-160x.

2D 1 3D npodini moBepxHi, TOBIIMHA, KUIBKICHI Ta SIKICHI XapaKTEPUCTHKHU MOBEPXHI
BIITUCKIB TIACT BH3HAYAIMCh 3a JIOMIOMOTOI0 Oe3KOHTakTHOro iHTepdepeniiiinoro 3D
npoodinorpady «MikpoH - anbpa» pipmu «MiKpoH-cUCTEMAY.

OOrosopeHHs1 pe3yJIbTATIB.

IIpogigni macTu Ha ocHoBi HanHonmopomky Ni/NiQO.

3 MeTor0 ONnTUMIi3alii CKJIaly Ta PEOJIOrTYHUX BJIACTMBOCTEH /10 TPHOX MPOBIAHUX MACT
OyB BBEIEHWU JOJATKOBUN PO3YMHHUK — MEHTOH, i3 BIAMOBIIHUM 3MEHIICHHSAM BMICTY

Teprineony. Buxonsumu 3 panux tabna. 1 ta puc. 3, TUKCOTPONHMMM € HAcTH 13 BUKJIIOUYHUM
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BMICTOM OJIHOTO 3 PO3YMHHUKIB Ta IPU MEBHOMY ix cmiBBinHomeHHi (mactu I138, I157 Ta 155
BinnoBimHO). A mactu [154 Ta 156 € Bukimo4yHO niceBomuiacTiaHuMu. [IpumiTHO, mo macra 155
3 IEBHUM CEpEAHIM BMICTOM O0OX PO3UMHHUKIB Ma€ HAWHMKYMU CTYMiHb THKCOTPOIHOCTI Ta
HaliBuIly eQeKTHUBHY B’s3KiCTh. K BuaHO 3 puc. 3, macra [138 nposiBisie sckpaBo BUpaXeHUN
TUKCOTPOMHMN Xapakrep Teuii. Jlume pans miei mactm  cmocrepiraeTbesi  (HOpPMYBaHHS
TUKCOTPOMHOI meTii ricrepe3ucy. Ilactu 155 ta [157 Takok yTBOPIOIOTH CBOEPIIHY METIIIO
ricrepe3ucy, nNpoTe Lii CUCTEMU He 37aTHI MOBEPHYTUCH JI0 BUXIJHOIO 3HAYEHHs €()EeKTHBHOI
B’si3kocTi. BceraHoBiieHo, 1m0 HaiiBuiie 3HavyeHHs edekTuBHOI B’s3kocti 52,7 Ila-c Oyno
OTpUMaHe JUIsl TiIceBAoIIacTUYHOI mactu [156, a HaitHmkue — 0,17 Ila-c - ana mactu 1157, sika
Ma€ HaWHMKYUN CTYNIHb TUKCOTPOITHOCTI, 00YMOBJIEHUH BUKOPUCTAHHSIM BUKJIIOUHO MEHTOHY B
SIKOCTI PO3YMHHHKA.

Ta0mms 1.

Cxuiaz Ta peoJIoTiyHi BIACTUBOCTI MAcT Ha 0CHOBI HaHOMOpouKy Ni/NiO

ITacTa Cxiran, mac. % B’s3KicTh, CrymiHb
Ila-c TUKCOTPOITHOCTI,
Ni/NiO | Erumnentonosa | Tepnineon | Menton | 1 ¢! | 500 ¢! MlIla/c
1138 13,35 3,3 83,35 0 6,87 1,71 0,4415
1154 20,16 2,48 47,18 30,18 | 10,4 2,4 0
I155 24,36 2,4 45,53 27,71 | 11,9 | 3,08 0,0184
I156 24,42 3,18 60,33 12,07 | 52,7 16,5 0
1157 25,91 3,48 0 70,61 |0,17| 0,17 0,1061
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Puc. 3. Kpusi Teuii nact Ha ocHOBi HaHOMOpoIKy Ni/NiO

3a gomomoror MeranorpadiyHOro Mikpockomy Oyia migpaxoBaHa KUIbKICTh BHAIHMX
BIATUCKIB MPOBIAHUX I1aCT, HAJAPYKOBAaHMX 3a 3aJaHUM THCKOM pakelso y BiZCOTKax (puc. 4).
3rifiHO 3 OTPHUMAaHMMH JaHMUMHU, BCTAHOBJIEHA 3aJICKHICTh SKOCTI TpadapeTHOro APYyKy MacT Ha
ocHoBi HaHonopouKy Ni/NiO BiJ THCKY pakelto, 3 4Oro BHTIKA€, M0 HAMKpaIly 3JaTHICTH 10

IpyKy mposiBisuia nacta 1138 maibke Ha BchoMy iHTEpBalli THUCKIB, mounHatoun 3 0,086 Mlla

(puc. 5).
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Puc. 4. 3anexHicTh SKOCTI BIITUCKIB NaCT Ha OCHOBI HaHomopoKky Ni/NiO, oTpuMaHux

METOJIOM TpaapeTHOro JPYKY BiJl THCKY PAKEIIO
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Puc. 5 3oBHimHIA BUTISAA BIATUCKIB MacT Ha ocHOBI Ni TpadapeTHoro Apyky 3a THUCKY

pakemto 0,086 Mlla

1s6

HienexTpuyHi nmactu Ha ocHOBi HaHomopouky BaTiO3

3 meroro (opMyBaHHS [IEJIEKTPUUYHUX IAapiB METOIOM TpadapeTHOro IpyKy Oyio
00paHo YOTHPH MPEICTABHUIBKUX TICJIEKTPHUYHUX MMACTH i3 PI3HUM XapaKTEpOM Teuil Ha OCHOBI
Hanonopomky BaTiOs; [21]. Ilin yac mpoBeaeHHS NPOPUIOMETPUYHUX HOCTIIKEHb OYIH
BU3HAUYEHI TOBIIMHA Ta IMapaMeTpH HIOPCTKOCTI MOBEPXHI BIATHUCKIB TOCITIIKyBaHUX MacT. Sk
BUJTHO 3 TaOIHI 2 Ta PUCYHKY 6, HASIBHICTh IIacTH(iKaTOpy Oe3nmepeuHo Crpusiyia 3SMEHIICHHIO
TOBIIMHU Ta 3HAY€Hb I[MOBEPXHEBUX XapPaKTEPUCTHK Yy MOPIBHAHHI 13 HEIIACTU(IKOBAHOIO
nacroro Pl. 3rigHO 3 BUMIpSHUMH 3HAUEHHSAMHM [ApaMeTpiB HIOPCTKOCTI IOBEPXHI,
mactudikaiis mojgiMepy oOyMOBHIIa 3MEHIICHHS pO3Mipy TOPOIIKOBHUX arjioMepariB Ha
MOBEPXHI BUCYIICHHUX IUIIBOK MacT. 30KpeMa, Ra moBepxHi BIATUCKIB IUIACTU(IKOBAaHUX MacT
CTaHOBHJIAa B CEpEAHHOMY Ha PiBHI po3Mipy onHiei HaHodacTuHKU BaTiO3, a 3HaUe€HHS TOBIIMHU

Oyno < 1 MkM. TakuM YMHOM MO>KHA 3pOOUTH BUCHOBOK, 1110 HASIBHICTb IJIACTU(IKATOPY MIHCHO

19
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CIPUYUHSE 3MEHLICHHS pO3MIpY CTPYKTYpPHHX €JIEMEHTIB, THM CaMUM OOYMOBIIIOIOYH

(GbopMyBaHHSI TOHKUX TJIAJKUX IIApPiB.

Tabmug 2.
Pesynbratit ipodiIOMETPUYHOTO aHai3y BIiATHCKIB MIEIEKTPUYHUX TACT, OTPUMAHHX

METOZ0M TpadapeTHOro APYKY 32 ONTUMAIBHUX PEKUMIB 3[IHCHEHHS TIporieccy [22]

20

Bwmict Ib®D, TomuHa, Ra Rz
ITacta N . .
mac. % MKM MOBEPXHi, HM | TMOBEpXHi, HM
P1 0 1,30 36 162
P7 10 0,91 22 70
P9 12,5 0,88 15 42
P16 22,5 0,95 23 44
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Puc. 6 2-D ta 3-D npodini moBepxHi BIATUCKIB AOCTIKYBAaHUX I€ICKTPUUHUX MMACT

®opMyBaHHS HIAPYBATHX HAHOKOMIIO3MTIB THILY «MeTaJ - lieJIeKTPHK»

3rifHO 3 MPOBEACHUM IOCITIIKEHHSM, HaWKpally 37aTHICTh 10 TpadapeTHOTO APYKY
nposiuna nacta [138, 3abe3neuyroun ¢GopMyBaHHS HAHOUIBIIOT KUTBKOCTI BIATHCKIB BAAJOi
reoMeTpii Ha JIOCUTh NIMPOKOMY IHTEpBaIl THCKIB pakeio. BpaxoByouun onep)kaHuii pe3ynbTar,
MOJKHA 3p03yMiTH, 1o macta [138 Oyna oOpaHa y SKOCTI BUXiTHOTO MaTepiaxy s METaIYHOTO
mrapy Ni IBOIIapOBOTO 00’ €KTY «METal - A1eTEKTPUK.

dopMyBaHHS JOCHITHUX 3pa3KiB HaHOkoMNO3UTIiB «Ni - BaTiOs» (puc. 7) 3ailicHioBanu
METOZIOM TpaapeTHOTo APYKY y PEXKUMI «3allOBHEHHS/ApyK». [lepmmii eran 30ipKu KOMITO3UTY
HOJISIraB y OJlepXKaHHI cHpUX KepaMiyHux minkiaagok P1, P7, P9 ta P13 nuisxom mociitoBHOTO
HaHeceHHs1 § mapiB BiAMOBiAHMX macT Ha ocHOBI BaTiO3 Ta iX momanpiioMy BHCYIIyBaHHI
npotsirom 2 roaud 3a T = 70 °C 3 MeTol BUAANCHHS PO3YMHHMKA TepriHeosa. Ha apyromy
eTalll MoBepX KepaMiyHMX MiJKIaJ0K METOJOM TpadapeTHOro ApyKy HAHOCHIIM IIap i3 MacTu
138 nHa ocHoBi Harnonopoky Ni/NiO MeTon0oM TpadapeTHOro ApyKy i MOAAIbIIE BUCYITYBaHHS
BCHOTO KOMIIO3UTY. TakuMm uuHOM Oynu opepkani cupi HaHokomnosutu Ni/BaTiOs i3

XapaKTepUCTUKAMU, HAaBEJACHUMH Y TaOmuI 3.

21
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BaTiOs

Puc. 7. Monenb «meTain - TieIeKTPUK»

Tabmui 3.

PGSYJIBTaTI/I l'IpO(biJIOMCTpI/I‘lHOI’O aHani3y CHUPpHX ABOIIApOBUX HAaHOKOMITIO3HUTIB

«Ni - BaTiOs»

Bwmict Tosumna Rku
ITacta b, mapy, Ra,am | Rz,um [ Rp,HM | Rv, H™m .

Mac. % | MKM BUL- O
P1 0 8,22 51 118 121 -159 3,8
Ni 1,16 33 45 77 -121 4,78
P7 10 8,63 59 48 86 -149 3,2
Ni 1,65 122 221 192 -356 2,76
P9 12,5 6,75 27 33 61 -45 2,7
Ni 1,15 37 37 78 -108 3,66
P13 20 8,81 54 83 87 -132 3
Ni 1,2 39 65 73 -75 2,98

3riIHO 3 MPOBEIEHUM JOCITIHKEHHSIM METOJOM ONTHYHOI mpodizomerpii, oxepkaHi

3pa3Kyd Maji TOBIIMHY KepaMiyHOI MIOKJIAJKH y CEpelHbOMYy Ha piBHI 8 MKM i3 mapom Ni

Oinpmie 1 MKM. SIK BUJIHO 3 pUCYHKY 8, HalOlIbIIa TOBIIMHA MeTaliyHoro mapy 1,65 Mxm Oyna

3adikcoBana i komro3uty «Ni/P7», a Haitbinpma gedopmariiss KepaMigHOT MAKIATKA — IS

KoM1o3uty «Ni/P1y».
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Puc. 8. 2-D Tta 3-D npodini cupux HanHokomno3utiB «Ni / BaTiO3»

CrikaHHSI CHpUX JOCTIIHUX 3pa3KiB 3aiicHIOBanock 3a Temreparypu 1000°C npotsrom
20 roauH 3 MeTOI0 (hOpMyBaHHSI CYIIUIBHUX IIJTBHUX ABOIIAPOBHX KOMIIO3HTIB. 3TiHO 3 pHC. 9,
MiCJIE TIOBHOTO IUKIY TEPMiuyHOI OOpOOKHM yCi JOCHIIKYBaHI 3pa3KH XapaKTepU3yBAIUCh
30epexeHHsIM (opMHU Ta cymiIbHOCTI. OKpiM IBOTO, SIK BHIHO 3 puc. 10, Mexa po3aury Mix
IBOMa (YHKIIIOHAIBHUMH IIapaMH € JIOCHTh YITKOIO, 0e3 SICKpaBO BHPaXCHUX HE(PEKTIB 3a

HNepUMETPOM BiATUCKY Ni.
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Cupi 3pasku

P7 P9 P13

Cneueni 3pasxu

P1 P7 P9 P13

Puc. 9. Mikpodororpadii cupux ta cneueHrnx HaHOKOMIO3UTIB «Ni - BaTiO3»

30,73 mxm 30,73 mxw

Puc. 10. Mikpodororpadii Mexi po3mairy IBOX (YHKIIOHATHHHX IIAPIB CIICYCHHX

HaHokoMmIio3uTiB «Ni - BaTiOs»

OxpiM camoi MOXKIIMBOCTI (hOpMYBaHHS HAHOKOMITO3HUTIB METOI0M TpadapeTHOro JIpyKy,
y JdaHiii poOOTi BCTAaHOBIIOBABCS BIUIMB CITIKAHHS Ha 3MiHY OCHOBHHMX XapaKTEPUCTHK Ha
npukiaai HaHokoMmo3uty «Ni/Ply». Tak, 3riiHO 3 oJepKaHUM pe3yJabTaTOM, ITCIS CITIKAaHHS
TOBIIMHA KEPaMIYHOrO mapy 3MeHmwiach y 1,8 pasu, mapamerp HmIOpPCTKOCTI MOBepxHi Ra
30impmmBes y 3 pasu (tabn. 4). Ilposemeni meromom TEM pocimipKeHHs MOKa3ayid, IO
BHACIIIJIOK CHIKaHHS B110Y/IOCh 3pocTaHHsl HaHouacTMHOK BaTiO3 y puxuii arperatu i3 4iTKMMU
MeXaMu po3aury. TakoXk CIOCTepirajoch yTBOpEHHs NBIHHHKIB. [liama3oH po3MipiB 3epeH

ckiaaas 50 — 200 um 3a ocHoBHOI ckitagoBoi 100 — 200 M (puc. 11).
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Tabmuus 4.
PesynbraTi npodimomerpuyHoro aHanizy cupux HaHokoMno3utiB «Ni - BaTiO3» mo ta

micis CHiKaHHS

Tosumma | oo\ Rz [ Rp, | Ry, | RK% | Tilimsmics,
ITacTa mapy, ’ ’ ’ BIJIL. 3
MK HM | HM | HM | HM on r/cM

Ho cnikanus
P1 8,22 51 | 118 | 121 | -159 | 3,8 2,7984
Hposignuk | 2,33 75 | 170 | 200 | -190 | 4 1,8652
Iicas cnikanHs
P1 4,62 156 | 245 | 315 | -326 | 2,1 4,3665
HpoBignuk | 1,52 235 | 310 | 385 | -420 | 2,5 3,3682

&%

| ...;’

Puc. 11. TEM nanouactunok BaTiOs; cneuenoro mapy P1 nanokommnosuty «Ni/P1y»

200 wm

BucnoBku

VY poboTi gocnimkeHa MOXKINUBICTh (OPMYBaHHS Ta BIACTUBOCTI HAHOKOMIIO3UTIB THUILY
«MeTan - MAIeJIeKTPUK» MEeTOAO0M TpadapeTHOro ApyKy. BcTaHOBIEHO, 110 BUKOPUCTaHHS
Ha"onopomky Ni/NiO i3 po3MipoM 4YacTHHOK 8 HM Yy SKOCTi ()yHKLIOHAJIbHOTO MaTepiaiy i
PO3YMHHHMKY TEpIiHEoJNly OOYMOBIIOE THKCOTPOITHI BJIACTHBOCTI TMPOBIAHOI MacTH, SKi
3a0e3nevyroTh i BMCOKY 3HATHICTH 1O TpadapeTHOro ApyKy. Y CBOIO Uepry JAOCIiIKEHHS
BIJITHCKIB YOTHPHOX MPEICTABHULIBKHX JIETCKTPUYHHUX NacT Ha ocHOBI HaHonopouky BaTiOs3 i3
po3Mipom yacTMHOK 20 — 25 HM MOKa3ajio, L0 HAasABHICTH IUIacTH(]IKaTOpPYy y CKJIaJl MacTé
MO3UTHBHO BIUIMBA€ Ha SIKICTh IUTIBOK, OOYMOBIIOIOYHM CYTTE€BE CTOHIICHHS BIATHUCKIB Ta
3HWKEHHS HIOPCTKOCTI TOBEPXHI.

BusiieHo, 110 yci YOTHpH MPEICTaBHUIBKI i€IeKTPUYHI TAaCTH BUSIBUINCH IPUAATHUMHU
JUTst 301pKU Y HAHOKOMIIO3UT THITY «METajl - JIeEKTPUK» METO0oM TpadapeTHoro apyky. Tak,

yci Tpu miaacTUgiKoBaHi MacTu 30eperiy HIK4i, Y TOPIBHAHHI 13 HEMIacTH(IKOBAHOIO MACTO0
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P1 3HayeHHs mapamMeTpiB IIOPCTKOCTI MOBEPXHI SK y CTaHI MOHOIIApY, TaK 1 B pe3yNbTari
MOCITITOBHOTO TpadapeTHOro IPYKY 8-MH IIapiB.

[TocninoBHa TepmiuHa 0OpoOKa CHPHX HAHOKOMIIO3UTIB THITY «METall - JIEIEKTPUK»
o0yMoBMIIa (JOPMYBaHHS CYLIJIBHUX JIBOIIAPOBUX 00’ €KTIB «METaN - A1€IEKTPHUK», 30KpemMa JJist

HaHOKOMMO3UTY «Ni/P1» 0y0 BCTaHOBICHO 30UIbIIICHHS po3Mipy 3epHa 70 150 — 200 HM.

IMonsika
[Tonsika Bupaxkaetrbes Omiitnuk 'anuni CepriiBai (IHcTUTYT npobiem marepiaio3HaBCTBa

iM. LM. ®pannesnua HAH Ykpainu) 3a npoBeeHHS! MIKPOCKOTIIYHUX JOCIIIPKEHb.
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