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3mouyBaHHs ZnO-KepaMiku clJIaBaMH CHCTEMH
cpidJIo—Miab y BaKyyMi
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Hocniooceno smouyeanns ZnO-kepamiku Memanesumu posniaeamu cucmemu cpioio—
MiOb y eaxyymi. 3mouyeanus ZnO-kepamiku po3niagom NOKpAuyemuvcs 3i 30i1bueHHIM
KoHyenmpayii mioi. Cnocmepieanacs npucymHicms YuHKy y 3ameepoiiux kpanisax. Lfi
eghexmu moacymo Oymu nosicheri cyonimayicro ZnO 3 ymeopeHHAM 2a30N00I0HUX YUHK)
i KUCHIO ma IX nOOATLUUM POSYUHEHHSM ) KDANJISX.

Kniouogi cnosa: oxcud yumky, 3MOUYBAHHA Memanamu, KOHMAKMHA 63AEMOOIs,
MIKpoCmpyKmypa, nepexionuii wap.

Beryn

Okcul UMHKY € [OMPOKO30HHMM HAMIBIPOBITHUKOM 3  yHIKaJIbHUMH
BJIACTUBOCTSIMH, 3aBJISKH YOMY BHKOPHUCTOBYETHCS IUIsl BUTOTOBJICHHS KaTaji3a-
TOPIB, EMEKTPO/IIB, TPaH3KUCTOPIiB TOIIO [1, 2]. 3acTOCYBaHHS HOro B IUX OOIACTSIX
notpedye MeTai3aii MaTepiaiiB Ha ocHOB1 ZnO, a TakoX X 3’€IHAHHS, IS YOT0
e(heKTUBHUM METOZIOM € TMasHHS PO3IUIABICHIM METaJIeBUM NpumnoeM. Jist po3poo-
KM TEXHOIOTid MeTamizamii Ta TasHHS TMOTPIOHO JOCTIIUTH 3MOYyBaHHS
MaTepiadiB Ha ocHOBI ZnO MerajeBMMU pO3IJIaBaMH Ta B3aeMOAii Ha
Mik(pazaux mexax. [Ipore mis ZnO et acnekT TOCTiIKEHUH 3HAYHO MEHIIE,
nuie y po6oti [3] BuBuanocs 3mouyBanHs ZnO cpibioM Ta y [4] po3riIsaHyTO
KOHTaKT OKCHIYy LUHKY 3 PiIKuM JiTieM. JIoCHTh TOKJIAAHO BUBYEHO KaTali3a-
topu cucremu Cu—ZnO [5—I15]. ¥V mmx pobOorax ONHCaHO IHTEHCHBHY
B3a€EMOJIIO 3 TMEPETIKaHHSAM EIeKTPOHHOI T'YCTHHH, OKHCHEHHSIM Mifi, Mirpa-
uiero ZnO Ha MOBEPXHIO MiJHUX YaCTWHOK, PO3UYMHEHHSIM LUHKY y Migi. Xoda
BapTO BKa3aTH, 10 KaTali3aTOpH 3a3BUYali MPaLo0Th Y BiTHOBHUX YMOBAX.

TakuM 4YHHOM, JOCHTH BRXKJIMBHM € JOCHI[KEHHS 3MouyBaHHA ZnO
pO3IUIaBaMu, IO MICTATH Mi/lb, Ta KOHTAKTHOI B3a€MO/Iil B IIUX CUCTEMAX.

Martepianu Ta MeTOAM JXOCTIZKEHHS
HocmimkyBanacs credeHa Kepamika 3 uyucroro ZnO 0e3 m100aBOK
nopuctictio 15%, Migp Ta cpibiao Bucokoi unctoru. [loBepxHsa ZnO-kepaMiku
Oyna BignomipoBaHa ajaMa3HOIO macToro auctepcHicTio 0,7—0,3 mxMm. CrutaBu
CpibI0—Mib TOTYBaAJIM TIEPEIUIABICHHAM Y BaKyyMi y IpaiTOBUX THIJIAX.
Hocnian 1o 3MOYYBaHHIO NMPOBOMIIMCS 32 METOAOM JIeKadoi Kpari y
BakyyMi He Hikue 107 ITa.

PesynbraTtn Ta ix 00roBopeHHst
PesynpTat excnepuMeHTIB Mo 3MouyBaHHIO ZnO-KepaMikKd cIIaBamMu
CHCTEMH cpibao—Minp mpencTaBieHi Ha puc. 1 y BUMIISLA Tpadiky 3aIeKHOCTI
PIBHOBaXHOT'O KPaiOBOT0 KyTa 3MOUYBaHHS BiJl KOHLIEHTpalii Mizi. Sk BUAHO 3
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HaBEJCHUX Pe3yJbTaTiB, JOJaBAaHHS MiJi 0 cpibna qyxe CYTTEBO IOKpAIye
3MOYYBaHHS YTBOPEHUM PO3ILIABOM.

Bapro 3asHaumtu, mo B ymoBax ekcrnepuMeHtiB (1100 °C, Bakyym)
BinOyBasocs TOCUTh IHTEHCHBHE BHUIIAPOBYBAaHHS Kpareib, M0 € XapaKTepHUM
IUTsL CpibJia, MPOTE CIIOCTEPIralocs TaKoXK PO3TIKAHHS PO3ILIABIB, OCKUTBKH
30impIIyBasiacs MUpUHA MiAomBH Kparut. OTxe, MOKpalleHHs 3MOUYyBaHHS He
MOXHa TOSICHUTH e(EeKTOM ricTepe3ncy 3MOYYyBaHHS, TOOTO 3MEHIICHHIM
KpailoBOro KyTa BiATIKaHHS y MOPIBHIHHI 3 KPalOBUM KYTOM HaTiKaHHSI.

3 IOCHiAHMX 3pa3KiB CIUIABIB CpibI0—Mias Oyiar BUTOTOBIEHI HuTipH, SIKi
JOCHIPKEHO METOIaMH ONITUYHOI MiKpOCKoITii. Pe3ynbTaTi HaBeneHo Ha puc. 2.

Sk BHOHO Ha TpENCTaBICHHUX 300pakKeHHSX, Ha MbK(pa3HId NOBEpXHi
YTBOPIOETHCSA TOHKHW TMEpeXigHWK MIap, TOBIIMHA SKOro JAemio, xoda i
HE3HAYHO, 30UTBIIYEThCS 3 ITIIBUIEHHSIM KOHIIEHTpalil Miai y kpammsax. Kpim
TOr'0, OYEBUIHO, MIAKIAAKA POZUMHAETLCA y PO3IUIaBi, IPUUIOMY AJISI BHCOKHX

Puc. 2. ®otorpadii kpamemb CpidiIo—wminae 3 Ppi3HAMH
KOHIICHTpAIlisIMU Miai Ha moBepxHi ZnO-kepamiku (1000 °C,
30 xB) Ta BIANOBIAHI CTPYKTYpH INEpeximHUX obyacTeit
(x400): a — Ag—5Cu; 6 — Ag—10Cu; 6 — Ag—30Cu;
e— Ag—39Cu.
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Puc. 3. Kpamns wmigi Ha mnoBepxHi
ZnO-kxepamikn (1100 °C, Bakyym,
30 xB). A

KOHIIEHTpaIliii Mifni po3unHeHHs ZnO 3HAYHO TOMITHiIIe. SIKIo AJsl CIiaBiB
Ag—5Cu ta Ag—I10Cu (puc. 2, a, 0) NiHIA KOHTAaKTy MeETaly 3 OKCHIOM
BHUIJISIIA€ TPSIMOI0, TO JUIS BUIIMX KOHIICHTpAIid MiJi MOMITHE pyHHYBaHHS
ZnO min npiero pos3miaBy (puc. 2, 6, 2). Takok BapTO 3a3HAYNTH ITiIBHIICHHS
MOPYBATOCTI MiIKJIAaJ0K BHACIIAOK iX B3aeMoii 3 po3miaBamMu cpibio—mifb,
30kpemMa 1t Ag—5Cu  TOMITHO MPHCYTHICTH MIapy 3 MiABUIIECHOIO
nopyBaTicTio Oe3mocepenHbo O MeXi po3aAlTy (as, a mix HUM po3TalloBaHUM
wigeaui ZnO (puc. 2, a). 3i 30inpLUIeHHsAM KOHIIGHTpaLii Mifi y cIutaBi map 3
MiZBUIICHOIO TIOPYBATICTIO PO3MOBCIONMBCS BINIMO KepaMiku (puc. 2, 6—=2).
Takum 4rHOM, MeTal B3a€EMOJIE 3 KEPaMiKOI0, a 3 MiABUILEHHAM KOHIICHTpALil
MiJIi el TIPoIleC CTa€ IHTEHCHBHIIIUM.

Ha puc. 3 mpeacraBieHo Kparuto Mini Ha moBepxHi ZnO-kepaMiku, Ha
puc. 4 HaBeneHo Mmikpogororpadii nepexigHoi 061acTi MiX 3aCTUTIION MiIAIO
Ta ZnO-KepaMikoro.

Minp 3Mouye ZnO Halikpalie cepel yCiX METaJeBHX pPO3IUIABIB, JOCIi-
XKEHUX y Wi pobori (puc. 3). O06macTb KOHTAKTYy MK Migao Ta ZnO Mae gyxe
HEOAHOPIAHY, UMOBIPHO OCTPIBLIEBY, CTPYKTYpPY, HPUCYTHI IUISHKH 3 TOHKHM
MepexiJHUM IIapoM 1 OPAMOIO JIIHIEI0 KOHTakTy (puc. 4, a), a TakoX 3
HEpIBHOIO JIHIEI0 KOHTAKTY, IO € 03HAKOI0 PO3YMHEHHS MiJKIAKH Y PO3IUIABi
(puc. 4, 6), 3 TOBCTUM MEPEXiTHUM IIIAPOM BIJTHOCHO OJHOPIAHOT TOBIIUHU
(puc. 4, 6), 3 TOBCTUM TEPEXiTHUM IIAPOM HEOTHOPIAHOI TOBLUIMHU Ta CHUIBHO
PO3YMHEHOIO Y PO3IUIaBi MiAKIaAKO0 (puc. 4, 2).

Bapto 3BepHyTH yBary Ha MIiKpOCTPYKTYpY HE JIMIIE IepeXiAHuX obiacTei
MiX KEPaMiKOI0 Ta METajoM, a i BIacHE METaJICBUX Kpamelb Ha BiJICTaHI BiX
MixdazHoi Mexi. 30kpema, Ha puc. 5 mokazaHo Mikpodororpadii nurida 3
kpamti Ag—39Cu, 3arBepminoi Ha mnoBepxHi ZnO: 6e3mocepeqHbO MiCIs
BHUTOTOBJIGHHS NUTI()IB TUISHKY, 10 BiNMOBIAIOTh MeETaly, BUTJISAATH
BIJTHOCHO OIHOpPimHUMH (pHC. 5, a), ajJe BUTPUMKA Ha MOBITPi BUSBHJIA 3HAYHO
CKJIAJHIITY CTPYKTYpy (pHuc. 5, ©0), OYEBHIOHO, BHACTIIOK OKHUCHEHHS
KOMITOHEHTIB CIUTaBy. AHAJOTiYHI O3HAaKM OKMCHEHHS METaJeBHX Kpareib Ha
MOBITPi CIIOCTEPIraloThCs 1 ISl IHIIMX JOCTIIKYBAaHUX KOHTAaKTHHX Hap (puc. 2
Ta 4). OcobIMBO CKIaIHY MIKPOCTPYKTYpPY BuUsiBIeHO g kpamm Ag—30Cu:
MiCNsl OKMCHEHHS CTajld TOMITHUMH BKJIIOYEHHS CBITJIOTO KOJbOpY Ta
BUTATHYTOi, ONM3BKOI 10 OBalbHOI, (hOPMH, 30pPiIEHTOBAaHI BEPTHKAIBLHO abo
TOPU30HTAIBHO (pHC. 6).

VY cucremi ZnO—Ag—Cu cXUIbHICTh A0 MBUAKOTO OKUCHEHHS Ha MOBITPi
BUSIBIISIE JIMLIE IIMHK, OTXKE O3HAKH LBOTO OKMCHEHHS CBiUaTh MPO PO3UNHEHHS
LOUHKY y Kparisx.
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Puc. 4. Mikpodororpadii mix¢asHoi obmacti, oTpumani 31 nurida,
BHTOTOBJICHOTO 3 JIOCHIJHOTO 3pa3Ka, MiCisl eKCIEPHUMEHTY 110 3MOYYBaHHIO
ZnO-kepamiku grcToro Mimmo y Bakyymi (1100 °C, 40 xB) (x400): a —
TOHKHMH TepexiHui map; 6 — o3Haku po3unmHeHHs ZnO, ocTpiBelb HOBOL
¢a3u; 6 — pIBHOMIPHUI TOBCTHH MEpEXiAHUN Iap; e — HepiBHOMIpHUI
TOBCTHH MEpeXiMHui map.

¥

Puc. 5. Mikpocdororpadii, orpumani 3i nwripa xpamr Ag—39Cu, 3acturioi Ha
noBepxHi ZnO-kepamiku (x400): ¢ — Oe3nocepeHbO MICIsS BUTOTOBJIEHHA Iumida;
6 — TicIIs BUTPUMKH Ha TOBITPI.

Puc. 6. Mikpodotorpadis, orpumana
31 morida  kpammi Ag—30Cu,
3aCTHIJIOl Ha TOBEepXHI ZnO-KepaMiku
(x100).

Takox BapTO 3a3HAYMTH, IO MIKPOCTPYKTYpa 3acTHIIIOl Ha moBepxHi ZnO
Kparli Migi aHajJoriyHa MiKpOCTPYKTypi aib(a-laTyHi 3 HHU3BKUM BMIiCTOM
UUHKY [16], o0 TeX € 03HAKOI0 PO3UMHEHHS LUHKY Y MIITHIM Kparuti.

3rigno 3 nanumu podoru [17], y cucremax ZnO—Ag—Cu npu 1000 °C ta
ZnO——Cu npu 1100 °C y crani piBHOBaru npucyTHi Juie ¢azu ZnO Ta Me-
TaneBux pos3mnaBiB. BimHoBnenHs ZnO He € HmoBipHuM. [IpoTte icHYIOTBH
poboru [18, 19], y skux onucano cyomimarito ZnO 3a BUCOKHX TEMIIEpaTyp 3
YTBOPEHHSM ra30MOMiOHUX KHCHIO Ta IHHKY a60 KucHIO Ta Zn,O. MMosipHoO,
PO3YMHEHHS Ta30MOMiOHOr0 LUHKY Y KpalsiX W CIOPHUYMHMIIO 3MiHH IX
MIKPOCTPYKTYpPH, @ PO3YMHEHHS KHUCHIO MOXE CYTTEBO MOKpallyBaTH
3MOYYBaHHS TBEPIUX OKCHAHUX MaTepialliB MeTalleBUMH posiuiaBamu [20].
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BuchnoBku
[lixBumieHHs KOHIEHTpaIlii Mimi y posmiaBax Ag—Cu CyTTEBO TOKpaIlye

3MouyBaHHA ZnO-KepaMiku IMMH cucTeMamid. JlOCHiIKeHHS MIKpOCTPYKTYpH
BUSIBIJIM O3HAKW MPUCYTHOCTI LIMHKY Y 3aCTHIVIMX Ha MoBepxHi ZnO MeTaieBux
kpamsix. Ui edextn MoxyTe OyTu mosicHeHi cyOmiMamiero ZnO B ymoBax
eKCIIEPUMEHTY (BHCOKI TEMIIEpaTypH, BakyyMm) 3 MONAJIBIIMM DPO3YMHEHHSM il
MPOAYKTIB, Ta30MOAIOHMX IMHKY Ta KHCHIO, y PIOKHX KpamupsiX. 30Kpema,
PO3YMHEHHS KHUCHIO Y MeTaJll TIOKpaIlye 3MOYYBaHHS HUM OKCHITHUX TIOBEPXOHb.
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Wetting of ZnO-ceramic with alloys of the silver-copper
system in vacuum
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*E-mail: avdu@ukr.net

Zinc oxide is a wide-gap semiconductor with unique properties, used for the manufacture of
catalysts, electrodes, transistors, etc. In these applications, there is a need for metallization and
joining of ZnO-based materials, using of molten metal filler is an effective method. Contact of
zinc oxide and liquid metals is almost not studied in comparison to other oxide materials. In this
work the wetting of zinc oxide based ceramic with metal melts of the silver-copper system in high
vacuum was studied. Alloys with concentration of copper (% (at.)) 0 (pure silver), 5, 10, 20, 30,
39, 100 (pure copper) were used. Increasing the concentration of copper in the silver-copper
melts significantly improves the wetting of ZnO-ceramic with these liquids, the contact angles
decrease from 137° for the pure silver to 28° for the pure copper. Investigations of the
microstructure show presence of relatively thin transition layers on the interfaces for silver-
copper alloys, for the pure copper case the interface has complex “island-like” microstructure.
Also a ruination of ZnO-ceramic substrates due to an interaction with metal melt was noted, the
higher copper concentration, the more intensive ruination. Also some signs of the presence of zinc
in the metal drops solidified on the zinc oxide surface were revealed, such as, intensive oxidation
of the drops in air at room temperature. The oxidation shows complex multiphase microstructure
of the solidified drops. After wetting of the zinc oxide with pure copper the solidified metal has
microstructure of brass (Cu—Zn alloy) with low zinc concentration. The effects observed can be
explained by sublimation of the zinc oxide under experimental conditions (high temperatures,
vacuum) with formation of gaseous products (oxygen and vapor of zinc), which subsequently
dissolve in silver-copper liquid drops. In particular, the dissolution of oxygen in the Ag—Cu melt
improves its wetting of surfaces of solid oxides and presence of zinc in solidified drops provides
its oxidization in air.

Keywords: zinc oxide, wetting with metals, contact interaction, microstructure, transition layer.
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