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Hocniooceno 3mouyeanns ZnO-Kepamiku Memaneeumy po3niaeamil Cucmemu cpiono—
071060 Yy 6akyymi. 3mouyearrsn ZnO-Kepamiku PO3NIA60M NOKPAWYEMbCA 3 NIOBUUEHHAM
KOHYeHmpayii 0106a. 3a 6iOHOCHO HU3LKUX KOHYEHMpAyill 07108d, KOIU Kpatlogutl Kym
amouyearns oinvuutl 90°, cnocmepieaemvbcs ymeopeHHs: nepexiono2o wapy Ha MincghasHill
cpanuyi, 3a OLILWUX KOHYEHMpAayil, Komu O00CA2AEMbCS 3MOYYBAHHA (Kpatiogull Kym
merwutl 90°), memanesuil po3niag NPOCOUYEMbCsL NO NOPAX 82TUO KepamiKiL.

Kntouosi cnosa: oxcud yumxy, 3MOUY6aHHA MEMANAMU, KOHMAKMHA 63AEMOOIs,
MIKpOCMPYKMYypa, nepexionutl uap.

Beryn

Ha croromnimmiii geHp okcua mUHKY (ZnO) BUKIWKAE MIOpa3y OUIbIIE
3aliKaBJICHHS SIK TIEPCIIEKTUBHUM MaTepiai Ui 3aCTOCYBAaHHS B PI3HUX Taly3sx
npoMHuCIOBOCTI. OKCHA IMHKY € IIUPOKO30HHUM HAIMIBIPOBIIHUKOM 3
VHIKaJIbHUMH BJIACTUBOCTSIMM, 3aBISKM YOMY BIiH MOXe OyTH MEpCIEKTUBHUM
Ui cTBOopeHHs Y D-BHIIPOMIHIOBAYiB, CHIH-()YHKIIOHAJbHUX MPUJIALIIB,
ra3oBUX CEHCOpIB, €JIEMEHTIB ,,Ip030poi~  EJIEKTPOHIKH, KaTali3aTopis,
eIEeKTPOIiB, TPAH3UCTOPiB, BapucTopiB Tomo [1, 2]. ¥ mux 3acrocyBaHHSIX
BUHHUKAae MoTpeda Meramizalii marepiajgiB Ha oOcHOBI ZnO, a Takox iX
3’€IHAHHSA, JUII 4YO0ro eQEeKTHBHUM METOIOM € TMasHHS PO3IUIABICHUM
MerajeBuM mpunoeM. [Ipu BHKOpUCTaHHI KepaMmiku Ha OCHOBI ZnO s
BUPILLIEHHS PALY NPAKTUYHUX 3a/1a4 MOTPiOeH HAAIHHUI KOHTAKT, OTPUMAaHHS
SIKOTO HalO1IbII TIEPCIIEKTUBHO METOAOM TasiHHSI.

HesBaxaroun Ha HaranbHi IOTpedU y 3’€AHAHH] MaTepianiB Ha ocHOB1 ZnO,
iCHye JnIe ACeKUTbKa TOOJUHOKHX POOIT, B SIKUX JOCIIDKYIOTHCS THTAHHS
L1010 camMe 3MOUYYBAaHHS Ta aJre3ii MeTajJiyHUX PO3IUIaBiB Ha TIOBEPXHI OKCHILY
LMHKY a00 CronyK Ha ioro ocHoBi. Y po0OoTi [3] BuBuasiocs 3mouyBanus ZnO
cpibimom. Takox pO3rISTHYTHIH KOHTaKT OKCUAY LUMHKY 3 PIAKUM JIiTieM [4—06].
Byno mociimkeno 3MouyBaHHS 1 KOHTaKTHA B3aeMoIist ZnO 3 amoMidieM [7—9].

Jis po3poOKm TEXHOJOTIM Meramizallii Ta MasHHS TOTPIOHO JOCIiTUTH
3MOUYYBaHHS MartepianiB Ha oOcHOBI ZnO MeTajJeBUMH pO3IUIaBaMH Ta
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B3a€MOJII0 Ha MDK(pa3HUX TpaHUIX. BUBUEHO 3MOUyBaHHS KepaMiku Ha
ocHOBi ZnO unctumu meranami [10] Ta crmaBamu cuctemu cpidbmo—mins [11].
3 ormsAay Ha 1€ JIOCHTHh BKIMBUM € TaKOX JOCTIIDKEHHS 3ModyBaHHS ZnO
po3MIaBaMu, MO0 MICTATh CPiOIO Ta WOTrO CIUTAaBH 3 OJIOBOM, Ta KOHTAaKTHOL
B3a€MOJIII B ITUX CUCTEMaX.

Marepianu Ta MeTOAM TOCTIZKEHHS

HocnijpkyBanu criedeHny Kepamiky 3 uyucroro ZnO 06e3 1o0aBok
nopuctictio 15%, ans 3ModyBaHHS SIKOI BUKOPHCTOBYBAJIM CPiOJIO Ta OJIOBO
Bucokoi uncroru. IloBepxus ZnO-kepamiku Oyna BigmoiipoBaHa ajiMa3HOIO
mactoro mucrnepcHictio 0,7—0,3 Mkm. CmmaBu cpib10—O0IOBO TOTYBalln
MorepeHiM TMeperUiaBieHHsiM y BakyyMmi npu  Temmepatypi 1000 °C vy
rpaiTOBUX THUIJISIX.

Jocnian 1o 3MOYYBaHHIO MPOBOAMJIM 3a METOAOM JIeKadol Kparii y
Bakyymi He mmkue 107 Ila, 3acTOCOBYBalIOCS IIBHMJKE HATrPiBAHHS IO
temmneparypu 1000 °C.

PesynbraTtn Ta ix 00roBopeHHst

Ha puc. 1 naBeneno dororpadii kpamens Ag—Sn nHa moepxHi ZnO 3
pi3HUMM KOHLEHTpauisiMu ojoBa. Ha puc. 2 mnpeacraBieHo 3ajleXHICTh
3MouyBaHHs ZnO po3miaBamMu cucreMd Ag—Sn BiJ KOHIEHTpawii OJIoBa.
Buano, mo gogaBanHsl oj0Ba 10 cpibia MOXe AyKe CYTTEBO MOKPAIyBaTH
3MouyBaHH ZnO pO3IUIABOM, MPOCTEKYETHCS UiTKA KOHLEHTpauiiHa
3anexHicte. Kparui 3 konuentpauismu osioa 20% (aT.) 1 BUILE BIAKOITIOBAIUCS
BiJ] MTOBEPXHI KEpaMiKH BHACTIJOK YTBOPEHHS PO3BUHYTOI'O PUXJIOrO LIapy 3
MpOAYKTIB B3aeMonii Ha Mexi po3aity ¢a3. Kpamni 3 mMeHmmmu
KOHILIEHTPALISIMA 0JIOBA TPUMAJIMCh Ha MOBEPXHI IOCTATHHO MIIHO, 3 HUX OyiH
BuroToBieHi mutigu. Mikpodotorpadii nutiiB npeacraBieHi Ha puc. 3 mis
Kparuti ckiany Ag—>5Sn ta Ha puc. 4 — s kparmii ckiaagy Ag—10Sn.

a o

6 2

Puc. 1. Kparuti posmnasiB Ag—Sn 3 pisauMu konuentpanisimu (% (at.)) onosa
Ha noBepxHi ZnO-kepamiku, 1000 °C, 15 xB, Bakyym: a — Ag—5Sn; 6 — Ag—
10Sn; 6 — Ag—20Sn; 2 — Ag—50Sn.
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Puc. 3. Mikpogororpadis nurida 3
Kpamietro Ag—>5Sn, 3acTurio Ha
noBepxHi ZnO-kepamiku (x400).

1 60 MKM

a

Puc. 4. Mixpogororpadii nuria 3 xpariero Ag—10Sn, 3acturiioro Ha nmosepxHi ZnO-
KepaMiku, 3 pisHnMHE 301bImeHHsIME: @ — %200; 6 — *x400.

Ha puc. 3 Mk KepaMmikOr Ta METaJIOM CHOCTEPIraeTbcs MEpexiHUN miap.
[TomitHO, MO OOMIBI JMiHIT po3aLTYy, 1 MK ZnO-MIKIAIKOW Ta MEePEeXiTHIM
mapoM, 1 MDK MEpeXiJHUM MIapoM Ta 3acCTHUIJIOI0 KpaIuiero, Ty)Ke HEpiBHi.
OTxe, MOXHA 3pOOUTH BHCHOBOK, L0 MEPEXiIHUN map € He ajcopOuiiiHuM, a
YTBOpEHHH BHAcHinok B3aemonii Ag—>5Sn 3 ZnO, 30kpeMa HEpiBHOMIPHOTO
PO3YMHEHHS] KOMITOHEHTIB MiAKIaJAKA, MOKJIMBO YTBOPEHHS MPOMDKHOI (hasu,
o notpedye noAaIbInX AocTikeHb Zn0O,.

Ha puc. 4 gitko BUIHO, 110 y KepaMilli i KparJielo po3TaioBana 00JacTs,
sIKa MICTUTB /1Bi (a3 — TeMHy Ta cBiTiny (MeraneBy). Ls nBodasna obnacts, oye-
BU/HO, YTBOPMJIACS BHACHIZOK IPOCOUEHHS PO3ILIABY MO MOPaX y KepamiLli.
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Piznunns O6ynoBu nepexignux obnacreit s cruaBiB Ag—S5Sn ta Ag—10Sn
MOSICHIOETHCS. THM, IO po3miaB Ag—5Sn He 3MouyBaB ZnO, TOMY B3a€EMOJis
MeTaay 3 TBEpJUM OKCHJIOM BiIOyBasiacsi Ha MOBEPXHI KepaMiuHOro 3pas3ka, a
posiuias ckinaxy Ag—I10Sn 3MouyBaB Kepamiky, 10 3a0€3Me4nI0 MOKIIMBICTh
MIPOCOYEHHSI PIIKOr0 METajy 10 nopax y 00’eMi KepaMiku.

Heo0xiaH010 yMOBOIO ITPOCOYEHHS IOPYBATOr0 MaTepiay pilMHOIO € HOro
3MOYYBaHHS Li€I0 pinuHO0. TOOTO KpaioBi KyTH 3MO4YyBaHHSI MOBUHHI OyTH
mentre 90°. TIpore cripaBeUTHBUM € 3ayBaKCHHS, 10 YAM KPAIlle 3MOTyBaHHS,
TUM IHTEHCHBHIILIE BiIOYBA€THCS MPOCOUEHHs. Y HAIIOMY BHUIAJAKY KpaloOBHI
KyT 3MOYYBAaHHsS CKIaJaB OIM3bKO 86°, TOMy MNpPOCOYCHHS BiAOyIoCcs Ha
HEBENUKY TTHOuHY, a came He Oibiue 150 MKM.

BucHoBkn
[TigBumIeHHsT KOHIIGHTpAIlii 0710Ba y po3IuiaBax Ag—Sn CyTTEBO ITOKpPAIILy€e
3MouyBaHHs ZnO-KepaMikd LUMH CUCTEMaMH, POTe (PopMyBaHHS POIBUHYTHX
MEepexiIHUX MIapiB, a TAKOXK IHTEHCUBHE MPOCOUEHHSI PO3IUIABY BIIIMO KepamiKu
YCKJIQIHIOE BUKOPUCTAHHS JaHWX CIUIABIB I MasHHA a00 MeTamizamii
MaTtepiaiiB Ha ocHOBI ZnO.
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Wetting of ZnO-ceramic with alloys of the silver-tin
system in vacuum

O. V. Durov*, V. V. Poluyanskaya, T. V. Stetsyuk, A. L. Ievtushenko

I. M. Frantsevich Institute for Problems of Materials Science of the NAS
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Zn0 is interesting as a promising material for use in various industries; in these
applications there it is a need for metallization of ZnO-based materials, as well as
their joining. For these purposes the using of liquid metal fillers is effective.
Despite this, there are only a few single works that investigate issues related to the
wetting and adhesion of metallic melts on the surface of zinc oxide or materials
based on it. Therefore, the wetting of zinc oxide was investigated by Ag—Sn melts.
intered ceramics made of pure ZnO without additions with porosity of 15%, silver
and tin high purity were studied. Silver-tin alloys were prepared by previous
melting in a vacuum. The wetting experiments were performed by the sessile drop
method in vacuum. Addition of tin to silver can very significantly improve the
wetting of the ZnO melt; there is a clear concentration dependence. The smallest of
the contact angle is 57°. For the concentration of tin 5% at., when wetting has not
yet been reached, a transition layer is observed between ceramics and metal. It is
noticeable that lines, both between the ZnO substrate and the transition layer, and
between the transitional layer and the frozen drop, are very uneven. Therefore, it
can be concluded that the transition layer was not appeared due to adsorption, but
formed as a result of the interaction of Ag—5Sn with ZnO, in particular uneven
dissolution of the components of the substrate, possibly with the formation of a
non-stoichiometric zinc oxide. In the case of tin concentration 10% (at.), when the
melt wet the substrate, there is a zone containing two phases, dark and light (metal)
in the ceramics under the drop. This two-phase area is obviously formed as a result
of the impregnation of the melt in the pores in ceramic.Therefore, increasing the
concentration of tin in Ag—Sn melts significantly improves the wetting of ZnO-
ceramic by these systems, but the formation of developed transitional layers, as well
as intensive impregnation of the melt deep into the ceramics complicates the use of
these alloys for brazing or metallization of materials based on ZnO.

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