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BJIMAHUE NMPOITY CKAHUA SJIEKTPUYECKOTI'O TOKA
HA CMAYUBAHME ZrO - KEPAMUKHN METAJIJIAMU B BAKYYME

I/ICCJ’ICZ[OBB.HO BJIMAHHUEC IIPOITYCKAHUS DJICKTPUICCKOI0 TOKa Ha CMauMBaHUC ZrOZ-KepaMI/IKI/I
MEbI0, HUKEJIEM, CIIJIABOM HUKCIIb-XPOM. ycTaHOBIIeHO, 4TO IIpu BO3JICUCTBHH DJIEKTPUIECKOTO
TOKa CMa4YUuBaHUC ZI’OZ METaJlJIaMH yJIydIia€TCs BCJICACTBUC pAaCTBOPCHUS KOMIIOHCHTOB
KE€paMHKH B pacruiaBe. HOJ’Iy‘IeHLI NastHbIC COCAUHCHUSA ZrOZ-KepaMI/IKI/I n METajuia ¢ IOMOIIBIO
MPOITYyCKaHUsA TOKa.

Knrouesvie cnosa. cmauusanue, OUOKCUO YUPKOHUS, BbICOKOMEMNEPAMYPHASL RPOBOOUMOCTb,
natixa, 6aKyym.

Beeoenue

HccnenoBanue cMauyuBaHUsl OKCHIHBIX MaTEpHUaOB METAJIAMU MPEACTABIACT
HHTEepeC Kak ¢ pyHIaMEHTaIbHOM, TaK U C MPAKTUYECKOH TOYEK 3peHus. Posb
coCTaBa pacIulaBa, TEMIEPAaTyphl, Cpeasl B TMpoleccax CMayluBaHUs H
KOHTAKTHOT'O B3aUMOZICHUCTBHSA [Tl CUCTEM TBEPIBIA OKCHUJ — METaJUI U3yUYCHEI
J0CTATOYHO TOAPoOHO [1—3], a BiIMsAHHE MPOMYCKAHHUS SIICKTPHUSCKOTO TOKa
Yyepe3 MexK(pazHyI0 MOBEPXHOCTH MPH BEICOKUX TEMIIEPATypax JI0 CHX II0p MaJIo
UCCIIeN0BaIOCh. MOXKHO OTMETHTh paboThl [4—6]: B [4] Tok mcnonb3oBajics
s mabiku ZrO,-kepaMuKy aitoMuHHeM, B [5] m3ydanock cMaumBanme ZrO,
MEIpI0 TPH TMPOMYCKAaHWH TOKAa, XOTS CYIIECTBEHHOIO BIHMSHHUA HE
HaOMI0AaI0Ch (4TO MOXKET OBITH CBSI3aHO C YCIIOBHUSIMH JKCIEpPHMEHTaA), B [6]
HCCIieIoBallach CUCTEMa cepedpO—Meab—KHCIOPO1— AUOKCH] LIUPKOHUS Ha
BO3JyXe, OOHAapY>KEHO W3MEHEHHE CMauWBaHUS BCIEACTBHE DJIEKTPOIH3A
OKCHJIa MeIy Ha Karojie. B JaHHOM HCCIeOBaHWH TPENoaraeTcsl W3Y4YUTh
CMauyMBaHUE JAMOKCHIA IUPKUHUS PA3TUYHBIMH METAUIMYECKHIMHU PaCIUIaBaMU
B BaKyyMe IIPH MPOITyCKAaHNH TOKA Yepe3 rpaHuIly paszena das.

Mamepuanvl u memoowt ucciedo8anuii

Hcnonb3oBanbl KepaMuka Ha OCHOBE ZrO,, 4YaCTHYHO CTAOMIM3MPOBAHHOTO
3,5% @rt.) Y503, B BHIE TUIacTHH TOMHHON 1,5 MM 1 6pycoukoB 5x5%3mm, a
TaKKe MeTauisl (Meah, HUKENb) BBHICOKOM Y4HCTOTHI, ciiaB Huxpom-20 (Ni—
20Cr) BbICOKOM YHCTOTHI. B KauecTBe BCIIOMOTATEIBHBIX MAaTEPHAIIOB
npuMeHeHsl MomubaeH (mpoBosioka TommuHOM 0,5 w1 1,2 MM, mIacTHHBI
tommuuuoi 0,2 mMm), mucku u crepkan w3 Al,Os; (camduposbie 60
Kepamudeckue) Tonmuaoi 1,2 MM win 2,2 mM. HccnenoBanus poOBOAWIH B
Bakyyme 5010° ITa.

*

A. B. lypoB — kaHIMIAT XUMHWYECKHX HAyK, BeXylinii HayuHblii, MHcTHTYT mpobiem
marepuanoBenenus um. M. H. ®pannesuua HAH  Vkpaunu, Kues; T. B. Cugopenko —
KaHIUJaT XUMHYECKUX HAyK, CTApIIUH Hay4YHBII COTPYAHHUK TaM Ke.
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DKCIepUMEHTANBHBIA 00pa3el] COCTOMT W3 JBYX IUIACTHH (11bo o0e u3
ZrO,-kepamuky, 1100 oxHa U3 ZrO,-KepaMuKy, BTopast U3 MOJMOJICHA) MEXIY
KOTOPBIMH yCTaHOBJICHBI pacropku (puc. 1). B ombiTax ¢ Meapio Wik ee
CIUIaBaMH MEX]Ty TOKOTIOABOIOM 1 ZrO,-KepaMHUKOl BCTaBIeHa MeHast (obra
Iis  ynydiieHus: KoHtakta. llogBoxm  Hampsbkenms k- ZrO,-kepamuke
obecrieynBasCst MOIMOICHOBBIMH TNIACTUHAMH C PUCOEANHEHHBIMU BBIBOAAMHU
n3 0,5 MM MonnbaeHOBOI TPOBOIOKU. TOKOIOIBOBI KPETHIUCh K KEpaMHKe
WIK paclopkaM ¢ IMOMOIIbI0 CKOObI u3 1,2 MM MOJIHOICHOBOM ITPOBOJIOKH.
B 3a30pe MexIy miacTMHaAMM pacloiarajy HaBECKYy HCCIEAYeMOTO MeTajlia.
OmnbITHBIA 00pa3ell MoMeNany B BAKYYMHYIO TI€4b, ITOCIIE Yero TOKOIIOIBOJIbI
MPUCOCVHSIH K TPOBOJIAM, BBIXOSIIUM BHE BaKYYMHON Kamephbl.

OO0pa3upl HarpeBasii W Tpu JgocTibkeHun TemmepaTypsl 1100 T na
TOKOITOIBOJIBI NOoJaBajx MOCTOSTHHBIN TOK. Karmns pacriaBa
¢dotorpadupoBanach depe3 OKHO C IOMOIILI0 IHM(poBoro QoToamnmnapara.
B kadecTBe MeTaNTMUECKHMX 4YacTed MasHHBIX COCOUHEHUH WCIIONB30BAN
MoymOieHOBbIe Opycouku 10X8X3 MM HM JOUCKM W3 IKapOCTOMKOW CTallu
nuamerpoM 10 MM TONIIMHON 4 MM.

ToxomoaBoabl MoJauoaeHoBast

/ | l ckoba

Hccnenyemasn
KepaMuKa

Pacnopka u3
Al 203

Canduponbie
MUCKH

Puc. 1. DxcniepuMeHTATBHBIN 00pa3elt

Fig. 1. Experimental sample
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(oToanmapar

ITnacTuHkm n3
ZrO,-xepaMuKu

Brinpsimutens  TokonoaBoabl Ileu

Puc. 2. CxemaskcnepruMeHTa
Fig. 2. The scheme of the experiment

Pezynomamut u oocysncoenue

B bskcnepuMeHTax Karuisi MeOM pacroliaranach Mexay IiactuHamMu ZrO,-
kepamuku. [Iponmyckanue Toka JOCTaTOYHO OBICTPO MPHUBOAWIO K PACTEKaHHUIO
MeHM 1O MOBEPXHOCTH obeux miacTuH (puc. 3), MpUYeM KpaeBble YIJIbI
CcMauuBaHHs ObUTM O4eHb Oyn3kh. J{s cunbl Toka 1 A B TeUeHUE MATH MUHYT
JIOCTUTAJIOCHh TMPAKTUYECKH MOJTHOE PACTeKaHWE KAaIlIHM 10 TIOBEPXHOCTH 00enx
mwiactud (puc. 3, 6). YBelH4YeHHE CHIIbI TOKA YCKOPSUIO pacTekanue. Kunetnka
JTAHHOTO TIpOIlecca MpeICTaBIeHa Ha puc. 4.

HabnronaempiM 3¢ dekram MokHO IaTh cienyioniee OOBSICHEHHE. MpU
HOJKTIOYCHUH TMOJOKHUTEIBHOrO anekTpona (amoma) Kk ZrO,-kepaMuke
KHCJIOPOJIHBIE aHHOHBI ABIKYTCS OT Mexk(pa3Hoil mosepxnoctu ZrO, — menn
BrIIyOb okcupa. B pesynmprare ZrO, B 30HE KOHTakTa ¢ MEIHOW Karuieh
00eHsACTCS KUCIOPOJIOM, TO €CTh, MPOMCXOJUT BOCCTAHOBIICHHUE ITUPKOHUS W3
ZrO,. U30bITOYHBIA HUPKOHUHA pacTBOpsETCS B MEIH H, SBISICH aATre3MOHHO-
AKTUBHBIM 3JIEMEHTOM, YIIy4YIIaeT CMadyMBaHUE pPACIUIaBOM KEpaMHUKH, B TOM
Ypclie W IJIACTUHBI, K KOTOPOW MOAKIIIOYEH OTPHIATENbHBIN AIIEKTPOI
(xkatomnoii). B ciyuae pacronoxenust Karmid Mexay ZrO, u MOTHOAECHOM, H

MOAKJIFOUCHUSA OTPULATCIBHOTO 3JICKTPOAA K KCPAMUKE, IMIPOUCXOAUT ABUIKCHUC

a o 8

Puc. 3. Kammns menu mexy miactuHamu ZrO,-KepaMUKU B OKCIIEPUMEHTE T10
MPOITyCKaHHIO TOKa Yepe3 Mex(a3HyIo TpaHuIly. ¢ — 0e3 MpoIyCKaHus TOKa,
6— 1A 1mvuge—1A 5mun

Fig. 3. Copper drop between ZrCeramic plates in experiment for current

passing through the interface— without current pasgi — 1 A, 1 min;e —
1A, 5min
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Puc. 4. Kunetnka pacTekaHus paciuiaBa MEIH I10
MOBEpXHOCTH ZrO,-KepaMHUKH TPH MPOIMTyCKaHUH
ANEKTPUIECKOTO TOKa Yepe3 Mexk(a3HyI TpaHUILy
JUTSL pa3indHbIX cuil Toka: 1 — 3A; 2 — 2A; 3 —
1A

Fig. 4. The kinetic of copper melt spreading on
ZrO,-ceramic surface at electric current passing
through the interface for different amperage: 1 —
3A2—2A3—1A

KHCJIOPOJIa BIUIyOb MEIH, YeM OOBSCHSICTCS 00pa3oBaHUE ITy3bIPEH U HEKOTOPOE
yaydIllieHue cMauuBaHus (KHCIOPOJA TaKKe SIBIACTCSA aare3MOHHO-aKTHBHBIM
DIIEMEHTOM).

UccnenoBanmuch pacrekaHue Karellb HHUKeNss M ciuiaBa  Huxpom-20,
PACHOJOKEHHBIX MEXKIy IiacTuHaMu u3 ZrO,-KepaMuKH, MpH TeMIepaType
1450 T. B oboux cimyyasx pacTeKaHHWE MPOHCXOAWIO B TeueHHe okono 10
CeKyHII, TIocTie Yero Karuii pasfensiach. O4YeBHAHO, 3TO CBfA3aHO C OoJjee
BBICOKOW, YeM [UIsi MeOW, TEMIepaTypod OSKCIEPUMEHTa, MOCKOIBKY C
HarpeBaHUEM HE TOJBKO YCKOPSIIOTCS IU((GY3UOHHBIE © XUMHUYECKUC
MPOIIECCHI, HO U CYIIECTBEHHO PACTET MPOBOJUMOCTD Z O,-KepaMuKH.

W3 karmm menu, 3acThIBIICH MEXIy TutacTHHAMH U3 ZrOs,-KepamMuKH, ObLT
M3roTOBNICH NITUQ. Mukpodotorpadun 30H KOHTAKTa KEPaMUKA M MeTallia
MIPEACTABJICHEI Ha pUC. 5.

MO>KHO OTMETHUTD, YTO JIJIs KATOJHOU TUIACTUHBI MEPEXOIHBIN CIIOU
3HAYNUTENIFHO OoJiee pa3BUT, YyeM AJs aHogHOH. OYeBHIHO, STO CBA3aHO C
OKHCJICHUEM LUPKOHUS: MTOCKOJIBKY Ha aHO/E UMEJ MECTO HEJJOCTATOK
KHCIIOPO/Ia, TO OKUCICHHBIM IUPKOHUHA MIPUCYTCTBYET B MEHBIIINX
KOJIMYECTBAX.

Pe3ynbTaThl 9KCIEPUMEHTOB OBUIM HWCHOJB30BaHBl il maiku  ZrO,-
KepaMHKH K METauly — MOJHUOACHY W >KapOCTOMKOW cTamu. B kadecTse
TIPHITOS MCIIOJIb30BAJM HUXPOM, TIOCKOJIBKY B OKCIIEPUMEHTAX 110 CMAaYMBAHHIO
OH OBICTPO pacTekaics 1Mo MmoBepxXHOCTH ZrO,-KepaMuKU TMPH IMPOITyCKaHUH
ToKa. Mexay KepaMHU4eCcKOW M METAINIMYECKOW JIeTabl0 pacrojiaraiu
IUTACTUHKY W3 HUXpom-20, 3areM MOJCOCAMHSUIH JJIEKTPOABI  C IIOMOIIBIO
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Puc. 5. MUKPOCTPYKTYpbl KOHTaKTHBIX 30H ZrO, — MeTajul I KAl MeJH,
3aCTHIBIIEH MEXIy TUIacTUHaMK U3 ZrO,-KepaMHKH MOCIIe SKCIIEPUMEHTOB 110
NPOIYCKaHUIO TOKa uepe3 Mexdasuyro rpanuny (5 mun, 3 A): a — s aHoza,
6 — nist karona (x1000)

Fig. 5. Microstructures of the contact zones Zr© metal for the copper drop
solidified between the Zr@reramic plates after the experiment for pass of
current through the interface (5 min, 3 A):— for anode,6 — for catode

(x 1000)

Puc. 6. Coenunenne ZrO,-kepaMHUK{ U KapOCTOMKOH CTaJH, MassHOE MPHUIIOEM
HUXpOoM-20 ¢ MOMOIIBIO TIPOITYCKAHUS TOKa

Fig. 6. Joint of Zr@-ceramic and heat-resistant steel brazed by the nichrom-20
filler using the current pass

MonnOaeHOBOK cKOoObl. OOpaslpl HarpeBaid B Bakyyme, HaNpsDKEHHE Ha
TOKOIIOJBOJBl TOJAaBali 1O IUIaBJICHUS NpHUNOs. Bpems BbLAepKKH mOCie
TUTABJICHUSI COCTaBJSI0O MEHEE OJIHOW MHHYTHI, IIOCKONBbKY pacTeKaHhe
MIPOUCXOAMIIO OYE€HB OBICTPO.

[ony4ensl masiHble coeanHeHUs: ZrO,-KEpaMUKU C JKapOCTOMKON CTalblo
(puc. 6) u momuOmeHoM. V3mepeHa MPOYHOCTh COCAMHCHHI HA CIOBHI, OHA
cocraBmia ot 133 10 176 MIla st coenunennii ¢ MonubaeHoM u ot 102 no
139 MIla gns coeguHEeHWH cO cranbio. PaspymieHHe TPOUCXOAUIO IO
KepaMuKe, BO3MOXXHO MPOIyCKaHWE TOKa CYIIECTBEHHO CHMXKAET MPOYHOCTH
ZrOy-kepaMuKH.
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Boieoowr

[Mponyckanue TOKa depe3 Mex(dazHYIO TpaHHIy CYNICCTBEHHO YIIydIlIaeT
cmaunBanue ZrO,-kepaMuku MetauilaMu  (MEIbi0, HHUKEIeM, HHUXPOMOM)
Onarozapsi pacCTBOPEHHIO KOMITOHCHTOB KEpaMHKH B CIUIaBe. /laHHOE siBICHUE
MOJXKET OBITh UCTIOIB30BAHO JUTSI TAHKHA KEPAMUKH.

PE3IOME: JlocmimKkeHO BIUIMB TMPOIYCKAHHS EICKTPUYHOTO CTPyMy Ha
3mMouyBaHHS ZrO,-kepaMiku MiJjal0, HiKelIeM, CIUIaBOM  HiKEIb-XpPOM.
BcTanosieHo, oo npu aii e1eKTpUYHOrO cTpyMy 3MouyBaHHS ZrO, MeTamamu
TIOJTIMIIYETHCS BHACTIAOK PO3YMHEHHS KOMITOHEHTIB KEpaMiKd B PO3ILIABI.
Otpumano masHi 3'enHaHHs ZrO,-Kepamikd 1 MeTamy 3a JOINOMOTOIO
MPOIYCKaHHS CTPYyMY.

Knrouosi cnosea. 3mouysamHs, OIOKCUO YUPKOHIIO, BUCOKOMEMNEPAMYPHA
NPOGIOHICMb, NASIHHS, BAKYYM.
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Iocrynuna 15.11.16
Durov O. V., Sydorenko T. V.

Influence of electric current pass on the wetting of Zr@ ceramics with metals in
vacuum

The effect of electric current pass on the wetting of.Zr€amics with copper, nickel,
nickel-chromium alloy was studied. It was found that when the electric current is
applied, the wetting of Zrpwith metals is improved due to the dissolution of the
ceramic components in the melt. Brazed joints of xZc€amics and metals were
obtained by current pass.

Keywords: wetting, zirconia, high temperature conductivity, brazing, vacuum.
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