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Cratbs noctynuna B pegakumio 18 mapta 2013 roga

Hszeomoenena kepamuka cocmasa 97 mol.% ZrO, + 3 mol.% Y,03 ¢ mempazonanvhot

cmpyxmypou (95-98 wt% t-ZrO,) nromnocmoio 6.01 glcms. Yemanoeneno, umo mexanu-
yeckoe 6030elicmeue Ha KepamuKy aKmugusupyem npeoopaszosanue mempacoHaibHOl
(azvl 6 MOHOKIUHHYIO 8OIU3U NOBEPXHOCTU PA3PYULEHUS: NPU AOPAZUBHOU pe3Ke UTU NPU
paspyuienuu yoapom MoI0mKa YEeIudueaemcst cooepicane MOHOKIuHHoU gazvl. Ta sice
camas menoeHyus Habniooaemcs 6 oOpA3yax, COXPAHEHHBIX NOcae YOAPHO-BOIHOB020
Haepyoicenusi 0o dasneruti 36 u 52 GPa. Muxpocmpykmypel nogepxnocmeti uznioma OvLiu
U3y uenvl Memooamu 9AEKMPOHHOU Mukpockonuu. Haildeno, umo yoapno-8onHosoe
colcamue He NPUBOOUM HENoCpPeOCmEenHO K mpaHchopmayuy mempazoHaivbHol (hazvl 6
MOHOKIUHHYIO, U OaHHOE (Pa3080e npespawjerie npoucxooum na cmaou pasepy3Ku npu
paspyuwenuu oopaszya. Coxparnennvle 00pasyvl He uUMenu MmakKice HUKAKUX ciedos ¢hazo-
8020 Npespaujerust ¢ yMeHbuleHueM y0eibHo20 00vema, komopoe nadodarocs Mashimo
u op. [12] npu oasnenuu 30-35 GPa.

KuaroueBble ciioBa: ynapHOE CxKaTue, YaCTUYHO CTAOWIM3UPOBAHHBIN JHOKCH ITUPKO-
HUS, OKCHJI UTTPHsI, pEHTTeHO(ha30BhIN aHAIN3, aTOMHAsl CHJIOBAass MUKPOCKOITHS, CKaHHU-
pyromias 3IeKTPOHHAsT MUKPOCKOTIHS

Bucomosneno xepamixy ckaady 97 mol.% ZrO, + 3 mol.% Y,03; 3 mempazonanvhoro
cmpykmyporo (95-98 Wt% t-Zr0,), eyemunoio 6.01 glcm®. Bemanoeneno, wo mexaniuna
0isl Ha KepamiKy aKmueizye nepemeopenHs mempazoHaibHoi hazu 8 MOHOKIIHHY NOOAU3Y
NOBEPXHI PYUHYBAHHA. NPU AOPASUSHOMY PI3AHHI b0 Npu PyUHY8AHHI YOAPOM MOAOMKA
30IILUYEMbCSL KITbKICMb MOHOKIIHHOT paszu. Ta oc cama mendenyis cnocmepieacmscs y
3paskax, 30epexceHux nicis yOapHo-Xeuib068020 Hasanmadicenus 0o muckis 36 i 52 GPa.
Mikpocmpyxkmypu nogepxornv 3iamy 0y10 6UEUEHO MEMOOAMU eLeKMPOHHOT MIKDOCKORIL.
Buseneno, wo yoapro-xeunvose cmucHenHs He Npu3eo0ums 6e3nocepeoHbo 00 Mpauc-
Gopmayii mempaconanvhoi ¢aszu 6 MOHOKIIHHY, | ye (azoee nepemeopenus 6i00yea-
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EMbCSL HA cMAdii pO36AHMAICEHHS NPU PYUHYBAHHI 3paszKd. 30epediceHni 3pa3Ku He Mau
MAaKOodIC HIAKUX Clidie (hazo6020 nepemeopents 3i sSMEHUEHHAM NUMOMO20 00'emy, sKe
cnocmepizanocs Mashimo ma in. [12] npu muckxy 30-35 GPa.

Kiro4ori ciioBa: yaapHe CTUCHEHHS, YaCTKOBO CTaOLTI30BaHMIA JIOKCH] IIMPKOHIIO, OK-
cuj iTpito, peHTreHo(a30BHH aHAJi3, aTOMHA CHJIOBA MIKPOCKOIIisl, CKAHyBaJIbHA €IeK-
TPOHHA MIKPOCKOITis

1. BBenenue

Kepamuka Ha ocHOBE AMOKCHIA IUPKOHUS SIBJISIETCS NEPCHEKTUBHBIM C
TOYKH 3PCHUS Pa3IMYHBIX MPOMBINUICHHBIX MPUI0KCHUN MaTepruaaioM, UMEro-
MM BBICOKYIO XMMHMUYECKYI0O MHEPTHOCTh, orHeynopHocts Boime 2900 K, uc-
KJIIOYHMTEIbHYIO0 MPOYHOCTh, TPEIIMHO- U W3HOCOCTOMKOCTh [1,2]. Mccnenopa-
HUS B oOnacTu pa3pabOTKH TEXHOJIOTUH MPOU3BOJACTBA M H3YUCHHUS CBOMCTB
JAHHOM KepaMUKHU BBIMONHAIOTCS B YKpaune, Poccun, Anonuu, CIIA u apy-
rux crpanax [3-8].

Panee [7,8] HamMu ommcaHO M3rOTOBJICHHE 10 OPUTHHAIBHOW TEXHOJIOTHU Ke-
paMHKH Ha OCHOBE YaCTHYHO CTAOMJIU3UPOBAHHOTO MuoKcuia mupkonus (PSZ) u
U3YYEH pAJl € CTaTUYECKUX M JUHAMUYECKUX XapakTtepucTuk. OOpasipl kepamu-
KA Ha OCHOBE YAaCTHUYHO CTAOWIM3MPOBAHHOTO OKCHJIOM WUTTPHUS JHOKCHIA LUP-
kouus coctaBa 97 mol.% ZrO, + 3 mol.% Y,03 u3roraBiuBaiu U3 MOPOIIKOB
BBICOKOM JIUCTIEPCHOCTH (pa3Mep arperatoB cepuieckoil GopMbl COCTaBIISI Me-
Hee 1 um) C paBHOMEpHBIM MO 00BEMY XHMHUYECKMM cocTaBoM. Ilocie obxwura
ObLJ1a MOJydeHa KepaMHKa ¢ TUIOTHOCTBIO 5.79 g/cm3 npu nopucrtoctu 6.3%. Ta-
Kas KepamMHMKa MMeJa TpemuHocToWkocTh Ki. = 8 MPa-mllz, MHUKPOTBEPAOCTH
HV = 15 GPa, tBepaocts o Pokemry HRC = 89 emaunmui. CormacHo gaHHBIM
pentreHogdazoBoro ananuza (XPA) kepamuka MMena MPEUMYIIECTBEHHO TETpa-
TOHAJbHYIO CTPYKTYpY (> 93 Wi%).

Llens naHHON paboOTHI cocTOsAIa B pa3pabOTKe TEXHOJIOTUU M3TOTOBIICHUS, KO-
TOpasi MO3BOJIsUIa OBl YMEHBIIUTh MMOPUCTOCTh KEPAMHKH, U B UCCIICJOBAHUH OCO-
OCHHOCTEH pa3pylieHus: KepaMUKHU B YCIOBUSAX YJIApPHO-BOJIHOBOTO HATPYKEHUS U
MEXaHUYECKOro Bo3jaeWcTBUA. Takke ObLIM M3yueHbl MEXaHUYECKHE CBOMCTBA
W3TOTOBJICHHON KEPAMHKH U €€ CTAOMILHOCTD MTPH HU3KUX TEMIIepaTypax.

2. TexHoJI0THS U3TOTOBJIEHUsI 00PA3IOB U CBOIiCTBA
000K:KeHHOM KepaMUKH

O6pa3sisl kKepamMuku Ha ocHoBe PSZ cocraBa 97 mol.% ZrO, + 3 mol.% Y03
W3rOTaBJIMBAINA M3 IMOPOIIKA YACTHYHO CTAOMIM3UPOBAHHOTO IMOKCHA IMPKOHUS
npoussoactea KHP. KomruectBo okcnma urtpust B Hem coctasisiio 3.0-3.1 mol.%,
a mpumeceii Fe;03, Na0O, SiO; — menee 0.01%.

®pakIMOHHBIA COCTaB UCXOAHOTO MaTepHalia UCCIICIOBAIA HA aTOMHOM CHJIO-
BoM Mukpockornie Solver P47-PRO momyKOHTaKTHBIM METOJIOM B PEKHUME «BBICO-
ta». [loaydenHoe n3o0pakeHre U CTo0YaTasi THCTOrpaMMa pacrpeesieHUs Jac-
THI] TIOPOIIIKa M0 pa3MepaM MpHuBeaeHbl Ha puc. 1 (Ha rucrorpammax Ha puc. 1 u
Janee oL — OTHOILICHUE YUCIa 3EPCH, JIMHCHHBIA pa3Mep KOTOPBIX BapbUPYETCS
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4. Height
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Puc. 1. MuKpOCTPYKTYpbl HCXOAHOTO mopoiika PSZ (a) u 06a30BOil MOBEPXHOCTH
CIIEYEHHOM M3 HETO TAOJETKH (6) M XapaKTepPHU3YIOIIHe UX rHCTorpaMmel: a — {d) = 71 nm,
6 —(d) =422 nm

B IpeJenax, 3a/aBaeMbIX IMIMPUHOM JAHHOTO CTOIONA THCTOTPAaMMBI, K 00-
IIEeMY YHCITy 3ePEH Ha UCCIICyEMOM YYaCTKe MOBEPXHOCTH). JIMHEHHBIE pa3MephbI
OKpYTJBIX B IUIAHE YACTHUI], CJIAralolUX HCXOJHBIN mopomok ZrOj, jexaT mpe-
uMyIecTBeHHO B auanasone 40—-100 nm, ux cpemumii pasmep (d) cocrasiser ~ 70 nm.
Yacrtuipl 00beJMHEHBI B TUIOTHBIE arperarsl quaMerpom okoso 0.5-3 um, xoro-
phI€, B CBOIO OU€peh, BXOAT B COCTAB PHIXJIBIX TpanyJ qruamerpom ~ 100 pum.

Pentrenogasossiii (Cu K,) aHain3 MCXOJHOTrO MOPOIIKA MOKa3all HAJIHMYUE B
HeM Tpex (a3 — kyOuueckoro (oboramenHoro Y203, 42 wt%), TeTparoHaabHOTO
(26 wt%) u moHOoKIHHHOTO (00eaHEeHHOTO Y203, 32 Wt%) TBEepabIX pacTBOPOB HA
OCHOBE TMOKcuaa IMpKoHus. [lapamMeTp KpUCTaUIMYECKON PEIIeTKH KyOn4ecKoro
TBepaoro pacteopa a = 0.5129 nm, uto cootBerctByeT 5 Mol.% Y,,03. Benmuuns
obnactet korepenTHoro paccesHus (CSR) s KyOM4YecKoil, TeTparoHajabHOW |
MOHOKIIMHHOM ()a3 cOCTaBWJIM COOTBETCTBEHHO 65, 45 1 40 nm.

B mopomok BBOAMINM BPEMEHHYIO TEXHOJIOTUYECKYIO CBS3KY M IPECCOBAIH
o0pa3usl npu gasnenuu 0.2 GPa. O6xur npoBoaunu npu tremneparype 1450°C B
BO3IYILIHO# aTMocdepe ¢ Bbiaepxkkoi 2 h mpu koHeuHo#t Temnepatype. Jlunelinas
ycaJika Matepuana coctaBuia 26%.

[To manapiM XPA 000%>KEHHBIX 00pa3IloB, B MPOIIECCE CIEKAHUS MPOU3OIILIO
niepepacripe/iefiecHie CTaduan3aropa Mo 00beMy KepaMHUKH MEXIY HCXOTHBIMH
KyOUYECKHMM M MOHOKJIMHHBIM TBEPJBIMH PAacTBOpamMu (TyOWHA MPOHUKHOBEHHS
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PEHTTEHOBCKOTO M3TyueHHs B oOpaser okosio 10 um). B pesynbrare 3T0r0 3HAYH-
TenbHO (10 2—5%) yMEHBIIMIOCH CONEP)KAHUE MOHOKIMHHOW (a3bl, KyOudeckast
¢daza moTHOCTHIO McYe3na U3 O0OXOIKEHHOTO0 MaTepuala, a B3aMeH oOpa3oBalics
TETparoHAIBHBIN TBEpAbIA pacTBop, pazmep CSR (= 100 nm) KOTOpOro 3aMeTHO
MPEBOCXOIUT 3HAUCHUS, 3a)UKCUPOBAHHBIC ISl UCXOJHBIX KyOU4YecKol U TeTpa-
roHanbHOM (a3. Takoii ke CSR naGmomaercs st MOHOKIMHHOM (asbl. Pentre-
HOBCKasl IJIOTHOCTh KEPaMHKHU cocTaBiisiia ~ 6.20 glcm3, a TUIOTHOCTB, Ompeie-
JICHHAs METOJIOM THIPOCTaTUYEeCKOro B3BemmBaHus, — 6.01 g/cm3, 9TO COOTBET-
CTByeT nopucrtoctu ~ 3%.

CrpykTypa 0a30BOil MOBEpXHOCTH crieueHHOW Tabnetku (puc. 1) Hacmemyer
CTPYKTYpY MCXOJHOTO MOPOIIKA: Ha HEl HAOMI0JaI0TCsl 00JIacTH, IO pa3Mepy Cco-
MOCTaBUMBIC C PHIXJIBIMH IPAHYJIAMH B UCXOIHOM ITOPOIIKE, OTJCIICHHBIC IPYT OT
Jpyra XOpoIIO BBIPAXKEHHBIMH TpaHuamMu. OOIacTH ciaraloTcs U3 YacTHull, Ju-
HEHHBIC pa3Mepbl KOTOPHIX CYIIECTBEHHO BBINIC, YeM B MCXOJHOM ITOPOINKE, H
Haxojsrcs B uaTepBaie 200-600 nm ((d) = 422 nm), 4TO HE MPOTUBOPCUHT JTaH-
HeIM XPA 1o pasmepy CSR. YacTuibl arperupoBaHbl, a MEXIy arperatams Ha-
OJIF0JIAI0TCS XOPOILIO BBIPAKEHHBIE TPaHUIbl. PasMepbl JaHHBIX arperaToB COU3-
MEPHMBI C arperaraM, COCTABJISIFOIIMMH UCXOMHBIN MOporok. OTCyTCTBUE BH-
JTUMBIX MOJIOCTEH KaKOro-Iu0o APYroro TUMA MO3BOJIAET CIENaTh BBIBOJ, YTO IO-
PUCTOCTh MaTepHajia CBsS3aHA B OCHOBHOM C BHYTPEHHUMH TPAHUIIAMH MEXIY
YHOOMSIHYTBIMU BbIIII€ 00JACTSIMH U arperaTaMu.

[To cranmapTHBEIM METOIMKaM OBLIT ONPEIENICH PSIi MEXaHUIECKUX CBOWCTB Ke-
pamuku. TpemuHocTolikocTh K. coctaBmia 8 MPa-mllZ, MuKpoTBepaocty HV —
15.5 GPa, tBepmocts mo Pokeemry HRC — 89 emunwuu. Ilpexen mpoynoctu npu
cTaTHYecKoM u3ruode op kepamuku coctaBui 1500 £ 200 MPa. Cnexnyer oTMETHTB,
YTO Il KEPAMHKH C TUIOTHOCTBIO 5.79 g/cm3 3HAYCHHE G OBLIO TIOYTH B J[BA pas3a
menbite [7]. Beawuwunsl npogonsHoii Cp u momepeunoit C; ¢a3oBbIX CKOpocCTeit
3ByKa, omnpejieieHHbie Ha gactote 5 MHz, cocramstm 6.81 + 0.03 u 3.60 + 0.03 km/s
COOTBETCTBEHHO. 3HAYCHHUS MOJYJISI CIIBUTA, MOJYJISI BCECTOPOHHETO CXKATHSI, MO-
nyns FOnra n kosddumnuenta [lyaccona ObutM paccunTaHbl HA OCHOBAaHWM JaH-
HBIX YJIBTPa3ByKOBBIX M3MEPEHHUH M COCTaBIsIM cooTBeTcTBeHHO: G = 78 GPa,
K= 175 GPa, E = 203 GPa, v = 0.31. UccnenoBanue mertomamu XPA ob6pasmos
KEPaMUKH IOCJIC BBIJICP)KKH B TEUCHUE YETBEPTH yaca B xujakom azore (77.4 K) u
xuakom reuu (4.2 K) He BBISIBHIO CKOJIBKO-HUOY/Ib 3HAYUMBIX H3MEHEHHI B (pa-
30BOM COCTaBe, a TaKXkKe IMapamMeTpax KPUCTALTUYECKHX PEHIETOK U pa3Mepax
CSR TeTparonanbHOT0 1 MOHOKJIIMHHOTO TBEP/IBIX PACTBOPOB.

3. MexaHu4ecKoe pa3pylieHue

Kepamuka Obuta moJBepruyTa pe3ke ajiMa3HbIM HHCTPYMEHTOM, MeXaHude-
CKOMY YAapHOMY Harpy>XeHHro (pa3pylIeHHIO ¢ MOMOIIbI0 MOJOTKA M 3yOuiia mo
HaJpe3y) U Pa3pyIICHUIO IPU UCIIBITAHUN HA TPOYHOCTH MPU CTATUYECKOM H3TrHoe.

Taxoke 00pa3mbl KepaMUKK ObUTM TOABEPTHYTHI YIApHO-BOJHOBOMY HarpyiKe-
HHUIO B CTaJIbHBIX aMITyJlaX COXpPaHEHMS IUIOCKOW T'€OMETPHH MO METOAMKE, TMOJ-
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po6HO omucanHoOl B padorax [9—11]. MakcumanbHOE HampsKEHHE YAaPHOTO CiKa-
TUs cocTaBsuio 36 u 52 GPa u mocTuranocs B TeYCHHUE HECKOIBKHUX IUPKYJISIIAN
BOJIH B 0Opasiie (CTyrneHuaToe OJHOOCHOE yIapHO-BOJIHOBOE cxxatue). [locie skc-
NIEPUMEHTOB IHJIHHIPUYCCKIE aMITyJIbl COXPAHEHUS!, BHYTPH KOTOPHIX HAXO/IMUINCH
UCTIBITyeMbIe 00pa3ibl, 1e(OPMHUPOBAIUCH. TOJIIMHA aMITyJI YMEHBIIMIACH Ha
~10%, a ux HapyXHBI AUAMETp yBETUUMWICS Ha ~ 8% MO OTHOIIEHHIO K UCXOJ-
HBIM 3HaYCHUSM. AMITYJIBI BCKPBIBAIM HAa TOKAPHOM CTaHKe. Tak Kak B mporecce
IKCIIEPUMEHTA 00Pa3Ibl KEPAMHUKHU TTOJIBEPTaIH HE TOJIBKO OJHOOCHOMY YAapHOMY
CXKaTHIO, HO U TOCIIEYIONIEMY BO3ACHCTBUIO B3aMMOJICHCTBYIOIINX MEXITy COOOM
BOJIH Pasrpy3KH, MOHOJIMTHOCTh M3BIICYEHHOTO W3 aMITyJIbl HCIIBITYEMOTO 00pasia
ObLTa HapyIIeHa CETKOW PAIHabHBIX U KOJBIICBBIX TPEIIHH.

[Tocie Bcex BUIOB MEXaHHUUECKUX BO3MEHCTBUM, Kak U B pabote [7], Habmo1a-
€TCsl yBEIIMUYCHUE COACPKaHUsI MOHOKIMHHOM (ha3bl Ha MOBEPXHOCTIX Pa3pyLICHUS
obpasma. ConepskaHne MOHOKIMHHOM (a3bl Ha cpe3e Bo3pociio 10 ~ 7—15 wt% u
Ha m3nomax — a0 ~ 21-33 wt%. Pasmep CSR TeTparoHaisHOro TBEpPIOTO pPacTBO-
pa Ha cpe3ax W M3JIOMax MEHbBIIIE, YeM Ha MOBEPXHOCTH OCHOBAHHMS, U COCTABIISICT
20-80 nm. D10 cBUACTENLCTBYET 00 yBEIMUCHUHU Ne)EKTHOCTH CTPYKTYpHI Kepa-
MUKH B 30HE pa3pyIICHHUS.

[Tocne ynapuo-BosmHOBOTO Harpy»kenus 10 36 GPa coxeprkanne MOHOKJIMHHON
(a3bl HA MOBEPXHOCTSX OCHOBAaHHS BO3pocio 10 12—-16 wt%, a B TpemmHax — 10
27 wWt%. Pa3mep CSR TeTparoHaabHOTO TBEPIOro pacTBOpa Ha BCEX MCCIIEIOBAHHBIX
MOBEPXHOCTSAX YMEHBIIUJICS 10 CPAaBHEHHUIO C UCXOJHBIM M cocTaBisut 43—45 nm.
[Tocite ymapHO-BONTHOBOTO HarpykeHust 10 52 GPa comepkaHne MOHOKJIMHHOM
(a3pl Ha MOBEPXHOCTSIX OCHOBaHUS Bo3pocio 10 14—19 wt%, a B BepTHKaJIbHBIX U
TOPU3OHTANIBHBIX TpenHax — 10 33 Wit%. Pazmep CSR terparonansHoii dha3sl Ha
MOBEPXHOCTSX OCHOBAaHWS YMEHbIIWICA 10 43 NM, a B TpemmHax — 10 28 nm.
YBenu4eHHOE COJIepKaHNE MOHOKIMHHOW (ha3bl Ha TOBEPXHOCTSIX OCHOBAHHS
10CJIe SKCIIEPUMEHTOB I10 YJapPHO-BOJIHOBOMY HArpy>KEHHIO CBSI3aHO C TEM, YTO
UCCJICTyEeMbIE TIOBEPXHOCTH OBLTH TIOKPHITHI CETKOM TPEIIHH.

Heo0xomuMo OTMETHTh, YTO B pe3yJibTaTe YAapHO-BOJHOBBIX HArpyXCHUMN
NPOM30III0 IMEHHO PACTPECKUBaHUE, a HE MOJIHOE pa3pylieHue oopasiia, Kak 3To
UMeJo OBl MECTO B CIydae €ro 0ObeMHOM MEePEeKPUCTAIUIN3ANNA. ITO CBUACTEIb-
CTBYET O TOM, YTO B IPOIIECCE YApPHO-BOJIHOBOTO C)KAaTHs B UCCIICIOBAaHHOM JIHa-
na3oHe JaBJICHUI HUKAKUX (a30BbIX MpeBpalleHui (kak 00paTUMBIX, TaK H HE0O0-
paTUMBbIX), COMPOBOXKAAIOIINXCA U3MCHEHHEM YIICIbHOTO 00beMa, B 00pasie He
npoucxoamio. Habmronaromneecs ke Ha MOBEPXHOCTAX TPEUIMH (a3oBoe MpeBpa-
IICHUE TETParoHaJLHOTO TBEPAOTO PAcTBOPAa B MOHOKJIMHHBIA OCYIIECTBISIIOCH
Ha CTaJAWU pa3pymieHus oOpasla B3aMMOJCHCTBYIOUIMMH BOJHAMH pa3rpy3KH.
Takum o0pa3zom, maHubie padoT [6,12] 0 Bo3MOKHOM (ha30BOM MpEBpaIlEHHH C
YMEHBIIIEHUEM YJIeTLHOTO 00BheMa, UMEIoIeM MecTo B PSZ mpu HampsokeHHH
yaapaoro cxatus 30—35 GPa, HyknaroTcs B JOIOJIHATEIFHOM aHAIH3E.

HccnenoBanre MUKPOCTPYKTYPbI HM3JIOMOB MPOBOAMIM HAa PAacTPOBOM DJICK-
tpoHHOM MuKpockore Hitachi S 405A mo crangaptHoi Metoauke. [ToBepxHOCTH
U3JI0MOB, MOJYYSHHBIC METOIJAMH MEXaHUYCCKOTO yIAPHOTO HAIPYKECHUS M TPEX-
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TOYEYHOTO M3rnda 0alouKH, TIOX0KH U UMEIOT MHOTOYPOBHEBYIO CTPYKTYpY, Ha-
CIIEyeMYI0 OT CTPYKTYPBl arperaTtoB HCXOJHOTO mopomrka. O0e MOBEpXHOCTH
UMEIOT TePPACOBUAHBIN penbed ¢ MPOTsHKEHHOCTHIO crymnened ~ 100 um B morme-
peunuke. Ha cTymeHsX XOpomio pa3IruuMBbl arperatel ~ 8 UM B MONEpPEYHHUKE,
CTPYHITMPOBAHHBIE M3 TIOJIMPHIECKUX YaCTHILl pasMepamu B ocHOBHOM ~ 0.2-0.8 um
(puc. 2). Ob6aacT ¢ XOPOIIO BBIPAKCHHBIMU IPAHUIIAMH YEPEIYIOTCS ¢ 00IacTs-
MH, TJ€ OTpaHKa 3epeH ciabo BhIpakeHa. DTO CBHICTENBCTBYET O TOM, YTO B
000MX CiTydasx MMEJIO0 MECTO CMENIAHHOE, MEX- M TPAaHCKPUCTAJUIUTHOE pas3py-
meHne marepuana. CpeqHHMH pasMmep 3epHa JJsl W3JI0Ma W3THOOM COCTaBIISCT
~ 366 Nm, a 11 U3I0Ma MEXaHMYECKUM YAapHBIM Harpykenuem ~ 387 nm.

[ToBepXHOCTH PACKPBITHIX TPEUIMH 00pasla, COXPAaHEHHOTO TOCIE YIapHO-
BOJIHOBOTO HarpyxeHus 1o naBineHusi 36 GPa, Takke HUMEIOT TeppacOBUIHBIHN
penbed ¢ ITMHHBIME (B HECKOJIBKO COTCH MUKPOMETPOB) CTYNCHSMH M OT/CIIbHBI-
mu MukpotpenirHamu. [Ipu 6onee neranpHOM aHanuse (puc. 3) 0OHapyKUBaeTCs,
YTO MPOIIC/IINE TPEIMHBI OOHAXMIA Ha MOBEPXHOCTH Pa3pyIICHUsI TPYIIIbI MO-
JUBPUIECKUX YaCTHI] C TUHEHHBIMH pa3MmepaMu B ocHOBHOM ~ 0.2-0.6 pm u enu-
HUYHBIE, JOBOJBHO PEIKO PACMOJIOKEHHBIE BKIIOYEHUS C pasMepamu 1-2 pum.
CpenHuii pa3Mep 3epHa Ha MCCIEIOBAaHHOM y4YacTKe TIOBEPXHOCTH M3JIOMa COCTaB-
asier 401 nm (6e3 ydera maHHbIX BKIroueHUit 399 nm). [ToBEpXHOCTH PacKPBITHIX
TpeuH 00pasiia, COXPaHEHHOTO TOCie YAapHO-BOJHOBOTO HArpyXKEHHs 10 JlaBie-
uust 52 GPa, B OCHOBHOM aHAJIOTWYHBI ONMUCAaHHBIM Bbiiie (puc. 3). Cpenuuii pasmep
3epHa Ha UCCIIEI0BAaHHOM y4acTKe TIOBEPXHOCTH M3JI0Ma cocTasisieT 389 nm.
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Puc. 2. TloBepxHOCTH M3JIOMOB OOpa3LOB MOCPEACTBOM HM3ruba (a) ¥ MEXaHHYECKOTO
yIapHoro paspyiieHus (6) U XxapakTepHu3yromie ux rucrorpammsr: a — (d) = 366 nm, 6 —
(d) =387 nm
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Puc. 3. TToBEpXHOCTH PACKPBITBHIX TPEUIMH OOpasIoB, COXPAHEHHBIX IOCIE YyAapHO-
BOJTHOBOTO Harpyxeuus 10 36 GPa (a) m mo 52 GPa (6), u xapakTepusyroime HX
rucrorpammer. a —{(d) = 399 nm, 6 — (d) = 389 nm

CpaBHUBass MeXAy COO0H MUKPOCTPYKTYPBI H3JIOMOB, MOJYYCHHBIX pa3liny-
HBIMH METOJIaMH, MOXXHO CJIeJIaTh BBIBOJI, YTO OHHU IMPAKTHYECKH OJWHAKOBBHI.
3naveHus (d) Ha BCeX MCCIICAOBAHHBIX MOBEPXHOCTSIX H3JIOMOB Pa3JIMYalOTCS HE
6osee yeM Ha 10%. DTO CBHIIETELCTBYET O CXOJCTBE MPOIIECCa Pa3pyLIICHUS TIPU
yIapHO-BOJIHOBOM U MEXaHWYECKOM HarpyXeHHUsX, a TAaKXKe O BHICOKOW OHOPOJI-
HOCTH CIIEYCHHOUN KEPaMHKH.

B pabote [7] oTmMedanock, 4To yAapHbIi U3JI0M MPOXOAUT 1O Hauboiee ocnad-
JeHHBIM obJyacTsiM PSZ, HecTaOMIBbHBIM IO OTHOIIEHHUIO K TpaHc(opmaluu B Mo-
HOKJIMHHYIO (hasy. Takumu obOnactsaMu SBISIOTCA oOjacTu ¢ Oojee KpYMHBIM
pa3mepoM KpucTauioB (3epeH). B ycrnoBusSX ke MCHBITAHHNA HA MPOYHOCTH MPHU
CTaTUYECKOM H3rH0Oe HAaIpaBlICHHE Pa3BUTHUS TPELIUMHBI OMpEAesseTcs 3apaHee
3a/IaHHBIM TIOJIEM HAMpPSDKEHUU. DTO OOBSACHSAET, MOYEMY HAUMEHBIIUNA pa3Mep
3epHa ((d) = 366 nm) 3adhukcUpoBaH UMEHHO Ha TTOBEPXHOCTHU M3JI0MA, MOJYYCH-
HOTO TIPY TPEXTOUYEYHOM H3THOE.

Cpennuii pa3mep 3epHa Ha moBepxHocTu oOpasnos ((d) = 422 nmM) HeCKOJIbKO
BBIIIIE, YEM BHYTPH MaTepuasia. ITO OOBSICHSACTCS TEM, YTO BHEIITHSS IIOBEPXHOCTh
00pa3IoB ABJSICTCS MOITHBIM CTOKOM BakaHcuii U Mukpornop [13], a mopsr Topmo-
3T MEepeMEIIeHUEe TPaHHIl 3¢peH NpU CICKaHWM W pekpucramtusanuu [14,15],
YMEHBIIICHNE UX KOHIIEHTPALMU y BHEIIHEH MOBEPXHOCTH MPUBOAUT K MHTEHCH-
(UKaIK IPOIIECCOB POCTA 3€PEH B MPUIIOBEPXHOCTHBIX 00IACTSIX.
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VY KepaMuKH ¢ IJIOTHOCTHIO 5.79 g/cm3 u3 pabotsl [7] cpemHuii pa3mep 3epHa
Ha noBepxHoctu (d) ~ 600 nm, uro B 1.5 pa3za Gosnbliie, ueM y 00pa3IoB KepaMHUKH
U3 JaHHOW paboThl. HeoOX0aMMO OTMETHTB, UTO HA MOBEPXHOCTH yAApPHOTO H3-
noma B [7] oTMedanoch He CHM)KEHHE, a CYIIECTBEHHOE BO3pacTaHHE pasmepa
3epHa ((d) ~ 1100 nmM) 1o OTHOIIEHHIO K BHEIIHEH TOBEPXHOCTH. DTO CBUICTEIIb-
CTBYET O BBICOKOIl CTPYKTYPHOIl HEOJHOPOIHOCTH KepaMUKH [7] u Hamu4uu B ee
obbeMe 0oJbIIoro yucia Kpymueix (1 um u Gosee) 3epeH, SIBIAIONIMXCS HECTa-
OWJIBHBIMU 110 OTHOUICHHIO K TIEPEX0y B MOHOKIMHHYIO (hazy. Bumumo, stum u
OOBSICHACTCS] €€ OTHOCUTEIHbHO HU3KHHA MpEeAes MPOYHOCTH TPU CTAaTHIECKOM H3-
ru6e (800 MPa no cpauenuito ¢ 1500 MPa y kepamuku, siBIsfoIneiics mpeame-
TOM HUCCJICIOBaHHI B JaHHOW pabote). B TO e Bpemsi MUKPOTBEPAOCTh HAIICH
KepaMHUKH BO3POCIIa 10 CPaBHEHHIO ¢ Kepamukoii [7] Bcero Ha ~ 3%.

3akjaro4yeHue

Wsrorosnena kepamuka cocraBa 97 mol.% ZrO, + 3 mol.% Y,03 ¢ terparo-
HAJIBHON CTPYKTYpOH, TUIOTHOCTRIO 6.01 glcm3, MOPUCTOCTHIO ~ 3%, BBICOKOM
(1500 MPa) mpo4yHOCTBIO Ha H3THO U MUKpOTBepaocThio 15.5 GPa.

DKCMEPUMEHTHI, BHIMIOJIHEHHBIC B JaHHOM padoTe, MOKa3hIBAIOT, YTO B TpOIecce
yIapHO-BOJTHOBOTO CXKaTHsI kepamuku PSZ B nuamnaszone nasneHuii 10 52 GPa ¢aszo-
BBIX IPCBPAILCHU, COMPOBOMKIAIONINXCS U3MEHEHUEM YJICFHOrO 00heMa, HE 3a-
(bukcrpoBaHO (TakuM 00pa3oM, maHHbIe paboT [6,12] o Bo3MOKHOM (ha30BOM Mpe-
BPAICHUN C YMEHBIIICHHEM YACIBHOr0 00beMa, mMeromeM Mecto B PSZ npu Ha-
npsokeHun yaapaoro cxarust 30—35 GPa, HyKIaroTCst B OMOJHATEILHOM aHAJIH3E).

HaGmoaromieecss Ha TTOBEPXHOCTSX TPEIIUH B COXPAHECHHBIX TOCIE YAapHO-
BOJIHOBOTO HarpyeHusi oOpasmax (a3oBoe MpeBpallleHUEe TETPAroHAIBHOTO
TBEPJIOTO PAaCTBOPa B MOHOKJIMHHBIM MTPOUCXOIWIIO MPHU pa3pylIeHUH oOpasia Ha
CTauy pasrpy3ku. M370Mbl, OJYUYCHHBIC MIPH yIaPHO-BOJIHOBBIX HATPYKEHHSIX,
CXO0XH C M3JIOMaMH, TIOJYYEHHBIMU TP MEXaHUYECKOM pa3pylICHUU KEPaMUKU
JPYTUMH METOJIAMH.

Kepamuka PSZ crabuipHa 1o OTHOUICHHIO K JCHCTBHIO HU3KUX TEMIIEPATyp
BIUIOTH 10 4.2 K.

[Tpenen MPOYHOCTH TpH CTaTUYECKOM H3rube kKepamuku PSZ cymecTBEHHO
BO3PACTacT C YMCHBIICHUEM pa3Mepa 3epHa U YBEJIMYCHUEM CTPYKTYpPHOU OJHO-
POIHOCTH KepaMUKH, TOT/Ia KaK MUKPOTBEPJIOCTh HE CTOJIb YYBCTBUTEIbHA K M3-
MEHEHHIO ITHX ITapaMeTpOB.

PaGoTa BbImonHeHa npu nojaepxke ['ocyjapcTBEHHOM KOpropauu mo aToM-
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DESTRUCTION OF CERAMICS BASED ON ZrO, UNDER MECHANICAL
IMPACT

The article considers the technology of manufacturing of ceramic samples based on zir-
conia partially stabilized with yttrium oxide. Specimens of the ceramics based on zirconia
partially stabilized by yttrium oxide of the composition of 97 mol.% ZrO, + 3 mol.% Y,0;
were prepared. The ceramics mainly have the tetragonal structure (95-98 wt% of t-ZrO,).
The densities of the specimens were 6.01 g/cm3. Mechanical impact on the ceramics acti-
vates transformation of the tetragonal phase into the monoclinic one near the fracture sur-
faces: at the abrasive cutting or at the fracture by hammer shock, the content of the mono-
clinic phase increases. The same trend was observed in the specimens recovered after
shock compression up to 36 and 52 GPa. Microstructure of the fracture surfaces was
studied by means of scanning electron microscopy. The crystal structure was studied by
means of X-ray phase analysis. Fractional composition of the starting powder was exa-
mined by atomic force microscopy. The recovered specimens did not reveal any traces of
the phase change accompanying the reduction of specific volume, which was reported by
Mashimo et al. under the pressures of 30-35 GPa. The samples were immersed in liquid
nitrogen (15 min) in liquid helium (15 min). Phase composition of the samples did not
change.

The article discusses the results of research of the phase transition of the tetragonal
phase into the monoclinic one near the fracture surfaces under the influence of shock
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compression of up to 36 and 52 GPa as well as initiated by other types of mechanical
fracture of the sample.

Keywords: shock compression, partially stabilized zirconia, yttrium oxide, X-ray phase
analysis, atomic force microscopy, scanning electron microscopy

Fig. 1. Microstructures of the initial PSZ powder (a) and the base surface of the sintered
tablet (6) and the characterizing bar graphs: a — {d) =71 nm, 6 — (d) = 422 nm

Fig. 2. Surfaces of breaks of the samples fractured by means of the bend (a) and me-
chanical impact fracture (6) and the characterizing bar graphs: a — (d) = 366 nm, 6 — (d) =
=387 nm

Fig. 3. Surfaces of the opened cracks of the samples recovered after shock-wave loading
up to 36 GPa (a) and 52 GPa (6) and the characterizing bar graphs: a — (d) =399 nm, 6 —
(d) =389 nm
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