Mechanical Engineering

YK 621.793.71

IJIASMEHHBIE TEIVIO3AIIIUTHBIE TOKPBITUSA
HA OCHOBE JJUOKCHJIA LIUPKOHUS
C NOBBIILEHHOM TEPMOCTOUKOCTBIO

Joxm. mexu. nayx, npogp. JEBOHHO O. I'., acn. OKOBHTBIH B. B.

benopycckuii nayuonanvhulii mexHuueckull ynusepcumem
E-mail: vasil_ok@inbox.ru

B crarbe U3I0KeHa ONTHMH3AIHS IPOIIECCOB MOMYUEHUS MAKCUMAILHOTO COJIEPIKAHUsI TETPAroHANbHON (a3bl B HCXOJI-
HOM MaTepuajie U B TeIUIO3AIINTHBIX MOKPHITHIX HAa OCHOBE IMOKCH/IA IUPKOHUS U oKcuza raduus. [IpuBeneHsl pe3yabTaThl
uccrenoBanus pazoBoro coctaBa okcuaHoi cucrembl HfO,—ZrO,—Y,03, koTOpas npeacTasiseT coboit MUKPOCTPYKTYPY, 1O-
XOXKYIO Ha TUOKCHJT IAPKOHHMS, TPAHC(HOPMUPOBAHHYIO ISl HCIIOJIB30Banus ipu temmeparype 1300 °C, 00bsiCHEH MEXaHU3M
BIIMSIHUS OKcrza radHust Ha GOPMUPOBaHKE JAHHOH MHUKPOCTPYKTYphl. MeToarKa HCCIeI0BaHuUs OCHOBaHA HA KOMILIEKCHBIX
MeTautorpaguuecKux, peHTTeHOCTPYKTYPHBIX U 3JIEKTPOHHO-MHUKPOCKOMMYIECKHX HCCIACIOBAHUIX CTPYKTYPHBIX 3JIEMEHTOB
KOMITO3UIIMOHHBIX TUIa3MEHHBIX MOKphITHI cucteMbl HfO,—ZrO,—Y,0.

Jnst cTabunu3anuy JUOKCH/IA IUPKOHUSI IETHPYIOMINI OKCU TOJIKEH HEe TOJBKO HMETh COOTBETCTBYIOIIUIA pa3Mep HOHa
MeTajuia, HO U 0Opa30BBIBATh TBEPABIA PACTBOP C AMOKCHIOM IHPKOHHS. JTO YCIOBHE PE3KO OTPaHUYMBAET YHCIO BO3-
MOXHBIX CTa0MIM3aTopoB. (DAKTHYCCKH Takas CTaOWJIM3alds BO3MOXKHA TOJIBKO OKCHIAMHU DPEIKO3EMENbHBIX METAaJIOB
(Y,03, Yb,03, CeO,, HfO,). Baxknoe 3Ha4ueHHe ISt MONYUCHUS] KAUECTBEHHBIX TEIUIO3AINTHBIX MOKPBHITHIH HMEET XHUMHYE-
CKasl YMCTOTa MPHUMeHsieMbIX MaTepuanoB. Okcu ragHus ObUT BRIOPAH ISl HCIIOIH30BAHUS B KAYECTBE MOPOLIKA ISl TEILIO0-
3aIATHBIX TIOKPBITHHA BMECTO JUOKCH/IA IIMPKOHUS BBUIY UX CXOJCTBA B CTPYKTYPHOM MOAN(PUKAIINH, PEIIETKE, XMMUYECKAX
1 (U3UUECKHUX CBOMCTBAX U €ro MOBBINICHHON TEMIIEPATyphl CTPYKTYPHBIX MPpeoOpa3oBaHuil. Y CTaHOBJICHO, YTO ITa3MCHHBIC
terio3anutabie MOKpeITUs HfO,—ZrO,—Y,03 cocTosiT U3 0oxHO# TeTparoHambHOU (a3pl. DTa (a3a IKBUBaJCHTHA HepaB-
HOBECHOI TETParoHaNbHOI t'-(hase B CHCTEME «IHOKCH] IMPKOHHUS, CTAGUIH3HPOBAHHbIHA OKCHIOM HTTpHs». Cxozerso H™
Zr** kaTioHOB MPUBOJUT K 00pa30BaHUIO OJIMHAKOBBIX METACTAOMIBHBIX ()a3 MpH OBICTPOIl 3aKaiKe.

Ki1ioueBble cj10Ba: 1Ia3MEHHBIC TOKPBITHS, THOKCU/I IIUPKOHUS, (ha30BbI COCTaB.

Wn. 1. Bubmuorp.: 18 ua3s.

PLASMA THERMAL BARRIER COATINGS BASED ON ZIRCONIUM
DIOXIDE WITH HIGH THERMAL STABILITY

DEVOINO O. G., OKOVITY V. V.
Belarusian National technical University

The paper presents optimization of processes for obtaining maximum content of tetragonal phase in the initial material
and thermal barrier coatings (TBC) based on zirconium dioxide and hafnium oxide. Results of the investigations on phase
composition of oxide HfO,—ZrO,—Y,03; system have been given in the paper. The system represents a microstructure which
is similar to zirconia dioxide and transformed for its application at 1300 °C. The paper explains a mechanism of hafnium
oxide influence on formation of the given microstructure. The research methodology has been based on complex metallog-
raphy, X-ray diffraction and electron microscopic investigations of structural elements of the composite plasma coating
HfO,—ZrO,-Y,0 system.

In order to stabilize zirconium dioxide dopant oxide should not only have an appropriate size of metal ion, but also form
a solid solution with the zirconia. This condition severely limits the number of possible stabilizers. In fact, such stabilization
is possible only with the help of rare earth oxides (Y,03, Yb,05, CeO,, HfO,). Chemical purity of the applied materials plays
a significant role for obtaining high-quality thermal barrier coatings. Hafnium oxide has been selected as powder for ther-
mal barrier coatings instead of zirconium dioxide due to their similarities in structural modification, grating, chemical and
physical properties and its high temperature structural transformations. It has been established that plasma thermal barrier
HfO,~ZrO,-Y,0; coatings consist of one tetragonal phase. This phase is equivalent to a non-equilibrium tetragonal t'-phase
in the “zirconium dioxide stabilized with yttrium oxide” system. Affinity of Hf and Zr™ cations leads to the formation
of identical metastable phases during rapid quenching.

Keywords: plasma coatings, zirconium dioxide, phase composition.
Fig. 1. Ref.: 18 titles.

Beenenmne. [lo6aBnenue xk ZrO, cradunusupy- CTaOMIIBHOCTH KyOM4YecKoW KpucTamiorpaduye-
IONIUX KyOHuecKyto pemerky okcunoB MgO, CaO, CKO# (OpMBI OKCHJIA IIUPKOHHS OT TOYKH IIJIaBIIe-
Y,0s, Yb,0; CeO,, HfO, pacmmpsier obmacts HUS 10 KOMHATHOH TemrepaTypsl [1-4]. D10 mos-
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Mawunocmpoenue

BOJISIET U30eXaTh U3MEHEHHH 00beMa, CBSI3aHHOTO
¢ ¢azosbiMu mpeBpatieHnaMA. ClielyeT 3aMeTHTb,
4TO AJIsl cTaOMIM3aluy AUOKCHIA TUPKOHHUS JIETU-
PYIOLIHIA OKCHJ AOJKEH HE TOJNBKO UMETh COOT-
BETCTBYIOIIUI pa3Mep MOHA MeTalljla, HO U o0pa-
30BBIBAaTh TBEPABIH PacTBOpP C JHOKCHUIOM LIHUPKO-
HUsI. DTO YCIIOBHE PE3KO OTrPaHUYHMBAET YHUCIIO
BO3MOJXKHBIX cTabmimu3aTopoB. DaKTHYECKH Takas
CTaOMIIM3alKs BO3MOXKHA TOJIBKO OKCHUIAMHU pell-
Ko3eMenbHEIX MeTamioB (Y,0s3;, Yb,0; CeO,,
HfO,) [5-7].

OTtpunarensHoe BIUSHHE MOBBILIEHHOTO CO-
JIep>KaHUsl CTaOMIIN3aTOPOB B MCXOIHOM IOPOIITKE
Ha JOJTOBEYHOCTh MOKPBITHHA OOBICHAETCS He-
ckoibkumu npuunHamu [8—10]. Bo-mepBbIx, wuc-
XOJHbIE TIOPOIIKH UMEIOT, KaK MPaBUIIO, HEpaBHO-
MEpHOEe pacrpefesieHre crabunnuszaropa 1o cede-
HUIO, YTO HACJEIYeTCS B CTPYKTYPE TMOKPBITHUS.
Bo-BTOpEIX, Hapsmy ¢ BBIICTCHUSIMHA OOTaThIX CTa-
ommzaropoM (a3 tuma ZrsY 401, Zr3Y0 Oy, B 1O-
KPBITHH (DOPMHUPYIOTCS 3€pHA TETPArOHATBLHON (hasbl
cocraBa ZrO, — 8,3 % Y203, Zr0, — 12,3 % Yb203
U TIpeBpalleHHble B MOHOKIMHHYIO a3y 3epHa
cocraBa ZrO, — 1,6 % Y,0;, ZrO; — 6,2 % Yb,0,.
Cerperanus cTaOUIM3aToOpa B MOKPHITUH OCOOCHHO
3aMETHO YCHWJIMBAeTCs NPU €ro TepMooOpaboTKe
00 TEPMOUMKINPOBAHUH B CIlydae CTaOMIN3a-
IIUU OKCHJIA IIUPKOHMSI, YTO elie Oojee ycyryoser
($ha30By10 HEOJHOPOTHOCTH MOKPHITUS. B-TpeThux,
CTaOMIILHOCTh TETParoHajbHOM (a3sl BO MHOTOM
3aBUCHT OT pa3Mepa 3epHa (a3oBBIX BKIIOUEHHH,
MOBBIIIASICh C WX YMEHBIIEHHEM, YTO OCOOCHHO
3aMEeTHO TpU pa3Mepe 3epHa MeHee | MKM, O3TO-
MY JOCTHIKEHHE HEO00X0auMOoro pasMepa (ha3oBbIX
BKJIIOUEHHH SIBIISIETCS 3ajladey ONTHUMU3AINN TeX-
HOJIOTUW TIOJIYYCHUS KEPAMHUYECKUX IOPOIIKOB
Jutst Teruro3amuTHEIX mokpeiTHil (T3I1). Xapaxre-
PUCTHKH TUIA3MEHHBIX TETUIO3AIMUTHBIX TOKPBITHH
3aBUCAT KaK OT BUJA U COCTOSHHS UCXOJHOTO TI0-
poIlKa, TaKk U COOCTBEHHO TEXHOJOTHYECKUX Ta-
pameTpoB HanbuieHus [11].

B GonbmuHCTBE HMCCIIEIOBAHUN BIUSHHS TEX-
HOJIOTHH TUIA3MEHHOTO HAIBIJICHUS Ha JIOJTOBeY-
HOCTh TOKPBITUSI OTMEYAETCS, YTO BHJ[ U COCTOS-
HHUE MCXOIHOTO TOPOIIKA Ul HANBUICHUS OKa3bl-
BAIOT pelIaloliee BO3/EHCTBUE Ha KayecTBO
HAIBUICHHBIX MOKPBHITUI M3 YaCTHYHO CTaOWIIN3H-
poBanHoro auokcuaa uupkonus (UC/ILL). Baxnoe
3HaUe€HHUE U1 TMOJy4eHHs KauecTBeHHbIX T3I1
UMeeT XUMHYECKas YUCTOTa TPUMCHSEMBIX Marte-

36

puanoB. Oxcun radpHus ObUT BBIOpaH TSI UCTIONb-
30BaHMsA B KadecTBe moporka mis T3I1 Bmecto
JIMOKCHJIA ITUPKOHUS BBUAY MX CXOZICTBA B CTPYK-
TypHOUW MOIU(MUKALNHU, PEIICTKE, XUMHUYCCKUX U
(hM3UIECKUX CBOMCTBAX M €r0 IOBHIIICHHON TEM-
MepaTyphl CTPYKTYPHBIX peobpazoBanuii [12-14].
CX0ACTBO Hf"- u Zr**-karnonos MIPUBOJUT K 00-
pPa30BaHUIO OIWHAKOBEIX METAcTaOMIBHBIX (ha3
pu ObICTPOH 3aKaike. OTINYUS KPUCTATTMICCKIX
pemetok ZrO, u HfO, odeHs Maibl B CBSI3U C 9K-
BUBAJICHTHOM BaJCHTHOW 30HOM W MOYTH SKBU-
BAJICHTHBIMH HMOHHBIMH pammycamu Zr'' m Hf™.
ITo sroit mpuuune B cucreme ZrO,—HfO, moryt
00pa3oBBIBATHCS HENPEPHIBHBIC PACTBOPHI 3aMe-
IICHUS, ¥ MOYXHO BBIJICIIUTh PEHTI'CHOBCKUE JIH-
bpakimonnsie kKaptunbl ZrO,, HfO, B TBepapix
pacTBopax TOJIBKO C MOMOINBIO YPE3BBIUAIHO BBI-
COKOTO pa3pelleHusi PeHTTEHOBCKOro Auddpakiu-
OHHOTO METOJIA.

CxomcrBo Mexay ZrO,—Y,0; u HfO,~Y,03
B PpaBHOBECHBIX (Da30BBIX JauarpaMMax pacripo-
CTpaHsETCS TAaK)Ke Ha 00pa3oBaHUEC HEpPaBHOBEC-
HBIX (pa3. Bce paccMOTpeHHBIE COCTaBbI TUOKCHIA
radHUSA, YACTUYHO CTAOMIIN3MPOBAHHBIE OKCHIOM
UTTPHSI, IPH OBICTPOM OXJIAXKJICHHH IMOKA3BIBAIOT
onHy MeTacTabmibHy t'-(hasy ¢ MHKPOCTPYKTY-
Ppoii, SKBUBaJICHTHO# uncToi t'-aze. Kpome 3roro,
Temmeparypa (a3oBoro mpeBpallicHus MpU Tepe-
X0JIc TETparoHaJbHON (a3l B MOHOKIHHHYIO C
yBenuueHreM KoHieHTpaiuu Y,0O3 yMeHbIaercs,
a mipu yBenudennu kourenrpanun HfO, — ysenu-
guBaetcs, 4ro jaenaer cuctemy HfO,—Y,0; ouenp
nepcnekTuBHOU Mg nonydenus T3I1 ¢ 3ananHbIMEI
CBOWCTBaMHU. Bee/icTBUE BBINICU3IOKESHHOTO ObI-
JIO CJENaHO TPEANOIOKEHUE, YTO HCIOIb30BAHUE
ZrO,—HfO,~Y,0 mo3sonut momy4dars T3IT ¢ pe-
cypcoM, mnpesbimatonmM pecypc ZrO,—CeO, mo-
KPBITHSL.

Ilna3mMeHHble TEIUIO3AIIMUTHBIE MOKPHLITHS
HA OCHOBE JMOKCHIA IUPKOHUS — OKCHAa rad-
HHUSl, CTAOWJIM3MPOBAHHBLIX OKCHIOM HTTPHS.
Ilenbl0 JTaHHOTO HCCIIENOBAHUS OBIIO HM3Yy4eHUE
($a3oBOro cocraBa HOBOW OKCHIHOHW CHCTEMBI
HfO,—ZrO,-Y,03, xotopas mpezcraBiseT coboi
MUKPOCTPYKTYPY, MOXOXYI0 Ha IHOKCHJ IHUPKO-
HUSA, TPaHCHOPMUPOBAHHYIO ISl MCIIOJIb30BaHUS
pH 0oJiee MOBBIICHHBIX TEMIIEPaTypax, U 00bsiC-
HEHUE MEXaHW3Ma BIIMSHUS OKcuna radHus Ha
(dbopMHpoBaHUE JaHHOH MHUKPOCTPYKTYphl. B Ka-
YEeCTBE IMOJUIOKKHM ObUIH HCIIOJIb30BaHBI 00pa3Iibl
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crmaBoB Ni — 23Co — 20Cr — 8Al — 1Y Bec. %.
Ha momnoxku cHayana merogom VPS (BakyymHO-
ro HambpUICHWs) HaHocwim mnoaciaod 100 mxm
NiCrAlY. Meronom APS (HambUIeHHE HA BO3IYXE)
Hanocwad mokpeiteie 300 mxm (HfO, — 15 %
Y203 (50 % HfO, — 50 % ZrO;) — 8 % Y,0s;
(25 % HfO, — 75 % Zr0O,) — 8 % Y,03; ZrO, — 8 %
Y,03). Ucnonp3oBany KepaMHYECKHE TIOPOIIKH CO
cpenHuM nuaMeTpoM Okoio 50 MM, Da30BbIif
COCTaB MOPOIIKOB U MOKPBITUH ONPEACISITA METO-
JIOM PEHTICHOCTPYKTYPHOTO aHajM3a Ha PEHTIe-
HorpadpuueckoM audpaxromerpe JPOH-3, komnu-
YEeCTBEHHOE cojepkaHue (a3 — Ha CKaHHPYIO-
meM siaeKTpoHHoM Mukpockore Nanolab-7. Beum
THIATeIBHO mpoaHanmu3upoBanbl {111} u {400}
obnactu ZrO, u HfO, nudpakiimoHHBIX KapTHH.

PeHTreHOCTpyKTypHBI aHamu3 IUIa3MEHHO-
HaIbUJICHHBIX MOKPBITUN AJISI K&KA0W KOMIIO3ULUA
MOKa3al HaJIM4YUe TOJIBKO OJHOM TETparoHaIbHOU
(hazpl. JleficTBUTENFHO, B ATHX MaTepHallax MOHO-
KJIMHHBIA MOMUMOP(U3M OTIUYaeTcs OT KyOude-
ckoro u terparonansHoro ((t u t') momumopdusma
yepe3 HaOmomenue 3a {111}y oTpaxkeHueMm).
C npyroii croponsl, t- u t'-hazer MoryT OBITE TUQ-
¢bepennuposanbl mo pazpenenuto {400}, {400},
{400}, {004}; u {004}, oTpaskeHHi HA BBICOKHX
2@-yraax.

Yactu peHTreHOBCcKUX nuarpamm B {111} 00-
JlacTy MPHUBEICHBI U Kax1oro odpasua Ha puc. 1.
PaccmoTpenne 31Ol 00MacTH CBHIETENBCTBYET O
HAJIMYUN UHTEHCUBHOTO oTpakeHus {111} terpa-
roHajgbHOU (haszel ¥ o4eHb cnabbix {111} oTpaxke-
HUIi MOHOKJIMHHOHW (a3bl. HekoTopoe koinmyecTBo
MOHOKJIMHHOHN (a3bl Takke OOHApPYKEHO HE3aBHU-
CHUMO OT cojiepaHusi raguus. Tem He MeHee pac-
YeThl, OCHOBaHHBIC Ha MUKE BHICOTHI HAJI YPOBHEM

a

{111}, ¢, m

28,0 28,5 29,0 29,5 30,0 30,5 31,0 20(°) 32,0

¢dona [15-18], mpuBOAAT K BEIMUYHHE, MEHEE YEM
2 % m1st Bcex o0pasioB. DKBUBAICHTHBIC PEHTIC-
HOBCKHE JH(paKkIMOHHBIE KAapTHHBI 00IaCTH
{400} taxxe mokasanbl Ha puc. 1. Hanmuume nByx
IUKOB B JTOH 0OOJNacTH SBISETCA XapakTep-
HOW 0COOEHHOCTBIO AJISl TETparoHajbHOH t- wiH
t'-dassl.

Ormpenenenne 3HAYSHUH TOTH UTTPUSI B TETpa-
rOHAJIILHOW (a3e MPOBOAMIM B COOTBETCTBHU C
BBIpQKEHUSIMA HA OCHOBE OSKCIIEPUMEHTAIbHBIX
pabort [18]. s (50 % HfO, — 50 % ZrO,) — 8 %
Y203; (25 % Hf02 - 75 % ZrOZ) -8% Y203 BBbI-
cokoe conepxkanue Y03 B TeTparoHaibHOU Qase
U cla, cooTHOUIEHHEe OJIM3KOE K €IUHUIIE, CBHIC-
TEJILCTBYET O HANW4YMK MeTacTaOmibHOU t'-(asbl.
st HfO, — 15 % Y,0; orieHka BBICOKOTO COJEp-
KaHHsl UTTPUS JOCTHIASTCsl TOJIBKO HA OCHOBE cla
OLICHKW. DTO HEYJMBHUTENBHO, YUUTHIBas HEOOIb-
uryio pasuuiy Mexay Zr- u Hf-nouusivu pa-
mnycamu. Kepammudeckre MHKpPOCTPYKTYPHI BceX
KOMITO3UIIMK UMEIOT TOHKHE PaBHOOCHEIC 3epHA B
muanasone pasmepoB 0,1-1,0 MM, HEKOTOpBIC
3epHa WMHOTZA ClIeTKa y/UIMHEeHHbIe. V3ydenue
MHUKPOCTPYKTYPBI JOCTHTAETCsl 32 CYET HCIOJb30-
BaHMS METO/a BH3YaJHM3allMM TEMHBIX OO0IacTeil.
TerparoHalbHOCTE B TIOKPBITHH NPOSBIAETCS B
9KCIEPUMEHTAIFHOM pEXUME TUPPAKIUH TPU
HaJIAYUU CNa0bIX oTpakeHUil. C MOMOIIBI0 ATHX
OTpaXEHHH BCETJa MOKHO OOHApYXUTh TOSBIIE-
HHE BOWHUKOBAHUS 3€pHA M BapHaHTHI o0iacTeil
TETPAaroHAJTBHOU CTPYKTYPHI BHYTPU KaXKJOTO /-
(paKIIMOHHOTO JBOMHOTO MUKA. DTH MUKPOCTPYK-
Typbl (MHUKPOCTPYKTYphl BHYTPU JBOHHHMKOBA-
HUSI) — pe3yNbTaT CHWKEHHS CUMMETPHH B IIPO-
necce c—t'-cmemmaromeli (BBITECHSIONIEH) TpaHC-
dhopmaruu [17].

6
Ka, {400}
Kaz
{0043}t
1
2
3
4

72,0 725 730 735 74,0 745 750 20(°) 76,0

Puc. 1. PeHreHOTpaMMbI MIa3MEHHBIX MOKPBITHIA B 00macTsax: a— {111}; 6 — {004} (1 — HfO, — 15 % Y,0s;
2 — (50 % HfO, — 50 % ZrO,) — 8 % Y,03; 3 — (25 % HfO, — 75 % ZrO,) — 8 % Y,03; 4 — ZrO, — 8 % Y,05)
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JIBOMHUKOBaHUE B MUKPOCTPYKTYPE POHCXOIUT
HOTOMY, YTO MMEIOTCSI SKBHBAJICHTHBIC BO3MOXKHO-
CTH 11 (pOPMUPOBAHMS TETPArOHABLHOCTH BJIOJb
6ot 3 Tpex cropor <100> ocu «mpapoauTenb-
cKoi» KybOmueckol sueiikn. Ha ypoBHe cy0O3epeH
HaOJrolaemMasi TeTparoHanbHas paza Takke coBIaza-
€T [0 MUKPOCTPYKTYPHBIM OCOOECHHOCTSIM C XOpOIIO
u3yueHHoi t'-¢asoii B ZrO, — 8 % Y,03 [15, 18].

Takum o0Opa3oM, (a3oBbIi COCTAaB U MHUKPO-
crpykrypa HfO,—ZrO,—Y,03-moKpeITHII XOPOLIO
COTJIACYIOTCSI C MPEATIOI0KEHUIMH aBTOPOB. bputo
OJTHO3HAYHO YCTaHOBIICHO, YTO BCE MOKPBITUS CO-
CTOSAT U3 OJTHOW TETparoHaNbHOH (ha3bl. DTa (asza
SKBUBAJICHTHA TaK Ha3bIBacMoi t'-¢aze [16] B cu-
CTEME «JIMOKCHUJ] I[IUPKOHHS, CTAOUIN3UPOBAHHBIN
OKCHJIOM WTTPHS», TaK KaK COJCp)KaHHE HUTTPHSA
B TIOKPBITUH COOTBETCTBYET €ro COJCpP)KaHHIO B
MCXOJTHOM TIOPOILIKE:

e HM3MEPEHHOE COOTHOIICHUE c/a TOJBKO He-
mHoro ornuaercs (B 1,03 pasa) B cpaBHeHuu ¢ cla
B TpaHc(hopMUPYyeEMOii paBHOBECHOI t-(hase;

e TpaHc(opMupyeMasi paBHOBecHas t-paza He
npeBpamaeTcs B MOHOKIMHHYIO, JaXe KOTaa K
IMOKPBITHUIO IMPUKIIAAbIBACTCA MEXaHNYCCKaA
SHEPTHAL.

CxoncrBo Hf- u Zr**-katmonoB mnpuBoauT
K 00pa30BaHMIO OJMHAKOBBIX METaCTaOMIIbHBIX
a3 mpu ObICTpoil 3akanke. Pe3ympTaThl MUK-
POCTPYKTYPHBIX HCCIICIOBAHUI BOHHUKOBAHUS
3epeH t'-¢a3bl MoKa3au OOJIBIIOE CXOACTBO C Pe-
synpratamu [17, 18] B uncteix (6e3 okcuaa rad-
HHSI) TTOKPBITHAX U3 JTHOKCHUIA IIMPKOHMS, YaCTHY-
HO CTaOMIIM3UPOBAHHOTO OKCHJIOM HTTPHSI.

BBIBOJ

UccnenoBan ¢a3oBblii cocTaB HOBOW OKCHIAHOMN
cucremsl HfO,—ZrO,—Y,03, KoTOpast mpeacTapis-
€T c000l MUKPOCTPYKTYPY, TOXOKYIO Ha TUOKCH/I
[IUPKOHUS, TPAHC(HOPMHUPOBAHHYIO JISI HCIIOJB30-
BaHus npu temmeparypax 1300 °C, u oObscHeH
MEXaHU3M BIIMSHUSA OKCUia radHus Ha (HOpMHUPO-
BaHUE JaHHONH MUKPOCTPYKTYPHL. Y CTaHOBICHO,
uyro Bce mokpeiTHs HfO,—ZrO,-Y,03; cocrosr us
OJIHOM TeTparoHaabHOU (ha3bl. DTa (ha3za IKBHUBA-
JICHTHa HEPaBHOBECHOW TeTparoHaidbHOU t'-dhaze
B CUCTEME «IMOKCHUJ LIUPKOHHUS, CTA0OUIIN3UPOBAH-
HBIH OKCHJIOM HTTPHSA», TaK KaK COACPKAHHUE WT-
TpHsI B IOKPBITUU COOTBETCTBYET €r0 CONCPIKAHUIO
B UCXOJ/IHOM IOPOIIIKE.
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H3mepeHHOe COOTHOIICHHE ¢/a TOIBKO HEMHO-
ro oriamyaercs (B 1,03 pasa) B cpaBHenuu ¢ cla
B TpanchopmupyeMoli paBHOBecHOU t-haze. OHa
HEe MpeBpalaeTcs B MOHOKIMHHYIO, Ja)Ke KOraa
K TOKPBITHIO TPHKIAABIBACTCS MeXaHHUYecKas
sueprus. Cxoxcrso Hf- u Zr*-xarnownos mpuso-
IUT K OOpa30BaHMIO OJWHAKOBBIX METacTaOMIIb-
HbIX ¢a3 npu ObIcTpoii 3aKaike. Pe3yinpraThl MUK-
POCTPYKTYPHBIX HCCJICIOBaHMN JIBOMHHUKOBAHUS
3epeH t'-da3wl mokazamu GONBIIOE CXOJCTBO ¢ 0O-
Jiee paHHUMH pe3yJIbTaTaMH B YHUCTHIX (0e3 OKcHIIa
raHUS) TOKPBITHSIX W3 JUOKCHIA ITMPKOHUS, Ya-
CTHUYHO CTAOWJIN3UPOBAHHOTO OKCUIOM HTTPHSL.
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