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30J1b-TeJIb METOAOM C Pa3esIbHbIM OCaXXAeHNEeM KOMITOHEHTOB CUHTE3UPOBaHbl HAHOPA3-
MepHbIe MOPOLIKU-NIPeKypcophl (1 — x)ZrSiO4—xZrO(OH), nnsa nonyuyeHus kepamuye-
ckux KoMmno3uToB (1 — x)ZrSiO4—xZrO,. Tepmuueckoe MoBeIeHUE MOPOIIKOB-TIPEKYP-
copoB usyuanu metogom JJCK/TT. [Tytem cnekaHust Ha BO3ayxe B MUHTEpBaJle TeMIepaTyp
1000—1300°C 1opolLKOB, MpeaBapUTEIbHO MpOoKaleHHbIX pu 850°C, moaydYeHbl KEpaMu-
YeCKUe KOMITO3UThI C BBICOKOI MUKPOTBEPIOCTHIO. B mepcrnekTuBe Takue KepaMuieckue
KOMIIO3UTHI MOTYT OBITh MCITOJIb30BaHbl B KAYECTBE MATPUIL JUISI OTBEPXKIECHUS U U30JISI-
UM BBICOKOAKTUBHBIX 0TX010B (BAO).

KmoyeBble c10Ba: 3071b-TeJIb CUHTE3, KepaMuueckue KoMNo3uthl (1 — x)ZrSiO4—xZrO,,
TepMHUUYECKHUI aHaJIN3, MUKPOTBEPIOCTh 110 Brkkepcy

DOI: 10.31857/S0132665123600188, EDN: OMJMPY

BBEAEHUME

PabGorta mocasiiieHa MOMyYeHUI0 KePaMUYECKHNX KOMITO3UTHBIX MAaTepUaioB HA OCHOBE
cucrtembl ZrSiO4—Zr0O,, KOTOpble MOTYT OBbITb UCIIOJIB30BaHbl B KAYE€CTBE MaTPULL 1JIs1 OT-
BEPKICHUS U U30JISIIMU BEICOKOAKTUBHBIX 0TX010B (BAQO) oT mtepepaboTKu oTpaboTaBIIETO
saepHoro TorumBa (OAT), comepkalinX U30TOIBI PEIKO3EMETbHBIX M TPAHCIUTYTOHHUEBBIX
5JIeMeHTOB. Takue MaTPULIbI JOJKHBI TTPEACTABISATh COO0# CTaOMIbHBIE KOMITO3UIINU KaK B
OTHOIIIEHUM BO3IECUCTBUS OKpPYXKalOLIe cpeabl (XUMHUYecKasi CTOMKOCTh M MeXaHW4JecKast
MMPOYHOCTh), TaK U B OTHOIIIEHUM BO3IEMCTBUS BHICOKUX TEMITEpaTyp (TepMUYecKast yCTOM-
YUBOCTD).

B nuteparype umMeeTcst oueHb MaJlo NAHHBIX 10 (U3UKO-XUMUUECKUM U (DU3NKO-Mexa-
HUYECKUM CBONCTBAM KepaMUUYECKUX KOMIIO3UTOB Ha OCHOBE cucTeMbl ZrSiO,—Zr0,.

bonbas yacte padoT nocesuieHa LMpKoHy (ZrSiO,4). B aureparype ormedaeTcst BbICO-
Kas paavallMoOHHasi, TepMOIAMHAMUYECKass W XUMHUYECKash YCTOMUMBOCTh KEPaMUYECKUX
MAaTpHUII CO CTPYKTYpOil LIMpKOHA [1—5], a B mocliemHNe TOabl OIyOJIMKOBaH psia padoT 110
n30MOpPGHOI EMKOCTH CUHTE3MPOBAaHHOTO LIUpKOoHa [3—9].

HenasHo omy6imkoBaHHast 0030pHasl CTaThsl IO MUHepaJbHBIM MaTtpuilam [10] Takke
IMOKa3bIBaeT MEPCIEKTUBHOCTb KEPAMUYECKUX MAaTPULL HA OCHOBE LIMPKOHA JIJIsI UMMOOWIIM -
3allMM aKTUHUI-penKo3demenbHoit ppakiuu BAO.
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Yro kacaercst cucteMbl ZrSiO4—ZrO,, TO MOXHO NPUBECTU TOJBKO TpU padoTs! [11-13],

MTOCBSIIIIEHHBIE CMHTE3Y W MCCIIeIOBAaHUIO IIMPKOHA ¢ mobaBkoit ot 1 g0 15 mac. % okcuma
uupkoHus [11], 20 mon. % wnm 20 06. % okcuna uupkoHwus [12, 13].

B pa6Gorte [11] ucnonb30BaH OKCHI LIMPKOHMSI, CTAOMJIM3UPOBAHHbIN 5 Mac. % okcuga UT-
TpUSI, @ TAaKKe LIMPKOHOBBIN KoHIIeTpaT Mapku Zircon Standard Grade (Possen Erzconter) ¢
6onpmM KommnuectBoM npumeceit (HfO,, Fe,Os, TiO, u ap.). OTMeueHo, YTO HaHOAMC-
nepcHble yacTulbl ZrO, mpu coaepxaHuu 15 Mac. % B KOMITIO3UTE BCTYMAIOT B PEaKIIMIO C
Si0O,, obpasyrommMcs Npy TEPMUYECKOI TUCCOLMAliMM IMPKOHA (CIeKaHUe OCYLIECTBISUIN
MakcuMyMm 10 1600°C), ¢ obpazoBaHUEM LHUPKOHA HECTEXMOMETPUYECKOI'O COCTABA.

B [12] nng cunTeda komnosuta ZrO,/ZrSiO4 OblIM UCMOIb30BAHBI OKCUXJIOPUTL LIMPKO-
Hus (ZrOCl,-:8H,0) u terpastokcucunad (TOOC) B kauecTBe MCXOIHBIX MaTepPUATIOB TSI
IIPUTOTOBJIEHUS MOPOIIKOB-IPEKypcopoB. B KauecTBe pacTBopuTeist 6bu1 BeiOpaH 50% pac-
TBOp 3TaHoja. IlpenBaputensHO ObLT IpoBeneH ruapoian3 TOOC B pacTBope 3TUIOBOTO
cnupTa, 3areM B pactBop nobasuiu ZrOCl, 8H,O. PactBop nepemenivBaiu npyu KOMHaT-
HOIi TeMrnieparype, 3aTeM 100aBJIsIM BOINHBIM pacTBOp aMMuaka 1o 3HaueHust pH 4, 7 u 9.
CMechb epeHOCWIN B aBTOKJIaBhI, Tae HarpeBaiau ipu 100°C B teueHue 20 4. [TomyyeHHBIM
resb BeicymmBaiau pu 80°C u mpokanuBanu 1pu 900°C B Teuenue 4 4. [IpokajieHHBII MO~
POILLIOK 3alpeCcCOBBIBAIA B TabieTKu U criekanu mpu 1400, 1450 u 1500°C B TeueHue 6 4 Ha
BO3IyX€e MJIsl TTOJy4YeHUS TUIOTHOM 00beMHOI KepaMUKU. [J1s1 cpaBHEHUSI HEKOTOPBIE CMECH
TOTOBWJIM OOBIYHBIM 30JIb-TeJIb MeTOA0M. Kak mokasajiv pe3yabTaThl 3TOil pabOThI, TUIOTHASI
KOMIO3UTHas1 KepaMmuka coctaBa 0.2Zr0,/ZrSiO, ObuUia MoiyyeHa 30Jb-Telb METOIOM C
TMAPOTEPMaJIbHOM 006paboTKOi, obecIieurBalolieii BBICOKME CKOPOCTU 00pa30oBaHUST LIMP-
koHa npu 1400°C B TeueHue 6 4 (T.e. IIpu GoJiee HU3KOM TeMIlepaType U B 60Jjiee KOPOTKOE
BpeMsI, 4YeM IIpM OOBIYHOI 30J1b-Telib MeToarke — 1500°C, 10 u). ABTopsl [12] onpenenuiu
TaKKe, 4YTO KOMNO3UTHas kepamuka coctasa 0.2Zr0,/ZrSiO,4 nojsyyeHHast ¢ TOMOLLbIO T/~
pOTepMajibHOTO 30JIb-TeJIb IIpoliecca, 00J1aJaeT CaMbIM BBICOKMM 3HAYCHUEM MUKPOTBEPIIO-
ctu o Bukkepcy (okoso 13 I'T1a).

151 mosrydeHus kepamudeckoro kommnosura ZrSiO,—20 06. % ZrO, aBtopsl [ 13] ucnomns-
30BaJI TOTOBBIE TTOPOIITKH IIMPKOHA 1 MOHOKJIMHHOTO OKCUJIA IIMPKOHUSI ¢ MUKPOHHBIMU pa3-
Mepamu 3epeH. CHavalia IopOIIKY CMEITMBAJIN B CITMPTOBOM PacTBOPE, a 3aTeM TOABEPTaJv Cy-
XOMY U3MEJTBYSHUIO C UCTIONIb30BaHUEM TIaHETAPHON METBHUIIBI BEICOKOM MOIITHOCTH.

B mporecce MCKpOBOro Iia3MeHHOTO CIIEKaHUs MOPOIIOK HarpeBajl OT KOMHATHOIA
temmnepatypsl 10 700°C B Teuenue 10 MuH, 3aTeM 110 TemrepaTyphl criekanus (1200, 1300,
1400 u 1500°C). Bpemst Bbiaepxxku coctasisuio 10 myuH npu gaienuu B 100 MITa. st no-
CTIDKEHMSI TIOJTHOM TVIOTHOCTH oOpasiia Ipu 60Jiee HU3KOM TeMITepaType CIIeKaHUsI aBTOpa-
MU ObUIa IPEAIIPUHAITA MMOIBITKA YBEIUYUTh BpeMs BoiaepkKu (oT 10 1o 60 muH). B pe3yinb-
TaTe OBUIO OTMEUEHO, YTO TeMIlepaTypa CIIEKaHWsI M BpeMsl BBIOEPKKHW IIPUBOLAT K IBYM
pa3IMYHBIM TUIIAM MUKPOCTPYKTYpP. [1epBbIii TUIT ITOKa3bIBaeT HAHOYACTUILILI OKCHUIA AP~
KOHUSI BBICOKOI nmucriepcHoctH (100 HM), KOTOpbIe OECTBYIOT KaK CBs3ylolnast ¢a3a, pac-
MpeaelieHHasl BIOJb MUKPOHHEIX 3epeH LIMpKoHa (pa3MepoM 1—4 MxM). Bropoii ThIT MUK-
POCTPYKTYPHI IPEICTABIISIII COO0I HEIIPEPBIBHYIO (Da3y MPKOHA C XOPOIIIO AUCIIEPrUPOBaH-
HBIMA B HEM 3epHaMU oOKcHuaa LMpKoHus. [Ipym 3TOM mepBBII TUIT MUKPOCTPYKTYPHI
JIEMOHCTpHUpPYET 60Jiee BICOKYI0O MUKPOTBEepaOCTh 1o Bukkepcy (okoio 15 I'Tla), BTopoii —
6oJ1ee BBICOKYIO TPELIMHOCTOMKOCTD (0KoJio 4.0 MIla MY/ 2) OJiarogapsi, Kak roJjaraloT aBTO-
pbl, apMuUpyloleil pojiu okcuaa upkoHusi. Kpome toro, aBTopsl [13] npenmnosoxuaun mo-
nassiioliee Biusinue 1o6asku 20 06. % ZrO, Ha TEpMUYECKYIO TUCCOLIMAIIMIO IIUPKOHA -
xe nipu 1500°C, koTopas Habmoganack y “4yuctoro” nupkoHa Bbiiie 1400°C, mosny4eHHOToO
B TaKMX e YCIIOBMSX [ 14].

Bo Bcex npuBeneHHbIX padoTax [10—13] orMedaeTcs, 4To 106aBICHUE OKCUIA IIMPKOHUS
MPUBOIUT K YIYUIIEHUIO (DU3NKO-MEXaHMYECKUX CBOMCTB II0 CPaBHEHUIO C MaTepHaJiOM Ha
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ocHoBe “uncroro” uupkoHa. Habionaercs kak 661 3¢hheKT apMUpOBaHUS AUOKCUIOM 1IUP-
KoHwus [13].

C npyroil CTOpOHBI, KOMITO3UTHAsI KepaMuKa, apMUPOBaHHas LIMPKOHOM, YCTOHUYMBA K
BBICOKMM TeMIlepaTypaM, abpa3uBaM, arpeCCUBHBIM CpedaM U TerioBoMy yaapy [15].

B coBpeMeHHOIt JuTepaTtype MPUBOISTCS JaHHBIE O TOM, YTO CIIOCOO CHMHTE3a MOXKET
BJIMSAAITH Ha MOP(OJIOTUI0, TMCIIEPCHOCTh U CBOICTBA MOJIyYeHHBIX TOPOIIKOB-IIPEKYPCOPOB
[16—18], 1, COOTBETCTBEHHO, Ha CBOICTBA MPOLYKTOB CIIEKAHMSI.

IToaTOoMy LIe/IbIO JTaHHOM padOTHI SIBJISIETCS pa3padoTKa METOIMKH 30JIb-TeIb CUHTE3a Ha-
HOpa3MepPHBIX MOPOILKOB-NpeKypcopoB (1 — x)ZrSiO,—xZrO(OH), nns najapHelero no-
JIydeHUsl KepaMuueckux Kommnosutos (1 — x)ZrSiO,—xZrO, nyTeM TpaIuLIMOHHOIO CIieKa-
HUA Ha BO3OYXE U UBYYCHUEC UX (1)l/l3VIKO-XI/IMl/l‘{CCKl/lX CBOIICTB.

OKCITEPUMEHTAJIBHAA YACTD

151 mosyyeHus1 mopolkoB-npekypcopos (1 — x)ZrSiOy4—xZrO(OH),, rne x = 0.0, 0.5,
0.7, 0.8 u 1.0, 6p1a pa3zpaboTaHa OpUTrHMHAIbHAS 30JIb-TeJIb METOAMKA, OCHOBAHHAS Ha pa3-
JCJIbHOM ITOJYYCHUU KOJJIOUAHBIX PaCTBOPOB KOMIIOHCHTOB U 3aTCM UX CJIMBAHUA OJIs1 00-
pa3oBaHMsI refieii-npeKypcopoB U UX BeI3peBaHusl. CxeMa CMHTe3a NpeAcTaBieHa Ha puc. 1.

HcxonHeiMu BeliecTBamMu i cuHTe3a ciayxwi TOOC, ZrOCl,:8H,0 u NH4H,PO,,
BCE MapkKu “oc. 4.”.

CuHre3 nopoiukoB-npekypcopoB H,SiO;—ZrO(OH), nposoawnu paszaensHo: TOOC
(Si(OC,Hs5),) pactBopstiu B atunosom cniupre (C,H;OH), 3arem noGasisiim IMCTUILIAPO-
BaHHy10 Bony (pH = 7). B mpouecce runpommza TOOC, paccMoTpeHHOro B pabortax [19—21],
ob6pasyeTcsl KpeMHMeBas KuciaoTa. Jlajee K mojydeHHBIM COOTBETCTBYIOIIMM PacTBOPaM JI0-
6aBisiv BogHbli pactBop ZrOCl,"8H,0 comtacHO BbIOpaHHBIM COOTHOLUEHUSIM U TLLATENb-

HO TNepeMelIMBaIu, 3aTeM K pactBopam npuwiusaiu NH,OH no pH = 8. B pe3dynabrare nony-
yamu cMech H,Si03 u ZrO(OH), B Bune koyutonaa. OToeNbHO TOTOBUIN KOJIOUIHBIN pac-
tBop ZrO(OH),. 3arem Bce mojlyyeHHblE NPOLYKTHI (KosutougHble pactBopbl H,SiO; n
ZrO(OH), u ZrO(OH),) ciauBanum BMeCTe M TIIATENbHO MNepemelunBanu. [loaydyeHHyIo
CMeCh yapuBaJIM B CYIIMIBHOM 11Kady ¢ KoHBeKuueil Bozayxa npu 110°C B TeueHue 12 u.

1. Cxema cuHTe3a TUAPOKCHUIA HIMPKOHMA: 2. Cxema cuHTe3a HIMPKOHa:

Cwmemenue (C,Hs0)4Si
C C2H50H n HZOm(cT.

PaCTBOpCHI/IC HaBECKMN
ZrOCly'8H,0 B HyO per

PaCTBOpeHI/IC HaBCCKUN
Zl‘OClz'SHzO B HzOAHC,_

JlobGaBnenue ¢ 1 ¢
BOJIHOI'O PacTBOpa
NH4OH (pH>7) CoenuHeHue p-oB 1

,Z[OGE[BJ'[CHI/IC BOIHOTO p-pa
NH,OH (pH>7)

v

IMonyuenue
resieo0pa3HoOro ocaaka
(ZrO(OH),+H,;Si03)

v

[TonyyeHure KOTOMIHOTO
pactBopa ZrO(OH),

v
((1 —X)ZrSi0, — erO(OH)z)

Puc. 1. Cxema pa3nenbHOrO OCaxIeHUs KOMIOHEHTOB KoMnosuumit ((1 — x)(H,SiO3—ZrO(OH),)—xZrO(OH),

VTSI TIOJTYYEHMSI ITOPOLIKOB-TTPEKYPCOPOB.
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[MonyyeHHble MopoIky npokaauBaiu npu 850°C B TeueHue 2 4 1jisd 00€3BOXKUBAHUS
npoaykToB U pasnoxeHus: H,SiO; u ZrO(OH),; HarpeB OCyIEeCTBIISUIA C BBICOKOI CKOPO-
ctbio (~20°C/MuH), 4TOOBI M30eXaTh YKPYITHEHUS 3epeH 3a cueT MacconepeHoca. ITocie
M3MeJIbYCHMSI TTIOPOIIKOB B BUOPOMETBbHUIIE UX TTPECCOBaIN B TaOJETKU IO NaBJeHUEeM 8—
10 MTITa mis mociiemoBaTeNbHOTO criekanus B muHTepBaie Temieparyp 1000—1300°C Ha Bo3-
Jyxe JUIsl HOJy4eHUs KepaMuyecKux KoMno3uTos (1 — x)ZrSiO,—xZrO,.

Jns pentreHodaszoBoro aHanuza (PPA) ucnons3oBanu audpakromerp JJPOH-3 (Poc-
cusi). [Tapamerpsr 3anucu 6eutd cieayotmmu: Ni-dbwistp, usnyderne Cuky, (A = 1.54056 A),
38 kB, mocrostHHast BpeMeHU 1, CKOPOCTh CKAHUPOBaHUsI 1 rpaa/MUH.

Tepmuueckoe noBeaeHue nopoikoB udydaan merogom ACK/TI (muddepeHimanbHas
CKaHMpYIoNIasi KAJIOPUMETPUsI U TEPMOTPaBUMETPUsI); U3MEPEHUS TIPOBOAMIIN HA CUHXPOH -
HoMm TepMmoaHanuzatope STA 429 CD (NETZSCH); macca ob6pa3iia cocrasiisiia OKOJIO
30 mr; ckopocTh HarpeBa — 20°C/muH. Hauaso TerioBoro ad@eKkra ornpeaessiiv 1o OTKIO-
HeHuio nuddepermanbHoi KpuBoit JICK oT HyneBoii TMHUN.

Ilnomank yneabHO MOBEPXHOCTU MTOPOIIKOB U3Mepsiiu Ha mpubdope Nova 1000e (Quan-
tachrome Instruments, CIIIA) ¢ ncronb3oBanueM a3ota (99.9999%) B kadecTBe afcopbara.
INepen n3amepeHUSIMM TIPOBOAWIN Aera3anuio odpasnos mpu 150°C B BakyyMe B TedcHUE
16 4. YnenpHyI0 IUTOIIAAL TOBEPXHOCTH 00Pa3IOB ONPEesiid C UCTIOIb30BaHUEM MOIETN
Bpronayspa—Ommera—Teiepa mo 7 ToukaM B OuUaIia3oHe IMaplUUaJbHBIX OaBJICHHUI a3oTa
P/P0 0.07—0.25. PacueTsl BBINOJHSIIM ITOCPEICTBOM IporpaMmMHoro otecrneyeHuss NOVAWIn
11.03 (Quantachrome Instruments, CILIA).

N3mepeHne MUKpPOTBEPIOCTH 1O BUKKepcy KepaMMYeCKUX KOMITO3UTOB IMTPOBOIWIIMN TTPU
Harpy3ke 200 r (~20 H) ¢ ucnonszoBannem mukporsepaomepa [IMT 3 (Poccust), ocHaleH-
HOT'0 IIPpOTpaMMHBIM KOMIUIEKCOM IUISI pacdeTa MUKpoTBepaoctu (Microanalysis Microhard-
ness software package), pazpadboranHbiM B OAO “JIOMO” (Cankr-IletepOypr, Poccus).

5
M% oo M ey w
WL._A A A L 3

ML\__} A A h‘ J
10 20 30 40 50 60 70
20, rpan

Puc. 2. Pentrenosckue audpakrorpaMmbl NOpowkoB-npekypcopos (1 — x)(H,Si03—ZrO(OH),)—xZrO(OH),,
MOJIYYEHHBIX 30JIb-TeIb MeToaoM, st x = 0.0 (7), 0.5 (2), 0.7 (3), 0.8 (4) u 1.0 (5). Pedyiekchl Ha peHTIeHOBCKUX
nudpaxrorpamMmax (/—4) coprnangaior ¢ pedaekcamu, oTHeceHHbIMU K H,Si03 B pabore [22].
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Taomuua 1. BeuyuHBI yaeIbHOM MMOBEPXHOCTH MOPOIIKOB MOCJIE 30J1b-TeJIb CUHTE3a U TEPMOOOPaboT-
ku ripu 850°C (2 u)

O6pasenn YcnoBust VY. MOBEPXHOCTb, M2/F
0.5H,Si03—0.5ZrO(OH), (ZrSiOy) 3oJb-renb 201.0 £ 5.2
ZrSiOy, TeTparoH. 850°C 58.4+£25
0.5(H,Si05—ZrO(OH),)—0.5ZrO(OH), 3oJb-Tresb 196.4 £5.2
0.5ZrSi04—0.5Zr0O, 850°C 51.1+£2.0
ZrO(OH), 3o/b-renb 213.6 4.3
ZrO,, MOHOKJL. 850 °C 156+0.3

PE3YJIBTATBI U ObCYXKJAEHUNE

BricylieHHBIE M U3MeNnbueHHBbIE ocagku Kommoszuuuit (1 — x)(H,SiO3;—ZrO(OH),)—
xZrO(OH),, riex=0.0, 0.5, 0.7, 0.8 u 1.0, npeacrasisioT cod0ii, MO-BUANMOMY, CMECh 3aKpH-
CTAJUTM30BAHHOM KPEMHUEBOI KUCIOThI U PEHTTEHOAMOP(MHOT0 OKCUTUAPOKCUAA ITUPKOHUS
(puc. 2). Habmonaemble pediieKChbl Ha PEHTTEHOBCKUX AvGpaKTorpaMMax COBITaIaloT C pe-
(nexkcamu, otHeceHHbIMU K H,Si05 B padote [22]. BennuuHbl yaeabHONH MOBEPXHOCTU MO-
POIIKOB HEKOTOPBIX MCXOMHBIX KOMITO3UIINI, TIPENCTaBJIeHHbIE B Ta0JI. 1, TOKA3bIBAIOT BbI-
COKYIO TUCIEPCHOCTh MOJYYEHHBIX CMECEIA.

CMecH TIoMelllaJIi B KOPYHIOBbIE TUTJIM Y IIPOBOAMIN OOXKUT B TeYCHHUE IBYX 4aCOB TIPU
temniepatype 850°C (B COOTBETCTBUM C pe3ylbTaTaMU aHaN3a TEPMUYECKOTO TTOBEIECHUS
[OPOLLKOB-TMPEKYPCOPOB (puc. 3)) 1St JayibHEl1LIero 06e380kuBaHus U paszinoxeHust H,SiO; u
ZrO(OH),) ¢ obpazoBaHueM okcuaoB ZrO, u SiO,. Kak yxe oTMeyanoch Bbllle, MOIBEM
TemnepaTyphl 10 850°C ocylIeCTBIISIV C BBICOKOI CKOPOCTBLIO ISl COXpAaHEHUsI BBICOKOI
JNIMCTIEPCHOCTU TIOPOIIIKOB, YTO TIOATBEPXKIAeTCsl OOJIBIIMMU 3HAYCHUSIMU YACJIbHOM TMO-
BEPXHOCTHU MOPOIIKOB (Tabi. 1).

1o, % DSC, mW/mg
100 = texo | )5
80T ; 120
X --.._“t“" T T T e - ce— e =
60 - it 3 1.5
. J
40 - 1.0
0.5
20
-0
0+
—1—0.5
—20 gl
| . \ , 795°C, 866°C | . 2% I——l.O

0 200 400 600 800 1000 1200 1400 1600
Temperature, °C

Puc. 3. JICK kpuBbie mopomkos-npekypcopos (1 — x)(H,SiO3—ZrO(OH),)—xZrO(OH),, tne x = 0.2 (1), 0.5 (2),
0.7 (3) u 0.8 (4); a Takkxe coorBeTcTBYIOIIME KpBbie TT (1', 2, 3", 4').
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L Y 1 ..:'. YVl o
r T T T T T

10 20 30 40 50 60 70
20, rpan
® 7rSiO, (tetparoH. 3-630)  --- ZrO, (MoHOKJ. 36-420) A ZrO,

Puc. 4. Pentrenosckue audpaxrorpaMmbl nopowkos (1 — x)ZrSiO4—xZrO, nocne o6xura mpu 850°C (2 v), rae

x=10.0(1),0.5(2),0.7 (3), 0.8 (4) n 1.0 (5), n mrpux quarpammel ZrSiO4 n ZrO, u3 6a3er nanHbeix ICDD-PDF.

IIpencraBnennsie kpuBble JJCK Ha puc. 3 orBeualoT, Kak MEI ITojlaracM, IIpolieccaM Je-
ruapaTtaluuy NpoAyKTOB CUHTE3a B MHTepBasie TeMmiiepatyp 10 600°C (aHgoTepMudeckKue 3¢ -
¢exThI, COMPOBOXAAIOIIMECS MOTEPEl MACChl) M Havaly MPOLEeCCOB KPUCTAJUIU3aLUHU IIPO-
lyKTOB 00€3BOXMBaHMSI U pa3ioxeHus ¢ oopazoBaHueM ZrSiO 4 u ZrO, (3K30TepMUUECKUE

addexTol 6e3 moTepu Macchl B nHTepBajie 700—900°C).

PeHTreHoBckue nudpakiMOHHbIE KAPTUHBI, MPEICTaBIeHHbIC Ha pUC. 4, TIOATBEPXKIAIOT
o0pa3oBaHue COOTBETCTBYIOLIMX KoMno3uuuii (1 — x)ZrSiO4—xZrO,, npu 3TOM 3aMETHO
CTUMYJIMPYIOIEe BIUSHNE OKCUIa IMPKOHMST Ha KPUCTA/UIM3ALIMIO IIMPKOHA B CMECU KOM-
MOHEHTOB — pedJIeKChl, OTBeYalol1e LIUPKOHY, CTAHOBSTCS 60Jjiee Y3KUMU U UHTEHCUBHbI-
MU (InppaKIUOHHbIE KAPTUHEL 2—4).

Pe3yabTaThl MO3TAIHOTO Mpollecca CIIeKaHUs MOPOIIKOB Ipu Temnepatypax 1000 u
1300°C (mo 24 4) mpencTaBieHBl B BUIE PEHTICHOBCKUX NU(PPaKIIMOHHBIX KapTUH Ha
puc. 5u 6.

Ve nipu 1000°C mupKOH YaCTMYHO pasjaraercs ¢ oopa3oBaHMEM OKCHUIA LIMPKOHUSI,
cnabble pedaeKkchl KOTOPOTo HAOJII0AAI0TCSl HA peHTIeHOBCKOM audpakTorpamme I (puc. 5).
HanbHeiilliee moBblllieHUE TeMIiepaTyphl criekanust 10 1300°C npuBOaUT K YBEJTMYESHUIO UH-
TEHCUBHOCTU pedIeKCOB OKCHIA LIMPKOHUSI HA pEHTIEHOBCKUX AudpaKkTorpaMmax (puc. 6,
I—4), Iipy 3TOM MUKW CTAHOBATCS 0oOJiee Y3KMMM, YTO CBMUIETEJIBCTBYET O MHTEHCUBHOI
kpuctasusauuu ZrO, B cUCTEME.
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Puc. 5. PentreHosckue audpaxkrorpaMmbl 06pasuos (1 — x)ZrSiO4—xZrO, mocse crnekaHus MOPOIIKOB TP
1000°C (24 9), tne x = 0.0 (1), 0.5 (2), 0.7 (3), 0.8 (4) u 1.0 (5), n wrpux nuarpammel ZrSiOy4 u ZrO, u3 6a3bl 1aH-
Heix ICDD-PDF.

[Tporuecc pasyiokeHus] IMPKOHA UCCIeA0BaH MHOTMMUY aBTOpaMU; pe3yIbTaThl 3TUX HC-
clieqoBaHUii cBefeHbI B padore [23]. I3 mpuBeneHHBIX B HEli JaHHBIX CEAYET, YTO TeMIlepa-
TYpbI Pa3jI0oXeHUs BApbUPYIOTCS OT oueHb HU3KUX (~950) mo Beicokux (~1770°C), urto, 110-
BUAVMMOMY, 3aBMCUT OT METO/Ia CUHTE3a LIMPKOHA U €T0 UYMCTOTHI.

OrcyrcTBUE pedeKCcoB KpeMHe3eMa Ha peHTTeHOBCKUX AudpakTorpammax (puc. 5, 1—4)
MOXHO OOBSICHUTb €T0 BBICOKOI AUCIIEPCHOCTHIO (ITPU pa3ioxXeHuu uupkoHa SiO, peHTre-
HoamopdHbIit). [Tocne ciekanus nipu 1300°C nosBasitoTcst pedaeKChl, KOTOPbIE MOXKHO OT-
HectH K dasze SiO, (puc. 6, [—4). T. o. npu 3TOi TemrnepaType KOMITIO3UTHI MPEICTABISIOT
coboit cMechb TerparoHaibHoro ZrSiO4, MoHokJIMHHOro ZrO, U rekcaroHajibHoro SiO,
(kBap1a).

IMosiBnenue pedaekcos SiO, Ha PEHTIEHOBCKOM AUdpaKTOrpaMMe KepaMUueckoro oo-
pasua 0.2Zr0,/ZrSiO,4 nocie criekanus npu 1400°C TpaagUIIMOHHBIM METOIOM 06e3 TUIPO-
TepMaJbHOI1 06pabOTKU MopollKa oTMedeHo B [12].

3HauyeHUs MUKPOTBEPAOCTH MO BUKKepcy moydeHHBIX KepaMUUeCKMX KOMITO3UTOB (1 —
— x)Z1Si04—xZrO, nocie criekanus pu 1300°C (TabJ. 2), He CMOTPSI Ha CIIOXKHOCTb (ha3o-
BOro cocTaBa (TeTparoHaibHOro ZrSiO4, MOHOKJIMHHOTO Z1rO; U IPUMECU F€KCAarOHaJIbHOTO
SiO, (xBap1a)), MpeBbIIIAIOT JaHHbIE PaboTHI [12], B KOTOpOI1 HaMbObIIEe 3HAYEHUE MUK-
potBeprnoctu (~13 I'Tla) nemoHcTpupyet obpasert 0.2Zr0,/ZrSiO,4, TTOTYYEHHBIHN 1O 307Tb-
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Puc. 6. Pentrenosckue mudpaxkrorpaMmel 06pasuoB (1 — x)ZrSiO4—xZrO; mocse crekaHus MOPOIIKOB TPH

1300°C (24 u), rne x = 0.0 (1), 0.5 (2), 0.7 (3), 0.8 (4) n 1.0 (5), n mrpux quarpamma ZrO, u3 6a3el aHHbIX ICDD-PDF.

reJib METOJIMKE C TUAPOTEPMaIbLHOM 00paboTKoii rmoce criekanus npu 1500°C, a Takske 3Ha-
yeHue Mukpoteproctu (~15 I'Tla) y o6pasua ZrSiO4—20 06. % ZrO, B [13], mosydeHHOTO
13 MOPOIIIKA B MPOLIECCe MCKPOBOTO IIa3MEeHHOTOo criekanus mpu 1500°C.

Bricokue 3HaueHUsI MUKPOTBEPAOCTU KEPAMUUECKUX KOMITO3UTOB (1 — x)ZrSi04,—xZrO,
MOTYT OBITH CBSI3aHbI BICOKOI TUCIIECPCHOCTHIO MTOPOIIKOB-TIPEKYPCOPOB, MOCKOIBKY Ta-
KH€ TMOPOLIKU 00alaloT OOJbIION YyAeIbHOM MOBEPXHOCTHIO, U CJIEAOBATEIbHO, JyUlleit

Tabauua 2. 3HaueHMsI MUKPOTBepIOCTH Mo Bukkepcy kepamuueckux o06pasuos (1 —x)ZrSiO4—xZrO,,
crneyeHHbIX B MHTepBaie teMmmeparyp 1000—1300°C (24 4)

Muxkpotsepnocts, ['Tla, 0.1

Oo6pa3zen Temneparypa criekanust, °C
1000 1200 1300
ZrSiO4* 7.6 13.8 17.9
0.5ZrSi04—0.5ZrO,* 6.9 12.9 16.1
0.3ZrSi04—0.7ZrO,* 6.1 10.3 14.8
0.2ZrSi04—0.8ZrO,* 6.5 10.7 15.3
ZrO, 7.2 11.2 15.9

* [pumeyanue. [pucyrcrBre HeGonbioro konuuectsa SiO, nocie cnekanus mpu 1300°C.
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criekaeMocThio. KpoMe Toro, apMHUpYIOILYIO pOJib UTPAET OKCHJL LIMPKOHMS, KaK ObLJIO OTME-
yeHo B pabore [13].

SAKJTIOYEHUE

Kepamnueckue kommnosutsl (1 — x)ZrSiO,—xZrO,, rae monbHast nons x = 0.0, 0.5, 0.7, 0.8
u 1.0, 6B TIOTYyYeHBI CTIeKaHWEM BBICOKOIMCTIEPCHBIX TTOPOIIKOB B MHTEPBaJIe TeMIlepa-
typ 1000—1300°C (110 24 4 Ha KaxaoM 3Tarne). Mcnoiab3oBaHMe HAHOPa3MEpPHBIX MOPOIII-
KOB-IIPEKYPCOPOB, MO3BOJISIIOLIMX YIYYIIUTh UX CIEKAeMOCTh, 1aJI0 BO3MOXHOCTb MOJYy-
YUTH KepaMUUYeCKue 00pasiibl ¢ BBICOKOM MUKpoTBepaocThio (1o ~18 I'Tla). Takue xapakTte-
PUCTUKU aBTOPBI CBSI3BIBAIOT C HAJIMYMEM U JOMOJHUTEIBHBIM MOSIBIICHUEM B pe3y/bTaTe
YaCTUYHOTO PA3JIOKEHMST IIUPKOHA OKCUIA IIUPKOHMSI, UTPAIOIIEeTo POJib CIieKalolleil no-
0aBKM.

OMHAHCHUPOBAHUE

WccnenoBanue BBITIONHEHO 3a cyeT rpaHTa Poccuiickoro HaywyHoro ¢onma Ne 23-23-00378
(https://rscf.ru/project/23-23-00378/).
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