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Hayunsiii pykoBogutens — A. JI. Kosnosckuii, A. B. TpyxaHos

OpHUM U3 KTHOYEBBIX BHI30BOB B Pa3BUTHUM TEPMOSZIEPHOM SHEPreTHKU, Hapsily C 3afaueit
YCTOMUMBOTO y/lep>KaHWs T1a3Mbl, SIBISETCS o0ecrieyeHHe 0CTaTOYHOTO TPOW3BO/CTBA TPUTHS,
TIOCKOJIbKY TPaJMLIMOHHbIE METO/IbI €T0 MO/TyUeHHsI He TI03BOJISIFOT OCTUYL HeOOXO0[UMOTO YPOBHSI
it cTabwibHOrO  (DYHKIIMOHMPOBAHUSI —peakTopoB. Pa3paboTka ¥ COBepIIeHCTBOBaHUE
JUTUMCOZiepXKAIlMX KepaMUK, MCI0J/Ib3yeMbIX B KaueCTBe MaTepua/ioB-pa3MHOXKUTeNel TPUTHUS B
peakTopax HOBOTO TIOKOJIEHWSI /1aeT WIpalT BaKHYHO posib B 3ToM Tipouecce[1-3]. OcHoBHOMI
matepuas, Li;SiOs, HECMOTPSI Ha €ro aKTMUBHOE WCIIO/b30BaHME, 00/1a/IaeT psifioM OrpaHUUEeHUH,
TaKUX KaK MeXaHWuecKas MPOYHOCTb, PaJMal[MOHHAasi CTOMKOCTb M YCTOWYMBOCTb K TelleBOMY
pacnyxaHuio[4-5]. B cBsi3u C 3TUM HCCIeyeTcss BO3MOXKHOCTb TPUMEHEeHUs! albTepHaTUBHBIX
KepaMHUeCKMX MaTepuasioB, B uacTHOCTH ali,ZrOs;, obnazaroiero 6oee BBICOKON YCTOMUHNBOCTBIO
K pa/IMallMOHHbIM TIOBpeXAeHussM. KpoMme TOro, B KauecTBe TePCIIeKTUBHOIO MEeTO/[a TIOBbIIIIEHUS
CTabW/ILHOCTH KepaMWK K PpafiMal[MOHHBIM  TIOBPEXKEHUSIM  PAacCMaTPUBAeTCs  BBe/leHUe
CTaOWIU3MPYIONINX 100aBOK, TAaKMX KaK OKCHZbI UTTPHUSl, MarHus W amoMUHUSA.OKCHJ MarHus
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(MgO) obsafaeT BBICOKMMH OTHEYNIODHBIMM W W30/SILIMOHHBIMA ~ CBOWCTBAMH, HHU3KOU
TeIJI0eMKOCTBIO U TerionpoBoAHOCTHI0 36 BT/(M-K) npu 100°C, a Takke TeMIiepaTypo¥ I1aBjieHHs
2800°C.IIpu BBesennn MgO B cTpykrypy Li,ZrO; BO3HUKaeT IOBbIIEHHAsA KOHL@HTpaLus
KHUC/IOPOJIHBIX BaKAHCHH, UTO JJaeT BO3MOKHOCTb y/IyYILINTh NOJBWKHOCTb JIUTHS. [6-7].

B paHHOUM paboTe pacCcMaTpuBaeTCs B/IMSHUE JOMUPOBaHUS OKcugoM Maruusi (MgO) Ha
CBOMCTBA MeTal[MDKOHaTa J/IMTUS C Lebl0 IOBBILIEHUS YCTOMUMBOCTH K paJyaljMOHHOMY
OXPYITYMBAHMIO U Fa30BOMY PaCIlyXaHHIO, BEI3BAHHOMY HaKOIUIEHHEM TeJIusl.

B kauecTBe MCXO/IHBIX MaTepUasoB MCI0J/b30BanuCh nopoiku Mg0O, ZrO.u LiClO4x3H-0,
o6Jtaziaroiie BLICOKOW CTETIeHbI0 XUMHUeCKOU YMCTOThI (99,95 %) 1 nprobpeTeHHbIEe Y KOMITAaHUM
Sigma Aldrich. [lormupoBanue okcugom wMarius (MgO) ObUI0 BbIOpAaHO C YYeTOM €ro
OnaronpusSTHEIX  (QU3UKO-XUMUUYECKHX W MEeXaHWUeCKMX XapaKTepUCTHK, CIOCOOCTBYIOIIMX
YBeIMUEHUIO TTPOYHOCTH U TMOBBILIEHHI0 YCTOWUMBOCTU JIMTUMCO/EPrKalliUX KepaMUK K BHELIHUM
BO3/I€ICTBUSIM.

CuHre3 uTuiicofep)Kaux kKepamuk Li,ZrO; c pobaenenuem MgO (0,05-0,25 M)
NIPOBOAWICS MeTOZIOM MeXaHOXMMHYEeCKOr0 IlepeMelllMBaHWs B IUIAaHETAPHOM MeJIbHULIe
PULVERISETTE 6 classicline npu 400 06/MuH B TeueHre 30 MUHYT. 3aTeM CMeCH TIOJJBEPravch
TepMUUeCKOMY criekaHuto B mydenbHou meur RUS-universal nmpu 1300°C B TeueHue 8 uyacoB C
KOHTPOJIMPYeMbIM OXJIaKJeHreM. JlaHHasi TexHO/lorhyecKas cxema obecrieurBaeT TIOyueHue
JIUTUHCOZepXKAllIUX  KepaMHMK C  BBICOKOW TIPOYHOCTBEO,  YIIOPSIIOYEHHOU  CTPYKTYpOW,
KOHTPO/IMPYeMbIM (pa30BbIM COCTAaBOM U ONTHMMHU3UPOBAHHBIMU MeXaHUYeCKMMH CBOKMCTBaMHU.

Anamm3 ¢$a30BOro coctaBa M CTPYKTYPHBIX OCOOEHHOCTeH KepaMHWK TP H3MeHeHWH
KOHL|EHTpaL[Mu [l0TllaHTa TPOBOJAW/ICS MeTO/JO0M PpEeHTTeHOBCKOM [u(pakiii Ha TMOPOLIKOBOM
mudpaktomerpe D8 Advance ECO (Bruker, Bepnun, 'epmanusi) B reometpuu bperr-bpeHtaHo c
yTouHeHHeM rapameTpoB ¢ nomoipsio DiffracEVA v.4.2 u 6a3wl ganHbix PDF-2(2016). CterneHb
CTPYKTYPHOTO YIOpPSiIOUeHUs] OL|eHMBajJach I10 COOTHOLUEHWIO TMiouajeil AnpakiMOHHbIX
pedieKCOB KpHCTalIM4yeckord a3kl M aMOP(HBIX BK/IHOYeHUW. VmmesnaHCcHasi CHeKTpPOCKOMMS
nipoBomiack Ha RLC-u3meputene HIOKI IM3533-01 (2-200 000 I'tx) ¢ ucnonp3oBaHreM TabIeTOK
13 TIPeCCOBaHHbIX MOPOLIKOB, MOKPBITHIX cepeOpsHOM MacToM /1Jisi KOHTAKTOB.

Mopdonoruss CMHTe3UPOBaHHBIX JIUTUHCOJEPKALMX KepaMHK HCC/eloBajack MeTO/0M
pacTtpoBoi 3siekTpoHHOM MUKpockoruu (Hitachi TM3030, Tokyo, Japan). [IpouHOCTHBIE CBOMCTBA
JoMUpoBaHHBIXMEO KepaMUK OLIeHHWBaIMCh MeTOJIoM MuKpouHJeHTUpoBaHusi (LECO LM700,
Tokyo, Japan), a BiusiHMe paZMallMOHHBIX TMOBPEXX/AE€HWN — HaHOWH/EHTUPOBaHWEeM Ha OOKOBOM
CKOJIe.

KuHeTrka u3aMeHeHMs! Temo(U3UUeCKUX IapamMeTpoB KepaMHUK MCC/eZloBajach MeTO0M
NPOJIOJIBHOIO  TeIJIOBOIO II0TOKA Ha wusMeputesne TervionposogHocty KUT-800. Awnanus
Ko3(puLiieHTa TeruIONpPOBOAHOCTA B 3aBUCUMOCTH OT (roeHca 00ydyeHHsi TIO3BOJMII OLIEHUTD
B/IMSTHYUE PaZMaliiOHHBIX TTOBPEXKAEHUIN 1 00beMHOT0 pPaciyXaHHs Ha Teriornepesayy.

MogenvpoBanie HaKOIUIeHWsI Teausi B IIpUNOBepXHOCTHOM cyoe (300-500 HMm)
OCYIIIeCTB/IANIOCH 00/yueHreM o0pasijoB noHaMu He?" Ha yckopuresie [I11-60 (IHCTUTYT siiepHOI
¢u3vku MO PK).

HorvpoBanreMgO oKa3ano 3HauuTe/bHOe BJMsiHHME Ha ()a30BbIM COCTaB U MODP(QOJIOTHIO
KepamMHK. AHa/rM3 MOP(OIOrMUeCcKUX JaHHbIX NTOKa3bIBaeT, YTO CUHTE3UPOBaHHbIE KepaMUKH T10C/Ie
MeXaHOXMMHUUYECKOTO TepeMasibiBaHus W TEePMHUUYeCKOrO OTKUTA TIPe/CTaBIsIOT 000
yJIbTPaJMCIIepCHbIe HAHOTIOPOIIKU cepruyeckoll uau oBaibHOW ¢opmbl. [Ipu gobaBnennu MgO
(0.05-0.10 M) ¢opmupyroTCsi KpYyIiHbIEe OBa/bHbIE WM POMOOBH/HBIE YACTHLIbI, TIPEBHIIAIOIIHE
OCHOBHOW pa3Mep KepaMuku. C yBennueHuMeM KOHLleHTpaumu fomaHta Ao 0.15 M u Bbile
HaO/moZaeTcsl yKpyIiHeHre 4acTHl] M 00pa3oBaHWe JeH/PUTHBIX arjioMeparoB. OTH W3MeHeHHs
CB$13aHBbI C BJIMSIHUEM [IONUPOBaHUS Ha (Pa30BbIi COCTaB M BO3MOKHBIM ()OPMUPOBAaHUEM HOBBIX (a3
VT TBEP/BIX PAaCTBOPOB.

Ananu3 azoBoro cocraBa xLi,ZrO; — (1-x)MgO nokasas, uTo Nnpu KoHLeHTpaiuu MgO
Beiie 0.10 M npoucxoaut ¢asosoe npespaitenue Li,ZrO3 — Li,ZrOs/MgLi,ZrO,. B pesynbrare
(dhopmupyroTcs AByx(a3Hble KepaMUKU C PaBHBIM cojiepkaHueM obenx ¢a3. [Ipy KoHLeHTpaluu
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MgO 0.10 M B ¢a30BOM CcOCTaBe MOSB/SFOTCS XapakTepHble peduieKChbl TeTparoHaabHoi (as3sl MgLi
»Z1r04 Ko/InuecTBO KOTOpoi Bo3pacTaeT npu 0.20-0.25 M.

YBenmuuenue koHueHTtpauuu MgO go 0.15 M npuBOJUT K YIIPOUHEHUIO KepaMUK 3a CYeT
CHIDKeHUsI TIOPUCTOCTU U JledeKTHbIX BKJIHOUeHHH, Toraa kKak rmpu 0.20-0.25 M nHabmrogaetcs
He3HauMuTe/IbHOe CHYDKeHHWe TBepPA0CTH, KOppeupylollee C U3MeHeHHeM UX CTPYKTYPHBIX CBOMCTB.

Y CTOMUYMBOCTD K BBICOKOTEMIIEPATYPHOM Jerpajialiii ¥ TePMOCTOMKOCTb OL|eHUBA/IU IyTeM
[[UK/IMYeCKUX WCIbITaHui: HarpeB g0 1000°C, Bbigep)kka 1 uwac u OBICTpOe OX/IaXK/AeHHe,
noBTopsiemoe /10 10 pa3. TBepA0OCTb KepaMUK C pa3HoU KOHLjeHTpalueit MgO u3smepsiivi noce 1, 3, 5,
7 1 10 QuKIIOB.

MakcumanbHoe yripouHeHue Ha 10.3 % 3adukcupoBano nipu 0.15 M MgO, Torza Kak rnpu
crenyrolieM yBeJIMUeHUM KOHL|eHTpaLUU CHuKaeTcss TBepfocTh Ha 1.0-2.0 %, ocraBasich BbIllle
ucxogHoro ypoBHsi Ha 7-10 %, uTO CBfI3aHO C K3MeHeHHWeM IUIOTHOCTH U (hOpPMHUPOBaHUEM
ABYX(ha3HOW CTPYKTYPBI.

AHanu3 W3MeHeHWM CTPYKTYPHbIX XapakTepuctuk xMgO-(1-x)Li,ZrO,; kepamMuk mnpu
06yueHuy noHaMu He?" BBISIBIIT 3aBUCHMOCTD CTETeH! PaZiMalliOHHbBIX TOBPEXEHUM OT (ha30BOro
COCTaBa, BJIMSIIOLIETO HA MPOYHOCTHBIE M TeIuio(pr3nUecKre CBOMCTBA MaTepuasioB.Y CTaHOBJIEHO,
YTO IPY MasbIX KOHLeHTpanusax MgO TernionpoBOAHOCTL Bo3pacTaeT MeHee ueM Ha 1 %, Torja Kak
npu ¢opmupoBanuu ¢a3er MgLi,ZrO, HabmofaeTcsi pe3kdil poOCT 3TOro rokasarens. Poct
cogeprkanusi MgLi,ZrO4 B KepamMHKe TOBBILLIAeT YCTOWUUBOCTD K /lehOpMaliliOHHOMY PaCITyXaHUIO
32 CYUéT CHIWKEHUS] TEepMHUYECKOr0 pacClIMpeHusi W Haluuusi MeX(asHbIX TI'paHuL.
HaHOWH/IEHTMPOBaHHe TI0KA3a/l0, UTO TIOBBLIIIEHHE TeMIepaTypbl o6yyuyeHdss HoHamu He®'
yBeIMUWBAeT TOJIIMHY TIOBPEXKAEHHOTO C/os 3a cueT Auddy3uu renus, 00yc/iI0BIeHHON
TepMHUYeCKUMH  3(dekTamy.  PasynpouyHeHue  TPUIIOBEPXHOCTHOTO  CJIoA  CBfI3aHO  C
JeopMallMOHHBIMA MCKa)KeHUSIMU KPUCTa/UTMUeCKOW CTPYKTYpPbl U pacliyXaHueM, OCOOeHHO
BBIPa)KEHHBIM TP BBICOKHX [103aX 00/TyueHusl.

HormupoBanueli,ZrO, KepamMuMK Ma/lbIMU KOHLeHTpauusmMu MgO  crocoOcTByeT
CTabWMM3aLuK UX TIPOYHOCTHBIX U TeTIOQU3NUECKUX CBOWCTB, a TAaK)Ke TIOBBIIIAeT YCTOMUMBOCTD K
Jlerpajjaliuy Tipy BICOKO/[03HOM 00JTyueHUM 1 HaKOTIJIeHWH Tevsi, TIpeioTBpalliasi OXpynuruBaHue 1
pasyIlpoyHeHue MaTepHuana.
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