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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTVAJBbHOCTH TEMBbI

brnaronapsi coueTraHuio BBICOKMX ONTHYECKUX W TEIUIO(PU3UYECKUX CBOMCTB,
okcup moreuus (LuyOs) u ero TBEpIBIE pacTBOPHI ¢ OKCUAAMHU CKaHAMS U UTTPUS,
JISTUPOBAHHBIE HOHAMHU UTTEPOUs, SABIAIOTCS TEPCIEKTUBHBIMU MaTepHalaMH
TBEPJOTENbHBIX Ja3epoB OmmkHero MK-auanazona, mupoKo UCMONIb3yEeMbIX KaK IS
MIPOMBIILJICHHBIX TPUMEHEHHM, TaK U B HAYYHBIX HCCJICI0BAHUSX.

TpaauMOHHBIE METOABl TOJYYEHHUS Ja3€pHBIX MOHOKPHUCTAVIOB OKCHAA
JIOTEIUSI COMPSKEHBl CO 3HAYUTEIBHBIMU CIIOKHOCTSIMU, TMPEKIE BCEro, H3-3a
BBICOKOI Temneparypsl miasieHus Lu,Os (2450 °C). Mcnonp30BaHne KEPAMUYECKOTO
MOAX0Ja K IMOJYYEHHUIO ONTHUYECKUX MATepuasoB Ha OcHOBe LuyOs; mo3BoJsgeT
CYIIECTBEHHO CHHM3UTh TEMIIEpaTypy TepMOOOpabOTKH, YIPaBISATH COCTAaBOM
MaTpULIbl, YBEIUYNBATH KOHIIEHTPAIMIO JIETUPYIONIEr0 KOMIIOHEHTa B MaTepuaie U
co3gaBaTh 00pasiibl C 3a/IaHHBIM KOHIIEHTPAIMOHHBIM npoduiemM. HecmoTps Ha psif
XOpOUIUX PE3yJbTATOB IO MOJYYEHHUIO U HCCIEIOBAHUIO JIA3EPHBIX CBOWMCTB TaKHUX
MaTepuajioB, JO  HACTOSIIEr0 BPEMEHH  BOCHPOU3BOAUMMO  M3rOTaBIIMBATh
BBICOKOKAQYECTBEHHBIE MTOJTUKPUCTAILIIBI HA OCHOBE OKCHJIA JIFOTEIUS 10 KEPAMUUYECKOM
TEXHOJOTMH HE yJaeTcsia. OTO CBSA3aHO C OTCYTCTBHEM B3aMMOCBSI3aHHBIX
CUCTEMATHUYECKUX HCCIEOBAHUM TIPOLIECCOB, MNPOTEKAIOMIMX KaK TMpU CHUHTE3E
MCXOJHBIX TMOPOIIKOBBIX MAaTEPUANIOB, TaK W MPU CICKAHUM U3 HUX MOHOJUTHBIX
KepaMHU4YeCKHX 00pa3IoB.

OmuuM w3 HauOosiee TMEPCIEKTUBHBIX METOJOB IMOJIYUYEHHS] TOPOIIKOB JIJIst
ONTUYECKON KEPAMHUKHU SIBIISIETCS CAMOPACIIPOCTPAHSIOLINICS BBICOKOTEMIIEPATYPHBIN
cunte3 (CBC). CroiicTtBa npoaykra CBC rimaBHBIM 00pa30oM ONpeesITFOTCsS COCTaBOM
PEaKIIMOHHON CMECH, OJIHAKO B JOCTYITHOM JTUTEpaType UCCIEIOBAHUS BIMSHUS THUIIA
rOPIOYET0 M €ro COOTHOIIECHHS C OKHUCIUTEIEM Ha CBOWMCTBA MOPOIIKOB OKCHIA
JIOTEIHs] He OOHAPYKEHBI.

JIns1 M3roTOBIEHHUS JIA3€PHON KEpAMUKH Ha OCHOBE OKCHJIA JIFOTEIMS B OCHOBHOM
UCIIOJIB3YETCSI METO TOPSYETo MPECCOBAHUS C TTOCIEAYIOIIEH BEICOKOTEMITEPATYPHOM

razocraruueckoit 0opadotkoii (I'NIT). [lpumenenne oTHOCTaIUMHBIX MOX0/I0B, TAKUX
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KaK BaKyyMHOE CIIEKaHHUE, TaKKe MOKET 00eCIeYUTh BHICOKUNA YPOBEHb ONTHYECKOTO
MPOIYCKAHUS KEpaMHMKH, OJHAKO HCIOJb3yEMbIE TP OSTOM T'€TEPOBAJICHTHBIC
CrieKarolIre 100aBKM HEraTUBHO CKa3bIBAIOTCS Ha JIA3€PHBIX CBOMCTBAX. B ATOM CcBs3U
BECbMa Ba)KHBIM MPEJICTABIIAECTCS UCIOJIb30BaHUE U30BAJICHTHBIX 100aBOK, TAKHX Kak
OKCHJI JIAaHTaHa, YCIICIIHO MPUMEHSIEMBbIN NIl CIIEKaHUsl JIA3epHON KepaMUKH OKCHJIa
UTTpPHUSL.

Heab padoThl

Pa3paboTka Hay4HBIX OCHOB METOJA IMOJYYEHHsI BBICOKOTUIOTHOM ONTHYECKOM
KEpaMHUKH Ha OCHOBE OKCHJA JIIOTELUS COYETAaHHEM CaMOpPacIpOCTPaHAIOLIErocs
BBICOKOTEMIIEPATYPHOI'O CUHTE3a HAHOIOPOIIKOB M BaKyyMHOTO CIIEKaHHUSI, 4 TAKXKe
UCCJIEIOBAHUE JTIOMUHECLIEHTHBIX CBOMCTB MOJIYYEHHBIX KEPAMUYECKHUX OOpa3LOoB H
YCTAHOBJICHHE BO3MOXKHOCTH HX HCIIOJB30BaHUA JUId TIE€HEpPAlUM JIa3epHOTO
U3JIyYEHUs.

3agadum uccJe10BAHUSA

1. [IpoBecTH TEPMOIUHAMUYECKOE HCCIEAOBAHUE PEAKIMOHHBIX CHUCTEM
Lu(NO3)3—NH2CH2COOH, LU(NO3)3—C6H807 u LU(NO3)3—LU(CH3COO)3 C LOCJIbIO
000CHOBaHUS BbIOOpA COCTaBOB IPEKYPCOPOB TUISt MPOBEJACHUS

CaMOPaCIpPOCTPAHSIONIETOCS BBICOKOTEMIIEPATYPHOIO CHHTE3a TMOPOIIKOB OKCHAA
JIFOTEIH.

2. Pazpaborate Meroguku CBC 0c000 YHCTBIX BBICOKOJMUCIIEPCHBIX
MOPOIIKOB OKCHJIA JIFOTELHS U €T0 TBEPJIBIX PACTBOPOB C OKCUAAMHU PEIKO3EMENIbHBIX
AJIEMEHTOB (UTTpPUs, CKaHIWs, UTTEPOUsS U JaHTaHA) C MCIOJh30BaHUEM B KaueCTBE
roproYero TJWIHMHA, JUMOHHOW KHCJIOTHI W alerara JIIOTElMs, HCCIEA0BaTh HX
OCHOBHBIE MOP(OJIOTHICCKHUE U CTPYKTYPHBIC XapaKTePUCTHKHU.

3. YcTaHOBUTH BIIMSIHHME COCTaBa TOPOIIKOB TBEPJBIX PACTBOPOB OKCHIA
JIOTEUSI C OKCUJAAMU HUTTPUS M CKaHIUS HA CIEKTP W KHUHETUKY 3aTyXaHHs
JFOMUHECIIEHIIMA HOHOB Yb’™.

4, OnpenenuTs BIMSHUE CIIEKAIOMEeH T00aBKU OKCH/Ia JJaHTaHa Ha (ha30BBIM
COCTaB, KUHETUKY IIPOIIECCOB pOCTa 3¢PEH U YIUIOTHEHUS IPU BaKyyMHOM CIIEKaHUHU

KE€paMHUK Ha OCHOBC OKCHJA JIIOTCIHA.



5. [TonyunTh KepamMHuecKHe ONTHYECKHME MaTepuaibl Ha ocHoBe LuyOs,
aKTMBUPOBAHHbLIE HOHAMHU Yb**, M3MEPUTH UX OCHOBHBIE IIOMUHECIEHTHBIE CBOMCTBA
U YCTaHOBUTH BO3MOKHOCThH MCIIOJIB30BAHMS TOJTYYEHHON KEpaMHKHA B KauyecTBE
Ja3epHOU Cpe/Ibl.

Havyuuasi HOBH3HA

HccnenoBaHo BiIMsSIHME TUMNA Toproyero (IVIMIMH, aleTar JIIOTElus, JUMOHHAs
KHUCJIOTA) U €r0 COOTHOIIEHHUSI C OKUCIHUTENEM B MPEKypcope Ha aanadaTHYecKylo
TEMIEpaTypy M COCTaB TMPOAYKTOB CHHTE3a, a TakXke CTPYKTYpHbIE H
mMoponornueckue corictBa CBC-nopomikoB okcuaa motenus. [lokazano, uro npu
CX0ell MOp(OJIOTHH, XapaKTepU3YIOIIeHCs HaJUYUeM BBICOKOIUCTIEPCHBIX YaCTHI]
Lu,03, 00beAMHEHHBIX B MOPUCTHIE arjoMepaThl, MOPOIIKH Pa3TMYAIOTCS CTETIEHBIO
JUCTIIEPCHOCTH.

YcraHoBieHa BO3MOXKHOCTh nonydeHus metonoM CBC  mopomkoB TBEPIBIX
pacTBOPOB OKCHJA JIIOTELMSI C OKCHJAMH PEIKO3EMENBHBIX 3JIEMEHTOB (UTTpus,
CKaH/usl, UTTEpOus U JIaHTaHA) IIMPOKOTO JAuarna3zoHa coctaBoB. [lokazaHo yupenue
TI0JIOC JIIOMUHECIIEHIIUM HOHOB UTTEpOHs B cMermanHbIX okcuaax Ybo (Lu,RE; )1 903
(RE =Y, Sc) mo cpaBHeHMIO C HWHIWBHUIyaIbHBIMU OKcHAaMH YbgLu; 903,
Ybo.1Sc1.903, Ybo.1Y190;. BriepBbie mpoBe€H CUHTE3 MOPOIIKOB TBEPJIBIX PACTBOPOB
co crekawlel 1o6aBkoi okcuaa dantana (Lu,Yoos,Lages).03 1 (Lug7--Scosla;),0s.
[Tokazano, uyto oOpa3ubl (Lug7.-Scosla;),Os3 He COXpaHSIOT CTPYKTYpYy TBEPIOTO
pacTBopa MpH TeMIlepaTypax CIEKaHWs M HE MOTYT OBITh HCIIOJNBb30BaHbI IS
MOJTyYEHUS TPO3PAYHBIX KEPAMUK.

HccnenoBanbl KMHETHKA pOCTa 3€pPEH M MPOLECC YCaaKU IpH CIEKaHUU B
WIOTHYI0 Kepamuky Lu,Os;. Ilokasano mpeoOmnananue TBepnoda3HOro MEXaHH3Ma
CrieKaHusi koMnakToB nopomkoB Lu,Os; m (Lu,Yoos.,Lages).03. Yeranosneno, urto
BBeJIeHUE JJOOABKM OKCHOB JIAHTAHA U UTTPHUS B MAaTPHILY OKCHUA JIFOTEIHS TIPUBOIUT
K 3HaYUTEJIbHOMY YBEJIMUEHUIO CKOPOCTH YCaJIKU B MHTEpBasie Temneparyp 1500—-1600

°C 1 popMUPOBAHUIO TUIOTHOM KEPAMUUYECKON CTPYKTYphI 0€3 BKIIIOUEHUH TIOP.



BriepBbie  M3TOTOBIIEHBI W OXapaKTEPU30BaHBI  MPO3payHble  KEPAMHUKHU
5%YDb:(Lu,Yo.9s-,La0.05)203, mpoaeMoHCTpUpOBaHa J1a3epHas reHepanus Ha oOpasiax
kepaMuKH (Luo.65Y 0.25L.a0.05Ybo.05)2053.

IIpakTHyeckasi IEHHOCTh Pad0Thl

Pe3ynbraThl, MOIMy4YeHHBIE B XOJ€ HCCIEAOBAHUS, SBISIOTCI HEOOXOIUMOM
Hay4HOM 0a30i JIJ1s pa3pabO0TKH TEXHOJIOTHUU ONITUYECKON KepaMUKU Ha OCHOBE OKCHA
JOTEIHSL.

VYcTaHOBIIEHBI ONTUMAJIBHBIE MHTEPBAJIbl COCTABOB PEAKIIMOHHBIX CHCTEM
Lu(NO3)3—NH2CH2COOH, Lu(NO3)3—C6H807 nu Lu(NO3)3—Lu(CH3COO)3 JJIA
CHUHTE3a BBICOKOJUCIEPCHBIX TopomkoB Lu,Os;, cocraBuBmue (¢)Lu(NO;3);—(1-
¢)Lu(CH3;COO)s, tne ¢= 0.60-0.65, (¢)Lu(NO3)s—(1-¢)CcHgO7, tne ¢p= 0.55-0.60,
(9)Lu(NO3); — (1-9)NH,CH,COOH, rae o= 0.35-0.45.

Pa3paboTanbl METOMUKH TIOJYyYE€HHSI BBICOKOJUCIIEPCHBIX MOPOIKOB LuyOs
Merogom CBC ¢ mpuMeHeHrneM NpeKypcopOB YKAa3aHHBIX COCTABOB, MOKA3aHO, YTO
Cpelld BHIOpAHHBIX BUJIOB FOPIOYEro HanboJiee MOAXOAIIMM JJIi CHHTE3a MOPOIIKOB
Ha ocHOBe Lu,O; 11 ONTHYECKON KEpAMHUKU SABJISIETCS TIIUIUH.

VYCTaHOBJIEHO, 4YTO WCIOJIB30BAHHUE CIICKAIONIEH J00aBKM OKCHJAa JIAHTaHa
MPUBOAUT K MOJTYUYEHUIO MPO3PAYHBIX KEPAMUUECKUX 00pa3lOB CMEIIaHHBIX OKCUIOB
(LuyYo.055La005)203 1 5%Yb:(Lu,Yo0s,La005).03; ompenenensl ycioBust CIEKaHUs
ONTUYECKON KePaMUKH OKCHJIA JTIOTELHs C J0OaBKOM OKCUIOB UTTPUS U JIaHTaHA.

Ha ocHOBe CHHTE3UPOBAHHBIX MOPOIIKOB METOJAOM BaKyyMHOTO CIEKaHUS
MOJIy4eHbl Kepamuueckue oopasibl coctaBa (LugesYo.25L20.05Ybo0s)203, Ha KOTOPBIX
MOJyY€Ha TeHEepalus JIA3€pHOTO M3JIYYEHUs, YTO MOATBEPKAACT MEPCIEKTUBHOCTh

HCIIOJIB30BAHHBLIX MCTOA0B AJIA U3TOTOBJICHHA dKTHUBHBIX CPCI JIA3CPHBIX MAaTCPHUAJIOB.



IoJ102keHMs1, BBIHOCMMbIE HA 3alIIMTY:

Coueranue MmeTos10B CBC BBICOKOJUCIIEPCHBIX TOPOIIKOB U BaKyyMHOTO
CIIeKaHUs JJI1 KOHCOJIMJIAIIMM KEPAMHUKH SIBJIACTCS TEPCIEKTUBHBIM MOAXOI0OM IS
MOJTyYEHHUSI JIa3€PHOM KepaMHKH Ha OCHOBE OKCHa JIFOTEITHS.

Ha ocHoBanuu pacuéroB agnabaTH4ecKOl TeMmmepaTypbl U TEPMOJIUHAMUYCCKH
OOyCJIOBJIEHHOTO  COCTaBa IPOJYKTOB CHHTE3a ONTHMAJIbHBIMH  COCTaBaMH
npekypcopoB s npoBeaenust CBC spustores (¢)Lu(NO3)s—(1-¢)Lu(CH3COO)s, rae
»=0.60-0.65, (p)Lu(NOs);—(1-¢)CsHsO7, tne ¢= 0.55-0.60, (¢)Lu(NO3); — (1-
»)NH,CH,COOH, rae ¢= 0.35-0.45.

Mopdonorus CBC-nopomkoB Lu,Os; u ero TBEpABIX pacTBOPOB C OKCHAAMHU
PEIKO3EMENBHBIX SJIEMEHTOB HE 3aBUCUT OT TUIIA TOPIOYETO (areTaT JIFOTEIHUs, TIIUIIUH
WIM JUMOHHAS KHCIIOTa) W XapaKTEPHU3yeTCs HaJU4YheM MOPHUCTBIX arjioMepaTos,
COCTOSIIIINX U3 BBICOKOJIUCIIEPCHBIX YACTHII.

Ha ocHOBaHHM CpaBHEHMS pE3yJIbTATOB CHEKAHUS CUHTE3HMPOBAHHBIX MOPOLIKOB
YCTaHOBJICHO, YTO HamOoJee MOAXOASIIMM TOPIOYMM JIJIi CHHTE3a IMOPOIIKOB Ha
ocHoBe LuyO3 1151 ONTUYECKON KEPAMUKH SIBISICTCS TIIULIHH.

BBenenue criekaromein 1o0aBsku 5 mMoi1.% OKcHIa JJaHTaHa W HE MEHee 4yeM 25
MO01.% OKCHAa UTTPUSI MPUBOJIUT K YIYUIICHUIO CIIEKAEMOCTH KEPaMUKH Ha OCHOBE
okcuza mrorenus npu remneparypax 1500—1600 °C, yto onpeznensier GopMUpOBaHUE
MJIOTHOM CTPYKTYPHI U TIOJIyYEHUE MTPO3PAYHBIX KEPAMUUYECKUX 00pa3lioB.

Anpooanus padoTbl

OcHoOBHBIE pe3ynbTaThl pabOThl AoKiIaabiBaiuch Ha 20 u 21 Bcepoccuiickoi
KOH(EepEeHLIMH MOJOJBIX YYEHBIX-XMMHUKOB (C MEXAYHapoaHbIM yuacthem) (2017,
2018 r., Hwxuuii Horopon), 14 u 15 poccuiickoii exxeroiHoN KOH(pepeHInH MOJIOIbIX
HAayYHbIX COTPYJIHMKOB W  acnUpaHToB  "®OU3HKO-XHUMHSI U  TEXHOJOTHS
HEOPraHUYEeCKUX MarepuasioB" (¢ MexayHapoaHbiM yuactueM) (2017, 2018 r.,
Mockga), 13 u 14 mMexayHapoJHOM CHUMIIO3UYME MO Ja3epHor kepamuke (2017 r.,
Opsizuno; 2018 1., Oxamzaku, SAnonus), 16 Bcepoccuiickoii koHpepeHuu,
nocBsmieHHo 100-neturo akamemuka ['.I'. JleBsAThIX "BbICOKOUMCTBIE BelIeCTBa U

marepuansl. Ilomydyenue, ananus, npumeHenue" (2018 r., Huxuuit Hosropon), 3
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MEXIUCIUTUIMHAPHOM MOJIOJIEAKHOM HAy4YHOM (OpyMeE C MEKTyHAPOIHBIM y4aCTHEM
"Hosbie matepuansl”" (2017 1., MockBa), MexayHapoaHoi kondepenuuu "CUHTE3 U
KOHCOJIMAIMs TOPOIIKOBBIX MaTepuainoB" (2018 r., UepHoronoska), MexayHapOIHOM
koH(pepenuuu "llpuknagnas ontuka" (2018 r., Canxt-IletepOypr), V oTkpbiTOM
KOHKYpCE Hay4YHBIX pa0OT MOJIOJIBIX YUEHBIX B 00J1aCTH (PU3UKHU, XUMUU U TEXHOJIOTUH
HAHOCTPYKTYP M 2JIEMEHTOB HaHOAIeKTpoHUKH (2021 r., Huxuuii HoBropon).

JIMYHBIN BKJIAA

3akitoyaeTcss B IPOBEIEHUM OCHOBHOTO 0OBEMa ONMCaHHBIX B palote
HKCIIEPUMEHTAJIbHBIX W TEOPETHYECKUX HCCIENOBaHUM, aHaiu3e, oO0paboTKe H
MHTEPIIPETALNN TTOJTyYeHHBIX PE3yJIbTAaTOB, MOATOTOBKE M O(OPMIICHUH Ty OIUKAIIHA.
[TocTaHOBKa 33124 UCCIIET0BAHMSI, OIPEIeIEHIE CIIOCOO0B UX PELICHUS K 00CYXKIeHUE
BCEX IOJyUYEHHBIX pE3yJbTAaTOB IMPOUCXOJWIO IPH HENOCPEACTBEHHOM YYaCTHUH
COUCKATeJIsl.

ITyoaukanuu

ITo MarcpuajiaM JUCCCPTAalIUH OHY6HHKOB3HO 4 cratbu B PCOCH3UPYCMBIX
HAaY4YHBIX JXYpPHaAJIaX U 12 Te3ucoB AOKJIaI0B HAa HAYYHBIX KOH(bepeHI_[I/I}IX.

CTpVYKTYpPA U 00HL€M HAVYHO-KBAJTU(PUKATMOHHON PA0OTHI

JuccepTanusi COCTOUT U3 BBEIAEHUS, 0030pa JIMUTEPATYPhl, IKCIIEPUMEHTAIBLHOM
YacTH, Pe3yJIbTaTOB U 00CY>KJIC€HUI, BBIBOJIOB U CIIMCKA TUTEpaTyphl. PaboTa nsnoxeHa
Ha 113 cTpaHMIIax MAalIMHOMUCHOTO TEKCTA, COAEPKUT 29 pucyHkoB, 13 Tabmuu, 114
JUTEPATyPHBIX NUCTOYHUKOB.

CooTBeTCTBHE coaecprxaHudA AUcCcepranmmumu Hacimopry HaV‘IHOﬁ

CIICIMAJIBbHOCTH

HuccepranmonHas paboTa IO CBOEM IIeld, pelmaeMbplM — 3ajJadyaM |
JOCTUTHYTBIM pe3yJibTaTaM cOOTBETCTBYeT M. 1 «DyHIaMeHTanbHbIE OCHOBBI
MOJIyYeHHUS] OOBEKTOB MCCJICAOBAHMS HEOPTaHMYECKOM XUMUU U MaTEPHAIOB HA UX
OCHOBe», M. 2 «Jlu3aliH M CHUHTE3 HOBBIX HEOPTAaHUYECKHX COCAMHEHHH W 0C000

YHCTBIX BELIECTB C 3aJJaHHBIMU CBOMCTBaAMW» U II. 5 «B3anMOCBA3b MEXKy COCTABOM,



CTPOCHUEM H CBOMCTBaMH HCOPraHN4eCCKHX COCMHECHUM. HeOpFaHI/IIIGCKI/IC

HAHOCTPYKTYPUPOBAHHbBIE MAaTEPHAIIbD) MMACTOpTa cnenuaibHocTy 1.4.1.

OCHOBHOE COIEP KXAHUE PABOTbI
Bo BBeeHMH 000CHOBaHA aKTYalbHOCTh TEMBI AMCCEPTALMH, CHOPMYIUPOBAHbBI

LEeJb U 3a7a4 UCCIEN0BaHNs, HAyYHasi HOBU3HA, IPAKTUYECKasl 3HAYMMOCTb, & TAKKe
OCHOBHBIE TI0JIOKEHNUS, BBIHOCUMbIEC HA 3aLIUTY .

B nepBoii riaBe npeacTaBiIeH aHATUTUYECKUNA 0030p JIUTEPATYPHBIX JAHHBIX IO
TEME JUCCEPTALMOHHOTO HCCIIEIOBAHUS. PacCMOTpPEHBI OCHOBHBIE CBOMCTBA OKCHJIA
JIOTEIHs], CPOPMYIUPOBAaHBI TPEOOBAHUS M MPOAHATU3UPOBAHBI METO/IBI MOTYUCHHUS
HaHOITOPOIIIKOB OKCHJIA JIFOTEHHS M CIIEKaHUs ONTHYECKON KEPAMHUKH Ha UX OCHOBE.
[lokazano, 4rto BakyyMHoe crnekanne CBC-mopomkoB  IpeACTaBIsAETCS
IIEPCIIEKTUBHBIM ITOAXOAOM K IOJYYECHMIO JIA3€PHOM KEPAMUKH Ha OCHOBE OKCHAA
JOTEIUS.

Bo BTOpOM ry1aBe IIPEACTABICHBI  PE3YJIbTATBl  TEPMOJAMHAMUYECKOTO
UCCJICIOBAHUS PEAKIIMOHHBIX CHUCTEM «OKUCIUTENb (HUTpaT JIOTELHs) — Toproyee
(TuIuH, JTUMOHHAs KHUCJOTa, alerar JroTenus)» u onucanue wmetoguk CBC
HAaHOMNOPOIIKOB Ha OCHOBE Lu,O3 ¢ UCIOJIB30BaHUEM PA3IMYHBIX BUJIOB FOPIOYETO U
MX CBOMCTBA.

TepMoanHamMHuyecKoe HCCIEN0BAHME BJIHMAHUA COCTAaBA INMPEKYPCOPOB HA
napamerpbl CBC nopomkoB okcuaa JoTenus

C uenbio BbIOOpa ONTUMAJBHBIX YCIOBUM cHHTEe3a MOpomkoB Lu,Os; ObL1
BBINIOJIHEH  TE€PMOJMHAMMYECKUMH pacueT aauadaTHYecKod TeMIepaTypbl H
PAaBHOBECHBIX MPOJYKTOB CcropaHusi B peakuuoHHbIX cucremax @Lu(NO;);—(1-
»)NH,CH,COOH, ¢pLu(NO3);—(1-¢)CsHsO7 1 pLu(NO3)s—(1-¢)Lu(CH3;COO); nyTem,
r7€ ¢ — MOJIbHAs 7ol okucauTens B mpekypcope CBC.

Ha Puc. 1 mpuBeneHsl pe3ynbTaThl pacuera aanabaTUuecKod TeMIepaTyphl
TOpPEeHMsI PeaKIIMOHHBIX cMeceil. J{is yao0cTBa, MpeKypCOphl U MOPOIIKH, MTOJTyYeHHbIE
C WCMOJB30BAaHUEM TJUIMHA, JIMMOHHOW KHCIOTHI W arerara JOTenus, OyayT
obo3nauatbcs kak LuyO; Gly, Cit u AcQO, cooTBeTcTBEeHHO. MakcuMyM

annabaTUYeCcKOn TeMmepaTyphl I KaXJI0ro THIA TOPIOYEro HaXOJUTCS B 00JacTH
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CTEXMOMETPUYECKOTO COOTHOUIECHUS OKHUCIUTEIS W TOPHYEr0o U COOTBETCTBYET
TEPMOJIMHAMHYECKH Haubojee CTaOWIbHBIM TPOAYKTaM: OKCHUIYy JIIOTEIus,
YTJIEKUCIIOMY Ta3y, BOJE U a30Ty.

CootBercTBytomue ypaBHeHus (1) — (3) XUMHUECKUX peakuii MOXKHO 3alucaTh

CJIEAYIOIIMM 00pa3oMm:

16Lu(NO3)3 + 10Lu(CH3COO); — 13Lu203 + 60CO21T +45H20 + 24N> 1 (1)
6Lu(NO3); + 1I0NH2CH2COOH — 3Lu;03 + 20CO21 + 25H20 + 14N> 2)
6Lu(NO3); + 5C¢HgO7— 3Lu203 + 30CO21T + 20H20 + 9N21 3)
a) 28004 = Gly
*— HCit

2400 Ay, D)

2000 * e A
N / "/ a

3
= 1600+ .

1200+

800+

T T T T

T
02 0,3 0,4 0,5 0,6 0,7 0,8
®

Puc. 1. AnnadaTtudeckasi remneparypa ropenusi cmeceit 9 Lu(NOs):—(1-
¢)NH:CH:COOH (Gly), pLu(NO3);—(1-9)CsHsO7 (HCit), pLu(NO3);—(1-
»)Lu(CH3COO)s3 (AcO)

CBC npennodtutenbHO NPOBOAUTH MPH BBICOKUX TEMIlEpaTypax B H30bITKE
OKUCJIMTENA. 3a CYeT JTOr0 JOCTHraeTcs CcamMopaclpoCTpaHEHUE Ipolecca |
OTCYTCTBHUE 3arpsi3HEHUS IIPOYKTOB YTIIEPOJIOM. Ha OCHOBAaHHH
TEPMOJMHAMHUYECKOIO MCCIEAOBAHUS TaKue YCJIOBHUS OOECHEUMBAIOT IMPEKYpPCOPHI
cnenyromux coctaBoB:  @Lu(NOs);—(/-¢)Lu(CH;COO)s, toe ¢ = 0.60-0.65,
pLu(NO3);—(1-¢)CsHsO7, tne o= 0.55-0.60, (¢)Lu(NO;3);—(/-9)NH,CH,COOH, rne
¢=0.35-0.45.

MeTtoauku CBC-nanonopomkoB Lu20;

MeTtoauka CHHTE3a IMpCKypcopa Ha OCHOBC alfTara JIOTCHHA BKIIIOYalla
PACTBOPECHUEC HABCCKM OKCHAA JIOTCOUA B CMECH KHCJIOT IIpM Harp€BaHuMW H

IIOCTOSTHHOM TE€pEMEIIMBAaHUNA pacTtBopa. [Ipekypcopbl Ha OCHOBE TIJMUMHA H
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JUMOHHOW KHUCJIOTHI OBUIM TOJYYE€Hbl CMEUICHUEM IMPEABAPUTENIHHO MOJYYEHHOrO
pacTBOpa HATPATA JIOTEUS U COOTBETCTBYIOIIEN KUCIIOTHI.

Jns  wmanmuupoBanuss CBC pacTtBopbl MNPEeKypcOpoB IOMEIIAIM B II€Yb
npeaBapurenbHo Harpetyio 10 500°C. BeiOpaHHbie HA OCHOBE TEPMOJIMHAMHYECKUX
pacy€ToB  COCTaBbl MPEKypCOPOB  OOECIEUMBAIOT MPOTEKaHWE CHUHTE3a B
CaMOMOJIZICP>KUBAIOIIEMCSI PEXKUME U MPUBOAAT K 00pa30BaHUIO 0OBEMHOTO OEJI0ro
MTOPOIIKA OKCUA JIFOTEIMS, COCTOSIIETO U3 BBICOKOAUCIIEPCHBIX yacTull. [losryueHHbIe
MOPOIIKU HpokanuBanu npu temmeparype 7 = 750 °C s yaajaeHus OCTaTOYHOTO
yriepoja.

Jns uccienoBanus JTIOMUHECHEHTHBIX CBOWMCTB MOPOIIKOB HA OCHOBE OKCHJA
JOTEIUsT ¢ J0OABKOW OKCHIa UTTEPOUST M3 CMECH HHUTPATOB COOTBETCTBYIOIIHUX
METaJUIOB M TJMIMHA OBbUI OCYIIECTBIEH CHHTE3 IOPOIIKOB TBEPABIX PACTBOPOB
Ybo.1(Lu,RE;.)1603, tne RE = Sc, Y, x= 0; 0.25; 0.5; 0.75; 1. Kpome Toro, s
WCCJICIOBAHUSI BIIUSAHMS JI00ABKM OKCHJIA JIAHTaHA Ha MPOIECCHI CIIEKaHUsI KEPaMUKH
ObLTM CHHTE3MPOBAHBI TMOPOIIKA CMEIIAHHBIX OKCHUIIOB CO CIIEKaloleh 100aBKOM
OKCHaa JJAaHTaHa (LUO_7Y0_25L30_05)203 (Lll70), (LUO_45Y0_5Lao_05)203 (Lll45),
(LuO.25Y0,7Lao.o5)203 (Lll25) nu LUQO3 (LHIOO), a TAaKXKC IMOPOIIKH (LU(),7_ZSC().3LaZ)203,
rae z=0.01; 0.02; 0.05.

Mopdonoruyeckue u CTPYKTYPHbIE CBOIICTBA CHHTE3UPOBAHHBIX MOPOIIKOB

Bausanue muna zopiouezo na ceoitcmea nopouikoe Lu;0s

Ha nudpakrorpammax CBC-moponikoB OKCHia JIOTENHS, MOJYYEHHBIX C
WCIIOJB30BaHUEM pa3IMUHBIX BHUJOB roptouero (Puc. 2), nHabmromaercs mojHOe
COOTBETCTBHE TIOJIOKEHUS HAONIOZaeMbIX MNHKOB KyOmdeckor (asze LuyOs;
MOCTOPOHHUX peduiekcoB He HaOmomaercs. Mukpocuumku CBC-mopomikos Lu,Os,
MOJYYEHHBIX C UCMHOJb30BAHUEM PA3JIMUHBIX BUJIOB rOPIOYEro, NpuBeAeHbl Ha Puc. 3.
YacTuipl MOPOIIKOB HMMEIOT TOHKYIO Ty0uaTyi0 CTPYKTYpy C CYOMHKPOHHOM
TOJIIIUHON CTEHOK W A(()EKTUBHBIM TUAMETPOM JO HECKOJIBKUX MHUKPOMETPOB.
Mopdomorus moponIkoB OKCUIa JTFOTEIHS, TOTYUYCHHBIX U3 PA3IMYHBIX TPEKYPCOPOB,
SBJISIETCS XapaKTEpPHOM JJii MCMOJIb30BAHHOTO TOJX0Ja M SBHBIM 0Opa3oM He

OTJINYaCTCA.
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(3)

(2)

(1)

MHTEHCHBHOCTH, OTH. €]1.

Lu,O
I I I N B N

20 30 40 50 60
20,°

Puc. 2. [uppakrorpammbl CBC-nopomikos Lu;0s3, mosry4eHHbIX U3
pasjim4uHbIX npekypcopos: Lu20s (1) AcO, (2) HCIit, (3) Gly

jopm 08 45 BEC ; : 1opal 08.45 BEG

4 10 08 45 EE

Puc. 3. Mukpocaumku nopomkoB Lu,Os (a) Gy, (0) AcO, (B) Hit

Kpucmannuueckan cmpykmypa nopowkos Yboi(LuxRE;.x)1.903, (LuyY.s.
yLao.05)203 u (Luo.7.Sco.3La;)20s

CornacHo pe3ynbratam peHTreHogazoBoro ananuza (PDA) cuHTE3MPOBAHHBIX
nopomikoB  Ybo (LuRE .1)1903,  (Lu,Yo9s.,La005)203 1 (Lug7--Scosla,),0s,
npeacTaBieHHbIM Ha Puc. 4 u Puc. 5, Bce MNOpOIIKU HMEIOT KyOHYECKYIO
KPUCTAJUIMUECKYI0 pemérky C-Tuna MOJyTOPHBIX OKCUAOB RyOs (cTpykTypy
oukcouuta). ITopomku (Lug7..Scosla,)>O; IpOSBISIOT TEHASHIIUIO K aMOPQhHU3aIIHH.
Ha mudpakrorpammax He HaOmromaetcss pediekcoB apyrux ¢as. Takum obGpazom,
MOJIyYeHHbIE TIOPOILIKH SBIISIOTCS OAHO(DAZHBIMU U COOTBETCTBYIOT TPEOOBAHUSIM IS

CIEKaHMS ONTUYCCKOMN KCpaMHUKH Ha UX OCHOBC.
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a) k 5%Yb:Y20 0) o
e i ek iSO B PP J S%YbiLwOy N
Slw L — 5% Yb:(YorsLuaz5)20s 3 | @ \ S%Yb (SeozsLuos)Qs j
S 5%Yb:(YosLuos)20 =
j' 3) A R (J\OS uo.5)2 3}\“ £ 6 A S%Yb (Sco.sLuo.5)203
5| @ J A 5%eYbi(¥ozsLuoss)Os gl @ A S%Yb (Sco.rsLuo25)203
= 5%Yb:Lu203 g o 5%Yb:5c:05
5 D A A =
= =~
2 2
[:E JYbJO N I | 1 I 11 § | Yh:()} [ O | | | 111 | |
= | =sE I s O T S L A B
L Y9, I A L1 L1 | S0, | L1 [N N T N R A
20 30 40 50 60 50 30 40 50 60
20,° 20.°
Puc. 4. luppaxrorpammsl nojydeHHbIXx CBC-nopomkos (a) Ybo.1(YxLu7)1.903,
(0) Ybo.1(ScxLuz-x)1.903
a) 0)
) (C) Lu 25/ A . (Luo.65Sco0.3L20.05)203
5 Lu 45 & 3 N
- u .
3) =
E ! A A g (Luo.6sSco.3L2a0.02)203
2| Lu70 5 2
= =
2 é (Luo.69Sco.3L20.01)203
== 1
£l o o Lu100y N B
2 =
2o, U o EIses el
== YO * ==
=~ Y2 | (I | | L1 1 | 1 ~ | LuO, | | | | | NN
0 0 = 0 & a0 30 40 50 60
20.° 20.°
Puc. 5. Iudpaxkrorpammsl mopomikos (a) (LuyYo.95,1.20.05)203, (0) (Luo.7-
Scosla;)20;3
JIroMuHecueHTHBIe CBOMCTBA MOPOMIKOB Ybo1(YxLu1)1.903, Ybo.1(ScxLui-
01903
Ha Puc. 6 mnpuBenen cnektp B obOnactu mmH BoiH 1010-1060 HM,

COOTBETCTBYIOIICH HanbOJIee MHTEHCUBHOM MOJIOCE JIIOMUHECIICHIITUY MOHOB UTTEPOUS
JUIs BBIOpaHHBIX cocTaBoB MaTpuil. B Tabmn. 1 06001eHbl paccunTaHHBIC 3HAYCHHS
MakCcUMyMa TiMKa, ImupuHbl Ha mnonyBeicote (LIIIB) u BpemMeHnu 3aryxanus
JIOMUHECHEHIIMU Il mopoikoB  Ybo(Lu,RE ;)1 905. [nsg Bcex mMoaydeHHBIX
MOPOIIKOB HAOJI01aeTCs JIMHEIHAS 3aBUCUMOCTh MAaKCUMyMa TTUKA JTIOMUHECIICHITNH
1MOHOB Yb*" 0T cocraBa MaTpuIibl, a Ul TBEPABIX PACTBOPOB TAKXKE YIIMPEHHE TOJIOC

JIOMHMHECHEHIMU HOHOB Yb*' 110 cpaBHEHMIO ¢ MHIMBUYaIbHEIMU OKCUIAMH.
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Tadauna 1. 3HayeHuss MaAKCUMyMa NMHUKA, MMPUHbI HA noayBbicoTe (LIIIB) u
BpEeMEHH 3aTYXAHUs JIOMUHeCHeHIMH i NOPOKOB Ybo.1(LuxRE1.4)1.903

Hons Homst LuxO3 Hons LITIB, | Makcumym nuka 71, MKC 72, MKC
Y2038 B MaTpuie, % Sc203B HM JIIOMMHECICHIIUH,
MaTpHulle, MaTpHuIle, HM
% %
100 0 17.0 1031.0+0.1 58+1 677£10
0 100 18.0 1033.6+0.1 26+1 735£10
0 100 16.4 1041.0+0.1 6*1 5443
25 75 19.0 1032.8+0.1 68+1 71620
50 50 18.0 1032.4+0.1 3+1 513£20
75 25 18.0 1031.6+0.1 3+1 495+10
25 75 20.6 1035.6+0.1 10142 357£20
50 50 22.0 1037.620.1 7912 320+20
75 25 20.0 1039.5+0.1 85+3 40720
a) — Yb:LuyO4 0) — Yb:LuyO4
Yb:ScZO3 . —— Yb:Y,04
3: 13 — Yb:(Lug 55¢ 5),03 z 7 —— Ybi(Yy 55Lug 750,05
£ — Ybi(Lug 355¢9 750203 | & — Yb:(Lug 5Y¢.5)203
E. 10 —— Yb:(Lug 755¢0 25)203 § 1,01 e Yb:(Y( 75100 25)203
% w5l é 0,5
= =
0,0 ‘ . ; ‘ ; L . T . r
1020 1035 1050 1020 1030 1040 1050

A, HM A, HM
Puc. 6. O6sa1acts 1010-1060 M cniekTpa JIIOMUHECHEHINH TOPOIIKOB
5% Yb:(ScxLuzx)203 (a),5%Yb:(Y.Lusy)203 (0)

B Tperbell riaBe MNPUBEICHO OMNMCAHUE METOAMKMA BAKyyMHOTO CIEKAHMS
KepaMHU4YecKnX oO0Opa3loB Ha ocHOBe LuyOs, pe3ynbTaThl MCCIENOBAHMS BIIHSHHS
cnekaronieit no6aBku La;O3 Ha MUKPOCTPYKTYpPY KEpAMHUK Ha OCHOBE OKCHJIA JTFOTELHUSA,
a TaKk)Ke CBOMCTBA MOJIYYEHHBIX KEpaMUUYECKUX 00pa3LoB.

IHonyyenue onTudecko kepaMuku Ha ocHOBe Lu2O3 u3 CBC-nopomkos

BakyymHoe crekaHue mopomkoB uuctoro Lu,Os, CHHTE3UpPOBaHHBIX W3
pa3IMyYHBIX MPEKYPCOPOB, HE3ABUCUMO OT THUIIa TOPIOYEr0 HE MPUBEJO K MOTYUYCHHIO
MIPO3pAvYHBIX 00PA3IOB. B CBSA3M C 3TUM OB CHHTE3WPOBAHBI MTOPOIIIKH, COJIEPIKAIITIE
cnekaromue no6asku (5% La,O3 u 25% Y,03). Ha Puc. 7 npuBeaens! ¢ororpaduu

kepamuk (Lug7Yo.25La0,05)203 mociie BakyymHoro criekanust ipu 7' = 1750 °C 5 yacoB
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u3 nopoikoB Lu,Os Gly, AcO u Cit. OOpa3iibl, moJlydeHHbIE U3 arleTaTa JIOTEIUs U
JUMOHHOW KHUCJIOTHI, SBJSUIUCH OMNAJECHEHTHBIMU, B TO BpeMs Kak oOpasell,
U3roTOBJICHHBIN U3 mopoiika Lu,O; Gly, Obul Bu3yanbHO mpo3padHbiM. B cBsizu ¢
TaKUM SIBHBIM OTJIMYHEM CBOMCTB, NIl JAJIbHEUIIMX palOT MO CHEKAHUIO KEepaMUK

HCITIOJIB30BAJIUCH INIMIUHATHLIC IIOPOIIKH.
(Lua 7Y 2s1.20,0:,03

Aci’y Gly Jit

Puc. 7. Buemnnii Buja kepamMuk (Luo.7Yo0.25L20.05)203, H0J1y4eHHBIX ¢
HCM0JIb30BaAHHEM MOPOIIKOB, CHHTE3UPOBAHHBIX U3 PA3JIHYHBIX IPEKYPCOPOB

Bausinue La;O3; Ha cTpykTypHbIe cBolicTBA KepamMuKH (Luo.7.Sco3Llaz):0s, z
=0.01, 0.02, 0.05

Cnekanne TBepaoro pactBopa (Lug7.Scosla;),0; He mpUBOAUT K MOJYYSHHUIO
MPO3PAYHONl KEPAMHKH, YTO MOXKET OBITh CBA3aHO C OOpa30BaHUEM MPU BHICOKUX
TeMIiepaTypax BTOpuuHbIX ¢a3. Ha audpaxrorpamMmmax KepaMUuecKHX OOpas3IoB
MOHO BUJIETh peduiekchl pa3 LaO3 (20° = 28.5-30.3) u LaScO3 (20° = 31.08) Ha
ypoBHe Tipezena ooHapyxenus (Puc. 8 (a,0)).

HccienoBanue MUKPOCTPYKTYPbl U KHMHETHMKHM POCTA 3€pPeH B KepamMHKe
(LuyYo.95-yLLao.05)203

Jlia okeunoB (Lu,Y0s.,La0.05)203 ObLTO MCCiIEN0BaHO BIMSIHUE T00aBKU OKCHJA
JJaHTaHa Ha MPOIECCHI CIIEKaHUsI U POCcTa 3EPEH B MPOLIECCE BAaKYyMHOI'O CIIEKaHUSI.
MukpocHUMKH TOBepXHOCTH wu3iaoma o0pa3noB Lul00 u Lu70, noiy4eHHBIX
cnekanueM npu temneparypax 1450°C u 1750°C u BpemeHU BBIAEPKKH 5 4acoB
npenacrasiensl Ha Puc. 9. B oOpasnax, moigydeHHbIX Mpu Temneparype crekanus 1450
°C, "He HabmomaeTcst OTKpbITast mopuctocTh. [Ipu Temmepatype 1750 °C 3HaunTEIHHBIN
POCT CpeIHero pasMepa 3epHa HaOjromaeTcss BO Bcex kKepamukax. Oopazernr Lu70
JEMOHCTPUPYET TUIOTHYIO CTPYKTYpPY, CBOOOJIHYIO OT TOp, B TO BpeMsi Kak oOpasers
Lu100 na rpaHuiiax 3epeH U B MECTax TPOMHBIX CTBHIKOB COJEPKHUT MOPHI pazMepoM

MmopsaaKa HCCKOJIbKUX MUKPOMCTPOB.

15



a) ‘k (Luo.65Sco.3La0.05)203 6) *Lay03

g & | ] 5| evascos

] i

o (Luo.6sSco.3La0.02)203 E Yin, 0y

E (2) A A A (=

B (Luo.69Sco.3La0.01)203 ﬁ

= 1 2

g (0 oot 2 oolln] 2

an} /M

2 | LaScO, 5

S0 ittt =

: :

= S I I L LEerrrn | S|

~ | Lu0,
R A N A S A I I B —
20 25 30 35 40 45 50 55 60 23 20 27 2 29 30 31 32 33

20,° 20, °

Puc. 8. ludpakrorpammsl kepamuuecknx oopa3uon (a) (Luo.7ScosLla;):0s u (0)
o0sacTh Jupakrorpammel 260° = 25-33

bbila m3ydeHa 3aBUCHMOCTh CPEIHETO pa3Mepa 3€pHAa, PACCUUTAHHOTO IIO
MukpodoTorpadusam, oT Temneparypsl crekanus. C TOMOIIBIO JaHHOW 3aBUCUMOCTH
OBLJIO TIPOBEJICHO HCCIEOBAaHUE KUHETHMKHA POCTa 3€PEeH MO METOJHUKE, COTIACHO
KOTOpOH
D™(t) — D™(t,) = Kt, (4)
K = Koexp (— ), (5)
rae D —cpeaHuid pasmep 3epHa, m —I0Ka3aTeslb CTENECHH, BapbUpyromuiics ot 1
10 4 B 3aBUCUMOCTH OT MEXaHHU3Ma CHEKaHUs, { — BPEMs BBLICPKKH, K —KOHCTaHTa
CKOpOCTH, (J, — DHEPTHs aKTHBALIUU POCTA 3€PHA.
Ha Puc. 10 npuBenens! 3aBucumoctu D(1)"-D(t))" — t (4) njas TeMrepaTypbl
cnekanust 1700 °C, HaumydimaM o06pa3oM OHHM anMpOKCUMHUPYIOTCS MPU M PaBHOM
nByM. M3 3TOrO cienyer, 4To Kak B YUCTOM OKCHJE JIFOTEUUs, TaK U B TBEPABIX

pactBopax Lu,03-Y,03-La,0; npeobaagaet TBepaodha3HbIii MEXaHU3M CIICKaHUSI.
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Puc. 9. MukpocHUMKHU noBepxHocTeil usjioma kepamuku Lu70 (a,B) u Lul00
(0,r), mos1y4eHHbIX BAKYYMHbIM ciiekanueM npu 7 = 1450 °C u 1750 °C u
BpeMEeHH BbIJIEP:KKHU 5 4

400 = Lu70 =
= Lul00

. 3001 = Luds 3y
= = Lu25
= -
EC" 200
— =
=

Puc. 10. 3aBucumocTh cpeiHero pasMepa 3epHa KepaMHMK OKCH/I0B JIIOTel -

UTTPUSA-JIAHTAHA OT BpeMeHH Bbliep:kkH npu Temmneparype 1700 °C: Lu70 (a),
Lu100 (6), Lu45 (8) u Lu25 (1)

JIJis KOTMYEeCTBEHHOM XapaKTepHu3alMi MPOLECCOB CIeKaHMs ObUIa paccuMTaHa

JHEPrus aKTUBAaLMK POCTa 3€pHAa B JNaHHbIX kepamukax. Ha Puc. 11 npuBeneHns
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PE3yIbTaThI OLIEHKH SHEPIMHU aKTUBALMK POCTA 3€pHA 110 Y1y HakinoHa In(D(2)*-D(ty)?)
— 1/T (¢t u ty coctaBnsiu 5 1 0 4acoB, COOTBETCTBEHHO) 111 00pa3ioB coctaBoB Lu70
u Lul00. HaiinenHple 3HaU€HUs SHEPTUU aKTHBAIMHM B Tpeleiax JOBEPUTEITHHBIX
WHTEPBAJIOB HE PA3IMYAIOTCs, YTO yKa3bIBaeT Ha HE3HAUYMUTEIHHOE BIIMSIHHE OKCHIA

JJaHTaHa Ha poCT 3épCH B KCPAMHKC OKCHOOB JTIOTCHUA-UTTPU.

a) | B) gl

% & ’ Qa = 962+50 k]Ix/Momb Oua = 980+114 xJix/Moib

|
Ef‘ 3 - E’_‘; 44 n
o a
7 fa 5
= 04 =
B . S o
- L]
-3 4 = [
- i »
50 55 60 65 70 75 50 55 60 65 70 15
10%(1/T), K' 10*%(1/T), K™

Puc. 11. 3aBucumocts In[(D™(7)-D"(t0)] kepaMUK OKCHIA JIOTEUH U TBEPABIX

PACTBOPOB OKCH/I0B UTTPHUS-TIOTENHS-JIAHTAHA OT 0OPATHOM TeMIlepaTyphbl:
Lul00 (a), Lu70 (0)

CrnekaeMoOCTh KOMIIAKTOB OKCH/A JIOTeHUsi M TBEPAbIX pacTBOpPoB (Lu,Yo.0s.
yLa0.05)203

Pesynbratsl gunaTomerpudeckoro ananusa kepamuk Lu,Os v (Lu, Y o.95,L.a0.05).03
npeacTaBieHbl Ha Puc. 12. Ycaaka oOpasiioB npoTekaeT B ABa dTana. B otnuuue ot
YUCTOr0 OKCH/JIA JIFOTELHSI B TBEPIBIX PACTBOPAX CIIEKAHKHE HA BTOPOM ATare MPOTEKAeT
ropa3no uHTeHcuBHee. lIpu Temmeparypax 1620-1750 °C mia xepamuk LuyOs
IJIOTHOCTh HE MPEeBOCXOIUT 95%, a anga oOpa3uoB TBEPABIX PACTBOPOB AOCTUTAET
peHTreHoBckoil. Takum oOpa3zom, BBeaeHue ngo6aBku LaOs cmocoOcTByeT

bopMHpoBaHUIO OECTIOPUCTON MIOTHOM CTPYKTYPhI ONTUYECKON KEPAMUKH.
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Puc. 12. Ycaaka (a) 1 CKOpoCcTh ycaaku (0) KepaMHUK OKCHIA JIOTEHUs U
TBEPABIX PACTBOPOB OKCHIO0B JIIOTECIUA-UTTPUSA-JIAHTAHA

Onruyeckue CBOCTBA KEPAMHKHU HA OCHOBE TBEPAbIX PACTBOPOB OKCH/IOB
(LuyYo.95.yL.20.05)203, JTIerupoBaHHbIX HTTEPOHEM

Jlna kepamuueckux o0pa3noB okcuaoB (Lu,Y9s.,La0.05)203 ¢ nobaBkoit Yb Obuin
U3MEPEHbI CIEKTPHI Mpomnyckanus u momuHecteHuu (Puc. 13 (a,0)). Haunbonbimmm
ceeronponyckannem  (78%, A = 800 HM)  oOnagaeT  KepaMHKa
(Luo.6sYo0.25La0.05Ybo.05)203. Lllupuna va nonyseicore (IITIB) mis kepamuku Ha OCHOBE
TBEPJIBIX PACTBOPOB HE MEHSETCS M COCTAaBISAET 18 HM, UTO OOJIbIIE MO CPABHEHUIO C
okcuaoM Jiroreuus (16 Hm).

O6pazen KepaMUKH c JTY4YIIAMH ONTUYECKUMU CBOHCTBaMH
(LuoesYo.25L.20.05Ybo.05)203 ObLT BEIOpaH [J1s1 MCCAEOBAHUS T€HEPAIIMOHHBIX CBOMCTB.
B pe3ynbTare npu HaKauke JUOJHBIM Ja3€pOM C JUIMHOM BOJIHBI A = 940 HM BO3HMKaja
reHepanus B UMIYJIbCHO-TIEPUOUYECKOM PEXUME C MAKCUMYMOM Ha JIJIMHE BOJHBI 4
= 1032 am. MakcumanbHas auddepenuuansHas 3¢pdekTuBHOCTh cocTtaBmiia 20%. Ha
CErOAHSIIHUMI JIEHb 3TO €IMHCTBEHHBIN PE3yJIbTAaT O JIa3€PHOM EHEPALIMU B KEPAMHUKE
Ha OCHOBE OKCH/JIa JIIOTEIUS CO crieKarotiei nobaskoi La,O3, a JOCTUTHYTOE BBHICOKOE
3HaueHne HPGEKTUBHOCTH TEHEPAIMH CBUJETEIBCTBYET O TMEPCIEKTHBHOCTH
BBIOPAHHBIX TOJXO0JIOB K MOJYYEHUIO UCXOHBIX MOPOIIKOB JJISI CIIEKAHMsI, a TaKKe

MeTOJ1a KOHCOJUIAIIUN B TUIOTHBIA KEpaMUYISCKHI oOpaserl.
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Puc. 13. Cnekrp nponyckanus (a) M CeKTP JIOMUHeCHeHIUH (0) KepaMHUKH
Ha OCHOBE TBepabIX pacTBOPoOB 5% Yb:(Lu,Y.95.51.20.05)203

B 4eTBepTOii ri1aBe MPOBEJEH aHAIN3 NOJIYYEHHBIX PE3YJIbTaTOB UCCIEA0OBAHMIM
U ux o0cyxaeHue. PaccMotpenbsl ocobeHHoCcTH npoBeienus nponecca CBC nmopoiikoB
Ha OCHOBe OKcujaa jrorenus. CAenaH BBIBOJ O TOM, YTO 3HAYUTEIBbHOE OTIUYHE
CIEKaeMOCTH TMOPOIIKOB, MOJYYEHHBIX W3 Pa3HbIX MPEKYpPCOPOB, CBA3AHO C PA3HOU
creneHpro arnomepann CBC-nmoponikos.

[Ipu paccMOTpeHUM JTIOMUHECHEHTHBIX CBOMCTB MOPOIKOB Y bo j(LuRE; )i 903
YCTaHOBJICHO, YTO OCHOBHOM NPUYMHOM YUIMPEHHs IIOJIOC JIFOMHUHECUEHIMU B
CMEIIIaHHBIX OKCHUJAX PEIKO3EMEJIbHBIX JJIEMEHTOB, JIETUPOBAHHBIX WTTEpOUEM,
ABJIIETCS Pa3yloOpsA0YEHUE KPUCTATUINUECKON CTPYKTYphl. [loaTBEepKIeHHEM 3TOMY
SBJIIETCSL HaOJo1aeMasi KOppessilusl MEeXAy IIUPUHON MUKAa U pa3sHULIEH B MOHHBIX
paauycax MOHOB MaTPHULIBI.

[IpuBeneHo 0ObsICHEHNE MEXaHU3Ma JEHCTBUS CIIEKAIOIUX 100aBOK U UX POJIb B
dbopMupoBaHUM MPO3payHOTO Kepamuueckoro Marepuana Lu,O;. Ilokazana
NEPCHEKTUBHOCTD MOJYUYEHHBIX MATEPUAIIOB JIJISl UCTIOIb30BAHUS B KAUECTBE aKTUBHOM
Cpellbl TBEPIOTENBHBIX JIA3EPOB.

Cnmcok JuTepaTypbl COCTOMT u3 Oubnmorpaduyeckod uHPopManuu 00
OCHOBHBIX  HAy4yHBIX  NyONUKalMsX W HMHQOPMALMOHHBIX  HCTOYHHUKAX,
UCIOJIb30BaHHBIX MPHU COCTABJICHUU JIUTEPATYpHOrOo 0030pa U aHaIU3€ MOJyUYEHHBIX

pEe3yJIbTaTOB.
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BbIBOABI
1) U3ydensl (pU3UKO-XMMHUECKHE 3aKOHOMEPHOCTH MPOLECCOB, MPOTEKAIOIINX

npu nonxydyeHun CBC-mopomkoB M ONTHYECKOW KEpaMUKH OKCHIA JIIOTELHS C
n00aBKaMU  OKCHUJIOB  PEIKO3EMENbHBIX JJIEMEHTOB BAaKyyMHBIM  CIIEKAHHEM.
Pa3paborana MeToMka W3TOTOBJICHHS BBICOKOILUIOTHOM ONTUYECKON KEepaMUKH IS
aKTUBHBIX CPEJ] TBEPJIOTEIIbHBIX JIa3€POB.

2) IlpoBeneHo TEpMOIMHAMHUYECKOE HCCIEIOBAHUE PEAKIMOHHBIX CHCTEM
Lu(N03)3—NH2CH2COOH, LU(NO3)3—C6H807 n LU(NO3)3—LU(CH3COO)3. HOKa?)aHO,
YTO JJI1 CHUHTE3a BBICOKOAMCIIEPCHBIX IOPOIIKOB I1€JIECO00Pa3HO HCMOIb30BaHUE
npekypcopoB coctaBoB  (¢)Lu(NOs3)s—(/-¢)Lu(CH3;COQO);, tme ¢= 0.60-0.65,
(@)Lu(NO3)s—(1-9)CcHgO7, tne ¢p= 0.55-0.60, (¢)Lu(NO3)s—(/-¢)NH,CH,COOH, rae
o= 0.35-0.45.

3) Pazpaborana meroarka CBC 0co00 YHMCTBIX BBICOKOJUCIIEPCHBIX MOPOLIKOB
OKCHJIa JIFOTEUHsS] C HCIOJIb30BAHHEM B KA4€CTBE TOPIOYETO IJIMIMHA, JIMMOHHOU
KHUCJIOTHI U alleTaTa JIIOTEHHs. Y CTAaHOBJIEHO, YTO CUHTE3UPOBAHHBIE TOPOUIKA UMEIOT
KyOHMYECKyI0 CTPYKTYPY OKCHJOB PEIKO3EMEIbHBIX 3JEMEHTOB; MOPQOIOTHS
MOPOIIKOB, IO JAaHHBIM 3JICKTPOHHOW MHUKPOCKONHH, XapaKTepU3yeTCs HAIUYHUEM
PBIXJIBIX arjioMepaToB C MOPUCTOW CTPYKTYpPOH U HE 3aBUCUT OT COCTaBa MPOAYKTa;
MOPOIIKH, TTOJIyYSHHBIE C UCIIOJIH30BAHNEM TIMIIMHA, HAWTYYIIIUM 00pa30oM OTBEUYAIOT
TpeOOBAHMSM JJIS MTOJIyYEHUS TPO3pavHoil kepamuku Lu,Os.

4) IlpoBea€H cuHTE3 MOPOIIKOB CMEIIAHHBIX OKCHUJIOB JIFOTEIUS, UTTPUS U
CKaHJus, JerupoBaHHbIX urreporemM Yboi(LuRE;4)100; (RE =Y, Sc), a taxxke
IOPOILKOB CO CIIEKAIOIIEeH 100aBKOM OKcHia lanTaHa cocTaBoB (Lu,Y.9s,La0.05).03 1
(Lup7-Sco3la;)»0Os  rumuH-HUTpaTHRIM  MeTtogoMm.  [lokazaHo, 4TO  BCe
CUHTE3UPOBAHHBIE TMOPOIIKKM HMEIOT CTPYKTYpy TBEPIAOTO pacTBOpa OKCHUJIOB
peaKo3eMeNbHBIX 3JIeMeHTOB. OOHApyXEHO, YTO MOJOKEHHE MAaKCUMYMOB TIOJIOC
JIOMHUHECIICHIINN MOHOB UTTEPOMS] HAXOJIUTCS B JIMHEHHON 3aBHCHUMOCTH OT COCTaBa
TBepaoro pactBopa. B mopomkax Yb:(LuY),Os m Yb:(LuSc),O; nHabmromaercs
YIIUPEHUE TOJIOC TFOMUHECHIEHIIUY ¢ 18 10 22 HM 1O CPaBHEHUIO C UHAUBUYaTbHBIM

okcuaoM Yb:Lu,Os.
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5) Pazpaborana Meroauka BaKyyMHOI'O CIIEKaHUSI ONTHYECKOM KepaMUKH Ha
ocHoBe Lu,O; co cnekaromeit no6aBkoit La,Os. HccienoBaHbl CTPYKTYpHBIE H
onrtuyeckue cporcTBa kepaMuku (Lug7..Sco3L.a,),03 1 (Lu, Y005, La0.05)203. ITokazano,
YTO MPU TeMIEepaTypax CHeKaHUs KEPaMUKH Ha OCHOBE OKCHUJIOB JIIOTELMSI-CKaH U C
n00aBKOM OKCHJIa JJaHTaHA MPOUCXOIUT 0Opa3oBaHue BTopuuHor ¢asbl LaScOs, B TO
Bpems kak o0pa3ubl (Lu,Yo.9s,La0.05)203 COXpaHsIOT CTPYKTYpY TBEPJAOTO pacTBOpA U
MOTYT OBITh UCITOJIH30BAHBI JIJISI TIOJTYYCHHSI IIPO3PAYHBIX KEPaAMUK.

6) IIpoBeneHo uccnenoBaHue NPOLECCOB POCTA 3€PEH U YIUIOTHEHUS B KEPAMHKAX
yucrtoro okcupa mmorenus Lu,Os; u  tBepabix pacTBopoB  LuxO3-Y,03-Lay0s.
YCTaHOBIEHO, YTO CHIEKaHUE TBEPABIX pacTBOPOB Luy03-Y,03-LayO3, kak u yuctoro
OKCHJIa JIIOTEIHUs, MPOTEeKaeT Mo TBepAo(azHOMY MeXaHU3My, BBEACHUE T00aBKHU
OKCUJA JIAHTAHA MPUBOAMUT K 3HAYUTEIBHOMY YBEJIMYECHHIO CKOPOCTH YCAJIKU IIPH
temrieparype okosio 1500 °C u mo3BoisieT AocTuydb (HOPMHUPOBAHUS OECIIOPUCTOMN
IJIOTHOM CTPYKTYpPbI ONTUYECKOW KEPAMUKH.

7) llomyuena cepusi kepamuyeckux o0pa3uoB 5% Yb:(Lu,Yo.9sLa0.05)20s3,
MCCIIEOBAaHbI X ONTUYECKUE U TIOMUHECIIEHTHBIE CBOMCTBA. YCTAHOBIICHO YIIMPEHHUE
MOJIOC JIFOMHHECIEHITMY Ha JyuHe BoJHbI 1.03 MM ¢ 16 am m1s Yb:Lu,O3 1o 18 Hm
TSl TBEPABIX pacTBopoB. Ha o6pasiax kepamuku (LugesY 02502005 Ybo.0s5).03 momyuena
reHeparus Ja3epHoro u3nyueHus ¢ 3PphekTuBHOCTHIO0 20% OT SHEPTUU HAKAUKH.
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