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IIpencraBieHbl Pe3yJabTAThl PA3pPabOTKU TEXHOJOTMU MOJYYEHUS BBHICOKOUH-
CTOTO HAHOKPHCTAJIJIMUECKOTO TIOPOIIIKa KOMIIO3uTa Ha ocHOBe ZrQ, B cucreme
Zr0,-Y,05;—Ce0,—Al,0; 1 HOBOTO KEpAMUYECKOT0 MaTepuaja Ha ero OCHOBE.
WccnemoBaubl XMMHUUYECKH 1 (pa30BBIN COCTABLI, MUKPOCTPYKTYpPa U (DU3UKO-
MeXaHHUYeCKNe XapaKTepPUCTUKM paspaboTaHHoii KepaMuku. IloxasaHo, uTo
paspaboTaHHBII MaTepHUAT XapaKTePU3yeTCs BBICOKON XMUMUUYECKON YNCTOTOMN
¥ BBICOKOILJIOTHOM MHUKPOCTPYKTYPOIi cO cpegHUM pasdmepoM 3epHa < 0,3 MKM,
MeXaHNYeCKOU MPOYHOCTHIO Ha n3rub He Hmke 600 MIla, BBICOKOH HU3KOTEM-
IepaTypHOil cTabMIBHOCTHIO (DA30BOTO COCTaBa U MEXaHWUYECKUX XapaKTepu-
CTHUK B I'HJPOTEPMAJIbHBIX YCIOBUSIX, UTO IIO3BOJIAET €r0 PeKOMEHA0OBATh AJIs
M3rOTOBJIEHUS WU3MeJIUN MEeAUIIMHCKOrO, a TaKyKe KOHCTPYKI[MOHHOTO W WH-
CTPYMEHTAJbHOr0 Ha3HAUEHUsI. ITO HJOCTUTHYTO Ojaromaps BEIOPAHHOMY XU-
MHUYECKOMY COCTaBYy MaTepuaja, a TaKyKe KOMILIEKCHOMY IIOJX0IYy K MeToJaM
CUHTEe3a MCXOAHOI0 HAHOKPHUCTAJJINUECKOTO IIOPOIIKAa, POPMOBAHUSA U3 HETO
3aTOTOBOK M3JeJUI 1 X IOCJEeAYIOIETO CIIeKaHuA.

IIpencrasieHo pe3yabTaTH PO3POOKM TEXHOJIOTII BUTOTOBJIEHHS BUCOKOUMCTO-
o HAHOKPHUCTAJIIYHOTO MOPOIIKY KOMIIO3uTa Ha oCHOBi ZrO, B cuctemi ZrO,—
Y,0,—Ce0,—-Al,0; Ta HOBOrO KepaMiuHOTO MaTepidAsy Ha iioro ocHoBi. [oci-
IoKeHO xXimiunuit i ¢asoBuil ckJagu, MiKPOCTPYKTYpPY Ta (isumKo-mMexaHiuHi
XapaKTepUCTUKU po3pobieHoi Kepamiku. Ilokasamo, 110 po3pobJeHuii MaTe-
pisi BimdHaUYa€THCA BUCOKOIO XiMiUHOIO YMCTOTOIO Ta BUCOKOIIiJIBLHOIO MiKpO-
CTPYKTYPOIO 3 cepeHiM posmipom 3epHa < 0,3 MKM, MeXaHiYHOIO MIiIHiCTIO Ha
BuruH nouag 600 MITa, BMCOKOIO HU3bKOTEMIIEPATYPHOIO cTabiabHicTIO has3o-
BOT'O CKJIQNy TA MeXaHIUHUX XapaKTEePUCTUK Y I'iIpoTepMaJbHUX YMOBaX, 110
YMOXKJINBIIIOE PEKOMEHIYBATH HOT0 AJIA BUTOTOBJIEHHA BUPOOIB MEAMUHOTO, a
TaKOXX KOHCTPYKIIMHOTO ¥ iHCTpyMeHTaJIbHOTO IIpusHaueHHda. Ile nocarayro
3aBIAKN BU3HAYEHOMY XiMiUHOMY CKJIaay MaTepisiny, a TAaK0K KOMILIEKCHO-
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MY IiIXO0AY IO MeTOJ CUHTEe3! BUXiJHOTO HAHOKPUCTAJIIUHOTO MOPOIIKY, OpP-
MYBaHHSA 3 HbOTO 3aTOTOBOK BUPOOiB Ta iX cIrikaHHA.

The designing results of technology for fabrication of high-clean nanocrys-
talline composite powder and the new ceramics based on ZrO, in the ZrO,—
Y,0,—Ce0,-Al,0; system are presented. The chemical and phase composi-
tions, microstructure, and physical-mechanical properties of the developed
ceramics are investigated. As shown, the designed material is characterized
by high chemical purity and high density of microstructure with a mean
grain size of <0.3 um, bending strength not less than 600 MPa, high low-
temperature stability of both phase composition and the mechanical proper-
ties under hydrothermal conditions. This allows recommending the designed
composite for the manufacture of medical, structural and instrumental ce-
ramics. This is achieved by the selected chemical composition of the material
as well as integrated approach to the synthesis of initial nanocrystalline pow-
der, forming of work-piece blanks, and sintering of composites.

KaroueBbie ciroBa: KOMIIO3UT Ha OCHOBE AUOKCHUAA MUPKOHUS, cucTemMa ZrQ,—
Y,0;,—Ce0,-Al,0;, HaHOKPUCTAIJINYECKUI IIOPOIIOK, (HUBUKO-XUMUYECKIE
cBOIicTBa, HUBKOTEMIIepaTypHad CTabUIBLHOCTD.

(ITonyueno 18 noabpa 2013 2.)

1. BBEJEHUE

CoueTraH1e TaKUX CBOMCTB KaK MOBBINIEHHAA IPOYHOCTh, BA3KOCTD pPas-
pyllleHudA, TBEPIOCTb, M3HOCOCTOMKOCTh, MaJjble KO3 UIMEHTHI Tpe-
HUA, XUMUYeCKasa W OMOJIOTUYeCKasa NMHEPTHOCTD JeJaeT JUOKCU ITUP-
Kouud (ZrO,) mepcreKTUBHLIM MaTepPUaJOM AJIA IPUMEHEHUA BO MHO-
rux obsiacTax TexHuKu. OH MIMPOKO UCIIOJNIB3YEeTCA IPU ITOJYUEHUN BbI-
COKOOTHEYIIOPHBIX M3JAEJNH, KapOCTONKUX dMaJeil, TYTOIJIaBKUX CTE-
KOJI, PA3JINUYHBIX BUJOB KEPaMUKU, KEPAMUUYECKUX ITUTMEHTOB, TBED-
IBIX DJIEKTPOJUTOB, TEPMOSAIUTHBIX IMOKPBITUI, KaTaJnu3aTOPOB, HC-
KYCCTBEHHBIX JPAroleHHbIX KaMHEH, PeKYIIUX NHCTPYMEHTOB U abpa-
3UBHBIX MaTEePHUAJIOB.

B nocaemHmMe TOABI AUOKCU ITMPKOHUSA HAYAaJI IITNPOKO MPUMEHATHCA
B MeIUIIMHE, a TaK:Ke BOJOKOHHOM ONITHUKE U ITPOMU3BOJICTBE KEPaMUKHU,
HUCTIOJIB3yeMOU B dyieKTpoHUKe. [Ipu saToM HamboJiee BHICOKMMU 3HAUE-
HUAMU MEXaHUYECKON MPOYHOCTH U TPEIMHOCTOMKOCTH IPU COXPaHe-
HUY YCTOMYMBOCTY K KOPPO3WU U MBHOCY XapaKTepU3yeTCA KepaMuKa
Ha OCHOBE IMOKCHUJA IUPKOHUA, YACTUUHO CTAOUJIN3NPOBAHHOTO OKCH-
moMm uttpus (Y,05)—Zr0,(Y,0;). 9to 0bycioBieHo peiictBueM adderTa
TpaHcOPMaAIMOHHOTO YIPOUYHEHUA — (ha30BOTO IpPEBPAIEHUA TUOK-
cuma IMUPKOHUA TeTparoHajdbHOU Momuduranum (7T-Zr0,) B auokcunm
IMUPKOHUSA MOHOKJUHHON Momudpuranuu (M-ZrO,) monm peiicTBueM
MIPUJIOKEHHOT0 HanpsaKenusd [1, 2].
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HepmocraTtork repamuirm Zr0,(Y,0;) — merpaganus MeXaHUUYECKUX
CBOMCTB («CTapeHue») oM Bo3HelicTBUEM BJIard IIPU TeMIIepaTypax o
300°C, a Takike B OMOJIOTUYECKY arpecCUBHBIX cpenax [3].

[ TOBBINIEHUA TUAPOTEPMATIBLHON CTAOMJILHOCTH AUOKCHUIA ITHP-
KOHHUS WCIIOJb3YIOT pPasjJnuuHble IPUEMBI, CPEIN HUX: COXPaHeHue pas-
Mepa 3epHa B MaTepHuajiaX MeHbIIle KpuTuueckoro [4], coBMecTHas cTa-
ounuszanua ZrO, oxkcumamu utrrtpua u nepus (Ce0,) [5], paspaborka
KOMIIO3UTOB Ha ocHoBe ZrQ, ¢ nobaskoii ot 1 1o 8 macc.% Al,O,[6].

ITens macTosaIeit paboThl — pas3padboTaTh KepaMuUYecKUil MaTepual
Ha OCHOBe KOMIIO3UTa AWOKcHuAA IUPKOHUA B cucTeMe Zr0,—Y,0;—
Ce0,—Al,0; ¢ HOBLIIIEHHO HU3KOTEMIIEPATYPHOM CTa0OMIBHOCTHIO (DH-
3UKO-XUMUYECKNX CBOMCTB BO BJIAYKHOUN M OMOJOTHUECKU arpecCUBHOI
cpenax.

2. MATEPHAJIBI 1 METOJIbI UCCJIEJTJOBAHUM

B KauecTBe NCXOMHBIX BEII[ECTB B3ATHl XUMUUECKU YUCThIe OKCUXJIOPU]
nupkoHua (ZrOCl2-8H20), murparel urrtpusa (Y(NO,);-6H,0), mepusa
(Ce(NO,);-6H,0), amromuausa (Al(NO;);-9H,0), BogHBIN pacTBOp aMMI-
aKa, IUCTUJLINPOBaHHAA BOJA.

Hcxonuble HAHOKPUCTAIINYECKHE TOPOIIKM KOMIIO3UTa cocTaBa 99
mace.% Zr0O, (3 mon.% Y,0;, 2 moa.% CeO,) + 1 mace.% Al,O; monyua-
JIT METOJOM THIPOTePMAaJILHOTO CHHTE3a B IeJOUYHOM cpefie ¢ Iocaeny-
oIneil TepMuuecKkoi obpaborkoii [7—9]. Iia uero cMech BOOHBIX pac-
TBOPOB COJIeHl MCXOAHBIX KOMIIOHEHTOB, B3ATHIX B HEOOXOAMMOM COOT-
HOIIIEHW Y, BAUBAIY B PEAKITMOHHBIN COCY/] ¢ BOAHBIM PAaCTBOPOM aMMMU-
aKa ¥ MHTEHCUBHO MEepPeMeIIUBaJi ¢ IOMOIIbI0 MAarHUTHON MeIIaaKu.
Ina moxmep:KaHuA IOCTOSHHOTO 3HaueHusa pH, paBmoro 9-10, cko-
POCTH BIMBAHUA KOHTPOJUPOBAIU GJOKOM aBTOMATHUUECKOTO THUTPOBA-
HusA. V3 peaKIIMOHHOTO COCy/a uepes3 MmaTpyooK MOJyUYeHHas CMeCh re-
Jieti aMOP(MHBIX TUAPOKCHUIOB IIUPKOHUSA, UTTPU, IIePUA U AJTIOMUHUA,
obpasymIllasicad B pe3yJjbTaTe B3auMOIEHCTBUA PACTBOPOB HUTPATOB
ATHX KOMIIOHEHTOB C PAaCTBOPOM aMMUAaKa, HEIPepPLIBHO MepeTeKasia B
HAKONMUTEJIbHYI0 €MKOCTb, B KOTOPOI MepeMeImBajach C IIOMOIIbIO
MarHUTHOHN MeIaJIKu eIl B Teuenne 2—3 U mocjie OKOHUYaHUA ITpoilecca
ocakaenus. i cTabMIn3aIuy CBOMCTB CMECh I'MIPOKCUA0B KUIIATUIN
B TeUeHUE HECKOJILKMUX YyacoB u 3aTeM orcrauBaiu 10—12 u. Ilocie uero
MaTOYHBIN PACTBOP OCTOPOIKHO CJAMUBAJIN, 4 OCAJOK HECKOJLKO Pas mpo-
MBIBAJIM AWCTUJIJIMPOBAHHOM Bojoli. CTeleHb yaajeHUs MOHOB XJopa
mpoBepAayu TpHU momoInu 5% -pacTBopa asoTHOKUCJIOTO cepebpa. enb
BBICYIIIMBAJIN [0 BA3KO-IIJIACTUUHOI'O COCTOSHUA U ITEPEHOCUJIN B CTEK-
JAHHYIO KO0y, B KOTOPYIO JOJUBaIU AVCTUJINPOBAHHYIO BOJY, IIepe-
MeIUBAaJIW ¥ BOAHBIM PacTBOPOM aMMuaka moBoguau pH cmecu mo 9—
11. ITocse yero KoJyby CO CMEChIO YCTAaHABJIUBAIU B JIaDOPATOPHBIN aB-
TOKJIAB, IIOMEIAJNA B CYIIUIbHBIN IMTKa( ¥ BHITOJIHAIN M'MAPOJINU3 IIPU
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remnepatype 190—-220°C mpu gasiaenuu 1,6 MIla B reuenne 4—5 u. Oca-
IOK OTAEJISAJIN OT MaTOUHOTO PAacTBOPA, NeKAHTUPOBAJIN U CYIIUJIN IPU
remuepatype 60—80°C B Teuenue 6—8 u, mmocJie Uero OTKUTATIN IPU TEM-
nepatype 400—-1300°C B Teuenue 2 u. Ilocse oT:kura ImopoIrnoK JearJo-
MepHpPOBaJM B ILIAHETAPHON MeabHHUIe KoHcTpyknuu OKTB HMIIM
HAH YxpauHbI ¢ KOPIIYCOM 1 MEJIOIIIMHA TeJAMU U3 JUOKCHUIA ITUPKO-
HUS B TeUeHle He MeHee 2 U, II0CJe Uero CYIININ Ipu TeMiepatype 80—
90°C B Teuenue He MeHee 6 U.

3aroToBKH1 ONBITHBIX 00pa3IloB B Buie 0agouek (hOpPpMOBAJIU B CTAJIb-
HBIX Ipecc-PopMax METOAOM ABYXCTOPOHHETO OJHOOCHOTO IIOJYCYyXOTO
mmpeccoBaHus. B KauecTBe miaacTuuKaTOpa UCIOJAb30BaH 5% pacTBOp
MMOJIMBUHUJIOBOTO CIIIPTAa B Bojie. KonmmuecTBo miaacTuduKaTopa B mpecc-
IIOPOIIIKe cOoCTaBassao 8% . BiusaHue maBieHHsS HA IPECCYyeMOCThH IIO-
PpoIliKa 1ccaegoBaan B mETepBaJje gasaenuii ot 40 o 120 MIla.

ChopmoBaHHbIe 3aTOTOBKHU CIEeKAJMW Ha BO3AyXe IPU TeMIepaTypax
ot 1200 mo 1350°C B Teuenue oT 1 10 3 U MIpu MeAJEHHOM IIOBLIMIEHUN
TEeMIepPaTyphl U OXJAMKISHUN JO0 KOMHATHOM TeMIIepaTyphbl BMECTe C IIe-
YbIO.

CBoiicTBa CHMHTE3MPOBAHHLIX ITOPOIIKOB U MOJYUYEHHBIX KepaMuue-
CKHUX MaTepuaJjoB UCCIeIOBAIN MEeTOIaMU PeHTTeH0(pa30BOro, XuMUUe-
CKOT0, CIIEKTPAJILHOT0, 3JIEKTPOHHO-MUKPOCKOIINUECKOTO U OIITUYECKO-
0 aHaJM30B, UCIIOJIb3yEeMbIX B TeXHOJIOTUM HEOPraHUYECKUX MaTepua-
J0B. PerTrenoBckue uccaenoBanud (PPA) BLINOIHAIN ¢ TOMOIIBIO Y-
dpaxromerpa IPOH-1,5 (CuK,-u3nyueHne, CKOPOCTbL CKaHUPOBaHUS
1-4 rpax/mus). UHTEeHCUBHOCTD JUHUN OIEHUBAINA BU3YAJIbHO 110 JIECH-
THOAIBLHON IMIKAaJe UJIX B IIPOIEHTAaX II0 OTHOCUTEILHOM BEICOTE ITMKOB
Ha gudpaxTorpamMme. ¥ AeJbHYIO IIOBEPXHOCTH CHUHTE3WPOBAHHBIX IIO-
POIIIKOB OIpenesain II0 MeTOAYy TEeIJOBOIl amcopdiinu — mecopOiiuu
azora (BIT).

IInoTHOCTE MaTepPUAJIOB ONpPeNeall METOAOM THAPOCTATHUECKOTO
B3BeIlIMBaHUA. MexaHNUeCKNe MCCJIeTOBAHUA BBIMOJHAIN HA IIOJIUPO-
BaHHBIX oOOpasimax pasmepoMm 3,5x5,0x50,0 MM ¢ OPUTYILIEHHBIMUA
KpomKamu. [IoBepxXHOCTE 00PA3I[0B IIOJUPOBAJIN C TOMOIIbIO aJIMa3HbBIX
MacT ¥ HOPOIIKOB. VICIBbITAHNSA BBITIOJHSAIN HA CIEIUATN3UPOBAHHOM
ucnobeiTaTeabHOM Mammuae Ha ndrud CeramTest mpoussoactea CKTB UH-
crutyTa mpobisem mnpounoctu HAH VYKpawHbl ¢ aHAJIOTO-ITI(MPOBLIM
mpeobpasoBaTesieM, IIepedaoIuM CUTHAJ HA KOMIILIOTEpP AJIA 3alucCHU
IuarpaMMbl medopMupoBaHua. [[1a ToOuHOro maMepeHUus AedopMaIluu
HMCIIOJIb30BAJI TEH30PE3UCTOPhI. KA ALl TeH30pe3nCcTOpP HaKJIEeNBaJIN
Ha IMIOBEPXHOCTH HUCCIeAyeMOoro obpasiia TaK, UYTOObI ero 6asa coBIagaJia
¢ HaIlpaBJIeHHeM u3MepeHus nedopmarnuu. Bo Bpemsa medopmamuu 00-
pasia BMecTe ¢ HEUM AedopMHPOBAJICA HaKJIECHHBLIN TeH30pPe3ucTop,
BCJIEICTBIE Yer0 U3MEHAIOCh eT0 OMUUYECKO0e COIIPOTURIIEHUE.

Hedopmarina TeH30pe3ucTOpa U U3MEeHeHMe ero COIPOTUBICHUA CBA-
3aHbI IMHENHON 3aBUCUMOCTBIO:
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PREEL (1)

Yy R
TIe € — OTHOCHUTEJIbHOE yAJnHeHne 0a3bl TeH3opesucTopa; R — oMuue-
CKOe COIpOTHUBJEHUE TeH3opesucTopa; AR — IPUPOCT CONPOTUBICHUS
IaTunKa, COOTBETCTBYIOIUNA AedopManum €; y — KoahGUIIMEeHT TeH30-
YyBCTBUTEJBHOCTH TeH30pesucTopa (B maHHoMm ciaydae R=120O0wm,
y=2,1).

TakuMm o0pasoM, yAaa0Cch U3MEPUTH AedOpMaIlUI0 1 MOAYJb YIPYTo-
ctu (moayab FOHra) paspadoraHHOro MaTepuaja ¢ TouHocThio 10 0,5% .

IIpemen mpouHOCTH HpPH M3rnMbe KomMmo3uTa Ha ocHoBe ZrQ, ompese-
JISLIY TI0 METOY TPEXTOUEUHOTO 13Tnda.

TpelnHOCTONKOCTh OIEHUBAJY II0 OIIPeIeIeHUI0 KPUTUYIECKOTO KO-
a(pdunmerTa BA3KOCTU paspyiienus (K;,).

WUcnpiTanus Ha BA3KOCTb pas3pylleHus (TPEUIMHOCTONKOCTh) BbIMOJI-
HAJIM Ha ob6pasiax ¢ OJHOCTOPOHHUM IIOINePEeYHBIM HAApPe3oM oIIpeje-
aéaaou rayounsl [10]. Haa Hagpesanusa MCIIOJIB30BAJIM aIMa3HbIE KPY-
i Toamuaoi 150 MKM.

BsaskocTh paspyinenus (TPEIIMHOCTOMKOCTL) K, pacCCUMTHIBAIN IIO

dopmyae:

2PL

o =Y 22 e [MITa-m'2], 2)
2bh

roe P — maxkcumaJsbHadA 3arpyska, H; L — paccTosgHNe MeXIy BHEIII-

"Humu poauxkamu (20 mm); b — TosmuHa oOpasma, MM; I — BEICOTA 00-

pasia, MM; ¢ — raIyOMHA HaJgpesa, MM;

Y =1,98-3,07w + 14, 50w” — 25,1w° + 25,8w*, 3)

ronew =c/h.

MUKpPOCTPYKTYPHBIE HCCJENOBAHUS IIOBEPXHOCTH M3JIOMOB CIIE€UEH-
HBIX 00PAas3Il0B BEITIOJHAJJIN METOAAMU PACTPOBOM DJIEKTPOHHON MUKPO-
CKOIIMH C IIOMOII[bI0 aHaau3aTtopa SuperProbe 722. I[yisg KOIUYeCTBEH-
HOTO aHaJn3a MUKPOCTPYKTYPhI 00Pas3IioB MCIIOJb30BAIN KOMIILIOTED-
HYIO cucTeMy o0paboTKm m ananausa nsobpaxkennit SIAMS-600 [11]. 3a
pasmep 3€peH, IIOP U arjIOMepPaToB IPUHUMAIHN cpegHuil fuamerp Pepe
(cpenHIO0 IIPOEKIINI0), KOTOPBIA PACCUNTHIBAIN KaK cpelHee 3HAUECHUE
IPOEKITNH dIeMeHTa MUKPOCTPYKTYpPHI o 64-M HampaBiaeHusaM. Pac-
mmpejesieHue o pasMepam cpegHero nuamerpa @epe 3épeH, IIOp U arjo-
MepaToB OTOOpaskaju Ha COOTBETCTBYIOIIIMX THCTOIpaMMax — [IJIs
KaskJI0oro AramnasoHa 3HaUeHUI JuaMeTpa M'MCTOrpaMMa COIEPKUT UMC-
JIO COOTBETCTBYIOIITNX 3JIEMEHTOB MUKPOCTPYKTYPHI B % .

HuskoremmeparypHyio CcTabUJILHOCTL paspaboTaHHOTO MaTepHaJa
(«cTapeHMne») U3yUYaIl YCKOPEHHLIM METOJOM — HIYTEM BBIZEDP:KKU 00-
PasIioB B rTHAPOTEPMAJBHBIX YCIOBUAX B JJa0OPATOPHOM aBTOKJIaBe IPU
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remnepatype 135+5°C B Teuerue 7 u. [[aHHBIN METOJ UCIIOIL3YETCA IPHU
MCCJeOBAHUY TUAPOTEPMATLHOM CTAOMIBHOCTH KepaMUUYecKHX MarTe-
pHAaJoB Ha OCHOBE AMOKCHUIA IUPKOHUA, IIOJBEPraeMbIX BO3IEHCTBUIO
OMOJIOTMUEeCKU arpecCUBHOII MHOTO(pAKTOPHOI Cpeabl JKUBOTO OPTaHuU3-
Ma. Brifep:KKa o0pasioB B YKa3aHHBIX YCJIOBUAX dKBUBaJeHTHA 20 ro-
IaM npeObIBaHUSA MaTepuaia B opraHusMme uejoBeka [12]. Usyuenwme
PUBUKO-XUMHUUECKUX XapaKTepUCTUK 00pasIioB 0 1 MOCJe YKa3aHHOM
TUAPOTEPMAIbHO 00pab0TKY ITO3BOJIAET IOJYUYUTL HAAEKHEBIE TaHHbIE
0 IPOTHO3UPYEMOM M3MEHeHUU (PaszoBOTO COCTaBa M MeXaHMUYECKUX Xa-
PAKTEPUCTUK MaTePHaJa IPU JIUTEILHOM IIPEObLIBAHNY BO BJIAMKHBIX 1
arpecCUBHLIX Cpelax.

3. PESYJIBTATBI UCCJETOBAHUU Y UX OBCYKJIEHHUE

Ilo AJaHHBIM XWMHWUYECKOI'O M CIIEKTPAJIBHOI'O aHaJIM30B YyCTaHOBJIEHO,

TABJINITA 1. ®a30BbIil cocTaB U pasMep HEPBUYHBIX YACTUYEK CHHTE3UPO-
BaHHOI'O IIOPOIIIKA KOMIIO3UTA Ha OCHOBEe NUOKCHUJA IIUPKOHUSA B 3aBUCUMOCTU
OT TeMIIepaTyphbl TEPMOOOPAOOTKH.

CBolicTBa CHHTE3MPOBAHHOT'O IIOPOIIIKA

TemnoepaTtypa =
o ®azoBEBIi coCcTaB/pasMep YaenbHass MOBEPXHOCTD,
oboxura, °C p

IIEePBUYHBIX YACTHUIL, HM M°/T

400 F-Zr0,/10 162

550 F-ZrO, /10, ciensr ©®-Al,0, 115

700 F-Zr0,/10, cnenwr T-ZrO, u ©®-Al,0,/7 98

850 F-Zr0O,/12, cnenwr T-ZrO, u ©®-Al,0,/7 82

T-Zr0,/15, cnegsr M-ZrO, /15,

1000 caensl ©-Al,0,/10 58
T-Zr0,/20, ®-Al,0, 20,

1150 caens M-ZrO,/17 38

1300 T-Zr0,/25, a-Al,0,/40, 2.1

ciaenst M-ZrO,/15

Puc. 1. Mop@doJsiorusi CHHTE3UPOBAHHOTO IIOPOIIIKA KOMIIO3UTA HA OCHOBE ZrO,.
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YTO XMMHUUYECKHUII COCTAaB CMHTE3UPOBAHHLIX IIOPOIIKOB 1 00pa3I[0B CO-
OTBETCTBOBAJI pacuéTHBIM: ocHOBA (Zr0,, Ce0,, Y,0;, Al,0;) — He MeHee
99 mace. % , npumecu (SiO,, Na,0, K,O u gpyrue okcuabl) — B cCyMMe He
6osiee 1 macec.% .

@a30BBIN COCTAB U pasMep IMEPBUYHBIX YACTUUYEK CUHTE3MPOBAHHOI'O
IIOPOIIIKA B 3aBUCUMOCTH OT TeMIIEPATYPhI 00KKUra MpuBe e B Ta0I. 1.

Kak cienyer u3 npuBeIEéHHBIX Pe3yJIbTAaTOB IOCJE O0MKUTa B MHTEP-
BaJyie Temuepatyp 400—-850°C B mopoIllKe OCTAIOTCA METACTaOMJIbHBIE
momzupuramuu ZrO, u Al,O;. 9TOT PaxTOp 00'BACHAET IIOBLIIIIEHHYIO aK-
TUBHOCTDL MOPOINKAa NPU AaJbHEHINeld TeXHOJOTrMUuecKkoil o0paboTke.
VaenbHas IOBEPXHOCTH MMOPOIIIKA B 3aBUCUMOCTH OT TEMIIEPATYPEI Tep-
M006paboTKy n3MeHserca oT 162 m?/r mpu Temmepatype obxxura 400°C
1o 2,1 m?/T ipu Temneparype obsxura 1300°C.

Mopdoaorusa mopoika mociae ooxura mpu 600°C B Teuernune 2 u mpu-
BeleHa Ha puc. 1. BuagHo, YTO CHHTe3MPOBAHHLINA IIOPOIIOK COCTOUT M3
CUJILHO arjIOMEPHPOBAHHBIX HAHOKPUCTAJJINYECKUX UYACTHUIL. ATrjioMe-
paTtbl «MATKHWE», MOPUCTBLIE, MOBOJBHO ONHOPOAHBIC, MMEIOT HeIIpa-
BUIBHYIO hopmy. CpenHuii pasmep arjioMepaToB — 10 5 MKM, IPU 5TOM
BCTPEUAIOTCS eIMHWYHBIE arjoMepaThl pasMepoMm Io0 7 MKM. Pasmep
mepBUYHBIX yacTuuek — 10—-12 HM, yaeabHasd IOBEPXHOCTDL IIOPOIITKA
— 102 m?/r. JlaHHBIH TOPOIIOK MCIOIL30BAIN B KauecTBe HCXOMHOTO B
JaJILHEHNIINX TeXHOJOTMUYEeCKNX IPoIeccax.

151 yCTaHOBJIEGHUS ONTHUMAJBLHOI'O PEXMMA KOMIIAKTHPOBAHUSA IIO-
JIYUYEHHOI'0 IIOPOIIKA IIPECCOBAHNE BBIMOJHAJIN B UHTEPBAJE AaBJIeHUI
or 40 mo 120 MIla.

PesysbTaThl n3MepPEeHUsI OTHOCUTEIBHON ILJIOTHOCTH IIPECCOBOK B 3a-
BHUCHMOCTH OT JABJIEHUS IIPECCOBAHMUS IpuBeAeHbl Ha puc. 2. OTHOCH-
TeJIbHASA IJIOTHOCTh IIPECCOBOK cocTaBiisgeT 0,32 npu maBJIeHUU IIPECCO-
BaHua 40 MIla, smeckoabko moBsimiaerca a0 0,34—-0,35 ¢ yBeanuenuem
maBaenus nmpeccoBauud 10 90—100 MIla u cuu:kaeTca Ipu JaabHEHIIIEM
MOBBIIIIEHUN [OABJIEHUS IIpeccoBaHUsA. VI3 NpUBENEHHLIX Pe3yJIbTATOB

0,36 -
0,35 -
0,34 -
0,33 -
0,52
0,31 -

':'p]' T T T 1
40 Gl 80 100 120

Yeunue npeccopanna, Mlla

OTHOCHTEIEHAA ILUIOTHOCTE

Puc. 2. 3aBUCUMOCTb OTHOCUTEIBHON IIJIOTHOCTHA IIPECCOBOK KOMIIO3UTa Ha OC-
HOBe JUOKCHUIA TUPKOHUA OT HaBJI€EHUA IIPECCOBaHUA.
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BUIHO, YTO OITUMAJIbHBLIM JaBJ€HNEM IIPECCOBAHUA CUHTE3UPOBAHHOTO
mopomika asasgerca 90—100 MIla. ITpu Takux maBJIeHUAX TOCTUTAETCS
HauboJiee BLICOKASA OTHOCUTENbHAA IJIOTHOCTE TPeccoBoK. Heobxoaumo
OTMETUTD, YTO IJI0XAas MIPECCYeMOCTh XapaKTepHa A HaHOKPUCTAJLIN-
YeCKUX IMOPOIITKOB KePaMUUECKUX COCTABOB 1M3-3a MX BBICOKOU YIesb-
HOII TOBEPXHOCTH 1 HU3KOM mioTHOCTH [13, 14].

3arotoBKu 00pasIoB, cpeccoBaHHbIe pu AaBiaeuauu 100 MIla, cme-
Kaau Ha Bo3ayxe npu temneparypax ot 1200 mo 1300°C ¢ BbIAEpPKKOI
IIpu TeMIiepatype cuekaHus or 1 1o 3 Y mpu MeAJIEHHOM ITOBBIIIIEHUU
TEeMIIEPATYPHI 1 OXJIAXKJEHUY BMECTE C IIeUBIO.

PesysbTaThl n3MepeHUs MPOYHOCTH IMOJYUYEHHBIX 00pasIloB B 3aBU-
CHUMOCTH OT TeMIepPaTyphl CIEKAaHWS M BBIAEPIKKHU IIPU TeMIlepaType
cIeKaHusa IIPUBEIEHBI Ha puc. 3, U3 KOTOPOTO cJedyeT, UTo HamboJiee
BBICOKIE 3HAUEHUSA MPOUYHOCTH JOCTUTAIOTCA MPU CIEeKaHWU paspado-

800 32
=
w0
B E
;3( g
g g
= 0
1200 1250 1300

Temnoeparypa, °C

Puc. 3. IIpouHOCTH 06Pa3II0OB B 3aBUCUMOCTH OT TEMIIEPATYPhI CIIeKAHUSI 1 BBI-
Iep:KKU IPU TeMIepaType ciuekanusa: ] — Beigep:xka 1 u; 2 — BBIAEpIKKA 2 U;
3 — BBIZEep:KKa 3 .

7941 _602

Puc. 4. XapakTepHas MUKPOCTPYKTYpa KepaMUKX Ha OCHOBe KoMnosuta Zro0,.
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TaHHOro maTepuaja nupu treMmueparype 1280—-1300°C ¢ BBIAEepP:KKOHI IIpHu
TeMIepaType ciieKaHusa B Teuenue 2 4. [Ipu Oosiee HUBKUX TeMIeparTy-
pax cuexkaHus u MeHBINTIX (1 1) mau Gojiee AJIUTEIBHEBIX (3 U) BBIAEPIK-
Kax IpU TeMIIepaType CIIeKaHusA HPOUYHOCTHBIE XapPAKTEePUCTUKHN MaTe-
puajia HeCKOJIbKO HMKe. Bce maibHEHIe MCCJAeJOBAHNSA BBIIOJTHEHEBI
Ha o0pasmax, CIeYEHHBLIX II0 OINTHMAJLHOMY PEXUMY: TeMIepaTrypa
1300°C, BrImep:xKa 2 u.

TunnuyHasd MIKPOCTPYKTYpPa KepaMUKU Ha OCHOBe KommoauTa ZrQ, u
TUCTOTPAaMMBbI pacipeiesieHus 3épeH, 0P U arJioMepaToB IO pasMepam
IpUBeAeHbI Ha pUC. 4—7 COOTBETCTBEHHO.

Buzgzo, uTo mpu clieKaHUK CPOPMUPOBAJIACH BEICOKOILIOTHAS, OLHO-
poIHas, CTPYKTypa CO CPeIHUM pasMepoMm 3epHa — MeHbIe 0,3 MKM.
Cpemuuit suamerp mop — 0,197 MKM, cpefHuii JuaMeTp arjoMepaToB
— 1,413 MEM.

PesynbTaThl u3MepeHus IIpeaesa IPOYHOCTH IIpu udrube (c,) 1 MOIY-
asa Oura (E) paspaboranHoro Mmatrepuaja IpuBeIeHEb B Taba. 2, a Ba3-
KocTu paspyineHus K, (TpeluHOCTOMKOCT) — B Ta0J. 3.

IIpuBenéHubIe SKCIIEPUMEHTAJbHBIE JAHHbIE MOKA3LIBAIOT, YTO PAas-
paboranHas KepaMHKa Ha ocHOBe KommosuTa ZrQ, xapaKTepusyercs
mpeneaoM IIPOYHOCTH IIpu u3rube o, 673,9 Mlla, mogynem Oura E —
224,85 MIla u BaskocTbio paspyiieHus K. (TpelIumHOCTOHKOCTHIO) —
5,93 MIla-M'/%. DTy mokasaTenu, a TaKXKe MIKPOCTPYKTypa MaTepHasa
(cpemuuit pasmep 3epHa — meHbIte 0,3 MKM) COOTBETCTBYIOT TpeboBa-
HUAM MEXIYHAPOSHBLIX CTAHIAPTOB, HPENbABIAEMBIM K MaTepHaJaM
Ha OCHOBE TeTPAroHaJbHOI'0 AMOKCHIA ITUPKOHUA, KOTOPHIE MCIIOJL3Y-
FOTCS JIJIA M3TOTOBJEHUS KepaMUUEeCKUX UMILIAHTATOB IJIA KOCTHOM XU-
pypruu [15].

ITocne rugpoTepMaibHOM 06pabOTKY B aBTOKJABe IPU TeMIIepaType
135+5°C B TeueHme 7 U MPOYHOCTH OOpPA3IOB M MX (PABOBBIA COCTaB,
IIpeCTaBIIAIONINY cO00i TeTparoHAJILHBIM TBEPABIA PACTBOP HA OCHOBE
IUOKCHUIa ITUPKOHUS CO caenaMu o-(asbl OKCUIa aJIOMUHUSA, TPAKTHU-
YecKU He U3MeHUJIUCH (Tabii. 4). 9To CBUAETEILCTBYET O JOCTATOYHO BbI-
COKOM T'MAPOTEPMAJbHOM CTAOMILHOCTH Pas3paboTaHHOTO MaTepuaJa.
Cuegyer OTMETUTH HE3HAUNTEIBHOE IIOBLIIIIEHNE IPOYHOCTH MaTepuaJia
rmocJjie YKasaHHOM TUpoTepMabHON 00paboTK Y.

TakuMm 00pasoM, BEIOpAaHHBIN XMMHUUYECKUI COCTaB U paspaboTanHasd
TeXHOJIOTUM WM3TOTOBJEHUS, BKJIOUAIOAA BCe olepaluy OT CHUHTe3a
KMCXOJHOTO HAHOKPUCTAJLINYECKOTO IOPOINKA A0 ero (popMOoBaHUS U
CIIeKaHUsA, MO3BOJUIN IOJYUUTh KepaMUUYeCKUIl MaTepuas HAa OCHOBE
KOMIIO3UTA OUOKCHAA IIUPKOHUA C BBICOKMMU U CTAOUJIBHBIMU BO
BIAYKHBIX 1 OMOJIOTMUYECKM arpecCHUBHBIX cpegax (PU3HMKO-MeXaHunJe-
CKMMHU XapaKTEePUCTUKAMMU.

B xoxe ncciemoBanuii 3 paspaboTaHHOTO MaTepuaa ObLIN U3TOTOB-
JIEHEI OIIBITHBIE 00PA3IlOB I'OJIOBOK (IIIAPOBLIX 3JIEMEHTORB) SHOIIPOTE30B
TazobeqpeHHOT0 cycTaBa (puc. 8, a) U MCKYCCTBEHHBIX KOpHeii 3y00B
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Puc. 5. T'ucrorpamma pacipeejieHns 3€peH o pasMepaM B KepaMHuKe Ha OCHO-
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Puc. 6. 'ucrorpamMma pacipeesieHIs IOp II0 pa3dMepaM B KepaMuKe Ha OCHOBe
kommosura ZrO,: D, .. — 0,080 mxwm; D,,,. — 0,557 mxwm; D, — 0,197 MmEM.
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Puc. 7. Tucrorpamma pacupefesieHNsA arjioMepaToB B KepaMWKe Ha OCHOBE
Kommosura Zr0O, mo pasmepam: D, — 0,627 mxm; D,,, — 2,418 mxm; D
1,413 MKM.

Max cpefn

(meHTANIBLHBIX UMILIAHTATOB) (puC. 8, 0).
TosoBKY mpenHasHAYEHBI IJIA IPUMEHEHUS B XUPYPTUUECKON TpaB-
MaTOJIOTHU W OPTONEIUN AJIS JeUSHU TIKENBIX 3a00JIeBaHUI 1 TPABM
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TABJINIIA 2. ITpounocTs (c,) 1 Moays FOura (E) kommnosura Ha ocHoBe Zr0,,.

Ne 06p. | Bricora, MM | IIMupuua, Mm | P ... H | G,, MIla E,T'TIa

1 4,0 4,19 1612,12 721,4
2 4,21 4,23 1784,72 714,1 211,9
3 4,01 4,42 1601,69 676,1
4 3,95 4,96 1500,66 581,7 237,8
5 4,1 4,28 1622,26 676,4

Cpennue sHauenus: 673,9 224,85

TABJINIIA 3. TpeuiuaoctoiikocTs (K;.) KommosuTa Ha ocHOBe ZrO,.

Ne 06p. |KIC, MHa~M1/2| h, MM | b, MM | ¢, MM w P,H Y
1 5,46 4,22 4,18 1,98 0,4692 130.01 2,34
2 5,99 4,26 3,26 2,03 0,4765 110,5 2,37
3 5,6 3,95 3,92 2,07 0,5241 95,24 2,66
4 6,37 3,9 3,8 2,1 0,5385 98,11 2,73
5 6,23 2,65 4,06 2,11 0,4538 166,25 2,27

Cpensee: 5,93

TABJINIIA 4. ®a30BbIil cOCTaB M IPOYHOCTh IIpu uarube (c,) oOpPasIoB o0 U
mocJie TuApoTepManbHoit oopadorku (I'"TO).

Ilo I'TO | Ilocse I'TO
®azoBHbIil cOCTAB c,, MIla ®azoBrIit cocTaB G,, MIla
T-ZrO,, cnensl a-Al,0O, 638,4 T-ZrO,, cienst a-Al,O, 644,7

TazobeIPEHHOTO CyCcTaBa METOJOM TOTAJHLHOI'O JHIOIPOTE3UPOBAHUS.
HmeroT chepuueckyio ¢GopMy M BHYTPEHHee KOHYCHOE OTBEpCTHe IJIs
TYroii MOCAaAKM Ha HOMKKY SHIONpoTe3a. BHeITHNI JuaMeTp TI'OJIOBOK —
28 MM, TocamOYHBINA KOHYC — eBpormeicKkuii (12/14).

HeHTanbHbIE UMILJIAHTATHI ITPEeTHA3HAYEHBI IJI IPUMEHEHUS B CTO-
MAaTOJIOTHM B KauecTBe OMOPhI HECHEMHBIX 3YOHBIX MPOTE30B. MMeroT
MUJIMHAPUUYECKYIO U KOHUYECKYI0 (DOPMYy, PA3BUTYIO IIOBEPXHOCTDH, UTO
obeceunBaeT UX HAAEKHYIO (DUKCAIIUIO B KOCTH. BBICOTA MMILJIAHTATOB
— ot 10 mo 15 mm. X TumopasmMepsl COOTBETCTBYIOT aHTPOIIOJOTHIUE-
CKUM BapHAIUAM YeJIOCTEeH UeJOBeKa U He TPeOYIOT MeXaHUUeCKOH J[0-
padoTKU IpU YyCTAaHOBKE.

4. BBIBO/IbI

1. PaspaboTana TeXHOJOTUS CUHTE3a BEICOKOUMCTOTO HAHOKPUCTAJLIH-
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Puc. 8. OnbiTHBIE 00PA3Ilbl MMILJIAHTATOB, M3TOTOBJIEHHBIE M3 KOMIIO3UTA Ha
ocHoBe ZrQ,: a) KepaMuuecKue TOJIOBKU S3HAOIPOTE30B Ta300eIPEHHOI0 CyCTa-
Ba; 0) KepaMHUeCKHue IeHTaJbHbIe MMILIAHTATHI (MCKYCCTBEHHBIE KOPHU 3Y-
60B).

YeCKOT0 MHOPOIIKa KoMmo3uTa Ha ocHOBe ZrO, B cucteme Zr0,—Y,0;—
Ce0,—Al0,, ¢ y3KUM pacIipenesieHueM YacTHIl II0 pa3MepaM, He UMelo-
II1eT0 TBEPABIX arjioMepaToB.
2. PaspaboTraHa TeXHOJOTHSA U3TOTOBJIEHUA KepaMUYeCcKOro Marepuaja
Ha ocHOBe Kommnoaurta ZrQO, u mccjaefoBaHBI ero (pU3MKO-XUMUUECKUE
XapaKTepUCTUKH.
3. Paspaborannasa KepaMuKa Ha OCHOBe KomIio3uTa ZrQ, xapakTepusy-
eTCsI BLICOKMMU XMMHUYECKOH YMCTOTON M MEXaHUUYECKOU IIPOUYHOCTHIO,
BBICOKOILJIOTHOII MUKPOCTPYKTYPOH cOo cpeaHuM pasmepoM 3epHa < 0,3
MKM, BBICOKOI HIBKOTEMIIEPATYPHOI CcTa0MIBLHOCTHIO (ha30BOr0 cocTaBa
U MEeXaHNYECKUX XapaKTEePHCTHK, YTO IIO3BOJIAET PEKOMEHIOBAaTh Ma-
TepuaJ AJA NSTOTOBJICHUA USAETUN MeIUITMHCKOrO Ha3HAUYEHU .

ABTOpPBI BRIPaAsKaOT 0JATrOJAPHOCTL COTPYAHMKAM WHCTHUTyTa IIpO-
osem matepuanoseneraud nuMm. . H. @paunesunua HAH YKpauHb! KaH]I.
dus.-mat. Hayx A. IO. Kosamio u Kaug. texu. mayk O. U. 'erbmaH 3a
BBITIOJIHEHVIE MUKPOCTPYKTYPHBIX MCCJIETOBAHUI.

PaboTa BrIimoaHeHa IpU (pUHAHCOBOM Imogaep:kke ['ocyaapcTBeHHOTO
areHTCTBA II0 BOIIPOCcaM HAYKU, MHHOBaIuil u mHGopMaTusanum ¥y Kpa-
nnbl '3/484-2011.
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