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yIIUpeHue IU(QPaKUMOHHBIX THKOB M WX oOcjalleHue, 4YTO CBHUJIETEIbCTBYET O
JalbHEWIIeM YMEHBIICHUU pa3Mepa 3epeH Kpucraumdeckoil ¢assl AIN, uto cormacHo
cooTHoweHno Xoia-Ilerya Bener Kk ynpo4HEHHMIO MaTepuana MOKPBITUSA. DTUM MOKHO
OOBSICHUTh IIOBBIIIEHHME MHUKPOTBEPIOCTH CTEKJIA C IIOKPBITUEM, HAHECEHHBIM IIpH
Temriiepatype 663 K.

Paboma  evinonnena 6 pamxax Ilpoecpammvl  yHOAMEHMANbHBIX — HAYYHBIX
uccnedosanul eocyoapcmeennvix axademuti Hayk Ha 2013-2020 20061 u npoexma BUY
«Mamepuanwvt 0ns sxcmpemanvuvix yeroguiy NeBUY UDBT 85-2014.
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Kepamuueckue Marepuansl BCe IIHPE HCMONB3YIOTCS B MPOMBIIIJICHHOCTH.
[IpenmymecTBaMM KEpaMHUKH, 1O CPAaBHEHUIO C METAUNIMYECKUMHU M IOJUMEPHBIMU
KOHCTPYKLMOHHBIMU MaTepuajaMH, SBJISIETCS CIIOCOOHOCTh K 3KCIUTyaTallud B YCIOBHUSX
BO3/ICWCTBUS BBICOKMX TEMIIEpaTyp U KOPPO3HMOHHO-aKTHBHBIX cpell 0e3 3HauuTeTbHOU
Jerpaiallid MEXaHUYECKUX CBOMCTB BO BpPEMEHU M MHOTHE JIpYTHE.

CaMbIM TONYJIAPHBIM METOJOM CHHTE€3a HAHOIOPOILIKOB SBJISETCS XUMHYECKHU
METOJI. XMMHUYECKHI METO]] MO3BOJIIET LIMPOKO BapbHpoBaTh Mopdosioruio (paMep u
¢dopMy), KPUCTAIMYECKYIO CTPYKTYpy M XUMHUECKHIl COCTaB dacTHIBI (B cllyyae
MHOTOKOMIIOHEHTHOW cuctembl). OCHOBHBIE MPEUMYIIECTBA OSTOTO METOAa Mepen
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IPYTUMH SIBISIOTCS HU3KAst CEOECTOMMOCTh U BO3MOYKHOCTH IIPOU3BOJICTBA MOPOIIKOB
3a/IaHHOTO COCTaBa B IPOMBIIIJIEHHBIX MacmTabax. TeM He MeHee, HaHOIOPOIIKH,
MOJIy4eHHBIE TakUM 00pa3oM, MMEIOT BBICOKYIO CTENEHb arperaiuu, arioMmeparuu
OCaXXJIEHUSI NPOAYKTOB M IPOKaJMBAHMEM OCAJKOB, a TaK)Xe WIMPOKUNA IMana3zoH
pa3MepoB, Kak IMEPBHYHBIX YACTHI[, TaK M arjoMepaToB. MeTObl, CBS3aHHBIE C
OBICTPBIM yJIaJICHUEM PACTBOPHUTENS, MOTYT UCIPAaBUTh BbILICYKAa3aHHbIC HEJOCTATKH.

HacTtosimasa pabora mocBdiieHa pa3pabOTKE METOAMK CHHTE3a HAHOIOPOLIKOB
OKCHJla aJIOMUHUS — LHUPKOHHUSA C HCIOJb30BAaHUMEM ammapara pacHblUINTEIbHON
cymku Nano Spray Dryer B-90. Marepuanbl Ha OCHOBE 3THMX OKCHAOB LIMPOKO
IPUMEHSIOTCA B TeX o00JacTsaX, TJIe HeoOXOAMMBI BBICOKME IOKa3aTeau
M3HOCOCTOUKOCTH, IJIOTHOCTH, TBEPAOCTH, MPOYHOCTH MNpPU HU3THOE, CTOMKOCTH K
KOppO3UU U3JeNuid. DTa YCTaHOBKAa MOXET OBbITh MCIOJIb30BaHA [l MOJy4eHUs
HEOONBIIMX MAPTUH YUCTHIX IMOPOIIKOB, MCIOIB3YEMBIX B KauecTBe J00aBOK IS
MOJIYYEHHUsI KEPaMUKHU.

Henpro manHOM pabOTHl OBUIO MOJYYUTh KOMITO3UIIMOHHBIE HAHOIMOPOIIKHA Ha
OCHOBE OKCHJa aJIOMHMHHMS M OKCHJA IMPKOHUS M3 BOAHBIX PAcTBOPOB HUX cojei
METOJIOM PACTIBUIUTEIbHON CYIIKA U METOJOM OOpaTHOTO0 XHMHUYECKOTO OCaXIACHUS,
OLICHUTH BIIMSIHUE YCIIOBHA CHHTE3a Ha HMX CcBoWcTBa (Mopdoisoruio, (a3zoBbIit
COCTaB).

JKcnepuMeHTadbHass 4acThb. Hanomopomoku Al;O3xZrO; mnomydamum ¢
nomoiipio ocaxacHus cycneHsun «Al(NO3)3xZrOCl,+H,0», npurotoBienHoi us3 1
M u 0,5 M pactBopa coneit ¢ gobaBnenuem ruapookrucu ammonus (NH4OH). Ocanox
MPOMBIBIM JTUCTUJUIMPOBAHHOM BOJOW 10 MCYE3HOBEHHUsS 3alaxa aMMHuaka. 3aTeM
4acTh MOJYYEHHOro MpoaykTa cymuiu npu 70°C, yacTb — BBIACISIN U3 CYCIEH3UH
METOJIOM pacHbUIUTeNbHON cymku. Ob0a mopolika OTXKHIalu NpH TeMIepaType
1200°C B armocdepnoit mneun (LAC VP20/17). Belgenenue mnpoaykra
PaclbUIMTENbHOM CYHNIKONH OCYIIECTBIISUIM C MOMOIIBI0 ycTaHOBKM Nano Spray Dryer
B-90 [1, 2].

Jns  ycraHoBieHuss  (a3oBOoro cocraBa  IMOPOUIKH, HCCIEIOBAIM  METOA
peHTreHoda3zoBoro aHaiau3a (peHTreHoBckuil nudpaxkromerp ShimadzuMaxima-X XRD-
7000). O6paboTKy nudpakrorpamm s onpeaeaeHus (HazoBOro cocTaBa MPOBOAMIU C
HCIIOJIb30BaHUEM KOMIBIOTEpHbIX mporpamm “Search — Match” u “PowderCell”.
W3mepenust yaenbHON MOBEPXHOCTH MPOBOAWINCH ¢ ToMombio Meroaa BOT
(amammzarop SORBI). [ns anamuza MOpQOIOTHM  HCCIEAYEMBIX  MOPOIIKOB
MCIOJIb30BAJIM METO/1 CKaHUPYIOLIeH 3neKkTpoHHoN Mukpockonuu (JSM 7500F).

Pe3yabTaThl U ux obcy:xiaenusi. M3sectHo, uto ZrO; MOXET HaXOJUTHCS B TpeX
MOJU(UKAIMAX: MOHOKIIMHHOM, TETparoHaJbHON U KyOM4ecKoil, mpuyeM JBe MocieTHue
MoauduKauu 060Jee IEHHBI 711 TPOU3BOICTBA KEPAMUIECKUX U3Ieuit [3].

B rtabnuue 1 mnpencraBieH ¢a3oBbI COCTaB MPOAYKTOB IOJYYEHHBIX W3
pPacTBOPOB Pa3NUYHBIMH METOJaMH. BHIHO, YTO HMCIOJIB30BaHHE PACIBUTHTEIHHOM
CYIIKH TIO3BOJIIET YBEJIHUYUTh COJEpKaHUE TETParoHaJlbHOW MOAU(DUKALUU 10
CPaBHEGHHIO C OOBIYHBIM XHMHYECKHM OCaXJeHueM. [Iph STOM HCHOIb30BaHUE
cycmeH3uil ¢ Oounplield KoOHIEHTpanueld obOecrmeyunBaeTr oOpa3oBaHUE MPOAYKTa
nydmero kadecTBa. OKCHI aTIOMHHHS TPOSBISIETCS TOJBKO B MOPOMIKaX C PaBHBIM
COOTHOLIEHWEM KOMIIOHEHTOB B a-¢a3ze. Takxke BUIHO, YTO OKPHUCTAJIM30BAHHBIE
(da3el ¥ OKCHJA ATIOMUHUS U IUPKOHUS 00OHAPYKUBAIOTCS TIPH POBHOM COOTHOIICHUHT
KOMITOHEHTOB.
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Tabnuma 1. ®azoBerit coctaB mopomkoB AlyO3 x ZrO,, moydeHHBIX U3 PACTBOPOB COJICH
MCECTOAOM XUMHUYECCKOT'O OCAKIACHUSA U paCHBIJII/ITCJIbHOﬁ CYLIKH.

Meton " +
monyuerHs Cal3 | Czr**, 5 Cal 3 | Cz 5
HaHOMOpOIIIKa Monib/n | monb/n | Pa3oBEIi cocTaB ®da30BEIi cOcTaB
ZrO, —mon.- ZrO, —mon.-
0,1 0,9 97.9% 0,05 0,45 99,6%
XuMu4eckoe a - AlLOs.
OCaXKJICHHE ZrO, —mon.-
. 05 | 05 042 1156 0,25 | 025 Amopd.
ZrO, —tet.-55,9%
ZrO, —mon.-
0,1 0,9 |ZrO,—mon. 92,2%| 0,05 0,45 83,1%
PacnoeiiurenbHa ZrO,— tet. 16,9%
s CyIIIKa ZrO, —tet.-74,4% ZrO, —mon.-
0,5 0,5 |ZrO;—mon. 25,6%| 0,25 0,25 94,8%
o - AlLO:s. ZrO,— tet.-5,2%

W3 Tabnuiel 2 3aMedeHo, YTO MOPOIIOK, BBIACICHHBIN U3 pacTBOPa PaCHbLUIMTEIBHOMN
CYHIKOH C paBHBIM COJEp)KaHUEM KOMIIOHEHTOB, MMEET OOJbIIyI0 YICIbHYIO
MIOBEPXHOCTb. UTO CBUAETEIBCTBYET O COAEPKAHMU MAJIOTO pa3Mepa 4acTHIl B IOPOLIKE.
B nopomkax apyroro coctaBa 3HaUMTENbHBIX OTJIUYUN HE OOHAPYKEHO, KpOME IOPOIIKa
ITOJIy4YEHHOTO XMMHUYECKUM OCAKJICHHEM C PAaBHBIM COOTHOLIEHUEM KOMIIOHEHTOB.

Tabnuma 2. Pe3ynpTaThl M3MepeHUil MOTHOMN Y/ebHON MOBEPXHOCTH MOPOILKOB.

Meron Carae | o Ilonxas Ilonnas
MOy deHHs Al Zr yAenabHasA C Al 3+ CZr4+' yaAenbHasA
HAHOTIOPOIIKA MOJB/I | MOJB/JI HOBep)éHOCTB, HOBep)éHOCTI),

M°/T M/T
XUMHYIecKoe 0,1 0,9 0,70 £ 0,01 0,05 0,45 0,84 £ 0,04
OCaXKJICHHUE 0,5 0,5 18,81 + 0,09 0,25 0,25 1,16 £ 0,03
Pacmosumirens 0,1 0,9 0,81 £ 0,04 0,05 0,45 1,32 £ 0,05
Has CylIlKa 0,5 0,5 26,54 + 0,09 0,25 0,25 4,14+ 0,09

Ha pucynke 1 mnpeacraBiensl COM-n300pakeHUs] KOMIIO3UIIMOHHBIX ITOPOILIKOB
MOJIYYEHHBIX METOJ/IOM PACIbUINTEIbHON CYIIKH U3 BOJHBIX pacTBOpoB. Ha n3oOpakenuun
MOKHO YBHUJETh, YTO PACHbUIMTENbHAs CYyIIKa OOECHEeUMBACT MOJHOE TPaHyJIMpOBaHHE
MOpoIIKOB (a, 6). ['paHyIIbl, UMEIOT PHIXJIYIO CTPYKTYPY U COCTOST U3 OTAEIbHBIX YACTHII
Al;O3 m paBHOMEpHO pacrmpereleHHbIX B HHX 4YacTHll ZrOj, pa3mep KOTOpBIX He
npessimaer 100 am (B). Taxke Ha CHUMKaxX BHIHO, YTO IPaHyJIbl COCTOAT U3 yacThll ZrOa,
KoTOpbie 00BoakuBaroT yactuilel Al,O3 (r). B Tabnuie 3 ykaszansl pe3yabtatet COM, rie
MIPUBE/ICH AJIEMEHTHBIM COCTAB MOJIYY€HHOI'O IOPOIIKA.
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Puc.1. COM-u300pakeHusi HOPOILIKOB OJyYEHHBIX METOJOM PACIbUINTEIbHON CYIIKU

Tabmuna 3. XuMHYeCKHid COCTaB MOPOIIIKA MMOTYICHHOTO PACTIBUITMTEILHON CYIITKOH ¢
PaBHBIM COOTHOILIEHUEM KOMIIOHEHTOB.

Xummnaeckasi popmyra Mounsipnast macca,% MounspHas nonst,%
) 36,64 53,99
Al 48,16 42,08
Zr 15,20 3,93
Oo0mee: 100,00 100,00

W3 tabauupl 3 BUAHO, YTO MOJTYYEHHBIH OKCHIHBIH MOPOIIOK B OOJIBLION CTENEHH
COCTOUT U3 OKCUJA AIFOMUHUS.

BriBOaBI.

1) Tloporiok, ¢ paBHBIM COOTHOIICHHEM KOMIIOHEHTOB IMOJYYEHHBIH METOI0M
PacTIBUIMTEIILHOM CYIIKH COCTOUT U3 TETparoHanbHOU ¢a3bl - ZrO,.

2) TlpumeHeHHe  pacHbUIMTENIBHON  CYIIKM — OOECHeYMBaeT  TpaHyJIMPOBAHUE
HAHOTOPOIIKOB, TJ€ CPEAHUN pa3Mep TPaHyIl COCTABISAET 5 MKM.

3) Tlopormiku, MONTyYEHHbIE METOJOM PACHBUIMTEILHON CYIIKH, COIEPKAT MEHbIIE
npuMmeceil. UTO 3HAYMT, MOPOMIKA MOTYT OBITh HWCHOJIB30BaHBI TPH CO3JAAHUU
KepaMU4ECKUX U3JIeINI MEAUIIMHCKOTO Ha3HAUEHUSI.
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B nocrnemnue TrToAbl UWHTEpeC K HaHOMarepualaM pPe3Ko BO3poc  Omaromaps
MHOTOYHMCIIEHHBIM HCCJIEJIOBAHUSIM, TIOKA3aBIIMM, YTO TIPU TMEPEXoJe OT MHKpPO- K
HAHOYACTHUIAM MIPOUCXOIUT KAYECTBEHHOE N3MEHEHNE MHOTHX (PU3UKO-XMMHUYECKHUX CBOWCTB
BEIIECTB.  TEMIEpaTypbl  TUIABJICHUS,  PAaCTBOPUMOCTH,  YCIOBHM  TEPECTPONKH
KPUCTAJUIMYECKON CTPYKTYpPBI, XapaKTepa KUHETUKHU MMPOTEKAOIIMX HA TTOBEPXHOCTH YACTHUIL
XMMUYECKUX MPOLIECCOB, MapaMeTpoB aekTpornepeHoca M marHetusma [1]. K mpumepy,
BBeneHue Bcero 0. 5 — 5wt.% HaHOMarepuajaoB B NPOMBIIUIEHHBIE CMECH CHUKAET
temnepatypy crekanus Ha 400 — 800 °C u cokpaiaer ero BpeMsi B HeCKOJIbKO pas.

Poct mpousBoncTBa M pacimpenue obnacteil nmpumeHenus: Hanomoporikos (HIT)
Pa3IMYHbIX METAJUIOB 00YyCIaBIMBAaeT NOTPEOHOCTh B U3YYEHUU MX CBOMCTB. Pe3ynbraThl
WCCIEA0BaHUSI OKUCJIEHUS MEAM B MAaCCUBHOM COCTOSIHUM INPU HArpe€BaHUM Ha BO3]1yXe
MPUBEJICHBI BO MHOTHX MOHOTpadusiX W CTaThAX M pa3pabOTaHbl JOCTATOYHO XOPOIIHE
MOJIENH MPOTEKAIOLINX IIPOLIECCOB MACCO- U dJIeKTponepeHoca [2]. OHako ucciaenoBaHus
MeJ1 B TTIOPOITKOBOM BH/IE TTPOBEICHBI B HEIOCTATOUHOM O00BEME.

B nmaHHOll paboTe WuCCIEOyIOTCS TPOIECChl HHU3KOTEMIIEPAaTypHOTO CHEKaHUs
HaHOIOPOIITKOB MEIN TOJTYYEHHBIX METOJIOM DJIEKTPUUYECKOTO0 B3pbIBa IPOBOIHUKA
(OBII). [TonpoOHO M3ydeH mpollecc CIeKaHus MOPOIIKa Ha HAYallbHOM CTaud, a IMEHHO
B MHTEpBaje Temieparyp ot 20 go 230 °C.

Memoouka sxkcnepumenma.  Vccnenyemble  00pasibl  COCTOAT U3 CMECH
MUKPOHHOTO ¥ HaHOMETpoBoro (50HM) TIOpOIIKOB MeIW C TpeMsi pa3HBIMU
COOTHOIIEHUSMHU HAaHOMOPOIIKOB: 5% HaHnoda3zbl, 10% u 20% cootrBeTcTBeHHO. OOpa3Ibl
JUTSI UCTIBITAHUHM TIPEACTABIISIIOT COOOM CIPECCOBAHHBIE M3 MOpPOIIKa TabmeTku. YacTHIlbl
HaHOMOPOIIKA TMOKPBITHl CJIOEM OKcHaa. Ycuiaue mpeccoBaHusi coctaiser 20 kH,
nuameTp oopasios 30mMm, Bec 4,5 Tp.
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