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Boccranosiiennss NO, aMMHAKOM WM COEOUMHEHUSMH, TAKUMU KaK MOUYEBHHA, BELIICISIONIMMH aMMHAK
B YCIIOBUSIX OTXOJSIIIMX Ta30B, COJACPIKAIIEH a) YACTHUIIBI [[EOJIUTa C HOHOOOMEHHO# Me/bI0, UMEIOIIUE
momsipaoe otHomeHue Si/Al, (KAC) 15 wimm MeHee W JOCTAaTOYHO BEICOKOE COACPIKaHUEC MEIH
JUIS TIPOTEKAHUS PEaKIUU KaTaJUTUYECKOTO BOCCTAHOBJICHHS, b) HAHOKPHCTAIMUECKOC COCAMHCHHUEC
ANOMHUHUSL B KOJMYECTBE, IOCTATOYHOM [UIs CTa0WIM3alMH LEOJNUTa, M C) COCAMHEHHE LUPKOHUS
B KOJMYECTBE, MOCTATOYHOM [UISA YIYYIICHHUS THAPOTEPMATBHOW JTONTOBEYHOCTH KATATHTHICCKOU
KOMIIO3UIIHH.
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JTOJTOBEYHBIA MEIHBIA KATAJIN3ATOP CKB

OBJIACTb TEXHUKH

Hacrosiiee n3obperenne OTHOCHTCSI K 00JIACTH KaTaIu3aTOPOB CEJIEKTHBHOTO KATATUTHYECKOTO
BOCCTAHOBJIEHHUSI OKCHJIOB a30Ta M K CIIOCO0aM MOJIyYeHUsT U IPUMEHEHHSI TAKMX KaTaJu3aTOPOB
AJ1A CEJIEKTUBHOT'O KATAJIUTHYCCKOT'O BOCCTAHOBJICHUS. AMMuax u NPEAMCCTBEHHUKHN, TAKUEC KaK
MOYCBHHA, O6paSy1'OH_II/Ie aMMHaAK, IPUMEHSIOT B KAaUCCTBE BOCCTAaHOBHUTEEHN JJI1 TAKUX
KaTaIu3aTopoB. B yacTHOCTH, HACTOsIIEe N300PETEHNE OTHOCUTCS K KATATMTHIECKONU KOMITO3UIHH
IUISL CEJIEKTHBHOTO KaTaJMTHYECKOTrO BoccTaHOBIEeHNHST NOyx aMMHAKOM MITH COENUHEHUSIMH,
BBIAC/HIOIIUMHA aMMHUAK, B YCJIOBUAX OTXOASIIUX Ia30B. KpOMe TOTO, I/I306peTeHI/Ie OTHOCHUTCA K
CTPYKTYPHOM MOTOKKE [UIsi IPUMEHEHHST B CUCTEME OTXOISIIIUX Ta30B, CONEPIKAIIEH HACTOSIIYIO
KaTAJTUTHIECKYIO KOMITO3HUIIUIO, & TAK)KE K MPUMEHEHHIO KATAIUTUIECKON KOMITO3HIIMH.
Hacrositnee nzoOpereHue Tak:ke OTHOCUTCS K cUcTeMe 00pabOTKH OTXOMSIINX Ta30B, COnepIKalei
KaTaJIUTUYECKYI0 KOMITO3ULIMIO COTJIACHO HACTosAIeMy n3o0pereHnto. Hacrositee nusobperenue
TaKKe€ OTHOCHUTCS K CITOCO0Y CEIEKTUBHOTO KaTaJUTHYECKOT0 BoccTaHOBIeHHsI NOx aMMHAKOM HJTH

COCIUHECHUSMU, O6p3.3y}0LLII/IMI/I aMMHUaK, B YCJIOBUAX OTXOOAIIUX Ia30B.

YPOBEHb TEXHUKU

Briopocer okcuaa azora (NOx) orpaHudeHbl paBmiaMu ¢ Hadana 1970-x ronos, BIiepBbie HA
ANEKTPOCTAHIMAX B AMOHNM U st JIerKoBbIX aBromobmeii B Kamudopunu, CIIIA. Jlerkosbie
aBTOMOOMIM OBUTM OCHOBAHBI HA CTEXHOMETPUUECKUX ABUraTesisix OTTO, B KOTOPBIX JIETKO YAAJSTh
CO, HC u NOx Ha TpexxkoMnoHeHTHbIX KaTanu3aTopax (TKK) B crexnoMeTpruuecKkux yCaoBUsIX.
CenexruBnoe katanutuieckoe Boccranopyienne (CKB) mis ynanenust NOx ¢ HCTIONB30BaHHEM
aMMHaKa B Ka4eCTBE BOCCTAHOBUTENS ObLIO n300peTeHo B 1960-xX rogax 1 KOMMEpUECKH BIEpPBbIC
MPUMEHEHO Ha dJIeKTpocTaHusx. OTH katanuzaropbl CKB-NH3 Obli OCHOBaHBI HA BAHAIUU B
Ka4eCTBE aKTHBHOT'O METAJIIa, PACIIONIOKEHHOM Ha MOPHUCTOH nmouiokke Ha ocHose T102-WOs.
Bananmessie katammzaropsl CKB xopommo Beiiep:kuBatoT okcuabl cepsl (SOx), HO
TEPMOCTA0MIIBHOCTD OIpaHIYEHA MaKCUMaJIbHBIMU TeMriepatypamu 450 - 600 °C. KatanuzaTopsl
CKB HaHOCAT Ha KepaMH4YeCKHe U MeTaJUTMUECKUe MOJIOKKH, WIN CaM KaTaIUTUYeCKUI MaTepral

oOpasyer skcTpyaupoBaHHbIi karamuszatop CKB.

Cucremsl noounctku (CO) nnst nmociaenHero orpaHiYeHHst BBIOPOCOB AT MOOMITBHBIX

NpUMEHEHNUH ¢ 00€THEHHON roproyeii CMEChIO BKJIFOUAOT IU3EJIbHBIN KaTaJIN3aTOP OKUCIEHHS
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(JOK), nuzenbHbii caskeBblid GpubTp ({C®P), ycTaHOBKY T'HAPOJIN3a MOYEBHHBI, YCTAHOBKY/CIIOCO0
ynanenust NOx 1, BO3MOKHO, kKatanu3arop npockoka ammuaka (KITA). B nononmaenne k NH3-CKB,
apyrumu criocobamu yaaneHust NOx Utsi pUMeHeHHUH ¢ 00eTHEHHOU TOproYell CMECHIO SIBJISTFOTCS
CKB yriesomoponamu (YB-CKB), paznoxenne NO, noBymku obenneHHbIX NOx (LNT) u
cniocobsl abcopOumu/aacopoumu. CriocoObl BAPUPYIOTCS] B 3aBUCUMOCTH OT LIEJIEBOTO
NPUMEHEHHUs U YCJIOBHUH NpuMeHeHHs (o0enHeHHOe, 00eTHEHHOE-000raIeHHOe TN
crexuoMeTpuieckoe). Katanurnueckne KOMIO3ULUH MOJTHOCTBIO OTIMYAOTCS YCIOBHAMH B
KaxoM criocode. Ha 6oJee TspkenbIX TPaHCIIOPTHBIX CPECTBAX Pa3MeLalli IU3eIbHbIE
IBUTATEJH, B KOTOPBIX COOTHOIIEHHE BO3AYX/TOIUINBO SIBHO SIBJISIETCS] 00€THEHHBIM (M30BITOK
kucyopona). B obenneHHbIX oTxonammx rasax s yaajneHuss NOx U3 OTXOASIIUX ra3oB
HEOOXOMMBI CEJIEKTUBHBIE BOCCTAHOBUTENIN. AMMHUAK SIBJISI€TCSI OCHOBHBIM NPAKTUYECKUM U
cenekTuBHBIM BoccTaHoBUTeNeM NOx B 00eiHeHHOM roproueli cMecH. OOBIYHO MOYEBHHY
((NH2)2CO) npuMeHsIIOT B BHIE BOJHOTO PACTBOPA B KAYECTBE HCTOUHHKA AMMHUAKA 110 MTPHIHMHAM
TPaHCIIOPTHUPOBKU U Oe30macHOCTH. MoueBrHA 00pa3yeT aMMHAaK B PEAKLHAX TEPMOJIH3a U
TUAPOJIN3A, KOTIa BOJIHBINA PaCTBOP BIPBICKUBAIOT B HArPEThIE OTXOASLINE ra3bl, BO3SMOXHO, C
IIOMOIIBIO KOHCTPYKLM ctatndeckux cmecuteneid. LNT paboTatoT B yClnoBHsIX, KOTOPBIE
SIBJIIIOTCS] B CpeIHEM OO€THEHHBIMH, M MEPHOANYECKHIE KOPOTKHE 00OTaIleHHbIE TTHKH
HeoOXonuMbl AJist yMeHbieHust kondectBa NOx, ancopOupoBaHHOTO B 00ETHEHHBIE TIEPHO/BI.
Henoctatkom LNT siBnisieTcst OTpuLaTEeNbHOE BIMSIHAE HA 5KOHOMUIO TOTUIMBA, HU3KAsI

AOJIOBEYHOCTL U CJIMIIKOM HHU3Kasi KOHBCPCHUs NO« JAJIs1 CaMBbIX IMOCJIEAHHUX TpG6OB3.HPII>i.

CKB Ha 0CHOBE LIEOJINTa C AMMHAKOM B Ka4€CTBE BOCCTAHOBUTEJISI CTAHOBHUTCS 0OJIEe MHTEPECHBIM,
KOTJla CUCTEMBI TOOUUCTKHU TpeOyroT npuMeneHust JICD, B KOTOPBIX OKHCIeHHE YacTHII (YIieposa)
u pere"epauus J{CP npuBonar k BeicokuM Temreparypam 10 700 - 800 °C, koTophle CIAUILIKOM
BbICOKH JUIs1 KatanmsaropoB V-CKB. B nononnenne k Banaauio Ha ocHoe T10; u neonura Oputn
U3y4eHbl MHOTHE Jpyrue MaTepuaisl katanuzatopoB CKB, HO OHU uMenu CIMIIKOM HU3KYIO
TEPMUUECKYIO UM XUMUYECKYIO JOJIOBEYHOCTb U HE IPUMEHUMBI B KOMMEPUYECKUX PELICHUX.
Leonuter npumensiiu 11t CKB yike B 1980-1990-x rogax Ha OCHOBE, Hanpumep, HeonuToB ZSM-5,
USY u bera (ranpumep, US 4 961 917), npu 3TOM yaensim 0co0oe BHUMaHHE
BBICOKOTEMIIEPATyPHBIM IPUMEHEHUM, HO KaTanu3atopsl Heonauta-CKB nepsoro nokonexus

UMEJTU HEOCTATOK HU3KOH TepMUUECKOH CTaOUITPHOCTH U YCTOWYHBOCTH K Cepe.

CrpykTypa u coctaB MeqHO-1aba3uTOBBIX pyx Obuty npenioxensl 1t CKB B 1970-1990-x rogax.

Jlna CKB nipenctaBisitoT HHTEpPEC LIEOJIUThI, UMEIoL e 8-KOIbLIEBOE TOPOBOE OTBEPCTHE U
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IBOWHBIE O-KOJIbLIEBbIE BTOPHUHBIE CTPOUTENbHBIE OJIOKH, UMEIOIHE KapKACHBIE CTPYKTYPBL.
Xapakrepubiil madasut (CHA) npencrasisier coO0i METKOIOPUCTBIN LEOIUT (pa3Mep OTBEPCTHI ~
3,8 A). IleonuTsl mpeACTaBAIOT COOO0i TIPHPOIHBIE TN CHHTETHUECKHE KPHCTALTUYECKHE
AIFOMOCHJTUKATBI C MTPABMIIbHON MIOPUCTON CTPYKTYPOH, KOTOPast BAPbUPYETCSI TS Pa3InIHbBIX
THUIIOB LIEOJUTOB. DTO CBOHCTBO MOXET OBITh HCMOJIB30BAHO IS MTOJMYYEHHS KaTalIu3aTOPOB,
cnienupUIHBIX K PopMe, IPH 3TOM MOJIEKYJIbI, KOTOPbIE MOTYT BXOAUTD B MOPBI, OTPAHUYEHbI UX
dbopmoii u pazmepoM. ITo CHUKaeT uHrudbupyromee aevicrere YB Ha peakiuu CKB. Cambie
MajieHbkue MoJiekyJbl, Takue kak NO, NH3, CO, Bonopoa u KUCIIOpO, JOCTATOUHO MaJibl JJIs
NPOHUKHOBEHUs B MOpPHI LeoauTa. OCHOBHAs CTPYKTYPHAs €AMHULIA LIEOJUTOB, TETPA3AP OKCHUAA
AFOMHUHHUS, HY>KJAETCsl B TIOJIOXKUTENIbHO 3apsDKEHHOM OAHOBaJIeHTHOM (+1) kaTHoHE, 4TOOBI OBITh
ANEKTPUYECKU HeHTpasnbHOI. I10 3Tol nprunHe KaTHOHBI OOBIMHO MPUKPETIISIIOTCS K
AFOMHHHUEBOMY Y4aCTKy BO BpeMsi HOHHOTO oOMeHa. ITocie mosyueHus 1eonnTa KaTHOH,
NPUCYTCTBYIOLIHMI B LIEOJUTE, OOBIYHO MPEACTABIIIET COOOH HATPHIA, KaJIUH, AMMOHHUH HITH
Bonopoa. KpeMHueBbIi TeTpasap sIBJIAETCS SIEKTPUUECKU HEUTpaibHbIM. OHAKO, UCTIONB3YsI
HMOHOOOMEHHBIE CITOCOOBI, MX JIETKO OOMEHSTh Ha IPyrue KaTHOHBI, MPUAIOLINE [IEOTUTaM
katanutueckue cpoiicta (Gates et al., Chemistry of Catalytic Processes, McGraw-Hill 1979).
ITpu noHHOM OOMEHe KaTHOHBI, Takue Kak Menb (Cu®"), 06bIdHO aAcOpPOUPYIOT HA IIEOMUTAX U3
BOJIHBIX PACTBOPOB C MOCJEAYIOIIEH CYIIKOH U 00KUIOM B MOAXOAALINX yCiaoBusax. Coctas
OCHOBHOU CTPYKTYPBI LIEOJUTA OOBIYHO OMKCHIBAETCS] MOJISIpHBIM cooTHoteHueM Si: Al (KAC),
BJIUSIFOIIIIM HE TOJIbKO Ha CTPYKTYPY LIEOJUTA, HO M Ha THAPO(HOOHOCTL/THIPO(HIBHOCTD,
KHCJIOTHOCTh U CTA0MJIBHOCTD TPH PA3IMYHBIX OOCTOSATENBCTBAX, & TAKIKE KOJHMYECTBOM JKEJIAEMOT0O
KaTHOHA, KOTOPBIH MOXKeT ObITh BKJIFOYEH B LIEOJHUT NOCPEACTBOM HOHHOTO oOMeHa. LleonuTsl,
NPUMEHSIEMbIE B KOMMEPYECKHX KaTalIM3aTopax, OObIYHO SBJSIFOTCS CHHTETHUECKUMU. Pasmep mop
U CBOICTBA MOBEPXHOCTH, BAPbUPYIOIIUECS B 3aBUCUMOCTH OT THIIA [ICOJIUTA, BAXKHBI [T BBEIEHHSI
AKTUBHBIX KOMIIOHEHTOB B BHJI€ PACTBOPEHHBIX COEIMHEHHH MTyTeM HOHHOTO OOMEHa W
nponutku. Popma, CTPYKTypa U CIOCOO COENMHEHHH KaHAIOB MOTYT BAPbHUPOBATHCS B
3aBHCHMOCTH OT 11e0uTOB. LleonuTel MoryT comepxath Oonbmue (>0,6 HM, Takue Kak beta n Y)

nopsl 1 Majible win cpenuue (< 0,6 HM, Takue Kak madasut, peppueput u ZSM-5) nopsi.

[TaGa3uTt npencrasiser cOO0H MPUPOIHBIA MUHEPAJ, KOTOPBII MPUMEHSIM B KaTAJIN3€ YXKE B
1950-x ronax u cuHTe3upoBau yxke B 1980-x ronax (US 4 544 538). [IpuponHslii wim
cuarernaeckuii Cu-mabdasut (KAC > 2) npumensimn 1t NH3-CKB B 1970-x rogax (US 4 046

888). Menb ¢ mada3uToM MPUMEHSIH BMECTE C TUOKCHIOM TUTAHA B KQUECTBE CEPOYCTOWUHBOTO
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katanmzaropa NH3-CKB B (US 4 735 927). Cu-maba3uT Takke ObUT BKIIFOUEH JUIs KaTaIU3aTOPOB

CKB B US 5 589 147.

ITocne pananx m3o0perennii, kacaromuxcs Cu-CHA nns CKB, 6onee mo3guss pazpadorka Opiia
COCpPeNOTOUEHA Ha AeTaNsIX, Kacaromuxcs coctasa u neoautos. beut onucan Cu-CHA ¢ KAC > 10

st CKB ammuaka (US2003/0069449).

ITonpo6Gusiit cocraB Cu-CHA ¢ KAC >15 u Cu/Al 6onee 0,25 6s11 onpenenen ans CKB
(W0O2008/106519). Cu-CHA wu npyrue aktusHble 1ieoautsl CKB, Takue kak AEI u AFX, Obutn
npeanoxens! 1yt CKB B W02008/118434. Cu Ha pa3nuyHbIX METKOMOPUCTBIX Leonurax (AGO,
AEI AEN, AFN, AFF, AFX, ANA, APC, APD, ATT, CDO, CHA, DDR, DFT, EAB, EDI, EPI,
ERL GIS, GOO, IHW, ITE, ITW, LEV, KFI, MER, MON, NSI, OWE, PAU, PHI, RHO, RTH,
SAT, SAV, SIV, THO, TSC, UEL UFIL, VNI, YUG u ZON), conep:kaiiux MakKCUMaJIbHbIH pa3Mep
KOJIbLIA M3 BOCBMH TETPA3IpHUECKUX aTOMOB U nepexonanbie metaiuiel (Cr, Mn, Fe, Co, Ce, Ni, Cu,
Zn, Ga, Mo, Ru, Rh, Pd, Ag, In, Sn, Re, Ir u Pt), onucansr 8 WO2008132452. Paznuyus Mexay
npuponHbM 1 cuaTeTndeckiM CHA B kaduecTBe mepeMeHHOH Takxke 00cykaainch. B cBssu ¢
OIMCAHUEM IIUPOKON MATPHULBI U THIIOB LIEOJIUTA U AKTUBHBIX METAJIJIOB, YaCTO HE
OIIpenessIOCh MOAPOOHOE coueTaHne UiIu 10OABKH, MPUBOASIINE K HAMBBICLIEH aKTUBHOCTH 1

JOJTOBEYHOCTH B oJiHOM katanuzaTrope CKB.

Cu-CHA c 6onee auzkum KAC (5 - 15) Obut npeanosxen s npumeHenns B CKB
(W02011/073390, US 2013/0280160, US2012/0269719). SAPO-34, conepsxaumii pochars
AFOMUHUS, UMEET Ty XKe CTPYKTYPY, UTO U mabas3ut, 1 Takxke ObLI IIMPOKO U3y4eH B kauecTBe Cu-
CKB. AEI (W02014/141200), AFX u LEV ¢ Menbro mpencrasisitoT codoit npyrue

MHUKPOTIOPUCTHIE LIEONUTBI, puMensiemble ais CKB.

Brepewmerounslii amomunanii (Al) B meonmTax ObUT ONpeneNeH 1 CBeIeH K MUHIMYMY (<15 %) st
Cu va CHA u ananornusbix neoiurax (W02019049069). Kak npaBuiio, B KOHIENLUSAX LEOTHTa-
CKB 6pu10 onucano, uto Cu-neonur (CHA, AEL AFX u T.1.) cam GopMupyeT OCHOBHYIO
¢ynkunonampHOCTE CKB ¢ mr0OBIME BHIAMH CBSI3YIOIIHUX BELIECTB (OKCHUI AIFOMUHHMS, TUOKCHUTT
KPEMHUS, TUOKCH] THTAHA, OKCHJ] LIEPHsI, OKCHJI LIUPKOHHSI), POJIb KOTOPBIX 3aKJIFOYAETCS B
YJIYYLIEHUH aire3UH Ha CTPYKTYPHPOBAHHBIX MOANOKKaX. OQHAKO Ipyrue MaTepuabl, B
TOTOJIHEHHUE K LIEOJUTaM U OOBIYHBIM CBSI3YIOLINM, MOTYT HI'PATh PELIAIOIIYIO POJIb B KOHEUHON

¢ynkunonampHOocTH CKB 1 TepMHUYeCKOi TONTOBEYHOCTH.
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Takxum oOpa3om, ocHoBHO# cocTaB katanmzaropa Cu-CHA st CKB aMmMuaka/MOYeBUHBI U3BECTEH
¢ 1970-x - 1990-x ronos, Ho mociie 2000 roxa OpuTH paspadboTaHbl TOAPOOHBIE, CIIETKA
MEHSIFOIMECS] HOBBIE COCTaBbI, 00JIaIar0INe YIYUYIIeHHBIMU CBOHCTBaMU. MHOTHE OOBIYHBIE,
ruaporepmManbHoO cradmnbHble kKaTanuzatopel Cu-CHA ocHoBanb! Ha BeicokoM KAC (>15-20), uro
MPUBOIUT K HU3KOH Harpy3ke menu, eciiu ko3dduuuent nonHoro oomena (KHO) Cu/Al
NoJiep>KUBaeTCs Ha pa3yMHOM ypoBHe (<0,5). Harpy3ka menu (B rpaMmax) HampsiMyro CBsi3aHa C
OOIIMM KOJIMYECTBOM aKTUBHBIX LIEHTPOB U aKTUBHOCTBIO KaTanu3aropa. Eciu koHIeHTpauus menu
nosspimaercs Ha Cu-CHA c¢ BricokuMm KAC, cyiecTByeT puck 4pe3MepHO BbICOKOM aKTUBHOCTHU
OKHCIJIEHHs] aMMHaKa IPH MOBBIIIEHHBIX TEMIEpaTypax. ITO BPEIHO, MOCKOJIbKY BbI3bIBAET
JOTOJHUTEIbHOE MOTPedIeHNne BOCCTAHOBHUTEISI (MOYEBUHBI), YTO MOXKET OBITh MTOHSATO
HEMOCPEICTBEHHO KaK SKBUBAJIEHTHOE YBEINYECHUE MOTPeOIeHNS TOITNBA (BBICOKUI YPOBEHb
CO2). Bricokoe cootHomenne Cu/Al ¢ BbicokiM KAC Takike BbI3BIBAE€T PUCK TOTO, YTO MEAb
HAXOJUTCS YACTUYHO 32 MpeJielaMu LIEOJIUTHON CTPYKTYPbI (HEMHTEPKATUPOBAHHbIE COSTUHEHUS

Cu), 4TO CIIOCOOCTBYET OKUCIIEHHIO aMMHAKa MPH BBICOKUX TEMIIEPATYpax.
KPATKOE OIIMCAHUE U30BPETEHUS

Hacrositee nuzodpeTeHue perraer MHOTHE U3 TIPOoOJieM, CBSI3aHHBIX C MPEAIIECTBYIOIINM YPOBHEM
TEXHUKH, U, B YaCTHOCTH, 6]:1.]13 MPpEAJIOKEHA KaTAJIUTUYICCKAA KOMITIO3HUIIUA LEOJIUTA C
HOHOOOMEHHOM MeJbI0, coaepskaiast Meakonopuctsiii Cu-tieosur, Takoit kak Cu-CHA, u

IIPOMOTOPBI, YJIYUIIAKOLHE AKTUBHOCTD U IOJITOBEYHOCTD KaTaIu3aTopa.

B Hactosituem nzobperennu npenioxer katanusarop CKB, copepskamuii ieonut (Harmpumep,
CHA, AEI AFX, LEV, bera wiu ux cMecH) ¢ MEIb0 B KAUYECTBE aKTUBHOT'O METaJLIa U
HAHOKPHCTAJUTMYECKUM COETMHEHHEM IFOMUHUS (coenrHeHne Al) B KaueCTBe TOHKOAMCIIEPCHBIX
YaCTHL], BKJIOYasi KpUCTAJUTBL. KaTauTHYeCKy0 KOMITO3ULHIO COTIIACHO HACTOSIIIEMY
n300pETEHUIO TPUMEHSIIOT ISl CHUKEeHHUST BBIOPOcoB NOx € MOMOIIBIO aMMHUaKa, MOUYEBUHBI U
IPYTHX CEJEKTUBHBIX BOCCTAHOBUTEJEH B MOOMIIbHBIX U CTALIMOHAPHBIX MPUMEHEHHUSIX C
obenHeHHOM roproyei cMechro. HanokpucTammndeckoe coenquHenue Al, Takoe kak HeOObIINe
Kkpuctajuibl U yactubl Al2Os, yaydmaer rugporepmanbHyio (I'T) u MexaHHUYECKyIO CTaOMIIBHOCTD
CJIOSI TIOKPBITHSI B KOMIO3ULIMSX ¢ Katanm3atopoM CKB, KoTopble MpeanovYTUTENIHO HAHOCAT Ha
MPOTOYHbIE MOJIOKKH, HO TAK)KE MOKHO MPUMEHSITh J1Jis1 QUIbTPOB [Tl TBEPABIX YACTHILI.
JHobasnenne kpuctamioB Al,Os Manoro pasmepa BOJIHM3M MOBEPXHOCTH LIEOJIUTA CO3IAET

MOBEPXHOCTHOE B3aUMOJIEHCTBHE MEKAY ABYMsI COeNMHEHUSIMH. TakuM 00pa3oM, CKOPOCTh
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J€aFOMIHIPOBAHNS M3 LIEOJINTA 3aTPYAHEHA. DTO SBJISETCS BAKHONH OCOOEHHOCTHIO LIEOJIUTOB C
Hu3kuM KAC (KAC Hmke 15), mpu 5TOM YHUCTBIE LEOIUTHI WIIN LIEOTUTHI C OOBIMHBIMU
CBSI3YIOIIMMHU BEIECTBAMHU CTPAAAIOT OT Oosee HU3KoM I'T nonroseynoctu no cpaBHeHuio ¢ CHA ¢
KAC B nuanaszone 20-30. CHA ¢ am3kum KAC obnagaer cBOHCTBOM ocTHraTh 60j1€€ BEICOKOH
Harpy3ku Cu npu HOHHOM 0OMEHe, YTO MO3BOJISIET MOJIYUUTh OOJIbIIEe KOJINIECTBO AKTUBHBIX
uentpos Cu st CKB 6e3 upe3aMepHO BBICOKOI aKTUBHOCTH OKHCIIEHHUsI aMMHaka. B HacTosmem
n300pEeTEeHNH MPEJIOKEHA KaTATUTHYECKasi KOMIIO3HIMS, KOTOPasi COAEPKUT LIEOJIUT ¢ DoJiee
BBICOKOH MaccoBoi Harpyskoit menu (Cu), 6onee Huskum KAC, HO Takke C HU3KOH aKTUBHOCTBIO

OKHCJICHHUA aMMHaKa.

Coenunenvie rupkonus (Zr) aucneprupyrot BOmu3u Cu-0OMEHHBIX LIEOJUTHBIX YaCTHII U
HAHOKPHUCTAJUTMYECKOTO coeanHeHus Al uisl ynydIeHust THAPOTePMaIbHON TOJITOBEYHOCTH B
YCJIOBUSIX OTXOAAMMUX ra3oB. CoenquHeHUs! HUPKOHUS (OKCHIBL, CYIb(aThl, alleTaThl, THIPOKCHIbI)

UTPAIOT POJb B MOJAEPKAHNU KHCIOTHBIX CBOMCTB katanuzaropa CKB.

Jnst nanpHeNIero yay4ieHus THAPOTEPMANIbHOM OJITOBEYHOCTH OIHY Mk OoJiee 100aBoK,
BbIOpaHHbIX 13 rpynmbl La, Y, Hf u Nb, nucneprupyrot B BUAe MEJIKUX YaCTHUIL TS YITyUIISHHUS

THIPOTEPMANILHON TONITOBEYHOCTU. ITH N00aBKH YCUITUBAIOT HU3KOTEMIIEPATYPHYIO aKTUBHOCTD

CKB.

Hownnsblil panuyc 1o0aBIEHHBIX COSAMHEHUH (HAHOKPUCTATUYECKOe coenquHenne Al, coennHeHne
Zr, onHa wiu Oonee 1006aBOK) Takke ObLT BBIOPAH U ONpenesieH OTHOCUTEIbHO MEIH ISl
yIaydineHus: CTabMIbHOCTH, HE 3aTparkBasi MeIH B KAUeCTBE aKTUBHOIO LIEHTPA BHYTPH TOP

eoJmTa.

Kpynnbie yactuns! (KH) nonosHUTEeNpHO 100ABISIOT IS YAYYIIEHHS THAPOTEPMATbHOM
crabmipHOCTH Katamu3aTopoB CKB Ha ocHOBe LieonnTa 1 MEXaHMYECKOH JTOJITOBEYHOCTH CJIOST
MOKPBITHS. DTH YaCTHUIIBI IEHCTBYIOT KaK OOJIbLINE JIOKATbHBIE TETUIOBBIE Oapbepbl H TEIUNIOEMKOCTb

JJIA 3alllUTHI OT BBICOKOI TEMIIEPATYPhI U CIICKAHUA JJIA MPOXOXKACHUA Y€PE3 HaCTULIBI LIEOJINUTA.

JInst nanbHelInel cTabuIM3anuy KaTaIuTHYECKOW KOMITO3UIMH 100aBsitoT Si vn Ti,
NPEATIOUYTUTENBHO B cocTaBe KpynHbIx yacTl (KY). Si u Ti mpucyTCTBYIOT B BUI€ OKCHIHBIX
dopm, Takux kak SiOz u TiO2, nnu B Bune cMemanHbix okeuaos (SiOx, TiOx) ¢ okcugom

AJIFOMHHUS.
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Hacrosimuii katanuzatop CKB nmeer MUKpOTIOPUCTYIO CTPYKTYPY, 0OpazoBaHHyro dactuamu Cu-
neomurta ¢ KAC < 15, Hanokpuctammueckum coenunenneM Al, crabummsupyromnm Cu-CHA,
HaIlpuMep, NyTeM MOAABJICHUS A€ATFOMUHUPOBAHNS, TUCIIEPrUPOBAHHBIM LIUPKOHUEM B KA4ECTBE
TUAPOTEPMANIBHOTO CTA0MIIN3aTOPa, JOOABKON AJISl IOBBIIIEHHUS TEPMUYECKOH CTAOMIBHOCTH U
KPYIHOM YaCTULIEH C BBICOKOH JIOKAJIbHOM TEIIOEMKOCTBIO, IEUCTBYIOLIEN B Ka4€CTBE TEIJIOBOTO

Oappepa MeKIy YaCTHLIAMU IIEOJIUTA.

B mupokoMm acniekte HacTosiee n300peTeHne OTHOCUTCS K KaTAIUTHIECKONH KOMITO3UIUH JJIsI
CCJICKTUBHOI'O KATAJIUTHYCCKOIO BOCCTAHOBJICHUA NOX AMMHAKOM HJIM COCAUMHECHUAMU, TAKHMHU KaK
MOYCBHHA, BbIACTAIOIIUMHA aMMHAK B YCJIOBUAX OTXOAAIIUX Ia30B, MPUYCM KOMIIO3ULUA COACPKUT
a) 4aCTUI[BI LIEOJIUTa C HOHOOOMEHHOH Menbto, nmeromue MossipHoe otHouenue Si/Alz (KAC) 15
WJIM MEHEe U JOCTATOYHO BBICOKOE COZIep KaHUE MEH Ui IPOTEKaHUs PEAKLIUN KaTaTUTHIECKOTrO
BOCCTaHOBJIEHUH,

b) HAHOKPUCTAIIMIECKOE COeUHEHHE AIFOMUHNS B KOJIMUECTBE, JOCTATOYHOM JJIsl CTA0MIIH3aLUN
LIEOJIUTA IIyTEM CHIKEHUS] CKOPOCTH J€AIFOMUHUPOBAHHUS U3 LIEOJINTA, U

C) COeMHEeHNe LIUPKOHMS B KOJIMYECTBE, JOCTATOYHOM JJISl YIIy4IIeHUs THAPOTEPMATIbHOM

JIOJITOBEYHOCTH KATAJTUTHYECKON KOMITO3HIIUH.

B onHOM BapuaHTe peanu3aluy LeOJUT BBIOPAH U3 KaPKaCHOM IPyMIIbL, COCTOsIIEH u3 mada3ura

(CHA), AEI, AFX, LEV, bera unu ux cmeceii. [Ipennoururensio CHA.

Eme B oqHOM BapuaHTe peau3aiuy YaCTULIbI [IE0JTUTa C HOHOOOMeHHOM Meabto uMeroT KAC ot 2
1o 14,9. IlpennouturensHo KAC cocrtasnsier ot S5 no 14,9. KAC Bbie S siBnsiercst
MPEINOYTUTEIbHBIM JIJIs YIIYYIIeHUs CTaOMIBHOCTH 0a30BOTO LIEOIUTA U IS TIOA AP KAHMSI

coorHomenus: Cu/Al Ha pa3yMHOM ypOBHE.

ITpu KAC ot 10 no 14,9 u conepxaanu HOHOB MenH, u3mepeHHoM kak CuQ, B nieonure Oonee 5 %
Macc. B pacdere Ha OOLIYI0 MacCy LEOJINTa, BCE eIle BO3MOXXHO UMETh MOJISIPHOE COOTHOILIEHHE

Cu/Al B neonure menee 0,4.

EH_Ie B OAHOM JOMNOJHUTECIBbHOM BapUAHTE pCainu3aliii COACPKAHUE HOHOB MEAU, UBMEPCHHOEC KaK
CuO, B neonure cocrasnsier oT 1 1o 10 % macc., Harpumep, oT 2 10 7 % Macc., IPeAnOYTUTENbHO

ot 4 o 5 % macc., B pacuete Ha oOIIyI0 Maccy neonuTta. Eie B OTHOM BapuaHTe peain3aum



10

15

20

25

30

coneprkaHue HOHOB Menu, usmeperHoe kak CuQ, B ueonure cocrasisieT ot 4 10 7 % macc. B

pacueTe Ha OOLIYIO MAcCy LIEOJIHTA.

Eie B onHOM BapuaHTe peaan3auuy KOJUYECTBO HAHOKPUCTANINYECKOTO COENMHEHHUS aTFOMUHUS
B KaTaJIUTUYECKOM koMmno3uuu cocrassier ot 0,5 1o 25 % macc., Hanpumep, ot 1 no 20 % macc.,
Harpumep, 5-15 % macc., kak npasuio, 7,8-10 % macc. B pacdere Ha 00IIyIO Maccy
KaTaJIUTHYeCKON KoMmo3uuuu. [IpeanouTuTenbHo, CoenMHeHNe aTFOMIHUS MTPECTaBIsieT COO0H
Al>O3, Takoii kak ramma-Al,Os.

Ewe B ogHOM BapuaHTe peanu3alui, Korjaa karanurudeckas komnosunus umeetr KAC or 10 no
14,9, KOIM4ECTBO HAHOKPUCTAININYECKOTO COEUHEHUS AJIFOMUHUS B KATAJIMTUYECKON KOMITO3ULIUU
cocrasisier ot 0,5 o 25 % macc., Hanpumep, ot 1 1o 20 % macc., Hanpumep, 5-15 % macc.,
00br4HO 7,8-10 % Macc. B pacuere Ha OOLIYIO0 MAcCy KaTATUTUYECKOW KOMITO3ULIIH.

IIpeamoururenabHO, COENMHEHNE AMIOMUHMS TpeacTaBisieT coboit Al2Os, Takol kak ramma-Al»Os.

Eme B omHOM BapuaHTe peanusanmu MoJisipHoe cooTHotnenue Cu/Al B neonute cocrassier ot 0,02
10 0,4, npegnouturensHo ot 0,05 o 0,25.

Monsiproe conep:kanne Cu/Al B neonute Haxonutcs B nuanazoHe ot 0,02 no 0,4,
NpPeAnoYTUTENBbHO B Arana3zone ot 0,05 no 0,25, uroOb1 0becneunTh TuAPOTEPMATBHO CTAOMIBbHBIN
Cu-11e0nuTHBIN KaTaNU3aToOp ¢ HU3KOHM CKOPOCTBIO OKUCJIEHUsI aMMuaka. Breicokas
pOoU3BOIUTENbHOCTH M0 NOX gocturaercs mpu 0ojiee HU3KOM MOJIsipHOM cooTHotneHnn Cu/Al,

yem TunnyHoe cootHowmenune Cu/Al, mpu koropom Cu-CHA umeert Boicokoe KAC, Takoe kak >15-

20.

Eme B omHOM BapuaHTe peanmu3anmu odliee coaepikaHne HOHOB Menu, n3MeperHoe B Buae CuO B
KaTaJUTHYECKON KOMITO3HIIMU, COCTABJISIET OT 2 10 6 % Macc. B pacdere Ha OOy MacCy

KaTaJIATHYIECKOM KOMITO3HUIHUH.

Eme B onHOM BapnaHTe peaan3alnii YaCTHLBI EOIUTa C HOHOOOMEHHOI MeZIbI0 HMEIOT pasmep dso

ot 1 go 10 MukpoH, HanmpuMmep OT 2 10 5 MUKPOH.

EH.IG B OAHOM BapHUAHTE pCain3allii KOJIMYCCTBO COCANHCHNU A LIUPKOHUS B KaTaJUTHIECKOM

kommo3uimu cocrasisier ot 1 1o 10 % mace. B Buae ZrO» B pacuere Ha OOIIYIO MacCy
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KaTaJIMTHYECKOU KOMITIO3UIIHH. Kak MPaBUIIO, KOJINMYECTBO COCAUHEHUA TUPKOHUA B BUIAC ZrOz B
KaTaJUTHYECKON KOMITO3HUIIMU COCTaBIIsieT OT 2 1o 7 % Macc. B pacdyere Ha OOLIyI0 MacCy

KaTaJIATHYIECKOM KOMITIO3HUIIUH.

3t0 kommuectBo ZrOz BbIOpaHO It CTAOUIM3ALMU APYTHX COENUHEHHH, HECY X

JOUCHIEPTUPOBAHHBIN ZT HA APYTUX MOPUCTBIX COSNUHEHUSIX KaTaau3aTopa.

B AOIMOJIHUTCJIBHOM BApPUAHTE pCain3aliliil HAHOKPUCTAJIUICCKOEC COCANMHECHNUE aJIFOMUHUSA
COACPIKUT OKCHUABI aJTIOMUHUS. Kaxk MMpaBUJIO, HAHOKPUCTAJIIINYCCKOC COCAUHCHUEC Al NpeaACTaBIACT

coboii AlLOs.

Ewie 8 OTHOM JIOTIOJTHUTEILHOM BapHaHTe peanu3aly HaHokpucraummdeckuii AlO3 nmeer
Kpucrayumaeckuit pasmep dso ot 1 1o 8 HM, Takol kak 3-7 HM. Eme B 0THOM BapHaHTe peanu3aliu

HaHokpuctauueckuil Al,O3 nmeer kpucramndeckuii pasmep dso oT 3 10 5 HM.

Eme B onHOM BapuanTe peanmmszanuy HaHOKpuctaumuecknii Al,O3; nmeer pasmep
auCTeprupoBaHHbIX yacTull dso ot 5 1o 80 HM, Takoii kak 10-65 um. Eme B onHOM BapuaHTe
peanmsaryu HaHOKpHUcTaunaeckuii Al,O3 nMeer pa3mep aucnepriupoBaHHbIX yactull dso ot 10 1o

30 HM.

Eme B omHOM BapuaHTe peann3aliy KaTAIUTHIECKAs] KOMITO3UIIHSI COTIIACHO HACTOSIIIEMY
n300peTeHnro cofep kuT KpymHble yacTuipl (KY), Takue kak KpynHble yacTULbl HAa OcHOBE AlxOs,

umeromue pazmep 9actu dso ot 3 1o 200 MUKPOH, MPEANOYTUTENBHO OT S 10 40 MUKPOH.

B uwactHOCTH, KpynHas yactuiia ocHoBaHa Ha Al»Os. [IpeanodYTuTensHO KPyTHAs 4aCTHIIA COCTOUT

u3 AlLOs.

Eme B oqHOM BapuaHTe peau3aluy KaTaJUTHIeCKash KOMITO3UIUS COTJIACHO HACTOSIIEMY
U300pETEHHIO TOMOHUTENIBHO CONePKUT N00aBKy, BbIOpaHHyI0 13 okcunos La, Y, Hf, Nd u ux

cMecen.
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B nomonHuTENPHOM BapuaHTe peaTn3alii KaTAIUTHYECKash KOMITO3ULHS COTJIACHO HACTOSIIIEMY
u3obperenuro copepkut Si, Ti mmu ux cmecu. [Ipenqnoururensro Si u Ti mpucoenuHeHbI K

kpynHbIM yacTram (KY) u BHeipeHbI B HUX.

Eme B omHOM BapuaHTe peann3aly KaTaIUTHIECKash KOMITO3UIHSI COTIIACHO HACTOSIIIEMY
uzobperennio numeer odmee KAC (OKAC) menee 10, rne OKAC onpenensitoT Kak MOJISIPHOE
cootHowmeHnue Si/Al, mexxay Si B eosuTe ¢ HOHOOOMEHHOH Menbio, U o0mmM Aly B Lieosure ¢
MOHOOOMEHHOW MeZIbI0 U HAHOKPUCTAIIMYECKOM coeanHeHnn amomunus. Kak npasuno, OKAC

cocrasisieT oT 4 o 10. IIpennouturensno, OKAC cocrasnser ot 4 no 8, Hanpumep, oT 5 A0 7.

E1me B onHOM acnekte HacTosIee H300peTeHHe OTHOCUTCS K CTPYKTYPHOH MOJIOKKE ISt
MIPUMEHEHHUS B CUCTEME OTXOJALIUX T'a30B, COAEPIKaLIEN KaTATUTUYECKYI) KOMIIO3ULUIO 110
Jr000My U3 BBILIEYKA3aHHBIX ACTIEKTOB W/WJIU MO JIFOOOMY M3 BBIIIEYKa3aHHBIX BAPHAHTOB
peanmszaru. Kak npaBuiio, CTpyKTypa BbIOpaHa U3 KEpaMUYECKOH HITH METATMYECKON MPOTOYHOM

MOAJIONKKH U MOAJTIONKKHU C TPUCTEHOYHBIM TE€UCHUEM, MTPECATIOYTUTEIBHO HpOTO‘—IHOﬁ IMOAJIOXKKH.

E1me B 0HOM TOTIOJTHUTEIBHOM aCIeKTe HACTOsAIIee H300pETeHNEe OTHOCUTCS K IPHUMEHEHHIO
KATAJIUTHYECKON KOMIIO3HLIUH TI0 JIIOOOMY M3 BBILIEYKA3aHHBIX aCTIEKTOB H/UJIH IO JIIOOOMY U3
BBILIEYKA3aHHBIX BAPUAHTOB PEATN3ALNHU JJIs1 CEIEKTUBHOIO KaTAJIUTUYECKOTO BOCCTAHOBIICHUS

NOX AMMHUAKOM HJIN COCANHEHUSAMHU, BBIACIIAIOINUMU aMMHAK B YCJIOBUAX OTXOAAIUX I'a30B.

Eme B onHOM acniekte HacTosliee H300peTeHNe OTHOCUTCS K CUCTEMe 00pabOTKU OTXOASIIIIX
ra3oB, COAEpIKaIIeH KaTATUTHUECKYI0 KOMIIO3HUIUIO IO JIF0OOMY M3 BBIIIEYKa3aHHBIX ACTIEKTOB
W/WM 110 JIFOOOMY M3 BBIIIEYKA3aHHBIX BAPUAHTOB PEATTM3ALINH JUJISI CEJIEKTUBHOTO
KaTaJUTU4eCKOro BoccTaHoBIeHUsI NOx aMMHaKOM WJIH COEIMHEHUSIMU, TAKUMHU KaK MOUEBHHA,

BBIAEJSIOIIMMUA aMMHUAK B YCJIOBUSAX OTXOISIINX ra30B, HAHECEHHYIO HA CTPYKTYPHYIO MOJJIOXKKY.

EH.Ie B OJHOM aCIICKTC HACTOALIECE I/1306peTeHI/Ie OTHOCHUTCA K CHOCO6y CCIICKTHUBHOI'O
KaTaJINTH4YeCKOro BoccTaHoBIeHHS NOx aMMHAKOM HIIH COCAUMHCHUAMMU, BBIACIIAOIMINMY aMMHAK B
YCJIOBUAX OTXOAAMUX ra30B, BKIIIOYAOIEMY HAHCCCHUE KaTaJIUTHIECKOMN KOMITIO3HUIIUH I10O .]'II-O6OMy
N3 BbINICYKA3aHHbBIX ACTICKTOB U/WIH 110 .]'II-O6OMy N3 BBILICYKA3dHHBIX BAPUAHTOB p€ain3allii Ha

CTPYKTYPY MOIJIOKKH.

10
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B nononHuTENPHOM acmiekTe HacTosIIee N300PETEHNE OTHOCUTCS K KaTATUTHYECKON KOMITO3HIIUU
IUIsl CEJIEKTUBHOIO KaTaJIUTUYECKOro BOCCTaHOBIEHUSI NOx aMMUaKOM WIIU COEJTUHEHUEM,
BBIACJIIOIMM aMMUAK B YCJIOBUSAX OTXOASIIMX Ia30B, KATAIUTUYECKON KOMIIO3ULIUH JJIs
CEJIEKTUBHOIO KaTaJIMTUYECKOro BoccTaHOBIeHNs: NOx aMMHAaKOM UJTH COEANHEHUSIMHY,
BBIIEJSIOLUIMMHI aMMHAK B YCJIOBHSIX OTXOASAIINX Ta30B, 10 JIIOOOMY U3 BbIIIEYKA3aHHBIX aCIIEKTOB
u/uny 00OMy 13 BIIEYKAa3aHHBIX BAPUAHTOB PEAM3aLUU, KOTOpPask MOXKET ObITh MOJIy4YeHa MyTeM
CYLIKH BOAHOHN KaTaJIMTUYECKON KOMITO3ULIMU U NPOKATUBaHUA npu Temrepatype oT 400 mo 700 °C
B IIPUCYTCTBHH KHCJIOPOAA, TAKOTO KaK BO3AYX, COAEPIKALIeH a) YaCTUIlY LIEOJIUTa C HOHOOOMEHHOM
Meabto, nMmeroyro MossipHoe otHotenue Si/Alx (KAC) 15 nnu menee, u conepikaHue HOHOB
MeJH, TOCTATOYHOE JIJIs TPOTEKAHUS PeaKIMK KaTAIUTHUECKOTrO BOCCTAHOBIIEHMS, b)
HAHOKPHUCTAJUTMYECKOE COSMHEHNE AIFOMUHUS B KOJIMYECTBE, JOCTATOYHOM JUIsl CTaOMIIM3aLuH
LIEOJIUTA IIyTEM CHIDKEHUS] CKOPOCTH JIEATFOMUHUPOBAHUS U3 LIEOJIUTA, U C) COEIMHEHNE LIMPKOHUS
B KOJIMYECTBE, TOCTATOYHOM [JIS YJIYyULIEHHUs TUAPOTEPMAIbHON AOITOBEYHOCTH KaTAIUTUIECKON

KOMITO3HULIUH.

Eme B onHOM acnekre HacTosliee H300peTeHe OTHOCUTCS K BOAHOW KaTaJIUTHYECKON
KOMITO3HIINH, HOZ[XOL[SILLIeﬁ AJI IPUMEHCHUS B KAUECTBE KATAJIUTHYCCKOI'O ITOKPBITHUA Ha
CTPYKTYPHOM MOAJIOKKE MPHU CENEKTUBHOM KaTaJIUTUYECKOM BoccTaHOBIEHUHU NOx aMMUaKOM WU
COCAUHEHUAMHU, BBIACIAIOINMU aMMHaK BO BPEMSA KaTAJIUTUICCKOTO BOCCTAHOBJICHUSA, IIPUYIEM
KOMITO3ULUA COACPIKUT

a) 4acTUIy LEOJIHTa C HOHOOOMEHHOH MEIbI0, NMEIOIYI0 MoisipHOe cooTHowmeHue Si/Alz (KAC)
15 unu MeHee n COACPIKAHNUE MOHOB MENU, NOCTATOYHO BBICOKOE IJIA MPOTEKAHUA PEAKIUU
KaTaJIUTHYECKOTO BOCCTAHOBJIEHHSI B TOKPBITHH,

b) HaHOKpHUCTAJUTMYECKOE COEANHEHNE AIFOMUHUS B KOJIMYECTBE, JOCTATOYHOM JIs CTAaOMIM3alun
LHEOJUTA B IOKPBITUU IMYyTEM CHUKCHUA CKOPOCTU ACATTIOMUHUPOBAHUA U3 LICOJINUTA, U

C) COCAUHEHNEC HUPKOHUA B KOJIUIECTBE, AOCTATOYHOM JJIA YJIYUIICHUSA FHI[pOTepMaHbHOfI

AOJITOBEYHOCTHU KATAJIUTUYICCKOTO MMOKPBITUSA.
EH.IG B OJHOM BapHAHTE pCaindallid COCAUHEHUEC LIUPKOHUA BbI6paHO U3 NMPpEAIICCTBECHHUKA

COEAMHEHUS [IUPKOHUS, TAKOTO KaK OKCHIBI IUPKOHUSA, CYIb()OKCHIABI IUPKOHMUS, CYJIb(ATHI

HUPKOHUA, HUTPAThI HUPKOHUSA, all€TaThl HUPKOHUS, THAPOKCUABI HUPKOHUA U UX CMECH.

11
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[IpennouTuTenpHO, COENMHEHNE IMPKOHUS BBIOPAHO U3 CYIb(PAaTOB IMPKOHHS, HUTPATOB

LHUPKOHUs, all€TaTOB MUPKOHUA U UX cMecei.

Eme B 01HOM BapuaHTe pean3alii HAHOKPUCTAJUINYECKOE COCIMHEHUE AJIFOMUHUS
MOIU(UIIMPOBAHO BO BPEMsI TOJIyUEHUs IS 00eCTeueH s KHCIIOTHONW MOBEPXHOCTH, MpH 3ToM pH
BO BJIQJKHBIX (CYCIIEH3MOHHBIX) YCIIOBHAX, KaK MPAaBHIIO, COCTABIIAET MEHee S5, Harpumep, 3.
Monudukaio MOXHO TPOBOANUTE BO BpeMs nojydeHus myteM Bo3zaericteus HNOs nepen

MMPOKAJINBAHUEM.

I[OHOJ'IHI/ITGJ'IBHI:IG 3afain U OpCeUMyLIeCTBa  HACTOALICTO I/I306peTeHI/I$I O4YCBHUIHBI U3

HUKETIPUBEEHHOTO OMHICAHUS U (POPMYJIbI H300PETEHUS.

KPATKOE OIIHCAHUE YEPTEKEN

Ha ¢wur. 1 cxemarndecku mnokazaHa komnosuims memHoro karanusatopa CKB Ha mommoxke
COIJIACHO HacTosLieMy n3o0pereHuto. Katanuzarop cocrout u3 noanoxkku (100), koropast obpasyer
OTKpBIThIE MPOTOYHbIe KaHaubl (110) 1 OTXOAALIMX Tra30B M HA YKa3aHHBIX CTEHKAX IOMJIOXKKH
pAcIONIOKEHO TOKpbITHE KaTanusatopa. I[lokpeiTie oOpasoBaHo cmecbio Cu-meosnmra (200,
Hanpumep, Cu-CHA), coenunenust Al (300), ZrO; (400), nobasku (Add, 600) u KpyMHBIX YaCTHI]
(K4, 500) u Ti w/unu Si (700).

Ha ¢ur. 2 nokazana nuarpamma, usodpaskaroimas npeodpasoBanue NOX, UCTIBITAHHOE HA CTEHIIE TSI
cuHTeTndeckoro rasza ¢ 40 % NOz u 60 % NO (o6a o orHomeHuro k o0memy konnuectsy NOX) B
ceipreBoM raze mpu OC 71,000 u!, nns npumepa la, 2 (CPABH 1), 3 (CPABH 2) u 4 (CPABH 3).
Bce oOpasubl moaeepranu rumporepmanbHoMmy crapeHuro npu 800 °C B Tedenume 20 4acos.
CpaBHeHue noka3bIBaeT BIMsAHUE coequHeHus Al ¢ HeOompIuM pa3MepoM KpUCTaiuIoB (rpumep 1a)
IO CPaBHEHUIO ¢ coenrHeHneM Al ¢ Gonpmumu pasmepamu kpuctamios Al,Os (mpumep 2, CPABH
1) 1 IO CpaBHEHUIO CO CPAaBHUTENIbHBIM COBpeMeHHbIM KaTanu3aTopoM Cu-CHA (mpumep 3, CPABH
2) W BTOPBIM CPaBHUTEJIbHBIM OOpa3lOM, IMOJyYEHHBIM B COOTBETCTBHU C NPUMEpPOM la, HO ¢

neomuroM ¢ KAC 23 (mpumep 4, CPABH 3).
Ha ¢ur. 3 nokazano Ha AByX AuarpaMmax yJaydIleHHe CTaOMIbHOCTH K TEPMUUECKOMY CTAPEHHIO

st Cu-CHA ¢ KAC 11 B kombunarmu ¢ Al-1 mubo ¢ nobasneHreM COeAMHEHNS TUPKOHUS W

OKCHJIa JJAHTaHA B KauecTBe N00aBKH, MO0 ¢ 00enMH yKa3aHHBIMH fo0aBkaMu. /lnarpamMma Ha
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¢ur. 3a wumoctpupyer KorBepcHo NOX, HCIIBITAHHYIO HA CTEH/I€ CHHTETUYECKOTO ra3a TOJIbKO C
NO B cbippeom raze npu OC 50,000 u™!| nist npumepa 1b (Cu-CHA ¢ KAC 11 ¢ Al-1), npumepa 5
(Cu-CHA cKAC 11 ¢ Al-1 u 6 % ZrO; B xauectBe TepmocTabmmsaropa), mpumepa 6 (Cu-CHA ¢
KAC 11 ¢ Al-1 u 3 % La>Os B xauectse Tepmocradbminzaropa) u npumepa 7 (Cu-CHA ¢ KAC 11 ¢
Al-1u 3 % ZrO; mmroc 3 % Lay0Os3 B kauecTBe TepMocTabmin3aTopos). Bee oOpasiiel monsepraiu
ruaporepmanbHoMy crapenuro npu 850 °C B reuenne 20 yacos. Ha ¢ur. 3b nokaszana Ha
nuarpamme kousepcust NOX 11st TOro ske Habopa 00pasLoB, KOTOpbIE ObUIA UCTIBITAHBI HA CTEHIIE
cuHTeTH4Ieckoro rasa ¢ 40 % NO;z u 60 % NO (o6a no otHomeHuto k o0memy koiauyuectsy NOx) B

ceipbeBoM raze pu OC 50,000 y™!

Ha ¢ur. 4 Ha aByx AnarpaMMax MOKa3aHO yJIy4IIE€HHe CTA0MIBHOCTH K TEPMUYECKOMY CTAPEHHIO
aist Cu-CHA ¢ KAC 11 B coueranuu ¢ Al-1 u nodasiennem kpynubix yactui (KH). Ha nuarpamme
Ha ¢ur. 4a nokasana kousepcust NOX, UCTIBITAHHASL HA CTEHAE CHHTETUYECKOro raza Toibko ¢ NO B
ceipbeBoM raze mpu OC 50,000 ™!, s mpumepa 1b (Cu-CHA ¢ KAC 11 ¢ Al-1, o6imeit Harpy3koii
140 r/m), npumepa 8a (Cu-CHA ¢ KAC 11 ¢ Al-1 140 r/n 1 KpynHBIMU YaCTHLIAMHU, COZIEPKALTUMHU
Al>O3 B kayecTBe OCHOBHOTO OKcuaa u 3 % Lax03 40 /i), mpumepa 8b (Cu-CHA ¢ KAC 11 ¢ Al-1
140 r/n u kpynHbIME YacTULaMHK, copepkamnmu Al2Os B kauecTBe ocHOBHOTO okcuna u 20 % SiO;
40 r/n) u npumepa 8¢ (Cu-CHA ¢ KAC 11 ¢ Al-1 140 r/n 1 KpyIIHBIMH YaCTUIIAMH, COAEPKALTIMHU
Al,O3 B kauecTBe OCHOBHOTO okcuaa u 15 % ZrO» u 20 % SiO; 40 1/n1). Bece oOpasiibl moasepraiu
rugporepmanbHoMy ctapenuto mpu 850 °C B reuenue 20 4acos.

Ha ¢ur. 4b Ha nquarpamme nokaszana koueepcusi NOx mist Toro ke Habopa 00pa3LoB, KOTOpbIE
OBLIIM MCMBITAHBI HA CTEHAE CUHTETHYeCKoro ra3a ¢ 40 % NO; u 60 % NO (oba 1o OTHOIIEHUIO K

obmemy konudecTsy NOX) B cbipbeBoM rasze npu OC 50,000 u™!,

Ha ¢ur. 5 nokazano Ha AByX AuarpaMmax yJayd4IleHHe CTaOMIbHOCTH K TEPMUYECKOMY CTAPEHHIO
st Cu-CHA ¢ KAC 11 B kombunatmu ¢ Al-3 u nobaBneHneM COeAMHEHUS] IUPKOHUS W/ WITH
OKCHJIa JJAHTaHA B KauecTBe N00aBKH, U ¢ nodasieHneM kpynHbix yactun (KY). Ha nuarpamme Ha
¢ur. Sa nokazana koasepcrst NOX, UCTIBITAHHAS HA CTEHE CHHTETHYECKOro raza Tojbpko ¢ NO B
ceipbeBoM raze npu OC 50,000 4™, s mpumepa 1b (Cu-CHA ¢ KAC 11 ¢ Al-1, o6imas Harpyska
140 r/n), mpumepa 9 (Cu-CHA ¢ KAC 11 ¢ Al-3 u 6 % ZrO; B kauecte Tepmoctabunuzatopa 140
/]l ¥ KPYIHBIMH YacThiamu, coaepskamumu Al,Os B kauecTBe ocHOBHOTO okcuaa u 3 % Lax0s 40

/i), npumepa 10 (Cu-CHA ¢ KAC 11 ¢ Al-3 u 6 % ZrO> B xauecTBe Tepmoctadunmmzaropa 140 r/n
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U KPYIHBIMH YacTuiiam, copepkamnmu Al2O3 B kauecTBe ocHOBHOTrO okcuna u 20 % Si02 u 20 %
Ti02 40 /1), u mpumepa 11 (Cu-CHA ¢ KAC 11 ¢ Al-3 u 3 % ZrOz mmoc 3 % LaxO3 B kauectse
Tepmoctabmnuzatopos 140 r/n u kpynHbIME YacTuLam, copep:kamumu Al2O3 B kauecTse
ocHoBHOTO okcuna 1 20 % Si102 u 20 % TiO 40 /). Bee obpasisl mogsepraiu
rugporepmanbHomy ctapenuto nmpu 850 °C B reuenue 20 qacos.

Ha ¢ur. 5b Ha quarpamme nokaszana kousepcust NOX aiist TOro ke Hadopa npo0, 4To U npu
UCIIBITAHUU Ha CTeHAE CUHTeTHYecKoro ras3a ¢ 40 % NO; u 60 % NO (oba no OTHOILIEHHIO K

obmemy konndectsy NOX) B cbipbeBoM rasze npu OC 50,000 ™,

Ha ¢ur. 6 nokaszano ynyuueHue ctabmibHOCTH K TepmudeckoMy crapenuro 1t Cu-CHA ¢ KAC
11 B komOuHanuu ¢ coequHeHneM Al ¢ HCIIONb30BAHUEM BCEX BO3MOJKHBIX JOOABOK COTJIACHO
HacrositeMy u3odperenuro. Ha nuarpamme nokasaHo cpaBHeHHe KoHBepcur NOX, HCIIBITAHHON Ha
crenzie cuaTeTnaeckoro rasa ¢ 40 % NOz u 60 % NO (06a no oTHOIIEHHIO K 00IIeMy KOJTHYECTBY
NOXx) B chipbesoM raze nipu OC 50,000 4™, nns npumepa 3, koTopbiii mpescTaBseT coboit
9TaNoOHHBIHN coBpeMeHHbIH katanuzatop Cu-CHA c¢ Beicokum KAC u BeicOokO#M
HU3KOTEeMIIEpaTypHOH akTUBHOCTHIO DeNOX, u mpumepa 11, KOTOpsIi npeacTasisieT o0k
HOJTHOCTBIO pa3paboTaHHyro koMmnozuuuo karanmmsaropa Cu-neonura CKB B cooTBeTCTBHH C
HacTosuM m3ooperenueM, cocrosimyro u3 Cu-CHA ¢ KAC 11 ¢ Al-coenunenusimu Al-3 u 3 %
ZrOz umoc 3 % Lay0s3 B kayecTBe TepMocTadbunn3atopoB 140 /1 v KpyIMHBIMU YaCTHLIAMH,
conepskamumu Al,O3 B kadectBe ocHOBHOTO okcuna u 20 % Si0» u 20 % Ti0; 40 r/n. O6a obpasua

MOoJBEpraiu ruaporepmMaibHoMy crapeHuto npu 850 °C B Teuenue 20 yacos.

HOAPOBHOE OINTMCAHUE U3OBPETEHUA

Hacrosimee n3o0peTtenne 001agaeT MHOXKECTBOM IIPEUMYIIECTB B IINPOKOM KOHTEKCTE, a TAKXKE

AOMOJIHUTCIIbHBIMU MPEUMYILIECTBAMU COTJIACHO aCIIEKTaM BAPHAHTOB pEaIu3alivuu.

Karanuzarop CKB cocTouT U3 onpeneneHHbIX MaTepHalioB B COOTBETCTBUH C BbIIIEyKa3aHHBIMU
aCTIeKTaMH /WM BapUAHTAMH PEATM3ALIH HACTOSIIEr0 N300PETEHHs, PUIEM KOMITO3HLIUS
KaTaJIN3aTopa HAHECEHA Ha CTPYKTYPHYIO MOUIOKKY, TAKYIO KaK KepaMU4ecKasl WiIH
MeTaJUInYecKast MOIIOKKA UITH CakeBbIi GUiIbTp (HocuTenb). O0Imee KOJMUECTBO MOKPBITHS

Bapbupyercs B auanazoHe 20 — 400 /1 B 3aBUCUMOCTH OT MIPUMEHEHHS WJI THIIA HOCUTEIS
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(TUTOTHOCTB sTYEEK, KepaMUKa/MeTaJul, IPOTOYHAs/TIOTOK BJIOJIb CTEHOK). B mpeanouTuTeibHOM

BapHUAHTE pean3aliy o0lIee KOJINIEeCTBO MOKPBITHS HAXOMUTCS B Auanaszone ot 60 o 200 r/m.

TepMI/IH «OEOJHUT C MOHOOOMEHHOM MECABHO» UCTIOJB3YECTCS B3aUMO3aMECHACMO C ((CU.-LIGOJ'II/ITOM», H,

Hanpumep, «Cu-CHA» o3HavaeT «maba3suT ¢ HOHOOOMEHHOW MENIBIOY.

Karanurnaeckas komnosunust CKB cornmacHo HacTosiemMy n300peTeHHI0 peacTaBisieT coOok
aKTUBHBI MUKPOTIOPUCTBIH 1eonuT. L{eomuT ¢ HOHOOOMEHHOH MebI0 IPEAIOUTUTENBHO
Haxonurtcs B popme CHA (mabdasura) ¢ KAC B quanasone ot 2 10 14,9, npeAnoyTUTENBHO B
nuanasoHe ot S no 14,9, nanpumep, B ananasone ot 10 no 14,9. Harpy3ka Mmenu usmepsieTcsi B BUie
CuO, kax mpaBuJo, B quamnasone ot 2 1o 7 % macc., Hanpumep, B nuanas3ose ot 4 no 7 % macc.,
0OBIYHO B nanas3oHe oT 4 10 5 % macc. B LleoJauTe U puMepHo ot 2 10 6 % macc. B KaTajaus3aTope,
BKJIIOUAsi BCE COSMHEHMsI KaTanu3aropa. Ilnomans moBepXHOCTH LEonuTa ¢ HOHOOOMEHHOM
menbio, npeanouturensio Cu-CHA, naxomurces B nuanaszone 450-700 M%/r B cBeskeM BHIE
(mpokanennstii npu 550 °C/3 4, no crapenus). [IpeqnoururensHo, cpenHuii pazmep yactur (dso)

Cu-neonuTa (Takoro kak Cu-CHA) B OKpBITHH KaTaIU3aTopa COCTABIISAET IPUMEPHO 2 — 5 MKM.

BaKHBIM 3J1IEMEHTOM KaTaJIUTHYECKON KOMITO3ULIMU COTJIACHO HACTOSLIEMY M300PETEHHUIO SIBIISIETCS
HaHOKpucTaumyeckoe coenunenue Al (coenunenue Al). M3pectHo, uto KAC siBsiercst
MEPEMEHHON BEJIMYMHON B KOMIIO3UIMSIX 1IeouTa. bbiio 3aMedeHo, 4To ¢cBOOOHbII Al MOKeT
CYLIECTBOBATH B LIEOJIUTAX, TAK UYTO HE BeCh Al HAXOMUTCS B perieTke (Tak Ha3bIBAEMbIi
BHepemeTouHblld Al). OOBIMHO B U3BECTHOH TEXHOJIOTUH LIEJBIO ObLIO CBECTU K MUHHUMYMY
cofiepKaHue BHepeImeTovHoro Al B ieosure il MpeIoTBPAIIEeHUs] BO3MOKHBIX OTPHLIATENIbHBIX
a¢exToB, Takux Kak AeamoMuHupoBaHue. OqHako, Korna Al mpUMEHSIOT B Ka4eCTBe
HAHOKPHUCTAJUTHYECKOTO COeqUHEeHNsI Al B KaTajl3aTope Ha OCHOBE LIEOJIUTA COTIIACHO HACTOSIIIEMY
n300pETEeHUIO, 3TO AEJAIOT CIEIMAIBHO IS TOJTyYeHHsI MHOKeCTBa Kpuctaiuios/dactun Al,Os,
KOTOpPbIE UMEIOT O4€Hb OJM3KUH KOHTAKT CO CTPYKTYPOH LIEOJINTA, IPEIOTBpaIIast
neamoMUHUpOBaHUe U cTabumusupysi Al B pemerke neonuta. [Ipumenenne coenunenus Al ¢
OYE€Hb MAJIBIM pa3MepoM KpucTaiuioB (B Buae Al2O3) B KaTaTUTUYECKONH KOMITO3UIIMH COTJIACHO
HACTOSIIIEMY H300pPETEHUIO TPOIEMOHCTPUPOBAJIO YIIYUIIEHUE aKTHBHOCTH, CTA0MIIBHOCTH,
anre3suy M KOre3uu karanusaropa. I1o 3TuM npuyrHaM B MOKPBITHH U3 TIOPUCTOTO OKCUIA MOYKHO
NPUMEHSTH pa3nnuHble npenmectseHHUKH Al2O3. Mcrounuk Al2Os MoxkeT npeacTaBisiTb coOO0H
mucniepcnto camoro AlxOs, 3016 GemMHTa WK IPYroro NpenmecTBEHHNKA TN Jake YaCTHYHO

pacTBOpeHHYIO couib amoMuHus B Buae Al(NOs3)3, COOTBETCTBYIOIIYIO TUAMA30HAM OMPEAEICHHOTO
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pa3Mepa KpUCTaJUIOB U pa3Mepa JUCTIEPTUPOBAHHBIX YacTULl coenuHeHust Al. Bo3MOXKHBI Takxke

KOM6I/IHaL[I/II/I YKa3aHHbIX UCTOYHUKOB.

B mpumepax ObuH pacCMOTPEHBI TPU PA3IMUHBIX TUIIA BO3MOXKHBIX coenuHerni Al. B
JKCIIEpUMEHTax B kauecTBe coequHennil Al mydamu Al-1, Al-2 (CPABH 1) u Al-3. Al-1 umeer
pa3Mep AUCHEPTUPOBAHHBIX YaCTHUL B BOAHOU cpene 20 HM, KPUCTAUIMYECKUM pasmep 4,5 HM U
HaYaNbHyIO TIOMaAL oBepxHocTH o BAT 260 M*/r npu npokanusanuu npu 550 °C/3 vaca. Al-2
MMeeT COOTBETCTBYOIIME apaMeTphbl 90 HM, 9 HM u 200 M*/r. Al-3 UMeeT COOTBETCTBYIOIIHE
napametpsl 60 HM, 6 HM 1 230 M?/T. BBLIO 3aMe4€eHO, YTO 3TH Majble KPUCTAIINYECKUE YaCTHIbI 1
pa3mep uacTul coequHeHus Al crnocoOCTBYIOT akTUBHOCTH. Masblil pa3mep IUCTIeprUpOBAHHBIX
YACTHL TAKXKE SIBJISIETCS KJIFOUEBOH MEPEMEHHOM IS IO KaHMsI KOJIMUecTBa coequHeHus Al Ha
JOCTaTOYHO HU3KOM YPOBHE BMECTE C YJIYYLIEHHON afAre3neil U Koresuei K CTeHKaM MOJIOKKH.
JU1st TOCTHDKEHUS TAKOH 7K€ TIPOYHOCTH CJIOS TIOKPBITUS ¢ OoJiee KPYIMHBIMH YaCTHLIAMH
coenunenus Al nium ceszyromero Al HeoOxoanMo 0oJiee BBICOKOE OTHOCHTEIBHOE MACCOBOE
xonuuecTBo. Kpome Toro, HeOombpIoe KOJIMYeCTBO HUTPATa MOKET MPUCYTCTBOBATD B BOIHBIX
cpenax aJisi HAaHECEHHsI MOKPBITHS (CyCIIeH3MH) WIIH Ha MPEAIeCTBEHHUKE COeqUHEeHUs Al, uTo
Ba)KHO Tt 0Opa3oBaHusi HeOObIIOro kpuctauia Al,O3 B mpolecce XUMHYECKOTO U
MEXaHUYECKOT0 IUCTIEPTUPOBAHUS. JTH MOBEPXHOCTHBIE HUTPATHI Pa3aratTcs Mpu
OKOHYATeJIbHOH TepMOOOPabOTKe, OCTABIISIs TOTOBBIE HAHOpa3MepHble YacTulbl Al2O3 B cTpykType
katajau3aropa. ['oroBas moBepxHOcTh Al2O3 coxpaHsieT KHCIOTHOCTh Ha OKCUIHBIX U

THMAPOKCUIIBHBIX I'pyHIax MoCje MPOKaJIUBAHHA B CYXUX YCIIOBUSAX.

Pasmep wactun coenunenust Al (Al>Os), mucnepriupoBaHHOTO B BOZAE, HAXOAUTCS B TUATIA30HE OT 5
10 80 HM, 00brgHO B quana3one ot 10 no 65 M, Hanpumep, B quana3one ot 10 1o 30 HM, u
KPUCTAJUTMYECKUH pa3Mep HAXOAUTCS B uanas3oHe ot 1 10 8 HM, 0OBIMHO B qHanasoHe oT 3 110 7
HM, Harnpumep, B Auamna3one ot 3 1o 5 um. [Inomane nosepxuoctu o BAT cocrasisier 6onee 200

M*/r ipu npokanuBaHuu npu 550 °C/3 yaca.

HaHokpucTannnueckoe COeAUHEHHE aJJFOMUHUS 00pa3yeT B BOJIE AUCTIEPTHPOBAHHBIE YACTHUIIbI
pasmepom ot 5 1o 80 HM, npeanoyTutensbHo OT 10 10 65 HM U KpUCTAINTUYECKUE YaCTULIbI

pa3MepoM ot 1 10 8 HM, MPEANMOYTUTETHHO OT 3 10 7 HM ISl CTa0MJIH3AINH LIEOJIUTA TTyTeM

16



10

15

20

25

30

CHIDKEHHSI CKOPOCTH ICATFOMHHUPOBAHUS U3 LIEOIUTa. Maiblii pa3Mep AUCIIEPCHBIX YaCTHL U
KPHUCTAJUTMYECKUN pa3Mep SBISIFOTCS TEPEMEHHBIMH, MTO3BOJISIOIIUMHU KOHTPOJIHPOBATH, K KAKOMY
PACIIONIOKEHHIO B ITOpaxX LEOoJNTa uMeeT noctyn coenuHerne Al. Lleab cocTouT B TOM, 4TOOBI
uMeTh Ooee riyOOKHH JOCTYI BHYTPD LEOJUTHBIX ITOP, YeM MPH UCIIOIB30BAHUN OOBIYHBIX
comepxaux Al cBsI3yIOIIMX BEIIECTB, HO HE 3aTparuBaTh Cu B EOJUTHBIX LIEHTPAX.
Otpunarenbablie 3¢ eKTbl MOTYT ObITh BBI3BAHBI TEM, YTO HEOOBIINE PACTBOPUMBIE HOHBI MOTYT
NOJBEPraThCsi HOHHOMY OOMEHY ¢ HOHOM MeJH, KOTOPBIH, HAIPUMEp, BBOAT B LIEOJIUT MEPeN
nojiyueHueM karanusaropa. [IpenmectseHHuKky OyayT ocenarh Mocje CyIKU U MPOKATUBAHUS B
OKOHYATEJbHBIX PACIOJIOKEHUSAX B CyXOH (ha3e, rie OHU OCENU BO BPEMsI ITOJIyUEHHSI B BOIHBIX
cpenax. Takum oOpa3zoMm, pa3mMepsl NPEAIIECTBEHHUKA B BOJE MJTH IPYTUX JKUAKHX CPElax UrParoT
KJIFOUEBYIO POJIb B TOM, I'ie 1OOABJIEHHbIE IPOMOTOPBI PACTIONIOKEHBI B KOHEUHOW KaTaJIUTHYECKON
KOMITO3ULIMH. B nonosHeHne Kk Bojie, MOKpbIE CTaJUU MOJyYEHHsI MOTYT BKJIFOYAaTh OPraHUYeCKHe
no6aBku, 00pa3yroLre CMeCh ¢ BOIOW U MOAU(DULIUPYIOIIKE, HATPUMEP, TOBEPXHOCTHOE
HaTsDKEHHE, BA3KOCTh U APYTHe MOBEPXHOCTHBIE CBOMCTBA MIIN CBOMCTBA
xugKocTr/pacteopa/cycnensun. CoennHenne Al MPUMEHSIOT B BUIE AUCTIEPTHPOBAHHOM
HAHOKPUCTAJUTIYECKOH (JOPMBI C BBILIEYKa3aHHBIMU pa3MepaMy YacTHUL], HO HE B BHJE

13" naxe MeHbIe, yeM HOHHBIH paauyc Cu®’.

pacTBOpUMON (OPMBI, KOTIa HOHHBIN pagnyc A
CoenuHeHne HAHOKPHUCTATMYECKOro Al MMeeT TOCTy B MOPHI LIEOJIUTA, HO HE TaK
HerocpecTBeHHO, Kak HoH Cu k nentpam Al Ha neonure. ITockonbky nonHBIH paauyc (0,50 A)
Al’" menbine, uem (0,69 A) Cu?’, ero BBOZAT He B BuIe PaCTBOPHMOI HOHHOH (OPMBI, & B BUIIE
HAHOKPHCTAJUTMYECKUX YaCTHUI] B BOAHBIX cpenax. HampoTus, coequaenne Zr BBOIST B BUAE

MOHHOH (OPMBI, KOTa HOHHBIH pamuyc Zr* Hamuoro 6ombire (0,80 A), uem y Cu®*, uto mpusozut

K TECCHOMY BHCAPCHUIO B LEOJIUTE, HO HE KOHKYPUPYET C MEABKO B BOOAHBIX CpE€aax.

Bcenencreue ponn HaHOKpUcTaUTHYeckoro coennHenus Al, crannaptabiit KAC neonura He
SIBJISIETCS €AMHCTBEHHOMN 3HAaUMMON nepeMeHHoM B 3Tux karanuzatopax Cu-CKB Ha ocHoBe
neoanta. O4eHb MaJICHbKHE YaCTHIIBI OKCH/IA AJTFOMHUHUS BIUSIOT Ha CTAOUIBHOCTD U
JeaFOMIHIPOBAHNE IIEOIMTHBIX KaTAJIN3aTOPOB HA OCHOBE AJIFOMOCHJIMKATA.
Hanoxpucranmmaeckuit Al2O3, IPUCYTCTBYIOIINI B TECHOM KOHTAKTE C YaCTHLIAMH LIEOJINTA,
NIOPaMH U pEeIIeTKaMH, MOJKET U3MEHUTh paBHOBecue coenuHernid Al (Al B neonute u Al B Buze
coenunenus Al), kotopoe mpenotepamaet qupdy3uro Al U3 CTPYKTYpHI LIEOJHTA

(meamomuHupoBanue). [laske ecnu HeOoboe konmudecTBo Cu MPUCYTCTBYET B BUIE
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HEKarcyJIupoBaHHO# Gopmel (cBoOonHOH Cu) mocie CHIIbHOTO TUAPOTEPMATIBHOTO CTapEHUS,
coenuHenne Al sIBJsSeTCS MOTEHUMATBHO CTAOMIIBHBIM HEHTPATH3aTOPOM IS 3STUX CBOOOIHBIX
coenunenuii Cu/CuOQ, cocrosinue okucaenus koropsix (Cu, Cu”, Cu**) MoxkeT BapbUpOBaThCs B
3aBucuMocTH ot ycioBuil. [Ipu Beicokux Temmeparypax, Cu Ha HaHOpasmepHoM Al,O3 Oonee
crabunnsuposas, yeM Cu Ha moBepxHOCTH Si-oborameHHoro cunnkara (neonuta). Kpome Toro,
Cu/Al>0s Takske siBIsieTCst TOBOJIbHO XopommuM katanmsatopom CKB, u, Takum obpazom, obmmas
¢ysakuonanbHoCcTh Katanu3atopa CKB Cu-CHA He u3MeHsieTCsl CITUIIKOM CHIIBHO, €CITH

cymectByer Cu/Al,O3; u obmee komndyecTBo cBoOOHON Cu OCTaeTCss HU3KUM.

Taxum obpaszom, Obut onpenenes obumit KAC (OKAC), KoTopblii pacCUUTBHIBAIOT KAaK MOJISIPHOE
cooTHoleHue Mexay Si B neosute u Aly B neonute + Aly B coenunennu Al. BosamoskHbie Oonee
Kkpynable yacTuiel AlO3 B cBsiyromeM Bernectse wid KU HCKITIOUEHBI B 3TOM PaCue€THOM
3HAYEHHUH, IIOTOMY YTO OHU HE UMEIOT TAKOTO K€ MOJIOKUTENIbHOIO B3aUMOEHCTBUSA U KOHTAKTA C
Cu-LieonuTOM U APYruMH coeuHeHUsAMHU B koMmrno3unuu. 3Hauenust OKAC BappupoBanuch B
auanaszoHe ot 5 1o 10 B uccienyemsix obpasuax (tabmuua 1). [Ipeanoururensuo, OKAC
HAXOJAUTCS B AuanasoHe oT 4 1o 8, u ewre OoJiee CTporo onpezaeneH B auanazoHe ot 5 1o 7. Kak
komOuHarwmst 3tux aByx 3HadeHuit KAC, nnsg KAC onpeneneno makcumanbHoe 3HadeHne 14,9, a
s OKAC makcumaibHOe 3HaUeHHe 8, 3HaU€HUsI KOTOPBIX JOCTUTAIOT MyTeM H3MEHEHUs

3Hauenuss KAC neosnura u xonudectBa coennnenus Al B katamusatope CKB.

Ha ocHoBaHuu onpeneneHHbIX MOJsipHbIX 3HaueHui u quanazoHoB KAC u OKAC usBectHO
xonuuectBo coenunenus Al B % macc. Al>Os3. Ocnosroii Cu-CHA B npumepax nmeer KAC 11, a
3atem onpenenenne OKAC 4-10 npusonur k 1-18 % macc. coenqunenust Al B Bune Al>O3; oT Macchbl
ueoauta u coequaenust Al u x 0,9-16,2 % macc. coequnenust Al B Bune AloO3 OT Macchl LE0IHTa,
coenuaenust Al u makcumaabpHOro KojmuecTa coequaerus Zr (10 % ZrO2). AHajaorn4Ho,
KOJIMYECTBO coenuHeHust Al u3BeCTHO, KOrma B KOMIO3UINIO BBOAST nodaBky, KU, Si u Ti,
pa30aBiisisi conep:kaHe MeqHOro eonuta, coenraenns Al u coequnenus Zr. Cornmacao OKAC 5-8,
konnvecTBo coenuHenus Al B Bune Al2Os cocrasisier mpumepHo 4-13 % macc. CornacHo
MaKCHUMaJibHOMY omnpeneieHHoMy 3HaueHuto KAC, paBHomy 14,9, konmuecTBo coennHenus Al
cocrasJsieT oT 4,6 10 21 % macc. B Buae Al,O3 ot maccel Cu-tieonuta u coenuHeHus: Al u ot 4,1 1o
18,9 % macc. mpu BKIIFOUEHUH MaKCUMAJIbHOTO KOJIM4eCTBa coenuHenus Zr B Bune ZrO2. Takum

o0pasom, coenquHeHne Zr JTUIIb HE3HAYUTENBHO pa30aBIseT KOJIMYECTBO coenuHeHus Al naxe npu
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MaKCHUMAaJIbHBIX KOHIIEHTpanusix. Takum o0pa3oM, KOJIU4ecTBO coequHeHust Al mo onpeneneHHOMY
KAC u OKAC cocrasmsier ot 1 1o 21 % macc. B Buge Al»O3 oT MacChl METHOTO LIEOJIUTA H
coequnenus Al. Passenenne npyrum no0aBieHHBIM COSUHEHUEM MOXKET OBITh BHIYHCIICHO
HETNOCPENCTBEHHO 10 UX ConepkaHuio. B nmpumepax xonndectBo coequHerust Al Opu1o nmpuBeaeHo
B nuanas3one 7,8-10 % macc. B Buae Al»Os. B BapuanTax peanmusanuu n300peTeHHst KOJTUIECTBO
HAHOKPHCTAJUIMIECKOTO COSNUHEHUS aTFOMUHMS, TaKoro kKak Al>Os, B KaTATUTHYECKOH
KoMIo3uimu cocrapiser ot 0,5 1o 25 % macc., Harpumep, ot 1 10 20 % macc., Hanpumep, 5-15 %
Macc., Kak nmpasuio, 7,8-10 % macc. ot ol1eit Macchl KaTamuTU4Ieckoi komno3unun. Kak mpasurio,

coenHeHne aTIOMHUHUSA npencTasisier coboit AlxOs, Takoit kak ramma-Al>Os unu tera-Al O3,

Caszyrollee BEIIECTBO HE HMIPAeT IMOJHOCTHbIO HHEPTHOM POJIM B OTHOUIEHUH AKTUBHOCTH H
JOJTOBEYHOCTH KaTanu3aTopa, a akTuBHOCTH CKB 3aBUCHT HE TOJNIBKO OT OmpeaeseHHbIX CBOWCTB
1eosuTa. YUCThIN LEOTUT He MOXKET OBITh MJIOTHO CBSI3aH HAa CTEHKAX MOJIOKKH, M HEKOTOPBIE THUITBI
CBSI3YIOIUX BEIIECTB MM A00ABOK MOTYT CHIDKATh KAaTAJUTHYECKYIO aKTUBHOCTb Cu-Lieosura.

Taxkum 06pas3om, BaxKHO MPUMEHATh Al-COeMHEHNs IS 3aMEHbI OOBIYHBIX CBSI3YIOLINX BELIECTB.

Onucanne nUpKOHUS U T00ABKY IS YIIy4YIIEHHOH TepMuUeckoii noarosednoctu: Kpome toro,
no0aBjieHHE OKCUIOB MJTH TUCIIEPTUPOBAHHBIX coenuHenuit Zr w/vnm nodasku (La, Y, Hf, Nb)
YJIYyULIAIO TEPMUYECKYEO CTA0MIIBHOCTD. DT COSAMHEHUs T0OABIISIIOT B BUIE BOJIOPACTBOPHUMBIX
WA HEPaCTBOPHUMBIX MpeNliecTBeHHIKOB. KonndecTBo Zr u 100aBKH MOXKET BApbHUPOBATHCS B
nuana3one ot 0,1 1o 30 % Macc. B Bune CTaOUIIbHBIX OKCHIOB (Hanpumep, Zr0», La,0s3) rorosoro
MIPOKAJIEHHOTO MOKPBITHUS, MPEATIOYTUTENbHO B quana3one ot 1 1o 10 % macc. Zr BMecTe €
no0aBKoM, TakoH Kak La, Takke mpumeHsieTcs st co3nanus 3P QPpeKkToB KOMOMHUPOBAHHOM
aktuBauuu. Hanpumep, Zr u La paBHOMEpHO pacnpeneneHsl Ha IOBEPXHOCTU LEOJINTA, B TOpax

neoJrTa, Ha NOBEPXHOCTU COCAUHCHUA Al wnu Ha JAOIMOJIHUTECIIbHBIX CBA3YIOIIHUX MaTCpHUaliax.

HoHHBbIl pazMep 3JIEMEHTOB UIPAET PELIAOINYI0 POJb AJI1 B3aUMOAENHCTBUN. Pa3smep kaHana nop
LIEOJINTA OTPAHUYEH pa3MepoM u (GOPMOH, a HeOONbLIHE PA3INIH B HOHHOM AHAMETPE HITH
pamuyce NMEIT CMBICI, KOTIa 3TO KacaeTcsl TOCTyIa HOHOB MeTajlia. PacCUnUTBIBAIOT, YTO IOPOBOE
OTBEPCTHE M HOHHBIE Pa3MephI IUNIAHUPYEMBIX 3JIEMEHTOB HAXOISTCS MPAKTUYECKH B OJTHOM U TOM
xe nuanazone. CHA umeer otepcrusi 3,8 A B cTpykType mop. Monnsrii paguyc Cu®* cocrapmser
0,69 A (Sargent-Welch Scientific Company: Table of periodic properties of the elements, 1968).

Taxum obpaszom, noctyn katnoHOB Cu K 1ieHTpaM Al 4acTHYHO OTpaHUYEH CTPYKTYPOIl B
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M3BUITICTBIX IIEOJUTHBIX KaHanax. La®>” umeer monnsii paguyc 1,15 A, Zr** 0,80 A, Y> 0,93 A u
Hf** 0,81 A. Takum o6pasom, onpenenenHas 100aBKa UMeeT OO HOHHBIH PaanyC, YeM HOH
Cu?*, oOMeHHBaeMbIil B peleTkax LEeoauTa. ITO ONpeielleHHOe CBOHCTBO H0OABKU COMIACHO
HacToAIEeMy H300peTenuto. J[pyrue ocHOBHbIe MeTamibl, Takue kak Ti*™ (0,68 A), Si*™ (0,41 A), V,
Cr, Mn, Fe, Cr, Co, Ni, UMEIOT B Ka4€CTBE CBOUX CTAOMJIBHBIX COCTOSIHMI MEHBIINI HOHHBII
panuyc, yem Cu’", 1 UX He MPUMEHSIN B Ka4€CTBE J0OABOK, MOTOMY YTO OHM MOTYT H3-3a MaJIOro
pa3Mepa BbI3bIBaTh TAKXKe OTpHULaTeIbHbIE 3PP eKThl, KOHKYpHUpPYs ¢ Cu B LIEOJTUTHBIX LIEHTPaX.
Al’" umeer uonnbiii panuyc 0,50 A, uto menbIne, uem y Cu®™ Takum o6pa3om, 106aBka UMeET
Gonbiuuii MOHHBIN panuyc, yeM kak Cu®*, Tak u Al’" B coenunennn Al. Bonbmuii paauyc
3aMeUIAeT U MPETSITCTBYET OCTYIY 3TUX MOHOB K T€M K€ LIEOJUTHBIM LIEHTPaM, TJI€ HAXOAUTCS
Cu (unu Al). Lenbro siBJIsieTCS aKTUBALIUS U CTAOMIIH3AIMS LIEOJUTHOTO KaTaIu3aTopa, HO He
HapyLIeHHe COCTOSHUA U (PyHKUMOHANBHOCTH LIeHTPpOoB Cu BHYTPH LIEOIUTHOTO

CTPYKTYPHPOBAHHOT'O KaTaJIN3aTOpa.

Onucanue kpynubix yactun (KY): Otaenbhbie yactuubl KU ¢ mpoMoTopamu BBICTYMAKOT B
Ka4eCTBE TEIUIOBbIX 0apbepOB, MPEIMSTCTBYIOIINX PACTIPOCTPAHEHHIO TEPMUYECKOTO CIIEKAHUS OT
YaCTHUIbI LIEOJIUTA K APYTOM YACTHUIE LEOJUTA. ITH KPYITHbIE YACTULIBI UMEIOT BBICOKYIO
JIOKAJIbHYIO TETUIOEMKOCTh M MOTYT A€HCTBOBATh KaK TETUIOOTBO/, MPEACTABIISIFOIIMI OO0
TEIJIOBOM Oapbep JUIsl 3aIUThI YacTHIl LeonTa, akTHBHBIX B CKB. MexaHuuecku mpodYHbIe
yactuubl KY ynydInaroT Npo4HOCTh CJIOS MOKPBITUS U yiydinaoT qudy3uro B Mopax depes
TOJICTBIH CJIOW KAaTajJu3aTopa, MOTOMY YTO KPYITHbIE YaCTULIBI OCTABJISIFOT OOJIbIIE OTKPBITHIX

MpoOxXoa0B MEKAY YaCTULaMU, YEM CTPYKTYpa, COCTOALIAasd TOJbKO U3 MEJIKHUX YaCTHULI.

[IpennouturensHo, XuMudeckuit cocraB KU npeacrasisier coO0H OKCHI ATTFOMUHHUS €
JOTOJIHUTEIBbHBIMH ITPOMOTOPaMH, TAKUMH Kak Si win Ti, B BUAe CTAOMIIbHBIX OKCHIOB WIIH
CMeIaHHbIX OKcuaoB. Cpenruii pazmep vactui (dso) KU, TemmoBoro 6apbepa, YaCTHUI] ONPEENSIFOT
Kak mpuMepHo 3 - 200 MKM, TPEIMOYTUTENBHO B TUana3zoHe S5 - 40 MKM, 4TOOBI COOTBETCTBOBATH
UM B OOBIUHBIX CJIOSIX MOKPBITHHA. Clle10BaTENbHO, UX CPEOHHUNA pa3Mep YacTHLl OOJbLIe, YeM Y
LIEOJINTA, U 3HAYUTENBHO OoJibIne, yeM y coenuHerns Al wm nodasok. Pasmep wactur (dso) KU
OoJbIIIe, YeM T LeosuTa (HapuMep, OKOJIo 2-5 MKM IJist ieosuTa v okoio 5-40 mxm ans KY).
Taxum obpaszom, vactuubl KH OynyT MexaHHUeCKH ynpouHATh ciiol nokpeitusi. Kommuecrso KYH
MOJKET BapbHpOBaThCs B nuamnaszone ot 0,5 no 50 % macc. ot o011ero KoJu4ecTa MOKPhITHS,

MPEANOYTUTENBHO B AnanaszoHe oT 2 10 25 % macc. ITockonbky KOIHMuecTBa NOKPLITHS PUBEIEHbI
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B I/71, 3TO 03Ha4aet: konndecTBo KU 40 r/n B 0Omem koixmuectse mokpbiTus 180 /11 5KBHBAJIEHTHO
22,2 % macc., 20 r/n B 180 r/n sxkBuBanentHo 11,1 % macc., 10 r/n B 140 r/n sxBuBanentHo 7,1 %
macc. M3yueHHble puMephl COAepsKau J0BOJbHO 0oibinoe kKomudecTBo KU, uToOb! yBUAETH
Jaydinre nepeMeHHbie 3)(GeKThI, HO OMPeNeeHHOE KOTNYECTBO MOKET OBITh JIyUlile TPUMEHEHO B
Oonee HU3KOM AuanazoHe, GOKYCHUPYSICh HA TEPMHUECKOH U KOT€3NOHHOM CTa0MIN3aLnH C
MEHBIINM yMeHbIIeHneM odmero konndectsa Cu-mieonura. Cpenaue pazmepst iop (dso v doo)

oounbie miss KU, uem mist yactun Cu-1ieonuTa.

Kpowme Toro, miomaas nosepxaoctu no BT ans KU cocrasnsier npumepHo 100 - 300 m*/r, Torna
kak momanab nosepxuocty o BT ana Cu-ueonura cocrapnser 6omee 450 M*/r B cBexeM
cocTossHuU (rpokajneHHbli npu 550 °C/3 4). CymecTByeT pUcK TOro, 4yTo YuCThii Cu-1eonur ¢
KAC <15 norepsier miommans nosepxHocty 1o AT uuske 100 M*/r npu 900-1000 °C Ha Bo3ayXE.
KY criocoOHBI TOIEPKMBATh BBICOKYIO TUIOMAab noBepxHocTu no BAT: >200 M*/r mocne
cTapenus Ha Bo3ayxe npu 900 °C u >150 m?/r nocne crapenus Ha Bo3nyxe npu 1000 °C B TeueHue
3 wacos. Takum oOpaszom, 3ty crabuibHele, oTaenbHble YacTHLbI KU Ha cocTaBe karanuzaTopa
OKa3bIBAIOT CTAOMIIM3HUPYIOLIEe NeHCTBIE Ha YaCTHLbI IEOINTA. DTH YaCTHULIBI MOTYT ObITh
n00aBJIeHbI B TOTOBYIO BOAHYIO (CYCIIEH3MOHHYIO) CPeNy, KOTOPYIO AOTOJHUTEIBHO H3MENIbYaIOT,
WK UX TO0ABJISIFOT MOCJIE H3MENIbYEeHHUs, COXPAHsIsl IEPBOHAYAIbHBIN pa3Mep YacTULl U OOJBIIYEO
pasHuLy B pazMepe dacTHil dso Mekay HeoauToM U yactuiamu KU B OKOHYAaTeIbHOM MOKPBITHH.
PazbaBieHne KaTaTUTHYECKOW KOMITO3UIIUH YaCTULIAMH TepMoOapbepa yMEHbIIAET U pa30aBiisieT
TEPMHUYECKOE HAMpPSDKEHUE HA YaCTHLIAX LIEOJIUTA B CJIOE MOKPbITHs. Tak:ke BO3MOKHO TOOABIIATh
KY Tonbko Ha HU)KHUE WIIH BEPXHHUE CJIOU KATAJIN3aTOPA B ABYXCIOWHBIX TOKPBITHSIX, YTOOBI

YJIYUYLIATh MEXAHHYECKYIO MPOYHOCTh WK TUQQPY3UI0 ra3a B MOpax B CIOSIX MOKPBITHS.

KY MoryT OBITh TOTOJIHUTENILHO CTA0OMIM3UPOBAHBI pa3iudHbIMU okcunamu Si, Ti, Zr w/vm
nobaBok, Takumu Kak SiOz, TiO2, LaxO3 umu ZrO,. Oxcunser Si, Ti ¥ Zr NOBBIMIAIOT KUCIOTHOCTD
KY u nmpenoTBpamaroT BO3AeHCTBHE CYIb(HAaTHPOBAHMS KaTAIN3aTOPa Ha CTPYKTYPhI HA OCHOBE
okcuna amoMuHIsL. OKCUIbI METAJIJIOB OOBIYHO TOOABIISIFOT BO BPEMS CAMOTO CIIOC00a MOyYeHHUS
Al>O3, HO Takke MOKHO TOOABIISATH MO3kKe B criocode J{Jist JaHHOTO N300peTeH s MOKHO
npUMeEHTh 00e npouenypsl. JlobaBieHHbIE OKCHUABI METAJIOB MOTYT OOPa30BbIBATH CMELIAHHBIH
OKCHJI HUTH CMeCh OKCUAOB ¢ Al2O3, 4TO MPUBOANT K OUeHb cTaOMIIBHOM cTpykType KUY,
UHIMBUAYAJIBHOMY PaclpeaeIeHUIO0 Pa3MePOB MOP M XOPOLIeH CTaOMIbHOCTH, HAIIPUMED, OKCHIIOB

Si w/umm Ti B cTpykType. OKCHABI METAIIOB TAK)XKE UTPAIOT POJIb B cTabuim3armu cTpykrypbl KY ¢
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HIUPOKUM pa3MEPOM IOP, UTO OKA3BIBACT MOJOXUTCIIbHOC BIIMSIHUEC Ha I[I/I(b(bYSI/II-O B IIOpax u

TEPMOCTAOMIIBHOCTb.

Jo0aBnsAIOT COeNMHEHNE HUPKOHUS B BUE BOAOPACTBOPUMON (POPMBI JJIs1 YTy U IICHHUS
TUAPOTEPMANIbHON JONITOBEYHOCTH KaTAIUTHIECKON koMno3uuuu. Llenb coctout B TOM, 4TOOBI
uMeTh Ooee riyOOKH JOCTYI BHYTPh LIEOJUTHBIX 1OP, HO He 3aTparuBaTh Cu B EOJUTHBIX
nentpax. CoequHeHne Zr 0ceaeT Mocie CyIKY U MPOKAJINBAHKS B OKOHYATEIbHBIX MECTaX CyXOn
(ha3bl, KOTOPHIX OHO JJOCTUIJIO BO BpEMsI MOJyYEHHsI B BOAHBIX cpenax. CoennHeHne Zr BBOISAT B
BUJIe HOHHOM (OPMBI, KOT1a MOHHBIH paauyc Zr'™ namuoro Gombine (0,80 A), uem y Cu®*, uto
NPUBOAUT K TECHON aKTHBALIUU B LIEOJIUTE, HO HE KOHKYPUPYET C MEJIbIO B BOJIHBIX Cpeniax.
CnenoBatenbHO, TOT (HAKT, YTO MPEAIIECTBEHHUK COENUHEHUS ZI IPEACTaBIsieT COO0H
pacTBOpuUMYIO GOpPMY B BOIHBIX CpeAax U oOpasyeT AUCIeprupOBaHHbINA OKCUI IUPKOHUSI TPH
TepMOOOPabOTKE, UTPAET KIIFOUEBYIO POJIb B TOM, UYTO COEIUHEHUE ZI' YIy4LIaeT FUIPOTePMATbHYIO

JIOJITOBEYHOCTDb KATAIUTHYECKOM KOMITO3UITHH.

Zr n no6GaBK1 MOTYT OBITH BBEZIEHBI BO BPEeMs TOJIyYEHHUS KaTaIu3aTopa B BHJE HUTPATOB, AlleTaTOB
WM IPYTUX BOAOPACTBOPUMBIX COEANHEHNH, HEOOS3aTeNbHO C KMUCIOTHBIMU BCIIOMOTATeIbHbIMU
BEIIEeCTBaMH (a30THAS MJIM OpraHHYecKue KUCIoThl). CoeMHEeHNE IUPKOHUS TMOTYYAOT U3
NPEAIIECTBEHHUKOB, TAKUX KaK OKCUBI LIMPKOHMUS, CYJIb(AThI IUPKOHUS, HUTPAThI LIUPKOHHMS,
areTaThl HUPKOHUS U TUAPOKCUIBI HUPKOHUS, Takue Kak ZrOz, Zr(OH)s, Zr(OH),.CO3.Zr0 »,
Z1(SO4)2, ocHoBHol kapboHaT rupkonus: Zr(OH)»+«CO3+Zr0», anierat nuupkonus Zr(auerar), Win

HUTpat uupkoHus Zr(NOs)4.

Zr, Ti u Si uHepTHBI B IpUCyTCTBUU SOy, UTO MOAACPKUBAET HU3KYIO CKIIOHHOCTD K CyJb(aTarum.
Hobaeku La 1 Y umerot Gojiee BBICOKYIO CKIIOHHOCTb K 0OPa30BaHUIO CTAOMIIBHBIX CYJIb(paTOB, HO
OHHU HACTOJIbKO CTAOWMJIBHBI, YTO HE PA3JIAratOTCsl U HE IEPEMELIAI0TCS B HOPMAJIbHBIX YCIOBHSIX

OTXOOAIIUX Ira3oB.

Karanuruueckylo KOMIO3HLHUIO COTJIACHO HACTOSIIEMY W300PETEeHHI0 MOKHO HAHOCHTh Ha
KepaMHU4ecKkre (HampuMmep, KOPAUEPUT, TUTAHAT ATFOMHHHS WM MYJUIUT) WM YCTOWYMBBIE K
OKHCJIGHHIO METAJUIMYeCKHe MOJIOKKH, OOpasyrolue IMPOTOYHYI0 CTPykTypy. Takas ke

KOMITO3ULIUST MOXKET OBITh PUMEHEHA TaKKe B CTPYKTypax (GpuubTpoB it TBepabIx dyactun (SiC,
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KOPIUEPUT, MeTajul) ¢ MONU(PUIMPOBAHHON BS3KOCTHIO W CONEPIKAHUEM TBEPHAbIX YacCTHI] B

CYCIICH3MOHHbIX YCJIOBUSAX.

Komnosznmuro kartamuzaropa CKB cormacHo HacrosimeMy H300pPETEHHIO MOJKHO TPUMEHSATH B
kauectse Oioka CKB B CJ10O, copepxamux 0oku JJOK, AC®, runponuza, CKB u KITA. biok CKB
MOJKeT pacrionaratrbest 10 wiu nocie 010koB JJOK+/IC®. Dta katanuTudeckasi KOMIIO3ULIHUS MOKET
ObITh HWHTErpUpoBaHa Takke ¢ kommosummen KITA, koropass oOpa3oBaHa KaTajJu3aTOPOM,
comepkamuM Ojaroponsslii Meraiur (Hampumep, Pt), Bmecte ¢ katammsatopom CKB cormacHo
Hactosemy uzobperennto. B KITA xatamuzatopsr Pt 1 CKB pacnosioskeHbl B OTHOM U TOM ke 30He
B OCE€BOM HAIPABJIEHUU MIOTOKA OTXOSAIINX ra30B ISl JOCTHIKEHUS BBICOKOH (PYyHKLIMOHATIBHOCTH U
cenektuBHocTH KITA. Katamurudeckass KOMIO3ULMS COTJIACHO HACTOSIEMY M300PETEHHIO MOXKET
TaKke MPUCYTCTBOBATH B TMAPOJU3HOM OJIOKE, HAPUMEp, B CTPYKTypax cMecuTelis epes OJI0KoM

CKB.

Bce CCBIJIKH, BKJIFOYasd ].'IY6JII/IK3,LII/II/I, IMaTEHTHDBIC 3as1BKU U NIATCHTDI, CChIJIKA Ha KOTOPBIE CACJIaHa B
HaCTOAILICM JOKYMEHTEC, BKIIFOYUCHBI B HACTOSIIIUI JOKYMEHT NOCPEACTBOM CCBLIIKU B TOM Ke
CTCIIEHH, KaK €CJIU ObI Kaxaasi CCblJIKa ObL1a WHIWBUAYAJIbHO U KOHKPETHO YKa3aHa IJIsd

BKJIFOUCHUA ITOCPEACTBOM CCbIJIKU U OblIa M3JI0JKEHA B HaCTOALIEM JOKYMEHTE BO BCEM IIOJIHOTE.

Bce 3aronoBku u noA3aroJIOBKU UCITIOJb30BAaHbI B HACTOAIIEM JOKYMEHTC UCKIIFOYUTCIIBHO AJIA

ynoOCcTBa M HUKOUM 00pa30M He MPHU3BaHbI OrPAaHUYMBATH HACTOSIIEE H300pEeTeHUE.

Boinee TOro, Jro0ast KOM6I/IHaLII/I$I BBIIICOMUCAHHBIX 3JIEMCHTOB BO BCEX BO3MOXKHBIX BapHaHTax
BXOIHUT B 00beM I/1306peTeHI/I$I, €CJIM B JaHHOM JOKYMCHTC HE YKAa3aHO MHOE HJIU ABHO HE

MIPOTUBOPEYUT KOHTEKCTY.

IIpuBenenne nuana3oHOB 3HAYEHUI B HACTOSIIIEM JOKYMEHTE MIPEIHA3HAYEHO UCKIIFOYUTENBHO C
LIEJIbI0 YIPOLIEHUs CCBUIKU MO OTAENBHOCTH HA Ka)KJ0€ 3HAYEHUE BHYTPU JUAINA30HA, €CIIU HE
YKa3aHO HHOE, U KQXXI0€ OTJeNIbHOE 3Ha4eHNe BKIIFOUEHO B OIMCaHNE, KaK €CJIN Obl OHO OBbLIO
MIPEACTABICHO OTAEIbHO. ECiii He yKa3aHO NHOE, BCE TOYHbIE 3HAYEHUs, TPEICTABJICHHbBIE B
HACTOSIIIEM JTIOKYMEHTE, SIBJSIFOTCS PETPE3EHTATUBHBIMH ISl COOTBETCTBYIOIUX MPUOIU3UTETBHBIX
3HaYeHHH (HarpuMep, BCe MPUBENEHHBIC B KAUECTBE NMPUMEPA TOUHBIE 3HAUEHHUS, TPECTABIICHHBIE

B OTHOHICHUH KOHKPETHOI'O (1)aKTopa WU UBMEPEHUA, MOTYT TAKKE paCCMAaTPHUBATHCA KaK
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O6eCHeLII/IBaIOH.II/Ie COOTBETCTBYHOLIICC HpI/I6J'II/ISI/ITeJ'IbHOG HN3MEPEHUEC, B COOTBETCTBYIOIHUX CJIydasix

MOIU(PUIIMPOBAHHOE TEPMHUHOM (IIPUMEPHOY).

Bce onmcanspie B HAaCTOALIEM JOKYMEHTE CIIOCOOBI MOTyT OBITh OCYIICCTBJICHBI B JI000M

NOAXOAAIIEM TTOPAAKE, €CJIN HE YKAa3aHO MHOC WU ABHO HE MPOTUBOPCUUT KOHTCKCTY.

B xonHTekcTe omnucaHusi W300peTEHHs] TEPMUHBI B EIWHCTBEHHOM 4YHCJIE OTHOCATCS KaK K
€MHCTBEHHOMY, TaK U MHOXKECTBEHHOMY YHUCJIy, €CJIM HE YKA3aHO HHOE WU SIBHO HE MMPOTHBOPEUUT
KOHTEeKCTy. Takum obpa3om, ynoTpedseHne eIMHCTBEHHOIO YHCIa MOKET 03HA4YaTh «I10 MEHbINEH

MEpPE OANH» UJIN KOAWH UJIH HECKOJIBKO).

TepMmuH «1/unu» B HACTOSLIEM TOKYMEHTE CIIeIyeT CYMTATh OXBATHIBAIOIINM 00a aJIbTePHATHBHBIX
BAPHAHTA, a TAK)KE KAKAbIH U3 aJbTEPHATUBHBIX BAPUAHTOB B OTAENbHOCTU. Hanpumep,
BBIPAXKEHNE (XXX M/WJIH YYY» O3HAYAET «XXX U YYY; XXX, WIH YYy», IPUYEM BCE TPU

AJBTEPHATUBHBIX BapuaHTa COOTBECTCTBYIOT OTACJIbHBIM BapHUaHTaM pe€aiu3alviu.

Ucnonp3oBanue JTOOBIX UM BCEX MPUMEPOB WM MPUBEACHUE B KAUECTBE MprMepa (Harmpumep,
«TaKOW KaK») B HACTOSIIEM JOKYMEHTE TPeIHa3HAYEHO UCKITFOYUTEbHO ISl JIYUIIEero PaCKPbITHSI
U300peTEeHNs U He HaKJIaAbIBAET OrPAaHUYEHHI HA 00BEM HACTOSIIIETO U300PETEHUS, €CITH He
yka3aHo nHoe. Hukakyro (GopMyJHUPOBKY B OMMMCAHUH HE CJIeyeT NOHUMATh B KAYeCTBE
YKaBBIBaIOLHefI, qTO HeKOTOprﬁ SJIEMCHT SABJIACTCA HCOTBEMIICMBIM IJIA IIPUMEHCHUSA I/I306peTeHI/I$I,

€CJIM OTKPBITBIM TEKCTOM HEC YKAa3aHO MHOC.

LluTupoBanue u BKIFOYEHHE MATEHTHBIX JOKYMEHTOB B HACTOSIIIEE OMUCAHUE MTPUBEIEHbI
UCKJTFOYUTENIbHO TSl yIOOCTBA M HE OTPAXKAIOT KAaKOU-TMOO B3IJISI HA IEUCTBUTETBHOCTD,

MATEHTOCIIOCOOHOCTD W/HITH MPABOBYIO CHIIY TOAOOHBIX MATEHTHBIX JOKYMEHTOB.

OrnucaHue B HACTOSIIIEM JOKYMEHTE KaKOTrO-JIM0O acreKTa WM BapUaHTa peain3aluy U300peTeHus
C UCMOJBb30BAHUEM TAKMX TEPMHUHOB, KaK KCOACPKALIMNIY, KUMEKOIIHUIT WA «BKIKOYAKOLIAN» CO
CCBUIKOM Ha BJIEMEHT WJIM 3JIEMEHTBI, MIPEeIHA3HAYCHO JJIsl MOAAEPKKH CXOAHOIO aCleKTa WK
BapHaHTa peau3aluy U300PETEHHs], KOTOPBII «COCTOUT H3», KCOCTOUT MO CYLIECTBY U3 WIIH IO
CYLIECTBY BKJIKOUAET» YKa3aHHBIN KOHKPETHBIN 3JIEMEHT WJIM 3JIEMEHTBIL, €CJIM UHOE HE YKa3aHO WIH
SIBHO HE TIPOTHUBOPEYHT KOHTEKCTY (HampUMep, OMUCAHKNE B HACTOSIIIEM JOKYMEHTE KOHCTPYKITHH,
cozeprKalllell KOHKPETHBIN 3JIEMEHT, TaK)KE OMUCHIBAET KOHCTPYKLMIO, COCTOSALLYIO U3 YKa3aHHOTO

3JIEMEHTA, €CITN He YKa3aHO WHOE HITH SIBHO HE MPOTHBOPEYUT KOHTEKCTY).
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Hacrosimmee n3o0pereHne oxBaThIBaeT BCe MOTU(PUKALIMN U SKBUBAJIEHTHI OOBbEKTa, YKA3aHHOTO B
acriektax win (popmyiie n300peTeHNs], IPEACTABICHHBIX B HACTOSIIEM JOKYMEHTE, B

MaKCHMAaJIbHOM CTCIICHU, pa:spemeHHoi/'I MMPUMCHUMbIM 3aKOHOAATCIIbCTBOM.

IIpu3Haky, pacKpbIThIE B BbILIEIPUBEAEHHOM ONMCAHUH, MOTYT, KaK IO OT/EJIbHOCTH, TaK U B
mo0oi ux KOMOMHALINY, TIPEACTABIIAT COOOI MaTepHai AJis pean3alui H300pETeHUs B €r0

pa3NuYHBIX popmax.
IOKCHEPUMEHTAJIBHASA YACTb

OO0wee onvcaHue MONyUEHUS:

IToxpsrTe u3 karanusaropoB Cu-CKB HaHOCHIN MyTeM HaHECEHHsI CYCIIEH3MH Ha KOPAUEPUTOBBIE
MOJIOXKKH € pa3iuyuHoi reomerpueii. CyCcrieH3Hst COCTOUT U3 Pa3IMYHbIX MAaTepPHAJIOB, YKa3aHHbBIX B
HacTosiieM n300pereHny. Crenuanuct B JaHHOH 001aCTH TEXHUKH MOKET BbIOpaTh HEOOX OJMMBIi
pa3Mmep, NOPHCTOCTb, IUIOTHOCTh S4Y€eK U JPYrHe COOTBETCTBYIOIIME CBOMCTBA MOJJIOKKH C
NOMOIIBI OOLIMX MPUHLMIOB pa3paboTKM KaTanu3aTopa. 3a HCKIIOYEHHEM CPaBHUTEIbHBIX
UCCIIeOBAaHUHN, MPUMEHSIN CUHTETHYECKUH LIEOJIUT ¢ MOHOOOMEHHOM Menibto. L{eonuT nmeer kapkac
CHA, xotopsiii onpenensiercst ero MoisipHbiM cooTHotieHuem Si/Aly (KAC). Menb BBOAWIN B
kapkac CHA (SSZ-13 wusBectHblii kak cuHTetnueckuii CHA) meTromamu MOHHOrO OOMEHa BO
BJIAXKHOM cocTosiHUM. B mpumepax konuenrpauuu Cu cocrasmsiiu npumepHo 3-5 % wmacc. B
NpUMepax COMJIACHO HACTOALIeMY H300peTeHut0 MossipHoe cooTHowmeHne Cu/Al Haxomuioch B
nuanazone ot 0,2 mo 0,3. KAC npumepno 11 u xonuentpaimst CuO 4,1 % macc. mpuBOIuiIM K
HU3KOMy MosipHOMY cootHomenno Cu/Al (mo Al uneonmra) mpumepno 0,22, 4TO naBajio
BO3MOYKHOCTb IMOJIYYUTh XOpOIIee pacrpeiesieHne MeIH Ha eHTpax Al BHYTpU CTPYKTYpbI LIEOTHTA

(CHA).

Cama KOMMIO3UIIUSA CYCTIEH3UH U COOTBETCTBYIOIEE MOJTyYEHNE BAPbUPOBAINCH B 3aBUCUMOCTH OT
uccienyeMboix Marepuanos. Ilpumepsl ¢ 1 mo 11 onuchIBalOT COOTBETCTBYIOIIME KATAJUTUUYECKUE
KOMIO3ULIMKU U AETadu B X0A€ nojaydeHus. Ha moajokky HaHOCWUIIA MOKPBITHS HA KOPAHEPUTOBBIX
MPOTOYHBIX MOMJIOKKAX CIOCOOAMH, XOPOIIO U3BECTHBIMH B OOJIACTU MOJyYEHHUs KaTaJIU3aTOPOB.
Hanecenune nokpeITusi TPOBOAMIM B MPUCYTCTBUU BEHTUJISITOPA U BCACBHIBAIOIIETO YCTPOWUCTBA AJIA
ynaneHuss w30bITKa BOABI M Jpyrux Jyeryuumx coenuHeHwit. Kartamuszatopst CKB cornmacHo
HACTOSAILIEMY HM300PETeHUI0 BBICYIIMBAIM ¥ TPOKAJUBAIA CTAHAAPTHBIMH CIIOCOOAMU B

HEMOABUXKHOM BO3AYXE. IlocTenmenHOE TIOBBIIIEHNE TEMIEPATYPhI NPUMEHATIN AJIsA MMPOKAJTHBAHUA
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KaTaJIn3aTropa, 4YTOObl MEMJIEHHO C(HOPMHUPOBATH KOHEYHBIN CJIOM TOKPBITHS LEOJNTA-OKCHIA
MeTajula ¢ XOpoluel aare3nei, koresuel u u3dexarb pactpeckupanus. [IpokannBaHue MpOBOANIIH B
NPUCYTCTBUH BO3yXa MM KHCIOPOACONEPIKAIINX ra30oB Npu Oosee BHICOKUX TeMriepatypax (400 -
700 °C) mnsg AOCTHXKEHHsSI KOHEYHBIX CTaOWJIBHBIX COCTOSHUN Ha TIOKPBITMM KaTajiu3aTtopa u
pas3JoXKeHUsl MpeAlleCTBEHHUKOB. llpenmoururenbHO TeMmepaTypa MpPOKalIWBaHUS COCTaBsa
npumMepHo 550 - 650 °C Ha BO3ayxe s 0Opa3oBaHHs CTAOUIIBHBIX COCTOSIHMM LIEOJINTA, OKCUIA
mertajuia 1 okcuga Cu. DTta BBICOKAs TEMIIEpPATypa rapaHTHPYET TAKKe CTAOMIBHYIO aKTUBHOCTb B

YCJIOBUAX IMPUMEHCHUA.

B nmpumepax mepBblii TpeniiecTBEHHUK coenuHeHuss Al n1o0aBisim NMpU  HMHTEHCUBHOM
nepeMeInBaHiK K JAEHOHU3UPOBaHHOH Bozme. B stol ¢asze muctounuk Al,Os aucneprupoBaiu ¢
0o0pa3oBaHHWEM KPOLIEYHBIX HAHOYACTHL C MaJbIMH KPUCTAUIMYECKUMHU pa3MepamMu U
JOUCTIEPTUPOBAHHBIMU HaCTULAMU, MIPU 3TOM HUTpPAThl yCUIMBAIU u3MeHeHus. Ha BTopoil ctaguun
Cu-CHA, cogepxamuii Cu, MenJeHHO MEpeMEeIINBaIi C IMOJYUYEHHOH CMEChI0 M IPOJOJIKAJIU
nepemMelnuBaHue B TeueHue 2-4 yaco. Ha cienyromeii cranuu nodasmsim Zr u nodasky (La B
npumepax). CopeprkaHue CyXHX BELIECTB B MOJYYEHHOW CYCIEH3MU HaXOAMJIOCh B AUANa3oHe 25 -
39 %. CycneH3uro JOMOIHUTEIbHO U3MeNIbYalli ¢ TIOMOIIBIO IIaPOBON MEIbHUIIBI IEPUOIHYECKOTO
JNEUCTBUA U MEJIbHHULIbI HEMPEPBIBHOTO NIeNCTBUs B TeueHue 0,5-4 4acoB AJsl TOCTUKEHUS LIEIeBbIX
CPEIHHX Pa3MepOB YaCTHILl (pacrpenesieHus1), KOTOpble B OCHOBHOM MPOMCXOMAST U3 YaCTHUI] LIEOJTUTA.
Martepuan KU cmermmBamy ¢ CycrieH3nel mocyie H3MeNbueHus], HO TaKkke BO3MOXKHO nodaBieHne KU
BO BpeMsi M3MeJbYeHHUs], YTOObl YMEHBIINTh TMEPBOHAYAIbHBIA pasmep vactull KU u ynyqmuTh
KOHTaKTbl MEXAy 4dacTHLaMH. [IOKpeITHE paBHOMEPHO NOOABISUIA C TIOMOLIBIO MOTPY’KHOTO WK
JIO3MPOBAHHOTO HAHECEHHsI TOKPBITUS KOHTPOJUPYEMBIM 00pa3oM C MOMOINBI 1-3 LUKJIOB
HAHECEHUsI TIOKPBITHUS AJIi TOCTHKEHHUS LIEJIEBOTO KOJIMYECTBA MOKPbITUA. [10AI0KKY € BiIaKHBIM
MOKPBITHEM CyLIHIH B Bo3ayxe mpu 60 °C u mpokanuBaiy nepen BO3MOKHBIM CIEIYIOMUM [IUKJIOM
HaHeCeHUsT TOKpbITHA. KONMMuecTBO MOKPBITHS PACCUYMTHIBAIM HA OCHOBE BJIAKHON CYCHEH3UH
(M3BECTHOE COIEpIKAHNE CYXUX BEIIECTB) M, HAKOHEL, 110 MacCe MPOKAJIEHHOTO CYXOr0 MOKPBITHS.
OxoHuaTenpHOE MpoKanuBaHue oOpasuos nposoxwin npu 600 °C Ha Bo3ayxe B T€YeHHE 4 4acoB.
OnHOPOIHOCTh MOKPBITHS ObLIa OATBEPIKIEHA pa3pe3aHreM IOJIOKKH Ha JBE YaCTH, KaueCTBO

KOTOPBIX OBLIO POBEPEHO.
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VYCnoBUsT MCIBITAHUST AKTHBHOCTH: KaTalWTHUECKYI0 aKTHMBHOCTb HCCIIENOBAIA C IOMOIIBIO
CTEHJIOBBIX SKCIIEPUMEHTOB ¢ CUHTeTHYecKuM ra3oM (SGB). O6pa3ie ObuTH BBICBEPIICHBI U3 OoJee
KPYMHO# mojnoxkku (2,5 AM® B mpuMepax), HEOOJNBIIMX Pa3MEPOB AJs MUCHbITAHHS aKTHBHOCTHU
(nnamerp 14 mm, nymna 40 MM), COOTBETCTBYIOIIUX BHYTPEHHEH YaCTH KBApLIEBOH TPYyOKH peakTopa.
Cocras ceipreBoro raza CKB B skcniepumentax SGB cocrassin, anst ornensHo NO: 1000 u/mimH
(ppm) NHj3, 1000 u/maa NO, 8 % H20, 10 % O3, 82,8 % N». Cocrtas rasa njs ObICTPOro H3MEPEHHUs
CKB conepsxan akrusupyromuit NO; (umutupyrouuii s¢dexr JJOK B cuctemax CKB): 1000 4/miH
NH;3, 600 9/mua NO, 400 u/muia NO3, 8 % H>0, 10 % O, 82,8 % N». B sxcniepumenTax oObeMHast

ckopoctb (OC) cocrasnsna npuMepHo 50,000 umu 71,000 4™,

Iupporepmansroe (I'T) crapenne npoBoawiu B npucyTcTBUH Bo3ayxa u 10 % sozasr npu 800 u 850
°C ¢ OC 4000 u! man obpasuoM. Bbicokasi TemmepaTypa CTapeHHs MMeET LENbl0 OLEHHTb

TEPMUYECKYIO TOIrOBeYHOCTh kartanu3atopoB Cu-CHA B npucyTcTBUU BOJBL

H3o0pereHne moapoOHO OMUCAHO Ha CIEAYOIHX mpuMepax, ¢urypax m cxemax. OCHOBHbIE

napaMeTphl KaTajIn3aTopa COrNIaCHO M300pEeTeHHIO TOKa3aHb! Ha ¢ur. 1.

Karanuszarop B HacTositeM u300peTeHnH COCTOUT U3 nmoaioxku (100), koTopast 00pa3yeT OTKpBITbIE
npotouHble KaHajbl (110) 1y OTXOOMIIMX ra30B M HAa CTEHKAX KOTOPOH PaCIONIOKEHO MOKPBITHE
katanuzaropa. [IokpsiTie oOpaszoBaHo cMechio Cu-neonura (200, Hanpumep, Cu-CHA), coenuHenus

Al (300), ZrO; (400), nobasku (Add, 600) u kpynHeix yactun (K4, 500) u Ti w/unu Si (700).

Karanurudeckne komMno3unun npuseneHs! B Tabmure 1.

Tabnuua 1. Texanyeckue xapakTepucTHkH kataanzaropa. KU = KOMIOHEHT KPYIHBIX YaCTHII.
KAC = Si/Al, monws/monb. O6mee KAC (OKAC, monb/Monb) BKIIFOUaeT coequHenne Al, HO
uckmouaer Al B KU. ITokpreiTie Ha kopauepuroBoil moanoxkke 400 cpsi (sUeek Ha KB. JOIM) €

TONMHUHON cTeHKH 4 Mui (101,6 MkMm).

IMpumep | Koxg KAC OKAC 710, | Add/La;O; | CuO CuO K4 Ti, Si Obmee

Si/Al, Si/Al, % % macc. r/n % I/n TIOKPBITH

Macc. Macc. €
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r/a

la

Cu-
CHA-
11+Al-1

11

59

>

3,9

>

HCT

180

1b

Cu-
CHA-
11+Al-1

11

59

>

3,9

>

HCT

140

Cu-
CHA-
11+Al-2

11

5,9

>

3.9

>

HCT

180

Cu-CHA
CPABH
c

BBICOKHM
KAC

~28

~3,0

>

HCT

~ 180

Cu-
CHA-
23+Al-1
CPABH

23

8.6

33

HCT

180

Cu-
CHA-
11+Al-
1+6Zr

11

5,9

3,9

HCT

140

Cu-
CHA-
11+Al-
1+3La

11

5,9

s

3,9

>

HCT

140

Cu-
CHA-
11+Al-
1+3Zr-
3La

11

5,9

3,9

HCT

140

8a

Cu-
CHA-
11+Al-

11

5,9%

s

0,6

>

3%8KY

3,0

>

40

HCT

180

28




1+KY-
AlLa

8b

Cu- 11 5,9% 0 0 5 3,0 40 20 % Si0O» 180
CHA- B KU
11+Al-
1+KY-

AlSi

8c

Cu- 11 5,9% 3.3 0 5 3,0 40 20 % Si0O, 180
CHA- 15%s8B B KY
11+Al- K4
1+K4-
AlSiZr

Cu- 11 5,9% 6 0,6 5 3,0 40 HET 180
CHA- 3%3BKY
11+Al-

3+6Zr+K

Y-AllLa

10

Cu- 11 5,9% 6 0 5 3.0 40 20 % SiO» 180
CHA- +20 %

11+Al- TiO; 8 K4
3+6ZrtK
Y-AlSiTi

11

Cu- 11 5,9% 3 3 5 3,0 40 20 % SiO» 180
CHA- +20 %
11+Al- TiO, B KU
3+3Zrt3
Lat+K4-
AlSiTi

*uckmouas kpynable yactuibl, KAC u OKAC na ocHoBe Monsipaoro cootHouenust Si/Alz. Ludpst
B KOJIaX YKa3bIBAOT KOHIIEHTPALIUIO COEAMHEHUS B BUAIE OKCUJIA. I/JI. TPaMM Ha 00beM
KaTanusaropa. % mMacc. B KaTATUTHYECKOW KOMITO3ULINH/TIOKPBITHH, COeNMHEHHe Al, m3MepeHHOoe
kak Al»Os, cocrasisier mpumepHo 10 % ot neonwura + coenuHeHus: Al B mony4eHHBIX
kommosuiusx. CHA-11/23: CHA ¢ KAC = 11 wnu 23 (3,4 % macc. CuO). Add npencrasnsier

coboii cokparenue ot Jlobasku (Additive).
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AtomHoe cootHomenune Cu/Al cocrasisuio npumepno 0,22 B neosure (4,1 % mace. CuO) Ha
obpasie ¢ CHA u KAC =11 (Nela, Nelb, Ne5-11). Monsipaoe cootHotnerrne Cu/Al
cpasauresbHOro Cu-CHA karanmuzaropa Ne3 oueHuBaiy npudu3uTeabHO B 0,7 ¢ MOMOIIBIO
pearreHoduryopecieHTHOrO aHanu3a. Monsipaoe cootHotnerrne Cu/Al cpaBHUTENILHOTO

katanuzaropa Cu-CHA Ne4 ouenuBanu kak nmpumepHo 0,33 1o cocrasy.

ITpumep Nel: ITonyuenue Cu-ueonurHoro karamsaropa ¢ Al-1

[Tadasur ¢ nonooomennoit menpio (Cu-CHA, 4,1 % macc. Meau B LIEOJIUTE, B PE3yJbTaTe Yero
nosiydaju npuMmepHo 7 r/n oovema karanuzaropa, Nela) ¢ KAC 11 (ueonut) u OKAC = 5,9 (Bech
KaTaJu3aTop) AUCTIEPTHPOBAIN BMECTe ¢ MOAUGULIMPOBAHHBIM HUTpAaTOM coenuHeHreM Al Al-1 B
IeMOHU3NpPOBaHHON Boze. Al-1 uMen pasMep KpUCTAUTUTOB 4,5 HM M pa3Mmep IUCTIEPTHPOBAHHBIX
yactul 20 uMm (dso). KonmmuectBo coenunenust Al cocrasisuio 10 % macc. B Buae Al,O3 B KOHEUHOM
konuvectse mokpbiTus (180 /i) mocne npokanusanus. Jlpyroii oopaser (Nelb) ¢ Tem ske cocTaBoMm,
HO ¢ OoJiee HU3KUM KOJIMYeCTBOM MOKPBITHsI 140 /11, Tak»ke ObLT MPUTOTOBJIEH B KAYECTBE CPABHEHUS

C SKCIIEPUMEHTAMU C NOTMIOJIHUTEIbHBIMU COEANHEHUSAMU.

IMpumep Ne2: TTonyuenue Cu-1ie0IUTHOTO KaTanuzaropa ¢ Al-2

Tor xe Cu-uneonmur (CHA ¢ KAC=I11), uro u B mpumepe 1, TakKe MOKPHIBAIU IPYyTrUM
paccMaTpuBaeMbIM  COeqMHEeHHEM Al, HMeIMUM pa3Mep KpHCTALIOB 9 HM, pa3mep
OUCTIEPTUPOBAHHBIX YacTUIl 90 HM, KOTOPBIN MPenCcTaBysl cOO0H CpaBHUTENIbHOE coenuHeHue Al-2
(CPABH 1) c 6onee xpynubiMu kpuctaiamu AlxOs 1 pa3MepaMu AUCIIEPCHBIX YaCTHI] B BOIHOM
pactBope mim cycrnensuu. KommuectBo coenuuenus Al cocrasnsiio 10 % wmacc. B Buge Al,O3 B

KOHC€YHOM KOJIMYECTBE IMOKPBITHSA IMOCJIC MPOKAJIUBAHUA.

ITpumep Ne3: Cospemennelii katanusatop Cu-CHA B kauecTBe CpaBHEHUsI
Kommepuecknii cpasautenbhbiii Cu-CHA ¢ KAC npumepHo 28 ObLT M3yueH B KadecTBe o0Opasua
cpasaenusi (CPABH 2), npencrasisirornero coBpeMennyro TexHojoruto Cu-CHA. TTnoTHOCTS siueex

coctasisiia 400 cpsi mpu 4 MU, @ KOJIMYECTBO MOKPBITHS OBUIO MPHOIU3UTENBHO TAKUM K€, KaK U B

Nela.

ITpumep Ned: ITonyuenue Cu-ueonurroro katamzaropa ¢ KAC = 23 B kauecTBe CpaBHEHUS
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Heomut Cu-CHA ¢ KAC 23 ucnons3oBanu B kauectse cpaHerus (CPABH 3) nns o6pasnos ¢ Cu-
CHA ¢ KAC = 11. Oror Cu-ueomur mnokpeBanu coequHenneM Al Al-1. Komugectso Al-1

coctasisiio 10 % macc. B Buae Al2O3 B KOHEUHOM KOJIMYECTBE IMTOKPBITHS ITOCIIE TPOKATMBAHMUS.

ITpumep NeS: ITpumeHeHne IUPKOHMS B KaueCTBE TepMocTadmim3aropa ais karaausaropa Cu-CHA
6 % ZrOz (NeS) (mocne OKOHYATeTbHOTO MPOKAIMBAHUS) NOOABIISIN B BHIE HUTpPATa Zr B MOJAEIb
Cu-CHA-11 ¢ Al-1 B xauectBe coemunenuss Al. KomudecTBO TOKPBITHS COCTaBISLIO IOCIHE

npokanusanus 140 r/m.

ITpumep Ne6: ITpumeHeHue TaHTaHa B KauecTBe TepMocTadunn3aropa 1 karanusaropa Cu-CHA
3 % Lay03 (Ne6) (mocyie OKOHYATEIBHOTO MPOKAIUBaHUsI) 00BN B BUAE BOAOPACTBOPHUMOIO
nurpara La B momenp Cu-CHA-11 ¢ Al-1 B xauectBe coemmnenusi Al. KonnuecTBo mokpbITHs

COCTABJISLIO TIOCIe npokaauBanus 140 1/,

ITpumep Ne7: KomOnHaIms IUPKOHUS U JIAHTAHA B KayecTBe TepMoctadbuinnsaropos st Cu-CHA
3 % Lax03 u 3 % ZrO> (Ne7) (mocie OKOHYATENbHOTO MPOKATUBAHMsI) NOOABISIA B Ka4eCTBE
BonopacTBopuMbix HuTpatoB Zr u La B momens Cu-CHA c¢ Al-1 B kauectBe coemmneHusi Al.

KonnuecTBo MOKPBITHS COCTABIISUIO MOcie npokanuBanus 140 /.

Ipumep NeBa: ITpumenenne KU-AlLa B karamuzatope Cu-CHA

Tor xe neomur Cu-CHA, uto u B npumepe 1, Opu1 monyden takxke Bmecte ¢ Al-1 u 40 r/n KY,
KOTOpbIE COCTOSUTM M3 OKCHZIA alfOMHUHHS U jaHTaHa (mobaBka Ha KY). JlaHTan crabumusupoBa
Al>0s, nockonbky KU nobaBiisiin k npenBapuUTEIbHO U3MEbYEHHON CYCIIEH3UH, YiKe COIep Kale
Cu-tieosur u Al-1. Pasmep gactun (dso) atux KU (otmeuennbix kak KU-AlLa) cocrasisin 30 MKM.
IMpokanennblii katanuTrueckuii Marepuan copepxkan 70,0 % Cu-CHA, 7,8 % Al-1 B Bune Al2Oz u
22,2 % KUY-Al-La B Bune okcuna. OOIiee KOIUIECTBO MOKPBITUSI COCTABIISJIO MOCIE MPOKATUBAHHUS

180 /a1

ITpumep Ne8b: IMpumenenune vactun KU-AlSi B karanmzarope Cu-CHA
Tor xe Cu-ueomut, uro u B npumepe 1, momyudanu Ttaxke Bmecre ¢ Al-1 u 40 r/n KY,
crabunn3npoBaHHblll nuokcuaoM kpemuusi Al2Os B kauectBe KU nobaBnsiin kK mpeaBapUTETbHO

U3MeNbUEHHOH cycrieH3uy, yxke coxepskamedl Cu-neomut u Al-1. Pasmep uactun (dso) stux K4
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(otmeuennbix kak KY-AlSi) cocraBmsim 35 mxm. [IpokaneHHBI KaTaJIUTHUECKHUH MaTepHal
comepskan 70,0 % Cu-CHA, 7,8 % Al-1 B Bune Al,Os3 u 22,2 % KY-AISi B Bune okcuna. Obmee

KOJINYECTBO MOKPBITHSI COCTABIISIO Moce mpokaiusanus 180 r/m.

ITpumep Ne8c: Ilpumenenne yactun KU-AlSiZr B katanuzarope Cu-CHA.

Tor xe Cu-neonur, uro u B npumepe 1, Tawke nonyyanu BMmecte ¢ Al-1 u 40 r/n KUY, koTopsie
COCTOSINIM U3 OKCHJA AJFOMUHUS, AUOKCHAA KPEMHHUS M OKCHIA LMPKOHUA. J[MOKcHI KpeMHHus U
okcua uupkoHus crabmimsupoBanu Al,Os, mockonpky KUY pobaensim B mpeaBapuUTEIbHO
U3MEJIbYCHHYIO CYCIeH3HI0, yxke comepskamyo Cu-ueonut u Al-1. Pasmep wactun (dso) stux KUY
(ormeuennbix kak KU-AlSiZr) cocrasmsin 35 mxm. Takum oOpa3om, UCXONHBIN OOJBLIONH pasMmep
yactuy KY npucyrcrBoBan B okoHuUaTenbHOM MOKpbITUM Ne8a-c. ITpokaseHHbIH KaTaauTHYeCKui
marepuain conepxain 70,0 % Cu-CHA, 7,8 % Al-1 B Bune Al2O3 u 22,2 % KU-AlSiZr B Buge okcuza.

OO1ee KOMMYECTBO MOKPBITHSI COCTABJISLIO MOce npokaauBanus 180 /.

ITpumep Ne9: Ilpumenenue Al-3, Zr u KU-AlLa B xaramuzarope Cu-CHA.

Tor ke Cu-uieonurt, 4o u B npumepe 1, monyuyanu Bmecte ¢ coenunenuem Al Al-3, 6 % ZrO; u 40
r/n KUY, cocrosumx u3 okcuna amomunus u jgantaHa (KU-AlLa, KU, Bkirovaromue nodasky). La
crabunusuposan Al,Os3, nockonbky KU nobasmsuiu k cycnieHsuu, yxke conepxkaineit Cu-mieonur, Al-
3 u 6 % ZrO;, B pacyere Ha mnpokajeHHOe MOKpbITHEe. OOpabOTaHHBIA Aa30THOW KHCJIOTOU
HaHOKpUcTayumueckuil Al-3 mpexacraBisn coboit ansrepHatuBy coeamHeHuro Al Al-1, u ero
NPUMEHSUTH B 3TUX KOMOWHHPOBAHHBIX HCCIIEAOBAHUSIX COENMHEHHH C XOPOLIUMH CBOWCTBAMH B
nporiecce HaHeceHus1 MOKpbITHs. BonopactBopumsrii Zr(NQOs)4 siBisieTcst UCTOYHUKOM ZrQz B 3TOH
cycriensun. Pasmep wactun (dso) stux KUY (KY-AlLa) cocraBnsii 30 mxm. IlpokaneHHBIH
KaTaJUTHYECKUN Matepua comepskai 67,9 % Cu-CHA, 7,6 % Al-3 B Bune Al»Os, 3,0 % ZrO> u 21,5
% KU-AlLa B Bume okcmma. OOmiee KOJWYECTBO IMOKPHITHS, HAHECEHHOIO HA KEPAMUYECKYIO

MOJUIOJKKY, COCTABIBIIO mociie npokanusarus 180 /.

ITpumep Nel0: ToGasnenue Al-3, Zr u KU-AISiTi B karamuzatop Cu-CHA.

Tor ke Cu-neonut, uro u B mpumepe 1, monyvanu ¢ yqactueMm Al-3 Bmecte ¢ 6 % ZrOa, 40 r/n KU
(22,2 % macc. B KOHEYHOM IMOKPBITHH), KOTOPBIE COCTOSUTM M3 OKCHIA aJIOMHHHSA, JUOKCHIA
KpeMHUsI U TUTaHa B Buae crabmibHbIx okcuaoB (KY-AISiTi). Si-Ti crabummsuposamu Al2Os,

nockonbky KUY nobasnsm k cycniensuy, yxe coneprxameii Cu-neonnr, Al-3 u 6 % ZrO», B pacuere
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Ha TpoKajieHHOe MOoKpbiTHe. OOpaboTaHHBIN a30THOW KHCJIOTOW, HAaHOKpHUCTAaUTMYecKud Al-3
MPenCTaBsul  coOOM  anprepHaTHBY coenuHeHnto Al Al-1, u ero mnpuMeHsIH B 3THX
KOMOWHHUPOBAHHBIX HCCIENOBaHUSAX coenuHeHuil. Pasmep wuactuir (dso) atux KU (KY-AlSiTi)
cocrasyisi 30 mkM. [IpokaieHHbIH kKaTaauTHdecKuii Matepuan conepxain 67,9 % Cu-CHA, 7,6 % Al-
3 B Bume AlOs, 3,0 % ZrOz u 21,5 % KY-AlISiTi B Buge okcuga. O01mmee KOJIHMYECTBO MOKPBITHS,

HAHECEHHOTO Ha KePaMHYECKYIO MOIJIOXKKY, COCTABIISUIO Mocie npokanusanust 180 r/m.

ITpumep Nell: ToGasnenue Al-3, Zr, La u KU-AlSiTi B katanuzarop Cu-CHA.

B nannom npumepe Cu-CHA ¢ KAC=11 nonyuanu ¢ Al-3 (coenunenue Al), 3 % ZrO2, 3 % LaxOs u
KY-AlSiTi, koTOpble COCTOANM W3 OKCHAA aIOMHUHMS, JUOKCHIA KPEMHHUs M TUTaHa B BUAE
cTaOmbHBIX OkcuaoB. OOpaboTaHHbIH a30THON KHCIOTOH, HAHOKpUCTaTUeckuii Al-3 npumeHsu
B 9THX KOMOWHHPOBAHHbIX UCCIIEOBAHUX coenquHenuii. Pasmep vactur (dso) stux KU (KY-AlSiTi)
cocrasyisil 30 MKkM. MaccoBbIi TPOLIEHT B MTPOKaJIEHHOM MaTepuaie coctasiisii 65,8 % Cu-CHA, 7,3
% Al-3 B Bume Al203, 3,0 % ZrO», 3,0 % LaxO3 u 20,9 % KU-AISiTi B Bune oxcuma. OOGiiee
KOJIUYECTBO TOKPHITHUs, HAHECEHHOTO Ha KEePAMUYECKYI MOJUIOKKY, COCTaBJsUIO —IOCHe

npokanuBanus 180 /.

OyYHKIIMOHATIBHOCTb COeqUHEeHNsT Al U BIUSIHHE PA3JIMYHBIX NOOABOK, MPUMEHSIEMbIX B IpuMepax |
— 11, OOBACHSIOTCS HUXKE pe3yJIbTaTaMU HCTIbITaHUH KOHBepcuu NOX, KOTOpbIe TIOKa3aHbl Ha (ur. 2

- 6.

@ur. 2: Biusaue coenunenust Al ¢ MaJibiM pa3MepoM KPUCTAJUIOB U CPABHEHHE CO CPABHUTEJIbHBIM
coBpeMeHHbIM KaTamusatopoM Cu-CHA B ceipeeBom raze NO-NO; (40 % NO, OC 71,000 u!) B
skcriepumenTax SGB npu crapenun ['T800/20 .

Kongepcust NOx B 6bicTpom CKB Obina siBHO BhIIIE ¢ 0O0pasuom Cu-CHA (nmpumep 1a), numeromum
KAC 11, OKAC 5,9 u Al-1 B xauectBe coenunenust Al, mo cpaBuenuro ¢ Cu-CHA ¢ Al-2 (mpumep
2, CPABH 1) ¢ 6onee xpynubiMu kpuctaummdeckumu pasmepamu AloOs. Cospemennsiii Cu-CHA
(mpumep 3, CPABH 2) nokasan XopouIyr aKTHBHOCTb IPU HU3KHUX U CPENHUX TEMIIEPATypax , HO
Takke peskoe naaeHue, koraa I'T800 cocrapusanu npu BeicOKUX TeMnepatypax seiie 400 °C. 1o
CBS3aHO C YPE3MEPHO BBICOKUM OKHCJIEHHEM aMMHaKa, YTO NPUBOAUT K HU3KOH KOoHBepcuu 52 %

npu 570 °C B ceipreBoM raze NO+NQO;. CoorHomenne Cu/Al, o onieHKaM, COCTaBIsI€T MPUMEPHO
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0,7 nnst atoro Cu-CHA ¢ BeicokuMm KAC, 4T0, BEpOSTHO, SIBJISIETCS MPUYUHOW BBICBOOOIKIEHUS
okcnno Cu Ha LEOJHNTe U YPe3MEPHO BBICOKOTO OKMCIIEHUS] aMMHaKa MPU BBICOKOH Temmeparype.
Orto TunmnyHoe cBoiictBo 1eonantoB Cu-CHA ¢ Beicokum KAC B CKB. Hcnons3oBanue Oonee
Huskoro Cu/Al na Cu-CHA ¢ Beicoknm KAC ymenbmut obmyro Harpy3ky CuQO, koTopasi BpenHa
N BaXHOM HU3KO- U cpenaHeremmeparypHoil  aktuBHoctu CKB.  CnenosarenbHo,
crabummsupoBannbiii Cu-CHA ¢ Huskum KAC cornmacHO M300peTeHHI0 mpencraBisier coOoi
pewmeHne A noanepxkaHus xopomeil ¢yHkunoHampHOCTH CKB mpu HU3KMX M BBICOKHX
temneparypax. Cu-CHA ¢ KAC=11 rtaxxe cpasauBamu ¢ Cu-CHA (mpumep 4, CPABH 3) ¢
KAC=23, nonyuennbim ¢ nobaskoii Al-1. Ognako Cu-CHA CKB (KAC=23, npumep 4) umen dbomnee
BbICOKYIO akTHBHOCTH CKB, yem akTMBHOCTH KaTanusaTopa M3 mpumepa 2 ¢ Oojee KpyIMHBIMU
kpuctasiamu  Al2O3;. Takum 00pa3oM, MOXKHO OBUIO MONYYUTh TEPMUYECKH CTAaOMIbHBINA
katanuzarop Cu-CHA ¢ uuzkum KAC, Takum kak 11, yeneurHo koukypupyroinuii ¢ Cu-CHA ¢ 6onee

BbIcOKUM KAC (>20) nyTem akTHBaLM HAHOKPUCTAIIMYECKOTO coeanHeHus Al.

@ur. 3. IlosbunenHast crabunbHOCTh Npu ctapernun Cu-CHA ¢ Al-1, uupkoHueM u JIaHTAaHOM B
Ka4ecTBe TePMOCTaOMIN3aTOPOB B ChIpheBbIX rasax Tojbko NO (¢ur. 3a) u NO+NO: (¢ur. 3b)
(50,000 u'!) B sxcnepumenTax SGB npu crapenuu I'T850/204.

Kpome Toro, MoxxHO 0b110 yiyumuTh akTuBHOCTE CKB Ha xatanmuzatope Cu-CHA ¢ KAC 11 u Al-
1 myrem noGasnenus B Buae aucnepcHuix Gopm 6 % ZrO; (mpumep S5) unu 3 % LaxOs (mpumep 6).
B 3THX 3KCeprUMeHTax ¢ TePMOCTAOMIN3aTOPOM TeMIlepaTypa CTapeHus Oblia yBenrndeHa 10 850
°C, urobbl yBunmeTh crabunusupyromue 3G¢GeKkTbl Ha LeoNuTaxX. YCJIOBHsS peakTopa Obuth
HE3HAYUTENbHO U3MEHEHbI 110 CPaBHEHHIO ¢ Gur. 2, B pesyabrare yero OC cocrasnsia 50,000 u™! B
3TOM H mnocaenyromux skcrnepumentax. Kpome toro, Tonmbko NO u NO+NO: mpumeHsnu B
CBIPBEBBIX Ta3ax AJs OINpeneseHHs] OTHOCUTENbHOM akTuBaluu U 3aBUCUMOCTH NOz B peakumsx
CKB. Vnyumenue Onaromapsi 10O0aBIEHHBIM COSAMHEHHUSIM ObLIO OYEBUIHBIM B CHIPHEBBIX Ia3ax,
kak TopKo NO, Tak 1 NO+NO; npu HU3KUX U cpenHux Temneparypax 10 500 °C, remneparypHblit
IMana3oH KOTOPBIX OXBAaThIBAET OCHOBHOE NPUMEHEHHWE M YCJIOBHsSI COCTaBJICHHUS rpaduka

XapaKTCPUCTUK ABUTATEIA B JU3CJIbHBIX MIPUMEHCHUAX.

Hanoxpucrammmaecknii Al-1 Taxke MoxkeT ObITh TprMeHeH ¢ komOuHawsiMu 3 % ZrOz u 3 % La 03

(mpumep 7), 9TO MPHUBOAMT K YIYYIIEHHUSIM IPU HU3KOH U BBICOKOH Temriepatype. Takum obpazom,
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MO3KHO MOBBICUTH ruipoTepManibayio cTadbuibHOCTh Cu-CHA ¢ Huzkum KAC, Takum kak 11, ¢ Al-1

B KauecTBe coequHeHus Al, BMecTe ¢ Zr u La B kauecTBe 10OaBKH.

@ur. 4: Vnyumennas crabunbHocTh npu crapernn Cu-CHA ¢ Al-1 BMecTe ¢ KpyITHBIMU YaCTHIIAMHU
(KY) B kauecTBe mpOMOTOPOB B ChIPbEBbIX ra3ax Tojbko NO (¢ur. 4a) u NO+NO; (¢ur. 4b) (50,000
u!) B skcnepumentax SGB nipu craperuu I'T850/204.

AxtusHocTh CKB Cu-CHA ¢ Huskum KAC 11 u Al-1 6pi1a TOTIOTHATENBHO YITyUIIeHa yTeEM
nobasnenust KY, conepskamux Al2O3 B kauecTBE OCHOBHOI'O OKCHJIA, HO TAKXKe CONEPIKaIINX
nobasku La (B mpumepe 8a), Si (B npumepe 8b) nmu Zr+Si (B npumepe 8c). [lobasnenne KU na Cu-
CHA-11 c Al-1 ysenuunno konsepcuro NOx no Bcemy padodemy okny. Hactuust KU
CTa0MJIN3UPOBAJIM MPEANOYTUTENBHO ¢ TOMOIIBIO Si uiu Ti s ynydleHus TepMUIeCKO
JOJITOBEYHOCTH U MOBBIIEHHUsT KUCIOTHOCTH. Si, Ti nnm Zr Ha OKCUIe alFOMHHUSI TaKXKe
yMeHbLIatoT afcopOiwio cepbl Ha KU, TToBbIieHHe KMCIOTHOCTH KOppenupyeT ¢ 0oyiee HU3KOM
TeHJeHLUel Kk aacopOiun cepbl. Kpome Toro, Zr u/unu nob6aBka Tak:ke MOTyT ObITh JOOABJIEHBI K
vyactruam KUY nns ynyumenus crabmipHoct KU npotus cniekanust. La siBisercs
TEPMOCTAOMIIN3aTOPOM, HO TAKXKE CHMYKAET KMCIOTHOCTD M CO37aeT OCHOBHbIE LieHTpbI Ha KU. Posb
La 3axmouaercs B yMEeHbLIEHNH ancopOuuu ammuaka Ha yacturax K4 B ycnosusix peakuuu CKB u
B HAINpPaBJICHUH a7COpOILIMM aMMHaKa Ha LIEHTPbI LIEOJIUTOB BOJIM3U aKTUBHBIX LIEHTPBI MENU. 3aTeM
KATaJIUTHYECKAs] KOMITO3ULIHSI COIEPIKUT B Ka4eCTBE TEIUIOBbIX OapbepoB KU, koTOpbIe HMEIOT
MUHHMAJIbHYIO CIIOCOOHOCTB K afcOpOILIMN aMMHaKa, KOTOPBIH TAKHMM 00pa3oM KOHLIEHTPUPYETCS B

yactunax neojuta ¢ pynkuueii CKB.

@ur. 5. [ToBpiuenHas crabunpHOCTE pu ctapeHun Cu-CHA ¢ Al-3 B kauectse coenunenus Al, Zr,
La B xauecte nodaBku u KU ¢ Si+Ti B ceipreBbix razax Tojbko NO (¢dur. 5a) u NO+NO; (dur.

5b) (50,000 u!) B skcnepumentax SGB npu crapenuu ['T850/204.

Kombunanmu Al-3, Zr, La 1 K npumensinn auist noaydenus katanuzaropaCu-CHA ¢ KAC=11.
CrabunprocTs KU mossimanu ¢ nomombto Si+Ti u La (modaska). Konmmuectso Cu-CHA Obiio
OJIMHAKOBBIM BO BCeX 3TuX oOpasnax. CienoBaTeNbHO, CIOH MOKPBITHS TAKKE pa30aBIisiIn
yactuamu KUY, KOTopble TakKe OKa3bIBalOT MPENOTBPALIAoINee NeHCTBHE Ha PacIIpOCTPaHEHHE
CTIieKaHUs B yCIOBHsIX npuMerenust. O0pasubl ¢ 6 % ZrO; (mpumep 9 u npumep 10) mokazanu
BbICOKYIO 3¢ dekTuBHOCTE CKB B chipheBbIX razax Toipko NO u NO+NO; ¢ KY, conepxamumu La
w KY, cogepxkamumu Si+Ti. To ke camoe npumeHuMo k obpasiy ¢ 3 % ZrO;» u 3 % La,03 ¢ KUY,

conepxamumu Si+Ti (mpumep 11). [Ipomorops! Zr, La u crabunuzuposansbie KY B 3THX
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KaTaJIn3aTopax yiaydllaiu Hu3kotemmepatypHyro aktuBHOCTE CKB. Ocoboe ynyumienne
Habmonasock B 6picTpoM CKB (NO+NO23), mockonbky NO» 00bIMHO KOMITEHCUPYET TLIOX Ok
3amycK peakuuu, oOHapykeHHbIH mpu nogade Tosibko NO. CnenosarensHo, KU, conep:xamue Si u
Ti, ynyumamu xapakrepuctuku KY B karammzarope Cu-CHA. Ti u Si cnocoOHbI cTabunn3uposathb
MIOBEPXHOCTb OKCHJIA AJIFOMUHUS [Tl YMEHBIIEHUsI aICOPOLIUN OKCHIIOB CEPbI, YTO BAXKHO B

MNPUMEHCHUAX B YCIIOBUAX O6eZ[HeHHbIX OTXOAAIUX Ira30B.

@ur. 6. CpaBuenue katanuzaropa Cu-CHA cornacuo nzobperenuto ¢ Cu-CHA ¢ Beicokum KAC ¢
MOMOIIBIO ChIpbeBbIX ra3oB NO+NO> (50,000 u!) B skcnepumentax SGB npu cTapeHun

I'T850/20u.

Hakonewn, paspaborannyro komnosunuio Cu-nieonura, copeprxainyro coeauHerune Al, 3 % ZrOa, 3 %
La;0s3 B xauectBe nobaBku 1 KY Ha ocHOBe okcuna amoMunus ¢ aktuBanueit Si+Ti (mpumep 11),
cpaBHuBasin ¢ KarajmsatopoMm cpaBHeHusi Cu-CHA (mpumep 3, CPABH 2) ¢ Bricokum KAC
npumepHo 28. Kommnosumust Cu-CHA cormacHO HacrosimeMmy H300peTeHHIO Iokaszana Oolee
BBICOKYIO KOHBepcrio NOx IO BCeMy TeMIepaTypHOMY OKHY M Tropa3go Oojiee BBICOKYIO
CEeJIEKTUBHOCTH Mpu OoJiee BbICOKUX Temmepatypax Bbite 400 °C. Karanuzatop cpasuenusi (CPABH
2) obnanaer CBOWCTBOM YpEe3MEPHO BHICOKOTO OKHMCJIEHHUs] aMMHUAKa, YTO BPEIHO UL MOTPeOIeHHs
mMoueBHHBbI 1 00wIel s¢pdexTuHocTH NOyx. HesHaunTenbHOE MageHue Takke HaOM0IanoCch Mocie
craperns ['T850 B mpumepe 11 cornacHo HacTosimemy u3o0peTeHuto, Ho koHBepcusi NOx Bce erne
cocrasisiia npumepHo 90 % rpu 500 °C u npumepHo 80 % ripu 600 °C. CoOTBETCTBEHHO, KOHBEPCHS
NOx cocrainsiia mpumepHo 80 % mpu 500 °C u npumepno 49 % npu 600 °C ninst obpasua CPABH 2
(mpumep 3) nocie crapenusi I T850. B ycioBusIX TU3EIBHBIX OTXOISIINX ra3oB TPeOyeTcs: BbICOKAs
aktuBHocTh CKB, mo wmenbmeli mepe, no 500 °C. HuskoremmneparyphHast aktuBHOCTh CKB

noBbImajack B npucytctsuu NO; 3a cuet aktusanuu Zr, La u KU.

3ak/r049eHHe H BbIBOABI

AxtusHocts CKB, nonydenHas npu cuiibHOM ruporepmanbHoM crapenuu npu 800 u 850 °C Cu-
LIEOJIUTHBIX KaTaJH3aTOPOB, OKa3aia CTA0MIN3ALUI0 H CTUMYJIMPYIOIIEE AeHCTBUE 3asIBIEHHBIX
katanuTnaeckux kommosunwid. [Ipumenenne Cu-ueonura ¢ Huskum KAC (<15) (CHA) no3BosnsieT
UCTIONB30BATh BBICOKHE Harpy3ku Cu ¢ HU3KUM MOJsipHbIM cooTHotneHneM Cu/Al (<0,4), uro

MPUBOAUT K HU3KOMY OKHUCJICHUIO aMMHUAKa IMPHU BBICOKUX TEMIIEpATypaxX U BBICOKOI
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s¢ppexruBHOCTH NO) € paznuaabiMu cooTHOMEHUIMI NO2/NOx 1o BceMy TeMIiepaTypHOMY OKHY
B YCJIOBUSIX O0€THEHHBIX OTXOIAMNX ra3oB. HaHokpucrammdaeckoe coenunenue Al (Al2Os3)
yJIy4IIago TepMudecKyro ctadbunbHoCTh ¢ nieoutoM Cu-CHA ¢ mmskum KAC = 11. JIBa xopormx
npuMepa ObUTH IIPEACTaBJICHbI B KadecTBe coennnHeHus Al; Al-1 ¢ kpuctammmyeckum pasmepom 4,5
HM 1 Al-3 ¢ kpucTasummaeckum pasmepoM 6 HM. Jletanu cioco0a HAHECEHUsT TOKPBITUS TAKKE
UTPAIOT POJIb B TOM, Kakoe U3 coenuHeHnii Al Oyner mpuMeHeHO B KOMOMHHPOBAHHBIX
KoMro3uLusix. LiupkoHuii B Buze CTaOMIIbHOMN, TUCTIEPrUPOBAHHON (POPMBI OKCHIA LINPKOHUS
NIOKa3aJ1 IONOJHUTENbHBIE YIYUIIEHHUsS] TEPMUYECKON TOJTOBEYHOCTH, KOHTPOJISI KUCJIOTHOCTH U
HU3KOTeMIiepaTypHoi akTuBHOCTH Ha Cu-1ieonutHoM Katanuzatope CKB. /loGaBka (La B
IpUMepax) mokasaa JOTOJHUTENbHYIO CTAOMIN3ALNIO U VIIYULIEHUs HU3KOTEMIIEPaTyPHON
¢ynkunonanpHocTH Ha Cu-ieonutHbIx karanusaropax CKB. Kpynasie vactuie (KY) ¢ Si u Ti B
Ka4eCcTBe MPOMOTOPOB MOKA3aJIH SIBHOE yyy4ineHne crabuiabHOCTH Cu-LEOJMTHOTO KaTaIu3aTopa.
KY Takxe UrparoT KJIIOUEBYIO pPOJib B CTPYKTYPHON U TEPMUYECKON JOJITOBEYHOCTHU CJIOS
nokpbITHA. [IprMepbl MOKa3aiu HECKOJIBKO BapHalMii KOMOMHAIIMH aKTUBUPYIOLINX COSTUHEHHH.
Onpenensiiu napamerp obuiero KAC (OKAC), koropsiii usmensiercst st Cu-11e0TUTHBIX
kaTanuzaropos CKB B 3aBUCUMOCTH OT KOJINYECTBA HAHOKPUCTAJIIMYECKOTO OKCHA AJTFOMHUHUSIL.
Honnblii panuyc 100aBIEHHBIX COSIMHEHUN TAKKe OMPENEssICS BO3MOKHOCTIMU
B3aumozelicteus. Cu?” BHyTpH LIEONUTHOM peleTkH UMeeT KIH4eBoi paauyc, coenunenne Al ¢
A’ umeer menbnii paguyc, Zr** u nons 1o6aBok umeroT Gonbimuit paguyc u Tit*/Si*" Menbimii
pamuyc, vem Cu**. Kpome Toro, Si u Ti HIMEIOT MOuTH TaKoOH 5Ke paguyc, Kak U HOHbI Al B

OCHOBHBIX CTa0MIBLHBIX HOHHBIX COCTOSHUSX.

Taxoe jxe mpoMOTHpYIOIIee NeHCTBHE MOXKET OBITh MPUMEHEHO TaK K€ B OTHOLICHHU JAPYTHX
LIEOJUTHBIX Kartanu3atopos ¢ Hu3kuM KAC (<20, naxe Hiwke, TakuM Kak <15). B kauecTse
MHKPOIOPUCTOrO LIEOJINTa, HECYLIEro M0 MEHBIIEH Mepe Meb WU KeJle30 B Ka4eCTBE aKTUBHOIO
Metanna, BMecTo CHA MOXXHO NpUMEHSTh MUKPOIIOPUCTHIE LieonuTHbIe CTPYKTYphl AEL AFX]

LEV unu bera.
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dopmyJia n3o0pereHust

KaTtanuruueckass KOMIO3UIMS AJIs1 CEIEKTUBHOTO KATAJTUTHYECKOTO BOCCTaHOBIEHHUsT NOx
aMMUAKOM WJIM COEAMHEHUSIMU, BBIAEISIOLUIUMU aMMHUAK B YCJIOBUSX OTXOMASIIHX ra3oB,
conepKkaras

a) 4aCTUIy LIEOJINTa C HOHOOOMEHHOH Menbio, NMeroInyo MossipHoe oTHoteHue Si/Aly (KAC)
15 unu MeHee U conepkaHue HOHOB MENIU, JOCTATOYHO BBICOKOE JIs MPOTEKAHUS PEAKIINU
KaTaJINTUYECKOTO BOCCTAHOBJICHUS,

b) HAHOKPHUCTAIITMUECKOE COETMHEHNE ATFOMUHUS B KOJIMYECTBE, JOCTATOYHOM IS
CTaOMIN3aLNH [IEOIUTA MTyTeM CHIKEHHSI CKOPOCTHU ACATTFOMUHUPOBAHUS U3 LIEOJIUTA, U

C) COeNMHEHNE [IUPKOHUS B KOJIMYECTBE, JOCTATOYHOM JIJIs YIIYUILISHUS TUAPOTEPMAIbHON
JOJITOBEYHOCTH KaTAJIUTUUECKOU KOMIIO3ULIUH.

Karanurudeckass KOMIO3ULKSA 10 1. |, OTJIMYAKOINASCS TEM, YTO LEOJIHUT BBIOpPaH U3 KapKacHOM
rpynmel, coctositei u3 mabdasura (CHA), AEL, AFX, LEV, bera unu ux cmeceii.
Katanurnueckast komnozunus o 1. 1 uin 2, umeromas KAC ot 2 no 14,9, nanpumep, ot 5 10
14,9, nanpumep, ot 10 no 14,9.

KaTanurudeckasi KOMIO3HULUS 10 JIFOOOMY U3 111, 1-3, OTJIMYAIOIIASCS TEM, YTO COMEPIKAHUE
noHOB Menu, msmeperHoe B Buae CuQ, B neonute cocrassietr oT 1 1o 10 % macc., Hanpumep,
ot 2 o 7 % macc., mpeanouTuTeNbHO OT 4 10 7 % Macc., B pacyere Ha OOIIYIO MacCy LIEOJIUTA.
KaTanurudeckasi KOMIO3HLIKS 10 JIFOOOMY U3 T, 1-4, OTJIMYAIOMIAsCS TEM, YTO KOJTHYECTBO
HAHOKPUCTAJUTMIECKOTO COSNMHEHNS aJTFOMUHMS, TaKoro kak Al>Os, B KaTATUTHYECKOM
komno3unuu cocrasiser ot 0,5 no 25 % macc., Hanpumep, ot 1 1o 20 % macc., Hanpumep, 5-15
% Macc., kak npasmio, 7,8-10 % macc. B pacueTe Ha OOLIYIO MAacCy KaTaJIUTUYECKOM
KOMITO3HLINH.

Karanmurudeckast komnosunus no 1. 3, umerornas KAC ot 10 go 14,9, otnuyaromasicst Tem, 4To
KOJIMYECTBO HAHOKPUCTAJUIMYECKOTO COSTMHEHUSI aJTFOMUHUS, Takoro kak Al>Os, B
KaTaJINTUYECKON KOMITO3UIMH cocTaiisieT ot 0,5 no 25 % macc., Hanpumep ot 1 1o 20 % macc.,
Harpumep 5-15 % macc., kak mpasuio, 7,8-10 % macc. B pacdere Ha OOIIYIO Maccy
KaTaJINTUYECKON KOMITO3HUIIUH.

KaTanurudeckasi KOMIO3HULIHS O JIIOOOMY U3 T, 1-6, OTJIMYAIOMIAsICS TEM, YTO MOJIIPHOE

cootHomenune Cu/Al B meonure cocrasisiet ot 0,02 no 0,4, npeanoururensHo ot 0,05 no 0,25.
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KaTanurudeckasi KOMIO3HLHS 110 JIEOOOMY U3 T, 1-7, oTaudaromascst Tem, 4to odiiee
cofiep>kaHue HOHOB Menu, n3MepeHHoe B Buae CuO B KaTaJUTHYECKONH KOMIO3ULINY,
cocTaBJseT OT 2 110 6 % Macc. B pacuere Ha OOLIYI0 MacCy KaTATUTUYECKOH KOMITO3ULUH.
Karanurudeckass KOMIo3uLus 1o Jro0oMy u3 . 1-8, oTnuyaromascs TeM, 9YTO YaCTHLIbI
LIEOJINTA C IOHOOOMEHHOHN Meibio UMEIOT pasmep dso ot 1 1o 10 MukpoH, Hanpumep ot 2 10 5
MHUKPOH.

Karanurudeckass KoMno3uuus 1o Jooomy us3 mi. 1-9, ornuyaromasics TeM, 9TO YKa3aHHOe
COEMHEHHNE LIMPKOHUS BKIHOYAaeT OKCUAbI IUPKOHHUS.

Karanurudeckass komMmno3uuus 1no jgodomy u3 nm. 1-10, oTnuyaromascs TeM, 4To CoaepKaHnue
COEIMHEHUS LIUPKOHMS B KaTAIUTUYECKON KOMITO3uLMK coctasiisieT oT 1 1o 10 % macc. ZrO»,
Harpumep, oT 2 10 7 % Macc. B pacuere Ha OOLIYI0 MacCy KaTATUTUYECKOH KOMITO3HLIUH.
Karanurndyeckass KOMIO3UIMS O JFOOOMY U3 MPEABIAYIIUX MYHKTOB, OTJIMYAIOLIASCS TEM, YTO
HAHOKPHUCTAJUTMYECKOE COSMHEHHE AFOMHIHUS MPEACTaBIseT COOOH OKCHUIT AIFOMHHUS, TAKOH
kak Al2Os.

Karanurudyeckass KOMIO3UIMS O JTFOOOMY U3 MPEABIAYINUX MYHKTOB, OTIMYAIOIIASICS TEM, YTO
HaHOKpucTaunueckuil Al,O3 umeer kpucramumdeckuii pasmep dso ot 1 1o 8 HM, Takoii kak 3-7
HM, OOBIYHO OT 3 70 5 HM.

Karanurudeckass KOMIO3ULIUS 110 JIFOOOMY M3 MPEABIAYIIHUX MyHKTOB, OTIMYAIOIIASICS TEM, YTO
HaHOKpucTaunueckuil Al203 conep:KuT TUCTIeprupOBaHHbIE YaCTULbI pa3MepoM dso oT 5-80
HM, Takue kak 10-65 HM, 00br4HO OT 10 10 30 HM.

Karanurudeckass KOMIO3ULIUS 110 JIFOOOMY M3 MPEABIAYIIHUX MyHKTOB, COAEPIKAIIasi KPYITHbIE
yactuiel (KH), Takue kak KpymnHble 4acTUIbl Ha ocHOBE Al»O3, nmerommue pasmep yactuil dso ot
3 1o 200 MUKPOH, NPEANOUTUTENBHO OT 5 10 40 MUKPOH.

Karanurudeckass KOMIO3ULIUS 110 JIFOOOMY M3 MPEABIAYIIHNX MyHKTOB, COAepKamiast 100aBKy,
BbIOpanHyro u3 okcunos La, Y, Hf, Nd u ux cmeceii.

Karanurudeckass KOMIO3ULIUS 110 JFOOOMY U3 MPEABIAYIINX MYHKTOB, coneprxkamas Si, Ti u ux
CMECH B BUJI€ CTA0OMIIbHBIX OKCHOB.

Karanurudeckas komnosunus no 1. 17, ornuyaromasicss TeM, uto Si u/um Ti npukpervieH K
kpynHo# gactune (KY).

Karanurudeckass KOMIO3ULIUSA 110 JFOOOMY M3 MPEABIAYIINX MyHKTOB, uMeromas odmee KAC
(OKAC) menee 10, rne OKAC omnpenensiercst kak MosisipHOe cooTHomenue Si/Aly mexnay Si B

OECOJIMTE U O6H.II/IM Alz B IEOJIUTC U HAHOKPUCTAJJIMYCCKOM COCINHECHUN aJITIOMUHUS.
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25.

26.

27.

Karanurudeckass KOMIO3ULUSA 10 JEOOOMY 13 mpenspiayux nyHkTos, umeromas OKAC ot 4 no

10, Taxoii kak 4 -8, Hanpumep, S - 7.

. CTpyKTypHasi OAJNIOXKKA [JIs1 IPUMEHEHHUs B CUCTEME OTXOALINX ra30B, CoAep Kalas

KaTAJIUTHYECKYIO KOMIO3HUIIUIO O JTF0OOMY M3 MPEAbIIY X MyHKTOB.

CrpykTypHast nmoajoxka 1o 1. 21, BeiOpaHHas U3 KEpaMUUEeCKOH UM METAJUTNYECKON
IIPOTOYHON MOAJIOKKU U MOJJIOKKH C IPUCTEHOYHBIM T€U€HUEM, IPEANOUTUTENBHO IPOTOYHON
MOJIOXKKH.

IIpMeHeHne KaTaIuTHIeCKOH KOMIO3HUIUH 1O JIFoOoMy u3 . 1-20 as ceneKTHBHOTO
KaTaJIUTUYECKOro BoccTaHOBJIeHUsI NOx aMMHaKOM WJIU COEAMHEHUSIMH, BbIAETIOIMMH aMMHUAK
B YCJIOBUAX OTXOZSIIUX ra3oB.

CucreMa HOOUNCTKU OTXOMALINX ra30B, COAEPKAILASA KaTATUTUUECKYH) KOMIO3HULUIO 110
aro6omy u3 mm. 1-20 1Ist CeNEKTUBHOTO KaTaIUuTHIYECKOTO BOCCTaHOBIEHHsI NOx aMMHUAKOM MU
COEMHEHHUSIMH, TAKUMH KaK MOYEBHHA, BBIACIAIOIUMU aMMHUAK B YCIOBHUSIX OTXOAALIUX Ia3oB,
HAHECEHHYIO Ha CTPYKTYPHYIO MTOMJIONKKY.

Crnoco0 cenekTUBHOrO KaTaJIMTUYeCKOro BoccTanoBieHns: NOx aMMHAKOM MITH COETUHEHUSIMH,
BBIICSIFOIMMH aMMMAK B YCJIOBUSAX OTXOSIIMX I'a30B, BKIOYAKOLINI HAHECEHUE
KaTaJUTHYECKON KOMITO3HUIIMHU 110 JIEOOOMY 13 . 1-20 Ha CTPYKTYPHYIO TOIJIOXKKY.
Katanurnueckast KOMIO3ULIUA 1Jis1 CEJIEKTUBHOTO KaTaIUTHUYECKOro BoccTaHOBIeHHsT NOx
aMMHAaKOM WJIU COSUHEHHUSIMH, BBIAENSIOIMMU aMMHAaK B YCJIOBHAX OTXOZSLINX ra30B, 1o M. 1-
20, KOTOPYIO MOKHO MOJYYHUTb IyTEM CYIIKH BOAHON KaTAIUTUYECKONW KOMIO3ULIUU U
npokanuBaHus npu tremneparype ot 400-700 °C B mpuCyTCTBHU KUCIOPOAA, TAKOTO KaK
BO3/YX, COAEPIKaIast a) HEOJUTHYIO YaCTHIy C HOHOOOMEHHOIN MEIbI0, UMEIOINYI0 MOJIIPHOE
otnowenue Si/Aly (KAC) 15 wim MeHee U comepikaHne HOHOB MENIH, TOCTATOYHO BBICOKOE JUJISI
NPOTEKAHUS PEAKLINU KaTAJTUTUIECKOTO BOCCTAHOBJICHUS, b) HAHOKPUCTAJUINIECKOE
COEMHEHUE AJTFOMHUHHMS B KOJIMYECTBE, JOCTATOUHOM JUIsl CTAOMIIN3ALIUH LIEOJTUTA ITyTEM
CHIDKEHHSI CKOPOCTH ACATFOMHUHUPOBAHUS U3 LIEOJUTA, U C) COEINHEHNE IUPKOHMS B
KOJIMYECTBE, TOCTATOYHOM IJIs YIy4LIeHUs] TUAPOTEPMAJIbHON AOJTOBEYHOCTH KATAIUTUYECKON
KOMITO3ULINH.

KaTtanurnueckass KOMNO3ULUs 1O M. 26, OTIMYAOLIASACS TEM, YTO COEAUHEHNE LUPKOHUS
BBIOPAHO U3 MPEIIIECTBEHHUKA COSAMHEHHUS IMPKOHUS, TAKOTO KaK CyJb(aThl IUPKOHUS,

HUTPATBI HUPKOHUA, a€TaThl UPKOHUA U UX CMECH.
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28. Katamurudieckass KOMOO3HIIHS I10 11. 26 Win 27, OTIUYAr0IasiCs TEM, 9TO

HAHOKPUCTAJIIMICCKOC COCAMHEHUEC aAJIIOMHUHUA COACPKUT KHUCIIOTHYIO IMOBEPXHOCTD.
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