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(57) H306peTeHue OTHOCHUTCS K KaTaln3aropam mpe-
BapUTENbHOW THAPOOYUCTKH HEPTAHBIX (DPaKIHid C
TeMmImeparypoi Hadana kurneHus Boime 360°C mis mo-
JIyYeHUS ChIPbS ¢ HU3KUM COIEPIKaHHEM Cepbl, KOTO-
poe nanee nepepabaTbIBaeTCsl B poLiecce THAPOKpe-
kuHTa. OmHMCcaH KaTanm3aTop, coiepkammid, mac.%:
[Ni(H,0),],[M0401(CcHs07),] - 29,0-36,0; Hocu-
TeNb - OCTaJbHOE; HPH OSTOM HOCHTENb COIep-
xHT, Mac.%: Oopar amomuans Al;BOs co crpyk-
Typoir HopOeprura - 5,0-25,0; Harpmii - He Ooiee
0,03; y-Al,O5 - ocranpnoe. bopar amromuams Al;BOg
CO CTPYKTypOil HOpOepruTa mpencTaBisieT cooon Ja-
ctunbl ¢ pasmepamu ot 10 mo 200 HM, XapakTepu-
3YIOIMIHECS MEXKIDIOCKOCTHBIMU PAacCTOSHUSAMH 3.2 |
2.8 A, ¢ yriom Mexay aumu 53.8°. Karammsarop nme-
eT yaenbHyIo mosepxHocTh 130-180 M*/1, 06BEM mop
0,35-0,65 cM/T, cpemanii auametp mop 10-15 am, u
HpeacTaBisieT cO00H YaCTUIIBI C CeYCHUEM B BUAIE KPY-
ra, TPWIMCTHHKA WM YETBIPEXJIUCTHHKA C JUAMET-
poM ormcaHHOH OKpykHOCTH 1,0-1,6 MM 1 ITHHOM 110
20 mM. [Tocne cynppuIupoBaHUs KaTaIu3aTop Comep-
*uT, mac.%: Mo - 10,0-14,0; Ni - 3,0-4,3; S - 6,7-9.4;
HOCHTENb - OCTaJbHOE; NP STOM HOCHUTENb COAep-
XKHT, Mac.%: 6opar amomunust Al;BOg co cTpykTypoit
HOpOeprura - 5,0-25,0; Harpuit - He Gomee 0,03; y-
ALO; - ocranpHOe. TexHIUECKUI pe3yIIbTaT - MaKCH-
MaJlbHasi aKTUBHOCTb B 00eCCepHBaHUH U J1ea30THPO-
BaHUH [P THAPOOINCTKE HE(PTAHBIX (HpaKIHi C TeM-
nepaTypoil Hadana kureHus Boie 360°C, ¢ momyde-
HHEM Ka4eCTBEHHOTO CHIPhsI THAPOKPEKHHTa.
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Karaansatop
FHAPOOYHCTKH ChIPbSl THIPOKPEKHHTa

N306peTeHHe OTHOCHUTCS K KaTalM3aTopaM MpPEABAPUTEILHON THAPOOIUCTKH
HedTAHBIX ppaKiuii ¢ TeMepaTypoii Hadana Kunenus eime 360°C i nonydenus
CHIPBS C HU3KHUM COAEpXaHHEM Cepsl U a30Ta, KOTOpOoe Aajiee mepepabarhiBacTcs B
IpoIecce TMAPOKPEKHUHTa.

B HacTosmee BpeMs IpOIECC THAPOKpEKHMHra sBIsAeTcs Haubonee
JVHAMHYHO Pa3BHBAIOIIAMCS KaTaJMTHIECKHM IporeccoM HedTenepepaboTky,
IOCKOJBKY IIO3BOJIIET YBEJNWYHTh IMyOMHY mepepaboTku HedTH U IOBHICHTH
Ka4eCcTBO II0JIy4aeMOM IPOAYKIMH 3a CYET MNpeBpamleHHs TOKENBIX HEPTIHBIX
dpakuuif B MaNOCEPHHUCTHIC CpeAHHE IUCTHUIATHI, M3 KOTOPEIX IOJIy4aloT
BBICOKOKQUECTBEHHEIC aBHAIIMOHHBIE KEPOCHHBI M JU3EJIbHBIE TOILIMBA. [IoCKONBKY
XapaKTepUCTHKHA KOHKPETHBIX BapHaHTOB IIPOIECCOB THIPOKPEKHHIa H Kav4eCTBO
MOJTyYaeMol TMPOAYKLUHMH BO MHOTOM OIPEAENAIOTCS CBOMCTBAMM HCIONB3YEMBIX
KaTaJu3aTopoB, pa3paboTka yIydIIeHHBIX KaTajJu3aTOPOB MHIPOKPEKUHIA, BKIIOYas
KaTaJM3aTOpPEl MOJTOTOBKH CHIPBS JUIS THOPOKPEKHHTa, SBIISACTCS YPE3BHIYAHHO
BAKHOM M aKTyaJIbHOM 3a/1aueil.

CoBpeMeHHbIE MPOLECCH T'MIPOKPEKHMHIa, KaK MPaBHIIO, BKIKOYAIOT
HECKOJBKO IIOC/IE€OBATENIFHBIX CTaAWi, Ha IEpBOM M3 KOTOPBIX OCYIIECTBILAETCH
IpeaBapuTeNIbHAsA THIPOOYUCTKA (paKumil ¢ TeMIIEpaTypoil Havajia KUMEHHS BHIIIE
360°C ¢ moiyyeHWEM CBIpbS C IOHK)KEHHBIM COJEPXKAaHHEM CEpHl, a30Ta H
NOJHIHKIAYECKHX apoMaTHueckux coenuHennd. HeobxommMocTe MakCHMalbHO
BO3MOXXHOI'O CHHYXKEHHS COJIEP)KaHU 3THX KOMIIOHEHTOB B CHIpPhE O0YCIIOBIICHA TEM,
9TO OHH SBIAIOTCA KAaT&JINTHYCCKHMH SOaMH JUIS KaTalu3aTOpOB IOCIENYIOIIHNX
cramuii. Jlanee Takoe THAPOOYHINEHHOE CHIPHE TOAAETCA HAa THAPOKPEKHHT,

OPOBOMALIMICS Ha IIEONUTCOAEPKAlMX KaTanusaropax. HamGonee tunmyHbIe
1
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IpUMepPB] MHOTOCTaJUHBIX NponeccoB onucansl B nateHTax [Ilar. PO Ne 2470989,
27.11.2011; ITat. P® Ne 2565669, 20.10.2015; ITat. P® Ne 2595041, 20.08.2016]. B
JaHHBIX BapHaHTaxX Mporecca Ha IEpBOH CTaJuM HCHONIB3YIOTCS H3BECTHEIC
KaTanmu3aropsl, copepxamue Merauisl VI6 u VIII rpynm Ilepuoguyeckoit cucTemsl,
HaHECEHHBIE HA ATIOMOOKCHIHBIM WM aIIOMOCHIMKATHBIA HOCHTENb. OCHOBHBIM
HEIOCTATKOM OTHX KaTalW3aTOpOB SBJIAETCA HX HH3Kasd obeccepHBaiomas H
JIea30THPYIOLasi aKTHBHOCTb.

B cBs3M C 3THM, B MHPE AKTHBHO pa3pabaThIBAlOTCS KaTalH3aTOPHl H
croco6Bl MPUTOTOBIEHHA KATAM3aTOPOB, NpeAHa3HAYCHHBIE U1 MHAPO0OpabOTKH
WM  THAPOOYHCTKHA  YIJIEBOJOPOAHOTO  CBHIPhsA,  COYETAIONIME  BBICOKYIO
00eccepHBarOIIyIO U A€a30THPYIOILYIO aKTHBHOCTD.

Tak, usBecTeH Karammszarop [3asska P® Ne 2012154275, B01J31/02,
10.07.14], xoMmo3umus KOTOPOTO BKIIOYAET, II0 MEHBIICH Mepe, OMUH METalll
rpynnsl 6 Ilepromudeckoil TabIMIBI 3IEMEHTOB, [I0 MEHBILEH Mepe, OIUH METaT
rpynn  8-10 Ilepmommueckoii TaOmMIBI 3JIEMEHTOB M MPOAYKT  PEaKIIHH,
00pa30BaHHbIA IEPBHIM OPTaHUYECKHM COEIHMHEHHEM, COAEPXKAIIMM, 110 MEHBIIECH
Mepe, OHY aMHHOTPYIITY W, II0 MeHbIel Mepe, 10 atoMoB yriepoaa, Wil BTOPEIM
OpPraHMYeCKUM COCAMHEHHMEM, COIEpXallkdM, 10 MEHBIIEH Mepe, OIHY TpYIITy
KapOOHOBOM KMCIIOTHI H, 10 MeHbueil Mepe, 10 aToMOB yriepona, HoO He 060UMHM
COCIMHEHHUSAMH, B KOTOPOM TIPOAYKT pEakuMd COIACPIKHT JOTO/HATETBHBIE
HEHACBHIIICHHbIE aTOMEI YIJIEPOJa II0 OTHOLICHHIO K IIEPBOMY OpPraHHYECKOMY
COEIUHEHHIO MM BTOPOMY OPraHHYECKOMY COEIHHEHHIO, METaJUIbl KOMIIO3HIIHM
TIpeAIeCTBEHHUKA KaTaju3aTopa PAcloNOXEHbl B KPHCTAIMYECKOH pemieTke H
MPOIYKT peaKklUy He JIOKAIN30BaH B KPUCTAJUINYECKOM PEIIETKE.

H3BecTeH criocob monydeHus Katanusaropa rufipoobpaborku [3asBka PO Ne
2010102058, B01J27/185, 27.07.2011], BKIOvYalOmuil CIEAYIOMNE CTafAUH: a) MO
MeHBIIEH Mepe, OAHYy CTajui0 IPONHTKH CyXOro H/MIM TPOKAJCHHOTO
IpeNIeCTBeHHUKA KaTaIN3aTopa, COACPXKaIIEro, 0 MEHBINEH MEpe, OIUH 3JIEMEHT
rpymmsl VIII w/unu, o MeHbIIel Mepe, OOWH 3/1eMEHT rpynnsl VIB u amopdubii
HOCHTEH, ¢ IOMOIIBIO IIPONUTOYHOIO PacTBOPa, COCTOSAIIETO, II0 MEHBIICH MEpE, U3
onnoro ¢ocdopcoaepxamero CoeANHEHUs, PaCTBOPEHHOrO, 0 MEHBIIEH Mepe, B
OZIHOM TIOJIAPHOM PACTBOPHTENIE C AUIIEKTPHUECKOM IPOHUIIaeMOCThIO Boimie 20; b)
II0 MeHbIIE Mepe, OIHY CTAaAMI0 CO3PEBAHHA YKa3aHHOIO IPOMHUTAHHOIO

IpeAIECTBEHHUKA KaTaIH3aTopa, MONTYYEHHOTO Ha CTaJHy a); IpHYeM YKa3aHHYIO
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CTaJIMI0 CO3PEBAHMS OCYILECTBILIOT IPH aTMOC()EPHOM JaBJICHHH, IIPH TeMIIEpaType
B HHTEpBaJie OT TeMIepaTypsl OKpyxaromei cpeasl g0 60°C B TeueHue mepmojna
cospeBaHus OT 12 1o 340 4; c) cragmo cymkum Oe3 mocnemyromeid CTaguu
IIPOKAJIMBAaHUA YKA3aHHOIO IPEIIIECTBEHHHKA KaTajlu3aTopa, IOJyYCHHOrO Ha
craguu b).

Wssecten Taxke cnoco® monydeHHs Karanm3aropa [3agBka P® Ne
2014130016, B01J37/02, 10.02.2016]. [auubni cmocob, HCXOAd M3
IOpENIIECTBEHHNKA KaTaln3aTopa, COAEPXAIIEr0 HOCHTENIh Ha OCHOBE OKCHIA
QMOMHMHHS W/WIM [UOKCHIA KPEMHHSA-OKCHAA QIIOMHHHS W/WIM LEONUTAa M
CoZlepKallero, M0 MEHbINEH Mepe, oAuH 31eMeHT VIB rpymmsl B, BO3MOXHO, II0
MeHbIIeH Mepe, oauH dneMeHT VIII rpynmel, nmpudeM ykasaHHBIH CIIOCOO BKIIIOYAET
IIPONMTKY yKa3aHHOIo npeamecTBeHHHKa pacTBopoM (Ci-Cs) IuankuicykuuHara,
OTJIMYAIOIIUHCS TEM, YTO OH BKJIFOYAET CJICTYIOILINE CTAHHM:

1) npomutky (cramus 1) yKa3aHHOTO BBICYIMIEHHOrO, IIPOKAJIECHHOIO HIIH
PEreHEpHUpPOBaHHOIO MPEAIIECTBEHHUKA, II0 MEHbIIEH Mepe, OJHHM pacTBOPOM,
CoAepXKalli¥M, IO MEHbIIel Mepe, OXHY KapOOHOBYIO KHCIOTY, OTJIHYHYIO OT
YKCYCHOH KHCJIOTHI, 3aT€M BBIICP)KHBAHHE M CYIIKY IIPH TEMIIEPAType MEHBIIE
200°C, BO3MOXHO, ¢ Tocienyromeil TepMooOpaboTKOM MPH TeMIIepaType MEHbIIE
350°C; 2) mociemyromylo HpONHTKY (CTagus 2) pacTBOPOM, COJAEPXKAIIMM, IO
MeHbluei Mepe, omuH (C1-C4) OUANKWICYKIIMHAT, 3aTEM BBIAEPKKY M CYIIKY [PH
temnepatype Menbine 200°C 6e3 nmocnenyolei CTaiuy IPOKaTNBAHHS,

U TeM, YTO NpeNICCTBEHHUK KaTaln3aTopa H/WIH PacTBOP CTaauH | W/uiM pacTBOp
craguu 2 conepxut ¢pocdop.

OO6umwM HeZOCTaTKOM JUIS OIMMCAHHBIX KaTaJIH3aTOPOB, WM KaTAJIH3aTOPOB,
IIPUTOTOBJICHHBIX H3BECTHBIMM Croco0amM, SBIAETCS BBICOKOE OCTATOYHOE
cojiep>kaHue Cephl M a30Ta B MOJIYYaEMBIX C HX MCIOJB30BAHHEM T'MIPOOUYHINEHHBIX
OpPOJIyKTax.

Haubonee OnmM3kuM K IpepiaracMoMy TEXHHYECKOMY pPELICHHUIO SBJIACTCA
onuca"Hpii B [Ilat. P® Neo 2472585, B01J23/882, 20.01.2013] xarammsarop,
conepxammuii, mac. %: Mo — 8,0-15,0; Co mwmm Ni - 2,0-5,0; S - 5,0-15,0; B - 0,5-2,0;
C - 0,5-7,0; ALO3; — ocranbHOE, IPH STOM HOCHTENb COAEPXHUT, Mac. %: B- 0,7-3,0;
Al,O3 — ocTanbHOE H HMEET Y/ENbHYIO I0BepXHOCTE 170-300 M%/T, 065B&M mop 0,5-
0,95 cM/r m cpenmmii muameTp mop 7-22 HM, M NPEICTAaBIAET COGOM YacTHIBI C

CEYEHUEM B BUJE TPUIUCTHHKA C JUAMETPOM ONHMCAaHHOM OoKpyxHOCTH 1,0-1,6 MM 1
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JUIHOMH 10 20 MM, MMEIOIIHe MEXaHHIECKYIO IPOYHOCTH 2,0-2,5 Kr/MM.

OCHOBHBIM HEJOCTaTKOM H3BECTHOTO KaTaIH3aTOpa SBJIETCS TO, YTO OH
HUMEET HEONTHMAIBHBIH XHMHYECKHH COCTaB, YTO OOYyCIaBINBAET €ro HH3KYIO
AKTHBHOCTH B THAPOOYHCTKE H BBICOKOE COAEP)KAaHHE CEPhl U a30Ta B MOJIY4aeMBIX
[P THAPOOYHCTKE MPOIYKTaX.

IIpemnaraeMoe wu300peTeHHe pemaeT 3ajady CO3JaHUSA  YIYYIIEHHOIO
KaTalu3aTopa THIPOOYHCTKH HEQTAHBIX Qpakiuii ¢ TEMIIEpaTypoil Hadaia KHIICHHs
BbmIe 360°C, xapaKTepH3yIOmerocs:

1. OnTHMaNBHBEIM XMMHYECKAM COCTaBOM KaTajlM3aTopa, HOCHTENb KOTOPOro
COIEPXKUT B KA4eCTBE KOMIIOHEHTA, OIPEACIIOLICTO KATAIUTHYECKHE CBOWCTBA,
Oopar amomunusa Al3sBOs co cTpyktypoit HopGeprura ¢ xoHueHTpamwmei 5,0-25,0
Mac. %. JlaHHBIA KOMIOHEHT o00ecneYnBaeT YpOBEHb  KHCJIOTHOCTH,
CocoOCTBYIOMNI MHHUMHU3ALIMHA HEXENIATeIHHOT0 XMMHYECKOI0 B3AUMOIEHCTBHSA
MexIy akTuBHBIMM MerataMu (Ni ¥ Mo) u HoOcHTeNneM, H CeleKTHBHOMY
HOJYyYeHHIO Hauboiee aKTHBHOTO B THIPOOYHCTKE CYIb(PHIHOrO KOMIIOHEHTAa —
NiMoS ¢a3sr Tuna II.

2. OnTHMalIbHBIMH TEKCTYPHBIMH XapaKTEPUCTHKAMH, HOCHTENA U
KaTanu3aropa, oOBEM H pa3Mep IHOp KOTOPOro OOECHEeYMBAIOT JOCTYI BCEX
HOMJISKAIUX IPEBPAlICHUIO MOJEKYI ChIpbS K aKTHBHOMY KOMIIOHEHTY.
JlocTikeHHe 3THX  XapaKTepHCTHK ofeclieuymBaercs, C OZHOH CTOPOHHI,
IIPUCYTCTBHEM B KaTanu3arope dacTtur 6opara amomuuus AlsBOg co cTpykrypoit
HOpOeprura, npeacTasisgioniero coboit yactuisl ¢ pasmepamu ot 10 mo 200 uM, ¢
IOpyroll CTOpPOHBI, HeNnTU3anued (GOpMOBOYHONH MACTHI TpPH  IMMOBHIMIEHHOMH
KOHIICHTPAI[H: aMMHaKa.

3. Haimumem B ero cocraBe COEOMHEHHMS HHKENs, KOTOPHIA HMeeT
MOBBIIECHHYIO 00€CCEePUBAONIYI0, THAPHUPYIOMIYIO U A€a30TUPYIOMYIO aKTHBHOCTD
IPU YCIOBHAX IpOIecca, UCHONIB3YEMBIX JUIS THAPOOYHCTKH He(TAHBIX (pakmuii ¢
TeMIepaTypoii Hadaiia KuneHus Boime 360°C.

3ajavya pemacTcs KaTaau3aTOpoM THAPOOYHMCTKH CBHIPbS THAPOKPEKHHTa,
KOTOpbI# conepxut, Mac. %: [Ni(H20)2}2:[Mo04O11(CsHsO7)2] 29,0-36,0%; HocuTens
— OCTAJIBbHOE; IIPH 3TOM HOCHTENb COAEPXKHT, Mac. %: OGopar amomunns Alz3BOg co
CTpyKTypoii HopbOepruTa - 5,0-25,0; Hatpuii — He 6onee 0,03; y-Al2O3 — ocransHoe.
Ilpu 3TOoM BXxOmAmMH B cocTaB Karamu3zaTtop Oopar amomuHus AlzBOs co

CTpYKTYpoii HopOeprura npezncrapiser coboif yacTuis! ¢ pasmepamu ot 10 mo 200

4



10

15

20

25

30

HM, XapaKTE€pU3YIOMIMECS MEXIIOCKOCTHBIME PaccTOSTHUAMHU 3.2 u 2.8 A, ¢ yriiom
mexnay HamHu 53.8°. Karanuszatop mmeer ynensHyo moBepxHOCTh 130-180 M,
06wéM nop 0,35-0,65 cM>/T, cpemumit quameTp mop 10-15 HM, U IpeAcTaBIAeT coboit
9acTHIBl C CEYEHHeM B BHJE Kpyra, TPUJIHUCTHHKA WJIH YETHIPEXJIHCTHHKA C
JIuaMeTpPOM OIUcaHHO# okpyxHocTH 1,0-1,6 MM 1 mymuHO#K 10 20 MM.

Ilocne cyneduaupoBanus IO H3BECTHBIM METOIMKAM KaTaM3aTOp COMEPIKHT,
Mmac. %: Mo — 10,0-14,0; Ni — 3,0-4,3; S — 6,7-9,4; HocuTens — OCTaJbHOE; IPH
3TOM HOCHTENb COIEPXHT, Mac. %: 6opar amomuHuA Al BOs co crpykrypoii
HopOeprura - 5,0-25,0; Hatpuit — He 6onee 0,03; y-Al,O3 — ocTansHOE.

OTnuuuTeNbHBIM TIPH3HAKOM IIpEe/UIaraéMoro KaTajau3aTopa IO CPaBHEHHIO C
IPOTOTHIIOM SBIISIETCA €r0 XMMHYECKHH COCTaB, a UMEHHO, TO, YTO 3asBJIAEMBIH
Katanu3arop coaepxur, Mac. %: [Ni(H20)2]2[Mo0sO11(CsHs07)2] 29,0-36,0%;
HOCHTEJIb — OCTAJIbHOE; MPH 3TOM HOCHTENh COAEPXKHUT, Mac. %: GopaT amOMHHHS
AlzBOs co cTpyktypoii HopGepruta - 5,0-25,0; Harpuit — He Gonee 0,03; y-AlLO; —
ocTaibHOe. BBIXOA coaepkaHus KOMIIOHEHTOB KaTajld3aTropa 3a 3asBJIAEMBIE
TpaHUIB! IPUBOJUT K CHHDKCHHIO aKTHBHOCTH KaTalnu3aTopa.

BTOpEIM  OT/IMYMTENBHBIM TNPHU3HAKOM IIpeUIaraeéMoro KaTaju3aropa IIo
CPaBHEHHIO C IPOTOTHUIIOM SBJIAETCA TO, YTO OH MMEET YACIBHYIO MOBEPXHOCTH 130-
180 M*r, o6béM mop 0,35-0,65 cM/r, cpemHwuit muamerp mop 10-15 uM, u
npeacraBisier coboif 4acTHLBI C CEYEeHHEM B BHAE Kpyra, TPHIMCTHHKA HIIH
9eTBIPEXIMCTHHKA C THAMETPOM OIUCAHHOU OKpykHOCTH 1,0-1,6 MM W JUIHHO#M 10
20 MM. Bexonm cpemHero mumaMeTpa MOp 3a 3asBIISEMBIE PAMKH MPHBOIUT K
CHIDKEHHIO aKTHBHOCTH KaTaJli3aTopa.

TpeTsuM OTIHYUTENBHBIM IIPU3HAKOM IPEATaraéMoro Karalu3aTopa Io
CPaBHEHMIO C IIPOTOTHIIOM SBJIAETCS TO, YTO BXOJMIIMI B COCTaB KaTalnW3aTopa
6opat amomunus AlzBOg co cTpykTypoit HopOepruTa nmpeacrapisieT co0oi JaCTHIIBI
¢ pasmMepamu or 10 o 200 HM, XapaKTEpH3YIONIHECH MEXIUIOCKOCTHRIMH
paccTosHusaME 3.2 1 2.8 A, ¢ yriioM Mexxy HuMH 53.8°.

Texnudeckuit 3QdekT mpemnaracMoro KaTald3aTopa CKIAIBIBACTCH M3
CJIEAYIOIHX COCTABJIAIOIINX:

1. 3agenseMplf XHMHYECKHH cOCTaB Karanm3aTopa oOycClaBIIHBaeT
MaKkCHMAJbHYI0O aKTHBHOCTb B IIE€JIEBHIX pEaKUMAX, IIPOTEKAIONMX IIpH
THIPOOYUCTKE HEDTAHBIX (Ppakimii ¢ TeMnepaTypoi Havana kuneHus Beime 360°C.

Hammume B cocraBe Karanmmsatopa Oopata amomuHHsA AlLBOs co crpykrypoit
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HOpOepruTa ¢ 3asdBJAEMOH KOHIEHTpaluell 00ecIieunBaeT ypOBEHb KHCIOTHOCTH,
CIOCOOCTBYIOIIMI MHHAMHU3AIAK HEXENIATSIHPHOT0O XHMHYECKOrO B3aMMOIECHCTBHSA
MEXAy aKkTUBHBIMM MeTamiaMH (Ni u Mo) M HocuTeneM, W CEIEKTHBHOMY
MOJNyYeHUIO Haubosiee aKTUBHOTO B THIAPOOYHCTKE CYIbPHIHOTO KOMIIOHEHTA —
NiMoS ¢a3st Tuna II.

2. Hammuue B cocraBe Karamm3aropa Oopara amoMuHHS AlzBOg co
CTPYKTypo#l Hopbeprurta, npeacTaBromero coboi gactuusl ¢ pazmepamu ot 10 1o
200 HM, XapaKTepH3yIOIHECS MEXIUIOCKOCTHBIMH paccTosumsamu 3.2 u 2.8 A, ¢
yrioM Mexay HumH 53.8°, cnoco6CTBYeT JOCTHXKEHHIO ONTHMANIBHBIX TEKCTYPHBIX
XapaKTePHUCTHK KaTaau3aTopa, B YaCTHOCTH, CPEINHETO QUaMeTpa MOp B HHTEpBale
10-15 nm, ofecnedmBaromuX AOCTYN BCEX NMOANEKANMX IPEBPALICHAI) MOJIEKYJT
CBHIpPbS K aKTHBHOMY KOMIIOHEHTY.

3. Hamnuyme B cocTaBe Karanu3aTtopa OHMETa/UIMYECKHX KOMIUIEKCHBIX
COEIUHEHMIA [Ni(H20)2]2[M04011(CsH507)2] obecreunBaer JaNbHelmee
¢opmMupoBaHHE B KaTaTHU3aTOpe IPH €ro 3KCIUIyaTalliM B TMAPOOYHCTKE Hambolee
aKTUBHOTrO KoMnoHeHTa - NiMoS ¢a3st tuna II B popme wacTui ontumansHo# mis
KaTajuu3a MOpP(QOJIOTHH, JIOKQJIM30BAHHBIX B AOCTYIHBIX UIS BCEX IIOMICKAIIMX
IpPEBPAIIEHUIO MOJIEKYI, BXOOAMUX B HedTsAHBIe Qpakuuii ¢ TeMuepaTypoit Hayaa

xunenns Beie 360°C.

Onucanue npeiaraeéMoro TEXHUYECKOTO peleHH s,
l'oToBar HocuTens, copepkamuii Gopar amomuuHus AlzBOs co crpykrypoit
HopOepruta u y-Al,0s.
bepyTr HaBecky mponykTta TepMudecKoi aktuBamuu runpapruwivmra (IITAT),
IIPUTOTOBJICHHOIO II0 TEXHOJOTHMH LEHTPOOEKHOH TEpMOAKTHBAIlUH, WIHM JIHOOOM
Ipyroit TtexHonormu, obecneunBaromieir nonyderue I[ITAI' co crnexyrommumun
XapaKTepUCTHKaMHU: MaccoBas A0Js peHTreHoamopdHoi ¢asel, %, He MeHee 80,
JIoJIA TOTepH Macchl Ipu npokanuBanuu npu (900+£20)°C, % - 10-12; ynensnas
MOBEPXHOCTh, M*/T, He MeHee 120; cymMMapHBIA 06beM NOp (BIAr0eMKOCTH), CM /T,
He MeHee 0,1; MaccoBas o rub6cuta (TugpapruuinTa), %, He 6oiee S5; MaccoBas
Jonsl HaTpus oxcupaa, %, He Oonee 0,5. HaBecky H3MenpyalOT Ha IUTaHETApHOMN
MeJIbHHUIIE A0 9aCTHUI[ CO CPEAHUM pazMepoM 20 MKM.
HaBecky HM3MENBYEHHOI0 NOPOIIKA THAPATHPYIOT NpPH NEPEMEIINBAHHH B

TE€4YEeHHEe JByX 4acoB B HarpeThIX A0 50°C cnaGOKOHIEHTPHPOBAHHBIX PAacTBOpax
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a30THOM KUCIOTHI (KuCIOTHBIA Moxynb 0,03). Ilocne gero moyydyeHHy0 CyCHEH3HIO
(GUIBTPYIOT IO BAKyyMOM H MHOTOKpPAaTHO IMPOMBIBAIOT JUCTHUIMPOBAHHOMW BOJIOIA.
B pe3yinpTarte moy4aroT BIaKHBIH ocalok. I napoTepmanbHyo 06paboTKy OTMBITOrO
ocaZka MNpOBOAAT B AaBTOKJIABE B BOAHBIX pacTBOpPAax a30THOH KHCJIOTHI C
JnobaBlIeHHEM 3aJaHHOTO KOJIMYecTBa OOPHOM KHCIIOTHI IIPH TeMIIepaType pacTBOpa
Bemme 100°C. Tlocne 3aBepmieHMs THIpoTepManbHOM 06GpaboTkH  pacTBOp
OXJIAKJAIOT [0 KOMHATHOM TeMIIepaTypsl, aBTOKIIAB pas3rpy’KaloT, COJAEPKUMOE
cocyla pemyabNupyloT JUCTHUIMPOBAHHOH BOJOH [0 NOJYyYEeHHS CYCIIEH3HH,
IOPUTOAHOM IUI1 pacHbUIMTENbHOW CymkH. Jlatee MpPOBOAAT CymKy Ha
pacIBUIMTENBHOH CYIIMIIKE IPH TEMIIEpaType Bo3AyXa Ha BXO/I€ B CYIIHIIKY He MEHee
150°C u HenpepelBHOM INEPEMEIIMBAHUHM CYCIEH3WH. [ OTOBBIH IOPOMIOK
Oopconepxalero TUAPOKCHAA aNIOMHHHS BBIIPYXKAIOT M3 CTaKkaHa LUKJIOHHOTO
IBUICYJIOBHTENS PACHIBUIMTENbHON CYIIHIIKH.

Manee roroesr (GopMOBOYHYIO MacCy METOAOM CMEIUEHHS M IeNTH3AIUH
IIOJy9EHHOTO IOpPOIIKa B J1abOpaTOPHOM cMecuTelNe ¢ Z-00pa3HBIMH JIONACTSIMH B
IIPUCYTCTBHH 2,5%-HOr0 BOJHOIO pacTBOpa aMMHaka. ['0TOBYIO IJIACTHYHYIO Maccy
IIeperpyxaroT U3 CMECHTeNs B (JOPMOBOYHBIH IMIMHAP Ta00PaTOPHOro 3KCTPyAepa
W TPOJABIHBAIOT 4Yepe3 OTBEpCTHE (uiIbephl, obecneynBaomee MOIYICHHE
SKCTPYAATOB T'OTOBOTO HOCHTENS C cedeHHeM B (opMe Kpyra, TPHIHCTHHKA HIIH
YeTHIPEXTUCTHHKA C pa3MEPOM OT BEPIIMHBI TPMIIMCTHHUKA 0 CEPEAMHBI OCHOBAHHUS
ot 1,0 1o 1,6 MMm.

3aTeM IPOBOJAT TepPMOOOGPaGOTKY SKCTPYAATOB, BKIIOYAIOMIYIO B ceOs
CYmKy U Ipokanky. CymKy 3KCTpyAaTOB NpPOBOJAT B CYIIMJIBHOM IIKadQy IpH
temneparype (110+£10)°C B teuenune 2-x 4. Tepmudeckyro o6paboTKy mpoBOIAT B
My(denpHOI mmeuyn ¢ mojaved CKaToro Bo3ayxa B I€4b. DKCTpyaaTsl B ¢apdhopoBoii
YalIke IOMEUIAlT B NIeYb U NMPOKaIMBAOT Ipu Temmeparype (550+10)°C B Teuenue
4y,

I'OTOBBI HOCHTENb COAEPXKUT, Mac. %: 6opar amomunus AlsBOg co cTpykTypoit
HopGepruta - 5,0-25,0; HaTpuit — He Gonee 0,03; y-AlO3 — ocranmbHOE, H HMeeT
yIEIbHYI0 oBepXHOCTH 200-280 M/r, 06BéM mop 0,6-0,8 cM>/r, cpeanuit quameTp
mop 10-15 uM, u mpencrasiser coboif YacTHUIBI C CEYEHHEM B BHJAE Kpyra,
TPWIMCTHHKA WM YETHIPEXJIUCTHUKA C JTHaMETPOM OMHCAHHOU oKpyxHoctH 1,0-1,6
MM U AIuHOH 10 20 MM.

Bxopsammuit B coctaB Hocutens Oopar amomuuHds AlsBOs co crpykrypoit
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HopOeprura mpeacTaBiseT coOodl vacTHULBl ¢ pasMepamu oT 10 g0 200 HM,
XapaKTEPU3YIONMIHECS MEXIUIOCKOCTHBIMU paccTosHHsME 3.2 ¥ 2.8 A, ¢ yriom
Mexay HUMH 53.8°.

C HCcnoNIB30BaHMEM JJAHHOTO HOCHTENS FOTOBAT HaHECEHHEBIN KaTanm3aTop. CHavana
FOTOBAT MPONUTOYHBIM PpacTBOp, COAEPXKAIOMA OHMETAUIMYECKOE KOMIUIEKCHOE
coequrenne [Ni(H20)2]2[Mo4011(C6H507)2]. g 3Toro oTBEMIMBAIOT 3aJaHHEIE
KonuyectBa mapamonubaara amMMoHHA  (NH4)sM07024#4H20, wmukems (1)
yriekucioro ocHoBHOro BoAHOro NiCOs3*mNi(OH)zenH2O, KHCIOTH JHMOHHOM
MOHOrMapaTa. MepHBEIM LHIHMHAPOM OTMEPSIOT 3aJaHHO€ KOJIHMYECTBO BOABI
MMCTH/UIMPOBAaHHOM. B Kom0y HanMBaloT OTMEPEHHOE KOJIMYECTBO BOIBl U
TIOMENIAIOT AKOPh MarHMUTHOW Memankd. Konby moMemaroT Ha HarpeBaTebHYIO
TOBEPXHOCTE MAarHUTHOM MEIIATKH C IOJOTPEBOM. YCTaHABIMBAIOT CKOPOCTH
Bpamenus Memanku 300 o6/MuH M Temmepatypy pactBopa 60°C. 3arpyxaioT B
KOOy OTMEPEHHOE KOJHYECTBO KHCIOTHI JIMMOHHOM M [EPEMEIMBAIOT MpH
BH3yaIbHOM KOHTpoOJE. 3aTeM B Konby K pacTBOpY KHCIOTHI IHMOHHOM JOOaBIIAIOT
HAaBeCKy MapaMonubjaTa aMMOHHS IIpH OCTOSHHOM [E€PEMEIIMBAHHM H
NOJIEP)KaHWKM  TeMIrepaTypel pactBopa (60+5)°C. PactBop mnepememmusaior 10
00pa3oBaHHs ONHOPOIHOTO MPO3PAYHOrO PACTBOPA, COMEPKAIIETO KOMIUIEKCHOE
coequnenue — uutpar mommbaeHa (VI) (NHa)a[Mo4(CsHs07)2011]. HaBecky Huxens
(II) yriekacmoro 0CHOBHOTO BOAHOTO JOGABISIOT K paHee MOJIYYEHHOMY BOXHOMY
pactBopy nutpara MomubaeHa (VI). IIpu 3TOM >KHAKOCTH BCIIEHHMBAeTCHd, a €&
TeMmeparypa noseimaercsa 1o 70°C. IlepememuBanue npoxopkator npu (75-80) °C
JO TOJyYEHHs ONHOPOAHOTO IPO3payHOTO pacTBOpa SAPKO-3€JIEHOrO I(BETA, HE
COZEPIKaIero MyTH, IIy3bIPPKOB U IIEHBL. PacTBOp COAEPIKHT HHUKENL H MOIHOAEH B
bopme OGUMeTaIUTHYecKOro KOMILJIEKCHOTO COEMHEHUS
[Ni(H20)2]2[M040O11(C6HS507)2].

ITpuroTosneHHsBI# pacTBOp MEPENHBAIOT B TapUPOBAHHBIA MEPHELIM IHJIHHJID,
nocnae 4ero oO6BEM pacTBopa JOBOAAT IO 3aJaHHOTO KOJNHYECTBA J0OaBIEHHEM
JUCTHJUIAPOBAHHOM BOJIBI.

[MonygeHHBIM pacTBOpOM INpPONMHUTHIBAIOT GopcoiepKammii HOCHTENb, NPU
3TOM HCHOJB3YIOT JIMOO NMPONMMTKY HOCHTENSA MO BIarOEMKOCTH, JHGO M3 M30bITKA
pactBopa. IIponuTky mpoBoasar mpu Temmeparype 20-80°C B teuenwe 20-60 mMuH
IpH IEPHOJMYECKOM IIEPEMEIINBAHUM, B CIIydae MPOMMTKU M3 H30BITKa pacTBOpa

IIOCJIC TIPOIIHUTKH H30BITOK pacTBOpa CIIMBAIOT C KaTajlu3aropa H HCIOJB3YIOT I
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IIPUTOTOBJICHMS CIEeAYIOIUX MapTHH Karanu3aropa. [locie mpomuTKH KaTald3aTop
cymaT Ha Bo3ayxe npu temneparype 100-200°C.

B pe3ynbrare, HOJIy4aroT KaTaJIi3arop, coepKanmit
[Ni(H20)2]2[M04O11(CsHsO7)2] 29,0-36,0%; HocHTENs — OCTaIbHOE; NPH 3TOM
HOCHTENb COAEPXKHT, Mac. %: 6opat amomuaus AlsBOs co ctpykrypoit HopOepruTa -
5,0-25,0; Hatpuit — He 6onee 0,03; y-Al2O3 — ocranpHOe. IIpu 3TOM BXOmAIIMiA B
cocraB KarainusaTop Oopar amomuHHa AlBOs co crpykrypodt HopGeprura
npeAcTaBisgeT coboit gacTuusl ¢ pazMepamu oT 10 1o 200 HM, XapaKTepU3yIOMHECS
MEXIUTOCKOCTHBIMH paccTossHUAMH 3.2 1 2.8 A, ¢ yriioM Mexy HuMH 53.8°.

Kartanmusatop UMeeT yzenbHyio noBepxHocTs 130-180 M%/t, 06BéM mop 0,35-
0,65 cM’/r, cpenuuit muamerp mop 10-15 HM, U mpeAcTaBiAeT cobGOM YAaCTHIBI C
CEYCHHEM B BHAC Kpyra, TPHIIMCTHHKA HJIM YETHIPEXJIUCTHHKA C JHAMETPOM
OIHCaHHOH OKpy>xHOCTH 1,0-1,6 MM 1 mimuHOM 10 20 MM.

ITocne cynppuaupoBaHHSs @O H3BECTHBIM METOAMKAM, KaTaIU3aTop
cogepxur, Mac. %: Mo - 10,0-14,0; Ni - 3,0-4,3; S - 6,7-9,4; HOCcHTENH —
OCTaJIbHOE; IIPH 3TOM HOCHTENb COAEPXKHT, Mac. %: Oopar amomuuus AlsBOs co

CTpyKTypoii HopOeprurta - 5,0-25,0; Hatpwmii — He 6onee 0,03; y-Al2O3 — ocransHOe.

CymHOCTh H300pETEHUA WIUTFOCTPUPYETCS CIISYIOIIUMH TIPHMEPAMH.

ITpumep 1. CornacHo u3BecTHOMY pemtenuio [I1at. PO Ne 2472585].

K 100 r mopomka ruapokcuaa amomunus AlOOH, mmeromero CTpyKTypy
6emuTa ¢ pasmepoM Kpuctamios 60-80 A, co cpenauM pasmepoM arioMeparo 40-
50 MKM, comepXallero NpuMecH B KOJHMUeCTBe, Mac. %, He Gonee: Na;O — 0,002;
Fe203 — 0,01; SiO2 — 0,015, npu HempepsIBHOM NEPEMEIIMBAHUM B CMECHTENE C Z-
00pa3HBIMH JIONIACTAMHU J00aBISIOT 2 MJI KOHUEHTPHPOBAHHOU a30THOH KHUCIIOTHI,
70 My BOJXHOTO pacTBOpa, coiepxkamero 5 r OopHoit kucnotsl H3BOs m 3 r
STHJICHTJIUKOJIA. BecoBble OTHOIIEHHUS KOMIIOHEHTOB CMECH - THAPOKCH AFOMAHHMS
: BoJa : a30THas KHUcioTa : GopHas kucioTa: sTiieHrmukons =1 :0,7: 0,02 : 0,05
: 0,03.

OOpazoBaBirylocs IacTy NEpPEMEMIMBAIOT IPU KOMHATHOH TeMIleparype B
tedeHue 40 MuH, 3aTeM QopmyIoT depes QUIBEpPY C CeYCHHEM B BUAIE TPHIMCTHHKA C
JUaMEeTPOM ONHMCAaHHON OKpyXHOCTH 1,5 MM npu maenernn 6,0 MIla. [Tomyqennse
rpanyisl cymart B TepMomkady npu 110°C 2 4, 3arem npokanusarot npu 550°C 4 4.

B pesynbraTe moiay4aroT HOCHTENb, coxepxamuit B - 1,0 mac. %, ALOs —
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OCTaJIbHOe; MMEIOLINA YIeNpHYI0 NMOBEpXHOCTh 250 M2/r, o6béM mop 0,95 cMr,
CpeaHui quaMetp mop 13 HM, npeacTaBisronHii cOO0H JaCTHIIEI C CEYEHHEM B BUJIE
TPHJIMCTHHKA C TUaMETPOM ONHCAHHOM OKpYXHOCTH 1,4 MM, JutHHOIM 710 20 MM.
CuHTE3upyIOT SuMmeTaYecKoe COCIMHEHUE COCTaBa,
[Ni(H20)2]2[M04011(C¢HsO7)2], amst wero B 70 M1 JUCTHUTAPOBAHHON BOIBI HpH
IepeMEIIMBaHHH MOCIIEA0BATENIbHO pacTBOPAIOT 40,5 r mumoHHO# KucIoTE C¢HsO7;
71,0 r mapamonu6aara ammonus (NHa)sM07024x4H,0 u 17,3 r ruapokcua HuKess
Ni(OH),.. K HOJIY‘ICHHOM)’ pacTBOopy mA00aBisOT 15 M OSTHICHIIMKONS H
JobaBiieHHEM BOAbI 00BEM pacTBopa JOBOAAT A0 160 M.
20 r HOCHTENs NPONMHUTHIBAIOT IO BJIAroEMKOCTH 16 M BOZHOrO pacTBOpa
[Ni(H20)2]2[M04011(CsHsO7)2] u stanenrmukons. Karanusarop cymar Ha Bo3myxe
npu 100°C 2 gaca u cynbPUAMPYIOT IO OHOM M3 U3BECTHBIX METOMK.
B nmaHHOM citydae KaTanu3aTop CyabGHIMPOBaH MPAMOTOHHOM JM3EIBHOM
dpaknuel, comepxameil ONOTHUTENLHO 1,5 Mac. % CynbQUAMpPYIONIEro areHTa -
aumetunaucynsduna (IMJIC), npu 066EMHOM CKOPOCTH NOAAYM CyIIb(QUIMpPYIOmmE
cmecr 2 u”! u cooTHOmEHHMH Bomopo/chiphe = 300 1o crenyromei [IporpamMme:
— CyIIKa KaTaau3aTopa B peakTope TMAPOOYHCTKH B TOKe BoAopoaa mpu 140
°C B TeueHue 2 u;

— CMa4YuBaHME KaTaJu3aTopa NpsIMOTOHHON AU3eIbHOM (pakiueii B TeuecHme
2 4q;

~ Mofada CylIbGHANPYIOIell CMECH H YBEIHYEHHE TeMiepaTyphl 1o 240°C
CO CKOPOCTBIO OABEMA TeMuepaTypsl 25°C/u;

— cynbpuaupoBaHue npu Temmeparype 240°C B Teyenme 8 u
(Hu3KOTEMIIEpaTypHAs CTaIusA);

— yBelu4yeHHe TeMIeparypsl peakropa 0 340 C co CKOpoOCTHIO MOABEMA
Temmneparypsl 25°C/g;
cynbduaupoBaHue NpoBoiT npu Temneparype 340°C B Teuenue 8 4.

Ilony4eHHsbI# KaTanu3aTop CoOepXuT, Mac. %: Mo — 13,0; Ni —3,4; S - 9,6;
B-0,5;C-6,7, Al,O3; —ocTanbHoe.

Jlanee NPOBOAAT THAPOOYHCTKY CHIPbS THIPOKPEKHHra, B Ka4eCTBE KOTOPOro
HCIONB3YIOT BAaKyyMHBIH Tra3oilb, HMEIONMH uWHTepBan kumeHus 360-570°C,
comepxamui 3,5% ceper 1 0,2% aszota. 'MAPOOYHCTKY NPOBOASAT MpPH NaBJICHHH
10,0 MIla, pacxone coippa 0,7 w!, o6vémMHOM OTHOmEHHMH BOHOPOI/CHIpHE 1200

HM /M3, Temmeparype 380°C.

10



10

15

20

25

30

Pe3ynpTaThl TECTHpOBaHMSA KaTajlu3aTopa B THAPOOYUCTKE IIPUBEICHBI B
tabue.

[Tpumeps! 2-7 WILTIOCTPUAPYIOT IIpeAIaraéMoe TEXHHIECKOE peIlICHHE.

IIpumep 2.

CHavana roToBAT HOCUTENb, Ad dero 150 r mpoAyKTa TepMHUYECKON aKTHBAIH
THAPapriUUIATa U3MEbYA0T Ha IUIAHETAPHOM MENBbHHIE O YacTHI[ pa3MEpoOM B
npenenax 20-50 Mxm. Jlaee mopomiok THAPATHPYIOT NpPH NEPEMEIINBAHHUU H
HarpeBaHUH B PacTBOPE a30THOM KHCIOTHI ¢ KoHLeHTpauueH 0,5%. 3ateM cycneHsuio
Ha BOPOHKE C OyMaKHBIM (HIBTPOM IPOMBIBAIOT IMCTWJUIMPOBAHHOH BOJOH [0
OCTaTOYHOTO coJiepKaHus HaTpus B nopomke He 6onee 0,03%. OTMBITYIO H OTXKATYIO
JIETIEINKY IEPEeHOCAT B aBTOKJIAB, B KOTOpHIH [00aBIsiOT pacTBOp 2,3 T OopHOH
kuciotsl B 1 1 1,5% pacrBopa azotHo# kuciotsl, umerommi pH 1,4. Asroxias
HarpeBaloT 10 150°C u BoimepxuBaoT 12 4. Jlamee aBTOKJIaB OXJIKAAKOT [0
KOMHATHOM TeMIepaTypsl W TPOBOJAAT CYNIKYy IIOJIyYeHHOH CYCNIEH3MH Ha
PacIBUINTENBHOM CYIIHMIIKE IIPH TEMIIEpaType Bo3yXa Ha BXoJe B cymmiky 155°C u
HEIIPEPHIBHOM II€pPEMENINBAHNM CYCIIEH3HH; BBICYIICHHBIH MOPOIIOK COOMpAloOT B
npuéMHOil &€MKocTH cymmikd. HaBecky 150 r mopomika mOMEHmaloT B KOpPHITO
cMecHTensd ¢ Z-00pa3sHBIMH JIONMACTSAMH, MNENTH3UPYIOT 2,5%-HBIM  BOJHBIM
pacTBOpPOM aMMHMaKa, IOCJe 4ero SKCTpyAupyroT npu aasinenuu 60,0 Mlla, gepes
¢ubepy, 06eCeTUBAaIONIYIO IOJTYICHIE YaCTHI] C CEYCHHUEM B BUJE TPUIIUCTHHUKA C
JINaMETPOM OMHCAaHHOU OKpyxHOcTH 1,6 MM. ChopMoOBaHHEIE IpaHyJIBl CyMIaT IPU
temneparype 120°C u npoxanmuBaror npu Temmeparype S550°C. B pesynbrare
MOJIYy4YaloT HOCHTENb, colepxammii Mac. %: Oopar amomuuui AlsBOg co
CTPYKTYypoii HopGeprura - 5,0; Harpuii — 0,03; y-AlO3 — ocTansHOE.

Jlamee roroBAT pacTBOp OHUMETAUIMYECKOrO  KOMIUIEKCHOIO  COEIMHEHHS
[Ni(H20)2]2[M04011(C6H507)2], nna yero B 100 MiI JUCTHILTHPOBAHHOH BOZBI
OpH TepEeMEIINBAaHUU II0CIEAO0BATENFHO PacTBOPAOT 48,91 r JIMMOHHON KHCIOTEHI
CeHsO7; 89,87 r mapamonnbaara ammorus (NHa)sMo7024x4H20 1 31,4 r ocHOBHOTO
kapbonata Hukend NiCOs» mNi(OH);s nH;O. Ilocne monHOro pacTBOpeHHs BCeEX
KOMIIOHEHTOB, Jo0aBIeHHEeM QUCTHIUIMPOBAHHON BOJBI 0OBEM pacTBOpa JOBOIAT 10
200 mm.

100 r HOJMY4EHHOr0 HOCHTEJS NPOMUTHIBAIOT IO BIAaro€MKOCTH 67 Ml pacTBOpa
oumetaingeckoro KominiekcHoro coequaenus [Ni(H20)2]2[Mo4O11(C¢Hs07)2] npu

20°C B Teuenne 60 MuH. 3aTeM KaTanu3aTop cymar Ha Bozxayxe npu 100°C.
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IMonmyyennsni KaTanusaTop cofepxur, Mac. %: [Ni(H20)2]2[Mo04011(CsHs07)2] -
32,4%; HOCHTENb — OCTAIBHOE; IIPH 3TOM HOCHTENb COAEPXKHUT, Mac. %o: 6opaT
amomunusa A3 BOs co ctpyktypo#t HopGeprura - 5,0; mHarpmit — 0,03; y-ALO; —
OCTaJIbHOE.

Katanusarop uMeeT yIenbHy0 MOBEpXHOCTH 150 M2/r, 06BéM mop 0,55 cM/r,
cpennuii AuameTp mop 13 HM, ¥ mpeAcTaBIsgeT COO0M YaCTHIBI C CEYEHHEM B BHIE
TPHJIHCTHHKA C JHAMETPOM OIMCAHHOH OKpYXHOCTH 1,6 MM m uHONK mo 20 MM.
Bxomsaumii B cocraB Karamu3atopa 6opar amomuHMs AlBOs co crpykrypoit
HopOeprura mnpencraBiser coboif 4acTuuel ¢ pasmepamu ot 10 g0 200 HM,
XapaKTePU3yIOMHNECS MEXIUIOCKOCTHBIMH pacCTOSHUAMH 3.2 u 2.8 A, ¢ yriom
Mexay HuMH 53.8°.

Hanee xatanu3arop CyIbGUANPYIOT AaHAIOTHYHO IpuMepy 1.

B pesynprare monygaroT kaTanu3atop, KOTOPhIH cogepHT mac. %: Mo — 12,5;
Ni - 3,85; S — 8,3; HocHTenb — OCTaIbHOE; IPH 9TOM HOCHTENH CONEPXKHUT, Mac. Yo:
oopar amomuHusa AlsBOs co cTpykTypoit HopOepruta - 5,0; Hatpuit — 0,03; y-ALLOs
— OCTaJIbHOE.

Jlanee NpOBOJAT TMAPOOYHCTKY CHIpbS MMAPOKPEKHHIA aHAJIOTHYHO IpuMepy 1.

PesynpTaTel TecTHpoBaHHMsS KaranM3aTopa B THAPOOMHUCTKE IIPHBEICHBI B

tabiuire.

IIpumep 3.

I'oTOBAT HOCHTENP aHAJIOTWYHO MpHUMEPY 2, C TOM pa3HHUILEH, YTO OTMBITYIO H
OTXaTyIo JIENENIKY IEPEHOCAT B aBTOKJIAB, B KOTOPBIH J06aBILIOT pacTBop 5,98
GopHoit kucnors! B 1 nutpe 1,5% pactBopa a30THO#M KHCIOTEL. OCTaIBHEIE OIEpaldy
H 3arpy3KH KOMIIOHEHTOB IIPH NPUTOTOBIECHUH HOCHTES aHAJIOTHYHEI IPUMEPY 2.

B pesynprare moiydaroT HOCHTENb, COAepXalluii, Mac. %: Gopar aIIOMHHHA
Al;BOg co cTpykTypoit HopGepruTa - 12,0; Hatpmit — 0,028; y-Al2O3 — ocTansHoE.
100 r mosy4eHHOro HOCHTENS NPONHUTHIBAIOT IO BJIAro&MKOCTH 67 MI pacTBOpa
oumMeTtaumyeckoro koMmekcHoro coenuHeHus [Ni(H20)2]2[Mo04O11(C¢Hs07)2] u3
npuMepa 2. 3aTeM KaTaiu3aTop cymart Ha Bo3ayxe npu 100°C.

ITonmy4yeHHBIH Katanu3aTop COJICPXKHUT, Mac. %:
[Ni(H20)2]2[M04O11(CsHsO7)2] - 32,4%; HocHTENb — OCTAJIBHOE; TIPK 3TOM HOCHTEND
cofiepxuT, Mac. %: 6opar amomunus AlsBOs co crpykrypoit HopGepruta - 12,0;
Hatpuit — 0,028; y-Al,O3 — octanpHoe.

Hanee karanu3aTop cylIbGUANPYIOT aHAIOTHIHO IIpUMepy 1.
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B pesynpTaTte momyvaior Kataums3aTop, KOTOPEIH comepxuT, Mac. %: Mo — 12,5;
Ni — 3,85; S — 8,3; HocuTens — ocTalbHOE; IPH 3TOM HOCHTEND CONEPXKHT, Mac. Yo:
6opar amomuuus AlzBOs co cTpykTypoit HOopGepruta - 12,0; natpmit — 0,028; v-
Al>,0O3 — ocranbHOE.

Hayiee MpOBOJAT IMAPOOYHUCTKY CBIPbS IMAPOKPEKHHIA aHATOTHIHO Ipumepy 1.

PesynpTaTel TecTHpoBaHMS KaTaquM3aTopa B THAPOOYHUCTKE IIPUBEIEHE B

Tabmnuue.

ITpumep 4.

I'oTOBAT HOCHTEND AHAJOTHYHO NPHMEPY 2, C TOH pa3sHHIEH, YTO OTMBITYIO H
OTXKATYIO JIETICIIKY HEPEHOCAT B aBTOKJIAB, B KOTOPHIA n00aBistOT pactBop 14,63 r
GopHo# kucnoTsl B 1 marpe 1,5% pactBopa a30THOM KuCIOTE. OCTaIbHEIE ONEpaliy
M 3arpy3KH KOMIIOHEHTOB IIPH IIPATOTOBJICHAH HOCHTEIS aHAIOIHYHEI IPEMEpY 2.

B pesympTaTe monmydaroT HOCHTEND, coaepXxammuii, Mac. %: Gopar alOMHHMSA
Al3BOs co cTpykTypoii HopGepruta - 25,0; Hatpuit — 0,023; y-Al2O3 — ocranbHOe.
100 r momy4eHHOro HOCHTENS IpPONMTHIBAIOT IO BIAro&MKOCTH 66 MII pacTBopa
Oumeraiummgeckoro komiiekcHoro coepuHeHus [Ni(H20)2]2[Mo04O11(CsHsO7)2] u3
IpuMepa 2. 3aTeM KaTaau3aTop cymar Ha Bo3ayxe mpu 200°C.

Ilony4yeHHBIH KaTajau3aTop COIIEPXKHUT, Mac. %:
[Ni(H20)2]2[M04011(CsHs507)2] - 32,4%; HOCHTENb — OCTAIBHOE; IPH STOM HOCHTENb
CONEPXKHUT, Mac. %: 6opar amomunns AlsBOs co crpykrypoit HopGepruta - 25,0;
Hatpwii — 0,023; y-Al2O3 — ocranbHoe.

Janee xatanu3aTop cyIbPUANPYIOT aHAJIOTHYHO IpuMepy 1.

B pesynsTaTe mosrydaroT KaTanm3aTop, KOTOpBIH comepxuT, Mac. %: Mo — 12,5;
Ni — 3,85; S — 8,3; HOCHTENb — OCTIBHOE; IIPH 3TOM HOCHUTENb CONEPXKHUT, Mac. %:
6opar amomunua AlzBOs co crpykrypoi#t HopbGeprura - 25,0; narpuit — 0,023; y-
AlLOs3 — ocranbHoe.

Jlaniee IpOBOIAT TMAPOOYUCTKY CHIPhS THAPOKPEKHHIa aHAJIOTHYHO MpHMepy 1.

PesynpTarel TECTHpPOBaHMSA KaTanu3aTopa B THAPOOYACTKE INPHBEICHHI B

Tabmmmne.

ITpumep S.

I'oTOBAT HOCHUTEND aHAJIOTHYHO NIPUMEPY 3.

3aTeM TOTOBAT pacTBOp OHMETAUIMYECKOTO KOMIUIEKCHOTO COEAHHEHHS
[Ni(H20)2]2[M0o40O11(C6HS507)2], mnsa gero B 100 M IUCTHIIMPOBAHHOM BOIEI

IIpH II€PEMEIIMBAHNY IIOCIENAOBATENBHO PACTBOPSIOT 42,23 r JTHUMOHHOH KHCJIOTHI
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CsHgO7; 77,58 r mapamonubaara aMmoHHES (NH4)sM07024x4H>0 1 27,1 T ocHOBHOTO
kapbonara Hukens1 NiCOse mNi(OH);e nH>O. Ilocne momHOro pacTBOpeHHs Bcex
KOMITOHEHTOB, JJ0OaBICHHEM AUCTHIUIMPOBAaHHON BOABI 0OBEM pacTBOpa JOBOAAT 1O
200 mi.

100 r mosryyeHHOro HOCHTEN INpPH KOMHATHOH TeMIeparype INpONHTHIBAIOT IO
BIaroéMKocTd 67 M pacTBOpa OHMMETAINIMYECKOTO KOMIUIEKCHOTO COEHUHEHHS
[Ni(H20)2]2[M04011(C6HS507)2]. 3ateM KaTaju3aTop CymaT Ha BO3AYXE INpH
120°C.

ITony4yeHHBbIH KaTaJlu3aTop COZICPXKHUT, Mmac. %:
[Ni(H20)2)2[M04011(CsHs507)2] - 29,3%; HOCHTENDb — OCTATILHOE; IPH 3TOM HOCHTEIb
comepxut, Mac. %: Gopar amomunus AlzBOs co crpykrypoit Hopbeprura - 12,0;
Hatpuii — 0,028; y-Al,O3 — ocTanbsHOe.

Karamu3aTop mMeeT yaenpHyIo moBepxHocTh 180 M*/r, 06BEM mop 0,65 cM*rr,
cpenHu# auamerp mnop 15 HM, U npexacTaBisgeT coOOH YACTHIBI C CEYEHHEM B BHIE
TPWIMCTHHKA C JUAMETPOM ONHMCAHHOW OKPYXXHOCTH 1,6 MM M utuHOH 10 20 MM.
Bxonsmuii B coctaB katanuszatop Oopar amomuuHs AlsBOs co crpykrypoit
HOpOepruTa mnpeacraBiseT coboit dacTunsl ¢ pasMepamu ot 10 mo 200 HM,
XapaKTEPHU3YIOUIUECSd MEXIUIOCKOCTHBIMH paccTosHHAMH 3.2 U 2.8 A, c yriom
Mexy Humu 53.8°.

Jlanee xaranu3arop CyJIbQUARPYIOT QaHAIOTAYHO IpuMepy 1.

B pe3ynbTaTe MOMY4alOT KaTaln3aTop, KOTOPBIM coaepXuT, Mac. %: Mo — 10,0;
Ni — 3,0; S — 6,7; HOCHTENh — OCTAJIBLHOE; IPH 3TOM HOCHTEJb COAEPXKHUT, Mac. %o:
6opar amomuausd Al3BOs co cTpykrypoit Hopbeprura - 12,0; matpuit — 0,028; v-
Al2O3 — ocranpHOE.

Jlanee mpoBOIAT IHAPOOYMCTKY CHIPBS IMAPOKPEKHHIA aHAJIOTHYHO IpuMepy 1.

PesyneTaTel TeCcTHpOBaHMS KaTaiM3aTopa B THAPOOYHUCTKE IIPUBEICHHI B

Tabnwuue.

[pumep 6.

OTOBAT HOCHTENIb TAKXKe, KaK B IPUMeEpE 3, C TOH pa3HHUIlEH, 4TO GOPMOBOYHYIO
HacTy oKCTpyaupytoT npu AasieHud 60,0 Mlla depe3 ¢punpepy, obecnednBaronyo
IIOJTyYeHHE YaCTHUII ¢ CEIEHHEM B BHJE Kpyra auamerpoM 1,0 Mm.

3aTeM TOTOBAT pacTBOp OHMMETAIMYECKOTO KOMIIIEKCHOTO COEIMHEHUS
[Ni(H20)2]}2[M04011(C6H507)2], nnsa wero B 100 M QUCTHIIIMPOBAHHOM BOJBI

npu HarpeBaHuu 10 80°C M mepeMemHBaHUE MOCNEIOBATENIRHO PACTBOPAIOT 56,9 T
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nmumonHor  kucnotel CeHsO7; 104,53 r mnapamomuGpara  aMMOHHS
(NH4)6M07024x4H20 u 36,5 r ocHoBHOro kapGonara nukens NiCOse mNi(OH),e
nH,O. Tlocime mOMHOrO pacTBOpPeHHsS BCEX KOMIIOHEHTOB, J06aBlIcHHEM
JHCTHJTIMPOBAHHOM BOJBI 00BEM pacTBOpa HoBoAAT 40 200 mil.

Jlasiee ¥CHONB3yIOT MPONUTKY HOCHTENS M3 HU36BITKa pacTBopa. 100 r moxydeHHOro
HOCHTEJIA 3arpy’atoT B KOOy, IOMEIEHHYIO B BOASHYIO OaHIo, HarpeTyio 1o 80°C,
B KonOy mpummmBatoT 200 M pacTBOpa OHMMETALIMYECKOTO KOMILIEKCHOTO
coemuuennsa [Ni(H20)2]2[Mo4011(C6H507)2], Takxe wuarperoro g0 80°C.
IIponuTKy Mpoao/DKaloT B TeueHHe 20 MUHYT IIPH NIEPUOJUYECKOM NTEPEMENTMBAHHH,
IOCIe 4Yero HU30BITOK pacTBOpa OTACIAIOT OT BIKHOTO KaTalM3aTopa. 3aTeM
KaTalqu3aTop cymar Ha Bo3ayxe mnpu 200°C.

ITomy4eHHsrit KaTaju3aTop COJIEPIKHUT, Mac. %:
[Ni(H20)2]2[M04O11(C¢Hs07)2] - 35,8%; HOCHTENb — OCTATBHOE; IIPH 3TOM HOCHTEb
conepxkut, mac. %: Gopar amomunus Al3BOs co crpykrypoit HopGepruta - 12,0;
Harpuil — 0,028; y-Al,O3 — ocTansHOE.

Kartanusarop umeer yznensHyro nosepxsocts 130 M%/r, o6séM mop 0,35 cM’/r,
cpennuit auamerp nop 10 HM, U npeacTaBageT COO0H YACTHIBI C CEYEHHEM B BHIC
Kpyra ¢ quamerpoM 1,0 MM 1 JumHOH 1o 20 MM. Bxoasmumii B cocTaB Katajin3aropa
6opar amomuHusg Al3BOs co cTpykTypoii HopGepruTa npeacrasisgeT co6oi JacTHII
¢ pasmepamu or 10 mo 200 HM, XapakTepH3YIOIIHECS MEXIIIOCKOCTHBIMH
paccrosausaME 3.2 1 2.8 A, ¢ yriioM Mexay Hamu 53.8°.

Jlanee katanuzaTop Cy1bGUIAPYIOT aHATOTHYHO ITpUMepYy 1.

B pesynpTare mosydaroT KaraaM3aTop, KOTOPBIH cOmepxHuT, Mac. %: Mo — 14,0;
Ni — 4,3; S — 9,4; HocuTenb — OCTaTBbHOE; IIPH STOM HOCHTENb CONEPKHT, Mac. Yo:
Gopar amomunna AlsBOs co crpykrypoit HopGepruta - 12,0; Hatpmii — 0,028; y-
Al,O3 — ocranbHoe.

Jlanee NpoBOJAT rHAPOOYMCTKY CBHIPhS FHAPOKPEKHHIAa aHATOTHYHO mpuMepy 1.

Pe3ynpTaThl TECTHPOBaHMS KaTaqM3aTopa B THAPOOYHUCTKE IIPHBEICHHI B

Tabnure.

IIpumep 7.

I'oToBAT HOCHTEND TaKXKeE, KaK B pEMepe 3, ¢ Toi pasHULel, 4T0 HOPMOBOYHYIO
[acTy 3KCTpyaupyroT npu AasiaeHud 60,0 MIla yepe3 ¢punbepy, obecnednBaronyio
IIOJIy4YEHHUE YaCTHIL C CEY4CHHEM B BHJIE YETHIPEXIIMCTHAKA TUAMETPOM 1,6 MM.

Hanee UCIONB3YIOT MPONMTKY HOCHTENA U3 H30bITKa pacTBopa. 100 r moiy4eHHOro
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HOCHUTEIIA 3arpy’kaloT B Koj0y, IOMEMEHHYIO B BOAAHYIO OaHro, HarpeTyio o 30°C,
B Konby mnpumuBaioT 133 M pacTBopa OHMMETaUTHYECKOrO0 KOMILIEKCHOTO
coemurenus [Ni(H20)2]2[Mo04011(C¢HsO7)2] u3 mpuMmepa 5, Takke Harperoro o
30°C. IlpomutKy npojomkaloT B TedeHHe 60 MHHYT @pH NEPHOAUIECKOM
[EpeMEIINBaHNY, II0Cl€ 4Yero HM30BITOK pacTBOpa OTAESIOT OT  BJIAKHOTO
KaTanu3aTopa. 3aTeM Karajiu3arop cymar Ha Bo3ayxe npu 120°C.

Ilomy4yenHsbIit KaTanu3aTrop COZICPXKHT, Mmac. %:
[Ni(H20)2]2[M04O11(CsHs507)2] - 30,6%; HoOcuTens — OCTalbHOE; NPH 3TOM
HOCHTEIb COIEPXKUT, Mac. %: 6opar amomunus AlzBOs co cTpykrypoit HopGeprura
- 12,0; narpmii — 0,028; y-Al2O3 — ocTansHoe.

KaTanu3atop MMeeT YIAEIbHYIO NOBEPXHOCTh 175 M%/r, o6wém mop 0,6 cM/r,
cpenuuii nuamerp nop 14 HM, ¥ npexacrasigeT cOO0H YaCTUIBI C CEUCHHUEM B BUE
YEeTHIpEXTMCTHAKA C AUaMETPOM ONMUCAHHON OKpYXHOCTH 1,6 MM u JumuHO# mo 20
MM. Bxomsamuit B coctaB xarammsaropa Gopar amomurus AlzBOg co crpykrypoit
HOopOeprura mnpexacraBiser coboit dacTumbl ¢ pasMmepamu oT 10 mo 200 HM,
XapaKTepU3yIOIHeCs] MEXIUIOCKOCTHBIMU paccTosHHAMH 3.2 u 2.8 A, ¢ yrjioM
MeXy HuUMH 53.8°.

Hanee xaranuszatop CyIbQUANPYIOT aHAJIOTHYHO IpuMepy 1.

B pesynpTaTte MoMy4aroT KaTaliM3aTrop, KOTOPBIH COAEPXXHT, Mac. %: Mo — 11,7,
Ni — 3,6; S — 7,9; HOCHTENIb — OCTAIBLHOE; IPH 3TOM HOCHTENH COAECPXKHT, Mac. %o:
6opar amomunus AlzBOs co crpykrypoit HopGepruta - 12,0; marpuit — 0,028; y-
AlO3 — ocranbHOe.

Jajiee mpoBOAAT THAPOOYUCTKY CHIPhS THAPOKPEKHHIa aHAJIOTHYHO IpuMepy 1.

Pe3ynprarhl TECTHpOBaHHMS KaTaju3aTopa B THAPOOYHCTKE IIPUBEIECHHI B

TaduIle.

Taonuna. OctaTouHOE COAECPIKAHUE CEPhI ¥ a30Ta B IPOAYKTaX THAPOOYHUCTKH

Karamuzarop | 1 (mpoToTum) 2 3 4 5 6 7
U3 IpuMepa

OcraroyHoe 350 160 150 155 190 195 165
cojiep>kaHue
Cephl, ppm

OctarouHoe 300 185 180 180 240 250 200
cofiepXKaHHe
a30Ta, ppm
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Taxum oOpa3oM, Kak BHAHO H3 NPHBENCHHBIX NPUMEPOB, Mpe/IaraeMblii
KaTaiu3aTop, KOoTopeli coaepxHT, mMac. %: [Ni(H20)2]2[M04O11(CsHs07)2] 29,0-
36,0, HOCcHTENP — OCTAIBHOE; NPU 3TOM HOCHTENb COJEPXHT, Mac. %: Gopar
amomunna Alz3BOs co cTpykTypoit HopbGepruta - 5,0-25,0; Harpwuii — He Gonee 0,03;
v-Al03 — ocranbHOe; MO3BONAET MONYYHTh CHIPhE THIPOKPEKHHIA C IoOpaszo
MEHBIIEM COAEP)KAHHMEM CEpBl M a30Ta, YEM C HCIOJB30BAaHHEM KaTalM3aropa-

IIPOTOTHIIA.
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Dopmyaa n3odperenus

1. Karanus3atop rUAPOOYHCTKH CHIPbS THAPOKPEKHMHIa, BKJIIOYAIOMMH B CBOI
COCTaB HHUKEIIb, MOJIMOIEH B HOCHTEIIb, OTIIMYAIOIIMICS TEM, YTO OH COJEPKHT, Mac.
%: [Ni(H20)2]2[M04011(CsHs07)2] 29,0-36,0%; HOCHTENs — OCTANBLHOE; IPH 3TOM
HOCHTENb CONCPXKHUT, Mac. %: 6opar amomuHua AzBOg co cTpykrypoit Hopbeprura
- 5,0-25,0; HaTpmii — He Gonee 0,03; y-Al,O3 — ocTanpHOE.

2. Karammsatop mo m. 1, OTIMYAONMECH TEM, 4YTO BXOIAIIHH B COCTaB
Karaysarop Oopar amomunnsa AlzBOg co cTpykTypo#t HopGeprura mpeacTaBiseT
cobo#f wvactmuel ¢ pasmepaMH oT 10 mo 200 HM, XapaKTepH3yIOmHEcsH
MEXIUIOCKOCTHBIMH PacCTOAHUAMH 3.2 1 2.8 A, ¢ yriioM Mexay Humu 53.8°.

3. Karamusarop mo m. 1, ommMyatommifcs TeM, 9TO OH HMEET YAEIBHYIO
noBepxHocTh 130-180 M%/r, 068éM nop 0,35-0,65 cM*/r, cpennmit quamerp mop 10-
15 um, u mpencTapseT co60H YaCTHIBI C CEYEHNEM B BHAE KPYyra, TPHIHCTHHKA HITH
YETBIPEXTTMCTHHKA ¢ JHAMETPOM OIHCAaHHOH okpyxHocTH 1,0-1,6 MM M [UIMHOH 110
20 mMmM.

4. Katanmsatop 0o 1. 1, OTIHYaIOmuiics TeM, 9TO I0Ce CyIbGHANPOBAHU OH
comepkut, mac. %: Mo — 10,0-14,0; Ni — 3,0-4,3; S — 6,7-9,4; HOCHTENP —
OCT&IBHOE, TPH 3TOM HOCHTENb COAEPXKUT, Mac. %: Gopar amomunus AlsBOg co

CTPYKTypoii Hopbeprura - 5,0-25,0; Hatpwuii — He 6onee 0,03; y-Al,O3 — ocTansHOE.
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