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BBIIICYOMSHYTBIH KaTajau3arop BKIIOYAET CICAYIOIINE KOMIIOHCHTHI, B MEpecyeTe OT OOIIeH Macchl
katanmzatopa: a) 20-90 mac.% Moan(UIIPOBAaHHOTO METAUIOM H/HJIH €T0 OKCHIOM I[€OJHTOBOTO
MOJIEKYIISIPHOTO CHTa ¢ MOJIEHBIM cooTHoIIeHueM Si0,/Al,O, paBHeM 120-350, TIHe conepkaHne MeTallia
u/wm ero okcuaa cocrarisier ot 0,01 mo 5 mac.%, B mepecueTe OT OOIIEH MacChl KaTainm3aTopa
BBIIIIEYKA3aHHBIII METaul BBIOMPAIOT, IO MEHBIIEH Mepe, W3 TPYHIBI MPEICTAaBICHHBIX METAJUIOB:
Fe, Co, Ni, Cu, Zn u Zr; 6) nons HocuTens cocrapisger 10-80 mac.% M cymMMa MacCOBBIX IOJCH
koMIoHeHTOB cocTaBiseT 100. HacTosiiee n300peTeHue Takke npeyiaraet OJuH U3 CIIOCOOO0B MOy UYCHUS
KaTaJn3aTopa, OJH U3 CIIOCOOOB MOTyYeHHSI TUMETOKCHITaHA C HCIOIh30BaHMEM KaTaln3aTopa TaHHOTO
M300peTCHUST M TPHMEHCHHE KaTaln3aTopa MO HACTOSIIEMY H300PETCHHIO B IPOIECCE ITONyYCHHUS
JUMETOKCHITaHA.
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KATAJIM3ATOP JIA ITIOJIVUHEHUA TUMETOKCHUOTAHA,
CIIOCOBb ET'O ITOJIYUEHMA U ITPUMEHEHUE

OO6nacTh MpUMEHEHHS TEXHUYECKOTO PELIeHHsI
JlaHHOe H300peTeHne OTHOCHUTCS K CHocoOy IOJyYeHMs KaTalu3aTropa AJsl MOJy4YeHUsS

AUMETOKCUITAHA U €0 NNPUMEHCHUIO.

Cy1mecTByrOmMil ypOBEHb TEXHUKU

JIMMETOKCUSTAH SIBJSETCS OYE€Hb XOPOLIMM alpPOTOHHBIM MOJSPHBIM PaCTBOPUTENEM,
pacTBOPUMBIM B BONE, a TaKXK€ B CIHPTAaX, MPOCTbIX 3(HUpax, KETOHAX, CIOXKHBIX 3(upax,
yIIeBOAOPOAaX W T. N, H IPH 3TOM HMEET XOPOLIYK PAaCTBOPSIOLIYIO CIIOCOOHOCTH ISt
PA3NUYHBIX LEJUTI0JIO3 U CMOJI, MOKET TaKXKe HMCIIONIb30BaThCs B KauecTBe abcopOeHTa ra3os, I
pactBopenust okcuna cepol (IV), meraHa, sTujeHa W Apyrux rasoB. B mocnenHue rombl s
IUMETOKCHATaHa OBLIM OTKPBITHI HOBBIE CIIOCOOBI NMPUMEHEHHUS, TaKhe KaK SKCTParupoBaHHE
JIEKaPCTBEHHOIO ChIPbs, UCIOJIb30BAHUE B KQUECTBE OPUEHTUPOBAHHOIO CJIOS KUAKUX KPUCTAIJIOB
U ap.

ConepxaHue KHCIOpPOJa B JUMETOKCHITaHE coCTaBjsieT 35,6%, ero LeTaHOBOE YHUCIIO
pocruraer 98, OH JIETKO BOCIUIAMEHMM. Pe3ynpTaTbl HCCIENOBaHMS IOKA3bIBAKOT, 4YTO
JVMETOKCUITAH MOKHO HCIIOJIb30BaTh B KAa4€CTBE KOMIIOHEHTA YUCTOIO JU3EJIbHOIO TOILIMBA
HoBoro Tuma. JloGaBiaenue 30% IOUMETOKCHMITAaHA B JAM3EIbHOE TOIUIMBO 0€3 Kakoro-iudo
U3MEHEHUs] KOHCTPYKLUU JU3EJIBHOrO JBUTaTelsl MOXKET YJIY4YIIUTh Ka4yeCTBO F'OPEHUs! TOIUIMBA B
JBUTATeNe, TOBBICUTh TEIUIOBOW KOX(P(HUIMEHT M 3HAYUTEIBHO CHH3UThb JBIMHOCTb BBIOPOCOB
JU3EJIbHOTO JBUraTessi, KpOME TOrO, AMMETOKCHATaH UMeeT Oosiee HU3KYI0 TOYKY 3aMep3aHus, OH
SIBJISIETCS] UACABHON MPUCAAKON K aBUALIMOHHOMY TOIJIUBY.

C pacuupenueM 00J1aCTU MPUMEHEHUS] TUMETOKCUATAHA, NOTPEOHOCTh B HEM MOCTOSIHHO
pacter. lIpoMbIlUIEHHBI CHUHTE3 M MPUKIAAHBIE HCCIEIOBAHUA AUMETOKCHUITAaHA HA OCHOBE
YyrOJIBHOTO  CBHIPbSl HMEIOT  OOJbINOE 3HAYEHHWE JJII  PA3BUTHUS  YTOJbHO-XUMHYECKOM
MPOMBILITIEHHOCTH.

CymecTByeT MHOTO CITOCOOOB CHHTE3a TUMETOKCHUITAHA, HA JaHHBIH MOMEHT I'JIABHBIMH H3
HUX SIBJISIIOTCA:

1) MerunupoBanue. J{ns1 MOJIydeHUs AMMETOKCHATaHA NAHHBIM CIIOCOOOM HCHOJB3YIOT
STUJICHIVIUKOJIb WA 2-METOKCUSTAHOJ B Ka4e€CTBE ChIPbs, XJOPMETaH MPUMEHSETCS B Ka4eCTBE
METHJIMPYIOLIET0 areHra, KpayH-3QHup WM uYeTBepTHYHAs aMMOHMEBAas COJb MHCIOJB3YETCs B
Ka4yecTBe KaTanuzaTopa MexdasHoro nepeHoca. Hemocratkom sToro cmocoda sBISIETCS TO, YTO

KaTaJu3aTop OYeHb JOPOroi u He MokeT ObITh BoccTaHOBNeH. Wxky CuH bao u np. («Xumudeckas
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NPOMBIIITIEHHOCTh  LI3siHCY» 1996, 24(5) 18-20) UCTIONB30BAIM  COOCTBEHHBIN
NOJIMSTUIICHTJIMKONEBBI 3(Hp B KadyecTBe KaTaau3aTopa IUJId TOJNYYEHHs] JUMETOKCHITaHA B
MSTKHX YCJIOBUAX € YUCTOTOH 99,9% wu BbxomoM 90%. DToT crnoco® [aéT BBICOKHI BBIXOT
NPOAYKTa, a CaM MPOAYKT MPHU 3TOM 00JIafaeT BbICOKOH YHUCTOTOM, TaKXkKe 3TOT CIOCO0 JOMyCKaeT
BOCCTAHOBJICHHE KaTaiu3aTopa. Takol MPOAYKT yke peasu3yoT Ha PhIHKE, OTHAKO B 3TOM criocode
UCTIONIB3YeTCsl BHICOKOTOKCUYHBIN XJIOPMETaH, a Takxke cuibHas menoub NaOH, koropas obnanaer
CHJIBHBIM KOPPOIUPYIOIINM JEeHCTBUEM.

2) PackpeiTHe KOJIbLIa OKHCH STHJIEHA W BBEICHHE NUMETWIOBOro s¢dupa. B ucrounuke
CN101263101 coobmaercs, uyro kommanus Clariant HEMOCPENCTBEHHO  CHUHTE3UPYET
OUMETOKCHATaH PeakLUuell AMMETHIIOBOrO 3(Hpa C OKHCHIO 3THJIEHA C TIOMOLIBI M300PETEeHHOrO
KOMITO3UTHOTO KaTajiu3aTopa, B coctaB koroporo exoast HBF4 u / umu BF; u H,SO4, HNO3 u /
wm H3;POs, HWx onrtumanbHOe MaccoBoe cooTHomnenune cocraeisier 1:(0,3-0,5). HawubGonee
npeanoyTuTeNbHbIMU  KucyioTamu siBisitorest HoSO4 u H3POy4. Tlpu ucnons3oBaHUM JAaHHOTO
KaTaJnu3aTopa CENEeKTUBHOCTh JAWMETOKCHITaHa JOBOJIBHO BBICOKA, INPH 3TOM OOpPa3yrOTCS
ONPENEeNeHHOEe  KOJMYECTBO  MOOOYHBIX  MPOAYKTOB, TakuX Kak 1, 4-muokcaH  win
IUMETHIITPUS THIIEHTJINKOJIEBbIN 3¢up. HemocTatkn aHHONM TEXHOJIOTHU 3aKIIOYAIOTCS B TOM, YTO
KOHEYHBbIMH MPOAYKTAMHU SIBIISIFOTCSL  CIIOXKHBIE CMECH, KOTOPbIE TPYAHO Pa3AeNUTh.

3) OxucnurtenpbHOE COUETaHWE C YYacTHEM JAMMETHIIOBOro sdupa. JlumerokcustaH
NOJIy4alOT peakuued OKHCIUTEIbHOIO COYeTaHWs C ydacTHMeM JAMMETHJIOBOro 3¢upa oA
neiictBueM karanusatopa. Kartamusaropom sBasercs okcun Meramna IV rpynmel rinaBHOMU
noarpymnmel, HaneceHHblit Ha MgO mpu 200°C, 1,6 MIla, 5% Sn0,/MgO; MoisipHOE COOTHOIIEHHE
metuyioBoro 3¢upa/O, cocrasisier 5,0, CENEKTUBHOCTb IUMETOKCHITAaHA cocraBisier 34,5%.
TexHONOTHYEeCKHiI TMPOEKT SIBJSIETCS WHOBALMOHHBIM, HO CYyINECTByeT mpoOjieMa HU3KOH
CEJIEKTMBHOCTH AuMeTOKcudTaHa. B  mokymente CNI1836775A coolmaercs O KOMIIO3UTHOM
KaTaJM3aToOpe C OKCUAAMU METAJIOB, HMEIOLINM 00Jiee BBICOKYIO PEAKIHMOHHYIO CIIOCOOHOCTH M
BBICOKYI) CEJIEKTHBHOCTh JIUMETOKCHATaHa, BbIpakeHHeM kotoporo sBisiercs MOx-SnOy-MgO.
KoMmno3uTtHblli KaTanu3aTop IOMELIAI0T B PEaKTOp C HEMOJABMKHBIM CJIOEM, KyJa BBOIAT
OTIPENENICHHYIO JTOJIF0 TUMETHUIIOBOrO 3(Upa, KHCIOPOAa U HHEPTHOTO ra3a, PeakLus MPOBOIUTCS B
OlpefeNeHHOM HHTepBaie Temieparyp. Ilpu 3ToM mnojydaercs OOBOJBHO BBICOKMH BBIXOJ
IUMETOKCHITaHa M BBICOKAs KOHBEPCHS AMMETHIJIOBOrO 3(pmpa, HO TMPU TAHHOM METOHE JIETKO
oOpasyercst mobounslil mpoaykt — CO;.

4) MexmonekyysipHasi nerupparanus. JMMETOKCHITaH TMOJYyYarT KaTAJIUTHUECKON
peaknuell STUICHTJIUKONS WIM 2-METOKCHITAHOJNA C METAHOJOM WM JIUMETHIIOBBIM 3(PUPOM.
TexHonornueckuii npouecc NpoCT U MCXOJHbIE BEIIECTBA JIETKOAOCTYIHBL, YTO OYE€Hb MOAXOIUT

IUI IPOMBIIIIEHHOH pa3paboTtku. B marente Anonun JP 2004-196783 coobuiaercsi, 4To, Korza



OTHOLIEHUE 3THICHITIMKOMIS K MeTaHoy cocTasisieT 1:20 npu nasnenuu 8,2 MIla u npumensiercs
komro3uTHbI okcun Cs-P-Si B kadecTBe KaTanu3aTopa, KOHBEPCHUS! 3TUJICHIIIMKOJNS COCTAaBIIAET
35%. CeNeKTUBHOCTb 2-METOKCHATAaHOJA COCTaBisieT 67%, CEeNeKTUBHOCTb HATUJICHTJIMKOJIS
coctaisieT 30%, CeNeKTUBHOCTb AMMETOKCU3TaHa cocTaBisieT 0%, KOHBEpCUs 3THIJIEHIVIUKONS C
ucrnionb3oBaHueM 7-AlbOs3 B KauecTBe Karaju3aropa cocTaBisieT 96%, CeneKTUBHOCTb
ITUMETOKCHUdTaHa cocTaBisieT 18%, a CeleKTUBHOCTb AHOKCaHa cocrtaBiseT 5%. Hcxonms u3
pe3yJIbTaTOB, CEJNIEKTUBHOCTb JHUMETOKCHITAHA WJIM CTeNEeHb MPEeBPaLeHUus] STUJICHIIHKOJA
SIBJIIETCSI OTHOCUTENIbHO HU3KOH, TpeOoBaHMsI, HEOOXOMUMBIE I MPOMBIIIJICHHOTO MPUMEHEHHS
crioco0a, He MOTYT ObITb JOCTHUTHYTHI, TIO3TOMY TpeOyeTcst pa3pabdoTaTh KaTaau3aTop, KOTOPBIM
umeet 0oJiee BBICOKYIO aKTUBHOCTD M CEJIEKTUBHOCTD.

B marenre PCT/CN2015/079691 onucano MoauduIMpoBaHHOE LIEOJUTOBOE MOJIEKYJISIPHOE
curo ( [P-meonuT KanmbUMsA), OHO TMPHMEHSETCS B KAayeCTBE KaTalu3aTopa NPU CHUHTE3e
MOHOSTHJIOBOrO 3(upa sTuieHrmukons npu ycnousax 210°C, 5,0 Mlla, mpu MonsspHOM
OTHOILIEHUH METaHOJa K 3TUJIEHINUKOMO 4: 1. CTeneHb nmpeBpalieHyst STUIEHINIUKONS COCTaBIIsAET
75,42%, CeneKTUBHOCTh MOHO3THIIOBOTO 3(pUpa STUIEHIIHNKOJS cocTaBisieT 98,6%, u B TOM yncie
CEeJIEKTUBHOCTDh JTMMETOKCHATaHa cocTtaBisieT 41,44%, cpok ciyxObl karamuzatopa Gonee 2000 4,
HO o0pasyercs mOOOYHBIH TNPOAYKT — JAMOKCAaH. B mareHTe Takxke coolmiaercs o
momuduimposaHHoM Ca KaTann3aTope Ha OCHOBE MOJIEKYJIIPHOTO CHTA U3 IIEJOYHO-MarHUEBOIO
neonura Ferrierite (FER), npu Tex e ycloBusx cremneHpb mnpespaiueHus nocruraer 90,71%, 6e3
NOOOYHOrO MpPOAYKTAa AMOKCAHA, CEJEKTHBHOCTb MOHOITHIJIOBOIO 3(uUpa STHIECHTIIHUKOJI
cocraBisieT 100%, OOHAKO CEJEKTHMBHOCTb OUMETOKCHITAaHa cocTaBisieT Bcero 24,53%,
KaTanu3aTop OBICTPO IE3aKTUBUPYETCS M MMEEeT HIBKYI0 cTaOmibHOCTh. O0a 3THX Karanusaropa
ele He JOCTHUIJIA YPOBHS CHHTE3a AMMETOKCHATaHA, HEOOXOUMOTO B IPOMBILIIEHHOCTH.

5) Kap6ouumuposanue. I's Cunp u ap. (Xummyeckue pearentsi, 1997, 19 (3) 150-153)
coobmiaer o0 cnocode TMOJNY4eHUs JUMETOKCHITaHA NyTeM KapOOHWJIMPOBAHHS, B KOTOPOM B
Ka4yecTBe pearupyrollero BellecTBa UCIIONb3YIOT CUHTe3-ra3 U MeraHon. CHHTe3-ra3 rnoctynaer B
METaHOJI TOJ JeWCTBHEM Re/akTMBUPOBAHHOTO YISl WM KOMIUlekca Ha ocHoBe Co mpu
temrieparype peakuuu 200°C u naenenun peakuuu 10,0 MIla. Ilony4aercs AMMETOKCHUAITaH C
BbIXOmoM 41,8%.

FER mnpencraBisier coOol TBEpABIA KUCIBIA KaTaJU3aTOP C OTHOCHUTENBHO HEOOJIBIIUM
pasMepoM MOp U CUJIBHON KHUCJIOTHOCTBIO, OH B OCHOBHOM MCIIOJIb3Y€TCS sl M30MEpHU3aluu U
KPEKUHra HU3KOMOJIEKYJISIPHBIX YIIIeBOAOPOoa0oB. biarogaps HeOompIomMy pasMepy MOp OH MOKET
npeaoTBpalaTh 00pa3oBaHUE HEKOTOPBIX LHUKINYECKUX MOOOYHBIX MPOAYKTOB C OTHOCHTENBHO
OOJNBIINM MOJIEKYJISIPHBIM pa3MepoM, KPOME TOro, H3-32 BBICOKOH KHCJIOTHOCTH HEKOTOpBIE

peakLy MOKHO IPOBOAUTH MPHU HU3KUX Temmepartypax. Lleonurosoe monekynspaoe cuto FER ¢
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MaJIbIM PasMEpPOM MOp ABJKCTCA NPCANOYTHUTCIBbHBIM IJISI KOHTPOJIA O6pa30BaHI/Iﬂ TOKCHYHOI'O
LIMKJINYECKOro MOOOYHOro MPOAYKTa TUOKCAHA B PEAKLIMHU STHIICHIVIMKOJISI U METaHOJIA JUTs CHHTE3a
AUMETOKCHUOTAaHA, KPOME TOT'O, IIPpU p€aKINU CUHTE3a ATUMETOKCHU3TaHa MPU BBICOKUX TEMIIEPATYpPaAxX
JerKo 00pasyroTCsl CIOXKHBIE (PHPBI MOJIUOJIOB U APYTHX CIOKHBIX MOJUMEPOB, UX NPUMEHEHHE
obyneryaer ne3akTHUBALMIO Karajiuzatopa. [losToMy naHHBIA KaTanu3aTop MOAXOOUT IPU
KaTaJIUTUYECKOHN peakLuu B CUJIBHO KUCJION CpeAe U IPU HU3KOM TeMIepaType.

Takum 0Opa3om, Cpeau CyLIECTBYIOIIMX CIOCOOOB TONY4YEHUS AMMETOKCHATAHA,
METHUJIMPOBAHUE SIBIISIETCST HamOoJiee pacrnpOCTPaHEHHBIM, HO B 3TOM CIOCOOE HCIOJb3YETCs
cunbHas menoub NaOH, kotopast o0namgaeT CHIbHBIM KOPPOIAMPYIOIIUM JAEHCTBUEM, MPU STOM
obpasyercs 6onbinoe konudectBo NaCl umn Na,SO4. B mpouecce UCONb3yOTCS OKUCH STHIIEHA U
5(pUp B KauecTBe PeareHTOB, MPU 3TOM OKUCh ATHJIEHA O4YeHb ormacHa. KpoMe TOro, HeIOCTaTKOM
3TOrO Crocoba sBJSIETCSI TO, YTO MPOAYKT CJOXKEH H ero TpyaHO otaenuts. [Ipu cnocobe coueranust
C y4acTHeM IUMETHJIOBOro 3(upa, Jaske TO, YTO HCXOAHbIE PEAreHThl SIBJSIFOTCS MPOCTHIMH U
JNOCTYIIHBIMHU, HE KOMIIEHCHPYET TOrO, YTO JAHHAs pPeakLHsi TPYAHO KOHTPOIMPYETCS U MPHU Heu
Jerko o0pa3yroTcs moOouHble mponykThl, Takue kak CO,, W JaHHBIA METOA HE JOCTHT
KOMMepUecKoro cranaaprta. Ilpu kapOOHMIIMPOBAHMM ChIPbE SIBJISIETCS IIHPOKOAOCTYIHBIM, HO
CYILECTBYET HECKOJIbKO MpoOieM: TOPOroBU3HA KaTaau3aTopa U HU3Kasi MPOU3BOIUTEIBHOCTD.

C ycrmewmHo#l wWHAyCTpUanu3alMed TMpolecca NPEeBpaLlieHuss YIS B OTUJICHIJIHUKOIb
O6eCHe“II/IBaeTCH JA0CTATOYHAsA Bpra60TKa ChIpbs IJIA NMPOU3BOACTBA AHWMETOKCHUITAHA. Mertanon
TaKKe SIBJISIETCSI OCHOBHBIM MPOAYKTOM YTOJIbHO-XMMHUUECKOH MPOMBILIEHHOCTH. Takum obpas3om,
IO OTHOIIEHHIO K ChIpbeBOH Oa3e B KadeCTBE ChIPbS MJIsI TOJNYYEHUS JUMETOKCHUITAaHA,
STHJICHTJIMKOJIb U METAHOJ JOJDKHBI CTaTh OOIIEAOCTYNHBIMU U Henoporumu. OqHAKO HA JTaHHbIHA
MOMCHT IIpU MOJYUYCHUU OUMCTOKCHUOITAHA M3 STHUJICHIJIMKOJIA U METAaHOJIa CTECIICHb NPEBpallCHUA
OTHJICHIJIMKOJIA U CEJICKTUBHOCTH JTUMETOKCHUSTaHa JOBOJBbHO HU3KHUE, HE JOCTHUTalOT HeO6XOI[I/IMbIX
MPOMBIIIJIEHHbIX MaciTaboB. [ToatoMmy cpounHo Tpebyercsi paspaboTka crocoda, Mmpu KOTOPOM
CTEIICHb TMPEBPALICHUSA OTUIICHITIMKOJA, CCICKTUBHOCTL JUMETOKCHU3TAHA 6YI[YT JOBOJIBHO
BBICOKUMH H OyAyT 00safnate Xoporel cTabmiIbHOCTRIO 0e3 00pa3oBaHusi TOOOYHOTO MPOAYKTA -
IMOKCAaHa, BKJIIOYas METOA BOCCTAHOBJICHHsI TBEPAOrO KaTaiu3aropa. JTO HEOOXOAMMO Iist
BHEAPCHHA B MNPOMBIIIJIICHHOCTD cnoco6a MNOJIY4YCHUA OJUMETOKCUOTAHA IIYTEM 3TepI/I(1)I/IKaL[I/II/I

OTHJICHIJTIMKOJIAA METAHOJIOM.

CymHocTh H300peTeHus
Llenpro HacTOAIIETO N300PETEHNUS SIBISIETCS MOJTyYeHHE TUMETOKCHITAHOBOTO KaTalnu3aTropa

13 METaHOJIa W/Un JAUMETHUIIOBOTO B(I)I/Ipa C ATUJIEHTJIMKOJIEM U/WIH 2-METOKCHUITAHOJIOM.



JlaHHBIN KaTanU3aTOp COAEPKUT CHEAYIOIHEe KOMIIOHEHTBHI, MAacCOBOE€ COfepKaHHe
KOTOPBIX OTHOCUTENIbHO OOIIEeH MacChl KATAJIM3aTOPa COCTABIISET:

a) 20-90% mno macce MOAM(PHUUIUPOBAHHOIO METAJUIOM H/HIIM €ro OKCHUIOM LEOJHTOBOTO
MOJIEKYJISIPHOTO CUTa C MOJISIpHBIM cooTHoIeHueM S10./Al,03 120-350; roe coneprkanue MeTasia
w/mmm ero okcuna cocrasinsier 0,01-5% mo Macce OTHOCUTENPHO OOIIEi MacChl KaTannu3aTopa, mpu
5TOM CTaHIAPTHO BBIOMPAIOT XOTA Obl OfMH M3 npexactasiaeHHbIx MeTaiuios: Fe, Co, Ni, Cu, Zn u
Zr, u

6) 10-80 % mo macce Mo MePeHOCUUKY,

CymMma MaccoBbIX 0Jei koMIoHeHTOB coctasisieT 100% o macce.

JIpyroli LeNbl0 HACTOSIIIEro H300pEeTEeHUs SIBJIETCS CIOCO0 IMONyYeHHs KaTaln3aTtopa
COTJIACHO M300PETEHHIO, BKJIFOUAOLINH CIEAYIOIIHE CTa UM

1) ObecnieueHne EONTUTOBBIM MOJIEKYJISIPHBIM CUTOM H-THIa ¢ MOJISIpHBIM COOTHOIIEHUEM
S10, / Al,03 120-350;

2) Tlocne COMPUKOCHOBEHHMs ~ BOAHOTO PacTBOpPA BOAOPACTBOPHMON CONM MeTajula C
LIEOJIUTOBBIM MOJIEKYJISIPHBIM CUTOM , MPEJOCTaBJICHHBIM Ha cTamud (1), mpoBosAT GuiIbTpauuio,
NPOMBIBKY, CYIIKy M MPOKaJHBaHWE [JIsI TOJyYeHHs] MOAUDUIUPOBAHHOTO ILIEOJIUTOBOTO
MOJIEKYJISIPHOTO CHUTA , T7Ie T10 MEHbIIEH Mepe OIUH MEeTaJUl BBIOMPAIOT U3 CIEAYIOLIEH IPYIIIIbI
Fe, Co, Ni, Cu, Zn u Zr;

3) MoauduuupoBaHHOE IIEOJIUTOBOE MOJEKYJISPHOE CUTO, TMOJy4YeHHOe Ha craguu (2),
CMELINBAIOT C HOCUTEJIEM WJIN MPEeALIECTBEHHUKOM HOCHTENs, (POPMOBOYHOM NOOABKOH, BOROH M
KHCJIOTOH, MOTOM (DOPMYIOT, CyIIAT, MPOKAIHMBAIOT, 3aTEM HM3MENbYAIOT M IMPOCEHBAIOT, MOJTyYast
TBEPAbIE YACTHULIBL.

JIaHHBII KaTaau3aTop BKJOYAET B CBOW COCTaB CIEAYIOIIME KOMIIOHEHTBI, KOJUYECTBO
pacxoja Kakaoro M3 KOTOPBIX UIET B IepecueTe Ha OOIIYI0 MacCy KaTajlu3aTopa:

a) 20-90% mo mMacce MOTU(UIIUPOBAHHOTO METAJUIOM HM/MJIH €r0 OKCHUIAOM MOJIEKYJISIPHOTO
LIEOJIUTOBOTO CUTa C MOJIIPHBIM cooTHoweHueM Si02/Al,O3 120-350; B TOM uucie conep:kaHue
Metajuia w/unu ero okcuna coctasysier 0,01-5% oTtHocuTenbHO 0OOLIEeH Macchl KaTajau3aTopa, mpu
5TOM IO MEHBIIEH Mepe OIMH MeTajul BhiouparoT u3 crenyromedi rpynmnel: Fe, Co, Ni, Cu, Zn u
Zr;

6) 10-80% HOcuTENS MO Macce,

CyMMa MacCOBBIX J10Jiell KOMIIOHEHTOB cocTasisier 100%.

Eme onHOH menpr0  HACTOSINErO  HM300pETeHMs  SIBISIETCS  CIIOCOO  MONy4eHHUs
IUMETOKCHITaHa, BKIIOYAIOLINKM CcMeImuBaHUe peareHta (a) ¢ peareHToM (0) mpu y4acTuu

KaTaJu3aTopa COIJIACHO ITAaHHOMY H300PETEeHHI0O B YCIOBHUSX 3TepudUKanuy, rae yKa3aHHbIHN
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peareHT (a) TpenCTaBisieT COOOW STUJICHTIIMKONb WA 2-METOKCHSTAHOJI, BBIIICYTOMSHYThINA
peareHT (0) 03Ha4YaeT METAHOJ W/WUJIH JUMETHIIOBBIN 3up.
Eme omHOW 1enpi0 HACTOSILIErO H300pETEeHUs SBJSIETCS] MPUMEHEHHe KaTajlu3aTropa B

criocobe MOJIY4YCHHUsI AUMETOKCUITAHA.

ITonpoOHBIH peskuM peanusayu crnocoda

Bo-nepBbix, u3oOpereHne oOecreynBaeT TMOJYyYEeHHE KaTaau3aropa IJisl TOJYYeHHUs
OUMETOKCHATAaHA W3 METaHOJa W/WIH JUMETHJIOBOrodupa W OSTHISHTIIUKONS W/umu  2-
MeTOKCH3TaHONa. JIaHHBIM KaTtanu3aTop COAEPXKUT CIEAYIOIIMe KOMIIOHEHTBI, MAacCOBOE
CoZIepKaHNEe KOTOPBIX OTHOCUTENIbHO O0IIEH MacChl KaTaIN3aTopa COCTABIISIET:

a) 20-90 % mo macce MOIU(PUIIMPOBAHHOTO METAJUIOM W/WIJIM €r0 OKCHIOM LEOJHTOBOTO
MOJIEKYJIIPHOTO CUTa C MOJIAPHBIM cooTHOLeHueM Si0,/Al,03 120-350; B TOoM yncie conep:kanue
Metaiia w/unn ero okcupa coctaBisier 0,01-5% oTHOcuTeNnbHO OOIIel Macchl KaTamu3aTopa,
npuyYeM IO MEHBIIeH Mepe OAWH U3 METAJUIOB BRIOMpAOT U3 chenyromei rpymnmsl: Fe, Co, Ni,
Cu, ZnuZr,

6) 10-80% 1mo Macce HOCUTEIIS,

CymMa MaccoBBIX A0J€i KOMIOHEHTOB cocTasiseT 100%.

B karammszarope 1mo  HacTOsIMEMY ~— M300pETEHMIO  COAEpXKaHHE  KOMIIOHEHTa
NPEATIOUYTUTENBHO JOJDKHO cocTaBisATh 30-85 % mo macce, Oojee mpeanodYTUTENbHBIM BEIOOPOM
spisiercs 40-80% mo mMacce ot pereHra (a).

B karammsaTope COMJIaCHO HACTOSAIIEM H300PETEHHIO COAEp)KaHHE KOMIIOHEHTA
NPEATIOYTUTENIBHO JOJKHO COCTaBNATh 15-70% 1o Macce, 0ojiee MpeanoyYTHTEIbHBIM BBIOOPOM
seyisiercst 40-80% 1o macce ot perenra (0).

B xaranmmzatope mo HacrosimeMy H300peTeHHIO MoisipHOe cooTHolneHue Si0,./AlLOz u
LIEOJINTOBOIO MOJIEKYJISIPHOTO CUTa HaxoauTcs B uHTepBaie oT 140 no 320, npeanodTuTensHo ot
150 no 300.

ConepsxaHre Maccel MeTajlla W/HJIM €ro OKCHJA B HACTOSILIEM KaTalu3aTope OT oOuiei
MacChl KaTaJnu3aTopa MpeanouTuTeabHo cocrasisier 0,1-3 %.

IleonuroBoe MOJNEKYJIPHOE CHUTO, HCIOJAB3yeMO€ B KaTajau3aTope IO HACTOsIIEeMy
n300pETEeHNIO, BBIOUPAIOT U3 IEOJIMTOBBIX MOJIEKYJIIPHBIX CHT, XOPOLIO M3BECTHBIX CHELHATACTaM
B naHHOHW obnmactu. Hampumep, st HEOIUTOBOTO MOJIEKYJIIPHOTO CHTA  BBIOMPAIOT IO MEHbINEH
Mepe oawH u3 mpencrasieHHbix BunoB. USY, FER, ZSM-5, ZSM-11, ZSM-23, MCM-22 u -
neosuta. IlpenmoururensHbiM BbeIOOpOM siBiisiercst ZSM-5, FER wumm  B-ueonur, naubonee
npeanouTuTenbHbIM BhiOopoM u3 FER w/unu B-mieonura SBsieTcs HEOIUTOBOE MOJIEKYJIIPHOE CUTO

FER.
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Hacrosimee n3o0perenne He npeabsaBIsieT 0COObIX TPeOOBAHUI K MCTOUHUKY LEOJIHTOBOIO
MOJIEKYJISIPHOTO CHTa, €r0 MOJKHO KaK M NPUOOPECTH, TaK U MOJYYHTb CIIOCOOOM CHHTE3a C
MOMOMIBIO YK€ CYIIECTBYIOLIEH TEXHUKH, HATIPUMED, TUIPOTEPMAIbHBIM CUHTE30M.

Haubonee npeanodTuTenbHbIM BApUAHTOM Il OCYINECTBJIEHUS HACTOSIIIEr0 U300pETeHHs
SBJISISIETCS] LIEOIUTOBOE MoJieKyisipHoe cuto FER, cnoco0 cuHTe3a KOTOPOro MOXKET BKJIFOYATH:

1) CmemnBaHMe KPEeMHHMs, AJFOMHHUS, MOBEPXHOCTHO-AKTHBHOTO BEINECTBA, KHUCJIOTHI M
BOJIBI U MOJIy4YE€HUE PEAKIIHOHHOMN CMecH;

i1) I'maporepmuueckasl KpUCTALUTU3ALMS PEAKIMOHHOW CMeCH, TMONIy4eHHOW Ha cranuu (1),
nociae (UIbTPALUH, CYIIKA M TNPOKAJIMBAHUS MOJYYEHHOTO TBEPIOTO BEIIECTBA, MOJYYarOT
neonuToBoe MosekysipHoe cuto FER Na-tumna;

iii) Ilocme peakumu oOmeHa wLeoauTOBOro MojekyisipHoro cura FER  Na-tuma,
NOJIy4eHHOro Ha craauu (ii), ¢ BOOHBIM PAacTBOPOM COJHM aMMOHHS, NMPOKAJTUBAHHS, MOJYYAOT
LeoNUTOBOE MoJeKyJisipHOe cuto FER H-Trna.

Bpleyka3aHHbBIM HCTOYHUKOM KPEMHHS MOXKET OBITh OJUH W3 BHIOB JKHIKOTO CTEKJI,
KPEMHEe30JIeH, CHIIMKareseil 1 MOPOLIKOB KPEMHHSI, U3BECTHBIX CIELUAINCTAM B JaHHOW 00JacTH.
B kadecTBe HCTOYHHMKOB AJIOMHHHMS M KHCIOT MOIYT OBITb BBIOpAaHBl HMCTOYHHKH, XOPOLIO
M3BECTHBIE CIIEL[UAINCTAM B JAHHOH 0OJacTH, HANpUMep, UCTOYHHKOM AJTIOMHMHHUS MOXET ObITh
OIIMH U3 BUJOB CyJb(daTa aJIOMHHUSA, AIFOMUHATA HATPHS WM CUJIMKAress, a B KA4eCTBE KUCIIOTY
MOJKeT OBITh BBIOpaHa CepHasi, COJITHAs MJIU a30THAsl KUCJIOTA.

ITOBepXHOCTHO-aKTHBHOE BEIIECTBO COIVIACHO HACTOSAIIEMY H300pPETEHHI0  MOJKET
NPENCTaBIsATh COOOH MOBEPXHOCTHO-AaKTHBHOE BEILIECTBO, HANpHMEP NHPUAWH, IMHUIEPUIUH,
TerparuapodypaH, WIN APYyroe U3BECTHOE CIELHAINCTaM B JAHHOHW OOJAaCTH BELIECTBO, KOTOPOE
HCIIONB3YETCsl ISl OJIyYEeHUs] LIEOIUTOBOro MosiekyJsipHoro cuta FER.

Ha cragumu (i) He mnpembsBIsIIOTCS OCOOble TPeOOBaHMS K MOJSIPHOMY COOTHOIIEHHIO
BBILIEH3JIOKEHHBIX HCTOYHHKOB KPEMHHSI, MOBEPXHOCTHO-AaKTUBHBIX BEINECTB, KHCJIOT U BOIBI
NMO3TOMY HMX MOXHO BBIOpPAaTh CaMOCTOSITENIbBHO B JIOBOJBHO IIMPOKOM  JIMAMa30HE.
IIpennoyTHTENbHBIM BBIOOPOM MOJISIPHOTO COOTHOLIEHHMS KPEMHHS, IMOBEPXHOCTHO-aKTUBHOTO
BeIeCTBa, KUCJIOTHI U Boabl Oyaer 1:0,1-0,2:0,4-0,6:50-90, Hanbonee npeanoyTuTeNbHbM - 1:0,12-
0,18:0,45-0,55:60-80.

KpemHwmii 1 amroMUHHUH B BBILIEYNOMSHYTOH cTaany (1) UCHIOIB3YIOTCS B TAKOM KOJUYECTBE,
9TOOBI B LIEOJIUTOBOM MOJIEKYJISIPHOM CUTe MOJisipHoe cooTHotnerne S10,/Al,O3 cocrapiso ot 120
1o 350, npennouturenpHo ot 140 no 320, Hanbonee npeanoututesbHo oT 150 no 300.

Hebonpmoe KOMMUECTBO CONM METAJUIMYECKOTO HATPUs, TAaKOro Kak Cyib(ar HaTpus,
XJIopun HaTpust, GTOpUn HATPUsi, KapOOHAT HATPHS, THAPOKAPOOHAT HATPHS U/UITH alleTaT HATPHSI U

T.A., TaKXke MOXET ObIThb 100aBIeHO Ha craauu (1), TIPU 3TOM MPEATNIOUTUTENIBHBIM BbIOOPOM



ABIIIIOTCST CyJb(arT HAaTpus Wuiau Xjopun HaTpus. KonmdyecTBO COMM METaJIMYECKOro HaTpwHs,
UCTIONB3YEMOE B HACTOALIEM M300PETEHUH, KOHKPETHO HE OTPAaHUYEHO U MOXKET ObITh BBIOPAHO B
COOTBETCTBHUH C (PAaKTUUECKUMU ITOTPEOHOCTAMH.

Hacrosimmee wu3o0pereHue He mpenbsBiIseT OCOObIX TpeOOBaHUI K YCIOBUSAM
KpucTajutm3anmu Ha craguu (ii). FIM MoXeT CcTaTh yCiOBHE KPHCTAJUIM3ALMU JAJIST TOJNYYSHUS
neoautoporo MosekyisspHoro cuta FER. Hampumep, TemnepaTypa KpUCTaNIM3allUd MOXKET
BapbpupoBathcs ot 50 mo 250°C, Ho mpennoututenbHO oT 100 go 200°C, BpeMsi KpUCTATH3ALNUN
coctasysieT oT 12 mo 120 gacos, npeanoututenbHo ot 24 no 96 yacos. CnenunanucraMm B TaHHOU
0o0JacTH  XOpOLIO M3BECTHO KaK OOBIMHO TPOBOOUTCS KPUCTAUTM3ALMSI B PEAKTOpPE
THIPOTEPMAIIBHOTO CHHTE3a, MOITOMY OHA He OyIeT OMUCHIBAThCA B NaHHOM m300perenuu. [locne
KPUCTAJUIM3ALUM  TOJY4YarOT TBEPAOE BEIIEeCTBO, COJAEpKallee KOMIIOHEHT LIEOJMTOBOIO
MoJiekyJisipHOro cuta FER 1 mOBEpXHOCTHO-aKTUBHOE BELIECTBO.

Hacrosimee n3o0pereHne He MpenbsBisieT 0COObIX TPeOOBAHMHA K YCIOBHAM (PHIIBTPALIUH U
CYLIKH TOCJIe KpHUCTATM3au Ha craauu (ii). MIX MOJKHO NMPOBOAWTH MO YK€ CYINECTBYIOLINM
TexHosorusiM. Hanpumep, GpuibTparust u cymka mocyie KpUCTauTU3aii OOBIMHO BKJFOUAET B ceOs
OTHEJIEHHE TBEPAOrO BEINECTBA C LEOJMTOBBIM MOJEKYJSIPHBIM CUTOM FER M mOBEpXHOCTHO-
AKTUBHBIM BEIIECTBOM OT MAaTOYHOIO pacTBOpa, MPOMbIBKA [0 HEHTpPaJbHOW Cpenbl
JIEMOHN30BAaHHOM BOJOM, cylika Ha Bo3ayxe npu 70- 150°C 3-15 u.

CrenmanucraM B JaHHOH 00OMacTM MAOKHO OBITH H3BECTHO, YTO IIOCIE CTaauU
KPUCTAJUTM3ALMA U CYIIKH OOBIMHO MPOBOAUTCS CTaausl YAAJEHUS HNOBEPXHOCTHO-AKTHBHOTO
BemecTsa. K MeTony yaanaeHus: moBepXHOCTHO-aKTUBHOTO BELIECTBA B HACTOSIIEM H300pETEeHNHN He
NPEeNbSIBIAIOTCS 0cOOble TpeOOBaHMS, MO3TOMY MOKHO HCIIOJNB30BATh PA3JINYHbIE H3BECTHBIE
TexHojoruu. Hampumep, MOXHO NpPOBOAWTH MpoOKajduBaHHe Tmoche cywku. Hacrosimee
nu300peTeHne He MPEenbsBIAeT OCOObIX TPeOOBaHMH K YCJIOBUSM MpPOKAJIMBaHUs Ha craguu (ii),
ONTUMAJIbHONW TeMIlepaTypodl mNpokanuBaHus sBisierca wuHTepBan ot 400 po 650°C,
npennoututenbHo oT 500 o 600°C, Bpemst mpoKaauBaHUs cOCTaBlseT 3-16 4, MpeAnoYTUTEIbHO
4-8 4; nmpokanyuBaHue MIPOBOAUTCS Ha BO3AYyXE.

Ha craguum (iii) He TNpPEABABISIOT OCOOBIX TpPeOOBaHWH K MOJSIPHOMY COOTHOIIEHHIO
LeoNUTOBOro MonekyJisipHoro cuta FER Na-tuna B nepecuere Ha KpeMHHH K coiau amMmoHus. Ero
MO’KHO BBIOpaTh B JOBOJIbHO LIMPOKOM AMAra3oHe. [IpeamodTruTensHO MOJSIPHOE COOTHOLICHHE
monekysisspHoro cuta FER Na-tuna k conu aMMOHUA B nepecdere Ha KpemHui cocrasisier 1:0,1-
0,2, Haubonee npeanoututenbho - 1:0,12-0,18. Ilpu peakun oOmeHa nabopaTtopHasi TemrepaTrypa
noipkHa cocTtaByATh -90°C, mpennoututensHo -70°C. Bpems nanHON peakuuu coctasisieT 2-10

4acoB, MPEANOUYTUTENBHO 3-6 4acoB.
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Comu aMMOHUMsI OOBIYHO HCHOJB3YIOT B BHJIE BOAHOTO pactBopa. OOBIYHO KOHIEHTpaLUs
cosiu aMmMoHus1 coctaiisieT 0,5-1,5 monw/i1, npenmourutensHo 0,75-1,2 Momb/i.

Conb aMMOHHSI B HACTOSIIEM H300pETEHMM MOXKET ObITh BbIOpaHa M3 TAaKUX COJEH, Kak
HUTpPAT AaMMOHHs, XJIOPHI AaMMOHMS M CyJb(paT aMMOHHs, KOTOpPblE€ XOpOIIO H3BECTHbI
CIeLMAJIICTaM B IJAHHOH 001acTH.

Hacrosimee nzo0pereHne He MpeabsBiIsieT 0COObIX TpeOOBaHUI K YCIOBHAM MPOKAINBAHMUS,
npuBeneHHbIM B ctanuu (iii). IlpeamodruTensHO TeMmepaTypa NpoKaniuBaHusi cocrasisier 400-
650°C, Gonee mpeamourutesnbHo S00-600°C, Bpemsi MpOKaJMBaHHS COCTaBJsET OT 3 10 16 4,
HanOoJiee MPEeANOYTUTENBHOOT 4 110 8 u.

C y4eroM CENeKTHUBHOCTH JMMETOKCHUATAHA, METAJJI B KOMIIOHEHTE (a) MO HACTOSLIEMY
U300pETEeHUIO MPEANIOYTHTENLHO BRIOMPAIOT OUH METaJI U3 rpymnmsl, Birouaromeil Fe, Ni, Zn u
Zr, 6ojee MPEANOYTHTENFHO OIWH METayl U3 Trpymmbl, BKIrovarommen Fe, Ni wim Zr, Haubonee
MPEINOYTUTENIBHO U3 TPYIIbI, BKItoUaromei Ni w/umu Zr.

Tun HOCHTENS KaTanInu3aTopa, KOTOPbIA OyaeT UCTOIb30BaThCS B HACTOSIIEM H300PETEHHH,
KOHKPETHO HE€ OrpaHuuYeH M MOXeT ObITb BBIOPAaH B COOTBETCTBUU C (PAKTUUECKUMHU
notpedHOocTsIMI. Hanpumep, HocuTeneM MOXKeT ObITh BBIOPAH OIMH U3 BUIOB OKCHIA AIFOMUHUS U
TUOKCUA KPEMHHSL.

C nmpyroii CTOpOHBI, CIIOCOO NPHUrOTOBIEHHUS KAaTaJH3aTOPa OTHOCUTCS K H300pETEHHIO,
BKJIFOYAIOLIIEMY CIIEYIOIINE CTAIHH:

1) TlomyueHue LEOIMTOBOIO MOJEKYJApHOro cuta  H-Tuma, uMeroumero MoIsipHOeE
coornotenue Si0-/Al,03 120-350;

2) Ilocne CONMPUKOCHOBEHHS BOAHOIO pPacTBOpa BOAOPACTBOPUMOHN CONKM MeTajia C
LIEOJTUTOBBIM MOJIEKYJISIPHBIM CUTOM, TIPUTOTOBJIEHHbIM Ha ctanuu (1), mpoBeneHue (GuiIbTpaLuy,
NPOMBIBKH, CYIIKM W TNPOKAJTUBAHHS U TOJYYEeHUS MOAUDHULMPOBAHHOTO LIEOJUTOBOTO
MOJIEKYJISIPHOTO CUTA, TA€ IO MEHBIIEH Mepe OAMH METaJUl BBIOUPAIOT U3 TPYIIIbI, BKIIOYAIIEH:
Fe, Co, Ni, Cu, Zn, Zr, Gonee mnpeamno4YTHTENbHO Zn w/vuiu Zr,

3) MoauduuupoBaHHOE IIEOIUTOBOE MOJEKYJSIPHOE CUTO, TOJYYEHHOe Ha craguu (2),
CMEIINBAIOT C HOCHTEJIEM WIH MPENIIeCTBEHHNKOM HOCUTENs, (POPMOBOUHON NOOABKOH, BOAOH M
KHUCJIOTOH, (POPMYIOT, CylIaT, MPOKAJIHMBAKOT, 3aTEM HM3MEIbUAIOT M MPOCEUBAIOT UL MOJNYUYEHHS
TBEPJIbIX YaCTHLI.

JIaHHBIA KaTalU3aTOP BKJIIOYAET B CBOEM COCTABE CIEAYIOIINE KOMIIOHEHTBI, NMpPUYeM
KOJINYECTBO PacXofa KaKAOTr0 YKAa3aHO B MepecdeTe Ha OOIIYI0 MacCy KaTajau3aTopa:

a) 20-90% mno macce MOAU(PUIMPOBAHHOTO METAJUIOM W/WIIM €ro OKCHIOM LEOJHTHOTO
MOJIEKYJISIPHOTO cuUTa € MOJisipHbIM cooTHoternneM Si0,/AlOs 120-350 Ha obmyro wmaccy

KaTaJu3aTopa; CoAepskaHue YKa3aHHOTO MeTaiia u/mim ero okcuaa cocrasisier 0,01-5% ot obmei
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Macchl, MPUYEM B BBIIIEYKA3aHHOM Cllydae BBIOMPAIOT MO MEHbLIEH Mepe OIWH W3 METAJIOB,
npexncrasiennbix rpynmoi: Fe, Co, Ni, Cu, Znu Zr; u

6) 10-80% HOcuTens no macce,

CyMMma MaccoBbIX 10J1€i1 KOMITOHEHTOB cocTasiisieT 100%.

CornacHo HacTOsIIEMY H300PETEHHIO BOIOPACTBOPUMYIO COJIb METAIUIA, UCTIONB3YyEMYIO Ha
cranuu (2), MOXHO BbIOMpaTh B LIMPOKOM auanasoHe. Hampumep, MOXHO BBIOpaTh OIHY
BOJIOPACTBOPUMYIO COJIb MeTajuia u3 rpymmbl, Bkiarovaromei: Fe, Co, Ni, Cu, Zn u Zr. C To4ku
3pEHUs CeJIEKTUBHOCTH JUMETOKCHATaHA, MPEANOYTHTEIBHO BBIOPATh OJHY U3 BOAOPACTBOPHMBIX
cojei Merauia u3 rpynnsl Zr, Fe, Ni u Zn. B yacTHOCTH, BOIOPaCTBOpPHMAs COJIb METaJlJIa MOKET
ObITh BBIOpAaHa W3 TPYIIbI, BKIOUAKOLIEH HUTpaThl, kapOoHatwl, ¢ocdarer, Gochursr u
runpoxyopunsl MetauioB u3 rpymnmsl Fe, Co, Ni, Cu, Zn u Zr. [IpeanoYTUTeNsHO BBIOPATh OIHY
COJIb M3 TPYIIIBIL, BKIIOUAKOIIEH HUTpaT, kapOoHat, Gocdart, pocdur u ruapoxaopuasl METAIUIOB U3
rpymmel Fe, Ni, Zn u Zr.

B Hacrosimmem u300pereHHH HET OCOObIX TPeOOBaHMH K YCIOBHSM CONMPUKOCHOBEHHUS
BOJIHOT'O pacTBOpa BOJOPACTBOPUMOI COJIM MeTajlla C LIeOJIUTOBBIM MOJIEKyJIspHbIM cutoM H-Tuma
Ha craguu (1) co craguedi (2). OOBMHO YCIOBUS CONMPUKOCHOBEHHSI MOTYT BKIIKOYaThb B CEOsI:
TeMneparypy conpukocHoBeHusi oT 50 mo 150°C, Bpemsi compuxkocHoBeHHst oT 2 10 10 v,
ONTUMAaJIbHAsl TEMIIEpaTypa CONMPUKOCHOBeHUs cocTaBiisieT 50-120°C u BpeMsi CONPUKOCHOBEHUS
COCTaBJIsieT 2-8 u.

Hacrosimee n3o0perenne He umeeT 0coObIX TpeOOBaHMN ISl APYTHX OMEpALUil HA CTaaHH
(2) u Moxer OBITH BBIIOJHEHO C HCIHOJB30BAHHEM CIIOCOOOB, XOPOIIO M3BECTHBIX B IAHHON
obnacru.

Hacrosiiee uzobperenue He TpedyeT 0coObIX YCIOBUI [Isl 3aMernBaHust Ha ctanuu (3). B
OCHOBHOM, VCJIOBHSI 3aMEIIUBAaHUs MOTYT BKJIOYAaTh B ce0s Clenymoiue. TemIeparypa
3amemnBanus 20-50°C, Bpemst 3amewmmBaHus — 20-90 muH. OntuManbHOW TemmepaTypoil
3amelnnBaHus sBsieTcs 25-45°C, Bpemst 3amelnnBanus — 25-45 MUH.

Hacrosimee m3o0pereHne Takke BKIIFOYAET 3Tabl (JOPMOBAHMS, CYIIKH M MPOKATHBAHUS
nocye 3aMemnBanust Ha cragud (3). CriocoOb! popMOBaHMS, CYIIKH U MPOKAJIUBAHUS MOTYT OBITH
OCYIIECTBIIEHBI C UCMOJIB30BAHUEM CITOCOOOB, XOPOLIO U3BECTHBIX B JAHHOW 00NaCTH.

VYcnoBust cymku Ha ctanuu (3) B HacTosleM H300pPETEHUH TaKHe K€, KaK MPU CYIIKe
LIEOJIUTOBOrO MoJieKyJisipHoro cuta H-tuna. B wacTHOCTH, TemnepaTypa CyILIKH MOXKET COCTABIIATh
or 50 mo 250°C, omtumanbHas Ttemmeparypa coctasisier 100-200°C, Bpems CyLIKH MOXKET
cocTaBiATh 12-120 4, onTumanbHOE BpeMsi cocTasiisieT 24-96 u.

YcnoBus mpokanuBaHus Ha CTanuu (3) COrJIaCHO HACTOSIEMY M300PETEHUIO TaKHe JKe, KaK

YCJIOBHUS TMPOKAJIMBAHUS TIIpU MPUTOTOBJICHHN LEOJIUTOBOIO MOJICKYJIAPHOrO CHUTa H-tumna.
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Hanpumep, Temmneparypa npokamuanus Moxer coctasiisatb 500-750°C, mpenmoutrutenbHo 500-
650°C, mpoAOKUTENBHOCTD MPOKATUBAHUS MOKET COCTaBJIATh OT 1 10 10 4, mpeanouTurensHo 3-8
q,

B mHacrosimem wu3o0pereHuH HET 0COOOro OrpaHuueHHs IJId OSTarnoB APOONeHHs H
NPOCEUBAHUs Ha CTaauu (3) M MOJKHO MCTIOJIB30BATH JIFOOO U3BECTHBIN CIOCOO B JAHHOM 00J1aCTH.

Kucnora, ncnonsdyemast Ha craaui (3), KOHKPETHO HE OrpaHMYEHA U BKIFOYaeT B ceds, 1Mo
MEHbIIIEH Mepe OHY M3 MHUHEPAJbHBIX KHUCJIOT (HAIPUMEp, TaKyK Kak, a30THasl KUCJIOTa, COJISTHAS
KUCJIOTA, CepHasi KUCJIOTa W T.J.) WM OPraHHYeCKHX KHCJIOT (TaKyr Kak MypaBbHHAs KHCJIOTA,
YKCYyCHasi KHCJIOTa, MPOIMHOHOBAs KHCJIOTA, IIaBejieBas KUcaoTa U 1p.). POpMOBOUHYIO T00ABKY
TaK)Ke MOKHO BBIOpHpaTh M3 CecOAHHEBOro MOPOIIKA, MOJMBUHHIOBOTO CHOHPTa JHOO WH3
MOJTUATUIICHTJTUKOJIS.

CormacHo cmoco0y TO HAcTOsIEMy HM300PETEHHIO, BHA W KOJUYECTBO LEOJHTOBOTO
MoiekysipHoro cura H-tuma, monsipHoe cootHomenue Si02/AlOs, THI U KOJIMYECTBO HOCUTENS
SIBJISIFOTCSL TAKUMH JK€, KaK OMUCAHO BBILIE, TIO3TOMY 37IeCh MOBTOPHO OMKCHIBAThCs He OyayT. s
NpeLIeCTBeHHINKA HOCUTENs] MOXKET ObITh BBIOPaH MO MeEHbLICH Mepe OAMH U3 aJOMO30JIEH,
nceBIOOEMHTA, KPEMHE30JIeH U TJIHHBI.

Bo-BTOpBIX, B HACTOSILIIEM M300PETEHUH MPEAOKeH Croco0 MONyYeHUs! KaTaau3aropa s
MOJTyYeHUs] ANMETOKCHUITaHa. JlaHHbBIN Crtocod BKJIIOUAeT B ce0si: COMPUKOCHOBEHHE BELIECTBA (a) U
BemlecTBa (0) ¢ Karaau3aTOpOM NAHHOTO H300pPETeHUsT WU C KaTaJlu3aTOPOM, IOJYYCHHBIM B
HACTOsIIIEM M300peTeHNH MPU 3TepUPUKALNU. 31€Ch BEIECTBO (@) MPEeACTABICHO STHIICHIJIMKOIEM
U/Wu 2-MEeTOKCUATAHOJIOM, peareHT (0) mpencrasiser coO0H MeTaHOJ W/WIH METHIIOBBIH Sup.

CornacHo HacTosieMy H300pETEHHIO, HE MPEIbsIBISETCS HUKAKUX OCOOBIX OrpaHHMYeHHH
IJIsE MOJISIPHOTO COOTHOIIEHUs BemecTa (0) K BerecTBy (a), HanmpuMep, MOJIIPHOE COOTHOLICHHE
BemnectBa (0) k BemecTBy (a) MokeT BapbupoBaTbcs oT 1-20:1, mpemmouturensHo — 1-10:1,
HauboJiee MpennouTUTENbHO 4-8: 1.

CorynacHO HacTOsIIIEMy H300PETEHHIO, ISl BBILIEYKA3aHHOTO ChIPbs HCIOJIB3YETCS He
TOJIBKO OSTHJICHTJIMKOJIb W METAHOJ, HO TaKkK€ BO3MOXKHO 3aMEHUTh 4YacTh TJIMKOJS Ha 2-
METOKCHITAHOJ B MPOAYKTe peakuuu. Kpome TOro, MOCKOJNbKY METaHOJN SIBJISETCS M30BITOUHBIM
chipbeM, OOJblas YacTh METaHOJMa IPEeBPallaeTCss B METHJIOBBIA 3(Hp B MPOLIECCE PEaKLIUH.
[TosTOMYy 4YacTh MeTaHOJIAa TOBTOPHO 3aMEHSIETCSl B KAueCTBE ChIPbs MOOOYHBIM IMPOXYKTOM
METHJIOBOT'O 3(pUpa, YTO OYSHb BBITOAHO ISl IOBTOPHOIO HCIIOIb30BAHKS OOOUHBIX MPOIYKTOB.

CornacHO HacCTOSIIIEMY H300PETEHUIO YCIIOBUSI COMPUKOCHOBEHHSI BEIECTBA () U BELIeCTBa
(6) ¢ xartanm3aTopoM He orpaHuueHbl. Hampumep, yCaoBHsI CONPUKOCHOBEHHUS MOTYT BKJIFOYATh B
cebst: Temrieparypy conpukocHoerust 100-400°C, naBnenue conpukocHoenus 1,0-10,0 MIla, npu

3TOM 0OIIasi MACCOBasi OGBEMHasi CKOPOCTh BelecTsa (a) u Bemectsa (6) cocrasisier 0,05-15 u. C
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TOYKHU 3PpCHHUA KOHBEPCHU PCAKIUHU U CCICKTUBHOCTU OUMETOKCHU3TAHA, MNPCANOYTHUTECIBHO
TeMIlepaTtypa CONnpuKOocHOBeHus: coctasiseT 140-180°C, naBieHue CONMPUKOCHOBEHHUS COCTAaBIISIET
3,0-7,0 MIla, oburast maccoBasi 0ObeMHasi CKOPOCTh BemmecTsa (a) u Beuectna (0) cocrasisier 0,5-
104"

CornacHo crnoco0y mojydeHHsi AMMETOKCHATaHa MO HAcTosimeMmy u3oOpereHHio, ¢opma
CONPUKOCHOBEHHSI PEAKTOpPa KOHKPETHO HE OrPaHHYEHa, PEeaKTOP MOXKET MPEeACTaBISATh COOOH
KOMOMHAIIMIO W3 CIEAYIOIUX PEaKTOPOB. peakTopa C HEMOABIKHBIM CJIOEM, peakTopa C
CYCIIEH3UOHHBIM CJIOEM, PEeaKTOopa MEPUOAMYECKOrO IEUCTBHS, PEaKTopa C TCEBIOOKHMKEHHBIM
CIIOEM, peaKkTopa C TOABMKHBIM CJIOEM M MOHOJHTHOrO peaktopa. B Hacrosiiem n3oOpeTeHUn
HCIIOJIB3Y€ETCs] MOHOJIUTHBIN PEAKTOP — PEAKTOpP, KOTOPBIN HCIONb3YyEeT MOHOJUTHBIN KaTaau3aTop
U3 C€IHUHOI0 MOHOJIUTA, npuieM IMNpEANIOUTUTCIIBHBIM  PEAKTOPOM  ABJIACTCA  PEAKTOP C
HCIIOABUKHBIM CJIOCM.

JIpyriuM acrekToM U300peTEeHUs SIBJIIETCS MPUMEHEHNE TUMETOKCH3TAHOBOTO KaTalln3aTopa
B cr1oco0e MoJy4eHus! TUMETOKCUITaHa.

Huke Hacrosiee n3o0peTeHne noapoOHO OMUCAHO C MOMOIIBIO CPABHUTEIBHBIX IPUMEPOB,

OOHAKO paMKH! MPUMCHCHUS JAHHOI'O I/1306peTeHI/I$I HE OIrPaHUYUBAIOTCA OTHUMU IIPUMCPAMHU.

IIpumepsnr

B HacrosimieM n300peTeHMH NPOBOAUTCS AHAIM3 KA)KAOrO KOMIIOHEHTa B CHUCTEME C
IIOMOIIBIO Ta30BOM XpomaTorpaduu U KOJMYECTBEHHOIO OIPENENeHHs C IIOMOLIBIO CIocoda
OpsSIMOTO  TNPUBENEHWsT K eOMHUIE MOXeT ObITb BBIIOJIHEHO IyTeM oOpameHus K
NpPEeNLIeCTBYIOIEMY YPOBHIO TEXHHKH, Ha OCHOBE KOTOPOTO pACCUHTBHIBAETCS CTEIEHb
NpEBpALIEHHsI PEAreHTOB, BBIXO U CEJIEKTUBHOCTD MPOYKTA, & TAKXKE APYTHe MOKA3aTENH OLIEHKH.

dopmyna Ansi pacuera CTENEHHM MPEBPALIEHMS OSTHJICHITIMKOJS COIJIACHO HACTOSIIEMY
N300pETEHHUIO TPUBEIEHA HUXKE:

_ i€y e~ Curpuawed T 100

STHTEHTTIHKOME C
BHCXOZHOM BELUECTR e

Ce ucxommom semecrse OOO3HAYAaeT MOJIBHYIO KOHICHTPAIUIO STUJICHIJIMKOJS B HCXOIHOM
BewecTBe, Cjy pogyxre 0003HAYAET MOJBHYIO KOHLIEHTPALIHIO 3THUJICHIVIMKOJIS B IPOAYKTE.
dopmyna sl pacuera CEJNEKTMBHOCTH Ka)XIOrO0 KOMIIOHEHTa S; B MPOAYKTE BBITJISIAUT

CIIEYIOIIUM 00pa3oM:

S, = 7 xM, x100%
z ni X Mi - nn HCXOAHOMB eUIECTRE xAlMemxcmnuon
n, -n x M
S _ ( B MPOAYKTe B HCXOAHOM nemecme) METOKCHITZHON % 100%

MeTOKCHITaKOT n xM. -n x M
2 : i i B HCXORHOM BetllecTBe METOKCHD TRHQJ
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I'me Np uexomsom semecrse OOO3HAUAET KOJIMYECTBO MOJIEH 2-METOKCHATAHOJA B HCXOTHOM
BELIECTBE, Ny ppogyxre OO03HAYAET KOJIUYECTBO MOJEH 2-METOKCUITAHONA B NPOAYKTE, Myeroxcusranon
0o0O3Ha4YaeT MOJIEKYJISIPHYI0O MacCy 2-METOKCHATaHOoJa, n; OOO3HAa4aeT KOJHYECTBO MOJIeH
KOMIIOHEHTOB (BKITFOUAST 2-METOKCHUATAHOII, JTUMETOKCHUITAH, STHUJIEHTJIUKOJIb,

JAMOKCAHUTIONNUATUIICHOBBIN 3¢up), M; 0003HaUaeT MOJIEKYISIPHYIO MacCy KOMIIOHEHTOB.

ITpumep 1

JTOT mpuMep NpeAHa3HAYEH JUIA MOSICHEHUsl Croco0a MOJMyYeHHs] KaTajJu3aTopa COTJIACHO
HACTOSIIEMY U300PETEHHIO.

(1) onyuenne neoauroBoro Mojekysipaoro cuta FER H-tumna

4,91 r Aly(SOy4)3*18H,0 pacTBOpsiiv B 1eMOHH30BaHHOH Boe oObeMom 480 mui, nobasJsuiu
88,0 r mupuannHa u 384 r xxuakoro crekia (compeps:kanue Si0; 28,8% mo macce), nobasmsuu 68,8 r
Na,SO4 1 cMech TIATENTPHO M MHTEHCHUBHO MEPEMEIINBAIIH, 100aBIsuM 38 T KOHIEHTPUPOBAHHON
98% cepHOU KHCHOTHI, nmajee no0aBmsuid 5,0 T 3aTPaBOYHBIX KPUCTAJIOB U3 IIEOJUTOBOTO
monekysipaoro cuta FER ¢ monsipabiM cootHomenuem Si0,/Al,Os paHoe 250, u mepemMermnBaiu
B TeueHne 30 MHMHYT, B pe3yJbTaTe€ Yero IMOJy4ald OJHOPOIHYIO TeleoOpasHyl CMeCh.
Brlmeyka3aHHyr0O CMeCh NEpPEHOCHJIM B aBTOKJIAB W3 HEP)KaBEIOLIEeW CTajH, OOIMLIOBAHHBINA
NPOKJIAAKOW 3 monureTpadprooposTiiia, kpuctammuzoBamn npu 150°C B TeueHue 72 4acos,
OT(UIBTPOBHIBAIIM, U TBEPAOE BEIIECTBO, MOJIY4YEHHOE Iocie (PUIbTpaluu, NpoMbiBaIu 2-4 pasa
N€EMOHN30BAaHHON BOAOM, A0 TeX nop, noka pH pactBopa He coctaBui 8-9. 3aTeM NpOBOAWIIU CYIIKY
npu 120°C B Teuenue 12 yacos u npokanusanu npu 550°C B Teuenue 5 yacos. B urore nonyuumnu
105,0 r ueonuroBoro monekysspHoro cura FER Na-tuna, umeromero MoJsipHOE COOTHOLIEHUE
SiOz/Aleg paBHOEC 250.

ITonyuennsie 105 r neonurosoro monekyaspHoro cuta FER Na-tuna noasepranu HOHHOMY
obmeny pactBopom NH4NOs; 1000 mnm 1 monw/n mpu 25°C B Teuenwe 240 MuH.,, 3aTeM
OT(QWIBTPOBBIBAIN, 3 pa3a NPOMBIBAIN JEHOHW30BAHHOH BOmOH, BbicymuBaimu npu 120°C B
TedeHue 3 4 u 3areM npokanmusaiu npu 550°C. Uepes 5 4 mpoueccsl HOHHOrO 0OMEHa, CYIIKU U
MPOKAJIMBAHUsI MOBTOPSUIM TPU pasa, B Pe3yJbTaTe NOJYyUUIN LEOIUTOBOE MojiekyasipHoe cuto FER
H-tuna, nmerormee mossipHoe cootHomenue Si0»/Al,O3 paBroe 250.

(2) [NonyueHne MOTUPUIMPOBAHHOTO HUKEJIEM LIEOJIUTOBOTO MoJieKysipHoro cuta FER

5,0 t Ni(NOs3),*6H,O pacteopsuin B 500 Myl nenoHU30BaHHOW BOnbI, aobasmsuiu 100 T
reosuToBoro monekyisipHoro cura FER H-tuna, nonydenHoro panee, nepemernusanu npu 60°C B
TedeHne 4 4, 3aTeM OTQWIBTPOBBIBAIH, MPOMBIBAIA AEHOHM30BAHHOW BOIOW U CHOBA

or¢unsrpoBbBanu. I[Tocne sToro BeicymuBany B neun npu 120°C B Teduenue 12 4 1 MpoKaInBai B
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my¢enpHOll meun mpu 550°C B Teuenune 5 u. B pesynprare momywyanu moau(ULMPOBAaHHOE
1eouToBOe MostekysipHoe cuto Ni-FER.

(3) INonyuenue kaTanuzaropa

B 70 r neonmuroBoro MmonekyisipHoro cura Ni-FER, mpurorosnenHoro panee, 45 r
nicepnodemura (¢ MaccoBbiM copepxkanueM Al,O3 67%), S v cecbanuesoro mopouika u 60 M H,O,
n00aBsLT 5 T' KOHLEHTPUPOBAHHOHN a30THOM KHUCIOTH M 3amemmBany npu 25°C B Teyenun 30
MUH, MPECCOBAIN MPU MOMOIIHU Mpecc-GopMbl ¢ AuameTpoM 3,0 MM, CYLIWIH, TOMEIIAIH B MeYb
npu 120°C Ha 124, 3arem mpokanuBainu B MydenbHol neun npu 550°C B atMocdepe Bo3ayxa B
tedeHne Su. Ilocne dwero ero wu3Menbyainy, MPOCEMBATN W TMOJNYy4Yaldu TBEPAbIE YaCTHULIBI
KaTajausaropa ¢ AuaMmerpom dactuiel 0,75-1,17 mm.

ITpu mepecyere OT 00mEH MacChl MOJYYEHHOTO KaTAIU3aTOPa, B KATAJIH3aTOPE CONEPIKUTCS
70% mno wmacce ueonuToBoro MmogekyuspHoro cuta Ni-FER ¢ monspHbIM cooTHolIeHueM

Si102/A1,05 paBabiM 250 11 30% AI203 no macce.

ITpumep 2

B sTOoM mpumepe peakiLui0 MPOBOAWIN NPU OJUHAKOBBIX YCIOBHSIX, TAKUX XK€, KaKk U B
npuMmepe 1, 3a UCKIFOYEHUEM TOrO, UYTO BMECTO LEOJUTOBOro mojexkyssipHoro cuta FER H-tuna
UCTIONB30BAM  MoJekyJsipHoe curo B-ueonmura H-tuma (CP811C-300 kommamum  Zeolyst,

SiOz/A1203 paBHOEC 300).

ITpumep 3

B sTOM npuMepe UCronb30Bau Te K€ SKCIEPUMEHTAJIbHbIE YCIOBYs, KaK U B puMepe 1, 3a
HUCKJIIOYEHHEM  TOro, 4YTO BMECTO  MosekyjsipHoro cuta ueonmura FER  H-tuna
UCTIONB30BATMMOJIEKYIsipHOe cuTo ZSM-5 H-tuna (CBV28014, Si0,/A120; paBHOe 280 KOMMaHHH

Zeolyst).

ITpumep 4

B sToM mpumepe ucnonp3oBaiM TE K€ YCIOBMsI SKCIIEpUMEHTA, Kak U B mpumepe 1, 3a
UCKJIFOYeHHeM Toro, uTo Ha craauu (1) xomudectBo Alx(SO4)3¢18H2O cocrasuio 8,18 r, ¢ npyroi
CTOpPOHBI, MoOJsipHOe cooTHouleHne Si02/AlO3 W 3aTpaBOYHOro KpHUCTaljga LEOJUTOBOIO
monekysisspHoro cura FER crano 150, B nonyyeHHOM 1eoanToBoM MonekyssspHoM cute FER Na-

TUMa MoJsipHoe cooTHoueHue S102/Al,Os pasno 150.

ITpumep 5

B sTOM npumepe UCIonb30BaIu Te K€ yCIOBUs DKCIEPUMEHTA, KaKk U B npumepe 1, ¢ tem
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aumb orianaueM, 4to Ha craanu (1) kommdectBo Alx(SO4);018H,O cocraBuio 6,14 r, MonsipHOE
cootHoueHne Si0,/Al,O3 U 3aTpaBOYHOrO KpUCTAIa LEOJUTOBOrO MosekyysspHoro cuta FER
cocrasmio 200, B MOJY4EeHHOM LEOIUTOBOM MonekyyspHoM cute FER Na-tuna mossipHoe

cootHomeHnne Si0»/Al,O3 Obu10 pasHo 200.

ITpumep 6

B sTOM mpumepe HCMONB30BANN T€ e YCIOBUS SKCIIEPUMEHTa, Kak U B mpuMepe 1, ¢ tem
JUIb oTaudueM, 4To Ha ctaauu (1) komudectBo Alx(SO4)3018H2O cocraBuiio 4,09 r, MonspHOe
cootHoweHne Si02/AlbO3 U 3aTpaBOYHOrO KpHCTajla LEOJUTOBOro MoJekyyspHoro cuta FER
cocrasmio 300, B MONy4EeHHOM LEONIUTOBOM MonekyaspHoM cute FER Na-tuna mosnsipHoe

cootHomenue Si0,/Al,O3 6b110 pasHO 300.

IIpumep 7
B 3TOM npumMepe UCnosib30BaIN T€ K€ YCJIOBUS SKCIEPUMEHTA, KaK U B IpuMepe 1, otiaudue

cocrout Juiib B ToM, 9T0 5,0r Fe(NO3)3°6H,0 3amenen Ha 5,5 T Ni(NO3),*6H,0.

ITpumep 8
B 5TOM npumMepe uCnosib30BaIu T€ K€ YCJIOBUs SKCIIEPUMEHTA, KaK U B ipuMepe 1, otianuue

COCTOMT JIHIIb B TOM, 4TO 5,0 T Zn(NO3),*6H,0 Ob110 3aMeHen Ha 5,0 r Ni(NO3),*6H,0.

ITpumep 9
B 3TOM nmpuMepe UCToNb30BaIU TE JKe YCIOBHSI SKCIIEPUMEHTa, Kak U B ipumepe 1, otnudue

COCTOMT JiuIIb B TOM, 4TO BMeCTO 5,0 T Ni(NQO3),*6H,0 ucnons3osanu 5,0 r Zr(NO3)45SH,O.

ITpumep 10

B 3TOM nmpuMepe UCTIONb30BaIM TE JKE YCJIOBHSI SKCIIEPUMEHTa, KaK U B ipumepe 1, oTndne
COCTOUT JIMIIb B TOM, YTO BMECTO IICEBJOOEMHTA HCIIOJNb30BAJIH KPEMHE30Jb IPOU3BONICTBA
simoHckoi mpombinieHHou kommnanuu ColloidalSillica, B kotopom conmep:kanue SiO; cocTaBisieT
30%.

B monyuenHoM karanmsarope copep:kurcss 70% 1Mo Macce LEOIUTOBOIO MOJEKYJSIPHOTO

cuta Ni-FER ¢ monpHBIM cooTHOmeHueM Si0,/Al,Os pasroe 250 u 30% Si0, o macce.

ITpumep 11
B 5TOM npumMepe uCnosib30BaNIu T€ K€ YCJIOBUs SKCIIEPUMEHTA, KaK U B ipuMepe 1, otianaue

COCTOUT JIMLIb B TOM, YTO NCEBIOOEMHUT ObUT 3aMeHeH IJMHOM (mpou3BoxacTBa I'yaHayHCKOM
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komnanuu Fullersearth.
B nonyyennom karanuzatrope coxpepxkutrcs 70% mo Macce LIEOJIUTOBOrO MOJIEKYJISIPHOTO
cuta Ni-FER ¢ MmonbHbIM cooTHOmEeHHEM S10,/Al,03 paBubiM 250 u 30% no mMacce cmecu okcuaa

AJTIOMHUHUA C OKCUAOM KPEMHHMUSL.

ITpumepl2

B sTOM npuMepe ucronb30Baiu TE K€ YCIOBUS SKCIIEPUMEHTA, Kak U B mpuMepe 1, otnuuune
COCTOHT JIMIIb B TOM, YTO B mporecce GopMUpOBaHUs LEOTUTOBOE MoyieKysipHoe cuto Ni-FER
coctaBuio S0r, rceBnoOeMur - 75r.

ITpu mepecuere oT 0OwIeH MacChl MOJYYEHHOTO KaTaJU3aToOpa, B JAHHOM KaTalH3aTope
comepxxurcss 50% mno Macce 1eoauToBOro ModgekyiaspHoro cuta Ni-FER ¢ MongpHBIM

cootHomeHueM Si0,/Al,O3 paBubM 250 u 50% Al,O3 o macce.

ITpumep 13

B sTOM npuMepe UCIONb30Bau T€ K€ YCIOBUsI SKCIIEPUMEHTA, KaKk U B ipuMepe 1, otnuuune
COCTOHT JIMIIb B TOM, YTO B mporecce GopMUpOBaHUs LEOTUTOBOE MoJieKysipHoe cuto Ni-FER
coctaBuio 60r, rceBnooemMur - 60r.

IIpu mepecuere oT oOuIed MacChl MOJYYEHHOrO KaTalnu3aTopa, B JAHHOM KaTalu3aTope
cogepxxutcsi 60% mO Macce LEOaUMTOBOro ModJekynsapHoro cuta Ni-FER ¢ MojapHBIM

cootHoueHueM S10,/Al,O3 paBubiM 250 u 40% Al,O3 o macce.

IIpumep 14

B sTOM npuMepe ucronb30Baiu TE K€ YCIOBUS SKCIIEPUMEHTA, Kak U B mpuMepe 1, otnuuune
COCTOUT JIMIIb B TOM, YTO B mpouecce GOpMHPOBAHUS Macca LEOJUTOBOTO MOJEKYJSIPHOTO CHUTA
Ni-FER cocraBuno 80 r, nceBnobemura - 30 T.

ITpu mepecuere oT OOLIEH MacChl MOJYYEHHOTO KATaJM3aTOpa, B JaHHOM KaTalH3aTope
comepxxutcss 80% mo Macce 1eoauTOBOro ModJekyiaspHoro cuta Ni-FER ¢ MonpHBIM

cootHomenuem Si0,/Al,O3 paBubiM 250 u 20% Al,O3 o macce.

CpaBHuTenbHbIi npumep 1

JlaHHbIN CpaBHUTENIbHBIN NMPUMEp MPOBOAUIN IPU OJUHAKOBBIX YCJIOBUSAX 3KCIEPUMEHTA,
TaKUX K€, KaK U B IpUMepe 1, ¢ TeM JIMIIb OTJIIMYUEM, YTO LIEOIUTOBOE MoJiekysipHoe cuto FERH-
tuna (or CBV21A xommanum Zeolyst, SiO./Al,O3 paBHoe 20) 3aMeHWJIM Ha MOPAEHUTOBOE

MOJIEKYJIIpHOE cuto H-Tumna.
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CpaBHuTenbHbIN NpuMep 2

JlaHHBIN CpaBHUTENbHBIN MPUMEP NPOBOAWIN NPU OAMHAKOBBIX YCIOBHSAX 3KCIEPHMEHTA,
TAKHUX e, KaK U B IpuMepe 1, ¢ TeM JULIb OTIMYUEM, UYTO B LIEOJUTOBOM MOJIEKYJISPHOM CUTE
FER monspHoe cootHomenue Si0»/AlO3 pasao 100 (HSZ-770NAA ot xomnanuu [yx Ilao), u
obu10 3aMeHeH0 5,0 r Ni(NO3),*6H,0 Ha 5,00 r Ca(NO3)424H,0.

IIpumep npumenenus 1

JIaHHBIH TpUMEpP MPUMEHEHUs! MPETHA3HAYEH JJIs1 OOBSICHEHUS TIOJY4YEHUS] AUMETOKCUITAHA
peakiuel STUICHTJINKOJS W/ 2-METOKCUITAHOJA ¢ METAHOJIOM H/HJIM METHJIOBBIM 3(HUPOM NpH
UCTIOJIb30BAHUH KAaTAIM3aTOPa 110 HACTOSLIEMY H300PETEHHUIO.

B kBapueBblii TpyOuUaThlii peakTop ¢ BHYTpeHHUM nuamerpoMm 10 mm 3arpysmim 2,0 T
KaTaJu3aTopa, IOJyYeHHOro B INpuMepe 1, W BBEIM CMeCh METHJIOBOro 3dupa/meranona/2-
METOKCUITAHOJNA/3TUJICHIJIUKONIE C  MOJSIpHBIM —cooTHomeHneM 4:2:0,3:0,7 mpu  MaccoBoii
o0beMHoI ckopocTu 1,2 q'l, nasnenuu 5,0 Mlla, u peakuus npotekaia npu temmneparype 165°C.

PesynbraTsel s3kciepuMenTa npuseneHs! B Tabmunel.

IIpumeps! npumeHeHus 2-14

IloBTOpstnu mpuMep NOpUMEHEHUs 1, 3a MCKIOUYEHHWEM TOrO, 4YTO HCMOJIb3yEMbIi

2

KaTaJIM3aToOp 3aMEHsUIM Ha KaTajlu3aTop, IMOJIY4YEHHBIN B IpuMepax 2-14, COOTBETCTBEHHO.

PesynbraTe! sxcriepuMenTa npuseneHsl B Tabnuue 1.

CpaBHUTENBbHBIE IPUMEPHI TPUMEHEHU 1-2

IloBTOpsinu mpuMep mNpuUMEHEHUs 1, 3a MCKIIOUYEHHEM TOro, 4YTO HCMOJIb3yeMbIil

2
KaTajlM3aTop 3aMEHsUIM Ha KaTaJIu3aTopbl, MOJYYEHHbIE B CPAaBHUTEIBHBIX INpuMmepax 1 u 2,
COOTBETCTBEHHO.

Pe3ynbTaThl 3KCIEpMEHTOB NpuBeneHbI B Tabmmme 1.

CpaBHUTENBHBII pUMEp IPUMEHEHUST 3

[loBTOpsinu mnpumepy TMNpUMEHEHUs 1, OTAMYaeTca ¢ TeM JUUIb OTJIUYHUEM, 4YTO

2

HCTIONIB3yEeMbIH KaTaIM3aTop 3aMeHsH Ha v-Al,O3

PesynbraTe! 3kCiepuMeHTOB npuBeneHsl B Tabmumel.

CpaBHUTENbHBII IpUMEp NPUMEHEHUsI 4
IloBrOpsinu mnpumMepy MNpUMEHEHHs |, ¢ TeM JIHIIb OTJIWYUEM, YTO HCIOJIb3YEMbIN
KaTaJIM3aTOp 3aMEHSJIN Ha cMouy (TopcyabpoHOBOH KucnoThl H-Tuma.

Pe3ynbraTe! 5KCIepUMeHTOB NpuBeaeHsb! B Tabmurel.
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IIpumep npumenenus 15

IToBTOpsAnu npumepy NpuMeHeHHs! 1, ¢ TeM JMIIb OTIMYHUEM, YTO HCXOIJHOE BEIIECTBO
peakLuy 3aMeHsUI Ha CMeChb METUJIOBOTO 3(upa/MeTaHONa/2-MeTOKCHITAHOMA/STHIICHIJIUKOIS C
MOJIIpHBIM cOoOoTHOLEeHneM 0:6:0:1.

Pe3ynbraTel 5KCIIepUMEHTOB NpuBeneHsl B Tadnune 2.

IIpumep npumenenus 16

[ToBropsuin mpumepy MpUMEHEeHUsi 1, C TeM JHIIb OTJIMYHEM, YTO HCXOIHOE BELIECTBO
peaKkuu 3aMEeHsUTH Ha CMECh METHJIOBOrO 3(upa/mMeTaHosa/2-MeTOKCUATAHOA/3TUIICHTJTUKONS C
MOJISIPHBIM COOTHOLIeHueM 4:2:0:1.

Pe3ynbTaThl 3KCIIEpUMEHTOB NpUBeAeHbI B Tabmmme 2.

ITpumep npumenenus 17

[ToBTopsiin mpuMepy MpUMEHEeHUs: 1, C TeM JHIIb OTJIMYHEM, YTO HCXOIHOE BELIECTBO
peaKkuu 3aMeHsUTH Ha CMeCh METHJIOBOrO 3(upa/MeTaHosa/2-MeTOKCUITAHOA/3TUIICHTJIUKOS C
MOJISIpHBIM cOOTHOLEeHueM 6:0:0.3:0.7.

Pe3ynbTaTel 5KCIEpUMEHTOB IpUBeAeHbI B Tabmume 2.

IIpumep npumenenus 18

IToBTOpst mpumMepy NpUMeHEHUs 1, ¢ TeM JMIIb OTJIUYHEM, YTO HCXOAHOE BEIIECTBO
peakLuy 3aMeHsUIM Ha CMeCh METHJIOBOrO 3(upa/MeTaHoa/2-MeTOKCHITAHONA/STHIICHIJIUKOIS C
MOJISIpHBIM cOOTHOLIeHHeM 6:0:0:1.

Pe3ynbTaThl 5KCIEpUMEHTOB NpuBeAeHbI B Tabmmme 2.

IIpumeps! npumMeHeHus 19-22
IToBTOpsimM TpuMepy MNpUMEHeHHs] |, ¢ TeM JUIIb OTJIMYMEM, YTO TeMmIeparypa Obuia
m3menena Ha 150°C, 155°C, 160°C u 170°C coOTBETCTBEHHO.

PesynbraTel 3kcriepuMeHTa npuBeneHsl B Tabnure 3.

IIpumeps! npuMeHeHus 23-28

[ToBTOpsiM MpuMepy MpUMEeHEeHHsI 1, 3a UCKITIOYEHHEM TOT'O, YTO JaBJIeHHE ObLJIO N3MEHEHO
Ha 0,1MIla, 3,0MIla, 4,0MIIa, 4,5MI1a, 5,5MIla u 6,0MIla cOOTBETCTBEHHO.

PesynbraTe! sxciepuMenTa npuseneHsl B Tabnure 3.
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IIpumeps! npumeHeHus 29-31
IToBTOpsimM mpuMepy NMpUMEHEHUs 1, ¢ TeM JHIIb OTJIUYHEM, YTO MACCOBYKO OOBEMHYIO
CKOpPOCTh U3MeHsM Ha 0,8 q'l, 2.4 gy 5,6 4! COOTBETCTBEHHO.

PesynbraTel skcriepuMenTa npuseneHs! B Tabnune 3

Tabnmuna 1. BnusiHue cocraBa KaTaau3aTopa Ha Peakyio CHHTEe3a AMMETOKCHITaHA

Mo Hoenteb Cremens |Ceacktmenocts | Co ek tnnocrs| o Ce ieRTHBIOCTE
TIpstcasicsinni CO.TTORDE Mo. tHpHoc nere 2 - JAWMCTORCI- CetexTnnocTs WO THO.TOROID
Hpnvenenne I MBICKY, IHPEOE | COOTEHITCIEE MeTaEr : * JANMDRCANA
I BATH 13T - SI0/ALO COTEpA A ATH,IC- ITANO A piriic) % admpa
cuno 10/A1O, %% oankoaR( %) | (n % 1o macecl | (8 % g Macee) (1 % 10 seacee) (B % no saeec)
Tpumep ALO:
npumesenna) [Ipumep | FER 250 Ni 320" 7423 2449 74.91 00 06
1
Ipumep AlLO;
MPHMEHEHHA Tpumep 2 B 300 Ni 320 - 64.89 48.97 43 86 078 639
2
Mpumep AlLO;
npumenenna| [pumep 3 ZSM-5 280 Ni 320 - 60.25 4431 48,58 124 5.87
3
Tpumep ALO:
npumenenual Tlpumep 4 FER 150 Ni 320" 8319 2734 64,74 Q.1 7.82
4
Mpumep ALO;
npumesenia| [Mpumep 5 FER 200 Ni 3'0' ) 71.56 27.48 68.85 0.1 3.57
5
Tpumep AlLO;
npumencHna| Tlpumep 6 FER 300 Ni 3'0 - 3739 44.46 52.14 (4] 034
&
Ipumep
npimenenna| PAMERT | ppp 250 Fe A';(}O-" 79.26 4758 40.09 0.12 1221
7
Tpumep
npumenenia| PMEP 8 FER 250 Zn A';OO-" 67.75 60.50 37.61 037 1.52
8
Tpumep AlLO;
npumedensa| [pumep 9 FER 250 Zr 330“ 69.62 32.84 66.28 0.0 0.88
9
[Mpumep .
npumencnna| [PMMEP 10| ppp 250 Ni [ SO §1.83 54.46 44,08 0.0 0.56
10
Tpimep Al Oy -
npiumedenna| Tpusep 11 FER 250 Ni SiQ, 67.12 51.87 47.29 0.0 0.84
11 30
Ipumep ALO;
npumerenna| [Ipumep 12 FER 250 Ni 50" 4786 62.04 39.67 Q.0 0.01
12
Tpuep AlLO:
NpHMEHEHHA [Iprmep 13 FER 250 Ni jo" 62.04 41.57 58.13 o} 0.03
13
[lprivep AlO;
npuMeHenna| [Ipumep 14 FER 250 Ni 2'0“ &0.81 15.37 83.76 0 0.87
14
SE:iBEIl;r{:«neb- Cpasantens- MOPAEHITT Al O
PUMER  iii npumep|  OPA 20 Ni 2 1957 82.94 13.25 1.23 258
NPHMEHEHNA i 30
|
it pumep] CPABTERE ALO
PHMEP! it npumep|  FER 100 Ca 20 87.34 75.33 2168 0 2.99
MPHMEHEHKA 2 30
2
CpaBHuTENb-
HUI TPEMER) A 1,04 3042 £1.51 5.84 748 3.17
NPHMEHEHHA
3
Cwuona
Cpaeunrens- drropcyas-
REI TPEMEP] 4 oroBof 90.07 44.25 34.62 13.32 7.81
npl[MeHeHliﬂ KHCTOTH
4 H-tuna
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VYcnoBusi peakiuu: Temneparypa peakuuu coctasiser 165°C, naBnenue cocrasisieT 5,0

MlIIa

2

peareHT mpeacTaBisieT CcoOOH cMech METHIOBOro 3(dupa/MeTaHosa/2-MEeTOKCHITAHO-

JIa/3TUICHTJIMKONS B MOJIIpHOM cootHomnenuu 4:2:0,3:0,7, macca karanmsatopa 2,0 r, MaccoBas

00BEMHasi CKOPOCTb UCXOAHOTO peareHTa cocrasiser 1,2 u-1.

Tabnuua 2. BiusiHue cocraBa peareHTa Ha PEaKIHI0 CUHTE3a TUMETOKCHITaHA

Monsapnoe
COOTHOLIEHNE Crenenn
CeneKTHBHOCTL
Mpume MeTiLioBore 2dupa/ | npeepamenns | CeneKTHBHOCTD 2- CeJleKTHRHOCTL CeneKTHBHOCTD NOANONOBOID
o m':ener?uu Meranoa/ ITHIACHIIHKONA | METOKCHITAHOAA AHMETOKCHITAHA AHOKCAHA bmpa
p 2-METOKCH3ITAHONA/ (%) (8% 1o mMacce) {e % no macce) (e % no macce) o Y
ITHACHLIHKOAA B (8% no macce)
pearedre
15 0/6/041 63.75 6835 3027 ¢ 1.38
16 4721071 67.81 58.48 40.27 0 1.25
17 6/0/0.3/0.7 72.39 3836 60.95 0 0.69
18 6/0/0/1 68.42 58.94 3928 0 1.78

Ycnosusi peakumu: Temneparypa peakuun 165°C, nmaenenue peakumu 5,0 MIla, macca

katanu3atopa 2,0 T, MaccoBast 00beMHasi CKOPOCTh peareHTa 1,2 4 -1.

Tabnuna 3. Biusiaue ycnoBuil peakiiny Ha PEAKIHI0 CUHTE3a JTUMETOKCUITaHA

Nasstenne | MaccoBas Crenexn CeNeRTHEHOCTE
CenexTnsnocts 2- CenexTnBuocTs CenexTiBHOCTL

Mpumep | Temneparypa | peaxups | 06beMHAR | NPEBPALEHHA METORCHYTAHOAA Y ——— J— NONHOIOBOTG
npusmenenns| peakunn/°C | /MIla | ckopocTe |STHACHRAHKOAR (8 % no macce) (8 % > MACEE) {5 % no macee) mpa

rfra (%o} Banom B Jenom B /omam (B Yo no Macce)
19 150 5.0 12 4017 51.06 48.63 0.0 031
20 155 5.0 1.2 51.66 40,49 58.47 0.0 0.74
21 160 5.0 12 63.25 3178 67.58 1.1 0.64
22 170 5.0 12 83.94 15,84 8339 0.0 0,76
23 165 0.1 1.2 §3.52 3426 18.39 7.82 3953
24 165 3.0 1.2 51.67 40,79 4582 1.13 12.26
25 165 40 12 69.74 3188 62.53 0.05 426
26 165 45 12 7423 24 49 7491 0.0 0.6
27 165 55 1.2 7437 2527 74.20 0.0 0.53
28 165 6.0 1.2 7388 23.21 76.17 0.0 0.63
29 165 50 08 81.81 9.77 89.26 00 097
30 165 50 24 51.83 4331 56.24 00 0.45
3l 165 50 56 27.28 78.43 2147 00 ol




DOOPMVIJIA U30BPETEHUA

1. Karamuszarop s nomydeHus 1,2-nuMeTOKCHM3TaHa, B KOTOPOM MaccoBasi JOJIA
KOMIIOHEHTOB COCTaBJISIET:

a) 20-90%  (mpemmouturenbHo  30-85%, Oomee  mpeamoututensHO  40-80%)
MOAMGUIIMPOBAHHOTO METANIOM W/MIM €ro OKCHIAOM IIEOJIMTOBOIO MOJIEKYJSIPHOTO CHUTa C
MoyisipHbIM  cooTHomeHreM — Si0,/Al,Os;  120-350  (mpenmoururenpho  140-320,  Oonee
npeanourutensHo 150-300); maccoBass nosst merajuia w/wim ero okcuma cocrasisier 0,01-5%
(npeanouturensHo 0,1-3%); BeIOUparoT oguH U3 MetasuioB: Fe, Co, Ni, Cu, Zn u Zr; u

6) 10-80% Hocutens (mpeanoururenbHo 15-70%, Gonee mpeanoururensHo 20-60%); mpu
5TOM CyMMa MacCOBBIX J0Jiei KOMITIOHEHTOB paBHa 100%.

2. KaranuzaTop 1o 1.1, B KOTOPOM YKa3aHHOE IIE0JIMTOBOE MOJIEKYJISIPHOE CHTO BBIOMPAOT
u3 mnpexncraeieHHbix BunoB. USY, FER, ZSM-5, ZSM-11, ZSM-23, MCM-22 u [-ueonur
(npenmouturensHo BeIOMparoT  ZSM- 5, FER wnm B-ueonur, Hanbosiee NpPeArnoOUTUTENHEHO
BBIOMPAIOT OAHO W3 JaHHBIX MONeKyJspHbIX cuT FER u B-mieonur, Hambonee mpeamodTUTENbHBIM
SIBJISIETCSL — LIEOIUTOBOE MoJieky isipHoe cuto FER).

3. Karammzatop mo m.1 win . 2, B KOTOPOM JUIsl OMUCAHHOT'O MeTaJlila BEIOUPAIOT OOUH U3
naHHbIX MetayuioB. Fe, Ni, Zn u Zr, npeanoururenbHo oaud u3 Fe, Ni u Zr, nHaumbonee
npeanouTuTesbHo Ni w/uiu Zr.

4. Karanuzarop mo smobomy u3 1. 1-3, B KOTOPOM ONMCAHHBIA HOCHTENb BBIOMPAIOT U3
OKCH/Ia AIFOMHHUS JIHOO U3 TUOKCHA KPEMHHS.

5. Cnoco® mojydeHus Karajam3aropa o JjobOomy u3 m. 1-4, BKIOUaromuii B ceOs
CJIeNyIOIINe CTaluu:

1) IlomyueHue IIEOJUTOBOrO MOJIEKYJSIpHOrO cuta H-Tuma, wuMeromero MoJsipHOe
cootHomenue Si0»/Al,O3 or 120 mo 350, mpenmoururenpbHo ot 140 mo 320, Hambonee
npeanourutenabHo ot 150 no 300;

2) mocne CONPHKOCHOBEHHS BOAHOTO PacTBOpa BOJOPACTBOPUMOM COJIM MeTaula ¢
LIEOJIUTOBBIM MOJIEKYJIIPHBIM CHTOM Ha ctagud (1), mpoBOAAT (UIBTPALHUIO, MPOMBIBKY, CYIIKY U
NPOKAJIMBAHUE, B PE3YJIBTATE YEro IMOJYyYar0T MOAM(DULMPOBAHHOE LEOJUTOBOE MOJIEKYJISIPHOE
CHUTO, TIPH 3TOM JUIsl YKA3aHHOTO BBIIIE METaJjIa BIOMPAIOT OuH U3 cienyromei rpynmsl: Fe, Co,
Ni, Cu, Zn u Zr;

3) MomuGpUIMPOBAHHOE IIEOJIUTOBOE MOJIEKYJSIPHOE CHTO, TOJYy4eHHOe Ha cranuu (2),
CMEILINBAIOT C HOCUTEJIEM WIH MPENIIeCTBEHHUKOM HOCUTENs, (POPMOBOYHOM 1OOABKOH, BOAOH H
KHUCJIOTOH, a 3areM (OpMyIOT, CyIlaT M NPOKAIMBAKOT, C TIOCIEAYIOIIUM JpoOJNeHHeM WU

MPOCCUBAHUEM, B PE3YJIbTATC YCTO MOJYHAOT TBEPABIC YaCTHULIBL.
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6. Ciocob 1o 1.5, B KOTOPOM yKa3aHHBII HOCUTENb BBIOUPAIOT U3 OAHOTO M3 BUIOB OKCHIIA
ANFOMUHUS M TUOKCHIA KPEMHUS; YKa3aHHbBIN NPEALIECTBEHHUK HOCUTENS BBIOUPAIOT U3 OHOTO U3
BUJIOB aJFOMO30JIEH, IIceBAOOeMUTA, KPEMHE30JIEH 1 TTIHHBL, (POPMOBOUHYIO TOOABKY BBIOMPAIOT U3
cecOaHNEBOTO MOPOIIKA, MOJTUBUHUIOBOTO CIIUPTA MO0 U3 MOJIUI TUIICHTJIUKOJIS.

7. Crioco® mo m.5 wimm 1.6, B KOTOPOM BOAOPACTBOPUMYIO COJIb BBIOMPAIOT M3 HUTPATOB,
KapOOHATOB, THAPOXJIOPUIOB, (hochaToB 1 GPocHUTOB MeTasIa, TPH STOM BBIIEYKA3aHHBINH METaJLI
npenacTassieT co0oi xoTst Obl onuH MeTasut u3 rpymnmbl MetauioB: Fe, Co, Ni, Cu, Zn u Zr.

8. Criocob mony4yeHust AMMETOKCUATAHA, BKIIIOYAIOIINH B ce0sl COMPUKOCHOBEHUE PeareHTa
(a) u pearenTa (0) ¢ KaTAIU3aTOPOM, TOJYYSHHBIM IO JIFOOOMY U3 M. 1-4 WK 1Mo 1.5, Noay4eHHbIH
1o JroboMy u3 . 5-7 npu 3TepuduKanuu, rae peareHt (a) npeacTaBisieT OO0 STUIIEHIIHKOIb
u/vm 2-MeTOKCUITaHOJa, a peareHT (0) mpencTasisier cOO0H MeTaHOJ W/WTH METUJIOBBIN 3dup.

9. Cnocob mo m.8, B KOTOPOM MOJISIPHOE COOTHOIIEeHHe peareHta (0) k peareHty (a)
cocrasisier 0,1-20:1, mpenmoururensHo 1-10:1, Hanbonee npeanoyTuTensHo 4-8:1.

10. Cnioco0 mo . 8 uiu 9, B KOTOPOM YCIJIOBUS ISl MPOBEACHUS STEPUPHKALIMN BKITFOYAIOT
B cebs1: Temnepatypy conpukocHoBeHust 100-400°C, naBnenue conpukocHoBerus 1,0-10,0 MIla u
OOLIyI0 MacCOBYI0 OOBEMHYIO CKOPOCTh peareHta (a) u pearenta (6) 0,05-15 o,
IPEAIOUTUTENbHAS TeMIepaTypa CONPUKOCHOBeHUs coctasiseT 140-180°C, mnpeamodrurenpHoe
JaBJIEHHE COMPUKOCHOBeHHs1 coctaBisier 3,0-7,0 MIla, a mpenmodururenpHasi o0Imas mMaccoBast
o6beMHast CKOPOCTh pearenTa (a) u pearenta (6) cocrasmser 0,5-10 ™.

11. Karanuzarop mo moOomy u3 nn. 1-4 mony4yeHHsIH Mo MoOOMy U3 CIIOCOOOB, YKa3aHHbBIX

B M. 5-7, y4aCTBYIOLIUI B IPOLIECCE MOJNyUYE€HUs AUMETOKCUITaHA.
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