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MPOLIECC OCYILIECTBISIIOT MO MEHbIIEH Mepe B JByX PEaKLMOHHBIX 30HaX, MPHYEM CIIOCOO BKIIOYAET
BBEJCHHE HCXOAHOIO MaTrepHaya, COAEPIKAIero CHHTE3-Ta3, B IEPBYI0 PEAKIMOHHYIO 30HY I
BCTYIUICHUSI B KOHTAKT M PEaKLUM C KaTall3aToOpoM Ha OCHOBE MeTailla; 00ECIeYeHUe MOCTYIUICHHS
MOJyYaeMOr0 BBIXOISIIETO IIOTOKA BO BTOPYHO PEAaKLHOHHYIO 30HY, HEIOCPEACTBEHHO WM IOCIE
J00aBIIeHIsSI MOHOOKCH/IA yTJIepo/ia, TAKMM 00pa3oM, YTO OH BCTYIAET B KOHTAKT U PEarupyeT ¢ TBEPbIM
KUCJIOTHBIM KaTaJH3aToOpOM; pa3/ielieHHe I0JIy4aeMOro BBIXOSIIETo MOTOKAa C MOJIyYSHHEM IMPOIYKTa,
IpeCTaBIAI0IIEero OO0 aleTaT u/uiaK yKCyCHYIO KUCIIOTY, U HeoOs3aTeIbHOE BO3BPAICHIE OCTATOUHOH
4acTH, KOTOpas IOCTYNaeT B IEPBYI0 PEAKIMOHHYIO 30HY W/WIM BTOPYIO PEaKIHOHHYIO 30HY IJIA
IIOBTOPHOTO MCIOJB30BaHUA B peakluu. B Hacrosmed 3asBKe NpPEUIOKEH HOBBIA CIIOCOO NPSIMOro
NpeBpalIeHHs] CHHTE3-Ta3a B METWIALCTAT W/WIM YKCYCHYIO KHCIOTY, NPHYEM CIOCOD OTINYACTCS
MIPOCTON TEXHOJIIOTHYECKON MPOIIEAY PO N BEICOKON CEIEKTHBHOCTBIO B OTHOIIEHHUH ITpoaykTa. CortacHo
Croco0y CEJIEKTUBHOCTD B OTHOILEHHUH MIPOJYKTa, IPEACTABIISIONIEr0 COO0H METHIIALIETAT HIIH YKCYCHYIO
KUCIIOTY, cocTraBisier Oosnee yeM 93%, mpuyeM KOJMYECTBO METHJIAllETaTa U YKCYCHOW KHCJIOTHI
MOXKHO PEeryJlupoBaTh B TEUCHHE MpOIecca, U, TAKHM 00pa3oM, CIIOCOO MMEET OrPOMHBIE MEPCIIEKTHBEI
IIPOMBIIUIEHHOTO IIPUMEHEHUS.
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CIIOCOB TPSIMOTI'O NOJIYUEHUSA METHWJIAIIETATA W/HJIN YKCYCHOU
KHNCJOTBI U3 CUHTE3-T'A3A

OIINMCAHUE

00J1aCTHL TEXHUKH HACTOSINIEI0 H300peTeHus

Hacrosimmee m3o0pereHne OTHOCHTCS K CHOCOOY NPSMOTrO IMPEBPAIlEHHs] CHHTe3-ra3a C

MOJyYEHUEM MeTUJIalleTaTa U/ Uil YKCYCHON KHUCIIOTHI.

YpoBeHb TEXHHKH HACTOSIIIET 0 I/I306D€T6HI/IH

Mertunanerat npencrasisier coboii OeCLBETHYIO MaXHYINYIO JKUAKOCTb, KOTOPas UMEEeT
HEBBICOKYIO TOKCUYHOCTb M CUJIBHYIO PACTBOPSIIOLIVIO CITIOCOOHOCTD H SIBJISIETCSI MPEBOCXOIHBIM
pacTBOpUTeNEeM sl LEJJI030JIbBa U a3po3oJieli. B xuMudeckoil NpOMBILIUIEHHOCTH METHUIALeTaT
npeacTaBisier coOOH BakKHOE NPOMEKYTOYHOE BELIECTBO, M3 KOTOPOTO MOXKHO TOJy4YaTh
MOCTEeAYIOUINEe NPOAYKTHI, BKJIOYAs 3TaHOJ, YKCYCHYHO KHCIOTY, YKCYCHBIN aHTUApHI,
METHJIaKpUJaT, BUHWJALIETAT, aleTamMua U T. 1., U UMeeT BeCcbMa LIHPOKHE NepCIEeKTHUBbI
MPUMEHEHUS.

YKCyCcHasi KHCJIOTa TPENCTaBJsieT COOOH BAKHYIO OPTraHMYECKYI KHCIOTY, KOTOPYIO
MOKHO MCIMONb30BaTh [JJIs1 TMOJY4YeHUs BHHUWJALlETaTa, YKCYCHOTO aHTMApUAa, alerara
LIEJIJIFOJIO3B], alleTaTOB METAJJIOB U JPYIHX alleTaTOB. YKCYCHYIO KUCJIOTY Tak)Ke MCIONb3YIOT B
Ka4eCTBe pACTBOPUTENSI U UCXOHOTO MaTepuaa B MPOMBIIIJIEHHOM NPOU3BOJCTBE MECTUILINIOB,
(apMareBTHYECKUX MPEnapaToB, KpaCUTENeH U IPYrUX MPOMBIIIICHHBIX POAYKTOB. Y KCYCHYIO
KHACJIOTY ULIMPOKO HCIIONB3YIOT B  (papMameBTUYECKOM MPOU3BOJACTBE, NEYaTaHUH HA
TEKCTUJIbHBIX MaTepuaiax U pe3MHOBON MPOMBIIIJIEHHOCTH.

B Hacrosmiee Bpemsi TNPUMEHSIOT —CIIEAYIOIIME OCHOBHBIE CIIOCOOBI  CHHTE3a
MeTHUIaleTaTa: peaklMOHHAas AUCTUUISILIMS METaHONa U YKCYCHOW KHUCJIOTBI, NPEACTAaBIIAIOIINX
co0OH  HMCXOOHBIE  MaTepHaibl; CHHTE3 IOCPEACTBOM  NETUAPUPOBAHHUS  METaHOJA,
NPEACTABIAIOMEro CoOOH MCXOMHBIM Marepuaj, OTHOCTaIUIHBIN crocod KapOOHMIMPOBAHUS
MeTaHosa ¢ nmpuMeHeHneM MeraHona U CO, mpencraBisAomux CoOOH MCXOOHBIE MaTepHalIbl;
roMoyiorn3anus MeTmidopMuara U KapOOHHIMpOBaHWE AMMETHIOBOro 3¢upa. OcHOBHOHN
NPOMBIIIJICHHBIH ~ CHOCO0  MONMY4YeHHWs ~ YKCYCHOH  KHCJIOTBI — TPEACTaBisieT  coOoH
KapOOHUJIMPOBAHKE METaHOJIa C MPUMEHEHUEM KaTalin3atopa Ha ocHOBe coenuHeHuit Rh(l) wmu

Ir(I) u monmy4yeHneM yKCyCHOM KUCIOTHIL [TOCKONBKY B 3TOM CriocoO€ MPUMEHSIIOT KaTaJH3aTophI
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Ha OCHOBE JParoLeHHBIX METAJUIOB, & TakKXKe IOJYyYalT Tajlor€HOBOAOPOI, YCTAHOBIIEHBI
Ype3BbIUAliHO BBICOKHE TPeOOBaHUS K MPOU3BOJCTBEHHOMY O0OPYAOBAHHIO.

ITonyueHne MIMPOKOro Pa3HOOOPA3Hst OCHOBHBIX XUMHUECKHUX MCXOMHBIX MAaTEPHAJIOB U
HUMEIOIIUX BBICOKYIO JOOABIEHHYIO CTOMMOCTb YHCTBIX XMMHYECKHX BEIIECTB C MPUMEHEHHEM
CHHTE3-Ta3a, MPEACTABILSIIOIIEr0 COOOH HCXONHBIH MaTepHall, MPEeBPaTHJIOCh B AKTyajbHOE
HarpasjieHue B 00JacTh Karainu3a. B mocnenHue rompl mpsMoe MOJy4YeHHe 3TAHOJA U3 CHHTE3-
rasa InpenacTaBisieT coOOH HOBBIM croco0 mosydeHus: staHona. C TOUKM 3peHHUs Mpolecca U
CTOUMOCTH,  CIOCOO  MPSMOro  MOJyYeHHs  3TaHOJAa W3 CHUHTe3-ra3a  3aHUMaer
HETPOJOJUKUTENIbHOE BPEMsl, 1O 3KCIUTYaTAllMOHHBIM PAacXoJaM OH SIBJISIETCS OTHOCHTEIBHO
SKOHOMHUYHBIM, 1 COOTBETCTBYIOIHE KAITUTAIOBIOKEHHUS SBISIOTCS HU3KUMH. OTHAKO C TOYKH
3peHHs] TEPMOAMHAMUKNA U KHHETHKH OKAa3bIBAETCS 3aTPYAHUTENbHOW OCTAHOBKA PEAKLUU Ha
CTauH LIEJEBOTO MPOAYKTA, MpencTaBisiomero coboit stanon. Ilockonbky npsiMoe mojy4eHne
STAHONA W3 CHHTE3-Ta3a MPENCTaBIsICT COOOH CHIIBHO S3K30TEPMUYECKYIO PEAKIIHIO, IepBast
npobyieMa, KOTopasi AOKHA OBITh pelleHa, MPeACTaBisieT co0o mpobieMy CeNeKTUBHOCTH U
JOMYCTUMOTO OTKJIOHeHHs. UTo kacaercsi (PaKTUYECKHX Pe3yJIbTaTOB PEaKLUH, HAaOII0IaeTCs
UpOKoe paszHooOpasue nponaykroB. OHU MPEACTABISIIOT COOOH HE TOJNBKO MHOTOYHCIICHHBIE
KUCJIOPOZIHbIe TOOOYHBIE MpoayKThl C2, Takue Kak ameTanblerda W YKCYCHas KHUCJIOTa, HO
takke amkaHbl u onepuHbl C2-C5. CeneKTUBHOCTh B OTHOIIEHHHM STaHOJA HE SIBISIETCS
UJI€ATbHOM, U BBIXO/ OKa3bIBAETCS HU3KUM.

IIpu >TOM KaTajau3aTop Ha OCHOBE POAMS MMEET SKCIUTYyaTAllMOHHBIE XapaKTEePUCTHKH,
MO3BOJISIFOINUE CEJEKTHBHO CHHTE3MPOBATh KUCJIOPOIHbIe coeanHeHust C2 ¢ NMpUMEHEHHeM
cuHTe3-raza. OQHAKO MPHMEHEHHE IParolieHHOro MeTajulad, TAaKOro Kak POAWH, 3HAYUTEIbHO
YBEJIMYMJIO CTOMMOCTH TIOJIYUYEHHUs] 3TAaHONA, W TPU STOM MPOU3BOACTBO POAMS SBIISETCS
orpaHudeHHbIM. CyIIEeCTBYIOT OrPOMHBIE CJIOXHOCTH KPYITHOMACIITAOHOTO pPa3BUTHS U
NPUMEHEHHUs, KOTOPbIE CTaU (paKTOPOM, OrPAaHMYMBAIOIINM MPOMBIIIJIEHHOE BHEAPEHHUE 3TOTO
TEXHOJIOTUYECKOTO MyTH. 3HAYUTENbHOE COKpAILIeHWE NMPUMEHEHUS POAMS WM 3aMeHa POIUs
KaTaJIM3aTOPAMH HAa OCHOBE HEIParoLeHHBbIX METAJUIOB TPENCTaBisieT co0O0H 3¢ eKTUBHBIN
NyTh MPOMBIIUIEHHOTO BHEAPEHHSI 3TONW TEXHOJIOTHH, HO B HACTOSIIEE BPEMS IIPOTPECC SIBIISIETCS
OTHOCHUTEJIbHO MEJIEHHBIM.

B noxkymente CN106365995A JlansiHbCKOTO MHCTHTYTa XUMHUYECKOH (DPU3UKH PACKPBIT
croco0 TMONy4YeHHsT MeTWJIaleTaTa IOCPENCTBOM KapOOHWIMPOBAaHUS C MPUMEHEHHEM
HCXOIHOTO Ta3a, CONIEPIKaIlero IUMETHJIOBBIM 3(pHP M MOHOOKCHI YIJIEpOAa, B PEaKTOpe,
COZAEpIKAIlEM KHCJIOTHOE MOJIEKYJSIPHOE CUTO Ha oOcHoBe wneosuta EMT B kadecTse
karanuzaropa. CorjaacHO COOTBETCTBYIOIIEH TEXHOJNOTHH J{alsiHbCKOTO MHCTUTYTa XUMHUYECKON

(U3MKKM YCHEIMHO BBENEH B OSKCIUIyaTallMI0 M YCTOWYMBO paboTaeT NpOMBIIUIEHHBIN
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JEMOHCTPALIMOHHBIN MpoeKT 1o npoussoacTBy 100000 ToHH 3TaHONa Ha OCHOBE yrisi. OQHAKO
BHUMaHUE HCCIIeqoBaTeNnell Bcerna ObUIo COCPEOTOUEHO Ha MPSIMOM TOJIyYEHHE KHUCIOPOAHBIX
COEMHEHUIl ¢ NpPUMEHEHHEM CHHTe3-Ta3a B KadecTBe HcxogHoro wmarepuana. CorjacHo
HACTOSIIIEMY W300pPETEeHUI0 CHHTE3-Ta3 MPUMEHEH B Ka4eCTBE MCXOJHOTO MarepHualia B LENsIX
CO3MIaHHMsI HOBOTO Croco0a MpsIMOTO CHHTE3a MeTWialeTaTra W/WIM YKCYCHOH KHCIOTHI W3
CUHTE3-Ta3a, MPUYEM OTOT CIOCOO OTIMYAETCS BBICOKOH CEJIEKTUBHOCTHE) B OTHOIIEHUHU
NMPOAYKTA, MSTKMMU VCJIOBUSMH PEAKIHMU, TMPOCTOTOH TMpolecca W HUMEET OrpPOMHBIE

NEPCHICKTUBBI IPOMBIIIJICHHOT'O IPUMEHCHUA.

KpaTkoe pacKpbITHE HACTOSINIET0 H300peTeHHus

Lenp HACTOALIETO H300PETEHHS 3AKIIOYAETCA B TOM, YTOOBI IPEOIOJIETh HEKOTOPBIE WU
BCE U3 MpOOJIeM MpPEIIeCTBYIOWEr0 YPOBHA TEXHUKH W MPEIVIOKUTh HOBYIO TEXHOJIOTHIO
NpEeBpaLIeHNUs] CHHTE3-Ta3a 1 HOBBIH CIIOCO0 MOMyYEeHUsT METHIIAIETAaTa U YKCYCHON KHUCJIOTBHI.

Jna sToll menm Hacrosliee H300peTeHHE NpeasaraeT crocod MpsIMOro MOJYYEeHUs
MeTUJIaleTaTa W/WIM YKCYCHOH KHCIOTBI M3 CHHTE3-rasa, I[e pPEeakmHOHHBIH mpouecc
OCYILIECTBIISTIOT TI0 MEHBIIEH Mepe B IBYX PEAKLIMOHHBIX 30HAX, M CIIOCO0 BKJIIOYAET:

a) BBEACHNE MCXOIHOTO MaTepuaia, COAEpIKaIlero CHHTE3-Ta3, B MEPBYI0 PEAKIIHOHHYIO
30HY JJIs1 BCTYIUICHHSI B KOHTAKT C KaTaJM3aTOPOM Ha OCHOBE METajlla B MEPBOH PEaKIMOHHOM
30HE W pEaKUUHd C TIOJNYYEeHHEM BBIXOAAIIErO IOTOKA, COAEPIKAIIero METaHON H/HH
IVMETHIIOBBIN 3¢dup;

b) obecrnieuerne MOCTYIUIEHUS] BBIXOMASIIETO MOTOKA U3 MEPBOH PEaKIIMOHHOH 30HBI BO
BTOPYIO PEaKLMOHHYIO 30HY, HEMOCPEICTBEHHO WJIH TOCie N0OaBIeHUsST MOHOOKCHAA YIIIepona,
TakUM 00pa3oM, YTO OH BCTYIA€T B KOHTAKT C TBEPIbIM KHUCJIOTHBIM KaTaJIN3aTOPOM BO BTOPOM
pPEaKIMOHHOH 30HE U pearupyer ¢ TOJYYEHHEM BBIXOJSINEro IIOTOKA, COAEPIKALIETO
METUJIALeTaT U/ YKCYCHYIO KUCIIOTY;

C) pasleJieHHe BBIXOIALIEr0 TMOTOKA M3 BTOPOH PEAKLHMOHHOW 30HBI C IMOJYyYEHHEM
NPONYKTa, TMPENCTABIBIIOMEr0 COOOW aueTar W/WiIH YKCYCHYIO KHCIIOTY, M HeoOsI3aTelbHOe
BO3BpAIICHUE OCTATOYHOW YaCTH, KOTOpasl IMOCTYIAeT B IEPBYI0 PEAKLMOHHYIO 30HY W/WIN
BTOPYIO PEAKLIMOHHYIO 30HY Il TOBTOPHOT'O UCTIOIB30BAHUS B PEAKIINH;

npudeM OOBEMHOE COAEp)KaHHE BBOIMMOIO CHHTE3-Ta3a B HMCXOZHOM MaTepuale
HaxoawuTcs B nuamnasoHe ot 10% no 100%, n 06beMHOe COOTHOILIEHNE MOHOOKCHA YIiepoaa U
BOJIOPO/Ia B CUHTE3-ra3e Haxonurcs B aAuanasose ot 0,1 no 10;

TeMIlepaTypa peakLuu B MepBOil peakLIMOHHON 30He HaxoAuTcs B AuanasoHe ot 180°C

no 300°C, naBnenuwe peakuuu Haxoautcss B auanasone or 0,5 Mlla mo 20,0 Mlla; u
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TeMIlepaTypa peakLUd BO BTOPON pEaKkLMOHHON 30He HaxoiuTcs B nuanaszoHe ot 180°C no
300°C, naBnenue peakuu HaxoguTcst B auanasone ot 0,5 MIla no 20,0 MITa.

IIpennouTutenbHO KaTanu3aTOp HAa OCHOBE MeETallla B NEPBOM PEAKLIMOHHON 30HE
NpeACTaBisieT COOON KaTaIn3aTop Ul CHHTE3a METAaHOJIA WIIK AUMETHIIOBOTO 3dupa.

IIpennouTuTtenbHO TBEPABIM KUCIOTHBIA KATaIu3aTOpP BO BTOPOH PEaKLMOHHOH 30HE
COIEPIKUT OIHO WM HECKOJBKO MOJIEKYJISIPHBIX CUT, BBIOPAHHBIX M3 MOJIEKYJSIPHBIX CHT HA
ocHose neosutoB FER, MFI, MOR, ETL, MFS, MTF, EMT u MonekyJasipHbIX CHUT, MOJTy4aeMbIX
B KQUeCTBE MPOIYKTOB MOCPEICTBOM MOAM(DHUKAINN MOJNEKYJISPHBIX CHT HA OCHOBE LIEOJHTOB C
NPUMEHEHHEM THPUAMHA HJIK  3JIEMEHTOB, HE TMPEACTaBISIIOINX COOOH  KapKacHbIe
COCTABJISIFOLIIE BJIEMEHTBI.

[IpennodTUTEeTFHO TBEPABIM KUCIOTHBIA KAaTaJIN3aTOpP MPEACTABISET COOOH BOTOPOIHYIO
¢dopMy MOJEKYJSIPHOTO CHUTa Ha OCHOBE LeosiuTa, Wwin comepxutr ot 10% mo 95 mac.%
BOJOPOIHON (POPMBI U OCTABIIVIOCS MAaTPULY, WIH MPENCTaBIAET COOOH MOJEKYJSIPHOE CHUTO,
NOJy4aeMOe€ B Ka4yecTBe NPONYKTa MOCPEACTBOM MOIM(PUKALMU BONOPOIHON (OpMBI C
NPUMEHEHHEM NIUPUINHA; TIPUYEM MaTpHLa MPEACTABIsIET COOOH OHO MIIM HECKOJIBKO BELIECTB,
BBIOPAHHBIX U3 OKCH/IA AJFOMUHUS, TUOKCHUA KPEMHHS, KAOJMHA U OKCHA MArHUS.

IIpennouTurenbHO TiepBas peakLMOHHAs 30HAa W/WIM BTOpas peakLMOHHAs 30Ha
HAXOASATCSl B PEAKTOpe C HEMOJABIDKHBIM CJIOE€M, U PEAaKTOp C HENOJABIKHBIM CJIOEM
NPEATIOYTUTENBHO MPEACTABISIET COOOH TPYOUaThIi PEaKTOp C HEMTOABUKHBIM CIIOEM.

IIpennouTurenbHO NepBasi peakLIMOHHAs 30HA U BTOpasl peaKkL[MOHHAs 30Ha HaXOJSTCS B
OJTHOM U TOM K€ PEaKTOpe C HEMOABH)XHBIM CJIO€M, WM IepBasl PeakLUOHHAas 30Ha U BTOpas
peakLMOHHAas 30Ha, COOTBETCTBEHHO, HAXOJATCS B pAa3JUYHBIX PEAKTOPaX, COEAUMHEHHbIX
MOCJIEA0BATEbHO.

[IpenmodTUTETFHO CHHTE3-Ta3 B MCXOIHOM Martepuane couepxut ot 50% mo 100 06.%
MOHOOKCHAA yriepona u Bogopona u ot 0% 10 50 06.% OZHOTO WM HECKOJBKUX HEaKTHUBHBIX
ra3oB, BBIOPAHHBIX U3 a30Ta, FeJINs, aproHa U TUOKCHIA YIIIepOoa.

IIpennouturenbHO Temmneparypa peakluu B MEPBOH PEAKLHUOHHOW 30HE HAXOAUTCS B
nuanaszone ot 190°C go 290°C, u naBneHue peakiuu HaxonuTcs B auamnasone ot 1,0 MIla no
15,0 MlIla; u TemnepaTypa peakLiud BO BTOPOM peakLIMOHHON 30HE HAXOIUTCS B AMANa30HE OT
190°C no 290°C, u gaBaenue peakiuu HaxoauTcs B quanasone ot 1,0 MIla no 15,0 MITa.

Hacrosimee wm3o0peTeHne BKIFOYAaeT, HE OrPaHUYMBASICH HMH, CIEAYIOLIHNE
OnaronpusiTHbie 3P PEKTHL:

1. IlpennoskeH HOBBIN CIIOCOO MPSIMOTO U HANPABJIEHHOTO CHHTE3a METHJaleTaTra u/uiu

YKCYCHOH KHMCJIOTBI U3 CUHTE3-Ia3a.
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2. Crocob cornacHO HAcTOSIIEMY M300PETEHUIO OTIMYAETCS BBICOKOH CEJEKTHBHOCTBHIO
B OTHOIIEHUM TMPOAYKTA, MITKUMHU YCJIOBUAMH PEAKLUH, MPOCTOTOM mMpoLecca U HUMEET

OIPOMHBIC NIEPCIICKTHUBBI MPOMBIIIJICHHOTI'O MPUMCHCHUA.

KpaTtkoe onucanue ¢puryp

Ha ¢ur. 1 nmnpencraBmeHa TEXHOJOTMYECKass CXeMa TMPSIMOTO  MOJY4EHHUs
METHUJIALeTaTa/yKCyCHOM KUCJIOThl U3 CHUHTE3-ra3a COIJIaCHO BAapUAHTY OCYIIECTBIEHUS
HACTOSIIIEr0 M300PETEHUs], B KOTOPOM IepBasi pEakMOHHAsi 30HA U BTOpasi PEakLMOHHAs 30HA
HaXOJATCA B OJJHOM U TOM K€ PEAKTOpe.

Ha ¢ur. 2 nmnpencraBmeHa TEXHOJOTMYECKass CXeMa MPSIMOTO  MOJY4EHHUs
MeTHJIaleTaTa/yKCyCHOM KHUCJIOThI U3 CHHTE3-Ta3a COMIACHO APYrOMY BapUaHTy OCYIIECTBIIEHUS
HACTOSIIIEr0 M300PETEHUs], B KOTOPOM IepBasi pEakMOHHAsi 30HA U BTOpasi PEakLMOHHAs 30HA

HaXOJATCA B PA3JIMYHBIX PEAKTOPAX.

IloapoOHOE PACKPLITHE BAPHAHTA OCYIIECTBJIEHHS HACTOSIIEI0 H300peTeH s

ITocpencreom codeTtaHusl KaTajau3aTopa U HOBOIO PEAaKLIMOHHOIO MpoLecca HACTOosLIee
n300peTeHne MO3BOJISIET MPUMEHATh CHUHTE3-Ta3 ¢ KaTaJu3aTOpaMu Ha OCHOBE HEIPArOLIEHHBIX
METAJVIOB M KaTaJu3aTOPaMHU HAa OCHOBE MOJIEKYJISIPHBIX CHUT IJISl CEJIEKTUBHOTO MOJTYYEHUS
MeTHuJjalerTaTa W/WIA YKCYCHOH KHCJIOTBI B OMNPEAEICHHBIX YCJIOBHUSX, HYTO 3HAYUTEIBHO
YIOPOINAET MPOLECC KapOOHWIUPOBAHUS C TIOJYYEHUEM METHIIALETaTa U/ U YKCYCHOM KHUCIIOTHI,
COKpalllaeT MPOU3BOACTBEHHBIE M SKCIUTyaTALIMOHHBIE PACXOJbl, OTKPbIBAs MPHU 3TOM HOBBIN
crocob MpsIMOTO MPEBPAIIEHUS] CHHTE3-Ta3a.

Hacrosimee uzobperenue npenyaraet crocod mpsiMOro MOJyYeHUs] METHIAleTaTa u/vin
YKCYCHOW KUCJIOTBI U3 CUHTe3-Ta3a. CUHTe3-Ta3, MPeACTaBIIOINNA COO0M UCXOMHBIN MaTepual,
MPOMYCKAIOT 4Yepe3 PeakTop, COAepKallui KaTaju3aTop Ha OCHOBE MeTajjla, TaKOW Kak
KaTaJIu3aTop HAa OCHOBE MEIH, U TBEPIbI KUCJIOTHBIM KaTaJIU3aTOP, TAKOH KaK KUCJOTHBIN
KaTaJlu3aTop Ha OCHOBE MOJIEKYJIIPHOTO cuTa. Mermnanerar W/Wid YKCYCHYI KHCIIOTY
MOJIYHAlOT B YCJIOBHSIX TeMIlepaTypbl peaknuu B nuama3zoHe oT 190°C po 290°C, nmaBneHus
peakuuu B quana3one ot 0,5 MIla no 20,0 MIla u o0pemMHOM ckopocTH B Anamazone ot 1500 !
10 20000 4!,

Croco® cornmacHO HacTosmeMy HM300PETEHHIO BKJIOUAET CJIEAVIOIIHE IPOLECCHI:
BBEJICHHE B KOHTAKT ra3000pa3HOro mMarepuana, Couepskamero CHHTe3-ra3, ¢ KaTajlu3aTopoM Ha

OCHOBEC MC€TaJljla B HepBOfI peaKHHOHHOﬁ 30HE U p€aKlusa ¢ MOJTYYCHHUEM BbIXOOALIECTO IIOTOKA,
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COAepIKALIero  METaHOJ /WM JUMETWIOBBIH  3(Up;  HENMOCPEACTBEHHBIH  KOHTAKT
PEaKIIMOHHOCTIOCOOHOTO BBIXOZSINETO TOTOKA C TBEPAbIM KHCJIOTHBIM KaTaJlM3aTOPOM BO
BTOPOH PEAaKLMOHHONW 30HE W peaklys WM KOHTAKT PEAKLHOHHOCIIOCOOHOTO BBIXOISIIErO
NOTOKAa, B KOTOpBIA Obul m00aBIEH MCXOAHBIM ra3000pa3HbBIi MaTepual, COAEpKaIluN
MOHOOKCHUJI yIJIepOAa, C TBEPAbIM KHUCIOTHBIM KaTaJH3aTOPOM BO BTOPOH PEAKLMOHHOH 30HE U
peakmms. Ilocme peakuMu TOJNYYAOT — KHUCIOPOACOAEPKAIIMHA  MPOAYKT, COAEPIKALIHA
MeTHUJIaleTaT W/HMIW YKCYCHYKO KHCJIOTY, W CEJEKTUBHOCTh B OTHOIIEHHH TPOAYKTA,
MPECTABJIIONIEro cOO0H METHIALIETAT WITH YKCYCHYIO KHCIIOTY, COCTaBJisieT Oonee yem 93%.

bonee koHKpeTHO, B crmocobe MPsSMOro TMOJNyYeHHs] METWIALeTaTa WHIH YKCYCHOU
KUCJIOTBI U3 CHHTE3-Ta3a, 1€ PEaKLIMOHHBIA MPOLIECC OCYIIECTBIIIOT 10 MEHBIIEH Mepe B IBYX
PEaKIMOHHBIX 30HaX, CMIOCO0 BKIIFOYAET:

a) BBEACHNE MCXOIHOTO MaTepuaia, COAEpIKaIlero CHHTE3-Ta3, B MEPBYI0 PEAKIIHOHHYIO
30HY, I'7le OH BCTYIAeT B KOHTAKT C KaTaJIM3aTOPOM Ha OCHOBE METaJljia B NEPBOH PEaKIIMOHHOM
30HE W pearupyer ¢ TNOJYYEHHEM BBIXOSIIErO IOTOKA, CONEPIKAINEro METaHON W/HIH
IVMETHIIOBBIN 3¢dup;

b) obecrnieuerne MOCTYIUIEHUS] BBIXOMASIIETO MOTOKA U3 MEPBOH PEaKIIMOHHOH 30HBI BO
BTOPYIO PEaKLMOHHYIO 30HY, HEMOCPEICTBEHHO WJIH TOCie N0OaBIeHUsST MOHOOKCHAA YIIIepona,
TakUM 00pa3oM, YTO OH BCTYIA€T B KOHTAKT C TBEPIbIM KHUCJIOTHBIM KaTaJIN3aTOPOM BO BTOPOM
pPEaKIMOHHOH 30HE U pearupyer ¢ TOJYYEHHEM BBIXOJSINEro IIOTOKA, COAEPIKALIETO
METUJIALeTaT U/ YKCYCHYIO KUCIIOTY;

C) pasleJieHHe BBIXOIALIEr0 TMOTOKA M3 BTOPOH PEAKLHMOHHOW 30HBI C IMOJYyYEHHEM
NPONYKTa, TMPENCTABIBIIOMEr0 COOOW aueTar W/WiIH YKCYCHYIO KHCIIOTY, M HeoOsI3aTelbHOe
BO3BpAIICHUE OCTATOYHOW YaCTH, KOTOpasl IMOCTYIAeT B IEPBYI0 PEAKLMOHHYIO 30HY W/WIN
BTOPYIO PEAKLIMOHHYIO 30HY Il TOBTOPHOT'O UCTIOIB30BAHUS B PEAKIINH;

npudeM OOBEMHOE COAEp)KaHHE BBOIMMOIO CHHTE3-Ta3a B HMCXOZHOM MaTepuale
HaxoawuTcs B nuamnasoHe ot 10% no 100%, n 06beMHOe COOTHOILIEHNE MOHOOKCHA YIiepoaa U
BOJIOPO/Ia B CUHTE3-ra3e Haxonurcs B aAuanasose ot 0,1 no 10;

TeMIlepaTypa peakLuu B MepBOil peakLIMOHHON 30He HaxoAuTcs B AuanasoHe ot 180°C
no 300°C, naBnenuwe peakuuu Haxoautcss B auanasone or 0,5 Mlla mo 20,0 Mlla; u
TeMIlepaTypa peakLUd BO BTOPON pEaKkLMOHHON 30He HaxoiuTcs B nuanaszoHe ot 180°C no
300°C, naBnenue peakuu HaxoguTcst B auanasone ot 0,5 MIla no 20,0 MITa.

B crnocobe cornmacHo HacrosimeMy H300pPETEHHIO KaTald3aTOp HAa OCHOBE MeTajjia B
NePBOI PEaKIMOHHONW 30HE MPEACTaBsieT cOOOH KaTanu3aTtop IJIl CHHTE3a METaHoNa WU

IMMETHUIIOBOTO 3upa.
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B cniocobe cornmacHo HaCTOSIIEMY H300PETEHHIO PEATIOYTHTENLHO TBEPABIA KUCIOTHBIN
KaTaJn3aTop BO BTOPOU PEaKLMOHHOW 30HE COIEPKUT JF000e MOJIEKYJISIPHOE CHTO WIH JIF0Ooe
COoueTaHHe MOJIEKYJIIPHBIX CUT Ha OCHOBE LleonuToB, uMeromux cTpyktypsl FER, MFI, MOR,
ETL, MFS, MTF wmu EMT, unu nponykToB, TMOJNy4YaeMbIX MOCPEACTBOM MOAUpUKAINN
3JIEMEHTAMH, HE MPENCTaBISIOMUMEU COOOH cocTaBlsiromue 3yeMeHThl (Takue kak Fe, Ga, Cu,
Ag W T. 1.) Kapkaca MOJIEKYJIIPHOTO CHTAa, KOTOpbIE YAOBJIETBOPSIIOT MPUBEICHHBIM BBIIIIE
XapaKTePUCTUKAM, WM TIOCPEACTBOM MOMU(UKAIMH MUPUIUHOM, WIH CMEChb MHOXKECTBa
MOJIEKYJIIPHBIX CUT, KOTOPBIE YIOBJIETBOPSIIOT MPUBEICHHBIM BBIIIE XapaKTEPUCTHKAM.

[IpennodTUTEeTFHO TBEPABIM KUCIOTHBIA KAaTaJIN3aTOpP MPEACTABISET COOOH BOTOPOIHYIO
(dbopMy MOJIEKYJIIPHOTO CHTAa HAa OCHOBE LIEOJNUTA WU couep:kut ot 10% nmo 95 wmac.%
BOIOPOAHONW (POPMBI M OCTATOK, COCTOSIIUN W3 MATPULIBI, WJIH OH TPEACTaBisieT coOOM
MOJIEKYJIIPHOE CHTO, [OJIydaeMOe B KaueCTBE MPOIAYKTa TMOCPEACTBOM MOAU(PUKALIU
BOZIOPOAHON (HOPMBI C NPUMEHEHHUEM MUPHIWNHA; MPEANOYTUTENIbHEe; MATPHIA MPENCTABISET
coboif nrobOe BEIeCTBO WM CMeCh JIIOOBIX BEIIEeCTB, NPEACTABISIIONMMX COOOH OKCHI
ATFOMUHWSI, TAOKCU KPEMHUS, KAOJIMH U OKCHJT MarHUSI.

B crnocobe cornacHo HacTosAmEMY H300PETEHHIO MPEAMOYTUTENbHO KAaKIAbIA W3
PEaKTOPOB IJIsl IEPBOU PEAKLIMOHHON 30HBI U BTOPOU PEAKI[MOHHON 30HBI MPENCTaBIsIET COOOMH
PEaKTOp ¢ HEMOJBIKHBIM CJIOEM, MPEINOYTHUTENbHO TPyO4aThli PEakTop ¢ HEMOJBHKHBIM
CJIOEM.

B cnocobe cornmacHo HacTosAIEMY HM300pETEHUIO TMEpBasi PEeaKIMOHHAs 30HA W BTOpas
PEaKIMOHHAs 30HA MOTYT HaXOAWUTBHCS B OJJHOM U TOM JK€ PEAKTOpE, WU TepBasi PEaKIIMOHHAS
30Ha U BTOpas PEaKLMOHHAs 30HA MOTYT HaXOOWUTHCS B PA3JIMUHBIX PEAKTOPaxX, COCAUHEHHBIX
MOCJIEIOBATEIBHO.

B cnocobe cornacHo HacTosimeMy HM300pETeHHIO, MMOMHUMO MOHOOKCHAA yrjiepona |
BOJIOPOZA, CHHTE3-Ta3, MPEICTaBJSIFOIINI COOOM UCXOMHBIN MaTepUa, TakXKe MOXKET COAEpKaTh
000N HEAaKTHBHBIA a3 WIM HECKOJbKO HEAKTHBHBIX T'a30B, BBIOPAHHBIX W3 a30Ta, TeJUs,
aproHa W JUOKCHAA yriiepona. [IpenmodTuTensbHO B CHHTE3-ra3e, MPeNCTaBISIIOIIEM COoOOoH
UCXOIHBIA MaTepuall, 00beMHOE TPOIICHTHOE COAEP KaHMe MOHOOKCHIA yIiepoaa U BOAOPOIa
HaxoauTcs B nuama3oHe oT S0% no 100%; o0beMHOE TPOLIEHTHOE CONEp:KaHWe OIHOTO WU
HECKOJIbKUX Ta30B, BBIOPAHHBIX U3 a30Ta, Ielivsl, aproHa U JUOKCHAA Yrjiepona, HaXOIHUTCS B
nuamnasone ot 0% no 50%.

CornmacHo crenyromeMy MOPEANOYTHTEILBHOMY BapHaHTy OCYIIECTBICHHUS YCJIOBHS
peakuuu B TEPBOW PEAKIIMOHHOW 30HE ONpEHENeHbl CIIeNyIIUM o0pa3oM: TeMIeparypa
peakuuu Haxomutcs B nuama3zoHe ot 180°C mo 300°C, maBneHHe peakUyd HAXOOUTCS B

nuanasone ot 1,0 MIla go 15,0 MIla; ycrmoBusi peakumu BO BTOPOH PEAKLIUOHHOW 30HE
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OTIpeNesieHbI CIENYIOIINM 00pa3oM: TeMIIEpaTypa peakiui HaxoauTcsl B quamna3one ot 180°C no
300°C, naBnenue peakuu HaxoguTcst B auanasone ot 1,0 MIla no 15,0 MITa.

Hacrosimmee n3o0peTeHne KOHKPETHO NMPOMIUIOCTPUPOBAHO CIENYIOIIUMHU IpPUMEpPaMHu,
HO HacTosiIee N300peTeHne He OTPAaHUIEHO YKa3aHHBIMU IIPUMEPAMH.

KaranuszaTtop Ha ocHOBe MeTasLIa

Karanusarop Ha OCHOBE MeTayjia MPEACTaBISLT COOOHM KaTaau3aTop Ha OCHOBE MeEIH,
KOTOPBIN MONyYaiu CIenyromuM obpasom: B abopatopHoM crakane 96,80 r Cu(NOs)2-3H-0,
15,60 r Zn(NO3)2-6H20 u 14,71 r AI(NO3)3-9H20 pactopsiiu B 2000 My A€MOHU3UPOBAHHON
BOJIbI, TIOJTy4asli CMELIAHHBIH BOAHBIA PacTBOP HHUTPATOB MeTawioB. B npyrom mabopaTtopHoM
cTakaHe 72,62 T KOHIEHTPUPOBAHHOTO BOAHOTO PacTBOpa aMmmuaka (ot 25 1o 28%) pa3dasisiiy,
ucnonp3yst 1500 M1 1enOHU3UPOBAHHOM BOJbI, U PACTBOP aMMHAaKa HHTEHCUBHO MepeMellnBain
IIPU KOMHATHOM TeMIepaType, a 3aTeM IOJIY4YEHHBbI CMELIAHHBbIM BOJHBIM PacTBOP HUTPATOB
METAJUIOB MEIJICHHO N00ABIISUIM B PACTBOP aMMHUAKa, MIPUYEM MPOJOJIKUTEIBHOCTD TOOABICHUS
coctaBisia mpubmusutenbHo 60 MuHYT. PacTBOp (MIBTpOBaN M € TONYyYEHHUEM OCanKa, U
3HaueHue pH ocangka ycraHasnuBanu Ha yposHe 10,0, mcmonbp3yst Ipyroil BOAHBIH pacTBOp
ammuaka. ITocne nepememuBanms B TeueHne 200 MUHYT OCaZOK OCTABILSUIH [T BBIACPKUBAHUS
B TeueHue 36 yacoB. 3aTeM OCaJOK MPOMBIBAIN ACUOHU3UPOBAHHOIN BOAOW A0 HEWTPaIbHOIO
cocrosiHusi u ueHTpudyruposanu. IlonydeHHbl ocagok BhICymMBaau B meun npu 120°C B
TeueHune 24 yacoB. BeICymeHHbIH 0Opasel momeranu B MypenbpHyr0 nedb, Harpesamu a0 400°C
IPU CKOPOCTH yBenudeHus Temreparypbl 1°C/MUH M DNpoKajauBaiu B TeUEHHE 5 YacoB C
nojiyueHueM mpokaneHHoro odpasua. 3arem 1,41 r Mn(NO3)2-4H20 u 1,36 t Ni(NO3)2-4H0
pactBopsiH B 50 MJT 1€MOHU3UPOBAHHON BOJIbI, BOIHBIA PAaCTBOP MapraHLa U HUKEJS BBOAMIIH B
NpOKaJieHHbIH oOpasen crocoOoM morpykeHus U ucnapsi npu 80°C s ynaneHus: u3ObITKa
pactBoputens. OOpaseny BeicymmBamu B meyn npu 120°C B Teuenwe 24 wgacos. Ilocne
BBICYIIUBAHMU OOpaser] nmomemain B MydenbHyro neub, HarpeBanmu o 400°C mpu ckopoctu
yBeJU4eHUs TeMnepatypsl 1°C/MUH U IPOKAIMBAIN B TEUEHUE 3 YacOB C MOJy4YeHHEM odOpasia
KaTajn3aTopa, KOTOpbIii ObUT 0003HAYEH KaK KaTanu3aTop A.

Karanusarop Ha OCHOBE MeTajjia UCIONb3YEMbIH COTJIACHO HACTOSIIEMY H300pPETEHHIO
TAKXK€ MOXET OBIThb IOJIydeH MOCPEACTBOM MEXaHWYECKOTO CMELIMBAHHS KaTaiu3aTopa A |
BOnOpoaHol (opmbl HaHoMaTepuajia ZSM-5 (Si/Al = 19) npu cooTtHomennn 2:1, u oH ObuI
0003Ha4YeH Kak Karainu3arop B.

HcTouyHNK HCXOAHOTO MAaTEPHAJIA MOJIEKYJISIPHOTO CHTA

B xonme skcmepuMeHTa HEKOTOpPbIE M3 MAaTePHUATOB MOJIEKYJSIPHBIX CHT MOTYT OBITh

HETOCPECTBEHHO 3aKYIUIEHbl HA KOMMEPUECKONW OCHOBE, a JIpyrue mMaTepuaibl MOJEKYJISAPHBIX
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CUT MOTYT OBITb CHHTE€3MPOBAHBI COTJIACHO CYLIECTBYIOIIEH POICTBEHHOH JUTEpaType, NpHueM
KOHKpPETHbIE HCTOUYHHUKH MPENCTaBIeHbl B Ta0muue 1.
Tabnmuua 1. HMcToYHMKH Ppa3iMYHBIX MATEPHAJIOB MOJIEKYJSIPHBIX CHT H

COOTHOIIEHHA KPEMHHSA H AJIOMHUHHSA

Marepuan Hcrounuk Crnocob CootHoreHue

MOJIEKYJIIPHOTO CUTA nonyueHust |Si/Al

NaMOR (mopnenut) |[Karanusaropssliii 3aBog Hankatickoro ITokynka |6,5
YHUBEPCUTETA

NaMOR (mopnenut) |[Karanusaropssliii 3aBog Hankatickoro IToxynka |15
YHUBEPCUTETA

NaSM-35 KaranuzaropHslii 3aBox koMnanuu Aoke IToxynka |79

NaZSM-5 Karanuzaropnsiii 3aBox HaHnkatlickoro Ilokynka |50
YHUBEPCUTETA

NaEMT JansHbCKUI MHCTHTYT XUMU4Yeckol ¢m3uku |CuHTres 4

NaEMT JansHbCKUI MHCTHTYT XUMU4Yeckol ¢m3uku |CuHTres 25

Na-EU-12 JansHbCKUI MHCTHTYT XUMU4Yeckol ¢m3uku |CuHTres 10

Na-MCM-65 JansHbCKUI MHCTHTYT XUMU4Yeckol ¢m3uku |CuHTres 50

Na-MCM-35 JansHbCKUI MHCTHTYT XUMU4Yeckol ¢m3uku |CuHTres 100

Na-M-MOR* JansHbCKUI MHCTHTYT XUMU4Yeckol ¢m3uku |CuHTres 16,5

* Na-M-MOR npencrasisier coboli MOPIEHUT, MOAU(DUIIMPOBAHHBIA 3JIEMEHTAMH, HE
NPEACTABISIOMUMEI COO0H KapKacHbIE COCTABIISIFOIINE 3JIEMEHTBI, M MOJy4aeMblil TOCPEICTBOM
CHHTE€3a Ha MeCTe MpHMEHEeHHs, nmpudeM M mnpexncrariser coOOH MOAUPHUIMPYIOIIHHA aTOM
MeTajula, U MOJIEKYJISIpHBIe cuTa, MonuduupoBanabie Merauiamu Fe, Ga, Cu u Ag, monydaroT
B TEUEHHE NPOLIECCa MOTyUeHHsI, COOTBETCTBEHHO, U MPH 3TOM COAEpIKaHHE MOAU(DULIUPYIOIIEro
metasia cocrasisieT 0,9%.

TBepAbIil KHCJOTHBIN KATAJIU3ATOP

O6bpasen B BOTOpOAHOM (hopMe MoNTydaiu CIeAyImUM 00pa3om:

MonekysipHOE CUTO B HATpUeBOW (opMe corjiacHo Tabsuie 1 moaBepragyl MOHHOMY
oomeny ¢ NH4NOs3, BbICYIIMBaNM M NPOKAJIUBAIN C TOJIYYEHHEM MOJIEKYJIIPHOTO CHUTa B
BofoponHoi ¢gopme. Hampumep, ciocob monydeHust THMMYHOTO oOpasia B BOJOPOIHOH (opme
OCYLIECTBILSUIA CIEIYIOIUM 00pa3oM: B PEaKTOp Uil THAPOTEPMAIBHOTO CUHTE3a, CONeP KAINN
NPEABAPUTENIBHO MPHUTOTOBJIEHHBIA BOAHBIA pacTBop 1 Mons/n NH4NO3, noGasmisian moporok
MoJekyssipHoro cuta NaMOR mnpu MaccoBOM COOTHOIIEHHHM TBEPAOH U JKUAKOH (a3,
cocrassronieM 1:10, 1 HOHHBIN OOMEH OCYIIECTBIISIH B TedeHue 2 4acoB npu 80°C B yCIOBHAX

nepeMelnuBanms, (QUIBTPOBAIM B BaKyymMe W npoMmbiBaid BomoH. llocie TtpexkpaTHOro
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MOCJIEIOBATEIHPHOTO OCYIIECTBIICHUS] HOHOOOMEHHON peakny OCafoK BbICymuBaau npu 120°C
B TE€YCHHE HOYM W MPOKaIUBajiu B TeueHue 4 dacoB mpu 550°C ¢ momyueHueM Tpedyemoro
oOpasua karanuzaropa HMOR.

Conepxamue wmatpunly (opmoBaHHble 00paslbl B BOJOPONHOH (opMe MoTydaiu
MOCPEICTBOM 3KCTPY3HOHHOTro ¢opmosanus. Hanpumep, cnoco0 TNOIy4eHUS THIMYHOTO
¢dopmoBaHHOro ObOpasua ocymecTsisum cienyrommuM obpasom: 80 r Na-MOR u 20 r okcuna
ATIOMHUHMSI TIATEBHO TIEPEMEIINBAIH, U B CMECh H00aBIsUA OT 5 10 15% a30THOI KUCIIOTHL
OOpazen;, u3 KOTOpOro ObUT 3aMeIlaH INapHK, MOABEPTajH SKCTPY3UH W (OPMOBAHHIO C
MIOMOIIBIO 3KCTPYAepa. DKCTPYAUpOBaHHbBIN oOpasen BeicymuBanu npu 120°C u npokanusaiu
npu 550°C B TeueHwme 4 YacoB, a 3aTeM HCMONB30OBAIM CHOCOO TOJy4deHHs obpasma B
BOJOPONHON ¢opme, YTOOBI MONy4aTh conepkamue marpuuy (opmoBaHHBIE 00pasLbl B
BOZIOPOAHON opme.

beimn monydeHbl MOAU(UIMPOBAHHBIE TUPUAUHOM 0Opa3lbl B BOIOPOAHON (opMme.
TunuuHelii cMoOcO0 MONyYeHHsT OCYLISCTBISINA CleAyromuM obpasom: 10 1 obpasua B
BOJIOPONHOW (opMe 3arpykaqu B TPyOdUaThli pEaKTOP W TMOCTENEHHO HAarpeBalil [0
temmeparypsl oT 300 o 550°C B armocdepe a3oTa, mpoAyBaeMoro ¢o ckopoctbio 100 mu/muH,
BbIICP’KUBAIN B TE€YeHHE OT 2 10 6 4acoB, a 3aTeM BBOAWIM MNHUPUAWNH B TOKE a30Ta U
OCyIIeCTBISLIN 00paboTky mpu Temmepatype ot 200 mo 400°C B TedeHme oT 2 1m0 8 4acos,
9yTo0BI MONyYaTh MOAM(HUIMPOBaHHBIE MHPUAUHOM 00pas3iel. OOpasmsl obo3Hauanmu H-M-py,
rae M npexncrapinsieT coOOOM HANMEHOBAHUE MOJIEKYJISIPHOTO CUTA.

B Tabmmue 2 mpencraBieH psin 0OpasLoOB, MOJTYyYEHHBIX COMJIACHO OIMHCAHHBIM BBILIE
crioco0am.

Tabauua 2. Pax nojyuyeHHbIX 00pa3uoB U COCTABBI 00pa3L0B

Howmep Karanuzarop|CootHomenne |(Conepskanue |Tum mMaTpuisl Conepsxanue
KaTajausaTopa Si/Al MOJIEKYJISIPHOTO MaTpHULIbI
MOJIEKYJISIPHOTO|CUTa
cuTa
1# H-MOR 6,5 100% - 0%
2# H-MOR 6.5 50% nuokcun kpemuus + [5S0%
OKCHUI aJIOMUHUA +
OKCHUJ MarHus
(MaccoBoe
cooTHoienue 2:2:1)
3# H-MOR 15 80% okcun amomMunust  |20%
4# H-ZSM-35 |79 80% KaOJIUH 20%
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S# H-ZSM-5 |50 70% okcua amoMuHus  [30%
6# H-EMT 4 80% okcun amomMunust  |20%
T# H-EMT 25 80% okcun amomMunust  |20%
8# H-EU-12 10 80% okcun amomMunust  |20%
O# H-MCM-65 |50 80% okcun amomMunust  |20%
10# H-MCM-35 |100 90% okcun amomunust  |10%
11# H-MOR-py |15 80% okcua amoMuHus  [20%
12# H-EMT-py |25 80% okcua amoMuHus  [20%
13# H-Fe-MOR |16,5 100 - 0%
14# H-Cu-MOR |16,5 100 - 0%
15# H-Ag-MOR |16,5 100 - 0%
16# H-Ga-MOR |16,5 100 - 0%

CpaBHureabHbIi npumep 1

B peaxTop ¢ HEMOABUKHBIM CIIOEM, UMEIOLIMIM BHYTPEHHUI nuaMeTp 16 MM, 3arpyskaiu
1 r karanuzaTopa A, Temneparypy nosbimanu 10 260°C, u peakTop BbIIep>KUBAIN B aTMOchepe
5 006.% H2 + 95 06.% N2 B TeueHue 24 dacos, a 3areM Temmeparypy cHrkanu no 220°C.
HaBnenue B peakunoHHON cucteme mnosbimanu a0 5 MIla, ucnons3ys Hxo u CO. Ckopocts
noroka CO B CTaHAApTHBIX YCIAOBHsX cocTtaBisia 30 mur/MuH, W ckopocTh moroka Ho B
CTaHJAPTHBIX YCJIOBUAX cocTaBisana 60 mi/MuH. Pe3ynbTaThl KaTalUTUYECKOH peakLuu
npeacTaBieHbl B Tabmuie 3.

CpaBHuTebHBINH NpuMep 2

B peaxTop ¢ HEMOABUKHBIM CIIOEM, UMEIOLIMIM BHYTPEHHUI nuaMeTp 16 MM, 3arpyskaiu
1 r karanuzaropa B, Temneparypy noseianu 1o 260°C, u peakTop BbIIEp>KUBAIN B aTMOchepe
5 006.% H2 + 95 06.% N2 B TeueHue 24 dacos, a 3areM Temmeparypy cHrkanu no 220°C.
HaBnenue B peakunoHHON cucteme mnosbimanu a0 5 MIla, ucnons3ys Hxo u CO. Ckopocts
noroka CO B CTaHAApTHBIX YCIAOBHsX cocTtaBisia 30 mur/MuH, W ckopocTh moroka Ho B
CTaHJAPTHBIX YCJIOBUAX cocTaBisana 60 mi/MuH. Pe3ynbTaThl KaTalUTUYECKOH peakLuu
npeacTaBieHbl B Tabmuie 3.

CpaBHuTebHBIH Npumep 3

B peaxTop ¢ HEMOABUKHBIM CIIOEM, UMEIOLIMIM BHYTPEHHUI nuaMeTp 16 MM, 3arpyskaiu
1 r katanu3aTopa, MPEACTABISIOIEro COOOH MOJEKYJSIPHOE CHUTO, TEMIIEPATYPY MOBBILAIH 110
240°C, u peaxTop BblaepkuBaiu B arMocdepe 5 00.% Hz + 95 06.% N2 B Teuenue 24 vacos, a
3aTeM TemnepaTypy cHikanu 1o 220°C. JlaBneHue B peaklMOHHOM CHUCTeMe MOBBbIANU 10 5

Mlla, ucnonesyss H2 u CO. Ckopocts noroka CO B CTaHIApTHBIX YCJIOBUSAX cocTaBisuia 30
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MJI/MUH, U CKOPOCTb IoTOKa H2 B cTaHAapTHBIX ycloBusIX cocTasisia 60 mi/mMuH. Pesynbrarsl
KaTAJIMTHYECKON PeaKkIUy IPEeACTaBIeHbI B TaOme 3.

Tabauua 3. Pesy1bTaThl CpABHUTENBHBIX IPHMEPOB

CpasnutenbHbiii|[IpotieHTHas |CeneKTUBHOCTb B OTHOLIEHUU POAYKTOB (%)

puMep CTENEeHb CO2 |Meranon|dumerunosseiii|Metunanerar|YkcycHasi| [pyrue
MPEeBPAILECHUS a¢up KHUCJIOTA
CO (%)

1 27,32 0 99.87 |0 0 0 0,13

2 38,67 30,94 10,42 67,38 0 0 1,26

3 0 0 0 0 0 0 0

IIpumep 1

[TepBast peakLIMOHHAS 30HA U BTOpAs PEaKLMOHHAst 30Ha OBUIH PAaCIIONIOKEHBI B OTHOM H
TOM Jk€ peakTope; Ha (ur. 1 mpencraBieHa KOHKpeTHas PEaKUMOHHAs CXeMa, B KOTOPOM
o0ecrieyrBaii BBEIEHUE CUHTE3-Ta3a, MPEICTABIIAIOLIEr0 COOOH UCXOIHBIH MaTepHall, B MEPBYIO
PEeaKLMOHHYIO 30HY | /7 BCTyIUIEHHS] B KOHTAKT C KaTaJu3aTOPOM Ha OCHOBE MeTajljla B MepBOi
PEaKLMOHHON 30HE M peakUUu C MOJy4YeHHEM BbIXOASINEro MOTOKAa, COAEpIKalero MeTaHOI
/WM AUMETWIIOBBIH 3Qup; obecneunBany BBEACHHE BBIXOMIALIETO IOTOKA W3 MEPBOH
PEAaKLMOHHON 30HBI BO BTOPYIO PEAKLIMOHHYIO 30HY Il 1 BCTymJIEHHs B KOHTaKT C TBEPABIM
KHUCJIOTHBIM KaTaJlu3aTOpOM BO BTOPOH peakLMOHHONW 30HE M peakUud C MOoJydeHHeM
BBIXO/AILEro NOTOKA, COAEP KALIero MeTUaleTaT /Uil YKCyCHYIO KUCIIOTY; BBIXOASIIINUN MOTOK
U3 BTOPOH PEAKIMOHHOHN 30HBI Pa3fessiiii C MOJYYeHHEM IPOAYKTA, MPENCTaBIIIOMEro coooi
aueTaT W/WiIM yKCYCHYIO KHCJIOTY; OCTaTOYHYIO 4YacThb BO3Bpallaly [Jis1 BBEJAEHHUS B IEPBYIO
PEaKLMOHHYIO 30HY B LIEJISIX MOBTOPHOTO UCIIOJIb30BAHUS B PEAKLUU.

ITocnenoBarenpHO 3arpyxanu 1 r karanuszatopa Ha OCHOBE Meau A u 1 r TBepaoro
KHUCJIOTHOTO Kartajusatopa 11# B mepByro peakLMOHHYHO 30HY | (BepXHMIl KOHEL) U BTOPYIO
peakUUOHHYI0 30HY Il (HMKHUI KOHEL) B pPEAKTOpPE C HEMOABM)KHBIM CJIOEM, HUMEIOIIEM
BHYTpeHHUI auameTp 16 MM, cooTBeTcTBeHHO. TemmnepaTtypy nossimuaiu a0 260°C, u peakTop
BhIZIEpKUBaIU B atMocepe 5 00.% Hz + 95 06.% N2 B Tedenue 24 4acos, a 3aTeM TEMIEPaTypy
yCTAHABJIMBAJIM Ha YPOBHE TEMIIEPATYPBI PEakiu (CM. MOxpoOHOCTH B Tabuue 4). JlaBnerne B
peakunoHHON cucteme nosbimanu a0 2 Mlla, ucnonszys H2 u CO. Cxopocts noroka CO B
CTaHJAPTHBIX YCJIOBUAX cocTaBisana 30 Mi/MuUH, M cKOpocTb mnortoka Hz B craHgapTHBIX
ycloBusIX cocTasisana 60 mu/mMuH. Pe3ynbpTaThl KaTalUTUYECKOW peakUMd MpPeACTaBIEHbI B
tabmure 4.

Tabanua 4. PesynbTaThbl peakiu NpH pa3iudHbIX TeMIEPATYPaX peakuuu

Temneparypa |IIpouenTHas |CeneKTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)
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peaxkuuu CTEIEHb CO2 |Meranon|lumerunossiiiMerunauerat|yY kcycHas |[pyrue
NpeBpaLleHNs] adup KHCJIOTa
CO (%)
200 10,5 0.0 (1.42 9.6 80,1 7.5 1,38
230 29.4 0.0 13.83 17.3 58.7 18.6 1,57
250 36,2 0.0 |50 273 51,7 12,2 3,8
270 48.6 0.0 1|64 37.3 43.6 5.5 7.2
360 89.2 0.0 |0 0 3.2 93.5 3.3
IIpumep 2

AHAJIOTUYHO TIpoLenype mnpumepa 1, B MEPBYK PEAKIMOHHYIO 30HY 3arpyxaiu 1 r

KaTajausaTopa A, U BO BTOPYI0 PEaKIMOHHYIO 30HY 3arpykajiud 1 I pasjuyHbIX TBEpPIbIX

KUCJIOTHBIX Kartanmu3aTopoB (1-10# w 12-16#, cm. Tabiamuy 5), u TeMmepaTypa peakLUu

cocraBisia 230°C. [Jlpyrme ycnmoBuss ObUIM TakuMHU ke, Kak B mpumepe 1. KoHkpeTHbe

Pe3yJIbTaThl PEaKIiy MPEACTABICHbI B TA0IHULIE 5.

Tabnuua 5. PesyabTaTbl peakuuu JJsi Pa3jiH4YHbIX KATAJIH3ATOPOB HA OCHOBeE

MOJIEKYJSIPHBIX CHT

Howmep IIpouenTHas |CenekTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)
KaTajau3aropa |CTeNeHb CO2 |Meranon|dumerunossiiiMerunauerat|yY kcycHas |[[pyrue

MPEeBPAILECHUS a¢up KHUCJIOTA

CO (%)
1# 26.8 0,0 0,23 9,78 72,40 17,14 0,45
2# 17,6 0,0 10,12 14,9 71,50 12,95 0,53
3# 13,5 0.0 10,05 8,70 85,78 5,26 0,21
4# 21,4 0.0 10,90 15.60 62,30 19,30 1,90
S# 15.8 0.0 1|2.80 68.70 3,20 0,00 28.5
6# 23.3 0.0 (1,10 11,80 62,30 23,5 1,30
T# 25.8 0.0 10,90 8,65 63.80 24,53 2,12
8# 20.1 0.0 10,10 23,50 75.10 1,10 0,20
O# 17.6 0.0 10,38 31,60 63.10 4,53 0,39
10# 18,7 0,0 10,69 27,90 68.20 2,32 0.89
124 31,2 0.0 10,81 10,30 68.70 19.8 0,39
13# 16,1 1,8 12,90 16,31 60,7 17,73 2,37
144 17,3 5,6 10,63 14,42 59.6 19,18 0,57
15# 16,8 0,7 (1.83 11,80 61,3 24,16 0,21
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16# 15.9 0,3 10,56 13,38 60.2 25,05 0,51

IIpumep 3

AHaJOru4HO mpouenype npuMepa 1, mocnenoBaTeNbHO 3arpyanu 1 r karaausaTtopa Ha
OCHOBe Menu A W 1 T Karanusaropa, MpeACTaBISIOMEro coboil MojekyisipHoe cuto 11#, B
BEPXHHUI KOHEIl U HWKHUH KOHELl PEakTopa C HEMOABMKHBIM CJIOEM, UMEIOLIEr0 BHYTPEHHUH
mnametp 16 mm. Temmnepatypy nosbimanu o 260°C, u peakTop BbIAEpKHBAIU B aTMochepe 5
00.% Hz + 95 00.% N2 B Teuenue 24 wuacoB, a 3areM Temmeparypy cHwxkamu no 230°C.
JlaBneHne B peakMOHHON cucTeMe mobImanu, ucnoib3ys Hz u CO (em. Tabmuny 6). Ckopocts
noroka CO B CTaHAApTHBIX YCIAOBHsX cocTtaBisia 30 mur/MuH, W ckopocTh moroka Ho B
CTaHJAPTHBIX yCJIOBUAX cocTaBiana 30 mi/MuH. Pe3yibTaThl KaTalUTUYECKOH peakLuu
npeacTaBieHbl B Tabmuie 6.

Tadauua 6. PesynbTaThbl peakiuu Npu pa3aduvHbIX AABJIEHHUSIX PeaKILUuH

Hasnenue IIpouenTHas |CenekTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)

peaxkuuu CTEIeHb CO2 |Meranon|lumerunossiiiMerunauerat|yY kcycHas |[pyrue
MPEeBPAILECHUS a¢up KHUCJIOTA
CO (%)

1 21,3 0,0 (6,93 22,1 53,7 15,6 1,67

5 33.4 0,0 2,7 12,9 63,7 19,6 1,10

8 36.8 0.0 10,1 8.8 71,7 19,1 0,3

15 53.8 0.0 10,1 1.8 95,7 2,2 0,2

IIpumep 4

AHaJOru4HO mpouenype npuMepa 1, mocnenoBaTeNbHO 3arpyanu 1 r karaausaTtopa Ha
OCHOBe Menu A W 1 T Karanusaropa, MpeACTaBISIOMEro coboil MojekyisipHoe cuto 11#, B
BEPXHHUI KOHEI U HIKHUH KOHEI[ PeakTopa C HEMOABUKHBIM CJIOEM, MMEIOIETr0 BHYTPEHHUMN
mnametp 16 mm. Temmnepatypy nosbimanu o 260°C, u peakTop BbIAEpKHBAIU B aTMochepe 5
00.% Hz + 95 00.% N2 B Teuenue 24 4yacoB, a 3areM Temrmeparypy cHrkanun mo 230°C.
Hasnenue B peakuuoHHOM cucteme mnosbimanu no 2 Mlla, ucnonedys Hx u CO. Ilomnas
ckopocth notoka CO u Hz B cranmapThbeix yenosusix cocrasisuia 60 mu/mun. Coorrowmenus CO
u H> npencraenensr B TaOnune 7. Pe3ynbTaThl KaTaJIUTUYECKOW PEAKLUU TPEICTABICHBI B
tabnuie 7.

Tadauua 7. PesynbTaThbl peakiuuu npu pa3iandHbix cooTHomeHusix CO/H2

CootHomenue |IIpouenTtHas |CeneKTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)

CO/H> CTEIEeHb CO2 |Meranon|dumerunossiiiMetunanerar|YkcycHasi| [pyrue

MPEeBPAILECHUS a¢up KHUCJIOTA
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CO (%)
0.5 32,3 0.0 16,6 45,5 38.3 7.5 2,1
2 18,7 0,0 2,71 10,7 62,2 21,8 2,59
3 9.6 0.0 10,98 3.5 78.3 16,6 0,62
8 3.6 0.0 |0 L5 94.8 3.5 0.2
10 2,5 0.0 |0 1.4 94.9 3.6 0.1
IIpumep 5

AHaJIOTUYHO TIpouenype npumepa 1, mocnenosaTenpHO 3arpyxanu 1 r katanusaropa u 1
I' KaTaju3aTopa, MPeNCTaBISIOmEro coboil MonekyispHoe cuto 11#, B BepXHUH KOHeN U
HIDKHUHM KOHEI[ PeakTopa C HEMOIBIKHBIM CIIOEM, UMEIOIIEro BHYTPEHHUH nuamerp 16 M.
Temnepatypy mnosbimanu no 260°C, u peaktop Bbiep:kuBaiu B atmocepe 5 00.% Hz + 95
00.% Nz B TeueHwe 24 dyacoB, a 3areM Ttemmeparypy cHmwkamu no 230°C. JlaBieHue B
peakunonHor cucteme noebimanu 10 2 MIla. Coornomenne CO u Hx cocrasmsio 3, u
peakuoHHas aTMocdepa Takke copeprkaia METaHOJ U TUMeTUIIOBbIH 3¢up. ITonHas ckopocTs
MOTOKa rasa coctasisuia 60 MJI/MUH B CTaHAApPTHBIX YCIOBUSAX. KOHKpeTHblE COOTHOLIEHUS
npencrasieHbl B Tabaune. CeIeKTHBHOCTh B OTHOLIEHUH METAHOJNA M JUMETHUIIOBOro 3¢dupa B
NPONYKTax peakuny He ObUia BEIYHCICHA. Pe3ybTaThl KATAIUTHYECKOW PEAKIIMH MPEICTABIIEHBI
B TaOnuue 8.

Tabnuua 8. PesyabTaThl peakuun B PpeaknHOHHOH aTmocdepe, coaep:kameit

METAHOJI H IMMETHJI0BbIH 3(pup

CO Meranon |[{umerunossiii|lIponientHas |CeneKTUBHOCTb B OTHOLIEHUH NMPOAYKTOB
(Mn/mMuH) |[(M/MuH)  |3dup CTeNeHb (%)
(mMn/MuH) npespawenusi|CO» Metunauerat|Y kcycHas | [pyrue
CO (%) KHCJIOTa
40 0 6,7 13,4 0 97,1 24 0.5
40 6,7 0 10,2 0 77,9 21,6 0.5
IIpumep 6

AHaJIOTUYHO TIpouenype npumepa 1, mocnenosaTenpHO 3arpyxanu 1 r katanusaropa u 1
I' KaTaju3aropa, NPeACTaBJomero codoil MonekyisipHoe cuto 11#, B BepXHMH KOHEI U
HIDKHUHM KOHEI[ PeakTopa C HEMOIBIKHBIM CIIOEM, UMEIOIIEro BHYTPEHHUH nuamerp 16 M.
Temnepatypy mnosbimanu no 260°C, u peaktop Bbiep:kuBaiu B atmocepe 5 00.% Hz + 95
00.% N2 B Teuenne 24 yacoB, a 3aTeM TeMmIepaTypy cHwkanu 1o yposHs 250°C. [laBneHue B
peakunonHon cucreme mnosbimanu a0 2 Mlla, ucnons3yst Ho u CO. Coornomenune CO u Hz
cocraBisio 3. llonHas CKOpPOCTh MOTOKAa Ta3a W PE3yJIbTaThl KATAIUTHUECKOW peakIuu

npeacTaBieHbl B Tabmuie 9.
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Tabanua 9. PesyibTaThbl peakiuu NpH pa3au4HbIX 00beMHbIX CKOPOCTSX peaKkuHu

Ilonnas IIpouenTHas |CenekTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)

CKOPOCTH CTEINeHb CO2 |Meranon|lumerunossiiiMerunauerat|yY kcycHas |[pyrue

MOTOKA rasa NpeBpaLleHNs] adup KHCJIOTA

(MJI/MUH) CO (%)

0 22,1 0.0 |2,01 5.5 63.3 25,8 3,39

120 9.6 0.0 16,01 27,5 48.3 17.5 0,69

650 3.8 0.0 (9.2 30.5 453 14,3 0,7
Ipumep 7

AHanoru4Ho mpouenype mnpumepa 1, pasnuuHble KojmuectBa (cM. Tabmuny 10
noapoOHO) KaTalu3aropa Ha OCHOBE Menu A W pasiuuHble KoimdecTBa (cMm. Tabmuiy 10
noapoOHO) karanm3aropa 11# mocnenoBaTenbHO 3arpy’kajid B BEpXHHHA KOHEI] U HIDKHUI KOHELl
peakTopa C HEMOJBMXKHBIM CIIO€M, HUMEIOLIero BHyTpeHHuil auamerp 16 mm. Temmeparypy
nosbimanu 10 260°C, u peakTop BbiAep:kuBaaun B arMmocdepe 5 00.% Ho + 95 06.% N2 B
TedeHue 24 4acoB, a 3aTeM TemrepaTypy cHikanu 1o yposHs 230°C. JlaBieHue B peakLIMOHHON
cucteme nospimanu a0 2 Mlla, ucnoneszyss Ho u CO. Ckopocts noroka CO B cTaHAapTHBIX
ycloBUsIX coctaBisia 30 MII/MUH, U CKOPOCTb NoToKa Ho B cTaHAApTHBIX YCIOBUSAX COCTaBIIsAIA
30 mu/mMuH. Pe3ynbTaThl KaTaTUTUYECKOH peakiun rpeacTasieHs! B Tadbmuue 10.

Tabauua 10. Pe3yabTaThl peakuuu NPH Pa3JIHYHBIX COOTHOLIGHUSIX 3arpy3KH

KaTajau3aTopa
Karanuzatop |[IpouentHast |CenekTHBHOCTb B OTHOLUEHUH NPOIYKTOB (%)
A 11# CTEMEeHb CO> |Meranon|/JumerunoseiiifMerunauerat|VkcycHas|pyrue
MpPEBPAILCHUS a¢up KHCJIOTa
CO (%)
1 2 34,6 0,0 |08 5.3 85,9 7.1 0.9
1 3 38.9 0,0 |05 2,1 89,1 7,6 0,7
1 5 42,5 0,0 0,1 1,5 91,0 7.2 0,2
2 1 41,7 0,0 (10,3 39,7 45,2 4,3 0.5
3 1 55.8 0,0 (15,7 42,3 41,0 0,9 0,1
IIpumep 8

IMpouenypa ObLIa aHANOTUYHOW MpoUeAype mpuMepa 1, 3a HUCKIFOYEHHEM TOrO, 4YTO
niepBasi peaklMoHHast 30Ha | u mepBasi peakuronHasi 30Ha 1l ObUTM PacMONIOKEHBI B Pa3TMIHBIX
peakTopax C HEMOABHKHBIM CjoeM. B uacTHocTH, paccMoTpum ur. 2, rae peakiHOHHBIN
nporecc ObLI, B OCHOBHOM, aHAJIOTUYHBIM MPOLIECCY, OMMMCAHHOMY B TIpuMepe 1 MO OTHOIIEHHIO

K ¢ur. 1. ITocnenosarenbHO 3arpy:kaiu 1 T katanuzaropa Ha OCHOBE Meau A U | T karanusaropa
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KapOOHHMJIMPOBAHHUS HA OCHOBE MOJIEKYJIIPHOTO cuTa 11# B IEpBBIN pEakTop U BTOPOH PEaKkTop,
COOTBETCTBEHHO, MPUYEeM BHYTPEHHUI IuaMeTp peakTopoB cocTasisan 16 mMm. Karamuzarop B
NepBO PEaKIMOHHON 30He Harpeau 10 260°C, 1 peakTop BhIIEp:KUBAIN B aTMocdepe 5 00.%
H2 + 95 00.% N2 B TeueHnme 24 wyacoB, a 3aTeM TeMIlepaTypy CHWxkamu. JlaBneHue B
peakuuonHor cucteme nosbimanu A0 2 MIla, ucnonesys Hz u CO. CocrosiHue uCXomHOTro
MaTepuaja B MepBOi peaKIMOHHOM 30He OBIJIO OMPENeNIeHO clieayrmum oopasom. Temnepartypa
peakuuu cocrtapisia 250°C. Ckopocte moroka CO B CTaHOAPTHBIX YCIOBUSIX cocTaBisuia 30
MJI/MUH, U CKOPOCTh 1oToka Hz B cranmapTHbIX ycnoBusix cocrasisuia 60 mu/muH. Bexonsamuii
MOTOK U3 MEPBON PeaKLMOHHOMN 30HBI MOCTYIal BO BTOPYIO PEAKIL[MOHHYIO 30HY, B TO BpeMs Kak
MOHOOKCHUJ yriepoja A00aBJISIN BO BTOPYIO PEAKLMOHHYIO 30HY (CTaHmapTHBIC yciaoBus 30
MJI/MUH), BBIXOISIIMN TMOTOK W3 TNEPBONW PEAKUHOHHOW 30HBI U J00aBISEMBbIi MOHOOKCHI
yIjepoia COBMECTHO IOCTYINalM BO BTOPYH0 PEAKLMOHHYKO 30HY. Pe3ynbTaTel peakuuu npu
temneparypax 190, 210, 230, 280 u 300°C Bo BTOpOM peakTope npeacrapieHbl B Tadbmume 11.

Tabauua 11. PesyabTaThl peakuu npu pasjiHYHbIX TeMIEpATYpax peakuuH BO

BTOPOH PeaKIHOHHOH 30He

Temneparypa |IIpouenTHas |CeneKTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)

peakauu (°C)  |cTeneHb CO2 |Meranon|dumerunossiiiMetunanerar|YkcycHasi| [pyrue
MPEeBPAILECHUS a¢up KHUCJIOTA
CO (%)

190 27,50 0,0 (1,20 78,3 20,2 0,00 0,3

210 33,75 0,0 10,05 28,6 71,8 0,00 0,45

230 40,00 0,0 (0,00 0,0 66,7 324 0,9

280 48,75 0,0 (0,00 0,0 5.3 93,7 1,0

300 50,00 0,0 (0,00 0,0 0,00 98.5 1,5

IIpumep 9

IMpouenypa ObLIa aHANOTUYHOW MpoUeAype mpuMepa 1, 3a HUCKIFOYEHHEM TOrO, 4YTO
niepBasi peaklMoHHast 30Ha | u mepBasi peakuronHasi 30Ha 1l ObUTM PacMONIOKEHBI B Pa3TMIHBIX
peakTopax C HEMOABHKHBIM CjoeM. B uacTHocTH, paccMoTpum ur. 2, rae peakiHOHHBIN
MPOIECC ObUT AHAJIOTMYHBIM MPOLIECCY, OMIMCAHHOMY B npuMepe 1 o oTHomeHuo K dur. 1.

ITocnenoBarenbHO 3arpyskaiu 1 r katanusaTopa Ha OCHOBE Meau A u 1 r karajnuzaTopa
KapOOHUJIMPOBAHKSI HA OCHOBE MOJIEKYJIIPHOTO cuta 11# B mepBbIil peakTop U BTOPOH peakTop,
COOTBETCTBEHHO, MPUYEM BHYTPEHHUN AUAMETP PeakTopoB cocTaBisin 16 mm. Karanmzarop B
NepBO PEaKIMOHHON 30He Harpeau 10 260°C, 1 peakTop BhIIEp:KUBAIN B aTMocdepe 5 00.%
Hz + 95 00.% N> B Teuenue 24 qacos. Korga temneparypy 3arem cHuxamu ao 190, 220, 250,

280 u 300°C, naBneHue B peakUUOHHOUN cucteme nosbimanu 10 2 MIla, ucnonszys Hz u CO.
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CocTosiHMe HCXOHOTO MaTepuaja B MEPBON PEAKIIMOHHOW 30HE ObUIO OMPENesieHO CIEAYIOMUM
obpazom. Cxopocts nmotoka CO B CTaHHAPTHBIX YCIOBUSAX cocTaBiisuia 30 MJI/MUH, B CKOPOCTh
noroka H> B crannmapTHbIX ycioBusax coctaBjsiia 60 mu/muH. Bexopsmuii moTOK U3 mepBOM
PEaKLMOHHON 30HbI MOCTyNal BO BTOPYHO PEAKIMOHHYIO 30HY, B TO BpeMsl Kak MOHOOKCH]
yriaepona A00aBIsTA BO BTOPYIO PEAKIMOHHYIO 30HY (CTaHmapTHbie ycioBus 30 MJ/MUH);
BBIXOJSIIIUN TMMOTOK M3 MEPBOH PEAaKIMOHHOH 30HBI M A00aBJISIEMBIH MOHOOKCHI YIJIepona
COBMECTHO IOCTYIAJH BO BTOPYIO PEAKLMOHHYIO 30HY. Pe3ynbpTaTsl peakuuu Mpu Temieparype
230°C BO BTOPOM peakTope MpeacTaBiIeHbl B Ta0aue 12.

Tabnuua 12. Pe3syjbTaThl peakuuu NpH Pa3sJHYHBbIX TeMIepaTypax peakuuu B

NepBoi peaKIHOHHOH 30He

Temneparypa |IIpouenTHas |CeneKTUBHOCTb B OTHOLIEHUU MPOAYKTOB (%)

peakauu (°C)  |cTeneHb CO2 |Meranon|dumerunossiiiMetunanerar|YkcycHasi| [pyrue
NpeBpaLleHNs] adup KHCJIOTa
CO (%)

190 12,00 0,0 (0,0 0,00 0,00 99.5 0.5

220 31,00 0,0 10,05 0,00 0,00 99.3 0.45

250 43,33 0,0 (0,00 0,00 73,6 25,5 0,9

280 53,60 0,0 (0,00 15,27 82,85 0,88 1,0

300 63,50 0,0 (0,00 32,37 65,43 0,70 1,5

IIpumep 10

IMpouenypa ObLIa aHANOTUYHOW MpoUeAype mpuMepa 1, 3a HUCKIFOYEHHEM TOrO, 4YTO
niepBasi peaklMoHHast 30Ha | u mepBasi peakuronHasi 30Ha 1l ObUTM PacMONIOKEHBI B Pa3TMIHBIX
peakTopax C HEMOABHKHBIM CjoeM. B uacTHocTH, paccMoTpum ur. 2, rae peakiHOHHBIN
npouecc ObUT aHAJIOTHYHBIM NPOLIECCY, OMMMCAHHOMY B IpuMepe 1 1o oTHOWeHHO K ¢ur. 1.

Karanmsarop Ha ocHOBe Menu A M Karajau3arop KapOOHWJIMPOBAHHMS HAa OCHOBE
MOJIEKYJIApHOTO cuta 11# mocienoBaTeNbHO 3arpyskajy B MEPBbIH PeakTOp U BTOPOH peaxkTop,
COOTBETCTBEHHO, CM. B TaOimue 10 3arpy3ky karanuszaropa. BHyTpeHHUil aumaMeTrp peakTopoB
coctaBisil 16 MM. KatanuzaTop B mepBoil peaklIMOHHON 30He HarpeBanu 10 260°C, u peaktop
BhIZIEpKUBaIU B atMochepe 5 00.% Hz + 95 00.% N2 B reuenne 24 vacos. Korna temneparypy
3aTeM cHuxkaiu A0 230°C, naBieHne B peakIMOHHON cucteme nosbimainu 10 5 Mlla, ucnonb3ys
H; u CO. CocrosiHue MCXOQHOTO MaTepuaja B MEPBOH PEAKIMOHHOW 30HE OBLJIO ONpeneseHo
cnenyromum obpazom. Ckopocts motoka CO B CTaHAAPTHBIX YCJIOBUSIX cocTaBiisiaa 30 MI/MUH,
U CKOpOCTb NoToKka Hz B cTaHAapTHBIX yCIoBUsIX cocTasisia 60 Mia/MuH. Bexoasiuii MoTok u3
NepBOH peakLMOHHON 30HBI IMOCTyNal BO BTOPYIO PEaKIHMOHHYIO 30HY, B TO BpeMs Kak

MOHOOKCHUJ yriepoja A00aBJISIN BO BTOPYIO PEAKLMOHHYIO 30HY (CTaHmapTHBIC yciaoBus 30
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MJI/MUH); BBIXOISAIIMNA TIOTOK W3 NEPBOH PEAKLHMOHHON 30HBI M J00aBIsIEeMbIi MOHOOKCHI
yIjepoia COBMECTHO IOCTYINalM BO BTOPYH0 PEAKLMOHHYKO 30HY. Pe3ynbTaTel peakuuu npu
temmieparype 230°C BO BTOpOM peakTope mpeacTaBieHs! B Tadbmume 13.
Tabnuua 13. Pe3syjbTaThl peakuuu nNpH Pa3sjJHYHbIX TeMIepaTypax peakuuu B

NepBoi peaKIHOHHOH 30He

Karanuzatop |[IpouentHast |CenekTHBHOCTb B OTHOLUEHUH NPOIYKTOB (%)

A 11# CTEMEeHb CO> |Meranon|/JumerunoseiiifMerunauerat|VkcycHas|pyrue
MpPEBPAILCHUS a¢up KHCJIOTa
CO (%)

1 2 60,2 0,00 (0,00 0,00 48,20 51,70 0,1

1 3 66,7 0,00 (0,00 0,00 16,12 83,73 0,15

1 5 70,8 0,00 (0,00 0,00 2,38 97,12 0.5

2 1 57,2 0,00 (0,00 30,18 69,02 0,00 0.8

3 1 63,3 0,00 (0,00 40,04 59,06 0,00 0.9

IIpumep 11

IMpouenypa ObLIa aHANOTUYHOW MpoUeAype mpuMepa 1, 3a HUCKIFOYEHHEM TOrO, 4YTO
niepBasi peaklMoHHast 30Ha | u mepBasi peakuronHasi 30Ha 1l ObUTM PacMONIOKEHBI B Pa3TMIHBIX
peakTopax C HEMOIBMHBIM clloeM. B wacTHOCTH, paccMoTpuM ¢ur. 2, rae peakHOHHBIN
npouecc ObUT aHAJIOTHYHBIM NPOLIECCY, OMMMCAHHOMY B IpuMepe 1 1o oTHOWeHHO K ¢ur. 1.

ITocnenoBarenbHO 3arpyskaiu 1 r katajausaTopa Ha ocHOBe Meau B u 1 r karanuzatopa
KapOOHUJIMPOBAHKSI HA OCHOBE MOJIEKYJIIPHOTO cuta 11# B mepBbIil peakTop U BTOPOH peakTop,
COOTBETCTBEHHO, MPUYEeM BHYTPEHHUI IuaMeTp peakTopoB cocTasisan 16 mMm. Karamuzarop B
NepBO PEaKIMOHHON 30He Harpeau 10 260°C, 1 peakTop BhIIEp:KUBAIN B aTMocdepe 5 00.%
Hz + 95 006.% N2 B Teuenue 24 yacos. Korna tremmeparypy 3arem cHukanm 1o 230°C, nasieHue
B pEakLUUOHHON cucteme mosbimanu a0 5 Mlla, ucnonssys Hz u CO. CocrosiHrEe MCXOIHOTO
Marepraja B NEPBOH PEAKIMOHHON 30HE ObUIO ONpeneNneHo cieayroumM odpasoM. CKOpoCTh
noroka CO B CTaHAApTHBIX YCIAOBHsX cocTtaBisia 30 mur/MuH, W ckopocTh moroka Ho B
CTaHJAPTHBIX YCIOBMsIX cocTaBisiia 60 mi/MUH. Beixoasimuii moTok M3 mepBOH peakLuOHHOMN
30HbI MOCTyNajl BO BTOPYK) pEAaKLMOHHYIO 30HY, B TO BpeMsl KaK MOHOOKCHJ yrjiepona
NO0aBJISUTM BO BTOPYIO PEAKIHOHHYIO 30HY (CTaHmapTHbIE yCioBUs 30 MJI/MHUH); BBIXOISIIHN
NOTOK W3 TMEPBOH PEAaKLHOHHOW 30HBI M 00ABISEMbIi MOHOOKCHI YTrJepoja COBMECTHO
MOCTYMAaJIi BO BTOPYIO PEaKLMOHHYIO 30HY. Pe3ynbrarhl peakuuu npu temmneparype 230°C Bo
BTOPOM peaKTope MpeacTaBjieHsl B Tadaume 14.

Tabnuua 14. PesyabTaThl peakuuu npu 3arpyske kKaraauszatopa B B mepsyro

PeaAKLHOHHYIO 30HY
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IIponenTtHas |CeneKTUBHOCTb B OTHOLIEHUHU MPOAYKTOB (%)

CTENEeHb COz Meranon  |[umerunosbiiiMerunanerat|YkcycHas  |dpyrue
NpeBpaLleHNs] a¢up KHCJIOTa

CO (%)

40,2 29,2 0,00 0,00 69,3 0,8 0,7

Hacrosimee usobpereHne monpoOHO OMUCAHO BHINIE, HO HACTOsIIEe H300peTeHue He

OrpaHUYCHO KOHKPETHBIMU

BapHUAHTaMKU  OCYLHCCTBIICHUA,

ONnuCaHHbIMH

HAaCTOAIIEM

AOKYMCECHTC. Cl'IeLII/IaJ'II/ICTbI B I[aHHOfI 00J1aCTH TEXHUKHU MOTYT IIOHATb, YTO MOTYT OBITH

NPOM3BENEHBI IPYrue N3MEHEeHUsT 1 MoauduKanuy 6e3 BbIXOa 3a Mpeneibl 00beMa HaCTOSIIIEro

m3o0pereHust. OOBeM HACTOAWIETO UW300PETEHUs] OMNpeneNeH IpuilaraeMoi

u300peTeHus.

dbopmy ot
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DPOPMVYJIA H3OBPETEHUSA

1. Ciocob mpsiMOro MoNy4eHHs METHIIALIETaTa W/ MIIH YKCYCHOH KHUCJIOTHI U3 CHHTE3-Ta3a,
NPUYEM PEaKIMOHHBIN MPOIECC OCYIIECTBISIOT IO MEHbINEH Mepe B IBYX PEaKIIMOHHBIX 30HAX,
U Cr1oco0 BKITFOYAET:

a) BBEACHNE MCXOIHOTO MaTepuaia, COAEpIKaIlero CHHTE3-Ta3, B MEPBYI0 PEAKIIHOHHYIO
30HY JJIs1 BCTYIUICHHSI B KOHTAKT C KaTaJM3aTOPOM Ha OCHOBE METajlla B MEPBOH PEaKIMOHHOM
30HE W pEaKUUHd C TIOJNYYEeHHEM BBIXOAAIIErO IOTOKA, COAEPIKAIIero METaHON H/HH
IVMETHIIOBBIN 3¢dup;

b) obecrnieuerne MOCTYIUIEHUS] BBIXOMASIIETO MOTOKA U3 MEPBOH PEaKIIMOHHOH 30HBI BO
BTOPYIO PEaKLMOHHYIO 30HY, HEMOCPEICTBEHHO WJIH TOCie N0OaBIeHUsST MOHOOKCHAA YIIIepona,
TakUM 00pa3oM, YTO OH BCTYIA€T B KOHTAKT C TBEPIbIM KHUCJIOTHBIM KaTaJIN3aTOPOM BO BTOPOM
pPEaKIMOHHOH 30HE U pearupyer ¢ TOJYYEHHEM BBIXOJSINEro IIOTOKA, COAEPIKALIETO
METUJIALeTaT U/ YKCYCHYIO KUCIIOTY;

C) pasleJieHHe BBIXOIALIEr0 TMOTOKA M3 BTOPOH PEAKLHMOHHOW 30HBI C IMOJYyYEHHEM
NPONYKTa, TMPENCTABIBIIOMEr0 COOOW aueTar W/WiIH YKCYCHYIO KHCIIOTY, M HeoOsI3aTelbHOe
BO3BpAIICHUE OCTATOYHOW YaCTH, KOTOpasl IMOCTYIAeT B IEPBYI0 PEAKLMOHHYIO 30HY W/WIN
BTOPYIO PEAKLIMOHHYIO 30HY Il TOBTOPHOT'O UCTIOIB30BAHUS B PEAKIINH;

npudeM OOBEMHOE COAEp)KaHHE BBOIMMOIO CHHTE3-Ta3a B HMCXOZHOM MaTepuale
HaxoawuTcs B nuamnasoHe ot 10% no 100%, n 06beMHOe COOTHOILIEHNE MOHOOKCHA YIiepoaa U
BOJIOPO/Ia B CUHTE3-ra3e Haxonurcs B aAuanasose ot 0,1 no 10;

TeMIlepaTypa peakLuu B MepBOil peakLIMOHHON 30He HaxoAuTcs B AuanasoHe ot 180°C
no 300°C, naBnenuwe peakuuu Haxoautcss B auanasone or 0,5 Mlla mo 20,0 Mlla; u
TeMIlepaTypa peakLUd BO BTOPON pEaKkLMOHHON 30He HaxoiuTcs B nuanaszoHe ot 180°C no
300°C, naBnenue peakuu HaxoguTcst B auanasone ot 0,5 MIla no 20,0 MITa.

2. Crocob mo m. 1, B KOTOPOM KaTajnu3aTop Ha OCHOBE METajljia B MEPBOH PEaKIIMOHHON
30HE MpencTaBisieT coOOH KaTaau3aTop Ul CHHTE3a METAHOJIA HITH TUMETHIIOBOTO 3 upa.

3. Cnocob mo m. 1, B KOTOPOM TBEpABIH KHCJOTHBI KaTajiu3aTop BO BTOPOH
PEaKIMOHHOH 30HE COAEPKUT OOHO WM HECKOJBKO MOJIEKYJSIPHBIX CHT, BBIODAHHBIX H3
MosekyJisipHbix cuT Ha ocHoBe weonutoB FER, MFI, MOR, ETL, MFS, MTF, EMT, u
MOJIEKYJSIDHBIX CHT, TIOJy4aeMbIX B KadeCTBE IPOAYKTOB IOCPENCTBOM MoaH(HKauu
MOJIEKYJSIPHBIX CHUT Ha OCHOBE ILIEOJIMTOB C TNPHMEHEHHEM NHPUAMHA WIH 3JIEMEHTOB, HE
NPEACTABIAIOMNX COOOM KapKacHbIE COCTABISIFOIINE 3JIEMEHTHI.

4. Cnocob no 1. 3, B KOTOPOM TBEpPAbIH KHCJIOTHBIN KaTaJNU3aTOp MPEnCTaBisieT coOOH

BOJIOPOIHYIO (OpPMY MOJEKYJSIPHOTO CHTa Ha OCHOBE Ieosiuta Win comepkut ot 10% mo 95
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Mac.% BOOOpPOAHOH (OPMBI M OCTATOK, COCTOSIIIMH M3 MATPULbI, WJIH TPEACTABISIET COOOU
MOJIEKYJSIDHOE€ CHTO, TOJy4aeMOe B KadeCcTBE NPONYKTa TIOCPEACTBOM MoaupuKanuu
BOJIOPOIHON (POPMBI C IPUMEHEHUEM IMUPUANHA, IPHYEM MaTpHUIlA MPENCTaBIsAeT COOOH OAHO
WIH HECKOJIBKO BEIIECTB, BBIOPAHHBIX M3 OKCHIA AFOMHUHMSA, THOKCHIA KPEMHUs, KaOoJWHA U
OKCHJIa MarHMS.

5. Cnoco0 mo 1. 1, B KOTOPOM TiepBasi peaklHOHHAs 30HA W/WJIM BTOpas PeakLUOHHAs
30HA HAXOISTCS B PEAKTOPE C HETIOABIKHBIM CIIOEM;

NpUYEM pPEAKTOp C HEMOABIKHBIM CJIOEM MPEANOYTHTENBHO TPENCTaBIsIeT COOOH
TpyOUaThIil PEAKTOP C HETIOABIIKHBIM CIIOEM.

6. Cnoco6 mo m. 1, B KOTOpPOM TepBasi peaKIFOHHAs 30HA U BTOpasi peaklMOHHAsS 30HA
HAaXOJSATCSI B OJHOM U TOM K€ PEAKTOPE C HETIOABIIKHBIM CJIOEM, WU NEPBast PEakMOHHAs 30Ha
U BTOpas pEakLUOHHAas 30Ha, COOTBETCTBEHHO, HAXOIATCS B PA3JIMYHBIX PEAKTOpax,
COEAMHEHHBIX MTOCIIEI0BATEIbHO.

7. Cnocob mo . 1, B KOTOPOM CHHTE3-Ta3 B HCXOJHOM MaTepuaje coaepkut ot 50% no
100 06.% wmonHookcuaa yriepona u sogopona u ot 0% 1o 50 00.% OZHOTO WM HECKOJNbKHX
HEaKTHBHBIX I'a30B, BRIOPAHHBIX U3 a30Ta, TeJUsl, aproHa U AMOKCUA YTIIIEPOaa.

8. Cnocob mo m. 1, B KOTOPOM TeMIiepaTypa peakLud B MEPBOH PEaKLHOHHON 30HE
HaxonuTcsa B nuanasode oT 190°C go 290°C, u paBieHHe peakyuyd HAXOIUTCS B IMAMAa30HE OT
1,0 MIla no 15,0 MIla; u

TeMIlepaTypa peakLuu BO BTOPOM peakLMOHHOHN 30He HaxonuTcs B auamnaszoHe ot 190°C

10 290°C, u naBneHue peakuuu HaxoauTes B nuanazone ot 1,0 MIla no 15,0 MITa.
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