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budyHKIHOHANBHBIH KATAJIH3ATOP, COACPRAMHI PABHOMEPHO pacnpeaeeHHbIH

Gocdop

KonBepcusi MeraHona B yIJIEBOAOPOABI C ILIEOJIUTHBIMU KaTaJlu3aTOpamMH
U3BECTHAsl YK€ B TEUYEHHE NECATIJIETUH, M Ha PBIHOK OBUIO BBIBEAEHO HECKOJBKO
Pa3HOBHUIHOCTEM 3TOro npoiecca, Bkiarodas MTG (meranon B 6ensun), MTO (meranon
B ojedunb) 1 MTP (meranon B mponmieH). UtoObl co3maTh (pU3MYECKH HaOeKHbIH
KaTaJIM3aTop, HEOOXOAMMO HCHOJb30BATh CBS3YIOLIEE BEINECTBO. JTO CBSI3YIOIIEE
BEIECTBO OOBIYHO TPEACTABJSIET COOOW OKCHI, TAKOH KaK OKCHI aJFOMUHHS, OKCHI

KPEMHHSA, OKCUIO Mardvs U T.4.

Karanmzarop MokeT ObITh ONTUMHU3UPOBAH JJISl YCHUIICHUS PA3NIMYHBIX (DYHKIUH,
TaKMM KaK BbIXOJ MNPOAYKTAa HJIN CCICKTHBHOCTD. Tem He MCHEC, MPU ONTHUMU3ALUU
OHOHN (PYHKLIMH TOTYyUEHHBIH B PE3yJIbTaTe KaTAIU3aTOP 3a4aCTYI0 OKa3bIBAETCSI MEHEe
3¢ ¢exTUBHBIM IO APYrUM MapaMerpaMm. B kauecTBe npumepa MOKHO MPUBECTH
KaTajians3aTtop, KOTOprfI ONTUMH3UPOBAH JId AOCTUKCHUSA 60.]'[66 BBICOKOI'O BBIXOJa
npoayKTa, HO TIpU 3TOM ACMOHCTPUPYET IMOHUXKCHHYI0 CCJIICKTUBHOCTD. Taxum
oOpaszom, ocobast 3a1aua 1o pa3paboTKe HOBOTO KaTaM3aToOpa COCTOUT B MOBBIICHUU
ero 3G QeKTUBHOCTH MPUMEHHUTENFHO K BAKHEHIITUM mapamerpam 0e3 HeOIaronpusiTHoro

BO3AEHCTBYI HA APYTU€ BAXHBIN CBOWCTBA.

B COOTBETCTBHUHU C MEPBbIM ACIICKTOM HaCcTOAIIECTO I/1306peTCHI/I$[
MpeaoCTABIACTCA  KaTaJu3aTop, KOTOprfI o0ecreynBaeT IMOBBIIIEHUE BbIXOJa

apOMAaTUYECKUX COCIMHEHU.

B cooTBercTBMM BO BTOPbIM  aCIIEKTOM  HACTOSIIIEr0  M300peTeHHUs
NPENOCTABNISETCS  KAaTajlu3aTop, KOTOphI o0ecreyrBaeT COKpalleHHe OOBbeMOB

kpexknara MeOH no HexxenarenpHbIX ponykToB, Takux kak CO u CO».

B COOTBETCTBUU C TPETBUM ACIICKTOM HaCTOAIICTO nu3 o6per CHUA
MPpEAOCTABIIACTCS KaTalInu3aTop, KOTOprfI obecneynBaeT CYLIECTBEHHOE BO300OHOBJIEHUE

AKTUBHOCTH ITOCJIE BOCCTAHOBJICHUA.

OtH 151 npo4ue npeumMyHecTBa JAOCTUTAaOTCA npu HUCIIOJIb30BAHHUH

6I/I(I)YHKI_II/IOHaJ'leOFO KaTajn3aTropa, NPpECANnOIYTHTCIbHO OJIsI KOHBEPCHHU OKCHUI'CHATOB U



ACTUAPOr€HU3au yrjeBoaopoagoB, IpU 35TOM YKasaHHbeI KaTajan3aTop COACPIKUT
LIEOJIUT, AJOMOOKCHAHOE CBs3yIollee BelnecTBo, HMHK (Zn) u ¢ochop (P), mpuuem

¢docdop mpucyTcTBYeT BO BCEM 00BEME KaTan3aTropa.

3asBUTENb MPOAEMOHCTPUPOBAJ, YTO MPEATIOUTHTENBHO MMETh KaTaliu3arop, B
kotopoM Mmac.% ¢ocdopa B ueHTpe Karajmzaropa cocraBisier Oomnee 0,1 mac.%,
Hanpumep, 0,1 - 3mac.%, a KOHIEHTpaLWsl [IMHKA B LIEHTPE KaTalu3aTopa COCTaBJISIET
bonee 3 mac.%. To ecTh, ObUIO TMOKA3aHO, YTO KATAJIM3AaTOpP, B LIEHTPE KOTOPOTO
KOHIeHTpaus: ¢docdopa sBISETCS MOCTATOYHOW IJIsi TOrO, YTOOBI MOJIOKUTETHHO
TMOBJIMATH HA BBIXOJ apOMATUYCCKHUX COGHHHGHHﬁ, ABJIACTCA 60.]'[66 MpEANTOYTUTCIIBHBIM
10 CPaBHEHHIO C KATaJIM3aTOPOM, B LIEHTPE KOTOPOrO OTMEUAETCsl HU3KAasl WM KpaitHe

HU3Kas KOHLeHTpanus (ocdopa.

3asBUTEND OTMETUJI, UTO MNPCATIOUTUTEIIbHBIM MOXKET OKa3aTbCs BAPUAHT, IMPU
kotopoM (ocdop paBHOMEpPHO pacrhpeneseH MO BceMy Karajuszatopy. Hampumep,
NpEeANIOYTUTEIIbHBIM MOXKET 6bITb BAPHUAHT, MPHU KOTOPOM COOTHOLICHUE KOHUCHTPALUN
dochopa B meHTpe KaTanmuzaropa U Ha Kpomke karammsaropa (mac.% d¢ocdopa B
LeHTpe Karanmusaropa. mac.% ¢ocdopa Ha kpoMke Karanmzaropa) coctamisier 1:20,

Harpumep, 1:10, nanpumep, 1:5, manpumep, 1:1.

B kauecTBe KPOMKM KaTajau3aToOpa MO>KHO PaCCMaTPUBATh BHELIHIOKO €ro 4acTb
pasmepom okoso 300 MKM, TOrAa Kak LEHTPOM KaTalau3aTopa MOXHO CYHUTATh

LEHTPAJIbHYIO YacCTh AUaMETPOM OKOJ0 300 MKM.

B HEKOTOPBIX TMPCANOUTUTEIIbHBIX BapHaHTaX OCYHICCTBICHUA I/1306peTCHI/I$I
koHIeHTpanus (ochopa Ha kpomke karajgusatopa coctaBisser 0,1 - 15 wmac.%,

Harpumep, 0,3 - 10 mac.%, Hanpumep, 0,5 - 5 mac.%, sHanpumep, 0,8 - 3 mac.%.

[MpucyrcTBue docdopa B reoauTax 0deCrneYrnBaeT MOBBIIIEHUE YCTOWIHUBOCTH K
BO3JICHCTBHIO Tapa, TMOCPEACTBOM YEro YBEJIUYMBAETCS TNPENEIbHBI CPOK CITY>KOBI
karaguzaropa. Kpome Toro, 3asBuTeneM ObLIO YCTAHOBJEHO, YTO MPHCYTCTBUE
dochopa B cumcremax karanuzatopoB Zn/ZSM-5 obecnednBaeT CyIIECTBEHHOE
CHUKCHUEC AaKTHBHOCTU KPCKHUHIa MCTAHOJIA. 3T10 JOBOJIBHO HeO}I(I/II[aHHbeI u KpaﬁHe
BaKHBIA 3P QEKT, MOCKONbKY KPEKHHI' METAaHOJIa B OKCUIBI YIIIepOa SIBJISETCS] BECbMa

He)KeJlaTeJbHOM cTopoHOM peakiuu B MTA.



B 3aBucuMocTH OT MpPOM3BOACTBEHHOro mponecca ¢ocdop B KaramuszaTope
MOXKET NPUCYTCTBOBATH B PA3JIMYHBIX KOHLCHTPALHUAX, KaK B CBA3YHOIICM BECIICCTBE,
TaK ¥ B LIEOJMTE HACTOSINEro Karanu3aropa. Hampumep, B HEKOTOPBIX BapHaHTaX
OCyLIeCTBIeHHUsT KOHLEeHTpauus (Gocdopa B pase CBI3YIOLIETO BEIIECTBA MOXET OBbITh
Oonpine, yeM B (aze LEOJMTA, YTO, HAIIPUMEpP, MOKET UMETh MECTO B TeX CIy4asX,

xoraa Gocdop HAHOCSAT MPOMUTKOM.

B HEKOTOPBIX MPCANOUTUTEIIbHBIX BapHaHTaX OCYHICCTBICHUA H306peTeHI/I$I
dochop MOKET TPUCYTCTBOBATH B BHIE OKCHUAA WM THIPOKCHIA, HAMPUMED,
dochopuas kucmora, pocdatsl, Takue xak HPOs, HPOs* umu POs>, unu B Buge
okcunoB ¢ochopa, Hampumep, P20s. @ochop Takke MONKET MPUCYTCTBOBATH B BUJIE

docdara arOMUHUS /WK IUHKA.

JUIs TOBBIIEHUS] BBIXOAA APOMATHYECKUX COEAMHEHUH On(yHKIMOHAIBHBINA
KaTajau3aTop, COJAEpKALUil KUCJIOTHbIE LIEHTPhl LEOJUTa, a TakXKe LEHTPHI
JAEeTUAPOreHU3alliy, HallpuMep, peayCMaTpUBAeTCsl METal UM OKCHI. JTO O3HAYaeT,
YTO MOTOK, COJEpKALIUN OJUH WJIM HECKOJbKO OKCHI€HAaTOB, HAIPUMEp, METaHOI,
MOXeT OBITh B IPUCYTCTBHH KaTajIu3aTtopa npeoOpa3oBaTh B OOraTble apOMaTHYECKUMU
COEIMHEHUSIMU YIJIEBOJOPOABL, TOrJA KakK TakKe INPOMCXOAUT AEeTUAPOTreHU3aLus
yIJIeBOAOPOAOB, TAaKMX Kak HadTeHbl, napaduHbl W/wiu nszonapaduHbl B onedUHBI

u/uau APOMATHYCCKUEC COCOAUHECHMS.

B npennoyTuTenpHBIX BapHAHTAX OCYLIECTBJICHUS H300PETeHUs] KaTalu3aTop
ONTUMIZHPYIOT JJIsi KOHBEPCHH OKCHI'€HATOB, TAKUX KaK METAHOJ W/WJIM TPOCTOU
IVMETHJIOBBIA 3QHp B apoOMaTUYECKHe COCOUHEHHUs (ajiee MO TEKCTY HCIOJB3YeTCs

ab0pesuarypa MTA).

IIpennmodTuTeNnsHO LUHK NMPUCYTCTBYET, O MEHBINEH Mepe, YaCTU4YHO B BUJE

ZnAl»Oq.

Karanusatop MokeT conmep:kaThb pa3jiMuHble KOJUYecTBa LMHKA U (ocdopa.
Conepxanne docdopa u uHKa B 001eM o0beMe KaTaiu3aTopa, BhIPAKEHHOE B BUJIE
mac.% ¢docdopa/mac.% umHKA, MOKET COCTaBisATh, Hampumep, 1/10, 2/10, 4/10, 1/5,
2/5, 1/3, 3/3 wm 5/3. Kpome Toro, mosisipHoe oTHOIeHne P/Zn B karamuzaTope MOXKeT
HaxoauThes B auarnazoHe 0,01 - 5, 0,02 - 2 wmm 0,05 - 1. OT KonuyecTBa LMHKA U

docdopa B karamuzaTope 3aBUCHT M AKTUBHOCTb KaTAJIN3aTOPa B HACTU CEJIEKTUBHOCTU



K apOMaTU4YC€CKUM COCOAUMHCHUAM, a4 TAKXKEC aKTUBHOCTU B YaCTH KPCKHWHIAa METAHOJIa B
OKCHUIbI yIrjepoaa. B cooTBercTBUM ¢ OmMHMCaHUEM BBIIIEC, KOHLUCHTpAIUsA CBO6OI[HOFO
ZnO B ¢ase CBA3YIOLIEr0 BEIIECTBA B HEKOTOPBIX NPEANOYTHTEIBHBIX BapHUAHTAX
OCYILECTBJICHUSI KaTanu3aTopa sBjsieTcs Kpaiine Hu3koil. Katamusarop ¢ coneprkaHuem
uuHka, a takke AlO3; u docdopa sBIsIETCS OCOOEHHO JKENATENbHBIM, MOCKOJBKY
COBOKYMHBIH 3¢ ¢ekr mnpeobpa3oBaHus B INMUHETH W OpUCYTCTBHs (ochopa

obecreynBaeT KpaliHe HU3KYI aKTHBHOCTh KPEKMHIa METAHOJIA.

Casizyroliee BEIIECTBO MOKET IMPEICTABIATh COOOM YHCTOE aJTFOMOOKCHIHOE
CBSI3yIOLIlEe BEIEeCTBO WJIM CBS3YIOLIEe BEIeCTBO HAa OCHOBE OKCHAA AalOMUHUS,
KOTOpPO€ JOMOJHUTEIBHO COAEPXKUT CMECH OKCHAA alllOMMHHUA U THAPOKCHA

AJIFOMHUHUA I/I/I/IJ'II/I, Harmpumep, OKCUA erMHI/Iﬂ/OKCI/II[ AJIFOMHUHUA.

B kauecTBe meonura, HampUMeEpP, MOTYT OBITh HCIIOJIb30BaHbI OOIIEU3BECTHBIE
LIEOJUTBI, KOTOpble ucnonb3yroT B mnpoueccax MTA u MTG. Hanpuwmep,
NPEANOYTUTENIbHBIM BAPHAHTOM IIEOJIUTA JIl JAHHOTO KaTajiu3aTropa MOXKET ObITh
H-ZSM-5, Onaronmapsi ero yHHKaJbHOH MOPOBOH CTPYKType, KOTOpasi o0ecreyuBaeT
ONMaronpusATHBIN YPOBEHb CEIEKTUBHOCTH, & TAKXX€ OTHOCHTENBHO HU3KYIO CTENEHb
kokcyemoctu. H-ZSM-5 moker ObITb OCOOEHHO NPEANOYTUTENbHBIM B Cilydae

npouecco MTA.

M3BeCTHBI MPUMEpBI KaTaau3aTopoB Zn/ZSM-5 ¢ HU3KUM cofep kaHHeM LIMHKA,
TakuM Kak 1% wnwmuHka npu MTA, u npu 3TOM HUMEOTCS apryMEHTHPOBAaHHBIE
YTBEPIKIAEHHSI O TOM, 4TO OOJiee BBICOKOTO COAEPKaHUs LHKA HEOOXOOMMO u30eraTh
BO u30ekaHMe KPEKMHra METaHOJia O OKCUIOB yriepona. TeM He MeHee, 3asBUTEINb
NPOAEMOHCTPUPOBAJl, YTO BBICOKOE COJEpKaHUWEe LHWHKAa B KaTajiu3arope MOXET
IIPUBECTU K TOBBIIIEHUIO BBIXOJA apOMAaTHYEeCKUX COoequHeHuil mpu mpoueccax MTA
IO CPaBHEHUIO C W3BECTHBIMH KaTaju3aTopamu. TakuM o00pa3oM, B HECKOJBKHX
NPEANOYTUTENbHBIX BapPHAHTAX OCYINECTBJICHUS H300peTeHHns olliee conaepKaHue
LIMHKA B KaTaiu3aTope cocTassieT 3 - 25 mac.%, 5 - 20 mac.%, 7 - 15 mac.% wunu 8 - 13
Mac.%, Ttakoe kak Oojiee 7 Mac.% uunHka, 6osee 10 mac.% umaka uan 12 mac.% wim

OoJee 1IMHKA.

B 3aBucuMocTH OT MNPOM3BOIACTBEHHOrO mpouecca HUHK U ¢ochop B

KaTajin3aTope€ MOTYT INPUCYTCTBOBATDL B PA3JIMYHBIX KOHLHCHTPAIUAX, KaK B CBA3YIOLIEM



BEIIECTBE, TaK U B IIEOJIUTE HACTOALLEro Karajauszaropa. Hampumep, B HEKOTOPBIX
BapHaHTaX OCYIIECTBJICHUS KOHLEHTpAlusl LUHKAa B (ase CBS3YIOIIEro BeIIeCTBa
Oonbine, ueM B ¢asze LEoJNnUTa, YTO, HANIPUMEP, MOXKET MMEThb MECTO B TeX CIIy4Yasx,

KOoraga MUHK HAHOCAT HpOHPITKOﬁ.

Karanusarop, B KOTOpoM LUHK u/unu pocdop mpucyTCTBYET M B LIEONUTE, U B
AIFOMOOKCHUIHOM CBSI3YIOIIEM BELIECTBE, OMYCKAET IMPOMBILIIEHHOE MPOU3BOACTBO C
UCTIOJIb30BAHHEM  KIPOCTOro»  crmocoba, Takoro Kak —mpomutka. Hampuwmep,
OM(YHKIIMOHANBHBIA KATAJIU3aTOP, OMUCAHHE KOTOPOrO MPUBOOUTCS B HACTOSIIEM
TOKYMEHTE, MOXKET OBITh MOJYYEH MOCPENCTBOM MPOMUTKH IIMHKOM /Wi (ochopom
«OCHOBHOTO KaTaJIM3aTOPa», COAEPIKAIIEro aJFOMOOKCHIHOE CBS3YIOINEe BEIIEeCTBO U
L[EOJIUT, Takol kak ZSM-5. IlpennoyTuTenbHbIi OCHOBHON KaTaau3aTop conepxut 30 -

50% ces3yrouiero Bemectsa u 50 - 70 % neonuta.

ITponuTKa MOXKET OCYIIECTBIIATHCS MOCPEACTBOM B3aUMOIEHCTBHS LIEOJIUTA UITH
LIEOJINTa U AJOMOOKCHIHOTO CBS3VIOIIETO BEINEeCTBA C COAEPIKALIMM IUHK W/WIH
dochop pacTBOpoM. DTOT pPACTBOP MPENNOYTUTENTHHO MOXKET OBITb BOIHBIM, HO
NPEANOYTUTENbHBIMI MOTYT OBITH M IpyrH€ pacTBOPUTENH, KpoMe BOnbl. B kauecTse
npuUMepa MPEANOYTUTENBHOTO PaCTBOPA IS MPOMUTKU MOXKHO NMPUBECTU HUTPAT LIMHKA
B BOAHOM pactBope (ochopHoii kucimorsl. [lunk w/mmm ¢ocdop Takxke MoryT
NPUMEHSTbCS ~ MOCPEICTBOM  B3aMMOAEHCTBHS  LEOJMTA WM LIEOJNUTa U
AJIOMOOKCUIHOTO CBSI3YIOIIEro BEIIECTBA C OAHMM WJIM HECKOJbKMMHU TBEPIBIMU
COEMHEHUsIMH LIMHKa u/ui (ocdopa, HanmpuMmep, MOCPEICTBOM CMEIIUBAHUS W/WIH
U3MENIbYCHUs] WM APYTUX BUAOB OOpabOTKH, KOTOpble O0ECMEeuMBAIOT TINATEIBHOE

NEPEMCIIMBAHNE KOMIIOHCHTOB.

B kadecTBe HCTOYHMKAa LMHKA MOXET BBICTYNaTh COJEpIKAalee LIUHK
OpPraHUYECKOE W/WJIM HEOPraHWYecKoe coenuHeHue. [IpennoyTurenbHble COSTUHEHUS
BKJIFOYAIOT HUTPAT LIMHKA, AlleTaT [IMHKA, & TAK)Ke OKCUJ, THAPOKCHI, KapOOHAT LIMHKA
WM UX cMecd. lIpuMepbl MpennouYTHTEIbHBIX HCTOYHHUKOB (Qochopa BKIFOUAOT
dochopHyO KHUCIOTY, OKCHIBI U THAPOKCHIBI ocdopa, a Takxke TpuammoHuiipocdar,
nraMMoHuHTHApodocdaT, aMmMoHuiIuruapodocar mwim ux cmecu. Takxke B KadecTBe
NPEANOYTUTENBHBIX MOTYT PAacCMaTPUBAThCA CMEIIAHHBIE COEIMHEHUs] ILMHKA U

docdopa, Takue kak oprodocdars! u mrpodochaTbl LIMHKA.



[luak u ¢ochop MOryT BBOAMTHCA B KaTaJIM3aTOP OOHOBPEMEHHO OYEHb
IPOCTBIM CIOCOOOM TOCPEICTBOM MPOMUTKH OCHOBHOIO KAaTalU3aTopa PacTBOPOM,
conep kamuM UHK 1 docdop, ¢ mocnenyomum ooxurom. Karanusatop Takke MOXeT
ObITH MOJyYeH MyTeM MPOMUTKU (PochOpOM KaTanuzaTropa, COAEPIKAIIEro LHMHK, WA

NPOMUTKHU [IMHKOM KaTajin3aTopa, comep:xariero Gochop.

Jns  monydenus (QYHKUMOHAJIBHOTO — KaTaiu3aTtopa Iociie  A00aBJIeHMs
comepkammx UUHK wid ¢pocop coeauHeHH (MyTEM MPOMUTKH SKUIKOCTHIO WU
nepeMeNINBAHNS/U3METbUEHUST TBEPABIX BEINECTB) OOBIYHO BBIMOJIHIIOT OOKUT WU

AHAJIOTHYHYIO 00paboTKYy.

OnHako mpH 3TOM, KOrja KaTaju3aTop Ha OCHOBE OKCHIA AJIFOMUHUS/IIEOINUTA
NPOMUTHIBAIOT LUHKOM U (pochOopoM ISl TOTyUEHUs JKeIaeMOro KOJIMYeCTBA [IMHKA U
dochopa B meonuTe, 3HAUMUTENbHBIE KOJMUYECTBA LIHMHKA M (ochopa TakkKe MOTyT
ocakmaTtbcs B (pase CBSI3YIOIIEro BELIECTBA, HANPHMEP, B BHIE OKCHAA/THIPOKCHIA
dochopa (pocharo), ZnO w/mmu ZnAl,Os. B 3aBucumoctu ot oOpaboTku
NPOMUTAHHOTO KaTaJIM3aTOPa B CBSI3YIOLIEM BEIIECTBE MOTYT JOCTUTATBhCS Pa3JIMYHBbIC
cootHowmenust ZnO/ZnAl;O4. Kpome Toro, ¢pocdop Moxker ObITh NMpUBSA3aH K LIUHKY, a

TaKKe K OKCUY aIFOMUHUSA B (pa3ze CBSI3YIOIIEro BELIeCTBa U B (pase LeOIHUTa.

3asiBUTENb MPOAEMOHCTPUPOBAJI, YTO B JKEJIATEIbHOM BapUAHTE OCYILECTBIEHUS
KaTaau3aTopa LIUHK B aJFOMOOKCHIHOM CBSI3YIOLIEM BEIECTBE MPUCYTCTBYET, IJIaBHBIM
obpasom, B Buzme ZnAl2O4. Ilpu onpeneseHMM OTHOCHTENBHOTO KOJMYECTBA OKCHAA
nuHKa, ZnO, B (haze CBSA3YIOLIEro BEUIeCTBAa B KAYECTBE MOJIIPHOTO MPOLIEHTA IIHHKA B
ZnO oTHOCHUTENBHO OOINEro KOJMYeCTBAa LIMHKA, COoAep KaIierocst B (ase CBA3YIOLIEro
BEIECTBA, MOXKET OBITh JKEJAaTEJIbHBIM HCIIOJNB30BATh KAaTAJIN3aTOpP, B KOTOPOM
xonmaecTBo ZnO B (asze cBsA3yrOImero BemecTsa MeHblne 50%, Wi mpearnouTUTENbHO
MmeHbiie 10%, Hanmpumep, meHee 5% unu meHee 2%, mpeanodytutrenpbHo meHee 1%,

Hanpumep, 0,5% nmu menee 0,1% ZnO.

To ectb, MOXET OBITh MNPENNOYTHTENBHBIM, UYTOOBI LHMHK B CBS3YIOIIEM
BEIECTBE TOJHOCTHIO OBUI MpeoOpa3oBaH B IINHHEIh B COOTBETCTBUHU C YPaBHEHUEM
peakuuu ZnO + Al,03 = ZnAlO4., 03HAYAKOLMIMM, YTO BECh MM MPAKTUYECKH BEChH

LIMHK B CBS3YIOIIEM BeIeCTBe NMPUCYTCTBYeET B Buae ZnAl»Os.



[luHk TaKXe MOXXET NPUCYTCTBOBAaTH B Buae (ocdara umHKa B ¢ase
CBSI3YIOILEro BEIEeCTBA W/WH 1eonuTa. B nmpeoOpa3oBaHHOM B HINMUHENH KaTalIu3aTope
¢ BbICOKUM cooTHomeHneM ZnAl>O04/Zn0O, npu peakunn GochOpHbIMU COETUHEHUIMU
HeOosbure konmudecTBa ZnO MOryt ycTpaHaThesi ¢ oOpasoBanueM (ochaToB LIMHKA.
@ocar nuHKAa MOXET OBITh aMOpP(HBIM M B CBSI3U C STUM €ro HEBO3MOXHO Oyner

OOHapY>XUTh MPU MOMOIIH TU(PPAKIIOHHOTO PEHTTEHOBCKOTO aHAJIH3A.

[IpennouruTenbHO 3HaYUTENbHAS YacTh LIMHKA B aJIFOMOOKCHIHOM CBS3YIOLLEM
BemecTse mnpucyrcteyer B Buie ZnAlyOs. Ilpm onpeneneHMHM OTHOCHUTENBHOTO
konmuecTBa ZnAl;O4 B (haze CBA3YIOIIEro BEINECTBA B KAYECTBE MOJISIPHOTO MPOLIEHTA
nueka B ZnQO, mpucytcrByromero B ZnAl»Os, OTHOCHTENBHO OOIIEro KOJHYECTBA
IIMHKA, coaepXamerocss B (hase CBSA3YIOIIEro BEINEeCTBA, B HEKOTOPBIX BapHAHTax
ocymectsiaeHust 50 - 100% uuHKa B CBS3yIOLIEM BelleCTBE IMPUCYTCTBYET B BHIE
ZnAl;O4, Hampumep, Oonee 60%, Oonee 70% wunm Oomnee 80%. B coorBercTBUHM C
HEKOTOPBIMU TPEANOYTUTENbHBIMA BapHAHTAMH OCYILIECTBIEHHs H300peTeHus 85 -
100% 1riHKa B CBSI3YIOIIEM BeLIeCTBEe MPUCYTCTBYeT B Buae ZnAl,O4, Hanpumep, Oosee

90% wuiu Gonee 95%.

Kaxk nmpogemoncTpupoBaHo 3asiBuTeseM, kpeknara MeOH moxHO nzbexars npu
BBICOKOW  CTeNmeHM MpeoOpa3oBaHMsl B IIMHMHENIM, [pPUYEM  MOXeT  OBITh
NPENNOYTUTENBHBIM, OCOOCHHO B Cly4ae BBICOKOTO COAEp)KaHHWs IMHKA B
Karajauzarope, uToObl Oonee 97% LMHKA B CBA3YIOINEM BEIECTBE NPHCYTCTBOBAJIO B
Buzne ZnAl,O4, Hanmpumep, Oonee 98%, Oosnee 99%, Oonee 99,5% wnu Gonee 99,8%
IIMHKa B CBS3YIOLIEM BellecTBe NpUcCyTcTByeT B Buae ZnAl,O4. OnTumanbHbIMU U
NPAKTUYECKH MPUEMIIEMBIMH YPOBHSMHU COAEPKAHUS [IMHKA B CBSA3YIOIIEM BEIECTBE B
Buzie ZnAl,O4 mMoryT ObiTh 95 - 100%, Hanpumep, 97% - 99,9% 1HMHKA B CBSA3YIOIIEM

Bewectse B Buae ZnAl»Oy.

B mpeanodTUTeNbHBIX BapHAaHTaX OCYIIECTBJIEHHUS HM300pPETeHHs KaTaju3aTop
MIOJIHOCTBIO TPe0Opa30BaH B IIMUHENH, YTO O3HAYAET, YTO BECh WJIM MPAKTUYECKU BECH

IIMHK B CBS3YIOIIEM BeIeCTBe NMPUCYTCTBYeET B BuAe ZnAl»04.

ZnO B CBA3YIOLIEM BEILECTBE aKTUBEH MPU KPEKUHIe MeTaHoa, uTo npu MTA
SBJISIETCSl HEXKENATEeNbHOW peakuued. B 3aBUCUMOCTH OT CPEACTB M3TOTOBJIEHUS U

nocnenyromeir 0opaboTku karanuzaTtopa, OONbllee MM MEHbIIee KOJIHYECTBO LIMHKA



MOXET IMPHUCYTCTBOBATh B AFOMOOKCHAHOM CBsi3yiolieM BemecTBe B Buae ZnAlOs.
ObpaboTka mapoM U OOXKHI MPOMUTAHHOTO ITMHKOM KaTaju3aTopa, KOTOpBIe
MOBCEMECTHO TMPUMEHSIOT MpPU MNPOU3BOACTBE METANI-LEOJUTHBIX CHCTEM, MOTYT
NPUBECTH K YaCTUYHOMY mpeoOpa3oBaHuio LuHKa B mmmHenu (ZnO + ALOs ->
ZnAl>04). OnHako mpu 3TOM, OBLJIO MOKA3aHO, YTO MPH BBICOKOM COAEPKAHUU IIMHKA
Ja’ke OTHOCUTEJIbHO BBICOKAsI CTETeHb MPeoOpa3oBaHMs B IIMTUHETH MOXKET MPUBECTH K
3HauuTeNbHBIM OOBeMam KpekuHra MeOH, HO mnpu 5TOM KpaifHe >KeaTelbHbIH
KaTaJIU3aTOP MOJIYYarOT MPU BBICOKOW CTEMEeHH NMPeoOpa3oBaHusl [IMHKA B LITTHHEH WIH
NpU TOJHOM €ro mnpeoOpa3oBaHUM B LIMHHENIA B AJIOMOOKCHIHOM CBSI3YHOIIEM
BEIIIECTBE, TO €CTh KOIZla BECh WJIM MPAaKTHUYECKU BECh LUHK B CBS3YIOIIEM BEIEeCTBE

npucytcTByeT B Bune ZnAl»Oy.

Kornma Bech MM MpakTUYECKH BeCh LIMHK MPHCYTCTBYeT B Buae ZnAl;Os, a
TAKXKE€ KOrja B HEM IPAKTHYCCKH OTCYTCTBYET ZIlO, KaK OINHMCAHO B HACTOALIEM
IOKyMeHTe, OM(YHKIMOHAIBHBINA KAaTaJIN3aTOP NEMOHCTPUPYET HU3KYIO CEIEKTHBHOCTD
k COy, maxxe ecinu uMeeT MECTO BBICOKOE COAEp:KaHue, Hampumep, Bbime 9 mac.%
IHUHKA. Takum o6pa30M, B NpeaATIOYTUTEIIbHBIX BapuaHTax OCYHICCTBJICHUA
n300peTeHust CBeXKUi (B Havajie MPOTOHA) KaTaau3atop 00JaaeT CeNeKTUBHOCTBHIO K
COx (xoropast ompenemnsiercss npu 420°C, 20 Oap, 10 mon.% meraHona U 0OBEMHOMU
ckopoctu 1,6) Hmke 8%, nmpennoyTuTesbHO HUKe 7%, Hampumep, 6% HIN HUKE, WIN
5% wnu Hwxke, nnu paxe 2% umu Huke. CenextuBHocTh K COx ompenensercs, Kak
MOJISIPHBIN TIPOLIEHT METaHOJIa B 3arpykaeMoM ChIpbe, KoTopoe mpeodpazyroT B CO u

CO2 B COOTBETCTBUH C CYMMapHBIMU PEAKIIUSIMU:
CH3;0H - CO +2 H,
CH3;0H + H,0 - CO, + 3H;

Takum 0Opas3om, COTIIaCHO HEKOTOPBIM BapHaHTAM OCYILECTBIICHUS U300pETEeHUS
HacToslIasi  3asBKa  OOecrmeYnBaeT  MPENNOYTHTENbHbIH  OM(YHKIMOHAIBHBINA
KaTaJin3aTop, COIEp KAl aTFOMOOKCHIHOE CBsi3yrolnee BemecTBo, H-ZSM-5 u 8 - 15
Mmac.% LuHKa B oOmeM oObeMe KaTaau3aTopa, U B KOTOPOM LIMHK B CBS3YIOIIEM
BEIECTBE IOJHOCTHIO HJIM TPAKTHYECKH IIOJHOCTBIO MpeoOpa3oBaH B LIMMMHENH.
Vka3aHHBINA KaTalnu3aTop 00eCreunBaeT BHICOKUI BBIXOA apOMATHYECKUX COENWHEHUH B

pamkax peakuu MTA, HO py 3TOM KPEKHHI” METaHOJIA CHUYKAETCSI IO YPOBHsI HIbKe 7%.



B kxauectBe npumepa OMPYHKIMOHATBHOTO KAaTaJIN3aTOP MOXKET OBbITh MPUBEICH
KaTaJIn3aTop, KOTOPBINA MPEANOYTHTENBHO MOXKeT conepxkath 30 - 65 mac.% H-ZSM-5,

1 - 40 mac.% ZnAl»O4, 0 - 40 mac.% Al203, 0 - 10 mac.% ZnO.

B nHekor OPbIX BapHaHTax OCYILHCCTBJICHUA KAaTAJIU3aTOP MOMKET TAKKE OTIINYIATHCS

conepxkanueM 0,1 - 12 mac.%, vHanpumep, 1 - 7 mac.% 1uHKa B (ase 1eoauTa.

B kayecTBe aNbTEpHATHBBI B PA3IMYHBIX BapPHAHTAX OCYLIECTBIICHHS
n300peTeHust KaTaiu3aTop MoxeT coxepskarh S0 - 60 mac.% H-ZSM-5, 10 - 35 mac.%,
0 - 30% AIPOq4, 2 - 25 mac.% AlOs, 0 - 7 mac.% ZnO. Bo usbexanue NMpUCyTCTBUS
cobomHoro ZnO B (haze CBA3YIOIIErO BEIIECTBA KENATEIbHBIM MOXKET OKa3aThCs
HaJIM4Ke, O MeHbIIel Mepe, Hebonbmoro usnumka Al,O3 KOTOphIN He Mpeodpa3oBaH
B IIMUHENH B pe3ysbTate peakuuu ¢ ZnO. Mcnonap3oBanue 0osiee BHICOKUX KOJIUYECTB
AlOs 1Tpu MOArOTOBKE «OCHOBHOTO KaTajHM3aTopay NpPUBEAET K MPOLECCy

IMPUTOTOBJICHUA KaTaJru3aTopa.

B cBsi3u ¢ mocTeneHHBIM KOKCOBAaHHUEM KaTalau3aTopa BO BPEMs BBITIOJHEHHUS
paboT dyepe3 oOmpeneNeHHblE MPOMEXYTKH BPEMEHH KaTalu3aTop HeoOXOIuMo

BOCCTAHABJIMBATH B MOTOKE, COACPIKALIECM Oo.

YactruHO npeoOpa3oBaHHbIN B MIMMMHEIN KaTanu3aTop ¢ conepskanueM ZnAl,Oq
OT YMEPEHHOIO A0 BBICOKOIO MOXHO IOJIyYHUTb, HAIpUMeEp, MOCPEACTBOM Harpesa

NPOMUTAaHHOTO LIMHKOM OCHOBHOTO KaTtanuzaropa rpu 300 - 500°C B Bozayxe.

YactiyHO mpeoOpa3oBaHHBIA B LIMHHENNW KAaTAJTU3aTOpP C OYEHb BBICOKHM
conepkanueM ZnAl»Os, MOJHOCTHIO HITH MPAKTHYECKHU TIOJHOCTBIO MPeoOpa30OBaHHBIN B
LIMUHENINA KaTAIU3aTOP MOXKHO MOJTYYUTh OCPEACTBOM HAarpeBa MPONUTAHHOTO LIMHKOM
OCHOBHOTO Katanmuzartopa rpu temmeparype 300 - 550°C B moTtoke mim B atmocdepe,

conepskanieit, mo menbineit mepe, 10%, 30% 50% wnu 80% 06.% napa.

YactinyHO mpeoOpa3oBaHHBIA B LIMUHENN KAaTalH3aTOp C OYEHb BBICOKUM
MOJISIpHBIM cooTHOmeHHeM ZnAl;04:Zn0, NMOTHOCTBIO MM MPAKTHYECKH IMOJHOCTHIO
npeoOpa3oBaHHBIN B LIMUHENIH KaTaJU3aTOP MOKHO MOJYYHUTh MOCPEICTBOM Harpesa
JaCTHYHO MPeoOpPa30BaHHOIO B LIMHMHEIH KaTtajnu3aropa npu remmeparype 300 - 550°C
B IIOTOKE MK B aTMoc(epe, conepakaieii, mo meHpiueii mepe, 10%, 30% 50% wnmm 80%

00.% mapa.
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ITo meHbLIeH Mepe, YaCTUYHO NPEoOpPa3OBAaHHBIN B IIMHHEIH KaTalu3aTop,
NPEANOYTUTENIPHO YaCTHYHO MpeoOpa3oBaHHBI B INMUHENN KaTajJu3aTop C O4YEHb
BBICOKUM cooTHomeHueM ZnAl;04:Zn0, monHOCThIO NpeoOpa3oBaHHBIN B INMHUHENN
KaTaJIN3aTOP UJIH MPAKTHYECKH ITOJIHOCTBIO Pe0Opa3oBaHHbIN B LIMTUHEIH KaTaIU3aTop
COIJIACHO ONMCAHMIO B HACTOSIIEM M300pPETEHHU, MOXKET OBITh MOJIYYEH Pa3IUYHBIMU
ciocobamy, BKJIIOYAs TIOJNyYEHHE JKEeJIaeMOro IpeoOpa3sOBaHHOIO B IIIHMHENN
KaTaJIn3aTopa BO BpeMs IPOU3BOACTBA WM MOCPEACTBOM MPOU3BOJACTBA KaTaIU3aTOPA,
CTerneHb NpeoOpa3oBaHUsi KOTOPOTrO B LIMHEIH HIKE, YeM JKeJaTeJbHbIH MPOLIEHT
mepexona B INMUHENH, TOCJIE€ Yero BBIMONHAKT 00paboTKy MmapoM yKa3aHHOTO
KaTajJu3aTopa Ha MOCJIEAYIOLIeM 3Tale, HalmpuMmep, Ha 3tame oOpaboTku mapoM Ha

MECTE IJIs MOJIYYCHHS KaTalinu3aTopa JKeJjaeMot CTeneHn npeo6pa3013aHI/Is[ B INIIWHEIHN.

Takum o00pa3oM, B COOTBETCTBUM C HACTOSIIEH 3asBKOW MPEeNyCMOTPEH
On(yHKIIMOHANBHBIA KaTaJIN3aTOP HAa OCHOBE ILIEOJINTA M CBSI3YIOLIErO BEINEeCTBA C
OKCHIIOM  QJIIOMUHHUS, TPUYEM  YKa3aHHbIH  KaTalM3aTop B  Pa3JIMYHBIX
NPEANOYTUTENbHBIX BapUAHTAX OCYILIECTBJICHUS H300pETEHHs HUMEET OTHOCHUTEIBHO
BBICOKOE CojepkaHue IuHKa (Takoe kak 7 - 15%, mampumep, 10 wmm 12 mac.%) u
dochopa (Hampumep, B KoiudecTBe, npu Kotopom Zn/P > 1), a Takke HUHK U
AIFOMOOKCUHOE CBA3YIOLIEE BELIECTBO B 3TOM Karaju3arope Obuid mpeoOpa3oBaHbI B
IIMUHENN 1O TAKOH CTeNeHH, 4To celeKTUBHOCTh K COX y Hero Huke, 4eM kejaeMoe
3HaueHue (Hampumep, Huxke 5% wnm gaxe Hiwke 2%). Luak u ¢dochop moryr
NPUCYTCTBOBATh B KAaTaJM3aTOpe B BHUAE psAAa PA3HUYHBIX KOMIIOHEHTOB B (ase
CBSI3YIOILETO BEINECTBA WJIM LIEOJINTA B 3aBUCHMOCTH OT KOJIMUYECTBa LIMHKA U ocdopa,

a Takxke OT 00pabOTKH KaTanu3aropa.

Jlns  mpousBoacTBa OM(PYHKIMOHAJIBHOTO — KAaTau3aropa MOTYT  ObITh
UCTIOJIb30BAHbI PA3JIMYHBIC CIIOCOOBI: TpH KOMIOHEeHTa (Pocdop, UMHK U LEOTUT) MOTYT
NPEACTaBIATh COOOH eAMHOe IIeJioe, HampuMmep, TMpPH TPOU3BOACTBE  MOXKET
OCYILIECTBISIThCS HAHECEHWE LMHKOBOrO W/miHm (pochOpHOTO KOMIIOHEHTA IyTEM
NPOMUTKU WJI HOHHOTO OOMEHa Ha CaM LIEOJIUT HJIM Ha SKCTPYAAT, B KOTOPOM LIEOJTHT
BCTPOECH B AJIOMOOKCHIHOE CBs3ylollee BemecTBO. L{MHKOBBIH w/mimm (pocopHBIi
KOMITOHEHT TaK)K€ MOKET HOOABISTHCA B BUIE TBEPIOrO BEIECTBA, TAKOTO KaK OKCHI,
TUAPOKCU WM KapOOHAaT BMECTE C ILEOJMTOM, CBSI3YIOLIUM BEIECTBOM W/WIH
CMa3bIBAIOIIMMHU BEINECTBAMH 10 MOMeHTa (opmMooOpa30BaHUs, HANpPHMEP, B XOIe

nepeMeInuBaHus, SKCTPY3UU UM TPaHyJIUPOBAHUS.
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O6pabotky mocne mponuTky (OOKUT MIIN aHAJIOTMYHYIO TEIUIOBYIO 00paboTKy)
NPENNOYTUTENIBHO BBIMOJHAIOT BO BJIAKHOW aTMocdepe, HampuMep, MOCPEICTBOM
HarpeBa TPOMHTAHHOTO LMHKOM U (ochopoM OCHOBHOTO Karanausaropa mpu
temneparype 300 - 550°C B noroke uiau B aTMocdepe, coiepskallei, Mo MeHbIIeH

mepe, 10 06.%, 30 06.% 50 06.% umu 80 00.% mapa.

MoryT Takke HCHOJb30BATHCS (PU3MYECKHE CMECH HECKOJIbKHX LIEOJUTOB WIIH
METaJUTHYECKUX KOMIIOHEHTOB, CMECh MOJKET 3arpy»KaThCsl B PEAKTOpP AJisi 0Opa30OBaHUs
OTHOPOAHON cMeCH WK JJis1 (POPMHUPOBAHUS MTEPEMEKAIOIIUXCS CJIOEB, UM OHU MOTYT

OBITh B PA3JINYHON CTEMEHU Pa3EIICHBL

Taxum 00pa3om, nmpenocTaBiIsieTcs

- crocod monydeHus: OU(YHKIIMOHAJIBHOTO KaTaJlU3aTopa, COAEPIKaIIero
AFOMOOKCHUHOE CBSI3yIOIEe BEIIECTBO, LEONHT, (Gochop M IHUHK, BKIFOUAOLIHHA
CJIEYIOLIHE 3Tallbl:

- MPOMUTKY KaTajJH3aTopa Ha OCHOBE OKCHJAA ATIOMHHHS/LEOIUTA JKUAKIM
pacTBOpoM ¢ coaepkanueM (ocdopa u/uiau HHHKA,

- 110 MEHbIIEH Mepe, YaCTHUHOE MPeoOpa3oBaHue B IIMTUHEIH IPOMUTAHHOTO
LIMHKOM KaTaJlM3aTopa Ha OCHOBE OKCHIA aJIOMUHUS/LIEOJHTA TOCPENCTBOM HArpena
MIPOMUTAHHOTO KaTaJM3aTopa Ha OCHOBE OKcuaa anmoMuHus/Leonmuta a0 300 - 650°C B

teueHue 0,25 - 7 4.

- cnocod momnydeHust OM(YHKIMOHAIBHOIO KaTalnu3aTopa, COAEpIKallero
AFOMOOKCHIHOE CBSI3YIOLIEE BEIIECTBO, LEOIHT, (Pochop M LUHK, MPUUEM yKa3aHHBIN
CHOCO0 BKJIFOYAET CIIEAYIOLIHE STAIbI:

- HAHECEHHEe COCIUHEHUS WK PACTBOpA COSNUHEHHs LIMHKa 1/ i Gocdopa
Ha L[EOJIUT MJIA OKCHUJT ATFOMHHUS/LIEOJTUTA TIOCPEICTBOM CMEINBAHUS,

- (dhopmooOpa3oBaHUe YKa3aHHOW CMECH TOCPEICTBOM 3KCTPY3UU HITH
IpaHyJHPOBAHMS,

- 110 MEHbIIEH Mepe, YaCTHUHOE MPpeoOpa3oBaHUE B IIMTUHEH MPOMUTAHHOTO
IIMHKOM KaTaJIM3aTOpa Ha OCHOBE OKCHAA aFOMHHHS/ILIEONIUTA IOCPEICTBOM Harpesa
MPOMUTAHHOTO KaTaJM3aTopa Ha OCHOBE OKcHIa amoMuHus/ueonnta a0 300 - 650°C B

teuenue 0,25 - 7 4.

B COOTBCTCTBHUH C HEKOTOPBbIMHU NpeaAnIOYTUTCIIbHBIMU BapuaHTaMU

OCYILIECTBIIEHUsI N300pETEHUs] HAaHECeHNe LIMHKA 1/uimm dpocdopa 1/ uiu NponuTKy UMU
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BBITIOJIHSIFOT, 110 MEHbINEH Mepe, B ABa 3tarna. Hanpumep, pochop Moker ObITH HAaHECEH

Ha IEPBOM 3TaIe HaHeCGHI/Iﬂ/HpOHI/ITKI/I, IMOCJIC Y€ro HAHOCAT LIMHK HUJIN HaO60pOT.

IIpenmouturenbHO  NaHHBI  OM(YHKUMOHAJBHBIM  KAaTaIM3aTOp  MOXKET
IIPUMEHSTHCS B POLECCE KOHBEPCUU METAHOJIA, BKIFOYAOLIEM

- 3Tan KOHBEPCHUM, NIPU KOTOPOM MOTOK ChIPbsl, COAEPKALUN OKCUT€HATBI,
TaKve KaK METaHOJ W/WUJIH MPOCTON JUMETHIIOBBINA 3(up, NpeodpasyoT B
MOTOK YTJIEBOZOPOJOB, HACKHIIEHHBIH apOMAaTHYECKUMH COEANHEHUSMH,

- STall Cemapaluy, NpU KOTOPOM MOTOK YIVIEBOAOPOAOB, HACBILEHHBIN
apOMaTHYECKUMM COEIUHEHUSIMH, Ppa3lessiloT Ha, [0 MeHbIlel Mepe,
MOTOK IPOAYKTOB, HACBILIIEHHBIX aPOMATUYECKUMHU COEANHEHHUSIMH, TTOTOK,

COAEp KAIIMI BOAY, U MOTOK PELUPKYJISILUH.

B coorBercTBUM ¢ HacToslIell 3asdBKOH TakXke IPEAOCTaBIsIETCs IpoLecc
KOHBEPCHH ITOTOKA CBIPbsI, COAEPIKAIIET0 METAHOJI W/WIIA MPOCTOH TUMETHIIOBBIN 3(up,
B TIIOTOK YTJI€BOAOPOAOB, HaCbILHeHHbeI ApOMaTHYCCKUMHU  COCINHCHUAMU, B
NPUCYTCTBHH OH(YHKIIMOHAJIBPHOTO KaTaIU3aTop, coiepskamero muHK u  (ocdop,
npuiceM TMOTOK YIrJIEBOAOPOOOB, HaCbILHeHHbeI APpOMATHYCCKUMH COCOUHCHUSAMU,
pa3acisitoT Ha, IO MeHbIIei MEpE, HaCbILHeHHbeI ApOMATUYECCKUMU COCANHCHUAMU
MOTOK NPOAYKTOB, MOTOK TEXHOJIOTMYECKOrO KOHJIEHCATa U MOTOK OTXOJALIEro rasa, u
OpU 3TOM, MO MEHbIIEH Mepe, YacTb YKa3aHHOIO IMOTOKAa OTXOMALIEro rasa
peuupkynupyercs. B 3ToM mponecc mnpeamouyrurenpHo Hz, nmo Mensiuenn mepe,
YaCTUYHO YJAJSIFOT U3 MOTOKA PELUPKYISILUKI OTXOASINEro ra3a. TOT MPOLECC MOXKET

ObITh IpencTaBieH, Hanpumep, npoueccom MTA umun MTG.

Ecrm B paMkax mpomecca TNpeayCMOTPEHO — HCTONb30BAHHE — YaCTHUIHO
npeoOpa30BaHHOIO B MINMUHENNW OW(YHKIIMOHAIBHOTO KaTaJM3aTopa, TO 3TOT IPOLIECC
NPEIIOYTHTENIBHO MOKET BKJIFOYATh MEPBOHAYAIBHBIN 3Tall, B PAMKaX KOTOPOTO YaCTUYHO
npeoOpa30BaHHBIN B IIMMHEIN KAaTAIN3aTOp Jajee Ha MeCTe HaMepeHHO npeodpasyercs B
IIMUHENMN [0 eme Oojee IIyOOKOH CTENeHH IOCPEACTBOM IPOXOXKAEHHS 4epe3 CIIOi
KaTalm3aTopa IIOTOKA Tapa Ha Oomee BBICOKOM Temmeparype. Hampumep,
On(pYHKUMOHABHBINA KaTAIN3aTop, KOTOPBIA YacTHYHO NpeoOpa3oBaH B IIMHUHENH,
MOXXET JIOKaJIbHO 00pabaThIBaTbCs MApoOM B XOI€ OAHOTO WJIM HECKOJNBKUX 3TarloB.
IlocpencrBoM 3TOro karanu3aTtop Oy[eT MOJHOCTBIO WM TNPAKTHYECKU ITOTHOCTBIO

npeo6pa30BaH B MIMUHEIH, YTO AaJIe€ B HACTOALICM AOKYMCHTEC HCIIOJb3YETCA JIA
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KOHBEPCHHU ChIPHEBOIO MOTOKA C COACPIKAHUEM METAHOJIA u/unu npocTOro AMMETHUIIOBOT'O

s¢upa B MOTOK yIIIeBOAOPOAOB, HACHIIEHHBIN aPOMATHUYECKUMHU COSTUHEHUSIMHU.

B nmpeamouTHTENbHBIX BapHaHTaX OCYLIECTBJCHHUS Mpolecca B KadecTBE
On(pYHKIMOHAIBPHOTO KaTaJu3aTopa UCIONb3yeTcsl OM(yHKINOHAIBHBIN KaTaJu3aTop B

COOTBETCTBUH C OMMUCAHUEM B HACTOAIIEM JOKYMCHTE.

IIpumep 1: IHonyyenue kaTaauszaTopa

OcHoBHOl kaTtanmuzatop, comepxkamuii 65 mac.% H-ZSM-5 u 35% AI203
MOJIyYMJIM TIOCPEACTBOM CMEILIMBAHMS, IOCJIE€ KOTOPOIrO BBIIOJHAIN 3KCTPY3UKO C
UCTIOJIb30BAHMEM  HW3BECTHBIX mpouenyp. Ilpum oOxkure oOpasubl OCHOBHOTO
KaTajau3aTopa MPONMUTHIBAIM BOAHBIM PacTBOPOM C COAEp:KaHMEM HUTpaTa LIMHKA MpU
pas3JMUHBIX KOHLIEHTpalusx IMHKa. [lomyuuBlinecs SKTpynaTel C 3aMOJHEHHBIMU
nopamu noxporpenu 10 470°C B Bo3ayxe U B TeueHUe | 4 BbIIEPKUBAIU MPU TAKOU

TEMIIEPATYPE C MMOJTYUCHUEM KAaTAJIU3aTOPOB € PA3JIMYHBIMU KOJIMYECCTBAMU LIUHKA.

IIpumep 2: AKTHBHOCTb H BOCCTAHOBJICHHE KATAJIM3AaTOPA

IlonyueHnnble ¢ wucnonp3oBanueMm onucanHo B Ilpumepe 1 mnpouenypsl
KaTaju3aTopbl MOABEPINIM KOHBepcun MertaHosa mpu 420°C B HM30TEpPMHUUECKOTO
peaxkTope ¢ HEMOABWXHBIM CJI0€M. B KkauecTBe MHEPTHOrO AOMOJIHUTENBHOIO ChIPbs
ucnonp3oBanu Nz. B pe3ynprare Ha BXOA€ B PEAKTOP MOJIYYWJIM KOHLIEHTPALUIO
meranona 7 mon%. CymmapHoe nasneHue Obuio Ha ypoBHe 20 Oap, a oObeMHas

CKOPOCTb METaHoJa CoCTaBuna 2 4™

Karammzaroper Zn/H-ZSM-5 uCHBITBIBAIOT OOpaTUMyK0 U HEOOPaATUMYIO
ne3aktuBauuo. OOpaTtumasi JeakTHBALUS TMPOUCXOAHUT B PE3YJbTaTe OTIOKEHHUS Ha
KaTajJu3aTope YIJIepOJHOro Mmarepuana (kokca). B mpumepe, KOTOphlii MOKasaH B
Tabmuue 1, me3akTHBHPOBAHHBIA (3aKOKCOBAHHBIN) KaTaJH3aTOP BOCCTAHABIIMBAETCS
IIOCPEACTBOM  YAAJNeHHUs OTJOXKMBLIETOCS YIJIEPOJHOTO MaTepuasa MOCPEACTBOM

cropanus B notoke 2% O3 (8 N2) mpu 500°C.

B pesynbrare HeOOpaTUMOIl 1€3aKTHBALIUH [10CIIE BOCCTAHOBIICHNS KaTaJIH3aToOP
NOJHOCTBIO HE BO30OOHOBMJI CBOK AaKTHBHOCTB. Pesynpratel B Tabmume 1
AEMOHCTPHPYIOT, YTO KaTaJIN3aTop C coaepxkanueM nuHka 10% crnocobeH 3HaYUTENbHO
JydIle BO30OHOBJISATh CBOK NEPBOHAYATBbHYIO AKTUBHOCTb TIOCJIE€ BOCCTAHOBJIEHUS IO

CPaBHEHUIO C KaTaJU3aTOPOM, COAepsKaium 5% LUHKA.
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Tabauuma 1: AKTHUBHOCTH KaTaju3aTropa IOcjie BoccTaHoBieHus. Mac.%
apOMaTHYECKUX COEAUHEHMH B YIJEBOJOPOAHOM NPOAYKTE ONPENENSIOT Kak Maccy
apOMaTHUYECKUX COEIMHEHUH 110 OTHOIIEHHIO K OOIeld Macce yrieBOJOPOIOB B

BbBIXOOAIICM IMOTOKE.

Conepxanne | Apomarudeckue coenuHeHusi B | [Ipouent CEJIEKTUBHOCTHU K
L[UHKA olmmeM oObeMe yIieBOJOPOIHOTO | ApOMATHUYECKUM COETMHEHMSIM,
(mac.%) npoaykra (mac.%) BO30OHOBJICHHOMN nocJe
BOCCTaHOBJICHUS
5 52 90
10 51 95

[pumep 3: CrabuabHOCTH NpU 00padoTKe Mapom

JUisi MOAENMPOBaHUS aKTHBHOCTH KaTaJH3aTopa MOCHE JUITMTEIbHON padoThl B
NPOMBIIIJIEHHBIX YCIOBUSAX KaTaJU3aTOPbl OBUIM MOABEPTHYTHl KOHBEPCHU METAHOJA
nocie 00pabOTKH MapoM B TSDKENBIX yCIOBUsAX. KOHBEpPCHIO METaHOMA BBIOIHSUIN MIPU
YCIIOBHAX, AHAJIOTHYHBIX TEM, 4TO npuBonmimch B Ilpumepe 2. Pesynprarsl B Tabnume
2 IEMOHCTPHPYIOT, YTO KaTaJlIU3aTop C coaepkaHueM LuHka 10% BO30OHOBIIAET CBOIO
NEPBOHAYAJIBHYK) AKTUBHOCTb 3HAYUTENIBHO JIYYIIE [0 CPABHEHUIO C KaTaJIU3aTOPOM,

copeprKaiyM 5% IMHKA, OCTIe TSDKENoH 00paboTku mapom.

Ta6auua 2: [Totepst akTHBHOCTH KaTaJM3aToOpa MpH TSKeNIon 00paboTke mapom
(100% mapa B Teuenue 48 wuacoB mpu S500°C wm paBnenmu 1 Oap). Mac.%
ApOMAaTUYECKUX COEJUHEHUN B YIJIEBOJOPOAHOM IMPOAYKTE OINpPEENAIOT KaK MaccCy
apOMAaTUYECKUX COEJUHEHUH IO OTHOLIEHHIO K OOIIed Macce YIJeBOIOPONOB B

BBIXOOAIIEM ITOTOKE.

Conepkanne | ApoMaTuuecKne  COENMHEHUS | ApOMAaTHYECKHE  COEAMHEHUs B

UHKA (Mac.%) B  yIJIEBOAOPOIHOM | yIJIEBOIOPOAHOM mpoaykre (Mac.%),
(mac.%) MPOAYKTE, CBEXKUH KaTamu3aTop | oOpabOTaHHBIN MapOM KaTalnu3aTop
5 52 28

10 51 36
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IIpumep 4: KpekuHr MeTaHoJsa NpH pa3HbIX COAEP:KAHUAX HHHKA

Kpekunr (paciierieHue) MeTaHoJa/AMMETHIIOBOTO 3(HUpa MOXKET MPOUCXOIUTH
B pes3yJbTaTe JeHCTBUA pa3HbIX MeXaHW3MOB. Hampumep, KHUCIOTHbIE LEHTPHI B
KaTaJM3aTope MOTYT KaTaJU3UPOBATh PEAKIUIO KPEKHHIa TUMeTHIIOBOro s¢upa B CHa,
CO, u Hj, Torna xak HEKOTOpbIE €AMHULBI [IMHKA KAaTAJIU3UPYIOT PEAKLHI0O KPEKHHra
meranosia B CO u Hz. CO2 MoxeT 00pa3oBbIBATHCS B KAYECTBE MEPBUYHOTO MPOAYKTA

KPEKHUHIa UJIN KOCBECHHO IMOCPECACTBOM PEAKIMN KOHBCPCHU BOOAHOIO rasa.

IIpn xoHBepcuHU MeTaHOJa C MPUMEHEHHEM COJepKalllero LIMHK KaTalu3aTopa
yacTh MeTaHosa npeoOpasoseBaeTcst B COx Omaronmapst KpeKUHTY, YTO TPUBOIHUT K
CHWXCHUIO BbIXOJA YTJICBOAOPOAHBIX IIPOAYKTOB. KOHBepCI/II-O METAaHOJIa BBIITOJIHAIIN

npu 420°C, 20 6ap, 10 mon.% meranona (6ananc N2) u o0bemMHoOM ckopocTH 1,6.

Pesynbrate! B Tabnuie 3 moay4eHsl ¢ HCNOIb30BAHUEM KaTaIN3aTOPa, KOTOPBI
MIPUrOTOBWJIM B COOTBeTCTBUM C Ilpumepom 1. PesynapTaTbl AE€MOHCTPUPYIOT, YTO
AKTUBHOCTb KPEKHUHIa B 3HAYUTENBHON CTEIIEHU 3aBUCUT OT KOJUYECTBA LIUHKA, TO €CTh

IpU YBEJIIMYCHUHU COACPIKAHUA NUHKA YBCINYINBACTCA U aKTUBHOCTD KPEKHWHIA.

Tabmuua 3: CenexruBHocTh K COx MPH pa3sHBIX CONEPIKAHUAX [IMHKA

Coaepxkanue nunka (mac.%) CenexktuBHocTh (%) K COx
0 <0.1
3 2
5 4
10 9

IIpumep S: CenexktuBHoctb K COx mocyie 00:xura u o6padoTku napom

OcHoBHOl Kkatanuzatop, cogepxamuid 65 % ZSM-5 u 35% Al>,Os, nponuranu
BOAHBIM PAaCTBOPOM HUTpPATa LHHKA. HOJ'IyLII/IBLHI/IeCﬂ SKCTpyAaThl € 3allOJIHEHHBIMU
nopamMu OOOKTJIH COOTBETCTBEHHO B Bo3ayxe u mape. Kpome Toro, o00KeHHBINH B
BO3AyXe Karajam3atop mociie obxkura oOpadoramu mapom. KoHBepcuro meraHona ¢
HCIIOJIB30BAHUEM O5THUX KAaTAJIN3aTOPOB BLIMOJHAIN MPU YCIIOBUAX, aHAJIOTUYHBIX TEM,

yT0 npuBoauIncs B [Ipumepe 4.
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Pesynbratel B TaOnuue 4 neMOHCTPHUPYIOT, YTO MPHUCYTCTBUE Iapa BO BpeMs
o0)kMra MPOMMTAHHOTO KaTajJu3aTopa MM MOJOrPeBa KaTaju3aropa B INPHCYTCTBUU
napa mocie OOKura TPUBOAUT K CHIDKeHHIO cenektuBHOCTH K COyx  [laHHBIE
HAOJIOEHUS] MOKHO OOBSACHHTH TeM (DaKTOM, YTO HPUCYTCTBUE IMapa NPHBOAUT K

¢dopmupoBanuio B ¢aze cpszyrouiero Beectsa ZnAl,O4, a He cBoboaHOro Zn0O.

Tabnuna 4: CenextuBHocTh Kk COy nmnsi katamusaropa, coxepskamiero 10%

IMUHKa, 000KKEHHOTO B NMPUCYTCTBUU PA3JIMYHBIX KOJIMYECTB I1apa

Ycaosus Cenextusnocts k COx (%)
OO0 KEeHHBIH B BO3IyXe 9
Ob6osxcokennslit B mape (500°C, 24) 2
OOGosxoKeHHBbI B BO3Ayxe, 0OpabOTaHHBIA Mapom 4

nocye ooxura (500°C, Su)

OboxoKkeHHBbI B BO3Ayxe, 0OpabOTaHHBIA Tapom <0.1

nocye ooxwura (500°C, 484)

IIpumep 6: Ilonyuenue kataausaTopa c cogepxkanuem ¢ocdopa

OcHoBHOHN KaTtanuzaTop, cogepxauuii 65 mac.% H-ZSM-5 u 35% AlOs,
MOJIyYWJIA TIOCPEACTBOM CMEILIMBAHMS, IIOCJIE€ KOTOPOIO BBINOJIHAIN 3KCTPY3UIO C
UCIIONIb30BAHMEM  M3BECTHbIX mpouenyp. Ilpu obxkure obpasubl  OCHOBHOTO
KaTajJu3aTopa IPONMTHIBAIM BOAHBIM pAacTBOPOM HHUTpaTta nMHKAa Hu (ochopHO
kucaoroil. IlonyuuBiimecst SKTpyaaTsl ¢ 3aOMHEHHBIMU MopaMu noxorpenu 1o 470°C
U B TedeHue | 4 BbLIEpP:KUBAIU MPU TAKON TEMIIEpaType C MOJTyYEeHUEM KaTaau3aTOpOB

cootBercTBeHHO ¢ 10 mac.% uumnka u 0, 1 u 3mac.% docdopa.
Mpumep 7: CrabuabHOCTH NIpU 06padoTKe Mapom

JInisi MOZeTMPOBaHUsI aKTHBHOCTH KaTaJM3aTopa MOcje JJIUTENbHONH padoThl B
NPOMBIIIJICHHBIX YCIOBUAX KaTtamuzaropsl 1o Ilpumepy 6 ObUtM MOABEPTHYTHI
KOHBEPCHHM MeETaHONa rociie oOpaboOTKHM MapoM B TsDKENBbIX ycaoBusiXx. KoHBepcuio
meraHona BbmonHsaH npu 420°C, 20 Gap, 10 mon.% wmeranoma (Oamanc N2) u
oObpemHoM ckopocTH 1,6. Pesynbratel B TaOnume 5 1eMOHCTPUPYIOT, UTO KaTaIu3aTop C

conepkanueM (pochopa coxpaHsieT CBOKO NEPBOHAYAIBHYIO AKTUBHOCTH 3HAYHTEIIHHO
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Jydlle O CPaBHEHMIO C KaTainu3aTtopoM Oe3 comepskaHusi ¢ocdopa, 4To NMPUBOIUT K

MOBBILICHUIO BbIXOAAa apOMATUICCKHUX COGHHHGHHﬁ.

Tabnuna 5: I[ToTeps akTUBHOCTH KaTalM3aTopa MpHU TsDKENo 00padoTke mapom
(100% mnapa B Teuenue 48 yacos npu S00C u nasnenun 1 6ap). Mac.% apomarndeckux
COCMHEHUI B YIJIEBOJOPOAHOM MPOAYKTE ONPENENAOT KaK MacCy apOMaTHYECKUX
COEMHEHUI MO OTHOIIEHHWIO K OOIIel Macce YIieBOJOPOIOB B BBIXOSINEM IOTOKE.

Bce xaranuzaropsl conepxkar 10 mac.% LMHKA.

Conepxa | AToMHOE ApomMaTHYeCKHe COENMHEHUST | APOMAaTHYECKHE COCTMHEHUS
HHE OTHOLIEHHE (Mac.%) B yrieBOIOPOAHOM | B YIJIEBOAOPOIHOM MPOAYKTE
dochopa | bocdop/unHK B | MPOAYKTE, CBEKHIA (mac.%), oOpaboTaHHBI
(mac.%) KaTajn3aTope | KaTajam3aTtop MapoM KaTaiu3aTop
0 0 51 36
0.8 0.2 51 41
23 0.5 55 42

IIpumep 8: KpexkuHr MmeTaHosa npH pa3HbIX cogep:kaHusx ¢gocdopa

Pesynbrate! B Tabnuiie 6 noay4eHbl ¢ HCIOIb30BAHNUEM KaTalIN3aTOPa, KOTOPHIi
NpUroToBUIM B cootBeTcTBHU ¢ Ilpumepom 6 mpu 10 mac.% uUMHKA U pa3IUYHBIX
dochopa.

aHAJIOTUYHBIX TeM, 4uTO npuBoaAuIUCh B [Ipumepe 7. Pe3ynbrarhl yka3pIBatOT Ha TO, YTO

KOJITYECTBaX KonBepcuio MeTaHONa  BBIIOJHSJIM IPU  YCIOBHSX,
npyd  Hajaudud B Katanuzatope (ocdopa akTHMBHOCTh KpPEKHMHra TONABJISETCS.
[IpumedaTenbHO TO, YTO KaTalu3aTtop ¢ HU3KUM conep:kanueM (ocdopa (0,8 mac.%),
KOTOPbIi B CBSA3M OTHM XapakTepU3yeTCs HU3KUM CcooTHomeHueM P/Zn (0,2),
JIEMOHCTPHPOBAJ AHAJOIMYHYIO aKTUBHOCTb IO KPEKHMHTY METaHOJa, Kak W
katanuzatop 6e3 pochopa. C npyroii CTopoHbI, KaTATH3ATOP ¢ OOJIBIINM CONEPIKAHUEM
dochopa (2,3 mac.%), KOTOpBII B CBSI3M C OSTUM XapaKTEPU3YETCS BBICOKUM
cootHomeHneM P/Zn (0,5), neMOHCTpHPYET 3HAUUTENLHO 0OJiee HU3KYI0 aKTHBHOCTD
O KPEeKWHry MeTaHoja, To ectb oOpasoBanne CO u COz, 4TO yKa3bplBaeT Ha
HEOOXOAMMOCTh HaJHYMsl OMPENeNIEHHOrO MHHUMAJBHOTO KonudecTBa (ocdopa s
NOZaBJIeHUs] KpeKuHra MetaHoja. JKemaemoe konn4ecTBo (ochopa MOXKET 3aBUCETH OT

KOHLCHTpALWH [IUHKA.
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Tabmuna 6: CenextuBHOCTh K COx ISl CBEXKErO KaTaIM3aTOPa, COIAEPIKAIIETO

10% uwmHka u pasnudHble KonndecTsa pocdopa

Conepxanue Atomuoe otHoueHue ¢ocdop/unnk B | CenekruBHocTh K COx (%)
docdopa KaTaJlu3aTope
(mac.%)
0 0 9
0.8 0.2 9
23 0.5 2.5

Ipumep 9: CpaBHeHHEe AKTHBHOCTH KATAJH3ATOPA NMPH PABHOMEPHOM H

HepaBHOMEPHOM pacnpeaesieHuu pocdopa
IIponutka; HepaBHOMepHoOe pacnpeaesieHue pocopa

OcHoBHOH katanmzatop, conmep:kamuii 65 mac.% H-ZSM-5 u 35% AlLOs;,
MOJYUMJIM TIOCPEACTBOM CMEIIUBAaHUSA, IOCJIE€ KOTOPOIO BBINOJHSIM O3KCTPY3HIO C
UCTIONIb30BAaHMEM  HW3BECTHBIX mpouenyp. Ilpm oOxkure oOpasubl OCHOBHOTO
KaTaJlu3aTopa MPOINUTBHIBAIA BOAHBIM PAacTBOPOM HHUTpaTa IHMHKa M (ocdopHOi
KkucJoTo!. [lonyunBiimecs: 3KkTpyaaTel ¢ 3aM0JIHEHHBIMU 1opamu nonorpenu 1o 470°C
B Te4eHHe | 4, Iociie Yero MoJyuriIi OKOHYATeNbHbIN BapHaHT katanusatopa. I paduku
KOHLEHTpalnii 1uHKa U (Qochopa, KOTOpplE HU3MEPSUIM C  HCIOJIb30BAHHEM
CKAHUPYIOLIEr0 3JIEKTPOHHOIO MHKPOCKOMA C JUCHEPCUOHHBIM PEHTI€HOBCKUM
CHEKTPAJIIbHBIM AaHAJIU30M IO BCEMY OOBEMY OKCTPyAaTa, MOKa3aHbl Ui JTaHHOTO
kaTanu3atopa Ha @urype 1. OTMeqaeTcst 4eTKO BBIPAXKEHHBIH rpad)uk HEPABHOMEPHOTO
pacnpeneneHus: KoHUeHTpanui Gocdopa nmo Bcemy oObeMy 3KCTpynaTa. ITO O3HAYAET,
9TO KOHIEeHTpanus (Mac.%) pochopa Ha KPOMKE SKCTPYAATOB 3HAYUTENBHO BBIIIE, YEM

B ero 1neHrpe. PakTudecku, moYTH BeCh (ocop TOCTUT LIEHTPA FKCTPYAATA.

Job6aBienue (¢ocdopa mepen 3KcTpy3Heii; paBHOMEpPHOe pacnpeneieHHe

docdopa

OcHoBHOl Katanmusatop ¢ comep:kanueM H-ZSM-5 u Al»Os B COOTHOLIEHUH
65/35, mpu 3TOM Tepen MOATOTOBKOH K 3KCTpy3un M00aBmin (HOCHOPHYIO KUCIOTY.
ITpu oGxkwure oOpas3ibl OCHOBHOIO KaTajH3aTOpa MPOMHUTHIBAIH BOIHBIM PaCTBOPOM

HUTpaTa LUHKA. HOJ’IyLII/IBHII/IeCﬂ OKTpyAaThbl C 3allIOJIHCHHBIMU IIOpaMU NIOAOIPEIN A0
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470°C B TedueHue 1 4, mocie 4ero MOJYYMJIM OKOHYATENbHbIN BAPUAHT KaTaJlU3aTopa.
I'paduku koHueHTpauuii nuHkKa U Gochopa Mo BceMy 0OBEMY 3KCTpyHaTa MOKA3aHbI
JUIsl JaHHOro Karanuszatopa Ha Purype 2. B 5TOM ciiydae OTMeUYaeTcss paBHOMEpPHOE
pacnpenenenne Qocdopa mo Bcemy odkcrpymary. Ormeuarorcss konebaHUS B
KOHLIEHTPALIMH, HO TIPU 3TOM CHIDKeHHEe KOHLeHTpauuu ¢ocdopa K UEeHTPY IKCTpyAaTa
HE HOCHUT CHCTEMATHYECKHI XapakTep. 3asBUTENb TaKXKe MPOAEMOHCTPHPOBAJ, YTO
paBHOMepHOro pacnpeneneHusi ¢ocdopa TakkKe MOKHO AOCTHYL TOCPEICTBOM

NPOTUTKHU, HAIPUMEp, AUTHAPOPOCcHATOM aMMOHUSI.
KaranuTnueckasi AKTHBHOCTH

ITepen wu3MeHEHHMEM KAaTAUTUYECKOW aKTUBHOCTH OOpaslbl KaTaju3aTopa
TIOJBEPIIIN YCKOPEHHOMY CTapeHHro, oOpabortaB mx 100% mapom mpu Temmepatype
500°C u obmem nasnernu 1 Oap B TeueHune 48 4. KoHBEpCHIO MeTaHONA BBINOIHSIIN
npu 420°C, 20 6ap, 10 mon.% meranona (6amanc N2) u odsemHol ckopoctu 1,6. Kak
nokasaHo Ha @urype 3, Katanm3aTop ¢ PAaBHOMEpPHBIM pacmupeneneHueM docdopa
IEMOHCTPHPYET ropasno Oosee BbICOKMIT Mac.% apOMaTHUECKHUX COEIUHEHHH B
yTJII€BOAOPOAHOM MPOAYKTE MpH 00paboTke mapoM. ITo 00BsACHsEeTCs TeM, 4To dochop
NPUCYTCTBYET BO BCEM O0BEME 3KCTPYyZaTa, IOCPENCTBOM dYero 3((eKTHUBHOCTH

KaTajin3aTopa CyLEeCTBEHHO MOBBIIITACTCH.

@urypa 1: I'paduku KoHUeHTpaLwii LUHKA (ochopa U ATIOMUHUS O BCEMY
OKCTPYAaTy, M3MEPEHHbIE C HCIOJb30BAHHEM CKAaHHUPYIOLIErO  3JIEKTPOHHOTO
MHKPOCKOIA C AMCIIEPCHOHHBIM PEHTTEHOBCKHM CIEKTpaibHbIM aHanmuzoMm. OOpasen
MOArOTaBJIUBAOT TMOCPEACTBOM OHHOBpeMeHHOﬁ MPONMUTKKU BOAHBIM PACTBOPOM

Zn(NOs)2 n H3POs.

@urypa 2: I'paduku xKoHUEHTpanmii MHKA U pocdopa Mo BceMy 3KCTPyAary,
U3MEPEHHBIE C HCIOJNBb30BAHUEM CKAHHUPYIOLIErO 3JIEKTPOHHOIO MHKPOCKONA €
JUCIIEPCUOHHBIM PEHTT€HOBCKUM CIEKTPAJIbHBIM AHAJIN30M. Hocwurens
NOATOTABINBAOT mocpencTsoM nodasienusi HsPOs mepen BbIMONHEHHEM 3KCTPY3HH
(Bmecte ¢ ZSM-5, okcuzmoM amoMUHHS U Ap.). HocuTenp NpONMUTHIBAIOT BOIHBIM

pactBopoM Zn(NOs)».

durypa 3: Mac.% apomMarnyecKux COEIUHEHMH Ui OOpaOOTaHHBIX MapoOM

katanu3aTopos (500 °C, 484). Bee katanuzaTops! nponuteiBatoT 10 Mac.% MUHKOM.



dopmyJia u3odpeTeHust

1. BudyHKUNOHATIBHBIN KaTaJIu3aTOp, COAEPIKALIMHM LEOJIHUT, aTFOMOOKCHIIHOE
CBs3yOlee BelecTBo, LUMHK U (ocdop, oramyawmuiics Tem, uto ¢ochop
NPUCYTCTBYET BO BCeM OOBEME KaTaju3aTopa, MPENNOuTUTENbHO MPH KOHLEHTPALUN
dochopa B nenrpe karamusaropa Oojee 0,1 mac.% U MpU KOHUEHTPALMH LIMHKA B

LIeHTpe Katanu3aropa bonee 3 mac.%.

2. Bbu(yHKUMOHANBHBIA KAaTaIU3aTop MO M. 1, OTJHYAIIIMHCA TeM, YTO
KaTaJIM3aToOp MPEACTaBisieT coO0l OM(YHKIMOHANBHBIA KAaTAJIN3aTOP JUIsI KOHBEPCUHU

OKCUI'CHATOB.

3. budyHKIMOHANBHBIA KaTaIU3aToOp MO JEOOOMY M3 MPEObIAYIIHX IMyHKTOB,
OTJIMYAKIIHIICA TeM, YTO KOHIeHTpauusi Qochopa Ha KpOMKe KaTaiu3aTropa

Haxoautcs B auanasone ot 0,1 mo 10 mac.%.

4. BupyHKUNOHATBHBIN KaTaJIN3aTOpP MO JHOOOMY M3 MpPEOBIAYIIHX ITyHKTOB,
OTJIMYAKIIUICA TeM, 4YTO COOTHOIIeHHWe KoHueHTpaunu Qochopa B wLEHTpe
KaTajau3aTopa u KoHUeHTpauu gochopa Ha kpomke kataiamsaropa (Mac.% ¢ocdopa B
LeHTpe Katanusaropa: mac.% ¢ocdopa Ha KpoMke karanmsaropa) cocrasiser 1:20,

HanpumMmep, 1:10, vanpumep, 1:5, nanpumep, 1:1.

5. budyHKIUOHANBHBIA KaTaNIU3aTOpP MO JIOOOMY M3 MPEAbIIYIIUX MyHKTOB,
OTJIMYAIOUIUIICS TeM, YTO LIMHK MPUCYTCTBYET, MO MEHbIIEH Mepe, YaCTUYHO B BHUJE

ZnAlyOq.

6. budyHKIMOHANBHBIA KaTaIU3aToOp MO JOOOMY M3 NPEABIAYINUX IMTYHKTOB,
OTJIMYAIOLIHICS TeM, YTO KaTaJHM3aToOp MPEACTABISIET COOON 3KCTPYAHMPOBAHHBIA WIIH

rpaHyJIMPOBAHHBIN KAaTaIU3aTopP.

7. budyHKUNOHATBHBIN KaTaIM3aTOp MO JIOOOMY M3 MPENbIIYLIUX MYHKTOB,

OTJIMYAKLIHIICA TeM, YTO LEOJIUT MPEeAcTaBsieT codoit ZSM-5 nmm ZSM-11.

8. buyHKIIMOHANBHBIA KaTaqu3aTop MO JOOOMY W3 NPEABIAYINUX IMYHKTOB,
conepxkammii 30 - 80 mac.% ueonuta, 1 - 40 mac.% ZnAl,04, 0 - 40% AIPOs, 0 - 40
Mac.% Al»O3, 0 - 10 mac.% ZnO.



9. budyHKIMOHANBHBIA KaTaIU3aTOp MO MOOOMY W3 NPEABIAYINUX IYHKTOB,
OTJIMYAIOIIUICA TeM, 4YTO LHMHK MPUCYTCTBYeT Kak B LEOJUTe, TaKk U B

AJTFOMOOKCHUIHOM CBA3YHOLIEM BCIICCTBE.

10. BudpyHKIMOHATBHBIA KaTadu3aTop MO JIOOOMY U3 MPENbIAyIINX IMyHKTOB,
OTJIMYAIOLIUIICS TeM, YTO MOJsipHOE cooTHoweHne P/Zn cocrasmser 0,02 - 5,

Harnpumep, 0,05 - 4, nanpumep, 0,1 - 2.

11. budyHKIMOHANBHBIA KAaTaJIU3aTOP MO JHOOOMY W3 MPEABIAYINNX MyHKTOB,
OTJIMYAK LIHIICA TEM, YTO MOJISIPHOE COOTHOILIEHUe P/Zn siBiisieTcs, Mo MeHbIIel Mepe,
B 3HAUUTENIBHON CTENEeHUW OJWHAKOBBIM Ha KpPOMKE KaTalu3aTopa U B LEHTpe

KaTajan3aropa.

12. budyHKIIMOHANBHBIA KaTaJIN3aTOP IO JHOOOMY W3 MPEABIAYINNX MyHKTOB,
OTJHYAKIIHHCA TE€M, YTO AJIOMOOKCHUIHOE CBA3YIOLIEE BELIECTBO ONOJIHUTEIBHO

COACPIKUT OKCHUA KPEMHMUHL.

13. budyHKIIMOHANBHBIA KaTaJIN3aTOP IO JKOOOMY W3 NPEABIAYINNX IMyHKTOB,
OTJIMYAIOLIUICS TeM, YTO KaTaJIM3aToOp B PE3yJbTaTe PEHTT€HOBCKOH AuU(pakuuu He

COZIEPIKUT B CBSI3YIOIIEM BelecTBe CBOOOIHBIH ZnO.

14. BudyHKIHOHANBHBIN KATaIU3aTOP MO JIOOOMY M3 MPEABbIAYIIHX MyHKTOB,
OTJIMYAIOLIUICS TeM, YTO KOHLIEHTpalUs LIMHKA B KaTalu3aTope COCTaBisieT 3 - 25

mac.%.

15. budyHKIIMOHANBHBIA KAaTaIU3aTOP MO JHOOOMY W3 MPEABIAYINUX MyHKTOB,
OTJIMYAIOIIUICS TeM, YTO B CBSA3YIOLIEM BELIECTBE LIMHK MPUCYTCTBYET, IJIaBHBIM

obpazom, B Buae ZnAl,Oys.

16. buyHKIMOHANBHBIA KAaTAJIH3aTOP MO JIOOMY W3 MPEABIAYLINX TyHKTOB,
OTJIMYAKLIUICA TeM, YTO MOJIIPHOE KOJMYECTBO LIMHKA, NMPHUCYTCTBYIOMErO B (ase
cBsizyromero Bemectsa B Buae ZnAlxQs, cocramisier, mo MeHbineir mepe, 50%, mo
MeHblneit mepe, 60%, 70%, no menbweln mepe, 80%, mo menbiieit mepe, 90%, u3
pacuera Ha oOIIee KOJIMYECTBO LHMHKA, MPUCYTCTBYIOIIEro B (pa3e CBS3YIOIIEro

BCIICCTBA.



17. budyHKIIMOHANBHBIA KaTaJINU3aTOP IO JKOOOMY W3 NMPEABIAYINUX IMyHKTOB,
OTJIMYAKIIUICA TeM, YTO MOJISIPHOE KOJIMYECTBO LIMHKA, NMPHUCYTCTBYIOLIETO B (pase
cBsizyromiero Bemectsa B Buae ZnAlxOs, cocraisier, mo MeHbliei mepe, 96%, mo
MeHblel Mepe, 98%, o MeHbIuel mepe, 99%, o MeHbleit mepe, 99,3%, Mo MeHbIIeH
mepe, 99,5%, no menbiueit mepe, 99,8% unu 100%, u3 pacyera Ha oOIIee KOJMYECTBO

IMUHKAa B (base CBA3YHOLICTO BEIICCTBA.

18. BudyHKIIMOHANBHBIA KAaTaJIU3aTOP MO JHOOOMY W3 MPEABIAYINNX MyHKTOB,
OTJIMYAIOLIUICS Te€M, YTO MOJSIPHOE KOJUYECTBO LIMHKA, MPUCYTCTBYIOLIETO B (haze
cBs3yroIIero Bemectsa B Bune ZnO, coorBercTByeT MakcumyMm 10% ZnQO, wampumep,
meHee 5% ZnO umm menee 2% ZnO, npennourutensHo MeHee 1% ZnO, Hampumep,
0,5% ZnO wm wmenee 0,1% ZnO, u3 pacyera Ha oOIee KOJIMYECTBO IIMHKA,

IPUCYTCTBYIOIIETO B (pa3e CBSI3YIOIIEro BELIECTBaA.

19. budyHKIIMOHANBHBIA KaTaJIU3aTOP IO JHOOOMY W3 MPEABIAYINNX IMyHKTOB,
OTJIMYAIOLIHICS TeM, YTO [IUHK NPUCYTCTBYeET B neosute B Buae ZnO, Zn(OH)+ w/unn

Zn++ B IO3ULIUSAX UOHHOTO OOMEHa.

20. bu(yHKIMOHANBHBIA KaTaJU3aTOp MO JIOOOMY W3 MPEABIAYLINX MTyHKTOB,
OTJIMYAKIIUIICA TeM, 4yTO ollIee colep:kaHue IIMHKA B KaTaJIH3aTope COCTaBIseT 8 -
15 mac.% wmn 9 - 13 mac.%, Hanpumep, Oonee 7 mac.% uuHka, 6onee 10 mac.% uHKA

wii 12 unu 6onee mac.% LUHKA.

21. buyHKIMOHANBHBIM KaTaJU3aTOP MO JOOOMY M3 MPEAbIAYLINX MyHKTOB,
OTJIMYAIOIIUICHA TeM, UYTO LIMHK B CBSI3YIOIIEM BEIIECTBE YKA3aHHOI'O KaTaju3aTopa

YaCTUYHO UJIH ITOJIHOCTBIO npeo6pa3013aH B INTIMHECJIN.

22. PuyHKIMOHAJBHBIA KaTAJIU3aTOpP MO JIIOOOMY M3 MPENbIOYIIHX IMyHKTOB,
OTJIMYAIOIIUIICS Te€M, YTO COJAEP>KAHUE LIUHKA, MO CYIIECTBY, ABJIAETCS OAUHAKOBBIM B

YaCTHYHO NMPeoOPa3OBAHHON B IIMWHENN U MOJHOCTHIO MPeoOpa3OBaHHON B LIMMHENIH

dbopme.

23. buyHKIMOHANBHBIM KaTaJIU3aTOP MO JIOOOMY W3 MPEenbIayIINX IyHKTOB,
OTJIMYAIOLIUICS TeM, YTO TOJHOCTBIO TNPeoOpa3OBaHHYK B IMMNHHETH (QOpMy
MOJIyYaIOT ITOCPEACTBOM HArpeBa YaCTHYHO NMPeoOpa3oBaHHON B IIMUHENU (HOPMBI IIPU

temmeparype 300 - 550°C B atmocepe, conepkarueti map.



24. Cnocob mnonyudeHuss OU(YHKIHOHAIBHOTO KaTalIU3aToOpad, COMEPIKAILero
AIFOMOOKCUIHOE CBS3YIOLIEE BEIIECTBO, LIEOINT, (pochop M LUHK, MPUUEM yKa3aHHBIN
croco0 BKIIOYAET CIACAYIOLIHNE STallbl:

- IPOIMUTKY KaTaJM3aTOpa Ha OCHOBE OKCHAA aTIOMUHUS/LIEOJUTA BOJHBIM

pacTBOpoM ¢ conepkanueM Gpochopa u/mnm HuHKa,

- IO MEHbIIeH Mepe, YaCTUYHOE IMPeoOpa30BaHKe B IIMTHHEIN IPOMUTAHHOTO

[MHKOM  KaTaju3aropa Ha OCHOBE OKCHAA  AJIFOMHHUS/LEONNTA
MIOCPEICTBOM HarpeBa MPOIUTAHHOI'O KaTaju3aropa Ha OCHOBE OKCHIA

amroMuHust/tieonurta 10 300 - 650°C B Teuenue 0,25 - 7 4.

25. Cnocob mnonyudenuss OU(YHKIHOHAIBHOTO KaTaIU3aTOpa, COMEPIKAILEero
AFOMOOKCHIHOE CBSI3YIOLIEE BEIIECTBO, LEONHT, (pochop U LUHK, MPUUEM yKa3aHHBIN
croco0 BKJIIOYAET CIACAYIOLIHE STarlbl:

- HaHeceHHne coennHeHus Gochopa W/Hiu UHKA WU PACTBOPA COSIMHEHHSI
dochopa w/mmM UMHKA HA UEOJUT WM OKCHA AJFOMHHHUS/IIEOTHT
TIOCPEICTBOM CMEIIUBAHUS,

- (dhopmooOpa3oBaHie YKa3aHHOW CMECH TOCPEICTBOM 3KCTPY3UU HITH
IPaHyJIMPOBAHHS

- II0 MEHbIIEH MEpPE, YaCTUYHOC npeo6pa30BaHHe OHUHKa B IIINKWHEIIN B
NPOMUTAHHOM KAaTaJlU3aTOpe Ha OCHOBE OKCHAA AJIFOMHHUS/IIEONNTA
IIOCPEICTBOM HarpeBa MPOIMUTAHHOI'O KaTaju3aropa Ha OCHOBE OKCHAA

amroMunust/tieonnra 10 300 - 650°C B Teuenue 0,25 - 7 4.

26. Criocob mo 1. 24 uiu 25, oTIMYamuiics TeM, 4To coequHeHus: pocdopa
I/I/I/IJ'II/I IMUHKa HAHOCAT, IIO MEHBbIIEN MEpPE, B ABa OTACJIbHBIX JTalla IIYyTEM

NnepeMenInBaHus 15005 M85 MPOIUTKH.

27. Cnocob mo jrobomy u3 mm. 24 - 26, orauvammuiics Tem, 4to ¢ochop

HAHOCAT NIEPBbBIM.

28. Cmnocob mo mobomy u3 nm. 24 - 27, oTJHYAIMICA TeM, YTO LEOJUT

npexacrasisietT coboit ZSM, a npeanoururensHo H-ZSM-5.

29. Cnocob mo m. 24, oTJAMYAKIMIUNCS TeM, YTO BOAHBIM PAacTBOp IIMHKA
NpeAcTaBisieT cCOOOH pacTBOP HUTpPATA IIMHKA WM PACTBOP alleTaTa LUHKA W/UJIH TeM,

410 (pocdop HAHOCAT C UCNIOIB30BAHNEM AUTHApOodochaTa aAMMOHUS.



30. Cnocob mo mrobomy u3 mil. 24 - 29, 0TIHYAOUIHICS TeM, YTO B pe3yJIbTaTe
NPOMUTKU IIUHKOM, OOXKHTa W/Wid npeoOpa3oBaHWs B IIMUHENN OOInee ComepskaHue
IIUHKa cocTaBisier 3 - 25 mac.%, 8 - 15 mac.% wmm 9 - 13 mac.%, nanpumep, Oonee 7

mac.% tuHka, oonee 10 mac.% runka uau 12 uam 6donee mac.% LUHKA.

31.  Cnocob6 mo mobomy w3 mm. 24 - 30, OTJHYANOLIHICA TeM, YTO

KOHLIEHTpALHSI [IMHKA B (pasze CBsI3YIOIIero BeuecTsa 0obiie, ueM B ¢a3e LeonTa.

32. Cnocob no mobomy u3 mir. 24 - 31, oTANYAIHUIACH TeM, YTO KaTau3aTop
JOTMOJHUTEBHO WJIM TOJHOCTBIO MPeoOpasyloT B INMUHETH IOCPEICTBOM Harpepa
YaCTHYHO TNpeoOpa3oBaHHOW B mmuHENH (opMmel npu temmeparype 300 - 550°C B

atMocdepe, coaepskariei map.

33. BudyHKIMOHANBHBIA KaTAJH3aTOP MO JIOOOMY W3 MPEABIAYLINX MyHKTOB,
IPUMEHSIEMBIH B Mpoliecce KOHBEPCUU METAHOJIA, BKIIOYAIOIIEM:

- 3Tan KOHBEPCHUM, NPU KOTOPOM IMOTOK ChIPbsl, COAEpKALNUNA OKCUT€HATBHI,
TaKhe KaK METaHOJ W/WUJIM MPOCTOH AUMETHIIOBBIA 3(uUp, MPeodpasyoT B
NOTOK YTJI€BOJOPOZIOB, HACBILIEHHBIN apOMAaTUYECKUMH COECUHEHUSIMHU B
NPUCYTCTBUU YKAa3aHHOTO OM(YHKLINOHATIBHOTO KaTaJIH3aTopa.

- 3Tan cemnapauuy, IpU KOTOPOM MOTOK YIVIEBOAOPOIOB, HACBIIIEHHBIH
apOMaTHYECKUMH COCAUHEHUSIMH, Pa3lessiloT Ha, [0 MEHbIIEH Mepe,
NOTOK IPOAYKTOB, HACBILIEHHBIX aPOMATUYECKUMHU COEAUHEHUSIMH, TOTOK,

COIIep KAl BOAY, U MOTOK PELUPKYJIISLIUH.

34. Karammzarop u crmocod mo mobomy w3 mm. 1 - 33, mpu KOTOpPBIX
CEeJIEKTUBHOCTh KaTaJN3aTopa K apoOMaTUYeCKUM coeauHeHusiM coctassieT 30 - 80%,

yto onpenensiercs mpu 420°C, 20 6ap, 10 mon.% meraHnona u oo6beMHOM ckopoct 1,6.

35. Karammszarop u crmocod mo mobomy w3 mm. 1 - 34, mpu KOTOpPBIX
cenekTuBHOCTh Katanuszaropa k COx cocrasnser 0 - 10%, yrto ompepensercss npu

420°C, 20 6ap, 10 mo1.% meraHona u 00beMHON ckopoctH 1,0.

36. Cmoco0d KOHBEPCHH MOTOKA ChIPBS, COAEPIKAIIEr0 METAHOJ W/WJIA MPOCTOM
IVMETWIIOBBIH 3¢GUp, B TMOTOK YIJIEBOAOPOAOB, HACHINEHHBIH apOMAaTHYECKHUMHU
COEMHEHUsIMH, B TPHUCYTCTBUH, IO MEHBbIIEH Mepe, YaCTHYHO NpeoOpa3oBaHHOIO B

mnuHean  Ou(yHKIMOHAIBHOTO KaTalu3aropa, cojepskamero muHK ©u - (ocedop,



OTJII/I'lalOIIII/Ii/'lCﬂ TE€EM, YTO IOTOK YTJICBOAOPOOOB, HaCbILLIeHHbeI ApOMaTHYCCKUMU
COCAUHCHUAMU, pPa3Aac/IAr0T Ha, IO MEHbIIIeH MEpE, HaCbILHeHHbIﬁ ApOMaTHYCCKUMU
COCAUHCHHUAMHU IIOTOK INPOAYKTOB, MOTOK TCXHOJOTHMYCCKOIO KOHACHCATA W IIOTOK
OTXOOAIICTO rasa, W IpU 3TOM, IIO MEHbIIEH MEpPE, HYaCTb YKa3aHHOr'O IOTOKa

OTXOJISALIErO ra3a peLupKyIUPYIOT B PEAKTOP KOHBEPCHH.

37. Cnocob mo mn. 36, orimyamumuiica Tem, 4to H», 1o MeHbleir mepe,

HaCTHUYHO yAAJIAAOT U3 MMOTOKA PECHUPKYIIIUN OTXOOAIIECTO ra3a.

38. Cnocob mo m. 36 wiu 37, JOMOJHUTEIBHO BKJIIOYAOLINHA MePBOHAYATbHBIA
3Tam JIOKAJIBHOTO JIOMOJHUTEIBHOTO WJIM IMOJIHOTO MpeoOpa3oBaHUs B IIIMHHETH
YKa3aHHOTO, [0 MEHbIIEH Mepe, YaCTUYHO NpeoOpa3sOBaHHOrO B  LIMHHENH
OM(YHKIIMOHAJIBHOTO — KaTaJH3aTopa, MPEANOYTHTENBHO TIOCPEACTBOM 00paboTKH
napom npu Temriepatype 300 - 550°C B atmocdepe, comeprkaiein nap, Hanpumep, 1 -

100% mapa.

39. Criocob no mrodoMy U3 mpeabiayuux . 36 - 38, 0TJIMYAmuiics TeM, 4TO
On(yHKIIMOHANBHBIA KaTaJIU3aTop MpPEACTaBisieT coOOi KaTanu3aTop Mo Jo0OMy U3
nn. 1 - 23 umm 33 - 35 unu kartanuzaTop, MONIyYeHHBIH Croco0oM 1o rodoMy 3 mm. 24

- 32 unu 34 - 35.
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®durypa 1: Mpadukn KOHUEHTpauMuii UnHKa, gocopa U anlOMUHUA NO BCeMY 3KCTpyAaTy, U3MepeHHble C UCNOfMb3OBaHMEM
CKaHUpYIOILero 3MeKTPOHHOr0O MMKPOCKOMa € JUCMEePCUOHHbIM PeHTreHOBCKUM cheKTpanbHbiM aHanusoM. Oopasel
noAaroTaBnuBaloT NocpeacTBOM OAHOBPEMEHHON NPONUTKU BOAHbIM pacTBopoM Zn(NOs); n HisPO,.
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®urypa 2: Mpadmkn KoHUeHTpaLuuii uMHKa U pocpopa No BceMy IKCTPyAaATy, U3MepeHHble C UCMONb30BaHMEM CKaHUPYHOLLEero
3MEKTPOHHOTO MMKPOCKONAa C AMCNEPCMOHHBLIM PEHTFeHOBCKMM CreKTpanbHbIM aHanu3oM. Hocutenb nogroraBnusalot
nocpeacTtsoMm gobasneHns H3PO4 nepepn BbinonHeHeM 3KCTpy3um (BMecte ¢ ZSM-5, okcuaom anomMuHusa U ap.). Hocutenb
NPONUTbIBalOT BOAHbIM pacTBopoM Zn(NOs),.
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®urypa 3: Mac.% apomaTuuyeckux coeguHeHun AnsA obpaboTaHHbIX Mapom Katanusatopos (500 °C, 48uy). Bce kaTanusatopbl
nponutbiBaloT 10 Mac.% UMUHKOM.
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