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KATAJIM3ATOP U CITIOCOBBI NOJYYEHUA TU3EJIBHOI'O TOIIVINBA U3
MPUPOTHOI'O T'A3A, JKHJAKOCTEHN U3 IPUPOIHOI'O T'A3A WIH IPYTOI'O
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I'A300BPA3HOI'O HCXOJAHOT O CbhIPbs
ITEPEKPECTHAXA CCBIJIKA HA POJACTBEHHBIE 3AABKU
He npumenumo.

3ABJIEHUE HA CIIOHCHUPOBAHUE ITPABUTEJIbLCTBOM
UCCJIEIOBAHHNI NI PASPABOTOK

He npumenumo.

BKJIIOYEHHE B OITMCAHUME MU30bPETEHUA MATEPHUAJIOB ITYTEM
CCBUIKY, ITPEJICTABJIEHHON HA KOMITAKT-JIUCKE

He npumenumo.
YPOBEHb TEXHUKHU
HU30BPETATEJIU
Robert Schuetzle, Dennis Schuetzle

1. ObnacTh TEXHUKH

B nenom, HacTosiee n300peTeHHe OTHOCUTCS K YHUKAJIBHOMY CIoco0y U
KaTAJIMTUYECKON CUCTEME ISl TIOJIyUYE€HHs IU3EIbHOIO TOIJIMBA IPEMUYM Kilacca
U3 CHUHTE3-ra3a, MOJy4eHHOrO W3 MPUPOJHOIO rasa, KUAKOCTEH U3 MPUPOIHOIO
rasa, JAMOKCHJA YIJIepoia W M3 JPYTUX MONOOHBIX BHIOB CXOOHOTO ChIPBS.
Hacrosiimee u3o0pereHne OTHOCHTCS K KATAJIUTHYECKHUM CIOCOOaM, KOTOpBIE
NO3BOJISIIOT U30€KaTh UCTIOJIb30BAHUSI JOPOTOCTOSLINX M CJIOKHBIX CTaJUH, TAKHUX
KaK KpPeKWHTI mnapaduHOB, THIPOU3OMEPH3ALMIO W/WIM Jpyrue CTaauu
Moaudukamu U nepepaboTKH, TPATULMOHHO HCIIONB3YEMbIX IS mepepaboTKu
raza B JKUIOKOCTH (cuHTeTmueckoe skumakoe ToruBo, CXKT), d4ro mo3BojsieT
SKOHOMMYHO MPOU3BOIUTH U3EJIbHOE TOIUIMBO WJIM MPUCAAKU JAJS ITU3EIBbHOIO
TOIJIMBA HA JIOKAJIBbHOW MPOW3BOJICTBEHHOH YCTAHOBKE, KOTOpas OOBIYHO
npon3BoguT MeHee 10 000 Gappeneli B neHb, XOTS U HAMHOTO OOJIBIINE 3aBOABI

MOT'YT UCIIOJIB30BATh YKAa3aHHbIC CITOCOOBI.
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2. YpoBeHb TEXHUKHU.

I'mo0anbHBIM CHIPOC HA SHEPTHI0 MPONOJDKAET PACTH 3HAUYUTEIBbHBIMU
TEMIIaMH, OCOOEHHO Cpeau MPOMBIIUIEHHO Pa3BUTHIX cTpaH. [IpuponmHblid ras,
JKUAKOCTU U3 NpUPOAHOTo rasa, orxoasl CO2, CBsI3aHHBINA TPYAHOAOCTYIIHBIN UITN
CKUraeMplii Ha (akene ra3 M HUX KOMOMHAIMKM  CTAHOBATCA  Oosee
NPUBJIEKATEIbHBIMU B Ka4€CTBE MCTOYHHUKOB HHEPTUH, B CBSI3U C YBEIUYEHHEM

00BbEMOB MOJIY4YCHUs 3THUX ra30B BO BCEM MUPE.

Kak n3BecTHO, B JaHHOMW 00JIACTH TEXHUKHU MPUPOAHBIN ra3 1 APYrUe BHIbI
CBIPBSI, ONIMCAHHBIE BBIIIE, MOTYT OBITH IPEBPALICHbI B CHHTE3-Ta3 (WIN B BOIOPOA
U OKCHUJA VIJepoAa) C MOMOLIBIO PA3JIUYHbIX H3BECTHBIX TEPMOXUMHYECKUX
METOJIOB NPEBPAIIEHHs, BKIFOYAIOIINX YACTHYHOE OKHCJIEHUE, aBTOTEPMUYECKUIT
pudopmuHr, pUGOPMUHI MeTaHa TapoOM, CYXOH pUPOPMUHT H Jpyrue
NPaKTHYECKHE CIIOCOObI, N3BECTHBIE B JAHHOW 00JIaCTH TEXHUKU. Tak ke XOpoIo
M3BECTHbl ~TEXHOJOTHMHM TOJY4YeHHs CHHTe3-raza (CuHrasa) W3 JApYrux
YIIIEPOAOCOAEPIKAIIUX PECYPCOB U TaK € B CTAAUU Pa3pabOTKH MMEPCIIeKTHBHbBIE

CIOCOOBL.

Katanutnueckoe ruipupoBaHue OKCHZA YIJIEPOJa C MOJyUYeHUEM JIETKHX
ra3oB, KUIKOCTEeH U mapauHOB, OT METaHa 0 TsKeNbIX yriaeBogoponos (Cioo u
BBILIE), B JOMOJHEHHE K OKUCJCHHBIM YIJIEBOIOPOJAAM, OOBIYHO HA3BIBAIOT
cunaTe3oM @umepa-Tpomma (nm @-T). B tpanunmonssix nporeccax ©-T npexne
BCETO MOJIYYar0T BEICOKOMOJIEKYJSIpHBIN (it Macc. %) napadus (Cas viu BbILIe)
C TIOMOIIBIO TIpoLecca KaTaJiuTHueckon koHesepcuu. Ot @-T mapadunsl 3atem
NOABEPTralOT THAPOKPEKUHTY W/HIN JalbHeHIneil mepepaboTke ¢ MOJy4YeHUEM
OU3eJbHOTO TOIUIMBA, JIMTPOMHA W Jpyrux ¢pakuuii. B xome mponecca
TUIPOKPEKUHIa TaK K€ TMOJy4aloT JIerKue YIJeBOJOPOAbL, KOTOPble MOTYT
notpe0oBaTh AOMOJNHHUTENBHON NOpabOTKH € TOJYYeHHEM  MOAXOISIINX
nponykToB. HekoTopble 13 3THX CrocOO0B U3BECTHBI U OTIMCAHBI B TAHHON 00pacTH

TEXHUKHU.

Jnsa nmpumepa, B matentre CIIIA 6262131 Bl (Syntroleum), ot 17 urons
2001, onmcana crpykrypupoBaHHass ®-T karanmutudeckas cucremMa M Crocod,

KOTOpass COAEPKUT IO MEHbIIEH Mepe OJHy CTPYKTypy, HMEKIIYIO



[0011]

[0012]

[0013]

[0014]

[0015]

KaTAJIMTUYECKYK) MOBEPXHOCTb, MPU 3TOM TaKas KaTaJIUTUYECKas MOBEPXHOCTHb
UMEEeT JIMHEHHbIN pa3mep, npeBblmaromuid 20 MM, KO3(QQHUIHEHT MOPUCTOCTH
npesbimaetr 0,6 u uzodapy, nmo npuunee He Talnoposckoro noroka, korga CO u
H> npoxonsr uepe3 ykazaHHYKO CTPYKTypy. B ykazanHoM nateHrte onucadbl @-T

KaTajin3aTopbl, B TOM YHUCJIC XKEJIC30 U KOOAJIbT.

B marente CIIIA 7404936 (Velocys, Inc.) or 29 urons 2008, onmcana
CHUCTEMa MHUKPOKAHAJBHOTO  pEaKTOpa U  HUCIONb3yeMble B  CHCTEMeE
MHUKPOKAHAJIBHOTO  PEaKTOpa  KaTaju3aropbl C OOpa3oBaHMEM  TSKEJBIX

YTJII€BOAOPOAOB U3 MOTOKA CUHIa3a.

B marenre CIA 4499,209 (Shell Oil Company) ot 12 ¢espans 1985,
ornucas katanuzarop @umepa-Tpomniia, mOMy4EHHBIH MyTeM MPONUTKH MOIOKKH
C JHUOKCUIOM KPEMHHS PpacTBOPOM LIUPKOHUS M THUTAaHa C IOCJIEAYIOLINM

MPOKAIUBAHUEM U JPYTUMU NOATOTOBUTCIIBHBIMU STAIlaMU.

B marente CHIA 5620670 (Rentech, inc.) ot 15 ampenst 1997 omnmcan
KaTaJIUTUYECKUIN MPOLECC MPEeBpalleHtss BOAOPOAA U OKCUAA YIJIepOoia B pEaKTope
cunTe3a Pumepa-Tponma ¢ MOMOIIBI MOAU(PHLHMPOBAHHONW KaTAJIUTHYECKOH

CyCIICH3MHM OKCHOA »KEJIC3a.

B yka3aHHBIX MAaTEHTaX OMMCAHBbI KATaJH3aTOPbI, KOTOPbIE OOpPa3yrOT
BBICOKO YTJIEBOJOPOJHBIE MPOAYKTHI peakuuu (Hampumep, mapaduH), KOTOpbIE
TpeOyroT nanbHelmeld oopaboTky, BKIFOUast rTuAPooOpabOTKY U APYrHe CIOCOOBI
MoaupHUKaMU, 9TOObI TONYYUTb IU3EJbHOE TOIJIMBO HJIM KOMITIOHEHTBI ISt

cmemuBanus qusens (Cs-C24).

I'InpOKpEeKUHT U Ipyrue crnocoObl MOIU(PUKALUN 3HAYUTEIBHO JOOABIISIOT
pacxombl M CIOKHOCTH B KOHCTPYKIMIO YCTAaHOBKH. Takue criocoObl MOTYT OBITh
ompaBlaHbl JJisi OONBIINX, MAacIITAOHBIX YCTAHOBOK, TAKMX KaK TPAJHLIMOHHBIE
YCTaHOBKM JJIs TOJyUYEHHUS CHUHTETUYECKOro >XUAKOro ToriuBa. OngHaKo uis
HEeOONBIINX, PACTPENEICHHBIX CHCTEM, KOTOpble TPeOYIOT MEHBIIUX OOBEMOB
cuaretndeckoro xkuakoro Tommusa (CXKT, GTL), u npyrux ycTaHOBOK, KOTOPBIE
npon3BoIAT npuMepHo MeHee 10 000 OGappeneli B 1IeHb, MPOEKTHI YCTAHOBOK,

KOTOpbIe 00BeIUHSIOT TpaguoHHble @-T mporecchl, Takue Kak THAPOKPEKUHT U
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ApyTHUe AOPOrOCTOSIIHE COCOOBl MOIU(PUKAIIMH, MOTYT OBITh SJKOHOMUYECKU HE
BbIroAHbl. Ha cerognsmnuii nenp, katanusatopbl @®-T Tunma M yCTaHOBKH,
UCTIONIb3YIOIINE KATAJIUTHUECKHE CIOCOOBI, HE MOTYT OBbITh MPHUMEHEHBI IS

NOAACPIKKHU 3TUX MAJICHBKUX PACIIPEACICHHBIX CUCTEM.

Taxkum oOpa3oMm, CymecTBYeT pacTyliast MOTPeOHOCTh B KATAJIUTHYECKUX
npoueccax, KOTOpPble MOTYT HampsiMylO NpeoOpa3oBbIBATh CHHIa3 B TU3EIbHOE
TOIINIMBO C BBICOKHUM BbIXOAOM IIPpU OTHOCHUTECJIBHO HU3KOM CTOMMOCTH H npu
MSTKHX pabounx ycnoBusx. Takxe CyLIecTBYeT MOTPEOHOCTh B KaTAJUTUYECKUX
nporeccax, KOTopble He TPeOYIOT TPaAULIMOHHO MPeodIafaroIuX KJIACCHUYECKOro
TUAPOKPEKMHIa W MOAUDUIUPYIOIUX CTaaui, TakuM o00pa3soM IO3BOJISI
SKOHOMHUYHO mnpousBoauth pacnpeneneHHsiii COKT. Hacrosimee wnzobperenue
OTBEYAeT 3TUM TpeOOBaHHEM U OOECIIEUMBAET CYILIECTBEHHOE YJIy4lLIEHHE IO

CPaBHEHUIO C YPOBHEM TEXHUKH.

KPATKOE OIITMCAHUME U30BPETEHMA

B  BapuaHTax peamu3alMM  HACTOSILIEr0  W300pEeTeHus  OMHCaH
KaTAJIUTHYECKUI TPOLIECC, MCTIONB3YIOIUN KaTaIu3aTop Uil HEMOCPEICTBEHHOTO
MOJIyYEHHUST IM3EJIbHOTO TOIUIMBA W3 CHHIa3a C BBICOKUM BBIXOIOM, IJ€ IPH
KaTAJIMTHYECKOM TPOLIECCEe MPEKAE BCEro MPOU3BOAMTCS TU3EIBHOE TOILIMBO C
HeOONBIIUM KOJIMYECTBOM Jierkoro mapaduua. Jlerkuit mnapadun crepsa
NIEPETOHSIFOT, YTOOBI BBIAETUTh BCE (PaKIMK MPOAYKTA TU3ETHHOrO TOILIHBA, U
OCTaBIIUICS OT MpoLecca TUCTUUISLIMU JIETKHi napadguH BO3BpaIarT oOpaTHO B
CTaIUI0 TIOJNYYEHHUsS] CHHIa3a, TaKUM O0pa3oM, IOMOJHHUTEIHHO TMOJYYeHHBIN
CHHTra3 WCHOJNb3YeTCs U IOCHENYIOIEro TMOJYYEHHUS JIOMOJHHUTEIBHOTO

JU3CJIBHOT'O TOIIJIMBA.

B tpaguimonnsix nporeccax @-T no rugpoodbpaboTku i Mmoaudukanuu
NOJY4alOT B OCHOBHOM MapadUH U MaJEHbKOE KOJWYECTBO WJIM BOBCE HE
NOJIy4aroT JU3eJbHOE TOIUIMBO, U 3aTeM Tpebyercss OONbIIOe KOJIUYECTBO
orepauuii, 4ToOBl MONYYUTH TOIUIMBA, TOAXOISIINNE JJIsl MPONAKU HAa PBIHKE.
Takum oOpasom, mpousBoast (PpakUUIO TMPOAYKTA B OCHOBHOM C (pakiueit
IM3ENIbHOTO TOTUTUBA M C OCTATKOM HETA30BbIX NMPOAYKTOB, BKIIFOUYAOIINX JIETKUH

napadus, 6€3 UCIOIB30BAHUS ITABHBIX TPAJAULHOHHBIX CIIOCOOOB THIPOOYUCTKH
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WIH  JPYyruX  MOAMUUUPYIOIIUX  CTaguid, TpeOyIoLHMX  CYLIECTBEHHO

OTIINYArOLICTOC KaTajin3aTtopa U CHOCO6OB, YUEM TE, YTO UCTIOJb30BAJIMCh PAHEC.

CranpapTHble UcxoaHble MpOoAYyKThl cuHTe3a @-T B OCHOBHOM cozepiKaT
napapuHbl ¥ THAPOOUYHUINEHBI AJI1 YMEHBIIEHUs TEMIIEpaTypbl KuneHust. B pamkax
YKa3aHHOIO TMPOLECCa T'MAPOOYUCTKH YAAIAIOTCS OKHUCJIEHHBbIE COEIUHEHMS,
MOJIyYEHHBIE B pe3yJbTaTe IMpoLecca, C TMOMOLIBI0 MPEBpaleHUuss HX B
coorBercTBytomne mnapadunbl. IlonHOE yhaneHWe OKHCIEHHBIX COEAMHEHUI
HEXXENAaTeJIbHO, BKJIIOYasi BBICOKOMOJIEKYJIAPHBIE JIMHEHHBbIE CIMUPTHI, TaK Kak

CIMUPTHI 00ECTIEYNBAIOT XOPOIINE CMA3bIBAIOIINE CBOWCTBA.

Hcnonp3yss BCrOMOraTeNnpHbIM KaTajau3aToOp M OIHCAHHBIM CHOCO0, B
KaTaJIUTUYECKOM IIPOLECCe MOKHO TOJNYYUTh paclpenesNeHnue MpOAYKTOB,
BKJIFOYAIOLIEr0 MPUMEPHO 2/3 SKHOKOro MpPOAYKTa B JWANa30HE AU3EIBHOTO
TOIUIMBA, COAEPKAIIEro OCHOBHOE KOJIMYECTBO YIJIEBOAOPOAOB B nuana3zone C8-
C24. Ocratok npoAyKTOB HEra3oBOW (a3l COCTOMT W3 JIETKUX MapaduHOB,
KOTOpBIE JIETKO MOTYT OBITh IepepadoTaHbl B YIJIEBOJOPOAHYIO (ppakmmro
ANU3ENBbHOTO TOIUIMBA WJIM BO3BPAIlEHbl OOpPAaTHO B TI'€HEPATOp CHHrasa Juis

MOJIYYCHHS JOTMOJHUTECIIBHOT'O CHUHIa3a.

IMocnenyromast obpaboTka wiuM mepepadoTKa OCTATOYHOM (pakumu
napaduHa TO3BOJISIET, UCMOJB3Ys MPEIJIOKEHHbIH crocod, npousBoauth 100%
au3enbHOro TtomuBa. Jlerkud mapaduH TOCTHEe JUCTHIUIALUY, TTOJYyYEHHBIH
NOCPEACTBOM  JaHHOTO  Crmoco0a, YHUKAJIeH TeM, 4YTO  YIJIEBOAOPOJBI,
cozepKalrecs B YKa3aHHOM mapadune, cocTaBisioT He Oonee 0,5 macc. %
KaXJIOTO Yucya aToMOB yriiepoaa oosee C35 (Hampumep, KaXKI0ro YUCIa aTOMOB

yrnepona C35, C36 u t.1., cocrasisieT He O6onee uem 0,5 % macce).

B BapuanTax peanM3alUU HACTOSINETO H300pEeTeHHs] MPenJIOKEHbI
MOAXOASINNEe KOMOWHAIMK TEPEeMEeHHbIX, YTOObI BbIpadOTaTh CHIOCOO U
KaTajn3aTop, KOTOpble MPUBEAYT K BBICOKOMY BBIXOIY IU3EIbHOW (pakuuu

HaNPsSIMYIO U3 CUHIa3a.

PazHooOpasue KaTaluTHUECKUX MapaMeTpOB KaTalu3aTopa IENalT ero
VHUKQJIbHBIM ® momxomsmmM st 3¢dextuBnoli  pabotel. CTpyKTypHBIE
nmapaMeTpbl BKIIFOYAIOT MaTe€pHall MOMJIOKKH, KOTopast MoxeT comepkarh Al203,
Si0O2, akTUBUPOBAHHBIA YrOJib, YIJIEPOIHbIE HAHOTPYOKH, IEOJUTHI HITH IPYTHE

nmapaMeTpbl MaTepUajiOB HOCHUTEJNS, Takue Kak pasmep, (Gopma, muamerp rop,
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yIeJbHas TOBEPXHOCTD, IIPOYHOCTD Ha CxkaTue, 3((GEKTUBHBIA paguyc TPaHys U

Apyrue, OnmuCaHHbIC B HaCTOﬂLHeﬁ 3as1BKE MapaMeETPhL.

VYHHUKaJIPHOE COYETAHUE YKA3AHHBIX [MapaMETPOB MPUBOAUT K MOJYYEHUIO
5 EeKTUBHOrO KaTajiu3aTopa, KOTOPbIM TO3BOJSIET IMOJYYHTb YHHUKAJIbHBINA
nponykT. Taxxke O4eHb BayKHbI MPOLENYPa BOCCTAHOBJICHUS] KAaTalnu3aTopa U BUI
peakTopa, UCTIONIb3YEMOr0 B CIIOCO0E, TOCKOJIbKY OHU ONPEAEIISIOT CENEKTUBHOCTD

10 OTHOILIEHUIO K IPOAYKTY.

C momo1Ipi0 TecTUpOBaHUs OBLJIO MOKAa3aHO, YTO M3MEHEHUE YKa3aHHBIX
BBILIIE NTAPAMETPOB MOXKET UMETh OrpOMHBIN 3 ekt Ha pacnpeneneHre MPoayKTa
B HEKOTOPbIX BapuaHTax peanu3anuu. Hampumep, HalAs ONTUMAIbHYIO
MOJJIOXKKY, 3arpy3Ky MeTajulaMy, pa3Mep KPUCTAIUIOB, TUAMETP TOpP, YAEIbHYIO
MOBEPXHOCTh, YCTOHYMBOCTL Ha Cxkatue Hu 3(PPEeKTHUBHBIH paauyc TrpaHyl
KaTaJn3aTopa Ha MOAJIOKKE, MOYKHO U3MEHUTD pacrpeesieHne MPOayKTa U MOXKHO
MOJYYUTh PA3HUIy MEXIYy SKOHOMHYECKH pPAaCIpeNeieHHOW YCTaHOBKOW W
yCTaHOBKOW, TpeOyromed poporux crnocoboB wmomudukanuu. Kpome Toro,
UCTIONIb3yeMble B CIOCOOE MPOLEAypbl BOCCTAHOBJIEHHSI W THUIT PEAKTOpa,

HEOOXOIMMBI J1JIs TOJTy4eHHs TPeOyeMOro BbIXO/Ia.

B onmHOM M3 acmeKTOB HACTOSIMIETO M300peTEeHHUs, CIOCO0 BKIIOYAET
BSaHMOHeﬁCTBHe ChIPLEBOI'O rasa (HaanMep, CHHIra3a, O4YHMINCHHOro CuHrasa u
ApyrHe) C KaTajJu3aTopoM Ha MOIUIOKKE € OOpa3soBaHHMEM IOTOKA MPOIYKTa,
COZIEPIKAIIETO AU3ENbHOE TOIUIMBO, Ta3bl U JIETKUI mapaduH, re mocjie OTTOHKH
bpakuuu erkoro napaduHa, pacrpeneieHre MPOayKTa KOMIIOHEHTOB HE ra30BOii
(asbl cocTaBisieT MpUMepHO Oosiee 2/3 AU3ENBHOrO TOIJIMBA M MPUMEPHO MEHEe

1/3 mapaduna.

B onmHOM W3 BapuUAHTOB peaM3alMy HACTOSIIETO HM300pEeTEeHUs JIeTKUN
napa@uH TMEPEeroHsIOT KaK 4YacTh WHTETPUPOBAHHOTO MPOILECCa, C IMMOMOIIBIO
KOTOpOro (ppakuuro JIerkoro nmapaguHa BBOAST B PEKTH(PUKALMOHHYIO KOJIOHHY,
rae peKTH(PUKALMOHHYK) KOJOHHY WCIONB3YIOT JUISl TOJYYEeHUS TOJIe3HOU
dbpakuuu AU3eNBHOrO TOMUIMBA NpuUMepHO B auamna3oHe C8-C24, koropyro
CMEIIUBAIOT ¢ (pakiuedl NU3eIbHOTO TOIUIMBA, TMOJYYEHHOTO HAIpPSIMYKO C

NMOMOMLIbIO KAaTaJIU3aTOopa.

B npyrom BapmaHTe peanu3aly HACTOALIETO H300pPETEHHs, BEPXHUH

MOTOK, HIKHHUH TIOTOK U 1O MEHBIIeH Mepee OnrH OOKOBOW MOTOK BBIBOAST 3
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peKTU(UKALMOHHONH KOJIOHHBI. J{M3eJIbHOEe TOIUIMBO, IMOJYYEHHOE B IMPOIECCe
OUYHUCTKH, MIPEACTABIISIET COOOH UIeaNbHBIN CHHTETHYECKHUIA JAH3ENb, OTBEYAFOIIHN
tpeboBanusiM ASTM, BKITIOYasi TEMIIEPATYPy BCIBIIIKH, TEMIIEPATYPY NMEPETOHKU

D90.

B napyrom BapmaHTe peanu3aldu  HACTOALIETO H300pETeHUs B
PEKTHU(QUKALMOHHYIO KOJIOHHY TMOJAAIOT KakK JIeTKUH mnapaduH, Tak U JKUIKYIO
¢$pakumoo, TOJIYYEHHYIO OT KaTajiu3aTropa, pPEeKTH(PHUKALMOHHYI) KOJIOHHY
UCTIONB3YIOT Ui TIOJYYEHHUS TPeX ITOTOKOB, BKIOYAOMUX (Ppakuuio HadThI
(mpumepHo C4-C7), ¢paxkumo nuzenpHoro tomusa (mpumepHo C8-C24) wu

¢dpakumro napaduna (mpumepHo C25+).

B npyrom BapuaHTe peaju3aldyd HACTOSILIEro u300peTeHHs: (HpakKiHio
HaTel BO3BpaIafOT OOpaTHO B OJIOK TMONY4YEeHMs CHHrasa ¢ oOpa3oBaHUEM
JOTIOJTHUTEJIBHOTO CHHIA3a, KOTOPBIA 3aTeM KCHONB3YIOT MU [OJyYeHHUS

OOJIBIIEr0 KOJUYECTBA AU3EILHOTO TOILJIMBA, KaK OIMMCAHO B 3a4BKEC.

B npyrom BapuaHTe peann3alii HACTOSIIEro M300pETeHHs OCTaBLIYIOCS
¢pakumo mnapaduHa BO3BpaLIaAlOT OOpaTHO B OJIOK TOJNYyYEHHUs CHHrasa cC
MOJIyYEHHEM JIOTIOJHUTEIBHOTO CHHra3a, KOTOPBIM 3aTeM MCIONB3YIOT st
NoJlydeHHs: OONBIIErO KOJMYECTBA JM3EJIbHOTO TOIUIMBA, KAaK OINKMCAHO B

HACTOSLLEHN 3asIBKE.

B npyrom BapuaHTe peanu3aluM HACTOSLIEro u3oOpeTeHus mnapaduH
BO3BPALIAOT 00paTHO B OJIOK MOJY4EeHHUS] CHHIa3a, r1e OJOK MOJy4YeHHUs] CHHIa3a
NPEJICTABIISIET COOOM HEKATATUTHYECKYIO CHCTeMY YacTHUHOTo okucienus (CHO),
U mapaduH MOABEPrarOT MPEBPALICHUIO BMECTE C OCHOBHBIM CBIPbEM, KOTOpPOE
MOYKET MPENCTABIISATh COOOW MPUPOIHBIN a3, JKUAKOCTH U3 MPUPOAHOIO ra3a UK

UX KOMOMHALUH.

B npyrom BapuaHTe peanM3alMM HACTOSIIErO H300peTeHus: (ppakuuro
HaThI 13 OJIOKA TIEPErOHKH TAK)KE BO3BPALLAIOT U MPEBPALIAIOT B CHHIAa3 BMECTE C

napaHOM U OCHOBHBIM CBHIPBEM.

CormacHO  BapuaHTaM  peaiM3allid  HACTOSIIIEro  M300peTeHHs
METAJUTMYEeCKUN KaTaJIu3aToOp MOJXKET IPENCTaBIATh COOOH KOOaNbT, Keneso,

HUKEJIb NN KOM6I/IHaLII/II/I YKa3aHHbIX MCTAJJIOB, HAHCCECHHBIX B KOJIMYECCTBC Oouee



[0035]

[0036]

[0037]

[0038]

[0039]

yeM 5 macc.% Ha ramMma OKCHJI QJIFOMHHUS, NHOKCHA KPEMHHS WJIH APYyrou
MaTepuall MOJIOKKU BMECTE C OJHUM WUJIU Oojiee MPOMOTOPAMH B KOJIMUECTBE OT
npumepHo 0,01 macc. % no mpumepHo 10 macc. % B mepecdere Ha OOIIYIO Maccy

KaTajlin3aTopa Ha IMOAJIOXKKE.

IIpomMoTOpBI MOTYT BKJIFOYaTh OOHO WJIH OoJiee CIIEAYIOLIEro. LEpHi,
PYTEHUH, JIaHTaH, IJATUHY, PEHUH, 30J0TO, HUKEIb WM poaud. B ogHOM u3
BAPHAHTOB peaM3al[ii HACTOSINEro M300peTeHHs] KaTaJIu3aTop UMEEeT CPEeIHUMN
nuamerp nop Oonee 8 HM. KaranuzaTop MOXKeT MpencTaBisiTh COOOM JIeTTeCTKOBBIMA
3KCTpyHaT, cepy, rpanysly Wi UMETh OPYryio ¢Gopmy, KoTopas oOecriednBaeT
s¢dexTuBHYIO paboTy B ciioe KaTaju3aTopa. B uneane, (JenecTkoBas) moayioKKa
COCTOHT U3 TpeX, JUOO YeThIpeX WU ISITH JIETIECTKOB, B KOTOPOH n1Ba mwiu Oonee
JIEIECTKOB OyayT AJMMHHEe, a OCTAaJbHbIE J1Ba KOpOUe, MPUYEM KakK JIMHHBIE

JETIECTKH, TaK KOPOTKUE JICTICCTKU CUMMETPHUYHDI.

Paccrosinue OT cepennHbl NOAJIOKKU UK OT CEPEIUHBI KAKIOTO JIEIECTKA
Ha3bIBAOT «3((EKTUBHBIM PATUYCOM TIPAHYJ», KOTOPBIA SIBISIETCS BaXKHBIM

rnapaMeTpoM HJist JOCTHIKECHHUA JKeJlaeMOM CEeJIEKTUBHOCTHU K AU3CJIbHOMY TOILJIIMBY.

Cnoco0bl mOJyueHHs KaTalu3aTopa BKJIIOYAOT NPOMUTKY M JpPYyTHE
CrocoObl  TOJydYeHusi, OOBIYHO  HCIOJNb3yeMble B JAHHOW  00JacTH

MPOMBIINIJIEHHOCTH U OITMCAHHBIC YPOBHEC TCXHUKH.

TpaauUMOHHBIE TIOJIOKKM —KaTaiu3aTopa ¢ OOJBINOW  IUIOIIAABIO
MOBEPXHOCTU HMMEIOT cpenHui nuamerp nop menee 100 anrcrpem. Ilomnoxkwy,
BBITIOJTHEHHBIE CO CpeTHUM 00beMoM 1op Oosiee 40 cM?/T (ky0. CM/T) Wi CpeTHUM
araMeTpoM nop Oonee 80 aHrcTpem, OyIyT IMETh IIOIIA b TOBEPXHOCTH HAMHOTO
menblie 150 M?/r u mpoyHocTh Ha cxarue 900 r/mm (2 pynra/mm). JlocTrkeHne
BBILIEYNIOMSIHYTOH KOMOMHALIMM TEPEMEHHBIX YHUKAJIBbHO B JIaHHOW OOJACTH
TeXHUKU (T.€. YHHKaJbHas KOMOWHauusi OOJBINON TIJIOMAAN TMOBEPXHOCTH,
OonpLIOoro oObeMa Mop U AUAMETpa MOpP U JTOCTATOYHOH MPOYHOCTH HA CIKATHE).
JList noCTHKEHUST IPOYHOCTH Ha ckatue 6osee 900 r/mm (2 ¢pyHTa/MM), HOCUTEND
JOJKEH ObITh MPOKAJIEH MPU OYeHb BBICOKHUX Temreparypax (> 980 °C (1800 °F))

3a CYeT 3HAYUTEJIbHOU MOTEPU TIOIIaAN MOBEPXHOCTHU.

Hcnonb3yemasl MOAJIOKKA KAaTalIW3aTOpa HUMEET CPEeJHHH AHaMeTp II0p
npumepHo Oosee 80 aHrcTpem, cpenHuii 3¢ ekTuBHBINA paauyc rpaHya 600 MKkM

(600 MukpoH), mpo4YHOCTh Ha Cxatue Oojee 1350 r/mm (3 GpyHTa/MM) U YIOSTBHYIO



[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

noBepxHoCTh Oonee 150 mM?r um 3Hauenwe naucnepcun 4%. IDTO codeTaHUe

NEPEMCHHDBIX YHHUKAJIBHO.

JUIi MakCHMaJbHOTO BBIXOAA AM3EIBbHOIO TOIUIMBA ObUTH OOHAPYKEHBI
TUIBI MOJUIOKKH, KOTOPBIE BKJIIOYAIOT OKCHJ AJIOMHHMSA, KOMOWHAIIMHM OKCHIA
ANOMUHUS/KPEMHUS, AKTUBHUPOBAHHBIN  yrojib, YIJIEPOAHBIE HAHOTPYOKH,

YTJIEPOAHBIC HAHOBOJIOKHA u/unu IMMOJJIOKKH Ha OCHOBEC LICOJIMTA.

bbu10 00HApYXKEHO, YTO KaTaIU3aTop Ha IMOAJIOKKE COrJIACHO HACTOALIEMY
u3o0pereHn0 oudeHb OS(QexkTHBEH U HWMeeT BBICOKYK) CEJIeKTHBHOCTh K
TOTUIMBHOMY TPOAYKTY IOU3EJIbHOTO THMA MPHU HCIOJIb30BAHHUH B PEAKTOpPE C
HETIOABHKHBIM CJIOEM C HUCIIOJIb30BaHUEM YHUKAJIBHOTO CIIOCO0a BOCCTAHOBJICHUS

in-situ.

ITonyuenHoe B cmocobe B COOTBETCTBHM C HACTOAIIUM H300peTeHHEM
AU3EJIbHOE TOIIMBO MIEATbHO MOAXOANT Ui CMELIMBAHUS C HEPTSHBIM JU3EJIEM
IJIsT YBEJNMYEHMS COJEpPIKaHUS LeTaHAa W YMEHbLICHUS KOJIMYECTBAa Cepbl B
TOIUTUBHON cMecH. CMa3pIBaOIasi CIOCOOHOCTh JU3ETbHOIO TOIUINBA COCTABIISAET

B nuana3one ot 200 MM (MUKPOH) 110 475 MkM (MukpoH) mo ASTM D6079.

JIOTIOJTHUTENBbHBIN ACMEeKT HACTOSIINEro HM300peTeHHs 3aKJIF0YaeTcsl B
CMELIMBAHUU IyTEM JOJIMBA AU3EJBbHOTO TOIUIMBA C HEOOJBIIUM KOJIUYECTBOM
MPUCAAKH, YAYUILIAKOLEeH TEKYYeCTb IPU HU3KHUX TeMIlepaTypax, KOTopas MOXKET
BCTPEYAThCsl B PYKOBOACTBE IO 3KCIUTyaTallMM YUCTOrO TOIJMBA B XOJOJHOM

KJIMMaTe.

KPATKOE OIIMCAHUE YEPTEXEN

Hacrosimee wu3oOperenne Oyner Oojiee MOHSTHBIM CO CCBUIKOW Ha

crenyromuye GUrypol, KOTOpbIe MPpeaHa3HAUEHBI TOJIBKO IS LEeJIeH UILTFO CTPALHH.

Ha ¢urype 1 moka3zaHa TexHojormdeckas cxema OT 3ynemeHta A 10 E,
Kbl U3 KOTOPBIX MPEACTABJISET Pa3jIMUHbIC 3TAmbl Coco0a, OT MOJNyYeHUs

cHHrasa 10 00pabOTKH AU3ENbHOTO TOTLIHBA.



[0046]

[0047]

[0048]

[0049]

[0050]

Ha ¢urype 2 nokasan 3¢pekTUBHBIN paanyC TpaHyJ U3 JIEIECTKOBOH U
cepuyuecKkoil TOUIOKKH, a TaKXKe TOKAa3aHbI JIETIECTKH Pa3HBIX Pa3MEpoOB Ha

JICICCTKOBOM KaTajin3aTopeE.

ITOAPOBHOE OITMCAHUE U30BPETEHMA

B BapmaHTax peanM3alMM HACTOSILIErO HM300peTeHMs MPEIIOKEH
KaTAIUTHYECKUN CTIOCO0, TIO3BOJISIIOLIHI IMOyYUTh JU3EIbHBIE TOIINBA (KOTOPBIE
B OCHOBHOM coznepskar Cs-C24 yriaeBomoponbl) C BBICOKOH CEIeKTUBHOCTBIO MPU
MuHUME3anuu nojaydeHust @-T mapaduHoB (KoTOpbIe B OCHOBHOM conepskat Cas+
yIJIEBOIOPOABI) C HCIOJIb30BAHMEM YHMKAJbHOIO KaTaju3aTtopa M cmocoba. B
JAHHOM CJIy4yae «CEJIeKTUBHOCTb» OTHOCUTCS K YHCJIy MOJIeH YKa3aHHOTO

TOIUTMBHOT'O MPOAYKTA, 00pa30BaHHOTo Ha Mok npespatgeHHoro CO.

B Oonee npenmnodYTUTENLHOM BAapHAHTE peajM3alUy, OIHUCAHHOM B
HACTOSIIIEM JIOKYMEHTE, MPOAYKT MPEACTaBIsAeT COOOH TOIUIMBO JU3EIBbHOTO THIIA
WIM CMeCh TOIUIMB JM3EJIbHOIO THIA, conepkamue B OCHOBHOM (s-Ca4
yIJIeBOAOPOABl M MHHHMMajibHOE KonmdecTBO mnapaduua (C24+), mpu >TOM
NOJTy4eHHBIH napaduH npeacTapisier coO00i YHUKAIbHbBIN mapaduH, MOTy4eHHbIH
MO YyKa3aHHOMY cCroco0y, MOTOMY 4YTO YIJIEBOAOPOABL, COAEpIKAIIHecs B
ykazaHHOM mapadune, cocrost u3 He Oonee 0,5 macc. % Kakaoro 4ucyia aToMOB
yraepoaa 6ompine C35 (Hampumep, kakaoe 4ucyio atoMoB yriepona C35, C36 u

T.A. cocrasisieT He Oonee 0,5 macc. %).

B Hacrosimmem nokyMeHTe TU3eIbHOE TOIIIIMBO MITH CMeCh (Ppakiiuii ausens,
KOTOpBI€ COCTOSIT B OCHOBHOM M3 (8-C24, OTHOCAT K «IM3E€JbHOMY TOIUIMBY». B
croco0e B COOTBETCTBUHU C HACTOSIIMM H300pETEHHEM, OIIMCAHHOM B HACTOSLIEM
JOKYMEHTE, MOJIYy4alOT PACHPEAENICHUE HETra30BOrO NPOAYKTA, COCTABIISAIOIIEE

PpUMEPHO 2/3 AU3eIbHOro TOIUTUBA U MpuMepHO 1/3 nerkoro mapaduHa.

IIponykT, MONMy4eHHBIN HENOCPEACTBEHHO C NPUMEHEHHEM HACTOSIIErO
M300peTeHNs], SBISIETCS BBICOKOLIETAHOBBIM TOILUIMBOM JH3€JIBHOIO THIIA HIIH
CMECBI0  BBICOKOLIETAHOBBIX TOIJIMB AW3EIBHOrO THna. B orouume oOT

TPaIULMOHHBIX MPOAYKTOB P-T, COriacHO BapHaHTaM pea3aliy H300peTeHMUH,
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[0051]

[0052]

[0053]

AN3€eJIbHOE TOIIMBO MOXKHO HENOCPEACTBEHHO MOJNYUYUTh U3 CHHIA3a C BBICOKUM
BBIXOZIOM MOCPEACTBOM IPOIYCKaHMs CUHrasa yepes peakrop @-T B onuH nporox
WIHN C TIOMOIIBIO CepUH pabOUHNX PEAKTOPOB AJSI HOCTIDKEHHs HAanOoJiee BLICOKON
oOmell  kOHBepcHMM  yriepoma. B npyrumx — BapuaHTax — peanu3aluu,
HETIPOpearupoBaBLINI CHHIa3 BO3BPAIIAIOT OOPAaTHO B BEPXHIOK YaCTbh PEAKTOpPa

U CMCIIMBAIOT C MOCTYNAIOLIHUM ChIPBEBbIM I'a30M.

Jln3enbHOE TOMIMBO SIBJIAETCA )KUAKUM MPU YCIOBUSAX OKPY KAIOIIEH CPenbl
(marmpumep, mpu 22 °C (72 °F) m armocdepHoMm namneHuu). IlomyueHHBIH C
MOMOLIBI0 KaTajguTudeckon peakunu @O-T mpoaykT >KUIAKUX YIJIEBOAOPOIOB
COIJIaCHO HACTOALIEH KATAIUTHUYECKOM pEeaKkLUuM MOXKHO HENOCPEACTBEHHO
UCIIOJIb30BaTh B KAYECTBE KOMITIOHEHTA I CMELIUBAHUS U3€EJIsl UM B KAaYECTBE
YUCTOrO TOIUIMBA 0€3 HEeoOXOOMMOCTH HCIOJIB30BAHUS JOPOTHX CIOCOOOB
nepepabotku u Mopupukanuu. KOMIOHEHTBHl I CMEMIMBAHHS MOBBIIAIOT
LIETAHOBOE YHUCJIO M YMEHBINAIOT KOJIMYECTBO Cepbl B OOBIYHBIX IU3EJIbHBIX
TOIUIMBAX, NPOU3BEACHHBIX W3 HedTu. KOMIOHEHTH! IJIsi CMEIIMBAHUS TAKXKe
UMEIOT MPEeBOCXOAHBIE CMA3bIBAIOINUE CBOMCTBA. EcCiM MoNydyeHHOE M3 CHHrasa
UCXOIHOE ChIpbe NpEACTaBIseT CO0O0M BO30OHOBIIIEMOE ChIPbE, HANPUMED,
NOJy4eHHOe uX Ouorasa, TO KOMIIOHEHTBI JJIsl CMEIIMBAHUS TaKXKe MOTYT
BBIMOJIHSITH  POJIb  OJIATONPUSATHBIX ~ HU3KOYIJIEPOAHBIX ~KOMIIOHEHTOB —IPH

CMCUIMBAHWU C TOIJIMBAMU, IMOJYUYCHHBIMU N3 HG(I)TI/I.

Ilocne mporecca KaTaJIUTHYECKOTO MPOU3BONCTBA, (PAaKUMU IPOAYKTA
Pa3OeNsioT ¢ MOMOIIBIO CEPUH KOHEHCATOPOB MJIH CelapaTopa-KarieoTOOHHHUKA.
Hanpumep, B npyrom nponecce @-T, cmepsa B cemaparope-KareoTOOMHUKE
KOHIEHCHPYIOT napaduH, kotopeiii pabotaer npu 149 °C (300 °F) — 215 °C (420
°F). Xunkyro ppakiuro u Gpakiiuio BOIbI 3aTEM KOHIEHCHPYIOT BO BTOPOM COCYIE

NP YCJIOBUSIX OKpyskaromien cpensl win Hiwke (27 °C (80 °F) nnm Hioke).

B npyrom BapuaHTe peannzanii HaCTOSIIEro H300pETeHuUs Ut IOy YEeHUS
UIeaTbHON (pakMH TPOAYKTOB HCIONB3YIOT OUCTHWULILUIO C TOJTy4YEeHUEM
TpeOyeMbIX (ppaxiuii mpoayKTa U3 MPSIMOTO BBIXOISIIETO MOTOKA KATATUTHYECKON
peakunu. PexTudpukaoHHasi KOJIOHHA MOXET COZIEpKaTh MO MEHbLIEH mepe S
Tapenok winM BIUIOTE 10 40 Tapenok W MokeT padoTaTh NPU Pa3IUYHBIX

Temneparypax st 3pGeKTHBHOrO NoJy4eHus: TpedyeMbIX (Hpakuuii MPOAYyKTa.
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[0054]

[0055]

[0056]

[0057]

[0058]

B BapmanTax peanmzalil HACTOSINEro M300PETEHHUs TAKKe MPEIIOKEeHA
NOBTOpHAs nepepaboTKa MOTOKOB MOOOYHBIX TPOAYKTOB, TAKUX Kak HadTa H
napaduH, KOTOpble Ta3uQUIUPYIOT WIH TIOABEPTAOT PpUGOPMUHTY IS IOy EHHSI
JOTMOJHUTENBHOTO CHHIa3a, KOTOPBIH 3aT€M HCIONB3YIOT IS TTOJYYEeHHS

OOJIBIIIETO KOJUYECTBA JAHU3CJIbBHOT'O TOIJIMBA.

BapuaHTbI peanu3anuy HaCTOSALIETO H300PETEHNS BKIIIOYAIOT BO3BPALIEHNE
napadguna oOpaTHO B OJIOK TMOJy4YeHHs] CHHrasa, rjie OJIOK MOJy4YeHHs] CHHIrasa
npeacTaBisieT coO0I HeKATAIUTHIECKYIO CUCTeMY YacTUYHOro okucienus (CHO),
U napaduH NpPEeBpaIlalOT BMECTE C OCHOBHBIM CBhIPbEM, KOTOPBIM MOJXKET
NPEICTABIATh COOOW NMPUPOAHBIN Tra3, YKUAKOCTH W3 MPUPOIHOrO rasa WM UX
xoMmOuHamu. IToBropHas nepepaboTKa MOTOKOB YKa3aHHBIX TOOOYHBIX TPOAYKTOB

B JIOTIOJIHUTENbHBIN CHHTra3 mo3BosisieT noay4dars 100% nusenbHOe TOIIHBO.

Bapuanthl  peanuzanMu  HACTOSINErO  HM300pETEHHsT HUMEIOT  PsiI
npenmMyects. [Toqydyaemble B COOTBETCTBUH C HACTOSIITUM H300PETEHUEM THIIBI
OU3€JIbHBIX TOIUIMB WACAIbHbI B KAadye€CTBE COBPEMEHHBIX KOMIIOHEHTOB IS
CMEIIUBAHUS AW3EJIbHOIO TOIUIMBA, TaK KAaK TaKOE€ CMEIIMBAHHE MO3BOJISET
MOBBICUTH LIE€TAHOBOE YHCJIO, TOHU3UTH CONIePIKaHUe Cepbl U TOHU3UTh KOJIUIECTBO
BBIOPOCOB aBHraresieM. [IpoAyKT AM3eTbHOrO TOIUIMBA MOXKHO HCIIOJIb30BaTh B
Ka4eCcTBe YMCTOrO TOIUIMBA, B BUJE€ CMECHU UJIM B HEMHOIO M30MEPU3MPOBAHHOM
BUZE€ WIM B BHJAE CMEIIAHHOIO IyTeM JOJHBa C HHU3KOTEMIIepaTypHbIM
yJIYyYLIUTENEeM TEeKy4eCTH B COOTBETCTBUHM C HMHCTPYKLMEH HCIOJb30BaHUS IS

HU3KOTEMIIEPATyPHOI'O KJINMaTa.

Kpowme Toro, makcumainbHasi C8-C24 CENEKTHBHOCTD I (PPaKLIUHU TOIUIMBA
JM3EJIbHOTO THIA TIO3BOJIIET HCKIIFOYUTD JOPOTOCTOSIINE CIIOCOOBI MOAH(pUKALIUI
s 9TOH  TOruMBHON ¢pakuuu. Takum o0pa3oM, BapUaHTBl pPeaTU3ALMH
HACTOSIIIET0 H300pETEeHUs] AENal0T BO3MOXKHBIM 3KOHOMUYECKH OIpPABIAHHOE
MPOU3BOACTBO HA JIOKAJIBHBIX 3aBOJAX MPOU3BOJCTBA CUHTETUYECKOIO TOIIIUBA,
KOTOpbIe MPOM3BOIAT MeHee npuMepHo 10 000 Gappeneil TommBa B roj, OIHAKO

BO3MOKHBI 3aBOJIbI C HAMHOI'O OOJIBIIMM MaCIITAOOM.

bonee xoHkpeTHO oOpamasice kK ¢urypam, Ha ¢urype 1 mnokasaHa
cxeMaTH4ecKasi TEXHOJIOrn4Yeckasi cxema ot asiemenTa A 10 E, kakapiii ux KOTOpBIX
O3Ha4aeT pa3Hble TAlbl CIOCO0a, HAYMHAS C TIOJyYEHHUs] CHIPbBOTO CHHIra3a U JI0

00pabOTKN AM3ETBHOTO TOILIHBA.
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[0059]

[0060]

[0061]

[0062]

Ha ¢urype 1, smemeHT A oTHOCHTCS K MOOOMY crocoOy, B KOTOPOM
NOJIYYAKOT CBHIPbEBOI CHHIa3, KOTOPBI MOKET BKIKOYAaTh MapOBOH PUPOPMHUHT,
aBTOTEpMUYECKUH pUPOPMUHT, KaTanuTuueckoe dactudHoe okucienune (KUO),
HEKATAJMTUYECKOE YaCTHUYHOE OKHUCJICHHE, CYXOH pH(POPMHUHI WM ApPYyTUe
U3BECTHBIE B JAHHOM 0O0NacTu CrnocoObl, a TaKXkKe IMOSBJISIOIINECS CIIOCOOBI,
KOTOpbIe pa3padaThIBAIOTCSI B KAaueCTBE SKOHOMHYHBIX CHOCOOOB ITOJIYyUYEHHS
CHHra3a W3 BO30OHOBIIIEMBIX HCTOYHHKOB, HCKONAEMOIrO TOIUIMBA U IPYIUX

pecypcos.

OnemeHT B noka3pIBaeT OUHMCTKY CHHIa3a U CIIOCOOBI KOHIUIIMOHUPOBAHUS.
UucTelii cuHras, He cofep Kaluil mpuMecei (KOTopble MOT'YT HETaTHBHO MOBJIUATD
Ha TPOU3BONUTENBHOCTH W CPOK CIYKOBI KaTajgu3aTopa), HEOOXOOuM Jis
3¢ eKTUBHON M 5KOHOMUYECKHM OIpaBJaHHON sKkcrutyarauuu. Ilpumecu moryt
BKJIFOUaTb CEPOBOOPOA, aMMHUAK, XJIOPUABI U APYTUe 3arps3HAOLINE BELIEeCTBa,
KOTOpBIE SIBJSIIOTCSL PE3YJIbTATOM IIPOLECCOB MOJyueHHuss cuHrasa. CrocoOsl
OYHMCTKM CHHIA3a XOPOIIO HM3BECTHBI M ONUCAHBI B JAHHOH OOJIACTH TEXHHKH.
Hanpumep, cnocoObl OYMCTKH CHHra3a MOTYT BKJIIOYAaTh KaTaJIU3aTOPBI IS
OYHCTKH OT Cepbl, (PHIIbTPBI U3 YACTHUL] M APYTHE TEXHOJIOTUH MOJYIEeHUsI YUCTOrO

CHUHTra3a ajisd MOoCJCAYIIIEro NpeBpalliCHus B TOIJINBA.

Onement C nokas3bpIBaeT MpeBpallleHre CHHIa3a B Ta30BbIil IOTOK MPOAYKTA,
KOTOPBIN PUBOAUT K MOSIBJICHUIO CMECH IIPOAYKTOB, copepkamux O-T sxunkocry,
Jerkue rasel U napapuH. Hacrosimee n3oOpeTeHne OTHOCUTCS K KaTalu3aTopy,
UCTIONIb3YEMOMY Ha 3TOH CTaguu Crnocoda, U COOTBETCTBYHOIIUM pPabO4YNM
yCIIOBUSIM, HEOOXOaUMBbIM Tt 3G eKTUBHON paboThl B XOIe YKa3aHHOW CTaauH

crioco0a.

OnemeHT D Brimouaer crnocoObl pa3fesieHus] MPOAYKTA, IOCPEACTBOM
KOTOPBIX JKUIKHE U MapapuHOBbIE MPOAYKTHI KOHAEHCUPYIOT U3 ra30BOr0 MOTOKA
NPOIYKTA U JIETKUE ra3bl BO3BPAINAIOT OOPATHO B KATAJIUTHUECKUI PEAKTOP U/UIIH
MOTYT OBITh WCHOJB30BAHBI JUJIsI MOJYYEHHS SJEKTPOIHEPTHH WU U OPYTUX
COOCTBEHHBIX HYXI. DyeMeHT D MOKeT Takke BKIIIOUaTh KOHAEHCALIUIO Ta30BOTO
MOTOKA MPOAYKTA B CMECh MPOAYKTA, COAEPKALIYIO AU3EIBHOE TOILIUBO, BOAY U

nmapa@uH B OHHOW KaruieOTOOWHON EMKOCTH, B KOTOpOH mapaduH ocTaercs
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[0063]

[0064]

[0065]

[0066]

[0067]

3aKJIFOYCHHBIM BO (Ppakiuu BOIBI, Ui OOJiee JIETKOro OTHEICHHs OT (pakiuu

JU3CJIbHOT'O TOIIJIMBA.

Onement E Taxcke MOKa3plBaeT APYIYIO HEOOS3ATENBHYIO CTAIUIO, I7E
HeOONbIIOE KOJIMYECTBO NPUCANKH U YIIYULICHUS TEKY4YeCTH NPU HU3KHX
TEMIIepaTypax WK JPyrux 100aBOK CMEIIUBAIOT ¢ (PpaKIHel TU3ETbHOTO TOIUINBA
IUIE  TOro, 4YTOOBI YJYYIIUTh CBOWCTBA TEKY4YeCTH TOIUIMBA NPU HU3KHX

TEMIIEpATypax AJId UCIIOJIb30BAHUSA B XOJIOAHOM KJIMMATE.

Onement F mokasbiBaeT CTaguio, Ha KOTOPOH ocraBmmecss (paxius
napaduna w/wnu HapThl MOTYT OBITH BO3BpAILIEHbI OOPATHO B OJIOK MOJIyYEHUSs
CHHra3a, B pe3yJbTaTe 4ero MojydaroT OOJbIle CUHIa3a U3 MPOAYKTOB napadpuHa
w/unu HadThl. B nneane, ucnonb3ys CUCTEMY YaCTMYHOIO OKHUCIEHUs, (ppakiuu
HadTel ¥ mapaduHa MpPEBPAIAIOT C TOJYYEHHEM IOMOJIHUTEIBHOTO ChIPbS

HPUPOIHOTO ra3a W/WiM JKUIKOCTEH U3 IPUPOTHOTO rasa.

B cunreze ®@-T, xoropblii mpoucxonut B syneMeHTe C, CENeKTUBHOCTHb
yIJIeBOAOPOAHOrO TMPOAYKTA 3aBHUCUT OT AU(QPy3uH, B3AUMOACHCTBUS U
KOHBEKTHBHBIX TPOLIECCOB, MPOHMCXOMIINMX B TpaHyjJax Kartanuszartopa (T.e.
KaTau3aTopa Ha MOMJIOXKKe) M peakrope. COriacHO BapUaHTaM peasu3aLfu
HACTOSIIIEr0 M300peTeH sl rPaHyJibl KaTAIU3aTOpa MM KaTajlu3aTop Ha MOIIOKKE
OTHOCST K pacrlpenesieHHOMY Ha TOAXOMASIMIeH MO[JIOKKE WM TpaHysax
KaTanu3aTopy (KOTOPhIN OOBIYHO MPEACTABISIET COOOM MeTaut). XapaKTepUCTUKU
KaTaJaM3aTopa Ha MOJIOKKE, BIHSIOLIIE Ha pacipeeieHie mpoaykra (Harmpumep,
TOJIsl TU3EJIbHOTO TOIUIMBA UM napaduHa), BKIKOYAKOT, B AOMOJHEHUH K YCIOBHUSIM
SKCIUTyaTallii KaTallu3aTopa, CTPYKTYPHBIE MTapaMeTphl, Takre Kak 3¢ eKTUBHBIH

panuyc rpaHyJ U AMaMeTp Iop MaTepuaa MOJJIOXKKH.

Ha ¢urype 2 mokazansl mpumepsl GopM rpaHyd (T.€ TOIJIOKKH HIIH
MaTepHajoB TMOIJIOKKH), KOTOPbIE MOTYT OBbITh HCIOJB30BAHBI B KAueCTBE
HOAJIOKKH KaTanusatopa B npoueccax @-T, xoropsle npoucxoaar B snemente C.
Ha ®@urype 2 mnoka3aH JE€NEeCTKOBBIA KaTaJIU3aTOP, KOTOPBIH MOXET ObITh
HCTIONIb30BAH COTJIACHO BapHAHTAM PEAIN3alMy HACTOsIero n3ooperenus. Takxe

MOTYT OBITh UCTIOJIb30BAHBI MATEPHAIIBI TOJIOKKH C APYTUMU (POPMAMHU.

UneanbHast ¢opma KaTaiu3aropa MpPEACTaBIseT COOOW JKCTPYAAT C
JIETICCTKOBLIM, pI/I(l)J'IeHbIM WK JIONATOYHBIM CCUYCHHEM, HO MOXKCT TaKXKE 6bITb

cepuueckoil, TpaHyJIMPOBAHHON, TMOPOIIKOBOH WM Apyrod Qopmsel s
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[0068]

[0069]

[0070]

[0071]

NOVIOJKKH, KOTOpble obecneunBaroT 3¢ ¢exkTuBHyo pabory. Mcnonb3oBanue,
HAMpUMeEp, JIEIECTKOBOM CTPYKTYpbl TMO3BOJSIET 3HAYUTEJBHO YBEJIHYHUTD
COOTHOIIEHHE IJIOMAanu K 00BeMy B KATAJIUTHUYECKOM PEAKTOPE, TEM CaMbIM
yiydmasi o0beMHYI 3((pEeKTUBHOCTh CHCTEMBbI KATAJIHTUYECKOTO PEeaKTopa.
JlerecTKOBbIE CTPYKTYPBI TAKXKE OOECTIEUNBAIOT YIIYUILIEHHOE MaJeHIe TaBICHUS,
YTO BBIPAKAECTCS] B MEHBIIEH pa3HHLE B TABJICHHIX BEPXHETO U HUXKHErO TIOTOKOB
B CJIOE KaTaJu3aTopa, OCOOEHHO KOTa OHHU HCIIOJB3YIOTCS B PEAKTOpax C

HETIOABHXKHBIM CJIOEM.

Ha ¢urype 2 taxxe nmokasaHo, kak onpeaesnsiercss 3pGeKTUBHBIA paguyc
rpaHysl Marepuaia nomnokku. [na nunuaapudeckoi noanoxku (230) mokasaH
s¢dexTuBHBIN paauyc rpany (240). s nenectkoBoit momnoxku (210) mokazaH
s¢pdexTuBHBI pamuyc rpanyn (220). DddexTHBHbIH panuyc TpaHysd HIH
NOAJIOKKM ~ OTHOCUTCSI K MAaKCHUMajbHOMY paaHyCy, KOTOPBIH SIBIISETCS
PacCTOSIHUEM OT CEepEIUHBI MOUIOKKH /IO MOBEPXHOCTHU NONIOKKU. Kak moka3ano
ISl JIETIECTKOBBIX ~ MOMJIOXKEK, O5((EeKTUBHBIA paaMyCc TpaHyd SBISIETCS
MHUHHUMAJIbHBIM PACCTOSTHUEM MEX]y CEpEANHON U BHELIHEH 4aCThIO MOBEPXHOCTH
rpanyibl.  COrjacHO BapuMaHTaM peajM3allM  HACTOSAIIErO  HM300peTeHws,
3¢ EKTUBHBINA pagHyC TPAHYJ MOXKET COCTABIATH MpUMepHO 600 MKM (MHKpPOH)
WK MeHble. B oqHOM U3 BapuaHTOB peanmu3aiuu 3()(GEeKTUBHBIN paanyc rpaHy.JI

MOYKET COCTAaBJIATh OKOJIO 300 MKM (MUKPOH) MJT MEHBIIIE.

CornacHO BapHaHTaM pean3aliy HACTOSIIETr0 N300peTeH s rpaHyia W
MaTepHai MOMAJIOKKHA MOTYT ObITh MOpUCTHIMU. CpeaHHid THaMeTp Mop MaTepHuaia
NOJIOKKH MOXKET COCTaBlsiTh Oosmee 100 anrctpem. B omHOM M3 BapuaHTOB
peanusaluy rpaHyJjia WIA MaTepuas NOMJIOKKH MOTYT UMETh CPEIHUN AUAMETP

nop Oonee mpumepHo 80 aHrCTpeM.

JIrobol MOmXOonsImuii MaTepuasl MOXKET OBbITh WCIOJBb30BAH B KA4YECTBE
MaTepuana NOmJOXKU B mnpouecce Pumepa-Tponma. YkasaHHble MaTepHabl
BKJIFOYAIOT OKCHUJbl METAJJIOB, TaKHE KaK OKCHJ AJTIOMUHUS, AUOKCHJ KPEMHU,
OVOKCUZ LMPKOHMS, MarHus WJIM KOMOWHAIMM YKa3aHHBIX MaTepHUAJIOB.
IIpennouTuTenbHO OKCUA AMOMHMHMS HCHOJB3YHOT B KadecTBE Marepuaia

MOMJIOKKH AJIA MOJYUYCHHS KaTaJIn3aToOpa Ha IMOAJIOXKKE.

Karagutuieck aKkTUBHbBIE METaJJIbI, BKIIFKOYCHHBIC B MAaTEPHAJ ITOAJIOXKKHN

WM JUCTIEPTUPOBAHHBIC HAa HEM, BKJIFOYAKOT BCIICCTBA, KOTOPHIC CHOCO6CTBYI'OT
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[0072]

[0073]

[0074]

[0075]

[0076]

MOJIYYEHHUIO JU3E€JbHOro TOIiMBa B peakuuun @uiuepa-Tpomma. Hampumep,
yKa3aHHbIE MaTepHalibl BKIIIOYAIOT KOOANbT, JKeNe30, HHUKeJNb WIH JIEOOble HX
koMOuHanmu. Taxke, B MaTepual MOMJIOKKHA MOTYT OBITh HOOABIEHBI Pa3IUIHbIE
npoMoTopbl. IIpuMepel NPOMOTOPOB BKIIIOHAIOT LEPUH, PYTEHUMN, JIAHTAH,

IJIATUHY, PEHUH, 30JI0TO, HUKEJIb UJIU POAUN.

B upeane momyoskka Katanu3zaTopa MMeeT MPOYHOCTh Ha CIKATHUE MEXIY
1360 r/mm (3 ¢ynra/mm) u 1810 r/mMmm (4 ¢yHTa/MM) U yAENbHYIO IUIOIIAAb
nosepxHocTH 110 bOT 6onee 150 M?/r. 310 yHUKAIbHAST KOMOMHALIUS TIEPEMEHHBIX.
TpaguimoHHbIe TOIIOKKH ¢ OONBIION TUIOMIABI0 TIOBEPXHOCTH UMEIOT CPEeIHUN

nuametp nop mMeHee 100 anrcrpem.

IMonnoxku, paspaboTaHHble YTOOBI UMETh OOJIBLION CpefHUi 00beM Mop,
Oonee 80 aHrctpem, OyAyT MMETh IUIOLIAAb MOBEPXHOCTH HAMHOTO MeHble 150
M*/T U TIPOYHOCTDb Ha ckaTue OymaeT Hivke 910 r/mMM (2 dyHTa/MM), HECMOTps Ha
JOTMOJHUTEIbHOE TPOKAJIMBAHUE WM TEPMHUUECKYI0 00padoTky. JlocTurHyras
BBILIEYTIOMSIHYTasi KOMOWHAIMsI TEPEMEHHBIX VHHKajJbHA B MaHHOW 00JNacTh
TEXHUKUA. OTOr0 YAAJIOCh JOOUTBCS myTeM A00aBlIeHHs CTPYKTYPHOTO
crabunmszaropa, dYTO  OOECMEYMJIO  JOTMOJHUTENBHYIO  YIOPSIOYEHHOCTD
KPHUCTAUTHUECKON CTPYKTYPHI (HAIPUMED, KPEMHHUS WA OKCHIA KPEMHHS) U TAKHM

00pa3oM yCTOWYMBOCTD MPH TEPMHUUECKOIH 00paboTKe.

PacnipeneneHne akTUBHOIO MeTajula Ha MOJJIOXKKE MIAEATBbHO MEXAY
npumepHo 2% u npumepHo 10%, mpeanouTUTENbHO COCTaBseT MpuMepHO 4%.
Jlucniepcusi aKTHBHOTO MeTajla IPEACTaBiseT COOOW MJONI0 aTOMOB Ha

MOBEPXHOCTH KaTaJIN3aTOPa, KOTOPbIE MPEACTABIEHBI COMIACHO BBIPAKEHHIO
D=Ns/Nt

rne D mpencrasisier coboil aucrepcuro, NS TpeacTaBisieT coOOM KOJNMYECTBO
aTOMOB Ha MOBepxHOCTH U Nt mpexacrasisieT coOoil olIee KOJIMYeCTBO aTOMOB
Matepuana. Jlucmepcusi  yBenMuUMBAEeTCST € yYMEHBIIEHHEM  pa3Mepa

KPUCTAJUIMYECKON PELIETKH.

B oaHOM U3 BapuaHTOB peaqu3aliy KaTaau3aTop Ha MOJJIOKKE COAEPIKUT
KOOAJIBT, JKeJIe30 UM HUKEIlb, HAHECEHHBIE B IMANA30He MEXKAY MPUMEPHO 5 Macc.
% u mpumepHo 30 macc. % Ha ramMma OKCHI aFOMUHHs, Oojee XapaKTepHO
npuMepHo 20 macc. % Ha raMMa OKCHJ aJIFOMHHUSI, B pacdeTe Ha OOLIyI Maccy

KaTajin3aTopa Ha MNOIJIOXKKE. KpOMe TOro, COCTaB KaTajau3aTopa Ha IMOAJIOXKKE
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[0077]

[0078]

[0079]

BKJIFOYAET BBIOPAHHYID KOMOHMHAIMIO OJHOTO WM Ooyiee MPOMOTOPOB,
BKJIFOHAKOIIUX PYTEHUN, NAJJIaaAuM, IUIATHHY, 30JI0TO, HHUKEJIb, PEHUH M HX
koMOnHanmoo B auana3zone npumeprHo 0,01-20,0 macc. %, Gonee xapakTepHO B
npenenax npumepHo 0,1-0,5 macc. % Ha kaxnbii mpomoTop. CriocoOs! MoNyYeHHsI
KaTaJlM3aTopa BKIIOYAOT NPONMUTKY U APYTHUe€ CIOCOOBI MONYYEHUs, OOBIYHO

HUCIMOJIb3YEMbBIC B IPOMBIIIJICHHOCTHU U OINKMCAHHBIC B HaHHOﬁ 00J1aCTH TEXHUKHU.

Karanmsarops! @uinepa-Tpomnina Ha MOANOKKE OOBIMHO HUCTIONB3YIOT JIHOO
B PEAKTOpPE C HEMOIBIKHBIM CJIOEM, JTUOO B PEAKTOpe C MOABIKHBIM ciioeM. B
peakTope C HEMOABMKHBIM CJIOEM KaTaJIW3aTOpPbl HA MOJUIOKKE IMOMELIA0T B
TpyOKH MJIM MOTYT OBITH pacIpeneNneHbl MO JOTKY MM YIaKOBaHbI B HEKOTOPOE
KOJINYECTBO KAHAJIOB, UM B JIIOOOH NPYroil peakTop ¢ HEMOABMKHBIM CJIOEM, B
pe3yJbTaTe Yero peakLIMOHHBIN ra3 paBHOMEPHO paclpeiesieH U TeUeT B CJIOe Ha
KaTaJln3aTopoM. B OHOM M3 BapMaHTOB peajM3alliy KaTaJIu3aTop 3arpykaroT B
MHOTOTpYOYaThIil pEaKTOp ¢ HEMOABIIKHBIM CJIOEM, B KOTOPOM AHAMETP O0OJIOUKH
Kaxaoi TpyOoku paseH 2,54 cm (1 mroiim). B ogHOM M3 BapuMaHTOB peayn3aliiu
KaTaJIu3aTOP BOCCTAHABIMBAKOT In-sitt B MHOTOTPYOYaThId peakTop C
HETIOZIBIDKHBIM CjioeM mpu Temneparype Hmwke 343 °C (650 °F). XapakrepHbie
kaTanusatopel @uinepa-Tpomima BOCCTAHABIMBAKOT €X-Situ (IO 3arpy3ku B
peakrop) npu Temmneparype Bbitie 343 °C (650 °F) wmu Bmiots 10 454 ° C (850 °F).
IIpouecc BOCCTaHOBJEHHUsS in-situ MPU HEOOBIMHO HHM3KOH TemrmepaType ¢

YKa3aHHbIM KaTaJIUu3aTOPOM YHUKAJICH B I[aHHOﬁ 00JIACTH TEXHUKH.

Pabouue mapaMeTpel KaTaau3aropa Ha MOJIOKKE BBIOMPAIOT TAaKUM
o0pa3oMm, 4ToObI MOCTHYL TPeOyeMOH CEJeKTHBHOCTHU JM3ENbHOrO TOIUMBA. B
BapHAHTAX pean3allii HACTOALIEero u3oopeTeHus peakiuo Pumepa-Tpomnia, kak
NPaBUJIO, MPOBOAAT MpH nasieHuu mexay 1034 kIla (150 psi) u 3103 xIla (450
psi). Peakumro @umepa-Tpornma npoBOAST MPH TeMIIEpaTypax NpuMepHo ot 177

°C (350 °F) mo 238 °C (460 °F), 6onee xapakrepro mpu 210 °C (410 °F).

Ha ¢urype 2 nokaszana jiernecTkoBasi MOMJIOKKA C JISIECTKAMU Pa3TMUIHBIX
pasmepoB (250). Jlemectku, ormeueHHble kak 270 u 290, obo3HauaroT Oonee
JUIMHHBIE JIENECTKU U JIEIECTKH, OTMeueHHbIe kak 260 u 280, o0o3HayarT Oosee
KOPOTKHE JienecTKH. JlaHHBIA THUI TMOIJIOKKH MO3BOJsieT Oonee 3¢ (eKTUBHO

YIAaKOBBIBATH CJIOU KaTaJrU3aTOopa, yaydllasd XapaKTCPUCTUKU NEPECraaad AaBJICHUA
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[0080]

[0081]

[0082]

[0083]

[0084]

" yBEJINYHBasi COOTHOIICHUE MMPOU3BCACHHOTO JU3CJIbHOI'O TOIJIMBA K napa(bI/IHy C

HUCIIOJB30BAHUEM I/1306peTeHI/I$I, OMHCAHHOI'O B HACTOALIEM JOKYMCHTC.

Heobs3aTtenbHo,  (pakuus  AM3ENBHOTO  TOIUIMBA  MOXET  OBITh
JOTIOIHUTEIPHO 00padoTaHa, YTOOBI YNYUYIIHTh €€ CBOWCTBA TEKYYECTH IIPH
HHU3KHX TEMIIEpaTypax (HanpuMmep, CBOMCTBA 3aJIUBKU ITPH HU3KHUX TEMIIEPATypax).
B HekoTOpBIX CeKTOpax pbIHKA KEJNATEJbHO, YTOOBl OBLIM  YJIyYIICHbI
HU3KOTEMIICPATYPHBIC CBOMCTBA JAU3CJIbHOrO TOILJIMBA, LITO6I)I ONTUMH3UPOBATH

NPpOU3BOAUTCIIPHOCTD MAlllMH HAa JU3CJIbHOM TOILIUBE B XOJIOAHYIO MMOroay.

B onmHOM u3 BapuaHTOB peaiu3alny H300peTeHHs, (PPaKIHIo JIETKOro
napa(bI/IHa MOKHO JOIIOJIHUTECJIBHO MNOABEPIrHYTH B3aPIMO)IeI>iCTBPIIO C
KaTaJIn3aTOPOM, KOTOPBIN OCYLIECTBIISIET MATKHI KPEKUHT napaduHa B TU3ETbHOE
TOMJIMBO. PeakTop ¢ OpoIIaeMbIM CJIOEM SIBIISIETCS MPUMEPOM TMOAXOSIIErO

peaxropa.

B onrcaHHOM B 3as1BK€ MPEANIOUTUTEIbHOM BAPUAHTE PEATH3aLuU IPOIYKT
HpeCTaBisieT COOOH TOIUIMBO AM3EIBHOTO THUIA WJIM CMECh TOIUIUB JU3EJIbHOIO
TUNA, COCTOSIIUX B OCHOBHOM u3 (8-C24 yIJIeBOMOPOIOB M MHHUMAJIBHOTO
xonndecTBa napaduHa (C24+), mpU 3TOM TOJYyYEHHbIH napaduH MPeacTaBisieT
co0OM YHUKaJbHBIM TapaduH, MOJYYEHHBIH ¢ MOMOINBIO YKa3aHHOTO CIocoda,
MIOTOMY YTO YIJIEBOAOPOIbI, COIAEPIKAIINECS B YKA3aHHOM MapaduHe, COCTOST U3
He Oonee 0,5 macc. % KakoOro 4Mcja aTOMOB yriepona, KoTopbie Oonbiine C35
(HampuMep, Kaxaoe Yucio atoMoB yriaepona C35, C36 u t.4. coctaBnsieT He Oornee

0,5 macc. %).

Peaktopel kpekrHra napaguHa, B 11eJioM, paboTaroT B [UANIA30HE JABJICHUS
or mpumepno 690 xIla (100 psi) mo mnpumepno 2758 klIla (400 psi),
npeanoutuTensHo npu npumepHo 1034 kIla (150 psi). Peaktop moanepkuBaroT
npu temneparype ot npumepHo 149 ° C (300 °F) no npumepno 316 ° C (600 °F),

NPEANOYTUTENBHO Tipu ipumepHo 218 ° C (425 °F).

B npyrom BapmuanTe peanuzaunuu 0O0ABKY IUIS YIIYULICHUS TEKYUYECTH MPU
HU3KHX TEMIIEpPaTypax MOXKHO CMEIIMBAThH C (PpaKkuuell TU3ENbHOTO TOTUIMBA IS
YJIYYIIEHUS] CBOHCTBA TEKYYECTH JU3EIbHOTO TOIUINBA MTPH HU3KUX TEMITEPATYPax.
JloOaBKH IS YIIyUILIEHUs TEKYYeCTH NMpPU HU3KUX TEMIepaTrypax A0OaBISIIOT B
IM3eNbHOE TOTUIMBO B KonmdectBe OT 100 mo 5000 wacredi Ha MWUTHOH (ppm),

yroObl CHHU3HWTh NApaMETPhl TEMIEpPaTypbl 3acCThIBAHHS M TEMIEPaTypbl
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[0085]

[0086]

[0087]

3aMep3aHusl. YKa3aHHbIE YMEHBLINTEIH TEMIEPaTypbl 3aCTBIBAHUS COAEpIKAT
PacTBOPUMBIE B MACJIE COTIOIMMEPBI, TAKHE KaK COTOJIMMEPhI STHIICHBUHIIALIETATA
(OBA), cnoxHBIX 3pHUPOB COMOJMMEPOB CTHUPOJIA M MAJIEWHOBOIO AHTHIPHIA,

CONOJIMMEPBI MOJIUMETUIIMETAKPpUIJIATA U CONTOJIUMEPDI AJIKUJIIMETAKPUIIATOB.

ITPUMEP Nel

Kartanu3aTopbl Ha MOIJIOKKE TMOJNY4Yald C HCIOJNB30BAHUEM IpoLecca
NEPBUYHOTO CMavuBaHUsl, B KOTOPOM KO6aJ'[bT " METAJJIbl IPOMOTOPbI HAHOCHUIIN
Ha raMMa OKCHJ aJIFOMHHUSI, KOTOPBIH MPEACTaBIsI COO0H YeThIPEXIeNEeCTKOBYIO
HOMJIOKKY €O cpenHuM 3¢ dexTuBHbIM paauycom rpanyn 0,25 MM U cpenHHM
auametrpoMm nop 130 anrctpem. YaenbHasi IIOImATh MOBEPXHOCTH KaTalau3aTopa
coctasinsiia 110 M?/r o usmepenusim no merony ¢pusmndeckoit agcopounu bOT/N,.
ITpounocTs Ha cxkatue cocraBmsuia 1810 r/mm (4 dynTra/™MMm). CTaauu CymKH U
NPOKAJIMBAHUS MCHOJB30BAIM B CIOcoOe TONy4YeHMs, YTOObI IONYYHUTH
Karajauzarop ¢ copepkanuem 20 macc. % xobanpra u 0,3 mMacc. % MIATHHOBOTO
npomoropa. Ilocie mojyueHus KaTaju3aTopoB Ha TMOMJIOKKE, KaTalu3aTopbl Ha
NOJIOJKKE 3arpy’kajii B MHOTOTPYOUYATBIH PEAKTOP C HEMOABIKHBIM CJIOEM C
auameTpom odosiouku TpyOku 2,54 cm (1 mroiim). Katanuzatop BOCCTaHABIUBAJIH
BOZOpOnOM Tipu naBieHuu 6,9 klla (75 psi) u npu remneparype menee 343 °C (650
°F), uTo siBNsieTcss pabOYUMH YCIIOBHSIMH, KOTOpPbIE MOTYT OBITh JOCTUTHYTHI B

HEZIOPOrOM PEAKTOPE C HETMOABHIKHBIM CIIOEM.

B anbTepHATUBHOM BapHaHTE peaM3alUU KaTaJH3aTOP BOCCTAHABINBAIN
CBIPBEBBIM CHHIA30M C BBICOKUM cooTHomeHneM H2/CO mpu Tex e yCIOBHUSX.
Boccranosnenne cunrazom (Bmecro H2) cHmkaeT omnepanioHHBIE PacXOIB,
0co0eHHO Ha HEeOOJBININX TUIOLIAJSAX, I7I€ PACIIONOKEHBI HEOOBbIINE JIOKATbHbIE
3aBozbl. B TO Bpemst Kak B JTaHHOM IpuMepe oOpainaroT BHUIMAaHHUE Ha TIPOLEAYPY
BOCCTAHOBJICHHSI In-situ, MOryT OBITb TPUMEHHMBI APYTHE MPOLEAYPHI

BOCCTAHOBJICHHUSI, B TOM YHUCJIE €X-Situ.

ITocne BOcCTaHOBIEHHS KATATM3aTOPBI HA MOUIOKKE IPUBOIMIN B KOHTAKT
¢ curraszom ¢ H2 u CO B cootHomenuu 2,05:1,0 (H2:CO), npu naBnenun 2758 xlla

(400 psi) u mpu Temneparype 210 °C (410 °F).
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[0088]

[0089]

[0090]

[0091]

ITocne cramuu KaTaIUTUYECKOH KOHBEPCUHM (PAKLHMIO AM3EIBHOIO
TOILINBA, (Ppakuuio napadpuHa ¥ BOJbI OTAEISIIH OT JIETKUX YIIIEBOJOPOIHBIX Ta30B
u HempopearnpoaBmnx CO um H2 B oxmHy KamieoTOOHHYIO EMKOCTh IpH
temneparype Hiwke 21 °C (70 °F). OrnenenHast (paxiust >KUIKOTO MPOAYKTA
COIEPKUT CBEPXY (PaKkUMIO [OWU3ETBHOIO TOIUIMBA M (PPAKLUIO  BOABL
PaznenurenbHbI COCyA ¢ BHYTPEHHUMH JIOMIACTSMU HCIIOJB30BAIHN [Tl OTAETICHUS
¢pakumy nu3enpHOrO ToruMBa OT Boabl IlapadguH 3aTemM mneperoHsum C

o0pa3zoBaHNEM AOMOJHUTEIBHOTO KOJHMUYECTBA (PPAKIIUH AU3EJIBHOTO TOIIIUBA.

Karanurnueckass cucrema B YKa3aHHbIX pa6oq1/lx YCJIOBUAX TIO3BOJISICT
MOJIYYUTh COOTHOIICHHE AU3EJbHOrO TOIUTMBA K mapaduHy, cocTtaBistoinee 2/3
IM3eNbHOro TomiauBa M 1/3  nerkoro mnapaduHa (mocie mneperoHku). B
NPEANOYTUTENIBHOM BapHAHTE Pean3aliK, OMMCAHHOM B HACTOSILEM JJOKYMEHTE,
NPOAYKT TMpeAcTaBiseT CcOOOH THUI JOU3ENBPHOrO TOIUIMBA WJIM THII CMECH
AM3ETbHbIX TOIUIMB, COAep)kKammx B OCHOBHOM (8-C24 yrimeBomoponmel |
MHHUMaJbHOEe KonmuecTBO mapaduna (C24+), rme ykasaHHbIA mnapadus,
HOJIYYEHHBIH C NMOMOIIBIO YKAa3aHHOTO CHOCO0a SIBJISIETCS] YHUKAJIBHBIM, TIOTOMY
YTO YIJIEBOAOPOIbI, COAEPIKALINECS B YKa3aHHOM NapaduHe, COCTOAT U3 He Oornee
yem 0,5 macc. % kaxaoro yucia aToMoB yriepona 6osee C35 (Hanpumep, Kakaoe

yrciio atomoB yriepoaa C35, C36 u t.4. cocrasisier He 6onee 0,5 macc. %).

VYka3zaHnaoe JU3CJIbHOC TOIIIMBO MOXKET OBITh nacaJbHO HCIIOJB30BAHO B
KaueCTBC KOMIIOHEHTa AOJid CMCEUICHUA, obecrnieunBast JAU3C€JIbHOE TOILJIUBO,
MOJIYYCHHOEC M3 He(bTI/I C YBCIUYCHHBIM LETAHOBBIM YHCJIOM, YMCHBIICHUEM
KOJIMYECTBaA CEPBIL, U, B HCKOTOPBIX CIIyYdasx (OCHOBaHHbIX Ha crocode MOJIYYCHUA

CI/IHFaSa), B KQUECTBC HU3KOYTJICPOAHAA KOMIIOHCHTA CMECIICHUS.

IMapadun BO3BpamaroT OOpPaTHO B TPOLECC TOJYYEHHsS CHHTrasa |
UCTIONIb3YIOT B KA4eCTBE HCXOJHOTO ChIPbsi C 0Opa30BaHHMEM JOMOJHHUTEIBHOTO
CHHra3a, TeM caMbIM yiydmas oOmyrw  3((EeKTHBHOCTD  KOHBEPCHH

UHTEIPUPOBAHHON CUCTEMBL

I[TPUMEP Ne2
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[0092]

[0093]

[0094]

[0095]

B nmanHOM mnpumepe, OCHOBHOM JKENA€MbI NPOAYKT HAa BBIXOAE U3
YCTAaHOBKU MPEACTaBisAT COOOH au3enpHOE TOIUMBO. Mcmonb3oBamum Ty Ke
KaTAJIMTHYECKYI0 CUCTEMY M CIOCOOBI, UTO U OnucaHHble Bbimie B [Ipumepe Nel.
Ilocne mpouecca KaTalUTHYECKOTO CHHTE3a, (PaKLUIO JIeTKoro mnapaduHa
NPUBOAWINA B KOHTAaKT C KaTaJIU3aTOPOM, KOTOPBIA OCYLIECTBISIET KPEKUHT
yIJIEBOAOPOAOB MPHU MATKUX pabouux yCioBUsX. B maHHOM mpumepe B KadecTBe
KaTaJau3aTopa MCIONb30BAIM KaTaJau3aTop, B KOTOPOM IPOTOMOPOM BBICTYyNAJa

IJIaTUHA.

B nanHOM npumepe HCHob30BAIN PEAKTOP C OPOLIAEMBIM CIIOEM; OHAKO,
MOTYT OBbITh HCIOJIb30BaHBI APYTH€ WU3BECTHBIE PEakTOpbl. PeakTop paboraer B
uHTepBase AaBneHui ot npuMepHo 690 klla (100 psi) o npumepHo 2758 kIla (600
psi), B uneane npu npumepno 1034 kIla (150 psi), B uHTEpBaNEe TemmepaTyp OT
npumepHo 177 °C (350 °F) mo mpumepno 316 °C (600 °F), >xenarenpHO mpH
npumepHo 218 °C (425 °F). MossipHoe cooTHomenue Hz/mapadus cocraBisier oT

1,5 1o 5, npennouTUTeNbHO PaBHO 2.

Ha BpIxonme mnpeBpamaercss n0 npuMepHO 75% mNpoaykTa OOBIYHBIX
napauHOB B JAW3€JBbHOE TOIUIMBO C BBICOKOH CEIEKTUBHOCTBIO, TEM CaMbIM
co3naBasi APYroi MOTOK MPOAYKTAa AU3EIbHOTO TOILJIMBA, KOTOPBIH MOMKET OBbITh

CMEILIaH C BBIXOJIOM U3 MEPBON KaTaTUTHYECKOU CUCTEMBI.

ITPUMEP Ne3

CpoticTBa TekydecTH (pakUWM IU3EJIbHOTO TOIIMBA TIPH  HHU3KUX
TEMIepaTypax yJIy4IlalT CMENIMBAHWEM IyT€M IOJIMBA (HPaKLUH AU3EIBHOTO
TOIJIMBA C JOOABKOH, yJydlIaomedl TEeKy4eCcTb IMPH HU3KHX TEeMIIepaTypax.
Hcnonp3oBanyu Ty k€ KaTaJUTHYECKYEO CHCTEMY M CIIOCOOBI, YTO U OMHCAHHBIE
Beimie B IIpumepe Nel. Ilocie mporeccoB KaTaTUTHYECKOTO CHHTE3a (HPaKIIHIO
AU3CJIBbHOTO TOIJIMBA CMEIIMBAJINM MYyTEM NOJIMBA C I[O621BKOI>1 AJIA yJIyUIICHUA
TEKYYECTH IIPU HU3KHUX TEMIIEPATYpax, KOTOPOYH CMELIMBAIN [P KOHLEHTPALUU
2000 dacteit Ha MHUIMOH (ppm), M KOTOpas COCTOsJIa W3 COIOJHUMEPOB

AJTKUJIIMETaKpuJIaTa.
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[0096]

[0097]

[0098]

XOTsl ONMMCaHWE BBIME COAEPKUT MHOTO MOAPOOHOCTEH, MX HE CIemyeT
paccMaTpUBaTh KaK OrpaHHYMBAIOLINE 00BEM N300PETEHHS, a TOJIBKO KaK IMPUMEP
HEKOTOPBIX MPEANOYTUTENbHBIX B HACTOSIIEe BpeMsl BapHUAHTOB peaU3aLHH
Hacrosmero m3oopereHus. Takum oOpazoMm, cienyeT MOHMMaTh, 4YTO O0BEM
HACTOSIIET0 N300PETEHNUS MOJIHOCTHIO OXBATHIBAET IPYTHE BAPHUAHTHI PEATH3aLNH,
KOTOpbIE MOIYT CTaTh OUEBUIHBIMH JUIs CIELUAIUCTOB B JAaHHOH o0yacTtu
TEXHUKH, U 4TO OOBEM HACTOSLIEr0 M300PETeHHUS, COOTBETCTBEHHO, HE MOJKET
ObITb HUYEM OrpaHHYEH, KpOMEe Kak IpuiaraeMod (popmynoil m3oOpereHus, B
KOTOPOI CCBUIKA Ha OTAEJbHBINA 3JIEMEHT HE O3HA4YaeT «OAWUH U TOJBKO OJUH

SJIEMCHT», €CJIM HC YKa3aHHO KOHKPETHO, 4 O3HAYACT KOAUH UJIU Ooneey.

Bce cTpykTypHbBle, XUMHYECKHE U (PYHKIHOHAJIbHBIE 3KBUBAJICHTBHI
HJIEMEHTOB OIMCAHHOTO BBILIE MPEANOYTHTENIPHOIO BapUaHTa peau3aluy,
KOTOpBIE M3BECTHBI CHELUAINCTAM B JAHHOH OONACTH TEXHHKH, BKJIIOYEHBI B
HACTOSIIIEE OMHMCAHHE IOCPEACTBOM CCBUIKHM, M OXBAaThIBAIOTCS (POPMYJIOH
m3obperenusi. Kpome Toro, coBceM He 00s3aTeNbHO YCTPOWCTBAM U Crocobam
pemaTth Bce MpoOJeMbl MO CPEACTBAM HACTOSINErO H300PETeHHS C IOMOIIBIO
BKJIFOUEHHS B GOpPMyJTy HaCTOsLIero n3oodpereHus. Kpome TOro, HU OMH 3JIEMEHT,
KOMITOHEHT WJIH 3TAll Coco0a B HACTOSIIIEM ONMCAHUH HE CTABUT ce0e 1eITbI0 ObITh
OTKPBITbIM O6H_IeCTBeHHOCTI/I, B HE3aBUCHUMOCTH OT TOI'O, UYTO 3JIEMCHT, KOMIIOHCHT
Wiy 3Tan cnocoda ToyHO omucaHbl B (Gopmyne. Hu ogwH snemeHT (GopMyibl
1/1306peTeH1/151, OIKUCAaHHOU B 3as4BKE, HE MOXET 6bITb HUCTOJIKOBAH B COOTBETCTBUU C
35U.S.C. 1 12, wecroti maparpad, eCiii TOJIBKO 3JIEMEHT He TPeIojiaraeT TOYHOe

omnpeneneHue ppaspl KO3HAYAET JUISI».

Bce LHUTUPYEMBIE B 3a4BKEC Hy6J'[I/IKaI_II/II/I, IIaTE€HTBI U IIATCHTHBIC 3asidBKHU

HaCTOALINM HPEACTABJICHBI BO BCEM CBOE IIOJIHOTE noCcpeEACTBOM CCBLIOK.
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®OPMYIJIA N3SOBPETEHUA

1. Cnocob nonyyeHns cmecu yrrneBogopoA0B, BKMIOYALWMIA Cneayowme cTagum:
a) npeBpalleHne Auokecnaa yrneposa B Cbipb€BOW ra3 C MOMOLLbIO reHeparopa CUHTE3-rasa,
b) BoccTaHOBNEHME KaTanusaTopa Ha NoANOXKE, UMEKOLLEro
anametp nop 6onee 0,008 mkm (80 aHrcTpem), u
ahbbekTmBHBIN pagnyc rpadyn 500 Mkm nnn meHee, n
3HayeHne gmucnepcun ot 2 50 10%, n
NPOYHOCTb Ha cxaTtne 6onee 1350 r/mm (3 doyHTa/MM), K
YyAENbHYIO NoBepxHOCTb 6onee 150 m2/r;
in-situ B peakTope C HENOABWMKHbIM CINOEM,

rae aucnepcus npeacraBnsaeT coboW AOM aTOMOB akTMBHOIO MeTanna Ha NoBEPXHOCTM
Karanusaropa;

C) OCYLL|ECTBINEHNE B3aMMOLENCTBUS CbIPbEBOro rasa, coaepKallero Bogopos U MOHOOKCUA
yrnepofa, C YyKasaHHbIM KaTanvM3aTopoM Ha MOAMOXKE C  MOflyYeHMeM noToka

YrneBoAOpPOAHOrO NPOAYKTA,

r4e NOTOK YyrneBOAOPOAHOrO NPOAYKTA COAEPKUT NErkue rasbl, AN3enbHOe TONMMBO, NErknn
napaduH n HadTy,
d) pasgeneHne NoToka yrnesog0poAHOro NpoaykTa Ha pakymn,

npuyem opakuymio An3enbLHOro Tonnmaea nonyyarT 6e3 rngpoobpaboTkmn nérkoro napaduHa.

2. Cnocob no n. 1, B KOTOPOM KaTanuaatop Ha NOAMOXKE BOCCTaHaBNMBAKOT BOLOPOLOM Npw
Temnepatype Hwke 343 °C (650 °F), u rae nony4vyeHHasa dpakuus AU3ENbHOro Tonnmea

cocTaenseT 2/3 OT NONy4eHHOro HErasoBoro NPoOAyKTa.

3. Cnocob no n. 1, B KOTOPOM KaTanu3aTop Ha NoAMoXKKe COAEPXKUT NENECTKOBYIO NOANOXKKY

c bonee yem YyeTblpbMA Nenectkamun, U rge sce nenecCTtkn MMeroT HeO4ANHaKOBYIO ANUHY.

4. Cnocob no n. 1, B KOTOPOM KaTanm3aTop Ha NOAMNOXKKE AONONHUTENBHO cogepuTt ot 0,01
macc. % o 2,0 macc. % npomoTopa, BbIOPAHHOrO U3 rPynnbl, COCTOALLEN U3 LEPUS], PYTEHNS,

NaHTaHa, NNaTuHbl, PEHUA, 30M10Ta, HUKENS UMW POAUSA U X KOMOMHaUWK, U rae NErkun napaduH
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cogepxut He Bonee 0,5 macc. % kakaoro yrneesogopoga ¢ YMCnom aTtomoB yrrnepoga 6onee
C35.

5. Cnocob nonyyeHns cmecu yrrneBogopoA0B, BKMIOYALWMIA Cneayowme cTagum:
a) npespaLyeHne anokcuaa yrnepoaa B Cbipb€BOV ra3 C MOMOLLbIO reHeparopa CUHTE3-rasa,
b) BoccTaHoBNEHMe KaTtanmsaropa Ha NoANOXKE NMEIOLLEro
NPOYHOCTb Ha cxaTtme 6onee 1360 r/mm (3 dyHTa/MM), K
ahbbekTmBHBIN pagnyc rpadyn 500 Mkm nnn meHee, n
3HayeHne gmucnepcun ot 2 a0 10%, n
anametp nop 6onee 0,008 mkm (80 aHrcTpem), n
yAEnNbHYIO noBepxHocTb 6onee 150 mM2/r;
in-situ B peakTope C HEMOABWMXHbBIM CIOEM,

rae Aucnepcus npeacraBnsaeT coboW AOM aTOMOB akTMBHOIO MeTanna Ha NoBePXHOCTM

Karanusartopa,

C) OCyLLecTBreHve B3aMOAENCTBISA CbiPbEBOro rasa, CoAgepsKallero Bo40Po4 M MOHOOKCUA
yrnepoga, C YyKasaHHbIM KaTanvM3aTopoM Ha MOAMOXKE C  MOfyYeHMeM noToka

YrneBoAOPOAHOrO NPOAYKTA,

rae NoToK YrneBoAopPOAHOro NPOAYKTa COAEPKUT NErkue rasbl, AN3enbHOE TONNMUBO, NErkNi

napaduH n HadTy,
d) pasgeneHne NoToka yrnesog0poAHOro NpoaykTa Ha pakymn,

npuyem opakymio AU3enbLHOro Tonnmnaea nonyyarT 6e3 rugpoobpaboTkmn nérkoro napaduHa.

6. Cnocob no n. 5, B KOTOPOM kaTanuaaTop Ha NOANOXKE BOCCTaHaBNMBAOT BOLOPOLOM Npw
Temnepatype Hwke 343 °C (650 °F), u rae nony4vyeHHasa dpakuus AU3ENbHOro Tonnmea

cocTaenseT 2/3 OT NONy4Y4eHHOro HErasoBoro NPoAyKTa.

7. Cnocob no n. 5, B KOTOPOM KaTanu3aTop Ha NOANOXKKE COAEPXKUT NENECTKOBYIO NOANOXKKY

c bonee yem YeTblpbMA NenecTtkamun, U rge sce nenecCtkn MMeroT HEeO4ANHaKOBYIO ANUHY.

8. Cnocob no n. 5, B KOTOPOM KaTanmM3aTop Ha NOAMNOXKKE AONONHUTENBHO cogepuT ot 0,01

macc. % o 2,0 macc. % npomoTopa, BbIOPAHHOrO M3 rpynnbl, COCTOALLEN U3 LEPUS], PYTEHNS,
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naHTaHa, NNaTuHbl, PEHUS, 3010Ta, HUKENS UM POANS U NX KOMBUHaUWKW, U rae Nérkii napadguH
cogepxut He Bonee 0,5 macc. % kakaoro yrmesogopoga ¢ YMCnoMm aTtomoB yrrnepoga 6onee
C35.
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