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HEMOCPEJACTBEHHOTO TIOJIYYEHHS BBICOKOIIETAHOBOTO TOTIMBA JAM3EIBHOTO THITA MU KOMIIOHEHTOB JJIs
CMCIICHHUS JAW3ETBHOTO THIIA W3 CTEXHOMETPHUYECKHX CMECEed BOAOpOJa W MOHOOKCHAA YIJIEpOAA.
N300peTeHne Mo3BOJSCT OCYIIECTBUTh, HO HE OrPAaHHUYUBACTCS UM, SKOHOMUYHOEC U I(PPEKTUBHOEC
MOJTY9YECHHE BBICOKOKAYECTBEHHBIX TOIIMB AU3EIHHOTO THUIIA Ha HEOONBIINX WIIH YJAICHHBIX JIOKAJIHHBIX
TOITMBHBIX 3aBOJAX, KOTOPBIE UMEIOT TOOBBIC IMPOM3BOJACTBEHHBIE MOIHOCTH MeHee 10000 Gappeneit
MPOIYKIMU B JCHB, TyTEM UCKIFOYCHUS TPAIUIIMOHHBIX MPOIECCOB Moaudukanuu napaduna. JlaHHbIA
KaTATUTUYECKUN TIPOIIECC HICANbHO MOAXOAUT AJS YHaJEHHBIX JIOKAJIHHBIX 3aBOMIOB, MPOU3BOISIINX
JU3EIEHOE TOIUIMBO, HAIPUMEpP U MPOU3BOICTBA JKUAKOCTEH U3 Ta3a (CHHTETHYECKOTO >KHIKOTO
TOIJIMBA) W JPYIMX BO3MOXKHOCTCH WCIONB30BaHUSA, JJIs KOTOPBIX TpeOyeTcs SKOHOMHYECKOES
000CHOBaHHE Ha OCHOBE JIOCTYITHBIX PACTIPEICICHHBIX PECYPCOB HCXOIHOTO CHIPHSI.
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IlepexpecTHasi cCHIIIKA HA POACTBEHHBIE 3aIBKI
He npumenumo.
3asiBjieHHe HA CIIOHCHPOBAHME NMPABUTEJIHLCTBOM HCCIeOBAHUI HIIH Pa3padoToK

He npumenumo.

BxaroueHue B onucanue H300peTeHUs] MaTePHAJIOB MyTeM CChLIKH, MPeICTABICHHONH HA KOMNAKT-AUCKe

He npumenumo.

YpoBeHb TeXHUKH
H3o6peraTenn

Robert Schuetzle, Dennis Schuetzle.

1. O6nacTh TEXHUKH.

B nenom, Hacrosiiee n300peTeHHE OTHOCUTCSI K YHHKAJIBHOMY CIOCOOY M KaTalUTHYECKOW cHCTeMe JUIs
MOJIYYCHHS TU3EIHbHOTO TOIUIMBA PEMHUYM KJlacca M3 CHUHTE3-Ta3a, MOJYYeHHOTO U3 MPHPOJHOTO Ta3a, KUAKO-
CTell M3 MPHUPOAHOTO rasa, JUOKCHIA YIJIepoAa M M3 JAPYTUX MOJOOHBIX BHAOB CXOJHOTO ChIpbs. Hactosmee
M300peTeHNe OTHOCUTCS K KaTATUTHYECKUM CIIOC00aM, KOTOPBIE ITO3BOJIAIOT H30€XKaTh HCIOIb30BaHuUs JOPOTro-
CTOSIIIUX W CIOXHBIX CTQANN, TAKUX KaK KPEKUHT HapapuHOB, THIPON30MEPH3ALNIO H/UIIH APYTHE CTaTUH MO-
TUGUKAIANA U TTepepadOTKH, TPATUIIMOHHO UCTIONB3YEMBIX JJIS MEepepabOTKH Ta3a B KUAKOCTH (CHHTETHYECKOE
xkuakoe tormneo, CXKT), 9To mMo3BONSET HKOHOMHYHO TPOHM3BOIWTH AW3EIHHOE TOIDIMBO UM MPHCAIKU IS
JIN3ETTLHOTO TOTUIMBA Ha JIOKAJLHOMW MPOW3BOJICTBEHHON YCTaHOBKE, KOTOpas 00BIYHO mpou3BoauT Mernee 10000
Gappereii B 1eHb, XOTS K HAMHOTO OOJIBIIINE 3aBOBI MOTYT HCIIOJIB30BATh YKa3aHHBIE CIIOCOOBI.

2. YpOBEeHb TEXHUKH.

I'mobGanbHBIi CIIpOC HA PHEPTHIO MPOJOIDKAET PACTH 3HAYUTENBHBIMH TEMIIAMH, OCOOCHHO Cpeiy IIpo-
MBIIIIEHHO Pa3BUTHIX cTpaH. [IpUpoHbIi ra3, )KUAKOCTH U3 MPUPOAHOro rasza, orxoasl CO,, CBSI3aHHBIN TPYI-
HOZOCTYTIHBIN MJIM CKUTAeMBIH Ha (hakelie ra3 ¥ MX KOMOMHAIMY CTAaHOBSTCS OoJiee IPUBIICKATEIbHBIMH B Kade-
CTBE MICTOYHUKOB YHEPTHH B CBS3U C yBEINYEHHEM 00BEMOB MTOJyYEHHS ATUX Ta30B BO BCEM MUpE.

Kaxk n3BecTHO, B 1TaHHOH 001aCTH TEXHUKH NPUPOJHBIN I'a3 M APYTHE BUIBI CHIPbS, OMMCAHHBIC BBIIIE, MO-
TyT OBITH NPEBpAIICHBl B CHHTE3-Ta3 (MM B BOJOPOJ M OKCHA YIJIIepoa) ¢ MOMOIIBIO PAa3IMYHBIX W3BECTHBIX
TEPMOXUMHYECKUX METOJOB IPEBPAIEHHs, BKIIOYAIOIINX YaCTHYHOE OKHCIICHHE, aBTOTEPMHUYECKHHA pHQop-
MUHT, pUGOPMHHT METaHa MapoM, CyXOi pUGOPMHHT U APYTHE MPAKTHICCKHUE CTIOCOOBI, M3BECTHRIC B JaHHOU
o0iacTi TeXHUKH. Tak K€ XOpOIIO W3BECTHHI TEXHOJIOTHH MOJMYYCHHS CHHTa3a U3 JPYTUX YIePOAOCOASPIKALIIX
PECYPCOB M TaK ke B CTaJUU pa3padOTKH MEPCTIEKTUBHBIC CITOCOOHI.

Karanutiueckoe runpupoBaHne OKCHAA YTIeposia C MOydeHIEM JETKUX Ta30B, KUIKOCTEH U mapagHOB,
OT MeTaHa JI0 TSDKENBIX yrieBogoponoB (Cjgy U BEIIIE), B JOMOJHEHHE K OKUCICHHBIM YIJIEBOAOPOIaM, OOBIYHO
Ha3bIBatoT cuHTe3oM Puniepa-Tpomnma (wm O-T). B tpagummonssix npoueccax @-T npexkie Bcero norydyaror
BBICOKOMOJICKYJISIpHBIH (Wi Mac.%) napaduH (Cys WM BBIIIE) € TIOMOIIBIO Ipoliecca KaTaTUTHIECKOI KOHBEp-
cun. Ot O-T mapaduHbl 3aTeM MOABEPraroT TMAPOKPEKUHTY W/WIHM JalbHEHIIeH nepepaboTke ¢ HOIydeHHEM
JIM3EJIbHOTO TOIUTMBA, JINTPOMHA U IPYTUX (pakiuid. B xone mpouecca ruApOKpeKHHTa TakKe MOJYJatoT JIETKUE
YIJIEBOJOPO/IBI, KOTOPhIE MOTYT IOTPeOOBaTh JOMOJHHUTENIBHOM 10pabOTKU € MOIYYECHHEM MOAXOASIIMX IPO-
IyKTOB. HekoTophle U3 3THX CII0COO0B M3BECTHHI M OMICAHBI B JAHHOW OOIACTH TEXHUKU.

Jlst npumepa, B matente CIIA 6262131 B1 (Syntroleum) ot 17 utonst 2001 omrcaHa CTpyKTypUpOBaHHAS
@©-T karanuTHUecKas CUCTeMa U CImocol, KOTopas COAEPKUT MO MEHBIIEH Mepe OAHY CTPYKTYPY, HMEIOIIYIO
KaTAIMTHYECKYIO0 TTOBEPXHOCTH, IIPH 3TOM TaKas KaTaJHUTHYCCKas MOBEPXHOCTh UMEET JIMHEHHBIN pa3mep, mpe-
BheImaromui 20 MM, K03QPuIMeHT nopucTocTu npepsimaet 0,6 U U300apy, MO NMpUIUHE HEe TIUITOPOBCKOTO TO-
Toka, xorga CO u H, npoxoasaT uepes ykazaHHYIO CTPYKTypy. B yka3zanHoMm natenre onucansl @-T karanusaro-
PHI, B TOM YHCJIIE )KENe30 U KOOAJbT.

B narenre CIIIA 7404936 (Velocys, Inc.) ot 29 urons 2008 onmcana cucteMa MUKpPOKaHAIBHOTO peakTopa
Y HCHOJIb3YEMbIE B CHCTEME MHKPOKAHAJBHOTO PEAaKTOpa KaTaln3aTopbl ¢ 00pa30BaHHEM TSDKEIBIX YIJICBOIO-
POJIOB M3 MOTOKA CHHrasa.

B marentre CHIA 4499209 (Shell Oil Company) ot 12 deBpans 1985 ommcan karanuzarop Pumepa-
Tpomia, MOITy4eHHBIH MyTeM MPOMUTKH HOJIOKKHA ¢ JUOKCHAOM KPEMHHS PacTBOPOM IHMPKOHHUS M THUTaHA C
MOCTIEIYIONTNM MTPOKAIMBAHUEM U APYTUMH HOATOTOBUTEIHHBIMH dTallaMu.

B marente CIIIA 5620670 (Rentech, inc.) ot 15 anpens 1997 ommcan KaTaIUTHIECKUH TpoOIecC MpeBpa-
IIEHUS BOIAOPOAa M OKCHAA yriiepoaa B peakrope cuHTe3a Pumepa-Tporima ¢ moMoImp0 MOIUGHUIMPOBAHHON
KaTaJIMTHYECKOW CYCIICH3MH OKCH/IA JKelle3a.

B yka3aHHBIX MaTE€HTaxX ONMHMCAHBI KaTAJM3aTOPHI, KOTOPEIE 00Pa3yIOT BHICOKOYTJIEBOIOPOIHBIC MPOIYKTHI
peakuuu (HanpuMep, napaduH), KOTOpble TPeOYIOT AaibHeineld 00paboTKy, BKIIOUas THAPOOOPaObOTKY U Apy-
THe CIOCO0bI MOAN(UKAINH, YTOOBI OIYYUTh JU3EJIbHOE TOIUIMBO MJIM KOMIOHEHTHI ISl CMELIMBAHMS JTH3EIIs
(Cs-Coa).

I'mapokpekuHr 1 apyrue crnocoObl MOANGHUKALNY 3HAYUTENFHO JOOABIISIOT PACXObl U CJIOXKHOCTH B KOH-
CTPYKLIMIO YCTaHOBKH. Takue crocoObl MOTYT OBITH OIpaBAaHBI ISl OOJIBIINX, MACIUTA0HBIX YCTAHOBOK, TAKHX
KaK TPaAWIHOHHBIE YCTAHOBKHM ISl HOJYYCHHS CMHTETHYECKOTO >KHIKOTO TorumBa. OMHAKO 11l HeOOIbIINX
pacTlpeeNIeHHbIX CHCTEM, KOTOpBIe TPeOYIOT MEHBIMX 00BEMOB CHHTeTHUYecKOTo xuakoro tormmsa (CXKT,
GTL), u apyrux ycTaHOBOK, KOTOpBIE TIPpou3BoaIT puMepHo Meree 10000 Gappernelt B 1eHb, MPOEKTH YCTaHO-
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BOK, KOTOpBIE 00beaAnHIOT Tpaauionnsle O-T mpormecchl, Takue Kak THAPOKPEKHHT U JPYyTHE JOPOTOCTOSIIIE
CrocoObl MOAN(UKANU, MOTYT OBITh SKOHOMUYECKH He BHITOAHBL. Ha ceromusimauii nenp xkatannzatopsl O-T
THUIIA W YCTAaHOBKH, HCIIONB3YIOMINE KAaTAJUTHICCKHE CHOCOOBI, HE MOTYT OBITH NMPUMEHEHBI U OIS KKH
STHX MaJICHBKHIX PACHpPEACICHHBIX CHCTEM.

Takum o6pa3oM, CymieCTByeT pacTymiasi MoTpeOHOCTh B KaTAIUTHIECKUX MpoIieccax, KOTOphIe MOTYT Ha-
IpAMYI0 TIpeoOpa3oBEIBATE CHHTA3 B AM3EIHHOE TOIUIMBO C BBHICOKMM BBIXOJIOM IIPH OTHOCHUTENFHO HH3KOH
CTOMMOCTH H TIPHU MSTKHAX Pa0OYMX YCIOBHAX. Taxke CymecTBYeT MOTPEOHOCTh B KATAIMUTHYECKHUX MpoIleccax,
KOTOpBIe HE TPeOyIoT TPaIUIMOHHO MpPeoOIaNaromnX KIACCHYECKOTO THAPOKPEKHHTa W MOAU(HUIMPYIOLIINX
CTaaui, TakuM 00pa3oM MO3BOJISISI SKOHOMHUYHO Ipon3BoaAnTh pacnpeaeneHubiii CXKT. Hacrosmee nzodperenue
OTBEYAET 3TUM TpeOoBaHUEM U 00eCIICUNBAET CYIIECTBEHHOE YITyUIICHHE 110 CPABHEHUIO C YPOBHEM TEXHUKH.

Kpartkoe onucanue n300peTeHus

B BapmaHTax peanmzaniii HACTOSIIETO W300pETEHHs ONMCAH KaTAIMTHYECKUH MPOIEecC, MCIOIb3YIOIUH
KaTaJIu3aTop Ul HENOCPEICTBEHHOTO MOJYYEHHs AM3EIbHOTO TOIUIMBA M3 CHHTa3a C BHICOKMM BBIXOJIOM, TIC
IPU KaTAJMTHIECKOM IPOIIECCE MPEKAE BCEro MPOM3BOANTCS AN3EIBHOE TOIUIMBO C HEOOJIBIIMM KOJINYECTBOM
nerkoro mapaduHa. Jlerkuii mapaguH criepBa MeperoHsoT, YTOOBI BRIIEIUTH BCe (GPAKITUU POAYKTA TU3EITHHO-
TO TOIUINBA, W OCTABIIMICS OT MpOIecca TUCTHIUIALNH JISTKUH mapaduH BO3BPAIIAIOT 00PaTHO B CTAAMIO TTOITY-
YeHHs CHHTa3a, TAKUM 00pazoM, ITOTIOIHUTEIHHO MOTYYCHHBIA CHHTA3 HCIOIB3YETCs A OCIEAYIOMIETO TOITy-
YEHHS AOTOJTHUTEIHFHOTO AU3EIHHOTO TOTUIHBA.

B tpagmmmonnsix nponeccax @-T g0 ruapoobpadboTku Wi MOIU(PHUKAINN TOIYYalOT B OCHOBHOM Tapa-
(uH 1 MaeHbKOE KOJMYECTBO WIIM BOBCE HE TOIYYAIOT AW3EIbHOE TOIIMBO, W 3aTeM TpedyeTcs OoibpIIoe Ko-
JIMYECTBO OIEpPaIMid, YTOObI MOIyYUTh TOTUIMBA, HOAXOAALINE IS IPOAAXH Ha phIHKe. TakuM oOpazoMm, mpous-
BOJS (PpAKLHUIO MPOIYKTA B OCHOBHOM C (ppakuyeil AM3eNbHOrO TOIUIMBA U C OCTATKOM HEra3oBBIX MPOIYKTOB,
BKITIOYAOIIUX JICTKUI mapaduH, 0e3 MCHONb30BaHUS TJIABHBIX TPAJAMIMOHHBIX CIIOCOOOB THIPOOYHCTKU WU
JIPYTUX MOIU(PUIMPYIOMNX CTaANH, TPEOYIONINX CYIIECTBEHHO OTJIMYAIOIIETOCS KaTalun3aTopa 1 Clioco0oB, 4eM
TE, YTO UCIIOIH30BAIUCH paHEe.

CranmapTHBIE NCXOIHBIE IPOAYKTH cCHHTe3a @-T B OCHOBHOM cojepskaT nmapaduHbl ¥ THAPOOUHIICHBI IS
YMEHBIICHUS TEMIIEpaTyphl KUIMEeHUsI. B paMKkax yka3aHHOTO Iporiecca THAPOOYHCTKH YAAISMIOTCS OKHCICHHBIC
COEIIHEHU S, TIOJTyYeHHBIE B PE3yNIbTaTe MpoIiecca, ¢ MOMOIIBIO MIPEBPAICHISI HX B COOTBETCTBYIOIHE mapadu-
HBl. [loyHOE ynanieHWe OKHCICHHBIX COSNMHEHHWH HEXeNaTeNhbHO, BKIIFOYAs BEICOKOMOJIEKYIIAPHBIC JHHEHHBIE
CHHPTHI, TaK KaK COUPTH 00ECIIEYNBAIOT XOPOIIHE CMA3bIBAIOIIIE CBOMCTRA.

Vcnonp3ys BCIOMOTATENBHBIA KaTAIM3aTOP W OMHMCAHHBIN CHOCO0, B KaTAIUTHYSCKOM IIPOIIECCE MOXKHO
MOJIYYUTh pacrpe/esieHne MPOIyKTOB, BKIIOYAIOIIEr0 MPUMEPHO 2/3 JKMAKOTO NPOIYyKTa B AWAIa30HE IU3EIIb-
HOTO TOIUINBA, COAEPIKAIETO0 OCHOBHOE KOJMYECTBO YIIIEBOJOPOIoB B nuarna3oHe Cg-Cys. OcTaTok MpOIyKTOB
Hera3oBoH (ha3bl COCTOMT U3 JIETKHX ITapa)MHOB, KOTOPBIE JIETKO MOTYT OBITh MEepepadOTaHbl B YIIIEBOAOPOI-
HYI0 ()paKIMIO TU3EIHHOTO TOIUIMBA MM BO3BpAIEHBl 0OpAaTHO B TEHEPATOp CHUHTra3a JUIs MOJy4YeHHs JOTOJIHHU-
TEJILHOTO CHHT'a3a.

[Mocnenyromas o0paboTka WM mepepabOTKa OCTaTOYHOW (pakuuu mnapaduHa IO3BOJISET, HCIIONB3YS
MPeUIOKEHHBIN crioco0, mpon3Boants 100% nu3enbHOrO TotuMBA. Jlerkuit mapaduH Mocie AUCTIIUIALNH, T0-
JYYeHHBIA TIOCPEACTBOM MAaHHOTO CIIOC00a, YHHKAJICH TEM, YTO YTIJIEBOJIOPOJBI, COAEpIKaIlrecs B yKa3aHHOM
napagune, cocTaBisAioT He 6onee 0,5 mac.% Kakaoro Ynciia aToMoB yriepona 6omnee C;s (Hampumep, KaKIoro
gucia atoMoB yrieponaa Css, Csg 1 T.J. cocTaBisieT He Oosiee gem 0,5 mac.%).

B BapmaHTax peanm3anyy HACTOALIETO M300PETEHHS MPEITOKEHBI MOIXOAINNe KOMOMHAINN TIepeMeH-
HBIX, 4YTOOBI BEIPabOTaTh COCO0 M KaTann3aTop, KOTOpPbIE IPUBEAYT K BEICOKOMY BBIXOAY AM3EIbHON (hpakiuu
HarpsMyIo U3 CHHrasa.

Pa3HOOOpa3ue KaTaTUTUYCCKUX TapaMeTPOB KaTallu3aTopa ACIal0T €ro YHUKATbHBIM U ITOAXOISIINAM JUIS
3¢ pexTuBHOI paboThl. CTpYKTYpHBIE MTapaMeTPhl BKJIIOYAIOT MaTepuall MMOUI0KKH, KOTOPask MOXKET COJEpPKaTh
Al,O3, SiO,, aKTHBHPOBAaHHBIN yroib, YIIIEPOJIHbIC HAHOTPYOKH, IICOUTHI WM APYTHE ITapaMeTPhl MaTePHAIOB
HOCHTEJIS, TAKHE KaK pa3Mep, (opma, IuaMeTp 1op, yAeabHas TOBEPXHOCTh, IPOYHOCTh Ha CxKaThe, 3PPEeKTHUB-
HBIH pagnyc TpaHyJ U APYyTHe, ONIMCAHHbBIC B HACTOSIICH 3asiBKE TapaMeTphI.

YHHEKaTbHOE COYeTaHHE yKa3aHHBIX MapaMeTpOB MPUBOIUT K MOTyYCHHIO 3(P(EKTUBHOTO KaTaam3aTopa,
KOTOPBII MO3BOJSIET HOTYYUTh YHUKAIBHBIA MPOAYKT. Taxke 04eHb Ba)KHBI IPOIIEIypa BOCCTAHOBJICHUS KaTa-
JM3aTOpa U BUJA PEAKTOPa, UCTIONB3YEMOT0 B Cltoco0e, TOCKOIBKY OHHU OIPENEIIIOT CEIEKTUBHOCTH TI0 OTHOIIIE-
HUIO K TIPOAYKTY.

C moMomIpi0 TeCTUPOBAHM OBUIO TTOKA3aHO, YTO U3MEHEHHE YKa3aHHBIX BBIIIE TApaMETPOB MOXKET UMETh
orpomHbIi 3 dekT Ha pacnpeneneHue MPOAyKTa B HCKOTOPBIX BapUaHTaX peanum3anuu. Hampumep, Hains or-
TUMAJIBHYIO TIOJUIOKKY, 3arpy3Ky MeTaJUlaMH, pa3Mep KPHCTa/UIOB, IUaMETp I10p, yACIbHYIO TOBEPXHOCTH, yC-
TOWYMBOCTH Ha CXKaTHE U 3PPEKTUBHBIA paJinyc TpaHyJl KaTalu3aTopa Ha MOJUI0KKE, MOKHO U3MEHUTH pacipe-
JIeTICHUE TIPOIYKTA M MOKHO TIOJIyYHTh Pa3HHILy MEXIY SKOHOMHYECKH paclpeieseHHON YyCTaHOBKOW M ycTa-
HOBKOM, TpeOylomei noporux crnocoboB Momudukammu. Kpome Toro, ucnonb3yeMble B CIOCOOE MPOLETYphI
BOCCTAHOBJICHUSI U TUI PeaKTOpa HEOOXOIUMEI IS ITOJTy4EHHsI TpeOyeMoro BBIXOIa.

B ogHOM M3 acmeKTOB HACTOAIIETO M300pETeHHUS CIIOCO0 BKIIIOYAET B3aMMOACHCTBHE CHIPHEBOTO Ta3a (Ha-
IprUMep, CHHTa3a, OYUIIEHHOTO CHHTa3a W IPYTHe) ¢ KaTaln3aTOpOM Ha IMOJUIOKKE C 00pa3oBaHMEM ITOTOKa
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MPOAYKTA, COJACPHKAIIETO JU3EIHFHOE TOIUIMBO, Ta3bl U JICTKUHN mapaduH, rae mocie OTTOHKH (PAKIUU JIETKOTO
napaduHa pacnpeesiCHHEe MPOIyKTa KOMIIOHEHTOB HE Ta30BOX (pa3bl COCTABIACT MPUMEPHO Oolnee 2/3 mu3enb-
HOTO TOIUIMBA U IpuMepHO MeHee 1/3 mapadwuHa.

B omgHOM ¥3 BapmaHTOB pealHM3aldy HACTOSIIETO M300pETeHHS JeTKUH mapaduH IMEePeroHsoT KaK 4acTh
MHTETPUPOBAHHOTO IIPOIIECCa, C TIOMOIIBI0 KOTOPOTO (PaKIHIO JETKOro mapaduHa BBOAAT B PEKTH(PHUKAIINOH-
HYIO KOJIOHHY, T/Ie PeKTH(PHUKAIMOHHYIO KOJIOHHY HUCIIONB3YIOT IS MOJTyYeHHS ITOJIe3HOH (PpakInu JH3eTbHOTO
TOIITNBA pUMEpHO B auamna3oHe Cg-Cyy, KOTOPYIO CMEIIUBAIOT ¢ (PpaKIHeld HU3eTbHOT0 TOIUINBA, IOTYIeHHOTO
HAIpPSMYIO C TIOMOIIBIO KaTaIu3aTopa.

B npyrom BapuaHTe peanm3anuy HACTOSIICTO N300PETEHUS BEPXHUI MOTOK, HYXKHHUN TIOTOK U TI0 MCHBIIICH
Mepee oArH OOKOBOW MOTOK BEIBOJST U3 PEKTU(PHUKAIMOHHON KOJIOHHEL J[M3eIbHOE TOILIMBO, MOJYYCHHOE B
MpOIIeCCe OYHCTKH, MPEICTABISICT COOOM WACanbHBI CHHTETUYCCKUN TU3CNb, OTBCUAIOIIMNA TPeOOBaHUSIM
ASTM, BkiIto4as TEMIEpATypy BCOBILIKY, TEMIIEpATypy neperoHku D0.

B npyrom BapmaHTe peanu3aliy HACTOSIIETO M300pPETEHUS B PEKTH(PHUKANMOHHYIO KOJIOHHY TOJAIOT KaK
Jerkuil mapaduH, Tak U KXKUAKYIO0 (QPAKINI0, TOTYICHHYIO OT KaTalu3aTopa, PeKTU(PUKAIIMOHHYIO KOJOHHY HC-
MOJIL3YIOT JUIS TIOJIYYEHHUS TPEX MOTOKOB, BKIOHAOIMUX (pakmuio HagThl (mpumepHo C4-C;), dpakmuro am-
3enpHOTO TotuHBa (puMepHO Cg-Coy) 1 dpakiuio napaduna (mpuMepHo Cshsy).

B apyrom BapmaHTe peanu3allié HACTOAIMIETO M300peTeHus (ppakmuio HapTH BO3BPAIIAIOT OOpaTHO B
OJIOK TONy4YeHHs CHHTa3a ¢ 00pa30BaHUEM JOIMOTHUTEIBHOTO CHHTa3a, KOTOPHIH 3aTe€M HMCHOIB3YIOT IS MOIy-
YeHHs1 OONBIIETO KOJIMYECTBA IN3EIHHOTO TOIIINBA, KaK ONMCAaHO B 3asBKE.

B npyrom BapmaHTe peanm3aIiii HACTOSIIETO W300pPETEHUsI OCTABIIYIOCA (pakIuio mapaduHa BO3Bpala-
FOT 00paTHO B OJIOK MMOJTyYCHHsSI CHHTa3a C MOJIyYCHUEM JIOMOTHUTEIBHOTO CHHTa3a, KOTOPBIH 3aTE€M HCIOIb3YIOT
JUTSL IOJYYCHUS OOJIBIIEr0 KOJIMYECTBA TU3CIBHOTO TOILINBA, KaK ONMCAHO B HACTOSIIICH 3asBKeE.

B npyrom BapmaHTe peanm3alyy HACTOSIIETO U300peTeHus mapaduH BO3BPALIAIOT 0OPaTHO B OJIOK MOITY-
YCHHsI CHHTa3a, TA¢ OJIOK MOJTYYCHHS CHHTa3a MPECTABISICT COOOW HEKATATHTUYCCKYIO CHCTEMY YaCTHYHOTO
okucnenus (CYO), u mapaduH moaBepraroT MPEBPAMICHAIO BMECTE C OCHOBHBIM CHIPhEM, KOTOPOE MOXKET TIPE/-
CTaBIIATH COOOM MPUPOIHEIH ra3, )KUAKOCTH U3 IPUPOIHOTO ra3a WiIH WX KOMOWHAINH.

B npyrom BapuaHTe peaym3aiii HACTOSIIEro M300peTeHus (ppakimmuio HadTH U3 0JIOKA TIEPETOHKH TaKKe
BO3BPAIIAIOT U MPEBPAIIAIOT B CHHTa3 BMECTE ¢ apauHOM F OCHOBHBIM CHIPHEM.

CornacHO BapHaHTaM PEaTH3alrdN HACTOSIIET0 M300pETCHHS METAJUIMIECKUN KaTaln3aTop MOXKET Ipe.-
CTaBIATH COOOM KOOANBT, JKEJIe30, HUKENb MM KOMOWHAITMH YKa3aHHBIX METAJIOB, HAHECCHHBIX B KOJIMYCCTBE
6onee yem 5 mac.% Ha TaMMa OKCHJ aIIOMUHUS, THOKCH] KPEMHHUS WIH IPYToil MaTeprall MOIOKKHA BMECTE C
OJTHUM WK OoJiee mpoMoTopaMy B KoiudecTBe oT npumepHo 0,01 xo npumepno 10 mac.% B mepecuere Ha 00-
IIYI0 MacCy KaTalu3aTopa Ha MOIOKKE.

[IpoMoOTOpBEI MOTYT BKJIFOYATh OJHO WM 0OJIEe CICAYIONICTo: Iepull, pyTCHHA, IAHTaH, IUIATHHY, PSHUM,
30JI0TO, HUKEIIb WM POAUi. B 0JHOM W3 BapHaHTOB pealiU3allii HACTOSIIETO H300PCTCHUS KaTaIH3aTop UMEET
cpeaHuii tuameTp nop 6onee 8 HM. Karanmusarop MoXeT MpeACTaBIsITE COOOH JIENECTKOBBIA SKCTPyaat, chepy,
rpaHyay W UMETh APYryr (GopMy, KoTopas odecmeunBacT 3PQPEeKTHBHYIO pabOTy B cioe Karanuzartopa. B
upeaie, (JIemecTKoBas) TMOMIOKKA COCTOUT M3 TPEX, JINOO YEeThIpeX WM IIATH JIETIECTKOB, B KOTOPOW 11BA WIIN
Oosee nerecTKOB OyAyT IIMHHEE, a OCTAJIBHBIE ABa KOpOoUe, MPHYeM KakK JUTMHHBIC JIETIECTKH, TaK KOPOTKHE Jie-
MECTKH CUMMETPHYHEI.

PaccrosiHre OT cepequHbI MOIOKKH WITH OT CEPEIUHBI KaXIOTO JIeTIeCTKa Ha3bIBaloT "3 QeKTUBHBIM pa-
JIIYCOM TpaHy’:", KOTOPBIH ABJIACTCSA BAaXXHBIM ITapaMeTpOM ISl TOCTHIKEHHUS JKeJTaeMOil CeJIeKTHBHOCTH K ITH-
3€NbHOMY TOILTHBY.

Croco0bI MOJTyYeHUs KaTaau3aTopa BKIIOYAIOT MPOMHUTKY M IPYTUE CIIOCOOBI TONYYCHUs, OOBIYHO HC-
MOJIb3yEMBIC B JAHHOW OOJIACTH MPOMBIILICHHOCTH U OIIICAHHBIC B YPOBHE TCXHUKH.

TpaaunrOHHBIC TOUTOKKH KaTalu3aTopa ¢ OOJNBIION TUIOMAbI0 MOBEPXHOCTH UMEIOT CPEAHUN TUAMETP
nop menee 100 A. [Tommoxku, BHIIONHEHHEIE CO CPEAHUM 00BeMoM mop Gonee 40 eM’/r Himm CpeIHUM THAMET-
pom nop 6oxee 80 A, GymyT uMeTh IIOmMAas MOBEPXHOCTH HAMHOTO MeHbIIe 150 M/T H MIPOYHOCTH Ha C)KaTHE
900 r/™MMm (2 dpynrTa/MM). JloCTHKEHHE BBINICYIOMSIHYTOM KOMOWHAITMH ITEPEMEHHBIX YHUKAILHO B JTAaHHOW 00-
JIACTH TEXHUKH (T.€. YHUKaIbHAs KOMOWHAIUSA OOJBIIOHN IO MIOBEPXHOCTH, OOJIBIIOTO 00beMa Top 1 Jua-
MeTpa TIOp U TOCTATOYHOH MPOYHOCTH HA cxkathe). [ MOoCTIKeHUs MPOoYHOCTH Ha cxkatue 6osee 900 r/mMm (2
(hyHTa/MM) HOCUTENTL MOJKEH OBITh MPOKAJICH MPH OYeHb BBICOKMX Temmeparypax (>980°C (1800°F)) 3a cuer
3HAYUTEIBHOM MOTEPH TUIOIIAAHN IOBEPXHOCTH.

Hcnonb3yemast TIOANOKKA KaTaanu3aTopa MMeeT CPeqHHil AuaMeTp mop mpumepHo 6omee 80 A, cpemmmit
a¢exTuBHbI panuyc rpanyn 600 MM, IpoyHOCTh Ha cxkarue Oosiee 1350 /MM (3 dyHTa/MM) U yIenbHYIO
noBepXHOCTH Goree 150 M*/r 1 3HaueHue aucepcHn 4%. ITO COUETAHNUE MEPEMEHHBIX YHHKAJIBHO.

JIss MakCHMManbHOTO BBIXOJIAa TU3CIBHOTO TOILIMBA OBUIA OOHAPYKECHBI TUIIBI MOAJOXKKHU, KOTOPHIC BKITIO-
YarOT OKCHUJ alFOMHUHHS, KOMOWHAIIMK OKCHJIA aJIFOMUHUS/KPEMHUs, aKTUBUPOBAHHBIN Yrojb, YTICPOIHBIC Ha-
HOTPYOKH, yrIIepOIHbIC HAHOBOJIOKHA W/WJIM TIOJIOKKH Ha OCHOBE LICOJTUTA.

Bbu10 00HapyXeHO, YTO KaTalu3aTop Ha ITOJUI0KKE COTJIACHO HACTOSIIEMY N300pETEHHUIO 04eHb Y PeKTH-
BEH W MMEET BBICOKYIO CEJIEKTHBHOCTH K TOIUIMBHOMY IIPOAYKTY IW3EIBHOTO THIIA IIPH HCIIOIB30BAHUN B peak-
TOpE C HETIOABIKHBIM CJIOEM C HCIOIb30BaHHEM YHHKAJIHFHOTO CIIOCO0a BOCCTaHOBJICHHUS in-situ.
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[MomyyerHOE B cIOCOOE B COOTBETCTBUH C HACTOSIITUM H300PETCHUEM JH3EIBbHOE TOILIMBO HUACATBHO MO-
XOJIUT JUTSl CMEUIMBAHUS C HE(TSIHBIM JHU3ETeM JUTs YBEIHMUCHHS COACPIKAHUS I[eTaHAa U YMEHBIIICHUS KOJIUYECT-
Ba Cepbl B TOIUIMBHOH cMecu. CMma3bIBaromIasi CIIOCOOHOCTh IW3EIBHOTO TOIUIMBA COCTABISIET B TUAIIa30HE OT
200 mo 475 mxm o ASTM D6079.

JIOTIOTHUTEIBHBIN acIIeKT HACTOSAIMIETO H300PETEHHS 3aKII0YaeTCsl B CMEIIMBAHNH ITyTEM JIOJMBA AU3EIh-
HOTO TOIUIMBA C HEOOJBIINM KOJMYECTBOM MPHUCAIKH, YIyUIIAOIeHd TeKy4ecTh MpH HHU3KHX TeMIleparypax,
KOTOPAast MOXKET BCTPEUATHCS B PYKOBOJICTBE IO SKCIUTyaTAIlMH YHCTOTO TOTIIMBA B XOJIOJHOM KITMMATe.

Kpartkoe onucanue yepre:xeit

Hacrosiee nzo0perenue Oyaer 6oree MOHIATHBIM CO CCBUIKOM Ha CIICAYIONHE (PUryphl, KOTOPEIC TpeIHA-
3HAYCHBI TOJILKO TS LEJICH HILUTIOCTPALINH.

Ha ¢wur. 1 nokazana TexHOoJOrm4YecKkas cxema OT dyeMeHTa A 10 E, kakIplii U3 KOTOPBIX MPEICTABISACT
pa3IMYHBIC 3TAIbBI CIIOCO0a, OT MOYYCHUS CHHTa3a 10 00paOOTKU TU3EIEHOTO TOILIHBA,

Ha ¢ur. 2 TOKa3aH YPPEKTUBHBIN pagnyc TpaHyN U3 JCTECTKOBON U chepruecKor MOTOKKH, a TAKKE I10-
Ka3aHBI JICTICCTKH Pa3HBIX Pa3MEPOB Ha JICIECTKOBOM KaTallU3aTOpE.

IMoapo6Hoe onucanne N300peTeHnst

B BapmanHTax peanuzanuy HACTOSIIETO W300pEeTEHUS MPEAIOKEH KaTATUTHIECKIH CII0CO0, TT03BOJISIOIHA
TIOJTYYUTh JU3ETbHBIE TOIUIMBA (KOTOphIE B OCHOBHOM cojiepxat Cg-C,y YTIIEBOAOPOIBI) C BEICOKOH CEIEKTHBHO-
CTBIO TIpH MHUHUMU3auH nonydeHus O-T mapaduHOB (KOTOphIE B OCHOBHOM cojaepikaT Cjsy YIIIEBOAOPOIBI) C
WCTIONIb30BaHNEM YHUKAIBHOTO KaTalu3aTopa U crocoba. B maHHOM citydae "CelleKTUBHOCTE" OTHOCHUTCS K YHC-
Iy MOJIEH yKa3aHHOTO TOITUTMBHOT'O MPOyKTa, 0OpazoBaHHOTO Ha 1 Mok npeBpamenHoro CO.

B Oonee nmpenmoYTHTENEHOM BapUaHTE PEaTU3allii, OMUCAHHOM B HACTOSIIEM JOKYMEHTE, IIPOIYKT MIpeI-
CTaBISAET COOOM TOIUTMBO JU3ENHFHOIO THUIA MM CMECh TOIUIMB TU3CIIBHOTO THIIA, COAepKalue B OCHOBHOM Cg-
Cy4 yIIIEBOOPOIBI 1 MHUHUMANIbHOE KonmuuecTBO mapadpuna (C,y.), IPU 3TOM MOJTYYCHHBIH apaduH MpeacTaB-
JseT co00l YHUKATBHBIN apaduH, TMOTYYEHHBIH M0 YKa3aHHOMY CIIOCO0Y, TIOTOMY YTO YTIICBOJOPOJIBI, COACP-
JKaluecsl B yKa3aHHOM TapaduHe, cocTosaT u3 He Oornee 0,5 mac.% KaxIoro 4mcia aTOMOB Yriepojaa OoJbIe
Css (HammpuMep, Kaxmoe 9uciio atoMoB yriepona Css, Csg 1 T.4. coctaBisieT He 6onee 0,5 mac.%).

B HacTosmmeM qoKyMeHTe AU3eIbHOE TOIUTHBO MM CMECh (DpaKIMid Ji3elisi, KOTOPhIe COCTOST B OCHOBHOM
13 Cg-Cyy, OTHOCAT K "MU3ETbHOMY TOIUTUBY". B cmmocobe B COOTBETCTBHM C HACTOSIIIIUM H300pETEHHUEM, OIIH-
CaHHOM B HACTOAIIEM AOKYMEHTE, IOJIY4aloT paclpeieieHne Hera30Boro NpoayKTa, COCTABIAIONICE TPIMEPHO
2/3 mu3enpHOTO TOILTMBA M MpuMepHo 1/3 nerkoro napadwuHa.

[IpoxyKT, mMOTydYeHHBIH HEMOCPEICTBCHHO C MIPUMEHEHNEM HACTOSIIETO M300PETEeHUS, SIBISCTCS BBICOKO-
[ETAHOBBIM TOILTHMBOM JU3EILHOTO THIIA WJIM CMECHIO BRICOKOIICTAHOBEIX TOILTHB JTH3CIIHOTO THIA. B oTiinume
OT TpaJUIUOHHBIX TpoaykToB @-T, cormacHo BapuaHTaM pealu3alud U300pPETCHUs, TU3EIbHOE TOILTHBO MOX-
HO HETOCPEACTBEHHO TMOJIYYUTh W3 CHHIA3a C BBICOKMM BBIXOJOM ITOCPEACTBOM TPOIMYCKAHHS CHHTa3a depes
peaktop ©-T B OJMH MPOTOH WK C IOMOIIBIO CEPUU PAb0OUUX PEaKTOPOB JUIS JOCTHKCHHS HanOoJee BRICOKOM
oOrmiell KOHBepCUH yriiepoaa. B Ipyrux BapuaHTax peanv3allidl HEpOpEeardHpOBaBIINI CHHIA3 BO3BPAIIAIOT
00paTHO B BEPXHIOK YaCTh PEaKTOPa M CMEIIUBAIOT C TIOCTYIIAOIINM CHIPHEBEIM Ta30M.

Jln3zenbHOE TOIIMBO SBISAETCS YKUAKUM IPH YCIOBUAX OKpYXKaromiei cpenst (Hampumep, pu 22°C (72°F)
1 atMochepHOM AaBiieHnH). [ToMydeHHBIH ¢ TOMONIBI0 KaTATUTHIECKOW peakinu ®-T MpomyKT KUIKHX yTIie-
BOJIOPOJIOB COTJIACHO HACTOSAIIECH KaTATUTHYECKON PeaKIINU MOKHO HEITOCPEICTBEHHO HCITONB30BATh B KAUECTBE
KOMITIOHEHTA ISl CMEUIMBAHUS IHM3es WIM B Ka4eCTBE YHCTOTO TOIUIMBA 0e3 HEOOXOIMMOCTH HCIOIH30BAHMUS
JOPOTHX croco00B mepepaboTKu U MoAn(UKarii. KOMIIOHEHTH! IS CMEIIMBAaHUS MOBBIIAIOT [IETAHOBOE YHC-
JIO ¥ YMCHBIIAIOT KOJIMYECTBO CEPHI B OOBIYHBIX AU3EIbHBIX TOIUTHBAX, MPOU3BEACHHBIX U3 He(TH. KOMIOHEHTHI
JUISL CMEIIMBaHUS TaKKe UMEIOT MPEBOCXOIHBIC CMa3bIBAIONINE CBOMCTBA. ECITM MONy4YeHHOE U3 CHHTa3a HCXO]I-
HOE CBIPbE TPEACTaBIICT COO0H BO30OHOBIIIEMOE CHIPbE, HAMPUMEP MOJYYCHHOE WX OMOTras3a, TO KOMIIOHEHTHI
JUTSL CMCIIIMBAHKS TAK)KE MOTYT BBIIIOJHSTE POJIb OJarOMPHUATHBIX HU3KOYTICPOTHBIX KOMIOHESHTOB MIPU CMEIIIH-
BaHUHM C TOIUTUBAMH, MTOJYYCHHBIMA U3 HE(TH.

IMocne mporecca KaTaTUTUIECKOTO MPOM3BOCTBA (DPaKIUK MPOIYKTa Pa3ICISIFOT ¢ MOMOIIBI0 CEPUH KOH-
JISHCATOPOB WJIM cemnaparopa-kamieorOoiinnka. Hampumep, B npyrom mpomecce ®-T, crmepBa B cemaparope-
KaIieoTOOMHHUKE KOHIEHCUPYIOT napaduH, koTopsiid padotaeT npu 149°C (300°F) - 215°C (420°F). XKuakyro
(paxnuo ¥ QpakIHio BOABI 3aTeM KOHACHCHUPYIOT BO BTOPOM COCYJE MPH YCIOBUSAX OKpYKAaloIIeH cpensl Win
ke (27°C (80°F) wn HIKE).

B npyrom BapuaHTe peanm3aiiii HACTOSAIMIETO H300pETeHUS TS TOIYYSHUS UACaNbHON QpaKIui IpOIyK-
TOB UCTIOJIB3YIOT AUCTIIIIAIMIO C TOJTYYCHHEM TpeOyeMbIX Gpakiuii IpoayKTa M3 MPSIMOTO BEIXOJSINETO MOTO-
Ka KaTaTUTUICCKON peakimu. PekThukarmoHHas KOJIOHHA MOXKET COJACpKaTh MO MEHBIICH Mepe 5 Taperok
WIK BIUIOTH 0 40 Tapenok M MOXKeT paboTaTh MPU PAa3IUYHBIX TeMIepaTypax Il 3(h(GeKTUBHOrO MoaydeHUs
TpeOyeMbIX (hpakIuii NpOIyKTa.

B BapmaHTax peaimu3anuy HACTOSIIET0 U300PETEHUS TaKKe MPEATI0KECHA IOBTOPHAS TepepaboTKa MOTOKOB
MOOOYHBIX MPOAYKTOB, TAKUX Kak HadTa U mapaduH, KOTOPbIC Ta3u(UIMPYIOT WIH MOIBEPTalOT PUPOPMUHTY
JUTSL TIONTYYCHHUS JOTIOJTHUTEIBHOTO CHHTa3a, KOTOPBIA 3aTE€M HCIIONB3YIOT JUIS MTOTyYCHHS OOJBIIETO KOJTHMYSCTBA
JIU3EIBHOTO TOIUIHBA.

BapuaHThl peanu3anuy HACTOSIIETO M300pETCHHs BKIIOYAIOT BO3BpalleHHe mapaduHa oOpaTHO B OJIOK
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MOJYYCHHUS CHHTa3a, TJIe OJIOK IMOTyYeHHs CHHTa3a MPEeCTaBIsieT COO0N HEKATATUTUICCKYIO CHCTEMY YaCTUYHO-
ro okucienus (CUO), u mapaduH mpeBpanialoT BMECTE C OCHOBHBIM CBIPbEM, KOTOPOE MOXKET IPENCTABISATh
co0OM MIPUPOIHEI Ta3, UIKOCTU U3 MPUPOIHOTO Ta3a Wi ux komOnHammu. IloBTOpHas mepepaboTKa IIOTOKOB
yYKa3aHHBIX TOOOYHBIX MPOAYKTOB B IOTIOJIHUTENBHBIN CHHTA3 MO3BOJseT moiy4dars 100% au3ensHOe TOIUTUBO.

BapuaHTBI peanm3anuy HACTOSIIETO M300peTeHUS UMEIOT psia mpeumymiecTB. [lodydaeMbie B COOTBETCT-
BUU C HACTOAIIMM H300pETCHHEM TUIBI TNU3EIbHBIX TOIUIMB HACaJIbHBI B KAUeCTBE COBPEMEHHBIX KOMIIOHEHTOB
JUT CMEIIMBAHUS TU3CIBHOTO TOIUIMBA, TAaK KaK TaKOE€ CMEIIMBAHHE ITO3BOJISET MOBBICHTH LIETAHOBOE YHCIIO,
MOHU3UTH COJEpPKAHWE CEphl W MOHW3UTH KOJIMYECTBO BHIOPOCOB aBurareneM. [IpomayKT IU3eNbHOTO TOIUIMBA
MOJKHO HUCIIOJIb30BaTh B KAYECTBE YHCTOTO TOILIMBA, B BUAC CMCCH WJIM B HEMHOTO H30MEPHU3UPOBAHHOM BHJIC
WIHA B BHJC CMEIIAHHOTO ITyTEeM JOJHBa C HU3KOTEMIICPATYPHBIM YIYYIINTEICM TEKYYSCTH B COOTBETCTBUHU C
WHCTPYKIUEH HCIOIB30BAHUS ISl HH3KOTEMIIEPATyPHOTO KIIMMAaTa.

Kpome toro, makcumanbsHast Cg-Cy; CENCKTHUBHOCTD ISl ()PAKIUU TOIUIMBA IU3EIBHOTO THIIA MO3BOJSICT
UCKJIFOYUTH JOPOTOCTOSINUE CIOCOOBI MOAM(DHUKAINY I 3TOW TOTUTUBHOU (ppakiun. Takum oOpa3om, BapuaH-
TBI peajn3allii HACTOSIIET0 N300pETeHNUs AEIal0T BO3MOXKHBIM AKOHOMHYECKH ONpaBIaHHOE MTPOU3BOACTBO HA
JIOKTBHBIX 3aBOJIaX MPOU3BOJICTBA CHHTETHYECKOTO TOIUIMBA, KOTOPBIE MPOU3BOIAT MeHee mpumepHo 10000
Oappereli TOIIIMBA B TOJI, OJTHAKO BO3MO>KHBI 3aBOJIBI ¢ HAMHOTO OOJIBIITUM MacIITaOoM.

Bonee xoHkpeTHO 0Opamasch kK purypam, Ha Gur. 1 mokazana cxemMaTHIeCKas TEXHOJOTHYECKas CXeMa OT
aneMeHTa A 10 E, kKaXXIbIif MX KOTOPBIX O3HAYaeT Pa3HbIE ITAIbI ClI0c00a, HAYMHAS C TIOYYEHHUS CHIPFBOTO CHH-
rasa u 10 00pabOTKH TU3eTHLHOTO TOTUINBA.

Ha ¢wur. 1 snemeHT A OTHOCHUTCS K JIIOOOMY CIIOCOOY, B KOTOPOM TOJTy4aloT CHIPhEBOW CHHTA3, KOTOPHIH
MOJKET BKJIFOYATh MaPOBOW PUPOPMUHT, aBTOTCPMHUYCCKIIA PUPOPMHUHT, KATATHTUICCKOEC YACTHIHOEC OKHCIICHUE
(KYO), HekaTanutuueckoe YaCTUYHOE OKUCIICHUE, CyXOH pU(OPMHHT MM JIpyrie U3BECTHBIEC B TaHHOW obiac-
TH CHOCOOBI, a TaK)Ke MOSIBILIONINECS] CIIOCOOBI, KOTOPBIE pa3pabaThIBalOTCS B KAUECTBE SKOHOMHYHBIX CIOCO-
0O0B MMOJTy4eHHsI CHHTa3a U3 BO30OHOBIISIEMbBIX HCTOYHHUKOB, HCKOIIAEMOTO TOIUTMBA U JPYTHX PECYPCOB.

DneMmeHT B moka3biBaeT OYMCTKY CHHIa3a M CIIOCOOBI KOHAWITUOHUPOBaHMS. YHCTHIN CHHTa3, HE COJIep-
JKaruii npuMecer (KOTOpble MOTYT HETaTUBHO MOBJIMATH HAa MPOW3BOAUTEIHHOCTD M CPOK CITYKOBI KaTaau3aTo-
pa), HeobxomuM it A HEKTHBHOW W YKOHOMUYECKH OMpPaBIaHHOW dKCITyaTaruu. [IpuMecH MOTryT BKJIIOYATh
CEpOBOJOPO, AMMHUAK, XJIOPHUIBI U APYTHE 3arPsI3HSIONINE BEIIECTBA, KOTOPHIE ABISIIOTCS Pe3yIbTaTOM IIPOIIEeC-
COB TmoTy4eHHs cuHra3za. CrocoObl OUHMCTKHM CHHTa3a XOPOIIO H3BECTHHI U ONMCAHBI B TaHHON OONACTH TEXHUKH.
Hanpumep, crioco0B OYNCTKH CHHTa3a MOTYT BKJIIOYATh KaTAJIM3aTOPHI ISl OYUCTKU OT CEPHI, PIIBTPHI U3 Yac-
THUI] ¥ APYTHE TEXHOJOTHH MOIYICHUS YUCTOTO CHHTa3a IS MOCIEAYIOMIeTo MPEeBPaIeHHs B TOIUIHBA.

OnemeHnT C MOKa3bIBacT MPEBPAICHAE CHHTa3a B Ta30BEI MOTOK MPOIYKTa, KOTOPHIA MPUBOIUT K MOSB-
JICHUIO CMECH NPOAYKTOB, conepxamux O-T xuaxoctw, nerkue rassl v napadus. Hacrosimee nsobperenue or-
HOCHTCS K KaTaJu3aTopy, NCIOJIB3yEMOMY Ha 3TOH CTaauu coco0a, U COOTBETCTBYIOMIMM PabOYNM YCIOBHSM,
HEeoOX0AUMBIM 7151 3¢ (GEeKTUBHOM pabOTHl B X0€ YKa3aHHOM CTaJANH Crocooa.

DnemeHT D BKIIFOUACT CIOCOOBI pa3/eNieHus MPOJYKTa, MOCPEICTBOM KOTOPBIX JKUAKUE W MapadUHOBEIC
MPOAYKTHl KOHJICHCHPYIOT M3 Ta30BOI'0 MOTOKA MPOAYKTA ¥ JETKHE Ta3bl BO3BPAINAIOT OOPATHO B KaTaJHTHYC-
CKUH peakTOp W/HMIM MOTYT OBITH MCIIOJIB30BAHBI JJIS TOIYYCHHUS JIEKTPOIHEPTHH WM UL JPYTUX COOCTBEH-
HBIX HYXA. DneMeHT D MoKeT Takke BKIIOYATh KOHIECHCAIHIO Ta30BOI0 MOTOKA MPOAYKTa B CMECh MPOIYKTa,
CoJIeprKalylo JU3eIbHOE TOIUTMBO, BOAY M MapaduH B OJHOW KaIllJeOTOOWHOW EMKOCTH, B KOTOPOW mapaduH
ocTaeTcs 3aKIIF0YeHHBIM BO (hpaKIMy BOIHI, IS O0JIee JIETKOTO OTSIICHHS OT (hYPaKINy AU3EIHHOTO TOILTHBA.

Onement E Taxke mokas3pIBaeT APYTyIo HEOOS3aTEIbHYIO CTAAMIO, TA€ HEOOIBIIOE KOJINIECTBO IPUCAIKH
JUTSL YIYYIICHUS TCKYYECTH MPU HU3KHUX TEMIIEpaTypax WX IPYTHX JO0OABOK CMEIIUBAIOT C (ppakIuei AU3eihb-
HOTO TOILTHBA JJISI TOTO, YTOOBI YIYYIIUTh CBOHCTBAa TEKYYECTH TOILUIMBA MPHU HU3KHX TEMIIEpPaTypax Ui HC-
TOJIb30BAHUS B XOJIOJTHOM KJIUMATE.

OnemeHT F mokas3pIBacT CTauio, HA KOTOPOU ocTaBmuecs (pakius napapuHa u/wiid HaQThl MOTYT OBITH
BO3BpAILECHBI 00pPaTHO B OJIOK IMOJTy4EHUsI CHHTa3a, B pe3yJIbTaTe Yero IMoyryyaroT OOJIbIle CHHra3a U3 MPOIyKTOB
napaduHa /i HahTH. B mpeane, HCNOIB3ys CHCTEMY YaCTHYHOTO OKHCIICHUS, (ppakInuu HAPTH U MapaduHa
MPEBPALIAIOT € TOIYICHHUEM JOTIOTHUTEIHHOTO CHIPhS IIPUPOIHOTO Ta3a W/WIIN KUAKOCTEH U3 IPHUPOAHOTO rasa.

B cunreze @-T, koTophIit MporcxomuT B dneMeHTe C, CENIEKTUBHOCTh YIIJIEBOAOPOIHOTO TPOAYKTa 3aBH-
cut ot auy3un, B3aUMOJCHCTBHS M KOHBEKTHBHBIX IPOIIECCOB, MPOUCXOMAIINX B I'paHyJax KaTajm3aropa
(T.e. Karanu3aTopa Ha TOJUIOKKE) M peakrope. COrTacHO BapWaHTaM peai3alliyd HACTOSIIETO HW300peTEeHUS
TpaHyJbl KaTalnu3aTopa I KaTalu3aTop Ha MOUI0KKE OTHOCAT K paclpepeIeHHOMY Ha MOIXOISIIEH IOII0XK-
K€ WU TpaHyJlaX KaTalnu3aTtopy (KOTOPHIH OOBIYHO TPENCTABIACT COO0H MeTall). XapaKTepUCTHKH KaTalln3a-
TOpa Ha MOJIIOKKE, BIUSIONIUE Ha pacnpeelCHIE MPOAyKTa (HapuMep, TOJs JU3EIbHOrO TOILTHBA U Tapadu-
HAa), BKJIIOYAIOT, B JIOMOJHCHUE K YCIOBHSAM JKCIUTyaTallid KaTalln3aTopa, CTPYKTYpHBIC MapaMeTpPhl, TAKHE KaK
3¢ heKTUBHBIN panyc TPaHy U JUAMETP TIOp MaTepualia IMoaI0KKH.

Ha ¢ur. 2 moka3aus! npumepsl GopM TpaHyiI (T.€. MOUIOKKH WA MaTEPHATIOB TOJIOKKH ), KOTOPBIE MOTYT
OBITh UCIIOJIb30BaHBI B KAYECTBE MOUIOKKH KaTamu3aTopa B mporeccax @-T, KOTOpble MPOUCXOAAT B DIIEMCHTE
C. Ha ¢wur. 2 moka3aH JEMECTKOBBIN KaTalN3aTOP, KOTOPHIA MOXKET OBITh MCIOJNB30BaH COTJIACHO BapHUaHTaM
peanu3anuy HACTOAIMIET0 n300peTeHus. Taxke MOTYT OBITH MCIIONB30BAaHBl MAaTEPHAIBI TTOMTIOKKH C APYTHMH
dbopmamu.
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WneansHast popma KarammsaTropa MpeAcTaBisieT co00H 3KCTPyaaT C JICNECTKOBBIM, PU(ICHBIM HIIH JIOTIA-
TOYHBIM CEYEHHEM, HO MOXKET TaKkKe OBbITh CepHIecKoid, TpaHyIMPOBAHHOM, MOPOIIKOBOM MM Apyroi hopmbl
JUTSL TIOJUTOXKH, KOTOphIe obOecreunBaioT dhdexTuBHy0 padory. Mcmonbs3oBaHue, Hampumep, JENECTKOBOU
CTPYKTYPHI II03BOJISICT 3HAYUTEIHHO YBEIHMYUTH COOTHOIICHHUE IUIOMIAIN K 00bEMY B KATATUTHIECKOM PEaKTope,
TEM CaMbIM yiTydmiast 00beMHYI0 3()()EeKTHBHOCTh CHCTEMBI KaTAIUTHYECKOTO peakTopa. JIeIeCTKOBBIE CTPYKTY-
PBI TakKe 00eCTIeYMBAIOT yIyUIIeHHOE NMAJCHNE TaBICHUS, YTO BBIpa)kKaeTCs B MEHBIICH pa3HUIIEC B JTABICHUSIX
BEPXHETO W HIHKHETO IIOTOKOB B CJI0€ KaTalu3aTopa, 0COOEHHO KOT]a OHHU UCIIONB3YIOTCS B pEaKTOpax ¢ HEeIo/-
BUKHBIM CJIOEM.

Ha ¢wur. 2 taxxke nokazano, kak onpezaensgetrcs 3G HEeKTUBHBINA paanyc rpaHys MaTepuaa mouIoKke. J{is
UIMHApHYEecKoi noanoxku (230) mokaszan addekTuBHbIA paguyc rpanyin (240). [{ns nenecTkoBOH MOAIOKKH
(210) nokazan 3¢ pexTuBHbII paxuyc rpany (220). D deKTUBHBIN paaiyc rpaHyJl WIH IOUI0KKHA OTHOCHTCS K
MaKCHMaJIbHOMY PaanyCy, KOTOPBII SIBJISIETCS PACCTOSHUEM OT CEPEIUHBI ITOJUIOKKH J0 TOBEPXHOCTH IT0JUTOXK-
ku. Kak moka3aHo Ui JICTIECTKOBBIX MOMIOXKEK, 3(pPEKTUBHBINA paanyc TpaHys SBISETCS MHHAMAIBHBIM pac-
CTOSIHHEM MEXIy CepelMHOM M BHEIIHEW YacThl0 MOBEPXHOCTH IpaHysbl. COTJacHO BapHaHTaM pealn3alliy
HACTOAIIETO M300peTeHns 3G (HEKTHBHBIN paguyc TpaHyJ MOXKET COCTAaBJIATh MpuMepHO 600 MKM WM MEHBIIE.
B ogHOoM m3 BapmaHTOB peanm3anuu dGGHEKTHBHBIA pagnyc TpaHyJI MOXKET COCTaBIsATh okojio 300 MKM wiH
MEHBIIIE.

CornacHO BapHMaHTaM peaM3allii HACTOSIIEr0 M300pETeHHs TpaHylla WM MaTepHal MOIIO0XKH MOTYT
OBITH OpHCTEIME. CpeHHil IUaMeTp TOp MaTephalia MOIIOKKH MOXKET COCTaBIATh 6onee 100 A. B oxHOM 13
BapHaHTOB peaTn3alliy TPaHyJia WIH MaTepHa IOJI0KKHA MOTYT HMETh CpEeIHUN TuaMeTp mop Ooiee mpumep-
Ho 80 A.

JIroOoii momxonsIuii MaTepran MOKeT OBITh UCIIONB30BaH B KauecTBE MaTepHalia IOUIOKKH B IIpoIiecce
Oumepa-Tpormia. Yka3aHHbIC MATEPUATBI BKITFOYAIOT OKCHIIBI METAJIIOB, TAKUE KaK OKCHJ] aTFOMUHUS, TAOKCH]T
KPEMHUS, JUOKCH] ITUPKOHHS, MArHUS WIH KOMOWHAIIMM yKa3aHHBIX MaTepHajioB. [IpeamodTUTeTIbHO OKCHT
ATFOMUHUS HCTIONB3YIOT B KAYECTBE MAaTEpHaIa TIOJJIOKKH JIJIS ITOJTYYSHISI KaTaIM3aTopa Ha TOIIOKKE.

Karanutiueckn akTHBHBIE METAJUTBI, BKIIOUYEHHBIE B MaTepHall MOJIOKKH WIIM THUCIEPTHPOBAaHHBIE Ha
HEM, BKIIIOYAIOT BEIIECTBA, KOTOPHIE CIIOCOOCTBYIOT MONYYEHHUIO AM3EIHHOTO TOIUIMBA B peakiuu PDumrepa-
Tpomma. Hanpumep, yka3aHHbIE MaTepHaITbl BKJIIOYAIOT KOOANBT, JKEJIE30, HUKEIb FUIH JIF0OBIe X KOMOWHAITHH.
Taroke B MaTepran MOUIOKKH MOTYT OBITH TOOABJICHBI Pa3IMYHBIE IPOMOTOPHI. [IprMeps! MPOMOTOPOB BKITIO-
4aloT LIEpUN, pyTeHH, TaHTaH, IUIATHHY, PEHUH, 30J10TO, HUKEIb WU POJIUH.

B npaeane momiokka Katanu3zaropa UMeeT MPOYHOCTh Ha ckathue Mexay 1360 r/mm (3 ¢ynra/mm) u 1810
/MM (4 GyHTa/MM) ¥ yACTbHYIO LIOMAs MoBepxHocTH Mo BT Gonee 150 M*/r. D10 yHUKaTbHAS KOMOHHALMS
HepeMeHHBIX. TpaJuIOHHbIE MOUIOKKH C OOJNBIION MIIOMAAbI0 MOBEPXHOCTH MMEIOT CPETHUN AMAMETp Iop
menee 100 A.

[oanosxkky, paspaboTaHHbIe, YTO6bI MMETH GOIBIION cpeanuii 06beM mop, 6onee 80 A, GymyT umers mio-
1A TTOBEPXHOCTH HAMHOTO MeHbIne 150 M*/T M mpouHOCTh Ha cxathe Oyaer Humke 910 /MM (2 hyHTa/MM),
HECMOTpsI Ha JOMOJIHUTENEHOE NPOKAJINBAaHUE WM TEPMHUYECKYI0 00paboTKy. JlocTHrHYyTas BBIIEYITOMSHYTAasI
KOMOHMHAIMS TepeMEHHBIX YHUKAIbHA B JAHHOH 00JACTH TEXHWKH. DTOTO YAAJIOCh HOOHMTHCS IyTeM I00aBiie-
HHUSL CTPYKTYPHOTO CTa0MJIM3aTOpa, YTO O0ECIICUMIIO TOMOJHHUTEIBHYIO YIOPSIOYEHHOCTh KPHUCTAIUTHYECKON
CTPYKTYpHI (HampuMmep, KpeMHHsI HJIH OKCHJIa KPEMHUS) U TAaKUM 00pa3oM YCTOWIMBOCTH TPH TEPMHUECKOH 00-
paboTke.

Pacnpenenenne akTHBHOTO MeTallyla HA TOIJIOKKE HACANBHO MEXITy mpuMepHo 2% u mpumepHo 10%,
MPEANOYTUTEIBHO COCTaBIsIET NpuMepHO 4%. Jlucnepcrs akTUBHOTO METalla MpeJCTaBIseT COO0H 00 aTo-
MOB Ha IOBEPXHOCTH KaTaJM3aTOPa, KOTOPbIC IPEICTABICHBI COTIIACHO BBHIPAKECHHIO

D=Ns/Nt,

rae D mpencrasnsier coboii nucnepcuto, Ns nmpeacTaBisieT co00l KOJINYECTBO aTOMOB Ha IIOBEPXHOCTH H
Nt mpezncrasisier coboii o0Iiee KOJIMYECTBO aTOMOB MaTepHaia. Jlucriepcusi yBEelNUYUBaeTCsl ¢ yMEHBIIEHUEM
pa3Mepa KpUCTAUTMYECKOH PEIeTKH.

B omHOM W3 BapHaHTOB pea3aluy KaTadu3aTop Ha MOUIOKKE COIACPIKHUT KOOANBT, KEJIe30 MIIN HHUKEIb,
HaHECEHHBIE B THAIa30He MEXAY MpuUMepHO 5 1 mpumepHo 30 Mac.% Ha TaMMa OKCHJI aTIOMHHUS, OoJiee Xxapak-
TepHO mpuMepHO 20 Mac.% Ha raMMa OKCHJI aTIOMUHUS, B pacdyeTe Ha OOIIyI0 MacCy KaTalu3aTopa Ha ITOIJIOXK-
ke. Kpome Toro, cocraB kaTamu3aTopa Ha IMOUIOKKE BKJIIOYACT BHIOpAHHYI0 KOMOWHAIIMIO OJHOTO WK Ooee
MIPOMOTOPOB, BKITIOYAIONINX PYTCHHUHN, TaJUTa Ui, IUTATHHY, 30JI0TO, HUKEJh, pEHUH W UX KOMOMHAIIMIO B TUara-
3one mpumepro 0,01-20,0 mac.%, 6omee xapakTepHo B npenenax mpumepro 0,1-0,5 mac.% Ha Kaxaplii TpoMo-
Top. CriocoObI ONTyYeHNs KaTaln3aTopa BKIIOYAIOT IPOITUTKY M IPYTHe CHOCOObI MOTyYeHHsI, OOBIYHO HCIIOJIb-
3yeMbIe B MPOMBIIUICHHOCTH 1 ONMCaHHBIE B JAHHON 00JaCTH TEXHUKH.

Karanmzarops! ®uinepa-Tporia Ha MoI0’KKe 0OBIYHO HCMOJB3YIOT JIMOO B PEaKTOPE C HETOIBIKHBIM
cJIoeM, 00 B peakTope ¢ MOABMKHBIM CIoeM. B peakTope ¢ HEMOBIKHBIM CIIOEM KaTaln3aTophl Ha MOJUIOKKE
MOMEIIAlOT B TPYOKH WIIM MOTYT OBITh PAacIpeiesiCHbI 110 JIOTKY MIIM YIaKOBaHEI B HEKOTOPOE KOJINYECTBO KaHa-
JIOB WIX B JIIOOOH JPYroi peakTop ¢ HEMOJBIKHBIM CJIOEM, B pe3yibTaTe Yero pPeakIHOHHBIN ra3 paBHOMEPHO
pacripesielieH ¥ TeUeT B CJIOe HaJ KaTaTu3aTopoM. B 0IHOM M3 BapHAHTOB pean3alliil KaTalu3aTop 3arpyKaroT
B MHOTOTPYOUYATBIA PEaKTOP C HETIOABMKHBIM CIIOEM, B KOTOPOM JHaMETp 000J0YKH KaKI0M TpyOKH paBeH 2,54
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cM (1 mroiiM). B oHOM W3 BapHaHTOB pean3alliil KaTadu3aTop BOCCTAHABIMBAIOT in-sitl B MHOTOTPYOYATHIN
peaxkTop ¢ HEMOABMXHBIM coeM npu Temrieparype Hmke 343°C (650°F). XapakrepHsle kaTanuzartopsl Pumre-
pa-Tpomma BoccTaHABIMBAIOT e€X-Situ (0 3arpy3ku B peakTop) mpu temreparype Boime 343°C (650°F) wm
BIJIOTH 110 454°C (850°F). IIpomecc BoccTaHOBIICHUS in-situ IpH HEOOBITHO HU3KOH TeMIepaType ¢ YKa3aHHBIM
KaTaJIn3aTOPOM YHUKAJICH B TaHHOH 00JIaCTH TEXHUKH.

Paboune mapamMeTpbl KaTau3aTopa Ha MOJIOKKE BRIOUPAIOT TaKUM 00pa3oM, 4TOOBI JOCTHUYb TpeOyeMoi
CEJIEKTUBHOCTH JU3EJFHOTO TOIUIMBA. B BapmaHTax peanm3aliy HACTOSAIIETO W300peTeHus peakmnumio dumepa-
Tpormra, kKak IPaBWIIo, MPOBOAAT Npu maBieHuu Mexmy 1034 kIla (150 psi) u 3103 kIla (450 psi). Peakmuro
Oumepa-Tpormia TpoBoAIT Ipu TeMiepaTypax npumepro ot 177°C (350°F) mo 238°C (460°F), 6onee xapak-
tepHO 1ipu 210°C (410°F).

Ha ¢ur. 2 nokazaHa yiernecTKoBasi MOJI0KKa C JeNeCTKaMH pa3ingHbIX pasmepoB (250). JlenecTku, oTMe-
yenHble kKak 270 u 290, 0603HavyaroT Ooyiee AITUHHBIC JIETIECTKH, U JISIECTKH, OTMEUYeHHBIe Kak 260 u 280, 000-
3HA4aloT 0oJiee KOPOTKHUE JIETIECTKH. JJaHHBIH THIT MTOJUIOKKH MO3BOJISIET OoJiee 3 (EKTUBHO yNaKOBBIBAThH CIOU
KaTaln3aTopa, yJaydilas XapaKTePUCTUKU Tepernaja MaBICHUS W YBEIUYMBAs COOTHOIICHHE MPOHM3BEICHHOTO
JIU3EIBHOTO TOIUTMBA K TapaduHy C NCTIOIb30BaHUEM N300pETEHNUs, OIMCAaHHOTO B HACTOSIIEM JOKYMEHTE.

HeoOs3aTensH0, QpakIiys AW3EITHHOTO TOTUIMBA MOXKET OBITh JOIMOJHUTEIBHO 00paboTaHa, YTOOBI yIIyd-
IIUTH €€ CBOICTBA TEKyUECTH IPH HU3KHUX TEMIIeparypax (HalmpuMmep, CBOMCTBA 3JIMBKH IIPH HU3KUX TeMIIEpa-
Typax). B HEKOTOPBIX CEeKTOpax phIHKA JKENATeNbHO, 9TOOBI OBUIM yIyYIIeHBl HU3KOTEMIIEpaTypHbBIC CBOMCTBA
JIU3EJBHOTO TOIUIMBA, YTOOBI ONTUMHU3UPOBATH MPOM3BOAUTEIFHOCTh MAIIMH HAa IU3EIHHOM TOIUIMBE B XOJOA-
HYIO TIOTOy.

B omHOM M3 BapHaHTOB peanu3anuyl M300peTeHUs! (PPAKIHIO JErKOro napaduHa MOXKHO OMOJHUTEIHHO
MOJIBEPTHYTh B3aMMOJICHCTBHIO C KaTaJM3aTOPOM, KOTOPBIH OCYIIECTBIISICT MATKUIM KPEKUHT mapaduHa B JH-
3eJIbHOE TOIUIMBO. PeakTop ¢ opoIIaeMbIM CIIOEM SBISIETCSI HPUMEPOM ITOXOSIIETO PEaKTopa.

B onmcanHOM B 3asiBKe MPEINOYTHTEIFHOM BapHaHTE peaIn3alliy MPOIYKT MPEACTABISIET COO0H TOIINBO
JIM3EJIbHOTO THUIAa WIIM CMECh TOIUIMB JW3ENILHOTO THIIA, COCTOSINUX B OCHOBHOM n3 Cg-Cys yrieBolOpomoB U
MUHUMaIBHOTO KosmdecTBa mapaduHa (Coyt), IPU OTOM MOJYUICHHBIN MapauH MPEeACTaBIAET COO0H YHHKAIIb-
HBIH TapaduH, MOTYyYSHHBIH ¢ MOMOIIBI0 YKa3aHHOTO CIIOCO0a, MOTOMY YTO YTJIEBOJOPOJBI, COICpIKaIIuecs B
yKa3zaHHOM mapacduHe, coctosT u3 He 6onee 0,5 mac.% Kakmoro 4rcia aToMOB yriepoaa, Kotopsie 6ombie Css
(manpumep, kaxaoe gucio atoMoB yriepoaa Css, Cyq U T.1. cocTaBisieT He 6oiee 0,5 mac.%).

PeakTops! kpeknHra napaduHa, B 11ejoM, paboTaoT B AWANa3oHe AaBieHus oT mpuMepHo 690 kIla (100
psi) mo mpumepHo 2758 klla (400 psi), npeagnoututensHo npu npumeprno 1034 xI1a (150 psi). PeaxTop momnep-
JKUBAKOT mpu Temrmeparype ot npumepro 149°C (300°F) no mpumepro 316°C (600°F), mpeamodTuTeNnsHO MpH
npumepHo 218°C (425°F).

B apyrom BapmaHTe peanu3anuu JOOABKY JJIS YIYYIICHUS TEKYYCCTH MPU HU3KUX TEMIIEPaTypax MOKHO
CMEIIUBATh ¢ (paKImedl AU3ETHHOTO TOIUIMBA JJIS YIYYIICHHS CBOMCTBA TEKY4YECTH JAHM3EIBHOTO TOIUIMBA MpPU
HU3KUX Temreparypax. JJoOaBku IUis yIydIIeHUs] TEKYYSCTH IPU HU3KHX TEMIEpaTypax JOOABIISIOT B TU3EIb-
Hoe TorBo B KoandectBe oT 100 mo 5000 yacreit Ha MIITHOH (ppm), YTOOBI CHU3UTH MapaMeTphl TEMIIEpaTy-
PBI 3aCTBIBAHUS M TEMIIEPATypHl 3aMep3aHis. YKa3aHHBIE YMEHBIIUTENN TEMIIEPAaTyphl 3aCTHIBAHUS CONEPIKAT
pPacTBOpUMBIC B Maciie COMOJIUMEPHI, TaKWe KaK COTOJIMMEphl dTuicHBUHIIIANETaTa (OBA), CIOXHBIX 23PUPOB
COIIOJIUMEPOB CTHUPOJIa M MAaJICMHOBOTO aHTHUIPHWIA, COMOJIMMEPHI MONUMETHIMETAKPIIIaTa M COMOJIMMEPHI al-
KAJIMETaKpHIATOB.

ITpumep Ne 1.

KaTanuzatopsl Ha 1MOJUTOKKE MMOJIydalll C UCTIOIB30BaHUEM IpOIiecca NEPBUYHOTO CMadylBaHUsl, B KOTOPOM
KOOAJbT U METaJUIBI IPOMOTOPBI HAHOCHITH Ha FaMMa OKCHJI aIFOMUHISI, KOTOPBIH MPEICTAaBISIT COO0H YeThIpeX-
JIETIECTKOBYIO TTOJUIOKKY CO CpeAHUM 3P (PEKTUBHBIM pagnycoM rpanyi 0,25 MM U cpeHUM nuaMeTpoM mop 130
A. YrienbHas miomath MOBEPXHOCTH KaTaau3aTopa cocTaBisiia 110 M%/r o m3MepeHHsM 10 MeToxy (usmde-
ckoit ancopouun BOT/N,. IIpounocts Ha cxarue coctaBisia 1810 r/mm (4 dynTa/mMm). Cragnu CymIKK | 1Ipo-
KaJINBaHUS UCIIOJIL30BAJIM B CIIOCO0E MOIyYSHHMsI, YTOOBI MTOJYYUTh KaTain3aTop ¢ coxepxanueM 20 mac.% Ko-
6ampTa u 0,3 Mac.% mIaTHHOBOTO MpoMoTopa. Ilocie moMydeHus KaTaau3aTopoB Ha MOJUIOKKE KaTaln3aTOPHI
Ha TIOJUTOKKE 3arpyKajldl B MHOTOTPYOYaTHId peakTop ¢ HEMOJBIKHBIM CJIOEM C IHAMETPOM OOOJOYKH TPyOKH
2,54 cm (1 mroiim). KaTtanmuzaTop BoccTaHaBIMBAIA BOJOPOAOM IpH AaBieHuu 6,9 klla (75 psi) u mpu temmepa-
Type Meree 343°C (650°F), uto sBisieTcs pabOYUMU YCIOBUSMHU, KOTOPBIE MOTYT OBITH JIOCTUTHYTHI B HEJOPO-
TOM PEaKTOpE C HETIOABIKHBIM CIIOEM.

B ampTepHaTHBHOM BapHaHTE peayn3alliyd KaTalu3aTOp BOCCTAHABIMBAIH CHIPHEBBIM CHHTA30M C BBICO-
kuM cooTHorrenueM H,/CO mpu Tex ke ycnoBusx. BoccTanornenue cuarazoM (BMecto H,) cHmkaeT omeparm-
OHHBIE PacX0fbl, 0COOEHHO Ha HEOOJBIINX IUIOMIAISX, I/I¢ PACIOIOKEHBI HEOOIBINE JIOKANbHBIE 3aBOAbI. B TO
BpeMs Kak B JaHHOM MpHMeEpe 0OpallaroT BHUMAaHUC HA MPOLEAYPY BOCCTAHOBICHHUS in-situ, MOTYT OBITh MPH-
MEHHUMBI PyTHe TPOLeypbl BOCCTAHOBIICHHUS, B TOM YHCIIE €X-Situ.

[Tocne BoccTaHOBIIEHHS KAaTaIM3aTOPHI HA TTOJJI0KKE PUBOAMIN B KOHTAKT ¢ cuHrasom ¢ H, u CO B coor-
HomreHnu 2,05:1,0 (H,:CO), npu naBnenun 2758 xIla (400 psi) u npu temmnepatype 210°C (410°F).

[Tocne cramnm KaTadUTHYECKON KOHBEPCHH (DPAKIMIO JU3EIBHOTO TOIUIMBA, (PPAKIUI0 MapauHa M BOJBI
OTJEJISUTH OT JIETKUX YTJIEBOJOPOTHBIX T'a30B U Henpopearuposasmmx CO u H, B oqHy KammeoT60iHy0 EMKOCTh
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npu Temneparype Hmwke 21°C (70°F). Otnenennas ¢pakiys >KHIKOTO MPOIYKTA COIEPKHUT CBEPXY (PaKIHIO
JIN3EIIEHOTO TOTUTHBA M (PpakIuio BoIbI. Pa3nenuTenbHbIi cOCy/] ¢ BHYTPESHHIMH JIOMACTSIMU UCTIONB30BATH IS
oTaeneHus (ppaKkIruy JU3eFHOTO TOIUTMBa OT Boabl. [lapadmH 3aTemM meperoHsum ¢ oOpa3oBaHWEM IOIOIHH-
TEJNBHOTO KONNYECTBA (PPaKINH TU3EITHHOTO TOIIIHBA.

Karanutiueckas cucremMa B yKa3aHHBIX paO04HX YCIOBHUAX MO3BOJIIET MOTYYUTH COOTHOIIEHHE TN3EIBHO-
TO TOIUTMBA K MapaduHy, cCoCTaBIIsIoONmee 2/3 u3eapHOro TOIuBa U 1/3 merkoro nmapaduHa (mmocie eperoHK ).
B mpenmouyTHTenbHOM BapHaHTE peaNHU3alld, ONMCAHHOM B HACTOSIIEM JOKYMEHTE, MPOAYKT MpPEACTaBISICT
cO0OM TUTI JU3EFHOTO TOIUIMBA WM THII CMECH IJH3EIBHBIX TOIUIMB, COAEpKAIUX B oCHOBHOM Cg-C,4 yTiIeBO-
JIOPOJBI M1 MUHHMAJbHOEC KoimdecTBO mapaduua (Cpyy), TAE yKa3aHHBIA mapaduH, MOTYYCHHBIA C MOMOIIBIO
YKa3aHHOTO CIOC00a, SBISICTCS YHUKATBHBIM, TOTOMY YTO YIJIEBOJOPOJBI, CONEPIKAIIUECS B YKa3aHHOM Iapa-
¢dune, cocrosar u3 He Oonee ueM 0,5 Mac.% KakmOro 4mciaa aroMoB yriepoaa Oonee C;s (Hampumep, Kaxaoe
yucio atoMoB yriaepoaa Css, Csq 1 T.1. coctaBiset He 6onee 0,5 mac.%).

VYka3zaHHOE JU3EIbHOC TOILTHBO MOXKET OBITh HACATBHO HCIIONB30BAHO B KAYECTBE KOMITOHCHTA JIJISI CMe-
IICHUs, 00CeCIIeYrBasl TU3EIbHOE TOIUIUBO, TIONYYEHHOE U3 HE(PTU C YBEIMYCHHBIM IIETAHOBBIM YHCIIOM, YMCHb-
IIEHHEM KOJIMYECTBA CEPHI 1, B HEKOTOPHIX CITydasx (OCHOBAHHBIX Ha CIIOCOOE MOTyYCHHS CHHTa3a), B KAUeCTBE
HU3KOYTJIEPOJTHOTO KOMIIOHEHTA CMEIIICHNSI.

[Mapadua Bo3BpammaT 00paTHO B MPOIECC NOIYICHMS CHHTA3a U UCTIONB3YIOT B KAYECTBE HCXOTHOTO CHI-
pbs ¢ 00pa3oBaHKMEM JOTOJHUTEIHPHOTO CHHTa3a, TEM CaMbIM YIIydIias 001y 3pPeKTUBHOCTh KOHBEPCUH HH-
TETPUPOBAHHOU CUCTEMBI.

ITpumep Ne 2.

B nmanHOM mpuMepe OCHOBHOM KENACMBIN MPOAYKT Ha BBIXOJIC M3 YCTAHOBKH MPEICTABISLT COOOH AH3EIh-
HOE TOIUTUBO. VICIIOIB30BaIH Ty ke KATATUTHYCCKYIO CHCTEMY M CITOCOOBI, YTO M OMUCAHHBIC BEIIIC B TIPUMEPE
Ne 1. TToce mporecca KaTaTMTHYECKOTO CHHTE3a (PPAKIUIO JIETKOTo apaduHa MPUBOIMIN B KOHTAKT C KaTallu-
3aTOPOM, KOTOPBIH OCYIIECTBIISICT KPEKUHT YTICBOIOPOAOB IPU MATKAX pab0ounX yCcIOBHAX. B maHHOM mpumMepe
B KQUECTBE KaTaJIM3aTopa UCIOJIF30BAN KaTaM3aTOP, B KOTOPOM MPOTOMOPOM BBICTYIIAJIA ILIATHHA.

B nanHOM mprMepe HCIONB30BAI PEAKTOP C OPOIIAEMBIM CIIO€M; OJHAKO MOTYT OBITH HCHOJIH30BAaHBI
JIpyTue U3BECTHBIC peakTophl. PeakTop paboraeT B MHTEepBae AaBieHUd oT mpumepHo 690 klla (100 psi) mo
npumepHo 2758 klla (600 psi), B uaeane npu npumepro 1034 xIla (150 psi), B uHTEpBasie TEMIIEpaTyp OT MpH-
MepHo 177°C (350°F) no mpumepHo 316°C (600°F), xemarenpHo npu npuMepHo 218°C (425°F). Momnsipaoe
cootHomenue Hy/mapadun cocrasnser ot 1,5 10 5, MpeANOUITUTETHFHO PaBHO 2.

Ha BeIxone mpeBpamaercs 10 npuMepHo 75% TpomyKTa OOBIYHBIX MapaduHOB B TU3ENBHOE TOIUTHUBO C
BBICOKOW CEIICKTUBHOCTBIO, TEM CaMBIM CO3J[aBasi JPYTOil MOTOK MPOJYKTa TU3EIBHOTO TOILIMBA, KOTOPHIA MO-
JKET OBITh CMEIIIaH C BEIXOJIOM U3 TIEPBOI KaTAIUTHUCCKOW CHCTEMBI.

ITpumep Ne 3.

CBolicTBa TeKydyecTH (PAKIUU AU3ETHHOTO TOIUIMBA IPU HU3KUX TEMIIEpaTypax yaydlalT CMEIIHBaHUCM
MyTeM JTOJUBA (PPaKIUK JU3CIHHOTO TOIUTHBA ¢ T0OABKOH, yIyUIIAIONIeH TEKy4eCTh IPY HIU3KUX TEeMIIEpaTypax.
Hcnonp30Banu Ty e KaTATUTUYCCKYIO) CHCTEMY M CIOCOOBI, YTO M ONMMCaHHBIC Bhimie B mpuMepe Ne 1. [Tocme
MPOIIECCOB KAaTaTUTHYECKOTO CHHTE3a (PPAKIUIO JU3ETHHOIO TOIDIMBA CMEIIMBAIH ITyTeM JOJIMBAa C JOOAaBKOH
JUTSI YAYYIISHHUS TeKY9IECTH MPH HU3KUX TeMIlepaTypaxX, KOTOpOYyI0 cCMeIrBaiy npu KoHieHTparuu 2000 gacTei
Ha MIJUTHOH (ppm) ¥ KOTOpasi COCTOSUIA M3 COIOIMMEPOB alKHIMETaKpHiIaTa.

XOTs OIHUCAaHKE BBHIIIE COACPKUT MHOTO MOAPOOHOCTEH, MX HE CIIEAYEeT paccCMaTpPHBAaTh KaK OTpaHHYH-
Baromme 00beM M300pETeHHS, a TOJIFKO KaK MPHMEP HEKOTOPHIX IPEATIOYTUTEIRHBIX B HACTOSIIEE BpEeMs BapH-
AHTOB peaJM3aliy HACTOsAIIEero n300pereHus. Takum 00pa3oM, ClieyeT MOHUMATh, YTO 00BEM HACTOSIIETO U30-
OpeTeHUs MOTHOCTHIO OXBATHIBACT PYTUE BAPHAHTHI PeaH3alii, KOTOPhIC MOTYT CTaTh OYCBHIHBIMH IS CIIC-
[IUATUCTOB B NTAHHOW 0OJAaCTH TEXHUKHU, M YTO 00BEM HACTOSIIET0 M300pPETCHHUS, COOTBETCTBCHHO, HE MOXKET
OBITh HUYEM OTPaHUYCH, KpOME Kak mpuiiaraeMoil GpopmMyioit n300peTeHus, B KOTOPOI CChUIKA HAa OTICIBHBIN
JJIEMEHT HE 03HAayaeT "OJWH WM TOJBKO OJFH JJIEMEHT", €CITM HEe YKa3aHHO KOHKPETHO, a O03Ha4yaeT "OJUH WJIH
Goutee".

Bce crpykTypHBIE, XUMHYECKHE W (YHKIHOHAIBHBIE SKBHBAJICHTHI 3JICMEHTOB OIMMCAHHOTO BBIIIE IIPE.-
MOYTHTENEHOTO BapHaHTa PeaM3allii, KOTOPhIE M3BECTHHI CHEIHANNCTAM B JaHHON 00JacTH TEXHHUKH, BKIIO-
YeHBl B HACTOAIICE ONMMCAHME ITOCPEACTBOM CCBUIKM M OXBaTBIBAIOTCS (opmyinoi m3o0perenus. Kpome toro,
COBCEM He 00s13aTeIbHO YCTPOHCTBAM | crioco0aM pelraTh Bee MPoOIeMbI TIO CpeACTBaM HACTOSIIET0 H300peTe-
HUS C TIOMOIIBIO BKJIIOYCHHS B POpMyITy HacTosmero nzodperenus. Kpome Toro, Hi OMH 3JIeMEHT, KOMIIOHEHT
WM 3TaIl C1Ioco0a B HACTOSIIEM OMMCAHUHM HE CTABHUT ceOe HEeNbI0 OBITh OTKPHITHIM OOIIECTBEHHOCTH, B HE3aBH-
CHUMOCTH OT TOTO, YTO JJIEMCHT, KOMIIOHCHT HJIM JTAaIl CIIoco0a TOYHO OMHCaHbI B opmyne. Hu oauH 3meMeHT
(hopMybl U300peTeHNs, OMICAHHON B 3asBKE, HC MOXET OBITh MCTONKOBaH B cooTBercTBuU ¢ 35 U.S.C. 112,
nrecTod maparpad, eciiu TOJIBKO 3JIEMEHT He MPEANoiaracT TOYHOE onpeaeneHue ¢ppassl "o3HavaeT s’

Bce mmrupyembie B 3asBKe MyOJHMKAIWW, MATCHTHI U ITATCHTHBIC 3asBKH HACTOSIINAM IIPEACTABICHBI BO
BCEH CBOE MOJHOTE IIOCPEICTBOM CCHUIOK.
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OOPMVIIA U30BPETEHUA

1. Crtoco0 moay4YeHus: CMECH YTIICBOIOPOIOB, BKIFOUAIOIIHMIA CIICAYIOINE CTA HH:

a) TMpeBpaIIeHNe MEPBUIHOTO CHIPhS B CHIPHEBOM T'a3 ¢ IOMOIIBIO TeHEpaTOpa CHHTE3-Ta3a,

0) BOCCTaHOBJICHHE KaTaJIN3aTopa Ha TOJI0KKE, MMEIOIIETO

nmametp mop 6oree 0,008 mxm (80 A),

s pexTuBHBIN pamuyc rpanyn S00 MKM WM MeHee U

3Ha4yeHue nucnepcun ot 2 10 10%;

in-situ B peakTope C HEMOABIKHBIM CIIOEM,

TJIe TUCTIEPCHS MPEICTABISACT COOOM JOTF0 AaTOMOB aKTUBHOTO METAJlIa Ha MMOBEPXHOCTH KaTaIU3aTopa,

B) OCYILCCTBIICHHE B3aMMOJICUCTBUS CBHIPHEBOTO Ta3a, COJACPIMKAIIETO BOJOPOJ M MOHOOKCH] YTIepoJa, C
YKa3aHHBIM KaTaJIH3aTOPOM Ha IMOJIOKKE ¢ OTYYCHHUEM IMOTOKA YTIIEBOIOPOTHOTO MPOTYKTa,

IJIc IOTOK YTICBOIOPOIHOTO MPOJYKTA COACPIKUT JICTKHE Ta3bl, MU3EIBHOE TOILIMBO, JETKUHA mapaduH u
HaQTy,

T') pa3JielieHue MOTOKa YIICBOJOPOIHOTO MPOAYKTa Ha (hpaKIIUH,

npuaeM (HpakIrio JU3ETHHOTO TOIUITMBA MOTydaroT 6e3 ruapoodpaboTKy JIErkoro mapaduHa.

2. Croco6 1o 1.1, B KOTOpOM KaTaau3aTop Ha MOJIOKKE BOCCTAHABIMBAIOT BOJIOPOIOM IIPH TeMIIepaType
ke 343°C (650 °F), u re moyrydeHHass Gpakiysi AU3EIbHOTO TOTUIMBA COCTABIISIET 2/3 OT MOMydeHHOTO Hera-
30BOTO MPOAYKTA.

3. Cnoco6 1o 1.1, B KOTOPOM KaTaau3aTop Ha MOJJIOKKE CONEPIKUT JIETIECTKOBYIO TIOJUIOXKKY ¢ OoJiee dYeM
YEeTBIPHMS JISTIECTKaMU, U TJI€ BCE JICTIECTKH UMEIOT HEOTUHAKOBYIO JUTHHY.

4. Crioco6 1o 1.1, B KOTOpOM KaTaau3aTop Ha MOJUIOKKE JOMOTHUTEIbHO coaepxut ot 0,01 mo 2,0 mac.%
MPOMOTOpPA, BEIOPAHHOTO U3 TPYIIIBI, COCTOSIICH U3 IEPHsl, PYTCHHUS, IAHTAHA, IJIATUHBI, PEHUS, 30JI0Ta, HUKEIS
WM POJUSI M UX KOMOWHAIMH, U T1e NErkuii mapadun conepxut He 6onee 0,5 Mac.% KaxI0ro yrieBoaoposa ¢
YHUCIIOM aTOMOB yriiepoaa 6onee Css.

5. Crioco® moiry4eHus: CMecH YIIeBOI0POIOB, BKIIOYAIOIIMHA CIIETyIONINE CTalH:

a) MpeBpaIieHNe MEPBUIHOTO CHIPhS B CHIPHEBOM T'a3 ¢ IOMOIIBIO TeHEpaTOpa CHHTE3-Ta3a,

0) BOCCTaHOBJICHHE KaTaJIN3aTopa Ha TOI0KKE, HMEIOIIETO

MIPOYHOCTH Ha cxkatue 6onee 1360 r/mm (3 dpyHTa/MM),

s exTuBHBIN pamuyc rpany 500 MKM WM MeHee U

3HadyeHue nucnepcun ot 2 10 10%;

in-situ B peakTope C HEMOABIKHBIM CIIOEM,

TJIe TUCTIEPCHS MPEICTABISACT COOOM JOITF0 AaTOMOB aKTUBHOTO METAJlIa Ha MMOBEPXHOCTH KaTaIU3aTopa,

B) OCYILCCTBIICHHE B3aMMOJICUCTBUS CBHIPHEBOTO Ta3a, COJACPMKAIIETO BOJOPOJ M MOHOOKCH] YTIepoJa, C
YKa3aHHBIM KaTaJIH3aTOPOM Ha IMOAJO0KKE ¢ MOTYYCHHUEM IMOTOKA YTIICBOIOPOTHOTO MPOTYKTa,

IJIc IOTOK YTICBOAOPOIHOTO MPOJYKTA COACPIKUT JIETKHE Ta3bl, MU3CIBHOE TOILIMBO, JETKUHA mapaduH u
HaQTy,

T') pa3JielieHue MOTOKa YIICBOJOPOIHOTO MPOAYKTa Ha (hpaKIIUH,

npuaeM (HpakIrio JU3ETHHOTO TOIUITUBA MOTy4aroT 0e3 ruapoodpaboTKy JIErkoro mapaduHa.

6. Crioco06 1o 1.5, B KOTOpPOM KaTaau3aTop Ha MOJJIOKKE BOCCTAHABIMBAIOT BOJAOPOIOM TIPH TeMIIepaType
ke 343°C (650°F), u rae mosydeHHas Gpakius TU3eTbHOTO TOIUIMBA COCTABISIET 2/3 OT MOJyYeHHOTO Hera-
30BOTO MPOAYKTA.

7. Cnoco6 1o 1.5, B KOTOPOM KaTaau3aTop Ha MOJIOKKE COEPIKUT JIETIECTKOBYIO TIOJUIOXKKY ¢ OoJiee d4emM
YETBIPHMS JICTIECTKAMU, U TJIC BCE JICIECTKH UMEIOT HCOTUHAKOBYIO JUTHHY.

8. Croco0 1o 1.5, B KOTOPOM KaTaau3aTop Ha MOJUIOKKE JOMOTHUTEIRHO coaepkut ot 0,01 mo 2,0 mac.%
MPOMOTOpPA, BEIOPAHHOTO U3 TPYIIIBI, COCTOSIICH U3 IEPHsl, PYTCHHUS, IAHTAHA, IIATUHBI, PEHUS, 30JI0Ta, HUKEIS
WM POJUSI M UX KOMOWHAIMH, U Tae NErkuii mapadun conepxut He 6onee 0,5 Mac.% KaxI0ro yriieBoaoposa ¢
YHUCIIOM aTOMOB yriiepoaa 6onee Css.

Dur. 1
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