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0BJIacTb TEeXHMKM, K KOTOPOM OTHOCUTCS PACKPHTHUE

BapraHTH  OCYMEeCTBJIEHUS, PacKpHTHE  30ecCh, OTHOCHATCA K
npolieccam nJis TUIPOKPEKMHTA ocTaTka u IPYyTUX T SIKEJTBIX
YTJIEBOIOPOIHEX bpaxumit. BoJee XapaKTepHO, BapVaHTH

oCcymeCTRBJIEHNA, PaCKPEITEE 30eChb, OTHOCATCHA K IIpoueccaM IOJI4
KpeKMrMHI'a OCTaTKa "M IPpYyI'MMX TAXeJIEX YIJIEBOOOPOIOHEX @paKHMﬁ, B TO
Xe BpeMA OIOHOBPEMEHHO IIOHMXEeHNA O@paBOBaHMH acoasib TEHOBOT'O
ocallkKa II0CJIe CrUCTEM peakrTopa C KHUITAIVM cJIoeM n VIIYyUIIeHNM A
KadeCTka IIPOOYKTOB KOHBEPCHUM.

YPOBEHL TEeXHUKU

[IONBEITKY PEemMTh Opo6JieMBl OTJIOXeHMSA ocalka B 0OOpyIdOBaHUU
Iocjie peakKTopOoB C KUIAMMM CJIOeM, Kak HalpuMep, CcerapaTopH,
TEIUJIOOOMEHHMKM, HaTrpeBaTelM U OO0OpyIOoBaHMUEe IJA pPeKTUOMKaLUU
CBOIMJIMCEL K MCIIOJIL30BAHUID PAa3JIMUHBIX XUMUUECKUX U MeXaHUUJeCKUX
cperncTB. OIHaKO, OTJOXeHMe ocalka oCTaeTcsd CJOXHOM MIpobJjieMoin.
OcaxneHve acoallbTeHOBOTO MaTepuala («ocalka») SABJIAeTCS BaXHBM
BONIPOCOM B OOJBIMHCTBE, €CJM He BCexX, YCTaHOBKax IJa IJIyBoKOTO
TUIOPOKPEKMHTa ocTaTka, 0COBEeHHO Tex, KOTOPHE VCIIOJIL 3YIOT
TUOIPOKPEKMHI B KMIIAMEM CJIoe, ¥ dYacTo OoTpaHMuMBaeT CTelleHb
KOHBEPCUM U IHOHMWXaeT GaKTop HeIpepHBHOM padoTh MHOIMX YyCTAaHOBOK.
IOMOJIHUTEJIEHO, MNPOOYKTH M3 IMAPOKPEKMHTIa B KUIAMEM CJIOe SBJISOTCSI
oBruHO OGoJlee  HMBKOTO KauecTBa, Tak Kak 3HauuMTeJIbHAasS YacTb
KOHBEPCUM IIPOMCXOOMT, KakK pPe3yJbTaT TepMUUecKOoTO KpeKuHTa, U
BKJIAI KaTaJMTHUUECKOM TUIPOKOHBEPCUM, KOTOpas VyiydmaeT KaudeCTBO
IponyKTa, ABJAETCH IOBOJIBHO OTPAaHWUYEHHBM.

CYIIHOCTEL 3aSaBJI€HHEIX BapPMaHTOB OCYHNeCTBJIEHNMA

B OIOHOM acllekTe, BapMaHTH OCYIeCTBJIEHUS, PaCKpPHTHE 3IecCh,
OTHOCATCSH K npoleccy o1 ofJaropaxmuBaHna OCTaTOUHHX
YVIVIEBOOOPOILOB UM IIOHMXEHMS TeHIeHUIUM IOJIYUEeHHHX B pe3yJbTaTe
NpOoOyKTOB kK oOpas3oBaHMiD acoalbTeHOBOTO oOcalka B IIpolleccax
nocjenywomern  o0paboTKM. [Ipoliecc  MOXeT  BKJOYATL  CTaluu, Ha
KOTOPHX: OCYIEeCTBJISOT KOHTAKTUPOBAHME OCTATOUHOM YIJIEBOIOPOIHOM

@paKHMM n BOIOOpOIa C KaTaJIM3aTOpOM ITVIPOKOHBEPCHMM B 30HE peakKlInlM



TUAPOKPEKMHTa i npeobpasoBaHUA 1o MeHbIIe  Mepe yacTu
OCTaTOUHOM YIJIEBONOPOOHOW oGpakiuu B 0OoJiee JieTKUe YIJIEBOIOPOIH;
u3BJeKkanT 50QJI0eHT M3 30HH peakKUUM IUAPOKPEeKMHTa; OCYMeCTBJISIT
KOHTaKTMpOBaHMEe BoIoOpoda M IIO0 MeHbIel Mepe YacTu 5SbbimoeHTa C
KaTajlu3aTopoM IMAOPOOUMCTKM OCTaTKa; UM pasmelsanT »00J10eHT 1OJid
U3BJIeUEeHM S IBRYX WM OoJlee yTJIERBOIOPOINHHX OGpakKUMi.

B OpyTOM acleKTe, BapMaHTH OCYMEeCTBJIEHMS, PaCKPHTHE 3IeCh,
OTHOCATCHA K CHUCTeMe IJIg OoOJaTropaXMBaHMA OCTATOUHHEX YIJIEBOIOPOIOB
M TIOHVWXEHMS TeHIEeHIMM IIOJIyUeHHEX B pes3yjbTaTe [IPOOYyKTOB K
oBpaszoBaHuio achalIbTEHOBOTO oOcalka B IIpolleccax IocJenyomen
oBbpaboTku. CHUCTeMa MOXEeT BKJIOUATL: BS0HY peaklUVM IMIPOKpeKMHTa,
npelHa3HAUeHHYI IIJIS KOHTAKTHMPOBAHMA OCTATOUHOMW YIJIEBOINOPOIHOM
bpaximm n BOIOpoOIa c KaTaan3aTopoM TUIPOKOHBEPCUN i
npeof®pas3oBaHMAa 110 MeHBIeM Mepe YacTM OCTaTOUHOM YTJIEBOIOPOIHOM
bpakiumm B OoJlee JIeTKMe VYIUIEBOOOPOIH WU OpelHazHaAueHHYI IJId
M3BJIEUEHU S TIOABEPTHYTOTO TUIPOKPEeKMHTY 5bbJoeHTa; peakTop g
KOHTaKTUPOBAaHMA BOIOPOIa M II0 MeHBIeM Mepe dYacTu IIOABEPTHYTOTO
TUAPOKPEKMHTY »ddioeHTa C KaTalu3aTopoM TIUIPOOUMCTKM OCTaTKa; U
cucTeMy pas3nejyleHMs OJiS pasleleHud 5o0dJoeHTa IOJId M3BJIEeUeHUS OBYX
i 6oJiee yTJIEBONOPONHHX OGQpaKLMUM.

B OpyToM acleKTe, BapMaHTH OCYHECTBJIEHUS, PacCKpHTHEe 3IecCh,
OTHOCATCH K opoleccy 0Jid oBJyaropaXxuBaHUs OCTaTOUHHX
YIJVIEBOOOPOIOB WM IIOHMXEHMS TeHIeHUIUM IIOJIYUeHHHX B pPe3yJjbTaTe
NpOOyKTOB K ofOpasoBaHuion achajJbTeHOBOTO oOcaldka B IIpolleccax
nocjyenymwumer  o0paboTKU. [Ipollecc  MOXeT  BKJOYATH  CTaguwu, Ha
KOTOPHEIX: OCYIMECTBJIOT KOHTAKTUPOBAHME OCTAaTOUYHOW YIJIEBOOOPOIHOMU
bpakimm ¥ BomoOpoIa C IepPBEM KaTajJr3aTopoM TUIPOKOHBEPCUM B
IIepBOM B0HE peaklIuM TUIPOKPeKMHTa IJIA Opeolpas3oBaHMA II0 MeHbLIeln
Mepe UYacTM OCTaTOYHOW YyTIJIEBOIOPOOHOM dpakuym B 0OoJjiee JIeTKMe
YTJIEBOOOPOIE ¥ M3BJEUEHMS IIepBOTO IOABEPTHYTOTO TUIPOKPEKUHTY
sbbioeHTa; pPesko OXJIaXIalT I[epBHM TOABEPTHYTHN TIMIAPOKPEKUHTY
2bdioeHT IO MeHbIelM Mepe OINHMM M3 apoMaTUUeCcKOTO PaCTBOPUTEINS U
coIepxamero BOOOPOI T'a30BOTO IOTOKAa; pas3nesidinT Pe3KOo OXJaXIeHHBM
IIePBHM TIOABEPTHYTHM I'MAPOKPEKUHTY 50dJ0eHT OJid M3BJIeUeHUS IIepBOU
napoBon bpaxiym BEpPXHETO IIOTOHa, coIepxaimemn IMCTUIIJIATHEE

YTJIEeBOOOPOOH, 12 HepBOﬁ OOHHOM XUIKOM (]_)paKLI,T/H/I,‘ OCymeCTBIIAKRT



KOHTaKTMPOBRaHMEe BOHOOpOHa WM IIepBOM IOOHHOM XMIOKOM QpakKUuMM CO
BTOPEM KaTalM3aTOPOM IMIPOKOHBEPCHUM, KOTOPHI MOXeT OHTE TeM Xe
caMbM WJIM OTJIMYHEIM OT I[IepBOTO KaTajlu3aTopa IMUIPOKOHBEpCHUM, BO
BTOPOM 30HEe peakKUUM TUIPOKPEeKMHI'a OJd OpeoOpa30BaHMA IO MeHbIEeN
Mepe 4YacTM I[IepBOM  HOOHHOM  XMOKOM  ¢pakuum B  Oojiee  JIeTKUe
YIJIEBOOOPOOH ¥ M3BJIEUEHUMS BTOPOITO IOOBEPIHYTOI'O I'MAPOKPEKUHIY
sbdioeHTa; OCYmMeCcTBJIAT KOHTAKTHMPOBaHMe BOINOpOoNa M IO MeHBIEN
Mepe dYacTM BTOPOTO IOABEPTHYTOTO IMAPOKPEeKMHTY 0dioeHTa C
IepBEIM  KaTaJlu3aTopoM  TIHUAPOOUMCTKM  OCTaTKa 1OJja  obpa3oBaHUA
IOOBEPTHYTOTO  THUIPOOUUCTKE TPOAYKTAa; pasnesifinT [IOOBEepTHYTHM
TUOPOOUUCTKE OPOOYyKT s V3BJISUEHNU A OBYX N3N BoJiee
YTJIEBOOOPOOHEX GpaKlui.

IpyTMe acCHOeKTH U IpeuMylecTBa OyIOyT OUEBMOHHE U3 CJIeOyK meIlo
ONMCaHMUA ¥ HOpujlaraeMBIX IYHKTOB QOPMYJIE M300peTeHUA.

KpaTKoe OIIMICaHNe qepTexeﬁ

dur.l 1mpencTaBJIgeT COOOM YIPOMEHHYID TeXHOJIOTUUECKYID CXeMy
npolliecca Ojada obJjlaropaXmMBaHMA OCTATOUHOTO YIJIEBOIOOPOOHOTO CHPLSA B
COOTBETCTBUM C BapMaHTaMM OCYIIECTBJIEHVSA, PAaACKPHTHMM 3IOeChb.

ouT.2A mOpencTaBJgeT coOOM YIPONEHHYIR TexXHOJOTMUEeCKYlD CXeMy
npoliecca nojd obJjiaropaXmMbBaHMA OCTATOUHOTO YIJIEBONOPOIOHOTO CHpPLA B
COOTBETCTBUM C BapMaHTaMM OCYIIECTBJIEHVA, PACKPLBTHMM 3IOeCh.

dur.2B mnpencTaBJsseT coBOoM YIPOMEeHHYI TexXHOJOTUUECKYD CxXeMy
npoliecca njsa obJjaropaXmMbBaHMA OCTATOUHOTO YIJVIEBOIOPOOHOT'O CHPLS B
COOTBETCTBUM C BapMaHTaMM OCYIIECTBJIEHVSA, PACKPHTHMM 3OeCh.

dur.3 IpencTaBJIgeT CcoOOM YIPOMEHHYID TeXHOJIOTUUECKYD CXeMy
npoliecca ojasa obJjalopaXuMBaHMSL OCTATOUHOTO YIJVIEBOIOPOOHOTO CHPLS B
COOTBETCTBUM C BapMaHTaMM OCYIIECTBJIEHMS, PACKPHTHMM 3IOeChb.

dur.4 1mpencTaBJIgeT CoOOOM YIPOMEHHYID TeXHOJIOTUUECKYD CXeMy
npolliecca Ojasa obJjaropaXuMBaHMSA OCTATOUHOTO YIJVIEBOIOPOOHOTO CHPLS B
COOTBETCTBUM C BapMaHTaMM OCYIIECTBJIEHWSA, PACKPHTHMM 3IOeCh.

dur.5 mpencTaBJIgeT COOOM YIPOMEHHYID TeXHOJIOTUUECKYID CXeMy
npoliecca Ojda obJjaropaXuMBaHMSA OCTATOUHOTO YIJIEBOIOOPOOHOTO CHPLSI B
COOTBETCTBUM C BapMaHTaMM OCYIIECTBJIEHVSA, PAaACKPHTHMM 3IOeChb.

dUT.6 IIpencTaBJIgeT CoOOM YIPOMEHHYID TeXHOJIOTUUECKYD CXeMy
npoliecca Ojda obJjaropaXmMBaHMA OCTATOUHOTO YIJIEBOIOOPOOHOT'O CHPLSA B

COOTBETCTBMM C BapMaHTaMM OCYyHeCTBJIEHMA, PACKPEITEIMM 3I0ECH.



[logpoBHOEe omnMcaHue

B OIHOM acIeKTe, BapMaHTHE OCYMEeCTBJIEHMS 3IeCh OTHOCSATCS B
OCHOBHOM K IIpolleccaM I'MIPOKOHBEpPCHUH, BRJIOUAS  IPOLECCH  IJIA
TUIPOKPEKMHTa OCTaTKa U IPYyIMX TSKEJEX VYIJVIEBONOPOIHHX OQpaKLui.
BoJjee KOHKPETHO, BapMaHTH  OCYMeCTBJIEHUS, PAaCKpPHTHE 37IecChb,
OTHOCATCA K IpolleccaM TUIPOKOHBepCHUM IJa o00pa®oTkM ocTaTka U
OPYTHUX TOKEJIEX YIJIEBOOOPONOHEX OQpakKlui, M B TO Xe BpeMSI OTHOCATCH
K OIDHOBPEMEHHOMY IIOHMXeHMI o00pa30BaHMS achallbTEeHOBOTO oOcalKa
nocjie CHCTEM pPeakKTopa C KUIAMKMM CJOeM U YIIYUlleHMsS KauecTBa
IPOOYKTOB KOHBEPCUM.

[IpolleCCH  TUIPOKOHBEPCUHU, PACKPHITHE 3IecChb, MOTYT OHTB
MCIIOJIb30BAHH IOJII PearmMpoBaHMA OCTAaTOUHOTO YIJIEBOOOPOIHOI'O CHPLSA
IpY YCJIOBUSAX IIOBHIIEHHHX TeMIIepaTyp WM IaBJIeHUNM B OPUCYTCTBUU
BOIIOPONa M OOHOTO WM 0oJiee KaTaJlM3aTOPOB TUIPOKOHBEPCHUM, UTOOH
npeofpas0oBaThk CHPbe B MNPOOYKTH C 0OoJlee HUBKMM MOJIEKYJISPHEM BEeCOM

C TIOHMXEeHHEIMM YPOBHAMM 3al'PA3SHAKINMX HpMMeceﬁ (rkak HaliprMep, cepa

u/ i asor). IpollecCH THUIPOKOHBEPCUMM MOTYT BKJOUYATL, HaIpuUMep,
TUIPUPOBAHNE, necyJbdypmusaumno, oeas30TUpOBaHue, KPEeKMHT,
KOHBEpCHI U yIajleHue  MeTaJlJIoB, KOKCa IO KoHpalCoOHY  WJM

achaJlbTEHOB M T.II.

Kaxk MCHIOJIB30BaHO 3OEChb, OCTATOYHEE YIJIEBOOOPOOHHE OQpaKLUM
omnpeneJieHH, Kak YIJIEBOOOPOOHasa OQpakumsda, MMeomasd TOUKM KUIIeHUA
WY OualasoH KUIeHMS BhIle OKOJIO 343°C, HO MOI'YT TakXe BKJIOYATDL
BClo 00pab®oTKy TSIKeJION CHpbeBOM HedpTu. OCTATOUHOE YIJIEBOINOPOOHOE
CHpbe, KOTOopoe MOXeT OHTL MCIOJBE30BaAHO C IIpolleccaMM, PaCKPHBTHEMA
3I0ecCh, MOXeT BKJIIOUATH pa3JIMUHLIE HedpTezaBOOCKUE n npyrre
YIUIEBOOOPOIOHLEE IIOTOKM, Kak HalpuMmMep, HedTSHOM aTMOCOepHH WMJIU
BakKyyMHHM OCTaTOK, »OeachallbTHUPOBaHHOE MAacJo, OeacdalibTUPOBaHHLEM
Iex, IIOOBEPTHYTHM I'MIPOKPEKMHIY OCTAaTOK CO OHa aTMochepHOM
KOJIOHHEI W BaKyyMHOM KOJIOHHE] TUIOPOKPEeKUHTA, 1P AMO T'OHHEIA
BaKyYyMHHM Tas0WJb, I[IOIOBEPTHYTHM I'MIPOKPEeKMHITY BaKYyMHEM I'a30WIb,
IIOOBEPTHYTHE QIOUI-KaTaJIMTUUeCKoMy KpekuHry (FCC) cycrhneH3uM B
HedTenpolykKTe, BaKYyyMHHEM TIa30WIb M3 IOIpollecca C KUIAMMM CJIoeM, a
Takxe IpyTrMe HOIOOOHBEe YIJIEBONOPOOHHE IIOTOKM WM CcOoueTaHusa TaKux,

KaxOell U3 KOTOPHX MOXeT OBITH INPAMOT'OHHEIM, IIOJIydaeMEIM B IIpolLecCcce



TEXHOJIOTMUECKOTO LMKJAa, HNOOBEPTHYTHM IMUIPOKPEKMHITY, UYaCTUUHO
necyJybOypUPOBaHHEM M/MJIM MOTOKAMM C HU3KYM COIOepXaHMeM MeTalla.

ComjieMcsa Telepb Ha Our.l, ocTaTouHasd yIUIeBOIOpOoIHasd opakUumud
(ocTaToK) 2 HaTpeBaeTcd ¥ CMelMBaeTcd C 0OOoT'aTEM BOLOPOILOM
obpabaTeBawmMM Ta3oM 4 ¥ [HomaeTcd Ha CTyIeHb 6 TIUIPOKPEeKMHTa.
CTyleHb 6 TIUIOPOKPEeKMHI'a MOXEeT BKJIOUATH OIOMH pPeakKTop 7 C KUIANKM
cJjoeM, KakK WIIDCTPUPOBAHO, WMJIM MOXeT BKJIIOUATL MHOTOUMCIIEHHEHE
PEeaKTOpH, PAacCHOJIOXeHHHEe MapalljleJJbHO U/WIM I[OoCJIelOoBaTeJIbHO. B
peakTope (ax) 7 C KUIAMMM CJIOEM OCTAaTOUHasa yIJIEeBOOOPOOHasd Oopaklus
MOXeT OBTbL I[IOOBEepTHYTa IMIPOKPEKMHTY IMIpM IIaplMaJbHOM HOaBJIEHUU
eomopona oT 70 mo 170 ©OCap aBCOJIOTHOI'O IaBJIeHUSd, TeMllepaTypax OT
380°C mo 450°C m LHSV (4acoBOM OOBEMHOM CKOPOCTHM XUOKOCTHM) OT
0,15 mo 2,0 ul B NPUCYTCTBUM KaTajln3aTopa ITUIPOKOHBEPCUM.

BHyTpM peakTopa 7/ C KUIAMUM CJIOeM KaTaJlu3aTop I[IOoIBepraeTcs
ofpaTHOMY IepeMellVBaHUD u NOOIepPXBaeTCH B BecCnopAIOUYHOM
I BVXEHUN IIOCPEenCTBOM PEeLUPKYJIALNNA XUOKOTO IpoOoyKTa. Chie!
BHIIOJIHAETCSHA IIepBOHAUYAJILHEM OTIOeJIEHMEM PeUUPKYyJIUpYRIero Macja OT
ra3000pa3HEX [OPOOYKTOB. Macjio 3aTeM pelupKyJIMpyeT I[IOCPeICTBOM
BHeMHEeTIO HacoCa WMJIM Hacoca, MMEeKINeTIO KpPHUIBYAaTKY, CMOHTHPOBAHHOTO
B IJIyXOM OHMIIe peakKTopa.

YCTaHOBJIEHHAHA KOHBEepCUA ocTaTKa Ha IIepBOM CTYIIeHU
TUOPOKPEKMHTa MOXeT TUIMUYHO OHTE B OuanasoHe oT 30 macc.% mo 75
Macc.%, B BaBUCUMMOCTM OT CHPLA, OooJjexamero obpaboTke. OIHaKO,
KOHBEepCUA IOJDkHa OHTH IIOoIIepXaHa HWKe YPOBHA, IIe ob6pa30BaHUE
ocamka CTaHOBUTCA U3OHTOUHHM. Brno®aBOK K TIIpeBpalleHMIO OCTaTKa,
OXMIOaeTCsa, UTO YylIaJleHMe ceph 0OymeT B IOMalas3oHe oT okoJjio 40% 1o
okoJio 80%, vyIoajleHMe MeTaJlJIOB OyIeT B IMalna30oHe oT 40% mo 85% u
yIaJleHre Kokca o KoHpamcoHy (CCR) OymeT B 1IMamas0He OT OKOJIO
40% mo OKOJIO 65% Ha HepBOM CTYNeHM 6 THUIPOKPEKMHTA.

Xunoxkuii M ODapoBOM 30QII0eHT M3 IIepBOM CTYyNeHUu 6 IMIPOKPEeKMHTAa
MOXeT OHTHL M3BJIeUeH UYepe3 HaTHeTaTeJIbHEM TpyOomnpoBod 8 U
IOOBEPTHYT pPEe3KOMy OXJaXIeHMK apoMaTHMUeCKMM pacTeopuTejeMm 10
U/UIM  comepXamMM BOIOPOH Ta30BHM IIOTOKOM 12. ApoMaTUdeCKUN
pacTeopuTes s 10 MOXeT BKJOUATL B cebd JoboM  apoMaTUUeCKUN

pacTBOPUTEIIE , Kakr HallprMep, CYyCIIeH31A B Heq_)TerOI[yKTe nus



npoluecca Qrmonn-KaTalnuTruueCckroro Kpexkuura (FCC) VI KM CJIEI
BakKyyMHEII OCTAaTOK, Cpelu OPYIUX.

[IOOBEepPTHYTHM pPe3KoMy oxJaxieHuio >¢dioeHT 14 3aTeM IIOoOaeTCH
B IIPOTUBOTOUHEIM peaxkTop/oTIapHyo KOJIOHHY 15, 3aTPYXEHHYIO
KaTaJu3aTopoM (amMu) IMOponepepaboTru (IMOPOOUUCTKHA) . Taxesad
XUOKOCTE M3 5bdimoeHTa peakTopa IIepBOM CTyINeHM IepeMellaeTCsa BHUS
BHYTPM peakTopa/OTHapHOM KOJIOHHH 15, HOpoxoauT uUepe3  HIYDKHID
KaTaJlUTUUEeCKyln 30HY B, comepXallyl KaTalu3aTop I'MIPOOUYMCTKU
ocTaTka M BXOOIMUT B KOHTAKT C BOIOPOIOM, IIoJaBaeMbM UYepes
HaTHeTaTeJIbLHHY  TpyOOoNpoBOn le, [epeMellailMCa  [IPOTUBOTOUHEM
obpaszoM BBEPX peakTopa/oTHnapHom KOJIOHHEI. JOIOJIHN T eJIb HEE
rugponeMeTasmzaumusa  (HDM), rumpolecyiabdypmuszaumsga (HDS), ODOHMWXKeHMNE
kokca o Koupazncony (HDCCR), rmumoponeapoMarTuzauusa (HDA) wm npyrue
peaxkluy HOPOUCXOOAT B KaTaJlUTUUECKOW 30He B, OpMBOONA B pe3yJjbTaTe
K IOOHHOM opakuuu 18, ©0o0Jiee HOPUTOOHOW IJA IIIocienywmed oBpaboTKu.
KaTamuTuueckasa 30Ha B MOXeT BKJIKOUATH CJOM HacaIKM KaTajlu3aTopa,
IPONUTAHHYK YIOPANOUEHHYK HacaOKy M IOpyIure QOPMBl, TUIMUHEE IIJI4
comepXaHMs KaTajlu3aTopa BHYTPM CUCTEME peakTopa C KaTallUTUUeCKOM
OUCTUIIIIALUUEN .

JleTkue OV CTUIIJIATE B IapoBOMU base, BXOIAmue B
peakTop/OTHapHyl KOJIOHHY 15, mnepememainTcs BBepxX BHYTPM peakKTopa
OTIIapHOM KOJIOHHH 15, MIpoxonsd dYepes BepxXHOK KaTaJlUTUUeCKyl 30HY
A, KOHTakKTUpPpySd C BOIOOPOHOM, IepeMelaklyMCs I[IPSIMOTOYHEIM o0Opas3oM
BBepx peakKTopa OTIIapHOM KOJOHHE. KaTalM3aTop B KaTaJlUTUUeCKOM
30He A MOXET BKJIOUATH B Ccefd KaTalM3aTop IMAPOOUMCTKM IOUCTUILIIATA
M MOXeT OOecClleuMTh IIOCTEIeHHO Bo3pacTanmyn HDS, HDN w HAD
IPOMBBOOUTEJIEHOCTE, HOOIOJIHUTEJIBHO YyJlydllasgs KadeCTBO WM3BJIEUEHHEX
JETKUX  OUCTUIIJIATOB. [laporas  odpakumud, XUOKMEe  OUCTUIIJIATE U
HelpopeaTupOBaBMUNA BOIOPOL MOTYT OBITE M3BJI€UEHEL ns
peakTopa/OTHapHOY KOJIOHHH 15 uUepes HaTHeTaTelJbHHM TpybdomnpoBom 20
M HallpaBJIeHHE dYepes3 CUCTeMy I'al30BOI0O OXJIaXIeHMd, OUMUCTKM U CXaTKud
PELVPKYJIMPYIETO T'a3a (He 1HokaszsaHa). AJbTepHaTUBHO, IlapoBagd
bpaxkumsa 20 MoxeT OHTEH ClepBa ob0paboTaHa IOCPeOCTBOM OOBEeIMHEeHHOMU
CUCTEeME peakKTopa I'MIpollepepaloTKM (He IIOoKaszaHa) OIOHa WM B
cCoUueTaHUN C BHEIIHVMA OUCTUIIJIATaMU u/UIm OVUCTUIIJIATaMH,

BBIpaGOTaHHBW B IIponecce I'MOPOKPpEKMHI'a, n, C STOTIO BpPeMeHN,



HalpaBJIEHa B CHCTEMY TI'a30BOTC OXJIaXIeHWHA, OUMCTKM M CXaTud (He
[IoKaszaHa) .

IoHHHe ¢pakuuM 18, M3BJEUEHHHE U3 pPeakTopa/OTIapHOM KOJIOHHEH
15, w™moryT 3aTeM OHTb MI'HOBEHHO MCIlapeHH B Ccocyle 22 @OJjs4a
MTHOBEHHOT'O MCIIapeHMus, TIIe IaBJieHMe TeKyuel cCcpenn MOoXeT OHTH
IIOHWXEHO uepe3 pPeTlyJIMPOBOUHHY KJallaH 24, HalpuMep, IIepel BXOIOM
B COCYIO IJIS MI'HOBEHHOTO MCIapeHMsa. 3TO MI'HOBEHHOe MCIlapeHUue
IPUBOIUT B pPes3yJibTaTe K IIapoBOM paKuumM 26, KOTOpas MOXeT OHTh
HamnpaBJleHa B CUCTeMy aTMOChepHOM MepeTOoHKM I[I0CJie OXJIaXIeHUS
BMeCTe C IOpyI'MMM OUCTUIIJIATHEIMM IIPOOYKTaMM, M3BJIEUEHHBEIMU U3
CUCTEME T'a30BOTO OXJaXIeHMS M OUMCTKM. Xuokad o¢pakuma 28 MOXET
OHITH OOTIOJIHUTEJIEHO oTrapeHa, UTOOH M3BJIeUb OOTIOJIHUTEJIL HElE
aTMoChepHEe OVUCTUJIJISATH, IpoOU3BONOA OTIapeHHEN T SKEJIBI
Henpeo®Opa30BaHHEM HedTAHOV NOPOIOYKT, MHNOOOOHEIM OOHHOMY IPOIOYKTY
aTMoChepHOM KOJIOHHE, MMEKMMY TOUKY KUIIeHMSA B IMalasoHe OT OKOJO
343°C pmo oxoJjo 427°C, KOTOPHM MOXeT 3aTeM OHTbL OTIPAaBJIEH B
CUCTeMy BaKyyMHOMW IMepeTOoHKM, UTOOH M3BJIeUL BaKyyMHEE IMCTUJIIJISTH.

ComyieMcsa Tenepb Ha Our.2A wu 2B, e OIOMHaKOBEE UYMcJia
ofo3HavamnT OIOMHAKOBHE YacTK, Kak aJlbTepHAaTUBY peaKTopy/OoTIapHOM’
KOJIOHHe 15, XuMAOKMM ¥ T[apoBo¥ 50dJjweHT 8 M3 TIIepBOM CTYIEHU 6
TUIPOKPEKMHTAa MOXeT OBTL Pe3KO OXJaXIeH, MCIOJb3ys apoMaTuuecCKUM
pPacTBOPUTEN b U/UIM BOHOOPOI, M IOoJaH B peakKTop C BOCXOISNNVM
IIOTOKOM MM PeakTop OCR (c omepaTHMBHOM 3aMeHOM kaTaJmusarTopa) 30,
VIMEomm KaTaJIUTUUECKYI 30HY c, comepxanyio KaTajan3aTop
TuagpornepepadboTKM  ocTaTkKa, obecrneuuBaMy  HONOJIHUTeJIbHEe  HDM,
HDS, HDCCR u HDA, cpeou IpyTUX PpPeakluMl, yJydllaomuy KadecTBO
s0dmoeHTa.  IIo CpaBHEHMID C PeakKTopoM ¢ BOCXOOAIMM IIOTOKOM,
peaxkTop OCR mnos3poJgideT [OoOaBJATE KaTaJauM3aTop M M3BJEeKaTh B
opolecce BKCIlyaTaumMm ofbpasoM, IIOOOOHEM TOMy, UYTO PeTyJIAPHO
IPakKTUKYeTCsa B peakKTopaxXx IHMOPOKPeKMHTa C KUILAMKMM CJIoeM. B »ToM
OTHOIIeHVM, OO0BeM peakTopa MoOXeT OBTE YMeHBIIeH U IIOCTOAHHOE
KauecTBO IIPOOYKTa MOXeT OHTEH IIOOOepPXaHO B TeueHVe paboTe 6es3
HeoOXOOMMOCTH OCTaHOBKU YCTaHOBKHU C LeJIbIo 3aMeHEL 3araca
KarTajgmsaTropa.

B HEeKOTOPEIX BaplaHTax OoCymeCTBIJIEHWA, Kak HallpriMep



WIIOCTPUPOBaHO Ha Our.2A, BHTeKalmM¥ [IOTOK U3 peakTopa 30 cC
BOCXOOAMMM  TIOTOKOM  MOXeT OBRITE  [IOJAaH  Uepes  HaTHeTaTeJbHHM
TpyfonpoBon 32 B cemnapaTop 34 HOap/XuMIKOCTL, KOTOPHM MOXET
HeoO4g3aTeJIbHO COoIepXaTk 30HY 36 HacalkM, I'Ie OH KOHTaKTUPYeT C
foraTeM BODOPOIOM TaszoM 37. KuOkMe IOUCTUJJIATE. MOTYT  OHTBH
M3BJIEUEHH W3 cenaparopa 34 nNap/XuOKOCTL Uepe3s HaTHeTaTeJIbHHI
TpyOonpoBOoad 38 ¥ HalpaBJIeHE uUepe3 CUCTeMy I'al30BOTO OXJaxXIeHUS,
OUMCTKM ¥ CXaTud pelupkyJIMpyklmero Tasa (He IIoka3aHa), Kak
ONMCAaHO BHIle. AJLTEPHATMBHO, TIapokBas o¢pakuus 38 MoOxeT OHTH
CcHauaJla oOOpaboTaHa IMOCPEeICTBOM MHTETPUMPOBAHHOM CHCTEMH peaKTopa
TunponepepaboTkM (He IIOKa3aHa), OOHa MIM B COUEeTaHMM C BHEMHUMU
IUCTUJIJIATaMM  U/UIXM  OUCTUIIISTaMMu, BHPpaBOTaHHEIMM B opoliecce
TUOPOKPEKMHTa, ¥, C BTOTO BpeMeHM, HalpaBJIeHa B CHUCTEMy I'a30BOTO
OXJIaXIOeHMsa, OUMCTKM M CXaTusga (He TIoKasz3aHa). TsaxeJble OUCTUIIJIATH
MOTYT OHTB WM3BJIEUEeHH U3 CcelapaTopa 34 HDap—-XUMOKOCTHL Uepes
HaTHeTaTeJIbHEYM TpybonpoBon 40 m obpaboTaHH, KakK OIMCaHO BHIIE IIO
OTHOIIEHMIO K COCYyOy 22 @OJii MI'HOBEHHOTO MucIapeHMsa o dur.l.

B OIPYITMX BapuaHTax OCymeCTBJIEHUSA, Kak HaopuMep
WLIOCTPUPOBaAHO Ha Our.2B, BHTeKamMil I[IOTOK U3 peakTopa 30 cC
BOCXOOAMMM IOTOKOM MM OCR MoOxeT OHTE I[IOOaH Uepes HaTHeTaTeJbHHM
TpybonpoBon 42 K peaKTopy/OTIapHOM  KOJIOHHe 15, BRJIOUAKIEN
BEPXHK KaTaJIMUTUUECKYKD 3SO0HY A M HWKHIOD KaTaJMTHUUECKyKn 30HY B,
KakK OIMCAaHO BHIIE IO OTHOmeHu© K dur.l.

Kak oTMeueHO BHINE, CHCTEMH I'MIpoIepepabOoTKM B COOTBETCTBUU
C BapMaHTaMM OCYIMEeCTBJIEHMSA, PACKPHTHMM 30ecCh, MOTYT BKJOUATH
onHy wuiIM 6oJiee CTyINeHelV THUIpoKpekuHTa. OfpaTuMcsa Tenepb k odur.3,
3IecCh WJLJIIOCTPUPOBaH OnVH BapMaHT OCyIeCTBJIEHU S mopoliecca

PMHpOHepepaGOTKM B COOTBeTCTBUMA C BaprmaHTaMM1 oCcymeCTBJIEHNA,

BKJIIOY AI0MMHT IPOMEXY TOUHEIN cenapaTop nap/XuakKoCTb n
peakTop/OTHapHy®  KOJIOHHY, cjenyomuy — 3a  [OCJenHeM - CTYIeHBI
TUIPOKPEKMHTA .

OcTaTouHas YyIUIeBOoImoponHasa oOopaxkumsa (ocTaTok) b2 HarpeBaeTcsd
M CcMemMBaeTcd C OoraTeM BOOOpomOM ofpabaTHBawlyM Ias3oM 54 u
omaeTcsa K CTyleHM 56 I'MIOPOKpekuHra. CTyleHb 56 IMOPOKPEKMHI'A
MOXET BKJIOUYATH OOVH peaxkTop 57 C KUIIALVM cJIoeM, Kak

VIJIJICTPVMPOBAHO, I MOXeT BKJIOUYaATB MHOT'OUMCJIJIEHHEIE PEeaKTOPH,



PacCIIoJIOXeHHEIE TlapaJlJIeJIBHO n/nnm rocjienoBaTeJylbHO. B peaKTope(ax)
C RUIIANIVMIM CJIOEM, OoCTaTOWHaA YIJIeBOIOOPOIHa#Ad @paKHMH MOXeT OBTb

[IOOBEPTHYTa IMIOPOKPEKMHIY IIpM I[IaplUMallIbHEX IaBJIEHMAIX BoIoopoma OT
70 mo 170 ©OGap abCcoJoTHOTO HaBJIeHMS, TeMlIepaTypax oT 380°C mo

450°C m LHSV or 0,25 mo 2,0 u' B IPUCYTCTBUM KaTajm3aTopa
TUOPOKOHBEPCUN .

BuyTpu peaxkTopa 57 c KUIIAIMM cJioeM, KaTajanu3aTop
momBepraeTcsa oBpaTHOMY IepeMellBaH1o u nonmepx1uBaeTCsd B
BecropsagouHOM OBMXEHUN IocpelcTBOM PEeUVPRYJIAUUN XUOKOTO
IpoOyKTa. Clife) BHIIIOJIHAETCSA nepBOHAUAJLHEM oTImeJIeHVEM
PEeUMPKYIMPYIIETro Macjla OT Tas000pasHBX IPOOYKTOB. Macjo 3aTeM
PEelVPKYJIMPYEeT IIOCPeOCTBOM BHemHeI'0 Hacoca MJIM Hacoca, MWMeKnmeTro
KPHJIbUATKY, CMOHTHMPOBAHHYID B TUIYXOM IHUIE peaKTopa.

YcTaHOBJIeHHASA KOHBepCcusd ocTaTka Ha nepBon CTyIIeHU
TUOPOKPEKMHI'a MOXeT TUIMUYHO OHTE B OMalla3oHe oOT okojio 30 mMacc.$
oo okoJo 75 wMacc.s, B 3aBUCUMOCTM OT CHPBS, monJjiexamero
obpaborke. OODHaAKO, KOHBepCHA IOJIKHA OHTHL MHoOIepXaHa HMXe YyPOBHSL,
roe obpaszoBaHMe ocalka CTaHOBUTCSA  Upe3MepHBM. Boo®aBok K
npeobpasoBaHMIO OCTaTKa, OXMIOaeTCsa, UYTO YyIOajleHuMe cepn OyIdeT B
IoManasoHe oT okoJjio 40% mo okxoJjo 75%, yIoajleHMe MeTaJlJIoB OyIeT B
IoOManasoHe oT okoJio 40% @pmo okxojsio 80%, ™ yopaJleHMe KoOKca IIO
Konpamcony (CCR) OymeT B ImanasoHe oT okoJo 40% mo okosio 60% Ha
IIepBOM CTYIEeHM 56 THMIPOKPEeKMHTA.

Xuoxkuii ¥ [HDapOoBOM BHTeKaKmMi TIOTOK M3 I[IepBOM CTylneHu 56
TUIOPOKPEeKUHTa MOXeET OHITE UBBJIeUEH yepes HaTHeTaTeJIbHHM
TpyBornpoBon 58 M TIOOBEPTHYT pPe3KOMYy OXJIaXIeHUID apoMaTUueCKUM
pacTBopuTeseM 60 mImM O60TraTHM BOOOPOIOOM TasoM 62. ApoMaTUUeCKUN
pacTBoOpuTeJib 60 MOXeT BKJIOUATL JIOOOM apoMaTUUeCKMM pPacTBOPUTEIL,
Kak HalpuMmep, CYCIeH3Usa B HedTelpoOyKTe M3 Ipolecca dioun—
KarTammruueckoro KpekuHTa (FCC) MJIM KUCJHEM BaKyyYMHBIM OCTaTOK,
cpeIn OPYyTHUX.

I[IOOBEepPTHYTHM Pe3KOMy OXJIaXIeHMIO BHTEeKalmKM I[IO0TOK 64 3aTeMm
nomaeTcd B IIPOMEXYTOUHHM celapaTop 66 oap/XMOKOCTL, KOTOPHIM
MOXeT HeoO4A3aTeJIbHO comepXxaThb CEeKLNI 68 Hacalku, Toe

IIpoMeXyTOUHaAd TAXeJlaAd Hereo@paSOBaHHaH KMOKOCTE  OOIIOJIHMUTEJIBEHO
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KOHTakKTMpyeT Cc O0oraTeM BOOOPOIOM TasoM /3. Taxejad XMUIKOCTL U3
BHITEKAKIEero IIOTOKa IIepBOM CTYIIEHM TUIPOKPEeKMHTa MoXeT OHTh
M3BJIeUeHa, Kak OOHHasa ¢O¢pakuma 70 M3 celdapaTopa 66 oap XUIOKOCThb,
oBBpellMHeHa C BomoponoM /1 m IomaHa Ha BTOPYKW CTyIleHb /2
TUOPOKPEKMHTa, KOTOpasd MOXeT BKJKUYATL OOMH MIM ©OoJiee peaKTOopOB
74 C KUOAOMM CJIOeM, TI'Ie CHUCTEeMH C MHOTOUMCJIEHHBHMM peakKTopaMu
MOTYT pacrojararbcd apalUlesIbHO W/MiIM IocJjeloBaTejIbHO. PeaKTOPH
74 C KMOAMMM CJIOeM MOTYT paboTaThb HOOOOHEM o0O0pa30M, KaK OIMCAaHO
BHIIE, obecrneumMBasg IIOCTEIeHHO BO3PAaCTallyld KOHBEPCHID  TSIKEJIHX
YIUIEBOOOPOIOB B BakKyyMHHE Tal30WMIM U IpyTUe JIeTKMe IPOOYKTH.

YcTaHOBJIeHHass KOHBepcUsa  OCTaTKa, BHIXOOAMETO M3 BTOPOM
CTaIuy THUIOPOKPEeKMHTa, MOXeT TUIMUHO OHBTL B »OMalla30He OT OKOJO
50% mo okoJio 85%, B 3aBMCHMMOCTM OT CHpPBSA, HOoOJexamero obpaboTke.
OmHaxko, KOHBEepCUSA  IOOJIKHa TMOOIEepPXMBATLCHA  HMXe  YPOBHHI, roe
obpaszoBaHMe ocalka CTAaHOBUTCSHA UpesMepHHM. BHoOaBOK K IIpeBpalleHM’o
ocTaTka, OXuMOaeTcsa, UYTO IIOJIHOe YyIaJleHMe Cephl, BHXOOAmeN U3
BTOPOM CTyINeHM 72 THUIPOKpPeKMHTa, OyIeT B IMalas30He OT OKoJIo 60%
OO0 okoJio 85%, yImajleHuMe MeTaJlJIOB OymeT B IOMalas30He OT OKoJiIo 60%
oo okoJio 92%, u yHmaJjieHMe Kokca 1o KoHpancony (CCR) ©OyneT B
ouarasoHe oT okoJjio 50% mo okoJjio 75%.

[TapoBo IpOOyKT 76, M3BJIeUEeHHHM us cellapaTopa 66
nap/XuoKoCThb MOXET OBITE [IOOBEPTHYT pe3KoOMy OXJIaXIeHUIO
apoMaTHMUYeCKVM pacTBoOpUTeJleM MM ©OoTraTeM BOIOPOIOM T'alsoM /8 u
00beIMHeH C TIapOBHM UM XUIOKMM BHTEKalMMM IIOTOkoM 80, M3BJIeUEHHEM
13 TIocJenHeM CTYIeHM IUIPOKPeKMHTa (MM I[IocJedHeI'o peakTopa C
KUIAMMM  CJIOEM  BHYTPHU CTYIIeHU TUOPOKPEKMHTA) . O0benVHeHHbIe
IIOOBEPTHYTHE Pe3KOMYy OXJIaXIeHUD MIPOOYKTH MOTYT OBTL IIOIaHHE depes
HaTHeTATeJIbHEYM TpyOompoBOoI 82 B pPeaKTop/OTHapHyl KOJOHHY 85
MexXIOy BepxHelM KaTaJluTUUeCKOM 30HOM A U HWXHeM KaTaJluTUUeCcKOoM
30HOM B.

Taxeslasgs  KUIKOCTD B o0LeIMHeHHOM  IIOOBEPTHYTOM  Pe3KOMYy
OxXJIaAXIEHUI IIOTOKe 82 IMepeMemlaeTcd BHMU3 BHYTPM peakKTopa/oTIapHOM’
KOJIOHHEL 85, IPOXOIOUT Uepe3s HWKHIKD KaTaJluTHUecKyln 30HY B,
comepXamyln KaTaJlM3aTop IHUIPOOUMCTKM OCTaTKa, M BXOIUT B KOHTAKT
C BOIOPOHOM, IoHaeTcsd dUepes HaTHeTaTeJbHEM Tpybomnposon 86,

IIepeMelasch IIPOTUBOTOUHEM oBpaszoM BBEpPX peaxkTopa/oTHapHOM’
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KOJIOHHEI. IHOIIOJIHUTeJIbL HEE TMOponeMeTayiM3anmnsg (HDM) ,
TUOPpOOEeCYJibdypUsanmsa (HDS) , IIOHWXEeHUE KOKCa inle} Koupancony
(HDCCR), rumponeapomMaTuszauma (HDA) u »OpyI'Me peaKUUM MMeRnT MeCTO
B HENOIOBMXHOM KaTallMTUUEeCKOM 30He B, NOpuBOIA B pe3yJbTaTe K
OOHHOM Odpakuuu 88, ©OoJlee MNPUTONHOM IJA Iocjenyimer oBpab®oTKuU.
KaTamuruueckasa 30Ha B MoOxeT BKJIoOUaTE B cebsa CJoOM HacaIku
KaTajJmr3aTopa, I[IPOIUMTAaHHYK VIIOPAODOUEHHYK HacaIKy U IOpyIrue (QOPMEH,
TUIIMUHEE [JIS COIOepXaHMd KaTaJlu3aTopa BHYTPM CUCTEMB peaKTopa
KaTaJluTUUeCKOM IUCTUILIISLUN.

JleTkue OUCTUIIIIATH B mapoBOM base, BXOOAIME B
peakTop/oOTHapHyl KOJIOHHY 85, MepeMemailnTcd BBepxX BHYTPHM peaKTopa
OTIIAPHOM KOJIOHHH 85, IMIpoxXoOd uUepe’ BePXHIKD KAaTaJUTUUECKYID 30HY
A, KOHTaKTUPYSa C BOOOPOINOM, IIepeMellalliMMCa IIPAMOTOUHEM OO0pasoM
BBEPX PpeaKTopa OTIapHOM KOJOHHH. KaTaluTuueckas 30Ha A MOXeT
BKJIOUATE B Ccebd KaTalM3aTop TIUOPOOUUCTKM OUCTUIIIIATa W MOXET

OoBDecCleunTs [NOCTEINNeHHO BOo3pacTanllyl MIPOM3BOOUTEJIbEHOCTEL HDS, HDN u

HDA, OOIIOJIHUTEJIBHO YJlydlaAd KaueCTBO M3BJIEUESHHEIX KUMOKMX
INCTWIIJIATOB . HapOBaH @paKHMH, KMOKMe OV CTHWIIIIATEL n
HerOpeaPMpOBaBMMﬁ BOIOOPOLO MOTWYT OBITH M3BJICUEHEL nus

peakTopa/OTHIapHOY KOJIOHHH 85 uepes HaTHeTaTeJbLHHEM TpybdomnpoBonm 90
M HalpaBJIEHH UYepes3 CUCTeMy I'a30BOTO OXJIaXIeHUs, OUMCTKM UM CXaTUA
pelLupKyJIUpyKRmero Trasa (He Iokas3aHa). AJbTepHaTMBHO, IlapoBasd
bparkumga 90 MOXeT OHTE CIiepeBa obpaboTaHa IOCPenCcTBOM
VMHTETPUPOBAHHOM CUCTEeMH peakKTopa IuapolepepaboTKM (He IoKa3aHa)
OOHa WMJIM B COUeTaHMM C BHEMHUMM IUCTUIIIATaAMU WM IOUCTUIIISTaMH,
BHpaBOTaHHEIMM B Ipollecce TUIPOKpPeKMHTa, M, C DTOTO BpPEeMeHH,
HamnpaBJjleHa B CHUCTeMy T'a30BOTO OXJIaXIeHMS Ta30M, OUMCTKU U CXaTUd
(He mokasaHa) .

IouHble dpakiiuy 88, WM3BJIEUEHHBE U3 pPeakTopa/oTHapHOW KOJIOHHE
85, MOTYyT 3aTeM OHTL HOABEPTHYTH MITHOBEHHOMY MCIHapeHMI B COCYyIe
92 @mJsa MIHOBEHHOTO MCHapeHUsd, T'IOe »OaBJIeHMe TeKyudel Cpeln MOXeT
OEITL TIOHMXEHO Uepes pPeryJMPOBOUHHEM KialaH 94, HanpuMep, IIepen
BXOOOM B COCyI [IOJIT MITHOBEHHOTO MCIapeHMsa. OTO MI'HOBEHHOE
MCIapeHre IOIPUBOIMUT B pesyJibTaTe K HapoBoM opakuum 96, koTopas
MOXeT OBTBH HalpaBJleHa B CUCTeMy aTMOCOepHOM IIepeTl'OHKM IIOCJIe

OXJIaXIOeHMA BMeCTe C OOy IT'VIMI IV CTHVIIIIATHEMN InponoykKTaMu,
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M3BJIEUEHHHMM M3 CHUCTEeMH OXJIaXIeHMsS Ta30M M OuUMCTKM. Xuikad
bpakumsa 98 wMoxeT OHBTb OOIOJHUTEJIEHO OTIapeHa, UYTOOH M3BJIeUb
OOINOJIHUTEJIbHEE  aTMOChepHHEe  OUCTUIIJIATH, IPOMBBOOA  OTIIapeHHHM
TAXKEJIHM HelpeoOpa30BaHHEM HedTAHOM MNIPOAYKT, MNOOOOHHEM HOOHHOMY

IIPOOYKTY aTmoc@epHoﬁ KOJIOHHEI, VIMem1 TOUKY KHIIEHMA B IMalla3OHe

oT OkKoJIO 343°C mo okoJio 427°C, KOTOPEM MOXET 3aTeM OBTH OTIPaBJIeH
B CUCTeMy BakKYyMHOM IIepeTOHKM C 1LeJIblo M3BJIeUeHUS BaKYYMHBIX
OUCTUIIJIATOB.

B aJbTepHATMBHOM BapMaHTe OCYMeCTBJIEHMS, IIapOoBOM U XUIKUMN
sbpdpsmoernT 80, cc 1napoBo oOpakumer 76 wmiam 6e3 Hee, MOXeT OHTH
oBbpaboTaH, MCIOJNB3YySd peakTop C Bocxomammm roTokoM wmiam OCR  (He
[IoKaz3aH) M OTHeJIleH MNomoOHO BapMaHTaM OCYIEeCTBJIEHMSA, OIMCAHHBEM IIO
oTHOomeHMK K Our.2A m 2B. JlONOJIHUTEeJbHad KOHBEPCUA UM yBeJIMUeHHEE
HDA, HDM, HDCCR m HDS, nocTuraeMele C MCIOJIB30BaHMEM peakTopa C
BOCXOIAMMM MIOTOKOM (c KaTaJluTUdeCcKom 30HOM C) n/nnm
peakTopa/oOTIapHOM KOJIOHHH (C KaTaJluTUUYeCKMMM 3SO0HaMM A u B),
clenmyomero 3a IocJenHey CTyIeHb TIUIPOKpeKMHTa, obeclneunBaiT
3HAUUTEJIbLHEE npeuMyIecTBa B OTHOIIEHUN ABHOTO pasnejyieHu s
OO0BeIVMHEHHEX 20(QJIIEHTOR CTYIEHM I'UIPOKPEeKMHI'a, VYJydllad KadeCTBO
[IOJIYYEHHEBIX B pesyJjbTaTe IPOOYKTOB n nejasa [IOJIyYEHHHE B
pesvyibTaTe NPOOYyKTH 0OoJiee MNPUTONHEIMU OJIS [Iocjenyomel ofBpaboTKu.

BonoBarBok K IIpeMMylleCTBaM, KOTOPEE MOTI'yT OBTH IIOJIYUYEHEH,
VICIIOJIbL3Y A CHUCTEMEI peakTopa c BOCXOIAMMM IIOTOKOM VI
OVUCTUIIIALMEN, cJenyillye 3a IIocJelHeM CTyNeHb IMIPOKPpeKMHTa,
OOIOJIHUTEJIbHEE I[IperMylmecTBa MOTYT OBTE peaJIM30BaHH IIOCPEICTBOM
VICIIOJIL30BaHUA CUCTEM peakTopa c BOCXOIANMM IIOTOKOM VI
IUCTUJIIALMEN MeXIy IIepBOM UM BTOPOM (M/UJIM MeXOy II0CJIeIYIOmMMA )
CTyYIIeHAMM THIPOKPEKMHIa, KaK MWUIRCTPUPOoBaHo Ha @ur.4-6, 1mroe
OOMHAaKOBEE uUMcJia 0o003HavamT OINMHAKOBEE UYaCTHU.

ComyieMcsa Ternepb Ha ®ur.4, xak TIPOTHMBOIIOJOXHYIK K OTIeJIEHUD
[IAapPOBEIX IMIPOOYKTOB OT XMIKMX [IPOOYKTOB Ha IIepBOM cCcTylIeHu 56
TUOPOKPEeKMHTa »ddbioeHTa 58 dYepes MNIpOMeXyTOUHHM CcelapaTop 66
nap/XMoKoCcTh, 20djmeHT 58 mnepBoM CcTyHeHM 56 IMOPOKPEKMHTa MOXET
OLITE IIOIAaH B peaKTop/OoTHapHyl KOJIOHHY 102, coIepXamui BepXHIOD

KaTaJlMTUUEeCKYKn 3SO0HY A M HMXHOD KaTallMTHUUeCKYyKw 30HY B. Bomoporn
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MOXeT OHITDH BBeIOeH B peaxkTop/oTIapHyn KOJIOHHY 102 yepes
HaTrHeTaTeJbHHM Tpybomnporon 104, HanopuMep. XuIKMM ¥ [IapoOBOU
0dsoeHT U3 sddjaoeHTa 58 MmepBOM CTYIEHM TI'UIPOKPEeKMHTa MOXeT OHTH
[IOOBEPTHYT pe3skroMy OXJIaXIOEeHUD, VCIIOJIb3Y A apoMaTHUUeCKUM
pacTBOpUTEN L  U/MIM  Tas 60 pe3KOoro OXJaxXOeHVd ¥ I[IodaH B
IIPOTUBOTOUHLM peaxkTop/oTIapHyio KOJIOHHY, conmepxammun
KaTaam3aTop (el) ruoponepepaboTku. Taxenasd XUOKOCTb M3 »0dQJ0eHTa
peakTopa epBOM CTYIIEHU nepeMemaeTcs BHU3 BHYTPMU
peakTopa/oTIapHOMI KOJIOHHEI 102, IPOXOIOUT yepes HIDKHIOK
KaTaJlUTUUYeCcKyKn 30HY B, coepxamyrn KaTalM3aTop I'MIPOOUYMCTKU
ocTaTka, W BXOIUT B KOHTAKT C BOOOPOOOM, IIOHaBaeMHM UYepes
HaTrHeTaTeJbHHM  Tpybomnporon 104, [IepeMEemaMMCa  IPOTUBOTOUHEM
oBpa3zoM BBEpPX peakTopa/oTIapHOM KOJIOHHEHI . IOTIOJIHU T eJIb HEE
ruponeMeTaimzaumusa  (HDM), rtumpolecyibdypuszaumsga (HDS), ODOHMWXKeHMNE
Kkokca o Koupazncony (HDCCR), rmumoponeapoMarTuzauusa (HDA) m npyrue
peakuMy IIPOUCXOOAT B KaTaJIUTUUeCKOM 30He B. [JoHHasa opakumsa 108
MOXeT OBITH M3BJIeUEHA ns3 peaxkTopa/oTIapHOM KOJIOHHEL 102,
oBwpenrHeHa Cc BomopomoM 110 w»m T1omaHa Ha BTOpPYyKR CTyleHb /2

I'MOPOKPEKMHI'a OJIA OOIIOJIHUTeJILHOM O@paGOTKM, KakK OIIMCaHO BHIIE.

Jlerkue IMCTWMIIIIATEL B HapOBOﬁ @age, BXooAamyue B
peaxkTop/oTnapHy KOJIOHHY 102, epeMemanTcd BBEPX BHYTPU
peakToOpa/oTIapHOM KOJIOHHEI 102, IpOXOnAT yepes BEPXHI0

KaTaJlUTUUEeCKYylD 30HY A, KOHTAKTUPYS C BOIOPOIOM, IIepeMemallMC s
1P SMO TOUHEIM obpasom BBEPX peakTopa/oTIapHoOM KOJIOHHH .
KaTamuruueckasda 30Ha A MOXeT BKJIIOUATEH B cebd KaTajln3aTop
TUIOPOOUNCTKHA OMCTUILIIATA u MOXeT oBecneunThb IIOCTEIIEeHHO
BO3pacTawniynn IpousBoouTessHoCTs: HDS, HDN m HDA, OONOJHUTEJLHO
yilydlias KadeCTBO WM3BJIEUEHHEX XUIKMX IVUCTUJLIIATOB. IllapoBas Oopaklusd
112, ®MIKMEe IOUCTUJIJIATE M HeOpopearMpOoBAaBIMM BOIOPON, WM3BJIeUeHHHE
U3 peakKTopa/oTIapHOM KOJOHHE 102, MOTYT OHTbL OOIOJIHUTEJLHO
obpaboTaHH B peakKTope/OTIapHOM KoJIOHHe 85, BMecTe ¢ 30djIoeHTOM
BTOPOV CTYIEeHM TUIPOKPEeKMHIa MJIM I[IoOaHe B OOBUHYID CHUCTEeMy
Ta30BOTO OXJIAXIEeHMS, OUMCTKM M 00pabOoTKM PeUUpPpKYyJIMPYKRIEro I'asa,
KaK OIMCAaHO BHIIE.

[lono6HO, »0QJII0EeHT TIMIepPBOM CTYIEeHM I'MIPOKPeKMHTa MOXeT OHTb

IIOOBEPTIHYT PE3IKOMY OXJIaXIOeHNMIO M TIOOdaH B pPeaKTOop 120 ¢ BocCxOoIOAmMUM
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rnoroxkomMm wmim  OCR, KakKk WUIRNCTPpUpOBaHo Ha odur.5, OCVYIIeCTRBJIAA
KOHTaKTUPOBaHME BEIXOIIAMETO [IoToKa 58 TUIOPOKPEKMHI a C
KaTaJln3aTopoM TIuapolepepaboTKM B KaTaJluTUMUeckoM 30He C, UYTOOH
IPUBECTM B pe3yJibTaTe K IOOINOJIHMUTEJLHOM KOHBepcum HDM, HDS, HDCCR
u/unu HDA. 3ddioeHT 122 MOXeT 3aTeM OHTL I[IOJAaH B IIPOMEXYTOUHLIA
cemapaTop 66 I[ap/XMikocTb ¥ o00paboTaH, KakK ONMCAHO BHIIE IO
OTHOWEHMI0O K COOTBETCTBEHHBM uYacTaM Ha our.3. D3ddimoeHT 80 BTOPOM
CTyIIeHM THUIOPOKPEeKMHTa WM Iap, MW3BJIEUEHHHEe M3 IIPOMEXYTOUHOT'O
celapaTopa Hap/XMOKOCTE MOTYT 3aTeM OHTL obpaboTaHbB, KaK OIMCcaHO
BHIE IIO OTHOWEHMID K COOTBETCTBYIMM YacTaMm Jmwodon wm3 odur.l, 2A
(kaxk wWJICTpPMpoOBaHo Ha dur.b5), 2B wmu 3, TOe »OONOJHUTEJILHAaS
obpaboTKa IIapa, M3BJEUeHHOTO U3 cellapaTopa 66 Hap/XUMIKOCTL, eCJIU
XKeJlaTeJIbHO, MOXeT OBTH BHIIOJIHEHA IIOCPEeOCTBOM IIoHauM 4YacTu WU
BCeM IapoBOM Ofpakuuu 122 K [ocjelylleMy peakKTopy C BOCXOIAMMM
norokoM miar OCR U/UIM peaKTopy/OTIapHOM KOJIOHHE.

Kak »OONOJIHUTEeJIbHasa alJlbTepHaTuBa, o00paboTKa IMIPOMEeXYyTOUHOTI'O
50dI0eHTa, M3BJIEUEHHOTO M3 IIepBOM CTyNeHM IMIPOKPeKMHIa, MOXeT
OHTBE BHIIOJIHEHA, KaK WUIIRCTPUPOBaHO Ha dur.6. B »TOM BapuaHTe
OCymeCTBJIEHU S, 20QJ0EeHT IIepBOM CTYINeHM TIUIPOKPeKMHTa MOXeT OHTH
PEe3KO OXJIaXIeH apoMaTHUeCKMM PacTBOPUTeJIeM U/MiIM Ta3000pa3HbEM
BOOOPOIOM M IHOomaH B peakTop 130 ¢ BocxonmammMm InoTokom wmiam OCR.
SddismoeHT 132 wMoxeT OBTH I[IOHAH OPAMO Ha BTOPYyK CTyIeHb /2
TUOPOKPEKMHTa uUepe3 HalHeTaTeJIbHBEM TpydonpoBon 134 MIM MOXET
OHITH nomaH yepes HaTHeTaTeJIbHEM TPyOOIPOBOL 136 B
peakTop/oTHapHyl KOJIOHHY 138, comepXamyli BepxXHID KaTaJlUTUUeCKYIO
30HY A ¥ HWKXHOKO KaTaJluTHMYeCcKyKn 30HY B, ojsa obpaboTku ™
pasnmejieHrMsa OmoOHO TOMY, UTO ONMCAHO BHIIE TIIO OTHOIEHMK K
peakTopy/OTIapHOM KOJIOHHe 102 (dur.4). TIlaporasa o¢pakumsa 140,
Jerkre OUCTUIJJIATH M HeOpopearMPOBABIIMM BOIOPOI, WM3BJIeUeHHHE U3
peakTopa/OTIapHOM KOJIOHHH 138, u 52ddiowedT 80 BTOPOM CTYIIEHU
TUIPOKPEKMHTIa MOTYT 3arTeM OHTb 00paboTaHH, KaK OIMCAaHO BHIIE IIO
OTHOWEHMID K Jiodon m3 dur.l, 2A, 2B (Kak WJJIOCTPUPOBaAHO Ha OuUI.o6)
u 3, TOe OONOJIHMTeJIbHad  obpaboTka Hapa, M3BJIEUEHHOTO U3
cerapaTopa 138 nap/XMoKoCTh, ecJIM  XKeJlaTeJIbHO, MOXeT OHITH
BHIIIOJIHEHA I[IOCPEeICTBOM IOoOauM 4YacTM WJIM BCel HapoBo opakumm 140

K IOCJeOylmyM peakKTopy C BOCXOOAMMM IHOTOKOM wiar OCR  u/uiau
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peaxkTopy/OTHIapHOM KOJIOHHE.

KaTanm3aTopH TUOPOKOHBEPCUN, KOTOpPHE MOTYT OHITE
MCIIOJIL30BAaHE B  KaTaJlUTUUYECKMX  30Hax A, B u C, BKJIIOUAIOT
KaTaJlM3aTOPH, KOTOPHEE MOTYT OHBTE MCIOJIbB30BAHH IJIA TUOIPOOUMCTKU
WM TUOPOKPEKMHTA YIJIEBOLOPOOHOTO CEIPb 4. KaTanmuzaTop
TUOPOOUMUCTKHU, HallpuMep, MOXET BKJIOUATH Jodon cocTasb
KaTaamsaTopa, KOTOPHIM MOXeT OBITE MCIIOJIL30BAaH, UTOO
KaTaJlu3UpoBaTh TUOPUPOBAaHUE YTJIEBOOOPOIOHOTO CHPBL 4, YTOOL
[IOBHICUTH comepxaHue BOOOPOIOAa u/Uim YOaJIUTh TeTepoaTOMHEE
3arpas3HeHua. KaTalMsaTop TUIOPOKPeKMHTa, HalpuMep, MOXeT BKJIOUATDH
JBOM CoCTaB KaTajM3aTopa, KOTOPHM MOXeT OHTH MCIIOJIbL30BaH, UTOOH
KaTaJlu3UpOBaTh noBaBkKy BOOOPOIOa K BOJILINMM W CJIOXHEIM
YTJIEBOOOPOOHEM MOJIeKyJlaM, TaK Xe KakK KpeKMHID MOJIeKyJI, UYTOOH
IOJIYUMUTE MEHBIMe MOJIEKYJIEL ¢ 0oJiee HUBKKM MOJIEKYJIAPHEM BECOM.

CocTaBH KaTajlM3aTopa TI'MAPOKOHBEPCHMM NJIS MCIOJIB30BaHUSA B
opoliecce TUIPOKOHBEPCUU B COOTBETCTBUU C BapMaHTaMM
OCYmMEeCTBJIEHMUSA, PACKPHTHMU 3I0eCh, XOPOUIO M3BECTHH ClIelMaCTaM B
OaHHOM o006JlacTM TexXHMKM M YacThb M3 HUX MMEKnTCS B Ipomdaxe oT W.R.
Grace & Co, Criteron Catalysts & Technologies m Albemarle, cpenu
Ipyrux. IlogAxomAamye KaTaJM3aTOPH I'MIPOKOHBEPCHUM MOTYT BKJIOUATH
OIVH uiM ©BoJiee BJIEMEHTOB, BHOpaHHHX M3 I'pynn 4-12 IleprMoOUUeCKOM
Ta B SJIeMEHTOB. B HeKOTOPHX BapMaHTax OCyHMeCTBJIEHUS,
KaTajlnu3aTopH TUOPOKOHBEPCUN B COOTBETCTBUN C BapMaHTaMA
OCYyIEeCTBJIEHU, PAaCKPHTHMM 3IeCbhb, MOTYT COIepXaThb, COCTOATH U3
WM COCTOSATH TJIaBHHM 00pasoM M3 OIHOTO MM O0oJiee U3 HUKeJd,
koBajbTa, BoJbdpama, MoaubIeHa WM MX coueTaHuy, Jmbo He Ha
HOCHTeJle, JMOO Ha HOCUTeJIe Ha II0OPUCTOM MONJIOXKe, Kak HalpuMep,
OKCHUI KpeMHMS, OKCHUI aJIloMMHMSA, OKCUI TUTaHa WIM MX CcoueTaHUd.
Kak [IOCTaBJIEHHEM OT M3TOTOBUTEJIS MJIM Kak IIOJYUYeHHHM B pe3yJbTare
Ipollecca peTreHepallMy, KaTajlu3aTop TUAPOKOHBEPCUM MOXeT OHTL B
bopwme OKCHUIOB MeTaJlJIOB, HalpuMep. B HEeKOTOPEIX BapMaHTax
OCymeCTBJIEHUSA, KaTaJln3aTOpE TUOIPOKOHBEPCUN MOTYT OHITE
OpendBapuTeJIbHO CYJbOUIVMPOBAHHEIMM MM IpeldBapUTesJIbHO OoOpadoTaHH
Iepel BBeleHMEM B peakKTop (B) I'MIOIPOKPeKMHTa.

OIVCTUIIJIATHEIM KaTalu3aTop IMIPOKPEeKMHIa, KOTOPHM MOXeT OHTb

IIPMIT'OOHEIM B KaTaJIUTUUYECKOM 30He A, MOXeT BKJIIUATH KaTaimsaTop,
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BHOpPaHHHMN ns3 Tex V3BECTHEIX 2JIEMEHTOR, UTOOH obecrneunThb
AKTMBHOCTEL KaTaJUTHUUECKOTO TIUIPUPOBaHMA. I[IO0 MeHbIeM Mepe OIOMH
MeTaJIJIMUeCKUM KOMIIOHEHT, BHOpPaHHBM M3 B2JeMeHTOB Ipymnne 8-10
U/ M M3 BJIeMeHTOB I'pPymnu 6, OOBUHO H9BJIAETCS IIPellIOoUTUTEJIbHEM.,
SJjeMeHTH I'pynne 6 MOT'YT BKJIOYATH XPOM, MOJIMOIeH ¥ BoJbopaM.
SyneMeHTH I'pynnel 8-10 MOTYT BKJIOUATE XeJjes30, kobaJibT, HUKEJDb,
pPYTeHUM, pomoui, najjlaiuy, OCMUM, MHPUIUN U ILJIaTuHy. KoJmuecTBO (&)
KOMIIOHEHTa (OB) TIUIPUMPOBAHMS B IOOXONAMeM OMallia3oHe KaTajlu3aTopa
oT OKOJIO 0, 5% o OKOJIO 10 Macc.$ OTHOCUTEJILHO MacCCH

KOMIIOHeHTa (oB) MeTaJuioB I'pynmnel 8-10 m oT oOKoJIO 5% @Oo okoJio 25

Macc.% OTHOCUTEJIbHO MaCCH KOMIIOHEHTa (OB) MeTaJlJIoB I'pyonH 6,
paccumMTaHHeE Kak okcum (H) MeTaJIJIOB Ha 100 Macc. yacTen

OTHOCUTEJILHO ofmel MaccCh KaTajlM3aTopa, I'Ie Macc.$% OCHOBAaHH Ha
Macce KaTaJln3zaTopa nepen CYJIbOUIVMPOBAHMEM. KOMIIOHEHTEH
TUIPUPOBaAHMA B  KaTaluM3aTope MOTYT OHTH B OKCUIOHOM  U/WIK
cyabdumHom dopMmMe. EcCIM coueTaHMe IO MeHBIIEM Mepe KOMIIOHEeHTa
MeTaJula I'pynnel © wm I'pynnel 8 HOPUCYTCTBYeET, KakK  (CMEeNlaHHBE)
OKCHUIOH, OHO OyIeT INOOBEPTHYTO 00paboTke CYyIbOUIMPOBAHMEM IIepen
HaOjieXxallMM MWCIIOJIb30BaHMEM B ITUIPOKPEKMHI'e. B HEKOTOPHX BapMaHTax
OCVYIIECTBJIEHN A, KaTajllu3aTop COIOEePXUT OOUH WM 0oJiee KOMIIOHEHTOB
U3 HUKeJd u/uiam kobajJbTa ¥ OOUMH WM 0oJlee  KOMIIOHEHTOB U3
MoMOneHa W/WIX BOJbOpamMa WM OOVH WM 0oJlee KOMIIOHEHTOB U3
IJIaTUMHLE UM/ WiM  Hajjlaiud. KaTannz3aTopH, comepxamye  HUKeJb U
MOJIMOIOEeH, HUKeJb ¥ BoJbdpaM, ILIaTUHY W/WUiIM Oajljladguil, ABJIATCS
IPUT OOHBEIMMA .

KaTanmuzaTop TUIPOOUUCTKU ocTaTka, KOTOPLIM MOXeT OHITEL
OPUTOIOHEIM B KaTaJlUMTUUECKOM 30He B, MOXeT BKJIOUATL KaTaJM3aTOPRH,
B OCHOBHOM COCTaBJIEHHEE M3 KOMIIOHEHTAa I'MIPMPOBAHMA, BHOPaHHOTO
U3 DJEMEeHTOB I['pYyHOH 6 (Kak HaopuMmep, MoJudIeH uM/WiIKM BoJbdpaM) U
sJIeMeHTOB I'pynmne 8-10 (kak HalOpuMep, KodajlbT MU/UJIM HUKeJbL) WU
MX CMecwH, KOTOpPEHE MOT'YT OHTBb HaHECeHH Ha HOCUTEJB OKCUI
alnoMyHM A . Oxcun ¢dochopa (I'pynma 15) BHOOPOUHO MNPUCYTCTBYET, Kak
AKTUBHEM MWHITpPeIMeHT. TUIMUHBENM KaTaJlM3aTop MOXeT comepXaThb oT 3
no 35 Macc.% KOMIIOHEHTORB TIMIPUPOBaHMA, CO CBA3YRIMM OKCUIOM
aJlioMMHM S . ['paHyJiel  KaTajJdM3aTopa  MOI'yT HaxXOOMTbCA B IOMallasoHe

pasmepoB oT 1/32 moorMa no 1/8 @OoOMMOB M MOTYT OBTH ChepUUeCcKOl,
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SKCTPYIOVMPOBAHHOM, TPpexXIOoJbUaTOM WJIM UYeTHpeXOoJbuaTol GopMEl. B
HEeKOTOPHX BapMaHTax OCYyWeCTBJIeHUs, Ioada, [IpoxXOondmasd dYepes
KaTaJIMTUUECKYD  30HY, KOHTaKTUPYeT CliepBa C KaTajln3aTopoM,
3apaHee BHOPAaHHEIM OJI4 YOaJleHMsa MeTallJIOB, XOTA HEeKOTOpoe yIhaJleHMe
CepH, as30Ta U apoMaTUUeCKMX COeIMHEeHMM MOXeT TaKXe IIPOUCXOOUTEH.
[locyenyrmme  CJOM  KaTajaMszaTopa MOTYT OBTE  MCIOJIB30BAHE  IJIA
yIoaJlIeHU A CepH u aszora, XOTH OHMU O OJDKHEL Takxe BHTH
npenrnoJjlaraeMeMy, UTOOH KaTaJM3UMPOBATL yIaJleHVe MeTaJJloB u/uiau
peakuuy KpekuHTa. CJIOM (M) KaTalmM3aTopa oA OeMeTaJlIM3aluM, KoTma
IPUCYTCTBYIOT, MOTYT COIOepXaThk KaTalu3aTop (H), HuMeomue CpelIHUN
pasMep TIop B IManazoHe oT 125 pmo 225 AHTCcTpeM M OOBEM IIOPp B
oManasoHe oT 0,5-1,1 oM’/ 1. CJiom (mn) KaTalu3aTopa OJIs
neHUTpUubUKaIMM/oecyabdyprusaury MOTYT COHEepXaTh KaTaau3aTop (H),
VMeIMe CcpeOHMM pas3Mep Hop B ImanasoHe oT 100 mo 190 AHTCcTpeM C
obvemoMm T1iIOP O0,5-1,1 cM®/1T. TlaTeur CIMA N 4990243 onucHBaeT
KaTaau3aTop TIUAPOOUMCTKM, MUMeKNUM pasMep I[Iop I[IO0 MeHBIEeW Mepe
okoJiIo 60 AHTCTpeM M IIPEeOloUTUTEJNIEHO OT OKoJIO /5 AHTCTpeM 1o
okoJio 120 AHTCTpeM. KaTanms3aTop IOeMeTallliM3alyy, HOPUTOIHBI OJIA
HacToOAMEeTro IIpollecca, ONMcaH, Halpumep, B IlaTeHTe CIIA N 4976848,
BCE PACKPHTHE KOTOPOITO BKJIINUEHO COa I[IOCPeICTBOM CCEUIKM IJIA BCeX
eJjen. Takxe, KaTajJn3aTOPH, IPUTOOHEE 0JIA necyJsboypmrsanmum
TAXEeJIEIX I[IOTOKOB, OIMCaHB, HalpuMmep, B IlaTenTax CIA NNt 5215955 wu
5177047, BCe PaCKpPHTUSA KOTOPHX BKJIOUEHE ClOa I[IOCPelICTBOM CCHUIKU
O0Ja Bcex leJjer. KaTalu3aTopH, [IPUTOAOHEE MOJIA Oecylbdypu3alun
CpelHero OUCTUJIATa, IIOTOKOB BaKyyMHOTO Tas30WiId M I[IOTOKOB HadTH,
ONMCaHel, HalpuMep, B IlaredTe CIA N 4990243, BCe pPaCKpPHTUA
KOTOPHIX BKJIIOUEHH ClIa [IOCPEeNCTBOM CCHIIKM IJIS BCeX LeJlei.
KaTammzsaTop ITMOPOOUMCTKHU ocTaTkKa, IPUTONHEIM B
KaTaJuTUueCcKoM 30He C, MOXeT BKJIOUATL B cebd KaTaJlu3aTopH,
comepxXxallle IIOPUCTYI OTHEYIIOPHYK OCHOBY, COCTAaBJIEHHYKR M3 OKCHuIOa
aJIIOMMHM A, OKCHUIa KpeMHUSA, OQochopa WMIM UX PasJIMUHHX COUeTaHUM.
OouH wiu O0Jlee TUIIOB KaTalM3aTopa MOoI'yT OBTH MCIOJB30BaHE, Kak
kaTammzaTop C I'MOPOOUMCTKM OCTaTkKa, M I'Ie IOBa wWin 0DojJiee
KaTaln3aTOpOB MCIOJb3YITCHI, KaTaJlM3aTOPE MOIYT IPUCYTCTBOBATH B
30He peakTopa, Kak cJjou. KaTranm3aTopH B HMWXHEM CJIoe (4X) MOTyT

MeTBb Xopomyn AKTVMBHOCTDB JeMeTaJlJIM3alvl. KaTaJ’[MBaTOpr MOTYT
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TaKXe WMETH aKTMBHOCTBH IMUIPUMPOBAHMA M »OecylbdypU3aluM, W MOXET
OHITH [IperMyIeCTBEHHO VCIIOJIE30BAaTh KaTaJln3aTOPH C OOJIBIVMA
pasMepaMy I[I0p, UYTOOHE MaKCHMMaJIbHO YBEeJMUMTHL YyIhaJleHMe MeTaJlJIOB.
KaTamnzaTopH, VMenme 2TU XapaKTepUCTUKN, He ABJIATCSA
ONTMMAJILHEIMM OJIS yIOaJleHMs ocTaTKa YyIJlepona U ceph. CpenHumn
pasMep IIOop OJA KaTajlu3aTopa B HWKHEM CJIOe WU CJOAX 0OyneT OOBEUYHO
10 MeHbIleM Mepe 60 AHTCTpeM ¥ BO MHOTMX CJy4dYaax OyzmerT
3HAUMUTEJBHO OoJgbmmM. KaTalmM3aTop MOXeT colepXaThk MeTaJlJl WIn
codueTaHMe MeTaJlJIOB, KaK HallpuMMEep, HMUKeJb, MOJMOOeH WM KobaJlbT.
KaTanmuzaTope, NOPUTOIOHEE B HWXHEeM CJIoe WM CJIOSX, OINMCAaHHE B
I[TaTeHTax CIIA NN 5071805, 5215955 wm 5472928. Hanpuwmep, Te
KaTaJln3aToOpPH, 4YTO ONMcaHH B IlaTeHTe CIMA N 5472928 wm wuMenmMe II0
MeHbme¥ Mepe 20% mop B @omanasoHe oT 130 mo 170 AHTCTpeM,
OCHOBaHHEIE Ha a30THOM crocofe, MOT'YT OBTH [NPUTOIHEIMM B HIWKHEM
KaTaJluTuueckoM cJioe (ax). KaTanmzaTop, IOPUCYTCTBYKOIUMA B BepxXHEM
cJjloe WM CJIOSX KaTaJMTUUEeCKOM BOHH OOJIKeH OB @ MMeTh OOJIBLIIYIO
aKTMBHOCTBL TI'MIPUMPOBAHMA II0 CpPaBHEHMI C KaTaJlM3aTopaMM B HMKHEM
cJioe wiImM cJodx. CllenoBaTeJIbEHO, KaTaJlM3aTOoph, IIPUIOIOHEE B HMKHEM
CJIoOe WM CJIOAX, MOTI'YT XapaKTepM30BaTbCH MEHBIIMMM pasMepaMu IIop U
OoJIbIIMM yIOaJIeHMEeM KOKCOBOT'O OCTaTKa, aKTUMBHOCTBKL IeHUTPpUOUKaLUM
n necyibsbypusalmmn. TUNIMYHO, KaTaJIn3aTOPH OyoyT conepxaTb
MeTaJlJIEl, KakK HalpuMep, HUKeJb, BoJbdopaM U MOJIMOOEeH, UTOOEH
[IOBEICUTE aKTMBHOCTHL IUIPHMPOBaHMA. Hamopumep, Te KaTaJlM3aTOoph, UYTO
ommcaHsl B IlaTeHTe CIA N 5472928 u uMmenmme 10 MeHbmeM Mepe 30%
nop B @»OuanazoHe oT 95 nmo 135 AHICTpeM, OCHOBAHHHE Ha a30THOM

criocobe, MOI'yT OBTH IIPUMT'OOHEIMM B BEpPXHHMX CJIOAX KaTaJIM3aTOoOpOB.

KaTaams3aTop: MOTYT BHITE bOPMOB aHHEMM KaTajJmu3aTopaMn WIIn
chepryuecKMMM KaTajJluzaTopamMr. BmofGaBOK, IIJIOTHHE, YCTOMUMBEE K
VCTUPaHUIO KaTaJM3aTOpRE MOTYT BEITE VICIIOJIL 30BaHH B 30Hax
HeIoOOBMXHOTO KarTaamMsaTropa c BOCXOIAMMUM IIOTOKOM, YTOBH

MVHVIMMIVMPOBATE pa3pylleHMe UYacCTUL KaTaJlM3aTopa WM YyBJIeUeHMe UYaCTUII
B TIPOIOYKT, V3BJIEUEHHE U3 pPeakKkTopa.

CrieumaJjiucT B OaHHOM obnacTu TEeXHMKN paclio3HaeT, dTO
PasJIMYHEIE CJIOM KaTaJlM3aTopa MOI'yT He OHITL COCTAaBJIEHE TOJIBKO U3
OOHOT'O KaTallmsaTopa, HO MOI'YT OHITL COCTAaBJIEHHE U3 CMeCHu Pa3JIMYHEX

KaTallnsaTopos, UTOOR JOCTHMUE OIITMMaJIEHOTI'O YPOBHA YIOaJIeHnA
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MeTaJIJIOB WM KOKCOBOTO OCTaTka U »OecyJbdypuzaluy IJIS JTaHHOTO
cyosa. XOoTHA HeKOoTopoe IUIPHMPOBaHMe OyIeT I[IPOUCXOOUTL B HIMKHEN
YacCTM 3BOHE, YyIaJIeHMe KOKCOBOI'O OCTaTKa, as30Ta UM Cephl MOXET MMETH
MeCTO TIJIaBHEIM 0OOpas3OM B BepxXHeM CJioe WM CcJodax. OueBUIHO,
OOIIOJIHUTEJIbHOEe  yhaJleHMe MeTaJlJIoOB Takke OyoeT MMeTb MeCcTO.
OnpeneJIeHHEM KaTaJu3aTop WMJIM CMeChb KaTaJlM3aTopOB, BHOPAHHEX IJII
Kaxgoro CJIog, UMCJIO CJIOeB B 30He, IPOMNOPLUMOHAJILHEM OO0BeM B CJIOe
KaXOoT'o CJIOS UM BEOpPAaHHEE OIpelellIeHHHE YCJOBUA TUIPOOUMCTKM OyOoyT
3aBUCEeTb OT CHPbSA, OoaJexamero ofbpaboTke IIOCPeICTBOM YCTAaHOBKH,
XKeJlaeMoTo MNpOoaykKTa, I[IooJexalel'o M3BJIEUEeHMI, a Takke KOMMEPUeCKMX
cooBpaxeHul, KakK HalpuMep, CTOMMOCTEL KaTaJlu3aTopa. Bce 5BTH
IapaMeTpE M3BECTHH CIelMrallMcTy, 2BaHAToMy B HedpTellepepabaTHBawmen
IIPOMHIIJIEHHOCTHY, M He HYXIalTCS B OOMNOJHUTEJIBHOM YTOUHEHUM.

[ToMIMe PEL

Ipumep 1

[IepBHM TeOpeTUUEeCKUM IIpMMep OoIMcaH CcO CCBUIKOM Ha owur.l,
WJIJIIOC TPUPYIYIO s0dberT, KOTOPHM BHOCHUT nobaBJieHHuE
peakTopa/OTIapHOM KOJIOHHH, Ha KauecTBa TIXeJIoM Helepepa®oTaHHONM
HedTM ¥ IOUCTUIJIATHBIX IPOOYKTOB. XapaKTepHO B DTOM IIpUMepe,

CTYIIEHB IT'MOPOKPEKNMHT'a C KUTITATINMM CJIOeEM paGOTaeT I1pm JyacoBOM

1

00BEMHOM CKOPOCTM XxmuakocTu 0,25 u - u TemnmepaType Mexny 425°C wu

432°C, mnpeoOpasysda Mexay 65 1 73% BaKyyMHOM OCTATOUYHOM O(paKUuu B
nomave. Bpno®aBok NpubIM3uUTebHO 75% cepr, 80% mMeTasioB, 60% CCR
u 65% achaJIbTEeHOB B OCTATOUHOM Iojade yIajlgfeTcs Ha STOM CTYIeHU
TUIOPOKPEKMHTA .

[IOJIy4eHHE B pPel3yJjbTaTe TIKeJHM Helepepa®oTaHHBM He(dTSHOM
IPOOYKT IIOCJIe Pe3KOoT0 OoxXJaxIeHMd 3aTeM IpoTekaeT BHUI3 uUepe3 CJIou
KaTalu3aTopa IHMIPOOUYMCTKM  OCTaTKa, roe OH KOHTaKTUPyeT c
BOOOPOIOM, IpPOTeKallMM BBepX M B IPOTHMBOTOKEe C HelpeoOpa3oBaHHOM
HedThIO, KOTOpasd MHOIOBepraeTcsa IOIMNOJHUTEJLHOM peaKlLuuM. B sToM cJjoe
Henpeo®paszoBaHHasa OCTaTouHad OQpaklMa IIoIBepraeTcsa OOMNOJIHUTEJILHEM
peakuuaM OecyJbdypusaluuM, IeMeTaJlIM3aluM M IIOHMKeHMUI KOoKca IIO
KoHpamcoHy ¥ KOHBepcuM. BpnoBaBokK JioOHe ocTalmuecs CcBoOOOHEE
pamukaJe, o00pasoBaHHHE, Kak pesyJbTaT TepMUUecKoTo KpeKMHTa,

InpomncxogdAmero Ha HpenmeCTBymmeﬁ CTYIIEeHIN I'MOPOKPEKMHT'a,
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HaCHIIAwTCA, IIOHMWXasd ob0pas3oBaHMe IIpeKypcopa KokCa ¥ ocalka,
[IOCPEeICTBOM BTOTO YyJyudllad CcTabuMJIIbBHOCTE IIOJIYUYEHHOI'O B pes3yJbTare
HenpeoOpa30BaHHOTO HepTAHOTO NPOOyKTa.

B OCODEHHOCTM pacCMOTPEHO, UYTO CJIOM peakUuM IHUIPOOUUCTKU

ocTaTka OymeT pabdoraTk npmu LHSV mexny 4 u 8 u 'y WABT (To ecTn,

CpelHeB3BEMeHHOTO 3HaueHus TeMlIepaTyph cJjiosg) oT 380°C mo 400°C c
IIOTOKOM Tas3a B »OuanasoHe Mexnoy 70 m 100 HM3/M3 nomaum. Kak
pe3yJbTaT OlleHeHO, uUTo YyoajleHume cepel, CCR ¥ MeTaJJIOB Oymer
IIOBHMMEHO Ha oT 1 @mo 2%. BoJee BaxHO, OIOHaKO, UYTO ofpa30BaHMe
ocanka 0OyImeT IomaBJIeHO Ha oT 15 mo 20%.

JleTkue OVCTUIIJIATH B IapoBOM base, BXOIAmMue B
peakTop/OTHapHyl KOJIOHHY BMecTe C 0Oojee JeTKUMU IUCTUIIISTHBEMA
bpaklUMaMM, OTIIAPeHHHMM OT Helpeobpa30BaHHOM HedTM B CJoe peaKlLuu
TUOPOOUMCTKM OCTaTKa, IOIpoTekKalT BBepx uUepes CJOM TIUIPOOUMCTKU
OIVCTUJLJIATa BMecTe C BOIOPOIOM, COIepXallMMCH B BHXOOAMNEM IIO0TOKE

ns3 CTVYIIEeHN pPearumm I'MOPOKpPpEeKMHTI'a, TIJII0C M 3OBITOUHEIM BOOOPOI,

BHIXOOAMUM M3 Bepxa CJoa TIUIPOOUMCTKM OCTaTKoB. OlleHeHO, UTOo
OKOJIO 50% OVCTUJILIISATa, 0Bpa30BaHHOTO Ha CTyIIeHHr peaxkuumn
TUOPOKPEKUHT A, OyoyT B IapoBOM base IpoTeKaTh K CJI010
TUOPOKPEKMHTa OUCTUMIIJIATa. TakKoy OUCTUWIIIAT OyIeT cCcoIepXaTb B

nomamJdpmeM  OOJIBIIMHCTBEe  MaTepual, HaxXOOAmMUNC S B omaras3oHe
KurieHusa HadTe, Mexny 50 m 60% MaTepualsa B OMalla30HE KUIIEHUA
OIM3eJIbHOTO TOILIMBa M oOT okoJo 25% gpmo 30% ¢ppakumM BaKyyMHOTO
TasoMIs. B ocoBeHHOCTM PaccCMOTPeHO, UTO  CJOM  IUIPOOUMCTKU

OIMCTUIIIATa OyneT paboTaTh npu LHSV B mmanas3oHe oT 1,6 mo 2,5 'l

u WABT B nmanasoHe oT 360°C mo 390°C. Ilpu 3Tux paboumx YCJIOBUAX
ynajieEruss HDS m HDN OynyT HOpepvmmaThk 99%, npom3pond Opakuumo Ha@TH
C MeHbIe, YeM 1 MaccC. UYacThbk Ha MUJIJIMOH UYacCTeV Cepel M as0Ta U
Ype3BHUaAMHO HUIKUM I[I0 Cepe IUM3EeJIbHHEM [OpOoIyKT C MeHblle, uyeM 10
MaccC. YacTAMM Ha MUJIJIMOH YacCTel CepH.

[Ipumep 2

BTopoM TeopeTHUeCKMM OpMMep OIMCaH CO CCHJIKOM Ha @ur.2B,
WILJIOCTPUPYIYD OoOBbeIMHEeHHEM 200eKT, KOTOPHEM BHOCUT »nobaBJieHHUe
peakTopa C BOCXOOAIMM IIOTOKOM W OCR u IIoCJIeoyKIero

peaKTopa/OTHapHoﬁ KOJIOHHE, Ha KOHBEPCHK 0OCTaTKa, BHEHXOIHE pPeaKLNMM
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u KauecTBax T XeJION Hereo@paSOBaHHOﬁ He@TM n OV CTUIIJIATHEIX
IIPOOYKTOB. Kak B HpMMepe 1, paccMOTpPEeHO, dTo CTYIIEHBb

TUOPOKPEKMHI'a B KUIAmeM CcJioe paboraer npm LHSV 0,25 ul oy

TeMnepaType oT 425°C mo 432°C, npeobpasysda Mexnmy 65 m 73 BaKyyMHOM
OCTaTOUHOM odpakumuu B T[omadve. BmofaBoOK, kak B llpumepe 1,
NpuBIM3UTEeJIbHO 75% ceprl, 80% merTaJsyios, 60% CCR m 65% acdallbTeHOB
B OCTATOUHOM IIojaue yIaJifeTCs Ha CTYIeHM TUIPOKPEeKMHTA.

B IlpuMmepe 2, XUOKUN ¥ T[IapoBo¥ 20QJI0EeHT U3 CTYIEeHM PeaKlulu
TUIOPOKPEeKUHTa rmocJie pPe3KOoTOo OXJIaXIeHUs OOTIIOJIHUTEJILHO
obpabaTHBaeTCad B pPeakTope ¢ BOCXOOAMMM IIOTOKOM, CcoIepxXaleM
KaTaaln3aTop TuOporepepadboTrr ocTaTka, IocpelCcTBOM 2TOTO
obecrneurBasa yoajleHMe OJ4 IJOINOJHUTEJLHOM CcepH, MeTaJlioB, CCR wu

acbanbTeHOB. PacCMOTPEHO, UTO PeaKTOop C BOCXOOAMMM IIOTOKOM OyIeT

1

paboraTe npu LHSV oT 1,0 mo 2,0 u -~ u TeMImepaType Mexmy 380°C u

400°C. Tlpu 9STUX YCJIOBUAX KOHBepCUS BakKyyMHOTO OCTaTKa OymeT
IIOBHIMEHA Ha OOMNOJIHUTEeJIbHHe oT 1 no 2%. BooBaBOK K IIOBHIIEHHOM
KOHBEPCHUM OCTaTKa, yIhaljeHusa HDS OynyT HnoBemeHel oT 3,5 mo 5,5%,
yoaJjienusa CCR m acdanbTeHOB OyIOyT IOBHIeHH OT 4 mo 7%, M yIaJleHUS
MeTaJIJIoOB OyOyT IMOBHIMEHH OT 5 mo 7%. Kak pes3syJlbTaT I[IOBHIIEHHOMU
KOHBepCUM CCR u acdaJIbTEHOB u 3aMenJieHnd obpasoBaHMA
npenmecTBeHHVKa KOKca, CcoIepXaHre ocalka B Helpeobpa30BaHHOM
HedTr OXuIaeTCsa IIOHM3UTL Ha He MeHble, uyeM 50%, B3BHaUMTEeJILHO
yiydllasg CcTabMJIBbHOCTE HelpeobpasoBaHHOTO HedTAHOTO MNPOOyKTa.

Kak B ITpuMepe 1, [IOJIYUYEeHHHE B pesyJbTare TaXeJIasd
HemnpeoOpas3oBaHHa4g HedThH u KUOKUE OV CTUILIIATE IooBepramnTCcH
majlbHeNmelr o0pad®oTKe B peakKTope/OTHapHOM KOJIOHHEe OPpM aHaJlo TUMUHHX
YCJIOBUAX M C AaHAJIOTMUHHMKM YJIYUYIIeHMAMM KadeCcTBa IIPOoOdyKTa, Kak
ONIMCaHHHE peIBapuTelbHO. CyMMMpPYyd, TakuMmM oOpa30oM, KakK pes3yJbTaT
noBarJIeHMS peakTopa ¢ BOCXOOAIMM TIIOTOKOM M OCR, KOHBepCcHMA U
yIaJleHre u KadyeCcTBO nponyKTa peakTopa/oTIapHoOM KOJIOHHEI

IIpenriojiaranTCAd IIOBHIMEeHHEMIM, KaK OIIpeleJIEeHO B TabJnlle HUXe.



22

[TapamMeTp

CTyIIeHb
TUOPOKPEKMHT A
ocTaTka C

KUITANMM CJIOEM

PeakTop C BOCXOIOAMNUM
noTokoMm/OCR +

peaKTop/OTnapHaH KOJIOHHa

LHSV, u *

CTyIieHb

ITMOpOoKpekuHTra EB

PeaxTop C

BOCXOIOAIMM

noToxoM/OCR

1,0-2,0

PeaxTOop/OoTHapHasd

KOJIOHHa

HuxHUM CJIOM

4-8

BepxHU1 CJom

1,6-2,5

TeMmnepatypa, °C

CTyIieHb

TUOPOKpeKMHTa EB

425-432

PeaxTop C

BOCXO IO AIINMM

moToxoM/OCR

380-400

PeakTop/OTIHapHad

KOJIOHHa

HuxHUM CJIoM

380-400

BepxHuU1 cJjom

360-390

YoajeHue HDS,

Macc.$

75

79,5-82,5

YoaJjieHue CCR,

Macc.$

60

65-69

HDM, mMmacc.$

80

85-87

YoajieHue
acdaJIbTEHOB,

Macc.$

65

70-74
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Ocanxu TAXEJIOTO X <0, 5X
HellepepaBoOTaHHOT'O
MacJa (SHFT),

Macc.$

[lpooykT HadTH

AszoT, Macc. <1

yacTel Ha MUJIJIMOH

Cepa, Macc. <1

yacTel Ha MUJIJIMOH

Cepa B IOM3eJILHOM <10
IpOOyKTE, Macc.

JyacTel Ha MUJIJIMOH

Kak oOIMCaHO BHIIE, MCIOJb30BaHMe peaKTopa/oTIapHOM KOJIOHHE
U/ WM peaKTopa C BOCXOOAMMM IIOTOKOM MOXEeT OOeCleUMTh IIOBHIIEHHYIO
CTelleH:L KOHBepcum, HDS, HDA, HDM wm HDCCR. 3970 MOXeT VYIIYUINUTH
KauecCcTBO YIJIEBOILOPOIOHOTO IIPOOYKTa M I[IOHM3UTL TeHIOEeHUMID IIpOoOyKTa
K ofOpa3oBaHMKL acdaJIbTEHOBOTO OcalkKa B IIocjenylileM O00pyIoOoBaHUN.

XoT4d IIPOLeCCH, ONIMCAaHHEIE  BHIIE, BRJIOUAKT OIOHY WJIM »OBe
CTYIIeHM TIHUOPOKPEKMHTa, BapMaHTH OCYWEeCTBJIEHMA, BKJOUawmMe O0oJee
yeM oBe CTYIIeHN, penyCMOTPEHH . HOTIOJIHUTEJIBEHO, BapMaHTEL

OoCyumeCTBJIEHNA, PacCKpPEITEIE 30eChb, VIIJIRCTPUMPRYIT MHOT'OCTYIIeHYaTyIO

oBpaboTKy nonayd ocTaTKa c MCIIOJIL 30BaHUEM [IPOMEXY TOUHOT'O
pasneJyieHrsa  Iap—XUIKOCTb (uepes cemnapaTop Iap/XUIKOCTL  WMJIU
peakTop/OTHapHy KOJIOHHY) wIM ©6e3 Hero. B To BpeMa Kak

[IOBHIIEHHASI KOHBEPCUA U VYJYUIIeHHOE KadeCTBO IMNIPOOYKTa MOTYT OBTH
peasiM30BaHE, MWCIOJbE3Yd SBTU IIPOMEXYTOUHLEE CTaluK, OOIOJIHUTEJILHEE
KOHBepCUdg, HDS, HDA, HDM wu HDCCR, peaJnsoBRaHHLEeE, MCIIOJIBL3Y 4
peakTop C BOCXOISHMUM IIOTOKOM U/MIM peaKTop/OoTHapHyl KOJIOHHY,
crlenyomMe 13a IHocJelHel CTYyINeHb I'UIPOKPpeKMHTa, MOI'YT IOCTaTOUHO
[TOHU3UTH TEeHIeHIIMI acoalbTeHOBOTO OCaXIOeHUd B [IOCJIeOYIIEM
ODOpPYIOBAHUMA .

[lpeuMymeCTBEHHO, BapMAaHTH OCYLEeCTBJIEHMA, PACKPHTHE 30eCh,
ODBEOVHAIRT TeXHOJIOTUY THUIOPOoHepepaBoTKM ¢ HEIOOBMXHEM CJIOEM U
KUIIAIMM  CJIOEeM, MCIOJIbE3yd PpasJIMuHEEe KaTaJlUTUUeCcKMe CUCTEMEl oJjid

CTyHeHeﬁ peakKurM C HeEeIIOIOBMXHEM CJIOeEM WM KHUIIAIIMM CJIOEM, UTOOR
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IPOMBBOOUTEL MNPOIOYKT JIyUllero KaudecTBa M3 TI'UIPOKpPeKMHTa OocCTaTKa.
HoroJsHUTeJIbHa g obpaboTka Ha IIPOMEeXyY TOUHOM CTyTIeHU "/ U
3aKJIIOUNUTEJILHOM CTYIIEHM, MCIOJB3YSA pPeaKTop C BOCXOOAMMM IIOTOKOM
n/ peakTop/oTIapHy KOJIOHHY, MOXET pPacumpmUTh IpeneJss
KOHBepCUM OCTaTKa, TuIMUHO oT 55% nmo 75%, BHIJIOTH »OO OKoJo 90%
wiu ooJiee. [OMNOJHUTEJIbLHO, Takasa ofpaboTKa MOXeT II03BOJIMTL IIePBOM
CTYTIeHU TUOPOKPEKMHT A c KUTIAMYM cyjoeM (n IOTIIOJIHUT €JIb HEIM
CTyIeHsaM) padoTaThk IIPM BHCOKOM TeMIepaType M BHCOKOM 00BLeMHOM
CKOPOCTH. Takasa obpaboTka MOXeT OIOHOBPEMEHHO (mam
IocJjleIOBATEJILHO) OTIapMBaTh XUIKUNM OIPOOYKT peakKTopa C KUISIYM
cJioemM, B TO Xe BpeMa OONOJHUTEJILHO CTabUIN3UPYS OIPOOYKT
IIOCPeICTBOM IOIOJIHUTEJLHOY KOHBepCUM achallbTeHOB. JOMNOJHUTEJLHO,
Takasga obpaboTka MOXeET IIOHUBUTH SKOHOMUUECKOE BJIOXEHUE B
YCTaHOBKY IIOCPEeIdCTBOM OOBeOIMHEeHUS TUIpolepepa®oTKM C KUIAMNYMM U
HEeNOOBMXHLEM CJIOEM B OOMMM KOHTYP I'a30BOTO OXJaXIeHWUSI, OUUCTKU U
CKaATUA . YIIydmeHHHEe OPOOYKTE UM  IIOHWXEeHHOe ocaxmeHre  MOTYT
ofecreunTs yMeHbIIeHMe MIepUOOUMYHOCTM OUMCTKM (HU3KMEe CTOUMMOCTHU
pa®oTH M YIJMHEHHHE IJMHE Ipobera) .

[IpolileCCH, PACKPHTHE 3OeCh, MOTYT IOINOJHUTEJLHO OHBTH JIeT'KO
VMHTEeTPUPOBAHH B CYMeCcTByKIMe TIIPOeKTH. Hamopumep, JIPOMeXyTOUHEMN
WM BaKJIOUUMTEJILHEM CcellapaTop Hap—-XMUIKOCTH MOXeT OBTL IIpeBpalleH B
peakTop/OTIapHyo KOJIOHHY yepes MO OMOUKALIMIO BHYTPEHHUX
KOMIIOHEHTOB cocynma. Kak @»OpyroM I[OIpuMmMep, pPpeakKTop ¢ BOCXOIAMUM
IIOTOKOM MOXeT OHTL JIEIKO BCTaBJIeH MeXIy CTYIIEHbI I'MIPOKPEeKMHIa C
KUTIAMMM CJIOEM U IIPOMEXYyTOUHHM WMJIM SaKJIOUUTEJILHEM CcelapaTopoM
Iap—XUIKOCTE .

B ToO BpeMsa Kak pPacCKpPHTMe BKJIOUAeT OI'pPaHMUeHHOEe  UMCJIO
BapMaHTOB OCYMeCTBJIeHMI, CIelMaJJMCTH B IaHHOM o00JlacTu TexXHUKHU,
VMeomMe BHITOOY OT STOT'0 PAacCKPHTHA, OYIOYT OlLEeHMBATL, UYTO MOTYT
OBITE  MB300peTeHH OpyTMe BapMaHTH OoCyllecTBJIeHUS, KOTOpPHE He
BHIXOOAT M3 oBbeMa HacToAmeIro pPacKpeTHsA. COOTBEeTCTBeHHO, O0O0BLeM
OOJoKeH OHTb OTpaHMUYeH TOJLKO IIpujaraeMbeMM OYHKTaMM — QOPMYJIB

n300peTeHud.
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$OPMYJIA MBOEPETEHNA

1. Cnoocot nnuga ofJjaropaXuMbBaHMA OCTATOUHHX YIJIEBOOOPOLOB U
TIOHVKEHU A TEeHOeHUMNM  IIOJIYUEeHHHX B pesyJabTare IIPOOYKTOB K
obpazoBaHMK  acdaJlbTEHOBOTO OcaXka B  IIpolleccax IocJenylmen
00paboTKM, IpMUeM IIPpOolLleCC BKJKYAET CTaIMM, Ha KOTOPHIX:

a) OCYmeCTBJIAT KOHTaKTUPOBAaHME OCTaTOUYHOM YIJIEBOINOPOIOHOM
bpakummM M BOIOpOIa C KaTalM3aTOPOM TUIPOKOHBEPCUM B 30HEe peakKlUuu
TUIOPOKPEeKUHTa i npeo®pasoBaHUA 1o MeHbIIen Mepe JacTu
OCTaTOUHOM YIJIEBOONOPOIHOW dpakluM B 0OoJjiee JIeTkMe YTJIEBOOOPOIH;

b) u3BJIexanT 30(J0OEHT M3 BOHH peaklUM TUIPOKPEeKMVHTa;

C) OCYyMmMecCTBJADT KOHTAKTMPOBRaHME BONOPOIa M IIO MeHBIIEeM Mepe
YacTu 20diIweHTa C KaTajlu3aTopoM ITHUIPOOUUCTKM OCTaTKa;

d) pazmensanT 20QJI0eHT OJS  UM3BJIeUYeHMA OBYX UIM  DoJiee
YTJIEBOOOPONOHEX GpaKluui.

2. Cnoco6 mno mn.l, B KOTOpOM cCTagumM C) u d) BHIIOJHAOT
OOHOBPEMEHHO B peakTope/OoTHapHOM KOJIOHHEe, COoIepXaleM KaTaJM3aTop
TUOPOOUUCTKHU ocTaTkKa, comepXamuncs B HIDKHEN JacTu
peaxkTopa/OTHIapHOM KOJIOHHEH.

3. Cnoco6 mno 1.2, B KOTOPOM peakTop/oTnapHas KOJIOHHA
OOIIOJIHUTEJIEHO  COOEepPXUT  KaTalu3aTop I'MOPOOUYMCTKM  OIUCTUIIIATA,
comepXammicsa B BepPxXHeM YacTy peakKTopa/OTHapHOM KOJIOHHEH.

4, Cnoco6 mo m.l, B KOTOPOM CTaIuO C) BHIIOJHAOT B pPeakKTope
C BOCXOIOAMMM IIOTOKOM.

5. Cnoco®6 no m.l, B KOTOPOM KOHTaKTHMpPOBaHME C) U pa3dejieHue
d) BRJIOUYAT CTaluM, Ha KOTOPHX :

OCYIECTBJIAT KOHTAKTUPOBaHMe Bomopoma U 20dQJI0eHTa C IIepBBEM
KaTaamM3aTopoM THUAPOOUMCTKM OCTaTKa B peakKTope C  BOCXOOAMMUM
IIOTOKOM;

U3BJIeKaLT 20QJI0EeHT U3 peakKTopa C BOCXOIAMMM IIOTOKOM;

nomamnT 50dIIOEHT M3 peakTopa C BOCXOOANMM IIOTOKOM B
peaxkTop/oTHnapHylo KOJIOHHY IJIS OIHOBPEMEHHOTO:

pasnejyleHus sbdoenTa OJa  M3BJIeUEeHUA IBYyX WK BoJee
YIJIEBOOOPOOHEX Opakuuil, NOpeAdCcTaBJanmMx Cco0o¥ 1[I0 MeHBIeV Mepe
TOKeJIYD YIJIEBOOOPOIHYK OGpakluio M JIeTKyl YIJIEBOOOPOIOHYK OGpakKluo;

KOHTAKTMPOBAHMA BOHOPOHa M TIXKeJIOM YIUIeBOIOPOOHOM OGpakKUuM

CcoO BTOPEIM KaTaJim3aTopoOM THIPOOUMCTKM OCTaTKa, comepXxallVMCAaA B
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HIDKHEY YacTu peakTopa/oTHapHOW KOJIOHHE; U

KOHTaKTUPOBAaHMA BoOIoOpoda M JIeTKOM YyTJIEeBOINOPOIOHOW odpakiuu C
KaTajln3aTopoM TIUIPOOUMCTKM IOUCTUIIIATa, COoIOepXaluMcad B BepxHeM
YacTy peakTopa/OoTIapHOM KOJIOHHH.

6. Crnoco6 mno m.l, B KOTOPOM 30Ha peaklUuM IUIPOKPeKMHTAa
COOEepXUT OIMH wmiIu 0oJlee pPeakKTOPOB C  KUIAMMM  CJIOEM, TIe
MHOTOUMCJIEHHEIE  PEeakKTOPH  MOTYT comepxaTbCcd  IIOCJIeNOBaTeJILHO,
napajijleJIbHO MJIM B MX COUETaHUM.

7. Cnoco® 1o 1.6, OONOJHUTEJLHO BKJLUaMUM B cebda paboTry
onHOTO WM 0OoJiee PeakKTOPOB C KUIAMMM CJIOeM I[IpM IaplMatibHBIX

naeJjleHMaAx Bomopola oT 70 nmo 170 ©Gap afOCoOJIOTHOT'O IaBJIeHUSd,

TeMIlepaTypax oT 380°C mo 450°C um uYacoBOM OOBEMHOM CKOPOCTH
XxmuokocTtr (LHSV) or 0,15 mo 2,0 ut,

8. Cnoco®6 mo m.l, IOOHNOJHUTEJBRHO BRKJIKUAKINMKA B cedd peskoe
OoXJIaXIeHNe sbdsoeHTa, W3BJIEUYEHHOTO nus 30OHEH peaxkuuun
TUOPOKPEKUHTA, 1o MeHbIIeN Mepe OIOHVM us apoMaTHUUECKOTO
PACTBOPUTENIA M COIOepXamero BOINOPOI I'al30BOTO IIOTOKA.

9. CucreMma njaa of0JaropaXuBaHMUA OCTATOUHEX YIJIEBOOOPOIOB U
TIOHWKEHU A TEeHOeHUMNM  IIOJIYUEeHHHX B pesyJabTare IIPOOYKTOB K
obpaszoBaHMK  acdaJlbTEHOBOTO OcaXka B IIpolleccax  IocJenyllmen
00paboTKM, IpUUeM CHUCTeMa BKJUaeT B cebda:

a) 30HY pearumun TUOPOKPEKNHTaE, IpelHa3HaUEeHHY 0Jis
KOHTAKTUMPOBAHMA OCTATOUHOM YIJIEBOOOPONHOM dpakKuMM M Bomoopola C
KaTajJlnu3aTopoM TUAPOKOHBEPCUM NOJIS Ipeobpa30BaHUA IIO MEeHbIeM Mepe
yacTu OCTaTOUHOM YTJIEBOOOPOOHOM bpaxumm B BoJiee JerKue
YTJIEBOOOPONOH ¥ IOpelHasHadeHHY IJS M3BJIeUueHUS TIOABEPITHYTOTO
TUIPOKPEKMHTY 30dII0eHTa;

b) peaxTop 5OJ4 KOHTAKTHMPOBaHMA BONOPOINa M IIO MeHBIEW Mepe
YacTM [OABEPTHYTOTO THUIPOKPEKMHTY 50dJ0eHTa  C KaTalu3aTOpoM
TUOPOOUUCTKM OCTaTKa;

c) CUCTeMy  pasIelleHUd OJa  pasOelleHud sbdmoedHTa o4
W3RBJIeUeHUS OBYX MM 0oJiee yIJIEBOOOPONOHEIX GpaKluii.

10. CumcTtema 1o n.9, B KoTopoM peakTop (b) um cucrema (c)
pasznejyieHUus comepXxar peaxkTop/oTIapHyo KOJIOHHY, conepXamu

KaTaljlnsaTop I'MOPOOUNMCTKNU ocTaTKa B HIXKHEN JacTM
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peakTopa/OTHapHOY  KOJIOHHE IJIS ONHOBPEMEHHOTO KOHTAKTUPOBAHUSA
BOOOpPOIDa ¥ IO MEeHBIEeM Mepe UYacCTU I[IOOBEPTHYTOTO TUIPOKPEKUHTY
5bdi0eHTa C  KaTalM3aTOpOM I'MAPOOUMCTKM OCTaTKa M paslelleHUd
5bdioeHTa OJI19 M3BJIeUeHUA OBYX WM 0oJiee yIUIeBOIOPOLHHEX OQpaKLUM.

11. Cucrema no mn.10, B KOTOpPOM peakTop/oTHapHas KOJIOHHA
OOIIOJIHUTEJIEHO  COOEPXUT  KaTajlu3aTop  IUMAPOOUMCTKM  OUCTUIIIATA,
comepXxammicsa B BepxHeM YacTu peakTopa/OTHapHOM KOJIOHHH.

12. Cucrema 1no n.9, B KOToOpoM peakTop (b) mnOpencraBiseT
coboM peaKTop C BOCXOOAMUM IOTOKOM.

13. Cucrema 1o mn.9, B koTopoM peakTop (b) u cucrema (c)
pasnejyieHUa COIepXarT:

peaxkTop C BOCXOOAMMM IIOTOKOM IOJIS KOHTAKTUPOBaHMSA BOIOOpPOIa U
IOABEPTHYTOTO TUAPOKPEeKMHTY 50oJweHTa  C TIIepBHM KaTaJlM3aTopoM
TUOPOOUUCTKM OCTaTKa;

HaTHeTATeJILHEYM TpyOONpOoBOA NOJS M3BJedeHUs »20diIoweHTa U3
peakTopa C BOCXOOAMUM IIOTOKOM;

peaxkTop/OTHnapHyilo KOJIOHHY IJIS OIHOBPEMEHHOTO:

paszneyieHusa »ddiweHTa M3 peakTopa C BOCXOOANMM IIOTOKOM IJISA
M3RBJIeUeHUS OBYX WM 0o0Jiee YTJIEBOIOPOOHHX OQpakKLMM, CcoIepXamux IO
MeHBbIIEN Mepe T IKeJIYI0 YIJIEBOOOPOIHYI bpaxumo u JIETKYIO
YIJIEBOOOPOOHYK GpaKuuio;

KOHTaKTUPOBAaHMA BOINOPONa M TAXeJOM YyIJIEBOIOPOIOHOM OGpakKLUM
CO BTOPHEM KaTaJIM3aTOPOM TUIPOOUMCTKM OCTaTka, CoIepXaluMCcsa B
HIDKHEY YacTu peakTopa/oTHapHOM KOJIOHHE; U

KOHTAKTUMPOBAHMA BOIOPOHA M JIeTKOM YIUIEeBOINOPOIHOM odpakuumM C
KaTaau3aTopoM TIUIPOOUMCTKM OUCTUJIIIATA, COIepXalMMCsa B BepxHeHU
YacTy peakTopa/OoTIapHOM KOJIOHHH.

14. CumcremMa 10 1.9, B KOTOPOM 30Ha peakKUMM TIUIPOKPEeKMHTa
COINEepXUT OOVH wMIM 0oJiee pPeakKTOpPOB C KUIAMMM  CJIOEM, TIe
MHOTOUMCJIEHHEIE PEeaKTOPH MOTY'T OHTE OPUEHTUPOBAaHE
IOCJIENOBATENBHO, IapalljIeJIbHO MM B MX COUeTaHUM.

15. Cucrema 1o .9, OOMNOJHUTEJILHO coIepXallas HaTHeTaTeJlbHHMN
TPpyOONIPOBOLO HJIS Pe3KOT0 OXJaXIeHMs IIOIBEepTHYTOTO IMIPOKPEKUHIY
sbdioeHTa,  M3BJIEYEHHOTO M3  30HH peakUUM TIUIOIPOKPEKMHTA, 1o
MeHBIIEV Mepe OOHMM M3 apoMaTUMUeCKOI'O PacTBOPUTEJIA UM COoIoepXaleIlo

BOoOOopoo I'alsOoOBOI'O IIOTOKa.
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16. Cnoco® nnga objaropaXmMBaHMA OCTATOUHHX YIJIEBOLOPONOB U
TIOHWKEHU A TEeHOeHUIUNM  IIOJIYUEeHHHX B pes3yJabTare IIPOOYKTOB K
obpazoBaHMK acdaJlBTEHOBOTO OcaXka B IIpolleccax IOoCJelyKlmen
00paboTKM, OpHUUeM CIHOCOD BKJUaeT B CcelOA CTaluMM, Ha KOTOPHX :

a) OCYyMeCTBJIAT KOHTaKTUPOBAaHME OCTAaTOUHOM YIUIEBONOPOIOHOM
bpakuum ¥ BOHOpPOHA C IIEPBHM KaTaJlM3aTOPOM IMUAPOKOHBEPCUM B
IIepBOM 30HEe peaKluM TUIPOKpekKMHIa IJd NOpeobpa30oBaHUA I[I0 MeHbIeu
Mepe UYacTy OCTaTOUHOM VYIJIEBOINOPOIOHOW oOpakuuu B 0OoJee JeTKUe
YTJIEBOOOPOOH ¥ M3BJIEUEHMSA IIePBOTO TIIOAOBEPTHYTOTO TIUMAPOKPEKUHTY
sddiroeHTA ;

b) pPe3Ko OXJIaXOanT IIepBHM  [HNOABEPTHYTHMU TUOPOKPEKUHTY
50dJI0eHT IO MeHBIeM Mepe OIHMM M3 apoMaTUMUeCKOTO PacTBOPUTENIS U
comepXxamero BONOPOIN T'a30BOTO IMIOTOKA;

c) pasneisnT pe3kKo OXJIaXIIeHHBI IIepBEMU IOOBEPTHY THMN
TUOPOKPEKUHTY 20QJI0eHT OJI8 M3BJeUeHUA TIepBOM I[HapoBOM QpaKLuM
BEepxXHETO IOTOHa, coIepXamel OUCTUIJIATHHE YIJIEBOOOPONH, U IIepBOMU
OOHHOMW XUIKOW GpakKLuM;

d) oOCymecTBJIAT KOHKTAKTHMPOBAaHME BOINOPOIa M IIepBOM IOHHOMU
XUOKOV QpaKLUMM CO BTOPHM KaTalM3aTOPOM IMIPOKOHBEPCUM, KOTOPHM
MOXeT OBTb TeM Xe CaMbBM WM OTJIMYHEIM OT IIepBOTO KaTaju3aTopa
TUOPOKOHBEPCUH, BO BTOPOM 30He peakUuMM TIUIPOKPeKMHTa  OJIA
npeo®pasoBaHMsa IO MeHbBIlel Mepe dYacTM IIepBOoM HOOHHOM  XUIKOMU
ppakumm B OoJiee JIETKMEe  YIJIEBOIOOPOIOE UM  M3BJIEUEHUS  BTOPOTO
IIOABEPTHYTOTO TUIPOKPEKUHTY 3dbimoeHTa;

e) OCYymecTBJADT KOHTAKTMPOBaHME BOIOPONa M IIO MeHBIeM Mepe
YacTM BTOPOTO IMOOBEPTHYTOTO THUIPOKPEKMHTY 0dJoeHTa C TIepPBHM
KaTaJlu3aTopoM TUAPOOUMCTKM OCTaTKa IJd o0pa30BaHMA MNONBEPTHYTOTO
TUOPOOUUCTKE MNPOAOYKTAa;

f) pasnesisanT NOOBEPTHY THM TUOPOOUUCTKE IPOOYKT s
W3BJIeUeHUS OBYX MM 0oJiee yIJIEBOOOPONHEIX GpaKluii.

17. Crmoco6 1o 1m.1l6, OOIIOJIHUTEJILHO  BKJIOUalmMML B 2 cebga
KOHTaKTMPOBaHME I[IO MeHLbIel Mepe YacTU Pes3KOo OXJIaXIeHHOTO IIepBOTO
IOOBEPTHYTOTO TIHUIPOKPEKMHTY 50QJ0eHTa CO BTOPHEM KaTalM3aTOopOoM
TUOPOOUUCTKM OCTaTka mOJad ofpas3oBaHMsa BTOPOTO IIOOBEPTHYTOTO
TUOPOOUUCTKE IMpPOOyKTa, I'Ie KOHTaKTUPOBAaHME  BHIIOJHAKRT IIepen,

OOHOBPEMEHHO WMJIM KakK Iepen, TakK M OIOHOBPEMEeHHO CO cTamuenm (c)
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pa3nejyieHus.

18. Cnioco6 mo 1.l7, B KOTOPOM KOHTaKTHMPOBaHME U paslelleHNre
(C) BHIIOJIHAKNT OIHOBPEMEHHO, IIpMYeM pasIejleHMe M KOHTaKTUPOBaHUE
OOIOJIHUTEJIEHO COoOepXaT KOHTaKTUpOBaHMe II0 MeHBIIe Mepe UYacTu
PEe3KO0 OXJIaXIEeHHOTO IIepPBOTO IOOBEPIHYTOI'O IMIPOKPEeKMHIY 530dJmeHTa
C KaTalu3aTopOoM IMUIPOOUUCTKM OUCTUIIIIATA .

19. Cnoco6 mo 1n.l6, B KOTOPOM KOHTaAKTMpPOBaHUE (e) wu
pas3nejyieHne (f) BHIIIOJIH ST OOHOBPEMEHHO B peakTope/OTHIapHOM’
KOJIOHHe, coIepXameM I[IepBHM KaTaluM3aTop TIUIPOOUMCTKM OCTaTKa,
comepXxammicsa B HWKHEM YacTM peakTopa/OTHapHOM KOJIOHHEH.

20. Cnoco6 mo 1m.19, B KOTOPOM peakTop/oTIapHas KOJIOHHA
OOTIOJIHUTEJILHO  COIOEPXUT KaTalu3aTop TIUMAPOOUMCTKM  IUCTUIIIATA,
comepXxammicsa B BepxHeM YacTu peakKTopa/OoTHapHOM KOJIOHHH.

21. Cnoco® mo mn.l6é, B KOTOPOM CTaIVK (&) BHIIOJHAOT B
peakTope C BOCXOLANUM IIOTOKOM.

22. Cnocot 1©no 1mn.l6, B KOTOPOM KOHTaKTUpPOBaHUE (e) wu
pasneseHve (f) comepxaT cTalnM, Ha KOTOPHX :

OCYyIEeCTBJIART KOHTaKTUPOBaHMUE BOOOpPOIa u BTOPOTO
IIOOBEPTHYTOTO TIUAOPOKPEeKMHTY »5OOJneHTa C IIepBHM KaTaJlM3aTopoM
TUOPOOUUCTKY OCTaTKa B peakKTope C BOCXOOAMMM IIOTOKOM;

M3BJIeKART 50QI0eHT M3 peaKTopa C BOCXOOAMMM IIOTOKOM;

nomamoT 20dJjroeHT M3 peaKTopa C 0 BOCXODANMM  [IOTOKOM B
peaxkTop/OTHIapHyild KOJIOHHY IJIS OIHOBPEMEHHOTO:

pa3nejeHusa sddirroeHTa 0JId M3BJIeUeHU S OBYX WK BoJiee
YIJIEBOOOPOOHEX  QpakKluui, CcomepXamux I[1I0 MeHBIer Mepe  TAXeIyo
YIUIEBOOOPOIHYK OQpakUMi U JIeTKYKR YyIUIEBOHOPOIHYK OQpaKLVo;

KOHTAKTUMPOBAHMA BOOOPOHAa M TIKeJOW YIUIEBOIOPOOHOM OpakKuuM
CO BTOPHM KaTajlM3aTOPOM TUAPOOUMCTKM OCTaTKa, COIepXaluMCs B
HIDKHEY YacTM peakTopa/oTHapHOW KOJIOHHE; U

KOHTAKTMPOBRAHMA BOOOPOHAa M JIeTKOM YIJIeBOINOPOIHOM OGpakKuuM C
KaTaJgu3aTopoM TIUIAPOOUMCTKM OUCTUJIIIATA, COIepXallMMCHa B BepxHeHU
YacTy peakTopa/OoTIapHOM KOJIOHHH.

23. Crnoco® mo m.l6, B KOTOPOM IlepBafd U BTOpasd 3OHH peakKLUuu
TUOPOKPEKMHTA COIOepXaT KaxXnas OIMH WM 0oJiee peaKTOPOB C KUISIMM
cJioeM, THOe MHOTOUMCJIEHHHE pPeaKTOPpH MOTYT OHTE OPUEHTHUPOBAHEH

InocjienoBaTeJIbHO, IlapaJlJleJIBHO WMJIM B HMX COUeTaHUl.



30

24. Cmooco® mno m.23, OONOJHMTEJILHO BKJIOUaKMUM B ceba paboTy
B KaXOoM 30He OIHOTO MIM 0o0Jiee peaKTOpOB C KUIANKMM CJIOEM IIPpU
napuMalibHEIX OaBJIeHMAxX Bomopoma oT 70 mo 170 ©Oap abCoJoTHOTO
naBJIeHMd, TemepaTypax oT 380°C no 450°C m uYacoBOM 0OBEeMHOM
ckopocTu xmakocTtm (LHSV) or 0,25 mo 2,0 gt

25. Ilpouecc mo m.23, B KOTOPOM IIepBasd M BTOpas 3OHH peakKluu
TUOPOKPEeKMHTa padoTalnT IIpM CyYMMapHOM  KOHBEpCHUMM  OoCTaTKa B
orarnaszoHe oT okoJio 50 Macc.% mo okoJio 85 macc.$.

[Io mDOBepeHHOCTHU
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