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UCIIONIb30BaHUS JIByXKOMIIOHEHTHOM KaTAIMTUYECKOH CHCTEMBI, KOTOpas COJCPIKUT TIeTepOreHHbIH
KaTanu3aTop M JMCIEPTUPOBAHHBIC YACTUIBI CyIb(HUIa METalia, YTO MO3BOJSIET PEHUPKYIUPOBATH
BaKyyMHBIC OCTaTKHM ©0€3 HapacTaHUs pPEHUPKYIUpYyRIuX achansreHOB. JIByXKOMIOHCHTHAS
KaTaJuTH4YeCcKas cuctema Oomnee 3pdexTuBHO mpeodpasyeT ac(haiabTeHBI B PEaKTOPE KHITAIIETO CIIOS U
YBEIMYMBACT KOHBEPCHUIO acalibTeHa Ha BEIUYKHY, KOTOpasi, 110 MEHbIIeH Mepe, KOMIIEHCUpyeT Oolee
BBICOKYIO KOHIICHTPAIUIO ac(haibTeHa, BO3HUKIIYIO B PE3yJIBTaTe PEIUPKYIISIIUN BAKYYMHBIX OCTAaTKOB.
Takum 00pa3oM, B YCOBEPIICHCTBOBAHHOM pEAKTOPE KHILAMIErO CJIOS HE MPOMCXOAUT HapacTaHUs
PEUUPKYIUPYIONMX ac(aibTeHOB, HECMOTPS HAa PEIMPKYJSIUI0 BaKYYMHBIX OcTarkoB. Kpome TorO,
YaCTHUI[Bl OCTATOYHOTO JHUCIICPTHPOBAHHOTO METAIUICYIb(PHUIHOTO KaTalu3aTopa B BAKYYMHBIX OCTaTKaX
MOTYT MOAJCPKUBATH WM YBEJIMYMBATH KOHUEHTPALHMIO IMCHEPTUPOBAHHOTO METAILICYIb(HUIHOTO
KaTaau3aTopa B PEaKTOPe KHUIISAUIErO CIIOS.
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OIIMCAHUE WM3OBEPETEHUA
2420-559115EA/022
VCOBEPIEHCTBOBAHHEN PEAKTOP KUIIAWEI'O CJIOSI BE3 HAPACTAHMA
PEIVPKYJIMPYIOIINX AC®AJIBTEHOB B BAKYYMHBIX OCTATKAX
YPOBEHB TEXHUKHA

1. OBnmacTe TeXHUKU

[0001] HacTosmee n3obpeTeHMe OTHOCUTCSH K criocobaM U
cucTeMaM TIMIPOIIPOLIeCCHHTa CHpoM HedTH, BKJIOUAKIMUM B ceda CIOCOOH
1z CHUCTEeMEBL I'MIOpoIipoleCCMHT'a C KUITAIIVIM cJioeM KaTalamnsaTopa, B
KOTOPEX MCIIOJIE3YyeTCAd IOBYXKOMIIOHEHTHaA KaTaJlMTudeCKad CHUCcTeMa C
peLLMpKy.J’IFILT,MeIZ BaKYyYMHEIX OCTaTKOB 17 Hes HapaCTaHNA
PELUUPKYIUPYIINX achajlbTeHOB.

2. V3BeCTHEM YPOBEHL TEeXHUKU

[0002] TIpeobpaszoBaHMe TAOKEJOM HedTM B TIOJIe3HEE TOBAapPHHE
INIPOOYKTE BKJIKUaeT B Ccebd BKCTEHCHMBHYIL IepepaboTKy, Takylw Kak
CHWXEHME TeMIIepaTyPH KUIIEHU A T AXeJION HedTH, YBeJIM4deHN e
COOTHOIMEeHrA BOIOpoIda K YyIUIepoOoy M YyIaJleHMe IIpMMecel, Takux Kak
MeTaJlJIEl, Cepa, a30T W [OIPeIlleCTBEHHMKM KOKcCa. IIpuMepH IpPOLLeCCOB
TUIOPOKPEKMHT A, B KOTOPHIX VICIIOJIb 3YIT OOBIUHEIE TeTepOT'eHHHE
KaTaJln3aTOPH oJis oBorameHms OCTaTKOB aTMOCHEPHHBIX KOJIOHH,
BKJIOU AT B cebsa TUOPONPOLECCUHT C HEIIOIBVKHEIM CJIOeM
KaTajamszaTopa, IMIPONPOLEeCCHMHI' C KUILAMMM CJIOeM KaTajJu3aTopa U
TUOPOIPOLLECCUHT C OBVIXYIIVMC A CJIOeM KaTajamsaTropa.
HexaTallMTUUeCKMe YCOBEPIEHCTBOBAHHEE IIPOLECCH OJd ofboralleHnsd
OCTaTKOB BaKYyMHHX KOJIOHH BRJIOUAIT B cefad TepMUUEeCKUM KPeKMHT,
TakoM Kak 3aMelJIeHHOe  KOKCOBaHue, dJIeKCMKOKCOBAaHUE, JIeTKUM
KPEeKMHTI UM BKCTPAKLMID PacTBOPUTEJIEM.

[0003] HabJmomaeTcss IIOCTOSAHHO  pacTyIMM  CHOpocC Ha  BojJiee
50PeKTUBHOE MCIIOJIL30BaHME CHPbLS M3 TSKeJOW HedTM M Ha M3BJIeUeHUe
nus3 HETO KaJIOPUMHOCTHU TOILJIMEA . HuskokauecTBeHHOEe CHpPBE
XapaKTepmu3yeTcsd KakK BKJIKUYaklee OTHOCHUTEJIBHO BHCOKME KOJMUECTBA
YIUIEBOLOPOLOB, KOTOPHE MMET HOMMHAJILHYID TOUKY KUIeHuUS 524°C
(975°F) MJIM  BHIIE. OHO TakKXe COHOEPXUT OTHOCUTEJILHO  BECOKKE
KOHIIeHTpallMKM CepH, as30Ta U/WIXM MeTaJlJIOB. BHCOKOKMIAmME OGpaKLuu,
[IoJIydaeMele M3 BTOT'O HUM3KOKAUeCTBEHHOTO  CHPBbSA, OOBIUHO MMEKT
BHICOKYID MOJIEKYJIAPHYID Maccy (uacTo o6o3HauaeMyl 0OoJjiee BHCOKOM
IJIOTHOCTBI M BA3KOCTBLI) M/MUJIM OTHOIEHMEe BOIOPON/YIJIEPOH, KOTOpoe
CBA3aHO C NIPUCYTCTBMEM  BHCOKUX KOHIIeHTpaluh HeXeJlaTeJIbHBEIX
KOMIIOHEHTORE, BKJIOUA A acdaJib TeHH u YTJIePOOUC THM OCTaToOK.
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nepepaboTke u OBBIUHO BEI3EHBAIT 3acopeHme TPalUIVMOHHBIX
KaTajln3aToOpOB U  IUIPOIPOLECCHUMHITOBOTC  OO0OOpYyIOOBaHMS  M3—3a UX
BKJIaga B oOpas3oBaHMe KOKCa M OTJIOXKeHWUMN.

[0004] HmM3KOKaAUeCTBEHHOE CHpbe M3 TAKEeJION HedTM COOEPXUT
foJlee BECOKME KOHIeHTpaluum achaljibTeHOB, YIJIEPOOMCTOI'O OCTaTKa,
Ceprl, a30Ta ¥ MeTaJJIOB. IIpMMepH BKJKOUAKT TIKEJIYID CHPYID HedTh,
HebTenecuaHb OUTYM u KyDOBHE OCTaTKM, ocTaKmMecsd oT
TPaIMLIMOHHOTO crnocoba oumMcTkM. KyOOBEE OCTaTKM (MM «KOCTATOK»)
MOXeT OTHOCHUTBCS K OCTaTKaM aTMOCQPEPHHX KOJIOHH WMJIM OCTaTKaM
BakKyyMHOM  KOJIOHHEH. TeMmInepaTypa KUIIEHMS OCTaTKOB aTMochepHOM
KOJIOHHEL MOXET COCTaBJIATL II0 MeHbmell Mepe 343°C (650°F), =xorsa
cJaenyer MMOHMMATE, uTo TpaHUUHAa g TeMIIepaTypa oTHeJIeEHU A
OVUCTUJIJIAIMOHHOM  dpakKUuMM  MOXeT M3MEeHATLCS B 3aBUCUMMOCTM  OT
HepTelepepabaTHBAKMMX YCTAHOBOK M MOXeT COCTaBJATH BILJIOTE IO
380°C (716°F). TemmepaTypa KUIEHUS OCTATKOB BaKyyMHOM KOJIOHHE
(TakXe M3BECTHHEX KakK «OCTAaTOUHHE CMOJED» WM BaKYyMHBM OCTaTOK)
MOXET COCTaBJIATL I[IO0 MeHblel Mepe 524°C (975°F), =xXoTda clenyer
IIOHMMATEL, UYTO TpaHuuHasd TeMIepaTypa OoTIOeJleHMSI IUCTUIIISLMOHHOM
dpakuMM MOXET WM3MEeHATHCS B 3BaBUCHMMOCTM OT HedTenepepab®aTHBAaKIUX
YCTAHOBOK M MOXET COCTaBJIATL BIUIOTHL nO 538°C (1000°F) wmim maxe
565°C (1050°F).

[0005] Ilpm cpaBHeHUM JeI'Kasa CoHpad HedTb AJNE0ePTH COLEPXUT
[IPMMEPHO 9% o0. BaKyyMHOTO ocTaTka, TOoTOa KakK TaXeJasd
JUIOMIMMHCTepCKasd HedTh COomepxuT npuMmMepHo 41% o00. BaKyyMHOTO
ocTaTka, ONTYMMHO3HAS HedTh «KOJO-JIEVMK» COHepXuT IIpuMepHo 50%
06. BakKyyMHOT'O OCTaTka, U OMTyM ATadacKM COIepXMUT IpuMepHOo 51%
06. BaKyyMHOTO OCTaTka. Ilpy JajbHeNmeM CPaBHEHUM OTHOCUTEJILHO
Jlerkad HedTb, Takasd Kak Dansk Blend wu3 permoHa CeBepHOT'O MOpPHA
CONEPXUT TOJIBKO OKOJIO 15% BaKyyMHOTI'O ocTaTka, npu 3TOM
HM3KOKaueCcTBeHHas eBpolelckas HedTh, Takasa kak Ural, COOEpPXUT
BoJjiee ueM 30% BaKyyMHOT'O OCTaTKa, a HedpTh, Takasg Kak apaBulcKad
CpelHasa COIOEpPXMT eme Beime, okoJio 40% BaKyyMHOT'O OCTaTKa.

[0006] B maHHOM CUCTeMe KUIIAMeTIO CJIOS CKOPOCTE IIPOM3BOICTRBA
IIPOOYKTOB KOHBEPCUM YacCTO OTpPaHMUMBAETCHS  3aCOpPEeHMEM. Korma
IpennprHMMaKnTCS TIOTIEITKU YBEJIMUUTE IPOU3BOIACTBO MPOIOYKTOB
KOHBEPCHM BHIIE OIPENeJIEHHOTO IpaKTUUeCKOT'o Ipenejia, CKOPOCTH
3aCOopeHmnAa oIpelneJIeHHEIX TeIJIOOOMEHHMKOB WII OIpyroro
TeXHOJIOTUUECKOTO O000OpyIOoBaHMA CTAaHOBUTCSHA CJMIIKOM BHEHCOKOM, UTO
TpebyeT OoJiee UYaCTHX OTKJIOUEeHUN IJIS TeXHUUECKOTO OOCIyXMBAHUSA U
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KOHBEPCUM ABJIAETCHA PEeUMPKYJIALMA BaKYyMHEX OCTaTKOB, O0pa3yRlnxCsa
IpK BaKyyMHOM IlepeloHKe OOOTalleHHHEX YIJIeBOIOPOHOOB, IIOJIyUEHHEX B
peakTope KUIIAmMEeIo CcJod. TeM He MeHee, HBTO OOBUHO BHBHBAET
HapacTaHMe pPelVPKYJIUPpYRIMX acdallbTeHOB B BaKYyyMHEX OCTaTKax,
OrpaHMuUMBasg CIOCOOHOCTE IIOOOEPXMBATE XeJlaeMyl CKOPOCTHL KOHBEPCUU
6e3 HaKOILJIeHMA OTJIOXKEHUM U 3acopeHMs o0OpyIoBaHMA. OTO Takxe
ofecrneurMBaeT BO3MOXHOCTL I[IOJIyUEeHMA HU3KOKAUEeCTBEHHEX IIPOOYKTOB
BaKyYyMHHX OCTaTKOB, KOTOPHEE MOI'YyT MCIOJIB30BATBECA B KadecCTBe
HedpTHAHOTO TOIJIMBA.

[0007] Kakx mnpaBuio, HedTenepepabaTHBaKIUM 3aBOI CBA3HBaeT
HafJmooaeMyl CKOPOCTB  3acopeHMsa oOOpyOOoBaHUA C  pesyllbTaTaMu
V3MepeHUn obpazoBaHmAa OTJIOXKEHUN n OOCTHUTaeT npeneja
BKCIJIYaTalMOHHEX OTJIOXKEHUM, BHIIE KOTOPOTO HedTenepepabaTHBaKIUNA
3aBon OyIeT IpekKpamaThk paboTy YCTaHOBKM IJIS I'MUIPOKPEeKMHI'a B
KuUmnameM cJoe. Kpome Toro, of6pas3oBaHMe OTJIOKEeHUMM U 3acopeHUe
000pPYLOBaHMSA HaKJIAOHBAKT OI'PaHUUYEHMs Ha IIOCJIeIy Iyl IIepepaboTKy
BEHICOKOKUIAMMUX Opakuuii. OHM TakKXKe OTPaHUUMBAKT WM OPeOOoTBpamalT
PELVMPKYJIALMI BaKyyMHEX OCTaTKOB B peaKTop I'MUIOPOIPOLEeCCUHTA.
Takre HOpPoOOJIEMH yCyT'YOJIAITCS IPU MCIIOJB30BaHUM HU3KOKAUEeCTBEHHOTO
CHIpbS U3 TaxeJon HedTm. [Haxe korna HedTelepepabaTHBaLMUM 3aBOL
HaxXOOUT CIOCOD IepepalOTKM BaKYyMHHX OCTaATKOB, pPe3yJIbTaTOM MOXeT
OEITb KOHEUHHM KyOOBEM IIPOOYKT, KOTOPHM MMeeT HM3KOe KaudeCTBO U
He COOTBeTCTBYeT MMHMMAJILHEIM CTaHmapTaM OJA MUCIOJIL30BaHMA B
KaueCcTBe HeQTAHOT'O TOILIMBa. Illo-IpeXHeMy CyleCTByeT HeOOXOOMMOCTH
B IIOMCKe CIOCODOB IepepaloTKM BaKyyMHEX OCTAaTKOB, He BBBHEBAKIMX
HapacTaHusa PELUUPKYIINPYIOMMX achallbTeHOB, KOTOpoOe [IOBHIIAET
BEepPOATHOCTL 3aCOPEeHMSa M OCTaHOBKM oOOOpyIOOBaHUA U IIPUBOIUT K
IPOM3BOLCTBY HUBKOKAUECTBEHHOI'O KyOOBHX IIPOOYKTOR.

VBJIOXKEHUE CYIMHOCTU M30EPETEHNUA

[0008] B HaCcTOAleM OOKYMEHTE PaCKPHETE CIIOCOOH

YCOBEPIMEeHCTBOBAHMA CHUCTEME TMAPONPOIeCCUMHTa C KUIAMYM — CJIOeM
KaTalM3aTopa Jd obeclnedeHMsS BO3MOXHOCTHM PelIUPKYJISAIUM BaKyyMHBX
OCTaTKOB 0e3 HapacCTaHUSA pPelUPKyJIMpylmux acdhasibTeHOB. Kpome ToOTO,
PACKPHTH YCOBEPIMEHCTBOBAHHHE CHUCTEMBE THUIPONPOIEeCCHUHTAa C KUISIYM
cJioeM  kKaTajmMzaTopa, B KOTOPHX MCIOJbL3YITCA PelUUPKYJIUPYeMbe
BakKyyMHEHE OCTaTKM 0e3 HapacCTaHud pPelUpKyJIUpyomrx acbajibTeHOB.
PacCKpHTHE CIIOCOBOH u CUCTEMH BRJIIOU AT MUCIIOJIb30BaHMe
IBYXKOMIIOHEHTHOM KaTaJMTHUUEeCKOM CUCTEeMH, COCTOdlleM U3 TBepIoTo
KaTajlM3aTopa Ha HOCUTeJle U XOpOollo NUCIePTVPOBAHHHEX (HalpUMep,

TOMOT'€HHEIX) YaCTUIL KRaTaljlrsaTopa. IBYXKOMIIOHEHTHAad KaTaJluTuueckasd



cucTeMa I[IO3BOJIAeT DBKCIUIyaTUpoBaTh pPeaKTop  KUIILAmMeIo  CJIod  C
PeluupKyJIAlMey BaKyyMHHX OCTaTKOB 0e3 HapaCTaHUSa PelUUPKYJIUPYINX
achaJIb TEeHOB B cucTeMe TUOPONPOLECCHUHT A C KUIIAIYM CJI0EM
KaTaamsaTopa.

[0009] B HeKOTOPHX BapMaHTax OCYWeCTBJIEHUS UW300peTeHus
CIIoCcOo0 YCOBEPWEHCTBOBAHMA CHUCTEMH I'MIOPOIPOLEeCCHMHIa C KUIADUM
CJIOEM KaTaJMszaTopa Ojda ofecledeHMda BO3MOXHOCTM PELUUPKYJIALUN
BaKyYyMHHX OCTATKOB 0e3 HapacCTaHMi PeUUPKYJIUPYIRIUX acdallbTeHOB
BKJIOUaeT B cebd cienywomme sTane: (1) (YHKIUMOHMPOBAaHME peakTopa
KUIIAMETO CJIOA C MCIOJIB30BaHMEM TIeTepOTl'eHHOT'O KaTajMsaTopa IJisd
TUOPONPOLECCHHTA T SKeJION HedTH B MCXOHBIX YCIJIOBUSAX,
HeoBA3aTeJILHO C pPeUupKyJIalrel BaKyyMHEX OCTATKOB M HapacTaHUEM
PeLUPKYJIMPYIIMX acdasibTeHOB; (2) pobarBJjeHMe WM (QOPMMPOBaHME 1in
situ YacTHull, IUCIEePTHMPOBAHHOTO MEeTaJJICYJILEOUIHOTO KaTajlr3aTopa B
peakTope KUIIAET O cJoa IJId [IOJIYYEHMA  YCOBEPUWEHCTBOBAHHOTO
peakTopa KUIIAET O CJo4 C IBYXKOMIIOHEHTHOM KaTaJUuTUUeCKON
CHUCTeMOM, COCTOAmeN M3 TeTepOol'eHHOTO KaTajlMs3aTopa U YacTUll
OUCIIEPCHOTO MeTaJUICYJIBEOUOHOTO KaTaju3aropa; (3) OYHKUMOHMPOBaHUE
YCOBEPWEHCTBOBAHHOTO peaKTopa KUIIAMEeIo CJoSa C MCIOJb30BaHMEM
IBYXKOMIIOHEHTHOM KaTaJllUTUUECKOM CHUCTEeMH IOJIg ITUIPOIPOLleCCHHTa
TOKeJIOM HedTM OJId I[IOJIydeHMs  YIJIEBONOPOIOHHX IPOOYKTOB; (4)
IoOBepraHue YyIJIEBOLOPOLHEIX I[IPOOYKTOB  BaKyyMHOW II€pPel'OHKe U
OTHOeJIeHMe OUCTUIIJIATOB OT BakKyyMHBEX OCTATKOB, COLOepXallMX UYaCTHUIE
OCTaTOUHOTO MeTaJUICyJbOUIHOTO KaTalMzaTopa; U (5) peluuMpKyJIauusd
II0 MeHblleM Mepe UYacTM BaKyyMHHX OCTaTKOB, CoOepXallx YaCTUIEH
OCTaTOUYHOT O MeTaJlJICYJIbE QUIOHOT O KaTajaMsaTopa, B
YCOBEpPIEeHCTBOBAHHHM peakTop KUIIAMETO cios Bes HapacTaHMAa
PELUPKYIMPYIINX acdallbTeHOB B CHUCTeMe I'MIPOIPpOoLeCCHMHIa C KUIIAMNYM
CJI0EM KaTalms3aTopa.

[0010] B HeKOTOPHX BapMaHTax OCYMeCTBJIEHUS OQYyHKIMOHUPOBAHUE
YCOBEPIWEHCTBOBAHHOTO pPeaKTopa KUIIAMEeI'o CJosS C MCIOJb30BaHMEM
IBYXKOMIIOHEHTHOMN KaTaJluTUUEeCKOM CUCTEME C peluupKyJIamren
BaKyyMHEHX OCTaTKOB BKJIUaeT B cefd4d cJjengyomye  DTallH: (1)
OYHKUMOHMPOBaHME YCOBEPIWEHCTEOBAHHOIO peaKTopa KUIIAMEeI'o CJOA IIpU
BoJiee BHCOKOM KOHBEPCUM II0 CPaBHEHUI C MCXOIOHHMMU YCJOBUAMU 0e3
HapacTaHusia PEeLUUPKYIINPYIOMMX achaJIb TeHOB B cUucTeMe
TUOPONPOLLEeCCHHTA C KU ALNM cJoeM KaTaamsarTopa; (i)
OYHKUMOHMPOBaAHME YCOBEPIWEHCTEOBAHHOTO peaKTopa KUIAMEeI'o CJIOA IIPpU
AHAJIOTMYHOM KOHBEPCUM IIO CPaBHEHMK C MCXOIOHBIMM YCJOBUAMU C
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(iii) OGyHKUMOHMpPOBaHME YCOBEPIEHCTBOBAHHOTO peakKTopa KUIIAMETO
cJjod nOpu  0OoJlee BHICOKOM KOHBEPCUMM IO CPaBHEHMIOD C MCXOIHEMU
YCJIOBMAMM C IIOHMXeHHBIM COOepXaHreM acdajlbTEeHOBR B  BaKyyMHHX
ocTaTkax. TpeTuM CcleHapu¥ MOXeT BKJIOUATE B cebd Jmobyn KOMOMHALIMIIO
IIOBHIIEHHOW KOHBEPCUM U IIOHWXEHHOTO coOepXaHusa achaJIbTEeHOB B
Ky©OOBOM IIPOOYKTe ¥ MOXeT 3aBMUCeTb OT KadecCcTBa CHpPbA (HalpUMep,
TeHIeHLIUN K o0pasoBaHuU OTJIOXEeHU!) , KOTOpoOe MOXeT OBITH
[IepeMeHHEM, CKOPOCTM 3acopeHmsa of0opymoBaHuda u/uiam TpedyeMoTo
KauecTBa KyOOBHX MNPOAYKTOB, KOTOpHe OyIOyT MCIOJL30BATLCA B
KaueCTBe HedTHAHOTO TOIUIMBa WMJIM OPYIOI'O KOHEUHOT'O IPOOYKTa.

[0011] B HeKOTOPHX BapMaHTax OCYIEeCTRJIeHUS MU300peTeHusd
BaKyyMHBE OCTAaTKM MOTYT OHThH PeUUPKYJIMPOBAHE C KO30dUIIMeHTOM
PELVMPKYJIALUUM OT OKOJIO 1% mo okoJio 50%, OpelloudTUTEeJIbHO OT OKOJIO
5% pmo okojio 40% m 0OoJiee NPENIOUTUTEJIEHO OT OKoJIo 103 OO OKOJIO
30%. KozddMUMeHT pPelUuMPKYyJIaUMM MOXeT OHTH BHpaXeH B [IpOolleHTax,
onpenejigseMexX OTHOWEeHMEM pPeLUUPKYJIMPYKRIeI'0 KOJIUYeCTBa BaKyyMHEIX
OCTaTKOB K KOJIMUECTBY CEBeXeIl'O CHpbs, Jubo B 0O0BeMHOM, JHMOO B
MaCCOBOM OTHOMEHUM. OTM MOPOLEHTHHE RBeJMUMHE YKa3HBalT CKOPOCTH
IIOTOKa BaKyyMHHEHX OCTATKOB KakK OO0OBeMHHEM I[IPOLEeHT OT CKOPOCTU
IIOTOKa CRBeXeTO CHpbA. Ko3b0dMLIMeHT pelUMPKYyJISUMM TaKXe MOXeT OHTH
JeTKO IIpeoBpasoBaH B MaCCOBYK IOJIO B IIPOLEHTax, eCJIM W3BEeCTHE
IIJIOTHOCTM CHPbSA M BaKYyMHEX OCTaTKOB.

[0012] B HeKOTOPHX BapMaHTax OCYWeCTRBJIEHUS UW300peTeHuUs
PEeLUPKYJIALMA BaKyyMHHX OCTaTKOB 0€3 HapacTaHUd PeUUPKYJINPYOINX
acdasIbTEeHOB B BaKYyMHEX OCTaTKax I[IPMBOOUT K YBEJUUEHUID CKOPOCTU
IIPOM3BOACTRBA KOHBEPTUPOBAHHHX IIPOOYKTOB IO CPABHEHMIO C MCXOIHBMU
YCJIOBUAMU . B  HEeKOTOpPHX EBapMaHTax OCYIECTBJeHUS U300peTeHUd
IPOM3BOANUTENILHOCTE MOXeT OHBTHL yBeJIMueHa IIO0 MeHbllel Mepe Ha 2, 5%,
10 MeHblley Mepe Ha 5%, IO MeHblleM Mepe Ha 10% MIM IO MeHbIIeM
Mepe Ha 20% @O0 CpaBHEHMK C MCXOIHEIMM YCJOBUAMM. B HEKOTOPHX
BapuaHTax OCYWeCTBJIEHUSI n300peTeHnUsd KOHBepCUsAa MOXeT OHTH
yBeJIMueHa I[I0 MeHbllelt Mepe Ha 2,5%, IO MeHbIleM Mepe Ha 5%, 1o
MeHbBIIe Mepe Ha 7/,5%, IO MeHbmeM Mepe Ha 10% MIM IO MeHBIIEW Mepe
Ha 15% N0 CpaBHEHMI C MUCXOIHHMM YCIOBMAMM. B HEKOTOPHX BapMaHTax
OCYIWeCTBJIEHUA n300peTeHnd pabouasa TeMIlepaTypa
YCOBEPUWEHCTBOBAHHOTO peaKTopa KUIIAWETO CJIOS MOXeT OHTH yBeJIMdeHa
o MeHbIleld Mepe Ha 2,5°C, o MeHbmel Mepe Ha 5°C, IO MeHbIeHl
Mepe Ha 7,5°C wmim 1o MeHbmel Mepe Ha 10°C 0O CpaBHEHUID C
VCXOIOHEMU YCJIOBUSAMA .

[0013] B HeKOTOpPHX BapMaHTax OCYILEeCTBJIeHUS U300peTeHUud



CKOPOCTE 3aCOpeHMsa ODOpyIOoBaHMA MOXeT OHTEH TaKOoM Xe WMJIM MeHbIeM
npr GQYHKIMOHMPOBAHUM YCOBEPIMEHCTBOBAHHOTO peakKTopa KUIAMEeTOo CJIOS
C peuupkyJafauMey BaKyyMHHX OCTaATKOB IIO CpPaBHEHUMIOD C MCXOIOHBEMU
YCJIOBUAMA . B  HEKOTOPHX BapMaHTax OCYWLeCTBJIeHUd U300peTeHusd
OYHKUMOHMPOBAHNKE peakTopa KUIIALEeTO cJoA C peuupKyJIaumen
BaKyyMHEX OCTATKOB MOXeT CHM3UTL CKOPOCTH 3acopeHusda OOOpyIOBaHUA
10 MeHblleM Mepe Ha 5%, IO MeHbIeM Mepe Ha 25%, IO MeHbIIeV Mepe
Ha 50% wmImM 1o MeHbImeM Mepe Ha 75% IO CpaBHEHMIO C 3aCOpPeHUeM
00OpPYyIOBaHUA B MCXOOHHX YCJIOBUAX.

[0014] CkopocCcThk 3acopeHMsa oDOpyOOoBaHUS MOXeT OHTH M3MepeHa
10 MeHBIeM Mepe HOCPelICTBOM OIHOTO M3 cleldykmero: (i) dYacToTa
HeOBXOOMMEIX OUMCTOK TelJIOOOMeHHMKa; (11) uYacToTa NepekJIoUueHMs Ha
pe3epBHEe TellJlooOMeHHVKM; (ii1ii) uyacToTa 3aMeHH OQOUILTPOB; (iv)
YacToTa OUMCTKM WMJIM 3aMeHH QuIbTpa Ipydo¥M oumMcTkMr; (V) CKOPOCTH
CHMXeHU S TeMIIepaTypPH OOWUBKU o0opyInOoBaHUA, B TOM unce
000pYyLmOBaHMsA, BHOPAHHOTI'O M3 TellJJIOOOMeHHUKOB, CellapaTOpOoB WK
PeKTUOUKAIIMOHHEX KOJIOHH; (Vi) CKOpPOCTB IIOBHIIEHMSA TeMIepaTypH
MeTajlJla TIeYHOM  TpyOH; (vii) CKOPOCTL  YBeJIMUEHUS  pPacCUeTHEX
®axKTOpPOB CONPOTHURIIEHMS 3aCOPEHMI IOJIS TellJIOOOMEHHMKOB U IIeUuel;
(viiil) CKOpPOCTHL [OBHIIEHMA IIepellala HaBJIeHMS B TellJIOOOMEeHHUKAaX;
(ix) dYacToTa OUMCTKM aTMOCOEPHHX /MM BaKYYMHBEX OVCTUJIJISIVOHHEIX
KOJIOHH; WM (X) 4YacToTa IIepUOOOB TeXHUUeCKOT'O OOCIyXMBaHUA U
[JIaHOBO—IIPOOMIIaKTUUECKOT'O PEMOHTA.

[0015] B HeKOTOPHX BapMaHTax OCYWeCTBJIEHUS MW300peTeHus
YaCTHULUE OUCIEPIUPOBAHHOTO METAJJICYJbEOMOHOTO KaTajJu3aTopa MWMeKT
pasMep MeHee 1 MkM, pasmMep MeHee 500 HM, pasMmep MeHee 250 HM,
pasMep MeHee 100 HM, pasmMep MeHee 50 HM, WM pasMep MeHee 25 HM,
WM pasMep MeHee oOkoJio 10 HM, MM pa3Mep MeHee OKOJIO 5 HM.

[0016] B HeKOTOPHX BapMaHTax OCYIEeCTRJIeHUS MU300peTeHusd
YaCTUUE OUCIEPIUPOBAHHOT'O MeTaJUICYJIEOUMOHOTO KaTaju3aTopa MOITyT
OHTEL oO0Opa30BaHH B TSXeJoM HedTM In situ M3 OpellleCTBeHHWKA
KaTajJu3aTopa. B KauecTBe IpuMepa, a He OTpaHMUeHUd, UYaCTULH
OUCIePIMPOBAHHOTO  MeTaJUICYJIBEQUOHOTO  KaTajlM3aTopa MOI'yT  OHThb
o0pas30oBaHe IIyTeM CMellMBaHUA IIpellleCTBEeHHMKAa KaTaln3aTopa BO BCeM
ofmeM KOJMUeCTBe TAXeJIOM HedTM OO TepMUMUeCKOTO pPasJIOXeHUId

IIpenmeCTBEeHHNMKa KaTaJjlrsaTopa u O@paBOBaHMH JaCTHUII AKTMBHOTI'O

MeTaJIJICYJIE QUIOHOT O KaTaljllrsaTopa. B KauecTBe OJOIIOJIHMTEJIBEHOT'O
InprnMepa, CIIOCOOH MOTYT BRJIIOUATB CMEIleHVe IIpenmeCTBEeHHNMKA
KaTallnsaTopa C YTJIEBOOOPOOHEIM paB@aBMTeﬂeM IOJIA I1epBOIO

O@paBOBaHMH paB@aBﬂeHHOﬁ CMeCHr InpenmeCTBEHHNMKa C IIocJie yrnmrM



cMemmMBaHVeM pa30aBJIeHHOM CMecHu IpelleCTBEeHHMKAa C TAXeJoM HedTho
0 obpa30BaHMAa KOHOMIMOHMPOBAHHOM TAXeJIoM HedTM UM HaT'peBaHUe
KOHIVMLIMOHUPOBAHHOM TsKeJION HedTM IOJ8 pal3JIOXeHMA IIpelleCTBeHHVKAa
KaTajan3aTopa u obpasoBaHMAa YaCTHI] OVICIIEPTUPOBAHHOTO
MeTaJIJICYJILOUMOHOTO KaTajM3aTopa B TAXeJOoV HedTwu Iin situ.

[0017] VkaszsaHHBHEe M JOpyI'Me IIpPeMMymecTBa U XapaKTepUCTUKU
HacTodAmero m3o00peTeHMa OynyT O0oJiee TIOJIHO BUOHH M3 IIOCJIeOyIIeIro
onmMcaHusa U IOpuJjaraeMor GopMyJiEl  MB00peTeHMS MIJIM  MOTYT  OHTH
BHISIBJIEHH IIPM OCYIHECTBJIEHUM MH300peTeHMd, KaK M3JIOXeHO [naJjiee B
HacTodmeM ITOKYMeHTe.

KPATKOE OIIMCAHME IT'PACMUECKUMX MATEPUAJIOB

[0018] Mg OONOJHUTEJILHOT'O BHABJIEHMSA BHIMEeYKAa3aHHEX M IPYIUX

IpeuMyIecTB u XapakKTepUCTUK HaCTOAmMETO n3o0peTeHmns BoJee
nompo®Hoe oIMcaHMe u300peTeHMs OyIeT cOeJlaHO CO CCHEJIKOM Ha eTo
OTIeJIbHHE BapWMaHTH OCYINEeCTRBJIEHMS, KOTOPHE IPOUJLIIINCTPUPOBAHHE Ha
npuijiaraeMBlxX yepTexax. OUueBMIOHO, uTo YKa3aHHHE UyepTexn
WIIJIOCTPUPYIT TOJBKO TUIIMUHEE BapMaHTH OCYIMECTBJEHVMS W300peTeHUs
VM TIIO®TOMY He paccMaTpMBaKRTCAd KakK ol'paHMuMBawmMe ero oOBeM.
Nz300peTeHMne oyoeT OIIMCAaHO " [IOSCHEHO c IOOITIOJIHUT €JIb HEIMI
OIIPeleJIEHHOCTB M IOOPOOHOCTAMM IIYTEM MCIIOJBbE30BaHUA IIpUJial'aeMblx
yepTexel, Ha KOTOPHX:

[0019] Ha Odur. 1 mnOpelcrTabJjieHa IUIIOTeTUUeCKad MOJIEKYJIIpHas
CTpyKTypa acdaljibTeHa;

[0020] Ha Odumr. 2A u 2B cCcxeMaTUUYECKM TIPOUIIJIOCTPUPOBAHE
[IPMBEeIEeHHEE B KauecTBe IIpMMepa pPeaKTOPh KUIIAMETO CJIOL;

[0021] Ha dur. 2C cxXeMaTHuueCKu IIPOMIIJIIC TPUPOBaHa
IpMBeIeHHasd B KauecTBe IpHMepa CcUcTeMa IMIOPONPOolleCCHMHIa C
KUIIAMMM  CJIOEM  KaTaJlu3aTopa, coepxamas MHOXECTBO PeaKTOpPOB
KUMIAMETO CJIOS M PEeUMPKYJALMel OCTaTKOB BAaKYYyMHOM KOJIOHHEH;

[0022] Ha dur. 2D cxXeMaTHuueCKu IPOMILJIIOC TPUPOBaHa
IIpMBeIeHHad B KauyuecTBe IIpHMMepa CUCTeMa I'MIOPOIPOleCcCHMHIa C
KUIIAMMM  CJIOEM  KaTaJlu3aTopa, colepXalas MHOXECTBO PeaKTOpPOB
KUIIAMETO cJjos4, aHaJIOTMUYHAa A IoxasaHHOM Ha dur. 2C, n
IPOMEXYTOUHEM celapaTop MexOy OBYMSI peaKTopaMu;

[0023] Ha Odur. 3A nOpencTaBlJieHa OJIOK—-CXeMa, MWJICTPUPYIIaI
IpUBeIeHHBN B KadyecTBe npuMepa crioco® YCOBEPIMEHCTBOBAHNA
peakTopa KUIIAMETO CJIOS JIS PeUMpPKYJISUrMM BaKyyMHEX OCTaTKOB 0e3
HapacCTaHUA PeUMPKYJIMPpYIMX ac@alJibTEHOB B BaKYyMHBIX OCTaTKax;

[0024] Ha Odur. 3B npemncrTaBljieHa OJIOK-CXeMa, WLJIOCTPUPYIIaI

IIpUBeOeHHEM B KauecTBe IpumMepa crioco® YCOBEPIEHCTBOBAHUSA



peakTopa KUIAMEI'O CJOoA IJA PeUMPKYJIAUUM BaKYyMHEX OCTaTKOB C
IIOBEIIEHHOM KOHBEPCHMEN IO CPaBHEHMI C MCXOOHEIMM YCJIOBUAMM U 0e3
HapacTaHUAd PeLUPKYJIMPYRINX acdallbTEeHOB B BaKYyMHEX OCTaTKax;

[0025] Ha Odur. 3C mnpencTaBljieHa OJIOK—-CXeMa, WLJIOCTPpUPYRILal
IIpUBeOeHHEM B KauecTee npumMepa crioco6 YCOBEPIWEHCTBOBAHNUA
peakTopa KUIAMEI'O CJOo4d IJA PeUMPKYJIAUUMM BaKYyMHEX OCTaTKOB C
aHaJIOTMUYHOM KOHBepCHeM IO CPaBHEeHMIOD C MCXOIHBEMM YCJIOBMAMU U
[IOHVMKEHHEIM COLOEepXaHMeM acdallbTeHOB B BaKyyMHHX OCTaTKax;

[0026] Ha Our. 3D npemcTaBJieHa OJIOK—-CXeMa, MWIJICTPpUPYIMaI
IpUBEeIEeHHBN B KadecTee npuMepa crioco6 YCOBEPIEHCTBOBAHUSA
peakTopa KUIAMEeI'O CJOoA IJSA PeUMPKYJISAUUM BaKYyMHEX OCTaTKOB C
IIOBEIIEHHOM KOHBEpPCHEM TI[IO CpPaBHEeHUI C MCXOOHHEMU YCJOBUAMU U
[IOHVDKEHHEIM COIepXaHMeM acdallbTeHOB B BaKyyMHEX OCTaTKax;

[0027] Ha Qdur. 4 CcxXeMaTHMYeCKM NIPOMIIJIOCTPUPOBaHa IIpPMBEeIeHHAad
B KadecTeBe IIpuUMepa CHUCTeMa I'MIPCIPOLeCCHMHI'a C KUIIAMKMM CJIOEM
KaTajmM3aTopa C MCIOJb30BaHMEeM OBYXKOMIIOHEHTHOM KaTaJIUMTUUIeCKOM
CUCTEMEL;

[0028] Ha OQur. 5 CcxeMaTHMUeCKM MNIPOMIIJIDCTPUPOBaHa CHUCTeMa
TUOPONPOLECCHHI'a C KUIANMM CJIOeM KaTajM3aTopa JadbopaTOpHOTO
Macmraba, BHIIOJIHEHHA A C BO3MOXHOCTLI VCIIOJIb 30BaHMA BisZiele!
OTHEeJIEHOTO TeTepOoTleHHOTO KaTaju3aTopa, Jubo OBYXKOMIIOHEHTHOMN
KaTaJlUTUUEeCKOM CHUCTEeME, COoIOepXalle TeTepPOTleHHEM KaTaJlM3aTop U
YaCTHULUE OUCIEPTIMPOBAHHOTO CyJbduIoa MeTajla;

[0029] Ha dur. 6 npencraBJieH JIMHEeVHEIM rpadmk,
WIOCTPUPYIUM  comepxaHue C; acdajlbTeHa Kak OQYyHKUIMIO KOHBEPCUU
ocTaTka OJdg KaXOor'o M3 I[IPUMMEPCOER 16, B TOM UMCJE B MCXOIHHX
YCIJIIOBUAX C MCIOJIE30BaHMEeM I'e€TepPOI'€eHHOT'O KaTaJlM3aTopa M BO BpPeMd
paboTH YCOBEPIEHCTBOBAHHOTO peakTopa KUIIAIET O cJiod C
VCIIOJIb30BaHMEM NBYXKOMIIOHEHTHOM KaTalMTUUECKOM CHUCTEMH;

[0030] Ha dur. 7 opencraBJieH JIMHEWMHHN rpadux,
WIIOCTPUPYRIMIY  BapMaHTH OCYMEeCTRBJIEHVS UM300peTeHMs, B KOTOPHX
YCOBEPMEHCTBOBAHHEM peakKTop KUIANETOo CJIod C  MCIOJIB30BaHUEM
IBYXKOMIIOHEHTHOM KaTaJlUTUUECKOW CuCTeMel, paboTaeT 1npu 0OoJee
BEHICOKOM KOHBEpPCUM IO CpPaBHEHUI C MCXOOHEIMM YCJIOBMAMM  0e3
HapacTaHUd PeLUPKYJIMPYRINX acdallbTEeHOB B BaAKYyMHEX OCTaTKax;

[0031] Ha dur. 8 npencraBJieH JIMHEWMHHN rpadux,
WUIRCTPUPYRIMIM  BapMaHTE OCYMEeCTRJIeHVS U300peTeHMsa, B KOTOPHX
YCOBEPMEHCTBOBAHHEM peakKTOop  KUMIAMETO CJIod C  MCIOJIbE30BaHMEM
IBYXKOMIIOHEHTHOM KaTaJlUTUUECKOM CUCTeMH, paboTaeT C aHaJIOTUMYHOMU

KOHBepCMeﬁ I1O0 CPaBHEHNMIO C MCXOIOHEIMM YCIIOBMAMIM cO CHMXEHHEM



comepxaHreM acdaljlbTeHOB B BaKyyMHEX OCTaTKax;

[0032] Ha dur. 9 npencraBJieH JIMHEMHHM rpadux,
WIIOCTPUPYRIMIM  BapMaHTE OCYWMEeCTRBJIeHUS UM300peTeHMsa, B KOTOPHX
YCOBEPMEHCTBOBAHHEM peakKTOop  KUIAMEIO CJIod C  MCIOJIb30BaHMeM
IBYXKOMIIOHEHTHOM KaTaJIUTUUEeCKOM cucTemel, paboTaer 1npu 0BoJee
BEHICOKOM  KOHBEpPCHM IO CpPaBHEeHMI C MCXOIOHBIMM  YCJIOBMAMU  CO
CHIDKEHHBEIM COoIepXaHMeM acdajlbTeHOB B BaKYyMHHX OCTaTKax; U

[0033] Ha dur. 10 npencrTaBJIeH JIVHEMHHM rpadux,
WUIOCTPUPYOIMIY  IPpyTHe BapMaHTH OCYMeCcTBJIEeHUMS MK300peTeHMusa, B
KOTOPEIX YCOBEepPIEeHCTBOBaHHEMN peakTop KUIIAIET O cJiIod C
MCIOJIb30BaHMEeM IIBYXKOMIIOHEHTHOM KaTaJlUTHMUECKOM CUCTeMH, paboTaeT
npu ©60Jiee BHCOKOM KOHBEPCUM II0 CpPaBHEHUI C MCXONOHBEIMU YCJIOBUAMU
CO CHMXEHHEIM CcoIepXaHMeM acdaslbTeHOB B BaKyyMHHX OCTaTKax.

NOJOPOEHOE OINMUCAHME I[PEOINQOUTUTEJIBHEIX BAPMAHTOB OCYIECTBIIEHUA
VBOBPE TEHUA

I. BCTYIUTEJIBHASA UACTH U OIPEIEJIEHNUA

[0034] HactTosmee uM300peTeHMe OTHOCUTCA K crocofaM yJydlleHUS
CHCTEME TUIOPONPOILIeCCUHT A B KHUIIAIIEM cJloe KaTaJlM3aTopa oJis

obecrieueHud PelMpPRYyJIAINN BaKYyyYMHEIX OCTaTKOB Des HapaCTaHnA

PEelVMPKYJIMPYIINX ac@aﬂbTeHOB (HaanMep, B CHUcTeMe
I'mopoIlipoleCcCrMHI'a, TaxKom Kak pPeakTop KUITAIEeIT O cJIoA M/MHM
BakKyyMHEIE oCcTaTKM) . YCOBepmeHCTBOBaHHaH CrucTeMa IIpoLeCCHMHI'a B

KUIIAlEM CJI0Oe CcO3TaeTcd NyTeM pealiM3alliM PacKpHTOI'O crocoba.

[0035] TepMMHEL «acdhalbTeH» M «achaljIbTEeHBED» OTHOCATCHA K
MaTepuaJylaM B CHpbe  TaxeJor  HedTH, KOTOpPHE, Kak TIIpaBWJIO,
HepaCcTBOPMMEL B IHapadMHOBHX PAaCTBOPUTENIAX, TakMX Kak I[IpoIlaH,
ByTaH, IIeHTaH, TeKcaH ¥ TenTaH. AchajJbTeHH MOTYT COIePXaTb
IJIACTH COeOMHEeHUYV KOHIEHCUPOBAHHEIX KoJlell, YIepXMBaeMHxX BMeCcTe
reTepoaToMaMM, HalpMMep, Ceps, as30Ta, KUCcIopola M MeTaJlJIoB. B
IMPOKOM CMEICJIe achaljbTeHb BRJOUAT OOMUPHBY OMAIa30H  CJIOXHEBIX
CoeIMHEeHUlM, VIMEIMMX oT 80 oo 1200 aToOMOB yToJiepona, C
npeobjalanmyMy MOJIEKYJIAPHEIMM MacCCaMM, OIpeleJIEHHEIMU C IIOMOIBI0
MEeTOIOB pacTBOpa, B mOuana3oHe oT 1200 mo 16 900. Oxkosio 80-90%
MeTaJIJIOB B TaXeJIoM HedTM coIepxaTca B achalbTeHOBOM Odpakluu,
KoTopasag BMecTe C 0oJiee BHCOKOM KOHIEeHTpallMel HeMeTaJlJIMueCcKUxX
TeTepoaTOMOB HOeJjlaeT acdallbTEHOBHE MOJIEKYJIE 0OoJiee TMIPOOMIIEHEIMU WU
MeHee THUAOPOOOOHEMM, UeM IpyTMe YIJIEBONOPOOH B CHPOM BUIE.

[0036] Ha dur. 1 HODpouMJUIRCTPMpPOBaHa IMUIIOTeTHMUeCKasd CTPpYKTypa
achaJIbTEHOBOM  MOJIEKYJIH, paspaboTraHHas A. G. Bridge wu ero

COTpyIOHMKaMM B koMraHum Chevron. B ofmeM, achajlbTeHH OOBUHO
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OIpenesigarT Ha OCHOBaHUU Pe3yJILTaATOBR CIIOCOBOB onpenejyieHud
HepaCTBOPMMEIX  BelleCTE, M  MOXHO  MCIIOJIE30BaTh BoJjlee  OOHOTO
onpenejyieHmUda achasibTEHOB. B uwactTHOCTH, LMPOKO  MCIIOJIb3YyeMoe
onpenejieHre acdajIbTeHOB IpencTaBjigseT CcoB0OM HepaCTBOPMMEE B
TenTaHe IpuMecu 0e3 HepPaCTBOPUMHEX B TOJyoJle IIpuMecel (T. e.
achaJib TeHH PacTBOPUMEL B TOJIYyOJie) ; OTJIOXEHW A " oCcTaTKH,
HepaCTBOPUMEIE B TOJIYyOJie, He CcuuTalnTcsa acdajibTeHaMmm) . AcdajibTeHH,
omnpemneJieHHEIEe TakuM o00pa30M, MOTYT Ha3HBaThCA «C7 achajlbTeHaMu».
OmHako C paBHOM 0OOCHOBAHHOCTBI MOYXHO MCIIOJIE30BaTh
aJIb TEpHATUBHOE  OlpeneJleHue, OpUBOOVMOEe KaK HepaCTBOPUMEE B
IeHTaHe IOpuMecu 0e3 HepaCTBOPUMMEIX B TOJIYyOJie IIpuMeceV U OBBUHO
nMeHyeMoe «Cs acdajibTeHaMM». B IIpuMepax I[I0 HacTo[AlleMy M300peTeHUD
UCIIOJIE3YyeTCHd onpenejieHue Cr acdasibTeHa, a onpenejieHue Cs
achasibTeHa MOXeT OHTE JIET'KO 3aMeHEeHO.

[0037] TepMrH «HapacTaHue PEeUUPKY MDY X achaJIbTEHOB»
OTHOCUTCSH K CUTyallMsaM, B KOTOPHX PeUUPKYJIALUMSA BaKyyMHHX OCTaTKOB
0o0paTHO B peakTop KUIIALET O CJo4 IPUBOOUT K TIOBHIIEHUIO
KOHLeHTpaluy acdajlbTEeHOB B CHUCTeMe IMIOPOIPOLEeCCHHIa B KUIIAIEM
CJIce  KaTajmMs3aTopa, TAaKOM KakK peakTop KUIIAmeTo CJosa ¥/wuiau
BaKyyMHEHE OCTaATKM. Hamnopumep, IOpU JIOOHX 3alaHHEX YCJOBMAX paboTH
peakTopa, TaKUX Kak KOHBEDPCUH, TeMIlepaTypa n/Uim
[IPOMBBOOUTEJILHOCTE, IIOBTOPHOE OTJIOXEHNE achasibTeHOB npu
PeLUPKYJIAUMM  BaKyyMHEX OCTATKOB O3HadaerT, UTO  KOHLEHTpalund
achasIbTeHOB YyBeJIMUMBaeTCd Oaxe B TOM CJydYae, KoI'la CTeleHb
nepepaboTKU oCTaeTcH IIOCTOSAHHOM Biaromaps TIOBBIIEHHOM
KOHLeHTpaluuu acdallbTEeHOB B BakKyyMHEX OCTaTKax I[IO CpPaBHEHUI C
CHpbeM M3 TaXeJlo HedTM. B Takux cCiydasax peaKTop KUIAMeTOo CJIoMd
He B COCTOSHUU 5bbexTUBHO BHIIIOJIHATE TUOPONIPOLeCCUHT u
npeoBpasoBaTh OOMNOJIHUTEJIEHHEe acdaJIbTeHH C JOCTaTOUHO BHCOKOM
CKOPOCTBI oJis IpenoTBpalleHN A HapacTaHusa PEeLUPKYJINPYIIMX
acdaJbTeHOB. DOTO OPUMBOOUT K IIOBHEIEHHOMY HapacCTaHUID OTJIOXKEHUN U
3acopeHun o0O0OpyIoBaHUA, ©0o0Jiee UYaACTOM OCTaHOBKEe »BKCIUIyaTaluM OJId
OUMCTKM ¥ OO0pas30BaHMK BaKyyMHEX OCTAaTKOB 0OO0Jiee HM3KOI'O KadeCTBa.
HapacTaHue pelVpPKyJIUPpYOIMX acdaJIbTEHOB MOXET O03HadaThb IIOBHIIEHHYK
PaBHOBECHYK KOHLEHTpalUuw acdallbTeHOB.

[0038] McrnoJsib30BaHMe YCOBEPUWEeHCTBOBAHHOI'O peaKTopa KUIIAMEIO
cJo4 C PeLUpPKYyJIAIMen BaKyyMHEX OCTaTKOB «bes HapacTaHuAa
PELVPKYJIMPYIOIUX achasiE TEeHOB» O3HauvaerT, uTo comepXxaHue
achaJIbTEeHOB B cucTeMe TUOPONPOLECCHUHT A B KUIIAIEM cJjoe

KaTallnmsaTopa, BKJIOUaAd peaKTOop KUIlAmeIl'OG CJIoA, OCTaeTCAd Ha TOM Xe
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iy 0OoJlee HM3KOM YPOBHE, UYeM B CJiydae OTCYTCTBUSA PeUUPKYJIALUM. B
HEKOTOPEIX CJIydasxX KOHIIeHTpalMsa acdaJIbTEHOB MOXEeT Jaxe IIalaThb IIPpU
paboTe C aHAJOTMYHOM KOHBEPCHMEM IIO CPaBHEeHMI C MCXOIHBMU
YCIIOBUAMM WM Iaxe IIpu 00Jiee BHCOKOM KOHBEPCUM IIPU PEeUUPKYJISLUN
BaKyyMHHX OCTATKOB B YCOBEPHEeHCTBOBRAHHHEM pPeaKTOp KUIIAMEeIrOo CJOA C
IIOMOMBID OBYXKOMIIOHEHTHOM KaTaJlMTUUYeCKOM CUCTeMH. OTOo SABJISeTCH
HEOXMIOAaHHEM, I[IOCKOJIBKY IIOBBIIEeHHAaA KOHBepCHA OOBUHO NIPUBOOUT K
BoJiee VMHTEeHCUBHOMY o6pas30oBaHu0 OTJIOXEHUM n 3aCOpPEeHMD
oBopymoBaHUA, IIPUM BCeX IOPYIMX PAaBHEX YCJIOBUAX.

[0039] TepMHMH «OTJIOXEHME» OTHOCUTCS K TBeplIbHM BelleCTBaM,
oBpa30BaHHEIM B IIOTOKEe XUIKOCTHU, KOTOPHEM MOXeT OCaXIaTbCHd.
OTJIOXKEeHMS MOTYT COoIepXaTh HeopTlaHMUeCKMe BelleCTBa, KOKCOBHM
OCTaTOK WJIM HepacCTBOpPMMEE acdalIbTeHE, KOTOPpHEe OcaXOawnTCcsa II0Cie
nepepaboTKNU. OTJIOXEeHUE B HedTenopoIyKTax  OOBUHO M3MepPART C
[IOMOMBI MPOLEOYPH MCIHTAHMA Ha OQUIbBTPYEMOCTE B TOpPAYEM COCTOSHUU
IP-375 Ha OpeIMeT TIIOJIHOTO OTJIOKEHMA B OCTATOUHEX TOILJIMBHEX
HedTenpoIyKTax, ONyOJMKOBAHHOM B cooTBeTCcTBMM C I1SO 10307 m ASTM
D4870. JpyIuMe WMCIBTaHMA BKJOUaKT B Ccebd MCHOHTaHME Ha CcolepxXalmue
OTJIOXEHN A IP-390 wm wmcHeITaHMe Ha  QOUIBTPYEMOCTBb B TOpdYeM
COCTOSAHUM JeTajleM kophoyca. OTJOXeHMe CRBA3aHO C KOMIIOHEHTaMM
HedTM, KOTOPHE MMEKT TEeHIeHLMK K O00pa30BaHMK TBEPIHX BeIEeCTB BO
BpeMda IepepaboTKM U TPAHCIOPTUPOBKM. JOTKM oOpasyolre TBepOHe
BelleCTBa KOMIIOHEHTH OKa3HBAKT BO MHOIMX OTHOIIEHMAX HexXeJlaTeJlbHOe
BO3IOEeNCTBUE B npolecce TUIPOKOHBEPCUH, BKJIOUA I YXyOueHme
KadyecTBa [poOyKTa (HalpuMep, KadecTBa BaKyyMHEX OCTaTKOB) WU
OpoBJieMEl TPUTOOHOCTM K DKCIJIyaTaluMM, CBSA3aHHEE C 3aCOpPEHMEM
obopymoBaHusa. CllegyeT OTMETUTL, UYTO, XOTH VY3KOoe OlpenelleHue
OTJIOXEeHMS OCHOBaAHO Ha M3MEepeHMM TBepOHEX BemecTB B  paMKax
VCIIEITaHM A Ha comepxamme OTJIOXEHUH, OBBUHO I aHHLIM TepPMUH
IPpUMeHAT B 0OoJlee MUPOKOM CMEICJIE IJig 0003HaueHUs o0pa3yrnlnx
TBepIhle BelleCTBa KOMIOHEHTOB caMoM HedTM, KOTOpHEe MOTYyT He
IIPUCYTCTBOBaTE B HedTM B KauecTBe (QaKTUUECKMX TBEPIEX BEMEeCTB,
HO KOTOPHE CIIOCOOCTBYIT 0Bpas30BaHUD TBEPOBIX BEIleCTB npu

OIlpeneJIeHHEX YCJIOBMAX.

[0040] Bce Taxesitle HedTHM COmepXaT KOMIIOHEHT BaKyyMHOTO
Maz3yTa, KOTOPHM obJslamaeT XapaKTepucTUUeCKOM «TeHIeHIIVeNn K
oBpasz3oBaHUD  OTJIOXEHUM . HecmoTps Ha TO, yTo TeHIOeHIMS K

0BpasOoBaHMIO OTJIOXKEHMM, [IPUCYIas CHPbD M3 TIXKeJIOM HedTr, He
BCceTma IIOOIaeTcs KOJUUECTBEHHOMY OIpeneJIeHMIO, HEeKOTOPHEe BUIH

CEIPE A ns3 TSKeJION He(l)TI/I MenT MeHee 2NNz DoJiee BEIDaXE€HHEIE
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TeHIeHIMM K o0O0pas30BaHMID OTJIOXKEeHUM, HalpuMep Taxejad HedTb U3
BOCTOUHOEBPOIIENCKUX PeIrMOHOB, Taxejad HedTh U3 pPerrMoHOB IOxHOM
AmMepuru, HamnpuMmep BeHecymJu U KogyMOuyu, a TakKe HEKOTOPHE BUIH
TAXKeJOM HedTM U3 perrMoHOBR IlleHTpaJibHOM WM CeBepHOM AMEepUKH,
HanpuMep MeKCHMKM; UM HEeKOTOPHE BUOB TAXKeJIOM HedTM B MeKCUKAaHCKOM
3aJIMBe ComepXaT KOMIIOHEHTH BaKyyMHOI'O Mal3yTa, KOTOPHE MMEKT
3HaAUMTEJIbHO ©OoJiee BHCOKYID TeHIOeHIMI0 K o0pa30BaHMD OTJIOXEHUM II0
CpaBHEeHUIO C OOBUHBIMM BUIaAMM TSKeJIOM HedTM, TaKMMM Kak 3alagHo-—
Texacckas CcpemHsad Taxesasd HedThb, TaKeJad HedTb ¢ CeBepHOTO
CKJIOHa AJIICKM, MHOTO BUIOOB adpPUKaAHCKOM TsXeJION HedTH, BUIL
TaxeJIoN HedTnu CeBEepPHOTO MOPA M OOJILIMMHCTBO BUIOB OJIMXHEBOCTOUHOM
TaXeJoOM HedTM, B TOM UMCIe apaBuMcKkas Taxejlas HedThb CcpenOHen
IJIOTHOCTHM, apaBuMcKasda TaxeJasd HedTs U «OOHHM JleTkaga» ChHpasd
HedTH.

[0041] TepvuH «3acopeHue» OTHOCUTCH K 0Bpa30BaHuD
HexeJlaTeJIbHOM (ase (3acopAwnmero BemecTBa), KoTopas IIpenNsaTCcTByeT
lepepaboTke. Bacopswnimee  BemecTBO OOHUHO OpelcTaBJageT cobon
YTUIEPOOUCTEM MaTepMrall MJIM TBepOoe BelecTBO, KOTOopoe ocaxmaeTcd U
cobupaeTcHd B ofopyoOBaHUU oJd TexXHOJIOTUUECKOMN o0paboTKU.
BacopeHre o0OOpPYyINOBaHMSA MOXET IIPMBECTM K OCTaHOBKe IIPOM3BOICTEBA
n3—3a OCTaHOBKU oBopyImOBaHMAA, CHW)XEHUIO BKCILIYaTallMOHHBIX
XapaKTepUCTUK OO0OpYyINOBaHMSA, YBEJMUEHMI IIOTPeOJIeHUS DHepIUM Hu3—3a
M30JIMPYRIEeTO BO3OEMCTBUSA OTJIOXEHUMN 3aCOopAIUX BelleCTB B
TeIlJIOOOMEHHMKAX MJIM HarpeBaTeJdax, IIOBHIIEHMIO DKCILIYyaTalMOHHEX
pPacxoloB Ha OUMCTKY OOOpYHOOBaHMSA, CHUXEHUID 20OeKTMBHOCTU paboTH
PEKRTUIMKALMOHHEX YCTAHOBOK WM  CHMXEHMIO XMMUUECKOM aKTUBHOCTU
TeTepOoT'eHHOT'O KaTaJMz3aTopa.

[0042] «CTeIlleHb 3aCcopeHnd oBopyoOBaHUSI» hafe) " IocJie
oBoTrameHms peakTopa TUIPOKPEeKMHT a OJIs IPVMeHeHN A
IBYXKOMIIOHEHTHOM KaTaJUTHUUECKOM CUCTeMH MOXeT OHTL olpelesieHa IIo
MeHblle¥ Mepe OIOHMM M3 CJedyomero: (1) YJacToTa HeOoOXOIMMEBIX
OUMCTOK TeIlJIJoOOMeHHMKa; (11i) uyacToTa I[IepekJIoUueHMSA Ha pPe3epBHHE
TelJIOOOMEeHHUKN ; (iii) d4acToTa 3aMeHH OQUILTPOB; (iv) uyacToTa
OUMCTKM WM 3aMeHH QOUIIbLTpa Tpydor oumucTKM; (V) CKOPOCTEL CHMXEeHUS
TeMIepaTypE OOmMBKM OOOpPyLoOBaHMA, B TOM UMCJEe ODOpyIooBaHMA,

BBI@paHHOI‘O U3 TellJIOOOMEHHUKOER, ceriapaTopok WIIM peKTM(l)MKaLU/IOHHBIX

KOJIOHH; (vi) CKOpPOCTE TIIOBHIMIEHMSA TeMIepaTypH MeTajljla I[IeUHOM
TPyOHL; (vii) CKOPOCTH YBeJIMUueHN A pacueTHHX baxTOpPOB
COIPOTHUBJIEHUSA 3aCOpPeHMIo OJd TellJIOOOMEeHHMKOB WM Ieueln; (viii)

CKOpPOCTB IIOBHIIEHMA TIIepellaga IOaBJIEHMA B TerJIoOOMeHHUKAaX ; (lX)
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YacToTa OUMCTKM aTMOCOEepPHHX U/MIM BaKYYMHHX  IOUCTUIIJISIIMOHHEX
KOJIOHH; WM (X) dYacToTa I[IepHMOOOB TEeXHUUYECKOTO OOCIYyXMBaHUA U
[LJIAHOBO—TMIPOPMIIaKTUUYECKOT'O PEMOHTA.

[0043] TepMHMH «CHpPbe U3 TAXKEJIOM HedTH» OTHOCUTCHI K TIKEJION
CHpOoM HedTH, HedTemecuaHoMmy OUTYMYy, OOUKOBOMY OCTaTKy M OCTaATKY,
OCTaBIIEMyCS IIOCJIE€ BHPabOTKM TEeXHOJOIMUYEeCKMX YCTaHOBOK (HaIpuMep,
BUCOPEMKMHT-OCTATKM) , UM K JIOOBM IOPYTUM MaTepualiaM ©Oojiee HUBKOTO
KauecTBa, KOTOPHE COoIepXaT SBHAUMTEeJIbHOEe KOJMUECTBO BHCOKOKMUIIAIMMUX
VIVIEBOOOPOIHEIX  dpaKuuili U/MiIKM KOTOPHE CcomepXaT 3HauuTeJILHOe
KOJIMYEeCTBO acdaJiIbTEeHOR, KOTOPHE MOTYT Ie3aKTUBMPOBATH
TeTepOoTeHHEM KaTaJln3aTop n/ BHI3BATH VI IPUBECTU K
o0pasz3oBaHUD IpellleCTBEHHUKOB KOKCa M OTJIOXeHUM. I[IpUMEepH CHPLS U3
TaXeJIOM HedTM BrJIoOYalT B @ cedd, HO He OTpPaHUUMBAKLTCA UMM,
JUIOMIMMHCTEPCKYID TaXeJyi HedTh, OUMTYMMHOBHYID HedTh «KOJO-JIeMK»,
OuTyME ATabacKM, OCTaTKM aTMOCOEepPHEX KOJIOHH, OCTaTKM BaKyyYMHEX
KOJIOHH, oOcalku (MM <«OCTaTKM»), OCTAaTOUHEE CMOJIH, BaKyyMHEE
OCTaTKU (HanmpuMep, ypaJbkCKMe BaKyyYMHHE oOCTaTKWU, BaKyyMHEE
OCTaTKM IIepeTOHKM apaBUMCKOM cCcpeldHeV HedTH, BaKyyMHEE OCTAaTKU
[IEPETOHKHA BUTYMVMHOBHOM HedTH ATabacku, BaKyyMHEE OCTaTKM
[IepeTOHKM HedTU «KOJO-JIeVK», BaKyyMHHE OCTaTKM IIepeTlOHKM HedTHu
Mas M BaKyyMHHE OCTATKM I[IepeTOHKM HedTM MeCTOpOXIeHuM UMumMeH),
Oeachallb TU3MPOBAHHEIE XUIOKOCTHM, IIOJIydeHHEe IIyTeM OeacdaJlbTU3allun
pacrBOopuUTesieM, achalIbTEeHOBHE XUIOKOCTM, I[IOJIYUEeHHHE B KauecCcTBe
IOOOYHOTO nponykKTa OeacohansTU3alUA, u bparumm HeJIeTyuuUx
XUOKOCTEM, KOTOPHEE OCTAalnTCAa I[ocJje Iepepa®oTKM TaXeJON HedTH,
BUTYMUHO3HOM T IXKeJION HedTH us3 OUTYMMHO 3HBIX IIeCUYaHMKOB,
Pa3XMKe HHEIM YTOJIb, HedTeHOCHLM cJlaHell VI CHpPbE "3
KaMeHHOYTOJIbHOM  CMOJIH IIYyTeM IIepelOHKMU, ropda4uero pas3neJieHud,
DKCTPaKLUUN PacCTBOPUTEJIEM u TOMY nogoOHOTO. B KauecTBe
OOIIOJIHUTEJIEHOT'O npuMepa, HOMMHAaJIbHA A TeMIIepaTypa KUIIEHU A
OCTaTKOB aTMochepHOM KOJOHHH (OAK) MOXeT COCTaBJATL IIO MeHbIeu
Mepe 343°C (650°F), XOT4d CJlegyeT IIOHMMAaTh, uTO I'paHuuHaga
TeMIlepaTypa OTOeJIeHUS OUCTUIIJIALMOHHOM (paKUMM MOXeT M3MeHATLCS B
3aBUCHUMOCTH oT HepTenepepadbaTHBaAKIMX YCTaHOBOK " IOOJDKHA
CoCTaBJATL BIUIOTE mo 380°C (716°F). HommHaJbHasg TeMmiepaTypa
KUIIEHVSA OCTATKOB BaKYyMHOM KOJIOHHEI MOXEeT COCTaBJIATL IIO0 MeHbIen
Mepe 524°C (975°F), XOTHd CJenyeT IIOHMMAaTh, uTO I'paHuuHag
TeMIlepaTypa OTOeJIeHMS OUCTUIIJIALMOHHOM (paKUMM MOXeT M3MeHATHLCS B
3aBUCHUMOCTU oT HedTenepepadbaTHEBaKIMUX YCTaHOBOK u MOXET

COCTaBJIATE BIUIOTH OO 538°C (1000°F) mim maxe 565°C (1050°F).
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[0044] «KauecTBO» TaXeJIOM HedTHM MOXeT OHTL OIpeneJieHO IIO
MeHbIle Mepe OOHOM XapaKTepMCTUMKOM, BhHOpaHHOM, ©0e3 oTrpaHUMUeHUN,
nU3 clenyomero: (1) TeMmnepaTypa KHUIeHMs; (11) KOHLeHTpalus CepH;
(1ii) KOHLeHTpalumusa asorTa; (iwv) KOHILeHTpaluusa MeTaJlJIOB; (v)
MOJIeKYJIIpHas Macca; (vi) cooTHomeHMe Bomopoma K yIJjeponmy; (vii)
comepxaHre acdallbTEHOB; u (viii) TeHIOeHIuda K  0o0pa30BaHU
OTJIOXEHUM .

[0045] «Tsaxesad HedTh Oo0Jiee HM3KOTO KadecTBa» U/MUIM «CMeCh
CHpba 0oJiee HUMBKOTO KauecTBa» MOXeT MMeTh I[I0 MeHbllel Mepe OIHY
XapakTepucTukry ©00Jiee HUBKOTO KauecTBa II0 CPaBHEHMID C MCXOIHEM

CHpbEM U3  TSXKeJIOM  HedTH, BHIOpPAHHYIO, Be3s oOTpaHWUEHUN, "3

cilenyomero: (i) ©6oJiee BHCOKas TeMIepaTypa kKuleHus; (ii) ©BOoJiee
BHICOKAfA KOHIEeHTpallMs CepH; (iii) ©GoJyiee BHCOKafa KOHLEHTpalusa
asora; (iv) ©OoJiee BHCOKasd KOHUeHTpalMsa MeTallJIOB; (v) OoJgee

BEHICOKasa MOJIEKYJISpHasa Macca (dacTo ofo3HadaeMas ©OoJiee BHCOKOMU
IJIOTHOCTBIO M BA3KOCTLID); (vi) ©OoJiee HM3KOEe COOTHOMEHMVEe Bomopoma
K yTulepony; (vii) ©OoJiee BHEHCOKOe coIepxaHMe acdpalbTeHOB; M (viii)
BoJibllass TeHIOeHUMS K o0pas30BaHMUI OTJIOXESHMUMN.

[0046] TepMHUH «IIOTEeHLUMAaJIbLHOE  CEpPbe» OTHOCUTCHE K  BUIAM
TOKeJIOM HedTu ©O0Jiee HM3KOTO KadeCTBa M CMeCAM CHPbBSA M3 TIXKeJIOMN
Hed@Tu Oo0Jiee HUBKOTO KaudueCTBa, MWMeKNMM I[IO MeHBIIEW Mepe OIOHY
XapakKTepUCTUKy ©OoJiee HM3KOT'O KauecTBa [0 CPaBHEHUMI C MCXOIHBM
CHpbLEM U3 TaOXeJIOM HedTu. Kpome TOTO, [OTeHLUMAJILHOE CHpPhbe MMeeT
foJjilee HU3KYK PHEHHOUHYK CTOMMOCTB (MM 1L eHy) I[I0 CpaBHEHMuI C
MCXOIOHEM CHPBLEM.

[0047] TepMUHEL KTUOPOKPEKMHI» n «TupmpoliepepadboTra»
OTHOCATCSA K IIPOllecCy, OCHOBHOM leJlbld KOTOPOTO ABJISAETCSA CHUKeHUE
ovaria30Ha  KUIIeHMS CHpPbA M3  TAXKeJOM HedTM UM IOIpU  KOTOPOM
3HauMTeJIbHass 4YacTb CHpbA TIepepab®aTHBaeTCsa B TIPOAOYKTH C 0OoJiee
HM3KYMM IMalas0oHaMM KUIIeHMS, YeM Yy UMCXOIOHOTO CHpPpbA. I['MIPOKPEeKUHT
WM TUAapolepepaboTKa B OCHOBHOM BKJKUaeT B cebd odparMeHTAILMD
BoJjiee KPYMIHEX YIJIEBOOOPONHEIX MOJIEKYJI Ha MeHbBIIMe MOJIeKYyJISPHEE
dpaTMeHTH C MEHBIIMM KOJMUYECTBOM aTOMOB yIJlepoXa U 0o0Jiee BHCOKUM
COOTHOIMEHMEM BOIOOpOHa K yIJlepody. MexaHM3M, C I[IOMOMBID KOTOPOTO
IPOUCXOOUT TUIPOKPEKUHT, Kak IpaBUIO, BKJIOUAET B cebsa
ofpasoBaHMe paIUKaJIOB, He CcoIepXalUx YIJIeBOIOOPOIH, BO BpeMd
TEPMUUECKOV OQparMeHTaUMM C [HOCJEeOyRNMM K3MINMPOBaHMEM KOHLOB WM
dpaTMeHTOB MOJIEKYJI CBOOOIHHIX pPaIMKaJIOB BOOOPOOOM. ATOMH BOIOPOIA
WM paluKaJE, KOTOpHEe BCTyNalnT B peakuMo C paduKajlaMm, He

comepXxalyimMi1t YTIJIEeBOOOPOOH, BO BpeMA I'MOPOKPEKMHT'a, MOT'YT
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00pas30BHBATLCA B AKTMBHEIX LeHTpax KaTajM3aTopa WM C MX IIOMOILI.

[0048] TepMuH  «ruopoodOpaboTKa»  OTHOCKUTCA K ollepaludaM,
OCHOBHasd Le&JIb KOTOPHX 3aKJUaeTCcsa B yOaJlIeHUM [IpUMecel, TaKUX Kak
cepa, asz30T, KUCIOPOL, TaJIOTeHMIH M MeTallJIMdeCKkue MUKPOIIPUMeCH,
ns CHIPB 4 " HaCHIEeHHBIX OJIEPMHOBEIX YIUIEBOLOPOLOB u/mamn
crTabuiaMs3aluuy palIMKaJioB, He CcoIepXallux VYIJIEBOOOPONE, IIyTeM UX
B3aMMOIENCTBMSA C  BOIOOPOIOM BMEeCTO  TOTO, uyTOOEl OaBaThb UM
BOBMOXHOCTE BCTyIIaThb B peakuMo »OpyI' C IOpyroM. OCHOBHas LeJib
3aKJoyaeTCca He B M3MEHeHUM OMallasOHa KUIIeHMHA CHpba. UYame BCero
TMOpooBpaboTKy OCYWEeCTBJIAT C I[IOMOIMEBI peaKTopa C HelOOBWXHEM
CJIceM  KaTajm3aTopa, XOTH 0JId rmopooBpaboTKM Takxe MOXHO
MCIIOJIb30BAaTE OpyIMe pPeaKTOPH IMAPCIPOLEeCCHUHTa, IIPUMepOM KOTOPHX
ABJIAETCH IUOPOOUUCTUTEJE C KUIIANKMM CJIOeM KaTaJMsaTopa.

[0049] KOHEUHO, «IUIOPOKPEKUHI» WJIM «TUIOpolepepaboTKa» TaKxXe
MOXeT BKJIOUATL B CcebOsa yhajleHue CepH M as0Ta U3 CHpbA, a TaKxe
HaCHIleHre  OJIeQMHOB ¥  IpyIMe  peaklUmu, OOBUHO  CBsA3aHHEHE C
«KTUOPOOOPaboTKOM» . TepMUHEL KITUOPOIPOLECCUHI» u
«IuOpolliepepaboTKay B MNUMPOKOM CMHECJEe OTHOCATCHA Kak K IIpoleccaM
KITUOPOKPEKMHTIa», Tak M K IpoleccaM «I'MOpoofpaboTKM», KOTOPHE
OIpenesidT I[IPOTHUBOIIOJIOKHEE KOHIEH CIeKTpa M BCe MeXIy HUMM IO
BCeMy CIIEKTPY.

[0050] TepMMH «peaKTop IMIPOKPEKMHIa» OTHOCUTCHA K JHoOoM
EMKOCTHM, OCHOBHOE Has3HaueHMEe KOTOPOM COCTOUT B IUIPOKPEeKMHTe (T.
€. YMeHBIIeHMM IMalla30Ha KUIIeHMA) CHPbA B IPUCYTCTBUM BOIOpPOHa U
KaTajamMsaTopa TUOPOKPEKMHTA . PeakTOpEH TUOPOKPEKMHTA
XapakTepus3ynTcsa TeM, UYTO MMelT BIIYCKHOE OTBEPCTME, B KOTOpOe
MOXeT OHTEL BBeIeHO CHpbe U3 TOKeJoM HedTM ¥ BOIOPOH, BHIIYCKHOE
OTBEPCTME, M3 KOTOPOI'O MOXHO M3BJIEKaATh YJYyUlleHHOE CHpbEe WIN
MaTepual, Y  OOCTaAaTOUHYK  TEeIUJIOBYK  HDHepIMK OJsa of0pa30BaHUMA
pannkKaljios, He comepxalmmnx YITJIEeBOOOPOIEL, UTOOH BHI3HIBATEH
bparMeHTauVpw 0OoJiee  KPYIIHHEX YIJIEBOIOOPONHEX MOJIEKYJI Ha 0Oojiee
MeJIKMe MOJIeKYJIE. [IpyuMephl peaKTOpOB IMIOPOKPEeKMHIa BKJIUYaAT B
ce®d, HO He OTPaHMUMBAKTCA VMM, PeaKTOPH C CYCIeH3UMOHHOM OGaszon
(T. e. ORyxXx®asHYKR Ta30XMIOKOCTHYK CUCTEeMY), PeaKTOPH KUIIAMEeI'O
cJos (T. e. Tpex®a3Hyn CUCTeMy TUlla «I'a3—XUOIKOCTbL—TBepHoe
BelleCTBO»), PeaKTOPH C HEeIOIBWXHEM CJIOeM KaTajau3aropa (T. e.
Tpexbha3HylD CUCTEMy, KOTOopas BKJKUaeT IIoTauy XUAKOCTM, CTeKawlel
BHM3 I[IOBEPX WM [pOoTeKawlel BBepxX UYepes HeNOIBWXHEM  CJION
TBEPLOoTO TeTEepPOTeHHOTO KaTaamMsaropa C BOIOOPOLOM, OBOEBIUHO

IpoTeKamMM MIapajileJIbHO (HO, BO3BMOXHO, I[IPOTMBOTOKOM), B TIXEJIVIO
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HePTHL) .

[0051] TepMrH  «TeMIlepaTypa IUIPOKPEKMHIa»  OTHOCUTCA K
MMHMMAJILHOY TeMIlepaType, HeoOxXOoOMMOM IJid 3alycka 3HadUMTeJILHOTO
TUOPOKPEKMHTa CHPbA M3  TIOKeJOM  HedTH. OBOBIUHO  TeMIIepaTypPH
TUOPOKPEKMHTa NPEeOloUTUTEeJIbHO HaxoOAaTCcA B IMalla30He OT OKOJIO
399°C (750°F) mo okojio 460°C (860°F), OoJjiee MNPeOlIOUTUTEJILHO — B
oManasoHe oT okoJjio 418°C  (785°F) mo oxojsio 443°C  (830°F), a
HauBoJiee MPenlouYTUTEeJIbHO — B IOMalasoHe oT OKojio 421°C (790°F) mo
okoJio 440°C (825°F).

[0052] TepMMH «TIal30XMIKOCTHOWM CYCIEeH3MOHHOQABHEM pPeaKTop
TUOPOKPEKMHTA» OTHOCUTCHA K pPeakKTopy I'MIPOIPOlLleCCUHTAa, KOTOPHM
CONEPAKUT HEIPEPHBHYK XUIKYD (pasy M Traszoobpa3Hyl OUCIepcHYy©L ¢asly,
KoTopasa obpasyeT «CYCIeH3Mo» I[IYy3HPLKOBR Ta3a B XuOkou odase.
Xmunxas ¢asa OOHUHO COIEPXUT YIJIEBOOOPOINHOE CHPLe, KOTOPOE MOXEeT
comepXaThb HUBKYIO KOHIIEHTPpalu YacTHUll IVCHIePTUPOBAHHOTO

MeTaJIJICYJIEOUIOHOTO KaTaansaTopa, a raszoobpas3Hada dpasza OBOBIUHO

CONEPXUT BOIOPOIHHIM ras, CYJIb QU BOOOpPOIA u BHIIIAPEHHEE
HUBKOKUIIAMME YTUIEBOOOPOOHEE IPOIYKTH . Xnokas baza MOXeT
HeoO43aTeJIbHO  CcoIepXaTh  pPacTBOPUTENL-IOHOP  BoIopona. TepMMH

«TpexdasHHM Ta3—XMIKOCTL—TBEepIOe BemMeCTBO CYCIEH3MOHHHM pPeakTop
TUIOPOKPEKMHTa» MCIIOJIL3YyEeTCH, KoTma TBepIOL KaTajlnu3aTop
MCIIOJIE3YEeTCHd BMeCTe C XUIOKOCTBI M I'a30M. l'a3 MOXeT CcolepXaTb
BOIOPOL, CyJbduUn BOmopona u BHIIApEHHHE HUBKOKUIIAMNE
YTJIEBOOOPOOHEE TPOOYKTH. TepMMH «CYCIIeH3UMOHHOOABHEM peaKTop» B
IIMPOKOM CMHICJIE OTHOCUTCH K peakTopaM o00OMX THMIIOB (HaIpuMep,
peakTopam c JacTHUlaM OMCIIEPCHOTO MeTaJlJICYJIbPUIHOTO
KaTajJlu3aTopa, peaKTopaM C KaTaJlM3aTopoM C YacCTHUMlaMi MMKPOHHOTO
pasMepa wiIM 0oJiee KPYIHBEIMM YacTUllaMM M K peakTopaM, KOTOPHE
comepxaT M TO, U IOpyTroe).

[0053] TepMMHEL KTBepIL TeTepOT eHHEM KaTaanus3aTop»,
«TeTepPOTeHHEM KaTaJu3aTop» M «KaTaJu3aTop Ha HOCHUTeJIe» OTHOCATCH
K KaTajlm3aTopaM, OOBUYHO MCIOJIE3YEMEIM B CUCTeMax I'MIPOIPOlleCCUHIAa

C KUITAIIMM cJijoeM ™ HeTIlIO IBVIXHBEIM cJIioeM, BKJIOUa A KaTaljlln3aTOPH,

npelHa3HaueHHbEe TJIa BHEIM oBpas3oM s TUAPOKPEKUHT A,
TuaponepepaboTKH, TUIpOOeMe TalIn3alun u/ TUOPooBpPaboTKH.
T'eTepOT'€HHLN KaTalm3aTop OOBUHO COIEPXUT : (1) HOCUTEJIE

KaTaljlnsaTopa, VIMEIOMNM OOV IJiocmanb IIOBEPXHOCTU 17 B3aVMHO
COeIIMHEHHEIE KaHaJlEl WJIM IIOPOBEE KaHaJlkl; U ( ii ) MeJIKMe aKTUBHEE
YaCTUILEI RaTaJinsaTopa, Tarue KakK Cyﬂb(]_)I/I,JIBI kobanbTa, HIMKeEJIb,

BOJ'H::@_)paM n MOJIMOIOEH, OVMCIIEPTIMPOBaHHEIE BHYTPM KaHaJIOB WJIM TIOPOBEHX
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KaHaJIoB. I[IOpOBHE KaHaJILL HOCHUTeJd OOHUHO MMEelT OTpPaHWUeHHHM
paszMep IJIA COXPaHeHMS MexXaHMUeCKOM LeJIOCTHOCTM TeTepOoTreHHOTO
KaTajausaTopa u npenoTBpalleHn paccJioeHn s n oBbpa30BaHUAd
M3OHTOUHLIX MeJIKMX O(QpakluMyi B peaKTope. lI'eTepOoTeHHHEe KaTaJlM3aTOpPH
MOTYT OBTBH IIOJIYYEHE B BUIe LUMIMHIPUUECKUX IIeJIJIET, UMIMHIPUUECKUX
BKCTPYyIaToB, OPpYyTUX bopmM, TaKMx Kak TPUIIUC THUKY, KOJIblla,
CeIOJIOBMHEL U T. II., WIM CPEepPUUECKHUX TBEPIOEX BelleCTB.

[0054] TepMMHEL «4YaCTHIUHE OUCIEPTUPOBAHHOTO MeTaJIJIMUueCKOI'O
CYJIbOUIHOTO KaTajamMsaTopa» u KOUCTIEPTUPOBAaHHLM KaTaJln3aTop»
OTHOCMUTCHA K dYacTHIlaM KaTaJlu3aTopa, MJMellMM IMaMeTp MeHee 1 MKM
(MeHBIlEe MMKpPOHa WMJIM MeHbIle MHUKPOMeTpa), HalpuMep, MeHee OKOJIO
500 BHM B @mmaMeTpe, WIM MeHee okoJio 250 HM B IMaMeTpe, WJIM MEHee
okoJio 100 HM B IMaMeTpe, WMIM MeHee okoJio 50 HM B OMaMeTpe, WIK
MeHee OKOJIO 25 HM B OUaMeTpe, WIM MeHee okoJio 10 HM B IMaMeTpe,
VI MeHee OKOJIO 5 HM B oMaMeTpe. TepMmH «YaCTULEL

OUCIEPTUPOBAHHOTO MeTaJJICYJIEPUOHOTO KaTalM3aTopa» MOXeT BKJIOUATh

B cebda MOJIERYJIAPHEIE I MOJIEKYJIAPHO OVCIIEPpTI'MPOBaHHEIE
KaTaJllmMTnudeCKM1e COeIIMHEHMA. TepMMH «KYaCTHUIIEL OVCIIEPTVMPOBAHHOTI'O
MeTaﬂﬂcyHb@MHHOPO KaTajlmsaTopa» OOEUHO MCRJIDYaeT YaCTUMILEI

CyJibdMIa MeTajjla M CKOIUIeHMA YacTull CcyJabduna MeTajlla, pasMep
KOTOPHX IIpeBHmMaeT 1 MKM.

[0055] TepMMH «MOJIEKYJIAPHO IOUCIEPTUPOBAHHBM KaTaJM3aTop»
OTHOCUTCH K COEeIOMHEHMAIM KaTajlu3aTopa, KOTOophke, IO CYIEeCTBY,
«KpPacCTBOPEHB» VI OVCCOLMMPOBAaHEL ns IpyITmx KaTaJIUTUUeCKUX
coenuMHEeHUM MM MOJIeKYJI B YIJIEBOOOPOIHOM CHpPpbe WIM [IOAXOIOANEeM
pazbaBuTesge. OH MOXeT BKJIOUATE B Cceb®d OUeHb MeJIKMe YaCTHULEH
KaTajlM3aTopa, KOTOPHE colepXaT HECKOJBEKO MOJIEKYJ KaTaJusaTopa,

COeIMHEHHHX BMecCcTe (HalpuMep, 15 MOoJeKyJ WMJIM MeHee) .

[0056] TepMMHEL «YaCTHULEL OCTaTOUHOTO KaTajmsaTopa» n
«UYaCTHULH OCTaTOUYHOTO OUCIIePTUPOBAHHOT O MeTaJIJICYJIbEPUIOIHOTO
KaTalu3zaTopa» OTHOCATCH K JyacTHUllaM KaTajlu3zaTopa, KOTOPHE

OCTaTCad B YIJIEBOOOPOIOHOM IMIPOIOYKTEe IIpM IepeMelleHUM W3 OIOHOM
eMKOCTM B IPpyIyi (HamopuMmMep, M3 peaKTopa IMIPOIPOLEeCCHHIa B
cemnapaTop U/WIM  OPYTO¥  PeaxTop TUOPOIIPOLECCUHTA) . JaCTULE
OCTaTOUHOTO OVCIEPTMPOBAHHOTO  METaJJICYJbPUIHOTO KarajgmsaTopa
TAaKXe MOTYT OCTaBaTbCad B XMIKOM OCTATOYHOM (QPaKUMM  IIOCJE
oTHeJIeHMS YIJIEBOIOPOIHOT'O MNPOOYKTa B IOUCTUJIJIATEL UM OCTATOUHYIO
XKUOKOCTE, HallpuMep, oyTeM TopAYero pas3melieHud, aTMochepHOM
OUCTUIJIJIALUMMY WIM BaKYYMHOM IOUCTUILJIALAMA .

[0057] TepMmH KKOHIOULMOHUPOBAHHOE CHIpbE» O3HauvaeT
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YTJIEBOOOPOOHOE CHpPbe, B KOTOpoe OBJI OOBeIVMHEH M C KOTOPHM OBJI B
IOCTAaTOUHOM Mepe CMellaH IpelleCTBEeHHMK KaTajlu3aTopa, Tak duTo
[IoCJie pas3JIoXeHMSa IIpellleCTBEeHHMKa KaTaJMz3aTopa M ob0pa30BaHUA
aKTMBHOT'O KaTajJM3aTopa KaTalu3aTrop OymeT comepXaThb  4YaCTULE
OUCIIEPTUPOBAHHOTO MeTaJUICYJIEOUIOHOTO KaTajlM3aTopa, ofOpa30BaHHEE
in situ BHYTPU CHPLA.

[0058] TepmmHH «oBOoTamaTb», «oboTrameHue» U «oboTraleHHOoe»
IIpM MCIOJIE30BaAHUM OJIS ONMCAaHMA CHPbS, KOTOpOe IMOoIOBepraeTcsa WK
OBJIO TIOOBEPTHYTO IMUIOPONPOLECCHMHIY, WIM IIOJIydeHHOTO MaTepualja WMIn
IpoOyKTa, OTHOCATCH K OIHOMY WMIM O0oJiee M3 Clelylmero: CHIKeHMe
MOJIEKYJIAPHOM MACCH CHPbLS, CHMXeHMe MHTepBajla KUIIeHUMS CHpPbLH,
CHWXEHNUE KOHIIeHTPpaln achaJIbTEeHOR, CHWXEHUE KOHLEHTpalUuun
VIVIEBOOOPOIHEIX CBOOOOHHX PalMKaJIoB U/WIKM CHMXeHMe KOJIMUYeCcTBa
opuMecey, TaKux KakK cepa, asoT, KUCIOPpOoH, TIaJloMOH M MeTaJlJIH.

[0059] TepMMH «MHTEHCUMBHOCTBL», I[IO CYIMEeCTBY, OTHOCUTCH K
KOJIMUECTBY D2HEepPIMM, KOTOpOoe IoJaKkT Ha TIKeJIyln HedTb BO BpeMsd
TUIOPONPOLIeCCUHTa, ¥ YacTo OTHOCUTCA K pabouel TeMmIepaType
peakTopa I'MIOPOIPOLIeCCHHIa (. e. DoJyiee BHCOKasa TeMlepaTypa
cBa3aHa Cc 0oJilee BHCOKOM CTeleHbld MHTEHCHUBHOCTH,; O0o0Jiee HHU3KaMA
TeMIlepaTypa CBs3aHa C 0oJilee HM3KOM CTeleHbl MHTEHCUBHOCTHU) B
KOMOMHALIMM C IJUTEJILHOCTBI YKa3aHHOTO BO3OEMCTBUA TeMIepaTypH.
[IoBEIIEHHAsA  CTelleHb MHTEHCHUBHOCTH, 10 CyllecTBY, yBeJnurBaeT
KOJIMUEeCTBO NIPOOyKTOB KOHBEpPCUU, IIPOU3BOIOMMEIX pPeakTopoOM
TUIOPOIPOLIeCCUHTa, BKJIOUAA KaK  XeJlaTeJIbHEEe  IIPOOYKTH, TakKk WU
HexeJlaTeJIbHEEe IIPOOYKTH .

[0060] K xeJjlaTeJIbHEIM TIIPpOOyKTaM IepepaboTKu OTHOCATCH
YIUIEBOOOPOIOE C IIOHMXEHHOM MOJIEKYJIIPHOM Maccou, TeMIlepaTypon
KUIIeHVS ¥ yIeJIbHEIM BeCOM, KOTOPHE MOTYT BKJKUATE B Cceb®d TOBapPHHE
IPOOYKTH, TakKue Kak HadTa, Ou3eJIbHOe TOTILJINBO, pPeakTUMBHOE
TOILJIMBO, KepoCcHH, BOCK, HedpTHAHOE TOILUIMBO U T. II. K mpyrum
XeJlaTeJlbHbBIM nponyKTaM nepepaboTKu OTHOCATCH BHICOKOKMUIIAMNME
YTJIEBOOOPOMIEL, KOTOPEE MOTYT OBTbL T[OOBEPTHYTH OOIOJHUTEJILHOMN
oBpaboTke C MCIOJBb30BaHMEM TPAOUIIMOHHEX IIPOIIECCOB IepepaboTKu
u/nnm OVICTUILJIALUN . Ipy M [IPUMEPOM XKeJlaTeJIbHOTO npooyKTa
nepepadboTKM ABJIAeTcda Ky©OOBHM IIPOOYKT IOCTAaTOUHOTO KauecTBa,
OPUTOIOHEM OJIS MCIOJBL30BaHMA B KauecTBe He(dTSAHOTO TOILJIMBA.

[0061] K  HexejlaTeJIbHEIM TI[IPOOYKTaM IIepepaboTKM OTHOCATCHA
KOKC, OTJIOKEHMS, MeTaJlJlbl UM »OpyI'Me TBepOsle MaTepuallel, KOTOPHE
MOTYT OcCaXIaTbCs Ha OOOpPYHOOBaHMUM IMUIOPOIPOLECCHMHI'a UM IPUMBOIUTHE K

3aCOpPEeHNM, HallprMep, Ha BHYTPEHHNX KOMIIOHEHTax PeaKTOpPOE,
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cenapaTopax, ¢unbTPpax, Tpydax, KOJIOHHAaXx, TelnJIoOOMeHHUMKax U
TeTepOT'eHHEIX KaTalJlM3aTopax. HexejaTeJIbHHE [IPOOYKTH IepepaboTKu
TakXkxe MOTYT OTHOCUTBLCS K HEKOHBEPTHMPOBAHHOMY OCTATKY, KOTOPHM
oCcTaeTcsa IocJe  OUCTUJIIIALUMA, Halpumep, ocTaTkKaM aTMoCchepHOM
KOJIOHHH  («OAK») WJIM ocCTaTKaM BaKyyMHOM  KOJIOHHE  («OBK»), B
YaCTHOCTH, Te, KOTOPHE MMEeT CJIMIIKOM HU3KOe KaudeCTBO, UYTOOH OHTH
[1oJIe 3HBEIMI B KauecTBe HepTHAHOTO TOILJIMBA ZN)RZN noJisa IpyTroro
TpedyeMoTo NIpVMMeHeHN S . CBeneHue K MVIHMMY MY HexeJlaTeJIbHBIX
IIPOOYKTOB rnepepadboTkU CHMXaeT 3acopeHue u BpeMsA IpOCTOA
obopynooBaHMu4g, HeoBxoomuMoe IJIA OUMCTKM OOOpYyIOOBAaHMA. TeMm He
MeHee, MOXeT CYIIeCTEOBATH KeJlaTeJIbHOEe KOJIMUECTBO
HEKOHBEPTHUPOBAHHOT'O OCTaTKa, UYTOOH HaxXoOdameecd HWXe I[I0 XOoIoy
cernapalMOHHOe 0f0opynoBaHMe (QYHKIMOHUPOBAJIO HaIJjeXalrM ofpa3oM
U/ NI UTOOH 00eCHeUMTh XUOKYID TPaHCIOPTHYKD Ccpely IOJIS XpaHeHud
KOKCa, OTJIOXEeHUM, MeTaJlJIOB UM IPYIMX TBepIHxX MaTepualJioB, KOTOPHe
B TIPOTMBHOM Cllydyae MOTJIM OH OcCaXIaTbCsa Ha OOOpyIdOBaHUM WU
3aCOPUTH ero, HO KOTOPHE MOT'YT OHTH BEIBEIOEHEL C  IIOMOIBIO
MMeKReToCcsa ocTaTKa.

[0062] B 1HOOHNOJIHEHME K TeMIIepaType <«MHTEHCHMBHOCTB» MOXET
OBITH CBA3aHa C OIIHMM NI olele)Z1Y1%! ns KKOHBEPCUU» u
KIIPOUBBOOUTEJILHOCTU . To, oynmer JIn [TOBHIIEHNKE CTelleHU
VMHTEHCHBHOCTM BKJIOUATEL I[IOBHIIEHME KOHBEPCUM U/MIM yBeJMUeHUe WK
YMeHbIIeHVe [IPOU3BOIOUTEJIbHOCTHM, MOXeT 3aBMCEeTh OT KauecTBa CHPbLA
U3 TOKEJON HedTM M/WiIM MacCOBOTO COOTHOUWEHMA B oOmel cucTeMe
TUIOPOIPOLEeCCHHTa. HalpuMep, echiu TpebyeTcd IepepadboTaThb OoJbliee
KOJIMYEeCTBO 3arpykaeMoro MaTepuasa U/uiIM  oBecleuuThb foJiblee
KOJIMUeCTBO MaTepualJla OJIS HaxXxoOAmeI'oCHa HMWXe 10 xXoOy ofopyIoBaHMA,
IIOBHIIEHHA I MHTEHCHMBHOCTD MOXeT B [IEPBY oduepenb BKJIIOUATH
yBeJIMUeHne MNPOU3BOOUTEJIEHOCTHA Bes HeoBxX0oOMMOC T YBeJIMUeHN I
CTelleHM IIpeBpaleHMsa. O9TO MOXeT BKJOUATL B cebg ciyday, KoTza
dpakuumM KyOOBHEX OCTATKOB (OAK wm/mmm  OBK) nopomamnTca B BUIOE
HedTSAHOTO TOIJIMBA, a [IOBHIIEHME KOHBEPCUM Bes YBeJIMUeHU
IPOU3BOOMTEJILHOCTU MOTJIO @)31 YMEHBIUTDL KOJIMUEeCTBO OaHHOTO
OponykKTa. B ciayuae, KoT'ma TpedbyeTcd YBEJUUUTH COOTHOIeH e
oBoTameHHHX MaTepraJIOB K O(pakliMaM KyOOBHEX OCTaTKOB, MOXeT OHTH
XeJlaTeJIbHO ITUIaBHEIM O0pasoM YBeJIMUMTEL KOHBepCcHI 0e3 HeOOXOOMMOCTHU
YBeJIMUeHUS I[IPOM3BOIUTEJNLHOCTM. B cilyyasax, KOTI'Da KaudeCcTBO TIXeJIon
HedTr, BBOOMMOM B pPeaKTOop IHUIPOIPOlleCcCHMHTa, KoJjedbjleTcsa, MOXeT
OBHITE KeJlaTeJIbHO Mu30MpaTeJIbHO YBEJIMUMBATE MM YMEHBIIATE OINHO WMJIM

oba ns KOHBEepCH1M u IMIPOMI3BOOMTEJIEHOCTH, YTOOEL IIogoepxmBaThb
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TpebyeMoe COOTHOIeHMe oDOTalleHHEX MaTepMaJioB K QpaKUusaM KyOOBEX
OCTaTKOB u/uiau TpebyeMoe abCoJIOTHOE KOJMUECTBO WM adCOJIOTHHE
KOJIMUeCTBa IIOJIydaeMOoI'0 KOHEUHOT'O IIponoyKTa (IoJlydaeMblXx KOHEUHEX
IIPOOYKTOB) .

[0063] TepMMHEL KKOHBEPCUA» n «KCTEeIeHb IpeBpaleHn a»
OTHOCATCHA K OTHOCHUTEJIBHOMY COHOEepXaHM, YacTO BHpPaXeHHOMY B
IpolieHTax, TsaxeJlon HedTH, KOTOpyk IHepepabaTHBalT B MaTepMaJsl C
BoJee HU3KOM TeMIIepaTypon KUIIeHU I n/nnm C BoJiee HU3KOM
MOJIEKYJIIPHOM  MacCcCoM. KouBepcua  BHpaxaeTcsa B  I[IPOLeHTax  OT
MCXOIOHOTO CcoIepXaHusa ocTaTka (T. €. KOMIIOHEHTOB C TeMIepaTypoln
KUTIeHrsa  OoJiblle OIpelelJIeHHOW  T'PpaHMUHOM TeMIepaTypH OTOeJIeHUS
OVUCTUJIJIALIMOHHOM (paKLuuM), KoTopoe IepepabaTHBaeTCcd B IIPOOYKTH C
TeMIIepaTypoy KHUIIeHMS HWXKe OolIpeleJIJeHHOM TIPpaHMUHOM TeMIepaTyp
oTmeJyleHUsa O(pakuumu. OnopemejleHMe TPaHUUHOM TeMIepaTyps OTOeJleHUS
OIVCTUIJIJIAIMOHHOM (paKUMKM MOXeT BapbMPOBATLCA M MOXeT HOMMHAJILHO
BKJIOUATE 524°C (975°F), 538°C (1000°F), 565°C (1050°F) m 7. 1.
ETo MOXHO M3MEPUTL IIyTeM aHaJlvM3a OUCTUIIJIALUMM IIOTOKOB CHPLA U
IIPOOYKTOB oIS OoTipeleJIeHU A KOHIIEHTPpalUN KOMITOHEHTOB C
TeMIIepaTypoy KHUIIeHMS BHIIe OINpenOeJIeHHOM TPaHMUHOM TeMIepaTyph
oTmeJieHua oOpakuum. CTeleHb IIpeBpalleHus BHpaxaeTcs kKak (F - P) /
F, roe F 1mpencraBasgeT coBoM  KOJMUECTBO KYOOBHX OCTATKOB B
O00BeIMHEHHEX I[IOTOKax I[IOoCTylaKnlero MaTepualla, a P I[IpencTaBJIgeT
cofoM KOJIMUECTBO B OOBEIMHEHHHBX IIOTOKax IMNIPpoOyKTa, IIPpM STOM Kak
comepXxaHre KyOOBEIX OCTaTKOB KaK B I[IOCTyllallleM MaTepualse, Tak U B
IpoOyKTe OCHOBaAaHO Ha OIHOM M TOM Xe oIpelesjieHUuM TpPaHWUHOM
TeMIepaType  OTIOeJIeHMA  QpaKLUM. KomnuecTBO KyOOBHX OCTAaTKOB
HamboJiee UYacTO OIpenejyiseTcsad Ha OCHOBaHMM MaCCH KOMIIOHEHTOB C
TeMIIepaTypoy KuIleHUs OoJiblle OIpelesIEeHHOM TI'PaHUMUHOM TeMIepaTyph
oTneJyleHMa OQpaKLMM, a TaKXe MOT'YT MCIIOJBb30BaTbCA BOJIOMETPUUECKUE
WV MOJISAPHHE OlpelelJIeHUd.

[0064] KoHBepcuAa acd@aJIbTEHOB MOXET OTJIMUATBECH OT KOHBEPCUM
CHPLA M3 TOXeJOM HedTr B LeJioM. Ja LejeM TaHHOTO u30dpeTeHuUd
IPUTOIHOE ompenejleHNE KOHBEPCUM achaJIb TEHOB OCHOBAaHO Ha
KOJIMYeCTBe acdallbTEHOB B CBeXeM CHPbE M MOXEeT OHTH OIIPeleJIeHO
clenyiolMM YPpaBHeHMEeM, UTO NPMBOOUT K IIOJyUeHMI0O OpobHoM mojm oT O
no 1, kKoTopas MOXeT OHTE IpeoBpa30BaHa B IIPOLEHT IyTeM YyMHOXEHWUS
Ha 100:

KouB. = [acd. (cBexee cHhpbe) - acod. (mpomykTe)] / acd.
(CBexee CHpPBE) .

ConepxaHue achaJIbTEHOB B PEIMPKYIIAOVMOHHOM IIOTOKE ABJIAETCHA
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BHYTPEHHUM IIO OTHOIIEHMI K I[Ipolleccy. KoI'la KOHBepcuUsS acdaJlbTEHOB
CIIMIIKOM MaJla TIIO CpaBHEHMID C KOHBepcuelM OOJIBIIOTO KOJIMUeCTBa
T SXKeJION HedTHU B eJioM, MOXeT [IPOUCXOINTE HapacTaHue
PELUPKYIIMPYRIINX achallb TEHOB.

[0065] TepMMH <«(IPOMBBOOAMTEJILHOCTE» OTHOCUTCH K KOJIUUECTRY
3arpyXaeMoIro MaTepuala, KOTOPEIM BBOIOAT B peaxkTop
TUIOPOIPOLECCHHTa, B 3aBUCHUMOCTM OT BpeMeHM. I[IpOM3BOOUTEJIEHOCTD
MOXeT BHpaXaTbCd B O00BEMOMETPUMUECKMX  eIMHMIAax, HalpyMep B
Bappesiax B CYTKWU, AR B  MaCCOBEX enMHMIIax, HaprMep B
MeTpUUYeCKMUX TOHHAaX B yac. [Tpu OBOBUHOM VICIIOJIL 30BaHUU
[IPOU3BOOMTEJIBHOCTE ONpelelIseTCcsd KakK Macca WMIM CKOPOCTB I[Iomauu C
00BLEeMHOM  HOO3UMPOBKOM TOJIBKO CaMOT'O CHPbS OJS TSXKeJOM HedTu
(HanmpuMep, OCTaTKU BaKyyMHOM KOJIOHHH u T. Io.) . IDaHHOe
onpeleJieHNE, KakK TIIpaBWJIoO, He BKJIOUaEeT B cebd KOJIMUECTBa
pazbaBuTesIe WM OPYITMX KOMIIOHEHTOB, KOTOPHE MHOTIa MOTYT OHTbH
BKJIIOUEHEL B obmee CHPBbE, rnomaBaeMoe B YCTPOMCTRBO
runporepepaboTKM, XOTS MOXeT OBTE MCIOJBE30BAaHO WM OIpeleJIeHue,
BKJIOUaKee B cebd yKaz3aHHHE JIpYyI'Me KOMIIOHEHTEH.

[0066] «CKOpPOCTH NIPOM3BOIOCTEA IPOOYKTOB KOHBEPCUU»
opencraBygeT cobor abCoJIOTHYI CKOPOCTH, KOTOpas MOXeT BHpPaXaTbCHd
B OOBEMOMETPUUECKUX eIMHMIaxX, HalpuMep B OappeliaxX B CYTKM, WM B
MaCCOBEIX e€IOMHMIlax, HalpuMep B MeTpUUeCKMX TOHHax B dYac. He
cijenyeT IIyTaThb «CKOPOCTH IIPOM3BONCTEBA I[IPOOYKTOB KOHBEPCUU» C
BHIIYCKOM IPOOYKUUM WM DOOPEeKTUBHOCTBI, KOTOPEE MHOI'IOa OWMOOUHO
Ha3HBalT «CKOPOCTBIO» (HalpMMep, CKOPOCTL IIPOM3BOACTBAa Ha eIVHUILY
CKOPOCTHU nomaum MM CKOPOCTBb IPOU3BOLCTBA Ha eOVHUILY
KOHBEPTUPOBAHHOTO CHPbLA) . CilelyeT IIOHUMATE, uyTOo (pakTHUUeCKHUe
UMCJIOBHE  3HAaUeHMSA Kak IIepBOHAUYAJILHOM  CKOPOCTM  IPOMBBOIACTBA
IPOOYKTOBR KOHBEpPCUM, TaK U VYBEJUUEeHHOM CKOPOCTM IIPOM3BOICTBA
IIPOOYKTOB KOHBEPCHM XapaKTEepPHHE MOJS OTIOEJIBHEX [IPOM3BOICTBEHHHX
OBBEKTOB ¥ 3aBUCAT OT IIPOU3BOOUTENBEHOCTU 3THUX OOBEKTOB. TaKUM

O@paBOM, BIIOJIHE IOOITy CTMMO CPaBHMEaATBb CKOPOCTE IIPOM3BOOCTRAa

paccMaTpMBaeMoT o YCTpOMCTBRAa NI oBreKkTa oo " mocJe
YCOBEPMEeHCTBOBAHNS, HO He HOITYy CTUMO CpaBHMBATEH c OpyTUM
YCTPOMCTBOM I 0BOBLEKTOM, COOPYXEHHEM c hijeanle)i

IIPOMSBOIMNTEJIEHOCTEIO.
IT. PEAKTOPH UM CUCTEMH IVOPOIPOIOECCHHI'A B KUIIAMEM CJIOE

[0067] Ha our. 2A-2D cxXeMaTUMUECKM IMpelOcTaBJIEHH He UMeKINre
OTPaHUUUTEJIBHOTO xapakTepa [IPUMEPH pPeaKToOpOB u cucTeM

I'MOopoIllipoLleCCHMHI'a B KUIIAIIEM cJIoe, VCIIOJIb 3y EMEIX IOJIA
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TUOPONPOLECCHHTa YIJIEBOLOPONOHEX CEPLEBHX MaTepralloB, TaKMxX Kak
TAaXeJan HedTh, KOTOPEHE MOXHO oboraTmUTh 0JIA [IPUMEHEeHM A
IBYXKOMIIOHEHTHOM KaTaJUTUUECKOM CUCTEMH B COOTBETCTBMM C HOaHHBM
n3obperTeHreM. ClenyeT IIOHMMAaTL, UYTO IpPMBEIEHHBE B KadecTBe
opuMepa pPeaKTOPH M CHUCTEMH I'MIOPOINPOLECCHMHIa B KUIIANEM CJI0Oe MOTyT
BKJIIOYUATH B ceb4a IIPOMEXY TOUHYIO cenapalyp, KOMILJIEKCHYIO
TUnpPooBpPaboTKy U/MIM KOMIUJIEKCHEM I'UMIPOKPEKMHT .

[0068] Ha oQwur. 2A cxeMaTHUYeCcKM IpelcTaBJieH peakTop 10
TUOPONIPOLIECCHHT A B KUIIAEM  CJIOE, VICIIOJIb 3Y €MHIM B cucTeMe
TUIpokpekuHra LC-Fining, paspab®oTaHHOM KoMIaHuMer C-E Lummus.
PeakTop 10 KMIOAWETO CJOSA COIOEPXUT BIIYCKHOe OTBepCcTHe 12 BOJIMU3U
IoHa, dYepes KOTOpOoe BBONAT CHpbe 14 M CXaTHM BONOPONHHEM Ta3 16, u
BHIIyCKHOEe OTBepCTMe 18 B BepxHeM YacTH, Uepes KOTOopoe M3BJIeKalT

MaTepurall 20, HOJIyT{eHHBIﬁ IIyTeM TI'MOpOoIIpOoLleCCHMHI'a.

[0069] PeakTop 10 OOTIOJIHUTEJILHO CONEpPXUT PaCIMpPeHHYIO
comepxalyn 30HY 22 KaTaamsaropa, comepxalyn TeTepPOTeHHHM
KaTaamu3aTop 24, KOTOPEM YIOEepXMBaAEeTCA B pacmmMpeHHOM NI

[ICEBOOOXWKEHHOM COCTOSHMM IO OTHOWEHWI K CUJle TAXeCTH I[IyTeM
[lepeMelleHMs I BBepX KUIOKMX YIUJIEBOOOPOINOB M Ta3a (cxeMaTUueCKU
[IOKa3aHH B BMIe IIy3HPLKOB 25) uWepe3s peakTop 10 KUIIAmIETO CJIOA.
Hyoxumm KOHell pacCHMpeHHOMU 3OHE 22 KaTaamsaropa onpeneJjyieH
pacrpeneauTesSIbHOM pemeTdyaTon IIJJacTHMHOM 26, KOTOpasd OTIOeJIgeT
paclMpeHHyln  30HYy 22 KaTajausaropa oT HIDKHEM 30HH 28, He
comepXxalel TI'eTepOTeHHHM KaTallM3aTop, PAacCIOJIOXKeHHOM MexIy HIXKHEN
YacTheio peakTopa 10 KUIOAMETIO CJIOA UM paclpelelIMTeJIbHOM pelleTyaTou
IJIaCTUHOM 26. PachopemeluTesibHasd pemeTuaTas ILJJaCTMHa 26 BHIIOJHEHa
C BO3MOXHOCTBI PABHOMEPHOTO paclpelellIeHMs BOINOPOOHOTO TIa3a u
YIUIEBOOOPOILOB IO BCEMYy pPeaKTopy U IpeloTBpalleHusd  IIaOeHUMd
TeTepOTeHHOTO KaTajlu3aTopa 24 [0oO »OeMCTBMEeM CMJB TSXeCTUM B
HIWKHIOKD 3BO0HY 28, He coIepXallylk TIeTepOTeHHHM KaTajlu3aTop. BepxHUM
KOHell paclMPeHHOM 3O0HH 22 KaTaJlM3aTopa HaxXOOUTCHA Ha BHCOTe, IIpU
KOTOPOM HallpaBJIeHHas BHM3 CWJa TSKeCTM HauMHaeT pPaBHATLCH WU
[IPEeBHIIATE CUJIy IIOOBeMa IlepeMellaleloCsa BBepX CHPbS M T'a3a depes
peakTop 10 KMIOAmMero CJOA I[IO Mepe OOCTUXEeHUS I'eTepPOI'€HHEM
KaTaamMsaTopoM 24 3amaHHOTO YPOBHA pacCllMpPeHMI WM pa3heJieHud.
BrmmeykasaHHasd pacllMpeHHasd 30Ha 22 KaTajlM3aTopa OIpelcTaBliderT
cobol BepxHKKW 30HY 30, He CcolepXallyld I'eTePOTeHHEM KaTaln3aTop.
[0070] VrmjepomOpOoOH ¥ IOpyI'Me MaTepMalJbkl BHYTPU peakTopa 10
KUIOAMETO CJIOS IIOCTOSAHHO PEeUUMPKYJIMPYIT C BepxHerM 30HH 30, He

comepxaley TeTepOoTeHHEM KaTajJr3aTop, B HMXKHIOKD BSO0HY 28, He
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comepXallyl TeTepOTeHHHM KaTaln3aTop, I[IOCPeICTBOM KaHajla 32 IJd
PELUVPKYJIALUUM, PacCIOJIOKEeHHOT'O II0 LeHTPY peakTopa 10 KUIAWETO
CJIOS, COeIMHEeHHOTO C 9SOYJI4UMOHHEIM HacocoM 34 B HMXHEeM 4YacTu
peakTopa 10 kunogmero cJosg. B BepxHeM dYacTM KaHaJa 32 §OJa4
PEeLUPKYJIAIMM HaxXOOUTCHA BOPOHKOOOpAas3Hasa peLUpPKYyJIALMOHHas dYama 36,
yepes KOTOPYK IOoHaeTCsa CHpbe C BepxHeM 30HH 30, He coIepxallel
TeTepOTl'eHHEN KaTalu3aTop. MaTepual, BHTATMBAEMHEM BHM3 II0 KaHAaJy
32 peuuMpkyJIauMy, IDOCTyllaeT B HWKHIKL 30HY 28, He CcoIepXalyl
KaTajlM3aTop, a 3aTeM I[IpOXOIMT BEepX Uepe3 paclIpelelIMTelIbHYIO
pelleTUyaTyr IJIACTMHY 26 B pPacCHMpeHHYI 30HY 22 KaTajlu3aTopa, IIe
OH CMellMBaeTCcsda CO CeeXeHoOaBJIeHHHEM CHpbeM 14 M BOHOPOIHEM I'a30M
16, nmnocrynawmuM B peakTop 10 KMIOAmMEeIo CJIOSA 4Yepes BIYCKHOE
oTBepcTre 12. IlOCTOSAHHaA LUUPKYJIALMA CMellaHHHX MaTepralloOB BBEpPX
Uepes peakTop 10 KUIAMETO CJOA I[IPEeMMyLeCTBEHHO I[IOONEPXUBAaET
TeTepOTeHHHM KaTalu3aTop 24 B pacCllMpeHHOM WM IICeBIOOXVKXEHHOM
COCTOSHUM B IIpelejlaxX pPacClMpeHHOM 3BOHHE 22 KaTalusaTopa, CBOIOUT K
MMHMMyMY oOpa30BaHMe KaHaJlIOB, VYIOPAaBJSAeT CKOPOCTAMM peaKlUui u
CoXpaHsaeT TeIuJio, BHICBODOXITaeMoe BK30TEPMUYUECKUMA peaxkumaMm
TUMOPOTEeHN3aluuM, Ha 0e30IlaCcHOM YPOBHE.

[0071] CBexmnll TeTepPOTeHHEM KaTaau3aTop <24 BBOOUTCA B
peakTop 10 uOgmero CJjofd, HaIpMMep B pPacCllMPeHHY 30HY 22
KaTajMs3aTopa, uYepes3s BIYCKHYD TpyOKy 38 @Ojud KaTalms3aTopa, KkKoTopasa
IPOXOIOUT  dUepes BEPXHKK  YacThb peakTopa 10 KUIIAIET O cJo4
HEeloCpPpeaCTBEeHHO B PacCHMPEeHHYID BO0HY 22 kaTaau3aropa. OTpad®oTaHHBM
TeTepOTl'eHHEN KaTajuz3aTop 24 u3BjJeKaeTCsa M3 PacClMpeHHOM 3SO0OHHE 22
KaTajlM3aTopa dYepes TpydOky 40 1OJgsg M3BJIeUYeHMA KaTaJlMsaTopa,
KOoTOpad IIPOXOOUT oT HIVKHET O KOHIIa pacmmUpeHHOM 30HE 22
KaTajlM3aTopa Yepes pPacHOpelelJIMTeJIbHYKR pelleTuaTyl IJIaCTHUHY 26 U
HIKHIOKD YacThk peakTopa 10 kungamero cJjod. ClelyeT I[IOHMMaTh, YTO
TpyOka 40 [nJjd WM3BJIEeUEHMHA KaTajlM3aTopa He MOXeT pas3lpaHUMuuMBaTH
MeXIy [IOJIHOCTHIO oTpaboTaHHEM KaTaln3aTopoM, YaCcTUYHO
oTpaboTaHHEM, HO aKTHBHEM KaTajlM3aToOpoOM UM  CbBeXeHoOaBJIeHHEM
KaTajlnM3aTopoM, TaK 4uTo M3 peakTopa 10 KuUIAMEero CJOss OOHYHO
M3BJIEKAeTCA CIlydalHOoe paclOpelelleHre TeTepOoTl'eHHOTO KaTajM3aTopa
24 B KauecTBe «OoTpaboTaHHOTO» KaTaJlMz3aTopa.

[0072] OOGorameHHEM YTJIEeBOIOPOOHHEIM MaTepmas 20, WM3BJIeUEHHHM
n3 peakTopa 10 KuIIAmero CJosa, MOXHO BEBeCTM B celapaTop 42
(HanpuMmep, TOopAUnMN cenaparTop, IIPOMEXY TOUHHM cernapaTop C
lepernanoM OaBJIEHUSA, aTMOCQEPHYH IOUCTUIIJIALMOHHYI  KOJIOHHY  WJINU

BaKyyMHYID OUCTUJJIALIMOHHYI KOJIOHHY) . CemnapaTop 42 oTnejlseT OIHY
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uam OGoJiee JIeTyuMxX OpakKuuy (MJIM OUCTUIIJIATOBR) 46 OT HeJeTyuux
bpakuum (Mam xmuoxkocTu) 48.

[0073] Ha dur. 2B cxeMaTHMUeCKM IIPpOMJJICTPUPOBaH peakTop 110
KUIOAMETO CJIOA, MCIOJBb3YEeMEM B CHUCTeMe IMAOPOKpekMHIa «H-01ily,
paspaboTaHHOM koMIaHueld Hydrocarbon Research Incorporated m B
HacTodllee BpeMs MCIOJb3YyeMOM IO JIMIEeH3UM KOMIaHMM Axens. PeaKTop
110 xuMOAmero cCJIOS COIOEPXUT BIIYCKHOe OTBepcTHe 112, Uyepes KOTOpoe
BBOIOAT CHpbe 114 M3 TaxeJOV HedTM M CKATHM BOOOPOOHEIM Ta3 116, wu
BHIIIYCKHOEe oOTBepcTHe 118, uepe3s KOTOpoOe U3BJeKalT o00TalleHHHM
YTJIEBOOOPOOHEM MaTepuasn 120. PacmupeHHas 30Ha 122 KaTalMsaTopa,
comepxamada TeTepOTeHHEN KaTaJlnu3aTop 124, OTpaHnueHa
pacrapeneJUTeJIbHOM peleTyuaToM ILJJacTuHoM 126, KoOTopas oTmejyderT
pacumMpeHHyD 30HY 122 KaTajlMszaTopa OT HWXHeM 30HH 128, He
comepXamey KaTalu3aTop, MeXOy HWKHeM dYacTbl peakTopa 110 wu
pachpeneJuTeJIbHOM peleTdaToM IJlacTuHOM 126, a TakXe BepxXHUM
KOHUOM 129, KOTOpPHM oNOpeneydeT NOpUOIM3UTEJILHYKR TpPaHuIly Mexay
pacmmMpeHHOM 30HOM 122 kaTaluszaTopa U BepxHew 30HoM 130, He
conepXxalen KaTajlns3aTop. [IlyHKkTUPHAaA JIMHU A 131 TPAHULIEL
CxXeMaTHUUeCKM WIIIRCTPUPYET NPUOJIM3UTEJILHEY YyPOBeHbB T'eTepOTeHHOTO
KaTajguzaTopa 124, Korma OH He HaxXOoOUTCd B pPacClMpeHHOM WM
[ICEBOOOXMKEHHOM COCTOAHUMN.

[0074] MaTepmraJiel HEINPEPHBHO PELUPKYJIMPYT BHYTPU peaKTopa
110 xungmero cJjiod uYepes KaHaJ 132 OJg pelUMpKyJISaLuM, COeIMHEeHHHN
C »O0yJIALUMOHHBEIM HacocoM 134, pacIOJIOXKEeHHHM 3a I[IpenejiaMi peaKTopa
110. MaTepualib M3BJIEKATCA uepes BOPOHKOODOpPAa3HYI
PEUMPKYJIALUMOHHYID uYamy 136 u3 BepxHeM 30HE 130, He comepxameln
KaTaln3aTop. PelUMpKyJIdUMOHHas dYama 136 uMMeeT QopMy CHOMPaJM, UYTO
[I03BOJIAeT OTHEJIATH BOOOPOILHEE IIY3HPBKM 125 oT peumpkysasara 132
0JIs IpenoTBpalleHM KaBUTaLUN B0YJIALMOHHOTO Hacoca 134.
Peuuvpkyyasar 132 nocTylaeT B HWKHKO 30HY 128, He coIepXalyko
KaTajanusaTop, I'ole OH CMellMBaeTCHd CO CBeXMM CHpbeM 116 u
BOIOPOIHEIM T'asoM 118, M CMechb TIPOXOOUT Uepes paclpemesiMTesIbHY
pemeTyaTyrn IJIaCTMHY 126 B pacClMpeHHYKR 30HY 122 KaTaJlM3aTopa.
CBexut KaTajln3aTop 124 BBOIOAT B pPacClMpeHHYI0 30HY 122
KaTajlMsaTopa 4Yepe3s BIYyCkHYLD TpyOky 137 1Jjsa kKaTajlmMszaTropa, a
OoTpaBoOTaHHEM KaTaluz3aTop 124 M3BJeKalT M3 paclMpeHHOM 30HH 122
KaTaJlr3aTopa UYepes BHIIYCKHYKR TpyoOky 140 mjsg kaTaamMzaTopa.

[0075] OCHOBHOe paszMuMe MeXOy peakTopoM 110 KUIIAMEIO CJIO4A
«H-0il» wu peaxkTopoM 10 kumnsamero cJjod «LC-Fining» cocTouT B

MEeCTOIIOJIOXEeHUM 20VJIILALMOHHOT'O Hacoca. O90yJISUMOHHEM Hacoc 134 B
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peaxkTope 110 «H-0il» pasMemeH 3a OpelejlaMM PeaKLMOHHOM KaMepH.
Peunpkysmpyrlee CHPbe BBOLAT Uepe3 PeLUUPKYJIALVMOHHOE OTBepCTHe
141 B HWXHeM uYacTu peakTopa 110. PelupKyJALMOHHOe OTBepcTHe 141
COOEepPXUT pacopelenuTelb 143, KOTOPHM CIOCODOCTBYET pPaBHOMEPHOMY
pacrnpenejleHMI0O MaTepMalloB IIOo 30He 128, He comepxXallel KaTajlu3aTop.
[IPOUJIJIOCTPUPOBAHO, UYTO OOOTaMeHHE YIUIEeBOIOPOIOHHEM MaTepuay 120
HalopaBJIgeTCcd B cenapaTop 142 (HanpuMep, TOpAUMM  celapaTop,
IIPOMEXY TOUHHM cenapaTop C IepernangoM »OaBJIeHUSA, aTMOCOhHEPHYI
OUCTUJIJIAUVMOHHY KOJIOHHY WJIM BaKyyMHYD OUCTUIJIALUMOHHYK KOJIOHHY),
KOTOPHEIM oTnmeJsigeT oOnoHY W BoJiee JIETYyUMx bpaxumnm (mm
OVCTUIIJIATOB) 146 oT HeJleTyuel odpakumy (MJIM XugkocTum) 148.

[0076] Ha Ooumr. 2C cxeMaTHUMUECKM I[IPOWJLIICTPMPOBaHa CcUCTeMa
200 IMOPONPOLIECCHMHIT'a C KUIILAMMM CJIOEM KaTajlM3aTopa, colepXallas
MHOXECTBO pPeaKTOpOoB KUIIAmero cJjodg. CucTeMa 200 I'MOpONpOLIeCCUHIE,
IPUMMEPOM  KOTOPOM  ABRJAETCH YCTPOMCTBO  I'MIApoIpoleccuHTa «LC-—
Fining» wmimn «H-0il», MoxeT comOepXaTb TpM peakTopa 210 KuUIAmero
CJIOS, PAacCIOJIOXKEHHEX I[IOCJemoBaTeJIbHO, Jiad oforalleHUs CeHpba 212,
Celppre 212 w©3 ypaBHUTEJIBHOT'O pe3epkyapa 214 HarHeTawT 0L
IDaBJIEHMEM, I[IpelBapUTeNIbHO HaTl'peBakT UM BBOOAT B IIE€PBHM pPeaKTop
210a KuIOAmMEeTro CJOS BMeCTe C BOINOPOIOHHM I'asoM 216, oba M3 KOTOPHX
epen BBOIOM B peakTop [IPOIIy CKAKRT uepes COOTBETCTBRYIIME
HarpepaTeau. OOOTAaleHHHM YyIJIEBOOOPONOHEM MaTepmals 220a M3 HDepBOTO
peakTopa 210a kuIAmWeIo CJOA BBOOAT BMeCTe C IOOIOJIHUTEJIbHEM
BOIOOPOIOHEIM TasoM 216 BO BTOpoM peakTop 210b xungmero cJjod.
OfoTameHHE YIJIEBOOOPOIOHHY MaTepuas 220b M3 BTOPOTO peakTopa
210b kunamero cJos BBOOAT BMecTe C OONOJHUTEJIBHEIM BOOOPOIHEM
Ta3oM 216 B TpeTuM peakTop 210C KUIAMETro CJOA.

[0077] CrnemyeT IMIOHMMATh, 4YTO OIMH WJIM 0OoJiee I[IPOMEXYTOUHEX
cernapaToOpOB (He IIOKa3aHH) HeoOd43aTeJJbHO MOTYT OBTE pPacIlOJIOXeHE!
MeXOy IIePBBHIM M BTOPHM peakTopamu 210a, 210b xungmero cJjos W/WUIn
BTOPEM ¥ TpeTbMM peakTopamu 210b, 210c xuIAmero CJosa  IOJ4
yOaJIeHVs HU3KOKMIIAMUX OQpakKUuMM ¥ Tas0B M3 HeJleTyuux Oopakuul,
comepxallnx KUOKME YITUJIEBOLOPOOE n YaCTHULE OCTaTOUHOT'O
OUCIePIMPOBAHHOTO MeTaJUICYJIEQUOHOTO KaTalmsarTopa. MoxeT  OHTH
XKeJjlaTeJIbHO yOaJlMTh HUBKOKMIIANMEe aJlIkaHbl, TaKue KaK TeKCaHb U
TellTaHE, KOTOpPHEe ABJIAKRTCSA LEeHHEMM TOIUJIMBHEIMY I[IPOOYKTaMM, HO
[LJIOXVIMM PacTBOPUTEJIAMU 0JId achallbTeHOB. YoajieHue JIeTy4umx
MaTepraJioB MeXOy MHOXeCTBOM pPeaKTOpPOB yJydllaeT [IPOM3BOILCTEBO
LIeHHEX I[IPOOYKTOB ¥ IIOBHIIAET pPAaACTBOPMMOCTE acdajlbTEHOB B XUIKOM

YIUIEBOOOPOOHOM MaTepHrajle, IIodaraeMOM B pacnonoerHbHZ(e) HIIXe TIIO
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IIOTOKY peakTop(H). WM TO, ¥ »Opyroe IHORHMaeT 5OOeKTUBHOCTL BCeM
CUCTEeME I'MOPOIIPOLeCCHUHTA.

[0078] ObOorTameHHHY YIJIEBOOOPONHEM MaTepmual 220C M3 TpPeTbero
peakTopa 210c KUIAmETO CJIOA  [OJapT B BEHICOKOTEeMIIeEpa Ty PHBI
cenapaTop 242a, KOTOPHM pas3dessgeT JeTyure U HeJeTyuue OQpakluu.
JleTyuasa opakuua 246a OPOXOIUT UYepes TellJlooOMeHHUMK 250, KOTOPHM
yoajgfgeT TeIlJIo, KOTOpOe MCIOJNb3yeTCcAa OJA I[IoOorpeBa  BONOPOIOHOTO
Taza 216 mepen ero nomadvel B IepBHM peakTop 210a KUIAMETO CJOSA.
HeckoJb KO OXJIaXIeHHVYIO JIeTYyUyIo bpakumo 246a HanpaBJIAKRT B
CpelHeTeMIIepaTypHEM cenapaTop 242b, KOTOPHM OTIeISeT OCTaBIIYICS
JerTyuyin odopakumio 246b oT MNOJYUeHHOM XuIkoM o¢pakuum 248b, kKoTopasd
obpasyeTcsd B pes3yJbTaTe OXJIaXIoeHU s TeIllJIOOOMEeHHMKOM 250.
OcTaBmyknCsa JeTyudyl oOopakuuion 246b HaOpaBJIAKRT HMKe [0 TIIOTOKY B
HM3KOTEMIIEPaTypPHEM celapaTop 242cC 1OJ4 »OajlbHeWmero pa3nejieHMS Ha
razoofbpas3Hyl ¢pakumo 252C M Oeral3MpOBaHHY®D XUIKYID Oopakuuio 248cC.

[0079] Xunokasda bpakumg 248a nus3 BEICOKOTEMIIEPATYPHOTO
cemnapaTopa 242a HalOpaBJISeTCHd BMeCcTe C I[IOJIYUeHHOM XUIKOM OdpakKluen
248b ns CpelHeTeMIIepaTypPHOT'O cellaparTopa 242b B
HUBKOTeMIIepaTyPHEN ceraparTop 2424, KOTOPHIM oTHeJigeT
BOOoOpoIoCcomepXxamuit Taz3 252d oT »JerasupoBaHHOM XMUIKOM O(OpakKluu
248d, oTopas BMeCTe C HOela3MpPOBaHHOM XUIOKOM oOopakumenn 248c wus
HM3KOTEMIIepaTypHOT'O cellapaTopa 242c HalOpaBJIAeTCad B XBOCTOBYI
cucrteMmy 260, KoOToOpas CONEPXUT OOHY WM 0oJjlee OUCTUIIJIALUMOHHEIX
KOJIOHH, BKJIOUAfA BaKyyYMHYI OUCTUIJIALMOHHYIO KOJIOHHY, I'Ie MaTepMaJlbl
nomBepranTciad OQOPaKUMOHMPOBAHMIO C TIOJYyYeHMeM IIPOOYKTOBR 262 U
PEUUPKYJIAIMOHHOTO IIOTOKa KYyOOBHX OCTATKOB 264 BaKyyMHOM KOJIOHHH.
PellMpKYJIUMPYEMBEIM TIOTOK KYOOBEX OCTATKOB 264 BaKyyMHOM KOJIOHHEH
MOXeT CcoIepXaThb HeKOTOphle WIM Bce KyOOBEHE OCTaTKM BaKyyMHOM
KOJIOHHE, TIIPOMBBEeleHHEHE XBOCTOBOM cucTeMoM 260, OpuueM UYacTb
KYyOOBEIX OCTaTKOB BaKyyMHOM KOJIOHHH HeoOsa3aTeJIbHO YyIOalldeTCcsa B
BUIEe TPOIOYKTOB 262 U He PelUpKYyJIMpYyeT.

[0080] TazoobpasHyrK ©QpakUMp 252C M3 HU3KOTEMIIEpaTypPHOTO
cellapaTopa 242c OUMIIAKT C [IOJIy4deHMEeM OTXOOAMEIO rasa,
IPpOOYBOUHOTO Ta3a M BOOOPOIHOTO Taza 216. BomopoIHeM Ta3 216
CXMMAaKnT, CMellMBaKnT C IIONIMTAHHEIM BONOPOIOHEM TI'asoM 216a u Jmubo
IpollyCcKanT dYepes TellJIooOMeHHUMK 250 ¥ BBOOAT B II€PBHM pPeakKTop
210a KUIIAMETO cJio4a BMeCTE C CHIPbEM 21e, Jnbo BBOOAT
HelIOCPeACTBEeHHO BO BTOPOM M TpeTuM peakToph 210b m 210b xunsamero
CJIOA.

[0081] Ha dur. 2D cxeMaTUUeCKM IIPOMJIJINCTPUPOBaHa CHUCTeMa
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200 ruogpompolleCCHMHI'a C KMIAOMM CJIOeM KaTajmM3aTopa, KoTopad
COOEPXUT MHOXECTBO PeaKTOPORBR KUIIAMEIO CJOS UM aHaJIoTMUHa CHUCTeMe,
IIPOWJIJIIOC TPUPOBAHHOM Ha our. 2c, HO Ha KOTOpPOM’ nokasaH
IIPOMEXYTOUHE  celapaTop 221, PACIIOJIOXKEHHEY MeXIOy BTOPBM U
TpeTbUM peakTopamu 210b, 210c (xX0oTd NPOMEXYTOUHHI celapaTop 221
(unu  OpyToM cemdapaTop) MoXeT OBTH pPacIoJIOXeH MexXOy IIepBHEM U
BTOPEM peakTopamMu 210a, 210b). Kak OpoMJIJIOCTPUPOBAHO, IIOTOK,
BEIX O I AU nu3 peakTopa 210b BTOPOM CTYIIEHH, IocTyIaeT B
IPOMEXYTOUHHM ceHnapaTop 221, KOTOPHM MOXeT IIpelcTaBJIATHL CcoOou
BHICOKOTEMIIEPATYPHEM CeNapaTop BHCOKOTO IaBJjeHuA. Xunkas odpakums
13 cemnapaTopa 221 00BeIMHAETCA C  UYacCThbl PelUUupKYyJIUPYRIEeTOo
BOOOpOIa M3 JUMHMM 216, a 3aTeM IIOCTyIaeT B peakTop 210c TpeThbeln
cTyneHu. IlapoBasd odpakumusa M3 IIPOMEXyTOUHOTO celapaTopa 221
obxomuT peakTop 210C TpeTbeM CTyIeHM, CMelMBaeTCsa C TIOTOKOM,
BHIXOOAMMM U3 peakTopa 210Cc TpeTbel CTYIeHM, a 3aTeM I[IPOXOIOUT B
BEHICOKOTEMIIEPATYPHEM celapaTop 242a BHCOKOTO HOaBJIeHUA.

[0082] 3STOo no3poJjigeT OoJiee JeI'KMM UM 0oJlee  HaCHIEeHHBEM
KOMIIOHeHTaM, oO0pa30BaHHEM Ha IIepPBHX JIBYyX CTYIIeHSIX peaKTOpOoR,
obxomouThe peakTop 210c TpeTkeM CTYyNeHM. IllpeMMymecTBa HOaHHOTO
npoliecca cJenyiomue: (1) CcHWXKeHMe IIapOBOM HaTpy3KM Ha peakKTop
TpeTbeM CTyINeHM, UYTO YyBeJIMUMBaeT MCIOJIE30BaHMe OO0OBeMa peaKTopa
TpeTber CTYIeHM OJd [IepepaboTKM OCTaBIMUXCH TIKEJEX KOMIIOHEHTOB,
" (2) CHIDKEHME  KOHLEeHTpaluM  KOMIIOHEHTOB  «aHTUPACTBOPUTEIIA»

(HaCHIe HHEIX BemecTB) , KOTOPEIE MOTYT HapymaTb yCTOﬁqMBOCTb

(HanpuMep, OCaXOaTh) achalbTEeHOB B  peakTope 210c TpeTben
CTYIIeHU .
[0083] B NPennouYTUTEIIbHEIX BapmMaHTax OCVyIeCTBJIEHUSA

n300peTeHNsa CUCTEME I'MIPOINPOLECCHMHI'a BEHIIOJIHEHE C BO3MOXHOCTBK U
BKCIUIYaTUPYIOTCA IJS CTUMYJIAUUM peakKUUM THUIPOKPEKMHTa, a He MeHee
MHTEHCUBHHEX peakKlui TUIPONPOlLeCCHMHTa, Takux Kak TuapoodpaboTKa.
T'MOpoKpeKUHT  BRJIUaAeT B Ccebsa pas3pylleHre  yIJIepOoL—yIJIepPOOHEIX
MOJIEKYJIIPHEX CBA3el, HalpuMep YMeHbIleHMe MOJIEKYJIAPHOM MacCCH
foJjlee KPYIIHHX YTJIEBONOPOIHHX MOJIEKYJ W/WIVM PAaCKPHTHE LIUKJIA
apoMaTHUUEeCKNX  COeIMHeHUN. C IOpyTroW CTOPOHH, rMopooBpaboTKa
IperMylleCTBEHHO BKJIOUaeT B Ccebd I'MIPOTeHU3alMK HeHaCHIIeHHHX
YIJIEBOOOPONOB C  MMHVMMAJIBHEM MM  OTCYTCTBYKIMM  pa3pylleHMeM
YIJIEPOO—YTJIEPOIOHHX MOJIEKYJISAPHEX CRBA3el.

[0084] [HOma CTUMYyJMPOBAHMA peaKUUV TUIPOKPEKMHTA, a He
IpOCTO peaxuum ruopoofpadboTKy, pPeaxTop (H) TUOPOIPOLIeCCUHTA

NPpenlIouTUTeSIbHO padoTaeT (I0T) IHOIpM TeMmIepaType B IOMala30He OoT
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OKOJIO 399°C (750°F) o OKOJIO 460°C (860°F), BoJiee
NPenrnouTUuTeJIbHO B OMalnas3oHe oT okoJjio 416°C  (780°F) mo OKOJIO
443°C (830°F), m[peOnouyTuTesbHO padoTaeT (0T) I[ION HaBJIeHUEM B
IoMariasoHe OT OKoJIo 6,9 MIa (1000 oyHTOB/KB. IoMM M30. IaBJIeHMUI)
mo okoJjio 20,7 MIa (3000 ¢yHTOB/KB. IOoiM M30. »JaBJeHus), O0oJee
NpealouTUTeJIbHO B OMalnasoHe oT okoJjio 10,3 MIa (1500 oyHTOB/KB.
oM M30. OaBJleHMd) 0o okoJjio 17,2 MIa (2500 oyHTOB/KB. OOMM U30.
IDaBJIEHUA) ¥ TIPenlIouTUTeJIbHO padoTaeT (I0T) IOIpu O0OBEMHOM CKOPOCTU
(HanpuMep, YJacoBOM 0B BLEMHOM CKOPOCTHU XKMUIOIKOCTHU (LHSV) ,
onpenejigeMo¥  KaK  COOTHOIeHMe  IIomaBaeMoIo obreMa K  0O0BeMy
peakTOopa B Yac) B mOmanasoHe oT okoJyio 0,05 ul mo oxkosio 0,45 u-l,
foJjiee MHNPennouYTHMTEJIbHO B IManas3oHe oT okoJjio 0,1 ul mo okojyo 0,35
uy-l,

[0085] PasHMIa MeXOy TUIPOKPEKMHITOM M THUIPpooBpaboTKOM TakKxe
MOXeT OBTH BHpaxeHa B eIOMHMIIAX KOHBepCUM KYyDOOBEIX OCTATKOB (Ipu
STOM TUIPOKPEeKUHT IPUBOIOUT K CylecTBeHHOM KOHBEPCUKU
BHICOKOKUIIAINMX YIJIEBOOOPOIOB B HUBKOKMUIIAMME YIJIEBOIOOPOOE, B TO
BpeMAa Kak npu runopoodbpadboTKe 5TOTO HeT) . CHucTeMEl
TUOPONIPOlleCCHHTa, OIMCaHHHE B HaCcTOAleM IOKYMEHTE, MOTYT
IPUBOINTE K KOHBEpPCUM KyOOBEX OCTAaTKOB, COCTaBJAKIEN OT OKOJIO
40% @mo okoJio 95%, OPeniIouTUTEJIEHO OT OKoJIo 55% mo okoJsio 90%.
[IpennouTUTEJILHEM IMala30H KOHBepCHM OOHUHO 3BaBUCUT OT TUIla CHPbA
M3—-3a Ppas3yiMuui B TPYOHOCTAX IIpr 00padoTkKe pPas3JIMUHHX CHPBLEBHX
MaTepMraJIoOB. B HEKOTOPHX CJydafdgx KOHBEPCHSA MOXEeT OCTaBaTbCHd Ha
TOM Xe& YPOBHEe MM MOXeT OHTL I[I0 MeHblleM Mepe NPUbIM3UTEJIEHO Ha
5% BmIle, MOPeOIOUTUTEJILHO I[I0 MeHbIleM Mepe OpubIM3uTesbHO Ha 10%
BHIlE IO CpPpaBHeHMI C paboToM peakKTopa KUILAMEIo CJos Iepen
YCOBEPIMEeHCTBOBaHUEM nJIs MCIIOJIbL30BaHMUSA IBYXKOMIIOHEHTHOM
KaTaJluTUUeCKOM CHUCTeMbl, Kak OINMCAaHO B HaCTOSAMeM IOOKyMeHTe.

ITI. YCOBEPHNEHCTBOBAHME PEAKTOPA IHWIOPOIIPOIUECCHMHI'A B KUIIAINEM

CJIOE

[0086] Ha our. 3A, 3B, 3C m 3D npencrabJieHH OJOK—CXEMH,
WILJTIOC TPUP YOI E IPUBEeIeHHEEe B KadeCcTBe nprMepa CITOCOOEH
YCOBEPIMEHCTBOBAHNA peakTopa KUIIAMETO cyjosa nJis obecrneueHnsd
PELUPKYJIAIMM BaKYyMHEX OCTAaTKOB ©e3 HapacCTaHUd pPelUpKYJIMPYRIMX
achaJIbTEeHOB B CUCTeEMe TI'MIOPOIIPOLIECCHUHTa, HalpVuMep, BaKyyMHEIX
OCTaTKOB.

[0087] Ha our. 3A mnOpencrTaBlJieHa OJIOK-CXeMa, WLIOCTPpUPYRIal
IpUBeIeHHBM B KadvecTBe npuMepa crioco® YCOBEPIEHCTBOBAHMUA

pPearTopa KUIldmeIl'o CJIOA C peLU/IpKyJ'IF[LU/Ieﬁ BaKyyMHEX OCTaATKOB 0e3
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HapacTaHusa PELUPKYIJIUPYIOMMX achalIbTeHOB, BKJIIOU AOMNN (1)
OYHKIUMOHVPOBAHNKE peakTopa KUTIAMETO cJo4a c MCIIOJIb 30BaHMEM
TeTepOTl'eHHOTO KaTajlu3aTopa OJI4 IHUIPOIPOlleCCHMHIa TAXeJIon HedTHu B
MCXOIOHHX  YCJIOBUAX, HeoOsa3aTelIbHO C  PeUMPKYJIALMEN  BaKyyMHHX
OCTaTKOB u HapacCTaHUeM PEeLUPKY NP YIOIMX achaJIb TEHOB; (2)
nobapjieHre WM (QOpMMPOBaHMe In Situ YacTHl OUCIEPTUPOBAHHOTO

MeTaJIJICYJIbOUIOIHOTO KaTaJimsaTopa B peakKTope KUITAmEeTro cJiod  OJId

[IOJIyUYeHu s YCOBEPMEHCTBOBAHHOTO peakTopa KUTIAMETO cJio4d c
IBYXKOMIIOHEHTHOM KaTaJluTuueCKom CcucTeMoM, cocToAmen ns3
TeTepPOTeHHOTO KaTaamszaropa u yacTuil OVCIIEPCHOTO
MeTaJIJICYJIEOUIOHOTO KaTajau3laTopa; (3) OYHKUIVMOHVPOBAHME

YCOBEPIWEHCTBOBAHHOTO pPeaKTopa KUIIAMEeI'o CJosa C MCIOJb30BaHMEM
IBYXKOMIIOHEHTHOMW KaTallUTHUUECKOM CHUCTeMH IJ4 THUIPONIPOlLleCCHHTa
TOKeJIOM  HedTr OJId [OOJydeHMA  YIJIEBONOPOIHHX  IPOOYKTOB; (4)
IOoOBepTaHMe YIJIEBOOOPOOHEIX INPOOYKTOB  BaKyyMHOM TIepeTOHKe U
OTHeJIeHVe IOUCTUIIJIATOB OT BakKyyMHEX OCTATKOB, COOepXallMX dYaCTHUIE
OCTaTOUHOT'O MeTaJUICYJIEOUMOHOTO KaTajM3aTopa; " (5) pelurpKyJISLU
II0 MeHBIEM Mepe dYacCTM BaKyyMHHEHX OCTAaTKOB, COIepXallMxX YaCTHIH
OCTaTOUHOT'O MeTaJlJICYJIE QUIOHOT O KaTaamsaropa, B
YCOBEPIMEHCTBORAHHHM peakTop KUIIALETO cJo4 Bes HapacTaHuAa
PELVPKYIMPYINX acdallbTeHOB B CHUCTeMe I'MIPOIPOLeCCHMHIa C KUIIAMYM
CJIOEM KaTalM3aTopa (HalpuMep, BaKyyMHHE OCTaTKM) .

[0088] B COOTBeTCTBMM C HEKOTOPHMM BapMaHTaMM OCYIEeCTBJIEHUS
nzobpeTeHNnd, TeTepPOT'eHHHM KaTaamsaTop, VCIIOJIb 3y MBI npu
IIepBOHaYaJIbHOM  paboTe peakToOpa KUIIAIET O cJoA B MCXOIHEX
YCJIOBUAX, IMpelcTaBJigeT CcofoM KOoMMepuecKM IOCTYIHHM KaTajlu3aTop,
OBOHUHO MCIIOJIE3YEMHM B peaKTopax KUIAMeTo cJofg. g OOCTUXeHUS
MaKCHMaJIbHOY 20OeKTMBHOCTM MCXOIHHEE YCJIO0BMA padoTH peakTopa
IperMylleCTBEHHO HaxXOOATCsA Ha YPOBHeE, Ha KOTOpoM ofpa30BaHUuE
OTJIOKEHUN ¥ 3acopeHMe O0OOpYyHOBAaHMSA COXPAaHARTCS B IOIIYCTUMEX
npenejax. lIpedNpUHMMAJIUCE IIOIETKU YBEJIWUMTE aOCOJIOTHYHD KOHBEPCUK
T AXKEeJION HedTH " acpaJIbTEHOB, a TaKxe YBEeJIMUUTB oBmee
I[IPOMBBOLCTBO COIJIaCOBAHHHX IIPOOYKTOB nyTeM PELVPKYJIALNA
BaKYyMHEHX OCTATKOB B pPeakKTOop KUIAMEeI'0 CJofA. XOTHA pPeuupKyJIsaumsa
BaKyyMHEHX OCTaTKOB MOXeT TeopeTuuecku padoTarTs, OHa 4acTo
IPUBOIOUT K HapacCTaHMK PeUMPpKYyJIMpYyRIMx acdaJIbTeHOB B CHUCTeMe
TUOPONPOLECCHHTI'a, UTO YyBeJlMUuMBaeT PUCK 3acopeHud o000OpyIoBaHUA,
HepeOKO Tpebyd OoJiee YacTOI'O OTKIKUEeHUS UM OUMCTKM peakTopa
TUOPONPOLECCHHIa M CBA3AHHOTO C HMM OOOPYHOBaHMA, TaKOI'O Kak

pr@BI, KOJIOHHE, Hal'pepaTeJll, TEerJIOOOMEHHUKHN, reTepOI'eHHEIe
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KaTaJlu3aTopH /MM celapallMOHHOe O0opyIOBaHMeE.

[0089] IOina obecneueHusa 0OoJjee 50PeKTUBHOM pPeUUPKYJIALUNA
BaKyyMHEX OCTaTKOB U YCTpaHeHUd WM YMEHBIIEHMS  HapacTaHusd
PEeLUPKYJIINPYIMX acdaJIb TEHOB B cucTeMe TUOPOIPOLIeCCUHT A
YCOBEPIEHCTBYOT peaxkTop KUIIAETO cJjos4a oJis MCIIOJIb30BaHU A
IBYXKOMIIOHEHTHOM KaTaJUTUUECKOW CUCTEeMH, CcoIepxXalel IeTepOoIl'eHHBN
KaTajanusaTop u YaCTHULE OUCIIEPTUPOBAHHOTO MeTaJlJICYJIbOUIHOTO
KaTaJlu3aTopa. PaboTa yYyCOBEpPmIEeHCTBOBAHHOTO peaKTopa KMUIIAMEeIOo CJIoS
c VICIIOJIL 30BaHMEM IBYXKOMIIOHEHTHOM KaTaJluTuueCcKoMn CUCTEME
[IO3BOJIAET PEeUUPKYJIVPOBATH BaKyyMHEE oOCTaTKu ©0e3 HapacTaHUA
PELUPKYIVPYIMX ac@aJIbTEeHOB MM Jaxe ©0e3 CHWXEeHUS KOJIMUeCcTBa
achaJIbTEeHOB B BaKyyMHEX OCTaTKax Jaxe IIpM oIOHOM wuiIM ©OoJjiee U3
foJjlee MHTEHCUBHOM KOHBepCHM, 0OoJee BHCOKOM TeMIepaTypH W1/UINU
BoJjiee  BHICOKOWM IMNPOMUBBOOMUTEJILHOCTM II0 CPaBHEHMID C  MCXOIHHEMMA
YCJOBUAMM. OSTO TIIPMBOIMT K MeHBIIEeMy 3aCOpeHMID O00OpyIOoBaHUA WU
MeHee YaCTHM OTKJIUeHMSAM WM  OUMCTKE, UyeM IpU  PeUUMPKYJIALINM
BaKyyMHHX OCTAaTKOB C HapacCTaHMEM PEUMPKYJIMPYRIMX acdallbTEHOB.

[0090] YacTHLIE OVCIEPTUPOBAHHOTO MEeTaJJICYJIbEOUIOHOTO
KaTajlu3aTopa MOTyT OHTH IIOJIy4eHH OTHOeJIbHO, a 3aTeM »OoOaBJIEHH B
peaxkTop KUIIAMETO cJjosd, KOTOPHM BMECTe C TreTepOI'eHHEIM
KaTaJlru3aTopoM ofOpasyeT IOBYXKOMIIOHEHTHYK KaTaJIUTUUECKYI CUCTEMY .
B kauecTBe aJIbTEPHATHMBHOI'O WMJM OOIOJIHUTEJIBHOTO BapuaHTa IIo
MeHbIIeY Mepe YacTb YacTUll OUCIepIMPOBAHHOTO MeTaJJICYJbOUIHOTO
KaTajgMs3aTopa MoOXeT OBThL OpoM3BeIdeHa 1I1In sSitu BHYTPM peakTopa
KUIIAETO cJio4. HOTIOJIHUTeJIL HEE CBeoeHud o) JacTHUllax
OUCIIEPTUPOBAHHOTO MeTaJJICYJIbEOMIHOTO KaTaJlu3aTopa M O TOoM, Kak
OHU 00pal3ywnTcsda, IPMUBEIOEHE HIMXE.

[0091] Ha our. 3B npemcTaBJieHa OJIOK—-CXeMa, MWIJICTPUPYIIaI
IpYyTOoM INPpMBEeIEeHHHM B KadecCcTBe IIpuMepa CIoco0 YCOBepHNeHCTBOBAHUSA
peakTopa KUIIAMEeTo CJOoA IJA oOeclledeHMsa PeUVMPKYJISUrMM BaKyyMHBX

OCTaTKOB IIpM IIOBHIIEHHOM KOHBEepCUM fes HapaCTaHMA PelMPRYJIMPYRIMX

achdasbrTeHOB, BrIOUakmui: (1) OOYHKUMOHMPOBAHME peakKTopa KUIAMEeTO
cJjo4d c VCIIOJIb 30BaHUEM TeTepOTeHHOT'O KaTaamusaTopa 0Jia
TUOPOIIPOLECCUHTA T SKeJION HedTH B MCXOIHEX YCJIOBUAX,

Heo®Aa3aTeJIbHO C PeUuMpPKYJISlIMel BaKyyMHEX OCTATKOB M HapacTaHMeM
PELUPKYJIMPYIIMX acdasbTeHOB; (2) pobarBJjeHMe WM (QOPMMPOBaHME 1in
situ YacTHull IUCIEePTUPOBAHHOTO MeTaJJICYyJILOUIHOTO KaTajlu3aTopa B
peakTope KUIIAWET O cJo4 oJis [IOJIYYEHUSI  YCOBEPIIEHCTBOBAHHOTO
peakTopa KUIIAMETO cJjios C IBYXKOMIIOHEHTHOM KaTaJluTUUIEeCKOM

CuUcCTeMou, cocToAmen ns reTepoI'eHHOT'O KaTallnmsaTopa " YaCTHUI
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OUCIIEPCHOTO MeTaJUICYyJIbOMIHOTO KaTalu3aTopa; (3) OYHKUMOHMPOBAHME
YCOBEPIMEHCTBOBAHHOTO peaKTopa KUIIAMETO CJIOS C MCIOJBE30BaAHUEM
IBYXKOMIIOHEHTHOM KaTaJlUTUUEeCKOW CHUCTEeMH [OJIS THUIOPOIPOLIeCCHUHTA
TAXKEeJIOM HedTM C TIOoJIydeHMeM YIUIEBOOOPOIHHX IMIPOOYKTOB IHIpu 0OoJiee
BHICOKOM  KOHBEPCUM B CpaBHeHMM C MUCXOIOHBEIMU  YCJIOBUAMMU; (4)
noaBepraHue YIUJIEBOIOOPOOHEIX INPOOYKTOB  BaKyyMHOM IIepel'oHKe U
oTheJIeHVe OUCTUIIJIATOB OT BaKyyMHHX OCTaATKOB, COIepXallMX UYacCTULIE
OCTAaTOUYHOT'O METAJUICYJIbOMOHOTO KaTalM3aTopa; M (5) peuupKyJISLUo
10 MeHblIleM Mepe YacTM BaKyyMHEIX OCTaTKOB, COIepXallMxX uacCTULL
OCTaTOUHOTO MeTaJJICYJIBEOUIHOTO KaTalnu3aTopa, B
YCOBEPMEeHCTBOBAaHHEM peaxKkTop KUIIAMETO cyjosa tes HapacTaHUA
PELUUPKYIVPYIMX ac@alJIbTEeHOB B CHUCTEeMe TI'MAPOINPOILECCHMHIa C KUIISIMM
CcJIoeM KaTaJM3aTopa (HalpuMep, BaKyyMHBE OCTATKM) .

[0092] Ha our. 3C npencTaBJieHa OJIOK—-CXeMa, MWLJIRCTPUPYIIaI
IpYyTOoM IMIpMBEeIeHHHM B KaudeCcTBe IIpuMepa CIoco® YCOBepmeHCTBOBAHUA
peakTopa KUIIAMEeTOo CJOoA IJA OOeclledeHUMsa PelUVMPKYJISIMM BaKyyMHBIX

OCTaTKOB IIpM aHaJIOTMUYHOM KOHBEepPCUM W YMeHBIIEHHEIX KOJIMUueCTBax

acdasbTeHOB, BrIOUanmmi: (1) OOYHKUMOHMPOBAHME peaKTopa KUIAIEeTO
cJo4g c VCIIOJIb 30BaHUEM TeTepPOTeHHOTO KaTaamMsaTopa 0Jia
TUOPONPOLIEeCCHUHT A T STKeJION HedTH B MCXOIHEX YCJIOBUAX,

HeoBA3aTeJILHO C pPeLUPKYJIALMel BaKyyMHEX OCTAaTKOB M HapacCTaHUEeM
PeLUPKRYJIUPYIIMX acdaslbTeHOoB; (2) pobaBJeHMe WIM GOpPMMPOBaHME 1in
situ YacTHUl IUCIEPIUPOBAHHOTO MeTaJJICYyJIbOMIHOTO KaTajusaTopa B
peakTope KUIIAMET O cJo4 0JI4 [IOJIYUYEHMA  YCOBEPUWEHCTBOBAHHOTO
peakTopa KUIIAMETO cJo4 C OBYXKOMIIOHEHTHOM KaTaJlMTUUIeCKOM
CHUCTeMOM, COCTOsAmeN M3 TeTepol'eHHOTO KaTajlus3aTopa UM YacTull
OMCIIEPCHOTO MeTaJUJICYyJNIbOMIHOTO KaTalum3aTopa; (3) OOYHKUMOHMPOBaHME
YCOBEPIEHCTBOBAHHOTO peaKTopa KUIIAMEeIo CJoS C MCIOJb30BaHMEM
IBYXKOMIIOHEHTHOM KaTallUTHMUECKOM CHUCTEeMH IJ4 ITUIPONIPOlleCCHHTa
TSKeJION HebTH C [IOJIyUYeHVEeM  YIUIeBOOOPOIHEHX IPOOYKTOB npu
aHaJIOTMYHOW KOHBEPCUM B CpPaBHEHUM C MUCXOIHBEMM YCJOBUAMMK; (4)
IoABepTaHMe YIJIEBOOOPOOHEIX INPOOYKTOB  BaKyyMHOW TIepeTOHKe U
OTHeJIeHVe IOUCTUIIJIATOB OT BakKyyMHEX OCTATKOB, COIepXalluX dYaCTHUIE
OCTaTOUHOI'O MeTaJUICYJIEOUMOHOTO KaTajiM3aTopa; " (5) peurpKyJISLU
II0 MeHBIEM Mepe YacCTM BaKyyMHHEHX OCTAaTKOB, COIepXallMxX YaCTHIH
OCTaTOUHOT'O MeTaJlJICYJIE QUIHOT O KaTajamsaropa, B
YCOBEPMEHCTBORAHHHM peaxkTop KUIIALETO cJo4 C YMEHBIIeHHEM
KOJIMYeCTBOM acdajlbTeHOB B CHUCTeMe I'UIPCIPOLEeCCHMHTa C KUIIANMM
CJI0eEM KaTajM3aTopa (HalpuMep, BaKyyMHEE OCTaTKM) .

[0093] Ha odur. 3D mnpemcTaBljieHa OJIOK—-CXeMa, WLJIOCTPpUPYRILal
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,prI‘OIZ HpMBe,]IeHHBIIZ B KaudecCcTBe IIprMepa crioco® YCOBEPIIEHCTBOBaHMA
PeakrTopa KUIldmeI'c CJIOA OJIA obecrieueHmn s PEIMPKYJIALIMM BaKYYMHEIX

OCTaTKOB IIpM foJjiee BHCOKOMU KOHBEPCUM W YMEHBIIEHHEIX KOJIMUYeCTBaX

acbasbTeHOB, BrIOUanmMi: (1) OOYHKUMOHMPOBAHME peaKTopa KUIAMeIO
cJjo4 c VCIIOJIb 30BaHUeEM TeTepPOTeHHOT'O KaTajmMsaTopa 0Jid
TUOPONPOLIECCHUHTA TSKEJION HedTH B MCXOIHEX YCJIOBUAX,

HeoO43aTeJIJbHO C PeUUPKYJIAlUMed BaKyyMHHX OCTATKOB U HapaCTaHUEeM
PeLUMPKYIMPYIIMX achaJibTeHoB; (2) mpoBaBjeHMe MIM oOpas0BaHMe 1n
situ YacTHul IUCHEePIMPOBAHHOTO MEeTaJJICYJIEOMIHOTO KaTajJu3aTopa B
peakTope KUIIAMET O CcJod  IOJIA [IOJIYUEHMA  YCOBEPUEHCTBOBAHHOTO
peakTopa KUIIAMET O CJI04 C IBYXKOMIIOHEHTHOM KaTaJuTUUIeCKON
CHUCTeMOM, COCTOAmeN M3 TeTepOoleHHOTO KaTajlusaTopa UM YacTUll
OMCIIEePTHUPOBaAHHOTO MeTaJIJICYJIEOUIHOTO KaTajlu3aTopa; (3)
OYHKUMOHMPOBaAHME YCOBEPWEeHCTBOBAHHOIO peaKTopa KUIIAmMEeIo CJoS C
VCIOJIb30BaHMEM  IBYXKOMIIOHEHTHOMU KaTaJluTUUEeCKOM CUCTEeMEl  IJId
TUOPONPOLIeCCUHTAa  TAXEJIOM HedTM C [OOJyUYeHMeM  YTJIEBOOOPOIHHX
IPOOYKTORB TIIpM 0OoJiee BHCOKOM KOHBEPCUM B CpPaBHEHUM C MCXOIHBMU
ycJoBuaMu; (4) TnomoBepraHMe YIJIEBOINOPOIHEX NIPOIYKTOB BaKyyMHOM
[Iepel'OHKe U OTIOeJIeHMe - OUCTUIIJIATOB OT  BaKyyMHEX  OCTaTKOB,
comepXallX 4YacCTMLE OCTaTOYHOI'O MeTaJUICYJbOMIHOTO KaTajm3aTopa; U
(5) peuMpKyJaUM [IO MeHBIIeM Mepe YacTM BaKyyMHEX OCTaTKOB,
comepXallX 4YacCTMLBE OCTaTOYHOI'O MeTaJUICYJbOMIHOTO KaTaju3aTopa, B
YCOBEpPIeHCTRBOBaHHH peaxkTop KUIIAIEeTO cJoA C YMEHBIIEeHHEIM
KOJMYeCTBOM acdajlbTEeHOB B CHUCTEMe I'MIPOIPOLEeCCHMHTa C KUIIAIMM
CJIOeM KaTajiM3aTopa (HalpuMep, BaKyyMHEE OCTaTKM) .

[0094] B HEeKOTOpPEHX BapMaHTax OCYIEeCTBJIeHUA MU300peTeHUd
CKOPOCTL IIPOM3BOICTEBa IIPOOAYKTOB KOHBEPCUM MOXEeT OHTH YyBeJIMUeHa
onpu paboTe  YCOBEPUEeHCTEBOBAHHOI'O  peaKTopa  KUIAmMEeIo  CJIod  C
MCIIOJIb 30BaHUeEM IBYXKOMIIOHEHTHOM KaTaJluTUUeCKOM CUCTEME u
PEUUPKYJIAIMM  BaKyyMHHX OCTATKOB II0 MeHBIeWM Mepe OIOHMM U3
CJleIylomuUx  CIIOCODOB: (i) ©OoJyiee BHCOKad TeMlIepaTypa u 0oJee
BHICOKad KOHBEPCHSA [IPM TOM Xe WIM aHaJJOTMUHOWM MIPOMU3BOIUTEJILHOCTH,
uTO M Opu  padboTe B UCXOOHHX YCJIOBMAX; (ii) ©oJyiee BHCOKasfA
TeMIlepaTypa ¥ 00Jiee BHCOKas IIPOU3BOIUTEJIEHOCTE TIIPU TOW Xe WM
AHaJIOTMYHOV KOHBEPCUM, UTO U IpU pabdoTe B MCXOIHHX YCJIOBUAX; WU
(1ii) BoJiee BHICOKASL TeMIIepaTypa, BoJiee BHICOKASL
IPOMBBOOUTEJILHOCTE M 0o0Jiee BECOKAas KOHBepCHHaA, uYeM IIpu paboTe B
MCXOIOHHX YCJIOBUAX.

[0095] B HeKOTOpPHX BapMaHTax OCYILEeCTBJIeHUS U300peTeHud

BaKyyMHEE oCTaTKMU MOTYT PEeLUUPKYJIMPOBATL npu KosbdmLMeHTe
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PELVPKYJIALUUM OT OKOJIO 1% mo okoJjio 50%, OpellouTUTEeJIbHO OT OKOJIO
5% no oxkoJio 40% m 0OoJiee TIMIPEeOIIOUTUTEJIEHO OT OKoJio 10% 1o OKOJIO
30%. KondduuMeHT peUMpKyJIdLUuM MOXeT OBTH BHpaXeH B IIpOoLeHTax,
onpenesigeMexX OTHOIEeHMEM DPeLUUPKYJINPYKRIEeTI'0 KOJUUeCTBa BaKYyMHBIX
OCTaTKOB K KOJMUYECTBY CBeXeIr'o CHpbsa, Jubo B 0O0BeMHOM, JHMOO B
MaCCOBOM OTHOIEHUM. 3T IIPOLEHTHEE BEJIMUMHE YKas3bBalT CKOPOCTH
IIOTOKa BaKyyMHEIX OCTAaTKOB Kkak OOBEMHEI I[IPOLEeHT OT CKOPOCTHU
[IOTOKa CBeXeIro CHpba. KonddMUMeHT pelUUpPpKYJAUUM TakXe MOXeT OHTH
JIeTKO IpeobpasoBaH B MaCCOBYK HOJIKO B IIpPOLEeHTax, eCJIM WU3BECTHEH
IJIOTHOCTHU CHPbHA M BaKyyMHEX OCTATKOB.

[0096] B HeKOTOpPEHX BapMaHTax OCVYIEeCTBJIEHUI MU300peTeHUd
IPOM3BOAUTENILHOCTE MOXeT OHBTL YyBeJlMueHa IO MeHbllel Mepe Ha 2, 5%,
IO MeHbleM Mepe Ha b%, 10 MeHbmel Mepe Ha 10% uIM 1[I0 MeHbIIEN
Mepe Ha 20% IO CpaBHEHMI C MCXOIOHEMM YCJIOBMAMMA.

[0097] B HEKOTOpPHX BapMaHTax OCVYIECTBJIEHUI MU300peTeHUd
KOHBEpCUS MOXeT OHThH YBeJMUeHa I[I0 MeHbBIel Mepe Ha 2,5%, @0
MeHbIle¥ Mepe Ha 5%, IO MeHbmelM Mepe Ha 7,5%, O MeHbIel Mepe Ha
10% wmiIM 10O MeHbIEM Mepe Ha 15% 1O CpaBHEHMK C MCXOIOHEMU
YCIIOBUSAMU .

[0098] B HeKOTOPHX BapMaHTax OCYWLEeCTBJIeHUS U300peTeHUd
TeMrIepaTypy MOXHO YBEJIMUMTL [I0 MeHblel Mepe Ha 2,5°C, O MeHbIeR
Mepe Ha 5°C, o Medbmel Mepe Ha 7,5°C MiIM 10O MeHbmEM Mepe Ha

10°C mo CpaBHEHMID C MCXOIHLEMU YCJIOBUSIMU .

[0099] B HeKOTOpPHX BapMaHTax OCyWeCTBJIEHUS UN300peTeHusd
rocJjie YCOBEPIEHCTBOBaHNA peakTOpa KUIIALETO cJjosa 0Jis
VCIIOJIb30BaHUA OBYXKOMIIOHEHTHOM KaTaJluTUUeCKOM CUCTEeME u

PELUUPKYJISAIMM BaKyyMHHX OCTATKOB CKOPOCTE 3acopeHMs oDopyIOBaHUA
MOXEeT CHMXaTbCHa II0 MeHbmel Mepe Ha 5%, 25%, 50% wmium 75% 1o
CpaBHEHMI CO CKOPOCTBI B3acopeHusa ob6opymoBaHUA TIIpu padoTe B

VMCXOIOHEIX YCJIOBMAX M/MHM IIpM pPelMMpPpKYyJIALINUKM BaKyyMHEX OCTaTKOB tes

YCOBEPIIEHCTBORBAHNMA IJIA VICIIOJIB30BaHMA HByXKOMHOHeHTHOﬁ
KaTaJluTruuecKom CHMCTEeMEI. B HeKOTOPHX BapMmaHTaXx OoCymeCTBJIECHNA
MBO@peTeHMH I1ocjie YCOBEPIIEHCTBOBAHNMA IOJId VMCIIOJIBE30BaHMA

IBYXKOMIIOHEHTHOMW KaTaJllUTHUUECKOM CHUCTeMH abCOoJIoTHas KOHBepCHUS
acdaslETEHOB B CUCTeMe IHUIPONPOLEeCCHMHITa MOXeT OHTE HWXe, TaKoW Xe
WM Oaxe BHIIe, UYeM IpK paboTe peaKTopa KUIAMEI'O CJIOA B MCXOIHHX
YCIJIOBMAX .

[0100] B HeKOTOpPHX BapMaHTax OCYWLEeCTBJIeHUS U300peTeHUd
KOHLeHTpalMw acdallbTEeHOB B YCOBEPIEHCTBOBAHHOM peaKTOpe KUIIAMEI'O

CJIOA MOXHO CHU3NUTDb I10 MeHbIIeM Mepe IIPMMEPHO Ha %,
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IPeOlIOUTHUTENIEHO IO  MeHBIeM  Mepe [IPUMEPHO Ha 10%, BoJiee
IPeOlIOUTHUTENIEHO IO MeHbIleM Mepe NpuMepHO Ha 20% IO CpaBHEHUIO C
KOHLIeHTpaluue acdajlbTeHa B MCXOIHHX YCJOBMAX C PeUUPKYJIALUEN
BaKyyMHEX OCTaTKOB.

[0101] B HeKOTOPHX BapMaHTax OCyWeCTBJIEHUS U300peTeHusd
YaCTUUE OUCIEePIMPOBAHHOTO MeTaJUICyJIEOMOHOTO KaTajlM3aTopa MOoITyT
OLTL o0Opa30BaHH In Situ BHYTPM BCeM MacCChH CHPbS U3 TOKeJOoN
HedTH, KOTOpoe HNoBaBJAT B pPeaKTop KUIAMEeTro CJOoS. 3TOTO0 MOXHO
DoBUTLCA oyTeM IepBOHAYAJBLHOTO CMeneHu I npenmecTBEeHHUKA
KaTaam3aTopa co BCeM  Maccom CHpPpLS U3 TaXEeJION — HedTHu c
oBpasoBaHMEM KOHIOMIMOHMPOBAHHOTO CHPLSA M IIOCJIeNylmeTlo HaTpeBaHUA
KOHOVIMOHVPOBAHHOTO CHpPb A s pasJIoXeHU npenmecTBEeHHUKA
KaTajamM3aTopa U MVHUIMKMPOBAHMA WM ob0ecledueHUd peakKUuM MeTajJla
KaTaJMs3aTopa C Cepou U/MIY CepoCOoIepXamyMy MOJIEKYJIaMM B TSXeJION
HedTr uU/MUiIM NOOABJIEHHHMM B TIKEJIYID HedTh C obpas3oBaHMeM YacCTMI]
OVCIIEPTUPOBAHHOTO MeTaJJICYJIbOUIHOTO KaTajlM3aTopa.

[0102] [MpenmeCcTBEHHUK KaTajamMsaropa MOXeT OHITE
He@TepaCTBOPUMEIM M MMETh TeMIepaTypy Ppa3JIoOXeHMS B »OMalas30oHe OT
okoJio 100°C (212°F) mo oxkojio 350°C (662°F), wmaM B OUalasoHe OT
okoJio 150°C (302°F) mo oxkojio 300°C (572°F), wmaM B OUalasoHe OT
okoJio 175°C  (347°F) 1mo oxojo 250°C (482°F). IlpvBeIeHHHE B
KauecTBe opuMepa IpelmeCTBEeHHUKNU KaTaamsaTopa BRJIOUAIT
MeTaJIJIoOOpTaHudYeCcKMe  KOMILJIEKCH WM COeIMHeHUHd, B 4YaCTHOCTH,
Hed@TepaCTBOPUMEIE COEOMHEHUS WM KOMILJIEKCH IIepPexXONHHX MeTaJlJIOB U
OpraHudYeCKUxX KUCJIOT, MMenme TeMIIepaTypy NI MHTepBaJl
pasJioxkeHMa, OOCTATOUHHM HOJS TOTo, UYTOOH M3bexaTh 3HAUUTEJLHOTO
pasJIoXeHUS [OpPY CMemeHUM C CHPbLEeM M3 TAXeJIONM HedTM IpY DOOXOIAMMUX
YCJIOBUAX CMemMBaHMA. IIpM CMelleHUM OpedmecTBeHHMKAa KaTaJluzaTopa C
pazbaBuTesieM YIJIEBOIOPONOHOTO Macjla IIpeuMMymeCTBO 3aKJInUYaeTCsa B
nogmepXaHuM pas30aBUTeNIa IPU TeMlepaType, HWKe KOTOPOM IMIPOUCXOIUT
3HaAUMTEJILHOE pPasz3JjIiokeHNre IMpedleCTBeHHMKAa KaTajlu3aTopa. CoeluualMcT
B IDaHHOM 0O0JIlaCcTM TEeXHUKM, B COOTBETCTBUM C HACTOSMUM PaCKPHTHEM
n30bpeTeHUd, MOXeT BHOpaThb TeMIepaTypPHEM OpoduiIbk  CMeleHusd,
KOTOPEM IaeT HeNOoCpelCTBEHHOE CMeMeHre  BHOPaAaHHOWM  KOMIIO3ULNUU
IpelmeCTBEHHVKa 0e3 3HAUMTEeJBHOTO pas3JIoXeHUd 10O obpa3oBaHuUA
YacTUl OUCIEePTUPOBAHHOTO MeTalJlJICyJIbEOUMAOHOTO KaTajM3aTopa.

[0103] [lpBemeHHEle B KauecTbBe IIpUMepa I[IpellleCTBEHHUKU
KaTaJgu3aTopoB BKJOUYAKT, HO He OTIPaHUUYMBAKTCA VMM, MOJIMOOEeH-2-—
STUJITEKCAHOAT, OKTaHoaT MoJmbOeHa, HadTeHaT MoJMOIOeHa, HadTeHaT

BaHaIoms, OKTaHoOaT BaHaOus, TreKcakKapOOHUII MoOJIMOIOeHa,
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rexcakapOOoHUII BaHaomga u IeHTaKapOoOHMII xeJgiesa. OpyTue
OpenmecTBEeHHMKM KaTaJlM3aTopOoB BKJIoUalT B cebs coau MoJmbaeHa,
comepxXxamye MHOXEeCTBO KAaTMOHHEIX AaTOMOB MoJMOOeHa ¥ MHOXECTRBO
KapOOKCMJIATHEX AaHMOHOB IIO MeHbIle Mepe M3 8 aTOMOB YyIUulepoda u
KOTOpPHE IMNpPencTaBiglT co®oM [0 MeHblleM Mepe OIOHY U3 (a)
apoMaTHUuecKou, (b) ANMLMKIINUE CKOM NS (c) PasBeTBJIEHHOM,
HeHaCHIeHHOV ¥ aJludaTMuyecKOM Lelel. B KadecTBe IIpuMepa KaXIbll
KapB®OoKCUJIATHEM aHMOH MOXeT MMeThb oT 8 no 17 aToMoB yIUvlepoIa WM
or 11 mo 15 aToMoB YyIJylepona. llpuMepH KapOOKCWMJIATHEX AaHUOHOB,
KOTOPHE COOTBETCTBYIOT II0 MeHbIleM Mepe OIOHOM K3 BHIIeYKa3aHHBX
KaTeTopui, BRJOUAT B Ccebsa KapOOKCUMJIATHHE AaHMOHH, IIOJIYyUeHHHEe U3
Kap®OHOBEX  KMCJIOT, BHOPAHHEX U3  TPYIIIH, cocTodmen u3: 3-
HUVKJIONEeHTUJIIIPOIMOHOBOM  KMCJIOTH, LIUKJIOTeKCcaHdyTaHOBOM  KUCJIOTH,
BubeHnII-2-KapOOHOBOM KMCJIOTHI, 4-TenTMiIOeH30MHOM KMCJIOTHI, 5-
beHMIBaJIePMaHOBOM KMUCJIOTEHE, TepaHMeBOW KUCJIOTH (3, 7-IuMeTuII—2, 6—
OKTaOMeHOBOM KMCJIOTH) U MX KOoMOMHAaLMUM.

[0104] B OPYTUX BapMaHTax OCVYIIEeCTBJIEHU A n3o0peTeHuda
KapOokcuJIaTHEEe aHMOHE, MOIOXOIAmMMe IJIS I[IPUMMeHeHMSa B IIOJIyUeHUU
HedTepaCTBOPUMEIX, TepMUUueCKU YCTONUMBEIX CcoeOMHEeHUM
IpenmecTBEeHHMKOB KaTajM3aTopa MoJubIieHa, IOOJYyYalT U3 KapBOOHOBHX
KMCJIOT, BHOPAaHHHX nus TPYIIIIH, cocToAmen n3: 3-
LUMKJIONEeHTUJIIIPOIMOHOBOM  KMCJIOTH, LHMKJIOTeKCaHOyTaHOBOM  KUMCJIOTH,
BubpeHNI-2-KapOOHOBOM  KMCJIOTH, 4-1enTmiIOeH30MHOM  KMUCJIOTH, 5-
beHMIBaAIepPMaHOBOM KUCJIOTH, TIepaHMeBOM KUCJOTH (3, 7T-OIuMeTui—2, 6—
OKTaOMEeHOBOM  KMCJIOTH) , 10-yHOeuUnJIeHOBOM  KMCJIOTH, IoOeKaHOBOM
KUCJIOTH M MX KoMOMHALMM. BoJIO O0OHaAPYXeHO, UTO IIpellleCTBEHHUKU
KaTajlmM3aTopa MoJubIeHa, TIIOJYUYeHHHEe C TIIOMOMbI KapBOoKCuJIaTHRX
AHMOHOB, IIOJIYUEHHEX M3 BHIIeYyKaB3aHHEX KapOOHOBEIX KMUCJIOT, oOJamaioT
[IOBHIMEHHOM TEepMUUECKOM YCTOMUUMBOCTLIO.

[0105] [MpenmecTBeHHUKN KaTajau3saTopa c BoJee BLICOKOM
TepMUUYeCcKOM YCTOMUMBOCTLIO MOTYT VMeThb IepBYI TeMIIepaTypy
pasjiokxeHna OoJjiee 210°C, OoJjlee UeM OKOJIO 225°C, ©OoJjlee UEeM OKOJIO
230°C, bBoJyee ueM okoJio 240°C, 6GoJyiee uyeM oOkoJiO 275°C wm 6oJjee
yeM OKoJIO 290°C. TakmMe MNpemeCcTBEHHMKM KaTajM3aTopa MOTYT MMETh
MaKCHMaJIbHYy TeMIepaTypy pasjiokeHusa ©Oojiee 250°C, wmamu Oojlee UeM
okoJio 260°C, wmim 6ojlee ueM okoJio 270°C, wmim 0OoJiee UYeM OKOJIO
280°C, wuim 6BoJsiee dueMm okoJio 290°C, wmm Bojiee ueM okoJsio 330°C.

[0106] CroeumaamMcT B IJaHHOM oOJIacTM TeXHMKM, B COOTBETCTBUU
C HaACTOAMMM pPacKpHTHMeM Hu300peTeHud, MOXeT BHOpaTh TeMIepaTypPHHEN

HpO(l)T/[J'H:: CMEIeH A, KOTOpBIﬁ TaeT HelloCpeOCTBEHHOE CMeleHe



36

BHOpPaHHOM KOMIIO 3ULIUA nIpelmecTBEHHMKA Bes 3HAUUTEJIBHOTO
pPasJIOXeHN A oo oBpa30oBaHUA YacTHI] OUCIIEPTUPOBAHHOTO
MeTaJIJICYJIbOUMIOIHOTO KaTaJM3aTopa.

[0107] TIlockoJibky B oOBeMe [OaHHOT'O WM300peTeHMd HaxXOoOUTCHd
IpAMOe CMelleHMe IIpellleCTBeHHMKa KaTalu3aTopa C CHPbLEeM M3 TaxeJIon
HedTr, B TaKMUX CJydasx [OOJDKHO OBTH YyIeJIEHO BHMMaHUeEe CMeleHNID
KOMIIOHEHTOB B TeueHMEe BpPeMeHM, OOCTaTOUHOIO IJIA TIaTeJIbHOTO
CMelleHMd TIpedmnecTBeHHMKa KaTaJlM3aTopa ¢ CHpbeM IO TOoTI'o, Kak
IPOMBOMIOEeT S3HAUMTEJILHOE pal3jlIoXeHMe KOMIIO3SMIUM IIpellleCTBEeHHUKA .
Hampumep, B naTeHTe CIA N 5,578,197 (Cyr et al.), omnomcaHue
KOTOPOM BKJIOUEHO B HACTOAMMM IOOKYMEHT IIOCPeICTBOM CCBUIKM, OIMCaH
crmoco®, B KOTOPOM MOJMOOEeH—-2-3TUIITeKCaHOoaT CMeMMBaknT C KyDOOBHMMU
ocTaTkaMy OMTyMa BaKyyMHOM KOJIOHHE B TeueHMe 24 UYacoB IIepel TeM,
KakKk TIIOJIYydeHHYyK CMEeChb HarlpeBawT B peaKTope C oOpas30BaHUEM
KaTaJIUTUUYEeCKOTO COeIMHEeHUd U OCYIEeCTBJIeHMEM TIUIOPOKPEeKMHIa (CM.
cToJiberl; 10, CTPOKMU 4-43) . XoT4a 24—-4yacoBoe cMelleHre B
J1aBopaTOPHHX BKCIEPMMEHTAJIEHEX YCJOBUAX MOXeT OBTE IIOJIHOCTBI
IpMEMJIEMO, TaKoe OJIUTEeJIbHOEe BpPeMsa CMEeNeHMsa JeJlaeT HeKOTOpPHE
[IPOMBIIJIEHHEIE OIepaluM UYpesMepHO IOopOoToCTOoAmMMM. JHJjid oOecledueHUsd
TMaTeJLHOTO CMemeHMsa IIpedmecTBeHHMKa KaTajlu3aTopa B TSXeJon
HedTM TIepell Hal'peBaHMeM C OOpa30BaHMEM aKTHMBHOI'O KaTajM3aTopa,
0O HaTpeBaHMA KOHIOMIMOHMPOBAHHOTO CHPBSA BEHIIOJHAKT CEPpUMI0 CTalun
CMENIeHUSI C MCIOJIb30BaHMEM pPa3JIMUHEIX CMeCHUTEJIBHEX allllapaToB. OHU
MOTYT BKJIOUATL B CceBd OOMH WM ©OoJiee HUBKOCIOBUIOBHX BCTPOEHHEX
cCMecuTeJIeM C @ IIocJenyiomMM — OOHMM MM 0oJiee  BHCOKOCIOBUI'OBHMMU
CMEeCUTeJIaMM, C IOoCJenyolely KOMIeHCAUMOHHOM eMKOCTLID M CHUCTeMOM
BOKpYI HacocCa, C IIOoCJeOyllMM OIOHMM WMJIM O00Jiee MHOTOCTYIIeHUYaTHMU
HacocaMM BHCOKOTO IOaBJIEHMSA, MCIOJb3YyEeMBEIMM IJIS IIOBHIIEHVSA OaBJIEHUA
B CHPBEBOM IIOTOKE IO €TI0 BBeIeHMS B PeakKTop I'MIOPOIpPOlLleCCHHTA.

[0108] B HekKOTOpPHX BapMaHTax OCYIEeCTRJIeHUS MU300peTeHusd
KOHIOMLIMOHVWPOBAHHOE CHpPbe I[IpPeOBapUTEIEHO HarpeBalwT C  IIOMOIBLIO
HarpeBaTeJIbHOTO alllapaTa I[Iepell BXOIOM B pPeaKTOop I'MIOPOIIPOleCCHMHIAa
c obBpa30oBaHMeM II0 MeHbIeM Mepe UYacTM UYacTHl IOUCIepTUPOBAHHOTO
MeTaJUICYJIbOUIHOTO KaTaJMs3aTopa In sSitu BHYTPM TSXeJION HedTHu
epen TIOCTYILJIEHMEM B pPeaKTop. B IpyI'MxX BapMaHTax OCYIEeCTBJIEHUA
n300peTeHUsa KOHIOULIMOHMPOBAHHOE CHPbE HaIpeBawT WM JOIOJIHUTEJIbLHO
HarpeBalwT B peakTope TUINPOLECCHMHTa C ofpa30BaHMEM II0 MeHblen
Mepe yacTu YaCcTHIL OUCIIEPTUPOBAHHOTO MeTaJlJICYJIbOUIHOTO
KaTajgms3arTopa Iin Situ BHYTPM TSKeJOM HedTM, B TO BpeMs KakK OHO

HaxOOUTCA B pPeakKTope.
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[0109] B HEeKOTOpPHX BapMaHTax OCVYIEeCTBJIEHUI MU300peTeHUd
YaCTHUUE OUCIEPIUPOBAHHOTO MeTaJUICYJbEOMOHOTO KaTaju3aTopa MOI'yT
OHITH o0pas0oBaHkEL B xone MHOT'O2TAIIHOT'O polecca. Hanpuwmep,

Heq_)TepaCTBOpI/IMYIO KOMIIO3MIMIO TIIpellleCTBEeHHNMKa KaTallM3aTopa MOXHO

[IpenBapuTesIbHO cMelaTh c YTUIEBOLOPOIHEM pasbaBuTeeM c
obpasoBaHMeM pasBaBJjIeHHOM cMecH npenuecTBeHHNKA. [IpuMepEl
[IOOX O AMMUX YTUIEBOIOPOIHEIX pasbaBuTesen BKJIOUAIT , HO He
OTPaHMUMUBATCA MMM, BaKyyMHBI Tas30lilb (HOMMHAJILHEIL  OuallasoH
KUIIeHU I KOTOPOTO cocTaBJigeT 360-524°C (680-975°F) ),
IEeKaHTHMPOBAHHY HedTh WM LUKIMPOBAaHHYH HedTb (HOMMHAaJIb HEI
IManasoH KUIEHMS KOTOpoM cocTabjgeT 360-550°C (680-1022°F)) wu

Tas3oljb (HOMMHAJBLHHM »OMAala30H KUIIEeHMS KOTOopoIr'o cocTaBjgeT 200-
360°C  (392-680°F)), dYacTb CHPbSA W3 TAKSJON HedTM U OpyTue
YITUIEBOOOPOIL, KOTOPHE HOMUHAJILHO KUIIAT IIpM TeMIIepaType BHIIEe UeM
okoJio 200°C.

[0110] CooTHOUEeHnE npenmecTBeHHUKA KaTajamusaTopa K
YTJIEBOOOPOIHOMY HedTaHOMY paszbaBuTeIO, VCIIOJIb 3y eMOMY OJId
IPUTOTOBJIEHUS paszbaBJIeHHOM cMecHu IpenmecTBeHHVKaA, MOXeET
HaxXoOMTbLCS B »OMalasoHe oT okojo 1 : 500 gmo okojsio 1 : 1, miIm B
oOMarnasoHe oT okoJio 1 : 150 mo okoJjgio 1 : 2, mMIM B »OMalasoHe OT
okojio 1 : 100 mo okojo 1 : 5 (Hanpumep, 1 : 100, 1 : 50, 1 : 30
mwm 1 : 10).

[0111] KommmuecTBO MeTaJlia KaTajamsaropa (HampumMmep,
MoJimbaeHa) B pa30aBJIeHHOM CMeCcHu IIpellleCTBEeHHMKAa IPelloUuTUTeJIbBHO
HaxoOuTCd B OualasoHe oT okoJjo 100 u/mMiIH pmo okojio 7000 u/MJIH IO
Macce pas30aBJIEHHOM CMeCU IIpellleCTBEHHMKOB, 0OoJiee IIPenlouTUTEJIbHO
B IOMalasoHe oOT oOkoJjio 300 u/MiH pmo okojo 4000 u/MiIH IO Macce
pa36aBJIEHHOM CMeCcU MIpellleCTBEeHHUKA .

[0112] [MpenmecTBEeHHUK KaTajJu3laTopa IPpEerMyIIeCTBEHHO
CMemmMBaeTCad C YIJIEBOIOPOIOHEIM paszbaBuTesieM IIPKM TeMIlepaType HUxe
TeMIIepaTypH, Ipu KOTOpOM pazjaraercda 3HauMUTeJbHasA JacThb
KOMIIO 3ULIUA IpenmecTBeHHUKA KaTaam3aTopa. CMmemeHMe MOXHO
NPOBOOMTL IIPM TeMIepaType B IOManasoHe oT okojo 25°C (77°F) mo
okoJio 250°C (482°F), wm B 1OualasoHe oT okoJjio 50°C (122°F) 1o

okojyio 200°C (392°F), wmm B OualasoHe oT okoJio 75°C (167°F) 1o

OKOJIO 150°C (302°F), YTOBH [IOJIYYUTD pastaBJIeHHYO CMeCkh
npenmneCcTBeHHNKA . TeMneparypa, pm KOTOPOM obpasyercs
pasbaBJieHHas CMecCh npenmecTBeHHUKE, MOXeT 3aBUCETEL oT

TeMIIepaTyYyPEl Pa3JIOXKEHUMA I/I/I/IJ'H/I OIPYTITUX XapaKTepUMCTHMK MCIIOJIE3YyeMOTI'O

INpenmeCTBEeHHNMKa KaTaJIM3aTopa n/ XapakRTeprnCcTrMK YIUJIeBOIOOPOIOHOI'O
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pazbaBuTesig, TakMUX Kak BA3KOCTL.

[0113] [MpenmecTBEeHHUK KarTajausaTropa NpenrnouTUTENILHO
CMemmMBalnT C YIJIEBOIOOPOOHEIM He(dTAHEM pa30aBUTeIeM B TeueHHue
nepuoma BpPeMeHM B Ouanas33oHe oT okoJo 0,1 CceKyHOE OO OKOJO b
MUHYT, WJIXM B »Ouamnas3oHe oT okojo 0,5 cekyHOE OO OKOJO 3 MMHYT,
Wi B OMala30He OT OKOJIO 1 CeKyHIOE OO OKOJIO 1 MMHYTH.
daKkTHMUEeCcKOoe BpeMs CMeleHMS 3aBUCUT, 10 MeHblleM Mepe YaCTUUHO, OT
TeMInepaTyps (T. €. TeMIepaType, KoTopas BJAMSAET Ha BI3KOCTb
TeKyuUMx Ccpell) ¥ MHTEHCUBHOCTM CMelleHMs. HWHTeHCHMBHOCTL CMeNeHUI
3aBUCUT, 10 MeHblle¥ Mepe uYacTUUHO, OT KOJMUecTBa CTanui,
HalpMyMep, IJIS HaxXOOAMeIoCs B CUCTeMe CTaTUYeCKOT'O CMeCUTeJIid.

[0114] [MpenBapuUTelJIbHOE CMellMBaHMe npenmecTBeHHUKA
KaTalu3aTopa c YTIJIEBOOOPOOHEIM  pa30aBUTeJIEM c oBpa30BaHMEM
pa30aBJIEHHOM CMecCHu IIpellleCTBEHHMKA, KOTOpad 3aTeM CMelMMBaeTCsa C
CHpbEeM U3 TIOKeJOM HedTM, BHAUUTEJILHO CIOCOOCTBYET TmaTeJIbHOMY U
PaBHOMEPHOMY CMEMMBaHUI IIPEeNeCTBeHHMKAa KaTaJlu3aTopa C CHPbEM, B
YacTHOCTHM, 3a OTHOCHUTEJILHO KOPOTKUNM IIeprol BpeMeHM, HeOoOXOOMUMEM
oJis KPYIIHOMACHTa®HHX IIPOMEIMJIE HHEIX olepauun. OBbpa3oBaHMue
pa36aBJIeHHOM cCMecCu npenmecTBEHHMKA coKpamaeT oOmee BpeMs
CMelleHU npu (1) YMEeHbBIIeHUM WIIN VCKJIIOUEeHUN pa3anuni B
PacTBOPUMOCTM MeXOy O0oJiee IIOJIAPHEM IIPellleCTBEHHMKOM KaTajM3aTopa
n 6oJiee THUIPOOOOHHIM CHPbLEM U3 TAXKeJoM HedTM, (2) yMeHbBIIEHUM WK
VCKJIOUYEeHUN pasIMuni B peoJioTum MeXIy IpenmecTBeHHNMKOM
KaTaJuMsaTopa M CHpbeM U3 TaKeJon HebTw u/mwim  (3) paspyleHunu
MOJIEKYJI npelilieCTBEHHUKA KaTajamsaropa C oBpa30BaHuEM
PacTBOPEHHOTO BemecTBa B YIJIEBOOOPOOHOM pa3baBuTelJie, KOTOpoe
BoJiee JIeT'KO IOUCIEPTUPYETCS B CHPbe M3 TIKeJION HedTH.

[0115] Barem paszsbaBJIeHHYK CMEeCh IIpellleCTBeHHMKa OOBLEeOMHSIIT
C CHpbeM Hu3 TaxeJIoM HedTM M CMelMBAalT B TeueHMe OOCTaTOUHOTO
BpeMeHM U TakKuM oB0pa3oM, UTOOH IUCIepIMPOBATL IpeldleCTBeHHUK
KaTalu3aTopa BO BCEM T AXeJION HedTH c oBbpa30BaHMEM
KOHIVULIMOHUPOBAHHOTO CHPLSA, B KOTOPOM IIpedlleCTBeHHMK KaTajlu3aTopa
TMaTeJLHO CMellaH C TSXeJOM HedTh IIepel TepMHUUeCKMM pas3JioXeHMreM,
u obpaszoBaHMEM YacTHUll aKTHMBHOTO MeTaJJICYJIbOMIHOTO KaTalru3aTopa.
g noJydeHMS OOCTAaTOUHOT'O CMEMeHMSa IMIpenmeCcTBeHHMKAa KaTalM3aTopa
B CHpbe U3 TaXeJoM HedTr pasbaBJIeHHYI CMech IOIpellleCTBEeHHUKA WU
CEHpbe M3 TSKeJIOM HedTHu OpeuMylmecTBeHHO CMellMBalT B TeueHHue
eproma BPEeMeHM B Ouana33oHe oT okoJo 0,1 CceKyHOE IO OKOJO b
MUHYT, WJIM B »Ouamas3oHe oT okoJjo 0,5 cexyHOE OO OKOJO 3 MMHYT,

WY B IOMala30He OT OKOJIO 1 CeKyHIOH OO OKOJIO 1 MMHYTH. YBeJIMUeHUEe
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VMHTEHCHBHOCTM U/MJIM SHEPTUUM COBMTa cCcrocoda CMemeHMS OOBUHO
CokKpamaeT BpeMH, HeoOxoomuMoe  IJIA OCYIEeCTBJIEHMS  THATEJIBHOTO
CMelleHNs .

[0116] [IpUMepH CMEeCUTEJIBHOTO YCTPOMCTBA, KOTOpOe  MOXHO
MCIIOJIE30BaTE MJISA IIPOBENEHMSI TIAaTEJIbLHOT'O CMelleHUd IIpenlleCTBeHHUKA
KaTaJusaTopa u/Miav pas0aBJIEeHHOM CMeCH IMOpedlleCTBeHHMKAa C TIXeJIOn
HedTh, BKJIOUAT, HO He OI'PaHMUMBAKTCA HSTUM, CMelleHue C OOJIbIINMM
YyCUIIMEeM CIOBMI'a, Takoe KaK CMelleHrMe, co3IaBaeMoe B eMKOCTU C
IPONeJIJIEPHOM MM TYPOMHHOM MemaJIkoM; MHOXEeCTBO HaxXONAMUMXCS B
CUCTeMe CTaTUUeCKMX CMecHuTeJiel; MHOXEeCTBO HaxXOoOSIMXCS B CHUCTeMe
CTaTHUYEeCKUX CMecuTeJle B KoMOMHALMM C HaxXOOAMMMMCS B CHCTEeMe
BEICOKOCIOBMUIOBEIMM CMECHUTEJIAMM,; MHOXEeCTBO HaxoOAMMXCSI B CUCTEMe
CTaTHUECKUX CMecuTeJle B KoMOMHALMM C HaxXOOAMMMMUCS B CHUCTEMe
BEICOKOCIOBMUIT'OBEIMUA CMeCHUTeJIAMA c mocJjenywomen KOMIIeHCAalUMOHHOM
EeMKOCTBLID; KOMOMHALIMM BBIIeYKA3aHHOTO C IIOCJHeOVIIMMM OIOHUMM WJIU
foJjiee MHOTOCTYIIEHUATEMM ILIeHTPOOEXHBEIMM HacCOoCaMM; M OIOMH WM OoJee
MHOT'OCTYIIeHUaTEX LIEHTPOOEXHEIX HaCOCOB. B COOTBETCTBUMA C
HEKOTOPEMA BapMaHTaMu OCYIECTBJIEHUA nz3obpeTeHms ckopee
HENPEPHBHOE, UYeM IIepHMOOMUECKOe CMelleHre, MOXeT OBTh OCYIEeCTBJIEHO
C MCIOJIb30BaHMEeM BEICOKOMOIIHEIX HaCOCOB, MMEKIMX MHOXeCTBEHHEEe
KaMepH, B KOTOPHX KOMIIO3ULMA [pemdlleCTBEHHMKAa KaTajJMsaTopa U
CEHpbE M3 TOKeJIOM HedTH I[IepeMellMBalTCsa WM CMelMBalTCSa KaK YacTb
caMoT'O IIpollecCa IIpOoKauMBaHMA HaCcOCOM. BrIleykKazaHHOe CMeCUTeJIbHOE
YCTPOMCTBO MOXeT OHTH TakKXe MCIOJbL30BAHO JIS IpeldBapUTesJLEHOTO
CMelleHU g, PacCMOTPEHHOTO BHIIE, B KOTOPOM IpenmeCTBEHHUK
KaTaJau3aTopa CMeIMBaeTCH c YTJIEBOOOPOOHEM pazbaBuTeIEeEM c
oBpa30BaHMEM CMeCH MNpellleCTBEHHMKAa KaTajlm3aTopa.

[0117] B caydae CHpPbS M3 TOXeJOM HedTH, KOTOpoe MABJISeTCH
TBepILHM WJIM Upe3BHUAVHO BA3KKMM IIPM KOMHATHOM TeMIepaType, Takoe
CHpbe MOXeT OHTb [IPerMymeCTBEeHHO Hal'peTo OJg ToTo, UTOOH
pasMAarumMTeE ero M CcOo3IaThb CHpPbe, MMeKIee OOCTATOYHO HUBKYD
BA3KOCTb c TeM, UTOOH obecreunTnb xopolee CMENIeHue
HedTepaCTBOPMMOTO IIpedmecTBeHHMKa KaTajJu3aTopa ¢  KOMIIO3ULMeM
CHpbA. B ofmeM CHMXeHMe BI3KOCTM CHPbLS M3 TaXeJoM HedTu Oymer
cokKpamaTk BpeMsa, HeoOXOoOMMOe IJIA OCYIEeCTBJIEHMSA TIATEeJbHOTO U
HEIOCPEOCTBEHHOTO CMeleHns HedTepaCTBOPUMOM KOMIIO 3L
IpenleCcTBEHHMKA KaTalM3aTopa C CHPbEM.

[0118] Crepbe M3 TaOXeJOM HedTHM M IpedmecTBeHHMK KaTaJlM3aTopa
n/ pasfaBJIEHHYIO CMEeChb npenmecTBEHHMKA IpeyMyleCTBEHHO

cMemMBalnT IIpU TeMlepaType B Oualas3oHe oOT okojio 25°C (77°F) mo
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okoJio 350°C (662°F), wim B OualasoHe oT okojo 50°C (122°F) 1o
okojio 300°C (572°F), wim B OualnasoHe oOT okoJo 75°C (167°F) 1o
okoJIo 250°C (482°F) ¢ mnoJiydeHreM KOHOULMOHUPOBAHHOTO CHPbLL.

[0119] B cigyuae, Korma npenmecTBeHHUK KaTajamsaTropa
CMeNMBAalT  HENOCPeICTBEHHO C CHpbeM U3 TSKeJION  HedTm  Oes
IepBOHAYAJLHOTO o0Opa30BaHuA pasfaBjIeHHOM CMecH IpellleCTBEeHHMUKOB,
MOXeT OBTb BHIOOHBEM CMeNMBATL [NpellleCTBEHHUK KaTajlu3aTopa u
CHpbe U3 TaSXeJION HedTM B TeueHMe IIeproIa BPpeMeHM B IMala30He OT
okoJio 0,2 cekxkyHIH OO OkoJiO 10 MMHYT, MJIM B IMalasOoHe oOT okoJio 1
CeKyHIOE IO OKOJIO 6 MMHYT, WJIM B OMalla30He OT OKOJIO 2 CeKyHI IO
OKOJIO 2 MHMHYT. KpomMe TOro, MOXeT OHTb TIIOJIE3HEIM CMEMVBATH
IpenmecTBeHHUMK KaTajlu3aTopa M CHpbe M3 TaXeJoM HedTH IOIpu
TeMIIepaType HIDKE TeMIIepaTyPH, npu KoTOpoM paszjaraeTcsa
3HAUMTEJBEHAS YacCTb KOMIIO3UMIMM IPpellleCTBEeHHMKAa KaTaJM3aTopa.

[0120] B ciydae, KoTna npenmecTBeHHUK KaTajamsaTopa
IpenBapuUTeJIEHO CMENMMUBAKT c YTJIEBOIOPOIHEM pazbaBUTEIEM C
obpasopaHMeM paszbaBJIeHHOV CMeCcHu IIpellleCTBeHHMKa, KoTopasd Iocie
STOTO CMeNMBaeTCHa C CHpbeM U3 TaxKeJow HedTM, IOINYyCTUMO, UTOOH
CHpPBE "3 T XeJION HedTH VIMeJIO TeMIIeEpaTypy PasJIOXEHU A
IpedlleCTBEHHMKA KaTajlM3aTopa WM IIPEeBHMAJIO €. B  HEeKOTOPHX
cIydasax YIJIEBOIOOPONOHHEM pa3baBUTesIb 2KPaHMPYyeT OTIOeJIbHHE MOJIEKYJIH
IpedlleCTBEHHMKA KaTalu3aTopa M IIpeloTBpallaeT MX alJloMepaluin C
oBpaszopaHueM 0OoJjlee KpPYIHHX YacCTHUl, BPEMEHHO M30JIMPYET MOJIEKYJIH
npenmecTBEeHHVKAa KaTaJM3aTopa OT HarpeBa CO CTOPOHH TIXeJIONM HedTu
BO BpeMda CMelleHU g u CIIOCODCTBYET OOCTaTOUYHO OBHICTPOMY
OMUCIIEPTUPOBAHMIO MOJIEKYJI IpenmecTBEeHHMKOB KaTaJM3aTopa BO BCeM
CHpbe U3 TSKeJON HedTu Iepeld pPasl3JIoXeHMeM OJIS BLHCBODOXIEHMUSI
MeTaJlJla. Kpome Toro, mJsg oOCBODOXIOeHMSA CyJbdMIa BoOOopoma U3
CEPOHEeCyIMX MOJIEKYJI B T AXEJION HedTHU MOXeT norTpeboraThLCA
OOIIOJIHUTEJIbHOE HarpeBaHMue CHPB A c oBpa30BaHNEM JaCTHIL
MaTaJIJICYJIbQUIHOTO KaTalr3aTopa. Taxkmm oBpazoM, [IOCTEIIeHHOE
pazbaBJieHre IOpellleCTBEeHHMKA KaTaJlus3aTopa obeclneumMBaeT BLHCOKUM
YPOBEHbL IUCIEPCUM B CHPpbe U3 TOXeJoM HedTH, UYTO IPUBOIUT K

oBpasoBaHuL YacCTUIL MeTaJIJICYJEOUIHOTO KaTallrnsaTopa C BHICOKOM

CTEeIleHEBIO IMCIIepI'MpOBaHMA, Jaxe eCJIN CEIpEE HaXoIonmTcAa Ipn
TeMIIepaType BHIIIE TeMIIepPaTy PRI PasJIOXKeHNMA IIpenmeCTBEeHHNMKAa
KaTajlns3aTopa.

[0121] Tlocye TOT'O KaK I[IpPedlleCTBEHHMK KaTajlM3aTopa XOpPOoIlo
IepeMelBaeTCsa B TAXeJOM HedTM C ToJIydeHMeM KOHIMLMOHUPOBAHHOTO

CEIPE A, oTa KOMIIO3BMIIVA Hal'peBaeTC4d, BEISEIBaA A PasJIOXeHNE
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IpedleCcTBEHHMKA KaTaJlM3aTopa, 4YTO BHCBOOOXIAeT M3 HETO MeTaJll
KaTajausaTopa, BEI3EIBA A VI oBecrnieurBad peaxkummo MeTaJljia
KaTajgMs3aTopa C Cepoy BHYTPM M/WIM IpM OOOaBJIEHUM K TIKeJION HedTH
1 o0pasoBHBaA YacCcTULHE aKTMBHOI'O MeTaJJICYJbOMOHOT'O KaTaju3aTopa.
MeTaJu nu3 npenueCcTBeHHUKA KaTaiamsaTropa CHauaJa MOXeT
00pasoBHBATE OKCHI MeTaJljla, KOTOPHM BaTeM BCTYIaeT B peakKUuio C
cepo¥ B TaXeJIOM HedTM C IoJIyUeHMeM COeIMHeHMsa Ccyabduia MeTalia,
ofpasynlero KOHEUHHY aKTHMBHHM KaTaJlu3aTop. B ToMmM cilydae, KoTmoa
CHpbe U3 TSKeJONM HedTHM COOepXMT IOoCTaTOouHOe UMM UIBHTOUHOE
KOJIMUEeCTBO  CEPH, KOHEUHHM aKTUBHHENM KaTajlu3aTop MOXeT  OBTb
obpasoBaH 1in Situ HOpM HaATpPeBaHUM CHPbLSA M3 TOKEJOM HedTu IO
TeMIIepaTyph, OOCTATOUHOM IJIS BHCBOOOXIEeHMS M3 HeI'O0 Cepe. B
HEKOTOPHX caydaax cepa  MOXeT BEHICBOBOXIATECSA npu TOM  Xe
TeMIlepaType, IIPM KOTOPOM pa3jlaraeTcsa KOMIIOBUIMA IpellleCTBeHHUKA .
B Ipyrux cjydasx MOXeT TIoTpeboBaTbCd IOIOJHUTEJILHOE Hal'peBaHMe
no ©6oJiee BHCOKOM TeMlIepaTypH.

[0122] B ToMm cJydae, KoOTI'Ia INNpPeNmeCTBeHHMK KaTaJlM3aTopa
TMaTeJIbHO CMemMBaeTCsa C CHpbeM M3 TaKeJoM HedTM, 10 MeHbIIeM Mepe
3HAuUMUTEJbHad YacTh BHCBOOOOMBIIMXCS MOHOB MeTaJlJla B 3HAUMTEJLHOM
CTEIEHM YKPHBAETCH MM BDKPaHUPYETCS OT OPYI'MX MOHOB MeTalljla, Tak
uTo OHU MOTYT oBpa3oBaTh MOJIEKYJISAPHO OVICIIEePTUPOBaHHLM
KaTajlnu3aTop npu B3auMOIEeNCTBUN C cepou C oBpa30BaHUEM
MEeTaJUICYJbOUIOIHOTO COoeOMHeHud. B Opyrux OOCTOATEJIbCTBAX MOXET
MMEeTbL MeCTO He3HauuTeJbHasda arnJjoMepalusa, pes3yjbTaToM KOoTopou
ABJIATCA KaTaJlUTUUeCKMe UYaCTHMUHE — KOJJIOMOHOTO pasMepa. OOHaKO
CuMTaeTCsa, UYTO KMMeKlee MeCTO TIaTeJIbHOe CMelleHVe MpenmecTBeHHMKa
KaTaJlu3aTopa c CHPBEM nepexn TepMUUeCKMM pPasJIOXEeHNEM
npenmecTBEeHHMKA KaTaJlnu3aTopa oaer OTIOeJIbHHE KaTaJlluTUudecKue
MOJIEKYJIEL B OoJblleM CcTeleHM, uYeM KOJIJIOMIHBEE uYacTULH. I[IpocToe
CMENMBaHME IIpM OTCYTCTBUM IOOCTATOUYHOT'O CMENIEHMA I[IpenlecTBEeHHUKA
KaTajJlu3aTopa C CHpbeM OOBUYHO  BHSB3HEHBaeT oOpasoBaHMe  KPYIIHBEX
aTJIOMEPUMPOBAHHEIX  METAJIJICYJIEQUITHEIX coeIMHEeHUN, KOTOPHE  UMEKT
MUKPOHHEM pas3Mep MM OoJible.

[0123] Ijaa Toro uToOH o0O0pa30BaThb 4YaCTULE OUCIEPTHMPOBaAHHOTO
MeTaJIJICYJIbQUIHOTO KaTaln3aTopa, KOHIOMIIMOHVNPOBAHHOE CHpPBE
HarpeBapT 0O TeMIepaTyph B OMalas3oHe oT okoJio 275°C (527°F) mo
okoJjio 450°C (842°F), wmm B IManas3oHe oT okojyo 310°C (590°F) nmo
okojio 430°C (806°F), wmimM B IOMalas3oHe oT okoJio 330°C (626°F) 1o
okoJio 410°C (770°F).

[0124] HauaJsibHasa KOHILeHTpalumnuga MeTaJlJla KaTajausaTopa B
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T SXEeJION HedTH, obecrneurBaeMas YacTHUllaM1 OVICIIEPTUPOBAaHHOTO
MeTaJJICYJbLOUIHOTO KaTajJu3aTopa, MOXeT HaxXOOMTbCHA B IMalas0He oOT
okoJio 1 u/mMiH mo okojio 500 u/MJIH IO Macce CHPbA U3  TIOKeJON
HedTH, WJIM B OualasoHe OT OKoJjo 5 u/mMiaH mo okojo 300 u/MiIH, WIK
B OuanasoHe oT okoJio 10 u/miuH mo okoJjio 100 u/miaH. KaTaamsaTop
MOXeT CTaThk 0oJiee KOHLEHTPMPOBAHHEM, KOI'Da JeTyuue OQpakuum
YOaJIgnTCsa M3 OCTAaTOUHOM OpaKluM. PelUpKyJIAlMsa BaKyyMHHX OCTAaTKOB
MOXeT OHTb MCTOUHMKOM YaCTHI, IUCIEPIMPOBAHHOTO MeTAaJIJICYJbOUIHOTO
KaTajlM3aTopa, KOTOphHEe MOTYT COXPaHATh TpedbyeMyl KOHILEHTpalui B

pearTope KUITAIEIT O CJIOA C MCIIOJIE30OBaHVMeM MeHBIeI'O KROJIMYeCTBa

IIpenmeCTBEeHHNMKa KaTaJjnsaTopa, I OHa MOXeT YBeJIMYMBaTh
KOHLEHTPpauVo YacCTUIL OIVMCIIEPTIMPOBAHHOT'O MeTaﬂﬂcynb@MHHOPO
KaTaljlrmsaTopa, dTOo MOXeT CIIOCOBCTBOBATH I'MOPOIIPpOLEeCCHMHTY
IOOITIOJIHMT€JIBE HEIX ac@aﬂbTeHOB, oBecreunBaeMBIX PelVpKYyJIMPY eMEIMI

BaKyyMHEMM OCTaTKaMM.
[0125] B cJayyae, KOI'Ia CHpbe M3 TIOKeJOM HedTH COIepXUT
3HAUUTEJILHOE KOJIMUECTBO acdallb TEeHOBHX MOJIEKYJI, YaCTHUIE
OUCIIEPTUPOBaAHHOTO MeTaJIJICYJIbOUIHOTO KaTaJlu3aTopa MOTYT
IPenIouTUTEeJIbHO aCCOUMMPOBATBHECHA C acdalIbTEHOBHMM MOJIEKYJIAMU WIIU
OCTaBaTbCHa B HeloCpeICTBeHHOM OJM30CTM OT HUX. AcdhaJibTeHOBHEe
MOJIEKYJIEL MOTYT VIMETH foJibliee CPOIOCTEBO C JacTHULLaMA
MeTaJIJICYJIbOUMIOHOTO KaTajiM3aTopa, I[IOCKOJBKY acdallbTeHOBHE MOJIEKYJIEL
IpenrnouyTUTeJIbHO ABJIAKTCSA BoJee TUIOPOOUITE HEIMIU u MeHee
TUIPOQOOHEMY, UYeM OpYyI'Me YIJIEBOINOPOIH, CcoIepXalMecsa B TIXKeJIOMN
HedTm. IIOCKOJIBKY UYaCTHUE MeTalJICYJIbOMIOHOTO KaTajus3aTopa UMeT
TeHOeHIMID K TOoMYy, UTOOHB OBTE OUeHb TIUIPOOUIIBHEMM, OTIOeJIbHHE
YJaCTUMUE WMJIM MOJIEKYJIE OyOyT MMEeTh TeHIOeHIMI MUTPHUPOBaTE k OoJiee
TUOIPOOUIILHEIM OCTaTKaM MJIM MOJIEKYJlaM B CHpbe M3 TIXeJIoM HedTH.
[0126] XoTd BHCOKOIOJAPHAaS IIpMpOoLOa YacTHL MeTaJlJICYJbOUIHOTO
KaTaluzaTopa oOyclaBiIMBaeT WMIM oOeclIeuMBaeT MX accolMaluion C
achaJIb TEHOBEIMM  MOJIEKYJIAMMU, CYIEeCTBYET oBmasa HECOBMECTHMOCTE
MeXIOy BHICOKOIIOJAPHHEMM KaTaJUTUUECKMMM COeIMHEeHUMAIMM U TUIPpodoOHOM
T aXeJION HedThDO, KOTOopasd TpebyeT BHIIEYTIOMSAHY TOT'O
HEIOCPEOCTBEHHOTO VI TIAaTEJBEHOTO CMENIEHU T KOMIIO 3ULIUN
IpenmecTBeHHMKa KaTajJu3aTopa C TSXeJOoM HedTho IIepeld pas3JjioXeHMeM
n oBpa30BaHMEM YaCTHIL aKTMBHOTO KaTajlu3aTropa. [TOCKOJIBKY
KaTaJlUTUUYeCKUe COeIMHEeHUd MeTalljla ABJISAKTCS BHECOKOIOJIAPHEMM, OHMU
He MOTYT 200eKTMBHO OUCIEPTUPOBATLCA B TAOKEJOWM HedTH OpU UX
noSaBJIeHUU HENOCPeICTBEHHO K HeM. B [IpaKTUYECKOM JiaHe

O@paBOBaHMe DoJiee MeJIKMX YaCTUILL KaTallnsaTopa IIpmBOONUT K
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IOJIydeHMID OOJIbIIero KOJMUEeCTBa KaTallMTUUYeCKMX YacCTUll, KOTOPHE
oBecrneuuBanT 0OoJlee PaBHOMEPHO paclpeleJiIeHHEE  KaTaJlUTUUeCKHUe
LIeHTPE BO BCeM TAXeJIONM HedTU.

IV. YCOBEPIEHCTBOBAHHHM PEAKTOP KUIANMEI'O CJIOA

[0127] Ha dur. 4 cxeMaTUUYECKM IMIPOMJLILCTPUPOBaHa IIpPMBeOeHHAad

B KauecTBe npuMepa YCOBEpPIEeHCTBOBaAHHASA cucTeMa 400
TUIOPOIPOLEeCCHHT'a C KUIIAMMM CJIOeM KaTalu3aTopa, KOoTopyl MOXHO
MCIIOJIE30BATE B PACKPHTHX croocobax u cucremax. Cucrtema 400
TUIOPONPOLIeCCHUHT A c KUIIAMYM cJioeM KaTaJau3aTopa COOEepPXUT
YCOBEPMEeHCTBOBaHHLM peaxKkTop 430 KUTIANET O cJjosa u ToOpPSUnM
cemnapaTop 404 (MM IOpyIoM pasdeiMTellb, TakKo¥ Kak IOIUCTUIIIISLMOHHASL
KOJIOHHA) . g co3aHnAg YCOBEPIIEHCTBOBAHHOTO peakTopa 430
KU AIET O cyjoga npenmecTBEHHUK 402 KaTaJlu3aTopa CHauvaJa
npenBapUTeJILHO CMellMBanT C YyIJIEBOIOOPOOHEM paszbaButreseMm 404 B
ooHOM WM BoJiee cMecuTesiax 406 ¢ oBpasoBaHuMeM cMecu 409
IpenmecTBEHHMKA KarTajgMsaropa. CMechb 409 IpenmecTBEHHMKA
KaTajlMsaTopa Lo0aBJidAnT K CHpbl 408 M CcMelMBawT C CHPbeM B OIOHOM
i  OoJjiee cMecuTesax 410 ¢ ofOpaszoBaHMeEM KOHIOUUIMOHUPOBAHHOTO
celpba  411. g  OOHNOJHUTEJNBHOT'O  CMelleHMS U OUCIepTUPOBaHMUA
IpenmecTBEHHMKA KaTalu3aTopa B KOHIOULMOHVWPOBAHHOM CHPBL e
KOHIOULMOHVMPOBaAHHOE CHpPbE IIOoHaeTcsd B KOMIIEHCALUMOHHYK eMKOCTb 412
C LUMPKYJALUMOHHEIM KOHTYypoM 414.

[0128] YCOBEPIIEeHCTBOBaHHA A cucTeMa TUIOPOIPOoLIeCCUHT A c
KUIIAMKMM CJIOEM KaTajlu3aTopa COIOepXuT CcpendcTea oJa nobaBJieHUSA
PELUMPKYJIMPYEMEIX BaKyyMHEX ocTaTkoB 407. TouHoe MecTO noOaBJIEHUA
MOXeT OHTL BHOPAHO Ha OCHOBaAHUM KOHOUIYPaLMM U/UIM IOoTpedbHOCTeN
KOHKPETHOM CUCTeMB TUOPOINPOLEeCCUHTaA. B HekKOTOpPHX BapMaHTax
OCYIECTBJIEHUSA WM300peTeHUd pPelUpKYyJIMPpYeMEHe BaKyyMHHEe ocTaTkyu 407
MOTYT OHTbL HoBaBJIeHEl B CHpbe 408 BHlle IO IIOTOKY II0 MeHBLIIEeM Mepe
OT OOHOTO M3 OOHOTO MM OoJjiee cMecuTejile 410, HIMXe II0 IIOTOKRY IIO
MeHble¥ Mepe OT OOHOTO M3 OOHOTO WM ©OoJjiee cMecuTeJey 410, B
KOMIIEHCAlMOHHYK eMKOCTh 412 miIM B LIUPKYJIALUMOHHEM kKOoHTYyp 414. B
HEKOTOPEIX BapMaHTax OCYIECTRBIEHUA M300peTeHUS pPelUpKYJMPYEMEE
BakKyyMHHe ocTaTku 407 MoTyT OHTB HoOaBJIeHH BO MHOXECTBE MECT.

[0129] KOHOMUMOHMPOBAHHOE CHPbLEe U3 KOMIIEHCAalMOHHOM eMKOCTHU
412 Har”"HeTawT IOOO HaBJIeHMeM OIOHMM wWJIM 0o0Jiee Hacocamm 416,
IpOIIyCKalT uUepes IIpeIBapUTeJILHEM HarpeBaTedbk 418 w®m nomaoT B
peakTop 430 KUIOAmMEeIo CJIOS BMECTe CO CXaThM BONOPOIOHEM TIa3oM 420
yepes BIIYCKHOe oOTBepcTHe 436, PpPacloJIOXeHHOe B WIM BOJIM3M HIWKHEMN

yacTu peakTopa 430 xungamero cJjos. MaTepuall 426 TaXeJIOoM HedTU B
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peakTope 430 KUINAMETO CJOA COIEPXUT UYaCTULE OUCIEPTUPOBaAHHOTO
MeTaJIJICYJIbQUIHOTO KaTaau3aTopa, cxXeMaTUuydeCcKu [IOKa3aHHHE Kak
YyacTule 424 kaTajamuszaTopa.

[0130] Cupbe 408 wu3 TaKeJOM HedTM MOXeT cCcoIepXaThk Jodoe
TpedyeMoe CHpPpbe MCKOIIAaeMOoTO TOILIMBa WM/MIM ero OopakKluo, BKJIOUAS,
HO He OoTI'paHuumMBasAChb DTUM, OINOHO MM O00Jiee U3 CJeOyKRIelo: Taxejas
Chlpasa HedTh, HedTemecuaHHV OUTYM, OCTATKM OOUKOBHX O(QPaKIMi CHPOM
HedTH, KyOOBHE OCTaATKM aTMOCPEepPHHX KOJIOHH, KYOOBHE OCTaTKMU
BaKyyYMHEX KOJIOHH, KaMeHHOYTOJIbHEM @»OeIr0oTh, CXMXeHHHM YIOJb U
OIpyTMe OCTaTOUHHE QpaKUMM. B HEKOTOPHX BapMaHTax OCYIEeCTBJIeHUSA
nz3obpeTeHms CHpPBE 408 nus3 T IXeJION HedTH MOXeT comepXaThb
3HAUUTEJBHY bpakLMo BEICOKOKMUITAMMUX YTJIEBOOOPOOOB (T. e.
HOMMHAJILHO Hpr 343°C (650°F) wmiaM BeIle, B UYaCTHOCTM, HOMMHAJIBLHO
npm 524°C  (975°F) wum  BRme) u/unM  acdallbTEHOB. AcdalibTEHH
IpencTaBJIgOT CcOBOM  CJIOXHBEE YIJIEBOIOPOIOHBEE  MOJIEKYJIH, KOTOPHE
VMEKT OTHOCHUTEJIBHO HM3K0OE COOTHOIMEeHMe BoIOopola K yIUIEpONy,
KOTOpoOEe ABJISAETCH pPesyJIbTaToOM 3HAUMTEJIEHOTO yucia
KOHIEHCHUPOBAHHEX apoOMaTHUUYEeCKMX M HaQTeHOBHIX KOJIell C HapadrHOBHMU
OOKOBEMMA nenamm (cMm. dur. 1). [IpocJyonky, cocTodmme nus3
KOHIEHCHMPOBAHHEX apoMaTUUeCKMX WM HaQTeHOBHEX KOJIEL, YIEPXUBAKTCHI
BMECTe reTepoaToMaMu, TaK/MK Kak cepa VI asorT, n/nam
[IOJIMME TUJIEHOBEIMM ~ MOCTHMKAaMU, [IPOCTEIMU  TUOBOUPHEIMM  CBA3AMU U
BaHaIMEBEIMM WM  HUKeJIeBHMM KOMILJIekKcaMM. AcdajibTeHOBas OQpakKumsa
TakKXe MMeeT BHCOKOEe COIOepXaHMe Cepbl M as30Ta, KOTopoe TaeT CHpasd

HedTh MJIM OCTaTOK BaKyyYMHEX KYOOBBEX OCTaATKOB, M OHa MOXeT Takxe

ComepXaThb BoJjiee BLICOKME KOHIeHTpalUN yTJleponofpasyommx
coemIuHeHuM (T. e. KOTOpHe 00pal3yioT IIpedleCTBEeHHUMKM KOKca U
ocamox) .

[0131] PeakTop 430 KUIAWMETO CJOA IOOIOJHUTEJIEHO COOEPXUT
pacumMpeHHy 30HY 442 kaTajguszaTopa, comepXxamyln TeTepOoTeHHBEN
kaTammzaTop 444. HwxHasa 30Ha 448, He coIepXamas TeTepOTleHHHEMN
KaTaln3aTop, PacloJIOXeHa HMXe pacHmMpeHHOM 30HH 442 kaTajlMsaTopa,
a BepxHasa 30Ha 450, He conepxamas TeTepOTeHHHM KaTaJlu3aTop,
PacIloJIOXeHa BHIIE paclMpeHHoOM =B0HH 442 kaTalm3aTopa. UYacTuuw 424
OUCIePIMPOBAHHOTO MeTaJUICYJIBEOUOHOTO KaTajM3aTopa OUCIepIMPOBaHH
10 BCeMy MaTepually 426 B peakTope 430 KMIOAmMEeI'O CJOSA, B TOM UYUCJE
B pacmupeHHOM 30He 442 xaTajlum3aTopa, 30Hax 448, 450, 452, He
comepXalx TEeTepOTeHHEM KaTalus3aTop, TakuM o6pasoM, Oynyuu
OOCTYIHEMM IOJIE COHOEMCTBMA peakluusaMm oboralmleHusa BHYTPM  30H,

KOTOPHEE IIpeldCTaBJIAKT coBoM 3OHH, He comepxXxalre KaTaJIn3aTop, B
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peakTope KUIAMEI'O CJIOA HO €I'0 YCOBEPUWEHCTBOBAHUA C BKJIKUYEHMEM
IBYXKOMIIOHEHTHOM KaTaJIUTUUIECKOW CHCTEMEH.

[0132] O CTUMYJMPOBAHMA peaKuui TITUIPOKPEeKMHTa, a He
IpOCTO peaxkumum rmnpoofpadboTKy, pPeaxKTop (H) TUMOPOIPOLIeCCUHTA
IPeOlIOUTUTENIbHO paboTaeT (I0T) IIpM TeMllepaType B IOMala330He OT
OKOJIO 399°C (750°F) o OKOJIO 460°C (860°F), BoJlee
NpedrnouyTUuTeJIJbHO B OManasoHe oT okoJjo 416°C (780°F) mo oOKoJIO
443°C (830°F), mOpeOnouyTuTesIbHO padoTaeT (0T) [ON HaBJIeHUEM B
oMarasoHe OT OKOoJIo 6,9 Mla (1000 pyHTOB/KB. IOOMM M30. IaBJIeHMI)
0o okoJio 20,7 MIa (3000 ¢yHTOB/KB. IOOMM M30. »JaBJIeHMs), 0OoJee
OpedIouTuTesJIbHO B IOMUalasoHe oT okoJjio 10,3 MIa (1500 pyHTOB/KB.
oM M30. OaBJIeHMS) OO okoJio 17,2 Mla (2500 ¢yHTOB/KB. oMM 130.
IDaBJISHUA) ¥ TIPEeNIouTUTEeJIEHO paboTaeT (loT) IOIpu OOBEMHOM CKOPOCTU
(LHSV), B @mmamasoHe oT okoJo 0,05 uwl mo okojgo 0,45 ul, Bojee
NPenIouTHUTESIbHO B OuanasoHe oT okojyio 0,1 uw!l mo oxkosio 0,35 ul,
Pa3HKulla MeXIy IUIPOKPEKMHIOM U THUIPCoOoOpaboTKOM TakXe MOXeT OHTH
BHpaXeHa B eIMHUIAxX KOHBepCUM KyOOBEX OCTAaTKOB (mpm  »TOM
TUOPOKPEKMHT INIPUBOOUT K CYMEeCTBeHHOM KOHBEPCUM BECOKOKMUIIAMMX
YIUIEBOOOPOLOB B HU3KOKUIIANME YIJIeBOOOPOLE, B TO BpeMd KaK IIpu
MOopoofpaboTKe BTOrO HeT). CHUCTeMH I'MOPOIPOLEeCCHHI'a, OIMCaHHEE B
HacTodmeM  OOKYMeHTe, MOTYT  TIPMBOIOUTH K KOHBepCHMM  KyOOBHX
OCTaTKOB B IOualasoHe oOT okoJjio 40% mo okojo 95%, NpemOlouTUTeJIBHO
B IMaria30oHe OT OKOoJIO 55% mo okoJsio 20%. IIpellouTUTEeJILHHY OMalasoH
KOHBepCcUM OOHUYHO 3aBUCKUT OT TuIa CHPbS M3—-3a pas3juuuil B
TPYOHOCTAX IIpM 00paboTkKe pPa3JIMUHEX CHPbEBHX MaTepMraJioB. OOBUHO
KOHBepcusa OymeT 1[I0 MeHbIeM Mepe IpubiIusuTesLHO Ha 5% BoHile,
NPeOloUuTHUTEeNIbHO IO MeHbleld Mepe NOpubian3uTesbHO Ha 10% BeIe 110
CpaBHEHMIO C padboTou peakTopa KUTIAIET O cJos nepen
YCOBEPIWEHCTBOBAHUEM 0JId MCIIOJIb 30BaHM A IBYXKOMIIOHEHTHOM
KaTaJUTUUEeCKOM CUCTEMH, KaK ONMCaHO B HacCTOAmMeM NOKYMeHTE.

[0133] MaTepmais 426 B peakTope 430 KUIAMEIO CJOS HEIPEPHBHO
PeLupKYyJIMPpYyeT C BepxHeM 30HH 450, He comepxamel TeTepOTeHHHMN
KaTajan3aTop, B HMWXHIOO 30HY 448, He cCcoIepxamyln I'eTepOoTl'eHHBEMN
KaTajanusaTop, IOCpPenCcTBOM KaHaja 452 o4 PEeLUUPKYIIALUN,
COeIMHEHHOTO C 9S0VJIAUMOHHEIM HacocoM 454. B BepxHeM uYacTM KaHala
452 [mJysa peurpKyJIAUMM HaxXOOUTCHA BOPOHKOOOpa3Hasd pPeUUPKYJISALMOHHAMA
yama 456, dUepe3 KOTOpPyK C BepxHelM 30HH 450, He coIepxamen
TeTepOT'eHHEMN KaTaamsaTop, rnonaercsd MaTepural 420.
PellMpKYyJIMPOBaHHEM MaTepural 426 CMellBaeTCd co CBEXMM

KOHIOVMUIMOHUPOBAHHEM CEHpbeM 411 M BOODOPOIHEM IT'a3oM 420.
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[0134] Ceexul TeTepOTeHHHM KaTalauzaTop 444 BBOOAT B pPeaKToOp
430 KUIAMETO CJIOSA UYepes BIYCKHYKLD TpyOky 458 1mjd kaTalmMs3aTopa, a
OTpaBOTaHHEM TEeTEepPOTeHHHM KaTaauzaTop 444 wu3BjeKanT Uepe3 TpPpyOKy
460 @mJsa WU3BJIEUEHMSI KaTaju3aTopa. B TO BpeMsa Kak TpyOka 460 s
M3BJIEUEeHMA KaTalM3aTopa He MOXeT paszjMdaThk MeXOy I[IOJIHOCTBI
OTpaboTaHHEM KaTaln3aTopoM, UYaCTHUUYHO OTpaboTaHHBM, HO aKTMBHBM
KaTajlnM3aTopoM M  CBeXMM KaTaJn3aTopoM, Hajmume  dacTuy 424
OUCIEPTVMPOBAHHOTO MeTaJJICYyJIbOMOHOTO KaTalm3aTopa obecleuuBaeT
OOTOJIHUTEJIEHYID KaTalUTHUUEeCKYyld aKTUMBHOCTE BHYTPM pPaCHUPEeHHOM SOHEH
442 xaTajlm3aTopa, KaHaJa 452 nJsa pelUuMpKyJIauuM, a TakXe HWKHeV U
BepxHeM 30H 448, 450, He comepXamMx TeTepOTeHHHM KaTaJlu3aTop.
HobarJjieHUne BOIOpPOnOAa K yIJIeBOIOpOnaM IIOMMMO TeTepOT'eHHOT'O
KaTagmuzaTopa 444 CROOIUT K MUMHUMMYyMY OO0OpasoBaHMe OTJIOXKEHUM U
IpelueCTBEeHHVMKOB KOKCa, KOTOPEE dYacTOo OTBeUanT 3a IeaKTUBalVo
TeTepOTl'eHHOT'O KaTajlM3aTopa.

[0135] PeakxkTop 430 KMOAMETO CJIOS OOIIOJIHUTEJIBHO COOEPXUT
BHIIyCKHOe OTBepcTHe 438 B BepxHeM YacTM WIM BOJIM3M Hee, Uepes
KOTOpoOe M3BJIEKAIT KOHBEPTUPOBaHHEN MaTepHrall 440,
KouBepTUpORaHHEM MaTepual 440 BBOOAT B TOpAUMM CeldapaTop WK
OUCTUJIJIALVOHHYI KOJIOHHY 404. Topsaunn cenapaTop WJIIN
OUCTUJIJIALUMOHHAasa koJioHHa 404 oTmessgeT OIOHY WM 0OoJiee JIeTyudmUx
bpakumumm 405, koTopasd (-He) U3BJeKaeTCHad (—0TCA) M3 BepxXHEM YacTu
ropdaduero cenapatopa 404, oT ocraTrouHoM odpaxkuum 407, KoTopas
M3BJIEKaeTCHA ns3 HIDKHEeN JyacTu TOpPAYEeTo cenapatTopa NI
IUCTUJIJISLMOHHOM KoOJIoOHHEL 404. OcraTouHas odpaxumusa 407 cCcooepxuT
YacCTHUILIE OCTATOUHOI'O MeTaJJICYJIEQMIOHOTO KaTalu3aTopa, CXeMaTUUuecCKU
[IOKasaHHEe Kak dYacTuue 424 karanuzaropa. llpu HeoBXOOMMOCTM IIO
MeHbIIen Mepe JacTb OCTaTOUYHOM bparunm 407 MOXeT OBITE
PELVPKYJIMPOBaHa 0oBpaTHO B peakTop 430 KUIIAMETO CcJiIod C
obpazoBaHUeM JacTu 3arpyXaeMoro MaTepuala n nomauen
OOIIOJIHUTEJIBHEIX YacTUL MeTaJUICYJBEOUIHOTO KaTajlM3aTopa. B KadueCTBe
aJIbTepHaTUBHOI'O BapMaHTa ocTaTouHas ¢pakuusa 407 MoxeT  OBTH
OOIIOJIHUTEJIEHO obpaboTaHa C IIOMOIIEIO TeXHOJIOTUUECKOT'O
o0OpPYyIOBaHMA, PACIOJIOXEHHOTO HWXe I[I0 IIOTOKY, TaKoT'o Kak IpyTon
peakTop KUIAMEeI'o CcJjiosd. B srToM  ciydae cenapatop 404 Moxer
IpedCTaBJIATE COOOM MNPOMEeXyTOUHEM CelapaTop.

[0136] B HeKOTOPHX BapMaHTax OCYILEeCTBJIeHUS U300peTeHUd
pabora YCOBEPUEHCTBOBAHHOTO peakTopa KUIIALET O cJio4 C
MICIIOJIb30BaHMEM  IOBYXKOMIIOHEHTHOM  KaTaJUMTUUeCKOM CUCTeMEl U C

peLI,MpKyJ'IHU,Mef/I BaKYyyMHEIX OCTATKOB MOXeT IIPMBOIOMTE K TaKOMy Xe WIIN
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MeHbIleMy 3acopeHMi o00pyIOoBaHMA IIO CpaBHeHMIO C paboTol peakKTopa
KMIIAMEeTro CJIOS B MCXOIOHEIX YCJOBMSAX C  MCIOJb30BaHMEM TOJIBKO
TeTepOT'eHHOTO KaTajlM3aTopa, a He OBYXKOMIIOHEHTHOM KaTaJluTUUeCKOMU
CuCTeMEl. Hampumep, CKOPOCTBb 3acopeHusa o0opyloBaHMA IIpu paboTe
YCOBEPUWEHCTBOBAHHOTO peaKTopa KUIIAMEIO CJO0A C UCIOJB30BaHUEM
IBYXKOMIIOHEHTHOM KaTaJluTUueCKOM CUCTEME U C peuupRyJIsumen
BaKyyMHEIX OCTaTKOB MOXeT IPUBECTHU K YyacTeM OoCTaHOBKAaM
TEIJIOOOMEHHMKa W/MJIM OCTAaHOBKAM IUCTUIIJIALMOHHOM  KOJIOHHEL OJIA
OUMCTKM, KOTOpPHE TaKMe Xe WJIM MeHblle, uYeM Ipu pabdoTe peakTopa
KMIIANETO CJIOS B MCXOIOHHX YCJOBMAX.

[0137] B KauecTBe IOOIIOJIHUTEJILHOTO WJIIN aJIb TEPHATUBHOTO
BapmaHTa, CKOPOCTB 3acCopeHnsd oBopyooBaHMA npu paboTe
YCOBEPMEHCTBOBAHHOTO pPeaKTopa KUIIAMETO CJIOS C MCIOJB30BaAHUEM
IBYXKOMIIOHEHTHOM KaTaJluTHUUYeCcKon CHUCTeMEl U c pelupRyJIAlnen
BaKyyMHHX OCTATKOB MOXET TIPMBECTM K UYaCTHM M3MEHEHMAM WU
OUMCTKe (OUILTPOB UM OMJILTPOB TpPyDOM OUMCTKM, KOTOPHE TaKMue Xe WK
MeHbIle, uYeM Ipu paboTe peakTopa KUIIAMETro CJOd B MCXOIHEX
YCJIOBUSAX .

[0138] B KauecTBe IOOIIOJIHUTEJILHOT O MJIN aJIb TEPHATUBHOTO
BapMaHTa, CKOPOCTB 3aCOopeHmns oBopymOBaHMUA npu paboTe
YCOBEPIMEHCTBOBAHHOTO peaKTopa KUIIAMETO CJIOS C MCIOJB30BaHUEM
IBYXKOMIIOHEHTHOM KaTaJluTHUUYeCKOM CHUCTEeME U C PEUUMPKYJIALMEN
BaKyyMHEX OCTaTKOB MOXeT IIPMBECTM K UYaCTEM I[IepekKJIoUeHAM Ha
pe3epBHEe  TEIJIOOOMEeHHUKH, KOTOPHE  ABJAKTCA aHaJIOTUMUHBEIMU  WJIU
MeHBIIVMM, UYeM IIpM IepBOoHauvaJlIbHOM paboTe peaKTopa KUIIAMEIO CJOA.

[0139] B KauecTBe IOOIIOJIHUTEeJILHOTO WJIIN aJIb TEPHATUBHOTO
BapuaHTa, CKOPOCTB 3aCopeHns oBbopymoBaHMA npu paboTe
YCOBEPMEHCTBOBAHHOTO pPeaKTopa KUIIAMEIO CJIOS C MCIOJB30BaHUEM
IBYXKOMIIOHEHTHOM KaTaJluTHUUYeCcKon CHCTeMBEl U c pPelupKRyJIaLnen
BaKyyMHHX OCTATKOB MOXeET IIPUBECTM K CHWKEHMI TeMIepaTyp OOMMBKU
OBOpYyINOBAaHMS, BHOPAHHOTO M3 OINHOTO WMIM 0OoJjiee TellJIOOOMEeHHUKOR,
cernapaTopOB WM OMCTUIIJIALMOHHBIX KOJIOHH, 1o CpaBHEHMD c
IepBOHAYAJNILHOV paboToM peaKTopa KUIIANETO CJOA.

[0140] B KauecTBe IOOIIOJIHUTEJILHOT O WMJIN aJIb TEPHATUBHOTO
BapmaHTa, CKOPOCTB 3aCOopeHns oBopymDOBaHMA npu paboTe
YCOBEPIMEHCTBOBAHHOTO pPeaKTopa KUIIAMETO CJIOS C MCIOJB30BaAHUEM
IBYXKOMIIOHEHTHOM KaTaJluTHUUYeCcKOn CHUCTEeMEL U c pelupKyJIAlnen
BaKyyMHEX OCTATKOB MOXET IIPMBECTM K CHWXEHMI TeMIlepaTyp MeTajula
IeyHou TpyOH, I[IO CpPaBHeHUI C IIepBOHauvaJlbHOM paboToM peakTopa

KHUIIAIEeTro CJIOA.
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[0141] B KauecTBe IOOIIOJIHUTEJIEHOT O WJIN aJIb TEPHATUBHOTO
BapMaHTa, CKOPOCTB 3aCOpeHnsd oBopyOOBaHMUSA npu paboTe
YCOBEPIEHCTBOBAHHOTO peaKTopa KUIIAMETO CJIOS C UCIOJBE30BaHUEM
IBYXKOMIIOHEHTHOM KaTaJluTHUUYeCKOM CUCTEMEl U C PELVPKYJIALMEN
BaKyyMHEIX OCTaTKOB MOXeT [IPUBECTHU K YMEHBIIEeHUI CKOPOCTHU
yBeJIMUeHU S pacueTHHX baxkTOpPOB CONPOTHUBJIIEHU A 3aCOpPEeHND
TelJIOOOMEHHMKOB, II0 CPaBHEeHMIO C IIepBOHauallbHOM padoToM peaKTopa
KMIIAMEeTro CJIOS.

V. OKCIEPMMEHTAJIBHHE MCCJIEOOBAHVA U PE3YJILTATH

[0142] Brula HnDpoBelleHa CepMsa BKCIEPMMEHTOB C MCIIOJb30BaHUEM
IBYXCTyIleHU4aTOoMn JabopaTopHOM YCTaHOBKU c KU AIUM cyoeMm
KaTajamsaTopa. 51U VCIHTaHU A BRJIOUAJIN Kak OTCYTCTBUE
PEUUPKYJIAUUM, TakK U PeUupKyJIAlMI0 BaKyyMHHX OCTAaTKOB B peaKTop
KUIIAMETO ciosa u IPOBONUIINUCEH Ha Tpex PAa3JIMUHEIX  YPOBHAX
VCIOJIb30BaHUSA OUCIepPTUPOBAHHOTO KaTalmM3aTopa. B OPYyTUX
OTHOMEHUAX WMCIBTAHUSA OBJIM MIOEHTUUHEIMM C MCIOJL30BaHMEM TOTO Xe
CEHIPbS BaKyyMHOTO OCTaTKa THIIa POCCUMCKOM SKCIOPTHOM CMeCcHu (Mapku
«Ypaj»), TOTO Xe TBEepAOTlo KaTalMs3aTopa Ha HOCUTeJIe B KUIIAIEM
CJI0oe M Tex Xe TeXHOJOTMUeCKMX pabouMx HapaMeTpOB (OaBJIeHUS,
O0OBEeMHOM CKOPOCTM M T. I.). VcCHOHTaHMA IIoKaszajy, KakK HapacTaHUue
PELUPKYJIUPYIRIUX BPEOHHX acd®alIbTeHOB B IpollecCe KUIAMETO CJIoa C
PELUPKYJIUPYIIMMY BaKyyMHEIMM OCTaTKaMM MOXHO I[IPeNOTBpaTUThL IIpU
IIOMOIIM OBYXKOMIIOHEHTHOM KaTaJIMTUUECKOM CUCTEMH.

[0143] Kak cxeMaTHMUeCKM IIpOWJIJIoCTpUpoBaHo Ha dur. 5, 14
CpaBHEHMA MCIOJb30BaHMA TDeTEepPOrleHHOTO KaTajlu3aTopa caMoTo IIo

cebe wmu HBYXKOMHOHGHTHOﬁ KaTaJuTHuuyeCcKom CHCTEMEI, cocTodmen us3

I'eTepOI'eHHOT'O KaTaJlMsaTopa B KOMOMHalLUU C JacTuiaMM
OVCIIEPTIMPOBaAHHOTI'O MeTaJIJICYJEPUIOHOTO KaTallrmsaTopa (. e.
JacTriaMM1 IMCIIEPTMPOBaAaHHOT'O OUCYJIIEOPUIOHOTO KaTajlnmsaTopa

MoJmmboeHa) , NIPUMEH AJIU JJadopaTopHYD YCTaHOBKY 500 c OBYMSA
[IOCJIeDOBATEJIBHO COEeOMHEHHEMM peakTopamMu 512, 512" kuIdmero cJjo4d.
[0144] B wuactTHOCTH, JabopaTopHasa ycTaHoBKa 500 comepxur

CMeCcHuTeJIBHOe YCTPOMCTBO 502 oJis CMellMBaHM A IpenmecTBEeHHUKA

KaTaJln3aTopa (HanpuMep, 2-3THUJITeKcaHoaTa MoJIMBIOeHa, 15%
MoJIMOIOeHa IO  Macce) C CHPBEM U3 TAXeJION  HedTHu (BMecTe
obosHauvaeMelx noszuuuen 501) ¢ oBpasoRaHMEeM KOHOMUIMOHMPOBAHHOTO

CEHpb 4. HaIjiexallee CMellMBaHMe OOCTUIAeTCHd IIYTeM IIepBOHAUaJILHOI'O
InpenapapmMTeJIEHOT'O CMeIlMBaHMA InpelmeCTBeHHNKa KaTajlnmsaTopa C
YTUJIEBOOOPOOHEM paB@aBMTeﬂeM C O@paSOBaHMeM paB@aBHeHHOﬁ CMeCHt

IpenmeCTBEeHHMKA . Hiid CJIe IYIIMX VCITETaTeJIb HEIX rccJeldoBaHUM B
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KadecTee YTUIEBOLOPOIOHOT'O paszbaBuTeid VICIIOJIb 30BaJIu
TunpooBpaboTaHHEM TAXeJEM BaKyyMHEM TI'a30Wjb. Paz0aBJIeHHasa CMecCh
IopenmecTBeHHMKa ObJla OPUIOTOBJIEHa TakuMmM obpasoM, UYTO 1 dYacThb IO
Macce CMecH MoIJla OvBTh »notabjieHa K 99 uyacTaM IO MaccCe CHPbA U3
TSKEJION HedTM IJIS OOCTUXEeHMS LeJIeBOM Barpy3KU IUCIePTUPOBAHHOTO
METaJUICYJIbOUIHOTO KaTajlM3aTopa B KOHIOMUMOHMPOBAHHOM CHpPbe. B
KaueCTBe KOHKPETHOTO IIpuMepa, IOJ4 MUCIHTATeJIbHOT'O MCCJIeNoBaHUA C
1eJieBOo 3arpys3kor 30 u/MJIH IOIUCIEPTUPOBAHHOTO MeTaJJICYJbOUIHOTO
KaTajJu3aTopa B KOHIMUMOHMPOBAHHOM CHpPbLe (mpu STOM B3Barpy3ka
BHpaxaeTCsa B 3aBUCUMOCTM OT KOHIEeHTpalluM MeTalljla), pas3baBJIeHHasd
CMecChb IpellleCTBEeHHMKa OBJIa OPUTOTOBJIEHa C KOHIEeHTpalMeM MeTaJlla
3000 u/mMJiH.

[0145] CilenyerT OTMETUTE , yTo oJisa CPaBHUTEJIbLHEIX
VCIHTAaTeJIbHEX rccJenoBaHum, B KOTOPEIX He IIPUMEHAJIC A
OVCIIePTUPOBAHHEN MeTaJUICYJLOUIHEM  KaTaJu3aTop, YTJIEBOOOPOOHHM
pazbaBUTEIb (ruopoobpaboTaHHLM T XS JIEN BaKyyMHEM Tas0oMb )
no®aBJIgM B CHPbe M3 TAXeJOM HedTM B TOM Xe& COOTHOmeHMM 1 dYacTu
I[I0 Macce TSXKeJIOTO BakKyyMHOTO Taszsoviyig (HVGO) xk 99 uyacTaM IO Macce
CEHIPbS M3 TSEXeJIOM HedTm. 3ST0o obecneuMBaeT TO, UYTO MCXOOHaHd

KOMIIO3ULIMA OyIoeT TakoM Xe MeXOy MCIIETaHVMAMM C MCIIOJIB30OBaAHMEM

,JIByXKOMHOHGHTHOf/T KaTaJluTUUdeCKOM CHUCTEMEL n VM CIIEITaHMAMU C
MCIIOJIE3OBaHMEM TOJIBKO reTepoI'eHHOT'O KaTallnsaTopa (KU Amero
CJ'IOFI), TaKIVM O@paBOM oBecrieurBad HelloOCpeICTBeHHOe COIIoCTaBJIeHMe

Pes3vyJILbTaTOB MCIIHTAaHUMN.
[0146] Crlpbe U3 TSXeJOM HedTrn U padboume YCJIOBUSA OJIA

(l)aKTML_TeCKMX MCIIETaHuM 0oJjiee KOHKPeTHO OIllpedeJIeHEl B IIPpMBeIeHHEIX

HIIKe  IIpVMepax. T'eTepOT'eHHEM  KaTajJus3aTop  IIpeAdcTaBiayl  cobon
KOMMEepUeCKU IOCTYTIHLIA KaTalm3aTop, OBBIUHO M CIIOJIb 3Y MBI B
peakTopax KUIIAMET O cJos. KOHIMIIMOHVPOBAHHOE CHpbLE

PELVPKYJIMPOBAJIM WM BO3BpallaJiM B CMECUTEJIBHYK eMKoCcTe 502 ¢
[IoMOmEBID Hacoca 504, Kak M B Cllydae C KOMIIEHCAIMOHHOM eMKOCTBIO U
UMPKYJISLIMOHHBM KOHTYPOM. BLHICOKOTOUHLIM Hacoc 506 IpSaMOTO
BHITECHEHUS MCIIOJB30BaJM IJIA OTBOIA KOHIMIMOHMPOBAHHOTO CHPBS U3
PELUUPKYJISIMOHHOTO KOHTYpa M CXaTud eT'0 OO JaBJEeHUuS B peakKTope.
Bomopomuer Tas 508 momaBajlM B CXaToe II0I »OaBJieHMeM CHpbe, U
IIOJIYUEHHYID CMeChb IIpOoNycKajM uepes3 IIpeldBapUTeJILHHENM IIoHoTpeBaTellb
510 mepeln BBeIeHMEM B IEpPBHM peakTop 512 kUIAmMEeTO CJOA.

[0147] Kaxoemi u3 peakTopoB 512, 512' xungamero cJog MUMel
BHYTpeHHUM obbeM okoJio 3000 MJI MM comepxalJl ceTyaToe IIPOBOJIOUHOE

3allMTHOEe yCTpoMcCTBO 514 1njd yIOepXaHUs IeTepOol'eHHOTO KaTaJlM3aTopa



50

BHYTPU peakTopa. Kaxnowell pekTop 512, 512' TaxkXe OCHalleH JMHUEN
511, 511" miga pelupKYJAUVM M PeUUPKYJAUMOHHEIM Hacocom 513, 5137,
KOTOpPEM of0ecHeurBaeT HeOOXOOMMYK CKOPOCTBE IIOTOKa B peakKTopax OJd
pacummMpeHusa CJOS TeTepOol'eHHOTO KaTaluzaTropa. OOBeOIMHEHHB O0BeM
0BoUX PeaKTOPOB UM MX COOTBETCTBYNIMUX JIMHUM OJS pPeuupKyJIauum, BCe
Y3 KOTOPHX [NOONepXMBAJIMCL IIpM OINpemeJiIeHHOM TeMIlepaType peaKTopa,
cocTaBuya 6700 Myu. 3T0 oOBeM TepMMUECKOM peaKUUM CUCTEME, KOTOPHIM
MCIIOJIbL30BAJICS B KauecTBe OCHOBaHMA IJA pacueTa UYacoBOM oOBLEeMHOM
ckopocTu xmpokocTu (LHSV) .

[0148] Ha o®umr. 5 3ajaHHasd BEHCOTa KaTajlM3aTopa B KaXIOoM
peakTope 512, 512' kungamero cJod cxeMaTUuecku ofo3HaueHa HWKHeN
OYHKTUPHOM JuMHMeM 516, a pacCHMpeHHHEM CJOM KaTaJlM3aTopa BO BpeMd
WCIOJIbE30BaHUSA CXeMaTUUeCKM o003HaueH BepxXHelV NOYyHKTUPHOW JIMHUEeN
518. OBoTameHHEN MaTepurall 520 "3 [IepPBOTO peaxkTopa 512
neperpyXalM BMeCcTe C HOONOJHUTENBHEM BojopomoM 5L08' Bo BTOpoOM
pPeaxKTop 512" o4 OOIOJIHUTEJILHOTO TUIPONPOLIECCUHTA.
OOMOJHUTEJILHEM ofoTameHHEM MaTepual 520" u3 BTOpPOTO peakTopa
512" BBOIMJIM B TOpAUYMM celapaTop 522 nOJjd OTHeJIeHUMS HU3KOKUIIAMMX
YIJIEBOOOPOOHEX TMPOOYKTOB M Ta30B 524 oOT HeKOHBEePTUPOBAHHOU
XUOKOV Gpakumy (MM KyOOBEIX OCTATKOB celapaTopa) 526. Tas3e u
mapel 524 yIJIeBOLOOPONOHHEX [NIPOOYKTOB OXJaxXhajlu W I[IPpOoIlycKaju B
XOJIOOHHIM cenapaTop 528, roe MX pasbegdanru Ha Tras3el 530 wu
KOHBEPTUPOBAHHEE YIJIEBONOPOLOHEE I[IPOOYKTHE, KOTOPHE OBUIM M3BJICUYEHE
B BMIE NPOOYKTOB 532 BepxHeIO IIOTOHa cellapaTropa.

[0149] KyboBrle ocTaTku 526 cenapatopa obOpabaTHBalM B
IepruoOMUEeCcKOM pPexyMe C IIOMOMBI OTOeJbHOM (T. e. aBTOHOMHOM)
yCcTaHOBKM 534  BakyyMHOM IepeTrOoHKM IIepruOoIUMUYeCcKOoTOo IeMCTBUA.
[IyHKTUpPHEE JIMHMUM YKa3HBalT Ha o00paboTKy B IIepUOOUUYECKOM pPEeXUME,
XOoTd B IIpemejlax o0beMa HacCToAlWeI'd0 M300peTeHMSA  MCIOJb3YIT
HellpephlBHYK 00paboTky. HecMoTpsa Ha TO, UTO BaKyyMHad IIepelOHKa B
IPOMEIIJIEHHOM  YCTAHOBKE  BHIIOJHAETCH B 3aMKHYTOM HeaBTOHOMHOM
IVUCTUJINIAUMOHHOM KOJIOHHe, IJA LeJle¥ WCHOHTaHuK Ha JabopaTopHou
YCTaHOBKE MCIIOJIb30BaJIn YCTaHOBKY 534 BaKyyMHOM IepeTrOHKNU
IepruoouueCcKOoTOo  IOeWCTBUA. YcTaHoBKa 534 BakyyMHOM  [epeTOHKHU
IeprMoIMuecKkoTo mOercTBusa obpabdorasa 6000 1 xy©OOBEHIX OCTaTKOB 526
cenapaTopa, IpuueM of0paboTka Kaxnoy nopumm ObJla BHIIOJHEHa B
TeueHMe 6 YacoB, U IIPOMU3BOOWIIMCE IMNIPOOYKTH 536 BepxXHeIr'O IIOT'OHa
cenapaTopa ¥ OponoyKT 538 BaKyyMHEIX OCTaTkoB. [lopumm oOpabaThBajin
opu naBJieHuM OoOkoJjio 1,5 MM pT. CT., UYTO IIO3BOJIAJIO LOOCTUUL

KOHEeUHOM  TeMIepaTypPH, SKBMBAJIEHTHOM  aTMochepHOM  TeMIepaType



51

975°F, mnpmM TeMmIepaType pesepByapa MeHee 650°F, TakuM oOpasom
OpenoTBpamas HacTyIJIeHMe peakKluM KpeKMHTa BO BpeMsa BaKyyMHOM
[IEPETOHKM.

[0150] C TIOMOIIB 0 YCTAaHOBKU 534 BaKyyMHOM [IepeTrOHKNU
IeprUoOOMYEeCKOTO MOeMCTBMSA KaxXObeM IeHb ofpabaTeHBajM UYeTHpe I0PLUMU
BaKyyMHOM TIIepeTl'OHKM, UTO »OaBaJiO0 HeOOXOOMMBIN IIPOIYKT BaKyyMHOM
[IepeT'OHKM KakK IJid aHajuz3a, TakK U IJA PeLupKyJIauun. B yCciIoBUAX,
CBABAHHEIX C pPeluupKyJsalmuen, npooykT 538 BakKyyMHHX OCTaTKOB
PEeLUUPKYJIMPOBAJICA Ha YpoBHe 20% Mo oO0BeMy CKOPOCTM IIOoHaulM CBEeXMX
BaKyyMHHX OCTATKOB IyTeM eI'0 pPeLupKyJIalIuu B CMECHUTEJIBHOE
ycrporcTeo 502, Tme oH cMemMBaJcad ¢ koMmnoHeHTamu 501 CoHpbA.

Mpumep 1

[0151] TIIpouecc, WCIOJB30OBaHHEM B TIpuMepe 1, OpendcTaBJIAN
cobou CpaBHUTEJILHHM IpUMep, oJs KOTOPOTO VICIIOJIE 30BaJIn
BHIIEOTIMCAHHYK JIabopaToOpHYK YCTAHOBKY  TOJBKO C TeTepOTl'eHHEM
KaTalrn3aTopoOM C KUIAMMM CcJioeM. [Jjd nOpuMepa 1 He WMCIOJb30BaJM
OVCIIEePTUPOBAHHEN  MeTaJJICYJIbLOUIHEM  KaTaJlu3aTop (uro  O3HauaeT
OTCYTCTBME IOBYXKOMIIOHEHTHOM KaTaJUTHUUeCKOM CUCTEMH), M IIpolecc
OCYWECTBIJIAIM ©0e3 pPelUUMpPKYJALMM BaKyyYMHEX OCTaTKOB B pPeaKTop
KUIOAMeTo cJog. Ilpollecc NOpoTekalJl IpM YaCoBOM OOBEMHOM CKOPOCTHU
xmuoxkocT  (LHSV) 0,3 u'l u cpenHeB3BeNeHHOM TeMIleparType CJos
(WABT) 414°C Ha o0eux CTYINEeHIX peakTopa. LHSV ompemesgeTcs Kak
0BBeM CBeXeI'O CHpbS BaKyyMHOI'O oOCTaTKa, I[IomaBaeMoI'O B UYac, Ha
oBBeM TepMMUeCKOM peakKuuu. B 2THMX YCJI0BMAX ObJla OOCTUIHYTa
KOHBEpPCUA BaKyyMHOTO ocTaTKa IPUOIIUBUTEIIEHO 55%, npryeM
KOHBEPCHUIO onpeneann Ha OCHOBaHUU TPaHUUHOM TeMIIepaTypPH
oTmesieHusa ¢paxkumm 538°C (1000°F).

[0152] O6paszenu ky©®oBOTO MNPOOyKTa celapaTopa JabopaTopHOM
YCTaHOBKM TIIOOBepIUIM JlabopaTopHOW IepeloHKe C  MCIOJb30BaHMEM
MeTonma ASTM D-1160 1mJjsa [DOJy4deHMSa OTIOeJIeHMHI ©QpakKuuM I[IpoOyKTa
BaKYyMHOT'O ocTaTka 538°C+, KOTOPHIN aHalM3UpOoBajlM Ha colepxaHue Cr
achaseTeHa. ConepxaHue C7; achajibTeHa OlIpenelisaiM KaK pPasHOCThb
MexIoy coIepXaHreM B ofpa3lle HepaCTBOPMMEX B TelTaHe IIpUMecel U
HepaCcTBOPUMEIX B TOJIYOJIe IIpuMecel.

[0153] PesyaepTaT HOpuMepa 1 HaHeCHIM Ha TI'padMK pes3yJibTaTOoR,

IOKa3aHHEM Ha O&ur. 6, ¥ T[pelcTaBWJIM B BUIe He3aKpPalleHHOTO
KpampaTa.
[Ipumep 2

[0154] TIIpouecc, MCIOJBb30BAHHEM B IIpuMepe 2, OCYIMeCTBJAIN

TaKVM Xe O6paBOM, KakKk "M B IIpHMepe 1, 3a MCKJIJIDUeHreM TOoIro, UYTO
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IOJIS IIOJIYYeHMS  BaKyyMHOT'O KyBOBOT'O IPOOYKTA, KOTOPHM  3aTeM
PELUPKYJIMPOBAJl B pPeaKTOop KUIIAMEeI'O CJIOS KaK 4YacThb IIpollecca [Iomauu
TaXeJIoM  HedTH, VICIIOJIL30BAaJIM AaBTOHOMHYID YCTAHOBKY  BaKyyMHOM
[IEPETOHKHA [IepUoOonUUEeCcKOITO OeViCTBUSA. [lepuooMuecKrym BaKyyMHYIO
[IEePEeroHKY IMIPOBOOMJIM C TeMIepaTypol BHKMIaHMda 524°C (975°F), mpu
STOM IIOJIYUEHHHM BaKyyYMHHM KyOOBHM OPOOYKT HOOaBJAIM K IIPOLECccy
nomaum TsKeJOoM HedTM C Kunammm cjoemM nopu 20 06.% CBexero CHPbA
BaKyyMHOTO ocTaTka. LHSV nommepxmBaiu 0,3 wuyac !, oTMeuas, UTO
onpepnmejyieHMe LHSV OBJIO OCHOBAHO Ha IoJadue CBeEXero BaKyyMHOI'O
oCTaTka, kKak yKa3aHO B Ipumepe 1.

[0155] [HDaHHEHEe @OJgd HOpuMepa 2 cobupaju I[OIpM OBYX pPas3HBX
TeMoepaTypax peakTopa (411°C m 414°C), UTO IPUBEJIO K KOHBEPCUM
ocTaTka 53% wm 58% cooTBeTCcTBeHHO. Kak omnmcanHo B IOpuMepe 1,
obpasel, OPOOYKTa BaKYyyMHOT'O oOCTaTka 538°C+ MNOJyumMsiM [HOCPenCTBOM
JafopaTopHOM BaKyyMHOM IeperoHkm D-1160, M  3aTeM  BHIIOJIHWIIN
aHaJM3 Ha conepxaHue C7 acdallbTeHa. Pe3yJbTaTH I[IOKa3aHE Ha
IrpadmkKe pes3syJibTaTOR, MNPOUMIJIOCTPUMPOBAHHOM Ha Our. 6, M M300paxeHH
B BUIe 3aKpalleHHHX KBaIpaToB, COeIOMHEeHHHX JIMHUEN.

[0156] Kax BugHO Ha Odur. o, Ipu OIOVMHAKOBOM KOHBEPCUHU
ocTaTKa TIIpollecC, MCHOJIE3YEMHY B IIpuMepe 2, C PeUUPKYyJIALUUeEN
BaKyyMHEX OCTaTKOB, IPUBOIOUT K  3HAUUTEJBLEHO  0oJiee  BHCOKOMY
comepxaHuio C7 achalIbTEHOB I[I0 CPaBHEHUK C IIpOLleCCOM M3 IIpuMepa 1,
UTO yKas3eHBaeT Ha 3HAUMTEeJIbHOEe HapacTaHUe PelUMPKYJIUPYRIMX BpeOHBX
achaJIbTEeHOR IIPU MCIIOJIE30BAHUNM PEUVPKYJIALUMA.

Mpumep 3

[0157] IIpouecc, WMCIHOJIL3OBAHHLEI B IIpuMepe 3 OCYIeCTBJISAINU
TakMM e of0pa30oM, KaK B IOpuMepe 2, B3a MCKJIOUeHMeM TOI'0, UYTO
OVCIIePTUPOBaHHEMN MeTaJlJICYJIb QU IHEIL KaTaJlnu3aTop no6aBJIgaIn B
VMCXOOHYIO CMEeChb T IXKeJION HedTH. Kak OTMeuYalJioCh BHINE,
IpedmecTBEHHMK  KaTaJlu3aTopa npelBapuUTesILHO OUCIIePTUPOBaIM B
YIUIEBOOOPOIHOM PpasbaBuTele (TAXeJHM BaKyyMHHM Tas0WMb), a 3aTeM
IpenBapuUTEIbLHO CMEMaHHYI CMeCh IIPpellleCTBEHHMKA KaTajlu3aTopa WU
YTJIEBOOOPOIOHOTO pazbaBUTENA (pa3baBJIeHHEM IpenmecTBEHHUK
KaTajlu3aTopa) IOobaBuUiIM K BaKyyMHOMY OCTAaTKYy MCXOIHOM HedTH.
[lpemmecTBeHHMK KaTajlM3aTopa/yIJIeBOOOPOIHEM pasfaBUTelb ITOTOBMUIIMU
TakuM oBpa30oM, UTOOH KODOOMUMEeHT NOpuMecH 1 Mac.$ CBexel MCXOOHOM
cMecHu ofeclieurpealJl KOHLEHTpalMl OUCIepIMPOBaAHHOT'O KaTajm3aTopa 20
y/MJIH IO Macce (B BuUOe MoJmMOIOeHa) .

[0158] TIIpouecc mOpoTekKal IIpM YacoBOM OOBEMHOM CKOPOCTHU

xmuokocT  (LHSV) 0,3 u'l u cpenHeB3BeNeHHOM TeMIepaType CJos
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(WABT) 414°C Ha ofeux CTYIIEHSX peakTopa. DTO IIPUBEJIO K KOHBEPCUU
ocTraTka 52%. Kak oTMeuaJloCh BHIIe, OOpaz3ell IPOOYKTa BaKyyMHOTO
ocTaTka 538°C+ HOJYUMJIM [IOCPEICTBOM JaBopaTOopHOM  BaKyyMHOM
neperodku D-1160, u 3aTeM BHIIOJHWUIM aHaJlM3 Ha conepxaHue Cy
acoajibTeHa.

[0159] PesyabTaT MUCHOHTAHMM IIOKa3aH Ha I'paduke dur. 6 B BUIE
Hes3aKpalleHHOTO TpeyroJibHMKa. [0 CpaBHeHMI C pPe3yJjbTaToM U3
npuMepa 1 (He3aKpalleHHBN KBagparT) comepxaHue acdbasibTeHa
CHUXaeTca OJlaromapsd IOeMCTBUIL OUCIePTUPOBAHHOTO MeTaJJICYJbOUIHOTO
KaTaju3aTopa. Kak [IOKa3hBaT OOIMOJHUTEJLHEE OaHHBEe U3 IpuMepa 4,
IIOHWXKEHHOEe CcoIepXaHue acdajbTeHa OBJIO He IPOCTO pPe3yJibTaToM
TIOHMXEHHOM KOHBEPCUMU.

Ipumep 4

[0160] IIpouecc, MCIOJbL30BAHHEIM B IIpuMepe 4, OCymeCcTBJIAINU
TakuM Xe of0pasoM, KaK M B IIpuUMepe 2, C pPeuupKyJIdlrel BaKyyMHEBIX
OCTaTKOB, 3a VCKJIIIOUeHUEM TOTO, uTo OVICIIePTUPOBaHHEM
MeTaJlJICYJIb QU IHEIN KaTajlu3aTop n0BaBJIAIN B UCXOIOHYI CMecCh,
VCIIOJIb 3y A MEeTOR nus IpuMepa 3. KoHueHTpauus CBexeTo
IVCIEePTUPOBAHHOTO KaTalM3aTopa cocTaBiasayia 20 u/MJIH 1o Macce (B

BUIe MoOJIMOIeHa) B pacdeTe Ha KOJIMYeCTBO CBeXxeyl MCXOOHOM CMeCH

(cMech BaKyyMHOTO ocTaTka u IVCIIEPTUPOBAHHOTO
KaTanmzaTopa/yTJeBOOIOPOIHOTO pasbaBuTesAg) . PellMpKYJIMPOBAaHHLI
[IOTOK BaKyyMHBIX OCTaTKOB TaKxXe comepxa OCTaTOUHLI

(MCIIOJNIL3OBAHHE) OUCIEPTUPOBAHHEM MeTaJICyJbOUIHEM KaTaJlu3aTop,
KOTOPHM ORI IOoOaBJIeH K MCXOIOHOM CMeCM TaXeJIoM HedTM B HOOIOJIHEeHUe
K CBeXeMy IOUCIIEPCHOMY KaTaJlM3aTopy.

[0161] HaHHBEIe @OJda nOpuMmepa 4 OpUIM CcOOpaHH IIPM OBYX Pas3HBEX
TeMIepaTypax peakTopa Kungmero cjog (414°C m 418°C), UTO MIPUBEJIO
K KOHBepCcHMM ocTaTka b52% m 58%, COOTBeTCTEBeHHO. Kak 0OTMeualioCh
BLIIE, OTIOEeJIeHMe (QpakuMy MOPOIOYyKTa BaKyyMHOTO ocTaTka 538°C+
[IOJIY YNIIN [IOCpPEenCTBOM JabopaTopHOM [IepeI'OHKHU n BHIIIOJIHWIIU
n3MepeHusda comepxaHud C;  acdajibTeHa. PesyJbTaTe I[IOKa3aHB Ha
Irpaduke Ha dur. 6 B BUIOe 3BaKpalleHHHBX TPEeYITOJIEHUKOB, COeIVMHEHHEX
JVHUEN, KOTOpHEe OTOoOpaxailnT CTaTHUCTUUECKM JIMHEMHYK 3aBUCHUMOCTD
MeXIy KOHIeHTpaluel acdajlbTeHa UM KOHBepCUelN, HO CO BCeMHu
TOUKaMM, PAaCIOJIOXEHHEIMM CYWeCTBEHHO HIMXe, UYeM pes3yJibTaTE U3
opuMepa 2.

[0162] B oTauuMe OT pPe3YJBTATOB M3 IIPUMEPOB 1 M 2, KOTOPHE
OBUIM TIOJIyUYeHH 0e3 MCHOJIE30BaHMA IOBYXKOMIIOHEHTHOM KaTallMTHUUeCKOM

CHCTEMEI, conepmameﬁ I‘eTepOI‘eHHBIﬁ KaTaljllnsaTop " ,JIT/ICHepI'MpOBaHHbIﬁ
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MeTaJJICYJILOUIHEN KaTajlru3aTop, Pes3yJbTaTH M3 IOprMepa 4 ¢ 20 u/MiH
OVCIIEPCHMOHHOTO MEeTaJUICYJIbLOMIOIHOTO KaTajlu3aTopa U pelrpKyJIdumen
BaKyyMHHEX OCTaTKOB I[I€pPeKpPHBAKRT pPes3yJbTaT M3 IIpuMepa 3 06e3
PEeLUPKYJIAIMM. OTO O3HavaeT, UYUTO MCIOJbB30BaHMe OUCIIEPTIUPOBaAHHOI'O
KaTajgmMs3aTopa C KoHIeHTpauuel 20 u/MJIH OpemoTBpamalJio HapacTaHue
PELUPKYIIMPYRIUX acdaljibTeHOB. [IpM MCIOJB30BaHUM B COUeTaHUM C

peuMpKyﬂHumeﬁ BaKYyyYMHEIX OCTaTKOB HMCHepPMpOBaHHMﬁ KaTaJinmsaTop

oBecneurBaeT IBOMHOE IpeuMyIecTBO : (1) MCXOIOHOe comepxaHue
acpaJibTeHa (Bes PEeLUVPKYJISALNA) ABJISIETCSH (myIm MOXeT OLITE )
IIOHWXEHHEM,; ¥ (2) OpeloTBpamaeTCcsa HapacCTaHue pPelUpPKYJIMPYRIMX

achaJIbTEeHOB TIIPM PEeUUMPKYJISIMM  BaKyyMHHX OCTaTKOB o0OpaTHO B
pPeaKTop KUIIAMETO CJIOA.

Ipumep 5

[0163] IIpouecc, MCIOJL30OBAHHHM B IIpuMepe b5 oCymecTBIAJICHI
TakMM Xe of0pa30oM, KaK B IIpuMepe 3, 3a MWCKIOUeHMeM TOT'O, U4TO
KOHIEHTpalUusa OUCIEePTMPOBAHHOTO MeTaJJICYJIbOMIHOTO  KaTalM3aTopa
yBeJIMuMJack o 35 u/MJIH IO Macce (B BuOe MoJubIoeHa) . Ilpolecc
OCYIECTBJIAJIM IPU CpenHel TemiepaType kungmero cJjos 415°C Ha
oB6erx CTYIEHAX peaKTopa, YTO [PMBEJIO K KOHBepCHMM ocTaTka b54%.

[0164] I[ToJlyueHHOEe comepxaHme Cr achaJib TEHOB oTIneJIeHU A
dpakuMM IIOJIYUEHHOTO B JIabOopaTOpHHX YCIOBMAX IIPOOYKTa BaKyyMHOTO
ocTaTka IIoOKa3aHO Ha TIpaduke Ha Odur. 6 B BUIe He3aKpalleHHOTO
poMBa. PesyjabTaT M3 IOpuMepa 5 Opu 35 U/MIH IOIUCHEePTUPOBAHHOTO
MeTaJIJICYJIbQUIOIHOTO KaTajamsaTropa rnokasaJl najbHelmee CHWXEeHUe
comepxXxaHMsa acdhasbTeHa ¥ HOpu OoJiee BECOKOM KOHBEPCUM II0 CPaBHEHMIO
C pesyJbTaToM B npuMepe 3 mnpu 20 u/MIIH.

[IpumMmep 6

[0165] IIlpouecc, MCIOJL30OBAHHLEM B IIpuMepe 6 OCYIEeCTBIIAJICI
TakMM e of0pa3oM, KakK B IOpuMepe 4, B3a HWCKIOUeHMEeM TOT'O, UYTO
KOHILEHTpaUusa OUCIepIMPOBAHHOTO MeTaJJICYJIbOMIHOTO  KaTalMz3aTopa
yBeJMuMJack o 35 u/MJIH IO Macce (B BuOe MoJgubIeHa). Ilpolecc
OCYIECTBJIAJIM IPKM CpeOHMX TeMIepaTypax Kungmero cjos 415°C,
418°C, 420°C m 425°C, uUTO HNpMBEJIO K KOHBEPCUM OCTaTkoB 55%, 59%,
62% M 66%, COOTBEeTCTBEHHO.

[0166] IlomydeHHEHEe conepXaHud C7 acdaJIbTEHOB COOTBETCTBYRIMX
OTHOeJIeHUM OQpaKLUMM IIOJIYUeHHOTO B JabopaTOpHHEX YCJIOBUAX OPOOYyKTa
BaKyyMHOT'O OCTaTka IIOKal3aHo Ha TIpadpuke Ha Odur. 6 B BUIe
3akKpalleHHOTOo pomba, COeOMHEeHHHX JMHMEeM HaWJyudllero COOTBETCTBUA.
AHaJIOTUUHO pe3yJibTaTaM M3 IpUMMepoB 3 u 4, pe3yJlbTaTH IIpuMepa b6

IIePEeKPEBAKT Pe3yJIBETAaTE InprmMepa 5, IIOKa3kIBafd, uTo
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OVCIIEPTUPOBAHHEMN MeTaJIJICYJIb QUIOHEM KaTajamnsaTop IpenoTBpallall
HapacTaHMe pPeUVPpKyJIMpyoIrux achaljlbTeHOB B IOOIOJIHEHME K CHWXEHUI
GoHOBOTO YPOBHA acdaljibTEeHOB 0e3 PeLUPKYJALUUM BaKyyMHEX OCTaTKOB.

Ipumep 7/

[0167] Co ccmykKOM Ha TIpaduk Ha dur. 7 ¥ Ha IIpUMEepe
opoliecca, OIPOUJUIOCTPUPOBAHHOTO Ha Our. 3B, YCOBEPIEHCTBOBAHHH
peaxkTop KUIIAMET O cJio4 C MCIIOJIbE 30BaHMEM IBYXKOMIIOHEHTHOMN
KaTaJIUuTUUEeCKOM CUCTEMH C PelUMPKyJaluMed BaKyyMHHX OCTaTKOB MOXET
paboraTs npu BoJiee BEICOKOM KOHBEPCUMU Bes HapacCTaHug
PELVPKYJIVPYIOIUX acdallbTeHOB, Kak [IOKasaHo CILJIONHOM
TOPUBOHTAJBHOM CTPeJIKOM, MNpOoXoIAmel BIpaBO OT He3aKpalleHHOTO
KBagpaTa. OTO OTJMUAeTCHaS OT IIPEPHBUCTOM BepPTUKAJILHOWM CTpPeJIKH,
OpOXOOAmey  BHIIE He3aKpalleHHOT'O KBalpaTa, TIe  pPelUupKYyJISaUmusd
BaKYyMHEHX OCTaTKOB YyBeJMuMBaJla KOHLEeHTpaluuil acdajilbTeHa IIpU
OIOVMHaKOBOW KOHBEPCUU.

[0168] HobaBJieHHUE OUCIEPTUPOBAHHOTO MEeTaJJICYJIEOUIOHOTO
KaTajamsaropa 04 COo3naHmd IBYXKOMIIOHEHTHOM KaTaJUuTUUIeCKOM
CUCTEeMEl IIO3BOJIAET VYBEJUUUTE KOHBEPCUI OCTaTKa IIPpM COXpaHeHUU
OOVMHaKOBOM KOHIEeHTpaluu acdajbTeHa, UYTO IIPMBOOUT K CJelyKleMy :
(1) ypeJmMuMBaeTCsa CKOPOCTE IIPOMBBOLNCTBA IIPOLYKTOB KOHBEPCUM, IIPU
BTOM (2) npenorBpalaeTcd WY  YMeHbllaeTCAa  PUCK 3aCcopeHmnsa
TEeXHOJIOTMUECKOW YCTAaHOBKM MM OOOPYyIOBaHMA M (3) HOOIEepXMBaeTCHd

KauecTBO Ky©OOBOIT'O IpOoOoyKTa.

[0169] STOT BapMaHT ocylecTRBJIEHUS n300peTeHmnd
OpenrnouTuTeJIeH, KoTrga VMCXOOHOEe 3acopeHue TeXHOJIOTUUECKOM
YCTAaHOBKU ABJIAeTCHA KOHTPOJIMPYEeMEIM, a SKOHOMMUEeCKa4d BHEHIT'OIIa

HauBoJiee  OJjlaTolIpMATHa OJA YBeJMUeHUId  CKOPOCTU  I[IPOM3BOLCTBA
IPONYyKTOB KOHBEPCUM.

[Ipumep 8

[0170] Co ccHOkKOM Ha Tpadurk Ha Odur. 8 U Ha IIpUMeEpe
Ipollecca, OPOMIUICTPUPOBAHHOTO Ha Oour. 3C, YCOBEPIEHCTBOBAHHBIL
peaxkTop KUIIAMETO cJo4 C MCIIOJIE 30BaHNEM IBYXKOMIIOHEHTHOMN
KaTaJlMTUUEeCKOM CHUCTEMH C PelUUPKYJIAlMel BaKyyMHHX OCTAaTKOB MOXET
paboTaThk C OIMHAKOBOM KOHBEpPCHMEeM ¥ CO 3HAUMTEJILHHEM CHMXEHUEM
KOHILeHTpaluuMu acdallbTEeHOB, KakK I[I0Ka3aHO CIUJIOMHOWM BepTHUKAaJIbLHOM
CTPeJIKON, IpOXOonAmen HIXe He3aKpalleHHOT'O KBalparTa. Clide)
OTIMYUAETCS OT IIPEPHBUCTON BepTUKAJBLHOWM CTPEeJIKM, IIPOXONAlel BHIIE
He3aKpalleHHOT'O KeaXpaTa, I'Ie pPeLUPKYJALUMA BaKyyMHHX OCTaTKOB
yBeJIMUMBajla KOHILeHTpaluk acdajibTeHa NOpY OOMHAKOBOM KOHBEPCUM.

[0171] HobapJieHHne OUCIHEePTIUPOBAHHOTO MeTaJJICYJIbOUIOHOTO
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KaTaau3aTopa OJId cosmaHmg IBYXKOMIIOHEHTHOM KaTaJluTUUIeCKOM
CUCTEeMEl IIO3BOJIAEeT COXPaHUTL KOHBEPCHMIO OCTaTKa [IpUM CHWXeHUU
KOHLIEHTpalUuun acdasibTeHa, UTo [IPUBOIOUT K clenywnieMy : (1)
IOONepPXBaeTCS oOMHaKOBad CKOPOCTBb IPOM3BOACTRA IIPOOYKTOR
KOHBEpPCUM, TIIpU DDTOM (2) YMEHbIlaeTCs BacopeHMe TexXHOJIOTUUYeCKOM
YCTaHOBKM WM obopynooBaHuUA M (3) yJydllaeTcsa KadeCTBO KyOOBOTO
OponoyKTa.

[0172] STOT BapMaHT OCVYIIECTBJIEHMA M300peTeHUd  ABJISETCH
IpenrnouTUTeJIbHEM, KoTma UCXOIOHOE 3acopeHue TeXHOJIOTUUEeCKOM
YCTAaHOBKM M/MJIM KaudeCcTBO KyBOOBOTO IMNPOIOYKTa OTIpaHMUMBaKLT, Tak
yTOBE SKOHOMMUECKAas BHIOOa ObJla MaKCUMAJILHOM 3a CcueT YMEeHbIeHUS
3aCopeHud U/UiIM yJyulleHMS KadecTBa Ky©OoBOTO HNPOOyKTa.

Ipumep 9

[0173] Co ccHOkOM Ha Tpaduxk Ha Odur. 9 ™ Ha IIpUMepe
opoliecca, OPOMJIJIOCTPUPOBAHHOTO Ha O®ur. 3D, YCOBEepIHeHCTBOBAHHLHM
peaxTop KUIIAMET O cyo4d c VCIIOJIb 30BaHNEM IBYXKOMIIOHEHTHOM
KaTaJluTUUEeCKOM CUCTEeMH C PeLUMpPpKYyJIdalMel BaKyyMHHX OCTATKOB MOXeT
pabtoTaTe npm 0OoJiee BECOKOM KOHBEPCHMM M CO CHWXeHMeM KOHILeHTpalluu
achaJIbTeHOB, KakK IIOKas3aHo CIJIOCIIHOW  BepTUKAJBHOM  CTPEJIKOM,
OpoXondamel II0 IMaloHaJiM BIPaBO M HMWXe HesaKpalleHHOTO KBaIpaTa.
9TO OTJMUYaeTCd OT IPEPHBUCTON BepTUKAJILHOM CTPEeJIKM, IIPOXOOAMeN
BHIIE He3aKpalleHHOT'O KBaIpaTa, roe PELUMPKYJIAUMS BaKyyYMHEIX

OCTaTKOB yBeJMUMBAaJla KOHILeHTpaluio acbhalbTeHa IOIpM OOMHAKOBOM

KOHBEPCUU .
[0174] HoBaBJieHHUe OUCIIEPTUPOBAHHOTO MeTaJJICYJIEQUIOHOTO
KaTallrmsaTopa OJIdg CO3O0aHMA HByXKOMHOHeHTHOIZ KaTaJIUTHUUeCKOM

CUCTEMEl TIO3BOJISET YBeJIMUMTH KOHBEPCHMI OCTaTKa M IIpM STOM CHUBUTH
KOHLIEHTPaLWD acdaJjbTeHa, UTO IIPUBOIOUT K cilengynieMy : (1)
YBeJIMUMBAaEeTCd CKOPOCTH IIPOM3BOINCTEBAa IIPONYKTOB KOHBEPCHM, XOTS U
B MeHBIIEM CTeleHM, YeM B TIIpuMepe 7, OpM 3TOM (2) YyMeHbBIIaeTCHd
3acopeHMre TexXHOJIOTMUEeCKOV YCTAaHOBKM MWJIM ODOpPYyHOOBaHUA U (3)
yiydlaeTcsa KauecTBO Ky©OOBOTO MNPOIOyKTa, HO B MeHbIeM CTelleHM, uUeM
B IIpuMepe 8.

[0175] OSTOoT BapMaHT OCYMEeCTBJIEHUMA WU300peTeHMd I[IO3BOJISET
cOaJlaHCUMPORBRATE IperMylecTBa TakuMM ofOpasoM, UYTOOHE ONTMMU3UMPOBATH
ofmye BKOHOMMUEeCKMe IIoKa3aTeJlM IIpollecca. JMiumocTpaluuda B - 3TOM
IpuMepe IIOoKa3HBaeT CJydal, KoI'da YCOBepleHCTBOBaHME IIPOM3BOIACTBA
ABJISETCS OTHOCUTEJIEHO 0o0Jiee I1Ie€HHHM, UYeM YMEHBIIEeHVE 3aCOPEeHUS
TeXHOJIOTMUECKOM YCTAaHOBKM M/MJIM YJyUlleHMe KauecTBa KyBOOBOTO

IponyKTa.
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Ipumep 10

[0176] Co ccmiKOM Ha Tpadux Ha Odur. 10 m Ha [OpuUMepe
opollecca, MIPOMJIOCTPUPOBaHHOTO Ha Odur. 3D, YCOBEpPLIEeHCTBOBAaHHLIM
peaxkTop KUIIAMETO cJo4 C VCIIOJIbE 30BaHNEM IBYXKOMIIOHEHTHOMN
KaTaJlMTUUEeCKOM CUCTEME C pPelUUpKyJauyel BaKyyMHEX OCTATKOB MOXET
byHKUIMOHMPOBATE IpU 0OoJiee BHCOKOM KOHBEPCHMM UM CO CHWKEHUEM
KOHIeHTpaluuu acdajlbTeHOB, KaK I[I0Ka3aHO CIJIOWMHOM BepTUKAJILHOMU
CTPeJIKOM, TPOXOIAme¥ IO OMaroHaJM BIPaBO M HMWXe He3aKpalleHHOTO
KBagpaTa. OTO OTJMYUaeTCsa OT IIPEPHBUCTOM BepPTUKAJLHOW CTpPeJIKH,
NpoXOonAmelr  BHIIE He3aKpalleHHOT'O KBalpaTa, IToe  pPeuupKyJIsaumsa
BaKYyMHHX OCTAaTKOB YBeJIMUMBaJla KOHLEHTpaluuil acdajilbTeHa IIpU
OIOVMHaAKOBOW KOHBEPCUMU.

[0177] HobaBiieHue OUCIIEePTUPOBAHHOTO MeTaJIJICYJIEOUOHOTO
KaTaamsaropa 0JId CO3IaHmd IBYXKOMIIOHEHTHOM KaTaJUuTUUIeCKOM
CUCTEeMEl IIO3BOJISAET YBEeJIMUUTE KOHBEPCUK ocTaTka n CHU3UTE
KOHIIEHTPAaLWID acdasbTeHa, UTo [IPUBOIOUT K cienynieMy : (1)
YBeJIMUMBaAeTCs CKOPOCTE IIPOM3BOLNCTBA IIPOOYKTOB KOHBEPCUM, XOTHA U
B MeHBIIeWM CTeNeHM, dYeM B IOpuMepax / u 9, 10pu 3ToM (2)
YMEHBIIAETCSA 3aCOPeHMe TEeXHOJIOTUMUEeCKONW YCTaHOBKM MM OOOpPYyHOBaHUSA
n (3) yJdyumlaeTcsa KadeCTBO KyOOBOTO IMNPOAYyKTa, XOTS UM B MeHBIIEeN
CTelleHM, UYeM B IIpuMepe 8, HO B OOJIBIIEM CTeIeHM, UYeM B IpuMepe 9.

[0178] Ilo cpaBHeHMI C IOpuUMepoM 9 BTOT BapMaHT OCYleCTBJIEHUA
n300peTeHna  WJJICTPUPYET ciy4yau, KoTma CHIDKeHUEe 3acopeHmnAa
TeXHOJOTMUYECKOM YCTAHOBKM U/WMIM YyJyulleHMe KadecTBa KyOOBOTO
OPOOyKTa ABJIANTCHA OTHOCUTEJIBHO 0oJiee SKOHOMMUYUECKM BETOIHEMM, UYeM
YBeJIMUeHMEe CKOPOCTM IIPOMBBOLACTBA INPOOYKTOB KOHBEPCUM.

[0179] HacrTosdmee wu300peTeHMe MOXeT OHTb OCYmECTBJIEHO B
IPYITUX OTHOEJIbHHX BUOax 0e3 OTCTYIJIEHMS OT eI'0 CyTUM WM TJIaBHHX
XapakKTepUcCTUK. OnMcaHHEE  BapMaHTH  OCYWECTBJIEHUS  UM300peTeHUsd
OOJIDXHEL paccMaTpMBaATBLCS BO BCeX aclleKTax TOJBKO KakK WUIocTpalusd,
HO He KakK oI'paHudeHMe. IllosToMy o0O0BeEM M300peTeHUd OlIpemNelIiseTCHd
opujaraeMom QOpMyJIOM M300peTeHUs, a He TMpeluecCTBYKIUM ONMCaHUEM.
Bce V3MeHeHUd, KOTOpPEHE rnonagamoT B 3HadeHue " ouarnasoH
SKBUBAJIEHTHOCTHU OQOPMyJiEl M300peTeHUsa, OOJDKHEL OBTE OXBadeHH €TI0

0B6BeMOM
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$OPMYJIA MBOEPETEHNA

1. Cnoco® YCOBEpPHMEHCTBOBAHUA CHUCTEMHE I'MIOPOIPOLECCHHTa C
KUIAMYM CJIOeM KaTajMs3aTopa, KoTopas COOepXuT OIMH wiIu 0oJee
PEeakToOpPOB KUIAMETO CJOS C PEeUuPKYJIALYer BaKyyMHHX OCTaTKOB U 0es3
HapaCTaHUA PeLUPKYJIMpYymMxX acdajbTeHOB, BKJIOUAKINUN  CcJemylmye
STarlb

OYyHKUMOHMPOBaHME PpeaKTopa KUIAMEeIro CJosS C MCIOJb30BaHyeM
TEeTepOTeHHOTO KaTajJu3aTopa IJIS THUIPOIPOIEeCCUHTa TIXeJON HebTU B
UCXOIHEX  YCJIOBUAX, HeoOA3aTeJIbHO C PeLUVPKYJIdlMel  BaKyyMHBIX
OCTATKOB M HapacTaHMeM PeLUVPKYyJIMPYINMX achallbTeHOB;

nobaBileHVe WM oOpas3oBaHMe In Situ YacTHUl, OUCIEPTVPOBAHHOTO

MeTaJIJICYJIEOUIOHOTO KaTaJlrsaTopa B pearTOope KHUITAIEe IO CJIOA IOJIA

IIOJIy4YeHMA YCOBEPIIEeHCTBOBAHHOT'O pearTopa KHUITAIEeTr o CJIOA C
HByXKOMHOHeHTHOﬁ KaTaJluTUUeCcKoMn CMCTeMOﬁ, cocTodmen s
I'eTepPpOI'eHHOT'O KaTaJjlrsaTopa u YacCTUIL OVCIIEPTMIPOBAHHOT'O

MeTaJJICYJEOUIHOTO KaTallM3aTopa;

OYHKUMOHVPOBAaHME  YCOBEPINEHCTBOBAHHOTO  peakTopa  KUIAMETO
CJIod C MUCIOJIb30BaHMEM IIBYXKOMIIOHEHTHOM KaTaJlUTUUEeCKOM CUCTEMEH
O0J1S TUIOPONPOLIECCHHTAa TAXeJION HedTH OJIA [OJyYeHUSd YyIJIeBOILOPOIHBEIX
IPOOYKTOB;

IoOBepTraHMe YIJIEBOOOPONHEX IIPOAYKTOB BaKyyMHOM IIepel'OHKe U
oTHeJIeHMe OUCTUIIJIATOB OT BaKyyMHEX OCTATKOB, COIepXallMxX UaCTULE
OCTaTOYHOT'O MeTaJUICyJIbOUIHOTO KaTajusaTopa; U

PeuMpKyJIALMA IO MeHblleM Mepe dYacTM BaKyyMHEIX OCTaTKOB,
comepXaliMx YacTHLE OCTATOWHOI'O MeTaJUICYJbOUMIOHOT'O KaTajlu3aTopa, B
YCOBEpPmEeHCTBOBAHHHM peaxkTop KUTIAMETO cJjosa Bes HapacTaHUA
PELUPKYIUPYIIUX achajJbTEeHOB B CUCTEeMe THUIPOINPOlleCCUHTAa C KUIISIYM
CJI0eM KaTajuzaTopa.

2. Crioco® 1o . 1, B KOTOPOM OYHKUMOHUPOBAHMUE
YCOBEPIEeHCTBOBAHHOTO peakTopa KUIIAMET O cJjosa BKJIOUAET
OYHKUMOHVPOBaHME IIpu ©OoJiee BHCOKOM KOHBEPCUM, UYeM IIPU MCXOIHBIX
YCJIOBUAX, He  BH3HBasg OpM STOM HapacCTaHMA  PelUUPKYJIUPYRINX
acdasJbTEeHOB B  BaKyyMHHX  OCTaTKax, nprdeM  QYyHKUIMOHVPOBAHUE
YCOBEPIEHCTBOBAHHOTO peakKTopa KUIAmMeI'o CJIos IOIpu 0OoJjiee BHICOKOM
KOHBEPCUM YBeJIMUMBaeT CKOPOCTHL M[IPOMU3BOIACTBA IMPONYKTOB KOHBEPCUU
II0 CpaBHEHUIOD C MCXOOHHEMU YCJIOBMAMU 0e3 yBeJMUeHUS 3aCOpeHUd
obopynoBanus u/man 0e3 CHMXEeHMA KauecCcTBa Ky©OOBOTO IMPOOYKTA.

3. Crioco0 1o I, 1, B KOTOPOM OYHKUMOHUPOBAHMKE
YCOBEPIEHCTBOBAHHOTO peakTopa KUIIAMETO cJjosa BKJIOYAET

@yHKHMOHMpOBaHMQ Inpn aHaJIOTMUYHOM KOHBEPCUM I10 CPaBHEHMNIO C
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VUCXOIOHHMM VYCJIOBUAMM ¥ CO CHMXEHHOM KOHIeHTpalluel acdajlbTeHOB B
BaKyyMHHX OCTaTKax, IpuueM OQYHKIMOHMPOBAHME YCOBEPIEeHCTBOBAHHOTO
peakTopa KMIOAMETO CJOoA IIPpYM aHaJIOTMUHOM KOHBEPCHUM IMIONOEpPXUBAET
CKOpPOCTb IIPOM3BOACTRBa IPOOYKTOB KOHBEepCUM  IIO CpaBHeHUI C
UCXOIOHEMY YCJIOBUSAMU IIPU YMEHBIIEHUM SacCopeHMus Oo0OpyHOoBaHUS U/UIIN
Opu yJIydlleHuM KadecTBa Ky©OOBOTO MNpOoOyKTa.

4. Crioco® 1o . 1, B KOTOPOM OYHKUMOHUPOBAaHMKE
YCOBEPIMEHCTBOBAHHOTO peakTopa KUTIAIET O cJjos BKJIIOUAET
OYHKIUMOHMPOBaHMEe IpKu 00Jiee BHECOKOV KOHBEPCHUM, UYeM IIPU MCXOIOHBIX
YCJIOBUAX, W CO CHMXeHMeM KOHUeHTpaluur achajJbTeHOB B BaKYYMHHX
ocTaTkax, IpuueM OQOYHKIUMOHMPOBAHME YCOBEPIMEeHCTBOBAHHOTO peaKTopa
KUMIAmMETo CJIod Opu 00Jiee BHCOKOM KOHBEPCUM VYVBeJIMUMBAET CKOPOCTLH
IPOMBBOACTRBA I[IPOOYKTOB KOHBEPCUM IO CPaBHEHUI C UCXOIOHLMM
VCJIOBMAMM OPM YMEHLIIeHMM 3acopeHMd o0opyIOoBaHMA U/UIM  IIPpU
VIYUIeHUM KadecTBa Ky©OOBOTO NPOoOyKTa.

5. Cnoco6 no jgobtoMy M3 . 1-4, B KOTOPOM BaKyyMHHE OCTaTKU
PEUVPKYIUPYIOT C KO2QOMUMEeHTOM PelUMPKYJIALUMM OT OKOJIO 1% OO OKOJIO
50%, mam oT okoJio 5% mo okoJjo 40%, wmam oT okoJio 10% 1mo OKOJIO
30%, B 3aBUCHMOCTHU oT CKOPOCTHU IIoTOKa PELVPKYJIMPOBAaHHHX
BaKyyMHHX OCTAaTKOB KakK OOBEeMHEM I[IPOLEeHT OT CKOPOCTHM IIOTOKa
cBexel TsaxeJon HedTH, ODOOABJEHHOM B YCOBEPIEeHCTBOBAHHEM pPeakKTop
KUTIAIETO CJIOA.

6. Conoco® mno JmwoboMy M3 HOI. 1-5, B KOTOPOM OQYyHKIVMOHUPOBAaHUE
YCOBEPIMEHCTBOBAHHOTO peaKTopa KUIAMEeIo CJOoS C MCIOJIb30BaHMEM
IBYXKOMIIOHEHTHOM’ KaTaJluTUUeCKOM CUCTEME OCYHMEeCTBJIAIT opu
aHaJIOTMUHOM wmJu  ©oJiee  BHCOKOM TeMIepaType II0 CPaBHEHU C
UCXOIOHEMM  YCJIOBUSAMMU, TakoM Kak TeMIepaTrypa, [IOBHIIEHHAS  II0
MeHbIlell Mepe Ha 2,5°C, o MeHbmel Mepe Ha 5°C, IO MeHLBIIeM Mepe
Ha 7,5°C uiam no MeHbmel Mepe Ha 10°C.

7. Cnoco®6 no JjoboMy M3 M. 1-6, B KOTOPOM OQYHKIMOHUPOBaHUE
YCOBEPMEHCTBOBAHHOTO pPeakKTopa KUIAmMeIro CcJoS ¢ MCIOJb30BaHMEM
IBYXKOMIIOHEHTHOM KaTaJluTUUeCKoMn CUCTEME OCyMeCTBJIAT Ipu
aHaJIOTUUYHOM MM 0oJiee BHCOKOM KOHBEPCUM II0 CPABHEHMID C MCXOIHEMA
YCJIOBUAMM, TakKoM KaK KOHBepCHusd, IOBHIIEHHAaA I1I0 MeHbIeM Mepe Ha
2,5%, mo MeHbmeM Mepe Ha 5%, IO MeHbImeM Mepe Ha 7,5%, O MeHbIeN
Mepe Ha 10% miaM 1o MeHbBIeM Mepe Ha 15%.

8. Cnoco® mo JjmwbomMy M3 M. 1-7, B KOTOPOM QYHKIMOHMPOBAaHME
YCOBEPMEHCTBOBAHHOTO pPeaKTopa KUIAmMero CJoa C MCIOJb30BaHMEM
IBYXKOMIIOHEHTHOM KaTaJduTUUIeCKOMn CUCTEME OCYMEeCTBJIAIT Ipu

aHaJIOTMYHOM WM 00Jiee BECOKOM IIPOUMIBOOMTEJIBHOCTNM IIO CPaBHEHMIO C
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VMCXOIOHHEMU YCJIOBMAMM, TaKO¥ KakK I[IPOM3BOOMTEJBEHOCTE, I[IOBHIIEHHAs II0
MeHbIle Mepe Ha 2,5%, 0o MeHbmel Mepe Ha 5%, IO MeHbIIeM Mepe Ha
10% mam Ha 1o MeHbmeMm Mepe 20%.

9. Cnocof mno jmwoboMy M3 oii. 1-14, B KOTOPOM QYHKIUMOHMPOBaHUE
YCOBEPIWEHCTBOBAHHOTO PpeakKTopa KUIIANEero CJOoA C MCIOJb30BaHMEM
OBRYXKOMIIOHEHTHOM KaTaJIMTUUECKOM CHCTEeMH BKJIOUAeT IUIAPOIPOLECCUHT
TSXKeJIOM HebTy, uMekmel ©6o0Jiee HUBKOe KaudeCTBO, HallpMMep MMeIy
BoJiee BHICOKYIO KOHIeHTpPalMio achanbTeHa 1o CpaBHEHMIO c
TUIOPOIPOLIECCUHTOM TaXeJION HedTHM B MCXOOHHEIX YCJOBUAX, IIpUUeM, B
YaCTHOCTHM, KOHIEeHTpalusa acdajlbTeHa B HM3KOKAUECTBEHHOM TaXeJIoN
HedTr IO MeHbIIeM Mepe Ha 2%, II0 MeHbIleM Mepe Ha 5%, IO MeHbIlel
Mepe Ha 10%, o MeHbBmeV Mepe Ha 15% uIM 1o MeHblle Mepe Ha 20%
BHIIE, yeM  KOHILEeHTpalusd achaJIb TEeHOB B TOKeJIOM  HedTM  HOpu
OYHKUVMOHVMPOBAHUM B MCXOOHHX YCJIIOBUSAX.

10. Cnoco6 mo m. 9, B KOTOPOM YCOBEPIEHCTRBOBAHHHM pPeaKTOop
KUIIALET O CcJiIod oCcylmeCcTBJIAeT TUOPOIIPOLECCUHT achasibTeHa C
IIOBEIIEHHOM KOHBEpPCHUEeM I[I0 MeHbIeM Mepe Ha 2%, IO MeHBIeM Mepe Ha
5%, 1o w™MeHbme¥ Mepe Ha 10%, 1[I0 MeHbBmMeM Mepe Ha 15% wniIM 1o
MeHbMe¥ Mepe Ha 20% 1O CpaBHeHMIO C KOHBepcuel acdaslbTeHa IIpu
MCXOIOHHX YCJIOBUAX.

11. Crioco® 1o JIodoMy us M. 1-10, B KOTOPOM
OYHKUMOHMPOBaHME YCOBEPIEHCTBOBAHHOTO peakKTopa KUIIAMEeIo  CJoA
IPUBOIOUT K CKOPOCTM 3acCOopeHMd O00pYyIOBaHMA IIPpK QYHKIUVMOHMPOBAHUU
B MCXOIOHBEIX VYCJOBUAX, IIpMUUEeM I[IPEeOIOUTUTENIEHO (QYHKUMOHMPOBAaHME
YCOBEPIMEHCTBOBAHHOTO pPeaKTopa KUIIAMEI'O CJOoA IIPUBOOUT K CKOPOCTHU
3acopeHus oBbopyIOBaHNSA, KOoTOpasda HIKe CKOPOCTHU 3aCopeHmns
ofopyInoBaHMA OpY OOYHKUMOHMPOBAHUM B MCXOIHHX YCJIOBUAX, IpUUeM
OYHKUMOHMPOBAHME YCOBEPIEHCTBOBAHHOTO peaKTOopa KUIAMEeIo CJoS C
VCIOJIb30BaHMeM MOBYXKOMIIOHEHTHOM KaTaluTHUUYeCKOM CUCTEeMHE CHWKaeT
CKOPOCTEL 3acopeHMsa oO0OpyHOoBaHMA IO MeHbIleM Mepe Ha 5%, 25%, 50%
i 75% IO CpaBHEHMK CO CKOPOCTBI 3acopeHuda oDOpyIOOBaHUSA IIpU
MCXOIOHHX YCJIOBUAX.

12. Cnocot6 1o II. 11, B KOTOPOM CKOPOCTE  3aCOpeHud
o0OpYyIOBaHMA OINpenesidinT I[I0 MeHBIel Mepe I[IOCPEeOCTBOM OIHOTO U3
CJIeIyIRLeIo :

1) YacToTa HeOOXOOMMEIX OUMCTOK TellJIOOOMEHHUKA ;
11) YacToTa TEepPeKJIOUeHMs Ha Pe3epBHEE TEelJOOOMEeHHUKHM;

(

(

(iii) uvacToTa 3aMeHH QUIILTPOB;

(iv) 4YacToTa OUMCTKM WMJIM 3aMeHH OMJIbTpa I'py0OoM OUMCTKH;
(

V) CKOPOCTL CHWXEHUSA TeMIepaTyph OOMMBKM OOOpPYyINOBaHUI, B
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TOM yyce obopynoBaHMuA, BHIOPAaHHOTO us TerJIOOOMEeHHUKOB,
CernapaTopoOBR MM PeKTUOUKALMOHHEX KOJIOHH;
(vi) CKOpOCTH TIOBHIIEHUSA TeMIIepaTyph MeTajljla [IeuHOW TpyOH;
(vii) cKopoCTb YyBeJMUEHMS pacueTHHX (aKTOpPOB CONPOTUBJIIEHUS

3aCOPEHUI NOJId TEeIlJIOOOMEHHUKOB U Ieuelr;

(viii) CKOPOCTBb I[IOBHIIEHM A Inepenana OaBJICHUS B
TerJIoOOMeHHUKAaX ;
(ix) JyacToTa OUUCTKU aTMOCOEepPHHX W/ UIn BaKyYMHEIX

OVUCTUJIJISUMOHHEX KOJIOHH; WJIU

(X) uyacToTa IIepPMOIOB TEeXHUUEeCKOTO OOCHIYXMBAHMA U I1JIJAHOBO—
IpodUIIaKTUUECKOTO PEeMOHTA.

13. Cnoco®6 mno JjgwbomMy M3 nmn. 1-12, B KOTOPOM TSXeJlad HedTb
BKJIOUaeT B cebsa 1O MeHbIeM Mepe OIHO U3 TIKeJOWM CHpoM HedTH,
HedTemnecuaHoTo uTyMa, KyBOOBEIX OCTaTKOB oT BHPaBOTKHU
TeXHOJIOTUUECKMX YCTAaHOBOK, OCTATKOB aTMOCOepHOM KOJIOHHB, MMEMMUX
HOMMHAJILHYIO TeMIepaTypy KUIeHMA II0 MeHbllell Mepe 343°C (650°F),
OCTaTKOB BakKyyMHOM KOJIOHHE, MMEKIMX HOMMHAJILHYID TeMlIepaTypy
KUIIEeHMA [I0 MeHbIel Mepe 524°C (975°F), oCTaTKoB OT TIOpSYero
ceriapaTopa, OCTaTOUHEIX CMOJI, OCTaTKOB oT DKCTPaKLUUN
PacTBOPUTEJIEM MJIM BaKyyMHOT'O OCTaTKa.

14. Cnocot no JmwbomMy ™3 10mn. 1-13, B KOTOPOM YaCTHUILE
OVCIEePTVMPOBAHHOTO MeTaJUICYJbLOUMIHOTO KaTajlu3aTopa MMelT pa3Mep
MeHee 1 MKM, pasMep MeHee 500 HM, pasMep MeHee 250 HM, pasMep
MeHee 100 HM mim pasMep MeHee 50 HM MM pasMep MeHee OKOJIO 25 HM
WUIM pasMep MeHee OkoJio 10 HM.

15. Crioco® 10 JIodoMy nus . 1-14, B KOTOPOM
YCOBEPIMEHCTBOBAHME pPeaKTopa KMUIAMEeIO CJOoS OJS QYHKIMOHMPOBAHUS C
VCIIOJIL30BaHMEM MIBYXKOMIIOHEHTHOM KaTaJIMTUUeCKOM CUCTEeMH BKJIOUAET
obpaszoBaHue yacTuUll OVCIIePTUPOBAHHOTO MeTaJIJICYJIbLOUIHOTO
KarajgmsarTopa 1in Situ BHYTPM TSKeJIOM HedTM M3 IIpelleCTBEeHHMKA
KaTaau3aTopa, opuueM, B YacTHOCTH, obpaszoBaHUe yacTull
OVCIIEPTVPOBAHHOTO MeTaJUICYJIbEOMIHOTO KaTajlM3aTopa in Situ BHYTPU
TaXeJION HedTHM BKJOUAET CMellMBaHMe IIpedmecTBeHHMKa KaTalu3aTopa C
YyIUIepOoOHEM pa3baBuTesieM OJIA obpaszoBaHuAg pasb®aBJIeHHOM  CMecCcu
IpenmecTBeHHMKa, CMellMBaHMe pa30aBJIeHHOM CMecHu OpellleCTBEeHHUKAa C
TaXeJIOM Hed@Tbhio OJa ofpa30BaHMA KOHIMUMOHUPOBAHHOW TaXeJIoM HedTU
¥ HarpeBaHMe KOHIMUIMOHMPOBAHHOM TAXeJION HedTHM OJI4 pPasJIOXeHUI
IpenmecTBeHHUKA KaTajau3aTopa u obpasoBaHUA JacTHUll
OVCIIEPTVPOBAHHOTO MEeTaJUICYJIbEOUIHOTO KaTajlu3aTopa 1in Situ BHYTPU

TSKEJION HedTHM M3 NpedmecTBEeHHMKAa KaTaJlus3aTopa.
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YCcoBEpLIEHCTBOBAHNE PEaKTOPa KUNALEro Crios 41A
PELMPKYNALMM BaKyyMHbIX 0CTaTKoR 6e3 HapacTaHus
PELMPKYIMPYIOLLMX acthanbTeHOB B BaKyYMHbIX OCTaTKaXx

OYHKLWUOHUPOBAHUE PEaKTOpa KUNALLEro CNOs B MCXOAHbIX
YCNoBUsX G UCNONB30BAHWEM FETEPOTEHHOrO KaTanusaropa
Ha HOCWTENE W NONYYEHNE YIMEBOAOPOAHEIX NPOAYKTOB

l

MozBepraHue YrneBoopOAHbLIX NPOAYKTOB BaKyyMHOI NEperoHke Ans
OTZAENEHUs AMCTUIMNATOB OT BaKYYMHbIX OCTATKOB M PELIMPKYTIALMS
BaKyYMHbIX OCTETKOB B PEaKTOP KMMALLETO CMOS, UTO NPUBOAUT K
HaPACTaHMIO PEeLMPKYIIMPYIOLLMX acchanbTeHOB

l

[obasnenne unu obpasoBaHue in situ YacTUL AMCNEprupoBaHHOrO
METANNCYNbMAHOrO KaTanM3aTopa B PEAKTOPE KUMSILLETO CROS ANS NOAyYeHUs
YCOBEPLLUEHCTBOBAHHOIQ PEAKTOPa KUNALLErO CNOS ¢ ABYXKOMMOHEHTHOMN
KaTanuTU4ECKON CUCTEMON

l

DYHKLMOHUPOBAHUE YCOBEPLUEHCTBOBAHHOMO PEAKTOPA KMNSLLEro Chos ¢
NCNOMNbL30BAHUEM ABYXKOMIOHEHTHOI KATANUTUYECKON CUCTEMBI W NOMYYEHUE
YIMEBOLOPOAHEIX NPOLYKTOB

l

MoABepraHue yrneBofopoaHbIX NPOAYKTOB BaKyYMHOM NeperoHke Ans oTaeneHvs
AVCTUNNSATOR OT BaKyYMHbIX OCTETKOB, COAEPKALNX YACTULbI OCTATOYHOTO
MEeTanncynbMUAHCTO KaTanu3aTopa, U PELMPKYNALMA NO MEHbLIENH MEPE YacTH
BaKYYMHbIX OCTATKOB 623 HapacTaHWs PeLMPKYIUPYIOLLMX acthabTeHOB

Qur. 3A
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YcoBeplLUEHCTBOBAHWE PEaKTOpa KUMALLIETO Crios Ans
PELMPKYNSLIAN BaKYYMHBIX OCTATKOB ¢ NOBbILLEHHO
KoHBEpCUeit u Be3 HapacTaHUa PeLMPKYTNPYHOLLMX
acthanbTeHOB B BaKyyMHbIX OCTaTKaX

(DyHKLI,VIOHVIPOBaHMe peakTopa KNNALLEero cnos B NCXOOHbIX
YCNOBUAX G UCNCNb30BAaHWEM rE€TEePOreHHOro KatanmaaTtopa
Ha HOCUTENE W nonyveHWe yrnesofopodHblX NPOAYKTOB

l

lMopaBepraHve yrnesof4opOAHbIX MPOAYKTOB BAKYYMHOW NEPETCHKE ANA OTAENEeHNs
ANCTUNNATOB OT BaKyyMHBIX OCTAaTKOB U peLUPRYNALMA BAKYYMHBIX OCTATKOB
B PEaKTOp KANALLIErO CNOS, YTO NPUBOAMT K HAPACTAHMIO PELIMPKYNUPYHOLLIMX
achanbTEHOB

l

Hobaenenne unu obpasoBaHue in situ YacTuy AUCNEPrupoBaHHOrC
METanncyNbgUIHOM kaTanusaTopa B peakTope KUMAWero cnos Ans nony4YeHus
YCOBEPLUEHCTBOBAHHOMO PEAKTOPA KMMALLETO CrIos C ABYXKOMMOHEHTHOM
KaTanuTU4ecKon cUCTEMON

l

OYHKLMOHUPOBAHME YCOBEPILEHCTBOBAHHOTO PeakTopa KUNALLEro cnos ¢
MCTIONb30BAHNEM ABYXKOMMNOHEHTHCA KaTanMTUMECKOW CUCTEMEI M NONyYeHNe
YINEeBOA0POAHbIX NPOAYKTOR NPl Gonee BbICOKOA KOHBEPCKM

l

MoaBepraHve YrNeBOKOPOAHbIX NPOAYKTOR BaKYYMHOI NEPETOHKE ANA OTAENEH!S
OUCTUNNATOR OT BaKyyMHbIX OCTATKOB, COAEPKALUAX YacTULE! ANCNEPrMPOBEHHOMO
METaNNCYN5hUOHOTO KATANU3aTopa, ¥ PELMPKYNALMS NO MEHLLUEA MEPE YacTH
BaKYYMHbIX OCTATKOB Ge3 HapacTaHWs peLMpKyMpYIoLLMX acdansTeHoB

Qur. 3B
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YCoBepLIEHCTBOBAHNE PeakTopa KANSLWEro cros ans
PELMPKYNALIAY BaKYYMHbIX OCTATKOB ¢ aHANQIMYHOM
KOHBEPCHE U YMEeHbLIEHUEM KONUYeCTBa acthanbTeHOR B
BaKyYMHbIX OCTaTKaxX

QYHKLMOHUMPOBAHUE PEaKTOPa KVNSLLETO Cros B UCXOHbIX
YCNOBUAX C MCNOMNb30BAHWUEM r€TepPOreHHOro katanusartopa
Ha HOCUTENE W NOMyyeHNe YrNeBoLoPOAHbIX NPOLYKTOB

l

MMogBepraHue yrnesoaopoaHbIX NPOAYKTOR BaKyYMHOW NeperoHke Ans
OTAENeHNA AUCTUNNATOB OT BAKYYMHbIX OCTATKOB U peLypKynaLus
BaKyYMHBIX OCTaTKOB B PEAKTOD KUMALLEro CNOs, U NpUBEAEHWEe K HapacTaHuio
PELMPKYNUPYIOWMX acdanbTeHoB

l

[obasnenne unu obpazoBaHme in situ YacTUL AMCNEPTMPOBAHHCTO
MeTanncynsPUAHOO KaTanu3aTopa B peakTope KUNALWEro Cnoa ANs Nony4eHns
YCOBEPLUIEHCTBOBAHHOIO PeaKTopa KMMALLEro Cros © ABYXKOMMOHEHTHON
KaTanuTM4EeCKoN CUCTEMOM

l

OYHKLMCHNPOBAHVE YCOBEPLLEHCTBOBAHHOTO PEakTopa KUMSALLEro Cros ¢
MCMONb30BaHUEM [IBYXKOMNOHEHTHON KATANUTUYECKOI CMCTEMbI M MONYYeHue
YINEeBOACPOAHEIX NPOAYKTOR NPW @HANOrMYHO| KOHBERCUM

l

Noaeepranue YrnesoacpogHbIX NPoOAYKTOB BaKyy'MHOI‘/'I neperoxHke anqd
0TAeneHUAa AWCTUNNATOB OT BaKyyMHbIX OCTATKOB, CodepXalllMX YacTuubl
AncnepruposaHHoro MeTanncynbd)m,quro KatanuaaTtopa, U peluprynagua
Mo MeHbLLEN Mepe HacTh BaKyyMHbIX OCTATKOB € YMEHbLUEHWeM KonnyecTsa
acansTeHoB B BaKYYMHbIX OCTATKaX

dur. 3C
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YcoBepLIEHCTBOBAHWE PEAKTOpa KUMALLETO Crios AN
PELIMPKYMALMM BaKyYMHBIX OCTATKOB C MOBbILLIEHHON
KOHBEDCHEN M YMEHbLLIEHWEM KOMMYECTBA actharnbTeHOB B
BaKyyMHbIX OCTaTKax

OYHKLUMOHMPOBaHME peakTopa KUMALLETo Cros B UCXOAHBIX YCNOBMSIX C
MCNonb30BaHWEM reTEPOreHHOro KatanuiaTopa Ha HOCUTENne U nonyyeHue
YrMEBOAOPOAHLIX NPOLYKTOB

l

MoaBepraH1e yrneBOAOPOAHBIX NPOYKTOB BAKYYMHON NEPeroHke Ans OTAENeHMs
AMCTUNNATOR OT BaKYYMHbIX OCTATKOB W PELIMPKYNALWS BaKyyMHbIX OCTATKOB
B PEaKTOP KUMALLETO oA, YTO NPUBONT K HAPACTaHWUK PELVPKYIMPYHOLLMX
acthansTeHoB

l

DobasneHve unu obpasoBaHue in situ YacTuy AucneprupoBaHHoro
METanNCynNbUAHOrO KaTanU3aTopa B PEaKTOPe KUMNSLLEro crost 45 NonyveHus
YCOBEPLUIEHCTBOBAHHOTQ PEAKTOPA KVMALLEO CIOS € ABYXKOMMOHEHTHOM
KaTanuTU4ecKkon cUCTEMON

i

CYHKLMOHNPOBAHWE YCOBEPLLIEHCTBOBAHHOMO PEaKTOpa KMMALLETO Crost C
MCNONb30BAHNEM [BYXKOMMOHEHTHOM KAaTanUTUYECKOI CUCTEMbI U NOITYYEHNE
YrNeBoAoPOAHbLIX NPOJYKTOB Npy GONee BbICOKOK KOHBEPCUM

l

MogeepraHve yrnesoaopOAHbIX NPOAYKTOB BaKYYMHOIA NEPEroHKe ANA OTAeNeHs
AUCTUNNATOB OT BaKyYMHbIX QCTATKOB, COAEPXALUMX YaCTULbl AMCNEPTMPOBAHHOIO
MeTanncynbguaHCro KaTanusaTopa, U PeLMPKYNALMUA N0 MeHbLUEW Meps YacTy

BaKyyYMHbIX OCTETKOB C YMEHbLUEHWEM KOJTM4eCTBa actanbTeHoB B BaKYYMHbIX OCTaTKaX

@ur. 3D
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Copepxanune C; acchanisreHa (mac. %)

Pe3ynksTaTtbhl 3KCNEePUMEHTaNbLHbIX UCCReQ0BaHnM

Copepxanue C; accansreHa B hpakunm npogykra OBK no cpaBHeHMIO ¢ UCNBITAHUAMU

no pelnMpKynAaAunM BaKyyMHbIX OCTaTKOB KOHBepCHUU KyﬁOBbIX OCTaTKoOB

14%
/ HapacTaHue peuupKynupyowmx
13% #”  acpansreHoB
12% /
- -
K R | 4
10%
5 Bes HapacTaHUA PeLUpPKYNUPYIOLIMX
3 acdaaaneHOB C NCNonL3oBaHueM
9%’ / 444444 . BUCMEPTUPOBAHHOTO KATANMU3ATOPRA ...
] £ Npumep 1 {Ges peunpkynsLmy, Bea ANCIeprupoBarHore karanuaaropa)
0, —
8% B Dpumep 2 (peumnprynaums 20 06, %, 6e3 AMCnepripoBarHoro xaranusaropa)
] A Tpuwep 3 (Bes peumpryrsitpn, 20 4/MIAH ANCHEPIUPOBAHHOND Katanvsaropa)
7% A Tpuwep 4 {peunprynsiumn 20 06. %, 20 y/mnH QUCNEPTMPOBAHHOND KaTanvaaropa)
A -
3 © TMpumep 5 (6e3 peunpkynsynia, 35 W/MAH AMCNEPTMPOBAHHOO KaTanusaropa)
i @ Tpumep 6 (peunpkynsuua 20 06. %, 35 w/MNH QUCNEPTMPOBAHHOO KaTannaatopa)
6% ; o I N PR
45% 50% 55% 60% 65% 70%

KonBepcus KyGoBbLIX OCTATKOB, OCHOBA CBeXero chipbs (%)

Qur. 6
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Copepxanue C, acchanbrena (mac. %)

Copnepxanue C; acanesreHa B hpakuum npoaykra OBK no cpaBHeHMIO ¢ UCNbITaAHUAMMU

A0 PeunpPKYNALUNK BaKyYyYMHBIX OCTarKOB KOHEBepCUun KyacBbIX ocTarKoB

14%
Hapacrtanue peuupKynupyrowmx
! acanbTeHoB
13%
: ’/
12%
i bonee BbicoKan KOHBepPCHA
i -~ §e3 HapacTaHus
PeLUNPKYNMPYHOLWMX
11%
. accansreHoB
10%
9%
8% - A fpumep 1 (Ges peuupkynauuy, 683 ANCNEPrrPOBAHHOTO KaranusaTopa)
el B Mpumep 2 (peunpkynauus 20 06. %, 63 AVCRepripoBAHHOTO KATanuIaTopa)
- A Tpywep 3 (Oe3 peumpkynaury, 20 4/MIH SUCNEPIMPOBAHHOND KaTannsaropa)
7% 1] A Npymep 4 (peurprynauua 20 o6, %, 20 y/mns AMCNeprupoBaHHoro Katanysaropa)
3 © NMpumep 5 (6e3 pelyupkyrsuy, 35 4/MNH SUCNERrMpOSaHHCID KaTanusaropa)
’ & Npumep 6 (peunprynauna 20 08, %, 35 Wmne ANCNeprMpoBaHHOro Katanusaropal
6% et R R e R e ‘ e S S —
45% 50% 55% 60% 65% 70% 75%

KoHBepcuna KyboBbIX OCTaTKOB, OCHOBA CBEXero Chipbi (%)

Qur. 7
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CopepxaHue C, achansreHa (mac. %)

14%

13%

12%

11%

10%

9%

8%

7%

6%

Copepxanue C; accpansteHa B ¢hpakumm npogykra OBK no cpaBHeHMIO ¢ UCNbITAHUAMUY

no peunpkynauuvm BakKyyMHbIX OCTAaTKOB KOHBEPCUKN KVEOBI:EX OCTaTKOB

L Hapacranue peunpKynmpyrowmx
. .- actansTeHoR
- YmeHblieHue Konnyectea
i =" acthansTeHOB Npn
TOM e KOHBEepCcUuM

- B Mpumep 1 (Ges peunprynaumy, 6e3 SUCNEPIMPOBAHHOTO KATaNM3aTopa)
- M Mpumep 2 (peumprynsums 20 06, %, B3 AUCNeprupoBaKHoOro karanvsaropa)
- A Mpumep 3 (6e3 peunprynauuvy, 20 4/MAH QUCHEPrMPOBEHHOTO Karanuaaropa)

N A Mpumep 4 {peuupkynsiums 20 o6. %, 20 4/MNH AUCNEpPrupOBaHHOTO KartannlaTopa)
- © Mpumep 5 (Ga3 peyrprynAuvK, 35 4WMAH QUCReprnpoRaHHOIO Katarumaaropa)
i & lNpumep 6 (paumpkynauma 20 00. %, 35 4/MNH AKCREPrUPOBAHHOTD KaTanmaaTopa)

45% 50% 55% 60% 65% 70% 75%

KoHBepcust KyGOBbIX OCTAaTKOB, OCHOBA cBeXero cbipbs (%)

Qur. 8
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Copepxanue C; acdansreHa (Mac. %)

14%

13%

12%

11%

10%

9%

8%

7%

6%

CopepxaHnue C; acthansreHa B ppakuumn npogykta OBK no cpaBHeHUKO ¢ UCNbITaHUAMMU

No peldnpKynaAun BaKyyMHEIX OCTaTKOB KOHBepCUun Ky60BbIX QCTaTKOB

1 Hapacranue peunprynupyrowmx
! . acdhansreHor
- ®  oBbiwenHan KOHBEPCUA
’ C YMEHbLEHHbLIM
KONUu4yecreom
actansTeHOB
- O Mpumep 1 (Ge3 peunpkynsumi, 683 AUCNEPrMPOBAHHOID KaTanusaropa)
- M Mpumep 2 (peunpkyrsiums 20 06. %, Bes gucnepr1poBaHHOro karanusaTopa)
i A Mpwmep 3 (Ges peunprynsaumn, 20 4/MnH 4MCNeprupoBaHHOro Karanuaaropa)
1] A Mpumep 4 (peunprynauua 20 06, %, 20 4/MNH BUCHIEPTMPOBAHHOID KaTanuaatopa)
© Npumep 5 (63 peunpkynsumy, 35 4/MAH 4UCNEPTUPOBAHHOND KaTtanusatopa)
- & Mpwmep 8 (peunpryrnsiuma 20 06. %, 35 4/MnH QUCNeprpoBaHHOTO KaTanusatopa)
45% 50% 55% 60% 65% 70% 75%

KoHBepcua KyboBbIX OCTaTKOB, OCHOBA CBeXero coipbs (%)

Qur. 9
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CopepxaHue C; acanbreHa (mac. %)

CopepxaHue C; actpansreHa B ppakuum npoaykra OBK no cpaBHEeHUIO ¢ UCNbITAaHUAMM

No peUnprynaumnMn BaKyyMHbIX OCTaTKkoOB KOHBepCcuun KyﬁoBbIX OCTaTKoOB

L e A S ——
i Hapacranue peunpkynupyrowmx
. acthansTeHoB
13%
- P MoBblweHHAA KOHBEPCURA
1 ; C YMEHbLLWEHHbLIM
12% e KONU4eCTBOM
- acchansreHoB
11%
10%
9%
8% B Mpumep 1 (Ge3 peunprynaumm, 6e3 GUCNEeprupoBaHHOTD KaTanuaaTopa)
D/ T
M Mpumep 2 {peunpkynaums 20 06, %, Be3 AUCNePrMpoBaHHOD KaTanusaTopa)
A Npumep 3 (Bes peunpkyrsimn, 20 4/MAK ANCNSPIMPOBEHHOITG KaTanuaropa)
7% -+ A Npuvep 4 (peurprynaums 20 06. %, 20 WMNH AUCNEPIMPOBAHHOIC KaTanusatopa)
- ©Mpumep 5 (Ge3 peunpkynsiumy, 35 4/MAH AMCREPrUPOBAHHOTO KATanW3aropa)
L & MNpumep 6 (peunpkyrsiugs 20 06. %, 35 4/MIH QUCNePrpoBaHHOTD KaTanuaaTopa)
6% * e . : ’ : f : : i o e ’ : . |
45% 50% 55% 60% 65% 70% 75%

KoHBepcus Ky6oBbIX OCTAaTKOB, OCHOBA CBEXero cbipba (%)

®Qur. 10
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OTYET O IATEHTHOM ITOMCKE  [HoMep espasniickolt 3assku:

(crates 15(3) EAIIK u npaBuno 42 INaTeHTHON HHCTPYKLMH K

EAIIK) 201992195

A. KIACCUOPHKALWA ITPEIMETA H30BPETEHHU A:
C10G 45/00 (2006.01)
C10G 47/06 (2006.01)
C10G 47/26 (2006.01)

CornacHo MexayHapoaHoit nareHTHO#M knaccudukanuu (MITK)

b. OBJIACTD ITOMCKA:

IpocMoTpeHHas JoKyMeHTanus (cucreMa kiaccudukanun U uaexcsl MIIK)
C10G 45/00, 47/06, 47/26

SJ'ICKTpOHHaSI 6aza JaHHBIX, HCMOJIB30BABLIAACA IIPHA MOUCKE (HaZBaHHC Gasbl H, €CJIH, BO3MOXKHO, HCMTOJIB3YyEMBIC ITOHCKOBEIC TCpMPlHLl)

B. JOKYMEHTBI, CYUTAIOLHUECS PEJIEBAHTHBIMU

Kareropus* CChIIKH Ha JOKYMEHTbI C YKa3aHHEM, TI¢ 3TO BO3MOXHO, PEIEBaHTHBIX YacTelt OTtHOCHTCSA K MYHKTY No
X EP 2811006 A1 (HEADWATERS OIL, LLC) 10.12.2014, ¢popmyna, aGzaus! 6-8, 14, 20, 23, 1-4, 6-15
Y 25, 28, 30, 40, 43-44, 53, 55, 106, 114 5
Y RU 2181751 C2 (TEKCAKO JUBEJIOTIMEHT KOPTIOPEMIIIH) 27.04.2002, npuwmep 1 5

I:] HOC/ICAYIOIIHE TOKYMCHTHI YKa3aHE! B TPOJOCDKCHHH

«T» - Gonee MO3HUN TOKYMEHT, Oy 6IMKOBAHHBIH OCNE JaThl NPHOPHTETA K

* OcoGEle KaTETOPHH CCBUIOYHBIX IOKYMEHTOB:
NIPHBEACHHBIN JU18 MOHUMAHUS W300peTeHUA

«A» - IOKYMEHT, onpeaenstomuli oGmuit ypoBeHs TEXHUKH

«D» - JOKYMEHT, TIpHBEACHHEIH B eBpasufickol 3asske «X» - IOKYMEHT, HMetotuii Haubosnee 61H3K0E OTHOMIEHHE K NIPEAMETY NOKMCKa,
E» - Goce paHHHiA JIOKYMEHT, HO OMyO/TUKOBAHHBIH Ha JATy MOAAYH NOpOYalIHi HOBH3HY HIIH H300PETATENBCKHI YPOBEHD, B3ATHIH B OTAEIBHO-
ctH

eBpa3niicKol 3aBKH MITH NOCTIE Hee

[«O» - IOKYMEHT, OTHOCAIHHACA K YCTHOMY PACKPBITHIO, 3KCIIOHHPO-
BAHHUIO H T.A1.

"P" - nOKyMeHT, OIyGIHKOBaHHBIN 10 AATH MOAA4H eBpasHiicKOR
3aABKH, HO 10C/IE AaThl HCMPAMBAEMOro NPHOpHTETA"

«Y» - IOKyMEHT, HMeromuii Hanbonee 6MM3K0e OTHOLICHHE K NPEAMETY NONCKA,
nopovamuii H3o6peTaTebCKuil yPOBEHD B COUETaHUH C APYTHMH JOKYMEH-
TaMH TOH k€ KaTeropu1

«&» - NIOKYMEHT, AB/IAIOLIMHACA ATEHTOM-aHATIOrOM

«L» - HOKYMEHT, MPHBE/ICHHbIH B upyrux 11

Jlata npoBenenns marenTHoro noucka: 27/05/2020

YIOMHOMOYEHHOE JIANO;
. J.IO. Poroxun

HavajeHHK YNIpaBleHHs IKCICPTH3EI
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