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BKJTIOYAIONINIA B3aUMOJIEHCTBUE B peaKkTope NMpH Temnepatype B unrepsaiie ot 170°C wiu 6onee q0 270°C
WIN MeHee, [0 MEHBIIeH Mepe, JacTH MCTOYHHKA YIJIEBOJA B MPHUCYTCTBHH BOAOPOIA, PACTBOPHTEII
U CHCTEMbI KaTalU3aTOpOB C MOJYYEHHEM STUJICHIJIMKOJS; [ CUCTEMa KaTaJu3aTOpOB BKIIIOYAET
TOMOTEHHBIN KaTaqu3arop, IJe TOMOTCHHBIH KaTaau3arop COACPKUT BOJb(PpaM; W TeTCPOTCHHBIH
KaTaJn3aTop, TAE TeTepOTreHHBII KaTaIn3aTop COASPKUT OUH MITH O0JIee IePEX0IHBIX METAJIIOB U3 TPYIIII
8, 9 u 10 Ilepuoauueckol CHCTEMBI IEMEHTOB Ha MOJJIOKKE M3 HOCHUTENS; W TIe HEMPEPBHIBHO WU
MEPUOANYECKU JTOTIOTHUTENbHBIM T€TEPOTeHHBIM KaTannu3aTtop M00aBisaOT B peakTop. [JomonHuTenbHO
OTHCaHa CHCTEMA KaTaIH3aTOPOB, KOTOPAsk MOJKET MIPUMEHSTHCSA B TAKOM CIIoco0e.
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OIIMCAHHUE U30BPETEHHUSA

2420-564461EA/019

HEITPEPBIBHBIM WM  ITIOJIVYHEIIPEPBIBHBIM CIIOCOB  ITOJIYUYEHHA
OTUJIEHTJIMKOJIA U CUCTEMA KATAJIM3ATOPOB U ITPUMEHEHK A B HEM

OBJIACTb TEXHUKH

JlanHOE M300peTeHne OTHOCHUTCS K Croco0y MOJyUeHHUs] MPOU3BOACTBA STHUIICHTJIUKOIS.
JlarHHOE N300peTeHNe TaK)Ke OTHOCUTCS K F€TEPOr€HHON KOMITO3ULIUH KaTaIU3aTOPOB.

YPOBEHb TEXHUKH

AJNKUIEHTTIMKONY, TAaKWe KaK 3THJICHIJIMKONb, SIBISIFOTCS XWMHYECKUMH BEIIECTBAMH
MacCOBOT'O MPOU3BOACTBA, KOTOPbIE MOTYT NMPHUMEHSATHCS BO MHOXecTBe obOnactell. OHU MOryT
NPUMEHATBCA B KadyecTBE MOHOMEpa TpU  MONY4YEHHHM TMONMI(pUPOB, TaKUX Kak
nonu(3TuneHrepedTanar), noau(dTwieHHadTeHaT) Wi NoJu(3TUaeH(ypaHIuKapOOKCHIAT), HO
STUJIEHTJIUKONb TAKKE€ MOKET INPHMEHAThCS B Cpefe AU IMEepeHoca Terla M KOMIO3HMLHUAX
antudpusa.

B nocnemHee Bpemsi mpuiararoTcsi Bce OONbIIME YCHIIMS UL [IPOM3BOACTBA
AJIKUJICHTJIMKOJIEH U3 BOCIIOJIHSEMBIX PECYpPCOB, TAKMX Kak yrieBosbl. ObecneunBast MoaydeHue
ANIKWJIEHIJIMKOJIeH, TaKUX KaK STUJIEHTJIMKOJb, U3 BOCIHOJHIEMBIX PECYpPCOB, 3aBUCHMOCTH OT
TOPIOYUX UCKONAEMBIX NPEUMYINECTBEHHO CHUKAETCSI.

Y. Liu et al, B crarbe, o3ariaBnenHoi “Kinetic insight into the effect of the catalytic
functions on selective conversion of cellulose to polyols on carbon-supported WO; and Ru
catalysts”, onyonmukoBanHoi B Catalysis Today, vol. 269 (2016), crpanuubl 74-81, 0OBSCHAIOT,
4T0 3 (PEKTUBHOE MPEBPALICHUE YIIEBOAOB B XMMHUYECKHE COSIUHEHHs C BBICOKUM BBIXOJOM
ocraercss CHOKHOM 3amauved. C(Cka3aHO, UTO pachpeneseHHe MPOAYKTOB 3aBHCUT OT
KOHKYPHUPYIOIINUX PEaKIHi MPOU3BOAHBIX TIMIOKO3bL IlokazaHo, uro kpuctamautel WO3 He
TOJIbKO CIIOCOOCTBYIOT THAPOJHM3Y LEJUIFOJIO3bI 1O TJIFOKO3bl, HO TaKXe KaTaJH3HPYIOT
cesiekTuBHOe otmerieHne cBszeld C-C B IIIIOKO3€ € MOJIyYEHHEM TNIMKOJbAIbIETuaa U BO
bpykro3e ¢ monyueHueM riuLepuHaNbAernna. llokasaHo, yto kKartammsupoBanHHoe Ru/C
THAPUPOBAHUE TAKOTO TIIMKOJIbAJIbIEIHAA O STHIEHTINKOJS U TAaKOTO MIMLEPUHAIBACTHAA 10
NPOMNMJICHIJIMKOIS BCTYNAeT B KOHKYPEHIHMIO ¢ KatanusupoBaHHbIM Ru/C ruppupoBannem
TJIFOKO3bI U PPYKTO3BI IO COOTBETCTBYIOIIHUX CO-TIOIHOIOB, TAKUX KaK COPOUT U MAHHHUT.

B WO02016/114661 omucan HenpepbIBHBIH CMOCO0 TOMYYEHUS STUICHTJIUKONS U3
HCTOYHHUKA yTJIEBOAA B3aUMOEHCTBHEM HCTOUYHMKA YTIIeBOAA C BogopoaoM. B criocobe, Bomopon,
UCTOYHHUK YTJIEBOAA M XXUIKUN pa30aBUTENb HETPEPHIBHO 3arpy’Kar0T B MPOTOUHBIA PEAKTOP C
memankord (I[IPM), raoe mnpucyTcTByeT cHcTeMa Karanu3atopoB. OmmcaHHas cucreMa
KaTaJIN3aTOPOB CONEPXKUT COEOMHEHHE BOJb(pamMa W, TMO MEHbIIEH Mepe, ONMH MEeTajll
THAPOTEHONHN3a, BhIOpaHHbI u3 rpynn 8, 9 mmn 10 mepuoxnveckol CHCTEMBI 3JIEMEHTOB. B
WO02016/114661 onmcaHo, 4TO HEMPEPHIBHO CMECh MPOAYKTA, CONEPIKAINYIO STHUIICHIJIUKONb U
pa3baBuTeNb, YNATSIIOT M3 MPOTOYHOTO PEAKTOpa C MELIANKOW, M 3aTeM HENpEepPbIBHO WU
NEPUOIUYIECKH, TI0 MEHBLIEH Mepe, COeIMHEHNE BOIb(pama noOaBIISIOT B POTOYHBIH PEAKTOP C

Memmajiakoii. B W02016/114661 Takke MOSCHSIOT, YTO €CJIM U IO TaKOH CTEMeHH, 4TO JH000H



KaTaJnu3aTop ruaporeHonnsa yaasiercs u3 [IPM Bo BpeMsi peakunu, OH MOXKET ObITh BOCTIONIHEH
NEePUOTUYECKUM HIIH HETIPEPBIBHBIM f00aBieHneM ero B [IPM.

B  mpumepax WO2016/114661  wnmroCTpuUpOBaHBI ~ MHTEPECHBIE  PE3YJIbTAThI
CEJIEKTUBHOCTU B OTHOLIEHUH 3THJIEHIVIUKOJS BIUIOTHh A0 OKoJio 60% Mmacc., pacCUYMTaHHbIE KaK
MAaCCOBBIM NPOLEHT B HCXOASAILNEM IOTOKE PEaKTOpa, AEJIEHHBbIM Ha KOJWYECTBO B IpaMMax
IIII0KO3bL, BBeieHHOH B [IPM. Bpewmst paboThl B 3KCIEpUMEHTaX, OAHAKO, HE MPEBBIIIAET 7 YacOB.
B WO02016/114661 ynoMuHaroT, 4T0 00pa3yOTCsl TYMUHBI, KOTOPbIE YCHIIMBAIOT €AKTUBALIHIO
KaTaJIN3aTopa U 4To, CJIEI0BATEIbHO, IPEBPALIECHUE TIIFOKO3bl CHUXKAETCS] C TEUEHUEM BPEMEHH.

beuto Ob1 noCTHXKEHMEM B JAHHOM OOJIACTH TEXHUKU MPENOCTaBUTH CIIOCOO IONTYUYEHHS
STUJIEHTJIUKOJIST U3 HCTOYHUKA YIJIEBOJA, KOTOPbIH obecrieums Obl MPOMOJDKUTEIBHOE BpEMsI
paboOThI C 5KOHOMHYECKH UHTEPECHON CENIEKTUBHOCTBIO B OTHOIIEHUH STHIICHTJIMKOJISL.

CYIIHOCTDb U30BPETEHMA

Taxoli cnoco0 OblT MONyYeH € MOMOLIBIO Crnocoda B COOTBETCTBUU C JaHHBIM
n300peTeHNEM.

CnenoBatenbHO, B JAQHHOM  HW300PETEHUH  MPEACTABJIEH  HETNPEPBIBHBIA MM
HOJTy HETIPEPBIBHBINA CIIOCO0 MOJTyYeHHs STUICHIIMKOIS U3 HCTOYHUKA YTJIEBO/IA, BKIIFOUAIOIINI:

B3aUMOJICHCTBUE, B peakTope, Npu Temieparype B unrepsaie ot 170°C umm Oonee 1o
270°C unu MeHee, IO MeHbIIEH Mepe, YaCTH MCTOYHHUKA YIJIEBOJA B MPUCYTCTBUH BOIOPOJA,
PacTBOPUTEJIA U CUCTEMbI KaTaJIU3aTOPOB, C IOy YEHUEM STUIIEHTJIUKOJIS,

r7ie CUCTEMA KaTaIn3aTOPOB BKIIFOYAET:

TOMOT€HHBIH KaTaJIu3aTop, IJIe TOMOTEHHBIH KaTaIu3aToOp COAEPIKUT BOJIb(paM; U

reTepOreHHbIN KaTaIu3aTop, Te TeTePOreHHbIN KaTaIu3aToOp COAEPIKUT OIUH Wiu OoJjiee
NepexXOAHbIX MeTaJuIoB U3 rpynn 8, 9 n 10 nepruoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
HOCHUTEJIS, U

I7I€ HENPEpPbIBHO WIM NEPUOAUYECKH OMOJHUTEIbHBIM T€TEPOreHHBbIH KaTaJIU3aTOp
N00aBJISIIOT B PEAKTOP.

HenpepsiBHOE MM IepruoguyuecKoe 100aBIeHHE FeTePOreHHOr0 KaTalu3aTopa Mo3BOJISET
COXPaHSATb CEJIEKTUBHOCTD K 3THUJICHIJIUKOJIIO.

B n300pereHnn Takke mpeacTaBiIeHa CHCTEMA KaTaIU3aTOPOB, BKIFOYAROLIAS:

a) TOMOTEHHBII KaTaJIu3aTop, KOTOPBIA MPEATIOUTUTENbHO HAXOOUTCS B PEAKTOpE, Iae
TOMOT€HHBIH KaTaJIU3aTOpP COAEPIKUT BOJIb(pam,;

b) mepBbIil TeTEPOreHHBIH KaTaJINU3aTOP, KOTOPBIH MPEONOYTHTENBHO HAXOAMTCS B
peakTope, rIe NepBblil TeTEePOTreHHbIH KaTaTN3aTOp COAEPIKUT OOUH MM Oojee MepeXOmHBIX
MeTaJutoB U3 rpynn 8, 9 u 10 nepuoanvYecKoil CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3 HOCUTENIA, U
I MepBbId INeTEPOreHHBbIN KaTalIu3aTOp AOMOJIHUTENBHO COAEPKUT HEKOTOPOE KOJIMYECTBO
BOJIb(paMa; u

C) BTOPOI Te€TepOreHHbIN KaTaJIn3aTop, KOTOPBIA MPENNOYTHTEIBHO HETNPEPHIBHO WU
NEPUOIUYECKU TOOABISIFOT B PEAKTOP, I/Ie BTOPOH MeTEPOreHHbIH KAaTaJIU3aTOP CONEPIKUT OIHUH
Wi OoJiee MepexoaHbIX MeTauIoB u3 rpymnm 8, 9 u 10 mepuoauveckoil CUCTEMbI 3JIEMEHTOB Ha

NOJUIOJKKE U3 HOCHUTEJISA, U TA€ BTOPOI reTepOreHHbIH KaTalu3aTop He COAEPKUT BOJb(ppam; Wiu



KOJINYECTBO BOJb(ppaMa B MOJISIPHOM OTHOLIEHHH MOJIEH BOJb(ppaMa K MOJISIM IEPEXOTHOTrO
MeTajula MEHbLIE, YeM MOJISIPHOE OTHOIIEHHE MOJIeH Bob(pama K MOJISIM MIEPEXOTHOTO METaJLIa
B IIEPBOM I'€T€POT€HHOM KaTaJH3aTope.

ABTOpBI M300peTEHUs] HEOKUAAHHO OOHAPYXWJIHM, YTO 3asBJIEHHBIH  CIOCOO,
COOTBETCTBEHHO, 3asIBJICHHAS] CUCTEMA KaTaJIN3aTOPOB, MPEUMYILECTBEHHO MO3BOJISIET POBOAUTH
Croco0 MONy4YeHHs 3TUJICHIJIMKONS M3 UCTOYHUKA YTJIEeBOAA B TEUEHHE JIUTEIHHOrO MEepPHona
BPEMEHHU C SKOHOMUYECKH MHTEPECHON CENIEKTUBHOCTBIO B OTHOIIEHHUH STHIIEHTIHKOIs. Criocod
B COOTBETCTBUU C JAHHBIM M300pETEHHEM MOXKET NMPEUMYIIECTBEHHO UMETh BpeMsi paboTel S0
yacoB wiu donee, u naxke 100 yacos uau doee.

Aiqin Wang et al., B craTbe, o3arnasnerHoi “One-Pot Conversion of cellulose to Ethylene
Glycol with Multifunctional Tungsten-Based Catalysts”, omybnukoBanHo# B Accounts of
Chemical Research (2013), Tom. 46, crtpanunsl 1377-1386, onmcaHo OXHOpPEAKTOPHOE
KaTaJIUTHYECKOE MTpEeBpalleHe LEJUTI0JIO3b] B STHIIEHITIMKOMb. Aiqin Wang et al. npeanonarator,
YTO NMPH NMPUMEHEHUH COSJUHEHUH BOJb(ppamMa B COUYETAHUU C KAaTaIU3aTOPOM THIPHUPOBAHMS,
takuM kak Ni u Ru, pacrBopennsiiit HyWOj; siBsieTcst 1eiCTBUTENIPHO KaTATUTUYECKU AKTHBHBIMU
yactuuamu st paciervienust C-C, u peakuus pacmervieHnst C-C mesumroao3bl MpOXOauT MyTeM
TOMOT'€HHOT'O KaTajIu3a.

WO02016/114661 ynoMsiHyTO IpEAIookKeH!e, YTO B BOCCTaHABIMBarOLIel arMocdepe,
KOTOpasi CO3[aeTcsd B PEAaKUHOHHOW 30HE B NPUCYTCTBUH BOAOPOAAa U  YIJIEBOJOB,
IIECTUBAJICHTHbIE COEIUHEHUs] BOJNb(ppamMa MOTIYT OBITh BOCCTAHOBIEHBI A0 MATHBAJIEHTHOIO
BOJIb()paMa, U YTO B STOM YACTHYHO BOCCTAHOBJICHHOM COCTOSIHUM MOHBI BOJIb()paMa SIBJISFOTCS
5((}eKTUBHBIMU TSI BO3ACWCTBUS HA CBS3M YIJIEPOA-yIJEPON B HCTOYHHMKE YIJIEBONA IS
TIOJIy YeHHUS AJTKHJICHIJTMKOJIEBBIX NPEAIIECTBEHHUKOB.

He >xenast ObITh CBSI3aHHBIMHU KaKOHW-JTHOO TEOPHUEH, aBTOPbI H300PETEHHUS MMOJIATaI0T, YTO
reTePOreHHbIN KaTaTN3aTOp, COACP KA OUH WK O0Jiee MepexoIHbIX METAJUIOB U3 rpymm 8, 9
u 10 mepuomu4eckoil CHCTEMBI 3JIEMEHTOB, BAXKEH UIsI KaTajn3a OOpa3oBaHUs AEHCTBUTEIIBHO
AKTUBHBIX YaCTHI] BOJb(paMa, HEOOXOMUMBIX JJIsi PACUICTUICHUs CBSI3€H YIJIEpOA-yIIIepon U
00pa3oBaHUs AJKWJICHTJIUKOJEBBIX MPEIIIECTBEHHUKOB (TAaKUX KaK TJIUKOJNbAIbIACTUA U
TJIALEPUHATTBIAETH).

ABTOpBI U300pETEHHSI, OHAKO, OOHAPY KMIIH, YTO €l paboTaTh B TEYCHUE UTUTEIBHOTO
Nepruoaa BPEMEHH, MOBBIIIEHHOE KOJIMYECTBO YaCTHIl BOJIb(pamMa BEPOSTHO OTKJIAABIBAETCS HA
MOBEPXHOCTh T'€TEPOT€HHOrO KaTaJIM3aTopa, BCe OOJbIIE MeIlasi FeTePOreHHOMY KaTaJu3aTopy
KaTaJIU3UPOBAaTh  THAPUPOBAHUE  NPEALISCTBEHHHKOB  QJKWICHIIIMKONA  (TaKUX  Kak
TJTUKOJTbANIBACTU U TIINYEePUHAIBACTH/T) 10 AJKIJIEHITHKOMsL. Kak mokasaHo B mpumepax, 3TOT
nucOanaHC TPUBOAMT K THKY CEJIEKTHBHOCTH, 33 KOTOPBIM CJENYeT pe3KOe CHIDKEHHE
CEJIEKTUBHOCTH K aJIKWJICHTJIUKOIIIO C IMOCIENYIOINM 00pa30BaHHEM I'YMUHA.

BriueynoMsiHyTO€ OTKpBITHE NPUBOAWUT K CIOKHOH nunemme. C OZHOH CTOpPOHBI,
BOJIb()paM, OTKJIAIBIBAIOIIUIICS HAa TETEPOTEHHOM KaTaJH3aTOpe, BO3MOXKHO HEOOXOAMM ISt
NOJIYYEHUsT JKENIAaeMOTO PACLICIUICHUs CBs3€H yIIepon-yriepox, U 0e3 Hero B OCHOBHOM

oOpasyeTcst COpOUT U CTPaAaeT CeJIeKTUBHOCTD K ATHICHIITHKO0. C ApyToi CTOPOHBI, BO3MOXKHO



OTJIOXKEHHE BOJIb()paMa MPUBOANT, MOCTIE MMUKA CEJIEKTUBHOCTHU K STUJICHTJIUKOIIO, K IEaKTHBALIUN
reTEePOreHHOr0 KaTaIn3aTopa U 00Pa3OBaHHIO I'YMUHA.

OObHapyskeHue 3TON paHee HepacTO3HAHHON MpoOJIeMbI 3aCTaBIIIO aBTOPOB U300pETeHHUS
NPU3HATh HEOOXOIMMOCTh MOIAEPIKAaHUSI COOTBETCTBYHOLIEro OanmaHca. ABTOpBI M300peTEeHHUs
HEOXXKHIAHHO OOHAPY KM, YTO C MOMOIIBIO 3asIBJIEHHOTO CII0C00a, COOTBETCTBEHHO, 3a5IBJICHHBIX
CHCTEM KaTaJHM3aTOPOB, MOXKHO MOAAEPKUBATH OaJlaHC M MOYKHO ITOJIYYUTh CIOCO0, CIIOCOOHBIM
paboTaTh B T€UEHNE IUTEIHHOTO EPHO/Ia BPEMEHH.

Bompekn oxunmaHusiM, aBTOpBl HM300peTeHUsT OOHAPYIKWIIM, YTO HENPEPBIBHAS WM
nepuoAnYecKas nojayda AONOJHUTENBHOIO MeTepOreHHOr0 KaTaau3aTopa B peakTop NPUBOAUT K
CHI)KEHUIO CEJNIEKTMBHOCTH K STUJIEHTJIMKOJIIO, YTO MO3BOJIAET UCIOJIb30BATh CEJIEKTUBHOCTb K
STUJIEHTJIMKOJIIO B Ka4eCTBE MHANKAaTOpa OanaHca karanuzaropa. ITognep:kuBas CENEeKTUBHOCTD K
STUJICHIJIMKOJIIO, HANpUMeEp, HIDKE ONPEIENIEHHOr0 Iopora, IMyTeM HENpepblBHON WU
NEPUOIUYECKON MOJAauu B PEAKTOP IOMOJIHUTENBHOIO IeTePOreHHOrOo KaTalu3aropa, Crocod
MOKHO HalPaBHUTh B CTOPOHY JKEJIAEMOT0 JUIUTEIBHOTO BpeMeHH paboThL.

KPATKOE OITMCAHHWE YEPETXXEM

H3o0pereHne WUTIOCTPUPOBAHO CIENYIOUIMMHU YePTEIKaMH:

Ha ¢urype 1 nokaszaH rpaduk pe3yjbTaTOB NPEBPAINEHHs TJIFOKO3BI M PE3yJIbTaTOB
CEJIEKTUBHOCTH K 3THJICHIJIMKOIIO U3 MpuMepa 2.

ITOAPOBHOE OITMCAHUME M30BPETEHU A

IIpennoururensHO, nepen peakLueil HCTOUHUKA YIVIEBOA IPOBOJAT CTAANI0, HA KOTOPOU
UCTOYHUK YIJIEBOJA, PACTBOPUTENb, BOJOPOA M FOMOI€HHBIN KaTajJu3aTop IMONAIOT B PEAKTOP.
Kpome TOro, rereporeHHblii KaTalu3aToOp, MAOJDKHBIM 00pa3oM, TMEpBBbId TeTepOTreHHbIH
KaTaJInU3aTop, Il FeTePOreHHBIN KaTaIU3aTOP CONEPIKUT OIUH UK OoJiee MepexOJHbIX METAJIIOB
u3 rpymn 8, 9 u 10 nepuoauuecKoil CHCTEMBbI HJIEMEHTOB, MOXKET ObITh MOJJaH B TAKOH PEakTop.

ITox ucTOYHNKOM yriieBOAa 37eCh MOHUMAIOT UCTOYHMK YIiieBoAoB. McTouHuk yriaesona
MOKeT ObITh BbIOpaH M3 MHOXKECTBA WCTOYHHUKOB. [IpenmoyTHTENBHO, WUCTOYHHK YIJIEBONA
COIEPKHUT OAVMH WK OoJiee yIIeBOAOB, BHIOPAHHBIX M3 TPYIIIBI, COCTOSIIEH U3 MOJUCAXaPUIOB,
OJINTOCaXapUAOB, ANCAXapUI0B, MOHOCAXapUIOB U UX CMECEH.

IMoaxopsiye npumMepsl MOTYT BKJIIOYATh, MPEANOYTUTENBHO BOCIIOIHSEMbIE HCTOYHUKU
yIJIEBOZIOB, Takue Kak ILIEeJIJI0JI03a, TeMHULIEJUII0N03a, Kpaxmall, caxapa, Takue Kak caxaposa,
MaHHO3a, apabuHO3a, PPYKTO3a, TIFOKO3a U UX CMeCH. FICTOUHUKH yIiIeBO/1a, KOTOPBIE COAEPIKAT
yKa3aHHbIE BBILIE YTJIEBOJBI, MOTYT BKJIIOUATh CUPOIBI AEKCTPO3bI, CUPOIBI MaJlbTO3bI, CHPOIIBI
caxaposbl, CHPOIBbI TJIOKO3bl, KPUCTAJUIMUECKYIO C€axapo3y, KpPHUCTAJUIMYECKYIO TIIIIOKO3Y,
MIIEHUYHBIA KpaxMall, KyKypy3HbIH KpaxMal, KapToQenbHbIi Kpaxmall, MAHHOKOBBIH KpaxMai U
ApyTHEe TIOTOKH, COIEep’Kallhe YIJEeBOZ, HAamNpUMep, IOTOKH OyMa)KHOH MacChbl, OTXOIbI
nepeBoodpadboTkU, OyMasKHbIE OTXOIbI, CETbCKOX03sTHCTBEHHBIE OTXO/bI, LIEJUTFOJIO3HbIE OCTATKH,
BOCCTaHOBJICHHbIE M3 OBITOBBIX OTXOJOB, OyMmary, KapTOH, CaXapHbIH TPOCTHHK, CaXapHYIO
CBEKJy, IIIEHWIy, pPOXb, OBEC, KYyKypy3y, pHC, Kaprodenb, MaHHOKy, IpyTue
CEJIbCKOXO3SIHCTBEHHBIE KYJIBTYPbl M WX COYETaHHWs. OJTH TIOTOKM MOTYT TNOTpedOBaTh

npenoOpaboTKU Uil 3KCTPAarMpOBaHMS YIVIEBOAOB (HAmpHMep, MOKPOrO IOMOJIAa B CIIydae



KYKYpY3bl) WM IJIsl YIAJ€HUs KOMIIOHEHTOB, KOTOPbIE MEIIAI0T JaHHOMY IMPOLECCY, TAKUX Kak
OCHOBHBIE HAIOJHUTENN (HANpUMep, yAaleHus kapOoHaTa KaibLusl B OYMaKHBIX OTXOHaX).
Takum oOpasom, B crocoOe B COOTBETCTBUH C NaHHBIM H300pETEHHEM MOKHO MPUMEHSITh
NPUPOAHbIE HCTOYHUKH, HO TAKXKE OH MOYKET MPUMEHSIThCS ISl YJAYYIIEHHS W TOJE3HOro
BTOPUYHOTO HMCIIOJIb30BAHUSI OTXOMOB. [IpeanoyTUTEIbHO, YIJIEBOAbI B HCTOYHUKE YIJIEBONA
BBIOMPAIOT M3 TPYIIIbI, COCTOSIIEH M3 LEJUTFOJIO3bl, TEMHIIE/UTIONIO3bI, Kpaxmala, TJIFOKO3BI,
caxapo3bl, TIFOKO3bI-OJIMIOMEPOB U UX coueTaHuil. Tak Kak LeJUTI0JI03a BbI3bIBAET TPYIAHOCTH,
KOTOpblE OTCYTCTBYIOT B JAPYTHX HCTOYHHMKAX YTrJEBOAA, HCTOYHHMK yIjieBona Hauboee
NPEATNOYTUTENIbHO BBHIOMPAIOT K3 TPYIIbL, COCTOSILICH M3 Kpaxmaya, TE€MHULEIUTION03bl U
TeMULIEITIOJIO3HBIX CaXapoB, TIIIOKO3bI U UX cMmecei. Haubosee mpeanodTuTeibHO, HCTOUHUK
yTJIEBOZA CONEPKUT UM COCTOUT U3 TJIFOKO3bI, PPYKTO3bI, CaXapo3bl UM UX COUETAHUS.

COOTBETCTBEHHO, UCTOYHHK YTJIEBO/Ia MOXKET OBITh MMOJIAaH B MEPBBIN PEAKTOP BMECTE C, IO
MEHbIIEH Mepe, YaCThI0 PacTBOPUTENIS. bosiee MpeAnouTUTEN HO, HCTOYHHUK YTJIEBOAA YaCTUYHO
WIN TIOJIHOCTBIO PAaCTBOPEH B TaKOM pactBoputesne. [IpennoyreHus: s TaKOro pacTBOPUTENS
npeAcTaBieHbl Hike. PacTBoputeneM MoxkeT ObITh, HANPUMEP, BOAHASI Cpena, OpraHHYECcKas
cpena, BKJIIOUasi aIKUIICHTJIUKOJIHU, WA CMECh, COZIepIKallasi BOAY, IHOJIbI H/WJIH IPYTHE TTOJHOJIBL.
MHorue yrieBosibl pacCTBOPHUMBI B BOAE WM CMECH, COAEprKalleld BOAY, AHOJbI W/HIU APYTHEe
NOJIHOJIbI. VICTOUHUK yIIeBOa TAKKe MOKET IMOAABATHCS B TIEPBBI peakTop B popme CyCreH3uH.
[Ipumepsl TakMX CyCHEH3MH BKJIIOYAIOT BOAHBIE CMECH BOObI W TE€MHLEJUTFOJIO3bI,
TeMULIEJUTIOJIO3HBIX CaXapoB, TJIFOKO3bI W/WIJIA Kpaxmalia.

JlaHHbIl CMOCOO MPEeMMYIIECTBEHHO IMO3BOJISIET TMOAaBaTh B TEPBBbI PEAKTOpP O4YEHb
KOHIIEHTPUPOBAHHOTO CBIPbSI, COAEPIKAINEr0 HMCTOYHMK yrieBoma. [IpH MPUMEHEHHWH TaKOro
KOHIIEHTPUPOBAHHOTO ChIPbSi JKOHOMHMSI TIPOILIECCA YBENUYMBAETCS. Takoe ChIpbE€ MOXKET
MOIXOIAIIMM 00pa3oM COIEP KaTh UCTOYHHK YTIJIEBOA U PACTBOPHUTEINb, HATIPUMED, BOMY W/WITH
THOJIBI W/WJIM APYTHE TONHUOJIBL. [IpearnodTuTebHO, HCTOUHHK YITIEBOA TIOMAETCSl B PEAKTODP B
MIOTOKE CBIPhsi, COAEpIKAIlleM HCTOYHHK yIJIEBOJAA U PACTBOPUTEINb, I/I€ TAKOH IMOTOK ChIPbS
comepxkut ot 1,0% macc. (MaccoBOro mporeHTa), npeamnodytureapbHo, 2,0% wmacc. wiu Oonee,
Oonee mpenmouTuTeNbHO, 5,0% Macc. unu Oonee, ee Oonee npennodrureabHo, 10,0% mace. wu
Oonee, u Haubosnee npennourutenbHo, 20,0% mace. wiu Oonee UCTOYHMKA yrieBona, 10 90,0%
Macc. Wi MeHee, pennoututenbao, 70,0% Macc. i MeHee u Oonee npeanoyturensHo, 50,0%
Macc. WJIH MEHee WCTOYHUKA YIIIEBO/A, 10 OTHOIIEHUIO K 00IIeii Macce HCTOYHHKA yTIeBoaa U
pactBopuTens. [IOTOK ChIpbsi, COMEPIKAIINI HCTOYHUK YTJIEBOA B 3TOM HHTEPBaJIe KOHIIEHTPAIHH
MOKET JOJKHBIM 00pa30M JIEFKO TPAHCIIOPTHPOBATHCS. [TOTOK CHIPBS TAKIKE MOXKET COCTOSITH U3
TOJIbKO MCTOYHHKA yTJIEBOA.

JInist mpakTUYeCKHX Ieiell, UCTOYHUK yTJIEBOAa MOXKET TMOAaBaThCs B PEAKTOP MOTOKOM
CBIPbsI, COZEPIKAIAM UCTOYHHK yTJIEBOIAa  PACTBOPHUTEITD, TJI€ TAKOU MOTOK ChIPbSI COIEPIKUT OT
2,0% macc. unmu Oounee, Oonee npeanouturensHo, 10,0% mace. wim 6onee no 30,0% mace. win
MeHee WCTOYHHKA YIJIeBOla, IO OTHOILIEHWKO K OOINel macce HCTOYHMKA YyriieBoma U
pactBoputens. Takoil pacTBOpPHUTENb MOKET COAEpKaTh JIOOOW U3 YyKa3aHHBIX HUKE

pacTBOpuUTENeH, HO, MPENNOYTHTENBHO, BoAy. Hanbonee mpearnouTuTenbHO, HCTOUYHUK YTIIEBOAA



NOJAFOT B PEAKTOP B IMOTOKE CHIPBS, COAEPIKALIEM UCTOYHHUK YIJIEBOAA U BOAY, TJIE€ TAKOW MOTOK
CBIpbst copepskuT ot 2,0% macc. i 6onee 1o 30,0% macc. uian MeHee HCTOYHHKA YIJIEBO/A, 110
OTHOILIEHHIO K 00IIel Macce NCTOYHHKA YIIIEBOAA U BOIBI.

IIpenmnodTuresbHO, UCTOUHHK YIJICBOAA HEMPEPHIBHO MJIHM MEPUOIMYECKH NOOABISIOT B
nepBbIi peaktop. [IpeanouTuTebHO, HICTOYHUK YIJIEBOAA MOAAIOT B MEPBbI PEAKTOp MO CI0EM
MHEPTHOT'O Ta3a, TAKOTO KakK a3o0T.

PacTBopuTeNns MOXKET MOAABATHCS KAK YaCTh MOTOKA ChIPbsl, CONEPIKALIETO HMCTOUHHK
yIJIEBOAA, KaK OMMCAHO BbIlIe. Takye BO3MOXKHO MOAABATh PACTBOPUTENb B PEAKTOP OTIEIBHO
WA HE3aBUCHMO OT UCTOYHHKA YTIIEBOA.

ITpenmnouTuresbHO, MPUMEHSIOT TMOTOK ChIPbs, COAEPKAIUI HCTOYHHUK YIJIEBOAA H
pactBoputenb. KOHLEHTpauusi MCTOYHHKA YIJIEBOJA B TAKOM IIOTOKE ChIPbS MOXKET OBITh
HNOAXONALIMM 00pa3oM CKOPPEKTHpPOBaHA TakK, YTOObI MOJAaBaTh JOCTATOYHOE KOJIMYECTBO
pPacTBOPUTENS B PEAKTOP.

CrnenoBarenbHO, paCTBOPHUTEND MPEANOYTUTEIBHO BBIOMPAIOT U3 TPYIIIbIL, COCTOSIIEH 13
BOJIbl; OPTAHWYECKUX PACTBOPUTENIECH, TAKUX KaK JHOJIbI W/IIN APYTHE TOIHOJBL, U UX CMECeH.
JlokHBIM 00pa3oM, paCTBOPHUTESb MOKET ObITb CMECHIO BOZABI U, HEOOS3aTENIbHO, OJHOTO MU
Oomee  yKa3aHHBIX  BbIIE  OPraHUYECKUX  pPACTBOPUTENEH.  AJIKAHOJBI  SIBJISIOTCS
IPEANOYTUTENIbHBIMA OPraHMYECKUMHU PACTBOPHUTENSAIMH. Takue ajakaHOJbl MOTYT ObITh MOHO-
AJIKAHOJIAMY, TPEANOYTUTENIbHO, CMEUIMBAEMbIMH C BOJOH MOHO-QJIKAHOJAMH, TAKMMH Kak
METaHOJI, STAaHOJI, MPOMaHo, OyTaHom M uX cmecH. st cmocoba B COOTBETCTBUH C JAHHBIM
n300peTeHneM TaKHe JIETKHe MOHO-aJIKAHOJIbI, OJTHAKO, MEHEee MPEANOYTUTENbHBL AJIKAHOJIOM
Tak)ke MOXET ObITb CMELIMBAEMbIM C BOAOW IHOJN WJH JPYrod TMOJHOJ, HarmpuMmep,
STHJICHTJIMKOJIb, MPOMHUJIEHTJIUKOJIb, Oy THIICHIJIUKOJIb, TIULEPUH, KCHUIIUT, COPOUT MIIH SPUTPHT.
[Ton AMONOM 31€Ch MOHMMAKOT OPraHUYECKOE COCAMHEHHUE, COAepIKallee IBE THIAPOKCUJIbHbIE
rpymnmbl.  [IpeAmnouTHTeNbHO,  PACTBOPUTEIb  CONEPXKUT  AJKWJIEHTIIMKONb.  [IpuMepsl
NPEANOYTUTENIPHBIX  AJKHJICHIJINKONEH  BKJIIOYAIOT  OTHIICHIJIMKOJb,  MPOIMUICHIJIUKOIIb,
Oy THJIEHTTIMKOJIb U UX cMecU. [IpuMeHeHne aIKUIEHTIINKONS OCOOCHHO MPENIOYTHTEIBHO, TaK
Kak ObUTO OOHAPYIKEHO, YTO AMOJBI W/ MK MOJUOJIBI, BKIFOYAst AIKAJICHIIIUKOIHN, CIOCOOCTBYIOT
PacTBOPEHUIO BOJb(paMa WIH COETUHEHHS BOJIb(ppama B paCTBOPUTEIIE, TEM CAMbIM CIIOCOOCTBY I
KaTaJIUTHYECKOW AaKTHBHOCTH BOJb(pamMa win coenuHeHuss Bojdb(pama. Takke Obu1o
O00OHapy»KeHO, YTO CEJEKTUBHOCTh PEAKLUH K AJKUJICHTJIHUKOJISAM YIIyUlIaeTCs MPU MPUMEHEHUH
AIKUJIEHTJIMKOJIS B Ka4eCTBE KOMIIOHEHTa B pacTBoputesne. He »xenast ObITh CBSI3AHHBIMU KaKOM-
aub0 TEOpUEH, MoNararoT, 4TO BOJb(pam 00pa3yeT KOMILIEKCHI ¢ aJKUICHTJIUKOJIEM, B TO BpEMsI
KaK MpeBpalieHre B moOOYHbIe MPOAYKThI CHIKaeTcs. bojiee Toro, mpuMeHeHue aaKHIeHTHKOIS
B KaUeCTBE PACTBOPUTEIISI HE TPEATIONAraeT BBEIEHHE TOCTOPOHHETO PEareHTa B PEaKIHOHHYIO
CMECh, UTO TAKXKE SIBJISETCS MPEUMyLIeCTBOM. [IpeAnoYTUTENIbHO, PACTBOPUTEIb COAEPIKUT HITH
COCTOUT W3 BOIBI, OJHOrO WM Ooyiee ANKWICHIJIMKOJNEH, OOHOrO WM OoJiee alKaHOJIOB,
Heo0s13aTeNIbHO, OAHOTO MITH OOJiee MOJMOJIOB, WIIH CMECH JIBYX WK OoJee U3 HHX.

[IpenmodTuresbHO, PAacTBOPHUTENb HEMPEPbIBHO WM TMEPHOJUYECKH AOOABJSIOT B

peaktop. OTHOBPEMEHHO, YacTh PACTBOPHUTENSI MOXKET OBITh HEMPEPHIBHO WM MEPHOAMYECKU



OTBOJIUTHCS U3 PEAKTOPA.

Bonopon mMoxkeT momaBaThCsl B BUIE O CYIIECTBY YHUCTOTO BOAOPONA. AJIBTEPHATUBHO,
BOJIOPO MOKET MOJaBaThCs B (popMe cMecH BOIOPOIa U MHEPTHOTO ra3a. HepTHBIN ra3 MOKeT
OBITh MOJKHBIM 00pa3oM BBIOpaH W3 a30Ta, aproHa, reius, HeOHa M HUX cMeceil. bomee
MPEINOYTUTENBHO, TOJBKO BOJOPOX MPUMEHSIIOT B Ka4eCTBE rasa B croco0e B COOTBETCTBUM C
JaHHBIM U300pETEHUEM.

Bonopon nomkHbIM 00pa3oM MOKET IMOAABATHCS Yepe3 MOTPYKHYI0 TPYOKy, Harpumep,
MOTPYKHYI0 TPYOKY pPSIOM C MELIAJKOW, WJIM 4epe3 pachpelenTelb, HAPUMep, a’paTop, B
peakTop. Uepes Takyro MOrpyKHYIO TPYOKY I pacTpenesuTelb, 1 Heo0s3aTeIbHO Yepe3 OIHH
win Oojiee MEXaHU3MOB TEePEeMEIINBAHKS, BOIOPOA MOXKET OBbITh PACTBOPEH B PEAKLMOHHOMN
cmecu. IlpenmodrurenbHO, BOJOPOA HEMPEPHIBHO WIN MEPUONUYECKU TOOABIISIOT B MEPBBIH
peakTop.

O01mee naBieHre BO BpeMsl peaKIiK BKIIFOYAET NaBJIEHUE MTapa PACTBOPUTESI U PEareHTOB
Py TMPUMEHSAEMBIX TEMIEepaType W [aBJICHUM, B JOMOJHEHHE K MNapluajbHOMYy AaBJICHHUIO
BOZOPOJIA U, €CJIU MPUCYTCTBYET, MapLUATbHOMY JABJICHHUIO JIFOOOTO MHEPTHOTO rasa.

[TapumanbHOE AaBI€HUE BOJOPOJA BO BPeMsl PEAKLUU MPEATOYTUTEIBHO COCTABISAET OT
1,0 wmeramackans (MIla) wnu Oonee, mnpemnoururensho, 2,0 MIla wmu Oonee, Oosee
npeanoututensHo, 3,0 MIla unu 6osnee o 16,0 MIla unu menee, npeanoururensHo, 12,0 MIla
wii MeHee, Oonee mpeamnourutenbho, 8,0 MIla unu menee. JIroOoe naBieHue 37eCh SIBISIETCS
aOCOTIOTHBIM JIABJICHUEM.

OO1uee naBieHNE BO BpeMsl PeaKI[MU COCTABJISIET, IOKHBIM 00pa3oM, MO MEHBIIEH Mepe,
1,0 MIla, npeano4yTutenbHo, Mo MeHbined mepe, 2,0 MIla abc., Gonee MPeAnOYTUTEHHO, O
Menblei Mepe, 3,0 MITa. O01iee naBiaeHre BO BpeMsl PEaKLUU COCTABIISIET, TOJLKHBIM 00pa3oM,
He Oonee 16,0 MIIa, Gonee mpeamoururensHo, He Oonee 10,0 MIla. IlpenmouTuTENbHO, B
peakTope CO3Mal0T MaBlieHHE BOIOpoaa 10 ao0aBiieHUss JHOOOr0 HMCXOMHOTO MaTepuala.
Crienanmuct B JaHHOH OONACTH TEXHUKHU MOWMET, 4To AasyieHue npu 20°C Oyzner HIDKe, dyeM
(dakTHUeCKOe MaBJIeHNe MPHU TeMIiepatype peakuuu. Jlapinenue Ha ctagud (ii), MpU NMpeBpaIleHun
obparno B 20°C, mpeanoyYTUTENbHO, paBHO AaByieHUt0 B uHTepBase ot 0,7 MITa unu 6omnee no 8,0
MIla unu MeHee.

Kak oOBsicHsIOCH  BbIIE, JaBJIEHHE MOXKET CO3/[aBaThCsl  BOAOPOIOM WU
BOJOPOACOAEPKAIIMM Ta30M, HEOOs3aTeIbHO B COYETAHWU C MAPIHUAbHBIMH JaBJIEHUSMU
COZIEP’KMMOTO peaKIIMOHHOU cMecH. Korna peakiIMOHHY0 CMECh HarpeBaroT, o0Iee TaBjIeHHe BO
BpeMsI peaKIMU TOJDKHBIM oOpa3om coctasisier 1,0 MIla - 16,0 MITa.

[IpennoururenbHO MOANEPKUBATH MAPLHAIBHOE JABJICHUE BOIOPOJA MPU TEMIIEPaType
peakmu B uHTepBaje ot 1,0 MITa no 16,0 MIla abc¢., npeAnodTUTENEHO, B TEYEHUE BCEH PEaKIUHL.
ITosToMy BOmOpPOA WM BOAOPOACOAEPKAIMMNA Ta3, MPEANOYTUTEIBHO, BBOISIT B PEAKIIMOHHYIO
CMeCh BO BPEMS PEAKLIMH, KaK OMHUCAHO BBILIE.

Kak yka3zaHo BbIllIe, JaBICHHE MOXKET CO3/IaBaThCsI BOJOPOAOM MJTH BOJOPOACOEPKAIIIM
ra3oM. Ecnu  npuMeHSIFOT  BOZOPONCOAEp KALMN  ras3, COAep)KaHWe BOAOpPOda B

BOJIOPOJICOAEPIKAIEM ra3e IOJDKHbIM 0o0pa3oM coctamisieT BIUIOTh a0 100% o6. Haumbonee



MPEANOYTUTENBHO, YUCTHIM BOJOPOJ NMPUMEHSIOT AJIsl CO3JaHus AaBieHus. Bo BpeMs peakuuu
Bonopon motpebisierca. Ecnmu  cmoco® sBisieTCss HENMpPEpBIBHBIM MJIM  TOJYHENPEPHIBHBIM
Croco0OM, BOJOPO, MPEANOYTHTENBHO, TOJAIOT HENMPEPBIBHO WIIH MOJTY HETIPEPHIBHO.

B peaktope, mo MeHbLIEW Mepe, 4acTb HCTOYHHMKA YIJIEBOJA B3aUMOACHCTBYET B
NPUCYTCTBUH Bonopona npu temmeparype ot 170°C wnu Gonee no 270°C unu menee. bonee
MPEANOYTUTENBHO, IO MEHbIIeH Mepe, 4YacTb MCTOYHMKA YIJIEBOJA B3aUMOJEHCTBYeT B
NPUCYTCTBUH Bozopona npu temrneparype ot 200°C wu 6onee no 250°C nnu menee. B peakrope
MOJKET YCTaHABIMBATBCA TAKOH HHTEpPBAJ TEMIEpPaTyp A0 AO0OaBIEHHs JOOOro HCXOTHOTO
MaTepuasa, U OH MOXKET NOJJEePKUBATHCS NIPU TEMIIEPAType B 3TOM UHTEpBAJIE.

Crniocob BKiIOUaeT B3aUMOIEHCTBHUE, B peakTope, npu temneparype ot 170°C unu bonee
10 270°C unu MeHee, IO MEHbIIEH Mepe, 4YaCTU UCTOYHUKA YIJIEBOAA B IPUCYTCTBUM BOJOPOJA,
pacTBOPUTENS 1 CUCTEMBI KaTaan3aTopoB. Criocod MOKHBIM 00pa30M 1aeT STUIIEHTJTUKOIIb.

CucremMa kaTanu3aTopOB BKIIOYAET:

TOMOT'€HHBIM KaTaJIu3aTop, e TOMOI€HHBIH KaTalu3aTop COAEPIKUT BOJIb(paM; U

reTepOreHHBIN KaTaJu3aTop, /i€ FeTePOreHHbINH KaTalIM3aTop COAEPKUT OUH WK OoJee
NEePEeXOHBbIX MeTAJIOB U3 rpynn 8, 9 u 10 nepruoanueckoli CUCTEMBI 3JIEMEHTOB Ha MOAJIOKKE U3
HOCHTEJIS.

I'OMOreHHBIN KaTanu3aTop COAEPXKUT BOJb(PpaM M Takke OOO3HAUEH 37eCh Kak
BOJIb(ppaMconiepKAIUH TOMOTEHHBIH KaTaJIu3aTop.

Bonbppam MoxeT mpUCYTCTBOBAaTH B BHZAE 3JIEMEHTApHOrO BOJb(pamMa Wiu B BHIE
coearHeHus Bojibppama. [ OMOTeHHBIH KaTaau3aTop MOXKET JOJDKHBIM 00pa3oM COepikaTh OIHO
wii Oonee coenuHeHwil BoJb(pama. Bombdpam mnm coenuHeHue(s1) BoJb(ppama JOKHBIM
00pa3oM MOTYT OBbITh PACTBOPEHBI B PEAKIIMOHHOM cMecH. [IpennoyTurensHo, BoibpamMm UMeeT
CTeNeHb OKHUCJICHUS, TI0 MEeHbLIeH Mepe, +2. bojiee mpeanoYTuTenbHo, BOJMbGpaM UMEET CTeTIEHb
okucnenuss +4, +5 wumm +6. Ilpu pacTBOpeHHMM pacTBOpUTENE WM, COOTBETCTBEHHO, B
pPEaKIIMOHHONH CMECH, pACTBOPEHHBbIH BOJb(ppPaM WM COCOUHEHHE BOIb(pamMa MOXKeT
00pa30oBbIBATh KOMIUIEKCHI C (APYTHMH) KOMIIOHEHTAMHU PACTBOPHUTENS HJIH, COOTBETCTBEHHO,
PEaKLIUOHHOW CMECH.

I'oMOreHHBIN KaTaau3aTop, MOAABAEMbIA B PEAKTOP, MOXKET OBITh CBEKHMM FOMOTEHHBIM
KaTaJu3aTOPOM UJIH PELUPKYJIUPOBAHHBIM FOMOI€HHBIM KaTanu3atopoM. CBexXuil rOMOTeHHbIH
KaTajau3aTop TakXKe Ha3bIBAIOT 3/eCh “TIPSIMOTOHHBIN T'OMOIEHHBIM KaTanuzatop. Takoi
NPSIMOTOHHBIA TOMOTEHHBIH KaTaJIN3aTOP MPENNOYTHTEIBHO BBIOMPAIOT U3 TPYIIIBL, COCTOSIIEH
u3 BosibppamoBoii kucaotel (HWO,) u coenuHennii BonbgppamaTa, TAKUX KaK COJH BOJbppama,
HalpuMep, colep:Kallyve, MO MEHbLIEH Mepe, OAMH 3JIEMEHT rpynnel 1 wnu 2, Hanpumep,
Bonb(ppamar Hatpust (Na,WO,) unmn Bonbdpamar kanus (K,WQO,) win, Hanpumep, conepkaiie
BOJIb()paMaT aMMOHHSI, U COYETAHUSI OJHOTO WM Oojiee M3 HUX. TakKe BO3MOXKHO NMPHUMEHSTh
COYETaHHE OHOTO UJIHN 0OJiee UX HUX.

JloJoKHBIM  00pa3oM, TOMOTEHHBIH KaTalu3aTop, MOJAaBaEMbIl B PEAKTOp, COHNEPIKUT
PELMPKYJIUPOBAHHBIM  TOMOTEHHBbIM  KaTalu3aTop MJIM  CO4YeTaHHe MPSMOTOHHOIO U

PELHUPKYJIHUPOBAHHOTO TOMOT€HHOIO KaTajau3aropa. [ 'OMOreHHbI KaTajau3aTop, MOAAaBaeMblil B



pPEaKTOp B COOTBETCTBHH C JJAHHBIM H300PETEHHEM MOXKET, HalpUMep, COAEPKATh WIIH COCTOSIThH
U3 PELUPKYJHPOBAHHBIX YAaCTUI BOJb(paMa, BOCCTAHOBJIEHHBIX, MpPSIMO WA KOCBEHHO
(HarpuMep, Yepe3 AUCTHIUILNIO ) 13 HCXOSIIEro MOTOKA PEaKTopa.

JIro00i1 peunpKyJIMPOBAHHBIA TOMOT€HHBINA KaTaIM3aTOP MOXKET COAEpPKaTh BOJIb(PpaM B
BUE KOMIUIEKCA C KOMIIOHEHTAMH PAaCTBOPUTENS, B KOTOPOM MOXKET ObITh PacTBOPEH TaKOH
rOMOreHHbI Katanu3aTop. IIosToMy peunupKyIMpOBaHHBIM IOMOIE€HHBIM KaTajlU3aTOP MOKET
IOJDKHBIM 00pa3oM conepkaTb Bosibhpam B (opme, MOJNYUYEHHOH W3 MPENLIECTBYIOIMEro
COEIMHEHUs BOJIb()paMa, TAKOro KaK YKa3aHHbIH BBILIE PSMOTOHHBIN TOMOT'€HHBIN KaTaJu3aTop,
KaK H3HAYAJIBHO MNPEAYyCMOTPEHO. | OMOreHHBIN KaTaau3aTop, MOAABAEMBIM B PEAKTOpP B
COOTBETCTBUM C JaHHBIM H300pEeTeHHEM, MOXET COIepKaTb WM  COCTOATh U3
PELUPKYJIHUPOBAHHBIX YaCTHUI[ BOJb(PaMa, BOCCTAHOBIIEHHBIX, PSMO HJIM KOCBEHHO (HarpuMep,
yepe3 AUCTHIIISILNIO) U3 HCXOSIIEro MOTOKA PeakTopa.

IIpenmnouTuTenbHO, TOMOTE€HHBINH KaTalu3aTOp COAEPIKUT COEAMHEHHE BOJb(pama WM
BOJb()paM, TOJYYEHHBI W3 COEAMHEHMS BOJb(ppama, i€ Takoe COEAMHEHHE BOJb(ppama
BBIOMPAIOT U3 TPYTIIbL, COCTOsAIIEH U3 BosbppamoBoii kuciaoTs! (HyWO,), BonbdpamoBoii OpoH3bI
(npucyrtctBytoweit B Bune H,WO; niiu MyWOs;, rre x siBisiercst nepeMeHHOH Menbiie 1 (<1) u M
SIBJISIETCS] METAJUIOM, HAIIPUMED, LIEJIOYHBIM HIIH IEJIOYHO3EMENIbHBIM METAJJIOM), BOJIb(pamara
aMMOHHUSI, METaBOJIb(ppamMaTa aMMOHUsI, TapaBOJIb(ppaMaTa AMMOHUS, COETUHEHUH BOJIb(pamara,
COZIePIKAIIUX, TIO MEHBLIEH Mepe, OIMH 3JIEMEeHT Ipy bl | win 2, coenuHeHni MeTaBonb(ppamara,
COZep KALIUX, IO MEHBIIEeH Mepe, OJTUH 3JIEMEHT Ipymibl 1 uiiu 2, COeAMHEHH mapaBojb(pamara,
COZlEepIKaIINX, 10 MeHbIIEeH Mepe, OOUH 3JeMeHT rpymnmnbl 1 umu 2, okcuaa Boibhpama (WO3),
reTeponoucoenHeHnii BobpamMa W ux coderaHuid. Bombdppamonas kuciora (HyWO,),
Bosb(pamoBas Oponsa (HyWO3) u coenunenust Boib(pamarta, cogeprrainue, o MEHbLICH Mepe,
OIUH 3JieMeHT rpymnmbl 1 uian 2, Hanpumep, Bojdb(pamar Hatpus (Na,WO,) wiu Bonbppamar
kamusi (KoWOy,), sBnsitorest npeanodyturenbHbiMA. Hanbosiee mpeanoyYTUTEeNbHO, TOMOTEHHBIN
KaTaJIU3aTOP COMEPKUT COENMHEHHE BOJb(ppaMa WM BOJb(PpaM, MOJYUYSHHBIH U3 COCTMHEHUS
BOJMIb()paMa, TINe TaKUM COEOUHEHHEM BOJib()paMa sBJISETCS BOJbppaMaT HATPHUS W/ WK
BOJIb(hpaMoBasi KUCIOTa U/WK BosibhpamoBasi OpoH3a.

brito OOHAapy’KeHO, YTO KaTaJIUTHYeCKas AKTUBHOCTb BOJb(pamMa MM COETHHEHHS
BOJIb()paMa MPEONOYTHTENBHO TOBBIIAETCS, €CIH BOJb(ppPaM WM, AOUKHBIM 00pa3om,
COeIMHEHHNE BOJIb(ppaMa pacTBOpeHo. IIpeanoyTuTeIbHO, TOMOT€HHBIN KaTaIN3aTOP HETPEPhIBHO
WIA TEPUOIUYECKH IO0aBISIOT B peakTop. [IpennoyTHrensHO, TAaKOH HENpepblBHO WIIN
NEPUOTUYECKU TI01aBAEMbIi TOMOTE€HHBIH KaTaJlU3aTOP CONEPKUT BOJIbGPAM, KOTOPBIH UMeEET
CTEeTIeHb OKHCJIEHUsI, TI0 MeHbINeH Mepe, +2, OoJiee MpenrnouTUTENBHO, IO MEeHbIIeH Mmepe, +4.
IIpenmoyTHUTEeNbHO, TOMOTEHHBIH KaTaJnu3aToOp BBIOMPAIOT U3 TPYIbL, COCTOSIEH U3
Bosb(pamoBoii kucnotel (H;WO,), Bonbdpamosoit Oponssl (H\WO;), Bonbsdpamara HaTpws,
PacTBOPEHHOTO MOHA BOJIb()paMaTa, paCTBOPEHHOTO MOHA METaBOJb(ppaMaTa M PacTBOPEHHOTO
WOHA MapaBojibppamara.

Tax kak BoJb(ppamM MOKET MPUCYTCTBOBATh B TAKOM MHOXeCTBE (HOpM, BOJIb(paM n/niu

COEIMHEHUsT Boyb(ppaMa Takke 0003HAuUEHBI 3/1eCh Kak 4acTuipl Bojibdpama. [lox dactumamu
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BOJIb(ppaMa 37ech MOHUMAKOT JIFOOOE COeNMHEHHUE, COoIeprKallee 3JEMEHT BOb(ppaMm B JH0O0M
BUzE WK (HOPME UITH CTENICHN OKHCIICHMS.

ITpu (4aCTUYHOM) OKHCIIEHUHU YaCTHIIBI BOJb(ppaMa TaKKe O3HAYEHBI 371€Ch KaK YaCTHIIbI
Bonb(pamata. [lox yactuiiamu BosbpaMara 31€Ch MOHUMAIOT JIFOOOE COENMHEHNE, CONlepIKalnee
cBsi3b BoNb(paM-okcun. IIpumepsl vacTun BoJb(ppaMaTa BKIOYAIOT AUOKCHA Boibdpama u
TPUOKCH] BOJTb(ppamMa 1 BOJIbGPAMOBYIO OPOH3Y.

IIpeanoyrurenbHO, TOMOTEHHBIN KaTalu3aTOp pacTBOpeH B pacTtBopurene. Takum
pacTBOpUTENEM MOXKET ObIThb JIFOOOH pacTBOPUTENb, ONUCaHHBIM Bbime. Kommo3umus
pacTBOpUTENsT MOXKET BapbUPOBaThCs BO BpeMs mpouecca. [loka peakuuto NpoBOAST B MEPBOM
peaxkTope, paCTBOPHUTENb MOKET ObITh 00Opa30BaH caMON PEAKLIMOHHOW CMECHIO.

KonmuectBo Bonbgppama, KOTOPOE MOAAETCS B PEAKTOP, IPEATIOUTUTENIBHO TAKOBO, YTO €T0
KOHLIEHTPaLUsl B PEAKTOPE OCTAETCsl MO CYLIECTBY MOCTOSHHOW. I1oa Mo CyecTBy MOCTOSHHOU
3/1€Ch TIOHUMAIOT TO, YTO PAa3HHLIA MEXy HAMOOJBbIINM U HAUMEHBLINM KOJMYECTBOM BOJIb(pama
He cocrtasisieT Oonee 10% OT cpemHero Koau4ecTBa BosbppaMa B peaktope. [IpennodrurensHo,
cnocod B COOTBETCTBHMM C JAaHHBIM H300PETEHHEM  SIBJSIETCS  HENPEPBIBHBIM  HIIH
HOJTyHeTIpepbIBHBIM criocobom. IlpeamouTurensHo, coenquHeHNe BOJb(ppamMa HEeNpepbIBHO I
NEePHOANYECKH NOOABISIIOT B peakTop. B TO ke BpeMs 4acTh COEAMHEHMs BOJb(paMa MOXKET
HENpepbIBHO WM TEPHOIUYECKH BBIBOAMTHCS M3 PEAKTOpa, NOJDKHBIM OOpa3oM uepe3 MOTOK
npoaykTa peakropa. XoTs BOJb(ppaM BO3MOXKHO A00ABIATh NEPHOAUYECKH, MPEIIOYTUTEIBHO
obecrieunBaTh HeNpepbiBHOE A00aBlieHHE BOJb(ppamMa B peakTop. bonee mpeamodTuTensHO,
CoeMHEeHne BOJibppama MOOABJISIOT B PEaKTOp B BHIE PacTBOpa COEOMHEHHUS BOjib(pama B
pacTBopuTee.

[IpennouyTHTeNbHO, KOHLEHTPALMs COSOUHEHUs BOJb()paMa B PEAKIIMOHHOH CMECH BO
BpeMsi peakiu Bapbupyetcst ot 0,01% macc. wiu 6onee (coorBercTByeT 100 MACCOBBIM HACTSIM
Ha MWUTMOH (Macc.u./miH.)) mo 10,0% wmacc. wiu MeHee BoJdb(pama (pacCUMTAHHOE Kak
METAJUIMYECKUH BOJb(paM), MO OTHOIICHHIO K OOLIell macce peakUOHHOW cmecu. boee
NPEATIOYTUTENIHO, KOHLEHTPALUUsl COSNUHEHHs BOJb(pamMa B PEaKLMOHHOHW CMECH BO BpeMs
peakuuu Bapbupyetcs ot 0,01% macc., npennoururenbHo, 0,05% mace. wu 6onee o 5,0% macc.
win meHee, o 1,0% wmacc. wim menHee wim gaxke 0,5% wmacc. wim MeHee Bosb(pama
(paccYUTaHHOE KaK METAJUTUYECKHI BOJIb(pPaM), MO OTHOIICHUIO K O0INel Macce peakIMmOHHON
CMeCH.

I'eTeporeHHbIH KaTaIN3aTOP COAEPIKUT OAHMH WIH OoJiee MePeXOIHBIX METAJUIOB U3 TPYIII
8, 9 u 10 nepuonuueckoii cuctemsl 351eMeHTOB. [lepexonHbpie MeTauIbl MOTYT OBbITh BHIOpPAHBI U3
IIUPOKOTO CHEKTPa MEPEeXOAHBIX MeTauioB. [IpenmnouTurensHo, OOUH Wi Oojiee NMEePEXOIHbIX
MeTaJJIOB BbIOMparoT u3 rpynmsl, coctosmeii u3 Cu, Fe, Ni, Co, Pt, Pd, Ru, Rh, Ir, Os u ux
coyeraHuii. bonee mpeaAnouTUTENHPHO, OAMH WK OOJiee MEePEXONHBbIX METAUIOB BBIOUPAIOT U3
rpynmbl, coctosimmeit u3 Ni, Pd, Pt, Ru, Rh, Ir u ux coderanuii. bruio oOHapy»keHO, 4TO 3TH
METaJJIbI  JAIOT XOPOIIWH BBIXON. IlepexomHbIi MeTajul JOJDKHBIM 00pa3oM MOKET
NPUCYTCTBOBATH B CBOCH METAJLTMUECKOH (popMe WITH B BU/IE€ €0 THAPUAA UITH OKCUJIA MITH B BHJIE

APYroro COCAUHEHUS. Kak oObsicHsieTCst HHXKE, TaKXKE BO3MOKHO, YTOOBI HepeXOHHbeI METAJLI
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MPUCYTCTBOBAJI B YaCTUYHO BOJIb(ppaMupoBaHHOl popme.

I'eTeporeHHbI KaTaIU3aTOP MPEATIOYTHTEIHFHO, CONEPIKUT OAMH I OOJiee TIEPEeXOIHBIX
MeTaJUIoB U3 rpynn 8, 9 u 10 nepruoanyueckoi CUCTEMBI 3JIEMEHTOB, Ha MOIJIOKKE U3 HOCUTEJIS.
Hocurenb moxer ObITh BBIOpaH M3 IIHPOKOTO CIIEKTPa M3BECTHBIX Hocutened. llomxomsitme
HOCHUTENM BKJIIOYAKOT aKTUBHUPOBAHHBIA YTOJb, TUOKCHI KPEMHHUS, AUOKCHUJ LUPKOHUS, OKCH]
ATFOMUHHUS], TUOKCUI KPEMHUSI-OKCHT JTFOMUHUS, HOKCUI] TUTAHA, OKCHI HUOOUSI, OKCHJI KeJie3a,
OKCHJ 0JIOBA, OKCUJI LIMHKA, TUOKCHUI KPEMHUS-AUOKCU IUPKOHUS, LIEOJTUTHbBIE AIFOMOCUIIUKATHI,
TUTAHOCWJIMKATBI, OKCHJ MAarHus, KapOua KpeMHusi, TJIUHBl W WX coderanws. llon
AKTUBHPOBAHHBIM yTJIeM 3]1eCh IOHUMAKT amophHyr ¢Qopmy yriepoga ¢ IUIOMIAABIO
MIOBEPXHOCTH, 0 MeHbIuei mepe, 800 m%/r. Takoii aKTHBUPOBAHHBIN YTOJb JODKHBIM 00pa3oM
UMeeT TOPHUCTYI0 CTpykrypy. Haubonee mnpenmnodTutrespbHbIMU HOCHTESIMU  SIBJISIEOTCS
AKTUBUPOBAHHBIM YroOjb, AUOKCUJ KPEMHHS, TUOKCUJ KPEMHUS-OKCUJl AJIFOMUHHUS U OKCHU]
amomuHus. Jlaxke Ooyiee MPEANOYTHTENBHO, KaTaIU3aTOP COAEPKUT PYTeHUN /WM HHUKENb B
Ka4yecTBE MEepPEXONHOTr0 MeTallla, U aKTMBUPOBAHHBIN yrojib B KadecTBe Hocutens. Hambonee
NPEATIOYTUTENIbHO, TIEPBbI T€TEPOTeHHBIN KaTaJIM3aTOp COAEPIKUT PYTEHHH W/WIM HUKEJb Ha
MOJUIO’KKE M3 aKTUBUPOBAHHOTO YIS W/WIM BTOPOW T€TEPOreHHBbIM KATaJIU3aTOpP COAEPIKHT
pPYTEeHMIA /WK HUKEJIb Ha MOJIOXKKE U3 aKTUBUPOBAHHOTO yrisi. Hanbonee nmpeanoyTurenbHo,
FeTEPOreHHBbIM  KaTalu3aTop COAEPKUT PYTEHUN, MPEANOYTUTENIbHO, Ha MOMJIOXKKE U3
AKTUBUPOBAHHOTO YIJIAL.

[IpennoyTHTEIBHO, FETEPOTeHHBIN KaTaIu3aTop conepskut B ot 1,0% macc. uiu 6onee 1o
50,0% macc. uim MeHee TIepexoqHOro MeTaia, Oosee mpeanouTuTeNbHo, 2,0% Mace. wiu Oosee
no 20,0% Macc. Wi MeHee MEePEeXOAHOr0 MeTalla, Ha OCHOBE OOIeld MacChl MEePEXOTHOrO
MeTaJjia U HOCUTEJISI.

B03MOkHO, 4YTOOBI TeTEpOreHHBI KaTajau3aTop Conmepskajn OoJjiee OMHOrO MeTajuia.
JlomxHbIM 00pa3oM, TreTepOreHHbIN KaTaJIU3aTOP MOXKET COIAEPKaTh, MO MEHBIIEH Mepe, OIHH
ONaropoHbI METaLI, BRIOpaHHBIN U3 rpymibl, coctosiei u3 Pd, Pt, Ru, Rh u Ir, B coueranuu ¢
BTOPBIM MEPEXOIHBIM METAJJIOM, BRIOPAHHBIM U3 TPYMITbI MEPEXOIHBIX METAJIJIOB U3 rpymi 8, 9
uinu 10 mepuoanYEeCcKO CUCTEMBI 3JIEMEHTOB. [ €TepOreHHble KaTaJu3aToOphl, HAIPUMEP, MOTYT
conepskaTh coueTanue metasuios, Hanpumep, Ni/lr, Ni/Pt, Ni/Pd, Ni/Ru, Ru/Ir, Ru/Pt umu Ru/Pd.

[IpennoururenbHO, CyCHeH3Us OMOJHUTEIBHOTO TEeTEPOreHHOrO  KaTaln3aTopa,
HarpuMep, BMECTE C PACTBOPUTENIEM, MOXET MEPUONMYECKH WM HEMPEPHIBHO MOIABATHCS B
peakrop. [lpeanouTuTenpHO, Takasi CyCIEH3UsI T€TEPOT€HHOr0 KaTajau3aTropa conepKuT oT 1%
Macc. wim oonee, 6osee mpeAnoYTHTENBHO, 2% Mace. win Ooee, emle Ooyee MPEANOYTUTETHHO,
5% wmacc. uu 6onee 1o 90% macc. win MeHee, Oosee npeanodYTuTeabHO, 70% Macc. win MeHee,
Hauboee mpennouTutesibHo, 50% Macc. WM MeHee TeTEPOreHHOrO KaTan3aTropa, Ha OCHOBE
oOmeli Macchl Takoi cycneH3uH. lIpeArnmodTuTeNbHO, TaKOH CyCHEH3HeH SIBISIETCS CYCIIEH3Us
reTepOreHHOro KaTajr3aTopa B BOIE W/WIN AJIKWJIEHTJIUKOJIE, HAPUMED, STUJICHTIINKOJIE W/ WITH
MPOMUICHIJINKOJIE W/ N TITUIEPUHE.

Takxke BO3MOXKHO TMOAABAaTh [OMOJHUTENbHbI TE€TEPOrCHHBIN KaTajlu3aTop B BHUIAE

TBEPAOIrO BEIIECTBA, U €ro I[O6aBJ'I$II'OT C IOMOIIBI0 IIMTHEKOBOM MNOAAYM HJIW IMHEKOBOTO
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yCTPOMCTBA.

MaccoBoe oTHOMmEHue OOIIero KOJIM4YecTBa COeqUHEHHs Bob(pama (paccuuTaHHOE Ha
OCHOBE METajljia), MPUCYTCTBYIOIIETO B PEAKTOPE, K MEPEXOAHOMY MeTauly (PacCUMTaHHOE Ha
OCHOBE Me€Tajlla), MPUCYTCTBYIOIIEMY B pEAKTOpPE, B OAMH MOMEHT BPEMEHH, MOXKET
BapbUPOBATHCS B ITUPOKOM HHTEpBaJie. MaccoBOe OTHOIIEHHE MacChl Bosibppama K o01iei macce
NEPEXOAHOTO METAJUIA, BCE PACCYUTAHHBIC HA OCHOBE METAIJIA, MPENNOYTHTEIBHO COCTABIISIIOT OT
1:3000 wmm Oomee mo S50:1 wim MeHee (MaccOBOE OTHOLIEHHE METAJUTHYECKOTO
BONb(ppamMa:mepexonHoro Merayia (macc./macc.)). bomee mpenmodTuTeNnbHO, MaccoBOE
OTHOILIEHHE Macchl BOJb(ppaMa K 0oOlIel mMacce MepexoqHOro MeTajia, BCE PacCUYUTAHHBbIE HA
OCHOBE METaJlIa, MOJaBAEMBIX B MEPBBIM PEAKTOP, MPEANOUYTUTENBHO cocTaBisieT oT 1:200 unu
bonee no 50:1 mnu MeHee (MaccoBOE€ OTHOLIEHHE METAJUIMYECKOro BOJIb(pama:nepexogHoro
MeTaya (Macc./macc.)).

bonee mnpeamouTuTENBPHO, MOJIIPHOE OTHOIIEHHE MOJeH BoiabppamMa K oOLIeMy
KOJINYECTBY MOJIeH NEePEXOIHOro MeTajlla, BCE PACCUMTAHHbIE KaK METaJUl, IPUCYTCTBYIOIUX B
peakTope, NPEANOYTHTENBHO, cocTaBisier or 1:1 wmm Oomee no 25:1 wnm menee, Oosee
NpeAnoYTUTENBHO, OT 2:1 riu 6onee 10 20:1 win MmeHee (MeTauTn4eCKHii BOIb(pam: mepexoTHbIN
MeTaut (MOJIb/MOJIB)).

KoHuenTpauus coenuHeHus1 Bobppama, paCCUNTaHHAS KaK METANIMIECKUH BOJbppam,
10 OTHOLICHHUIO K MACCEe UCTOYHUKA YTJIEBO/IA, BBEICHHOTO B MIEPBBIN PEAKTOP, MPEATIOUTHTEIBHO
coctassiet ot 0,1% macc. unu Gonee, 6osee mpeanovYTUTeNbHO, oT 1% Macc. umm 6onee 10 35%
Macc. WM MeHee, Oojee mpenmnoututenbHo, 0,2% wmacc. wiu  Oosee, npaxke Oonee
NPEATNIoYTUTENBbHO, 2% Macc. wiu bonee 1o 25% macc. uim MeHee.

KoHuenTpauus nepexoaHoro MeTajiia, BBOOUMOIO B 4ac B MEPBBI PEaKTOp, HA OCHOBE
MacChl HCTOYHHKA YTJEBOAA, BBOAMMOIO B 4YaCc B TMEPBBbIH pPEAKTOp, MPEANOYTUTENHHO,
Bapbupyetcs ot 0,001% wmacc. wu 6onee, Oonee npenmnoururenbHo, ot 0,01% macc. wu Oonee,
naxe Oojiee mpennouTuTeNbHO, OT 0,1% macc. wiu Oonee, eme 6osee mpeanodTuTeNbHo, oT 0,2%
macc. uiu 6onee 1o 2,0% macc. uinu Menee, 6osee npeanodrutesbHo, 1,0% Mace. win MeHee.

Peaktop MokeT OBITH peakTOpPOM JIFOOOTO THIA, MOAXOISINErO JJIsi MPOU3BOICTBA
STWIEHTJIUKOJSI M3  WCTOYHMKA  yryieBojma.  IIpenmoyTHTeNbHO,  PEaKkTop  SIBJISETCS
MepPEeMEIINBAIOIINM WM CMECHTENIbHBIM PEaKTOpoM. PeakTop, Hampumep, MOXKET ObITh
CYCIIEH3UOHHBIM PEAKTOPOM, PEAKTOPOM C KHUIISIIUM CJIOEM, PEAKTOPOM C IMCEBIOOKUKEHHBIM
cnoeM, 0apOOTa)KHBIM PEAKTOPOM, PEAKTOPOM C BHEIIHEH MeTNel IJIsl PEeLUPKYJSLUHA WU
NPOTOYHBIM peakTopoM ¢ Memankoii (ITPM) min peakTopoM ¢ MEXaHUYECKUM TepEMEITNBAHIEM
apyroro tuma. Haumbonee NpeAmnodTUTENBHO, PEAKTOP SBJISETCS MPOTOYHBIM PEAKTOPOM C
memankoi (ITPM). ITpumenerne [TPM oueHb MpeanoYTUTENBHO JIsl JAHHOTO CIIOco0a, Tak Kak
I[IPM ofecneunBaeT NPEBOCXOAHBIE CPEACTBA U pa30aBlieHUs] KOHEYHOH KOHLIEHTPALIUH
yraesona B [IPM, B TO BpeMsi Kak MOTOK ChIPbsi MOXKET COIEPIKaTh BBICOKYHO) KOHLIEHTPALIUIO
yraeBozaa. B To jke Bpemsi aNKHIEHTIIMKOIH, KOTOPBIE MOJYYal0T B PE3yJIbTaTe PEaKINH YIIIeBOA,
00pa3yIoT cpeny, e MOTyT ObITh PACTBOPEHBI COEAMHEHUSI BOJb(ppaMa, TEM CAMbIM CIIOCOOCTBY 5T

KaTaJIUTHYECKON aKTUBHOCTH KaTAJINTHYECKOr0 KOMIIOHEHTa BOJ'Ib(bpaMa.
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Bpemsi mpeObiBaHHMsA B peakTope MOXKET BapbHpPOBaThCS. [IpenmouTHTENbHO, CpenHee
BpeMst IpeObIBaHMS HICTOYHHKA YIJIEBOZIA B PEAKTOPE COCTABIISET, O MeHbInel mepe, 1 muH. (ITox
BpeMeHeM NpeObIBaHNS 371€Ch IOHUMAIOT CPEAHEE BPEMs, 3aTPAU€HHOE MAaTEPHAJIOM, TEKYIIHM C
00BEMHOM CKOPOCTBHIO “U” uepe3 00beM “V”, Kak HOMOJHUTEIBHO OOBSCHIETCS B PYKOBOJACTBE
“Modeling of Chemical Kinetics and Reactor Design” by A. Kayode Coker, published in 2001 by
Butterworth Heinemann). IlpennoururensHo, cpenHee BpeMs MpeObIBaHUSI HCTOYHUKA YTIIEBOAA
B PEAKTOPE COCTaBJISIET OT 1 MUHYTHI WK Ooiee 10 6 4acoB WM MEeHee, 0oJiee PEATIOUTUTENBHO,
oT 3 MUHYT ujaH OoJiee 10 2 4acoB, HaubOJIee MPEAMOYTUTENBHO, OT 5 MUHYT win Oosee 1o 45
MUHYT WIN MeHee. EciM HMCTOYHMK yrieBoja pearupyer ObICTPO, OIHAKO, CpeaHee BpeMs
npeOBIBAHUS TAKXKE MOXKET ObITh MEHbIIE 5 MUHYT, U JasK€ MEHbIIE 3 MUHYT.

Ecnu npuMeHsoT MoTOK ChIpbsl B IEPBBIH peakTop, coaepskammii 20,0% macc. unu Oonee
UCTOYHHKA YIJIEBOJA, N0 OTHOIIEHHMIO K OOIIel Macce MCTOYHHKA YIJIEBOAA M PacTBOPUTE,
cpenHee BpeMsi INpeObIBaHMSA HMCTOYHUKA VYIJIEBOJAa B IIEPBOM PEAKTOPE COCTABIISET,
NPEANOYTUTENIPHO, 5 MHUHYT win Oosee, Oonee mpenmoyrutenbHo, 10 MuHYT win Oonee, u
NPEANOYTUTENFHO, 2 Yaca WK MeHee, Oosiee IpenoYTUTENBHO, 45 MUHY T Win Meree. [lonararoT,
YTO TaKOe JJINTENbHOE BpeMsi MNpeObIBAHUS MOXKET IPEUMYLIeCTBEHHO CIOCOOCTBOBATH
IPEBPAIIEHHIO TOTOKA CBIPbS C OOJIee BHICOKOW KOHLIEHTpAL[el HCTOYHHUKA YITIEBOAA.

[IpennouyTHTENbHO, HEMPEPBbIBHBIN CMOCOO paboTaeT Mpu CPEeaHEYacOBOH CKOPOCTH
nogauun ceipbsi (CCIIC), BbIpakeHHOM KaK Macca MCTOYHHUKA YIJIEBOJA HA MACCy MEPEXOTHOro
MeTaJuia, BIPQKEHHYIO Kak MeTa, B yac, B uarepsase 0,01-100 u!, npexnoururensho, 0,05-10
y'l Jnst npaktuueckux nesei, moxker npumenstbest CCIIC, cocrapnsromast 0,5-2,0 9!,

Kax oObsicHsieTcst Bbiie, He OyIy4r CBSI3aHHBIMU KaKOH-THOO TeOpueit, aBTOPbI JAHHOTO
n300peTeHus MOJIararoT, YTO €CJIH CIoco0 padoTaeT B TEYEHUE ATUTEIBHOTO NMEPHO/IA BPEMEHH,
MOBBIIIEHHOE KOJIMYECTBO YACTHL BOJb(pamMa OTKJIAIbIBAETCS HAa TOBEPXHOCTh T€TEPOr€HHOrO
KaTaJu3aTopa, M, OCOOEHHO, MEPEeXOAHOro MeTauia. Takue YacTHUbl BOJbppaMa MOTYT
ancopOupPOBATHCS, MOTYT 0OPa30BBIBATH KOMIUIEKCHI HITH MOTYT JPYyTUM 00pa30oM OTKJIaIbIBATHCS
Ha TIOBEPXHOCTH TEPEXONHOro MeTayuia. TakoW MepexXOAHbI MeTajul, KOTOPBIA (YacTHYHO)
MOKPBIT OTJIOKMBLIMMUCS YaCTHLAMHU BOJbpaMa WM YacTULAMH BOJb(ppamMaTa, TaKKe
HA3bIBAETCS 31€Ch (YACTUYHO) BOJb(PAMUPOBAHHBIN MEPEXOIHbIN MeTal. Takol reTeporeHHbIN
KaTaJIn3aTop, KOTOPbIH (YaCTUYHO) MOKPHIT OTJIOKHUBLIMMHCS 4YacTULAMH BOJb(ppama win
YacTUIIAMH BOJIb(paMaTa, TaKKe Ha3bIBAeTCA 37eCh (YaCTHYHO) BOJb()pPAMHUPOBAHHBIN
reTepOreHHbI Katanmuzarop. llojararoT, YTO OTJIOKEHHE YacTHI BOJb(ppaMa WIM YaCTHI
BOoNb(pamMaTa, Bce Ooyblle MeIIaeT TeTEPOreHHOMY KAaTalu3aTopy KaTaJu3HpPOBATh
TUIPUPOBAaHUE YKAa3aHHBIX MPEIIECTBEHHUKOB aKUJIEHITIMKOISA, TAKUX KaK TJIMKOJbaJIbIEr I,
710 AJIKUJIEHIJIMKOJIS, TAKOTO KaK STUJIEHIJIMKOJIb. DTO, B CBOIO OUYepe/lb, CHUXKAET CEJIEKTUBHOCTD
K ATHJICHIJIUKOJIIO.

B crnocoGe B COOTBETCTBUHU € AAHHBIM M300PETEHHEM AOTOJHHUTEIBHBIN IeTepOTreHHbIH
KaTajau3aTop HENPEepbIBHO WIM MEPUOANYECKHM IMOJAIOT B PEAKTOP. IDTOT JOINOJHUTENbHbBIN
TeTEPOreHHbIH KaTaJN3aTOpP TO3BOJISIET BOCCTAHABIMBATH OajaHC W JODKHBIM 00pa3oM

o0ecrieunBaeT HE BOJb()PAMHPOBAHHBIA MEPEXOMHBIH METAJUT [JIsl TUAPUPOBAHHS YKA3aHHBIX
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MPELIECTBEHHUKOB aJIKUJIEHTJIMKOJIS.

YacTH4HO WM  TOJHOCTBIO  BONB(MPAMUPOBAHHBIA T€TEPOT€HHBIH  KaTaJIU3aTop,
NPUCYTCTBYIOIIUI B peakTope, U MeHee BOJb(PAMHUPOBAHHBIA WM HE BOJIbGPAMHUPOBAHHBIN
reTEePOreHHBIN KaTaJn3aTop, KOTOPBIH MOXKET ObITh 3aHOBO MOJAH B PEAKTOP, MOKET JAOJDKHBIM
00pa3oM OTIIMYATHCS MOJSIPHBIM OTHOLIEHHEM MOJIeH BosibppaMa K OOIIUM MOJISIM MEPEXOTHOTO
Metajuia. | eTeporeHHbli KaTaau3aTop, MPUCYTCTBYIOIIUI B pEakTOpe, KOTOPBIH MOXET OBITh
JOOJKHBIM 00pa3oM (4acTHYHO) BOJIb()PAMUPOBAH, TOSTOMY TAaKXKe HA3bIBACTCS MEPBBIN
reTeporeHHbIN KaTajln3aTop, B TO BpeMsl KaK JOMOJHUTENbHbII reTepOreHHbIN KaTaanu3aTop Takke
Ha3bIBAETCS] BTOPbIM I'€T€POre€HHBIM KaTaIU3aTOPOM.

IIpennourenus ans oOOUX, TAKOTO MEPBOrO NETEPOTEHHOTO KaTaIU3aTOpa, a TAKXKE IS
TAKOI'0 BTOPOT'O reTEPOr€HHOr0 KaTaIu3aTopa, JODKHBIM 00pa3oM TakHe, KaK OMUCAHBI BBILIE JJIs
I€TEePOreHHOr0 KaTannu3aTop. XOTs MePeXOJHble METaJUIbl MOTYT OTJIMYAThCs, OIUH Hiu Oonee
NEPEXOHbIX METAJIJIOB BO BTOPOM TI€TEPOr€HHOM KaTaJM3aToOp MPEANOYTUTENBHO SBJISIFOTCS
TaKUMH K€, KaK OIMH Win OoJiee MepexoHbIX METAIJIOB B IEPBOM I'€TEPOTE€HHOM KaTaJH3aTope.

Kak yka3aHo Bbllle, NEpBbI TE€TEPOreHHBIN KATAIU3aTOp CONEPXKHUT BOIbGpaM B
IOMOJIHEHHE K OHOMY WK 0OoJiee MepexOAHbIM MeTaiuiaM u3 rpynn 8, 9 u 10 nepuoamyeckoit
CHCTEMBI 3JIEMEHTOB. BTOpOIi rereporeHHbli KaTaniu3aTop JUO0 He COAEePKUT BOJb(ppam; Tudo
COIEPKUT KOJHMYECTBO BOJb(PpamMa B MOJSIPHOM OTHOLIEHHWH K MOJISIM INEPEXOJHOr0 MeTajuia,
paccUMTaHHBIM HAa OCHOBE METajula, MEHbIIE, YeM MOJSIPHOE OTHOILIEHHE MOJIeH Bosbdpama K
MOJISIM TIEPEXOAHOTO MeTajula B TIePBOM TIeTepOreHHOM Kartanusatope. Eciam  Boabdpam
MPUCYTCTBYET BO BTOPOM I€TEPOT€HHOM KaTaJIM3aTOPE, MOJSIPHOE OTHOLICHHE MOJIei BOJIbpama
K MOJSIM TEPEeXOAHOr0 MeTajjla BO BTOPOM Te€TePOTr€HHOM KaTallu3aTope MPenrouYTUTETBHO
cocraBisieT He Oosiee 3/4, Oonee MpeANOYTUTENBHO, He OoJiee 1/2, u HauboJsiee NPEANOYTUTETHHO,
He Oonee 1/4 MONSPHOTrO OTHOLICHHUS MOJieH BOJib)pamMa K MOJISIM MEPEXOIHOTO METajlja BO
BTOPOM Ie€TE€POTeHHBIM KaTaJIu3aTOPOM.

31ech mepBbIii reTePOreHHbIH KaTAIN3aTOP MO3TOMY TaKKe MOJKET HHOTa ObITh O3HAYEH
Kak “OoraTelii BOJbppaMoM”’ KaTaIU3aTOpP, B TO BPeMsl KaK BTOPOH T'€TEepOTreHHbIN KaTaJn3aTop
Takke MOKeT ObITh HHOTIa 0003HAYEH Kak “‘OeqHbIi BOJNb(YpaMOM™ KaTaiu3aTop.

CrnenoBarenpHO, HAUOOJIEE MPEANOYTHTENBHO, YIJIEBO/ B3AUMOIEHCTBYET B IIPUCY TCTBUU
CUCTEMBbI KaTaJU3aTOPOB, BKIIIOYAIOLIEH:

a) TOMOTEHHBIH KaTaJaM3aTop, KOTOPBI HAXOMUTCS B PEAKTOpe, INe TOMOI€HHBIH
KaTaJu3aTop COAEPKUT BOJb(pam,

b) mepBbIil reTepOreHHbIH KaTaau3aTop, KOTOPBIAH HAXOOUTCS B PEAKTOPE, TAe MEpPBbIM
reTEePOTreHHBIN KaTaIN3aToOp CONEPKUT OUH WK OoJiee MepexXOHbIX METAJUIOB U3 rpynn 8, 9 u
10 mepuoanyecKoil CUCTEMBI 3JIEMEHTOB Ha MOJIOKKE U3 HOCUTEIS], U TI€ NIEPBbI FeTEPOrCHHbIIN
KaTaJIN3aTOpP IOTOJHUTEBHO COAEPIKUT HEKOTOPOE KOJIMYECTBO BOb(pama; u

C) BTOPOI1 reTepOreHHbIH KaTaJIn3aTopP, KOTOPBIA HENMPEPBIBHO UIIH MEPHOAMYECKH OAAI0T
B PEAKTOp, IIe BTOPOH I'€TEPOr€HHBIH KATAJIM3aTOP COAEPKUT OAMH WM Oojiee MepexOIHbIX
MeTaJuIoB U3 rpynn 8, 9 u 10 nepuoanvyecKoil CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3 HOCUTENIA, U

Ir7ie BTOPOH IeTEePOreHHbIN KaTalIu3aToOp HE COAEPIKUT BOJIb(PaM; WIH KOJIUYECTBO BOJIb(ppaMa B
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MOJISIPHOM OTHOIIEHHHM MOJIeH BOJb(ppamMa K MOJSAM MEPEXOAHOTO METalyla MEHBIIE, UYeM
MOJISIPHOE OTHOLIEHHE MOJIed BoibpamMa K MOIAM NEPEXONHOTO MeTajula IePBOro
reTeporeHHOro KaTajnusaTopa, u

r7ie HeTPEPhIBHO WM MEPUOTUYECKH BTOPOH IeTEPOreHHbIH KaTaIu3aTop AOOABISIOT B
peakTop. IlpeanouyTUTENBHO, CENEKTUBHOCTb B OTHOLIEHUH O3TUJIEHIJIUKONS COXPAaHSIOT
HETIPEPbIBHBIM HWJIM TEPUOJUYECKUM NO00aBJIEHHEM BTOPOTO TE€TEPOTreHHOrO KaTajiu3aTtopa B
peaxTop.

IlonaratoT, 4TO Takas TPEXKOMIIOHEHTHAs CHUCTEMa KaTajJu3aTOPOB SIBJSIETCS HOBOM U
uzobperarenbckoli cama 1o cebe. IloaromMmy B u300peTeHHMH MpeACTaBlieHAa CHCTEMA
KaTaJu3aTOPOB, BKIIOYAOLIAS:

a) TOMOTEHHBIH KaTalu3aTop, KOTOPBIM HOJDKHBIM O0Opa3oM MOKET HaXOIWUThCS B
peaxTope, rae FrOMOTeHHbIHN KaTaau3aTop COAEPIKUT BOJIb(pam,;

b) nepBblil reTeporeHHbIN KaTaan3aTop, KOTOPbIH JOKHBIM 00pa30M MOXKET HaXOIUThCS
B PEaKTOpe, IIie MEePBbIil FeTepPOreHHbIH KaTalnu3aTop COAEPKUT OAMH WK OoJiee MepexOomHbIX
MeTasuioB u3 rpyni 8, 9 u 10 nepuoanuecKoil CUCTEMBI 3JIEMEHTOB Ha MOAJIOKKE U3 HOCUTENIS, U
r7e MEepBblli eTepOreHHbIM KaTalu3aToOp AOMOJHUTEIBHO COAEP>KUT HEKOTOPOE KOJINYECTBO
BOJIb(pama; u

C) BTOPOH Ie€TepOreHHBbIN KaTalu3aTop, KOTOPbIH AODKHBIM 00pPa3oM MOTYT HENPEPBIBHO
WM NEPUOANYECKHU MOAABATh B PEAKTOP, I7I€ BTOPOH IeTepPOreHHbIN KaTaau3aTop COACPKUT OJUH
wiu Oosiee MepexoaHbIX METAJUIOB U3 rpynm 8, 9 u 10 mepuoaryuecKoil CUCTEMBI 3JIEMEHTOB Ha
MIOJVIOJKKE U3 HOCUTEJISA, U TA€ BTOPOI reTepOreHHbIH KaTaau3aTop He COAEPIKUT BOJb(ppam; Wiu
KOJINYEeCTBO BOJb(paMa B MOJIIPHOM OTHOLICHMHM MOJIEH BOJb(ppaMa K MOJISIM MEPEXOTHOro
MeTajula MEeHbLIIE, YeM MOJISIPHOE OTHOIIEHHE MOJIEH BoJb()pama K MOJISIM MEPEXOTHOTO METaJLIa
MEPBOro reTePOreHHOro KaTalu3aTopa.

BTOpoii rereporeHHbIN KaTaJIU3aTOP MOKET MPEATIOYTUTEIHHO HE CONEpKaTh BOJIb(pam
WINA COAEPKaTh KOJIMYECTBO BOJb(ppaMa B MOJISIPHOM OTHOIIEHUH MOJIEH BOJb(ppaMa K MOJISIM
nepexonHoro Metamia Menee 10:1, mpenmoutuTenbHO, MeHee 5:1, u Ooyee MPEANOYTUTETHHO,
meHee 2:1. Haunbonee mpeamodTUTENIbHO, BTOPOH T€TEPOTE€HHBIH KAaTalH3aTOp HE COAEPIKHT
BOJIb()PAM WIJIA COAEPKHUT KOJIMIECTBO BOJIb(ppama B MOJIIPHOM OTHOLICHHUH MOJIeH BOJIb(ppamMa K
MOJISIM TIEPEXOTHOTO MeTajuia MeHee 1:1, eme Oonee mpeanoututenbHo, MeHee 0,5:1.

CoOTBETCTBEHHO, TMEPBbIH TIETEPOreHHBbIN KaTaau3aToOp MOXET MPEANOYTHUTENBHO
CoZepKaTh KOJMYECTBO BOJb()pamMa B MOJIIPHOM OTHOLIEHHH MOJIEH Boib(pamMa K MOJISIM
nepexonnoro Merayur 10:1 wimm Oonee, S5:1 wnmm OGomee wim 2:1 mmm OGomee. Hambomee
NPEATIOUYTUTENIBHO, TEPBBII T€TePOTreHHbIN KaTaJlIU3aTOP COAEPIKUT KOJMYECTBO BOJb(pama B
MOJISIPHOM OTHOIIEHUH MOJIeH Bosb(hpama K MOJISIM niepexonHoro Metayuia 1:1 wmu Oonee.

bonee npeanoyTuTenpHO, CUCTEMAa KaTallu3aTOPOB BKJIKOYAET:

a) TOMOTEHHBIH KaTaJlu3aTop, KOTOPBIA HOJDKHBIM O0Opa3oM MOKET HaXOIWUTBhCS B
peakTope, rae TOMOTeHHBIN KaTalu3aTop COAEPIKHUT BOJIb(pam,;

b) mepBbIii reTepOreHHbIN KaTadn3aTop, KOTOPbIA JOKHBIM 00pa30M MOXKET HaXOIUThCS

B pEaKTope, INie MepBbIi reTePOreHHBIN KaTaaH3aTop CONEPKUT OAMH MU 0oJiee MEepeXOIHBIX
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MeTasu1oB U3 rpynm 8, 9 u 10 nepuoandecKkoil CUCTEMBI 3JIEMEHTOB Ha MOAJIOKKE U3 HOCUTENS, U
I7le TIePBbIA reTepOreHHbIN KaTalNu3aTop JOMOIHUTENBHO CONEPIKUT KOJIMYECTBO BOJb(ppama B
MOJISIPHOM OTHOIIEHHH MOJieii Bosib()pama K MOJIsIM mepexogHoro meraiuia 1:1 unm 6onee; u

C) BTOPOI reTeporeHHbIi KaTaInu3aTop, KOTOPBIHA AODKHBIM 00pPa30oM MOTYT HENPEPBIBHO
WM IEPUOAMYECKH T0JaBaTh B PEAKTOP, I7Ie BTOPOH reTepOreHHbIi KaTaau3aTop COACPKUT OJUH
Wi OoJiee mepexoaHbIX MeTauioB u3 rpymnm 8, 9 u 10 mepuoguveckoil CUCTEMbI 3JIEMEHTOB Ha
MOJUIOJKKE U3 HOCUTEJISA, U TI€ BTOPOI reTepOreHHbIH KaTalu3aTop He COAEPIKUT BOJb(ppam; Wiu
KOJINYECTBO BOJb(paMa B MOJISIPHOM OTHOLIEHHHU MOJIEH BoJb(ppaMa K MOJISIM IEPEXOTHOTrO
MeTajula cocTaBiisieT MeHee 1:1.

IIpenmnouTurenbHO, BTOPOW TETEPOTEHHBIM KaTalU3aTOp CONEPXKUT OOUH WK Oolee
NepPeXOAHbIX MeTaJuIOB U3 rpynmn 8, 9 u 10 nepuoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
Hocurensi, rae 80% wnm MmeHee, Oojee mpenmoutrurenbHo, 60% wnu MmeHee, naxe Ooiee
npennoutuTenbHo, 40% wiu Mexee, eine Oosee mpennouTuTesbHo, 20% i MeHee, ewe Ooee
npeanoyTuTenbHo, 10% wnm MeHee, W HauOoyee MPEANOUYTHTENBHO, 5% WM MeHee oOIeit
MIOBEPXHOCTU BTOPOTO IETEPOr€HHOro Karanaus3aropa (T.e. MEepexXOIHOro MeTajula U HOCHUTEJs)
HOKPBITO YaCTUIIAMHU BOJIb(pama, miu Oojiee IpeArnoYTUTENbHO, BUIIAMH BOJIb(pamara.

Bosee npeanodTUTENEHO, BTOPOi reTepOreHHbIN KaTaau3aTop COAEPKUT OIMH WK OoJiee
NEePEeXOAHBIX METAJJIOB U3 rpynn 8, 9 u 10 nepruoanueckoli CUCTEMBI 3JIEMEHTOB Ha MOAJIOKKE U3
Hocutensi, 80% rme wim MeHee, Oonee mpeamnoututenbHo, 60% wunu MeHee, naxe Oonee
npeanouTuTenbHo, 40% wu MeHee, euie Oonee mpeanodTuTeNbHO, 20% win MeHee, emie Oonee
npennouTuTeNbHo, 10% win MeHee, U HauOoJIee MPEANOYTUTEBHO, 5% WU MeHee, NOCTYITHOMH
MOBEPXHOCTH TMEPEeXOAHOr0 MeTajula [MOKPbITO 4YacTullaMu Bojib(pama, wmimu Oonee
NPEATIOYTUTENIbHO, YACTUIIAMU BOJIb(pamMaTa.

[IpeanoyrurensHO, MO MeHbINEH Mepe, YacTb, U, MPEANOUTUTENBHO, MO CYIIEeCTBY BECh
BOJIb()PaM B MEPBOM H/HJTH BTOPOM I€TEPOTEHHOM KaTaJIU3aTOpe MPUCYTCTBYET B (hOpME OTHOTO
win Oonee OTJIOXKHMBIIUXCS (HampuMep, ancopOHMpOBaHHBIX, OOPa30BaBIIMX KOMILIEKCHI WU
ApyruM o0pa3oM OTJIOKHUBIIMXCS) YaCTHUI] BOJb(ppaMa. boyee mpeanodTuTeNnbHO, MO MEHbLICH
Mepe, YacTh, U MPEANOYTHTENIbHO, MO CYINECTBY BECh BOJb(pPaM B IMEPBOM W/HIH BTOPOM
reTePOreHHOM KaTaJU3aTope NPHUCYTCTBYET B (OpMe OOHOrOo HIM 0O0Jee OTIOKHUBIIMXCS
(HarmpumMep,  aACOpOMPOBAHHBIX, OOpPAa30BABIIMX KOMIUIEKCHI WJIM  JPYTUM  00pa3oM
OTJIOXKHBIIUXCS) YACTHL BOJIb(pamMara.

HawnbGonee nomxHbIM 00pa3oM, MepBbI T'€TEPOr€HHBIH KaTAIM3aTOP W/WIM BTOPOM
IeTEPOreHHBbI  KaTaJIU3aToOp CONEPKUT OFHO WM OoJjiee COeNMHEHHH BoJb(ppamara,
NPEATIOUYTUTENIbHO, AHOKCHAA BONb(pamMa W/WIM TPHOKCHAA BOIb(pama, OTIOKUBIIUXCS HA
NIEPEXOHBIA METAJUT W/WIIA HOCUTEb.

IIpenmouTeHns 11t TAKMX CUCTEM KaTaJH3aTOPOB TaKWE, KAK OMHCAHBI BhILIE. Y JOOHBIH
o0pa3oM, TMepBbIii T'€TEPOreHHBIH KaTajJH3aToOp W/WIM BTOPOH TIE€TEPOTeHHBIH KaTajJu3aTop
COIEPKHUT OAHO WK OoJiee COeOMHEHNH BoNb(dpaMaTa, IPEANOUTUTENBHO, TUOKCH BOJbppaMa
W/ TPUOKCHI BOJIbppaMa, OTJIOKHUBIIMXCS HAa TEPEXONHBIH METaul W/WIM HOCHUTEINb.

JIOTIOTHUTETPHO, TIEPBBI FeTePOTreHHbIN KaTaIH3aTOP W/ HIN BTOPOH reTepOreHHbIN KaTalu3aTop
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TOJDKHBIM 00pa30M MOJKET CONepKaTh COENMHEHNE BONb(paMaTa, rie BoJibhpaM UMEET CTENCHb
okucneHus +4; W/ coeqruHeHne Bob(dpamara, rae Boib(paM UMEET CTENeHb OKUCIeHUs 15,
u/Wm coeMHeHne Bosib()pamara, rae BoJibppaM UMEET CTeNeHb OKUCIEHUs +06.

Y nobHbIM 00pa3omM, mociie 100aBIeHuUs, BTOPOH IreTePOreHHbIN KaTaIn3aTop MOXKET ObITh
MOCTETNIEHHO BOJb(PPAMUPOBAH WM JOMOJHUTENLHO BOJb(pPAMHUPOBAH BHYTPHU peaKkTOpa C
MOJIyYEeHUEM OIOJHUTEIBHOIO MEPBOr0 IeTEpPOreHHOro Karanusatopa. To ecTb, B peakTope
4acTHLBl BOJNb(paMa, HOJLKHBIM 00pa3oM, HYacTUILI BoOJibppamara, MOTyT OBITb yAOOHO
OTJIOXKEHbl Ha JOOABIEHHBIM BTOPOH TI€TEPOreHHbIN KaTalnu3aTop, M BTOPOH IeTepOreHHBIN
KaTaJIU3aToOp MpPEBpaLIaeTCss B INEPBbI INeTepOreHHbI KatanusaTop. IlpespaineHue BTOPOro
reTEPOreHHOr0 KaTajnu3aTopa B MEPBbIN M€TEPOreHHbIN KaTalM3aTop JOJKHBIM 00pa3oM MOXKET
MIPOBOAMTHCS 1n-Situ, T.€. BO BPeMsl PEaKLIUH.

HoBass u wusoOperaTenbckas CHUCTEMa KaTaJH3aTOPOB IOITOMY, IPEANOYTHUTEIBHO,
COZIEP>KUT TEPBbII MeTEePOreHHbIM KaTaau3aTop, ¢ MPEANOYTEHUSMH, NEPEUUCICHHBIMH BBIIIE,
HaXOASIIUNCA B pEaKTOpe, U [AONOJHUTENbHBbIII BTOPOM TE€TEPOTreHHBbIM KaTalu3aTop, C
MPEANOYTEHUSIMY, IEPEUNCICHHBIMU BbILIE, KOTOPBIM HENPEPBIBHO WIH IEPUOANYECKHU ITOAAETCH,
TO €CTb, HEMPEPHIBHO MJIN MEPHOINYECKH NOOABISIETCS] B TAKOH PEaKkTop.

JIOMIOTHUTENBHBIH WM BTOPOW TI'eTEPOTreHHBbIH KaTalnu3aTop MOXKeT ObITh N00aBiieH B
peaktop JmOObIM C€HOcOOOM, KOTOPBI M3BECTEH KaK TMOAXOMIIIMHA JJIsi TaKOW LIEJIH.
IIpeanoyTurenpbHO, AOMOJHUTENbHBIA WM BTOPOH TETEPOrE€HHBIM KaTalu3aTop MOMAIOT, T.€.
n00aBSIIOT B PEakTOp B BUAE CYCIEH3WH B pacteopurene. IlpeamouteHus Ui Takoro
pacTBOpPUTENST TaKKUe, KaK OMHUCaHbl Bbille. Hanbonee mpennoYTUTENbHO, TAKOW PAaCTBOPHUTEIND
COZEPIKUT INIMLIEPUH WUJIU AJKWUJIEHTJIUKOJIb, UM CMECh BOABI M TIIMLEPUHA, WIH CMECh BOABI U
ANKWICHTMKOJSL. Takke BO3MOKHO IOOABISATH IOMOJHUTENbHBIA WA BTOPOW TeTEPOreHHBIN
KaTaJIU3aToOp B PEAKTOP B BUAE TBEPAOrO BEIIECTBA, HANPUMEP, C MOMOIIBIO IIHEKOBOW MOAAYU
WJTA ITHEKOBOT'O yCTPOMCTBA.

B cnocoGe B cOOTBETCTBHM € JaHHBIM H300pETEHHEM, MPEINOYTHTEIBHO, HEMPEPHIBHO
WJIM IEPUOJUYECKH YaCTh IEPBOrO NeTEPOreHHOI0 KaTaau3aTopa yaaaseTcs u3 peakropa. Takon
yAaJIeHHbI TMEPBbI TETEPOTeHHBbIM KaTaJl3aTOp MOXKET IOJIKHBIM O00pa3oM 3aMelnaThbes
n00aBJIIEMbIM BTOPBIM T€TEPOT€HHBIM KaTAJTU3aTOPOM.

Taxkum oOpazom, MIPEUMY LECTBEHHO, NpeCTaBJIeH HeNpepbIBHbIN 190051
MIOJTy HENPEPBIBHBIN CIIOCO0 MOy YEHHsI STHJICHTIIMKONS U3 UCTOYHHUKA YTIIEBOAA, BKIFOUAFOLITHA:

(1) HeTpepBhIBHOE B3aMMONEHCTBHE, B peakTope, npu temneparype ot 170°C wnu Oonee 1o
270°C unu MeHee, MO MEHbLIEH Mepe, YaCTH MCTOYHHKA YIJIEBOJA B MPHUCYTCTBHH BOAOPOJA,
PacTBOPUTEN U CUCTEMBI KaTaJIN3aTOPOB, C MOJyYE€HUEM STUJIEHTJIUKOJIS,

I CHCTEMA KaTaJIu3aTOPOB BKIKOYAET:

TOMOT€HHBIH KaTaJIU3aTop, I71€ TOMOT€HHBIH KaTaIN3aTOP COAEPIKUT BOJIb(pam,

MEPBBII FeTEePOreHHbId KAaTaau3aTop, IAe NEepPBbIi FeTePOreHHbIN KaTalnu3aTop COAEPKUT
OIMH WK OoJiee MePEeXOAHbIX METAILIOB U3 rpymi 8, 9 1 10 mepuoauecKoi CHCTEMBbI HIEMEHTOB
HAa MOJJIOKKE U3 HOCUTEJS, U IIe IEPBBIN FeTepOreHHbIA KaTaau3aTop JOMOJHUTEIBHO COAEPKUT

HEKOTOpOe KOJIMYECTBO BOJb(pama,
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(11) HempepbIBHOE WM MNEPUOIUYECKOE YJNAJIeHHWE YacTH IEePBOTO Te€TEPOreHHOrO
KaTaJn3aTopa W3 pEeakTopa, W HEeNpepblBHOE WM MepUoguYeckoe ao00aBlieHHe BTOPOTO
reTEePOreHHOI0 KaTaJn3aTopa B PEAKTOp, T7I€ BTOPOH reTepOreHHbIH KaTaTU3aTOP COAEPIKUT ONUH
win OoJiee MepexoaHbIX MeTauioB w3 rpymm 8, 9 u 10 mepuoguveckoil CUCTEMbI 3JIEMEHTOB Ha
NOJUIOJKKE U3 HOCUTEJISA, U TA€ BTOPOI reTepOreHHbIH KaTalu3aTop He COAEPKUT BOJb(ppam; miu
COIEPKHUT KOJMYECTBO BOJb()pamMa B MOJIIPHOM OTHOLIEHMH MOJIeH BOJb(paM K MOJISM
NEePEXOAHOTO MEeTaJlIa, KOTOPOE MEHBIIIE, UeM MOJIIPHOE OTHOIIEHHE MOJIEH BOJIbppaMa K MOJISIM
NEePEXOHOTO METallIa EPBOr0 reTEPOreHHOI0 KaTajan3aTropa; 1

(111) HempeppIBHOE NPEBpPALIEHNE BTOPOrO I'€TEPOreHHOr0 KaTaju3aTropa € IMOJNyYeHHEeM
NIEPBOTO reTePOreHHOr0 KaTalau3aTopa.

IIpennourenus nist ctanuu (1), IEPBOro U BTOPOrO IETEPOTEHHOIO KaTajIu3aTopa Takue,
KaK OIMCAHBI 37IECh BbILIE 1 HIKE.

Crapguro (i1) MpenmOYTHTENIBHO NMPOBOAST KaK OMHCAHO Bble. [IpeamouturenpHO, OT
0,01% wmacc. unu Oonee, Oonee npeamourutenvHo, 0,1% wmacc. wnu Oonee, eme Oonee
npeanoututensHo, 0,5% macc. wu 6onee no 10,0% macc. unu MeHee, 6oiee MPEATIOYTUTENBHO,
5,0% macc. UM MeHee MepBOro reTepOreHHOro Karajau3aTopa, MPUCYTCTBYIOIIErO B PEAKTOpE,
NEePUOUYECKU HIIN HETIPEPBIBHO YAAJSIIOT U 3aMEHSIOT BTOPBIM I'€T€POr€HHBIM KaTaJIn3aTOPOM.

Crapusa (iil) mMpPennmoOYTHTENHHO BKIJIOYAET HEMPEepPhIBHOE BOJIbYPAMHUPOBAHHE BTOPOTO
reTeporeHHoro kartanusaropa. To ecth, cTagus (1il) NPeanOYTHTEIBHO CONEPIKUT HEMPEPHIBHOE
OTJIOXKEHHE 4YacTUL] BOJb(pamMa, TNPEANOUTUTENHPHO, YacTHI BOJb(pamara, Ha BTOpOH
reTepOreHHbIN KaTamu3aTop. B pesysbraTe, MONSIpHOE OTHOIIEHUE MOJIEH BOJb(pama K MOJSM
NEPEXOAHOTr0 MeTajljla BTOPOTO FeTePOreHHOTr0 KaTaIN3aTopa MOBBIMIAETCS TAK, YTO MOJIYYarOT
NIEPBBIIl T€TEPOreHHbIN KaTalInu3aTop.

IIpennouTturenbHO, cTanuio (1i1) MPOBOASIT BHYTPH peakTropa. To eCTh, MPennouTHTEIbHO,
BTOPOW TEeTePOTeHHbIH KaTaJU3aTOpP MOCTENEHHO BOJBPPAMUPYETCS MM JOMOJHUTEIBHO
BOJIb()PAMUPYETCSI BHYTPH PEAKTOPA C MOJyUYEHHEM AOMOJHUTEIBHOTO MEPBOrO T€TEPOreHHOro
KaTaJIn3aTopa.

He >xenast ObITh CBA3aHHBIMU KaKOW-JINOO TEOPHEH, MOJIATAI0T, YTO MEPBbII reTePOTreHHBIH
KaTaju3aTop ¢ BTOPOM TeTePOreHHBbIM KaTajiu3atop uMeEKT (QyHKIu. be3 mepBoro
reTepOreHHOro KaTajau3aTop, ObLIO OOHAPYIKEHO, YTO B OCHOBHOM 00pa3yeTcsi COpOUT U CTpaaaeT
CEJIKTUBHOCTh K OTHJIEHIJIMKONIO. be3 BTOPOro reTeporeHHOro KaTajiu3aropa, ObLIo
O0OHapy’KEHO, UTO MOJYYaeTCsl TYMHUH.

ABTOpBI M300peTeHUs] HEOXKUIOAHHO OOHAPYKWJIM, YTO TMPH 3asBIEHHOM CIOCO0E,
COOTBETCTBEHHO, 3asBJICHHON CHUCTEME KaTaJIn3aTOPOB, MOXKET COXPAHATHCS Oananc. Y 1OOHBIM
00pa3oM, CENEeKTUBHOCTb K JTHJICHIJIMKOII0 MOKET NMPUMEHSThCS Kak HHAUKATop OanaHca
KaTaJIn3aTopa.

IIpenmnoyTHTENBbHO, CENEKTUBHOCTh K 3TUJICHIVIMKONIO TOANEPKUBAETCS HIDKE IMOpora
HETIPEPbIBHBIM ~ HJIM  MEPHOAMYECKHUM  JOOABJIEHHEM  JOMOJHUTEIBPHOIO  Te€TepOreHHOro
KaTanusatopa B peaktop. [lonnep:kuBast CENEKTUBHOCTD K STHIICHIIIMKOJIO HIDKE OMPEIeIEHHOTO

Mopora MyTeM HeNPEPbIBHOTO WIIH MEPUOIUYECKOTO JOOABICHUS B PEAKTOP JOMOJHUTEIBHOTO
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I€TEPOreHHOr0 KaTallM3aTopa, CHOCO0 MOXKHO MPEMMYINECTBEHHO HAIPAaBISITh B CTOPOHY
JKEJIaeMOT0 JIMTENbHOTO BPEMEHU.

IIpeanodyTurenbHO, CENEKTUBHOCTh K STUJICHIJIMKOJIO HENPEPBIBHO WM MEPUOIUYECKU
onpenenswT. bonee NpeanoYTUTENbHO, CEJIEKTUBHOCTb K JTHJIEHIVIUKOIIO OTCIIEKUBAETCS
BCTPOEHHBIM 000PYIOBAHHEM.

OnpeneneHHass CENEKTHBHOCTb K OTHJICHIVIUKOIIO yAOOHBIM  O0Opa3oM  MOKET
CPaBHUBAThCS C 3apaHee YCTAaHOBJEHHBIM IOPOTOM, Hampumep, Ha komnbioTepe. Hambonee
MPEANOYTUTENBHO, CEJNEKTUBHOCTb K OSTUJICHITIMKOJIO HENPEPbIBHO WM MEPUOJUYECKU
OTIPENENSIOT U CPABHUBAIOT C OTHUM WJIH OOJiee IpeABapUTEbHO YCTAHOBJICHHBIMHU IIOPOTaMu, U
JOTIOTHUTENbHBIN T'€TEePOreHHBbIH KaTajJu3aTop MOAAIOT B PEAKTOp, €CIM TakoH mopor Oyner
JOCTUTHYT WJIM MIPEBBILIEH.

Kaxxnplit pa3, Kkoraa CeneKTUBHOCTh K STHJICHTJIMKOIIO MPHUOJIKAETCS K MPEBBIIIEHHUIO
[Opora, HEKOTOPOe KOJMUYECTBO JONOJHUTENBHOIO, UM BTOPOTrO I'eTePOreHHOro KaTajau3aTopa
MOKET OBITb MIOAAHO B PEAKTOP AJISI CHIKEHUS CEIEKTUBHOCTH K STHJICHTJIUKOJIIO.

IIpeanoyrurenbHO, MOPOrOM SIBJISIETCsSI BEPXHUN MOpor. bonee npeanouTuTensHo, mopor
paBeH 85%, naxke OoJiee MpennouYTHTEIbHO, TOpor paBeH 80%, eme Oosiee MpeanoYTUTENBHO,
nopor paBeH 75%, eme Ooyee mnpenmouTUTeNbHO, mopor paBeH 70%, naxe Oonee
NPEANOYTUTENIEHO, TTOPOT paBeH 65% 1 HanboJee NPeanoYTUTEIBHO, TIOPOT paBeH 60%.

bonee npeanoOYTUTENBHO, CEIEKTUBHOCTb K OSTUJICHITIMKONIO MOAAEPKUBAIOT B
onpeneNieHHOM HHTepBaje. Hampumep, CeNeKTHMBHOCTh K 3THJIEHTJIMKONIO IMPEUMYIIeCTBEHHO
MOJKET TOJAEPKUBAThCS B mpeaenax oT 35% wnu Oonee, Oonee mpenmouturenbHo, 40% wnu
Oonee, u Haumbojee mnpeanoyTutrenbHo, 45% wnmu Oonee no 85% wunum MeHee, Oounee
npeanouTuTeNbHo, 10 80% wuiau MeHee, naxe Oojiee MPENNOUTUTENBHO, 10 75% WM MeHee U
HauboJiee MPennouTUTENBHO, 10 70% Wiu MeHee.

Ecnu ucTouHWK yrieBoma HENMPEpPBhIBHO WM TEPUOJUYUECKH NOOABISIFOT B PEAKTOP,
NPEATIOYTUTENIbHO, MACCOBOE OTHOLICHHE HETNPEPbIBHO WJIH MEPHOANYECKH TOOABISIEMOro WIN
BTOPOrO TETEPOTeHHOI'O KaTaJIM3aTopa K HEMPEPbIBHO WM MEPUOIUYECKUA T00aBIsIEeMOMY
HCTOYHMKY yIJIEBOJA TOCTOSIHHO NMoAAep kuBaroT B uHTepBae 0,5:100-1,0:100.

ITocne B3auMoneCcTBYs, IO MEHBILIEH Mepe, YaCTU UCTOYHHUKA YTJIEBOAA, MOTOK MPOAYKTa
peaxkTopa MOKET OBITh YIaJIeH U3 PeaKkTopa. ITOT MOTOK MPOAYKTAa PEaKTOpa JOJLKHBIM 00pa3oM
COIEPKHUT STUIEHTIHNKONb (3TaH-1,2-muon), monydaemblii peakuueil. Kpome Toro, motok
NPOAYKTa pPeakTopa MOXKET COAEpPKaTb APyrHe COeNUHEHHUs, TaKhe KaK HelmpopearupoBaBLINI
UCTOYHUK YIJIEBOZIA U OMH WK OoJiee MOOOYHBIX MPOIYKTOB, TAKHX KaK JHSTHIICHTIHKOIb (2,2'-
okcuau(3TaH-1-oi)), MPONMWIEHIINKONb (Tpomnas-1,2-quon), ruuepud (mpomnas-1,2,3-tpuodn),
Oyran-1,2-nuon, OytaH-1,3-quon, Oytan-2,3-nquoun, OyTas-1,4-110J, METaHO, 3TAHOJI, TPOIAHOJ,
OyTtanon, copbur (rekcan-1,2,3,4,5,6-rekcon) u/wnm sputpurt (Oytan-1,2,3,4-teTpaon).

Hzobperenne nanee WUTOCTPUPOBAHO CIENYIOIIUMHI HE OTPAHUIHBAIOIIUMH MPUMEPAMH.

CpaBHUTENLHBIN IpUMeED A

300 MUTMITUTPOBBIN HENMPEPBIBHO NEPEMEIINBAEMBINA TPOTOYHBIA PEAKTOP C MEIIATKON

(ITPM) Hastelloy C276 obopynoBaH Tra30AMCIEPCUOHHON BEPTYIIKOW, padoTaromieit mnpu
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npubnusutensHo 750 00./MUH.

[IPM 3amoyiHAOT HEKOTOPBIM KOJHMYECTBOM T€TEPOTeHHOro Kartaimusaropa 5% wmacc.
pyrenuss Ha yrie (t.e. 5% wmacc. Ru/C xaranm3atopoM) B pacTBOpe YJIBTPAYUCTOU
BOJBI/TIINLEPUHA, KaK MepeducieHo B Tabmuue 1. Hukakoi JOMOJHUTENbHBIN TeTepOreHHbIN
KaTaJnu3aTop He AJOOABISIOT BO BPEMsl PEaKLIUU.

3aTeM HeNpepbIBHBIN MOTOK yryieBoAa, coaepskamuii okosio 10,8% macc. rimroko3bl B
yJABTPAUYMCTON BOZE, U HENPEPBbIBHBIN MOTOK MOMOTE€HHOIO KaTtanusartopa, copepskamui 0,44%
Macc. BoibdpamoBoii kuciotel (H;WO;3) B cMecu ynbTpauucToii Boabl u rimnnepunra (okoso 50%
macc. Bobl 1 0koso 50% macc. IiHieprHa, o OTHOLIEHHUIO K 00Iel Macce BOJbI U INIULEPUHA),
OTAENbHO HenpepbIBHO 3akaunBaroT B [IPM. JlononHUTENbHO NOOABIAIOT MHMAPOKCUA HATPUS B
MOJISIPHOM OTHOLIEHHUHU BOJIb(PAMOBOM KUCIOTHI K TuApokcuay Hatpus 8,3. Bogopox noparoTt B
peakTop dYepe3 MOrPyXKHYIO TPyOKy ¢ (UIBTPOM Ha KOHLE C IIOCTOSHHOH CKOPOCTBIO 8
rpammoB/4dac. TemmepaTypy peakuuu NOANEPKUBAIOT B cpenHeM okoso 220°C, naieHue
peakuuy MOAAEP’KUBAIOT B CPEAHEM OKOJO 65 0ap MHAMKATOPHBIX, COOTBETCTBYIOLIUX 06,0
Meranackaneii abcomoTHbIX. Cuctema paboTaer npu cpenHeM BpeMeHH npeObIBaHus OKOoJo 24
MUHYT.

VYcnoBus peakiuy CyMMHUpPOBAaHbI B Ta0uie 1.

Tabmuna 1: YcnoBust peakuny CpaBHUTEIBHOTO IpuMepa A

Kon11. moToka riroko3sl, % macc. 10,8 Ru/C B HP*, r 9,19
Kon1. BonbhpamMoBoii KHCIOTHL, %o
0,44 Ynbrpauucras Boga, r 200,0
Macc.
Bpewmst npeObiBaHus, MUH 24,0 I'munepun, % macc. 19,0
Jlobaenennsiii Ru/C, r - H,WO,:NaOH (Mosb:MO1b) 8,3
Temnepatypa, °C 220 Jasnenue peakuuu (Oapn) 65

* HP: Hauano peakuuu

ITocne Havaa peakuy CeIEKTUBHOCTD K 3TWICHIITUKOIO (1) mpoaorkaeT moBbIIAThCS
110 JOCTHXKEHUs CeNeKTUBHOCTH kK DI okono 76% uepes 18 uacoB. 3aTem cenekTUBHOCTb kK OI
Ha4YMHAET OBICTPO CHMXKATHCS Mexkay 18 m 22 dacamu. Uepes 22 yaca ceneKTUBHOCTh K O
cocTaBysieT okoyo 59%. OOpa3oBaHMe T'YMHHOB TaK)kK€ OTMEUEHO B oOpasiax, COOpaHHBIX BO
BpeMst OBICTPOTO CHIKEHHSL.

CpaBHuTenbHBII mpuMep A 3akaHUMBAOT dYepe3 31 wac paboThl M3-3a HHU3KOU
cenektuBHOCTH K O m obpaszoBanusi rymuHOB. Uepes 31 yac cenekTUBHOCTH K DI cocTaBsieT
okouno 15%.

IIpumep 1
IIpumep 1 nposoasat B ToM :xe IIPM 1 B TeX ke yCIOBUSAX, KaK B CPABHUTENBHOM IIPUMEPE

CycrneHsuro TreTeporeHHOro KaTajlu3aTopa TIOTOBST cMmewnBaHueM 90 rpamMmosB
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rnuuepuHa, 90 rpammoB yiabTpauucToil Boael U 10 rpammoB rereporeHHoro 5% Macc.
KarajgusaTopa pyrenns Ha yrie (T.e. 5% macc. Ru/C karanuzaropa).

B Hawane peakumu ITPM 3amonHSIOT 4acThO 3TOH cMmecu Tak, 4ToObl B [IPM Obuio
3arpyskeHo 9,19 rpammo Ru/C. Kpome TOro, roroBAT HEKOTOPOE KOJIMYECTBO KapTPUIKEH, IIe
KQKIbII KapTPUIXK COAEPIKUT CMECH 4,5 rpaMMOB IuuepyuHa U 4,5 rpaMMOB YJIBTPA4UCTON BOABI
BMecTe ¢ 0,5 rpammamu 5% macc. Ru/C karanuzaTopa.

3aTeM HeNpepbIBHBIN MOTOK yryieBoAa, coxepskamuii okoso 10,8% macc. rimroko3bl B
yJAbTPAUYMCTON BOZE, U HENPEPBbIBHBIN IMOTOK MOMOTEHHOIO KartanusaTtopa, copepskamuid 0,43%
macc. Bonbdpamosoii kucnotsl (H,WOs) B cmecu ynbpTpauncToii Boael U rimuuepusa (okono 50%
macc. BoJbl 1 0kosio 50% macc. TiHieprHa, 0 OTHOLIEHHUIO K 00Iel Macce BOJbI U INIULEPUHA),
OTAeNbHO HemnpepblBHO 3akaunBaioT B [IPM. Kpome Toro, ruppokcun HaTpusi N0OaBJSIIOT B
MOJISIPHOM OTHOLIEHHUHU BOJIb(PaAMOBOM KUCIIOTHI K TuApokcuay Hatpus 6,4. Bogopox noparoT B
peaxkTop dYepe3 MOrPYKHYIO TPyOKy ¢ (UIBTPOM Ha KOHLE C IIOCTOSHHOH CKOPOCTBIO 8
rpamMmoB/4ac.

Temnepatypy peaxkiuu MOANEpKUBAIOT B cpenHeM okoino 220°C, naBieHHE peakiuu
NOAJEPKUBAIOT B CPEAHEM OKOJIO 63 Oap MHIMKATOPHBIX, COOTBETCTBYIOIUX 6,4 Meramnackaneit
abcomoTHbIX. CrucTema paboTaeT mpu cpeiHEM BpeMeHH MpeObIBaHUs OKOJIO 24 MUHYT. Y CJIOBUS
peakLuy CyMMHPOBaHbI B TabJHLE 2.

Tabnuua 2: YcnoBus peakuuu u3 npumepa 1

Konu. nmoroka rimoko3sl, % macc. 10,8 Ru/C B HP*, r 9,19

Konu. BonbdpamoBoii kucinotel, % mace. 0,43 YneTpauucras Boaa, r 200,1
Bpewmst mpeObiBaHuUs, MUH 24,0 I'munepun, % macc. 18,9
Jobasnennsiii Ru/C, r 5,9 H,WO,:NaOH (mosb:Moub) 6,4
Temnepartypa, °C 220 Jasnenue peakunu (Oapn) 63

* HP: Havano peakuuu

ITocne Havana peakUy MUCXOIHAsI CEJIEKTUBHOCTh K ATHJIEHIIHKOMIO (DI mocTteneHHo
noBbiaercst. Yepes 24 vaca pabotsl, korga CenekruBHOCTh K DI mocturaer okoso 58%, oquH
U3 YKa3aHHBIX BBILIE KAPTPUIDKEH MPUMEHSFOT IS BIpbICKa mpubmu3uTesbHo 0,5 r ceeskero Ru/C
KaTaJIn3aTopa, paCTBOPEHHOIO B pacTBOPE 4,5 rpaMMOB IIHLIEpUHA U 4,5 rpaMMOB YJIBTPa4uCTON
BOJIBL, B peakTop. HabmonaroT HeMeIeHHOe YBEIMYeHHE CEIEKTHBHOCTH K COPOUTY U CHUKEHUE
ceslekTUBHOCTH K JI'. Heckosbko 4acoB Mo3xe, CENEKTUBHOCTD K DI M CENIEKTUBHOCTD K COPOUTY
HauMHaeT BOCCTaHABJIMBATBCS U CHIXKATBCS, COOTBETCTBEHHO. Kak Tonbko cenekTuBHOCTD K I
CHOBa gocTHraet okoJio 58% (uepes okono 31 vac), qpyroit KapTpUIK NPUMEHSFOT JJIsI BIIPBICKA
npudmm3uTenbHo 0,5 T cBexxero Ru/C katanusaTopa B peakTop. DTy MPOLEAYPY MOBTOPSIIOT BCEO
OCTaBINEEeCs] BpeMsi MMPOTrOHA ¢ MHTEPBAJIOM MeXAy MHbeKuusMu OT 3 10 10 dacos. B obmem,
npUOIU3UTENBHO 5,5 rpaMMOB (BJIAXKHOTO0) fonoiaauTenbHOro Ru/C xaranusaropa 1o0aBisoT BO

BpeMs peakunu B mpumepe 1. Tak kak cMeCh CyCIEH3UH KaTaIU3aTopa rOTOBST P TEMIIEpaType
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OKpyKaroIien cpensl, copepxamyr 50/50 (macc./macc.) TMLeprHa U BOMABI, KaKABIA BIPBICK
cycriensu Ru/C BBI3BIBAET MOMEHTAJIbHOE MAJCHUE TEMIIEPATypbl PEAKTOpPa M BHI3bIBAET
BPEMEHHOE HapylleHNEe BbIXOASIEH KOMIO3ULIUH.

Cucrtema pabortaer B nenoMm B TeueHne 90 wacoB BpemeHH nporoHa. YUepes 90 uacos
CeJIeKTUBHOCTD K DI cocTaBisieT 0koso 63% U CeNeKTHBHOCTh K COPOUTY COCTaBJIsIET OKOJIO 6%.
B Tedenne nepruoaa nocie Ha4aIbHOIO NEpUoaa B 24 yaca, JOCTUTAETCs CPEAHSSA CEIEKTUBHOCTD
K STUJICHTJIMKOJIIO, COCTABJIIIONAast 0KoJjio 49%.

Hzpacxonosansbiii Ru/C kaTanu3aTop BBIIENSIOT U3 CUCTEMBI, CYIIAT U XPAHAT, U 3aTEM
aHAIU3UPYIOT. B HOMONHEHNE K PyTEHUIO U YIJIEpOay, B U3PACXO0BAHHOM KaTalln3aTope TakKe
ObUIN HalIEHbI OTJIOKUBIINECS YaCTUILBI BOJb(pama. AHAIN3 MHAYKTHBHO CB3aHHOMN IJIa3MOMH
(MCTI) nokasbIBaeT, 4TO U3PACXOAOBAHHBIN KaTaIU3aTOP COAEPKUT OKOJIO 4,2% Macc. pyTeHHs U
okoJ10 5,6% Macc. Bonb(ppama, 4TO COOTBETCTBYET MOJSIPHOMY OTHOLIEHHUIO MOJIel BoJb(pama K
MoJssiM pyTeHHust okojio 0,73, OgHAKO HEM3BECTHO, BBIMBIBAINCH JIM KaKHe-THOO YaCTHUIIbI
BoMbppamMa B mpouecce o00paboTku. PeHTreHoBckas aOCOPOILMOHHAST —CHEKTPOCKOIHS
(XANES/XES) BBICYLIIEHHOTO U3PAaCXOIOBAHHOIO KAaTaIM3aToOpa MOKAa3bIBAET MPUCYTCTBUE 79%
macc. WO; u 21% macc. WO, KOMIIOHEHTOB.

IIpumep 2

IIpumep 2 npoBOAAT Kak mpuMep 1, 32 HCKIIOYEHUEM TOTO, YTO HE3HAYUTEIbHO MEHBIIY O
KOHLIEHTPALIMIO TIFOKO3bI UCIIONB3YIOT B ChIpbe (T.€. 9,1% Macc.) 1 UCMONb3yI0T HE3HAUUTEIbHO
MEHBIIYIO0 KOHLEHTPALHUIO BOJIbGPaMoBoii KUcioThl (T.e. 0,40% macc.).

CHOBa, CyCNEH3MI0 T'eTepOreHHOro KaTalu3aTopa roToBAT cMemnnBaHueM 90 rpamMmosB
rnviepuda, 90 rpammoB yiabTpauucToil Bomel u 10 rpammoB rereporeHHoro 5% wmacc.
KarajgusaTopa pyTtenus Ha yrie (T.e. 5% macc. Ru/C karanuzaropa).

B Havane peakumu ITPM 3amonHSIIOT 4acThiO 3TOH cMmecu Tak, 4yToObl B [IPM Obuio
3arpyskeHo 9,19 rpammoB Ru/C. Kpome TOro, roToBST HEKOTOPOE KOJMYECTBO KapTPUIKEH, Iie
KK bII KapTPUIK COAEPKUT CMECH 4,5 rpaMMOB IIULEpHUHA U 4,5 rpaMMOB YJIBTPAYUCTON BOJBI
BMecTe ¢ 0,5 rpammamu 5% macc. Ru/C karanuzaTopa.

YcnoBust peakiyu At IpuMepa 2 CyMMHUPOBaHbI B Ta0uIe 3.

Tabnuua 3: YcnoBus peakuuu U3 mpumepa 2

Kon1. moToka riroko3sl, % macc. 9,1 Ru/C B HP*, r 9,19
Kon1. Bonb(hpamMoBoii KHCIOTEL, %o
0,40 VY nbTpauucras Boaa, r 200,0
Macc.
Bpewmst npebbiBaHus, MUH 240 I'muuepun, % macc. 19,0
Jlobaenennsiii Ru/C, r 152 H,WO,:NaOH (Mo1b:M01b) 7,2
Temnepatypa, °C 220 Jasnenue peakunu (Oapn) 63

* HP: Hadano peakuuu

PesynbraTe npeBpalneHns IIr0KO3bL, Pe3YJIbTaThl CENEKTUBHOCTH K STHIECHIITUKONO (D)
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U pe3yJIbTaThl CEJIEKTUBHOCTH K COpOUTY M3 mpuMepa 2 mokas3ansl B Tabnune 4 u Ha Gurype 1. B
MOMEHTBI BIPBICKA KaTaan3aTropa oOpasiel OepyT 10 TAKOTO BIPBICKA KaTAJIN3aTOPA.

ITocne Hawanma peakuuM HCXOAHAs CENEKTUBHOCTH K Ol mokaszama Oonee ObicTpoe
MOBBILIEHHE, YeM B IpuMepe 1, rae cenekTUBHOCTh K DI JocTUraeT ceneKTUBHOCTU OKOJIO 57%
3a 14 bacoB. DTO MPOUCXOOUT YACTUYHO H3-32 HE3HAUUTENIbHO OoJiee HM3KOW KOHLIEHTPALIUH
TJIFOKO3BI B CBIPBE.

Brpeicku kaTanusaTropa A€natoT B CPEJHEM MEXAY 2 U 5 yacaMH, TaK KaK CEJIEKTUBHOCTD
K STHJICHIJIMKOIO KOJEONeTCsl MEeHbIe M BOCCTAHABJIMBAETCS ObIcTpee, 4yeM B npumepe 1. s
IpeNoTBpalleHusl NpeBbleHns 55% CcenekTUBHOCTH K DI, B HEKOTOPBIX CIIy4asiX KaTajau3aTop
BBOJISAT IOCTATOYHO YaCTO, TaK KaK CEJIEKTUBHOCTH K DI BhIlIe, ueM B mpumepe 1. B nenom, okono
14 Ru/C karanuzaropa H00aBJISIOT B PEaKTOP B IpuMepe 2.

Cucrema paboraer B LeiaoM B TeueHue 102 uwacos BpemeHnu nporona. Yepes 102 gaca
cenekTUBHOCTD Kk DI coctasisieT 0koio 56% U CeIeKTUBHOCTD K COPOUTY cocTasJisieT okoiio 10%.
B Teuenue nepuoaa nocie Ha4aJIbHOTO EpUOAa B 14 4acoB, JOCTUrAeTCsl CPEAHSA CEJIEKTUBHOCTD
K STHJIEHTJIMKOJIIO, COCTABJISIOIIAst OKOJIO 61%.

AHanmn3 uHAYKTUBHO cBsizaHHOW 1utasmoi (MCII) mokasbiBaeT, 4TO M3pacXOJOBaHHBIN
KaTajnu3aTop comepkut okono 1,5% macc. pyrenus: u okono 48% macc. Bojbdppama. MonspHoe

OTHOLIEHHE BOJb(Ppama K pyTEHHIO MOXET ObITh paCCYMTaHO Kak OKoJo 17,6.



Tabnuua 4: Pesynbrarsl mpumepa 2
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ITporox () 1 2 3 4 5 6 7 8 1011 (12 (13 |14 | 15|16 | 17 | 18 | 19 | 20
Ru/C (1) 0,5 0,5
Tpesp. (%) 100,0 | 99,8 | 99,7 |99,7(99,7[99,7(99,7|99,7|99,7[99,7|99,8|99.8 99,8 [99,8|99,8|99,7[99,8|99,8 (99,8 | 99,8
Cen. 2T (%) 13,3 | 12,7 | 24,8 |34,7]40,7|44,7|48,0|46,7|48,1|52,0|54,1(55,0(56,1|57,2|52,3|51,1|55,4|52,7|53,1|56,2
Cen. CB (%) 0,6 | 41,6 | 36,1 [282]23,721,0(19,4|20,0(18,6|15,7|14,7|14,6|13,5[12,9/16,1|16,3|13,4|14,9|14,6{12,2
Tabnuna 4 (mponosskeHue)
IIporon (u) | 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Ru/C(r) | 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Ipesp. (%) | 99,8 | 99,8 | 99,8 [ 99,8 [ 99.9 | 99,9 | 99,8 | 99.9 | 99,9 | 99,8 | 99.8 | 99.8 | 99,8 | 99.9 | 99.8 | 99,9 | 99,9 | 99.9 | 99,9 | 99,9
Cen. OI' (%)| 60,0 | 57,0 | 57,8 61,0 62,9 61,0 |61,0|64,0|66,0|61,9|582|575]|61,5|67,7]63,9|653|69,1]|63,6]|67,6|065,4
Cen. Cb (%)| 10,7 [ 11,6 [ 11,3 10,1 | 88 | 93 | 944 | 82 | 7,2 |10,2 10,1 10,1 | 7,6 | 59 | 79 | 72 | 56 | 59 | 54 | 59
Tabnuua 4 (npoxokeHue)
IMporor (u) | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | S8 | 59 | 60
Ru/C(r) | 05 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Tpesp. (%) | 99,9 | 99,9 99,9 (99,9 (999999 (999|999 999|999 |999|999(99,9 999999999999 |999|999|99,9
Cen. DT (%) | 65,9 | 65,8 | 65,1 | 62,4 |62,5(599|61,8|66,1|694|643|651]|61,7]61,9|596]|62,8]59,9|575|574]|61,3]63,5
Cen. CB(%)| 49 | 57 |69 |71 |72 (8075|6249 |62 |60 |75]|72|76|71|90]98]|84]|72]64

Tabnuna 4 (mpoxosskeHue)
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IIporon (u) | 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
Ru/C (1) 0,5 0,5 0,5 0,5 0,5 0,5
Tpesp. (%) | 99,9 | 99,91 99,9 (99,9 (999|998 99,9 999999999999 |999(99,9|99.9|997]99,9|99,9|999|999|99,9
Cen. T (%)| 62,8 | 65,1 | 66,8 | 66,5 | 63,6 | 57,2 | 56,6 | 61,3 | 63,9 | 62,7 | 62,6 | 59,0 | 59,7 | 62,2 | 63,9 | 60,4 | 60,8 | 61,9 | 63,5 | 62,3
Cen. CB (%)| 63 | 6,1 | 52 |80 |73 |106[102| 78 |58 |66 |66|75]|78]|68|62]|72]|68]|64]|57]73
Tabmuna 4 (mponosskeHue)
ITporon (u) | 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 | 100
Ru/C (1) 0,5 0,5 0,5
Ipesp. (%) | 99,9 | 99,9 99,9 99,9( 999|999 99.9| 998|999 | 99,8( 999|999 | 99,9 99,9|100,0[ 99,9 | 99,9 99.9 | 99,9 | 99,9
Cen. 3T (%)| 60,5 | 62,2 64,9 | 622 |62,7|63,8|67,0|58,9|54,1| 499524569 60,5| 645|657 63,7| 586 | 60,8 63,6 65,0
Cen. Cb (%)| 86 | 6,8 | 5,1 | 59| 59| 58| 50124 90 |149|134| 89| 67| 53 | 42| 59| 74| 68| 6,1 | 5,6
Tabnuua 4 (npoxoKkeHue)
ITporoH () 101 102
Ru/C (1)
ITpesp. (%) 99,9 99,9
Cen. 2T (%) 60,8 55.6
Cen. CB (%) 8,2 10,0

2

2

Ru/C=konnuecTBO JOMOIHUTEIBHOTO FETEPOreHHOro KaTanu3aropa 5% Macc. pyTeHHs Ha yriie (rpaMMbl)

[Tpesp. = npeBparueHue rioko3sl (%)




Cen. OI'=CeneKTHBHOCTD K 3THJICHTITUKOIO (%)

Cen. Cb=CenextuBHOCTb K copbury (%)
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NU3MEHEHHOE ONNUCAHHUE U3OBPETEHUWSA

HEITPEPBIBHBIA WM  ITIOJIVHEIIPEPBIBHBIM CIIOCOB  ITOJIYUYEHHA
STUJIEHIJIMKOJIA U CUCTEMA KATAJIM3ATOPOB JJIA ITPUMEHEHW A B HEM

OBJIACTb TEXHUKH

JlanHOE M300peTeHne OTHOCHUTCS K Croco0y MOJyUeHHUs] MPOU3BOACTBA STHIICHTJIUKOIS.
JlaHHOe 300peTeHHe TakXKe OTHOCUTCS K TeTepOreHHON KOMITO3ULIMU KaTaln3aTOPOB.

YPOBEHb TEXHUKN

AJ'IKI/IJ'IGHFJ'II/IKOJ'II/I, TaKHUC KaK OTUICHIJIMKOJIb, ABJIAKOTCA XUMHWYCCKHMMHU BCIICCTBAMHU
MaCCOBOI'o npou3BOACTBA, KOTOPBIC MOT'YT NPUMEHATBCA BO MHOXECCTBE O6.]'IaCTeI>i. Onu MOTYT
MPUMECHATBHCA B Ka4ueCTBEC MOHOMEpa npu MOJIy4YCHUU l'IOJ'II/IB(bI/IpOB, TAKHUX KakK
nonu(3TineHrepedranar), nonu(3TuIeHHaAPTEHAT) WM NOJU(3THIEHDYpaHIuKapOOKCHaT), HO
OTUJICHIJIMKOJIb TAaKKE MOXET IMPUMCHATHCA B CPEAC AJIA MEPEHOCA TCILJIa W KOMIIO3UIUAX
antudpusa.

B nocnemnee Bpemsi mpuiararoTcsi Bce OONbIIME YCHIIMSL UL [IPOM3BOACTBA
AJIKUJICHTJIMKOJIEH U3 BOCIIOJMHSEMBIX PECYpPCOB, TAKUX Kak yrieBoabl. ObecneunBast MoaydeHue
AJIKUJICHTJIMKONIEH, TaKMX KaK 3TWIEHIJIMKOJb, M3 BOCIIOJIHIEMBIX PECYypCOB, 3aBHCHMOCTH OT
TOPIOYHX UCKOMAEMbIX MPEUMYLIIECTBEHHO CHUYKAETCS.

Y. Liu et al, B crarbe, o3arnaBnenHoi “Kinetic insight into the effect of the catalytic
functions on selective conversion of cellulose to polyols on carbon-supported WO3 and Ru
catalysts”, onyoamukoBanHoi B Catalysis Today, vol. 269 (2016), crpanuubl 74-81, 0OBSICHSIOT,
qTO 3C1)(1)GKTI/IBHOG MPpEBpPAICHUEC YIJICBOAOB B XUMHUYCCKHE COCOAUHCHHSA C BBICOKHMM BBIXOJOM
ocraercss CHOKHOM 3amauved. C(Cka3aHO, UTO pachpelneseHHe MPOAYKTOB 3aBHCUT OT
KOHKYPUPYIOIIUX PEAKIHi MPOU3BOAHBIX IIFOK03bI. [Tokazano, 4to kpuctauiutbl WO3 He TONBKO
CHOCOOCTBYIOT THUAPOJHU3Y LEJUIIOJIO3bI A0 TJIOKO3bl, HO TAKXKe KATATM3HPYIOT CEJIEKTUBHOE
ormerienne cpszeit C-C B TIFOKO3€ C MOJy4YEHHEM TJIMKOJbaJbIeruaa U BO (PYKTO3E C
nojiydeHueM riunepuHanpaeruna. [lokasano, uyto karammsupoaHHoe Ru/C runpuposanue
TakKoro INIUKOJIbaJdbACTuaa a0 STHUJICHI'JIUKOJIA 151 TaKOro riuepuHaibacruaa a0
NPONMJICHIJIMKOS BCTYNAeT B KOHKYPEHIHMIO ¢ KatanusupoBaHHbIM Ru/C ruppupoBannem
TTFOKO3BI B (PPYKTO3BI IO COOTBETCTBYHOIINX CO-TIOJTMOJIOB, TAKUX Kak copOuT u ManHuT. B CN
102643165 B (B MamIMHHOM TeEpeBOJIE) OMUCAH HEMPEPBIBHBIA CIIOCOO peakiuu JJIs KaTaiu3a
THAPOKPEKUHIa CaxapoOB C MOJYYCHUEM STHIICHIJIUKOJISA U 1,2-HpOHI/IJIeHFJ'II/IKOJ'I$[ B PE€aKTOpPE.
PacTBOprMbIE KOMIOHEHTBI KaTaJM3aTOPa YaCTUYHO PELMPKYJIUPYIOT oOpaTHO B peakTop. US
2011/313210 OTHOCHUTCS K KaTaJIMTUYECKOMY Crioco0y oOpa3oBaHUsi, IO MEHbIIEH Mepe, OTHOTO
NOJIMOJIAa U3 CBHIPBS, COAEPIKAIIEero LEJUTIOJIO3y, KOTOPBIH MpOBOAAT HempepbiBHO. Criocod
BKJIFOYAET HENPEPbIBHBIH KOHTAKT BOJOPOAA, BOABI U ChIPBS, COAEPIKALIETrO ILEJUTFOJIO3Y, C
KaTaJM3aTOPOM C TMOJYYSHHEM BBIXOMSIIEro MOTOKA, COAEepIKAallero, Mo MEeHbIIel Mepe, OIuH
TIOJTMOJI, BOJY, BOIOPOA U, 1O MEHbINEH Mepe, oarH MoOoUHbIN npoaykT. Boay, Bomopon u, mo
MEHBIIIeH Mepe, OUH MOOOYHBIN MPOAYKT OTACNSIOT U3 UCXOJSIIETr0 MOTOKA U PEIUPKYITUPYIOT
B PEAKIMOHHYIO 30HY. llonmon BOCCTaHaBIMBAKOT M3 HCXopsmero mnotoka. Crmocod Moxker

JOIOJIHUTCJILHO COACPKATh OTACIICHHUE KaTajiu3aTropa U3 UCXOOAIICTO IIOTOKa u



PELHPKYJINPOBAHNE KAaTAIM3aTOPa B PEaKIHMOHHYIO 30HY. B WO 2017/055289 onmcan crocod
MOJIyYeHUs] TJIMKOJIEH M3 ChIPbs, COAEPKALLEro caxapui, ¢ NPUMEHEHUEM KaTaIUTUYECKOIrO
KOMIIOHEHTa C PETPOAJbIOJIbHBIX KATAINTHYECKUX CIIOCOOHOCTEH M IEpPBOrO KaTajau3aTropa
THAPUPOBAHUS, COAEPIKALIEro 3JIEMEHT, BbIOpaHHbIH u3 rpymn 8, 9 m 10 mepuoxnyeckoi
tabnumpl. Criocod MOXKET NOMOJHUTEIBHO BKIIOYATh OTACICHHE KaTalu3aTopa U3 MCXOASIIETO
MIOTOKA ¥ PELUPKYJIUPOBAHUE KAaTaIU3aTOPa B PEAKLIMOHHYO 30HY.

B WO02016/114661 omucan HenpepbIBHBIN CMOCOO MOJMYyYEHUS STUICHTIIUKONS U3
HCTOYHHUKA yTJIeBOAA B3aUMOEHCTBHEM HCTOYHMKA YTIIeBOAa ¢ BogopoaoM. B criocobe, Bomopon,
UCTOYHUK YTJIEBOAA U XUIKUN pa30aBUTENb HENPEPHIBHO 3arpy>Kat0T B MPOTOUHBIA PEAKTOP C
memankoi (IIPM), rame mnpucytcTByer cucremMa KaranuzatopoB. OmmcaHHas cucreMa
KaTaJn3aTOPOB CONEPXKUT COENMHEHHE BoJb(pama H, MO MEHbIIEH Mepe, OAMH MeTajll
TMAPOTreHOoNN3a, BeIOpaHHbIil u3 rpynn 8, 9 unn 10 mepuoxnveckol CHCTEMBI 3JIEMEHTOB. B
WO02016/114661 onucaHo, 4TO HENMPEPHIBHO CMECh MPOAYKTA, CONEPKAILYIO STUJIEHIJIUKONIb U
pa3baBuTeNb, YNAJSIOT M3 MPOTOYHOIO PEAKTOpAa C MELIAJNKOW;, M 3aTeM HENpepbIBHO WU
NEePHOANYECKH, IO MEHbLIeH Mepe, COeANHeHNe BoIb(paMa 100aBISAIOT B IPOTOUHBIH PEAKTOP C
memaakoii. B W02016/114661 Tak:ke MOSICHSIOT, YTO €CJIM M IO TaKOH CTEIEeHH, 4TO JI0OO0MH
KaTaJM3aTop runporeHonnsa ynansercs us [IPM Bo Bpemst peakiuy, OH MOXET ObITh BOCIIOJIHEH
NEePHOANYECKUM UM HEeTIpepbIBHBIM 100aBiIeHueM ero B [IPM.

B  nmpumepax WO2016/114661  wmOCTpUPOBaHBI ~ MHTEPECHBIE  PE3YJIbTAThHI
CEJIEKTUBHOCTH B OTHOLIEHUU STUJIEHIJIMKOJIS BIUIOTh 1O OKOJ0 60% Macc., pacCUUTaHHBIE Kak
MacCCOBBIM NPOLIEHT B HUCXOASINEM IOTOKE PEAKTOpa, AEJIEHHBbIM Ha KOJWYECTBO B IpaMMax
TIIFOKO3bI, BBeieHHOW B [IPM. Bpewmsi paboThl B 3KCIEpUMEHTaX, OAHAKO, HE MPEBBIIIAET 7 YacOB.
B W02016/114661 ynoMuHaroT, 4T0 00pa3yIOTCsl TYMHUHBI, KOTOPbIE YCHUJIMBAIOT E€AKTUBALIHIO
KaTaJIU3aTopa U 4To, CJIE€I0BATEIbHO, IPEBPALIEHUE TTIFOKO3bI CHIXKAETCS C TEUEHUEM BPEMEHH.

Bbruto OBl HOCTHXKEHMEM B JAHHOW OOJIACTH TEXHUKU MPENOCTABUTH CIIOCOO MOJTyUYEHHSI
STHJIEHTJIUKOJISI U3 MCTOYHUKA YTJIEBOJA, KOTOpPbIH obecreums Obl MPONOJDKUTEIBHOE BpPEMsI
paboThI C 5KOHOMHYECKH UHTEPECHON CEJIEKTHBHOCTHIO B OTHOIIEHUH S THJICHTJIHKOJISL.

CYIIHOCTDb U30BPETEHUA

Takoit cnoco® ObuUT MONMy4YeH C TOMOIIBK CrMOco0a B COOTBETCTBHHM C JIAHHBIM
n300peTeHneM.

CnenoBarenpbHO, B JAHHOM UW300pPETEHHHM TMPEICTABIEH  HENPEPBIBHbIA WU
MIOJTy HENPEPBIBHBIN CIIOCO0 MONTYyYEHHsI STHIIEHTIIMKONS U3 UCTOYHHUKA YTIIEBOAA, BKIFOUAFOLIHA:

B3aUMOJIEHICTBHE, B peaKTope, MpH Temreparype B uHTepBaje ot 170°C umm Gonee no
270°C unu MeHee, O MEHbLIEH Mepe, YaCTH MCTOYHHKA YIJIEBOJIA B MPHUCYTCTBUH BOIOPOJA,
PacTBOPUTEN U CUCTEMBI KaTaJIN3aTOPOB, C MOJYYE€HUEM STUJIEHTJIUKOJIS,

I CHCTEMA KaTaJIu3aTOPOB BKIKOYAET:

TOMOT€HHBIH KaTaJIU3aTop, 1€ TOMOTeHHBIH KaTaIU3aTOp COAEPIKUT BOJIb(paM; 1

reTepPOreHHbIN KaTaIN3aTop, T TeTEPOreHHbIN KaTaIu3aTop COAEPIKUT OUH Miu Oojee
NepeXOAHBIX METaJUIOB U3 rpynn 8, 9 u 10 nepuoanyeckon CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3

HOCHUTEJIS, U



r7le HENpepbIBHO WM TNEPHOAMYECKH OTOJHUTEIbHBI Te€TePOreHHbIH KaTaJu3aTop
N00aBJISIIOT B PEAKTOP.

HernpepsiBHOE Mitn nepuognyueckoe 100aBIeHHE FeTePOreHHOr0 KaTaln3aTopa Mo3BOJISET
COXPAHSTh CEJIEKTUBHOCTD K 3THJICHIJIUKOJIIO.

B n300perennn Takke npeacTaBiIeHa CHCTEMA KaTaIN3aTOPOB, BKITFOYAOLIAS:

a) TOMOTE€HHBII KaTalu3aTop, KOTOPBIA MPEATIOUTUTENbHO HAXOOUTCS B PEAKTOpE, Iae
TOMOT€HHBIH KaTaJIU3aTop COAEPIKUT BOJIb(pam,;

b) mepBbIil TI'eTepOreHHBIH KaTalu3aTop, KOTOPBIH MPENNOYTHTENBHO HAXOAWUTCS B
peakTope, rae MepBblil TeTEPOreHHbIH KaTalN3aToOp COAEPKUT OOUH MK Oojee MepexOmHbIX
MeTasu1oB U3 rpynm 8, 9 u 10 nepuoandecKoi CUCTEMBI 3JIEMEHTOB Ha MOAJIOKKE U3 HOCUTENIA, U
I7ie TEepBbIi I'eTEPOreHHBbIH KaTalN3aTOp JOMOJHUTENBHO COAEPXKUT HEKOTOPOE KOJIMYECTBO
BONIb(paMa; u

C) BTOPOIl IreTepOreHHbIN KaTalu3aTop, KOTOPBIM MPENNOYTHTEIbHO HENPEPbIBHO WU
NEepUOINYECKU TOOABJISIIOT B PEAKTOP, I'/Ie BTOPOM IreTepOreHHbIM KaTalu3aTop CONEPKUT OIUH
wiu Oosiee MepexoaHbIX META/UIOB U3 rpynm 8, 9 u 10 mepuoaryuecKoil CUCTEMBI 3JIEMEHTOB Ha
HOAJIOXKKE M3 HOCUTEJISI, U TI€ BTOPOI reTepOreHHbIH KaTaIn3aTop He COAEPIKUT BOJIb(ppaM; HIH
KOJIMYECTBO BOJb()paMa B MOJSIPHOM OTHOIIEHHM MOJIeH BOJIb(ppamMa K MOJISIM HEPEXOIHOrO
MeTaJljla MeHbLIE, YeM MOJISIPHOE OTHOLIEHHE MOJIeH BOJb(ppama K MOJISIM IIEPEXOAHOTO MeTalIa
B IIEPBOM I'€TEPOr€HHOM KaTaJu3aTope.

ABTOpBI  M300peTeHUs] HEOXKUAAHHO OOHAPYXKWJIM, YTO 3asBJICHHBIH  CIOCOO,
COOTBETCTBEHHO, 3asIBJICHHASI CUCTEMAa KaTaJIU3aTOPOB, MPEUMYILECTBEHHO MO3BOJISIET MPOBOIUTH
CHOCO0 MONy4YEeHHsl STUJICHIJIMKOJS M3 UCTOYHHMKA YTJIEBOAA B TEUEHHE JIUTEIHHOrO MEepHona
BPEMEHHU C SKOHOMUYECKH HHTEPECHON CEJIEKTUBHOCTBIO B OTHOIIEHHH STHIICHTITHKOJsS. Criocod
B COOTBETCTBHU C JJAHHBIM M300pEeTEHHEM MOXKET MPEUMYLIECTBEHHO UMETh BpeMsi paboThl SO
yacoB uiu donee, u naxke 100 yacoB uau Ooee.

Aiqin Wang et al., B craTbe, o3arnasnennoi “One-Pot Conversion of cellulose to Ethylene
Glycol with Multifunctional Tungsten-Based Catalysts”, omybmukoBanHo# B Accounts of
Chemical Research (2013), Tom. 46, crtpanunsl 1377-1386, ommucaHo OXHOpPEAKTOPHOE
KaTaJUTHYECKOE TIPEBpallleHre [EJUTIOJIO3bI B STHIIEHIIUKOJb. Alqin Wang et al. nmpeanonararor,
YTO MpPU MPUMEHEHHH COEIUHEHHH BOJb(pamMa B COYETAHUH C KATATU3ATOPOM THIAPUPOBAHUS,
takuM Kak Ni u Ru, pactBopennsiit H,WO; siBiisieTcst A iCTBUTENBHO KATATUTHYECKH aKTHBHBIMH
yactuuamu st pacuervieHus: C-C, u peakmust pacuieruiernsi C-C Leutro103bl IPOXOIUT My TEM
TOMOT€HHOTO KaTaJIH3a.

WO02016/114661 ynomsiHyTO MpEIoOKeHHEe, YTO B BOCCTaHABIMBAIOIIEH aTMocdepe,
KOTOpasi CO3JaeTcs B PEAKUMOHHOW 30HE B NPUCYTCTBUH BOAOPONA U YTJIEBOIOB,
IIECTUBAJIEHTHbIE COCIUHEHHUS BOJb(ppaMa MOTYT OBITh BOCCTAHOBJIEHBI IO MATHBAJIEHTHOTO
BOJIb()paMa, U YTO B STOM YACTHYHO BOCCTAHOBJICHHOM COCTOSIHUM MOHBI BOJIb()paMa SIBJISFOTCS
3¢ (eKTUBHBIMU TSI BO3ACWCTBUS HA CBS3H YIJIEPOA-YIJEPON B HCTOYHHMKE YIJIEBONA JUIS
MOJIy YeHHUS ATKHJICHIJIMKOJIEBBIX NPEAIIECTBEHHUKOB.

He sxenast ObpITh CBSI3aHHBIMU KaKOW-THOO TEOPUEH, aBTOPBI H300PETEHUS MOJIArat0T, YTO



r€TEePOTreHHbIN KaTaIN3aTOP, COAECPIKALIII OUH WK O0Jee MePexXOIHbIX METAJUIOB 13 rpynm 8, 9
u 10 meproauueckoil CHCTEMBI 3JIEMEHTOB, BAXKEH IS KaTaln3a OOpa3oBaHUs JAEHCTBUTEIIBHO
AKTUBHBIX YaCTHI BOJb(ppamMa, HEOOXOMUMBIX AJIsl PACLICTUICHUS CBSI3€H YIJIEpOA-yIiepon U
00pa3oBaHMUs AJKWJIEHTJIUKOJEBBIX IMPEAIIECTBEHHUKOB (TAaKUX KakK TJIUKONbAIbIACTUA U
TIIALEPUHATTBACTU).

ABTOpBI H300pETEHMHSI, OTHAKO, OOHAPY KIIIH, YTO €ClIU paboTaTh B TE€UEHUE JUTUTEIBHOTO
Nepruoaa BPEMEHH, MOBBIIIEHHOE KOJIUYECTBO YACTHIl BOJIb(pamMa BEPOATHO OTKJIAABIBAETCS HA
MOBEPXHOCTh I'€TEPOT€HHOr0 KaTajIu3aTropa, Bce OOJbIe Mellasi FeTepOreHHOMY KaTaJn3aTopy
KaTaJIW3UpOBaTh  TMAPUPOBAHUE  TNPEALIECTBEHHHUKOB  QJKWICHIIMKONA  (TaKUX  Kak
TJIMKOJIbANIBAECTU U TIINYEepUHANIBAETH) 10 alKIIeHITHKoMs. Kak mokasaHo B nmpumepax, 3TOT
aucOanaHC NPUBOAMUT K THMKY CEJIEKTHMBHOCTH, 32 KOTOPBIM CJENYeT pe3KOoe CHIDKEHHE
CEJIEKTUBHOCTH K aJIKWJIEHTJIUKOIIIO C MOCIENYIOINM 00pa30BaHHEM I'yMUHA.

BrineynomsiHyToe OTKpPBITHE NPUBOAMT K CIOXHOW auneMMe. C OHON CTOpPOHBHI,
BOJIb()paM, OTKJIAABIBAIOIIUICS Ha TE€TEPOr€HHOM KaTalnu3aTope, BO3MOXHO HEOOXOOHM IS
HOJTyYeHHsT JKEeJJAeMOro pPAacCIIeIUIeHHs CBs3eH yriepon-yriepoa, U Oe3 Hero B OCHOBHOM
o0pa3syercsi COpOHT U CTPaAaeT CeNIEKTUBHOCTD K STHISHIINKOIIO. C APYyroii CTOPOHBI, BO3MOXHO
OTJIO’KEHHE BOJIb(pamMa MPUBOAUT, ITOCTIE MUKA CEIEKTUBHOCTH K STUJICHIJIUKOIIIO, K 1€AKTHBALIUH
reTepOreHHOr0 KaTajau3aTopa 1 00pa3oBaHUIO TYMHUHA.

OOHapy:keHue 3TOi paHee HEPACIO3HAHHOW MPOOJIEMbI 3aCTABHIIIO aBTOPOB M300pETEHMUS
NPU3HATH HEOOXOIUMOCTh MOIAEPIKAHUS COOTBETCTBYIOLIEro OanaHca. ABTOpbI M300peTeHUs
HEOXKHIAHHO OOHAPY KHJIH, YTO C MOMOIIBIO 3asIBJIEHHOTO CIIOC00a, COOTBETCTBEHHO, 3asIBJICHHBIX
CHCTEM KaTaJH3aTOPOB, MOXKHO MOAAEP KUBATH OAJIAHC U MOYKHO MOJIyYUTh CIOCO0, CIIOCOOHBIH
paboTaTh B TE€YEHUE JIUTEIBHOTO MEPHOAA BPEMEHH.

Bompekn oxunmaHusiM, aBTOpbl HM300peTeHHsT OOHAPYIKWIIM, YTO HENPEpPhbIBHAS WM
nepuoAnYecKas rnojayda JONOJHUTENBHOTO MeTepOreHHOr0 KaTaau3aTopa B peakTop MPUBOAUT K
CHI)KEHUIO CEJIEKTMBHOCTH K STUJIEHTJIMKOJIO, YTO TMO3BOJISIET HUCIOJIB30BATh CENEKTUBHOCTD K
STHJICHTJIMKOJIIO B Ka4eCTBE MHANKATOpa Oajlanca karaiamsaropa. [lonnep:kuBasi CEEKTUBHOCTb K
STUJIEHIJIMKOJIO, HAaNpUMep, HIDKE OMNPEeNeNIeHHOr0 Iopora, IMyTeM HeNpepblBHONH Wid
NEPUOIUYECKON MOJauYu B PEAKTOP IOMOJIHUTENBHOIO TeTePOreHHOTO KaTaln3aropa, Crocod
MO’KHO HaIpaBUTh B CTOPOHY KEJIA€MOT0 JTUTEILHOTO BPEMEHU PaOOTHL

KPATKOE OITMCAHUE YEPETXKEU

HzobpeTerne MLTIOCTPUPOBAHO CISAYIOIUMH YepTeKaMu:

Ha ¢urype 1 mokasaH rpaduk pe3yJpTaTOB NPEBPALICHHS TJIFOKO3bI U PE3YJIbTATOB
CEJIEKTUBHOCTH K 3THJIEHTJIUKOIO U3 IpuMepa 2.

ITOJAPOBHOE OITMCAHUE U30BPETEHHA

IIpennoururenpHo, nepes peaklyell HCTOYHHKA YIJIEBO/Ia IPOBOAAT CTaIUI0, HA KOTOPOI
UCTOYHUK YIJIEBOJA, PACTBOPUTENb, BOJOPOA M FOMOIEHHBII KaTajau3aTop MOJAIOT B PEAKTOP.
Kpome TOro, rereporeHHblii KaTaiu3aTop, MAOJDKHBIM 00pa3oM, TEpBBIH TIeTepOTreHHBIN
KaTaJn3aTop, Il FeTePOreHHbIN KaTaIu3aTOP CONEPKUT OIUH UM O0Jiee MepexOJHbIX METAIIIOB

u3 rpymm 8, 9 u 10 nepuoauuecKoil CHCTEMBbI 3JIEMEHTOB, MOKET OBITh MTOJJaH B TAKOH PEakTop.



ITox nCTOYHMKOM yIJIeBOAa 3/1eCh MOHUMAIOT UCTOYHMK YIiieBoAoB. McTouHMK yriesona
MOKeT ObITh BBHIOPaH M3 MHOXKECTBA WCTOYHUKOB. [IpenmoyTHTENhHO, WUCTOYHHK YIJIEBOZA
COZEPKHUT OAVH UIH OoJiee yIIeBOAOB, BHIOPAHHBIX M3 TPYIIIBI, COCTOSIIEN U3 MMOJNCAXaPUIOB,
OJINTOCaXapuAOB, ANCAXapUI0B, MOHOCAXapUI0B U UX CMECEH.

IToaxopsiue npuMepbl MOTYT BKJIFOYATh, IPEANOYTUTEIBHO BOCIOIHSAEMbIE HCTOYHUKI
yIJEBOAOB, TaKHe Kak LEJUIF0JI03a, TeMHULEIUII0I03a, Kpaxmall, caxapa, TaKhe Kak caxaposa,
MaHHO3a, apabuHO3a, PPyKTO3a, TIIFOKO3a U UX CMeCH. FICTOUHUKH yriieBosia, KOTOPBIE COAEPIKAT
yKa3aHHbIE BBILIE YIJIEBOJbL, MOTYT BKJIIOUATh CUPOIBI AEKCTPO3bI, CUPOIBI MaJIbTO3bI, CUPOIIBI
caxaposbl, CHUPOIbI TJOKO3bl, KPUCTAUIMYECKYI) C€axapo3y, KPHUCTAJUIMYECKYIO TIIIFOKO3Y,
NIIEHUYHBIA KpaxMall, KyKypy3HbIH KpaxMal, KapToQenbHblii Kpaxmall, MAHUOKOBBIM KpaxMas u
ApyTHe TOTOKH, COIEep’Kalllhe YIJeBOJ, HAamnpuMep, IOTOKH OyMa)KHOH MacChbl, OTXOJbI
nepeBooOpadboTKy, OyMasKHbIE OTXO/IbI, CEIbCKOXO035IHICTBEHHBIE OTXO/IbI, LIEJUTIOJIO3HbIE OCTATKH,
BOCCTaHOBJICHHbIE M3 OBITOBBIX OTXOJOB, Oymary, KapTOH, CaxapHbIH TPOCTHHK, CaXapHYIO
CBEKJIy, TMUICHHUIy, pOXb, OBEC, KyKypy3y, pHC, Kaprodenb, MaHHOKY, IpyTue
CEJIbCKOXO3SHCTBEHHbIE KYJBTYPbl M WX COYETaHHs. OTH TOTOKH MOIyT mnoTpe0oBaTh
npenoOpaboOTKN Uil 3KCTPAarMpOBaHMS YIJIEBOAOB (HAampuUMep, MOKPOro IOMOJIa B Ciydae
KYKYpPYy3bl) WIN JUIS yAAJEeHUs] KOMIIOHEHTOB, KOTOPBIE MELIAIOT JAHHOMY IPOLECCY, TAKUX KaK
OCHOBHbIE HAIOJHUTEIHN (HampuMmep, yAajeHus KapOOHaTa KajibLusi B OyMa)KHBIX OTXOHaX).
Takum oOpasom, B crnocoOe B COOTBETCTBHUM C JAHHBIM H300pPETEHHEM MOXKHO HPUMEHSThH
IPUPOIHBbIE UCTOYHHKH, HO TAKXKE€ OH MOXKET NPUMEHSTBCS AJd YIAyYIICHHS M IOJE3HOTO
BTOPUYHOTO HCIOJB30BaHUSI OTXONOB. IIpeAamoyTurensHo, yrieBoAapl B HCTOYHUKE YTJEBOJA
BBIOMPAIOT M3 TPYIIIbL, COCTOSIIEH M3 LEJUTFOJIO3bl, TEeMHIIEJUTIONO3bI, Kpaxmalia, TIJIFOKO3BIL,
caxaposbl, IIIOKO3bI-OJIMTOMEPOB U UX COYeTaHWM. Tak Kak IIeJITF0JI03a BBI3bIBAET TPYIHOCTH,
KOTOpble OTCYTCTBYIOT B JPYIHX HCTOYHHMKAX YIJIEBOAA, WCTOYHHMK YIJIeBOna Hauboee
NPEATIOYTUTENIbHO BBIOMPAIOT W3 TPYIIIBL, COCTOSALIEH M3 Kpaxmaya, TeMULEIUTIONO3bl U
TeMHULIEJUTIOJIO3HBIX CaxapoB, TIIIOKO3bI U UX cMecel. Hanbosee mpeamnodTuTeNlbHO, HCTOUHUK
YTJIEBOAA CONEPKUT UM COCTOUT M3 TIIFOKO3bI, (PPYKTO3BI, CaXapo3bl UM UX COUETAHUS.

CoOTBETCTBEHHO, HCTOYHHK YTIJIEBO/IA MOXKET OBITh MTOJIAaH B MIEPBBIN PEAKTOP BMECTE C, TIO
MEHbIIeH Mepe, YaCcThI0o pacTBopuTess. bojee nmpeanoYTUTENbHO, UCTOUHUK YIJIEBOAA YACTHUHO
WM TIOJTHOCTBIO PAacTBOPEH B TakoM pactBoputene. [Ipeanourenust Ay Takoro pacTBOPUTENs
npeAcCTaBiIeHbl HIKe. PacTBopureneM MoxeT ObITh, HApUMEp, BOOHASI Cpena, OpraHHYecKas
cpena, BKJIIOYasi AIKMIICHIJINKOJIU, WIA CMECh, COZIepIKalast BOAY, THOJIbI H/HIIH IPYTHE TTOJTHOJIBL.
MHorue yrieBozibl pacTBOPHUMBI B BOAE WM CMECH, COZIEpKallel BOAY, AHOJBI W/HIN ApPYyTUe
NOJINOJIBL. FICTOUHMK yIiIeBOa TAKKe MOXKET ITOAaBaAThCs B IEPBBIN peakTop B popMe CyCreH3HH.
Ilpumepbl Takux CyCHEH3UIl BKJIIOYAIOT BOJHBIE CMECH BOJAbl U T'€MULEIUIIOJIO3BI,
TeMHULIEIITIOJIO3HBIX CaXapoB, TIIFOKO3bI W/MIIA Kpaxmala.

JlaHHbBIN CMOCO0 MPEeNMYIIECTBEHHO IMO3BOJISIET TMOAAaBaTh B TEPBBI PEAKTOpP OYEHb
KOHLIEHTPUPOBAHHOI'O CBIPbs, COJEPrKALero HMCTOYHUK yrieBoja. IIpm mpuMeHeHuu Takoro
KOHLIEHTPUPOBAHHOI'O CbIPbsi SKOHOMMs TpOLlEcCa YBENUYMBAETCsS. Takoe CbIpbe MOXKET

NOIXOIALINM 00pa3oM COAep:KaTh NCTOYHHK YIJIEBONIA U PACTBOPHUTEINb, HATIPUMED, BOAY W/WITN



TUOJIBI W/WJIN IPyTHe MONHobl. [IpeanoYTuTensHO, UCTOYHUK YTIIeBOJA TIOAAETCSl B PEAKTOp B
MOTOKE ChIPbS, COAEPKaIleM HCTOYHHMK YIJI€BONAa U PACTBOPUTENb, IZI€ TAKOW IMOTOK ChIPbS
comepxkut ot 1,0% macc. (MaccoBOro mporeHTa), npeamnodytureapHo, 2,0% wmacc. wiu Ooee,
Oonee mpenmouTuTeNbHO, 5,0% Macc. wu Oonee, eme Oonee npennoururenbHo, 10,0% mace. wu
bonee, u Haubosee npennoururenbHo, 20,0% mace. win Oonee UCToOYHHKA yrieBona, 10 90,0%
Macc. Wiu MeHee, npennourutenbao, 70,0% mMacc. i MeHee u Oonee mpeanoyturensHo, 50,0%
MacC. WM MEHee MCTOYHUKA YTJIeBOJA, [0 OTHOLISHHIO K 00Iel Macce UCTOYHHKA yTJIeBOAA U
pactBopuress. [IoTok Chipbs, copep Kalinii HICTOYHHK YTJIEBOJA B 5TOM UHTEPBaJIe KOHLIEHTPALIUU
MOJKET JOJKHBIM 00pa30M JIETKO TPAHCIIOPTUPOBATHCA. IIOTOK ChIpbst TAK:KE MOKET COCTOSITh M3
TOJIbKO UCTOYHHUKA YTJIEBOA.

JInst mpakTUYeCKUX Liesiel, UCTOUHUK YTJIEBOAA MOXKET MOJABATHCS B PEAKTOP MOTOKOM
CBIPbsI, COAEPIKALIUM UCTOYHHK YTJIEBOAA U PACTBOPUTED, I/1€ TAKOM MOTOK ChIPbsI COAEPIKUT OT
2,0% macc. unmu Oonee, Oonee npennouturensHo, 10,0% mace. wmu 6onee no 30,0% mace. wiu
MeHee MCTOYHHKA YIJIeBOA, IO OTHOLICHWIO K OOImeil Macce HCTOYHMKA yriieBoga |
pactBoputens. Takod pacTBOpPHUTENb MOKET COAEp)KaThb JIIOOOW U3 YKa3aHHBIX HUKE
pacTBOpUTENEH, HO, MPENNOYTHTEIbHO, BoAy. Hanbonee mpeanouTUTENTbHO, HCTOUYHUK YTJIEBOAA
MO/IAI0T B PEAKTOP B MOTOKE CHIPbsI, CONlEPIKAIIEM UCTOUHUK YIJIEBOJA U BOMY, I'/l€ TAKOH MOTOK
CBIPbsI cOAepsKUT oT 2,0% macc. uimm 6onee 1o 30,0% macc. WM MeHee HCTOYHHKA YTIIeBOJA, 110
OTHOLLIEHHIO K 00LIel Macce NCTOYHHMKA YTIIEBOAA U BOIBI.

[IpennouyTHTENbHO, UCTOUHUK YTJIEBOAA HEMPEPBIBHO WM MEPUOJUYECKU NOOABISIOT B
nepBbIil peakTop. [IpeanoyTuTe IbHO, UCTOYHHK YTJIEBOMAA IMOAAIOT B MEPBbIN PEAKTOP MOA CIOEM
WHEPTHOTO Ta3a, TAKOTO KaK a30T.

PacTBOpuTENh MOXKET TOMABATHCS KaK YacTh MOTOKA ChIPhS, COAEPIKALIEro HMCTOYHUK
yIJIeBOJIA, KaK OMHCAHO Bbile. Take BO3MOXKHO MOAABATh PACTBOPUTENb B PEAKTOP OTAEIBHO
WJTH HE3aBUCUMO OT UCTOYHHKA YTJIEBO/A.

[IpennodrurenbHO, MPUMEHSIOT TOTOK CBIPbS, COAEPKAIIUNM HMCTOYHUK YIJIEBONA H
pactBopuTesib. KOHIEHTpalusi HUCTOYHHKA YIJIEBOAA B TAKOM IIOTOKE ChIPbsi MOXKET OBITb
MOIXOASAIIMM 00pa3oM CKOPPEKTHPOBaHA TaK, YTOOBI TOJABATh JOCTATOYHOE KOJHUYECTBO
PacCTBOPHUTEIIS B PEAKTOP.

CrnenoBarebHO, paCTBOPUTEINb MPEANIOYTUTENEHO BEIOUPAIOT M3 TPYIIIIbL, COCTOSIIECH U3
BOJIbI, OPTAHUYECKUX PACTBOPUTENIECH, TAKMX KaK TUOJbI W/UJIU JPYTHe MOJHONbI, H UX CMECEeH.
JlomxHbIM 00pa30oM, paCTBOPUTENIb MOXKET OBITh CMECHIO BOIBI U, HEOOS3aTeIbHO, OJHOTO WU
Oonee  yKa3aHHBIX  BBIIIE  OPraHUYECKUX  pacTBOpUTENiell.  AJIKAHONBI  SIBJISIFOTCS
MPEINOYTUTEIbHBIMU OPTaHUYECKUMU PACTBOPUTENSIMU. Takue ajKaHOJbl MOTYT OBITh MOHO-
aJKAHOJAMH, TPEANOYTUTENIbHO, CMEIIMBAEMBbIMH C BOJOH MOHO-AJKaHOJAMH, TaKUMH Kak
METaHOJI, STAHOJI, MPOMAaHOJ, OyTaHoN U uX cMmecH. s crmocoba B COOTBETCTBUH C JaHHBIM
n300peTeHNeM TaKue JIETKHE MOHO-aJIKAHOJIbI, OJHAKO, MEHee MPEATIOYTHTENbHBL AJIKAHOJIOM
Tak)ke MOXeT OBIThb CMEIIUBAEMBbI C BOAOW IUON WJH JPYrod TMOJHOJ, HampuMmep,
STUJICHTJINKOJIb, MTPOMUJICHTINKOJb, Oy TUJICHTJINKOJIb, TIIHLIEPUH, KCUJIUT, COPOUT HJTH SPUTPHUT.

Ilox nmonoM 3mech ITOHHUMAIOT OpPraHu4€CKOEC COCAUHCHUEC, COACPIKAIIECEC NBC TUAPOKCUIIBHBIC



rpynmbl.  [IpennoyYTuTenbHO,  PAaCTBOPHUTENb  COAEPIKUT  AJKHIEHTIHMKOJb.  [IpuMepsl
NPEANOYTUTENbHBIX  AJKWJIEHTJIUKONEH  BKIIIOYAOT — ATHIEHIJIMKOJb,  MPOMHJIEHIJIUKOb,
OyTHUIIEHTJIUKOJIb U UX cMecU. [IpuMeHeHHe aJKUIIEHTJIHKOJST OCOOEHHO MPEaNOYTHTEIBHO, TaK
Kak ObUTO OOHAPY’KEHO, YTO AMOJBI W/HIIN MOJUOJIBI, BKIFOYAst AIKUJICHTIIUKOIH, CIOCOOCTBYIOT
PacTBOPEHHIO BOJTb(ppaMa Uit COeTUHEH NS BOJIb(ppamMa B paCTBOPUTEJIE, TEM CAMBIM CITIOCOOCTRBY ST
KaTaJIUTHYECKOW aKTHMBHOCTH BOJb(pama wuiu coenuHeHus Bojb(pama. Takke ObLIO
O00HapY’KEHO, YTO CEJIEKTUBHOCTh PEAKLUH K aKUJICHTJIUKONSAM YJIy4IIaeTcs Mpyu MPUMEHEHUN
ANKWJICHIJIMKOJISI B Ka4eCTBE KOMIIOHEHTA B pacTBoputese. He kenasi ObITh CBSI3aHHBIME KaKO¥-
aub0 TEOpUeH, MoararoT, 4TO BOJIb(pam o0pa3yeT KOMILIEKCHI ¢ aJKUICHIJIUKOJIEM, B TO BpeMs
KaK TpeBpalieHne B TOOOYHbIE IPOAYKThI CHUXkKAETCs. bosiee TOro, mpuMeHeHre aKUIeHTTHKOIS
B Ka4eCTBE PACTBOPUTENISI HE MPENIoiaraeT BBeIeHHE IOCTOPOHHETO PeareHTa B PeaKIIHOHHYIO
CMeCh, YTO TAKKE SIBJISIETCS MPEUMyIIeCTBOM. [IpenouTHTETbHO, PACTBOPUTEIH CONEPIKUT WITH
COCTOMT W3 BOHBI, OOHOro WU Oojiee aTKWICHIJUKOJIeH, ONHOro WiIK Oojiee aJIkaHOJOB,
Heo0s13aTeNIbHO, OAHOI0 MJTH 0OJiee MOJUOJIOB, WITH CMECH IBYX WK OoJiee U3 HHX.

[IpennouyTHTENBHO, PACTBOPUTENIb HEMPEPHIBHO WM MEPUOAUYECKU JOOABISIOT B
peaktop. OIHOBPEMEHHO, YaCThb PACTBOPHUTENSI MOKET OBITh HENPEPhIBHO WJIM MEPUOTUYECKU
OTBOJUTBCS U3 PEAKTOpA.

Bonopon MokeT momaBaThCsl B BHIE MO CYLIECTBY YHUCTOTO BOAOPOAA. AJIBTEPHATHBHO,
BOZIOPOJI MOKET MOAABATHCS B (JOPME CMECH BOAOPOAA M MHEPTHOTO ra3a. IHepTHBIN ra3 MOXeT
ObITh MOJKHBIM 00pa3oM BbIOpaH W3 a30Ta, aproHa, Tejus, HEOHa M UX cMmeceil. bonee
NPEATIOYTUTENLHO, TOJBKO BOIOPOM MPUMEHSIIOT B KAQU4eCTBE ra3a B CIOCOOE B COOTBETCTBHHU C
JaHHBIM U300pETEHUEM.

Bonmopon nomkHBIM 00pa3oM MOKET MOAABATHCS Yepe3 MOTrPYKHYI0 TPyOKy, Harpumep,
MOTPY KHYI0 TPYOKY PSIIOM ¢ MELIAJKOW, WM 4Yepe3 pachpelesuTelb, HAPUMED, a’paTop, B
peakTop. Uepes Takyro MOrPyKHY TPYOKY I paclpeneNuTeb, U He00sS3aTeIbHO Yepe3 OINHUH
Wi 0ojiee MEXaHH3MOB TEPEMEIIMBAHUS, BOIOPOI MOKET OBITh PACTBOPEH B PEAKIIMOHHOMN
cMmecu. [IpenmnouTuTesbHO, BOMOPOA HEMPEPBIBHO WM TMEPHOAUUECKH MOOABJISIIOT B IMEPBBIid
peaxTop.

O01ee naBeHye BO BpeMsl peaKIK BKITFOYAET IABJIEHUE Mapa PACTBOPUTEIISI U PEareHTOB
npyU TMPUMEHSEMBIX TEMIIEPATYpe U HaBJIEHHH, B JOIMOJHEHHWE K TMaplLHaJbHOMY IaBJIEHUIO
BOJIOPOZA U, €CJTU MPUCYTCTBYET, MAPLIUATPHOMY JTABJIEHHUIO JTFOOOr0 MHEPTHOTO rasa.

[MapumanbHOE NaBjieHHE BOAOPONA BO BPEMs PEAKIUH MPEANOYTHTEIFHO COCTABIISIET OT
1,0 wmeramackans (MIla) wnm Oonee, mnpemnoururensHo, 2,0 Mlla wmu Oonee, Oonee
npennoututenbHo, 3,0 MIla win 6omee no 16,0 MIla wiu menee, npeanoururensHo, 12,0 MIla
win MeHee, Obonee npeanoururensHo, 8,0 MIla unn menee. JIroboe naBieHHe 37eCh SBISETCS
aOCOJTFOTHBIM JaBJICHUEM.

O01mee naBieHNE BO BpeMsl PEaKI[UU COCTABJISIET, JOJKHBIM 00pa3oM, MO MEHBIIEH Mepe,
1,0 MITa, npeanouyTutensHo, Mo MeHbined mepe, 2,0 MIla abc., Gonee MpenmoOYTUTETHHO, O
MeHbIei Mepe, 3,0 MITa. O0miee naBieHre BO BpeMsi peaklUu COCTABIISIET, TOJLKHBIM 00pa3oM,

He Oonee 16,0 MIIa, Gonee mpeamoururensHo, He Oomee 10,0 MIla. IlpenmouTuTenbHO, B



peakTope CO3JAar0T AaBJIEHHE BOAOPOAA IO MA0OABJIEHHs JIOOOr0 HCXOAHOTO MaTepuaa.
Criermanuct B JaHHOH OONACTH TEXHUKHU MOWMET, uTo aasyeHue npu 20°C Oyner HIDKe, yeM
(akTHUeCKOe MaBJIeHIE P TeMIiepatype peakuuu. Jlasinenue Ha cragud (11), MPU MPeBpaIleHun
oOpatHo B 20°C, npennoyYTHTEIbHO, PABHO JaBiieHUI0 B nHTepBase ot 0,7 MIla wmu 6onee no 8,0
MIIa unu meree.

Kak oOpsicHsioch  BBIIIE, JaBJIEHHE MOXET CO3AaBaTbCs  BOAOPOAOM  HIIM
BOZIOPOJICOAEPIKAIUM Ta30M, HEOOs3aTeNbHO B COYETAHWH C TMAPLHAIbHBIMH JABICHUSIMHU
COIEPKUMOT0O PeakOHHON cMecH. Koraa peakimoHHYI0 CMECh HarpeBaroT, o0Iee TaBIeHHe BO
BpeMs peaKLuu H0JDKHBIM oOpa3om cocrasisier 1,0 MIla - 16,0 MITa.

IIpeanoyrurenbHO MOAAEPKUBATH MapLUaIbHOE AABJICHHE BOAOPOAA NPHU TeMIepaType
peaxuuu B uHTepsaie ot 1,0 MITa no 16,0 MITa abc¢., npeAnodTUTENBHO, B TEUEHUE BCEH peaKIiH.
ITosToMy BOAOPOA UM BOAOPOACOAEPIKALIMN Ia3, MPEANOYTUTENBHO, BBOAAT B PEAKLIMOHHYIO
CMECh BO BpeMsl PEaKLMH, KaK ONUCAHO BbIIIIE.

Kaxk yka3aHo BbIlIE, aBI€HUE MOXKET CO3/AaBaThCsl BOAOPOAOM HIIA BOJOPOACOAEPKALUM
rasoM. Eciaum  npuMeHAOT  BOLOPOACOAEpIKAIIMW  ra3, COAepKaHWE  BOAOPOAA B
BOJIOPOACOZEpIKAIIEeM ra3e IODKHBIM 00pasoMm coctasisier BIUIOTh 10 100% o6. HanbGonee
MPEANOYTUTENBHO, YUCTBIM BOJOPO NMPUMEHSIOT AJIs CO3JaHus AaBieHus. Bo Bpems peakuuu
Bojopox mnotpednsercs. Ecmm cnoco® siBisieTcss HempephIBHBIM WIJIM  MOJYHETIPEPBIBHBIM
crocoboM, BOZOPON, MPEANOYTUTEIBHO, TIOAAIT HENPEPHIBHO MIIH TTOJIY HEIIPEPBIBHO.

B peakTope, mo MeHblIeH Mepe, 4acTb WUCTOYHUKA YIJIEBOAA B3aUMOACHCTBYET B
NPUCYTCTBUH Bonopona mpu temmeparype ot 170°C wnu Gonee no 270°C unu menee. bonee
MPENNOYTUTENBbHO, IO MEHBIIeH Mepe, 4YacTb MCTOYHMKA YIJIEBOJA B3aUMOJEHCTByeT B
NPUCYTCTBUH Boopona npu temneparype ot 200°C wiu 6onee no 250°C unu menee. B peakrope
MOJKET YCTaHABIUBATBCS TAKOH HWHTEpBAJI TEMIeEpaTyp A0 AOOABIEHHs JIOOOr0 HCXOTHOTO
MaTepuaia, U OH MOXKET NOJJEeP)KUBATHCS NIPU TEMIIEpaType B 3TOM UHTEpBaJe.

Crnoco0 BKIIIOYaET B3aUMOJIEHCTBHE, B peakTope, nmpu Temmeparype ot 170°C umu Gonee
10 270°C unu MeHee, 1O MEHbIIEH Mepe, YaCTU UCTOYHUKA YIJIEBO/IA B MIPUCYTCTBUH BOAOPOA,
pPacTBOPUTENISL M CUCTEMBI KaTaian3aTopoB. Criocod JOKHBIM 00pa30oM 1aeT STUIICHTJTUKOIb.

CucremMa kaTanu3aTopoB BKJIIOYAET:

TOMOT€HHBIH KaTaJIU3aTop, 1€ TOMOTeHHBIH KaTaIU3aTOpP COAEPIKUT BOJIb(paM; 1

reTePOreHHbIN KaTaJIN3aTop, TAe TeTEPOreHHbIN KaTaIu3aTOP COAEPIKUT ONUH Wiu Oojee
NepexXOAHbIX MeTaJUIoB U3 rpynn 8, 9 u 10 nepuoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
HOCUTEJIS.

I'oMoOreHHBIN KaTanu3aTop COAEPKUT BoibpaM U Takke OOO3HAUEH 31eCh Kak
BOJIb()paMCconieprKaIui TOMOT€HHBIN KaTaJIu3aTop.

Bonbspam MoxeT mpHCYyTCTBOBaTH B BHIE 3JIEMEHTAPHOTO BOJb(ppaMa WIA B BHAEC
COeMHEHUs BoJbppama. [ OMOTreHHBIH KaTaau3aTop MOXKET JOJDKHBIM 00pa3oM COep kaTh OTHO
wii Oonee coenuHeHWid BoJdb(ppama. Bombdpam mnm coenuHeHue(s1) Bodb(ppama HOIKHBIM
00pa3oM MOTyT OBITh PAaCTBOPEHBI B pEaKLOHHON cMecH. IIpeanouturensHo, BoibdpaM UMeeT

CTENeHb OKHUCJICHUS, TI0 MEeHbLIeH Mepe, +2. bonee mpeanodyruTensHo, BONbGpaM UMEET CTETIEHb



okuciaenuss +4, +5 wumm +6. Ilpu pacTBOpeHHMHM pacTBOpUTENE WM, COOTBETCTBEHHO, B
pPEaKIIMOHHOH CMECH, pACTBOPEHHBbIH BOJb(ppPaM WM COCOUHEHHE BOIb(pamMa MOXKeT
00pa30BbIBATh KOMIUIEKCHI C (APYTMMH) KOMIIOHEHTAMH PACTBOPHUTENS HIIH, COOTBETCTBEHHO,
PEaKLIHOHHON CMECH.

I'oMoOreHHBI KaTaau3aTop, MOAABAEMbIH B PEAKTOP, MOXKET OBITh CBEKHMM FOMOTE€HHBIM
KaTaJu3aTOPOM WUJIN PELUPKYJUPOBAHHBIM FOMOI€HHBIM KaTaliu3aTopoM. CBexXuil TOMOT€HHbIN
KaTajau3aTop TakXKe Ha3bIBAIOT 3/eCh “TPSIMOTOHHBIN T'OMOIEHHBIM KaTanuzarop. Takoi
NPSIMOTOHHBIM TOMOTEHHBIH KaTaJIN3aTOp MPENNOYTHTEIBHO BBIOUPAIOT U3 TPYIIIBL, COCTOSIIEH
u3 Bosbppamosoii kucaotel (H;WO,) u coenunennii BonbppamaTa, TAKUX KaK COJH BOosbppama,
HaIlpuMep, ColeprKallye, MO MEHbLIEH Mepe, OAMH 3JIEMEHT rpynnbel 1 wim 2, Hanpumep,
Bosb(ppamar Hatpus (Na,WO,) unmn Bonbdpamar kanus (K,WO,) wim, Hanpumep, conep:kaue
BOJIb()paMaT aMMOHHSI, U COYETAHUS OJHOrO WM Oojiee U3 HUX. Takke BO3ZMOXKHO NPUMEHSThH
COYETaHUE OHOTO UJIH 0OJiee UX HUX.

JloskHBIM  00pa3oM, TOMOTEHHBIH KaTalH3aTop, MOAABAEMbI B PEAKTOp, COAEPIKUT
PELUPKYJIUPOBAHHBIM  TOMOTEHHBIM  KaTalu3aToOp WJIM  COYeTaHHe MPSIMOTOHHOIO U
PELMPKYJIMPOBAHHOIO TOMOTEHHOIO KaTajau3aTopa. I 'OMOreHHbIM KaTajiu3aTtop, MOJaBaeMblii B
PeaKkTop B COOTBETCTBUH C JAHHBIM U300pETEHNEM MOJKET, HalpHMep, COAEPKaTh MIH COCTOATh
U3 PEeLMPKYJHPOBAHHBIX YACTHLl BOJb()pama, BOCCTAHOBJIEHHBIX, NPSIMO MM KOCBEHHO
(HanmpuMep, Yepe3 JUCTHIUBLIIO ) U3 HCXOAIIEro MOTOKa PeakTopa.

JIro00i1 peuupKyJIUPOBAHHBIM TOMOT€HHBIN KaTAJIU3aTOP MOXKET COAepPKaThb BOJb(ppam B
BUZE KOMIUIEKCA C KOMIIOHEHTAMH PAaCTBOPUTENS, B KOTOPOM MOXKET ObITh PacTBOPEH TaKOH
rOMOreHHbIM kartanu3atop. [losToMy penupKyiIMpOBaHHBI TOMOTI€HHBIM KaTallU3aTOpP MOKET
JIOJKHBIM 00pa3oM comep:kaTb Bosibdpam B (opme, MONYUYEHHOH W3 MPENLIECTBYIOMIErO
COEIMHEHUs BONb()paMa, TAKOTO KaK YKa3aHHBIH BbILIE PSIMOTOHHBIA TOMOT'€HHBIN KaTaJIH3aTop,
KaK H3HA4YaJIbHO MPEAYyCMOTPEHO. [ OMOreHHBIM KaTaau3aTrop, NOJABAEMBI B pPEAKTOp B
COOTBETCTBUH C JAaHHbIM H300pETeHHEM, MOXKET COIepKaTb WM  COCTOSTh U3
PEeLUPKYJIHUPOBAHHBIX YaCTHUL[ BOJb(PPaMa, BOCCTAHOBJICHHBIX, IPSIMO HJIM KOCBEHHO (HAIpuMep,
Yyepe3 AUCTHIUISILHIO ) U3 HCXOSIIIEro MOTOKA PeaKkTopa.

IIpenmoyTHTeNbHO, TOMOTEHHBINH KaTaJU3aTOP COAEPIKUT COEAMHEHHE BOJb(pama WM
BOJIb()paM, TOJIyUYEHHBI W3 COEIMHEHHs BOJbppaMa, IZle TaKOe COEAMHEHHE BOJbppaMa
BBIOMPAIOT U3 TPYIIIEL cocTosei u3 Bonbdpamosoii kucnorsl (H;WOy,), BombdhpamoBoii OpoH3bI
(mpucytctytomeii B Buae HyWO; nim MyWQO;, rie x siBisiercst nepeMeHHoON MeHbIne 1 (<1) u M
SIBJIIETCSI METAJIJIOM, HAIIPUMED, [IEJIOYHBIM U IIEJTOYHO3EMENIbHBIM METAJIIOM), BOJb(pamara
aMMOHUsI, METaBOJIb(ppamaTa aMMOHUSI, TapaBOJIbppaMaTa aMMOHUS, COETUHEHNH BOJIb(pamara,
COepIKAIINX, IO MEHBIIEH Mepe, OJIUH 3JIEMEHT IPYIIIbI 1 Win 2, coennHeHn MeTaBob(ppamara,
COIEepIKAIIMX, IO MEHBIIEH Mepe, OJIUH 3JIEMEHT IpymIibl 1 WiH 2, COeAMHEHMH mapaBojib(pamara,
CoZep KaINX, IO MEHbINEH Mepe, OAMH 3JeMeHT rpynnsl 1 nim 2, okcuaa Bosnbppama (WO;),
reTepononCcoeInHeHni BonbpamMa u ux coderaHuidd. Bombdppamoas kucinora (HyWO,),
Bosb(pamoBas Oponsa (HyWO3) u coenunenust Boib(ppamara, cogeprrainue, o MEHbLIEH Mepe,

OIWH 3JieMeHT rpynmnbl 1 unn 2, Hanpumep, Bodb(pamar Hatpus (Na,WO,) wiu Bonbppamar
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kamusi (KyWOy,), sBnsitores mpeanodyturenbHbiMA. Hanbosiee mpeanouTUTEeNbHO, TOMOTEHHBIN
KaTaJIN3aToOpP COMAEPKUT COENMHEHHe BOJb(ppaMa WM BOJb(PpaM, MOJYUEHHBIH U3 COCAMHEHUS
BONb(paMa, Ine TaKUM COEOUHEHHEM Bosib(paMa sBISETCS BOJbppaMaT HATPHUS W/ WU
BOJIb(ppaMoBasi KUCIOTa W/Win BosibppamoBasi OpoH3a.

briio OoOHapy’keHO, YTO KaTaJluTHYeCKas AKTUBHOCTb BOJb(ppamMa MM COEAMHEHHS
BOJMb(paMa TMPENNOYTHTENBHO TOBBINAETCS, €CIM BOJb(ppPaM WM, AODKHBIM 00pasoM,
COeIMHEHNe BoJb(ppaMa pacTBOpeHO. IIpeanourureibHO, rOMOTeHHBIN KaTaIN3aTOP HETPEPhIBHO
WIA TEPUOIUYECKH N00aBisA0T B peakTop. IIpennmoyTurensHO, TAaKOH HENpephlBHO WIIN
NEePUOIUYECKU TI01aBA€MbIi TOMOTE€HHBINH KaTaJlU3aTOp CONEPKUT BOJIbGPaM, KOTOPHIH UMeEeT
CTEeTIeHb OKHCIJIEHUS, 10 MeHbIIeH Mepe, +2, Oojiee MpenrnouTUTENbHO, TI0 MeHbIIeH mepe, +4.
IIpennouTuTenbHO, TOMOTEHHBIH KaTalu3aTop BBIOMPAIOT U3 TPYIIBL, COCTOSINEH U3
Bosb(ppamosoii kuciotel (HWO,), Bomsdpamosoit 6ponssl (H,WO;), Bonbppamara HaTpus,
pPacTBOPEHHOI'O MOHA BOJbpaMara, paCTBOPEHHOIO MOHA METaBOJb(ppaMaTa M PacTBOPEHHOTO
HOHA napaBojb(pamara.

Tak xax BoJb(ppaM MOKET MPUCYTCTBOBATh B TAKOM MHOXeCTBE (OpM, BOJIb(pam 1/ win
COeIMHEeHUs1 BoJbpama Takke 00O3HauUeHbI 37eCh KaK 4acTULbl Bosbdpama. Ilon gactumamu
BOJIb()paMa 37eCh MOHUMAIOT JII000€ COEAMHEHHUE, COAepIKallee SJIEMEHT BOJb(ppaM B JIOOOM
BUze WK (POpMe WIIN CTETIeHU OKUCIICHHUS.

ITpu (4acCTUYHOM) OKHMCJIEHUH YacTHUIIBI BOJIb(paMa Takke O3HAYEHBI 371eCh KaK YacTHULIbI
Bosb(pamarta. [Tox yactuiiamu Bosib(hpamata 31€Ch MOHUMAIOT JIFOOOE COENMHEHHE, CONepIKallee
CBsI3b BOJIb(paM-okcup. [Ipumepsl HacTHil BOJb(ppaMaTa BKIIIOYAIOT AUOKCUA Boibdpama u
TPUOKCH] BOJTb(ppaMa U BOJbGPAMOBYIO OPOH3Y.

IIpenmouyTHTENbHO, TOMOTEHHBIM KaTajJH3aTOp PAacTBOPEH B pacTBopuTene. Takum
pacTBopuTeNeM MOXKeT ObIThb JIFOOOW pacTBOPUTENb, ONUCAHHBIM Bbimie. Kommo3umms
pPacTBOPUTEINST MOXKET BapbUPOBATHCS BO BpeMs mporecca. [loka peakuuro MpoBOIST B MEPBOM
peaxkTope, paCTBOPHUTEb MOKET ObITh 0O0Opa30BaH CaMOW PEAKLIMOHHOW CMECHIO.

KonmuecTBo Bonbdhpama, KOTOPOE MOAAETCS B PEAKTOP, MPEATIOYTUTENIEHO TAKOBO, YTO €T0
KOHLIEHTpaLUsA B PEAKTOPE OCTAETCs MO CyLIECTBY MOCTOSHHON. [loa Mo CyecTBy MOCTOSHHOM
3/1€Ch MOHUMAIOT TO, YTO PA3HHLIA MEXKy HAHOOJBIIUM U HAUMEHBLINM KOJMYECTBOM BOJIb(pama
He cocTasisieT Oonee 10% ot cpenHero komuuecTsa Bojbdpama B peakrope. IlpeanodrurensHo,
crnoco0 B COOTBETCTBHH C JaHHBIM H300pETEHHEM  SIBIISIETCS  HENPEPBIBHBIM  WIIH
NOJIy HENPEPBIBHBIM CcriocoOoM. [IpennouTuTenbHO, CoennHeHHe BOJb)paMa HENPEPbIBHO WU
NEePUOIUYECKU NOOABISIIOT B peakTop. B To e BpeMs 4acTb COeqUHEHHs BOJbppPaMa MOXKET
HETIPEPbIBHO WIJIM MEPUOIUYECKH BBIBOJUTHCS M3 PEAKTOPA, NOJUKHBIM 00pa3oM depe3 IMOTOK
NpOAyKTa peakropa. XOTs BOJNb(PpPaM BO3ZMOKHO JOOABISTH MEPHOAMUYECKH, MPEAIOUTHTEIBHO
o0ecrieunBaTh HeENpepbhIBHOE A0OaBieHHE BOJb(ppamMa B peakTop. bonee mpeamodTuTensHO,
COeIMHEHHe BoJbppaMa MOOABISAIOT B PEAKTOP B BHIE PAaCcTBOpA COCOMHEHHUS BOib(pama B
pacTBopuUTENe.

IIpenmouTHTenbHO, KOHLEHTPALMsS COSOUHEHUs BOJIb()paMa B PEAKIMOHHOH CMECH BO

Bpemsi peakiuu Bapbupyetcst ot 0,01% macc. wim 6onee (coorercTByeT 100 MaCCOBBIM HACTSIM
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Ha MwUHoH (Macc.u./mnH.)) no 10,0% wmacc. unm meHee Bosibpama (pacCUMTaHHOE Kak
METAJUINYECKNH BOJb(paM), MO OTHOIICHHIO K OOiell Macce peakIMOHHOW cMmecu. bonee
NPEATIOUYTUTENbHO, KOHLEHTPALUs COSNUHEHHs BOJb(ppamMa B PEAKLMOHHOH CMECH BO BpEMs
peakunu Bapeupyetcs ot 0,01% macc., npeanourutensHo, 0,05% macc. wu 6omee 1o 5,0% macc.
wm meHee, o 1,0% wmacc. wim menHee wim paxke 0,5% wmacc. wim MeHee Bosb(pama
(paccuMTaHHOE KaK METAJUTMYECKHI BOJIb(paM), MO OTHOIICHUIO K O0IIel Macce peakiuOHHON
CMeECH.

I'ereporeHHbI KaTaIN3aTOP COAEPKUT OAMH WK OOJiee MePEXOHBIX METAJUIOB U3 TPYIII
8, 9 u 10 nepuonuueckoil cuctemsl 351eMeHTOB. [lepexonHple MeTauIbl MOTYT OBbITh BHIOpPAHbI U3
IIMPOKOTO CHEKTpa MepexofHbIX MeTauio. [IpennouturensHO, oguH Wi Oojiee MEePEXOIHbIX
MeTaJyIoB BbiOMparoT u3 rpynmsel, coctosmeii u3 Cu, Fe, Ni, Co, Pt, Pd, Ru, Rh, Ir, Os u ux
codyeraHuil. bonee mpeamnouTuTENpEHO, OAMH WM OOJee MEPEXOIHBIX METAJUIOB BBIOMPAIOT U3
rpynmsl, coctosimeit u3 Ni, Pd, Pt, Ru, Rh, Ir u ux coueranuii. bruio oOHapyxkeHO, 4TO 3TU
MeTaIbl JAI0T XOpOWMH BBIXOA. IlepexomHelii MeTaul JOJDKHBIM — 00pa3oM  MOJKET
IPUCYTCTBOBATH B CBOEH METAJUINYECKOH (popMe Mitn B BHJIE €ro TMAPHUIA WK OKCHIA WIIH B BHIE
apyroro coenuHeHusi. Kak oObsCHsETCS HMXKe, TaK)ke BO3MOXKHO, YTOOBI MEPEXOAHBIA MeTalI
IPUCYTCTBOBAJ B YACTHYHO BOJIb(PAMUPOBAHHON (opMe.

I'eTeporeHHbIl KaTaaM3aTOP MPEANOYTUTENIBHO, COAEPKUT OIMH WiN OoJiee IepeXOoHbIX
MeTanos u3 rpynn 8, 9 u 10 nepuoanuecKkol CUCTEMBI 3JIEMEHTOB, HA MOAJIOKKE U3 HOCUTEIS.
Hocwurenp mMoxeT ObITh BBIOpaH M3 IIHUPOKOTO CIEKTpPAa M3BECTHBIX Hocureneil. [lomxomsimue
HOCHUTEJH BKJIIOYAIOT aKTHBUPOBAHHBIN YIOJb, JUOKCHI KPEMHHMsI, TUOKCH] LIUPKOHUS, OKCHUJ
AIFOMUHUS, TUOKCHUI KPEMHHSI-OKCH]T ATFOMUHUS, TUOKCH]T TUTAHA, OKCHI HUOOHSI, OKCHJI JKeJe3a,
OKCHJI OJIOBA, OKCUJ] LINHKA, TUOKCHUJT KPEMHUS-TUOKCH]] LIUPKOHMSI, LIEOJTUTHbIE aTFOMOCHUIIKATHI,
TUTAHOCWJIMKATBL, OKCHJI MarHusi, KapOWJ KpeMHHs, TJHHbBI U WX codetaHus. llop
AKTUBHPOBAHHBIM yTJIEM 31e€Ch MMOHUMAKT amoppHyr GopMmy yriepoga ¢ IUIOMAABIO
MIOBEPXHOCTH, TI0 MeHbInel mepe, 800 mM%/r. Takoil aKTMBUPOBAHHBIN YTOJb JOJLKHBIM 00pa3oM
UMeeT TOPHUCTYI0 CTpykTypy. Hambonee mnpennoYTHTENbHBIMH HOCUTENSIMU  SIBJISTFOTCS
aKTUBUPOBAHHBIH YyTOJb, NUOKCHUJ KPEMHHUS, JUOKCHI KPEMHUS-OKCHJ ATIOMHUHHUS U OKCHUJ
amomunus. Jlaxe Ooyee MpennoYTHTEIBHO, KaTaIU3aTOp COAEPKUT PYTEHUH W/WIIN HUKEIh B
Ka4eCcTBE NEePEXOIHOr0 MeTajula, M aKTHBHPOBAHHBIH yroib B KadecTBe Hocutensi. Hambonee
NPEATIOYTUTENIbHO, TIEPBBI T€TEPOTeHHBIN KaTaIM3aTOp COAEPIKUT PYTEHUH W/WIM HUKENb Ha
MOJUIOJKKE M3 AaKTHBUPOBAHHOTO YIS W/WIM BTOPOW TE€TEPOTCHHBIH KATaJIU3aTOP COAEPIKHT
PYTEHHI W/WIN HUKEJh Ha MOJJIOKKE U3 aKTUBHUPOBAHHOTO yrisi. Hanbonee npennodyrurensHo,
reTepOreHHbIH KaTalu3aTop COAEpPXKUT pPYTEHUil, NPEANOYTUTENbHO, Ha MOIJIOXKKE U3
AKTUBUPOBAHHOI'O YTJIL.

IIpenmouTHTENBbHO, FETEPOreHHBIN KaTaIu3aTop conepkut B ot 1,0% macc. nnu 6onee 10
50,0% macc. wim MeHee TIepeXoqHOro MeTaia, osee mpeanouTuTeNbHo, 2,0% Mace. wiu onee
no 20,0% Macc. Wi MeHee MepPexXOAHOro MeTallla, Ha OCHOBE OOIel MacChl MEePEeXOTHOTrO
MeTaJjia U HOCUTEs.

Bo3Mo)xHO, 4TOOBI TETEPOreHHBbIH KaTaau3aTop coaepikail Oojee OFHOro MeTajuia.
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JlomxkHbIM 00pa3oM, TeTepOTreHHBIN KaTaJIU3aTOP MOXKET COIEpKaTh, MO MEHBIIeH Mepe, OIHH
OJIaropoHBIA METaJLI, BRIOpAaHHBIN U3 TpyIbl, coctosmeit u3 Pd, Pt, Ru, Rh u Ir, B coueranuu ¢
BTOPBIM MEPEXOIHBIM METAJJIOM, BRIOPAHHBIM U3 TPYMITBI MEPEXOAHBIX METAJIOB U3 rpymim §, 9
ninu 10 mepuoAnYECKO CUCTEMBI 3JIEMEHTOB. [ €TepOreHHble KaTaJn3aTophl, HAIPUMEP, MOTYT
conepskath coueTanue metasuios, Hanpumep, Ni/lr, Ni/Pt, Ni/Pd, Ni/Ru, Ru/Ir, Ru/Pt unmu Ru/Pd.

[IpeanoyturenbHO, CYCHEH3Hsl OOTOJHHUTEIBHOIO TEeTePOreHHOrO — KaTallu3aTopa,
HaIpUMep, BMECTe C PAaCTBOPHUTENIEM, MOKET MEPUOAMYECKHU WU HEMpPEPBIBHO IMOAABATHCS B
peakrop. [IpenmodrurenpHO, Takasi CyCHEH3Usi T€TEPOreHHOrO Karaiu3aropa comepxut ot 1%
Macc. i Oonee, 6oree mpeanoYTHTENbHO, 2% Mace. win doee, emle Oojee MPeAnOYTUTEIHHO,
5% wmacc. um 6onee 10 90% macc. win Menee, 6osee npeanodYTuTeabHo, 70% Macc. Wi MeHee,
Haubonee mpennouTutesibHo, 50% Macc. WM MeHee TeTepPOreHHOro KaTaln3aropa, Ha OCHOBE
oOmeli Macchl Takoil cycneH3uu. [IpeamouTuTensHO, Takol CyCHeH3HeH SIBISIETCs CyCIIEH3Us
reTepOreHHOro KaTajan3aropa B BOAE W/WIN aJIKUJIEHTIIUKOJIe, HAPUMED, STUJICHTJINKOJIE H/WITH
MPOIMUJICHIJINKOJIE W/ N TIIULEPUHE.

Takxe BO3MOXHO TMOAABaTh JOMOJHUTENbHbIM T€TEPOreHHbIH KaTajau3aTop B BHJE
TBEPIOTO BEIIECTBA, M €ro NO0aBNSIOT C MOMOINBIO ITHEKOBON TMOJAYd HWJIM LIHEKOBOTO
yCTPONCTBA.

MaccoBoe OTHOLIeHHEe OOIIero KOJIMYeCcTBa COeqUHEeHHUs1 Bobdpama (pacCYMTaHHOE Ha
OCHOBE MeTaJjljia), MPUCYTCTBYIOIIErO B PEAKTOpe, K MEPEXOAHOMY MeTa/uly (PacCUYMTaHHOE Ha
OCHOBE MeTajlla), MPHUCYTCTBYIOIIEMY B pEAKTOpPe, B OAMH MOMEHT BPEMEHH, MOXKEeT
BapbUPOBATHLCS B IIIMPOKOM HHTEpBaJie. MacCOBOE OTHOLIEHHE MACChl BoJib)pama k oO1eit Mmacce
MEPEXOTHOTO MeTaJlla, BCe pACCUUTAHHbIE HA OCHOBE METAJJIa, MPEANOYTHTENbHO COCTABIISIIOT OT
1:3000 wnm Oomee po S50:1 wnu  MeHee (MacCOBOE OTHOIIEHHE METAJUTHYECKOIO
BONb(ppamMa:mepexonHoro Metamaa (macc./macc.)). bomee mpenmodTHUTENBHO, MacCOBOE
OTHOILIEHHE MAacChl BOJib)pama K OOIIell Macce MepexOoqHOro MeTalljia, BCe PACCYMTAHHBbIE HA
OCHOBE METaJlla, OJJABAEMBIX B MEPBBII PEAKTOpP, NPEANOUYTUTENBHO cocTasisieT oT 1:200 wnu
6onee no 50:1 wnm MeHee (MaccOBOE€ OTHOLICHHWE METAJUTMYECKOrO BOJIb(pama:nepexoqHoro
MeTaia (Macc./macc.)).

Bonee mnpeamodTUTENHHO, MOJSIPHOE OTHOIIEHWE MOJel Boib(ppama K oOmemy
KOJIMYECTBY MOJIEH MePEeXOAHOro MeTallia, BCE PACCUUTAHHBIE KAK METaJLUl, MPUCYTCTBYIOIINX B
peakTope, TPEINOYTUTENbHO, cocTaBisier or 1:1 wiu Oonmee mo 25:1 unmu wmenee, Oonee
NPEATIOUTUTENBHO, OT 2:1 ru 6onee 1o 20:1 min MmeHee (MeTauTnYeCKHiA BOIb(pam: IepexOTHbIN
MeTa (MOJIB/MOJIB)).

KoHnueHTpanusi coenrHeHus: Bob(ppaMa, pacCUYNTaAHHAS KaK METATMUECKU BOJIb(pam,
MO OTHOIICHUIO K MacCe UCTOYHUKA YIIJIEBOA, BBEEHHOTO B TIEPBBII PEaKTOP, MPENNOYTUTETHHO
cocragisieT ot 0,1% macc. wu 6osee, Ooniee mpeanoyTUTENHHO, OT 1% Macc. wu 6osee 10 35%
Macc. Wi MeHee, Oojnee mpenmoututenbHo, 0,2% wmacc. wimu  Oonee, naxke Oornee
NPEATIoUTUTENBHO, 2% Macc. i Oonee 10 25% macc. uim MeHee.

KoHLeHTpanusi mepexoaHOro MeTajiia, BBOAMMOIO B 4ac B MEPBBIA PEAKTOP, HA OCHOBE

MacCCbl HCTOYHHUKA YIrJC€BOAd, BBOAMMOIO B 4YaC B HCpBbeI PE€aKTOp, MNPEATIOYTUTCIIBHO,
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Bapbupyercs ot 0,001% wmacc. wu 6onee, donee npenmoururenbHo, ot 0,01% mace. wim Gonee,
naxe Oojee mpenmouTuTeNnbHO, OT 0,1% macc. wim 6onee, emme 6osee nmpeamnouTuTeNbHo, oT 0,2%
macc. uiu 6onee 1o 2,0% macc. uinm Menee, 6osee npeanodrutesbHo, 1,0% Mace. win MeHee.

Peaktop MoxkeT OBITH peakTOpOM JIOOOro THMA, TMOAXOISINEro Ui IMPOU3BOICTBA
STUJIEHIJIMKONSA W3  UCTOYHMKA  yrieBoja. IlpeamodrurenpHO,  peakTop  sIBJsETCA
NEePEMEIINBAIOIINM WM CMECUTENIbHBIM pPEakTopoM. PeakTop, Hampumep, MOXeT OBITh
CYCIEH3UOHHBIM PEAaKTOPOM, PEAKTOPOM C KUIISIIIUM CJIO€M, PEAKTOPOM C MCEBIOOKUKEHHBIM
cioeM, 0apOOTaKHBIM PEAKTOPOM, PEAKTOPOM C BHEIIHEH MeTed IJIsl PeHUpPKYJSILHUUA U
IPOTOYHBIM peakTopoM ¢ Memankoii (ITIPM) mnu peakTopoM ¢ MEXaHUYECKUM TepeMeIINBAaHIEM
apyroro tuna. Hambonee mnpeamnouTUTENBHO, PEAKTOP SBIAETCS MPOTOYHBIM PEAKTOPOM C
memankoi (ITPM). ITpumenenne [TPM oueHb MpeanoOYTUTENBHO IS JAHHOTO CIIocoda, Tak Kak
IIPM oOecneunBaer NPEeBOCXOAHBIE CPEACTBA Ul pa30aBlieHHs] KOHEYHON KOHLIEHTPALUH
yriesozna B IIPM, B TO BpeMsl Kak IOTOK ChIPbsl MOXET COAEPKATb BBICOKYIO KOHLIEHTPALIUIO
yriesoza. B To e Bpemsi aJKUIeHIIMKOIH, KOTOPBIE MOy YatoT B pe3yJIbTaTe peaKLUH YIJIEBOAA,
o0pasyroT cpeny, e MOTyT ObITh PACTBOPEHBI COSAMHEHHS BOJIb(paMa, TEM CAMbIM CIIOCOOCTBY I
KaTAJIUTUYECKON aKTHBHOCTH KaTAJIMTUYECKOTO KOMIIOHEHTa BOJIb(ppama.

Bpems npeObiBaHusI B peakTope MOXKET BapbHUpPOBAThHCA. [IpenmodTHUTENBHO, CpenHee
BpeMs mpeObIBaHNS HCTOYHHKA YIJIEBO/IA B PEAKTOPE COCTABIISIET, O MeHbLIel Mepe, 1 muH. (Iox
BpeMeHeM NpeObIBaHMsI 371eCh TOHUMAIOT CPEeIHEe BPEeMs, 3aTPAaYeHHOe MAaTepHAIOM, TEKYLIIHM C
00BEMHOI CKOPOCTBIO “U” uepe3 00beM “V”, Kak HOMOJHUTEIBHO OOBSICHIETCS B PYKOBOJACTBE
“Modeling of Chemical Kinetics and Reactor Design” by A. Kayode Coker, published in 2001 by
Butterworth Heinemann). IlpeanoururenbHo, cpenHee BpeMs MpeObIBaHUSI UCTOYHUKA YTIIEBOAA
B PEAKTOPE COCTaBJISIET OT | MUHYTHI WK OoJiee 10 6 4acoB WM MeHee, 0oJiee PEATIOUTUTENBHO,
oT 3 MUHYT W Oojiee 0 2 4acoB, HauboJee MPEANOYTUTEIBHO, OT 5 MUHYT wiu Oojiee 10 45
MUHYT WM MeHee. ECIM HCTOYHMK yriieBoja pearupyer ObICTPO, OIHAKO, CpeaHee BpeMs
npeOBIBAHUS TAKXKE MOXKET ObITh MEHBIIE 5 MUHYT, U JaJK€ MEHbILIE 3 MUHYT.

Ecnu npuMeHsroT MOTOK ChIpbst B IEPBBIH peakTop, copepskamuii 20,0% macc. uu Oonee
UCTOYHUKA YIJIEBOJA, MO OTHOIIEHHIO K OOIIel Macce MCTOYHHKA YIJIEBOAA U PACTBOPHTEIS,
cpenHee BpeMsi mnpeObIBaHHMS KMCTOYHUKA VYIJIEBOJAa B TIEPBOM pPEAKTOPE COCTABIISET,
NPEATIOUYTUTENIbHO, S MHUHYT win Ooisee, Oosnee mpenmouturenpHo, 10 MuHYT win Oonee, u
NPEATIOUTUTENBHO, 2 Yaca UM MeHee, OoJiee MpeanoYTHTENbHO, 45 MUHYT Win MeHee. [lonarator,
YTO TaKOe JJIUTENbHOE BpeMsi MpeObIBAHUS MOXET MPEUMYIIECTBEHHO CIOCOOCTBOBATD
NPEBPALLEHHIO ITOTOKA CBIPbs ¢ O0JIee BBICOKOH KOHLIEHTPAMeH HCTOUHUKA YIJIEBOA.

[IpeanoyturenpHO, HEMPEPBIBHBIA CHOCO0 paboTaeT MpPU CPelHEeYacOBOH CKOPOCTH
nogaun ceipbst (CCIIC), BbIpakeHHON Kak Macca MCTOYHHUKA YIJIEBOJA HA MACCy MEPEXOTHOro
MeTaJljia, BhIPAXKEHHYIO Kak MeTalul, B uac, B uaTepsae 0,01-100 u-!, npeamoururensho, 0,05-10
ul Jlnst npakTHueckux nesiei, moxker npumensitbest CCTIC, cocraBnsiromast 0,5-2,0 9!,

Kax oObsicHsieTcst BhIle, He OyIydn CBSI3aHHBIMU KaKOH-THOO TeOpHUei, aBTOPBI JAHHOTO
n300peTeHNs MOJIararoT, YTO €CJIH CIOco0 padoTaeT B TEYEHUE AITUTEIBHOTO MEPHO/IA BPEMEHH,

IOBBIIICHHOEC KOJMYECTBO 4YaCTHUI] BOJ'Ib(bpaMa OTKJIAABIBACTCA Ha MOBCPXHOCTH I'€TCPOrC€HHOIO
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KaTaju3aTopa, M, OCOOEHHO, MEPEXOAHOro MeTauia. Takue dYacTHUbl BOJbppaMa MOTYT
ancopObupoBaThes, MOTYT 0OPa30BBIBATH KOMIUIEKCHI HITH MOTYT JPYTUM 00pa30M OTKJIaIbIBATHCS
HAa TIOBEPXHOCTH TMEPEXONHOro MeTayia. TakoW MepexXOmHbI MeTajll, KOTOPBIH (YacTHYHO)
MOKPBIT OTJIOKMBUIMMHUCS YacTULAMHU BoJbppaMa WIM YacTULAMH BOJb(ppamMaTa, TaKKe
HA3bIBAETCS 31€Ch (YaCTUYHO) BOJb(PAMUPOBAHHBIN MEPEXOIHbIH MeTaul. Takol reTeporeHHbIN
KaTaJn3aTop, KOTOPbIH (YaCTUYHO) IMOKPHIT OTJIOKMBLIMMHCS YacTULAMH BOJb(pama wuiu
BUJIAMH BOJIb()paMaTa, TAaK:Ke Ha3bIBAETCS 31€Ch (HaCTHUHO) BOJIb(PAMUPOBAHHBIN e T€POreHHbIN
katanu3atop. Ilomararor, 4To OTJIOKEHHE 4YacTHLl BOJbGpaMa WM 4acTUL BoJb(ppamara, Bce
OoJblile MeIIaeT TeTepOreHHOMY KaTaln3aTopy KaTaJIu3UpOBaThb THAPUPOBAHME YKa3aHHBIX
NPEAIIECTBEHHUKOB aJIKUJICHIJIMKOIIS, TAKUX KaK MIMKOJIbAJIBAET U, A0 AIKMIICHIJIUKOJISA, TAKOTO
KaK 3THJICHIJIUKOJIb. JTO, B CBOIO OYepPeb, CHIDKAET CEJIEKTUBHOCTD K 3TUJICHIIIUKOIIIO.

B crnocoGe B COOTBETCTBUU € AAHHBIM U300PETEHHUEM AOIOIHUTEIbHbIN reTepOreHHbIH
KaTaJn3aToOp HENpPEpbIBHO WM TMEPHOAMYECKH MOMAI0T B PEAKTOp. DTOT JOMOJHHUTEIbHBIN
TeTEePOreHHBbIH KAaTaJIU3aToOp IO3BOJIIET BOCCTAHABIMBATH OalaHC M JOJKHBIM 00pazom
obecrieunBaeT He BOJb(PAMHUPOBAHHBIA MEPEXOMHBIH METaJT Il TUAPUPOBAHMS YKA3aHHBIX
NPEeAIIEeCTBEHHUKOB aJIKUJIEHIJINKOJIS.

YacTHYHO WM TOJHOCTBIO  BOJI()PAMHPOBAHHBII TI'€TEPOTE€HHBbIH  KaTaJIu3aTop,
NPUCYTCTBYIOLIMI B pPEakTope, U MeHee BOJb()PaAMHUPOBAHHBIA WM HE BOJIbGPAMUPOBAHHBIMN
r'eTepOreHHBIH KaTaIN3aTop, KOTOPBIH MOKET ObITh 3aHOBO MOJAH B PEAKTOP, MOXKET AOJIKHBIM
00pa3oM OTJIMYATHCSI MOJSIPHBIM OTHOLIEHHEM MOJIeH BoJb(hpama K OOIIHM MOJISIM IEPEXOTHOTO
Metajuia. [ eTepOoreHHbIi KaTaiu3aTop, MPUCYTCTBYIOIIUI B pEakTope, KOTOPBIH MOXET OBbITh
OOJKHBIM  00pa3oM (4acTHYHO) BOJIb(paMHUPOBAH, TO3TOMY TaK)Ke HA3bIBAETCS MEPBBIN
reTepOreHHbIN KaTaIU3aTOP, B TO BPEMsI KaK JOMOJHUTEIbHbBII T€TepOreHHbII KaTaTu3aTOP TAKKE
HA3bIBAETCS] BTOPBIM I'€TEPOreHHBIM KaTaJIU3aTOPOM.

IIpennoutenus: Ansi 0OOUX, TAKOTO MEPBOrO T€TEPOTEHHOTO KATATU3aTOPa, a TAKXKE IS
TAKOT'0 BTOPOT'O FeTEPOreHHOT0 KaTATN3aTOPa, JOUKHBIM 00pa30M TaKHe, KaK OMUCAHBI BBILIE JIJIsT
reTEePOreHHOr0 KaTainu3aTtop. XOTs MEePEeXOIHbIE METaJUIbl MOTYT OTJIMYAThCS, ONUH WiIn Ooee
NEPEXOHbIX METAJVIOB BO BTOPOM T'€TEPOr€HHOM KAaTaJM3aTOp TMPEANOYTHTEIBHO SIBJISFOTCS
TAKMMHU K€, KaK OIMH WK OoJiee MepexOIHbIX METAJIJIOB B TIEPBOM I'€TEPOr€HHOM KaTaJIu3aTope.

Kak ykazaHo Bblle, TMEpBBIH TETEPOTCHHBIH KaTaJIU3aTOP COAEPKUT BOJb(pam B
JOTIOJTHEHNE K OJHOMY WK OoJiee mepexoqHbIM MetauiaM u3 rpymm 8, 9 u 10 nepuoamueckon
CHCTEMBI 3JIEMEHTOB. BTOpOIi rereporeHHslil KaTaiu3aTop JuO0 He COAEPIKUT BOJb(ppam; JTudO
COIEPKHUT KOJUYECTBO BOJb(ppaMa B MOJSIPHOM OTHOIIEHHH K MOJISIM MEPEXOAHOTO METaJla,
pPacCYNTAHHBIM Ha OCHOBE METaJlla, MEHBIIE, YeM MOJIIPHOE OTHOLICHHE MOJIeH BoJbdpamMa K
MOJISIM TIEPEXOAHOTO MeTajula B TIEPBOM TIeTepOreHHOM Kartanusatope. Eciam Bombdpam
NPUCYTCTBYET BO BTOPOM I€TEPOT€HHOM KaTaJIM3aTOPE, MOJSIPHOE OTHOLIEHHE MOJIEH BoNbhpaMa
K MOJISIM TIEPEXOJHOr0 METajula BO BTOPOM TE€TEPOr€HHOM KAaTalINU3aTOpe MPEANIOUTHTEIBbHO
cocrapisieT He 6onee 3/4, Oonee mpeANOYTHTENBHO, He Ooniee 1/2, u Haubosee NPEATOYTUTEITHHO,
He Oonee 1/4 MONSPHOrO OTHOLIEHHS MOJieH BOJib)pamMa K MOJISIM NMEPEXOIHOTO METayljia BO

BTOPOM I€TCPOTCHHBIM KAaTAJIN3aTOPOM.
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31ecr mepBbIii reTePOreHHbIH KaTAIN3aTOP MO3TOMY TaKKe MOJKET HHOTa ObITh O3HAYEH
Kak “OoraTelii BOJb(ppaMoM”’ KaTaIH3aTOpP, B TO BPEMsl KaK BTOPOH T'€TEPOTeHHbIN KaTaJn3aTop
TaK)ke MOKeT ObITh HHOTTIa 0003HAYEH KakK “‘OemHbIi BOJIb(paMOM™ KaTaiu3aTop.

CnenoBarenpHO, HAaHOOJIEE MPEANOYTHTENBHO, YIJIEBO B3aUMOEHCTBYET B IIPUCY TCTBUU
CHUCTEMBI KaTaJNu3aTOPOB, BKIFOYAKOLIEH:

a) TOMOTEHHBIM KaTajiu3aTop, KOTOPBIH HAXOOUTCS B PEAKTOpe, I7A€ T'OMOTE€HHBIN
KaTaJu3aTop COAESPKUT BOJb(pam,

b) mepBbIil reTeporeHHbIN KaTaau3aTop, KOTOPBIA HAXOOUTCS B PEAKTOpE, TAe IMEepPBbIM
reTEePOreHHBIN KaTaIU3aTop CONEPKUT OJUH WK OoJiee MepexXOIHbIX METAJUIOB U3 rpynn 8, 9 u
10 nepruoan4eCcKol CUCTEMBI 3JIEMEHTOB Ha MOJIOKKE U3 HOCUTEJIS, U TI€ NEPBbI FeéTepOreHHbIN
KaTaJn3aTop IOTOJHUTEIBHO COEPKUT HEKOTOPOE KOJINYECTBO BObdpama; u

C) BTOPOI1 reTepOreHHbIH KaTaln3aTop, KOTOPBIA HEMPEPBIBHO UITH MEPHOANYECKH OAAI0T
B PEAKTOp, II€ BTOPOH I'eTEPOreHHBbIH KaTalM3aTOpP COAEPKUT OAMH WM OoJiee MepexOIHbIX
MeTanoB u3 rpynn 8, 9 u 10 nepuoanyeckoil CUCTEMBbI 3JIEMEHTOB Ha MOJIOKKE U3 HOCUTENS, U
I7ie BTOPOH IeTepOreHHbIN KaTaIM3aToOP HE COAEPIKUT BOIb(PaM; WIIN KOJMYECTBO BOJIb(ppama B
MOJISIPHOM OTHOLIEHHH MOJIeH BoJb(pamMa K MOJISAM NEPEXOAHOTO MeTajlyla MEHbLIe, 4YeM
MOJISIPHOE OTHOIIEHHE MoJiel Boib(pamMa K MOJIIM MEPEeXOJHOr0 MeTajjia IepBOro
reTepOreHHOro KaTajanu3aropa; u

r7ie HEMPEPbIBHO MJIM NMEPUOAMYECKH BTOPOH reTepPOreHHbIH KaTaninu3aTop AOOaBISIIOT B
peakTop. IIpeanouyTUTENBHO, CENEKTUBHOCTb B OTHOLUEHUW STUJIEHIJIUKONSA COXPAHSIOT
HETIPEPbIBHBIM HWJIM TEPUOUYECKUM NO00aBJIEHHEM BTOPOTO TE€TEPOreHHOrO KaTajiu3aTtopa B
peakTop.

IlonararoT, 4TO Takas TPEXKOMIIOHEHTHAas CUCTEMa KaTajlu3aTOPOB SIBJSETCS HOBOWU U
uzoOperarenbckoli cama 1o cebe. IloatomMmy B U300peTeHHWH MpEACTaBlieHA CHCTEMA
KaTaJIU3aTOPOB, BKIIIOUYAOINAS:

a) TOMOTEHHBIH KaTaJu3aTop, KOTOPBIA JOJDKHBIM O0pa3oOM MOJKET HaXOIUThCS B
peakTope, rie TOMOTeHHBIH KaTaJIu3aTop COAEPIKHUT BOJIb(paM,;

b) mepBbIii reTepOreHHbIN KaTadn3aTop, KOTOPbIA JOKHBIM 00pa30M MOXKET HaXOIUThCS
B pPEaKkTope, I7e MEePBbIi reTePOreHHbIH KaTalN3aTop CONEPKUT OOMH MM OoJiee NepeXOIHbIX
MeTaJutoB U3 rpynn 8, 9 u 10 nepuoanvYecKoil CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3 HOCUTENIA, U
I7I€ MepBbI NeTEPOreHHBbIN KaTalu3aTop AOMOJIHUTENBHO COAEPKUT HEKOTOPOE KOJIMYECTBO
BOJIb(paMa; u

C) BTOPOIH reTeporeHHbIi KaTaInu3aTop, KOTOPBIH AODKHBIM 00pa3oM MOTYT HENPEPBIBHO
WJIU IEPUOANYECKH NTOAABATh B PEAKTOP, II€ BTOPOM FeTepOreHHbIN KaTaln3aTop COAEPKUT OJUH
win OoJiee MepexoAHbIX MeTauIoB u3 rpymnm 8, 9 u 10 mepuoauveckoil CUCTEMbI 3JIEMEHTOB Ha
MIOJUIOJKKE U3 HOCHUTEJISA, U TA€ BTOPOI reTepOreHHbIH KaTaln3aTop He COAEPKUT BOJb(ppam; Wiu
KOJINYECTBO BOJb(ppaMa B MOJISIPHOM OTHOLIEHHH MOJIEH BOJb(ppaMa K MOJISIM INEPEXOTHOTrO
MeTajula MEHbLIIE, YeM MOJISIPHOE OTHOIIEHHE MOJIeH Bob(pama K MOJISIM TIIEPEXOTHOTO METaJLIa
MEPBOr0 FeTEPOreHHOro KaTaau3aTopa.

BTopoii rereporeHHbIl KaTaan3aTop MOXET MPEANOUTUTEIbHO He COAepKaTh BOIbdpam
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WINA COAEPIKaTh KOJIWYECTBO BOJb(ppaMa B MOJSIPHOM OTHOIIEHHH MOJIEH BOJIb(ppaMa K MOJISIM
nepexonHoro mMetaia Mernee 10:1, mpenmoutuTtenbHO, MeHee S:1, u Ooyee MPEATIOYTUTETHHO,
meHee 2:1. Hanbonee mpeamodTuTeNbHO, BTOPOH T€TEPOTEHHBIN KaTalH3aTOp HE COAEPIKHUT
BOJIb()PAM WIIM COAEPIKHUT KOJIUIECTBO BOJIb(ppama B MOJIIPHOM OTHOLIEHHH MOJIeH BoJb(ppama K
MOJISIM TIEPEXOTHOTO MeTajuia MeHee 1:1, emne Gonee mpennoututenbHo, Menee 0,5:1.

CoOOTBETCTBEHHO, TMEPBbIl TETEPOreHHBbIN KaTaau3aTOp MOXET MPEANOYTUTENBHO
coziepKaTh KOJMYECTBO BOJb(pamMa B MOJIIPHOM OTHOIIEHMHM MOJIeH BoibdpamMa K MOJISM
nepexonHoro Meraymur 10:1 wnm Oonee, S5:1 wnm Oomee wimm 2:1 umm Gomee. Hambonee
NPEATIOUYTUTENIBHO, TEPBbIIl TeTePOreHHbIN KaTaJUu3aTOP COAEPIKUT KOJIMYECTBO BOJb(ppama B
MOJISIPHOM OTHOIIEHUH MOJIel Bosib(pama K MOJISIM niepexonHoro Metayuia 1:1 unu Oonee.

bonee npeanoYTUTENBHO, CUCTEMA KAaTAJIN3aTOPOB BKIIOYAET:

a) TOMOTEHHBIH KaTalnu3aTop, KOTOPBIM MOJDKHBIM O0Opa3oM MOKET HaXOIWUThCS B
peaxTope, riae rOMOTeHHBIH KaTaau3aTop COAEPIKUT BOJIb(pam,;

b) mepBeIii reTeporeHHbIi KaTainu3aTop, KOTOPIH JOKHBIM 00pa30M MOKET HaXOAUTHCS
B PEaKTope, Iie MePBbIil FeTepPOreHHbIH KaTalnu3aTop COAEPKUT OAMH WiIH OoJiee MepexOmHbIX
MeTanaos u3 rpynn 8, 9 u 10 nepuoanyeckoil CUCTEMBbI 3JIEMEHTOB HA MOMJIOKKE U3 HOCUTENs, U
I7ie TePBbIil FeTepOreHHbII KaTalin3aTop JOMOJHHUTEIBHO COAEPIKUT KOJIMYECTBO BOJb(pama B
MOJISIPHOM OTHOLIEHUH MOJIeH BoJb(ppama K MOJIsIM nepexoaHoro mMeraia 1:1 uim Gonee; n

C) BTOPOH reTepOreHHBbIN KaTalu3aTop, KOTOPbIH AODKHBIM 00pPa3oM MOTYT HENPEPBIBHO
WM NEPUOANYECKU MOAABATh B PEAKTOP, I7I€ BTOPON IeTePOreHHBIN KaTaau3aTop COACPKUT OJUH
Wi 0oJiee MepexoaHbIX MeTauioB u3 rpymm 8, 9 u 10 mepuoauveckoi CUCTEMbI 3JIEMEHTOB Ha
MIOJVIOJKKE U3 HOCUTEJISA, U TA€ BTOPOI reTepOreHHbIH KaTaau3aTop He COAEPIKUT BOJb(ppam; Wiu
KOJIMYEeCTBO BOJb(paMa B MOJIIPHOM OTHOLIEHMHU MOJIEH BOJb(ppaMa K MOJISIM MEPEXOTHOro
MeTajula cocTaBiisieT MeHee 1:1.

[IpennoyTHTeNbHO, BTOPOW TETEPOTCHHBIH KATAJM3aTOP CONEPXKUT OOUH WK Ooee
NepeXOAHbIX MeTaJuIOB U3 rpynn 8, 9 u 10 nepuoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
Hocurensi, roe 80% wnu MeHee, Oojee mnpenmodtuteabHo, 60% wnu MeHee, maxe Ooee
npennoutuTeNbHo, 40% wiu MeHee, eine OoJiee mpennouTuTeNbHO, 20% Wi MeHee, eine Ooee
npennoutuTenibHo, 10% wnu MeHee, W HauOoJiee MPEANOYTHTETBHO, 5% wuiau MeHee oOimel
MOBEPXHOCTH BTOPOTO IETEPOTeHHOTO KaTanu3aropa (T.e. MEepeXOIHOT0 METajula U HOCHTEJIS)
MOKPBITO YaCTULIAMH BOJIb(pama, min OoJiee MpenrnoYTHTEIbHO, YaCTULIAMH BOJIb()pamaTta.

Bosee npeanodTUTENEHO, BTOPOH r€TePOreHHbIN KaTai3aTop COASPIKUT OIMH MK OoJee
NepPeXOAHBIX METAJLUIOB U3 rpynn 8, 9 u 10 nepuoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
Hocurensi, 80% raoe wium MeHee, Oojee mnpenmodtutenpbHO, 60% wiu MeHee, nmaxe Ooee
npennoutuTenbHo, 40% i MeHee, eine OoJiee mpenmouTuTebHo, 20% Wi MeHee, eine Oonee
npennoutuTenbHo, 10% wiu MeHee, U HanOoJiee MPEANOYTUTETHHO, 5% WUITH MeHee, TOCTYITHOH
MOBEPXHOCTH TMEPEXOAHOr0 MeTajula IMOKPhITO 4YacTUIaMH Bojib(ppama, wmimu Oonee
NPEATIOUYTUTENBHO, YACTUIIAMU BOJIb(ppamMaTa.

IIpeanoyrurenpHO, MO MeHbIIEH Mepe, 4acTb, U, MPEANOUTUTENBHO, MO CYIIECTBY BECh

BOJIb(ppaM B MEPBOM H/HJTH BTOPOM I€TEPOTCHHOM KaTaJH3aTOpe MPUCYTCTBYET B (hOPME OTHOTO
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win Oonee OTIOXKHMBIIUXCS (HampuMep, ancopOHMpOBaHHBIX, OOPa30BaBIIMX KOMIUIEKCHI WU
apyruM 00pa3oM OTJIOKHUBIIMXCS) YacTHUI] BoJb(pama. boree mpeanodyTuTensHO, MO MEHbLIEH
Mepe, YacTb, U MPEANOYTHTENBHO, MO CYINECTBY BECh BOJNb(ppPaM B IMEPBOM W/HIH BTOPOM
I€TEPOreHHOM KaTaJM3aTope NPUCYTCTBYET B (OpMe OOHOrO WM 0OJee OTIONKHUBIIMXCS
(HarpuMep,  aaCcOpOMPOBAHHBIX, O0pa30BABIIMX KOMIUIEKCBI WJIM  JPYTHM  00pa3oM
OTJIOXKHBILIUXCS) YACTUL BOJIb(ppamMara.

Haunbonee nomxHbIM 00pa3oM, MepBbIi T'€TEPOr€HHBIH KaTaIM3aTOp W/WIM BTOPOM
IeTEPOreHHBbI  KaTalIu3aTop COMAEPXKUT OAHO WM Oojiee COeNMHEHHH BoJb(pamara,
NPEATIOUYTUTENbHO, AMOKCHAA BONb(pamMa W/WIM TPHOKCHAA BOIb(pama, OTIOKHUBIIUXCS HA
NePEeXOHbIM METAJUT W/WIJIN HOCUTEb.

IIpenmouTenus 11t TAKMX CUCTEM KaTaJM3aTOPOB TaKWe, KaK OMHCAHBI BhILIE. Y JOOHBIH
o0pa3oM, MepBbIil T'€TEPOreHHBIH KaTajJu3aToOp W/WIM BTOPOM TIe€TEpOreHHBIN KaTajJu3aTop
COZEPKUT OAHO UM OoJiee COeNMHEHUH Bob(ppaMaTa, IPEANOUYTUTENBbHO, TUOKCH BOJIbhpaMa
W/WUIM  TPUOKCHJ BOJb(ppaMa, OTJIOXKUBIIMXCS HAa IEPEXONHBIH METaul W/WIM HOCUTEINb.
JIOTIOJTHUTEIBHO, TIEPBBIN F€TEPOreHHbIN KaTaar3aTop W/ IIH BTOPOM reTepOreHHbIH KaTaaru3aTop
IOJDKHBIM 00pa3oM MOKET COIep kaTh COSMHEHHE Bob(pamaTa, riae BoibppaM UMeeT CTeTeHb
OKHCIIeHHs +4; W/unn coeauHeHne Bobppamara, riae Bojab(ppaM UMeeT CTeNeHb OKUCIeHUS +5;
W/1IM coenHeHne Bob(pamara, rae Bojab(hpam UMeeT CTeneHb OKUCIeHUS +0.

Y no6HbIM 00pa3om, mociie 1o0aBIeHus], BTOPOH TeTePOTreHHbIN KaTaaru3aTop MOXKET ObITh
IIOCTENIEHHO BOJIb()PAMUPOBAH WM JOMOJHUTEIBHO BOJB(PPAMHPOBAH BHYTPH peakTopa C
MOJIy4EHUEM JIOMOJIHUTEJBHOIO MEPBOr0 IeTEPOreHHOro karanusaropa. To ecTb, B peakTope
4acTHLbl BOJMb(PpamMa, MOHKHBIM 00pa3oM, YacTHILI BOJibppamara, MOIyT ObITb yHAOOHO
OTJIOXKEHbI Ha JOOABJICHHBIH BTOPOI T€TEPOTrEeHHBIN KATaJW3aTOp, M BTOPOH TeTePOreHHBIN
KaTaJIU3aTop MNPEBpALIaeTCs B MEPBbI IeTeporeHHbIl kartanusatop. IIpespaineHue BTOPOro
reTePOreHHOr0 KaTanu3aTopa B MEPBbIH M€TEPOreHHbINH KaTaJIM3aTOpP JAOJKHBIM 00pa3oM MOXKET
MPOBOAMTHCS iN-Situ, T.€. BO BpeMsl PEaKLIUH.

HoBasi u wusoOperaTenbckasi CHUCTEMa KaTaJH3aTOPOB IMO3TOMY, TNPEANOYTHTEIBHO,
COZIEP>KUT TEPBbIN MeTepOreHHbIN KaTaau3aTop, ¢ MPEANOYTEHUSIMH, NEPEYUCICHHBIMH BBIIIIE,
HaxOASILIUNCS B pPEAKTOpPEe, U JOMOJHUTENbHBIII BTOPOM TE€TEPOreHHBbIN KaTajau3aTtop, C
MPEANOYTEHUSIMH, IEPEUUCICHHBIMU BbILIE, KOTOPBIM HEMPEPBIBHO WM EPUOANYECKH ITOAAETCH,
TO €CTh, HEMPEPBIBHO WIJIM NEPUOTUUECKU TOOABISIETCS B TAKOU PEAKTOP.

JIOTIOSTHUTEIBHBIN WJIM BTOPOH T'€TEPOTeHHBIH KaTaJIH3aTOp MOXKET OBITh JOOAaBJIECH B
peakTop JOOBIM CHOCOOOM, KOTOPBIA HW3BECTeH KaK TONXOMSINMNA JUIsi TaKOW LIEJH.
IIpennodTurensHO, AONONMHUTENBHBIM WM BTOPOW TFeTEPOreHHBbIM KaTalau3aTop MOAAKT, T.€.
n00aBJISIOT B PEaKkTOp B BHIE CYCIIEH3UHM B pacTBopureie. llpeamouTeHust Ui Takoro
pacTBOpUTENS TaKHe, KaK OMHUCaHbl BbiIe. Hambonee mpennoYTUTeNbHO, TAKOW PacTBOPHUTEIND
COZEP KUT MIHLIEPUH WU ANKWUJIEHTJIUKOJb, UM CMECh BOABI U INIMLEPUHA, WIH CMECh BOABI U
ANKWICHITUKONS. Takke BO3MOMKHO HOOABISATH IOMOJHUTENbHBIA WM BTOPOW TI€TE€POTreHHBIN
KaTaJIU3aToOpP B PEAKTOP B BUAE TBEPAOrO BEIIECTBA, HAPUMED, C MOMOILBIO IIHEKOBOW MOAAYU

WJIM ITHEKOBOT'O yCTPOMCTBA.
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B crnocobe B cooTBETCTBHM € JaHHBIM H300PETEHHEM, MPENNOYTHTEIBHO, HETIPEPBIBHO
WM IEPUONYECKH YacTh NIEPBOro NeTEPOreHHOro KaTajausaTopa yaajsiercs U3 peakropa. Takoi
yIaJNeHHbI TEePBBIl TeTEPOreHHbIN KaTaJlM3aTOp MOXKET IOJDKHBIM O0Opa3oM 3aMeInaThCs
n00aBJIsIEMbIM BTOPBIM T€TEPOT€HHBIM KaTaJIU3aTOPOM.

Takum  oOpazowm, NIPEUMYIIECTBEHHO, NpPEACTaBI€H  HENpPepbIBHbIA WU
MIOJIy HENPEPBIBHBIN CIIOCO0 MOy YEHHsI STHIIEHTIIMKONS U3 UCTOYHHUKA YTIIEBOAA, BKIFOUAOLITHN:

(1) HETIpepBhIBHOE B3aMMOMIEHCTBHE, B peakTope, npu temneparype ot 170°C unu Oonee 1o
270°C unu MeHee, MO MEHbLIEH Mepe, YaCTH MCTOYHHMKA YIJIEBOJA B MPUCYTCTBUMU BOAOPOAA,
pPacTBOPUTENS U CUCTEMbI KaTAJIU3aTOPOB, C MOy Y€HHUEM STHUIICHITIUKOJIS,

r7ie CUCTeMa KaTaJln3aTOPOB BKIIFOYAET:

TOMOT'€HHBIH KaTaJIu3aTop, I7ie TOMOT'€HHBIH KaTalu3aTop COAEPIKUT BOJIb(pam,

NEPBBIM FEeTEePOreHHbIM KAaTaau3aTop, I1€ NEePBbI NeTEPOreHHbIN KaTalu3aTop CONAECPIKUT
OJIMH WM OoJiee epexoAHbIX MeTaIOB 13 rpymi 8, 9 u 10 nepuoanuecKkoi CUCTEMBbI JIEMEHTOB
Ha MOAJIOKKE U3 HOCUTEJIS, U Ii€ IEPBbIN F€TePOreHHbII KaTaau3aToOp JOMOIHUTEIBHO COAEPIKUT
HEKOTOpOe KOJINYECTBO BOJIb(pama,

(i) HempepbIBHOE WM NEPHOANYECKOE YAAJCHHE YaCTH IIePBOrO T'eTEePOTreHHOTO
KaTajn3aTopa W3 pPeakTopa, M HENpPepbIBHOE WM NEePHOINYECKOoe N00aBIEHHE BTOPOIO
reTepOreHHOr0 KaTaau3aTopa B peakTop, IA€ BTOPOU IreTepOreHHbIN KaTalIu3aTop COACPKUT OJUH
win GoJiee mepexoAHbIX MeTauioB u3 rpynn 8, 9 u 10 nmepuoanyeckoil CUCTEMBI SJIEMEHTOB Ha
HIOAJIOXKKE M3 HOCUTEJIS, U TI€ BTOPOI reTepOreHHbIH KaTalnu3aTop He COAEPIKUT BOJIb(ppaM; HIH
COIEPKHUT KOJMYECTBO BOJb(pamMa B MOJIIPHOM OTHOLIEHMHM MOJieH BoibpaM K MOJISM
NePEXOAHOT0 METAJIa, KOTOPOE MEHBLIE, YeM MOJIIPHOE OTHOIIEHUE MOJIEH BOJIb(ppaMa K MOJISIM
MEePEXOJHOTO MeTajula MePBOro reTepOreHHOro KaTaunu3aropa; u

(iii) HempephIBHOE NPEBpPALICHHE BTOPOTO T'€TEPOreHHOr0 KaTajJu3aTropa ¢ MOJyYeHHEeM
MEPBOro reTePOreHHOro KaTalnu3aTopa.

Ipennoutenus nis ctanuu (i), IEPBOrO U BTOPOrO T€TEPOTEHHOIO KaTajIn3aTopa Takue,
KaK OIMHUCaHbI 37IECh BBILIE U HUXKE.

Craguro (i1) MpenmOYTHTEBHO MPOBOIST KaK OMUCAHO BbIle. [IpeAmnouTuTensHo, OT
0,01% wmacc. unu Oonee, Oonee upemnmoututenbHo, 0,1% wmacc. wiu Oonee, eme Oonee
npennoutuTenbHo, 0,5% macc. unmu 6osee 1o 10,0% macc. win MeHee, 60jiee MPEANOYTUTETHHO,
5,0% macc. um MeHee MepBOro reTepOreHHOro KaTalnu3aTopa, IPUCYTCTBYIOLIErO B PEaKTOpeE,
NEePUOANYECKH WU HETIPEPHIBHO YAAJSIOT U 3aMEHSIOT BTOPbIM M€TEPOTreHHBIM KaTallu3aTOPOM.

Cragusa (ii1) mMpennmoOYTHTENHHO BKIJIOYAET HEMPEpPhIBHOE BOJIb(YPAMHPOBAHUE BTOPOTO
reTeporeHHoro katanusaropa. To ecth, cTanus (iil) NPennOYTHTENBHO CONEPKUT HEMPEPHIBHOE
OTJIOXKEHHE YacTUL] BOJb(paMa, NPEANOUTUTEIBHO, YAaCTHI BOJb(pamara, Ha BTOPOH
reTepPOreHHbIN KaTamu3aTop. B pesyisraTe, MONsIpHOE OTHOIIEHHE MOJIeH Boib(pama K MOJISM
MEPEXOJHOTO MeTalljla BTOPOr0 MEeTEPOreHHOr0 KaTalu3aTopa MOBBIIAETCS TaK, YTO MOJyYaroT
MEPBBI T€TEPOreHHbIN KaTalInu3aTop.

IIpenmouturensHO, cTanuio (111) MPOBOAST BHYTPH peakTropa. To ecTh, MPennoYTUTEIBHO,

BTOPOI TeTepOTEeHHBI KAaTaJIH3aTOpP IOCTEIIEHHO BOJb(PAMHUPYETCS WIH JOMOJHUTEIBHO
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BOJIb()PAMUPYETCSI BHYTPH PEAKTOPA C MOJyUYEHHEM AOMOJHUTEIBHOTO MEPBOIO T€TEPOreHHOr0
KaTajausaTopa.

He >xenast ObITh CBA3aHHBIMU KaKOH-JINOO TEOPHUEH, MTOJIATA0T, YTO MEPBbIH reTePOTreHHbIH
KaTaJu3aTop W BTOPOHM TIeTepOreHHbll Katanmuzatop umerT ¢yHkumoo. be3 mepsoro
reTepOreHHOro KaTajan3aTop, ObLI0 0OHAPYIKEHO, YTO B OCHOBHOM 00pasyeTcsi COpOUT U cTpajaeT
CEJIEKTUBHOCTb K OTHJIEHIJIMKONIO. be3 BTOPOro reTeporeHHOro Kartajiu3aropa, ObLIo
O0OHapy’KeHO, UTO MOJyYaeTCsl TYMHH.

ABTOpBI M300peTeHHs] HEOXKUIOAHHO OOHAPYIXKWJIM, YTO IPHU 3asBIEHHOM CIOCOOE,
COOTBETCTBEHHO, 3asBJICHHON CHUCTEME KaTaJl3aTOPOB, MOXET COXPAHATHCS OanaHc. Y 10OHBIM
00pa3oM, CENEeKTUBHOCTb K JTHJIEHIJIMKOMI0 MOKET NPUMEHSTbCA Kak HHAUKATop OanaHca
KaTajausaTopa.

IIpennodyTuTenpHO, CENEKTUBHOCTh K STHJICHIVIMKOIIO MOAAEPKMBAETCS HIXKE MOpora
HETPEPbIBHBIM ~ WJIM  TMEPHOANYECKHM  JOOAaBJIEHUEM  JOMOJHHUTEIBHOIO TIe€TepOreHHOro
karanusaTopa B peaktop. Iloanep:kuBast CeJI€KTUBHOCTD K 3TUJICHTJIMKOIO HUXKE ONPEEICHHOTO
Hopora ImyTeM HEeNpephIBHOIO WM NMEePHOANYECKOro NOOABICHUS B PEAKTOP AOMOJHUTEIHHOIO
TeTEePOreHHOI0 KaTalnu3aTopa, CHOCO0 MOMKHO IPEUMYINEeCTBEHHO HANpaBIATh B CTOPOHY
JKEJIaeMOTr0 IJIUTENBHOTO BPEMEHU.

IIpennodyTuTenpHO, CENEKTUBHOCTh K STUJICHITIMKOJIIO HENPEPBIBHO WM MEPUOIUYECKU
OnpeAessAT. bonee NpeanoYTUTENbHO, CEJIEKTUBHOCTb K JTHJIEHIVIUKOIIO OTCIIEKUBAETCS
BCTPOEHHBIM 00OPYAOBAHHUEM.

OnpeneneHHasi CEJEKTHMBHOCTb K OSTUJICHIVIMKONK yAOOHBIM  00pa3oM  MOXKeT
CPAaBHUBAThCS C 3apaHee YCTaHOBJICHHBIM IOPOTOM, Hampumep, Ha kommbioTepe. Hambonee
MPEANOYTUTENBHO, CEJNeKTUBHOCTh K OTUJICHIJIMKOJIIO HENPEpbIBHO WIM MEePUOTUYECKU
OTPENENSIOT U CPABHUBAIOT C OTHUM HJIH OOJiee PeABAPUTENIbHO YCTAHOBJICHHBIMHU IOPOTaMH, U
JOTIOJTHUTEIBbHBIN T€TEPOreHHbIH KaTaJu3aTop MOAAT B PEAKTOp, €CIM TaKoH mopor Oyner
JOCTUTHYT WJIM MTPEBBILIEH.

Kaxxnpiit pas, Koraa CeNeKTHBHOCTh K STHJICHTJIUKOIIO MPHUOJIKAETCS K MPEBBIIIEHHUEO
1opora, HeKOTOpOoe KOJMUYECTBO JOMOJHUTENBHOIO, UJIM BTOPOTrO I'eTePOreHHOro Karajan3aTopa
MOJKET OBITh MIOAAHO B PEAKTOP AJISI CHIKEHHSI CEJIEKTUBHOCTH K STHJICHTJTUKOJIO.

IIpennoururensHO, MOPOrOM SIBJISIETCS] BEPXHUN MOPOT. bonee nmpeanoyTuTenbHoO, Nopor
paBeH 85%, naxe Oosee mpeanodTHTENHHO, Mopor paseH 80%, emie Ooiee MPEATIOYTUTETHHO,
nopor paBeH 75%, eme Oonee mnpeanouTuUTeNbHO, mopor paseH 70%, naxe Oonee
NPEATIOYTUTENIBHO, TIOPOT paBeH 65% 1 HauboJee MPEANnOUTHTENBHO, Opor paBeH 60%.

bonee npennoyTUTENBHO, CEJIEKTUBHOCTb K OSTUJIEHITIMKONIO IOAJNEPKUBAIOT B
onpeneNeHHOM uHTepBaje. Hampumep, CeNneKTHMBHOCTb K 3TUJIEHIVIMKOMIO IMPEUMYIIECTBEHHO
MOJKET TOJ/IePKUBAThCS B mpepenax oT 35% wiu Oonee, Oonee mpenmouturensHo, 40% wmu
Oonee, u Hambojee mnpeanoytutrenbHo, 45% wnmmu Oonee no 85% wunmm meHee, Oounee
npennoutuTeNbHo, 10 80% wiam MeHee, naske Oojiee MPENMOUTUTENBHO, 10 75% WIN MeHee U
HanOoJiee MPeanoYTHTENbHO, 10 70% Wi MeHee.

Ecmm ucrounmk yrjaeBsoga HEMPEPBIBHO HIIM NEPUOAUYICCKU I[O6aB.]'I$II-OT B PE€aKToOp,
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NPEATIOUYTUTENIEHO, MACCOBOE OTHOLICHHE HEMPEPHIBHO WM MEPHOANYECKH T0OABISIEMOro WIN
BTOPOTO TETEPOTeHHOI'O KaTalM3aTopa K HEMPEPbIBHO WM MEPUOJUYECKU 100aBIsIEMOMY
HCTOYHMKY yIJIEBOJA TOCTOSTHHO NMoAaep-kuBaroT B uaTepsane 0,5:100-1,0:100.

Ilocne B3anMOAENCTBYSL, IO MEHBIIEH Mepe, YaCTH UCTOYHHUKA YIJIEBOAA, TOTOK MPOAYKTA
peaxkTopa MOKET OBITh YIaJIeH U3 PeakTopa. ITOT IMOTOK MPOAYKTAa PEaKTopa JOJDKHBIM 00pa3oM
COIEPKHUT STWIEHTIHNKONb (3TaH-1,2-muom), monmydaemslii peakuueil. Kpome Toro, morok
IPOAYKTa PeakTopa MOXKET COAEpKaTb APYyrHe COENUHEHUs, TaKhe KaK HermpopearupoBaBLINI
UCTOYHUK YIJIEBOZIA U OMH MK OoJiee MOOOYHBIX MPOIYKTOB, TAKUX KaK AUSTHUIIEHTIHKOIb (2,2'-
okcuau(dTan-1-om)), mponuIeHrNUKoONb (rpomnas-1,2-quomn), ruuepud (mpomnas-1,2,3-tpuodn),
Oyran-1,2-quon, OytaH-1,3-quon, Oytan-2,3-nuoin, Oytas-1,4-110J, METaHOJI, 3TAHOJI, TPOIIAHOJ,
OyTtaHnou, copour (rekcan-1,2,3,4,5,6-rekcon) u/unu sputpurt (Oytan-1,2,3,4-retpaomn).

Hzobperenne nanee WUTOCTPUPOBAHO CIENYIOIIUMHU HE OTPAHUYHBAIOIIUMH TPUMEPAMHU.

CpaBHUTENBHBIN IpUMED A

300 MUIMIIUTPOBBINM HENPEPBIBHO NEPEMEIINBAEMbII IPOTOUHBIN PEAKTOP C MEIIATIKOM
(ITPM) Hastelloy C276 oOopynoBaH Tra30QHCIIEPCHOHHON BEPTYLIKOW, paboTaroimied mpu
npubausurensHo 750 06./MuH.

I[TPM 3amonHSIOT HEKOTOPbIM KOJIHYECTBOM Te€TEPOreHHOro karanmusaropa 5% macc.
pyrenuss Ha yriae (t.e. 5% wmacc. Ru/C xkatamuzaTopoMmM) B pacTBOpe YJBTPAYHCTOU
BOJBI/TIIMLIEPUHA, KaK InepedncieHo B Tabmuie |. Hukakol JOMONHHUTENbHBIA Ie€TepOreHHbIH
KaTaJIM3aTop He N0OABIISIOT BO BPEMsI PEAKLIUH.

3aTeM HempepbIBHBIN TMOTOK yriieBona, coxepskamuii okosio 10,8% macc. riIroKo3bl B
yIBTPAYMCTON BOZE, U HETPEPHIBHBIN IMOTOK MOMOT€HHOTO KaTtanusartopa, conepskamuii 0,44%
macc. BosbgppamoBoii kuciotsl (H;WO;3) B cMecu yabpTpaducTol Boasl U rinuepuHa (okoso 50%
Macc. BOIbI U 0k0Jio S0% Macc. rauiepuHa, Mo OTHOLIEHUIO K O0LIei Macce BOMbI M IIHLIEPUHA),
OTHEJIbHO HenpepbIBHO 3akaunBatoT B [IPM. JlonmogHHUTENBHO NOOABISIOT THAPOKCUA HATPHUS B
MOJISIPHOM OTHOLICHUHU BOJIb(PAMOBOM KUCIIOTHI K TUApOKcHay HaTpus 8,3. Bogopox nmoparoT B
peakTop dYepe3 MOTPYKHYK TPYOKy ¢ (UIBTPOM Ha KOHLE C IOCTOSSHHOH CKOPOCTBIO 8
rpammoB/4ac. Temmepatypy peakuuu TOANEPKUBAIOT B cpenHeMm okosio 220°C, naieHue
peaKknuy TMOAAEPKUBAIOT B CPEeOHEM OKOJIO 65 0ap WHIMKATOPHBIX, COOTBETCTBYIOIIUX 0,0
Mmeramnackanei adcomoTHbIX. Cucrema paboTaer nmpu CpegHeM BpeMEeHU NpeObIBaHMs OKOJIO 24
MUHYT.

YcnoBust peakiy CyMMHUpPOBaHBI B Ta0mue 1.

Tabnuua 1: YcnoBus peakuuy CpaBHUTEIBHOTO IpuMepa A

KoHn,. moToka rimroko3sl, % Macc. 10,8 Ru/C s HP*, r 9,19

2

Kon1. Bonb(hpamMoBoii KHCIOTEL, %
0,44 VY nbTpauucras Boaa, r 200,0
Macc.

Bpewmst npebbiBanus, MUH 24,0 I'muuepun, % macc. 19,0

2 2

Jlob6aenennsiii Ru/C, r - H,WO,:NaOH (mMosb:M01b) 8,3
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Temnepatypa, °C 220 Jasnenue peakunu (Oapn) 65

* HP: Havano peakuuu

ITocne Havaa peakuy CENEKTUBHOCTD K 3TUICHIITUKOIIO (1) mpoaorkaeT moBbIIIATCS
710 JOCTUXKEHUs CeNIEKTUBHOCTH K DI okono 76% uepes 18 vacoB. 3aTeM ceneKTUBHOCTH kK OI
Ha4YMHAET OBICTPO CHIKATHCS Mexay 18 m 22 gacamu. Uepes 22 yaca ceneKTUBHOCTh K O
cocTaBysieT okoso 59%. OOpa3zoBaHMe T'YMHHOB TaK)ke€ OTMEUEHO B oOpaslax, COOpaHHBIX BO
BpeMsi OBICTPOTO CHIKEHHSL.

CpaBHuTenbHBIM npuMep A 3akaHUMBAIOT dvepe3 31 wac paloThl W3-3a HHU3KOH
cenektuBHOCTH K O m obpaszoBanusi rymuHoB. Uepes 31 yac cenekTuBHOCTH K DI cocraBisier
okoio 15%.

Ilpumep 1
IIpumep 1 mposoasat B ToM ke IIPM 1 B T€X k€ yCIIOBUSAX, KaK B CPABHUTEJILHOM IIPUMEPE

A.

CycneHsur0 TreTeporeHHOro KaTajlu3aTopa TIOTOBAT cMmewmuBaHueM 90 rpammosB
rnunepuHa, 90 rpammoB yapTpauucToi Boxel M 10 rpammoB rereporeHHoro 5% macc.
KaTajnm3aropa pyTeHus Ha yrie (T.e. 5% macc. Ru/C xaranuzatopa).

B nauane peaxiym [TPM 3amonHsIOT 4acThIO 3TOW CMecH Tak, uToObl B IIPM Obuio
3arpyxeHo 9,19 rpammoB Ru/C. Kpome TOro, roToBsIT HEKOTOPOE KOJHMUECTBO KapTPUIKEH, Tae
KK bl KaPTPUIK COAEPIKUT CMECH 4,5 TpaMMOB IIIULEPHUHA U 4,5 rpaMMOB YJIBTPAYUCTON BOJIbI
BMecte ¢ 0,5 rpammamu 5% macc. Ru/C karanuzartopa.

3aTeM HempepbIBHBIN TMOTOK yryieBoaa, comepskamuii okosio 10,8% macc. riIroKo3bl B
yJABTPAYMCTON BOZE, U HETIPEPHIBHBINA MOTOK MOMOT€HHOTO KaTtanusartopa, comepskamuii 0,43%
Macc. Bojb(ppamoBoii kuciotel (HyWO;3) B cMecu yibTpadyucTol Boabl U rinnepuHa (okoso 50%
Macc. BOIbI U 0Koio 50% macc. TIHIepHHa, 0 OTHOLICHHUIO K 00IIel Macce BObI U MIULEPUHA),
OTHENIbHO HenpepbhiBHO 3akaunBairoT B [IPM. Kpome Toro, ruapokcun HaTpusi TOOABJSIIOT B
MOJISIPHOM OTHOLICHUHU BOJIb(PAMOBOM KUCIIOTHI K TUApPOKCcHAy HaTpus 6,4. Bogopox nmoparoT B
peakTop dYepe3 MOTPYKHYH TPYOKy ¢ (UIBTPOM Ha KOHLE C IOCTOSHHOH CKOPOCTBIO 8
rpamMMoB/4ac.

TemmnepaTypy peakmuu MOAAEPKUBAIOT B cpeaHeM okono 220°C, nmaBineHue peakuuu
NOJ/IEPKUBAIOT B CPEHEM OKOJIO 63 0ap MHAMKATOPHBIX, COOTBETCTBYIOLINX 6,4 Meramnackanei
abcomoTHbIX. CrcTeMa paboTaer mpu CpeTHEM BpeMEeHH NPeObIBAaHMS OKOJIO 24 MUHYT. Y CJIOBUS
peaKkuy CyMMHPOBaHBI B TA0HULE 2.

Tabnuua 2: Ycnosus peakuuu u3 npumepa 1

Konm. moroka rimoko3sr, % macc. 10,8 Ru/C B HP*, r 9,19
Konn. BonbdpamoBoii kucnotsl, % mace. 0,43 VY nerpauncras Boaa, r 200,1
Bpewms mpeObiBanus, MUH 24,0 I'muuepun, % macc. 18,9

Jlobapnennsiii Ru/C, r 5,9 H,WO,:NaOH (mosb:Mob) 6,4

2
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Temnepatypa, °C 220 JaBnenue peakuuu (Oapn) 63

* HP: Havano peakuuu

ITocne Havana peakUyy MCXOIHAsl CENEKTUBHOCTh K ATHIIEHIIHKOMIO (D) mocTteneHHo
nosbinaercs. Yepes 24 gaca pabotsl, korga CenekruBHOCTH K DI mocturaer okono 58%, oquH
U3 YKa3aHHBIX BBIIE KAPTPUIDKEH IPUMEHSFOT IS BIpbIcKa npubnusutensHo 0,5 r ceeskero Ru/C
KaTaJIU3aTopa, PACTBOPEHHOIO B pacTBOPE 4,5 rpaMMOB IIMLIEPUHA U 4,5 rpaMMOB YJIBTPa4uCTON
BOJIBL, B peakTop. HaGmonaroT HeMeieHHOe yBeInYeHHEe CENIEKTUBHOCTH K COPOUTY U CHUKEHUE
cesniekTuBHOCTH K JI'. Heckonbko 4acoB Mo3xe, CENEKTUBHOCTD K DI M CENEKTUBHOCTD K COPOUTY
Ha4YMHAeT BOCCTAHABJIMBATBCS U CHUXKATBCS, COOTBETCTBEHHO. Kak TONbKO ceneKTUBHOCTD K OI
CHOBa gocTUraet okojo 58% (uepes okoso 31 yac), Apyroit KapTpUIK NPUMEHSFOT JJIsI BIPBICKA
npudmmsuTenbHo 0,5 r cBexxero Ru/C karanuzaTopa B peakTop. DTy MPoLEaypy MOBTOPSIIOT BCO
oCTaBllIeecss BpeMsl MPOrOHA C MHTEPBAJIOM MeEXAy MHbeKuUsMHU oT 3 no 10 gacos. B oOmem,
npuOIM3UTENBHO 5,5 rpaMMoB (BiIaxkHOT0) nononaHuTenbHoro Ru/C karanusatopa 1o0aBisoT BO
BpeMms peakuuu B npumepe 1. Tak kak cMech CyCIeH3UH KaTallu3aTopa rOTOBAT IIPU TEMIIepaType
OKpysKaroliel cpenpl, comepskamyr 50/50 (mMacc./Macc.) MMLepruHa U BOIbI, KaKIbIH BIPBICK
cycnensun Ru/C BbI3bIBa€T MOMEHTAJIbHOE IAZCHUE TEMIIEPATypPbl PEAKTOpPa U BbI3BIBAET
BPEMEHHOE HapylIEHNUE BbIXOASILEH KOMIIO3ULMH.

Cucrema paboraer B 1enom B TeueHne 90 sacoB BpemeHHu mporona. Yepes 90 yacos
CeJNIEKTUBHOCTB K DI cocTaBiisieT 0koyio 63% U CeNIeKTHBHOCTb K COPOUTY COCTaBJISIET OKOJIO 6%.
B Tedenue nepruoaa nocie Ha4aIbHOIO NEpUoOaa B 24 yaca, TOCTUTAETCs CPEHSAS CEEKTUBHOCTD
K 3TUJICHTJIMKOJIIO, COCTaBJIsTIONIast 0K0Ji0 49%.

Uzpacxonosanublii Ru/C kaTamu3aTop BBIAENSIOT U3 CUCTEMbI, CYIIAT U XPAHST, U 3aTEM
aHATU3UPYIOT. B nomonHeHne K pyTeHuIo U yriepoay, B U3pacx0l0BAaHHOM KaTallu3aTope TakKe
ObUTM HAWEeHbI OTJIOKUBLIMECS YaCTULBI BOJb(pama. AHAIN3 MHAYKTHBHO CBSI3aHHOW IJIa3MOH
(MCTI) nokasbIBaeT, 4TO U3PACXOAOBAHHBIN KATAIM3aTOP COAEPIKUT OKOJIO 4,2% Macc. pyTeHHsI U
oKkoJ10 5,6% Macc. Bosib()pama, 4TO COOTBETCTBYET MOJSIPHOMY OTHOLICHHIO MOJIeH BOJb(ppama K
MoJsisiM pyTeHHst okojio 0,73. OgHAKO HEM3BECTHO, BBIMBIBAIMCH JIM KAaKHE-THOO YaCTHIIBI
Bonb(ppama B mpouecce o0OpaboTku. PeHTreHoBckas aOCOpPOIMOHHAS  CHEKTPOCKOIHS
(XANES/XES) BbICYIIEHHOTO M3PaCcXOOBAHHOIO KaTaJIN3aTopa MOKa3bIBaeT MPUCYTCTBHE 79%
Macc. WO; u 21% macc. WO, KOMIIOHEHTOB.

IIpumep 2

IIpumep 2 npoBOAAT Kak mpumep 1, 32 UCKIIFOUEHHEM TOr0, YTO HE3HAUYNUTEIbHO MEHBIIY IO
KOHLIEHTPALIMIO TJIFOKO3bI HCIIONB3YIOT B ChIpbe (T.€. 9,1% Macc.) 1 HCIONb3yI0T HE3HAYUTEIIbHO
MEHBINYIO0 KOHLIEHTPALUUIO BOJb(ppamMoBoi kuciotsl (T.e. 0,40% macc.).

CHOBa, CyCNEH3MI0 T'eTepOreHHOro KaTajlu3aTropa roToBAT cMelinBaHueM 90 rpammosB
rnuuepuHa, 90 rpammoB yiabTpauucToil Boael U 10 rpammoB rereporeHHoro 5% Macc.
KarajgusarTopa pytenus Ha yrie (T.e. 5% macc. Ru/C karanmuzartopa).

B Havane peakumu ITPM 3amonHSIOT 4acThiO 3TOH cMecu Tak, 4ToObl B [IPM Obuio

3arpyskeHo 9,19 rpammo Ru/C. Kpome TOro, roToBAT HEKOTOPOE KOJIMYECTBO KapTPUIKEH, IIe
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KK bII KapTPUIXK COAEPKUT CMECh 4,5 rpaMMOB IruuepyuHa U 4,5 rpaMMOB yJIBTPA4UCTON BOABI
BMecTe ¢ 0,5 rpammamu 5% macc. Ru/C karanuzaropa.
YcnoBust peakuy Al npuMepa 2 CyMMHUPOBaHbI B Tadnuie 3.

Tabmuua 3: Yenosus peakunu U3 npumepa 2

Kon1. moToka riroko3sl, % macc. 9,1 Ru/C B HP*, r 9,19
Kon1. Bonb(pamMoBoii KHCIOTEL, %
0,40 YnpTpauucras Boaa, r 200,0
Macc.
Bpewmst npebbiBaHus, MUH 24,0 I'munepun, % macc. 19,0
Jlobaenennsiii Ru/C, r 15,2 H,WO,:NaOH (mosb:M01b) 7,2
Temnepatypa, °C 220 JaBnenue peakuuu (6apn) 63

* HP: Hauano peakuuu

Pe3ynbraTel npeBpalieHus II0KO3bl, Pe3yJIbTaThl CENEKTUBHOCTH K ATHIIEHIITUKOMO (O1)
U pe3yJIbTaThl CEJEKTUBHOCTU K COpOHUTY M3 mpuMepa 2 rnokas3aHsl B Tadnuue 4 u Ha ¢purype 1. B
MOMEHTBI BIPBICKA KaTaIu3aTopa o0pasipl OepyT 10 TAKOTO BIPBICKA KATAIN3ATOPA.

Ilocne Hauanma peakuuMH HCXOAHAs CeNeKTHBHOCTh K I mokasama Oonee ObicTpoe
MOBBIIIEHHUE, YEM B IIpUMepe 1, rie cenekTUBHOCTD K DI JOCTUraeT CeNleKTUBHOCTH OKOJIOo 57%
3a 14 4acoB. DTO MPOUCXOMUT YaCTUYHO M3-32 HE3HAUUTEJIbHO OOJiee HM3KOW KOHLIEHTPALIUH
TJIFOKO3BI B CBIPBE.

Brpeicku kaTtanusaropa AenarT B CPeHEM MEXAY 2 U 5 yacaMu, Tak KaK CeJIEKTUBHOCTD
K STHJICHIJIMKOIO KOJIEeONeTCsl MEHbIe U BOCCTAHABJIMBAETCS ObicTpee, yeM B npumepe 1. Jls
NpenoTBpaLleHus] NpeBbIeHus 55% cenekTUBHOCTH K DI, B HEKOTOPBIX CIIydasiX KaTaJu3aTop
BBOJIAT IOCTATOYHO YaCTO, TaK KaK CEJIEKTUBHOCTH K DI BhIle, uem B mpumepe 1. B nenom, okono
14 Ru/C karanusaTopa J00aBJISIOT B PEAKTOP B IpuMepe 2.

Cucrema pabortaet B LejoM B TedeHue 102 wacoB BpemeHu nporona. Uepes 102 gaca
celeKTUBHOCTD K I cocTaBinseT 0koio 56% U CeJIeKTUBHOCTD K COpOUTY cocTasjisieT okoJio 10%.
B Teuenune nepuoaa nocie Ha4aJIbHOTO Nepruosia B 14 4acoB, JOCTUraeTCsl CpPeaHss CEJIEeKTUBHOCTD
K STUJIEHIJIMKOJIIO, COCTABJISIONIast 0KoJjio 61%.

Ananu3 nHAYKTUBHO cBsizaHHOW Tutasmoil (MCII) mokassIBaer, 4To M3pacxXxOIOBAHHBIHN
Karajau3aTop comep:kut okojio 1,5% macc. pyreHus: u okoiio 48% macc. Bonbppama. MossipHOe

OTHOIIEHHE BOJb(ppaMa K PyTEHHUIO MOXET OBITh PACCUUTAHO Kak OKoJo 17,6.
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ITporox () 1 2 3 4 5 6 7 8 1011 (12 (13 |14 | 15|16 | 17 | 18 | 19 | 20
Ru/C (1) 0,5 0,5
Tpesp. (%) 100,0 | 99,8 | 99,7 |99,7(99,7[99,7(99,7|99,7|99,7[99,7|99,8|99.8 99,8 [99,8|99,8|99,7[99,8|99,8 (99,8 | 99,8
Cen. 2T (%) 13,3 | 12,7 | 24,8 |34,7]40,7|44,7|48,0|46,7|48,1|52,0|54,1(55,0(56,1|57,2|52,3|51,1|55,4|52,7|53,1|56,2
Cen. CB (%) 0,6 | 41,6 | 36,1 [282]23,721,0(19,4|20,0(18,6|15,7|14,7|14,6|13,5[12,9/16,1|16,3|13,4|14,9|14,6{12,2
Tabnuna 4 (mponosskeHue)
IIporon (u) | 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Ru/C(r) | 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Ipesp. (%) | 99,8 | 99,8 | 99,8 [ 99,8 [ 99.9 | 99,9 | 99,8 | 99.9 | 99,9 | 99,8 | 99.8 | 99.8 | 99,8 | 99.9 | 99.8 | 99,9 | 99,9 | 99.9 | 99,9 | 99,9
Cen. OI' (%)| 60,0 | 57,0 | 57,8 61,0 62,9 61,0 |61,0|64,0|66,0|61,9|582|575]|61,5|67,7]63,9|653|69,1]|63,6]|67,6|065,4
Cen. Cb (%)| 10,7 [ 11,6 [ 11,3 10,1 | 88 | 93 | 944 | 82 | 7,2 |10,2 10,1 10,1 | 7,6 | 59 | 79 | 72 | 56 | 59 | 54 | 59
Tabnuua 4 (npoxokeHue)
IMporor (u) | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | S8 | 59 | 60
Ru/C(r) | 05 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Tpesp. (%) | 99,9 | 99,9 99,9 (99,9 (999999 (999|999 999|999 |999|999(99,9 999999999999 |999|999|99,9
Cen. DT (%) | 65,9 | 65,8 | 65,1 | 62,4 |62,5(599|61,8|66,1|694|643|651]|61,7]61,9|596]|62,8]59,9|575|574]|61,3]63,5
Cen. CB(%)| 49 | 57 |69 |71 |72 (8075|6249 |62 |60 |75]|72|76|71|90]98]|84]|72]64

Tabnuna 4 (mpoxosskeHue)
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IIporon (u) | 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
Ru/C (1) 0,5 0,5 0,5 0,5 0,5 0,5
Tpesp. (%) | 99,9 | 99,91 99,9 (99,9 (999|998 99,9 999999999999 |999(99,9|99.9|997]99,9|99,9|999|999|99,9
Cen. T (%)| 62,8 | 65,1 | 66,8 | 66,5 | 63,6 | 57,2 | 56,6 | 61,3 | 63,9 | 62,7 | 62,6 | 59,0 | 59,7 | 62,2 | 63,9 | 60,4 | 60,8 | 61,9 | 63,5 | 62,3
Cen. CB (%)| 63 | 6,1 | 52 |80 |73 |106[102| 78 |58 |66 |66|75]|78]|68|62]|72]|68]|64]|57]73
Tabmuna 4 (mponosskeHue)
ITporon (u) | 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 | 100
Ru/C (1) 0,5 0,5 0,5
Ipesp. (%) | 99,9 | 99,9 99,9 99,9( 999|999 99.9| 998|999 | 99,8( 999|999 | 99,9 99,9|100,0[ 99,9 | 99,9 99.9 | 99,9 | 99,9
Cen. 3T (%)| 60,5 | 62,2 64,9 | 622 |62,7|63,8|67,0|58,9|54,1| 499524569 60,5| 645|657 63,7| 586 | 60,8 63,6 65,0
Cen. Cb (%)| 86 | 6,8 | 5,1 | 59| 59| 58| 50124 90 |149|134| 89| 67| 53 | 42| 59| 74| 68| 6,1 | 5,6
Tabnuua 4 (npoxoKkeHue)
ITporoH () 101 102
Ru/C (1)
ITpesp. (%) 99,9 99,9
Cen. 2T (%) 60,8 55.6
Cen. CB (%) 8,2 10,0

2

2

Ru/C=konnuecTBO JOMOIHUTEIBHOTO FETEPOreHHOro KaTanu3aropa 5% Macc. pyTeHHs Ha yriie (rpaMMbl)

[Tpesp. = npeBparueHue rioko3sl (%)




Cen. OI'=CeneKTHBHOCTD K 3THJICHTITUKOIO (%)

Cen. Cb=CenextuBHOCTb K copbury (%)
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DPOPMYJIA H3OBPETEHUA

1. HenpepbIBHBIH WM MOJYHENPEPBIBHBIA CHOCOO MOJNYYEHUS STHICHIJIUKONA W3
VCTOYHMKA YIJIEBOAA, BKIFOYAOLIHUMN:

B3aUMOJIEHICTBHE, B peaKTope, MpH Temreparype B uHTepBajie ot 170°C umm Gonee 1o
270°C unu MeHee, MO MEHbLIEH Mepe, YaCTH MCTOYHHMKA YIJIEBOJA B MPUCYTCTBHHU BOAOPOAA,
PacTBOPUTEINA U CUCTEMBI KaTaJIN3aTOPOB, C MOJYYEHUEM STUJIEHTJIUKOJIS,

I CUCTEMA KaTaJIu3aTOPOB BKJIKOYAET:

TOMOT€HHBIM KaTaJIu3aTop, IJie TOMOT€HHBIN KaTalu3aTop COAEPIKUT BOJIb(paM; 1

reTepPOreHHbIN KaTalIn3aTop, I1e TeTePOreHHbIN KaTaIu3aTop COAEPIKUT OUH Miu Oosee
NepPEeXOAHBIX MeTaJUIOB U3 rpynmn 8, 9 u 10 nepuoan4eckon CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
HOCHTEJIS, U

U 1€ HENPEepPbIBHO WM NEPUOAUYECKH AOMOIHUTENbHBIM I€TEPOreHHbIN KaTaJIu3aTop
NOOABJISIIOT B PEAKTOP.

2. Cnoco6 mo myHKTy 1, rze CeneKTUBHOCTb K OSTHJICHIJIMKOJIO MOJAEP KUBAETCS
HEMpepbIBHBIM WM MEPUOIUYECKUM  J00aBJIEHHWEM  JIOTOJHHUTENIBHOIO  TIeTePOreHHOro
KaTaJu3aropa B PEaKTop.

3. Cnocob mo myHKTy 2, rie CeNeKTUBHOCTh K STHJICHIJIMKOJIO TONEPIKUBACTCS HIKE
nopora 85% HenpepbIBHBIM WJIM TEPHOJUYECKHM  NOOABJIEHHEM  IOIOJHUTEIHHOIO
reTEepPOreHHOro KaTajanu3aTopa B peaKkTop.

4. Cnoco0 mo MyHKTy 2, TIe CEeNeKTHBHOCTb K STHJICHIVIMKOJIO TMOIIEPKUBAETCS B
uHtepBanie or 35% wnu Oonee no 85% waM MeHee HEMPEPBIBHBIM WM TMEPUOTUYECKUM
no0aByieHUEM JOMOJHUTEIBPHOIO FeTEPOTeHHOTO KaTaIi3aTopa B PEaKTop.

5. Cnoco®6 mo mobOoMmy u3 NyHKTOB 1-4, rZie CENEeKTUBHOCTb K OSTHIICHTIIUKOJIO
HETPEPbIBHO WJIM TIEPUOAUYECKH ONPENesIFoT W CPaBHUBAOT C OJHMM wWin  Oosee
NIPEABAPUTENIBHO YCTAHOBJIECHHBIMU IOpPOraMH, W TA€ [AONOJHUTENbHBI TI'€TepOreHHbIN
KaTaJIU3aTop NMOJAI0T B PEAKTOP, €CJIM TaAKOW MOPOT JOCTUTAETCsl NN MPEBBILIAETCS.

6. Criocob no Jro0oMy M3 MyHKTOB 1-5, rie CUCTeMOl KaTaau3aTOPOB SIBIISIETCS] CUCTEMA
KaTaJIU3aTOPOB, BKJIOUAOINAS:

a) TOMOTEHHBIH KaTajau3aTop, KOTOPBI HAXOMUTCS B PEaKTOpe, IJIeé TOMOI€HHBIH
KaTajJu3aTop COAEPKUT BOJb(paMm,

b) mepBbIil reTepOreHHbIH KaTadu3aTop, KOTOPBIAH HAXOOUTCS B PEAKTOPE, TAE MEpPBbIM
reTEePOreHHBIN KaTaIM3aToOpP CONEPKUT OUH WK OoJiee MePeXOHbIX METAJUIOB U3 rpynn 8, 9 u
10 mepuoanyecKOil CUCTEMBI 3JIEMEHTOB Ha MOJIOKKE U3 HOCUTEIS], U TI€ NIEPBbI FeTEPOreHHbIN
KaTaJIN3aTOpP IOMOJHUTEIBHO CONEPKUT HEKOTOPOE KOJIMYECTBO BOb(pama; u

C) BTOpPOH Te€TEPOreHHbIH KaTajH3aTOp, KOTOPBIH HENMPEPBIBHO WU MEPUOIUYECKU
n00aBJISAIOT B PEAKTOp, IIe€ BTOPOH TI'€TEPOreHHBIH KaTalH3aTOp COAEPIKUT OAWH WU Oojee
NepPeXOAHBIX MeTaJUIOB U3 rpynn 8, 9 u 10 nepuoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
HOCHUTEIS, U TA€ BTOPOW MeTEPOreHHbIN KAaTaJIN3aTOpP HE CONEPKUT BONb(GPaM; M KOJIHYECTBO
BOJIb()paMa B MOJISIPHOM OTHOLIEHUH MOJIEH BOJIbpaMa K MOJISIM MEPEXOIHOT0 METaJlIa MEHbIIIE,

HUEM MOJIAPHOEC OTHOLUCHHE MOJIeH BOJ'Ib(l)paMa K MOJIAM HOEPEXOAHOTrO METAJlJla B IICPBOM
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reTepOreHHOM KaTalu3aTope.

7. Cnioco0 1o myHKTy 6, r7ie BTOPOIl reTepOreHHbIN KaTaIu3aTop He COOEPIKUT BONb(paM;
WA KOJINYECTBA BOJIb()paMa B MOJIIPHOM OTHOLIEHUH MOJIEH BOJb(pamMa K MOJISIM MEPEXOTHOTO
MmeTayia cocrasisieT MeHee 10:1, mpenmoutuTenbHo, MeHee 5: 1 1 OoJiee MpenmnovTUTEIbHO, MEHEe
I:1.

8. Criocob mo nyHKTY 6 WM 7, r7ie B peakTope YacTHUIIbl BOJIb(paMa OTKIIaIbIBAOTCS HA
MOJAHHBIA BTOPOM TETEPOr€HHBbIM KaTaau3aTop, U BTOPOHM TIE€TEPOreHHBbIM KaTaJIu3aTop
MIpEeBPaIlaeTCs B NEPBBIM eTEPOreHHbIN KaTaIu3aTop.

9. Cnocob mo moboMy U3 NMyHKTOB 6-8, rZie HENmpepbIBHO WMJIM NEPUOJUYECKU YacTb
NEePBOr0 FeTEPOreHHOro KaTalIu3aTopa y 0T U3 PEAKTOpa.

10. Croco® mo moboMy H3 HyHKTOB 6-9, rie AONMOJHUTENbHO HCTOYHHUK YTJIEBOAA
HETPEPHIBHO WM MEPUOANYECKH JOOABISAIOT B pEAKTOP, U IIE MACCOBOE OTHOLIEHUE HETIPEPhIBHO
WINA TIEPUOANYECKH 00aBJIAEMOr0 BTOPOrO I'€TEPOr€HHOr0 KaTalnu3aTopa K HEMPEepbIBHO WU
NEepUOINYECKU A00aBIIEMOMY HCTOYHMKY YIJIEBOZA MOCTOSHHO IMOJAEPKUBAIOT B HHTEpBAJe
0,5:100-1,0:100.

11. Cnoco® o mobomy U3 myHKTOB 6-10, rie nepBbli reTepOreHHbIN KaTanu3aTop W/ win
BTOPOIl I'€TEepOreHHBbIH KaTaJIu3aTop COAEPXKUT ONHO WM Oojiee COemquHEHUil Boib(pamarta,
NPEANOYTUTENIbHO, AMOKCHI BOJb(paMa W/WIN TPUOKCHA BOJNb(paM, OTIOKEHHbIE Ha
NepPEeXOIHBIA METAJT W/WUJIN HOCUTEITb.

12. Cnoco6 mo nrobomy U3 mMyHKTOB 1-11, re peakTopoM sIBJISIETCS] IPOTOUHBINA PEAKTOP
C MEIIAJIKOM.

13. Cuctema KaTaau3aToOpOB, BKIFOYAOLIAS:

a) TOMOTEHHBIN KaTaJIM3aTop, KOTOPBIA MPEATIOUTUTEFHO HAXOOUTCS B PEaKTOpe, rae
TOMOT€HHBIH KaTaJIU3aTOpP COAEPIKUT BOJIb(pam,;

b) mepBbIil TeTePOreHHBbIH KATAJIU3aTOP, KOTOPBIH MPEINOYTHTEIBHO HAXOAMTCS B
peakTope, rIe MepBblil TeTEePOTeHHBIH KaTATH3aTOP COAEPIKUT OOUH MK Oojee MepeXOmHbIX
MeTasuioB u3 rpynn 8, 9 u 10 nepuoandecKoil CUCTEMBI 3JIEMEHTOB Ha MOAJIOKKE U3 HOCUTENS, U
I MEepBbI NeTEPOreHHBbIN KaTalIu3aTop AOMOJIHUTENBHO COAEPKUT HEKOTOPOE KOJIMYECTBO
BOJIb(paMa; u

C) BTOPOH Te€TepOreHHbIN KaTaJIu3aTop, KOTOPBIA MPENNOYTHTEIBHO HETNPEPHIBHO WU
NEPUOIUYECKU TOOABISIFOT B PEAKTOP, I/Ie BTOPOH MeTEPOreHHbIH KaTaJIU3aTOP CONEPIKUT OIHUH
Wi OoJiee MepexoaHbIX MeTauioB w3 rpymnm 8, 9 u 10 mepuoauveckoil CUCTEMbI 3JIEMEHTOB Ha
NIOJUIOJKKE U3 HOCHUTEJISA, U TA€ BTOPOI reTepOreHHbIH KaTaln3aTop He COAEPIKUT BOJb(ppam; Wiu
KOJINYECTBO BOJb(paMa B MOJISIPHOM OTHOLICHHH MOJIEH BOJb(ppaMa K MOJISIM IEPEXOTHOTrO
MeTajula MEHbLIIE, YeM MOJISIPHOE OTHOIIEHHE MOJIeH Bob(pama K MOJISIM TMIEPEXOTHOTO METaJLIa
B [IEPBOM I'€TE€POr€HHOM KaTaJIU3aTope.

14. Cucrema xaTanu3aTopoB O NMyHKTY 13, rae

NEePBbI T'€TEPOreHHBbIH KATalU3aTOp COMAEPXKUT KOJWYECTBO BOJNb(pamMa B MOJSIPHOM
OTHOILIEHUH MOJIeH Bosb()pama K MOJISIM mepexogHoro merajuia 1:1 umm 6onee; u

BTOPOM IreTepPOreHHBIN KaTaJIN3aTop HE CONEPKUT BOJIb(paM; UIIH KOJMYECTBO BOJIb(pama
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B MOJISIPHOM OTHOIIEHUH MOJIEH BOJb(ppama K MOJISIM EPEXOAHOT0 MeTaia cocrasisier 1:1 wmun
MeEHee.

15. Karammszarop no nyHkTy 13 mnm 14, rae nepBulil reTepOreHHbIN KaTaau3aTop H/HiH
BTOPOW TETEPOTeHHBIN KaTalN3aTOp COMNEPXKUT ONUH MM Oojiee COeOUHEHUH BOJb(ppamara,
NPEATIOUYTUTENIbHO, JAWOKCUI BoNbdpamMa WM TPUOKCHA BOJb(paMm, OTIOXKEHHbIE Ha
NePEXOHbIM METAJUT W/ WM HOCUTEb.

16. Cucrema Katanu3aTopoB IO JIOOOMY M3 MyHKTOB 13-15, rie mepselii reTepOreHHbIH
KaTaJnu3aTop W/ UM BTOPOH reTepOreHHbIN KaTalIu3aTOP CONEPIKUT:

- coeHEeHME BOJb(pamara, rae BoJIbppaM UMEeT CTeIeHb OKUCIIeHUs +4; u/wiu

- coeMHEeHNe BoJIb(pamarta, riae Bojdb(ppam UMeeT CTeNeHb OKUCIEHHs 15, 1/iin

- coeflMHeHue BoJIb(ppaMaTa, rae Bojab(ppaM UMeeT CTelneHb OKUCIeHus +6.
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N3MEHEHHAS ®OPMYVYJIA U30OBPETEHMNA,

HMPEUIOKEHHAA 3AABUTEJIEM /UIAA PACCMOTPEHUA

1. HemnpepbIBHBIH WM TOJYHENPEPBIBHBIA CHOCOO0 MOJNYYEHUS STHICHIJIUKONA W3
VCTOYHMKA YIJIEBOAA, BKIFOYAOLI UM

B3aUMOJIEIICTBHE, B peaKTope, NMpH Temreparype B uHTepBajie ot 170°C umm Gonee no
270°C unu MeHee, MO MEHbLIEH Mepe, YaCTH MCTOYHHMKA YIJIEBOJAA B MPUCYTCTBHHU BOAOPOAA,
PacTBOPUTEINL U CUCTEMBI KaTaJIN3aTOPOB, C IOJYYE€HUEM STUJIEHTJIUKOJIS,

U NOJJEp KaHUE CENEKTUBHOCTH K STUJICHIVIMKOJIO B MHTepBaie oT 35% wuiu BbllIe 10
85% wimm HIWKE HENPEPBIBHBIM WM TEPHOIUYECKHM I00aBJIEHHUEM OIMOJHUTEIBHOTO
reTepOreHHOro KaTajanu3aTopa B peakTop,

IZI€ CEJIEKTUBHOCTb K STWJICHITIMKOIIO HENPEPBIBHO WM NMEPUOAUYECKH ONPENESIOT U
CPAaBHUBAIOT C OJHMM WM Ooyiee TNpenBapPUTEIbHO YCTAHOBJIEHHBIMM IIOPOTaMM, U TIJie
JOMNOJHUTEIIbHBIN N€TePOreHHbIN KaTaIUu3aTop MOAAI0T B PEAKTOP, €CJIM TAKOH MOPOT AOCTUTAeTCsI
WM NIPEBBILIAETCS, U

r7le CUCTEMON KaTaJIu3aTOPOB SBJIAETCS CUCTEMA KaTalInu3aTOPOB, BKIIOYAIOIAS:

a) TOMOTEHHBIM KaTajJu3aTop, KOTOPBIM HAXOOUTCS B pPEAKTOpe, I/ieé TOMOTECHHBIH
KaTaJn3aTop COAEPIKUT BOJIb(pam;

b) mepBbIil reTepOreHHbIH KaTalINu3aTop, KOTOPbIH HAXOAWUTCS B PEAKTOpe, TAe MepBbIi
T'eTepOreHHBIH KaTaJIN3aToOp COAEPIKUT OIHMH MM OoJiee MepexOAHbIX METAJUIOB U3 rpymnm 8, 9 u
10 neproanyecKkol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3 HOCUTEJS, U TI€ IEPBBIN reTepOreHHbIN
KaTaJIU3aTOpP JOMOJHUTEIBHO COIEPKUT HEKOTOPOE KOJIMYECTBO Bob(pama; u

C) BTOpPOH TeTEepPOreHHbIH KaTajJH3aTOp, KOTOPBIM HEMPEPBIBHO WU MNEPUOTUYECKU
O00aBJIAIOT B PEAKTOp, IIe BTOPOH TI'€TEPOreHHBbIH KAaTaTU3aTOp COIEPIKUT OAWH WU Oojee
NepeXOAHbIX MeTaJuIoB U3 rpynn 8, 9 n 10 nepruoanyeckol CUCTEMBI 3JIEMEHTOB Ha MOJJIOKKE U3
HOCHUTEJIS, U TA€ BTOPOW MeTePOTeHHBIH KAaTaJIN3aTOP HE CONEPKUT BOJNb(GPAM; WIIH KOJTHYECTBO
BOJIb()paMa B MOJISIPHOM OTHOLIEHUH MOJIEH BOJIb()paMa K MOJISIM MEPEXOIHOr0 METaJlIa MEHbIIIE,
YeM MOJSIPHOE OTHOLIEHHE MOJieH Bosib)pamMa K MOJISIM IEPEXOJHOrO MeTalyla B TEPBOM
reTepOreHHOM KaTaJau3aTope,

U IJI€ BTOPOI reTepOreHHbIN KaTaIu3aTop J0OABISIOT B PEAKTOP, U IAE MPEANIOYTUTEIEHO
CEJIEKTUBHOCTb K OTUJIEHIVIMKOJK MOJAEPKUBAIOT HENPEPBIBHBIM WJIH NEPUOANYECKUM
no0aBJIEHUEM BTOPOTO F€TEPOr€HHOr0 KaTaIN3aTopa B PEaKTOP.

2. Criocod no nyHKTY 1, rie BTOpOi reTeporeHHbIi KaTalu3aTop He CONEPIKUT BOJIb(pam;
WIN KOJIMYECTBA BOJIb()paMa B MOJIIPHOM OTHOLIEHUH MOJIEH BOJb(pamMa K MOJISIM MEPEXOTHOTO
MmeTaia cocrapisieT MeHee 10:1, mpenmoutuTenbHO, MeHee 5:1 1 Ooiee MpennovTUTEIFHO, MEHEe
I:1.

3. Cnoco6 mo nyHkTy 1 mim 2, rie B peakTope 4acTUIbl BOJb(ppama OTKIIAJbIBAIOTCS HA
MOJAHHBIM BTOPOM TETEPOreHHBbI KaTaau3aToOp, U BTOPOM TIe€TePOreHHbIM KaTalIu3aTop
MIpPEeBPAIlaeTCs B IEPBBI FeTEPOreHHbIN KaTaIu3aTop.

4. Cnoco0 mo moOOMy M3 MyHKTOB 2-3, IZie HEMPEPBIBHO WM NMEPUOAWYECKH YacTh

NEPBOr0 FeTepOreHHOro KaTajanu3aTropa yAaJsiioT U3 PeakTopa.
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5. Cnoco0® mo nmoOoMy W3 TYHKTOB 1-4, e MOMONHUTENBPHO HCTOYHHUK YIJIEBOZA
HeMpepbIBHO MJIN NMEPUOAMYECKH JOOABIISIOT B PEAKTOP, U II€ MACCOBOE OTHOLIEHHE HEMPEPBIBHO
WIN MEePUOIMYECKH J00aBJIsIEMOr0 BTOPOrO MeTepPOreHHOro KaTaju3aTropa K HEeMpepbhIBHO HIIH
NePUOANYECKH N00aB/IsIeMOMY HCTOYHHMKY YIJIEBOZA TMOCTOSIHHO MOANEPKHBAIOT B MHTEPBAJIE
0,5:100-1,0:100.

6. Crioco6 mo mo00My U3 MyHKTOB 1-5, rnie mepBblii T€TepPOreHHbIH KaTalIu3aTop W/Win
BTOPOIl T'€TEePOreHHBIN KaTalu3aTop COAEPIKUT ONHO WM Oojiee COemquHEHUil BoJb(pamarta,
NPEANOYTUTENIPHO, IHOKCHI BOJb)paMa W/WIM TPUOKCHA BOJb(ppPaAM, OTIOKEHHbIE Ha
NePEXOIHbBII METAJT H/UJIN HOCUTEITb.

7. Criocol 1o mroboMy U3 MyHKTOB 1-6, rie peakTOpOM SIBJIIETCS IPOTOYHBIA PEaKTOp C

MELIAJIKOM.
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