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(57) Crnocob mnosyueHus STUIEHIIMKOINS, BKIFOUAIOMMA cTaguu (i) Mojauu B NEPBblii PeakTop HCTOYHMKA

yIIEeBO/a, PACTBOPUTEILS, BOAOPOAA, IEPBOr0 IT'€TEPOreHHOI0 KaTall3aTopa, Ie NMepBblii reTepOreHHbIH
KaTaJn3aTop COAEPKUT OIWH WM Ooiee MepexomHbIX MeTauioB w3 rpynm 8, 9 u 10 mepuoandeckoi
CHCTEMBI 3JIEMEHTOB, 1 TOMOT€HHOT'0 KaTaIn3aTopa, I7ie TOMOTCHHBIN KaTalu3aTop COIEPXKHUT BOJIb(pam;
(1) B3auMoeiCTBHS B IEPBOM peakTope IpH Temneparype B unrepsaiie ot 170°C mm 6onee no 270°C
WIM MEHEe 10 MEHbLIEH Mepe JacTH HCTOYHMKA yIIEeBOJAa B NPHCYTCTBHU BOAOPOA, PACTBOPHUTEI,
MIEPBOTO TETEPOTEHHOTO KaTaau3aropa M TOMOTEHHOTO Karamm3aropa; (ill) ymaneHHs W3 TepBOTO
peakTopa IOTOKa MPOAYKTa IIEPBOTO pPEaKTopa M OTAEICHHUs U3 TAaKoro MOTOKa MPOAYyKTa HEPBOIo
peaxTopa Mo MeHbIIeld Mepe omHON (pakmuu, OOraToi ATHIICHITIMKOIEM; M OTHOHM (pakuuu, Ooratoi
copOHTOM, CofleprKalleii KOHIICHTPUPOBAHHBII TOMOTE€HHBIN KaTaian3aTop; (1v) mojaaqyn BO BTOPOH peakTop
BOZIOPOJIa U 110 MEHBIIIEH Mepe 4acTu 0oraToil copouToM (pakiiu, coaepKamiell KOHIEHTPUPOBAHHbIH
TOMOTEHHBIN Karanm3arop; (V) B3amMOICHCTBHSA BO BTOPOM peakTope mpu Temmeparype oT 200°C wim
6onee mo 300°C mimm MeHee MO MEHBINEH Mepe dacTh Oorartoil copOurom (pakmuu, comeprkareit
KOHLICHTPUPOBaHHbIN TOMOT€HHBIN KaTaJIu3aTop, IJ€ BTOPOX IeTEPOreHHBIN KaTalu3aTop CONEPKUT ONUH
i OoJiee IepexoIHBIX METAJUIOB U3 rpymil 8, 9 u 10 mepronnveckoi CHCTEMBI STIEMEHTOB; (Vi) yaaleHHs
MTOTOKA MPOJIYKTa BTOPOTO PEaKTopa U3 BTOPOTO PEeakTopa.
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OIIUCAHHUE U30BPETEHUA

2420-564447EA/019

CIIOCOB ITPON3BOACTBA OTUJIEH/IMKOJIA

OBJIACTb TEXHUKH, K KOTOPOM OTHOCUTCS U30EPETEHUE

Hacrosimee n3o0pereHne OTHOCUTCS K CIIOCOOY MPOM3BOCTBA STHIICHTITHKOJISL.

YPOBEHb TEXHUKH

ATNKWJIEHITIMKONY, Takue KaK STUJIEHIJIMKOJNb, SIBJISIOTCS XMMUYECKHMHU BelEeCTBAMU
MacCOBOT'O MPOU3BOACTBA, KOTOPbIE MOTYT NMPHUMEHSATHCS BO MHOXecTBe obnactell. OHU MOryT
NPUMEHATBCS B KayecTBE MOHOMEpa TpU  IMOJNY4YeHHH TMONMI(pUPOB, TaKUX Kak
nonu(3TIneHrepedranar), nonu(3TUIeHHaAPTEHAT) WM NOJU(3THIEHPYpaHIuKapOOKCHaT), HO
STUJICHIJIMKOJIb TaKXK€ MOXKET NPUMEHATbCS B Cpefe Ui MepeHoca Temla U KOMIO3ULMSIX
anTudpusa.

B nmocnennee Bpemsi mpuiararoTcsi BCe OONbIIME YCHIIMSA JUISI  NIPOU3BOJICTBA
ANIKWJICHTJINKONIEH M3 BO30OHOBISIEMBIX pPECypcOB, Takux Kak yrueBoabl. OOecrieunBast
NOJTyYeHHe AJIKWICHTJIMKONEH, TaKkuX KakK OSTHJIEHIJIMKONb, U3 BO30OHOBISEMBIX PECYpCOB,
3aBUCUMOCTD OT FOPHYUX NCKONAEMbIX IPEUMYIECTBEHHO CHUKAETCH.

B CN102643165 omucan cnoco® MOJydeHHst STHICHIJUKONA U 1,2-TpOnHIeHIITHKOIS
HENpepbIBHBIM THAPOKPEKUHIoM caxapoB. Croco® mNpoBOAAT B peakTope ¢ NPUMEHEHHEM
KaTaJIMTUYECKN aKTUBHBIX YacTHUL Bosb(pama. XKuakuil moTok, BEIXOAAIIUI U3 peakTopa, JeJsT
Ha gaBe 4vacTd. OJHy YacTb KMIKOTO IIOTOKA, BBIXOASILIErO U3 PpEakTopa, 3arpyxarmoT B
JUCTUUTSILIUOHHYIO CHCTEMY, U JIPYTYIO 4acTh JKUAKOTO IMOTOKA, BBIXOMSILIErO M3 PEeaKTopa,
BO3BPALIAIOT HEMOCPEACTBEHHO B PEAKTOp sl pa30aBlieHUs] PEAKLUOHHOW JKUAKOCTH. B
OUCTWULSIMUOHHOW ~ CHCTEMe  MOJIyYar0T ~ MHOTOATOMHBbIE — TsDKeJble  (ppakumu U
HENpOpearupoBaBLINI caxapui, KOTOpble BO3BpAIAlOT B pPEaKTOp Ui IOCIEAYIOLIEro
ruapokpekunra. Takum 00pa3oM, pacTBOpPEHHBIE KOMIIOHEHTBI BOJIb(pamMa B TSKEIbIX (HPaKIHsIX
BOCCTAHABJIMBAIOT U PELIUPKYJIHUPYIOT B PEAKLHUIO.

Taxke B W0O2016/114658 omucan crnocod MOMyYEHUS] STHISHIJIHKONS W3 HMCTOYHHKA
yrieBosa. McTouHuk yrieBoja MoABEpraroT B3aUMOAEIHCTBHIO C BOJOPOAOM B NPUCYTCTBHUU
pa3baBUTENS U CHCTEMBI KAaTaJIU3aTOPOB, COAEPIKALIEH COeNUHEHNE BOJMb(ppaMa U 1O MEHbLICH
Mepe OOUH MEeTaJll JJisl TUAPOTeHONIN3a, BbIOpaHHBIA u3 rpymm 8, 9 mmu 10 mepuonnyeckoi
cuctembl 35ieMeHTOB. W0O2016/114658 moka3bIBaeT, 4TO BBICIIHE MOJHOJIbL, TAKHE KaK TIIUIEPHH,
SPUTPUT WJIA COPOUT, KaK MPABUIIO, 0OPA3YIOTCS KaK MOOOYHBIE MPOIYKTHI B CIIOCOOE MOy YeHUST
STHJICHTJIUKOJIST U3 YIIIeBOAOB. BO3MOXKHO, MONIHOI, HAIPUMEp, TJIULEPHH, KCHIINUT, COPOUT HIIH
SPUTPHUT, MOTYT ObITh 10OaBiEHbI B pazbaBuTenb. OHU TaKke€ MOTYT NMPUMEHSTHCS B KAueCTBE
BBIBOZSIIIETO BEIIECTBA Il Oy THIICHTJIMKOJIS U 3aT€M PEeLMPKYJIHPOBaThCs B mpouecc. IIponecc
MOJKET TMPOBOIUTBHCS B YCIOBHSIX PEXHMMa HENPEPbIBHONH pabOTBI: TIE ChIPbE COAEPIKUT IO
MeHbIIEH Mepe pa30aBuTeNb (COAepKAIUI AJTKIIIEHTIINKOJIb) M ICTOYHHK YTIJIEBOAA; U I7I€ TAKOE
ChIpbe MPOIYCKAIOT Yepe3 PeakTop WAEalbHOIO BHITECHEHUsI B IPUCYTCTBUU BOAOPOAA, a TAKXkKe
B IIPUCYTCTBUH KaTaJIUTUUYECKONH CUCTEMBI.

XOTsi BBICIIHE MTOJUOJIBI, TAKHE KaK COPOUT, MOTYT OBITh PELIUPKYJIUPOBAHBI KAK OMHCAHO



B WO2016/114658, 3HaunTEeNIPHOE PELMPKYJINPOBAHIE TAKHUX BBICIINX MOJHOJIOB HEXKENATEIBHO.
B ycnoBusix peakTopa Uil KOHBEPCHH HCTOYHMKA YIJIEBOZA, BBICIIHE IIOJIMOJBI, TaKHE Kak
copOUT, HE MOTYT OBITh MOJIHOCTBIO MPEBPAIIECHbL. B pe3yibpraTe KOHIEHTPALUs TAKUX BBICIIHX
NOJINOJIOB Oy I€T BO3PacCTaTh, JieNasi Coco0 MEeHee MOAXOSIINUM ISl HEMPEPBIBHOTO AEHCTBUS.

B WO 2015028398 onucan cniocod Mmoay4eHus: STHIEHIIIUKONS U 1,2-NpONHIEHT JTHKOJIS
U3 MCXOJHOIO MaTepHualia, COAep’Kallero OAWH Wi Ooyee caxapuaoB, A€ CHOCOO COAEPIKHUT
CTauu 1) IOAAYN MCXOAHOrO MaTepuajia U BOIOPOJA B MEPBBIN PEaKTOp, I/ie MEPBbIH PeakTop
paboTaer mpu MEepeMeIIWBaHUMU, 11) B3aUMOIEHCTBHS YKAa3aHHOIO HCXOOHOTO MaTepuajja u
BOZOPOAA B MEPBOM PEAaKTOpPE B MPUCYTCTBUHM PACTBOPHUTENS] U KATAJIUTHYECKOW CHCTEMBI, 1i1)
HETPEPHIBHOTO YAJIEHHs IOTOKA MPOAYKTA MEPBOr0 PEakTopa U3 MEPBOTO PEaKTopa; 1v) mopady
10 MEHbLIEH Mepe 4acTH MOTOKAa MPOAYKTa MEPBOTr0 PEAKTOpa BO BTOPOH peakTop, TIe peakTop
paboTaeT Mo CyLIeCTBY B PEXUME IOTOKA BBITECHEHMS, W V) JaJbHEHIIero B3auMOJEHCTBUS
IIOTOKa NPOAYKTa IIEPBOTO peaKkTopa C BOAOPOAOM B TMPHCYTCTBUU pACTBOPUTENS H,
HeoOs13aTeNIbHO, KaTaJIUTHYECKON CHCTEMBl BO BTOpPOM peakrope. Karamutuueckas cucrema
MOXKET COMep KaTh OUH WK O0Jiee MaTepHaioB, BHIOPAHHBIX M3 MEPEXOIHBIX METAJUIOB U3 IPYII
8, 9 wiu 10 WM UX COeNMHEHUs U OAMH WM Oojiee MaTepuasioB, BRIOPAHHBIX M3 BOJb(pama,
MOJHOIeHa U UX COEIMHEHNH U KOMIUIEKCOB. B OTHOM BapHaHTe, TOMOT€HHYIO KaTAIUTHYECKYIO
CHCTEMY IIPUMEHSIIOT B [IEPBOM PEAKTOPE, KOTOPAsi MOXKET OCTaBaThCs B [MOTOKE MPOAYKT IEPBOTO
peaxkTopa 1 MojiaBaThCsl BO BTOPOM peakTop B ’TOM IOTOKE.

B WO 2015028398 sxenaroT NoJy4YHuTh NOJTHYK KOHBEPCHIO UCXOIHOTO MaTepuaia v/ iin
JFOOBIX IPOMEKYTOUHBIX COETUHEHUN M JKEJAIOT CHU3UTh 00pa3oBaHHe MOOOYHBIX MPOAYKTOB.
CHuxeHue oOpaszoBaHHs MOOOYHBIX MPOAYKTOB, OJHAKO, HE MOKa3aHO B mpumepax. Haobopor,
Kak mokazaHo B npumepax WO 2015028398, xots B npumepax 2 u 3 o0pa3oBaHHE KeJIAeMOTro
MPOAYKTA, MOHO-3THUJICHTJIMKOJIS, TIOBBILIAETCS] HA JECSITKH MPOLIEHTOB, 00pa3oBaHue MOOOYHOTO
1,2 GyTaHnuosa MOBBIIAETCS] HA COTHU MPoueHTOB. O0pa3oBaHre NOOOYHBIX BBICHIUX MOJHOJIOB,
TAKUX KaK TJIUIEPUH, SPUTPUT WM COPOUT, HE OMPENEeNICHO, HO TAKXKEe MOXKET OKHUAATHCS UX
MOBBIIIEHUE B JAHHBIX OOCTOSITEICTBAX.

Bruto Obl mocTrskeHUEM B MaHHOW OOJIACTH TEXHUKU OOECTEYHTDb YJTyYIIEHHBIH CIIOCO0
NOJIYYEeHUsI STHJICHIJIMKONS, KOTOPBIA IMO3BOJIIET M30€XKaTh HAKOIUICHHS BBICHINX MOJHOJIOB
(Takke Ha3bIBAEMBIX TSDKEJIBIMH TIOJHOJIAMH), TAKUX Kak copobut, B crocobe. Kpome Toro, 6pu10
OBI OCTIXKEHUEM B TAHHOM O0JIACTH TEXHHUKH, €CJTH ObI MOKHO OBbLIO MPEIOTBPATUTh HAKOTUIEHUE
TAKHX TSDKEJBIX ITOJINOJIOB SKOHOMHUYECKH MPUBJIEKATEIBHBIM CITOCOOOM.

CYHIHOCTD U30BPETEHMA

Takoit cnoco® ObUT TONy4YeH C TOMOIIBK CrMoco0a B COOTBETCTBHH C JIAHHBIM
n3obperenneM. CrenoBaTenbHO, B JAHHOM HM300pETEHMH MPEACTABIEH CIOCOO MPOU3BOACTBA
STHJICHTJIUKOJIS, BKITFOYAOIINUN CTAIHH:

(1) momaun B MEPBBIA PEAKTOP UCTOYHHKA YIJIEBOAA, PACTBOPHUTENSI, BOIOPONA, TIEPBOTO
I€TEPOreHHOr0 KaTajJHu3aTopa, 7€ MEePBbIil I'€TePOreHHBIH KaTaJu3aTop CONEPKUT OOUH WIIH
OoJiee mepexONHBIX MeTaioB u3 rpynnd 8, 9 u 10 mepuomu4ecKor CHUCTEMBI 3JIEMEHTOB, U

TOMOT€HHOT'O KaTaJn3aTopa, I1e€ TOMOTeHHbIH KaTalIn3aTop COAEPIKUT BOJIb(pam,;



(11) B3aMMONIEHCTBYSI B IEPBOM PEAKTOPE MpH TeMmrepatype B uHtepBaie ot 170°C wmm
bonee no 270°C wnm MeHee MO MEHbLIEH Mepe YacTH HCTOYHHKA YIJIEBOJIA B IMPHCYTCTBUU
BOZIOPOAA, PACTBOPUTEIS, IEPBOr0 FeTEPOreHHOrO KaTajlu3aTopa U TOMOI€HHOIO KaTajau3aTopa,

(111) yaneHust U3 MEPBOrO PeakTopa MOTOKA MPOAYKTA MEPBOTO PEAKTOPa U OTAETICHUS U3
TAKOro MOTOKA MPOAYKTa EPBOro peakTopa Mo MEHbLIeH Mepe:

- OgHOU (pakuy, OOraTON STHIICHTJIUKOJIEM, H

- omHOM ¢paxumu, doraTol copOUTOM, coaeprKaleil KOHIEHTPHUPOBAHHBIA TOMOTE€HHbIN
KaTajaus3aTop,

(1v) momaum BO BTOPOI peakToOp BOIOPOJA U 110 MEHbLIEeH Mepe 4acTu OoraToi copourom
¢bpaxumuy, copeprkaliei KOHIEHTPUPOBAHHBIN TOMOTE€HHBIN KaTallu3aTop;

(V) B3auMozeicTBHs BO BTOPOM peakrope npu temnepatype ot 200°C umu 6omee 1o 300°C
WM MeHee IO MeHblleli wMepe uyactu Ooraroii copOutom (pakumu, coxep:kaeit
KOHLIEHTPUPOBAHHBIM T'OMOI€HHBIM KaTajau3aTop, IA€ BTOPOH TIETEPOTre€HHBbIM KaTaJIu3aTop
COIEPKUT OAMH Wiu OoJiee MePeXOAHbIX MeTaIoB 13 rpynn 8, 9 u 10 nepuoxuyeckol cucrema
3JIEMEHTOB;

(vi) ymaneHusi OTOKA MPOAYKTA BTOPOTO PEaKTOpa U3 BTOPOTO PEAKTOpa.

Cramust (Vi) MOXET AOMOJHUTEIBHO NPEHMYLIECTBEHHO COAEpKaTbh HEOOs3aTeIbHOEe
PEeLUPKYIUPOBAHUE 1O MEHbIIEH Mepe 4aCTH MOTOKAa MPOAYKTa BTOPOTrO PEaKTopa B MEPBBIN
peaxTop.

Kaxk yxazano B WO2016114658, Bbicmine MOJHOJBI, TaKUE KaK TIULEPUH, SPUTPUT WU
copOuT, 00pa3yroTcs Kak MoOOUYHbIE MPOAYKTHI B MEPBOM PEAKTOpe. DTH BBICIINE TOJIHOJIbI
UMEIOT BBICOKHE TeMIepaTypbl KHUMeHus (T.e. Temrepatypbl kunenus Bbime 250°C npu
atMocepHom mnamienun 0,1 Meramackajeil) W 31eCh TaKXKe YIMOMHHAKOTCS KaK ‘“TsDKENbIE
nonuonbl . Ilog mnonmuonom 34ech TMOHUMAKOT OPraHUYeCKoe COeAMHEHUE, CopaepKaliee
MHOKECTBO, IOCTaTOYHO TpH WK Ooyee, THAPOKCWIbHBIX Tpynn. OCOOEHHO HHTEPEeCHBIM
NOOOYHBIM TSIKEJIBIM MOJTHOJIOM SIBJIIETCS] COPOUT.

Kax 00BsiCHEHO BbIlIE, MPOCTAasi PELUPKYJSIIUS TAKUX TSDKEJBIX TOJHMOJIOB MPUBEAET K
MEAJIEHHOMY YBEJIWYeHUIO KOHLIEHTPALUH TSDKENbIX IOJIMOJIOB B IOTOKE MPOAYKTa PEaKTopa,
nenasi cnocod MeHee MOAXOSIINM T HenpepbiBHOH paboTel. Kak mokasano B WO 2015028398,
IIPOCTOE AaybHelIlee B3aUMOJEHCTBHE MOTOKAa MPOAYKTa peakTopa W3 MEepBOro peakTopa B
APYTOH BTOPOH PEAKTOP TAKKe HE peraer npodiemy.

Bricokass pacTBOPUMOCTb T'OMOI€HHOIO KaTalu3aTopa B TSDKEJBIX IOJHOJAX TakKxkKe
3aTpyHsAET OTHEJIeHHe TAaKOoro IOMOIEHHOIO KaTalu3aTopa W3 MOTOKa MPOAyKTa peakTopa
ocaxieHueM W/nin (uiabTpanned. YaneHue TSHKENbIX TOJIHOJIOB BAKYYMHOH AMCTHILIISILAEH
TaK>Ke OBLIO OMPENENIeHO KaK CIOXKHOE.

IIpu oTAeneHuy TAKENbIX MOJUOJIOB U KOHBEPCUM TaKUX TSXKEJbIX MOJHOJIOB B IPOAYKThI
C MEHbIIEH TEMIIEPATY PO KUIIEHHUS B OTACIBHOM BTOPOM PEAKTOPE, MOKET OBITh MOJIYYEH MOTOK,
COJIep Kalliil TOMOT€HHBIN KaTanu3aTop, pACTBOPEHHbBIN B CMECH, COEpIKalllel aIKUIIEHTJIUKOIIH,
ApyTHE AUOJBI W/WIH JAPYTHE TOJHOJNbL, KOTOPbIH OYeHb MOAXOMUT U PELUPKYJIUPOBAHUS B

NepBbIil peakTop. I'OMOreHHbIN KaTaliu3aTop TaK:KE€ MOXKHO Jierde OTAENATh U3 TaKOH CMeCH



BBIAPUBAHNUEM, TUCTHUISALIUEH, OCAXKIEHHEM W/ WITH (PUIIbTPALIEH.

Uzobperarenn HEOXKHOAHHO OOHAPYXKHIIM, YTO KOHBEPCUS TSDKENBIX —IIOJIHOJIOB
CTaHOBUTCS BO3MOXXHOH BO BTOPOM PEAKTOPE, €CIM B TAKOM BTOPOM DPEAKTOpE NMPHUMEHSIOT
CHCTEMY KaTaJIM3aTOPOM C Oosiee BBICOKUMH KOHLIEHTPALMSIMA TOMOT€HHOTO KaTaJIn3aTopa, YeM
B TIEPBOM PEAKTOPE.

[IpeumyinecTBeHHO, TPU CIIOCOOE B COOTBETCTBHUH C JAHHBIM HU300peTeHHEM MOOOYHBIN
copOuT, 00pa3oBaBIIUICS B TEPBOM pPEAKTOPE, MOXET OBITh KOHLEHTPUPOBAH B OoraToi
copOuToM (ppakuuy, coaepKaliel Takke KOHLEHTPHUPOBAHHBIM FTOMOT€HHBIN KaTajJu3aTop. 3aTeM
Takas Ooratas cOpOMTOM (pakiss MOXET NPEHMYINEeCTBEHHO OBITh HANpaBJ€HA BMECTE C
KOHLIEHTPUPOBAHHBIM TOMOT€HHBIM KaTaJIM3aTOPOM BO BTOPOH PEAKTOP, Ti€ COPOUT MOKET OBITh
10 MEeHbIIEH Mepe YaCTUYHO NMPEBPALIEH B HU3KOKHUITALIUE TPOAYKTHL.

KPATKOE OITMCAHUE YEPTEXXEU

N300peTeHne MTIoCTpUPOBAHO CIAEAYIOIUMH YepTeKaMu:

Ha ¢urype 1 nokasan npumep criocoda B COOTBETCTBUHU C AAHHBIM H300peTEHHEM.

ITOAPOBHOE OITMCAHHME M30BPETEHUA

Cranus (1) BKJIFOYAeT MOAa4dy B MEPBBI PEAKTOP MCTOYHHMKA YTJIEBOJA, PACTBOPUTEIS,
BOJIOPOJIa, NEPBOTO TE€TEPOreHHOr0 KaTaju3aTopa, IZie MEepBbIl I'eTepPOreHHbIN KaTaJu3aTop
COIEPIKUT OIMH MM O0JIee MePEeXOAHbIX METAIIOB U3 rpynm 8, 9 u 10 meproguyuecKkoil CHCTEMBI
3JIEMEHTOB, 1 TOMOT'€HHBII KaTaJIn3aTop, /i€ TOMOTeHHbIH KaTaIN3aToOP COAEPKUT BOJIbHpaM.

ITon MCTOYHMKOM yTJIeBONA 37€Ch MOHMMAOT JIFOOOH MCTOYHMK YriIeBOAOB. MCTOUHHMK
yIJeBoAa MOXET ObITh BBIOpaH W3 MHOXKECTBA HCTOYHHMKOB. [IpenmouTHTENbHO, UCTOYHUK
yIJeBOAAa COMAEPXKHUT OAWH WM OoJiee YIJIEBONOB, BBIOPAHHBIX M3 TPYIIIbL, COCTOSIIEH H3
MOJICAXaPUIOB, OJIMTOCAXAPHUIIOB, AUCAXAPHUIOB, MOHOCAXAPUIOB U X CMECEHl.

[Monxonsimue npuUMepbl MOTYT BKJIOYATh, TMPEANOYTHTEIBHO BO30OHOBIISIEMbIE
UCTOYHUKH YTJIEBOJIOB, TAKME KaK LEJUIF0JIO3a, FEMHLIEIUTF0JI03a, KpaxMall, caxapa, Takue Kak
caxapo3a, MaHHO3a, apabrHO3a, PPyKTO3a, IIIFOK03a U UX cMecH. ICTOUHUKY yTieBoa, KOTOPhIE
COZepKAT YKa3aHHbIE BBILIE YTIIEBOAbI, MOTYT BKIIFOYATh CUPOIIBI IEKCTPO3bI, CHPOTIBI MAJIBTO3BI,
CHPOIIBI CaXapO3bl, CUPOIBI TIIFOKO3bI, KPUCTATHYECKYIO CaXapo3y, KPUCTAJUIMIECKY IO TIFOKO3Y,
MIIEHUYHBIA KpaxMall, KYKypy3HbIA KpaxMal, KapTo(erbHbIi Kpaxmall, MAHHOKOBBIH KpaxMas U
ApyTHE TOTOKH, COIep’Kallhe YIJEeBOJ, HAampuUMep, IOTOKH OyMa)KHOH MacChl, OTXOIbI
nepeBoodpadboTKU, OyMasKHbIE OTXOJIbI, CETbCKOX03STHCTBEHHBIE OTXO/IbI, LIEJUTIOJIO3HbIE OCTATKH,
BOCCTaHOBJICHHbIE M3 OBITOBBIX OTXOJOB, OyMmary, KapTOH, CaXapHbIH TPOCTHHK, CaXapHYIO
CBEKJy, IIICHWIy, pPOXb, OBEC, KyKypy3y, PpHC, Kaprodenb, MaHHOKy, IpyTue
CEJIbCKOXO3SIHCTBEHHBIE KYJBTYPbl M WX COYETaHHWs. OJTH IOTOKM MOTYT TOTpedOBaTh
npenoOpaboTKu sl SKCTParupOBaHUS YIJIEBOAOB (HAMPUMEP, MOKPOTO IOMOJNA B Ciydae
KYKYPY3bl) WIH IJIs1 YIAJE€HNSI KOMIIOHEHTOB, KOTOPBIE MELIAI0T JAaHHOMY IPOLIECCY, TAKUX Kak
OCHOBHBIE HAIOJHHUTENN (HAMpHUMEp, yOaleHHs kapOoHaTa Kaiblusl B OYMaKHBIX OTXOHaX).
Takum obpasom, B crmocoOe B COOTBETCTBUM C JAaHHBIM H300pETEHHEM MOXKHO INPHUMEHSTh
NPUPOAHBIE MCTOUYHUKH, HO TAKXX€ OH MOXKET MPUMEHSTBCS ISl YAYYIIEHUS M TOJE3HOro

BTOPUYHOI'O HUCIIOJB30BAHHA OTXOIOOB. HpeI[HOLITI/ITeJIbHO, yrja€BoAbl B HUCTOYHHUKE YIJICBOOA



BBIOMPAIOT W3 TPYNIbI, COCTOSIIEH W3 IEJUTFOJIO3bl, TeMHIIECJUIFOIO3b], Kpaxmalia, TJIFOKO3BI,
caxapo3bl, TIIOKO3bI-OJIMTOMEPOB M UX codeTaHuil. Tak Kak LEJUIr0JI03a BbI3bIBAET TPYAHOCTH,
KOTOpPBbI€ OTCYTCTBYIOT B JPYIMX HMCTOYHHUKAX YIJIEBOJA, WCTOYHHK YTJeBOIA HanOoee
MPEINOYTUTENIbHO BBIOMPAIOT M3 TPYMIbBL, COCTOSIIIEH M3 Kpaxmaya, TeMHIEJUTIONIO3bl U
TeMULIeJUTIOJIO3HBIX CaxXapoB, MIOKO3bI U UX cMeceil. Hanbomnee mpeanodYTHTenbHO, UCTOYHHUK
YTJIEBO/IA CONEPKHUT WJIM COCTOUT M3 TIIFOKO3bI, PPYKTO3BI, CaXapo3bl MJIH UX COYSTAHMUS.

CoOTBETCTBEHHO, UCTOYHUK YTIIIEBOJA MOXKET OBITh TIOAAH B MEPBBINA PEAKTOP BMECTE C IO
MEHbIIIEeH Mepe 4acThi0 pacTBopuUTess. bonee mpeanoYTuTenbHO, HICTOYHUK YTIJI€BOAA YACTHUYHO
WJIM TIOJTHOCTBIO PACTBOPEH B TakOoM pactBopurene. IlpeamoureHust st TAKOrO pacTBOPUTEIS
MpeaCcTaBiIeHbl HIbke. PacTBopureneM MokeT ObITh, HampuMep, BOAHAsI Cpela, OpraHuYecKas
cpena, BKIIIOUas aJIKUICHIIMKOJIH, WJIH CMECh, COIep KaIasi BOAY, JUOJIbI M/ WK Py THE TOJTHOJIBL.
MHorue yrieBoabl pacCTBOPUMBI B BOAE WM CMECH, COAEp Kallei BOMy, AHOJbI W/UIN APyTHe
NOJINOJIbL. ICTOYHHK yTIeBO/IA TaKKe MOKET ITO1aBaThCsl B TIEPBLII peakTop B (OpMe CYyCIEH3UU.
IIpumepbl TakuxX CYCHEH3WHM BKJIIOYAIOT BOJHBIE CMECH BOJAbl M  T'€MHIEIUIIOJO3bI,
TeMULIEITFOJIO3HBIX CaXapoB, TJIFOKO3bI W/UIIA Kpaxmalia.

JlaHHbIi cnocod MPerMyIIeCTBEHHO MO3BOJSIET MOJABAaTh B IEPBBIN PEAKTOpP OYEHb
KOHLICHTPUPOBAHHOTO ChIPbsi, COJEpIKAINEero MCTOYHMK yrieBoja. Ilpu mpuMeHeHMM Takoro
KOHLIGHTPUPOBAHHOIO CBIPbsi 3KOHOMHSI IIPOLIECCA YBEJIWYUBAETCA. Takoe ChIpb€ MOXKET
MOJXOIALIMM 00pa3oM COAep KaTh MCTOYHHK YIJIEBONIA U PACTBOPUTEIb, HATIPUMED, BOAY W/WITK
JUOJTBI M/UJTH APYTHE TTOJHOJIBL.

[IpenmnodrurenbHO, UCTOYHUK YTJIEBOAA TONAETCS B MEPBBI PEAKTOP B MOTOKE ChIPHS,
colepiKallleM UCTOUYHHUK YTJIeBOJA U PaCTBOPHUTENb, i€ TAKOH IMOTOK ChIpbst comepkuT oT 1,0%
Macc. (MaccoBOro MpoIeHTa) uin Oojee, npennodrutesibHo, 10,0% macc. uau Oosee, u Gonee
npennoutuTenbHo, 20,0% macc. wu 6osee 1o 90,0% macc. wiu MeHee, npeanodruresibHo, 70,0%
Macc. WId MeHee, u Oosiee npeanodyTurebHo, 50,0% mace. UM MeHee, UCTOYHHKA YTJIEBONA 1O
OTHOLICHUIO K 00IIel Macce UCTOYHUKA yIIIeBOAa U pacTBOputeisi. [IOTOK ChIpbsi, comepskamquii
HCTOYHHK YTJIEBO/A B YKA3aHHOM MHTEPBaJIe KOHIEHTPALIMH, MOKET JIETKO TPAHCTIOPTUPOBATHCH.
IToTok chIpbsi Takke MOXKeT cocTtositb u3 Toiibko (100% macc.) wcrounmka yriesopa. s
MPAKTUYECKUX LIeJIeH, ICTOYHHK YTJIEBOJIa MOXKET IMOAaBATHCS B IIEPBbIN PEAKTOP MTOTOKOM ChIPBS,
COJZIep>KallIM UCTOYHUK YIJIEBOJA U PACTBOPUTEND, I7l€ TAKOW MOTOK ChIPbs copep kUt oT 2,0%
Mmacc. wu 6osee, bonee npeanourutensHo, 10,0% macc. wmun 6onee, 1o 50,0% macc. U MeHee,
Oonee npennourureapbHO, 30,0% Macc. WM MEHee UCTOYHUKA YTJIEBOIA IO OTHOIICHHIO K 001ei
Macce HCTOYHHMKA yIJIeBoAa W pacTBopuTeNss. Haumbojee NpeamodTUTETbHO, TOTOK ChIPbS,
ConIep Kalliuil WM COCTOSIIUNA W3 MCTOYHHKA YTJEBOAA M PACTBOPUTENS, MONAOT B IMEPBBIN
peaxTop, I/ie TaKOW MOTOK ChIpbsi comepskut oT 20,0% macc. umu Gonee no 50,0% wmacc. wiu
MeHee, OoJiee npeanoyTureabHo, 30,0% Macc. uiu MeHee UCTOYHHKA YTJIEBO/A IO OTHOILIEHHUIO K
ofmeil Macce UCTOYHHMKA YyTiieBOna W pactBoputens. llojararoT, 4TO TAaKOW TMOTOK ChIPBS,
comepskamuii 20,0% wmacc. wim OoJjiee MCTOYHMKA YTJIEBONA, MOXKET cheiarh crocod Oonee
SKOHOMHYECKH TIPHUBJIEKATEJIbHBIM. TakoW pacTBOPUTENb MOKET COIepkKaTh JHOOble U3

pacTBOpUTeENieH, YKa3aHHBIX HIKE, HO, MPEANOYTHTENbHO, Boay. Hanbonee npeamnodTuTespHo,



UCTOYHUK YTJIEBOJA TOAAOT B TEPBBIH PEAKTOP B TOTOKE CHIPbS, COAEPIKAIIEM HCTOYHUK
yTJIEBOAA U BOAY, TJIe TAKOW MOTOK ChIpbs comepkut ot 2,0% macc. mnu 6onee no 30,0% macc.
WJIM MEHEe UCTOYHHUKA YIJIEBOJIA TI0 OTHOLIEHHUIO K 00IIel Macce HCTOUHUKA YITIEBOJA M BOJIBL.

IIpenmoyTHTenbHO, UCTOUHUK YTJIEBOAA HEMPEPBIBHO WK MEPUOJUYECKU NOOABISAIOT B
nepBbIid peaktop. [IpeanouTuTensHO, HICTOYHUK YIIEBO/IA TIOAAIOT B NIEPBBIM PEAKTOP MO CIIOEM
MHEPTHOT'O Ta3a, TAKOTO KakK a3o0T.

IIpennouTHTenbHO, YacTh PACTBOPHUTENS MOJAETCS MO MEHbIIEH Mepe B YacTH MOTOKA
NPOAYKTa BTOPOTO PEAKTOPA, PELMPKYJIUPOBAHHOTO co craauu (vi). Takas mo MeHblueil mepe
YacTh TIOTOKA MPOAYKTAa BTOPOTO pPEAaKTOpa NPEATNOYTUTENBHO COAEPXKUT T'OMOTE€HHBIN
KaTaJn3aTop, PACTBOPEHHBIN B pacTBopHTee. Takoi pacTBOPUTENb MOXKET MPEANIOUYTHUTEIBHO
coziepKaTh NPOAYKTbl KOHBEPCHM TSDKEJBIX IOJHOJIOB, HANPHUMEp, AJKUISHIJIMKOIA W/WIn
apyrue auonel. Kak oObsACHSIETCA HUXKE, 3TH AJIKUIEHTJIMKOIN W/ MU IPYyTHe AUOJbI MOTYT OBITh
OY€Hb MOIXOASIIIUMHI PACTBOPUTENSIMU.

PacTBopuTens MOKET NMOAABAaThCA KaK YaCTh IMOTOKA CBIPbs, COAEPIKAILEro HCTOYHHMK
yIJeBOAa, KaK ONHCAHO Bbllle. Takke BO3MOXKHO ITOaBaTh PACTBOPUTENb B INEPBBINH PEAKTOP
OTAEJBHO WM HE3aBUCHMO OT MCTOYHMKA YIJIEBOAA W/HIH MTOTOKA MPOAYKTA BTOPOTO PEaKTopa.

IIpenmnouTurenbHO, NMPUMEHSIOT IMOTOK ChIPbs, COAEPIKALIUM HMCTOYHHMK YIJIEBOJAA U
pactBoputenb. KOHLEHTpauusi MCTOYHMKA YIJIEBOJA B TAKOM IIOTOKE CBIPbS MOXKET OBITh
HNOAXOASIINM 00pa3oM CKOPPEKTHpPOBAaHA TakK, YTOOBI IONABaTh JOCTATOYHOE KOJHYECTBO
pPacTBOPUTENS B IIEPBBIH PEAKTOP.

Bona moxer ObITh OYEHb MOAXOSIINUM PACTBOPUTENIE, TaK KaK OOJNBLUTHHCTBO YIIIEBOJOB
pacTBOpuUMBI B Bone. Takasi BOAa MOXKET OBbITh HEeOOs3aTeIbHO CMELIAHA C OPTaHUYECKHIMHU
PACTBOPUTEIISIMH, YTO OKa3bIBAET OJIATONPUSITHOE NEHCTBHE HA PACTBOPHMOCTD JIFOOBIX PEareHTOB
WIH 1aeT IpyTrHe NPeuMyLIecTBa.

CrnenoBarebHO, pAaCTBOPUTEND MPEATIOYTUTENILHO BBIOUPAIOT U3 TPYIIIBL, COCTOSIIIEH U3
BOJIbI M OPTaHMYECKUX PACTBOPUTEJNIEH, TAKUX KaK JUOJIbI W/WIIH JPYTHe MOJHOJBL, U UX CMECEH.
JomxkHbIM 00pa3oM, paCTBOPUTENIb MOXKET OBITh CMECHIO BOIBI U, HEOOS3aTEIbHO, OIHOTO WU
Oojee  yKa3aHHBIX  BBIIE  OPraHMYECKUX  PACTBOPHUTENCH.  AJIKAHOJBI  SIBJISFOTCS
NPEATIOYTUTENIbHBIMA OPraHMYECKUMH PAaCTBOPUTENSIMU. Takue ajKaHOJbl MOTYT OBITh MOHO-
aJIKAHOJIAMH, TaKUMH KaK METaHOJ, 3TAHOJ, MpOmaHoJy, OyTaHod u ux cmecu. s cmocoba B
COOTBETCTBUH C JaHHBIM H300pETEHHEM TaKHe JIeTKHE MOHO-aJIKaHONbL, OJHAKO, MEHee
NPEATIOUYTUTENbHBL AJIKAHOJIOM TaKKe MOKET ObIThb CMEIIHNBAEMbIH C BOAOH IHOJ WK IPYTroi
NOJIMOJ, HANPUMEp, 3THICHIJIUKONb, MPONUJICHIJIUKONb, OYTUJICHIJIUKOJb, TIIULEPHUH, KCHUJIHT,
copOut mu 3putput. Ilon AMONIOM 31€Ch TOHUMAKOT OPraHUYECKOe COSAMHEHHUE, COonIeprKalnee
IBE THIPOKCWIbHBbIE TPpymnmbl. [IpenmnouTHTENbHO, PACTBOPUTEND CONEPIKUT AJKMJIEHTIIHKOJb.
[TpuMeps! MPenMOYTHTENBHBIX AJTKHIIEHTITMKOJIEH BKIIFOYAOT 3 THIICHIJIUKOIb, TPOMIIEHT JINKOJIb,
Oy TUJIEHTTIMKOJb U UX cMecU. [IpuMeHeHne alKUIEHTIIMKONS OCOOCHHO MPENNOYTHTEIBHO, TaK
Kak ObUTO OOHAPY’KEHO, YTO AMOJBI W/ MK MOJHOJIBI, BKIFOUAst AIKUJICHIIIUKOIHN, CIOCOOCTBYIOT
PacTBOPEHUIO BOJIb(paMa WIH COENUHEHHS BOJIb(ppama B paCTBOPHUTEIIE, TEM CAMBIM CIIOCOOCTBY I

KATAINTHYECKOH AaKTHMBHOCTH BOJb(pamMa win coenuHeHuss Bojdb(pama. Takke ObuIO



OOHapy’KEHO, UTO CEJEKTUBHOCTh PEAKLUH K AJKWJICHTJIUKOJISM YIIy4INaeTCsl MPU MPUMEHEHUH
ANKWJICHIJIMKOJISI B Ka4eCTBE KOMIIOHEHTa B pacTBopuTene. He xenast ObITh CBSI3aHHBIMH KaKOMH-
aub0 TEOpUeH, MoararoT, 4TO BOJb(pam o0pa3yeT KOMILICKCHI ¢ aJKUICHIJIUKOJIEM, B TO BpEMsI
KaK KOHBEpCHS B MOOOYHBIE PONYKTHI CHIDKAeTCs. bonee Toro, mpuMeHeHne aKUICHTIIUKOIS B
KauecTBe pacTBOPUTENsI HE MpeArnoJiaraeT BBEAEHHE MOCTOPOHHEIO peareHTa B PEaKIMOHHYIO
CMECh, YTO TaK)Ke SBJSIETCS NIpeuMyliecTBOM. IIpeanoYTuTensHo, pacTBOPUTEND COAEPKUT WU
COCTOUT M3 BOIbI, OJHOrO WM Ooyiee ANKWICHITIMKOJNEH, OOHOrO WM OoJiee alKaHOJIOB,
HEeOoOs13aTeNIbHO, OTHOTO WM OoJiee TSDKENBbIX MOJIHMOJIOB, WIM CMECH JBYX WM Oojee U3 HUX.
Hawnbonee npeanodTuTenbHO, pPacTBOPUTENb COAEPIKUT CMECh BOABL, OJHOTO WM Ooiee
ANKWIEHIJIMKOJIEH U, He00s3aTeNIbHO, OJJHOTO MK OO0JIee TSKEINbIX TTOJHOJIOB.

IIpennouTuTenbHO, PACTBOPUTEIND HEMPEPBIBHO WIIN MIEPHOAMYECKH HOOABISAIOT B MEPBbIi
peaktop. OHOBPEMEHHO, YaCThb PACTBOPHUTENSI MOKET OBITH HENPEPBIBHO WM NEPUOTUYECKU
OTBOJUTBCS U3 MIEPBOTO PEAKTOPA.

Bonopon MoxkeT monaBaThCs B BUAE IO CYIIECTBY YHCTOTO BOAOPOAA. ANBTEPHATHBHO,
BOJIOPOZ MOJKET MOAABATHCS B (hOpMeE CMeCH BOJOPOAA U HHEPTHOTO ra3a. MIHepTHBIH ra3 MOKeT
OBITb NOJUKHBIM 00pa3oM BBIOpaH M3 a30Ta, aproHa, reius, HeoHa U ux cmecell. OObeMHOe
OTHOLICHHE BOAOpPOJAa K MHEPTHOMY TIa3y MOXET BapbUPOBaTbCA B IIUPOKOM HHTEPBAJIE.
JlomxHbIM 00pa3oM, 00beMHOE OTHOIIEHHE SIBJISIETCS] HE OY€Hb HU3KUM, TaK KaK PEaKIHsi XOPOLIO
IPOXOIUT TPU JAOCTaTOYHO BBICOKOM MapLMAJIbHOM JaBieHUU Bojopoaa. ClemnoBaTeNbHO,
00BEMHOE OTHOLICHHE BOAOPOAA K MHEPTHOMY Tazy MoskeT coctasysaTh oT 1:1 mo 1:0,01. bonee
NPEATIOYTUTENIbHO, TOJIBKO BOAOPOJA MPHUMEHSIOT B KAQUeCTBE ra3a B CIOCOOE B COOTBETCTBHHU C
JaHHBIM U300pETEHUEM.

OOwee naBiaeHUe BO BpeMsl pEAKIIUH BKJIIOUAET TABJICHHE Mapa PACTBOPUTEIS H PEareHTOB
IIpU TPUMEHSEMbIX TeMIlepaType U NaBJICHUM, B JAOIMOJIHEHHWE K MapLUaJIbHOMY aBJIEHHIO
BOIOpPOZA M, €CJIH MPHUCYTCTBYET, MapLUAJIbHOMY JAaBJICHHUIO JHOOOro WHEPTHOTO Tasa.
[IpennouTurenbHbIe 3HAYSHHUS OOIIETO AABJIEHHS MPEICTABICHBI HIKE.

Bonopon nomkHeIM 00pa3oM MOKET MOABAThCS Yepe3 MOTrPYKHY TPyOKy, Harmpumep,
MOTPY’KHYIO TPYOKY PSIIOM € MEINAJIKOH, WM 4Yepe3 pacIpeleNuTelb, HalpUMep, a’paTtop, B
nepBbIii peakTop. Uepes Takyro MOrpyKHY0 TpyOKyY WIIH pacTpeieuTeNb, U HEO00s13aTeIbHO Yepe3
OIWH WK O0Jiee MEXaHU3MOB MEPEMEIINBAHUS, BOIOPOI MOXKET ObITh PACTBOPEH B PEAKIIHOHHON
cMmecu. [IpenmnouTurenbHO, BOIOPOX HEMPEPBIBHO WIM MEPUOAUUYECKH NOOABISIOT B IEPBBIA
peaxTop.

Kpome uctouHuka yrieBona, pacTBOPUTENsI U BOJOPOJAA B NEPBbIH peakTop MNOJAOT
TOMOT€HHBIH KaTaJIN3aTOP, I'71€ TOMOT'€HHBIN KaTaJIU3aTOP COAEPIKUT BOJIb(PPAM, H FeTePOreHHbIN
KaTaJIN3aTop, I7le FeTePOreHHbIN KaTaIU3aTOP CONEPKUT OIUH U OoJiee MepexOJHbIX METAIIIOB
u3 rpynn 8, 9 u 10 nepuoanydeckoil CUCTEMBI 3JIEMEHTOB.

I"'oMOTreHHBIH KaTaqn3aTop U reTePOreHHbIH KaTaIN3aToOp BMECTE TaKKe 0003HAUEHBI KaK
CHUCTEeMa KaTallu3aTOpPOB.

I'oMoreHHbIll KaTanM3aTop TaKKe O3HAYeH 3/1eCh Kak BOJb(paMcomep Kaiuii

TOMOTE€HHBII KaTaJIu3aTop.



Bonbspam MoxeT mpHCyTCTBOBaTH B BHIE 3JIEMEHTAPHOTO BOJb(ppaMa WM B BHAE
coeqnHeHus1 Bodb(ppama. Takum coenvHEeHHEM BoONbppamMa MOXKET ObITb, HaIpPUMED,
BOJIb()paMOBasi KHCIOTa MK BOJb(ppamar. [I03TOMy rOMOreHHBIH KaTajau3aTop MOXKET JOJKHBIM
o0Opa3oM coxep:kaTh OJHO WM Ooyiee coenquHeHUN Bonbhpama. Bonbdpam nnm coenmaeHne(s)
BOJNbpaMa JOJDKHBIM 00pa3oM MOryT OBITH pPAacTBOPEHBI B  PEAKLMOHHOW CMECH.
[IpenmoutnrensHO, BONb(GpPaM HMEET CTENEeHb OKHCIECHHS IO MeHblued Mmepe +2. bomnee
NPEATIOUYTUTENbHO, BONb(GpPaM HMeeT CTeneHb OkucieHus +5 wnmm +6. Ilpum pactBopeHnu B
pPEaKIMOHHONH CMECH, pACTBOPEHHBbIH BOJb(ppPaM WIM COEOUHEHHE BOIb(pamMa MOXKeT
00pa30oBbIBATh KOMIUIEKCHI C (OPYTMMH) KOMITIOHEHTAMM PACTBOPUTENS W/WIM PEaKIMOHHON
CMECH.

I'oMoreHHsIll KaTanu3aTop, MOAABAEMBI B TEPBBIH PEAKTOP, MOXKET OBITH CBEKUM
FOMOT€HHBIM KaTaJu3aTOpPOM WJIM PELUPKYJUPOBAHHBIM TOMOTE€HHBIM KaTaJIu3aTOPOM,
MPOUCXOASIIUM W3, HalpuMmep, MOTOKAa MPOAYKTa BTOPOro peakropa. CBexuil MOMOT€HHbIN
KaTajau3aTop TakKXKe Ha3bIBAKOT 37€Ch “NPSIMOTOHHBIN TOMOIEHHBIM KaTanu3zatop. Takon
IPSIMOTOHHBIH TOMOTEHHBIH KaTaJu3aTop MPEATNOUTHTENIBHO BBIOMPAIOT U3 IPYIIIBL, COCTOSINEH
u3 BosibppamoBoii kucaotel (HWO,) u coenuHenuii BonbppamaTa, TaKUX KaK COJIH BOJbdpama,
HampuMep, COAepXKallie MO MEHbIIEH Mepe OAMUH 3JIEMEHT rpynmel | uiau 2, Hampumep,
Bosb(pamat HaTpusi (Na,WO,) mn Bonbdppamat kanust (K,WO,) uny, Hanpumep, conepskarime
BOJIb()paMaT AMMOHUS, U COUETAHUSI OTHOTO MJIH O0Jee U3 HUX.

PeunpKyIMpOBaHHBIM TOMOTE€HHBIH KaTaJH3aTOp MOXKET OBITh MPOCTO OOO3HAYEH Kak
“peLMpKYJIMPOBAHHBIA® ~ TOMOTE€HHbIH  KaTajau3arop. lIpenmoyTuTenbHO, TOMOTE€HHbBIN
KaTaJnu3aTop, MOJABAEMbI B MEPBBIA peakTop Ha craguu (1), COOEPIKUT PELUPKYITHMPOBAHHBINA
TOMOT€HHBIM KaTajau3aTop WM COUYETaHHE MPSIMOTOHHOTO TOMOTEHHOrO KaTaiau3aTropa u
PELUPKYJIUPOBAHHOTO TOMOT€HHOIO KaTajau3aropa. [ OMOreHHbI KaTajau3aTop, NMOAaBaeMblil B
pPEaKTop B COOTBETCTBUU C TAHHBIM H300pETEeHHEM, MOXKET, HAIPUMEP, CONEPKATh UM COCTOSITh
U3 PELUPKYJHUPOBAHHBIX YaCTUI BOJb(paMa, BOCCTAHOBJIEHHBIX, MPSIMO WM KOCBEHHO
(HampuMep, AUCTUILSILMEH) U3 BBIXOSLIETO MOTOKA PEaKTOpa.

JIro00i1 peunpKyJIUPOBAHHBIA TOMOT€HHBIH KaTATN3aTOP MOXKET COIEepPKaTh BOJb(ppaM B
BUC KOMIUIEKCA C KOMIIOHEHTAMH PAaCTBOPUTENS, B KOTOPOM MOXKET ObITh PacTBOPEH TaKOH
rOMOreHHbI Katanu3atop. IlosToMy penupkyIMpOBaHHBI TOMOIE€HHBIM KaTallU3aTOP MOKET
JIOJKHBIM 00pa3oM conep:kaTb Bosibdpam B (opme, MONYUYEHHOH W3 MPENIIECTBYIOIMErO
COEIMHEHUS BOJb(pamMa, KaK H3HAYAJIBHO MPEIYCMOTPEHO.

IIpenmouyTHTENbHO, TOMOTEHHBINH KaTaJlU3aTOP COAEPIKUT COEAMHEHHE BOJb(pama HIIH
BOJIb(paM, TOJYUEHHBI W3 COEAWHEHHs BONb(ppaMa, INe TaKOe COEAMHEHHE BOJbppaMa
BBIOMPAIOT U3 TPYIIIEL, cocTosel u3 Bonbdpamosoii kucnorsl (H;WOy,), BombdppamoBoii OpoH3bI
(mpucytcrytomueii B Bune HyWO; nimn MyWQO;, rre x siBisiercst nepeMeHHON MeHbIne 1 (<1) u M
SIBJIIETCS] METAJIJIOM, HAIIPUMED, [IEJOYHBIM U IIEJTOYHO3EMENIbHBIM METAJIIOM), BOJIb(pamara
aMMOHUsI, METaBOJIb(ppamMaTa aMMOHUsI, TapaBOJIb(ppaMaTa aMMOHUS, COETUHEHNH BOJIb(ppamara,
COZEpIKAIIUX IO MEHBLIEH Mepe OMH 3JIEMEHT Ipynibl 1 win 2, CoeqnHEeHnI MeTaBoIb(ppamara,

COZEepIKAIINX IO MEHbLIEH Mepe OIMH 3JIEMEHT IPyIb! 1 win 2, coequHeHnH napaBojib(pamara,



COZep KAINX 110 MEHBIIEH Mepe OAWH 3JeMeHT rpynmnsl | mwim 2, okcupa Bodbdpama (WO;),
reTepornonCcoeInHeHn BonbpamMa u ux coderaHuid. Bombdppamoas kucinora (HyWO,),
Bosb(pamoBast Oponza (HyWO;) u coennnenus Boib(pamara, copepskaline Mo MEHbLIEH Mepe
OIUH 3JieMeHT rpynmnel 1 unn 2, Hanpumep, Bodb(pamar Hatpus (Na,WO,) wiu Bonbppamar
kamusi (K,WOy,), senstores nmpeanodyrurenbHbiMA. Hanbosiee mpeanoYTUTENbHO, TOMOTEHHBIN
KaTaJM3aToOp COAEPIKUT COeNMHEeHHe BoJb(pama Wi BONbPpPaM, MONYyUEHHbIH M3 COSTUHEHUSI
BONb(paMa, I7e TaKUM COEOUHEHHEM BoJib(paMa sBISETCS BOJbppaMaT HATPHUS W/ WK
BOJIb(ppaMoBasi KUCIIOTa W/WiK BosibhpamoBasi OpoH3a.

bbuto OOHAapy’KeHO, YTO KaTaJUTHUYeCKash aKTUBHOCTh BOJb(pamMa WM COETUHEHUsI
BOJb()paMa MPEANOYTHTENLHO IMOBBIIIAETCS, €CIU BOJb(ppPaM WM, AOKHBIM 00pasom,
coeMHeHue BoJb(ppama pacTBopeHo. [IpeanouTiTenbHO, FOMOT€HHbIH KaTalu3aTop HEMPEPbIBHO
WJIM NIEPUOANYECKU NOOABISIIOT B MEepBbIH peakTop. [IpeanodTuTensHo, TakoW HENPEPhIBHO WITH
NEePHOANYECKU MOJaBAEMblii TOMOTEHHBIH KaTaJNU3aTOP COAEPKUT BOJIb(pPaM, KOTOPbIH HMeeT
CTENEeHb OKMCJIEHHsI MO MeHblnedl Mepe +2. IIpeAmodTHTENbHO, TOMOTEHHBIH KaTaJu3aTop
BBIOMPAIOT U3 TPYTIIbL, COCTOsAIIEH U3 BosbppamoBoii kuciaoTs! (HyWO,), BonbdpamoBoii OpoH3bI
(HyWOs;), Bonb(pamara HaTpusi, pacTBOPEHHOrO HOHA BOJb(pamara, PaCTBOPEHHOTO HOHA
MeTaBoJb(ppamaTa U paCTBOPEHHOTO HOHA MapaBojb(pamara.

Tak kak BonbppaM MOXET NMPHCYTCTBOBATb B TAKOM MHOXECTBE (OPM, COCIHHEHHS
BOJIb()paMa Takke 0OO3HAYEHBI 3/1eCh Kak yacTuiamu Bosbdpama. [lox yactunamu BosbhpaMa
3/1€Ch IOHUMAIOT JIF000€ COeTMHEHHE, COAepIKALIee SJIEMEHT BOJIb(paMm B JIFOOOM BHUIE HITH (hopMe
WJIH CTETIEHU OKUCIICHUS.

IIpenmodruresbHO, TOMOTEHHBIM KaTajiu3aTOp pacTBOpeH B pactBopurene. Takum
pacTBOpUTENEM MOXKET ObITh JIFOOOI pacTBOpUTENb, ONMHMCaHHbIH Bbie. COCTaB PacTBOPUTEIISI
MO’KET BapbHPOBAThCsS BO BpeMsi mporecca. [loka peakuuio MPOBOISIT B TEPBOM PEAKTOPE,
PacTBOPUTEINIb MOKET ObITh OOPAa30BaH CaMOU PEAKIMOHHON CMECHIO.

KonudectBo BoJb(dpama, KOTOpOE MOAAETCS B MEPBBbIA PEAKTOpP, MPEINOYTUTETHHO
TAKOBO, YTO €r0 KOHIIEHTPALIMs B PEaKTOPE OCTAETCS MO CYLIECTBY MOCTOsHHOM. [Tox 1o cyruecTBy
MOCTOSIHHOM 37€Ch TMOHMMAKOT TO, YTO pasHHLIA MEXKIy HAHOONBIIUM W HAHUMEHBIIUM
KOJIMYECTBOM BOJib)pama He cocrtapisieT Oosnee 10% oT cpemHero KoiudecTBa BOJbppama B
peaktope. IlpeamodrurenbHo, Crnocod B COOTBETCTBHM C JAaHHBIM HM300pEeTE€HHEM SIBJISIETCSI
HeMpepbIBHBIM WITH MOJTyHeMIPepbIBHBIM criocoOoM. [IpeanouturenbHO, coerHeHHE BOb(ppama
HEMpepbIBHO WM TMEPUOAUYECKH NOOABISIIOT B MEpBbId peakTop. B To ke Bpems 4YacThb
COeMHEeHUs] BOJIb)paMa MOXKET HENPEPbIBHO WM MEPUOAMYECKH BBIBOAUTHCS W3 TMEPBOIO
peakTopa, AOUKHBIM 00pa3oM uepe3 MOTOK NPOAYKTa MEepPBOro peaktopa. XOTs BoJbhpam
BOSMOJKHO 700aBJSITb  MEPUOAMYECKH, TMPEONOYTUTEIbHO 00eCreYnBaTh HEMpepbIBHOE
nobasyieHue Bosb()pama B MEPBbI peakTop. bojee mpeanodYTuTeNnsHO, COeAMHEHUE BOIb(pama
n00aBJISIOT B PEAKTOP B BUIE PACTBOPA COSAMHEHUs BOJb(pama B paCTBOPUTEE.

[IpenmnodTuresbHO, KOHLEHTPALUsI COSIMHEHHs BOJb(pamMa B PeaKLHOHHOH CMECH BO
Bpemsi peakiuu Bapbupyetcst ot 0,01% macc. wim 6onee (coorercTByeT 100 MaCCOBBIM HACTSIM

Ha MWUMOH (Macc.d./miH.)) no 1,0% wmacc. win MmeHee BoJb(pama (pacCUMTAHHOE Kak
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METAJUINYECKNH BONb(GpaM) MO OTHOLIEHWIO K OOmeld Mmacce peakIMOHHOH cmecH. bomee
NPEATIOUYTUTENIbHO, KOHLEHTPAaLUsl COSNUHEHHs BOJb(ppamMa B PEAKLMOHHOH CMECH BO BpEMs
peakuuu Bappupyercst ot 0,01% wmacc. (coorBercTByer 100 MaccCOBBIM HYacCTSIM HAa MHJUTHOH
(macc.u./mnH.)), mpeanoutrurenpHo, 0,05% wmacc. umu Oonee, no 0,5% wmacc. wiu MeHee
BONb(paMa (pacCUMTaHHOE KaK METAJIMYECKUi BOJb(ppPaM) MO OTHOIIEHHIO K oOmeil macce
PEaKLIMOHHOW CMECH.

IlepBelii reTepOreHHbIN KAaTAJIU3aTOP U BTOPOM TIETEPOreHHBbIM KaTaau3aTOP KasKAbIi
HE3aBUCHMO COZIEp)KaT OIWH miu Ooyiee TepexonHbIXx MeTauioB u3 rpymmn 8, 9 u 10
nepuoauIeckoil cucremsel saeMenToB. Kak nokazano B W0O2016/114658, nepexonHble MeTalIbl
MOTYT OBbITh BBIOPAHBI U3 IIHPOKOTO CHEKTPa MEPEXONHBIX MeTayioB. [IpeanouTurensHo, ONUH
i OoJiee epexoaHbIX METAJJIOB BBIOUpArOT u3 rpymbl, cocrosimei uz Cu, Fe, Ni, Co, Pt, Pd,
Ru, Rh, Ir, Os u ux coueranwnii. bonee npenmnoutuTenbHO, OAUH MK O0Jiee MEPEXOAHBIX METAIIIIOB
BbIOMparoT u3 rpymnmel, coctosmed u3 Ni, Pd, Pt, Ru, Rh, Ir u ux coueranuii. HaubGonee
NPEANOYTUTENIbHBIMHI SIBJISIFOTCSL HUKEJb, PYTEHHH U UX coueTaHus. bputo oOHapy keHO, 4TO 3TH
METAJUTbl  JAIOT XOPOWIMH BbIXOA. IlepexomHblii MeTaul JOJDKHBIM —O0pa3oM  MOXKET
IPUCYTCTBOBATH B CBOEH METAJUTNYECKOH (popMe Miu B BHE €ro TMApPHUIA WK OKCHIA WIIH B BHIE
Apyroro coeauHeHus1. Takke BO3SMOXKHO, YTOOBI TEPEXOAHbIA METAJUT IPUCY TCTBOBAJ B YACTHYHO
BoJb(ppamMupoBanHOi ¢opme. Ilog yacTUUHO BOMBPPAMHPOBAHHBIM MEPEXOIHBIM METAJIOM
31€Ch IOHUMAIOT NEPEXOHBIA METAJII, KOTOPBIM YaCTUYHO MOKPBIT OTJIOKUBIIMMHUCS YaCTULIAMU
BOJIb(hpama.

IlepBplii reTEpOreHHBIM  KaTaau3aTOp, COOTBETCTBEHHO, BTOPOW IeTEPOreHHBIH
KaTaJIN3aTOpP, KAKABIH HE3aBUCUMO MPEATIOYTUTENEHO COASPKHUT OJUH WM OOJiee MepeXOIHbIX
MeTaioB u3 rpynmn 8, 9 u 10 nepruoanyueckol CUCTEMbI 3JIEMEHTOB, Ha MOIJIOKKE U3 HOCUTEJIS.
Hocurens mMoxer ObITh BBIOpaH M3 IIHUPOKOTO CIEKTPAa M3BECTHBIX Hocureneil. Ilomxomsimue
HOCHUTEJH BKITFOYAIOT AKTHBHPOBAHHBIN yTOJIb (TAKKe HA3bIBAEMBIH “aKTUBHBIN YTOJIb ), TUOKCH]T
KPEMHUsI, TUOKCU IMPKOHUS, OKCHUJ aTFOMUHUS, TUOKCU KPEMHUS-OKCU alTFOMUHUS, THOKCUT
TUTAaHA, OKCUJI HUOOHS, OKCHJI JKeJie3a, OKCUI OJIOBA, OKCUJ IIUHKA, TUOKCH] KPEMHUSI-THOKCUT
LIUPKOHHS, LIEOJUTHBIC AJTFOMOCHIMKATBI, THTAHOCWIMKATBI, OKCUJl MarHusi, KapOUI KpPeMHHS,
IJIMHBI U UX coderaHus. [1of akTHBHPOBAaHHBIM YIJIEM 3/1€Ch MOHHMAKOT aMOpQHYK (Gopmy
yrJIepoa ¢ IUIOAAbI0 MOBEPXHOCTH 110 MeHbInel mepe 800 m?/r. Takoii aKTHBUPOBAHHBIH YTOJIb
IOJDKHBIM 00pa3oM MMEET MOPUCTYIO CTPYKTYpy. Hanbonee nmpeanodTuTelbHbIMH HOCUTEIISIMUA
SIBJISIFOTCS] AKTUBUPOBAHHBIN YTOJb, TUOKCUJ KPEMHMUsI, TUOKCUJ KPEMHHUSI-OKCUJ alFOMUHUS U
okcun amomuHus. Jlaxe Ooyiee MPEANOYTHUTENHHO, KAaTAIM3aTOP CONEPKUT PYTEHUH W/Wiu
HUKEJIb B KauecTBE MEPEXOJHOro MeTajja, U aKTUBHPOBAHHBIN yrojib B KaueCTBE HOCHUTES.
Hawnbonee mpeanmodTuTenbHO, MEPBBIN MeTEPOTreHHbIN KaTalN3aToOp CONEPKUT PYTEHUH W/HIH
HUKEJIb Ha TIOMJIOKKE M3 AKTUBHUPOBAHHOTO YIJISI W/WJIM BTOPOH T€TEPOTE€HHBIH KaTaJH3aTop
COIEPKUT PYTEeHWH W/WIN HHUKENb Ha TOAJIOKKE M3 AaKTHBHPOBaHHOro yrisi. Hambonee
MPEANOYTUTENBHO, T'eTePOreHHbIH KaTalu3aTop COMEPKUT PYTEHUH, MpenNnouTUTENbHO, Ha
MOJJIOKKE U3 AKTUBUPOBAHHOTO YTJIS.

Kax Gonee mogpoOHO OOBACHSETCS HUXKE, MEPBBI I€TEPOTeHHBIN KaTalu3aTop H/HIIH



11

BTOPOIl I'eTepOreHHbIN KaTajau3aTop, HampuUMep, MOXET NPUCYTCTBOBAaTb B BHJAE 3MYJbCUH,
CYyCNIeH3UM WIM B BUJAE HEMOJABIDKHOrO cios. llpennmoutuTenbHO, MepBbI IeTEpPOreHHbIN
KaTaJIn3aToOp W/WIM BTOPOH TeTepOreHHbIH KaTaJu3aTop, KaXIbli He3aBUCUMO comepxut 1,0%
macc. wiu 6osee no 50,0% Macc. M MeHee epeXoqHOro MeTajuia, Oojee MPeArnoYTHTEIBHO,
2,0% wmacc. i Oonee, emie 6osee mpeanoyTuTeNbHo, 5,0% Macc. wim 6onee, 1o 50,0% macc. wiu
MeHee, Oonee mpeanouTuTenbHo, 20,0% Mace. Wwin MeHee ePeXOIHOTO MeTajlIa MO OTHOLICHHIO
K 001I1eil Macce MepexoHOro MeTajula U HocuTens. Eciu npuMeHseMblii MOTOK ChIPbs B ITEPBBI
peaxtop comep:xkut 20,0% Macc. uiu Oosiee HCTOYHUKA YIIIEBOAA IO OTHOIIEHUIO K 00mIeli Macce
HCTOYHUKA YIJIEBOAA U PACTBOPUTEJS], NPEANOUTUTENBHO, IPUMEHSIOT NEPBBIM IeTepOreHHbIN
KarajausaTop, conepskamruii ot 5,0% macc. i Oonee, Oonee npennoururenbHo, 10,0% mace. wu
bonee, mo 50,0% wmacc. wiu menee, Oonee mnpenmourutenbHo, 20,0% ™acc. UM MeHee
NEPEeXOHOT0 MeTajula MO OTHOLICHHIO K O0IIell Macce MEepeXOAHOr0 MeTajula M HOCHUTEJIS.
ITonaratot, uTo Takast GoJyiee BbICOKas 3arpy3ka NNepexoqHOro MeTajia MOKET IPEUMY IECTBEHHO
crocoOCTBOBAaTh KOHBEPCHM MOTOKA CBIpbs € Oojiee BBICOKOW KOHLEHTPALMed HCTOYHHKA
yIJI€BOAA.

Bo3MoKHO, 4TOOBI TePBBIil reTepOreHHbIH KaTaanu3aTop coaepkat Ooee OTHOrO MeTaJlIa.
JloJKHBIM 00pa30M, NMepBbIN FeTePOreHHbIH KaTaIu3aTop MOXKET COAep:KaTh MO MEHbINEeH Mepe
onuH OJaropomHbIA MeTajul, BbIOpaHHBIM W3 rpynmbl, cocrosimed u3 Pd, Pt, Ru, Rh u Ir, B
COYETaHHHU C MePEXOJHBIM METAJJIOM, BBIOPAHHBIM U3 IPYIIIIBI IEPEXOJHBIX METAJUIOB U3 IPYIII
8, 9 mm 10 nmepuoanyveckoill cuUCTeMbl 3JeMeHTOB. IlepBbIli reTEepOreHHbIN KaTaiu3aTop,
HanpUMep, MOXKET COIepKaTh coueTaHre Metauios, Hanpumep, Ni/lr, Ni/Pt, Ni/Pd, Ni/Ru, Ru/Ir,
Ru/Pt unu Ru/Pd.

Bbonee Toro, xak oObsicHseTcsi Ooyiee MOAPOOHO HIDKE, BO BPEMsl PEAKLMU YaCTHIIBI
BOJIb()paMa MOTYT OTKJIAQABIBATHCSI HA MEPBBIH T'€TEPOT€HHBIH KaTaJU3aTOpP H/WIKM BTOPOH
rereporeHHelii karanusatop. IlosTtomy no MeHbplel Mepe 4acTh NEPBOTO TE€TEPOTr€HHOIO
KaTaJnu3aTopa W/WIM N0 MEHbIIeHd Mepe YacTh BTOPOrO IEeTEPOreHHOTO KaTalu3aTopa MOXKET
cozepKath BOJb(paM B IOTIOJIHEHHE K OJHOMY MJIH OoJiee epexoqHOMY MeTajuty u3 rpymnn 8, 9
1 10 nepuonn4ecKkoi CUCTEMBI 3JIEMEHTOB.

[IpenmouturenbHo, crnocod® B COOTBETCTBHM C JAHHBIM H300PETEHUEM  SIBJISIETCS
HETIPEPbIBHBIM HJIM TOJIYHETIPEPBIBHBIM CIIOCOOOM. [IpearnouTuTensHO, CyCIEH3UIO IEPBOro
reTeporeHHOro KaTajau3aTopa, HamnpuMep, BMeCTe C pacTBOPUTENIEM, MEePUOAUYECKU WU
HETIPEPHIBHO TOOABISIFOT B MEPBBII PEaKTOP.

Bo Bpems cramum (ii) Mo MeHbIIEH Mepe 4YacTb MEPEXOAHOTO METaula MOXKET
Bosb(ppamupoBatbes. [Tox BonbhpaMupoBaHUEM 37€Ch MOHUMAKOT TO, YTO TAKOW MEePEXOMHBIN
METAJUT MOXKET OBbITh MOKPBIT OTJIOKUBLIMMHUCS YaCTHIIAMU BoJibppama. JIr0Ooi 4acTUIHO WK
MOJTHOCTBIO  BOJIB()PAMHUPOBAHHBIA TE€TEPOTeHHBbIN KATAIN3aTOP MOXKET OBITh YaCTUYHO
BOCCTAHOBJIEH U peLMpKyIupoBaH. [103TOMy nepBblii reTEPOreHHbBIN KaTaau3aTop, MOAABAEMbIi
B TEPBBIH PEAKTOp, MOXKET COAepXKaTb WMIM He coaep:karb J0OOH BOJbGpPaMUPOBAHHBIN
MepPEeXOAHBIN METAJ.

HpeI[HOLITI/ITeJ'IbHO, Takas CyCIHEH3UA MEPBOro reTEPpOr€CHHOro Katajan3aropa COACPKUT OT
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5% macc. um 6onee 1o 90% macc. win MeHee, 6osee npeanodYTuTeapbHO, 70% Macc. Wi MeHee,
HanOonee mpenmouTurenbHO, 50% Macc. WM MeHee TIeTepOreHHOro KaTalu3aTopa Iio
OTHOLIEHHIO K oOliel Macce Takoil cycrneHsuu. [IpennodTuTenbHo, Takasi CyCIeH3Hs SBIISIeTCSI
CyCIIeH3Mell TeTepOreHHOro KaTaju3aTopa B BOAE W/WIM AJKWICHIJIUKOJE, Hampumep,
STUJICHTJINKOJIE W/ VJIA TIPOMMICHTJIHKOJIE W/ Oy THJICHTJIUKOJIE W/ JTH TIOJIHOJIE.

MaccoBoe OTHOIIEeHHE 00IIero KoJIM4ecTBa YacTHIl BoJibpama (pacCuuTaHHOE Ha OCHOBE
MeTaJljia), NOAaBaeMbIX B MEPBbIH PEAKTOP, K MEPEXOIHOMY MeTayuly (pacCYMTAaHHOE Ha OCHOBE
MeTajjia), MOAaBaeMOMY B IEPBBI PEAKTOpP, MOXET BapbUPOBATHCS B LIMPOKOM HHTEpBAJIE.
MaccoBoe OTHOLIEHHE Macchl BOJb(pama K oOmEell Macce MepexOmHOro MeTauia, BCe
paccuMTaHHblE HAa OCHOBE METaJUla, IOJABAEMBbIX B MEPBbIH PEAKTOpP, MPEINOYTUTEIBHO
cocTaBysitoT OT 1:3000 unu Gonee no 50:1 wnm MeHee (MacCOBOE OTHOIIEHHE METATUYECKOTO
BOoNb(paMa:nepexoqHoro Meramia (Macc./macc.)). bomee mpeamouTuTenpHO, MaccoBoe
OTHOLIEHHE Macchl BOJb(ppaMa K 0OlIel mMacce MepexoqHOro MeTajia, BCE PacCUHTAHHBbIE HA
OCHOBE METaJljia, IOaBa€MbIX B MEPBBIH PEAKTOP, MPEANOUTUTENBHO cocTaisieT oT 1:200 unu
Gonee no 50:1 mam MeHee (MaccOBOE OTHOIIEHHE METAJUIMYECKOTrO BOJb(pama:nepexomHoro
MeTtajuia (Macc./macc.)).

MaccoBoe OTHOLIeHHE O0IIEero KOJIMYeCTBa YaCTHII BOJbdpama (pacCUNTaHHOE Ha OCHOBE
MeTaa), IPUCYTCTBYIOIIMX B IIEPBOM PEAKTOpPE, K MEPEeXOIHOMY MeTajuly (pacCUMTaHHOE Ha
OCHOBE MeTajljia), NMPUCYTCTBYIOIIEMY B IE€PBOM DPEAKTOpE, TAK)KE MOXKET BapbHUPOBATHCS B
3HAYUTEJIPHOM HWHTepBaje. MaccoBoe OTHOLIEHHE Macchl Bosibppama K oOmel macce
MIePEXOIHOr0 MeTallla, BCe PacCUMTAHHBIE HA OCHOBE METAJUIa, MPHUCYTCTBYIOIIMX B IEPBOM
peakTope, MpeanoYTHTENbHO, Bapbupyercs oT 1:3000 unu Gonee no 50:1 unm menee (MaccoBoe
OTHOLIEHWE MEeTAJUIMYeCKOro BoJibpama:mepexoqHoro wmertauia (Macc./macc.)). bBonee
NPEATIOYTUTENIbHO, MAacCOBOE OTHOLIEHHE MAacChl BOJIb(pamMa K oO0med macce MepexomHOro
MeTajjia, BCE pPaCCUMTAHHbIE HAa OCHOBE MeTajjia, MPHUCYTCTBYIOIIUX B TEPBOM PEAKTOPE,
NPEATIOYTUTENbHO, BapbrpyeTcst oT 1:200 umu 6onee 1o 50:1 mwin MeHee (MaCCOBOE OTHOLICHUE
METAJJTHYECKOrO BOJIb(ppama: mepexoqHoro Merajuia (Macc./macc.)).

Bonee mnpeamodTHUTENHEHO, MOJIIPHOE OTHOIIEHHE MOJed BoJbppamMa K oOuemy
KOJIMYECTBY MOJIEH MePEeXOIHOro MeTajlia, BCe PaCCYMTAHHBIE KaK METaJUI, MPUCYTCTBYIOIINX B
NIEPBOM PEAKTOpE, MPENNOYTHTEIBHO, cocTaisieT oT 1:1 wim Gonee o 25:1 unn meHee, Oonee
MPEaNoYTUTENBHO, OT 2:1 wu 6onee 10 20: 1 niu MeHee (MeTaJuUTHYeCKU BOJIb(paM: mepexoaHbIH
MeTa1 (MOJIB/MOJIB)).

KoHuenTpauus coeqnHeHus1 BoJb(ppama, pacCUUTAHHASI KaK METAJUTMUEeCKUN BOJb(pam,
MO OTHOIICHHIO K MaCCE€ UCTOYHUKA YIJIEBOAA4, BBEACHHOI'O B HepBbeI PE€AKTOp, NPEANIOUYTHUTEIIBHO
cocragisieT ot 0,1% macc. wu 6osee, Oonee mpeanoyTUTENHHO, OT 1% Macc. i 6omnee 1o 35%
Macc. WM MeHee, Oonee mpenmoututenbHo, 0,2% wmacc. wiu  Oonee, naxke Oounee
NPEATIoUTUTENBHO, 2% Macc. i Oonee 1o 25% macc. WM MeHee.

KoHuenTtpanus nepexogHoro Merajuia, BBOAUMOIO B 4aC B MEPBbIA PEAKTOP, HA OCHOBE
MacCCbl HCTOYHHUKA YyrJj€BOA4d, BBOAMMOI0O B YaCT B HepBbIﬁ PE€aKTOp, MNPCANOUTUTEIBHO,

Bapbupyercs ot 0,001% wmacc. wu 6onee, onee npenmoururenbHo, ot 0,01% mace. wim Gonee,
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naxe Oojee mpenmouTuTeNbHO, OT 0,1% macc. wim 6onee, eme 6osee nmpeanouTuTeNbHo, oT 0,2%
macc. uiu oonee 1o 2,0% macc. uinm Menee, 6osee npeanodrutesbHo, 1,0% Mace. wim MeHee.

ITepBbIii peakTOp MOXKET OBITh PEAKTOPOM JFOOOTO THIIA, MOIXOASALIETO AJIS TPOU3BOICTBA
STHJIEHTJIMKOJNST W3 HMCTOYHUKA yrieBoga. [IpearnouTuTeNnsHO, MEPBBI PEAKTOp SBJISETCS
NepeMEIINBAOIIINM WM CMECUTEIbHBIM peakTopoM. [lepBblii peakTop, HampuMep, MOXKET OBITh
CYCIIEH3MOHHBIM PEAKTOPOM, PEAKTOPOM C KHUISIIIUM CIIO€M, PEAKTOPOM C IMCEBAOOKIKEHHBIM
cioeM, 0apOOTaKHBIM PEAKTOPOM, PEAKTOPOM C BHEIIHEH MeTed IJIsi PeHUPKYJSILHHA U
NPOTOYHBIM peakTopoM ¢ Memankoii (ITPM) mnu peakTopoM ¢ MEXaHUYECKUM TepeMeIINBAaHIEM
apyroro tuna. Hanbonee npeanouTUTENbHO, MEPBbIM PEakTOp SBJSIETCS IPOTOYHBIM PEAKTOPOM
¢ memrankoi (ITIPM). ITpumenenne [TPM odeHb npeAnodTUTENBHO TSI JAHHOTO crocoda, Tak Kak
IIPM oOecneunBaer NPEeBOCXOAHBIE CPEACTBA Uil pa30aBleHUs] KOHEYHOH KOHLIEHTPALUH
yraesoga B [IPM, B TO Bpemsi Kak IOTOK CBIPbsi MOKET COAEPIKATh BBICOKYIO KOHLIEHTPALHMIO
yraesoza. B To jke Bpemsi anKUIeHIIIMKOIN, KOTOPBIE MOJy4aloT B pe3yJIbTaTe Peakiuy yIiaeBoa,
00pasyIoT cpeny, rie MOTyT ObITh PACTBOPEHBI COSAMHEHUSI BOJb(PpaMa, TEM CAMbIM CIIOCOOCTBY s
KaTaJIUTUYECKON aKTHBHOCTH KaTAJTUTUYECKOTO KOMIIOHEHTa BOJIbppama.

Cranus (i1) BKJIIOYAET B3aUMOJEIHCTBUE B MIEPBOM peakTope mnpu Temmeparype ot 170°C
win 6onee 1o 270°C nnu MeHee 1O MEHbLIEH Mepe YacTH UCTOYHHKA YIJIeBOAA B MPUCYTCTBUH
BOJIOPOJIA, PACTBOPUTEJIS, IEPBOTO I'eTEPOr€HHOr0 KaTajau3aTopa U TOMOT€HHOIO KaTajlu3aTopa.
Takas peakumss HOJKHBIM 00pa3oM AaeT MO MEHbLIeH Mepe STHICHIIMKONIb M COpOUT u,
Heo0s13aTeNIbHO, OMH WK OoJiee PYTUX AMOJIOB W/HIIH APYTUX MOJHOJI0B. Bpems npeObiBanus B
NIEPBOM PEAKTOPEe MOKET BapbHPOBATHCS. [IpenmouTHTENBHO, CpeaHee BpeMsi NpeObIBaHUs
UCTOYHUKA YTJIEBOJA B TIEPBOM PEaKTOpe COCTaBisieT o MeHbueii mepe 1 muH. (ITon Bpemenem
npeOBbIBaHUS 3/1€Ch MIOHIUMAIOT CPEAHEe BpeMsi, 3aTPAYeHHOE MAaTePHAIIOM, TEKY MM C 00bEeMHOMN
CKOPOCTBIO “U” 4epe3 oObeM “V”, Kak JONOJHHUTEIBHO OOBSICHAETCS B pyKoBoacTee “Modeling
of Chemical Kinetics and Reactor Design” by A. Kayode Coker, published in 2001 by Butterworth
Heinemann). IIpennouturensHo, cpenHee BpeMsi npeObIBaHUS UCTOYHUKA YTJIEBOJA B MEPBOM
peakTope cocTaisieT OT 1 MUHYTHI ik OoJiee 10 6 4acoB WM MeHee, OoJiee MPEeaNOYTHTENBHO,
oT 3 MUHYT W OoJiee 10 2 4acoB, HauboJee MPENNOYTUTENBHO, OT 5 MUHYT wiu Oosee a0 45
MUHYT WM MeHee. ECiM MCTOYHMK yTriieBoJa pearupyer ObICTPO, OIHAKO, CpeaHee BpeMs
npeOBIBAHUS TaK)KE€ MOXKET ObITh MEHBIIIE 5 MUHYT, U laXke MeHbIe 3 MUHYT. Ecin npuMeHsoT
IIOTOK CBIPbSI B MIEPBBII peakTop, conepxkamuii 20,0% macc. wim Oosee UCTOUHUKA YIJIEBOA, 110
OTHOIIEHHIO K O0IIel Macce NCTOYHMKA YTIIEBOAA U PACTBOPUTENIS, CPEIHEE BPeMs MPeObIBAHUS
UCTOYHUKA YTJIEBOAA B MEPBOM PEAKTOPE COCTABIISAET, MPEATIOUTUTENBHO, S MUHYT WiH OoJee,
Oosee npenmoutuTenbHo, 10 MUHYT min OoJiee, U MPENMOYTHTENBHO, 2 Yaca WM MeHee, Ooee
NPEATIOUYTUTENBHO, 45 MUHYT mi MeHee. [lonararT, 94To Takoe JIUTENbHOE BPeMs PeObIBaAHUS
MOKET MPEeUMYILIECTBEHHO CIOCOOCTBOBATh KOHBEPCHM TIOTOKA CBIPbsI C Ooyiee BBICOKOH
KOHLIEHTpPALMeH NCTOYHHUKA YTIIEBOAA.

[IpeamnoyturensHO, HEMPEPBIBHBIA CHOCO0 paboTaeT MPU CPEeIHEYacOBOH CKOPOCTH
nogaun ceipbst (CCIIC), BbIpakeHHON KaK Macca MCTOYHHUKA YIJIEBOJA HA MACCy MEPEXOTHOro

MeTaJljia, BhIPaXKEHHYI0 KaK MeTalul, B uac, B uaTepsae 0,01-100 u-l, mpeamoururensHo, 0,05-10
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ul Jlnst npakTHueckux neseii moxket npumensiteest CCIIC, cocrasmsrommast 0,5-2,0 -l

[TaprmanpHOE HaBI€HNE BOJOPOA BO BpeMsi cTaauu (11) MPEeaNOYTHTENBHO COCTABIISIET OT
1,0 wmeramackans (MIla) wnm Oomee, mnpemnmoururensHo, 2,0 Mlla wmu Oonee, Oonee
npennoutuTenbro, 3,0 MIla win 6omee no 16,0 MIla uiu menee, npeanoururensHo, 12,0 Mlla
wi MeHee, Obonee npeanoururensHo, 8,0 MIla unn menee. JIroboe naBieHue 37eCh SBISETCS
aOCOIOTHBIM JIaBJICHUEM.

OOmee naBnenHue Ha cTaguu (i) COCTAaBISET NOJDKHBIM 00pa3oM mo MeHbueil mepe 1,0
MITa, npenmoutuTenbHO, o MeHbineld Mepe 2,0 MIla, Gonee mpeAnoOYTHTENHHO, M0 MEHBIIEH
mepe 3,0 MITa. Obmiee naBneHue Ha ctaguu (1i) COCTaBISIET, NOJDKHBIM 00pa3om, He Oonee 16,0
MIIa, Gonee npenmnoututenbho, He 6onee 10,0 MIla. IlpennoyTurensHo, B peakTope CO3NAK0T
JaBJIieHHe BOJAOpOJAa A0 No0aBieHus JHOOOro MCXomHoro marepuana. CnenuanaucT B JaHHOU
00JlacTH TEXHUKH NOMMeT, 4To nasiieHue rmpu 20°C Oynet Huke, 4eM pakTUIeCKOe AaBJICHUE IPU
temrieparype peakuuu. JlaBnenme Ha craauu (i1), npu mnpesBpameHun oOpatHo B 20°C,
NPEANOYTUTENIFHO, PABHO aBieHHIo B uHTepsaie ot 0,7 MIla umu 6onee no 8,0 MIa niu menee.

Kak oObsCHANOCH BBIIE, MAaBICHHE MOXET CO30aBaTbCsl  BOJOPOAOM  WIIH
BOJIOPOACOMEPIKAIIMM Ta30M, HeoOs3aTeNbHO B COYETAHMH C MapLUAIBHBIMH JaBICHUSIMH
COIEP’)KUMOTro peakLMOHHOM cMecu. Korna peakiimoHHy0 cMeCh HarpeBaroT, o0Iee AaBjIeHHe BO
BpeMsI peakiuy JOJDKHBIM 0OpasoM cocrasiisier 1,0 MIla - 16,0 MITa.

IIpennouTureabHO NMOANEPKUBAThH MApLHAIbHOE AaBJIEHHE BOAOPOAA NP TEMIIEpaType
peakimu Ha craauu (i1) B mHTepBatie ot 1,0 MIla no 16,0 MIla abc¢., mpeAnovTUTENEHO, B TEUSHHE
Bceil peakiun. [1osTOMy BOZOPOI WK BOJOPOACOAEPIKALINI ra3, MPEANnOUYTUTEIBHO, BBOIST B
PEAKIIMOHHYIO CMECh BO BPEMsI PEaKIIMH, KaK OMMCAHO BBILIE.

Kak yka3aHo BbIllI€, TaBIEHUE MOKET CO3JIaBaThCsI BOJOPOIOM HITH BOIOPOICOAEPIKAIUM
ra3oM. Eciaum  nNpuUMEHSIOT — BONOPOACOAEpIKAIMMi  ras, COAepXKaHWe BOXOpOma B
BOJIOPOZICOAEPIKAIEM ra3e JIOJUKHbIM 0o0pa3oM coctamisieT BIUIOTh a0 100% o6. Haubonee
MPEINOYTUTENBHO, YUCThIH BOJOPON MPUMEHSIIOT IJIsi CO3JaHUs NaBjieHus. Bo BpeMsi peakuuu
Bonopon mnotpebisiercsa. Ecnu  cmoco®  sBisieTCss HENMpPephIBHBIM MJIM  TIOJYHENPEPBIBHBIM
CHoco0OM, BOJOPO, MPEANOYTHTENBHO, OJAIOT HENMPEPBIBHO WIIH MOJTY HETIPEPBIBHO.

Peakiusi MOJkeT TIPOBONUTBLCS B IIUPOKOM CIIEKTpe TeMrieparyp. B mepBom peakrope mo
MEHbIIEH Mepe YacTh UCTOYHHKA YTIIIEBO/IA B3AUMOIEHCTBYET C BOIOPOOM HIIH TEMIIEPATYPE OT
170°C wmu 6onee no 270°C wnm meHee. boyee mpenmnoYTUTENBHO, MO MEHbBIIEH Mepe 4YacTh
HMCTOYHHKA YTJIEBOA U BOAOPOJ B3aUMOJICHCTBYIOT MPU Temneparype B uarepsaiie ot 200°C wnu
6onee no 240°C unm menee. IlepBolil peakTop MOXKET OBITH AOBEAEH IO TEMIEPaTypbl B 3THX
UHTEpBaiax 10 A00aBIeHHs JIFOOOrO HMCXOMHOTO MarepHaja, U MOXKET MOINEPKUBATHCS TNPHU
TEMIepaType B 3TOM HHTEPBAJIE.

Peakiust Ha ctaguu (ii) JOKHBIM 00pa30M AaeT MOTOK MPOIYKTa MEPBOrO peakTopa. ITOT
MOTOK MPOAYKTA MEPBOrO PEAKTOPa JOJDKHBIM 0OpPa3oM COIEPIKHUT STHIICHTIIHUKOIb, COPOUT H,
HeoOs13aTeNIbHO, ONMH WK Oojiee NPyrux MOOOYHBIX MPOAYKTOB, TaKUX Kak dputpuT. IloTok
NPOAYKTa NMEPBOTO PEAKTOPA MOXKET JOJDKHBIM 00pa30M CONEpsKaTh, HAPUMED, STUICHTIIUKOIb

(Tan-1,2-nuon) u oguH UM Oosiee MOOOYHBIX MPOAYKTOB, TAKUX KaK AUSTHUICHIJIUKONb (2,2'-
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okcuau(3Tan-1-oi)), MpoONMIEHIIHKONb (Tpomnas-1,2-quon), ruuepud (mpomnas-1,2,3-tpuodn),
Oyran-1,2-nuon, OytaH-1,3-nuon, Oytan-2,3-nquon, OyTas-1,4-110J, METaHOJI, 3TAHOJI, TPOIIAHOJ,
OyTanoun, copbur (rexcan-1,2,3,4,5,6-rekcon) u/umm sputpur (Oytan-1,2,3,4-rerpaon). [ muuepun
(npoman-1,2,3-tpuom), copbut (rexcan-1,2,3,4,5,6-rekcon) u sputpur (0yran-1,2,3,4-rerpaon)
SIBJISIFOTCS TTOJIMOJIAMH, UMEIOLIIMMH BBICOKYIO TEMIepPaTypy KUMeHusl (T.e. TeMIepaTypy KUMeHUs
oonee 250°C mpu armocdeprom naenennu 0,1 meramackans). Kak oObsCHseTCS BBILIE, TaKUe
NOJINOJIBI, UMeERIue Temneparype kurneHus Bbime 250°C mpu armochepHom nasienuu 0,1
Meramackassi, Tak)ke 0003HaYeHbI 3/1€Ch KaK ““TSKEJIbIE TTOTHOJBL .

Cragust (ii1) BKJIIOYAaeT yJajJeHHE W3 TEPBOTO PEaKTopa IMOTOKA IMPOAYKTa IEPBOTO
peakTopa U OTIeJIeHHEe U3 TAKOro MOTOKA MPOAYKTA MEPBOro PeaKTopa Mo MEHbIIEH Mepe:

- OZIHOI1 OoraToil STHIIEHTIMKONEM QPaKLH; U

- opgHO# Ooraroii copburoMm (pakiuy, copepskaiiell KOHIEHTPUPOBAHHBIN TOMOTE€HHBIN
KaTaJn3aTop.

ITon Goratoii copbuToMm (paxieii 31ech MIOHUMAKOT (PPAKLUIO TTOTOKA MPOIYKTA MEPBOTO
peakTopa, Comepskalnyto 0osee BBICOKYIO KOHLEHTPALHIO, HarpuMep, OoJiee BHICOKUI MacCOBBIH
NPOIIEHT COpOMTa, YeM caM MOTOK MpPOAyKTa MepBOro peakropa. Takas Ooratas copOUTOM
¢dpakuus Takke MoXeT ObITh OOO3HaueHa 37ech Kak oboramieHHas copOUTOM (pakuus.
ITpennoururenbHo, Ooratast cCOpOUTOM (pakLus MOXKET BKIIFOUATh OT 5% Macc. niu Oosee, 6osee
npeanoututenbHo, 10% macc. win Oonee, eme O6osee npeanouturenbHo, 20% mace. wnu Gosee,
u HauOonee mpeamnoututenbHo, 30% macc. wim Oonee no 100% wmacc. wiu MeHee copOwura,
TOJKHBIM 00pazoM, 90% macc. Wi MeHee, 1Mo OTHOLIEHHIO K 001eli Mmacce Ooraroii copouTomM
bpaxiym.

ITon Goraroii STHUIEHITHKOIEM (Qpakifel 31ech TOHUMAIOT (HPAKLHKIO MOTOKA MPOAYKTA
MIEPBOrO PeaKTOpa, COAepsKaIlyo Oojiee BHICOKYO KOHLEHTPALHMIO, HAMPUMeEp, Oosiee BHICOKHUIT
MAacCOBBI#1 MPOLICHT, STUIEHTJIMKOJISA, Y€M CaM TMOTOK MPOAYKTa rnepBoro peakropa. Takas Gorarast
STWIEHTJIUKOJIEM (pakiusi Takke MoXeT ObITh OOO3HaueHa 371ech Kak oOorarieHHas
sTuneHrukojeM (Gpakuusi. [IpennmodrurensHo, Ooratasi 3TUJIEHTJIMKONEM (DPAKLUS MOXKET
BKJIIOUATh OT 5% Macc. wim 6osee, Oonee npeanouturenbHo, 10% Macc. win 6oee, eme Oonee
npeanouTuTenbHo, 20% macc. win 6onee u HanboJee npennoyTuTeabHo, 30% macc. uimu Oonee
no 100% wmacc. wnu MeHee, NOJUKHBIM oOpaszoMm, 90% macc. Wiu MeHee STHJICHTJIUKOJS, O
OTHOUICHHUIO K 00IIel Macce OOraToi STUIIEHITHKOJIEM (PpaKIIHH.

Paznenenne MOXKeT MPOBOAUTHCS JIFOOBIM METOAOM, H3BECTHBIM JIFOOOMY CIHELHAUCTY B
IaHHOW OOJIACTH TEXHUKM KaK TMOAXOMASLIMN, BKJKOYAs, HAMpPUMEp, BbIMapUBaHHE W/WIH
IOUCTHIUISLHIO.

Bbonee npennoururensHO, cTaaus (1i1) BKIFOYAET OTACIEHUE, HAPUMED, AUCTULISLIHEH 110
MEHBIIIeH Mepe YaCTH MOTOKA MPOIYKTa MEPBOrO peaKTopa Ha OJHY Wiu OoJiee, OenHbIe COpOUTOM
¢dpakuuu U MO MeHbIIel Mepe onmHy Ooratyio copdutom ¢pakuumro. ITox Oemnoit copburom
(pakuueii 31ech TOHUMAIOT (PPAKLIUIO MOTOKA MPOAYKTA MEPBOr0 PeakTopa, CoAepIKallyo doee
HHM3KHE KOHLIEHTpALMY, Hanpumep, Oojiee HU3KHUI MacCOBBII MPOLEHT, COpOKTA, YeM CaM MOTOK

NpOAyKTa MepBoro peakropa. Takas OemHast copOMTOM (pakiysi TakKe MOXKET OBITh 3/1€Ch
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o0o3HaueHa kak oOenHeHHasi copouToMm ¢pakimsa. Ongaa win Oonee OeqHBIX COPOUTOM (ppakuuit
TOJDKHBIM 00pa3oM MOTYT ObITh OOOTaIIeHbI AIKUIICHIJIUKOJIEM, HATIPUMEp, STUJICHIJINKOJIEM W
nponwieHrkoeM. JlomkHbM o0pa3om, cranus (iil) MO3TOMY MOKET BKJIIOYATh pasjeiicHHe,
HarpuMep, JUCTUWUILLMEN 10 MEHbIIEH Mepe YacTH MOTOKa MPOAYKTa MEPBOTO PeaKkTopa Ha IO
MEHbBIIEH Mepe:

- ogHy OOraTyIo STHJICHIJIUKOJIeM, OeTHYI0 COPOUTOM (hPaKIHIO;

- OZlHy UM OoJiee Apyrux OeqHBIX COPOUTOM PpaKLyif; U

- ogHy OoraTyro copOuTOM (ppakuuio, COmep KaIy0 KOHIEHTPUPOBAHHBIA TOMOTCHHBIH
KaTaJInu3aTop.

boraras sTuneHrnukoneM Qpaxiysi JODKHBIM 00pa3oM MOKET OBbITh Jjajee OYHINEHa C
NOJIy Y€HUEM OYMIIEHHOTO MPOAYKTA STUIEHTJIUKOJIS.

Jlo oTneneHus, HapuMep, Ha CTaIUH AUCTHIIILILNN, OOraToi copOuTom (pakiuu 1/ uin
OoraToil STUJIEHITUKOJNEM (PpaKLMU, MOTOK MPOAYKTa IEPBOrO PEAKTOpa MPEeArOUTHTEIbHO
CHavajia AETa3sMpyIOT Ui YAAJeHUs! JI0OOro OCTaTOYHOTO BONOPOAA. 3aTeM Jera3upOBaHHbIM
HIOTOK MPOAYKTA MEPBOTO PEaKTOPa MOXKET ObITh HAIPABJIEH B OJUH WK OoJiee UcrapuTesnen st
OTAeNeHust OAHOM miu Gonee Gppakimii, COAePKALINX WA COCTOSIIUX U3 oxHoro uiu donee Cl-
C4 monoankanonoB u/uau Boabl. [Tog C1-C4 MoHOAMKaHOJAMH 3[1€Ch TOHUMAIOT MOHOAIKAHOJIBI,
cogepxamue oT 1 mo 4 aromoB yriepoma. Ilpumepsr Takux omnoro wiu Oonee C1-C4
MOHOQJIKaHOJIOB BKJIIOYAIOT METAHOJ, STAHOJI, TPONAHOJ W/Miu OyTaHOI.

[IpennoyTHTENbHO, MO MEHBIIEH Mepe YacTh OCTABLIETrOCsS MOTOKA MPOAYKTa MEPBOTO
peakTopa (M3 KOTOPOro, HeoOs3aTeNbHO, yxke yaaneHbl Bogopon, C1-C4 MoHOANKaHOMbI W/Wiu
BOJIa) 3aT€M JUCTHIUTHPYIOT Ha MO MEHbIIEH Mepe:

- oaHy wim Oojyiee OeqHBIX cCOpOUTOM, HEOOsI3aTEIbHO OOOTAIEeHHBIX AJKUJIEHIJIUKOJIEM
bpakumii; u

- omHy OoraTyro copOuTOM (Dpakimio, COMEPIKAIYI0 KOHIIEHTPUPOBAHHBIA TOMOTI€HHBIH
KaTaJInu3aTop, COPOUT U, HEOOsI3aTEIbHO, OAMH WK O0Jiee IPYTUX TSKEIbIX MMOJIMOJIOB, TAKHX KaK
TJTULEPUH W/ WA SPUTPUT.

B03MOXXHO TUCTHIUTMPOBATH TOJBKO YacCTh WJIM JAUCTHJIMPOBATH BECh MOTOK MPOAYKTA
NEePBOTO  peakTopa. AJKWJICHIJIMKOJNEM, TMPENNOYTHTEIbHO, SIBISIETCS  STHJICHIJIMKOIb,
NPONIJICHITHUKOJIb, Oy TAHIHOJ WJIH CMECh ABYX HJIH OOJiee U3 HUX.

Borarasi copbutom (pakumsi TOKHBIM 00pa3oM MOKET OBITh MOJyYeHa OTAEICHUEM
bpakumny, copepkamield COCOUHEHUs, Kursmue npu temnepartype 250°C wnu Beine, mMon
nasnenneM 0,1 wmeramackans. CnenoBaTenbHO, OOJDKHBIM OOpa3oM, ctaaus (iil) COAEpPIKUT
yAalieHne U3 TEePBOrO PEakTopa MOTOKA MPOAYKTA MEPBOrO PEAKTOPA, U OTHENIEHHE U3 TaKOTro
NOTOKA MPOAYKTAa IEPBOrO pPEaKTopa MO MEHbLIeH Mepe ONHOW (Qpakuuu, conmepskaruei
coennHeHus, kursimue npu Temmneparype 250°C wnu Beie, nmox aasieHuem 0,1 meramackas, a
TaK)Ke CcofeprKameil KOHLIEHTPUPOBAHHBI TOMOTEHHbIH Kartanmu3aTtop. Takas (paxuus,
cofieprKalliasi coelMHeHus, kursiue npu temneparype 250°C unu Bbie, noa aasineHuem 0,1
Merarnackasi, Takyke MOXKET Ha3bIBAThCS 3/1€Ch KaK “Tspkenas ppakuus” .

HomwkHpiM  oOpa3om, craaus (ill)) MOXKET coxepikaTb paslesieHue, HarpuMep,
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IUCTHIULSILUEH 10 MEHbIIEH Mepe YacTH IOTOKa MPOAYKTa MEPBOrO PeakTopa Ha (paxiHio,
COZIEpIKaLlyI0 COEeIMHEHUs, KUIsiue npu Ttemmepatype Huwke 250°C, mox nasnenuem 0,1
Meramnackans (Takke 0O03HAYEHHYIO 371eCh Kak “Jerkas gppakuus’); U pakmuio, COAEpIKaIIYIO
coenuHeHus, kumsAue npu tremneparype 250°C wnu Beie, nofa aasieHueM 0,1 meramnackans
(Takcke O0OO3HAUEHHYIO 37eCh Kak “Tspkenast (pakumst’). Takas jerkas (ppaxkuusi AOJKHBIM
o0pa3oM MoKeT ObITb OOraToi STHJIEHITHKOJEM (pakuueil, B TO BpeMs KaK Takas TsDKenas
b pakums JOLKHBIM 00pa3oM MOKET ObITh Ooraroit copburom Qpakuueit. CrienuanucT B TaHHON
00JacTH TEXHUKU TMOMMET, YTO JUId OTAENEHHs YKa3aHHBIX BBINE COENUHEHHH MOXKET
NPOBOIUTHCA JIF00ast AUCTHIIISILMS TIPU NMOHWKEHHOM JaBJICHUU WM AK€ B BaKyyMe JJIsl TOTO,
9yTOOBI MPOBECTH pa3zeNieHne npu Temmepatype Hwke 250°C.

Ota Ooratast copOuTOM (ppakuys UK TsoKeNast Gpakiyst, MPENIOUTUTEIBHO, COIEPKUT He
TOJIBKO COPOHUT, HO Tak)Ke Jpyrue TsDKEJble IOJHMOJNbL, TaKkue KakK TIULEPUH U SPUTPUT.
IIpennoururensHo, dpakiust conepxxut ot 0,5% macc. wnu 6onee 1o 99,5% macc. unu MeHee,
Oosnee mpeamoututenbHo, oT 1,0% wmacc. wim Gonee no 60,0% macc. WM MeHee TSKENbIX
TIOJIMOJIOB (T.€. TIOJIMOJIOB, KHUITAIIMX IPU TeMIIepaType paBHOH win Beitre 250°C nox AaBieHneM
0,1 meramackassi), MO OTHOLICHHIO K OOIIel Macce Takoi ¢pakuuu. bonee mpeanodTuTensHo,
¢bpakuus comepxur ot 0,5% wmacc. wiam Oonee mo 99,5% wmacc. uiam MeHee, Ooee
npeanodTuTeNbHo, ot 1,0% macce. unu 6ogee 1o 60,0% macc. uiu MeHee COpOUTa, MO OTHOLIEHUIO
Kk obmeli Macce Takod ¢pakumu. HambGonee mpenmoututensHo, Ooraras copOUTOM (pakius
comepxut ot 2,0% macc. unu 6onee 1o 50% macc. wim MeHee copOuTa, Mo OTHOLICHHUIO K 00Iei
macce 6oratoit copouToM Qpakimu.

boraras copOutoM (Qpakuusi IOMOJHUTENBHO COAEPKHUT  KOHLEHTPUPOBAHHBIM
TOMOTeHHBIH KaTanu3aTop. 110 KOHIEHTPHUPOBAHHBIM TOMOTE€HHBIM KaTaJU3aTOPOM 3/1€Ch
MOHUMAIOT TOMOTEHHBIH KaTajJH3aTop B KOHIEHTpAaUUH Oojiee KOHLEHTPALMU TOMOTE€HHOTO
KaTaju3aTopa B IOTOKE NPOAYKTa MEPBOro peaktopa. I[IpeanodTHTeNbHO, KOHIICHTpPALUS
TOMOT€HHOTO KaTajau3aTopa B boraToii copoutom pakuuu Bapbupyetcs ot 0,5% macc. wiu 6onee
no 10,0% macc. unu MeHee, Oosiee mpenmodTuteNibHo, ot 0,5% macc. 1o 5,0% Macc. win MeHee,
1 HauOoJiee MPeanoUTUTENBHO, B HHTepBaje oT 1,0% mace. 1o 5,0% macc. uiiu MeHee, B pacuere
HA METAJUTMYECKHH BOJb(ppPaM, IO OTHOIIEHHIO K oOmmel macce Ooratoii copOUTOM (pakiuuu.
I'oMoreHHBIH KaTaIM3aToOp MOXKET OBITh KOHIIEHTPUPOBAH B Ooratoii copouTom (paxiun ro0bM
CHOCOOOM, M3BECTHBIM CIELUAIHMCTY B JAHHOH OOJACTH TEXHHMKH KaK MOAXOMSLIHNH, BKJIFOUAs
BBINAPUBAHNE /WU TUCTUIULALIUIO IPYTHX COSIMHEHHUH B TIOTOKE MPOAYKTA IMIEPBOrO PEAKTOpa.

CopOur w/unm pacTBOPEHHBI TOMOTEHHBIH KaTallu3aTop HE MOTrYT OBITh JIErKO
aucTHILTHPOoBaHbl. Clie0BaTENbHO, PACTBOPEHHBIN TOMOTEHHBIH KaTaJIH3aTop JOJLKHBIM 00pa3oM
MOJKET OBITh KOHLIEHTPUPOBAH ¢ copOuToM B Ooratoit copobuToM (ppakiiun BeIITApUBAHUEM U/WITH
JUCTUUIALIMEN APYTUX COEAWHEHUH B MOTOKE MPOJAyKTa mepBoro peakropa. IIpennoururensHo
Takast Oorarast COpOUTOM (paKIHst TOTIOITHUTENBHO CONEPIKUT KOHIIEHTPUPOBAHHBIN TOMOTEHHBIH
KaTaJjnu3aTop, COPOUT M OMH MK OOJiee IPYTUX TSKEIBIX MMOJUOJIOB, TAKUX KaK TIHLEPHH W/ WIN
spurput. Kpome Toro, 6orarast copOuToM (hpakiiysi MOKET COIAEPKATh NPYTUe COSTUHECHHSI.

Cragus (iv) BKJIFOYAET MOAa4dy BO BTOPOH PeakTop BOAOPOAA U MO MEHBIIEH Mepe 4acTH
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Ooraroii copburom ¢pakimu, copepkaliel KOHIEHTPUPOBAHHBIA TOMOT€HHBIN KaTaJIn3aTop.

BTopoii peakTop MOKET OBITH PEAKTOPOM JIFOOOTO THITA, H3BECTHBIM KaK TOAXOISLITIH JIJIsT
IPOM3BOJCTBA STUJICHIIIMKOJIS U3 UCTOYHHKA YIIIeBoa. BTopoii peakrop, Hanmpumep, MOXKeT ObITh
pPEaKTOp C HENOABM)KHBIM CIIOEM, PEaKTOPOM C KalleJIbHbIM TIIOTOKOM, CYCIIEH3UOHHBIM
PEAKTOPOM, PEAKTOPOM C KHUIISIIUM CJIOEM, PEAKTOPOM C TICEBIOOKIKEHHBIM CIIOEM, PEAKTOPOM
U/I€aJIbHOTO BBITECHEHMs, 0apOOTaKHBIM PEAKTOPOM, PEAKTOPOM C BHEINHEH meTnel as
PELMPKYJISLIIH UITH IIPOTOYHBIM peakTopoM ¢ Mewmankoi (IIPM) mnu peakTopoM ¢ MEXaHUIECKIM
nepemMelnuBaHiueM apyroro tuna. Hambonee mnpeamodTuTeNbHO, BTOPOH pPEAKTOp SIBISIETCS
MIPOTOYHBIM PEAKTOPOM HIEATbHOIO BbITECHEHMs. IlepBblli peakTop U BTOPOH PEAKTOP MOIYT
UMETh OAMHAKOBBIA WM pasHbId TUN peakTopa. IIpeanouTutenpHO, coco0 B COOTBETCTBUU C
JaHHBIM M300peTeHHEM NPOBOAST B COYETAHHHM PEAKTOPOB, TJ€ TMEPBBbI PEAKTOp SBISAETCA
IPOTOYHBIM PEAKTOPOM C MEIIAJKOW, a BTOPOW PEAKTOp SBJSETCS PEAKTOPOM HAEaIbHOTrO
BBITECHEHUSI.

ITpu BBenenum Ooratoii copOUTOM (pakuuu BO BTOPOH peakTop, Oorarasi copOUTOM
(pakLusi CTAHOBUTCS YaCThIO PEAKIIMOHHOW CMECH BO BTOPOM PEAKTOPE U 3aTeM MOXKET ObITh
IpeBpalleHa, KaK OMUCAHO HIDKE.

Tonbko uactb mnm Best Ooraras copOutoM (pakims MokeT ObITh MOJaHa BO BTOPOM
peakTop.

Kpowme Toro, cBexuii MOTOK BOJOPOAA MOJAIOT BO BTOPOH peakTop. JIomKHbIM 00pas3om,
NPEATIOUTEHUs AJis MOAAYN TaKOro BOJOPOAA SIBJISIFOTCS TAKUMHM K€, KaK OMMCAHBbl paHee AJIs
nepBoro peakropa. Hampumep, BOmopox MOKET MOaBaThCs B BUAE CMECH BOAOPOAA U HHEPTHOTO
rasa B KOJIMYe€CTBaX, OMMCAHHBIX paHee I IEPBOTO PEaKTOpa.

Ecnu BTOpOil peakTop He SBISIETCS PEAKTOPOM C HEMOABIJKHBIM CJIOEM, HO
CYCIIEH3UOHHBIM PEAKTOPOM, BTOPOH IeTePOreHHbIH KaTaIU3aTOP MOXKET OBITh MOJAH OTAENBHO B
TaKOW BTOPOU peakToOp B BUAE CycrneH3uu. [Ipennourenus st TAKOW CYyCIEH3UU yKa3aHbl BbILIE
IUTSL CYCTIEH3UH MEPBOTr0 T€TEPOreHHOT0 KaTaiu3aTopa.

HeobsizarenbHo, cragms (1v) MOXKET IOMOJHUTENIBHO CONIEpKaTh MOAAa4Yy BO BTOPOM
pPEaKTOp JOMOJIHUTENLHOrO pacTtBopuresst. [IpeamouTeHuss sl TaKOro JOTOJHUTENBHOTO
pPacTBOPUTENIS TAKHME, KAK OIHUCAHBI BBILIE JJIST PACTBOPUTEIIS.

Cranus (v) BKIIFOYaeT B3aUMOJIEHCTBHE BO BTOPOM peakTope npu Temmeparype ot 200°C
wi Oonee no 300°C wim MeHee MO MeHbIIEH Mepe 4acTu Ooratoil copOuTOM (pakiuH,
cofep Kalel KOHIEHTPUPOBAHHBIH TOMOTEHHBIH KaTajlM3aTop, ¢ BOJOPOIAOM B IPHCYTCTBHUU
BTOPOTO FE€TEPOreHHOTO KaTaN3aTopa, I7ie BTOPOil T€TepOTreHHbIN KaTaIu3aTop COAEPIKUT OIUH
win OoJiee mepexoaHbIX MeTauIoB u3 rpynm 8, 9 u 10 mepruogudeckol CUCTEMBI 3JIEMEHTOB.

Bpemsi mpeObiBaHUSI BO BTOPOM PEaKTOPE MOXKET BapbUPOBAaThCA. [IpenmnouTHTENHHO,
cpenHee BpeMsi npeObiBaHMs Ooratoil copOUTOM (PpakLUu BO BTOPOM PEAKTOPE AOJIbLIE, YeM
cpenHee Bpemsi NpeObIBaHHMS HMCTOYHHKA YIJIEBOA B IMEPBOM peakrope. lIpeamodtuTensHo,
cpenHee BpeMst npeObiBaHusl OOraToil copouToOM (Ppakiiiii BO BTOPOM PEAKTOPE COCTABISET IO
meHbineil mepe 1 uvac. IIpeamoutuTenpHO, cpenHee BpeMsl MpeObIBaHUS HUCTOYHHKA YIJIEBONA

coctapisieT ot 1 waca no 6 4acos, Ooyiee MpenmodTuTeNbHO, OT 1 yaca 1o 3 4acos, Hamboee
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NPEATIOUYTUTENBHO, OT 45 MuUHYT 10 90 MuHyT. [lonararoT, 4TO KOHBEPCHUS TSIKENBIX MOOOYHBIX
MOJIMOJIOB, TAKUX KaK COPOUT W/WIIM 3PUTPUT, BBIMIPHIBAET NpU OONiee IIIMTENIBHOM BPEMEHH
npedpBanus. [IpennouTHTENpHO, BTOPOH PEAKTOP SBISETCS PEAKTOPOM HAEATBbHOTO BEITECHEHHS,
paboraromumM npu cpenHedacoBoi ckopoctu monadu ceipbsi (CCIIC), BbIpakeHHON Kak Macca
UCTOYHUKA VTJIEBOJAa HA MAcCy NEPEeXOAHOTO MeTajuld, BBIPAKEHHYIO KaK METajll, B 4ac, B
unrepsaje 0,01-100 u'!, mpennoururensho, 0,05-10 g1,

IIpenmoutennss Aisl MapUUAIBbHOTO MABJIEHUS BOAOPOAA, MPUMEHSEMOrO BO BTOPOM
peakTope Ha ctaauu (V) TaKue ke, Kak Ul MapLUUaIbHOTO AABJIEHHS BOAOPOa, TPUMEHSIEMOTO B
nepBoM peaktope Ha cranui (i1). Takske npeanodTeHust Ans 00LIeTo NaBIeHUs, IPUMEHSIEMOTO BO
BTOPOM PEAKTOpE, TAaKUE K€, KaK JIJIs IEPBOrO PEAKTOpa.

Peakuuio Ha cTanuu (V) IPeANOUTUTENBHO MPOBOASAT NPU TEMIIEPAType B UHTEPBaJE OT
220°C unu 6onee o 260°C nnu meHee.

bonee npennoururensHo, Temmnepatypa T2, npumensiemMas BO BpeMsl peaki[ii BO BTOPOM
peakrope Ha craguu (V), paBHAa WIM IpeBbILAeT Temrepatypy T1, mpuMeHsemylo BO BpeMs
peakLuH B IEPBOM peakTope Ha ctaauu (ii).

BTopoli rereporeHHblil KaTaIN3aTOpP COAEPXKUT OAUH WK OO0Jiee MePEXOIHbIX METAJUIOB
u3 rpynn 8, 9 u 10 nepuonuveckoil CUCTEMBbI 3JI€MEHTOB. BTOpOI reTeporeHHblil KaTaau3aTop
MOXET OBITh TaKUM K€ WJIH OTJIHYAaThC OT MEepPBOrO TIeTePOreHHOro KaTalu3aTopa.
IIpennouTurenbHO, OAHAKO, COCTAB BTOPOIO IeTEPOreHHOr0 KaTaln3aTopa Takas e, Kak COCTaB
MEPBOro reTePOreHHOr0 KaTajnu3aTopa, U MPeArnovTeHUs JIsl IEPEXOJHOr0 MeTaljla U HOCUTENsS
TaKHe, KaKk Ui IePBOTO TeTEPOreHHOr0 KaTaIu3aTopa, KaK OMUCAHO BbIie. [IpeanoYTuTenbHo,
BTOPOM IeTePOreHHBIN KaTaJH3aTOp COAEPIKUT PYTEHUH W/WJIM HUKEJb B KAYECTBE MEPEXOTHOTO
MeTaJula, 1 aKTUBUPOBAHHBIN YroJib B KauecTBe HOcHTENsI. To ecTh Haubosee mpeArnouTUTENBHO,
reTepPOreHHbIN KaTaIU3aTOP COASPIKHUT PYTEHHH U/ UJTH HUKEJTb Ha MIOAJIOXKKE U3 AKTUBUPOBAHHOTO
yriasi. Hambonee npeAmnodTUTENbHO, BTOPBIM PEAKTOPOM SIBJSIETCS PEAKTOpP HICATBbHOTO
BBITECHEHUSI, I71€ BTOPON reTePOreHHbIN KaTaIU3aTOP MPHUCYTCTBYIOT B BUIE HEMIOABIKHOTO CIIOS.

I'omorennsIii katanmzatop Ha craguu (V) SIBJISETCS TaKUM K€, KaK TOMOTEHHBIH
karajgusaTop Ha craauu (ii). I[IpeuMyiecTBeHHO, OHAKO, TOMOTEHHbBIN KATaJIM3aTOp Ha CTAIUU
(V) MOXeT mMpUCYTCTBOBaTh B Oojiee BBICOKOH KOHIeHTpauuu, yeMm Ha ctamuu (ii). To ects,
KOHIIEHTPALIUSI TOMOT'€HHOTO KaTAJTN3aTOPa B PEAKIIHOHHON CMECH BO BTOPOM PEAKTOPE Ha CTa NN
(V) moJKHBIM O00pPa30oM MOKET OBITh BBIIIE, YeM KOHIEHTpAI[Usi TOMOT€HHOI'O KaTaln3aTtopa B
PEaKIMOHHON CMECH B IEPBOM peakTope Ha cramud (ii).

IIpenmouternss Ayl KOHLUEHTPALMM TOMOTEHHOTO KaTajlu3aTopa TaKue, KakK OIHCAHBI
Bbllle Ui Ooratoii copbutoM ¢paknun. Hambonee mnpeAnoYTHTENHHO, KOHIEHTPALUS
TOMOTEHHOTO KaTajiu3aTopa B PEaKIMOHHONW CMECH BO BTOPOM peakTope Bapbupyercst ot 0,5%
macc. mwiu Oonee no 5,0% macc. WM MeHee, B pacueTe Ha METAUTMYECKUH BOJbGpaM, IO
OTHOUICHHUIO K O0IIel Macce peaKIIMOHHOU CMECH.

MaccoBoe OTHOIIEHHE MeXIy OOIMMMM KOJMYECTBOM COCOMHEHHUS BOJb(ppama
(paccunMTaHHBIM Ha OCHOBE METajlla), MPUCYTCTBYIOLIETO BO BTOPOM PEAKTOPE, U MEPEXOTHOTrO

MeTaja (PacCUUTAaHHBIM HA OCHOBE METAJUIA), MPHCYTCTBYIOIIErO BO BTOPOM PEAKTOPE, MOXKET
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BApbUPOBATbC B ULIMPOKOM wuHTepBane. Ecmu BrOopon peakrtop sBisgerca I[IPM  wunum
CYCIIEH3MOHHBIM PEaKTOPOM, MAacCOBOE OTHOIIEHHE MEXKAY OOLIUM KOJIWYECTBOM COCIUHEHUS
BOJIb(paMa (PacCUMTAHHBIM Ha OCHOBE METaljIa), MPHCYTCTBYIOIIEIO BO BTOPOM pPEAKTOpE, U
NEePexXONHOro MeTaya (PacCUMTaHHBIM Ha OCHOBE METaula), NMPUCYTCTBYIOIIETO BO BTOPOM
peaxkTope, MPEATIOUTUTENBFHO BbIIE, Y€M MAacCOBOE OTHOIIEHHE MEXIy OOIMUM KOJINYEeCTBOM
COeIMHEHUs1 Boyb()pama (PacCYNTAHHBIM HAa OCHOBE METAJUIa), MPUCYTCTBYIOLIETO B IEPBOM
peakTope, M MepexoqHOro Merajuia (PaCCUUTaHHBIM HAa OCHOBE METaJUla), MPUCYTCTBYIOIIETO B
nepBoM peaktope. Takke ecnu BTOpoi peaktop siisiercs: [IPM unu cyCieH3MOHHBIM PEaKkTOpPOM,
MOJISIPHOE OTHOLIEHUE MOJIeH Bosb()paMa K OOIIHUM MOJISIM MEPEXOTHOTO METAIINIA, PACCYUTAHHBIM
KaK MeTaJjul, IPEANOYTUTENBHO, BbIIE BO BTOPOM PEAKTOpE, YeM B IEPBOM PEAKTOPE.

Ecnu xenarenbHbI ONMOMHHUTENBHBIN PACTBOPUTENb MOXKET ObITh 100aBlEeH B
pPEaKIMOHHYI0 CMeChb BO BTOPOM peakTope Ha cTanuu (Vv), TPEANnouTeHHs Il TaKoro
JOTIOIHUTEIbHOTO PACTBOPUTES TAKHE )K€, KAK YKa3aHbI BbIIIE AJIsl IEPBOTO PEaKTOpa Ha CTaAuU
(i1). Hanbonee npeAnoYTUTENIBHO, JTIOOBIM TOTIOIHUTENBHBIM PACTBOPHUTENEM SIBISIETCS] BOZIA.

ITpeumy1ecTBEHHO, BTOPOI peakTop MOXKeT paboTaTh MpU MEHee YeM MOJTHOH KOHBEPCUH
copOuTa, NpeAnoYTUTENFHO, TIPU KOHBEpCUH copOuTa B nHTEepBasie ot 50% macc. i Gonee 10
90% macc. wim MeHee. DTO IPEUMY LIECTBEHHO MO3BOJISIET YaCTH COPONTA OCTABAThCS B KAYECTBE
pacTBOpHTENS AJII TOMOT€HHOTO KaTallM3aTopa NpU HeoOsA3aTeNbHOM PELUPKYJHPOBAHHH I10
MEHbLIEH Mepe YaCTH MOTOKA NMPOAYKTa BTOPOTO PEaKTopa B MEPBbI PEAKTOP.

Cragusa (vi) BKIIIOYAaeT yAaJieHHe TMOTOKAa MPOAYKTa BTOPOrO pPeakTopa M3 BTOPOTO
peakTopa 1 HeoOsI3aTeNbHY 0 PELIUPKYJISILUIO [0 MEHBLISH Mepe 4aCTH MOTOKA MPOAYKTa BTOPOTO
peakTopa B mnepBblii peakTop. Kak ykasaHO Bbllle, MOTOK MPOAYKTa BTOPOTO PEaKTOpa MOXKET
NPEUMYLIECTBEHHO TIPUMEHSTBCS B KAuecTBe IMOTOKa [UIsi A00aBIEHHs] PAaCTBOPEHHOTO
TOMOT€HHOTO KaTaJlu3aTopa B MEPBBIM peakTop.

CnenoBarenbHO, MPEANOYTUTENBHO, CIIOCOO B COOTBETCTBUU C JAAHHBIM H300peTEeHUEM
JOTIOJIHUTENIPHO BKJIIOYAeT PpELUPKYJHPOBaHHE [0 MEHbIIEH Mepe YacTU TIOMOT€HHOIO
KaTaJIM3aTopa U3 BTOPOTO PEaKTopa 0OpaTHO B MEPBBII PEaAKTOP.

JlOJKHBIM 00pa3oM, MOTOK MPOAYKTA BTOPOTO PEAKTOpPa MOXKET ObITh Jera3upoBaH IS
yAaleHust BOAOPOAA 10 pelupKyaupoBanusi. Kpome Toro, MokeT ObITh JKeIaTeIbHO YAAIATD I10
MeHbIel Mepe 4acTh Boabl u C1-C4 MOHOATKaHOJIOB (HaNpUMep, METAHOJIa, STAHOJIA, TPOMAHOJIA
u/vi OyTaHoNa) 10 PELUPKYJTUPOBAHUS.

He orpanmumBaroummii mpumep crnocoda B COOTBETCTBHUH C IAaHHBIM H300pETEHHEM
nokas3aH Ha ¢urype 1.

Ha ¢urype 1, morox Bomopoma (102), moTok, conepskamiuii pacTBOpP T'OMOT€HHOTO
karanusaropa (108), MOTOK, comepsKammii CyCIEH3MI0 MEePBOr0 NeTEPOreHHOrO KaTajnu3aTopa
(106) 1 mOTOK ChHIPBS, coAepKalINi HCTOYHHK yriieona (104), moparT B MPOTOYHBINA PEAKTOP C
memankor (110). B atom mpumepe, nporounsiii peaktop ¢ Memankoi (IIPM) neiictByer kak
NEPBBI PEaKkTop; pPacTBOp romMoreHHoro karaimzaropa (108) momkHbIM 00pa3oM comep:KHT
BOJIL()PAMOBYIO KHCIIOTY, THAPOKCHI HATPHsI H/UIIH BOJb(ppaMaT HaTpHs B TIIMLIEPUHE U BOIE, U

NepBbIi reTeporeHHblil kartanuzarop (106) nomxHBIM 00pa3oM conep:kuT 5% Macc. pyTeHHUs Ha
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AKTUBHOM YTJie, CycreHaupoBaHHOro B Boae. Mcrounuk yriesoma (104) momxHbIM 0Opazom
COIEPIKHUT PACTBOP TIIFOKO3BI B BOJIE, AJIKIJIEHIIMKOJIH B IPYTHE TUOJIBI U TOIHoiiel). Kpome Toro,
TOMOT€HHBIH KaTAJIN3aTOP PELUPKYJIUPYIOT U3 BTOPOrO peakTopa uepes notok (150). Dtort morok
(150) nmomxHBIM 00pa3oM COHEPXKUT TOMOTEHHBIN KaTaJlu3aTop, PACTBOPEHHBIH B JPYTHX
ANKWIEHITMKOJISIX, IPYTUX JTUOJIAaX W/MIIN JPYTUX MTOJHNOJIAx.

B ITPM (110) riroko3a B3aMOAEHCTBYET C BOJOPOIOM MpHU Temnepatype okoio 220°C B
NPUCYTCTBUM TOMOT€HHOIO KaTajlu3aropa M TeTeporeHHoro karamusatopa. I[IPM  (110)
MONAEPKUBAIOT MOA OOIIUM JaBJIeHHEM OKOJIO 6,5 Meramackaned. Bonma, anKWICHIIIMKOIU U
ApyTHe AMONbI W/WIN APYTHe TOJHOJbI AEHCTBYIOT B KauecTBE PacTBOpHUTENs. PeakunoHHas
CMeChb CONIEP’KUT CPEAHIO KOHLEHTPALMIO METAJJIMYECKOro BOJb(pama, COOTBETCTBYIOIIErO
oxoo 0,4% macc. Bob(hpaMOBOI KUCIIOTHI, 0 OTHOLISHHIO K O0IIeH Macce peakKLIMOHHOW CMECH.
ITorox mpoaykra mepsoro peakrtopa (112) ymamstor u3z IIPM (110). Dror TUnoBO# mOTOK
npoxnykra nepsoro peakropa (112) momkHbIM 00pa3oM CONEPKUT, CPElM NPOYHX, BOAOPOL,
STHJICHIJIUKOJIb, MPONUJIEHIIUKOINb, SPUTPUT, COPOHUT, BOAY, METAHOJ, 3TAHOJ, MPOMAHON U
OyTtaHon. 3aTreM STOT MOTOK NpOAykTa mnepBoro peakropa (112) comep:KUT KOJIMYECTBO
METAJUINYECKOTr0 BoJbppama, COOTBETCTRYOIIEe 0k0JI0 0,4% Macc. BONb(HPaMOBOI KHCIIOTHI, 110
OTHOLLIEHHIO K 00IIel Macce MOToKa MPoaykTa nepsoro peakropa (112). B nononHeHne kK MOTOKY
IPOAYKTa MEPBOrO PEAaKTOpPa MOXKET COAepKaTb WM HE COAepKaTb 4YacTHULbl IEPBOTO
reTeporeHHOro Karanusatopa. EciM Takue 4acTHLBI NMEPBOTrO IETEPOreHHOrO KaTajau3aTopa
NPUCYTCTBYIOT, 3TU YACTHLBI MOTYT OBITh OTHEJEHbI OT MOTOKA MPOAYKTA MEPBOTO PEeaKTopa
¢unbrpauueii u peuupkynuposansl B [IPM (110). 3atem morok Bomopoxa (114) ynamstor u3
NOTOKA MpoaykTa nepsoro peaktopa (114) B perazarope (116). M3 nmonyuennoro nortoka (118),
notok C1-C4 MOHOANKaHOJIOB (TaKUX KaK METAHOJI, STAHOJI, pornano u Oytanon) (120) u yacTe
BOJIbI yAAISIFOT B ucniaputenb (122). Tlonydennsiii motok (124) 3aTemM HanpaBJisitoT B JUCTHILIATOP
(126), roe notok (124) pasnenstor Ha yeThipe OeqHbIX copouTom dpaximm (128a, 128b, 128¢c u
128d, Bce comepkaT COeqUHEHUsI, UMEIOIINE TeMreparypy kurneHus npu 0,1 meranackainst HUKe
250°C) u Ooratyro copbutom ¢pakmuro (130), comepkallyr0 COEAUHEHHs, HMEIOIINe
temreparypy kunenuss npu 0,1 meramackans Bbime 250°C. Yactunbl Boibdpama, TaKHe Kak
BOJIb()paMOBasi KHCJIOTa, BOJIb(paMoBasi OpOH3a, BOJb(ppaMaT HATPUS MM WX HPOH3BOIHBIE
OCTAIOTCsI HEPACTBOPEHHBIMU B Ooratoii copoutom ¢pakuuu (130). B pesynbrate nucTiiuisinum
APYTUX KOMIIOHEHTOB, KOHLIEHTPALHSI METAJITMUECKOrO BOJIb()pamMa BO3pacTaeT, U Takas Ooraras
copoutom Ppakmust (130) HOKHBIM 00pa3oM  CONEPIKUT KOJUYECTBO METAJUTHYECKOTO
BOJIb()paMa, COOTBETCTBYIOLIEe OKOIO 1,9% macc. BOMb(pPaMOBOH KHUCIIOTBHI, IO OTHOIIEHHIO K
obmeli macce Ooratoii copoutom ¢ppakumu (130).

Boratyro copbutrom ¢pakuuro (130) HampaBisSIOT B peakToOp HAEATBHOTO BBITECHEHUS
(132), rne oHa KOHTAaKTUPYET CO CBEKHMM MOTOKOM Bopopona (134). B 3tom mpumepe peakTop
uneanbpHOro BeiTecHeHus: (PUB) neiictyer kak BTopoii peaktop. PUB comep:kut HemoaBMIKHBIN
cioii (136) BTOPOTrO TeTEPOreHHOTO KaTalu3aTopa, cocTtosmero w3 5% wmacc. pyTeHHs Ha
akTUBHpPOBaHHOM yriie (5% macc. Ru/AY). B PUB (132), copOut B3auMOaelCTBYET ¢ BOIOPOAOM

npu Temmeparype okono 240°C B NpUCYTCTBUHM TOMOIE€HHOIO KaTajlu3aropa U BTOpPOIo
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reTEePOreHHOr0 KaTajau3aTropa ¢ MOJy4YeHHeM IOTOKa MpoaykTa BToporo peakropa (138). Dror
NOTOK Tpoaykra Broporo peakropa (138) ynmamsror uz PUB (132). Cam copbut u apyrue
KOMITOHEHTbI OoraToil copOutoMm (pakumu AEHCTBYIOT Kak pactBopureib. [IoTOK mponmykra
BTOPOTO PeaKTOpa JOJKHBIM 00pa30M COAEPIKUT BOAOPO, MTPOMAH, METAHOJ, TETparuapodypas,
STaHOJ, MPOMAaHOJ], OyTaHOJA M BOAY B N00aBIEHHE K STHJICHTJIMKOJIO W IMPOMHJIEHTIIHKOJIO.
IIpennoururensuo, PUB He paboTtaer nmpu NOJIHON KOHBEPCHH, HO MPH KOHBEpCcHUHU okoso 70%
Macc. OT TIOJIHOW KOHBepcum copbwura, mo3Bojisisi okoino 30% macc. copOuTa OCTaBaThCsl HE
npeBpatieHHbIM. J{oKHBIM 00pa3oM, BTOpoi moTok mpoaykra (138) HampaBiisitoT B merasarop
(142) nns ynmanenuss motoka Bonmopoxa (140). M3 monyuennoro motoka (144), morox C1-C4
MOHOAJIKAHOJIOB (TaKMX KaK METAHOJI, TAHOJI, IpornaHou u OytaHoux) (146) u 4acTh BOBI yAANSIOT
B ucnapurene (148). ITonyuennsiit notok (150) npenMyIIeCTBEHHO PELUPKYJIUPYIOT B MEPBBIH
peaxtop (110).

Crnoco0 B COOTBETCTBUY € TAHHBIM U300PETEHUEM Aaliee WILTFOCTPUPOBAH CIEAYIOIIUM He
OrpPaHUYMBAIOLINM ITPUMEPOM.

IIpumep 1

Crnoco0, mokasaHHbI Ha ¢urype 1, IeMOHCTPUPYIOT C MPUMEHEHHEM MPOrPaMMBbl JUIs
koMmmbroTepHoro mozaenuposanuss ASPEN PLUS, Bepcust 8,8 (ASPEN sBnsiercss TOproBbiM
3HaKOM) B coueTanuu ¢ Oankamu naHHbix APV88 PURE32, APV88 AQUEOUS, APVS88
SOLIDS, APV88 INORGANIC, NISTV88 NIST-TRC, noctynusimMu B ASPEN PLUS 8,8, u B
JOTIOJTHUTENbHOM codeTaHuu ¢ faHHbIMU VLE niist cMeceil STUeHr KOs, MPONMISHTJINKONS U
OyTuneHriukoss, nonydaembix u3 Dortmund Data Bank. KonueHTpamuioo coenuHeHuUi
BOJNb(ppaMa MPUHUMAIOT 32 KOHLEHTPALMI, COOTBeTCTBYMOMIYK 0,4% wMacc. BoJbGpaMoOBOL
kucnotel B IIPM peaktope, nefCTBYIOLIEM KaK MEPBbIA PEAKTOP, U KOHLIEHTPALUU. COCIUHEHUN
BOJb(ppama, coorBeTcTBYIOMYIO 1,9% Macc. BOIb(MPAMOBON KHCIOTHI B PEAKTOPE HIACATBHOIO
BBITECHEHUS, NEHCTBYIOLEM KaK BTOPOU peakTop. MMUTUPOBaHHBIN IeTepOreHHbIN KaTaIu3aTop
NPUHUMAIOT Kak 5% Macc. pyTeHHsl Ha aKTHBHPOBAHHOM YTJIe, CYCIIEHIUPOBAHHOM B BOJIE.

Cocras noroka Bogopoza (102) u moTok CeIpbst, CoaepKaIuil HICTOUHKK yrieBona (104),
nojgaBaeMble B UMHTHpOBaHHbIN [IPM peakTop, mepeuncnensl B Ttabmune 1A. Kpome Toro,
MEepeYrciieHa COCTaB  pPeLHpKyJIupoBaHHOro rmotoka (150), Takxke momaBaeMoro B
umuTHpoBaHHbIil [IPM peaktop. CocTaBbl MOJy4eHHOTO MEPBOro MoToKa npoaykra (112), moroka
npoxnykra nocie ynaneauss H,, gactn H,O u C1-C4 monoankanona (125), 1 6egHoii copOuTom
¢bpaxumu (128a), 2 6exnoit copdbutom Ppakunu (128b), 3 6enHoli copdburom dpakumu (128c¢), 4
6enHoli copburom Ppakumu (128d), Goraroii copburom Ppakumu (130) m moToka mpoaykra
BTOpOro peakropa (138) Bce mepeuncnens! B Tadnuue 1B.

U3 noroka npoaykra BTOoporo peakropa (138) mommkHbIM 00pa3oM yHaistOT BOAOPOI U
JETKOKUISIIIUE KOMMOHeHThl, Takue kak C1-C4 ankaHONBI, W YacTh BOABL, OCTaBISS
peunpkyiupyembiii motok (150), KoOTOpeI penupKyIMpyrOT B mepBblii peakrop. CoctaB
perupkyupyemoro mnotoka (150) yxke mpencrasiena B Tabmuue 1A. Bce mepeunciieHHbIe
KonmdecTsa B Tabnmunax 1A u 1B manbl B kuorpammax B yac (kr/gac). B Tabnunax npuMeHsoT

cnenyrorre abopeBUaTyphI:
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Bonopon

C1-C6 anxanel (B mpUMEHseMOW Mopmenn Aspen, NPOMaH HCIOJB3YIOT B

Ka4yecTBe “‘CTaHJapTHOIO COEIMHEHHUs ISl BCEX alIKaHOB, cojepkauux 1-6

aTOMOB YTJIepona)

Meranon

Terparunpodypan

OtaHon

1-IIponanon

2-ITponano:n (M30MPOMHIIIOBBIN CIIUPT)
H-byTtanon

Bona

I'nukoneselii anpaerus (ruAPOKCHALIETAIBAETHN)
I'mnpokcuaneroH (1-rugpokcunponas-2-oH)

Terparuapodypdypuiaossiii ciupt

1,2-ITponanano (IPOHIIEHIITUKOIIb)
1,2-bytanauon

1,2-DTannuon (3TUIECHTIIUKOJIb)
1,3-bytanauon

I'munepun (mponas-1,2,3-tpron)
Meso-sputpur (OyTtan-1,2,3,4-TeTpaoi)
copbur (rekcan-1,2,3,4,5,6-rexcoun)
Hexctposa (D-riroko3a)

Hustunenraukons (2,2'-okcuau(dtas-1-om))
1,3-IIponannnon

1,4-bytanauon
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Tabnumna 1A: CocTaB MOTOKOB ChIPbs (BCE B KI/4ac)

KomrmoneHnt IToTok chipbst TrOKO3bI (104) ITotok Bomopona (102) Pemmpkymuposannsiii moTok (150)
H2 0 3212 0
ITPOIT 0 0 0
MEOH 0 0 0
o 0 0 0
OTOH 0 0 0
PROH-1 0 0 0
PROH-2 0 0 0
BUOH 0 0 14
H20 39470 0 2681
TIFOAJI 0 0 93
HOACET 0 0 0

TIr' ®-AJIK 0 0 0

nr 0 0 13

bI' 0 0 0

or 0 0 402
1,3-bI' 0 0 2

1 0 0 358
oT 0 0 10567
Cb 0 0 15022
'O 92097 0 1




25

JNDTUIT 0 0 64242

I-13 0 0 292

bI'-14 0 0 177

Tabmuna 1B: CoctaB nmpoaykra 1 mOTOKOB (pakiiuii (Bce B Kr/4ac)

Kommnonent | ITorok IToTox nponykra 1 GenHas 2 OenHas 3 benHast 4 Oennas boraras IToTok nponykra
NPOAYKTa nocie ynanenust H2, | copburom copbuToM copburom copbuToM copburom BTOPOT'O peaKkTopa
IIEpPBOTo gactu H20 u C1-C4 | dpakuus bpaxmmst bpakuus bpaxmms bpakuus (xr/gac) (138)
peaxkTopa Monoaskanona (125) | (128a) (128b) (128c¢) (128d) (130)
(112)

H2 125 0 0 0 0 0 0 468

ITPOIT 0 0 0 0 0 0 0 1878

MEOH 1763 0 0 0 0 0 0 88

o 0 0 0 0 0 0 0 222

3TOH 1197 0 0 0 0 0 0 44

PROH-1 1042 0 0 0 0 0 0 92

PROH-2 104 0 0 0 0 0 0 23

BUOH 28 0 0 0 0 0 0 237

H20 279875 59 59 0 0 0 0 3647

JIIOAJI] 4349 3792 3790 2 0 0 0 95

HOACET 176 112 112 0 0 0 0 0

TI ®-AJIK 0 0 0 0 0 0 0 0

nr 11038 11012 22 10963 28 0 0 13
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bI' 1290 1289 0 0 1225 64 0 0

or 64228 64210 0 13 1244 62700 254 408
1,3-bI 33 33 0 0 0 27 7 2

I'J1 358 358 0 0 0 0 358 364
oT 15466 15466 0 0 0 0 15466 10728
Cb 21893 21893 0 0 0 0 21893 15251
'O 92 92 0 0 0 0 92 1
JU2TUIL 59753 59753 0 0 0 0 59753 65221
II-13 318 318 0 0 0 27 291 297
bI'-14 208 206 0 0 0 0 206 180
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IIpumep 2
IIporounslii peakrop ¢ memankoit (ITPM), o6opynoBaHHBIN MEXaHUUECKON MELIAIKON 1

umermuil 00peM 0koJo 6 Mt 3anonHsAT S00 MUUTUTpaMMaMu (MI') CMOYEHHOTO T€TepOTreHHOTO
katanuzaropa (50% macc. Bnaru). CMOUEHHBIN T€TEPOreHHbIN KaTaau3aTop conepxut 250 mr (B
pacuere Ha CyXyl OCHOBY) I€TEepOTre€HHOIO KaTajh3aTopa, copepskamiero 5% macc. pyTeHus Ha
AKTUBUPOBAHHOM YTJIE, T7I€ OCTATOK cOocTaBisieT BoAa. 3aTreM [IPM nosHOCTBIO 3aNI0HAIOT BOAOH.

I'oTOBAT BOAHBIN pacTBOP ChIpbs, coaepskaiuii okoso 10% macc. riarokossl, okoso 0,15%
Macc. BoabdpamoBoii kuciotel (H2ZWO4), okono 19% macc. rimmuepuna u okoso 0,18 r/n NaOH,
00bearHSIsI KOMIIOHEHTBI, KaK IMOKa3aHo B TaOmwuie 2A.

IToToK CBIpbSI BOTHOTO PacTBOpa ChIPbsl U3 TAOMHUIBI 2A MOAAIOT CO CKOPOCTHIO MOTOKA
0,25 mMa/MuH B IpoTOYHBIH peaktop ¢ Memankoi (ITPM) B Teuenue okoso S yacos. [TogaBaembiit
NOTOK Bogopozaa coctanisieT 100 HOpMaIHM30BaHHBIX MUJUIMJIIUTPOB B MUHYTY (HMJI/MUH).

ITPM nepememnBaroT co CKOpocThio Memanku 1500 o0./mun. Temneparypy peakuuu
nojnepkuBaroT okojo 220°C. JlaBnenwe Bomopoma moaaep:kuBarOT okojio 80 Oap
(cooTBercTBYIOT OKOJIO 8 Meramackajeii). CpenHee Bpemsi peObIBaHHS JKUIKOCTH B PEAKTOPE
NO3TOMY COCTaBjisieT oOkono 24 MuH. B cpenHeMm, OTHOIeHWe pyTeHUs K BoJbdpamy,
paccunTaHHOE Ha OCHOBE METAJUIOB, COCTAaBJIIET OKOJIO 3,8, MacCOBOE OTHOLIEHHE BOJIbppama
(paccunTaHHOE KaK METAJUT) K IIF0KO3€ COCTABIIsIeT 0KoJio 0,03, 1 MacCOBOE OTHOLIEHUE Py TEHUSI
(paccunMTaHHOE KaK MeTaJul) K IiroKo3e cocTtasisieT okono 0,04. ITPM paboTaet 10 1OCTHKEHUS
YCTOWYUBOTO COCTOSIHUS. BBIXOAAIUN MOTOK peakuuu NPU TAaKOM YCTONYMBOM COCTOSHUU
AQHAM3UPYIOT, U PE3yJIbTaThl CYMMHPYIOT B TaOsuiie 2B. Bbiio HaliieHO, YTO KOHBEPCHSI TIIFOKO3bI
SIBJISIETCS TIOCTOSIHHOW TIPU CTereHUu KOoHBepcuu Oosiee 99% macc. (KOHBEpPCHSl pacCUMTaHa Ha
OCHOBE TJIIOKO3bI, TOofaBaeMoil B peakrop). KOHIEHTpaMu U MacCOBBIE TMPOLICHTHI
stunenrnukonst (OI0), npomunenrnukons (IITN), Oytunenrnmukons (BI) u copbura (CB)
OMpPENeNsIoT ¢ TMOMOINBIO BBICOKO3(pekTHBHON skuakocTHOH Xxpomatorpaduu (BDXKX).
CenexTuBHOCTH (B % MaccC.) paCCUHUTBHIBAIOT B KOJMYECTBAX STUJICHTJIUKOJIS, MPOIMUICHTJTHKOJIS,
Oy THJIEHTTIMKOJIST U COpOUTA, TaK KaK MACCOBBIH MPOLICHT B UCXOISIIEM ITOTOKE PEAKTOPa JEJNST
Ha MaCCOBBII MPOLIEHT IIFOKO3bI, BBeIeHHO B [IPM.

Tabnuua 2A: CoctaB BOJHOTO PacTBOPA ChIPbS

Komnonent Macca B rpammax MaccoBblii IPOLIEHT B
(r)/MuKpOTUTPBI (MKJT) ceipbe (%o Macc.)

I'mroxo3a 20r 10

Bona 141,7r 71

5% wmacc. BonbhpamMoBOH 6T 3

kucnotsl (H,WOy,), pactBopeHHOM

B MJIMLEPUHE

I'nmuuepun 323r 16
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50% macc. rupokcuia HaTpus 48 MK <1

(NaOH), pacTBOpeHHOTO B BOzIE

Tabmuna 2B: KonBepcust 1 cOCTaB BBIXOISIIETO TIOTOKA PEaKTOpa

CenextuBHoCTh (B % | MaccoBBIi MPOLEHT B BBIXOASAILIEM ITOTOKE
Macc.) (% wmacc.)

Konsepcus >99

OTHIIEHTIHKOJIb 44 4 4% macc.

IIponuneHrauKonb 16 1,6% macc.

byTunenrnukons 1,6 0,2% macc.

CopOur 26 2,6% wmacc.

3atem BeIXOmAmmMH mnotok [IPM, nepeuucnenHblii B Tabmune 2B, moxer ObITh
AVCTHJUIMPOBAH B UCTHIUILIMOHHOM OTCEKe, COIepIKalleM OJIHY WM Ooee AUCTHIUISLIMOHHBIX
KOJIOHOK ((paKTH4ECKH HE BBINOJIHSIOT) AJIS IOy YSHUST:

- O{HOH OOraToi 3TUIIEHIINKONEM (HpaKLUK; U

- oztHO# OoraToii copOuTOM (pakuuy, coaepkaliell KOHLIEHTPUPOBAHHBIA TOMOTEHHbIH
KaTaJnu3arop.

IIpumep 3

JIJisl IEMOHCTpaLMK TIPEBPALICHUsI COPOUTA BO BTOPOM PEAKTOPE, TOTOBST ChIPbE, KOTOPOE
UMHUTHPYET COCTAB COIEPIKAINEro COPOUT MOTOKA, BBIXOASIIErO M3 TUCTHJUIILIMOHHOTO OTCEKa,
TaKOro Kak mokasas kak (126) Ha ¢urype 1.

20,18 rpammoB spurputa, 35,23 rpammoB copbuta, 11,14 rpammoB rmoko3sr, 50,25
IpaMMOB STHJIEHITUKOJIS U 196,33 rpammos riuneprna cMernsatoT rpu 120°C B reuenue | vaca.
[Tocne pacTBOpeHUs SpUTPUTA, COPOUTA, TITFOKO3BI M MIULEPHUHA B STUICHTIIUKOJIE, U TIOKA CMECh
Bce emle Harpera, 202,43 rpaMMOB BOJIb(PaAMOBOI KHCJIOTBI, COEpIKaIlell pacTBOpP TJIHIIEPHHA,
nobasisiroT k cMecu. Copepskamuii BOJIb()PaMOBYIO KHCJIOTY PacTBOP IIIMLIEPHHA CONEPKUT 5%
macc. BosibpamoBoii kucsotsl (HWO,) u 95% macc. ravnueprHa, 1o OTHOIIEHUIO K 001ei macce
pactBopa riunepuna. (5% macc. H;WO, B pacTBOpe riviieprHa MOJIy4arT cMelmnBanueM 12,63
rpammoB HWO, ¢ 237,80 rpammamu riulepruHa U KUTISTYEHHEM ¢ OOpPaTHBIM XOJIOAMIBHUKOM
npu 180°C B reuenne 3 yacos). 3areM n100aBISIIOT Takke 2134 MukponuTpos BogHOro 50% macc.
pactBopa rtuapokcuna Hatpusi (NaOH) ¢ mnonyuenuem coctaBa chipbsi. CoOCTaB  ChIpbs
npencrasieHa B Tabmumie 3A.

Tabmuua 3A: CoctaB CIpbs

KommoneHT MaccoBblii TpoLeHT B chipbe (%o Macc.)
SPUTPUT 4
copbur 7
IJII0K032 2
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STHUJIEHTJIUKOJIb 10
JIULEPUH 75
HWO, 2

Yka3aHHOE BBIIIE ChIPbE MOJAI0T B MEJIKOMACIITAOHBIH PEAKTOP HIEATbHOTO BBITECHEHUS.
OTOT peakTop U1€aJbHOTO BBHITECHEHUS] COJEPKUT MO CYLIECTBY BEPTUKAJIBbHO PACIOJOKEHHBIN
TpyOuaThlii peakTop W3 Hepkaperouied cramn auamerpom 0,98 canTuMmerpa W UIMHONH 45
CaHTUMETPOB, naBasi oOmui BHyTpeHHMH o0veM 33,75 MmumnuTpoB. PeakTop momernaroT
BHYTPb 3JIEKTPUYECKON I€4H, KOTOPYIO AepykaT NpH padodeil Temmepatype. Peaktop umeer
U30TEPMHUYECKYI0 30HYy ANUHON 17 caHTHMeTpoB, naBas >¢¢ekTuBHbIH 00beM peaktopa 12
MUUIWIUTPOB. DPUTTY BCTABJIAIOT B PEAKTOP [UIsl XPAHEHUs CJOsA KaTalu3aropa B
U30TepMUYEeCKOi 30He. [IpubnM3uTeNbHO OAMH CAaHTHUMETP KBAPTOBOW IIEPCTH MOMEINAIOT Ha
MOBEPXHOCTHU (PPUTTHI. 3aTE€M U30TEPMUUECKYIO 30HY PEAKTOPA 3aMOJHAIOT 16 CM reTeporeHHOro
KaTaJM3aTopa, CoAeprkaliero 5% mMacc. pyTeHus] Ha YIJIEPOIHBIX SKCTpyAaTax (MpHOIU3UTEIBHO
5 rpammoB). OcTaTok (BepX) peakTopa 3aroyHAT HHEPTHBIM MaTepHAJIOM.

Kak TOmpKO KaTanus3aTop 3arpyskar0T B pEaKTOp, PEeaKkTop MOMELIAI0T B IMe4Yb U
KaTaJu3aTop BOCCTAHABJIMBAIOT A0 PEAKLUU BBIAEP)KUBAHUEM KaTaJM3aToOpa B MOTOKE a30Ta B
TeyeHre |1 dyaca, 3aTeM HarpeBaHHeM karanuszatopa BIoTh 10 300°C B moToke Bomopoxaa
(HarpeBaHHEM CO CKOPOCTBIO TeMrepatypsl S°C/MUHYTY) U BBIAEP)KUBAHHEM KaTalH3aTopa MpH
300°C B TakOM MOTOKE BOAOPO/A B TeUCHHE 4 4aCOB. 3aTe€M KaTaIu3aTop BbIIEPIKUBAIOT B TIOTOKE
a30Ta JI0 Hayaja peaxium.

TTOTOK TONAIOT B pEaKkTOp MPU 4acoBOi 00beMHOM ckopocTu kunkoctr (UOCK) 0,75 u-l
U TOBEPrarT B3aUMOAEHCTBUIO B M30TEPMHUYECKOW 30HE peaktopa mpu temmeparype 220°C,
nasyneHun peakropa 50 Oap (COOTBETCTBYIOLIEM S5 MeramackajisiM) U MOJISIPHOM OTHOLIEHHH
BoJIOpoa k nosnuoaty S:1. U ceipbe, U BOIOPOA BBOIAT UePE3 BEPXHIOK YaCTh PEAKTOPA.

KoHnnenrpauuss BoJab)paMOBOIl KUCIOTBI B TMOTOKE COCTABISIET OKOJO 2% Macc. Mo
OTHOILIEHHIO K 00IIei Macce ChIpbsi.

IMocne crabmnmzanuu pabovyMx mapameTpoB, SKCHepuMeHT HauuHaroT (t=0). OOpasubl
OepyT U3 BBIXOMAIIETO MOTOKA peakTopa npu t=0 yacos, t=2 yaca, t=4 daca, t=21 4ac, t=23 4aca,
t=25 yacos u t=28 4acos.

Bri10 0OHApYKEHO, YTO MPOLIECC OCTAETCS] HECTAOMIIBHBIM BO BPEMsI MEPBBIX 4 4acOB U
TOJIBKO MOTOM CTaHOBUTCs cTabrmibHbIM. KOoHBepcust v BeIXon uepes 4 4yaca, T.e. B t=21 vac, t=23
yaca, t=25 yacoB u t=28 yacoB CyMMHUpOBaHbI B Tabmuie 3B.

O0pa3ipl aHATU3UPYIOT KUIKOCTHOM xpomarorpadueti (PKX) u ra3oBoii xpomatorpadueit
(I'’X) nust ompeneneHusi KOHBEPCUH KOMITOHEHTOB, NMPHUCYTCTBYIOIUX B ChIPbE, U 0Opa30BaHUs
NOTEHIMAJBHBIX MPOAYKTOB, KAK CYMMHPOBAHO B Tadnuue 3B.

Kaxk nmokazano B Tabnuie 3B, KOHBepCHSI OCHOBHBIX KOMIIOHEHTOB B ChIPbE CIIENYOIIee:

I'muuepus: okono 34% macc.

I'moxoza: okono 100% macc.

Copbur: okoso 50% macc.
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Oputpurt: okono 45% macc.

KoHBepcus STUIIEHTIINKOS OblTa OTPULIATENIbHON, UILTFOCTPUPYS, UTO BO BpeMs IIporecca
AEeWCTBUTENBHO 00Pa3yeTCsl STUIEHTJINKOJb.

Kak moka3pBalOT pe3ysbTaThl, CyMMHpOBaHHble B Tabmune 3B, mnpumeneHue
KOHLIEHTPUPOBAHHOIO FOMOT€HHOIO KaTaJIM3aTOPa AAET KOHBEPCUIO TAK HA3BIBAEMBIX TSKEJIBIX

TIOJIMOJIOB TIIMIEPHHA, COPOUTA U SPUTPUTA.



Tabmuua 3B. Pesynbrars
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Obpasen, | Kousepcus | Konsepcusi | Konsepcusi | Konsepcust | Koneepcus Bexon 1,2- Bexon 1,3- Brxon

B3SIThIN BO | INIMLEPUHA | TJIFOKO3bI copbuta (% | spurpura STUJIEHI KOS nponaHaAnoa nponanauona | C1-C4

BpeMmst (% macc.) | (% macc.) Macc.) (% wmacc.) (% macc.) ** (npormmnenrnukonst | (%o macc.) MOHOAJKaHOa*
otOopa ) (% macc.) (% macc.)
00pa31os

(B gacax):

21 34,4 100,0 51,3 45,5 -3,0 9,5 0,9 2,5

23 35,8 100,0 52,0 44,6 0,0 9,2 0,6 2,5

25 32,8 100,0 49,7 42,4 -5,0 9,3 1,0 2.8

28 33,0 100,0 50,2 452 -3,0 9,1 0,9 2,0

2

* OOBenMHEHHBIH BBIXOJl METAHOJIA, 3TAHOJNA, 2-TIPONAaHoJIa, 1-nmponanona u H-OyTaHona.

** KoHBepCcHsl STHIICHIIMKOJIA SIBJSIETCS] OTPULIATEIbHON, WILTIOCTPUPYSL, YTO BO BPEMSI MPOLIECCa NeHCTBUTENbHO 00pas3yeTcs STUIICHIJINKOIb.
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IIpumep 4
JIis meMOHCTpal TpPEeBpalleHuss cOpOUTa BO BTOPOM PEAKTOpE, TOJYYarOT ChIPBE,

KOTOPOE€ UMHUTHPYET COCTaB COAEPIKAINEro COPOUT MOTOKA, BBIXOIAIIETO U3 AUCTHILIILIMOHHOTO
OTCEeKa, TAKOE KaK YKa3aHO B IpuMepe 2.

127,02 rpammoB sputpura, 181,83 rpammos copbuta, 0,90 rpamMmoB riroko3bl, 2,88
rpaMMOB 3TWJIECHIIIMKOS, 184,76 rpaMMmoB rinuuepuHa, 2,42 rpaMMoB 1,3-NpONUIeHIIMKONs U
1,94 rpammos 1,4-OyTunenriukons cmemnBaroT npu 120°C B Teuenue nByx yacos. Kak ToJbKO
SPUTPUT, COPOUT, TJFOKO3a, STHICHTJIUKONb, |,3-MpOmuieHrTuKonb, 1,4-0yTHIEHTIIUKONb U
IJIMLEPUH CMELINBAIOT B TOMOI€HHYIO CMECh, U MOKa CMECh BCe elle HarpeTa, 323,04 rpaMMoOB
BOJIL()PAMOBOI KHUCIIOTHI, COAepKalell pacTBOp IIMLeprHa, 100aBIsOT K cMecu. Comeprkamuit
BOJIb(PAMOBYIO KHUCJIOTY PacTBOP IIIMLEPUHA COXEpKUT 5% macc. BONb(PAMOBON KHUCIOTHI
(H,WO,) u 95% wmacc. riounepuHa, o OTHOLICHHIO K o0IIei mMacce pactBopa rimuepuHa. (5%
macc. H;WOQO, B pacTBope rauuepuna nojaydaroT cmemuBanueM 35,25 rpammoB HyWO, ¢ 666,47
rpaMMaMH TJHLEPUHA U KUIsTYeHHeM ¢ oOpaTHbIM xonoauiabHUKOM npu 180°C B TeueHue 3
4yacoB). 3aTeM 100aBISIOT Takke 3414,4 MUKponuTpoB BOAHOTO 50% Macc. pacTBOpa rUAPOKCHIA
Hatpus (NaOH) ¢ nosiyudennem cocraa cbipbsi. CocTaB ChIpbsi IPEACTaBiIeHa B Ta0muIe 4A.

Tabmuna 4A: CocTtaB ChIpbs

Kommnonent MaccoBblii IpoLeHT B cbipbe (%o Macc.)
OTHIIEHTTHKOJIb 0,35

I'muuepun 59,61

Oputpur 15,40

CopOur 22,05

I'mokoza 0,11

1,3-nponuaeHrauKob 0,29

1,4-0y THJIEHTJTUKOb 0,24

Bonbsdpamonas kucyora | 1,96

(H2WO4)

Yka3aHHOE BBIIIE ChIPbE MOJAIOT B MEJIKOMACIITAOHBIH PEAKTOP HIEATbHOTO BBITECHEHHSI.
DTOT peakTop U1eaJbHOTO BBHITECHEHUs] COJEPKUT MO CYLIECTBY BEPTUKAJIBHO PACIOJOKEHHBIN
TpyOUaThIii peakTop W3 Hepkaserwoued cramn aumamerpom 0,98 caHTUMeTpa W UIMHOW 45
CaHTUMETPOB, naBasi oOmui BHyTpeHHHH o0BeM 33,75 MmuMIMTPOB. PeakTop momemmaroT
BHYTPb 3JIEKTPHUYECKON I€YH, KOTOPYIO AepiKaT mpu pabodeid Temmepatype. Peaktop umeer
U30TEPMHUYECKYI0 30HY AMUMHOH 17 caHTUMeTpoB, namas >¢¢exkTuBHbIH 00beM peaktopa 12
MUJUTWIIATPOB. @OpPUTTYy BCTABJIAIOT B PEAKTOP Ul XPAaHEHUs CJIOs KaTajau3aTropa B
U30TepMHUYECKON 30HE. [IpuOMM3UTENPHO OOMH CAHTUMETP KBAPTOBOW INEPCTH MOMEIIAIOT Ha
MOBEPXHOCTH (PUTTHL. 3aT€M H30TEPMHUUECKYIO 30HY PEAKTOpa 3aMOJHSIIOT 8 CM I€TepOreHHOro

KarajausaTopa, cogepskaiero 10% macc. pyTeHus Ha yIIIePOIHBIX SKCTpyaaTax (MpuOIU3UTETBHO
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3,5 rpammoB). OcTaTok (BepxX) peakTopa 3anOIHIIOT HHEPTHBIM MaTEPHUAJIOM.

Kak Tonpko KaTanuzaTop 3arpy’kar0T B PpEakTOp, PEeakTop MOMELIaloT B Medb U
KaTaJu3aTop BOCCTAHABIMBAIOT A0 PEAKLUU BBIAEP’KMBAHHMEM KaTallM3aTopa B MOTOKE a30Ta B
TE€UEHHEe OJTHOTO Yaca, 3aTeM HarpeBaHueM Kataiuszatopa BIUioTh A0 300°C B moToke Bogopoaa
(HarpeBaHHEM CO CKOPOCTBIO TeMriepaTyprl S°C/MUHYTY) U BBIAEP)KMBAHUEM KaTaJIN3aTopa Npu
300°C B TakOM MOTOKE BOJOPOAA B TE€UEHHUE 4 4aCOB. 3aTE€M KaTaJU3aTOP BBIAEPKUBAIOT B IIOTOKE
a30Ta JI0 Havuaja peaxkLuu.

IToTOK MOArOT B PEaKTOp MPHU 4acoBoil 00beMHO#t ckopocT skunkoct (HOCK) 0,5 u'l u
MOBEPTal0T B3aUMOAEHCTBUIO B M30TEPMHUYECKONW 30HE peakTopa mpu Temmeparype 240°C,
naBneHnn peakropa 50 Oap (COOTBETCTBYIOLIEM S5 MeramackajsiM) U MOJISIPHOM OTHOLIEHHU
BOZIOpOAa K nosnoaty 5,7:1. M celppe 1 BOOOPOX BBOAST YEPE3 BEPXHIOK YaCTh PEAKTOpA.

Konnenrpauus BoJIb)paMOBON KHCIOTHI B IOTOKE COCTAaBJISIET OKOJO 2% Macc. Io
OTHOLIEHMIO K 001I1el Macce ChIpbsi.

ITocne crabmnuzanmu pabodnx mapameTpoB, SKCHepuMeHT HaunHawoT (t=0). OOGpasibl
OepyT U3 BBIXOAIIETO NMOTOKA peakTopa npu t=0 yacos, t=2 4aca, t=3 ydaca, t=20 yacos, t=21 yac,
t=23 4vaca, t=26 yacosB, t=43 4Jaca, t=45 yacos, t=47 yacos, t=49 yacos, t=51 4gac, t=68 gacos, t=70
4yacoB, t=72 4aca, t=75 4dacos, t=91 uac, t=93 4aca, t=95 yacos, t=97 yacoB u t=98 yacos.

beuto obHapyxeHo, 4ro B miM t=43 4YacOB NPOLECC CTAHOBUTCS CTAOMIIBHBIM.
ITpeBpaienue u BBIXOA B t=43 yaca rnokasassl B Tabnune 4B Hioke.

OO6pa3iipl aHATU3UPYIOT KUIKOCTHOM Xpomartorpadueri (PKX) u ra3oBoii xpomatorpadueii
(I'X) nns onpeneneHus MpeBpaIleHNs KOMIIOHEHTOB, MPUCYTCTBYIOLINX B ChIpbe, M 00pa30BaHuUs
NOTEHIMAIbHBIX MPOAYKTOB, KAK CYMMHUPOBAHO B Tadnuue 4B.

Kak mnokazaHo B Tabnmue 4B, mnpeBpalieHHe OCHOBHBIX KOMIIOHEHTOB B ChIPbE
crenymluee:

I'muuepus: okono 62-75% macc.

I'moxoza: oxono 100% macc.

Cop0bur: okojio 75-87% macc.

Oputpur: okono 68-81% macc.

[IpeBparueHne 3>THICHIIMKONA ObUIO OTPULIATENBHBIM, WUIIOCTPHUPYS, YTO BO BpeMs

nporiecca IeHCTBUTEIBHO 00pa3yeTcsl STUIICHIJIUKOIb.
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Tabmuua 4B: PesynbraTs! (BBIXO/BI, 0003HAYEHHBIE KaK BBIXOJ, SIBIIIOTCS CPEAHUMHU %0 KOMIIOHEHTAa B CMECH ITPOAYKTA)

Obpaszewn, | [IpeBpamenu | [Tpespamenn | [Ipespamenu | [Tpespamenu | IIpespamenue | Boixon 1,2- Beixon 1,3- | Berxog
B3ATBHI | € TJIMIEPUHA | € TJIFOKO3bI e copbura € OPUTPUTA | STHJICHIJIUKOJS | MPOMaHINUOA nponanauoa | C1-C4

Bo Bpems | (%o macc.) (% macc.) (% wmacc.) (% macc.) (% macc.) ** (mpommmnenrnukonst) | a (% macc.) | MOHOAJTKaHOJA
otOopa (% macc.) * (% macce.)
00pa31os

(B

qacax):

43 75,7 100,0 87.2 81,9 7 12,3 0,7 4.8

45 74,9 100,0 86,4 81,1 6 12,2 0,7 4,7

47 73,2 100,0 85,0 79,5 6 12,0 0,6 4.4

49 72,3 100,0 84,3 78,5 6 12,3 0,0 45

51 71,3 100,0 83,4 77,4 6 11,5 0,6 4.4

68 67,6 100,0 80,3 73,5 6 10,6 0,6 43

70 67,4 100,0 80,3 73,5 6 10,8 0,6 4,1

72 65,9 100,0 79,1 72,7 6 10,7 0,6 3,6

75 65,8 100,0 78,7 71,8 6 10,2 0,8 3,7

91 63,8 100,0 76,4 69,5 5 9,7 0,7 3.4

93 63,9 100,0 76,6 69,6 6 9.9 0,7 3.7

95 63,4 100,0 76,1 69,3 6 9.9 0,7 32

97 63,9 100,0 76,6 69,6 5 9.8 0,7 3.9
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98 62,7 100,0 75,6 68,4 5 9,6

> 2 2 2

0,7 3,6

* OObenuHEeHHBIN BBIXOJl METAHOJIA, STAHOJA, 2-TIPOMAHOoa, |-1ponaHoia u H-OyTaHoa.
** TlpeBpallleHUs] STHJICHTJIUKOJISL SIBJIIETCS. OTPHULIATEIBHBIM, WJUTIOCTPUPYS, YTO BO BpeMs MpoLecca ASHCTBUTENBHO 0Opasyercs

OTUJICHIJIMKOJIb.
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IIpumep 5
IIporounslii peakrop ¢ memankoit (ITPM), o6opynoBaHHBIN MEXaHUUECKON MELIAIKON 1

UMErOLIN 00beM 0K0JI0 6 MiT 3anoNHsIOT S00 MIJUTUTpaMMaMH (M) CMOYEHHOT'O T€TEPOT€HHOTO
katanusaropa (50% wmacc. Bnaru). CMOYEHHBIN MeTEPOreHHbIN KaTaau3aTop copepxut 250 mr
reTeporeHHOro KarajusaTopa, coaepxalnero 5% macc. pyTeHHs] HA aKTUBUPOBAHHOM yIUle, TAe
OCTaTOK cocTaBisieT Boja. 3ateM IIPM nonHOCThIO 3anmonHsA0T Bonoi. 3ateM IIPM nonHOCTBIO
3aQIOJIHAIOT BOAOU.

I'oTOBAT BOAHBIN PAacTBOP ChIPbs, COAEp KAIUMN TIHOKO3y, rmuuepud, soay, NaOH u
BBIXOJSLIUN MOTOK U3 PeaKkTOopa MIEaJbHOTO BBITECHEHMs U3 npumepa 4, conepxamuii 1,62%
Mmacc. BoJb(pamMa (pacCUMTaHHOrO Kak Meramanueckuii W) oObequHEeHHeM KOMIIOHEHTOB Kak
NOKa3aHo B Tabnuie SA.

IToToK CBIpbSI BOZHOTO PacTBOpa ChIPbsl U3 TAOMHUIBI SA MOAAIOT CO CKOPOCTHIO MOTOKA
0,25 mn/MuH B IpoTo4HbIH peakTop ¢ Mewmankoii (ITPM) B TeueHne okoJo 5 4acos.

ITopaBaemelli moTOK Bomopona coctasisieT 100 HOpMaNIM30BaHHBIX MUJUIMIUTPOB B
MHUHYTY (HMJI/MHH).

ITPM nepememuBarOT cO CKOpocThio Memanku 1500 o6./mun. Temmeparypy peakuuu
nojnepkuBaroT okojo 220°C. JlaBnenwe Bomopoma moaaep:kuBarOT okojio 80 Oap
(cooTBercTBYIOT OKOJIO 8 Meramackajei). CpenHee Bpemsi peObIBaHHS JKUIKOCTH B PEAKTOPE
IO3TOMY COCTaBjIsieT oOkono 24 MuH. B cpenHeMm, OTHOmeHWe pyTeHUs K BoJbdpamy,
paccuMTaHHOE Ha OCHOBE METAJUIOB, COCTAaBJIIET OKOJIO 1,9, MaccoBoe OTHOLIEHHE BOJIbppama
(paccYMTaHHOE KaK METAJLT) K TIIF0KO3€e cocTaBjsieT 0kojio 0,011, 1 MacCOBOE OTHOIIEHUE PYTEHHUS
(paccyMTaHHOE KaK METaJlI) K NIoKo3e cocTanisieT okoo 0,020. ITPM paboTaeT 10 TOCTHKEHHUS
YCTOMYMBOrO COCTOSIHUS. BBIXOASIMI NOTOK peakuuu NPU TAKOM YCTOMYHMBOM COCTOSIHUH
aHANIU3UPYIOT. bbLIO HalieHo, UTO MpeBpalleHne IIFOKO3BI SIBJISIETCS IOCTOSIHHBIM IIPU CTETIEHU
npespateHus 6ojee 99% macc. (mpeBpalneHrne pacCUUTaHO Ha OCHOBE TJIFOKO3bI, TIOJaBAEMOI B
peakrop). Konuenrpauuu u MaccoBble npoueHTsl STueHrukois (A1), npormnenriukosst (I11),
oyrunenriukonss (BI') u copbura (CB) onpenenstoT ¢ MOMOLIBIO BbICOKO3((HEKTUBHOMN
xunkoctHoit xpomarorpadpun (BOXKX). CenektuBHOCTH (B % Macc.) pacCYUTHIBAIOT B
KOJINYECTBAX STHUJICHTJIMKOJIS, TIPOTUJICHIJIUKOIISA, Oy THJIEHTJIMKOJISI M COPOUTA, TaK KaK MacCOBBIN
IIPOLIEHT B BBIXOZSINEM MOTOKE PeaKTOpa AENAT Ha MacCOBBIN MPOLEHT INIIOKO3bl, BBEAEHHON B
ITPM.

Tabmuua SA: CoctaB BOZHOTO pacTBOpA ChIPbS

Komnonent Macca B rpammax (T)
I'moxo3a 20

Bona 138,8

Beixopsimuii noTok U3 npuMepa 4, coaepxaiui 13,75

1,62% macc. W B cMecu mononia

I'nmuuepun 28,89
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50% macc. runpokcuna Hatpusi (NaOH), 5 kanenb

PacTBOPEHHOI'O B BOJE

Tabmuua 5SB: PesynbraTs!

CenextuBHOCTh (B | MaccoBbIii IPOIEHT B BBIXOZsIIEM MOTOKE (%o
% Mmacc.) Macc.)

Konsepcus >99%

OTUJICHTJIUKOJIb 50 4.9

IIponunenrnukons 17 1,7

byTtunenrnukons 1,1 0,10

CopOur 11 1,1

ITpumeps! 4 U 5 WIIMOCTPUPYIOT, UTO TOMOT'€HHBIN KaTaIU3aTOP, COAEP KA BoJIb(pam,

NPENMYIECTBEHHO MOXKET ObITh PELUPKYJIHPOBAH U3 BTOPOTO PEAKTOpa B MEPBBIH PEAKTOP.
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DPOPMYJIA H3OBPETEHUA

1. Criocob nmony4eHnst STHIICHIJIUKOIS, BKIFOUAO LM CTaIUH:

(1) momaun B MEPBBIA PEAKTOP UCTOYHMKA YIJIEBOAA, PACTBOPHUTENS], BOIOPOA, TIEPBOTO
reTeporeHHOro0 KaTalau3aTropa, I7ie NMepBbl IeTepOreHHbIN KaTallu3aToOp COAEPKUT OAWH WU
OoJiee mepexOnHbIX MeTaioB w3 rpynnd 8, 9 u 10 mepuomu4ecKorl CHUCTEMBI 3JIEMEHTOB, U
TOMOT€HHOT'O KaTaJn3aTopa, II€ TOMOTeHHbIH KaTalIu3aTop COAEPIKUT BOJIb(pam,

(11) B3aMMONIEHCTBYSI B IEPBOM PEAKTOpE MpH Temriepatype B untepBaie or 170°C nnmu
bonee no 270°C wnm MeHee MO MEHbLIEH Mepe YacTH HCTOYHHMKA YIJIEBOJA B INPHCYTCTBUU
BOZIOPOAA, PACTBOPUTEIS, IEPBOrO Fe€TEPOreHHOr0 KaTajlnu3aTopa U TOMOT€HHOIO KaTalu3aTopa,

(111) yaneHust U3 MEPBOrO peakTopa MOTOKa MPOAYKTa MEPBOT0O PEaKTOpa U OTAETICHUS U3
TAKOro NOTOKA MPOAYKTa NEPBOr0 peakTopa Mo MEHbLIEH Mepe:

- OfHOM (pakuy, OOraToON STUICHIJIHKOJIEM, U

- ofHOM ¢pakumu, OoraToil cOpOUTOM, coaeprKalleil KOHLEHTPUPOBAHHBIA TOMOT€HHBIN
KaTajau3aTop,

(iv) moma4u BO BTOPOI peakTop BOIOPO/A U MO MEHbIIeH Mepe YacTu Ooratoii copoutrom
¢bpakuum, copepraieil KOHIEHTPUPOBAHHbIM TOMOTE€HHbIH KaTalIH3aTop;

(V) B3aMOZeiCTBHSI BO BTOPOM peaktope npu remneparype ot 200°C nnu 6onee no 300°C
WIM MeHee IO MeHblIe Mepe dYactu Ooraroit copburom (pakuum, conmepskaruei
KOHLEHTPUPOBAHHBII TOMOTEHHBIM KaTalu3aTop, A€ BTOPOM TIETEPOreHHBbIN KaTaau3aTop
COIEP KHUT OMH WK OoJiee MepeXOAHbIX METAJUIOB U3 Tpymni 8, 9 u 10 nepuoau4eckoil CHCTEMbI
3JIEMEHTOB;

(vi) ymajgeHust MOTOKA MPOAYKTa BTOPOrO PeakTopa |3 BTOPOro peakTopa.

2. Cniocob mo nyHKTy 1, TOTIOJHUTENBHO BKIIOYAIOIIUI PELUPKYJIUPOBAHUE IO MEHBILEH
Mepe 4acTH MOTOKa MPOAYKTa BTOPOrO peakTopa B MEePBbI peakTop.

3. Cnocob mo nyHkTy | win 2, TOTOJHUTENBHO BKJIFOYAKOLINA PELUPKYIUPOBAHUE TIO
MEHbBILIEH Mepe YacTH TOMOTEHHOTO KaTallu3aTopa M3 BTOPOrO peakTopa OOpaTHO B MEPBBIH
peaxTop.

4. Cnoco0 mo yroOoMy U3 MYHKTOB 1-3, rie mepBbIM PEakTOPOM SIBJISIETCS] MPOTOYHBIH
PEaKTOp C MELIAIKOM.

5. Cnoco® mo mroOoMy W3 TyHKTOB 1-4, rZie BTOPBIM PEAKTOPOM SIBIISIETCS PEAKTOP
U71€aJIbHOTO BBITECHEHUSI.

6. Criocob no mroboMy u3 yHKTOB 1-5, rie Ha cTanuu (1) HICTOYHHK YIJIEBOJA MONAOT B
NEPBBIN PEakTOp B MOTOKE ChIPbs, COAEPIKAIleM MCTOUYHUK YIJIEBOAA U BOAY, I7le TAKOH MOTOK
coIpbsi comepkut oT 2,0% macc. wum 6omnee 1o 50,0% macc. uiu MeHee UCTOYHUKA YTIJIeBOA, 1O
OTHOILIEHHIO K 00IIel Macce NCTOYHHKA YTIIIEBOAA U BOIBI.

7. Cnocod mo mrobomy U3 NMyHKTOB 1-0, Iie TOMOTE€HHBIH KaTallu3aTOp COHEPIKUT
COeIMHEHNe BoNbdpaMa WM BOJIb(GpPaM, MOJYUEHHBIH U3 COENMHEHHs BOJb(pamMa, Ilie TaKuM
COeMHEHUEM BOJb(hpamMa sIBJIIETCS BOJb(ppaMaT HATPUS W/WJIH BOJb(pPaAMOBAsi KHCIOTA W/HITU
BOJIb(paMoBasi OpoH3a.

8. Criocob no mo0oMy U3 MyHKTOB 1-7, rie nepBblil reTepOreHHbIH KaTaIn3aTOP COAEPIKHUT
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PYTEHHMIA W/UJIM HUKEJIb Ha TTOJJIOXKKE U3 aKTUBUPOBAHHOTI'O YIJIsL, W/WJIU I'71€ BTOPOH re TepOreHHbIN
KaTaJIN3aTOP COAEPIKUT PYTEHUI W/MIIN HUKEJb Ha MOJJIOKKE U3 AKTUBUPOBAHHOTO YIS

9. Cnocobd mo moboMmy u3 NyHKTOB 1-8, rme mo MeHbLIeH Mepe 4acTh IEPBOrO
IeTEPOreHHOr0 KaTalu3aTopa W/WIM 1O MeEHbIIEH Mepe dYacTb BTOPOrO TI€TepOreHHOTo
KaTaJn3aTopa COAEPKUT BOJNb(PPaM B JOMOJHEHHE K OJHOMY WJIH OoJiee MePEXOJHbIM MeTaJIaM
u3 rpynn 8, 9 u 10 nepuonnyeckoi CUCTEMBI 3JIEMEHTOB.

10. Crioco6 mo moOoMy 13 MyHKTOB 1-9, re KOHIEHTPALMsl TOMOT€HHOTO KaTalin3aTopa
B PEAaKIHOHHOW CMECH BO BTOPOM peakTope Ha craauu (V) BbIIIE, 4YeM KOHIEHTpPALUs
TOMOT€HHOTO KaTaJIn3aTopa B PEaKMOHHON CMECH B MEPBOM peakTope Ha ctamud (ii).

11. Cnioco6 no modomy u3 nyHKToB 1-10, rae KOHIEHTpaLUs TOMOT€HHOT'O KaTaJln3aTopa
B PEaKIMOHHON CMeCH B IEPBOM peakTope Ha ctaauu (i1) Bapeupyercs ot 0,01% macc. unu 6onee
no 0,5% wmacc. wim MeHee BoJib)paMa, PACCYMTAHHBIX KaK METAJUIMYEeCKUi Bosibdpam, MO
OTHOLIEHMIO K 001IIel Macce peakLIMOHHOM CMECH.

12. Cnoco6 mo mobomy u3 myHkToB 1-11, rme omHa OGorartast copObutoMm Qpakuus,
coleprainasi KOHIIEHTPUPOBAHHBIA TOMOTEHHbIN KaTanu3atop Ha cramuu (ill) comep:KuT
KOHLIEHTPALIMIO TOMOTE€HHOr0 Katanuzatopa ot 0,5% macc. wiu 6omee 1o 10,0% macc. wiu MeHee,
pPAaCCUMTAHHBIX KaK MeTaJUIMueckuil BoOJb(paM, MO OTHOIEHHMIO K oO0meil Macce OoraToit
copOuToM (pakuuu.

13. Cnoco6 mo moOoMy u3 myHKTOB 1-12, rie KOHIEHTpanus TOMOT€HHOTO KaTajlu3aTopa
B PEAKI[MOHHOW CMeCH BO BTOPOM peakTope Ha cranuu (v) Bappupyercs: oT 0,5% macc. uiu 6onee
no 5% wmacc. wid MeHee, BOJib(paMa, pacCUMTAHHBIX KaK METAJUTHYECKHIl BOJb(pam, MO
OTHOILICHUIO K O0IIel Macce peaKIIMOHHOM CMECH.

14. Cnoco6 mo mobomy u3 nyHkToB 1-13, rme Temneparypa T2 BO Bpemsi peakLUU BO
BTOPOM peakTope Ha cTaauu (V) paBHA WM MpeBblmaeT Temneparypy T1 BO Bpems peakiuu B
NepBOM peakTope Ha ctaauu (ii).

15. Cnoco6 mo mobomy u3 nmyHKTOB 1-14, rme cragust (iv) JOMONHUTEIBHO BKJIIOYAET

1ojavy BO BTOPOH peakTop JOMOJHUTEIbHOIO PACTBOPUTES.
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