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(57) Crioco6 mony4eHus TIIMKOJIEBOM KUCIOTHI HIIH €€
MPOM3BOTHOTO BKJIIOYAET B3aMMOACHCTBUE (HOpMalib-
JIeTH]Ia C MOHOOKCHJIOM YTIIEpO/ia M BOJIOH B peaKkTope
KapOOHMIIMPOBAHUS B TPUCYTCTBHU CEPHOTO KaTalu-
3aropa, Ipy dTOM yKa3aHHBINA pPeakTop padoTaeT B MOJI-
XOOAMHNX YyCJIOBUAX, B KOTOPBIX NPOUCXOIUT o6pa30-
BaHUe€ TJIMKOJIEBOM KHUCJIOTBI; BBIJACJICHHUE IEPBOT'O 110~
TOKa MPOYKTa, BKIHOYAIOUIErO IIMKOJIEBYIO KUCIIOTY,
MPUMECH M COCIUHEHUS CEPhl, B peakTope KapOOHH-
JIMPOBAHUSA; TIPOXOKACHUE MIECPBOI0O IMMOTOKA MPOAYKTa
B pEaKkTop 3TepU(HUKAIINH, TIC €ro MOABEPrarT 3Te-
pudukanmu ¢ oOpazoBaHUEM ATKWITIUKOISATA U TIE
STepUHKALNS KaTATU3UPYETCS COSINHEHUIMH CEpBI,
BBIACJICHHBIMHA B IEPBOM IMOTOKE MPOAYKTa; U3BJICUC-
HHUE BTOPOTO MOTOKA MPOJYKTa, BKIOYAIOIIETO aJIKU-
JITTIAKOJIAT, COCIMHCHUSA CEPBI U IPUMECHU, U3 PCAKTO-
pa sTepudUKaIINK; OTACICHUE COCAMHEHHH CephI OT
BTOPOTO IMOTOKa IMPOAYKTA W HAIIPaBJICHUE B ITOBTOP-
HBIN UK B PEAKTOP KAPOOHHIHMPOBAHUS HA CTAIMIO
(a) c oOpazoBanueM 00ETHEHHOTO CEPOi BTOPOTO IMO-
TOKa MPOAYKTA; OT/EICHHE AIKWIIIHKOMISATA OT 00e-
HEHHOT'O CepOol BTOPOIo MOTOKA MPOJAYKTa B 30HE TH-
CTHJIALIMM U HU3BJICUCHUC AJIKUIITIMKOJIATA U rlpe06-
pa3oBaHUE ANKHIIIIMKOJIATA B IIIMKOJIEBYIO KHCIIOTY.
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OIIMCAHVE V3OBPETEHNVA
2420-555543EA/085
CIIOCOB IOJNYUEHMSI TJIMKOJIEBOM KMUCJIOTEHI

Hacrosmee n3obpeTeHue OTHOCUTCH K criocooty [MOJIYYEHU A
TUOPOKCUKMUCIIOTH, ©OoJiee KOHKPEeTHO TJIMKOJIEBOM KMCJIOTH, WM ee
IIPOMBBOIOHEIX . BoJjlee KOHKPETHO, HaCTodlee M300peTeHMe OTHOCUTCH K
crioco®y TMoJIydyeHMS IHMIPOKCUKMCIIOTH, TaKoM KaK IJIMKOoJIeBasd KMCJOoTa,
WY ee TIPOM3BOIHHX, MWMEKINMX UUCTOTY, KOTOpasd COCTaBJIAET IIO
MeHbIIEM Mepe okoJio 70%.

Peaxkumsa C oBpa30BaHUEM TJIMKOJIEBOM KV CJIOTEL nyTeM
KapBOHUIIMPOBAHMA bopmMasib meruna C MOHOOKCHUIIOM ynJiepona C
MCIIOJIE30BaHMEM CUMJIBHEIX KMCJIOTHHX KaTaJlM3aTOPOB XOPOoIIO M3BEeCTHA.
OcHOBHOM Ipollecc OBUI BIepBHe packpeT DuPont B US2152852. Crnoco®
BRJIOUAJI IOJIydeHMe  TUIMKOJIEBOM  KMCJIOTH B XMIKOM dal3e IIyTeM
B3aMMOIeMCcTBMa GQopMalbaeruma, BOIOH M MOHOOKCHMIA YIJlepona B
IPUCYTCTBUM TOMOTEHHOTO KMCJIOTHOTO KaTajJiM3aTopa IIpU TeMllepaTypax
Mexny 50 m 350°C m mpu maBJeHuMM Mexoy 5 m 1500 aTM. B kKauecTBe
IIOOXOI AMMX KaTaJln3aTopoB OIIMCaHB cepHasa KM1CJIOTa,
XJIOPUCTOBOIOOPOOHASA  KMUCJIOTa, dpochopHasga KUCIIOTaE, brTopunm ©Bopa,
MypPaBbMHAag KMCJIOTa UM TJIMKOJIeBas KMCJOoTa.

B majgpHeMmeM KoMIaHMel DuPont ObIM IIOJIYUEHH CJIeOVIOIMe
IIaTeHTH Ha I[IoJIyYyeHMe IUIMKOJIEBOM KMCJIOTH, Takue Kak US2285444,
KOTOPHM pPacCKpPHBaeT HeNPepPHBHHY CI0Cco® IMIPUPOBAHMSA ITUJIMKOJIEBOM
KMCJIOTE OO STWMJIEeHTJIMKOJsA, U US 2443482, KOTOPHM pacKpHBaeT
HelpepPHBHHM CIocod KapOOHUIMPOBaHMA dopMajbieruma.

Crioco® [IOJIyYEeHU S STUJIEHTJIMKOJIL OBLIT peann30BaH B
IPOMEIIJIEHHOM MacmTade ¥ MCIOJbL30BaJICa KoMIaHMeld DuPont @mo KoHIa
1960-x TOmOB, KOI'Ia OSTOT OyTh K IIOJYYEHMIO DSTUIIEHTJIMKOJIA CTall
HEKOHKYPEHTOCIIOCODOHEM. BaTeMm YCTaHOBKY DKCILIyaTUPOBAaJIN oJs
IPOMBBOACTBa ITUIMKOJIEBOM KMCJIOTE, TIe B KaueCcTBe KaTajJu3aTopa
MCIIOJIL30BAJIM CEPHYI KMUCJIOTY IIpu TeMrnepaType 200°C ¥ npu HaBJIeHUU
or 400 mo 700 Gap.

CriocoBrl, OIMCAaHHHE B DSDTUX HaUaJIbHHX PaHHUX CJydadx, WMeJIu
HeJIE pan nOpobieM. 3TM OpobJeMel BKIOUAJIM HeOOXOIMMOCTE paboTaTh

1P O4YE€HEB BEICOKOM IOaBJIEHVM. KpOMe TOTO, CEeJIEKTUMBHOCTEL OBJIa OUeHb



HM3KOM. Takxe NOPUXOOWJIOCH MMeTh HOeJlJo C CUJIBHO KOPPO3UMHON
PeaKIMOHHOM CMeChl UM TPYOHOCTBIR YIOaJIEeHMS TOMOTEeHHOTO KUCJIOTHOTO
KaTajaMsaropa, TakoI'O KaK CepHad KUCJOoTa, M3 IpodyKTa peaKLUUM.

BHIOBUI'AIMCE pa3JIMUHBEE IPeNJIOXEHUSA OJIS PelleHMHA HEeKOTOPHX WU
BCex »©BTUx OpobileM. Hanpummep, B US3859349 mpenjiaraeTcd pPelUTh
OpoOJIeMEl, CBA3aHHHE C OTIOeJIeHMEM CEePHOKMCJIOTHOT'O KaTajmM3aTopa, U
nopenjaraercd MCIIOJIb30BaHMe MOHOOOMEHHEIX CMOJI B KauecTee
aJIbTEePHATUBEL HeUTpalMz3aluy KapboHaToOM  KaJjblLu4d, Kak OBJIO B
OpenenymeM nonxone. OOHAKO MOHOOOMEHHEE CMOJE MMeT OI'PaHUUEHHYI
TepMUUECKYD CTabMJIBLHOCTL B BOIOHEIX CpelaxX, 4YTO IPUBOIOUT K IIOTEepe
KMCJIOTHHX IPYIII.

Opyroe mnpemJjoxeHue OBJIO onMcaHo B US 4431486, B KOTOPOM
ObJla IpelJioXeHa a3e0TpPOoNlHas IUCTUIIIAUMS HeOUMIEeHHOM IJIMKOJIEBOM
KMCJIOTEL B KadecTee CpeInCcTBa CHWXEHMA  COOepXaHMa  BOIOH B
PELVPKYJIMPYIIEM [IOTOKe, IIOCTYyIalleM B pPeaKTOPH KapOOHUIMPOBaHUA,
TeM CcaMeIM CBOOA K MMHMMyMy oOO0Opa30oBaHMe IIODOUHBEX I[IPOOYKTOB WU
YBeJMUMBAaA BHXOL M3 MCXOOHOTO QOopMasibOeTlMOHOIT'O CEPbA.

Opyron IOOXOm BKJIOYAJI paccMOTpeHue aJIb TepHAaTUBHEIX
KaTaJlMTUUEeCKMX CUCTeEM KaK CpeICTBa CHMXeHMSA pabdouero HOaBJIEHUA
peakTopa. OdrToprOmOPOn OBJI IIPEeNJIOXKEH B KadecTBe TIOOXOOAMEIO
KkaTagmzaTopa B US3911003, US4016208, US4087470, US4136112 wm
US4188494. IlpenJioXeHH CIIOCOOH, B KOTOPHX BMECTO CEepHOM KMUCIJIOTH B
KadecTee KaTajaMsaropa VCIIOJIb 3YI0T bTopBOmOPOL, [IO3BOJIAKRIUE
MCIIOJIE30BaTE pabouee maBJieHMe oT 1 mo 275 Bap.

Fme oOvH aJbTepHaAaTUBHEM Ccnoco® packpeHT B US4052452, B
koTopoM cosu Cu(l) wmim Ag B KOHIEHTPUMPOBAHHOM CEepHOM KUCJIOTE
IpenJjioXeHH B KadecTBe CPenNCcTBa IIOBHIIEHMSA PaCTBOPMMOCTM MOHOKCHIA
yIUulepoma, W IpenrnojlaraeTcs, UYTO DTO IIO3BOJUT CHU3UTE pabouee
naeJjieHve no 0,1-30 aTM. XOoTH BTO MOXET PEUUThH IPOOJIeMEl C pabouunm
DaBJIeHMEM, TaKMe CHUCTEMH UYpe3BHUYaMHO UYBCTBUTEJILHH K OTPaBJISHUD
BOIOOM, n oTHmeJleHUue M peluukKJ MeTaJJIM4eCKOI'O KaTanamusaTopa
3aTPYOHEHEH.

GB1595231 ommceBaeT crnoco® mJIg peakuuM QopMaJibmermma WM
OOHOTO M3 €TI0 JIMHEWMHEX WIM LIUKINUECKUX IIOJIMMEPOB C MOHOOKCHUIOM
yIJiepoda B IIPUCYTCTBUM CIOMPTa C I[IOJyUYeHMeM ITJIMKOJIEBOM KMCJIOTH C

MCIIOJIE3OBaHMeEM CYJEQOKUCIIOTHOTO KRaTaJinsaTopa. OnoHakKo npoodJjeMa



STepudMUKalMM in situ 3akjgoyaeTcd B TOM, UTO CHCTeMa HesdpbeKTHMBHA
M3-3a 4Ypes3sMepHOTo o00paz3oBaHusa [IODOUWHOT'O HNponoyKTa. Hamnpumep,
KoIma CIIUPT npencraBjgeT cobon MeTaHOJI, obpaszyeTcd
METOKCUYKCYCHas KMUCJIOTAa.

Eme onmH crnoco® in situ ommcan B US2013/261328, B KOTOPOM
MCIHOJB3YIT MOHOOKCUI YyIJlepoHa, BOIHEM OQopMalJlbOeInI, TI'OMOT'€HHHM
KMCJIOTHHM KaTaJu3aTop UM KapBOOHOBYK KMCJOTY, BKJIOUAKMyl OT 3 OO0 6
aTOMOB YyIJlepoma. M B 3TOM cCJiydae IIPUCYTCTBMEe KapOOHOBOM KUCJIIOTH
MOXeT IIPpMBEeCTM K IpobijieMaM O0pa30oBaHMA IIOOOUYHOT'O IMIPOOYKTA.

B US 6376723 mnpenjlaraeTcsa OCYWECTBJIATL PeaKUM C KUCJIOTHEM
KaTajlnM33aTopoM, MMeK VM 3HadeHMe pKa MeHee 1, B [OPUCYTCTBUU
cyJib@oHa B KaudeCTBe CpeACTBa CMATUEHUSA YCJIOBUM peakuuu. Takxe
npenrnojlaraercsa BOBMOXHOCTE MCIIOJIE30BaHMA TeTepPOTeHHEIX
KaTajln3aTopos.

US 4140866 paccMaTpuBaeT IOIpoOJIeMEl, CBSA3aHHHE C YyIaJleHMeM
CEePHOKMCJIOTHOTO KaTajlMu3aTopa M3 IUIMKOJIeBOM KMKCJIOTH, [IOJIydaeMoM
KapOOHMIMPOBaHMeM  popMaJibmeruna. [IpenJjioXeHO  pelleHue CHauaJia
obpaboTaTh pPeakLMOHHYK CMeCh IMIOIPOKCHIOM IeJIOUHOT'O MeTajljla OJid
oBpas30BaHMA PAaCTBOPEHHOM CyJabdaTHOM  COJH, C HocJenywnmmM —ee
ocaxIeHMeM IIpY 2TepudrKaluy TJIMKOJIEBOM KMCJIOTH STUJIEHOVMOKCUIOM U
yIOaJIeHUM BOIE.

IIMpokO IMpMMeHseMasd CcTpaTel'ud IIpeOomoJieHMsa NpobJeM, CBSA3aHHHX
C OTHeJIeHMeM TOMOTEeHHEX KaTalM3aTOPOB OT pPeaKIMOHHHX CMecel,
3akjpoyuaeTca B 3aMeHe  TOMOI'€HHEX KaTalln3aTOpOB IeTepPOI'€HHEMU
KaTajamMzaTrTopaMy, KOTOPEHE MOYXHO JIETKO  MeXaHUUYeCKU OTHOEeJIUTE .
HexoTopee TeBeplbe KUCJOTHEE MaTepHuaJibl OBUIM [IPelJIOXeHH B KadeCTBe
IIOOXOI AMUX KaTalln3aToOpOB IJIs VCIIOJIE30BaHMUA B pearkumax
KapOOHUMIMPOBaHMA OQopMasibnermma. K HMM OTHOCATCH CYJIbEQOKUCIIOTHHE
MOHOOOMEHHEE CMOJIE, aJIOMOCUIIMKATHEE LIEOJIMTH, [IOJIMOKCOMEeTAaJIaTHEE
COJIM UM aJIKMJICYJIE QOKMCIIOTHHE I[TOJIMCUIIOKCAHEH .

Vcrniosie30BaHuE KV CJIO THHIX KaTalln3aToOpOoB B BUIE TBEePIHX
HepacCTBOPMMEIX UYacTUL, MVMeKIx OOMEeHHYK CIOCOOHOCTE BONOPOIHEX
MOHOB, Hpepmmanmyn 0,1 MOUIIMBSKBMBAJEHTa Ha I'paMM, BIEpPBHEe OBJIO
ormmcaHo B GB 1499245. JVoHOOOMEHHHE CMOJIH Ha OCHOBE CYJIbOOHOBHX
KUCJIOT, KUCJBEe TJIMHEL UM LEOJIUTH IIePEeUMCJIEHE B KadeCcTBe I[IOOXONAMNX

KaTaln3aTopoB s KapOOHMIMPOBAHN A bopmMmasibmermua. K HUM



OTHOCATCA CYJbOOKMCIIOTHEE MOHOOOMEHHEEe CMOJIE,  aJIlOMOCUJIMKAaTHHE
LeOJINTEHL, [IOJIMOKCOMe Tajla THEE COJIn u AJIKUIICYJIE QOKMUCJIIO THEIE
[IOJIMCUJIOKCAHHL.

Vcriosib30BaHue KM CJIO THHIX KaTajJlnu3aTopoB B BUIE TBEePIOHX
HepacCTBOPMMEIX UYacCTHL, MVMeKIMxX OOMEeHHYK CIOCOOHOCTE BONOPOIHHX
MOHOB, IHpepmmanmyn 0,1 MUINIMBSKBMBAJEHTa Ha I'paMM, BIEpPBHEe OBJIO
ormcaHo B GB 1499245. JVoOHOOOMEHHHE CMOJIH Ha OCHOBE CYJIbOOHOBHX
KUCJIOT, KMUCJBle TJIMHEL UM LIEOJIUTH II€PEUMCJIEHH B KadueCTBe IIOOXONAMNX
KaTaJln3aTopoB. JP56073042A2 npenjaraerT CUJIbHOKUCJIO THHE
KaTUMOHOOOMEHHEE CMOJBL B pPeaKUMOHHOM pacTBOpUTeEJe, TakKoM Kak
YKCycHad kuciyjoTra, a EP0114657 mnpemjiaraeT MCIIOJB30BaHME LIEOJIUTOB
Tunna Fz-1 m ZSM.

AJIb TEPHATUBHHM CIOCOO IIOJIyYeHMs TUIMKOJIeBOM KMCJIOTH WM €€
CJIOXHEIX 30UpPOB PaCKPHT B DE3133353C2. B 35TOM criocobe
bopManbnernng HOOBepraldT B3aMMONEMCTBMIO C MOHOOKCHMIOM yIJlepoXa U
BOIOOM WMJIM CIOMPTOM B MHEepPTHOM pas3BaBuTejle B OBYXCTaIUMHOMN
peakuuyu. Ha mnepBo¥ cramuy oopMasibOeTMI IIOOBepIlalT B3aMMONENCTBUIO
C MOHOOKCHIOM YyIUlepoLa C MCIOJb30BaHMEM KUCJIOTHOTO TBEPOOT'O
HepacTBOPUMOTO TOHKOOMUCIIEPCHOTO KaTajJm3aTopa npu OTHOIEHUN

O0BOMEeHHOM CIIOCOOHOCTM BOIOOPOOHEIX MOHOB KaTajM3aTopa K MOJAPHOMY
KOJIMUeCcTBY obopMalbmeruma oT 1:1 mo 5:1, Temnepatrype orT 30°C mo

200°C m pmaBjenmr oT 10 nmo 325 6Gap. Ha BToOpoM cTamuy »DoOAaBJIALT
BOOYy WJIM CHUPT, comepxamum oT 1 mo 20 aToMOB YyIJlepona, IIpu
TeMnepaType oT 20°C mo 200°C u gmaBjgeHuum oT 1 nmo 325 O0Gap.
KaTammuzaTop 3aTeM MexXaHMUeCKM OTHeJIAIT OT pPeaKIMOHHOM CpelH.

KR19950013078B1 oOTHOCUTCA K CIOCOOY IMNOJYUEeHMSI ITJIMKOJIEBOM
KMCJIOTE, B KOTOPOM OQopMallbOeIMI UM MOHOOKCHUI yIUlepoXa IIoOOBepIlakT
B3aMMOIENCTBUIL B TPUCYTCTBMM BOOHE WMJIM CMeCu BOIa-MeTaHOJ C
MCIIOJIE30BaHMEeM I'eTepPOI'€HHOTI'O TBEepOOT'O  kKaTajJlmMsaTopa, KOTOPHM
npelcTaBJigeT CcoO00M TOJMMEPHHM CUMJIBHOKMCIIOTHHM KaTalM3aTop, IhOe
IPOMCXOOUT eT0o MOHHHM o0O0MeH Ha 5-40 wMacc% C OOHOBAJIEHTHHM
MeTaJuioM I'pynner IB B BOZDOPAaCTBOPMMOM MHEPTHOM pPacTBOPUTEJIE.
Inoxcan VCIIOJIb 3YIOT B KadecTBe BOIOPaCTBOPUMOTO VMHEPTHOTI'O
pPacTEOpPUTENA.

AHaJIOTMUHEI crnoco® ommcaH B KR19950013079B1, B KOTOPOM



bopMasbmerMn ¥ MOHOOKCHI yIJlepoIa I[IOOBeplalT B3aMMOINENCTBUID B
NIPUCYTCTBMM  BOIOH  MJM CMeCHM  BOIa-MeTaHOJI C  MCIOJb30BaHMEM
IIOJIMMEPHOTO  CUJIBHOKMCJIOTHOTO  KaTajlr3aTopa B BOLOPaCTBOPUMOM
VMHEPTHOM pacTBOpUTETIE.

B KR19950009480BR1A omImMcCaH HelPEepHBHEM CIOCOD MOJIyUYeHUS

MeTWJITJIMKOJIATa W3 @OpMaHbHeI‘MHa, OKCHIOa YyIJulepOola M MeTaHOJIa, B

KOTOpOM MCIIOJIE YT pearTop IIPOTOYHOTI'O THUIIa, 3arloJIHEHHHM
ITOJIMIME P HEIM CMJIBHOKNMCJIO THEIM KaTaJlnsaTopoM. CMmecChs
BBaMMOHeﬁCTBYIOH_H/IX BemeCTB q_)OpMaJ'IbI[eI‘I/II[a, BOIIEI n VMHEPTHOTO

pacTBOPUTEJNIA U OKCHUIa yTJlepola IIoHalnT B BepXHKI YacThb peakTopa,
a MeTaHOJI TOoJalT B HWKHIK YacThb. B BepxHeM UYacTuU peakKTopa B
pesyJibTaTe KUCJOTHOTO KaTajusa obpal’yeTcsa IUIMKoJieBasd KucjoTa. B
HIMKHEeM dYacTM peaKTopa I[IOoJydalT MeTWMJITJIMKOJIAT M3 MeTaHojla U
oBpas3oBaBlleMcsa IJIMKOJIEBOM KUCJIOTH. [JaBJjleHMe MOHOOKCHIA YyIJlepola
cocramyfgeT or 500 mo 6000 dyHT/moiM? (oT 35,15 mo 421,9 xr/cMm?) u
TeMIlepaTypa cocTaBJIfAeT oT 80 oo 200°C. [IpennoJsiaraeMasd

CeJIeKTUMBHOCTL njig 2TON OOHOCTAaIOUMNHOM IPOLENYPE ABJIAEeTCSH

OTHOCHUTEJILHO BECOKOM.

KR0124821B1 OTHOCUTCH K BHIOEJIEHUIO MeTUJITJIMKOJIATa n3
pacTBOpa KMCJIOTH . B STOM cydae PeaKLMOHHEM pPacTBOp,
00pasoBaHHEMN oyTeM peaxkuum KapOOHMIMPOBAHUSA u peaxkuumn

aTepudUKalnM, COIEPXUT MeTUJITJIMKOJIAT, »OMOKCaH, BOIY, MeTaHOJ u
MOH BOJIOpOoHda. OTOT pPeaKUMOHHHM pacTBOP HaNpaBJIAOT B peaKTop
HeVTpalnu3alunu n HeVTpalns3yoT nyTeM nobaBJIeHU A meJioun C
IoJIydeHreM conu. PeaKIUVOHHHM pacTBOp, conepxammun COJIb,
IIOOBepTakT IIepeTloHKe IJId OTIeJIeHMsS MeTaHoJla, BOINH M IMOKCaHa OT
MeTUIITJIMKOJIATE, commu wu IMOoKCaHa. MeTaHOJI, OTHEeJIEHHHM oT
IVMOKCaHa, IMOoCTyHnaeT IIyTeM pelukJa B pPeakTop KapOOHUJIMPOBaHUA.
PacTBOpP, KOTOPHM OTHEJISEeTCH M3 HMXHEM YacTU I[epPeTOHHOWM KOJIOHHEH,
COONEPXUT MEeTUJITJIMKOJAT, COJIb ¥ OMOKCaH. 3Ty CMeChb HalpaBJSaoT B
cenapaTop XMIKOWM UM TBepAo¥ ®as OJjsg OTOeJIeHMS MeTUITJIMKOJATa OT
PacCTBOPUTEJIA.

Eme OIoVH criocob IOJIyUYeHU s MEeTUJITJIMKOJIATA omnuncaH B
KR19950011114R1. B 2TOM criocobe bopMabmermn nomBepramnT

B3aUMMOIEeNCTBUID C MOHOOKCUIOM yrjiepooa C IIOJIYUYeHMEeEM TJIMKOJIEBOM



KMCJIOTE. 3aTeM TUIMKOJIEBY KMUCJIOTY IIOIBeprailnT B3aMMOIEVCTBUID C
MeTaHOJIOM C TOoJIydeHMeM MeTHMIIJIMKOJIATa. OCTaToOuHHM dopMajbIoerun
3aTeM B3aMMOOEMCTBYeT C MeTaHoJIoM C ofpa30BaHMEM MeTuilald.
MeTUITUIMKOJIAT W  MeTuJallb 3aTeM pas3lelgnT  [IYyTeM I[IepPeTOHKU.
MeTwujaJb I[IOIOBepralT B3aMMOINEeMCTBMI C Fe-Mo KaTaJM3aTopoM IJIA
ofpaTHOTO TIpeobpaszoBaHMIg ero B popMallbOeTun, KOTOPEM 3aTeM
M3BJIEKAKT VM KOHLUEHTPUPYIT IIepel MNOBTOPHEIM BO3BpPAalleHMEM B LIMKJII.
AJILTepHaTUBHBIM TeTepOoTeHHBM KM CJIO THHIM KaTajlnu3aTop oJis
peakuuy KapOOHWUJIUPOBaHUA  dopMajibmeruma onmcaH B US6376723.
VloHOOOMEHHEIE CMOJIEL Ha OCHOBEe CYJIbOOHOBOM KMCIJOTH, TaKMe Kak
Amberlyst 38W m Nafion SAC13, yKa3aHE B KauecTBe TIOOXOOAMMUX
KOMMEPUECKU IOOCTYIIHHX KaTajJm3aTopoB. Deloxan ASP 1/9,
AJIKMJICYJIE QOKMCIIOTHREIM  [IOJIMCUIIOKCAH, TakXe yKa3aH B KauecTBe
IoOxXondamero KaTajausaTropa. 3T0 BELeCTBO [IOJIy4amT nyTeMm
COINOJIMKOHIOEeHCAUUM OPONMII (3-CcybOOHOBOM KMCJIJIOTH) CUJIOKCaHa M SiO,.
He et al., Catalysis Today, 51 (1999), 127-134, pacKpHBaeT
IIpMMeHeHMEe TeTepPOllOJIMKUCIIOT B KauecTBe I'OMOI'€HHEX KaTaJln3aTopOoB

OJIS KOHOeHCaluuM ¢opMajbIerrIa M MeTuiIdopMraTa.

Fme onmuH cnoco6 packpelr B JP2503178. B »TOoM crocobe
TJIMKOJIeBasa KMCJIOTa obpasyeTcsa B pesyibTare TUOPOJIN3a
NOJIMTUVIMKOJINTA , [IOJIYUYEHHOT'O nus3 bopmMmasbneruna u MOHOOKCHUIA

YIJleponoa B IIPUCYTCTBHUU TBepHOﬁ I'eTepPOIIOJIMKMCIIOTEL .

W02009/140787, W02009/140788 m WO02009/140850 oTHOCATCA K
criocobawm, MCIIOJIb 3yIMM HepaCTBOPVIMEIE IIOJIMOKCOMeTaJIaTHEIE
COeIMHEHMA. 3THU COeIIMHEeHNMA JInbo obJamamnT crieudpmUye CKMUMAU
KV CJIO THEIMM CBOﬁCTBaMM, JImMoo ABJIAITCA VHRAaIICYJIMPOBaHHEMUM B
IIeOJIMTHEIX KapKacaX B KadeCTBe TBePIOEX KUMCIJIIOTHEX KaTaJlM3aTOpOB
OJIA IIOJIy4YeHMA TJIMKOJIEBOM KM CJIOTEL ns3 MOHOOKCHIa yoJlieponoa u
@OpMaﬂbHePMHa. OmHako COJIM MeTaJlJIOB CKJIOHHEI K BHINEJIAUMBaHMIO
MeTaJIJIMdeCKOI'O KOMIIOHEHTa, gTo Oynmer YMEHEIATE KOJIMYeCTBO
AKTVIBHEIX KM CJIOTHEIX IIEeHTPOB. B cJlydae neoJinTa, IIPOIIMTaHHOTI' O
IIOJIMOKCOMe T aJlJla THEMI CoJIAMIM, KMCJIOTHOE BHINEJIaUMBaAHME oymeT
IeiCTBOBATL KaK Ha LeOoJMTHHM Cy@CTpaT, TakK M Ha CaMMi COJIM.

EcTe Takxe pdn ciydaeB, OTHOCHAMMXCHI K pPas3JIMYHEM 3aMelleHHEM
OPTaHOIIOJIMCUIIOKCAHOBEIM COeOMHEHMAM M UX I[IPMMeHEeHMAM. OIOTU Cliydyau

MOXHO CITPYIIIINPOBATE B IIATH CeMeﬂCTB, KOTOPEE OXBaTEIBawT



Pa3JIMUHEIE KJIACCH IIOJIMCUJIOKCAHOBHIX COEIMHeHUM. IIpUMepH STUX IATHU
TPYINIMPOBOK MOXHO HalTy B: EP1360222, EP1786850, W02006/013080,
W02007/090676 wm US2010/0290962, KOTOpPHE pPACKPHBAT pPa3JIMUHBE
CeMeMCTBa COeOMHEeHMM. OTM HOOKYMEeHTH [OATBEepPXIalT, UYUTO COeIMHeHUI
MOTYT  OHTB IIOJIE3HE IJIA peakuu¥ KapOOHWUIMPOBaHUA, HO HeT
IIOOPOBOHOTO YyKaszaHusda O TOM, KaK DTU COeOMHEHMS MOXHO MCIIOJIL30BaTh
B peakuMax KapOOHWIIMPOBaHMA B LeJIOM, ¥ MOTYT JM OHM WMIM KaKUM
0o0pasoM MCIOJBE30BaATECA B KapOOHWIIMPOBaHMM OQopMalsibIeluna.

Bruio BHICKA3aHO [IPEenIoJIOXeHUEe, uTo MCIIOJIb30BaHNueE
IeTepOTeHHEIX KaTaln3aTopoB YMEHBINUT KOPPO3UIO PeaKUMOHHON
cucTeMel. Hy OOMH M3 TIeTepOTeHHHX KaTaln3aTopOoB, IIPEeIJIOKEHHHX B
npenuecTByKRIeM YPOBHE TeXHUKH, He HaleJl KOMMEPUECKOTO
[IpMMeHeHNd .

Xorsa CYyIeCTBYIT MHOT'OUMCJIEHHEIE NaTeHTH U nyoaurKaumnm,
Kacamommuecd [IOJIYYEeHU A STUJIEHIJIMKOJIA U3 TJIMKOJIEBOM KMCJIOTHL,
KOoTOpad oBpaszyeTcsa oyTeM KapBOHMIIMPOBAHUA dopmMasibmermna,
ocTaeTcda IIOTPpebOHOCTH B  YJIYUIIeHHOM  CIocofe, KOTOPHEIM  MOXET
SKOHOMUUECKM KOHKYPUPOBATH C YCTAHOBJIEHHBIM I[IPOMBIIJIEHHEIM CIIOCOOOM
[IOJIYyUEeHN A .

Pa3IMuHEEe I[OOXOIH K pelleHMri OpodiieM, CBSA3aHHHX C peaklueu,
MOXHO 000OmMeHHO MNpeICTaBMTL B BUIe MOBYX KaTeTopuiri. IlepBad
OTHOCHTCS K  MCCJeOOBaHMI TOMOT'E€HHEX KaTaJIMTUUEeCKUMX  CUCTEM,
KOoTOopre paboTanT Opu OoJlee HUMBKOM HOaBJeHMM U 0Oojiee HU3KOU
KOHUEeHTpaluuu KUCJIOTH, UYeM BTO OBJIO OOCTWXMMO paHee.

Bropasd kaTeropusd OTHOCUTCS K MCCIeIOBaHMK TIeTePOITEeHHEIX
TBEPOHX KUCJIOTHHX KaTajlM3aTopoB, IIOCKOJIBKY OHM MMeKnT TaKoe
IperMylIleCTBO, Kak BoJiee Jlerkoe oTIneJIeHNE KaTagmsaropa u
YMEeHLBIIeHe  KOPpPO3MM  peaKTopa. OmHakoO TeBeplble KaTaJlM3aTOPH,
IpelJIOXeHHEEe Ha CeTOOHAMHYM IeHb, TakXe MMelnT pSal HeIOCTaTKOB U
He OBLIIN [IPWH A TH 0JIs KOMMEPUECKOT'O [IPOU3BOLCTEA . STUM
KaTaluzaTopaM OOBUHO He  XBaTaeT TepMUUeCKOM U XUMUMUeCKOU
CTabMJILHOCTHM, HeOoOXOIMMOV, UYTOOH BHIOEPXUBATE TAXEJHE YCIOBUA
peaxkuun.

Hanpumep, aJIIOMO CUJIMK a THELE LeOJINTEL HeCTaOWJIbHE B
BEHICOKOKMCJIOTHHX YCJIOBUAX, TakK KaK aJIOMMHMY BHINEJauMBaeTCsa U3

CTPYKTYPEL, BEISEIBa A ee paspyleHre. 2TO IIprmBOoOMT K IrnorTepe



AKTMBHOCTM ¥ B KOHEUHOM MTOTe K IIOJJHOMY paclaly KaTaJlu3aTopa
(Pan et al, 1994, Studies in Surface Science and Catalysis).
UToBOr wm3bexaTk D2ToM HOpobjemel, B EP 0114657 mnpenjaraeTcsd, YTO
peakuuio cJenoyeT OCYmecTBJIATL TakuM oOpa3oM, UTOOH KOJIUUECTRBO
obpasynumencs KM CJIO TH OBLIIO OT'PaHMUEHHEM, HO 3TO CHMXaeT
50PeKTUBHOCTL peakTopa M yCcyrybJjdgeT OpobJeMbl pa3nejleHud.

Xopomo M3BECTHO, UuTo VMOHOOOMEHHEIE CMOJIHL Ha OCHOBE
CYJBOOHOBEIX KUCJIIOT MMET OIPaHMUeHHYI TepMOCTad®MJILHOCTEL B BOIOHBIX
cpelax, IOPUBOIAMYI K IOTepe KUCIOTHHX TIpynrn. KpomMe Toro, OBJIO
oOHapyXeHO aTpeCcCHMBHOe IOeMcTBHMe o¢opMaJibOerrIa Ha apoMaTHudecKue
KOJIblla B CMOJIaX Ha OCHOBe CTHpoJia/IMBUHMIIOEHS30Ja, BHS3HBAKIEES
Hab®yxaHye ¥ OaJIbHENMYI IOTepl KMUCJIOTHHEX TPYIII.

Bruio IokKasaHo, UTo MOXHO VICIIOJIB30BAaThH 3aMeleHHBEe
OPTaHOMIOJMCUIIOKCAHOBEE COeOMHeHMs, Takue Kak Deloxan ASP 1/9,
QuadraSil - SA wm Silicycle (SCX-2), ¥ aJKUWICYJbOOKMCIIOTHHE
T[IOJIMCUIJIOKCAHH, HO OBUIO OOHapyxXeHO, UTO OHM OHCTPO TepdT
KaTaJlMTUUECKYID aKTMBHOCTE IpU 50OeKTUMBHEX YCJOBMAX IIpollecca. 3ITO
00BACHAETCS IOoTepel CBS3aHHHX OPTaHMUeCKUX KMUCJIOTHHX TPYII B
pes3yJsbTare I'MIPOJIM3a.

[losToMy OCTaeTcsd HeOOXOIMMOCTL OOEeCHIeuMTh CIIOCOoD IIOJIyUeHMUSI
TJIMKOJIEBOM KMCJIOTHI, KOTOPRIM aBJIsIeTCH SKOHOMUUECKU
KU3BHECIIOCOOHEIM .

[Ipy wmccJenoBaHuM OpodJjieMb CTad®MJILHOCTM TBEPOOTO KUCIJIOTHOTO
KaTaam3aTopa B cpeme KapOOHUIJIMPOBAHU S bopMayibmeruma BBLIIO
UCIOHTaHO O0JIbIloe KOJMUECTBO BemeCTB. B XoIe STOT0 MUCIHTAaHUS OBJIO
3aMeueHo, UuTo HauaJlbHag AKTUBHOCTD OYHKUMOHAIV3UPOBAHHOTO

KaTaJlMTUYeCKOI'O MaTepHralJla Ha OCHOBe IMOKCHMIa KpeMHMA CO BpeMeHeM

cHMxkaeTcd. Ilonm "OyHKUMOHANIM3UPOBAHHEM' MH HOOpasyMeBaeM, UTo
MaTepuaJl Ha OCHOBe MOMOKCUIA KPEeMHMS COIEPXKUT KUCIOTHHE TPYIIIH,
HaopuMep, TPYIOH aJKMICYJIbEOOHOBOM KMCJIOTH, CBS3aHHHE C HOCUTEJIEM
U3 OMOKCHUIAa KpeMHMA. BHJIO OOHaApyXeHO, UTO CHMXKeHUEe aKTUBHOCTH
ABJISeTCHA QYHKIUMEeN yIaJleHMS CBASaHHHX (QYHKIMOHAJILHHEX TPYIII.
AJIbTepHATUBHEIL KaTaJu3aTop ¥ cIooco® mjiad KapOOHMIMPOBAHMUSA
aJlbmeruma C obOpasoBaHMeM KapOOHOBOM KMCJIOTH MM €& IIPOM3BOIHOTO

omvcan B W02016/162663. KaTaau3aTop, PACKPHTHEM B DTOM 3asaBKe,



BKJIIOUAET TOMOTEHHHM KUCJOTHHEM KOMIIOHEHT KaTaJu3aTopa M IOPUCTHM
TBepOLM KOMIIOHEHT.

AJILTepHaTUBHBIM YIIyUle HHEM croco® IOJIYyUeHM S TJIMKOJIEBOM
KMCJIOTEL omomMcad B WO 2016/162662. 3ToT cHoco® OTHOCUTCS K
OTKPHTHIO, uTo, KoToa peaxumio OCYMeCTBJIISIT B IPUCY TCTBUU
He®OoJIBIIOTO KOJMUEeCTBa TI'OMOTEHHOM aJIKMUJICUIIMJICYJBEOOHOBOM KMCJIOTH,
TO CHWXeHMe aKTMBHOCTM KPpeMHMEeBOTO MaTepuaja MOXHO mu30eXxaTb WK
BOCCTAHOBUTEL AKTHMBHOCTL. B HEKOTOPHX CUTyalMIx MOXHO HOOCTHUUDL
[IOBBIIEHHOM aKTMBHOCTM. Takmm obpazoM, WO 2016/162662 OTHOCUTCA K
crioco®y TIMoJIydyeHMA TUIMKOJIEBOM KMCJIOTHE MM ee TIPOM3BOIHEIX U3
bopmMmasibmeruna, BKJIOU A EMY B3aMMOOeNCTBUE bopmMasibmermma C
MOHOOKCHMAOM YyIJlepoda ¥ BOOOM B IMIPUCYTCTBUM KaTaJlM3aTopa Ha
OCHOBE IOMOKCHUIa KpeMHMd, TI'Ie B peakuuo oomalnT oT okojo 200 mo
okoJio 1000 M.m. aJKUICUIMIICYJIEQOHOBOM KUCIJIOTH.

Kako# ©Ov crioco® HM MCIOJbL30BaIM OJIS IIOJYUYEHMS KUCIJIOT, TaKuUx
Kak TJIMKOJIeBasa KMCJIOTa, B KOHEUHHM I[IPOIOYKT IolalalT IIpUMMecCcH.
Hanpumep, TJIMKOJIEBASA KMCJIOTa, IOJIydeHHasa KapBOHUIIMPOBaHMEM
bopMasibmernma B BOIe B IIPUCYTCTBUM KMUCJOTHOI'O KaTaJlMsaTopa,
COTEPXUT OUMEPH U/UIIM OJIMTOMEPH TUIMKOJIEBOM KMCJIOTH, oOpasoBaHHLE
oyTeM OeTMIPOKOHIeHcaluuM  IJIMKOJIEBOM  KMCJIOTH C  oOpasoBaHMeM
CJIOXKHOTO BdoMupa. IUIJIMKOJIeBas KMCJIOTa TaKXe MOXeT IMIPUCYTCTBOBATE.
KpomMe ToOro, OOGBUYHO MNPUCYTCTBYIRT OCTaTKM KaTaJlM3aTopa.

OTmeJyleHMe  HYXHOM  ITJIMKOJIEBOM  KUCJIOTHL OT DTHUX IIpUMecel
3aTPYOHEHO, IIOCKOJIBKY KMCJIOTa HeJeTyudyas UM He MoxeT OHTL JIeT'KO
OTOTHaHa OUCTWJIJIALMEeM, IDaxe IOIpM IIOHMXEeHHOM »aBJieHuMM. Takxe
HeXeJlaTeJIbHO HaTl'peBaThb IJIMKOJIEBYK KUCIOTY, IIOCKOJBKY IIpu OoJee
BHICOKMX TeMIepaTypax MOXeT IIPOMCXOIMUTL pPeakKlMsa caMosTepudmraluu,
NIpUBOIAmMas K oOpas30OBaHML TOJIUIUIMKOJIMIA Y BOIH.

OBrUHO  JIIOOHIE obpasoBaBIMeCsa  MOJUKUCIIOTH MOXHO  YIaJlIUTh
TUOPOJIM3OM, IOCTUTaeMbM IIyTeM pasbaBijeHusa 70% IDJIMKOJIEBOV KMCJIOTH
BOOOM @mo IpuMepHo 20% wMJIM MeHee U KUISUeHMeM C OOpaTHHM
XOJIOOUJIE HUKOM. 9Ta CKOPOCTHL TIUIOpOJAM3a MoOXeT OHTL YyJydlleHa
nobaBJIeHVMEM  IMeJIOUM. XoTda 3TY Opoluenypy pa30aBJIeHMS  MOXHO
VCIIOJIL30BaTh I0JIS TIpeBpalleHMsa  IOuMepa  TJIMKOJIEBOM  KMCJIOTH B
MOHOMEP, IpyTMe IpuMecHu Bce elle OyOyT NPUCYTCTBOBATL.

l[lomTOoMYy oCcTaeTCc4d HeOoOXOOMMOCTE B obecrieueHUn criocoba
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IOJIYUeHMA TJIMKOJIEBOM KUCIJOTH MWMJIM ee TI[IPOM3BOIOHEIX C YJIYyUIlleHHOMN
UMCTOTOM, KOTOPHIM ABJSAETCI SKOHOMMUECKM BHTOIOHHM W  KOTOPHM
IpPenrnouTUTEeJILHO MOXHO MCIIOJIL30BAaTh KOMMEepUeCKU B BoJILIIOM
Macmrabe. Crnoco® Takxe OOJDKeH OHTL [NOOXOOAMMM IJIS I[IOJIyUYeHUA
IPYITUX KUCIJIOT WMJIM UMX I[IPOMU3BOIHEIX IIYyTeM peaKUuM KapOOoHUIMPOBAHUA
M pemaTbk COOTBEeTCTBYIIMe OpoBJieMH, CBA3aHHBEE C STUMU pPeaKIVAMA.

Kax obcyxmajiock B W02016/162662, HEKOTOPHE KJIACCH KMCJIOTHHX
IOJIMCUJIOKCAaHOB, VICIIOJIb 3y EMEIX B KauecTBe KaTaJlnu3aTopoB 0JId
peaxkumm TUOPOKCUKAPOOHUIMPOBAHMA, ABJIAITCSA HeCcTaOWJIb HEMA B
OTHOUIEHUM TIOTepM O(QYHKUMOHAJBHHX TpPyMl. YacTHUIb, BEHCBOOOXIAEMHE C
[IOBEPXHOCTM KaTajlu3aTopa, IpedcTaBJILT co0oM CyJIbPOHOBYK KUCIOTY
C TPUIMIPOKCUCUIIMIIBHOM  TPYIIOM, IIPUCOEOMHEHHOM K YIJIEPOOHOU
nenu. CumMTaeTcd, YTO 5BTa »Oe3akKTUBalMsa MOXeT KaTalu3MpOBaTbLCH
BONOM.

K HacTosameMy BpeMsa OOHapyXeHO, UYTO DTa I0Tepsd CcoelduMHeHUM
CepEl B peakKuuM KapOOHWJIMPOBaAHMSA  MOXeT  HOaThb IperMyIecTBa,
CBA3aHHEE C KaTaJu3MpOoBaHMEeM IOoCJenyllmel peakluuu >Tepruduralmm.
CoemImMHeHMS CepE MOXHO M3BJIeUb M3 peakKTopa »Tepudpruralum U
PELUVKIIMPOBATE B pPeakTop KapbBoHMIMpoBaHMsa. OO0pasoBaHMEe CJOXHOTO
spupa obecrneurBaeT IMPOOYKT, KOTOPHM Jelue OTHEJIMTL OT IIpHMecel,
IIOCKOJIbKY TPOoBJIeMbl, CBS3aHHHE C OTIeJIeHMeM KMCJIOTH, He OTHOCSATCSH
K CJIOXKHOMY 520MpYy M, TakuM oO0pasoM, OoTIeJieHMe OT IIpMMecel MOXeT
BoJiee JIeTKO OOCTUTATLCSA. Koroa xeJlaeMele IIPOOYKTE MOTYT
OpenCcTaBJIATL COOOM CJIOXHEIE 5SOUPH, XeJlaeMuel IOIPOIOYKT MOXeT OHTb
Jerko TnoJiydeH. OOoHakKo B 00CTOATeJILCTBAax, KoI'Ia XeJlaeMbM IPOOYKT
opencraBJgeT co®oM  KUCJOTY, KOoTOopasd MOXeT OHTb TJIMKOJIEBOMU
KMCJIOTOM, OTOeJIeHHHM ¥, TakuM o00pasoM, OUMIEHHEM CJOXHEM 520Up
MOXHO JIeTKO TIMIPOJM30BaATL OO KUCJIOTH C IOJyYeHMeM KMCJIOTH,
VMemey KeJlaeMbll YPOBeHb UMCTOTH.

TakuM 00pas30M, B COOTBETCTBUM C HaACTOAMMM M3I00peTeHreM,
obecreurBaeTcsa CIoco® IIOJyYeHMSa  ITJIMKOJIeBOM  KUCJIOTH WM  ee
IPOM3BOOHOTO, BKJIOUAKINN :

(a) BBaumMomeMcTBMe OdopMaJibIerMIa C MOHOOKCHMIOM YyIJlepona U
BOOOM B peakToOpe KapOOHUINPOBaAHU A B IPUCY TCTBUK CepHOTO
KaTajlM3aTopa, IIpM STOM YKa3aHHEM peakTop paboTaeT B MIOOXOOAMUX

YCJIOBUAX, UTOOH IIPOMCXOONIIO O@paBOBaHMe TJIMKOJIEBOM KMCJIOTEHL;
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(b) BEIOEJIEHUE IepBOTO [IOTOKaAa nponykKTa, BKJIDUAKIIET O
TJIMKOJIEBYK  KMCJIOTY, IHpUMeCHM U COeOMHEeHUs CepH, B peaKTope
KapOOHUIUPOBAHUA ;

(c) HallpaBJIeHUe [IepBOTO IIOTOKa IponykKTa B peakTop
ATepuduralmy, Ioe er'o IIoOeepranT sTepudurkaumuy C o0Opas30BaHMEM
AJNKWIITJIMKOJIATa, W Ihe »2Tepudrkalumd KaTaJlUu3upyeTcsa COeIVMHEHUAMU

CEPEL, BHIOEJIEHHEIMNM B II€pPBOM IIOTOKE IIPOOYKTa,

(d) M3BJIeUeHNE BTOPOTO [IOTOKa OponyKTa, BKJIOYAKIET'O
AJIKUJITJIMKOJIAT, COeIVHEeHU A CepH u npuMecH, ns3 peakTopa
STepUdUKaLINA;

(e) oTmeJileHMe COEIMHEeHUM CepHE OT BTOPOI'O IOTOKa NpOoAyKTa U
HalopaBJleHMe B TIOBTOPHHM LMKJI B pPeakTop KapOOHMUIMPOBAaHMA Ha
cramnuio  (a) ¢ ofpasoBaHrMeM O00eIHEHHOTO Cepo¥ BTOPOIO IIOTOKaAa
oponykKTa;

(f) oTmeneHMe aJIKWUITJIMKOJIATA OT OOeIHEeHHOTO CepoM BTOPOTO
[IOTOKa IMPpOoOyKTa B 3BOHE IUCTUIJIALUUM,; U

(g) M3BJIeUeHMe AJIKMIITJIMKOJIATa u npeobpa3oBaHue
AJKMJITJIMKOJIATa B IJIMKOJIEBYI KUCJIOTY .

[lpeobpaszoBaHUE AJKMIITJIMKOJIATa B TJIMKOJIEBYIO KUCJIOTY
IpeOlouTUTEeJIbHO OCYIeCTRJIADT B peakTope I'MOpoJM3a.

ObpaszoBaHMe aJKUJITJIMKOJISTHOTO CJIOXKHOTO 920upa U3 TJIMKOJIEBOMU
KV CJIOTE B HacTOoAIEeM n300peTeHun IO3BOJISAET OCYIECTBJIIATH
OVUCTUIIJIALMIO OJIS OTIOeJIeHMS CJIOXHOTO 5S0upa  oT IIpMMeceM, TaKuM
oBpasoM, 20OeKTUBHOE  paslejleHre  MOXeT OBITH OOCTUITHYTO tes
HeOoCTaTKOB, CBABaAHHEX C OTIOeJIeHMeM  TJIMKOJIEBOM  KMCJIOTH  OT
opuMeced. B UacTHOCTM, I[IOCKOJIBKY I'MIPOKCUIILHAaS TpYyINa ITJIMKOJIeBOMU
KMCJIOTE 3allMieHa I[IYTeM 3>3TepudMuKaly, CIOCOOHOCTE 0Opa30BHBATH
OVMEPHE MJIM OJIMT'OMEPE B IIPOIlleCcCe OUCTUILIIALMKY YyCTpaHIeTCHd.

[IoCKOJIBKY PpeaklMad BTepuduKaluy KaTaJlM3UMPYyeTCd COeOMHEHUSIMU
CepH nus3 peaxkuum KapOOHUIMPOBaAHUSA Ha cTamun (a), HeT
HeoOXOoOMMOCTM HO0aBJIATEL IOONOJHUTEJLHHM KaTalu3aTop |, TaKMUM
obpasoM, m3beranT CBA3aHHHEX C STUM PacxoloB.

[locJie OCYIMEeCTRBJIEHMA PeaKUuM 32TepUudMKalM COeIVMHEeHUS CepH
MOXHO JIET'KO OTHOEeJMTE OT CJIOXHOTO 320Mpa M BepHYTH B pPeaKTop
KapOOoHUIMPOBaHUA M, TakKMM o0pa30M, MCIOJb30BaHMe COeIMHEHUM CepH

Ipm 9TepM®MKaHMM He TIipencTaBJjIideT IIoTepr IJIA CUCTEMEL. BOSBpaT
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CoOeIMHEHUM Cepel B IepBHM peakTop KapOOHMIMPOBAHUSA IIO3BOJISAET
IOoONepPXBaTh WMJIM »OaXe IIOBHIMATL AaKTMBHOCTL MCIOJL3YEeMOTO B HeM
KaTaJlu3aTropa.

[IOCKOJIBKY CIHMPTH ¥ KapOOHOBHE KMCJIOTH He I[IPUCYTCTBYKT Ha
cTanumu (a), YCTPaHAKTCI OpoOJIeMsl, CBSA3aHHEEe C oO0pasoBaHUeM
MOOOUHHX IMPONYKTOB Ha CTaIuMM KapOOHUIIMPOBAaHMUA.

Peakuuio ¢opMaabIerMaa C MOHOOKCHMIOM VYIJIlepola M BOIOM Ha
cTagum (a) MOXHO OCYUWeCTBUTL JIOOBM IIOOXOOAIMM CIOCODOM.

Boma MOXeT IIPUCYTCTBOBATH B JIIOOOM IOIOXOOANEM KOJIMUECTBE.
Hanpumep, BOIY MOXHO MCIIOJIE30BaTh B KOJIMYECTBE oT
CTEXMOMETPUUECKOTO OO MOJIIPHOT'O COOTHOIeHMA BoIa:dpopMallbOerun
npuMepHo 4:1.

Boma MOXeT MOOINOJIHUTEJIBHO IeMCTBOBATL KaK pacTBOPUTEJb IJIA
peaxkuum KapOOHUIUPOBAHUA . Korma B KauecTBe pacTBOpUTEJII
UCIIOJIE3YEeTCH BOIA, ee OBBIUHO VCIIOJIb 3YIOT B KOJIMUEeCTBE,
IpeBHIIAKIIEM YKa3aHHOe BHIIe COOTHOIleHMe. Booy MOXHO IIonaBaThb B
30HY peaKUUuM KapOOHUIIMPOBAaHMUSA OTHEJILHO WJIM, aJlbTepHaTMBHO, MOXHO
rnomaBaTh C Homavelr dopMalbmeruia M/MiIM C IOPYTVM PacTBOPUTEJIEM.

AJILTEePHAaTUBHO, BOIIa MOXeT IIPUCYTCTBOBATE B KOJMUECTBE,
OOCTaTOUHOM oJis peaxkumu, M MOXHO MCIIOJIbL30BATh OTIeJIb HEM
pPacTBOPUTEJID .

Ecim tTpebyeTcsa MCIOJBb30BAaTh PaACTBOPUTENE, D2TO MOXeT OHTH

IJIMKOJIeBad KMCJIOTa, O@paBOBaHHaH B peakKuvm, ¥VJIM 3S5TO MOXeT OBITH

OTOeJIbHEM PACTBOPHUTEIE . [logxomamye OTHeJIbHEe PACTBOPUTEJIN
BRJIOU AT KapBOoHOBHE KM CJIO TEH WJIIN CYJIb(OOHE. [logxomAamyue
PACTBOPUTEJIN BRJIOU AT [TPOIMOHOBYIO KMUCJIOTY VI cyJsdhoH.

lMogxomgamyM CyJbPOHOM MOXeT OHTb 2,3,4,5-Terparuapornopen—-1,1-
OVOKCHUL.

dopMaJibOeruI MOXeT IIomaBaTbCH B BUIe pacTBoOpa B BOOe, WU
OH MOXeT OHTL o0Opa30BaH 1n situ B 30He peakuuu KapOOHUIMPOBAHMUA.
HanpuMep, B OOHOM BapMaHTe MOXHO MCIOJB30BaTh apadopMallbOelUI B
KauecTBe B3aVMMOIEeVCTBYKIETO BellecTBa. [MapadopMasiboermn
nopeIcTaBJigeT coOo¥ HoJuMep oGopMalbaeruia, KOTOPHM BO3BpamaeTCcsa B
VMCXOOHEM MOHOMEPHHEM OQopMalibIeTMI B NPUCYTCTBUM I[IOJISPHHEX MOJIEKYJI,
TakMxX Kak BOIa WM CIUPTOBEE pPaCTBOPUTEIN.

MoHOOKCHUO YIJIepoda MOXeT IIPelCTaBJIATE COOO0M UMCTHM MCTOUHUK
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MOHOOKCHUTIA yTJjlepona, HeoO4g3aTeJIbHO coIepxammin HeOoJIbIMe
KOJIMYeCTBa IIPUMEeCcelM, TaKMx KakK OIMH WM HEeCKOJBLKO U3 JIeTKUX
aJIkaHOB, IMOoKCHUIA yTJlepona NI BOIOpPONA. AJIb TEPHATUBHO,
VMCTOUYHMKOM MOHOOKCHUIAa YIJlepoma MOXeT OHTE KOMIIOHEHT TI'a30BOu
CMecM, HalpuMep CHHTes-Tas3 (CHMHTas), KOTOPHM IIpelcTaBJgeT coBom
CMecChb BOIOpOIa M MOHOOKCHIa yIJlepona.

MoOXHO MCIHOJIL30BATH JiOOOW TIOOXOOAMMM CEepHHEM KaTaJlM3aTop.
KaTrammzaTop MoXxeT OBTb TI'OMOTEHHEIM WJIM TI'eTepoleHHBEM. Korma

KaTalns3aTop ABJIAETCA reTepPpOI'eHHEIM KRaTaJinsaTopoM, COeIIMHeHNMA

CEPH, IIprncyrTcrepynoinre B I1IepBOM IIOTOKE InpononykKTa, MOT'YT OBITH
COoeIMHeEHMAMN CEPH, O@paBOBaHHHMM B pe3syjibTaTe Pa3JIOXKEeHIMA
KaTallnsaTopa.

B oIOHOM IpuUMepe CepHHM KaTajJM3aTop MOXeT IpeICcTaBJISsTb cofou
CEPHYID KUCJIOTY .

B aJbTepHAaTMBHOM BapMaHTe MOXHO MCIOJbL30BaTh  KUCJIOTHHM
IIOJIMCUJIOKCAHOBEM KaTaJu3aTop. Ilooxondmye KaTalM3aTopH BRJIOUAT
KaTaJnM3aTOpPH, INOOpOOHO OINMCaHHEE B 3adBKax EP1360222, EP1786850,
W02006/013080, W02007/090676 u UsS2010/0290962, comepxaHme
KOTOPEIX BRJIOUEHO B HACTOSAMYID 3aiaBKY IIOCPeICTBOM CCBUIKM. MOXHO
MCIIOJIL30BATEL SBaMelleHHEEe OpPTaHOIOJIMCUIIOKCAHOBHE COeIMHEHMS, TaKue
kak Deloxan ASP 1/9, QuadraSil - SA u Silicycle (SCX-2), wu
AJIKMIICYJIE QOKMCIIOTHEIE TTOJIMCUIIOKCAHH .

[IOJIMCUJIOKCAHOBHEM KaTaJlM3aTop MOXHO MCIOJL30BaATHL OTIOEJILHO
Wi B KOMOMHalMeM C OPpYyTUMM COeIMHEHMSIMM, KOTOPHEe CcaMM MOTYT
CIIYXMUTL B KauecTBe KaTalu3aTopoB OJd peaklUuM KapOOoHUIMPOBAHUSA
WM KOTOPHE MOTYT IIPUCYTCTBOBATL, UTOOB I[IOMOUL CTabMIM3UPOBATDH
[IOJIMCUJIOKCAHOBHEM KaTaJlu3aTop. B OOHOM BapMaHTe CepHYID KUCIOTY
OOIMOJIHUTEJIBHO MOXHO MCIIOJIE30BaThk B KadeCTBe co-KaTaJlM3aTopa.

B mOpyroM BapuaHTe KaTaJlM3aTopOoM MOXeT OHBTh KaTaluTudeckKasd
cucTeMa, onmcaHHas B W02016/162663, comepXaHMe KOTOPOM BKJIIOUEHO
B HaCTOAMYI0 3agaBKY IocpelCcTBOM CCHUJIKMA . B JacTHOCTHU,
KaTaJluTuueckas CHUCTeMa MOXeT  BKJIOUATL TOMOTEHHHM  KMCJIOTHHM
KaTaJluTUUeCKUY KOMIIOHEHT ¥ I[IOPUCTHIM TBEepIObM KOMIIOHEHT.

JoboM MNOOXOOAmMMM TOMOTEHHBM KMCJIOTHEM KaTaJlM3aTop MOXHO
MCIIOJIL30BATL B STOM CHUCTeMe B KaueCcTBe KOMIOHEeHTa KaTaluTUUueCKOM

CUCTEMEI. [IprMe P BKJIIOUAIOT CEePHYIO KMUCJIOTY,
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TepudTOPMEeTaHCYJIEQOHOBYID KUCIOTY, CYJILOOHOBHE KMCJIOTH, Takue Kak
MeTUJICYJIbOOHOBASA KMCJoTa, STaHCyJIbOOHOBASA KMCJIOTa, nmapa-
TOJIYOJICYJIEQOHOBAS KMCJOTa U IepdTOPOKTAaHCYJILOOHOBASA KUCIOTa, WU
KMCJIOTEL Ha OCHOBe ¢docdopa, Takre kKak QpochoHOBaAsA KUCIJIOTa U
stunpochorucioTa. KpomMe TOTO, MOXHO MCIOJL30BATL KOMIIO3ULUHA,
MOOMOUUMPOBAHHEE TpPyNIaMM OJS YCWUJIEHMS B3aMMOIEVCTBUSA C TBepIbM
KOMIIOHEHTOM. I[IpMMepH BKJIOUALT TPUTUAPOKCUCUIMIIIPOIAHCYJIbEOOHOBYIO
KUCIJIOTY, aJKMIQPOCOOKUCIIOTY U TPUTIUIPOKCUCUIMISTUIICYJIbOOKUCIIOTY .
B IpyroM BapMaHTe MOXHO MCIIOJIB30BATbH MypPaBBUHY KUCIJIOTY .

B KaTaJluTUUeCKOM cucTeMme MOXHO VICIIOJIL30BAThH Jodon
INOOXOOAMUM TBEPOEM KOMIIOHEHT IIpM VYCJIOBMM, UYTO OH ABJSETCH
IIOPUCTHM ¥ YCTOMUMBEIM K pPeaKLUMOHHOM cpene. MOXHO MCIOJIE30BAThH
JIoBOM  TIOOXOOAMMUM pas3Mep IIop. B OOHOM BapuMaHTe OH MOXeT UMeTh
Iomaab [NOBEPXHOCTM OT okoJjio 250 mo okosio 900 M?/r.  MOXHO
UCIIOJNL30BaTh IUIOMAalb I[IOBEPXHOCTM OT OKojio 400 mo okojio 750 wM?/T
i orT okoJyio 500 mo oxosio 600 M?/r. KarammMTuueckasd CHUCTEMa MOXET
UMEeThL OofOheM IIop oT okojio 0,2 mo 1,2 cM®/r. B OOHOM BapraHTe MOXHO
UCIIOJIL30BaTh o06BeM [op oT okoJyio 0,5 mo okosio 1,0 cm?/r.

XoTa TBepOHM KOMIIOHEHT MOXeT OHBTb BHOpaH TakuMm o6pasoM,
UTOOL OH obJana HeKOTOpOMn KaTaJUTHUUeCKOM AKTUBHOCTLIO B
OTCYTCTBME TOMOTEHHOTO KOMIIOHEHTa, OOBeIMHEHHEM KaTaJUuTHUUueCKUM
20peKT TBepIOI'0 KOMIIOHEHTa M TOMOTEeHHOTO KaTajM3aTopa HeOXUIAaHHO
BymeT BHINe, UYEeM OXMUIAEMEM OT KOMIIOHEHTOB B OTIEJILHOCTH.

B omHOM BapMmaHTe 2TOM CHCTEMEL, TBep,]II:]fI KOMIIOHEHT MOXeT OHTHb

HebYHKIMOHAIM3UPOBaHHEM. llon "HedbyHKUMOHAIU3UPOBAHHEM'  aBTOPH
n300peTeHNsa [IOoIpasyMeBalT, UYTO I[IOBEPXHOCTL He ObUla CIelMallbHO
MommbMIIMpOoBaHa IJa noBaBJIeHUS aKTHMBHEX KaTaJUTHUUECKUX OGpaTrMeHTOB
K TIOBEPXHOCTM. B OIHOM BapMaHTe HedyHKIVMOHAJIM3UPOBAHHHM TBepIH
KOMIIOHEHT MOXeT VMeTh TUIPOKCUIILHEIE TPYIINE, PacloJIOXeHHEe Ha eTo
IIOBEPXHOCTH .

B aJbTepHaAaTMBHOM BapMaHTe BTOW CHUCTEMBE TBEPIEM KOMIOHEHT

MOXeT OBITE GYHKUIMOHAIU3UPOBAHHEM MaTeprajioM. [Ton
"OYHKIMOHAIM3WPOBAHHEM' aBTOPH M300peTeHMsd I[IoIpa3yMeBanT, UTO
MaTepuas ObJI MOOMOUUMPOBAH IMJIS IIOBHIMEHUS AaKTHMBHOCTM. B OIOHOM

BapMaHTe (]_)yHKLI,MOHaJ'IMSaLLMFI MOXEeT 3akjiuaTbCcd B JOoOaBJIEHUMU T'PYyIIIn
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AJIKUIICYJIbEOOHOBOM  KMCJOTH, TUOPOKCUJILHEX  TPYIN, WIM ¥ TpPYyII
AJIKUIICYJIbOOHOBOM KMCJIOTH ¥ TI'MIOPOKCMJIILHEIX TPYIII, Ha IIOBEPXHOCTDH
MaTepuasya, B TIOPH TBepIOoT'0 KOMIOHEHTa WMJIM UM Ha I[IOBEPXHOCTL U B
TIOPH .

IIpuMepH OOOXOOAMMX TBEepIhX KOMIOHEHTOB BKJIOUAKT IOUMOKCUIL
KpeMHUSH, aKTUBUPOBAHHEM YTOJIb, YIIOPAO0OUEeHHHM Me30IIOPUC THMA
YTUIepod, HaHOIOPUCTHM YIJIepOl, HEeKOTOphHe IMOKCUIOE THTaHa U
OVOKCUI UMPKOHMA. IMOKCHUIL KpPeMHMS MOTYyT OHTb M3 cepum Johnson
Matthey QuadraSil, Bkiwouas SA, TA, AP wmiau MP miam QuadraSil PHI,
OoCTynHEe OT Sigma Aldrich. [pyI'mMe NOOOXOOAMME HOCUTEJM BKJIOUAT
CUHTEB3UPOBaHHEE YIOPAOOUYEeHHHE MEe30IOPUCTHE (MJIM HaHOIIOPUCTEHE)
YIUIEPOHOH, MMeKmye YyIHOpAOOUeHHBE KpeMHMEeBHEe KapKacH, TakKue Kak
MCM-41, MCM-48, SBA-51, KIT- m IITM-56, B KaueCcTBe MaTpHll.

B KaTaJluTUUIeCKOM cucTeMe MOXET IPUCYTCTBOBATE Jodoe
nomxondmee  KOJMUECTBO TI'OMOT'€HHOTO KMCJIOTHOTO KaTaJUMTUUIEeCKOTO
KOMIIOHEHTa. B OIOHOM BapMaHTe OHO MOXeT COCTaBJIATL: OT oOkoJo 10
MJIH.O. OO OKoJio 25 Macc%; oT okojio 50 MjuH.m. no okoJjio 20 macc$;
OoT OokKoJioO 1 Macc% pmo okoJo 15 macc$; miaIM OoT OKOJIO 2 Macc% nmo
okoJio 10 wMacc%. MiIH.O. B PpacTBoOpe IpencTaBjiseT coboM MIH.I.
MacChl KMCJIOTEH.

AJIbTepHaTUBHAS KaTaJluTuueckas cucTeMma, KOTOPYIO MOXHO
UCIIOJIL30BAThH, opencraBJgeT cobom KaTajJm3aTop, OIIMCAaHHEM B
W02016/162662, coIepXaHMe KOTOPOM BKJIOUEHO B HACTOAMYKD 3adBKY
IoCpelCTBOM CCHJIKM. B 5STOM BapMaHTe pPeaKLUMi OCYIeCTBJIST B
IPUCYTCTBUM KaTajJu3aTopa Ha OCHOBe IMOKCHUIA KPeMHMSI M OT OKOJO
200 mo okoJo 5000 MyIH.O. aJKMJICUIMIICYJIEQOHOBOM KMCJIOTH.

B »TOoM KaTaJUMTUUECKOM CUCTeMe MOXHO MCIIOJIL30BaTh JoOon
IOOXOOAMUNM KaTalM3aTop Ha OCHOBe IOMOKCHUIa KpeMHMA. OH MoOXeT OHTb
HelIOPUCTEIM WMJIM IIOPUCTEM. B OOHOM BapuaHTe, T'Ie KaTaJlM3aTop
ABJIAEeTCA IIOPMCTHM, OH MOXeT MMeTh ILJIOmAalb IIOBEPXHOCTUM OT OKOJIO
250 mo okosio 500 M?/T M obweM mop oT okosio 0,2 mo 1,2 cMmi/r.
MOXHO MCIOJIL30BaThL 00LeM Hop oT okoJyio 0,5 mo okosio 1,0 cm®/r. Ipu
nojaue B peaxTop OH MOXeT BHITE GYHKUMOHAIN3UPOBAH WIIN
HedyHKIMOHAJIUBUPOBAaH. [IpUMepPH IIOOXO I AMUX OMOKCHUIOB KpeMHHU I
BKJIOUAIT BapMaHTH M3 cepum Johnson Matthey QuadraSil, BrJoOUasd

SA, TA, AP wmam MP miam QuadraSil PHI, mocTymnHBEEe OT Sigma Aldrich.
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B onmHOM BapMmaHTe 2TOM CUCTEeMH TBepHHﬁ KOMIIOHEHT MOXeT OHTBb

HedyHKUIMOHAJIMZUPOBAHHEM. Ilon "HedYHKIIMOHAIM3UPOBAHHLM" ABTOPEL
MSO@peTeHMH MenT B BUIOY, UTO IIOBEPXHOCTEB He OrljIa ClielilMMaJIBHO
MOHM@MHMPOBaHa IOJIA HOGaBﬂeHMH AKTVIBHEIX KaTaJIMTUNUeCKUX @paPMeHTOB
K TIOBEPXHOCTHM.

Bo BTOPOM BapMmaHTe 2TOM CHUCTeMEL TBepHHﬁ KOMIIOHEHT MOXeT
OHIT b @yHKHMOHaHMBMpOBaHHHM MaTepHrnaJlOM. HOB;,QyHKHMOHaHMBMpOBaHHHM'
aBTOPEI MSO@peTeHMH InogpasymMepawT, YTO MaTeplhall OBLII MOHM@MHMPOBaH
IOJIA ITIOBHEIIECHIM A AKTVMBHOCTHU. B OIOHOM BaplMaHTe QYHKHMOHaHMBaHMH
MOXeT  3arjouaTbcs B nofaBJIeHUMM TPYIN  aJKWUICUIMICYJBEOOHOBOM
KM CJIOTEI, I'MOPOKCHMIIBHEIX T'PYIII, mjim ¥ TPYIIL aHKMHCMHMHCYHBQOHOBOﬁ
KMCJIOTEI M TMOPOKCMJIIBHEIX T'PYIIII, Ha IIOBEPXHOCTHB MaTepMralla.

B »5TOM KaTaJlUMTUUECKOM CUCTeMe MOXHO MCIOJIB30BATE JIOOYO
INOAXOOAMYO  aJKMUIICUIMIICYJIEOOHOBYID  KMCJIOTY. llogxomamme  KMCJIOTH
BRJIOUAIT TPUTIUAPOKCUCUIMIIAJIKWUIICYJIbL(OOHOBEHE  KUCJIOTH, TakmMe Kak
TPUTUIPOKCUCUIINIIIPONIMUIICYJIEOOHOBA S KMCJIOTa WU
TPUTUIPOKCUCUINIID TUIICYJIEGOHOBASA KUCJIOTa.

AJIKMJICUIIMIICYJIbOHOBAS  KMCJIOTa MOXeT OpelCTaBJISTh cobon
CBEXYD aJKWIJICUJIIMIICYJIEPOHOBYID KUCJIOTY, WIM ee podabJiIeHMEe MOXHO
OCYyIeCTBUTBH IIyTeM PelrMpKYyJIAI NN JacTu IIOTOKaAa IIponoyKTa,
M3BJIEUEHHOTO n3 peakTopa, KOTOPLI Oynmer BKJIOUATH
AJIKMJICUIIMIICYJIE QOHOBYIO KUCJIOTY .

PeaxkTOp KapOOHUIJIMPOBaAHMA OOBIUHO OynmeT pabtoTaThb rpmu
TeMIepaType B Ouanas3oHe oT okoJyio 50°C mo oxojo 400°C, HampuMmep, B

nrarnasoHe oT okoJo 100°C nmo okojo 250°C. PeakTop OOBUHO OyIeT
paboTaThk HOpM IaBJEHUM B IOMala30He OT OKoJO 1 mo okojsio 1000 Bap
(or okoJio 0,1 mo okojio 100MIla), TakoM Kak B 1OMamnaz3oHe oT 10 @mo
200 Bap (orT okoyo 0,1 mo okoJjo 20MIla) .

Peaklyio KapOOHMJIMPOBAHMA MOXHO OCYMECTBUTL JIOOHM I[I0OXOOSMVM
criocoboM. B oOHOM BapuaHTe ee MOXHO OCYIeCTBUTL B pPexuMme
HelpepHBHOTO  IIOTOKA, B KOTOPOM MOHOOKCHI yIUlepona, BOY,
bopMayibOoeruI ¥ HeoOa3aTeJIbHHY PacTBOPUTENL, JMOO IpedBapUTesIbLHO
CMelaHHBM, JMbO OoTHeJIbHO, BBOOAT B pPeakTop KapOOHMIMPOBAHUA B
peaxkTop C HelOoOBVXHEM cyjoeM WIIN CYCIIeH3UMOHHEMN peakTop,

conepxammﬁ KMCJIOTHHM IOJIMCUJIOKCAHOBHM KRaTaJjinsaTop, TakK, YTOOH
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OBPY3YIMYICS TJIMKOJEBYID KMCJIOTY MOXHO OBJIO HENPEpPHBHO W3BJIEKATH
M3 pearKTopa. Peaklmow MOXHO OCYeCTBJIATE B OIOHOM WMJIM HEeCKOJIbBKMX
pPeakTopaX, KOTOPEE MOI'YT OBITH PasHEX TUIIOB. PeaKTopr MOT'YT OHITH
PaCIOJIOKEHH I[IOCJeNOBaATEJIbHO WM IapajleflbHO. OIHO WM HEeCKOJBbKO
MCXOIOHBIX BellleCTB MOXHO ,JIO@aB.HFITb B O,]IHOﬁ TOUKE MJIN
nocjenoBaTesJIbHO 10 XOOYy PeaKLUuu.

B omHOM aJIbTEPHATMBHOM BapPMaHTe pPpeaKIVMI MOXHO OCYHNeCTBJIATH
neproguyeCKUM CIIOCOBOM. 3TO BRJIOUAET CYyCIeHIUpOBaHMe "
IlepenMelMBaHl1e KaTallnsaTopa B ?KT/II[KOIZ peaKLU/IOHHOﬁ KOMIIO 3LV,
BKJ'IIOanOH.[eTZ pacTeOoprUTEJIE U q_)OpMa.HbI[ePI/II[, Inprn STOM B peaKTOop IIon
IaBJIeHMeM IIOHAalnT MOHOOKCUI  yIulepona. IOJydYeHHYHn  KOMIIO3UIIMO
IIpoogyKTa 3aTeM MOXHO IIepMOoIM4YeCKM YyIOaJIAThE M3 peaKTopa B BHUIeE
NepBOTO MOTOKAa MNPOIOYKTA.

Kak O OHa HM 0Opa30BHBajllaCh, O0OPAa30BABIYICS IJIMKOJIEBYIO
KUCJIOTY cCJenyeT YyIOalaTh W3 peakTopa KapOOHMIMPOBAHUS B IIE€PBOM
IOTOKe MNPOOyKTa. JTOT IIepBHM I[IOTOK I[IPOAYyKTa MOXHO 3aTeM

O@paGOTaTb OJIS OTHeJIeHMS OIHOM WM HeCKOJIbKMX TakK HaBBBaeMBX

'nerkux o¢pakumin’. ‘Jlerkue o¢pakuuu’ OpencTaBJIgRT cOoOOM COeIMHEeHMd,
TeMIlepaTypa KHIIeHMA KOTOPEX HMXe, YeM Y TJIMKOJIEBOM KMCJIOTH. 3THU
JeTK1e (]_)paKLU/H/I MOTYT BRJIOYATH OoOIoMH WJIn HeCKOJIBKO 3
pacTBOpHUTeEIen, HelpopearupoBaBmero bopMasILmeruna u
HelpopearMpoBaBmero MOHOOKCHOA YyIJvlepoma. TakuMM o0pasoM, B OIHOM
BapMmaHTe HepBBIIZ IIOTOKR IIPpOIOYyKTa MOXHO HallpaBUMTE B 3S0OHY pasOeJIeHUA
Jerkux opakumi. OpyTMe IOpMMecH, TakKue KakK ajJkuidpopMuaT, HallpuMep
MeTMJ'I(l)OpM_T/IaT, 17 IMaJIKOKCVMMeTaH, TaxKom Kak IVMMeTOKRCHMMEeTaH,
KOTOpBIﬁ TaKrXe n3BeCcTeH Kak MeTIMJIaJlb , MOXHO YIoaJiiThb TaKVM
criocoboM pasmesieHUs.

HepBBIIZ IIOTOR IIPpOIOYKTa TaKXe OOIIOJIHUTeJIBHO 6y;1eT BKJIKUATBH
COeIIMHeEHMA CeEepPH BMeCTe C O,JIHO?I VJIMM HeCKOJIBKVIMM TaK Ha3BEBaeMBIMU
"' IKe JIEIMA bparkumaMm’ . OHU IpencTaBJIART cobon coeIVHEeHUS,
TeMIliepaTrTypa KUIIeHM A KOTOPHEX BHINE , ueM Y TJIMKOJIEBOM KMCJIOTEL.
JIroBrIe OVIMEPEL 17 OJIMT'OMEPEI TJIMKOJIEeBOM KVICJIOTEI, KOTOPEE MOT'Y'T
oBpazoBaTbCa B peakTope KapOOHMIMPOBaHMA, OYOYT BKJIKOUEHH B DBTU
TOXKeJIHEe (pakKInuM.

Kak obcyxnaeTcsa 0OoJjiee HOoOpoOHO HMXe, IIOTOK, WM3BJIEUEHHHN
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nocjie 5»TepudMKalMM, MOXHO HalpaBMTL B IIOBTOPHHM LUK B peaKTop
KapOOHUIIMPOBaHMA. XOoTd BTOT pPelUuKJ, KakK I[OIpaBuUJIo, [0 CYmeCTBY
BKJIOUAET COeOMHEHMsS CepH, OH TakXe MOXeT BKJIKUATL HeDOJBIOE
KOJIMYECTBO CJIOXKHOTO DoMpa TJIMKOJEBOM KUCJIOTH U/UIM  TAXeJHEe
bdpaxkumm, oOpas3OBaHHEHE B peakKTope KapOOHWIMPOBAHUSA, U MNPOIOYKTH MX
peaxkluy, ecJM TaKOBHEe UMeKTCH, KOTOPHE MOTYT OOpasOBHBATLCA B
peakTope D2Tepuduxkaumm. CIOXHBEI 50up ¥ JOOBHEe [OIPOOYKTH peaKUUM
3TepudUKalmMM 3aTeM YIOaJaoTcsa M3 peakTopa KapOOHMIIMPOBAHUA B
IIepBOM IIOTOKe MNPpOAyKTa M 00pa3ylT UYacThb TIXeJHX QpakKLui.

PasznmeisieHUe JIeTKUX bpaxuumn MOXHO OCYyIEeCTBUTEb JIIOOBIM
IOoOXOoOAmmuM Ccroco®oM, HO 3BOHOM pa3nejieHusa JIeTKux OopaKuuM, Kak
npaBujio, OyHOeT KOJIOHHa IJIa OTIOHa JIeTKUX oOpakuui. IIOCKOJBKY
OTHEeJIAIT TOJIBKO JIeTKMe KOMIIOHEHTEH, TeMIepaTypPs 3O0HH pa30eJiIeHUud
JerKux O¢pakKuMM MOXHO IIOOOEPXMBATL Ha OOCTATOUHO HU3KOM YPOBHE,
uyTOOBL  HE BO3HUKAJMU HeOoCcTaTKu, CBA3aHHbIEe c OUCTUIIIAUMEN
TJIMKOJIEBOM KUCJIOTH, KOTOPHE OOCYXIOAJIMChHL BHIIE.

30Ha OTHeJIeHMA JeTKux oOpakuui OymeT padoTaTb Ipu JoOoM
IoOXonAmey TeMllepaType, IIpM KOTOPOM HOCTHUTaeTCHa pes3yjbTaT. B
OIDHOM BapuaHTe 30Ha OTHAeJIeHUS JIeTKUX opakumuyi MoxeT padoTaThk IpU
TeMIepaType peboiyiepa oOT okoJjio 140°C mo okoJjio 160°C mMaM OKOJIO

150°C um TemmepaType B BepXHEM UYacTM KOJIOHHEI OT oOKoJo 75°C mo

okoJIo 85°C mm oxoJo 80°C M pmaBJIeHMM OT OKoOJIO 1,8 ©Gap OO OKOJIO
2,2 0Gap WM OKoJO 2 6OGap. B 2TUX YCIOBUAX MOXHO M30eXaThb
S3HAUMUTEJILHEX [IOTeph BOOHE B MNPOOYKTax B BePXHEeM YacTM KOJIOHHEH.

[IepBLHM TIOTOK MIPOOYKTa MOXHO IIOHaBaTh B JobOoe MoOxXondlee
MecTO B B0He pasleJileHMAa JIeDKMx o¢pakumi. EcaM 3B0Ha pa3nejieHus
Jerkux QpakumMy BKJIOUaeT KOJIOHHY IJIS OTIOHa JeTKuMX OopakluM,
IIePBHM I[IOTOK MOIPOIOYKTa MOXeT OHTbL IIOOAaH B BEpPXHID CeKIVIO KOJIOHHE
IOJIS OTTOHa JIeTKUX O(pakKumn.

HU3KOKUIIANMIM aJIkaHOoJI, TakKoM Kak MeTaHOJI, MOXHO I[IOoOaBaTbh B
30HY pas3nejeHusda JIeTKMUMX Opakumm 10Jg objerueHMsa pas3deJieHudg.
AJIKAHOJI MOXHO MCIIOJIBE30BATHL OT TPAaHMIE YCTAaHOBKM. ETO MOXHO
nmomaBaThk B Jioboe IIoOxondllee MeCcTO B 30He pal3ldelJileHua JeTKUX
bpakuumt. Korma =3o0Ha pa3OelJieHUd JeTKMX OpakKlui BKJIOUaeT KOJIOHHY

OJIA OTI'OHa JIeT'KMX (]_)paKLU/Iﬁ, aJIKaHOJI OOBUHO [NOOAKnT B HWXHIK CEeKIMI
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KOJIOHHEI .
OCHOBHOM bYHKIIMENR 3TOMU KOJIOHHEI aBJISeTCH BHIEJICHUE
HelpopearupoBaBmeTo bopmanbmermna n IOBOUHOTO OpoOyKTa

MYyPaBBMHOM KUCJIOTH M3 I[IepPBOTO IIOTOKAa MIPOOYyKTa. AJKAHOJ, TakKoM
Kak MeTaHOJI, B3auMMOIeMCTBYeT C ¢dopMaJIbOeIMIoM C o00pa30BaHUEM
IMAJIKOKCHMMETaHa, TaKoT'o KakK OVMMEeTOKCUMMETAaH, a MypaBbMHAsS KMKCJIOoTa
B3aMMOIEVCTBYeT C aJIKaHOJIOM, TaKMM Kak MeTaHOJI, C o0pa30BaHUEM
aJkmiIdopMMaTa, TaKoI'o Kak MeTuJIhOopMMAaT.

JleTkre OQpakuMM YIaJAT C Bepxa KOJIOHHH M3 BOHH paslelIeHMUS
Jerkmux ¢pakuui, ¥ OHM MOTYT COIEpPXaTb aJIkuJIdopMMaT, aJIkaHoJ u
oVaJIKujokcuMeTad. TakuM oOpas3oM, KoT'ma aJIkaHoJI IIpelcTaBJsgeT
cofboy MeTaHOJI, IIPOIOYKTH, oTOMpaeMble C Bepxa KOJIOHHH U3 3OHH
pasnesyieHusa JIeTKUX bpaxumi, MOTYT BKJIOUATDL B OCHOBHOM
MeTMJIQOPMMAT, METaHOJI U IMAJIKMJIOKCUMeTaH. XOTsa B0Ha paslelleHUus
Jerkmux odpakuum OYHKUMOHMPYET MOJIS I[OIpeloTBpalleHMs BHAaUMTEeJIbHHX
IOTEePL BOOE B OTOMpaeMHX C Bepxa KOJIOHHH MPOIOYKTax, HEeKoTopoe
KOJIMUECTBO BOIH BCe Xe MOXeT IIPUCYTCTBOBATL B OTOMpaeMoOM C Bepxa
KOJIOHHHE IIOTOKe. DJ2TOT OTOMpaeMHl C BepxXa KOJIOHHH IIOTOK II0DTOMY
MOXHO HaIpaBUTh B 30HY oTHeJIeHUs BOIHI, KoTopas OBBUHO
npencraBjigeT co®oM KOJIOHHY IJIS OTHOeJIeHMS  BOIH, B  KOTOPOM
NPHCYTCTBYIAS BOOa OTHEJIAeTCS B BUIE HMXKHETO IPOOYKTa.

BepxHMe MHOPOOYKTH M3 KOJIOHHHE OJIS OTIEeJIeHUS  BOIH, Kak
NPaBUJIO, BKJIOUAT aJIKiIdopMMaT, aJIKaHOJ M OMaJIKOKCUMeTaH. TakKuMm
obpasoM, B CcJydYae, KoOI'IZa aJIkaHOJI IpencTaBjisgeT cofol MeTaHOJI,
NPOOYKTH, oTBrpaeMue c Bepxa KOJIOHHEI, ByoyT BKJIOUATDH
MeTMJIQOPMMAT, METAaHOJ M OMMEeTOKcuMeTaH. OrbupaeMHe C Bepxa
KOJIOHHE IJIS OTHEeJIEHMS BOIH IMIPOIOYKTH MOXHO IIOHABATL B KOJIOHHY IJIS
oTHeJIeHMs OGopMaJibOerMOa. B 2STOM KOJOHHE aJKMIQopMMAaT, aJIKaHoJ U
IMAJIKOKCHMMETAaH OTHOeJISTCS B BepXHMElM UYacTy KOJIOHHE, Torga Kak
AJIKAHOJI BHIOEJIAT B HIWKHeM uyacTu. IIOTOK, OTOMpaeMEl C Bepxy
KOJIOHHE, KakK I[IpaBMJIO, I[IOOAlT B BUIE IIOTOKA MCXOIOHOTO CHPLS B
YCTAHOBKY IJIS NPOoOyKUIMM (GopMalibIerrIa, B TO BpeMsa IIOTOK aJikaHoJla
nus HIDKHEN yacTu KOJIOHHEL  MOXHO VICIIOJIE 30BATE B KauecTBe
AJIKAHOJILHOTO CHPLSA, IIOHaBaeMOI'O B PEaKTOop »2Tepuduraumm, ITOe OJId
PTEPUIUKALUM MCIIOJE3YIOT AJIKAHOJ .

B OODHOM aJIETEPHaTMBHOM BapMaHTe IIOTOK U3 BerHeﬁ JacTM
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KOJIOHHH MOXHO obpaboTaThb Tak, YyTOBOEL OIIVH WMIIn oBa nus3
aJkuipopMMaTa M IMAaJIKOKCHMMETAaHa MOXHO OBUJIO OTIEJIMTH M M3BJIEUL.

BO3MOXHO, UTO HeKOoTOopasd UYacTb IJIMKOJIEBOM KMCJIOTH B 30HE
paznejyieHMa JIeTKMX OpakKluM MOXeT B3aMMOIEVMCTBOBATL C aJIKAHOJIOM C
oBpa30BaHMEM CJIOXHOTO aJIKMJIIOBOTO »0Upa, HaAIPUMEP MeTMJITJIMKOJIATA.
30Ha pal3geJyieHua JeTKMx OpakKluM TI[O02TOMYy, KakK MOIpaBWJIO, IOJIKHA
comepxaThb OOCTaTOUHO CTyTIieHeHn IoJIs npeloTBpalleHN [oTepu
METUIITJIMKOJIATa B BEepXHEeM YacTy KOJIOHHH.

Tawm, Toe TIPUCYTCTBYEeT 30Ha pas3mdelleHMsa JeTKUMx OopakLuM,
OoOeIHEHHEM JIeTKUMMU OQpaKUIMAMM IIePBHM IIOTOK IMPOIOYKTa WM3BJIeKalnT U3
30HE pa3dejleHMa JIeTKUX OpakKluM. 3TO M3BJIeUeHMe MOXeT IPOUCXOOUTH
B JioOOM TOOXOOAMEeM MeCcTe B 30He pa3OejleHuMsa JeTkux opakumy, HO,
Kak TIpaBWJIO, I[IOTOK oTBupalnT M3 OOHHOM dYacTu WM BOJM3U Hee, B
YAaCTHOCTHM, TIOe 30Ha pa3ldejileHUd JIeTKUMX OopakuuM OIpelcTaBJigeT coboM
KOJIOHHY @OJIS OTIOHAa JIeTKUX Oopakumii.

[IepBEIM TIOTOK MNPOAYKTa MWIM OOeOHEeHHHM JeTkKuMM OdpaKUMaIMuU
IIepBHM IIOTOK TIPOOYKTa B CJydyae, KoTda IIepBHM I[OTOK IPOIYKTAa
IPOIIyCKAlT uUepes B3B0HY pa3meljleHus JIeTKMX OpaklMM, HaOpaBJISgioT B
peakTop DSTepudMkaLMM, I'Ie OH B3aMMOIEMCTBYeT TakuMmM oBpas3oM, UTO
obpasyeTcsa CJOXHHM 50Up IJIMKOJIEBOM KUCIJIOTH.

OBBUHO I[IOTOK, rnomaBaeMBlt B peaxkTop STepudmMKalM,
KOHTakKTHUPyeT C aJIKaHOJIOM IJIS OCYIEeCTBJIeHMS »Tepudurauum. s
2TepUOUKaALUNA MOXHO VCIIOJIL30BAaTh Jo6om IO X O AU aJIKaHOJI.
llogxomammre  aJIKkaHOJIBEL BKJIOUAKT STaHOJI, [POMNaHOoJ wWiIu OyTaHOJI.
OmHakKo OOBYHO MCIIOJb3YKT MEeTaHOJI.

B omHOM ajlbTepHaTMBHOM BapMaHTe IIOTOK, IIODaBaeMHl B pPeaKTop
DTepUOUKALNY, KOHTAKTUPYET C IMOJIOM. [JId >3TepudruKaluruM MOXHO
VCIIOJIL30BaTh JIoBoM NOOXOOAMUM  OMOJI. OoMH HOOOXOOAMMM  OMOJI
opencraBJigeT COOOM BSTUISHTJIMKOJIL .

AJIKAHOJI WMJIM IOMOJI, T[OIaBaeMHlM B pPeakKTop »Tepudukaliny, OOBUHO
nmomamT B JOCTATOUHOM KOJIMUECTBE, B pacueTe Ha MOJM, UYTOOH IO
CymeCcTBY [IOJIHOCTRIO 3TepUPUUIUPOBATH TJIMKOJIEBYIO KUCJIOTY C
oBpa30BaHUEM AJKMIITJIMKOJIATA . Kpowme TOTO, MOXHO oBecneunThb
OOCTaToOuHOEe KOJMUEeCTBO aJikaHoJla WMIM »OuoJia IJIS OONOJIHUTEJILHOMU
DTEepPUOUKALIUN Jodon MypPaBbUHOM KMCJIOTH, KOoTOopasd MOXET

IIpMCyTCTBOBATE B TI€epPBOM IIOTOKe IIPOIOYKTa M KOTOPYKR He YyIaJIAT B
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30He pasmelleHusa JIeTkux o¢pakuui. KpomMe Toro, O0OBUHO oOecHneumuBaiT
DOCTATOUHOE KOJIMUeCTBO allkaHoJla WM »OMoJla IOJIS B3aMMOIEMCTBUA C
JIIOOBEIM OCTATOUHHEHM (QOopMasibIeTMIOM, KOTOPHM MOXeT IIPUCYTCTBOBATH B
CHpLBE, nomaBaeMoM B peakTop »Tepuburanmy, c oOpasoBaHMUEM
IVaJIKOKCHMeTaHa .

STepudUKalMi MOXHO OCYMECTBMUTHL B JIOOOM NOOXONAMEM pPeakKTope.
OOoHakO OOBUHO MCIOJB3YIT pPeakKTop MOeaJIbHOT'O BHTECHEeHUSA, XOTH
MOXHO MCIIOJIE30BaTh PeakKTOop C MemajlkoM WM PeaKUMOHHYK KOJIOHHY.
STa »TepudMUKalmag KaTaJlU3UPyeTCd COeOVMHEHUAMM CEPH, BHIOEJSEMEIMM B
IIepBOM IIOTOKe HOpodyKTa. HOJKHO OHTH IIOHATHO, UYTO B peakKUuu
sTepudurKaluM Takxe obOpasyeTcs Bona.

STepnudUKalmUo MOXHO OCYIEeCTBUTHL opu JTIOOBIX IOOXO I AMMX
TeMIlepaType UM IOaBJIeHMM. B OIOHOM BapMaHTe peaKUusa I[IPOUCXOOUT IIPU
TeMepaType oT okoJio 90°C mo okxoJsio 150°C, or oxojio 100°C mo OKOJIO

140°C, oT oxkoJsio 115°C mo oxojio 130°C mam oT okoJjio 120°C mo oKoJIo

125°C. PeakTop 5Tepudrkaumy MOXeT paboTaTh IPM HOaBJIEHUM OT OKOJO
3 Bap @mo okoJo 7 0Gap, wmiaM oT okoJo 4 6Gap OO OKoJoO 6 Oap, u
OaBJIeHMe MoOXeT OHTbL OKOJIO 5 Oap.

B OomoJiHeHMe K XeJjlaeMoM  STepubMkaumMy  OJsa  oBpasoBaHUA
AJKUIITJIMKOJIATA, MOTYT TakKXe I[IPOMCXOOMTE  HaJlbHeWmMe  peaKluu
STepudUKallMM ¥ TpaHCHTepudbukaumm Cc obpa3oBaHMeM 0OoJiee TAaXKeJIHIX
20UPOB.

[TockoJbBKY peakumy, KOTOPHE IIPOUCXOOAT B peakTope
STepUPUKALINN, ABJIAITCHA PaBHOBECHBEIMM peakKUMaMM, BTOPOM IIOTOK
OponoyKTa, KakK I[IpabBWUJIO, BKJKUYAET aJKWIIJIMKOJAT, OpyIMe CJIOXHEE
50UPH, TJIMKOJIEBYK KUCJOTY M BOLY B HOOIOJIHEHME K COeIVMHEHMUSAM CEpPH
¥ OpyTMM IIpMMecsaM. BTOpoM MOTOK TMpPOoOyKTa Takxe OyIeT BKJIOUYATH
00O  HelpopeaTrMPOBABIMM  areHT sTepubukanmm. TaxkuMm obpas3oM,
KOoT'la »STeprdUKalMin OCYWeCTBJISART C  aJIKkaHOJIOM, BTOPOM IIOTOK
nponykTa OyOeT BKJKOUATE aJIKaHOJ. AHAJOIMUHEM 00pasoM, eCcJm
TepUdUKalIMD OCYMEeCTRIST C OMOJIOM, BTOPOM IOTOK MNpPOoOyKTa OyIeT
BKJIOYATE IOUMOJI.

BTopoM MOTOK TNpPOOyKTa 3aTeM oOpabaTHBalT IOJI8 YyOaJleHUA
CoenMHEeHUN CephHl. B ONHOM BapMaHTe COelOMHEHUS CephH MOXHO OTIEeJIMThH

OOHOBPEMEHHO C BHIOEJICHMEM AJIKVMJITJIMKOJIATAa . B aJIETEPHATMBHOM
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BapMaHTe COEeOMHEHMAI CEPHE MOXHO YIAaJUTL OO O0paloTKM OO0OeOHEHHOTO

COeIMHEHMAMNM CEPH BTOPOT'O IIOTOKa IIPOOyKTa IJIA BEIOEJICHMA
aJIKVMIJITVJIMKOJIATA .

Ecmm COeIIMHEHNMA CEPH HYXHO OTOeJINTE o BEIODEJICHMA
aJIKVMIJITVJIMKOJIATa, MOXHO VCIIOJIE30BaThb JIIOOBIe InogoxXxonmdmrie cpelliCcTBa

paznesyieHMsa. B OODHOM BapMaHTEe CPEeNCTBOM OTHEJIEHMS COEeIMHEHUM CepH
ABJIAETCHA MCIHapUTeJIbHEM OapabaH »OJjd »TepUdUKaluM. NVCIapUTeJbHEN
OapabaH Jid oSTepudMKalMM MOXeT paboTaThk OpM JIOOBIX IIOOXONOAMMUX
YCJIOBMAX. B OIOHOM BapMaHTe MCIapUTeJIbHEM OapabaH OymeT paboTaThb

pY »OaBJEeHMM UyTh Bhlle aTMochbepHOTO. Hampumep, OH MoxeT paboTaTb
opy TeMIepaType OT okoJyio 140°C mo okxoJjio 160°C, wmiam oT okojio 145°C

mo okoJio 155°C, wmum oxkoJio 150°C, m mnpu »maBJIeHMM OT OKoOJIO 1,5 mo
okoJio 2,0 Gap, mam OT okoJio 1,7 Bap mo okoJyio 1,8 Oap.

CoeoMHeHMs CepH, Kak I[IpaBUJIO, WU3BJIEKalT M3 OCHOBAHMUA WU
BOJIM3M OCHOBAHMA MCIAPUTEJIbHOTO OapabaHa 04 sSTepudurkalmn U

HallpaBJIAKT B HOBTOpHHﬁ IVMKJI B peakKTOop KapGOHMHMpOBaHMH. lloToxk,

V3BJIeUeHHBN "3 OCHOBaHUHA UCIIapUTeJIbHOTO OapabaHa oJisa
9TepM@MKaHMM, MOXeT BKJIOYATBH HeKOTOPEIe T aXeJlble TIJIMKOJIATHEIE
coenuHeHUs .

3TOT IIOTOK CoeIIMHEeHUM CepE  MOXHO HallpaBJIATE B KOJIOHHY
PelrMpKYyJIAINNA . HeJibo peHMpKYHHHMOHHOﬁ KOJIOHHEL ABJIAETCA
IIpenoTBpalleHMe PpelMPpKYJIAIVM aJIKkaHOJIa, TaKoI'O KaK MeTaHOJI, B BHUIe
AJIKMIJITJIMKOJIATa B peaKTop KaPGOHMﬂMpOBaHMH. Korma IIPUCyTCTBYEeT
KOJIOHHa pelMpRYyJIAIVM, MOXHO noarJIATE BOOY OJIM3KO K IOOHHOM YacTu
KOJIOHHEL PelIVMpPKYJIALINNA . Bony VCIIOJIE 3T IJI14d I'MopoJjisa JIIOOOTO
aJIKVMIJITJIMKOJIATa B aJIKaHOJI M IUJIMKOJIEBYK KHMCIIOTY WM IIpelOTBpalleHMA

oJIMroMepmnsalumm TJIMKOJIEBOM KMCJIOTH U IIpeBpaleHMd €€ B BA3KYID WU

TBepIyo. JIrbyn TJIMKOJIEBYIO KMCJIOTY , OTHOEeJIEHHYIO B KOJIOHHE
peurMpKryJI4Aumnm, MOXHO M3BJIEUE . OT@MpaeMHﬁ C BepXy KOJIOHHE
PelrMpKryJIAINA IIOTOK, KOTOpHﬁ OynmetT BKJIKYATB IIperMMyme CTBEHHO

aJIKaHOJI, Takom Kar MeTaHOJI, MOXHO BO3BpPaATUTBE B KOJIOCHHY  OJIA

oTIneJleHUMd BOIHE, €CJM Ha IPUCYTCTBYyeT. I[IOTOK W3 HWKHEeV dYacTu
KOJIOHHE PelVPpKYJIALINNA, KOTOPHIM BymemT comepXaThb HeKOTOpoe
KOJIMUECTBO TJUIMKOJIEBOWM KUCJOTH, BOIY W COEeIVMHEeHMWS CepH, MOXHO

HallpaBUThb B HOBTOpHHﬁ IIMKJI B PpPearTop, B KOTOPOM IIpOMCXOoIOInMT
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KapOoHUIMPOBaHMKE .

BTopoM MOTOK MNpoOyKTa, WIM OOedHEHHBEM Ccepoy BTOPOM IIOTOK
OponoyKTa, I'Ie COeIMHEeHMSa ceph ObJIM YyIOaJleHH, I[I0CTylaeT B KOJIOHHY
OVUCTUIJIJIAIWY  CJIOXHOTO 20upa. OIUCTUIJIALMIO MOXHO OCYIEeCTBUTL I[IpU
JIOOHIX IMOOXOINAMMX TeMIeparType ¥ IJaBjeHuMr. OOHAKO IOOJIKHO OHTH
IIOHSATHO, UYTO MOXHO MCIIOJIL30BATL TeMIIepPaTypH, KOTOPHE BHIIE TeX,
KOTOPEE MOXHO MCIIOJIB30BATE IJIS IOUCTUIJIALMM ITJIMKOJIEBOM KMCJIOTH. B
OIOHOM BapuaHTe MOYXHO MCIIOJIL30BATDH PEeaKTUBHYIO BaKyyMHYIO
OUCTUIIJIALMIO [IPpM OaBJieHMM OT okoJio 0,2 6Gap mo okojyio 0,4 ©Gap wiu
okojjo 0,3 ©Gap. B »TOM BapMaHTe TeMlepaTypa B BepxXHeM UYacTu
KOJIOHHE MOXET COCTaBJIATE OKOJIO 60°C mo okojio 65°C miam okoJjio 62°C,

a TeMIepaTypa B HWKHEM YacCTM MOXeT COCTaBJIATH OT okoJyio 130°C mo

okoJio 140°C wmim oT okojo 134°C mo okxoJjsio 135°C. B KOJIOHHe mOJid
OUCTUIIIALUM  CJIOXKHOTO 5dMpa pasmesgoT BTOPOM I[IOTOK MNPOOYKTa.
KejlaeMelll aJKMIITJIMKOJIAT, TakKoM KakK MeTWMJIIVIMKOJIST, MOXHO M3BJIeUL B
BrOe OOKOBOTO I[IOTOHA W3 HOOHHOM UYacTM WM OJM3KO K HeM KOJIOHHE
OJIS  OUCTUIIIALUM  CJIOKHOTO Sdoupa. TaKeJEe IPYMMeCcH, KOTOPHE UMMET
BoJjlee BHICOKYI TeMIepaTypy KHUIEHMA, UYeM aJIKMJITJIMKOJIAT, TakKue Kak
OMANKWIIOUIJIMKOJIAT, KakK I[IpaBWiIo YHOaJgnT M3 IOHHOM 4YacTu WU
BOJM3M [OOHHOM YaCTM KOJIOHHHE OJIS OUCTWIJUIALMU CJOXHOTO S0upa, IpHU
YCJIOBUM, UTO 5STa UYacTh HaxXOOUTCHA HUKe OOKOBOIO I[IOTOHa IOJid
yIOaJjle M aJIKWIJIIJIMKOJIATa. JleTKue I[OpMMecH, KOTOPHE UMelT O0oJiee
HM3KYID TeMIepaTypy KHUIEeHMd, uYeM aJIKMIITJVIMKOJIAT, TaKMe KakK Boma,
aJKaHOJI M IpyTrMe JIeTKMe [NOBOUHEE IMIPOOYKTH, KaK OPaBMJIO, YIAJSioT
U3 BepxHEM YacTu UM BOJIM3M  BepxXHelM  dJacTM  KOJIOHHE  IJIA
OUCTUJIIIALUM CJIOXHOTO Bdupa.

XOTA aJKWIIJIMKOJIAT MOXHO BHIOEJIMTE B KadecTBe MNPOOYKTa IJIg
UCIIOJIL30BaHMAa WM [OJIS I[OCJeOylIero Npeobpas3oBaHMd B IUIMKOJIEBYD
KMCJIOTY, €TI0 MOXHO IpeoBpasoBaTh B IUIMKOJIEBYD KMCJIOTY, HalpaBJidd
ero B pPeakTop IMIOPOJM3a. MOXHO MCIOJL30BaThL JIOOOM I[IOOXOI AN
peakTop IMAOPpOoJM3a. OOBUHO aJIKMJITJIMKOJIAT KOHTAaKTUPYyeT C BOLOM,
YTOBL [NOOBEPrHYTL €TI0 IMIPOJM3Yy. Bomoy, KakK OpaBujiIo, IoHailT B
BUIE OTHEJILHOTO IIOTOKa. Ilocjie OCYHEeCTBJICHUS THUIPOJM3a INIMKOJIEBYO
KMCJIOTY OOHUYHO OTHEJIAT OT BOILH M obpasylmerocsd ajikaHoJla.

B omHOM BapMMaHTe PpPeaKTOpOM I'NMIOPOJIM3a MOXeT OBITH PeakKIMOHHa#Ad
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OVCTUJIJIAIIMOHHAA KOJIOHHa. B 52TOM BapMaHTe TUIMKOJIEBYID KUCIOTY
MOXHO WM3BJIeUub B BuUIe IOPOOyKTa, oOTOMpaeMOTO C HM3a KOJIOHHH, a
BOOY ¥ aJIKaHOJI MOXHO VYIaJUTL B BUIe JEeTKUX OpakKluM M3 BepxHeM
YacTM KOJIOHHH. IIOTOK JIeTKMX O(pakuuyi M3 BepxXHEeM UYacTM KOJIOHHEH
MOXHO HalpPaBUTL B IIOBTOPHHM LMKJ Ha OpeIHOymye TeXHOJoTUUecKue
CTaIuu.

Korma 1mJjiga TIUMIPOJM3a MCIOJIb3YIT PeaKUMOHHYID IUCTUIJIAIMOHHYIO
KOJIOHHY, OHa MOXeT padoTaThk OpM JIOOBX [IOOXOOAMMX VYVCJIOBMAX. B
OOHOM BapMaHTe KOJIOHHa OymeT paboTaThb IIpM OaBJeHMM oOT okoJo 1,0
ap ono okoJo 1,5 ©Gap, wim okoJjo 1,2 ©Oap. B »ToOM BapuaHTe
TeMIlepaTypa B BepxXHeM YacTM KOJIOHHH MOXeT COCTaBJATE OT OKOJIO
75°C mo oxoJyio 85°C myim oT okojio 79°C mo okoJjio 80°C, a TeMmepaTypa

B HIMWXHEeM YacTy MOXeT COCTaBJIATL OT oOKoJio 130°C mo oxoJjio 140°C wmm

oT okoJio 134°C mo okxoJjo 135°C.

[Ipy oCymecTBJEHUNM I'MIPOJM3a B PeaKUMOHHOM OUCTUJIISLMOHHON
KOJIOHHEe MOXeT IoTpeboBaThCAd KaTaJlMz3aTop. B OOHOM BapMaHTe
TJIMKOJIeBasa KMUCJOTa MOXeT IeMCTBOBATL B KauecTBe KaTajJu3aTopa.
OOHaKO MOXHO  MCIOJIB30BAaTh  HOIOJIHMTEJILHEN  KaTaJlu3aTop. Ecamu
MCIIOJIL3YIOT KaTaJM3aTop, 9DTO MOXeT OHT: TOMOTEHHHN KaTallu3aTop,
TAaKOM KaK CcepHasg KMCJIOTa, WIM HOOXOOANMM TBePIR KaTajlM3aTop,
KOTOPEM OyIeT HaxXOIMTLCS Ha Tapejkax BHYTPM KOJIOHHH. Eciu
MCIOJIL3YIOT TOMOTEHHEM KaTajlM3aTop, eTro Heo®xoOuMMO YIAaJMTh U3
NPOOYKTAa TUIMKOJIEBOM KMCJIOTEH.

B oOIOHOM aJIbTepHATMBHOM BapMaHTe peakKlMon ITUIPOJIM3a MOXHO
OCYIEeCTBJIATL B PeaKTope MOHHOTO ofOMeHa. MOXHO MCIIOJIL30BATH JIOOOM
NOOXOOAMMI anlapaT MJIM MOHOOOMEHHE MaTepuaJl.

IUyIMKoJIeBass KMCJIOTa MOXeT MMEeTH XeJIaeMBll YPOBEHB UMCTOTEH
okoJio 70% wMacc. Heobgs3aTesIbHO, TJIMKOJIeBasg KMCJIOTa, M3BJIeUeHHAad
13 peakTopa IMIPOJIM3A, MOXeT  OHTb  OOIOJHUTEJILHO  OuMIleHa,
HanpuMep, IIYTeM IIPOIyCKaHMsS uYepes CUCTEeMYy MOHOOOMEHHOM OUMCTKU
oJIg  yoaJleHusa Jiodo¥ OCTaTOUHOM CepHOM KMCJOTH. ECAM TUIPOJIU3
OCYIMEeCTBJIAT IIYyTEeM MOHHOTO oOMeHa, 5STa »OOIOJIHMTEeJIbHAS CTalusd
OUMCTKM MOXET He NoTpe®OoBATLCA.

Hacrosamee wm300peTeHre OyIOeT OIMCAHO IIOCPEIOCTBOM IIpPMMeEpa CO

CCHJIKOM Ha HpMﬂaI‘aehﬂ:ﬂﬁ yepTeX, Ha KOTOPOM:
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dur. 1 TmpelcTaBJIgeT CXEMaTUUECKYKn WIJICTpaluiln crnocoba IIo
HaCTOAlleMYy M300peTeHUl; U

dur. 2 IpencTaBJIgeT CXeMaTUUeCKY WJLJIIC TP AL
aJIbTEPHATUBHOT'O BapMaHTa HaCTOAmMeI'0 M300peTeHUdg.

CrieumajucTaM B JaHHOM o00JaCcTM TexXHUKM OyIeT IIOHSTHO, UYTO
UepTexy ABJATCHA CXeMaTHMUHBEIMM M UTO MOJIS KOMMEPUEeCKOM YCTaHOBKU
MOXeT noTpeboBaThbCd  OOMNOJIHUTEJILHOE obopyLmoBaHuUe, Takoe Kak
OapabaHul OJd CHpPbLA, HaCOCH, BaKyyMHEE HaCOCH, KOMIIPEeCCOPHL,
KOMIIPECCOPE IOJIA PeUMPKYJAUUM Ta3a, OaTuMKM TeMIepaTypH, OaTuMKU
OaBJIeHUA, [IpenoxXpPaHnuTeJIb HEle KJIallaHH, peryiampyrimme KJIallaHH,
PEeryJIATOPE IIOTOKa, PelyJIATOPH YPOBHS, HaKOIMUTEJILHEE pe3epBYapH,
pes3epByapH oyd XpaHeHUd u T.II. ObecrieueHne TaxkoITo
BCIIOMOTATeJIbLHOTO O0O0OpyloBaHMA He  ABJIAeTCHd UYacCThbld HaCTOAWETIO
n300peTeHnsa, M STO HAXOOUTCS B COOTBETCTBUM C OOHUHOM MIPaKTUKOM
B 0BJIaCTU XUMMUECKOM TeXHOJIOTUMU.

Hacrogamee muszobpeTeHue OyIeT OMNMCAHO KOHKPETHO CO CCHUIKOM Ha
oBpaszopaHMe MeTUJIIJIMKOJIATa. OODHaAKO IOOJDKHO OHTH IIOHATHO, UYTO
MOXHO MCIIOJIbE30BaThE OPYI'MEe aJIKUJIOBHE SOQUPH .

Kakx nokas3aHo Ha our. 1, odopmanbmermn, Takol kak 55 wmacc$
BOIOHHM PpacTBOp odopMalibmeruna, IIoHaloT 10 JUMHUM 1 B CcMecuTresb 2,
Toe ero CMEelMBamwT C CEePHBM KaTajlM3aTopoM, OoOaBJISEMBM I10 JIMHUK
3. CMelaHHBM bopmMasbmermn momamoT 110 JIVHUI 4 B peaxKkTop
KapBoOHUJIMPOBAHMSA 5, roe OH B3aMMOIEeNMCTBYeT C MOHOOKCHUIOM
yIoJlepoma, KOTOPHM IIOHalT B pPeakKTop 10 JIMHUM 6.

[IepBHM IIOTOK TPOIOYKTa WM3BJIeKAT I[I0 JMHMKM 7. OSTOT IIOTOK
OymeT comepXaThb TJIMKOJIEBYK KUCIIOTY, COeOMHEHMS CepH U IIPUMMeCH,
KOTOPHE MOTYT OBTL BHOPaHE M3 MeTUJIdOopMMATa, MYPABLMHOWM KMCJIOTH,
MeTuJIajisg, MeTaHoJa M dopMalbmeruia. Ero TI[IpOonyckKawnT B 30HY
paznejyieHMsa JeTKUMX oOpakKuum 8, I'IOe Jierkue OQpaklMM, KOTOPHE MOTYT
BKJIOUATE MeTUIQOPMMAT, MeTUJlaJib, MeTaHOJI M QopMaJibOeTruln, YIAaJISgioT
Io JMHMM 9. MeTaHOJI MOXHO »Jo0aBJIATL IO JMHMM 10 mJja obJjileTyeHUsS
pasnesieHus.

I[IoTok, BRJOUAKIKK TJIMKOJIEBYID KMUCJOTY, OTOMpanT B HWKHeN
JacTyu wWIM OJaM3M Hee 10 JuHMM 11. OOBYHO eT'o OTOMpanT HUXE
NOJIOKEHUA TIoJaurM MeTaHoJla. 3aTeM TI[IOTOK IIOoCTyllaeT B pPeaKTop

STepM(l)I/IKaLU/H/I 12 7 roe rroe OH KOHTaARTHUPYyeT C MeTaHOJIOM,
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no0aBJIgeMBEIM IO JIMHMM 13. PeakTop »TepUudUKaALUM MOXET MIPeICTaBJIATH
coboM peaKToOp WUIOeaJIbHOTO BHETEeCHeHMSI. BToOpoM IIOTOK MOIPOIOyKTa,
comepXamui MeTMJITJIMKOJIAT, COoeIMHEeHMS CepH U IOIpMMecHu, HW3BJIeKalT
M3 peaxTopa o JMHUM 14 ¥ HaOpaBJIAOT B MCIaApPUTeNbHHM Oapab®aH Ooa4g
sTepudUKaImMM 15, I'Ie OTHesIST COeOMHEHWUS CEepH.

CoenuMHeHUS CEPH M3BJeKawnT [0 JmMHMM 16. Hacoc 17 o6Jjeruaer
BO3BPAT COEOMHEHUM CEePH, U JIOOM TIXKEeJHM PelUUPKYJIUPYRINY OPOOYyKT
MOXeT OHTbL BO3BpalleH B pPeaKTop KapbOoHWIMpoBaHMA 5. TaEXeJIHM
PEUVPKYIMPYIOIUM OPOAYKT MOXeT OBTb I[IOOaH HeloCPeOICTBEHHO B
pPeaKToOp MJIM OH MOXeT OHTH I[IOOaH Ha JMHMuL 4.

MeTUIITUIMKOJIAT WM3BJIEKAKT BO BTOPOM IIOTOKEe IMIpOoOyKTa II0 JIMHUMK
18. STOT HOTOK Takke OyIeT BKJKOUATL BOLOY M I[IPUMMeCH. 3TOT IIOTOK
IoJalnT B KOJIOHHY NIJIS OTOEeJIeHMS CJIOXHOTO »oupa 19, 1pmoe Jerkue
IpMMeCcH, Takue KaK BoIOa, MeTaHOJI U JelKue I[IOOOUHEE IIPOOYKTH,
yIOaJfgiT B BUIE OTOIHAHHEIX NPOOYKTOB 20, a TsaXeJble NPMMEeCcH, TaKue
KaK OVUMeTUJIOUTJIMKOJAT, WM3BJEeKalT 10 JMHUM 21.

MeTUJITJIMKOJIAT MOXeT OHTL BHOEJeH B BuIe OOKOBOM O(paKLUMM IIO
JUHUM 22, OBRUHO 5BTO OCYUmEeCTRJILST HIKe  TOI'O MecTa, Kyoa
n0o0aBJIgT  CHpPhLE. Korma UeJieBOM HOPOOYKT TIIpencTaBjigseT cobom
TJIMKOJIEBYID KUCJIOTY, WM3BJIEUEHHHM MEeTUJITUIMKOJIAT MOXHO HAapaBUTL B
peaxKkTop TUIOPOJIN3a 23. MeTUJITJIMKOJIAT, Heo®sa3aTeJIbHO, MOXHO
M3BJIeUb B BMIe OTBOHa IO JuHMM 24. Booy HnomalT B pPeakKTop
rUgpoJiM3a 23 1o JmHuM 25. Takxe MoxeT OHTh HeoOXoIMMO IOOaBUTH
KaTalM3aTop B peaKTop IuipoJm3a 23. Eciam KaTalu3aTop SBJSEeTCH
TeTepOTeHHEIM KaTaJM3aToOpOoM, ero IrojawnT Ha TapeJKM  BHYTPU
peakTopa 23. EcaM kKaTalmM3aTop SBJISAEeTCS T'OMOTeHHBM KaTaJM3aTOoOpPOM,
ero MOXHO »noBaBJIAThL Ha JMHMIO 22 OHeped Homauel MeTHMJITJIMKOJIATa B
peakTop IMOPOJM3a. TnmkoJIeBYKD  KUCIJIOTY yIaJdoT M3 peaKTopa
TUOpoJIiM3a 23 1o JUMHUMM 26, TIIOe oOHa HeoOd3aTeJIbHO MOXET IIPOXOIUTH
yepe3 MOHOOOMEHHEM OUMCTUTENL 27 Iepel ee UM3BJIeueHMeM II0 JIMHUU
28. MeTaHOJ M BOIOYy WM3BJEKalT M3 peaKTopa IMUIOPOJIM3a B BUIe
OTOTTHAHHOTO TIponykKTa TIo JuHMM 29. B  OOHOM aJIbTEPHATHMBHOM
BapMaHTe peaKTop TUAPOJM3a 3aMeHAIT MOHOOOMEeHHOM CUCTEeMOM.

AJILTepHaATUBHEY BapMaHT OIPOWMJJIOCTPUPOBaH Ha Oour. 2. BdJjbmad
yacTk D2TOTO0 YCTpOMCTBa TakKas Xe, Kak dur. 1. B 2ToM BapuaHTe

IIOTOK, M3BJIEKAEMHM M3 HIWKHEM 4YacTM MCcIapuTeJIbHOTOo OapabaHa s
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sTepuduranmu 15, nomawnT 1o JmMHUMM 30 B KOJIOHHY peluuvpkKyJgsumm 31.
Booy MOXHO »HOOaBJIATE B KOJIOHHY PEeUUPKYJIAUMM IO JMHMM 38. HWKHUN
IIOTOK W3 PEeUUMPKYJIALMOHHOM KOJIOHHEL 31 [omaoT TI[IO JMHUMM 16 B
peakTop KapOOoHMIMpOBaHMUA 5.

[TpOOYKTHI, oTbMpaeMele C Bepxa KOJIOHHH pelupkyJgduun 31,
nmomamT 10 JMHMM 32 B KOJIOHHY IOJIS OTHeJieHus BoOel 33. IloTok
OTOTHAHHOTO IMNPpOoIykKTa 9 M3 30HH pa3mdejleHMs JIeTKUMX o(Qpakuuyi 8 Takxe
MOXHO HallpaBMTh B KOJIOHHY IJIA OTHOeJIeHMsa BOOEL 33. EIo MOXHO
IoJgaBaThk OTOEJIBHO WM OOBeIVMHUTE C IIOTOKOM 32 Iepeln IIoJaduel B
KOJIOHHY @OJIA OTHOeJleHMsa BoOIH 33. Booy yImalsoT W3 HWKHEeM YacTu
KOJIOHHEL OJIA OTIOeJIeHMSA BOIHl 10 JIMHUM 34.

[IOoTOH M3 BepxHEeM YacCTHM KOJIOHHH OJIS OTHOEJIeHMA BOIH IIOHAlT IIO
JMHMM 35 B KOJIOHHY IJa oOTneJieHuda o¢opMalbmerunga 36. MeTaHOJ
BHIOEJIAIT II0 JIMHMM 38. BepxXHMM IIOTOH, Kak IIPpaBMJIO, M3BJIEKAalT IO
JIMEMM 37 ¥ HaOpaBJAOT B YCTAHOBKY IJIA MOJIydeHUS dopMaJibOeruia.

Hacrosmee m300peTeHMe OyOeT OIMCAHO CO CCBUIKOM Ha CJlenyommui

[IpUMEDP .
Mpumep 1
s MOOEJIMPOBaHNSA KOJIOHH 2TepUdUKALUA u TMOpoJM3a

VCIIOJIL30BaJM IJIaT)opMy MOOeJiMpoBaHMsa Aspen Plus V8.8. OdusuUuecKue
CBOMCTRA, VICIIOJIL 30BaHHHE B MOIeJIMPOBaHUM, IoJIyyain c
VCIIOJIE30BaHMeM KoMOMHalMK ©OaHKOB JaHHEIX Aspen plus ¥ MeTOIOB
OlLIEHKM CBOMCTB.

YCJIOBUA Ipollecca mOJSA KOJOHH OoTneJleHMsa »0upa M TIHUOPpOJIM3a,
KOTOpPHE TPeIOCTaBJAT coBoM peaKUMOHHBE IUCTUIIJISLUMOHHEE KOJIOHHH,

OB CJIEeOVIOMMMU &

KoJjioHHa mnJi4g
OTHOeJIeHUS CJIOXHOTO KoJioHHa THUOPOJM3a
s0pUpa
DaBJjieHue B BepxHelU
0,3 1,2

JacTM KOJIOHHHE (0ap)
TeMmIepaTypa B BepxHeM

paryp P 61,9 79,2
YyacTM KOJIOHHH (°C)
OcHoBaHMe KOJIOHHEI T (°C) 133, 8 134,0

Peakumyu, BKJIKUYEHHHE B MOIEJMPOBaHME IIpPOlleccCa, BKJIOUAKT B
OCHOBHOM B2TepudMKaLMio IJIMKOJIEBOM KUCJIOTH (GA), MEeTOKCUYKCYCHOM
KMCJIOTH (MAA), OUIJIMKOJIEBOM KMCJIOTH (DGA) C MeTaHOJIOM, a TakKxe

I'MOpoJins IIOJIydaeMBIX CJIOXHEIX 9(1)MpOB, a VMIMeHHO MeTWJITJIMKOJIATa
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(MG) , MeTHMJIMETOKCHaleTaTa (MMA) , MeTUIJIOUTJIMKOJIATA (M-DG) "
OVMETUIIOINTIIMKOJIATa (M-DG-M) . ][99 peakKUuUM 3TepUIMKaAMM B KadecTBe
KaTajlmsaTopa ucrojgs3oBaim HySO4,

KoMmosuumm ITIOTOKOER, IIOJIYUeHHEE IIPpM MONEJIMPOBaAHUM, [IPUBEIEHH
B Tabjulle HMXe. HoMepa I[IOTOKOB COOTBETCTBYIT IIOTOKaM, YKa3aHHBM

Ha oumr. 1.
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KomMmnosuumsa KaTammsarTop,
Maccs 18 20 21 22 nomaBaeMbli Ha 25 29 26 28
JIMHUIO 22
ferxme 0,271 | 0,492 0 0 0 0 0 0 0
bpaxruum
Boma 25,415 | 46,626 0 0 7,0 100,0 15,508 25,005 25,161
GA 0,926 0 13,25 0,507 0 0 0 73,999 74,46
MeOH 25,056 | 46,013 0 0 0 0 84,387 0,007 0,007
DGA 0 0 0 0 0 0 0 0,208 0,21
MG 43,921 0,1 76,852 99,077 0 0 0,104 0,052 0,052
MAA 0,165 0 2,276 0,095 0 0 0 0,109 0,11
MMA 3,703 6,77 0,001 0,034 0 0 0,001 0 0
M-DG 0,006 0 0,083 0,003 0 0 0 0 0
M-DG-M 0,535 0 7,509 0,283 0 0 0 0 0
i;iﬁi:a 0,002 0 0,028 | 0,001 93,0 0 0 0,618 0
MacCcoBbBIM
pacxon 6501 3542 365 2594 20 1419 1086 2947 2928
(kr/uac)

JleTkre oOQpakluuMM COCTOAT M3 dopMalibmeruna, MypaBbMHOﬁ KMCJIOTE, MeTujdpopMMaTa U MeTUJaJid.

B IIpelCTaBJIECHHOM InprnMepe CKOPOCTB I'Mmopojinsa MeTWIITJIMKOJIATAa [IOBHIIAKT InyTreM nobaBJjieHUHI
I'OMOTI'€HHOTI'O KaTaJlmsaTopa (H,SOy) B IIooaBaeMoe B preakTop I'MopoJin3a CEIPEBE . CLiye) TakrKxe MOXeT
OJOCTUIT'aTBECA IIPM IIOMOIM T'eTepPOI'€HHOTI'O KaTagusza u/Uim HPWI]Q&@OTG KOJIOHHEI IIpHM foJiee BHICOKOM IaBJIEHUN.

OOJIKHO OBITH IIOHATHO, U4TO KaTaJlm3aTop HeoOXoOouM B HEKOTOPEX YacCTAX CXeMB TeXHOJIOITMYeCKOI'O
npolecca. EcCaM MCIOJb3YIT TOMOT €HHBIN KaTaJjlmnsaTop, TakoMm Kak CepHad KHMCJIOTa, KaTaJlM3aTop IIpOoXOoIrT
gepe3 IIoCJIeOBaTeJIbHOCTE TeXHOJIOTUMUYEeCKUX onepaumﬁ, n IIOSTOMY MOXHO MCIIOJIB30BaThL OIOMH WM TOT Xe

KaTaan3aTop. OOHaKO IJIS KOHEUHOT'O I'MOPOJIM3a IIPpOoOyKTa OOBUHO TpebyeTcsd OTIOeJIbHEM KaTaljlmsaTop.
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$OPMYJIA MBOEBPETEHNA

1. Cnioco® nojiydyeHMS TJIMKOJIEBOM KUCJIOTH WMJIM ee IPOM3BOOHOTO,
BRKJIIOU AOMNN &

(a) BBaumMomeMCTBMe OdopMaJibOerMIa C MOHOOKCHMIOM YyIJlepona U
BOOOM B peakTope KapOOHUJIMPOBaAHMUA B NIPUCYTCTBUN CEepHOTO
KaTajlM3aTopa, IIpM STOM YKa3aHHHEM peakTop paboTaeT B MNOOXOOAMUX
YCJIOBUAX, B KOTOPHX o0OpasyeTcd ITUIMKOJIEBaAS KUCIIOTA;

(b) V3BJIeUEHNE [IEPBOTO IIoToKa NIpoOyKTa, BKJIOUAKIET'O
TJIMKOJIEBYK KUCJIOTY, TIPUMECHM ¥ COEIOMHEHUS CepH, B pPeakTope
KapOOHUIIMPOBaHUA;

(c) [IPOXOXIOEHNE [IEPBOTO IoToKa IponyKTa B peaxkTop
sTepudUKalM, IIOe ero IoaBeplranT »Tepuduralmmu C obBpas30BaHUEM
QJIKMJITJIMKOJIATa, W TOoe D2TepudUukrkalrsa KaTaJU3upyeTcsa COeOUMHEeHUAMU

CepPEl, BEIOEJIEHHEIMM B II€PBOM IIOTOKe IIPOOYKTa;,

(d) M3BJIeUEHNE BTOPOTO IIOTOKa IponyKTa, BKJIOYAKIETO
AJIKMUJIITJIMKOJIAT, COenOMHEHU A Ceprl u npuMecH, nu3 peakTopa
STepUdUKALIUN ;

(e) oTHmeJieHMe COEOMHEHMM Cepsl OT BTOPOI'O IIOTOKA MIPOOyKTa U
PELUMPKYJIALMIO B  pPeakKTop KapOOHMIIMPOBAHMA Ha  CTaIOuUo (a) c
obpasoBaHMeM OOeOHEHHOTO CepoM BTOPOIO IIOTOKa MNPpOoInyKTa;

(f) oTnmesieHMe aJKWJITJIMKOJIATa M3 O0DOeOIHEHHOT'O CepoM BTOPOTO
[IOTOKa TMNPOOYKTa B 30He IUCTUILIALUUM; U

(g) V3BJIeUeHN e AJKMIITJIMKOJIATa u npeobpa30BaHue
AJKUIITJIMKOJIATa B TJIMKOJIEBYK KUCJIOTY .

2. Crioco® 1o IYHKTY 1, B KOTOPOM AJKUIITJIIMKOJIAT
npeoOpa30BHBAKRT B IJIMKOJIERYK KUCJIOTY B peakTope I'MOpOoJM3a.

3. Cnocof® no OyHKTy 1 MM 2, B KOTOPOM MOJISPHOE COOTHOIEeHME
BOIa:opMallbIeTIMll CcOoCTaBJISgeT okoJo 4:1.

4. Cnoco6 1o JoboMy OIOHOMY W3 IIyHKTOB 1-3, B KOTOPOM
PacTBOPUTEJIE MCIOJBb3YRT B peaKTope KapOOHUIMPOBAHUA.

5. Cnoco6 mo nOyHKTY 4, B KOTOPOM PAaCTBOPUTEJIL IIpPencTaBJSgeT
CcoBOM MNPONMOHOBYID KMCIJIOTY MM CYJbLGOOH.

6. Cnoco® Mo OyHKTy 5, B KOTOPOM pPacCTBOPUTEJE IIPelICTaBJIAET
cobom 2,3,4,5 TerparugporuodperH-1, 1-OMoKCHUI.

7. Cnoco6 1o JoboMy OIOHOMY M3 IIYHKTOB 1-6, B KOTOPOM

peaxkTop KapOOHUIMPOBaAHUA paboTaeT IpM TeMlepaType B IMalasoHe OT
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okoJio 50°C mo okosio 400°C mium oT okoJyio 100°C mo okojo 250°C u nipm
DaBJIeHVM B OMalla3oHe OT OKoJIoO 1 mo okojio 1000 Bap (orT okojio 0,1
no okoJjio 100MIla) wmam B mmanaszoHe oT 10 mo 200 Gap (oT okojsio 0,1
oo okoJio 20Mlla) .

8. Cmocof6 mo JjoboMy OOHOMY M3 MOYHKTOB 1-7, B KOTOPOM IIE€PBHM
IIOTOK HNpOIOyKTa IIOCTyIlaeT B 30HY pas3lelleHud JIeTKUX OQpaKUUM.

9. Cnocof mno nOyHKTYy 8, B KOTOPOM 30Ha pa3lOejiIeHUs JIeTKOM
bpakuum paboTaeT IOpM TeMIepaType pebonyepa oT okoJjo 140°C mo
okoJio 160°C mim okoJsio 150°C m TemmepaType BepxXa KOJIOHHEL OT OKOJIO

75°C mo okoJjo 85°C myim okoJsio 80°C M maBJeHMM OT OKoJIO 1,8 ©Oap mo
OKOJIO 2,2 Bap WM OkoJIo 2 Bap.

10. Cnioco6 1o nOyHKTY 8 wmiauM 9, B KOTOPOM HU3KOKMUIISMUM
aJIKaHOJI IMOoOalT B 30HY pasmelleHMsa JIeTKUX OpakKLmi.

11. Crnoco6t mno JjoboMy OOHOMY M3 INOyHKTOB 8-10, B KOTOPOM
BEepXHUM TIOTOH, W3BJIEKAeMBEM M3 3B0OHH paslelleHusa JeTKUMxX opakumi,
IoCcTynaeT B BOHY OTIeJIeHUS BOIH.

12. Cnoco® mno nyHKTy 11, B KOTOPOM BEepXHUM IIOTOH U3 3OHH
oTHeJIeHMS BOIH IIOHAIT B KOJIOHHY IJIS OTHeJIeHMS dopMajibmeruia.

13. Cnoco® mno JgoboMy OIDHOMYy M3 IIYHKTOB 1-12, B KOTOPOM
STepudUKalMD OCYIECTBIILDT IIPM TeMiIepaType oOT okoJjio 90°C mo OKOJIO
150°C, or okosio 110°C mo oxojo 140°C, or okxoJsio 115°C @mo OKOJIO

130°C mim or okoJio 120°C mo okoJjio 125°C.

14. Cnoco® mno JgoboMy OIOHOMYy M3 IIYHKTOB 1-13, B KOTOPOM
peakTop STepudukaumm paboTaeT OPM HaBJEeHUMM OT OKoJO 3 0Gap o
OKOJIO 7 Bap MJIM OT OKoJo 4 Bap IO OKoJO 6 Bap, ¥ IaBJIeHME MOXeT
coCcTaBJATE OKoOJIO 5 Oap.

15. Cnoco® mno JgoboMy OIOHOMY M3 IIYHKTOB 1-14, B KOTOPOM
COeIVHEHMA CepH yOajJdaonT o o00paboTkM O0OeOHEHHOTO COeOMHEHUAIMNU
Cepe BTOPOTO IIOTOKAa MNPOOYKTa IOJS M3BJIeUeHUSI aJIKMJITJIMKOJIATA.

16. Cnioco® mno JgoboMy OIOHOMY M3 IIYHKTOB 1-15, B KOTOpOM
cCoeIMHEeHns cepu pa3nesanT B VCIIapUTebHOM BapabaHe IJIs
STepUPUKALIMM M BHIOESJISAT B IOTOKEe COeOMHEeHUV CepH.

17. Cnoco® 1mo nyHKTYy 16, B KOTOPOM MCIapUTeJIbHHM 0OapabaH

s sTeprdukalmumM padoTaeT IIpM TeMiIepaType OT okoJio 140°C mo oKoJIo
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160°C, or oxkoyso 145°C nmo oxkxosio 155°C mim okxosio 150°C u  npwm
oaBJieHMM OT OkoJio 1,5 mo okojo 2,0 Gap miam oT okoJo 1,7 Bap nmo
okoJio 1,8 bGap.

18. Cnoco® mo nyHkTy 16 miam 17, B KOTOPOM COEIOMHEHWUS CepPH
HaOpaBJIAT B INOBTOPHHM ILIMKJI B peakTop KapOOHUIMPOBAHMA.

19. Cnoco®t mno JjoboMy OIHOMY W3 IIYHKTOB 16-18, B KOTOPOM
IIOTOK COeOMHEeHUM Ccephl NOCTyIaeT B KOJIOHHY PeLUUPKYJISLUN.

20. Crnioco6 mo nyHKTy 19, B KOTOPOM BOOY HOOOABJAKT B HMWKHIOW
YacThk KOJIOHHH PEeUVPKYJIALUMA.

21. Cnoocof6 mno JmwoboMy OIOHOMY M3 IOyHKTOB 1-20, B KOTOPOM
BTOPOM TIIOTOK IIPOOYKTa, nim oOeOHEeHHHM Cepo¥ BTOPOM IIOTOK
IpOoOyKTa, IIOCTyIlaeT B KOJIOHHY IJIS IOIUCTUIIIALMM CJIOXHOTO 3dupa.

22. Cnocob6 1o OyHKTYy 21, B KOTOPOM KOJIOHHa nIJIS IOUCTUILJIALUN
CJIOXHOTO »dupa paboTaeT HOpM IaBjieHMM OT okojio 0,2 Bap HO OKOJIO
0,4 Bap wiu okoJyio 0,3 Bap.

23. Cnoco6 mno nOyHkKTy 21 wmim 22, B KOTOPOM TeMIepaTypa B

BepxHeM YacTM KOJIOHHHE IJIS IOUCTUIJIALUM CJIOXKHOTO DdMpa COoCTaBJISAET
OoT oKoJIo 60°C mo okoJio 65°C miam okoJio 62°C, a TeMIepaTypa B
HIMKHEeM YacTM KOJIOHHEI COCTaBJIZeT OT oKoJio 130°C mo oxoJjo 140°C wmim

oT okoJio 134°C mo okoJjo 135°C

24. Cnoco6 mo JoboMy OIHOMY M3 IOYHKTOB 1-23, B KOTOPOM
AJIKMIITJIMKOJIAT IIpeoBpa30BEHBAT B IJIMKOJIEBYID KUCJIIOTY B pPeaKTope
TUOPOJIN3A .

25. Cnoco® 1o nOyHKTy 24, B KOTOPOM pPeaKTop TIUIPpOoJM3a
opencraBJigeT CcOOOM PeaKUMOHHYID IUCTUJIJISLUMOHHYI KOJIOHHY .

26. Cnoco® mno nyHkty 24 wmim 25, B KOTOPOM KaTaJlM3aTop
DOoBOaBJILT B PeaKUMOHHYID OUCTUIIJISIMOHHYIO KOJIOHHY .

27. Cnocof6 mo JoboMy OIHOMY M3 IIYHKTOB 1-23, B KOTOPOM
AJIKMIITJIMKOJIAT MNpeofpa30BHBAIT B INIMKOJIEBYID KMCJIOTY IIYTeM MOHHOTO
oBMeHa .

IIo DOBEepPEeHHOCTHU



555543
112

OUT. 1

\'4

|




A 4

A

35

N

N

10

1"

12

13

v

31

gie

20

19

22

30

38

I\
21

OUl. 2

A
'\
24~ 29

23

27

¢lc



	Bibliographic data
	Abstract
	Description
	Claims
	Drawings

