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OIINCAHUE U30BPETEHUA
2420-301661EA/072
CIIOCOB NOJYYEHHUSA CJOKHBIX DY®HUPOB TEPED®TAJTEBON KHCJIOTHI
Hacrosimnee  u3o0peTeHre  OTHOCHUTCS K MPOU3BOACTBY  CJIOKHO3(HMPHBIX
IACTU(HUKATOPOB,  UCHOJB3YEMBbIX B  MPOU3BOACTBE  monuBHHMIXJIOpuAHbIX  ([IBX)
IUIACTHYECKUX Macc. B 4acTHOCTH, n300peTeHne OTHOCUTCS K CIIOXKHBIM 3(upam TepedTaneBoi
KHCJIOTBI, MOJIy4YeHHBIM MyTeM 3TepupuKannu TepedraaeBoil KUCIOThI CITUPTAMH.

YpoBeHbL TEXHUKH

CriocoObl monyueHust TIacTUGUKATOPOB HA OCHOBE >(PHUPOB TepedTaneBoil KUCIOTHI
nyTeM 3Tepu(UKaLMK KHCIOTHl CHUPTOM OOINEH3BECTHbI B MATEHTHOW M JPYrod Hay4yHOU
aureparype. Takke OOIIEN3BECTHBI CTAIMHM JAHHOTO MpoIecca M MX MOCIENOBATEIbHOCTD, a
UMEHHO. CTagusl STepU(UKAIMM, 3aT€M OTTOHKAa HM30bITKa CIHMPTA, HEHTpPAIM3aLUs KHCIBIX
NPUMECEH, M MOCIENYIOIasi CTAAMsI OCYIIKH U (PHIIBTPALIIH.

Peakunu stepudukanny sBISIOTCS KaTaTu3upyeMbIMH. U3 ypOBHSI TEXHHKH HU3BECTHO
UCTIONB30BAHUE B KAa4eCTBE  KATAJIM3aTOPOB  HEOPraHMYECKUX M OPraHUYECKUX
METAJUICOMEPKAIUX COCTUHEHNH, B YaCTHOCTH COCAMHEHUH THTaHAa. BBICOKash aKTUBHOCTH H
CEJIEKTUBHOCTh THTAHCOIEPIKALINX KaTaJIM3aTOPOB, MX XOpPOIIAs PacTBOPUMOCTb, OTCYTCTBHE
NpU WX UCIOJNb30BAHMHM KHCJIBIX CTOYHBIX BOJ, BBI3bIBAIOIINX KOPPO3HUIO aIMapaTypsl,
NOCTYXUJIM ~ NPUYMHAMU  3HAYWUTENBHOTO  PACHpPOCTPAHEHUsT 3THUX  KAaTalIM3aTOpOB B
NPOMBIIIJIEHHOH MPAKTHKE.

Hanpumep, B 3asBkax US20070161815 u WQO2008094396 packpelT crocod
srepudukanun tepedranesoit kucnorel (TPK) cnmprom, comepxkammm or 6 mo 10 atomoB
yriepona, B npucyTrcTBuu Terpansonponokcuna tutana (THUIIT) B kauectBe karanusaropa B
xonmuectse 0,2% macc. mpu armochepHoM nasnenuu, remneparype 180-225°C u Bpemenu ot 8
10 9 gyacoB. HenocraTkom naHHOTO criocoda sIBISIETCs JUIUTENIbHOCTD IIPOoLiecca STepu( KA.

B marentax CN102807491 wu CNI105130804 onucan mpouecc 3TepuUPUKALIH
KapOOHOBBIX KHCJIOT HU3KOMOJIEKYJSIPHBIMUA CIHPTAMUA C KOJIMYECTBOM AaTOMOB YIJIEpOAa
MeHbIIE 7 IJIs TOYYEHUs! CIOKHOA(PUPHBIX MIAaCTU(UKATOPOB WitH MX Komnosuuii. Criocod mo
YKa3aHHBIM NATEHTaM TAK)K€ HE JIUIIEH HEeIOCTATKOB, B YACTHOCTH, BBICOKHE TEMIIEPATypPbl OT
210 nmo 230°C u Gonee, naByneHue, BHIOpaHHOE B quana3oHe ot 8 10 10 atwm.

U3BecTHO, YTO 3TepU(UKALMIO B MPUCYTCTBHH METAICOAEPIKAIINX KaTaJIN3aTOPOB
OCYIIECTBIISIFOT MPH CPABHUTENLHO BBICOKUX TEMIIEPATYpPax M AABJICHUH U 3a4aCTYIO B TEUCHHE
JUTUTENIHOTO TPOMEXKYTKa BPEMEHH, YTO BJEYET 3a COOOW yBENHMUEHHE SHEPreTHYECKHX M
CBIPBEBBIX 3aTPaT. AJIBTEPHATUBONW METAJUICONEPIKAIINM KaTaIn3aTopaM, TpeOYOLINM OObIINX
SHEPreTUYECKUX 3aTpaT Ha CTaJAWU STepU(PUKALNH, SIBISIOTCS AKTUBHBIE, UMEIOIIUE HU3KYIO
CTOMMOCTb, CHJIbHBIE TIPOTOHHBIE KUCJIOTHL. B OT/IMYHE OT MeTalIcoaepKaluX KaTajln3aTopoB,
NPOTOHHBIE KHCIOTHI MO3BOJSIOT NMPOBOAUTH 3TepUPUKALNI0 ObICTpee, NMPH MEHee BBICOKHX
TeMIIepaTypax U JAABJEHUH, C BBICOKON KOHBEPCUENH UCXOAHON KUCJIOTHL. B kauecTBe KUCIOTHBIX
KaTaJn3aToOpPOB Uil pPeakluH 3TepupUKaLUU HCIONB3YIOT. CepHyH0, (HochopHyI0, a30THYIO,

MapaToNyoJICyIb(pOHOBYIO, METacCyJb(OHOBYIO, STAHCYJIb(OHOBYIO, IPOMAHCYJIb()OHOBYIO,



OyTaHCYNIB(OHOBYIO KHCIIOTHI, PAa3JIMYHbIe HOHOOOMEHHBIE CMOJIbI U IX KOMOWHALIHIO.

OpHako MPOTOHHBIE KUCJIOTHI B KaueCTBE KAaTAJIW3aTOPOB HE JIMIIEHBI CYLIECTBEHHBIX
HenocTtaTkoB. Cpenu HUX MOJKHO OTMETHTb. HEBBICOKYIO CEJIEKTUBHOCTb, OOYCIIOBJIEHHYIO
CIIOCOOHOCTBIO YCKOPATh MOOOYHBIE PEAKLIUH, KOTOPBIE, B CBOIO OY€pellb, BIMSIOT HA LIBETHOCTD
LIeJIEBOr0 MPOAYKTa, HEOOXOAMMOCTh HelTpanu3aunu katanusatopa. Kpome Toro, npumeHeHue
KHCJIOTHOTO KaTaJu3aTopa MPUBOIUT K KOPPO3UH HCIONB3YEMOrO B IPOLECCe 3TepUpUKALUN
CTaJIbHOTO 00OPYIOBAHUSL.

B 3asBke CN104072365 nns peakuuu OSTepuUUKALMM B KAdeCTBE KaTaU3aTOpa
HCTIOJIb3YETCsl CepPHAasi KUCJIOTa B COOTHOIIEHUU CEpHAasi KUCJIOTa.CcupT paBHOM 1:3. B nanHOM
ciydae 00eCreYnBatOTCsl BBICOKHE CKOPOCTH MpoLecca (ATUTEITbHOCTh PEaKIUH COCTABISIET OT
45 no 5 uacoB) npu Temmepatype okono 200 °C. OmHAKO HENOCTATKH, CBS3aHHBIE C
o0pa3oBaHHEM OOJIBIIOTO KOJHMUYECTBA MOOOUHBIX MPONYKTOB, 1 COOTBETCTBEHHO, CJIOKHOCTHIO
BBIJIEJICHUSI IEJIEBOTO MPOAYKTA OCTAIOTCS HE YCTPAaHEHHbIMH. Taxke B 3asBKe HET HH(pOpMaLUH
0 KauecTBe U CBOWMCTBAaX LIEJIEBOT0 MPOAYKTA, B HACTHOCTH, OTCYTCTBYIOT CBEAEHUSI O KUCIOTHOM
YHClie ¥ LIBETHOCTH I'OTOBOTO MPOAYKTA.

KucnorHoe uMciIO yKa3plBaeT Ha KOJHMYECTBO HEMpOpearnpoBaBlIeil KapOOHOBOIA
KHCJIOTBI M XapakTepusyeT IOJNHOTY peakiuu. IIpu 5TOM BBICOKOE coOnep:kaHHE KHCIOT
NPUBOJUT K TNPEXKAECBPEMEHHOMY [OXENTEHUIO M3AeNui, 4YTO COKpallaeT CpoK uX
SKCIUTyaTauuu. L[BeTHOCTh miacTudukaropa, B CBOK OuUepelnb, OKA3bIBAET BIHMSAHUE Ha
ONTUYECKHE CBOMCTBA KOHEYHOTO M3enus. BbIcokas IBETHOCTH MmiacTu(UKaTOpa HE MO3BOJISET
NOJIYYUTh TPO3pavHble M OENOCHEKHbIE KOHEUHbIE M3JENUS, YTO CYLIECTBEHHO OIPAaHHYHBAET
00J1aCcTh MPUMEHEHUS IJIaCTU(PUKATOPA.

Takum o00pa3oM, Ka4deCTBEHHbIH IUIACTU(UKATOP MAOJDKEH XapaKTepU30BATBCS Kak
MO>KHO MEHBILINMHU MOKA3aTeNsIMU LIBETHOCTU U HU3KUM KHCJIOTHBIM YUCIIOM.

Bce mnepeuncineHHble HEOOCTATKH, CBSI3aHHBbIE C MCNOJIb30BAHHUEM OTHEJIBHO Kak
KHCJIOTHBIX, TaK U OTAEJIbHO METAJUICOAEPIKALIUX KAaTaIU3aTOPOB CTUMYJIUPOBAJIO TIOUCK HOBBIX
KaTaJIM3aTOPOB peakiuu dtepudukanui. U3 ypoBHS TEXHUKH W3BECTHBI PA3JIUYHbIC BAPUAHTBI
CJIOKHBIX KATAJIMTUYECKHX CHCTEM M CIOCOOOB MX BBOAA B PEakTop. Takue CHUCTEMBI, Kak
NPaBWJIO, TMO3BOJSAIOT CHU3UTh HETaTUBHOE BJMSHHE OTAENbHO B3SITOTO KaTalu3aTropa MU
n00UTbCsl CUHEpreTHdeckoro 3¢ ¢exkra B MHHUMHU3ALUUN O0pa3OBaHHUs MOOOYHBIX MPOIYKTOB,
YBEJIMYCHUH  KAuecTBa  MOJY4YaeMOro  CJIOXKHO3(pHUpPHOro rulactudukaropa, a TakKke
MHTEHCU(UKALNN TTporecca STepupruKaLnm.

Tak, B 3asBke WO201179952 mpennoxkeHa clOKHAas KaTaJUTHYECKas CHCTEMA,

,
COCTOSIIIAsT U3 COEAMHEHUs] MEeTaJUla, BBIOPAHHOTO M3 THUTAaHA, OJOBA WJIM LIUPKOHUS, a TaKXKe
KHUCJIOTHI, BBIOPaHHON U3 cepHHUCTOH, ¢(ochopucToli w/mnn (HochopHOBATHCTON KHUCIOTHI.
JlobaBneHne B pPEaKTOp KATAIUTHYECKOW CHCTEMBbl U3 JABYX KOMIIOHEHTOB MPOHM3BOISAT
onHOBpeMeHHO. Takum 00pa3oM, aBTOpPbI JAaHHOH 3asiBKU JOOWBAIOTCS YBEIWYEHUS CKOPOCTHU
peaKknMy ¥ BO3MOKHOCTH NPOBEAESHUS MPOLECCa B YCIOBHAX C MEHBIIUMH TeMIepaTypaMu (OT
160 mo 220 °C) u nmanenuem (ot 4 mo 7 atm). OmHAKO, COIJaCHO HM300PETEHHUIO, IS

AOCTUIKEHUS  TAKOro  TEXHUYCCKOro  pe3yJjibTara HGO6XOI[I/IMO CJIOKHOC PCaKTOPHOC



obopynosanue. Kpome Toro, noOaBieHHe KHCIOTHBIX KaTaJIW3aTOPOB M KaTaJIU3aTOPOB Ha
OCHOBE METAJUIOB B Ha4aJle PEaKIMH IIPUBEIET YBEIUUEHUIO 00pa30BaHMsl MOOOYHBIX MTPOAYKTOB
(mpocThIx 3UPOB) U, KaK CIEACTBUE, CHIKEHHIO BBIXOJa KOHEUHOTO MPOIYKTA.

Kak roBopunoce paHee, cmocoO BBEAEHUS KaTalu3aTopa B pEAKTOP OKa3bIBAaeT
CYIIECTBEHHOE BIMSHHE Ha mpouecc sTepudukanuu. Crenyer OTMETHTb, YTO CHOCOOBI
HIOCJIEIOBATENbHOTO  (IIO3TAITHOT0) BBOAA KATAIM3aTOPOB HMEIOT PSR NPEHMYLIECTB, B
YACTHOCTH, OOyCNABIMBAIOT  J0OaBIE€HHE ONTUMAJIbHBIX  KOJMYECTB  KAaTaJIU3aTOPOB,
CIOCOOCTBYIOT YBEJIMYEHUIO KOHBEPCHUH, CHIKEHHIO O0pa3oBaHUsl MOOOYHBIX MPOAYKTOB H
yBEJIMUYEHUIO CKOPOCTH MpoIiecca.

B marente CN102824929 nns peakiyu STepupUKALUIN U TOIYYEHUS CIOXKHO3(PUPHBIX
TUIACTH(HUKATOPOB TMPEAJIOKEHa MHOTOKOMITOHEHTHAsI KaTaJTUTUYECKash CUCTEMa, COCTOSIIAs U3
JBYX KaTaJM3aTOPOB, KAX/bII U3 KOTOPBIX TaKKe BKIHOYAEeT HECKOJIbKO KOMIIOHEHTOB. B omHOM
U3 BapHAHTOB OCYINECTBJICHUS W300PETEHHs, MEPBBIH KaTaIU3aTOp MPEACTABIIET CMECh U3
WOHHOM KUAKOCTH B KonmuecTtBe 70-95% macc. u coequHeHus MeTtaia B konudectse S5-30%
Macc., TIPU 3TOM BTOPOil Kartanmu3arop Ha 60-80% cCOCTOUT U3 TUTAHCOAEPIKAIIETO COSTUHEHUS U
Ha 20-40% ngpyroro wmeramundeckoro coeamHeHus. Cnoco® BBOAa MEpPBOrO M BTOPOTO
KaTaJn3aTopa OCHOBAH HA MOCIENOBATEIBHOM NOOABJIEHUH: TMEPBBI KAaTAJIU3aTOP BBOAHUTCS B
pPEaKTOp Ha HAYAJIbHOW CTaIuu 3Tepru(UKALUH, BTOPOH KAaTAIU3aTOP BBOIUTCS TMPHU JOCTHIKEHUN
Temmepatypbl 160-220 °C. OueBUIHO, YTO M3-32 CIOKHOCTH COCTaBa TAKON KAaTaJUTUYECKOM
CUCTEMbl OHA CTAaHOBUTCA HE NPUMEHUMON [Js1 KPYNHOTOHH&XHOIO IPOM3BOACTBA
IIaCTU(PHUKATOPOB.

brnn3kuM Kk HacTosIEMYy M300PETEHNIO PelIeHHEeM B 4acTH 1OOABIEHUs KaTaIu3aTOPOB U
[apaMeTPOB TEXHOJIOTHYECKOTrO IpOoLecca SBISIETCS CIOCO0 MOJMYy4EHHUs CIOXHBIX 3(PHUPOB
miactudukaropos g [IBX, packpbrreiii B matente  US6355817.  OcobeHHOCTBIO
OIMCBIBAEMOTO Crocoda SIBIISIETCSl MOSTANHOE A0OABJIEHHE KaTajlu3aTOpPOB 3TepuU(HKALUH, B
KOTOPOM Ha MEPBOM 3Tame NOO0ABJISIOT METaJUICOAEP KA KaTajiu3aTop, Ha BTOPOM STare
D00aBJISIOT METAJICOACPIKALIMIA KaTaJIu3aTop, OTIMYHBIA OT mneporo. OOiee KOIMYECTBO
n00aBIIsIEMOM KaTaJIMTHYECKOM cucTeMbl cocTaBisieT 0,45% macc.

OnHako, HECMOTpsT HAa CXOXECTb B OCYLIECTBICHHMU IIpolecca 3Tepuduxanmy,
NPUCYTCTBYIOT CYLIECTBEHHBIE DPA3JIMYMs, B YACTHOCTH HCIIOJIb30BaHHE (hTaNeBOM KHUCIOTHI,
COEAMHEHUs] KOTOPOW OONamar0T BBICOKMM IIOKa3aTeleM TOKCUYHOCTH, a TakXKe CIUpTa C
KOJINYECTBOM aTOMOB yriepoza Oojiee 6, TOrna Kak B HaCTOSIIEM M300pETeHHH HEOOXOIUMBIM
SIBJIIETCS MICTIONIb30BaHKUE TepeTaieBOil KUCIOTHl U HU3LIMX CIHUPTOB C KOJUYECTBOM ATOMOB
yrinepona ot 1 no 6. Kpome toro aBropamu US6355817 He ykazaHbl CBOWCTBA IMOJIy4aeMOTO
MPOAYKTA.

Takum oOpa3om, W3BECTHBIE W3 YPOBHS TEXHUKH KaTalM3aToOpPbl 3TepUUKALUU U
crocoObl UX BBOJA B peakTop He mo3BONsIOT nocthub 100% kouBepcunm TOK, cHuxeHHS
o0Opa3oBaHusi MOOOUYHBIX MPOAYKTOB, & TakXKe HE IO3BOJAIOT CHHU3UTH BPEMS MPOBEISHHS
nporecca (nmopsinka 4-5 yacos), Temneparypy (or 180-200 °C) u nasnenue (ot 4 10 7 aTm).

CvyIHOCTH H300peTeHus




3apauyeii Hacrosimero H3o0peTeHHsi SBJSIETCS pa3paboTka crocoba MOMydeHUs
CIOXHBIX 3(PUPOB TepedTaNeBOH KHUCIOTbl C BBICOKOH KOHBEPCHEH KHCIIOTBI, HU3KUM
cofiepKaHueM NOOOYHBIX MPOAYKTOB (muOyTHNOBBINA 3¢Qup, MOHO-3pup, OyTHIOBBIH 3dup
napatonyoicyiabpokucioTsl (BITTC)).

TexHnyeckuil pe3yJbTAT HACTOSAIETO H300pPETEHHUs] 3aKJI0OYaeTCsl B yBEJIUYEHUU
KoHBepcun TepedTraneBoii kuciaotel 10 100%, a Takke B CHHKEHHH KOJMYECTBA MOOOYHBIX
IPOAYKTOB B IPOLECCe MOJYyUeHHsI CIOXKHBIX 3(pUpoB TepedraneBoil KUCIOTHI, KaK CIEICTBHE
yYBEJIMYEHUN BBIXO/A ILIEJIEBOTO NPOAYKTa. J[OMOJHHTEJBHBIM TEXHHYECKHM Pe3yJIbTATOM
sBJsieTcss Hu3koe kuciotHoe yucyo (1,4 mr KOH/T), a Takke HU3KOE 3HAYEHUE MOKA3aTels,
XapaKTEePU3YIOIIEro [IBETHOCTDb MOJYYEHHOTO CJIOKHOTO 3(hupa TepedTaneBol KUCIOTHI.

3anaya peuraercss M TEXHUYECKUI pe3ynbTaT JOCTUrAeTCsl 32 CYET HCIOJIb30BaHHS Ha
craguu 3TepuduKanmy, MPOTEKAIell B OAHOM PEaKIMOHHOM COCYyIe, ABYX KaTaJU3aTOPOB
pa3HOH TpHUPOABL, NOOABISEMBIX ITOCIEAOBATEIbHO. METAJUICOAEPIKAIIErO KaTaju3aTopa Ha
NIEPBOM 3Tare U KUCJIOTHOTO KaTaJIN3aTopa Ha BTOPOM 3Tare STeprupUKALIUH.

ABTOpaMH  HACTOSIIErO HM300pETEHHs HEOKMAAHHO ObUl0O  OOHApPYXKEHO, HYTO
HCIIOJB30BAHUE METAJUICOAEPIKAIero KaTaiau3aTopa Ha IIepBOM 3Tale U KUCJIOTHOIO
KaTaJn3aTopa Ha BTOPOM 3Tame npouecca 3Tepu(puKanuy MO3BOJSIOT MOJIYYUTh MPOAYKT CO
CHIDKEHHBIMHM KOJIMYECTBAMH IpUMeceH, HU3KUM KHUCJIOTHBIM YHCJIOM, a TakKe HU3KOM
BeTHOCTHI0. Kpome Toro Beicokas kouBepcust (100%) repedraneBoli KUCIOTHI TOCTUTAETCS TIPH
temneparype ot 180 mo 200°C BKIOUMTENBHO, AABAEHUU OT 4 MO 7 aTM. U JJIUTENbHOCTU
peakuuu oT 4 no 5,5 4dacoB, 4TO siBjsieTcss ontumMaibHbiMU AJs 100% xonBepcun TPK
YCIIOBUAMHU TpoBeneHus: mpouecca. Ilpu 3Tom obiee KOIMUECTBO KATaJTUTHYECKOH CHCTEMBI,
BKJIIOYAIOIIEH MEeTaJUIOPTaHMYeCKHH M KHCJIOTHBIA KaTauu3aTrop, cocrasiser He Oonee 0,7%
Macc., 4TO He MpEeBBbIIaeT OOINENPUHSThIE B JAHHOW TEXHUYECKOW OOJACTH KOHIEHTpAIUU
KaTaJIM3aTOPOB (METAJUIOPTaHUYECKOTO WIIN KUCIIOTHOTO OTAEIIBHO).

Onucanue guryp

JUis TOSICHEHUsI TEeXHUYECKUX PEeLIeHUH, PacKPbIBAIOIIMX CYLIHOCTh IMpPeiaraeMoro
u3o0perenus;, nmpusereHa dur. 1, Ha KOTOPOIl MpencraBlieHa CXeMa YCTAHOBKH MOJYYESHHUS
CIIOKHOTO 3dupa TepedTaneBoil KUCIOTHI.

Hzobperenue nosicasiercst Oonee dur.l, Ha KOTOPOW MpencTaBjeHa TEXHOJOTHYECKas
cxeMa MOJY4eHHUs CIOKHOro 3¢dupa tepedraneBoii kucnorsl, rae R-1 - peakrop stepudukanmy,
CHAaOKEHHBIH HArpeBaTEeNIbHBIM 3JIEMEHTOM M MepeMelnuBaromuM ycrpoiicteom M1, T-1 -
koHgeHcatop, S-1 - cemaparop, E-1 - emkocTh st momaum BTOpPOro kKaranuzartopa, E-2 -
eMKocTh ansi abcomotHoro cnupta, H-1 - Hacoc. IlpencraBneHnas Ha ¢ur. cxema sIBISIETCS
NPUMEPOM OCYIIECTBJICHUSI HACTOSINEro M300PETeHHs M HE OrPAaHMYUBAET €ro KOHKPETHBIMH
JeTals MU JaHHOTO PACKPBITHSI.

Crnoxsbiii 3¢pup TepedTaneBoll KHCIOTHI MOJYYAOT C MOMOINBI MOCIENOBATENbHBIX
CTaJluii, IPEJCTaBIEHHbIX HUXE:

1) B coorBercTBHH CO CIOCOOOM COTJIACHO HACTOSIIEMY HM300pETEHUIO TepedTaeByIO

KUCJIOTY, CHHPT, METAJUICOAEP KAIUI KaTalau3aTtop - M HeoOs3aTeNbHO aacOpOEHT BBOAAT B



peaktop stepudukarmu R-1, cHaOkeHHBIH HarpeBaTeNbHBIM 3JIEMEHTOM U IEPEMELIHBAIOIUM
ycTpoiicteom M-1.

2) Hanee peakHOHHYIO CMECh MCXOJIHBIX KOMIOHEHTOB B peakrope R-1 HarpeBaroT 1o
HayvajJpHOU Temnepatypsl 160-185 °C;

3) Ilpu noctwxkenun nasieHuss B peakrope R-1 B amanmazoHe or 4 no 7 artm,
NPUOTKPBIBAIOT KianaH V-1 Juis BEIXO/Ia ITApOB a3€0TPOITHOM CMeCH CIIUPT-BOAA;

4) Ilapel BOApl crnuMpTa 4epe3 MapoNpoBOJ MOCTynaroT B KoHueHcatop T-1, rame
KOHIEHCUPYETCS U MOCTYMNAK0T B cenaparop S-1;

5) B cenmaparope S-1 mporcXoauTt pasaeneHne cMecu Ha Be (pasbl: HUXKHIOK BOIHYIO U
BEPXHIOK OpraHu4eckyro dasy;

6) Bonnyro ¢asy nepuoanyecku yaaisroT (CIUBarOT) U3 cenaparopa S-1;

7) Ilo ucreuernu BpeMeHH OT 2,5 10 4 4acoB MOCHE NOCTH)KEHHs NaBJIEHUs 6 aTM. B
peaktop R-1 mpu nomouu Hacoca H-1 moparoT BTOpOH - KHMCIOTHBIM KaTajau3aTop B BHIE
pacTBopa B criupTe U3 eMkoct E-1.

8) Jlns yckopeHHUs mpolecca W YBEJIUYEHUs] CENEKTUBHOCTH TIOJIYYEHHUS LEJIEBOTO
NPOAYKTa JaBJeHHE B CUCTEME Ha MPOTSKEHUM BCE PeaKLMM MOJepKUBaeTcs Ha ypoBHe 4-7
aTM. 3a CYeT IUIABHOTO PeryJMpOBaHUsl HarpesBa peaklUOHHON cMecu a0 185-220 °C k koHLy
peaxLuy,

9) dns nonnepskanust M30bITKA CrIUpTa UCTONB3YIOT Hacoc H-1, momaromnuii aOCOMOTHBIHN
cnupT u3 emkoctu E-2.

10) Yepe3s 5-6 wacoB mocie AOCTHXKEHHSI HaBJICHHs O aTM. NPEKPALIal0T Harpes
PEAKLIMOHHON CMECH;

11) UYepes 6-7 uacoB mocjie IOOCTIKEHHUS HaBJICHHs O aTM. PEAKUHOHHYK Maccy
BBIFPY>KalOT U3 peakropa R-1;

12) TIlonmyuenHelii 5¢up 1pu  HEoOXOAMMOCTH  (QWIBTPYIOT OT  OCTaTKOB
HerpopearupoBaBineii TepedTaneBoll KUCIOTBI M KHCJIOTHOTO KaTajin3aTopa C IMOMOLIBIO
¢unbTpa @-1;

13) OtdunpTpoBanHbIi 3QUp HANPABIAIOT HA AAJBHEHIIYIO OYUCTKY (HEHUTpaH3alys,
oTnapuBaHue GpUIbTPaALWs).

@ur.2 u 3 npexacrasisitot codoit AMP 1H, AMP 13C criekTpbl MOJy4€HHOTO COSTHHEHHUS
TUTaHa Mo mpuMepy 7a.

@ur.4 u 5 npeacrasisitoT codoit AMP 1H, AMP 13C criekTpbl MOJNy4E€HHOTO COeTMHEHHUSI
TUTaHa Mo npumepy 3a.

UnenTnpukanuio  MOJYYEHHOTO MNPOAYKTA  OCYINECTBIBSUIM  METOAAaM  Ta30BOH
xpomarorpaduu. IlonydeHHBIH MPOAYKT NpeAcTaBisieT coO0OH OECLBETHYI MACHSHUCTYIO
KHUJIKOCTb — CJIOXKHBIN 3pup TepedTaneBoi KUCIOTHI, MOJYYEHHbIH 3TepUPUKALIIEH KUCIOTHI
OyTaHOJIOM, KOTOPBIM XapakTEPU3yeTCs HU3KUM COAep:kaHueM MOoOOUHBIX mpoaykTos (B3,
MoHO-3¢up, BIITC), HU3KUM KHUCIOTHBIM YHUCIIOM M HU3KOH LIBETHOCTBIO.

TloapoOHoOe onHcaHue H300peTeHus

Jlanee mnpuBOAMTCS MOAPOOHOE OMNHMCAHUE pPA3JIMYHBIX AaCMEKTOB U BapUAHTOB



peann3anuy HaCTOSIIIErO U300pETeHHUS.

B cootBercTBUM ¢ HacTosAmUM H300peTeHHEM, CIOCOO MOJyYeHHUs CIOXKHOro 3¢upa
TepeTaneBoi KHCIOThI BKIKOYAET CAEAYIOMNE CTAINH:

sTepuduKanys TepedTaneBold KHUCIOTHI CIUPTOM, cozepkamuMm oT 1 go 6 aromoB
yriepona, NMpU INOCTOSHHOM IOJAAEpPKAHUU H30BITKA CHHPTa B CHUCTEME, BKJIIOYAIOIIAsl J1BA
HIOCJIEIOBATENbHBIX ATANa: MEePBBIA - 3Tepu(UKALNSA C HUCIOJB30BAHUEM METAJUICOAEPIKAIIEro
KaTaJlM3aTopa; M BTOPOH - STepuUHKALUS C HCHOJIb30BAHMEM KHCIOTHOTO KaTalu3aTopa ¢
NOJIy4eHHEM ChIporo 3¢upa, mpu 3ToM o0a dSTana >TepupUKAlMU TPOTEKAT B OTHOM
PEaKIIOHHOM COCYJE;

b) HelTpau3anus KUCIOTHOIO KaTalu3aTopa B CbIpoM d(upe;

C) yIaJIeHue HU3KOKUITAIIHUX MPUMeCceil u3 ChIporo 3¢upa;

d) dunpTpaumss u ocymka 3dupa ¢ MOJIyYeHHEM CIOKHOrO 3¢upa TepedTaneBoi
KHCJIOTHI.

Cmaous a) Imepudpuxayun mepedhmaiegoit Kuc10mvl CRUPMOM

JUis monydeHHusl CIOKHBIX 3(QHPOB B COOTBETCTBUU C HACTOSIIUM H300pPETEHHEM B
Ka4eCTBE HCXOOHBIX COENUHEHWH MU TPOBENEHUS PeaKkUud STepUPUKALUU HCIIONB3YIOT
TepedTaneByr0 KHCIOTY U CIIUPT, copepskammii ot 1 1o 6 atomoB yriaepona. Ilpu stom crocod
STepUPUKALIA OTIIMYAETCS TEM, YTO €ro MNPOBOISIT B OJHOM pPEAKIMOHHOM COCYAe TNpHU
NIOCTOSIHHOM TOJ/EPKaHUM M30BITKA CIMPTa B CHCTEME B JBa IIOCJIEAOBATENIbHBIX 3Tara:
NEepBbIA - 3TepUUKALMS C UCIOIb30BAHUEM METAJUICOMEPIKAIero KaTajlnu3aTopa; U BTOPOH -
STepUPUKALHS C UCTIONb30BAHIEM KHCIOTHOTO KaTalIl3aTopa.

B xauecTBe criupTa HCHOJIB3YIOT OJHOATOMHBIHN CIIUPT, ¢ KOJINYECTBOM aTOMOB YIJIEpOza
oT 1 10 6, MPEANOYTUTENBHO HCIIOIb3YIOT METAHOJ, STAHOJ, TPONAHOI, OyTaHO, H30-0yTaHOI,
0oJiee MPEANOYTUTEEHO UCTIONB3YIOT OyTaHOJI.

B mpeamoutuTenbHOM ~ BapuaHTe B KAayeCcTBE  JIBYXOCHOBHOH  JAMKapOOHOBOIA

apOMaTHYECKOH KHUCJIOThI UCTIONB3YIOT Tepe(TAIEBYIO KUCIOTY, (POPMYJIbL:

Orepudpukanuro TepedTaNeBOH KHCIOTHI CIUPTOM OCYIIECTBISIOT MPU MOJIIPHOM
COOTHOULIEHUH KucaoTa:cnupt ot 1:1 o 1:3.

Peaknusi stepudukaumu TepedTaneBoil KHCIOTHI CIUPTOM SIBJISIETCST OOpaTHMOM,
BCJIEZICTBHE 3TOTO I CMEIIEHHs PAaBHOBECHS PEAKLHUU B CTOPOHY OOpa3OBaHUS LIEJIEBOTO
NPOAYKTA, MPEANOYTUTENBHO TIPOBOAUTH PEAKLUUI0 JTePUPHUKALIMHU TPU  MOCTOSIHHOM
noJA/iep>)KaHUM W30BITKA CrIUpTa B cHcTeMe. TakuM o0pa3oM, MPEennoYTHTENbHO STePUPUKALIUIO
TepedTaneBoil KHUCIOTHI CIIUPTOM OCYINECTBJIATH MPH MOJIIPHOM COOTHOLIEHWH KHCIIOTA:CITUPT

ot 1:2 no 1:3, naubonee npennourutensHo ot 1:2,5 no 1:2,7.



OtnuuuTenbHON 0COOEHHOCTBIO peakuH STepPUPUKALIHI B COOTBETCTBUH C HACTOSIIIUM
n300peTeHNEM SIBISIETCS TO, YTO MPOLIECC MPOBOAST B ABA MOCIEN0BATEIbHBIX 3TAIA!

1 osram:  »Tepudukanms TepedraneBoll  KHCIOTBI CIIUPTOM B INPHCYTCTBUHU
MeTaJICoAep Kallero karanusaropa npu temmneparype ot 160 1o 180°C BKIHOYUTENBHO;

2 stam: no0aBieHHE KHCJIOTHOIO KaTajdu3aTropa CHYCTs ONpPEesIeHHbIH MPOMEXYTOK
BPEMEHH U MPONOJUKEHHE peakuuu sSTepudukanuu npu temneparype or 180 mo 220°C
BKJIFOUUTENIBHO.

B kauecTBe MerajuicozepIKalero KaTaaiu3aTopa B mporuecce 3Tepu(ukanuyd Ha IepBOM
STame WCIONB3YIOT OpPraHO-HEOPTaHUYECKHE COENMHEHUs, BKIIOYAKOIINEe METaUINYeCKHHA
KOMIIOHEHT, B YaCTHOCTH THTaH, OJIOBO, LUPKOHUH U T.A. [IpennoyTHTENbHBIMH SIBIISFOTCS
coennnaenus: Tutana (IV), nanpumep, terpansonponokcun turaHa (TUIIT), terpanzobyrokcun
TUTAaHa W KOMIIO3HMLIUH, TOJYYEHHBbIE peakuued MeXAy OpTod(UPOM THTaHA U CIHPTOM,
KHUCJIOTON n/unm ocHoBaHHeM. B kauectse coenmuenust Tutana(IV) MoryT ObITh HCIIONB30BAHbBI
coerHeHus1 o0eit GopMyIIbl:

Tiu(OR)X(OR),0y

rae:

n mpeAcTaBisieT codol nenoe uncio ot 1 o 4;

y IpeACTaBIsieT co0oi Leoe uuciio ot 0 10 6;

X MOTYT OBITh OMHAKOBBIMU M PA3JIMYHBIMU U MPEACTABISIOT COOOH 1eoe Ynucio OT 2
1o 8;

R npencrasnsier coboit npsimoii unu passersiieHHbI Ci-Cigankmi, Cs-CigUKIoankun ,
R' mpencrasnsier coboii apuii, HEOOsI3aTENBHO COAEPIKAIINNA 3JTEKTPOHOAOHOPHBIN 3aMECTHUTEIIb,

WJIN X CMECH,

IIPU YCJIOBUH, YTO

eciu n=1, To x=2, ay=0; u

ecnu n >1, TO COeAMHEHUs] COAEPIKAT MO MEHbIIeH Mepe ABE aIKOKCH M JIBE apUJIOKCH
TPYIIIIBL.

Taxke B kauectBe coenuHenusi TuTana (IV) Moryt ObITh HCIOJNIB30BaHBI COEAMHEHUS

bopmyast I wm 11
oY
J 0
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oY q
@) ww T,
rae:

q mpencrasJsier codol menoe yucio ot 1 1o 4;

Y HesaBucHUMO mpexactaisieT codoii R mmm R

R mpencrasnsier coboit npsimoit unn passerieHHbIN Ci-Cigankmi, Cs-CiglUKIOANIKII ,
R' mpencrasinsier coboii apuii, HEOOsI3aTENBHO COAEPIKAIINNA 3JIEKTPOHOAOHOPHBIN 3aMECTHUTEIIb,

Hjin ux CMECHU, IpU YCJIOBHUU, YTO COCAUHCHUSA COACPIKAT, IO MEHbIIIEH MEpE, ABC



AJIKOKCH U JIB€ apUJIOKCH IPYIIIIBL

B xauectBe C;-Cig mpeArnouTUTENbHO MOTYT OBITH HCIIOJB30BaHBl METHJ, 3THJ, H-
NPONWJI, M30-IPOMNUJ, H-OyTHI, BTOP-OyTWi, M300yTHI, TPET-OyTHJI, H-TIEHTW, BTOP-TIEHTUII,
U30-TIEHTUJI, TPET-NIeHTUJ, HEO-NIEeHTHJI, FeKCUJ, U30-TeKCUJ, HEO-T€KCUJI, BTOP-T€KCHUJI, TPEeT-
TeKCHIL,

C;-CsuMKIIOANKUI  MPEeanouTHTeabHO Tnpeactasisser cobor  Cs-C;  UKIOANKWI,
Hanbonee IPEANOYTUTENBHO, LUKJIOTICHTUI, LIUKJIOTEKCHUI, METHULIMKJIONEHTHII,
METHJILUKIOT€KCUJT, TUMETHILUKJIOTIEHTUJI, STUILHUKJIONEHTUI, LIMKJIOTeTITHL.

DNEeKTPOHOTOHOPHBII 3aMECTUTENb APUJIBHON TPYIIbI MPEANOYTHTEIBHO BBIOUPAIOT U3
C-Cgankuna, apuna, C-Cgankokch, Ci-Cg ankunamuno, Ci-CgaKHUITHO,

AnKuibHast 4acTh B 3JIEKTPOHOAOHOPHOM 3aMeCTUTENE MPEANOYTUTENbHO PEACTaBIIsIeT
COOOM: MEeTHJI, 3THUJI, H-TIPOMNIJI, U30-MPOMNII, H-OyTHII, BTOP-OyTHI, M300yTHI, TPeT-OyTHi, H-
MEeHTWI, BTOP-MIEHTUJI, U30-TIEHTUJI, TPET-NIEHTU, 2,2-TUMETUIITICHTHI, T€KCUJI, U30-TeKCUJ1, 2,2-
JUMETHUIITEKCHUII, BTOP-T€KCUII, TPET-TeKCUJI.

ApHI IPEeNNOYTHTENBHO MPencTaBsieT coboil GpeHn.

KonnyecTBo anmkokcu W apwiiokcu rpynn B coenmHeHun TtutaHa(lV) moker ObITH
OJIMHAKOBBIM U PA3JIMYHBIM U COCTABJIATh OT 2 A0 8 rpyImm.

B nmpennoutuTenbHOM BapUaHTE KOJUYECTBO AJIKOKCHU U apUIJIOKCU TPYII B COEAUHEHUs
tutana(lV) sBisieTCst ONMHAKOBBIM M COCTABJISIET OT 2 A0 5 TPpyI.

KonnuecTBo amkokcH U apuiiokcH rpymm B coenuHeHus: TutaHa(lV) Taxke Moxer ObITh
Pa3JIMYHBIM U HE3aBUCHUMO COCTABJATH 2, 3, 4, 5, 6, 7, 8 rpynn B 3aBUCUMOCTH OT KOJIMYECTBA
aTOMOB TUTaHA U KUCJIOPOAA B MOJIEKYJIE.

MaxkcumanpHOE KOJNYECTBO ApUJIOKCH M aJKOKCUTpynn B coenuHeHusx TuraHa(lV) c
OJTHUM aTOMOM TUTAaHA MOXKET COCTaBJIATh 4, ¢ ABYMs aTOMaMu TUTaHa - 6, C TpeMsl aTOMaMHU
TUTaHa - 8 U C YeTBIPbMsI aTOMaMU TuTaHa - 10.

Coenunenus Turana(IV) MokeT CyIecTBOBATh B BUIE PA3IUYHBIX CTPYKTYP, & UMEHHO B
BUJIE MOHO-, IU-, TPU- HJIK TETPAMEPOB.

[IpennouturenbHbiMu  coenuHeHnssMu  TUTaHa(IV), HCHONB3yeMbIMH B HACTOSLIEM

U300pEeTEHNH SIBIISTFOTCS] COSUHEHMUS], IMEIOLIHE CIEAYIOIIHE CTPYKTYPBI:
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Vkazanneie coenuHenus TtutaHa(lV) mo HacTosmemMy H300pETEHUIO MOJYYarOT U3
XUMHYECKH YHCTOTO ChIPhsl, B KAUECTBE KOTOPOTO UCHOJB3YIOT (PEHOJ MIIN €ro MPOU3BOIHbBIE U
TETPAAJKUITUTAHATBL B Cpele  OpPraHMYeCKOrO  pacTBOPUTENs,  MPEANOYTUTENIbHO
aOCONMIOTUPOBAHHOTO TOJyoJla B arMoc(epe HMHEPTHOTO Trasa, MPEAINOYTUTENbHO Aa30Ta,
no0aBieHHEM K PacTBOPY THIPOKCHAPOMATUYECKOrO COEAMHEHUs, MPEANOUTUTENBHO (eHona
WIM €ro IMpOU3BOJHOTO B OPraHMYECKOM pAaCTBOPUTENE TETPAaJKWITUTaHATA IIPH
nepeMeIInBaHuU U MOBBILIEHHON TeMIeparype, npeanouturenbHo npu 60-90 °C.

Bpems peakuum coCTaBisieT HECKOJBKO 4acoB, mpeanoururenbHo 10-12 wacos, ¢
MOCJIEAYIOLINM, TIPYU HEOOXOMMOCTH, YIAJIEHUEM PaCTBOPUTENIS TIPH MIOHMKEHHOM J1aBJICHHH.

KonnuecTBo MCNoNb3yeMOro MeTajjICoAep Kallero karaausaropa cocrasyser ot 0,1 no
1% wmacc., npennoururensHo ot 0,5 mo 0,6% macc.

C uenpr0 JOCTHXKEHUs 3asBJIEHHOTO TEXHHUYECKOrOo pe3ysbTara, B Ipolecce
sTepuduKaun TepedTaneBoil KHCIOThI CIUPTOM C KOJUYECTBOM aTOMOB yriepona ot 1 1o 6, B
NPUCYTCTBUH METAJUICONIEPIKAINETO KaTaun3aTtopa, OOs3aTeNbHBbIM SBIISIETCS ANOOaBIEHHE Ha
BTOPOM 3Tare 3TeprupUKaLIH, KUCIOTHOTO KaTajJn3aTropa.

B kadecTBe KHCIOTHBIX KaTaJIN3aTOPOB HCIONB3YIOT JIOObIE W3BECTHBIE W3 YPOBHS
TEXHUKH KaTajdu3aTopbl >Tepudukarmu. IIpuMepamMu Takux KaTalu3aTOPOB CIYXKaT, HO HE
OTPAHUYUBAIOTCS  UMH: CepHasi  KHUCJIOTa, naparonyoicyiabsdpokuciora  (ITTCK),
METaHCYIb(POHOBAsE KUCIIOTA U Ap. IIpeanoyrurensHO B KauecTBe KUCIOTHOTO KaTalu3aTopa Ha
BTOPOM 3Tare 3TepuuKaliy UCIOIb30BaTh maparoiyoicyibdokuciory (ITTCK).

KonuuecTBo uCnonb3yemMoro KHCJIOTHOrO karainusaropa cocrasisier ot 0,1 mo 0,5%
Macc., npeanoururenbHo ot 0,2 no 0,3% macc.

CyMMapHOEe KOJMYECTBO HCIOJNb3yeMOH B mpolecce 3TepU(UKALUU KaTaTUTHYECKON
CHUCTEMBI, BKJIFOUAIOLEeNH METAJUIOPTaHNYEeCKUIN U KMCJIOTHBIN KaTaau3aTop, cocrasisieT ot 0,2 1o
1,5% wmacc., npeanourutensHo ot 0,7 mo 0,9% macc., Hanbonee npennouturenabHo 0,7% macce.

JlobaBneHre KHCIOTHOTO KaTaju3aTopa OCYLIECTBSIFOT Ha BTOPOM JTame CTaauu
STepUPUKALUH IO HCTEYEHUH TPOMEKYTKA BPEMEHH OT 2,5 110 5,5 4acoB, MPEANOYTHTEIBHO OT
3,0 mo 4,0 yacoB mocJyie HarpeBa PEaKLMOHHOW CMeCH, BKJIFOYANOIel TepedTaJeByl KUCIOTY U
CITUPT.

JlobaBneHrne KHUCIOTHOrO KaTalu3aTopa IO HCTeYeHHs 2,5 4acoB OT Haudaja CTaJuu
sTepudUKAIUN TPUBENET K YBEIMYEHUIO MOOOYHBIX MPOAYKTOB M CHUKEHHUIO BBIXOZA LIEJEBOrO
nponykra. JloGaBieHne KHUCIOTHOTO KaTaju3aTopa IOCIE HCTeUeHHs 5,5 YacoB OT Hadaja
cTanuu 3TepuuKauu He mo3BoJuT noctudb 100% koHBepcuu TepedTaneBol KUCIOTHL

Temmeparypa Ha craauu >TepuUKALNMHA 3aBUCUT OT MPHPONbI U KOHIEHTPALIUU
HCIOJIb3YEMOTr0 KaTalau3aTopa, B YaCTHOCTU IPHU MCIONb30BAHUM KUCJOTHOTO KaTajau3aTopa,
takoro kak IITCK, Ha mepBoM »3Tame, AOCTaTOYHBIE TEMIIEpATypbl IMPOBENEHHs MpOLEcca
HaxomATcss B auanasone oT 160 go 185°C  BkmoumtensHo. Ilpu  ucnonp3oBaHUM
METAJUICOJEPIKAIIEr0 KaTalnu3aTopa HeoOXOIUMO MOBBIIIEHHE Temmepatyp oT 185 mo 220°C
BKJIFOUUTENBHO. JlJ1 COKpallleHus] BpEMEHH IpoLecca NMPeAnovYTUTEIbHO HauaTh HarpeBaHue BO

BpeMsa IMpoHcAypbl BBCACHUSA HNCXOAHBIX KOMIIOHCHTOB! TepequaneBa;{ KHUCJI0Ta, CIIHPT,
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MeTaJICOAep KaIIUN KaTaau3aTop.

CornacHo HacrosimeMy H300pETEHHUIO MPH UCIOJIb30BAHMH JBYX KaTaJIM3aTOPOB Pa3HOMN
npupoasl, Hanpumep THIIT u IITCK, peakuuio stepudukanuy NpOBOAAT INPH Harpese
peaknoHHo# cMecH oT 180 °C (BkmrounTenbHO) Ha nepsoM 3tane 1 10 200 °C (BKIIIOYUTENBHO)
Ha BTOPOM 3Tare 3repuduxanuu.

JlaBneHue Ha cTaauu STepUuPUKALUU COCTABISAET OT 4 10 7 aT™., MPEANOYTUTENBHO OT 5
10 6 aT™M., HanboJIee MPEATIOUTUTEIBHO 6 aTM.

[IpennouTuTenbHO MpouLece 3TepuUKalMKU MPOBOAWTb B Cpene HMHEPTHOTO rasa Jyis
MPEIOTBPALICHUS] TEPMOOKHCIUTEIBHBIX MPOIecCOB. B kauecTBe MHEPTHOIO rasa HCIOJb3YIOT
aproH, a30T, FeJIui, AUOKCU yIIiepoaa U T.1I.

B cooTBercTBHM ¢ HACTOSIIMM H300pETEHUEM, MPOLECC STepUPUKALMH TMPOBOAAT B
OJIHOM pEakLMOHHOM COCyJle, B KadecTBe KOTOPOrO MHCIOJb3YIOT PEAKTOp, OCHAILEHHBIH
HarpeBaTeNbHbBIM 3JIEMEHTOM C I€pEeMELIMBAIOIINM YCTPOWCTBOM B BHAE MEINAJKH WU
UPKYJSIMUOHHOTO HAcOCa, W TMAPOOTBOMHON TPYOKOW, HCHONB3YIOMEHCS il OTBEIEHUs
pPEeaKLMOHHOMN BOJbI U3 PEaKTopa B BUJI€ a3€0TPOMHON CMECH CO CIIUPTOM.

JUTUTETPHOCT CTAANH 3TepU(UKALMKA COCTABJISIET OT 3,5 10 9 4acoB, MPEANOYTUTETHHO
oT 5 o 7 4acoB, HauboJiee MPEANOYTHTEIHLHO 6 YaCOB.

HcxonHble KOMIIOHEHTBI Ha TepBOM Jtane (tepedraneBas KHCIIOTa, CIIHPT,
METAJUICOMEPKAIUI KaTalu3aTop, HEOoO0sA3aTeNbHO ancOpOEHT) BBOIAT B PEAKTOP B JIHOOOM
NOCJIEIOBATENbHOCTH, KaK COBMECTHO, TaK U pasfenbHo. JlobaBieHne KUCIOTHOTO KaTalnu3aTopa
Ha BTOPOM 3Tare MNPOUCXOAMUT MO UCTEUEHUH OT 2,5 10 5,5 4acoB, NPeAnouTUTENBHO OT 3,0 10
4,0 yacoB mocJie Havajia HarpeBa UCXOIHbIX KOMIIOHEHTOB.

[IpenmoyTuTenbHO, KOMITIOHEHTBI BBOAST B CJEAYIOIIEH MOCIeAOBaTeIbHOCTU: 1)
TepedTaneBas KUCIOTA, 2) CIHUPT, 3) METAJUICOAEPKALIUI KaTaIu3aTop; 4) Mo UCTEYSHUH OT 3,5
10 5,5 "acoB IOCiIe Havaja HarpeBa KUCJIOTHBINA Katanu3artop. TepedraneByro KHCIOTY NOAAIOT
B BUJIE MOpoLIka. Merayuicoaepkaiuii KaTajau3aTop BBOIUTCS B PEaKTOP B UUCTOM BHJIE, B BUIE
CYCIIEH3UH WJIH B BUJI€ PACTBOpPA B HEOOXOIUMOM KOJHYECTBE, €NUHOBPEMEHHO WU TOPLIMOHHO
aByMs1 WiH Oojiee yacTssMu. KHUCTOTHBIM KaTamu3aTop BBOAUTCS B PEAKTOP B UUCTOM BUJIE WUJIH B
BUJI€ PAcTBOpA B CITUPTE, SAMHOBPEMEHHO WJIM IOPLIMOHHO BYMs WIH O0JIee YaCTSIMH.

C wenpl0 yMEHBIIEHHs] IIBETHOCTH LEJEBOrO MPOAYKTA HAa CTaAuH 3STepuduxanuu
UCTIONB3YEOT ~ ancoOpOeHThI,  CHOCOOHBIE  ancopOMpPOBaTH  OKPAIIMBAKOLINE  MPUMECH,
oOpasyromuecss B Mpolecce XUMUUECKUX TpeBpalleHnii TepedraneBoii KuciaoTel. B kadectse
ancopOEHTOB HCHOJB3YIOT B YAaCTHOCTH AKTHBUPOBAHHBIA yTONb, LEOJUT, MEPIUT U Ip.
Komuuaectso ancopbenta cocrasisier ot 0,01 no 2% macc. npeanodrurensHo ot 0,1 go 1% macc.
AncopOeHT BBOAST B peakTop 3Tepu(UKAINK OTHAENbHO WJIM ONHOBPEMEHHO C IPYTUMH
HUCXOHBIMU KOMITOHEHTaMHU.

B coorBercTBMM € HAcTOSAIUM H300pEeTEHHEM BO BpeMsl CTaguH 3TepuUKaLNH,
00s13aTeNbHBIM SIBJISIETCS OTBEIEHHE M3 PEeaKTopa a3eoTPONHON CMECH B BHAE BOABI U CIHPTA,
BCJICIICTBUE BBICOKOW pacTBOPUMOCTH Boabl B crmpTte (20% wmacc. Bomel B OyTaHOJe) U

BO3MOXXHOT'O T'MAPOJIN3a METAJUICOACPKALIECTIO KaTaln3aTopa B IPUCYTCTBUU BOAbI U CHUXKCHUA
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€ro KaTaJIUTHYeCKOW akTUBHOCTH. OIHAKO NPU 3TOM CJEAyeT YYUTHIBATH U HEOOXOIUMOCTH
noAAepsKaHus M30bITKA CIIMPTA B MPOLIECCE PEAKLIUU STePUPUKALIUHL.

Takum oOpasom, nnasi MakcUMaibHO 3()(PEKTUBHOTO HCIOJNB30BAHUS — pecypca
KaTaJu3aTopa, JOJIrOCPOYHOI ero padoThl U IPU 3TOM MAaKCHUMAJIbHOI KOHBepcuu TepedraneBoit
KHCJIOTBI HEOOXOOUMO COOJIIOACHHE CIeNYIOLUMX YCJIOBUM: 1) OTBeleHHE M3 CHCTEMbI BOABI
nyreM otOopa OOBOIHEHHOTO CHHMPTa BO BpeMsl peakuuu stepudukaunuu; 2) noanepkaHue B
cucteMe TpeOyeMoro n30bITKa CIIUpTA.

[Monnep:xanue TpeOyeMoro u30ObITKA CIUPTA B CUCTEME MOKET OCYIIECTBJISITHCS MyTEM
no0aBeHUs] B PEAKLHUOHHYIO €MKOCTh JOMOJHHUTEIbHBIX KOJIMYECTB CIHUPTa B3SITHIX H3BHE,
Hampumep, U3 OTAeNbHOM emkocTu. IIpm 3TOM C Lenpl0 MpenoTBpalleHUs] HEeraTUBHOTO
BO3JEICTBUSI BOABL, COAepXKalelics B COHUpPTe, HA METAJUIOPraHUYeCKUH KaTajJu3aTop
NPEATIOYTUTENIbHO HUCIIOJIb30BaTh CHHPT C HHU3KUM  CONEPKAHHEM BOIbI  aOCOJFOTHBIH
(6e3BOAHBII) CrIUPT.

JIpyruM anbTepHATUBHBIM CIIOCOOOM monaep:kaHusi TpeOyemMoro H30bITKa CIHpTa B
CHCTEME SIBJIETCS BKIIIOYEHHE B TEXHOJIOTMYECKYIO CXEeMy IIOJIyUYeHHUs] CIOXHOro 3dupa
JOTIOJIHUTENIBHOTO y3J1a pa3fesieHus a3e0Tpona; CIUPT-BOAa U MOCIEAYOLUI BO3BpAT CIIUpPTA B
peakumio sTepudukaniy. Panenerne a3eoTpona CrupT-BOa B JAHHOM CITy4ae OCYIIEeCTBISIETCS
B anmapare JJisl pa3feNeHus XKUIKOCTEH, a UMEHHO BO (pJIOPEHTHHCKOM COCyie.

[TonyueHHast B pe3yJbTaTe ONMUCAHHON BbIIIE CTAANH STepUPUKAIINN PEaKIIMOHHAS Macca
COIEPKUT. CBIPOH 3(Up, TUAPOIU3OBAHHBIN METAUICONEPKALINI KaTaIU3aTop, KHCIOTHBINA
KaTaJN3aTopP, OCTATOYHBIE KOJMYECTBA CIIMPTA U BOJBI U, B CITy4ae MCIIOJIb30BAHMsA, aICOPOEHT.

Cmaousa b) Heilmpanusauus Kuciomnozo Kamaiu3amopa

Jns ypaneHus KaTaau3aTopa U3 MOJIYYEeHHOW Ha CTaauM 3TepH(UKalMU peakMOHHON
CMecH HeOOXOIMMO OCYINECTBJIEHHE CTaauu HelTpanu3aunu. s peaausaluy JaHHOW CTaauu
HCIIONIB3YIOT HEUTPAIU3YIOIIMI areHT, B Ka4eCTBE KOTOPOIO HCIOJb3YHOT BOAHBIN IIETOYHON
pacTBop.

ITon menouHbIM PacTBOPOM B HACTOSLIEM H300PETEHHH ClIEyeT MOHUMATh PacTBOPBI,
umeroirie pH Oonee 7, Hampumep, pacTBOPBI CIEAYIOUIUX COSOUHEHWH. THAPOKCHI HATPWSI,
KapOOHAT HATPHS, KAJIHS WIM MarHusl, CHJIMKAT HATPHS, THAPOKCHU]T KaJIUs U Jp.

KonnyecTBo HEWTpaMM3YIOLIEro areHta OObIMHO cocTasiisieT oT 0,5 10 6 MOJIb Ha MOJIb
KHCJIOTO COeIMHEH NS, MPEANOYTUTENBHO OT 3 10 4 MOJIb Ha MOJIb KHCJIOTO COEAMHEHMS.

IIpennouTuTeNnbHO CTAAUIO HEUTpATU3aLMU OCYLUECTBJISIIOT NpU Temneparype ot S0 mo
90 °C BKJIFOYHUTENTFHO U aTMOC(HEPHOM JaBJICHUU.

[Tocne OKOHYAaHUS CTAANK HEUTPAIM3ALNH, PEAKLIMOHHAS Macca COAEPIKUT ChIpoH 3dup,
TUJIPOJIM30BAHHBIN METaJUICOEPKALUI KaTajau3aTop, COJU KHUCJIOT, OCTATOYHbIE KOJIWYECTBa
CIHMPTA U BOJIBI U, B CITy4ae MCIIOJBb30BAHMSA, aICOPOCHT

Cmaousn c) Yoanenue nu3kokunaujux npumeceil

OuncTka PeakIMOHHON MAacCChl, COAEp Kallel ChIpoi 3(Up, TaKkKe BKIOYAET CTAIHIO
yZAaJleHUs] HU3KOKUILIIIUX MpUMeEceil - CnupTa ¥ BOABL. YJaleHHE HU3KOKHUILIIIUX IpUMecei

OCYHICCTBJIAOT JOOBIM  HM3BECTHBIM U3 YPOBHA  TEXHUKU CHOCO6OM, B YaCTHOCTHU
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pexkTuduKannei, OTIapuBaHueM H Ap.

B coorBercTBUM ¢ HacTOSAIMM H300peTeHHEM, ylIaJeHHe HU3KOKHUILIIUX NpUMecel -
CIHMPTa M BOABI - OCYIIECTBIIAIOT peKTU(UKAIMEH B ammapare KOJIOHHOIO THIA, B KauyecTBE
KOTOPOT'O UCIOJIB3YIOT PEKTH(PHUKALIMOHHYIO KOJIOHHY Tapenb4yaTroro tuna. O4YuIeHHbIH OT BOAbI
CIIHUPT BO3BpAILAETCsl OOPATHO B PEAKLINIO STEPUPHUKALIIHL.

B coorBercTBHMM ¢ HacTosAImMM H300peTeHHMeM ammapar paboTaeT B peKHMe
SMYJIbTUPOBAHMS M TMpPEJHA3HAYeH I yJOajeHus: H30BITOYHOTO CIUPTAa HHU3KOKHITALINX
NpUMECeH U3 HEUTPATU30BAHHOTO 3P Upa MyTeM a3e0TPOITHON OTTOHKU BOSTHBIM MTAPOM.

Cmaous d) Quirvmpayus u ocywixa pupa

IMony4eHHbIl TIOCTE OCYIIECTBIEHUS cTanuii (a)-(¢) MPOAYKT, MPEACTABISIOMUNA COOOH
ChIpO 3¢up, PUIBTPYIOT C LETBIO OTHOEJeHHs ancopOeHTa, B Cy4ae ero HCIOJb30BaHUS, U
OCTaTKOB TMIPOJIM30BAHHOTO HA CTQAMM HeWTpamusauuu katanuszatopa. Ctaauio QuibTpanuu
OCYIIECTBIISIFOT B JIFOOBIX M3BECTHBIX M3 YPOBHS TEXHUKH ammaparax - GuIbTpax, CHAOKEHHBIX
NOPHUCTBIMA (PHIIBTPOBAJIBHBIMU TIEPETOPONIKAMHU, CHOCOOHBIMH OTHENUTH TBEPAYI (asy oT
HeneBoro mpoaykra. @uubrpanuio 3¢upa npooasT mnpu Temneparype or 50 mo 90 °C,
BKJTFOUUTENBHO.

C wenbro ynaneHusi U3 MOJIYYEHHOTO CIIOKHOTO 3(upa BOIbI W/HJH €€ MapoB MPOBOIAT
CTaqUI0 OCYIIKHM YyKa3zaHHOro 3¢upa. CTaguio OCYIIKM MOXKHO MPOHM3BOANTH (PH3HMUECKUMHU
METOaMH, OOBIYHO HCIIOJNB3YEMbIMH U PA3/EICHUS W OYHCTKU OPTaHWYECKUX BEIECTB
(oKcTpakysi, BbICATMBaHUE, (PPAKIMOHHAS U a3€0TPOITHAS NMEPEroHKa, BhIMAPUBAHUE U T.1.), &
TaK)Ke C IMOMOIIBIO OCYILIAIOIIUX PEAreHTOB, KOTOPbIe YIAJSIOT BJAry BCJIEACTBHE aACcOpOLHY,
00pa30BaHMs TUAPATOB HIIK XUMUYECKOW PEAKIIUU ¢ BOAOH.

IIpennodTuTenbHO OCYIIKY OCYIIECTBIAKOT npu Temnepatype ot 105 nmo 115 °C
BKJIIOUUTENBHO U nasjieHun ot 0,05 no 0,1 aT™.

ITony4eHHBII B COOTBETCTBHM C HACTOSIIUM H300pETEHHEM IPOAYKT IPEACTaBISET
co0O#1 CoKkHBIN 3(pUp Ha OCHOBE TepedTaleBOi KUCIOThI U CIHUPTA, comepskaiiero or 1 mo 6
aToMOB yriepona. [lofmy4eHHbI MPOAYKT XapaKTEePH3YeTCs HU3KUM KHCJIOTHBIM YHUCIOM U
L[BETHOCTBIO M MOXKET OBbITh HCIOJB30BAH B KAa4eCTBE IUIACTH(HKATOPOB MOJHMBHHUIXJIOPUIA
(IIBX). ITpu 3TOM 1O KHCIOTHBIM YHCJIOM B HACTOSIIIEM M300PETEHUH NMOHUMAIOT KOJIUYECTBO
mwumrpamm ruapokcuna kaimms (KOH), HeoOxommmoe nisi HEHTpanM3alMK BCEX KHCIBIX
KOMIIOHEHTOB, conepkamuxcs B 1 r mosydeHHoro s¢upa. L[BETHOCTH B COOTBETCTBUH C
u3o0peTeHneM  TpeNCTaBisieT  COOOM  MOKa3aTelb  KadecTBa  MOJYYeHHOro  adwupa,
XapaKTEePU3YIOINHA HHTEHCUBHOCTh OKPACKH M OOYCIIOBJIEHHBIN COIEPIKaHUEM OKpPALIEHHBIX
COEIMHEHUI.

OcvyuiecTBJIeHHE H300peTeHHus

B mnpuBeneHHBIX HIDKE MpHUMEpax UCCIENOBAHUA CBOICTB TOJNYyYEHHBIX 3(HpoB
aulytunrepedranara OCYLUIECTBISUINA CIEAYIOIIUMU METOAAMHU:

1) wunentudpukammss >¢upa JbBT® ocHOoBaHa Ha aHamM3e METOJOM Ta30BOH
XpomaTtorpadun.

2) MeToq ompeAeNieHus] KUCIOTHOTO Yucia dpupa OCHOBAH Ha PeakUU HEUTpaTH3aluu
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OCTaTOYHOM KUCJIOTHOCTH B ruiacTugukarope pactsopom mejoun mo I'OCT 8728-88

3) onpenenenue uBeTHOCTH 3pupa nposogwin o ASTMD 1209-05.

IIpumep 1. dTepuduxkanus ¢ nocjeA0BaATeNbHbIM BBeAeHHEM TeTPAH30NPONOKCHAA
tutaa (THUIIT), 3arem naparoayoacyiabpoxucaors: (IITCK)

B crampHOit peakrop oSrepuduraumu  odbemom 15  nuTpoB, CHAOKEHHBINH
HAarpeBaTeNIbHBIM 3JIEMEHTOM U IEepEeMELIMBAKIIUM yCTpoucTBOM, 3arpy3uiaun 3000 rpamm
tepedraneBoit kucnotel, 3500 rpamm OyTtanona u 32,5 rpaMMm TeTPau30MpPONOKCHIA THTAHA
(V).

JIONOJTHUTENIBHO B OTAENbHYI0 eMKOCTh nobaBuian 2300 rpamm OyTaHoNa IJIsl TOJAYU B
peakTop B mporecce STeprupUKaLuH.

Peakiuio mpoBOIUIIM B MOTOKE MHEPTHOT'O T'a3a - a30Ta ¢ pacxoaom 25 Ji/4.

Harpenu peakunonnyro Maccy a0 Temneparypbl 180 °C, naBieHue B cucCTeMe
cocTtaByisuio 6 atMm. Yepes 3 yvaca mociie TOCTHKEHUS JaBjeHUs B O aTM. MPU MOMOIIM Hacoca
nobasunu B peaktop pacteop [ITCK (13 rpamm) B OyTanoe.

Ucnapsemplii B Tpoliecce peaklUuM CHHPT KOHAEHCHPOBANM U coOupaiu B
JOTIONHUTENBHON eMKocTH. llommepskaHue B peakTope HEOOXOAMMOTO KOJIMYECTBA CIHPTA
OCYIIECTBJISUIM 3a CUET MOAAYU CIUPTA U3 OTAENbHON eMKOCTH.

Ha mporspkeHun mporecca 3Tepu(UKALNK aBJICHUE B PEAKTOpPe COCTAaBISIO 6 aTMm.,
TemmepaTtypa mnocrerneHHo yeenuuuBanach A0 200 °C. OOmee Bpemsi peakIHH COCTaBHIO O
4acoB.

Uepes 6 4acoB peaKLIMOHHYIO MacCy OT(QUIBTPOBAIN U OXJIAIUIIH.

U3 peaxTopa sTepudukanuu BeIrpy3uian 6220 rpaMM peakLImOHHOM MaccChl, COAepIKalien
0,3% macc. qubytunosoro s¢upa, 0,06% macc. OyTHIOBOT0 3pUpa NapaToIyoICyIbPOKUCIOTHIL,
0% wmacc. Oyrunrepedranara, 19,08% macc. Oyranona u 79,97% wmacc. aulytunrepedranara.
Konsepcuss TOK cocrasnser 100%.

I[Mpumep 2. drepuduxanus ¢ karaauzaropom naparoayoJcyiabdokuciora (IITCK)

IIpoBogunu cornacHo Ilpumepy Ne 1, 3a wuCkIrOYeHHMEM TOro, 4TO B KaydeCTBE

>
KaTajn3aTopa UCIOJb30BAJIHM TOJBKO MAPaTOIyOoJCYIb(OKUCIOTY B KOJUYeCcTBe 32,5 rpamma
(0,5% wmacc.). Ilocne mnpoBeneHuss peakuuu dSTepUPUKAMN PEAKIIHOHHYIO MAacCy TakKkkKe
orunbTpoBau oT octatkoB TOK.

Uepes 6 uacoB m3 peaktopa stepudukanuu Boirpy3mwiu 6200 rpamMMm peakIIMOHHOM
Maccel, comepsxkamei 2,1% wmacc. auOytunooro s¢upa, 0,20% wmacc. Oytunooro s¢upa
napatoiyoJicynbdokuciorsl, 2,9% wmacc. Oyrunrepedranara, 18% wmacc. Oyranona u 76,8%
macc. nubyrunrepedranara. Korsepcust TOK cocrasnsier 100%.

IIpumep 3. ITepuduxkanus c kKataauzaropom terpauszonponokcus rurana (THIIT)

Otnuune ot Ilpumepa Ne 1 3akmodaercs B TOM, YTO B KauecTBE KaTalu3aTropa
WCTIONIB30BAIM TOJIbKO m3omporokcua tutad (IV) B kommuectse 32,5 rpamma (0,5% wmacc.).
ITocne mpoBeneHus: peakuy 3Tepru(puKaLuN peakOHHYI MacCy OTGUIBTPOBAIHN OT OCTATKOB
TOK.

Uepes 6 uvacoB m3 peaktopa sTepuduranuu Boirpy3min 6200 rpamMm peakMOHHOMN
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Mmaccel, comepxkameit 0,069% wmacc. gubytmiosoro s¢upa, 0% macc. OytwioBoro sdupa
napatoiyoscynbdokuciorsl, 0% macc. Oyrunrepedranara, 38,94% macc. Oyranona u 60,99%
macc. nudyrmnrepedranara. Kousepcust TOK - 82,5%.

IIpumep 4. Itepuduxanus c MOCJAeA0BATEeNbHBIM BBEJEHHEM
napatoJyoJcyibdokuciaorsl (IITCK), 3aTem Terpanzonponokcuaa turana (THIIT)

Otnuuue ot IIpumepa Ne 1 3axmouaercs B TOM, YTO B KaueCTBE IEPBOrO KaTalu3aTopa
ucnons3oBaiu [ITCK B konuuectse 16,25 rpamm (0,25% macc.), a 3aTeM Mo UCTEUEHHUH 3 YacoB
nobasysimn m3onponokcun tutaH (IV) B xommdectse 16,25 rpamma (0,25% wacc.). ITocne
NPOBENEHUS PEaKIMH 3TepU(PUKALNN PEAKIIMOHHYIO MacCy Takke OT(UIBTPOBAIH OT OCTATKOB
TOK.

Uepes 6 uwacoB u3 peaktopa stepudukanuu Boirpy3mwiu 5000 rpamMm peakIMOHHOM
maccel, comepxkameid 0,22% wmacc. auOytunoBoro 3¢upa, 0,25% wmacc. OyTunosoro 3dupa
naparoiyoicynbdokuciorsl, 0,51% wmacc. Oyrunrepedranara, 17,75% wmacc. Oyranona u
81,27% wmacc. nudytunrepedranara. Kousepcust TOK - 80,6%.

IIpumep 5. DTepuduxkanus ¢ nocjie0BaTeTbHbIM BBeeHHEM TeTPAH30NPONOKCHIA
tutaHa (TUIIT) na nepom 3Tane peakuuu, 3ateMm THUIIT Ha BTOpoM 3Tane peakuuun (1o
nporotuny US6355817).

Otnuune ot IIpumepa Ne 1 3akmrouaercst B TOM, YTO B KaueCTBE KaTajlnu3aTopa NMEPBOro
srana peakuuu ucnojp3oBau THUIIT B kommuectse 16,25 rpamm (0,25% macc.), a 3ateM 1o
ucredeHnu 3 yacoB noOaisuu Bropyto vacte THUIIT B kxommuectBe paBHom 16,25 rpamma
(0,25% wmacc.). Ilocnme mpoBemeHHs peakuuud STePUPUKALNN  PEAKIHOHHYIO  Maccy
orunpTpoBau oT octatkoB TOK.

Uepes 6 uacoB u3 peaktopa sTepudukanuu Boirpy3mwin 3300 rpamMm peakMOHHOMN
macchl, coxmepkamier 0.014% wacc. nubyrtmnoBoro sdupa, 0% wmacc. Oyrunosoro 3¢upa
naparoinyosncynbpokuciaorsl, 0% macc. Oyrunrepedranara, 17,20% macc. 6yranona u 82,78%
macc. nudytunrepedranara. Kousepcust TOK - 52,6%.

[pumep 6. ITepuduxanus ¢ nocjea0BaTeIbHbIM BBeJ€HHEM TeTPAH30NPONOKCHAA
tutana (TUIIT), 3aTrem uepe3 4 yaca naparoiyocyabpokucaorsl (IITCK)

Otnuuue ot Ilpumepa Ne 1 3aknrodaercs B TOM, YTO B KauecTBE KaTaju3aTopa MepBoi
cranuu peakuuu ucnonp3oBau TUIIT B komuuectse 32,5 rpamm (0,5% wmacc.), a 3areM 1o
ucteuenuu 4 yacos nodasnsu katanmuzarop [ITCK B konmuecTse pasHoM 16,25 rpamma (0,25%
macc.). Ilocme mpoBenmeHust peakuuu STepuUKALNN  PEAKLUHOHHYID MacCy  TakKxkKe
orunbTpoBaH OT octatkoB TOK.

ITo OKOHYAaHMM peakuuu U3 peakTopa sTepudurauuu BeIrpy3uwan 5127 rpamm
peakMoHHON Macchl, conmepskameit 0,30% wmacc. muOyrunooro sdwupa, 0,21% macc.
OyrunoBoro 3¢upa maparonyoncyibdokuciaorel, 0% macc. Oyrunrepedranara, 35,63% macc.
OyTanona u 63,86% macc. nuOytunrepedranara. Konsepcus TOK - 82,7%.

IIpumep 7a. Ilonydenue coeguHenuss tTuraHa(lV) - meranopranuyeckoro
KaTaJu3aTopa dTepupuKaLum.

Hcxonuble peareHTh, a uUMeHHO, (eHon u Tterpamsonponokcun turtana (THIIT),
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OUYULIAIOT BAKYYMHOMN MEPErOHKOM.

B nByropayio xondy oovemom 500 mii, cHaOKEHHYIO MEINAJKOW M 3aNOJHEHHYIO CYXUM
azotoM, nomemarT ¢enon (184,6 mmonp) u 260 mn abcomoTupoBaHHOro Toiyoda. K
MOJIyYeHHOMY pacTtBopy oxHou mopuueit pobasmsror TUIIT (92,2 mmons). IlonyueHHsbri
pactBop nepemewnBaroT rnpu 80°C B TeueHue 12 yacoB B aTMocdepe HHEPTHOTO rasa.

Tonyon ynanstor Ha poropHom ucnaputene npu 80°C u naneruu ot 100 1o 2 MM.pT.CT.
HOJIy4Yar0T CMOJIONIOO0HOE BELIECTBO KPACHO-OPAH)KEBOTO IIBETA.

SAMP 1H, AMP 13C criekTpbl ONTY4YEHHOTO BellecTBa npuBeneHbl Ha Pur.2 u 3.

IIpumep 70. Jrepudurkanus c NoCJIeA0BATEIbHBIM BBe/IcHHEM
MeTAJIOPraHHuYecKoro Karaausaropa (coexuHeHusi turtaHa(lV), monyyeHHoro no npumepy
7a), 3aTem 4yepe3 3 yaca naparoayoJcyabpokucaorsl (IITCK)

Otnuuue ot Ilpumepa Ne 1 3akmrouaercs B TOM, YTO B KauecTBE KaTaju3aTopa MepBoi
CTalMM PEaKIUU WCIOJh30BAIM METaJOpraHudyeckuii katanuszarop (coenwHenuss tutaHa(lV),
MOJTy4eHHOe TI0 TpuMepy 7a) B konmdectse 32,5 rpamm (0,5% macc.), a 3aTeM Mo UCTEYEHUH 3
yaca nobasisumn karanusatop IITCK B konmudectse pasaoM 13 rpamma (0,2% macc.).

ITocne mpoBemeHHMs  peakuud  STepUPUKALNK  PEAKUHMOHHYKD  Maccy  TaKke
OT(UIBTPOBAIIH.

U3 peakTopa sTepudukanuu BeIrpy3miu 6240 rpaMm peakLIMOHHOM MacChl, COAepIKalien
0,12% wmacc. nuOytunosoro 3¢upa, 0% macc. OyTriioBoro supa mapaToayoiCyibHOKHCIOTHI,
0% macc. Oyrunrepedranara, 19,67% wmacc. dyranona u 80,21% macc. qubyrunrepedranara.
Kounsepcus T®K cocrasnsier 100%.

IIpumep 8a. Ilonyuenue coeguHenuss TtutaHa(lV) - meranopranuyeckoro
KaTaJu3aTopa dTepupuKaLHH.

B nByropayio koidy oovemom 500 mii, CHAOKEHHYIO MELIAIKOW U 3aIOJHEHHYI0 CYXHM
asoroM, mnomemarT n-rperoyrundenon (139,93 mmonp) m 200 M1 aOCOMIOTHPOBAHHOTO
tonyona. K monyueHHOMy pactBopy oxHoi mopuueit nobasmsror THUIIT (69,98 mmonb).
[Tonyuennslit pactBop nepemeuruBaroT npu 80°C B Teuenne 12 yacoB B aTMochepe HHEPTHOTO
rasa.

Tonyon ynanstot Ha poroprHom ucrnaputene npu 80°C u gaBnenuun ot 100 10 2 MM.pPT.CT.
MOJIY4at0T CMOJIONOJO0HOE BEIECTBO KPACHO-OPAHIKEBOT'O IIBETA.

SAMP 1H, AMP 13C criekTpbl NONTy4YEHHOTO BelllecTBa MpuBeaeHbl Ha Pur.4 u 5.

IIpumep 80. Irepuduxanus c NOCJIeA0BATE/IbHBIM BBE/eHHEM
MeTAJIOPraHHYecKoro Karajausaropa - coeanHenust Tutana(IVv), nojsydeHHoro no npumepy
8a, 3aTem uepe3 3 yaca naparoayo.cyibpokuciors (IITCK)

Otnuune ot Ilpumepa Ne 1 3aknrouaercs B TOM, YTO B KauecTBE KaTaju3aTopa MepBoOi
CTalMM PEaKIUU WCIOJIb30BAIM METaJIOpraHudeckuil katanuszarop (coemmHenuss tutaHa(lV),
NoJlydyeHHoe 1o mpumMepy 8a) B konmmdectse 32,5 rpamm (0,5% macc.), a 3aTeM 1Mo UCTEYSHUH 3
yaca nobasisumn karanusatop IITCK B konmudectse pasaoM 13 rpamma (0,2% macc.).

ITocne mpoBemeHMss  peakuMud  3TepUPUKALUK  PEAKLHMOHHYHD  Maccy  TaKxke

OT(UIBTPOBAIIH.
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U3 peaxTopa sTepudukanuu BeIrpy3uian 6150 rpaMm peakImOHHOW Macchl, COAepIKaIlen
0,15% wmacc. nudytunosoro 3¢upa, 0% macc. OyTrioBoro s¢upa mapaToayoiCyibHOKHCIOTHI,
0% macc. Oyrunrepedranara, 18,51% wmacc. Oyranona u 81,34% wmacc. qubyrunrepedranara.

Kounsepcus T®K cocrasmser 100%.



Pesynbratsl nonyuennsix no Ipumepam 1-7, a¢upos IBT® npencrasiens! B Tabmuie:
Tabnuna - lansabie no koneepenam TOK, maccoBoMy coniepaHU0 KOMIOHEHTOB (Yo Macc.) M KUCIOTHBIM YHCIAM

Arepudukanun
Boixoa Buewnuii Bug s¢upa/
IIpumep, Konsepcus | CelekTHBHOCTD MaccoBOg COAepKaHNE KOMIIOHEHTOB, Macc.% | KucaorHoe
I R I TOK, % HW;HC’CTB’ oA e MOHO ae0, MT
7 asena byranon JIE3 | BLTC ET® TP KOH/r
Mprep Becusernas
| 96.8 100.0 96.8 MACJIAHHCTAs 19.08 0.9 0.06 - 79.97 1.4
sxupkecTe/ 15
Macnaaucras
TTpumep KUIKOCTD C i
91.5 100.0 91.5 18.0 2.1 0.20 2.1 76.80 12.6
2 3eJIeHOBaThIM
oTTeHkoM/ 120
Hprvep becnserHas
3 771 825 93.4 MAaCJISTHUCTAs] 38.94 0.069 - - 60.99 87
KHOKOCTE! 30
Macnanucras
ITpumep HKUIKOCTD €
79,5 80.6 98,6 17.75 022 0.25 0.51 81.27 6.2
4 3€JICHOBATHIM
orrenkom/ 80
Hprmep becnsernas
5 50,1 52.6 953 MACJISTHHCTAs 17.20 0.014 - - 82.78 8.5
KuKoCTh/ 30
Mprmep Bbecusernas
6 78,1 82.7 94,5 MACJISTHICTAs 35.63 0.30 0.21 ND 63.86 6.4

KHAIKOCTR/ 30

L1



BecuserHas

Hpmvep | o5 100.0 99.7
- . ) . MAacJISHUCTAA 19.67 0.12 ND 80.21 1,5
KUOKOCTR, 30
becugernas
IIpumep _ _
$b 99.6 100.0 99.6 MACJISIHHCTAs 18.51 0.15 ND 81.34 1,3

JKHUAKOCTR 30

81
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ITpumep 1. ITonyuenune sdupa ¢ ucnonpzoBanueM Merauopranndeckoro (TUIIT) u

kucyotHoro (ITTCK) karanusaropa

ITpumep 2. IlonyueHue 3¢upa ¢ HCIONB30BAHHEM TOJNBKO KHCIOTHOTO KaTaJld3aTopa
(IITCK)

ITpumep 3. IlonyueHwe >¢upa ¢ HCHONB30BAHUEM TOJIBKO METAJUIOPTaHUYECKOTO
karamuzaropa (TUIIT)

IMpumep 4. IlonyueHue >¢pupa ¢ UCMIONB30BAHHEM CHAdajla KHCJIOTHOTO KaTau3aTopa
(ITTCK), a 3arem meTanoprannyueckoro katanmuzaropa (THUIIT)

IMpumep 5. Ilonyuenue sdupa ¢ UCHOIB3OBAHHMEM HAa OOOMX 3Tanax >STePUPUKAIIH
MeTajulopranndeckoro karaiausaropa (THIIT)

IMIpumep 6. Tlonmyuenue 5dupa ¢  HCIOJB30BAHHEM C  HCIOJB30BAaHHEM
merajuiopranndeckoro (TUIIT) u kucnorHoro (ITTCK) karanmsaropa, n00aBI€HHOrO IO
UCTEYEHUHU O YaCOB OT Havaja STepUPUKALIIH

I[Ipumep 7b. IlomyueHme cnoxkHOro 5»¢upa C  HUCHOJIB30BAHHEM  CHavasa
MeTaJJICOAepIKaIIero KaTaln3aTopa, PUroTOBJIEHHOIO B COOTBETCTBUH C IIPUMEPOM 7a, a 3aTeM
kucnorHoro (IITCK) karammszaropa, n0OaBIEHHOro dYepe3 MIECTh YacOB TIIOCJIE Hadaja
sTepUpUKALUH

IIpumep 8b. IlomyueHme cnoxkHOro »QuUpa C  HUCHOJIB30BAHHEM  CHadasa
MeTaJJICOAEePIKAIero KaTajln3aTopa, MIPUroTOBJIEHHOIO B COOTBETCTBUU C IPUMEpPOM 8a, a 3aTeM
kucnorHoro (IITCK) karanmmszaropa, m0OaBJIEHHOro dYepe3 IIECTh YacoOB IIOCJIE Hadaja
sTepUPUKALIN

Haunbie 1o Ilpumepy Ne 1 T10Ka3bIBalOT, HYTO COBMECTHOE HCIIOJIb30BaHHE
METAJICOAEPIKAIIErO KaTalu3aTopa U KUCIOTHOTO KaTalu3aTopa MO3BOJIAET MOTYYUTh IPOAYKT
c TpeOyemMbIMH IapamMeTpaMy, B YaCTHOCTH HHU3KHUM coxepkaHuem mnpumeced, u 100%
KOHBepcHei TepedTaneBoii KUCIOThI. Takke HEOXKHIAHHO ObLIO OOHAPYIKEHO, YTO COBMECTHOE
HCTOJIb30BAHUE KATaJIN3aTOPOB MPUBOAUT K CYIIECTBEHHOMY CHIDKEHHIO KUCJIOTHOTO YHCHA 10
1,4 mr KOH/r, a Takxke Kk mosnydeHuro 3Qupa ¢ HU3KOW IBETHOCTHIO. IIpu 3TOM cymmapHOe
KOJIMYECTBO KAaTAJUTUYECKONH CHUCTEMBI, BKIIOYAKOLIEH METAIJOPraHU4YeCKUH W KHUCJIOTHBIN
Katanu3aTop, coctanisieT 0,7% Macc. ¥ He MPEeBbIIaeT OOIIENPUHATIC B JAHHOW TEXHHUYECKOH
00JJaCTH KOHLEHTPALUN «UHAWBHAYAJIBHBIX» KaTaJIU3aTOPOB (TOJBKO METAJUIOPTaHUYECKOTO
WJTH TOJIBKO KUCJIOTHOTO).

Hannbie no Ilpumepy Ne 2 mOKa3bIBaIOT, YTO HCIOJB30BAHHWE TOJIBKO KHCIOTHOTO
KaTajau3aTopa NPUBOAMUT YBEJIUYEHHIO KOHBEPCUM KHCIOTBHI, OJHAKO KOJMYECTBO NpHUMecel B
npoaykre Bo3pacraer. KuciaorHoe umcno npu 3toMm coctasisier 12,6 mr KOH/r 1 monydeHHbIi
IPOAYKT UMEET BBICOKYIO [IBETHOCTD.

Hannpie 1o Ilpumepy Ne 3 TOKa3bIBAIOT, YTO HCIOJB30BAHHUE  TOJBKO
MeTaJJICOAEep KaIIero KaTaau3aTopa MPUBOAUT K CHUKEHUIO KOJIMYECTBA NIPUMECEH B MPOIYKTE,
HO He nocruraercs 100% kouBepcusi kuciotel. Kucnornoe wncno cocrasisier 8,7 mr KOH/T.
Cnenyer ormeruts, uto onpenenenne KU npoBoaunu nocne GpuibTpany noay4eHHOro sgupa u

yoaleHus W3 €ero pacTBOopa HempopearupoBaBliell TepedTaneBoil KHUCIOThL. I[IOCKONbKY,
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tepedranesas kuciora manopactsopuma (0,1% B meranosie pu 25 °C) ee BKIIag B conepskaHue
OH’ rpynn B pacTBOpe U, Kak cieacTBue BausiHue Ha KY - He3HauuTEeIbHBL.

Hannbie nio Ipumepy Ne 4 nokas3plBarOT, YTO J00aBIEHHE KUCIOTHOTO KaTalu3aTropa Ha
NepBOil cTazuu mporuecca 3TepupUKaLUN MPUBOAUT K YBEIUYEHUIO COMEPXKAHUS NMPUMECHBIX
KOMIIOHEHTOB, Ooyiee TOro, KoOHBepcHs mpu 5ToM He pocturaer 100%, LBETHOCTH
HEY/IOBJIETBOPUTENIbHA, a KHCIOTHOe 4Hciao coctasisier 6,2 mr KOH/r, uto monTBepknaer
BAXKHOCTb OCYILECTBJICHUS 3TAlOB BBEACHMs KaTAJIN3aTOPOB B MOPSAKE, YKA3aHHOM B IIPUMEpE
1.

Haunubie 1o  Ilpumepy Ne 5 moka3piBalOT, 4YTO JApoOHOe  pobOaBieHHe
METAJUIOPTaHUYECKOr0 KaTalIu3aTopa He IMO3BOJSET JOCTUYb MAaKCHUMAJbHON KOHBEPCHUU
kuciaotel. KucnorHoe uucno mnocne (uiabTpauuyd MNPOAyKTAa W YAAJNEHHs M3 pPacTBOpa
HENpOopearupoBaBIIeil KUCIOThI mpu 3ToM coctasisieT 8,5 mr KOH/r. Crnenyer oTMeTuTth, 4TO
aHanmu3 obpasua Ha onpenenenrne KU nposoawnmm nocne GpuibTpanuy NpoayKTa U YAAJIEHHS U3
pacTBOpa HENMPOPEarupOBABLIEH KUCIOTBHI.

Hannbie o Ilpumepy Ne 6 mokaspIBarOT, 4TO A0OaBJIEHHE KUCIOTHOIO KaTalIU3aTopa B
KOHIle peaknnu >Tepudukanyu (depe3 5 4acoB OT Hayajla PEaKIuu) MPUBOAUT K CHIKSHHIO
KOJIMYEeCTBa NpuMeceil B npoaykre, HO He pocturaercss 100% konsepcus kuciotel. KuciotHoe
YHCIIO TpU 3TOM cocTtasisier 6,4 mr KOH/T.

Taxum obpazom, ObLUTO MOKA3aHO, YTO HAMIYULINHA TEXHHYECKUH pe3yJIbTaT JOCTUTAETCs
TOJIKO B ClIydae MPOBENEHHs PeaKUUU 3TepuUKALNK, TIe Ha IEPBOM €€ dTare HCIONb3YIOT
METAJUICOAEPIKALUN KAaTaJIU3aToOp, @ Ha BTOPOM JTale KHUCJIOTHBIM katanusatop. Ilpu sTtom
NPEATIOUYTUTENBHO KUCIOTHBINA KaTaJIu3aTop N100aBIATh MO UCTEUEHUH MPOMEXKYTKA BPEMEHHU OT
2,5 no 5,5 yvacos, mpennoututenbHO OT 3,0 10 4,0 YacoB Mocje Havajla CTaguu STepuUKaIim;

Havajia Harpesa TepedTaneBoi KHCIOTHI U CIIUPTA.
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D®OPMYVYJIA U30OBPETEHUA

1. Cmocob6 mnomydeHus: cioxHoro s¢dupa TepedraneBoil KHUCIOTHI BKJIFOYAFOIIHN
CJIEAYIOLINE CTAUH:

a) Dtepudukauus tepedTaneBoil KUCIOTHI CIUPTOM, coaep amumM oT 1 10 6 aToMOB
yriepoaa, NMpU IOCTOSHHOM IOAAEPKAHUM H30BITKA CHUPTa B CHCTEME, BKJIIOYAIOINAsl J1Ba
HIOCJIEIOBATENbHBIX ATANa: MEePBBIA - 3Tepu(UKALNSA C HUCIOJB30BAHUEM METAJUICOAEPIKAIIEro
KaTaju3aTopa, W BTOpPOH - 3TepudHKanMs C HMCIOJb30BAHMEM KHCJIOTHOTO KaTaju3aTopa C
MOJIy4eHHEM ChIpOro 3dupa;

b) HeliTpanu3auusi KUCIOTHOI'O KaTau3aTopa B CbIPOM d(upe;

¢) Y naneHue HU3KOKUITSIIIUX MPUMECEH U3 ChIporo 3dupa,;

d) @unpTpanust u ocymka 3¢pupa ¢ TOJIY4eHHEM CIOXKHOro 3¢dupa TtepedraneBoit
KHCJIOTHI.

2. Cnocob mo m. 1, rme mpouecc 3TepupUKalUKU MPOBOAST B OIHOM PEAKIIHOHHOM
cocyle, B Ka4eCTBE KOTOPOTO HCIONB3YIOT JIFOOOH M3BECTHBIH W3 YPOBHS TEXHUKH PEAKTOP,
OCHAIIEHHBIH HarPeBaTEIbHBIM 3JIEMEHTOM.

3. Cnocob mo m. 1, rme B KauecTBe CIHMPTA, COAeprKaiero or 1 1o 6 aToMOB yriepona,
UCTIONB3YEOTCSI OTHOATOMHBIE CIHMPTBHI, MPEATNIOYTUTENIHO COAepiKalie OT 2 10 5 aToMOB
yriepoza, Haubosee MPearnouTUTENBHO OT 3 10 4.

4. Ciocob o 1. 1, e B KauecTBe CIIUPTA UCTIONb3YeTCsl OyTaHOJ.

5. Cnocob mo m. 1, rae cooTHomIeHne TepedraneBas KUCIOTa/CUPT cocTasisier OT 1:1
no 1:3, mpenmouturensho ot 1:2 no 1:3, Haubosnee npeanoyrurenasHo ot 1:2,5 no 1:2,7.

6. Criocob mo m. 1, rae B KauecTBe METAJUICOAEPIKALIEero KaTajau3aTopa, 100aBIseMoro
Ha TEPBOM OTale, HCHONb3YIOT COEIMHEHHUs TUTAaHA, OJIOBA, LIUPKOHUS, MNPENNOYTHTEIBHO
coenuHeHus TutaHa (IV).

7. Criocob mo m. 6, rae cCoequHEeHNe TUTaHA NMPEACTABISAET COOOH TETPaU30IPOIOKCH
TUTAHA, TETPau300yTOKCHUJ TUTAHA WM KOMIIO3ULHIO, TMOJYYEHHYIO peakHed MeKay
OpTO3(hUPOM TUTAHA W CITUPTOM, KUCJIOTON W/WUJIU OCHOBAHUEM.

8. Cocob no m. 6, rie CoenuHeHHe TUTaHa NPEACTaBiIsIeT OO0 TeTPar30NpPONOKCH
TUTAHA.

9. Crocob o m. 6, e KOJIWYECTBO METAICOAEPIKALIErO KaTaIu3aTopa COCTABIISIET OT
0,1 no 1% macc., mpennourutensHO OT 0,5 mo 0,6% macc.

10. Cnoco6 mo m. 1, rae B Ka4decTBEe KHCIOTHOTO KaTalnu3aTopa, AO0aBJIIEMOrO Ha
BTOPOM 3Tare, HCIONb3YIOT COENWHEHHs, BBIOpDAHHBIE W3 TPYMONBL. CEpHAs KHCIOTa,
METaHCYIb(QOHOBAsI KHCIIOTA, MAPaTONYOJICYIB(POHOBAS KHCIOTA.

11. Cnoco®6 mo m 10, rme B KadecTBE KHUCIOTHOTO KaTaJnW3aTopa HCIIONb3YIOT
NapaToIyOJICyIb(POHOBYIO KUCIIOTY.

12. Crmocob6 mo m. 10, rae KOJMYeCTBO HCHONB3YeMOro KHCJIOTHOTO KaTalu3aTropa

cocrasJsieT ot 0,1 no 0,5% macc., npeanouturensHo ot 0,2 1o 0,3% macc.
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13. Cnoco6 mo m. 1, rae KUCIOTHBIA KaTajau3aTtop NOOAaBJIAIOT Ha BTOPOM 3Tare IO
HUCTEYEHUHU NPOMEKYTKA BPEMEHH OT 2,5 10 5,5 yacos, npeanouturensbHo ot 3,0 no 4,0 gacos
1I0CJI€ Havaja CTaguu STepu(pUKaLIN; Havyajla HarpeBa TepeTaneBoil KHCIOThI U CIIUPTA.

14. Cnocob mo n. 1, roe Temnepartypa 3TepudUKaliii HAa MMEPBOM STare COCTABISIET OT
160 no 185°C BKIHOUUTENBHO, @ HA BTOPOM 3Tamne oT 185 1o 220°C BKIIOUUTENBHO.

15. Cnoco® no m. 1, rae IMTeabHOCTh CTaANU STepu(UKaLUK COCTaBiseT oT 3,5 1o 9
YaCoOB, MPENNOYTUTENBHO OT 4 10 7 4acoB, HanOoJIee MPENOYTUTENBHO OT 5 10 6 4acoB.

16. Crioco0 mo . 1, rae naBieHue Ha CTaANK STepUPUKALIIN COCTABISIET OT 4 10 7 aT™M.,
NPEATIOYTUTENLHO OT 5 10 6 aT™., HanboIee MPEANOUYTUTENBHO 6 aTM.

17. Criocob mo 1. 1, rae ucmoNb3yroT ancopOeHT.

18. Cnocob no m. 17, roe ancopOeHT mpencraBisieT COOOW aKTHBHUPOBAHHBIA YIOJIb,
LIEOJIUT UJTU TIEePJIUT.

19. Cniocob mo m. 17, rae KoNMU4ecTBO UCMONIb3yeMoro anopoenTa coctasisieT ot 0,01 o
2% macc., mpennoururenbHo ot 0,1 mo 1% macc.

20. Crmocob mo m. 1, rae Ha ctanuu STepuUKAIN TPOBOIAT yOAJICHUE a3eoTporna -
CIIUPTA U BOJIBIL.

21. Cnmocob6 mo m. 1, roe momgmepskaHue H3OBITKA CIHPTA OCYLIECTBISIFOT IyTEM

2
paszzeneHusl a3eoTpoNa - CIUPTAa M BOABI C MOCIEAYIOIIUM BO3BPaTOM CIHUPTA HA CTAAMIO
3TepUPUKALUH.

22. Cnocob6 mo m. 1, roe mnopmepskaHue H30OBITKA CIHPTA OCYLIECTBISIFOT IyTEM

>
noOaBJieHHs1 a0COJIFOTHOTO CITUPTA U3 OTAEIbHON eMKOCTH.

23. Cnocob mo m. 1, rae Ha cTaguu HEWTpPAIM3aLMU B KAYECTBE HEUTPATH3YIOIIEro
areHTa HCIOJIb3YIOT PacTBOPHI T'MAPOKCHIA HATpUs, KapOOHATa HATpHs, Kajius WM MarHus,
CHJIMKATa HaTPUsl, THAPOKCUAA KU U JIP.

24. Cnioco0 1o 1. 23, rae KOJIMYeCTBO HEeHTpaIu3yolero arenta cocrasisier ot 0,5 1o 6
MOJIb Ha MOJIb HENpPOpEearupoBaBIlel KUCJIOTHI, MPEANOUTUTENIHbHO OT 3 10 4 MOJb Ha MOJb
HETpOpearupoBaBIIEii KUCIOTBL

25. Cnocob mo m. 1, rae cramusi HEHTpaTU3aluu IPOBOAAT MPHU Temreparype oT 50 mo
90°C BKJIFOYHTENBHO.

26. Crmoco6 mo m. 1

KOJIOHHOT'O TUIIA.

, YOaJleHHe HHU3KOKHITIIINX MPUMECed MPOBOAAT B ammapare

27. Cnocob mo m. 26, rae anmapar BhITOJIHSAET padoTy B 0apOOTaKHOM PEKUME.

28. Cnocob mo . 1, rae craamo ¢punbTpaunu 3pupa NpoBOAAT MPHU Temreparype oT S0
10 90 °C.

29. Cnocob mo 1. 1, rae cTaguio OCYIIKH MPOBOIAT mpH Temmepatype ot 105 mo 115°C
BKJTFOUUTENBHO.

30. Cnocob o 1. 1, rae cTamuro ocymku npoogst npu aasneHnu ot 0,05 o 0,1 atm.

31. Cnoco® mnonydenusi cioxHOro 3¢upa TepedTaneBoll KHUCIOTHI BKJIFOYAROIIUN
ClIeyIOLIHe CTAANUN:

a) srepudukanus tepedTaneBoil KUCIOTHI CIIHPTOM, conepkamuMm oT 1 1o 6 aTomoB
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yriaepona, NMpU TOCTOSHHOM IMOIAEPIKAHMU H30BITKA CHHPTa B CHCTEME, BKIJIIOYAIOINAs IBa
MOCJIEI0BATENbHBIX dTalA:

nepBblii - 3TepudUKaLUA C HCIONB30BAHHEM B KadeCTBE METAJUICOAEPIKALIETO
karanuzaTopa coequHeHue TutaHa(IV) obmeit popmysbr;

Ti,(OR)x(OR"),Oy

rae:

n MpencTaBisier coOoi Lenoe Yucio ot 1 1o 4;

y MpeACTaBIseT co0oi Lesoe uuciio ot 0 10 6;

X MOTYT OBITh OAMHAKOBBIMU M PA3JUYHBIMU U MPEICTABISIOT COOOH Lienoe Yucio ot 2
1o 8;

R npencrasnsier coboit npsimoii unu passerBiieHHbI C-Cigankmn, Cs-CiglUKI0anKm |
R' mpencrapnsier coboii apuii, HEOOS3aTENBHO COAEPIKAIINIA 3JTEKTPOHOJOHOPHBIN 3aMECTHUTE]Ib,

WM UX CMECH,

IIPU YCIOBUH, YTO

ecau n=1, To x=2, a y=0; u,

eciy n >1, To coeAMHEeHUsl COJIEPIKaT, 10 MEHbIleH Mepe, 1B€ aJIKOKCH U JABE apUJIOKCU
TPYTIIIBL.

¥ BTOPOH - 3Tepu(UKALMS C HCIIOIB30BAHHEM KHCIOTHOTO KAaTaJN3aToOpa C MOJYYEHUEM
CBIPOTO 3 UPa;

b) HeliTpanu3anus KUCIOTHOTO KaTalu3aTopa B ChIpoM 3¢dupe;

C) yZaJieHne HU3KOKHITALINX IpUMecei U3 ChIporo 3¢hupa,;

d) ¢unprpanmsa u ocymka >¢pupa ¢ IONyYeHHEM CIOXHOro s¢dupa TtepedraneBoit
KHCJIOTBI.

32. Cnoco6 mo mynkty 31, rme R' mpencraemsier coboii ¢denmn, HeoOs3aTenbHO
COZIEP KL 3IEKTPOHOJOHOPHBIN 3aMECTUTEb.

33. Cnocob mo myHKTy 32, TAe 3JIeKTPOHOIOHOPHBIN 3aMECTUTENb TPEACTaBIIeT COOOH
C-Cganxmn, apuin, Ci- Cgankokcu, Ci-CennankunamuHo, Ci-CgaIKUITHO TPYTIITY.

34. Cnocob® no myHKTY 33, rae ajKkuibHas 4acTh B 3JIEKTPOHOJOHOPHOM 3aMECTHUTENE
MpeaCTaBisieT COOOW METHJI, 3THJI, H-TIPOMWJ, M30-MPOINWI, H-OyTuj, BTOP-OyTHI, M300yTHII,
TpeT-OyTHJI, H-TICHTWI, BTOP-NIEHTWI, U30-TIEHTHJ, TPET-MEeHTHI, 2,2-TUMETHIIIPOIHI, TeKCHII,
U30-TeKCHJI, 2,2-TUMEeTHIIOYTUJI, BTOP-T€KCHII, TPET-TeKCHIL.

35. Criocob mo nyHKTy 33, rie apuit npeacTasisier codoit et

36. Cnocob mo nynkry 31, roe R npencrasnsier coboii Ci-Ceamku.

37. Cnocob mo nmyskty 36, rme R mpencrasnser coOoi MeTWi, 3TWJI, H-TIPOMWJ, U30-
nponwi, H-OyTwi, BTOp-OyTHi, M300yTHI, TPEeT-OyTHII, H-TIEHTWI, BTOP-TIEHTWJI, M30-TICHTUII,
TPET-MEeHTW, 2,2-TUMETHIITIPOITIII, TeKCHUJI, U30-TeKCHJI, 2,2-TUMETUIOYTHJI, BTOP-TeKCHII, TPET-
TeKCHIL.

38. Criocob no myHkTy 31, rIie X sABISIOTCS OAMHAKOBBIMU U IPEACTABISIIOT COOOH Lienoe
YHUCJIO OT 2 10 5.

39. Cnoco6 mo mnynkty 31, rme coemmHenue turtaHa(IV) mnpencrasisier coboi
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coenunenne obmei popmyet (I) wmu (1)

oY o
YO 'Il'i——O y (@D (YO), | 1i” ()
~o
0Y q (I wnm q (IT),

rae:

q mpexncrasisier codoii 1enoe yucyo ot 1 1o 4;

Y HesaBucumo mnpexacraeisieT codoit R wmmu R'; rme R wim R umeror 3HaveHws,
ONpeNeNeHHbIE B HKTE 1,

WJIN X CMECH;

NPU YCIOBHH, YTO coenuHenus odwmeit ¢popmyasl (Du (II) cogepxar, mo MeHbIeH Mepe,
IIBE aJIKWJIOKCH M JIBE APHJIOKCH TPYIIIIBL

40. Cnocob mo modomy u3 nyHkToB 31-38, roe coenunenue tutana(lV)npexncrasmiser

co0oii coenrHeHNE, BBIOPAHHOE H3!

AO Ph~o ﬂ\@\ QgL
~Ti—0O i-Pr .Ph
O-Ti-C Ph=O4" “rio-PT 0. 0 Q
o Podo Lo Mhy™o, 0-1r-d
\© i-Pr O “Nipr i-Pr Ph —Q o
: i-Pr , , T
_ Ph i-Pr
-Pry  IPr ) o o’ _
i-Pr< -Ph 00 i-Pr~n O 77 qj~O=Ti—O—Pr
Our i 0 HPr O] “’O‘T‘(O‘gﬂ o ~ ~o T o
LN RO . - NIV — -
b0 00T O HPTTOTO gl O Ph™0  TPh pn WP
’ Pt iPr ’ Bh

41. Cnocod mo mnyHktry 39, roe coenuHenue turana(lV) mnpencrasisier coOou
IAUHU30TPOIOKCH-TU(PEHOKCUTHTAH.

42. Cnocod mo nyHktry 39, roe coenunenue turana(lV) mnpencrasisier coboi
TUH30IPONOKCH-TH(T-TPeTOY THIT ) PEHOKCUTHTAH.

ITo noBepenHocTn
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