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CIIOCOB KATAJIMTUYECKOM KOHBEPCHH T'JIMLIEPUHA B ITPOITAHOJI

JlanHoe m300peTeHne OTHOCHTCS K CrnocoOdy M YCTPOWCTBY Ui KAaTaTUTHYECKOH
KOHBEPCHUHU CMECH BEILECTB, COJEepIKAIIEH IITHLEPHH, B IPOMAHOJIBL, B PEAKTOPE C HEMOABH)KHBIM
CJIOEM, B KOTOPOM IMOJJIOXKKH KaTaju3aTropa COAep:KaT HEOPraHW4YeCKHe MaTepHajbl W/WUIH
okcHbpl MeTaiioB. Kpome Toro, n3o0peTeHne OTHOCUTCS K KaTalu3aTopy U CocoOy MoaydeHust
KaTaJlM3aTopa KaTaJIUTHYECKOM KOHBEPCHH CMECH BELIECTB, COAEpKalleld TJHLEPHUH, B
MIPOTAHOJIBI, B PEAKTOPE C HETOABIIKHBIM CJIOEM, B KOTOPOM MOJUIOKKH KaTaJIu3aTopa CoAepKat
HEOPraHNYECKUE MaTePUabl /MM OKCHJIbI METAJUIOB.

IToTpebHOCTD B 3HEPrUM M, B YaCTHOCTH, B TOIUIMBAX, YBEJIMYMBAIACHh B TECUCHHE
IUTUTENIbHOTO BPEMEHM BCJIEACTBHE WHAYCTpPHATM3aUU M MoaepHM3auuu. [lo 3Toil mpuumHe,
U37aHO OOJBINOE KOJMYECTBO TUPEKTUB, Hampumep, EBPOCOIO30M, MO CHIDKEHHIO BBIOPOCOB
MAPHUKOBBIX ra30B, 00Pa3yIOLINXCS U3 TOPIOYNX UCKOMaeMbIX. [ oproune HCKomaeMbple YaCTHIHO
3aMEeHsI0T BO300HOBIsieMbIMHU TorutBamu. Hanpumep, B EC 3T0 perynupyercs n3aMeHEHHBIM B
Hacrosimee BpeMmsi BapuaHTOM JlupekTuBbl mo Bo3oOHOBsieMoin snepruu (RED II), kotopas
NPEANHUChIBAET, YTO M3 BO30OHOBIISIEMOTrO CHIPbS JOJDKHA TNOCTYNaTh JAOJs, paBHas 14
NPOIIEHTaM 3HEpruu. [[OMOJHUTENBHON LENbI0 SBJSIETCS A00aBJIEHHE YCOBEPIIEHCTBOBAHHBIX
ounotormms B konndectBe 0,2 €% (mponeHT sHeprun) HauuHas ¢ 2022 1., 1 €% ¢ 2025 1. u 3,5
€% B 2030 r. k TOMJIUBaM B TPAHCIOPTHOM CEKTOpE, NMPHU 3TOM pa3pellaeTcsl NpOU3BOAUTh UX
TOJIbKO W3 OTPaHHYEHHOTO IEPEYHsI BHIOB ChIPbs, YKa3aHHBIX B OUpPEKTHBE. lIpemmyruecTBo
YCOBEPIIEHCTBOBAHHBIX OHOTOIUIMB 3aKJIIOYAE€TCSI B TOM, YTO OHH HE KOHKYPHPYIOT
HETIOCPEIACTBEHHO C MPOU3BOICTBOM IHUIIEBBIX POAYKTOB, U, CIENOBATENBHO, IPUBOIAT TOJIBKO
K YMEHBIIEHUIO KOCBEHHBIX M3MeHeHuil B 3emiyenojib3oBanuu (ILUC). B Hacrosiee Bpems
CYIIECTBYET JIMIIb HECKOJIBKO MPOMBIIIJIEHHBIX CIIOCOOOB MOJYYeHHsT YKA3aHHBIX KOMITOHEHTOB.
MHorue mnpoueccsl TOJBKO MPOXOIAT HCIBITAHUS B HEOONBIIOM Maciutade, W, € Y4ETOM
BBIIIECKA3aHHOTO,  KOMIIOHEHTbl ~ JaHHOTO  THUMNA  SBJISIOTCS ~ JOPOTOCTOSIIIUMH |
TPYAHOAOCTYIHBIMH JUIS TPHOOPETEHUS B TOCTATOYHBIX KOJINYECTBAX.

CornacHo nupektuse EC, chIpoil TiulieprH MPEACTaBisieT coOOM MCXOMHBIN MaTepuan,
yKa3aHHbIA B mepedyne. [lpu mpoms3BoAacTBE OMOAM3ENBHOrO TOIUIMBA OKOJIO 10 MaccoBbIX
NPOIEHTOB TJIMIEPHHA IMOJYYa0T Kak MOOOYHBIA MPOAYKT B ¢opme ceiporo raunepusa. Ilo
NPUYMHAM, CBSI3aHHBIM C MPOLIECCOM IPOU3BOJACTBA, CHIPOH TIHULEPUH OOBIYHO 3arps3HEH
XJIOPUAOM HATPUs, BOAOW, METAHOJIOM, CyJib(aTaMH, MOHOTIIHUIEPUAAMH, IUTIUIEPUNAMH,
30JI0H, OTHAENEHHBIMH B HEIOCTATOYHOW CTENMEHM OCTATKAMM JKHUPa M IPYTUMH BELIECTBAMU.
[TonpasymeBaercs, 4YTO TEPMHH «CBIPOH TIJIMLEPUH» B TNpeAeiax 3HAYCHHs HACTOSIIEro

n300peTeHust 0003HAYaeT KUAKYI0 CMeCh C JOJIeH TIHLIEePHHA, COCTABJIIOLIEH, MO MEHbLIEH
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Mmepe, 60 macc.%,; ykazaHHas CMeCh JONOJHUTENBHO COJEPKUT TaKk:Ke€ MUHEPAJIbHYIO 4acTh, T.€.
4acTb, MPEJACTABJICHHYI0 KaTUOHAMM, HAalpuUMep, HAaTpus, Kajus, KajblLus, MarHus, a Takxke
xjopoMm u (ocdopom, B kommyectBe oT | macc.% mo 10 macc.%, U BOAHYHO 4acThb,
cocrapsiroinyto Oonee S5 macc.%. Ceipoii riunepuH oOjanaer OONBIIMM TMOTEHLMATIOM IS
3HAYUTEJIBHOTO CONEHCTBHS MPOU3BOACTBY YCOBEPIICHCTBOBAHHBIX OMOTOIUINB, CPEIH MPOUETO,
BCJIEZICTBHE €ro OJarompusTHON WEHBI, JKMOKOH mpupomel W xopomeid npocrymHoctH. C
SHEPreTUYECKOH TOYKH 3PEHHs, MO0 CTEXMOMETPHH OH SBIsieTCs Hambosiee OMaronpusTHBIM
BEIIIECTBOM JJIsl TOJIYYEHHUSI COOTBETCTBYIOIIMX MOHOCIIHPTOB, T.€. Ipomnanona-1 (H-mponaHoa)
u/wiM mponanosa-2 (M30MpornaHoia), U3 riuunepuHa (nmpomnantpuona-1,2,3). B gononHenue k
3TOMY, BCIIEACTBHE OOJiee BBICOKOH YIOENbHOH 3HEPrOEMKOCTH YCOBEPIIEHCTBOBAHHBIX
OMONPOTIAHOJIOB, TPEOYETCS OTHOCUTENIBHO MEHBIIEe UX KOJMYECTBO B KaueCTBE AOOABIISIEMOTO
B CMeCh KOMIIOHEHTa, 4YeéM B Cly4ae YCOBEpIICHCTBOBaHHOro OwuostaHona. HawubGonee
MEPCNEeKTUBHbIM ~ MCXOAHBIM  MaTepuajoM g [OJYy4YeHHMs  YCOBEPIIEHCTBOBAaHHBIX
OMONPOTIAHOJIOB ~ SIBJSIETCS.  CBIPOW  INIMLEPUH Kak MOOOYHBIA TPOIYKT IPOU3BOACTBA
OMOAN3ETbHOTO TOIUINBA.

K nacrosiiemy BpeMeHU MCTIbITAHBI U TPOAHATM3UPOBAHBI MHOTHE PA3JIMUHBIE [TPOLIECCHI
KOHBEPCHUH IJIMIIEpHUHA B BBICOKOLIEHHbIE WM NIPUMEHUMbIE XUMHUYECKUE MPOAYKTHI, TAKHE KaK
OKHCIIEHHE, 3Tepu(PUKALINSA U THIPOr€HOJIN3 TIIHUIEPHHA.

Hanpuwmep, B natenre CIIIA 8507736 B2 noka3aH cnoco® MoJy4eHUs] KOPOTKOLCITHBIX
CIOHPTOB W3 TUIMIEPUHA, KOTOpBIH oOpasyercst Kak MOOOYHBIA TPOOYKT IPOU3BOACTBA
OnoamzenpHOro TOIUMBA. KOHKPETHO, MOTOK MPOAYKTOB MOMXKET COAEPIKaTh CMECh 3TAHOJA,
METaHOJIa ¥ MPOTIAHOJA, IPUUEM TIPOTAHOJ cOCTaBsier Oosiee SO MPOLEHTOB OT 00IIEeH MacChl
OJTHOATOMHBIX CIHPTOB B TOTOKE MPOAYKTOB. IlepepaboTKy MOKHO OCYIIECTBISTH B OIHY
PEaKLIMOHHYIO CTaguio, KOTOpas BKJIOYaeT B ceds W JeruapaTaluio, U THIPUPOBAHUE.
IIpuMeHsieMBbIil KaTanu3aTop MOXKET SBIATBCS CMECBH KaTajau3aTopa AeruapaTtanuu U
KaTaJM3aTopa TUAPUPOBAHUS, MEPBBI M3 KOTOPBIX MOJKET COAEP)KaTh OKCHIBI BOJb(pama U
LUPKOHMSI, a MOCIEAHUN M3 HUX MOKET COoAep:aTb MeTasj IJIaTUHOBOHM rpynmnsl. Peakiuio B
OJHY CTaANIO CJIEAYET OCYLIECTBIISATh MPHU Temmeparype okoso 300°C.

Kpowme toro, B matenre CIIIA 8946458 B2 packpsiTa cepusi KaTaIN3aTOPOB U CHOCOOOB,
a TaKXkKe CHCTEM pPEaKTOpPOB sl MepepabOTKH KHCIOPOACOIEPIKAIlUX YIJIEBOAOPOIOB. B
Ka4yeCcTBe BapHUaHTa NPUMEHEHHS KOHKPETHO YIOMHHAETCs MCMOJb30BaHME IIMLEPUHA Kak
O0OOYHOTO MPOYKTa MPOU3BOACTBA OMOIN3EIBHOTO TOTUTBA. [IpOAYyKTEI, OJMyUYEeHHBIE U3 HETO,
Cpeau MpOYHMX, BKJIIOYAIOT MNpoma”oy-1 u aueroH. [ns naHHOM peakuuu HCIOJIb3yeTcs
reTEepPOreHHbIl Karajgm3arop ruapoxneokcureHuposannss (HDO), mnpu >TOoM onuceBaercs

OOJBIIOe KOJIMYECTBO APYTUX KaTaU3aTOpOB. B OTHOIIEHNH BBeneHUs JOOABOK YIIOMHHAETCS,
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YTO MOJKHO HCIIOJIb30BaTh OMMETAJUIMYECKUH KaTajJu3aTop C IUIATHHOM M MOJHOAEHOM Ha
BOJIb()paM-IIUPKOHUEBOM HocuTene. B kauecTBe TeMrepaTypsl peakLUd MPUBOAMTCS AMANA30H
ot 100°C o 300°C mpu nasnenuu ot 4 no 140 Gap.

B mareate EP 2 016 037 Bl nponemoHcTpupoBaH crmocod mnepepadoTKu
BOJIOCOJZIEPIKALLErO ChIPbsl, KOTOPOE TaK)Ke UMEET B CBOEM COCTaBe INIMLIEPUH, B paMKax OJHOTO
KaTAJIMTHYECKOTO TMpollecca M C HCIOJb30BaHUEM OOpasyromerocs: in-situ BOIOpoma Iuis
MOJIYYEHUSI, CPEAN MPOYEro, CIUPTOB, KOTOPbIE BKJIIOYAIOT, B YACTHOCTH, 3TAHOJ MU MPOMAHOJ.
Hocurenp karanm3aropa MOXKET SIBIATHCS KPEMHHEBBIM WM LUPKOHUEBBIM, KOTOPBIA MOMKET
ObiTh 0OpabOoTaH BombdpamMoM. B CBsI3M ¢ 3TUM yINIOMHUHAETCS, YTO CpPEeOu MPOYMX,
NPEANOYTUTENBHO HUCTIONB30BAaTh OKCHIABI LUPKOHMS. KaTamuzaTop Takke MOXKET COAepiKaTb
NEPEeXOAHbI METaJlI, HAlpuUMep, TUIATHHY Wiau poxui. JlaHHBIN crioco® peanmsyercst B IBYX
XUMHYECKHX CTAIMsIX, IJIsI KOTOPBIX yKa3aHbl Pa3JIMYHbIE, HO NMEPEKPHIBAIOIINECS AUANA30HbI
temrieparyp: oT 80°C no 400°C u ot 100°C no 300°C.

B nmoxymente CN 101054339 D4 noka3zan crnocod nepepaboTky MOOOYHOTO MPOIyKTa
NPOM3BOJCTBA OMOMN3EIBHOTO TOIUIMBA, TJIULEPUHA B H-TIPOMAHOJ B YCJIOBHUSX HEMPEPBIBHOTO
nmporecca C HEMOABIDKHBIM — CJIOEM  KaTajqu3aropa TNpPHU  HCIOJB30BaHUHM psma  Tpyo.
Hcnonp3yeMblii HOCHTENb KaTajiu3aTopa BKIKOYaeT, cpeau mnpodero, ZrOi;, BmecTe C
BOJIbPAMOM, pOIUEM, MOJMONEHOM U IUIATUHOW, B Ka4eCTBE AKTHUBHBIX KOMITIOHEHTOB.
Temnepatypa peakuuu coctasyseT ot 180 o 360°C.

JloronHUTENBHBIE CIIOCOOBI pacKphIThl, Hanmpumep, B mateHte CIIIA 8075642 B2 u
3asiBke Ha nateHT DE 10 2008 026 583 Al

OnHako Bce NOCTYNHBIE B HACTOSIEE BPEMsl CHOCOOBI UMEIOT OJUH WIIM HECKOJBKO
CYIIECTBEHHBIX HeJOCTAaTKOB. OOBIYHO MOJKHO HANPAMYIO TepepadaThIBaTh TOJIBKO OUHUILEHHBINA
[IULEPUH, a HE CBIPOH INIMLEPUH WM HEeO4YHLIeHHbIH rmiepuH. C Lenplo MOoJyueHHs
OUHINEHHOIO MIMLEPUHA U3 ChIPOrO TJIMLEPHHA HEOOXOAUMO YAAJSTH NMPUMECH, XOTS HE BECh
NPOM3BOAMMBINA TJIMLEPHH MOXHO Janee mnepepadoTaTh B OYHMILIEHHbIH ImiepuH. Yacto
€IMHCTBEHHON CTagued OYMCTKU SIBJSIETCS H3BJIEUEHHE METaHOJa M3 CBIPOro TJIMIEpUHA.
BcenencTBue oTcyTCTBHS Iporiecca riTyOOKONH OUHUCTKH ChIPOH TIMLIEPHH HAMHOTO JEIIEeBIe, YeM
OUMINEHHBIH IIHLEpPHH. B 4acTHOCTH, HE CYIIECTBYET HUKAKMX M3BECTHBIX KaTAIH3aTOPOB WJIU
CHOCOOOB TOJIyYEHHsI TAKUX KaTaJIu3aTOPOB, KOTOPBIE YIOOBJIETBOPHUTEIBHO COOTBETCTBYIOT
yKa3aHHBIM TpPeOOBAaHUSM, YTO TakKMM OOpa3oM NPENsITCTBYeT HempepbiBHOW padorte. Ilpu
OCYILIECTBJIEHUH TEXHOJIOTHI MPEAIIECTBYIOIIEr0 YPOBHA TEXHUKH Ha KaTalu3aTope MOTYT
OCaYK/IAThCsI, HATIPIMEP, COJIHM HJTU Cepa, U TaKUM 00pa3oM CHIKaTh uX 3¢ ¢exkTuBHOCTh. Kpome
TOTO, BCE CIIOCOOBI SIBJSIFOTCS CIIOXKHBIMHE, XapaKTEPU3YIOTCS HU3KHUM YPOBHEM CEJEKTUBHOCTH

HJIN KOHBEPCUU W/WIH SBJISIIOTCA AOPOTrOCTOALUMHU AJI BOILIOIICHU .
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Taxum oOpazom, 1esb HACTOSIIIEro N300PETeHUs 3aKII0YAeTCs] B IIPEOIOJIEHIH BCEX WU
HEKOTOPBIX M3 BBILIEYIIOMSHYTBIX HEJOCTAaTKOB, a KOHKPETHO B pa3paboTke crocoba u
YCTPOMNCTBA, a TAKXKE KaTaln3aTopa U crocoda ero mojy4eHus, Mpu UCTIOJIb30BAHUN KOTOPBIX U
KOHBEPCHsl IIMLEPHHA, U CEJIEKTUBHOCTb MO TOBAPHOMY IPOMNAHOJY SBJISIFOTCS BBICOKHMH.
Jlpyroii 1enpro sBIAETCS AalbHeHWIas mnepepadoTka ChIPOro INIMLEPUHA B TOIUIMBO WM
no0aBJIIEMbI B CMECh TOTUIMBHBIA KOMIIOHEHT 0€3 AOPOroCTOsIIeH MpenBapuTeIbHON OUUCTKH
WA TIOATOTOBKH. J{OTIOHUTENbHAS 1IeNIb COCTOUT B UMMOOMITH3AIIMH KAaTaJTUTHIECKH aKTHBHBIX
COEIVMHEHUN Ha MOAJIOKKE KaTaau3aTropa C LEeJIbl0 IMPEeNOTBPALEHUs PACTBOPEHMs YKA3aHHBIX
KaTAJIMTUYECKH AKTUBHBIX BELIECTB, KOTOPbIE YacCTO JIEFKO pPAacTBOPHMBI B BOJE, B XOJIe
nporecca. Kpome Toro, MomkHO OBITH BO3MOKHBIM NEPEHECEHHE MPEASIaraeMbIX CIIOCOOOB U3
7a0opaTopuu Ha KPYIMHOMACIITAOHYKO YCTaHOBKY IOCTaTOYHBIX pPa3MEpOB, T.€. JIOJDKHA
obecrieunBaThCs BO3MOKHOCTh COOTBETCTBYIOIIEro MaciutabupoBaHus. Kpome TOro, mOJKHBI
JIOCTUTATHCS YCIIOBUS, B KOTOPBIX OIpaHMYMBAETCs 00pa3oBaHHe NMOOOYHBIX MPOAYKTOB, TAKHUX
KaK NPOAYKThI TUMEPU3ALUN U KETOHBIL.

JTO mocTUTaeTcsl MpU MOMOIIH Criocoba U yCTPOHMCTBA Al KOHBEPCHH CMECH BELIECTB,
coAep Kallel MNIULEPUH, B MPONAHOJIbI, KaK OMKMCAHO BbILIE, B KOTOPOM MOAJIONKKH KaTalIu3aTopa
MMEIOT Ha OBEPXHOCTHU NOPBI AuamMeTpoM OT 10 g0 25 aHrcTpem, npeanodTuTensHo ot 12 no 20
aHrCTpeM, OCOOEHHO NPEANOUYTHUTENbHO, Mo cymecTBy 15 anrctpem. Kpome Toro, sto
JOCTHUIaeTCs MPU MOMOIIU KAaTaanu3aTopa KOHBEPCHUHU CMECH BEILECTB, COAepKallell IIHLEPUH, B
MIPOMAHOJIbI, KAK OMUCAHO BBILIE, B KOTOPOM MOJJIOKKH KaTaau3aTopa UMEKT Ha NMOBEPXHOCTH
nopel auaMeTpoM oT 10 mo 25 aHrcrpem, mpeanodtruTensHo oT 12 no 20 aHrcTpeM, ocoOeHHO
NPEANOYTUTENBHO, IO CylecTBy 15 aHrcrpeM, M NpU MOMOIIM Criocoba TMOJydeHUus
KaTaJIn3aTopa KOHBEPCUU CMECH BELIECTB, COAEPKAIEN INIMLEPUH, B MPONAHOJIbI, KaK OMUCAHO
BbIIIE, B KOTOPOM 0a30Bble MaTepHajbl A MOJYYECHHUS IMOMJIOXKKH KaTalu3aropa UMET Ha
MOBEPXHOCTH MOPBI AuaMeTpoM oT 10 10 25 aHrcTpem, npeanodTuTessHo ot 12 1o 20 aHrerpem,
OCOOCHHO MPEANMOYTHTENFHO, MO CYyIecTBy 15 aHrcrpeM, wuiu 0a30BBIM MaTepuan st
MOJIYYCHUsT TIOJUIOXKEK Karajnusaropa conep:xkar ueonutsl USY, mpu stom neonutel USY
JCaTFOMUHHPOBAHbI TAKMM OOpPa3oM, YTO MOJUIOKKHM KaTaJIU3aTopa MMEIOT Ha TOBEPXHOCTH
nopel auaMeTpoM oT 10 mo 25 aHrcrpem, mpeanodtruTensHo oT 12 no 20 aHrcTpeM, ocoOeHHO
MPEeANOYTUTENBbHO, MO CyluecTBy 15 anrctpem. IIopbl ymOMSIHYTBIX TUAMETPOB TAKXKE MOXHO
(bopMuUpOBaTh BHYTPH MOAJIOMKEK MU B UX YaCTH.

HcnpiTaHust mMOKa3aiy, YTO B pPE3yJbTaTe OCYIIECTBJIEHUS YKAa3aHHOTO crocoba
MOJIy4eHUsT W Toadopa MOAJOXKKH C TaKUMU pa3MepaMu IOp, KaTAIUTHYECKH AaKTHUBHBIE
BEIIIECTBA, HAIMPHUMEpP, KPEeMHEBOJb(PAMOBas KHCIOTA, KOTOPBIE B JIPYIHX CIy4asx OOBIYHO

HUMCIOT BBICOKYHO pPacTBOPUMOCTL B BOAC, XOPOIIO I/IMMO6I/IJ'II/13y1'OTC$I Ha TIOAJIOXKKE
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KaTajau3aTopa. JTO O3Ha4yaeT, HalpUMep, YTO B CIydae pPeakLiH, KOTopas NPOTEeKaeT B XKUJIKON
BOAHOU (hase, Hampumep, MOA AaBjieHueM ot 25 nmo 50 Oap, karamu3aTop, B HYaCTHOCTH,
KaTalnu3aTop JAEeruapaTalud, HE MOXKET pacTBOPSATbCS B pe3ynbTaTe TUApaTaluu, T.€.
pPacTBOPEHUS] TOA AECHCTBHUEM BOIbI, & OCTAETCS CTAOWJIbBHO MMMOOWJIM30BAHHBIM, M, TaKHM
0o0pa3oM aKkTHBHBIE LIEHTPbI SIBISIOTCS CBOOOJHO IOCTYMHBIMU U YIEPKUBAKOTCS BOIPEKH
BOJTHOMN pEaKLUU.

IIpennoutrurenbHO peakuust AOJDKHA NPOTEKAaTb B OAHY cTaauro. lIpensBapurenbHbie
UCCIIENIOBAHMS MPUBEIH K TPEATIOJNIOKEHHIO, YTO HEOOXOIUMOMN SIBJISETCSI KOMOWHUpPOBaHHAS
CHUCTEMa KaTajln3aTopa, NMOCKOJBbKY B JAHHOW PeakUuu 3a Aeruapatauuell AOJDKHO CIEeNOBaTh
rugpupoBanue. C y4éTOM BBIIIECKA3aHHOTO, MPENNOUYTHTENIbHO OOBEAMHATH JIBE DPAa3IUYHBIC
CHCTEMBI KaTaJIN3aTOPOB Ha MOJUIOKKE TaK, YTOOBI MOYKHO ObLIO OCYIIECTBIISATh PEAKLIUIO B OJHY
craguio. MIMMoOMIM3anust KaTaluTUYECKH AKTUBHBIX BEIIECTB, B YACTHOCTH, KaTalH3aTopa
JeTuApaTaliy, HarpuMep, KpeMHEBOJIb(PaMOBOH KHUCIIOTHI, BEPOSITHEE BCEro, 0OyCIOBIEHA, C
OAHON  CTOPOHBI, (U3UKO-XUMHUYECKUMH  B3aWMOJICHCTBUSIMH, MPEANOJIOKUTEIBHO,
ancopbunonHbIMH cuiiamu Ban-nep-Baanbca, a ¢ aipyroii CTOpOHBI, HACATBHBIM IUAMETPOM TIOP
U, TaKUM OOpa3oM, HENOCTYITHOCTBIO KAaTaJUTHUYECKH AaKTHBHOIO BemecTBa. Kpome TOrO,
KaTAJIMTUYECKH aKTUBHOE BELIECTBO, B YACTHOCTH, KATAJIU3ATOp AErHApaTalid, OCAKAAETCs
NPEANOYTUTENBHO BOIM3HM NMOBEPXHOCTH, YTO OOYCIIOBJIEHO MOJIEKYJISIPHBIM Pa3MepoM, PUIEM
OCaXJ€HHEe MMEET MECTO, B YaCTHOCTH, B KPYIHBIX MOpax, U B OTJAMYME OT KaTaJIU3aTOpa
THIPUPOBAHUS, KaTAJIH3aTOP ACTHIPATALIHI HECTIOCOOSH IMPOHUKATH JAJbIIE B TIOAJIOKKY.

B cBs3u co cnocoOoM KOHBEPCHHM CMECH BEINECTB, COACpIKAIleld TIULEpPUH, B
MPOMAHOJIBI, MPEANOYTUTENBHO, €CIH MOJIOKKH HCIOJIb3YEMOIO KaTaanu3aropa NPEeACTaBIISIOT
co0oi 3KCTpynaTel B (GopMe MeUleT U NPEANOYTUTENbHO SIBIIFOTCS KepamudeckuMmu. Ilpu
SKCTPYAUPOBAHUU U MOCIEAYIOLIEM KOHIAULMOHUPOBAHUU MEJUIET KaTalIU3aTOpa OPraHUYECKHe
CBSI3YIOIIME, NMEIOIINECs Ha MOBEPXHOCTH MOMJIONKKH, 3(P(PEKTUBHO YIETYUYHUBAKOTCS MOYTH Oe3
OCTaTKa, U MEJJIEThI MPHOOPETAIOT COOTBETCTBYIOLIYIO TPOYHOCTb.

IIpennodrurenbHO, KOHBEPCUIO CMECH BELIECTB, COMAEp KAl MITULEPUH, B MPONAHOJbI
OCYLIECTBJISIIOT HENPEPBIBHO B MPUCYTCTBUU KAaTAJIU3aTOPA, OMMCAHHOTO BBIIIE, B PEAKTOPE C
HETIOABIDKHBIM CJIoeM. TakuM TIyTéM MOJKHO JOCTHIaTb MAaKCHMAaJIbHO BO3MOXKHOTO OOBEMa
nepepadOTKU TIIMLEPUHA, U B TO JK€ BPEMsl OYEHb BBICOKOH KOHBEPCHH B IPOMAHOJBI, CBBIIIE
85%. BenencTBue nMMOOMIM3aLUN APYrOro, BOJOPACTBOPUMOIO KaTaJIM3aTopa AernapaTaly,
CTaBIIEH BO3MOXKHOM MpPU MNOMOLIM CHELUANbHBIX MOJJIOXKEK KaTalnu3aTopa, AaKTUBHOCTH
KaTajIn3aTopa COXPAHSIETCs] HA YKa3aHHOM BBICOKOM YPOBHE B TE€YEHHE JJIMTENBHOIO MEepHOna
BPEMEHH, U UHTEPBaJbl 3aMEHbI KaTAJIN3aTOpPa, 4, CJIENA0BATENbHO, IEPUOABI MPOCTOSI YCTAHOBKHU

COKpalaroTCcd A0 MHUHHUMyMa. PeaKTop C HCMNOABUKHBIM CJIOEM TMNPCANOYTHUTECIBHO ABJIACTCA



OJIHOCTYTIEHUYATBIM.

B mpennoururensHOM BapHaHTe crnocoba B KauecTBE IMMOMJIOXKKH —KaTalih3aTopa
UCTIOJNIB3YIOT CMEIIaHHbIE OKCHUIBl KPEMHHs, BOJb(ppaMa, LUPKOHUS W/WIA aJFOMUHUS,
NPEANOYTUTENBHO  AMOKCHUA — LUPKOHHS, ILEOJNUTHI  (TMPENNOYTHTEIBHO  CHHTETHUYECKHE
AIOMOCHJTUKATBI U ajmoModocdarel), npeanoututenbHo neoautsl VFI wiu neomursr VPI-5,
neamroMuHHpoBaHHbIe Heosutsl USY w/mmm nuokcnpa amomuHus. B xonme cepum MCIbITaHUIMA
OKa3aJI0Ch, YTO TAKHUE TIOAJIOKKHU SBJSIFOTCS 0COOEHHO 3P PEeKTHBHBIMMU.

[IpennouyTHUTENPHO TaKXKe, €CNU KaTajlu3aTop COACPKUT IUIATHHOBYIO HOOaBKYy.
CornacHo MpEeAIIECTBYIOIIEMY YPOBHIO TEXHHKH, OCYIIECTBICHHE MMMOOWIM3ALMU IJIATUHBI
KaK BTOPOrO KaTaJIUTUYECKH aKTHBHOTO BELIECTBA KaTaJlu3aTopa Ha MOAJIOKKE He MPEeACTaBIsAeT
coboii mpobnembl. B COOTBETCTBMM € TEKyIIMM YpOBHeM TexHHKH, ZrO; He sBIsiercs
MPEANOYTUTEIbHBIM KaTaJIM3aTOPOM KOHBEPCHUHU TJIMLEPUHA B MPOMAHOJbl, HO B KauecTBe
MaTepuaja HOCHUTENsl KaTalu3aTopa OH SBJSAETCS MNPEANOYTHUTENBbHBIM BO MHOTHMX pEaKLMSIX
BCJICZICTBHE €r0 BBICOKOH TEPMHUYECKOW CTaOMJIBHOCTH, BBICOKOH TBEPIOCTH U XOpPOLIEH
CTa0MJIBHOCTH B BOCCTAaHOBUTENIbHBIX YCIIOBUSX. [IpenmosioKUTENbHO, KHCIOTHBIE LEHTPHI
HEOOXOIUMBI sl CTalH ACTHIPATALINH, HA KOTOPOH BO3MOXKHBIMH MPOAYKTAMHU MPEBPAIIECHUS
INIMLEepUHA SBJIAIOTCS aleTo] U 3-OKCUIIPONHOHOBBIN ajblaerua. Bo3MOXKHBIM BapHaHTOM AJis
CTaniuu JeTUApaTaliyd Takxke wMoria Obl ObiTh  (pochopHOBONB(pPaMOBas KUCIOTA. 3a
TUIPUPOBAHUE MPOMEXKYTOUHBIX IPOJYKTOB OTBETCTBEHHBIM SBIISETCS IPEANOYTUTEIBHO
MeTanau4eckuil kartanuzatop. HM3BecTHO, 4YTO KaTajau3aTopaMu THIPUPOBAHUA SBIAIOTCA
JparolieHHble MeTaJUlbl, TaKhe KakK IUIaTHHA, MPEAMNOJIOKUTENbHO, BCJIEACTBHE TOrO, YTO OHHU
aKTUBUPYIOT MOJIEKYJIbI BoAOpoja. BO3MOXXHBIM BapHaHTOM Takke SIBJSIETCS pYyTEHUH,
MOCKOJIBKY OH HE€ UyBCTBHUTENIEH K Cepe, Kak Apyrue Karanu3aropbl. MOKHO HCHOJIB30BaTh
TAKXKe U [[BETHbIE METAJUIbI (HEAparoleHHble METAJUIbI), TAKUE KaK MeIb WM HUKENb. B oOmem
clydyae KaTalu3atop JOJDKeH COJepkKaTb ONTHMAJbHOE COOTHOLIEHHE KUCJIOTHBIX U
THOPUPYIOIINX IEHTPOB, a TAKXKE MPEANIOUTUTENBHO OJDKEH OBITh KaK MOXKHO 00Jiee CTOWKUM K
OTpaBjieHUI0. B onosiHeHne K MOJUIOXKKe, COCTaB KaTalu3aTropa MPeArnoYTUTEIbHO COCTOUT U3
MPONOPLIMOHAJIBHON NTOJIM TUIATHHBI, PYTeHUS, MEAW WU HUKeNs B konudectBe oT 0,5 go 5
macc.%, npennodytuTensHo oT 1 1o 3 mace.%, 0COOEHHO MPEANOYTUTENBHO, Mo cymecTBy 1,5
macc.%, W KpEeMHEeBOJb(ppaMOBOH KHUCIOTHI WIH (PochOopHOBONBYPAMOBOH KHCIOTHI B
kojguuecTBe ot 5 go 20 macc.%, mpemmoututenbHo ot 7,5 mo 15 wmacc.%, ocobeHHO
MPEAOYTUTEBHO, TI0 CyiIecTBY 12 macc.%.

B kauecTBe HCXOQHOTO Matepuana, T.€. B KaueCTBE CMECH BEILECTB, conepKalieit
TJIULEPUH, MOYKHO HMCTIOJIb30BATh CBHIPOH TNTMLEPUH, TEXHUUECKUH TJINLEPUH W/WIIH OYHIIEHHBIH

rnuiepuH. OcoOeHHO MPEANOYTUTENBHO, €CIIH UCTIONB3YIOT CHIPOH TIIMLEPHH, MOCKOJIBbKY OH
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XapaKTepU3yeTCss HHU3KOM CTOUMOCTBIO M SIBJIAETCS MOOOYHBIM MPOAYKTOM  BOIUIOIIEHHS
paznmuuebIX  crocoboB.  Kpome Toro, (mpaBoOBble) PEKOMEHAATENbHbIE HOPMBI  JUIS
YCOBEPIIEHCTBOBAHHBIX OMOTOIUIMB, oOcoOeHHO corjacHo [lupektuse (EC) 2015/1513,
npunoskenue IX, gacte A, Takke uzBecTHOU kak "RED II", oObMHO BKJIFOHAIOT B ¢e€0s1 TOJIBKO
yKa3zaHHoe BellecTBo. [1o nmokasaresnsm coaep:kaHus INIMLIEPUHA U JOJH NPUMECH TeXHUUYECKUN
TJIMLEPUH HAXOJUTCSI MEKAY ChIPBIM IIMLIEPUHOM U OUHUIIEHHbBIM TIULIEPUHOM.

[IpennouTuTenpHO, HA IEPBOM CTAIUU CIOCOOA CMECh BEIIECTB, COAEPIKAIIYIO TIIHLEPHH,
OTBOAAT W3 EMKOCTH JUI XPAaHEHHWs M MPEONOYTHTEIBHO (QIIBTPYIOT, B YAaCTHOCTH, MJIS
yIaJeHusl JIIOOBIX HEPACTBOPEHHBIX TBEPABIX BEINECTB M HEXKENATENbHBIX COMYTCTBYIOIINX
BELIECTB, COJEPKALIUXCS B HEl, B 3aBUCHMOCTH OT KauecTBa CMECHU BEIeCTB, coaepkaluei
[NIMLEpPUH, B YacTHOCTHM, B 3aBUCHMOCTH OT CTeneHu 3arpsisHeHus. (Cmech BellecTs,
COIEpIKAIIYI0 T[IIMLEPHUH, HEeoOs3aTeNbHO, MOXHO MOABEPraTh LEHTPU(PYTHPOBAHUIO 1O WIIH
nociie JTaHHOH ctaanu. 3aTeM (MIPEeAOYTUTENBHO, MOIBEPTHYTYIO MPEeaBAPUTENBbHOI 00padboTKe)
CMECh BELIECTB, COJAEpXKAIlyl0 TIJIHLEPUH, TMPEeANOYTUTEbHO CMEUIMBAIOT € BOAOH U
pa30aBISIOT, MPH 3TOM COAEPKAHUE TIINLEPUHA MPEANOYTHTEIBHO JOBOIAT A0 BEJIUYHUHBI OT 5
no 80 mporeHToB, ocoOeHHO mnpenmouTurenbHo, oT 10 mo 60 mpomeHTtoB, emé Oosee
MPEANOYTUTENBHO, OT 15 10 50 NpoLEeHTOB, B 3aBUCUMOCTH OT KOHEYHOM CTPYKTYPBI KEJAEMOT0
MPOAYKTa, MPUUEM COAEPKaHUE TIIULEPUHA JOBOIAT A0 BeanuuHbl, 0,7-0,9-kpaTHON KenaemMoi,
CTEXHOMETPUYECKH BO3MOXKHON KOHIIEHTpaLMU (KOJMYECTBO BEINECTBAa) MpomnaHoja-1 B
KOHEYHOM IpoAykTre. B cinydae ocyuiecTBieHMs] YKa3aHHOW CTaAuMM CMeCb BellecTB,
coJeprkalliasi INIMLEpHH, Jlajlee B HACTOALIEM JOKYMEHTe OTHOCUTCS K CMECHU NepBOHauYajIbHOMN
(TIpennouTUTENHHO, IOABEPTHYTOH NpeABapUTETbHON 00paboTKe) CMECH BEIECTB, COACpIKaIIeH
TJIMUEPHUH, ¢ BOJOH, MOJyYEHHONW HA TaHHOM CTaauu.

Ha npennmoururensHOll cTamuu crocoba CMeCh BEINECTB, COAEPIKAINYID TJIHLEPHH,
NPEANOYTUTENBHO HArpeBarOT C MOMOLIBIO TETNIOOOMEHHHUKA, NPEANIOYTUTENBHO SKOHOMaN3epa,
U KBa3uanuabaTHUeCKOTO MPOBENEHHs] PEAKLUH, MPEANOYTHTEIBHO A0 TeMmreparypel oT 150
no 300°C, ocobeHHO TpeanouTUTeNbHO a0 Temmepatypel oT 190 mo 250°C, emé Oonee
MpeanouTUTeNbHO, 1o cymectsy a0 220°C. K cmecu BewecTs, coaepiKaiieil TIULEPHH,
NPEANOYTUTENBHO NOOABISIFOT BOXOPOJ, MPEANOYTUTENPHO B CTaTHUYECKOM CMECHTENe, IpU
5TOM KOJIMYE€CTBO BOJOPONA MPEATIOYTHUTENbHO AOBOAST 10 10-60-kpaTHOro u30BITKA TIO
OTHOIIEHHIO K JKEJIaeMOH, CTEeXHOMETPHYECKH BO3MOJKHOW KOHLEHTpPALMH (KOJUYECTBO
BEIIIECTBA) MPOMaHoja-1 B KOHEUHOM IPOIYKTE.

B cnyuae ocyuiecTBieHus yka3aHHOHM CTaAMM CMECh BEINECTB, COAepIKaliasi TIHIEepPHH (B
IOTIOJIHEHHE K JIFOOBIM MpPEAbIAYIIUM A00aBKaM U OYHUCTKAaM), OTHOCHTCSI K CMECH BEIIECTB,

CMEIIAaHHON C BOJOPOAOM.
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3aTeM CMecCh BEILIECTB, COAEPXKALIYI0 TIMLEPUH, MPOIMYCKAOT 4epe3 KaTaJUuTHYeCKUn
peaKTop, NMPEANOUYTUTENBHO HENPEPHIBHOTO AENCTBHUS, C HEMOABMXKHBIM CJIOEM KaTajlu3aTopa.
TexHONOTHUEeCKYI0 TEKy4dylo cpeay (CMech NpOpearnpoBaBIINX BELIECTB, COACPIKALIYIO
TIIMLEPUH) TIOCIE PEeaKTopa C HEMOABIKHBIM CJIOEM TPEANOYTHTENbHO HAMPAaBIAIOT B
TEIUIOOOMEHHUK UIsI TIOABOJA TEIJia. JHEPruu TeIlla MPoLecca COOTBETCTBYIOIIMM 00pa3oM
JOCTaTOYHO AJisi OOeCTeUeHHsl MPEeNBAPUTEIBHOIO HArPeBaHMsS CMECH BEINECTB, COIEpKallei
TNIMLEPUH, Tepesl OCYLIECTBICHUEM PEaKLii B PEAKTOPE C HEMOABUKHBIM CJIOEM, T.€. He HY>KHO
MOJIBOJINTh HUKAKOW BHELIHEW SHEPruM AJsl PEaKUWH W/WIM OTBOAUTH €€ (32 HCKIFOYEHHEM
3amycKa yCTaHOBKH ), TAKUM 00Pa3oM, pEaKLHsl MPEAIIOYTHTENBHO SABIISETCS aAnadaTHIeCKOH.

Jlanee TEXHOJOTMYECKYID Cpeay MpeaNouTUTEIbHO PpACHIUPSAIOT, A0 JaBJIEHUS,
cocTaBysirowero npeanoyrutensHo 0,2- 0,02-KpaTHYIO BEIHMUYHHY, OCOOSHHO MPEANOUYTUTENBHO,
0,1 — 0,03-kpaTHyr0 BeNMWYHHY, €mé Oojee NMPEeArOYTHTENBHO, Mo cymecTBy 0,04-kpaTHyrO
BEJIMUMHY OT MEepPBOHAYAJIBHOIO NaBJEHMs. 3aTeM BOAOPOA MPEANOYTUTENIbHO BbIACISIOT U3
CMeCH MpOpearupoBaBLIMX BELIECTB C IOMOLIBIO CENapaTOPHOTO YCTPONCTBA, MHpPU 3TOM
U3BJIEKAEMBIH BOJOPO TIOBTOPHO CXKUMAIOT KOMIIPECCOPOM H OOABIISIIOT K CBEKEMY BOJIOPOLY,
KOTOPBIH MOOaBISIOT K CMECH BEINECTB IEpel OCYLIECTBIEHHEM pEaKIHUH B PEaKkTope ¢
HETIOABIDKHBIM cjioeM. oyl M3BJIEUEHHOrO BOAOpPOAa B OOIIEM KOJHYECTBE BOJOPOAA,
UCTIOJIB3YEMOM JIJIsl PEaKLHH, MIPEIIOYTHTENBHO cocTaBisieT oT S0 1o 99 mpoueHToB, 0COOEHHO
MPEANOYTUTENBHO, OT 70 10 97 MPOLEHTOB.

Ha emé 6oree npennouTUTENBHBIX CTAANAX COCO0a LIETEBYI0 OPraHUYECKYIO (PPaKLIUi0
MOKHO TMOJIy4aTh W3 CMECH NPOPEarupoBaBLIMX BELIECTB, MPENNOUYTHTEIBHO (PUINIECKUM
nyTéM, OCOOEHHO MPEANOYTHTENbHO MyTEM AMCTUWUIALUH, T.€. YIOAISIOT TEXHOJIOTHYECKYIO
BOJY, MMEIOIIYIOCS B COCTaBE, a TaKkke 00pa30oBaBINYIOCA KaK MOOOYHBIN MPOIYKT, H MOJIYYAIOT
4yuCThble MpomnaHoibl. llpenmoutuTenbHO mMosydaroT W mpomaHos-1, u mponaHon-2. IloTokx
MPOAYKTOB MPEANOYTHTENBHO conmepkuT oT 10 mo 22 macc.% mnpomnanona-2 u ot 60 go 85
Mmacc.% mnponanosia-1, Hanpumep, 20 macc.% nponanona-2 u 70 macc.% nponanona-1. OgHako
MOXKET TakKXke IMOJy4aTbCs TOJBKO OAMH M3 JBYX chupToB. IlpenmoururenbHo, mpomnaHoJ-1
W/WIM TIPONAHON-2 TOJIYHYArOTCS/TIONy4aeTcsl Py TOMOLIH Kackana ansi oOpaboTKH, BHaudaie
NyTéM yJaJeHHsl BOJbI U3 CMECH BeleCTB, IPOPEarupoBaBLINX B PEAKTOpPE C HEMOABUKHBIM
CJI0EM, U 3aTeM MOJy4eHMs] YMCTHIX MPOMAHOJOB, MPU 3TOM OTAEIEHHYIO TEXHOJOTHMYECKYIO
BOJY NOOABJISIIOT K CBEXKEH BO/IE B CMECHUTENIE ISl BOJIBI, KOTOPBIH OOBIYHO MPEACTaBIsieT OO0
TPATULMOHHBIH CMECHUTENb, M HCIOJB3YIOT BOJHYIO CMECh B JAaHHOM crocode, OCOOeHHO
NPEANOYTHTENBHO, Ha Oojiee paHHEM STare, KOHKPETHO, NMPH CMEIIUBAHHU B CMECHTEJE CO
CMECBIO, COJep Kallled INIMLEpUH, a ellé MpenrouYTUTeIbHee, W3BJIEUEHHAs TEXHOJOTMUYecKas

BOJa cocrasiysAeT noro ot 80 no 100 mpouenTtos, npeanoyrutensHo oT 90 1o 100 mpoueHTos B
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pacuére Ha oOmIee KOJIMYECTBO BOJbI, HCIOJNb3YeMOW B HaHHOM crocobe. B kauectse
ANbTEPHATUBBI WM JOTIOJHHUTENBHO, TOJIYYEHHYIO LEJIEBYI0 OPraHMYECKYl (PpakLuio TakxKe
MOJKHO HCIIOJIb30BaTh Ha JOTIOJHUTENBHOW CTaaAuu crocoda Ui MOJy4YeHHs JITMHHOLETHBIX
yIJIEBOAOPOJIOB, T.€. ISl MOJYy4YeHUs UX MyTEM OJUTOMEpU3aLHH.

IIpeAnoyYTUTEeNbHO, PeakLU0 OCYILECTBIAIOT B PEAKTOPE C HEMOJBMKHBIM CIOEM IpHU
temneparype ot 150 mo 300°C, mnpeamourutenvHo, oT 190 mo 250°C, ocoGenHo
npeanouyrutensHo, ot 210 go 230°C. DxcnepuMeHThl NOKa3amd, 4To Npu Oojee HHU3KUX
TEMIepaTypax KOHBepcHs ObUIa HHU3KOH, TOr/a Kak BBICOKHE TeMIepaTypbl OOYCIOBJIMBAIH
0ojee HHU3KYI0 CEJEKTHBHOCTh II0 TMPOIMAHOJaM, a TMPH HCIOJb30BAHUU YIOMSHYTBIX
TEMIEPaTYPHBIX MHTEPBAIOB, 0cobeHHO mHTepBaia oT 210 mo 230°C, s¢ddexruBHOCTE ObLIA
BBICOKOH B acCleKkTe ONTHUMAaJbHOTO COOTHOLIEHMs] MEKAY MOABOJOM SHEPruu, KOHBEpcHel U
CEJIEKTUBHOCTBIO.

B mpenmoutrurenbHOM BapuaHTE IIpeBpallleHHe OCYLIECTBJSIIOT B  pPEaKkTope ¢
HETIOJBIDKHBIM CJI0eM NpH fasieHuu ot 10 no 100 6ap, mpeanoururensHo ot 15 1o 75 Oap, emé
Oosee mpenmouTuTenabHO, OT 25 10 50 Oap, MOCKOJIBKY B YKa3aHHBIX YCIOBUSAX TAK)KE MOXKET
JIOCTUTATHCS] 0COOEHHO BBICOKAsK 3(PPEKTHBHOCT.

B wactHOCTH, MOTOK MPOAYKTOB, OOPa3yIOIIMICA B pe3yJbTaTe BOIUIOLIEHHS Criocoda
COTJIACHO HACTOsIIeMy u3o0pereHuto, conep:kut oT 0,1 mo 5 macc.% MeOH, ot 3 mo 6 macc.%
EtOH, ot 10 no 22 macc.% nponanona-2, ot 3 go 6 macc.% ainerosHa u ot 60 no 85 macc.%
nponaHona-1. IlpennoururenbHo, AOCTUraeTcs cojepkaHue TIULEpHHA B JAHHOM IPOAYKTE,
cocrapisroniee MeHee 0,05 macc.%.

B opHOM M3 BapuaHTOB OCYLIECTBJIEHUsI HCIOJB3YIOT CBIPOM INIMLEPUH, XUMHUYECKHM
aHaJINU3 KOTOPOro MOoKa3aj CAeAYIOLIHI coCTaB:

Na: 0,13 macc.%

Ca: <0,01 macc.%

K: 0,61 macc.%

Al: < 0,001 macc.%

Si: <0,001 macc.%

Fe: 0,0004 macc.%

Cr: <0,0001 macc.%

Ni: <0,0001 macc.%

S: 0,5548 macc.%

Cl: <0,0001 macc.%

V: <0,001 macc.%

Zn: < 0,001 macc.%
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yraepon: 32,30 macc.%

Bogopox: 9,80 macc.%

Bogda: 14,0 macc.%

coaeprkanue rimnepuna:; 79,9 macc.%

kuciotHoe yncio: 0,45 mr KOH/r

B nanHOM BapmaHTE BOIUIOIIEHUS CIIOCOO OCYIIECTBISIIOT MPHU CKOpocTH nonaun WHSV
(MaccoBast modacosast 00béMHAsE ckopocTh) 0,80 B 4ac, OTHOLIEHUH BOJOPOJA K IIMLEPHUHY 33
MOJIb/MOJIb, CpenHel Temnepatype peakunu 220°C, mpu 3TOM TeMIIEpaTypa, pactpeaeaéHHas mo
BCEMY peakTopy, cocrasisier ot 217 mo 225°C, u pmaBnenmu 50 Gap. B pesymbrate 3TO
MIPUBOJUJIO K MOJYYEHHUIO CIIEAYIOIIEro COCTaBa NPOAyKTOB:

MeOH: 0,3 macc.%

EtOH: 5,6 macc.%

IIponanon-2: 13,9 macc.%

AneroH: 5,5 macc.%

IIponanon-1: 74,6 macc.%

Cnenpl fApyrux aHajuTOB, HEOpPraHWYeckue KOMIIOHEHTbl W BOAY  YAaJsiu
SKCTPAKTUBHOW AUCTHUIUIALIMEH.

Konsepcus 3aBucur or ckopoctu WHSV unm MONbHOrO OTHOIIEHMsI BOJOpPOAa K
[NIMLEpPUHY M TeMmIepatypbl. B kauecTBe mnpumepa JOCTUTAIUCh CIEAYIOLINE 3HAuY€HUs
KOHBEPCHUU:

IMpumep 1. WHSV: 0,07 B uac; oTHOIIEHHE BOIOPpOAa K riuiepuny: 133 Moib/MOIb

Temneparypa [°C]|

200

225

250

Kousepceus [%]

ITpumep 2. WHSV: 0,07 B uac; oTh:

100

100

100

OIIEHHE BOOPO/IA K TIHLIEPHHY: 66 MOJIb/MOJIb

Temneparypa [°C]|

200

225

250

Kousepceus [%]

ITpumep 3. WHSV: 0,15 B yac; oTh:

75

100

100

OIIEHHE BOOPO/IA K TIHLIEPHHY: 32 MOJIb/MOJIb

Temneparypa [°C]|

200

225

250

Kousepceus [%]

ITpumep 4. WHSV: 0,21 B yac; oTh:

58

99

100

OIIEHHE BOOPO/IA K TIHLIEPHHY: 33 MOJIb/MOJIb

Temneparypa [°C]|

200

225

250

22

Kousepceus [%]

80

96

KouBepcuto (B%) BBIMHCISUIM B COOTBETCTBUM C BBIpAKEHHEM (IJMLEpUH (BXOX) -
riuuepuH (Bbixon)) / rmunepud (Beixon)*100. bonee BeICOKHE TeMIepaTypbl OJaronpUsTCTBYIOT

0oJiee BBICOKHM KOHBEPCUAM. AHaJOrMYHBIM o6pa30M, 0oJiee BLICOKHME MOJIbHBIE OTHOLIEHHS
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ONarompusTCTBYIOT OoOJiee BBICOKUM KOHBepcHsiM. bosbine 80 macc.% TiMIeprHa MOXKHO
NpeBpaIaTh B MPOMAHOJbI, MPEANOYTHTENbHO, Oonbiie 90 macc.%.

IIpu oOpameHun K YCTPOWCTBY MJisi KATAJIUTUYECKON KOHBEPCHUU CMECH BEINEeCTB,
cozep Kalled IIMLUEPUH, B IPONAHOJBI, B PEAKTOPE C HEMOJABMKHBIM CJIOE€M COIIACHO NaHHOMY
HN300pPETEHUI0 TPEANIOUTUTENBHO, €CIH TOMJIOKKH KaTau3aTopa MPEeNrOUTUTEIbHO SBISIFOTCS
NeJuleTaMu KepaMUYeCKUX SKCTPYAATOB.

Kpome TOro, mpeamodTUTENbHO, €CIHM TMOAJIOKKH KaTaln3aTopa MPEACTABISIOT COOOM
CMEIIIaHHbIE OKCUIbI KPEeMHHUs, BOJb(ppaMa, MUPKOHUS W/HMIU ATFOMUHUS, MPEANOYTUTEHHO,
OVOKCUZ LUPKOHUS, AQTIOMOCHJIMKATHBIE LEOJUTHl W/WIH  amoMoQochaTHbIE LEOJHUTHI,
npennouTuTenbHo, neoutsl VEI w/mmm neonuter VPI-5, neamroMunuposannbie neonutsl USY
W/WTH TUOKCUA alFOMUHUSA. Takske MOKET ObITh MPEANOUYTHUTENbHBIM, €CITH TOJJIOMKKA CONEPIKHUT
IUTATUHOBYIO NOOaBKy. PeakTop ¢ HEMOABMKHBIM clioeM, 0oJiee MPEeArnOUTUTENbHO, MOAXOIUT
IUTSL HETIPEPBIBHOM PabOThL

JlaHHOE€ YCTPONCTBO MNPEANOYTUTENBHO COAEPKUT OAUH WM HECKOJBKO CIENYHOLINX
OOBEKTOB:

- éMKOCTB JUIsl XPAHEHHsI CMECH BEILECTB, COAEpIKaLIEH TIINLEPHUH,

- pUIBTPOBANBHOE YCTPONUCTBO [UISA YAICHUS HEPACTBOPEHHBIX TBEPIBIX BEIIECTB W/WIIH
HEXKEJATeNbHBIX CONYTCTBYIOUINX BEIIECTB, HMMEIOIIUXCA B CMECH BEIIECTB, COAEpKalen
TJIMLEPHH,

- IEPBBIA CMECUTENb ISl pa30aBlIeHHsI CMECH BELIECTB, COAEPIKALIeH TITUIEPHH, BOJIOH,

- TEIUIOOOMEHHHUK, MPEANOYTUTENBHO, SKOHOMAM3ep, Ul HarpeBaHHs CMECH BELIECTB,
coAep Kallel TIIULEpHH,

- IPENMOYTUTEIBPHO CTATUUECKUH, BTOPOH CMECHTEINb il JOOABIIEHHS BOAOPOA K CMECH
BELIECTB, COAEPKALIEH TIINLIEPUH,

- JINHHUIO JJIs1 BO3BpaTa CMECH BELIECTB, NMOABEPrHYTON IPEBPAILECHUID B PEAKTOpPE C
HETIOJIBMKHBIM CJIOEM, B TEIJIOOOMEHHUIK,

- pa3fenuTeNbHOE YCTPOWCTBO [JIsi M3BJIEUEHUS BOAOPOAA M3 CMECH BELIECTB,
MIPOPEAarupoOBaBLINX B PEAKTOPE C HEMOABUKHBIM CJIOEM, U, IPEANOYTUTENIBHO, KOMIIPECCOP IS
CXKATHUsl U3BJIEYEHHOTO BOJOPOAA, KOTOPBIM MOKHO MOJaBaTh B MCXOIHBIA BOJOPOA H
CMEILIUBATh C HUM,

- kackan 11 mms oOpaOoTKH, B KOTOPOM pA3feNsIOTCS YHUCTbIE IPOMAHOJBI U
TEXHOJIOTHYECKasl BOAA MPHU MOCPEACTBE SKCTPAr€HTOB, NPU 3TOM 3KCTPAreHThl IJIsl KOHTypa
SKCTPAKLMU H3BJIEKAIOT B Kackaae Uit oOpabOTKH, W MPEeNNnoOYTHTEIBHO TAaKKE H3BIEKAIOT
TEXHOJIOTHYECKYI0 BOJy, MPEANOYTHUTENBHO B LEIIX MOBTOPHOIO MCHOJB30BAHUS IS

noJyueHns: pa30aBIeHHON CMeCH BELIeCTB, CoAeprKallell IINLEepHH, B CMECUTEIIE.
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IIpn oOpameHun K KaTalu3aTopy KaTaJIUTUYeCKOH KOHBEPCHU CMECH BEIIECTB,
cozep Kalled IIMLUEPUH, B IPONAHOJBI, B PEAKTOPE C HEMOJABMKHBIM CJIOE€M COIIACHO NaHHOMY
H300pETEHUI0 MPEAIOYTHTENBHO, €CIIH TOUIOKKH, MPENMOUYTUTEIbHO KEPAMHYECKHE, SBJISIOTCS
nejuleTaMu SKCTpyAatoB. Kpome TOro, npeanodTUTENBHO, €CIHM MOJUIOKKH KaTalu3aTopa
COIepKaT CMEIIAHHbIE OKCHIbI KPEMHHUS, BOJb(ppaMa, LHPKOHHUA W/WIH AJTFOMUHUSA,
NPEANOYTUTENBHO, TUOKCH] IUPKOHUS, AFOMOCHIIMKATHBIE W/ K amoModochaTHbIE LEOTUTBI,
npeanouyrutensHo neonutel VFI w/nnm neomursr VPI-S, neamomunupoansasie neonutel USY
W/WIM TUOKCHI AJTIOMHHHUS, a TaKXKe, NMPEANOYTUTENbHO, IJIATUHOBYIO NOOAaBKY, W/HIU €CIH
KaTaJIN3aTOP MOAXOIUT Il HEMPEPBIBHON pabOThI peakTopa ¢ HEMOABIKHBIM CJIOEM.

IIpn obOpameHun k cnocoOy MOJNYYEHHs KaTaln3aTopa KaTATUTUYECKOH KOHBEPCHU
CMECH BELIEeCTB, COAepXKallell TNIULEPUH, B MPOMAHOJBI, B PEAKTOPE C HEMOABUXXHBIM CJIOEM
COTJIACHO JAaHHOMY H300PETEeHHIO, CYIIECTBEHHO, 4TOObI 0a30BbIE MaTEpUaNbl MOUIOKKH yiKe
3aKmoYand B cede Mopbl MOAXOISIIEro pa3Mepa, B YACTHOCTH, TOPbl Ha TIOBEPXHOCTH
arnamerpoM ot 10 mo 25 anrcrpem, mpemnoutuTensHO OT 12 mo 20 aHrcrtpem, OCOOEHHO
NPEANOYTUTENBHO, TIO CYINECTBY 15 aHrcTpeM, Tak, YTOOBI B KOHEYHOM HTOre TUAMETp IOp Ha
MOBEPXHOCTH NOJJIOKEK HAa UX Y4aCTKe COCTaBysul OT 10 1o 25 aHrcTpeM, NpearnoyYTUTENbHO OT
12 no 20 anrcTpeM, 0COOEHHO MPENNOYTUTENBHO, O CyliecTBy 15 anrcrpem. Ecnu nuametp mop
0a30BBIX MaTEpUAJIOB €€ HE HAXOAWUTCS B INpenenax COOTBETCTBYIOLIErO AMANa3OHa, KaK B
ciyyae neosutoB USY, cHagana HEOOXOIUMO JTOBECTU IUAMETP MOpP IO MOAXOISIIErO pa3Mepa
IpU TOMOIIHU COOTBETCTBYIOIIUX MeEp, B YaCTHOCTH, AeamoMuHupoBaHus. Lleomutsr USY
SIBJIIIOTCS] LIEOJIMTAMH, KOTOPbIE M3BECTHBI Kak yibTpactadbmmusupoBaHHble (Y-)ueonutsl. OHU
JIEWCTBUTENLHO UMEIOT CIUIIKOM MaJIbIA pa3Mep MOp, HO SBISIFOTCS YPE3BbIYaiHO CTAOUIBHBIMU
MexaHH4YecKHu. JlaHHOe CBONCTBO MMeeT 3HaUeHHEe OCOOSHHO MPH MACIITA0OMPOBAHNH, HAITPUMED,
BCJIEZICTBHE BBICOKMX PEAKTOPOB M HANPSDKEHHUS CXKATHS, BbI3bIBAEMOTO COOCTBEHHOM MAacCOM.
Ecnun  ykasannele 1neonautsl USY  neamoMuHHMpOBaHbI, T.€.  ONpeAeNéHHas  4acTb
AJFOMOCUJIMKATHOIO KOMIIO3UTA BIOCIEACTBUU YAAIEHA XUMHUYECKUM IyTEM, pasMmep mop
MOJKET YBEJIMYHBATBCS COOTBETCTBYIOIIMM OOpa3oM, B HYACTHOCTH, O YIOMSHYTOIO BBIIIE
JKEJIaeMOro AMaMeTpa MOop Ha MOBEPXHOCTH MOMJIOKKU. B urore, pasmep mop, MexaHudeckas
CTa0MJIBHOCTh U BO3MOKHOCTh NOBEPXHOCTHBIX B3aUMOAECHCTBUH Win (PU3NIecKod ancopobumnu
IUIe UMMOOWIIM3alNK, HampuMep, KPEMHEBOJb(PPaMOBON KHUCJIOTBI SBISIOTCS PELIAIOIIUMHU
KPUTEPHSIMH JIs1 BBIOOpa MaTepuaia noutokku. [lpu oOpammeHun K UCTIONb30BAHUIO LIEOJUTOB
USY, xoTopble MNepBOHa4yalbHO €II€ HEe MMEIT HAJJIeXallero pasMepa Mop, B KadecTBe
06a3oBoro Marepuana il TOJYYEHHUs TOJUIOKEK KaTajlu3aTropa, NPEeANOYTUTENbHO, €Cid
N€aTFOMUHUPOBAHNE OCYIIECTBISIFOT C HCIOJIb30BAHHEM KOMILJIEKCOOOPA3YIOIIEro peareHra,

koHkpeTHO D/ITA.
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[IpennouyTHTENpHO, €CIM B KauecTBe Oa30BBIX MATEPHAJOB IJIS IMOJJIOXKEK (Marepual
HOCHTEJISI) KaTaJN3aTopa UCIOJNB3YIOT CMEIIaHHbIe OKCHIbI KPEMHHS, BOJb(ppamMa, LUPKOHHS
W/WIM  QMIOMUHUS, TPENNOYTHTENBHO JHOKCHUZI LHPKOHMS, AaJFOMOCUJIMKATHbIE W/WIH
amomodocdarHeie 1eonHTHI, NpeanodTHTePHO IeosuThl VFI w/wnmm  ueonuter  VPI-5,
JeaTFOMUHUPOBAaHHbIE eoauThl USY W/HITH THOKCHI ATFOMUHHSL.

[IpennouTHTeNnpHO, CHAYalla OPraHMYECKHE CBSI3YIOIIHNE BBOIST B 0a30BbIE MaTEpHAJIbI,
KOTOpBIE HAXOIATCS NPEANOYTUTENIbHO B (OopMe TOPOIIKa, H 3aTeM HX PaBHOMEPHO
3aMELINBAIOT ¢ 00pa3oBaHUEM 0Aa30BOrO COEAMHEHHs, a TIOCHIE 3TOTO OPraHUMYECKHE CBSI3YIOLINE
BBDKHTAIOT MPAKTHYECKH 0€3 OCTaTka, OCOOEHHO MO CYIIECTBY HA MOBEPXHOCTH MOMJOXKKU. B
KAa4eCTBE OPTaHUYECKOTO CBS3YIOLIErO MPEANOYTHTENBHO HCIIONB3YIOT AMCIEPCHI0, OCOOEHHO
MPEANOYTUTEIbHO, HAHOAMCIEPCHIO, COCTOSINYK) W3  IOJMMEPOB, IPEANOYTHUTENBHO
MOJIMCTUPOJIA, U BOABIL, NPHU 3TOM COAEpPKAHWE MOJUMepa B IHUCIEPCUU IPEANOYTHUTENBHO
cocTaByisieT MeHbIne 5 macc.%, 0cOOeHHO mpeanouTHTeNbHO, MeHbine 1 macc.%. [lanee u3
OCHOBHOH MacCChl 3KCTPYAUPYIOT MEJUIETHI, MPEANOYTHTEIBHO MO JaBjeHueM ot 5 o 120 bap,
ocobeHHo mpenmoututepbHO, oT 20 mo 100 Gap, emé mpenmourutenbHee, or 40 mo 80 Oap,
auaMeTpoM oT 1 10 8 MM, IPEAMOYTUTENBHO OT 2 10 6 MM, OCOOEHHO MPEATIOUTUTENBHO OT 3 110
4 Mm wwmm mmHOH OT 0,25 nmo 4 cm, mpemnoututensHo ot 0,4 10 3 ¢cM, 0OCOOEHHO
MPEeAnoYTUTENbHO, OT 0,5 10 2 CM, W MNPEANOYTUTENBbHO KOHAMLMOHHMPYIOT MEJUIETHl MPH
temneparype ot 400 mo 1000°C, mnpeamoururenpHo oT 500 no 750°C, emé Oonee
MPEeAnoUYTUTENbHO, N0 cyuiecTBy npu 600°C B TeueHue mepuona BpemeHH oT 24 no 168 4,
MPEINOYTUTENBHO OT 36 10 96 4, maxke OoJjiee MPeanOYTUTENBHO, MO CYIIECTBY B TeueHue 48 .

Kpome TOro, mnpeamnoyTUTENbHO, €CIU 3KCTPYAUPOBAHHBIE MEJUIETHI MOIJIOXKKH
NPOMUTHIBAIOT IUIATHHOM, MIPU 3TOM AJISl IPOIIUTKY UCIIOJB3YIOT BoAHbIH pactBop HaPtCls' 6H2O
00BéMOM mpeanouTuTenbHo ot 0,5 1o 3 JTUTPOB, MPEANOYTUTENBHO, TIO CyIIecTBy 1,5 nuTpa ¢
KOHIeHTpauueit oT 15 no 300 MMOJIB/J1, IPEANOYTUTENBHO, IO CYIIecTBY 75 MMoub/a, Ha 1000 T
MaTepuana TOJIOXKKH. 3aTeM TMeJuleThl MPEeANOYTUTENbHO CyllaT, MPUYEéM YKa3aHHYIO
OTepaLIMIO BBIMOJHAIOT Npu TemnepaTtype oT 60 o 120°C, nmpeanoyTUTENbHO, N0 CYLIECTBY NPU
90°C. Tlocne 3TOro meyeThl MPEANOYTHTENBHO MPOKAIMBAIOT MpHU Temrmeparype ot 250 mo
450°C, npennoutuTenbHO Mo cyiecTBy npu 350°C B TedueHHe mepuoaa BpeMeHH OT 6 1o 24
4aCcoB, MPEANOYTUTENBHO, IO CYIIECTBY B TeUeHHE 12 4acos.

JIONOJIHUTENBHO MPEANOYTUTENBHON SBJISIETCS MOCJENYIoLasl MPONUTKA MOJJIOXKKH C
IUTATUHOBOH 10OaBKOH BOJHBIM PacTBOPOM KPEMHEBOJIb(PAMOBON KHCIOTEI 00BEMOM OT 0,5 10
3 TUTPOB, MPENNOYTHTEIBHO, 1O CYIIecTBY 1,5 nuTpa, ¢ KoHIeHTpauuei ot 25 no 100 MMoub/m,
NPEANOYTUTENBHO, TI0 CYIIecTBY SO MMOJIB/JT 7S 3aKpeTUIeHHsT KaTaliu3aTopa AerHIpaTalii Ha

MOBEPXHOCTH; MPEANOUYTUTEIbHO, MOCIenymoas cymka npu Temmeparype ot 60 mo 120°C,
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MPEANOUTUTENBHO, 1O cyiecTBY npu 90°C, U NpeAnoyYTUTENBHO, NOCAeAYIOIIasl IPoKaika MNpu
temrieparype ot 250 no 450°C, npeanodrurenabHo, no cyuectsy npu 350°C, B TeueHue nepuoaa
BpEMEHU OT 6 10 24 4acoB, NPEANOYTUTENBHO, MO CYIIEeCTBY 12 4acoB.

HcnpiTanust mokasaiy, YTO MPH UCIOJB30BAHUHM YIOMSHYTOTO Croco0a MOJIYYeHUs U
BbIOOpE MOMJIOKEK C TPENBAPUTEIBHO 3aJaHHBIM Pa3MEPOM TOp, APYIHE KaTalH3aTophl C
BBICOKOW pacTBOPUMOCTBIO B BOJE, B YAaCTHOCTH, KaTalu3aToOpbl Jerujparalud, Takue Kak
KPEMHEBOJIb(PaMOBasi KUCJIOTa, UMMOOMITH3YIOTCS HAa MOJIOXKKE KaTajn3aTopa. JTO O3HAYaerT,

YTO, B XOJE peaKkUuH, KOTOPYIO OCYILIECTBISIOT B JKUAKOH, BOXHOW ¢ase um mon

>
BBILICYIIOMSIHYTbIM JAaBJCHUEM, KaTaJIu3aTOpP MAETHAPATALMM HE MOXET pPacTBOPATHCS B
pe3yJbTaTe THAPATALUN U OCTAETCsl CTAOMIBHO UMMOOMIN30BAHHBIM, 4, KPOME TOTO, aKTHBHBIE
LEHTPbl OCTAIOTCA CBOOOAHO JOCTYNMHBIMU. Hambosee BepoATHO, YTO HMMMOOWIHM3ALHUS
KaTalu3aTopa AETHAPATALMH, B YaCTHOCTH, KPEMHEBOJb(PPAMOBOW KHCIOTHL, OOYCIOBJIEHA
(U3NKO-XUMHUUECKUMHU B3aMMOACHCTBISIMH, C OJHON CTOPOHBI (TIPENIOJIOKUTENBHO, CHIIAMU
BaH-nlep-Baanbca B coueTaHuu ¢ aacOpOIMOHHBIM 3P PEKTOM), a TAKXKE UACATbHBIM TUAMETPOM
op M, TaKUM OOpa3oM, HENOCTYIMHOCTHIO KaTalu3aTopa NerHApaTaluyd Il THAPATALHH, C
JAPYroil CTOPOHBL

AnbTepHaTHBHAsA BO3MOXHOCTb 3aKJIIOYAETCSl B COBMECTHOM 3KCTPYIHPOBAHUU
KaTaJM3aTopa AErHapaTaliy, HapuMep, KPEMHEBOJIb(PAMOBBIX OKCUIOB, HEMIOCPEACTBEHHO C
MaTepHaioM HOCUTENS, HAlIpUMep, THOKCHIOM LIMPKOHUS TaK, YTOOBI TUAMETP TMOP HE OJDKEH
OBUT IPUHUMATBCS B PACUET Uil MOCenyrouei nponuTka. OQHaKO 0Ka3aloCh, YTO YKa3aHHAs
aJbTEPHATHUBA SIBJIIETCA OYEHb NJOPOTOCTOSIIEH U CI0KHOM.

JlaHHO€ M300peTeHNe NOTIOIHUTENBHO MOSICHAETCS] HUKE Ha OCHOBE MPEAIOYTUTENBHOTO
BApPMAHTA OCYIIECTBJICHHUS, TOKA3aHHOTO HAa YepTeKe, KOTOPbIM, OJIHAKO, H300peTeHHe He
JOJDKHO OTPAHUYHMBATBCS HUKOUM 00pa3oM. Ha uepreske KOHKPETHO MPEACTABICHO CIENYOIIee:

Ha ¢ur. 1 mnpencraBieH NpeAnouYTHUTENbHBIA BapUaHT OCYLIECTBIEHHs crocoda U
YCTPONCTBA il KATaJUTHUUYECKOM KOHBEPCHUU CMECH BELIECTB, COJEp Kallel TIJIMLUEPUH, B
MIPOMAHOJIBL, B PEAKTOPE C HEMOABUKHBIM CIIOEM.

Ha ¢ur. 1 mokasaH npeanouTHTENbHBII BapUAHT OCYLIECTBJIEHHUs ycTpoicTBa 1 s
KaTAJIMTUYECKON KOHBEPCUM CMECH BEILIECTB, COAEPKALIEH INIMLEPUH, B IPONAHOJIBIL, B PEAKTOpE
2 ¢ HEMOABWXKHBIM CJIOE€M. B 4acTHOCTH, B Ka4€CTBE UCXOJHOIO MaTepHuaia UCIONb3YIOT ChIPOH
TNIMLEPUH, KOTOPbIM OTBOAAT U3 EMKOCTH 3 JUUIsl XpaHEHMsI. 3aTEM CMECH BELIECTB, COAEPIKALLYIO
TJIMLEPUH, TIOAI0T, MPEANIOYTUTEIPHO IPH MOMOIIU HAcOCa, B (PUIBTPOBAIBHOE YCTPOUCTBO 4,
B KOTOPOM €€ (MIBTPYIOT C LENbI0 YOAICHHUS JIIOOBIX HEPAaCTBOPEHHBIX TBEPIBIX BELIECTB U
HEXKeJaTeNbHbIX COMYTCTBYOIUX BELIECTB, KOTOPBIE MOTYT B HEM COEPKAThCs, B 3aBUCUMOCTH

OT Ka4ecTBa CMECH BeILeCTB, coAepkallell ruLuepyH. B KOHKpeTHOM BapHUaHTe OCYILeCTBIEHHUS
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($uIbTPOBAJIBHOE YCTPOHCTBO COCTOMT W3 JABYX (HUIBTPOB ¢ 0OpaTHOM NPOMBIBKOIA,
YCTAHOBJIGHHBIX IO CXEME C Pe3epBUPOBAHHUEM, NMPHUEM Iepel KaKAbIM (UIbTpoM ¢ oOpaTHOH
IIPOMBIBKOH MPEATIOUTUTENBHO YCTAHOBJIEH PETYIHPYIOLINHA KianaH. 3aTeM OT(HIbTPOBAHHYIO
CMECh BELIECTB, COJEP KAl TJIUIEpHUH, CMELIMBAIOT C BOAOH B CMECUTEIBHOM cOCyAe 5 u
pa30aBISIOT, TIPU 3TOM JOCTHTaeMOe B Pe3yJIbTaTe COMAEPKAHHE IIMLEPUHA MPEATIOYTUTENBHO
cocraisier oT 10 no 60 mpoueHToB. CMeCHUTENbHBIA COCyA S5 CHAOXKEH MpPEeNOXPaHUTEIbHBIM
KJlanaHoM (KJiamad cOpoca TaBJIeHusI).

3areM OTPHUIBTPOBAHHYIO M Pa30aBIIEHHYIO CMECh BEILIECTB, COIEPIKAINYIO TJIHLEPHH,
HArpeBalOT TPU TMOMOIIM TeIIOOOMEHHHKAa 3KOHOMai3epa 6, B KOTOPBIA IOAAIOT CMECh
BEIECTB, COAEPKAIIYIO [NIUIEPHH, HACOCOM, a MOCJIE 3TOTO JO0ABIISIOT BOAOPOJ B CTATHYECKOM
cMmecuTene 7, a 3aTeM CMeCh MPeANOYTUTEIbHO NPOMYCKalT Yepe3 xonoaunbHukK. ITocne atoro
VKa3aHHYK) CMECb IMOJAOT B KATAIMTHYECKUN pEaKkTop 2 HENpepelBHOIO MAEHCTBHUA C
HEMOJBM)KHBIM  CJIO€M, KOTOpBIH, B CBOK Ouepelb, MPEANOYTUTEIBbHO COJIEP>KUT
MpeIOXpaHUTENbHBIN kianaH. IIpopearnpoBaBiyto cMech BELIECTB MOAAIOT MO JUHUM 8 AJs
NPUTOKA TeIla B TEIUIOOOMEHHMK 6. DHEPTUs TeIula OTXOMALIEro MOTOKa MpoLecca SBISETCS
JIOCTaTOYHOM JJIs1 OJOrpeBa OT(MIBTPOBAHHON M MOABEPTHYTOH CMEIIEHUIO CMECH BEIIECTB,
conep Kaieil TIUIepruH, 1 OOBIMHO He TpeOyeTcsl MojavyM BHEUTHEH SHEPrudl AJs MPOBEICHUS
peakuuu. Takum 0Opa3oM, naHHAs peakiys sByseTcs annadarnieckon. MckimoderneM u3 3toro,
KOHEYHO, SIBJISIETCSI BBINIOJHEHHUE MPOLiecca 3aIycka.

3areM MpopearupoBaBIIYI0 CMECh BEIIEeCTB IOAAIOT Yepe3 IMPOMBIBHON KJamaH B
pa3zenuTeNnbHOe YCTPOMCTBO 9, B YaCTHOCTH, Ia30-KUAKOCTHOM cernapaTop WJIH UCHapUTEIbHbIN
OapabaH, Ui M3BJICYEHHS BOIOPOJA M3 CMECH BEINECTB, IMOABEPTHYTON MNPEBPAIICHUIO B
peakTope C HENMOIBIKHBIM cjoeM. [IOTOK penupKyJupyromero ra3oo0pa3Horo BOJOPOAA
MPOMYCKAIOT 4Yepe3 BO3AYIIHbIH  XOJOJWJBHUK, U  COIYTCTBYIOIIHE BbICOKOJETYUHE
OpraHuyecKkie KOMIIOHEHTbI CHOBA KOHIEHCUPYIOTCS B cocylie cenaparopa. [lanee yactb moroka
PEeLUPKYJINPYIOLIEr0 ra3000pa3HOr0 BOJAOPOAA ITIOCHE PETyIHPYIOINEro KiarmaHa CHKUTAIOT B
¢akene ans 0cBOOOKIEHUS OT ra3000pa3HbIX MOOOYHBIX MPOAYKTOB (B YaCTHOCTH, TIJIABHBIM
oOpa3oM, TpomaHa), MPH 3TOM JOJI CXKHraeMoro B (akene IMOTOKa PEHHPKYIHPYIOIEro
ra3oo0pasHoro Boaopona cocrarisier Menbine 0,5%, a 0COOEHHO MPEeNrnoYTUTEIHHO, MEHbINE
0,1%. 3aremM u3BIEUEHHBIN BOJOPON CHOBAa CXKUMalOT B kKommpeccope 10 m moOaBisiOT K
CBEXEMY BOAOPOAY, C KOTOPbIM CMELIMBAIOT CMECh BEINECTB, COJAEP)KALIYI0 IJIMLIEPUH, B
CTaTMYECKOM CMecuTese 7, NMpU 3TOM JOJid PELUPKYJUPYIOLIEro BOJAOPOAa B BOJOPOJE,
MOCTYMANOIIEM 3a OJUH LIMKJ, IPEANOYTUTENbHO cocTaBisaeT oT 70 1o 97 mpoueHToB. 3aTeM U3
IpopearupoBaBlliell CMECH BELECTB MOKHO IMOJyuYaThb YMCTble MPOMAaHOJbl B Kackaje 11 nms

00paloTKH, B KOTOPBIHA MPOPEaripOBaBIIYI) CMECh BELIECTB MOAAIT Yepe3 TEIUIOOOMEHHUK H
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XOJIOMWJIBHUK, M B TOM JK€ Kackaze 1Jsi 00pabOTKHU MOKHO U3BJIEKATh SKCTPATeHTHI TSI KOHTYpa
SKCTPAKLUH, U TAKXKE U3BJICKAIOT TEXHOJIOTMYECKYIO BOJY JUIsl MOBTOPHOIO UCMOJIB30BAHMS MPU
MOJIYYeHUH pa30aBIEeHHONH CMECH BEINECTB, COAEpKalled TIHLEPHH, MPUUEM H3BICUEHHYIO
TEXHOJIOTHYECKYI0 BOJly CMEIIMBAKT CO CBEXEW BOAOW B cMmecuTene 12 BOAbL, a 3arem
N00aBJISIIOT K CMECH BEINECTB, COAepIKalllel riInuepuH, B cMecurese 5. IlpeanouTutensHo, K0
U3BJICYEHHON TEXHOJIOTHYeCKOH BoAbI cocTapisieT oT 80 1o 100 mporieHTOB B pacuére Ha oliee
KOJIMYECTBO BOJBI, MOCTYNAOIIEH 3a LUK, ewé npeanoyrutenabuee, oT 90 no 100 npoueHToB.

IIpopearupoBasinasi cMechb BEINECTB, HampasisiemMas B kackanm 11 mias oOpaboTkw,
BHA4aje NPOXOAUT Yepe3 PeryJupyroInil KJIAanaH U NOAAETCs B Pa3eIUTENbHOE YCTPOWUCTBO, B
KOTOPO€ MOJAIT TOJIYOJ B KA4ECTBE DKCTPAreHTa U B KOTOPOM OT MPOPEarupOBaBIIEH CMECH
BELIECTB OTHAEJSAIOT TEXHOJOTMYECKYH0 BOJy, KOTOPYHO 3aTeéM MOAAKT B CMecuTenb 12 Boabl
4yepes3 peryJupyrollnil KJIanaH, Kak yXe MOsACHSIOCh, IIPH 3TOM IPSI3HYK) BOAY OTBOJAT 4Uepes
JOTOJIHUTEIbHBIN perynupyromui kiaanad. Kpome Toro, cMech NpONaHoJIOB U TOJIYOJIA MOJA0T
U3 Pa3feNUTEeNIbHOIO YCTPOMCTBA B MEPBYIO SKCTPAKIIMOHHYIO KOJIOHHY, B KOTOPYIO AOOABISIOT
N-merun-2-nmupponuaon (NMP) B kauecTBe 5kcTpareHTa. B yKa3aHHOW OKCTPaKIIMOHHOMN
kojoHHe mnpu 108°C wu3BNEKaOT BEPXHUN MPOMYKT, CONEpKAIIUi LeleByro (ppakmuro
(mpomaHoBI), a 3aTeM C MOMOINBI0 KOHIEHCALMOHHOW KOJOHHBI mpu 30°C momydaroT
npona”oel. KpoMe TOro, u3 nepBoi 3KCTPAKLUOHHOW KOJIOHHBI BBIAENSAIOT CMECh TOJIyOJa U
NMP, nanpumep, npu temneparype 160°C, npu moMoIIy UCTIAPUTENHHON KOJIOHHBI U TIOJNAIOT
BO BTOpPYIO OKCTPakLHMOHHYIO KOJIOHHy, Hampumep, npu 134°C. B ykasaHHO#l BTOpOH
SKCTPAKLIUOHHOM KOJIOHHE OTBOJAT HIKHUM MPOAYKT, OTTOHSIOT OCTATOYHBIN TOIYOJ U MOJAI0T
oOpaTHO BO BTOPYKO OKCTPAKUMOHHYIO KOJOHHY [UIA TOABOJA OJHEPIHH, a Jajee
Heucnapuswuiica NMP, cmemansbiii co csexxuM NMP B CTaTU4ECKOM CMECHUTENE, HACOCOM
CHOBA IMOJAIOT OOPaTHO B MEPBYIO SKCTPAKLMOHHYIO KOJIOHHY HpPHU Temmeparype okoiyio 232°C
JUIsl BBIIEJIEHUs] MPONAHOJIOB. BO BTOPON 3KCTPAaKLIMOHHON KOJIOHHE TAK)XKe OTBOASAT BEPXHUMU
MPOJYKT, BBIAEISIOT KOHASHCALIMEN TOJMYOJ MpU Temneparype Hke 125°C, momaroT HacOCOM U
B CTATUYECKOM CMECUTEJIE CMEIIMBAIOT CO CBEXUM TOJYOJOM M3 Pa3AeIUTEIbHOIO YCTPONCTBA
JUIs1 UICTIOJIb30BAHUs B KA4€CTBE OKCTPAreHTa.

BapuanTt ocylecTsieHus], MOKa3aHHbINA HA YepPTeKe U MOSICHEHHBIN B COYETAHUU C HUM,
CIY’KUT Ui OOBSICHEHUS] M300pETEHHs], & HE OrpaHMYMBAET ero. Temmeparypel, YKa3aHHbIE B
BApUAHTE OCYILIECTBJICHHUS], AOJIKHBI BOCIIPUHUMATBCS TOJIBKO B Ka4€CTBE MPUMEPOB; BO3MOXKHBI

U Apyrue TeMIEepaTypsl.



U3MEHEHHOE I10 CT. 34 PCT OITMCAHME M30bPETEHNA,
IMPEJIOKEHHOE 3AABUTEJIEM K PACCMOTPEHUIO
2011258
CIIOCOB U YCTPOUCTBO JJI KATAJIUTUYECKOH KOHBEPCUY CMECH
BEIIECTB

JlanHOe w300peTeHne OTHOCHTCS K Cnoco0y H YCTPOMCTBY Ui KaTaJIMTUYECKOH
KOHBEPCHHU CMECH BELIECTB, COAep KAl MINIEPYH, B IPOMAHOJbI, B PEAKTOPE C HETTOABUKHBIM
CJIOEM, B KOTOPOM TOJUIOKKH KaTalu3aTopa COAEp’KaT HEOpPraHWYeCKne MaTephasbl W/Hiu
okcubpl MeTaiioB. Kpome Toro, n3obpereHne OTHOCUTCS K KaTaJu3aTopy U crocoly MmosydeHust
KaTaln3aTopa KaTaJIUTUYEeCKOM KOHBEPCHM CMECH BELIECTB, COJEpKalled TIJIMLEpUH, B
MPOTAHOJIBI, B PEAKTOPE C HETTOABIDKHBIM CJIOEM, B KOTOPOM TOJIOKKH KaTaIn3aTopa COAepKaT
HEOPraHNYECKUE MaTePUabl /MM OKCHJIbI METAJUIOB.

IToTpebHOCTH B 3HEPTUM W, B YACTHOCTH, B TOIUIMBAX, YBEJIMYUBAIACH B TECUCHHE
IUTUTENIbHOTO BPEMEHM BCJIEACTBHE WHAYCTPHATM3ALUN U MonepHusauuu. [lo 3Toil mpuumse,
U371aHO OOJBINOE KOJMYECTBO TUPEKTUB, Hampumep, EBPOCOIO30M, MO CHIKEHHIO BBIOPOCOB
MAPHUKOBBIX ra30B, 00PA3YIOMIMXCS U3 TOPIOYUX UCKOMAaeMBbIX. | Oproune HCKomaeMble YaCTHIHO
3aMEeHsI0T BOo300OHOBsieMbIME TornBamMu. Hanpumep, B EC 310 perynmupyercs n3MeHEHHBIM B
Hacrosimee Bpemsi BapuaHToM [lupektusel no Bo3zoOHOBmsiemon sHeprum (RED II), xoropas
NPEANHUChIBAET, YTO M3 BO30OHOBIISIEMOTO ChIPbSl MOJDKHA TIOCTYNaTh JOJsA, paBHas 14
NPOIIEHTaM 3Hepruu. JIOMOJHUTENbHON LEeNbI0 SIBIIETCS NOOABJICHNE YCOBEPIIEHCTBOBAHHBIX
ouotormms B konmdecTBe 0,2 €% (mpoueHT sHeprun) HauuHas ¢ 2022 1., 1 €% ¢ 2025 1. u 3,5
€% B 2030 r. k TOMJIUBaM B TPAHCIIOPTHOM CEKTOpE, MPU 3TOM pa3peliaeTcsi MPOU3BOAUTh UX
TOJIbKO M3 OTPaHHYEHHOTO IEPEYHsI BHIOB CHIPbS, YKAa3aHHBIX B AupeKkTuBe. [IpenmynecTBo
YCOBEPIIEHCTBOBAHHBIX OHOTOIUIMB 3aKJIIOYA€TCS B TOM, YTO OHHU HE KOHKYPHPYIOT
HETIOCPEICTBEHHO C MPOU3BOICTBOM ITHIIEBLIX MPOAYKTOB, U, CIENOBATEIbHO, PUBOIAT TOJIBKO
K YMEHBIIEHUIO KOCBEHHBIX M3MeHeHmil B 3emienosp3oBanun (ILUC). B Hacrosimee Bpemsi
CYIIECTBYET JIMIIb HECKOJIBKO MPOMBILIUIEHHBIX CITIOCOOOB MOJYYEHUS YKa3aHHBIX KOMIIOHEHTOB.
MHorue mnpoueccsl TOJNBKO NPOXOIAT HCIBITAaHHS B HEOOJBLIIOM MacmTade, W, C y4ETOM
BBIIIECKA3aHHOTO,  KOMIIOHEHTBl ~ JAaHHOTO  THNA  SIBJSIFOTCS ~ JOPOTOCTOSIIIMMU U
TPYAHOAOCTYIHBIMH JUIS TPHOOPETEHUS B TOCTATOYHBIX KOJINYECTBAX.

CornacHo nupektuBe EC, chIpoil TIHIepUH MpencTaBisieT co0OW MCXOMHBIA MaTepHall,
yKa3aHHbIA B mepedyne. [lpu mpomsBoacTBe OMOAM3ENBHOrO TOIUIMBA OKOJIO 10 MaccoBbIX
NPOLEHTOB TJIHMIEPHHA MOJYYaoT Kak MOOOYHBIH mponykT B ¢opme cbiporo rimuepuHa. Ilo
NPUYMHAM, CBSI3aHHBIM C TPOLIECCOM IMPOU3BOJCTBA, CHIPOH TIHULEPHH OOBIUHO 3arps3HEH

XJIOPpHUAOM HaTpUs, BOI[OI\/'I, MCTAaHOJIOM, Cy.]'[b(baTaMI/I, MOHOIIMOECpuaaMu, AOUTIHULEPHUIaAMU,
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30JI0H, OTAENEHHBIMU B HEJOCTATOUHOIN CTENeHM OCTAaTKaMM >KUpa U JIPYrMMH BelleCTBaMMU.
ITonpasymeBaeTcsi, 4YTO TEPMUH «CBIPOM TIHLEPUH» B MpeAenax 3Ha4deHUs HACTOSIIEro
n300pereHust 0003HAYaeT JKUIKYI0 CMECh C AOJEH IIMLEPHUHA, COCTABISIOIIECH, O MEHbIIeH
Mepe, 60 macc.%,; ykazaHHas CMeCh JTONOJHUTENBbHO COAEPKUT TAK:KE€ MUHEPAJIbHYIO 4acTh, T.€.
4acTh, MPEJACTABJICHHYI0 KaTMOHAMM, HalpuMep, HaTpus, Kajus, KajbLUsl, Martus, a Takxke
xjopoMm u (ochopom, B kommdectBe oT 1 macc.% no 10 macc.%, W BOAHYIO HaCTh,
cocrapisiroinyro Oonee S5 macc.%. Ceipoil rawmepuH oOmagaer OOJNBIIUM TOTEHIIHAIOM IS
3HAYUTETBbHOTO CONEHCTBHSI MPOU3BOACTBY YCOBEPIICHCTBOBAHHBIX OMOTOIUINB, CPEIH MPOYEro,
BCJIEZICTBHE €ro ONaronmpusiTHOH LEHbI, JKUIKOW mNpupomael W xopoweil noctymHoctu. C
SHEPreTUYeCKOH TOYKH 3pPEHMs, MO CTEXHOMETPHHM OH SBJIAETCS Hanbosiee OIaromnpHsITHBIM
BEIIIECTBOM /ISl OJYYEHUSI COOTBETCTBYIOIIMX MOHOCIIHPTOB, T.€. IpornaHoa-1 (H-mponaHosa)
u/wny mponanosa-2 (M30MponaHoia), u3 rauuepuHa (nmpomnantpuona-1,2.3). B mononHenue x
3TOMY, BCIIEACTBHE OoOJiee BBICOKOH YIENBbHOW SHEProéMKOCTH YCOBEPIIEHCTBOBAHHBIX
OnonponaHooB, TPeOyeTCs OTHOCUTENILHO MEHBIIEEe UX KOJHYECTBO B KauecTBe HOOABISIEMOro
B CMeCh KOMIIOHEHTa, 4YeM B Cllydae yCOBEPIIEHCTBOBaHHOrO Ouostanoma. Haubonee
NEPCNEeKTUBHbIM ~ MCXOAHBIM  MaTepuajoM  JJid  [OJY4YeHHMs  YCOBEPIUIEHCTBOBAHHBIX
OMONPOTIAHOJIOB ~ SIBJISIETCSL  CBIPOW  TNIMLEPUH Kak MOOOYHBIA MPOAYKT MPOU3BOACTBA
OMOAN3ETbHOTO TOIUINBA.

K nacrosiiemy BpeMeHH UCTbITAHBI U TPOAHATU3UPOBAHBl MHOTHE PA3JIMUHBIE ITPOLIECCHI
KOHBEPCHUH INIMIIEpHUHA B BBICOKOLIEHHbIE WJIM PUMEHHUMbIE XUMUYECKHE MPOIYKTHI, TaKUe Kak
OKHCIIEHHE, 3Tepu(PUKALINSA U THIPOr€HOJIN3 TIIHUIEPHHA.

Hanpuwmep, B nmatenre CIIIA 8507736 B2 nmoka3aH cnoco0 MOJyueHHs] KOPOTKOLIETTHBIX
CIHPTOB W3 TJHUIEPUHA, KOTOPBIH oOpasyercs Kak NOOOYHBIH MPOAYKT MPOU3BOACTBA
OononmszenpHOro TOIUMBA. KOHKPETHO, MOTOK MPOAYKTOB MOKET COAEPKaThb CMECh 3TAHOIA,
METAHOJIa U MPOIAHOJA, TPUUEM TPOTIAHOJ cOCTaBsieT Oosiee SO mporeHToB OoT o0mEel MacChl
OTHOATOMHBIX CIHPTOB B TOTOKE MpPOAYKTOB. IlepepaOoTKy MOJKHO OCYINECTBJISITH B OOHY
PEAKLMOHHYIO CTaiHi0, KOTOpas BKIKOYAaeT B ceOsd W AEeruApaTalndio, U TUAPUPOBAHHE.
IIpuMeHsieMblil KaTanu3aTop MOXKET SIBJIATHCA CMEChIO KaTaiuszaropa Jerujaparauuu u
KaTaJIn3aTopa TUAPUPOBAHMS, MEPBBIH M3 KOTOPBIX MOXKET COAEP’KaThb OKCHABI BOJb(ppaMa U
LUPKOHMSI, a MOCIEAHUI U3 HUX MOKET COAep:KaTb MeTallj MJIaTHMHOBOH rpynmnsl. Peakiuio B
OJHY CTaANIO CJIEAYET OCYLIECTBIISATh MPHU Temmeparype okoso 300°C.

Kpowme toro, B natenre CILIA 8946458 B2 packpsiTa cepusi KaTaIU3aTOPOB U CHOCOOOB,
a TaKXKe CHCTEM pPEaKTOpPOB ISl MepepadOTKH KHCIOPOIACOAEPKAINX YIIeBOAOpoaoB. B
Ka4yecTBe BapUaHTa NPUMEHEHHs KOHKPETHO YIIOMHUHAETCsl MCIONb30BaHHUE TIHLEPHHA Kak

noOOYHOTO TMPOAYKTa MPOM3BOACTBA OMOIM3EIBHOTO TOIUIMBA. [IPOXYKTHI, MOJYYEHHBbIE W3
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HEro, CpeAu MPOYMX, BKJIOUAOT MpomnaHof-1 u aneroH. /[ naHHOW peakuuu HCHOJIb3YeTCs
reTEePOreHHbI Katajam3arop ruaponeokcurenuposanust (HDO), mpu 3ToM onmcbiBaeTcs
00JBIIOE KOJIMYECTBO APYTHX KATaIH3aTOPOB. B OTHOIIEHNH BBeAeHUS 1OOABOK YIIOMHUHAETCS,
YTO MOKHO HCIIOJIb30BaTh OMMETAJUIMYECKMH KaTalu3aTop C IUIATHHOM M MOJMOIEHOM Ha
BOJIb()paM-LIUPKOHUEBOM HOcuTelie. B kauecTBe TemmepaTypbl peakiii MPUBOIUTCS THAMA30H
ot 100°C o 300°C mpu nasnenuu ot 4 no 140 Gap.

B mareate EP 2 016 037 Bl mnpogemoHcTpupoBaH crnocod mnepepadoTku
BOJIOCOAEPIKALIETO ChIPhsI, KOTOPOE TAKXKE UMEET B CBOEM COCTABE TJIMLIEPHH, B pAMKaX OJHOTO
KaTAJIMTHYECKOTO TMpoLlecca M C UCIOJIb30BaHHWEM O00pas3yroLerocs: in-sity BOAOpPOXA IS
MOJIYYEHHSI, CPEAN MPOYEro, CIUPTOB, KOTOPBIE BKIIOYAOT, B YACTHOCTH, STAHOJI U MPOMAHOI.
Hocurenp karanm3aropa MOXKET SIBJISATHCS KPEMHHEBBIM HIJIM LIUPKOHHEBBIM, KOTOPBIH MOXKET
ObiTh  0OpaboTaH BombdpamMoM. B CBsI3M € 3THM YINOMHHAETCS, YTO CpEend MPOYHX,
NPEANOYTUTENBHO HUCTIONB30BaTh OKCHIbI LUPKOHMS. KartammzaTop Takke MOXKET COAEpKaTh
MEPEeXOIHBbI MeTajUl, HApuMep, TUIATHHY wiu ponuid. J{aHHbIN crioco® peanmusyercss B IBYX
XUMHYECKHX CTAIMsIX, IJIsI KOTOPBIX YKa3aHbl Pa3IMYHbIE, HO TMEPEKPHIBAIOIIHNECS IUANA30HbI
temrieparyp: oT 80°C no 400°C u ot 100°C no 300°C.

B moxymente CN 101054339 D4 nokaszaH cnoco0 mepepaloTKu MOOOYHOrO MPOAYKTa
NPOM3BOJCTBA OMOAN3EIBHOTO TOIUIMBA, TIIUIEPHHA B H-IIPOIAHOJ B YCIOBHSIX HENPEPhIBHOTO
mporecca € HEMOABIDKHBIM — CJIOEM  KAaTaliM3aTopa TPU  HCIOJNB30BAHMM  psna  Tpyo.
Hcnonb3yeMblii HOCHTENb KaTaju3aropa BKIKOYaeT, cpeau mnpouero, Zr(O;, BMecTe ¢
BOJIbpPAMOM, pOIOMEM, MOJUONEHOM W IUIATHHOH, B KAueCTBE AKTHBHBIX KOMIIOHEHTOB.
Temnepatypa peakuuu coctasyseT ot 180 o 360°C.

JlononHUTENBHBIE CITIOCOOBI pacKphIThl, Hampumep, B mareHte CIIA 8075642 B2 wu
3asiBke Ha mateHT DE 10 2008 026 583 Al; B pabote “Catalytic transformation of glycerol to 1-
propanol by combining zirconium phosphate and supported Ru catalysts” by Wang et al. in RCS
Advances vol. 6, 16 March 2016, pages 29769-29777, nmateare CN 103 706 392 B; paGore
“Hydrogenolysis of Glycerol by the Combined Use of Zeolite and Ni/Al203 as Catalysts: A
Route for Achieving High Selectivity to 1-Propanol”’by Xufeng Linet al. in Energy & Fuels vol.
28, No. 5, 15 May 2014, pages 3345-3351 u nyGnukaunu 3as8ku WO 2013/163561 Al.

OnHako BCe NMOCTYNHBbIE B HACTOSIIEE BPEMsI CIOCOOBI MMEIOT OIMH HWIIH HECKOJBKO
CYIIECTBEHHBIX HeAOCTAaTKOB. OOBIYHO MOKHO HANPSMYIO TepepadaThiBaTh TOIBKO OUHIIEHHBIN
[JIMLEPUH, a HE CBIPOH TNIMLEPUH WM HeouHmeHHbI rmmnepuH. C Lenblo MOJydeHUs
OYHINEHHOIO IIMLEPUHA U3 ChIPOrO TJIHMLIEPHHA HEOOXOIUMO YAAJSTH MPUMECH, XOTS HE BECh
NPOM3BOAMMBIA TJHMLEPHH MOXHO Jjanee mnepepaboTaTb B OYHMINEHHBIH rinnepuH. Yacto

eI[PIHCTBeHHOfI CTaI[PIefI OUUCTKHU HABJIACTCA H3BJICUHCHUE MECTAHOJIA U3 CBhIPOIro T[JIMOCPUHA.
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BcenencTBue oTcyTcTBUS Iporiecca riyOOKOH OYHCTKH CBHIPOH TIIMIEPHH HAMHOTO JeIIEeBIe, YeM
OUMILIEHHbIN TIHLEepHUH. B yacTHOCTH, He CyLIECTBYeT HUKAKMX U3BECTHBIX KAaTalIU3aTOPOB WUIIU
CHocOOOB TMOJIy4eHHMsT TAaKUX KaTaJlu3aTOPOB, KOTOPBIE YAOBIETBOPHTEIBHO COOTBETCTBYIOT
yKa3aHHBIM TPeOOBAaHUSM, YTO TaKMM OOpa3oM IPENsITCTBYeT HempepblBHOW pabore. Ilpu
OCYLIECTBJICHUNU TEXHOJOTHHM MNPEALIECTBYIOLEr0 YPOBHS TEXHUKH HA KaTaJIM3aTOPE MOTYT
OCaXK/IAThCsI, HAIIPUMEP, COJIM MJIU Cepa, U TAKUM 00pa3oM CHIDKaTh UX 3¢ dexkTuBHOCTh. Kpome
TOTO, BCE CIIOCOOBI SIBIIAOTCS CIIOKHBIMH, XapaKTEPU3YIOTCS HU3KHM YPOBHEM CEJIEKTHBHOCTH
WJIA KOHBEPCUH W/WITH SIBJSIFOTCS JOPOTOCTOSIIUME JUTsI BOITUTOIIEHUSL.

Taxum 00Opazom, 1esb HACTOSIIEro H300PETEHHUs 3aKIF0UAETCS B MPEOAOJICHUH BCEX UITH
HEKOTOPBIX M3 BBILIEYIIOMSHYTBIX HEAOCTATKOB, a KOHKPETHO B paspaboTke crocoba u
YCTPONCTBA, a TAKXKE KaTajln3aTopa M crocoda ero MoJy4eHus], P HCIOIb30BAHUN KOTOPBIX U
KOHBEPCHsI IIMLEPHUHA, U CEJEKTHUBHOCTb MO TOBAPHOMY IIPOMAHOJY SBISIOTCS BBICOKHUMH.
Jlpyroii 1enbpro SBJSETCS AalbHEWIIas mepepadoTkKa CBIPOrO IIMLEPUHA B TOIUIMBO WJIH
n00aByIsIEMBbI B CMECh TOIUIMBHBIA KOMIIOHEHT 0€3 JOPOroCTOsIIIeH MpeaBapuTeIbHON OUHCTKU
WM TTOATOTOBKH. J[OMONHUTENBHAS LIeNIb COCTOUT B IMMOOWIM3aMN KaTATUTHYECKN aKTHBHBIX
COEVHEHUN Ha MOAJIOXNKKE KaTajau3aTropa ¢ LENbK MPEeIOTBPALICHUs PACTBOPEHUS YKa3aHHBIX
KaTAJIMTUYECKH AKTUBHBIX BEIIECTB, KOTOPbIE YaCTO JIETKO PAacTBOPUMBI B BOJE, B XOJ€
npornecca. Kpome Toro, 1omkHO ObITH BO3MOXKHBIM NEPEHECEHUE NPEASIaraeMbIX CIIOCOO0B U3
7a0opaTopuu Ha KPYIMHOMACIITAOHYIO YCTaHOBKY IOCTAaTOYHBIX pPa3MEpOB, T.€. MOJDKHA
obecrieunBaThCs BO3MOKHOCTh COOTBETCTBYIOIIEro MaciutabupoBaHusi. Kpome Toro, mOIKHBI
JIOCTUTATHCS YCIIOBUS, B KOTOPBIX OrpaHHUMBAaeTCs 00pa3oBaHHEe MOOOYHBIX MPOAYKTOB, TAKUX
KaK MPOAYKThl TUMEPU3ALINHN U KETOHBI.

DTO J0CTUTAETCS TIPU MOMOIIHN JAHHOTO OOBEKTa U300peTEeHUs U Croco0a, M3JI0KEHHOTO
B HE3aBUCHMBIX MyHKTaX (GOPMyJIbl H300pETEHUSI.

B dactHOCTH, 3TO mOCTHMraercs NMpH MOMOIIM Croco0a M YCTPOMCTBA Uil KOHBEPCHU
CMECH BEIECTB, COIAepXKalllell TULEepPUH, B MPOMAHOJBL, KaK OMNUCAHO BBbIIIE, B KOTOPOM
MOJIOKKH KaTaJau3aTopa UMEKT Ha MOBEPXHOCTU MOphl nuaMmerpoM oT 10 mo 25 anrcrpewm,
npeanoyTuTenbHo ot 12 go 20 aHrcTpem, OCOOEHHO MPEANOYTHUTENBHO, MO CyIIecTBy 15
anrctpeMm. Kpome TOro, 3To pocruraercs INpU MOMOINM KaTaJIU3aTOpPa KOHBEPCUH CMeECHU
BEILIECTB, COAEp:Kalled IMLEPHUH, B MPOMNAHOJbI, KaK OMHCAHO BBIIE, B KOTOPOM MOMJIOXKKHU
KaTaln3aTopa HUMEKT Ha MOBEPXHOCTH Mopel auamerpoM ot 10 go 25 anrcrpem,
npeanoyTuTenbHo ot 12 go 20 aHrcTpem, OCOOEHHO MPEANOYTHUTENBHO, MO CyIIecTBy 15
aHrCTpeM, W TNPU MOMOIIM Crmocoba TMONyYeHHs KaTaln3aTopa KOHBEPCHH CMECH BEIIECTB,
coneprKaleli IINLEepHH, B POTIAHOJIbI, KAK OTIFCAHO BBIIIE, B KOTOPOM 0a30BbIE MaTe€pHaIbl IS

MOJIy4EeHUs] MOMJIOKKU KaTajlnu3aTopa UMEKT HAa MOBEPXHOCTH MOpPBI auamerpoM oT 10 no 25
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aHrCTPeM, MPEAnoUTUTENBHO OT 12 1o 20 aHrcTpeM, 0COOEHHO MPEANIOUTUTENBHO, TIO CYIIECTBY
15 anrcrpem, win 0a30BbI MaTepuan A TOJIYYCHUS TOMJIOKEK KaTaiu3aropa COIEp:KaT
neonutsl USY, npu stoMm neonursl USY neaqroMHHHPOBAHBI TAKUM OOpa3oM, UYTO MOMJIONKKH
KaTaln3aTopa HUMEKT Ha MOBEPXHOCTH Mopel auamerpoM ot 10 go 25 anrcrpem,
npeanoyTuTenbHo ot 12 go 20 aHrcTpem, OCOOEHHO MPEANOYTHUTENBHO, MO CyIIecTBy 15
anrctpeM. [Iopbl yIIOMSIHYTBIX THAMETPOB TaKXKe MOKHO (POPMHUPOBATH BHYTPH MOIJIOKEK HIIHA B
WX YaCTH.

UcnpiTanust mokasanu, 4YTO B pe3yNbTaTe OCYLIECTBICHHS YKa3aHHOTO crocoda
NOJIY4eHUST M Toadopa MOMJIOXKKH € TaKUMHU pa3MepaMH TOp, KaTAJTUTHYECKH AaKTHBHbBIE
BEIIECTBA, HAMpPUMEpP, KPEMHEBOJIb(PAMOBasi KHCIOTa, KOTOPbIE B JAPYTHX CIy4asx OOBIYHO
UMEIOT BBICOKYIO PAacTBOPUMOCTb B BOJE, XOpPOLIO HWMMOOMIIHM3YIOTCSI Ha IOMAJIOXKKE
KaTajausaTopa. TO O3Ha4aeT, HalpuUMep, YTO B Cllydae peakiUy, KOTopas MpoTeKaeT B SKUIKON
BOAHOW (pase, Hampumep, MOxa aAaBjieHueM oOT 25 nmo 50 Oap, karanm3aTop, B HYaCTHOCTH,
KaTaqnu3aTop AeTHApaTalid, HE MOXKET pacTBOPSATbCS B pPe3ysNbTaTe€ TUApAaTaluM, T.€.
pacTBOPEHUS] TOA ACHCTBHEM BOIBI, & OCTATCs CTAOMJIBHO WMMOOWJIM30BAaHHBIM, W, TaKUM
00pa3oM aKkTHBHBIE LEHTPBI SIBJSIFOTCS CBOOOTHO AOCTYMHBIMH U YAEPIKHBAIOTCS BOTPEKU
BOJTHOMN pEaKLUU.

IIpennouturenbHO peakuust AOJKHA NPOTEKaTb B OAHY craauio. IlpensapurenbHble
UCCIIENIOBAHMS TPUBEIH K TMPENINOJOXKEHHIO, YTO HEOOXOOMMOH SIBISIETCS KOMOWHHMPOBAaHHAs
CHUCTEMa KaTajn3aTopa, MOCKOJBbKY B JAHHOM PEAaKLUUU 33 JeruapaTalued JOJIKHO CIEeNOBAaTh
rugpupoBadue. C y4éTOM BBIIIECKA3aHHOTO, MPEANOYTHTEIBHO OOBENUHATH IBE Pa3IMYHbIE
CHCTEMBI KaTaJIU3aTOPOB Ha TOAJIOKKE TaK, YTOOBI MOXKHO OBLIO OCYIIECTBIISATH PEAKIIUIO B OAHY
craguio. MIMMoOOMIM3ausl KaTaIUTHYECKH AKTUBHBIX BEIIECTB, B HYAaCTHOCTH, KaTajIM3aTopa
JeTUApaTaliy, HapuMep, KpeMHEBOJIb(PAMOBON KHUCIIOTHI, BEPOSITHEE BCEro, 0OyCIIOBIEHA, C
ONHOW  CTOPOHBI,  (PUIUKO-XUMUYECKMMU  B3aNMOACHUCTBUSMH,  MPENIOJIOKUTEIBHO,
ancopbunoHHbIME cusiamu Ban-nep-Baanbca, a ¢ apyroii cTOpOHBI, HAEaIbHBIM AUAMETPOM TIOP
U, TakUM o0pa3oM, HENOCTYMHOCTHIO KaTaJIMTHYEeCKH AaKTUBHOro BemecTBa. Kpome Toro,
KaTAJIMTUYECKH aKTUBHOE BELIECTBO, B YACTHOCTH, KATAJIU3ATOp AErHApaTalid, OCAKAAETCs
NPEANOYTUTENBHO BOJINU3H NIOBEPXHOCTH, YTO OOYCIOBJIEHO MOJIEKYJIIPHBIM Pa3MepoM, MPHUEM
OCaXJCHHE HMMEET MECTO, B YaCTHOCTH, B KPYMNHBIX MOpaxX, U B OTJIMYME OT KaTajau3aropa
THIPUPOBAHUS, KaTAJIH3aTOP ACTHIPATALIHI HECTIOCOOSH IMPOHUKATH JAJbIIE B TIOAJIOKKY.

B cBs3u co cnocoOOM KOHBEPCHM CMECH BEINECTB, COJAEpKaIleld TIULEPHH, B
MIPOMAHOJIBI, MPEANOYTUTENBHO, €CJIN MOMJIOKKH HUCIOIb3yeMOTO KaTaau3aTopa MPenCTaBIISIOT
coOol 3KCTpynaTel B (popMe MejuleT U NPEANOUTHTENBHO SIBISIOTCS KepaMudeckuMu. llpu

SKCTPYyAUPOBAHUHU U NOCJIICAYHOINEM KOHAUIMUOHUPOBAHHUU MECJUJIET KaTaJIU3aTopa OPraHun4cCKue
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CBSI3YIOIIME, UMEIOIIHNECs] Ha TIOBEPXHOCTH MOMJIOKKH, 3PPEKTHBHO YIETYUYHUBAIOTCS MOUYTH O€3
OCTaTKa, U MEJJIEThI MPHOOPETAIOT COOTBETCTBYIOLIYIO TPOYHOCTb.

IIpeanoyTuTensHO, KOHBEPCUIO CMECH BELIECTB, COAep:Kallel TNULEPHUH, B MPOMAaHOJIbI
OCYILECTBJAIOT HEMPEPBhIBHO B NMPUCYTCTBUM KaTajJU3aTOpa, OMUCAHHOTO BBIIIE, B PEAKTOpPE C
HETIOJBIDKHBIM CJIOeM. TakuM MyTéM MOXKHO JOCTHUTaTh MaKCHMAaJbHO BO3MOJKHOTO O0OBEMa
nepepaboTKU IIMLEPHUHA, U B TO JK€ BPEMs OYE€Hb BBICOKOH KOHBEPCHH B IMPOIAHOJIbI, CBBIIIE
85%. BenencTBue nMMOOMIM3aMK IPyTroro, BOAOPACTBOPUMOTO KaTalu3aTopa IernapaTalny,
CTaBlLIe BO3MOXKHON IpU MOMOLIM CHELHANbHBIX IOJJIOXKEK KaTalu3aTopa, aKTHUBHOCTb
KaTajIu3aTopa COXpaHseTCsl Ha YKa3aHHOM BBICOKOM YPOBHE B T€UYE€HHE AJUTENBbHOIO Mepuoja
BPEMEHH, U UHTEPBaJIbl 3aMEHbI KaTajanu3aTopa, a, ClIe0BaTeNIbHO, IEPUOIbI TPOCTOs YCTAHOBKHU
COKpalalOTCs A0 MUHUMyMa. PeakTop ¢ HENMOABMXKHBIM CJIOEM MPEANOYTUTENbHO SIBIAETCS
OJIHOCTYTIEHUYATBIM.

B mpennoururensHOM BapuaHTe crnocoba B KauecTBe MOJMJIOXKKH —KaTajJu3aTropa
UCTIOJNB3YIOT CMEIIaHHbIe OKCUIBl KPEeMHHs, BoJb(pama, LIUPKOHHUS WHIN aAJTIOMHHUS,
NPEANOYTUTENBHO  AMOKCHA  LHUPKOHHS, LEONUTHl  (MPEONOYTHTENbHO  CHHTETHYECKHE
AIOMOCHITUKATBI U ajmoModocdarer), npeanoytuteabHo neoautsl VFI wmu neomutsr VPI-5,
neamoMuHApoBaHHbIe Leonutsl USY w/mnm nuokcupa amoMmuHus. B Xone cepum ucmbITaHUN
OKa3aJI0Ch, YTO TAKHUE TIOAJIOKKHU SBJSIFOTCS 0COOEHHO 3P PEeKTHBHBIMMU.

[IpennouTUTENPHO TaKXKe, €CIH KaTalIu3aTop COAEPKUT IUIATHHOBYIO JOOaBKY.
CornacHo MpeAIIECTBYIOIIEMY YPOBHIO TEXHHUKH, OCYIIECTBJICHHE WMMOOWIN3ALUHN TUIATHHBI
KaK BTOPOrO KaTaJUTUYECKH aKTUBHOTO BEIEeCTBA KaTaJu3aTopa Ha MOJJIOKKE HE IIPECTaBIIsIeT
coOoii mpobnembl. B COOTBETCTBMM € TEKyIIMM YypOBHEM TexXHUKH, ZrOQ; He sBIsIeTCs
MPEANOYTUTENBHBIM KaTaIM3aTOPOM KOHBEPCUM TIJIMIEpUHA B IPOMAHOJBI, HO B KadyecTBe
MaTepuaja HOCUTENsl KaTall3aTopa OH SIBJSIETCS IPEeANOYTUTEIbHBIM BO MHOTHX PEaKLUAX
BCJIEZICTBHE €r0 BBICOKOH TEPMHYECKOW CTaOMJIBbHOCTH, BBICOKOH TBEPAOCTH M XOpoImel
CTa0MJIBHOCTH B BOCCTaHOBUTENIbHBIX YCIOBUSX. IIpenmonoKuTenpHO, KHUCIOTHBIE LEHTPHI
HEOOXOIUMBI sl CTaIUH AETHIPATALNH, Hd KOTOPOH BO3MOYKHBIMH MPOIYKTAMH MPEBPAILECHUS
INIMLEpUHA SBJAIOTCS alleTod U 3-OKCUMNPONMOHOBBIN anbierus. Bo3MOXKHBIM BapUaHTOM ISl
CTaiuu JeTHApaTaliyd Takke Morja Obl ObiTh  (ochopHOBONB(pPaAMOBas KHUCIOTA. 3a
TUPUPOBAHHE MPOMEXKYTOUHBIX MPOAYKTOB OTBETCTBEHHBIM SBJISIETCS MPEANOUYTUTENBHO
MeTaNIu4eckuil Kkaranusatop. HM3BecTHO, 4YTO KaTanu3aropamMu THAPUPOBAHUS SIBJISIFOTCS
JparolieHHble MeTaJUIbl, TaKHE KaK IJIaTUHA, NMPEANOJIOKUTENbHO, BCJIEACTBUE TOTO, YTO OHU
aKTUBUPYIOT MOJIEKYJIbI BOAOpPOAa. BO3MOXXHBIM BapHaHTOM TakKe sBJAETCS pPYyTEHUM,
MIOCKOJIBKY OH He 4YyBCTBHUTENEH K cepe, KaK Jpyrue Karaau3aTopbl. MOXXHO HCHOJIb30BaTh

TAaKXKE U LIBETHBIC METAaJlJIbI (HeI[paFOLIeHHbIe MeTaJ'IJ'IbI), TaKHEC KakK MCAb HWJIM HUKEIIb. B O6H.I€M
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clydyae KaTalu3aTop JOJDKeH COJepkaTb ONTHMAaJbHOE COOTHOILIEHHWE KHCIOTHBIX U
THIPUPYIOIIHNX LIEHTPOB, & TAKXKE MPEANOUTUTENBHO IOJDKEH ObITh KaK MOJKHO 0OJiee CTOMKUM K
OTpaBjieHUI0. B onosiHeHne kK MOJIoXKKe, COCTaB KaTalu3aTopa MPEeArnoYTUTEIbHO COCTOUT U3
MPONOPLMOHAJIBHON NTOJM IUIATHHBI, PYTEHUs, MEAU WU HUKeds B koauuectBe oT 0,5 mo 5
macc.%, mpeanoyTuTesnbHo oT 1 1o 3 macc.%, 0COOEHHO MPEANOYTUTENBHO, 10 CymecTBy 1,5
macc.%, W KpeMHEeBOJb(PpPaMOBOH KHUCIOTHI HIH (pochopHOBONBGPAMOBOH KHCIOTHI B
kojuuecTBe ot 5 go 20 wmacc.%, mpeamouturensHo OT 7,5 mo 15 wmacc.%, ocobeHHO
MPEAOYTUTEBHO, TI0 CyiIecTBY 12 macc.%.

B xauecTBe HCXOQHOrO Marepuana, T.€e. B KaueCTBE CMECH BEILECTB, COJepKallei
TJIULEPUH, MOXKHO HUCTIOJb30BATh CHIPOH TIIMIEPHH, TEXHUYECKUN MIMLEPUH W/UITH OYHIIEHHBIN
rnuiepuH. OcoOeHHO NPEANOYTUTENBHO, €CIIU HCIIONB3YIOT ChIPOH IIIMLIEPHH, TOCKOJBbKY OH
XapaKTepU3yeTCss HHU3KOM CTOMMOCTBIO M SIBJIIETCSI MOOOYHBIM TMPOAYKTOM BOIUIOLIEHHS
paznmuuebIX  crocoboB.  Kpome Toro, (mpaBoBble) pPEKOMEHAATENbHBIE HOPMBI  JUIS
YCOBEPIIEHCTBOBAHHBIX OMOTOIUIMB, ocobeHHO cormacHo [Jlupexktuse (EC) 2015/1513,
npunoskenue IX, gacte A, Takke uzBecTHoU kak "RED II", 0ObMHO BKJIFOHAIOT B Ce0Sl TOJBKO
yKa3zaHHoOe BelecTBo. I1o mokasarensm coaep:kaHusl MNIMLEPUHA U TOJIU NPUMECH TeXHUYECKUN
TJIMLEPUH HAXOJUTCSI MEKAY ChIPBIM IIMLIEPUHOM U OUHUIIEHHbBIM TIULIEPUHOM.

[IpennouTurensHO, Ha TMEPBOH CTaguM cHoco0a CMeCh BEINECTB, COAEPIKAIIYIO
TJTULEPUH, OTBOIST M3 MKOCTH UL XPAaHEHHS U MPEANOYTHTENBHO (PIIIBTPYIOT, B YaCTHOCTH,
IUISL yOaJeHus! FOObIX HEepacTBOPEHHBIX TBEPABIX BEIIECTB M HEXKEJIATENbHBIX CONMYTCTBYIOIINX
BELIECTB, COJEPKAILIMXCS B HEH, B 3aBUCUMOCTHU OT KauecTBAa CMECH BEIECTB, COAep:Kalieit
[NIMLEPUH, B YacTHOCTH, B 3aBUCUMOCTH OT CTeNeHU 3arpsisHeHus. (Cmech BelIeCTs,
COIEpIKAINYIO TIIMLEPHUH, HEeOoOs3aTeIbHO, MOXKHO TOABEPraTh LEHTPH(PYTHPOBAHUIO O WU
nociie JTaHHOH ctaany. 3aTeM (MPEANOYTUTENBHO, IOJBEPTHYTYIO PEaBapUTENIbHON 00padoTKe)
CMECh BELIECTB, COJAEpXKAIlyl0 TJULEPUH, MpPEeaNOYTUTEIbHO CMELIMBAIOT C BOJAOH U
pa30aBISIFOT, MIPH 3TOM COAEPIKAHHE TNIMLEPUHA MPEANOYTHTENBHO JOBOAAT 0 BEIUYUHBI OT 5
no 80 mpomeHToB, OCOOEHHO mpennouTHTeNnbHO, OT 10 g0 60 mporeHTtos, emé Oojee
MPEANOYTUTENBHO, OT 15 10 50 NpoLEHTOB, B 3aBUCUMOCTH OT KOHEUHON CTPYKTYPHI JKEIAEMOT0O
MPOAYKTa, MPUUEM COAEpKaHUE MIIULEPUHA JOBOAAT A0 BenuuuHbl, 0,7-0,9-kpaTHON xenaeMoi,
CTEXHOMETPUYECKH BO3MOKHOH KOHIEHTpAaLUWH (KOJMYECTBO BEIECTBa) IpomnaHoja-1 B
KOHEYHOM IpoAykTe. B ciayudae ocyliecTBieHHs YKa3aHHON CTaJuHd CMeChb BELIECTB,
coJieprkalliasi TIIMLEpHH, Jlajlee B HACTOSLIEM JAOKYMEHTE OTHOCHTCS K CMECH INepBOHA4YalbHOMN
(IpennouTUTENHHO, IOABEPrHYTOH NpenBapUTEIbHON 00paboTKe) CMECH BEIECTB, COAepIKalei
IJIMLEPHH, ¢ BOAOH, MOJYyYEHHON HA JAHHOHN CTaauH.

Ha mnpeamourturensHON cTagum crnoco0a CMeCh BEIECTB, COAEP KLy IIINLEPUH,
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NPEANOYTUTENBHO HArpPEeBaKOT C MOMOIIBIO TEINIOOOMEHHHKA, MPEANOYTHTEIBHO SKOHOMA3epa,
Ui KBa3uanuabaTHUeCKOTO MPOBENEHHs PEaKLUH, MPENNOYTHTEIBHO A0 TeMIepaTypsl oT 150
no 300°C, ocobeHHO mpeanouTHUTENbHO 10 Temmepatypel oT 190 mo 250°C, emé Ooinee
MpeanouTuTeNbHO, 1o cymecty Ao 220°C. K cmecu BewecTs, conepikalied TNIMIEPUH,
NPEANOYTUTENBHO NOOABISIFOT BOJIOPOJ, MPEANOYTHTEIBHO B CTATHUYECKOM CMECHUTENe, TpHU
5TOM KOJIMYE€CTBO BOJOPOJA MPEANOUYTHTENbHO AOBOAST 10 10-60-kpaTHOro H30BITKA TIO
OTHOIIEHHIO K JKENaeMOH, CTEeXHOMETPUYECKH BO3MOXKHOW KOHLIEHTpAMH (KOJHYECTBO
BEIIIECTBA) MPOMaHoja-1 B KOHEUHOM IPOIYKTE.

B cnyuae ocyuiecTBieHHs YKa3aHHOHM CTaAMM CMECh BEIECTB, COAepIKaliasi TINIEepPHH (B
JOTIOJIHEHHE K JIIOOBIM MpPeAbIAyIIUM A00aBKaM M OYHCTKAaM), OTHOCHUTCS K CMECH BELIECTB,
CMEIIAaHHON C BOJOPOAOM.

3aTeM CMechb BELIECTB, COAEPXKALIYI0 TIHLEPHUH, MPOMYCKAOT Yepe3 KaTalUuTHYeCKUi
peaxKTop, NMPEANOYTUTENBHO HENPEPbIBHOIO NENHCTBHUS, C HEMOABW)KHBIM CIIOEM KaTalu3aTopa.
TexHONMOTHUECKYI0 TEKy4yr cpeay (CMech NpOpearnpoBaBLIMX BELIECTB, COACPIKAIIYIO
[JIMLEPUH) TIOCJE PpEeaKTopa C HEMOABIDKHBIM CJIOEM TPENNOYTHTEIbHO HAMpPaBJSIOT B
TEIUIOOOMEHHUK JUIA MOABOAA TEIUIa. JHEPruH TeIlla IMPOLIecca COOTBETCTBYIOIIMM 00pa3oM
IOCTaTO4YHO AJsi OOecreueHns MPEeNBaPUTEIbHOIO HArpeBaHUs CMECH BEIECTB, COAEpIKalleh
[JIMLEPHH, Nepe]] OCYLIECTBICHUEM PEAKIUU B PEAKTOPE C HEMOJABHIKHBIM CJIOEM, T.€. HE HY>KHO
MOJIBOJINTh HUKAKOW BHELIHEW SHEPTHH JJsl PEaKUHUH W/WIM OTBOOUTH €€ (32 HMCKIFOYEHHEM
3amycKa yCTaHOBKH ), TAKUM 00Pa3oM, pEaKLHsl MPEAIIOYTHTENBHO SABIISETCS aAnadaTHIeCKOH.

Jlanee TEXHOJOTMYECKYID Cpely MNPEANOYTUTENbHO pACUIMPSIOT, [0 JAaBJIEHUS,
COCTaBJIIOLIEro mpeanoYTuTenbHo 0,2- 0,02-KpaTHYO BEJIUYHHY, OCOOEHHO MPEANIOUTUTENBHO,
0,1 — 0,03-kpaTHyr0 BenuM4MHY, emé Oojee MPEArnoYTUTENBHO, Mo cymecTBy 0,04-KpaTHYIO
BEJIMUYMHY OT IEPBOHAYAJbHOIO AABJIEHUs. 3aTeM BOJOPOA MpPEANOYTUTETIbHO BBIIEISIOT U3
CMECH MPOpPEarupoBaBLINX BEIIECTB C IOMOIIBIO CEMapaTOPHOrO YCTPOMCTBA, IMpPU OSTOM
U3BJIEKAEMBIH BOJOPOJ MTOBTOPHO CKMMAIOT KOMIIPECCOPOM M AO0ABIISIIOT K CBEXKEMY BOIOPOLY,
KOTOPBI MOOaBISIOT K CMECH BEINEeCTB IMEpeA OCYIIECTBICHHEM pPEaKIMU B pPEAKTope C
HETIOABIDKHBIM cioeM. Jlonisl W3BJIEYEHHOro BOAOpOAa B OOIEM KOJIMYECTBE BOAOPOJA,
UCTIOJIB3YEMOM JIJIsl PEaKIHH, MPEAIIOYTHTENBHO cocTaBisieT oT S0 1o 99 mponeHToB, 0coOeHHO
MPEANOYTUTENBHO, OT 70 10 97 MPOLEHTOB.

Ha em¢ Oonee mpeanoYTHTENBHBIX CTAUAX CIIOCO0A LENEBYI0 OPraHUYECKYIO (DPAKIIHIO
MOKHO TMOJIy4aTh W3 CMECH INPOPEarupoOBaBIIMX BELIECTB, MPEINOYTHTEIBHO (PUIUUECKUM
nyTéM, OCOOEHHO MPENNOYTHTEIBHO MyTEM AMCTIULILINH, T.€. YAAJSIOT TEXHOJOTHYECKYHO
BOJy, MMEIOIIYIOCS B COCTaBe, a TaKke 00pa3oBaBINYIOCS KaK MOOOYHBIA MPOAYKT, U MOJTYyYArOT

YUCThle MNpomnaHoJibl. lIpeanmouytuTensHO nosydaroT W nponaHoi-1, m nponanon-2. Ilotok
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MPOAYKTOB MPENNOYTUTENBHO conepxkuT oT 10 go 22 macc.% mnpomanona-2 u or 60 go 85
Mmacc.% mnponanosa-1, Hanpumep, 20 macc.% nponanona-2 u 70 macc.% nponanosa-1. OgHako
MOXKET TakXke MOJy4aTbCs TOJNBKO OAMH M3 JBYX cnupToB. lIpenmoururensbHo, mpomnaHodi-1
W/WIM TIPONAHOJN-2 TOJYYarOTCs/TIONYYaeTcsl Py MOMOIIM Kackanma anst oOpaOoTKH, BHa4ase
NyTEéM yJaJeHHsl BOJbI U3 CMECH BELIECTB, MPOPEarupoBaBLIMX B PEAKTOpPE C HEMOABHKHBIM
CJIOEM, U 3aTeM IOJy4YeHUs YHUCTBIX IMPOIMAHOJIOB, MPU 3TOM OTAEIEHHYIO TEXHOJOTHYECKYIO
BOJY NOOABIISIOT K CBEXKEH BOJIE B CMECHTEJNE JUISl BOABI, KOTOPbIH OOBIYHO MPENCTaBIIsAET COOOH
TPAOULIMOHHBIH CMECUTENb, M HCIOJB3YIOT BOIHYIO CMECh B JAaHHOM CHOco0e, OCOOEHHO
NPEANOYTHTENBHO, Ha Oojiee paHHEM STamne, KOHKPETHO, MPH CMEUIMBAHUM B CMECHTENE CO
CMECBIO, COfepiKallled TIULEpUH, a eIl€ MpearouTUTeNbHee, U3BJIeUEHHAasT TEXHOJOTH4ecKast
BOJa cocTasysAeT noaro ot 80 no 100 mpouenrtos, npeanoururensHo oT 90 1o 100 npoueHTos B
pacuére Ha oOIIee KOJWYECTBO BOIBI, HCIOJB3YeMOH B JaHHOM crocobe. B kadecTse
aNbTEPHATUBBI I JOTIOJHHUTENBHO, TOJYYEHHYIO LEJIEBYI0 OPraHHYECKYH (PpPakLUi0 TaKKe
MOJKHO HCIIOJIb30BaTh Ha JOMOJIHUTENBHON CTanuu cnocoda Ui MOJyYeHHs JUIMHHOIIETTHBIX
yIJIEBOAOPOJIOB, T.€. ISl MOJYy4YeHUs UX MyTEM OJUTOMEpU3aLHH.

IIpeanoyTUTeNnbHO, PeakLuo OCYIIECTBISAIOT B PEAKTOpPE C HEMOJBUXKHBIM CJIOEM IpH
temneparype ot 150 go 300°C, mnpemmoururenpHo, ot 190 nmo 250°C, ocobeHHO
npeanouytutenbHo, ot 210 go 230°C. DKCHepUMEHTHI MOKa3ajiH, YTO MPH Oojiee HU3KHX
TEMIepaTypax KOHBepcHs ObUIa HHU3KOH, TOrZa Kak BBICOKHE TeMIepaTypbl OOYCIOBJIMBAIH
0ojee HU3KYIO CEJIeKTHMBHOCTH IO IMIPOMAaHOJaM, a TMPH HCHOJb30BAHUU YIOMSHYTBIX
TEMIEPATYPHBIX UHTEPBAIOB, 0cobeHHO mHTepBana oT 210 mo 230°C, sddexTuBHOCTH ObLITA
BBICOKOH B acCIeKTe ONTUMAaJbHOTO COOTHOLIEHHS MeXAY MOJBOJAOM SHEPruH, KOHBepcued u
CEJIEKTUBHOCTBIO.

B npennoutuTenbHOM BapuaHTE IpeBpallleHHe OCYLIECTBJSIIOT B peakTope ¢
HETIOJBIDKHBIM CJI0eM NpH naBieHnu ot 10 no 100 6ap, mpennoururensHo ot 15 o 75 Gap, emé
Oosee mpenmouTUTeNabHO, OT 25 10 50 Oap, MOCKOJBKY B YKAa3aHHBIX YCJIOBUSAX TAKIKE MOXKET
JIOCTUTATHCS] 0COOEHHO BBICOKAsK 3(PPEKTHBHOCT.

B uacTtHOCTH, MOTOK MPOAYKTOB, OOPa3yIOIIMICSA B pe3yibTaTe BOILIOLIEHHs criocoda
COTJIACHO HacTosieMy n3ooperenuto, cogepxkut ot 0,1 mo 5 macc.% MeOH, ot 3 no 6 macc.%
EtOH, ot 10 no 22 macc.% nponanona-2, ot 3 10 6 macc.% auneroHa u ot 60 no 85 macc.%
nponaHona-1. IlpeanoururenbHo, AOCTUraeTcs coAepkaHUe TIUIEpHHA B JTAHHOM IMPOIYKTE,
cocrapisroniee MeHee 0,05 macc.%.

B opHOM 13 BapHaHTOB OCYLIECTBJIEHUs HCHOJB3YIOT CBIPOM INIMLEPUH, XUMHUYECKHUM
aHaJINU3 KOTOPOro MOoKa3aj CAeAYIOLIHI coCTaB:

Na: 0,13 macc.%
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Ca: <0,01 macc.%

K: 0,61 macc.%

Al: < 0,001 macc.%

Si: <0,001 macc.%

Fe: 0,0004 macc.%

Cr: <0,0001 macc.%

Ni: <0,0001 macc.%

S: 0,5548 macc.%

Cl: <0,0001 macc.%

V: <0,001 macc.%

Zn: < 0,001 macc.%

yraepon: 32,30 macc.%

Bogopox: 9,80 macc.%

Bogda: 14,0 macc.%

cozepxkaHue rnuuepusa: 79,9 macc.%
kuciotHoe yncio: 0,45 mr KOH/r

B nanHOM BapuaHTe BOIUIOIICHHS CMIOCOO OCYIIECTBJISIFOT MPU CKOpOCTH nonaunn WHSV

(MaccoBast modacoBast 00béMHasE ckopocTh) 0,80 B yac, OTHOIIEHWH BOAOPOAA K INIMLEPUHY 33

MOJIb/MOJTb, CpenHel Temnepatype peakuun 220°C, mpu 3TOM TeMIrepaTypa, pachpenaeéHHas Mo

BCEMY peakTopy, cocrasisier ot 217 mo 225°C, u pmaBnernmu 50 Oap. B pesymbrate 31O

MIPUBOJUJIO K MOJYYEHHUIO CIIEAYIOIIEro COCTaBa NPOAyKTOB:

MeOH: 0,3 macc.%
EtOH: 5,6 macc.%
IIponanon-2: 13,9 macc.%
AneroH: 5,5 macc.%
IIponanon-1: 74,6 macc.%

CJ'IGI[I:;I APYyrux AHAJIUTOB, HEOPTaHUYCCKUEC KOMIIOHEHTbBI u BOOY yAaJAIn

SKCTPAKTUBHOW TUCTUILIALIUEH.

KonBepcus 3aBucutr ot ckopoctd WHSV unm MOJBHOrO OTHOLIEHHS BOAOpOJA K

IMLEPUHY W TeMIeparypbl. B kadecTBe mnpumepa OOCTUTAINUCH CIEAYIOLUE 3HAYCHUS

KOHBEPCHUU:

IMpumep 1. WHSV: 0,07 B uac; oTHOIIEHHE BOIOPpOAa K riuiepuny: 133 Moib/MOIb

Temneparypa [°C] 200 225 250

Kousepceus [%]

IMpumep 2. WHSV: 0,07 B yac; OTHOIIEHHE BOJOPOAA K MIHLEPUHY: 66 MOJIb/MOJIb

100

100

100
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Temneparypa [°C]|

200

225

250

75

Kousepceus [%]

ITpumep 3. WHSV: 0,15 B yac; oTh:

OIIEHHE BOOPO/IA K TIHLIEPHHY: 32 MOJIb/MOJIb

100

100

Temneparypa [°C]|

200

225

250

Kousepceus [%]

ITpumep 4. WHSV: 0,21 B yac; oTh:

58

OIIEHUEe BOJOPOAA K MIHIEPUHY: 33 MOJIb/MOJTb

99

100

Temneparypa [°C]|

200

225

250

22

Kousepceus [%]

80

96

Konepcuto (B%) BBIMUCISUIM B COOTBETCTBUH C BBIpaXKEHHEM (TJIMLEPUH (BXOA) -
ruiepuH (Bbixon)) / raunepuH (Beixon)*100. bonee BeicOkMe TeMmepaTypsl OJaronpusTCTBYIOT
0oJiee BBICOKUM KOHBEPCHSM. AHAJIOTWYHBIM 00pa3oM, Oosiee BBICOKHE MOJIbHBIE OTHOIIEHUS
ONMaronpusTCTBYIOT OoJyiee BBICOKMM KOHBepcusiM. bombine 80 macc.% riwmepuHa MOKHO
NpeBpaIaTh B MPOMAHOJbI, MPEANOYTHTENbHO, Oonbiie 90 macc.%.

IIpu oOpameHun K YCTPOWCTBY MJIsI KATAIUTUYECKOW KOHBEPCHM CMECH BEIIECTB,
cozieprKalliell TIMLEePUH, B MIPONAHOJIbI, B PEAKTOPE C HEMOJBHUKHBIM CJIOEM COTJIACHO JaHHOMY
HU300pETEHUI0 TPEANIOUTUTENBHO, €CITU TOMJIOKKH KaTaln3aTopa MPEeaNOYTHTEIBHO SIBJISIOTCS
nejuieTaMu KepaMUYeCKUX SKCTPYAaToB.

Kpome TOro, mpeamodTUTENbHO, €CIIM MOAJIONKKH KaTaln3aTopa MPEACTABISIIOT COOOH
CMeIIaHHble OKCHIIbI KPEMHHS, BOJb()paMa, LUPKOHUS W/WJIH aTFOMUHHS, MPEANOYTUTENBHO,
OVOKCUZ LUPKOHUS, aQIIOMOCHJIMKATHBIE LEONUThI W/WiM amoModocdaTHble IEONHTH,
npeanovYTuTensHo, neonautsl VEFI n/unn neonuter VPI-5, neamomuanpoBanHblie nieoantsl USY
W/WI AUOKCUA aMFOMHUHUS. Takke MOXKeT OBbITh PENMOUTUTENbHBIM, €CITH MTOJIONKKA COAESPIKHUT
IUTATUHOBYIO NO0aBKYy. PeakTop ¢ HEMOABIIKHBIM ClioeM, OoJiee MPEeANOUYTHTEIBHO, MOIXOAUT
IUTSL HETIPEPBIBHOM PabOThL

JlaHHO€ YCTpPOMCTBO MPEANOUTUTENBHO COJEPKUT OJUH MM HECKOJbKO CIEeNyHOIINX
OOBEKTOB!

- €MKOCTb JJIsl XpAHEHUs] CMECH BEILLECTB, COAep Kallel MINLEepPUH,

- pUIBTPOBANBHOE YCTPONCTBO IS YAAICHUS HEPACTBOPEHHBIX TBEPIBIX BELIECTB H/HIIH
HEXXENaTeNbHbIX COMYTCTBYIOLIMX BELIECTB, HUMEIOLIUXCA B CMECH BELIECTB, COAep:Kallei
TIIMLEPHH,

- IEPBBIA CMECUTENb ISl pa30aBlIeHHsI CMECH BELIECTB, COAEPIKALIeH TITUIEPHH, BOJIOH,

- TEIUIOOOMEHHHUK, TPEANOYTUTENbHO, SKOHOMaN3ep, ANl HarpeBaHUsl CMECH BEINECTB,
coAep Kallel TIIULEpHH,

- TMPEONOYTHTENBHO CTaTUYECKUH, BTOPOH CMECHUTeNb Uil A00aBIEHHs] BOIOpPOIA K

CMECH BeILECTB, COAEp Kallel ININLIEPHUH,
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- JIMHHUIO JJIs1 BO3BpaTa CMECH BELIECTB, MOJABEPTHYTON MPEBPALIECHHUIO B PEAKTOPE C
HETIOJIBMKHBIM CJIOEM, B TEIJIOOOMEHHUIK,

- pa3fenuTeNbHOE YCTPOWCTBO [JIsl U3BJIEYEHUs BOAOPOJA W3 CMECH BEILECTB,
MPOPEArupoOBaBLINUX B PEAKTOPE C HEMOJABH)KHBIM CJIOEM, U, TPEANOUYTUTEIBHO, KOMIPECCOP AJIA
CXKaTHUsl U3BJIEYEHHOTO BOJOPOAA, KOTOPBIM MOKHO TMOJABaTh B MCXOAHBIA BOJOPON H
CMEILIUBATh C HUM,

- kackan 11 gma oOpaOoTKH, B KOTOPOM pAa3feisIFOTCS YHCThIE MPOMAHOJNBI |
TEXHOJIOTMYECKasi BOJa MPHU MOCPEACTBE 3KCTPAreHTOB, MPU 3TOM 3KCTPAre€HTHI AJiA KOHTYpa
SKCTPAKLMU HU3BJEKAIOT B Kackaae il oOpaOOTKH, W MPEANOYTHTENBHO TAKXKE H3BJIECKAIOT
TEXHOJIOTUYECKYI0 BOJy, MPEANOYTUTENIBHO B LENSIX MOBTOPHOIO HCHOJb30BAaHUS IS
NOJTy4eHUs pa30aBICHHON CMECH BEIIECTB, COAEPIKAIeH TIUIEPUH, B CMECUTEIE.

IIpn oOpameHnn K KaTamu3aToOpy KaTAIUTHYECKOH KOHBEPCUHM CMECH BEIIECTB,
coAaep Kalled TIIMLUEPUH, B IPOMNAHOJbI, B PEAKTOPE C HEMOJBWKHBIM CJIOE€M COINIACHO AAHHOMY
H300pETEHUIO MPEATIOYTHTEIBHO, €CITH MOUIOKKH, MPENNOYTHTEIBHO KEPAMUYECKHE, SBIISIOTCS
nesuleTaMu SKCTpyAaroB. Kpome TOro, npeanodTUTENBHO, €CJINM MOMJIOKKH KaTalu3aropa
CoIep’kaT CMEIIaHHbIe OKCHUIbI KpPeMHHs, BoJibpama, IUPKOHUS W/WIA aJTFOMUHUS,
MPEINOYTUTETBHO, TUOKCH]T IMPKOHUS, ATFOMOCHINKATHBIC W/WH aroModochaTHbIe IIEeOTUTHI,
npennoutute bHo eosutsl VFI w/unu neonursr VPI-5, neamomunanposannsie neonutel USY
W/WM JUOKCHIT aIIOMHHUS, a TaKXkKe, MPEINOUYTHTENIbHO, TUIATUHOBYIO HO0AaBKY, W/HIU €CITU
KaTaJIN3aTOP MOAXOIUT Il HEMPEPBIBHON pabOThI peakTopa ¢ HEMOABIKHBIM CJIOEM.

IIpn obpamennn k crnoco0y NOJNYYeHHs KaTaIU3aTopa KaTATUTHYECKOW KOHBEPCHU
CMECH BEILECTB, COAEpKaLleH INIMLEPUH, B MPONAHOJBI, B PEAKTOPE C HEMOABMXHBIM CJIOEM
COTJIACHO JAaHHOMY H300pETEHHIO, CYLIECTBEHHO, YTOOBI 0a30BbIE MaTEpUaNbl MOJJIOKKH yiKe
3aKIOYad B cede MOopbl MOOXOASALIErO pa3Mepa, B YaCTHOCTH, IMOPbI HA TOBEPXHOCTH
mramerpoM ot 10 mo 25 anrcrpem, mpemnourutenbHo oT 12 mo 20 aHrcTpeMm, ocoOeHHO
MPEINOYTUTEIBHO, MO CYIIEeCTBY 15 aHrcTpem, Tak, 4ToObl B KOHEYHOM WTOTe AUAMETp IMOp Ha
MOBEPXHOCTH TMOJJIOKEK Ha UX y4acTKe COCTaBysI OT 10 1o 25 aHrcTpeM, npeanoyTUTENbHO OT
12 no 20 aHrctpem, 0COOEHHO MPENNOYTHUTENBHO, MO cymecTBy 15 anrcrpem. Ecnu nuamerp
nop 0a30BBIX MAaTEPUANIOB €IIE HE HAXOAMUTCS B MpeesiaX COOTBETCTBYIOLIErO AMANa30Ha, Kak B
ciyyae reonutroB USY, cHavanga HEOOXOOUMO TOBECTH JUAMETP MOpP A0 MOAXOISIIEro pasmepa
IpU TOMOIIU COOTBETCTBYIOIUX MEp, B YaCTHOCTH, AeamtoMuHupoBanus. ILleomutsr USY
SIBJISIFOTCSI 1IEOJTUTAMH, KOTOPbIE U3BECTHBI Kak yibTpacTadbunusuposannbie (Y-)ueonutsl. OHU
JNEHUCTBUTENIbHO UMEFOT CIIUIIIKOM MAJIbIi pa3Mep Top, HO SIBJISTFOTCS] YPE3BBIYAIHO CTaOMIbHBIMU
MexaHn4uecKH. JlaHHOe CBOHCTBO MMeeT 3HauUeHHe OCOOCHHO NMpH MacIuTabupOBAaHUH, HATIPUMED,

BCJICACTBHUE BBICOKHX PCAKTOPOB W HANPAKCHUA CXKATHUA, BbBI3bIBACMOI'O cOOCTBEHHOM MacCCOi.
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Ecnun  yxasannele wneonutel USY  peamroMMHMpOBaHbI, T.€.  OINpenenéHHas  4acThb
AJTFOMOCUJIMKATHOIO KOMIIO3UTA BIIOCJIEACTBUM YOAJEHA XMMHYECKUM NYTEM, pasMep Mop
MOJKET YBEIMYHBATHCA COOTBETCTBYIOIIMM OOpa3OM, B HYACTHOCTH, OO YHNOMSIHYTOTO BBIIIE
JKEJIaeMOro AMaMeTpa MOp Ha MOBEPXHOCTH MOAJOXKKU. B uTore, pasMmep nop, MexaHudeckas
CTa0MJIBHOCTb U BO3MOJKHOCTH TIOBEPXHOCTHBIX B3aMMOAEHUCTBUH MK (PU3NUECKOi ancopOuuu
IUIe UMMOOWIIM3aLNK, HalpuMep, KPEeMHEBOJb(PPaMOBON KHUCIIOTHI SIBISFOTCS PEIIAIOIINMU
KPUTEPHSIMH JIs1 BBIOOpa MaTepuaia nouioskkn. [Ipu obpaieHnn K UCTIOIb30BAaHUIO LIEOJTUTOB
USY, xoTopble mNepBOHa4dalbHO €II€ HEe MMEIOT HajUuleXKallero pasmepa IOp, B KauecTBe
0azoBoro Marepuana I TOJYYEHHsS TOIJIOKEK KaTajJu3aTropa, INPEeNrouTHTEIbHO, €CIU
IeaTFOMIHHPOBAHNE OCYIIECTBIIIOT C HCIOJb30BAHHEM KOMIUIEKCOOOPA3yOIEro peareHra,
koHkpeTHO D/ITA.

[IpennouTuTenpHO, €CIM B KauecTBe Oa30BBIX MATEPHAJOB ISl MOJUIOKEK (MaTepua
HOCHUTEJISI) KaTaJu3aTopa HCIOJIb3YIOT CMELIaHHbIE OKCHUIBI KPEMHHsS, BOJb(pama, LUPKOHUS
W/WIM  QMIOMUHUS, TPENNOYTHTENbHO JTHOKCHUA LHPKOHHUS, aJFOMOCHUJIMKATHBIC —W/WIN
amomodochaTHbie LEONUTHI, MpenmodTuTebHO 1eouTel VFI w/wmmu  ueomutsl  VPI-5,
JeaTFOMUHUPOBAaHHbIE eoauThl USY W/HITH THOKCHI ATFOMUHHSL.

[IpennouTuTenpHO, CHaYaja OPraHMYECKUE CBSI3YIOIINE BBOIAT B Oa30BbIE MaTEpHAJIbI,
KOTOpBIE HAXOIATCS NPEANOYTHUTENIbHO B (OpME TMOpOIIKAa, M 3aTeM WX PaBHOMEPHO
3aMELINBAIOT C 00pa30BaHIEM 0A30BOrO COENMHEHHMS, a TOCHIE 3TOr0 OPraHUYECKHUE CBA3YIOIIHE
BBDKUTAIOT MPAKTHYECKH 0€3 OCTaTKa, OCOOEHHO MO CYIIECTBY HAa MOBEPXHOCTU MOUIOKKH. B
KAa4eCTBE OPTaHUYECKOTO CBS3YIOIIETO IMPEANOYTUTENBHO HCIOJB3YIOT AUCIEPCHI0, 0COOEHHO
MPEANOYTUTEIbHO, HAHOAMCIEPCHIO, COCTOSINYK) M3  IOJHMMEPOB, MPEANOYTUTENBHO
MOJIMCTUPOJA, U BOABL, NPHU 3TOM COAEPKAHUE MOJIUMEpa B JUCHEPCUU MPEANOYTUTENBHO
cocraByisieT MeHblne 5 Macc.%, OCOOEHHO Mpeamno4YTuTeapbHO, MeHbine | macc.%. Jlanee u3
OCHOBHOM MacCChl SKCTPYAUPYIOT MEJUIETHI, IPEANIOYTUTENILHO MO AaBjieHueM oT 5 1o 120 bap,
ocobeHHO mpennoytuTenbHO, oT 20 mo 100 Oap, emé mpemnoururenshee, oT 40 mo 80 OGap,
auaMeTpoM OT 1 10 8 MM, IPEANOUTUTENBHO OT 2 10 6 MM, 0OCOOEHHO MPEANOYTHTENBHO OT 3 10
4 mMm wwumu gmuHoi ot 0,25 mo 4 cm, mpeamoututensHo ot 0,4 mo 3 c¢M, OCOOEHHO
MPEeAnoYTUTENbHO, OT 0,5 10 2 CM, W NPEANOYTUTEIbHO KOHAMLMUOHHUPYIOT MEJJIEThl NpU
temneparype ot 400 mo 1000°C, mnpeamoututenpHo oT 500 no 750°C, emé Oonee
MPEANnOUYTUTENbHO, N0 cyuiecTBy npu 600°C B TeueHue mepuona BpeMenu ot 24 mo 168 u,
MPEINOYTUTENBHO OT 36 10 96 4, maxke OoJjiee MPeanOYTUTENBHO, MO CYIIECTBY B TeueHue 48 .

Kpome TOro, mnpeamnodTUTENbHO, €CIM 3KCTPYAUPOBAHHBbIE TMEJUIETHl IMOMJIOXKKH
NPONUTHIBAIOT IJIATUHOM, IPU 3TOM JJIsl POTIUTKU UCTIONB3YIOT BOoaHBIH pacTBop HaPtCls-6H20

00BéMOM mpeanouTuTenbHo oT 0,5 10 3 JUTPOB, MPEANOYTHTENBHO, MO CylIecTBy 1,5 nutpa ¢
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KOHIeHTpauueit oT 15 1o 300 MMOJIB/JI, MPENMOYTHTENBHO, 1O CYIIECTBY 75 MMoub/i1, Ha 1000 r
MaTepuanga MOAJNOXKKH. 3aTeM TMeJuleThl MPeaNoYTUTENbHO CyLIaT, MpPUYEM YKa3aHHYIO
OTEepaLIMIO BBINOJHSAIOT MpU TemrepaType oT 60 1o 120°C, npeAnoyYTUTENbHO, N0 CYLIECTBY IIPU
90°C. Tlocne 3TOro mMeNIeThl MPEANOYTUTENBHO MPOKAJIUBAKOT NPHU TeMmrepatype ot 250 mo
450°C, npennoutuTenbHO Mo cyiecTBy npu 350°C B TedueHHe mepuoaa BpeMeHH OT 6 1o 24
4aCcoB, MPEANOYTUTENBHO, IO CYIIECTBY B TeUeHHE 12 4acos.

JIONOJIHUTENBHO MPEANOYTUTENBHON SIBJISIETCSl MOCHENYyIoLasl MPONUTKA MOJJIOXKKH C
IUTATUHOBOI 10OABKOI BOIHBIM PacTBOPOM KPEMHEBOJB(PPAMOBOH KUCIOTHI 00BEMOM OT 0,5 1o
3 TUTPOB, MPENNOYTHTEIBHO, 1O CYyIEecTBY 1,5 nutpa, ¢ koHueHTpauuei ot 25 no 100 mmons/1,
NPEANOYTUTENBHO, MO CYIecTBY SO MMOJIB/J T 3aKPETUICHUST KaTalu3aTopa JeruapaTaluy Ha
MOBEPXHOCTH; MPEANOUYTUTENBHO, MOCHeAyloas Cylika npu Temmneparype ot 60 mo 120°C,
MPEANOUTUTENBHO, 1O cylecTBy npu 90°C, U NpeAnoYTUTENbHO, NOCAeAYIOIasl TpoKaika Mpu
temrieparype oT 250 no 450°C, npeanoututenabHoO, Mo cyuectBy npu 350°C, B TeueHue nepuoaa
BPEMEHH OT 6 110 24 4acoB, NPEANOYTUTEIBHO, MO CYLIECTBY 12 4acoB.

HcnpiTaHust mokKas3aliy, YTO NMPH UCHOJb30BAHUH YIOMSHYTOTO CHOCOOAa TOJYyYEHUs U
BbIOOpE MOMJIONKEK C MPEOBAPUTENbHO 3aJaHHBIM pPa3MEPOM IOp, OPYrue KaTalau3aTopbl C
BBICOKON pacTBOPHUMOCTBIO B BOJE, B YAaCTHOCTH, KaTalu3aToOpbl AETUApaTaliy, Takue Kak
KPEeMHEBOJIb()PaMOBasi KUCIOTA, UMMOOUIIM3YIOTCSL HAa TIOAJIOKKE KaTaIU3aTopa. JTO O3HAYAET,

YTO, B XOJE peaKUUH, KOTOPYIO OCYIIECTBISIFOT B JKUAKOH, BOAHOH (aze u mox

>
BBIIIEYNIOMSIHYTbIM JIaBJICHUEM, KaTalH3aToOp HEerHApaTallid HE MOXET pacTBOPATHCA B
pe3yJbTaTe THAPATALUN U OCTAETCsl CTAOMIBHO HMMOOMIIM30BAHHBIM, 4, KPOME TOTO, aKTHBHBIE
LEHTPBl OCTaTCA CBOOOAHO nHocTynHbIMH. Hambonee BeposATHO, YTO WMMOOMIM3ALUS
KaTajJu3aTopa AETUApATalil, B YaCTHOCTH, KPEMHEBOJB(PPAMOBONH KHCJIOTBHI, OOYCIOBJIEHA
(U3NKO-XUMHUECKUMH B3aMMOJIEHCTBISIMH, C OJHOW CTOPOHBI (IPEAIOJIOKHUTENBHO, CHIAMHU
BaH-Zep-Baanbca B couetaHnu ¢ ancopOIMOHHBIM 3 dexkToM), a Takke UaeaabHbIM JHAMETPOM
op M, TaKuM 00pa3oM, HENOCTYMHOCTBIO KaTaJnu3aTopa NerHApaTaluyd Il THAPATALHH, C
JAPYroil CTOPOHBL

AnbTepHaTHUBHAs BO3MOXKHOCTb 3aKJHOYAaeTCd B COBMECTHOM SKCTPYAUPOBAHUU
KaTaJln3aTopa AErHapaTaliy, HampuMep, KpeMHEBOJIb(PPAMOBBIX OKCHAOB, HETOCPEICTBEHHO C
MaTepHaioM HOCUTENS, HAapUMep, THOKCUIOM LUPKOHMSA TaK, YTOObI AMAMETP TOp HE HOJUKEH
OBUT IPUHUMATBCA B PACUET Ui mocienyroueil npormutku. OQHAKO OKa3aioCh, YTO YKa3aHHAs
aJbTEPHATHUBA SIBJIIETCA OYEHb NJOPOTOCTOSIIEH U CI0KHOM.

JlaHHO€ M300peTeHNe JOTOIHUTEIBHO MOSICHAETCS HIKE Ha OCHOBE MPENNOYTHTEIBHOTO
BApUAHTA OCYIIECTBJIEHUS, IOKA3aHHOTO Ha YEPTEeXXKe, KOTOPLIM, OMHAKO, H300peTeHHe He

JOJDKHO OTPAHUYHMBATBCS HUKOUM 00pa3oM. Ha uepreske KOHKPETHO MPEACTABICHO CIENYOIIee:
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Ha ¢ur. 1 npeacraBieH NpeArnouYTHUTENbHBI BapHaHT OCYIIECTBJIEHUs crocoba u
YCTPOMCTBA AJIsI KATaJWTHUUYECKON KOHBEPCHUU CMECH BELIECTB, COAepKalleld TIJIHMLEPUH, B
MIPOMAHOJIBL, B PEAKTOPE C HEMOABUKHBIM CIIOEM.

Ha ¢ur. 1 mokasaH npeanoyTHTENbHBIM BAapUAHT OCYIIECTBJIEHHUs ycTpoWcTBa 1 s
KaTAJIMTUYECKOW KOHBEPCUM CMECH BELIECTB, COAEpKALIEeH TNIMLEPHH, B IPOMAHOJIBL, B PEAKTOpe
2 ¢ HEMOABWXXHBIM CJIOEM. B 4acTHOCTH, B Ka4€CTBE UCXOJHOIO MaTepHUasa UCHOJIb3YIOT ChIPOH
TJIMLEPUH, KOTOPbIM OTBOAAT U3 EMKOCTH 3 JUIsl XpaHEeHUs. 3aTeM CMeCh BEIECTB, COAEPIKaLLYIO
TIIULEPUH, TIOJAI0T, IPEANIOUTUTENBHO PH MOMOIIU HAcoca, B (PUIBTPOBAIBHOE YCTPOHCTBO 4,
B KOTOPOM €€ (MIBTPYIOT C LENbI0 YOaJeHHUs JIOOBIX HEpaCTBOPEHHBIX TBEPABIX BEIIECTB U
HEXKeJaTeNbHbIX COMYTCTBYOLUX BELIECTB, KOTOPbIE MOTYT B HEH COAEPKAThCsl, B 3aBUCUMOCTHU
OT Ka4ecTBa CMECH BEIECTB, COJepKallel INIMLUEePUH. B KOHKPETHOM BapHUaHTE OCYIIECTBICHUS
($uUIbTPOBAIBHOE YCTPOMCTBO COCTOMT U3 JBYX (UIBTPOB C OOpaTHOW NPOMBIBKOH,
YCTAHOBJIGHHBIX MO CXEME C PE3EePBHPOBAHMEM, NMPHUYEM TEpea KaXKIbIM GUIBTPOM C 0OpaTHOM
NPOMBIBKOH MPEATIOUTUTENBHO YCTAHOBJICH PErYJIHPYIOMIMHA KilamaH. 3aTeM OT(QHIBTPOBAHHYIO
CMECh BEIEeCTB, COAEPKALYI0 INIMLEPHUH, CMELINBAIOT C BOAOW B CMECUTENBHOM COCYIE 5 U
pa30aBISIFOT, IPU 3TOM JOCTHraeMOe B Pe3ysIbTaTe COAEpPKaHHWE IIULEPHUHA MPEATOYTUTETHBHO
cocraisier oT 10 no 60 mpoueHToB. CMeCHTENBHBIA COCYA S5 CHAOXKEH MpPENOXpPaHUTEIbHBIM
KJlanaHoM (KJiamad cOpoca TaBJIeHusI).

3areM OTQUIBTPOBAHHYIO M Pa30aBIEHHYIO CMECh BEINECTB, COIAEPKAINYIO TIINLEPUH,
HArpeBalOT NPU TMOMOIIM TeIUIOOOMEHHHKAa 3KOHOMai3epa 6, B KOTOPBHIH IOAAIOT CMECh
BEIIIECTB, COACPIKALIYIO TJIUIEPUH, HACOCOM, a TIOCJIE 3TOr0 AOOABISIOT BOJOPOJ B CTATUYECKOM
cMecurene 7, a 3aTeM CMeCh MPEANOYTUTENBHO MPOIMYCKAOT Yepe3 XoJIoaunbHuK. Ilocie sToro
VKa3aHHYK) CMECb IMOJAKT B KATAIUTHYECKUN pPEaKkTOp 2 HENPEepbIBHOIO MAEUCTBUS C
HEMOABUKHBIM  CJIOEM, KOTOPBI, B CBOK O4Y€peAb, MPEANOYTHUTENBHO COAEPHKUT
MpenoxXpaHuTenbHbld Kkinanad. [IpopearnpoBaBiIyr0 CMeCh BELIECTB MOAAKT MO JUHUU 8 s
NPUTOKA TeIla B TEIUIOOOMEHHUK 6. DHEprusl Teria OTXOIAIIErO MOTOKA MPOLIEcca sIBISIETCS
IOCTAaTOYHOM JJIs1 OJOrpeBa OT(QHIBTPOBAHHON M MOABEPTHYTOH CMELIEHHIO CMECH BELIECTB,
conepraieil TIULepuH, 1 OOBIYHO He TpeOyeTcs Mmojadyu BHEUTHEH SHEPruH JJIsl MPOBENCHUS
peakiuu. Takum o0pa3oM, JaHHAs peakius sBJsieTcs anuadbarudeckoil. MckimoueHnemM us3 3Toro,
KOHEUHO, SIBJISIETCS BBINIOJIHEHHE MPOLIECCa 3aITyCKa.

3aTeM MpopearupoBaBIIYI0 CMECh BEIECTB I[OAAIOT Yepe3 IMPOMBIBHOIN KiamaH B
pa3aeauTeNbHOE YCTPOUCTBO 9, B HACTHOCTH, Ia30->KUAKOCTHOMN CenapaTtop WU UCIAPUTENbHbIN
OapabaH, U1 H3BJIEYEHHS BOJOPOJA M3 CMECH BEIIECTB, IOJBEPTHYTOW IPEBPAIICHUIO B
peakTope C HENOABMKHBIM cjoeM. lIOTOK penupKyJIupyroImero ra3oo0pasHOro BOIOPOAA

MNPpOMyCKar0T  4YE€peE3 BOSI[YLHHBIP'I XOJIOAUJIBHUK, u COMyTCTBYIOILIUE BBICOKOJICTYUUEC
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OpraHU4YeCKHe KOMIIOHEHTBI CHOBA KOHAEHCUPYIOTCA B COCYJE cenaparopa. [lanee 4acTe moToka
PELUPKYJIMPYIOLWETO Ta3000pa3HOr0 BOJAOPOJA IOCHE PETYJIHUPYIOLIEro KianaHa CXKUTalT B
(akene ans 0cBOOOXKIEHHUs] OT ra3o00pa3HbIX MOOOYHBIX MPOAYKTOB (B YAaCTHOCTH, TJIABHBIM
oOpa3oM, mpomaHa), MPU 3TOM JOJII CXKHraeMoro B (akeje IMOTOKa PEeHHPKYIHPYIOMETro
ra3oo0pasHOro Boaopoaa cocrapisier MeHbine 0,5%, a 0COOEHHO TPEANOYTHUTENILHO, MEHBIIE
0,1%. 3atemM u3BJIEYEHHBIH BOIOPOI CHOBA CXKHUMAKT B Kommpeccope 10 u nobaBistoT K
CBEXEMY BOAOPOAY, C KOTOPbIM CMELIMBAIOT CMECh BEINECTB, COJAEPKALIYI0 IJIMLEPUH, B
CTaTUYECKOM CMeCUTene 7, MpU 3TOM J0JA PELUPKYJIUPYIOIIEro BOAOPOAAa B BOAOPOZE,
MOCTYMAOIIEM 33 OJUH LIMKJI, NPEANOYTUTENbHO cocTaisieT oT 70 1o 97 npoueHTOoB. 3aTeM U3
IpopearupoBaBlliell CMECH BELECTB MOKHO IOJy4aTb YMUCTbIE MPOMAHOJbI B Kackaae 11 mus
00paboTKH, B KOTOPBIHA MPOPEArHpPOBABIIYI0 CMECH BEIIECTB IMONAIOT Yepe3 TeINIOOOMEHHHUK U
XOJIOMWJIBHUK, 1 B TOM K€ Kackaje AJisi 00pabOTKH MOYKHO HU3BJIEKATh SKCTPAreHTHI Il KOHTYpa
SKCTPAKLUH, U TAK)KE U3BJIEKAIOT TEXHOJOTHYECKYIO BOJY AJIsl TOBTOPHOIO UCIIOJBb30BAHUS IIPU
NOJIYYeHUH pa30aBICHHOH CMECH BEINECTB, COAEpKallel TIIIMLEPUH, NMPUYEM H3BJICYEHHYIO
TEXHOJIOTHYECKYI0 BOJly CMEIIMBAKOT CO CBEXEeW BOAOW B cMecurene 12 BOApl, a 3areM
I00aBIISIIOT K CMECH BEIIECTB, COAepIKallel riuuepuH, B cmecurene 5. [IpennouturensHo, 1o
U3BJICYEHHON TEXHOJIOTHYeCKOH BoabI cocTaiisieT oT 80 o 100 mporeHTOB B pacuére Ha odiee
KOJIMYECTBO BOJBI, MOCTYNAOIIEH 3a LUK, ewé npeanoyrutenabuee, oT 90 no 100 npoueHToB.
IIpopearuposasiasi cMechb BEIIECTB, HampaBisemas B kackax 11 mis oOpaboTkw,
BHavaJle MPOXOANUT uepe3 PeryJupyroLInil KianaH U NMoAaéTcs B pa3esuTeNlbHOe yCTPOICTBO, B
KOTOpO€ MOJAOT TOJYOJ B KauecTBE DKCTpAareHTa U B KOTOPOM OT IpOpearupoBaBLIeil cMecu
BELIECTB OT/ENSIIOT TEXHOJIOTUYECKYI0 BOJly, KOTOPYIO 3aTeM IMOJAarT B CMecuTedb 12 BOAbI
yepe3 peryjJupyroluil KiamnaH, Kak y)Xe MOsSICHSIOCh, IPU 3TOM IPsI3HYI0 BOAY OTBOJAT uepes
JOTIOJHUTEIbHBIN perynupyoimuil kianad. Kpome Toro, cMech NpornaHojoB U TOJIyoJIa HOJAK0T
U3 Pa3feNUTEeNIbHOIO YCTPOMCTBA B MEPBYIO SKCTPAKIIMOHHYIO KOJIOHHY, B KOTOPYIO TOOABISIFOT
N-metun-2-nupponuaon (NMP) B kadecTBe skcTpareHTa. B yKasaHHOW 3KCTPAKIIHMOHHOM
kojoHHe mnpu 108°C U3BNEKAIOT BEPXHUN MPOAYKT, COAEPKAIIMI IeJIeBYyI0  (DpakLuio
(mpomaHoBI), a 3aTeéM C TOMOIIBI KOHIAEHCALIMOHHOW KOJOHHBI mpu 30°C  monyuaroT
npona”obl. KpoMe TOro, u3 nepBoi 3KCTPAKLIUOHHOW KOJIOHHBI BBIACNSAIOT CMECh TOJIyOJa U
NMP, nanpumep, npu temneparype 160°C, npu moMoIIy UCTIAPUTENBHOM KOJIOHHBI U TIOJAI0T
BO BTOpPYIO OKCTPakLHMOHHYK KOJIOHHy, Hampumep, npu 134°C. B ykazanHoli BTOpOI
SKCTPAKLMOHHON KOJIOHHE OTBOJAT HUKHUM MPOAYKT, OTTOHSAIOT OCTATOYHBIN TOJYOJ U NOJAOT
o0OpaTHO BO BTOPYK OKCTPAKLUMOHHYIO KOJOHHY [UIs TIOJBOJA OHEPruM, a Jajiee
Heucnapuswuiicas NMP, cmewmannsiii co csexxuM NMP B cTaTU4eckOM CMecHUTeNe, HacOCOM

CHOBA IOJAIOT OOPaTHO B MEPBYIO SKCTPAKILMOHHYIO KOJIOHHY IpH Temmeparype okoso 232°C
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JUIsl BBIIEJIEHUsl MPONAHOJOB. BO BTOPOH 3KCTPAKLMOHHON KOJIOHHE TaK:K€ OTBOAAT BEPXHUU
MPOJYKT, BBIAEISIOT KOHAEHCALMEN TOJMYOJ pu TeMmneparype Huxe 125°C, monaroT HacOCOM U
B CTATUYECKOM CMECUTEJIE CMEIINBAIOT CO CBEXUM TOJYOJIOM U3 Pa3AeUTEIbHOTO YCTPOWCTBA
JUIs1 UICTIOJIb30BAHUs B KA4€CTBE OKCTPAreHTa.

BapuaHT ocyiecTBieHMs], OKa3aHHBII Ha YepTeke U MOSICHEHHBIN B COUETAHUU C HUM,
CIY’KUT Uil OOBSICHEHUS] M300pETeHHs, & HE OrPaHMYUBAET ero. Temmeparyprl, YKa3aHHbIE B
BapHaHTE OCYLIECTBJIEHUs], TOJDKHBI BOCIIPUHUMATBLCS TOJIBKO B KaueCTBE MPUMEPOB; BO3MOYKHbI

U Apyrue TeMIEepaTypsl.
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DOOPMVIJIA U30BPETEHHMA

1. Cnoco® KaTtaquTUYeCKOH KOHBEPCHH CMECH BEINeCTB, COnepiKalleidl TIINLEepuH, B
NPOMAHOJbI B peakrope (2) ¢ HEMOABIKHBIM CIIOEM, B KOTOPOM TMOJUIOKKH KaTajh3aTopa
COIepKAaT HEOPraHWYEeCKUE MAaTepHaibl W/WIM OKCHIbl METAJUIOB, OTIMYAIOIIUICS TEM, HTO
MOAJIOKKH UMEIOT Ha MOBEPXHOCTU MOPBI AuaMeTpom oT 10 1o 25 aHrcTpem, npeanoyTUTENbHO
oT 12 o 20 anrcTpem, 0cOOEHHO MPEANOYTUTEIHHO, TIO CYIIeCTBY 15 aHTCcTpem.

2. Conocob mo 1 1, ommyaromuiics Tem

2 2

YTO  KAaTaJlu3aTop  COHEPIKUT
KPEMHEBOJIb(QPAMOBYIO KUCIOTY M (POCHOPHOBOIBGPAMOBYIO KUCIIOTY.

3. Cnoco® mo m. 1 uiu 2, OTIMYAIOMUACS TeM, YTO TMOJJIOXKKH MPENCTaBJISIFOT COOOM
3KCTPYHaThl B (GOpMe MeJuIeT U MPEANOUYTHTENLHO SBIISTIOTCS KEPAMUYSCKUMU.

4. Cnoco6 no mrodomy u3 m. 1 - 3, OTIMYAOIIHIACS TEM, YTO PEaKIUsl CMECU BEIIECTB,
conepskalell TiWIepuH, MPOTEeKaeT HEeNpPephiBHO B peakrope (2) C HENMOABIKHBIM CJIOEM,
KOTOPBIH MPEANOYTUTETBHO SBJISIETCS] OTHOCTYIIEHYATHIM.

5. Cnocob mo mobdomy u3 nn. 1 - 4, OTIMYAIOMIUACS TeM, YTO B KA4eCTBE TOJIONKKU
KaTajn3aTopa HCIMOJB3VIOT CMEIIAHHbIE OKCHUIBl KPEMHUsS, BOJb(paMa, LHUPKOHHS W/ WU
ATIOMHUHUS, TMPEANOYTHTEIPHO IUOKCHI IIUPKOHUS, QIIOMOCHJIMKATHBIE II€OJUTHl H/WIN
amomodocdarHeie 1eonHTHI, NpeanodTHTePHO IeosuThl VFI w/wnmm  ueonuter  VPI-5,
JealfOMHHUPOBaHHbIe 1eonuThl USY W/Wiau AUOKCHI aMIOMHUHUS, MPU 3TOM KaTaJlu3aTop
MPEINOYTUTEBHO COAEPKUT MIATHHOBYIO HOOABKY.

6. Cnocob mo mo0oMy W3 TPEIIeCTBYIOIINX M., OTIMYAOIIMICA TEeM, YTO CMeCh
BEIIECTB, CONEpKamas TJUIEPUH, MPEeNcTaBisieT CoOOW ChIpOW TIUIEPUH, TEXHUYECKUN
TJTUIEPUH WK OYUIIEHHBINA TJIUIEPHH.

7. Cnocob mo mo0oMy U3 MNPEAIIEeCTBYIONINX MI., OTJIMYAIOIMUNUCI TeM, YTO CHOCo0
BKJIIOUAET B CeOsl OJTHY MJTH HECKOJIBKO CIIEIYIOIIUX CTAIMI:

OTBOJAT CMEChH BEIIECTB, COACPIKAIIYIO TIIHLEPHH, U3 EMKOCTH (3) A XpaHEHHUs],

(UIBTPYIOT CMECh BEINECTB, COIEPKAILIYI0 TJIUIEPUH, TPH 3TOM MNPEANOYTHTEIHHO
YAAISIOTCS HEPACTBOPEHHBIE TBEPABIE BeleCTBA W/WIKM pa30aBjeHHBIE COMYTCTBYIOIIHE
BEIIECTBA, COAEPIKAIUECs B HEH, W/ Uin

CMEIINBAIOT CMECh BEINECTB, COMEPIKAIIYI TJIMLEPHUH, ¢ BOAOW B cMecutene (5), mpu
5TOM KOHLIEHTPALMIO DJIMLEPUHA MPENNOYTHTEIBHO JOBOAST A0 BeIWMYMHbI OT 5 1o 80
MPOLIEHTOB, OCOOEHHO MPEeNNnoOYTHTENHHO, OT 10 10 60 mpoueHToB, emé 6ojiee MPEANOYTUTETHHO
oT 15 no 50 mpoueHTos.

8. Cmocob mo moboMy W3 MPEAIECTBYIOIIHUX MIl., OTIHYAIOMUNACS TeM, YTO CIIOCO0
BKJTIOYAET OJIHY WJIH HECKOJIbKO CIIEAYFOIINX CTaIUM:

HArpeBalOT CMECh BEIECTB, COACPIKAIIYIO TIHUIEPUH, C MMOMOIIBIO TeII000OMeHHKaA (6),
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MPEANOYTUTEIBHO SKOHOMaN3€epa,

N00aBJISAIOT BOAOPOA K CMECH BEINECTB, COAep Kalled TINLEPHH, MPEINOYTHTEIBHO B
crarnyeckoM cmecutene (7),

BO3BpAlIAlOT TEIMJIO CMECH BEIIeCTB, NPOpearupoBaBIIMX B peakrope (2) ¢
HETIOJIBMIKHBIM CJIOEM, B TEIJIOOOMEHHUK (6) IUTsl TIepeaayu Teria CMECH BEIEeCTB, CoaepKae
TIIULEPUH, Mepel NMPOBENSHHEM PEeaKkIHMH, TaK YTOOBI JaHHBIA CIIOCOO MO CYILIECTBY SIBIISICS
annabaTHIeCKUM.

9. Cnoco® mo mobOMy M3 MPENIeCTBYIOMUX M., OTIMYAOIIUNACS TE€M, YTO U3 CMECU
BEIIIECTB, MPOPEArupoBaBIIUX B peakrope (2) ¢ HEMOABMKHBIM CJIOEM, BBIIEJSIOT BOIOPOX
MOCPENCTBOM  CEMapaTopHOro ycrpoiictea (9), mpu 5TOM  HU3BIEUEHHBIH  BOIOPOX
MPEINOYTUTEIBHO MOBTOPHO CXKUMAKOT Aanee B kommpeccope (10) m moOaBisiOT K CBEXKEMY
BOJIOPOJY, TIPU 3TOM BOJOPOIHYIO CMECh OCOOEHHO IMPEANOYTHTENBHO HCIONB3YIOT B CrIocobe
Ha OoJiee paHHEM 3Tare, a W3BJICUEHHBIH BOXOPOX emé Ooyee MPEANOYTUTENBHO COCTABIISIET
noio ot 50 mo 99 mporneHToB, npeanoYTUTENBLHO OT 70 10 97 MpOLEHTOB B pacuére Ha oduiee
KOJINYECTBO BOAOPOAA, UCTIONB3YEMOTO B JAHHOM CIIOCO0e.

10. Crioco6 no r0d0My 13 MPEAIECTBYIOMUX 1., OTITUYAIOIIUNACS TEM, YTO

MPOMAHOJBI, TPEANOYTUTENIPHO M TPOMAHOJN-1, W TPOMaHON-2, MOJYYarT M3 CMECH
BEIIIECTB, NPOPEArupoBaBIINX B peakTope (2) ¢ HENMOABIKHBIM CJIIOE€M, NPEANOYTHUTEIHHO
CHavasa NyTéM YAAJeHHs BOIbl M3 CMECH BELIECTB, NMPOPEArupoBaBLIMX B peakTope (2) ¢
HETIOABIDKHBIM CjloeM, Tpu momoinu kackama (11) mma oOpaboTkm W MONy4YeHHs YHCTBIX
NPOMAHOJIOB, TIPU 3TOM OTAENEHHYIO TEXHOJIOTMYECKYIO BOAY NOOABISIFOT K CBEXKel Boae B
cmecutenie (12) Boapl M BOAHYKO CMECh HCHOJB3YIOT B JaHHOM crocode, 0ocoOeHHO
NPEANOYTUTENBHO, Ha OoJiee paHHEM 3Tare, 0COOEHHO Ul CMEIIUBaHMs B cMecuTene (5), u emé
OoJiee MPEANMOYTHTEHHO, U3BJICYEHHAS TEXHOJIOTMYECKasi BoAa coctapiisieT nojro ot 80 mo 100
MPOLEHTOB, npeAnoYTuTebHO OT 90 1o 100 mpOIeHTOB B pacyére Ha 00IIee KOJUIECTBO BOIBI,
UCTIOJIb3YEMOM B TAHHOM CIOCO0e W/ uitn

U3 CMECH BELIECTB, MPOPEArupoBABIINX B peakTope (2) ¢ HENMOABMKHBIM CIIOEM,
MOJIYHAKOT AJTUHHOLIEITHBIE YTIIEBOAOPOIBL, MPEANIOYTHTEIBHO B PE3YIIbTATE OJUTOMEPH3ALNH.

11. Crioco6 mo nrobOMy W3 MPENIIECTBYIOMUX MI., OTIMYAOIIMNACS TeM, YTO pPeaKius
npoTekaeT B peakTope (2) ¢ HEMOABMXKHBIM cCioeM mpu Temmeparype ot 150 mo 300°C,
npeanouyrutensHo ot 190 no 250°C, ocobenno npennouturensHo oT 210 o 230°C.

12. Cnioco6 mo mroboMy W3 MPEOIIECTBYIOMUX MI., OTIMYAOIIMACA TeM, YTO pPeaKius
npoTeKaeT B peakTope (2) ¢ HEMOABIDKHBIM ciioeM mnoj aasierneM ot 10 mo 100 Oap,
NPEANOYTUTENBHO OT 15 1o 75 Gap, 0coOeHHO MPennoUTUTENRHO, OT 25 1o 50 Oap.

13. Verpoticto (1) anmsd KaTanuTUYECKON KOHBEPCHHM CMECH BEINECTB, COACpIKaIleh
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TJIMLEPUH, TIPEINIOUYTUTENBHO ChIPOU TIIMLEPHH, B MPOMAHOJBI, B peakTope (2) ¢ HEMOABMKHBIM
CJIOEM, B KOTOPOM IMOJJIOXKKH KaTaju3aTropa COAep:KaT HEOPraHW4YeCKHe MaTepHajbl W/WUIH
OKCHIIbI METAJJIOB, OTJHMYAIOIIEeCss TeM, YTO IOMJOKKA HMEIOT Ha IOBEPXHOCTU MOPHI
arnamerpoM ot 10 mo 25 anrcrpem, mpemnoutuTensHO OT 12 mo 20 aHrcrtpem, OCOOEHHO
NPEANOYTUTENBHO, IO CYIIEeCTBY 15 aHrcrpem, mHpud 3TOM MOUIOKKH MPEANOYTHUTEIHHO
NPEACTaBISIIOT  cOOOM  KCTpymaTtel B (opMe meueT M NPEANOYTHUTENBHO  SIBISIFOTCS
KEPaMUYECKUMHU.

14. Vcrpoiicteo (1) mo m. 13, oTiuyaromeecss TeM, YTO KaTaiu3aTop COAEPKHUT
KPEMHEBOJIb(QPAMOBYIO KUCIOTY M (POCHOPHOBOIBGPAMOBYIO KUCIIOTY.

15. Yerpoiicrso (1) mo m. 13 unu 14, ornuyaroineecs: TeM, 4To

MOJUIOKKH ~ KaTajJu3aTopa CoJepKaT CMeEIIaHHble OKCHIbl KPEeMHHs, BOJb(pama,
UPKOHHST W/WJIM QIOMHUHUS, TPEANOYTUTEIBHO JHOKCUJ ITUPKOHUS, aTFOMOCHUIMKATHBIC
LEOJIUTHI 1/ Wi amoModochaTHbIe LEONUTHI, MPENNOYTHTEIHO HeonuThl VFI u/umu neonutsl
VPI-5, neamromunupoBaHHble 1ieoquTel USY w/uim JHOKCHI aJIOMUHUS, a TakKke
NPEANOYTUTENBHO IIJIATUHOBYIO 100aBKY, NMPH 3TOM peakTop (2) ¢ HEMOABHXKHBIM CIIOEM
NPEANOYTUTENBHO MOIXOANT JJIsl HEMTPEPBIBHOH PabOThI.

16. Ycrpoiicteo (1) mo mobomy u3 mm. 13 - 15, oTnuyaromieecss TeM, YTO YCTPOIHCTBO
COIEPIKHUT:

EMKOCTH (3) IUTsl XpaHEeHUsI CMECH BEIIEeCTB, CONepsKalleii riIuiepyH,

¢$unbTpOBaNIBHOE YCTPOUCTBO (4) AN yOaleHHs HEPACTBOPEHHBIX TBEPIBIX BEIECTB
W/WIM  HEeXeNaTeJbHbIX COMYTCTBYIOIIUX BELIECTB, COACPKAIIUXCS B CMECH BEINECTB,
coAep Kallel TIIULEpHH,

nepBbiid cMecutenb (5) ans pa3baBlieHUsT CMECH BEINECTB, COAEpIKAIleld TIIHLEPHH,
BOJIOH,

TeIJI000OMEeHHHK (6), TPEANOUYTUTENbHO, SKOHOMAMN3ep, JUIsi HAarpEeBaHUs CMECH BEIIECTB,
coAep Kallel TIIULEpHH,

MPEINOYTUTEIBHO CTATUYECKHA, BTOpPOUl cmecutenb (7) mnst noOaBiieHUs BOIOPOAA K
CMECH BeILECTB, COAEp Kallel ININLIEPHUH,

muano  (8) 1UIA  BO3BpaTa CMECH BEIIECTB, IPOPEardpOBABIIUX B pPEAKTOpE C
HETIOJBIDKHBIM CJIOEM, B TETJIOOOMEHHHK,

pasmenuTenbHOE YCTpoiicTBO (9) 1y M3BJIEYEHHS BOAOPONA W3 CMECHU BELIECTB,
NPOpPEarnpoBaBLINX B peakTope (2) ¢ HEMOABIKHBIM CJIOEM, U MPENNOYTHTEIBHO KOMIIPECCOP
(10) ans cxxaTHs U3BJIEUEHHOTO BOJOPOLA, U/ NIH

kackan (11) mns obpaboTku, TpeqHa3HAYEHHBIH ISl MOJy4YeHHsT (PaKkUUd HYHUCTOTO

MponaHoJia U NpeAnOYTUTCIIBHO I U3BJIICUCHUA TEXHOJIOTHYIECKOM BOJbI U3 CMECCHU BELICCTB,
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NPOPEarnpoBaBUINX B peakTope (2) ¢ HEMOABIIKHBIM CIIOEM, C IIEJbI0 CMELIUBAHHS CO CBEXEH
Bomoil B cmecutene (12) s BOABL, MPU 3TOM BOJHASI CMECh, MOJYYEHHAs] TAKUM IYTEM,
MPEINOYTUTETHHO TIOJIAETCSI B CMECUTENb (5).

17. KatanusaTop KaTaJIUTHYECKON KOHBEPCUU CMECH BELIECTB, COAEPIKALILEH TIIMLEPHUH, B
NPOMAHOJBL, B peakrope (2) ¢ HEMOABIIKHBIM CJIOEM, B KOTOPOM IOJUJIOXKKH KaTalh3aTopa
COIepKAaT HEOPraHWYEeCKUE MAaTepHaibl W/WIM OKCHIbl METAJUIOB, OTIMYAIOIIUICS TEM, HTO
MOAJIOKKH UMEIOT Ha MOBEPXHOCTU MOPBI AuaMeTpom oT 10 1o 25 aHrcTpem, npeanoyTUTENbHO
ot 12 o 20 aHrcTpeM, 0COOEHHO MPENMOYTHTEIBHO, IO CYIIeCTBY 15 aHrCcTpeM.

18. Karanuszarop no n. 17, oTiuMyaromuiicd TeM, 4YTO KaTaIUu3aTOp COAEPXKUT
KPEMHEBOJIb(QPAMOBYIO KUCIOTY M (POCHOPHOBOIBGPAMOBYIO KUCIIOTY.

19. Karanuzatop no 0. 17 wnm 18, oTnuyaromuics Tem, 4TO MOJJIOKKH MPEICTaBISIOT
co0O0M 3KCTPyAaThl B (pOpMeE MENJIET U MPENNOUTHTENBHO SIBISTFOTCS KEPAMUYECKUMU, ITPH STOM

MOAJIOKKH KaTajlu3aropa MPEANOYTUTENIbHO COAEPKAT CMELIAaHHbIE OKCHJbI KPEMHHUS,
BOJMbpaMa, IMPKOHUS W/WIKM  aNIOMUHHS, TPEANOYTUTENbHO, JHOKCHI  LUPKOHMS,
AFOMOCHITMKATHBIE LEOJUTHI WK amoMo(ochaTHbIe HEONUThI, MPEANOYTHTENBHO, EOIUTHI
VFI w/unmu ueonutsl VPI-5, neanromunupoBanubie neoautsl USY w/uau AUOKCHI aTFOMUHUS, a
TAKXKe MPENMOUTHTEIBHO, MIATHHOBYIO N0OABKY /TN

KaTaJIN3aTOP MOAXOIUT ISl HEMpepbIBHON paboThl peakTopa (2) ¢ HEMOABHKHBIM CIIOEM.

20. Cnoco0 moJIydeHHsl KaTaju3aTopa KaTaJIUTHYECKOW KOHBEPCHHM CMECH BEIIECTB,
coaep Kalledl TIJIMLEPHUH, B MPOMNAHOJBL, B pPEAKTOpPE C HEMOJBIKHBIM CJIOEM, B KOTOPOM
MOJUTOKKH KaTaJIM3aTopa COIEpXKAT HEOPraHMYeCKHe MaTepHajbl W/HUIM OKCHIBI METaJUIOB,
OTJIMHAIOIIUNACS TE€M, YTO 0a30BbIE MATEPHAIIBI ISl TIOJYYEHUS TIOJIOKEK KaTaln3aTopa HMEIOT
Ha TMOBEPXHOCTH MOpbl auameTpoMm OT 10 go 25 adrcrpem, mpeanoyturensHo oT 12 go 20
AHTCTPEM, OCOOEHHO MPEANOYTUTEIHHO, TI0 CYIIECTBY 15 aHTCTpeM.

21. Cnoco6 mo m. 20, OTIMYAOLIMIACSA TE€M, YTO B KAa4eCTBE OA30BBIX MATEPHANIOB IS
MOJUTOKEK  HMCIIONIb3YIOT CMELIAHHbIE OKCHIbl KPEMHHs, BOJb(ppama, LIHUPKOHHUA W/UJIH
AJFOMUHMUS, MPEANOYTUTENBHO JUOKCUT LUPKOHUH, AJTFOMOCHJIMKATHBIE 13707001
amomodocdarHeie 11e0aUTHI, NpennodTuTe b0 neonutbl VFI w/umn neonmutsr VPI-5, w/unum
JUOKCHJI AJTFOMUHUSIL.

22. Cnoco0 mOJIydeHHsl KaTaju3aTopa KaTaJIUTHYECKOW KOHBEPCHHM CMECH BEIIECTB,
coaep Kalledl TIJIMLEPHUH, B MPOMNAHOJBL, B pPEAKTOpPE C HEMOJBIKHBIM CJIOEM, B KOTOPOM
MOJUTOKKH KaTaJIM3aTopa COIEpXKAT HEOPraHMYeCKHe MaTepHajbl W/HUIM OKCHIBI METaJUIOB,
OTJIMYAIOIINNACA TeM, 4YTO O0a30BBI MaTepuas [UIs TOJYYEHHUS TIOMJIOKEK KaTajh3aTopa
comepxut neomutel USY, npu stom neonutsl USY neaqroMHHMPOBAaHBI TaKUM 00pas3oM, 4TO

MOJIOKKH KaTaJau3aTopa UMEKT Ha MOBEPXHOCTU MOpel auamerpoM OT 10 mo 25 aHrcrTpewm,
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npeano4YTuTenbHo ot 12 go 20 aHrcrpeMm, OCOOEHHO NPEANOYTHUTENBHO, MO CyIuecTBy 15
AHICTPEM.

23. Croco6 mo modomy 3 . 20 - 22, OTIMYAOIUICS T€M, YTO B TOJIOKKY BBOIST
KPEMHEBOJIb(QPAMOBYIO KUCIOTY M (POCHOPHOBOIBGPAMOBYIO KUCIIOTY.

24, Cnocob6 mo mobomy u3 mm. 20 - 23, OTIMYAIOMIUHCS TEeM, YTO MOJy4YEeHUE
KaTaJIn3aTopa BKJIOYAET OJHY UM HECKOJIBKO CIEAYIOLUX CTaaHM:

BBOJAT OPraHUYECKHUE CBSA3YIOIINE, KOTOPbIE BIIOCIEACTBUN BBUKUTAOT IO CYLIECTBY O€3
OCTaTKa, MPUYEM OPraHUYECKOE CBS3YIOLIEe MPEATNOYTUTENBHO BBOIAT B 0A30BbIE MaTEpHAIIBI,
KOTOpBIE HAXOIATCS NPEANOYTUTENIbHO B (OopMe TOPOIIKa, H 3aTeM HX PaBHOMEPHO
3aMELINBAIOT ¢ 0Opa3zoBaHHEeM 0a30BOTO COSAMHEHUS, MPEANOUYTUTENBHO AUCIIEPCUH, OCOOSHHO
MNPEANOYTUTEIbHO,  HAHOAUCHEPCHM,  COCTOSALIEH U3  MOJUMEPOB,  IPEANOYTHUTENBHO
MOJIMCTUPOJA, U BOJABL, HCIHOJB3YEMOW B KAa4eCTBE OPraHUYECKOrO CBS3YIOLIEro, MPH 3TOM
collep>KaHue TMOoJMMepa B JUCHEPCHUH MPEANOuUTUTENBbHO COCTaBiseT MeHblle 5 Macc.%,
0CcOOEHHO MpeanoYTHTENbHO MeHbIe 1 macc. %o,

SKCTPYAUPYIOT MEJIETHI, MPEANOYTHTENIHHO TION naBjeHreM ot 5 1o 120 Gap, ocobeHHO
npennoututebio, oT 20 mo 100 Gap, emé Oosee mpenmoururtenbHo, oT 40 mo 80 Oap,
auaMeTpoM oT 1 10 8 MM, IPEAMOYTUTENBHO OT 2 10 6 MM, OCOOEHHO MPEATIOUTUTENBHO OT 3 110
4 Mm wwmm mmHOH OT 0,25 nmo 4 cm, mpemnoututensHo ot 0,4 10 3 ¢cM, 0OCOOEHHO
npeanoyTuTenpHo oT 0,5 10 2 ¢M, W MOPEANOYTUTENBbHO KOHAWULMOHUPYIOT MEJUIeThl NpU
temneparype ot 400 mo 1000°C, mnpeamoururenpHo oT 500 no 750°C, emé Oonee
MPEeAnoUYTUTENbHO, N0 cyuiecTBy npu 600°C B TeueHue mepuona BpemeHH oT 24 no 168 4,
NPEANOYTUTENBHO OT 36 10 96 4, emé Ooee MPeAroUTUTENBHO, 10 CYLIECTBY B TeUeHUE 48 4,

MPOMUTBIBAIOT ~ OKCTPYAUPOBAHHYIO  MOJJIOXKKY  IJIATUHOM,  MNPEANOYTUTENBHO
kosinuecTBOM OT 0,5 110 3 AUTPOB, NPEANOUTUTENBHO, IO CYLECTBY 1,5 AUTpa BOJHOIO pacTBOpa
H,PtCls-6H,O ¢ kxonnentpamueit ot 15 mo 300 MMOJIB/JI, MPENMOYTUTENBHO, MO CYIMECTBY 75
mMmoJie/i1, Ha 1000 T MaTepuana MOIJIOKKH, TPENMOYTUTENBHO C MOCIEAYIOeH CYIIKOW Npu
temrieparype ot 60 no 120°C, mpennouTuTensHo, Mo cyuiectBy npu 90°C, U npeanoYTUTENBHO
C MOCJEAYIOLIEeN NMPOKAJIKONW B TEUEHHE EPUOAA BPEMEHHU OT 6 10 24 4acoB, MPEANOUYTUTEIBHO,
Mo cyuiecTsy B TeueHue 12 yacos npu Temnepatype oT 250 no 450°C, npeanoyTUTENbHO, 1O
cymectBy mpu 400°C, w/unu

NPONUTHIBAIOT  TOMJOXKKY €  IJIATUHOBOW  JOOABKOM  BOOHBIM  PacTBOPOM
KPEMHEBOJIb()PAMOBOI KUCIOTHI 00BEMOM OT 0,5 10 3 TUTPOB, MPEAMOYTUTEIBHO, TIO CYLIECTBY
1,5 nutpa, ¢ koHueHTpauued ot 25 go 100 MMOJB/J, MPENNOYTUTENBHO, TO CyliecTBy S0
MMOJIB/JT JUIsl 3aKPETUICHUsT KaTaliu3aTopa JerHApaTaliid Ha MOBEPXHOCTH, MPEINOYTHTEIBHO C

nocienymoouied cymkoit mpu temmneparype or 60 go 120°C, npeanodTUTENbHO, MO CYLIECTBY
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90°C, ¥ MpeArnouYTUTEIBHO C MOCEAYIOUIEH MPOKaJIKoN mpu temmneparype oT 250 mo 450°C,
MPEANOUTUTENBHO, MO cyiiecTBy npu 350°C, B TedeHue mepuoaa BpeMeHU OT 6 A0 24 4acos,

MPEANOYTUTEIIBHO, N0 CYLIECTBY 12 4acoB.
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U3MEHEHHAA T10 CTATBE 34 PCT ®OPMVYJIA U3OBPETEHUA,
IMPEJJIOXXEHHAA 3AABUTEJIEM K PACCMOTPEHUIO

1. Cnoco® KaTtaquTUYeCKOH KOHBEPCHH CMECH BEINeCTB, COnepiKalleidl TIINLEepuH, B
NPOMAHOJbI B peakrope (2) ¢ HEMOABIKHBIM CIIOEM, B KOTOPOM TMOJUIOKKH KaTajh3aTopa
COIepKAaT HEOPraHWYEeCKUE MAaTepHaibl W/WIM OKCHIbl METAJUIOB, OTIMYAIOIIUICS TEM, HTO
MOAJIOKKH UMEIOT Ha MOBEPXHOCTU MOPBI AuaMeTpom oT 10 1o 25 aHrcTpem, npeanoyTUTENbHO
or 12 no 20 aHrctpeM, 0COOEHHO MPEANOUYTHUTENILHO 15 aHrcTpeM, MpH 3TOM KaTallu3aTop
COZIEPKHUT KPEMHEBOJIb(YPAMOBYIO KHCIOTY WK (HOCHOPHOBOIB(HPAMOBYIO KUCIIOTY.

2. Crnoco® mo m. 1, OTAMYArOIIMICS TEM, YTO TOJUIOKKH SIBIIIOTCS SKCTPyIAaTaMH B
(dbopMe mesueT U NPeAnOYTUTENHO KEPAMUIECKUMH.

3. Cnocob no jrobomMy u3 . 1 - 2, OTIUYAOIIUICS TEM, YTO PEaKIUsl CMECH BEIIECTB,
comepralell IMLEepUH, MPOTeKaeT HENMpephlBHO B peakTtope (2) ¢ HEMOIBIKHBIM CIIOEM,
KOTOPBIH NMPEANOUYTUTEIbHO ABJISIETCS] OAHOCTYIIEHYAThIM.

4. Cnocob mo jmrobomy u3 mm. 1 - 3, OTIMYAIOIIMICS TEM, YTO B KAa4YeCTBE IMOMJIOKKH
KaTaJIi3aTopa HCHONB3YIOT CMEIIAHHbIE OKCHUABI KPEMHHUS, BOJb(ppama, LHPKOHUS W/WIH
IIOMUHUS, TPEONOYTHTENbHO IOHOKCHUA LUPKOHUS, QIIOMOCHIIMKATHBIE LEOJUTbl W/WIH
amomodocdarHeie 1eonHTHI, NpeanodTHTePHO IeosuThl VFI w/wnmm  ueonuter  VPI-5,
JeaTFOMUHUPOBaHHbIe LeoauTel USY W/HIM JHOKCHI AQNMIOMUHUS, TPU 3TOM KaTaJH3aTop
NPEANOYTHTENBHO CONIEPIKUT MJIATUHOBYIO TOOABKY.

5. Cnocob mo nrobOMy W3 MPEAIIECTBYIOIIHUX I, OTIUYAIOIIUNACS TE€M, YTO CMeCh
BEIIECTB, CONEpKamas TJUIEPUH, MPEeNcTaBisieT CoOOW ChIpOW TIUIEPUH, TEXHUYECKUN
TJIMLEPUH WU OUUIIEHHBIN TIIULEPHH.

6. Cnocod® mo nmobOMy M3 MPEOIIEeCTBYIOMUX MII., OTIWYAOLIUICS TeM, YTO CHOCO0
BKJIFOYAET OJIHY WJIM HECKOJIbKO CIEAYIOLINX CTaHUM:

OTBOJAT CMEChH BEIIECTB, COACPIKAIIYIO TIIHLEPHH, U3 EMKOCTH (3) A XpaHEHHUs],

(UIBTPYIOT CMECh BEINECTB, COACPKAINYI0 TJIHLEPHH, MPU 3TOM TPEANOYTHTEIHHO
yIAJSIFOTCS  HEPACTBOPEHHbIE TBEPAbIE BEIECTBA W/WIM pa3daBlieHHbIE COMYTCTBYIOLINE
BEIIECTBA, COAEPIKAIUECs B HEH, W/ Uin

CMEIINBAIOT CMECh BEINECTB, COIEPIKAIlyI0 IIIMLEPUH, C BOAOH B cMmecutene (5), mpu
5TOM KOHLIEHTPALMIO [JIMLEPUHA MpPeNNOYTUTENbHO JOBOAAT A0 BeauuuHbl oT 5 g0 80
MPOIIEHTOB, OCOOEHHO MPEANOYTHTENBHO, OT 10 10 60 mpoueHTOB, eme doee MPEeAnOYTUTETEHO
oT 15 no 50 mpoueHTos.

7. Cnocod® mo nmoboMy M3 MPEOIIEeCTBYIOMUX MII., OTIWYAOLIUICS TeM, YTO CHOCO0

BKJIFOYACT OAHY WUJIKM HECKOJIBKO CICAYIOIIUX CTaauii:
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HArpeBalOT CMECh BEIECTB, COACPIKAIIYIO TIHUIEPUH, C MMOMOIIBIO TeII000OMeHHKaA (6),
MPEANOYTUTEIBHO SKOHOMaN3€epa,

N00aBJISAIOT BOAOPOA K CMECH BEINECTB, COAep Kalled TINLEPHH, MPEINOYTHTEIBHO B
crarnyeckoM cmecutene (7),

BO3BpAlIAlOT TEIMJIO CMECH BEIIeCTB, NPOpearupoBaBIIMX B peakrope (2) ¢
HETIOJIBMIKHBIM CJIOEM, B TEIJIOOOMEHHUK (6) IUTsl TIepeaayu Teria CMECH BEIEeCTB, CoaepKae
TIIULEPUH, Mepel NMPOBENSHHEM PEeaKkIHMH, TaK YTOOBI JaHHBIA CIIOCOO MO CYILIECTBY SIBIISICS
annabaTHIeCKUM.

8. Cnocob mo nmoboMy M3 MPEIIeCTBYIOUINX M., OTJIMYAIOLIUICS TEM, YTO U3 CMECH
BEIIIECTB, MPOPEArupoBaBIIUX B peakrope (2) ¢ HEMOABMKHBIM CJIOEM, BBIIEJSIOT BOIOPOX
MOCPENCTBOM  CEMapaTopHOro ycrpoiictea (9), mpu 5TOM  HU3BIEUEHHBIH  BOIOPOX
MPEINOYTUTEIBHO MOBTOPHO CXKUMAKOT Aanee B kommpeccope (10) m moOaBisiOT K CBEXKEMY
BOJIOPOJY, TIPU 3TOM BOJOPOIHYIO CMECh OCOOEHHO IMPEANOYTHTENBHO HCIONB3YIOT B CrIocobe
Ha OoJiee paHHEM 3Tare, a W3BJICUEHHBIH BOXOPOX emé Ooyee MPEANOYTUTENBHO COCTABIISIET
noio ot 50 mo 99 mporneHToB, npeanoYTUTENBLHO OT 70 10 97 MpOLEHTOB B pacuére Ha oduiee
KOJINYECTBO BOAOPOAA, UCTIONB3YEMOTO B JAHHOM CIIOCO0e.

9. Crocob mo nroboMy W3 TPEIIIeCTRYIOIIHX TIT., OTIMYAOIIHIACS TEM, YTO

MPOMAHOJBI, TPEANOYTUTENIPHO M TPOMAHOJN-1, W TPOMaHON-2, MOJYYarT M3 CMECH
BEIIIECTB, NPOPEArupoBaBIINX B peakTope (2) ¢ HENMOABIKHBIM CJIIOE€M, NPEANOYTHUTEIHHO
CHavasa NyTéM YAAJeHHs BOIbl M3 CMECH BELIECTB, NMPOPEArupoBaBLIMX B peakTope (2) ¢
HETIOABIDKHBIM CjloeM, Tpu momoinu kackama (11) mma oOpaboTkm W MONy4YeHHs YHCTBIX
NPOMAHOJIOB, TIPU 3TOM OTAENEHHYIO TEXHOJIOTMYECKYIO BOAY NOOABISIFOT K CBEXKel Boae B
cmecutenie (12) Boapl M BOAHYKO CMECh HCHOJB3YIOT B JaHHOM crocode, 0ocoOeHHO
NPEANOYTUTENBHO, Ha OoJiee paHHEM 3Tare, 0COOEHHO Ul CMEIIUBaHMs B cMecuTene (5), u emé
OoJiee MPEANMOYTHTEHHO, U3BJICYEHHAS TEXHOJIOTMYECKasi BoAa coctapiisieT nojro ot 80 mo 100
MPOLEHTOB, npeAnoYTuTebHO OT 90 1o 100 mpOIeHTOB B pacyére Ha 00IIee KOJUIECTBO BOIBI,
UCTIOJIb3YEMOM B TAHHOM CIOCO0e W/ uitn

U3 CMECH BELIECTB, MPOPEArupoBABIINX B peakTope (2) ¢ HENMOABMKHBIM CIIOEM,
MOJIYHAKOT AJTUHHOLIEITHBIE YTIIEBOAOPOIBL, MPEANIOYTHTEIBHO B PE3YIIbTATE OJUTOMEPH3ALNH.

10. Crioco6 mo nroboMy M3 MPEOIIECTBYIOMUX TI., OTIMYAOIIMNACS TeM, YTO pPeaKius
npoTekaeT B peakTope (2) ¢ HEMOABMXKHBIM cCioeM mpu Temmeparype ot 150 mo 300°C,
npeanouyrutensHo ot 190 no 250°C, ocobenno npennouturensHo oT 210 o 230°C.

11. Crioco6 mo nrobOMy W3 MPENIIECTBYIOMUX MI., OTIMYAOIIMNACS TeM, YTO pPeaKius
npoTeKaeT B peakTope (2) ¢ HEMOABIDKHBIM ciioeM mnoj aasierneM ot 10 mo 100 Oap,

NPEANOYTUTENBHO OT 15 1o 75 6ap, 0coGeHHO MpeanoYTHTENsHO OT 25 1o 50 Oap.



20

12. VYcrpoticteo (1) ansg KaTaqIUTUYECKOW KOHBEPCHUU CMECH BEIIECTB, COIEpIKallei
TJIMLEPUH, TIPEINIOUYTUTENBHO ChIPOU TIIMLEPHH, B MPOMAHOJBI, B peakTope (2) ¢ HEMOABMKHBIM
CJIOEM, TIPH 3TOM YCTPOHCTBO CONEPKUT KATaJM3aTOp, a MOJJIOKKH KaTalu3aTopa COINEPIKHUT
HEOPraHUYECKHUEe MaTepuasbl W/MIN OKCHIbI METAJJIOB, OTJIMYAIOIIEECS TEM, YTO MOJUIOKKH
MMEIOT Ha OBEPXHOCTHU NOPBI AuamMeTpoM OT 10 g0 25 aHrcTpem, npeanodTuTensHo ot 12 no 20
aHrCTpeM, OCOOEHHO NPEANOYTUTENIbHO, MO CYLIeCTBY 15 aHrcrpem, mpu 5TOM TMOAJIOKKU
NPEANOYTHTENBHO TPENCTABISAIOT CO0OH SKCTPynarsl B (opMe MeJUleT U MPEArIOYTHUTENBHO
SIBJISIFOTCS] KEPAMUYECKUMU,

OpU  3TOM  KaTalu3aTtop  CONEPKUT  KPEMHEBOJb(PPAMOBYK)  KHUCJIOTY  WJIH
bochopHOBOTBGHPAMOBYIO KUCIIOTY.

13. Yerpoiicreo (1) o m. 12, oTnuyaromieecs TeM, 4To

MOJUIOKKH ~ KaTajJu3aTopa CoJepKaT CMeEIIaHHble OKCHIbl KPEeMHHs, BOJb(pama,
UPKOHHST W/WJIM QIOMHUHUS, TPEANOYTUTEIBHO JHOKCUJ ITUPKOHUS, aTFOMOCHUIMKATHBIC
LEOJIUTHI 1/ Wi amoModochaTHbIe LEONUTHI, MPENNOYTHTEIHO HeonuThl VFI u/umu neonutsl
VPI-5, neamromunupoBaHHble 1ieoquTel USY w/uim JHOKCHI aJIOMUHUS, a TakKke
NPEANOYTUTENBHO IIJIATUHOBYIO 100aBKY, NMPH 3TOM peakTop (2) ¢ HEMOABHXKHBIM CIIOEM
NPEANOYTUTENBHO MOIXOANT JJIsl HEMTPEPBIBHOH PabOThI.

14. Ycrpotictso (1) mo mrobomy u3 mm. 12 unn 13, oTinyaromieecst TeM, 4T0 yCTPOHCTBO
COIEPIKHUT:

EMKOCTH (3) IUTsl XpaHEeHUsI CMECH BEIIEeCTB, CONepsKalleii riIuiepyH,

¢$unbTpOBaNIBHOE YCTPOUCTBO (4) AN yOaleHHs HEPACTBOPEHHBIX TBEPIBIX BEIECTB
W/WIM  HEeXeNaTeJbHbIX COMYTCTBYIOIIUX BELIECTB, COACPKAIIUXCS B CMECH BEINECTB,
coAep Kallel TIIULEpHH,

nepBbiid cMecutenb (5) ans pa3baBlieHUsT CMECH BEINECTB, COAEpIKAIleld TIIHLEPHH,
BOJIOH,

TeIJI000OMEeHHHK (6), TPEANOUYTUTENbHO, SKOHOMAMN3ep, JUIsi HAarpEeBaHUs CMECH BEIIECTB,
coAep Kallel TIIULEpHH,

MPEINOYTUTEIBHO CTATUYECKHA, BTOpPOUl cmecutenb (7) mnst noOaBiieHUs BOIOPOAA K
CMECH BeILECTB, COAEp Kallel ININLIEPHUH,

muano  (8) 1UIA  BO3BpaTa CMECH BEIIECTB, IPOPEardpOBABIIUX B pPEAKTOpE C
HETIOJBIDKHBIM CJIOEM, B TETJIOOOMEHHHK,

pasmenuTenbHOE YCTpoiicTBO (9) 1y M3BJIEYEHHS BOAOPONA W3 CMECHU BELIECTB,
NPOpPEarnpoBaBLINX B peakTope (2) ¢ HEMOABIKHBIM CJIOEM, U MPENNOYTHTEIBHO KOMIIPECCOP

(10) ans cxxaTHs U3BJIEUEHHOTO BOJOPOLA, U/ NIH
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kackan (11) mns obpaboTku, TpeqHa3HAYEHHBIH ISl MOJy4YeHHsT (PaKkUUd HYHUCTOTO
MPOMAHOJIA U MPENNOYTUTENBHO NIl U3BJIEUEHUS TEXHOJOTHYECKOW BOJABI M3 CMECH BEIECTB,
NPOPEarnpoBaBUINX B peakTope (2) ¢ HEMOABIIKHBIM CIIOEM, C IIEJbI0 CMELIUBAHHS CO CBEXEH
Bomoil B cMmecurene (12) ansd BOXOBL, MPU 5TOM BOAHYIO CMECh, IOJIyYEHHAs TAKUM IYTEM,
MPEINOYTUTETHHO TIOJIAETCSI B CMECUTENb (5).

15. KatanusaTop KaTaJIUTHYECKON KOHBEPCUHU CMECH BELIECTB, COAEPIKALILEH TIIMLEPHUH, B
NPOMAHOJBL, B peakrope (2) ¢ HEMOABIIKHBIM CJIOEM, B KOTOPOM IOJUJIOXKKH KaTalh3aTopa
COIepKAaT HEOPraHWYEeCKUE MAaTepHaibl W/WIM OKCHIbl METAJUIOB, OTIMYAIOIIUICS TEM, HTO
MOAJIOKKH UMEIOT Ha MOBEPXHOCTU MOPBI AuaMeTpom oT 10 1o 25 aHrcTpem, npeanoyTUTENbHO
ot 12 o 20 aHrcTpeM, 0COOSHHO MPENMOYTHTEIBHO, 1O CYLIECTBY 15 aHTCTpeM,

OpU  3TOM  KaTalu3aTtop  CONEPKUT  KPEMHEBOJb(PPAMOBYK)  KHUCJIOTY  WJIH
bochopHOBOTBGHPAMOBYIO KUCIIOTY.

16. Karanuzarop mo m. 15, OTIMYArOMIUICS TEM, YTO TMOJUJIOKKH MPEACTABISIIOT COOOH
SKCTPYAAThl B (hOpME MEJUIET U MPEATIOUYTUTENBHO SBISIFOTCS KEPAMHUYECKIMH, TIPU 3TOM

MOJJIOKKM KaTalau3aTopa IpearouTUTEIbHO COAepkKaT CMELIaHHbIE OKCHUIbl KPEMHMS,
BOJMbpaMa, IMPKOHUS W/WIKM  aNIOMUHHS, TPEANOYTUTENbHO, JHOKCHI  LUPKOHMS,
AFOMOCHITMKATHBIE LEOJUTHI WK amoMo(ochaTHbIe HEONUThI, MPEANOYTHTENBHO, EOIUTHI
VFI w/unmu ueonutsl VPI-5, neanromunupoBanubie neoautsl USY w/uau AUOKCHI aTFOMUHUS, a
TAKXKe MPENMOUTHTEIBHO, MIATHHOBYIO N0OABKY /TN

KaTaJIN3aTOP MOAXOIUT ISl HEMpepbIBHON paboThl peakTopa (2) ¢ HEMOABHKHBIM CIIOEM.

17. Crnoco® mony4eHus: Karajau3aropa KaTaTUTHYECKOW KOHBEPCHHM CMECH BEIIECTB,
cojepkalllell TNIMLEpPUH, B IPONAHOJbl, B PEAKTOPE C HEMOABIKHBIM CJOE€M, B KOTOPOM
MOJUTOKKH KaTaJIM3aTopa COIEpXKAT HEOPraHMYeCKHe MaTepHajbl W/HUIM OKCHIBI METaJUIOB,
OTJIMHAIOIIUNACS TE€M, YTO 0a30BbIE MATEPHAIIBI ISl TIOJYYEHUS TIOJIOKEK KaTaln3aTopa HMEIOT
Ha TMOBEPXHOCTH MOpbl auameTpoMm OT 10 go 25 adrcrpem, mpeanoyturensHo oT 12 go 20
aHrCTpeM, OCOOEHHO MPENNOYTHTEIBHO, MO CYIIECTBY 15 aHrcTpeMm, M TeM, YTO B MOJJIOXKKY
BBOJISIT KPEMHEBOJIL(PAMOBYIO KUCIOTY UITH (GocHOopHOBOIBPPAMOBYIO KHUCIIOTY.

18. Croco6 mo . 17, oTnuyaromuiicss TeM, YTO B KauecTBe 0a30BBIX MAaTEPHAJIOB IS
MOJUTOKEK  HMCIIONIb3YIOT CMELIAHHbIE OKCHIbl KPEMHHs, BOJb(ppama, LIHUPKOHHUA W/UJIH
ANIOMUHUS, MPEANOYTUTENBHO JUOKCU]L LUPKOHMSI, AIOMOCHJIMKATHBIE — W/WIH
amomodocdarHeie 11e0aUTHI, NpennodTuTe b0 neonutbl VFI w/umn neonmutsr VPI-5, w/unum
JUOKCHUJ aJTFOMUHUS.

19. Cnoco® mony4eHus: Karajau3aropa KaTaTUTHYECKOW KOHBEPCHHM CMECH BEIIECTB,
cojepkalllell TNIMLEpPUH, B IPONAHOJbl, B PEAKTOPE C HEMOABIKHBIM CJOE€M, B KOTOPOM

MOAJIONKKHU KaTajau3aTtopa COACpKAT HCOPTraHUYCCKUE MaTCPpHAJbI u/unu OKCHJbl MCETAJJIOB,
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OTJIMYAIOIINNACA TeM, 4YTO O0a30BBI MaTepuas [UIs TOJYYEHHUS TIOMJIOKEK KaTajh3aTopa
comepxut neomutel USY, npu stom neonutsl USY neaqroMHHMPOBAaHBI TaKUM 00pas3oM, 4TO
MOJIOKKH KaTaJau3aTopa UMEKT Ha MOBEPXHOCTU MOpel auamerpoM OT 10 mo 25 aHrcrTpewm,
npeano4YTuTenbHo ot 12 go 20 aHrcrpeMm, OCOOEHHO NPEANOYTHUTENBHO, MO CyIuecTBy 15
aHrCTpeM, W TeM, 4YTO B TMOMJOXKY BBOISIT KPEMHEBOJb(PAMOBYIO KHCIOTY MU
bochopHOBOTBGHPAMOBYIO KUCIIOTY.

20. Cnocob6 mo mobomy u3 mm. 17 - 19, oTaudaromuics TeM, 4YTO MOJy4YeHUe
KaTaJIn3aTopa BKJIOYAET OJHY UM HECKOJIBKO CIEAYIOLUX CTaaHM:

BBOJAT OPraHUYECKHE CBS3YIOIIHE, KOTOPbIE BIIOCIENCTBUU BBDKHTAIOT O€3 OCTaTKa,
NPUYEM OPTaHMYECKOE CBS3YIOIIEe MPEANIOUTUTENIbHO BBOAAT B 0a30BbIE MAaTEPHaJbl, KOTOPBIE
HAXOJATCSl TPENNOUTUTENbHO B (OpMe TMOpPOINKA, W 3aTeM WX PABHOMEPHO 3aMELIUBAIOT C
oOpasoBaHneM  0a30BOrO  COENWHEHMs,  MNPENNOYTHTENbHO  TUCIEPCHH,  OCOOEHHO
MNPEANOYTUTEIbHO,  HAHOAUCHEPCHM,  COCTOSALIEH U3  MOJUMEPOB,  IPEANOYTHUTENBHO
MOJIMCTUPOJA, U BOJABL, HCIHOJB3YEMOW B KAa4eCTBE OPraHUYECKOrO CBS3YIOLIEro, MPH 3TOM
collep>)KaHue MoJMMepa B JUCIEPCUM MPEANOYTUTENbHO COCTaBisieT MeHblle 5 Macc. %,
0CcOOEHHO MPEeaNnOYTHTENbHO, MeHbIIe 1 Macc. %,

SKCTPYAUPYIOT MEJIETHI, MPEANOYTHTENIHHO TION naBjeHreM ot 5 1o 120 Gap, ocobeHHO
npennoututebio, oT 20 mo 100 Gap, emé Oosee mpenmoururtenbHo, oT 40 mo 80 Oap,
auaMeTpoM oT 1 10 8 MM, IPEAMOYTUTENBHO OT 2 10 6 MM, OCOOEHHO MPEATIOUTUTENBHO OT 3 110
4 mMm, w/wm pouHOHM oT 0,25 nmo 4 cm, mpemmourutensHo oT 0,4 mo 3 oM, 0coOeHHO
npeanoutuTenbHo ot 0,5 10 2 ¢M, U MPEeaNnoYTUTENbHO KOHIWLIMOHMPYIOT MeJUIeThl MpHU
temneparype ot 400 mo 1000°C, mnpeamoururenpHo oT 500 no 750°C, emé Oonee
npeanouTuTenbHo, npu 600°C B TedyeHue nepuosa BpeMeHu oT 24 no 168 4, npeanodTuTenbHo
oT 36 10 96 4, emé OoJiee MPEANOYTUTENLHO, B TeUeHue 48 u,

MPOMUTBIBAIOT ~ OKCTPYAUPOBAHHYIO  MOJJIOXKKY  IJIATUHOM,  MNPEANOYTUTENBHO
kosuuectBOM OT 0,5 n0 3 JuTpOB, NPEAnoOYTHUTENbHO, 1,5 nuTpa BOAHOTO pacTBOpa
H,PtCls-6H,O ¢ xonnentpamnueii ot 15 no 300 MMOB/JI, MPEANOYTUTENBHO 75 MMOJIB/J, Ha
1000 r maTepuana MOANOKKH, MPEANOUYTUTEIBHO C MOCIEAYIOLIEH CYIIKOW PU TeMIepaType oT
60 no 120°C, npeanoururenbHo npu 90°C, u MpeanoYTUTENBHO, C MOCIENYIOUIEH MPOKAIKON B
TEUEHHE MNEepuoJa BPeMEHU OT 6 10 24 4acoB, MPEANOYTHUTENBHO B Te€ueHue 12 4acoB Npu
temnepatype ot 250 no 450°C, npennoururensHo npu 400°C, w/mnmm

NPONUTHIBAIOT  TOMJOXKKY €  IJIATUHOBOW  JOOABKOM  BOOHBIM  PacTBOPOM
KpeMHEBOJIb(QPaMOBOH KUCIOTHI 00bEMOM OT 0,5 10 3 NMUTPOB, MPENNoOUTUTENBHO, 1,5 nuTpa, ¢
KOHIeHTpauueil ot 25 mo 100 mmonw/n, nmpennoytutenbHO SO MMOJB/JT U 3aKpeTICHUs

KaTajiu3aTopa JeTUApPaTAlNi HA TIOBEPXHOCTH, MPEANOYTHTENBHO C MOCIEAYIOMIEH CYIKON nmpu
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temrnieparype ot 60 mo 120°C, npeanoututenpHo npu 90°C, W NpPeANnoOYTUTENBHO C
nocieayrluieil npokankoi npu temnepatype ot 250 no 450°C, npennoururensHo npu 350°C, B

TE€UEHHUE NePHUOa BpeMeHH OT 6 10 24 4acoB, NPEANOYTUTENBHO 12 4acoB.
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