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Llenu cudpoxamanumuueckux npoyeccog: MOTOPHbBIE TOILJIMBA IOJIBEPTaroT
THAPOOUYNCTKH C MEJBI0 yAAJICHUS TeTePOOPTaHNIECKUX COCTUHEHHUI CEPhl, a30Ta,
KHCIIOPOJIa, MBIIIBSKA, TAJIOTCHOB, METAJLIOB M THIPHUPOBAHUS AJTKEHOB, TEM CaAMBIM
yIIydImasi uX SKCIUTyaTallMOHHBIC XapaKTePUCTUKH. B 4acTHOCTH, THIPOOYHCTKA
('O) mo3BONSET YMEHBIINTH KOPPO3UOHHYIO arpecCHBHOCTh TOIUIMB W HUX
CKJIOHHOCTB K 00pa30BaHUIO OCAIKOB, YMEHBIITUTH KOJTUIECTBO TOKCHIHBIX Ta30BBIX
BBIOPOCOB B OKPY>KaIOIIYI0 cpeny. [y0oKyIo rTHApooYrCcTKy O€H3UHOBBIX (PpaKiinii
MPOBOJIAT ISl 3aIUTHI TUIATMHOBBIX KaTaIn3aTOpOB pU(OpMUHTA OT OTPaBICHUS
HEYTJIEBOJAOPOJIHBIMU COCAUHEHUSIMU. B pe3ynbpTaTe TMAPOOYMCTKH BaKyyMHOTO
ra3oiist - ChIphsl KaTAIUTHYECKOTO KPEKWHTA - MOBBIMIAIOTCS BBIXOJl M Ka4€CTBO
MPOJYKTOB KPEKHWHTa M 3HAYUTEIBHO COKpAIAIOTCS 3arpsi3HeHHE aTMocdepbl
OKHUCJIaMU CEpHI.

T'uopoeenonus cemepoopzanuyeckux coeouHeHuii B IpoLeccax ruIpoOYHCTKH
npoucxooum 6 pesyiomame paspvisa cesazei C-S, C-N, C-O u HacwlmeHus
BOZIOPOJIOM OOpa3yIOMIUXCS TeTepOaTOMOB W JBOWHOW CBSI3U Y YTJIEBOAOPOIHON
4acTH MOJIEKyN He(TsTHOTO ChIpbhs. [Ipu 3TOM cepa, a30T 1 KHCIIOPO/I BBIICIISIOTCS B
Bune H,S, NHs3, u H,O. Conepkamumecss B ChIpbe HENPEAETbHBIC YTIIEBOIOPOIBI
THAPUPYIOTCS 10 MPEeIbHBIX aJKaHOB. B 3aBHCHMOCTH OT YCIIOBUI TPOIECCOB
BO3MOXKHBI YAaCTUYHOE THAPUPOBAHWE U THAPOKPEKUHT TIOJUITUKINYECKHUX
apOMaTHYIECKUX U CMOJTUCTO-ac(haTbTEHOBBIX yTI€BOJAOPOOB.
MeTtaniopraHuyeckue COCIUHEHHUS ChIPhSl Pa3pyIIAOTCS, U BBIICISIONINECS
METaJUIbl OTJIATalOTCS HA KaTalu3aTope.

Peakyuu eudpoeenonuza Bcex reTepOOPTraHUYCCKUX COCTUHEHUN AGIAIOMCS
TEPMOIUHAMHUYCCKH HUZKOMeMNnepamypHovimu. /lasnerue He OKa3bIBACT BIUSHUS HA
paBHOBecHue Ta3o(a3HbIX peakiuid Win OJaronpusTCTBYeT 00pa30BaHUIO
MPOIYKTOB THAPOTECHOIHN3A.

Hcronp3yemMble B MPOMBINIJICHHBIX THAPOTCHU3AIMOHHBIX —IpoIeccax
Kamanu3amopwl SBISIFOTCS CJI0KHBIMU KOMITO3UIIUSIMH, U B UX COCTaB BXOJISAT:

1) metamner VIII rpynnei: Ni, Co, Pt, Pd, unorna Fe;

2) oxucibl wim cynbuast VI rpynnsi: Mo, W, unorna Cr;



3) TEpMOCTOIKHE HOCUTEIU C PA3BUTON YJIEIbHON MOBEPXHOCTHIO U BBICOKOM
MEXaHUYECKON MPOYHOCTHIO, HHEPTHbIE WM OOJafarolue KUCIOTHBIMU
CBOVCTBAMU.

Coipvem npoyeccog 2u0pooyucmry SBISIIOTCS OCH3MHOBBIE, KEPOCUHOBBIE U
JU3elbHbIE (PpaKIy, BAKYYMHBIN ra30MiIb U CMa304YHbIE Maca, CoJiepKallue cepy,
a30T 1 asikeHbl. CoJiep:kaHKe reTepoaTOMHBIX YTIIEBOAOPOIOB B ChIphE KOJIeOIeTCs
BECbMa 3HAYMUTENIbHO B 3aBUCUMOCTU OT (DPAKIIMIOHHOTO U XMUMHUUYECKOTO0 COCTaBOB
qucTiuATOB. [lo Mepe yTshKeleHHsI ChIpbs YBEIMYMBAETCA HE TOJBKO 00Ilee
coJiep>KaHue, HO | 10JIsl Haubosiee TepMOCTa0MIIbHBIX B OTHOIICHUH THPOT€HOIN3a
reTEPOOPraHNYECKUX COEAMHEHHI. B TO ke BpeMs TpeOoBaHUS K COIEPKAHUIO
reTepOIpUMECEN B TUIPOTCHU3aTaX CHUKAIOTCS M0 MEPE YTSXKEJICHUS ChIPbSL.

Pacxoo 6o0opooa Ha THUAPOOUHMCTKY TaKKe€ 3aBUCHUT OT COJIEPHKAHUS
TeTEPOIPUMECEHN B CHIPbE U €r0 MPOUCXO0XKICHHS.

ObvemHas ckopocms Cblpbsi, memnepamypa u 0dgjieHue BIUSIOT Ha CKOPOCTh
U TIyOMHy THAPOTEHOJW3a TeTeponpuMecel B Ta3odaszHbIX Ipolleccax
THUAPOOYUCTKH TOIUTMBHBIX (pakivii B MOJHOM COOTBETCTBUM C XUMHUYECKOU
kuHeThkoi. TpeOyemass NPUMEHUTEIBHO K JU3EJIbHBIM TOIUIMBAM TIIyOMHA
rugpoounctku 90 — 93 % nocturaercs npu 00beMHOM ckopoctu 4 4, napnenue 4
MIla u temneparypa 350-380 °C. Ilpu temmepatype >420 °C u3-3a yckopenus
peakuuii TUAPOKPEKHHIAa BO3pPACTAET BBIXOJ Ta30B M JIETKUX YIJIEBOAOPOIOB,
YBEIMYHUBAIOTCA KOKCOOOpAa30BaHUE U pacxo]l Bogopoa. i Kaxk10ro BUaa ChIpbs
M KaTajgu3atopa CyIIECTBYET CBOM ONTUMAJIbHBIA HWHTEpPBAI PEKUMHBIX
napametpoB. ChIpbe, BRIKUMAOIIEE Ipu TeMmeparype Boire 350 °C, raxomurcs npu
TUAPOOUYNCTKE B OCHOBHOM B KUIKOH (Da3e, M MOBBILICHUE JIaBJICHUS YBEINYMUBAET
CKOPOCTh peakluii Oojiee 3HAYMTENIBHO, YCKOPSs TPAHCIOPTHPOBAHHE BOIOPOJA
yepe3 IUICHKY JKUJIKOCTM K IOBEPXHOCTM Karanuzaropa. W3-3a yaopokaHus
00OpyZ0BaHUS YBEIMUCHUE JABJICHUSI OTpPaHUYHMBAIOT B mpejenax g0 7-8 MlTa.

lapyuanvroe oasnenue 6o0opoda u kpamuocms uupkysinuu BCT. Ilpu
MOBBIIICHUN OOIIETO JaBJICHUS MPOIlecca pacTeT MapiyaIbHOE JaBICHUE BOJAOPO/IA.
Ha stot mapametp BiusieT 1 KpatHOCTh HUpKyssinuu BCI', 1 KOHLIEHTpalus B HEM
BOJIOPOJIa, COCTABIISAIONIASI B MPOMBINIIEHHBIX YciaoBusix oT 60 mo 90 % 06. Uem
Oonbiie koHieHTpamus Bojopoaa B BCI, TeM Hmke MOXKET OBITh KPaTHOCTH
uupkysiuud. KpatHocts mwpkynsiun BCIT BiusieT Takke Ha OO  HC-
NapSIOLIErocs ChIpbsi U MPOJOJIKUTEIBHOCTh KOHTAKTA ChIPhSl C KaTaJIM3aTOPOM.
XOTs peakuuy THAPOreHOIN3a TeTEPOOPTraHUYECKUX COCUHEHUN IK30TEPMUYHBI,
MPOIECChl  THUAPOOYUCTKH  TOIUIMBHBIX  (pakiuif  MNpOBOJAAT OOBIYHO B
annabaTUyecKoM peakTope 0e3 0TBO/IA TeIIa peakui, MOCKOIbKY TEMIIepaTypPHbIN
rpaguenT o0braHO He rpesbimaet 10 °C.

B peakTopax ycTaHOBOK T'MJIPOOYMCTKH U THAPOKPEKUHIAa BHICOKOKHUIISIIIUX
dbpakuuii C TOBBIIICHHBIM COJIEP)KAHUEM TEeTePONPUMECEN MpeayCMaTpUBACTCS
OTBOJI TeIula peakuuil nmopauven oxnaxaeHHoro BCI yepe3 pacnpenenutenbHbie
YCTPOMCTBA MEXKy CIOSIMU KaTaJIn3aTopa.

Pezenepayus xamanuzamopa. B mnpounecce dKCIUTyaTallMd KaTaau3aTop
MOCTENEHHO TEPSIET CBOIO AKTUBHOCTH B PE3YyJIbTATE 3aKOKCOBBIBAHUS U OTII0KEHUS
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Ha €ro IMOBEPXHOCTH METAJUIOB ChIPhS. J[JIT BOCCTAHOBJIEHUS TMEPBOHAYAIHLHOMN
aKTUBHOCTU KATaJM3aTOp IMOJBEPralOT pereHepany OKHCIUTEIbHBIM BBIKUTOM
KOKca. B 3aBUCMMOCTH OT cocTaBa KaTajau3aTropa nPUMEHSIOM 2a308030VUIHbIN UIU
napogo3oyuiHblll  cnocob pecerepayuu. lleonuTcomepkaiiye KaTtaau3aTophbl
THAPOOYUCTKM U THAPOKPEKUHTa HENb3s  MOJBEpraTh  MapOBO3AYIIHON
pereHepanuu. ['a30BO3AYLIHYI0 pereHepanuio OObIYHO TMPOBOIST CMECHIO
MHEPTHOTO rasza ¢ Bo3gyxoM npu Temieparype no 530 °C. Ilpu stom pereHe-
pUPYEMBIN KaTaau3aTop YCKOPSET pEeaKIuu TOpeHus Kokca. I[lapoBo3mymrHyro
pEreHepanuio MPOBOMIT CMEChIO, HAarpeTod B TEYM N0 TEMIIEpaTyphl Hadaya
BBEDKHUTA KOKca. CMech TIOCTYIaeT B PEaKToOp, T/I€ IPOUCXOIUT MOCTOWHBIA BHIKUT
KOKCa, TI0CJI€ Yero ra3bl COpachIBalOT B ILIMOBYIO TPYOy.

IIpomviuinennvle YCmano8Ku 2UOPOOYUCIIKU HEDMAHO20 Cblpbsl BKIIOYAIOT
OJIOKM: pEaKTOPHBINM, Cernapaluu ra3onpoayKToBoil cMmecu ¢ BbiaeneHuem BCT,
ounctku BCT ot cepoBoioposa, crabunuzainuu ruporeHn3ara, KOMIpeCCOPHbIN.

VYCTaHOBKM THAPOKPEKUHTa HUMEIOT JOMOJHUTEIBHO (PaKIUOHUPYIOIIYIO
KOJIOHHY. Y CTaHOBKHM MMEIOT MHOT'O OOIIEro Mo anmaparypHoMmy oGOPMIICHUIO U
CXeMaM PEAKTOPHBIX OJOKOB, pa3IMYalOTCs MO MOIIHOCTH, pa3MepaM arraparos,
TEXHOJIOTUYECKOMY PEXKHUMY M CXEeMaM CeKIMH cenapaiuu U CTaOuiIn3aluu
THIPOTEHU3ATOB. Y CTAHOBKH MPEABAPUTEIBLHON THIPOOYUCTKA OCH3UHOB - CBHIPBS
KaTaJIMTUYECKOTO PU(POPMHUHTA - pa3IMyaloTCa Takke BapuanTtoMm mojauu BCI: ¢
MUPKYJISIUECH WA 0€3 MUPKYISIITUH - «HA TTPOTOKY.

OcHo6HbIM annapamom YCmMaHo80K 2UOPOOYUCKU SIBISIETCS peakmop co
CMAYUOHAPHBIM CTIOeM KAmaniu3amopa.

T'uopoouucmra npsamMo2onHbIX OEH3UHOBbIX (hpakyuli OCYIIECTBISIOT Ha CEK-
musax ['O ycTaHOBOK KaTaJIUTHYECKOTO PUGOPMHUHTA WM KOMOWHHPOBAHHBIX
yCTaHOBOK. [ udpoouucmrka eaxyymuozo 2azotins 350-500 °C me npencrasnser
3HAUUTEIBHBIX TPYAHOCTEH W TPOBOJIUTCS B YCIOBHUSX M Ha 00OpYIOBaHUH,
AHAJIOTUYHOM TPUMEHSIEMBIM JIJISL 2UOPOOUUCIKU OU3EIbHBIX MONIUG: TaBlIeHNE 4-
5 MlIla, Temneparypa 360 -410 °C, o6bemMHas cKOpOCTh mojauu chipbsa 1-1,5 ul;
riyouHa obeccepuBanus gocturaetrcs 89- 94 %; comepikanue a30Ta CHUKAETCS Ha
20- 30 %, mertanioB - Ha 75- 85 %, a kokcyemocTh - Ha 65- 70 %. [uopoouucmxy
MANCENBIX OUCMUILIAMOE NECTPYKTUBHBIX MPOIIECCOB (KOKCOBAaHMS, BUCOPEKHUHTA)
OOBIYHO MPOBOST B CMECH C MPSIMOTOHHBIMH JUCTHIUIATAMH B KoJimdecTBe 10 30
%.

B coBpemenHoit mupoBoil HedTenepepaboTke HamOoJiee aKTyallbHOM U
CIOKHOW  mpoOiemMoll  sABJSIETCA  obaazopadicusanue  (IeMeTauId3aIus,
neacanpTUzaluss W O0CCCEPUBAHME) U  Kamaiumuieckas nepepabomia
(KaTaIMTUYECKUI KPEKHUHT, TUIAPOKPEKUHT) HepMAHbIX OCMAMKO8 — 2YOPOHO8 U
Masymog, TOTEHLUATBHOE COJEpXKaHUE KOTOPbIX B HePTsIX OONBIIMHCTBA
MectopoxkaeHuit coctasisier 20-55 %. TpyaHOCTH, KOTOpbIE BO3HUKAIOT MpHU
pa3pabO0TKe TaKOBBIX MPOIECCOB, CBSI3aHBI C SIBIICHUEM HEOOPATUMOTO OTPABIICHUS
KaTaJn3aTOPOB  METANIOPTaHUYECKMMU  COCIMHEHHSMHU  ChIpbsi. HamOomee
BOKHBIMU U3 TIOKa3aTeed KadecTBa HE(MTAHBIX OCTATKOB KaK ChIPbS IS
KaTAJIMTUYECKUX TPOIECCOB WX O0O0JIArOpaKMBaHUSI W TEPEepabOTKH  SBIISIOTCS



COJIEp’)KaHUE METAJUIOB (OMpEAENsIoNIee CTENEHb Je3aKTUBALMK KaTajau3aTopa |
ero pacxoll) W KOKCyeMOCTh (0OyCTaBIMBAaWOINAs HArpy3Ky pereHepaTopoB
KaTaJUTHYECKOTO KpPEeKWHra WM pacxoJ BOJOpOAa B THUAPOTCHU3AIMOHHBIX
mporieccax).

s mepepaboTke Ma3ymoé B MAIOCEPHUCTOE KOTEIBHOE TOILTUBO
peaTM3yI0TCS METOIbI «HETPSIMOTO THIPO0OECCEPUBAHHISI:

- BakyyMHasl (W TITyOOKOBaKyyMHas) IEPEroHKa Ma3yTa C MOCJICTyIOIUM
rUApooOeccepuBaHueM BaKyyMHOTO (TJTyOOKOBAaKyyMHOIO) ra3oilyis M CMEIICHHE
TIOCJICTHETO ¢ TYAPOHOM (COJepyKaHue cephl B KOTebHOM TormmBe 1,4—1,8 %),

- BaKyyMHas TIeperoHka wma3yTa u JeacdanbTu3alus TyIpoHa C
MOCIEAYIONMM 00eccepuBaHUEM BaKyyMHOTO Ta3oWis W jeacdanbTh3aTa u
CMEIIIEHNE MX C OCTaTKOM JeacdanbTu3aluu (CoAep>KaHUE Cephl B KOTEIHHOM
toruee 0,4-1,4 %);

- BaKyyMHas TIIeperoHka MmaszyTa © JeacanpTuzaiusi TyApoHa C
MOCJIETYIOIIUM THAPOOOECCepUBAHNEM BaKyYMHOI'O Ta3oiis U jaeacdanbTu3ata u
UX CMeIICHHEM (CoJepKaHue cepbl B KOTelbHOM ToIumBe coctaBuT 0,2-0,3 %),
OCTaTOK JeacalibTU3alMU TOJABEPraeTcs rasupuKaluud WIA  pasleabHOU
nepepadoTKU C MOJIyYeHHEM OUTYMOB, NIEKOB, CBSI3YIOIIMX, TOTUIMBHOTO KOKCa U
T.JI.

CoBpemeHHbIE 3apyOeKHbIC NPOMbIULIEHHbLE VCMAHOBKU
2uopoobeccepusanus He@OMAHbLIX OCMAMKO8 PA3JIUYAIOTCI MEXIy Cc0o00il B
OCHOBHOM CXEMaMH PEAaKTOPHBIX OJIOKOB M IO 3TOMY NPH3HAKYy HX MOXKHO
MOJIpa3eNIuTh Ha CIEAYIONINE BAPUAHTHI:

1) rugpoobeccepuBaHue B  OAHOM  MHOTOCJIOMHOM  pPEAKTOpE C
UCIIONBb30BAaHMEM B  Hayalieé TMpolecca KPYMHOMOPHUCTBIX — METATIOEMKHIX
KaTaJn3aTOpOB M 3aTeM — KaTaJlu3aTOpPOB C BBICOKOW THIpOooOeccepuBaromien
aKTUBHOCTBIO;

2) ruapoobeccepruBaHWe B JBYX- W 0oJiee CTYMEHYATHIX pEaKTopax co
CTAIMOHAPHBIM CJIO€M KaTajJu3aTopa, U3 KOTOPHIX TOJIOBHOU (IIpeABapHUTEIIbHbIN)
peakTop TpenHa3Ha4YeH i JAeMEeTATU3alMk W JeachanbTU3alii ChIpbs Ha
JEMIEBBIX METATIOEMKHUX (4aCTO HEPETeHEPUPYEMBIX ) KaTaIM3aTOPaXx, a MOCIeTHAN
(vnu ocNeIHre) — JIsl TUIPOOOECCEPUBAHUS JEMETAIUTU3UPOBAHHOTO CHIPHS;

3) rugpoobeccepuBaHre B peakTope C TpEX(a3zHBIM TICEBIOOKUKEHHBIM
cioeM katanuzatopa. [IceBIOOXMKEHHBIN CIIOW TO03BOJIIET 00ecneyuTh Ooliee
WHTEHCHUBHOE TEPEMEITNBAHNE KOHTAKTUPYIOMIMX (a3, U30TEPMHUUCCKUN PEKUM
pETeHEpUPOBaHUS W TOJIECPKAaHUE CTETICHM KOHBEPCUHU CBHIPhS W PAaBHOBECHOU
aKTUBHOCTH KaTaJW3aTopa Ha MOCTOSTHHOM YPOBHE 3a CYET HEMPEPHIBHOTO BBHIBOAA
U3 PeaKTopa YacTH KaTalln3aTopa U 3aMEHBI €T0 CBEKUM WIIH PETEHEPUPOBAHHBIM.

Konmponwvnwie éonpocul

. XumMu3M TruAporeHonausa cepy-, a3oT- M KHCIOPOAOCOAEPIKALIUX
TeTEPOOPTAHNYECKUX COCTUHEHNUN HE(DTSIHOTO CHIPHSI.

2. TpeboBanusi K KaramuzatopaM K KaTaJau3aTopaM TUIPOTEHU3AIMOHHBIX
IIPOLIECCOB.



3. BnusHHME TEXHOJOTWYECKHX MapaMeTPOB HAa TIIYOMHY THAPOTCHOJIN3
HE(TAHOTO ChHIPbSI.

4. Pa3HOBUAHOCTU MPOMBIIUICHHBIX MPOIIECCOB TMAPOOOIaropakuBaHus 10
criocoOy: a) mogaun BCT'; 6) cemapanuu BCI'. IX mocTOMHCTBA U HEIOCTATKH.

5. Perenepaiius Kataan3aTopoB rUAPOreHU3AMOHHBIX MIPOIIECCOB.

6. Perenepaiiusi HaChIIIEHHBIX PACTBOPOB ATaHOJIAMHHA.

7. IlepeyucianTh TUIBI OTEYECTBEHHBIX YCTAHOBOK THAPOOOIAropakxiuBaHus
HE(PTSIHOTO CHIPHA.

8. PexxnMHBIEe MapaMeTphl W MaTepUaibHBIM OanmaHC yCTaHOBKHU
TUAPOOYNCTKH TU3EITHHOTO TOTUTHBA.

9. IlpunnunuanbHas  TEXHOJOTWYECKAass  YCTAHOBKA  THAPOOYUCTKH
JTU3EITHOTO TOTUIMBA.

10. PexxumMHBIe mapamMeTpbl THAPOOOECCEPUBAHUS BaKYyMHOT'O Ta30MJIs.

5.5 I'napoKpeKUuHr HeTAHOIO ChIPbS

B coBpemenHnoit HedTenepepabOTKE OCBOCHBI munbl TMPOMBIITUICHHBIX
MIPOLIECCOB 2UOPOKPEKUHEA.

1) eudpokpexune 6Gen3unOBbIX @paxkyuil ¢ TEIbI0 TOJYYCHHS JITKUX
M30aJIKaHOBBIX YTJIEBOJOPOJOB, MPEACTABIAIONIMX COOON IIEHHOE ChIPbE ISt
MPOU3BOJICTBA CHUHTETHYECKOTO KayudyKa, BBICOKOOKTAHOBBIX JOOABOK K
aBTOMOOMILHEIM OCH3UHAM;

2) cenexmusHblil 2UOPOKpeKuHe Oen3unos ¢ Tenblo moBbimeHus OY,
PEaKTUBHBIX TOIUIMB U JU3EJIbHBIX TOIUIMB C LIEJIbI0 TOHWKEHUS UX TeMIepaTypbl
3aCTBhIBAHUS;

3) euopoodeapomamuszayus NPAMOSOHHBIX KEPOCUHOBLIX hpaKyutl N eazotliell
Kamanumu4ecko2o KpeKkuHaa ¢ NEIbI0 CHIKEHUS COJEPKaHUsl B HUX apEHOB.

4) néexuil 2uOpoOKpeKuHe 6aKyyMHO20 2a30Us C TEIbI0 00IaropaKuBaHMsI
ChIPbSl KaTaJUTUUYECKOTO KPEKHHIAa C OJIHOBPEMEHHBIM MOJYYEHUEM IAU3EIIbHBIX
bpakuwmii;

5) enybokuil eudpokpekune 8axKyyMHbiX OUCMULIAMOE C TEIbI0 TOTYyUCHHUS
MOTOPHBIX TOTUIMB U OCHOBBI BBICOKOMHJEKCHBIX MACEJT,

6) eudpokpexune nepmsnvix ocmamkos C NEIbIO TOTYYEHUS MOTOPHBIX
TOIUJIMB, CMa30YHBIX Macej, MaJOCEPHUCTBIX KOTEJIbHBIX TOIUIMB MU CHIPbS IS
KaTAIUTUYECKOTO KPEKUHTA.

T'uopoxpexune (I'K) MOXHO paccMaTpuBaTh Kak COBMEIIEHHBIN Mpoliecc, B
KOTOPOM OJTHOBPEMEHHO OCYILIECTBISIIOTCS peakyuu Kaxk euopoceHoausa (T. €.
paspeiB cBszeit C-S, C-N u C-O) u geruipoBaHUs-TUAPUPOBAHMUS, TAK U KPEKUHEA
(t. e. pa3pwiB cBsa3u C-C). Ho 6e3 kokcooOpa3zoBaHUs, C MOTYyUYCHHEM MPOJTYKTOB
0oJee HU3KOMOJIEKYJIIPHBIX TI0 CPAaBHEHUIO C UCXOJHBIM CHIPHEM, OUMIICHHBIX OT
reTEPOATOMOB, HE COJIEPKAIIUX AIIKEHOB, HO MEHEE apOMATU3UPOBAHHBIX, UEM MPU
kaTanuTudyeckoM Kpekunre (KK).

Pesynpratel 'K (MaTepuanbHbiii 6anaHc M KaueCcTBO MPOIYKTOB) HE(PTIHOTO
CBIPbS OINPEEIISIIOTCS CBOMCTBAMU KaTAJIU3aTOPa: €r0 TUAPUPYIOLIEN U KUCIOTHOU
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AKTUBHOCTSIMHU U X COOTHOIIICHUEM.

B ocHoBe kamanumuuecxux npoyeccoé I'K HEPTIHOTO CBHIPbS JIeKaT
peaKuuu:

- TUAPOTEHOJIN3a TeTEPOOPTraHUYECKUX COEUHEHHI CEephI, a30Ta, KUCIOpOAa
Y TUJIPUPOBAHUS ADEHOB U AJIKEHOB (T. €. BCE T€ PEaKlMM, KOTOPbIE MPOTEKAIOT MPU
THIPOOYUCTKH);

-  KpPEKMHra  ajKaHOBBIX M  UUKIOAJKAHOBBIX  YIJIEBOAOPOJIOB,
JNEATKUIUPOBAHNS [UKINYECKUX CTPYKTYp M HM30MEpHU3aluu 00pa3yromuxcs
HU3KOMOJIEKYJISIPHBIX AJIKAHOB.

OcHosHble omauuus 2UOPOKpeKuHea Om KAMmaaiumuiecko2o KpeKuhad
3aKJIIOYAIOTCA B TOM, YTO OOIllasi KOHBEPCHs aJIKaHOB BBHIIIE B MEPBOM MpPOIECCE,
9YeM BO BTOpPOM. DTO OOYCIIOBJICHO JIETKOCThIO 0Opa3oBaHHUsl aIkCHOB Ha THAPO-
JIETHAPUPYIONINX EHTPAX KaTaIn3aTOPOB TUAPOKPEKHHTa. B pesynpTaTe Hanboee
MEJIJIEHHAs] U SHEPrOeMKas CTaJids LEMHOr0 MEXaHU3Ma - WHULMUPOBAHUE LEMU
npu 'K mporekaer Onictpee, uem npu KK 6e3 Bomopoma. Karamuzatoper 'K
MPAKTUYECKU HE 3aKOKCOBBIBAIOTCS, T.K. AJKEHBI IMOJBEPraloTCsi OBICTPOMY
TUAPUPOBAHUI0O W HE YCIEBAIOT BCTyHaTh B JaJbHEWINNE TMPEBpPALICHUA C
o0pa30BaHUEM MPOJYKTOB MOJTUMEPU3AIUU U YIITIOTHEHHUS.

AccopTUMEHT coBpeMeHHbIX KatanuszaTopoB ['K moctarouHo obiivpeH, 4To
OoOBsICHAETCS pa3HooOpazueM HazHadeHui mnporecca. OOBIYHO Kamanuzamopul
cocmosam u3 mpex KOMNOHEeHMOG. KHUCIOTHOrO, AETUIPO-TUAPUPYIOMIET0 U
CBSI3YIOIIETO, OOECIEUYMBAIONIETO MEXaHUYECKYI0 TMPOYHOCTh U TMOPUCTYIO
CTPYKTYpy. B KauecTBe KMCIOTHOTO KOMIIOHEHTA, BHITIOJIHSIONIETO KPEKUPYIOLITYIO
Y U30MEPU3YIOLTYIO (DYHKIIUU, UCTIONIB3YIOT TBEPAbIE KUCTOTHI, BXOASIIUE B COCTAB
KaTaJIM3aTOPOB KPEKUHTA: IICOJIUTHI, aJTIOMOCHIMKATHI U OKCHUJ adtoMuHus. Jlms
YCUJICHUS KUCTOTHOCTH B KaTaJIM3aTOP MHOTIa BBOJISIT TaJIOTEH.

[ToBpiieHHAast akTHUBHOCTH Kataim3aropoB ['K Ha OcCHOBE 1€0IMTOB
orpesensieTcs: 6ojiee BHICOKOW KOHIICHTPAIMEW aKTUBHBIX KUCIOTHBIX IIEHTPOB B
KPUCTAJUIMYECKOU CTPYKTYPE MO0 CPABHEHUIO C aMOP(HBIMU ATFOMOCHIMKATHBIMU
KoMmIoHeHTaMu. B mpornecce cenexktuBHoro ['K B kadecTBe Kartaim3atopos
MPUMEHSIOT MOJUQPHUITMPOBAHHBIC IICOTUTHI (MOPJEHUT, SPUOHUT U Jp.) CO
crenupUIecKUM MOJIEKYJISIPHO-CUTOBBIM JIEUCTBHEM: TOPHI 1I€OJIUTOB JTOCTYITHBI
TOJIBKO JIJI1 MOJIEKYJ ajkaHoB. Jleruapo-ruapupyromnme (QyHKIMU B TaKUX
KaTaJnu3aTopax BBHIMIOJHSIOT T€ e METaJUIbl U COCIMHEHUs, 4TO U B mpoiieccax ['O.

Ocnosnvie  napamempovr  npoyeccoe ['K.  OntumanbHbld  HHTEpBaI
memnepamyp 1ns npoueccoB ruapokpekunra — 360-440 °C ¢ mocreneHHBIM
MOBBIIIIEHWEM OT HIDKHEH TpaHWIlbl K BEpPXHEW MO Mepe NajeHus aKTUBHOCTH
katanu3aropa. [Ipu 6osiee HU3KOM TeMmIiepaType peakiiMi KPEeKUHTa MPOTEKaIOT C
MaJIOll CKOPOCTBIO, HO OJIaroNpUATeH XUMHYECKUM COCTaB MPOJIYKTOB: OOJIbIIEEe
COJIEpKaHHE IUKIIOATKAHOB U COOTHOILIEHHE M30aliKaH : H-ajikaH. [IpeBbllieHue
TEMIIEpaTypbl OTPAHUYMUBACTCS TEpMOAMHAMUYECKUMH (akTopamu (peakuuid
TUAPUPOBAHUS TOJUIUKINYECKUX apeHOB) M YCHIICHUEM POJIM PEaKlHil ra3zo-
KOKCO0Opa3oBaHUs.

/laénenue. YCTaHOBIEHO, YTO JMMUTHPYIOIIEW CTaAuEd CyMMAapHOIO
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npouecca ['K sgBmsgeTcs ruapupoBaHHE HEHACHIIICHHBIX COCIUHEHUW CBHIPbA,
OCOOEHHO TMOJHUIMKINYECKUX apeHoB. [loaTomy karanmusatopsl riyookoro 'K
JOJDKHBI  00J1aJlaTh KpOME BBICOKOM KHCJIOTHOM AaKTUBHOCTH W JOCTAaTOYHOU
TUAPUPYIOLIEH aKTUBHOCThIO. Ha kaTtaimzaropax — TUAPUPYIOIIETO THMOA C
MOBBIIICEHUEM JaBJICHUS BO3PACTAIOT CKOpOCTh peakuuid u rinyoumHa ['K.
MuHMMaIbHO TPUEMIIEMOE JABJICHUE TEM BBIIIIE, YEM MEHEE aKTUBEH KaTaJIU3aTOop
U 4eM Tsbkenee cblpbe. Ha kaTanmzaropax € BBICOKOM KHCIOTHOM M HHU3KOU
THAPUPYIOIIEH aKTUBHOCTHIO CKOpocTh 'K chipbsi 3aBUCHT OT JaBieHus Oosee
CJIOHO. BONBIIMHCTBO MPOMBIIUIEHHBIX ycTaHOBOK 'K paboTaeT nmoj naBieHueM
15-17 MIIa. I'K npsAMOroHHbIX JErKMX ra3oMjIell ¢ HU3KUM COJIEp)KaHUEM a30Ta
MOYHO IIPOBOJIUTH NPH IaBieHUn okoso 7 Mlla.

Obvemnas cxkopocmsv nooadu cvipvs npu 'K u3-3a npeanodTuTeIbHOCTH
IIPOBECHHUS MTpoliecca P MUHUMAIBHBIX TeMIepaTypax o0brano Huska (0,2-0,5 u
1. Tlpu Benennu npomecca B pexume msarkoro I'K owma Bemme (o 1 u?). Jlns
MOBBIIMICHUS KOHBEPCHUU  CBHIPbSI  MCIOJB3YIOT  PEHUPKYJISALIUI0  (GpakKiuid,
BBIKMIAIOIIMX BBIIIE LIETIEBOTO MPOIYKTA.

Kpamnocms yupkynayuu BCI 110 OTHOIIIEHHUIO K IepepabaThiBAEMOMY ChIPbIO
KoJIeOIeTCs B 3aBUCHMOCTH OT Ha3Ha4deHus mpolecca B mpepenax 800-2000 m/me,
Pacxon Bomopoaa 3aBHCHT OT Ha3HA4YEHUs IIPOLIECCA, HCIIOJIB3YEMOTO CBIPbS,
Karanu3aTtopa, pekuMa Imporiecca, riyOuHbl TUAPOKPEKUHTA U JIPYTUX (HaKTOPOB.
Yewm nerue npoayktsl 'K u Tsxkenee ceipbe, TeM 00JIblIE pacxo BOAOPOJA U TEM
BBIIIIE JIOJPKHO OBITh COOTHOIIEHUE BOJIOPO: ChIPBE.

T'uopokpexune 6enzunosvix @paxyui. lleneBoe Ha3HaueHHE Tmpoliecca -
nony4yeHne n30ankaHoB Cs -Cg, IEHHOTO CHIPBS IS IPOU3BOJICTBA CHHTETUYECKHAX
KaydykoB. M3 MHOTOYHMCIEHHBIX KaTaJW3aTOpPOB, MPEMIOKEHHBIX [JIsI 3TOTO
mpolecca, MPOMBIIUIEHHOE MPUMEHEHUE TOJYYWIM  LEOJHUTCOAEepKaLUe
OMMeTaNINYeCKUe KaTaln3aTopbl, CTOMKHE K KaTaIMTUYECKUM sjiaM. B mponecce
'K GensnHoBbIX (pakmuii 85-180 °C, mposoammoro npu temnepatype 350 °C,
nasiennu 4 MIla u 06beMHO# ckopocTH cbipbs 0,5-1,5 ul ¢ penupkynsnmei oc-
TaTka, MOXHO mony4duTh 31 % uzo0yrana, 16 % nzonentanoB u 10 % u3orekcaHoB
NpY HE3HAYUTEIILHOM BbIxojie cyxoro rasa (C; — Cy).

JIJisi KOMIUIEKCHOM TIepepabOTKH HU3KOOKTAHOBBIX OCH3MHOB pa3paboTaH
KOMOWMHUPOBAHHBIM  TporiecC  M30pU(OpPMUHTA  TMPEJCTABISAIOMUN  COOOM
koMmOuHanuioo 'K (B Hawane mpouecca) u karaautuueckoro pudopmunra (KP)
MPOAYKTa TUAPOKPEKUHTA TIOCIE OTACICHUSI N30KOMIIOHEHTOB ((pakiuu H. K. - 85
°C). Jlpyrum BapuaHTOM KOMILUIEKCHOH NepepabOTKM HPSIMOTOHHEIX OEH3MHOB
apisiercs  komOuHupoBanue KP ¢ rugpousomepusanueid  OeH3zojla B
MeTuiIkiIonenTad. KoMOuHupoBaHHbI Tpouiecc mosiyunsi HaszBanwe PUTU3.
CymHocTh Tmpoliecca 3aKiIo4yaeTcss B HM30MpATEeNbHOM THMIPOU30MEpHU3AIUU
HanOoJIee MAJIOIICHHOTO KOMITIOHEHTa — OSH30J1a, cojiep Kalierocs B pudopmare, B
MATAWICHHBIC HAPTEHBI IPH COXPAHEHUU BBICOKOT'O OKTAHOBOTO YHCJIA CMEIICHUS
(OYC) HEKOTOPHIX ApOMATUIECKUX ¥ HAPTECHOBBIX YTIEBOAOPOJIOB.

Hoegvle mexnonozuueckue npoueccol np0u3600cmea aA6MOMOOUNIbHBIX
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0eH3UHO08 C 02PAHUYUEHHBIM COOePIHCAHUEeM DeH301a U 0J1epuHos

B cBsi3u Cc HenpephIBHBIM YXKECTOUEHHUEM SKOJOTHMYECKHX TPeOOBAHMMA
HedrenepepaboTku Poccun npeacTout B Onmkailliye roibl OCBOUTH TEXHOJIOTHH
MPOU3BOJCTBA  HKOJIOTMYHOTO, TaK  Ha3blBAEMOro  peQpopMyIMpPOBAHHOTO,
aBTOMOOUJILHOTO OC€H3MHA C OrPaHUYEHHBIM cojiepxkaHueM Oensoina (menee 1 %),
cymMMmbl apeHoB (25-30 %) u cymmbl ankeHoB (MeHee 6 %). AJKUIUpOBaHHE
OeH3oscoAepKamuX ¢pakuuii pudopmMaroB sBisieTcss HamoOosee 3()PEeKTUBHBIM
MIPOIIECCOM, TOBBINIAIOIINM HSKOJIOTHYCCKUE XaPAKTEPUCTUKA aBTOMOOMIBHBIX
OCH3UHOB.

B nporecce alKuIMpOBaHUIO OABEpraeTcs roaosHas gppakus (1.x. - 90 °C)
pudopmarta, COnepKUTCS OKoJIo 25 % OeH30I1a, a ANMKHIUPYIOIINM areéHTOM CITY>KHUT
ATWJICH-TIPONIICH-0yTHIICHOBas (pakius TEPMOJASCTPYKTHUBHBIX TPOIECCOB WA
KK. IIpouecc mpoBOAUTCS B NIPUCYTCTBUHU LIEOJUTCOACPKAIIETO KATAIU3ATOPA MPH
temnepatype 300-450 °C u pmanenum 5 MIla. B pesynbrare alkuaMpOBaHHsS
00pa3yroTcs ATHUI-U30MPONMI-OyTHII-0€H301bI, UTO MO3BOJISIET HE TOJIBKO CHU3UTH
coJiep>kaHre OEH30J1a, HO U MOBBICUTDH Ha 2-8 myHkToB OY npoaykra. 3a pydexom
pa3paboTaHbl U OCBOCHBI aHAJIOTUYHBIE TIporiecchl: «Kat-ctumm gupmbl «JIymMmycy
(«Cuncat») u «Ankumakce» ¢pupmsl FOOIL.

['unpupoBanue GeH3oICOMEp)KAMUX Ppakiuil pudopMaToB OCYHIECTBISIOT
Ha IJTATUHOBBIX KaTaIM3aTOpax ¢ 00pazoBaHUEM HHUKIOreKkcana, umeroniero OUNM
110, T.e. HECKOJIBKO > 110 cpaBHEHUIO ¢ OeH3010M (90 myHkTOB). [Tpn runpupoBanuu
¢paxmii B.k. — 90 °C pudopmara npu temneparype 200-350 °C, nmpu napnenuu 3
MIla, o6vemuoli ckopoctu 1,5 u u coornomenun Hy: coipse 1000 B/ goCcTHIAIOT
[IyOOKOT0O THJIPUPOBAHMS 10 OCTATOYHOr0 cojiepkanus oenzoina <0,1 % macc. 6e3
M30MEPU3AINH UKIOTEKCaHa B METHIIIIUKIIOTICHTAH.

Cmemenue ruapuposannoii gppakuuu H.K. —90 °C ¢ TSHKETBIM KOMIIOHEHTOM
pudopmara (90-180 °C) nossomser momyuuts Oensun 6e3 morepu OY ¢
MUHUMAJIBHBIM COJIepKaHheM OeH3o0yia. JTepuUKaIio TOJOBHOW (Ppakiuu
oensnHoB (H.K. — 120 °C) KK MeTaHOIOM OCYILECTBISIOT C LENbI0 CHUKEHHUS
coJiep KaHMs aJIKEHOB B TOBAPHBIX aBTOMOOMIIBHBIX OeH3uHax. [Iporecc mpoBoasT
C HWCIOJIb30BAaHHMEM B KaueCTBE Karaau3aTropa KaTnoHooOMeHHO# cmosbl KU-23
(kax u B pouecce npoussoacrsa MTBED) npu temneparype 70 °C, nasnenun 0,2
MIlIa, o6bemuoii ckopoctu 1,0 u? u cootnomenun Gensun: meranon 80:20. Ipu
stoM OY mpoaykra Bo3pactaer Ha 7-8 MyHKTOB, BbIXOJ OeH3uHa Ha 7 % Macc.
Heckonbko aHaJOTMYHBIX TMPOIIECCOB pa3padOTaHO 3a pyOEKOM, B HYaCTHOCTU
«9tepom» pupmoit «bputui [lerposeym».

Texnonocun 2udpoKpeKun2a 6aKyymMHo20 2a3ouis

B cBs3u ¢ yCTOWYMBON TEHIEHIMENH ONEPEKAIONIET0 POCcTa MOTPEOHOCTH B
IU3eIHbHOM TOIUIMBE IO CpPaBHEHHIO C aBTOMOOWIBHBIM ObUIa Hadyara
NPOMBIIICHHAS pealin3alusi YCTaHOBOK JIErkoro ruapokpekunra (JII'K)
BaKyyMHBIX TUCTUJUIATOB, TO3BOJISIONINX MOTY4YaTh OJTHOBPEMEHHO C MaJIOCEPHHUC-
ThIM chipbeM it KK 3HaunTensHbIe KOMMYECTBA AU3EIbHBIX TOTUIMB. BHeapenue
npoueccoB JII'K BHawane OCyIIECTBILIOCh PEKOHCTPYKLUUEN SKCILUTYaTUPYEMBIX
panee yctaHoBOK ['O CBIpbSI KaTaJTUTUYECKOTO KPEKUHTA, 3aTEM CTPOUTEIHCTBOM
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CIELHUAIIBHO 3aITPOCKTUPOBAHHBIX HOBBIX YCTAaHOBOK.

[Tpeumymiectna npouecca JIT'K nax I'O:

- BBICOKAsl TEXHOJIOTMYECKasi TMOKOCTh, MO3BOJISIONIAs B 3aBUCHUMOCTU OT
KOHBIOHKTYpBI CIIpOCa Ha MOTOPHBIE TOIUIMBA JIETKO W3MEHSTH (PEryiIupoBaTh)
COOTHOIIIEHHE JU3EIHbHOE TOIUIMBO : OCH3WH B PEKUME MaKCUMaJIbHOTO IMpEeBpa-
HICHUS B JU3EJIbHOE TOIUIMBO WK Iiryookoit I'O st mogyyeHuss MakCUMaiabHOTO
KoJinuecTBa chipbsi KK

- 32 CUET MOJIy4EHHUs AU3EIHbHOIO0 TOIUIMBA MPU JIETKOM THAPOKPEKUHIE
COOTBETCTBEHHO Pa3rpyx)aercs MOMHOCTh ycTaHOBKM KK, 4To 103BOJIsIET BOBICYH
B IIepepabOTKy APYTUE UCTOYHUKHU CHIPbS.

OteuecTBeHHbIN ogHOcTaauiiHbI npouecc JII'K BakyymHoro razommns 350—
500 °C mposoamsaT Ha xarammsatope AHMI] npu nasnenun 8 MIla, Temneparypa
420-450 °C, o6bemuoi ckopoctu ceipbs 1,0-0,5 u u kpaTtnocTr mupkynsun BCT
- 1200 m3/M2.

[Ipu nepepaboTKe CHIPHS C MOBBHIIICHHBIM COJIEP)KAHUEM METAJIIIOB MPOIIEeCC
JErKOro TUAPOKPEKUHTA MTPOBOAAT B | UK 2 CTYIIEHU B MHOTOCIIOMTHOM PEaKTOpPE C
UCIIOJB30BaHUEM 3 THUIIOB KaTalau3atopoB. HemocTaTkoM OJHOCTaAUNHHOIO
mpoiiecca JErKOoro TUIPOKPEKUHTA SIBISICTCS. KOPOTKUH IIUKI paboThl (3-4 mecsa).

T'uopokpekunz eakyymuozo oucmuanama npu 15 Mlla.

I'K sBasiercss 9QGEeKTUBHBIM U HCKIIOYUTENBHO THOKUM KaTAIUTUYECKUM
MPOIIECCOM,  TO3BOJIAIONIUM  KOMIUIEKCHO  PElIuTh  NpodJieMy  21y06oKou
nepepabomku 6akyymuolx oucmuinaimos (I'KBJ/[) ¢ moilydeHUEM HIUPOKOIO
aCCOPTUMEHTa MOTOPHBIX TOTUIMB B COOTBETCTBUY C COBPEMEHHBIMH TPEOOBAHUSIMU
Y TTOTPEOHOCTSIMU B T€X WUJIM MHBIX TOILIUBAX.

Ouenka skoHomuueckoil 3pdpexkruBHoctr npouecca ['KB/I B Haeil ctpane
CBUJETENBCTBYET O LIEJIECO00PA3ZHOCTH Peal3alii 3TOrO Mpoliecca ¢ MOJTyYeHUEM
MPEUMYIIECTBEHHO U3EIbHBIX TOIUIMB npu JaBiieHnu 10-12 Mlla u peakTUBHBIX
ToruiuB npu AaBiieHuu 15 MIla. IlpuMeHeHMe HAXOAST TEXHOJOTHH  JIBYX
OTE€UYECTBEHHBIX MOJU(UKAIINI - OTHO- U ABYyXcTyneH4yaThix nporeccoB I'KB/] (co-
OTBETCTBEHHO Mpoluecchl 68-2k u 68-3k).

Onnocrynenuatsiii mporecc I'KB/JI peannzoBan Ha Heckoabkux HIT3 Poccun
IPUMEHMTENLHO K epepaboTke BakyyMHBIX raszoineii 350-500 °C ¢ comepxanuem
MeTamoB He 6osee 2 MiH 1. Dtot npouecc I'KBJ] mpoBoAaT B MHOTOCIIONHOM (110
5 CJ0€B) peakTope ¢ HECKOJbKMMHU THUMAaMHU KaTaau3aTopoB. [ns Toro 4toObl
IPaJMEHT TEMIEPATyp B KaxI0M ciioe He npesbiman 25 °C, Mexmy oTaenbHBIMU
CJIOSIMU KaTajiM3aTopa MpeaycMOoTpeH BBoj oxjaxaaromiero BCI' (kBeHUYMHT) U
YCTAHOBJICHBl KOHTAKTHO-pacHpeAeUTeIbHbIE YCTPONUCTBa, OOECIEeUUBAIOIINE
TEIJIO- U MacCOOOMEH MEXJy T'a30M U PEearupyrolluM MOTOKOM M PaBHOMEPHOE
pacrnpejiefieHde Ta30KUJIKOCTHOTO TMOTOKa Haj CJIoeM KaTaiau3artopa. BepxHss
4acTh peakTopa o00OpyJ0OBaHA TACHUTEISIMH KHHETUYECKOW OJHEPruu TOTOKa,
CETYATHIMU KOPOOKaMH ¥ (PYIIBTPAMU TSI YJIaBIMBAHUS MTPOTYKTOB KOPPO3HH.

Henocrarkamu mponieccop 'K sBisercs mx Oojblias METaTIOEMKOCTbD,
OOJbIIME KaluTadbHBIE M DJKCIUTyaTallMOHHBIE 3aTpaThl, BHICOKAs CTOMMOCTH
BOJIOPOJTHOM YCTAaHOBKHU M CaMOT'O BOJIOPO/IaA.



(Bnams!  Texnonocuueckasi  cxema  YCMAHOBKU — OOHOCMYNEHUYAMO20
2UOPOKPEKUH2A BAKYYMHO20 OUCTMUNLIAMA)

T'uopoxpexunz 6b1COK06A3K020 MACTAHO20 CHIPHA

Bce Gomnbliee npumMeHeHne Haxo T npoyeccol I K BBICOKOBSI3KUX MaCIISIHBIX
JUCTWUISITOB U 1eacanbTU3aTOB C Yelbl0 NOJYYEHUs. 8blCOKOUHOEKCHBIX DA308bIX
Mmacen. I'my0okoe rupupOBaHUE MACISTHOTO ChIPbSl IO3BOJIIET MOBBICUTh MHAEKC
Bsi3koCcTH OT 50-75 10 95-130 myHKTOB, CHU3UTH cojepkanue cepsl ¢ 2,0 1o 0,1 %
U HWKE, MOYTH HAa MOPSAJOK YMEHBIIUTh KOKCYEMOCTb M CHHU3UTh TEMIIEPATypy
3acTeiBaHus. [lonOupas TexHomormyeckuil pexxum u karainuzatop ['K, MoxHO
MOJTy4aTh Maclia C BBICOKUM MHAEKCOM BS3KOCTH MPAKTUYECKH U3 JIFOOBIX HETEH.

Macna I'K npencraBisitoT co00i BBICOKOKAYECTBEHHYIO OCHOBY TOBAPHBIX
MHOTO(QYHKIIMOHATBHBIX (BCECE30HHBIX) MOTOPHBIX Macel, a Takke pdana
HHEPreTUUECKUX (TypOMHHBIX) U MHAYCTPUAIbHBIX (TPaHCMUCCUOHHBIX) Macel. B
MacJax THIPOKPEKUHIa HET €CTECTBEHHBIX HHIMOUTOPOB OKHUCIIEHUS, TOCKOJIBbKY B
KECTKHX YCJIOBHAX ITPOILIECCA OHM IOJABEPrarOTCs XUMHUYECKUM MPEBPALLICHUSM.
[Toatomy B macina 'K BBOIAT aHTMOKUCIMTENBHBIE PUCAAKNA. BBIX0OA U KauecTBO
Macen 3aBuCAT oT ycnoBui 'K, Thma katanmsaTopa M NMpUpPOABI ChIpbs. BhIXon
T'HJIPOKPEKUPOBAHHOTO Macyia oObluHO He mpesbimaer 70 % Macc., a macia c
nHaekcoM Ba3kocTH Bele 110 cocrasisaror 40-60 % macc.

JIns yBenmuueHHs BbIXOAA LeNeBbIX MpoAyKToB 'K yacTo ocCymiecTBisoT B
nse cranuu. Ha mepBoii craguu (mpu temmnepatype 420-440 °C u napnennn 20-25
MIla) na AHM kartanuzarope npoBoasT I'O u rupupoBaHKre NOJULIUKINYECKUX
coemunennii. Ha Bropoit craguu (mpu temmneparype 320-350 °C u gasnenun 7-10
MlIla) Ha OU(PYHKIMOHATBHBIX KaTaJn3aTropax OCYILECTBIISIIOT
TUAPOU30MEPHU3ALIMIO H-ATKAHOB. TaK KaK M30aJIKaHbl 3aCTHIBAIOT IPY 3HAYUTEIHHO
0oJsiee HU3KOM TemIepaType, YeM H-aJKaHbl, IPU THAPOU30MEPU3AIIMH TOHUKAETCS
TEMIEpaTypa 3acTblBaHUS MaCiSHBIX (Qpakuuil M UCKIIOYaeTcs Omepanus
nenapadUHU3ALNNA PACTBOPUTEISIMHU.

T'uopokpexunz ocmamounozo coipvs

Tsx€nast BbICOKOMOJNEKYIsipHas 4acTh HedTH, coctaBistomas 25-30 %
HEe(TSIHOTO OCTATKa, SBIIAETCS OCHOBHBIM pe3epBOM i 3(D(PEKTUBHOTO PEIICHUS
npobisieMbl yriyOseHus e€ nepepadoTku. J[o HaCTOAIIEro BpeMeHU 3HAYUTeNIbHas
J0JIs HEPTSAHBIX OCTATKOB (TYyApPOHOB, ac(albTOB) HCIOJL30Bajach 4acTo 0Oe€3
rUApOOOIaropaXuBaHusl B Ka4eCTBE KOTEJIbHBIX TOIUIMB, CKUIA€MbIX B TOMKAX
TEIJIOBBIX AJIEKTPOCTAHIUMN, KOTEIbHBIX U OOMIEPHBIX YCTAHOBKAX.

IIpu pazpaborke 'K mporueccoB oOnaropaxkuBaHuss M MOCJIEIyHOUIEH
riyookoit nepepaborku THO BO3HMKIM TPYIHOCTH, CBA3aHHBIE C MPOOJIEMOM
HEOOpaTUMOT0 OTPABJICHUS KaTaIM3aTOPOB METAJUIAMH, COAEPKALIUMUCS B ChIPBE.
[TosBUIIOCH MHOXECTBO BAPUAHTOB TEXHOJIOTMM IPOMBIIUIEHHBIX IPOIECCOB
TUJIPO0OIaropakuBaHus HEPTSIHBIX OCTATKOB B 3aBUCUMOCTH OT COZEPKaHUS B HUX
METaJUIOB, NPEXKJE BCErO0 BAaHAIWA W HUKEISA: OJHO- M MHOIOCTYIIEHYaThle B
peakTopax €O CTalMOHAPHBIM WM JBIXKYLIEMCS CJIOEM Karajau3aropa, ¢
OpeIBapUTENbHON  JAeMeTaulh3alMed  pa3lIu4yHbIMU  crioco0amMu  uian  0e3

10



CHeIUaIbHOM MOJITOTOBKH. [Tocnenyromas riryookas nepepadoTka
TUAPOOOTIArOPOKEHHBIX  HE(QTAHBIX  OCTaTKOB  HE  SIBIIIETCS  CEPhE3HOM
TEXHOJIOTUYECKON mpobseMoit. Eciu HepTsSHbIE OCTaTKM HCIHOJIB3YIOTCS Kak
MaJIOCEpHUCTOE KOTEIbHOE TOIUIMBO, TO UX MOXHO nepepadateiBaTh win 'K, nmm
Ha yctaHoBkax KK. Ilpuuém 'K mMoxeT ObITh KOMOWMHHpOBAH C MpoleccaMu
JeMeTauIi3alid UM TUAPOOOEeCCepUBaHUS WM COBMEIIEH C HUMH IMYTEM
J0000pYOBaHUS JTOTIOJHUTEIBHBIM XBOCTOBBIM PEAKTOPOM THAPOKPEKUHTa —
porecca «XanBanm.

Ilpoyeccovl cenekmuno2o 2uOpPOKpeKUH2a MONTUGHBIX PAKYUIL

IIponeccer  cenektuBHoro [I'K  mpenHazHadeHsl Ui yJIydIIEHUS
AKCILTYyaTAllMOHHBIX, MPEXIE BCEr0 HHU3KOTEMIIEPATYpHBIX CBOMCTB MOTOPHBIX
ToruiMB W Macell. CHIKEHHE HX TeMIeparypbl 3acThIBAHHUS JOCTHUIaeTCs
CEJICKTUBHBIM PaCIICIVICHUEM H-aJIKAHOB, COJIEpPXKAILIMUXCA B NepepadaThIBAEMOM
ceIpbe. CelNeKTUBHOCTH KaTaIUTUYECKOr0 JEHCTBHS B Ipoueccax cenekrusHoro ['K
JOCTUTAIOT NPUMEHEHUEM CIIEHUAIbHBIX KaTaJIU3aTOPOB Ha OCHOBE MOAM(DUIIN-
POBaHHBIX BBICOKOKPEMHE3EMHBIX II€OJIUTOB, OOJAJAIOIIUX  MOJIEKYJSIPHO-
cUTOBbIM cBoicTBOM. Karanuzaropel cenexktuBHoro 'K umeror TpybOuatyio
IIOPUCTYIO CTPYKTYPY C pa3MepaMu BXOJIHBIX OKOH 0,5-0,55 HM, 1OCTynHBIMU JJIs
IIPOHUKHOBEHUSI M pPEarupoBaHUs TaM TOJIBKO MOJIEKYJ H-ajlkaHoB. Jlis
TUJIPUPOBAHUS 00pa3yIOUINXCA MPOAYKTOB KPEKHHIa B LEOJUT BBOJSAT OOBIYHBIE
ruapupyomnye komnoHneHTsl (Metamwsl VIII u VI rpymm).

CenextuBHblii 'K, Ha3zpiBaemblii M kak rugpoaenapapunuzanus (I'AII),
IPOBOJAT HA IMOYTH AHAJOTMYHBIX [0 ammapaTypHoMy O(OpMIEHUI0 U
TEXHOJIOTUYECKOMY pexxnmam nporeccam ['O ycraHOBKax.

Bo BHUU HII pazpabotan Takxke OMpyHKIHOHANBHBIA KaTanu3aTop bOK,
00€eCreynBaOIIMA  OJJHOBPEMEHHO THJIPOOYUCTKY U TUApoAenapapuHU3ALMIIO
napaUHUCTBIX U CEPHUCTHIX TOIUIMBHBIX JUCTWIISTOB U IOJyY€HHE B OJIHY
CTaIMI0 PEAKTUBHBIX U JU3EJIbHBIX TOIUIUB C TpeOyeMbIMH TeMIlepaTypamu
3aCTBIBAHUSI U Cephbl. B mpoliecce OAHOBpEMEHHOW TuapoaenapaduHuzanuendn u
THAPOOYUCTKH TU3ENIbHBIX (PpaKIuii 3aroqHO-CUOMPCKUX HeTEl Ha KaTaIu3aTope
b®K MOXHO nosryyaTh apKTUYECKUE WU 3UMHHUE COPTA AU3EbHBIX TOILIMB C BBIXO-
oM 74-85 %.

Buenpen mnponecc karamutudeckoit ruapoaenapadunuzanun (KT I)
NPSIMOTOHHOM JTM3eNIbHOM (pakuuy TOBapHOM 3amagHo-cudupckoi Hedtu (OAO
«Y paneprexum») Ha cMecH KaTanu3aTtopoB: ruapoounctku ['O-16811 (OAO
«OMCKHE(PTEOPTCUHTESY) 17§ ruapoaenapapuHu3aumu I'KJA-51
(HoBoxky#OBbIIIeBCKOM KaTaJau3aTOPHON babpukn), MpeIBapUTEIBLHO
00paboTaHHEIX AMCYyIb(umaMu u aHunuHOM. Ilpu Temmnepatype 350 - 360 °C,
nasnenun 3,5 Mlla, 06beMHO# ckopoctr 2,25 - 2,5 u 1 KpaTHOCTH HUMPKYJISIUN
BCT 800 um3/M3 u3 cwipba ¢ comepxanuem cepbl 0,7 - 0,9 % Macc. u TeMnepaTypel
sacteiBanuss OoT -17 go -20 °C mosnydyeH CTaOWIBHBIM T'MAMIPOTEHHM3AT C
TeMmnepaTypoi 3acteiBanus -35°C.

Karamutnueckyro KI'JII HACTIOB3YIOT u st MPOU3BOJICTBA
HU3KO03aCThIBAIOLINX Macesl U3 MacisHbIX (pakuuit u ux padunaton. I[Iporecc
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nposoxat npu remneparype 300-430 °C, naBnenun 2-10 MIla, 06beMHOM CKOPOCTH
ceipbst 0,5-2 u 1. Brixom macen cocrasuser 80-87 %. Ilo kauecTBy
rujpojaenapa@uHu3aT OJM30K K MaciaM, MOJIy4aeMbIM HU3KOTEMIIEpaTypHOU
nenapapuHU3ANY PAaCTBOPUTEIISIMU, a TEMITEpATypa Macesl MOKET ObITh TOHM)KEHA
¢ +6 °C no munyc (40-50) °C.

BHUWHedTexum pazpadbotan 3¢hEKTUBHBIN KOMOMHUPOBAHHBIN IPOIIECC
KAaTaJIMTUYECKOrO0 pUPOPMUHTAa U CEJIEKTUBHOIO THAPOKPEKUHTA, MOTYYMBIIHUNA
Ha3zBaHue cenekropopmunr. [lporecc 3akmrouaercs B ruapoaenapaduHU3ALNN
pudopmaTa wiH ero papuHaTa Ha KaTaIM3aTope CEIEKTUBHOTO THAPOKPEKUHTA MPU
CIEAYIOIUX YCIOBUAX: Temneparypa okono 360 °C, nasnenue 3 MIla, o0beMHas
ckopocts 1,0 u! u kparnocts mupkymsmmu BCI 1000 m3/m3. B pesymbrare
CEJIEKTUBHOTO THUAPOKpEeKHHra H-akaHoB C; - Cy OKTaHOBOE 4YHUCIO OEH3MHa
Bo3pacraeT Ha 10-15 myHKTOB.

Konmopnawvnwie éonpocul

1. IleneBoe Ha3Hau€HUE MPOLECCOB T'MAPOKPEKHHIa HEQTSIHOTO CHIPbS UX
Pa3HOBHUIHOCTH.

2. X¥MMHU3M U MEXaHU3M PEaKIU TMIPOKPEKUHTA.

3. TpeOoBaHUs K KaTrajau3aTopaM T'HIPOKPEKHMHIa U UX KOMIIOHEHTHOMY
COCTaBy.

4. BnusiHME napamMeTpoB Ha IPOLIECCHI TUAPOKPEKHUHTA.

5. LleneBoe Ha3HaueHUE, pa3sHOBUAHOCTHU, PEKUMHbBIE TTapaMETPhI IpoLecca
TUAPOKPEKUHIA BAKYYMHOT'O Ta30MJIA.

6. HaznadyeHnue mporeccoB CeNeKTUBHOTO THAPOKPEKUHTA.

7. KaTanu3aTopbl CENEKTUBHOTO THAPOKPEKHHTIA.

8. LleneBoe Ha3HaUYE€HHUE U TEXHOJOTUHU MPOLECCOB TUpoenapaduHu3auu
U celieKTo(popMuUra.

9. IIpyHIMNIManbHAas TEXHOJIOIMYECKAsl CXEMA YCTAHOBKH OJTHOCTYIIEHYATOI O
TMIPOKPEKUHIa BAKYYMHOTO Ta30MIIsl.

10. LleneBoe Ha3HAYEHUE, PA3HOBUAHOCTH, PEKUMHBIE ITapaMeETPBI ITpoLiecca
JETKOT0 THIPOKPEKUHIa BAKYyMHOT'O Ta30MJIs.

5.6 I'maponeapomaTu3anus KePpOCHHOBBIX (PpaKuuii

T'uopooeapomamu3zayus — KaTaTUTUYECKUAN TPOIECC OOPATHOTO IEUCTBUS 110
OTHONIEHUIO K Kartamutudeckomy pudopmunry (KP), kotopsiii mpenHa3sHaueH Jist
NOJy4YE€HUS W3 KEPOCHUHOBBIX (Ppakiuil (MPEeUMMYIIECTBEHHO MPSIMOTOHHBIX)
BBICOKOKAYECTBEHHBIX PEAKTHBHBIX TOIUIMB C OIPAaHUYEHHBIM cojepkaHuemM AY
(mampumep, menee 10 %).

Conepxxanue AY B NMPSMOTOHHBIX KEPOCUHOBBIX (PPAKIUSAX B 3aBUCUMOCTHU
OT poucxoxieHus Hetu cocrasisieT 14-35 %, a B nérkom razoine KK — no 70 %.
['unponeapomaTu3anus ChIpbsi JOCTUTAE€TCAd KATAIUTUYECKUM THAPUPOBAHUEM B
COOTBETCTBYIOIINE UUKIAHBIL. [[pH 3TOM y peaKTUBHBIX TOIUIUB YJIy4YIIAlOTCS TaKue
MOKa3aTelid, Kak BbICOTa HEKOMNTSIIEro IJIaMEHHU, JIOMHUHOMETPUYECKOE YHCIIO
(TermioBOE U3TyUYEHUE TIIaMEHH ), CKIOHHOCTh K HarapooOpa3oBaHMIO U JIp.
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JIist peakuuii TUAPUPOBAHUSI TEPMOJIMHAMUYECKH OoJiee OJarompusiTHBI
MOBBIIIEHHOE JABJICHHE M HU3Kas TeMIlepaTypa. BONbIIMHCTBO MPOMBIIIIEHHBIX
MPOIIECCOB  THAPOACAPOMATU3AIMU PEAKTUBHBIX TOIUIMB OCYLIECTBISIIOT B
CPaBHUTEIBHO MATKHX ycinoBusax: npu temmeparype 200-350 °C u nasnenun 5-10
MIla. B 3aBUCHMOCTH OT COAEPM aHUSA T€TEPONPUMECEN B CHIPhE U CTOUKOCTH
KaTaJn3aropa K A/1aM MpOLECChl MPOBOIAT B OAHY WIIH JIBE CTYIICHHU.

B 1ByXcTynmeHYaThIX yCTAaHOBKaX Ha IIEPBOM CTYNEHU OCYILIECTBIISIIOT
IyOOKUW THAPOTCHOJU3 CEPHUCTBIX M A30THUCTHIX COCAUHEHUW CHIPhS Ha
TUIWYHBIX KAaTaau3aTopax TMAPOOYUCTKH, & HA BTOPOM CTYIIEHU — TUAPUPOBAHUE
Ha AKTUBHBIX TUAPUPYIOIINX KaTalln3aTopax, HaIpuMmep, Ha
IUIaTUHOIeouTCcoAepkameM. [locmennuii  mo3BossieT mepepadaTbiBaTh  0e3
IpEeABAPUTEILHON TMAPOOUYHCTKHU ChIphe C coaepxkanueM cepbl < 0,2 % u azorta <
0,001 %.

Texnonornyeckoe odopmiIeHHE OJHOCTYIEHYATOrO0 BapuaHTa OJU3KO K
TUIOBBIM MPOLECCaM TUAPOOYUCTKU PEAKTUBHBIX TOIUIMB. B JByXCTyleHYaTOM
Ipouecce  MPEeAyCMOTPEHa  CTaivs  NPEIBAPUTEIBHOM  THIPOOYUCTKU  C
npomexyTouHol ourictkor BCI™ ot cepoBoiopoia 1 aMMHuaka.

Konmponvnwie éonpocul

1. IlemeBoe Ha3HAuY€HHUE, PA3HOBUIHOCTH MPOIIECCOB JcapoMaTU3aLNHU
PEaKTUBHBIX TOTUIHUB.

2. TeopeTudeckre OCHOBBI ITPOIIECCOB JieapOMaTHU3aIli1 PEaKTUBHBIX TOILJIUB.

3. Tloka3zaTenu OTEUECTBEHHBIX MPOLECCOB JI€ApPOMATHU3AIUA PEAKTUBHBIX
TOILIUB.
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