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3 KatanuTu4eckune nNpoueccbl BTOPUYHOU nmepepadoTKu
He(PTAHBIX Pppakuuil. I'eTeposuTnyecKkue nNpoueccol

3.1 Karanutnueckunii kpexkunr (KK).
3.2 AnxkuinpoBaHuUE.
3.3 IIpousBoacTBo MeTunTpeTOyTHIIOBOTO 3hupa (MTBED).

3.1 KatajquTn4ecKkuii KpeKuHI

OcHosHoe yenesoe nasHauenue kamaniumuyecko2o Kpexkunea (KK) —
IIPOM3BOJICTBO BBICOKOOKTAHOBOTO Oen3una (¢ MAaKCMMAaIbHO BBICOKMM BBIXOJIOM 10
50 % u 6oJ1€€) M LEHHBIX CHCUHCEHHBIX 2A308. 1" a3bl — 3TO CHIPHE IS OCIIETYIOLIETO
IIPOU3BO/ICTBA BBICOKOOKTAHOBBIX KOMIIOHEHTOB OCH3MHOB U30MEPHOTO CTPOCHHUS -
ankunata u MTBD, a Takxe chIpbs U1sl HEPTEXUMHUUECKUX MPOU3BOJICTB.

[Tonyuaromuiics B mporecce JErKuid ra3oiib UCIOIb3YeTCS OOBIUHO Kak
KOMITOHEHT AW3EJIbHOTO TOIUIMB, a TSKEIBIA Ta30iiib ¢ BBICOKUM COAEpPKaHUEM
MOJIMIUKINYECKUX aPEHOB — KaK ChIPhE JJIs1 MPOU3BOJICTBA TEXHHUUECKOTO yriepoaa
WJIU BBICOKOKAQYE€CTBEHHOTO 3JIEKTPOIHOTO KOKCA (MT0JIbY4aToro).

B kauecmee cvipbsi B mpoLecce KaTATUTUYECKOIO KPEKMHIa TPAJIULHMOHHO
UCNONIL3YeMCsl 8AKYYMHBIU 2a30U1b (AUCTHILIAT) LIMPOKOTO (PPaKIIMOHHOTO COCTaBa
350-500 °C, uHOrma WCHONB3YIOT Ta3oiieBble (GPaKIUU TEPMOAECTPYKTHBHBIX
IPOLIECCOB, TUIPOKPEKHUHIa, paQUHATHI MPOLECCOB JeacanbTU3alli Ma3yTOB U
I'YAPOHOB, OJIYIPOAYKTBI MACIITHOI'O IIPOU3BOACTBA U JIp.

B nocnennue roasl B MupoBoi HedrenepepaboTke HAOMI0JaeTCsl TEHICHIUS
K HEMPEPbIBHOMY YTSHKEJIECHUIO ChIpbs. [103TOMy Ha COBpEMEHHBIX 3apyOeixHBIX
YCTaHOBKAX IEPENLIN K IIepepaboTKe rIy00KOBaKyyMHBIX Tasokinei (540-620 °C).
Ha cnenmanbHO cnpoekThpoBaHHbIX ycraHoBkax KK moxasepraior mepepaboTke
TAaK)K€ OCTAaTOYHOE ChIPhE: Ma3yThl, T'YAPOHBI WJIM UX CMECH C JUCTUIUIATHBIM
ChlpbeM 0€3 WM TOoCli€ MNPEIBAPUTETHLHOrO 00JIarOpaKMBaHUs THIPOOUUCTKON
(I'O), neachanbpruzanueit (JIA) wim nemeTain3anye.

BcCro COBOKYNHOCTBH MOKa3aTenei, XapaKTEPU3YIOINX KaueCTBO CBIPbS, I10
cTeneHu, BausHuA Ha npouecc KK yClIoBHO MOXHO NOpa3ieIuTh Ha CIEAYIOIIUE
3 rpynmsl:

1) mokasarenu, BIMSIONIME HA BBIXOJ (T.€. Ha MaTepHAIbHBIA OanaHc) U
KaueCTBO MPOAYKTOB KpEKHHTA: (DPAKIIMOHHBIN U TPYIIIOBOM XUMUYECKUN COCTaB U
COJIEp>KaHUE IeTepOOPraHNYECKUX COETMHEHHI;

2) mokaszaTenu, BIMSIONIME Ha OOpaTUMYIO J€3aKTHBALMIO KaTalu3aropa,
TaKHe KaK IJIOTHOCTh, KOKCYEMOCTh U COJIEP)KaHUE CEPHO-KUCIOTHBIX CMOJ;

3) nmokasareinu, BIUSIOIME HA HEOOpAaTUMYIO JE€3aKTUBALMIO KaTalu3aTopa:
coJiep >KaHUE METAILJIOB, MPEXK/E BCErO BaHAIUS U HUKEIIS.

1lo ¢ppakyuonnomy cocmagy K ChIpbIO IPOLECCa MPEABIBISIOTCS CIETYIOLNE
TpeOOBaHMUS:




- TMPAKTUYECKU I[IOJIHOE OTCYTCTBHE OCH3MHO-JIMIPOMHOBBIX (hpakuui,
IIOCKOJIbKY B  YCJOBUAX KPEKMHIa OHM IPETEPHEBAOT HE3HAUYUTEIIbHbBIC
MIPEBPAILEHUS, K TOMY K€ HEPAaMOHAJIBHO 3arpyKar0T PEaKIMOHHBIN anmnapar u
oTpuuaTeabHO BIUsOT Ha OY (0OKTaHOBOE YKCII0) OCH3UHA;

- orpanuuenHoe (10 10 %) comepsxanue ppakuuii, Beikunaromux 10 350 °C;

- orpammueHHas txx  (500-620 °C), uro  o6ycnoBnuBaercs
KOHIIEHTPUPOBAHUEM B BBICOKOKUIISIIUX (PPAKIMAX KOKCOTCHHBIX KOMITIOHEHTOB
CBIPBs (CMOJT U ac(aIbTEHOB) M TETEPOOPTAHNYECKUX COSTUHEHUHN 1 METaJIOB.

I pynnosoti xumuueckuti cocmag Cbipbsi 00JI€€ 3HAUNTETHLHO BIUSCT Ha BBIXO]T
u kadecTBO MpoaykToB KK. B 60nbmnMHCTBE BaKyyMHBIE Ta30MJIH, HAPABIIEMbIX
Ha KK, B 3aBuCMMOCTH OT THIIa HCXOAHON He(TH, COAEpKAHUE B HUX TPYMIIOBHIX
KOMIIOHEHTOB K0JIeOJIeTCSl B JOBOJBHO HMIMPOKUX TMpeaenax: napadpuHoBbIx 15-35
%, nuknoankaHoBbix 20—40 % u apomatnueckux 15-60 %.

Hamnyumum s KK mo BeIXomy 1eneBbIX MNPOAYKTOB (O€H3MHA U
COKIDKEHHBIX Ta30B) SBISETCA ChIpb€ C IpeoOsiafaHueM napauHOBBIX U
LUKJIOAJIKAHOBBIX YTJIEBOAOPOAOB. [[OMMIMKIMYECKHE apeHbl U CMOJIBI CBHIPbS B
YCIOBUSIX KPEKMHIa Jar0T Mallo OEH3MHA U MHOTO TSDKEIBIX (PpakiMil U KOKca.
CepHUCTBIE U KUCIOPOIHBIE COEUHEHUS OJJHOTUITHOTO 110 XUMHUYECKOMY COCTaBY
CBIPbSl HE OKA3bIBAIOT CYIIECTBEHHOTO BIUSHUS Ha MarepuaibHblil 6ananc KK, Ho
YXYALIAIT Ka4eCTBO MPOAYKTOB. OQHAKO CIEAyeT OTMETUTD, YTO C YBEIIMUYEHUEM
COJIEp)KaHUSI TEeTEPOOPraHUYECKUX COEIUHEHUH B CBIpbE, KakK MPABUIIO,
OJTHOBPEMEHHO  MOBBIIIAETCS  COJEP)KAHME B  HEM  MOJUIUKJIMYECKHX
YII€BOAOPOAOB U CMOJI.

K koMrmoHeHTaM, 00paTMMO [1€3aKTUBHPYIOIIMM KaTajau3aToOpbl KPEKWHTa,
OTHOCSAT MOJHUIUKINYECKUE apEHBI, CMOJIbI, aC(PAIIbTEHBI U a30TUCTHIE COCTUHEHHUS
ceipbs. OO0 0OpaTUMO J1€3aKTUBUPYIOIIEH CIIOCOOHOCTU ChIPbS MOXHO KOCBEHHO
CYIUTh IO IUIOTHOCTH, a4 KOJMYECTBEHHO - IO KOKCYEMOCTH, OIPEHEISIEMON 110
Konpancony. Kak npaBuio, yem BbIllIe KOKCYEMOCTb ChIPbsI, TEM OOJIbIIE BBIXOJ
KOKCa Ha KaTaJIu3aTope.

OO6b1yHO Ha ycraHoBkax KK mpenmyiiecTBeHHO nepepadaThIBalOT TUIIOBOE
chIpbe (BakyyMHbIi rasoitns 350-500 °C) ¢ kokcyemoctsio He 6onee 0,3-0,5 % macc.
Ecnu pereneparop nMeeT 3arac MOIIHOCTH IO MAaCCe CKUTAEMOT0 KOKCa, TO MOKET
OBITh MICTIIOJIB30BAHO CHIPhE C KOKCYeMOCThIO 10 2-3 % Macc. Ha crenmanbHBIX
YCTaHOBKAaX, MpPEIHAa3HAYEHHBIX AJI KPEKHMHIa OCTAaTOYHOIO ChIPhS M MMEIOIIMX
CUCTEMBI OTBO/IA TEILJIa U3 pEreHepaTopa, 10MyCKaeTCs: KOKCYEMOCTb ChIpbs 10 5 %
Macc.

OOpatuMbIMU IAMU  JUTSL AIFOMOCUIUKAMHBIX KAMAIU3amopos SBISIOTCS
a30TUCThIE OCHOBAHHUSA: OHU MPOYHO a/ICOPOUPYIOTCS Ha KaTaTU3aTOPHBIX aKTUBHbBIX
HEeHTpax M ONokupyroT uX. [Ipu OJMHAKOBBIX OCHOBHBIX CBOMCTBax OOJbIIIEe
JI€3aKTUBUPYIOIIEE BO3JCHCTBUE HA KATAIM3aTOpP OKAa3bIBAlOT  A30TUCTHIC
COeMHEeHMsI OOJbIIel MoJeKyIspHO Macchl. [locie BbDKHMra KOKCa aKTUBHOCTD
OTPABJIEHHOTO  A30TUCTBIMM  OCHOBAHMSIMHM  KaTaJl3aTopa  IOJHOCTBIO
BOCCTaHABIIMBAETCS. Lleonumcooepocawue  kamanuzamopbwl, onmarogaps



MOJIEKYJISIPHO-CUTOBBIM CBOMCTBAM, OTPABJIAIOTCS A30TOM B 3HAYUTEIILHO MEHBILIEH
CTENIEHH, YeM aMOP(HBIEC aATFOMOCUIIUKATHBIE.

MertannopraHiueckue COEAUHEHUs, COAEpPKAIIMECS MNPEUMYIIECTBEHHO B
BBICOKOKHUIIAIIMX W OCOOCGHHO OCTaTOYHBIX (pakiusx HePTH, OTHOCAT K
HEOOpaTUMO J€3aKTUBUPYIOIIMM KOMIIOHEHTaM ChIpbsi KpeKuHTa. biokupys
AKTUBHBIE IIEHTPBI KaTaJau3aTopa, OHM OTPUUATEIbHO BIUSAIOT HE TOJBKO HA €ro
AKTUBHOCTb, HO M Ha CEJIEKTHUBHOCTh. TakK, MO MEpPE YBEJIWYEHHUS COJCPIKAHUS
HUKEJId W BaHaJus, SBISIOIIMUXCSA ACTUIPUPYIOIIMMHA METaUIaMH, B MPOJYKTAX
KPEKWHTa WHTEHCHBHO BO3pPACTaeT BBIXOJ CYXHX Ta30oB, a BBIXOJ OEH3MHA
CYILIECTBEHHO CHUYKAETCS.

Ha ycranoBkax KK, Ha KOTOpBIX HE PEXYCMOTPEHBI CIIENUATBHBIE TPUEMBI
[0 YJAaBIMBAHUIO WM IIACCUBALMM OTPABISIOLIETO JEUCTBHUS METAJUIOB,
COJIEp>KaHUE UX B CBIphE HOPMHpYETCA He Ooee 2 T/T.

J1ist mepepaboTKH ChIphA ¢ KOkcyemocThio Oosiee 10 % macc. u conepxanuem
metaiioB 10-30 r/T u Oonee Tpebyercss oOs3arenbHasl €ro MNpeaBapUTENbHas
IIOATOTOBKA.

Kamanuszamopui Kamaiumu4eckoz2o KpeKuHaa - CJIOXKHBIE
MHOI'OKOMITIOHEHTHBIE CUCTEMBI, COCTOSILE:

1) U3 maTpulbl (HOCUTENS);

2) akTUBHOT'O KOMIIOHEHTA - LI€0JINTA;

3) BcoMOTraTeNIbHbIX aKTUBHBIX U HEAKTUBHBIX JOOABOK.

Mampuya kamanuzamopog BBIIONHIET (QYHKIMM KaK HOCUTENS -
ITOBEPXHOCTH, HA KOTOPOM 3aTEM JUCIIEPTUPYIOT OCHOBHOW aKTUBHBIN KOMIIOHEHT -
LEOJIUT M BCIOMOTaTelIbHbIE T00aBKH, TaK M CJIA00r0 KHCIOTHOTO KaTaau3aropa
NPEABAPUTEILHOTO  (MIEPBUYHOTO)  KPEKUPOBAHMS  BBICOKOMOJIEKYJISIPHOTO
UCXOJHOTO  He(TAHOrO  Chipbs. B kauecTBe  Marepuana  mampuyvl
IPEUMYIIECTBEHHO MPUMEHSIOT CUHMEeMU4ecKul amop@QHulil antoMOCUIUKam c
BBICOKOM YJIEJIbHOM IIOBEPXHOCTBIO M ONTUMAJIBHOM MOPOBOM CTPYKTYpPOH,
o0ecrnieunBaroIen JOCTYI JUIsl KPYIHBIX MOJEKYJ KPEKUPYEMOTO ChIPbSI.

AMop(dHbIE aTIOMOCHIMKATBl SBJISUIUCH OCHOBHBIMU ITPOMBIIIJICHHBIMU
KaTaJnu3aTopaMu KaTAIMTUYECKOTO KPEKHMHTa /10 pa3pabOTKU LEOJUTCOAEPKAINX
KaTaJIn3aTOPOB.

Axmuenvim komnonenmom kamanuzamopog KK sBnsiercs 1eoaut, KOTOpbIi
MO3BOJIAET  OCYIIECTBIATH  BTOPUYHBIE  KAaTAIMTUYECKUE,  NPEBpAIICHUS
YTJIE€BOAOPOIOB ChIPbsl C 00pa30BaHMEM KOHEUYHBIX LEIEBBIX MTPOYKTOB.

LeonuTsl MPEACTABISIOT COOOM  ANMIOMOCWIMKATBI C  TPEXMEpPHOUN
KPUCTAUTMYECKON CTPYKTYpOH 00111ei (opMyJib:

Me 2’ A1203' XSiOz 'yH20

rJe I - BaJICHTHOCTh KaTHOHA MeTaia Me;

X - MOJIBHO€ COOTHOIIEHUE OKCUIOB KPEMHHUS W AJIIOMHMHMSA, HAa3bIBAEMOE
CUJIMKAaTHBIM MOJYJIEM;

y - YHACJIO MOJIEN BOJBI.

Tunuunsie scnomozamenvrvle 000ABKU.



a) B Ka4ecTBE NPOMOTOPOB, WHTECHCU(DHUIMPYIONUX pEreHepaIrio
3aKOKCOBAaHHOTO KaTajau3aTropa, 4yalle BCero MPUMEHSIOT UIATHHY, HAHECEHHYIO B
Maibix kommyectBax (< 0,1% wmacc.) HenocpenactBenno Ha L[CK unu Ha okuch
QTIOMUHUSA C UCIIOJIb30BaHMEM Kak camoctoarenbHoil mobaBku k  [ICK.
(IIlpumenenue npomomopos oxucienuss Ha ocHose Pt nozeonsem 3HauumenvHo
NOBLICUMb NOTHOMY U CKOPOCMb C20PAHUS KOKCA, 4mMO He MeHee BadiCHO,
CyujecmeeHHO NOHU3UMb COOEPIAHCAHUE MOHOOKCUOA Y2llepo0a 8 2a3ax pe2eHepayuul,
mem camviM npeoomspamumes Hexoumpoaupyemoe 3acopavue CO Hnao ciroem
Kamanuzamopa, npusooaujee K npo2apy YUKIOHO8, KOMI08-YMUIUZAMOPO8 U
0py2020 0060py008anuss (U3 OMeYyeCmEeHHbIX HPOMOMOPO8 OKUCIEHUS MONMCHO
ommemumov KO-4, KO-9, Oxcunpom-1 u Oxcunpom-2));

0) ¢ yenvio ynyuuieHus Kauyecmeda yenesvlx NpooyKmoe 6 NocCleoHue 200l
cmanu npumeHams 00basku Ha ocHose ZSM-5, nosviuarowue OY denzunos na 1 -
2 nyHkma,

B) JUISl CHIDKEHUSI JIC3aKTUBUPYIOMIETO BIUSHUS npuMeced coiphsi Ha LICK
npumenstor TexHojoruto KK ¢ mopadeit B chipbe CHEIUMANIBHBIX MMACCUBATOPOB
METaJUIOB, MPEJCTABISIONINX CO00N METAITIOOPTaHUYECKHE KOMIUIEKCHI CYpbMBI,
BUCcMyTa, (ochopa WM 0JO0Ba, KOTOPHIE MEPEBOJAT METAUIbl B HEAKTUBHOE
coctosinue. (Cywnocmos s¢hpexma naccusayuu 3aKmi04AEmMcs 6 Nepesooe
Memainos, 0CAOUBUUXC HA KAMAIu3amope, 8 HeakmugHoe COCMosHUe, Hanpumep,
8 pe3ynvmame 00pazo8anusl coeouneHul muna wnunenu. llaccusupyrowui azenm
86005IM 6 Cblpbe 8 BUde 8000- UIU Maciopacmeopumou o0obasxu. Ilooaua
naccueamopo8 pe3ko CHUNCAem BblX00 KOKCA U 8000p0o0d, VEeauuusdaenm 6ulxoo
OeH3UHa U NPoUu38OOUMENbHOCHb YCMAHOBKU (8 Hacmosujee peMs Naccusamopbl
npumensiom na 80 % ycmanosox KK ocmamxos 6 CLLA u oxkono 50 % ycmanogox
6 3anaonou Eepone));

2) 8 nocneouue 200wl sneopsemcs L{CK ¢ meepoou 0006askoill - 108YUWKOl
sanaous u Hukens, cooepicawmuecs oxcuoovl Ca, Mg, mumanam o6apus u opyeue,
aocopoupyrowue 6 6 - 10 pas bonbule Memannos, 4em cam Kamaiu3amop;,

n) npu KK HeruapooduiieHHOro ChIpbs 00pa3yroTcs (B pereHeparope)
OKCHUJIBI CEpBl U a30Ta, OTpaBisitone armMocdepy. s ux ynaBiauBaHUsS B COCTaB
[ICK BBomsar tBepayio mo0aBky MgO wumu CaO, B pe3ynbrare KaTaau3aTop
CTAaHOBUTCS IEPEHOCYMKOM OKCHJIOB CEPHI U3 PETCHEPATOPa B PEAKTOP MO CXEME:

B perereparope: MgO + SOz — MgSOy;
B peaktope: MgSO4 + 4H, — MgO + H,S + 3H,0;
nm 2MgSQO, + CHs — 2MgO + 2H,S + COa.

OOGpa3zyromuiics CcepoBOAOPO, BBIBOAUMBIA U3 peakTopa BMECTE C
MPOIYKTaMU KPEKUHTA, OYy/IeT U3BJICKATHCS 3aT€M U3 Ta30B aMUHHOW OYMCTKOM;

) I MoBbIMIeHUS Mexanndeckor mpouHoctu L[CK B cocraB amopdHOM
MaTpULbl JIOMOJHUTEIBHO BBOJST TOHKOJIUCIEPCHYIO OKHUCh allOMUHUA (& -
dbopmy). Kpome TOro, misi CHUWXKEHUS TOTEPh KaTajau3aropa OT HCTUpAHUS H
YMEHBILICHUSI KOPPO3UU annapaTypbl B CACTEMAX KaTaJIN3aTOpa B HUPKYIUPYIOLIUN
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KaTaJn3aTop BBOST CMa3bIBAIOIIIE TIOPOIIIKH U3 CMECH OKHCH MarHus, kKapOoHaTta
u ¢ocdata Kajablus, HHOTAA TUTaHaTa Oapusi. DTH J0OABKU B3aMMOJIEUCTBYIOT MIPU
BBICOKOI TeMIiepaType C MOBEPXHOCTHIO KaTalnu3aTopa, B pe3yJibTaTe 4ero Ha Her
oOpa3zyeTcs TJISHEll, CIOCOOCTBYIONIUNA CHUKEHUIO UCTUPAHUSL.

Ha oreyecTBEHHBIX YCTaHOBKaxX C JBWIKYIIUMCS CJOEM IIapUKOBOTO
Karaau3aTopa MNPUMEHSUINCh U MPOJIOJDKAIOT TMOKA MPUMEHATHCS IIapUKOBBIE
katanm3aropsl (ALITHII-3 (6e3 P33), AIIIHII-6, [{eokap-2 u L{eokap-4 (Bce ¢ P3D)).

llooasnaowyio yvacms kamanuzamopos KK npouzeoosam no mpaouyuonHou
MEXHONI02UU «CO CEA3YIOUUM», UCNOTIb3YS 8 CMAOUU HAHECEeHUs. CUHMESUPOBAHHO20
yeonauma Ha NOBEPXHOCMb HOCUMENS (ATIOMOCUIUKAMA) CEAZVIOWUL KOMNOHEHM.
3amem ocywecmenaom cmaouu pacnvLIUMENbHOU CYUWKU, UOHHO20 0OMeHa
MePMOXUMUYECKOU 00paOOMKOU, HAHEeCeHUsi NPOMOMOPO8, GCNOMO2AMENbHbIX
000a80K, NPOKANKU, KOMNAYHOUPOBAHUS U M. O.

OCHOBBI yIIpaBJEHUS MPOLIECCAM KAaTATUTUYECKOTO KPEKUHIa

Pesynbpratel KK onpenenstoTcs B 11€J10M TaKUMU TTOKA3aTENsIMU, KaK TITyOrHa
npeBpalieHusi (KOHBEPCHUH) CHIPbS, BHIXO/T IIEIEBBIX MPOYKTOB U MX Ka4€CTBO.

[Tox rmyOuHOM IpeBpaIlleHUs ChIPhSI TPUHATO MIOHUMATh CYMMAapPHBIN BBIXO/
MPOJYKTOB, OTJIMYAIOIIUXCS OT UCXOJHOTO CBHIPbsi (PaKIMOHHBIM cocTaBoM. [lpu
KPEKUHTe TPAJULHOHHOTO ChIPbS — BaKyyMHOT0 rasoiins (ppaxuusa 350-500 °C) -
TaKUMH MPOAYKTAMHU SIBJIAIOTCS ra3 + 0eH3uH + ausenbHas ¢ppaxuus (JII') + kokce.
Tsoxéneiit razoins (TI), BEIKUMAIOMIKNA B TE€X K€ TEMIIEpaTypHbIX Mpejenax, uto u
ChIpb€, OOBIYHO MPUHUMAIOT KaK HENPEBPAIIECHHYI0 4YacThb ChIPbs, XOTS OH
OTJIMYAETCS OT MOCJEIHErO 10 XUMHUYECKOMY COCTaBYy.

LleneBbIMU MPOAYKTaMHU MpOLECCA SIBISIOTCA OCH3MH W COKMKCHHBIA Tas3.
Kokc ¢urypupyer B MaTepuanbHOM OajiaHce npouecca (BMECTE C MOTEPSIMU), HO HE
BBIBOJIUTCSl U3 YCTAaHOBKHM M TOJHOCTBIO CrOpaeT B pereHeparope, obecreuuBas
TEIJIOBOM OanaHC peakTopHOro OJoKa.

TpeOyembie riayOrnHa KOHBEPCUH ChIPhS M KaUueCTBO I1eeBbIX MpoaykToB KK
JOCTUTalOTCSl  YOPABJICHUEM  TEXHOJIOTMUECKHMM  IIPOLECCOM  ITOCPEICTBOM
PETYIUPOBAHUS €TO ONEPATNUBHBIMU NAPAMEMPAMU.

K uepezcynupyemvin napamempam KK MOXHO OTHECTH KadeCTBO ChIPbS,
KaueCcTBO Karaiu3aTopa (€ro MWHIAEKC AaKTHUBHOCTH, THUI W KOHCTPYKIIUIO
pPEaKLMOHHBIX alMapaToB, OOECNEYMBAIOLIME 3aJaHHBII B COOTBETCTBHHM C
MPOEKTOM TEXHOJIOTHYECKHUI PEKUM U TPOU3BOJAUTEIBLHOCTH MO CHIPHIO).

K onepamusenviv, m.e. pecynupyemvim, OTHOCAT OOBIYHO TE€ HapameTphl,
KOTOpbIE BXOJAT B KUHETUYECKHWE YpPaBHEHHS (MM MaTeMaTHYE€CKHUE MOJIENIH)
XUMHUKO-TEXHOJOTUYECKUX TMporeccoB. OnepaTuBHbIMU NapamMeTpaMHu pPeakTopa
SBJIIETCS] TEMIIEPATypa B 30HE KPEKUHTA, BPEMSI KOHTAKTA ChIPhS C KaTalIu3aTOPOM,
KPaTHOCTh HHPKYJISAIUN KaTaau3aropa U KOIPOUIIMEHT PEelUpPKYJSIUA OCTaTKa
KpekuHra. BapwsupoBanue onepatuBHbix mapamerpoB KK (t, 7 u Ky) BecpMma
3aMETHO BIIMSIET Ha BBIXOJHBIE MOKA3aTENH IMpollecca - MaTepUaIbHBIA OalaHC U
Ka4eCTBO MPOIYKTOB.




Bmecto gpemenu konmaxma T Ha mpakTtuke Ooyiee 4acTo YymoTpeOssercs
TEPMUH «O0OBEMHAs» WM «MAacCcOBas CKOPOCTb MOJAYM ChIPbS» - OTHOIICHHE
KOJIMYECTBA CBHIPhS, IOJJaBAEMOT0 B PEAKTOP B €QUHUIY BPEMEHHU, K KOJIUYECTBY
(oOBeMy MM Macce) KaTaauszaTopa B peakTope.

Kpamnocms yuprynayuu xamanuzamopa K, - napametp, ynorpeoisemMbii
TOJNBKO K KaTaJIUTUYECKUM TIpOLleccaM, OCYLIECTBISIEMbIM C LUPKYJISIIUEH
KaTajiu3aropa MEXIy peakTOpoM U pereHepatopoM. Ky ompenensercs Kak
OTHOUIEHUE KOJMYECTBA KaTAIN3aTOPa K ChIPHIO, TOABAEMBIX B PEAKTOP B €IUHHUILY
BpeMeHu. [lo kuHeTmueckomy mnpusHaky Ky XapakrepuszyeT KOHLIEHTPALUIO
KaTtaqu3aTopa B pearupyromieii cucrteme: dem Bbime K, , TeM Ha Oobiel
PEaKIMOHHOM TMOBEPXHOCTH  KaTajau3aTropa OCYIIECTBIAETCS T'€TEPOTrECHHAS
KaTtajguTuueckas peakuusa. Bemmumna K, Biuser W Ha TemiuoBod OanaHc
pEaKkTOpHOTro OJIOKa.

Haubonee nerxko perynupyembiM U 3HaunMbIiM napamerpoM KK siBnsiercs
memnepamypa. C NOBBIIEHUEM TEMIIEPATYPbl, CKOPOCTH BCEX PEAKLMN KPEKHUHTa
BO3pAaCTarOT NMPONOPLUUOHAIBHO UX PHEPTUSM aKTUBALIMHU 110 3aKOHY AppeHuyca, T.
€. TeMmIepaTypHbIM Kod(pduuueHTOM peakuuu. B mpomecce  KpekuHra
OJHOBPEMEHHO €  KaTAIMTHYECKUMHU pEAKUUSIMHU MOTYyT NpOTEeKaTb U
HEXEJaTeJIbHbIE TEPMUYECKUE PEAKLIUHU (SHEPIHs aKTUBALMU KOTOPBIX BBIIIE, YEM
JUISL KATATUTUYECKUX PEAKIIHMN).

IIpn BappHpoBaHUM ONEpaTUBHBIMU Napamerpamu npouecca KK BbIxonHbIe
noKaszaTteld OyIyT HM3MEHATHCS IO CIOXHBIM M YacTO SKCTPEMaJIbHBIM 3aBH-
CUMOCTSIM. DTO 00YCJIOBJIMBAET HEOOXOAUMOCTh ONTUMHU3ALNHA TEXHOJIOTMYECKUX
apamMeTPOB C LEIbI0 JTOCTHKEHUS] MAKCUMAJIBLHOTO BBIXOJIA LIEJIEBBIX MPOJYKTOB
BBICOKOI'O KayecTBa.

Tunwt peakmopos. Ha rmyOMHY KOHBEPCHH ChIPbSl B 3HAUUTEIBHON CTENEHU
OKa3bIBAa€T BIIMSHHAE Ta30JAMHAMUYECKUN PEKUM KOHTAKTUPOBAHUS CBIPbSI C
KaTaJIM3aTOPOM, OCYILECTBIISIEMBIN B PEAKTOPAX PA3JIMYHBIX THIIOB.

B peaxmopax ¢ osusicywumcs cnoem wapukogoz2o kamanuzamopa, Macco - u
TEMJI000MEH OCYIIECTBIISIIOT (PUIBTPAIMEH MPSMOTOKOM B PEXHUME, OTM3KOM K

HNACAIIBHOMY BBITCCHCHHIO, T.C. B PCAKTOPC HHTCTPAJIbHOT'O THIIA.

(K HemocraTkaM peakTOpOB 3TOTO TUIIA CIIEAYET OTHECTH:

- KaTaJu3 MPOBOJAT Ha MOBEPXHOCTH KPYMHO3EPHUCTOIO KaTajau3aTopa, YTO OTIaseT
IPOIIECC OT YNCTO KHHETHYECKOW 00JIaCTH pearupoBaHMs;

- NpU NPSAMOTOKE, B OTJIMYME OT MPOTHBOTOKA, 3aBEPIIAIOIIYI0 CTAaIUI0 KPEKHHIra
OCYIIECTBJIIIOT HAa TIOBEPXHOCTM 3aKOKCOBAHHOTO KaTaluM3aTopa IIOClIe TOTEpH UM
NEepBOHAYAJILHOW aKTUBHOCTH;

- OoJpIIIOE BpeMsi KOHTaKTa B PEaKTOpax dTOro THUMA (MCUUCISIEMOE JECATKAaMH MUHYT)
IPUBOJIUT K YXYALICHUIO CEIEKTUBHOCTH KPEKUHTa B pe3yIbTaTe HHTEHCUBHOT'O POTEKAHUs BTO-
PUYHBIX peaKiuii).

B peaxmopax ¢ ncesdoudicudicennvim (kunswum) cioem MuKpocgepuieckoco
Kkamaauzamopa Katalnui3, TCIIIO - U MaccooOMeH OCYHICCTBJIAIOT IMPpHU MACAIbLHOM
NEepeMENINBAHUN PEAreHTOB C KaTajJu3aTopoM B PEXHUME, XapaKTepHOM ISt

0e3rpaueHTHBIX PEaKTOPOB (T.€. MU PEpeHIMATBHOTO TUTIA).
JlocTOMHCTBA pEeakTOPOB:
- BBICOKYIO YACJIIbHYIO IPOU3BOAUTCIBHOCTD,



- JIETKOCTh TPAHCHOPTHUPOBAHUS MHUKPOCPEPUUYECKOr0o KaTalu3aTopa U peryiupoBaHUS
TEXHOJIOTHYECKOTO PEKUMA;

- OCYIIECTBIICHUE IIpoIecca B 00J1acTH OJU3KON K YHUCTO KHHETHYECKOM;

- OTCyTCcTBHE OalMacHBIX YYAaCTKOB W TpagUeHTA TEMIIEPaTyphbl B KHUIIALIEM CIIOE U
HEKOTOpbIE ApYyTHE.

HenocraTky peakTOpoB ¢ KUIISIILIUM CIIOEM:

- HEpPaBHOMEPHOCTh BpPEMEHHU IMpEeObIBAaHUS CHIPbS B 30HE pPEaKIUH, B pe3yJibTaTe
HEKOTOpasi 4acTb ChIPbs MOABEPracTCsl Ype3MEPHOMY KPEKHPOBAHUIO /10 ra3a U KOKca, a Ipyras
4acTb - JIESTKOMY KPEKUHTY;

- cpenHee (PUKTUBHOE BpeMsi KOHTAKTa XOTS U MEHBIIIE, YEM B PEAKTOpax C JBIKYIUMCS
CJIOEM HIAPUKOBOTO KaTaju3aTopa, HO HeIocTaTodyHo manoe (3 - 15 muH.), 4ToObl 00ecneunuTh
MaKCHUMAaJIbHO BBICOKYIO CEJIEKTUBHOCTh KPEKUHTA.

Peaktoper KK mepednciieHHBIX BbIIE 2 TUIIOB B MOCJIEAHUE TOJbI
MOCTENIEHHO BBITECHSIOTCS 00Jie€ COBEPUICHHBIMH THIAMH - MPSIMOTOYHBIMU
peakTopaMu C BOCXOJSAIIMM IMOTOKOM Ta30-KaTajlu3aTOpHOU cMmecu (rughm-
peaxmop). [1o Ta301MHAMHYECKUM XapaKTEPUCTUKAM ITOT PEAKTOP MPUOIIKACTCS
K pEakTopaM UACAIbHOIO BBITECHEHUSI (T.€. MHTETPAJIbHOIO THUMA), OoJee
3G ()EKTUBHBIM MO CpPAaBHEHUIO C pEaKTOpaMU C IICEBIOOKMKEHHBIM CII0EM
karanuzatopa. [Ipu stom Bpemsi koHTakTa chipbsi ¢ LICK Omaromapsi BeicOkoM
AKTUBHOCTHU KaTaJM3aTOpa CHIKAETCA B JUQT - peakTope NPUMEPHO Ha 2 MOopsiiKa
(o 2-6 c). Beicokas TepMOCTaOMIBHOCTh COBPEMEHHBIX KAaTajlu3aTOpOB
(penko3eMeNbHBIX ~ OOMEHHBIX  (OPM  IIEOJUTOB WM  OECIICOJIUTHBIX
yIbTPACTAaOMIBHBIX W JIp.) MO3BOJSICT MPOBOAUTH PEAKIMU KPEKUHTa MpU

MOBBIIIEHHBIX TEMIIEpaTypax M HUCKIIOYUTEIBHO MaJIOM BPEMEHH KOHTAKTa, T. €.
OCYIIECTBUTH BBHICOKOWHTEHCHBHBIH («CKOPOCTHOI») JKECTKHH KPEKHHT (IOJOOHO mpoleccam
MUPOJIN3a).

Perenepatopsl  mpenHa3HaueHbl IS HEMPEPBIBHOW  pereHeparuu
3aKOKCOBAHHOTO KaTalM3aTopa MyTeM BBDKUTA KOKCAa KHCIOPOJOM BO3AyXa MpHU
temmeparype 650750 °C. Ha ycraHoBKax ¢ ABHKYIIMMCS CIOEM KaTaau3aropa
pereHepalyio IIApUKOBOTO KaTajau3aTopa MpPOBOAST B MHOTOCEKIIMOHHOM
ammapare, CHa0>)KEHHOM Uil CHSTHUS W30BITKAa Terla BOJSHBIMH 3MECBHKAMH,
COETMHEHHBIMU C KOTJIOM-YTHIIU3aTOPOM.

Perenepannio 3aKOKCOBAaHHOTO KaTalu3aTopa Ha YCTAaHOBKaX C MHUK-
pocepuueckuM KaTalu3aToOpoM OCYLIECTBIISIIOT B ammapaTax ¢ ICEBJIO-
OKUKEHHBIM CJIOEM.

[Tpu BeDKHTE KOKCa BBIEIsIETCS OompIioe konndecTBo Teruia (25000 - 31500
kJ>x/moib, T.e. 6000 - 7500 kkan/kr kokca). Yriepona kokca cropaet 10 CO u COy,
IpUYeM WX COOTHOIICHHE 3aBUCUT OT XMMHYECKOTO COCTaBa Karaju3aTopa H
pPEaKIMOHHON crocoOHOCTH Kokca. Ilpu 3HaumTenbHOl KoHueHTpauuu CO
BO3MO)XHO BO3HHKHOBEHHE €r0 HEKOHTPOJIUPYEMOTO JOTOpaHUS HaJ CIO0eM
KaTajgn3aTopa, 4YTOo MPHUBOIUT K mporapy oOopymoBaHus. BBemeHuem B cocTaB
KaTajau3aTopa HEOONBIIMX J00ABOK MPOMOTOPOB OKHCJICHHUS  YCTPaHSIOT
obpazoBanue CO. IIpu 3TOM BO3pacTaeT 3K30TEPMUUYHOCTh TOPEHUs KOKca. Tero,
BBIJICIISFOIIEECS] TIPH PEeTeHepalii, YaCTHYHO BBIBOIST Ta3aMH pPEreHepalud, a
OOJIBIIYIO YaCTh PACXOAYIOT Ha Pa30rPeB IPaHyII KaTaau3aTropa.



Ha ycranoBkax KK CbIpps C BBICOKOW KOKCYEMOCTBIO PETr€HEPALHIO
KaTaau3aTopa OCYIIECTBIISIIOT B JABYXCTYNEHYATBIX pereHepaTopax, CHaOMKEHHBIX
XOJIOMUIBHUKOM JUIsl CHSTHSL M30BITOYHOTO TEIia. JTO IMO3BOJSET pPa3AesibHO
peryaupoBaTh TEMIEPATYPHBIA PEXKHUM, KaK B pEreHepaTope, Tak U B peaKkTope.

Texnonozcun Kamanumuueckoz2o KpeKuHza. [Toaroroska
(oOnaropaskxuBaHUE) ChIPbsl KATAIUTUUECKOTO KPEKHUHTA OCYILIECTBIISIECTCS C LEIbIO
CHUKEHUS COJIEpKaHUsI METANIOB U KOKCOI€HHBIX KOMIIOHEHTOB B ChIPhE.

[Tocnemyromas kaTamuTH4ecKas nepepaboTKa ChIpbsl JOKHA OBITH Oosee
SKOHOMUYHOH, T.e. 6€3 Ype3MepHOro pacxoja JOPOTOCTOSIIETO KaTalu3aTropa U
Ipy YMEpPEHHBIX TabapuTax pereHeparopa. B Hacrosiiee Bpems U3 IPOIECCOB
NOATOTOBKU (06nazopascusanusi) coipvi KK npumensemcs kamarumuueckas 10O
(THIPOOYHCTKA) MPEUMYIIIECTBEHHO BAKYYMHOT'O Ta30MJIs 1 60Jj1ee TSHKEIOTO ChIPhs
C OTPAaHUYCHHBIM COJICP)KAaHIEM METAJLIOB.

JlocTomHCcTBa ~ KOMOWMHUPOBAHHOM  KATAJIMTUYECKOW  MEpepabOTKU  C
MpEeABAPUTENLHON THIPOOYUCTKOMN ChIPhS KATAIUTUYECKOTO KPEKUHTA:

- CYIECTBEHHO CHHUXXAETCS COJEPKaHHE CEPHUCTBIX U  a30TUCTHIX
COEJIMHEHUI BO Bcex xkuakux npoaykrax KK u comepxanue okCUI0B cephl B Ta3ax
pereHepaiuu, B pe3ysibTare OTIagaeT HeOOXOAUMOCTh B UX 00JIArOpaKUBAHUU U
CHUKAIOTCS BBIOPOCHI BPEJIHBIX Ta30B B aTMochepy;

- TOJUIMKIMYECKHE apeHbl U CMOJbl Chipbd npu ['O moaseprarorcs
yactuyHoMy  rujpokpekunry  (I'K) ¢ oOpa3oBaHueM  aJIKUJIApPEHOBBIX
yIJI€BOJOPOAOB C MEHBIIMM YHCIOM KOJIEll, B pe3yibTare CHIDKAETCS
KOKCOOOpa3oBaHUE;

- CYIIECTBEHHO CHIKACTCS COJECpKaHUE METAUIOB B THIPOOYHIICHHOM
CBIPBE, YTO CHIXKAET PACX0]l KaTaIH3aTOPOB;

- ipu KK ruapoounIieHHOTO ChIphsl YBEIMYUBACTCS BBIXOI IIEJIEBBIX, OOJIee
BBICOKOT'O KaueCTBa, IPOYKTOB U CHMYKACTCS BBIXOJ Ta30MJIeH 1 KOKCa.

K HenmocTaTkaM KOMOMHHUPOBAHHOM MepepabOTKU CIeAyeT OTHECTH yBelInye-
HUE KaMHUTAJIbHBIX M SKCIUTyaTallMOHHBIX 3aTpaT U BO3MOXKHOCTH MEPepadOTKH
CBIPbSI C OTPAHUYCHHBIM COJIEP>)KaHUEM METAJUIOB.

K  nexamanumuueckum npoyeccam nodzomosxku cuipvbs ans KK He
MPEABIBISIIOTCS OTPAHUYCHUS TIO COJEPKAHUIO METaUIOB, YTO IO3BOJISIET
3HAUUTEIBHO PACIIMPUTH PECYPCHI CHIPBS 3a CUET BOBJICUYCHHSI OCTATOYHBIX BUIOB
ceipbsi. HoO oOHM XapakTepwW3yrOTCS  TOBBIIICHHBIMA  KalUTAJIbHBIMH |
OKCIUTyaTallMOHHBIMU ~3aTpaTaMH, W3-3a YEer0 CICPKHUBACTCS UX MIUPOKOE
MIPUMEHEHHUE B COBPEMEHHOM HedTernepepadoTKe.

N3 BHEIpEHHBIX B TPOMBIILJIEHHOM MaciiiTade B HeTenepepadoTKe METOI0B
HEKATAJIMTUYCCKONH TOATOTOBKH OCTATOYHBIX BHIOB CBIPbS CIEAYEeT OTMETHUTH
npoyeccol CONLBEHMHOU U mepmoaocopoyuonoi Oeacparvmuzayuu (JA) u
JeMeTauTh3aIuu.

ConpBenTHas JIA ¢ MCTIONB30BaHUEM B Ka4eCTBE PaCTBOpPUTEIICH MpoTaHa,
Oyrana, mentaHa wi Jerkoro OensuHa (Cs—Cs) momobna mnpomaHoBoit JIA
T'YJIPOHOB, MPUMEHSIEMON B MPOU3BOACTBE CMa304YHBIX Macen. B aTux mporeccax
Hapsaay ¢ JIA u o6eccMOIMBaHUEM JIOCTUTAIOTCS OJHOBPEMEHHO JIEMEeTaUIH3aIus,
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a TakKe yacTuuHoe oOeccepuBanue u aeasotupoanue THO (Tsokénbie HEPTSIHBIC
OCTAaTKH), YTO CYUIECTBEHHO OOJErdyaer MOCIEAYIOUYyI0 HX KaTalUTHYECKYIO
nepepadboTKy.

B nipornieccax mepmoaocopbyuonnoil deacganvmuzayuu u dememariuzayuu
(TAQHA) o6naropaxuanne THO  nmocturaercss 3a  CYET  YaCTUYHBIX
TEPMOJECTPYKTUBHBIX NPEBPALIEHUN YTIJIEBOJOPOJOB M TIE€TEPOOPraHUYECKUX
COCIMHEHUN CBIpbS W TOCIEAYIOIeH aacopOuuu oO0pa30BaBIIMXCS CMOJI,
achaabTEHOB W KapOOWIOB, a TaKXE META/UIOB, CEPHHUCTBIX W a30THUCTHIX
COEIMHEHUI Ha TOBEPXHOCTH JICHIEBBIX aIcCOPOCHTOB. B oTiIMuKe OT CONIbBEHTHOM
JA, B npoueccax TAJJ] Tsaxénpix HETAHBIX OCTATKOB HE 00pa3yeTcsi TAKOTO
TPYAHOYTHIU3UPYEMOTO TIPOAYKTa, Kak ac(habTHUT.

[Ipouecc ocymiecTBisieTcsl HA yCTaHOBKE, aHalmoruyHou ycraHoBke KK ¢
TP T-PEAKTOPOM.

(3namu! Texnonoeuueckas cxema ycmanoexku KK ¢ npamomounvim augpm —
peaxkmopom)

Konmponwvnwie éonpocol

I. KakoBo 1eneBoe Ha3HAYECHHE KATAIIUTHYECKOTO KpEKHUHra? Taribl
Pa3BUTHSA 3TOrO MpoLEcca.

2. KakoBo BiMsiHME (DPAKIMOHHOTO W XMUMHUYECKOTO COCTaBa ChIpbs Ha
IPOLIECC KAaTATUTUYECKOTO KPEKUHIa?

3. Kakue mporuecchl 00J1aropaXuBaHusl ChIpbs KaTaJIUTUYECKOTO KPEKUHTa,
MPUMEHSIIOTCSI B COBPEMEHHOM MUPOBOM HedTenepepadoTke?

4. Kparkas XxapakTepUCTHKa TMPOIECCOB O0JaropaxuBaHusi  ChIPbs
KaTAIUTUYECKOTO0  KPEKWHTra, TMPUMEHSIOTCI B COBPEMEHHOW  MHUPOBOH
HedrenepepaboTKe.

5. JlaTb XapaKTEpUCTUKY II€OJUTaM U MPOMBIILUICHHBIM KaTaJlh3aTopam
KpPEKUHTa.

6. IlpeumymiectBa MNPOAYKTOB KATAIUTUYECKOrO KPEKUHIa Mepen
TEPMUYECKUM ITPOLIECCOM.

7. BnusiHue onepaTUBHBIX MTapaMETPOB Ha KAY€CTBO U MaTepUaIbHBIN OallaHC
KaTAIUTUYECKOTO0 KPEKUHT .

8. Pa3zHoBHIHOCTM (IO anmapatrypHoMy O(QOPMIIEHUIO) COBPEMEHHBIX
MPOLIECCOB KAaTAIUTUYECKOTO KpeKrHTa. MIX 10CTOMHCTBA M HEAOCTATKH.

9. IlpuHnUNUagbHasi TEXHOJIOTHYECKAasi CXeMa YCTaHOBKU KaTaTUTUYECKOTO
KPEKHUHTa C TUPT — PpEaKTOPOM.



