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raza, cogepxamero H,S. KaramuzaTop comepuT 1o MeHbIICH Mepe OOMH WM 0Oojiee aKTHUBHBIX
METaJJIOB, BBIOPAHHBIX M3 TPYIIIBI, COCTOSIIEH M3 jKele3a, KoOajbra W HHKENs, HAaHECEHHBIX Ha
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HaxoauTca B Qopme ero cyapduma. Kpome Toro, mpemnoxkeH crmocod NpoH3BOACTBa BOXOPOAA H3
NOTOKa raza, cozepxaniero H,S, BKiIrouaromuii KaratuTHYeCKUI OKUCIUTENBHBIA KPEKUHT ITOTOKA r'a3a ¢
obpazoBanueM H, u S, ¢ Mconp30BaHUEM KaTallu3aropa 1o Jr000oMy U3 MyHKTOB (OpMYJIbI H300peTeHUs!
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KATAJIM3ATOP JI KATAJIMTUYECKOI'O OKUCJUTEJIbBHOI'O KPEKMHI' A
CEPOBOJAOPOJA C OAHOBPEMEHHBIM ITOJTYYEHHUEM BOJJOPOJA

Ob6nacth npuMeHeHHst H300peTeHUs

Uzo0pereHre OTHOCHTCS K KaTaliu3aTopy, MOAXOMSIEMY [UI KaTaJUTHYECKOrO
nporiecca OKHCISHHs JUI U3BJICUEHUs] Cephl U3 MOTOKA rasa, copepskamero HyS. M3o0perenne
TaKKe OTHOCHUTCSI K CIIOCOOY M3BJICUSHHSI Cepbl M3 YKa3aHHOTO MOTOKA rasa ¢ MCIOJb30BaHHEM
karaauzaropa. Kpome Toro, uzoOpeTreHre OTHOCHUTCS K TOJYYSHHIO BOIOPOAA, CBS3aHHOMY C
MPOIIECCOM HU3BJIEUEHUS CEPBI C MTOMOIIBIO KaTAIU3aTOPA.

[peanoceuiku co3aanust U300peTeHHs

VCTaHOBKM U1l M3BJICYEHHsI CEPbI BBITIOJIHEHBI C BO3MOXKHOCTHIO yaajeHuss H)S wu3
comepkamux HjS KHCHBIX ra30B, MOCTYMAOLIMX M3 CHUCTEM pereHepalud aMuHa W U3
CTPHIIIEPOB KHUCJOW BOIBI, C MOJYYEHHEM Cepbl, HETOKCHYHOTO MPOAYKTA, KOTOPBIH MOMKHO
XPAHUTh U MPOAABATh B JKUAKOM BHJAE WJM B TBEPAOM BHJE PAa3JIMYHBIM MOJIB30BATENSAM IS
Pa3MUYHBIX TMPOMBILLICHHBIX NpUMeHeHHH. Kucibie rasbl U3 CHUCTEM pereHepalud aMHuHa U
CTPHUIIIEPOB KHCJIOH BOABI, COAepKallue nepeMeHHoe kosmuectBo H»S, oOpabaTeiBaioT B
ycraHoBke mpomsBonacTBa cephl  (SRU), paboraromedi mo CymecTsy Ha OCHOBaHHUH
moauduirpoBanHoro npouecca Knayca, st M3Bjie4eHUs] OCHOBHOTO 00beMa Cepbl, a 3aTeM —
B cekuuu o0pabotku ocratounoro raza (TGT) mns rmyOokoro usBiedeHus: cepbl. B cexuuu
Knayca paspyuiatrorcsi qpyrue nNpUMecH, COAepsKallhecs B KHCIbIX ra3ax, BKJIIOYas aMMHAK U
yTIEBOJOPOIBL.

Monudunmposanssiii mpouecc Kiayca cam no cede BoccranaBimBaeT okoyio 94-96% (2
KaTaIUTHUeCKuX craanu) win 95-98% (3 cragmm) cepsl u3 cwipbs. Takum oOpasom, Koraa
TpeOyercst Oonee BbIcOKas creneHb u3BieueHus cepbl (SRE), HeoOxommma nomoONHUTENTbHAS
obpaboTka ocraTodHOTro rasa npouecca Kiayca.

Monudunmposansbiii mpouecc Kiayca Brimoudaer CyOCTEXHOMETPUYECKOE CXKHTaHUE
MOTOKAa KHCJIOTO ra3a B TEPMHUYECKOM peakTope (TepMuyeckas CTajus) ¢ MOCIeAyroLleit
KaTaJUTHYECKON KOHBepcuel B peaktopax Knayca (karanutuueckas cranus). B cexuun Knayca
onHy TpeTh oT obmero kommdectBa HaS okucisitor 1o SO,, pearupyrotero ¢ octasmumcest HaS ¢
00pa3oBaHUEM Cepbl H BOJIbI B COOTBETCTBHH CO CEAYIOLIMMH PEaKLIUIMU:

H,S + 1,5 O, = H,0 + SO; (peaxuus okucnenus) (1)

2 H,S + SOz <> 1,5 S, + 2 HyO (peakuus Knayca) (2)

3H2S + 1,50, <> 3 H,O + 1,5 S, (obmas peaxius) (3)

Llenbro mpolecca SIBISETCS AOBENCHHE BCEH pEaKUUH OO0 MPAKTUYeCKH IOJHOTO

3aBepuieHus. HoS, coneprkamuiics B KUCJIOM rase, CKUTalOT B TepMU4deckoM peaktope Knayca
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Ha CIIELHAJIbHON TOpeJIKe ¢ MPUMEHEHHEM BO3IyXa (WM B HEKOTOPBIX KOHKPETHBIX CIIydasix
00OTaIeHHOr0 KHUCIOPOJIOM BO31yxa), MpU 3TOM 10 SO2 OKHCISIOT TOJBKO OOHY TPETh OT
obmero komuuectBa H)S, a ocraBmmecs nBe TpeTu He ydacTBYOT B peakuuu. OOmee
KOJINYECTBO BO3JyXa PABHO TOUYHOMY KOJINYECTBY, JOCTATOUHOMY JISi OKHCICHHS OJHOW TPETH
obmero kojmuectBa H)>S © mMONHOrO OKHCIEHHS BCEX YIVIEBOJOPOAOB U aMMHAKa,
COIEPIKAIIUXCS B CBIPhE; MO3TOMY MoJisipHoe cooTHoterne HaoS / Oz B CIpbe COCTABISIET OKOJIO
2 : 1 ¢ Bo3MOxkHOCTBIO obecniedenusi cootHomeHust HoS / SO, B ocraTouHOM rase mpoiecca
Knayca Touno 2 : 1 uiam Kak MOKHO OJMKE K 3TOMY 3HAYEHHUIO, MPHUYEM OHO IMPEICTaBIISET
cOOOH CTEXHOMETPUYECKOe COOTHOLIeHHe aisi peakuuu Kiayca, B pe3yjbraTre 4ero, TaKhM
o0pa3oM, yBENMYMBAETCS CTENEeHb H3BJICUYCHUS cepbl. BO BpeMst CKMraHMs KHUCIIBIX Ta30B
HeOoubiast yacte HaS (kak mpasmiio, 5—7%) nuccouumupyer Ha BOAOPOI U CEPY B COOTBETCTBHUH
CO CHEeAyIoUIer peaKLue:

H;S <> H; + 0,5 S, (peakumst TuCCOLMALINN WK KPeKUHTA) (4)

Cornacno nybnukauuu Clark et al., Alberta Sulphur Research Ltd. (ASRL), o6pasosanne
BOJIOPOJIa TAK)KE IIPOUCXOANT B COOTBETCTBUH CO CIEAYIOLIEH peaknei:

4 HS + Oy < 2 Hy +2 H O + 2 S; (peakuus obpazosanus Hz) (5)

Kpome Toro, mporekaeT HECKOJbKO MOOOYHBIX pEaKLUil, B pe3yJbTaTe KOTOPBIX
pa3pylIaloTCsl aMMHAaK M YrJIeBONOPOABI, a Takxke oOpasyrorcst kapoonwicynbpun COS u
mucynbdun yriaepona CS;. UroOsl 3aBepmuth peakumu Kiayca, HeoOXommMo oOecmeduTb
MOJXOAALIYIO MPOAOJDKUTENBHOCTh HAXOXKISHHS NPH BBICOKOW TeMIepaTrype B TEPMHUYECKOM
peaxTope.

ITocne Ttepmuueckoro peakropa Kiayca, Kak mNpaBWiiO, YCTaHABJIUBAKOT KOTEJ-
YTHIIN3ATOP OTXOMALIETO TEIUIa, B KOTOPOM BBIXOISIIHMHA U3 MEYH MOTOK OXJIAXKIAIOT IO OKOJIO
300°C, a Temio peKynepupyroT MOCPEACTBOM MOJHUMAOIIETrOCs Mapa BbICOKOTO AAaBJCHUS U B
KOH/IEHCATOPE Cepbl, B KOTOPOM TEXHOJOTHYECKHH Ta3 OXJIAXAAIOT IO TOYKH POCHI CEPhI
MOCPENCTBOM MOJHUMAIOLIETOCS Mapa HU3KOTO AABJIEHHS, U OTACIISIIOT KUAKYIO CEpy.

3a Tepmuyeckoil cragueil mpouecca Kiayca OOBIMHO CleAyHOT IBEe WIH TPU
KaTAJIMTHYECKUE CTAANH, B KAKIOH U3 KOTOPBIX MPEAYCMOTPEHO MPUMEHEHHUE TIPOMEKYTOUHOTO
NOJOTPEBATENsl ra3a JUIsl JOBENEHHs] TEeMIIEpaTypbl Ta3a [0 ONTHMAJbHOH TeMIIEpaTypbl
peaKkuuy, KaTaJUTUIECKOTO PEeaKTopa, B KOTOPOM mpoTekaeT peakuus Kiayca, n koHAeHcaTopa
Cephl, B KOTOPOM OXJIAXKAAIOT r'a3 U KOHASHCUPYIOT U OTACISIIOT JKUAKYIO cepy. Peakuus Knayca
NPEACTaBIsieT COOOH HK30TEPMHUUECKYI0 PABHOBECHYIO PEAKLMUIO, JUIA MPOTEKAHUS KOTOPOU
TEPMOAMHAMUYECKH  OJNAarOMpHSITHBIMM  SIBJSIFOTCS ~ HHU3KME — Temmeparypbl.  IlepBbrit
KaTanuTHueckuii peakrop Kiayca wacTmuHO 3amonHSIOT KatanuzaropoMm Kiayca (Ha ocHOBe

OKCHJa aJ'II'OMI/IHI/Iﬂ) AJi YCUJICHUA pPCaKLUuU Knayca U YaCTUYHO 3allOJHAIT CIICHaJIbHBIM
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KaTaJIn3aTOPOM C BBICOKOH CTENEHBbIO KOHBEPCHUHU (HA OCHOBE AMOKCHAA THTAHA) JUIS YCHIJICHUS
ruapomnza COS u CS;. Bropoit u Tpermii karamutudeckue peaktopsl Kiayca, ecnu oHuU
UMEIOTCS, OOBIYHO 3amOJHSIOT KaTanmu3atopoM Kiayca (Ha OCHOBE OKCHMIa AFOMUHUS) IS
ycuienus peakuuu Kmnayca.

UtoObl NOOUTHCST CTEMEeHH U3BJIEYeHHs cepbl > 99%, koTopasi oObluHO Tpedyercs Iist
YCTaHOBKH JUTSI U3BJICUEHUSI Cepbl, 3a cexuueid Kiayca oObIYHO pasMemaroT CeKI 00paboTku
OCTATOYHOIO rasa. 3a MHOTHME TrOIbl NPEAJIOKEHO HECKOJbKO Pa3IMYHBIX allbTePHATHBHBIX
MPOLIECCOB JJIsl TIOBBIMIEHUs CTETIEHUW W3BJIeUeHUus: cepbl, Takux kak crocod SCOT, mpouecc
RAR, mnpouecc CBA, cmoco6 CLINSULF/DEGSULF wmu mpouecc BSR Selectox. B
TPamULMOHHOW  CEeKIMM OOpabOTKM  OCTATOYHOIO  Tra3a  BOCCTAHOBHTEIBHOTO  THIA
TEXHOJIOTUYECKHH Tra3 u3 cekuuu Kiayca mnpeaBapuTeNbHO HArpeBalOT M OOBEOMHSIOT C
BOJIOPOJIOM U3 BHEIIHEr0 MCTOYHHKA Tepen Mojavyel B PeakTop T'MAPOTeHU3ALNH, B KOTOPOM
BCE COCOUHEHHs Ccepbl KoHBepTHpPYROT B HoS Hag cnenmanpHBIM — KaTanin3aTopoM
BOCCTaHOBNIeHHsT (Ha ocHOBe OkcuaoB Co u Mo), KaTamu3upyoIeM Kak pPeakLuio
THOPOTEHU3ALNH, TaK U peakuuio ruaposms3a. [IpoaykT peakumu OXJakKAaroT B OalleHHOM
OXJIAZIUTEJIE TOCPEACTBOM LUPKYJSALMUN TapokoHneHcarta. HyS, monydeHHblii B peaxTope
THIPOT€HU3ALNH, U3BJIEKAIOT B AMHHOBOM IOTJIOTHTENIE C MOMOIIBI CIEIHATBHOTO BOJIHOTO
pacTBOpa aMHMHA U BO3BpAINAIOT B CeKUMio Kiayca n3 BepxHEW YacTH KOJIOHHBI pereHepariu
aMHHa, B KOTOPOH 00OTaIeHHBINH PaCTBOP OTTOHSIFOT.

OcraTouHplli a3 M3 aMHUHOBOIO IOTJIOTHTENS] HANPABISIOT B I€Yb TEPMHUYECKOTO
CKUraHus A okucieHus ocrarounoro HoS u npyrux coenunenuii cepel, Takux kak COS u CS;,
no SO, nepen BEIOpOcOM B aTMOChepy Hepe3 BbIICTCHHYIO IbIMOBYIO TPyOy.

OCHOBHBIMU HEOCTATKAMH TPAAMLIMOHHON ycTaHOBKU Kitayca sBISIIOTCS] HOTpeOHOCTD B
I'POMO3JKOM M AOPOTOCTOSIIIEM OOOPYIOBAaHMH NPH OYE€Hb HU3KOH SKOHOMUYECKOH HEHHOCTH
cepbl, HenpepbiBHbIE BBHIOpoCchl SOx (SO2 u SO;3), CO, COz, NOy, a Takxke cinenoB HpS B
atMocepy U  HENpPEpBIBHBIA mepedpoc BOmOpoma M3 CETH Ul BOCCTaHOBJICHHUS
TexHOJOrn4Yeckoro rasa B cekuuu TGT.

B HEKOTOpBIX yCTAaHOBKAaxX B MeCTaX, IIe BOAOPOA HENOCTYIIEH, HAIpUMep Ha ra3oBbIX
MECTOPOXKICHHUSAX, BOCCTAHOBUTENbHAsI Tra3oBasl CMECh T'€HEPHPYETCsi B  TeHeparope
BOCCTAHOBHUTEJIBHOTO Ta3a 3a CYeT CyOCTEeXHOMETPUYECKOTO CrOpaHusl TOIUIMBHOTO Tasa.
OCHOBHOW HENOCTATOK TaKOW AaJbTEPHATHUBHON KOH(UIYpalMM 3aKI0YaeTcsi B emme Oosee
I'POMO3IKOM MO pa3Mepy OOOpYIOBAHUHU MO CPABHEHHIO ¢ TPAAWULIMOHHON ycraHoBKoW Kiayca.
Jto olycnoBneno Ha 10-15% Oonee BBICOKMM pacxoIOM TEXHOJOTHYECKOTO rasza H3-3a
BBICOKMX KOJIMUECTB HHEPTHBIX BELIECTB (IJIABHBIM 00pa3oM a3oTa W3 BO3AyXa M BOIBI U

AUOKCHUIA yrjepoda U3 IMpouecca C)KI/IFaHI/Iﬂ), NOCTynaromux M3 Impouecca MnpAMOTOYHOTO



C)KMTaHMS TOTIJIMBHOTO rasa.

Kak ynomsinyto B pabote Clark, Catalysis Communications 5 (2004) 743—747, B oTpacnu
y’K€ JaBHO NBITAIOTCA pemuTh npodnemy ussnedeHus Hy w3z HoS. Clark pemaer sty 3amauy
MOCPENCTBOM YaCTHYHOro okucieHuss HaS Hax karanuzaropaMu Ha OCHOBE OKCHIA aJFOMHHHSL
Cunraercs, 9TO KIFOUEBbIM (PAKTOPOM TAaHHOTO MpoLecca SBISIETCS CTUMY LS peakiun HaS u
O2 ¢ obpa3oBaHueM BOIOPOA, BOIBI U CEPBI MPH KOHTPOJIUPYEMON TeMIIepaType ¢ MOMOIIBIO
BHEITHEH meun. 3aaua CHIKEeHUS BEIOPOCOB B aTMochepy He pelieHa.

B mpenbinymie roxbl ObUIO MPEIIOKEHBI HECKOJBKO albTEPHATHBHBIX IPOIECCOB,
OPHUEHTHPOBAHHBIX HA TEPMHUECKOE I KaTATUTHIECKOE YaCTHUHOe okucieHne HaS.

B marenrax CIIIA Ne 6,946,111 u 6,800,269, Brimanubix kommanuu Conoco Inc.,
onmcaHbl npoueccel yaaneHust HaS u3 mortoka rasa, conmepskamero HoS, B mepBoM 1 13 moToka
oTxozsIero rasa, oboramenHoro HaS, Bo BTOpoM, BKIIFOHANOINE MPUMEHEHHE OECIIIIaAMEHHOTO
peakTopa ¢ KOPOTKHM BPEMEHEM KOHTAKTa, 3alOJHEHHOTO MOIXOMALINM KaTaJH3aTOpOM IS
peakuuu yacTuuHOro okucieHust HaS ¢ oOpasoBanueM cepbl M BOJBI ¢ IPUMEHEHHUEM BO3yXa,
W 00OTaIeHHOTO BO3AyXa, WIH YUCTOrO Kuciopoaa ¢ cootHomenueMm HaS / O B Chipbe OKOJIO
2 : 1, c mocnenyrmuM NPUMEHEHHEM 30HbI OXJIAXKIEHHUs B KOHAeHcaTopa cepbl. OCHOBHAs LieJb
NEPBOTO MATEHTA 3aKJI0YAeTCsl B JeCyJb(UPOBAHUHM TIOTOKA ra3a, a OCHOBHAs IIeJIb BTOPOTO
NAaTeHTAa 3aKJIOYAaeTCs B MPENJIOKEHHHM pELICHHs, aJbTePHATHBHOTO TPAAHIMOHHOMY
TEPMHYECKOMY peakTopy B ycraHoBke Kiayca. O0a mareHTa OCHOBaHBI Ha KaTaJIUTUYECKOH
peaKLUN YaCTHYHOTO OKUCIIEHHS CEPOBOIOPOA KHUCIOPOIOM ¢ 0Opa30BaHUEM CEPhI U BOABI.

B marenrte CIIIA Ne 7,560,088, BeimanHoM kommanuu Conoco Phillips Company, onucan
npolece YAaJeHHs Cepbl U3 TIOTOKA rasa, cofepskamiero HaS, ¢ mOMOIbIO KOMITAKTHOM CUCTEMBI,
comeprKameil 30Hy 4aCTHYHOTO KaTAJIUTHYECKOTO OKHCICHHsS B OECIUIaMEHHOM pPeakTope ¢
KOPOTKMM BPEMEHEM KOHTAaKTa, 32 KOTOPOH CIEAyeT 30Ha C peryjupyeMoi TeMIepaTypow,
nepBas 30Ha KarajquThdeckol peakumu Kiayca, BTOpasi 30Ha peryjaupoOBaHHUsS TEMIIEPATYPBHI,
NEPBBII BBIXOA ISl CEPBI U MEPBBIH BBIXOA AJsl OTXOAsIero raza. OCHOBHOW LETBbIO TAHHOTO
NATeHTA SIBJIETCS TPEMJIOKEHHE pPEIIeHHs], aJlbTePHATUBHOIO TPAJUIMOHHON YCTaHOBKE
Krnayca, Ha OCHOBE YaCTHYHOIO KaTAJIUTHYECKOTO OKHCIEHHs CEpOBOAOPOAa ¢ 0Opa3oBaHHEM
Cephl U BOJBL

B marenre CIITA Ne 4,481,181, Beimannom kommannu GA Technologies Inc., omucan
nporecc yAaJeHHWs cepbl W H3BJCUEHHs BOAOPOJA M3 MOTOKa Trasa, copepskamero HoS,
CBSI3BIBAIOIIMH TepMUYECKOe dacTHuHOe okucieHue HpS ¢ oOpasoBanmeM cepbl U BOXBI H
TepMUUECKYI0 nuccounannio HaS Ha Bomopoa u cepy B OOHOHM PEAKLMOHHOUN 30HE, KOTOPOi
NPEAIIECTBYET CEKLUSI HarpeBa ChIpbsl M 32 KOTOPOH CIIEAYIOT 30HA OXJIAXKACHUS U KOHIEHCATOP

CEPbIL, C UCIMOJIB30BAHUEM YHUCTOI'O KUCIIOpOAA U 3HAYUTEJIBHOM JAOJIU a30Ta npu COOTHOLICHUN
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H>S / O B cbipbe B anamazone ot 10 : 1 mo 25 : 1. OCHOBHOM LIEJbIO JAHHOTO MATEHTA SIBJISIETCS
OCYILECTBJIEHUE TEPMUYECKOTO PA3JIOKEHUs CEPOBOJOPO/A MyTEM €ro YaCTUUYHOT'O OKUCJIEHUS U
JUCCOLIMALIMY Ha Cepy U BOAOPO.

B marenre WO02010/036941, BbimanHoM kommnanud Chevron US A Inc. wu
JIpeKcenbCckoMy YHUBEPCUTETY, OMHCAH Crocod MpoBeAeHus: TepMuueckoi auccounanmn HoS
npu Temneparype Huxke 1600°C ¢ ucnosib3oBaHHEeM B OJHOM BapUaHTE OCYLIECTBJIEHUS
panukanoB H u SH Han noaxoasiiium nijaasMeHHbIM KaTaau3aTOPOM.

Kpowme Toro, B marente Mramuu Ne 1 203 898, BernanHom kommnanuu Siirtec-Nigi, onucaH
npouecc, nonyunBmuii Hazeanue HCR, oCHOBaHHBII HAa MNPUMEHEHMHU TPAAULIHMOHHOTO
TepMuyeckoro peakropa Knayca nmpu sHemHoro 6onee BbicokoM cootHomeHnnd HzS / O B chipbe
s nmoanepxkanus cootHomennst HoS / SOz B octarounom rasze mpouecca Kiayca Ha ypoBHe
3HauuTeNbHO Bbie 2 : 1. OCHOBHOW LENBI0O MAHHOTO TMPOILECCa SIBJSIETCS YBEIHMUYCHHE
NPOM3BOJICTBA BOAOPOAA B TEPMHUUYECKOM PEAKTOpPe M MpeNoTBpalleHne nepedpoca BOAOpoaa B
cekuuto TGT. Kpome Toro, B ykasaHHOM TIpollecCe He ynaercss u30exaTh BBIOPOCOB W3
YCTaHOBKH JJIs1 U3BJICUEHUS CEPBIL.

W3 npuBeneHHOro BBIIIE OMUCAHUS OYEBUAHO, YTO B MPOIILJIOM HECKOJIBKO Pa3 MbITANUCH
npemiokuTh 3Q(HEeKTHBHYIO aNbTepHATHBY TPaguIMOHHON ycraHoBke Kiayca. B wacTHOCTH,
HEKOTOPBIC MPOLIECCHI, TIPeaiaraéMble Ha MPOTSLDKEHUH MHOTHX JIET, OCHOBAHbI HA TEPMUYECKOM
WIM KaTaJUTHYeCKOM YacTUYHOM okucieHun HoS, a HekoToprle apyrue mnpoueccsl
OPUEHTUPOBaHbl Ha TepMUYecKull unu karanutudeckudl kpekunr H;S. Hu B omHomM wu3
MPEJIOKEHHBIX MIPOLIECCOB HE IMperoaranach U He NMpeANpUHUMAlach MOMbITKA pealn3aluy
koHBepcuu HS B Bomopomg u cepy HaA TMOAXONAIIMM  KaTaJIU3aTOPOM, CIOCOOHBIM
OJTHOBPEMEHHO OJIaroNnpHATCTBOBATH OOEHM PEAKLIUSM.

B marenre WO0O2012/154041 ommcan cmoco0 MOJNy4YeHUs BOAOPOAA W3 TOTOKA rasa,
copepxamiero HoS, BrIIOUAIOMUNA KaTATUTUYECKUN OKUCIUTENbHBIM KPEKUHI TMOTOKAa rasa ¢
obpazoBanueM Hy u Sp. Llenpro onmucaHHOTO B HACTOSALIEM JOKYMEHTE M300pETEeHUs SIBISIETCS
peweHre mpoOseMbl BBIOPOCOB ra3a B aTMOC(epy ¢ OJHOBPEMEHHBIM IOJYYEHHEM LIEHHOTO
SKCIIOPTHOTO NMOTOKA BOJOPOAA.

IIpobnema ¢ morokamu rasa, comepxamumu HzS, KOTOpble pPEryisipHO MOAAIOT B
YCTAHOBKH MPOU3BOJACTBA CEPBI, 3aKIFOUAETCS B OHOBPEMEHHOM HAJIMYMH METaHa W/win Oosee
TSDKEJIBIX YIJIEBOJOPOAOB. B HacTHOCTH, METaH CKJIOHEH K KOHBEPCUHM B CEpHBbIE COECIUHEHUS,
takue kak CS; mn COS, 4TO HeKEeIaTeNbHO.

Hpyro#i npobiemMoii ¢ moTokaMu rasa, conepskamumu HyS, KoTopbie peryaspHO MOAaroT
B YCTAHOBKHU NMPOU3BOJICTBA CEPBI, SIBJIAECTCS OJHOBPEMEHHOE MPUCYTCTBHE aMMHaKa. AMMHAK,

KaK IpaBUJIO, KOHBEPTHUPYETCS Ha TepMuueckol cTanuu ycraHoBku Knayca. OpnHako
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TepMHUUECKass KOHBEPCHs aMMHaKa CBs3aHA C PUCKOM 00pasoBaHMs TBEPABIX COJIEH, TaKUX Kak
cynbQUAbI HIH CYyJb(pHUTbI aMMOHUS, B Pe3yJbTaTe HEMOJHOro cropanus. M3-3a 3Tux couneit
3aKyIMOPUBAIOTCS CaMble XOJIOIHbIE CeKLMH ycTaHOBKM Kiayca, B 4aCTHOCTH B KOHZIEHCATOpPax
cepbl. [l Haajexkalero CKUraHus amMMuaka HeoOXOAuMa TOMOTeHHash CMeCh aMMHaka |
BO3/yXa, a TaKKe BBICOKas Temrmeparypa rmiameHd. OpHako oOpa3oBaHHE OKCHIOB a30Ta
CIOCOOCTBYET OKHCIeHUIO anokcuaa cepbl, SO», no Tpuokcuna cepbl, SO3. 3aTeM KaTaiu3aTtop
Knayca craHOBUTCS CyJab(QHUPOBAaHHBIM, a XOJIOAHbIE Y4YaCTKU YCTAHOBKH TOJIBEPraroTCs
3aMETHOH KOPPO3HH.

B marenre W02014/073966 npennoskeH KaTajau3aTop, MPOSBISIIOIIUN aKTHBHOCTb U
CEeJIEKTUBHOCTb B OKHCJIUTENbHOM KpekuHre HS, B 4acTHOCTH mpuU OJHOBPEMEHHOM
npucyrctBuu NH3 w/mmu CHy, u B Gonee obmem ciiydae yriepoacoAep:Kailux COSHMHEHMI.
Karanuzatop comep:Kut Kejie30 U MOJUOEH Ha HOCUTENIE, COep KalleM aTIOMUHHMN, HapuMep
OKCHJI aJTFOMUHHUSL.

OnHako CHU)KEHHE CKJIOHHOCTU K CMIEKAaHHIO MPH BBICOKHX TEMIIepaTypax Mo-mpexkKHeMy
npencTaBisier coboil mpobieMy B 00JacTH KATAIUTUYECKOTO OKHCIHTEIBHOTO KPEeKHHTa
cepoBozopofa. B apyrom acmekte JKeaTeNbHO MOBBICUTh CTAOMJIBHOCTb KaTaU3aTopa,
HampuMep MyTeM CHW)KEHUs JaBJIEHHUs Mapa akTHUBHBIX (a3 MpPU BBICOKHX TeMIepaTtypax BO
BpeMsi KaTATUTHYECKOTO OKUCIUTEIbHOTO KPEeKUHra CepoBOOpOaa. B OTHOM MOMOJHUTETBHOM
acrekTe AJisi COOTBETCTBHs BCe 0Oojiee KECTKUM TpeOOBaHMSM pbIHKA K YCJIOBHSIM KOHLA
pabdouero nmkia (EOR) karanmuszaropa ocoOEHHO KenaTebHa OoJiee BhICOKAsi CTAOUIBHOCTh. B
3TOM CBsI3U 0COOEHHO 3(PPEKTUBHO CHIKEHNE KOHLIEHTPALIN aMMHAaKa Ha BBIXOJE U3 PEaKTopa.

Ecnu ynacrcst pemnth ogHy win 6ojiee U3 3THX HPOOJieM, KaTaiu3aTtop CTaHeT OoJjiee
CTaOMJIBHBIM TMPU BBICOKUX TEMIIEpaTypax MO CPAaBHEHHIO C OMHCAHHUEM B MPEALIECTBYIOLIEM
ypOBHE  TeXHUKH. B HEKOTOphIX  acmekTax  u3o0peTeHuss  Omarojaps  TakoMy
YCOBEPIIEHCTBOBAHHUIO TIOBBILIAETCS CTeneHb KoHBepcun H2S B mpouecce peakuuu. Kpome toro,
npu OoJiee BBICOKOI CTaOUIBHOCTH TP BBICOKUX TEMIIEPATYPAaX MOXKET TAaKKe BO3PACTATh CPOK
ciy:kObI KaTaInu3aropa.

B kauecTBe NOMOJHHUTENBbHOW MPEANOCBUIKA CO3[aHUsl M300peTeHHs JaHa CChLIKa Ha
nyonukanuio Jiratova ef al. Chinese Journal of Catalysis, volume 37, pages 258-267. Jto
OTHOCHUTCSl K THAPOAECYIbGYPHU3UPYIOLIeH aKTUBHOCTH Katannu3aTopoB NiMO, HaHeCEHHBIX Ha
MOJIyYSHHbIE MEXaHOXUMHYECKHM crocoboM cmernanHbie okcuapl Al-CE. B Hacrosiiiem
JNOKYMEHTE aKTUBHBIN MeTaJuT pencrasisier codoi NiMos.

UznoxkeHue CymHOCTH M300peTeH s

UroObl HammydmnM 00pa3oM peliuTh OAHY MM Oojiee M3 BBILIEYKA3aHHBIX 3a1a4, B

OJHOM acCIICKTE I/1306peTeHI/I$I NPEAJIONKEHA KAaTaJIUTHYECKAad KOMIIO3ULUA, NOAXOAAIIas dJId
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KaTaJUTUYECKOTO OKHCJIMTEIBbHOIO KpeKHMHIa I0ToKa Tras3a, coaepxkamiero HzS, mnpuuem
KaTaJIUTUYECKass KOMIIO3ULUSA COAEPKUT [0 MeHblLIel Mepe OAMH AaKTHUBHBIH MeTajll,
BbIOpaHHbIi W3 Tpymnbl, coctosmed u3 Fe, Co, Ni m ux koMOMHaIuii, Ha HOCHTEJE,
coaep KalleM AUOKCUJ LEepust U OKCUJ AJTIOMHUHHs, U MPEANOYTUTENBHO MPU YCIOBUH, YTO
aKTUBHBIA MeTaT He coaep kuT NiMos. DTO yCIIOBUE MPEANOYTHTENBHO ISl KATATUTUIECKOTO
NPOAYKTa KaK TAKOBOTO M HEOOs3aTENbHO JJIsl KAaTajJH3aTopa, MCIOJIBb3YeMOro B YCTAHOBKE B
croco0e TPOM3BOJACTBA BOJOPOJA, a TAKXKe ISl KaTaqu3aTopa, IOJYYEeHHOTO CrnocoOoM
MOJIyYeHUs] KaTanu3aropa, OMUCaHHbIM B HacToslleM JokyMmeHTe. Coaepikaluiics B yCTAHOBKE
KaTaJIM3aTop, HCIIOJNb3yeMbIii B CIIOCOO€ TPOM3BOACTBA BOAOPOAA WIHM TOJYyYEHHBIH B
COOTBETCTBUH CO CIIOCOOOM MOJIYYEHHUS KaTAIN3aTOPa, B HEKOTOPBIX BAPHAHTAX OCYIIECTBIICHUS
conepkuT NiMog, a B HEKOTOPBIX JPYTrUX BapHAHTaX OCYLIECTBIEHHUs oTiindaercst oT NiMos.

Hzo0pererne Take OTHOCHTCSI K CIIOCOOY IMPOM3BOACTBA BOAOPOAA M3 MOTOKA Tas3a,
cozepxatero HoS, BrurouarolemMy kaTaquTHUECKUM OKHUCIUTENbHBIM KPEKHUHI MOTOKAa rasa c
obpazoBanneM Hy m S;, mpuMeHeHHe KaTajam3aTtopa, COIAEpIKAlero Mo MEHbIIeH Mepe OAHMH
aKTUBHBIM MeTaJUl, BBIOPAHHBIN M3 TPYIIBI, COCTOSIIEH W3 JKene3a, KoOainbTa, HUKENS M UX
KOMOWHALIMHA, TPUYEeM YKa3aHHBbIH AKTHUBHBIH METaJJ HAHECEH Ha HOCHTENb, COACPIKALIH
JUOKCHJ LepHUsl U OKCUJ AJIFOMUHUS.

B npyrom acnekre KaTaJUTUYECKHE KOMITO3HULIMHM H300pPETeHUs] MOIXOAAT IS
KaTaJUTUYECKOTO OKHCIWUTENIBHOIO KpEKHHra IOTOKa rasa, coaepxkainero HiS, B cayuae
onHoBpemeHHoro npucytcTBusi NH3, w/mnu CHa, w/unu yranepoxpconepkamux coeanHeHui. B
elle oAHOM acrekre cofepskamuil HoS moTok MoXeT NOMOJHUTENBHO COAep:KaTh COEANHEHMS],
BbIOpaHHbie U3 rpymmbl, coctosimed u3 COS, RSH, HCN, Genzona, Tonyomna, STUIOEH30ja U
KCUJIOJIA.

B npyrom acnexTe m3o0pereHHe OTHOCHTCSA K CIIOCOOY MOJYYEHHUs! KaTajiu3aTropa, Kak
OTIPENIEJICHO BBIIIE WJIM KaK MPUMEHEHO B YKa3aHHOM Croco0e, BKIFOYAKLIeMy olecriedeHne
BOJHOTO pAacTBOpa TMpPENIIECTBEHHUKOB HHUKENs, BBIOPAHHBIX W3 TPYIIbL, COCTOSINEH U3
TeTpakapOOHMJIA HUKEJS, HUTPATOB HUKEJS, OPOMUAOB HHKEIS, XJIOPUAOB HUKENS, (PTOPHIOB
HuKens, GocdaroB HUKENA, Cyab(paTOB HHUKENS, alleTHIALETOHATOB HUKEJS, alleTaTOB HUKEI,
(byMapaToB HUKENs, TJIIOKOHATOB HHKEJS, LUTPATOB HUKENs, OEH30aTOB HHKEINs, MajeaToB
HUKeJIs, OKCAJIaTOB HUKEJIS, 0JIEaTOB HUKEsS, CTeApaTOB HUKEJIS, KOMILUIEKCOB HUKEI-aMMOHHS,
TeTpakapOOHMIIA JKeye3a, TIeHTakapOOHMIIA JKeyle3a, HOHAKapOOHMIIA JKeJie3a, HUTPATOB XKele3a,
OpOMUIOB 3Keje3a, XJIOPHUIOB Kene3a, GTopunos xkejesa, pocdaros xenesa, CynbhaToB Kenesa,
alleTHJIAIIETOHATOB Kejle3a, aleTaToB keje3a, (yMapaToB Kene3a, TIJIIOKOHATOB KeNesa,
LIUTPATOB JKejle3a, OEH30aTOB JKeje3a, MaJeaToB JKejle3a, OKCAJaTOB JKeje3a, OJIeaTOB JKelesa,

CTE€ApaTOB XKEJIC3a, CTCApaTOB XKEJIC3a, CTCAPATOB KEJIE3a, KOMILICKCOB XKEJIC3a-aMMOHMA,
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TeTpakapOoHmIa kobanbpTa, MeHTakapOoHMIAa koOanabTa, HOHakapOOHHMJA KOOAIbTa, HUTPATOB
kobanbTa, OpOMUIOB KOOAbTa, XJIIOPHUIOB KobanmbTa, Gropunos kobansra, PochaTros kobanbTa,
cynbdaroB kobanbTa, aleTUIALIETOHATOB KOOANbTa, aleraToB kKodanbTa, pymaparoB kobambTa,
[IIOKOHATOB KOOanbTa, LUTPATOB KoOajgbTa, OEH30aTOB KOOaibTa, MajearoB KoOaibTa,
OKCaiaToB KoOaybTa, OJieaToB KoOajbTa, CTeapaToB KoOajbTa W KOMIUIEKCOB KOOaibTa-
AMMOHUSI.

B eme oAHOM JOMOJHHUTEIHPHOM acCleKTe B HM300peTeHHH TMPENJIOKEH Crocod
MPOU3BOJICTBA BOJAOPOIA M3 MOTOKA rasa, coxepskamero HoS u neobszarensno NH; n/umn CHy,
BKJTIOYAIOIIUI KaTaJUTHUYECKUN OKUCIUTENBHBIA KPEKUHT IMOTOKA ra3a ¢ oopasosanueMm Hy u S;
C IPUMEHEHHEM KaTaIN3aTopa, KaK OMpeneIeHO BhIIIe.

HNzobpereHne Takke OTHOCHTCS K YCTAHOBKE, TOAXOASINEH JUIsl TPOBEICHUS
KaTaJIUTHYECKOTO OKHUCJIMTENLHOTO KpeKWHra IOTOKa Tasza, coaep:kamero H»rS, mnpuduem
yKa3aHHAas YCTAaHOBKA COAEPIKUT BXOJ JUIS MMOTOKA KHCIIOTO Tasa, comepskamero HoS, Bxon ans
CoZlepsKaIero KHUCIOPOJ TOTOKA U PEAKIMOHHYI0 30HY KATAJIHTUYECKOTO OKHUCIHTETHHOTO
KPEKUHTa, CONEPIKAIIYI0 KATaTUTHUYECKUI MaTepHual, MOAXOASIIUN IJIsi YACTUYHOTO OKUCIICHUS
u  KkpekuHra H)S, mnpuueM KkaTaiuTHUECKHMI MaTepuan CONEPKUT OIWH WM Oojee
KaTaJIN3aTOPOB, COAEPIKAIIMX IO MEHbIIEH Mepe OOUH aKTHUBHBIH MeETayul, BBIOPAHHBIN W3
rpymibl, coctosimed u3 Fe, Co, Ni u nux koMOMHAIWI, HAHECEHHBIX HA HOCUTEJb, COAEp KAl
OUOKCHUJ LIePUsSl U OKCUI ATIOMHHUS, TMPUYEM KaTaIu3aTop MPeNroOYTUTEIbHO COOTBETCTBYET
MPUBEIEHHOMY BBIIIIE OTIPEACIICHUIO.

Kpatkoe onrcanue rpaduyeckiux MaTepUajoB

Ha ¢ur. 1 cxemMaTu4HO TmpencTaBjieH TpUMEP YCTAHOBKU B COOTBETCTBUH C
n300peTeHneM.

ITonpoOHOe onucanne N300peTEHHS

HN3obpereHne B IUPOKOM CMBICIIE OCHOBAHO Ha PACIO3HABAHUY Pa3yMHON KOMOWHAIUU
MO MEHbIIEH Mepe OJHOTO KATAJIUTUYECKH AaKTUBHOTO MeTajla, BBIOPAHHOTO W3 TPYIIIHL,
cocrosimeit u3 Hukens (Ni), xkenesa (Fe), kodansra (Co) u ux cMeceli, HAHECEHHBIX HA HOCUTEb,
comepsKamui IUOKCUA Lepusi W OKCHUA amoMuHMs. KaramuThueckas KOMITO3UIIUS
MPEINOYTUTEIBHO conmepskuT Ni, Oojiee MPEANOYTUTENIbHO AKTUBHBIA METaJl MPEACTABIISET
coboit Ni, T.e. eQUHCTBEHHbIM AKTUBHBIM METAJIJIOM SIBJISLIICS HUKEIh B JIFOOOI IMOIXOsINEi
dbopme, Takoi Kak Cyab(u.

Hocurens, comep:kamuii ITUOKCUA LEpUs U OKCHI ATFOMUHUS, MPEATIOJIONKUTEIBHO
CHW)KAaeT CKJIOHHOCTh K croekaHuro. HeoxunmaHHO ObUIO OOHApPY:KEHO, YTO KOMITO3HMIIUU
U300peTeHnst CIOCOOCTBYIOT CHIDKEHHMIO JaBJIEHUST TapoB aKTUBHOH (asel, comep:kaimeit

AKTUBHBIH METaJUl, TPENNOYTUTENbHO B (opMe ero cyiabpuma, MpH >KENAeMbIX YCIOBHUIX
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peakunu. be3 orpaHuueHW, HaKJIAABIBAEMBIX KaKOH-TMOO TEOpHUEH, NOJararoT, 4TO IpH
CHIDKEHUHM CKJIOHHOCTH K CIIEKaHWIO W/WJIM CHIDKEHHU JaBJICHUS IapOB AaKTHBHOW (ha3bl
yIIyUIIaeTCsl TEPMOCTA0MIBHOCT. B CBOIO oOudepenp MosararoT, 4To Ipu Oosiee BBICOKOM
TEPMOCTAOMJIBHOCTH YIyYINAeTCs KaTamuTHyeckass 3(pQeKTHBHOCTb, MOCKOJBKY MOTYT OBITh
obecrieueHbl 0Oojiee BBICOKME CTerneHH KoHBepcuu. Kpome Toro, mpu Oosiee BBICOKOU
TEPMOCTaOMIIBHOCTH TAK)KE BO3PACTAET CPOK CIYKOBI KATAIH3aTOPOB.

B npyrom acrekte KaTanu3aToOpbl M300pPETEHHsT CUUTAIOTCS MPEHMYLIECTBEHHBIMH C
TOYKH 3pEHHs YCIOBUH KoHLA pabodero mmkna. Ilo cpaBHeHMIO € paHee ONMHMCAHHBIMU
KaTanu3aTopamy, padoTAIOIIMMHU B TEYCHHE AHAJOTHYHOTO IMEPHOAA BPEMEHH, C IOMOIIBIO
KaTaJIN3aTOPOB U300PETEHNSI MOYKHO CHIDKATh KOHIIGHTPALUIO aMMHAaKa Ha BBIXOJE U3 PEaKTopa.
Unn B anbpTepHAaTUBHOM BAapUAHTE OCYLIECTBJIEHUS, B KOTOPOM HCHOJB3YIOT Ty IKe
KOHIICHTPALMIO aMMHaKa, MOJYYEHHYI0 C HCIOJIb30BAHUEM PaHEE OMHCAHHBIX KaTaIU3aTOPOB,
HOBBIE KAaTaJIM3aTOPbl COXPAHSIOT CTAOWJIBHOCTb B TeueHHe OoJjiee TUTENBHOrO IepHOAa
BPEMEHH.

Crnenyer moHMMaTh, YTO TEPMHH KHAHECEHHBIN HA HOCHTENb KaTaJIU3aTOP» OTHOCHUTCS K
KaTAJINTHUECKON KOMITO3ULINH, CONeprKalleld KaTaIUTHUYECKH aKTUBHYIO 4acTb (T.€. YaCTHIBI,
KOTOpBbIE OO aKTHUBHBI, JHOO KOHBEPTHUPOBAHBI B aKTUBHYIO a3y in Sift) M KaTaIUTUYECKU
HEaKTHBHYIO YaCTb, NPUYEM KATAJUTHYECKH HEAKTHBHAS YacTh (HOCHUTENb) MO CYLIECTBY
cocTaBisier OOJNIBIIYIO 4YacTh KaTaau3aTopa. OJTO OTJIMYAeT HAHECEHHbI Ha HOCHTENb
KaTaJIN3aTOP OT HACBHIITHOTO KaTaJIM3aTopa, B KOTOPOM KaTaJIUTHYECKH HEAKTUBHAS YaCTh, KaK
NpaBUJIO, HE3Ha4YnTeNbHAa. TakuM oOpa3oM, B HAaHECEHHOM Ha HOCUTENb KaTalh3aTope
KaTAIUTHYECKH HEaKTHBHAs YacTh OObIMHO cocraBisier Oosee 50 mac.% KaTalIUTHUECKOU
komnosuumu. Hocurens mpemnoururensHO — cocraBimsier  Oonmee 60  wmac%, Oonee
npeanouytutensHo Oomee 70 mac.% u Hambonee mpeamoututenbHo Oonee 80 mac.% Bcer
KaTAJIUTHYECKON KOMIO3ULIMK. B HEKOTOPBHIX BapHaHTaX OCYIIECTBJICHUS HOCUTENb COCTABIISIET
He Oosee 90 Mac.% Bceil KOMITO3UIMH, OoJiee MPENmoYTUTEIHHO He Oosiee 87 mac.%, Hanboee
NPeAnoYTUTENBHO He Ooee 83 mac.%.

Karanutudecku akTHBHAS YacTh KATAIUTHYECKON KOMIO3ULIUU COAEPIKHUT IO MEHbLIEH
Mepe onuH 3jieMeHT 4 mepuona rpynnsl VIIIB. B wactHOCTH, akTHBHBIA MeTajul BBIOpaH U3
rpynmel, cocrosimeit u3 Fe, Co m Ni. Merann, kak NmpaBHJIO, NMPUCYTCTBYET B BHUIE YACTHII,
IUCTIEPTUPOBAHHBIX HA HOCHTENIE, B KOJHYECTBE MO MeHbluer mepe 1 mac.% u obbraro a0 50
mac.% karanutudeckoil xkommosunmu. Hocutens comepkut okcup amomuHus, T.e. (ALOs).
Oxcun aTrOMUHHS MOXKET MPECTABISATh COOOH, HampuMep, anbda-, TeTa- U raMMa-TIHHO3EM.
Kpowme Toro, Hocurens coaepxkut quokcun uepus (CeOy).

Hocurens 00bIYHO COACPKUT OHUOKCHI LEPHUA W OKCUA aJllOMUHHA B MaCCOBOM
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Macca JUOKCHAA L epHA

x 100%
COOTHOLIEHUH nist uepust (T.e. MACCA AHOKCHIA EpUs + MAcca OKCU/AA alOMHHKA )

ot 2% 1o 50%, mpeArnouTUTENBLHO B COOTHOIIEHUH OT 5% 1o 40%, Gonee mpeanoYTHTENbHO OT
10% no 30%.

Karanutudecku akTHBHBIA MeTa B (opMe ero Cyiab(uaa NpuCyTCTBYET B KOMITO3ULIIH
KaTaqu3aTtopa, Kak mpaBujo, B auanazone oT 1 mo 40 mac.%, npeanoururensHo ot 3 ao 35
mac.%, Oonee mpeamouTutenbHo oT 5 10 30 mac.%, Hanboyee MPEANOYTUTENBHO OT 8 10 25
mac.%, Hanpumep 17 mac.% 1o cpaBHEHUIO ¢ OOIIeHd MacCOW KaTaJUTHYECKONW KOMIIO3WIIWH,
KOTJla KaTaju3aTop MPHUCYTCTBYET B BHUIE IMOPOIIKA, WJIM MO CPaBHEHUIO C oOmell maccoi
KaTaJUTUYECKOTO CJIOs, KOTJa KaTajlu3aTop COAEPKUT MEXaHUYECKYIO MOJIONKKY.

B HexoTOpbIX BapHaHTax OCYLIECTBJIEHUs B COOTBETCTBYIOIIYIO PEAKLIMOHHYIO KaMepy
MOJKHO 3arpy3uTh HECYJIb(QUIMPOBAHHBIA KaTalu3aTOp, a AaKTUBHBIH METAUI MOJKHO
Cynb(pUINPOBATE MyTEM BBIIEPKUBAHHSI KaTAIN3aTOPa B MIOTOKE Ta3a, MOJeKariero oopadoTke,
B T€UYEHHUE OIPEIEIEHHOTO BPEMEHH, IPEAIIOUTUTEIBHO OT 3 10 12 "acos, 4yToOb! CynbhUpOBaThH
AKTHUBHBIN MeTaJll U aKTHBUPOBATh KaTalu3aTop.

Karanuzatop MOXXeT COCTOSTb MO CYILECTBY M3 KATAIUTUYECKON KOMIIO3ULIUH, T.€.
HOCUTEJIS, COAep Kallero OKCUJ altOMUHUS U AUOKCUJ LEpUsl, a TAKKe COJeprKalllerocsi B HeM
aKTUBHOTO MeTajula. B TakoM ciydae Karanu3atop MO CYIIECTBY OyJeT HaXOAWThCS B
COOTBETCTBYIOLIEH (opme, HarpuMep mopoinka, chep win rpaHys. KaramuzaTop MoxkeT Takxke
KpOMe KaTaJUTHYEeCKONH KOMIIO3MLIMH, COJep’Kallled HOCHUTeIb WU MOAJOXKKY U aKTUBHbIE
MeETaJJIbl, COJIeP>KaTh MEXaHUYECKYIO HECYILYIO KOHCTPYKLIUIO, T.€. TOAJIOXKKY.

Cnenyer mnoHMMaTb, 4TO Takas IOAJIOKKA HE COCTaBJAE€T 4YacTh KaTaJUTHYECKON
KOMITIO3ULIMH, KaK ONpEIENEHO BbIllle, HO sBJseTcs AomnojHeHueM k Hel. Iloanoskka Mosker
NPEACTaBIATH COOOH MO0V CTPYKTYPY, U3BECTHYIO B JAHHOHM OOJIACTH TEXHUKHU KaK MOJIOKKA
IUIS KaTajJu3aTopoB. B OMHOM BapHMaHTe OCYIIECTBIIEHHSI HACTOSIErO M300pETEHUs! MOJIOKKA
MOJKET HaXOAUThCs B popMe MUKpocdep, mesuteT, cep, MOHOJIUTA C COTOBON CTPYKTYPOH MU
NEHOMATEePHAJIOB C OTKPBITBIMU stueiikamu. IToanorxka Moxer ObITh C(OPMHUpPOBAHA U3 OKCHIA
ANFOMUHUS, AHOKCUIA KPEMHISI, TUOKCHIA KPEMHHS, AHOKCUIA TUTaHA, UX CMeCel WM JIoOoro
APYroro MOAXOSIIEro MaTepuaia, JOCTYITHOTO B 00JaCTH KaTATUTHUECKUX TOJIOMKEK.

Ecmm KaTaanu3aTop COACPKUT  TMOAJIONKKY, Ha  HEC KaxKk TIIpaBUIIO, HaHOCAT

2
KATAJIUTUYICCKYI0 KOMIIO3UIHUK), COCTOALNYHO K3 OKCHUAA AJIOMHUHHUA, AUOKCHUIAA LEPHUA U IO
MeHbII et MEpPE OAHOT'O aKTUBHOI'O METAJIJIA, KaK OMPEACIICHO BBILIC.

B NPEATIOUTUTCIIBHOM BAaPHAHTE OCYILICCTBICHUA KaTAJIUTUYCCKU AKTHUBHBIM MeETajl

HaxonuTcs B (popMme ero cynbpuna. Hanpumep, HUKeTb MPEANIOUTUTENBHO HAXOAUTCSA B (opMe

Cyabhuaa HUKENS, JKeJie30 MPeNnovTUTEIBHO HaXoauTcs B GopMe cynbduna xejesa, a KodambT
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MPEINOYTUTEHHO HAXOAUTCS B (hopMe Cybdpuaa kodajbTa.

Karanutuyeckass KkOMMIO3uLMs H300peTeHHss MOKET ObITh MOJIydeHa CIOCoOOM,
U3BECTHBIM CIELMAINUCTY B NAaHHOH oOnactu TexHuku. [IpuBemeHa ccbuUika, HampuMep Ha
nyonmukarnuio Catalyst Handbook, M. V. Twigg (Ed.), Wolfe Publishing Ltd, 1989, a Ttakxkxe Ha
nyonukanuio Structured Catalysts And Reactors, A. Cybulski and J.A. Moulijn (Eds.), Marcel
Dekker Inc., 1998 — rnasa 21 (Transformation of a structured carrier into structured catalyst —
TpaHcopMaLHsi CTPYKTYPHPOBAHHOTO HOCHUTENsS] B CTPYKTYPHUPOBAHHBIM KaTalu3aTop), CTp.
599-615.

Haubonee noaxonsiimuM crocoO0OM MOJy4YaroT BOAHBIA pPAcTBOP MPEIIIECTBEHHHKA H
IMCIIEPTUPYIOT 3TOT pAacTBOp Ha MaTepuanq HocuTens. [lpumepbl HHUKEIbCOAEPIKALIMX
NPEAIeCTBEHHUKOB MPEACTABISIIOT COOOI HEOpraHuueckre M OPraHUYEeCKHUe COJIM HHUKEJs,
XeJaaTbl HHUKEJs, KJIAacTepbl HHKENs, TUAPOKCUABI U OKCUTUAPOKCHABI HHUKENs W
METaJIOOPraHMYeCKHe KOMIUIEKChl HHKens. [lpuMmepamMu TakuX COEIUHEHHH SIBJISIOTCS
TeTpakapOOHHUJ HUKENs, HUTPATbl HHUKeJs, OPOMHIbI HHKEJsl, XJOPUAbI HUKeNs, (TOPHUIbI
HuKkessi, ¢ochaTbl HUKENsA, Cyab(aThl HUKENs, ALETUIALETOHAThl HHUKEJsl, aleTaTbl HUKEJS,
(bymapatbl HUKeJsI, TIFOKOHATBI HUKEJIS, IUTPAThl HUKEJs, OEH30aThl HUKEJIsI, MaJieaThl HUKEJIS,
OKCaJIaThl HHMKEJs, OJieaTbl HUKEJs, CTeapaThl HUKEJs, KOMIUIEKChl HUKeIs-aMMOHHs U T.M. B
OJHOM acCreKTe MpeIIeCTBEHHUKN KaTaJn3aTopa CONEp:KaT MO MEHbIIeH Mepe OJWH MeTaul,
BbIOpaHHbIi 13 rpymnmel, cocrosmeii n3 Ni(0), Ni(I), Ni(I), Ni(III) u Ni(IV). IlpennoururensHo
npumensitoT  Ni(II).  Ilpumepamu  skene3ocomepKaiux  NPEAMIECTBEHHUKOB  SIBJSIFOTCS
HEOpraHW4eCcKHe U OPraHHYEeCKHUE COJIU JKeJe3a, XeNlaThl JKesie3a, KJacTephl XKeJie3a, THAPOKCHIbI
U OKCHIHIPOKCHIBI KeJie3a, a TaK)ke METaJUIOOPraHu4YeCKHe KOMILIEKCHI skene3a. [IpumepaMu
TAKUX COENUHEHHH SIBIISTFOTCS TETPakapOOHMII JkeJie3a, TeHTaKapOOHUII JKejne3a, HOHAKapOOHHMI
JKele3a, HUTPAThl JKeyne3a, OpOMHIbI jKeJe3a, XJIOpHIbl skene3a, (gropuasl xenesa, (ocdars
JKeJesa, CyJab(arhl jKene3a, aleTHUNAleTOHAThl JKejie3a, aleraThl JKeje3a, (QymapaThl skenesa,
TJIFOKOHATBI JKeje3a, LUTPAThI JKejie3a, OeH30aThl KeJie3a, MajeaThl JKeye3a, OKCalaThl jKeesa,
OJieaThl jKeje3a, CTeapaThl jKejie3a, cTeaparhbl jKejie3a, CTeaparhbl »Kejie3a, KOMILIEKChI jKeje3a-
aMMOHHMS U T.Nl. B ONHOM acrekTe MpenIIeCTBeHHHKH KaTajn3aTopa COIep:KaT MO MEeHbLuei
Mepe OIMH MeTajul, BeiOpaHHbIi u3 rpynmsl, cocrosimeit u3z Fe(0), Fe(I), Fe(Il), Fe(Ill), Fe(IV),
Fe(V), Fe(VI) u Fe(VII). IlpennouturensHo ucnonb3oBatk Fe(ll) w/umm Fe(Ill). Tlpumepamu
KOOANBTCOAEPIKAINX MPEIIIECTBEHHHKOB SBJISIOTCS HEOPraHUYeCKHe U OPraHMYeCKHe COJIU
koOasbTa, XenaTbl KoOaibTa, KiacTepbl KOOanbTa, THIPOKCHIBI M OKCUTHAPOKCHABI KOOAIbTa U
MeTaJIOOPraHMYeCKhe KOMIUIeKChl KoOanbTa. [lpuMepamMu TakuX COEIMHEHUH SIBJISIOTCS
TeTpakapOoOHMT KoOanbTa, mNeHTakapOOHWIT KkoDajabTa, HOHAKAPOOHMJ KOOAdbTa, HUTPATHI

kobanpra, OpoMuael koOadbTa, XJIOPUAbI KoOanbTa, (gropuael kobanbra, Gocharer kobanbTa,
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cynbdarbl koOanbTa, aLETHJIAETOHAThI KOOambTa, aneraTel koOaibra, (ymapaTel KoOambTa,
[JIFOKOHATHI KOOANIbTa, LIUTPAThI KOOaNbTa, OEH30aThl KOOaAIbTa, MajieaThl KOOAIbTa, OKCAAThI
koOanbTa, oJieaThl KOOanbTa, CTeapaThl KoOandbTa M KOMILUIEKCHI KoOajapTa W T.M. B omgHOM
acrmeKkTe MpeAlleCTBEeHHUKH KaTalu3aTopa coAep)kaT [0 MeHblled Mepe OAuH MeTalll,
BbIOpanHblid w3 rpynmsl, coctosmed u3 Co(0), Co(I), Co(Il), Co(Ill), Co(IV) u Co(V).
[IpennouturensHo  mcronp3oBate  Co(Il).  IlpenmmmecTBeHHWKH — KaTaiu3aTtopa  MOTYT
JOTIOJIHUTENIbHO COJIEPKaTh OpraHUYeCcKUe JIMTaH[bl WM aHUOHbI, TaKHe Kak aleraT, LIUTpar,
OHATA (srunenmuamunTerpaanerar) win NTA (HUTpUIOTpUALIETAT).

B nHanbonee mpeamoOYTUTENHHOM BapHaHTE OCYILIECTBICHHWS HOCHTEIb CHadaja
MPOKAIMBAIOT, a 3aTeM I[PONMUTHIBAIOT PpacTBOPOM IMpeAallecTBeHHUKa. IlpokanuBaHue
NPEANOYTUTENBHO BBIMOJHAOT MpH Temreparype Boite 700°C, Hojee npeaArnodTUTeNTbHO — MO
meHbinelt mepe 750°C, eme Oonee mpenmoututrenbHo — B auanasone 750-1100°C, naubonee
npeanouTuTenbHo — B auanazone 900—-1100°C. IlpoaomkuTenbHOCTD Mpoliecca MPOKaInBaHUs
MIPU KEJNaeMOU TeMIlepaType MPEeANOUYTUTENbHO HaxoauTcs B auanaszoHe oT 10 go 30 4acos,
Oonee mpenmouTHUTeNPHO — B auamna3oHe oT 13 mo 30 wacos. Ilpomecc npoxamuBaHUS
MPEANOYTUTENBHO NPOBOAIT B M30TEPMHUYECKUX ychaoBusX. IIpokanuBaHue NpeArnoyYTUTEIbHO
OCYLIECTBIIIIOT B MNPUCYTCTBUHM KHCJIOpOAa, Oojee mpenmouTuTenbHO Ha Bosayxe. [locne
MPOKAJIMBAaHUsl HA MPOKAJIEHHBIM HOCUTENb HAHOCSAT KaTajJu3aTop M3 aKTUBHOIO MeTajla, Kak
onmcaHo Bbime. Hampumep, MOKHO HPUMEHSATH CHOCOO BIAKHOW MPONMTKH MM OCAKICHHE
KaTAIUTHYECKOTO MeTayjja. be3 orpaHudYeHuil, HaKIagblBaEMBbIX KaKOH-IMOO Teopuei,
CUMTAETCS, YTO C IOMOINBI0 OIMCAHHOTO BBIIIE MPOKAIMBAHUS MOXHO CTaOWMIM3HPOBATH
CTPYKTYpy Karanuszaropa. Takum oOpa3oMm, MOJTyUYEHHBIH KaTaau3aTop 0COOEHHO MOAXOIUT IS
BBICOKMX TemmepaTyp, Hampumep 1100°C, npumeHsieMbIX B KaTaJIUTUYECKOM OKHCIUTEIbHOM
KpekuHre. B 1aHHOM BapuaHTe OCYIIECTBJIEHMs Ba)XHO CHaudaja [POBECTH CTaAMIO
NPOKAJIMBAHUS JJIsI TOJNy4YeHHs] CTAOMIM3UPOBAHHOTO HOCHUTENS, a 3aTeéM HAaHECTH Ha Hee
KaTanmuTHueckuil Metayul. IlojararoT, 4To €ciu MpOBECTH MPOLEAYpPy B OOpaTHOM MOPSAKE,
KaTAJIUTHYECKAs] CTPYKTYpa MOXKET M3MEHHTBHCS TAKUM OOpa3OM, YTO KATAIUTHYECKUI MeTasul
OymeT HeOCTYIEH sl KaTAJTUTUIECKOH PEeaKIny.

ITocne ocaxkneHWst akTUBHOH (pasbl MPEANIOUTHUTENHHO BBIMOJHSIOT APYTYIO CTaIUIO
npokanuBaHus. B HEKOTOpBIX acmeKkTax 3Ty JOMOJHHUTENbHYIO CTAJUI0 MPOKAJUBAHUS MOXKHO
NPOBOJUTH B T€X )K€ YCJIOBHAX M B COOTBETCTBUU C TE€MH K€ MPOLEAYPaMH, KOTOpPbIe ObUIH
YIOMSIHYTBI BbILIE JUIsl IEPBO CTAANM MPOKAIUBAHUS.

Hzo0peTerne NOMOJHUTENPHO OTHOCHTCS K CIIOCOOY MPOM3BOACTBA BOAOPOAA U3 TIOTOKA
rasa, cogepxainero HxS, BkiIrodaromeMy KaTaJUTHYECKUM OKMCIUTENbHBIM KPEKUHI TMOTOKA

rasa c oopasosanueM H; u Sy, ¢ moMoInbro katanu3aTopa, Kak ONpEAeNeHoO BhILIE.
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Cnenyer NOgUYepPKHYTh, UTO KaTAIUTUYECKUI OKUCIUTENbHBIN KPEKUHT B COOTBETCTBUHU C
S5TUM AacCMeKTOM H300peTeHHs] TPEeACTaBiIsieT CcOOOW NPUHUMITHMAIBHO WMHOW TpoLecc,
OTIMYAIOIIUNICA KAk OT TEPMHUYECKOM CTaauu, TaK W OT KAaTaJUTUYeCKON CTaguu
cyuiecTByroero mnponecca Knayca. B cooTBercTBUM € BBIIEYIOMSHYTHIMH YpPaBHEHUSAMU
peaxiuu (1)—(5) nponeccsl Knayca HampaBiieHbl Ha TOBEACHHE BhILIEYKa3aHHOW peakuuu (3) 1o
NPAaKTUYECKU TMIOJIHOTO 3aBepuieHus. Hacrosimee u300peTeHHe OCHOBAHO Ha PasyMHOM
npeacTaBieHnd 00 oOecrieuyeHnH MpoLecca, OCHOBAHHOTO Ha MOOOYHBIX peakuusx (4) u (5), u
CTUMYJMPOBAHUHU 3THX peakLuil AN MPOU3BOJCTBA BOAOPOJA U cepbl u3 copaepxkaiero HiS
MOTOKA rasa.

IIpouecc n300peTeHNs TakKe MPUHLIUIHAIBHO OTIMYAETCS OT HEOABHHUX IPEAJIOKEHHH
Clark et al. Ccpuikn Ha myOaMKamuy 3THX aBTOPOB OCHOBAHBI HA TEOPHH IMPSIMOTO OKHCIICHUS
H»S ¢ obpaszoBannem Bonmoposa, BoabI U cepbl. 1Ipu monydeHHONH KOHBEPCUH MOXKHO HE TOJIBKO
u3bexxate obpasosanuss SOz, HO M ynydmuTh Tpouecc koHBepcun HoS m ogHOBpEeMeHHOro
MPOU3BOACTBA cephl U Hy.

B HacTosimem n300peTeHrn CTaaus KaTaIuTHIeCcKoro okuciauteapbHoro kpekunra (COC)
3aMEHSIeT TEPMHUUYECKYIO CTaauio mporecca Knayca u/mnm kak TEpMUUECKYIO CTAAHIO MpoLecca
Knayca, tak wm karanutudeckue cragum mnpouecca Kimayca. Takum oOpasom, mporecc
n300pereHus 6IaronpusaTCTBYeT Aucconrauny HaS v yacTHIHOMY OKHCIIEHHIO BMECTO TMOJHOTO
okucneHnst U peakunun Kmayca. OnHako He HCKIroHaercs A00aBIEHHE TEPMHUYECKOW CTaauU
nporecca Kiayca w/unu kartanutuueckoit cranuu npouecca Kiayca nocne cragun COC.

Karanutudeckuil OKMCIUTEIbHBIN KPEKHHT MTPOBOIAT B OJHON MM O0Jiee peakMOHHBIX
30HAX, MPEANOYTUTENBHO pACHOJIOKEHHBIX B OJHOM pPEakUMOHHON kamepe. B Tekcre
HACTOSIIIErO JOKYMEHTa TEPMHUH «KaMepa» MOXKET OTHOCHUTBhCS K OJHOW wuim Oojee
pEaKUMOHHBIM 30HaM. PeakuMOoHHYIO Kamepy ONpenessiioT Kak o0beM peakropa ¢
HeoO0s13aTeNIbHBIM CJI0EM KaTanu3aTopa. B omHON peakuMOHHOH KaMepe HaXOAUTCS TOJbKO OIUH
Tun  Karanuzatopa. Kak mpaBuno, peakUuMOHHAas Kamepa SIBISETCS IO CYLIECTBY
LUIMHIPUYECKON, a MOTOK peareHTa JBUXKETCS B OCEBOM HarpasieHud. Eciau peakiuoHHas
KaMepa COJEp>KUT CJION KaTajlu3aTopa, B OCEBOM HaIIpaBJEHMM IOTOKA ra3a MOKET MpPOTeKaThb
onHa wiau Ooyiee peaknwii. B BapuaHTe OCyIIECTBIECHUS, B KOTOPOM MpOTeKaeT Oojiee OTHOMU
peakuuy, TpoQIIIb PEAKIHOHHOW KOHBEPCHUH IJIsl OOHOH peakIuu MOXKET OTIHYaThCs OT
npodwrsa s apyroii peakyu. MHbIME ClioBaMH, OJTHA PeaKLMs MOXET MPOTEeKaTh, HAPHMED,
IPEUMYIIECTBEHHO B Hadaje CJIOos KaTalu3aTtopa, a JApyras peakuus, HalpuMep, MOKEeT
MPOTEKaTh MO BCEH JUIMHE CJIOS KaTalu3aTropa.

Uzo0pererne NpemaocTaBiseT CHENUATUCTy B AaHHOH oOjmacth OOBSCHEHHe, Kak

NPOBOIUTH BBILIEYNOMsAHYTbIe peakuuu (4) u (5). bnaromapst ¢akrty, 9r0 mNOTOK Tasa
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MOJIBEPratOT KATAJIUTUYECKOMY OKHCIUTEIBHOMY KPEKHHTY, CIELHAUCT B NaHHOH obmactu
YEeTKO MOHUMAET, KaK OCYLIECTBJISITh 3TOT MpoLiece.

Kak mnpaBuino, xaramuzatop OydeT TpaguLMOHHBIM OOpa3oM oOecredeH B Clioe
KaTaJIn3aTopa, HaJl KOTOPBIM MPOMYCKAETCs MTOTOK OYHINAEMOro rasa. BeiOop THIOB ClIOEB U UX
00BEMOB TIPSIMO COOTBETCTBYET KOMIIETEHIMHU OOBIYHOTO CHEHaNCTa B TaHHOH obiactu
TEXHUKH.

PeakiMmoHHYI0 30HY MJIM 30Hbl KAaTAJUTHUYECKOTO OKHUCJIUTEIbHOTO KpPEKHUHIa
obecreynBarOT KUCIopoaoM. Kuciaopon npeamodrurepHO 0OeCneunBarOT B BHIE rasa, donee
00OTaIeHHOr0 KHCIOPOAOM IO CPaBHEHHMIO C BO3AYXOM. B KauecTBe MCTOYHHKA KHUCIOPOAA
MPEANOYTUTENBHO MPUMEHSIOT OTOK KHUCJIOPOJCOEPIKALero ra3a, cojepaiiuil o MeHbluen
mepe 40 00.% kucnopona, MpeArnoUTUTENbHO O MeHbleld mepe 60 00.% kucnopona. bonee
NPEANOYTUTENBHO TAKOW KUCIOPOA OOECIIEYHBAIOT B BHUJIE MO CYLIECTBY YHUCTOIO KUCIOPOJa, &
umMeHHO: OT 90 00.% mo 99 006.% kucnopoma unmu npakrudecku 100% B 3aBUCUMOCTH OT
JOCTYITHOT'O UCTOYHHUKA.

ITpuMmeneHne 00OTaIeHHOTO KUCIOPOIOM ra3a M MPEANOUYTUTENIbHO YUCTOTO KHCIOPOaa
CBSI3aHO HE TOJIBKO C ONTUMH3ALUEN polecca KaTaIUTHYECKOTO OKUCIUTENBHOIO KPEKUHTa, HO
U C TaKUMH TNPEUMYIIECTBAMH, KaK HMCKIIOYEHHE YPEe3MEPHO TPOMO3JKOro 000pyIOBaHMUS,
KOTOpOoe MOrjio Obl MOTpeOOBaTHCS C YYETOM HAJIW4MsA OOJBIINX OOBEMOB WHEPTHOTO Tasa
(a3ota). bonee TOro, B KOHTEKCTE e U300pETEHHs, KOTOpasi MOMUMO H3BJICUEHUS CEpbl U
CHIDKEHUST BBIOPOCOB 3aKJIIOUAETCS B MPOU3BOJICTBE BOAOPOAA, OYIET MOJE3HO YMEHBIIUThH H
MPEANOUTUTENBHO IPEJOTBPATUTD IPUCYTCTBHE a30Ta B OCTATOYHOM rase mpoliecca.

KonuyecTBo KHCIOpOnAa, MOAABAEMOrO B PEAKTOp, BHIOMPAIOT TaKUM 0Opa3oM, 4TOObI
cootHomenue HyS / Oy B Chipbe OBLIO BBIIIE TUMIOBOTO 3HAYESHHUS], COCTABIISIONIEro okoyio 2 : 1.
Coorrormieane HyS / Oz B ChIpbe OKHO MPEANIOYTUTEBHO HAXOAUTBCS B Tuanaszone 2 © 1-6 : 1
WM TPeAnouTUTeNbHO Bhime 2 © 1 u 1o 6 : 1, Gonee npeanoyTuTensHo B quamnasone 3 © 1-5 : 1,
eme Oojiee MPeNNmOYTHTENHHO B amamasoHe 3,5 : 1-4,5 : 1, eme Oojee mpeArOYTUTENHHO B
nuanasone 3,9 : 1-4,7 : 1, Hanboyiee mpeanouTUTENbHO B nuanaszone 4 : 1-4,5 ¢ 1.

B  npeamouruTenbHOM — BapuaHTE  OCYINECTBIGHHMS  Crioco0a  KaTAJIUTHUECKOTO
OKHUCJIUTENILHOTO KpeKnHra Ha ocHoBe coorHomeHuss HoS / Oz ot 4 : 1 o 4,5 : 1, naubonee
npeanoututenpbHo oT 4,1 : 1 mo 4,5 : 1, npeanodTuTenbHbIE TEMIEPATypbl PEaKLUUU s
OTHOBPEMEHHOTO OCYILIECTBIIEHHs] KPEKHMHra M 4acTHYHOro okuciaenus HpS Haxomsarces B
mananaszoHe 700—1300°C, mpennoururensHo B auanazone 800—1300°C, Gonee mpeanoYTHTENBHO
B nauamazoHe 950-1250°C. HamOonee NpeAnoYTUTENBHO HCIIONB30BATh TEMIEPATypy B

muanasone 1050-1100°C.

B omHOM BapmanTe ocyuiecTBieHHs MoJisipHoe cooTHomenne NH; / Oz B chIpbe
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cocraBisier ot 0,1 mo 1,5. IlpeamoururensHo Mossipaoe cooTHomenne NHz / Oz B ceipbe
cocrasiisier 0,1-1,2, 6onee mpennoururensao — 0,1-1, Haubonee npennouyrurespHo — 0,3—1.

B opHOM BapuaHTe oOCyIIecTBIieHUs Cbipbe (comepskammii HoS kwmeneiii ras u
KHCJIOPOACOAEPIKAIIUN ra3), MOAaBaeMOe B PEAKIHMOHHYIO 30HY MJIM 30HBI KaTaJIUTHUYECKOTO
OKUCJIUTEJIbHOTO KPEKHHIa, MpelBapUTENbHO HArpeBarOT Ui [OBBILIEHUs TeMIlepaTypbl
peaKkuuy U sl YBEJTMYEHUs TIPOM3BOACTBA BOAOPOA B CHIKEeHUs oOpazosanus SOs.

B opgHOM BapmaHTe OCYIIECTBIECHMS HACTOALIEro wu3oOperenus coxepkamuii HoS
KUCIBIH Ta3 M KUCIOPOJCOAEp:KAIUN ra3 CMEIIMBAIOT B CTaTHUYECKOM CMECHUTele
HETIOCPECTBEHHO INepea Mnojaydeld B KAaTAJIUTUYECKHI CJIOW PEaKLUMOHHOW 30HbI WM 30H
KaTaJUTUYECKOTO OKUCIUTENBHOIO KPEKUHTA.

B oaHOM BapuaHTe OCYIIECTBJIEHUs] KOHLEHTPALUs BOJOPOJA B MPOAYKTE Ha BBIXOJE U3
pPeaKIMOHHON KaMephl (MOCNie PEe3KOro OXJIAXKACHHS) COCTAaBJISIET MO MeHbined mepe 3 00.%,
NPEANOYTUTENBHO TI0 MeHbIIel Mepe 5 00.%, HanboJsee NpennouTHTEIBHO MO MEHbIIEH Mepe 7
00.%.

Cnenyer OTMETUTb, YTO PEAKLHIO MNPEANOUYTUTENBHO MPOBOIST B ABTOTEPMUYECKOM
pekuMe. JTO OTHOCUTCA K TOMY (DaKTy, YTO, XOTS MPOLIECC SIBISETCS MPEANOYTHTEIBHO
annabaTudeckuM, (PakTHUECKH B XOZE HEro OCYIIECTBISIETCS TEIIIOOOMEH, MOCKOJBKY PeaKius
OKHUCJIEHUs SIBJIETCS 3K30TEPMMUUYECKO, a peakiysl KpeKUHIa sIBJISETCs] SHAOTEPMUYECKON, py
3TOM TEIIO, 00pa3yroIeecs MPH SK30TEPMHUYECKON PEaKLINH, UCTIONb3YETCs B SHAOTEPMUIECKON
peaxkuuu.

Bo Bcex ciydasx momararoT, 4TO MPOIECC M300peTeHHs 3a CYeT pa3yMHOro BbIOOpa
KaTanu3aTopa OJarompusTCTBYET NpoTekaHuio peakuuii (4) u (5), a e peakuuii (1) u (2), uro
MPUBOJUT K CHIDKeHUIO KoHBepcuu HoS, HO, ¢ npyroil cTopoHsl, kK MPOU3BOACTBY 3HAUUTEIBHO
Oonee BeICOKOrO KosmuecTBa Hz m cymecrBeHHOMYy cHwkeHHto oOpasoBanusi SO;. Ilpu
cHIkeHuM koHBepcuu HoS Bo3pacTaeT ckopoCTb peLUpKYJISALNUN KUCHBIX Ta30B OT UCTOYHHUKA
raza, coxmepkamero H,S (Hampumep, pereHeparopa amMuHa), B PEAKIMOHHYID Kamepy IO
CPaBHEHUIO C TPAAULMOHHON ycTaHOBKOM Kiayca.

IIpouecc KaTaauTUYECKOrO OKHCIUTEIBHOTO KPEKUHTa M300pEeTeHus peaHa3HAYeH IS
CHIDKEHUS] TEMIIEPATYPbl C BO3MOXKHOCTBIO 00€CIeueHus] HEOOXOIMMOIO PAaBHOBECHS PEAKLIHH.
B pesynbprare yBennuuBaeTcsi BBIXOJ BOAOPOJA U CBOIUTCS K MUHUMYMY oOpaszoBaHue SO2, 4To
B CBOIO OdYepenb CHOCOOCTBYET CBENEHHIO K MUHHUMYMY NOTPeOJEeHHs BOXOPONA B CEKLHH
00paboTku ocTaTOUHOTO rasa it BocctaHoByeHust SO, B Hy S.

B peakunoHHYI0 30HY MPEANOUYTUTEIBHO OTAEIbHO MOMAT conmepxkamuii HyS kucbrii
ra3 M KUCJIOPOACOAEP KALIMNA ra3 U CMELIMBAIOT 3TU ras3bl nepen Mnojaydeld B KaTaJIUTHYECKUI

CJIOM.
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l'a3000pa3Hbiii TPOAYKT U3 PEAKIIMOHHON KaMepbl MPEAMOYTHTEIHPHO PE3KO OXJTAKIA0T,
yroObl m30exaTe pexomOuHammu H; u S; ¢ oOpasosanmem H)S, a mMmeHHO: mpoTexaHus
obpaTHOU peakuuu (4), 32 CUET YEro MPOLECC CTAHOBUTCS CyOONTHUMANBbHBIM C TOYKH 3PEHUS
ofmiell KOHBEPCHH. JTO pPe3KOe OXJIAKACHHE TPEANOYTUTEIbHO NPOBOIST IO CYLIECTBY
MT'HOBEHHO. Pe3koe OXJakIeHHe IMPEONOYTHTEIbHO OCYILIECTBISIOT A0 TEMIIEPaTypbl HIDKE
950°C, nmpennoururensHo B AuanasoHe 600-850°C. ITpoaomKUTEeNbHOCTh HaXOXKIAEHUS B 30HE
PE3KOTO OXJIAXKIEHHS MPEAIOUTUTENBHO TOJKHA OBITh KaK MOXHO 00Jiee KOPOTKOH, OOBIYHO OT
10 mMc o 300 mc, mpeanourutensHo oT 10 Mc go 100 mc, Gonee mpeanoyrurensHo oT 10 Mc 10
50 mc.

3a 30HOH PEe3KOro OXJaKAECHUs (KOTOopas MOXKET MpPEACTaBIsITh cOOOH ONHY M3 30H
pPEaKIMOHHON KaMepbl) MPEONOYTHTENBHO CIENYeT KOTEN-YTHIIM3AaTOpP OTXOMSIIEro Terja |
KOHJIEHCATOP Cepbl Ui OXJIAXKIEHHs] TEXHOJIOTMYECKOTO ra3a M H3BJICYCHUS SKUAKOHW CephlL
[TocnenHO OMEparuio MPEANOYTUTENIBHO OCYIIECTBIISIIOT MOCPEICTBOM  IMOJHUMAOLIETOCS
mapa BBICOKOTO HJIM CPEAHEr0 NaBJICHUS B KOTJIE-YTHJIM3ATOPE OTXOASAILIEr0 TeIjia W Iapa
HU3KOT'O MJTH CPEJHETO JAaBJICHUS B KOHACHCATOPE CEPhI.

B opgHOM BapuaHTe OCYIIECTBJIEHHUS pe3KOe OXJIAKIEHHE ra3000pa3HOro mpoayKTa Ha
BBIXOJIE U3 PEAKLIMOHHON KaMepbl MPOUCXOINT 3a CUET CMEIINBAHUA C BOJAOH B KOHEUHOH YacTH
pPEaKIMOHHON KaMepbl, M TPU 3TOM CMEIIUBAaHHE ra3a ¢ BOAOH OCYLIECTBISIOT C MOMOIIBIO
pactpUTUTENs] BOABI B TOAXOJIMIIEH CMECUTENbHONW KaMepe HEMOCPEACTBEHHO TIOA CIIOEM
katanusatopa. B Haubonee nmpeAnouTUTENTEHOM BapUaHTE OCYLIECTBICHHS PE3KOe OXJIAKACHUE
(T.e. ObICTPOE OXJIAXKIEHHE) BBIMOJHAIT B IEPBOH YaCTH IBYX30HHOTO KOTJA-yTHUJIM3AaTOpPa
oTxomsmero Ttemia. B 3Toff 30HE ¢ KOpPOTKMMH TpyOamu ras3, Kak MpPaBWIO, JOCTHraeT
TeMIepaTypsl B 1uana3one okojo 600—700°C, a BO BTOPOii 30HE C TPaIULIMOHHBIMU TPyOaMu OH
nocturaet temmneparypsl 300-350°C.

Xots Onaromapsi mpoueccy N300peTeHus CYIEeCTBEHHO YMeHbInaeTcsi oopasoBanne SO,,
HekoTopoe kosmdecTBo SO, Oymer HenzOexkHO 0OpazoBaThbes B J0OOM ciyuae. Js ynaneHus
takoro SO; B crnoco0e MPOM3BOIACTBA BOJOPOJA M YCTAHOBKE M300pPETEHMs IMOCHE CTaIuH
KaTAJIUTHUECKOTO  OKUCIUTENPHOTO KPEKMHra TMPEANOYTUTENBHO —PACHOJaraloT — CEKLHUIO
obpabotku ocratouHoro raza (TGT). Cexuust TGT comepsxut, Harpumep, noriaoTurenb. Cekuus
TGT copepxut, Hampumep, peakTOp TUAPOTEHU3ALMM, HalpuUMeEp, PaclOJIOKEHHBIH mepen
(oTHOCUTENBPHO TOTOKA Tasza) morjorureieM. Hampumep, yacte (k mpumepy, okosio 10-15%)
MOJIy4aeMOT0 BOJIOPOJa PacXOayeTcsl Ha BoccTaHoBNeHHe octatoudHoro SOz no HaS B peakrope
THOPOTreHu3aun. B ¢Bs3u ¢ ropaszno Oojiee BBICOKMM COZIEp KaHUEM BOJIOPOJA U ropaszio Oosee
HU3KUM coaepkanueM SOz MO CpPaBHEHUIO € TPaaWLMOHHON ycraHOBkoW Kiayca cramuro

BOCCTAHOBJICHUA B CCKIIUMU O6pa6OTKI/I OCTAaTOYHOI'O r'a3a MOXKHO BBIMNOJIHATL 0€3 KaKOro-iudo
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nepedpoca Boaopoaa.

OcrtaTouHblll Ta3 MPEONOYTHTENBHO MPEIBAPUTENLHO HArPEBAIOT U TOAAOT B PEAKTOP
ruaporennsauuu. B stom cinyuae SO, a Takke APyrue OCTaTOUYHbIE COENMHEHUS CEPhI, TaKue
kak COS u CS;, xoHBeptupytor B HS, kotopslil 3aTem ynamstor. Takoe ynanenue HzS us
OCTAaTOYHOTO Ta3a IMOCJIE PEeakTopa THAPOTeHM3aLUHd MOKHO OCYINECTBIIATH TPAaTULIOHHBIM
crocoOoM, HanpuMep MyTEM OTMBIBKH ra3a 0OeIHEHHbIM AMHHOBBIM PACTBOPOM B ITOTJIOTUTEIIE,
TakoM Kak nornoturens TGT.

B opHOM BapmaHTe OCYIIECTBICHHMS 3a CTagued KaTaIUTHYECKOTO OKHUCIUTENIBHOTO
KpeKHHra B Croco0e W YCTaHOBKE MPOM3BOJACTBA BOAOPOAA H300pETEHHs CIEAyeT OJHA
KaTaluTHUecKast ~ craauss  mpouecca  Krmayca, — mpegycMarpuBaromias — INPUMEHEHHE
NPOMEKYTOUHOTO TOJOTPEBaTENsl rasa, KaTaluTH4eckoro peakropa Kiayca m koHpmeHcatopa
cephl (B YKa3aHHOM TIOPSIIKE 110 HAIIPABJIEHHUIO MOTOKA ra3a) IJisi KOHBEPTALMHU OOJbINEH YacTh
SO B cepy u cBeneHHUs TeM caMbIM K MUHUMYyMY noTpebnerns Hy nnst Boccranosienus SO; B
cekuuu o0padotku ocratouHoro ra3a (TGT). B ycTraHOBKe KaTaUTHYECKYIO CTaIUIO MpoIecca
Knayca, Hanpumep, mpoBomsT mocie (OTHOCHTENbHO moToka rasa) 30Hel COC u mepen
(oTHOCHTENBHO MOTOKA ra3a) ceknueit TGT.

B onHOM BapmaHTE OCYLIECTBIIEHHS MOTOK BOAOPOAA, MOJYYEHHBIH W3 MOTJIOTHTENS
TGT, HanpasniseTcst K TpaHNLIE YCTAHOBKH (HAIpUMep, K KOHEYHBIM TI0JIb30BATEINSIM ), HAIIPUMED
B YCTaHOBKY, BBIOPAHHYIO M3 TPYIIIbL, COCTOSAIIEH M3 YCTAHOBOK THAPOOYHMCTKH, YCTAHOBOK
THOPOKPEKHHra MM YCTAHOBOK ruaponecyibpypuzauuu. Cienyer OTMETUTh, YTO KOMITO3UIIHS
0o0oTaIeHHOro BOJOPOIOM MOTOKa U3 BepxHel yactu noryotutens TGT mMoxkeT oTaudaThecs B
3aBHCHMOCTH OT TaKUX MEPEMEHHBIX, KaK KauecTBO cbipbs SRU (Hampumep, cocTaB MOTOKA rasa,
conepxamero HoS, momaBaemoro B peakunonnytoo 30Hy COC), koHpUrypauus yCTaHOBKH H
YCIIOBHSI SKCIUTYyaTalluH, U MOKET COAEP:KaTh OCTATOYHBbIE KOJIMYECTBA WIIM MPOLEHTHBIE JTOJIN
H>O, Ny, CO, CO,, H2S, COS u CS,.

B mpeamoyruTensHOM BapHaHTE OCYLIECTBJIEHHS] MOTOK BOJAOPOAA, MOCTYMAMOLIUN U3
nornmoturenst TGT (Hampumep, mnoTok rasa u3 BepxHed wactu mnorjoturens TGT),
JOTIOJIHUTENIPHO OYHUINAIOT B CEKIIMHM OYHCTKU BOAOPOAa (HampuMep, yCTaHOBKe adcopOuuu mpu
nepeMeHHOM naBiieHuH). Cieayer OTMETUTbh, YTO COCTaB OOOTaleHHOTO BOJAOPOIOM MOTOKA U3
BepxHel yactu nornoturens TGT nepea 04MCTKON MOXKET OTJIMUYATHCS B 3aBUCUMOCTH OT TaKUX
nepeMeHHbIX, Kak kauecTBO cbipbsi SRU (Hampumep, coctaB motoka rasa, comepxamero HoS,
nonaBaemoro B peakiuio COC), koH(pUTrypanusi yCTAHOBKH U YCIIOBUS SKCILTyaTalluU, H MOKET
CozlepkaTh OCTATOYHBbIE KoJu4decTBa Wi npoueHTHbie noiu H,O, Ni, CO, CO,, H)S, COS u
CS.

OuunIieHHBIN BOAOPOA HANpPaBJsAeTCs K MPaHULIE YCTAHOBKU WUJIM, HALIPUMeEp, B OJHY WU
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0oJiee yCTaHOBOK, BBIOPAHHBIX U3 TPYIIIBI, COCTOAIIEH U3 YCTAHOBOK T'MIPOOYUCTKH, YCTAHOBOK
THIPOKPEKHHTa M YCTAHOBOK FHIIPOAECYIb(YPHU3ALHIHL.

Croco0 mpou3BOACTBA BOIOPOAA HEOOS3aTENBHO BKIFOYAET CTAIUI OOeCTeueHus
notoka rasa, cogepxartero HzS. TIoTok rasa nmosydaroT, Hampumep, U3 CHCTEMbI pereHepariu
aMHUHa Wwuiu w3 crpummnepa kuciaoid Boabl. Croco® HeoOs3aTenbHO BKIIKOYAET CTAIUIO
pereHepanu adcopOeHTa Ha OCHOBE aMHHA B CUCTEME pereHepalyl aMUHA, HalpuMep IMyTeM
HarpeBaHus, ¢ o0ecrieueHneM TakuM oOpa3oM pereHepupoBaHHOTO abCOpOeHTa W MOTOKA rasa,
coaepxatiero H,S, mpuuem notok rasa, conepxxamuii HoS, mogarot B peakumro COC.

YcraHoBKka M300peTeHUs] MPENCTaBIsSeT COOOW, HampuMmep, YCTAHOBKY MPOU3BOJACTBA
cepol (SRU), HamprMep UMEIOLIYIO BXOA IJIsl MOTOKA Tasa, comepxxkarnero HyS, coennHeHHbIH co
BXOZOM CHCTEM pereHepaliy aMHHOB W/WJIM CO CTPHUIIIEPOM KHCIOHW BOZIBL. YCTaHOBKA
n300peTeHns1 HeoOsA3aTENbHO CONEPKUT CUCTEMbI PEreHepalii aMUHA W/WJIM CTPUTIIIEP KUCION
BOJBL, WMEIOIIUH BBIXOA U1 TMOTOKAa rasza, comepxamero H»S, coennHeHHBI €O BXOIOM
PEaKIMOHHON 30HBI KAaTAIUTHYECKOTO OKHCIUTENBHOTO KPEKHMHra. B HEKOTOpBIX BapuaHTax
OCYIIECTBJIEHUsI yCTaHOBKa coaepkut ycraHoBky COC, comepskaiyro CJIOW KaTaiu3aTopa,
conepxkamuii karagusatop COC (uMeromuil KaTaJTUTUYECKYI0 KOMIIO3UIUIO, OTHMCAHHYIO B
crioco0e MPOU3BOACTBA BOJAOPOAA), U YCTAHOBKY PE3KOTO OXJIAXKAEHUS, PACIIONOKEHHYIO 1TOCIe
pPEaKIMOHHON KaMephl, U MPEANOYTHTENbHO CTATUYECKHH CMECUTENb, PACTIONOXKEHHBIN mepen
peakimonHoit kamepoir COC. Cratuyeckuii cMecHUTENb MMEET, HanpuMep, OOuH Wi Oolee
BXOZOB [UIsI TMOTOKa rasza, coaepxamero HS, m omgun wunm  Oosee  BXOmOB  1uis
KHCJIOPOACOAEPIKALIETO rasa.

Ha ¢ur. 1 cxemaTH4HO TIpEACTaBIEH MpUMEpP YCTAaHOBKM B COOTBETCTBHH C
n300peTeHneM.

Cragus (3) COC wmnu cexuus (3) COC Brmouaer ycraHoBky (4) COC, conepkarinyro
peakimonnyro kamepy (42) COC, mnpudyeMm Kamepa COAEPKHUT CIOW KaTaius3aropa ¢
katanusatopom COC, uMEIIUM KOMIO3ULMIO, OINHCAHHYKD B HACTOSIIEM JOKYMEHTE.
YcranoBka COC MOMOJNHUTENBHO CONEPXKUT KOTEN-yTHIM3aTop (6) OTXOISIIEro Teria IS
OXJIQXK/IEHUS], HAIIPUMEP PE3KOr0 OXJAKACHUS, MPOAYKTA PEAKIHH W TOJAHHUMAOIIErocs Imapa;
KoTen (6) mpexacrasisieT coOOH, HampuMmep, KOXKYyXOTPYOHBIH TerooOMeHHHK. YcraHoBKa (4)
COC nOmONHUTENBHO  COAEPIKUT  MPENNOYTHTEIbHBIH  CTaTHdeckudl  cmecurenb  (5),
pacnonokeHHbIlt  miepen  kamepor  COC, gnms  cMelIMBaHWS  KUCJIOTO  Ta3a ¢
KHCJIOPOACOAEpKAUM TazoM (41), mpuueM KHCIBIH Tra3 NpeAcTaBisieT cOOOMH, Hampumep,
kucbli ra3 (1) u3 oxHol mn Gosee YCTAHOBOK pereHeparyii aMuHa /WA KUCIHbIHA ra3 (2) u3
onHoro miu Oonee crpunmepoB kucioil Bomel. Craamsa (3) COC mONOSHHUTENBHO CONEPIKUT

(nmepBrIif) kKoHIEHCaTOp (7) cepbl, HAPUMEP TEIIOOOMEHHUK, UMEFOIINH BbIXON (8) s cepsl U
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BbIxoA (14) st ra3a, KOTOPBIH HAXOMUTCS B COOOIISHUH MO TE€Ky4Yel cpelie CO BXOAOM CEKLUU
TGT, nHeoOs3aTenpbHO (KaK TMOKAa3aHO) 4yepe3 HEOOA3aTENbHYI0 KaTaTUTHYECKyro craamto (12)
nporecca Krayca, B 4acTHOCTH, C MNPOMEXKYTOYHbIM mojorpesareneM (9) 3ToH craauu.
[ToBTOpHO HarpeThIli ra3 MOAAOT B MepBbId Katamurmueckuii peakrop (10) Kiayca, BeIxon
KOTOPOTO COEOMHEH CO BTOPBIM KoHAeHcaTopoM (11) cepsl, KOTOpBII Takke uMmeeT BbIxoX (8)
st ceprl U BeIxon (15) ms rasza, kotopslit mopatot B cekuuto (13) TGT.

Cornacno wumroctpanyy, npeanoururenbHas cexuust TGT comepskut nmornotutens (25),
BXOJ KOTOPOTO HaXOAMTCS B COOOIIEHUH IO TeKy4el cpene ¢ yKa3aHHbIM BbIxonoM (14) ms
raza cekuuu (3) COC nmns ymanenms HpS w3 moroka rasza us cekquun COC wnmu w3
HeoOs3aTenpHOM ceximn Knayca. Cekumss TGT AOMONHUTENHHO NMPEANIOYTUTENBHO COIEPIKUT
pereneparop (27) anst pereHepanui HACHIIEHHOW a0COPOUPYIOIEH KUAKOCTH U3 MOTJIOTUTEJISL.
bonee mpeanourutensHo cekums (13) TGT conmepkut HeoOs3aTeNbHBIA NpPEABAPUTEIbHBIN
HarpeBarenb (16) TGT, nmpuHumaromuii ra3 u3 HeoOs3aTeNbHOrO BTOpOro koHaencatopa (11)
ceppl WIM U3 TepBOoro KoHxaeHcatopa (7) cepbl, W HMEET BBIXOJA, COEAMHEHHBIH C
NPEANOYTUTENBHBIM peakTopoM (18) rupporeHnM3anny, KOTOPBIH HEOOS3aTENBHO COIEPIKHUT
KaTaJIM3aTOp THAPOTEHU3ALMH M HEOOS3aTeNIbHO HE WMEEeT HUKAKOrO BXOJA Ui BHEIIHEro
ceippeBoro Hj. Peaktop ruaporeHusan uMeeT BBIXOA MAJiA ras3a, COCNMHEHHBIA C
HeoOs3aTeNbHBIM KOTIIOM-yTHn3aropoM (19) otxomsiimero tera TGT, mist oxmakaeHus rasa
MyTeM TeIIOO0OMEeHa, HampuMep ¢ MOAIMUTOYHON BOJOW Jisi KOTJIA, KOTOPBIM MUMEET BBIXO,
COEIOMHEHHBIN ¢ OameHHbIM oxnaauteneM (20). B Gamennom oxnaautene (20) ra3 oXimaxaaroT
nyTeM LHUPKYJSIUN KoHAeHcata (21). B OameHHOM oOxaauTene WMeeTcs BBIXOA Ul rasa B
BEPXHEH YacTH, KOTOPBII COENUHEH CO BXOAOM mornotutens (25), B KOTOPOM, HarpuMep, s
abcopbumu ocrasmerocst HyS B motoke rasa mupkynupyer oOenHEHHBII aMHHOBBIH PacTBOP
(26). Ilornotutens (25) umeer BeIXOA AJis rasa (34) B BepxHEH yacTH, npudeM NoTok (34) rasa
oborarmeH BogpoporoM. I1oTok raza HeOOS3aTENBHO TOTIOJHUTENBHO OYHIIAIOT B YCTAHOBKE (43)
OUYHCTKH, TAKOH KaK YCTAHOBKA afcOpOLMU MPH NMEPEMEHHOM IaBJICHUH, C MOJYYEHUEM ITOTOKA
(44) oummenHoro ToBapHOro Bomopoxa. Illormotutens (25) wumeer Bbxon (28) s
abcopOupyromeil JKUAKOCTH B HIDKHEH 4acTH, COeAWHEeHHbI uepe3 Hacoc (29) wu
teruiooOMeHHUK (30) ¢ ycraHOBKOH perenepaunu (27) amMuHa, B KOTOPOH pereHeparuio
pacTBOpa OCYIIECTBJISIIOT, HAPUMeEp, MyTeM HarpeBaHus. Y CTaHOBKA pereHepauuu (27) amuHa
npeacTaBisier coOO#, HampuMmep, KOJIOHHY, BBINIOJHEHHYID C BO3MOJKHOCTBIO OTTOHKHU
aMHHOBOTO PacTBOPA, M UMEET, HAIpUMep, BBIXOA [Uis ra3a (33) B BepxHell uacTH, B KOTOPOH ras
nonaroT, Hanpumep, Ha ctaguio (3) COC, u BBIXOA AJII PEreHEPHPOBAHHOTO UM OOETHEHHOTO
aMHHOBOTO abcopOeHTa, MoaaBaeMoro B MoryoTuTeNs (25), HanpuMep 4yepe3 Hacoc (31), yepes

terioooMenHuk (30) s TermiooOMeHa C HaCBIMEHHBIM AaMHHOBBIM PAacTBOPOM M Yepes
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oxmaaurenb (32). bamennsiii oxinagurens (20) TONMOIHUTENBHO UMEET BBIXOA B HIDKHEH HacTu
Ui OKUAKOCTH, HaNpUMep OXJIXAAIOMIeH BOXBI, KOTOpash YaCTHYHO PELUPKYJIHpPYET,
NPEANOYTUTENBHO uepe3 Hacoc (22) u oxmaautens (23), U koTopast yacTu4Ho (24) mpoxyBaeTcst
U HaIpaBJISIETCsI K TPAHUIIE YCTAHOBKH.

Pereneparop (27), HanmpuMep, HCIONB3YIOT OTAEIBHO M JIOTOJIHUTENIBHO K YCTaHOBKE
pereHepanyii aMHHA, KOTOpas SIBJISIETCS MCTOYHHUKOM Kucioro rasa (1), wmu, Hampumep,
pereneparop (27) obpabdaTeiBaeT aOCOPOESHT U3 NOMOJHUTENBHBIX MOTJIOTUTENEH, OTIMYHBIX OT
noryotutenst (25), Wiu, HanmpuMmep, TMOTJIOTUTEND (25) HCIONB3YIOT HE TOJIBKO JJIsl MOTOKA Tasa
u3 oxyaautenst (20) pe3Koro OXJNaXKIeHHs], HO M JJIT KAaKOTO-JIMO0 MarucTpajbHOrO HCTOYHHUKA
KHCJIOTO rasa.

OOmmii MCTOYHMK WJIM BHEIIHMH MCTOYHHK KHCJIOTO rasa B CHOCOO€ M yCTAaHOBKE
NPOM3BOJICTBA BOJOPOJA HM300PETEHHs TMPENCTaBJsseT COOOH, Hampumep, MpoLecc, B XOne
KOTOpPOTO O0pa3yercst KUCHbIA Ta3, Hampumep mnpomecc oOpaboTKM MPUPOJHOTO Ta3a WU
IPOIECC OUYUCTKU CHIPON He(TH, MM MPEACTABIAET COOOH, HApUMeEp, YCTAHOBKY, B KOTOPOH
obpasyercs KUCJIBIA Ta3, Takyl Kak HedremnepepadaThIBAIOMUN 3aBOJ, YCTAHOBKA IO
nepepaboTKe MPUPOIHOTO ra3a, YCTAHOBKA ra3u(prKaliy WM yCTAaHOBKA CUHTe3a rasa. [Iponecc
WIA YCTAHOBKA, B KOTOPBIX OOpasyercs KHCIBIA ra3, BKJIIOUYAIOT, HANpHUMeEp, VyAaJeHue
cepocoiep Kaliix KOMIIOHEHTOB M3 IMOTOKA, HANMpUMep MPUPOAHOTO ra3a M IBIMOBOTO Ta3a,
HampuMep, ¢ TpuMeHeHueM abcopOummu W aecopOUMM, NPUYEM, HAMPUMEP, IeCOPOIUIO
OCYIIECTBIISIIOT ¢ TIOMOIIBIO YCTAHOBKU pereHepalii aMuHa, obecreynBaromieit Kucibrii ras (1).

Crioco®6 mpou3BOACTBA BOAOPOAA TMPEANIOYTHUTENBHO OCYIIECTBISIIOT HA YCTaHOBKE,
ONMCAHHOH B HACTOAIIEM JOKyMeHTe. lIpenamoyreHuss NMPUMEHUTENbHO K KaTaJUTHYECKOU
KOMIIO3ULIMK M CIOCOOY TOJy4eHHUs KaTaju3aTropa B pPAaBHOM CTENeHH MPUMEHUMBI K
KaTaJIN3aToPy, COAEPIKALIEMYCs B CIIO€ KaTallM3aTopa YCTAHOBKH U UCIIOJb3yeMOMY B criocobe
MPOM3BOJICTBA BOAOPOAA.

IIpumepsnr

Uzobpererne nanee OyneT NMPOMJUTIOCTPUPOBAHO CO CCHUIKAMH HAa HIDKECIIEAYIOIIHE
NPUMEPBI, HE HMEIOLINE OTPAHNYUTEIBHOTO XapakTepa.

IIpumep 1. IlonyyeHue karanusatopa

Karanmuzarops! Ha ocHOBe NiS ¢ HOMHHAJIBHOH CYJIb(pUIHON HArpy3KOH B AHAna3oHe OT
9 mac.% no 25 mac.% ObUIM MOJYYEHbI METOAOM IMPOIMHUTKH IO BJIArOEMKOCTH HOCHTEJI,
COJZIEpIKAILEro OKCUA ATFOMUHUS U TUOKCH] LIEPHSL.

B nmpouenype mnosydeHMs OKCHAAa LEpHs, HAHECEHHOTO HA OKCHJ AJIOMUHUS,
UCTIOJIB30BAJIM BOJIHBIA PACTBOP MOIXOMAIIEH CONMM-MPEAIIECTBEHHUKA B (POpME HUTpaTa Lepus

u AbOs B ¢dopme mopomka. Hocurens u3z Al,Os mnpeasapurenbHO o0pabaThiBaiu MpU
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temneparype 600°C (10°C/muH) B TeueHue 2 4.

Jlns monydeHus: pa3juyHbBIX 0Opas3LOB BOAHBIN PacTBOP MPHEMIIEMOH COJM LEPHs B
MOAXOJALIeNl KOHLIEHTPALMU HCMONb30BalIn Uil nponuTku 10 r HOcuTensd. DTOT pacTBOp Ha
roJsiyaca rnomeInany Ha IJIaCTUHY NpU nepeMmelnrnBaHuu U HarpesaHuu ao 100°C. ITocne atoro
o0pa3mpl CymwiId M MpOKaJuBaiu Ha Boznyxe npu Temmeparype 1100°C B TedueHue mepuopna
BPEMEHHU B n1uanasoHe ot 15 go 30 gacos.

JUIs IPONUTKY HUKENIEM HOCUTEJNS M3 LEepUs/OKCHIA AIFOMUHUS MCIOJIb30BAIA BOIHBIN
PacTBOpP LIECTUBOJHOIO a30THOKUCJIOTO HUKEINs ¢ MOJISIPHOW KOHLIEHTpaLuMen B nuana3one 1-3
M. Kpowme TOro, B 3TOM Ciy4ae pacTBOP Ha MOJ4aca HAHOCHWIINA Ha IUTACTUHY NPU HarpeBaHUU JIO
100°C. TTocne sToro obpasibl CYIIMIM U MPOKAIUBAIN HA Bo3ayxe npu Temmepatype 1100°C B
TeueHne 15 4. Ilocne npokanuBaHMs KaTanu3aTOPbl BOCCTAHABIMBAIM [0 JKEJIAEMON
IPaHyJIOMETPUH | CyiabpunupoBain. [y TakoW mporenypsl NOTOK rasa, odorameHHbii HoS B
kKoHIeHTpauuu OoT 5 1o 50 00.%, HeoOXOAMMO TMOAaBAaTh B PEAKTOP BO BpeMsi Harpesa ¢
JTUHEHHBIM H3MeHeHneM Temrepatypsl or 2 °C/munH. no 40°C/muH. no temnepatypbl 800—
1200°C B Teuenue 1-8 uacos.

B dactHOCTH, CympQUANpYIOMYH0 O0paOOTKy MPOBOMWIM ISl JTAOOPATOPHBIX
UCCIENOBAHUN B  KBApLEBOM  pEaKTOpe, COnepXKallleM  KaTaau3aTtop, MNOJJIeKalui
cynbupoBaHuo. B dYacTHOCTH, CTamui0 AaKTUBALMM OCYLIECTBIISIM IyTE€M IOJAa4Yd
ra3oo0pasHoro mortoka, coaepxkamero Nz u HpS, B kxonmnentpammu 20 00.%, MNOBbIIEHUs
temrieparypsl 10 1000°C mpu ckopoctu HarpeBa 20°C/MuH B TedeHHe 2 4. B U30TEPMUYECKUX
YCIIOBUSIX.

ITpumep 2. JIabopaTopHOE HCCIEOBAHNE KAaTATN3aTOPa

JlaboparopHbIli Tpollecc BKIOUYAET MpoBeAeHHWe peakumu HyS ¢ kucmoponom B
CyOCTEXHOMETPUYECKOM COOTHOLIEHUU C OJHOBPEMEHHBIM IMOJYYEHHEM 3JIEMEHTAPHOH cepbl U
Bogopoaa. Yacte HoS pearupyer ¢ KUCIOPOAOM B 3K30TEPMUYECKON peakiLuy, B X0J€ KOTOpOH
BbIIENSIETCSl TEIJIO OT HempopearupoBaBliero H;S ang uHTEHCHBHON 3HAOTEpMUYECKOMN
peaKkLuu.

B dvacTHOCTH, AN PEaKLMOHHOTO HCHBITAHHUS B PEAKTOP 3arpykaroT CyIb()UPOBAHHBIH
KaTajau3aTop Maccou ~ 3 T.

PeaxTop HarpeBaroT OT TemIlepaTypbl okpyskaroei cpenbl 10 1000°C co ckopoCTbiO
20°/MUH B TIOTOKE, CcomepikKameM TOJdbKO a3oT. llociae JOCTHMXKEHHWsT STOro 3HAYeHUs
TEMIIEPaTypbl PEaKTop HarpeBaroT A0 Temreparypbl peakuuu (1050-1060°C) B mpucyTcTBUH
MOTOKa CbIpbst, conepsxkauiero: HaS: 65% Oz: 17%, NH;: 6% u N, a Takxke cienosble
kosmyectBa MeraHa u CO,. Bpemst koHTakTa Bappupyercs Mexay 0,5 u 2,2 CexyHI.

IMoce wcnbITaHKs KaTaIU3aTOpPa PEAKTOP OXJIAXKIAIOT MOTOKOM, conepskamum HaS (20
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00.%), or Ttemmeparypbl peakimu Ao S500°C, a 3areM OXJaKOAIOT TMOTOKOM as3oTa Mo
TEMIIEPaTypPhbl OKPYKAIOLIEH CpeabL.

TecTupyemble KaTaJUTHYECKHE KOMITO3ULMH M TOJYyYEHHBIE PE3YJIbTAThl MPUBEICHBI
HUXKe B Ta0nuue 1.

Tabmmua 1. Karanutudeckne KOMIIO3WLIMHM, YCIOBUSI — PEAKLHHA;, Pe3yJIbTaThl

n1ab0OpPaTOPHBIX UCTIBITAHUN

Nel Komnozuuus T(?\C/H)T KOHI];IésCI/ISI EHXOOH CeHeKTHiHOCTb I}f:l) Il_algl.xigé Ii: 11{33741\1011113
(%) 2 (%) 502 (%) (um.n.) (um.n.)
A lg;/z)ljfl/zé? 1050 41 4 1,2 1700 <50
B ! 2)?015;2/121(;):4 1020 41 3 0,25 750 <50
C 17C()§)Olj/i§,/122053(%) 1050 37,5 1,7 0,05 120 <50
D 92/28121/8411(5)? 1050 37,2 3.4 0 0 <75
E 1(7:(?01;]/12{218? 1070 44 7 0 0 <50
F 22(?0121/112{218;% 1050 39 3 0 0 <75

B HexkoTOpbIX U3 OTHX JAOOPATOPHBIX JKCIEPUMEHTOB MMOPOIIOK, COAEPKAaIlHii
KaTaJM3aTop, 3arpy’KatoT B PEAKTOP U 3a CJIOEM KaTalH3aTopa MOMEIIAI0T CJIOH KepaMHUYeCKOro
BOJIOKHA. Jlaxke mociie mpOJOJDKUTENFHOIO BpeMEHH pabOThl IIPU BBICOKHX TEMIIEpaTypax CJIOH
KEPAMHUYECCKOTO BOJIOKHA HE HU3MCHAN LBCT. 3t0 YKa3bIBA€CT Ha TO, YTO METAJIJI BHYTpU
KATAJIMTHYECKOW KOMIIO3UIIMH, KaK MPABUJIO, MaJio CMIOCOOEH MEPEXOaUTh B ra3oByr (aszy mpu
BBICOKOM TeMIlepaType, MOCKOJIbKY HW3MEHEHHE IBETa CJIOS KEPAMHUYECKOTO BOJIOKHA OOBIYHO
OOBSICHSIFOT MUTpaLIell MeTaljia C MOBEPXHOCTH KaTajJu3aTopa B ra3oByio (asy.

W HaoOopoT, B aHAJNIOTUYHBIX HCMBITAHUSX C HCIOJB30BAHUEM JPYroro KaTajau3aTopa
(comepskammero Cyiabpua kenea W MOJUONEH, HAHECEHHbIE HAa HOCUTENb, COAEp KaIlui
ANOMHHMN) LBET CJIOS KEepaMHUYECKOro BOJIOKHA M3MEHWJICS ¢ Oeloro Ha YepHBIH.
OnHOBpPEMEHHO C JTHM I[BET MOPOINKA KAaTaju3aTopa M3MEHWJICS ¢ YEPHOTO Ha Cepbiil. DTH
ABJICHUA MOKHO O6’b$ICHI/ITb, €CJIN YUECTh HU3KYHO CTa6I/IJ'IbHOCTb AKTUBHBIX (1)213 Ha HOCUTECIIC U3
OKCHJIa aJIFOMHUHHS TMPH BBICOKUX TeMIlepaTtypax W Tpu Oosiee HEONArONMPHATHBIX YCIOBHUSIX
KOHIIa pado4ero MUKJa, M3-3a KOTOPBIX MPOUCXOOUT MUTPALHs CYlIb()HUIOB METAIIOB B CIOH
KePaMHYECKOr0 BOJIOKHA.

Kak ckasaHo Bbllle, B Cily4ae KaTaju3aTOPOB H300pETeHUs] OSTO sBJIEHHE HE
HaOmoxasoch. B OZHOM acmekre 3TO MPOJEMOHCTPUPOBAO 0OoJjiee BBICOKHH YPOBEHb
cTabunusanuu Cyabpuaa HUKENs, MPOMOTHPOBAHHOTO JHOKCUIOM LIEPHUS-OKCHIOM AJTFOMHHUS,

MO CPABHEHUIO C APYrUMHU Katajau3aTtopamu. Takum o0pa3oM, 3TH SKCIEPUMEHTHI MOKA3bIBAIOT
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bonee BBICOKYIO TEPMUYCCKYIO CTaOUJIBHOCTD KaTajanu3aTopa B COOTBETCTBUHU C KOMIIO3ULIUAMU

n300peTeHust.
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DOOPMVIJIA U30BPETEHNA,
ITPE/VIOKEHHAA 3AABUTEJIEM K PACCMOTPEHUIO

1. Croco® mpou3BOACTBA BOAOPOAA U3 MOTOKA Tasa, comepskamero HoS, BrroUarommmii
KaTAJIMTHYECKUI OKUCIIMTENbHBIM KPEKUHT TIOTOKA ra3a ¢ oOpasoBaHueMm H; u S, mpumeHeHne
KaTaJIn3aTopa, COMEpIKAIero Mo MeHbIIeH Mepe OOUH AKTUBHBIH MeTall, BBIOPAHHBIA W3
IPYIIBL, COCTOSALIEH W3 jkene3a, KoOajbTa, HUKEIS W MX KOMOMHAUMN, MPUYEM YKa3aHHBIN
aKTHUBHBIN MeTaJll HAHECEH Ha HOCUTEJIb, COAep KAl AMOKCUT] LIepUsl U OKCHUJ] aTFOMUHMUSL

2. Criocob mo 1. 1, B KOTOPOM KOMITO3HIUS KATAITU3aTOPA CONEPIKUT HUKEIb.

3. Cmoco® mo m. 1 minm 2, B KOTOPOM KATAJIUTHYECKUH OKUCIHUTENbHBIH KPEKHHT
OCYILIECTBIISIIOT € MOJISIpHBIM cooTHoweHneM HaS / Oz B cbipbe Oombiie 2 : 1, mpeanodTuTensHO
B AuanasoHe ot 2 : 1 mo 6 : 1.

4. Cnocob 1o 1. 3, B KOTOPOM COOTHOIIEHHE HAXOOUTCS B quamna3oHe ot 3 : 1 mo 5 : 1,
MPEeAnoYTUTENbHO OT 3,5 1 1 10 4,5 : 1.

5. Cnoco® mo moOoMy U3 TNPEAIIECTBYIOIIMX IMYHKTOB, B KOTOPOM KaTaJUTHYECKHH
OKHUCJIMUTENIbHBIA KPEKUHT OCYIIECTBIISIOT C MPUMEHEHHEM MOTOKa KUCIOPOICOAEPIKALLEro rasa,
conepskamero mo Menbmmei mepe 40 00.% Kucnopoaa, mpeanouTUTENIbHO MO MeHbIel Mepe 60
00.% kucnopona.

6. Crioco® mo 1. 5, B KOTOPOM MOTOK KHCJIOPOACOAEPIKAIIEro ra3a MmpeacTaBiseT co0oi
KUCIopo, uMmeroruit 9uctoty 90—100 06.%.

7. Crnocob mo mo0OMy M3 MPEAIIECTBYIOIINX IYHKTOB, B KOTOPOM KaTaJIMTHYECKUH
OKHUCJIMTENbHBIA KPEKUHI OCYLIECTBJIAIOT MPU TeMIleparype B auanasoHe ot 700°C mo 1300°C,
MPEANnOUYTUTEIbHO B nuamna3oHe ot 950°C mo 1250°C.

8. Cniocob mo 1r0b0oMy U3 MPEAIIEeCTBYOMINX MYHKTOB, BKIFOYAIOIIUN TOTIOJHUTEBHYIO
CTauIo0 ruaporeHu3anyu oopasosanHoro SOz u Heobs3arenpHo Takke COS w/unn CS;.

9. Cnocob no moboMy M3 MPEenIecTBYIOMUX MyHKTOB, B KOTOPOM Ta3, MOJYYEHHBIH B
pe3yJbTaTe KaTaJUTHUECKOTO OKHUCIHMTENBHOTO KPEKHUHIa, MO CYIIECTBY O€3 3alepiKKH Pe3KO
OXJIAKIAIOT 10 TemnepaTyprl Huxke 950°C.

10. Cnoco® mo moOOMy M3 MPENIIeCTBYIOIIUX MYHKTOB, B KOTOPOM KHCIBIH Tras,
copepxauuii HyS, u kucnopoacoaepkammii ra3 CMEMIMBAOT B CTATUYECKOM CMECUTENIE TIepen
MoAAaYeH B MEPBbIA KATAJTUTUYECKUN CJIOW B PEAKLIMOHHON 30HE WM 30HAX KATAJIUTUYECKOIO
OKHUCJIMTEIbHOTO KPEKUHTa.

11. Cnocob mo mroboMy W3 TPEALIECTBYIOIIMX NYHKTOB, B KOTOPOM MOJIIPHOE
cootHomenue NHs / Oz B cbipbe coctassier ot 0,1 mo 1,5.

12. Cnocob6 mo nr0OOMy U3 TPEIIIeCTBYIOIIMX MYHKTOB, B KOTOPOM 3a CTaauel

KAaTAJIUTUYCCKOTO OKHUCJIIMTCIBHOIO KPEKHHIa CJICAYET KaTaJlUTUYCCKasd CTaausad IMpouecca
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Knayca, coaepskamasi noaorpesaTesb rasa, kataauTudeckuil peakrtop Knayca m xonpencarop
CepBlL.

13. Karanmuzarop, noaxomsimuii JUIsli OCYIIECTBIIEHHS crmocoba mo m. 1, mpudem
KaTaJIM3aToOpP COAEPIKUT 10 MEHbIIEH Mepe OIMH aKTHUBHBIA MeTajul, BHIOPAHHBIA W3 TPYIIIEL,
cocrosimeil u3 jkenes3a, KoOambTa, HUKEIS U UX KOMOWHAIMN, TIPU 3TOM YKa3aHHBIH aKTHBHBIH
METaJUl HAHECEH HAa HOCUTEINb, COJEPKAIIUN AUOKCU LIEpHsl U OKCUA aTIOMUHMS, IIPU YCIOBUH,
YTO aKTUBHBIN MeTaJul He conep:kut NiMos.

14. Karanmusatop no n. 13, B KOTOPOM €AUHCTBEHHBIM AKTHBHBIM METAJIJIOM SIBJISIETCS
HUKEIb.

15. Karanmuzatop no 1. 13 nim 14, B KOTOPOM akTHBHBIN MeTaJul HAXOIUTCS B popme ero
cyabduma.

16. Karanmuzatop mo m. 15, B KOTOpOM aKkTHBHBIA MeTaul B ¢opme ero cynbduma
MIPUCYTCTBYET B KaTanuzatope B nuanaszoHe 1-40 mac.%, mpenmnoutrurenbHo B AuanasoHe 3—35
mac.%;

IPU 3TOM KOHIIEHTPALIMU BBIPAKEHBI B pacyeTe Ha OOIIYI0O MacCy KaTaju3aropa, Kornaa
KaTajn3aTop NMPENCTABJICH B BUAE MOPOLIKA,

IIPU 3TOM KOHLIEHTPALIMH BbIPAXKEHBI B pacyeTe Ha OOy MacCy KaTAJIUTHYECKOTO CIIOA,
KOTrJa KaTaJau3aTop COAEPKUT MEXaHUYECKYHO MOIJIOXKKY.

17. Karanuzarop no mobomy u3 mm. 13—16, B KOTOPOM HOCHUTENb COAEPIKUT TUOKCHI

nepuss U OKCHIO AJIIOMHUHUA B MACCOBOM COOTHOHICHHMM IJid JUOKCHUAA LEPUAd (T.e.

Macca JHOKCHAA LepHA 1009
x 0
MacCca JHOKCHJA Nepud + Macca OKCHA anHMHHHAA ) oT 204 10 50%

NPEANOYTHTENBHO B COOTHOIIEHUH OT 5% 1o 40%, 6onee npeamnoururensHo ot 10% mo 30%.

18. Cnocob nony4yenust kataiausaropa mno jrdoMy u3 nm. 13—17 wim nmo modomy u3 m. 1
WK 2, BKIFOUAIOLINHA o0ecriedeHne BOAHOTO PAacTBOPA NMPEAIIECTBEHHUKOB aKTHUBHOTO METalIa,
BBIOPAHHBIX M3 TPYIIIbI, COCTOSILICH W3 TeTpakapOOHWIA HUKENs, HUTPATOB HHUKEJsl, OPOMHUIOB
HUKEJIs, XJIOPUAOB Hukens, (ropumoB Hukens, (ochaToB HHUKENs, CylIb(paToB HHUKE,
alleTUJIALIETOHATOB HHKEJS, aleTaToB HUKeNs, (yMapaToB HUKENs, TJIFOKOHATOB HUKEI,
LIUTPATOB HUKEJs, OEH30aTOB HUKEJS, MAJI€aTOB HUKEJS, OKCAJaTOB HUKEJNs, OJIEATOB HUKEJI,
CT€apaToOB HUKEJNs, KOMILJIEKCOB HUKENA-aMMOHUs, TeTpakapOOHMIIA >Keje3a, MeHTakapOOHMIIa
JKene3a, HOHakapOOHHMJIA ’Kejie3a, HUTPATOB JKejle3a, OpOMHIOB JKele3a, XJOPHIOB JKelesa,
¢dTopunos xenesa, pochaToB kees3a, CyabpaToB Kee3a, aleTHIALETOHATOB JKeJe3a, aleTaToB
xene3a, (hymapaTroB Keje3a, TJIIOKOHATOB JKeJie3a, LUTPAaTOB JKeye3a, OEH30aTOB JKeJesa,
MaJIeaToB JKeJe3a, OKCAJIATOB XKelle3a, OJIEaToOB JKeJie3a, CTeapaToB JKejle3a, KOMIUIEKCOB JKele3a-

aMMOHHUS, TeTpakapOOHMIa koOanmbTa, MeHTakapOOHMIa KoOalbTa, HOHakapOOHMIA KoOanbTa,
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HUTPATOB KoOabTa, OPOMUAOB KOOaNbTa, XJIOPUIOB KobaabTa, Gropunos kodanbra, pocdaros
kobanbTa, cynbdaTroB KoOaNbTa, AlETUIALETOHATOB KOOAbTa, alleTaToB KobanbTa, (hymMapaTroB
koOanbTa, TJIIOKOHATOB KOOanbTa, MUTPATOB KoOajgbTa, OEH30aTOB KOOA/bTa, MajieaToB
ko0abTa, OKCANaTOB KoOanbTa, 0JIeaTOB KOOalbTa, CTEapaToB KoOaibTa M KOMILIEKCOB
K00ajbTa-aMMOHHUS, U AUCTIEPTHPOBAHNE PACTBOPA HA HOCHUTENIE, CONEPIKAIEM TUOKCH [IEPHUS U

OKCUA AJFOMUHUA, NPEANOYUYTHUTCIIBHO COACPIKAIIEM AOUOKCUA LEPUA U OKCUA AJTIOMHHUA B

MaccOBOM COOTHOIIEHUHU JUOKCHIA nepus K OKCHUIY AFOMUHUS, (Te
Macca JHOKCHAA LiepHA
x 100%
MaCCd AHOKCH /A I.]EpHH + Macca OKCHAA anHYMHHHA ) oT 2% o 50%
2

NPEANOYTHTENBHO B COOTHOIIEHUH OT 5% 1o 40%, 6onee npeamnoururensHo ot 10% mo 30%.

19. Croco6 mo m. 18, B KOTOPOM Mepen IUCTIEPTHPOBAHHEM pPAacTBOpPA HA HOCUTENE
HOCHTEJb IPOKAJIUBAIOT Npu Temnepatype Boiie 700°C.

20. Cnocod mo n. 18 wim 19, B KOTOPOM mepen TUCTIEPrUPOBAHHEM PACTBOpPa Ha
HOCHUTEJIE HOCUTENb MpoKanusaroT npu Temneparype ot 900°C no 1100°C B TedyeHue nepuona
BpE€MEHHU B nuanasoHe ot 13 no 30 gacos.

21. Cnoco® mo m. 19 wmiam 20, B KOTOPOM TOCHE OCAXKIEHUS AKTUBHOTO MeTajuia
BBITNIOJIHAIOT AOIOJIHUTENbHOE NIPOKaINBaHue npu Temnepatype oiie 700°C, npeanouTuTeNbHO
ot 900°C mo 1100°C.

22. VYcraHOBKa, NOAXOAALIAA [JIsl MPOBENCHUS KAaTAIUTHYECKOTO OKHUCIUTEIBbHOIO
KPEKHHTIa M0ToKa rasa, coaepsxatiero HaS, npuiem B ykazaHHOH yCTaHOBKE NIPENYyCMOTPEH BXOJ
I TIOTOKa KHUCJIOro rasa, coaepxkaiero HoS, Bxox and kuciopoacoiepskalnero NnoToka u
pPEeaKkLMOHHAs 30HA KATAJIUTUYECKOTO OKUCIUTEIbHOIO KPEKUHIa, COAepKallasi KaTATUTUYECKUI
MaTepual, NOAXOAALIUN A yacTUYHOro okucienus HaS u kpexunra,

npudeM KaTaIUTUYECKUH MaTepuasl COINEpPXKUT OAWH MK Oojiee KaTaau3aTopoOB,
COIEep KAIUX MO MEHbIIEH Mepe OJWH aKTHUBHBIH METaJUl, BBIOPAHHBIN M3 TPYMIIBI, COCTOSLIEH
U3 JKene3a, KoOambTa, HUKENss W MX KOMOWHALWN, TPU 3TOM YKAa3aHHBIA AKTUBHBIA MeETaJll
HAHECEH Ha HOCUTENb, COAEPKAUN JUOKCUT LEPHs U OKCU aIFOMUHUS.

23. YcraHOBKa 1O 1. 22, AOMOJHUTENBHO COJEpIKallas 30HY PE3KOro OXJaXAEHUs rasa,
PaCHOJIOKEHHYIO NIOCNIE PEAKIIMOHHOMN 30HBL

24, YcranoBka mo m 22 wiu m 23, copepxkamas Cekiuro (3) KaTaJIuTUYECKOTO
OKHUCIIUTENIPHOTO KPEKHHIa, CONIEPIKAIlyI YCTAHOBKY (4) KaTaJIUTHYECKOTO OKHCIUTEIBHOTO
KPEKUHTa,

IpU 3TOM YCTAaHOBKA (4) KaTAJUTHYECKOTO OKHCIUTENBHOTO KPEKUHIa COAEPIKUT
CTaTUYECKUH TPEABAPUTENbHBIH CcMecHTenb (5) Al CMELIMBAHHUA KHCIOPOICOAEPIKAIIEro

MOTOKa U conepskamero HoS moToka KUCIIOTo rasa, peakiHOHHYI0 Kamepy (42) KaTaIuTHYECKOTO
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OKHCIIUTENIPHOTO KPEKHHIa, CONEepIKAIlyl0 CJIOHW KaTaqu3aTopa, COIepKallui YKa3aHHBIA
KaTAIUTHUECKUI MaTepuas, W KOTeN-yTHiau3aTop (0) OTXOAALIEro Terua Ui OXJIaXACHUS
NPOAYKTA, BBIXOMAIIET0 W3 PEaKIMOHHOH Kamephl (42) KaTaIUTHYECKOTO OKHUCIUTENbHOTO
KPEKHHTa, IpU 3TOM CeKUHs (3) KaTAIUTHUECKOTO OKUCIHUTEIBHOTO KPEKMHIa TOTIOJIHUTENBHO
COIepKUT KoHAeHcaTop (7) cepbl Uit KOHACHCALIMN CEPhbl U3 IMOTOKA ra3a u3 KOTJIa-yTUIN3aTopa
(6) oTxomsimero Termiaa U uMeer BuIXON (8) st cepwl U Bbxox (14) s rasa, HAXOIAIIUICS B
cooluieHnn 1o Tekyueil cpene co BxoaoM cekiuu (13) oOpaboTKu OCTaTOUHOTO rasa, mpuieM
cekuusi (13) oOpaboTKM OCTAaTOYHOrO Ta3a COAEPXKUT MOTJIOTHTENh (25), BXOD KOTOPOro
HAXOIUTCSI B COOOILIEHNU MO TeKydeH cpene ¢ yKa3aHHBIM BbIxomoM (14) mist raza ykazaHHOU
ceknH (3) KaTaJUTHYECKOTO OKHCIUTENBHOIO KPEKHWHIa, W BBIMOJHEHA C BO3MOKHOCTBIO
ynanenuss HoS w3 yka3aHHOrO TOTOKa rasa ¢ IOMOLIBKO aOcopOupyromed SKUAKOCTH C
noJlydeHueM O0OTameHHOr0 BOAOpoAOM moToka (34) raza m oborameHHON abcopOupyromeit
sxuakocta (28).

25. YcranoBka mo Jjrobomy w3 mn. 22-24, B KOTOPOH KOMIIO3MIIMS KaTaJd3aTopa
COIEPKUT HUKENb, PUYEM KaTaJU3aTOP MPEONOYTHTENBHO SIBJISETCS KaTaJIM3aTOpOM, KaK OH

ompeneneH B jarodbom u3 mm. 13-17.
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