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MPUPOAHOTO Ta3a, BOIOPOAA M OKHUCISIOLIETO ra3a, He COACpXallero yriepoaa, K MOTOKY CHIPhEBOTO
ra3a BBIIIE [0 MOTOKY OTHOCHTENBHO YCTAaHOBKH pU(OPMEHTA; OCYIIECTBICHHE PU()OPMHUHTA MOTOKA
CBIPHECBOTO Ta3a B YCTaHOBKe prudopMuHTa ¢ 00pa3oBaHHEM MMOTOKAa PUPOPMHUHT-Ta3a U OCYIICCTBICHHE
JOCTaBKH TMOTOKa pH(OPMUHI-raza B IMIAXTHYIO IeYb, IJA€ IMOTOK pH(OPMUHI-Ta3a MPUMEHSIOT
JUII BOCCTAHOBJICHHSI Marepraia Ha OCHOBE METaUTMYECKOW pPyAbl C MOIYYeHHEM METAJUTHYECKOTO
Marepuaia TpSMOTO BOCCTAaHOBJIEHHS. [IOTOK CBHIPHEBOTO Ta3a BKIOYACT ITOTOK KOJOIIHUKOBOTO
rasza, pelUpKYIHMPOBAHHOTO M3 IMaxTHON meuyu. Heobs3arenbHO OKUCHSIOMUNA Ta3, HE COMAepIKaIlHid
yIJIepoll, BKIIOYAeT Map, M CHOcOoO OMONHUTEIHHO BKIIOYAET PETYIMPOBAaHHE pacxona Iapa JUIsd
TTOJICPKaHIsI MAKCHMAIILHOTO 3HaueHHs k-(akTropa moToka CHIPhEBOTO Ta3a Ha ypoBHe 0,74 Wiu HIDKE.
Heo0s13aTenbHO IEpEMEHHOE KOJIMYECTBO BOAOpOaa BeIOpaHo st 3ameHbl 20-90% mpupogHoro rasa Ha
OCHOBaHHH TOIUTUBHOTO 4rcia. [lepeMeHHOe KOMMYIeCcTBO BOIOPOAA BEIOPAHO HA OCHOBAHUH JOCTYITHOTO

MNOCTYIJICHUS BOAOPOAA.
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CIIOCOB MPSIMOI'0 BOCCTAHOBJIEHHS C HCITOJIb30BAHHUEM
BOJOPOJIA

OBJIACTb TEXHUKHU

[0002] Hacrosinee n3o0peTeHre B LIEJIOM OTHOCUTCS K O0JIACTSIM MPSIMOTO BOCCTAHOBJIEHUS
(DR) u mpousBoxacTBa cranmu. bonee KOHKPETHO, HACTOsIIee H300pETeHHe OTHOCUTCS K
criocoby u cucreme mnpeodOpasoBanusi crnocoba DR, Takoro kak crnocod6 MIDREX wnu
NOJOOHBIN, ¢ UCIOJIB30BAHUEM MPHPOIHOro rasa B crnocod DR ¢ ucmnonb3oBaHuEM cMecH
nepeMeHHOro cocraBa u3 mpuponHoro raza (NG) m Bomopoma (H2), uto obecmeunBaer
BO3MOJKHOCTh TIOJTy4eHUs skejie3a mpsimoro BoccraHosieHus (DRI), xapakrepusyrommerocs
CHIDKEHHBIM COJIep’KaHUEM yriiepoaa U Oojiee HU3KUMH OOIIMMH BBIOPOCAMH ITHOKCHIA

yraepona (CO2).
YPOBEHb TEXHUKHU

[0003] B coBpemennom MIDREX NG u aHaJOrHYHBIX CIOCO0AX HCIOJIB3YeTCS
BBICOKOONITUMHU3UPOBAHHAsl YCTAaHOBKA pU(OPMUHTra JUIs NOJy4YeHUs cuHTe3-raza u3 NG s
BOCCTAHOBJICHUSI JKeJIe3HON pyabl. Takue criocoObl XapakTepu3yIOTCs BbIOpOCaMu OOJBIIOrO
xonndectBa CO2 BcneactBue Hanuuus yriepopa B NG. IlpeanpuHUMarOTCss KOHKPETHbIE
MOMBITKM MO JeKapOOHU3alMKM YacTell CTaJeUTeHHOW MPOMBIILICHHOCTH, TTOCKOJIBKY
pa3JIM4HbIE PETHOHBbI CTpemsTcs CHu3uTh BbIOpochl COz.  OngHa M3 TakuX MOMBITOK
3aKirouaercs B 3ameHe nonasaemoro NG Ha H2. Hecmorps Ha TO, 4TO A OCYIECTBICHUS
3TOTO CYIIECTBYIOT APYTHE CIIOCOOBI U CHCTEMBI, 11 OOJBITMHCTBA U3 HUX TPeOyeTCs MOJTHAs
npeaBapUTeNbHAs 3aMeHa KaK MCTOYHHKA BOCCTAHOBHTEJIBHOTO Td3a, TaK U OOOPYIOBAHUSI.
DTO HakJIaAbplBaeT CYLIECTBEHHbIE OrpaHUYeHMs] Ha ocBoeHue H2 B kadecTBe HCTOUHHKA
BOCCTaHOBUTEJIbHOTO ra3a, NOCcKoybKy H2 noka He sIBIsieTcst 5JKOHOMHYECKH LeNIeCO00Pa3HbBIM,
U CYIIECTBYIOT 3HAYUTENIbHBIEC HEONIPEAECICHHOCTH B OTHOLIEHUH CPOKOB U POCTA MOCTYIJIEHUS
H2. Onna u3 kimo4eBbIX MpoOIIeM 3aKIII0YaeTCsl B TOM, YTO nocTyruieHrne H2 MoskeT 3aBrceTh
OT KoJieOaHM BO30OHOBIIIEMBIX HCTOYHUKOB SHEPTHH, TAKUX KAK COJIHEUHAs SHEPTHI U BETEP.
B Takux ycnoBusix cranaaptHbie TexHosorndeckue cxembl MIDREX u aHanorudnbsie UM He
MOTYT 3KCIUTyaTHpoBaThesi ¢ H2 6e3 cymmecTBeHHOro BinsiHus Ha kauecTBo DRI, orpannyenus

CpOKa CJIy>KObI YCTAaHOBKH PUPOPMUHTA U YXYALIEHUSI CTAOUIBHOCTH KaTau3aTtopa. Takum
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o0pa3oM, mpoOieMel, KOTOpPbIE CIEAYET PELIUTh, BKIIOYAIOT. HKCILUTYaTalU0 TPAAHLUOHHOMN
ycraHoBkH ansi DR Ha ocHoBe NG ¢ mepuoamnyeckuM noctyruieHueM H2; sd¢exTuBHbIN
nepexos ¢ CylecTByromux yctaHoBOK Uil DR Ha ocHoBe NG K BOCCTaHOBJIEHHIO HA OCHOBE

H2 w 3amuty 000pynoBaHuUsS BO BpEMsI TAKHX MEPEXOJIOB.
CYIIHOCTD U3OBPETEHHMA

[0004] B ogHOM MJUTFOCTPATUBHOM BAapUAHTE OCYLIECTBICHHS B HACTOSIIEM H300pEeTeHHH
NPEeAyCMaTPUBAETCSl CIOCOO MPSMOTO BOCCTAHOBJICHHSI, BKJIFOUAKO LI nobasyieHue
MEPEMEHHBIX KOJMYECTB MPUPOIHOrO ra3a, BOAOPOJA U OKUCISAOIIEro ra3a, He Coiep Kallero
yraepona, K MOTOKY ChIPhEBOrO ra3a BhILIE IO OTOKY OTHOCHTEIBHO YCTAHOBKH PU(OPMHUHTA,
OCyILIeCTBIICHHNEe pPHU(POPMHHra TIIOTOKA CHIPBEBOrO ra3a B YCTAHOBKE pUPOPMHUHTA C
o0Opa3zoBaHNEM MOTOKA pU(OPMHUHT-TA3a U OCYIIECTBICHUE JOCTABKHU IMOTOKA pU(POPMHUHT-Ta3a
B LIAXTHYIO 11€4b, T€ MOTOK PU(POPMHHT-Ta3a MPUMEHSIOT I BOCCTAHOBJIEHUS] MaTepHaia Ha
OCHOBE METaJUIMYECKOM pyAbl C TMOJY4YEeHHEM METAIJINMYEeCKOro MaTepuana MpsMOro
BOCcCTaHOBJIeHUsA.  IIOTOK CBIpbEBOrO ras3a BKJIIOYAET IOTOK KOJIOIIHUKOBOIO Tasa,
PEeLMPKYJIMPOBAHHOTO U3 MaxTHOH neun. HeoOs3aTenbHO criocod Takke BKIIFOYAET OJHO WIIH
Oonee u3 MOKpoW CKpyOOEpHOM OUYMCTKHM M CXKaTHUs I[IOTOKA KOJIOUTHMKOBOTO Trasa.
Heobsi3aTenbHo cioco0 BkOuaer no0aBlieHHE NEPEMEHHBIX KOJIMYECTB MPUPOIHOrO rasa,
BOJIOPOZAA U OKUCIISIOLIETO ra3a, He COAEPIKALLEro yriepoaa, K MOTOKY ChIPbEBOIO ra3a BbIIlE
IO TOTOKY OTHOCHTENBHO YCTaHOBKH PU(GOPMHHIA U TNPEABAPUTENIBHOIO IOAOTPEBaTEIs,
PACHOJIOKEHHOTO BBIIIE MO MOTOKY OTHOCUTEJIBHO YCTaHOBKM prdopmunra. HeoOs3arenbHo
OKHCJSIFOINMA ra3, He COonmeprKaluil yriepoaa, BkJrodaeT map. HeoOsi3aTespHO crmocod
JIOTIOJIHUTEJIBHO BKJIFOUAET PEryJIMPOBaHUE pacxoja napa s MoAAepKaHus MaKCUMAaJIbHOTO
3HayeHus1 k-pakTopa MoTOKa ChIpheBOro rasa Ha yposHe 0,74 wumm Hmke. Heobsi3atenpHO
NEpeMEHHOE KOJIMYECTBO BOAOpOAa BbIOpaHO it 3aMeHbl 20-90% mnpupomHOro rasa Ha
OCHOBaHMHM TOIUIMBHOTO 4Hucia. B kadecTBe anbTepHATUBBI, MEPEMEHHOE KOJIMYECTBO
BOJIOpOJa BeIOpaHO Auist 3aMeHbl 30-70% MpUpOIHOTro ra3a Ha OCHOBAHMH TOTUTMBHOTO YHCIA.
IlepeMeHHOE KOMMYECTBO BOAOPOZAA BHIOPAHO HAa OCHOBAHMM JOCTYITHOTO MOCTYILUICHHS
Bojopona. HeoOsi3aTenbHO TMEepeMEHHOE KOJIMYECTBO BOAOPOAA BBHIOPAHO HAa OCHOBAHHUH

AOCTYITHOI'O MOCTYIUICHHUA BOAOPOAa U3 BO300HOBJISIEMOI'0 HCTOYHHKA BOAOpOAA.

[0005] B apyrom MIUTIOCTPATUBHOM BapHUaHTE OCYINECTBJICHUS B HACTOSINEM H300peTEeHHU

npeayCcmMaTpmuBacTcss CUCTEMAa MPAMOr0 BOCCTAHOBJICHUA, BKJIKOYArOIIast: HNCTOYHUKHU
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BHCIIHCIO Tras3a, BBIIIOJHCHHBIE C BO3MOXKHOCTBIO I[O6aBJ'IeHI/I$[ NEPEMEHHBIX KOJIMYICCTB
MPUPOJHOTO rasza, BOAOPOJA M OKHUCISIOLIErO rasa, He COAEpXKalllero yIiepoAaa, K MOTOKY
CBIPbEBOT'O Ia3a BBIIIE IO MOTOKY OTHOCHUTENBHO YCTAHOBKH PU(OPMHUHIA, BBINOJHEHHOH C
BO3MOJKHOCTBIO OCYIIECTBIICHHUS pU(OPMUHTA MOTOKA ChIPbEBOTO raza ¢ 00pa30BaHUEM IIOTOKA
puOpMHHI-ra3a, M IIAXTHYIO II€4Yb, BBIIOJHEHHYIO C BO3MOXKHOCTBIO IpHEMa IIOTOKA
pudopMUHT-Ta3a U NPUMEHEHUs IOTOKA pU(OPMHUHT-Ta3a i1 BOCCTAHOBJICHHS MaTepualia Ha
OCHOBE METAJUIMYECKOM pyAbl C TMOJYYEHHEM METAJJIMYeCKOro MaTepuana MpsiMOro
BOCCTAaHOBJICHUA. TToTok ChIPbEBOI'0 rasa BKJIHOYACT IMOTOK KOJOHIHHUKOBOI'O Trasa,
PELMPKYJIMPOBAHHOTO U3 MIAXTHOH neun. HeoOs13aTebHO CHCTeMa TaksKe BKIIFOYAET OTHO WU
Oonee W3 MOKpOro ckpyoOepa, BBITOJHEHHOTO C BO3MOXHOCTBIO MOKpOH CKpyOOepHOit
OYUCTKH, U KOMIIPECCOPA, BBIIMOJHEHHOIO ¢ BO3MOKHOCTBIO CXKAaTHUS MMOTOKA KOJOITHUKOBOTO
raza. HeoOs3aTeIbHO HCTOYHHMKH BHEILIHETO ra3a BBHIMTOJIHEHBI ¢ BO3MOKHOCTBIO }:[O6aBJ'IeHI/I$[
MEPEMEHHBIX KOJMYECTB IPUPOIHOrO ra3a, BOAOPOJA U OKUCIAOIIErO ra3a, He Coiep Kallero
yriepona, K MOTOKY ChIPhEBOTO ra3a BbIIIE MO MOTOKY OTHOCUTENBHO YCTAHOBKH PU(POPMUHTA
U TOPCABAPUTECIIBHOIO MOAOrPEBATECIA, PACIOJIOXKCHHOTO BbILIE IO MOTOKY OTHOCHUTCIIBHO
ycraHoBKH pudopmunra. HeoOs3aTenbHO OKMCHSIOMMI ra3, HE COAEpKaIllUMi Yriepona,
BKIrOuaeT nmap. HeoOs3arenpHO cHUCTeMa JOMONHUTENBHO BKJIOYAET PEryJIsATOP Pacxona,
BBIMIOJIHEHHBII C BO3MOJKHOCTBIO PpEryJUPOBAaHUS pacxoja Mmapa [Ajsd MOAJNEp>KaHUsA
MaKCHUMaJbHOTrO 3HaueHus k-(axTopa moroka cbipbeBOro rasa Ha ypoHe 0,74 wnu HIKe.
HeoOsi3aTenbHO TMepeMeHHOE KOJUYeCTBO BOXOpona BbiOpaHO mansi 3ameHsl  20-90%
NPUPOAHOTO ra3a Ha OCHOBaHUHU TOIUIMBHOIO 4YHCIa. B kauecTse ambTepHATUBBI, IEPEMEHHOE
KOJIMYECTBO BOIOpona BhIOpaHO st 3ameHbl 30-70% mpupOAHOro rasa Ha OCHOBAHUHU
TOILTMBHOTO Yucya. [lepeMeHHOe KOMYeCTBO BOIOPOIA BBIOPAHO HA OCHOBAHHH JOCTYITHOTO
NoCTyIuieHus1 Bogopoaa. HeoOs3arenbHO MEpeMEHHOE KOJIMYECTBO BOAOPOZAA BBIOPAHO Ha

OCHOBAHUHU JOCTYITHOI'O MOCTYIJICHUA BOAOPOda M3 BO300HOBJISIEMOI'0 HCTOYHHKA BOOOpOaa.

[0006] CooTHOIEHUsI BONOPOAA U MPUPOTHOTO ra3a ONPENessiFOTCs O0IIel MOTPEOHOCTHIO B
sHepruu s nonydeHus: DRI nmpu 3amaHHOM KauecTBe MPOAYKTAa M TOCTYITHOCTH BOAOPOIA.
TunuyHpIMU KOHTPOJUPYEMBIMU Ka4YCCTBAMHU TIPOAYKTA ABJIAIOTCA TMTPOLUCHTHAA OOJA
METaJUTN3aLUH, KOTOpasl TPENCTAaBJIAET COOOH KOJWYECTBO METAJLUIMUECKOrO JKee3a B
IPOIIEHTAX I10 BECY OT OOLIEro KOJIMYECTBA JKeJIe3a, ¥ KOJMYECTBO COEPIKAIIETOCs B IPOAYKTE
yriaepoaa, KOTOpOe MPEACTaBIsseT COOOH KONNYECTBO YIIIepoAa B MPOAYKTE B MPOLEHTAX IO
BECY. ﬂOCTaTO“IHbII‘/'I NOTOK Tra3a MNpU HoAa4Y€ Ha BXOAC ABJISICTCA HeO6XO}_'[I/IMbIM IS

obecnieueHus noaacpKaHus Ka4eCTBa BOCCTAHOBUTECJIBHOI'O Tra3da W YAOBJICTBOPCHUA
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HOTpe6HOCTeﬁ B OHEPruu B IMC€HU OJid MNPOBEACHUSA BOCCTAHOBUTECJIIbHBIX peaKum‘/'l IS
JOCTHXKCHUA METAJIJIN3allui. HpOL[eHTHaﬂ AJ0J11 MeTaJUIn3anuu  ABJISIETCA OCHOBHBIM
(akTOpOM, MOCKOJBKY OHA OMNpenessieT KOJMYECTBO BOCCTAHOBUTENS, HEOOXOOUMOe JUIs
yIaJeHus: KUCIopoaa U3 okcuaa keneza. OO1as moTpeOHOCTh B SHEPTHH B CIIOCO0E, € yUeTOM
nobasneHus yriepona, cocrasisier ~70% ot tpebyemoit snepruu. OcrtaBumecs ~30% B
OCHOBHOM ITPENCTABJISIFOT COO0M MmoTepu (PU3UUECKOTO TEIIa Ha PA3JIMYHbIX CTaIUsIX CIIOco0a,
HanpuMep, B CkpyOOepe KOJOLMIHUKOBOTO rasa Wik B IbIMOBOH Tpybe. KomOuHHMpoBaHue U
BBIOOp pacxoia MPUPOAHOrO rasa W BOAOPOAA OyAyT 3aBHUCETh OT JOCTYITHOCTH BOAOPOA,

3aTpart, cBsi3aHHbIX ¢ BeiOpocamu CO2, 1 HeOOXOAMMOTO COEPIKAHNUS YIIIePOAa B IIPOAYKTE.
KPATKOE OITMCAHUE 'PA@UYECKUX MATEPHAJIOB

[0007] Hacrosiee n3oOpeTeHre MPOMLIFOCTPUPOBAHO U OMTUCAHO CO CChUTKOM Ha Pa3IMYHbIC
rpadudecKkue MaTepHalibl, Ha KOTOPBIX TOHOOHBIE HOMEpa CChUIOK HCIOIB3YIOT IS

0003HaueHUsI MOAOOHBIX KOMIIOHEHTOB CUCTEMbI/CTaqui CITOco0a COOTBETCTBEHHO, U TJIE:

[0008] Ha ¢ur. 1 mpeacTaBieHO CXeMaTHUYECKOe M300pakeHHe, Ha KOTOPOM TOKa3aH OOUH
BapPHAHT OCYIIECTBJIEHUS CIIOCO0a MPSMOro BOCCTAHOBJICHMsI HA ocHOBe H2 mo Hactosiemy

U300peTeHHIO0, U
[0009] Ha ¢ur. 2 npencTaBieHa kpuBasi 3HaUeHuUH k-pakTopa ast peakuu Boaa-yriepos.
IMOAPOBHOE OITMCAHUE UJIJTIOCTPATHMBHBIX BAPUAHTOB OCVYILIECTBJIEHUA

[0010] Hacrosimee wu3oOpereHre B LEJIOM OTHOCUTCA K yayumeHuto Midrex NG wu
AHAJIOTHYHBIX CIIOCOOOB BOCCTAHOBIIEHHSI Kele3HbIX pyA. OOmmii cnocod, OnuCaHHBIA B
JaHHOM JOKYMEHTE, MPeNyCMaTpUBAeT MOAM(DUKALNU B CBS3aHHBIE YCTAHOBKH, KOTOpPBIE
00ecreYnBaoT BO3MOKHOCTh HU3MEHSTh B IOTOKE HCTOYHHK ra3000pa3HOro TOIUIMBA MJIS
MOJIa4¥ BOCCTAHOBUTENBHOIO ra3a. B OIHOM WUIIOCTpPAaTHBHOM BapUaHTE OCYLIECTBJICHHUS
razoobpasubeiii H2 B xonme cmocoba momaroT B3ammoszameHnseMo ¢ NG, B 3aBUCUMOCTH OT
eXKe4aCHBbIX M3MEHEeHUH noctynmHoctd H2. DToT cmocol omnmyaercs: OT APYrux CrnocoOoB,

pa3pa6OTaHHbIX AJIs1 KOHKPETHBIX COCTABOB TOILJIMBA.

[0011] Koukpernee, ccputasice Ha ¢ur. 1, B OZHOM WUIFOCTPATUBHOM BapUaHTE
OCYLIECTBIIEHUs TpeAcTaBiIeHa Onok-cxema crocoda 110 DR no HacrosimeMy n300peTeHuro.

Oxcupn xenmesa 11 BXxomuT depe3 BEpPXHIOK YacTb IMaxTHOW mneun 120, roe OH
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BoccTaHaBiuBaercst 10 DRI B pesymbrare peakmuii ¢ H2 u monookcunom yraepona (CO). DRI
BBIXOJINT U3 IIAXTHOW MeUr MOJ IeHCTBHUEM CHIbl TshkecT B Buae xosnoanoro DRI (CDRI),
ropsiuero DRI (HDRI), ropsiuedpuxernposantoro >keneza (HBI) u 1. 1. 50. Taxue ciocoOwl
SIBJISIIOTCS] OOLIIEM3BECTHBIMU CIIELIUAIICTAM B JAaHHOH 00JaCTH TEXHUKH U HE ONUCaHBI Ooee
noapoOHO B JaHHOM JOKyMeHTe. OTpaboTaHHBIH BOCCTAHOBUTENBHBIA ra3 12 HHU3KOro
naByieHUs (TakKe HA3bIBAEMbI KOJIOIIHUKOBBIM Ta30M) MPH TEMIEPaType, COCTaBIIAIOLIEH
npubmu3uTensHo 350°C, BBIXOAUT M3 BepXHEW YacTH LIaxTHOW neud 120 u HampasiisieTcs B
MOKpBI ckpyOOep 130 s ymaneHWss NBUTM U BBIHOCUMBIX Menkux (pakumid. Ilocrne
00ecTIbUIMBaHMS KOJIOITHUKOBBIN ra3 12 pa3mesnsioT Ha J1Ba IMOTOKA: TEXHOJOTHYECKuit ra3 13
Y TOTUTMBHBIN KOJIOUTHUKOBBIN ra3 16. TexHonornveckuii ra3 13 peuupKyJIUpyrOT U CKUMAKOT
B kommpeccope 140 mo nmammeHus, cocraBistomero npuommsurenasHo 2,0 6ap u30., mpu
TeMIieparype, cocrapistoneii npudnusurenpbHo 150°C. 3arem nobdasmsitor NG 14, H2 22 u map
21 x texnonoruueckomy rasy 13. NG 14 xapakrepusyercsi TeMepaTypon, COCTaBIISIOIIEH
npubmmuTensHo  25°C, H2 22 xapakrepusyercs TeMIEpaTypoH, COCTaBJISIOIICH
npubmsutensHo  25°C, w map 21 xapakrepu3yeTrcsi TeMIepaTypol, COCTaBIIAIOLIEH
npubmuzutensHo 300°C. TTonmy4yeHHbIH ChIpbeBOi ra3 15 mpeaBapuUTENbHO MOAOTPEBANOT 110
TEMIIepPaTypbl, cocTaBisirolel npubnusurensHo S60°C, B Gnoke 150 pexynepaiuu Teria u
NOZIOTPETHIN ChIpbeBON ra3 17 HampamisAOT B ycTaHOBKY 160 pudopmunra. Pudopmunr-ras
19 nmpu paBneHuH, cocraBisiromeM npuOnausurenbHo 1,8 Oap u3b., u Temmeparype,
cocrapisroner npudnusutensbHo 950°C, HampapisioT B maxTtHyo nedb 120. TorumBHbII
KOJIOLIHUKOBBIA ra3 16 mMpUMEHSIOT B KauecTBe TomuuBa 18 ropenku st ycraHoBku 160
pudopmunra i Heods3aTenbHO mapoBoro kotia 170. B naHHOM MIUTIOCTPAaTUBHOM BapHaHTE
OCYLIECTBICHUsI BHEIIHUE ra3bl 14, 22 u 21 1o0aBisIIOT K CBIPeBOMY ra3y 15 u CMemmBaroT ¢
CBIPHEBBIM T'a30M 15 BBIIIE MO MOTOKY OTHOCUTENBbHO Oioka 150 pekynepaiuu TerJia, HO UX
TAK)X€ MOKHO BBOAMUTH B NOTOK 17 mpenBapuUTEIbHO MOAOIPETOrO ChIPhEBOIO ra3a HUXKE IO
NIOTOKY OTHOCHUTENBbHO Oyoka 150 pexymeparuu Terja U BbIE IO MOTOKY OTHOCHTEIBHO
ycraHoBkH 160 pudopmunra. Pacxon mapa 21 perynupyrOT Ha OCHOBAaHHH BXOJSIIETO
XUMHYECKOIr0 COCTaBa NMOTOKA 17 mpenBapuTENbHO MOAOIPETOrO ChIPHEBOrO ra3a Ha BXOAE B

ycTtaHOBKY 160 pudopMuHTa U peryupyioT B 3aBHCUMOCTH OT focTyrnmHocTd H2 22,

[0012] B paHHOM JOKYMEHTE TMPEANOYTUTENbHBIM XUMHUYECKUM COCTaB TMoOTokKa 17
NPEABAPUTENIPHO TIOAOTPETOrO ChIPHEBOrO ra3a Ha BXOHAE B YCTaHOBKY 160 pudopmmHra
npenacTasisier coO0oi CMech BOIOPOAA, MOHOOKCHIA YIJIepoaa, TUOKCHUAA YIIIEpOaa, BOIABI U

NPUPOAHOrO ra3a IpU TeMmeparype, cocTaBjsirouied npudmmsurensHo 450-600°C, u
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JaBIIEHUH, COCTaBiAOmMEeM npudbmusutensHo 1,6-19 ©Oap wu30. IlpeanmodrurenbHbIid
XUMHYECKHH cocTaB pudopMmuHr-raza 19 Ha BbIxone u3 ycraHoBku 160 pucdopmunra
NPEUMYIIECTBEHHO MPECTABISAET COOON BOAOPOA 1 MOHOOKCHU] YIJIEPOAA, IPH 3TOM Ka4eCTBO
raza coctasysieT >10, TemmnepaTtypa coctaBisier npudmusurenabHo 850-1000°C, u naBieHue
coctaBnsier mnpuOmusurenbHo 1,7-2,0 6ap u3b. KommyectBo NG 14, nobasisiemoro K
ChIpbeBOMY Ta3y 15, ocHOBaHO Ha oOuieit morpeOHOCTH B SHepruu ajsi nony4derus DRI mpu
3a/IaHHBIX MPOM3BOIUTEIPHOCTH U Ka4eCTBe. AHANOrM4HO, konndectBo H2 22, nobasnsemMoro
K ChIpbEBOMY Ta3y 15, OCHOBaHO Ha JOCTYITHOCTH MCTOYHHKA BOAOPONA U MOTPEOHOCTSX B
sHepruu s noayderust DRI mpu 3an1aHHBIX TPONM3BOAUTENBHOCTH U KaueCcTBe. AHAJOTHYHO,
KOJMM4ecTBO mapa 21, mobaBnsieMoro K ChIpbeBOMy Ta3zy 15, ocHOBaHO Ha TpeOOBaHUSX K
XUMHUUYECKOMY COCTaBy ISl MPENOTBPALIEHMs Pa3JIOKEHUs yIJiepo/ia Ha BXO/E B YCTAHOBKY
pudopmunra. Takue nobasneHuss BHEIIHUX Ta3oB 14, 22 u 21 SBASIOTCS MU3MEHSIEMBbIMU U
MOTYT KOJe0aThCsl B 3aBUCUMOCTH OT MPEATIOYTEHUI B OTHOIIEHHMH XMMHUYECKOTO COCTaBa M
noctynHocty H2 22 B ienom. Cocrtas nopaBaeMoli cMecH U3 IpUPOHOro rasa 14 u sonopona
22 omnpenensieTcs: o0meld MOTpeOHOCTHIO B YHEPTUHU CIIOCO0a BOCCTAHOBJICHUS U, B MEHBIIIEH
CTEIeHH, TOTOKAMH, HEOOXOIUMBIMH IS aJalITALIMK KOJIMYECTBA COAEPIKALIEroCs B IPOAYKTE
yraepona. B cnydae TpaguumoHHOro crocoda Ha OCHOBE NMPUPOAHOrO rasza HeoOXOomuMast
SHEPrHs COCTABIISAET OKOJIO 2,5 ['kan HeTTo Ha TOHHY npoaykTa. IIpu HeOOIBIINX U3MEHEHUSIX
noTpeOieHust BOAOPOZa OAMH MOJIb BOAOPO/IA 3aMeHsAeT NpuMepHO 0,3 MOJIs MPUPOJHOTO rasa
BCJIEICTBHE MX PA3JIMYHOW HM3LIEH TEIUIOTHI cropanusi, cocrasistomeii 2500 kkan/Hm3 st
Bopopozna u 8500 kxan/Hm3 s mpuponHoro raza. OnHako no Mepe yBelIn4eHust oTpeOIeH s
BOJIOPOJZIa BO BCEM JUANA30HE 3aMEIIEeHHs SHeprusi Ooblie He TpeOyercs misi pudopMuHTa
MIPUPOTHOTO ra3a, u odIasi moTpeOHOCTh MpubIMKaeTcst kK npubdausureapbHo 1,8 I'kanm HeTTo
Ha TOHHY NIPOYKTa MPH MOTHOM 3aMerenun. Hampumep, pacxon 440 Hv® Bonopona Ha TOHHY
nponykra Moxer obecneunuts ~50% HOBOM 00IIel NOTPEOHOCTH B YHEPTUU /IS TTOJTyYEHUS
onuoit TonHbl DRI, OcraBmuecst ~50% sHeprun 00eCneunBaroTCs 33 CUET MPUPOIHOTO rasa
npu pacxone ~140 Hv’ npupogHoro rasa Ha TOHHy mpoaykTa. J[pyrue COOTHOIIEHHS MOTYT
ObITh BBIOPaHBI AHAJIOTMYHBIM O0pPa3oOM, B 3aBHCHMOCTH OT €KEYaCHOW JOCTYIMHOCTH
BOJOpPOJAa. B momonHeHHe K CHMKEHUIO MOTPeOHOCTEH B SHEPTHH, CYIIECTBYET HECKOJBKO
MOJCHCTEM, B KOTOPBIX NPUMEHSIOT NpHPOAHbIH ra3. Haumbonee BaXHBIM sIBIsSETCS
NPUPOAHBIN ra3, 10OABIAEMBIH IS MOMYYeHH HEOOXOIUMOTO KOJIMYECTBA COEPIKAINETrOCs B
npoxnykre yriepopa. I[Ipumepom moacucTemsl siBisieTCsl H0OaBieHHE MPUPOMHOTO Tas3a B

MEPEXOIHYIO0 30HY WJIM MPHUPOIHBIN ra3, KOTOPbIA JOOABISIFOT HETTOCPEACTBEHHO B IAXTHYIO



WO 2021/061896 7 PCT/EP2020/052373

neyb B OOJIACTH O] KOJIBLIEBBIM BO3yXOMPOBOAOM. Pacxox mpupogHOro rasa B nepexonHOM
30HE MOYKET CUIIbHO BapbUPOBATLCS B AuanaszoHe ot 10 no 60 Hv® npuponHoro raza Ha TOHHY
NPOAYKTa, B 3aBUCHMOCTH OT HEOOXOJMMOIO KOJMYECTBA COAEPIKALIErocs B IPOAYKTE
yIiIepona, XapakTepUCTUK KapOIPHPOBAHUS TBEPAOTO ChIPbEBOTO MaTepHala 1 SKCIUTyaTaluu
neun. [y noanep:kaHusi HEOOXOAUMOTO KOJMUYECTBA COAEPIKAIIErocs B MPOAYKTE yIriepoaa
TpeOyeTcsi aHAJIOrMYHBIN AHANAa30H MPUPOJHOIO ras3a, Jake €Clid B Xoze crnocoda 100aBIsoT
BoZopoa. ITOCKOJIBKY OCakIeHHe yriepoaa 3aBUCHT OT 3HAYEHUIH KOHLEHTPALUU MeTaHa U
CO, B HEKOTOPBIX CIIy4asix MOAAYy MPUPOAHOTO ra3a B 3TH CUCTEMbI MOJKHO YBEJTUYUBATD JJIS
NOJ/IEPKaHMs TOTO JK€ KOJIMYECTBA COAEpIKALIerocs B MPOAYKTE yriepona. B menom, stor
s¢dekr, kak mNpaBWIO, MPOUCXOMUT MPHU OoJiee BBHICOKUX 3HAUEHUSIX Kod(pdUimeHTa
3aMeIIeHUs TPUPOIHOTo raza. I (HEeKTUBHOCTD PEKyIepaLlii TEIUIa TAK)KE BIHSIET Ha OOIIYFO
TpeOyeMyI0 SHEprur0 M, TAKMM O0pa3oM, BJIHMSET Ha BBIOOP CMECH ChIpbEeBBIX ra3oB. Kak
NPaBUJIO, H3-32 CTAMOHAPHOrO oOopyaoBaHUs 3(G(EKTUBHOCTb pEKyNepanuuyd Teruia
U3MEHSIETCS, TIOCKOJIbKY n00aBieHne OOJbIIero KOJMYECTBA BOAOPOAA 3aMEHsET Mojady
MPUPOIHOTO ra3a. BrusiHue nodasieHus: BOIOPOa B Xoae TpaguipionHoro cnocoba MIDREX

NG noapoOHO pacCMOTPEHO ajiee B PACKPBITUU crIocoda.

[0013] Cmoco®6 mo  HacroseMy — HM300pPETEHUIO  XapaKTEPU3yeTCsl  KIFOUEBBIMU
NPEUMYIIEeCTBAMH I10 CPaBHEHUIO C TPAJULMOHHBIMU CIIOCOOAMM BOCCTAaHOBIEHMsA. [l
TPaZULIMOHHOTO crocoba Ha ocHoBe NG TpeOyercst kecTKoe peryjJnpoBaHHE pacxona
CBIPbEBOT'O MOTOKA M COCTaBa. Pe3kue M3MEHEHHs MOTYT UMETh TsDKEJble MOCHEeNCTBUS IS
YCTAaHOBKM:  00pa3oBaHHE KJACTEPOB B MIAXTHOW Me4H, paspylieHHe TPyO YCTaHOBKH
pudopmunra u T. n. Hawmbosnee 3HAYMTENBHBIM M3 HHUX SBJISAETCS KaTacTpoduueckas
JEaKTHBALMS KaTajJu3aTropa, KOTOpas IPOUCXOMUT, KOTAA YIJIEPOA OCAXKIAETCs Ha

KaTajau3aTtope U PU3N4ecKu pa3pyuiaeT ero.

[0014] B nHacrositmeM H300peTeHUU KOHTPOJIUPYEMOE BBEACHIE BOISHOTO Mapa B ChIPbEBOH
ra3 4aCTHMYHO YCTpaHsieT BbIlIeyKa3aHHble 3((EKThl M MPU 3TOM CBOOUT K MHHUMYMY
HApyLICHWE KauecTBa MOJYy4aeMOro ’keje3a. JTO, MO CyTH, 00eCneunBaeT BO3MOXKHOCTb
OIHOBPEMEHHOIO TMPUMEHEHUST HECKOJBbKO Pa3IMYHBbIX HCTOYHUKOB BOCCTAHOBUTEJIBHOIO
CBIpBEBOTO Ta3a, Hanmpumep, NG u H2, ecnmu 1oCTymHOCTh OJHOTO WM OOOMX HCTOYHUKOB
SIBJIIETCSl HETOCTOSIHHOM.  [TonoskurenpHbie 3((EKThI 3TOTO BKIIIOYAIOT CIIOCOOCTBOBAHHE
CYLIECTBYIOIIUM TEXHOJIOTHUSIM BOCCTAHOBJIEHHs Ha OCHOBE NG OCYIIECTBJISITh MPUMEHEHUE

H2 u3 BO30OHOBNSIEMBIX HCTOYHHKOB B KauecTBe crocoda cHmkeHus BbiOpocoB CO2.
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Hacrosimee n3obperenne MO>KHO IPUMEHSTh B PA3JINYHBIX CUTYALUAX, TAKUX KaK: WCTOYHUKU
H2 ¢ nepemeHHON NMPOU3BOAUTENBHOCTBIO, TaKUE Kak mojydeHue H2 Ha OCHOBE COJHEYHON
SHEPTUU WIN SHEPTuM BeTpa, WIN MO3TAMHOE OCYLIECTBJIEHUE MOCTOSHHOrO nosydeHus H2,
HarpuMmep, 3JeKTposnu3. ITo obecrneunBaeT IMOKOCTh B OTHOLIEHHWH HMCTOYHHMKA TOIUIMBA,
KOTOPBI MOKHO MPUMEHSITh Ha CYIIECTBYIOLIUX YCTAaHOBKAax Ha ocHoBe NG; B uactHoCcTH, H2
U3 DOKOJOTMYECKH YHCThIX MCTOYHHMKOB, TI€ TMOCTYIUICHHe OyneT BapbHpPOBATHCS B

3aBUCHUMOCTH OT €KECIHCBHBIX I/IBMeHeHI/Iﬁ, TaKUX KaK COJIHEYHAaA SHEPTUA WU SHEPTHA BETPA.

[0015] B cnyuae ciocoboB BoccTaHOBIEHUS Jkejie3a Ha ocHOBe NG, NG 00bIYHO MOABEPTAOT
pUGOPMUHTY B CHHTE3-Ta3, KOTOPBI, B CBOK) OYePeib, BCTYIAET B PEAKLIUIO C OKCHJIOM KeJe3a

¢ obpasoannem mnpoxaykra DRI OcHOBHbIE peakunu pupOpMHHra METaHa SIBISIFOTCS

CIEMYIOLIUMU:
CH4 + H20 < CO + 3H; (1)
CHs + CO2 < 2CO + 2H; 2)

[0016] B mpunuumne, 3To o3Hadaer, yto H2 mokeT HemocpeacTBeHHO 3aMeHUTh NG B
TE€XHOJIOTHYECKOM ChIpbeBOM raze. OmgHako HEOOXOAMMO YYUTBIBATH CPOJACTBO K OCAMNKICHUIO
yriepoaa B ycraHoBke pudopmunra. ['asel ¢ Gojee BBICOKHM COEp:KaHUEM YIJIepoaa MOTYT
YBEJIUYUTh BEPOSITHOCTb OCAXKIEHMs, HO OJHOIO 3TOr0 HEAOCTATOYHO JUJIsl OIpENesICHUs
oOpasoBanusi yriepopa. M3 pasnuyHbIX peakuuil yrieponga HamOoyiee BayKHBIMH JUIS

PAaCCMOTPEHUS SIBJISIFOTCS CIIENYOLIHE:
2CO < C(1B.) +CO» 3)
CO + H; <= C(1B.) + H20 4)

[0017] Hcxons u3 ypasHenus (4), npucyrcreue H2 nnn CO yBennmuuBaeT mpearnodTeHne B
OTHOILIEHNU 00pa3oBaHus yriepona. Boxa, ¢ apyroii cTopoHsl, IpegoTBpamaeT oopa3oBaHie
yraepoga. CO2 o0pgHO cnal0 BIMSET HA W3MEHEHHWE MPENNOYTeHHUS B OTHOLICHUH
o0pa3oBaHUsl yIiepoAa, MOCKOJIBKY OH BCTYNAET B PEAKIHIO C METaHOM ¢ obpasosanueMm CO
U, TEM CaMblM, OTMEHSIET €ro peakLHI0 B KauecTBe okucnurtesns. KoHcTanTta paBHOBecus,

OTperiesIeHHast [0 AKTUBHOCTH, ISl ypaBHEeHUs (4) paBHsIETCS:
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o __{H0) ®)
** ~ [CO}Hy)

[0018] Hcxoms u3 xommepueckoro ombita, MIDREX paspaborana ynpoIieHHYI BEpCHIO
KOHCTAHTBI PABHOBECHs], KaK ONpeeseHo B ypaBHeHuH (6). DTo ypaBHEHHe, Ha3biBaeMoe k-
dakTopoM, ompenensiercs  cienyromuMm  o0pa3oM, TrAe Xj TOpeAcTaBisier  coOoi

COOTBGTCTByIOH.II/Iﬁ MoJ1. % razai B COCTAaBE ra3a M He BKJIIOYAET YCJIOBUA NaBJICHUA B CUCTEME!

XcoXH, (6)

k-hakTop = Tro
2

[0019] DT0 ypaBHEHHE TOMOTAET ONMPEAEITUTh BEPOATHOCTh OCAKICHUs yriepona. B menom,
KaK TOKa3aJi KOMMEpPYECKHH OMBIT W HCCIENOBAHUS, YCTAHOBKH MOTYT padoTaTh MpH
3HaueHUsIX k-¢akropa, cocraBisromux Okojo 0,5, mpHU 3TOM TEOPETUYECKUH MAKCUMyM

cocrasJsier 0,74.

[0020] B cny4ae TpaAWIMOHHON TEXHOJIOTHH, BXOI B YCTaHOBKY puidopmuHra padoraer B
npeznenax o0NacTH, rie OCAXKIEHHE YTIIepoia IBJISIETCS TEPMOJUHAMUYIECKH OJIaronpUsTHBIM.
Jnist sToro cnocoba skcrutyaTanuu Tpedyercs TOUHOE PEeryIMpPOBaHNE TEMIIEPATYPhl U COCTABA
BXOJISILIIETO rasa AJid NpefoTBpalleHus] ocaxkaeHus yriepona. Karanusarop noxasepraercs
crnioco0y MmaccuBaIMK Cepoi, YTOOBI CHU3UTb €r0 aKTUBHOCTh HA BXOJZE B TPYOy, I/ie peakiiu
yriepona SIBJIAIOTCS KpaiiHe OnaronpusTHBIMH BCJeNCTBHE Oosiee HM3KOH TeMIepaTypbl.
bonee HM3Kasi aKTHBHOCTb OOECIIEYMBAET BO3MOJKHOCTH CBIPbEBOMY T'd3y OCTAaBATHCSI BHE
paBHOBECHsI 1O TeX IOp, IOKa ra3 HE Harpeercs MAOCTaTOYHO, 4YTOObI OojblIe He
CHOCOOCTBOBATh OCAXKACHUIO yriepoaa. ITOCKOJbKY cHUCTeMa HaxOOUTCS BHE PAaBHOBECHS,
KQOKIYI0 peakuuro yriepoga HeoOXOOUMO OLEHMBATh OTAENBbHO JUIsi  Oe30macHOM
SKCIUTyaTalluu YCTaHOBKHU pudopmunra. Kak mokasan KOMMEpUYECKHI ONbIT, ypaBHEHHE (4)
sBJIsieTCs HanOoJiee orpaHnunBaOmiM. Kak yka3aHO paHee W Kak NMPEACTaBJIeHO Ha Gur. 2,
ycranoBka pudopmuara MIDREX pabotaer npu 3HadeHuu k-dakropa, cocrapisitomem 0,5
(MyHKTHpHAs JHUHUS), B CIydae TEXHOJOTHYeCKOH cxembl Ha ocHoBe NG. Jlnsa obnactu
OCXKJIECHHsI YIIIepoaa sIBJISIETCsl ONAronpusiTHBIM paBHOBecue B obyiactu <650°C nHa dur. 2,
KOTOpasi SIBJSIETCSl TUITUYHON TeMIepaTypHOH O0JACThIO MPEABAPUTENILHOIO MOAOTPEBAHMS

CBIPbEBOIO rasa.

[0021] Coueranue 3THX (HaKTOPOB O3HAYAET, YTO HEOOXOAUMO YIENsITh 0cOO0e BHUMAaHHE

npu nobasnennn H2 ¢ vactuunoit 3amenoit NG. [loGaBnenue BHemHero H2 eme Oonbiie
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HaNpaBJIIeT PEAaKLHUI0 B CTOPOHY OCAXKJEHHUs YIJIepoAa. EnuncTBeHHBII  criocod
IIPOTUBOCTOSATh 3TOMY 3aKJIFOUAETCS] B YBEIMUEHUHU CONEP KaHUsl BOJbI HA BXOZE B YCTAHOBKY

pudopmuHra.

[0022] B TpaguumnoHHOM criocode comepskaHue BOAbI ONPEAENSeTCsl YCIAOBUSIMHU HACHILCHUS
B CKpyOOepe TEeXHOJNOTHUECKOro Tasa. TaM TeXHUYECKYI0 BOAY MNPUMEHSIIOT IS
00eCTbUIMBaHUS, OXJIAKACHUS U KOHIEHCALMK W30BITOYHON BOIbI M3 KOJOLIHMKOBOTO Tras3a.
BcnencTBue orpaHHUEHUI BHYTPU CUCTEMBI pabovasi TeMIIepaTypa, Kak MpaBmiIo, HAXOAUTCS
B auanazoHe 55-65°C. 3JTo orpaHMYMBaeT KOJMYECTBO BOAbI, MPUCYTCTBYIOIIEH B
TEXHOJIOTHYECKOM Ia3e, 4To, B CBOIO OUEPEAb, OTPAHNYNBAET KONMN4eCTBO H2, KOTOPBIN MOXKHO
nobaBuTh, U obecneunBaeT AOCTIKeHHe 3HaueHni k-pakropa Hiwke 0,7. [lns OezomacHOM
SKCIUTyaTallii BO BCEeX AuanasoHax nodaeneHuss H2 Heobxomumo moOaBisTh OOJbINE BOMBI,
4eM MOXKHO IOJIYYUTh TNPU TPAJAMLMOHHBIX YCIOBHSX JKCIUTyaTauuu ckpyOdepa. Taxum
oOpazom, TpamuuuoHHasi TexHojorndeckas cxema MIDREX NG mosxer oOpadaTeiBaTh He
bonee 200 Hwm’ H2 Ha Tomny DRI, Hoiy4eHHOro B TEXHOJOTMYECKOM KOHType, 0€3
HeOJaroNpPUATHBIX TOCIEACTBUN IUIsl YCTAHOBKH pudopMUHra. ITO NPEACTaBiIsieT COOOMU
3aMeHy ToybkO mpumepHo 20% NG Ha OCHOBaHMM TOIUIMBHOTO YHWCIA B TPAJULHOHHOM
cnocobe. TpamuimoOHHAsE TEXHOJOTHS TaKKe MOXKET PadoTaTh HAa CTOPOHE C BBICOKHM
coneprxkanuem H2 ¢ 3amenoit 550-650 Hm® H2 Ha Tonny DRI, unu npumepro 70% NG na H2
HAa OCHOBAHUU TOIUIMBHOrO 4ymciaa. OIHAKO 3TO MOXHO CAENaTh TOJbKO MOCE JUTUTEIbHOTO
npoctost U1t Moaudukanuu cymecTsyromero odopynoBanus. OcraBmmecs 30% Tormmsa
YCTAHOBKH TMPHUMEHSIIOT ISl MUTAHUS TOPEJIOK YCTAHOBKH PU(POpPMHHIa, HO 3TO TOILIMBO
TPYAHO 3aMeHUTh. [ Openku, NpuUMeHsieMble B T€Yd, SIBJSIFOTCS UYBCTBUTEJBHBIMH K
MOJIEKYJIIPHOM Macce rasa, ¥ UX TPYyAHO MOTYIIUTh, YTO OFPAaHUYMBAET BO3MOXKHOCTh 3aMEHbI

TOILJIMBA B 3TOU O0JIACTH.

[0023] B wumOCTPaTUBHOM BapHUaHTE OCYIIECTBIEHHs HACTOSILETO M300pPETeHUs CUCTEMa
oOpa3oBaHus mapa A00aBJIsI€T MOTOK HEMOCPENCTBEHHO K TEXHOJIOTHYecKoMy rasy. Takoe
nobaBieHne napa obecrnevnBaeT BO3MOXKHOCTD HETIOCPEICTBEHHO ITOAAEPKUBATh COlEPKAHUE
BOJbl B COCTaB€ CBIPHEBOTO ra3a HE3aBHUCHMO OT HEOOXOOUMOCTH YAAJNCHHS MbUIH W3
ckpyOOepa KOJOmHUKOBOro raza. Ilpu TakoMm BKIIIOYEHUH, HACTOSIIEE U300pEeTeHHE MOXKET
CBOOOIHO M3MEHSTHCS MEXKAY A0OaBIEHHEM MaJIOro, CpeAHero u donpimoro konudects H2 B
3aBUCHUMOCTH OT €TI0 AOCTYINHOCTHU M3 BHCIIHCTO MCTOYHHKA, B OTIUYHUEC OT TPAAULIUOHHOI'O

cniocoba. DTo mpencrasieHo Ha ¢ur. 1 BMecTe ¢ cucreMoil obpazoBanus napa. TpebGoBaHus
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K Mapy: rnap HU3KOro aasieHus, 5 0ap u30., mpu remneparype >160°C. Ecnu noctynHsl mr00bIe
BHEIIIHHE HCTOUYHUKH TaKOTO Mapa, cucreMa o0Opa3oBaHus napa He Tpedyercs. Mecto Ha ¢ur. 1
ABJISIETCS MIPEANOYTUTENBHBIM MECTOM Il AOOABIIEHHS Mapa; HUXKE MO MOTOKY OTHOCUTENBHO
KOMIIpECCOPAa TEXHOJIOTHYECKOTrO0 ra3a W BbIIIE IO IOTOKY OTHOCHUTENIBHO YCTAHOBKH
pudopmuHra, Ho n100aBlIEeHHUE SIBISIETCS] IPUEMJIEMBIM B TOM Cllydae, €CJd map J00aBISIOT
BBILIE [0 MOTOKY OTHOCUTENIbHO YCTAHOBKH PU(OPMHHIA, U OH 00eCHeunBaeT HaJJieKalee
nepemMenIuBaHue. B ciydae 5TOro BapuaHTa OCYLIECTBICHUs NOOaBJIEHHE Mapa MPUBOIUT K
00ECIeYeHNI0 JOCTATOUYHOrO KOJMYECTBA BOIbI JUIS MOJy4eHHs] CTaOMIIBHOTO 3HaueHHs k-
daxTopa maxe mpu m06aBIEHHAX BOAOPOAA, mpesbimaromux 200 Hm® Bomopoma Ha TOHHY
nponykra. Kpome Toro, peryjimpoBaHHE MapOBBIX KJAMAHOB OOECIIEYHBAET BO3MOXKHOCTB
OBICTPO Y TOYHO KOHTPOJIHMPOBATH COAEPIKAHUE BOIBI, UTOOBI B MOJHONW Mepe HCIIOIb30BaTh

WU3MEHEHUs 1oCcTynHOCTH H2 B TeueHue qHs.

[0024] Jns mHacTtosmero u300peTeHUs TpeOYyIOTCS OMONHUTENbHBIE W3MEHEHUS B
KOHCTPYKIIMH OOOpYAOBaHUS U TpeOOBAaHMAX IO KOHTPONK. B YacTHOCTH, CHIBHBIM
MU3MEHEHHUSIM ITOJIBEPTAIOTCS] KOMIIPECCOP TEXHOJIIOTHUECKOTO Ta3a U OJIOK peKyIepaluy Tera.
Pemenus 3tux mpobneM yke CYINECTBYIOT B JAHHOW OONACTH TEXHUKU M 3aCIy)KUBAKOT
YyIIOMUHaHUS B JaHHOM nokyMmeHTe. Ilo mepe nobGaenenuss H2 peakunu BOCCTaHOBIEHUS
CTAHOBATCA Oojee »HAOTepMHUeCKUMH. [Ipu MOCTOSHHON NOTPEOHOCTH B SHEPTUH IS
JOCTI>KEHUsI Toro ke kadectsa DRI (Merammuzanuy, KoJauuecTBa yrieposaa U T. 11.) B Ciydae
SHIIOTEPMHUUECKHUX peakuuil ¢ yuactueM H2 B meun tpebyercs Oonbine HU3NIECKOro Tera,
4yeM OOBIYHO OOECTeuMBaeTCsl 3a CYET TEerioBOro 3ddexra peakuuu B pe3ysibTaTe peakiui
BOCCTaHOBJIeHUs1 ¢ yuactueM CO. DTO O3Ha4yaeT, 4To pPacxoj BOCCTAHOBUTEJIBHOIO rasa
JOJDKEH — yBENUYMBaThCS 1O  Mepe pgoOamneHuss H2, mockonmbky — Temmeparypa
BOCCTAHOBUTEJIHOTO Ta3a OTPAHUYEHA TEM, UTO MOJKET BbIAEPKaTh TBepAbIi MaTepual (DRI)
(xax mpaBmio, Temmeparypa <900°C sBIsSeTCS MaKCHMAJIbHO AOCTHIKUMOW TeMIepaTypoil
ciosi, mpeskae 4em oOpa3oBaHHE KIIACTEPOB CTaHET MpoOseMoii). ITo, B CBOKO Ouepelb,
O3HAYaeT, YTO KOMIIPECCOP TEXHOJIOTUYECKOTO Ta3a NOJDKEH OyAeT BbIAEPKHBATH OOJIBIIHUIA

pacxoa  BOCCTAHOBUTECIBHOIO  Trasa da TaKXKEC  HU3MCHCHUA MO.]'IGKy.]'I;[pHOﬁ MacCChI

)
TEXHOJIOTHYECKOro Tra3a 1mo mepe nobdasnenus H2 B TexHonorndeckyro cxemy. Kpome Toro,
HeO6XOI[I/IMO TAKXKE YYUTHIBATDH 6OJ'II:;LHI/Ie pa3jniuusa MEXKAYy 3HAUYCHUAMH MOJ'IGKy.]'IHpHOﬁ
Macchl, OCOOEHHO TMpH 3KCIUTyaTalliM KOMIIPECCOPOB ILieHTpoOekHoro thma.  [lap,
no0aBysieMblii HHKE IO TOTOKY OTHOCHUTEJIbHO KOMIIPECCopa TEXHOJIOTMYECKOro rasa,

yYMEHbIIIaeT O0IIYI0 MOTPEOHOCTDh B pacxofe raza A OJioka.
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[0025] Ha pexynepaiuro Temia yCTAaHOBKHU BJIMsIET YMEHbIIEHNE KOJINYECTBA AbIMOBOTO ra3a
u3 ycTaHoBKU pudopmunra. OCHOBHBIM (pakTOpoM 3TOro 3¢dexra ABIseTCs TO, YTO 1O Mepe
noOaBieHNsI BHELITHETO BOAOPOAA HEOOXOAMMOCTh B puOpMuHTe yMeHblnaercs. KoHeuHbIM
Pe3yJIbTaTOM SIBIISIETCA TO, YTO PACXOA ra3000pa3HOro TOIUIMBA (TOILUIMBHOTO KOJIOMIHUKOBOTO
rasa Al JOXXMIaHWS M INPUPOAHOTO ras3a TOpPEeNKH) YMEHbLIAeTCs IO Mepe I00aBiIeHHs
BOAOpOZA. TO OKa3bIBAaeT OONbLIOE BIMSHUE HAa KOJMYECTBO PEKYNEpUPYEMOro Teruia
oTpaboTaBIIMX Ta30B B OJIOKE pekynepanuu Temia. biok pekynepanun Teria npeacTaBiser
cobol psim  TpyOYaThIX TEIUIOOOMEHHUKOB, KaXKIblH M3 KOTOPBIX XapaKTEPH3YeTCs
NOCTOSIHHBIMH  3HAYEHUsIMH KO3 (uIMeHTa W Iulomaan Tteronepenayn.  Ilo mepe
YMEHBIICHUSI PacXoa IbIMOBOIO ra3a KOJUYECTBO PEKYNEPUPYEMOro Teruia OTpadoTaBLINX
ra3oB TaKXKe YMEHBIIAETCs, TakKUM o00pa3oM, BCIEACTBHE (PUKCHPOBAHHOW T'€OMETPHUH
TEeIJIonepeayy Tak:Ke yMEHbIIAETCs IOJOTPEB Pa3IMUHbIX TEXHOJIOTHYECKUX TOTOKOB, TAKUX
Kak CbIpbeBOi ra3. (OcHOBHOe BHHMMaHHe B TpaauiuoHHoM crnocobe MIDREX NG #u
KOHCTPYKIH PEKYIEPALUU TeIUIa YAENAETCS MOIAEPKAHUI0 TEMIIEPATYPhl ABIMOBOH TPYOBI
Ha ypoBHe >180°C, B uaeane sreie 250°C, m1sl 3aIlUThI PACIOIOKEHHOTO HUXKE MO MOTOKY
0o0OpyZOBaHUs, TAKOrO KaK BEHTUJSITOPbI TOPSYEro BO3AyXa, OT HeOJIaronpHsATHOTO
BO3JIEHUCTBHSI KUCIBIX Tra3oB, Takux kak H2SO4, koropbie MOryT 0Opa30oBBIBATHCS MPHU 3THX
Oonee HM3KHMX 3HAYEHUSX TEMIEPATypPhl. OTO BHUMAaHUE TO-TIPEKHEMY SIBIISETCA
HEoOXOAUMBIM, NMOCKONMbKY H2 no0aBisiOT B TEXHOJOTHYECKYIO CXEMy IO Mepe yaaleHHs
cepbl U3 TBEPAOro MPOAYKTA B CIIOCOOE BOCCTAHOBJIEHHS, IOATOMY STH PEAKLIUHU C YIaCTHEM
KUCIIBIX Ta30B BCE €lle MOIyT IPOUCXOOUTb. PemeHne mnpoOiemMbl ¢ H3MEHSIOIUMCS
WCTOYHUKOM TOIUIMBA [Tl 4aCTH 00OPYIOBAHUS AJIsl PEKyTEpaLliH Teria BKIF0YaeT 00X OHbIH
NyTh BOKPYI WMHAMBHIYaJbHBIX MYYKOB WM Pa30aBJAIOLINN BO3AYX MJIs TOAAEPKAHHS

HAJUIeKAIUX 3HAYCHUH TeMITEpaTyphl y4Ka U ABIMOBOI TPYOBI.

[0026] [nsi mepexomHOrO TEepHoda MEXKAY BOCCTaHOBJeHHMEM Ha oOcHoBe NG u
BOCCTaHOBJICHHEM Ha OcHOBe H2 tpebyercs oco0oe BHHUMaHHE, €CIM Ha CYLIECTBYIOIINX
YCTaHOBKAX XOTSIT 33A€HCTBOBATh CHIKeHHe BhIOpocoB CO2 3a cuer BHemHero H2. B nanHom
BapUAHTE OCYLIECTBIICHHS YUUTBIBAIOTCS 3TH THUIBI OrPaHIUYEHHH criocoda U o0opyaoBaHUs,
4TOOBI B TIOJIHOM Mepe HCIoNb30BaTh fodasneHue H2 B Tpaanumonnyo ycranoBky MIDREX
NG wn nonobnyro. Hacrosimee n3o0pereHne odecrneynBaeT BO3MOXKHOCTb TPAIULIMOHHON
texHonorudeckor cxeme MIDREX NG wmnu nonobHo# paboTaTh € NEPHUOAMYECKON
JOCTYIHOCTBIO BOJIOPOAA C BO3MOKHOCTBIO MOJHOTO IIepeX0/ia HA BOCCTAHOBJIEHUE HA OCHOBE

H2.
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[0027] Xots HacTOsIIIEee N300pETEHHE MPOUJUTIOCTPUPOBAHO U OMTUCAHO B JAHHOM JIOKYMEHTE
CO CCBUIKOM Ha WJUIFOCTPATUBHBIE BAPUAHTHI OCYLUECTBJIEHUsS U €r0 KOHKPETHbIE MPUMEPHI,
CHEeUaUCTaM B JaHHON 00JacTH TeXHUKH OyIeT OUYeBHIHO, YTO JpyrHe BapUAHTHI
OCYLIECTBJICHHsT M MPHUMEPbl MOTYT BBIMOJHATh MOXOXHE (YHKUMU W/WIA AOCTHTATh
NOJOOHBIX Pe3ysNbTaToB. Bce Takue SKBHBAJEHTHbIC BAPUAHTHI OCYINECTBJICHUS U MPUMEPbI
HAXOMASTCS B TMpenejax CYU[HOCTH W O0beMa HACTOSIIEro HM300pEeTeHUs, U TEeM CaMbIM
MPEITNONAratoTCsl, ¥ TIPU 3TOM MOTYT ObITh BO BCEX OTHOIICHHSIX OXBAu€HbI CIEAYIOIUMU HE

UMEIOIUMH OTPAHUYHUTEIBHOTO XapakTepa MyHKTaMu (POPMYJTbl H300pEeTEeHUsI.
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dopmyJia u3odpeTeHust
1. Crnioco0 nmpsAMOro BOCCTAHOBIIEHUS, TIPEAYCMATPUBAOLIHIL:

z[o6aBneH1/1e MEPEMEHHBIX KOJIMYCCTB MPUPOAHOTO ra3a, BOOOpOAa U OKUCIAKOIIECTO rasa, HE
coaepIKalero yriepoaa, K nOTOKYy ChIpbE€BOI0 ra3a BbILIEC 11O ITOTOKY OTHOCUTEJIbHO YCTAHOBKH

pudopmunra;

OCyLIeCTBJICHHEe pPHU(POPMHHra TIOTOKA ChIPBEBOIO ra3a B YCTAHOBKE pUPOPMHUHTA C

oOpa3zoBaHHEM NOTOKA prU(OPMHUHT-Ta3a U

OCYIIECTBIICHHE JOCTABKH IMOTOKA pU(OPMHUHT-TA3a B IIAXTHYIO M1€4b, TI€ MIOTOK PU(OPMUHT-
ra3a NPUMEHSIOT JUIsi BOCCTAHOBJIICHHS MATe€pUala Ha OCHOBE METAJUIMYECKOH pPyABI C

MOJIYYCHUEM METAJINIMYECCKOTO MaTEpUralia mpsaMOoro BOCCTAHOBJICHUS.

2

2. Croco® mpsAMOrO BOCCTAHOBJIEHHs MO 1. 1, TA€ TOTOK CBIPEEBOrO rasa

npeayCcMaTpruBacT MOTOK KOJOITHUKOBOI'O ra3a, pCUUpPKyJIMPOBAHHOIO U3 IMAXTHOM MEYH.

3. Crioco0® mpsiMOro BOCCTAHOBJICHHS 1O M. 2, TOMOJIHUTEIBHO IMPENyCMaTpPUBAIOIIHMNA

OIHO MK OoJiee U3 MOKpPOi CkpyOOepHOH OYMCTKU M CXKAaTHS TOTOKA KOJIOITHUKOBOTO rasa.

4. Crnoco0® mpsiMOro BOCCTAHOBJIEHMs MO M. 1, TOMOJHUTENBHO IMpPENyCMaTpPUBAIOIIMNA
noOaBlieHHe MEPEMEHHBIX KOJIMYECTB MPHPOMHOTO ra3a, BOLOPOAA M OKHUCIISIOLIETO rasa, He
COJZIEPIKALIETO YITIEPOA, K IOTOKY ChIPHEBOIO I'a3a BBILLE 10 MOTOKY OTHOCUTENILHO YCTaAHOBKH
pudopMHHra W TNPEeIBapUTEIBHOTO MOAOIPEBATENS, PACHOJIOKEHHOrO BBIIE IO TOTOKY

OTHOCHUTEJIbHO YCTAHOBKH PU(DOPMUHTA.

5. Crioco0 mpsiMOro BOCCTAHOBJIEHMSI MO M. 1, TIe OKUCIISIONIMIA Ta3, HE COAep Kaiuil

yriepoaa, peaycMaTpuBaeT mnap.

6. Crioco® mpsiMOro BOCCTAHOBJICHHS 1O II. S, MOMOJIHUTEIBHO IMPENyCMaTpPUBAIOIIHHA
peryJIrpoBaHue PacXxo/a rnapa Juist MOAAePKaHNs MAKCUMAJIbHOTO 3HaYeHUs K-pakTopa moroka

CBIPBEBOIO rasa Ha yposHe 0,74 unu HuXxe.

7. Crioco® mpsIMOro BOCCTaHOBJIGHHUS IO M. 1, T7e mepeMeHHOe KOJIWYEeCTBO BOIOPOIA

BBIOpaHO 1151 3aMeHbl 20-90% nprupOAHOTo raza Ha OCHOBAHWHU TOIUIMBHOTO YHCIIA.
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8. Crioco0® mpsIMOro BOCCTaHOBJIEHHUS IO M. 1, T7ie mepeMeHHOe KOJIWYEeCTBO BOIOPONA

BBIOpaHO 1is1 3aMeHbl 30-70% nprupOAHOro raza Ha OCHOBAHWHU TOIUIMBHOTO YHCIIA.

9. Cnocob npsAMOro BOCCTAHOBJICHUA IIO II. 1, rae Nn€peMeHHOC KOJIHNYECTBO BOOOPOAA

Bbl6paHO Ha OCHOBAHUH JOCTYITHOT'O IMOCTYILJICHHUSA BOOOpPOAA.

10. Crioco® mpsiIMOro BOCCTAHOBJIGHUS IO M. 9, rhe mepeMeHHOe KOJIMYeCTBO BOAOPONA
BbIOPAHO HA OCHOBAHUH JOCTYITHOTO MOCTYIJIEHUST BOAOPOIA M3 BO3OOHOBIISIEMOTO HCTOYHUKA

BOJIOPOAA.
I1. Cucrema npsIMOro BOCCTAHOBJICHUS, COAEp KaIlas:

WUCTOUYHUKH BHELIHHX Ta30B, BBIMOJHEHHBIE C BO3MOXHOCTBIO JOOABJIEHUsS] MEPEMEHHBIX
KOJIMYECTB MPUPOJHOrO ra3a, BOAOPOAA U OKUCISIOLIErO ra3a, He COAep:Kallero yriaepoaa, K
NOTOKY CBIPBEBOrO Tra3a BBINIE IO MOTOKY OTHOCHUTENBHO YCTAHOBKM pPH(OPMHUHTA,
BBIITOJIHEHHON € BO3MOXKHOCTBIO OCYINECTBIIEHHs] PU(POPMHHIa MOTOKA CHIPHEBOIO rasa C

o0Opa3zoBaHHEM NOTOKA PUPOPMHHT-Ta3a, U

IIAXTHYIO I1€Yb, BBIIOJHEHHYIO C BO3MOXKHOCTBIO IpHEMa IOTOKAa pPUPOPMHUHI-ra3a u
NPUMEHEHUs1 TOoTOKa pUOPMUHI-Ta3a Uil BOCCTAHOBIEHHMsSI MaTepuajla Ha OCHOBE

MeTaJJINYECKOU pyAabl € MOJTYYECHUEM METAJINIMYCCKOrO MaTepHralia npssMoro BOCCTAHOBJICHUS.

12. Cucrema mnpsIMOro BOCCTAHOBJIEHUs MO M. 11, rie MCTOYHMKH BHEIIHHX Ta30B
JOTOJHUTEIBHO BBIMOJHEHBI C BO3MOXHOCTBIO JO0ABJIEHUS] TMEPEMEHHBIX KOJUYECTB
NPUPOIHOTO Ta3a, BOAOPOAA U OKHUCISIOMIErO ras3a, He COAEPIKAIlero yriepoaa, K MOTOKY
CBIPbEBOTO Tra3a BBIIIE MO TMOTOKY OTHOCHTEJIbHO YCTAaHOBKU pHUGOPMHUHTA |
NPEABAPUTEIBHOTO TMOJOTPEBATENS, PACIOJOXKEHHOTO BBIIIE IO TIOTOKY OTHOCHUTENBHO

YCTAHOBKH PU(OPMHHTA.

13. Cucrema npsiMOro BOCCTAHOBJIEHUS 110 11. 11, JOMOTHUTENBHO coepIKalasi peryJisitop
pacxojia, BBIMOJHEHHBIH C BO3MOKHOCTBIO PETYJIMPOBAaHUS PacXoa OKUCISIOIIEro rasa, He
COZepIKaLIero yIriieposa, sl MOANEPKAHUS MaKCHMAaJIbHOTO 3HaueHus: k-axropa moroka

CBIPBEBOIO rasza Ha yposHe 0,74 unu HUXe.

14. Cucrema mpsiMOro BOCCTAHOBJIEHHU 110 1. 11, rie mepeMeHHOe KOJIMYEeCTBO BOAOPOA

BBIOpaHO 1is1 3aMeHbl 20-90% nprupoAHOro raza Ha OCHOBAHWHU TOIUIMBHOTO YHCIIA.
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15. Cucrema mpsiMOro BOCCTAHOBJIEHHU 11O M. 11, rae mepeMeHHOe KOJIMYEeCTBO BOAOPOA

BbI6paHO Ha OCHOBaHHU JOCTYIMHOI'O MOCTYIUICHHUA BOOOPOAA.
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