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1. MapuikcKoe cornaweHue no Kammary 2015 roaa
2. NnaH meponpuAaTu «Pa3BuTre BOAOPOAHOMN

sHepreTuKu B Poccuimckon depepauun o 2024 roga»

3. DHepreTnyecKasn crpaterua Poccum Ha nepuog go 2035 r. (3C-2035)

Poccua B3ana o6asatenbcteo K 2030 roay CHU3UTb YPOBEHDb BbiOpOCOB
NapHUKOBDbIX ra3oB Ha 25-30% no oTHOLWeHUIO K YPOoBHIO 1991 ropa

Ona pewieHna aTux 3agavy B Poccumn co3paH HayuHbI KOHCOPLUYM

OCHOBHYIO OTBETCTBEHHOCTb 32 BbINO/IHEHME NPOrpammbl NPABUTENbCTBO
BO3/10XKMN0 HA rocKkopnopauuu «fasnpom» n «Pocatom».

PowuH B.E., ipo3uH A.[4., lamoe lN.A., CmupHos K.U. QlekapboHu3auua cranensiaBuibHOro
Npou3BOACTBA
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LleneBas mogenb Pocatoma — BepTuKanbHO
NHTErpMpPOBaHHbLIN MocTaBLMK Bogopoda B PP mn Ha
MEXOYHapO4HOM pPbIHKE

BoaopoaHblie NPoOeKTbl MpoeKTbl 3KCNOPTHOMN

B PD HanpaB/NeHHOCTU

Peanunsauuna B dpopmarte
NOKanbHbIX «KNacTtepoB» B
Poccum

[lpumMeHeHMe Bogopoaa Ha
TpaHcnopTe (0OLLEeCTBEHHbIN,
MYHULMNANbHLIW, rPy30BON)

[MlpumeHeHne Bogopoaa AnA
AeKapboHn3auuu oTpacrneu
npo HI13,
cTanenuTenHble 3aBobl

NMpoussoacTBo BOgOpoAa:

Ha 3anage P® - onAa skcnopTa B
CTpaHbl EBponbl U

Ha BOoCTOKe P® - onA skcnopTa B

CTpaHbl a3UATCKO-TUXOOKEaHCKOro

pervoHa

CTpaTequecxaﬂ uernb - CTaTb

OOHUM U3 KITHOYEBbIX
9KCMOpPTEpPOB Bogopoaa



MponsBoacTBO BoAgopoAa ¢ pasHbIM «yrnepoaHbIM criegaom»
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OCOBEHHOCTU OBYXCTAOUUHOW CXEMbI MONMYYEHUA CTANU U3 YYTYHA

MHorocTtagunHbIn npouecc odycnaBnuBaeT
BbICOKWE NOTepuU Tenna

o

HENABUHCK

Yrnepoa M3 4YyryHa Kucnopoa n/npogykra

Kucnopopg us pynbl
yAansem KMCNnopoaoMm JynanseMm yrnepoaom

yAansem yrnepoaom

T°C
1500 m m /-\

/ HarpesarqnbHasa neub

Kokcosasn parape Meyb oTura

NG F.VA

500

X0ONOAHOKATaHbIH
pynox/nonoca

Menkasa Moaroros ..« YyryH Cranb /lutan lopavexarambii  TpaBneHHbIN
pyaa  NeHHaa 3aroToBKa PYNOH /nonoca  pyaoH/nonoca

pyaa

Yrons
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Lump iron ore Iron ore pellets
X HYDROGEN-BASED ROUTE TO STEEL

o

H,0
Liquid steel

HENABUHCK

Hot
Rolled
Coil

HOT ROLLING

ELECTRIC
ARC FURNACE
STEELMAKING

CONTINUOUS

ELECTROLYSIS REDUCTION

IN SHAFT CASTING
FURNACE

IHonyuyeHune BOJOPOIHOIO Kejle3a: KaK ITO padoTaer.
F. Patisson and O. Mirgaux. Hydrogen Iron making: How it Works. Metals, 2020, 10,
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Mepapxuueckasa npmpoga npAMOro BOCCTaHOBJIEHUS OKCUAOB

Xenesa BOgoOpOAOM

(16 aBTOpOB M3 7 cTpaH) Scripta Materialia. 6
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TEPMOOAWHAMUYECKOE CPABHEHUE BOCCTAHOBUTEJIbHOU CMMOCOBHOCTU Hu C
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Bausinue Temneparypsbl Ha
CTeNneHb METAJJIU3 AU
3JIEMEHTOB B CHCTeMe,
coaep:Kaluen yriepox

HENABUHCK

1300 1800 100.0
Zn ——NMn ——V —Cr 20.0
60.0

Biusinue TeMneparypbl Ha 4
CTeneHb MeTaJIM3aluu

3JIEMEHTOB B CHCTEME, 20.0
coaep:xaiueii BOIOpoa 0.0
300 800 1300 1800
——Ni ——Fe ——P —Zn ——Mn ——V —Cr
100.0
80.0
60.0 Bausinue TemMneparypbl HA
400 CTeNneHb METAJJIN3AIUHA
3JIEMEHTOB B CHCTEME,
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3KCI'IEPI/IMEHTA.I1bHOE CPABHEHI/IE BOCCTAHOBI/ITEHbHOVI CNOCOBHOCTU Hun C

1

100
13,9 16,0 | 70,1
2,3 27,7 | 76,0
100 - -

14,2 17,0 | 68,8
2,4 23,9 | 73,8
11,1 20,3 | 68,6
100 - -

3,9 21,5 | 74,6

W R PIWNRFRPIWN

Bua u cocras a3 HIIbMEHUTOBOI0 KOHIEHTPATA MOCJIe
BOCCTAHOBHUTEJIBHOIO 00KUTA:
a — npu 900 °C u BbIaep:kke 60 muH B koHTaKTe ¢ CTB;
0 — npu 1000 °C u BbIaep:kke 60 muH B koHTaKTe ¢ CTB;
B — nipu 900 °C u BbIgep:xke 30 MyMH B IPOTO4YHOM aTMochepe
BOJA0pO/A.
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1. BO,Z[OpOI[ SABJISIETCS  HauOoJsee BHGpFOB(I)(l)eKTI/IBHLIM SHEPTOHOCUTCIIEM U d DOPYM
AOCTAaTOYHO XOPOIIHMM BOCCTAHOBHUTCIICM KEJIC3A. I[JISI OIIpPCACICHUs OIITUMAJIbHBIX

YCJIOBI/Iﬁ BOCCTAHOBJICHH:A KCJI€3a BOAOPOAOM M3 PA3HBIX PYA B pa3HbIX arperarax

HCO6XOI[I/IMI>I HNCCIICA0BAHUA KUHCTUKHU HpOHeCCOB.

HENABUHCK

2. Boccranomienne sxeneza 0e3 BBIOPOCOB THUOKCHIA YIIIEpOJa BO3MOXKHO, KaK C WCIIOJIB30BAHUEM «3EJICHOTOY
BOJIOPOJIa, TIOJy9aeMOTrO 3JIEKTPOJIM30M BOABI OT BO30OHOBISAEMBIX HCTOUYHUKOB dSHeprum winm ADC, Tak u
«OUPIO30BOTO» BOAOPOA, MPOWU3BOAUMOTO METOJOM IMHPOJIM3a MPHUPOJHOTO Ta3a C IMOIYyYEHHEM TBEPIOTO
yIiepoja.

3. CenekTHBHOE BOCCTAHOBIICHUE >Keje3a BOAOPOAOM B KOMILUICKCHBIX pPyAaX MOXHO IIPOBOIWUTH IIpHU ooitee
BBICOKOM TCMIICPATypC C 0oJiee BBICOKOI CKOPOCTBIO U B OTHOCHUTCIIBHO KPYIIHBIX KYCKaxX pPyAd II0 CPABHCHHIO C
CCJICKTHUBHBIM BOCCTAHOBJICHHUCM YITICPOIOM.

4. OcBoenune BOAOPOAHOI'O BOCCTAHOBIICHHA HGJ’IGCOO6p213HO Ha49aThb YK€ B HACTOAIICC BPCMsA C TBepI[O(i)aSHOFO
CCJICKTUBHOI'0O BOCCTAHOBJICHHUSA KCJIC3a B CHACPOILIC3UTOBLIX, THUTAHOMAIHCTUTOBLIX, HIIBMCHHUTOBBIX pyadax C
OOJHOBPECMCHHBLIM IIOJYYCHHUCM KOHICHTpPATa OKCHUIOB THUTaHA W MarHus. BO3MO)KHO, I_IeJ'IeCOO6pa3HBIM OKaXETCs
TAKIKC CCIICKTUBHOC ITPCABAPUTCIIBHOC BOCCTAHOBICHHCE KCJIC3a BOAOPOJOM B XpOMOBLIX pyAdax.

5. BaxxaeiM MNpCUMyIICCTBOM CCJICKTHBHOI'O BOCCTAHOBJICHUS JKCJIC3d BOAOPOAOM ABIIACTCA
BO3MOXHOCTb IIPOU3BOAWNTL PaA3ACIICHHC METaAJJIMUECKOU M OKCHIHBIX (1)33 IIJTaBJICHUEM
IIPOJAYKTOB TBCpI[O(I)aBHOFO BOCCTAaHOBJICHUA ITPH ITOJTHOM OTCYTCTBHMU BOCCTAHOBHTCIIA.

6. I[J'I?I CCJIICKTUBHOI'O TBCpI[OCI)aSHOFO BOCCTAHOBJICHHUA JKCJIC3a BOJAOPOJAOM IIPUTOAHBI
ITPOMBIIIIJICHHO HMCIIOJB3YEMbBIC B HACTOAIICC BPEMs arpCrarbl IPsAMOro BOCCTAHOBIICHHUS, a

IMPOAYKTHI TBCpI[O(l)aBHOI‘O BOCCTAaHOBJICHHUS JICTKO pa3ACIUTh IJIaBJICHUEM

B OOBIYHBIX IIJIABUJIBHBIX arperarax. 9
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