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Discussions on Progress of Low Carbon Ironmaking Technologies
with Hydrogen Metallurgy and Approaches of Ironmaking Technology
with Hydrogen in Baotou Steel

Bai Xiao — guang, Feng Cong, Li Yu —zhu

( Technical Center of Inner Mongolia Baotou Steel Union Co. , Lid. , Baotou 014010,

Inner Mongolia Autonomous Region, China)

Abstract: The iron and steel industry is the pillar industry in national economic development as well as its energy con-
servation and carbon reduction are the priority among priorities to achieve the national development goal of “carbon dioxide
emission and carbon neutrality”. In this paper, it is briefly introduced the types and characteristics of main low carbon
ironmaking technologies with hydrogen metallurgy as well as expounded its progress and current situations at home and a-
broad. The hydrogen rich reduction technology with blast furnace and hydrogen — based direct reduction technology with
shaft furnace are the main technologies of low carbon ironmaking technologies with hydrogen metallurgy. Among them, the
ability of carbon reduction for hydrogen rich reduction technology with blast furnace is limited, so it can be as short — term
development direction of low carbon ironmaking technologies with hydrogen metallurgy for iron and steel industry. If com-

bine with the carbon capture, utilization and storage ( CCUS) technology, CO, emissions could be further decreased. The
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hydrogen — based direct reduction technology with shaft furnace is without fossil energy in production process and carbon e-

missions could be reduced by over 80% compared with traditional production process of “blast furnace — converter” , which

is inevitable development trend of technological reform in the iron and steel industry. In order to actively respond to the na-

tional green and low carbon development strategy and five major political tasks of Inner Mongolia, Baotou Steel actively im-

plements the green low carbon ironmaking technologies with hydrogen including hydrogen — based mineral phase transforma-

tion of medium lean ore in Bayan Obo, hydrogen rich reduction with blast furnace and hydrogen — based direct reduction

with shaft furnace so that the low carbon green production process of iron and steel is significantly improved.

Key words: low carbon; hydrogen metallurgy; hydrogen — based mineral phase transformation; hydrogen rich reduc-

tion with blast furnace; hydrogen — based direct reduction with shaft furnace

2020 4£ 9 H 22 H, AL+ T m A
Rz B, ZEARRHEEC ) 4T 2030 4FRifik 5106
1, 55 3 4r L 2060 AFRTSEBLRR DA

BRRA Tl e [ RE R 5 0 g P 4 AR A 7, Bk
Hett o5 4 E i RCR i 15% A4, TG 7™ 08 1) il
UHEEE A o R, 3R A T R DL ST
P = KA 3, Horp 70% DL B9 REAE Bk HE
TR A FHRER T, PROHR R T B Ik (0l 5
SERIERA T S B kv B PR AT 2 T

SRR — Pl LA 1 REAARE IR, HA IR be ki
b R O YA A RS A AR
FEFAEIRZ o A RE N A TR =,
SREAUR & B Al A0 JEURM 38 IR, 7 H AT I A S04
BATM IR KM 982D CO, HERL I = i K R 5 1]
IO PRV B S0 S R AR A S A R ALl HE 57 REAIR
B SR RN ROR R

WHIT 2021 4 5 7 P 2 00 HAx: 114
2023 AFSCBLRR A I8, 2030 4F A 5 K 30% 1) T2
FORRE ST, T34 2042 AR HE R B (E AR 50%
J34r 2050 AESEBRBRRT L LB, K I SRkt
R S REMR BB , TF I T s P IR AR B R
W S AR S S o (AR B MR R B R T
ZHEAE AR B e s N CO, piHERE

1 KA B2 HHELK

PAR A e A3 I, e 07 47 Bk B AR i I
R4 BRI RO R SR SR . |
AEFRERIL R, th TR0 TR/, BE R,
Rl o W0, HA I JFUCR = HEROHE < CO,
WL 5 ARV F I ISR A AL e Rk T A EE R R A1
AL AT, 200 1 IR AR 20 SRR A W b
UL RN U B B R SRR, B i B
NP RA R, DA RN R R R4
AR TEAE A

EPE SRR E R XA LG m A - B
VA ST e N T ST B =Bl S e = g A |
PNBIR KRR R ARG &R, R
AR BB H P GRS RTINS
TR AFUFA, G R 4220 5t Eb 7], 4t v B hiy o 58, e 2%
IR FN A =5 R EE A O, HEm B S . BT
EP R R R B A E R T 2B AL S E
SHEDIBRIRE N 10% ~20% 7,

AR B BRI E A (KRR R
P A ) B E A B R, K R A
W B IR B AR B0 R [P A 4
(DRI) , 171 Je Vi 203 4 28 v AP v o O 3R AS e il BT koK
AR . TR O SR R B R - B
B BRI B A mP SR, SRR S
P - KR T2 L, R A R
TR LA RENE AR A b 46 4 7 kLG 4, CO,
Hept i AT AR 80% L) 17

BT, PLRIR S N S0 & 0 B8 i
FeAR TR BB, 7= 2k £ 240 A T A8 PG AF L 36
VHRA BB VDRI BRI PG S E K, BAR T
MIDREX ,HYL — III/ENERGIRON #1 PERED'" "%/
MIDREX T 20 R IR AR SH B Ja 240 10 7= A hy ik
JEA, i HYL — T/ENERGIRON T2 | a] i ] & Fif
PRI S S (AR AR S S R RS
HA TR E R R, SRS B
JE T2 R Ji S AR FEAE 90% 2245, H,y 0 CO 2y
1.6 ~3.0"

2 RBK A B &R BN R Z IR

2.1 BHRESEERFEAR

T R RO R S A A A
AT 20 8 5 e 1 A CO, I HE i A 7 T
o ML ZHRBIEAE H A COURSESO , 7 [& & 7% i
BEAEY EEEAMRE S 2 s



16 FLARHY

55 50 &

PR AR

H 7 COURSES0 T H J& 3 T 2008 48, #F5T N A
BRI I3 — & DL AR B A 1 5 s Ak €O,
HOR, HFr 2528 10% 19 CO, Wik ; 2 m s
Hr CO, Zr B A AL AR, H AR 2 384 20% 1) CO,,
AW CO, FEHN 164 t & 115 P71,
COURSESO0 3l H 47 AR B an &l 1 o, Wi H 52 11
R4 2 fios .

“h 2050 AESEBRER RN, % AR 50 B R R 2 W T
& 1 tkH2Steel (5134 ) Al Carbon2Chem ® (#H4%Ek)

B RO COFBBA MR

R ) BH, “aUHE 10" 8T
tkH2Steel T H A5G B B, JRURR R U UR
A Sy 3 TR, 030D B8 Dok HE i S5 ] 3K 20% o 2019 4F:
1A 11 H L RUAAURET 0 H IERUR 3, o U
— AL R T 9" i R IR AL
B O EH Y 28 A E T, 2021 4E2 H 3 H LR
SEIE AR 78 UKL AP 407 62 O i3 o ZEUR) T A 55 — B
Bk, 55— B 56 9 09F 5 B 0K e SR
BRI brf & TR

A ERERCOFEAMER

e ) J

« DEEHYE

COMEAFHAR

R ,
i P X AR
EREA SRR I T H A RNR A CONMRH
J | KA
RS T L T S ¢ 113 'R
R B | = =1 . #A
BAR | \
| bt
WARERY: | | r
. -2 — RN R I -
s
B 1 COURSESO 71 B # K4 £
2000 2002 2004 2006 2008 2010 2012 2015 2020 2030 2050 (€]
& COURSESO g3y G R ® =H# L postCOURSESO
JHFCHH
E €20014¢-) Jemiix | RES
Bay | VERE | EAEA
coGHEmE e | FBRH | AEER
(2003-20064F) S EAE
PR mE G, EEMERANIR . dsa
REANA L [T, wtr. BRHRANFR >
co,
ﬁ. COCSHHH 5
) (2001~2008%F) 2‘;2?::’
- #AZm | Lhe
. k103 < CO, %= 74k
ES 2
[ wron | ULCOSwH A @004%) Foshiduia

B 2 COURSES0 7 B %364t %)



44

PR U B R BB A T e e A 3 S RER R R I AR T 17

2020 4F 8 H , fEE AR - B R A R FE S
POE#BAT A0 T BEAT T MR A A IR
Ko AT ES AN T L AT B e
AT U A B SR T iR . DR A B
SAE 0 JE v A T A R A R R B, B 2035 AEBRHE
WP > 40% 1

AN AR A i\ — WA R /T 2022 4 7
HPGE T 2Bk 05 ARG AR b, e A
430 m’, TAWFLMIE 3 FiR, Zoad— R IR
Y R % e b R P RS AR B R L 3k
0.27 kg/m* W THIES H, FI =R 5 50. 7% , Fl I &
BRGS0 v/(m® - d), FEARBCRHEFE T %2 30% ,
cIHE 21% o 2023 4, TR 6.76 1275, T 9 H
28 H A58 T 2 500 m® (5 SRR IR A b
T S B 0 L R B T 40% | KR E R AR
30% gk K B HE il 5 B B AR 219% ik SO,
55 VAE JBHER ALY 75 vAERY EAR

HMIEIRER

Bl _.@
1

R

LV B AR AL T 2021 4F 9 ] TR S
PR Tl A=, IS F AN AR SR A 3T R R
AR R 32 m®/tHM B, 5 4 R LGS 3 R R
15 ~20 kg/tHM, CO, HE L [ A% 40 ~ 55 kg/tHM, 4F
CO, HEMCRREAG 115 Tt LA by B, 1755 FE 49
BRAE A I3 v P AR RS Tl R P s e
R A 64 ~ 66 m®/tHM, 1 P R R
LRI R R4 30 kg/tHM 2451,

2.2 SERPEERRERHEAR
AR HIER R AR DS &/ 2E R R

r

R JER AR TR A AT R T B A
B R A A e A T

Bii BUA K 2N F) (SSAB) | i St (6 A Bk A 2
(LKAB) FE iy A7 o 3 28 7l 3L R T & S il itk
RERERE R I H (HYBRIT) |, B T8 8k 16 B it 72
AR, D B, SR L SR B4 S
PR AR SRk, P B A HE O D> 10% , 5 ==
BRHERCB D 7% 1 . HYBRIT 38 125 Fl i 12510
X HC & 4 B s . HYBRIT 35 H WF5EAE 4545
OWFE AT FHLEREIR & L S o e ) R 5% 0 , 5-
oA B AT LR RE U T & v, AR AL RE U
PEALRBUR , [ AR SUiAs ; @@ e il &5 77 T
A4S, HYBRIT 1 H 2 G4 | AT e AR
FE AR, FFE T A A AR AR R s OB 7T Sk H %
WFIREE T2 OFF IS T2 O RS 4
o I AR RO S

=R HYBRITHiFE

/RN

i VI — LT
B gl 5% L Smew
RN
flope
N l
Co,
P, —
REA

B4 HYBRIT T£5 &) T LRI

2019 4F 4 H,EEPERKERNELAS
Tenova /A Al IS AE A AR SAEE L) RSO IR SR
2, NTTIb CO, HERHY SALCOS W H , 4ni& 5 s .
WIH BTEX NS L2 T8 ks, AL
WA R — U R R R U B B B e R
BT WK & ARG 2 A A 2016
47 BURRE RN A FIER S 3 T GrinHyl. 0
(Green Industrial Hydrogen , 4% & Tk &) W H , 1%
T R E A A i L2 AL E T



18 FLARHY

55 50 &

2018 41 A58 T ARG Tl b sisT T, T 2019 4F2
AR T GrlnHyl. 0 W H , J5£: X JFJE T GrlnHy2. 0
TiH o %50 H R LR A 7 AR BT R
AP IKZEIR, PRI S HoA S 0 T PR A RE IR B 0T &
L, 256 e P AR KR . AT T R Bk
HEFE A B PR I SR 2 TR

1

GrinHy2.0

ol
GrinHy1.0

BS SALCOS # H

SRR E ZA HE, B AR P B IE IR H
ARIBLET A B BE, FR I il B B SR S Tl Al
R AR 2R AT T 00 H A e s B Be . o
FRITH A BRA A B 7.5 AL AR i) —
AR 30 U7 AR R 2l B A Lk PERED % 1%
I Tl AT B T 2021 4F 6 H s k8™, %I H
PASRAA ST E B il IR, 2 T CSDRI A A
PRIEAAE AT S TE R E I 6 TR, 5
LT A PR Al 4518, 94 u N R T i

KPAfEA HL
-

HTGR
HZ 01
___“O (3
H,0

K7

ENERGIRON 100 J5 t/ 44 J& B 5 32238 JF R s 1
T, ATHANIA] A5 2 5 A T A b B RAR A AR
TiH CF 2023 AF R, 3507 5 0 HUAB SR 42 i
FEE R T 2 RAERE oK i1, BEAE AT b CO,
He 50 77 ¢ DL BN T AR AN A 7 BRI
RHA RS |l 9 115 /20 N R g2 i —
60 J7 t/4FENERGIRON & & & 40 1 #2381 H T
2022 4712 H 16 H 4508, % TR 22K E 0l
AR R FEE R B R AR SR
TR RSB TR BT L AL 58 B 427 [l 7 7
CRIAET BFE AR OGP A AR TR S
104 L2, B TR iE B2 5 70% o AR, — 0
60 J7 t R IR A0 H A Bk K 10 XU BOGAR
SUH, S R AR R R (MR R, T2
FREE 8 R,

FRRERLE IR C L 2R

Dry-reforming in Reducing Gas Production PED

H 6 PERED &A%l ABTLR T LA

H,0  Hacihds
EREAW 1H™

e :?"i

K g s Ha
8NN R,

ey i@ﬁ%fmﬁmm )
.
'-}J‘" JEZiHL

-,

X

JE4RHL
TR
€0, "
%
- i
Huk E
I
L |\ S i
- ¢
JilipirE e
2
HER R

ST 4R4k ENERGIRON S AW A48 R T R4



44

PR U B R BB A T e e A 3 S RER R R I AR T 19

H,0 PR

BRI /e

©) mam

AT FEA
HACH SRS, ™ co,
WHRNAER i
: o
wa | X
L »

JIliRiTE

- @

SRR

IERESINIES

B 8 4% ENERGIRON & %) A 4238 R T L AR

3 AR KBORB RN G M

TEARBR T S SR Bl 5 5T, LA i
SR FEARHRRHE RO Fo0 6 4 T 2 RRAR ., Ok
SANERA T % € 2 R 1R SR A A o L A AR i . ]
FERAOARER A RS B A St FLRAT 45 A4 B 5
PRI S S L A3 A, BBl SE gk Ik S RE AR R
A TP T mh R E SRR L5 =LA
VAR sk AR R B R T A A SE T AR, X
HES AN I XU A bR BB 3 X
3.1 ENPRERR S SR AR Tl Rz A

BRI A 72 24 560 J7 t 5 S 50T R 7 a6
R AR A 1 400 AR T o AR AR B R
BRI HRYSTERE, (4R 57 6" i e 4R
PIRS A B, HAAEEOR S, S 80E SR IR IR 2%
FIRBELFHR, ARl ERVEFESH TR
WS, DU AT B A v b A BRORE L (CRE LR A B
AL L8035 T, [ B AT §4 38 8 0 A, R AT
CO, HElcR: , TR B REFAHE s HER B 9, 6
BSEBGE I B AN ER AL ] S A AR L

HHT, A C PR E 67 i bt AT T g e £
PR INE T AR, 03I s 7 A I A A1
T FE A EATHLRALR E AG JE TA SR LR
H5 A VT o WS A 0 T R AR M AN R
P T 3HET N SRR R TR
A AN —EZFUN 2 200 m® B b SE A X 0
TRWE AR R, WG, YR me g R ol
120 m’/tHM S [E B R 0.4 kg/m® (£EH + M
FC) B, 58N 2 200 m? s CO, HEL 2k

23.7 5 VAR JRHEIR EE 298 5% o WP IZ I 4 A 1)
AN T R R AT N WA CO, HE &= 2y
166 J7 VAR, GnHTEE—25 % CCUS HiR T 200
AT RN SRR, R #E CO, HEMGE K itk — 20
TR
3.2 SERPEETEIZHAME

S L XA AR ) RO L SR (L BB TR
P LN T H A K ) &, S A KR TR TR
BUNARA B 00 7 IR, YOS 02k A 5 m (R
AR 66% ~67% ) , A 7= A AL BRI ol
AR H BRI, A, B A T AR
M 50 38 e 5 0 S it 1y 22 ) (L BE ™ ol K A
) BN Sl B X RS B iR X Tk
IR W S it T 58 ) Sk AR Atk e i s IR R, % Jih
TREERAT I E I B R R AR . B
U, B R R S B8 b B A I AR LA 4 X 1
LS BOE L

PPN 5ty i DX 5 R A ) RO FE €5 B VR L
B = SR P B S S, NS B AE G
WIFRAIT R T B EIF R 30 77t B Rk
(R LR S A A R T AR s A = )20 i e A AR
5K % T 2R ARG KRR - A
AT A s ey A sl & S R R - R
g mAer T Ie S A T BRI S TR
P L EHARFGE ISR T 2%e5 7 0
KPR S e S AR O AR PR R . R
ZIH EAE 30 7 ¢ IR R R I LA T
WAk A =G, g a B TZEMgkEER RSN
600 m’, EEAE AR 1. 8 12 m* , BHAE T Al 4k e



20 FLARHY

55 50 &

8. 1AL, 24k /b CO, HiEJik 54 77 t, Wit 2050 4F
W CO, HERLFFAR 80% LI F.o

ARSI (14 S -5 v L, AT R Al S B R T
JARERE 45 B BRI SRR S - i ek
TR AR P2, F T B T RE TR S — Tk 2Rt
AL - S CHIERBORIG - K53 Tk S i
FEARURTE X, HEDE B [ A9 A7 ol e A i 5 e
SERG BRI 1Y, R AT PR [ e Tk e ik v A
Fo 3Ok, AU SR B B A I T 2 ) Tl A B
I, e 2 3 DXBUR AR £ 3k S i 3t Xy YO H 2
R OL 2 T — e 08, 7E BEIE A b 25 F— € 1Y
RN IEEEOR . R, sl SRS Eis R L
ORI 3t S0 5 ZEBUR AERHE I H H R AR5 A T7
T 45T — 7€ IR 5% 4 FBOR SCHF o

4 HKiE

T FE 8 Bk i W ik PP ORI S €5 R iR iz i A s
PRIESE N AERAT ML T K 5 AR S v < kA
ARPEAEDAT o N A SMIEBR 16 SR BB AT A B
WGP , b & Ak a2 G Ik
il 2 AR B, 2 3 A A B S B Y S v 4 R R
PR 4G CCUS R, ik — 2 FEAk i b |\ =ik
JERRR B R CO, HEMCER: . WK F , LB B %
I SRR B R I BRA T T AL B b SR R e i
SENBRAT AR B 2 (L TR ) SRR R i, R R R 2
B BT AL A TS R . L B B RS
REDSAIL 3, BUB AT SR IR BR S MR Bk T AR, Bk
A e CO, WHERE N iZ A fe . N —2, WA
GEXOL LR N T AR iR S HREREOR Tl
PR FH S R ) B S5 T J S Ak BB BT 55 SR
PR AL IR AR S v MR AR 0 T AR 3t

2 % X W

(1] 3k, mARAR, Yotk Ak, P B4Rk 4T b 3% 34 0%
Bob e n 1) R b 2 B [T]. 404k, 2023, 58
(9):59 -68.

(2] &Anumd, skwest, Fk,F R H R T 408
SRR @l B HLIB PSR BT R B[] T
H o KR 25,2024 (Z1) 145 —49.

(3] X%, TH, 58 SafRE 7 LLEAN
KA B[] 2R 5 ¥ 46,2022 (11):
18 -21.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[16]

B eHieA, 280k A8, 5. Rk T AR T
GEARBB A RAT[J]. LR A, 2021,46
(6):1-7,26.
IHA, L EHALRE SRR B AR TN
A AR R R 9 AR IAZ[T]. T RBAF 5
#&,2023,45(5) :853 - 862.
EFEF BASREL L RIRE S AW
)], B4 ,2023(16) .13 - 16.
H—h IR, F REREAEEHA
MRHRE[T]. 7k T42,2024,22(2):62 -
65,69.
BORHAKRK. Y G AEHEEREAKRE R
Z1J]. PEE4,2024,34(5) :1 -10.
B, SR, B, 530 - 60 BAF TP E
RBEERENRE AWM FLI]. A TR,
2023,37(23) :117 —124.
MW, B4, 3FH. AR ABETERFEARK
BT R AT [)]. B 2R iR ,2024,43(3)
3-7,43.
2022 World Direct Reduction Statistics [ EB/
OL]. https://www. midrex. com/wp — con-
tent/uploads/MidrexSTATSBook2022. pdf.
BRIN. ETRELNAREY BT R X
I ZABHE[D]. v & k53,2021,
HEREA,FTEZR,F AAEYPELT
JRABARB LIRS A [T]. 7Tk b4 ,2024
(4):1-5,11.
KA, T&, ENH,F. METLAE SR
RIEEBE R[] 23R E,2023,48
(4).8 -15,23.
FRE, B, BRE, F. AERAT AR B
RAERAKRERAZ[]]. TRAZF TR,
2022,44(4) .801 —811.
XM, AR, 4N4k Tk B S CO, KR
AR AR GA RS E[T]. A4k ,2024,59
(2):13 -24.
NAR G BB IR A & W A A R R A BT
H117. %4k,2023,42(2) :53.
BT, kR, AR, F. BRI AL L
BB BTty 2@ A C//
PEAEFA FT BT ERKF LI
E£2 g E BB LF. A4 Tk ER
#+,2022.507 - 519. (FH% 71 /)



54 1 i 1 IGE Ce XF X80 LM DWTT PERER NS 71

AFpraE R MBI )], & #2015,

AL 40(7) :91 -94.

[1] ik, i, Em. ko Exf X80 544  [8] XuW, XIAOFR, FUY H, et al. Material De-
wmy s ke e[ ]]. 2% # 2. 2010,35 velopment for Grade X80 Heavy — wall Hot In-
(10):2 - 4. duction Bends [ J]. Material and Engineering

(2] &R, E4£2 RWF,F. &R EX X80 A,2011,530:539 —547.

'”93%’33 LR R R Ha [ 1] LA (9] FGak,#iF,#H&Em, 5. m#GRE 3T X80 4R
4 /%,2023,45(4) .77 - 80. BEERERRBT EIke Heall]. £F

[3] =&, A3k, 5K F, F. A kiR AT X100 #,2019,25(4) ;5 - 8.

HORT TMA A st ey Hoa[ )] A4 [10] LUO X, CHEN X H, WANG T, et al. Effect
3 335 ,2013,34(6) :42 —46. of Morphologies of Martensite — austenite Con-

(4] F448,4 & LS m#0RE x5 Nb X80 4 stituents on Impact Toughness in Intercritically
KA A A Be[]]. W4k, 2013,48 Reheated Coarse — grained Heat — affected
(1).82 -86. Zone of HSLA Steel[ J]. Material and Engi-

(5] wWR#&,Fk, 5,5 mHE F‘Xﬂ' X80 4M 4% neering A,2018,710:452 -463.

PSR BRI 6 o[ ] B 014,37 (1] SURAE, B, Aokt AR 5 172 sk
(6):11 - 16. [M]. L. B8 K5 d k4t ,2010.

[6] XM=/ 2Rk#AAZREIM]. LT MMT  [12] HEE, REH, RERE, F PRAKTAE
b B prAE, 1981, A ®1 422 mm X80 4R L& & p m #k T A BF &

[7] BeA,LiH%, 8,5 X80 T L4NEL: [J].4R4% ,2020,49(3) :25 -29.

(b5 20 1)

[19] &, FiEsk, mEE F a548EYS 360 —363.
FEARBEE[I] FRAE LR TR, [21] ZE455 #REEEHRZENKRIH[IT].
2021,31(7) : 1891 - 1906. ¥ E 404k I, 2021 (5) 146 —49.

[20] ZFJ%,medE, TR MEFTLILEEHK [22] Z&,EZ0W. BRIAAEHRARAFRER
R REMIE[T]. w K A4, 2021,55(4) [J]. 7454 ,2022(4) .1 -5



