—t

68 www.kjdb.org

R S48 2020,38(14)

(it ik HE 1Y) 43 B2 EM Bk 1 A

R il R

FRALREELRIEA e HEAL A S Al 5 0 50 4, TEPH 110819

FEE B HE AR T T A o X3 ) A [T BT R B Ak T PR B IR B AR D HE
FEARME L BR300 T BRIk HE ) B2 Sk e b A b i AR N A R R LA AR AR
TR = P R AR R, TIARRAN R GE 0 DA & B AR S B R B R L RRAI S
B TR AE AR (CCU) BRI FE & Ui Ab T Sl 2 s b - b i B B A IS
BB TR AR 28, B 2T SRR 4 LT VREVR A5 BRI AR i, St R HE
HEE AR —E T - BEVR— A Ak M 4 42 1533 H , B g CCU 3 H (SCENWI CCU) , I Bih 4 %
SIS et AL T T 250 ko RE, KEPEEE, T T EBRNEG,
HER - T-RER = RRAGEEVL A PHRAEE FE BT RehlE W% RS, kR
G 2 S I I S AR R, SCREARERA T M AHE A ] R A IS e, A2 AN
BRAT AT RELE R i & R

I WERAT M 5 AR IBHE 5 (B = R B 5 R A SRR s Bl £ RO

FH(CCU) ; M4k~ 1k T —RE TH— 1Ak /0 2% 4 1l (SCENWI)

BERATALAE R = RERE R Ts dem Tk . 125t
B MR B T T A, B EORE S B 2 (+
BRI AR BEWOR (+5030) , Hoh e 4 0 A A g
o EJEURE  AELGR A5 FR £ TR BR5E G A v, it LR
PR EA AR T B R H R B = TR, — g
B G E L AT 1 e A BT EHAE 350 kg £E
HAN50 kg B T AL AT REVR A9 (o 1T, 3 1
PRk B A e CO, A CO R HER . b 4K
Al BHER 2 FE R HE R Y 169, S i HERL
IR Z AT Z — o Qfal e DL bR o 2
XSG OLT , S B R A RR  RE IR | fa e

JEEBY FUbR , J2 T Wk 1) B BT 55

1 RHMIESPERFEAR

LT AR A R S PR R, HE 32 20
SRR SO, NO, HE IR R X6 PG 5 A 0 9% Y5 it ke

20 40 50—60 A48, WS TH iR 18 H 4k
SRR R R IR, FF & T HY L., Midrex 85858
WL IR T BT T M RS i 1 4 Sk
FROIE B o 20 T 20 8O AFAR, “ AR % S 22 4L 7 A AL
A i sl 1 AR R P B I T+ L R

Wik H H1:2020-05-29; & 171 H #:2020-06-25

FEB Ry : E AR, b B TR BEBE 1, 8082, WF 58 5 1) bR AL Y BHE . T2 A ik, A 7548 : wanggd @mail.neu.edu.cn
SURRE A EEMR, fEE . ARERIFHEA SR B8R A HOR ()], BHE T4, 2020, 38(14): 68-76; doi: 10.3981/j.issn.1000-7857.2020.14.007



—t

NS48 2020,38(14)

www.kjdb.org 69

[T, DU be 4h R £ T R sl 2D i Ak
Y A HEBCR HAR , & 8 T COREX FINEX
Hismelt S50 Al i JF AR B AR o X SR FL 440
KIRGA S, LA S AR R BB RR L, AN fiff FH 5
Al R R, BOA R A, T ¥/, S0, .NO, il —
WESEHE AR A H AR

2 (RB¥IEERRHECO A

CO, T HETHE 1 T % RO FI A BR AR 2, fi
HARA S RGP, WU N e R A . BT g
B R JURNIE S b Rk T2 1 AT Y
TRCR AR e 14 [ L, (E 483 AR D Ry 32 1 A 7
PE R SR T S REFE A 5 B 2 1 A
CO, 8CHF ) 281t oK Ao 3 400 0 e ke o 1o ) (2 B2 By
5E ) $1] 2030 4F- 1 2040 45 CO, HE it AR XF 1990 443
I8 409% F160% Y F AR, 84 U HZ A i e
B A B ] A 28 KRR CO, HlE TR 588 B2 ol Sy ok A5 A 1 )
[IF 5108

DRk, R A AR CO, HERIUAR AN T 25 ULCOS il H
(ultra—low CO, steelmaking) i H . H 4% COURSES50
7141 (CO, ultimate reduction in steelmaking process
by innovative technology for cool earth 50) | fi&
Carbon2Chem Jil H 45 LU A K %0 - IT IR &K
TRBR AR Tl AR Y B AR, DA S B0T R HE | e 3%
2RO . NIX LI H BB A A5R, ] LU B R
TR B R TT 0]

2.1 UEREEARKRBERBRSPHEHERA

H 7 COURSESO 5l H [l 58 e b e Al T 4 1
F ol FH AR AR A S 38 D 700 1) S D R gk i
T4 188 3 32 SRR B AR K 10 FH T 5 3 ) At i A
FARA 10%. FIH 2015 41687 H gk AE G H 2l
B/ NS B b (5 10 m?) HEA T S T
SURR IR KU WG B HEAT T A A
WFFE BB 23 S04 DAyt J ) A S SR kv
AT CO, HECER AR 40 101 22 Al HE H A

Jioh, HAS JFE MR 2 F4E 2006—2012 45 FF
JE T R AR A AR RS A TR A By

TR 3] — L B, I AR 25 74— LU R )5 T
Yo, Fa A AE 77 v BN I R A R L ok
it FH R AR B OB S P A SR AL A =
rais DX, NPk S A i, BRI AE HE T #E
F1CO, e . JFE 22 6] T 2011 48 s T & R AR
AR EREE A AR 10% £ (s,
BRAEH 730 v), & Z2UGESL G S i IE
WO R B ERCR . 20134F 76T 5153
m’ I R AT T B AR T A 43 ket BR, =
PPRVERE  BRBHEFEAR 13~15 ke/t . 2016 4FTF
G IE A SSIEWFFE B B, 76 JFE P8 H A il 4% r 4
Lyt XA 18— 8 H = B8 2R 300 t B SRR £, H Y
SR A RS B ST K N R E R R A
TR 3 2030 4F 2245 L4 1500 t/d 1Y 7= fg B4 A 5K
B o JaR B, AR AR Rk H AR Rk 11 3 e HE
HFARZ—.

MU ULCOS 35 H 78 AR Al i 47 B0 20T 2 R T
I, WF5E T T SE A T2 (TGR-BF)™, 1% T
A 3 FEENE A R A S R L Sy T
23 S (AR s o CO, 00 B Al B G A7 =
S0 D CO IR ERE 3 SR ), v/ 5 e FH
RIS EE R, TCR-BF £ R AR50 = b 5 T4
VB, PEay 0% e ek . o i Co,
Jei BB A TSR] 1200°C )5 5 2R
TR A T b B KU I A P [R]EERE FBE CO, 5 Y
P TRREITAAE] 900°C I AT BF 38 4057 B TR 1 T
SRR R B A, AT AR 26% 114 CO,HETL , B % A
2B Tl HURE e ) B T R

SN, R OB NER Sk A R A 1E,
THRIE] 2050 4E 8 95 10042K8K0T , HFJ “ LA AR =
PRI HY, 20184E 11 H 11 B, 35 #F vi B 1E
B A AR AR R 9 S iE
1T &R BRI, A B 1 H — R 50 T3
At TR, 75 2% 5 B3 A 128 20K U <A
PRz AT 28 A KH . Ak, AR v F A
TR 2022 45 T4 , 12 b DX H At = )3 = b R
ol T A AR IR ST IR H DT RGN 2k A 7= 1)
CO, HEFL , B 7T 53K 20% . AN, ik 25 S H)
W3 3 A T3 B - IR X 44K 200 km fY 7 38 1



—t

70 www.kjdb.org

RS S48 2020,38(14)

PR I SRR .
22 FESERPEELERIZ

Wil 25 AU HE R ) 3 K, AR B IR R 7
T MOk EM, WOk T EDH KRB, 7
“CHBEMRE I AR EAMR B A T T — &
TR UG T — ik . U H 25 SSAB /A
] 2B ARE MRk R (HYBRIT) 300 H K ol A9 4%
A R CO R R 2T T, A 5 LR
BT — AR A

ULCOS 5 H #47 T ULCORED 7 %1 1 $i4 Ji
TR, FFH R SRR Gk JE R £
W P sl Bk AT3E 1 AL R B R, A e [ A
ELHEER R A TR . T E BFR A5 Rk
W], ULCORED 5 f i 48 FAF i 5 A (CCS) 45 A fifi
FH, 5 ERI— = b R e O, Hl il 2 FAAIK 70% . 1
Fh, ULCOS il H iAWt & &R EH IR JF RN B AR (hy-
drogen—based steelmaking) . F| F H fif: 7K il B &
RN Lok ALK ) R R A FL S . R A
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FHG RS AR r BESVE R AR 7= It i1 30 0 v/
W RE IR E o Ak AR RN AR A
BT AR A BR A wI A AL R e HoAR , i 3¢
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Ml S5 AR X L BR AR S AR AR Sl i B
TR S, AT AR S A S A T XN 54k
T Z M E 3R S EEGIHTHI, Ak
BEA LAY BETT A B AL R LB Tk
FEAh

4) Tk, ERE NSRS, 1T RS0
Wit Al IR A5 0F A R ) 9k A



—t

74 www.kjdb.org

RS S48 2020,38(14)

AP AE A SCENWTIR H (i s, 20t Tl /s yu i 5 .

5) SR . s EIH BRI 4Rk
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Green steelmaking technology with low carbon emission

WANG Guodong, CHU Mansheng

State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China

Abstract Carbon emission mitigation is the most urgent task for steel industry. Current status and developing trends of
environmental treatment and low carbon emission technologies for worldwide steel industry are reviewed and analyzed in this
paper. Low carbon ironmaking technology with hydrogen partially replacing coke should be given priority for the blast furnace—
basic oxygen furnace process while hydrogen—enriched shaft furnace direct reduction technology for special steel production.
Based on the idea of carbon capture and utilization (CCU), chemicals production using metallurgical waste gas is the most
thorough yet reasonable and sustainable way for carbon emission mitigation of the steel industry. For this purpose it is necessary
to gather the technology strength of steel, chemicals, energy, information and the other related industry to implement the
SCENWI (steel- chemicals— energy networking integration) CCU project with near—to—zero carbon emission to accelerate the
research on metallurgical waste gas capture, transportation and treatment technology, and develop chemicals production process
and products. Meanwhile, it is critical to build an intelligent manufacturing network system with close combination, collaborative
management and stable running based on the industrial internet platform and effectively resolve key bottleneck problems on
system complexity, dynamics and fluctuation, aiming to completely solve the carbon emission problem and promote sustainable
and high—quality development of the steel industry.

Keywords steel industry; low carbon emission; low carbon blast furnace ironmaking technology; hydrogen— enriched shaft

furnace direct reduction technology; carbon capture and utilization; steel-chemicals—energy networking integration




