5539 55 4 ) g I8 % &R P Vol.39 No.4
2025 4F 8 H Energy Environmental Protection Aug., 2025

LR, B, Ko, 5. CO,-CO MG A S LA B 7= 1 SE B 5 kR (U], BE R IR B £ 4, 2025,
39(4): 37-47.

o o Y

2 LT FENG Chao, TU Mingwei, ZHU Rong, et al. Practical Application and Progress of CO,-CO Recycling in
El - Steel Chemical Co-Production[J]. Energy Environmental Protection, 2025, 39(4): 37-47.
MhihsbiE

CO,-CO TEEAFIH S BB B = 10 S 8% 55 3k g
oAt BWED, £ FVPY, KRB, AR @YY, EmE

(L AFTHBEKRF BPFALR, LT 100083; 2. T FHAERETMERLRRF LA, LT kM
110167; 3. v FAHBEKRF G EMBEMkB 2L EETERIE, 7 100083; 4. .1 &-F HMkLH,
D 169 0434005 5. 0T 5 H 4R AR B A FRAE], Tk i &3 222000)

FHE . ARERAT AL AR A A SR A TR K A A B HEAR 00 & B ATIR, 16 £ B B 7R 69 3RIBE ) 5 KR A
Pedk . ARACTE = 3 KGR Ak A e . R B A CO, 58] Z A h A R AR, SILAL R
# & AR, R A RPAT AR, R E R 0 X R L — SH Rl — 25 o et 2,
PR A AR P AR B A AL SRR GG YR ok, 4R 8 T AR A R A, SR AR T B
Ao ARACHE = 60 H0S B AR AR MBS AR b, AR R AL AR CO, % 81 AT R T
HAE CO, R A CO G, 7T Tt —H a9 8 R AR B, X —H R RARE T Mk A 7 o4t
i, BB YT CO, BT, o 53T R 4 A 20 B R . BT AT AT 40 31
R, K T —HF CO,-CO VEZRA| A 49 £ FHEX,, BoiE T 4RILEE /= 849 7T 52 ILME A 22 700k, h ARk
Ak FAANACER P IRAE T — T RAF A B BH I RICIE ™ £ W -0 R P 8
CO, FRALHEIR B, FIT CO, BHEFA 30%, L P Y L5 CO, HAKART 27.25%, %
BRI RANAHA M R, T AN AR L F KB T B ER, ARG E | TH

SRRty BARIRBEA S X
I IR CO, A AT =S AT R Ak
RESES: X51;X701 ERFRINED: A X EHS: 2097-4183(2025)04-0037-11

Practical Application and Progress of CO,-CO Recycling in

Steel Chemical Co-Production
FENG Chao"?, TU Mingwei"?, ZHU Rong"*>”*, ZHANG Tianfu’,
LIN Tao"*’, WANG Xiaodong’
(1. Institute for Carbon Neutrality, University of Science and Technology Beijing, Beijing 100083, China;
2. Iron and Steel Recycling Technology Research Institute, Liaoning Academy of Materials, Shenyang 110167,
China; 3. State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing,
Beijing 100083, China; 4. Shanxi Jinnan Iron and Steel Group Co., Ltd., Linfen 043400, China;
5. Jiangsu Binxin Iron and Steel Group Co., Ltd., Lianyungang 222000, China)
Abstract: The steel industry is one of the most energy-intensive and carbon-emitting sectors
worldwide, significantly contributing to environmental challenges. As the world shifts toward more

sustainable and eco-friendly industrial practices, there is increasing pressure on the steel industry to
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adopt technologies that mitigate its environmental impact while enhancing energy efficiency. One
promising technology is steel chemical co-production, which effectively addresses these challenges by
utilizing by-products such as waste heat, waste gas, and carbon dioxide (CO,) generated during the
steelmaking process. This innovative approach is critical for the steel industry’s low-carbon
transformation and offers a viable path toward green manufacturing. Steel chemical co-production
technology focuses on capturing and repurposing by-products generated during steel production.
Traditionally, processes like blast furnaces and converters produce substantial amounts of waste heat
and gases, much of which remains unutilized, leading to inefficiency and environmental harm. Through
co-production technology, these by-products can be converted into valuable forms of energy, such as
electricity and heat. A key innovation is the treatment of CO,, which is often released in large quantities
during iron ore reduction. By converting CO, to CO, it can be used as a fuel for further smelting or for
generating additional energy, thus closing the loop in steel production. One significant advantage is its
potential to reduce CO, emissions. Steel producers can capture CO, from various stages of steelmaking,
including the blast furnace and converter, and recycle it into usable energy. Reports indicate CO,
emissions can be reduced by over 30% across the entire steel production process, with reductions of up
to 27.25% specifically during the converter process. This substantially contributes to the industry’s
overall sustainability goals, achieved through the direct recycling of CO, and enhanced production
system efficiency, thereby decreasing the need for additional energy inputs. The economic viability of
steel chemical co-production is another critical factor. While initial investments in advanced co-
production technologies may be substantial, long-term benefits are significant. By optimizing energy
usage and reducing carbon emissions, steel producers can lower operational costs over time. These
savings can offset the initial investment, making the technology economically attractive. Furthermore,
as environmental regulations become more stringent and carbon pricing mechanisms are introduced
worldwide, steelmakers adopting co-production technologies are likely to benefit from regulatory
incentives, such as tax breaks or carbon credits, further enhancing the technology’s economic feasibility.
In conclusion, steel chemical co-production technology offers a promising solution to the dual
challenges of reducing energy consumption and carbon emissions in the steel industry. By recycling
CO, and other by-products, this technology enhances energy efficiency, lowers emissions, and provides
an economically viable route for steelmakers to contribute to a more sustainable future. As the
technology matures and gains widespread adoption, it will play a crucial role in helping the steel
industry meet its environmental and economic challenges, aligning with the broader goals of green and
sustainable development.

Keywords: Steel chemical co-production; Carbon dioxide utilization; Chemical products;

Gasification of coal resources; Carbon emissions

5539 B4 4 4

0 51 B

b AR BB IR S ML AN A AR TR ) Y B 25 ™
0B, BB AT b ) S 0 5 A O 4 Bk G T Y £
o B 7 i BN A RE AR =, T ELHEBOR =
CO,. NO, FISURL Y, ™ 52 M PR ot it AR 5
Y AT SR R bR Tl RE VR REAT
Wz —, 29 di sk Tl R IRTHAERY 10% L L1, A
it S f KB CO, HEMOI 2 — . MG Bt I

F (IEA) O Rs, SRR TAL B4F £ /9 CO, HE
T2 5 AR BHE R IR 1 7961

BERAT A0 U B4R — AR B RE S v 2R 7 AL
AR, REREARPAEE A A BOR B AR . SARI ™ 44
ARy — ol Bk AR i A mh 28 R R R A
JEFERE IR AT BB B, 47 A B ¥ 52 2 27 AR S
TP )2 SR o IRBOR )T Sl PR S A Bk
TS AR, 2RI 2 457l 1] i 4 ot
TEFRANHL, Forb A A Al o A 7 i i v A A A



A COL-CO PRI S BUM I ™ 1 52 e 55 ot Jie -39 -

B TR AN ER AR, B AR PR e
PR RO A A T i, [RINA BR
BeEE B AR AT R ARl L R T ik =40 T
AV BEATHE FOIN T, 5 AR RSSO, T B B3 T
Wb 242 9 U I IR 408 B R P AR s —
TR, AR 1Y REILHEE A O 5T 5 S B
I EE . WALBO™ B DR 5L R
PG PEE R i AT SRR, $T8E T 1558
R A i A P SRR RE VR A S 1) A SRR, S
BT AT 5 A= L BRSO AR
AT BT A B FE I HERL, B IRA S T5 T, i REfg d
T A B PR A IR, B AR 7 A, 4R T30 8k
BRI AINES ST P T R

ABESE B TEERFE B T REIHER A Y 2
TEHER HOARBEL AL SEBRI T, 70 M 24 w0 kAT
b A5 BEDHE T3 THT TR i ) = R RER Bk A, O 4R
FAFE A DR D7 58 o A 0] B BR Al 710 5 451
I3, PE— AR B A P B AT E S B A 7 v B
FIZCR 5 2551k, AR A Tl 52 B2k (0 i 3 el
Rrgk e AR PE G SR MSC B S T o B TEIB ™ 1Y
REDHER AR SUR A BAT Ml 52 B A % B A R
AR, I HES A ERERSE LRI RIS SR AL AL A
AT 7EX—BHAUE T, TR AEDK
HEBAR B0 58 B AT 2 00 3SR SO IS (L

1 ERSMARIR

L1 ERASFRIAR

ARG AE T B — Bk Pl X B - R O
P RIOEAC IR RE J7 1, SE A2 30 A 7 RS RE IR &
GEb R AL B9 g ol I o B B DX A B
R T B N P A R 5 RS AR, A S ) A 7
RGP . 5 IR A T Y RERE R
FIREA™ FEAR B0, S S A JEE 19 R A -0 o O
AR BT B IR, DL GEIB AT A FR/ )y
AR ARGRHE A F bR, %40 ek b IX e i -9 i
PEATHME LA VAL, R B d | B de B AR R
i B P AR 7 A LR T R SRR BE TR Y
F AR S . LA P E 8k bl XA 3, 3o DL
JTLBEAT UL, 45 R R W, R Bk X AR T
R ECR BRI T, 1207 1% 38 1 ) TR RE R Y
I R] 814 {9 gk el X ) I e HEBCER: B AT 9.56%,
ARG A A 6.12%.

i A S A ALY R A
FE TP BE SR 1) 7K A BIL BRSO R B

BLI, B 3 R 2 v O <0 o3k o ik At 25 it Ak 4
() T2 R DA R BB S8 B2 A AR e e 7]
BATEE R R, Ll AL e B 5 b AR ]
PLiA F]<0.1 mg/m’, A3 & 5 LA F<30 mg/m’,
W 2 b T A P2 i E SR, SOk T 4K 4RI ™ B 7]
R FE AR R , HLA et i) Tl iy FH i 35t o
FleR ™ g T B AR E AR TR S
FA R & T4 ARAIE 5% BUIR, 3 Ar T 38 2 8447l
A S BB ST AR BB, TA R
WA R B PIA s CO. CO,. H, 41
B AL, VA R A Sy AT A AR
il 28 21, JE TR BIERA T 5 24 K R Ty ] o
7" 5@ Aspen Plus SIS I3
BT RS BRI 4 R A it
2o 45, SR gt — RN BE, T
4fi 53 814 Nm’/h H, Fl 9 586 Nm’/h CO; ¥ I B <,
AP, AT 446 17 940 Nm'/h CO. CO £ 3 Ak A
WA R W R, FONE G R R, il
20 J7 to Z T AW CO, HE RN 1.06 t COyt &
Tt A% T BB 2R 119 2.89 t COL/t & T BRAR Ky
52.71%, fa THEHLE Y 39.27%. 255 b s,
TR RN 16.13%, 2 " B4 7= A
h 3 212.64 Ju/t, IR THEEE LAY 4 606.00 JT/t, F W]
Z TS A B0 RGBT 31as
1.2 ESMAEIR
KIM 26" i il Aspen Plus V12 A7 FP it
Az RN i S A AR 7 B R, IR
Aspen i B2 2 35 4 M AL (APEA) PEAS & 55 1 . 45
SR, AR E B AT F AR 7 0 2 461 v R o
H 99.4%, 7=t 232.0 vd, T fH BB B A AR
7 B R 2 B h s B i 97.7%, 7 iR
453.4 t/d, FEE SN 99.8%, rohEh 263.0 t/d, H
Pt A 7 S0 A A EORAS Sy 121.6 'E T SR JT/AR, Bk
B R AE BUA Y 222.1 H T RIU/4F . TE
IEH AT W R A PR RIS BT, ¥ BLE (NPV) A
—810.4 H J7 £ IT/AF, i 1E 1 F i i B & A2 7
RN A5 R, NPV h—981.3 T T 5 J0/4F .
2o R A B 2R B, Y JER R A B I 30%
i, 3er= 7 AE NPV Jy 1 A] RE S 25 nl 154k
SINGH 2"V iy 7 — Bl S L2216 3R T2,
FIAARER & & CO, @b < E 7™ CO. IR
T2 fee 55 FIH 35 1 Fe;0, F CaO 1E M [E A
A CO, AR, HlfEH K Fisfr. 7E3LE
2 PRSI T A IR RN s, SR FH A R R



40 -

(LR N T T

5539 B4 4 4

Fe,0,/Ca0 JFi it~ 0.6 AR A W17 & 50 0E,
A3 AIIRGE T AR IR AT (1023 KO LAKAE 1023 ~
1 148 K IREFLF R0 CO 7%, SLEREE R % CO
FEE CO HZE =R Rk TSR | R 5 A
PR 2 A5 PERBFE bR b AT T X L. #E 10 IR P34
R R S AR CO Y 3k (0.056 + 0.002)
mol/mol & ¥ <, CO 18 %5 7= % 4 7.6 mmol/( kg
Fe-s), B 8] WL 3R N 48% + 1%, 1K KL A FH R N
23% + 2%, VL JES A AR R SE AR 7 2 R
BRONK 22% £ 1% F 11% + 1%, I JEFEFIELE
IR PEREFR br L LR T 28 & T 20%~35%.
TE 10 PGELLR) T 2P, i 2R T 202
TR P vk, AR AR ML B CO B 7= 3 F % .
KT AT 2 PR ERVEAR R AN BE AR AR, X AR
Hejil 100 77 t 48 CO, MARART mlr kAT T4

= é-‘ 5 11
P Sy tl £ 't

PR, 25 SRR W, R AR 1 L A Rk T ey
R, RUE BRI S BN AN RE R S T
20%, {H i T RE A% A 77 B ik B 1) CO, IR JE 2 )7
E LN iR € =

SOLTANIEH"" #F5¢ T —Fh4E s R 45, F T4t
) A 7 H Ty AR, 3200 H R A A R T
TR CO, L Rl i XU RE AT HAE BE VR ™= A i K H
fift BEIT A Hy R A R H B . R IEZE T
TE KA B 2R e ) P HK f g B0 A2 19 O,
BRBERANE T o MRS MH AR FZETE i 3=
HH, 24 RKIRS M A% A 7.8 $/KMI B, Ui /b CO, HEL
M RLAS R 93 $/t, HVEEA: 77 LA Ry 576 $/to AL
ARG A= 5.82 /2. (kW-h)/a A HL J1 1 228 480 t/a
FH e, HOAN 2 1) KA HEROE 2= <A

LRI = A A b 4 R A B AN L 1 R

HIRIER A

A

Sz

7
#
&
&
7

1 ML~ REE

Fig. 1 Schematic diagram of steel chemical co-production
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Table1 Comparative analysis of converter input carbon

e pp =] Bk JBAW/t b/t BIK[CY% Bk (kgt ) HA[C)%
HRPIK 137.96 36.97 2.68 4.66 0.43 3.75
1#5E SEE IR 143.19 31.26 5.79 4.51 0 3.75
ZH 523 -5.71 3.11 -0.15 -0.43 0
H K 140.74 34.75 3.61 473 1.07 3.89
245 SR 142.33 32.75 4.07 4.65 0.33 3.84
ZE{H 1.59 -2.00 0.46 -0.08 -0.74 -0.05
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Table 2 Comparative analysis of converter gas recovery

Ll i H B /N WA /Nm® COV /% SEPRAE S/ (Nm )
BRI 17 900.33 106.44 40.01 106.47
1 SRR 18 631.98 109.12 42.12 114.89
28 731.65 2.68 2.11 8.42
LR 17 980.83 107.18 41.01 109.88
2L SEEPK 18 335.42 107.63 42.54 115.75
218 354.59 0.45 1.53 5.91
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Table 3 Comparative analysis of converter oxygen consumption

e pp =] BIK[CY% Bk [Si)/% Bk [Mn]/% UK/ (kgt) SAHE/(Nm™t )
HRLFR 4.69 0.31 0.24 0.21 45.57
1# B SRR 4.88 0.34 0.24 0 44.71
2E 0.19 0.03 0 -0.21 -0.86
BRI 473 0.32 0.24 0.62 46.95
24 e pp SR 4.83 0.34 0.25 0.33 45.20
ZE{H 0.10 0.02 0.01 -0.29 -1.75
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Table 4 Comparative analysis of converter slag samples
g WH Ceaol% Crio/% Csio,/% TFe/% B Chno,/% Cno/% Crio,/% Cp,0,/%
WK 43.98 6.94 17.55 14.41 251 1.88 2.93 127 1.49
1A M H/N 43.25 6.65 16.34 14.05 2.71 1.72 2.98 1.16 1.51
2{H -0.73 -0.29 -1.21 -0.36 0.20 -0.16 0.05 -0.11 0.02
WK 42.58 6.56 17.98 14.23 2.37 1.92 3.00 1.34 1.51
2 AP TR 42.55 6.68 16.44 14.02 2.60 1.71 3.05 1.22 1.73
Al —0.03 0.12 -1.54 -0.21 0.23 -0.21 0.05 -0.12 0.22
(B Ak ppm Ky 10°° 4R, AXIR]) , iR R 4% ML i SR T/ y =
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Table 5 Comparative analysis of converter carbon-oxygen product and phosphorus removal rates

e i H TSO[C]/% TSO[O)/ppm BIK[PYppm 2 5 [P)/ppm ABx10™ JBL B3 /%
WA 0.04 694.44 1250 267 29.83 78.81
1 SRR 0.04 699.30 1279 210 29.58 82.09
Al 0 4.86 29 57 -0.25 3.28
BRI 0.06 500.71 1247 295 29.87 76.50
24 SRR 0.05 567.53 1172 189 29.02 83.68
2%E -0.01 66.82 75 106 -0.85 7.18

3.2.5 #HWRA RS

AP TR CO, AT LA R R XA I, 2k
o Dt AR TR A AR TR EE, DT A L2 g 2 B
BRep i 3% 6 Dy LG R S 00 1a] A HLIK 98
TR, 45 R38R, il CO, I UMLK 2y 3.89
kg/t, B A HRIP D 0.95 kg/t, 180 T 19.6%,
FUR AR 8D 0.55 kg/te MUK AU /0 BE ko T 5%
T BRI S5 e ST AR AR 7 AR

R6 HIPBRALIRITEL T
Table 6 Comparative analysis of converter

dust removal ash

el Mgt Rgt ﬂ%ﬂ*ﬁ%}?ﬁ/ *ﬁy?%#;:/
Wie MK EA (kg'th) (kgt)
R 1460869  706.4 4.84 2.79
SRR 3041345 11829 3.89 2.24
2ME — — —0.95 -0.55

T HLAk S 12:57.69% (202447 H 1 H—20244E9 A 16 H 57 F
IE) .

3.2.6  ARALEL = 6940 TH-B AT
AT A B i e e AT e R o B e 0 28

IyKIG, BRI CO, JR4ENL, JE46)5 SR H T
W R GRS KR 2% B R IRERES AT,
T WA B2, s AR . O JRA
B EEHE Y CO, #EAT T BRI, I8 i 7%
ok CO, TEFR AT B Ak T Y CO, SHIET
[F 52 P CO,-CO FEHFI

F G ISR A (1 CO R p RS 4 4
JE B Hy, A2 2 A LNG, Horp 2 BB e
(TAlk 2 — B ) (GB/T 4649—2018) H B s 2 45
FRER, LNG i 2 (R RIR S — e )
(GB/T 19204—2020) 485 2K, S BE 5T 1 2 (i
T 28 ¥ K RE R 7R 4 FHR B &UR) (GB/T
37244—2018) I ARFEFRE R,

CO,-CO 11 H I FH 14 50 Ak 156 7 85 = 7 0 A2 1k
T i SO e B SR R B KR AT T AR A AR,
WP TR CO, HE .
3.3 B RRHES T

BRI P A 2 A O P B A T 50 B Ak
FE TAT ML 9 B BRI, S BRHE R B35k /D,
FERTHREVER FHRCR . 1K 4 A 5 oR T 4R LEk
7SR BHEBOW AR AR, B 00 TR AL T TP ek
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3.3.1 4REk) PESRR AL T AEAT A E AT
et 1 = K I, CO, Y HERL i 32 22 0k T

SRS AR T A AR SR E . — Bk
Ui, FE AN TR 9 CO, HE &M 0.14~0.18 tt-
B FEARMHEBCORARSE AR X A4 AR K il
R REIR AL (e . RARR . 158 LR R
AP A s, Y S TRk HE O
TR Tl SE B B0IE A5, CO, B 55 ia ik )a T
W HERC 27.30 kg/t-#K
332 ARLIK = F CO, # R H 97

B A S R T R CO, WL FBA
A 2 W B 3 R AR T R B 2 A, G HE 43 0l Oy
1 600 kg/t CO, Fl 1 200 kg/t CO,™, T 7E CO,-CO
U6 A ) 00 B9 A 16 7 B = b A 4 CO, i Ak HE
h 50 kg/t CO,, X AH 5 T fx i W] ik 2 e HE 10.85
kg/t-Mo G5BT TP CO, AT/ HEK 38.15
kg/t-#, B HEI D 27.3% .
333  AREk LARALER UG B HE AT

TEAL T AR = v, A G e b i €O A=
AT R, TR P A O T, S <
(1) CO Al LASEAERRHRFOI0, Dol D Bk HE o 7 5
B R G AR AR T B R, CO, HEEE 3k
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Ja , HA TR R AT D 20%~30%

TE B AL HE 77 19 300 5 55 0 v, B Ak T ik 1Y
CO, AL AR Y TR B Y CO, [E T
BRI P R TR, A ] SN RHER, E— 25 ek ik
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