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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
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
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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,, 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% specially 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 substantial. 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 wide 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
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Fig. 1 Schematic diagram of steel chemical co-production
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Fig.2 Carbon reduction model of steel chemical co-production with CO,-CO recycling
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Table 1 Comparative analysis of converter input carbon
g s Bkt JEARt Bt Bak[CY% R/ (kgt ) HA[C)%
WL 137.96 36.97 2.68 4.66 0.43 3.75
gl SERIFIR 143.19 31.26 5.79 4.51 0 3.75
244 523 -5.71 3.11 -0.15 -0.43 0
WAL 140.74 34.75 3.61 4.73 1.07 3.89
24 I SEE I 142.33 32.75 4.07 4.65 0.33 3.84
2AH 1.59 -2.00 0.46 -0.08 -0.74 -0.05
TF: AR AN 0.2%, BRBLET N 4.0%, SR ETEN1.0%, FRIK AR T70%.
Hopdm A [C] AR A7)
[Clix (%) = Migx - [Cloox + Mpsiig - [Clyem + Mg - [Clage + Mo - [Clyx (7)

Mg + Mpysgg + Mgy + Myeix
[Clygeye— BRI 5 5, %3
[Clpy—FEIRER S 1, %;
[Clig —FE W i A8 5 8=, %
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Table 2 Comparative analysis of converter gas recovery

e TiH M/ (Nm’/4) AR AL /Nm COWR ¥ /% SEMEI/ (Nm™ £ )
IR 17 900.33 106.44 40.01 106.47
TG AP SEHAPIXK 18 631.98 109.12 42.12 114.89
E=1 (1 731.65 2.68 2.11 8.42
BRI 17 980.83 107.18 41.01 109.88
24k SEHRRIK 18 335.42 107.63 42.54 11575
2MH 354.59 0.45 1.53 5.91
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Table 3 Comparative analysis of converter oxygen consumption

B g i H #IKICY% BRIK[Si1/% 7K [Mn]/% fEik/(kgt) AFE/(Nm'™t ™)
BRI 4.69 0.31 0.24 0.21 45.57
1# B SRR 4.88 0.34 0.24 0 44.71
2fH 0.19 0.03 0 -0.21 —0.86
FHRLIR 473 0.32 0.24 0.62 46.95
24 B pp SR 4.83 0.34 0.25 0.33 45.20
2AH 0.10 0.02 0.01 -0.29 -1.75
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Table 4 Comparative analysis of converter slag samples

L =] Ceuol% Cipo!% Csio,/% TFe/% o Cino,/% Cuno/% Crio,/% Ch,0,/%
AL 43.98 6.94 17.55 14.41 2.51 1.88 2.93 127 1.49
L SRR 4325 6.65 16.34 14.05 2.71 1.72 2.98 1.16 1.51
2ME —0.73 -0.29 -1.21 -0.36 0.20 -0.16 0.05 -0.11 0.02
HHRLP I 42.58 6.56 17.98 14.23 2.37 1.92 3.00 1.34 1.51
24 SRR 4255 6.68 16.44 14.02 2.60 1.71 3.05 1.22 1.73
ZAH —0.03 0.12 -1.54 -0.21 0.23 -0.21 0.05 -0.12 0.22
x5 BHIBREMIARBEER LS TR
Table 5 Comparative analysis of converter carbon-oxygen product and phosphorus removal rates
e il TSO[C]/% TSO[O}/ppm YKIPY% APV % BRARY>107 JBE B3/ %
HRLDIK 0.04 694.44 0.1250 0.026 7 29.83 78.81
14 SEHRRIK 0.04 699.30 0.1279 0.021 0 29.58 82.09
ZMH 0 4.86 0.002 9 —0.005 7 -0.25 3.28
BRI 0.06 500.71 0.124 7 0.029 5 29.87 76.50
24y SRR 0.05 567.53 0.1172 0.0189 29.02 83.68
28 -0.01 66.82 —0.007 5 —0.010 6 —0.85 7.18

BRep i s 2% 6 Dy LI k-5 a0 00 1A A ik SE R
BB G RE, 45 R 30K, i CO, B RLK
LN 3.89 kg/t, BUH IR HRIP U D 0.95 kg/t, Bl
T 19.6%, HUREAIED 0.55 ke/to MUK 980 BE
G TR e R B o SR AR AR 7 R A o
R 6 FIFBRLRITLEDHE
Table 6 Comparative analysis of converter

dust removal ash

i Bligit Bgit ﬂ@%*ﬂ?f(% *ﬂﬁfc%*f%/
WL MR (kg'th) (kg'th)
RS 1460869  706.4 4.84 2.79
STEHWR 3041345 11829 3.89 2.24
2ME / / -0.95 -0.55

e HR 28 157.69% (202447 H 1 H—20244E9 H 16 H S i F-
YIE) .

3.2.6 I HELHH

AT AR 8 BB e AT B o SR o B AR AP
SIKIG, BAETEIRE CO, JE4EHL, K46 5 SR H-H
T R G R BEOK G % 2 IR FEZ AR, P
T8 ik 2 W ) i 2, A S . XX
SR AR A HE Y CO, AT T B IRAL R A, I
A CO, TR T 8 AL T i CO, 5k
8

] HAE S CO,-CO TRERFI

FFH B S AR 415 1 CO R b B < 4l
JE 9 H, A2 L2 RN LNG, b 2, — T R
(Tl 2 — B ) (GB/T 4649—2018) Hf B s 2 45
PREER, LNG J i /2 (AL RIR S — e )
(GB/T 19204—2020) #5 AR 2Lk , Ao i i (it
T A8 4 B IR KL R b 9 7 T BR BE AR (GB/T
37244—2018) I ARFGFRER Y,

CO,-CO 1 TR JH 4 4 A B 7= 455 2 7 v 2 1k
T i S R SR A T B R AR A T A 7 A R AR,
WD T R E CO, HEk .
3.3 WALBEARRHEED AT

BT A 2 A O R B A T 50 B Ak
AL T AT A4 5 008, SEBRR HE T A 8 /D,
IR THREURFI SR . X R AR AR RE RS
¥ CO, TRIRAL, AU T BHEIL, 3R T 77 i
J s A T DSE o SO R A Tk B RS, AR T
Az AR, R EEf T R CO, I HER . 1A 4 il
5 R T 4RI ™ 1 J5 B HE B i A8 4k, e T
AL T T e AR B P i 2 45 [ ST i, 6 i
FEARAHERCK A CO,, ¥ A RE A ROF 5 1 15
Hr il CO; Ak T T I B 5 25 3 4 W 2 CO JRURY,
ik 2s HE i K €O, 3 #I ALK 7 )5, CO, FI
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3.3.1 ARERT JEIRA RAL T REAT A0 B HE AT
FEAP L PR K, CO, Y HE L R TR B T
JEORLRG A, AR 7R T A MBETR SRR . — Bk
Ui, B0 A T I CO, HE & 0.14~0.18 t/t-
B FEARMHEBCGRARSE AR XA AR KO il
FHREIE AL (AN, SRR, BI85 DL RER
GBI S A el . 1R BT i HE R

U TR B 5P 15, CO, S 55 hmia ke T
/0 CO, HEi i 27.30 kg/t-HX .
3.3.2 AL EF CO, sk o 41

R A P i AR Tl B CO, MR T ik FBA
Ak 27 U BFF 32k R0 AR Fe W B 2 i, Bl HE 43 0l ok
1 600 kg/t CO, Fl 1 200 kg/t CO,™, Tfi 7 CO,-CO
06 R0 H] 0% B0 A 3K 7 45 2 A4 CO, A i HE (Y
h 50 kg/t CO,, X AH 4 T f i W] k2 e HE 10.85
kg/t-M o GG HD T PR CO, Al /b CO, HEL
i 38.15 kg/t W, ikFHENR > 27.3%.
3.3.3  SRALER E AR HES AT

FEAL T AE = v, SR e S rh i) o A=
AT E, TR P R DL T, B g
() CO ] LASEAE A0 3, T A e HE . 76 &
PR e R AR A P R R, CO, HE R 2 R
2 U B RO R RO T T AR
Ji , HAR AR A HE AT 9k 2> 209%~30% o

RIS, EAR AR 30 A% v, KAk T sk
Y CO, A b AR Y T it <rb iy
CO, [ 7E T NI By i A v, R ) S HERE,
dE—2 0 e . B R AR NS 110
Nm'/t-5), H CO, & & H 18%, H TR BB &
3, CO,-CO TEHAF AT U H M 1 FE Ak HE 73.4
kg/t-1, o - RN TR SRR 5.2% .

BEETIT, CO,-CO TEIRF B ARAE M ERAT L
(B9 AE 7 v R B T T R AR R R, RO L
BERAT L R D HE . SR AR (0 P R4 & Y B
HEARZ—,

4 HiLHRE

(1) F= T AL ™ 9 CO,-CO TIE 3 F1) AR =X,
SCEL T AN BRI AR CO, RMATH AN, I3 T4
M E, BEAR T A2 ™ AR, TR A3 7™ ) CO Al 4k
AT ML FR AR R o o JEORE A, BTN -k T 4
Il B ) e e RN 88 (L RE T -

(2) BIALIEE P 1 CO,-CO FEFRFI 2 1 A d
PSR P BRI FAN R, PT R MR A A T 45
B A R AR, B B A TR LA, T
NS i

(3) HIALER ™ Y CO, B IS ARG R 1, FH T v -
Fep YRR, SCBL CO, Wi G 30%, Hih ik pp
T CO, HER#AR 27.3% .

(4) AR -1b T 125 SR 7 b [R] B e A 5 K
U LA SR K R R B R, R LA
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