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Process optimization and carbon sequestration performance of CO,

fixation by low liquid-solid ratio wet process mineralization of steel slag

JIN Qiutong, FANG Hongbin, ZHANG Xiaoxia, GONG Zhijun
(School of Energy and Environment, Inner Mongolia University of Science and Technology , Baotou 014010,

Inner Mongolia, China)

Abstract: In the context of the “dual carbon” strategic goal, mineralization fixation technology has received increasing
attention as an important CO, emission reduction pathway. As a calcium-based industrial solid waste rich in alkaline
substances, steel slag has become an ideal and inexpensive raw material for CO, fixation. In this paper, the effects of
different liquid-solid ratios, temperature and pressure on carbon sequestration rate and the optimal process conditions are
studied by low liquid-solid ratio wet process mineralization method , and the phase composition and microstructure of steel
slag and carbon sequestration products are analyzed by XRD and XRF. The results show that the low-liquid-solid radio wet
process mineralization method synergistically realizes cost-effective steel slag solid waste recycling and CO, storage by
reducing water consumption and energy consumption and enhancing the mass transfer efficiency of the reaction. Affected by
the thickness of the water film, there is an optimal value of liquid-solid ratio. Under the conditions of 100 °C ,0. 85 MPa,

and 450 r/min, when the liquid-solid ratio is increased from 0.2 ml/g to 0.4 mlL/g, the carbon sequestration rate is
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increased from 11.8% to 21.2% . However, when the liquid-to-solid ratio is further increased to 1 ml/g, the carbon

sequestration rate is decreased to 9. 3% ,indicating that an appropriate thickness of the water film is beneficial for the mass

transfer process. The carbon sequestration rate shows an increasing trend with rising temperature and pressure. For a liquid-

solid ratio of 0. 6 mL/g,when the temperature is increased from 25 °C to 100 °C ,the carbon sequestration rate is increased

from 4. 8% to 20.9% ; when the pressure is increased from 0.85 MPa to 2. 85 MPa, the carbon sequestration rate is

increased from 20. 9% to 27. 6% . However, excessively high temperatures and pressures can lead to a decrease in the

increase in carbon sequestration rate as well as an increase in energy consumption. In summary,under the optimal process

combination of reaction temperature of 100 °C , reaction liquid-solid ratio of 0.6 ml/g, reaction pressure of 2. 85 MPa,

reaction time of 1 h and stirring rate of 450 r/min, the carbon sequestration rate of steel slag is 27. 6% , that is, the

maximum carbon sequestration is 276 g/kg.

Key words: low liquid-solid ratio wet process; steel slag; mineralization and storage of CO,; water film; solubility
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mineralization

g b, IR B R 100 C L W E A
0.6 mL/g. JE S0y 2.85 MPa, Hf[a]ky 60 min, i
FEHR Ry 450 r/min (95544 F B BRFEH 27. 6% , H)
KR (CO,) 2y 276 ¢/kg,

2.2 EMRFEYRIERZE
2.2.1 REREMEH DT

EHNREE R 100 °C . £ 7128 0.85 MPa, Hif[A]
760 min, W[ K 0.6 mL/g B, KA XRD X}
WA SR T R A9 AR R ATk il R
B 6 Fin. MR 6 R 893 ok i =24
1 C,S. CaCO,. Si0,}% C,S, C,S 1 C,S VE R4
TR IE A AR R ER W, LRI AT S e
W2, SRR Y [k SN T PR AR, Si0, ] =B
S AT AT, A A R
CaCO, AATER AN A 5 O HA —E B W) ih
AL, WALE A P BT B A CaCO; ., SiO, [
g, S5 fbaTe89E XRD ML, C,S. CS 1Y
197 SV I SO S (L O B A e 4 25, PANG 47
ek B, Ca(OH), 5 f-CaO A 5f W BEATH 2K,
LT B A CaCO, 7 g . XRD 25 5 B 1 i 5K
T AT Btk 52 AT A 50K B T S PR S 4 o B
MR E R TRES

10 20 30 40 50 60 70 80
20/(°)

A—~CaCO,; B—Ca,Si0,; C—Si0,; D—Ca,SiO,,
E 6 $WiE5EmNERN XRD Eif
Fig. 6 XRD patterns of steel slag and carbon-fixing

steel slag
2.2.2 REAEMEHTYREA
R HI SEM X874 Ak BT (4 59 845 AR dfh 1E
FIORAS I ZRAE, 0 A BT A9 P M 30 A 1k B 46
anI AR Ol H LT RTRUE Y, U B i R
F% 28 THTREL A 38 50 v, I g i 9 s AT 382 T i 7



2026 4E45 2 0]

SRIY, e BRI R IE S L E CO, 1) T 2 AU 5 ik g 113

AR T T — 2R A Y [ e Y, X S
PABRTRES 0 3 o B A B B IR 8 & A A8 1 1] 5 8
HERL ., S ARG, FEBY I R R R T T A X i
2, BUREMBE )R, XKW CO, Ik IREL 6 i
XA R E

(a) #9¥E; (b) [FEBKIN
7 WiE S ERRRE R IR
Fig. 7 Morphology of steel slag and carbon-fixing

steel slag
3% #

(1) MHEFEHETRT b, BB 1k,
R [ LU A ) [T e 3 B vy LB LA R
RG] LU 254 T 38 2 1 B He A R Ak B i it
17, M SRR G AT, 80 W il A
T PO TR REL DR /0N 5 T 48 T2 %) K BT A% o o e, 4
FECO, B ER TR, FAbR R0 23,
B, Y44 0.85 MPa, WA 1 hy $iif
%k 450 v/min BF, 100 °C LLR 0S40 W 1 H Sk
0.4 mL/g,

(2) MKW b &N, Bl IR 0T,
Ca’ " RMFAF T INFE 4, BRI, {0125 C At
BRI AL 5% o NETFIMERE, TR
NEEE A 100 C

(3) X fbiysgm 3Kt s, &R
M 70 R VA o BB R B TR, CO, 1 i i

FESIN, AE S AR EL RS T TR A JE A R
W R AR 2R 18 Hoad 1 R 77 2 5 BORE TR IR FE
Nk, eSO R 100 C. FE LR 0.6 mL/g,
W] 1 by BEPEE Rk 450 v/min Y544, &
RET1R 2. 85 MPa B} (1 [0 27. 6% , RlK
[t i 276 g/kg.

S

(1] 5KEF, TRAEAR, RE A M . SR kol 3 dt e Aok R s B
PRI SERE R AR D] B8k ,2023,58(2) 173 - 187.
ZHANG Qi,SHEN Jialin,JI Yangmei. Analysis of carbon
emissions in typical iron- and steelmaking process and
implementation path research of carbon neutrality[J].
Iron and Steel ,2023,58(2) :173 —187.

(2] &%, 2R0E, &M, 55 . WA e CO, W
WAHBARVERE[T]. BedhBkiAl,2024 49(6) :21 -34.
MENG Xin, LI Chenxiao, ZHAO Peng, et al
Technological progress of CO, resource utilization in
whole process of iron and steel production[ J]. Sintering
and Pelletizing,2024,49(6) ;21 - 34.

[3] HRUHR,S9HET KRR, 55 . B9k Tk CCUS i

Remrih RME SEORBERLT]. #%k,2024,59(9)
226 -235.
TIAN Jinglei, CHAI Yaning, CUI Yongkang, et al.
Construction and technological progress of CCUS whole-
process carbon reduction system in iron and steel
industry[ J]. Tron & Steel ,2024,59(9) :226 - 235.

[4] SEIFRITZ W. CO, disposal by means of silicates[J].
Nature,1990,345 (6275) :486.

[5] LU X Y,DIPPLE G M, PAWLIK M. A surface charge
approach to characterize serpentine reactivity for carbon
mineralization| J]. Applied Clay Science, 2025, 270
107777.

[6] WANG H L,ZHOU G,MU Y Q,et al. Enhanced carbon
dioxide sequestration and Cr detoxification: Direct
carbonation of AOD slag with additives under ambient
conditions[ J]. Journal of Cleaner Production,2024 ,443 .
141181.

[7] QIN L,LIN S H,LIN H F,et al. Characteristics of alkali-
activated fly ash-CO, mineralization reaction and micro
carbon  sequestration mechanism[J]. International
Journal of Greenhouse Gas Control ,2025,144 .104377.

(8] U, BHRME, FHoTTe, 55 . N vk 5 [ T SR
TR )], BeghEkIA1,2022,47(6) :31 -38;153.
HAO Shuai, LUO Guoping, LU Yuanyuan,et al. Research



114 ke 4 XK BS1E H2
status and prospect of slag modification and carbon and the effect of carbon fixation steel slag powder on the
fixation[ J]. Sintering and Pelletizing,2022,47(6) :31 - properties of cement-based materials[ J]. Materials
38;153. Reports,2024,38(13) ;155 - 162.

[9] sRIE &, X%, EAW, 2. AR AR R & [18] FERNANDEZ BERTOS M, LI X,SIMONS S J R, et al.
T[], o EE MR ,2023,32(1) :74 - Investigation of accelerated carbonation for the
78. stabilisation of MSW incinerator ashes and the
ZHANG Hengfei, LIU Maoju, WANG Dongzhe, et al. sequestration of CO, [ J]. Green Chemistry,2004,6(8) :
Research progress of influencing factors of steel slag 428 —436.
carbonation technology[J]. China Building Materials [19] SANNA A,DRI M,HALL M R, et al. Waste materials for
Science & Technology,2023,32(1) .74 -78. carbon capture and storage by mineralisation (CCSM) :

[10] X4, Fyss B bA, % . AETETRIM & S B 5T A UK perspective [ J]. Applied Energy,2012,99 ;545 —
PERLT]. BeghekiA],2024,49(6) :11 -20;34. 554.

LIU Jun, WANG Zepei, CAO Zhizhong, et al. Research [20] WANG J Y,ZHONG M, WU P F,et al. A review of the
progress of steel slag in field of carbon capture[]J]. application of steel slag in CO, fixation[ J]. ChemBioEng
Sintering and Pelletizing,2024 ,49(6) :11 —20;34. Reviews,2021,8(3) :189 —199.

[11] CHANG E E,PAN S Y,CHEN Y H, et al. Accelerated (21 FRAEMA . et 4R 559 2 vE 5k Ak CO, 1k 52 56 B
carbonation of steelmaking slags in a high-gravity rotating 52 D], B AR KA ,2022 :48 - 50.
packed bed[J]. Journal of Hazardous Materials, 2012, ZHENG Xufan. Experimental study on enhanced CO,
227:97 - 106. mineralization by alkaline solid waste separation[ D].

[12] YADAV S,MEHRA A. Experimental study of dissolution Wuhan ; Huazhong University of Science and Technology,
of minerals and CO, sequestration in steel slag[ J]. Waste 2022 :48 -50.

Management,2017 ,64 ;348 —357. [22] JO H,LEE M G, PARK ], et al. Preparation of high-

[13] SUT H,YANG H J,SHAU Y H,et al. CO, sequestration purity nano-CaCO, from steel slag[J]. Energy, 2017,
utilizing basic-oxygen furnace slag: Controlling factors, 120.884 - 894.
reaction mechanisms and V-Cr concerns [ J]. Journal of [23] DAVAL D,HELLMANN R,MARTINEZ I, et al. Lizardite
Environmental Sciences,2016,41:99 —111. serpentine dissolution kinetics as a function of pH and

[14] B . Wil Tk i CO, K H ™= Wy i e 4kt temperature, including effects of elevated p(CO,)[J].

PERESEIRWIFT [ D]. VU4e . P2 SR K2 ,2024. Chemical Geology,2013,351.245 —256.
ZHAO Jingrui. Experimental study on dry mineralization [24] GUO L J, PENG X P, WANG Q Q, et al. Research
and storage of CO, by steel slag and properties of its progress on carbon dioxide mineralization sequestration
product cementitious materials[ D]. Xi’an: Xi’an technology by tailings[J]. Green and Smart Mining
University of Architecture and Technology,2024. Engineering,2024,1(3) :307 - 321.

[15] ZHANG N N, DENG G, LIAO W Y, et al. Aqueous [25] 70, S, 046, 55 . CO, 14 fif 5 S a6 Ko 19 i) A5 75
carbonation of steel slags: A comparative study on [J]. FrsEa 5 ,2025,46(3) 360 - 366.
mechanisms[ J]. Cement and Concrete Composites, YANG Hongnan, LE Ping, FAN Wei,et al. CO, solubility
2025,155:105838. experiments and  prediction model[ J]. Xinjiang

[16] LEVENTAKI E, COUTO QUEIROZ E, KRISHNAN Petroleum Geology,2025,46(3) :360 — 366.
PISHARODY S, et al. Aqueous mineral carbonation of [26] MALKKI M, MAKIKOURI S. Extraction of magnesium
three different industrial steel slags: Absorption capacities from mine tailings for carbon dioxide mineralization: A
and product characterization[ J]. Environmental Research, preliminary study of the effect of ammonium sulfate to
2024 ,252:118903. tailings ratio on products and yield[ J]. Hydrometallurgy,

[17] hD34E, E R0, By 3, 55 . AR IR ] LL [T ik 12 2024,225:106268.

e [ RREN Ty ot K Y A R RE RS2 m [ T]. BRI S [27] PANG B,ZHOU Z H,XU H X. Utilization of carbonated

42,2024 ,38(13) ;155 - 162.
WU Yonghua, KUANG Yufeng, YI Ang,et al. Low liquid-

solid ratio carbon fixation process with steel slag powder

and granulated steel slag aggregate in concrete[J].
Construction and Building Materials, 2015, 84 . 454 -
467.



