55 50 45 2 W P2 R 2 Eird Vol.50 No.2
20254E 2/ JOURNAL OF CHINA COAL SOCIETY Feb. 2025

AT R,
ZiFEEEEERY ABEHER ST AXRERAR

L 2,3 1 ] | oo e
Ao, EOE, IRAY, wg, kS 0B BEE
(1. PHZRHE KA BRIRSABE, BV P92 710054; 2. PHLeRHE K2 IR E TR MBI FT B, Bevl P52 710054;
3. VYR R A M BT 5B 2B, BRPY P44 710054)

W OE AT LAFERRATRIFLATRY AT RKEEAFA R E K, HAERBEILRG.
Bl BB B B AR A F — R PRI, A FI WA IRAR T R B & T fe A R -CO, Ik skt 4k B
B A%, $ﬁ%@%é%ﬁ&?Cmﬁmé%EE%%E#ﬁmﬁﬁﬂé%%ﬂm%%&ﬁou&
MR- PR B R (BLAE R %é PR . AT E) A, RIR B K W A A & B AR
FRMA, AERFLWEGRHERER, ZEASNTEARABI R T ERALXREY A E,
ﬁ%?&&%#%%l&l%ﬁmﬁﬁ FER T R ER B &4 T SO 40K B R B R 5 R AR
a9 B gE CRADMAE . SR ML . B h) AL E A, SREW . REKKT 0.23 644t
ARSI MR R, H28dHERE KD TIA 6.18 MPa; A4 LA 10 min 69 5 1L F A
2 50.7%. 43t %R EEAE BT AAAE SR A R A, RET 0 Ay AEA. B
FHRAAA K, Bas AR TRER G, BBAAMHA T/ HER EN6 £57H A%
%&ﬁQ%%@#ﬁm%ﬁ# R T 5 RARS A My SR B BB RARAR IR — R B R
& EFFFARAEF R GRS E ) Q3T E T AR RN l%ﬁﬁﬁﬁ@&&#&éé—
k%@&.&ﬁﬁﬂﬂ%m&%%%ﬁﬁfm RACE S, B, ERZR GG LA @,
B CO, 12 B AT A P 69 B~ AL, E R ﬂﬂ%%a%y%%Amﬁ&axmmﬂ&#
HEEEE, 23 “RERERREN-E EFIAERZMF SRR AR N FRRAKRE, AFF
RARFEEIRABFEHSEALEA CO, IS 3HRET A ZALL, T3 WEE B ARey 5
AT Ry “Bar” & “fian” AL R LA EEE L,
KR B EALE; RN A £ AR AR B AR
FE 4 ES: TDSO01 XEARE: A XEHS:0253-9993(2025)02-1196-19

Key technologies for preparation and multi scene utilization of multi-source solid
waste based carbon fixation mining materials

LIU Lang', XIA Lei', WANG Shuangming”*, FANG Zhiyu', ZHU Mengbo', HE Wei', GAO Yuheng'

(1. College of Energy Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2. Geological Research Institute for Coal Green Min-
ing, Xi’an University of Science and Technology, Xi’an 710054, China; 3. College of Geology and Environment,
Xi’an University of Science and Technology, Xi’an 710054, China)

Wi BEA: 20240929  RXIGREE: #E T  FEHE: TU/NW DOI: 10.13225/.cnki.jees.2024.1177

EEWAR: X ARRFEIES R A (52222404, 52074212); B4 T AT & HR1- “BIBE” Rl 5 4 30 9% Bh 15
H (2023-LL-QY —07)

YEZE B FEE I X IR (1985—), 53, BePUsE i N, #04%, T, Tel: 029-85583143, E-mail: liulang@xust.edu.cn

B EXU (1955—), 5, BRpils il A, B E THEBEBE1- . Tel: 029-85587131, E-mail: sxmtwsm@163.com

5| AR XN, B, EAU, 4. 2005 % 3 W65 AR 55 K 23 50RO AR [J]. B4R, 2025, 50(2): -
1196-1214. % 5h i
LIU Lang, XIA Lei, WANG Shuangming, et al. Key technologies for preparation and multi scene utilization of

multi-source solid waste based carbon fixation mining materials[J]. Journal of China Coal Society, 2025, 50(2):
1196—1214.


https://doi.org/10.13225/j.cnki.jccs.2024.1177
mailto:liulang@xust.edu.cn
mailto:sxmtwsm@163.com

552 4] X IR 22 IR AR BT PSR 2 S 22 5 5t ROC R 1197

Abstract: During the production of metallurgical industry and the development of coal resources, a large number of solid
wastes that are difficult to be effectively utilized are produced, accompanied by surface subsidence, solid waste stockpil-
ing and high carbon emissions. In order to achieve the goal of "coal mine loss reduction mining-functional utilization of
solid waste-CO, low-carbon disposal", this study innovatively proposed the key technologies of CO, mineralization multi-
source solid waste preparation of carbon fixation mining materials and multi scenario utilization. Taking the modified mag-
nesium coal based solid waste (including modified magnesium slag, fly ash and coal gangue) as an example, the direct
mineralization method was used to mineralize it on the ground to prepare carbon fixation mining materials, so as to meet
the application requirements of multiple scenarios in the mine. In this paper, the process of direct mineralization of solid
waste and its key influencing factors were systematically analyzed, and the modified magnesium coal based solid waste
carbon fixation mining materials were prepared. The basic properties (flow performance, strength performance, carbon fix-
ation ability) and carbon fixation mechanism of the modified magnesium coal based solid waste carbon fixation mining
materials under different liquid-solid ratios were studied.The results show that when the liquid-solid ratio is greater than
0.23, the material meets the backfill flow performance requirements, and the maximum 28 day compressive strength can
reach 6.18 MPa; The mineralization efficiency of direct mineralization mixing for 10 minutes reached 50.7%. Aiming at
the problem of multi scene utilization of multi-source solid waste based carbon fixation mining materials, this paper puts
forward the key technologies of multi scene utilization, including "carbon fixation mining prefabricated parts, carbon fixa-
tion paste backfill mining, carbon fixation mining materials for goaf treatment, and carbon fixation backfill materials for
mine cooling". Based on the carbon fixation mine prefabricated parts, the integrated technology and equipment of high-
strength and low-permeability reservoir wall construction technology and roadway excavation floor laying are proposed;
On the basis of paste backfill mining in the mine, this paper innovatively puts forward the room and pillar coal mining car-
bon fixation backfill coal pillar recovery technology and the integrated equipment of efficient preparation and backfill ap-
plication of metallurgical coal based solid waste carbon fixation backfill material. In addition, in the application of goaf
treatment, it is also necessary to study the adsorption diffusion mechanism of CO, in solid waste materials, the multi field
coupling mechanism between grouting materials and the environment, and the CO, efficient absorption mixing reaction
device, and establish the application system of "goaf hazard monitoring-solid waste mineralization grouting material treat-
ment-grouting effect evaluation". This study provides a useful reference for the rational disposal of bulk metallurgical coal
based solid waste and the efficient storage of CO,, and is of great significance to promote the realization of the dual car-

bon goal and the transformation and development of coal mining areas from "zero carbon" to "negative carbon".
Key words: solid waste disposal; carbon dioxide sequestration; multi scenario utilization; prefabricated parts for min-
ing; carbon fixation backfill
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Table 1 Metallurgy-classification and composition of coal-based solid wastes
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Table 3 Chemical composition of raw materials

Bt o34/ %
JERL
Si0, Al,O; Ca0 Fe,0; SO, K,0 MgO Na,O HoAth,
MC 29.58 6.48 4755 5.83 3.81 0.56 5.23 0.31 0.65
FA 51.63 30.45 3.80 6.98 0.61 295 0.77 0.61 220
CG 56.65 24.60 1.34 7.34 1.51 3.75 1.89 1.12 1.80

TE: SRR B R B 7K 3R0.61% , BYBRIREKER1.37%, BT E7K34.08%,
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Fig.13 Carbon sequestration mechanism model of CO,-MCSB under different liquid-solid ratios
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Fig.16 Process flow of preparation of carbon prefabricated parts by modified magnesium-coal based solid waste
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Fig.17 Modified magnesium-coal based solid waste carbon mineral material is used for room and pillar paste backfill
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