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utilization of coal gangue)
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Table 1 Chemical composition of coal gangue in different regions of China

Hh X Sio, ALO; Fe,0, CaO MgO Na,0 K,0 TiO, pe ok 2% CHk
L7 46.1 30.9 3.1 12 0.5 — 1.3 1.1 153 [14]
B vy 55.24 11.17 17.36 1.69 1.52 0.48 0.67 — — [15]

E 46.35 37.62 0.53 0.33 0.09 0.03 0.08 0.98 — [16]
i 70.25 4.68 1.01 1.22 1.10 — — 2.86 18.2 [17]
THE 60.63 23.49 5.29 0.51 2.57 227 2.66 — 9.72 [18]
Gl 44.02 31.98 0.75 0.32 0.62 1.90 3.55 5.20 — [19]
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figi= B B2 3 h KT, Fe fll AR R 5
K E] 64.01% Fl 35.69% . ZETH MRAE H3F T R K
T R R R 15 T2 W R A mp R R A R LAY A
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b PR 2 A0, ANk D T R 9 8, 3 i 3kt f 5 TR
R beTh Ak, HA AT REM LS . Qin S5 R #
VAT AR e FEIR AT A P AL Li AN Ga (9R
A IR 62.74% . 86.56% F1 46.18%, [a] I 411 ] T
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I 35 R/ [ O B R A R G, R AR E T IR
PR FH 55T 5 e JR 0, SR A A A S0 5
PEAEA R A 7oA. T (AR R U, SEAT
A1 AT FH T 45 2 L W R 1 7 46 e e i
FORE, B AR T T A TN

B SAR

(DR BE LR
R BE LI BRI I o )iz W SRR 2 —, I

3.2.1



%6

i 5 A, A5 XU O T 3R BT A7 i 255 R BRI St -5

B R S AR BLAY 70%. AT A B A — R R R
JE, SRR A I nT AR ORE, A RO o TR R R
(A4 7 ] R0 AN ) bl DX A A sk O SRR e
() FEAE BEXT L INZE 2 FIr/R™ . 25 3 o, JEnT 7 5
KL F B 4 AR RLEE B RBURL & i 45 GBS GB
14685—2011 1 11 548 hn 22k, H &1 8 ki iz
W7o SR, AT A %) %8 R RN B AR X AR, A
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1200 ‘C T he 25 i ik B BB fie A, K R AIK = 3.65%,
YU 38 B 71k 45.61 MPa. [A) I}, 1% % B 0 7805 1
12 B VR A B A S hr v, I UBERT A i A5 e ah %
X PR HLAT e A
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() 4 FE B E 0 v B T 3 MPa, T W 7K R KRR T
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G IRRL A8 T RS B KL, R K AT A B a1
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=14 5 K JFERE, B AL S A9 % ERTE 1050 C
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ol @ SN R E 3 | | 2B U 9 R A S
A A B e v 1 L R e, TR Ik T LA K IR
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A48 A RS I d K e 2R K AL R 72, FLREE 5=
A3 AL MR i, Ko K U P B A 3 A
TEKAL R, ST B CRR R RN A ik
KU B B2 8 5 T FE KAk B HR S, AR S AT
A W3 3 AR 2= M, SR R T Y Ca(OH), B, #E—
AR K JEBRE B K Ak, B8R K R A AR Sy 2R fE

ULAEK, FBBERE o A KA R RO 2 Y 7K
8 R AR AR BR AR A, 8 B A 7K YR 2 408K ) A 7
2830 PR T AL S5 T A, L R T A B
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Table 2 Basic properties of coal gangue coarse aggregate and natural coarse aggregate in different regions

HLERE JRE R~ /mm e AR P /(kgrm) W B /(kg'm”) JE e 48 b7 /% BERIR UKL & Bt /%
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Research and Progress of Comprehensive Utilization Technologies of China's Coal
Gangue in the Context of Carbon Peaking and Carbon Neutrality
HE Zhanwei', HE Shuai', WANG Guishuai', LI Shihao', CHEN Guangyu', GAO Mangmang', LI Huibiao

1. School of Materials and New Energy, Ningxia University, Yinchuan 750021, Ningxia, China;
2. Pengyang Xinzhuo Energy Technology Development Co., Ltd, Guyuan 756500, Ningxia, China

Abstract: In the context of carbon peaking and carbon neutrality, China is continuously promoting the upgrading of
industrial and energy structures, advocating for green, environmentally friendly, and low—carbon development. The
massive accumulation of coal gangue in our country has led to serious waste of resources and may trigger a series of
environmental issues. The effective treatment and resource utilization of coal gangue have become urgent tasks for the coal
industry. This paper systematically reviews the research progress of coal gangue in the fields of metal extraction, material
preparation, combustion utilization, and ecological restoration. Coal gangue can recover metal elements such as aluminum,
iron, and the "three rare" elements, but the recovery process is prone to produce a large amount of waste acid and slag,
posing potential environmental pollution risks. In addition, coal gangue can not only serve as traditional building materials
such as concrete aggregate, brick, and cement raw materials but can also be used to prepare high—value—added new
materials such as porous ceramics and zeolites. The application of co—combustion technology helps to improve the thermal
energy utilization efficiency of coal gangue and reduce greenhouse gas emissions. As a soil conditioner, coal gangue shows
promising prospects in ecological restoration, but attention should be paid to the risk of secondary pollution caused by
heavy metal ions. Based on the current problems and challenges in the treatment of coal gangue, this review systematically
explores the path of future high—quality development of coal gangue, and proposes the use of a variety of utilization
methods combined with the strategy to achieve the resourceful utilization of coal gangue, which in turn promotes the
coordinated development of the economy, environment and social benefits.

Keywords: coal gangue; comprehensive utilization; metal extraction; material preparation; combustion utilization;
ecological restoration
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