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Abstract: With the rapid development of the modern coal chemical industry, coal gasification technology plays an increasingly important

role in the clean and efficient utilization of energy. The discharge of coal gasification slag (CGS), an industrial by-product of the gasifica-
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tion process, continues to increase. However, the comprehensive utilization rate of CGS remains low, with most of the material disposed of
through landfilling or stockpiling, which not only occupies land resources but also causes a series of ecological and environmental prob-
lems, such as heavy metal leaching and alkaline pollution. These issues seriously restrict the green, low-carbon transformation and sustain-
able development of the coal chemical industry. In recent years, the resource attributes of CGS have gained growing attention under the
dual-carbon strategy. Its potential pozzolanic activity, abundant residual carbon content, high specific surface area, and partially glassy
phase structure endow it with considerable application potential. Domestic and international studies indicate that, through appropriate ac-
tivation strategies and mix design optimization, CGS can partially or completely replace cement, serving as a concrete admixture, cementi-
tious material, or brick-making raw material, thereby enabling its resource utilization in the construction material sector. Nevertheless, the
current utilization of CGS is limited by fragmented application routes, unclear reaction mechanisms, and an underdeveloped theoretical
framework, which hinder its further promotion and application. The formation mechanism and classification of CGS are systematically re-
viewed, categorizing it into coal gasification coarse slag (CGCS) and coal gasification fine slag (CGFS). A comparative analysis of CGCS
and CGFS in terms of chemical composition, mineral phases, microstructure, particle size distribution, and specific surface area reveals
differences in their fundamental properties and resource utilization potential, while also assessing environmental impact risks. Typical ap-
plication models in the field of construction materials are summarized, including CGS use in low-carbon cementitious binders, concrete ad-
mixtures, building wall materials, and green recycled aggregates. These applications demonstrate CGS potential in green and sustainable
construction. The technical bottlenecks in activity excitation, residual carbon removal, interface compatibility and long-term durability are
analyzed. The applicability of CGS in different utilization scenarios is further clarified; for instance, CGCS, with its lower carbon content,
is more suitable for cementitious or brick materials. In addition, combined with the current research hotspots and policy orientation, the fu-
ture development direction of CGS resource utilization is prospected. It is proposed to promote the development of CGS in the direction of
high performance, low carbonization and engineering by means of multi-source collaborative excitation, all-solid waste coupling utiliza-
tion, functional material preparation, performance regulation mechanism construction and life cycle assessment.

Key words: coal gasification slag; industrial by-products; physical and chemical properties; building materials; resource utilization
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Table1 Main chemical compositions of CGS samples from different gasiﬁers“ b8 %
53 I 8L
SRR Byl ekt
SiO, AlLO;, CaO MgO Fe,0, Na,O TiO,
LT H Texaco LY CGFS 43.09 19.23 8.20 0.84 6.39 2.72 0.95 15.18
X CGCS 41.07 17.52 12.11 1.53 9.27 1.65 1.12 11.70
[Pt e fk Texaco AL P
CGFS 32.59 16.04 8.56 1.01 3.62 1.43 1.02 33.40
PR PUIEE YT B A CGFS 32.70 9.61 9.68 5.00 9.78 — 1.28 20.61
HE T H GSPR AL CGFS 35.79 9.84 8.14 4.18 8.52 — 1.26 21.44
N } CGCS 28.84 9.96 28.37 291 20.32 1.54 0.61 13.47
7 M Texaco <AL
CGFS 29.15 16.10 20.03 430 17.99 1.27 0.88 41.03
BFEL THERBER Y CGCS 32.82 12.25 15.04 0.90 5.41 0.66 0.44 30.67
) CGCS 38.85 19.46 21.84 1.91 14.68 1.08 — 32.03
#i FH Shelly
CGFS 48.09 2831 8.93 1.47 8.91 2.76 — 41.72
LG [ 5 IR i) RS R A CGCS 39.11 31.55 7.79 0.99 3.34 1.87 1.05 12.28
. ‘ i CGCS 43.98 25.58 11.00 0.82 9.93 0.91 0.97 4.90
g L YR BE X (SE) 4
CGFS 34.80 16.57 6.77 0.66 4.80 1.06 0.77 32.80
HAS AL CGFS 46.20 21.60 6.30 3.60 8.70 1.90 0.80 —
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Table 2 Main chemical composition of CGS samples from different regions!"” %
ST B 5 A ALO;, Si0, CaO K,O Fe,0, Na,0 MgO SO, C
BRIRZHCGCS 15.30 42.98 3.38 1.83 10.72 2.86 1.05 1.23 18.52
R/R ZHTCGFS 15.10 30.91 10.06 0.27 5.83 477 0.97 231 28.32
KHCGCS 14.43 27.33 19.04 0.49 23.90 2.13 0.94 1.46 5.53
KHCGFS 12.88 32.01 11.19 1.05 11.48 3.22 0.86 4.00 21.39
HA4CGCS 10.10 22.58 24.40 0.37 17.61 411 0.68 2.79 13.51
%4, CGFS 14.74 29.81 9.71 0.25 5.57 456 0.99 2.38 30.46
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FeiT.CGFS 16.20 29.85 3.84 0.57 5.59 1.65 0.70 2.02 37.82
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ZPRCGFS 15.56 24.09 5.88 0.98 9.59 1.42 0.59 3.66 36.78
ERHCGeS 12.21 24.19 13.60 0.67 9.14 1.36 1.19 1.58 32.03
FEBHCGFS 15.38 26.21 4.85 0.83 4.84 1.50 0.80 2.07 41.72
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Table 3 Mineral composition of CGS samples from different gasifier types!'**"
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Fig.2 XRD analysis results of different types of CGS samples
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Table 4 Particle size distribution of GCS in different gasifiers
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CGCS 534U/ % CGFSJH534U/%
kg mm
T4 Texaco TIHGSP [5JUipI ke T Texaco THEGSP PP K WA R
=1.000 69.06 9.45 49.10 18.75 13.59 3.46 1.03
0.800 ~ <1.000 10.67 17.37 49.10 18.75 13.59 3.46 1.03
0.500 ~ <0.800 5.23 23.44 49.10 18.75 13.59 3.46 1.03
0.250 ~ <0.500 2.58 19.6 24.46 23.87 11.97 18.29 1427
0.125 ~ <0.250 2.46 20.77 13.17 28.85 40.07 20.99 32.36
0.074 ~<0.125 2.46 533 7.03 4.47 24.87 13.62 9.25
<0.074 2.46 4.04 6.25 14.06 9.50 43.65 43.09
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Fig.5 PSD analysis results of different types of CGS

samples!®’]
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Fig.6 Adsorption/desorption isotherms and pore size distribution of different types of CGS samples”*!
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Fig.7 Adsorption/desorption isotherms and pore size distribution of different types of CGS samples™
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BUT O R TG . A8 O LA WS Yy
FIFPENE R EEHE bR . AR BT 3550 B R R A
THRETEANTE |« KA T - IR VAL T 1 R YR A 8 3 3% 3
FIE . M ST, 5 X B A - M L, CGS
1 U-238. Th-232 Fll Ra-226 Z5 0 MaA% 2 01 B b

%5 CGSHatETEiFE"

Table 5 Activity of radioactive elements in CGSH

U-23875 &/ Th-2327% &/ Ra-22675 ¥/

EiEL7Y

(Bq - kg™ (Bq - kg™ (Bq - kg™
S Akt 29.30+2.99 30.27+0.91 27.88+0.68
et 37.06+4.49 48.72+1.49 39.72+1.02
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Table 6 Content of heavy metal elements and Benzopyrene in CGSH™ %
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Fig.10 Micro-analysis results of mortar containing CCGS and CGFS™"!
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