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Table 1 Basic properties of cement
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Table 2 Chemical components of raw materials

#4F Si0, CaO ALO; Fe,0, MgO TiO, SO; K,0 Na,0

KY€ 2054 6403 451 403 176 042 323 1.02 031
WK 5117 365 3321 611 071 012 147 227 065
AT 6285 1.05 2246 4.63 116 142 058 293 024
W 3526 36.03 1526 0.81 952 0 127 043 0.10
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Fig.1 Mineral composition analysis of raw materials
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Table 3 Mix proportion design of composite cement

s K% BER% WK% KA A% KRl C
1 70 15 0 15 700
2 70 15 0 15 800
3 70 15 0 15 900
4 70 15 6 9 700
5 70 15 6 9 800
6 70 15 6 9 900
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Fig. 3 XRD patterns of calcined coal gangue at different
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Fig. 4 Working properties of fresh cement mortar
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Fig. 5 Mechanical properties of cement mortar
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Fig. 6 Hydration heat and hydration kinetics of composite cement pastes
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Table 4 Hydration kinetic parameters of composite cement
paste

Sample n K'\g K K%
1 22375 0.0521 0.0120 0.0017
2 2.1603 0.0518 0.0124 0.002 0
3 2.2448 0.053 8 0.0123 0.0015
4 2.1969 0.0512 0.0116 0.001 8
5 22109 0.0513 0.0117 0.0019
6 2.1462 0.0521 0.0118 0.001 8
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Fig. 7 XRD patterns of composite cement pastes
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Synergistic Enhancement Effect of Coal Gangue, Fly Ash and Slag in Cement—
based Materials

WANG Haigang"?, DONG Zhiyu’, LI Guilin’, GUO Jiadong’, XIA Haojie’, KONG Shaoqi’

1. China University of Mining and Technology, Xuzhou 221000, Jiangsu, China;
2. Jinneng Holdings Lu’an Chemical Group Co., Ltd., Changzhi 046400, Shanxi, China;
3. Taiyuan University of Technology, Taiyuan 030024, Shanxi, China

Abstract: Coal gangue, as a coal-based solid waste, has attracted widespread attention for its resource utilization. In this
study, the activity of clayey coal gangue was enhanced through calcination activation and combined with fly ash and slag to
study the synergistic enhancement effect of the three materials in cement—based materials. The working properties and
mechanical properties of the composite cement mortar were evaluated by using the fluidity test and the
compressive/flexural strength test. The activation mechanism of coal gangue, the hydration products and hydration kinetics
of composite cement slurry were analyzed by X—ray diffraction (XRD) and heat of hydration. The results showed that with
increasing calcination temperature, the activity of coal gangue first increased and then decreased, with the optimal
calcination temperature between 700-800 C. When fly ash, slag, and coal gangue (calcined at 700 C) were combined in a
ratio of 5 : 2 : 3, the fluidity of the cement mortar reached 237 mm, the 28 day compressive strength was 48.96 MPa, and
the 28—day activity index reached 104.77%. Specifically, the spherical particles of fly ash mainly played a lubricating role,
significantly improving the fluidity of the mortar; coal gangue provided a large amount of active SiO,, promoting hydration
reactions and the formation of hydration products; slag, with high pozzolanic activity and fine particle size, provided more
nucleation sites, enhancing the early strength of the mortar. All three materials all play the role of lubricants and nucleation
sites to varying degrees, achieving synergistic improvements in fluidity enhancement, hydration reaction promotion,
hydration product optimization, and complementary active components, thereby enhancing the performance of
cement—based materials. This study provides a new approach and theoretical basis for the application of coal gangue in
cement—based materials.

Keywords: coal gangue; calcination activation; synergistic effect; activity index; pozzolanic reaction; cement mortar
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