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Preparation of Polysilicate Aluminum Chloride from Coal Gangue and Its Flocculating
Performance Assessment
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Abstract: Polysilicate aluminum chloride (PASC) flocculant was prepared with a coal gangue for the resource utilization of coal
gangue. The effects of alkali cement ratio, roasting temperature, acid dosage, acid leaching temperature, liquid to solid ratio and acid
leaching time on the performance of PASC were investigated. The physicochemical properties and microstructure of PASC were
analyzed and the flocculation mechanism of PASC was discussed. The results show that the turbidity removal rate of PASC to coal
slime water can reach 99.08% under the optimum conditions (i.€., alkali cement ratio of 0.9, roasting temperature of 900 ‘C, acid
dosage of 1.75 g/g, acid leaching temperature of 49 “C, liquid to solid ratio of 8.9, and acid leaching time of 2.8 h). Since PASC is an
amorphous polymer formed by the complexation of polysilicic acid, aluminum ions and hydroxyl groups, it has a rich spatial network
structure and its flocculation mechanism includes adsorption bridging, trapping and sweeping, and charge neutralization.
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Fig. 1 XRD pattern of coal gangue
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Fig. 2 Effect of different roasting conditions on turbidity removal rate of PASC
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Fig. 3 Effect of different acid leaching conditions on turbidity removal rate of PASC
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Table 1 Experiment design and result of response surface

A: Acid B: LiquidC: Acid D: Acid leaching Turbidity
dosage/(g-g™") solid leaching time/h temperature/’C  removal rate/%
1.6 8.5 3.0 50 98.57
1.8 8.5 3.0 50 98.83
1.6 9.5 3.0 50 98.21
1.8 9.5 3.0 50 98.78
1.7 9.0 25 45 98.52
1.7 9.0 35 45 98.54
1.7 9.0 25 55 98.28
1.7 9.0 35 55 98.19
1.6 9.0 3.0 45 98.28
1.8 9.0 3.0 45 98.66
1.6 9.0 3.0 55 98.17
1.8 9.0 3.0 55 98.22
1.7 8.5 25 50 98.74
1.7 8.5 35 50 98.44
1.7 9.5 25 50 98.49
1.7 9.5 35 50 98.39
1.6 9.0 2.5 50 98.56
1.8 9.0 35 50 98.95
1.6 9.0 2.5 50 98.51
1.8 9.0 35 50 98.73
1.7 8.5 3.0 45 98.49
1.7 8.5 3.0 45 98.24
1.7 9.5 3.0 55 98.04
1.7 9.5 3.0 55 97.97
1.7 9.0 3.0 50 99.07
1.7 9.0 3.0 50 99.07
1.7 9.0 3.0 50 99.12
1.7 9.0 3.0 50 99.04
1.7 9.0 3.0 50 99.13
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Fig. 5 XRD patterns of roasted products and PASC
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(a) Coal gangue
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(b) Roasting products

(d) PASC
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Fig. 7 SEM images of coal gangue, roasted products and PASC
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Fig. 8 Zeta potential at different pH value
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