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Abstract [ Objective] Photovoltaic cell manufacturing wastewater exhibits distinct characteristics of high fluoride, high salt, and
high silica content. This leads to significant challenges in treatment processes, including high chemical consumption, substantial sludge
production, and cumulative effluent hardness. These issues compromise the economic and environmental sustainability of wastewater
treatment process, necessitating optimized treatment strategies. [ Methods | This paper employed a strategy combining quality-based
pretreatment with advanced purification. High-concentration mother liquor was first treated under n(Ca) : n(F) molar ratio was 1 : 1
conditions to compare the treatment efficacy of different calcium sources. Based on the calcium source screening result, a combined

process of " quicklime pretreatment-two-stage coagulation sedimentation-chemical softening" was established. The synergistic effect of
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CaF, precipitation and polymeric silicate colloids was utilized to enhance pollutant removal. [ Results ]  Calcium source comparison
experiments demonstrated that quicklime achieved a fluoride removal rate of 99. 87% with a dry sludge yield of only 2. 91 mg/mg—
approximately 51% lower than CaCl,—and a primary chemical cost as low as 20. 77 yuan/m’, showcasing significant comprehensive
advantages. Operational result of the combined process indicated that the terminal chemical softening unit effectively reduces hardness,
lowering total effluent hardness from approximately 1 310. 5 mg/L to 4.5 mg/L. Leveraging the coprecipitation effect of newly formed
calcium carbonate, effluent fluoride ion mass concentration stabilized at 6. 3 mg/L. The total chemical cost for the entire process was
only 14. 30 yuan/t, achieving deep removal of fluoride and silica while controlling hardness. [ Conclusion ]  Through parameter
optimization and unit synergy, this combined process resolves scaling issues in photovoltaic wastewater treatment. It achieves deep

pollutant reduction while substantially lowering chemical consumption and sludge production, providing a theoretical basis for the green

management of photovoltaic wastewater.

Keywords photovoltaic wastewater; synergistic removal of fluoride and silicon; sludge reduction; hydrated lime; hardness control;

co-sedimentation
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Tab. 1 Main Quality Indices of Raw Wastewater Samples

LN Wi w2

F/(mg-L") 4718.7+136.0 1 345+24

SO% /(mg-L7™") 208+32 31028

b2 AR (COD) /(mg- L") 450.3+15.0 206+12
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pH i 2.8+1.2 7.360. 50
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Tab.2 Water Purification Performance of the Stepwise Treatment Process
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