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Study on recovery efficiency and mechanism of high concentration fluoride by a nucleation crystallization pelleting process in
photovoltaic wastewater. WANG Ya-dong', FU Zhi-hao?, ZHOU Dan-heng’, WANG Xiao-chang', JIN Peng-kang'?", JIN Xin?, LI
Zhi-lin® (1.Department of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an
710055, China; 2.School of Human Settlements and Architectural Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
3.Fluorine Industry Environmental Protection Technology (YUNNAN) Co.,Ltd, Kunming 652199, China). China Environmental
Science, 2025,45(2): 803~809

Abstract: In response to the challenge of coexisting high concentrations of fluoride (F)) and sulfate (SO,”) in photovoltaic
wastewater, based on the principle of nucleation crystallization pelleting process (NCP), its efficacy and mechanisms for removing F
in such ion coexistence systems were thoroughly investigated. Our study demonstrated that under conditions (nucleation inducer
dosage 4.46gMgCly/gF, flow rate 67.8x10*m’/h, static bed height 30%, and seed particle size 80~100mesh, F~ removal efficiency
reached up to 90%. To further validate the stability of the process system, continuous flow defluorination experiments were
conducted over 120h. In the first stage (0~40hours), F removal efficiency stabilized at approximately 89%, increasing to over 92% in
the second stage (40~120hours), with granule purity exceeding 90%. Analysis using XRD and Roman revealed that F predominantly
adhered to seed surfaces in the forms of magnesium fluoride (MgF,) and sodium magnesium fluoride (NaMgF5). Static water contact
angle tests and SEM-EDS characterization indicated that granules exhibited greater hydrophobicity compared to the raw seeds and
formed a loose porous structure, thereby increasing their specific surface area and enhancing F* removal. The ZP revealed that in pH
6~8, the seed surface was positively charged, and F was mainly concentrated around the surface of the seeds by electrostatic
attraction, and then driven by the inducer to nucleate and grow into dense granulation on the surface of the seeds, effectively
separating F~ from water.

Key words: photovoltaic industry; high concentration fluoride-containing wastewater; nucleation crystallization pelleting process
(NCP); fluoride; sulfate
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Fig.2 Influence of dosage, up—flow velocity, static bed height and particle size on the removal of F and SO,
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Fig.5 The constituent and surface characteristics of raw seed and nucleation pellets
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