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Abstract: Fluorine is a highly reactive and widely distributed element. Although fluorine is a trace

WiE B E: 2024-07-20  FRAEHRIE: X160

BEEWE: BAhSEE 5 (45 : 20221h0400) 5 [E5% H AR 3L 50 H 5 8 (45 : 51874219)

FE—EEEN: BLRE(1968—), B, W4, m g TR, G4 B IR Y = OR L S TE T AE P S, E-mail: 1gluollg@hotmail.com,

SIAE: B R, SR, M DR, SR UK KR IS 2R R BEEOR BT ST SR (90, Tk, 2025, 34(4): 178-189.

LUO Liqun, ZHANG Qiangian, TIAN Guoqing. Review of sources and comprehensive treatment technologies for fluoride-containing wastewater from

typical industries[J]. China Mining Magazine, 2025, 34(4): 178-189.


https://doi.org/10.12075/j.issn.1004-4051.20241956
https://doi.org/10.12075/j.issn.1004-4051.20241956
https://doi.org/10.12075/j.issn.1004-4051.20241956
mailto:lqluollq@hotmail.com

543

BALRE, A SR SRR AKOR TR 455 1R BRI S SR

179

element necessary for the human body, exposure to substances with high fluorine content can be harmful
to both flora, fauna, and human health, leading to issues such as dental fluorosis, skeletal fluorosis,
neurologic disorder, and disruption of ecosystem balance. The sources of fluorine emissions in key
industrial sectors, their environmental impacts, as well as the technologies and methods for fluoride
removal in fluoride-containing wastewater are explored successively in this paper. An analysis of the
characteristics and challenges in treating fluoride-containing wastewater is provided insight into
advancing ecological environmental protection and safeguarding human health. The characteristics of
fluorine pollution and its ecological impacts, summarizing the sources, production characteristics, and
environmental effects of fluoride-containing wastewater are briefly introduced in traditional industries
such as phosphate fertilizer production, hydrofluoric acid manufacturing, steel smelting, and aluminum
electrolysis. The generation processes and characteristics of fluoride-containing products are also
discussed in new industries, such as photovoltaics, lithium batteries, graphite purification, and
semiconductors during precision processing or advanced manufacturing. To address these issues, five
common fluoride removal technologies: chemical precipitation, coagulation precipitation, adsorption,
fluidized bed crystallization and ion exchange/membrane separation are reviewed in terms of their
development status, fluoride removal efficiency, and application characteristics. Chemical precipitation
is widely used in industrial applications for high-concentration fluoride wastewater, but a large amount
of sludge is generated, which can cause secondary pollution. It requires coagulants and is often
combined with coagulation precipitation to achieve satisfactory results. Adsorption is highly effective
and widely applied for treating low-concentration wastewater, but attention must be given to the
selection of adsorbents and the impact of coexisting ions. New technologies such as fluidized bed
crystallization and membrane separation can be offered more efficient fluoride removal but are costly
and often more suited for low-concentration wastewater. Challenges will be remained in the adaptability
and safety of fluoride removal processes, the broad applicability and efficiency of fluoride removal
reagents, and the regeneration and economic viability of these methods. Selecting appropriate treatment
methods and reagents based on the characteristics of fluoride-containing wastewater will enhance
fluoride control technologies and promote environmental sustainability.
environmental source;
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Fig. 1 Correlation of fluoride pollution sources and their impact on ecosystems & human health
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Table 1 Characteristics and properties of main industrial

wastewater in Zhanhua Group
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Table 2 Status and treatment characteristics of fluoride-containing waste generated in traditional

typical industrial production processes
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Fig.2 Production process flow of monocrystalline silicon panel
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Table 3 Fluoride pollution characteristics in wastewater from various industries
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Fig.3 Mechanism of sorbent removal of fluoride in aqueous solution
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Table 4 Typical types, characteristics, and effects of adsorbents for fluorine-containing wastewater
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Fig. 5 Fluoride removal process by electrodialysis

5 SREAKEES S REIEHkEK
5.0 FHEUE AR R

ZEA T RE K IR BEBOR FRIE AT LR B, R 2E DT
VE TR BEDTTE A B 12 35 732 T 5 98052 7K 0 R 9L
A2 TUVE 1B e Tk B 3 U K, Tl i )iz, H
PTG IR K, A 5 i N RIS Y, A BRI
TR BE 00, SR FH TR B8 0 UE 1k A 8 T8 4 b I 980, DAL
0K I E A R R UG UE B 3R 1 (Precipitation and
Coagulation) i B¢ A BR o 10 TR 458 DL U& 1, 47 %6 ek
PEASE AL AR SRR IRBE N, 5 755 ] pH S 001k 5230 Pk,
i R M 2R AT Y IE LY ALF 25590 (ATF™, AIF,),
AR R 1173 &

W 6 32 5 Ak BRAER MR R % U K, R 2 Tk
K R AL B, W B AR v A O AT AR AR A
RIS T, FERUA | BT RN A a7 Bk Jy i e — o
B 5| BRI k. TALIRSS Mk oy 3 1k 4
B AR R BB | B o A B SR K, (A
TE WA R 4E 37 2% T, 1 Ak BB KR BE IR SR AR A2
VA 9 5 3 7K IR B % B4 A L 57
5.2 [ A AR PR A

TS 57 U 7K SR FH A 95 110 65 35 U i VR 9 v T 3
15 5 A1 DUE 1M BE 0% A 20K BR ALY, IR H el PE T
PEER I | BRI, L E H A 4 R Ak /A A



186 ':P IEI E)_ lll! i34 K
R5 SRBEKAEIEREFERER
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