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Fig. 1 Variations in water quality of mine inflow at

Xiadian Gold Mine over one year
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Table 2 Main fluorine removal processes and their advantages and disadvantages
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Fig. 3 Curve of RO membrane feed pressure and

fluoride concentration with operating time
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Application of flocculation-reverse osmosis technology

in the treatment of fluoride-containing mine water

YANG Guangwei's ZHANG Weizheng', WANG Leyi®, L1 Wenguo',
SUN Qi fei*, SONG Feifei', LUAN Yiqgiu', WANG Xinyan'
(1. Shandong Zhaojin Motian Co. ,L.td. , Zhaoyuan 265400, China;
2. Shandong Zhaojin Group Co. , Ltd. , Yantai 264000, China)

Abstract; Fluoride contamination in mine water poses significant risks to ecological environments and
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effectiveness, and environmental friendliness in wastewater treatment. As the core component of MABR
systems, membrane materials require superior oxygen transfer performance and stability. To address the
limitations of hydrophobic polyvinylidene fluoride (PVDF) microporous membranes in oxygen transfer
efficlency and stability in existing MABR research, this study employed a surface co-deposition
modification method using pyrogallol (PG) and polyethyleneimine (PED on self-made hydrophobic PVDF
microporous membranes, with the introduction of sodium periodate (SP) as an oxidant. Results revealed
that the modified membrane exhibited enhanced hydrophilicity compared to the original membrane, with
the water contact angle decreasing from 89. 7° to 52. 5°, bubble point pressure increasing from 8 kPa to 66
kPa, and oxygen transfer coefficient rising from 0. 76 X 10 %?/min to 1. 47 X 107 ?/min (a 1. 93-fold
improvement) , indicating significantly enhanced oxygen transfer performance. Furthermore, the addition
of SP substantially reduced co-deposition time and improved membrane stability. Under ultrasonic
treatment and in strong acid, neutral, strong alkaline, and high-salt solutions, the oxygen transfer
performance decay rates of modified membranes without SP were 14. 9%, 13. 0%, 3. 2%, 26. 0%, and
24. 7%, respectively. With SP addition, these decay rates decreased to 11. 6%, 2. 0%, 0. 7%, 16. 3%,
and 3. 4%, respectively, demonstrating improved stability across all conditions, with particularly superior
performance in high-salt environments.

Key words: membrane aerated biofilm reactor; hydrophobic membrane; pyrogallol; polyethyleneimine; co-

deposition; sodium periodate
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drinking water safety. Addressing the challenge of 8 000 m®/d fluoride-containing mine water (3~10 mg/L F~)
from Xiadian Gold Mine, this study systematically evaluated mainstream defluorination technologies. A
flocculation-precipitation coupled reverse osmosis ( RO) membrane process was proposed. Results
demonstrated that flocculation pretreatment achieved 80% ~90% turbidity reduction and synergistically
removed 50% —80% fluoride. Subsequent RO treatment further reduced fluoride to 0. 2~0. 58 mg/L, The
effluent water quality stably exceeds the Class I standards of the Comprehensive Emission Standards for
Water Pollutants in Watersheds-Part 5: Peninsula Watershed (DB 37/3416. 5—2018) and meets the Class
I1 water source water quality requirements of the Environmental Quality Standards for Surface Water (GB
3838—2002). The integrated process maintained stable operation with a low cost of 0. 916 yuan/ton and
exhibited strong resistance to influent fluctuations. This research provides an economically viable and
technically robust solution for defluorination of high-fluoride mine water, particularly suitable for large-
scale applications with moderate-to-high fluoride concentrations and stable water flux. The findings hold
significant implications for ecological protection and water resource recycling in mining regions.

Key words: mine water inflow; fluoride removal; flocculation; sedimentation; reverse osmosis



