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From waste to resource: Efficient recovery and utilization of fluorine from phosphogypsum

LIU Yuchen, DU Wang, SUN Duweng, YANG Qinglu, WANG Lu, DAI Quxiu, YANG Jie, MA Liping,

HE Binbin

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China)
Abstract: Phosphogypsum is a major by-product of wet-process phosphoric acid production, and the presence of
fluorine—due to its toxicity and mobility—significantly hinders the resource utilization of phosphogypsum. The
occurrence forms and environmental migration behavior of fluorine in phosphogypsum are systematically reviewed,
and an in-depth analysis of mainstream defluorination and recovery technologies is provided, including water
washing, alkaline solidification, acid leaching, thermal treatment and adsorption. The mechanisms, defluorination
efficiencies, and applicable conditions of each method are elaborated, with a comparative discussion of their
engineering feasibility and development potential. On this basis, the application potential of recovered fluorine
products in agriculture, construction materials and water treatment, as well as their impacts on material
performance and environmental safety are further evaluated. Although significant progress has been made,
challenges such as high energy consumption, residual fluorine risks, and low resource utilization rates persist.
Future research should focus on the integration and optimization of low-carbon, high-efficiency processes, and
strengthen long-term monitoring and risk assessment of the environmental behavior of recovered products.
Key words: phosphogypsum; fluorine recovery; defluorination technology; resource utilization
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