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Nucleation crystallization pelleting process for recovering
valuable ion resources from water

HUANG Junwei, JIN Pengkang
(School of Human Settlements and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, P. R. China)

Abstract: With the global depletion of natural resources and rising demand for sustainable management,
recovering strategic resources {rom water has become a critical environmental and economic challenge. This
study proposes nucleation crystallization pelleting process based on granulation and coagulation mechanisms. In
supersaturated zone, functionalized seeds are introduced to provide heterogeneous nucleation sites with
crystallization promoters. This induces the target ions to grow directionally on the seed surface, forming high
purity and density pellets. The process was applied to recover fluoride from photovoltaic wastewater, extract
strategic elements (I, Sr, and Ba) from oil and gas field wastewater, and reclaim valuable and rare metal ions
(such as Mn, Mg, Co, Ni, and Li) from non-ferrous metal smelting and new energy industries wastewater. The
separation and enrichment mechanisms were systematically analyzed, and the adaptability of the integrated

equipment to diverse wastewater types was evaluated. Industrial applications demonstrate that the process can
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achieve high purity (over 90%) recovery of F, Sr, Ba, and Mn. The products can be directly utilized without

dewatering, showcasing high recovery efficiency and low cost.

Keywords: nucleation crystallization pelleting; industrial wastewater treatment; resource recovery; valuable

metals; rare metals
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Fig.1 The relationship between solubility and

supersaturation
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Fig.2 Mechanism of nucleation crystallization pelleting
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Fig. 5 Recovery efficiency of Mn and Mg resources in electrolytic manganese wastewater
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Fig.7 Recovery efficiency of Li resource in electrolytic wastewater
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Table 1 Comparative analysis of nucleation crystallization pelleting and conventional processes
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