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High-performance nanofiltration membranes for water treatment .
From material innovation and structural regulation to process optimization
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Abstract: Endowed with a unique separation mechanism integrating nanoscale sieving and the Donnan effect,
nanofiltration (NF) technology has evolved into a pivotal , efficient, and energy-saving separation technique in the water
treatment field. Nevertheless, its practical application is still hindered by core bottlenecks, including the difficulty in
reconciling permeability and selectivity, membrane fouling, and insufficient stability. This review summarizes recent
advances in modification strategies and performance breakthroughs of NF membranes based on organic polymers,
inorganic materials, and composite systems. It clarifies the synergistic mechanism of material innovation, structural
regulation,,and process optimization, as well as the regulatory principles of different fabrication technologies on the
structure and performance of the separation layer. By defining the intrinsic correlation of “ composition-structure-
performance” , this work provides a theoretical foundation for the rational design of high-performance NF membranes.
Furthermore, it prospects the development trends of high-performance NF membranes, along with their application
prospects and technical pathways in emerging fields such as lithium extraction from salt lakes and zero liquid discharge of
high-salinity wastewater, thereby offering practical references for the industrialization transformation and industrial
upgrading of related technologies.

Key words: nanofiltration membranes; structural regulation; process optimization; interfacial polymerization;
mixed matrix membrane
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