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Abstract

Membrane fouling has become a critical factor limiting the efficient and stable operation of reverse osmosis, nanofiltration, and
other technologies in seawater desalination processes. This paper systematically investigates the types, characteristics, formation
mechanisms, detection methods, and prevention strategies of membrane fouling. The article first clarifies the concept, main
categories, and properties of membrane fouling to establish a foundation for understanding its essence. It then analyzes the fouling
formation process, key influencing factors, and the structure and composition of fouling layers, revealing the underlying patterns of
fouling development. Subsequently, it explores detection methods and evaluation techniques to provide a basis for timely assessment
of fouling severity. The focus shifts to prevention technologies including pretreatment, membrane cleaning, and operational
optimization. Finally, future research directions are discussed from aspects such as comprehensive prevention strategies, development
of new anti-fouling membrane materials, and technological trends. Effective control of membrane fouling is crucial for reducing
operational costs, improving water production efficiency, and extending membrane service life.
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