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Abstract | Freshwater is essential for the survival of all living organisms and the sustainability of life on Earth. The Kingdom of

Saudi Arabia is a global leader in water desalination technology, relying heavily on it to secure its freshwater needs. This
study focuses on reverse osmosis (RO), one of the most widely used desalination techniques, with the aim of developing
high-performance thin-film composite (TFC) polyamide (PA) membranes via interfacial polymerization of m-
phenylenediamine (MPD) and trimesoyl chloride (TMC) on polysulfone (PSF) supports. Key synthesis parameters
monomer concentration, reaction temperature, and immersion time were systematically optimized to enhance the active
layer. The fabricated membranes were characterized for morphology, hydrophilicity, thermal stability, and mechanical
strength, and subsequently evaluated in RO tests for water flux, permeability, and salt rejection. The optimized PA-TFC
membranes achieved >98% salt rejection with high permeability under elevated pressure, attributed to the dense and
highly selective PA barrier. These findings underscore the critical role of fabrication conditions in separation performance
and offer valuable insights for advancing more efficient RO membranes to address global freshwater scarcity.
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