Thin and Durable Thin Film Composite (TFC) Membranes with Enhanced FO Performance
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       Forward Osmosis (FO), an osmotically driven membrane process, has become a robust technology for various water treatments including seawater desalination and waste water treatment. Compared to pressure-driven membrane processes such as reverse osmosis (RO), FO operates at near zero hydraulic pressure, resulting in lower operating cost and lower membrane fouling tendency. Despite the advantages and applications, the lack of a suitable FO membrane hinders FO application on a commercial level, and additional research is required to develop a high-performance FO membrane.  One major concern in using traditional thin film composite (TFC) polyamide RO membranes for FO applications is internal concentration polarization (ICP), which is induced by salt build up within thick, hydrophobic support layers (a porous PSF mid-layer on a non-woven PE backing). To reduce ICP, FO membranes should be designed to have small thicknesses with low tortuosity and hydrophilic surface nature in their support layers.
       Here, we demonstrated thin and durable TFC polyamide membranes comprised of dense aromatic polyamide active layers and mesh-embedded porous PSF supports. The strategy to embed a polyester (PE) mesh into a PSF support without using an additional thick backing layer (ex. non-woven PE fabric) enabled a reduction in the overall thickness of a TFC membrane while retaining good mechanical durability (easy handling). For the mesh-embedded PSF support prepared with a relatively low concentration casting solution (9 wt% PSF in NMP), the PE mesh was oriented towards the bottom of the PSF support, creating macroscopic pores between the PSF matrix and the mesh lines in the backside surface, and the PSF matrix showed a well-developed finger-like cross-sectional morphology. These structural characteristics effectively mitigated the tendency of ICP, resulting in outstanding FO performance of the corresponding TFC membrane; almost 2.5 times higher water flux (49 LMH) with about 6 times lower reverse salt flux (7.0 GMH) compared to a commercial CTA membrane in PRO mode evaluation. In the presentation, the influence of a PE mesh on the formation of PSF pore structures and consequently on the final FO performance of corresponding TFC membranes will be thoroughly discussed. Furthermore, we will also introduce novel hydrophilic functional polymers which we have recently developed with the aim of improving wetting behavior of hydrophobic PSF supports. The hydrophilic polymer coatings formed on the surface of PSF pores resulted in better transport of water and salts within the support layers (efficient reduction of IC)) during FO operation and  consequently the modified membranes showed enhanced FO performance with higher water flux.   
