Polymer nanofilms with enhanced microporosity by interfacial polymerisation for molecular separations 
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Many of the conventional separation and purification processes in oil and gas, chemical, and pharmaceutical industries use large quantities of organic solvents and entail high energy consumption. Such processes could be totally or partially replaced by membrane technology, with an order of magnitude lower energy consumption [1]. To enable this, membranes need to provide high permeance, in order to process large volumes of solvent or gas with a viable area and in a viable timeframe.
Existing state of the art polymeric Organic Solvent Nanofiltration (OSN) membranes are either integrally skinned asymmetric (ISA) or thin film composite (TFC) membranes [2].  However, ISA membranes age as the polymer chains relax towards equilibrium packing, losing permeance. Polymers of intrinsic microporosity (PIMs) are a new class of rigid polymers with great potential in separation due to their extremely high free volume, which results from inefficient polymer packing. Linear PIMs are soluble in certain solvents, making them suitable to cast a membrane by phase inversion, or fabricate a TFC membrane via dip-coating.  However, their solubility in a range of solvents restricts their applications in OSN. Several efforts to make dip-coated TFC-PIMs membranes solvent resistant have been reported, including photo-crosslinking, blending with thermally reactive polymers and chemical crosslinking. 
In this work we fabricated ultra-thin highly crosslinked PIM-like nanofilms down to 20nm in thickness by interfacial polymerisation. To increase permeance we sought to design and control the polymer nanofilm structure at a molecular level by incorporating contorted monomers during the interfacial reaction. This results in enhanced microporosity and higher interconnectivity of intermolecular network voids, as rationalised by molecular simulations. Composite membranes comprising these nanofilms with enhanced microporosity fabricated in-situ on crosslinked polyimide UF membranes show outstanding separation performance in organic solvents, with up to two orders of magnitude higher solvent permeance than membranes fabricated with nanofilms made from non-contorted, planar monomers, and higher permeance than commercial membranes and most polymeric membranes reported in the literature.
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