Permeation-deformation relationships for porous polymer membranes
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Abstract
[bookmark: _GoBack]Most polymeric membranes are necessarily fabricated with high overall porosity to enable large flux values for desired penetrants.  However, high porosity inevitably reduces both the stiffness and yield strength of the membranes, which causes meaningful mechanical deformation during manufacturing operations such as pleating as well as during separation applications that involve elevated pressures (compressive creep).  The deformation resulting from mechanical loading, whether intended or not, has a significant impact on membrane permeability.  To date, permeation-deformation relationships for porous membranes are not well understood, despite their obvious importance.  Recently, we utilized thermal embossing-based nanoimprint lithography (NIL) to impart regular sub-micron patterns on the surface of membranes to improve their antifouling characteristics.  This presentation describes experimental studies of the permeation-deformation relationships for these patterned polymer membranes as a function of polymer chemistry and pore structure.  Uniaxial compression of the membranes produced decidedly different levels of strain by careful control of the NIL processing parameters.  The permeability of these compressed membranes was characterized using DI water to avoid complications due to fouling.  The results indicate that DI water permeation values for ultrafiltration (UF) and microfiltration (MF) membranes decrease with increasing compressive strain.  The upper limit of the dependency appears to well match the relationship observed for open-cell polymer foams.  Furthermore, the potential effects of pore-preserving agents as well as the asymmetry of the pore structure on the permeation-deformation relationships are quantified.  These findings, together with those from our previous work on membrane mechanical behavior, provide both a more comprehensive understanding of important mechanical aspects and practical guidance for applications such as surface patterning of membranes with NIL.

