Abstract - NAMS 2018
Abstract ID 517681

	Surface fouling remains one of the greatest challenges for membrane operation in water and wastewater separation and desalination industries. Membranes with electrically conductive surfaces are gaining greater attention due to their demonstrated ability to prevent both membrane surface biofouling as well as surface scaling. To prevent surface fouling, an electrical potential is applied to the surface of electrically conductive membranes. These surfaces are often thin coatings composed of a conductive material including graphite, carbon nanotubes (CNTs), or graphene. Frist generation electrically conductive membranes were simply carbon paper composed of carbon nanotubes that were pressure deposited onto conventional polymer membranes. The underlying support membrane dictated the membrane rejection, while the CNT layer provided electrical conductivity, but hindered trans-membrane flux. These early surface coatings were unstable and cross-linking chemistry was pursued to stabilize the CNTs within the thin film coating. Electrically conductive ultrafiltration membranes were produced by crosslinking CNTs with polyvinyl alcohol and succinic acid. These membranes were shown to produce stable electrically conductive thin films with conductivities on the order of 3000 S/m and MWCO of 100 kDa. Electrical conductivity and separation varied as a function of CNT concentration. These membranes were shown to be mechanically stable compared with early carbon paper. However, improvements have been sought for separation control, narrower pore size distribution, greater trans-membrane flux, and increases in surface electrical conductivity. 
	In this work we investigated the stability of the PVA-CNT electrically conductive network and proposed enhanced chemistries to improve electrically conductive membranes. The PVA-CNT cross-linked network was shown to be unstable under high concentrations of foulants. PVA was shown to leach from the membrane through the membrane pores during separation of various concentrations of a model foulant, Polyethylene oxide (PEO). More PVA leached from the membrane with greater applied pressures and with greater concentrations of foulants. We investigated PVA fouling as a function of all processing parameters involved in the creation of the PVA-CNT cross-linked network including variations to the concentration of PVA, CNT, and cross-linker, catalyst strength, and curing temperature. From this multi-dimensional analysis, it was concluded that leaching of the PVA was caused by high local surface pressures on the membrane surface created by concentration polarization during separation of model foulants. It was hypothesized that the PVA-CNT network instability was a result of the low bond strength within the network. To improve upon this network, we investigated different CNT functionalizations to enhance the bond strength between cross-linkers and PVA. To this aim we synthesized stable electrically conductive membranes composed of amine-functionalized CNTs cross-linked with compounds containing acyl chlorides instead of carboxylic acids. This stronger cross-linking chemistry limited trans-membrane leaching, while maintaining a high surface electrical conductivity and a similar membrane separation performance.   
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     I) 2MDa PEO filtration for pure PES membrane (No leaching).                            II) Pure water filtration for PES+PVA membrane (No leaching).
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III) 2MDa PEO flux for PES+PVA membrane (Leaching occurs).
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