Branched HKUST-1 Mixed-Matrix Membranes for Enhanced Gas Separation Performance and Plasticization Resistance
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[bookmark: _GoBack]A unique branched structure of a metal-organic framework (MOF) has been incorporated into a polymer matrix to form mixed-matrix membranes (MMMs). The MOF filler, HKUST-1, which is composed of copper metal ions coordinatively linked to benzene-1,3,5-tricarboxylate ligands, is dispersed in a 6FDA-DAM polyimide. HKUST-1 is frequently studied for separation applications and catalysis because of its characteristic high concentration of coordinatively unsaturated (i.e., open) metal sites. These sites bind strongly to polarizable gases, such as CO2, increasing sorption, and therefore, improving permeability. However, a general limitation in forming MOF MMMs, including those formed with HKUST-1, is that MOFs are typically formed into micron-sized particles with a broad polydispersity, thereby precluding formation of stable casting solutions needed to prevent settling and agglomeration. Moreover, most MOF particles are roughly spherical and require high loadings to access the so-called percolation threshold in MMMs. Therefore, the field could benefit significantly from the development of synthetic strategies to form small particles with unique interconnected architectures. To address these challenges, we have synthesized a unique branched architecture of HKUST-1 nanoparticles using a special chemical modulator to control crystal growth. The branched HKUST-1 nanoparticles are easily dispersed and suspended in polyimide solutions, and the resulting MMMs retain the branched HKUST-1 morphology. MMMs show a significant increase in CO2 permeability without a significant loss in selectivity of CO2 over CH4 and N2. Furthermore, the branched HKUST-1 MMMs act as a high surface area physical crosslinker, significantly reducing polymer chain mobility and improving CO2 plasticization resistance. Of note, the pure polymer considered in this study has a plasticization pressure of approximately 15 bar for CO2, but no plasticization pressure is observed up to 50 bar of CO2 after incorporation of approximately 30 wt% of branched HKUST-1. This paper describes the synthesis of these new branched structures and compares transport properties for three equivalent loadings of bulk HKUST-1 and branched HKUST-1 structures.
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