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The present research focused on synthesizing low-cost,
efficient activated carbon from waste walnut shells and applying
it in polyethersulfone (PES) mixed matrix membranes for
selective CO,/CH, separation. After carbonization, walnut shells
were chemically activated with ZnCl, and KOH. spectroscopy.
The structural and chemical characteristics of the activated
carbon were investigated by Fourier-transform infrared (FTIR)
spectroscopy and scanning electron microscopy (SEM), which
confirmed the successful distribution of carbon particles
throughout the polymer matrix. Also, the surface area and pore
structure of the produced activated carbon were characterized
using Brunauer-Emmett-Teller (BET). Moreover, varying amounts
of activated carbon were incorporated into PES using the solution-
mixing method and subsequently cast onto a polyester support
via the phase inversion technique. The separation performance
of the fabricated membranes was evaluated through pure gas
permeability experiments. The results demonstrated that the
MMM s exhibited a significant enhancementin CO,/CH, separation
performance compared to pristine PES membranes. Furthermore,
comparison with the Robeson upper bound revealed that the
MMMs approached the reported permeability-selectivity trade-
off limit. Although further optimization is necessary to surpass
this limit and fully maximize membrane efficiency, the outcomes
clearly underscore the effectiveness of agricultural waste-derived
fillers in advanced membrane design. Overall, this research
demonstrates the potential of converting walnut shells into
valuable activated carbon for the development of cost-effective,
environmentally friendly, and high-performance mixed-matrix
membranes for natural gas separation.
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