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Abstract:

Membranes potentially offer low-cost and scalable routes to critical
materials recovery and separation. However, membranes lack sufficient
selectivity, in particular when ions of similar size and charge are present in
solution. Here, | will discuss recent advances with ligand-functionalized
membranes and their use in ion-selective recovery and enrichment
processes. Ligands have strong and selective interactions with specific ions
and therefore potentially enable molecularly selective separation processes.
We focused on iminodiacetic acid (IDA) ligand, which binds to various
divalent cations but most strongly to Cu2+ and designed membranes
containing the ligand throughout the bulk membrane (bulk-functionalized)
or as a thin coating on the membrane surface (surface-functionalized). Bulk-
functionalized membranes exhibited strong sorption selectivity for Cu2+
over other divalent cations Ni2+ and Mg2+. However, the ligands also
reduced the diffusivity of the divalent cations, with stronger sorption
selectivity correlating to reduced diffusivity. As a result, bulk-functionalized
membranes were only weakly selective towards Cu2+ over Ni2+ and Mg2+.
Surface-functionalized membranes exhibited much greater permeation
selectivity for Cu2+ over Ni2+ and Mg2+. In a diffusion cell, the selectivity
reached as high as 50:1 for mixed salt solutions. Strong selectivity was
maintained in a nanofiltration process, with selectivity up to up to 30 for
Cu®> /Mg®> and20forCu®> /Ni* fora synthetic mixed salt feed. Using
real mining wastewater as the feed solution, selectivity reached 12.2 for

Cu? /Na ,and we demonstrate enrichment of Cu®> from 0.97% to 32% of
total dissolved solids. We attribute this selectivity to strong enrichment of
Cu® atthe membrane surface, resulting in a greater flux compared with
competing cations. These results demonstrate a practically viable and
scalableion-specificseparation process for Cu2+ recovery from complex
waste streams that can potentially be applied to other ions and critical
materials along with a general strategy for designing membranes with
specific ion selectivity.
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