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Abstract: Graphene and other 2D materials—based membranes have attracted significant attention for separation
and filtration because of their unique, tunable transport properties. Unlike traditional polymeric membranes,
these systems exploit fundamental differences in the behaviour of water, ions and molecules within sub-
nanometre to nanometre-scale channels and pores. By precisely controlling channel width and interlayer
spacing, it is now possible to design membranes that span applications from microfiltration through nanofiltration
to reverse osmosis, with performance tailored to the target separation. Notably, 2D laminar and pore-engineered
membranes have demonstrated high water flux alongside strong salt and molecular rejection in nanofiltration
(NF) and reverse osmosis (RO) regimes. In this talk, | will discuss how these membranes enable opportunities
beyond conventional filtration, including energy-efficient water treatment, pointing to practical routes from
laboratory prototypes to field deployment.

References

Nair et al. Science 335, 442 (2012).

Joshi et al. Science, 343, 752 (2014).

Su et al. Nature Communications 5, 4843 (2014).

J. Abraham et al. Nature Nanotechnology 12, 546-550 (2017).
Q. Yang et al. Nature Materials 16, 1198 (2017).

A Esfandiar et al. Science 358, 511-513 (2017).

K. G. Zhou et al. Nature 559, 236-240 (2018).

Huang et al. Nature Communications 11, 1097 (2020) .
Zou et al. Nature Materials 20, 1677-1682 (2021).

Hu et al., Nature 616, 719-723 (2023).

Suran et al. Small 21, 2304850 (2025)

RPoo~NoogrwdE

= o




