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Janus membranes, characterized by asymmetric hydrophobic and hydrophilic surfaces, have
emerged as promising platforms for advanced separation processes owing to their ability to
provide directional transport, high selectivity, and improved resistance to fouling.! Their
unique architecture has attracted increasing interest for applications such as membrane
distillation, desalination, crystallization, and bioseparations.

In this work, we present a simple and scalable strategy for the fabrication of multifunctional
Janus membranes designed for both water desalination by membrane distillation and
membrane-assisted crystallization for monoclonal antibody purification. The developed
membranes consist of a porous hydrophobic support coated with a thin functional hydrophilic
layer, combining efficient vapor transport with tailored surface functionalities.

The functional coating enables localized photothermal heating or dynamic mechanical
actuation under external stimuli while enhancing mass transfer and mitigating fouling and
scaling. At the same time, the hydrophobic substrate provides excellent resistance to pore
wetting, ensuring stable operation under thermal gradients. This synergistic design allows
modulation of the permeate flux during desalination while maintaining high salt rejection.?

The influence of membrane composition, functional material loading, and operating
conditions, including feed flow rate, was systematically investigated to identify the key
parameters governing membrane performance. The results demonstrate that the integration of
functional materials into Janus membrane architectures provides a versatile platform for
improving the efficiency of both desalination and bioseparation processes, highlighting their
potential for next-generation membrane technologies.’
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