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Abstract

Freshwater scarcity and decentralized energy demand have intensified interest in
atmospheric water harvesting and moisture-enabled electricity generation as sustainable
solutions. However, existing systems are limited by low sorption efficiency, slow kinetics, and
poor operational stability. This work systematically investigates hygroscopic salt—hydrogel
composites as an integrated materials platform for atmospheric water harvesting and
moisture-enabled electricity generation from ambient humidity. By confining deliquescent
salts within crosslinked hydrophilic polymer networks, the composites achieve high water
uptake while suppressing salt leakage and maintaining mechanical integrity. The effects of
polymerization route, salt loading, and composite architecture on sorption capacity, uptake
kinetics, desorption behavior, and electrical output are systematically elucidated.

Building on these insights, this work develops a continuous atmospheric water harvesting
platform and proposes a scalable, low-cost strategy for large-area deployment. In parallel,
electricity generation mechanisms associated with evaporation, hygroscopic absorption, and
droplet-induced interfacial charge redistribution are investigated, establishing a mechanistic
basis for the rational design of moisture-enabled energy conversion systems.
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