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Precise, reversible control over fluid transport and selectivity in porous media
remains a key challenge for energy-efficient water purification and contaminant
removal. We present a novel, unanchored colloidal gel composed of multilay-
ered poly(acrylic acid)-grafted silica microparticles that functions as a reversible,
non-invasive "colloidal gate" [1]. Iterative carbodiimide-mediated grafting yields
up to five stratified PAA layers on micron-scale silica cores, enhancing polymer
density and interfacial interactions. Under basic conditions, PAA-driven swelling
expands the interconnected particulate network, increasing permeability and en-
abling tunable flow rates at high pH. At low pH, the polymer network collapses,
forming a nearly non-porous barrier with complete occlusion [2].
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In situ, noninvasive measurements under realistic flow conditions, combined with
quantitative analysis using Darcy’s law and the Kozeny-Carman equation, re-
veal that permeability scales directly with porosity and surface chemistry. This
dynamic behavior arises from reversible PAA self-assembly and conformational
changes, offering structural control without permanent substrate modification or
invasive grafting. The system demonstrates excellent responsiveness and has
the potential to filter suspended particles, short-chain PFAS, and nanoplastics.
We discuss implications for low-energy adaptive water treatment and future ex-
tensions to stimuli-responsive polymer networks.
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