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Fig. 1 Schematic illustration of the fabrication and design strategy of high-strength and high-toughness LMCNF porous hydrogels.
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Fig. 2 (a—d) SEM images of the porous LMCNF hydrogel at different stages, revealing a characteristic honeycomb-like porous
network structure; (¢) Micro-CT cross-sectional pore analysis image of the hydrogel; (f) Open and closed pore analysis of the
hydrogel obtained by volumetric segmentation of the reconstructed porous structure using Avizo software; (g) Morphological
changes of salted-out versus non-salted-out hydrogel after 90% compressive strain; (h) The lightweight property; (i) Illustration
of the hydrogel bearing a 10 kg load.
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Fig. 3 Tensile stress-strain curves of hydrogel with different (a) LM mass fractions (2.5 wt%—12.5 wt%), (b) PVA mass fractions
(12 wt%—18 wt%), and (c) Na;Cit mass fractions (0 wt%—-30 wt%); Compressive stress-strain curves of hydrogel with different

(d) LM, (e) PVA, and (f) Na;Cit mass fractions; (g) Cyclic compressive stress-strain curves recorded for 500 loading-unloading

cycles at 30% compressive strain; (h) Cyclic compressive stress-strain curves recorded for 200 cycles at 50% compressive

strain; (i) Cyclic compressive stress-strain curves recorded for 100 cycles at 70% compressive strain.
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Preparation and Properties of Porous Hydrogels Based on the
Salting-out Effect
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Abstract In recent years, porous hydrogels have demonstrated broad application prospects in fields such as drug
delivery, tissue engineering, and flexible sensors, due to their highly tunable pore structure, large specific surface
area, low density, and deformability. However, influenced by high porosity and high water content, porous
hydrogels often suffer from insufficient mechanical properties. To address this challenge, we proposed a strategy
based on the synergistic effect of salting-out and multiple crosslinking for preparing high-strength and high-
toughness porous hydrogels. Utilizing the hydrogen gas generated by the in situ redox reaction between gallium-
based liquid metal (LM) and the aqueous medium, rapid foaming of the system was driven to form a porous
structure. Combined with hydrophobic association induced by the salting-out effect and the interaction of multiple
physical-chemical crosslinks such as dynamic borate ester bonds, metal ion coordination bonds, and hydrogen
bonds, an LMCNF porous hydrogel with high strength, high toughness, and high conductivity was fabricated.
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Experimental results showed that under optimal preparation conditions with an LM (7.5 wt%), PVA (16 wt%),
and sodium citrate solution (20 wt%), the LMCNF porous hydrogel achieved a tensile strength of 1009.47 kPa,
toughness of 1520.6 kJ/m3, elongation at break of 266.06%, and electrical conductivity of 8.39 mS/cm.
Furthermore, the hydrogel exhibited a sensitive, stable, and reversible resistance response during compression,
with a high gauge factor (GF up to 1.68) and a wide operating range. It also demonstrated excellent cyclic
compression stability and fatigue resistance, maintaining its initial morphology after 100 compression cycles at
70% compressive strain. These characteristics highlight its potential applications in flexible electronic devices,
smart sensors, and health monitoring.

Keywords Liquid metal; High strength; Porous hydrogel; Salting-out; Electrical conductivity



