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Bionanocomposite materials are hybrid systems that incorporate an organic or inorganic 

filler with a biopolymer matrix containing at least one nanoscale component [1]. Based on 

recent developments in nanotechnology, the production of hydrogel bionanocomposites by 

incorporating inorganic nanofillers into gel systems has recently attracted great interest in 

innovative material design. Hydrogel bionanocomposites provide various unique features 

over traditional hydrogels, including high mechanical and thermal strength and toughness 

[2]. 

 

This study hypothesizes that the unique properties of anionic comonomers can be combined 

with the extraordinary properties of nanoparticles to create hybrid bionanocomposite gels. 

In materials research, the focus is particularly on the production of anionic engineered 

systems, with a particular emphasis on the design of advanced biomaterials possessing 

controlled physical, elastic, and structural properties. In this context, nanosilica-integrated 

poly(acrylic acid sodium salt)/polyacrylamide, SiO2-PSA/PAAm, hybrid gels were prepared 

at two different polymerization temperatures by free radical crosslinking polymerization of 

AAm with anionic linear PSA chains. The chemical structures of the hybrid gels were 

characterized by FTIR, XRD, and TGA analyses. To adjust the compressive elasticity and 

swelling properties, the nanosilica concentration in the gelation feed was varied between 

0% and 10% (volume/volume). Depending on the nanosilica concentration, the swelling 

behavior of hybrid gels was carried out in water, at pH, and in aqueous salt solutions. The 

increase in the silica concentration decreased the swelling ratio in water due to the increased 

network density. The presence of carboxylate groups in the PSA structure resulted in the 

hybrid bionaocomposite gels exhibiting pH-sensitive behavior, with maximum swelling 

observed at a pH of 11.2.  

 

This study promotes tuning the compressive elasticity and swelling of nanoparticle-

integrated hybrid bionanocomposite gels with customized functionality and the synergistic 

effects of components, making them suitable for a wide range of applications. 
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