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Hydrogels are three-dimensional polymer networks capable of absorbing large
amounts of water while maintaining their structural integrity. Depending on the nature
of the crosslinking, they can be classified as chemical, physical, and hybrid. Owing to
their high hydrophilicity and tunable network architecture, hydrogels are widely used in
agriculture, biomedicine, hygiene, and cosmetics. However, most conventional
hydrogels, particularly those based on poly(acrylic acid), are petroleum-derived and
non-biodegradable, raising critical environmental concerns.

In this context, this work aims to develop bio-based hydrogels derived from itaconic
acid, a monomer obtained from biomass fermentation. Owing to the presence of both
a polymerizable vinyl group and hydrophilic carboxylic acid groups, itaconic acid is a
promising building block for the design of hybrid hydrogel networks combining covalent
bonds and physical interactions such as hydrogen bonding.

Free-radical polymerization of itaconic acid is studied in agueous medium and in deep
eutectic solvents (DES). The DES-based approach is explored as a potentially more
sustainable and efficient alternative, allowing the use of high monomer concentrations
and accelerating the polymerization kinetics.

A key objective of this study is the synthesis and incorporation of biosourced
crosslinkers to tailor crosslinking density and network architecture while increasing bio-
based content. Current work focuses on optimizing polymerization conditions and
controlling network formation through tailored crosslinking strategies. Structure—
property relationships will then be investigated through rheological characterization,
swelling behavior analysis, and biodegradation studies under controlled composting
conditions.
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