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Abstract 

Superabsorbent polymers (SAPs) are an interesting class of materials, known for their ability to 

elastically swell and deswell in the presence of water: they are used in agriculture, as personal hygiene 

products, etc. However, most of the available commercial SAPs are synthetic, or bio-based and 

crosslinked with acrylates or other substances suspected of being toxic. 

We propose using a hydrophilic algae-based polymer (i.e., k-carrageenan) as a greener alternative. 

Specifically, we aimed at enhancing water uptake capacity by engineering k-carrageenan 

nanoporosity: in this research, supercritical CO2-assisted drying has been performed on carrageenan 

gels, crosslinked by means of K+ and Ca2+. Different samples were produced, changing the relative 

concentration of potassium and calcium ions to carrageenan weight. Dried gels were observed by 

FESEM analysis accompanied by image analysis to compute pore size distribution. Then, water 

uptake capacity and mass loss were calculated at regular intervals of time, to assess the best-

performing and most stable material. 

Key findings regard nanostructured materials water-responsiveness. k-carrageenan undergoes severe 

volume reduction after supercritical drying, but, surprisingly, regains its hydrogel state after contact 

with water rather than just accommodating it. Morphologically speaking, the obtained k-carrageenan 

dried gels are dense but offer nanopores available for water intrusion: however, when Ca2+ ions 

concentration increases after a certain threshold, an alginate-like organization is observed. During 

swelling tests, it was observed that the coexistence of monovalent and divalent cations can result in 

material solubilization after a few hours; the best result has been achieved using the salt-free gel, 

reaching a water uptake capacity of 50 g/g and stability over days with no significant mass loss. 

In conclusion, k-carrageenan-based porous devices are valid alternatives to their synthetic 

counterparts; although water absorption capacity could be further enhanced, these results represent 

the first step towards the valorization of bio-based resources for large-scale applications. 
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