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Twin-Chain (TC) poly(vinyl alcohol) (PVA) cryogels are versatile materials that 

have attracted considerable interest across a wide range of research and 

technological fields, including biomedicine and cultural heritage conservation. 

Their sponge-like, interconnected porous structure can be finely tuned by 

controlling parameters such as the number of freeze–thaw cycles, the freezing 

temperature, and the incorporation of selected additives. 

Thanks to their adjustable micro- and nanoporosity combined with mechanical 

compliance, TC-PVA cryogels are particularly suitable for applications in cultural 

heritage preservation, where cleaning treatments must be effective yet 

sufficiently gentle to avoid surface alteration.[1] 

In this contribution, a new library of TC-PVA cryogels functionalized with di- 

and tri-carboxylic acids is developed and systematically compared with 

established reference materials.[2,3] Micro- and nanostructural features were 

investigated by confocal laser scanning microscopy (CLSM) and small-angle X-

ray scattering (SAXS). In parallel, nuclear magnetic resonance (NMR) 

techniques were employed to elucidate diffusion behavior and proton 

relaxation times, highlighting their key role in the characterization of gelled 

systems. 

The newly developed TC-PVA cryogels were subsequently tested on both model 

surfaces and original substrates from the Peggy Guggenheim Collection 

(Venice, Italy) to assess their performance in conservation-oriented cleaning 

procedures. The results reveal a complex interplay between mechanical 

properties, structural features at different length scales, and transport 

phenomena within the gels. Decoupling these parameters proved essential to 

achieve optimal cleaning efficiency while ensuring surface safety. 

Overall, this study provides valuable design guidelines for advanced gel-based 

materials with enhanced surface performance, with implications extending 

beyond cultural heritage conservation.  
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