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Abstract

Polyurethanes (PU) can be thermoplastic and thermosetting counting for 8% of the globally produced plastic, putting them in sixth place as made and used polymer globally
. Due to its widespread commercial use, increasing quantities of PU waste are generated, including end-of-life waste, post-consumer waste, and processing scrap. It is estimated that only the customer-produced PUs waste ranges from 2.1 Mt to 3.6 Mt in Europe2 by itself. Therefore, all processes involving the treatment of these wastes play a crucial role, particularly for thermoset PUs, which, differently from thermoplastic ones, are not compatible with direct industrial recycling. Since most current methodologies for recovering PUs are mainly ascribable as downgrading paths, new processes are being developed. Based on a particular stress-relaxation behavior first reported by Toblosky and Offenbach3, which involves mechanisms of exchange of covalent bonds able to give rearrangement of the network defining a novel polymer class defined Dynamic Polymer Networks (DPN), a new mechanical recycling path for this type of polymer has been designed and investigated. The main characteristic of DPN is the preservation of the crosslink density during the exchange of bonds4, which can be correlated with the retention of material properties, suitable for reworking purposes. 
This work investigates the reprocessing abilities of a novel synthetized biobased PU. The pristine material has been obtained by combining a trifunctional polyol (Sovermol 780) and a difunctional isocyanate (Tolonate xflo100) in the presence of a catalyst, dibutyltin dilaurate. Both reagents are commercially available and are granted, respectively, 65% and 25% biobased. The reprocessing was done by finely grinding the initial network and then hot pressing it for 35 minutes at 170°C under 3 tons of pressure. Before and after the process, the material has been characterized via IR spectroscopy, TGA, and DSC analysis. No major differences in the IR spectra have been observed, which has been correlated to the preservation of all the pristine functional groups and the absence of any oxidative phenomena. Thermal analysis showed a slight decrease in Tg and thermal stability, in agreement with evidence already reported in the literature for this type of rework. 

Subsequently, a process of post-synthetic insertion of components, polyols, and catalyst, has been proposed. A difference in the thermal properties and composition have been observed, symptomatic of successful inclusion process which, however, proved useful in improving reprocessing conditions. 
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