Clément Chambrial 
  
Pascal Tiquet 
  
Olivier Lebaigue 
  
Pierre Piluso 
  

teaching and research institutions in France or abroad, or from public or private research centers.  

A promising method for polyurethane recycling: vitrimerization through the activation of carbamate exchange by organic catalysts

  model reaction and catalyst activity evaluationNMR analysis of model reaction medium at 120°C, spectral expansionGrinding & compression @180°C, 10 min, 9 bar The studied model evaluates global exchange efficiency (no discrimination between associative and dissociative exchange) Lower activity of PTSA on this model compared to Bi catalyst, as observed on PU model catalyst loaded PU measured on plateplate rheometry Next studies: -TGA-MS analyses of PU to analyse volatile losses during reprocessing -FTIR-ATR analyses of PU at different temperatures to evaluate isocyanate formation during reprocessing -Exploration of alternative catalysts that degrades less than PTSA Extrusion and foaming of these materials is aimed at the end of the studies ICP-OES on impregnated PU, b measured in THF, 24h, RT, c gel content of raw PU is 96% order of magnitude less efficient than reference organometallic catalysts both on model compounds and polymer Model studies -Liquid impregnation and high loadings of catalysts were significantly better to obtain cohesive materials -Samples reprocessed at 140°C showed best compromise between degradation and both rheological and mechanical properties, leaving room to closed loop revalorization Reprocessing studies -Strong impact of mixing temperature: degradation of catalyst + partial depolymerisation observed related to side reactions, loss of ureas and decrease of reticulation density -Relaxation studies showed progressive activation of the exchanges in the PU network with T increase -Tensile tests showed similar behaviours for most PU, except the 160°C reprocessed one after liquid impregnation, that showed extensive plasticity PU characterizations
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Polyurethane recycling -Context elements Polyurethane (PU) 6 th polymer produced, 1 st thermoset

  

		Path/process	Advantages	Limitations
		Landfilling	Low cost	Environmentally irrelevant
	Current recycling paths	Energy recovery Reincorporation	Easy to perform, highly tolerant to waste type, energy recovered Easy to perform and industrial ready, low cost and energy needed	Noxious emissions, CO 2 impact Limited in amounts to recycle (≈50 wt%) without adverse impact on properties
		Depolymerization	Monomer recovery	Energy input, quality and nature of monomer recovered
	Plastics -the Facts 2022			
	PU vitrimerization -		

Context, principles and limitations Catalyst mediated activation of model PU Reprocessing of a commercial PU formulation Conclusions & outlooks PU synthesis chemistry Side reactions Exchange reactions in polyurethanes Vitrimerization of PU: recycling through the activation of the exchange reaction of existing bonds by dissociative and associative mechanisms Alternative recycling process with usual polymer processing tools  Allow faster reprocessing X Side reactions can occur  No degradation X Reprocessing limited

  

	Dissociative mechanism	Associative mechanism
	Main reaction	
	Foaming	
	related	
	reactions	

No completely satisfying recycling path for PU
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