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Abstract: 
The problem of recycling crosslinked plastics waste, including crosslinked polyethylenes (XPEs), is a tremendous environmental challenge. The XPEs are used for manufacturing durable and strong packaging, cable and wire insulation, large storage containers and various pipes and conduits. During their production a waste is generated and at the end of the product life the materials are discarded, creating a tremendous amount of waste.  A new ultrasonic single- and twin-screw extrusion technology was developed in our laboratory to manufacture new materials and products from waste XPEs. These recycled materials are suitable in a variety of applications. Extensive experiments were conducted on peroxide-crosslinked high density polyethylene (XHDPE) and low density polyethylene (XLDPE). Extrusion process characteristics are established. Structural, rheological, thermal, morphological and mechanical studies were carried out to elucidate the structure-property relationship of decrosslinked XPEs. It was found that a more intensive rupture of the crosslinked network occurs at higher degree of crosslinking. Analysis based on the normalized crosslink density - gel fraction function showed that the type of preferential bond breakage during decrosslinking was not determined by the bond energy alone but also influenced by structural characteristics of the crosslinked network. The activation energy of viscous flow of sols extracted from various decrosslinked XPEs supported this analysis. The dynamic, thermal and tensile properties of the decrosslinked XPEs were greatly affected by the type of preferential bond breakage. A significant improvement in the processibility and mechanical properties of decrosslinked XPE was achieved due to the occurrence of a highly preferential breakage of crosslinks during ultrasonic decrosslinking. Modeling and computer simulations of the ultrasonic treatment of XPEs were also carried out with aim to optimize the conditions of treatment and to design more efficient ultrasonic extruders.
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