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Abstract: We introduce a pioneering method for the sustainable upcycling of
polyethylene (PE) plastic waste, a widely used material that has contributed
significantly to environmental issues. Although vitrimer technology offers a promising
solution for creating recyclable and mechanically resilient materials. Our novel
approach overcomes this obstacle by blending post-consumer recycled (PCR) PE
from sources like milk pouches with a preformed vitrimer network made from PCR
polypropylene (PP) crosslinked with an aromatic disulfide (1,4’-diaminodiphenyl
disulfide, AFD). This strategy uniquely incorporates styrene as a comonomer, along
with glycidyl methacrylate (GMA), to enhance grafting efficiency and mitigate harmful
chain scission, representing a significant advancement in vitrimer chemistry. This
innovative upcycling process results in a material with greatly improved mechanical
performance, as the yield strength, Young’s modulus, and elongation at yield of PCR-
PE increased by 108%, 70%, and 21%, respectively, while also showing full recovery
after three recycling cycles when blended with 70% PCR-PP vitrimer. By pioneering
the co-upcycling of two major thermoplastic waste streams, this work creates a
powerful pathway to transform plastic waste into high-performance, reusable materials
through advanced manufacturing techniques, thereby speeding up the global shift
toward a circular economy.

Tye

30 printed
chair

3D printing by

T ¥ 3335\/ / botic i
Cleaned milk = B o rol 3D printer
packets g, o ﬁ‘_ V-BCR PP/PCR PE .

Shredded milk
53315/

-, . ,,c,;;.t,,»@ z‘/
,'..Jﬁ-‘“-}_\k il f#

ran
packets - N [

packets (PCR PE) 2\ \(
(LDPE/LLDPE) G X . rckpr Mechanically

180°C, 150 rpm, 2 minutes AN WL interiocked PCR PE
in V'-PCR PP

Keywords: Sustainable Upcycling, Post-consumer Recycled Polyolefins, Vitrimers,
Circular Economy



