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            Abstract
The overconsumption of single-use plastics is creating a global waste catastrophe, with widespread environmental, economic and health-related consequences. Here we show that the benefits of processive enzyme-catalysed conversions of biomacromolecules can be leveraged to affect the selective hydrogenolysis of high-density polyethylene into a narrow distribution of diesel and lubricant-range alkanes using an ordered, mesoporous shell/active site/core catalyst architecture that incorporates catalytic platinum sites at the base of the mesopores. Solid-state nuclear magnetic resonance revealed that long hydrocarbon macromolecules readily move within the pores of this catalyst, with a subsequent escape being inhibited by polymer–surface interactions, a behaviour that resembles the binding and translocation of macromolecules in the catalytic cleft of processive enzymes. Accordingly, the hydrogenolysis of polyethylene with this catalyst proceeds processively to yield a reliable, narrow and tunable stream of alkane products.
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                    Fig. 1: Processive deconstruction of macromolecules.[image: ]


Fig. 2: 13C NMR spectroscopy of polyethylene on silica surfaces.[image: ]


Fig. 3: Dynamics of polyethylene threading through a mesopore.[image: ]


Fig. 4: Electron microscopy of the mSiO2/Pt/SiO2 catalyst.[image: ]


Fig. 5: Hydrogenolysis results from the mSiO2/Pt/SiO2 and Pt/SiO2 catalysts.[image: ]


Fig. 6: Pore-diameter-dependent product distribution of polyethylene deconstructions.[image: ]
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                Data availability


Transmission electron microscopy, powder X-ray diffraction data and N2 sorption isotherms acquired to characterize inorganic materials, atomic coordinations from density functional theory calculations, NMR spectra and chromatography data that support the findings of this study are available in DataShare53 with the identifier https://doi.org/10.25380/iastate.12685775.
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