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Nanostructural changes in commodity polyethylene during environmental exposure
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Incomplete recrystallization after the melt processing of thermoplastics leads to a kinetically frustrated state in plastic packaging.
Release of this frustration by random chain scission during environmental exposure and the associated structural relaxation is a
mechanism in the embrittlement and fragmentation for these materials.!'! This mechanism is therefore a major route of physical
degradation for the majority of plastic waste. The loss of mechanical properties and barrier properties of the material may catalyse
further oxidation of microplastic waste and ultimately limit the lifetime of waste in the environment. After establishing the important
role of nanostructure in embrittlement and further degradation we discuss the characterization of this process by X-ray scattering, both
in the wide (WAXS) and small angle (SAXS) domains using semi-crystalline polyethylene as a model. These two experimental
techniques characterize the packing of polymer chains into crystallites and the arrangement of these crystallites into lamellae
respectively.  These non-destructive bulk characterization techniques with a minimum of sample preparation offers a rapid and
convenient access to relevant nanostructural parameters in order to define the temporal relationship between environmental exposure
and structural relaxation.>¥] Thus the perspective of X-ray scattering provides important insight into the lifetime of thermoplastics in
the environment and will allow the engineering of more sustainable materials with optimized and controlled degradation, and thus
impact on the environment.
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