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The EU legislative framework for plastic packaging, including the Packaging and Packaging Waste Regulation
(Regulation (EU) 2025/40 (PPWR), 2025), places strong emphasis on recyclability and high-quality recycling of
plastic packaging, with specific targets for collection, recycling rates, and recycled content. Flexible polyolefin
packaging, although widely used, currently shows comparatively lower recycling rates of 71%, compared to 80—
85% for rigid plastics (Antonopoulos, 2021). This is caused, not only due to collection and sorting challenges but
also because the material streams are frequently contaminated with foreign polymers, additives and printing inks,
which can alter both mechanical and chemical recycling performance (Hahladakis & Iacovidou, 2019).

Polyurethane (PU) binders are becoming preferred over nitrocellulose systems in many ink formulations
for flexible packaging because they offer improved adhesion and resistance to degradation under conventional
mechanical recycling conditions (Guo, 2024). Although polyurethane binders may remain structurally intact under
conventional mechanical recycling conditions, they can still release volatile organic compounds (VOCs) during
reprocessing (Lisiecki, 2024). As an alternative to mechanical recycling for flexible polyolefin films, pyrolysis is
increasingly considered a viable route, and recent EU acceptance of mass-balance approaches has further supported
its integration into circular plastics value chains (Commission Implementing Decision under Directive (EU)
2019/904). In such processes, however, the contamination with polymers containing heteroatoms alters the
composition and quality of the resulting pyrolysis oils and gases derived from polyolefin (Kusenberg, 2022).
Nitrogen and oxygen-containing PU pyrolysis products may introduce impurities or undesired functionalities into
the product stream, potentially complicating downstream processing and quality of the final product. Moreover,
PU ink binder formulations may still vary significantly in backbone structure, due to high variety of isocyanates,
chain extenders and polyols that can be used for their production, resulting in different profile of degradation
products (Oenema, 2022).

This work will investigate the degradation of three commercially available PU ink binder formulations
commonly used on polyolefin-based flexible packaging under conditions mimicking extrusion and non-catalytic
pyrolysis. Pyrolysis—gas chromatography—mass spectrometry (Py—GC-MS) will be used to mimic mechanical and
thermochemical recycling conditions and to analyse the degradation pathways of the different PU binders and
associated additives. In consequence, degradation products that may negatively affect polyolefin pyrolysis oils or
gases will be identified. Subsequently, each formulation will be applied onto the top surface of polyolefin films at
industrially relevant application levels (typically 1-3 g/m? dry coat weights for flexographic ink binders) (Rotoflex
Inks, n.d.). These samples will be subjected to the same simulated mechanical recycling and pyrolysis conditions
to assess the presence and quantity of PU-derived degradation products. Complementary thermogravimetric
analyser coupled to Fourier-transform infrared spectrometer (TGA—FTIR) and differential scanning calorimetry
(DSC) will be used gain a better insight into thermal behaviour and degradation of the samples.

By linking formulation features of PU ink binders to their degradation behaviour in both mechanical and
thermochemical recycling, this research aims to clarify how inks contribute to contamination and quality loss in
recycled flexible polyolefin streams, and which binder choices can mitigate these effects. At the time of the
conference, the contribution will present experimental results for the three PU ink formulations, including
pyrolysis—GC-MS data and complementary FT-IR, TGA and DSC together with an outlook on formulation
guidelines for recycling-compatible ink systems for polyolefin flexible packaging.
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