Understanding ink adhesion and de-inking of flexible plastic packaging
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Introduction

Plastics have become ubiquitous in modern society due to their versatility, durability, and low cost [1]. However,
the widespread use of plastics has led to significant environmental consequences, with plastic waste accumulating
in landfills, polluting oceans, and harming wildlife. To mitigate these impacts, mechanical recycling of plastics is
increasingly pursued[2,3]. However, ink residues, especially pigments and binders that resist conventional aqueous
washing in absence of caustic soda and detergent, impede efficient deinking and often result in downcycling. The
presence of residual inks will result in low quality mechanically recycled plastic films, which typically have a dark
color, inferior mechanical properties, and an unpleasant odor [4]. Since water is ineffective at removing inks from
plastics, other media should be used such as organic solvents, acids or surfactants [5].

This study proposes a systematic investigation of how PE film wettability influences ink adhesion and deinking
efficiency. Wettability was assessed through contact angle measurements, providing insight into surface
hydrophobicity and surface energy. Furthermore, the mechanism of deinking was analysed by deinking with
different media, emphasizing the balance between ink-substrate adhesion and ink cohesion forces.
The experiments will demonstrate that optimizing the media enhances deinking efficiency, facilitating ink
removal without, potentially, damaging the polymer substrate. These findings contribute to a better understanding
of physicochemical phenomena governing ink adhesion and removal, offering practical guidelines to improve
recyclability.

Materials and methods

First, Low-density PE films were used. These untreated films were treated with a corona discharge treatment, a
widely adopted method for improving polymer wettability. These treated films were coated with a solvent based
PU-ink containing a phthalocyanine blue (PB15:4) pigment. Initial ink loads were quantified by ICP-OES.

Wettability and surface energy characterization were carried out using static contact angle measurements with
three probe liquids: water (highly polar), diiodomethane (nonpolar), and bromonaphthalene (moderately polar).
These liquids were chosen to capture both polar and dispersive interactions at the surface. Measurements were
performed using a goniometer equipped with a high-resolution camera, and each value was averaged over multiple
drops to ensure accuracy. The Owens—Wendt method was then applied to partition the total surface energy into its
polar and dispersive components, enabling a deeper understanding of how corona treatment alters surface
chemistry. To further assess ink-substrate interactions, the work of adhesion (Wa) was calculated using the Young—
Dupré equation, linking contact angle data to thermodynamic predictions of interfacial bonding.

Finally, deinking trials were conducted on both untreated and corona-treated films using a range of media,
including acids, bases, organic solvents, and surfactant solutions. Each medium was tested under controlled
conditions of concentration, temperature, and exposure time to screen process parameters. Residual ink coverage
was quantified using image analysis software and colorimetric measurements on deinked samples to assess
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cleaning efficiency. This comprehensive methodology allowed for the correlation of surface properties with ink
adhesion and removal performance, guiding the development of optimized recycling protocols.
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Figure 1: De-inking process

Results

Untreated PE film exhibited high water contact angles (>95°), confirming poor wettability and low polar surface
energy. Corona treatment reduces contact angles (40-60°) and increased polar surface energy components,
improving ink adhesion. The ageing effect of corona treatment is observed over time by the hydrophobic recovery
and the less polar surface. Work of adhesion (W,) calculations align with empirical adhesion trends, validating
thermodynamic predictions as a screening tool for ink-substrate compatibility.

De-inking performance is strongly influenced by media composition and process parameters. Optimization trials
demonstrated that tuning the media, concentration and temperature could reduce residual ink coverage by >95%
in less than 10 min on lab scale, even for strongly adhered inks. These findings underscore the importance of
coupling surface treatment strategies with tailored deinking protocols to achieve high recyclability without
compromising film surface properties.

Conclusions

By correlating surface energy parameters with ink and adhesion and de-inking performance, this study establishes
a predictive framework for selecting the correct media and de-inking protocol. A screening of acids, bases, solvents
and surfactants revealed that tuning the media composition, concentration and temperature can achieve ink removal
efficiencies exceeding 95% within minutes, even for strongly adhered inks. These findings provide practical
guidelines for improving the recyclability of printed PE films, reducing downcycling.
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