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Printing on plastic  materials  is  widely practiced,  particularly in  packaging applications,  to  convey essential 
information about the contained products. However, the presence of printed inks adversely affects the recyclability 
of plastics, making de-inking an upcoming pretreatment step in plastic recycling processes. De-inking involves  
the removal of ink layers from plastic films, thereby separating the polymer substrate from the coloured pigments 
(Ügdüler et al., 2023). This process is essential to prevent undesirable alterations in the quality of plastic recyclates 
caused by residual inks. The most apparent impact is a deterioration in visual quality, resulting in discoloured or 
low-grade recycled materials. In addition, inks can induce mechanical degradation, leading to recyclates with 
reduced  stiffness  and  strength.  Furthermore,  certain  ink  components  may  thermally  degrade  at  processing 
temperatures commonly used in recycling operations, such as extrusion, causing chemical changes including the 
formation of  volatile  organic compounds.  These degradation products  often generate unpleasant odours and 
ultimately restrict the range of applications for the recycled plastics (Horodytska et al., 2018).

Most of the studies and established processes in de-inking of printed plastics focused on the use of  
surfactants and organic solvents (Chotipong et al., 2007). However, the use of these substances has potential  
negative environmental and health effects (Syed Ali et al., 2024). Therefore, this study investigates alternative 
approaches to conventional solvents, including bio-based solvents derived from renewable resources rather than 
fossil fuels. In addition, biosurfactants, which are surface-active compounds produced by microorganisms through 
fermentation, were examined as potential de-inking media. Biosurfactants are particularly attractive due to their  
biodegradability, lower toxicity, and stability across a wide range of temperatures and pH values (Nagtode et al.,  
2023; Singh et al., 2024).

In this study, six (6) bio-solvents and three (3) biosurfactants were used to de-ink several OPP and PE 
samples printed using inks with nitrocellulose and polyurethane binders. The de-inking process was tested at two  
temperatures:  60°C  and  80°C.  All  results  were  compared  to  the  conventional  de-inking  treatment  using 
cetrimonium bromide (CTAB) which is the surfactant used in conventional de-inking and sodium hydroxide 
(NaOH), commonly used in mechanical recycling of plastics. Overall, good de-inking results were observed with 
two (2) of the tested bio-based solvents. Even better de-inking was achieved with one particular biosurfactant,  
yielding results comparable to the conventional CTAB treatment. For biosurfactants, de-inking is more effective 
at high pH. High temperatures also lead to more effective de-inking however; the effects of staining were also 
apparent for some media.

The findings of this study aim to advance the understanding of effective polymer purification methods, 
which are essential for the recycling of food-grade plastics. Similarly, the study is beneficial to the development 
of a sustainable de-inking process, ensuring clean polyolefin feedstock for closed-loop recycling.



Figure 1. De-inking results for OPP film printed with standard NC/PU ink in colour yellow using various 
biosurfactants and bio-solvents at 60ºC (top) and 80ºC (bottom). The results were compared with the reference 

media used in the de-inking of printed plastics.
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