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Polypropylene  (PP)  is  a  major  component  of  post-consumer  plastic  waste  streams  and  a  widely  recycled  
thermoplastic. The quality of recycled PP products strongly depends on the effectiveness of polymer-specific 
sorting operations, as even small amounts of incompatible polymers can significantly impair the mechanical and  
functional properties of the recycled material (Bonifazi et al., 2025). While current industrial sorting strategies are 
mainly focused on polymer identification, the role of mineral additives is often neglected, despite their significant 
impact on processing behaviour and final properties of recycled materials. In white PP, titanium dioxide (TiO₂) 
and calcium carbonate (CaCO₃) are widely used additives that produce a similar visual appearance but fulfil 
fundamentally different functions. TiO₂ is employed as a high-refractive-index pigment, providing opacity and 
brightness at low loadings and influencing photo-oxidative stability of polymers (Day, 1990), whereas CaCO₃ is  
primarily used as a low-cost mineral filler, typically added at higher concentrations, with a marked effect on 
density, melt rheology and mechanical response of PP (Chan et al., 2002; Fuad et al., 2010; Peng et al., 2021). The 
uncontrolled mixing of  white  PP fractions containing different  types and amounts  of  mineral  additives  can 
therefore  lead to  variability  in  extrusion stability,  melt  filtration and product  performance,  highlighting the  
limitations of sorting approaches based solely on colour or polymer type. In this work, the potential of short-wave 
infrared (SWIR: 1000–2500 nm) hyperspectral imaging (HSI) for the discrimination between white PP+TiO₂ and 
PP+CaCO₃. Hyperspectral data of these PP samples were analysed using chemometric approaches to exploit subtle 
differences in spectral signatures associated with the presence of the two additives within the polymer matrix.  
Based on this information, a classifier capable of distinguishing PP+TiO₂ and PP+CaCO₃ was constructed. The 
SWIR-HSI classification results were independently validated by micro-X-ray fluorescence (micro-XRF) analysis, 
enabling the direct detection of Ti and Ca as elemental markers of the respective additives. The combined SWIR-
HSI and micro-XRF multi-analytical approach demonstrates the feasibility of distinguishing visually similar white 
PP waste according to their mineral formulation. These results confirm the potential of SWIR-HSI as an advanced 
sorting tool for plastic recycling, enabling improved control of feedstock composition and contributing to higher  
quality and more reliable plastic recycled products.
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