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1. Introduction 

Supercritical fluid extraction, particularly using supercritical carbon dioxide (scCO2), represents a promising and 

sustainable technology for the removal of additives, contaminants, and low-molecular-weight compounds from 

polymeric matrices [1]. Compared to conventional solvent-based extraction methods, scCO2 offers significant 

advantages in terms of reduced environmental impact, enhanced selectivity, and preservation of the intrinsic 

properties of the polymer [2]. 

The presence of additives and oily fractions in polymeric materials represents a major challenge for recycling 

processes, as it limits polymer reusability and negatively affects final material properties [3]. In this context, 

extraction using supercritical carbon dioxide (scCO2) has emerged as a promising and sustainable technology for 

the removal of low-molecular-weight compounds from polymer matrices, owing to its high diffusivity, tunable 

solvating power, and low environmental impact [4]. 

Several studies have demonstrated the effectiveness of scCO2 in extracting plasticizers and contaminants from 

polymers [5]. Although supercritical CO2 extraction has shown significant potential for removing additives and 

contaminants from polymeric matrices, its effectiveness in relation to polymer morphology has received limited 

attention, particularly in the context of recycling-relevant materials. This preliminary study aims to investigate the 

influence of polymer physical form on oil extraction efficiency in HIPS, as a first step toward assessing the 

applicability of scCO2-based decontamination strategies for polymer recycling. 

2. Materials and Methods. 

In this work, a high-impact polystyrene (HIPS) matrix containing 16 wt% oil was prepared and subjected to 

scCO₂ extraction, comparing two different physical forms of the material: pellets and powder. 

2.1. Blend Production. 

The polymer blend was prepared by melt compounding using a co-rotating twin-screw extruder. Virgin HIPS was 

used as the polymer matrix, while sunflower oil was introduced during extrusion to obtain a final oil content of 16 

wt%. The extrudate was cooled in water and pelletized. 

Part of the obtained pellets was subsequently cryogenically ground to produce a powder, allowing the comparison 

of two different polymer morphologies, pellets and powder, originating from the same formulation. 

2.2. Supercritical CO2 extraction. 

Supercritical CO2 extraction experiments were carried out at 60 °C and 400 bar for 2 h, using a continuous CO₂ 

flow rate of 30 g/min. For each run, equal masses (6 g) of HIPS pellets and powder were treated under identical 

conditions to directly compare extraction efficiency. Virgin HIPS samples were also subjected to the same 

extraction conditions to evaluate the removal of intrinsic low-molecular-weight species. 

2.3. Characterization. 

The materials before and after extraction were characterized by differential scanning calorimetry (DSC) to evaluate 

changes in glass transition temperature (Tg), Fourier transform infrared spectroscopy (FTIR) to monitor oil-related 

functional groups, and proton nuclear magnetic resonance (1H NMR) to quantify the residual oil content in the 

polymer matrix. 



3. Results and Discussion. 

3.1. Differential Scanning Calorimetry (DSC). 

DSC analysis confirmed the plasticizing effect of sunflower oil on HIPS, as evidenced by a marked decrease in 

the glass transition temperature (Tg). After supercritical CO2 extraction, the virgin polymer showed a slight 

increase in Tg, suggesting the removal of low-molecular-weight species. This observation may be attributed to the 

extraction of low molecular weight oligomers from the polymer matrix, a hypothesis that will be further 

investigated using GPC. 

For oil-containing samples, the Tg increase after extraction was strongly dependent on polymer morphology. While 

pellets exhibited only modest change, the powdered samples showed a much more pronounced Tg increase, 

indicating a significantly higher extraction efficiency. This behavior is consistent with the higher surface area of 

the powder, which enhances mass transfer during supercritical CO2 treatment. 

3.2. Fourier Transform Infrared Spectroscopy (FTIR). 

FTIR analysis further confirmed the extraction results. A clear reduction in the IR peak associated with the C=O 

(1749 cm-1) bond of sunflower oil was observed on the powder sample after supercritical CO₂ treatment, indicating 

effective removal of the oil from the polymer matrix. This trend was consistent with the DSC results, which showed 

an increase in Tg, particularly pronounced for the powdered samples with higher surface area. 

3.3. Proton Nuclear Magnetic Resonance (1H-NMR). 

¹H NMR analysis qualitatively confirmed the different extraction efficiencies, revealing a substantially lower 

residual oil content in the powdered samples compared to the pellets after supercritical CO2 treatment. These 

results further highlight the strong influence of polymer morphology on the effectiveness of the extraction process. 

4. Conclusion. 

Overall, these preliminary results indicate that polymer morphology plays a key role in supercritical CO₂ extraction 

efficiency, with powdered HIPS showing a markedly enhanced decontamination compared to pellets. While these 

results demonstrate the potential of the method for decontamination and partial upcycling, they also highlight a 

limitation: the use of powdered polymers may pose challenges in practical recycling processes. 

To further investigate, future experiments are planned in which HIPS pellets will be immersed in oil. This approach 

is expected to deposit oil mainly on the surface of the pellets, avoiding excessive absorption as occurs during 

extrusion, and will allow assessment of the extraction efficiency under more realistic contamination conditions. 
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