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INTRODUCTION

The increasing use of biobased plastics such as polylactic acid (PLA) in food packaging and
single-use applications has led to growing volumes of post-consumer bioplastic waste.
Although PLA is often associated with compostability, mechanical recycling remains a more
resource-efficient strategy when suitable collection and processing routes are available.
However, contamination of post-consumer streams remains a major barrier to a closed-loop
mechanical recycling process, particularly for food-contact applications.

To enable circular management of PLA waste, effective decontamination technologies must
ensure both high contaminant removal efficiency and preservation of the polymer’s properties.
Conventional washing and mechanical treatments may be insufficient for organic contaminants,
while thermal treatments risk inducing molecular degradation. In this context, decontamination
process with supercritical CO2 (scCO2) has emerged as a promising green solvent due to its
tunable solvating power, moderate critical conditions (31.1 °C, 73.8 bar), and inert
characteristics. Although scCO: has been investigated for conventional plastics, to our
knowledge, its application to biobased polymers such as PLA, particularly under realistic
contamination scenarios and scaled processing conditions, remains insufficiently documented.

The present work addresses this gap through a controlled challenge test approach involving
artificial contamination of PLA, followed by decontamination using scCO: at both laboratory
and semi-industrial (pilot) scale. Beyond evaluating contaminant removal efficiency, particular
attention is given to the impact of contamination and decontamination on the physicochemical
and rheological properties of PLA, which are critical for the subsequent integration of recycled
PLA onto new products.

This research is conducted within the framework of the MOEBIOS project (EU and Circular
Bio-based Europe Joint Undertaking — CBE JU, Grant Agreement No. 101157652), which aims
to develop circular solutions for biobased plastic waste valorization.



EXPERIMENTAL SECTION

Materials

Commercial-grade polylactic acid (PLA) pellets were used as reference material..
Artificial Contamination (Challenge Test)

Artificial contamination was performed using representative surrogate compounds selected
following established challenge-test protocols for conventional polymers as PET. Surrogates
were chosen to represent a range of molecular weights and polarities in order to simulate worst-
case contamination scenarios. PLA samples were exposed under controlled temperature and
contact conditions to ensure contaminant absorption within the polymer matrix. Initial
contaminant concentrations were quantified prior to decontamination to establish baseline
contamination levels.

Supercritical CO2 Decontamination

Decontamination experiments were conducted using supercritical CO2 (scCO-) technology at
both:

e Laboratory scale (batch process ,reactor capacity: 1)
e Semi-industrial pilot scale (batch process, reactor capacity: 2x100l)

Operating parameters (pressure, temperature, residence time, CO: flow rate) were optimized to
maximize contaminant extraction while minimizing thermal or hydrolytic degradation of PLA.
Identical processing windows were applied where possible to enable scale comparison.

The analysis and dossing of the artificial contamination with surrogates and the
decontamination efficiency were evaluated with two analytical methods: Gas Chromatography—
Mass Spectrometry with Headspace Sampling (HS-GC-MS), and High-Performance Liquid
Chromatography with UV Detection (HPLC-UV).

Physico-chemical and Rheology characterization

To evaluate the impact of contamination and decontamination on material integrity, the
following analyses were performed: Differential Scanning Calorimetry (DSC) to assess glass
transition, crystallization behavior, and degree of crystallinity; Thermogravimetric Analysis
(TGA) to determine thermal stability and degradation onset; and Small-Amplitude oscillatory
rheology as well as capillary rheology to evaluate melt viscosity and shear-thinning behavior.

RESULTS

Artificial contamination of PLA using representative surrogate compounds successfully
simulated worst-case post-consumer contamination scenarios. Supercritical COz (scCOz)
treatment enabled substantial removal of surrogates at both laboratory and semi-industrial
scales.

Comparable decontamination performance across scales demonstrates process robustness and
confirms the scalability of scCO. extraction under intensified operational conditions. This



scale-up validation represents a critical step toward industrial implementation within recycling
frameworks.

Preliminary thermal stability data show no significant reduction in degradation onset
temperature after scCO: treatment, suggesting that high-pressure CO: exposure does not
promote thermo-oxidative damage or accelerated chain scission.

Rheological investigations are currently being conducted to quantitatively assess changes in
melt viscosity and entanglement density following decontamination.

Collectively, these findings indicate that scCO2 decontamination achieves efficient contaminant
removal (~90%) while maintaining the physicochemical characteristics.

CONCLUSIONS

This study demonstrates the feasibility of supercritical CO. technology (scCO-) as an effective
decontamination for artificially contaminated PLA within recycling-oriented processing
schemes. The challenge-test approach confirms that scCO. treatment enables significant
contaminant removal at both laboratory and pilot scales, supporting its scalability and process
robustness.

The combination of artificial contamination, scale-up validation, and comprehensive material
characterization provides new insights into the integration of innovative extraction technologies
within  mechanical recycling routes for biobased plastics. By demonstrating that
decontamination efficiency can be achieved without compromising key material properties, this
work contributes to the development of technically viable circular strategies for PLA waste
streams.
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