Removing solvent traces to achieve food quality polymers from dissolution recycling
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1. Introduction

Plastic waste management remains one of the most pressing challenges in achieving a circular economy. Among
the emerging solutions, solvent-based recycling stands out as a highly promising approach because it enables the
removal of impurities while preserving the polymer’s original structure. Unlike mechanical recycling, which often
compromises material properties, this method uses selective solvents to dissolve the polymer, followed by
purification and recovery steps (Kol et al., 2024). However, the efficiency of this process hinges on one critical
stage: drying the recovered polymer. Drying not only determines energy consumption and processing time but also
directly impacts the quality of the recycled material (Tanaka & Inasawa, 2025; Velaga et al., 2017).

Polystyrene (PS), widely used in packaging and consumer goods, poses unique drying challenges due to its
amorphous structure and relatively high glass transition temperature (Tg). Residual solvents can degrade
mechanical strength, thermal stability, and even color, making controlled and efficient drying essential for
producing high-quality recycled PS (Pin et al., 2023). This study investigates how solvent properties and drying
temperature influence the drying rate of PS, aiming to provide insights that can guide process optimization in
solvent-based recycling.

2. Methodology

Thermogravimetric analysis (TGA) is employed as the primary experimental technique. TGA offers precise
control of temperature and continuous monitoring of mass loss, making it suitable for studying drying behavior
under well-defined conditions. Isothermal TGA measurements are performed at the designated temperature
regimes, and mass versus time data are recorded until solvent removal reaches a stable plateau. The resulting
drying curves provide quantitative information on the rate and extent of solvent evaporation under different
conditions. An example of a drying curve can be seen in figure 1. Replicate measurements are included to ensure
reproducibility, and baseline corrections are applied to account for instrument drift and buoyancy effects.
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Figure 1: Percentage weight loss (W loss %) versus time for HPMC film during the drying process at various temperatures.
Kopied from Velaga, Nikjoo, & Vuddanda, (2017)

3. Results and Discussion

The experiments enable direct comparison of drying behavior across solvent classes and temperature regimes. For
each condition, characteristic drying times are determined, and the influence of temperature relative to Tg is



assessed. The data analysis focuses on identifying differences in drying profiles when the polymer is in a glassy
state, rubbery state, or near processing conditions. These comparisons allow evaluation of how polymer mobility
and solvent volatility interact to influence drying kinetics. While the study does not aim to predict industrial
performance directly, the controlled TGA measurements provide fundamental insights that can inform process
design and optimization.

The relevance of this work lies in its application to solvent-based recycling processes, where drying is often
a rate-limiting step (Guerrier et al., 1996). Efficient solvent removal reduces energy demand, shortens cycle times,
and minimizes the risk of thermal degradation during subsequent processing. In addition, understanding the
relationship between solvent properties, polymer thermal state, and drying behavior supports the development of
guidelines for selecting drying conditions that achieve low residual solvent levels without compromising material
integrity. Such guidelines are important for ensuring that recycled PS meets quality standards for extrusion and
molding applications.

The study also contributes to the broader goal of improving the sustainability of polymer recycling. By
providing quantitative data on drying kinetics, it enables more accurate estimation of energy requirements and
processing times, which are key factors in the environmental and economic performance of recycling operations
(Velaga, Nikjoo, & Vuddanda, 2017). Furthermore, the use of TGA provides precise and reproducible
measurements, offering a reliable foundation for future work on scaling up drying processes from laboratory to
industrial scale.

4. Conclusion

This research highlights the critical role of drying in solvent-based recycling of polystyrene. By systematically
examining three solvent classes across three thermal regimes, the study reveals how solvent volatility and polymer
thermal state interact to govern drying kinetics. These findings offer a foundation for designing drying strategies
that minimize energy use, reduce cycle times, and ensure material integrity. Key factors for scaling solvent-based
recycling to industrial applications.
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