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CHALLENGES IN PLASTIC RECYCLING
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SOLVENT-BASED RECYCLING
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❑ Solvent-based recycling/ 

Dissolution recycling 

(physical recycling): 

Polymer structure remains 

intact ≠ chemical recycling



DISSOLUTION-PRECIPITATION TECHNIQUE
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Figure redrawn and adapted from J. Sherwood (2020) Closed-loop recycling of polymers using solvents. 

Johnson Matthey Technology Review. pp. 4-15



OVERVIEW
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Rheology/Viscosity of polymer solutions

• Review & Implications for dissolution recycling (e.g. filtration & 
centrifugation)

• Polymer entanglements & concentration range for dissolution 
recycling 

• Prediction of viscosity 

Removal of insoluble particles from PS-based waste

• Pigments & rubber particles from HIPS

• Filtration & Centrifugation

• Modeling & Scale-up consideration



VISCOSITY OF POLYMER SOLUTIONS
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VISCOSITY MEASUREMENT OF POLYSTYRENE SOLUTIONS
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Experimental conditions: 

❑ Solvents:

• o-Xylene

• Butyl acetate

• THF

• Limonene

• Geranyl acetate

• Anisole

❑ T: 25, 40 and 50 °C

❑ Shear rate: 1 -1000 s-1 

❑ cpolymer: 5 and 39 wt% 
❑ Newtonian behaviour up 

to 15 wt%

❑ Visible gels at higher 

polymer concentration 

(>25 wt%)

Figure from V. Carnicer et al. 

(2020), Open Ceramics 5,100052.



VISCOSITY OF PS SOLUTIONS
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DETERMINATION OF ENTANGLEMENT CONCENTRATION
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Experimental results: ce = 13 – 15 wt%

ce – entanglement concentration



PREDICTION OF VISCOSITY

12

Regression analysis - Partial least squares regression model 

❑ c → positive contribution, T → negative contribution

❑ Validation with external dataset

ln 𝜂0 = −8 + 0.38 ln 𝜂𝑠 + 0.0038 𝜌𝑠 + 0.0055 𝑀𝑃
−0.69 𝑅𝐸𝐷 − 0.01𝑃 + 0.0024 𝑀w+ 0.23 𝑐

−0.019 𝑇 + 𝜀

RMSECV - root-mean-square error of cross-validation

R2
CV - cross-validated coefficient of determination

RMSEP  - rootmean- square error of prediction



REMOVAL OF INSOLUBLE PARTICLES
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EXPERIMENTAL PROCEDURE
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INSOLUBLE PARTICLES
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PS/Carbon black PS/Cr/Sb/Ti oxide PS/TiO2

HIPS

❑Pigments: 0.1 < d < 100 µm

❑Rubber particles of HIPS:  1 < d < 20 µm

Inorganic pigments

HIPS rubber particles



MICROFILTRATION
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Experimental conditions: 

❑Different membranes: 0.1 µm, 0.45 µm, 1 µm  

❑ 5 wt% polymer solutions

❑ 0.1 µm: low flux but high turbidity reduction 

❑ 1 µm: high flux but low turbidity reduction



MICROFILTRATION

17

Model for understanding 

underlying fouling mechanism

Experimental conditions: 

❑ 0.1 µm membrane

❑ 5 wt% polymer solutions



CENTRIFUGATION
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Experimental conditions: 

❑G-force of 14052 

❑ 5 wt% polymer solutions

❑ 100% turbidity reduction 

for rubber particles and 

pigments (TiO2, Cr/Sb/Ti

oxide) in limonene

Sigma Theory

Tubular bowl centrifuge

Figure from GN separation 

(https://www.gnseparation.com/hi

gh-speed-tubular-centrifuge).



POLYSTYRENE-BASED WASTE
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Rigid PS packaging waste



SOLVENT INFLUENCE
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CONCLUSIONS
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Intechopen, 2021❑ Viscosity of polymer solutions plays an important role 

in dissolution recycling -> above entanglement 

concentration viscosity increases drastically;

❑ Regression model for PS viscosity prediction;

❑ Centrifugation is a promising technique to remove      

insoluble particles;

❑ 2 – step separation process can be beneficial to 

reduce resistance to filtration;

❑ Solvent screening for removal organic substances; 
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