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SOLVENT-BASED RECYCLING

d Solvent-based recycling/
Dissolution recycling
(physical recycling):

Polymer structure remains
Intact + chemical recycling
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DISSOLUTION-PRECIPITATION TECHNIQUE
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@ Colored plastic
® Dissolution
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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
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Toward More Universal Prediction of Polymer Solution Viscosity for
Solvent-Based Recycling

Rita Kol, Pieter Nachtergaele, Tobias De Somer, Dagmar R. D’hooge, Dimitris S. Achilias,
and Steven De Meester™
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VISCOSITY OF POLYMER SOLUTIONS
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VISCOSITY MEASUREMENT OF POLYSTYRENE SOLUTIONS

Experimental conditions:

4 Solvents:
* 0-Xylene
» Butyl acetate
« THF
e Limonene
« Geranyl acetate
* Anisole
dT: 25,40 and 50 °C

L Shear rate: 1 -1000 st
5 and 39 wt%

4 Cpolymer:
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VISCOSITY OF PS SOLUTIONS

(a)
A Dilute . Semi-dilute . Semi-dilute : Concentrated
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DETERMINATION OF ENTANGLEMENT CONCENTRATION

PS/Geranyl acetate at 25 °C
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Table 2. Solubility Limit of Polystyrene in the Different
Solvents at Room Temperature and Entanglement

Concentrations, c,

PS solubility limit

[wt %]
solution
PS/o-xylene 539+ 10
PS/n-butyl 62.7 + 1.2
acefate
PS/THE 570+ 0.2
PS/limonene 47.1 + 04
PS/geranyl 409 + 0.1
acefate
PS/anisole 58.5 +£ 0.7

enfanglement concentration
[wt %]

temperature

20°C 25°C 40°C 50 °C

13.9
13.6

13.0
13.6
12.8

13.9

14.1
13.5

13.5
12.9

13.8

14.6
134

—
s L
=

14.0

[ Experimental results: c, = 13 — 15 wt% ]
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PREDICTION OF VISCOSITY

Reqgression analysis - Partial least squares regression model
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RMSEP - rootmean- square error of prediction



Separation and Purification Technology
Volume 325, 15 November 2023, 124682

ELSEVIER

Removal of undissolved substances in the
dissolution-based recycling of polystyrene
waste by applying filtration and centrifugation

Rita Kol 2 °, Elisabetta Carrieri ?, Sergei Gusev ?, Michiel Verswyvel <, Norbert Niessner ¢,

Angeliki Lemonidou ®, Dimitris S. Achilias °, Steven De Meester * O, =

REMOVAL OF INSOLUBLE PARTICLES

@ colored plastic
et Antisolvent @ Dissolution

c Filtration/Centrifugation
@ Addition of antisolvent

® Precipitation
@ Recovered polymer

\ 4 Polymer
<o Pigment

®
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EXPERIMENTAL PROCEDURE

Selection of
target
particles

Particle size Filtration &

analysis Centrifugation
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Modelling &
Scale-up

Application
on real
waste
sample

14



INSOLUBLE PARTICLES

Inorganic pigments 1 PSD of pigments in Limonene (d)
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MICROFILTRATION

Experimental conditions:
4 Different membranes: 0.1 um, 0.45 um, 1 pm
5 wt% polymer solutions
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MICROFILTRATION

Experimental conditions:
d 0.1 um membrane
5 wt% polymer solutions

Limonene
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Model for understanding
underlying fouling mechanism

(1) Complete blocking (2) Complete blocking + cake formation

\ .- Pigment

Membrane pores

(1) Standard blocking

LRI

Solvent (blue)
- PB-PS particles (internal black &
white circles)
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i > gh-speed-tubular-centrifuge).
\

CENTRIFUGATION Sigma Theorym o

Experimental conditions:
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POLYSTYRENE-BASED WASTE
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SOLVENT INFLUENCE

Membrane
Membrane

Clean polymer

/
Additive some solubility in xylene AL A S Additive hardly any solubility in limonene

Pigment blue 15:3
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CONCLUSIONS

 Viscosity of polymer solutions plays an important role
in dissolution recycling -> above entanglement
concentration viscosity increases drastically;

1 Regression model for PS viscosity prediction;

d Centrifugation is a promising technigue 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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