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Towards closed-loop recvclin

( Solvent-based additive extraction\
from plastics
Pretreatment > « Delamination of multilayer
processes .
packaging
& Deinking of plastic films /
- Inks
- Adhesives
- VOCs
- Additives
- Residues
- Contaminants
i ILCI T Ty

France-Wallonie-Vlaanderen irsrone -

5



Published papers on

retreatment of plastic waste

Waste Management 104 (2020) 148-182
Contents lists available at ScienceDirect

Waste Management

ELSEVIER journal homepage: www.elsevier.com/locate/wasman
Challenges and opportunities of solvent-based additive extraction 1)
methods for plastic recycling e

Sibel Ugdiiler?, Kevin M. Van Geem ”, Martijn Roosen*, Elisabeth I.P. Delbeke ", Steven De Meester **

Chemistry
Full Papers Europe
ChemSusChem doi.org/10.1002/cssc.202002877 ol i

l\ Towards a Better Understanding of Delamination of
7 Multilayer Flexible Packaging Films by Carboxylic Acids

Sibel Ugdiiler,” Tobias De Somer,” Kevin M. Van Geem,"’ Martijn Roosen,”
Andreas Kulawig, Ralf Leineweber,” and Steven De Meester*?

PAPER

Green Chemistry «wp OF CHEMISTRY

M) Check for updates Towards closed-loop recycling of multilayer and

Cite this: DOI: 10.1039/d0gc00894;j

7 ROYAL SOCIETY

View Article Online
View Journal

coloured PET plastic waste by alkaline hydrolysis+

Sibel Ugduiler, 2 Kevin M. Van Geem, {2® Ruben Denolf,? Martijn Roosen,?
Nicolas Mys,** Klm Ragaert® and Steven De Meester*®

Contents lists available at ScienceDirect
Total Enﬁl?gﬁﬁém

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Deodorization of post-consumer plastic waste fractions: A comparison of R |
different washing media St

Martijn Roosen ?, Lies Harinck ?, Sibel Ugdiiler &b Tobias De Somer *°, Amaury-Gauvain Hucks %, Tiago G.A. Belé®,
Andrea Buettner “, Kim Ragaert ®, Kevin M. Van Geem ", Ann Dumoulin ?, Steven De Meester **

Chapter Contents lists available at ScienceDirect Contents lists available at ScienceDirect
. Waste Management i :
Recent Advances in Pre-Treatment |~ ¢ & g Resources, Conservation & Recycling
* . ELSEVIER journal homepage: www.elsevier.com/locate/wasman Z g e . . . ;
Of Plastlc PaC1<ag1ng Waste ' — ELSEVIER journal homepage: www.elsevier.com/locate/resconrec
Rita Kol, Martijn Roosen, Sibel Ugdiiler, Kevin M. Van Geem, Towards a better understanding of odor removal from post-consumer Full length article
Kim Ragaert, Dimitris S. Achilias and Steven De Meester plastic film waste: A kinetic study on deodorization efficiencies with Analysis of the kinetics, energy balance and carbon footprint of the

different washing media

Martijn Roosen ?, Tobias De Somer *°, Ruben Demets *, Sibel Ugdiiler *

, Valérie Meesseman ¢,

delamination of multilayer flexible packaging films via carboxylic acids

- o .. 3 . E: . b . - ™ E:
Bart Van Gorp ¢, Kim Ragaert ¢, Kevin M. Van Geem ”, Christophe Walgraeve , Ann Dumoulin ?, Sibel Ugdiiler *, Tobias De Somer *, Kevin M. Van Geem ', Juray De Wilde ", Martijn Roosen ",

Steven De Meester **

Bram Deprez“, Steven De Meester
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Delamination of multilayer flexible packaging

« 35 kg plastic packaging per inhabitant (2019)

-

\_

i ad v‘
: : 3
* Less than 20% recycling (Plastics Europe) ™
. - . ’ s

* European target of 55% plastic packaging recycling by 2030

*» Delamination through dissolution of tie layers ‘ /
/\ Outer layer: strong, printable surface, e.g. PET Sample Sample  Sample Sample Sample
- _\s*@ayer: e.g. PU 5 = & D E

/" . . . "
=~ Barrier layer: gas barrier, e.g. PVdC or aluminum ,! ; } \ .
- ﬁ_,, Iayer> { - ' ‘
Abrasion resistant layer, e.g. PA £ ; E T it PET o
— Food contact layer: strong, heat sealable, -~ ‘
moisture barrier, e.g. PE, PP \
\ cPP F:ET LDPE LDPE

Recovery of polymer layers without any dissolution/degradation iterreg
Lower amount of reagent (il . France-Wallonie-Vlaanderen
Dissolution of broader range of tie layers with carboxylic acids 5
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Delamination of multilayer plastic films

d Fundamental model was developed based on Fick's first law of diffusion and first-order
dissolution kinetics of PU adhesives

Flux Boundary
Layer Pl _ o, (1 _ Py} ) 3
dt [PUL]rq 100 %
Delaminated
— Plastic
Flu>f l _( L1 )—l
pIaStlc - kpol)'mer kboundnr_y [PUS] - [PUI]
Overall ] =Koy * Ci0
Flux
— 0.2 ! !
g 0,18 - | |
0,16 |
Legend % 0,14 I /'1
e m==== Boundary layer 2 | / |
o == Plastic1 g1 7 / I 3
o —— Plastic2 £ 88 | | |
e = Adhesive § W | / |
e mmmm Aly : 0,06 A )
e = Acid 2o0ul | / |
r — Diffusion process L o | / |
2 - : il  f
¢ > Dissolution process < B | te. CY
) 0 v ' Y ' v France-Wallonie-Vlaanderen tiiescine

» Dissolved PU 0 |50 1000 500 | 2000 2500 3000
These figures illustrate the delamination process, the thickness ‘ Time (s) ,

of the various layers does not correspond to reality.



Delamination of multilayer flexible packadings

Outer layer: strong, printable surface, e.g. PET f \
‘/ ) Tle Iayer: e_g_ PU Delamlnatlon Of
/ SN
Barrier layer: gas barrier, e.g. PVdC or aluminum
—

dissolution of tie

/<. multilayers by

Abrasion resistant layer, e.g. PA @yers Wlth formic aCidj

Food contact layer: strong, heat sealable,
moisture barrier, e.g. PE, PP

Optimization of

A Recovery of the Life cycle
delamination :
S medium assessment
Kinetic studies based on CCI: ASPEN model for mass Carbon footprint of the
« Temperature and energy balance delamination process for two

« Stirring rate different multilayer structures

« Solid/liquid ratio
« Particle size

iterreg
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Printed plastic fims

* The composition of inks

ﬂ Solvent 50-70%

 Dissolve resins

» Keep ink liquid to support ink transfer
* Viscosity control

* Drying speed

9
(. :
@ 0; Resins 20-30%

O
R
{7

 Binder for pigment stabilization
* Film former

: Pigments 6-30%

e Color

C(t12 | Additives 1-10%

 Improving specific properties like adhesion, slip, scratch resistance, etc.

1 Various types of polymer resins
depending on the application
 Different synthesis routes
1 Water-based
 Solvent-based
4 Oil-based
d UV-based
 Presence of coatings, lacquers

HILCTITCYy
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Deinking of printed plastic films

Cheese
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Comparison of maximum solubility

« Max solubllity of each polymer resin in different medium, at RT

We aim:

 To understand and improve
delamination procedures

« To gain knowledge on which polymer
resins are more suitable to obtain more
efficient deinking/delamination process

 To improve design for recycling

Max solubility (g/mL)

CVlics & e ted

@100 v% HCOOH [ UGent process @ 2 w% NaOH sol. 110 CMC CTAB sol.

B 100 v% DMCHA [ 100 v% ethyl acetate M 100 v% acetone

CTAB: Cetrimonium bromide
DMCHA: N,N-dimethylcyclohexylamine 1HHILCTITCY
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(TSN IPPYISY  Naruwurwetenschappen

D e i n ki n ! l Sibel Ugdiiler wint de Eos Pipet 2022

1 New deinking route (patent is filed)

« Single step delamination and deinking of plastic packagings
« Removal of different types of inks, including UV-based inks
« Single reagent

« Recovery of polyolefins and heteropolymers e.g. PET

Uv_PP UV_PP UV_PP UV_PP PET/PE PE/OPP PET/AI/PP

A m Mm@

PP

PP PP

PP

Inte fl t:y




Pilot plant

_ . Large scale industrial operations on
Full Design for delamination and First uptake at scale of 5000 delamination and deinking as
deinking advice 10000 ton/y breakthrough for closed loop recycling

scale DESIGNING of flexible packaging
FORA —
CIRCULAR
sl Industrial uptake
Pilot
scale o e |
A 3¢
’\; '
47"’. L a5 I Developing new deinking
¥ /Q i\\ ‘ f?l‘} —@D [ methods and reactor systems
N € UL e CLARIFY 4 )
v . el M B S - - |
et F— Lommrien’ ..:-;_“- - rm—— ey wi—] — — J -
BenCh Y B TR | Membrane [ ,
scale - ‘(' ! , ' *_ = __
~ R e . . . :
; @ S 2 e Extending and improving = Clean polymer
> R T the chemical wash concept ! \;
| . Ye @ @ @ Newdelamination and deinking processes
& iy il' A 4 2 I based on more fundamental InSightS \ Additive hardly any Solubl"ty in SOlventy
2019 2020 2021 2022 2023 2024 2025

Lab-scale Patent
PoC | application

Commercialisation I n t e r r e g
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