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To create a value chain for multilayers recycling and reuse in the food and agriculture packaging markets, in a systemic way, considering all
aspects of the value chain

4 The recycling processes will be

developed according to Types of waste
current European legislation.

O°
Modificati £ h Food waste
odification of suc
& legislation and standards ...A
_ could be proposed to increase Agricultural waste —
multilayer films recyclability. éom l
o -

New designs will be proposed

including :

Multilayer structures more recyclable
- Multilayer compositions including

- recycled materials
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NIR identification relies on inner characteristics
of the multilayer films: Composition,
transparency, number and thickness of layers...
When a combination of NIR, metal detection
and Digital Watermarking is used, up to 99% of
sorting efficiency can be expected.

A novel pilot recycling
line with in-line adaptive
melt rheology control
and additivation will be
used to stabilize and
upgrade targetted
properties of recycled
stream, such as melt
flow properties
(targetting e.g. less than
+15% variance in melt
flow index for recycled
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Decontamination will remove toxic and hazardous
substances, but also more than 80% reduction of VOCs,
by using conventional stripping agents and supercritical
CO2 if necessary. The Overall Migration Limit should be
low enough to return to food contact applications.

feedstock).

Physical recycling is based on - The objective of mechanical
dissolution and precipitation of the recycling is to make new high gas
polyolefin contained in the barrier films. 2 innovative

o Multilayer films that cannot be processes will be used : continuous

‘\ Clm O mechanically recyclgq. The . extensional flow mixing and
< p process uses a low boiling point multinanolayering extrusion. Bi-

solvent, and up to 90% recovery of axial stretching can also improve

the PO present should be reached. the barrier properties if needed.
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Sorting: Preparation of ML Flexible Materials

In CIMPA, the sorting was approached in two ways. First by improving NIR detection using
advanced chemometric methods. Then by building and running an innovative prototype that
combines NIR and Watermarking detection.
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Sorting: Sorting ML using
combined NIR+DW

- The prototype combines the Curvcodes Reading System (Watermarking) from Filigrade with
Mistral + Connect optical sorter from Pellenc ST (NIR spectroscopy)

v CRS is designed to be easily v The combination of NIR and DW is key for
Implementable above conveyor belts in performance:
MRFs * 99% detection rate in combined mode
v It enables sorting based on criteria needed » Sorting efficiencies from 91% up to 97% in
for closed loop recycling, such as : combined mode at 500kg/h
 Food grade vs Non-food grade

@ TRL7-8 : MRF industrial test conditions to be
« Composition tested

(\ > More info on White Paper €< 21/11/2024 | 5
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Waste decontamination

One of the great limitations of placing recycled
plastic materials on the market is the possibility that
they present certain amounts of polluting
substances that may cause alterations in the
properties of the plastics, safety issues and rejection
by consumers (bad odors).

Advantages for multi-layer recycling:

v Increase consumer acceptance of recycled
plastics.

v Eliminate, or reduce, the presence of substances
that may imply certain limitations or safety issues.

v Obtain a high-quality recycled material for close
or open-loop applications.

€ cimpa

AIMPLAS

INSTITUTO TECNOLOGICO
DEL PLASTICO

¢

Decontamination in
CIMPA:

1.

Multiple-step decontamination of
pre-consumer and post-consumer
multilayer films.

Develop of a custom
decontamination strategies in term
of process conditions, according to
the type of material.

Use of specific stripping agents to
maximize volatile removal.

21/11/2024 | 6



AIMPLAS

INSTITUTO TECNOLOGICO
DEL PLASTICO

Post-consumer waste ®
decontamination with ScCO,

The aim is to reduce the VOCs content, reduce odor and improve the mechanical properties of the material.
Different strategies have been assessed on pre-treated materials (pre-consumer and post-consumer), studying the efficiency
of different stripping agents, process conditions, equipment in the TVOC reduction of each tested materials.

Process Results

Conventional ; X il A e o Y XL 4
devolatilization: TSE B U= =0 ¢ e B ¥ I . I

Post-consumer household PE/PET Post-consumer household PE/PA  Post-consumer monolayer PE
silage films

m Control ® Decontaminated

Vacuum degasing
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Special -
devolatilization: : f . B
Tandem SSE g o

Post consumer household PE/PA Tandem decontamination
(control)
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With both process VOC content is below target of 10ugC/g




Upgrading: VAREX upgrading of multi-layer m

recyclates

VTT's VAREX is an advanced mechanical recycling
pilot line with adaptive in-line viscosity control for
stabilizing and upgrading the rheological and final
properties of recycled multi-layer and multi-
material films.

Advantages for multi-layer recycling:

v/ Match the material specifications and rheological
properties for conversion.

v Counteract the detrimental effects of feedstock

quality variations and polymer degradation by
smart additivation.

v' Significant increase in recycling rates and
enhance the circularity of plastic packaging.

€ cimpa

VAREX process at
TRL5—6 in CIMPA:

1.

Adaptive stabilization of physically
recycled polymers from multi-layers
(polyolefins recovered via
dissolution-based recycling).

Compatibilization of multi-material
polymer blends (e.g. r-PE/PP, r-
PE/PA, r-PE/PET) for mechanical
recycling and reprocessing.

Tuning of the melt-flow properties to
ensure good processability of the
upgraded recyclates back into
prototypes, demonstrators and,
finally, high-value products (e.g.
new multi-layers).



Upgrading: VAREX results in CIMPA
CIMPA feedstocks for VAREX | Extensional viscosity
processing
(up to 100+ kg scale at TRL 6).

3 Post-consumer r-PE/PA, r-
PAPREC PE/PET and r-PE (agricultural)
multi-layer films
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—o—100% r-PE/PA MNL (no comp.) |
CIMPA-085 (95% recycled) 1
—o—CIMPA-086 (85% recycled)
—o—CIMPA-087 (70% recycled)
. = LDPE Lupolen 2426F
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Compatibilizer
effect

Shear or extensional viscosity [Pa*s]

Physically recycled polyolefins
from complex multi-layers

RN
o
N

| 210°C
Throughput 25 kg/h

. . 0 1 2 3 4
Virgin-material-based model 10 10 10 10 10
compounds Shear or extensional rate [1/s]

(L-/LDPE, PA6-66, EVOH, PP, PET etc.) In-line viscosity profiles during mechanical recycling &
upgrading of CIMPA PE/PA multi-nanolayer prototype. | o




Mechanical recycling: The METEOR® Pilot line

Continuous Extensional Flow Mixer METEOR®

Patent n°1656930 (B1),
23/11/2018, S. Mani, L.
Pivard, H. Duthel

Extruder

Original design of Strong Recombination

screw and barrel extensional strain of the flow

» High quality of dispersive and distributive mixing,
with...

& Modular screw and barrel design for flexibility

' o | y - Pressure
® Real-time process data supervision S “ sensors

Meteor® mixing technology bring together all the benefits of recycling and

successful compounding in one process

€ cimpa S




Mechanical recycling: The METEOR® Pilot line

METEOR® as valorization tool in the scope of CIMPA

Films based on
representative
model blends

Films based on industrial and
post-consumption wastes

Elongation at break (%), Transverse direction

600

i Twin-screw extruder (TSE) m Standard Extrusion

METEOR/Cast film line 500 ﬂ el = METEOR
1 . B — | |
. S G - Arrbeid. = 400 -
LDPE/EVOH with and without
APaEE 300 |
compatibilizers + i 40
.., Single-screw extruder (SSE) 200 460 380
100 -
0 =
LDPE/EVOH, LDPE/PA and PE+EVOH+Compat PE+EVOH+Compat  PE+PET+Compat PE+PA+Compat
LDPE/PET with and without 87/5/8 87/5/8 94/5/1 80/15/5

compatibilizers TSE

Tremendously high elongation at break (TD) when employing METEOR®+SSE

In this context, METEOR®+SSE is pretty much equivalent to that of TSE
€ cimpa S



Mechanical recycling: MNL (Multinanolayering) process

Principle
Extruder _ | Extruder
A Feedback B
Wam
O LME LME
Layer multiplying - -~ ﬁ .
elements (LME) - : , — ‘ .
Sheeting die - A/B/A
3 layers
Chill roll -
Messin T., Marais S., Follain N., Guinault A., Gaucher V., Delpouve N., Sollogoub C. Biodegradable 4
PLA/PBS multinanolayer membrane with enhanced barrier perfomances. J. Membrane Science. Vol. -~ ey
598 (2020) - <LV
Multilayer

1000 nm
% -' N

3 7
2 5N

Layers architecture: Number of layers
e A/B _ oN+1

b A/B/A = 2N+ 4 1
A/B/C/B/A =2x2N1 41

N= number of multiplier elements

& Maximum multiplier element: 10

& Maximum number of layers : 4097

Layer Thickness and crystalline dimension

3Dspherulites 2D spherulite ke Stacked Lamellae  Single crystl @ Possibility to add external layer before the exit. ., | 1
Carr J.M. Langhe D.S. Ponting M.T. Hiltner A. Baer E. Confined crystallization in polymer nanolayered (:e nca psu Iatio n)

films: A review. J. Mater. Res. Vol. 27 No. 10 p. 1326-1350 (2012)



Mechanical recycling: MNL (Multinanolayering) process

MNL as valorization tool in the scope of CIMPA

Films based on
representative

Films based on industrial and

model blends post-consumption wastes

Tensile Modulus (TD) and OTR
MNL PE/PA 85/15

0 1 Elongation at break (TD) %

Effect of the layers' number on the
barrier properties against oxygene
for a LDPE/PA pair at fixed LME
configuration and winding speed

e OTR (mL/(m?.day))

g N N
8 8 8 &
OTR mL/(m?*.day)

b
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— ' Elongation at break (TD) and OTR
O LME - 4 LME - 5 LME - 6 LME - 8 LME - 9 LME - Modulus (Mpa)

MNL PE/PA 85/15

3 layers 33layers 65layers 129layers 513 layers 1025 layers
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Effect of interaction LME
configuration/winding speed
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Tensile Modulus MPa (TD)
N
&
w
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o
OTR x thickness mL.cm/(m?.day)

on the barrier properties .y 1,
i | . 50 -
a. Single-screw extruder Polymer systems: Starting layer agal Nnst oxygene for a 100 i e
b. Twin-screw extruder «  LDPE/EVOH | arrangement: A/B/A . 360 100
¢ MNLunit < LDPE/PET  +  LDPE/EVOH/LDPE LDPE/PA pair at constant - 13 o
d. Cast film die «  LDPE/PA «  LDPE/PET/LDPE J I
e.  Chill roll > winding system . LDPE/PA/LDPE layers’ number immin  Ajmun  26mioin  iGwmin  Zomin  20mgmin

Effect of the number and the localization of multiplying element on the mechanical
and barrier properties




Physical recycling of multi-layer films TNO

In CIMPA, the physical recycling route focusses on
dissolution and precipitation of the polyolefin (PO)

contained in those multilayer films where Physica| recyC| | ng N
mechanical recycling leads to a low-quality product. CIMPA:

. . 1. Recovery of PO from “non-
Advantages for multi-layer recycling: mechanically” recyclable foils, e.g.

metallised foils

v" Selective recovery of PO while all non-PO

materials, colorants and impurities are removed. . Dissolution technology scale-up
v Hi , , o from TRL4 (100g scale) to TRL5
igh quality product for high-value applications. (kg scale)
v" Enhance the circularity of plastic packaging with . r-PO will be recompounded with
value retention of end-of-life multilayer films, aim at food contact applications
especially the non-mechanically recyclable

streams.

€ cimpa S



Physical recycling results in CIMPA TNO

 The feasibility of PO separation from other non-
PO materials in the ‘complex’/non-mechanically
recyclable multilayers was demonstrated by
using TNO Mobius dissolution technology at
TRLA4.

* A high quality white product recovered with a
high process yield (up to 90% of PO present in
the film).

* Product analysis showed that all non-PO
materials were removed, including the majority
of stabilizers.

Metallised multilayers Recovered polyolefins

 Therefore, the recovered PO should be
recompounded with re-addition of stabilizers.

PO recovery with TNO Mobius technology demonstrated at TRL4 and ready to be scaled to TRL5 (kg scale). |

€ cimpa
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Transversal work

Definition of
industrial
S E——— Unders‘gand the needs and .
constraints of the value chain on
a technical and economical

Consumer and N
PIOSP=EX stakeholder approac
\ institute ’ engagement
vy deC'.rCUIatr't{ oy Design the right structures to
Levaatech sign strategies ,
yg be produced in other WPs — ’ T
according to previous rediarand compiian
Food contact g o p : : multilayer film for food and
AIMPLAS  sesossrmont and speaﬂca‘uons fand ve.r|fy their agricultural industries
ETIUTO TECH0L0GK0 : compliance with their use case.
compliance to
agriculture
standards
TNO LCAand LCC
analysis
Ensure the relevance of the
Legislative/ solutions
EURIC normative

-°--‘.° compliance
F Cernrl\vl p 21/11/2024 | 16



o
a circular
multilayer plastic approach
for value retention of end-of-life
multilayer films

Do you have any questions?
Follow the project updates
https://cimpa-h2020.eu/
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This project has received funding from
the European Union's Horizon 2020 research and innovation programme
under grant agreement N° 101003864
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