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RQCYCIaSS | Test campaigns: what, why & how?

What are RecyClass test campaigns?
* Tests of one or more packaging features according to RecyClass Sorting and/or Recyclability Evaluation Protocols.

Why does RecyClass perform test campaigns?
 Understand the effect of different features on plastic packaging recyclability by generating fact-based data.
* Use this knowledge to update the Design for Recycling Guidelines.

How does RecyClass do the test campaigns?
 Support from Members and non-members for sample provisions.
* Support from RecyClass Recognized Testing Facilities to carry out the tests.

DESIGN FOR RECYCLING TEST CAMPAIGN DESIGN FOR RECYCLING
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https://recyclass.eu/recyclability/design-for-recycling-guidelines/

RecyClass Test Campaigns: Process

RecyClass Coloured PE Flexible Films for Household and Commercial Packaging
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RecyC|aSS | Test campaigns: Laboratory testing

RecyClass Recyclability Evaluation Protocols are used as a reference to perform the tests.

PRE-TREATMENT INNOVATION
CONTAINER

GRINDING

TEST & RECORD
PROPERTIES

CONTAINER

TEST & RECORD
PROPERTIES

AR ELUTRIATION

INJECTION MOLDING S

Pl 1S BLENDS PREPARATION

B.100 (optional)

50% virgin pellet
50% A 100

[ :

BLOW MOLDING SHEET EXTRUSION —— TESTER



https://recyclass.eu/recyclability/test-methods/
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RecyC|aSS | Barrier Technologies

Organic
HO 1B
A ¥
- X= Y
EVOH Fluorination
ﬁ o
AHCHz%NH_C% c—C
n H Cl],
e PVDC
OH
OH
HO 2 o"%\o
HO n OH . n
PYon Cellulose

Reference: https://www.ipackchem.com/in-mould-fluorination/

Inorganic

Metallisation
AlOx coating
SiOx coating

Internal layer: EVOH, PVOH, PA, metallisation, AlOx coating, ...

Surface coating : Fluorinated layer deposit, SiOx coating, ...




RecyClass | Barrier Specifities

Barrier properties to: Main Advantages
coating/treatment

o
R I(\]’I)(?l/sgfunre EVOH Excellent moisture and gas barrier
o |_|ght Polyamides Aroma/0,-barrier with stiffness
* Aroma PVOH Excellent oxygen barrier
! PVDC Excellent moisture and gas barrier
[j Cellulose Biobased material with good oxygen barrier
et Fluorination Resistance to chemicals

AlOx
SiOx PA
Metallisation Light barrier

m AlOx Transparent, nm scale deposit
SiOx Transparent, nm scale deposit

Moisture permeability

Oxygen permeability




RecyC\aSS | Barrier Recyclability & Challenges

Many parameters to consider when evaluating the

recyclability of barrier materials: Yellowing of the recyclate

Nature of the barrier material Dark colouration of the recyclate

Concentration of the barrier material Non-molten materials

Presence of tie layers Filter saturation during pelletisation

Presence of compatibilizers Increase of volatiles

Presence of a primer Mechanical properties of recyclate

Presence of a topcoat High gels & specks level

Recycling processes and properties of the recyclate
can be affected by the barrier system resulting in a low
recyclability of the packaging.



RecyC|aSS | RecyClass Test Campaigns

v o
NATURAL PE
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ecyClass | Evo in Rigid Packaging

RecyClass Test Campaign on EVOH RecyClass Recyclability Approvals on EVOH

EVOH [wt %] | Mol % EVOH | Tie Layer [wt %] | EVOH/Tie layer ' : Level of

EVOH [wt %] | Tielayer [wt %] | EVOH/Tie layer o
HDPE compatibility

HDPE
PP
PP

4.0
39
33
3.0
4.2
39
4.2
43

Full
Full
Full
Full
Full
Full
Full
Full

(o)

32
27
32

(o)
w W
n N

(o))
w
N

YES - FULL COMPATIBILITY CONDITIONAL - LIMITED COMPATIBILITY NO - LOW COMPATIBILITY 48 FU ”
MATERIAL COMPOSITION A >=95%, B >= 90% and all packaging features are FULLY compatible with C >= 70% and all packaging features are FULLY compatible with recycling D >= 50%, E >= 30%, F <= 30% and all packaging features are FULLY
SEnlmonid agng e <= 30% and o pecagh bk Fu
PP ATTACHMENTS IN THE PACKAGING)
DESCRIFTION Materials that passed the testing protocols with no negative impact Materials that passed the testing protocols if certain conditions are met Materials that failed the testing protocols 49 FU I I
(TEST PROTOCOL) R OR OR
materials that have not been tested {yal) but are known to be acceptable in PE  materials that have not been tested (yet), but pose a low risk of interfering with PE  materials that have not been tested (ysn but pose a high risk of interfering with
recying rcyeing PE royang 5.8 Full
DESCRIFTIGN In case of at least one limited compatibility one penalty is applied, loweringthe  In case of at least one limited compatibility one penalty is applied, lowering the  In case of at least one limited compatibility one penalty is ppiaﬂ lowering the
nnnnn recyclability class from A to B or from B to C recyclability class from C to D recyclability class from D to E or from E 4 G FU”
MATERIAL HDPE; Muttilayers HDPE with PLA; PVC; PS; PET; PETG
MuliayurPE with HDPE prevalence (LLDPE, LDPE, MDPE) 4 G F I |
COLOURS All colours Black inner layer and dark colours (NIR-detectable) 'Non NIR-detectable colours. * U
sizE Items compacted < 5 cm tems compacted <2 cm 4 0 FU”
PRODUCT RESIDUES Aif the index is < 5%: B if the index is < 10% C if the index is < 15% D if the index is < 20%; E < if the index is 25%: F if the index is > 25%
EASY TO EMFTY NDEX ..
BARRIER EVOH < 6.0%w1 + PE-g-MAH tie layers with MAH > 0.1%w1 and EVOH:tie layers ratio <=  EVY 6.0%wl + PE-g-MAH tie layers wil 7 nl >0, | d EVOH.tie layers ratio <=  EVOH> 1%wimanyomrlnleyels 3.0 lelted
2; Enkase (fluorination) 2 EVGH 1% with any other tie layem Pla Flux L PA; PVI
e 30 Full
nucleating agents, peroxides) and density remains < 0,97 gicm® B iphotodagradable additives.

5.0
3.0

Full
Full



RecyC|aSS | EVOH in Rigid Packaging - Case study

Case Study
Innovation: HDPE with 6 wt% EVOH and 3% PE grafted with MAH (Tie layers)

Control material: One-time processed Hostalen ACP 583!

Flakes of innovation material Blends for extrusion Extrusion
A.0 100 0
A.25 75 25
A.50 50 50

Blends for bottle production

B.O 50 50 0
B.25 50 37.5 125
B.50 50 25 25




RecyClass

Pellets properties

| Extrusion and pellets properties

Standard Benchmark A0 A.25 A.50
recommendation
Bulk Density | £\ 45344 > 550 557 568 573
[kg m—]

] + 10 for A.25 and 939 936
Density . " 5 a4 =
kg m=3] ISO 1183-1 AS50vs. AD; 935 (+4kgm (+1kgm

< 995 (A.50) vs. A.0) vs. A.0)
1ISO 1133
'}:‘f“n':i‘g_‘?]‘ (190 °C. 02-09 03 03 03
9 216 kg)
Ash Content
[wit.—%] ISO 3451-1 <2 (A50) 0.0 0.0 0.0
; ) visual ] ; ; :
Filtration . - no build-up no build-up no build-up no build-up
inspection
Moisture moisture
[wt.-%] analyzer T 0.05 Leis Ll
Melting Point | I1ISO 11357-3
C] (DSC) 130 — 140 132 132 133
. visual
Impurities . ; — none none none
inspection
Surface . wsua_l — smooth smooth smooth
Appearance inspection
Volatiles 160 °C, +0.1 % for A.25 and 018 (* OD(-J'IUi s (+ gg}? 0%
-0 i - — - - -
[wt -%] 10 min AS0vs AD A0) vs. A.0)
PP content <2 for A.25 and
[wt-%)] DSC A 50 00 0.0 0.0
Delta Pressure | during stable <+10 % for A.25 076 - 1%%8 vs - Ia?; Vs
[MPa] run time and A.50 vs. A0 : B 0‘)' : B O‘)’ :

v/

1) Adapted from: Vuong, S., Léger, L., & Restagno, F. (2020). Controlling interfacial instabilities in PP/EVOH coextruded multilayer films through the surface density of interfacial copolymers. In Polymer Engineering &mp; Science (Vol. 60, Issue 7, pp. 1420-1429). Wiley.
https://doi.org/10.1002/pen.25389

10,0
85
8.0
85
8.0
7.5
7.0
8.5
6.0
55
50

Delta Pressure [bar]

1 2 3 4 5 67 8 9101112131415 18 17 181920 21 22 23 24 25 26 27 28 29 30 31 32
Time [min]

—_—f0 —AZE ABD

SEligussawan

1A.0 ]

Chemical reaction between EVOH and PE
grafted with MAH (1)

A25 T AS50

All properties within benchmark recommendations



RecyC|aSS Bottle production and properties

Bottle's properties

Standard Benchmark B.O B.25 B.50
recommendation
Bottle visual translucent, translucent, | translucent,
. . - - no no
Appearance inspection no inclusion . ; i
inclusions inclusions
Bottle visual
i . . ok ok ok
Integrity inspection
Bottle direct 241 mm 241 mm
Dimension measurement +5%vwvs BO 241 mm (+00% vs (+00 % vs.
(Height) B.0) B.0)
direct 532¢g 513g
1 0, 0, 0,
Bottle Weight measurement +5%vwvs B.O 51.14q (+ 3890;0 vs. | (= 0840.;0 VS,
. 1126 mL 1135 mL
Bottle direct +5%vs. B.O 1134mL | | c07%vs. | (+0.1 % vs.
Capacity measurement B.0) B.0)
Thlqkness direct 203 mm 0.8 mm 0.8 mm 0.9 mm
(top side wall) | measurement
Th'_Ck"feSS direct ;
(mid side 0.3 mm 0.9 mm 0.9mm 1.0 mm
measurement
wall)
Thlcknes_s direct .
(bottom side 203 mm 1.0 mm 1.0 mm 1.1 mm
measurement
wall)
Thickness direct 2 0.3 mm 0.8 mm 0.7 mm 0.8 mm
(shoulder) measurement
Thickness direct 203 mm 0.3 mm 0.3 mm 0.3 mm
(base comer) | measurement
< 5 Y% decrease vs 06 97
Top Load ASTM D2659 . 9.3 kg (+12.3 % (+4.1% vs.
B.O
vs. B.0) B.0)
240m 264m
Drop Impact | ASTMD2463 |\ o500y B 208m (+154% | (269 % vs
(method B) vs. B.O B.O
Additional . wsu_al No more than for
) inspection of none none none
Observations the taol B O

Mechanical properties

Standard | B.O B.25 | B.50

Stress at Yield [MPa] 1SO527-2 | 236 || 244 | 236
Stress at Break [MPa] 1S0527-2 | 120 124 | 11.8
Elongation at Yield [%] 1SO 527-2 | 13.1 13.6 | 13.2
Elongation at Break [%] | I1SO 527-2 | 111.9(| 102.4 [ 229.0
Strength [MPa] 1SO527-2 | 236 || 244 | 236
Elongation at Strength [%] | 1SO 527-2 | 13.1 136 | 132

All properties within benchmark recommendations




RecyClass | overall results

Conclusions
EVOH up to 6 wt% in presence of 3 wt% PE grafted with MAH is fully compatible with natural and coloured HDPE recycling due to:
v' Stable extrusion process
v" No presence of filter saturation or build ups
v" No visible yellowing of recyclates
v" All pellets’ properties are within the recommended benchmarks
v Stable bottle production process
v" All bottle’s properties are within the recommended benchmarks
v" All mechanical properties are within the recommended benchmarks

YES - FULL COMPATIBILITY

MATERIAL COMPOSITION A >=95%, B >= 90% and all packaging features are FULLY compatible with
(TOTAL AMOUNT OF PE & AMOUNT OF recycling
PP ATTACHMENTS IN THE PACKAGING)

Other barrier combinations are welcomed to be tested:

DESCRIPTION Materials that passed the testing protacols with no negative impact D % OF EV O H
(TEST PROTOCOL)

materials that have not been tested (yet), but are known to be acceptable in PE 0

— 0 %andt f tie |
DESCRIPTION In case of at least one limited compatibility one penalty is applied, lowering the 0 a n yp e O l e aye rS
(METHODOLOGY) recyclability class from A to B or from B to C . ol
e — O Compatibilizers
Multilayer PE with HDPE prevalence (LLDPE, LDPE, MDPE)

COLOURS Natural (clear) n o N

s O Different ratio EVOH/Tie layers
SIZE

o
=8l PRODUCT RESIDUES
% (EASY TO EMPTY INDEX)

A if the index is < 5%; B if the index is < 10%

s
BARRIER

ADDITIVES




RecyClass

Case study:

Metallisation in Flexible
HDPE & PP packaging

RecyClass Science behind Recyclability, 16 January 2023



RecyC‘aSS - Metallisation study context

RecyClass studied met-MDOPE and met-BOPP (tested by Aimplas) to provide new recommendations
on PE Films and PP Films Design for Recycling Guidelines.

Samples evalvated

MDO-PE

. Thickness  Optical Adhesive .
Innovation . 2 Control material
[mm] Density Fu

met MDO-PE 20 2.4-2.7 - R-310E DOW

Laminate met
MDOPE 70 2.4-2.7 1.7 R-310E DOW o

met‘BOPP 18 2 - Mono BOPP ﬁlm Metal receptive

Laminate met- OFF core

BOPP 35 2 2.2 MOnO BOPP fllm :'n:gfrﬂols":) layer




RecyC‘aSS | Recyclability Evaluation Protocol

PRE-TREATMENT
INNOVATION FILM

GRINDING

TEST & RECORD
PROPERTIES

CONTROL FILM
FLOTATION TEST — TEST&RECORD
PROPERTIES

GRINDING

Al15
85% control
15% innovation

PELLETS BLENDS PREPARATION

B.0 B.15 B.50 B.100 (optional)
50% virgin pellet 50% virgin pellet 50% virgin pellet 50% virgin pellet
50% A0 50% A.15 50% A S0 50% A.100

PRODUCE BLOWN FILM SAMPLES - 'i'\' i'-l.';ll' b

Protocol slightly adapted to align RecyClass and COTREP evaluations

Pellet properties
@ e Melt Flow Index
e Ash content

e Colouration

Film properties

@  Tensile properties
 Dartimpact

* Visual aspect



RecyC|aSS | Extrusion & pelletisation

Pressure (bar)

54

49
44
39
Time (min)

A.0 A.15.1 A.50.1
- e= AQ.2 = e= A5 = = A50

d
P

O Colouration of the pellets

1 Pressure increase

O Build-ups & Saturation of the filters



Pellet properties

RecyClass

. Met-MDOPE Met-PE laminated s Met-MDOPE Met-PE laminated
0.4 0.7
E 0.35 _ 06
3 03 g
b = 0.5
< 0.25 =
= T 04
= 0.2 c
2 S 03
2 015 G
£ o1 <02
g o
0.05 0.1
0 . -
A.15.1 A.50.1 A.15.1 A.50.1 A.50
80 R
70

(1 Variations of the MFI

[ Strong increase of ash content
[ Colouration of pellets e

(V]
=
S 40
*
- .
30
20
10
0 Si 3.87 5.35 Si 10.52

(O No presence of Al found in pellets
A.15.1 A.50.1 [S 2.64 1.56 c 3.18




RecyClass Film propertles

Dart Impact (g)

Tensile Strength LD (MPa)

90

80

70

60

50

40

30

20

10

10

[e)]

N

N

Met-MDOPE

B.15.1

B.50.1

Impact of MDO-PE ?

B.15.1

B.50.1

Met-PE laminated

Gels & Specks

Met-MDOPE Met-PE laminated

14

12
©
o
\%10
S ] L
= 8
-
oo
c
S 6
&
: I I I
Z 4
C
()
|_

2

0

B.O B.15.1 B.50.1 B.15 B.50

60
50

40
30
20
0 Il B
B.15 B.50

B.0 B.15.1 B.50.1



RecyC\ass | Overall results

 Similar results obtained for met-MDOPE and met-BOPP films and laminates

* Positive results obtained for:

o Pellet properties
o Film processability

o Film mechanical properties (except dart impact)

o Increase of pressure during extrusion
o Build-up on filters, up to saturation after 60-30 minutes
o Increase of film haze

o Smallincrease of gels & specks in the presence of laminating adhesive
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KEY TAKEAWAYS

v RecyClass Recyclability Evaluation Protocols are
developed by the plastic value chain to assess packaging
technologies against recyclability in a reliable way

v" Almost 200 tests contributed to develop fact-based,
standardized design for recycling criteria

v Balancing packaging functionality & recyclability is
key for the plastic packaging market

v Innovative barrier technologies are a must for the
market & the industry can use RecyClass Protocols to
evaluate such developments in a reliable manner



RecyClass

Questions & Answers

Use the Q&A box in the top-right corner of your screen

RecyClass Science behind Recyclability, 16 January 2023



RecyClass

Thank you for participating!

Sign up for the next session
5 July 2023


https://recyclass.eu/events/
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