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Despite of available info confirming recyclability of PE/PA multilayer

film structures........

CERTIFICATE

Recycling Compatibility of Packaging Material

BASF SE

Carl-Bosch-Strasse 38

D-67056 Ludwigshafen am Rhein, Germany

The receives the certification of recycling ibility for the following plastic material.
Designation
Polyamide 6 (PAS)
as layer in coextruded PE films, based on LDPE and/or LLDPE;

in combination with = 0.5 g per g PA of maleic anhydride-grafted PE as tie layer specified for PAIPE
tested with < 5% by weight of PAG in a PCR LDPE recyclate

Test result
Assessment via path/specification: Path 1: Plastic films / LDPE
Recyclate (final product): LDPE Regranulate

‘Test standard | soope of appiloation:
1] the Instiuts HTP for (st O7.90.2019) )
‘Scope of valldity aceording o ration stes, ses chapter 1

@ DIMEN
The folowing reference processes, materiais and applications are taken ks Consideration within B Certfication process:
+ Detecton

‘According to the CHI i > e L apglication and in the

material ination and can be i as:
Recycling Compatible for PE Film Recycling
(AT, DE, ES, FR, IT, NL, NOJ

- T fing to the
in the report. This ceri will lose validity in case of qualitative or

licundilthe 24 06 303364

B i
e

s .

™ Tir. Roland Bothor

Technical supenvisor af the investigations.

Institute cyclos - HTP | (1’)
Instifute cycios-HTP GmoH NI
Mana-Thenesia-Aliee 35 - 52064 Aachen

phone: +43 (1) 241 /94900 - 0
far  +49(0)241 /949 00- 49

¢/o Plastics Recyclers Europe Phone: +322 31524 60

Avenue de Broqueville 12 info@recyclass.eu
1150 Brussels, Brussels www.recyclass.eu
UBE
RECYCLASS TECHNOLOGY APPROVAL Brussels, 23 March 2021

DISCLAIMER

RecyClass recognition applies only to UBE 'PERFORMANCE PA SCI15° technology reported in
Annex 1. It, therefore, does not concern to a recyclability assessment of specific packaging using this film.
Any specific packaging using this film would need to be tested individually to demonstrate that the system
of resin, adjuvants, label, closure, and printing conforms to the RecyClass Recyclability Evaluation
Protocol for PE films, and that it is sorted in the PE flexible stream at the state -of-art sorting plants in
Europe.

Publication of results of testing of this technology MUST clearly include all the conditions listed in the
approval letter. Partial reporting of the condlitions is forbidden.

Additionally, any change in the formulation of the technology must be communicated to the Technical
Committee which will reassess the approval of the technology.
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Taken from https://recyclass.eu; published March 23, 2021

https://recyclass.eu/wp-content/uploads/2021/03/2020-P0O-011-UBE-technology-approval-letter.pdf
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https://recyclass.eu/

...............NSUfficient public / legislation opinions & rules do exist !

Appendix 3: overview of packaging groups/sorts and material-

Packaglng Preferred Materials & Formats Guidelines 2020. specific recycling incompatibilities
Group/sort Incompatibilities
Red Amber Green P P
Not to be used as customers cannot easily recycle (UK) When functional rﬂqu:‘n::‘n;;‘T:;n green materials are Preferred for UK recycling via kerbside or store ulose'based |abe|S that Cannot be removed in cold Washing:
Materials Formats & Designs CONTROLLED USE: CONTACT THE Rigid Materials | | Formats & Designs Film and LDPE E-X components, PVDC layers, other non-PE polymeric layers
) PACKAGING TEAM FOR APPROVAL g adhesion promoters, adhesives, PP, EVA and EVOH), non-polymeric
Compostable/Bio Black Plastic* packaging.team@tesco.com Glass (clear or of Cardboard with layers (excluding SiOx/AlOx/metallisations)
degradable light colour) plastic; Max 15% -
Oxy/Oxo Composite Drums Materials Formats & Designs PET plastic, one side of Silicone components;
| board only and be ts of fi d -th lastic elast .
Degradable Expanded/ Nom PE Flaxible Beverase Cortons snslly separated components of foamed non-thermoplastic elastomers;
PLA Foamed,/Density flm inc). OPP ¢ HDPE/LDPE Rigid PE glued cellulose-based labels that cannot be removed in cold washing; PET
Polystyrene Modified Plastics <m Ppr* Mono':idéiing film coya ith a density of < 1g!cm3:
Foiled paper Films/Complex matched to tray == .
Paper/board wﬂmy Steel & Aluminium material when PA Iyrs. tE X c%rpodnent?t’. P}/E? |=’;Ye"§,
PVC coated or New material Cardboard permanently - Trplastics with a density © gicme.
) i ) ) . ardboar -
PVAC incl. ayer Igmmg:sgidgegsn both innovations S(,:),.é,:;(os"fteevdes Floxible Moterials attached Silicone components;
W'i*;‘;ﬁi{“ei,'ex include messaging Paper Glass colour; components of foamed non-thermoplastic elastomers;
litter tfo:/eerrloéehglff lassine C'eag :'fi':fr:g'wf Rigid PP glued cellulose-based labels that cannot be removed in cold washing; PET
Plwood and MDE | | oo ge 40% 9 seves.yith a density of < 1g/cm?;
Water Soluble | | 2“2 Hactplectic. PfErg:tCCY;fgree?t PA layers,PVDC layers;
plastics or=PO plastics with a density of < 1 g/em?.
Qngg.r/ing d denotes red material/format added in ZOZQ (Proquct{on tp cease by end of?OZO) . IE§(.:9
**PP js widely recyclable, howe.ver may have a;.Jackagmg tax implication for food grade if recycled content cannot be included Excerpt from ,,M|n|mum Standard for determ|n|ng the recyC|abI|Ity Of packaglng SUbJeCt to System
source: www.circularonline.co.uk/uploads Participation pursuant to section 21 (3) VerpackG* of Stiftung Zentrale Stelle Verpackungsregister,
Germany 2021
VI. Anhang Ubersicht zu den gangigsten Verpackungsmaterialien

Barriere- und Siegelmaterialien

. I.Erschelnu_ngsbll_d des mecnaniscne Daincic Lagonooratan .

Bezeichnuna AuSYANGSIT Eigenschafien Verwenuung
. unlackiert) sl
Ea Steif
Polyamid 6 x Transparent bei geringer Getrankeflaschen, thermogeformte Schalen,
und Polyamid Wandstarke © [ledbelund . . . auch als Deckelfolie ) . .
—— dehnbar Excerpt from ,Leitfaden fir nachhaltigere
EVCH Verpackungen, Version 2.0
Ethylenvinyl- x Aldi / Reclay Group, Germany 2020
alkohol / - Transparent bei geringer bis ‘/ ‘/ Barriere-Schicht in PP- oder PE-Verpackungen
Copolymer Wandstarke . (Flaschen, Dosen, Schalen, etc.)
o
O -BASF
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Why it’s important to demonstrate recyclability of PE/PA blends ?

Polyamide (PA) containing flexible films

»  provide unique performances for many applications

»  offer significant down gauging potentials linked to

- less use of resources
- less use of plastics packaging
- less waste

»  Allow optimized shelf lifes for saving and protecting food
» represent real sustainable packaging solutions !

It does not make any sense to sacrifice these advantages for a ,,(mechanical)
recycling for the sake of (mechanical) recycling only* approach !
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What has been investigated ?

-

Coextruded multilayer reference §
& waste films (PA6, PA6/6.6 g€
ntent up to 34%) *

i

n &

Regranulation

(incl. temperature & blend variation) g

Film manufacturing 1

(mono blown film)

vOs

Data comparison to PE references
(PIW PE qualities)
partially a joint project
We create chemistry ®
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Film structures | (example PA 6)

¥ Trial 1.0 (Reference): PE/PE/PE/PE/PE/PE/PE/PE/PE
® Trial 1.1 (StructureA): PE/PE/PE/tie/B40LN/tie/PE/PE/PE (20% B40LN¥)

® Trial 1.2 (StructureR): PE/PE(incl. CompR)/PE/tie/B40LN/tie/PE/PE(incl. CompR)/PE
(20% B40LN, 2 x 2,5% Retain 3000**)

W Trial 1.3 (StructureF): PE/PE(incl. CompF)/PE/tie/B40LN/tie/PE/PE(incl. CompF)/PE
(20% B40LN, 2 x 2,5% Fusabond E226***)

* Ultramid® B40LN = high viscosity (RV = 4,0), nuleated PAG6, source: BASF SE
** & *** 2 different types of compatibilizers, source: Dow/DuPont
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PA* concentrations < 10% are dispersible in a polyethylene stream
w/o using compatibilizers

PA*/PE pellet mix ( PA*: 5-8%) Direct processing
2O G 0 of regranulate to 2" blown film

Temperature range 215-240°C
NO additional compounding
NO additional drying

Transparent films
showing reasonable

mechanical performance

* including PA 6 (e.g. Ultramid® B40LN) or PA 6/6.6 (e.g. Ultramid® C33, C40L or C37LC) (mono- / multilayer films)

O -BASF
We create chemistry
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Comparison of mechanical properties in machine direction (MD)
(Dilution w/o compatibilizer, just an example)
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Monolayer film of regranulate blends (MD)

m Referenz PE m30%PA6** m=20%PA6/6.6*** m7,5%PA6  7,5%PA6/6.6

178
i *NP = not processable

**PA 6 = Ultramid® B40LN

“**PA 6/6.6 = Ultramid® C40L
All components mixed as salt

100 - g

100

& pepper blends prior to blown

e R P T R ' ' I
103 | v Bl a0 film process directly!!

— —

STRENGTH ELONGATION E-MODULUS PUNCTURE ELMENDORF TEAR

(BREAK) (STRENGTH) O0-BASF
We create chemistry
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Comparison of mechanical properties in transversal direction (TD)

(Dilution w/o compatibilizer, just an example)

Monolayer film of regranulate blends (TD)

160

m Referenz PE = 30%PA6** m20%PA6/6.6*** m7 5%PA6 7,5%PA6/6.6
140
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STRENGTH ELONGATION E-MODULUS PUNCTURE  ELMENDORF TEAR
(BREAK) (STRENGTH)
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*NP = not processable
**PA 6 = Ultramid® B40LN
***PA 6/6.6 = Ultramid® C40L
All components mixed as salt
& pepper blends prior to blown
film process directly!!
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Compatibilization offers additional options for utilizing PA*/PE waste
blends with PA* concentrations > 10% in a polyethylene stream

PA*/PE mix pur (pellet, 20% PAG) Monolayer PA*/PE blown film

Blend morphology of PAG6/PE mix visualized as — Blend morphology of PA6/PE mix visualized as

polyolefine ='green / polyamide = red_orange polyolefine = green / polyamide = red_orange

Compatibilizer added as dry blend
during 2" blown film process

PA*/PE mix, pre-compatibilized

o .
(pellet, 20% PAG) . Monolayer PA*/PE blown film
- » i - 1 |
Blend morphology of PAG/PE mix visualized as BN |w Em Blend morphology of PA6/PE mix visualized as
polyolefine = green / polyamide = red_orange e polyolefine = green / polyamide = red_orange
Emmmm: - e S ’T-’___._
' e e - -
:“—:E' Ly %‘:E F } i

Transparent films
showing reasonable
mechanical

Direct processing of pre-compatibilized
PIR during 2" blown film process

performance (mono-/
multilayer films

* including PA 6 (e.g. Ultramid® B40LN) or PA 6/6.6 (e.g. Ultramid® C33, C40L or C37LC)

O -BASF
We create chemistry
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Agenda

¥ Independent PA 6/PE multilayer film study carried out by cyclos-HTP
(Excerpts)
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Project Targets & Main Definitions

v'  Targets of this project:
 Investigation of the effects of PAG (most critical PA grade) on the relevant properties of recyclates in LDPE film recycling
* PAG is incorporated as coextruded layer with tie layers in a LLDPE/LDPE film
» Additional tests of films with PA6 and a commercial compatibilizer blended in PE
» Tests of the reference applications for LDPE recyclates:
» Blown films
* Injection moulding

- Assessment of PA6 as “Recycling Compatible” or “Recyclable” in LDPE films
(by demand with use of a compatibilizer)

v Reference Processes
Relevant Processes in the corresponding Recycling Path incl. Recyclate Applications

v Reference Material @
Commercial PCR recyclate commonly used for the same reference applications in the Recycling Path

v Sample

Packaging/Material containing a component with an unknown recycling compatibility




CHI Standard / Recycling Blends

Recycling Application Compatibility Test for PE-based Flexible Packaging (CHI-C8-PEF-1)

Reference

Recyclate Virgin PE

i - Extrusion w/ Recycling Blown Recycling
sl el Flelie Filter screen Blend Film Prod. Film
v
Evaluation of Tests for Tests for
separable inj. moulding blown film
components applications applications

Assessment of Recycling Blends against Reference material:

CHI5 “Realistic Scenario” for the concentration of a packaging material in the recycling stream
= 5% Sample + 95% Reference - Compatibility of Packaging or Material?

CHI30 “Worst Case Scenario” for the concentration of a packaging material in the recycling stream
= 30% Sample + 70% Reference - 100% Recyclability of Packaging ?

REF Commercial PCR Recyclate from the recycling stream




Test Phase 1 - Production of Sample Blown Films - Raw materials

O-BASF
We create chemistry

Multilayer Blown Films produced at Windmoller & Holscher

/7 layer film structures:

FBO - PE/PE/PE/PE/PE/PE/PE (100 um)

FB1 — PE / Tie layer / PA6 / Tie layer / PA6 / Tie layer / PE

FB2 — PE + Comp / Tie layer / PA6 / Tie layer / PA6 / Tie layer / PE + Comp

“Recycling-critical” materials to be tested:

LDPE-based film with 30% PA6 and 15% tie layer resin *

LDPE-based film with 15% PA6 and 7.5% tie layer resin *

LDPE-based film with 30% PA6 and 15% tie layer resin * and 5% Compatibilizer **

* Maleic anhydride grafted PE (Standard grade for PA/PE coextrusion)
** Maleic anhydride grafted PE (high MAH content)




Morphology of Regranulate pellets after Regranulation on a NGR line

O -BASF

We create chemistry

Regranulate w/
R lat R late w/
egranulate, egranulate w. 30% PA6. 15% Tie,

100% PE ref 30% PA6, 15% Tl
% PE reference % PAB, 15% Tie 5% Compatibilizer

Pre-compatibilization generates a
more homogeneous morphology
in comparison with 30% PAG
without compatibilizer

PA phases up to 10 um
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Application Test for Blown Films

* Recyclate materials not dried !
« 50% virgin LD/LLDPE added for each film (Standard in industry)

5% PA, no Comp.*, 215°C  15% PA, no Comp.*, 215°C 15% PA, 2.5% Comp.*

* Comp. = Compatibilizer




Blown Film Application Tests - Mechanical and Sealing Properties
Blown Films made of 50% Recyclates and 50% virgin PE - Mechanical and Sealing properties E;Eﬁms,sg

O Dart Drop HTensile Test MD B Tensile Test CD Elongation @ break MD B Elongation @ break CD B Sealing strength

100% Level = Film with 50% Reference PCR PE Recyclate and 50% virgin PE

200% A

180% A

160% A

140%

120/ A

= ! in relation to Reference Film with Recyclate

V7

00% -

w

Perform

80% A

PE Reference

60%

PA: 0% PA: 5% PA: 5% PA: 10% PA: 10%
Comp.: 0% Comp.: 0% Comp.: 0.8% \/ Comp.: 0% \/ Comp.: 1.5% \/
Recy: 70% Recy: 70% Recy: 70% Recy: 70% Recy: 70%




Blown Film Application Tests - Seam Tightness Test (CHI-C8-BFPE)

O-BASF
Films sealed with seam width of 2 - 4 mm

Filled with 1.3 L of water (with 16 cm seam length and 20 cm fill height)
Test duration: min. 10 minutes

Count the number of drops per minute due to leakages in the seam
Test is passed with < 2 drops per minute

Al




Agenda

W Conclusions

O -BASF
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PE/PA* waste mixtures are recyclable with PA* contents of < 10% without using compatibilizers
Compatibilizers are an efficient way to consistent PE/PA* mixtures with PA* contents of >> 10%

Compatibilizers might be incorporated
already in original multilayer film structures (pre — compatibilization)
during regranulation by using standard single screw machinery
by adding as individual component on final processing

While PE/PAG films need a regranulation temperature of 220-240°C, realistic PA blends in packaging
streams (PA6 + several lower melting CoPolyamides) are processable at about 210°C

NO drying steps were necessary during our trials

PE/PA* mixtures are suitable for manufacturing mono-layer and multilayer structures, e.g. using highly
concentrated PE/PA* mix core layers, showing sufficient mechanical and optical properties while
using standard single screw extrusion equipment !

* including PA 6 (Tmelt 215-220°C) and different CoPolyamides (Tmelt 182-200°C) in coextruded multilayer structures
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Classification of Materials and Packaging structures for Recycling -
O-BASF

Categorization of PA6 & CHI Assessment Material (PAG) according to
of a Packaging structure ZSVR Minimum Standard

Example: PE film with 10% PAG6
+ 2 5% Tie layer

C ¢ CAT 3 Not recyclable (0%) Contaminant / Incompatible
urren (PA in any structure) (“PA layers’)
CAT 2 Recyclable (< 90%)** Recycling compatible
e (PAG6 layers with tie layer) (no Compatibilizer) (“PA 6 layers with tie layer’)*
(Based Valuable material Fully Recyclable (< 100%)**
onresults) (PA 6 |ayers with tie layer  (Structure with Compatibilizer)
and Compatibilizer)

/ / Still in progress.....!!

* Application still in progress for the next Minimum Standard 2022

** Structure without printing inks or other components that affect recyclability, practized by Institut cyclos-HTP for
individual evidence test according to chapter 4.3 of Minimum standard 2021




Agenda

Status Quo of Polyamide acceptance — Outlook
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First official certificates received......

CERTIFICATE

Recyclability of a Packaging Material Group

CERTIFICATE

Recycling Compatibility of Packaging Material

BASF SE
Carl-Bosch-Strasse 38
D-67056 Ludmgshafen am Rhein, Germany

for the following packaging materials.

BASF SE

Carl-Bosch-Strasse 38

D-67056 Ludwigshafen am Rhein, Germany

for the following plastic material. The
Designation

LDPE-based multilayer packaging films with Polyamide & (PA6)
including < 30% by weight of PAG:

in coextruded polyethylene films, based on LDPE andior LLDPE; packaging size 2 AS;

with 2 0.5 g per g PA of maleic anhydride—grafted PE as tie layer for PAIPE:

nof i ing printing inks, or other that can affect the recyclability

receives the i of

The pany receives the i ion of recycling
Designation
Polyamide 6 (PA6)

as layer in coextruded PE films, based on LDPE and/or LLDPE;
in combination with 2 0.5 g per g PA of maleic anhydride-grafted PE as tie layer specified for PAIPE
tested with S 5% by weight of PAG in a PCR LDPE recyclate

Test resuit
Assessment via path/specification:
Recyclate (final product):
Test siandard / soope of appiloation:
=

Test result
Assessment via path/specification:

Recyclate (final product):
Test standard | soope of appilation:
a8

Path 1: Plastic films / LDPE
Path 1: Plastic films / LDPE

LDPE Regranulate

LDPE Regranulate

stz 07.90.2015) /

the Incliuln P—
‘Scope of valldty acconing o nation states, see chapter |
@ DMEN

(stmie 07102015}

ihe Ineitiuln HIP for
Scape of valldity acconding 10 nation sinirs, se= chapter 1

The folowing reference processes, materiais and applications are taken ko consideration within e Certfication process:
= Detection | DIMEN
.= + Detection
program . appications.
mgfcﬂacHlsﬁanﬂarﬂﬂm mateda minant in the tested application and in the . FEF. LDFE
abovg = ‘According to the

Recycllng Compatible for PE Film Recycling

(AT, DE, ES, FR, IT, NL, NO)

i year upon issue) relating to the
will lose validity in case of qualitative or

This oe'hﬁr:abe (No. 2187-2|
in the report. This
quantitative changes of packaging components.

Aachen, dated 17.05.2021

2 021002124} is valid until the 31.05.2022 (1 yesrupon Tt
in the report. Thlsnerhﬁuewilusevahdllymmeufqnaihhvenr
changes of

Aachen, dated 17.05.2021

"™ Dr. Roland Bothor
el for  Technical supentsor of he investigations

Institute cyclos - HTP | (_‘) _;

Is only the 28
folowing pages of the report [No. 2187-002-2020).

p
Institute cyclos - HTP I

This certifcate is only valid In conjunction with the 28

folowing pages of the report [No. 2167-002-2020).

Insttute cycios-HTP GmbH Institute GmbH
Maria-Theresia-Alles 35 - 52064 Aachen Marta- lee 35 - 52064 Aachen
phane: +43 (1) 241/ 949 00 -0 phones 240 [0) 241 /949 00 - 0

fac  +40(0) 241948 D0 - 43

fx +43(0) 241/ 949 D0 - 43
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CERTIFICATE
@biliw of a Packaging Materia@

BASF SE
Carl-Bosch-Strasse 38
D-67056 Ludwigshafen am Rhein, Germany

‘The company receives the certification of recyclability for the following packaging materials.

Designation

LDPE-based multilayer packaging films with Polyamide 6 (PASG)
including < 30% by weight of PAG;

in coextruded polyethylene films, based on LDPE andlor LLDPE; packaging size 2 AS;
with = 0.5 g per g PA of maleic anhydride-grafted PE as tie layer specified for PAIPE:

with = 015 g per g PA of Dow F E226 or ina
neighbouring PE layer of the : not ir printing inks, or other

that can affect the recyclability

Test result

Path 1: Plastic films / LDPE
LDPE Regranulate

Assessment via path/specification:

Recyclate (final product):
Test standard / coope of appioation:
L]

[steie O7. 102015}/

the Insiuls HTP for
Scope of vailkdty scrording o nation states, se= chapter 1
@ DMEN

This ou'hﬁrxhe (Mo. 2187-2021-002126) is valid until the 31.05 2022 (1 year upon issue) relating to the
in the report. This will lose validity in case of qualitative or

quantitative changes of packaging components.

e -
T
Dr. Roland Bothor

™ Technical supervisor of the Investigations

Institute cyclos - HTP I

Instiuie cycios-HTP G T
myeamw.eaﬁ 52064 Aachen

phone: 249 (0) 241/ 54800 0

tor +49(0) 2411349 D0 - 49

This certificate is only valld In conjunction with the 28
fallowing pages of the report (No. 2187-002-2020).
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......more will follow

Appendix 3: overview of packaging groups/sorts and material-
specific recycling incompatibilities

Group/sort Incompatibilities

lose-based labels that cannot be removed in cold washing;

PA Iayers PE-X components, PVDC layers, other non-PE polymeric layers
sxcluairrg adhesion promoters, adhesives, PP, EVA and EVOH), non-polymeric

Iayers (excludlng SiOx/AlOx/metallisations)

Film and LDPE

Silicone components;

components of foamed non-thermoplastic elastomers;

glued cellulose-based labels that cannot be removed in cold washing: PET
sleeves with a density of < 1g/cm?;

PA layers, PE-X components, PVDC layers;

non-PO plastics with a density of < 1 g/lem?.

Rigid PE

Silicone components;

components of foamed non-thermoplastic elastomers;

glued cellulose-based labels that cannot be removed in cold washing; PET
sleeves with a density of < 1g/cm?;

PA layers; PVDC layers;

non-PO plastics with a density of < 1 g/cm?.

Rigid PP

Excerpt from ,Minimum standard for determining the recyclability of packaging subject to system
Participation pursuant to section 21 (3) VerpackG* of Stiftung Zentrale Stelle Verpackungsregister,
Germany 2021

. . 4.3 Recycling incompatibilities
Changes for minimum standard yenns P

2022 still in progress !!!!

The declaration of the recyclability of a packaging requires that no combinations of materials or
substances are used that can impede a successful recycling. Appendix 3 (Overwew of

oups/sorts and material-specific recycling incompatibilities basis
for determining incompatibilities. For any deviating determination in the sense that incompatible
substances do not negatively affect recyclability, individual evidence produced through analytical
testing must be provided.

Certification of Recyclability of
PE/PA multilayer film structures

aval Iable by CyC|OS-HTP ! ! ! Excerpt from ,Minimum standard for determining the recyclability of packaging subject to system
(|nd|v|d ual evidence test acc. to Chapter 4.3 of Participation pursuant to section 21 (3) VerpackG*" of Stiftung Zentrale Stelle Verpackungsregister,
- Germany 2021
minimum standard) Y O -BASF
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