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Insufficient info pushed public / legislation opinions

vate: 15U 20

3. Appendix 3: Overview of packaging groups/sorts and material- Packaging Preferred Materials & Formats Guidelines 2020.
specific recycling incompatibilities

= = Red Amber Green
Grou plSOI‘t Incom pati bilities Not to be used as customers cannot easily recycle (UK) When functional roqulr:‘monll‘rroln green materials are Preferred for UK recycling via kerbside or store
not an option

A ble adhesive applications in combination with wet-strength labels, Materials Formats & Designs CONTROLLED USE: CONTACT THE Rigid Materials | | Formats & Designs
F _ - a - i - - . PACKAGING TEAM FOR APPROVAL
Film and PE-LD P rIS, VD.C b_arrlers, non-polymer b.amers (excluding Compostable/Bio Black Plastic* packaging.team@tesco.com Glass (clear or of Cardboard with
At  metallisations), non-EVOH barriers degradable light colour) plastic; Max 15%
HE . Composite Drums Materials Formats & Designs plastic, one side of
Silicone components; _ D(:;X:czx;e 8 PET board only and be
components of foamed non-thermoplastic elastomers; Expanded/ Non PE Flexible Beverage Cartons HDPE/LDPE easily separated
Rigid PE eter=irreeduple adhesive applications in combination with wet-strength labels PLA 'ZOth;?%/PDle”ts"tY film incl. OPP Mono liddine fil
. DE. . . odified Plastics Multilayer Pp** ono lidding film
PA brlers, PE-X components, PYDC barglers, Polystyrene Foiled paper < Films/Complex matched to tray
CPlastics with a density of < 1 g/cm Laminates Steel & Aluminium material when
PVC coated or New material permanently
Silicone components; _ PVAC linc. layer | | 12TInELEA 01 both innovations Shrink sleeves ; (?:Ird::ard. | attached
components of foamed non-thermoplastic elastomers; within Complex — ~ (perforated, exible Materials a our-
Rigid PP er-nseluble adhesi lications i bination with wet-strength labels; Laminates) include messaging Paper it el
igi ) sluble adhesive applications in combination with wet-strength labels; litter to remove. max ‘ Clear/Light colour
PA barriers; P)/DC barriers; Plyw nd MDF coverage 40%) Glassine preferred
= . . 2 a *Brands may choose
oreRES-ptastics with a density of < 1 g/cm Water Soluble to use black plastic PE (recyclable at
N for drink bottle caps front of store)
plastics
.. .. - . . Underlined denotes red material/format added in 2020 (Production to cease by end of 2020) IE§§9
Excerpt from ,,M|n|mum Standard fOI“ detel’mlnlng the I'ecyC|abI|Ity Of paCkagIng SUbjeCt tO System **PP is widely recyclable, however may have a packaging tax implication for food grade if recycled content cannot be included
Participation pursuant to section 21 (3) VerpackG* of Stiftung Zentrale Stelle Verpackungsregister,
Germany 2020 .
VI. Anhang Ubersicht zu den gangigsten Verpackungsmaterialien

Barriere- und Siegelmaterialien

Erscheinungsbild des

Bezeichnung *  Assganysmatenals oL RIS Samore Bgenschafien Vewsimuns
o = anany . - .
(dh ungefarbt bzw. unlackierty Ei9enschaften \E/xcerp’L from ,,L?;tfad.en fzug Pachhaltlgere
BA ; erpackungen, version <.
Polyamid & x Transparent bei geringer slt::ibel und ) ) ) Getrankeflaschen, thermogeformte Schalen, Aldi / Reclay Group, Germany 2020
und Polyamid Wandstarke dehnbar auch als Deckelfolie
."2\
EVOH L —— —
Ethylenvinyl- —x
alkohol v Transparent bei geringer bis v v Barriere-Schicht in PP- oder PE-Verpackungen
Copolymer Wandstarke ) o (Flaschen, Dosen, Schalen, etc.)
O -BASF
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What has been investigated ?

Coextruded Multilayer film
waste (PAG6,PA 6/6.6 content
up to 34%)

Film manufacturing 2 j | / Film manufacturing 1

(multilayer blown film) T : (mono blown film)

Data comparison to PE references .
(PIW PE qualities)

partially a joint project

O-BASF
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%)
= NO compatibilizer
= Temperature range 215-240°C
= NO additional compounding

= NO additional drying

* PA 6 (e.g. Ultramid® B40LN) or PA 6/6.6 (e.g. Ultramid® C33, C40L or C37LC)
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Direct processing
of regranulate to 2"d blown film

Transparent films
showing reasonable

mechanical performance
(mono-/ multilayer films)
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Comparison of mechanical properties in machine direction (MD)
(Dilution w/o compatibilizer)

Monolayer film of regranulate blends (MD)

200
= Referenz PE  m30%PA6** m20%PA6/6.6*** m7,5%PA6  7,5%PA6/6.6
180
178
160 *NP = not processable
**PA 6 = Ultramid® B40LN

140 ***PA 6/6.6 = Ultramid® C40L
oo All components mixed as salt
% & pepper blends prior to blown
o mp - e BT | I EE T ' ' I
E 100 - pas 103 | v Bl a0 film process directly!!
> 94

80 — — | — || 89 _

60 — — — ~

40 - — — -

20 - — — =

0

STRENGTH ELONGATION E-MODULUS PUNCTURE ELMENDORF TEAR

(BREAK) (STRENGTH) O0-BASF
We create chemistry
9 Mechanisches Recycling PolyAmid-haltiger Mehrschichtfolien — Dr. R.-E. Gritzner, BASF SE, ZLV Fokustage, 15.9.-16.9. 2021



10

Comparison of mechanical properties in transversal direction (TD)
(Dilution w/o compatibilizer)

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
120 - *NP = not processable
**PA 6 = Ultramid® B40OLN

100 ***PA 6/6.6 = Ultramid® C40L
9 All components mixed as salt
‘5 80 & pepper blends prior to blown
=) . .
3 film process directly!!

60

40

20

0

STRENGTH ELONGATION E-MODULUS PUNCTURE  ELMENDORF TEAR
(BREAK) (STRENGTH)
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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)

Blend morphology of PAG6/PE mix visualized as —
polyolefine ='green / polyamide = red_orange =l m a |

| . = I:.1
ey ree R
' R
VIR SR U .
L= -'a.t:r L B

Compatibilizer added as dry blend
during 2" blown film process

PA*/PE mix, pre-compatibilized
(pellet, 20% PAG)

Blend morphology of PAB/PE mix visualized as EEERSt A
polyolefine = green / polyamide = red_orange i ;_Q"
-
» AR g
cmpmm  f———— <0 S
' gy e
-.:"’ﬂ'.‘!r ﬁw-ﬂ.: In ! i

PIR during 2" blown film process

* PA 6 (e.g. Ultramid® B40LN) or PA 6/6.6 (e.g. Ultramid® C33, C40L or C37LC)
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Direct processing of pre-compatibilized

Monolayer PA*/PE blown film

Blend morphology of PA6/PE mix visualized as
polyolefine = green / polyamide = red_orange

Monolayer PA*/PE blown film

Blend morphology of PA6/PE mix visualized as
polyolefine = green / polyamide = red_orange

Transparent films
showing reasonable
mechanical

performance (mono-/
multilayer films
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¥ Independent PA 6/PE multilayer film study carried out by cyclos-HTP
(Excerpts)

12 Mechanisches Recycling PolyAmid-haltiger Mehrschichtfolien — Dr. R.-E. Gritzner, BASF SE, ZLV Fokustage, 15.9.-16.9. 2021



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
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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

Reflection/Fluorescence microscopy (CLSM) pictures with kind permission
by Dr. R.-E. Gruetzner, BASF SE 02/2021
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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, 215°C 15% PA, 2.5% Comp.




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: 95% Recy: 70% Recy: 70% Recy: 67%




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




CONNECTING FOOO & PACKAGING

¥ Conclusions

O -BASF
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PE/PA* waste mixtures are recyclable with PA* contents of < 10% without using compatibilizers
Excellent PA* distribution and performance of recycled blends found using up to 7,5% PA*
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 (here film manufacturing) step

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

NO drying steps were necessary during our trials

It is possible to use PE/PA* mixtures for manufacturing of mono-layer and multilayer structures, 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

21 Mechanisches Recycling PolyAmid-haltiger Mehrschichtfolien — Dr. R.-E. Grutzner, BASF SE, ZLV Fokustage, 15.9.-16.9. 2021



Classification of Materials and Packaging structures for Recycling

O-BASF
We create chemistry

Categorization of PAG6 CHI Assessment Material (PA6) according to
according to CHI standard iRl Gl R i e {I](] 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 Jayers with tie layer (Structure with Compatibilizer)

and Compatibilizer)

* Application started for the next Minimum Standard 2021; final wording not yet agreed

** Structure without printing inks or other components that affect recyclability
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Status Quo of Polyamide acceptance — Update
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First official certificates received......
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CERTIFICATE

Recycling Compatibility of Packaging Material

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

for the following plastic material.

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: Path 1: Plastic films / LDPE
Recyclate (final product): LDPE Regranulate
Test siandard / soope of appiloation:
= the Inctfuls oyoclos-HTP for istae O7.10.2019) /

‘Scope of valldty acconing o nation states, see chapter |

@ DMEN

The folowing reference processes, materials and appiications are tken ko consideration within the certfication process:
*  Detection

= Testprogram

MQmﬂecHlshndardﬂm mateda minant in the tested application and in the

Recycllng Compatible for PE Film Recycling

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

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

Aachen, dated 17.05.2021

p
Institute cyclos - HTP I

Insttute cycios-HTP GmbH
Maria-Theresia-Alles 35 - 52064 Aachen
phane: +43 (1) 241/ 949 00 -0

fc 449 (0) 241/ 940 DD - 43

This certifcate is only valid In conjunction with the 28

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

CERTIFICATE

Recyclability of a Packaging Material Group

BASF SE

Carl-Bosch-Strasse 38

D-67056 Ludmgshafen am Rhein, Germany
The receives the i of for the following packaging materials.

Designation

LDPE-based multilayer packaging films with Polyamide & (PA8)

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 fie layer specified for PAIPE:
nof i ing printing inks, ives or other that can affect the recyclability
Test result
Assessment via path/specification: Path 1: Plastic films / LDPE
Recyclate (final product): LDPE Regranulate
Test siandard / soope of applloation:
a8 the Incituts oyolos-HTP for st 07.90.2015) /
‘Scope of valldity acconding o nation stotes, sex chapter 1
@ DMEN
" taken
. appications.
. FEF- LDFE
‘According to the

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

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

Institute cyclos - HTP | (_‘)

Institute

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

GmbH
Marta- lee 35 - 52064 Aachen
phones 240 [0) 241 /949 00 - 0
fac  +40(0) 241948 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, ives or other
that can affect the recyclability
Test result
Assessment via path/specification: Path 1: Plastic films / LDPE
Recyclate (final product): LDPE Regranulate
Test S{ancar | Eoope of appuation:
L] the Inttule oynlos-HTP for istae O7.10.2013) /
‘Scope of validity acconding io ration staies, ses chapter 1

@ DMEN

" JE——— taken

. appications.

PEF. LDFE

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.

— 7

e
__ Dr. Roland Bothor
Technical supervisor af the nvestigations
Insiitute cyclos - HTP ( (/)
This certificate s only valld In corjunction with the 28 et cyoos 12 .

w.eaﬁ 52064 Aachen
plszB[ﬂ]ﬂHMm 0
tor +49(0) 2411349 D0 - 49

fallowing pages of the report (No. 2187-002-2020).
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......more will follow

KUNSTSTOFFWEB NACHRICHTEN TECHNOLOGIE
BASF: MEHRSCHICHTFOLIEN MIT PA 6 SIND RECYCLINGFAHIG

BASF: Mehrschichtfolien mit PA 6 sind
recyclingfahig

02.07.2021

Das Institut cyclos-HTP GmbH, Aachen, hat die von der
BASF, Ludwigshafen, beauftragten Untersuchungen zur
Neubewertung der Recyclingfahigkeit von PA 6 in
coextrudierten PE/PA6-Mehrschichtverbundfolien im
haushaltsnahen Verpackungsabfall abgeschlossen. Das
zentrale Ergebnis: Mehrschichtfolien auf Basis PE/PA 6 wird
eine Recyclingvertraglichkeit fiir den PE-Folienstrom
attestiert. Dies wurde fiir PA-6-Anteile von bis zu 30 % in den

e S U e

Dieses Ergebnis soll die Grundlage fiir eine Uberpriifung der

Einstufung von PA 6 im ,Mindeststandard fiir die
Bemessung der Recyclingfidhigkeit von
systembeteiligungspflichtigen Verpackungen gemal § 21
Abs. 3 VerpackG (Verpackungsgesetz)” der Stiftung Zentral
ackungsregister bilden. PA 6 wird im

Mindeststandard im S unvertragliche”
Komponente, beispielsweise im Abfallstrom der
Verpackungsgruppe ,Folie und PE-LD" aufgefiihrt. ,Wir

;°"_taminanten, Mg s e freuen uns, dass durch cyclos-HTP eine wissenschafilich
asis zu steljey, gieren und auf eipe solide r:,g:ﬁe fundierte Grundlage zur Neubewertung erarbeitet werden
Der"_".'::’,:;'isbert Griitzner e konnte. Es ist an der Zeit, die Kategorisierung von Polyamid

fiir die U"raager Technrcal Support

mid® ; PP
Extrusuonspo,},ami i u
L
BASF O -BASF
We create chemistry

25 Mechanisches Recycling PolyAmid-haltiger Mehrschichtfolien — Dr. R.-E. Grltzner, BASF SE, ZLV Fokustage, 15.9.-16.9. 2021




- BASF

We create chemistry




	Foliennummer 1
	Agenda 
	Agenda 
	Insufficient info pushed public / legislation opinions 
	Agenda 
	What has been investigated ?
	 Film structures (example PA 6)  
	PA* concentrations < 10% are dispersible in a polyethylene stream�w/o using compatibilizers
	Comparison of mechanical properties in machine direction (MD)                                                                 (Dilution w/o compatibilizer)
	Comparison of mechanical properties in transversal direction (TD)                                                                (Dilution w/o compatibilizer)
	Compatibilization offers additional options for utilizing PA*/PE waste blends with PA* concentrations > 10% in a polyethylene stream
	Agenda 
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Morphology of Regranulate pellets after Regranulation on a NGR line
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Agenda 
	Major conclusions 
	Foliennummer 22
	Agenda 
	First official certificates received……
	……more will follow
	Foliennummer 26

