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DOW’S SUSTAINABILITY AMBITION

CLOSE THE LOOP

By 2035, Dow will close the loop, with 100% of Dow products sold into packaging
applications to be reusable or recyclable.

TRANSFORM THE WASTE

By 2030, Dow will transform plastic waste and other forms of alternative feedstock to
commercialize 3 million metric tons of circular and renewable options annually.

PROTECT THE CLIMATE

By 2030, Dow will reduce its net annual carbon emissions by 5 million metric tons. This
represents a 15% reduction from Dow's 2020 baseline, and a 30% reduction from the
2005 baseline. By 2050, Dow intends to be carbon neutral (Scopes 1+2+3 plus product
benefits).




COMPATIBILIZERS ARE CRITICAL To ENHANCE PCR/PIR UTILIZATION

= Leading brand owners and legislation are working towards a circular PET PE PP PS PA EVOH

economy PET : PS ::: :
: e i 4
> Less waste to landfill, and increase recycle content in finished products i © 606 6o
: : : : PS ® 60660 090
= Recycling of Mixed Plastic Waste: A Persistent Challenge PA ® 6606090
> Recycle of incompatible materials degrades performance voH 6 6 6 640
> Costly, time-consuming or infeasible separation of incompatible plastics Compatibility @ Poor @ Good

.
= Benefit of Compatibilization . ‘ ‘

> Increase recycle content . ’ ®
> Reduce input cost ‘ ‘
> Improve product consistency / quality . . .
> Improve stiffness / toughness balance No compatibilizer Good Compatibilization
> Enable high-value applications = High interfacial energy = Stabilized interface

= Coarse dispersion = Finer dispersion

Polymer Degradation and Stability 147 (2018), 245-
266 Waste Management 69 (2017), 24-58.
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COMPATIBILIZER TYPES

= Reactive e

> Covalent bond at interface by chemical reaction with otymer mAH
incompatible polymer , . oma 5\\»::1,:?

Co mpatibilizer

> Examples

Reactive
o Anhydride modified polyolefin (RETAIN™, FUSABOND™)
o Epoxy modified polyolefin (ELVALOY™)
o Acid functionalized polymer
= Non-reactive (" porymer ) . m
> Physical interaction, weaker molecular forces  compatibilize
e.g. van der Waals forces, hydrogen bonding etc. Nonh-reactive

> Examples
o Styrenic block copolymers (SEBS,SBS, SBR etc.)
o Polyolefin elastomers (ENGAGE™ polyolefin elastomers, INFUSE™ olefin block copolymers)
o Acrylate copolymers (ELVALOY™ AC)

Polymer Degradation and Stability 147 (2018), 245-266
Waste Management 69 (2017), 24-58.
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COMPATIBILIZER SELECTION

= What recycling stream or polymer blend are we targeting?

= |s the system non-polar / non-polar, non-polar / polar, or polar / polar?
= What is the matrix resin, and what are the minor components?

= When and where is the compatibilizer introduced?

= What end-use performance need to be preserved or improved?

= Examples
» Non-polar/polar plastics (PE / EVOH) > Non-polar plastics (PE / PP)

s p‘ o Source: bottle caps / labels, mixed
et w household containers, multilayer

[ pololefn | packages

o Compatibilizer: polyolefin elastomer

0 1, 0 %HQ Ester T

_E:Z:CC\:O . ou—%—z _E:Z_;_:HC\;}H; Re\)fa‘[ﬂ /PE-backbone E
° " 6Acid lllllllllllll -’\—'—/\\\/'—- ng_aqe

Anhydride EVOH Fusa ond |\ \ 'm.amme,sby:@p

functional palymers by ~EJEITe Co-polymerized octene or butene )

3 www. amazon.com
®
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CARPET TILE

= Carpet tile recycling challenge: complex composition of carpet, often made with multiple polymers and
materials

» Nylon or polyester as face yarn

» Various polymers across different layers, fillers and other additives

Face yarn -

Primary backing - '\““
‘.,
Thermoplastic .
compound
Fiberglass reinforcement .

High performance
pre-coat

= Can compatibilizer facilitate the incorporation of highly mixed carpet tile waste streams into higher value

application?



COMPATIBILIZATION CASE STUDIES

= Model blends:
» Polyolefin/Nylon 6

» Polyolefin/Nylon 6/CaCO,
(0]
H
/LN\/\/\)q\ Nylon 6
n
Polyethylene

Polar component

™~ Non-polar matrix

Carpet tile compatibilization:
» Face yarn: Nylon 6

» Backing: polyolefin, filler, polyester,

glass fiber etc..




CASE STUDY: COMPATIBILIZATION OF MODEL BLENDS

= Model Blends: Polyolefin/Nylon & Polyolefin/Nylon/CaCO,

= Formulation:

Sample Polyolefin 1 Polyolefin 2 Nylon 6 CaCoO, Compatibilizer
Polyolefin 1/Nylon 75 25
Polyolefin 1/Nylon/Compatibilizer 73 24 3
Polyolefin 2/CaCO, 70 30
Polyolefin 2/CaCO,/Nylon 52.5 17.5 30
Polyolefin 2/CaCO,/Nylon/Compatibilizer 50.9 17 29.1 3

= Materials:

o Polyolefin 1: LLDPE from Dow; Polyolefin 2: Polyolefin elastomer from Dow;
Compatibilizer: functionalized polyolefin from Dow

= Fabrication:
o Twin screw extruder (TSE) mixing: Coperion ZSK26
o Injection molding: Toyo Si-90



COMPATIBILIZATION OF MODEL BLENDS: POLYOLEFIN/NYLON
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Polyolefin Polyolefin/25% Nylon Polyolefin/Nylon/Compatibilizer

Polyolefin Polyolefin/ 25% Nylon Polyolefin/Nylon/Compatibilizer

Note: Did not break at 500% for samples without elongation at break data;
Polyolefin 1 (LLDPE) used in this study

= Compatibilizer improved the tensile elongation and enhanced the impact performance of nylon
containing polyolefin mixture
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POLYOLEFIN/NYLON WITH COMPATIBILIZER
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Polyolefin/Nylon/Compatibilizer

= The incorporation of the compatibilizer reduced the modulus of the blend, bringing it closer to that of the

virgin resin
= Compatibilizer improves the phase dispersion
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Elongation at Break (%)

COMPATIBILIZATION OF MoODEL BLENDS: POLYOLEFIN/NYLON/FILLER
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Polyolefin/Cac03 Polyolefin/CaCO3/Nylon Polyolefin/CaCO3/Nylon/Com patibilizer Polyolefin/CaCO3 Polyolefin/CaCO3/Nylon Polyolefin/CaCO3/Nylon/Compatibilizer

Note: Didn’t break at 500% for samples without elongation at break data;
Polyolefin 2 (Elastomer) used in this study

= Compatibilizer improved the tensile elongation and the impact performance of filled nylon containing
mixture
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Flexural Modulus (MPa)

POLYOLEFIN/NYLON/FILLER WITH COMPATIBILIZER

450

400

350

w
o
o

N
v
o

N
o
o

=
v
o

100

50

Polyolefin/CaCO3 Polyolefin/CaCO3/Nylon Polyolefin/CaCO3/Nylon/Compatibilizer

= [ntroducing the compatibilizer lowered the blend’s modulus to a level comparable with that of the virgin
resin

= Compatibilizer improves the phase dispersion
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CAN WE COMPATIBILIZE BLENDS CONTAINING CARPET TILE?

Face yarn

Primary backing

Thermoplastic
compound

Fiberglass reinforcement

High performance
pre-coat

= Materials & formulation:

o Polyolefin 2: Polyolefin elastomer from Dow; Compatibilizer: functionalized polyolefin from Dow
o Blend: polyolefin/calcium carbonate/carpet tile w/wo compatibilizer

= Fabrication
o Haake bowl mixing
o Compression molding
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COMPATIBILIZER IMPROVES THE TENSILE ELONGATION
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Blend with compatibilizer
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COMPATIBILIZER LOWERS THE VISCOSITY

Uncompatibilized carpet tile blend
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SUMMARY

= Driving toward a circular economy generates a strong demand for Compatibilizer Solutions to enable

Design for Recyclability and PCR/PIR recycling

= Selecting appropriate compatibilizer can significantly enhance the performance of PCR/PIR, and even match

or outperform some properties of virgin polymer resin

= Dow offers a broad & unique compatibilizer portfolio for D4R and plastic upcycling

Fusabond Retfain Elvaloy Eivaloyac Engage fuse

functional polymers polymer modifier polymer alloys crylate copolymers polyolefin elastomers

Contact Us:

Anna Allsop Marola Issa Jie Wu

Sr. Sales Specialist  Senior Research Specialist  Research Scientist
aallsop@dow.com missa@dow.com jwu19@dow.com
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DISCLAIMER

NOTICE: No freedom from infringement of any patent owned by Dow or others is to be inferred. Because use
conditions and applicable laws may differ from one location to another and may change with time, Customer is
responsible for determining whether products and the information in this document are appropriate for
Customer's use and for ensuring that Customer's workplace and disposal practices are in compliance with
applicable laws and other government enactments. The product shown in this literature may not be available
for sale and/or available in all geographies where Dow is represented. The claims made may not have been
approved for use in all countries. Dow assumes no obligation or liability for the information in this document.
References to “Dow” or the “Company” mean the Dow legal entity selling the products to Customer unless
otherwise expressly noted. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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