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Case study

Mission: Performance
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Exceed™ Stiff+ Exceed™ HD Exceed™ Tough+ Exceed™ Flow+ Exxtra™ Seal

Windmoller & Holscher, B&B, Henkel and ExxonMobil
Signature Polymers combine their expertise to create
mono-material packaging designed for recyclability*,
containing an MDO PE substrate with outstanding
stiffness and excellent optics comparable to BOPP

Outstanding

Designed for - — stiffness of
recyclability* MDO PE
substrate

Uncompromised

} printing quality

Downgauging
!’ opportunity

Data and results presented herein apply specifically to the noted application under this case study.
Your results may differ depending on factors such as operating conditions, equipment and materials used.

Challenge

To create mono-material packaging designed for
recyclability* meeting converting and end-use
requirements.

As the global packaging industry embraces concepts of

a more circular economy, the need for packaging that is
designed for both recyclability and resource efficiency is
apparent. For example, the EU Regulation on Packaging and
Packaging Waste (PPWR)' reinforces the need for recyclable
packaging. But beyond compliance, brand owners and
converters are seeking packaging solutions that can enhance
packaging’s end-of-life value, address extended producer
responsibility (EPR) schemes, and support a more circular
economy.

"https://eur-lex.europa.eu/eli/reg/2025/40/0j

* Designed with features intended to support recyclability. Actual recyclability
depends on factors such as local collection, sortation, and recycling infrastructure, as
well as the condition and configuration of the package after use. However, access to
facilities that accept and process plastic film is limited and not widely available.

**Solvent-free adhesive solution - designed for recycling and certified by a
recognized certification body as compatible with existing recycling streams.

Solution

Through innovative value chain collaboration between
W&H, B&B, Henkel & ExxonMobil Signature Polymers
a thoughtfully designed mono-material PE pouch was

created.

Combining W&H'’s leading MDO technology with ExxonMobil
Signature Polymers resins enables customers to achieve an
MDO PE substrate with outstanding stiffness and excellent
optics, comparable to BOPP. Outstanding print quality

and excellent process stability was achieved with W&H'’s
ALPHAFLEX press.

A 5-layer sealant web was designed combining both easy
extrudability and good performance and was produced

on W&H's VAREX Il using ExxonMobil Signature Polymers
resins. The mono-material packaging solution is achieved by
combining the outstanding stiff MDO PE substrate with the
5-layer sealant web during lamination with Henkel’s recycling
compatible PU adhesive** LOCTITE LIOFOL LA 7818 RE /
LA 6231 RE, and converted into stand-up pouches on B&B’s
high-efficiency STBB 8K stand-up pouch equipment.

@ WINDMOLLER & HOLSCHER /B&B



The design process
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High performance MDO blown film Printing of MDO Lamination using Stand-up pouch
polyethylene resin extrusion (MDO PE PE substrate adhesive conversion

substrate) and regular
blown film extrusion
(sealant web)
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MDO PE substrate Sealant web

Thickness: 90 pm

B Exceed” Tough+ m 1019
M Exceed" Flow+ m 0938
M Exceed” Stiff+ m 0926
B Exceed” Tough+ m 0814
M Exxtra™ Seal POP 2008
B ExxonMobil™ LD 07523

Thickness: 25 pm

B Exceed” Stiff+ m 0820
B Exceed” Stiff+ m 0238
M Exceed™ HD 6107

Outside bubble/
treatment side

Results

Building on the ExxonMobil Signature Polymers’ expertise, the MDO PE substrate was developed consisting of Exceed™ HD
6107 high-performance polyethylene offering high stiffness and excellent processability in particular in MDO PE applications.
Additional components are Exceed™ Stiff+ m 0238 providing excellent bubble stability combined with stiffness, and
Exceed™ Stiff+ m 0820 offering process stability. The MDO PE solution exhibited outstanding stiffness, even at elevated
temperatures, comparable to a BOPP reference film, without compromising on optical properties.

For the MDO PE//PE laminate, a 5-layer sealant web was designed. The outstanding stiffness of the MDO PE substrate
allows finetuning of the sealant film formulation to balance processability and performance, while offering downgauging
potential.
ExxonMobil Signature Polymers resins in the 5-layer downgauged sealant web can provide:

Exceed™ Tough+ m 1019 and Exceed™ Tough+ m 0814: excellent toughness

Exceed™ Flow+ m 0938: a good combination of processability and stiffness

Exceed™ Stiff+ m 0926: a good balance between stiffness and toughness

= Exxtra™ Seal POP 2008: a low sealing initiation temperature, enabling a broad sealing window for mono-material
packaging



Compared to a previously developed MDO PE//PE laminate, our newly developed MDO PE//PE laminate contained a
downgauged sealant web. Despite the thinner sealant web, the seal strength of the MDO PE//PE laminate was maintained.

Moreover, an excellent package integrity was obtained as demonstrated when testing bag drop at a typical shelf height of

2 meters, with a survival rate of 100%.
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BOPP (20 pm) ExxonMobil MDO PE substrate
25 0
(25 pm) @
RT 60°C
20% 15% 10% 5% 0%
Haze PS
. 0GU. 20G.U. 40G.U. 60G.U. 80G.U. 100G.U.
Gloss 45 °
BOPP (20 pm) @ ExxonMobil MDO PE substrate (25 pm)

Seal strength
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Sealing temperature (°C)

—-MDO PE//PE —-MDO PE//PE with downgauged sealant web
(132pm) (115pm)

The strong collaboration between Windméller & Holscher, B&B, Henkel and ExxonMobil Signature Polymers and their
combined expertise, enabled the successful development of a mono-material package, designed for recyclability*.

Property tested Test method based on
Tensile properties of film at RT ExxonMobil method

. . ) . ) * Designed with features intended to support recyclability. Actual
Tensile properties of film at 60°C ExxonMobil method recyclability depends on factors such as local collection, sortation, and
Total haze ASTM D1003-A recycling infrastructure, as well as the condition and configuration of the

package after use. However, access to facilities that accept and process

Gloss 45° Beeniviesil meihed plastic film is limited and not widely available.
Bag drop testing ExxonMobil method
Heat seal strength at RT ExxonMobil method

Ex¢onMobil

Data from tests performed by or on behalf of ExxonMobil. 2025-RTI-4983

Bring your impossible

ExxonMobil Signature Polymers was born from the belief that people fuel progress. From automotive and construction to packaging,
agriculture, industrial, and beyond, we leverage the scale and reach of ExxonMobil to deliver the insights and innovations that empower our
diverse, global partners to take their businesses to new heights. We continuously work to provide the listen-first, service-driven, game-
changing collaboration that unlocks opportunities for our partners and advances their business goals.

© 2025 ExxonMobil. ExxonMobil, the ExxonMobil logo, the interlocking “X” device and other product or service names used herein are trademarks of ExxonMobil, unless indicated otherwise. This document may not be distributed,
displayed, copied or altered without ExxonMobil's prior written authorization. To the extent ExxonMobil authorizes distributing, displaying and/or copying of this document, the user may do so only if the document is unaltered
and complete, including all of its headers, footers, disclaimers and other information. You may not copy this document to or reproduce it in whole or in part on a website. ExxonMobil does not guarantee the typical (or other)
values. Any data included herein is based upon analysis of representative samples and not the actual product shipped. The information in this document relates only to the named product or materials when not in combination
with any other product or materials. We based the information on data believed to be reliable on the date compiled, but we do not represent, warrant, or otherwise guarantee, expressly or impliedly, the merchantability, fitness for
a particular purpose, freedom from patent infringement, suitability, accuracy, reliability, or completeness of this information or the products, materials or processes described. The user is solely responsible for all determinations
regarding any use of material or product and any process in its territories of interest. We expressly disclaim liability for any loss, damage or injury directly or indirectly suffered or incurred as a result of or related to anyone using
or relying on any of the information in this document. This document is not an endorsement of any non-ExxonMobil product or process, and we expressly disclaim any contrary implication. The terms “we,” “our,” “ExxonMobil
Product Solutions” and “ExxonMobil” are each used for convenience, and may include any one or more of ExxonMobil Product Solutions Company, Exxon Mobil Corporation, or any affiliate either directly or indirectly stewarded



