Multifunctional thermoplastic
polyurethane (TPU) film —
the material of choice.
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Why Covestro TPU films?

The demand by consumers and producers of materials remains
high. Independent of the application, high-quality standards and
performance are not compromised.

This is where thermoplastic polyurethane (TPU) films show their
strength. Dureflex® and Platilon® TPU films, manufactured by
Covestro, represent a wide range of polymer compositions with
excellent mechanical, chemical and thermal properties.

Thanks to the near unlimited potential to modify our products,
Covestro can offer TPU monolayer, multilayer and co-extruded

films customized to meet your specific needs and requirements.
This benefits our customers in particular, with whom we work in
close partnership to maximize their success.

We are also driving the development of our customized TPU films
with sustainability in mind. Our efforts in this regard include waste
reduction, the use of bio-based instead of fossil fuel raw materials,
and pursuing a mass-balancing approach.

TPU properties

Thermoplastic polyurethanes are high-tech materials with a unique combination of versatile properties. TPU bridges the gap between

hard thermoplastics and rubber. For instance, it can be deformed under tensile load, yet still returns to its original shape afterwards.
Thanks to its molecular structure, TPU can be heated, melted and molded all over again.

The general properties of TPU are comprised of:

* Adhesion — natural adhesion to a variety of substrates

* Abrasion resistance

* Barrier —air and liquid barrier properties

+ Elasticity — high elasticity over the entire hardness range
= Flexibility over a wide temperature range

* Heatresistance

* High mechanical strength

Printability

Skin-contact medical grades

Solvent- and plasticizer-free grades
Tear and cut resistance

Ethylene oxide (ETO)/Gamma sterilizable
Suitable for heat lamination

Numerous forms of processing are possible: TPU films are highly suitable for thermal and flame lamination or for common welding

processes. The material also offers excellent thermoforming properties.
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Understanding the differences
between types of TPU

TPUs generally can be separated into three types: aliphatics,
aromatic polyesters and aromatic polyethers. Each offers a distinct
set of qualities that recommend it for particular applications.

Aliphatics
* UV resistant
* Laminate to glass and polycarbonate sheet

Aromatic polyesters

+ Effective barrier to gases

* Resistant to petrochemicals (e.g., gasoline, diesel fuel, aviation
fuel, etc.)

* Resistant to many solvents, chemicals, fats, and greases

Aromatic polyethers

* Resistant to water, high humidity, and fungus

«  Offer excellent hydrolytic stability

» Softer and more comfortable for skin contact

* Breathable —impermeable to liquids but highly water
vapor permeable
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Comparison of TPU to other films

LT EE Flexible PVC Co-polyester * EVA (25% VA) LDPE
polyurethane

Shore hardness

Specific gravity
(Gms/cm3)

Ultimate tensile
strength (PSI)

Ultimate elongation
(%)

Tear strength (PLI)

Puncture resistance

Abrasion resistance

Oil resistance

Acid resistance

Aqueous solution
resistance

Ozone resistance

Water resistance

Low temperature
flexibility

Fabric lamination

Heat sealing

Solvent welding

RF welding

Thermoforming

70-95A

1.14-1.35

4000 - 10000

350-800

300-700

Excellent

Excellent

Good

Good

Good

Excellent

Good/Excellent**

Excellent

Excellent

Y

Y

Y

Y

60 - 95A

1.30-1.50

2000 - 6000

200 - 450

N/A

Good

Fair

Fair/Good

Fair

Good

Excellent

Good

Fair/Good

Fair/Good

Y

Y

Y

Y

* Co-polyester data based on commercially available grade
** Polyester TPU - Good / Polyether TPU - Excellent

30-80D

1.07-1.28

2000 - 7500

200 - 600

100 - 300

Good

Good

Good

Fair/Good

Good

Excellent

Good

Fair

Fair

Y

0.95

4400

875

350

Fair

Fair

Good

Good

Good

Excellent

Good

Good

Fair

Y

0.915-0.94

1300 - 2500

100 - 700

N/A

Poor

Good

Good

Good

Good

Good

Excellent

Good

Fair

Y

50-76D

0.94-0.97

7000 - 7500

500

330

Poor

Excellent

Good

Good

Good

Good

Excellent

Good

Poor

Y
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Multilayer films — a toolbox for your needs

Each individual TPU film brings its own customized properties; Multiple features, like polymer carriers, surface finishes, colors
however, the combination in a multilayer film brings a higher level and TPU chemistries can be brought together simultaneously to
of performance. In this case, the total performance really is greater  deliver a customized solution while still using a highly cost-effective
than the sum of its parts. manufacturing process.

Covestro's multilayer blown film capability allows different
technologies and properties to be combined in a single
processing step.

Multilayer toolbox options

* Gloss
* Silk matte
* Extra matte

Surface
finish

* Medically approved
« Skin tones
« Standard colors

* Highly breathable

Light blocking z:tdt::t
u

High/low melt
* Vapor/gas barrier
» Medically approved

Your customized
multilayer film

» Aromatic ester » Standard
or ether e Low

* Aliphatic Carriet * High

* Mechanical relcact
properties force

* Flame resistance

* Polyethylene

* Polypropylene

« Standard thickness
« High thickness
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Multilayer toolbox in practice

As part of a general drive to produce more sustainable and more wearable products, a customer was considering replacing solvent-
based TPU as a backing material for a wound dressing.

Critical requirements:

» A carrier with low release force for easy processing
* High breathable ether-TPU film for exudate management and long wear time

» Low friction, high matte effect surface for a premium appearance and feel

' t + Medically approved materials for the Class 2 device

~

L

'

Easy solution

Product Surface
feature finish

By using Covestro multilayer technology, the customer was provided the
product they needed:

Covestro was able to supply a Tmil (25 micron) TPU film with an MV TR of
4000g/m2/day, a medically approved color and a matte surface finish on
the film.

Carrier
The TPU film came with a carrier that had a release force adjusted to TPU release
strip easily during processing. All of this was performed in a single process chemistry Carrier force

step which makes it possible to deliver a customized solution at an
attractive price.

Wound dressing with TPU film and foam layers
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A wide range of applications

With many different properties, the possible combinations of customized solutions are endless. TPU films are suitable for a wide range
of consumer, industrial, medical, security, and mobility applications.

-

Automotive Medical Construction

* Seating * Smart patches * Pipe relining

* Sun roof roll-up shades * Wound dressing * Roof membranes

+ Steering wheel heater  Surgical drapes and packaging * Awnings

= Sound insulation * Window shades
Textile / Sports & leisure Security & protection Embedded electronics

» Rain gear * ID-cards * Wearables/Diagnostics
« Tents * Bullet-proof vests » Flexible circuits

* Footwear * Bullet-resistant glazing * Embedded chips

* Sleeping bags * Heating and lighting elements
* Emblems

Want to learn more?

Covestro Specialty Films has a global technical and manufacturing
footprint to support customers in Asia, Europe and the Americas. We
are always ready to work with you in developing customized features
that will provide an excellent combination of quality and performance.

Reach out to us or visit the Covestro Solution Center to find out more
about our Specialty Films solutions (films.covestro.com) or send an
email to films@covestro.com.
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Covestro Deutschland AG
Kaiser-Wilhelm-Allee 60
51373 Leverkusen
Germany

coatings.covestro.com
info@covestro.com
films.covestro.com
films@covestro.com

The manner in which you use our products, technical assistance and information (whether

verbal, written or by way of production evaluations), including any suggested formulations and
recommendations, is beyond our control. Therefore, it is imperative that you test our products to
determine suitability for your processing and intended uses. Your analysis must at least include
testing to determine suitability from a technical, health, safety, and environmental and regulatory
standpoint. Such testing has not necessarily been done by Covestro, and Covestro has not obtained
any approvals or licenses for a particular use or application of the product, unless explicitly stated
otherwise. [EMEA only: If the intended use of the product is for the manufacture of a pharmaceutical/
medicinal product, medical device' or of pre-cursor products for medical devices or for other
specifically regulated applications which lead or may lead to a regulatory obligation of Covestro,
Covestro must explicitly agree to such application before the sale.] Any samples provided by
Covestro are for testing purposes only and not for commercial use. Unless we otherwise agree in
writing, all products are sold strictly pursuant to the terms of our standard conditions of sale which
are available upon request. All information, including technical assistance is given without warranty
or guarantee and is subject to change without notice. It is expressly understood and agreed by
you that you assume and hereby expressly release and indemnify us and hold us harmless from
all liability, in tort, contract or otherwise, incurred in connection with the use of our products,
technical assistance, and information. Any statement or recommendation not contained herein is
unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation to use
any product in conflict with any claim of any patent relative to any material or its use. No license is
implied or in fact granted under the claims of any patent. These values are typical values only. Unless
explicitly agreed in written form, they do not constitute a binding material specification or warranted
values.'Please see the "Guidance on Use of Covestro Products in a Medical Application” document.
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