TECHNICAL INFORMATION SHEET TIS29 "’

The ability of a foam to perform at reduced temperatures is application dependent.

If used at reduced temperatures, three main impacts on the material should be considered:

ZOTEFOAMS

1. Temporary dimension changes can occur due to thermal expansion of the polymer and the gas in its cells. At
reduced temperatures, this will be seen as a shrinkage.
2. Mechanical properties will change with temperature. Changes to mechanical properties can be both a gradual
and a step change (a transition temperature).

This document focuses on the mechanical property changes that can occur when foams are used at low temperatures.

IMPACT OF POLYMER TYPE

The stiffness (modulus) of polymer foams will decrease as the temperature is increased:

Material family

Relative change in stiffness with reduced temperature

Plastazote® LD Medium
Plastazote HD Very Low
Plastazote EV High
ZOTEK® F Medium
ZOTEKF HT Low
ZOTEKT Low

For soft foams that are used in cushioning, rebound or impact protection applications, the stiffening of these materials
when used at sub-zero temperatures can be particularly noticeable. Selecting a polymer where changes to the stiffness
at decreased temperatures are kept to a minimum will be critical if low temperatures are expected during use. For
example, ZOTEK T materials are preferable over Plastazote EV or LD materials for winter sporting applications where
low temperatures are expected. The graphs on the following page show the typical compression performance of
products from each of these three ranges at -50, 0 and 23°C:
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For guidance on how mechanical properties will change over a wide temperature range, we can look at the response
of different foams to dynamic mechanical analysis — a technique where a temperature and frequency properties of
polymer materials can be studied.

The graphs on the following page show the expected change in stiffness of Zotefoams materials typically used in
Aviation and Sports and Leisure markets. The percentage change in stiffness is driven by polymer type and will be
similar for foams of different density made from the same polymer. For information about materials not shown below,
please contact our Technical Support team for more information.
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Aviation Foams

1000%

——AZQTE MP
———ZO0TEK F

——Z0TEK F HT
——Z0TEK F XR

% change from storage modulusat 23°C

=~
(=]

-50 -30 -10 10 30 —0

-200%
Temperature [°C]

Figure 1: Percentage change in modulus with temperature compared to modulus measured at 23°C for foam
materials typically used in aviation. Measured using 5 mm single cantilever bending clamps at a frequency
of 1 Hz.

Sport and Leisure foams
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Figure 2: Percentage change in modulus with temperature compared to modulus measured at 23°C for foam
materials typically used in sports and leisure. Measured using 5 mm single cantilever bending clamps at a
frequency of 1 Hz.
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Exclusion of Liability

Any information contained in this document is, to the best of the Where ZOTEFOAMS’ goods or materials are likely to come into contact
knowledge and belief of Zotefoams plc and of Zotefoams Inc. (together with foodstuffs or pharmaceuticals, whether directly or indirectly, or are
herein referred to as ZOTEFOAMS), accurate. Any liability on the part likely to be used in the manufacture of toys, prior written confirmation of
of ZOTEFOAMS or any subsidiary or holding company of compliance with relevant legislative or regulatory standards for those
ZOTEFOAMS for any loss, damage, costs or expenses directly or applications may be requested from ZOTEFOAMS, if appropriate. Save
indirectly arising out of the use of such information or the use, as provided in the Conditions of Sale no liability can be accepted for any
application, adaptation or processing of any goods, materials or damage, loss or injury directly or indirectly arising out of any failure by
products described herein is, save as provided in ZOTEFOAMS’ the user to obtain such confirmation or to observe any

conditions of sale (“Conditions of Sale”), hereby excluded to the fullest recommendations given by or on behalf of ZOTEFOAMS.

extent permitted by law.

Where ZOTEFOAMS’ goods or materials are to be used in conjunction ZOTEFOAMS MAKES NO WARRANTIES EXPRESS OR IMPLIED,
with other goods or materials, it is the responsibility of the user to obtain EXCEPT TO THE EXTENT SET OUT IN THE CONDITIONS OF

from the manufacturers or suppliers of the other goods or materials all SALE, AND HEREBY SPECIFICALLY EXCLUDES ANY IMPLIED
technical data and other properties relating to those other goods or WARRANTY OF MERCHANTABILITY OR FITNESS FOR A

materials. Save as provided in the Conditions of Sale no liability can be PARTICULAR PURPOSE WITH RESPECT TO ANY GOODS,
accepted in respect of the use of ZOTEFOAMS’ goods or materials in MATERIALS OR PRODUCTS DESCRIBED HEREIN.

conjunction with any other goods or materials.

Zotefoams plc Management systems are covered by the following:
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UKAS UKAS UKAS

MANAGEMENT MANAGEMENT MANAGEMENT
UK Authorised Economic Operator Sf;;';s Sf;;gﬂs 5\'05;;;"5

Quality Safety Environment

FM 01870/ 1SO 9001:2015 OHS 52538 /ISO 45001:2018 EMS 36270 /1SO 14001:2015
ZOTEFOAMS plc ZOTEFOAMS Poland SP z.0.0. | ZOTEFOAMS inc AZOTE®, Ecozote®, Evazote®,
675 Mitcham Road Parkowa 26 55 Precision Drive Walton, Kentucky ;ﬁztfzﬁzz izf;zoztf'i';gﬁé
Croydon, Surrey CR9 3AL 49-318 Skarbimierz, 41094 USA registered tr; dema’rks of Zotefoams ple.
United Kingdom Osiedle Tel: +1 859 371
Tel: +44 (0) 20 8664 1600 Freephone: (800) 362 8358 US only

If you would like

more information email:
techsupport@zotefoams.com
or visit our website
www.zotefoams.com

Email: azote@zotefoams.com
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