TECHNICAL INFORMATION SHEET TIS 08 @ ZOTEFOAMS

The ability of a foam to perform at elevated temperatures is application dependent. Factors such as the exposure time
and whether the foam is under a load are very important.

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

1. Dimension changes can occur, both temporary and permanent. Temporary dimension changes can occur
when the temperature of a foam is increased below the softening point, due to thermal expansion of the
polymer and the gas in its cells. Permanent shrinkage can occur when foam materials are exposed to
temperatures above the softening point for long periods, then cooled back to ambient.

2. Mechanical properties will change with temperature, and for thermoplastic polymers usually results in softening
with increasing temperature. Changes to mechanical properties can be both a gradual and a step change (a
transition temperature).

3. Chemical degradation of polymer - the amount of degradation for a polymer is dependent on the temperature
and environment to which it is exposed, and the length of time in those conditions. One effect of this is a
reduction in strength.

This document focuses on the dimensional changes that can occur at different temperatures.

Permanent dimension changes

In common with other foam materials, Zotefoams closed cell, cross-linked materials shrink at elevated temperatures.
This is due to diffusion of gas from the cells and is not just dependent on the time and temperature, but also on the
thickness of the part and whether the foam is under any load. Overall, the degree of shrinkage experienced by a foam
material depends on the type of polymer, temperature, time, density, dimensions (thickness) and cell size. This section
explores the shrinkage effects that may occur upon exposure to elevated temperatures.

IMPACT OF TIME AND THICKNESS

Total shrinkage usually comprises a rapid shrinkage phase followed by a slower shrinkage phase:
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Figure 1: Graph showing the percentage linear shrinkage over time measured for Plastazote LD33 material in
5 mm and 25 mm thick aged at 80°C.
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Thicker sheets will shrink more slowly, so for short exposure times - within the ‘rapid phase’ of shrinkage — thin sections
of foam will shrink much more noticeably than thicker sections. Over longer time periods, the overall percentage

shrinkage expected for different thicknesses of material will converge. Effectively, for thinner materials the rapid phase
is shortened.

Around the softening point of the material, shrinkage is relatively low, and the thickness of the part has lower impact.

As you near the melting point of the material, much larger differences between thicknesses are noticed for short heating
times.

Higher temperatures will result in more rapid initial shrinkage and higher overall levels of shrinkage. The worst case
would be total loss of gas from the foam and the polymer shrinking back to its pre-expansion dimension.

This relationship is exhibited in the graphs below, comparing Plastazote LD33 product aged at 80°C and 100°C.
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Figure 2: Graphs showing the relationship between foam thickness and percentage linear shrinkage of
Plastazote LD33 aged at 80°C and 100°C for 1, 24 or 168 hours.
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IMPACT OF DENSITY

Heavier density foams shrink slower and by less overall at the same temperature compared to lower density materials.

The following graphs show the typical relationship between foam density and extent of shrinkage for Plastazote LD
and ZOTEK F HT products.
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Figure 3: Typical relationship between percentage linear shrinkage and foam density measured for
Plastazote LD products, aged at 80°C for 168 hours.
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Figure 4: Typical relationship between percentage linear shrinkage and foam density measured for Zotek F
HT products, aged at 145°C for 168 hours.

AZOTE® / ZOTEK® / CC®zOTE / T-FIT® Issue 0 Revision 0 February 2025 3



TIS 08 Thermal stability and elevatd temperature performance f" ZOTEFOAMS

IMPACT OF TEMPERATURE

Within most Zotefoams product information sheets, you will find a recommended maximum operating temperature
stated. This is the temperature at which a sample sized 100 x 100 x 25 mm will be expected to shrink by a maximum
of 5% in length after heating in a hot air oven for 24h. In many applications, this level of shrinkage in this time period
will not be acceptable - the maximum operating temperature does not represent a temperature which the product
should be exposed to for a long period of time.

e For Plastazote LD products the shrinkage below 60°C is negligible.

e Evazote products shrink at lower temperatures compared to LD, and this can be noticeable from as low as
40°C for EV products, with significant densification above 80°C.

e Plastazote HD products are the most temperature stable in the AZOTE range, exhibiting low levels of shrinkage
even at 100°C.

e For Zotek F HT products, shrinkage below 100°C is negligible.

e Shrinkage between 70 to 90°C is noticeable but stable for Plastazote LD products. For Zotek F HT products,
the same is true for temperatures between 100 to 145°C.

o Within 10-15°C of the melting point of the base polymer of each foam, shrinkage becomes more varied,
rapid and less predictable.
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Figure 5: The above chart is based upon linear shrinkage measurements made on 25 mm thick samples of
F38HT heated in a hot air oven for various time periods up to 750 hours. Test temperatures 100, 120 and
145°C.
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Figure 6: The above chart is based upon linear shrinkage measurements made on 25 mm thick samples of
LD33WE heated in a hot air oven for various time periods up to 500 hours. Test temperatures 60, 80 and
100°C.
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IMPACT OF HEATING MECHANISM

Degree of shrinkage will also depend on whether the material is heated from one side (for example, when the foam is
used to insulate a heated object), or if the material is exposed to heat in all directions (placing the foam in an oven). In
each scenario, the driving forces for diffusion of gas out of the foam structure will be different.

For example, foam heated from one side by a hot surface will exhibit the most shrinkage in the foam’s thickness
(direction of heat flow) — the shrinkage seen along the length of the foam (perpendicular to the heat flow) will be less.
Foam heated from all directions (foam placed in a hot environment) will tend to shrink by a similar percentage in all
dimensions, so change in dimensions will be more noticeable (the overall volume shrinkage will be higher).
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Figure 7: Thickness shrinkage (left) and Length Shrinkage (right) measured for F43HT material aged for 1000
hours at a variety of temperatures up to 160°C.

IMPACT OF SHRINKAGE ON MATERIAL PROPERTIES

Where foam dimensions shrink after exposure to elevated temperatures, the density of the materials will increase. As
foam stiffness increases with foam density, if material shrinks significantly then foam properties will also change
noticeably.
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Figure 8: Graph showing the relationship between compressive stress at 25% compression strain and
percentage linear shrinkage, and density of material compared to percentage linear shrinkage. Measured
using Evazote VA35 material aged for 1, 24, and 168 hours at 100°C.

Please continue to the next page for information about temporary dimension changes.
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Temporary dimension changes

Temporary dimension changes can occur when the temperature of a foam is increased or decreased, due to thermal
expansion of the polymer and the gas in the foam cells. The material will tend to expand at elevated temperatures and
shrink at lower temperatures, before returning to its original dimensions when heated or cooled back to ambient
temperature. These dimension changes can be noticeable when material is stored and processed in different
temperature environments.

Thermal expansion coefficients for foam will depend on the polymer that the foam is made from, and the density of the
foam:
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Figure 9: Relationship between density and thermal expansion coefficient for different polymer foams. The
thermal expansion coefficients are taken from measurements between 0°C and below the softening point of
the foams. In this graph, thermal expansion coefficients are represented in units of mm/m.10°C, so show the
expected change in dimension in mm per metre original length of material per 10°C change in temperature.
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Thermal expansion coefficients for foams and polymers will vary with temperature. At sub-zero temperatures,
especially below the material’s glass transition temperature, thermal expansion coefficients for the same material will
tend to be lower compared to thermal expansion coefficients above ambient temperatures. Closer to the material’s
melting temperature, the foam will begin to shrink.

An example of the change in expansion coefficient with temperature is presented below for Plastazote LD15FM:
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Figure 10: Thermomechanical Analysis of Plastazote LD15FM foam measured between -60°C and +75°C,
using a heating rate of 5°C/min in accordance with ISO 11359-2:2021.

For certain materials, such as our ZOTEK T foam, the thermal expansion coefficient does not change very much with
temperature over the range investigated, so changes in dimension are easier to predict:
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Figure 11: Thermomechanical Analysis of ZOTEK T 75 foam measured between -60°C and +90°C, using a
heating rate of 5°C/min in accordance with ISO 11359-2:2021.
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Exclusion of Liability

Any information contained in this document is, to the best of the
knowledge and belief of Zotefoams plc and of Zotefoams Inc. (together
herein referred to as ZOTEFOAMS), accurate. Any liability on the part
of ZOTEFOAMS or any subsidiary or holding company of
ZOTEFOAMS for any loss, damage, costs or expenses directly or
indirectly arising out of the use of such information or the use,
application, adaptation or processing of any goods, materials or
products described herein is, save as provided in ZOTEFOAMS’
conditions of sale (“Conditions of Sale”), hereby excluded to the fullest
extent permitted by law.

Where ZOTEFOAMS’ goods or materials are to be used in conjunction
with other goods or materials, it is the responsibility of the user to obtain
from the manufacturers or suppliers of the other goods or materials all
technical data and other properties relating to those other goods or
materials. Save as provided in the Conditions of Sale no liability can be
accepted in respect of the use of ZOTEFOAMS’ goods or materials in
conjunction with any other goods or materials.

ZOTEFOAMS

Where ZOTEFOAMS’ goods or materials are likely to come into contact
with foodstuffs or pharmaceuticals, whether directly or indirectly, or are
likely to be used in the manufacture of toys, prior written confirmation of
compliance with relevant legislative or regulatory standards for those
applications may be requested from ZOTEFOAMS, if appropriate. Save
as provided in the Conditions of Sale no liability can be accepted for any
damage, loss or injury directly or indirectly arising out of any failure by
the user to obtain such confirmation or to observe any
recommendations given by or on behalf of ZOTEFOAMS.

ZOTEFOAMS MAKES NO WARRANTIES EXPRESS OR IMPLIED,
EXCEPT TO THE EXTENT SET OUT IN THE CONDITIONS OF
SALE, AND HEREBY SPECIFICALLY EXCLUDES ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE WITH RESPECT TO ANY GOODS,
MATERIALS OR PRODUCTS DESCRIBED HEREIN.

Zotefoams plc Management systems are covered by the following:
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Quality
FM 01870/ 1SO 9001:2015

Safety
OHS 52538 / 1S0O 45001:2018

Environment
EMS 36270 / 1SO 14001:2015

ZOTEFOAMS plc ZOTEFOAMS Poland SP z.o.o.
675 Mitcham Road Parkowa 26

Croydon, Surrey CR9 3AL 49-318 Skarbimierz,

United Kingdom Osiedle

Tel: +44 (0) 20 8664 1600
Email: azote@zotefoams.com

AZOTE®, Ecozote®, Evazote®,
Plastazote®, Supazote®, T-FIT®,
Zotefoams®, Zote®, ZOTEK® are
registered trademarks of Zotefoams plc.

ZOTEFOAMS inc

55 Precision Drive Walton, Kentucky
41094 USA

Tel: +1 859 371

Freephone: (800) 362 8358 US only If you would like

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