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Vacuum Insulation Panels - An Assessment of the Impact of
Accelerated Ageing on Service Life
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Vacuum insulation panels (VIP) are the most effective thermal insulation and are primarily used where not much space is available and
extremely high thermal insulation properties are required. Panels are already widely used in industry (insulation of the front doors and side
walls of refrigerators and freezers for domestic appliances), for logistic purposes (transport containers, storage tanks, campers, refrigeration
and other vehicles), for the insulation of laboratory and professional devices and insulation of various construction elements, such as elements
for doors, furniture.

Since the entry of atmospheric air gases into VIP panels represents the most harmful influence on their excellent thermal insulation
properties, our research was focused on the analysis of accelerated ageing and determination of service life caused by this influence. The
primary objective of the research was to define the theoretical base supporting measurements of accelerated testing and the connection
between ageing and the service life of VIP panels. Arrhenius law of accelerated testing was used as a theoretical support to experimental
testing of VIP panels at high temperatures and different exposure times. These results are useful in order to control quality, resistance to
ageing and determining the life expectancy of VIP panel products, the characteristics of which can be determined in a significantly shorter
time during accelerated testing than during real service life conditions.

The accelerated ageing laboratory test measurements and simulation analysis confirm that VIP panels are a durable and high quality

product.
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0 INTRODUCTION

Most envelope constructions applied due to new
demands for energy savings, greatly increase the
thickness of thermal insulation, whereby a thickness
of 30 or even 50 centimetres is not unusual. Extremely
high energy efficient buildings, such as Near-0-Energy
(N-0-E) houses, require thermal insulation with a
U-value even lower than 0.10 W/(m2-K), which has
resulted in layers of conventional thermal insulation
of at least 30 cm. This imposes not only technical
constraints but also has negative aesthetic effects.
The same situation is also encountered in the industry
of refrigerators and other domestic and professional
appliances, transport containers and vehicles, campers
and laboratory equipment, where there is a space
limitation.

It should be noted that the optimal thickness of the
heat insulating layer is always obtained at the expense
of the efficiency of the available volume, since the
net yield of the useful volume of the envelope is often
much smaller. On the other hand, it is also true that
designers want to gain space.

Vacuum insulation panels are substantially
more efficient (up to ten times) than conventional
insulating materials [1]. The thermal conductivity
may be lower than 0.0030 W/(m-K) and the thermal
resistance of a panel only 20 mm thick can even reach
6.66 (m2-K)/W. This means that high heat resistance
with an extremely small thickness of insulation panels
can be achieved with the help of VIP. The thermal

insulation envelope shrinks, becoming up to five
times thinner.

Growing interest has been noted recently in
replacing standard insulation with the VIP type,
leading to new issues that need to be addressed and
clarified. One of the most important aspects of VIP
is assessment of their service life and their reliability
during their life cycle. This has a direct impact on
reducing the consumption of raw materials and
environmental protection aspects, such as recycling,
planning and management of waste resulting from its
removal. Accelerated ageing and determination of the
life expectancy of thermal insulation materials play an
important part in this.

The experimental methods that were used in this
work aimed at evaluating the rate of degradation of
VIP panels, i.e., to determining the values of thermal
conductivity as a function of thermal loads. By taking
into account Arrhenius law of accelerated ageing [2],
the ageing mechanism of vacuum insulation panels
was determined. Other loads, such as humidity and
thermal cycling can be used and their effect on the
service life of VIP can be assessed. However, we
believe that temperature loads have the primary
impact on VIP failure and thus deserve a detailed
investigation.

1 VIP PANELS THEORY

VIP panels are extremely suitable for cases in which
a large thickness of insulating layers represents a
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physical barrier, where using VIP panels achieves high
thermal insulation without significantly increasing the
thickness of the complete insulation layer.

The panels are already used for insulation in
various construction elements, such as elements for
doors, furniture), logistics (transport and packaging
containers, special containers and storage tanks,
refrigeration  vehicles), insulation of domestic
appliances (refrigerator doors, sides of refrigerators
and freezers) and for insulation of various laboratory
and professional appliances and devices. The
Slovenian manufacturer of domestic appliances
thus already uses VIP panels in selected models
of refrigerators and freezers for more demanding
customers.

A VIP panel - non-homogenous composite
thermal insulation material - is made from different
components: first, a special film, which is vacuum tight
and enables the insulating core to be sealed against air
and moisture diffusion: second, vacuumated thermal
insulation without air or moisture and, third, special
gas and/or moisture absorbers, which are usually
inserted inside the VIP panel based on special needs.

Panels can be manufactured in any size. In
contrast to other insulation materials, after their
manufacture, VIP cannot be cut to specific dimensions
or disintegrated, and no piercing or mechanical
fasteners are allowed.

Fig. 1. Vacuum insulation panel

The most important issue is to prevent air from
entering from outside, which can happen due to
mechanical damage or an imperfect weld bonding
the two halves of the outer foils. It should be born
in mind that even a small amount of air entering a
VIP has an enormous effect on increasing its thermal
conductivity.

1.1 Thermal Insulated Core Material

Thermal insulation of the core at normal atmospheric
pressure is also important because after the VIP panel
service time is reached or the vacuum is lost due to
puncturing, deformation of the outer foils or damage
during transport, the residual thermal insulation still
provides a certain insulation effect. In the study,
we used core material made of specially processed
glass fibres, without any binders, with a thermal
conductivity value of about 32 mW/(m-K), as well
as more efficient core materials such as micro-porous
based silica powder structures. Unfortunately, the
latter are considerably more expensive (such materials
have a thermal conductivity of about 22 mW/(m-K).
Core material densities are usually in the range of 170
to 210 kg/m3.

The core material must have an open cell
structure. It can be in powder form or have a fibrous
structure, both allowing the air to be pumped out
almost completely, thus enabling the creation of near
vacuum conditions, estimated to be up to 1/1000’s of
atmospheric pressure (1 mbar) or even 100xsmaller
(i.e., just 1 Pa). The core material must be compact
enough to withstand high compression stresses caused
by the air pressure without any additional load on the
panel (represents a pressure of 1 bar).

1.2 Multilayer Envelope Foil as a Protection Film

Special multilayer films (foils) should ensure air
tightness against all atmospheric gases and a total
vapour barrier for preventing the diffusion of moisture
and air. One of the most crucial properties of VIP is foil
resistance to ageing, which is related to its chemical
composition and overall quality, and its ability to be
bonded. The film structure is multi-layer (aluminium
foil, PT, PET, HDPE, PP, nylon, etc.), while bonding
is achieved by using appropriate adhesives. High
quality foils have recently entered the market and
better bonding systems have been developed [3].

1.3 Gas and Moisture Absorbers

In order to reduce the influence of penetration of
moisture and gases, special absorbers can be added to
panels during production. They absorb gases, moisture
or a combination of both. In our basic study, we
focused mainly on the impact of accelerated ageing
without additional absorbers, and a core made of silica
powder is already a good moisture absorber.
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1.4 Basic Instructions for Using Vacuum Insulation

VIP panels should be well protected during transport,
storage and handling and any mechanical damage
must be avoided. Practice shows that most damage
occurs before and during the installation of panels.
Sharp objects or surfaces should not be in contact with
VIP panels.

A larger panel performs better because the initial
thermal conductivity is lower and resistance to ageing
is better. In other words, thermal conduction through
the edges of a panel is quite low compared to thermal
conduction through the whole surface of a VIP panel.
At the same time, a relatively shorter length of edges
compared to the whole panel area, means the vacuum
inside VIP panels is better maintained.

An additional vapour barrier is usually needed
in cases in which VIP panels are used on the inner or
warmer and usually higher vapour pressure side of the
thermal barrier.

2 METHODOLOGY
2.1 History of Accelerated Ageing

Historically, accelerated ageing has been used in
very rapid testing under simulated field conditions in
the laboratory. In many cases, this leads to excessive
failures of such materials or products, which would
not have occurred under normal conditions of
use during normal service life. The conditions of
accelerated ageing of various materials or products
must therefore be adjusted to the conditions of normal
use as far as possible. Some references to the results
of relevant successful studies, tests and analysis are
shown in Table 1; bituminous products with different
additives which are used to extend service life [4],
analysis of electrical cable insulation against ageing
[5] and [6], ageing studies of different Thickness
Insensitive Spectrally Sensitive (TISS) coatings for
solar collectors [7] and [8].

2.2 Activation Energy

The threshold for the reaction is the minimum
energy - activation energy - that leads to a reaction.
In chemistry and biology, it is the threshold energy,
or the energy required to produce a chemical reaction.
In other words, this is the minimum energy required
for the initiation of certain chemical changes and it
describes the material’s characteristics and allows
indirect prediction of its degradation or ageing under
the influence of various external factors. In order to
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Table 1. Values of activation energy for some materials

Activation energy

Material E, [kJ/mol]
from to

Polyvinylchloride — PVC [9] 24.5 37.5
Cement, contaminated with soil [10] 25.0 58.0
Soil [11] 25.0 71.0
Polycarbonate — UV stabilized [12] 26.0 28.5
Batteries — empty (used) [13] 31.0 34.0
Polypropylene [14] 35.0 50.0
Natural oil sand bitumen [15] 36.9 46.7
Rubber, vulcanized with sulphur [9] 37.0 40.0
Euzb]ber, vulcanized with sulphur and radiation 45.0 49.0
Plastic tiles for cars — durable [16] 48.0 69.0
Batteries — new (not used) [13] 50.0 55.0
Bitumen [17] 53.9 57.9
Concrete [11] 55.0 70.0
Bituminous membrane — oxidized bitumen [4] 58.4 58.4
Elastomeric butyl [14] 60.0 100.0
Polyurethane [14] 65.0 119.0
Cement [18] 71.0 73.0
Bituminous membrane — APP modified

bitumen [4] [CXA
EPDM [14] 78.0 127.0
[E1pg]xy resin reinforcement with glass fibbers 80.0 135.0
Polychloroprene rubber [20] 82.0 96.0
Neoprene rubber [14] 84.0 88.0
Bituminous membrane — SBS modified

bitumen [4] 852 82
Polyethylene for cable insulation [5] 88.0 107.0

TISS — Thickness Insensitive Spectrally

Sensitive coating, Polyurethane substrate, type 96.0 96.0
B 7]

Polyvinylchloride — PVC for cable insulation [6] ~ 98.0 99.0
Casts made of Al alloy [9] 135.0 145.0
EP rubber [21] 160.0 160.0

TISS - Thickness Insensitive Spectrally
Sensitive coating, Polyurethane substrate, type ~ 160.0 166.2
AT7], [8]

Ethylene Vinyl Acetate (EVA) [22] 176.0 184.0
Alpha Olyphine Co-Polymer [21] 180.0 180.0
EP Graphite Co-Polymer [21] 200.0 200.0
Atactic Polypropylene — APP [21] 600.0 600.0

Isotactic Polypropylene — IPP [21] 1,300.0 1,300.0

exceed the reaction level of the activation energy, we
need to achieve a sufficiently high temperature and
correct orientation and energy of molecules.
Activation energy is usually expressed as the
energy [J] required for the reaction of one mole of
a substance or reactant, i.e., J/mol. For substances
with high activation energy (more than 170 kJ/mol),
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reactions are only detectable at temperatures higher
than 400 °C.

Table 1 shows the activation energy for various
materials. If cement (£, is from 71 to 73 kJ/mol)
is contaminated with soil, the activation energy is
only one-third to one-quarter of the original value
(from 24.5 to 37.5 kJ/mol). Polymers that are used
for mixing with other materials in order to improve
resistance to low and high temperatures and the
UV spectrum of solar radiation, i.e., to increase the
resistance to ageing of the majority of products, have
extremely high levels of activation energies; atactic
polypropylene (APP) has an activation energy of 600
kJ/mol and isotactic polypropylene (IPP) of 1300
kJ/mol.

2.3 The Arrhenius Equation

The Arrhenius equation describes the dependence of
the speed of chemical reactions on various physical
parameters, such as temperature, humidity, pressure
etc. The magnitude of changes affects the ability of the
material to resist those factors that provide activation
energy. The first steps of the theory were proposed
by the Dutch chemist, J. H. van’t Hoff, in 1884. Five
years later, the Swedish chemist and later Nobel
Prize winner, Svante Arrhenius published a physical
interpretation of the equation. Arrhenius claimed
that, in order to achieve a reaction that changes the
material, a sufficient amount of energy needs to be
supplied.

The Arrhenius equation describes the logarithmic
relationship (based on a natural logarithm) between
temperature and activation energy. Despite the fact
that the defaults simplify many effects as being
temperature independent, several studies have clearly
confirmed that the process of degradation of a material
can be sufficiently accurately described by a simple
Arrhenius equation [2].

In thermal balance at absolute temperature (7),
the parts of molecules that have a kinetic energy
of more than (E,) can be calculated by Maxwell-
Boltzmann’s distribution of statistical mechanics and
are in accordance with the literature [2] in relation to:

E,

k=A-e "7, M

where E, is activation energy [J/mol], R ideal gas
constant, 7 temperature [K], k specific rate of reaction,
reaction constant factor or reaction speed [1/s], and 4
pre-exponent factor or frequency factor of a certain
reaction [1/s]. By using the natural logarithm, the
Arrhenius equation can be expressed as:

lnkz—E"-lHnA, ?2)
R T

If the specific rates of reactions (k; and k,) at
two different temperatures (7; and 7,) are known, the
activation energy can be determined [16]:

k E T, -T
In—=*=Inag, =—+. 22—

k, " R T-T,

, 3

where ar is coefficient of acceleration of ageing due
to degradation at elevated temperatures [-].

In accordance with Arrhenius law (Eq. 3), in order
to determine the activation energy (E,), at least two
accelerated ageing testing procedures at two different
temperatures are needed. Changes of temperature
from T to 7, lead to an acceleration of ageing (ay),
which depends on the value of activation energy E,
(Eq. 3). In other words, if after a time period ¢, at a
temperature level 7 the same degradation is caused
as after a time period ¢, at temperature level 7, , then
the acceleration of degradation processes caused by
changes in temperature can also be discovered. This
feature is called the activation energy (E,,).

Since the relationship between the temperature
and the reaction is constant and follows Arrhenius
law, then the graph representing In k as a function of
1/T is a straight line (Fig. 2). The slope of the graph
is in interdependence with the activation energy E, ,
more precisely with —£,/R. The higher the activation
energy, the greater the slope of the curve.

A

In k

1/T

Fig. 2. According to Arrhenius law, the graph represents
the relation between In k and 1/T

Arrhenius equation thus provides a qualitative
basis for the relation between activation energy
and the rate at which a certain reaction takes place.
This process is the basis for experimental chemical
kinetics, which is used for the determination of
activation energy for individual reactions.

In the present analysis, Arrhenius equation (Eq.
3) was used as a suitable empirical expression to
describe temperature dependence of VIP panels’
degradation process.
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2.4 Simulation Analyses

The main advantages of simulation analyses in
comparison with testing in a real, natural environment
are rapid implementation and rapid acquisition of
results and thus lower prices of testing procedures
[12]. The procedure of accelerated ageing in which
the level of a particular load or several different loads
is increased above the load level in normal use, is an
alternative to observation under natural conditions of
use. Testing time should thus be significantly shorter
[12].

Service life does not usually mean a period
without any deterioration. It is also a function of the
manner of use and maintenance. Flaws and damage
are a matter of subjective assessment but are used
as the basis for determining the life expectancy of
a particular material, product or component in the
system. Properties often have more than two states
(airproof against air penetration, waterproof against
water leakage, resistance to instability, etc.) but the
determination of slow degradation due to a continuous
ageing process is much more difficult. In the case of
a dramatic or even catastrophic drop in quality (also
called ‘sudden death’), the determination of service
life is very simple. More often, degradation is a slow,
continuous reduction of quality and usefulness and
other characteristics of the product. In such a case, we
need to determine the maximum or acceptable change
in the product quality and its properties, i.e., we need
to define the maximum allowable degradation of
a product that is still acceptable to users, as well as
the appearance, functionality and all other relevant
parameters of products at the end of their service life
[23].

3 EXPERIMENTAL
Laboratory measurements and numerical analyses

were carried out on VIP panels exposed to stress under
high temperature in an oven (Fig. 3).

Fig. 3. Oven for accelerated ageing temperature stress
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Since most films are unstable or could be
permanently damaged above temperatures around
105 to 110 °C, we selected the following accelerated
ageing temperatures: 100, 90, 80, 70 and 60 °C, with
time exposures from half a day up to 3 months or, in
some cases, even longer.

Accelerated ageing test was performed on VIP
panels with dimensions approx. 25x25 cm (total of
112 samples).

3.1 Thermal Conductivity

We can assume that the primary function and the most
important requirement for VIP panels is excellent
thermal conductivity, which also depends on the quality
of application, installation, details, thermal bridges,
design connections of constructional complexes and
base surfaces. The thermal conductivity measurements
were taken with a thermal conductivity meter (Fig. 4).
The goal is to maintain thermal conductivity as low as
possible. Thermal conductivity measurements at the
UAE Institute in Bavaria have confirmed values even
lower than 3 mW/(m-K).
o . § ]

B

Fig. 4. Laboratory measurement of thermal conductivity

Because of high hygroscopic properties of the
tested micro-porous-based silica powder core material
in VIP panels, the further aspect of accelerated tests
focused on thermal loads and not the influence of
humidity. Thus, the assumption with only temperature
dependence of the degradation process was accepted
for indoor environment or refrigerator use of VIP
panels. However, if the same insulation was used in
high humidity and at elevated or high temperatures
(up to around 100 °C), both, thermal and humidity
dependence of VIP panels’ degradation process should
be taken into account.

3.2 Definition of Service Life of VIP Panels, Mechanism of
Degradation and Its Functional Capability

The main problems encountered in applying the
recommended accelerated test procedure for VIP
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panels are, firstly, the selection and application of
suitable thermal loads and secondly, to observe
degradation over different periods of time. Due to
the non-reversible deformation of VIP panels, over-
exposure to excessively high thermal loads must
be avoided during the procedure of accelerated
ageing, since they could cause thermal instability and
disintegration of the material (mainly of multilayer
protection foils).

It is difficult to determine the deterioration of the
product or the whole system in percentage terms. The
thermal conductivity value of VIP panels with higher
than double value of initial thermal conductivity,
thus worse insulation property, do not perform their
important function of resistance to ageing well. We set
the assumption of service life as the time at which the
value of thermal conduction doubled.

In order to predict the service life according to
Arrhenius law, it is necessary to know the activation
energy (E,), i.e., the threshold energy required to
produce a chemical reaction. In general, the activation
energy can be determined from the measured changes
of any of the material’s properties that can serve as a
degradation indicator. In order to obtain the activation
energy connected to studying the degradation process
of VIP panels, we used the determination of thermal
conductivity value.

In addition to mechanical damage or puncture,
the entry of gases (i.e., air or other atmospheric gases)
or moisture (primarily through diffusion) significantly
reduces thermal insulation. Even small amounts of
gases or moisture cause a large increase in thermal
conductivity [24].

The assumption for service life span in this study
was the time at which double of the initial thermal
conductivity of VIP panel is reached (i.e. increase of
thermal conductivity by 100%).

4 RESULTS AND DISCUSSION

The most important loads on a VIP panel, if mechanical
damage is excluded, are elevated temperature
and humidity. These two loads individually or
simultaneously and at higher intensity, lead to an
increase in the passage of gases and moisture into a
VIP panel. This process significantly increases the
thermal conductivity, which is limited by the value of
the thermal insulation of the core material. Our task
was to establish the time at which double the initial
thermal conductivity is reached.

During service life period over years or decades,
gases and moisture slowly and constantly penetrate into
VIP panels, primarily through sealants of multilayer

foils, thus increasing vapour pressure, resulting in
higher thermal conductivity. The measurements and
analysis in this study were focused on thermal load
of VIP panels during accelerating ageing tests. It is
possible to neglect the effects of moisture dependence
because of high hygroscopic properties of VIP core
material (micro-porous silica powder) and because
of relative low ambient temperature during the entire
service life (indoor or domestic appliance refrigerator
use). In addition, temperature and humidity have
possible influence on service life only when
mechanical deformation of VIP panels occurs, and
not if they are used properly; without any deleterious
chemical, physical or mechanical influence.

4.1 Assessment of Accelerated Ageing

Degradation at elevated temperature is determined as
follows [12]:

E, 1 1
SN S SR
L (L_L)

I T,
K ¢ B(r) A1) &(n
aT:k_zz_l:e R(Tz TIJ:eR(Tz Tx]:eR[TrTzJ) %)
T

where £ is specific reaction rate under accelerated test
conditions [1/s], k, specific reaction rate under normal
or working conditions [1/s], 7, time to degradation
during accelerated ageing test temperature [hour, day,
week, month, year], 7, time to degradation at operating
temperature, therefore during normal use [month,
year, decade], 7) testing temperature [K], and T,
operating or working temperature [K].

We assume that the limit of functionality of
a VIP panel (i.e., complete degradation) occurs
when it reaches the thermal conductivity of the core
under normal atmospheric pressure, which in our
case is 32 mW/(m-K) for glass fibres and 22 mW/
(m-K) for silica powder. In accordance with Eq. (4),
the procedure of accelerated ageing at two or more
different temperatures and, as a consequence, at two or
more different exposure times, enables the calculation
of the activation energy. The proposed temperatures
for accelerated ageing testing procedures (from 60
to 100 °C) were confirmed as the confidence interval
by means of the results of partly degraded samples.
Above such temperatures, too high or even totally
degraded samples can be expected, i.e., no reliable
comparisons can be made and the results represent
non-Arrhenius behaviour.

From all the obtained results, the value of the
activation energy for VIP panel products (£, = 66.35
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kJ/mol, Table 2) can be determined. The value of
activation energy is used to evaluate the behaviour
of the VIP panel products exposed to different
temperatures, by interpolation within the testing
temperature interval at which accelerated ageing
is performed or, more commonly, by extrapolation
outside the testing temperature interval (Tables 3 and
4). In doing so, it is necessary to be careful and critical
of the results and to be aware that extrapolation to
temperatures far outside the testing interval cannot
be accurate since, in such cases, the influence of the
neglected temperature dependent pre-exponent factor
in the Arrhenius equation becomes more important
and the results are increasingly inaccurate.

Table 2. Activation energy of vacuum insulation panels

el - -
ot fotatn

No. - - energy
Temp. Ageing Temp. Ageing E, [kJ/mol]

[*C] [days] [*C] [days]

1 60 51 80 14 63.234

2 60 58 80 14 69.525

3 60 148 80 21 95.513

4 60 178 80 51 61.140

5 60 51 100 5 60.015

6 60 58 100 6 58.627

7 60 148 100 6 82.835

8 60 178 100 14 65.709

9 80 148 100 58 51.322

10 80 148 100 51 58.368

11 80 178 100 51 68.480

12 80 178 100 58 61.434

Average value of activation energy (£,): 66.350

Median value of activation energy (E,): 62.334

Standard deviation of activation energy (E,): 12.014

4.2 Determination of Service Life
It can be concluded that the thermal load to which

we exposed the VIP panels caused a degradation
process that followed Arrhenius law. It is therefore

Table 3. Extrapolation of accelerated ageing over shorter periods of time

possible to transform the thermal load (which
represents degradation kinetics at the specific level of
temperature) in any of the other thermal load curves,
only in cases in which the same activation energy (£,)
is used for all transformations [8]. In other words,
the results obtained from experimentally accelerated
ageing, from the activation energy obtained by
Arrhenius law and, consequently, on the basis of the
calculated times and temperatures of ageing (Tables 3
and 4), can be graphically presented in Figs. 5 and 6,
showing the expected ageing period and the degree of
degradation as a function of the ageing temperature.
If, however, we move along a curve, the same level of
ageing or degradation is achieved.

100

Ageing [log years]

0 10 20 30 40 50 60 70 80
Temperature [°C]
Fig. 5. Ageing of vacuum insulation panels (VIP); expected time
when thermal conductivity reaches double the initial value in

relation to service life temperature

Prognosis of behaviour when exposed to lower
temperatures during the lifetime of the product,
according to Arrhenius law, is carried out by
extrapolation to longer time periods, taking into
account the activation energy E, = 66.35 kJ/mol
(Table 4).

Ageing in accordance with the times and
temperatures listed in Tables 3 and 4, is such that
complete disintegration of the product, or the end of its
expected service life, does not occur except in cases of

Accelerated time [days] 240 120 90 60 30 21 14 7
Exposurg _temperature of VIP_pane_I,. when |ts§herma| 796 833 88.0 94.7 106.8% 1134* 1212% 1351*
conductivity reached double its initial value [°C]
* because of irreversible damage (chemical decomposition), VIP panels should not be exposed to such high temperatures.
Table 4. Extrapolation of accelerated ageing over longer periods of time
Expected lifetime [years] 1 2 3 5 10* 15* 20* 30*
Exposure temperature of VIP panel, when its thermal 66.4 56.7 513 447 36.1 313 28.0 935

conductivity reached double its initial value [°C]

* accuracy of extrapolation to such a long service life is questionable.
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extremely high temperatures, when such degradation
occurs and results in non-reversible degradation or
leads to chemical degradation.

100

=
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o
-
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2
&l
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<
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0 10 20 30 40 50 60 70 80

Temperature [°C]

Fig. 6. Ageing of vacuum insulation panels (VIP): expected time
when thermal conductivity reach value of 12 mW/(m-K) in relation
with service life temperature

5 CONCLUSIONS

As a result of accelerated ageing laboratory test
measurements, calculation simulation analysis and
other scientific investigations, it can be concluded that
VIP panels are a durable and high quality product,
mainly in terms of maintaining exceptional thermal
insulation, which was confirmed during testing,
measurements and analysis taking into account
Arrhenius law.

VIP panels can be used for insulating barriers,
both in the industry (household appliances, laboratory
equipment, medical devices, equipment for various
manufacturing and other processes), transport and
trade (refrigeration trucks, refrigeration containers,
refrigerated boxes, food machines and refrigerators,
mobile homes, campers and other vehicles), as well
as for construction purposes (outer walls, terraces,
special panels, containers, for insulation of alternative
systems for cooling and ventilation [25] and in general
where space is very valuable). Due to their high price,
the use of VIP panels is justified in particular when
there is a lack of space for thermal insulation. VIP
panels provide, with minimum thicknesses, much
higher thermal insulation than in standard, widely
used construction insulation materials.

Caution should be exercised during transport,
storage and manipulation with VIP panels. Packaging
of the finished product is recommended in well
protected boxes. Mechanical damage during the
installation and use of VIP panels should be prevented
at all costs. Exposure of VIP panels is recommended
in dry, not excessive humid conditions, with thermal

periodic loads up to 80 °C, without the presence of
mechanical damage, such as piercing, strong abrasion,
bending or other deformations.

On the basis of our assumptions, service life is the
time until the thermal conductivity value is double the
initial value of the insulation panel. The results of our
accelerated tests show that the thermal conductivity of
a VIP panel exposed to constant ambient temperature
(25 °C for indoor conditions) doubles, i.e., thermal
insulation property of VIP panel falls by 50%, after a
period of 26.2 years and a thermal conduction value of
12 mW/(m-K) is reached after 48.1 years.

6 NOMENCLATURES

A pre-exponent factor or frequency factor of a
particular reaction [1/s]

E, activation energy [J/mol]

k specific rate of reaction, reaction constant
factor or reaction speed [1/s]

i specific reaction rate under test conditions
[1/s]

ky specific reaction rate under normal or
working conditions [1/s]

R ideal gas constant, R=8.314472 J/(K-mol)

T temperature [K]

T, test temperature [K]

7, operating or working temperature [K]

or coefficient of acceleration of ageing due to
degradation at elevated temperatures [-]

7 time to degradation at an accelerated ageing
test temperature [hour, day, week, month,
year]

7 time to degradation at operating temperature,
therefore during normal use [month, year,
decade].
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