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GAS SENSOR

The invention relates to a gas sensor comprising a sensing material
embedded in a substrate.

A gas sensor comprising a sensing material embedded in a substrate is
for example known from WQ01/63264. Herein a gas sensor is described wherein an
oxygen sensitive dye is embedded in a substrate that consists of a fluoridated silicone
polymer, more specifically a room-temperature vulcanizing, one part silicone rubber. A
disadvantage of this type of substrates is that the material must be cured by atmospheric
moisture to obtain its final properties. This curing process is generally slow and additionally
it limits the thickness of the substrate as when the substrate is too thick moisture can'’t
reach the inside within a reasonable time; so either full through curetakes too long or the
substrate is not fully cured. Another disadvantage of this type of material is that generally
the mechanical integrity and the stability are unsatisfactory and that the costs are relatively
high.

W02004/077035 describes a gas sensor for detecting carbon dioxide
combined with or without an oxygen sensor. The support material for the gas indicator is
either based on sol-gel particles or is a sol-gel matrix. A disadvantage of this type of
materials is that they are difficult to manufacture reproducibly and their production process
and the starting compounds are expensive.

It is an object of the invention to overcome the above mentioned
disadvantages and to make available a gas sensor that can be produced at relatively low
cost, in a conventional production process and can be integrated into or combined with
other materials at relatively high speed.

This object is reached by a gas sensor comprising at least one sensing
material embedded in a substrate wherein the sensing material is a fluorescent material
and the substrate is made out of a polymeric material that is suitable for film melt
processing and has high gas permeability.

Nowadays more and more objects are individually packaged. The reason
for packaging objects is varied. For example food and beverage products are packaged to
protect them for example against damage and/or microbial spoilage during storage and

transport. The pharmaceutical, medical and electronics industry require
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sometimes individual packaging for different reasons. However whatever kind of object
is packaged there was a reason to spend the additional costs for the packaging
material and the packaging process. Thus it is also relevant to be able to determine
whether the packaged object has still the desirable or sufficient quality what made the
packaging necessary.

A way to determine the quality of the packaged product without
destroying the package has now been found and relates to a method that is able to
determine the inside atmosphere while the detector is on the outside. An advantageous
method according to the invention is a method wherein a gas sensor as described
above is present on the inside of the package while the sensor ¢can be read out from
the outside by a detector. This makes it a non-invasive measurement method. The
advantage is that there is no need to open the package for quality control.

By the choice of the sensing material it is possible to measure the
level of all kinds of gases inside the package as long as the sensing material is
responsive to the gas that should be determined. For example when the level of
oxygen inside the package should be determined, the sensing material should be
chosen so as to be able to react in some way or another to the presence of oxygen.
When for example bacterial spoilage of a food product should be determined, a
sensing material should be chosen that is able to react in some way to a gas that is
produced by the bacteria when present on the food product. Examples of gases that
are produced by bacteria when present on a food product are putrescine, cadaverine,
histamine, spermidine, tyramine or other volatile compounds such as ammonia,
trimethylamine, acetic acid, hydrogensulfide and aldehyde compounds. The above-
mentioned gases can also change the pH of the environment; this change can also be
detected with a fluorescent dye which changes in characteristics upon exposure to
differences in pH.

Examples of gases inside the package that are worthwhile monitoring
or measuring are for example oxygen, carbon dioxide, ammonia and ethylene.
Sometimes, with the right choice of sensing material it will be possible to measure or
monitor more than one type of gas by the use of one type of sensing material. It
appeared advantageous to be able to monitor the oxygen or carbon dioxide level inside
the package. It was found especially advantageous to be able to monitor oxygen and
carbon dioxide with the same sensing material.

Oxygen and/or carbon dioxide are gases that are very relevant for the

quality of packaged food and beverages. Examples of food and beverages are meat,
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poultry, fish, dairy products, vegetables and fruits. Examples of vegetables are broccoli,
cauliflower, potatoes, lettuce, leeks, Brussels sprouts, beans, cabbage, celery, tomato,
artichoke, radish, parsley and spinach. Examples of fruits are bananas, strawberries,
blackberry, blueberry, cherry, fig, apples, pears, pineapple, mango, papaya, cranberry,
plum, grape and citrus fruit such as for example orange, mandarin, lemon, lime and
grape fruit. Examples of meat and poultry are beef, lamb, horse, goat, pig, sheep,
rabbit, turkey, chicken, duck, and goose. Examples of fish are shrimps, salmon,
mackerel, haddock, herring, squid, tuna, shark, swordfish, lobster, oyster, tilapia,
anchovies, catfish, cod, mullet, sardine and snapper. Examples of dairy products are
butter, cheese, ice cream, milk and yoghurt.

It is advantageous to use in packaged meat, poultry, fish or dairy
products a sensor according to the present invention that is able to react to the
presence of ammonia and/or biogenic amines. Next to being advantageous for food
and beverages, it can also be relevant for packaged seeds and fresh flowers to
measure and/or monitor the atmosphere inside the package.

Suitable materials to act as sensing material in the gas sensor
according to the invention are fluorescent materials. Fluorescent materials absorb light
in a certain region of the spectrum and fluoresce in another region of the spectrum. The
presence of a gas, such as for example oxygen or carbon dioxide, quenches the
fluorescent light from the fluorescent material. The more of a certain gas is present, the
more the fluorescent light is quenched. Another type of fluorescent dye reacts with the
gases of interest and upon this reaction the dye gets fluorescent characteristics or
alternatively loses its fluorescent properties. The amount of fluorescence or loss of
fluorescence characteristics is characteristic for the amount of gas reacted with the
applied dye.

By all these mechanisms it is possible to use fluorescent light that
reaches a suitable detector to determine the concentration of the gas present inside the
package. Examples of fluorescent materials are ruthenium (Ru) complex, osmium (Os)
complex, platinum (Pt) complex, Iridium (Ir) complex, Rhenium (Re) complex, Rhodium
(Rh) complex, polycyclic aromatic hydrocarbons, metallophorphyrines, C60- or C70-
fullerene or a combination of any of them. Examples of polycyclic aromatic
hydrocarbons are pyrene, 1-pyrene decanoic acid, 1-pyrene dodecanoic acid
perfluorodecanoic acid or 1-decyl-4-(1-pyrenyl)butanoate. Examples of
metalloporphyrines are (Pt**, Pd®*, or Zn*-) metalloporphyrines. Preferred fluorescent

materials are chosen from the list (Ru)- complex, (Pt)- complex, (Pd)- complex or a
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combination of any of them. More preferred fluorescent materials are tris(4,7-diphenyl-
1,10-phenanthroline)ruthenium(ll) dichloride, tris(2,2’-bipyridyl)ruthenium(ll), tris(1,10-
phenanthroline)ruthenium(ll) dichloride, platinum(ll)-octaethylporphine-ketone,
platinum(ll)-tetraphenylporphyrin, paladium(ll)-tetraphenylporphyrin and combinations
of any of them.

Examples of fluorescent dyes detecting other species such as
amines, thiol compounds, aldehyde compounds, are mentioned in literature. Reference
is for example made to: “Handbook of derivatization reactions for HPLC”, G. Lunn and
L.C. Hellwig (Eds.), John Wiley & Sons Inc., 1998 or “The Handbook: A Guide to
Fluorescent Probes and Labeling Technologies”, R.P. Haugland (Ed.), 10th Ed.,
Invitrogen/Molecular Probes; Carlsbad, CA, 2005.

The fluorescent light can be detected amongst others by
commercially available apparatus, such as for example O,xySense fluorescence
apparatus of OxySense®, Dallas, USA.

An advantage of a gas sensor comprising a fluorescent sensing
material is that a short response time can be reached. With response time is meant the
time between a certain change in the relevant gas composition and the time the gas
sensing material reacts to that change. Preferably response times of less than 25
seconds are possible, more preferably gas sensors with a maximum response time of
10 seconds are used.

An additional advantage of a gas sensor comprising a fluorescent
sensing material is that by the nature of the fluorescent sensing material it will not be
“‘consumed” when a gas is sensed. Whether the fluorescent gas sensor senses the gas
one, ten or hundred times or even more, the gas sensing material will each time be
available for a next indication. This makes it possible to handle the sensor without
special precautions, such as would be necessary when one would use a color
indicating sensor. A color indicating sensor is active only once and thus when the
sensor is sensitive to oxygen, special precautions have to be taken to keep oxygen
away from the sensor until it is required to detect oxygen. This means that when a
color- indicating oxygen sensor is going to be used in a package with fresh meat for
example, it is necessary to keep the sensor isolated from the surrounding atmosphere
until the package is closed and the sensing must start. This requires special handling
and packaging instructions and conditions to prevent the gas sensor from being active

in a too early stage.
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A further advantage of a gas sensor comprising a fluorescent sensing
material is that it gives a momentary indication whereby the sensing material is not
used-up or consumed. This implies that the sensor can be used over and over again.
Each time the sensor is irradiated the measurement can be performed. This is contrary
to for example a color- indicating sensor where the change in color is initiated by a
reaction between the dye and the gas to be determined. Thus as soon as the
concentration of the relevant gas close to the color-indicating sensor, is high enough to
initiate the reaction, the sensor changes irrevocably its color, thereby more or less
‘consuming” the sensor. Therefore the sensor is not available anymore for sensing at a
later point in time.

Another advantage of a gas sensor comprising a fluorescent sensing
material is that it gives the required indication only on request. That is it doesn’t spoil
the esthetical appearance of the sometimes carefully designed packaging material. A
color indicating sensing material at least changes the appearance of the packaging
material irreversibly. Therefore the consumer or user of the packaged material gets
another impression of the packaged material.

The gas sensor according to the present invention comprises at least
one sensing material. It is within the scope of the present invention to combine two or
more sensing materials and incorporate them into one substrate. This can be
advantageous when more than one type of gas needs to be sensed.

For the gas to reach the sensing material that is embedded in the
substrate, it is necessary that the substrate is made out of a polymeric material that has
high gas permeability. When the gas permeability is too low it will take too long for the
gas to reach the sensing material and thus the response time of the sensing material to
the (changes in the concentration of the) gas will become too long. Therefore to have a
quick response time the permeability of the polymeric material must be sufficiently high.
One skilled in the art will of course understand that when the sensing material is
chosen to measure and/or monitor for example oxygen the permeability of the
polymeric material for oxygen should be sufficient high.

A suitable polymeric material as substrate for a sensing material has
at least the gas permeability relevant for the gas to be sensed:

1. gas permeability for O, of at least 200 cm®.mm/(m?.day.atm) at 23 °C and 0%
relative humidity (RH)

2. gas permeability for CO, of at least 1000 cm®.mm/(m?.day.atm) at 23 °C and
0% RH
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3. gas permeability for NHs of at least 50 cm®.mm/(m?.day.atm) at 23 °C and 0%
RH
With “the property relevant for the gas to be sensed” is meant that the gas to be
determined dictates the requirements for the substrate. Thus when the gas to be
sensed is oxygen then the relevant property referred to is the permeability for oxygen;
when the gas to be sensed is CO,, then the relevant property referred to is the
permeability for CO,.

A suitable polymeric material as substrate for an oxygen sensing
material has a gas permeability for O, of at least 200 and preferably at least 400
cm®.mm/(m2.day.atm) at 23 °C and 0% relative humidity (RH). A suitable polymeric
material as substrate for a carbon dioxide sensing material has a gas permeability for
CO, of at least 1000, preferably at least 1500 cm®.mm/(m?.day.atm) at 23 °C and 0%
RH. A suitable polymeric material as substrate for an ammonia or biogenic amine
sensing material has a gas permeability for NH; of at least 50 cm®.mm/(m®.day.atm) at
23 °C and 0% relative humidity (RH), preferably at least 100 cm®.mm/(m?.day.atm) at
23 °C and 0% relative humidity (RH). It is preferred to use polymeric materials that
have the combination of gas permeability for O of at least 200 cm®.mm/(m?.day.atm)
and gas permeability for CO, of at least 1000 cm®.mm/(m?.day.atm) both determined at
23 °C and 0% RH. It is even more preferred to use polymeric materials that have the
combination of gas permeability for O, of at least 200 cm®.mm/(mZ2.day.atm), gas
permeability for CO; of at least 1000 cm®.mm/(m?%.day.atm) and gas permeability for
NHjs of at least 50 cm®.mm/(m?.day.atm) all determined at 23 °C and 0% RH.

The gas sensors according to the present invention have properties
that make them suitable for use in the packaging industry. The substrate of the gas
sensor is made out of a polymeric material which is suitable for film melt processing. It
was found that by using such a substrate the gas sensor according to the invention can
easily be used in the industrial packaging processes and that the packaging process
can still be executed on generally used packaging machines. In the packaging industry
huge packaging machines are used to package all kinds of materials at high speed.
Examples in this field are filling of bottles, pouches and trays, for example for
convenient foods such as ready-to-cook meals. Other examples are packaging of fresh
cut vegetables and fruits. Because of the nature of the materials to be packaged and
the huge amounts to be packaged, the machines operate at very high speeds. Another
advantage of such a film melt processable polymeric substrate is that the gas sensor

can rather easily be incorporated into the rest of the packaging material. The invention
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also relates to a packaging material comprising a gas sensor according to the
invention.

One of the most often used base packaging concepts is starting from
film material. The film can be used as such or it can be post-formed for example by
vacuum forming or lamination into multilayers. Polymeric materials that are suitable as
substrate in the gas sensor according to the invention, whether used as film or in
another form, are film melt processable. Preferred polymeric materials suitable as
substrate have a zero shear rate melt viscosity at a temperature of 40 °C above its
melting temperature of at least 100 Pa.s, preferably at least 500 Pa.s, more preferably
at least 1200 Pa.s according to the capillary viscosity measurement as described in
ISO 11443. The melting temperature of the material can be determined by a differential
scanning calorimetry method as described in ISO 11357-3.

Preferred polymeric materials suitable as substrate are not chemically
crosslinked. It was found that this makes them easier to handle in high- speed
processing apparatus. More preferred polymeric materials suitable as substrate are not
chemically crosslinked and have a zero shear rate melt viscosity at a temperature of 40
°C above its melting temperature of at least 100 Pa.s, preferably at least 500 Pa.s,
more preferably at least 1200 Pa.s.

Suitable examples of polymeric materials that can be used as
substrate in the present invention are polyethylene, polypropylene, ethylene-propylene
copolymers, ethylene vinyl acetate copolymer (EVA), polyvinyl alcohol, fluoro-
containing polymers, polyamide, polyester, polyurethane, polyether, polyesteramide
and blends or copolymers of any of them. Further suitable polymeric materials are
blockcopolymers based on two types of blocks: crystallisable blocks such as for
example based on polyester (e.g. PBT or PET) or polyamides (e.g. PA6, PA11, PA12)
and (at room temperature) amorphous blocks based on polyethers (e.g. PPG, PEO,
PTHF) or polysiloxanes. Preferred materials are blockcopolymers based on PBT as
hard block and polyethers as soft block, such as PEO and PPG. More preferred
materials are Arnitel® VT 3104 and Arnitel® VT 3108 sold by DSM Engineering
Plastics, NL. Most preferably Arnitel® VT 3104, is used because of its advantageous
combination of properties.

Sometimes gas sensors are described that are based on a
luminophore and a sol-gel matrix as in WO2004/077035. This kind of systems is
however much more difficult to make and handle because of the elaborate process of

preparing a sol-gel matrix. This makes the whole production process and the sensor
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much more expensive and therefore unsuitable for industrial processes such as in the
packaging industry.

The gas sensors according to the present invention are preferably
non-porous as that makes them easier to prepare and handle in further processing
steps. Additionally these materials are less expensive.

It is possible that the combination of the sensing material with the
substrate material gives rise to coloration of the composition. This is however not
detrimental to the gas sensing method, as long as the fluorescent light can reach an on
the outside located detector. Preferably the polymeric material that makes up the
substrate is transparent, semi-transparent or translucent. More preferably the polymeric
material is transparent.

The invention also relates to a packaging material comprising a gas
sensor as described above. The packaging material according to the present invention
can be fully made out of the gas sensor according to the invention and can thus be
used as a packaging material as such. However it is also very well possible that the
packaging material according to the invention is only partially made out of the gas
sensor according to the invention; thus for example the packaging material contains
only in a relatively small area a gas sensor. Even when the gas sensor only makes up
a part of the packaging it will be able to function reliably as a gas sensor. In such an
arrangement it is advantageous to incorporate the gas sensor into a material that has
the function to cover or pack the article.

The size of the gas sensor is not particularly critical as long as it can
be combined with the rest of the packaging material and as long as the signal from and
to the, on the outside located, detector can be effectively determined. The shape of the
gas sensor, when used as only a part of the packaging material is not particularly
critical. In the embodiment where the gas sensor makes up only a part of the
packaging material, it is preferred to use the gas sensor in the form of a strip. In such a
case the gas sensor is used as a layer with a smaller width than the other layers. The
gas sensor can then be considered a strip for example placed between 2 or more
layers. It is advantageous to use it in a strip as the strip can easily be integrated during
the packaging process. It can namely be integrated continuously during the process of
making packaging materials or during the packaging process itself.

The invention also relates to a single- or multi- layer packaging
concept wherein at least one of the layers comprises a packaging material according to

the invention. As described above, the packaging material can be fully or partially made
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out of the gas sensor according to the invention. In a multilayer packaging concept
more than one, preferably at least 3 layers are used. Advantageously it is applied in a
multi- layer concept as in such a concept the material for each layer can be chosen
optimally as less optimal properties in one layer can be compensated in another layer,
resulting in the best packaging material.

In a multilayer packaging concept according to the invention at least
one of the layers comprises a packaging material according to the invention, optionally
combined with one or more other layers. In such a multilayer arrangement several
layers are combined, each with its own properties and thus advantages. It makes it
therefore possible to combine for example a layer with a high permeability for oxygen
with other layers that are less permeable for oxygen or behave as a barrier layer for a
certain gas. Or it is possible to use as an outer layer a layer that is very suitable for
printing information text on. In this multilayer concept it is also possible to use one or
more tie layers that have the function to tie several layers to each other, this can be
advantageous or sometimes even necessary when certain layers in the multilayer
concept would not, or not sufficiently, adhere to each other. The man skilled in the art
of multilayer packaging materials knows or can easily determine which combination of
layers is advantageous or necessary for each use. The separate layers in the
multilayer concept need not have the same dimensions. For example the thickness and
the width can be different for the various layers.

In the multilayer packaging concept according to the invention the
layer with the gas sensor is advantageously protected against for example mechanical
impact by one or more layers. Generally the layer with the sensing material will be
arranged to be closest to the inside of the package as the gas concentration in the
inside of the package is the most relevant concentration to determine. For example
when the material in the package is fruit such as for example bananas, it can be
relevant to determine the level of oxygen and/or carbon dioxide close to the bananas
and thus in the inside of the package. Thus the gas sensor will be located as close as
possible to the inside of the package. More to the outside of the package, in this
exemplary arrangement, layers will be present that are less permeable to oxygen than
the polymeric material in the gas sensor, so as to prevent oxygen from entering the
package. These layers that are located more to the outside of the package will in this
arrangement preferably have oxygen barrier properties.

The gas sensor according to the invention can advantageously be

combined with one or more layers made out of a barrier material. The barrier material
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will prevent a certain gas to enter into the package. A specific barrier material will
generally behave as a barrier for certain gases but possibly not for all gases. Therefore
when the gas sensor that is present in the package is selected to react to, for example,
oxygen, generally an oxygen- barrier layer will be used in the construction of the
packaging material, when the gas sensor is selected to react to another gas, generally
a barrier layer for that gas will be used in the construction of the packaging material.
Suitable materials for use as barrier layer for oxygen and/ or carbon dioxide are
polyamide, polyester, polyethylene vinyl alcohol, polyvinylidene chloride.

In one embodiment of the invention the sensing material is distributed
through the bulk of the polymeric material that functions as the substrate for the
sensing material. This can be homogeneously distributed or inhomogeneously. An
inhomogeneous distribution can be random or spatially confined.

The invention also relates to the use of a single- or multi-layer
packaging concept according to the present invention for packaging a product. Using
the packaging concept according to the invention with an incorporated gas sensor is
advantageous as by the presence of the gas sensor, it is possible to detect
immediately whether the packaged product inside the package has still a good quality.
As the gas sensor works together with the detector in a non-invasive manner, the
package stays intact and thus when the quality is still sufficient no new packaging need
to be applied. A new packaging would be required when first the package of the
product had to be opened to determine the quality by traditional detection methods.
Thus the use of the non-invasive detection system reduces the amount of packaging
material and thus the costs and later-on waste; additionally the quality can be
determined at any time.

The invention also relates to the use of a packaging material
comprising a gas sensor according to the present invention for packaging a food
product. Using the packaging material according to the invention in food applications is
advantageous as it could be detrimental to the quality of the food product when the
packaging should first be opened to be able to determine the quality. Repackaging the
food product is almost impossible as a high risk exists to, for example, bacterial
spoilage or spoilage by other food contaminants. Therefore determining the quality of a
packaged food product almost always leads to throwing away the tested food product.
This method of (invasive) testing thus results in a loss of food products that could be

sold for consumption and thus this method increases the amount of waste.
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The invention further relates to a process for preparing a gas sensor
according to the present invention wherein the process comprises at least the following
steps: melting the polymeric material, blending the sensing material and the polymeric
material and shaping the melt into its desired form by a melt processing step.
Depending on the nature of the sensing material and the polymer, the step of melting
and blending can be interchanged or combined into one step. Depending on the
required arrangement of the sensing material in the polymeric material the blending
can be throughout the bulk of the polymeric material or the sensing material can be
located in a narrowly defined area, for example by the use of an injection nozzle to add
the sensing material.

The invention also relates to a non-invasive method to determine the
quality of a packaged product whereby the quality of the packaged product is
determined based on the composition of the atmosphere surrounding the packaged
product inside the package which composition is determined with a detector that is
placed on the outside of the package and a gas sensor according to the invention that
is incorporated into the packaging material and that is placed on the inside of the
package. With a gas sensor that is incorporated into the packaging material the method
can be easily applied as there is no possibility that objects get into the way between the
detector and the sensor. An additional advantage with an incorporated senor is that
when the quality control is performed automatically, for example in a packaging line or
during transport, it is almost a requirement that the gas sensor should be at a fixed
location because else the detector will be in the wrong position with respect to the gas
Sensor.

The invention will be elucidated with reference to the following, non-

limiting examples.

Example |: Preparation of oxygen sensitive gas sensors with as matrixes polymers with

different block-co-polyether-esters

Two types of block-co-polyether-ester grades were applied (PEE1
and PEE2). PEE1 consists of 65 wt% butyleneterephtalate and 35 wt% ethyleneoxide
blocks. PEEZ2 is based on 45 wt% butyleneterephtalate and 55 wt% (ethyleneoxide —
propyleneoxide — ethyleneoxide) triblocks with corresponding oxygen permeability of
144 and 891 cm3.mm/(m? .day. atm) at 23 °C and 0 % RH. Each grade was powder
mixed with 0.077 (w/w) % of tris(4,7-diphenyl-1,10-phenanthroline) ruthenium(ll)
dichloride complex (CAS number: 36309883). This powder mixture was added to a
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conical co-rotating fully intermeshing lab-scale twin-screw extruder in order to melt mix
the Ru-complex with the polymer.

The mixing was carried out at a barrel temperature of 230 °C, a
rotation speed of 120 rpm and a residence time of 3 minutes. The experiments were
carried out under nitrogen flush. The resulting materials were pressed between flat hot
plates into films with a thickness of approximately 70 micrometer. The dimensions of
the films were 10*10 cm?. Pressing conditions were: plates temperature: 230°C, time
between plates without pressure: 3 min, subsequently pressurizing the system for 3
minutes at 10kN, subsequently pressurizing the system for 3 min at 50 kN and
subsequently pressurizing the system at 180 kN and start the cooling until room
temperature.

The oxygen response curve of a gas sensor that is commercially
available under the name O,xyDot™ of OxySense®, USA, was measured and
compared with the different block-co-polyether-ester grades films containing the
ruthenium complex incorporated. The O,xyDot™ gas sensor is based on an oxygen
sensitive coating immobilized in a porous membrane.

The measurements were performed in a glass tube containing the
O,xyDot™ or the different block-co-polyether-ester grade films. The atmosphere in this
glass tube can be controlled by a flow meter and can be changed between oxygen and
nitrogen. This allows monitoring the oxygen time response curve upon increasing
oxygen concentrations (between 0 % and 21 %). The measurements were performed

with a commercial available O.xySense fluorescence apparatus of OxySense®, USA.
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From the results it can be concluded that the two block-co-polyether-ester grades with
an incorporated gas sensing material show a good response to oxygen and are

therefore able to function as good and easy-to-produce gas sensors.
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CLAIMS

Gas sensor comprising at least one sensing material embedded in a substrate

wherein the sensing material is a fluorescent material and the substrate is

made out of a polymeric material that is suitable for film melt processing and

has high gas permeability

Gas sensor according to claim 1 characterized in that the polymeric material

has at least the gas permeability relevant for the gas to be sensed:

a. gas permeability for O, of at least 200 cm®.mm/(m?.day.atm) at 23 °C and
0% relative humidity (RH)

b. gas permeability for CO, of at least 1000 cm®.mm/(m?®.day.atm) at 23 °C
and 0% RH

c. gas permeability for NH; of at least 50 cm®.mm/(m?.day.atm) at 23 °C and
0% RH

Gas sensor according to claim 1 or 2 characterized in that the sensor is

suitable for detecting oxygen (O,) and/or carbon dioxide (CO,)

Gas sensor according to anyone of claim 1-3 characterized in that the sensor

is suitable for detecting NH3; and/or biogenic amine

Gas sensor according to anyone of claim 1-4 characterized in that the

polymeric material has a zero shear rate melt viscosity at a temperature of 40

°C above its melting temperature of at least 100 Pa.s

Packaging material comprising a gas sensor according to anyone of claim 1-5

Packaging material according to claim 6 characterized in that the packaging

material is only partially made out of the gas sensor and that the gas sensor is

used in the form of a strip

Single- or multi- layer packaging concept wherein at least one of the layers

comprises a packaging material according to claim 6 or 7

Use of a single- or multi-layer packaging concept according to claim 8 for

packaging a product

Process for preparing a gas sensor according to anyone of claim 1-5 wherein

the process comprises at least the following steps: melting the polymeric

material, blending the sensing material and the polymeric material and

shaping the melt into its desired form by a melt processing step

Non-invasive method to determine the quality of a packaged product whereby

the quality of the packaged product is determined based on the composition of
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the atmosphere surrounding the packaged product inside the package which
composition is determined with a detector that is placed on the outside of the
package and a gas sensor according to anyone of claim 1-5 that is

incorporated into the packaging material and that is placed on the inside of the
package
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