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TITLE

“HIGHLY CONDUCTIVE MICROWAVE SUSCEPTORS”

BACKGROUND

[0001] The present disclosure relates to food technologies. More specifically, the
present disclosure relates to highly conductive microwave susceptor materials that arc able
to impart increased surface heating to a microwaveable product.

[0002] Microwave susceptor materials are known in the food industry and have
been used as active packaging systems with microwaveable foods since the late 1970°s.
Susceptors are used to provide additional thermal heating on the surface of food products
that arc heated in a microwave oven, which helps to achieve a browned, crisp surface that
is desirable to consumers.

[0003] It is, however, difficult to achieve a highly conductive microwave
susceptor because of the negative effects of providing a thicker metal susceptor material.
For example, when the thickness of the metal layer within a standard susceptor material is
increased and the susceptor covers a large area, the electrical field strength in the
microwave oven can rise to a level where the susceptor materials yield (e.g., develops
cracks). The cracks change the electrical conductivity of the standard susceptor, making
the materials more transmissive and, consequently, the materials lose their desired

properties.

SUMMARY

[0004] The present disclosure is related to microwaveable packages and methods
for using same. In a general embodiment, a microwaveable package includes a container
defining an interior and having a microwave shielding material surrounding the interior,
wherein at least a portion of the microwave shiclding material is a highly conductive

susceptor.
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[0005] In an embodiment, the highly conductive susceptor has an electrical
resistance that is below about 100 Q, or from about 10 Q to about 80 2.

[0006] In an embodiment, the microwave shielding material is entirely comprised
of the highly conductive susceptor.

[0007] In an embodiment, a second portion of the microwave shielding material is
a pure microwave shield. The pure microwave shield may be a metal layer such as, for
example, a layer of aluminum foil.

[0008] In an embodiment, the highly conductive susceptor includes (i) a standard
microwave susceptor layer and (ii) a shiclding layer having a substrate including a source
of mobile charges. The shielding layer may be at least substantially metal free. The
substrate may have a thickness from about 0.05 mm to about 3.0 mm, or about (.25 mm.
In an embodiment, the substrate is a paper-based substrate such as, for example, tissue
paper.

[0009] In an embodiment, the source of mobile charges is selected from the group
consisting of melted ionic compounds, dissolved ionic compounds, semiconductors, or
combinations thercof. The source of mobile charges may be sclected from the group
consisting of melted salt, salt water solution, or combinations thereof. In an embodiment,
the source of mobile charges is a salt water solution having a concentration from about
10% to about 30% by weight. The salt water solution may have a concentration of about
25% by weight. In an embodiment, the microwave shielding layer is tissue paper
immersed in a salt water solution.

[0010] In an embodiment, the shielding layer covers substantially all of an outside
surface of the standard susceptor layer. The shielding layer may be adjacent to and
contacting the standard microwave susceptor layer.

[0011] In an embodiment, the highly conductive susceptor comprises a second
standard microwave susceptor layer.

[0012] In another embodiment, a method for increasing a surface heating of a food
product is provided. The method includes the step of providing a food product in an
interior of a container, the container including a microwave shielding material

surrounding the interior, and heating the food product in the container in a microwave
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oven for a predetermined amount of time. In an embodiment, at lcast a portion of the
microwave shiclding material is a highly conductive susceptor.

[0013] In an embodiment, the predetermined amount of time is between about 30
seconds to about 90 seconds, or from about 45 seconds to about 60 seconds. In an
embodiment, the predetermined amount of time is from about 30 seconds to about 4
minutes.

[0014] In an embodiment, the highly conductive susceptor comprises an electrical
resistance that is below about 100 Q.

[0015] In an embodiment, the microwave shielding material is entirely comprised
of the highly conductive susceptor.

[0016] In an embodiment, a second portion of the microwave shielding material is
a pure microwave shield. The pure microwave shield may be a metal layer such as, for
example, a layer of aluminum foil.

[0017] In an embodiment, the highly conductive susceptor includes (i) a standard
susceptor layer and (ii) a shiclding layer including a substrate including a source of mobile
charges, wherein the shielding layer is at least substantially metal free.

[0018] In an embodiment, the substrate may have a thickness from about 0.05 mm
to about 3.0 mm, or about 0.25 mm. In an embodiment, the substrate is a paper-based
substrate such as tissue paper.

[0019] In an embodiment, the source of mobile charges is selected from the group
consisting of melted ionic compounds, dissolved ionic compounds, semiconductors, or
combinations thercof. The source of mobile charges may be sclected from the group
consisting of melted salt, salt water solution, or combinations thereof. In an embodiment,
the source of mobile charges is a salt water solution having a concentration from about
10% to about 30% by weight. The salt water solution may have a concentration of about
25% by weight. In an embodiment, the microwave shielding layer is tissue paper
immersed in a salt water solution.

[0020] In an embodiment, the shielding layer covers substantially all of an outside
surface of the standard susceptor layer. The shielding layer may be adjacent to and

contacting the standard microwave susceptor layer. The shielding layer is typically placed
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on an outer portion of the standard microwave susceptor layer. The microwave shielding
layer may be attached to the standard microwave susceptor layer by any known means.
For example, the microwave shielding layer may be attached to the standard microwave
susceptor layer by glue, tape, or combinations thereof.

[0021] In an embodiment, the highly conductive susceptor includes a second
standard microwave susceptor layer located between the first standard microwave
susceptor layer and the shielding layer.

[0022] An advantage of the present disclosure is to provide an improved
microwave susceptor.

[0023] Another advantage of the present disclosure is to provide an improved
microwave susceptor that creates a temperature profile in a food product that is similar to
that achieved by conventional oven preparation.

[0024] Yet another advantage of the present disclosure is to provide a microwave
susceptor that provides improved browning and crispness of a food product.

[0025] Still yet another advantage of the present disclosure is to provide a
microwave susceptor that imparts a stronger surface heating to a food product.

[0026] Yet another advantage of the present disclosure is to provide a method to
increase the conductivity of a standard microwave susceptor.

[0027] Another advantage of the present disclosure is to provide an improved
method for microwave cooking a food product.

[0028] Additional features and advantages are described herein, and will be

apparent from, the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0029] FIG. 1 is a side view of a composite susceptor in accordance with an
embodiment of the present disclosure.

[0030] FIG. 2 is a graph of RAT propertics of a susceptor in free space as a
function of the surface conductance, with thickness of the surrogate dielectric layer as a

parameter.
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[0031] FIG. 3 is a graph of power absorbed by the water load as a function of
surface conductance for the static and rotating small cylinder size and the static big
cylinder.

[0032] FIG. 4 is a graph of power absorbed by the susceptor as a function of its
surface conductance for the static and rotating small cylinder and the static big cylinder.

[0033] FIG. 5 is a graph showing the ratio of power absorbed by the susceptor to
the total amount of power absorbed by the susceptor and the load.

[0034] FIG. 6 is a line graph showing maintenance of clectrical conductivity of
several microwave susceptors.

[0035] FIG. 7 is a graph of temperature v. time for an ice cream filled cookie.

[0036] FIG. 8 is a graph of temperature v. time for an ice cream filled cookie in
accordance with an embodiment of the present disclosure.

[0037] FIG. 9 is a graph of temperature v. time for an ice cream filled cake in
accordance with an embodiment of the present disclosure.

[0038] FIG. 10 is temperature profile for a microwaveable cookie product in
accordance with an embodiment of the present disclosure.

[0039] FIG. 11 is temperature profile for a microwaveable cake product in
accordance with an embodiment of the present disclosure.

[0040] FIG. 12 is a temperature profile of a microwaveable food product baked in
a conventional oven in accordance with an embodiment of the present disclosure.

[0041] FIG. 13 is a temperature profile of a microwaveable food product baked in

a microwave oven in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0042] Microwave susceptor materials are known in the food industry and have
been used as active packaging systems with microwaveable foods since the late 1970°s.
Susceptors are used to provide additional thermal heating on the surface of food products
that arc heated in a microwave oven, which helps to achieve a browned, crisp surface that

is desirable to consumers.
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[0043] Although there are several different types of susceptors in use, most
susceptors are aluminum metallized polyethylene terephthalate (“PET”) sheets. PET
sheets are lightly metallized with elemental aluminum and laminated onto a
dimensionally stable substrate such, for example, paper or paperboard. Indeed, standard
susceptor materials have a very thin layer of metal atoms (e.g., aluminum atoms). This
thin layer is typically about 20 atoms and is just thick enough to conduct electricity. Since
the thickness of the layer is so small, however, and the resulting resistance is high, the
currents are limited and do not cause any arcing in the microwave, as is seen with other
metallic articles in the microwave. The current is sufficiently high, however, to heat the
susceptor to a temperature that is high enough to provide brownness and crispness to the
outside surface of a food product. As used herein, “standard microwave susceptor” or
“standard susceptor” means susceptors known to the skilled artisan prior to the present
disclosure, which may include, for example, the lightly metallized susceptors described
above having a substrate, a thin layer of metal atoms and a polymer layer.

[0044] The development of heat energy in a susceptor placed in a microwave field
is caused by the conductivity of the susceptor material. For example, a thin aluminum
film with a relatively high resistance acts as the main source of heat energy. The ohmic
resistance in the thin aluminum layer then leads to absorption and dissipation of
microwave energy. The portion of an incident wave that is not absorbed, is partially
transmitted by the susceptor material, making it available for direct volumetric heating of
the food. The remaining portion of the microwave energy is reflected by the susceptor
material.

[0045] This concept of standard susceptor heating works reasonably well for
frozen food, which is essentially transparent to microwaves and does not absorb much
microwave energy itself. As aresult, a relatively high electric field strength is left for the
susceptor to heat up and form a crust on the surface of the food. Non-frozen foods,
however, absorb microwaves much better than frozen foods. The field strength, therefore,
is much lower, which leads to less heating effect in the susceptor material. Consequently,
standard susceptor materials often show insufficient performance in combination with

non-frozen foods.
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[0046] Better heating of a non-frozen food product can be reached, however, using
a susceptor material with a thicker layer of metal, which shows a higher electrical
conductivity. If the thickness of a metal layer is properly chosen, the heating effect of the
material at a given field strength is at least slightly higher than a standard susceptor, but
the ratio of reflection and transmission changes dramatically. As will be discussed further
below, the power dissipated by the susceptor goes up as the conductivity increases.
Indeed, most of the non-absorbed microwave energy is now reflected. The reflection has
two effects. First, if the food is completely covered with the thicker susceptor material,
direct volumetric heating of the food is kept very low. Second, due to multiple reflections
of microwaves in the oven, most of the reflected energy hits the susceptor again, causing a
higher field strength and, thus, a stronger surface heating. In this manner, the susceptors
can provide, in principle, sufficient shiclding from the microwaves while, at the same
time, heating up enough to provide increased surface heating to the food product.

[0047] It is, however, difficult to achieve such a highly conductive microwave
susceptor because of the negative effects of providing a thicker metal susceptor material.
For example, when the thickness of a standard susceptor material is increased, the
electrical field strength in the microwave oven can rise to a level where the susceptor
materials yield (e.g., develops cracks). The cracks change the electrical conductivity of
the standard susceptor, making the materials more transmissive and, consequently, the
materials lose their desired properties.

[0048] At best, current microwave susceptors can either shield a food product
from microwaves, or heat the food surface, but still transmit a substantial portion of the
microwaves. Additionally, known susceptors cannot be used to encase the food product
from all sides because, as described above with thickened susceptor materials, the
clectrical ficld strength in the oven rises to a level where the material yields (e.g.,
develops cracks). Any cracks formed in the susceptor material can change the electrical
conductivity and make the susceptor more transmissive, which imparts too much
microwave energy to the food product.

[0049] The microwaveable packages and methods of the present disclosure are

directed to overcoming the above-described poor heating performance of standard
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microwave susceptor materials. Better heating performance may be obtained by
providing a highly conductive susceptor that is able to function as both a shield and a
source of heat to heat a food product.

[0050] Applicants have simulated the heating behavior of a model food having the
dielectric properties of water in a houschold microwave oven. The food was simulated as
a cylindrical food completely enrobed in a susceptor material from all sides. The goal of
the simulation was to identify the optimal value for the clectrical conductivity of the
susceptor for a maximum ratio between surface and volumetric heating. Applicants
surprisingly found that optimal results were achieved with resistivities that were well
below 100 Q. As such, Applicants’ simulation has shown that standard susceptor
materials do not provide maximum surface heating when they cover the food from all
sides. Consequently, materials with high metallization (i.c., lower resistance) were tested.
However, the desired surface heating was not achieved because the higher metallized
materials developed cracks in their aluminum layers, rendering them much more
transmissive than in their intact condition. Because of the above-described deficiencies,
Applicants sought to develop a highly conductive susceptor that is able to provide a
desired temperature profile in a microwave oven without failure.

[0051] Applicants have surprisingly found that providing a highly conductive
susceptor and completely encasing a food product with the highly conductive susceptor, a
microwaveable package can impart a temperature profile that shifts the heating pattern
from typical microwave volumetric heating toward increased surface heating. In an
embodiment, a highly conductive susceptor is a composite susceptor that includes at least
one standard susceptor layer and a shielding layer having a source of mobile charges,
wherein the source of mobile charges is at least substantially metal free.

[0052] In a general embodiment, and as shown in FIG. 1, a composite susceptor
10 of the present disclosure may include one to three layers of a standard microwave
susceptor 12, to which another layer 14, designed to protect or shicld, the standard
susceptor from too high electrical fields, is added. The protective or shielding layer of the
present disclosure is at least substantially free of metal such that the protective or

shielding layer 14 cannot be a standard microwave susceptor layer.
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[0053] Standard microwave susceptor layer(s) 12 of the present composite
susceptors may be any susceptor material known to the skilled artisan. As discussed
above, standard susceptor materials typically include a substrate upon which a coating for
absorption of microwave radiation is deposited, printed, extruded, sputtered, evaporated,
or laminated. As mentioned previously, most standard susceptors include a paper
substrate with a thin layer of aluminum deposited thercon and covered by a plastic film.
The composite microwave susceptor packages of the present disclosure may include one
or more layers of a standard susceptor material. In an embodiment, the composite
susceptors of the present disclosure include one layer of a standard susceptor material. In
another embodiment, the composite susceptors include two or more layers of a standard
susceptor material.

[0054] The protective (or shiclding) layer 14 of the present composite susceptors
is capable of acting as a shield to shield standard susceptor 12 from microwaves, while
also acting as a conductor to increase the conductivity of the composite susceptor. Such a
shielding layer may include materials that are capable of being stored and handled at
temperatures that are typical for frozen or chilled foods. The shiclding layer may also
include materials that can be cooked in a microwave oven or stored on a shelf.

[0055] In an embodiment, shiclding layer 14 of the highly conductive susceptors
of the present disclosure may have an electrical resistance between, for example, about 1
Q and about 300 Q. In an embodiment, shielding layer 14 of the highly conductive
susceptors has an electrical resistance that is less than about 100 Q. In another
embodiment, shielding layer 14 of the highly conductive susceptors may have an electrical

resistance that is from about 10 to about 80 Q, or from about 20 to about 60 Q, or from

about 30 to about 50 Q. In contrast, standard susceptors may have an electrical resistance
from about 100 Q2 to about 200 Q.

[0056] The shiclding layer may be continuous or discontinuous on the standard
susceptor layer. For example, if the shielding layer is discontinuous, the shielding layer
may be applied in strips to the standard susceptor layer, or in squares, or circles, or any
other shape or pattern, so long as the shielding layer is able to shield at least a portion of

the standard microwave susceptor from microwaves, as well as provide added
9
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conductivity thereto. In this manner, the shielding layer may cover from about 25% up to
100% of an outer surface of the standard susceptor layer. In another embodiment, the
shielding layer may cover from about 40% up to about 80%, or about 50% to about 75%
of an outer surface of the standard susceptor layer. On the other hand, the shielding layer
may be continuous over the standard susceptor layer such that the shielding layer covers
substantially all of an outer surface of the standard susceptor layer.

[0057] In an embodiment, the shielding layer may be a strong dielectric (a material
having a high value for ¢') or a dielectric with a high loss factor (¢"”). Both materials, or
combinations thercof are suitable to reduce the clectrical field strength at the susceptor,
which prevents cracking of the susceptor. In an embodiment, the protective, or shiclding
layer may comprise a source of mobile charges that is at least substantially metal free.
Examples of sources of mobile charges include, but are not limited to, ionic compounds
(melted or dissolved), semiconductors, etc. An example of a component having very high
numbers for £” includes concentrated salt solutions, melted salt, etc. However, the values
of &¢” for concentrated salt solutions will depend on temperature. Concentrated salt
solutions also offer the advantage that water can evaporate from them, which holds the
susceptor at a temperature level where it heats the food but does not suffer heat damage.
This concept can be referred to as “sacrificial load.” It is useful in cases where the
microwave power is higher than what can be dissipated in the packaging and/or food
without causing damage to the susceptor. As used herein, “salt” includes any ionic
compound including, for example, potassium chloride, sodium chloride, etc. In an
embodiment, the salt is sodium chloride.

[0058] Shiclding layer 14 may include a substrate to which a source of mobile
charges is added. The substrate may be a liquid absorbent, flexible material. For
example, the substrate may be paper, paperboard, cardboard, cardstock, tissue paper, crepe
paper, etc. In an embodiment, shielding layer 14 includes a paper-based substrate that has
a weight up to about 100 g/m”. The substrate may be selected based upon the absorbency
of the substrate. In an embodiment, the substrate is a tissue paper that has a weight from

about 10 to about 70 g/m?, or about 15 to about 60 g/m>, or about 20 to about 35 g/m”.
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[0059] The substrate of shielding layer 14 may have a thickness from about 0.05
mm to about 3.0 mm. In an embodiment, the substrate has a thickness from about 0.1 mm
to about 2.0 mm, or from abut 0.2 mm to about 1.5 mm, or from about 0.3 mm to about
1.0 mm, or about 0.5 mm to about 0.8 mm. In an embodiment, the substrate has a
thickness of about 0.25 mm. The substrate of shielding layer 14 should not be too thick to
prevent standard susceptor 12 from achieving a sufficiently high baking temperature. On
the other hand, the substrate of shielding layer 14 should not be too thin so as to provide
poor shielding such that standard susceptor 12 rises in temperature too quickly and cracks
before an optimal food surface temperature is achieved.

[0060] The composition having mobile charges may be added to the substrate by
any known means. For example, the composition having mobile charges may be added to
the substrate by immersion, deposition, printing, extrusion, sputtering, evaporation,
plating, or lamination. In an embodiment, the substrate may be dipped in an ionic
solution. In an alternative embodiment, however, a substrate need not be used and
shielding layer 14 may simply be a composition having mobile charges.

[0061] As briefly mentioned above, the source of mobile charges may include, for
example, a salt solution, melted salt, or combinations thereof. The source of mobile
charges may also include, for example, melted ionic compounds, dissolved ionic
compounds, semiconductors, or combinations thereof. In an embodiment, the source of
mobile charges is a sodium chloride solution in which tissue paper (as a substrate) may be
dipped. The salt water (e.g., sodium chloride) solution may have a concentration from
about 10% to about 30%. In an embodiment, the salt water solution has a concentration
from about 12% to about 28%, or about 15% to about 25%, or about 17% to about 23%.
In an embodiment, the salt water solution has a concentration of about 25%.

[0062] In another embodiment, the salt water solution may be provided in any
amount up to its saturation point, which will depend on temperature. In this manner, the
skilled artisan will appreciate that other salts with different solubility limits and different
numbers of ions with different charges may be used. It is understood, therefore, that
different salts (e.g., sodium, potassium, lithium, etc.) may provide different specific

conductivities, which may require varying thicknesses of the substrates of shielding layer
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14, and varying concentrations of the salt water solution. In an embodiment, the source of
mobile charges is a salt water solution that has a concentration up to about 50%. For the
remainder of the disclosure, shielding layer 14 of the present composite microwave
susceptors will be discussed as a tissue paper substrate that is dipped in a salt water
solution and placed on top of, or an outer portion of, standard susceptor 12. However, the
skilled artisan will appreciate that other sources of mobile charges may be used with the
composite susceptors of the present disclosure.

[0063] Shiclding layer 14 of the present composite susceptors can serve at least
two functions. First, if the food is completely covered with the present composite
susceptor material, direct volumetric heating of the food product is kept very low, and the
shielding layer 14 shields standard susceptor layer 12 to prevent standard susceptor layer
12 from becoming too hot and cracking. In this manner, shieclding layer 14 on the outside
of standard susceptor 12 provides a shielding effect for standard susceptor layer 12.
Additionally, standard susceptor 12 in combination with shiclding layer 14 can prevent
transmission of microwaves into the food.

[0064] Shielding layer 14 also aids in increasing the heat dissipated by standard
susceptor 12. For example, as will be discussed below, in a first portion of microwave
cooking, the heating by standard susceptor 12 is reduced by the shielding effects of
shielding layer 14. As the cooking process continues, and the water absorbed by the
substrate of shiclding layer 14 is evaporated, standard susceptor 12 gets the full electrical
field and provides increased surface heating to a food product. Thus, both the lifetime and
the heat dissipated by standard susceptor 12 are increased, with higher temperatures
occurring at the end of the cooking cycle. In other words, because of the initial shielding
effect of shiclding layer 14, standard susceptor 12 may be used for a longer period of time
without cracking or otherwise yielding.

[0065] In an embodiment wherein shielding layer 14 includes a substrate
immersed in an aqueous solution (e.g., tissue paper dipped in a salt water solution),
shielding layer 14 also provides the added benefit that the water absorbed by the substrate
will evaporate during baking in a microwave oven to provide a better temperature in the

last portion of cooking (c.g., the last 15 to 45 seconds of cooking). In this manner,

12



WO 2012/163760 PCT/EP2012/059606

evaporation of the water in the substrate decreases the shielding effect of shielding layer
14 that is present in a first portion of baking, which allows standard susceptor 12 to
increase in temperature during a second, or a last portion, of baking to provide improved
heating and/or a browned, crisp surface to the food product.

[0066] For example, shielding layer 14 may provide sufficient shielding for up to
30 seconds, or up to 40 seconds or up to 45 seconds before the water in shielding layer 14
begins to evaporate and, thercfore, cause shiclding layer 14 to lose shiclding power. In a
second portion of heating (e.g., after about 20 seconds, or about 30 seconds, or about 40
seconds of a first heating time), standard susceptor 12 will ramp up in temperature
quickly, which imparts a more intense surface heat to the food product being baked. This
second portion of heating may also last up to 30 seconds, or up to 40 seconds or up to 45
seconds. In another embodiment, a first portion of heating may be an amount of time that
is up to about 2 minutes and a second portion of heating may be an amount of time that is
up to about 2 minutes. Further, the water contained in shielding layer 14 also helps to
protect standard susceptor 12 by acting as a heat sink, reducing the temperature of
standard susceptor 12.

[0067] Additionally, as mentioned above, adding shielding layer 14 to standard
susceptor 12 creates a highly conductive susceptor having an electrical conductivity that is
greater than just standard susceptor 12 alone. For example, in an embodiment where the
highly conductive susceptors are used with microwaveable packages including containers
defining an interior, and the highly conductive susceptor surrounds the interior, most of
the non-absorbed microwave energy is reflected back upon itself. However, due to
multiple reflections in an oven, most of the reflected microwave energy will be directed to
hit the composite susceptor again, which causes a higher field strength and, thus, a
stronger surface heating.

[0068] Indeed, Applicants have surprisingly found that when a food product is
completely enrobed in microwave shielding materials such as, for example, the highly
conductive susceptors of the present disclosure, there may be essentially zero transmission
of microwaves into the food. Instead, the heating configuration shifts the heating pattern

in the microwave toward surface heating instead of volumetric heating. As such, the
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susceptors and methods of the present disclosure are able to provide food products with
improved crust formation and enhanced crispness, especially when the food is entirely
enrobed by the microwave shielding materials.

[0069] In an embodiment wherein the composite susceptors of the present
disclosure are used in microwaveable packaging, shielding layer 14 of the present
disclosure should be provided on an outside of the standard susceptor 12 so as not to
contact any food contained within the packages. This may be especially important where
the shiclding layer is tissue paper dipped in a salt water solution because the food
contained in the packaging would have undesirable properties if exposed to sodium
chloride, or another salt, or excessive moisture during storage.

[0070] On the other hand, however, the skilled artisan will appreciate that the
inner, standard susceptor layer 12 may have some thermal contact with a food product
housed by the microwaveable package. Thermal contact between the standard susceptor
layer 12 and the food product will allow heat transfer from the standard susceptor layer 12
to the food product, which not only heats the food product, but also helps to reduce the
temperature of the standard susceptor layer 12 to avoid cracking. In an embodiment, the
composite susceptor 10 (via the standard susceptor layer 12) contacts at least about 50%
to about 100% of a total surface area of the microwaveable food. Composite susceptor 10
may also contact from about 60% to about 90% of a total surface area of the
microwaveable food. Alternatively, composite susceptor 10 does not contact the
microwaveable food.

[0071] Further, although steam will likely be generated in a microwave packaging
during microwave cooking of a food product, the steam is not intended to be used to cook
the food product.

[0072] The skilled artisan will appreciate that composite susceptor 10 may be used
with any microwaveable application where a highly conductive microwaveable susceptor
would be advantageous. For example, composite susceptor 10 may be included in
microwave active packaging such as a pouch, a box, a sleeve, a cylinder, ctc., or any
flexible material that may be used for packaging In an embodiment wherein composite

susceptor 10 is used in a microwaveable package as a highly conductive susceptor to heat
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a microwaveable food, composite susceptor 10 may be included along all sides or walls of
the package such that every surface of the microwaveable package includes a composite
susceptor. In other words, if a microwave package defines an interior, the interior may be
completely surrounded by composite susceptor 10. The skilled artisan will appreciate,
however, that the microwaveable package may be vented or otherwise minimally exposed
to an environment outside the package so long as the interior of the package is
substantially surrounded by composite susceptor 10.

[0073] Alternatively, however, the skilled artisan will appreciate that other
embodiments of microwaveable packages may include composite susceptor 10 over only a
portion of the surfaces of the microwaveable package. Accordingly, composite susceptor
10 may be provided on about 50% to 100% of a total surface arca of a microwaveable
package. In another embodiment, composite susceptors 10 may be included on about 60%
to about 80% of a total surface area of a microwave package. In such an embodiment,
however, the remaining surface area of the microwaveable package should include
another microwave shielding material such as, for example, a pure microwave shield. As
used herein, a “pure microwave shield” or “complete microwave shield” means any
microwave shiclding material that prevents transmission of microwaves therethrough and
substantially does not heat up during microwave cooking. In this manner, a pure
microwave shield is distinguishable from shicelding layers (e.g., shielding layer 14) of the
present composite susceptors, which heat up during microwave cooking. An example of a
pure, or complete, microwave shield is an aluminium foil layer.

[0074] The susceptors and methods of the present disclosure are able to provide
several consumer benefits including, but not limited to, greater surface heating of food
products, insulation of a food product from the effects of heat sinks in a microwave oven
environment, and retention of proper amounts of heat and moisture. Additionally, the salt
contained in the shield layer helps to keep some or all of the water unfrozen at -18°C,
which means that the shield is already active when the food is removed from the freezer.
Further, after evaporation of a portion of the water during microwave cooking, a consumer

is able to touch the dry substrate of the shield layer without burning his or her hand.
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[0075] By way of example and not limitation, the following Examples are
illustrative of embodiments of the present disclosure. In the Examples, all percentages are

by weight unless otherwise indicated.

EXAMPLES

[0076] EXAMPLE 1 — Microwave Susceptor Simulations

[0077] Applicants used numerical modeling to analyze conductivity and shielding
effects of microwave susceptors used as an active element in packaging of microwaveable
food products. The accuracy of the method was validated in the case of estimation of
reflected, absorbed, and transmitted power for the susceptor in free space, where the exact
solution is known. The amount of power absorbed by the susceptor was calculated for the
case of the susceptor attached to a cylinder made of water, the influence of the position
and size of the cylinder was considered, and the amount of power absorbed by the
susceptor and the cylinder were calculated.

[0078] As described above, a microwave susceptor is typically formed from a
metal layer of thickness of a few nanometers deposited on a thin film of a polymer such
as, for example, PET, which is reinforced by a paper substrate.* The susceptor works to
convert electromagnetic energy into heat and, when it is in contact with microwavable
food products, it acts a conventional source of heat and enables browning and crisping of
outer product surfaces. The ability of such a thin metal layer to work as a susceptor is
described by the amount of reflected, absorbed, and transmitted power (“RAT
properties”), or its surface resistance. The surface resistance of a thin metal layer is
typically defined as:

[0079] Rs= 1/(c*d) (Equation 1),

[0080] where “c” is the clectric conductivity of the metal used for the susceptor
(S/m), and “d” is the thickness of the metal layer (m). The surface resistance of
manufactured susceptors can be measured using a resonant method.’

[0081] Equation 1 may be used for effective finite-difference time-domain

4,5,6

(“FDTD”) modeling of the susceptor. As will be appreciated by the skilled artisan, a

brute-force FDTD approach would require mesh refinement to the thickness of the
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susceptor and prohibitive computer effort. Sub-cellular FDTD models of thin perfect
electric conductor (“PEC”) sheets, however, are not applicable to the susceptors since they
do not capture the semi-transparent properties.” Therefore, the numeric modeling in this
Example was based on a thicker surrogate dielectric layer instead of a thin metal film.
The proper electric conductivity of the surrogate layer was calculated using Equation 1,
which was reformulated as:

[0082] 6 = 1/( Rs*d) (Equation 2),

[0083] where “R” is the surface resistance of the thin metal layer and “d” is the
thickness of the assumed surrogate dielectric layer.

[0084] All of the present simulations were conducted using QuickWave-3D

software for electromagnetic design.®

[0085] Accuracy of the Surrogate Laver Approach

[0086] The accuracy of the surrogate model was investigated with respect to RAT
properties of the flat susceptor in free space, in which case the exact solution was
known."**® The influence of the thickness of the assumed surrogate diclectric layer was
investigated for several values of the surface resistance.

[0087] Description of Test Case

[0088] A parallel plate line with perfect clectric conductor boundary condition
along the x-axis and perfect magnetic conductor boundary condition along the y-axis were
chosen to simulate free space conditions. The computational domain included a 10 mm
space for the perfect magnetic conductor boundary conditions, and a 10 mm space for the
perfect electric conductor boundary conditions. The computation domain also include a
space of 5 mm from the excitation port to the x-axis and a space of 5 mm from the
excitation port to the y-axis. From both the x and y-axis, a space of 5 mm to the
superabsorbing boundary condition was used. The surrogate dielectric layer was located
in the X, y plane.

[0089] Instead of a thin metal layer, the surrogate thicker dielectric layer of
proportionally lower electric conductivity calculated using Equation 2 was used and the

value of relative dielectric constant of the surrogate dielectric layer was setto 1. A TEM
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pulse of frequency spectrum between 2 and 3 GHz was used to excite the structure. The
amounts of reflected power (Pg) and transmitted power (Pr) were calculated as squares of
the collected reflection and transmission coefficients at 2.45 GHz. The missing value of
the absorbed power P4 was obtained from the energy conservation equation:

[0090] Pp+ P4+ Pr=1 (Equation 3)

[0091] Computational domain was ended by the superabsorbing boundary
condition and a set of simulations was performed for different thicknesses of the surrogate
dielectric layer and different surface resistance. The FDTD cell size was set to be equal to
the thickness of the surrogate dielectric layer.

[0092] Results from Test Case

[0093] FIG. 2 shows RAT properties taken at 2.45 GHz for the susceptor in free

space, for different values of thickness of the surrogate dielectric layer in the range 0.1.,
4.0 mm, and for different values of the surface conductance, which is a reciprocal of the
surface resistance in the range 0.001, 0.01 S. The susceptor of surface conductance
around 0.005 S provides a maximum level of absorption equal to 50%, with reflection and
transmission at the same level 0f25%.

[0094] The results of the numerical simulation were compared to the analytical

solution' for a plain metal susceptor with cracks:

[0095] Pg = 1/(2*Rs/Zo+1)° (Equation 4),

[0096] Py = 4*(Rs/Zo)/(2*Rs/Zo+1)* (Equation 5),

[0097] Pr= 4%(Rs/Zo) */(2*Rs/Zo+1)? (Equation 6),

[0098] where “Zo” denotes free space impedance approximately equal to 376.7 Q.
]

[0099] The skilled artisan will appreciate that a susceptor described by a particular
value of the surface resistance Ry can be modeled by an infinite number of surrogate
layers of different values of thickness (d) and conductivity (o), as long as Equation 2 is
conserved. As shown in FIG. 2, the simulated value of the transmitted power does not
depend on the thickness of the surrogate dielectric layer in the considered ranges of
thickness and surface conductance. Also, the simulated values of the absorbed and
reflected power do not depend on the model thickness for surface conductance below

0.003 S. For higher values of surface conductance, the absorbed and reflected power
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become dependent on the surrogate layer thickness, which, therefore, should not be set too
high. Indeed, a thickness of about I mm ensures the accuracy of all RAT properties better
than 3% for the highest conductance considered. The susceptors of surface conductance

below 0.003 S were accurately simulated using a surrogate layer as thick as 4 mm.

[00100] Simulation of the Susceptor in the Microwave Oven Cavity

[00101] The surrogate layer approach was used to estimate the amount of
clectromagnetic power absorbed by the susceptor attached to the cylinder. The cylinder
was made of water at room temperature and placed inside the oven cavity. The surrogate
layer thickness and conductivity were set according to the criteria determined above, and
the scenarios of static and rotating objects were analyzed. In the case of the static object,
the influence of its size was also considered. The amount of power absorbed by the
susceptor and water as a function of the surface resistance are shown in the present
figures.

[00102] Numerical Model of the Investigated Structure

[00103] Applicants performed simulations to estimate the power absorbed
by the susceptor surface attached to the cylinder made of water (¢, = 78.6 and 6 = 1.43
S/m). In the simulations, oven cavity dimensions of 267 mm in the x-direction, 270 mm
in the y-direction, and 188 mm in the z-direction were used. The simulations also used a
feeding waveguide having dimensions of 18 mm in the x-direction, 78§ mm in the y-
direction, and 80 mm in the z-direction. The feeding waveguide was located in a back,
left portion of the oven cavity. Excitation in the form of TEOl mode at 2.45 GHz is
launched from the upper end of the waveguide.

[00104] A lossless plate of a relative dielectric constant equal to 6, which
represents a glass plate found in most household microwaves, was placed 15 mm above
the bottom of the cavity, and had a diameter of about 227 mm and a height of about 15
mm. Two different sizes of cylinders made of water were analyzed. The first was a
smaller cylinder with 34 mm in diameter and 34 mm in height, and the second was a

bigger cylinder with 80 mm in diameter and 80 mm in height.
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[00105] For the smaller cylinder, both static and rotating scenarios are used
in the simulations. The static cylinder was positioned co-axially with the z-axis at the
intersection of the x and y-axis (“position 1”). A center of the cylinder rotating around the
center of the plate was positioned about 50 mm along the x-axis from the center of the
static cylinder (“position 2”). The influence of the cylinder size was also analyzed for the
static object. In the simulations, the susceptor was attached to all sides of the cylinder, the
thin metal layer was modeled as a surrogate dielectric layer of 1 mm thickness, and its
conductivity was calculated by Equation 2.

[00106] A set of simulations as a function of surface conductance of
susceptor was performed for each of the above scenarios. The feature of QuickWave
software for automatic integration of dissipated power’ over the user-defined part of the
load was used. The integration was performed twice during each simulation. The first
integration was performed to determine the total amount of power absorbed by the water
and the susceptor, and the power absorbed by the susceptor was obtained. The difference
between the two values was then calculated. The calculated values of power were

normalized to the time-average power available from the source using the following

equation:
[00107] P = (100%Py)/P.[%] (Equation 7),
[00108] where “P” denotes the percentage of power absorbed by water of

water and susceptor, “P;” denotes power in watts absorbed by water or water and
susceptor, and “P,” denotes time-averaged value of power available from the source.
Since the problem is linear, the actual value of P,, was irrelevant.

[00109] Simulation Results

[00110] The results of simulations as a function of surface conductance for
the static and rotating small cylinder and the static big cylinder are shown in FIGS. 3 and
4. The ratios of power absorbed by the susceptor to the total amount of absorbed power
are shown in FIG. 5. The values presented in FIGS. 3 and 4 for the scenario including
rotation of the object were averaged over nine angular positions.

[00111] As can be seen in the figures, the bigger cylinder made of water,

wrapped with the susceptor and located at the center of the static plate, absorbs more than
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the smaller cylinder at the same position and under the same conditions. When the
smaller cylinder is shifted by 50 mm from the center and rotates, the amount of power
absorbed by water further decreases.

[00112] The simulations further demonstrate that the position and size of the
load have the biggest influence on the amount of power absorbed by water when the
susceptor has the lowest surface conductance (FIG. 3). For increasing surface
conductance, the influence of the load position and size on the amount of power absorbed
by water decreases, but the actual amount of power absorbed by water also decreases.
Under the same conditions, the amount of power absorbed by the susceptor tends to
increase. This demonstrates shielding properties of high conductance of 0.1 S, nearly
90% of total dissipated power is absorbed by the susceptor.

[00113] It has also been shown that a planar susceptor in free space exhibits
the highest absorbing properties when its surface conductance is about 0.005 S. In the
present case of the susceptor surrounding the cylindrical load in the cavity, these
maximum absorbing capabilitiecs were shifted towards higher values of the surface
conductance (FIG. 4). The actual value of the surface conductance leading to the highest
absorbing propertics depends on the object position and size and, in the considered cases,
falls in the range between 0.03 S and 0.07 S. In the same range, the influence of the
object position and size on the actual amount of power absorbed by the susceptor is most
pronounced (FIG. 4).

[00114] For the present simulation scenarios, the total amount of power
absorbed by the water cylinder and the attached susceptor depended mainly on the
absorptive properties of the cylinder for surface conductance between 0.001 S and 0.01 S,
while, for surface conductance above 0.01 S, it depended mainly on the absorptive

properties of susceptor layer.

[00115] Conclusions
[00116] Applicants were able to perform effective clectromagnetic
simulations of food heating in domestic microwave ovens using FDTD simulations with

the previously proposed surrogate diclectric layer model of metal susceptors. In this
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Example, the accuracy of the model was validated against the exact analytical solution
taken from the literature for a planar susceptor without cracks. It has been shown that a 4
mm thick model provides results indistinguishable from the analytical ones if the surface
conductance of the susceptor is below 0.01 S. For higher surface conductance, thinner
models should be used, and the 1 mm model ensures 2% accuracy. The highest absorptive
properties of the susceptors are demonstrated by the susceptors of surface conductance
close to 0.005 S.

[00117] The 1 mm model was applied to practical simulation of the
cylindrical water load surrounded with the susceptor and processed in the domestic oven.
In view of the present simulations, Applicants have found that the highest absorptive
properties of the susceptor were then shifted to surface conductance values higher than in
the free space case and dependent on the position and size of the heated object.
Applicants have also found that, for increasing surface conductance, the susceptor
develops shiclding properties with respect to the load, which can have the effect of a more
pronounced surface heating. For example, for surface conductance above 0.7 S, the
susceptor absorbs over 80% of total dissipated power, moreover, the total dissipated
power decreases due to increasing reflections. As a result, the amount of power dissipated

in the water load drops below 6% of power available from the magnetron source.

[00118] EXAMPLE 2 — Maintenance of Conductivity

[00119] For comparison purposes, Applicants tested the maintenance of
clectrical conductivity of several protected (i.c., shielded) susceptors and one unprotected
susceptor. The graph of FIG. 6 illustrates the protective effect of salt water layers, which
were created with tissue paper as a substrate. As discussed above, the skilled artisan will
appreciate, however, that the shiclding layer need not be comprised of tissue paper and
may be any material capable of acting as a strong dielectric (a material having a high
value for €') or a diclectric with a high loss factor (¢”). Other possibilities include, for
example, paper products of other weights, fibers, yarns, cottons, etc.

[00120] FIG. 6 shows the development of conductivity of a standard (i.e.,

plain) susceptor, when exposed to microwaves. Without protection, the conductivity
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drops to below 20% after only 30 seconds. This means that the susceptor has cracked and
therefore become too transmissive for the purpose of microwave cooking foods contained
within the susceptor package (with strong surface heating of the susceptor). The
remaining curves on the graph illustrate the maintenance of conductivity for frozen or
unfrozen substrate layers of the shielding layer, with composite susceptors having tissue
paper immersed in the indicated salt water concentrations. As illustrated by the graph, a
1.0 mm layer of 25% salt solution was able to keep the susceptor conductivity intact, and
the shielding layer provided shielding effects when both frozen and unfrozen. However,
the resulting dough temperature was not high enough. Although not graphed, Applicants

achieved very good results with a 0.25 mm layer of 25% salt solution.

[00121] EXAMPLE 3 — Fiber-Optical Temperature Distribution
Measurements
[00122] To analyze the conductivity and shielding effects of composite

susceptors of the present disclosure, Applicants wrapped a dual-component
microwaveable food product in a composite susceptor of the present disclosure and baked
the dual-component microwaveable food in a microwave oven. The microwaveable food
product was an ice cream filled cookie (17% water content, 7 mm thick around the ice
crcam center). In a first experiment, the ice cream filled cookic was wrapped in a
standard susceptor, and in a second experiment, the ice cream filled cookie was wrapped
in a composite susceptor of the present disclosure. Before wrapping, Applicants prepared
the ice cream filled cookies, and placed fiber-optical probes at locations corresponding to
(1) the cookie position, (ii) the ice cream position and (iii) the interface between the cookic
and the ice cream.

[00123] As is shown by FIG. 7, which used the standard microwave
susceptor, the temperature of the ice cream quickly rises above 0°C. At the time the
temperature of the ice cream is above 0°C, however, the temperature of the cookie is
barely warm. As such, it is clear that standard susceptors are unable to provide a suitable

temperature distribution for the microwaveable product.
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[00124] On the other hand, however, FIG. 8 is a graph of an ice cream filled
cookie having the same size and composition as that in FIG. 7, but being baked in a
composite susceptor of the present disclosure. The composite susceptor used in
connection with FIG. 8 included two standard microwave susceptors that were covered
with a shielding layer of 0.25 mm tissue paper dipped in a salt water solution of 25%. As
can be clearly seen by FIG. &, the ice cream filling stayed cold for an amount of time that
was sufficient to heat the cookie to an acceptable temperature to properly bake the cookie.

[00125] For comparative reasons, FIG. 9 includes a similar curve
corresponding to a cake outer portion having an ice cream filling. In this regard, the
cookie casing was replaced by a cake casing that was 14 mm thick with a 32% water
content. The difference in size from the cookic to the cake is because the cake
composition is more porous and less compact. As can be seen in FIG. 9, there was a
dramatic temperature increase in the cake composition, which Applicants believe may be
due to complex heat transfer mechanisms. Indeed, without being bound to any theories,
Applicants believe that the heat transfer mechanism of the dough portion of the present
microwaveable food can include both classical conduction and evaporation/condensation.
In this regard, a more porous dough with a higher water content tends to show a steeper
temperature curve, which is desirable with a hot-and-cold microwaveable product
concept.

[00126] To further evaluate heat transfer mechanisms of different dough
compositions, Applicants wrapped one pure cookie product (¢.g., no ice cream) in
aluminum foil and one pure cake product (e.g., no ice cream) in aluminum foil and deep-
fried the products at 180°C for two minutes. FIG. 10 shows an infrared picture of the
cookie product and FIG. 11 shows an infrared picture of the cake product. Based on these
two images, it appears that the cake product heats up to a greater temperature on the
outside (it has a lower heat capacity by volume), but leaves the center colder. This
phenomenon is understood when taking into account that the heat transfer coefficient in
the case of evaporation/condensation is very temperature dependent. Where the material
is hot, more water has been evaporated, which will carry more latent heat towards the

colder arcas. In the colder arcas near the center, evaporation is insignificant. Applicants
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believe that the porous nature of the cake product in FIG. 10 shows less conduction than

the cookic of FIG. 11, which leaves the center of the cake colder.

[00127] EXAMPLE 4 — Comparison of Conventional Oven Baking and
Microwave Oven Baking

[00128] To determine whether the composite susceptors of the present
disclosure impart an acceptable temperature profile to a microwaveable food that is
similar to the temperature profile imparted by a conventional oven, Applicants performed

the following experiment.

[00129] An ice cream filled cookie was prepared using a cookie dough
formulation according to the recipe in Table 1 below.
[00130] Table 1 — List of Ingredients for Cookie Dough
Ingredients Amount (%)
Margarine 10.7
Sugar 243
Salt 0.3
Butter 3.6
Vanilla Flavor 0.5
Heat-treated Wheat 458
Flour
Sodium Bicarbonate 0.3
Waxy Rice Starch 1.1
Gum Methocel 0.2
Whole Egg Powder 2.1
Water 9.8
Sugar Molasses 1.3
[00131] The ice cream filling was a vanilla ice cream.
[00132] Conventional Oven Cooking
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[00133] The ice cream filled cookie was baked in a conventional oven until
the desired level of cooking was achieved in order to determine the temperature profile of
an ice cream filled cookie baked in a conventional oven. The ice cream filled cookie was
baked in a pre-heated conventional oven for about 5 minutes at a temperature of about
287°C. The temperature distribution of the baked ice cream filled cookie was determined
using thermal imaging. The thermal distribution is set forth in FIG. 12.

[00134] Microwave Oven Cooking

[00135] A second ice crcam filled cookic was placed in a composite
microwave susceptor of the present disclosure and cooked in a microwave oven until
desired cooking was achieved. The composite susceptor included two layers of a standard
susceptor material plus a layer of 0.25 mm tissue paper soaked in a 25% salt water
solution. The ice cream filled cookie was cooked in the composite susceptor for about 60
seconds in an 800 Watt microwave oven. The temperature distribution of the ice cream
filled cookie was determined using thermal imaging. The thermal distribution is set forth
in FIG. 13.

[00136] As can be seen by the comparison of FIGS. 12 and 13, the second
ice cream filled cookie that was cooked in a composite susceptor of the present disclosure
in a microwave oven has a temperature distribution that is similar to the first ice cream
filled cookie that was baked in a conventional oven. Indeed, Applicants have found that
the double layer of a standard susceptor plus a 0.25 mm layer of 25% salt solution
provided results that were almost identical to the ice cream cookie baked in the
conventional oven. This is advantageous because the present composite susceptors now
allow a hot-and-cold food product to be prepared in a reasonable amount of time, with
more efficient energy consumption than with a conventional oven, and with increased
surface heating while maintaining the frozen or chilled nature of the cold inner portion.

[00137] It should be understood that various changes and modifications to
the presently preferred embodiments described herein will be apparent to those skilled in
the art. Such changes and modifications can be made without departing from the spirit

and scope of the present subject matter and without diminishing its intended advantages.
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It is therefore intended that such changes and modifications be covered by the appended

claims.

27



WO 2012/163760 PCT/EP2012/059606

CLAIMS

The invention is claimed as follows:

L. A microwaveable package comprising:
a container defining an interior and comprising a microwave shielding material
surrounding the interior, wherein at least a portion of the microwave shielding material is

a highly conductive susceptor.

2. The microwaveable package according to Claim 1, wherein the highly

conductive susceptor comprises an electrical resistance that is below about 100 Q.

3. The microwaveable package according to Claim 1, wherein the highly

conductive susceptor comprises an electrical resistance from about 10 Q to about 80 Q.

4. The microwaveable package according to Claims 1 or 2, wherein the

microwave shielding material is entirely comprised of the highly conductive susceptor.

5. The microwaveable package according to any of Claims 1 to 4, wherein a

second portion of the microwave shielding material is a pure microwave shield.

6. The microwaveable package according to Claim 5, wherein the pure

microwave shield is a metal layer.

7. The microwaveable package according to Claim 1, wherein the highly
conductive susceptor comprises a standard microwave susceptor layer and a shielding
layer comprising a substrate including a source of mobile charges, wherein the shielding

layer is at least substantially metal free.
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8. The microwaveable package according to Claim 7, wherein the highly

conductive susceptor comprises a second standard microwave susceptor layer.

9. The microwaveable package according to Claims 7 or §, wherein the

substrate has a thickness from about 0.05 mm to about 3.0 mm.

10.  The microwaveable package according to any of Claims 7 to 9, wherein the
source of mobile charges is a salt water solution having a concentration from about 10%

to about 30% by weight.

11. A method for increasing a surface heating of a food product, the method
comprising the steps of:

providing a food product in an interior of a container, the container comprising a
microwave shielding material surrounding the interior, wherein at least a portion of the
microwave shielding material is a highly conductive susceptor; and

heating the food product in the container in a microwave oven for a predetermined

amount of time.

12, The method according to Claim 11, wherein the predetermined amount of

time is between about 30 seconds to about 4 minutes.

13.  The method according to Claims 11 or 12, wherein the highly conductive

susceptor comprises an electrical resistance that is below about 100 Q.

14.  The method according to any of Claims 11 to 13, wherein the microwave

shiclding material is entirely comprised of the highly conductive susceptor.

15. The method according to Claim 11, wherein a second portion of the

microwave shielding material is a pure microwave shield.
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16.  The method according to Claim 15, wherein the pure microwave shield is a

metal layer.

17. The method according to Claim 11, wherein the highly conductive
susceptor comprises a standard susceptor layer and a shielding layer comprising a
substrate including a source of mobile charges, wherein the shielding layer is at least

substantially metal free.

18.  The method according to Claim 17, wherein the substrate has a thickness

from about 0.05 mm to about 3.0 mm.

19.  The method according to Claims 17 or 18, wherein the source of mobile

charges is a salt water solution that has a concentration of about 25% by weight.
20.  The method according to Claim 11 further comprising a second standard

microwave susceptor layer located between the first standard microwave susceptor layer

and the shiclding layer.
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