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DESCRIPTION

Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of U.S. Provisional Application 62/598,875
filed on December 14, 2017.

FIELD OF THE INVENTION

[0002] The present application relates generally to pressure-sensitive adhesives, in particular
to improved pressure-sensitive adhesives having superior damping performance over a broad
temperature and frequency range. This application also relates to products containing the
improved pressure-sensitive adhesive as well as to methods of producing the same.

BACKGROUND OF THE INVENTION

[0003] Pressure-sensitive adhesives (also referred to herein as PSAs) are known to provide
adhesiveness or tack to various substrates when applied at room temperature (defined herein
as a temperature range of about 20 °C to about 25 °C). This adhesiveness can provide for
instantaneous adhesion to the substrate when subjected to pressure. PSAs are generally easy
to handle in solid form and have a long shelf-life, so they are widely used in the manufacture of
many products. For example, PSAs provide a convenient and economical way to label various
articles of commerce, such as glass, metal, and plastic portions of consumer and industrial
products. PSAs may also be utilized in the manufacture of automotive components. In some
applications, the PSAs are used to adhere components to one another. The PSAs may also
provide additional functional properties such as damping. Damping may include vibration
damping to mitigate resonant vibrations or other vibrations caused by a variety of sources, for
example, in engine compartments, cab walls, enclosures, floor and ceiling systems, door
panels, and brake systems. Damping may also include sound damping to lessen noise.

[0004] Vibrations may occur in many applications, including but not limited to transportation
(e.g., ships and other watercrafts, railed vehicles, automobiles, trucks, buses, motorcycles,
airplanes, and spacecraft), electronics, building materials, and appliances. However, the
frequency and temperature ranges may vary in different applications and require certain
approaches or techniques to reduce the vibrations. For these wide-ranging applications, the
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damping properties may be adjusted based on the frequency and temperature in the
application. In a particular use, brake systems in transportation applications are generally
known to experience vibrations. The vibrations occur both over the brake system as a whole
and between the various components of it, e.g., between the brake pad layer and the caliper.
The vibrations lead to undesirable performance characteristics such as sound generation, e.g.,
squeaking/squealing, or vehicle ride deficiencies, e.g., shaking. When PSAs are employed in
brake applications, the PSAs damp vibrations as well as adhere brake component layers to
one another. In another use, electronics are also known to experience vibrations. For example,
computer or other electronic systems may experience vibrations during operation.

[0005] WO92/20752A1 describes silicone/acrylate vibration dampers.

[0006] The performance of the PSAs may also be affected by climate and temperature.
Unfortunately, conventional PSAs have been found to have damping properties over limited
temperature and/or frequency ranges. As a result, different PSAs need to be developed to
meet the damping requirements (temperature and frequency) for each specific application.

[0007] Even in view of any prior art references, the need exists for PSAs that provides superior
damping performance over an improved (broader) temperature range and/or frequency range.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The disclosure references the appended drawings, wherein like numerals designate
similar parts.

[0009] FIG. 1 illustrates test results of the PSAs described herein using SAE J3001 (as
measured by the Link Maultheet device) for loss factors at 2.5% and 3%.

SUMMARY OF THE INVENTION

[0010] The following presents a simplified summary of the disclosure to provide a basic
understanding of some embodiments described in the detailed description.

[0011] In accordance with the invention, a damping-enhanced pressure-sensitive adhesive
comprises: 1) a silicone pressure-sensitive adhesive comprising: (a) at least one silicone-
based polymer; (b) a resin; (c) optionally, at least one catalyst, and (d) optionally, at least one
initiator; and 2) at least one damping additive, wherein the at least one damping additive is a
rubber-based damping additive; and wherein the silicone pressure-sensitive adhesive is
present in an amount ranging from 50 wt% to 99.9 wt%, based on the total dry weight of the
damping-enhanced silicone pressure-sensitive adhesive. In accordance with some
embodiments, the damping-enhanced pressure-sensitive adhesive may comprise: 1) a silicone
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pressure-sensitive adhesive comprising: (a) at least one silicone-based polymer; (b) a resin;
(c) at least one catalyst; and (d) optionally, at least one initiator; and 2) at least one damping
additive, wherein the at least one damping additive is a rubber-based damping additive. In
accordance with some embodiments, the damping-enhanced pressure-sensitive adhesive may
comprise: 1) a silicone pressure-sensitive adhesive comprising: (a) at least one silicone-based
polymer; (b) a resin; (c) at least one catalyst; and (d) at least one initiator; and 2) at least one
damping additive, wherein the at least one damping additive is a rubber-based damping
additive. In accordance with some embodiments, the damping-enhanced pressure-sensitive
adhesive may comprise: 1) a silicone pressure-sensitive adhesive comprising: (a) at least one
silicone-based polymer; (b) a resin; (c) optionally, at least one catalyst; and (d) at least one
initiator; and 2) at least one damping additive selected, wherein the at least one damping
additive is a rubber-based damping additive. The damping-enhanced pressure-sensitive
adhesive described herein may have a damping temperature ranging from about -40°C to
about 200°C and a frequency range between about 10 Hz and about 10000 Hz. In another
embodiment, the temperature range of the damping-enhanced pressure-sensitive adhesive
described herein may be between about -40°C to about 150°C. In another embodiment, the
frequency range of the damping-enhanced pressure-sensitive adhesive described herein may
be between about 100 Hz and about 8000 Hz. In another embodiment, the resin of the silicone
pressure-sensitive adhesive may further comprise an MQ resin. Further, also described herein
is a tape comprising a layer of the damping enhanced PSA that is described herein. In some
embodiments, the tape may be a transfer tape.

[0012] In accordance with the invention, method for modifying a silicone pressure-sensitive
adhesive to improve damping characteristics, the method comprising: 1) providing a silicone
pressure sensitive adhesive described herein, the silicone pressure sensitive adhesive having
an initial damping temperature range and an initial damping frequency range; 2) determining a
modified damping temperature range and modified damping frequency range; and 3) adding at
least one damping additive to the silicone pressure-sensitive adhesive to form the damping-
enhanced pressure-sensitive adhesive composition having the modified damping temperature
range and the modified frequency range, wherein the at least one damping additive is a
rubber-based damping additive. In many embodiments, the method for modifying a pressure-
sensitive adhesive to improve damping characteristics may comprise: 1) providing a silicone
pressure-sensitive adhesive having an initial damping temperature range and an initial
damping frequency range and comprising (a) at least one silicone-based polymer, (b) a resin;
(c) optionally, at least one catalyst; and (d) optionally, at least one initiator; 2) determining a
modified damping temperature range and modified damping frequency range; and 3) adding at
least one rubber-based damping additive to the silicone pressure-sensitive adhesive to form
the damping-enhanced pressure-sensitive adhesive composition having the modified damping
temperature range and modified damping frequency range. In accordance with other
embodiments, the method for modifying a pressure-sensitive adhesive to improve damping
characteristics may comprise: 1) providing a silicone pressure-sensitive adhesive having an
initial damping temperature range and initial damping frequency range and comprising (a) at
least one silicone-based polymer, (b) a resin; (c) at least one catalyst; and (d) at least one
initiator; 2) determining a modified damping temperature and modified damping frequency
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range; and 3) adding at least one rubber-based damping additive to the silicone pressure-
sensitive adhesive to form the damping-enhanced pressure-sensitive adhesive composition
having the modified damping temperature range and modified damping frequency range. In
another embodiment, the resin of the silicone pressure-sensitive adhesive may comprise an
MQ resin.

[0013] In many embodiments, the damping-enhanced pressure sensitive adhesive described
herein may have a damping temperature range and a frequency range. The damping
temperature range may be between about -40°C to about 200°C. The damping temperature
range may be an infinite amount of temperature ranges within from about -40°C to about
200°C. In one embodiment, the temperature range may be between about -40°C to about
200°C. In another embodiment, the temperature range may be between about -40°C to about
150°C. In yet another embodiment, the temperature range may be between about 0°C to
about 100°C. The damping frequency range may be between about 10 Hz and about 10000
Hz. In another embodiment, the frequency range may be an infinite amount of frequency
ranges between about 100 Hz and about 8000 Hz. In another embodiment, the frequency
range may be between about 100 Hz and about 8000 Hz. Further, the damping enhanced
pressure sensitive adhesive described herein may have a certain minimal damping % at a
temperature range of about -40°C to about 200°C and a frequency range of about 10 Hz and
about 10000 Hz (as measured by SAE J 3001). In many embodiments, the damping % is at
least about 2.5% at a temperature range of about -40°C to about 200°C and a frequency
range of 10 Hz and about 10000 Hz (as measured by SAE J 3001). In some embodiments
where the damping-enhanced pressure-sensitive adhesive has a damping % of at least about
2.5%, the damping surface (frequency range times temperature range as measured by SAE J
3001) is at least 10% greater than the damping surface of a pressure-sensitive adhesive
without at least one damping additive. In some embodiments where the damping-enhanced
pressure-sensitive adhesive has a damping % of at least about 2.5%, the damping surface
(frequency range times temperature range as measured by SAE J 3001) is at least 20%
greater than the damping surface of a pressure-sensitive adhesive without at least one
damping additive. In many embodiments where the damping % is at least about 2.5%, the
damping surface is at least 10% greater than the damping surface of a pressure-sensitive
adhesive without at least one damping additive. In some embodiments where the damping % is
at least about 2.5%, the damping surface is at least 20% greater than the damping surface of a
pressure-sensitive adhesive without at least one damping additive. In some embodiments
where the damping % is at least about 2.5%, the damping surface is at least about 30%
greater than the damping surface of a pressure-sensitive adhesive without at least one
damping additive. In yet other embodiments where the damping % is at least about 2.5%, the
damping surface is at least about 50% greater than the damping surface of a pressure-
sensitive adhesive without at least one damping additive (as measured by SAE J 3001). In
other embodiments, the damping-enhanced pressure sensitive adhesive described herein may
have the damping % at a temperature range of about -40°C to about 200°C and a frequency
range of about 10 Hz and about 10000 Hz and is at least about 3% (as measured by SAE J
3001). In some embodiments where the damping-enhanced pressure-sensitive adhesive has a
damping % of at least about 3%, the damping surface (frequency range times temperature
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range as measured by SAE J 3001) is at least about 50% greater than the damping surface of
a pressure-sensitive adhesive without at least one damping additive higher compared to the
damping surface of the unmodified pressure-sensitive adhesive without at least one damping
additive. In some embodiments where the damping-enhanced pressure-sensitive adhesive has
a damping % of at least about 3%, the damping surface (frequency range times temperature
range as measured by SAE J 3001) is at least about 100% greater than the damping surface
of a pressure-sensitive adhesive without at least one damping additive higher compared to the
damping surface of the unmodified pressure-sensitive adhesive without at least one damping
additive. In some embodiments where the damping-enhanced pressure-sensitive adhesive has
a damping % of at least about 3%, the damping surface (frequency range times temperature
range as measured by SAE J 3001) is at least about 300% (as measured by SAE J 3001)
greater than the damping surface of a pressure-sensitive adhesive without at least one
damping additive. In many embodiments where the damping % is at least about 3%, the
damping surface is at least about 200% greater than the damping surface of a pressure-
sensitive adhesive without at least one damping additive (as measured by SAE J 3001). In
many embodiments where the damping % is at least about 3%, the damping surface is about
300% greater (or 3 times higher) than the damping surface of a pressure-sensitive adhesive
without at least one damping additive (as measured by SAE J 3001). Further, the damping %
results may be seen in FIG.1 where the damping % (modal damping) is shown as a function of
temperature and frequency (as measured by the Link Maultheet device).

[0014] In accordance with some embodiments, the damping-enhanced pressure-sensitive
adhesive may comprise: 1) a silicone pressure-sensitive adhesive comprising: (a) at least one
silicone-based polymer; b) a resin; (c) optionally, at least one catalyst; and (d) optionally, at
least one initiator; and 2) at least one rubber-based damping additive present in an amount
ranging from about 0.1 wt% to about 50 wt%, based on the total dry weight of the damping-
enhanced pressure-sensitive adhesive. In accordance with other embodiments, the damping-
enhanced pressure-sensitive adhesive may comprise: 1) a silicone pressure-sensitive
adhesive comprising: (a) at least one silicone-based polymer; (b) a resin; (c) at least one
catalyst; and (d) at least one initiator; and 2) at least one rubber-based damping additive
present in an amount ranging from about 0.1 wt% to about 50 wit%, based on the total dry
weight of the damping-enhanced pressure-sensitive adhesive. Also disclosed is a tape
comprising the pressure-sensitive adhesive described herein and a method for modifying the
silicone PSA using the damping additives described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention relates generally to pressure-sensitive adhesives (PSAs), in
particular, to improved PSAs having consistent superior damping performance over broad
temperature and/or frequency ranges. This characteristic can be particularly important when
the PSAs are utilized in automotive components such as brake systems wherein the
performance requirements differ depending on the climate of the geographical region in which
the components are utilized. It can also be important if material is used to prevent a multiple
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source of vibration, noise and harshness (and thus different frequencies). PSAs capable of
superior damping over such broad ranges are beneficial to ensure that excessive design
configurations (and changes to design configurations) are not necessary to develop products
with no or reduced damping properties, including but not limited to brake systems and other
transportation applications, appliances, building materials, and electronics.

[0016] As noted above, several PSAs are known. Many of these PSAs, however, were
developed for applications in which damping ability was not a factor, e.g., label applications or
graphic applications. In some cases, PSAs have been used for damping applications. The
PSAs may be formulated such that the polymer may be adjusted to provide damping within
certain temperatures and/or frequencies. Unfortunately, these PSAs typically exhibit damping
properties in a limited temperature and/or frequency range. However, for certain applications it
might be desirable to apply a PSA that exhibits damping over a broad(er) range of
temperatures and frequencies.

[0017] Certain additives have been known to alter the properties of typical PSAs. For example,
conventional tackifiers have been used to modify the mechanical performance and adhesive
behavior of adhesive compositions. Conventional tackifiers have been found to be especially
useful as additives to pressure sensitive adhesives, enhancing the tape performance on tack
as well as improving the adhesion performance. For example, MQ resin can be added to
silicone PSA for the same purpose.

[0018] Rubber and silicone (including those in powder form) are known in the art, however
these compounds are typically used as fillers and are employed in high amounts, e.g., over 50
wt%, based on the total weight of a composition. Other than adjusting the type and kind of
polymer in the PSA, there has not been further means to improve the damping properties in
pressure-sensitive adhesives, especially in broader frequency and temperature ranges. The
use of certain additives (referred to as "damping additives"™) disclosed herein may provide
certain damping properties not previously known in the art. In many embodiments, the
damping additives described may provide (both) a shift in the frequency and/or temperature
ranges for damping. Additionally, these damping additives described herein may be
incorporated at lower amounts (by weight) than how they would typically be added as fillers.
Further, the damping additives described herein may provide damping properties at a certain
temperature range and/or certain frequency range in combination with silicone PSA. Unlike
traditional additives for damping, the damping additives described herein provide damping
properties over a larger temperature range and/or larger frequency range. The damping
additive is a rubber-based damping additive. Also described herein are acrylic-based damping
additives. The damping properties of the damping additives described herein may be further
optimized through formulation with the pressure sensitive adhesive (PSA). Depending on the
application and desired properties, both the PSA and the damping additive may be formulated
such that damping may be provided in particular temperature and/or frequency ranges.

[0019] Disclosed herein is a damping-enhanced PSA with particular combinations of
components, optionally utilized in specific amounts, surprisingly provide for high performance
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PSAs that demonstrate damping ability over broad temperature and/or frequency ranges. In
particular, the inventors have found that the use of specific rubber-based damping additives,
optionally utilized in specific amounts, as an additive to a silicone-based PSA may provide
PSAs that demonstrate the aforementioned performance characteristics. Beneficially, the
resultant PSAs have the capability to provide superior damping performance, as quantified by
damping % (as measured by SAE J3000 test method where damping % is measured over a
certain temperature and frequency range) and the damping surface (calculated from the
surface area based on temperature range and frequency range where the damping % has
been determined and exceeds a specified level) under many temperature and frequency
conditions. Based on SAE J3001, the damping graph has a certain temperature (X axis) and
certain frequency (Y axis). The damping surface is the surface of this area based on the
temperature and frequency where the temperature range is multiplied by the frequency range.

[0020] Conventionally, there has been little or no teaching of the concept of employing these
damping additives to affect damping properties of a PSA and using this information to modify
the damping performance of a PSA.

[0021] Without being bound by theory, the combination of the silicone pressure-sensitive
adhesive with a certain weight ratio to the damping additives may provide improved damping
performance over a certain temperature and/or frequency range.

[0022] The present invention relates to a damping-enhanced PSA comprising a silicone
pressure-sensitive adhesive and at least one damping additive. The damping-enhanced
pressure-sensitive adhesive comprises: 1) a silicone pressure-sensitive adhesive comprising
(a) at least one silicone-based polymer; (b) a resin; and (c) optionally, at least one catalyst; and
(d) optionally, at least initiator; and 2) at least one damping additive, wherein the at least one
damping additive is a rubber-based damping additive. In other embodiments, the damping-
enhanced pressure-sensitive adhesive may comprise: 1) a silicone pressure-sensitive
adhesive comprising (a) at least one silicone-based polymer; (b) a resin; (c) at least one
catalyst; and (d) at least one initiator; and 2) at least one damping additive, wherein the at least
one damping additive is a rubber-based damping additive. At least one damping-enhanced
pressure-sensitive adhesive may have a damping temperature ranging from about -40°C to
about 200°C. Further, at least one damping-enhanced pressure-sensitive adhesive may have
a damping frequency ranging from about 10 Hz to about 10000 Hz. The damping additive is a
rubber-based damping additive. In particular embodiments, the damping additive is present in
low amounts, e.g., amounts much lower than would be used if the damping additive was
included for another purpose, for example as a filler material. For example, the damping
additive may be present in the damping-enhanced PSA in an amount ranging from about 0.1
wt% to about 50 wt%. In some embodiments, the damping additive may be present at about
0.5 wt% to about 45 wt%. In other embodiments, the damping additive may be present at
about 1 wt% to about 40 wt%. In yet other embodiments, the damping additive may be present
at about 1 wt% to about 35 wt%. In other embodiments, the damping additive may be present
at about 1 wt% to about 30 wt%. In some embodiments, the damping additive may be present
at about 1 wt% to about 25 wt%. In other embodiments, the damping additive may be present
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at about 1 wt% to about 20 wt%. In some embodiments, the damping additive may be present
at about 1 wt% to about 15 wt%. In yet other embodiments, the damping additive may be
present at about 1 wt% to about 10 wt%. The combination of the silicone-based PSA and the
damping additive (optionally in the low amounts, unexpectedly provides for superior damping
performance over broad temperature and/or frequency ranges, as described above. The
damping-enhanced PSA may comprise at least one resin. In many embodiments, at least one
resin may comprise an MQ resin.

[0023] In some embodiments, the silicone PSA is present in an amount ranging from about 50
wt% to about 99 wt%, based on the total dry weight of the damping-enhanced silicone PSA.

[0024] In one embodiment, the damping-enhanced PSA comprises the damping additive in an
amount less than about 50 wt%, e.g., less than about 37%, less than about 35%, less than
about 33%, less than about 30%, less than about 25 wt%, less than about 23 wt%, less than
about 20 wt%, less than about 18 wt%, less than about 15 wt%, less than about 12 wt%, less
than about 10 wt%, less than about 8 wt%, less than about 6 wt%, less than about 5 wt%, less
than about 4 wt%, less than about 3 wt%, less than about 2 wt%, or less than about 1 wt%. In
terms of ranges, the damping-enhanced pressure-sensitive adhesive comprises the damping
additive in an amount ranging from about 0.1 wt% to about 50 wt%, e.g., from about 1 wt% to
about 37 wt%, from about 1 wt% to about 36 wt%, from about 1 wt% to about 35 wt%, from
about 1 wt% to about 33 wt%, from about 1 wt% to about 30 wt%, from about 1 wt% to about
25 wt%, from about 1 wt% to about 20 wt%, from about 2 wt% to about 18 wt%, from about 3
wt% to about 18 wt%, from about 5 wt% to about 15 wt%, from about 7 wt% to about 12 wt%,
from about 8 wt% to about 12 wt%, or from about 9 wt% to about 11 wt%. In terms of lower
limits, the damping-enhanced PSA comprises the damping additive in an amount at least about
0.1 wt%, e.g., at least about 0.5 wt%, at least about 1 wt%, at least about 2 wt%, at least about
3 wt%, at least about 5 wt%, at least about 7 wit%, at least about 10 wt%, at least about 12
wt%, at least about 15 wt%, or at least about 20 wt%. In terms of upper limits, the damping-
enhanced PSA comprises the damping additive in an amount less than about 50 wt%, e.g.,
less than about 45 wt%, less than about 40 wt%, less than about 35 wt%, less than about 30
wt%, less than about 25 wt%, less than about 20 wt%, less than about 15 wt%, less than about
10 wt%, less than about 8 wt%, less than about 5 wt%, less than about 4 wt%, less than about
3 wt%, less than about 2 wt%, or less than about 1 wt%.

[0025] The damping-enhanced PSA may have a certain modified damping temperature range
and modified damping frequency range, and the damping temperature and damping frequency
may be determined by measurement. Damping performance may be quantified through loss
factor (h) or damping ratio (% of critical damping). Damping range may be measured from
about -40°C to about 200°C and frequency between about 10Hz and about 10 kHz. The loss
factor may be measurement by Oberst beam testing (VBT), DMA, or SAE J 3001.

[0026] In some embodiments, damping temperature ranges or frequency ranges can be
determined for individual damping additives (and for conventional PSAs). And, once the
damping temperature or frequency ranges are determined for individual damping additives,
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these damping temperature or frequency ranges can be used in the modification of the
conventional PSAs to yield the damping-enhanced PSAs. Beneficially, once the damping
temperature or frequency range for a damping additive is determined, a damping-enhanced
PSA can be formulated based on the damping temperature or frequency range of the damping
additive. As a result, damping-enhanced PSAs can be tailored to a modified damping
temperature range or modified damping frequency range. In one example, a damping additive
may be found to have a damping temperature range from about 0°C to about 40°C, when this
damping additive can be added to a conventional PSA having a damping temperature range
from about 20°C to about 80°C to yield a damping-enhanced PSAs having a broader damping
temperature range, e.g., from about 10°C to about 80°C. Further for this example, at least one
damping additive damping-enhanced pressure-sensitive adhesive may have a damping
frequency ranging from about 7200 Hz to about 10000 Hz. The use of the specific damping
additives and the respective damping temperature or frequency ranges advantageously
provides superior damping performance over an improved (broader) temperature range. For
example, silicone pressure-sensitive adhesives may damp at lower frequencies relative to
rubber-based damping additives which damp at higher frequencies. The combination of both
the silicone pressure-sensitive adhesive and the rubber-based damping additive may provide
damping over a broader frequency range.

[0027] Thus, in some embodiments, the invention relates to a method for modifying a
(conventional) silicone PSA to improve damping characteristics and to yield a damping-
enhanced PSA. The method comprises the step of providing a (conventional) silicone PSA
having an initial damping temperature range and initial damping frequency range (determined
as described above). This silicone PSA may comprise a at least one silicone-based polymer
and a catalyst (as well as other optional components) The resin of the silicone PSA may also
comprise an MQ resin. In some embodiments, the PSA may further comprise a crosslinker.
The method further comprises the step of determining a modified damping temperature range
and modified damping frequency range, which is an improvement on the damping temperature
and frequency range of the conventional PSA. To achieve the modified damping temperature
range and modified damping frequency range, the method further comprises the steps of
providing at least one damping additive (as described herein). The method also comprises the
step of adding at least one damping additive to the silicone PSA to form the damping-
enhanced silicone PSA composition having the modified damping temperature range and
modified damping frequency range.

[0028] Also described herein is a method for modifying a pressure-sensitive adhesive to
improve damping characteristics comprising: 1) providing a pressure-sensitive adhesive having
an initial damping temperature range and initial damping frequency range and comprising: (a)
a pressure-sensitive adhesive comprising: (i) a silicone pressure-sensitive adhesive, (ii) a
resin; (iii) optionally at least one catalyst; and (iv) optionally at least one initiator; 2) determining
a modified damping temperature range and modified damping frequency range; and 3) adding
a damping additive selected from the group comprising an acrylic-based damping additive, a
rubber-based damping additive, and combinations thereof to the silicone pressure-sensitive
adhesive to form the damping-enhanced pressure-sensitive adhesive composition having the



DK/EP 3724292 T3

modified damping temperature range and/or modified damping frequency range. Also
described herein is a method for modifying a pressure-sensitive adhesive to improve damping
characteristics comprising: 1) providing a pressure-sensitive adhesive having an initial damping
temperature range and initial damping frequency range and comprising: (a) a pressure-
sensitive adhesive comprising: (i) a silicone pressure-sensitive adhesive, (ii) a resin; (iii) at
least one catalyst; and (iv) at least one initiator; 2) determining a modified damping
temperature range and modified damping frequency range; and 3) adding a damping additive
selected from the group comprising an acrylic-based damping additive (liquid or solid at about
20 °C to about 25 °C), a rubber-based damping additive (liquid or solid at about 20 °C to about
25 °C), and combinations thereof to the silicone pressure-sensitive adhesive to form the
damping-enhanced pressure-sensitive adhesive composition having the modified damping
temperature range and/or modified damping frequency range. In many instances, the
pressure-sensitive adhesive is the PSA described herein. In another embodiment, the method
for modifying a pressure-sensitive adhesive to improve damping characteristics may further
comprise determining an amount of the damping additive. In some embodiments, the method
for modifying a pressure-sensitive adhesive to improve damping characteristics may further
comprise determining an amount of the damping additive, based on the initial damping
temperature range and initial frequency range after determining the modified damping
temperature range and/or modified damping frequency range. In some embodiments, the
amount of the damping additive may be determined based on: 1) the initial damping
temperature range and initial damping frequency range and/or the modified damping
temperature range and modified damping frequency range; and 2) the damping additive to the
silicone pressure-sensitive adhesive composition in the determined amount. Optionally, an MQ
resin may be added as part of the pressure-sensitive adhesive. In some embodiments, the MQ
resin may be Silgrip SR545 (Momentive).

[0029] In another embodiment, the method for modifying a pressure-sensitive adhesive to
improve damping characteristics may further comprise: determining an amount of the damping
additive, based on the initial damping temperature range and initial damping frequency range
after determining the modified damping temperature range and modified damping frequency
range. Optionally, an MQ resin may be added as part of the resin of the silicone pressure-
sensitive adhesive.

[0030] In some embodiments, a damping-enhanced pressure-sensitive adhesive may
comprise: 1) a pressure-sensitive adhesive comprising: (a) at least one silicone-based
polymer, (b) a resin; (c) optionally at least one catalyst; and (d) optionally at least one initiator;
and 2) a rubber-based damping additive present in an amount ranging from about 0.1 wt% to
about 35 wt%, based on the total dry weight of the damping-enhanced pressure-sensitive
adhesive.

[0031] Similar processes are contemplated wherein damping frequency ranges are measured
and used in the determinations.

[0032] In many embodiments, the amount of the damping additive added to the PSA may also
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be determined based on the initial damping temperature and initial damping frequency range
of the PSA. In some cases, the method comprises the step of determining an amount of the
damping additive based on the initial damping temperature and initial damping frequency
range of the PSA after determining the modified damping temperature range and modified
damping frequency range. In other cases, the method comprises the step of determining an
amount of the damping additive, and the modified damping temperature range and modified
damping frequency range and adding the damping additive to the pressure-sensitive adhesive
composition in the determined amount. In some embodiments, increased amounts of damping
additives may provide increased damping within certain temperature and/or frequency ranges.

[0033] In one embodiment, the damping-enhanced PSA has a damping temperature ranging
from about -40°C to about 200°C, e.g., from about -40°C to about 150°C, from about -40°C to
about 120°C, from about -35°C to about 100°C, from about -30°C to about 80°C, from about
-30°C to about 0°C, from about 0°C to about 80°C, from about 0°C to about 60°C, from about
-30°C to about 40°C, from about 0°C to about 40°C, from about 20°C to about 80°C, or from
about 20°C to about 60°C.

[0034] In one embodiment, the damping-enhanced PSA comprising the damping-enhanced
additive has a damping temperature ranging from about -40°C to about 200°C, e.g., from
about -40°C to about 150°C, from about -40°C to about 120°C, from about -40°C to about
80°C, from about -20°C to about 60°C, from about -30°C to about 40°C, from about 0°C to
about 60°C, from about 0°C to about 40°C, from about 10°C to about 30°C, or from about
15°C to about 25°C.

[0035] In many embodiments, the damping-enhanced PSA has a damping temperature range.
As described herein, the temperature range for the damping-enhanced PSA with at least one
acrylic-based damping additive may be from about 110°C to about 150°C. As described herein,
at least one damping additive is an acrylic-based damping additive resulting in damping
enhanced pressure-sensitive adhesive with a damping temperature range between about -40
°C to about 150°C. In some embodiments, the temperature range for the damping-enhanced
PSA with at least one rubber-based damping additive may be from about 110°C to about
150°C. In other embodiments, at least one damping additive is a rubber-based damping
additive resulting in damping enhanced pressure-sensitive adhesive with a damping
temperature range between about -40 °C to about 150°C.

[0036] In many embodiments, at least one damping additive damping-enhanced pressure-
sensitive adhesive may have a damping frequency ranging from about 5000 Hz to about
10000 Hz. As described herein, at least one acrylic-based damping additive damping-
enhanced pressure-sensitive adhesive may have a damping frequency of at least about 5000
Hz. As described herein, at least one acrylic-based damping additive damping-enhanced
pressure-sensitive adhesive may have a damping frequency of at least about 7200 Hz.

[0037] Beneficially, the damping-enhanced PSA has a broader damping temperature and/or
frequency range than the initial PSA itself.
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[0038] Structurally, in some embodiments, the damping additive is suspended in the silicone
pressure-sensitive adhesive. In other embodiments, the damping additive is dissolved in the
silicone PSA. In some cases, wherein the silicone PSA comprises a solvent, the damping
additive is dissolved or dispersed in a solvent and then blended with the silicone pressure-
sensitive adhesive. In another embodiment, the damping-enhanced pressure-sensitive
adhesive is a heterogeneous mixture of the silicone PSA and at least one damping additive.

DAMPING ADDITIVE

[0039] At least one damping additive (collectively, damping additive herein) may be added to
improve the damping performance of the PSA across broader temperature and/or frequency
ranges. The damping additive may have a damping temperature and frequency or a damping
temperature and frequency range, as described above.

[0040] The damping additive is a rubber-based damping additive. Also described herein is a
damping additive that is an acrylic-based damping additive.

[0041] In some embodiments, the damping additive is a liquid in a temperature range of about
20 °C to about 25 °C. In other embodiments, the damping additive is a powder or other solid
form a temperature range of about 20 °C to about 25 °C.

[0042] The damping additive comprises particles and the shape of the particles varies widely.
In one embodiment the damping additive comprises substantially spherical particles. In
preferred embodiments, these substantially spherical parties have an average particle size
from about 1 micron to about 50 microns, e.g., from about 1 micron to about 5 microns, from
about 1 micron to about 10 microns, from about 5 microns to 15 microns, from about 10
microns to about 25 microns, from about 10 microns to about 50 microns, from 25 microns to
30 microns, and from about 30 microns to about 50 microns.

[0043] In many embodiments, the damping additive is spherical (in various sizes). In other
embodiments, the damping additive has random structures. In certain embodiments, the
random structures did not contain spheres.

[0044] Suitable commercially available acrylic-based damping additives include PMMA-R-
B1423 Microparticles GmbH, PMMA-R-B1299 Microparticles GmbH, PMMA-R-L54
Microparticles GmbH, Spheromers CA 6 (MicroBeads), MX 500 (Soken), MX 1000 (Soken),
MX 1500H (Soken), Spheromers CA 10 MicroBeads, Spheromers CA 15 MicroBeads,

TAFTIC™ C series (Toyobo), PMMA-R-L623 (Microparticles GmbH), and PMMA-R-B157
(Microparticles GmbH).

[0045] Some suitable rubber-based damping additives available as commercial products may

include: TAPRYLCCF380 Taprath, TAPRYLCTMF490 Taprath, BL1022 Bullbrakes, Baymod®
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N33.53 VP Lanxess, Baymod® N34.52 Lanxess, Baymod® N XL 33.61 VP Lanxess, and

Baymod® N XL Lanxess 33.64 VP. Some suitable additives may include: Kraton D-4153 ES
(Kraton Polymers), Nipol 1052 (Zeon), Wingtack ET (Goodyear), Butyl rubber 065 (Exxon
Chemical), Kraton D1114 P (Kraton Polymers), Kraton 116 (Kraton Polymers), Kraton SBS
1101 AS (Kraton Polymers), Quintac 3450 (Mitsui & Co Benelux), Vector 4111 (Exxon
Chemicals), Quintac 3280 (Mitsui & Co Benelux), Vector 4113 (Exxon Chemicals), Escorez
1310 LC (Exxon Chemicals), Nipol 1041 (Zeon), Nipol NS 612 (Zeon), Vistanex LMH (Exxon
Chemicals), Kraton 1160NS (Kraton Polymers), Kraton 1101 A (Kraton Polymers), Kraton
1161NS (Kraton Polymers), Kraton SB 1011 AC (Kraton Polymers), Kraton D1101 AS NC
(Kraton Polymers), Escorez 1401 (Exxon Chemicals).

[0046] In many embodiments, the damping additive is added in weight % to the dry weight %
of the silicone PSA.

PRESSURE-SENSITIVE ADHESIVE

[0047] The PSA component may vary widely. In some embodiments, the PSA comprises a
silicone pressure-sensitive adhesive. In some embodiments, the PSA comprises at least one
silicone-based polymer. In other embodiments, the PSA optionally comprises at least one
initiator. In some embodiments, the initiator may be a peroxide. In some embodiments, the
peroxide may be benzoyl peroxide (BPO). In other embodiments, the PSA optionally comprises
at least one catalyst. In some embodiments, at least one catalyst may be a metal catalyst. In
many embodiments, the metal catalysts may be used in addition curing of the PSA. In some
embodiments, the metal catalysts may be rhodium (Rh), platinum (Pt), or tin (Sn) catalysts. In
yet other embodiments, the metal catalysts may be gold (Au) catalysts. In other embodiments,
the silicone pressure-sensitive adhesive may comprise at least one crosslinker. In other
embodiments, the silicone pressure-sensitive adhesive may comprise an MQ resin. Other
known PSA additives are also contemplated.

[0048] The silicone PSA may have a damping temperature and damping frequency or
alternatively, a damping temperature range and damping frequency range. The damping
temperature and frequency or a damping temperature range and frequency range may be
determined. Based on the desired damping temperature and damping frequency, the damping
additive may then be determined.

[0049] In one embodiment, the silicone PSA has a damping temperature ranging from about
-40°C to about 200°C, e.g., from about -40°C to about 150°C, from about -20°C to about
130°C, -10°C to about 130°C, from about -5°C to about 90°C, from about 0°C to about 85°C,
or from about 0°C to about 80°C. In one embodiment, the silicone PSA has a damping
temperature ranging from about 50 °C to about 120°C. The silicone PSA may comprise at least
one damping additive. As described herein, the silicone PSA may comprise at least one acrylic-
based damping additive. In other embodiments, the silicone PSA may comprise at least one
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rubber-based damping additive.

[0050] In one embodiment, the silicone PSA described herein has a damping temperature
ranging from about 20°C to about 60°C, e.g., from about -10°C to about 55°C, from about -5°C
to about 50°C, from about 0°C to about 50°C, from about 0°C to about 40°C, from about 10°C
to about 30°C, or from about 15°C to about 25°C. In some cases, the damping additive may be
a rubber powder within a temperature range described above. As described herein, the
damping additive may be an acrylic powder within a temperature range described above.

[0051] In one embodiment, the silicone PSA has a damping temperature ranging from about
110°C to about 150°C. As described herein, the damping additive may be an acrylic powder.

[0052] In many embodiments, the silicone PSAs comprise silicone-based monomers.
Examples of suitable commercial silicone-based PSAs are described herein. These products
are exemplary and are not meant to limit the scope of the PSA.

[0053] Where the monomer is a silicone-based monomer, the monomer may be a single
polymer species or a mixture of two or more polymers, as long as at least one of the polymers
is a silicone-based polymer. In many embodiments, the silicone PSA has a siloxane backbone.
In many embodiments, the silicone PSA is comprised of polydimethylsiloxane (PDMS). For the
silicone PSA, weight average molecular weight (Mw), Mw distribution, MQ resin type, and other
polymer compositional factors may affect the damping properties of the silicone PSA.

[0054] The silicone-based monomer of the silicone-based polymer may comprise, but are not
limited to, siloxanes, silanes, silatrane glycols, and mixtures thereof. Other suitable silicone-
based monomers include, 1,4-Bis[dimethyl[2-(5-norbornen-2-yl)ethyl]silyllbenzene; 1,3-
Dicyclohexyl-1,1,3,3-tetrakis(dimethylsilyloxy)disiloxane; 1,3-Dicyclohexyl-1,1,3,3-
tetrakis(dimethylvinylsilyloxy)disiloxane; 1,3-Dicyclohexyl-1,1,3,3 -tetrakis [(norbornen-2-
yhethyldimethylsilyloxy]disiloxane; 1,3-Divinyltetramethyldisiloxane; 1,1,3,3,5,5-Hexamethyl-
1,5-bis[2-(5-norbomen-2-yl)ethyl]trisiloxane; 1,1,3,3 -Tetramethyl-1,3-bis[2-(5-norbornen-2-
yhethyl]disiloxane; 2,4.6,8-Tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane; N-[3-
(Trimethoxysilyl)propyl]-N'-(4-vinylbenzyl)ethylenediamine; 3-[Tris(trimethylsiloxy)silyl]propyl
vinyl carbamate; and mixtures thereof. In other embodiments, methyl and phenyl type silicone
PSAs may be selected for the damping-enhanced pressure-sensitive adhesive. Combinations
of these monomers may be polymerized to form the silicone-based PSA. In many
embodiments, the resin may be polymerized as part of the silicone pressure-sensitive
adhesive.

[0055] Suitable commercially available silicone-based products, e.g., that contain silicone
polymer, include but are not limited to, products from KRT 009 (Shin Etsu), KRT 794 (Shin
Etsu), PSA 6574 (Momentive), Q2-7735 (Dow Chemical), 2-7066 (Dow Chemical), 2-7466
(Dow Chemical), 2-7366 (Dow Chemical), DC 282 (Dow Chemical), DC 280A (Dow Chemical),
DC 7957 (Dow Chemical), DC 7956 (Dow Chemical), Q2-7406 (Dow Chemical), KRT 026 (Shin
Etsu), KRT 002 (Shin Etsu), KRT 006 (Shin Etsu), KRT 003 (Shin Etsu), KR 3700 (Shin Etsu),
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KCT 7771 (Shin Etsu), KR 100 (Shin Etsu), PSA 518 (Momentive), PSA 915 (Momentive), PSA
595 (Momentive), Silgrip SR545 (Momentive), PSA 610e (Momentive), Bluestar PSA 400, and
Silicolease PSA 418 (Elkem).

[0056] It will be appreciated that the present subject matter is not limited to any particular
silicone polymer component, and includes a wide array of such components.

[0057] A wide array of functional groups can be incorporated in polymer formed from the
monomer. The functional groups may be incorporated into the polymer formed from the
silicon-based monomer, for example as end segments. Representative functional groups may
include, without limitation, hydroxy, epoxy, cyano, isocyanate, amino, aryloxy, aryalkoxy, oxime,
aceto, epoxyether and vinyl ether, alkoxymethylol, cyclic ethers, thiols, benzophenone,
acetophenone, acyl phosphine, thioxanthone, and derivatives of benzophenone,
acetophenone, acyl phosphine, and thioxanthone.

[0058] The optional catalyst may be present in an amount ranging from about 0 wt% to about
3 wt%, based on the total weight of the PSA. In term of lower limits, the optional catalyst may
be present in an amount at least about 0.1 wt%. In terms of upper limits, the optional catalyst
may be present in an amount less than about 3 wt%.

[0059] Other optional components are also contemplated. These additives can include, but are
not limited to, one or more tackifiers, waxes, surfactants, talc, powdered silicates, filler agents,
defoamers, colorants, antioxidants, UV stabilizers, luminescents, buffer agents, anti-blocking
agents, wetting agents, matting agents, antistatic agents, acid scavengers, flame retardants,
processing aids, extrusion aids, and combinations thereof, some of which are described below.

LAYERED CONFIGURATIONS

[0060] Many configurations of the PSA and the damping additive are contemplated. Some are
now described. Other configurations are also contemplated.

[0061] In one embodiment, the damping-enhanced PSA comprises at least one adhesive layer
comprising the silicone pressure-sensitive adhesive and at least one damping additive layer
comprising at least one damping additive. In some cases, the adhesive layer comprises at
least one damping additive and the damping additive layer comprises at least one damping
additive, preferably the adhesive layer and the damping additive layer comprise the same
damping additive. In another embodiment, the damping-enhanced PSA comprises: 1) a first
adhesive layer comprising the silicone PSA and at least one damping additive and 2) a second
adhesive layer comprising substantially no damping additive. An optional liner may be utilized
on the (otherwise) exposed surface of at least one adhesive layer. In other embodiments, the
damping-enhanced PSA may also comprise an optional carrier. In one embodiment, the
damping-enhanced PSA tape contains a single layer of the damping-enhanced silicone PSA
and at least one liner or carrier.
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[0062] In other embodiments, the damping-enhanced PSA tape may comprise two damping
layers: 1) a first PSA layer that comprises either: (a) at least one damping additive or (b) no
damping additive; and 2) a second PSA layer that comprises at least one damping additive. If
the first PSA comprises at least one damping additive, then the damping additive may be the
same type or a different type from at least one damping additive in the second PSA layer. If the
first PSA comprises at least one damping additive, then the damping additive may be the same
concentration or a different concentration from at least one damping additive in the second
PSA layer. An optional liner may be utilized on the (otherwise) exposed surface of the first
and/or second PSA layers. In other embodiments, an optional carrier may be used within the
layers of the PSA. For example, the carrier may be disposed between the first PSA layer and
the second PSA layer.

[0063] In one embodiment, a configuration comprises three layers: 1) a first PSA layer that
comprises either: (a) at least one damping additive or (b) no damping additive; 2) a second
PSA layer that comprises at least one damping additive; and 3) an additive layer sandwiched
between the first and second PSA layers. If the first PSA comprises at least one damping
additive, then the damping additive may be the same type or a different type from at least one
damping additive in the second PSA layer. If the first PSA comprises at least one damping
additive, then the damping additive may be the same concentration or a different concentration
from at least one damping additive in the second PSA layer. An optional liner may be utilized
on the (otherwise) exposed surface of the first and/or second PSA layers. In other
embodiments, an optional carrier may be used within the layers of the PSA. For example, the
carrier may be disposed between the first PSA layer and the second PSA layer.

[0064] In one embodiment, a configuration comprises a silicone PSA layer and a separate
damping additive layer. The silicone PSA layer, in some cases, also comprises damping
additive. In other cases, the silicone PSA layer comprises little or no damping additive.

[0065] In one embodiment, a configuration comprises three layers: a first PSA layer that
comprises damping additive; a second PSA layer that comprises damping additive; and a
damping additive layer sandwiched between the first and second PSA layers.

[0066] In one embodiment, a configuration comprises three layers: a first PSA layer that
comprises little or no damping additive; a second PSA layer that comprises little or no damping
additive; and a damping additive layer sandwiched between the first and second PSA layers.

[0067] In one embodiment, a configuration comprises three layers: a first PSA layer that
comprises damping additive; a second PSA layer that comprises damping additive; and a third
PSA layer that comprises damping additive.

[0068] In one embodiment, a configuration comprises multiple layers: a first PSA layer that
comprises damping additive; and one or more additional PSA layers, each of which comprises
little or no damping additive.
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[0069] In another embodiment, a tape comprising a layer of the damping enhanced PSA
described herein. In some embodiments, the tape may be a transfer tape.

[0070] Generally, a liner may be included on an (otherwise) exposed surface of a layered
configuration.

EXAMPLES

[0071] Analysis were performed to evaluate various properties and characteristics of silicone
adhesive tapes in accordance with the present subject matter. Test methods described below
include SAE J3001.

[0072] Tables 1-2 provide some test results against a reference silicone PSA for various
damping additives added to the reference silicone PSA. With these examples, the addition of
the rubber-based damping additive may provide increased damping at higher temperatures
and frequencies. Additionally, the addition of the rubber-based damping additive may provide
increased damping in these broader frequencies, even at the higher temperatures as
compared to the reference. All quantities are expressed in dry weights.

Table 1: Damping Additive Addition to Silicone PSA

Si PSA {SiPSA {initiator Active initiator idamping jdamping

amount amount (9) additive  jadditive amount
(9) (9)

sample | Q2- 100 Perkadox {2 no 0

1 7406 CH50L

sample {Q2- 100 Perkadox {2 mica 10

2 7406 CH50L

sample {Q2- 100 Perkadox 2 Soken MX3i10

3 7406 CH50L 500

sample {Q2- 100 Perkadox 2 Nipol 10

4 7406 CH50L 1052

Table 2: Damping Additive Addition to Silicone PSA Damping Testing

Si Si PSA jcatalyst jActive catalyst jdampingjdamping additive
PSA jamount amount (g) additive jamount (Q)
(9)
sample iDC {100 Syl-Off {0.4 no 0
5 2013 4000
sample {DC {100 Syl-Off i0.4 Kraton {10
6 2013 4000 1116

[0073] Tables 1 and 2 above provide some examples of additives added to a silicone PSA.
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With these examples, the addition of the acrylic-based damping additive and rubber-based
damping additive may provide increased damping at higher and/or broader temperatures. The
addition of certain additives provided above may also provide damping at broader frequencies
and/or higher frequencies resulting in an increased damping surface.

[0074] Other testing results include the following in Tables 3 and 4:
Table 3: Various additives in Silicone PSA (all samples with PSA 6574) and Results

Si PSA jinitiator }Active MQ {MQ damping jdamping
amount initiator resin jresin additive jadditive
(9) amount (g) amount amount (g)
(9)

sample {100 Perkadox (2.5 SR {5 no 0

7 CH50L 545

sample {100 Perkadox{2.5 SR {5 mica 10

8 CH50L 545

sample {100 Perkadox{2.5 SR {5 Soken {10

9 CH50L 545 MX 500

sample {100 Perkadox {2.5 SR {5 Soken {1

10 CH50L 545 MX 500

sample {100 Perkadox{2.5 SR {5 Soken {50

11 CH50L 545 MX 500

Table 4. Damping Results

damping surface (damping > damping surface (damping >

2.5%) °C x kHz 3%) °C x kHz
sample 1 274 166
sample 2 1134 68
sample 3 1017 992
sample 4 1583 756
sample 5 810 248
sample 6 1104 1104
sample 7 1188 418
sample 8 634 367
sample 9 1764 1224
sample 10 1278 739
sample 11 1998 1944

sample 12 (rubber 208 193

1101AS)

[0075] Further, the damping enhanced pressure sensitive adhesive described herein may
have a certain damping %. In many embodiments, the damping-enhanced pressure sensitive
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adhesive described herein may have a damping temperature ranging from about -40°C to
about 200°C and a frequency range between about 10 Hz and about 10000 Hz. In another
embodiment, the temperature range may be between about -40°C to about 150°C. In another
embodiment, the frequency range may be between about 100 Hz and about 8000 Hz. Further,
the damping enhanced pressure sensitive adhesive described herein may have a certain
minimal damping % at a temperature range of about - 40°C to about 200°C and a frequency
range of about 10 Hz and about 10000 Hz (as measured by SAE J 3001). In many
embodiments, the damping % is at least about 2.5% at a temperature range of about -40°C to
about 200°C and a frequency range of 10 Hz and about 10000 Hz (as measured by SAE J
3001). In some embodiments where the damping-enhanced pressure-sensitive adhesive has a
damping % of at least about 2.5%, the damping surface (frequency range times temperature
range as measured by SAE J 3001) is at least 10% greater than the damping surface of a
pressure-sensitive adhesive without at least one damping additive. In some embodiments, the
damping surface (frequency range times temperature range as measured by SAE J 3001) is at
least 10% greater than the damping surface of the unmodified pressure-sensitive adhesive
without at least one damping additive. In some embodiments where the damping-enhanced
pressure-sensitive adhesive has a damping % of at least about 2.5%, the damping surface
(frequency range times temperature range as measured by SAE J 3001) is at least 20%
greater than the damping surface of a pressure-sensitive adhesive without at least one
damping additive. In some embodiments, the damping surface (frequency range times
temperature range as measured by SAE J 3001) is at least 20% greater than the damping
surface of a pressure-sensitive adhesive without at least one damping additive. In many
embodiments where the damping % is at least about 2.5%, the damping is at least 10% greater
than the damping surface of a pressure-sensitive adhesive without at least one damping
additive. In some embodiments, the damping surface (frequency range times temperature
range as measured by SAE J 3001) is at least 10% greater than an unmodified silicone PSA
without at least one damping additive. In some embodiments where the damping % is at least
about 2.5%, the damping is at least 20% greater than the damping surface of a pressure-
sensitive adhesive without at least one damping additive. In some embodiments, the damping
surface (frequency range times temperature range as measured by SAE J 3001) is at least
20% greater than the silicone PSA without at least one damping additive. In some
embodiments where the damping % is at least about 2.5%, the damping surface is at least
about 30% greater than the damping surface of a pressure-sensitive adhesive without at least
one damping additive. In some embodiments, the damping surface (frequency range times
temperature range as measured by SAE J 3001) is at least 30% greater than the damping
surface of a pressure-sensitive adhesive without at least one damping additive. In yet other
embodiments where the damping % is at least about 2.5%, the damping is at least about 50%
greater than the damping surface of a pressure-sensitive adhesive without at least one
damping additive. In some embodiments, the damping surface (frequency range times
temperature range as measured by SAE J 3001) is at least 50% greater than the damping
surface of a pressure-sensitive adhesive without at least one damping additive (as measured
by SAE J 3001). In other embodiments, the damping enhanced pressure sensitive adhesive
described herein may have the damping % at a temperature range of about -40°C to about
200°C and a frequency range of about 10 Hz and about 10000 Hz and is at least about 3% (as
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measured by SAE J 3001). In some embodiments where the damping-enhanced pressure-
sensitive adhesive has a damping % of at least about 3%, the damping surface (frequency
range times temperature range as measured by SAE J 3001) is at least about 100% greater
than the damping surface of a pressure-sensitive adhesive without at least one damping
additive. In some embodiments, the damping surface (frequency range times temperature
range as measured by SAE J 3001) is at least 100% higher compared to the damping surface
of the unmodified pressure-sensitive adhesive without at least one damping additive. In some
embodiments where the damping-enhanced pressure-sensitive adhesive has a damping % of
at least about 3%, the damping surface (frequency range times temperature range as
measured by SAE J 3001) is at least about 300% greater than the damping surface of a
pressure-sensitive adhesive without at least one damping additive (as measured by SAE J
3001). In some embodiments, the damping surface (frequency range times temperature range
as measured by SAE J 3001) is at least 300% greater than the damping surface of a pressure-
sensitive adhesive without at least one damping additive. In many embodiments where the
damping % is at least about 3%, the damping is about 100% greater than the damping surface
of a pressure-sensitive adhesive without at least one damping additive. In some embodiments,
the damping surface (frequency range times temperature range as measured by SAE J 3001)
is at least 100% greater than the damping surface of a pressure-sensitive adhesive without at
least one damping additive. In some embodiments, the damping surface (frequency range
times temperature range as measured by SAE J 3001) is at least 100% greater than the
damping surface of a pressure-sensitive adhesive without at least one damping additive (as
measured by SAE J 3001). In many embodiments where the damping % is at least about 3%,
the damping is about 200% greater than the damping surface of a pressure-sensitive adhesive
without at least one damping additive. In some embodiments, the damping surface (frequency
range times temperature range as measured by SAE J 3001) is at least 200% greater than the
damping surface of a pressure-sensitive adhesive without at least one damping additive (as
measured by SAE J 3001). In many embodiments where the damping % is at least about 3%,
the damping is about 300% greater than the damping surface of a pressure-sensitive adhesive
without at least one damping additive. In some embodiments, the damping surface (frequency
range times temperature range as measured by SAE J 3001) is at least 300% greater than the
damping surface of a pressure-sensitive adhesive without at least one damping additive (as
measured by SAE J 3001). Further, the damping % results may be seen in FIG. 1 where the
damping % (modal damping) is shown as a function of temperature and frequency (as
measured by the Link Maultheet device).
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PATENTKRAV

1. Deempnings-forbedret trykfglsom kleeber omfattende:

en tryk-felsom silikonekleeber omfattende:
i det mindste én silikone-baseret polymer;
en harpiks;
eventuelt i det mindste én katalysator; og

eventuelt i det mindste én initiator; og

i det mindste ét da=smpningsadditiv, hvor det i det mindste ene deempningsadditiv er et
gummi-baseret deempningsadditiv; og hvor den tryk-falsomme silikonekleeber, fore-
ligger i en meengde liggende fra 50 vaegt-% til 99,9 veegt-%, baseret pa den terre veegt

af den deempnings-forbedrede tryk-falsomme silikonekleeber.

2. Deempnings-forbedret tryk-falsom klasber ifglge krav 1, hvor en vilkarlig enkelt eller

flere af felgende angivelser (A) til (C) gaelder:

(A) den deempnings-forbedrede tryk-felsomme klaeber har et deempningstempera-
turomrade liggende fra omkring -40°C til omkring 200°C;

(B) den deempnings-forbedrede tryk-falsomme klaeber har en deempnings-frekvens,
som streekker sig fra omkring 10 Hz til omkring 10000 Hz;

(C) den deempnings-forbedrede tryk-falsomme klaeber har en deempnings-frek-

vens, som straekker fra omkring 100 Hz til omkring 8000 Hz.

3. Deempnings-forbedret tryk-falsom klaeber ifglge krav 1 eller 2, hvor en vilkarlig enkel

eller flere af felgende angivelser (A) til (D) geelder:

(A) deempningsprocenten er i det mindste omkring 2,5% og deempnings-overfladen
(frekvensomrade gange temperaturomrade) er i det mindste 10% sterre end desmp-
nings-overfladen for en tryk-falsom kleeber uden i det mindste ét daeempningsadditiv;
(B) deempningsprocenten er i det mindste omkring 2,5% og deempningsoverfladen
(frekvens gange temperatur) er i det mindste 20% st@rre end daempnings-over-
fladen for en tryk-felsom klaeber uden i det mindste ét deempningsadditiv;

(C) deempningsprocenten er i det mindste omkring 3% og deempnings-overfladen

(frekvensomréde gange temperaturomrade) er i det mindste omkring 50% sterre
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end deempnings-overfladen for en tryk-falsom kleeber uden i det mindste ét deemp-
ningsadditiv;

(D) deempningsprocenten er i det mindste omkring 3% og deempnings-overfladen
(frekvensomrade gange temperaturomrade) er i det mindste omkring 100% starre
end deempnings-overfladen for en tryk-falsom kleeber uden i det mindste ét deemp-

ningsadditiv.

4. Deempnings-forbedret tryk-falsom kleeber ifslge ethvert af kravene 1-3, hvor i det
mindste et deempningsadditiv er et gummi-baseret deempningsadditiv, som resulterer i
en deempnings-forbedret tryk-felsom kleeber med et deempningstemperaturomrade fra
omkring -40°C til omkring 150°C.

5. Deampnings-forbedret tryk-falsom klaeber ifglge ethvert af kravene 1-4, hvor deemp-
ningsadditivet omfatter partikler med en gennemsnitlig partikelstgrrelse, som ligger fra

omkring 1 mikrometer til omkring 50 mikrometer.

6. Deempnings-forbedret tryk-falsom kleeber ifslge ethvert af kravene 1-5, hvor en vil-

karlig enkelt eller flere af felgende angivelser (A) til (C) geelder:

(A) deempningsadditivet er suspenderet i den tryk-falsomme silikonekleeber;
(B) deempningsadditivet er oplgst i den tryk-falsomme silikonekleeber;
(C) den deempnings-forbedrede tryk-falsomme kleeber er en heterogen blanding af

den tryk-falsomme silikonekleeber og i det mindste ét deempningsadditiv.

7. Deempnings-forbedret tryk-falsom kleeber ifslge ethvert af kravene 1-6, hvor en vil-

karlig enkelt eller begge af falgende angivelser (A) til (B) geelder:

(A) harpiksen omfatter en MQ-harpiks;

(B) den tryk-falsomme kleeber omfatter yderligere en tvaerbinder.

8. Daampnings-forbedret tryk-fglsom kleeber ifglge ethvert af kravene 1-7, hvori en

enkelt eller begge af falgende angivelser (A) til (B) geelder:

(A) deempningsadditivet er et pulver eller et fast stof ved et temperaturomrade pa
omkring 20°C til omkring 25°C;
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(B) deempningsadditivet er en veeske ved et temperaturomrade pa omkring 20°C til
omkring 25°C.

9. Deempnings-forbedret tryk-falsom kleeber ifslge ethvert af kravene 1-8, hvor en vil-

karlig enkelt eller begge af falgende angivelser (A) til (B) geelder:

(A) den i det mindste ene initiator er et peroxid, eventuelt hvor peroxidet er ben-
zoylperoxid (BPO);
(B) den i det mindste ene katalysator er et metal, eventuelt hvor metallet er Pt, Rh,

og Sn.

10. Daempnings-forbedret tryk-folsom kleeber ifglge ethvert af kravene 1-9, hvor den
daempnings-forbedrede tryk-falsomme kleeber omfatter: 1) i det mindste ét klaebelag
omfattende den tryk-falsomme silikoneklaeber og 2) i det mindste ét deempnings-addi-
tivlag omfattende i det mindste ét daempningsadditiv;

eventuelt hvor en vilkarlig eller flere af felgende angivelser (A) til (C) geelder:

(A) kleebelaget omfatter i det mindste ét daeempningsadditiv og deempningsadditiv-
laget omfatter i det mindste ét deempningsadditiv;

(B) kleebelaget og deempningsadditiviaget omfatter det samme deempningsadditiv;
(C) den deempnings-forbedrede tryk-falsomme klaeber omfatter et farste kleebelag
omfattende den tryk-felsomme silikonekleeber og i det mindste ét deempningsadditiv

og et andet kleebelag omfattende i det veesentlige intet deempningsadditiv.

11. Tape omfattende den deesmpnings-forbedrede tryk-falsomme kleeber ifslge ethvert

af kravene 1-10.

12. Tape ifglge krav 11, hvor tapen er en overfgringstape.

13. Fremgangsmade til modifikation af en tryk-falsom silikoneklasber for forbedring af

daempningsegenskaber, hvilken fremgangsmade omfatter:

tilvejebringelse af en tryk-fglsom silikoneklaeber ifglge ethvert af kravene 1-10,
hvilken tryk-felsom silikoneklaeber har et startdeempningstemperaturomrade og et

startdeempningsfrekvensomrade;



DK/EP 3724292 T3

bestemmelse af et modificeret deempningstemperaturomrade og modificeret

daempningsfrekvensomrade; og

tilfgjelse af i det mindste ét deempningsadditiv til den tryk-falsomme silikonekleeber

for dannelse af den deempnings-forbedrede tryk-falsomme kleeber-sammenseet-
5 ning, som har det modificerede daempningstemperaturomrade og det modificerede

frekvensomrade, hvor det i det mindste ene deempningsadditiv er et gummi-baseret

deempningsadditiv.

14. Fremgangsmade ifglge krav 13, som yderligere tryk-falsomme omfatter:
10 Bestemmelse af en maengde af deempningsadditivet, baseret pa startdeempnings-
temperaturomradet og startfrekvensomradet efter bestemmelse af det modificerede

daempningstemperaturomrade og modificerede daempningsfrekvensomrade.

15. Fremgangsmade ifglge krav 13, hvor det i det mindste ene deempningsadditiv fore-
15 ligger i en maengde liggende fra omkring 0,1 veegt-% til omkring 50 veegt-%, baseret pa

den totale veegt af den deempnings-forbedrede tryk-felsomme klaeber.
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