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[ DESCRIPTION]

[Invention Title]

ADHESIVE TAPE FOR CAR

[ Technical Field}

The present invention relates to a pressure-sensitive adhesive tape, which
includes an acrylic foam layer and rubber-based adhesive layers formed on both
sides of the acrylic foam layer, wherein the rubber-based adhesive layers have a gel

content of 40% or more.

[Background Art])

Korean Patent Publication No. 2007-0041896 discloses a UV curable
adhesive composition and an adhesive ta.pe. However, although a UV curing
method has merits, such as instantaneou-s curing, low curing temperature, non-
pollution/stability, uniformity of quality, and the like, raw materials of the adhesive
tape are high-priced and a polymerization initiator or a sensitizer 1s mixed therein,
and thus there can be a problem in that polymerization is performed to change
quality of the adhesive tape when the adhesive tape is kept for a long time. Thus, a
novel curing method is required.

Moreover, Korean Patent Publication No. 2007-0004837 provides a
pressure-sensitive adhesive tape having a core layer including a rubber-based
pressure-sensitive adhesive. However, recently, since an adhesive tape for
automobiles must endure environments, such as UV, rainwater, and the like, for a
long time and external physical impact, vibration and the like as well, an acrylic

foam tape is applied. In this regard, there is an urgent need for a rubber-based

adhesive and an acrylic foam tape including the rubber-based adhesive.
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[ Disclosure]

[ Technical Problem]

[t 1s an aspect of the present invention to provide a pressure-sensitive
adhesive tape, which includes an acrylic foam layer exhibiting excellent impact
absorption and a rubber-based adhesive layer exhibiting excellent adhesion even to

substrates having low surface energy.

[ Technical Solution]

It 1s an aspect of the present invention to provide a pressure-sensitive
adhesive tape, which includes: an acrylic foam layer; and rubber-based adhesive
layers formed on both sides of the acrylic foam layer, wherein the rubber-based
adhesive layers have a gel content of 40% or more.

It 1s another aspect of the present invention to provide a method for
preparing a pressure-sensitive adhesive layer, which includes: preparing an acrylic
foam layer; and tforming a rubber-based adhesive layer(s) on one or both sides of the
acrylic foam layer, wherein the forming a rubber-based adhesive layer(s) includes:
preparing a styrene block copolymer; forming a rubber-based adhesive layer(s) by
adding a tackifier and a plasticizer to the styrene block copolymer; and setting a gel

content of the rubber-based adhesive layer(s) to 40% or more.

[ Advantageous Effects])

According to the invention, the pressure-sensitive adhesive tape including a
rubber-based adhesive layer exhibits excellent impact absorption, particularly
outstanding adhesion to automobiles, and excellent adhesion even to substrates
having low surface energy.

According to the invention, since the method for preparing a pressure-

sensitive adhesive tape includes curing through electron beam irradiation, the
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method provides short curing time and high degree of curing and thus is highly

useful in terms of environmental impact and production.

[ Description of Drawings]

Fig. 1 is a sectional view of a pressure-sensitive adhesive tape according to

one embodiment of the present invention.

[ Best Mode]

The above and other aspects, features, and advantages of the present
invention will become apparent from the detailed description of the following
embodiments in conjunction with the accompanying drawings. It should be
understood that the present invention i1s not limited to the following embodiments
and may be embodied in different ways, and .that the embodiments are provided for
complete disclosure and thorough understanding of the present invention by those
skilled in the art. The scope of the present invention i1s defined only by the claims.
Like components will be denoted by like reference numerals throughout the
specification.

Hereinafter, embodiments of the present invention will be described in

detail.

Pressure-sensitive adhesive tape
The present invention provides a pressure-sensitive adhesive tape including:

an acrylic foam layer; and rubber-based adhesive layers formed on both sides of the

acrylic foam layer.

Acrylic foam layer

The acrylic foam layer includes an acrylic resin. According to the invention,
the acrylic resin may include a C; to Cy; alkyl group-containing (meth)acrylic acid
ester monomer and acrylic acid, without being limited thereto. Here, if the monomer
includes a very long-chain alkyl group, the adhesive can suffer from deterioration in

cohesion and has difficulty in adjustment of glass transition temperature (Tg) or
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adhesion. Thus, it is desirable that the C, to C;, alkyl group-containing (meth)acrylic
acid ester monomer be used. The (meth)acrylic acid ester monomer and the acrylic
acid may be present in any amount without limitation so long as the amount can
provide desired effects. The (meth)acrylic acid ester monomer may be present in an
amount of 85% by weight (wt%) to 95 wt%, and the acrylic acid may be present in
an amount of 5 wt% to 15 wt%. If the amount of the acrylic acid is less than 5 wt%,
the acrylic foam layer can suffer from deterioration in adhesion, and if the amount of
the acrylic acid exceeds 15 wt%, the acrylic foam layer can sufter from deterioration
in cohesion.

Examples of the (meth)acrylic acid ester monomer may include alkyl
(meth)acrylate, methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl
(meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, t-butyl
(meth)acrylate, sec-butyl (meth)acrylate, pentyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, 2-ethylbutyl (meth)acrylate, n-octyl (meth)acrylate, 1sooctyl
(meth)acrylate, isononyl (meth)acrylate, lauryl (meth)acrylate, and tetradecyl
(meth)acrylate, without being limited thereto. These may be used alone or in
combination thereof.

In addition, the acrylic acid copolymerizable with the (meth)acrylic acid
ester monomer 1s a polar monomer. The acrylic acid may include a carboxyl group-
containing monomer and/or a nitrogen-containing monomer, without being limited
thereto. For example, the carboxyl group-containing monomer may include at least
one selected from the group consisting of (meth)acrylic acid, maleic acid, and
fumaric acid, and the nitrogen-containing monomer may include at least one
selected from the group consisting of acrylamide, N-vinylpyrrolidone, and N-vinyl
caprolactam.

According to the invention, the acrylic foam layer may further include a
photoinitiator and a cross-linking agent in the composition including the C; to Cj
alkyl group-containing (meth)acrylic acid ester monomer and the acrylic acid.

The photoinitiator can 1nitiate curing reaction of the composition upon
irradiation with UV light or the like in a process of forming the acrylic foam layer.

The photoinitiator may be any one typically used in the art without limitation.
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Examples of the photoinitiator may include at least one selected from the
group consisting of benzoin methyl ether, 2,4,6-trimethylbenzoyl diphenylphosphine
oxide, bis(2,4,6-trimethylbenzoyl) phenylphosphine oxide, a,a-methoxy-a-
hydroxyacetophenone, 2-benzoyl-2-(dimethylamino)-1-[{4-(4-morphonyl)phenyl]-1-
butanone, and 2,2-dimethoxy-2-phenylacetophenone. The photoinitiator may be
present in an amount of 0.01 parts by weight to 1 part by weight based on 100 parts
by weight of the composition. If the amount of the photoinitiator is less than 0.01
parts by weight, the composition cannot be sufficiently cross-linked and does not
have improved coheston, and if the amount of the photoinitiator exceeds 1 part by
weight, the composition can be significantly deteriorated in initial tack and adhesion.

The cross-linking agent can adjust adheston in terms of improvement of
cohesion. According to the invention, the cross-linking agent may be a component,
which can participate in reaction upon irradiation with UV light or the like, without
being limited thereto.

Examples of the cross-linking agent may include at least one selected from
the group consisting of polyfunctional acrylate cross-linking agents, such as 1,6-
hexanediol diacrylate, trimethylolpropane triacrylate, pentaerythritol triacrylate, 1,2-
ethyleneglycol diacrylate, and 1,12-dodecanediol acrylate; polyfunctional isocyanate
cross-linking agents; and polyfunctional epoxy cross-linking agents, without being
limited thereto. The cross-linking agent may be present in an amount of 0.1 parts by

weight to 2 parts by weight based on 100 parts by weight of the composition. If the

amount of the cross-hinking agent 1s less than 0.1 parts by weight, the composition
can suffer from deterioration in adhesion, and if the amount of the cross-linking
agent exceeds 2 parts by weight, the composition can suffer from deterioration in
cohesion.

The acrylic foam layer may further include other additives, such as porous
fillers, coupling agents, antistatic agents, surfactants, tackifiers, processed oil, and
the like, in addition to the photoinitiator and the cross-linking agent. Such additives
may be additives typically used in the art, and be appropriately added within a range

suitable for the object of the invention.

Rubber-based adhesive layer
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The present invention provides a pressure-sensitive adhesive tape including
a rubber-based adhesive layer, which has a gel content of 40% or more. In particular,
the rubber-based adhesive layer preferably has a gel content of 40% to 80% 1n terms
of peel strength and high temperature retention. If the gel content of the rubber-
based adhesive layer is less than 40%, the rubber-based adhesive layer can be
deteriorated in heat resistance allowing the layer to endure high temperature without
change in shape or quality, and can suffer from deterioration in high temperature
retention. More particularly, if the gel content of the rubber-based adhesive layer 1s
less than less than 40%, the rubber-based adhesive layer has a loose cross-linking
structure, which can be significantly distorted and easily deformed when subjected
to external force or stress, whereby the rubber-based adhesive layer can suffer from
significant deterioration in durability at high temperature or at high temperature and
humidity. On the other hand, if the rubber-based adhesive layer has a gel content of
greater than 80%, the rubber-based adhesive layer can be deteriorated in adhesion to
a substrate to be bonded.

The gel content denoted by wt% means a percentage of an insoluble rubber-
based adhesive 1n a solvent after adhesion imparting reaction. Generally, the gel
content is high for a polymer which 1s cross-linked to an extremely high degree, and
as the degree of cross-linking increases, the gel content also increases.

The rubber-based adhesive layer is cured by electron beam irradiation. Since
the rubber-based adhesive layer 1s polymerized and solidified due to generation of
radicals by electron beam irradiation, there is no need for a polymerization initiator
and the like, and there is substantially no concern of change in quality. In addition,
since electron beam curing provides higher efficiency of energy utilization and faster
curing speed than UV curing, high productivity can be expected.

In addition, electron beam irradiation i1s performed at an irradiation dosage

of 300 kGy to 500 kGy. If the irradiation dosage is less than 300 kGy, since
sufficient energy for curing 1s not provided, the gel content is decreased to less than
40%, and thus, the rubber-based adhesive layer can exhibit insufficient cohesion. If
the irradiation dosage is greater than 500 kGy, the rubber-based adhesive layer can

exhibit insufficient adhesion due to high degree of curing, and there can be a
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problem in that a product 1s damaged due to strong energy beam.

Since use of the rubber-based adhesive layer having a gel content of 40% or
more increases initial adhesion to a certain level, compatibility ot the rubber-based
adhesive layer with the acrylic foam layer having polarity can be improved. In
addition, as the gel content of the rubber-based adhesive layer 1s maintained at 40%
or more, the rubber-based adhesive layer can exhibit better adhesion than the acrylic
adhesive layer. Further, since the rubber-based adhesive layer exhibits high peel
strength and high temperature retention, the rubber-based adhesive layer can be
bonded to materials such as metal-coated plastics, and the like.

In addition, according to the invention, the rubber-based adhesive layer
includes a styrene block copolymer, and may further include a tackifier and a
plasticizer.

The styrene block copolymer i1s a styrene-isoprene-styrene (SIS) block
copolymer. The SIS block copolymer is a kind of rubber-based adhesive, has an A-
B-A type polymer structure, and 1s a styrene thermoplastic elastomer having a
molecular structure in which A of an end block is polystyrene and B of a middle
block 1s polyisoprene.

According to the invention, the SIS block copolymer may generally have a
solution viscosity (MPa-s [cps], 25°C) from about 100 to about 3000, without being
[imited thereto. The SIS block copolymer may be present in an amount of 10 wt% to
30 wt% 1n a total composition of the rubber-based adhesive layer. If the amount of
the SIS block copolymer is less than 10 wt%, the rubber-based adhesive layer can
exhibit insuffictent cohesion, and if the amount of the SIS block copolymer is
greater than 30 wt%, the rubber-based adhesive layer can exhibit insufficient
adhesion. In particular, the styrene block copolymer may include 15 wt% to 30 wt%
of styrene. The styrene 1s a hard segment and an amount of the styrene may

influence properties of an overall rubber. As the amount of the styrene is increased,
the rubber exhibits increased thermoplasticity. If the amount of the styrene is less
than 15 wt%, the rubber-based adhesive layer can exhibit insufficient cohesion, and
if the amount of the styrene exceeds 30 wt%, the rubber-based adhesive layer can

exhibit insufficient adhesion. In particular, the styrene i1s preferably present in an
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amount of 15 wt% to 25 wt%.

Examples of the tackifier may include substituted saturated hydrocarbon
resins (synthetic petroleum resins), rosin ester derivatives, terpene resins, phenol
resins, and the like, without being limited thereto. Here, the substituted saturated
hydrocarbon resins are not particularly limited. These may be used alone or in
combination thereof.

The tackifier may be present in an amount of 10 parts by weight to 150 parts
by weight based on 100 parts by weight of the styrene block copolymer of the
rubber-based adhesive layer, without being limited thereto. If the amount of the
tackifier 1s less than 10 parts by weight, the rubber-based adhesive layer can exhibit
insufficient adhesion, and if the amount of the tackifier exceeds 150 parts by weight,
the rubber-based adhesive layer can exhibit excessively strong adhesion and thus
transfer foreign substances to a substrate when peeled off.

Examples of the plasticizer may include: higher alcohols, such as liquid
paraffin, hardened oil, hardened castor oil, octyldodecanol, and the like; and fatty
acid esters, such as squalane, squalene, castor oil, liquid rubber (polybutene),
myristic acid 1sopropyl, and the like, without being limited thereto. These may be
used alone or in combination thereof.

The plasticizer may be present in an amount of 1 part by weight to 10 parts
by weight based on 100 parts by weight of the styrene block copolymer of the
rubber-based adhesive layer. If the amount of the plasticizer is less than 1 part by
weight, the adhesive layer can be excessively cured and thus exhibit insufficient
adhesion. In addition, if the amount of the plasticizer exceeds 10 parts by weight, the
adhesive layer can be excessively softened, causing stickiness or residues.

The rubber-based adhesive layer may further include an outer skin layer.
The outer skin layer may include various plastic films, papers, nonwoven fabrics,
glass, and metal, without being limited thereto. Preferably, the outer skin layer is a
plastic film such as polyethylene terephthalate (PET) films.

Method for preparing pressure-sensitive adhesive tape

The present invention provides a method for preparing a pressure-sensitive

adhesive layer, which includes: preparing an acrylic foam layer; and forming a
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rubber-based adhesive layer(s) on one side or both sides of the acrylic foam layer,
wherein the forming a rubber-based adhesive layer(s) includes: preparing a styrene
block copolymer; forming a rubber-based adhesive layer(s) by adding a tackifier and
a plasticizer to the styrene block copolymer; and setting a gel content of the rubber-
based adhesive layer(s) to 40% or more.

The operation of preparing an acrylic foam layer may include: preparing a
composition through thermal polymerization of a (meth)acrylic acid ester monomer
and acrylic acid; preparing a mixture by adding a photoinitiator and a cross-linking
agent to the composition; performing photopolymerization by UV irradiation of the
mixture; and preparing an acrylic foam layer by heating the photo-polymerized
material.

In addition, the method may include forming the rubber-based adhesive
layer(s) on one or both sides of the acrylic foam layer. The operation of forming the
rubber-based adhesive layer(s) may include: preparing a styrene block copolymer;
forming a rubber-based adhesive layer(s) by adding a tackifier and a plasticizer to
the styrene block copolymer; and setting a gel content of the rubber-based adhesive
layer(s) to 40% or more.

The operation of setting a gel content of the rubber-based adhesive layer(s)
to 40% or more may be performed by curing the rubber-based adhesive layer(s)
through electron beam irradiation. In particular, since electron beams have high

energy and exhibit high transmittance in a thickness direction of an adhesive,

electron beam curing can also be applied to a thick adhesive layer. Since use of the
rubber-based adhesive layer having a gel content of 40% or more increases initial
adhesion to a certain level, compatibility of the rubber-based adhesive layer with the
acrylic foam layer having polarity can be improved(deletion). In addition, the
rubber-based adhesive layer has a gel content maintained at 40% or more and thus
can exhibit better adhesion than an acrylic adhesive layer. Further, since the rubber-
based adhesive layer exhibits high peel strength and high temperature retention, the
rubber-based adhesive layer can also be bonded to materials, such as metal-coated
plastics, and the like.

In addition, electron beam irradiation of the rubber-based adhesive layer
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may be performed at an irradiation dosage of 300 kGy to 500 kGy. If the irradiation

dosage 1s less than 300 kGy, sutficient energy for curing 1s not provided, so that the
gel content 1s decreased to less than 40%, thereby providing insufficient cohesion. If
the rradiation dosage 1s greater than 500 kGy, the rubber-based adhesive layer can
exhibit insufficient adhesion due to high degree of curing, and a product can be
damaged due to strong energy beam.

Specific examples of the styrene block copolymer, the tackifier and the
plasticizer of the rubber-based adhesive layer are as described above.

The composition may be prepared by drying the solvent before adding the
tackifier and the plasticizer to the styrene block copolymer. Examples of the solvent
may include ethyl acetate, isopropanol, ethanol, hexane, heptanes, and toluene. The
solvent serves to reduce the viscosity of the composition to allow the composition to
be easily poured from one container into another container. In addition, the solvent
1s added in an amount enough to decrease viscosity of the composition to less than
about 100 Pascal-second (pa-s).

The solvent i1s added in an amount enough to provide a solid content of
about 20 wt% to 40 wt% in the composition. The composition having a solid content
of greater than 40 wt% can exhibit high viscosity, and the composition having a
solid content of less than 20 wt% requires an excess of the solvent above the amount
of the solvent enough to decrease the viscosity of the composition to a level for easy

working. Appropriate viscosity depends on a method of introducing the composition

Iinto an extruder and a type of solvent removal system.

According to the invention, the pressure-sensitive adhesive tape is
particularly useful in bonding components, such as lateral molded articles of
vehicles, emblems, pin-stripping, and other objects, to an outer surface of substrates,
such as automobiles, motorcycles, bicycles, vessels (for example, ships, yachts,
boats, and personal ships), aircraft, and other types of land, marine and air vehicles.

The pressure-sensttive adhesive tape exhibits resistance to components, such
as petroleum substances including gasoline, lubricants, water-based substances
including detergents, front glass cleaning liquids, rainwater, saltwater, and mixtures

thereof, which vehicles may frequently encounter when a substrate including such
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substances i1s used. In addition, since the pressure-sensitive adhesive tape exhibits
resistance to physical force and improved peel strength, the adhesive tape prevents
an object from being removed from the substrate due to physical force, such as

impact, catch, breakage, or other force.

Hereinafter, the present invention will be explained in more detail with
reference to some examples. It should be understood that these examples are
provided for illustration only and are not to be in any way construed as limiting the
present invention.

<Example 1>

Preparation of acrylic foam layer

90 parts by weight of 2-ethylhexyl acrylate and 10 parts by weight of a polar
acrylic acid monomer were thermally polymerized in a 1 L glass reactor, thereby
obtaining a syrup having a viscosity of 3500 cPs. 0.5 parts by weight of Irgacure-
651 (a,a-methoxy-oa-hydroxyacetophenone) as a photoinitiator, and 0.35 parts by
weight 1,6-hexanediol diacrylate (HDDA) as a cross-linking agent were mixed with
the syrup based on 100 parts by weight of the syrup, followed by sufficient stirring.
5 parts by weight of glass bubbles and 2 parts by weight of silica were mixed
therewith, followed by stirring until the components were uniformly mixed. The
resultant mixture was subjected to vacuum degassing using a vacuum pump, thereby
preparing a 1.0 mm thick acrylic foam tape using a micro bar.

Preparation of rubber-based adhesive layer

A composition having a solid content of 20% was prepared from an SIS
linear block copolymer including 10% of styrene using a toluene solvent. 150 parts
by weight of a tackifier, which improves adhesion, was added to the composition
based on 100 parts by weight of the SIS linear block copolymer, followed by

stirring. Next, the mixture was subjected to degassing and then coated onto a
stlicone release PET film, followed by drying in an oven at 80°C for 1 minute and
then in an oven of 110°C for 2 minutes, thereby preparing a 50 um thick rubber-
based adhesive layer. Next, the rubber-based adhesive layer was cured by irradiation

with an electron beam (EB) having various intensities (300, 400, and 500 kGy).
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Preparation of acrylic foam tape

The rubber-based adhesive layer and the acrylic foam layer were subjected
to lamination using a 5 kg roll, thereby preparing an acrylic foam tape.

<Example 2>

An acrylic foam tape was prepared in the same manner as in Example 1
except that the SIS linear block copolymer included 20% of styrene in the
preparation of the rubber-based adhesive layer.

<Example 3>

An acrylic foam tape was prepared in the same manner as in Example 1
except that the SIS linear block copolymer included 30% of styrene in the
preparation of the rubber-based adhesive layer.

<Example 4>

An acrylic foam tape was prepared in the same manner as in Example 1
except that the SIS linear block copolymer included 40% of styrene in the
preparation of the rubber-based adhesive layer.

<Comparative Example>

An acrylic foam tape was prepared in the same manner as in Example |
except that a polymerization initiator was added and UV curing was performed in
the preparation of the rubber-based adhesive layer.

<Experimental Example 1> Measurement of gel content

Each of the rubber-based adhesive layers of Example 1 and Comparative
Example were cut into a specimen having a size of 60 mmx60 mm, followed by
weighing. Next, the rubber-based adhesive layer were placed in a PET bottle,
followed by filling the PET bottle with 50 ml of toluene as a solvent, and then kept
at room temperature for two days. The adhesives fully swelled for two days were
filtered through a 200 mesh screen of 130 mmx130 mm, followed by drying in an

oven of 110°C for 4 hours. Difference between initial and final weights of each of

the adhesives was calculated, thereby measuring a final gel content.

[Table 1]

Example |
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Gel content (%) 40.1 43.6 44.6
Comparative Example

Amount of UV irradiation (mJ/cm?) 2100 4200 6200

Gel content (%) 19.3 22.5 B 30.3

From the result, it could be seen that, as the EB irradiation dosage and the
UV irradiation dosage were increased, the gel content was increased, as shown in
Table 1. In addition, the EB curable rubber-based adhesive layer of Example 1 had a
gel content of 40% or more, whereas the UV curable rubber-based adhesive layer of
Comparative Example had a gel content of less than 40%.

<Experimental Example 2> Measurement of 180° peel strength (N/m)

An ABS plate and a painted plate having a width of 50 mm and a length of
120 mm were cleaned with an isopropyl solution, followed by drying. A PET film
having a thickness of 0.02 mm and a width of 30 mm was laminated on one surface
of each of the rubber-based adhesive layers of Example 1 and Comparative Example
so as to form on one side surface of the cover. Each of the prepared samples was
placed on each of the ABS plate and the painted plate, followed by rolling five times
in each direction using a 2 kg roller, and then left at room temperature for about 30
minutes. Next, 180° peel strength was measured on each specimen at room

temperature at a speed of 300 mm/min, and an average value of 5 samples was

recorded.
[ Table 2]
Example 1
el content (%) 40.1 | 44':8“
eel.strength from ABS plate (N/m) 3032
Peel strength from painted plate (N/m) 2884 2998

Comparative Example

Amount of UV irradiation (mJ/c pﬁ) 2100 4200 6200
Gel content (%) 19.3 22.5 30.3

Peel strength from ABS plate (N/m) 4883 4012 3872
Peel strength from painted plate (N/m) 4127 3876 3345

From the result, it could be seen that peel strength varied depending upon
the UV irradiation dosage and the EB irradiation dosage. In the specimen of

Example 1, the highest adhesion was obtained at 300 kGy corresponding to the
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lowest gel content, and the acrylic foam layer was broken when the adhesive tape
was peeled from the ABS plate and the painted plate. In addition, since the measured
peel strength corresponded to foam breaking strength of only the acrylic foam layer
instead of adhesion of the rubber-based adhesive layer, higher peel strength would
be expected if the adhesive layer was separated from the plates without breakage of
the acrylic foam layer.

On the other hand, in Comparative Example, the highest adhesion was
obtained at 2100 mJ/cm® corresponding to the lowest gel content among the results.
The reason is that gel content, initial adhesion and peel strength have a correlation
with each other. However, since higher gel content generally provides better curing
reaction between adhesive polymers, the adhesive tape has improved durability. In
this case, however, the adhesive tape exhibits smaller peel strength since the
adhesive tape becomes relatively hard. Conversely, if the gel content becomes
lower, the peel strength of the adhesive polymer can be relatively increased due to
low degree of curing. In this case, however, the adhesive tape exhibits low high
temperature retention due to deterioration in durability.

As such, the acrylic foam layer was broken when the EB cured rubber-based
adhestve layer of Example 1 was peeled from the ABS plate and the printed plate,
whereas the adhesive layer of Comparative Example was separated from the plates.
Therefore, it could be seen that, although the rubber-based adhesive layer of

Comparative Example exhibited high peel strength, the rubber-based adhesive layer

subjected to curing by EB irradiation exhibited better peel strength.

<Experimental Example 3> Measurement of 90°C high temperature
retention

Painted plates having a width of 25 mm and a length of 60 mm were cleaned
with an 1sopropyl solution, followed by drying. The painted plates were laminated
on both sides of each of the rubber-based adhesive layers of Example 1 and
Comparative Example. Each of the prepared samples was subjected to rolling five
times using a 5 kg roller. Each of the samples was left at room temperature for about
30 minutes. Then, a 500 g weight was hung from each of the samples at a high

temperature of 90°C, thereby measuring retention as duration time until the adhesive



10

15

20

25

CA 02851479 2014-04-08

15

layer was separated from the plate. Then, an average value of 3 samples was

recorded.
[Table 3]
Example 1
Amount of EB irradiation (kGy) 300 400 500

el content (%) 40.1 43.6 44.6
reep (min) 637.3 145.8 177.8

Comparative Example

Amount of UV irradiation (mJ/cm®) 2100 4200 6200
el content (%) 22.5 30.3

reep (min) 21.1 121.2 244.5

e S g

|
b

From the results, it could be seen that 90°C high temperature retention
varied depending upon the UV irradiation dosage and the EB irradiation dosage. The
rubber-based adhesive layer of Example 1 exhibited the highest 90°C high
temperature retention at 300 kGy corresponding to the lowest gel content.

On the other hand, it could be seen that, although the rubber-based adhesive
layer of Comparative Example exhibited the highest 90°C high temperature
retention at 6200 mJ/cm® corresponding to the highest gel content, the rubber-based
adhesive layer of Comparative Example exhibited inferior high temperature
retention to the samples of Example 1 including the EB cured rubber-based adhesive
layer. Thus, it could be seen that even the rubber-based adhesive layer of the same
constitution exhibited high temperature retention varying with curing methods, that
is, the rubber-based adhesive layer cured by EB irradiation exhibited better high
temperature retention.

<Experimental Example 4> Measurement of 180° peel strength (N/m)
of rubber-based adhesive layer

An ABS plate having a width of 50 mm and a length of 120 mm was
cleaned with an isopropyl alcohol solution, followed by drying. A PET film having a
thickness of 0.02 mm and a width of 30 mm was laminated on one surface of each of
the rubber-based adhesive layers of Examples 1 to 4 so as to form on one side
surface of the cover. Here, the rubber-based adhesive layers were cured by EB
irradiation of 300 kGy. Each of the prepared samples was placed on the ABS plate,

followed by rolling five times in each direction using a 2 kg roller, and then left at
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room temperature for about 30 minutes. Next, 180° peel strength was measured on
each specimen at room temperature at a speed of 300 mm/min, and an average value

of 5 samples was recorded.

[Table 4]

Amount of styrene of SIS block
copolymer (wt%)

Example 1 10 3464
Example 2 20 3721
40

Peel strength from ABS plate (N/m)

Example 3 3657
3294

Example 4

It was confirmed that, since the rubber-based adhesive layers of Examples 1
to 4 included 10 wt% to 40 wt% of the styrene of the SIS block copolymer, the
rubber-based adhesive layers exhibited peel strength of a certain level or higher. The
styrene included in the SIS block copolymer exhibits relatively hard properties, and
softness of the rubber-based adhesive layer can be adjusted by changing the amount
of the styrene. If the amount of the styrene is out of the above range, although the
rubber-based adhesive layer itself exhibits elasticity, the rubber-based adhesive layer
may exhibit insufficient wettability when attached to a substrate.

Specifically, the rubber-based adhesive layers of Examples 2 to 3,
corresponding to 20 wt% and 30 wt% of the styrene of the SIS block copolymer,
respectively, had a peel strength of about 3700 N/m, and could exhibit excellent peel
strength. In addition, it was confirmed that the rubber-based adhesive layers of
Examples | and 4, corresponding to 10 wt% and 40 wt% of the styrene of the SIS
block copolymer, respectively, had a peel strength of about 3200 N/m and exhibited

slightly lower peel strength than the rubber-based adhesive layers of Examples 2 and
3.
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[cLAIMS])

[Claim 1]

A pressure-sensitive adhesive tape comprising:
an acrylic foam layer; and
rubber-based adhesive layers formed on both sides of the acrylic foam layer,

wherein the rubber-based layers contain a gel content of 40% or more.

[Claim 2]

The pressure-sensitive adhesive tape according to claim 1, wherein the

adhesive layers are cured by electron beam irradiation.

[Claim 3]

The pressure-sensitive adhesive tape according to claim 2, wherein electron

beam irradiation 1s performed at an irradiation dosage from 300 kGy to 500 kGy.

[Claim 4]

The pressure-sensitive adhesive tape according to claim 1, wherein the
acrylic foam layer comprises: a C; to C;; alkyl group-containing (meth)acrylic acid

ester monomer; and acrylic acid.

[Claim 5]

The pressure-sensitive adhesive tape according to claim 4, wherein the C; to
Ci2 alkyl group-containing (meth)acrylic acid ester monomer is present in an amount

of 85 wt% to 95 wt%, and the acrylic acid is present in an amount of 5 wt% to 15
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wit%.

[Claim 6]

The pressure-sensitive adhesive tape according to claim 1, wherein the
acrylic foam layer comprises: 0.01 parts by weight to 1 part by weight of a
photoinitiator; and 0.1 parts by weight to 2 parts by weight of a cross-linking agent,
based on 100 parts by weight of a composition comprising a C; to Cy, alkyl group-

containing (meth)acrylic acid ester monomer and acrylic acid.

[Claim 7]

The pressure-sensitive adhesive tape according to claim 1, wherein the

rubber-based adhesive layers comprise a styrene block copolymer.

[Claim 8]

The pressure-sensitive adhesive tape according to claim 1, wherein the

rubber-based adhesive layers further comprise a tackifier and a plasticizer.

[Claim 9]

The pressure-sensitive adhesive tape according to claim 7, wherein the
styrene block copolymer is present in an amount of 10 wt% to 30 wt% in a total

composition of the rubber-based adhesive layer.

[Claim 10]

The pressure-sensitive adhesive tape according to claim 8, wherein the
tackifier 1s present in an amount of 10 parts by weight to 150 parts by weight, and

the plasticizer 1s present in an amount of 1 part by weight to 10 parts by weight,
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based on 100 parts by weight of the styrene block copolymer of the rubber-based

adhesive layers.

[Claim 11])

The pressure-sensitive adhesive tape according to claim 7, wherein the

S styrene block copolymer is a styrene-isoprene-styrene (SIS) block polymer.

[Claim 12]

The pressure-sensitive adhesive tape according to claim 7, wherein the

styrene block copolymer comprises 15 wt% to 30 wt% of styrene.

[Claim 13}

10 A method for preparing a pressure-sensitive adhesive layer comprising:

preparing an acrylic foam layer; and

forming a rubber-based adhesive layer(s) on one side or both sides of the

acrylic foam layer,
the forming a rubber-based adhesive layer(s) comprising:
15 preparing a styrene block copolymer;

forming a rubber-based adhesive layer(s) by adding a tackifier and a

plasticizer to the styrene block copolymer; and

setting a gel content of the rubber-based adhesive layer(s) to 40% or more.

[Claim 14]

20 The method according to claim 11, wherein the setting a gel content of the
rubber-based adhesive layer(s) to 40% or more is performed by curing the rubber-

based adhesive layer(s) through electron beam irradiation.
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[Claim 15])

The method according to claim 12, wherein electron beam irradiation of the

rubber-based adhesive layer(s) 1s performed at an irradiation dosage of 300 kGy to

500 kGy.
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