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LASER-ASSISTED ADHESIVE TAPE AND SEALING STRUCTURE CONTAINING THE
ADHESIVE TAPE

TECHNICAL FIELD
The invention relates to the field of materials, in particular to a laser-assisted adhesive

tape and a sealing structure comprising the adhesive tape.

BACKGROUND ART

In the mobile phone or related electronic industry such as tablet computers, wearable
devices and so on, more and more devices front shell or back cover transition from flat surface
to curved surface. For example, almost all flagship mobile phone terminal brands use curved
back cover design, which is often called 3D back cover. These 3D back covers may be made
of glass, plastic or even ceramics and other materials, and the corresponding middle frame is
also curved. In the production process of mobile phones, it is necessary to bond the curved
back cover with the curved middle frame (as shown in Figures 1 and 2). However, due to the
limitation of the prior art level, there will always be a relatively large clearance tolerance when
the two are matched, which may be in the cross-sectional direction or along the edge of the
back cover. Mobile phone manufacturers need to fill this gap and the corresponding gap
tolerance with tape.

At present, the main solution adopted is to use thicker foam tape (such as 250-400 y m),
and use greater pressure to fill this gap tolerance when bonding and assembling (as shown in
Figure 2), but it cannot fully realize the bending filling of the gap.

Whether the gap is tightly fitted or not is very important for the waterproof, dustproof and
chemical entry prevention of mobile phones, as well as the reliability of mobile phones when
they are used (such as falling). Therefore, it is urgent to develop a solution that can completely

fill irregular gaps in this field.
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SUMMARY OF THE INVENTION

The purpose of the invention is to provide a laser-assisted adhesive tape and a sealing
structure comprising the adhesive tape. Under the action of laser, the adhesive tape can rapidly,
directionally and controllably expand to realize full bonding among irregular components, which
has important significance for improving curved surface bonding performance of electronic

products such as mobile phones.

In the first aspect of the invention, it provides a laser-assisted adhesive tape comprising
at least one expandable tape layer,

the expandable tape layer comprises pressure-sensitive adhesive and unfoamed
microspheres and/or partially foamed microspheres distributed in the pressure-sensitive
adhesive;

the unfoamed microspheres and/or the partially foamed microspheres can undergo
directional and quantitative on-site foaming under the action of a laser.

In another preferred embodiment, by the total weight of one expandable tape layer, the
weight content of the unfoamed microspheres in the expandable tape layer is 0.1-15.0 wt%;
and/or

the weight content of the partially foamed microspheres in the expandable tape layer is
0.1-5.0 wt%.

In another preferred embodiment, the thickness of the expandable tape layer before laser
treatment is t0, and the thickness of the expandable tape layer after laser treatment is t1, and
t1/t0 = 1.01 -5.

In another preferred embodiment, the adhesive tape comprises a reinforcing layer and
two expandable tape layers adhered to two main surfaces of the reinforcing layer.

In another preferred embodiment, the adhesive tape comprises a reinforcing layer, a first
adhesive layer without microspheres adhered to one main surface of the reinforcing layer, and

an expandable tape layer adhered to the other main surface of the reinforcing layer.
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In another preferred embodiment, the adhesive tape comprises an expandable tape layer
and two adhesive layers without microspheres adhered to the two main surfaces of the

expandable tape layer.

In the second aspect of the invention, it provides a sealing structure comprising from the
outside to the inside in order: a first component, the adhesive tape according to the first aspect
of the invention, and a second component, wherein:

the first component is an outer layer, and the first component is laser-transparent or laser-
heatable;

the adhesive tape is an intermediate layer, and the adhesive tape is used for bonding and
sealing the first component and the second component;

the second component is an inner layer.

In another preferred embodiment, the material of the first component and the material of
the second component are the same or different, and are each independently selected from
the group consisting of glass, ceramic, plastic, coating or combinations thereof.

In another preferred embodiment, the shape of the first component and the shape of the
second component do not match.

In another preferred embodiment, an irregular gap exists in an area formed between the
first component and the second component, and the irregular gap has at least two different

heights.

It should be understood that in the present invention, any of the technical features
specifically described above and below (such as in the Examples) can be combined with each

other, which will not redundantly be described one by one herein.

DESCRIPTION OF FIGURES
Fig. 1 is a schematic diagram of component shape change and assembly results of

electronic products such as mobile phones.
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Fig. 2 is a schematic diagram of the existing tape bonding gap.

Fig. 3 is a schematic diagram of the adhesive tape in form 1 of the present invention before
and after foaming.

Fig. 4 is a schematic diagram of the adhesive tape in form 2 of the present invention before
and after foaming.

Fig. 5 is a schematic diagram of the adhesive tape in form 3 of the present invention before
and after foaming.

Fig. 6 is a schematic diagram of the adhesive tape in form 4 of the present invention before
and after foaming.

Fig. 7 is a schematic diagram of the adhesive tape in form 5 of the present invention before
and after foaming.

Fig. 8 is a schematic diagram of laser treated tape.

Fig. 9 shows the thickness test results of the tape after laser treatment.

Fig. 10 is a schematic diagram of gap filling performance test.

Fig. 11 is a gap test diagram of No.1 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after being stored at room temperature for 24
hours after lamination.

Fig. 12 is a gap test diagram of No.2 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after being stored at room temperature for 24
hours after lamination.

Fig. 13 is a gap test diagram of No.3 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after lamination and stored at room temperature
for 4 hours after laser processing the edge of the ink.

Fig. 14 is a gap test diagram of No.4 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after lamination and stored at room temperature
for 4 hours after laser processing the edge of the ink.

Fig. 15 illustrates the sealing structure of the present invention.

Fig. 16 illustrates the sealing structure of the present invention after laser treatment.
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Fig. 17 is the infrared processing gap test diagram of No.3 adhesive tape.

Fig. 18 is the infrared processing gap test diagram of No.4 adhesive tape.

DETAILED DESCRIPTION OF THE INVENTION

After long-term and in-depth research, the inventor realizes efficient filling of gaps during
bonding of curved surface components by adopting an expandable tape layer containing
unfoamed microspheres and/or partially foamed microspheres and laser-assisted technology,
and significantly improves bonding performance between curved surface components. On this

basis, the inventors have completed the present invention.

Unfoamed microspheres/partially foamed microspheres

Unfoamed microspheres usable in the present invention include, but are not limited to,
expandable polymer microspheres, they contain a polymer shell and the gas enclosed in them,
when heated to a temperature (e.g. 80-200 °C or above, preferably 95-110 °C, more preferably
130-160 °C), the polymer shell, which is a thermoplastic material, softens and the gas in the
shell expands, resulting in a rapid increase in the volume of the microspheres.

Generally, the particle size of the polymer microspheres is generally 5-40 um (preferably
8-38 um) without foaming, and after foaming, the particle size can be increased to 1.01-5 times
(preferably 1.1-3 times) depending on the heat absorbed.

Materials forming the polymer shell include, but are not limited to, polyacrylonitrile,
polypropylene, or combinations thereof.

Generally, the polymer shell has a thickness of 1-5 ym, preferably 2-3 ym when it is
unfoamed.

Typically, unfoamed microspheres and/or partially foamed microspheres used in the
present invention include, but are not limited to, Expancel 551 WU40, Expancel 920 DU120,
Expancel 093 DU120, Expancel 031 DU40, Expancel 053 DU40, or combinations thereof.
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It should be understood that in the present invention, "foaming agent", "unfoamed
microsphere", "unfoamed polymer microsphere" and "expandable polymer microsphere" are
used interchangeably.

It should be understood that "partially foamed microspheres" as described herein refer to

microspheres between unfoamed microspheres and fully foamed microspheres.

Expandable tape layer (also known as foam tape or expandable tape)

The expandable adhesive tape layer used in the invention is mainly composed of pressure
sensitive adhesive, unfoamed polymer microspheres and/or partially foamed microspheres,
and the expandable adhesive tape layer is obtained by conventional coating, drying, slitting
and die-cutting of the mixture of the two or the three.

It should be understood that the above-mentioned coating, drying, slitting and die-cutting
can all be performed by the processes commonly used in pressure-sensitive adhesive tapes,
which are very familiar to those skilled in the art and will not be repeated here.

The pressure sensitive adhesive is selected from the group consisting of acrylate, rubber,
silica gel, polyurethane, or a combination thereof.

It should be understood that, for convenience, the embodiment of the invention adopts the
pressure-sensitive adhesive developed by the applicant, but it must be noted that the pressure-
sensitive adhesive of the above-mentioned category sold in the market is also suitable for the
technical solution of the invention, and the related technical effect will not be obviously changed
due to the adoption of the pressure-sensitive adhesive sold in the market (i.e., considerable
technical effect can be obtained by adopting the pressure-sensitive adhesive sold in the
market).

The weight content of the unfoamed polymer microspheres in one expandable tape layer
is about 0.1-15wt%, preferably 0.3-10wt%, preferably 0.5-8wt%, based on the total weight of

the expandable tape layer.
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The weight content of the partially foamed microspheres in one expandable tape layer is
about 0.1-5 wt%, preferably 0.1-3.5 wt%, preferably 0.1-2.5 wt%, based on the total weight of
the expandable tape layer.

The thickness t0 of the expandable tape layer before laser treatment (i.e. unfoamed or
partially foamed) is generally 30-500 pm, preferably 50-300 ym.

After laser heating (i.e. after laser foaming), the thickness t1 of the expandable tape layer
is generally 32-800 um, preferably 50-500 ym.

Before and after laser treatment, t1/t0=1.01-5, preferably 1.05-3, more preferably 1.1-2.5,
most preferably 1.2-2.

It should be understood that the expandable tape layer of the present invention does not
require further crosslinking reaction during subsequent use, and the entire subsequent
expansion bonding process has the advantage of safety and controllability.

In the present invention, the laser intensity acted by the laser is 0.01%-20% of the rated
power, preferably 0.01%-10% of the rated power, and more preferably 0.01%-5% of the rated
power. The rated power of laser is 100W.

In the present invention, the laser processing time of the laser treatment is 0.5 s - 20 s,
preferably 0.5 s -15 s, and more preferably 0.5 s -10 s.

It should be understood that in order to realize directional and quantitative foaming, the
adjustment accuracy of laser intensity acted by the above laser should be 0.01% - 0.1% of
rated power, and the adjustment accuracy of laser processing time acted by the above laser

should be 0.1s - 1s, so as to realize the most ideal adjustment.

Adhesive tape

The structure of the adhesive tape of the invention includes but is not limited to the
following five forms:

Form 1: as shown in Fig. 3, the adhesive tape comprises only one expandable tape layer
and two release layers optionally located on either side of the expandable tape layer.

Preferably, the thickness of the expandable tape layer before expansion is 30-500 um,
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preferably 100-400 um, more preferably 200-350 um. After laser heating, the microsphere
expands to increase the volume of the adhesive tape, and the thickness of the expandable
tape layer is 31-700 um, preferably 50-500 um.

The thickness change of the expandable tape layer varies from 1 to 500%, preferably from
5 to 300%, before and after the laser action. For example, an expandable tape layer with a
thickness of 100 um can be changed to 101-500 um, preferably 105-300 pm under the action
of laser.

Form 2: as shown in Fig. 4, the adhesive tape comprises a reinforcing layer and
expandable tape layers located on two main surfaces of the reinforcing layer; the reinforcing
layer is a material including, but not limited to, the following group: polyolefin, polyester,
polyimide, polyurethane, rubber, or combinations thereof; the thickness of the reinforcing layer
is less than or equal to 150 um, preferably less than or equal to 100 um, preferably less than
or equal to 50 pm (e.g. 5-50 um, preferably 10-20 pm); the thickness of one-side expandable
tape layer is 30-200 ym (preferably 50-150 um); after laser heating, the volume of tape is
increased by the expansion of microspheres, and the thickness of expandable tape layer on
one side is expanded to 31-1000 um (preferably 32-600 u m); preferably, the reinforcing layer
is laser-transparent; preferably, the ratio of the thickness of one-sided expandable tape layer
to the thickness of the reinforcing layer before laser treatment is 0.5-100 (preferably 5-75).

The polyester includes, but is not limited to, the following materials: polyethylene
terephthalate, polybutylene terephthalate, polycarbonate, polymethyl methacrylate, or
combinations thereof.

It should be understood that the presence of a reinforcing layer in the adhesive tape of the
present invention not only significantly enhances the mechanical strength of the adhesive tape,
but also greatly facilitates the removal and reworking of the adhesive tape.

Form 3: as shown in Fig. 5, same as form 2, the difference is the upper side of the
reinforcing layer is an adhesive layer (without unfoamed microspheres) and the lower side is
an expandable tape layer, the thickness of the adhesive layer (without unfoamed microspheres)

before and after expansion is 30-200 um (preferably 50-150 pm), the thickness of the
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expandable tape layer before expansion is 50-300 um (preferably 50-200 pm), and the
thickness of the expandable tape layer after expansion is 51-1500 pm (preferably 53-600 ym);
preferably, the adhesive layer is laser-transparent or laser-heatable;

Form 4: as shown in Fig. 6, same as form 2, the difference is that the upper side of the
reinforcing layer is an expandable tape layer, the lower side is an adhesive layer (without
unfoamed microspheres), the thickness of the adhesive layer before and after expansion is
30-200 um (preferably 50-150 um), the thickness of the expandable adhesive tape layer before
expansion is 50-300 ym (preferably 50-200 pm), and the thickness of the expandable adhesive
tape layer after expansion is 51-1500 pm (preferably 53-600 pm);

Form 5: as shown in Fig. 7, the adhesive tape comprises an expandable adhesive tape
layer, an adhesive layer 1 and an adhesive layer 2 located on two main surfaces of the
expandable adhesive tape layer, the thickness of the expandable adhesive tape layer before
expansion is 30-500 ym (preferably 100-350 um), the expandable adhesive tape layer has a
thickness of 31-2500 pm (preferably 105-1050 um) after expansion, the adhesive layer is a
material including but not limited to the following group: acrylate, rubber, silica gel, or a
combination thereof, and the thickness of one adhesive layer is 5-100 um (preferably 20-70
pm), and the microsphere expands to increase the volume of the adhesive tape after laser

heating. Preferably, the adhesive layer is laser-transparent or laser-heatable.
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Laser assisted technology

Laser has the characteristics of good orientation, high brightness, pure color and great
energy.

In the invention, after the adhesive tape is adhered to the component, according to the
position of the gap, the adhesive tape can be treated by laser with high directivity, and the
adhesive tape can be expanded at fixed point and quantitatively to fill the gap according to the
demand.

In order for the laser energy to be efficiently transmitted to the adhesive tape, the energy
can be transmitted in the following methods:

method A: during the formation of the expandable tape layer, a first substance including
(but not limited to) carbon black, dye, or a combination thereof is added to the mixture to assist
heat absorption; the weight ratio of the first substance to the microspheres is 1-10, preferably
1.5-5;

method B: coating an ink layer and other materials that are easy to absorb heat (i.e.,
forming a heat absorbing material layer) inside the component on a part of the area (such as
the edge area of the tape) or all the areas near the interaction surface between the component
on the outside of the final product (such as mobile phone, etc.) and the tape; the thickness of
the heat absorbing material layer is 10-60 um, preferably 20-50 ym.

In the present invention, the laser intensity acted by the laser is 0.01%-20% of the rated
power, preferably 0.01%-10% of the rated power, and more preferably 0.01%-5% of the rated

power.

Sealing structure (or bonded sealing structure)

The invention provides a sealing structure which comprises a first component, an
adhesive tape and a second component in turn from outside to inside,

the first component is located on the outer layer, and the first component is laser-

transparent or laser-heatable;
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the adhesive tape is located in the middle layer, and the adhesive tape is used for bonding
and sealing the first component and the second component;

the second component is located in the inner layer.

In another preferred embodiment, the second component is laser-transparent or laser-
heatable.

In another preferred embodiment, the shape of the first component and the shape of the
second component do not match. The "do not match" means that when the first component
and the second component are assembled, there is an irregular gap between them.

In another preferred embodiment, the material of the first component and the material of
the second component are the same or different, each independently selected from the group
consisting of glass, ceramic, plastic, coating, metal, or a combination thereof.

In another preferred embodiment, the coating material is selected from the group
consisting of acrylate, polyurethane, silicone, or combinations thereof.

In another preferred embodiment, the first component is a curved back cover of an
electronic product.

In another preferred embodiment, the second component is a curved middle frame or a
planar middle frame of an electronic product.

In another preferred embodiment, the shape of the first component is irregular.

In another preferred embodiment, the shape of the second component is irregular.

In another preferred embodiment, the thickness of the adhesive tape is 50-500 pm,
preferably 100-450 um, more preferably 150-400um, most preferably 200-400um.

In the present invention, after the sealing structure is provided, to achieve complete filling,
bonding and sealing of the irregular gap between the first component and the second
component, the adhesive tape can be fixed-point expanded to fill, bond and seal the irregular
gap by laser orientation and positioning acting on the adhesive tape through the first
component (or heating the first component), thereby realizing complete adhesive sealing of

the first component and the second component.
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By way of example, the irregular gap means that there are at least two (e.g. 2-100, 5-80,
or 10-60) height values in the gap. The more the height value of the gap exists, the more
irregular the shape of the gap is, and the adhesive advantage of the adhesive tape of the
invention will be more prominent and obvious.

It should be understood that the adhesive tape of the present invention is particularly
suitable for bonding and filling the irregular assembly gaps between the first component and
the second component, which are difficult to fully fill, bond and seal by existing physical size
fixed tapes.

When the sealing structure is part of an electronic product such as a mobile phone, since
the electronic component of the electronic product cannot withstand the temperature
exceeding 80 °C, after assembly, the laser heating action can be limited to the target area
through the high directional action of the laser, and the non-target area can be completely
unaffected by the laser heating.

Fig. 15 illustrates the sealing structure for ease of understanding. It can be seen that the
directly bonded seal structure has a significant gap between the first component and the
second component due to the mismatch between the first component and the second
component.

Fig. 16 illustrates the sealing structure after laser treatment. It can be seen that the
adhesive tape is positioning expanded after laser orientation and positioning treatment of the
adhesive tape in the area containing the void, thereby realizing complete bonding of the first
component and the second component.

Compared with the existing structure, the adhesive tape in the sealing structure of the
invention can be positioned and quantitatively expanded according to the actual filling and
bonding requirements by adjusting the acting power, the acting time and the acting position of
the laser, so as to realize excellent filling and bonding of irregular gaps and excellent filling,
bonding and sealing effects. The high directivity of the laser enables the laser action to
accurately act on the target area without affecting the surrounding area. The high energy of

laser can realize rapid action and greatly improve the assembly efficiency.
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The sealing structure of the invention can carry out on-site conformal under the action of
laser, and is particularly suitable for bonding and sealing between irregular shape components.
Through the use of the laser-assisted adhesive tape, after the laser-assisted expansion,
the waterproof and dustproof performance of the electronic equipment as a whole can be
significantly improved, and the buffering and anti-seismic performance of the equipment can

be significantly improved.

Bonding device

In order to cooperate with the laser heating expansion, bonding and sealing of the
adhesive tape in the sealing structure, the invention also provides a bonding device, the
bonding device comprising:

1) a processing chamber used for laser processing of the adhesive tape in the sealing
structure;

2) a laser acting unit for providing directional and quantitative laser required for heating
and expanding the adhesive tape in the sealing structure;

3) a control unit used to control the laser heating process and the operation of the whole
equipment.

Generally, the control unit controls the laser heating process through a temperature

control mode or a power control mode.

Compared with the prior art, the present invention has the following main advantages:

(1) laser processing can make the expandable adhesive tape layer in the sealing structure
expand at fixed point and quantitatively with high selectivity and precision, so as to fully fill the
irregular gap;

(2) because of the high accuracy of laser processing, its action area can be limited to the
tape area that needs to be expanded, and other heat-related adverse effects will not be

produced on other parts of electronic products;
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(3) the expansion accuracy of the laser treatment can be controlled at the micron level
(e.g. 1-5um);

(4) the laser treatment can be directly added into the original processing technology of
electronic products, and the adaptability is very good;

(5) because laser processing has extremely high directional processing ability, the
processing method is especially suitable for situations with complex gap shapes, such as

stepped gaps or other irregular gaps.

The present invention will be further illustrated below with reference to the specific
examples. It should be understood that these examples are only to illustrate the invention but
not to limit the scope of the invention. The experimental methods with no specific conditions
described in the following examples are generally performed under the conventional conditions,
or according to the manufacture's instructions. Unless indicated otherwise, parts and
percentage are calculated by weight.

Unless otherwise defined, all professional and scientific terminology used in the text have
the same meanings as known to the skilled in the art. In addition, any methods and materials
similar or equal with the record content can apply to the methods of the invention. The method
of the preferred embodiment described herein and the material are only for demonstration

purposes.
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Name

manufacturer

physical and chemical properties

Expancel 053
DU40

from Akzo Nobel

Polymer Material: Polyacrylonitrile

foaming starting temperature: 96-103 °C
before foaming: the particle size is 10-16 ym,
and the thickness of polymer shell is about 2-5
pm

after foaming: the particle size is 30-45 pym, and
the thickness of polymer shellis 0.1-0.5 um

Expancel 920
DU120

from Akzo Nobel

Polymer Material: Polyacrylonitrile

foaming starting temperature: 122-132°C
before foaming: the particle size is 28-38 ym,
and the thickness of polymer shell is about 2-5
Mm

after foaming: the particle size is 80-120 ym,
and the thickness of polymer shell is 0.1-0.5
pum

Acrylate self-developed pressure sensitive adhesive type: modified

pressure pressure sensitive | acrylate, modified by resin tackification, brand

sensitive adhesive by Tesa tesa33

adhesive 1 Pressure sensitive adhesive characteristics:
high adhesion, high cohesion, excellent anti-
warping ability, excellent performance stability;
Pressure sensitive adhesive color: black

Acrylate self-developed pressure sensitive adhesive type: modified

pressure pressure sensitive | acrylate, modified by resin tackification, brand

sensitive adhesive by Tesa tesa34

adhesive 2 Pressure sensitive adhesive characteristics:

high adhesion, high cohesion, excellent anti-
warping ability, excellent performance stability;
pressure sensitive adhesive color: transparent

EXAMPLE 1 adhesive tape 1

As shown in Fig. 3, the adhesive tape 1 comprises only an expandable tape layer 1 made

from a mixture containing an acrylate pressure-sensitive adhesive 1 and Expancel 053 DU40

by coating, drying, slitting and die-cutting.

In the mixture, the weight ratio of pressure sensitive adhesive and foaming agent is 98: 2.

The thickness of the expandable tape layer 1 is 100 ym.
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EXAMPLE 2 adhesive tape 2

As shown in Fig. 4, the adhesive tape 2 comprises, from top to bottom, a first expandable
tape layer made from a mixture of an acrylate pressure sensitive adhesive 1 and Expancel 920
DU120 in a weight ratio of 98: 2, having a thickness of 100 um;

a reinforcing layer made from polyethylene terephthalate and has a thickness of 12 pm;

a second expandable tape layer made from a mixture of an acrylate pressure sensitive

adhesive 1 and Expancel 920 DU120 in a weight ratio of 97: 3 and has a thickness of 100 pm.

EXAMPLE 3 adhesive tape 3

As shown in Fig. 5, the adhesive tape 3 comprises, from top to bottom, a first adhesive
layer made from acrylate pressure sensitive adhesive 2, with a thickness of 100 pm;

a reinforcing layer made from polyethylene terephthalate and has a thickness of 12 ym;

an expandable tape layer made from a mixture of acrylate pressure sensitive adhesive 1

and Expancel 920 DU120 in a weight ratio of 97: 3, with a thickness of 100 ym.

EXAMPLE 4 adhesive tape 4

As shown in Fig. 6, the adhesive tape 4 comprises, from top to bottom, an expandable
tape layer made from a mixture of an acrylate pressure sensitive adhesive 1 and Expancel 920
DU120 in a weight ratio of 97: 3, with a thickness of 100 pm;

a reinforcing layer made from polyethylene terephthalate and has a thickness of 12 ym;

a first adhesive layer made from acrylate pressure sensitive adhesive 2, with a thickness

of 100 um.

EXAMPLE 5 adhesive tape 5

As shown in Fig. 7, the adhesive tape 5 comprises, from top to bottom, a first adhesive
layer made from acrylate pressure sensitive adhesive 2, with a thickness of 50 pym;

an expandable adhesive tape layer made from a mixture of an acrylate pressure sensitive

adhesive 1 and Expancel 920 DU120 in a weight ratio of 97: 3, with a thickness of 100 um;
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a second adhesive layer made from acrylate pressure sensitive adhesive 2, with a

thickness of 50 um.

EXAMPLE 6 adhesive tape 6
The same as Example 1, the difference is that Expancel 920 DU120 is used instead of
Expancel 053 DU40 as the unfoamed microspheres.

The thickness of the expandable adhesive tape layer in the adhesive tape 6 is 100 ym.

EXAMPLE 7 laser treatment

Taking the adhesive tape 1 of Example 1 as an example, the adhesive tape 1 was
irradiated with a laser intensity of 0.5% of the rated power (the rated power of the laser is 100W)
for 10s, and the thickness of the laser acting area of the adhesive tape was changed from 100
pm to 135 ym.

Fig. 8 is a schematic diagram of the laser-treated adhesive tape, and Fig. 9 is a thickness
test result of the laser-treated adhesive tape.

The thickness of the adhesive tape in the invention is measured as follows:

At room temperature, the sample was placed on a microscope platform, and the foamed
and unfoamed areas were highly scanned by 3D laser scanning microscope (instrument model
Keyence VK-X200K), and the height change of the sample surface during scanning was
recorded by computer. And the required area on the obtained height change curve was
selected, and the software will automatically calculate the height difference of the selected

area.

EXAMPLE 8 Gap Filling Performance Test
Test method
Attach the test tape and glass plate with 40 um thick printing ink, then attach it to another

flat glass (as shown in Fig. 10), observe the phenomenon of bubbles and bright lines caused
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by ink steps, treat the edge area of printing ink with laser for samples 3 and 4, and then observe

the improvement of bubbles and bright lines, and compare with samples 1 and 2.

Among them, samples 1-4 are shown in the following table:

Sample number | sample description

1 100 um acrylic foam tape 75410

2 150 ym acrylic foam tape 75415

3 100 ym adhesive tape 1 (foaming agent 053DU40)
4 100 ym adhesive tape 6 (foaming agent 920DU120)

Fig. 11 is a gap test diagram of No.1 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after being stored at room temperature for 24
hours after lamination.

It can be seen from Fig. 11 that after storing for 24 hours after lamination, there are still
bright lines and bubbles that are not completely attached to the edge of the ink.

Fig. 12 is a gap test diagram of No.2 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after being stored at room temperature for 24
hours after lamination.

It can be seen from Fig. 12 that after storing for 24 hours after lamination, there are still
bright lines and bubbles that are not completely attached to the edge of the ink.

Fig. 13 is a gap test diagram of No.3 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after lamination and stored at room temperature
for 4 hours after laser treatment (treatment power 1%, treatment time 15s) the edge of the ink.

It can be seen from Fig. 13 that after laser treatment, the bright lines and bubbles on the
edge of ink basically disappear.

Fig. 14 is a gap test diagram of No.4 adhesive tape, wherein a and b are photos taken
after lamination, and ¢ and d are photos taken after lamination and stored at room temperature
for 4 hours after laser treatment (treatment power 1%, treatment time 10s) the edge of the ink.

It can be seen from Fig. 14 that after laser treatment, the bright lines and bubbles on the

edge of ink basically disappear.
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Comparative example 1 infrared treatment

The same as in Example 8, the samples laminated with No.3 and No.4 adhesive tapes
were subjected to infrared treatment with a treatment power of 100W and a treatment time of
10s.

Fig. 17 is the infrared processing gap test diagram of No.3 adhesive tape.

Fig. 18 is the infrared processing gap test diagram of No.4 adhesive tape.

From Fig. 17 and Fig. 18, it can be seen that after infrared treatment, the thickness of
expandable tape layer has not changed obviously, and the bright lines and bubbles existing at
the edge of ink have not disappeared obviously, so it is impossible to realize the role of caulking,
and of course it is impossible to realize the role of full adhesion and sealing. At the same time,

infrared can not achieve accurate positioning and quantitative treatment.

All literatures mentioned in the present invention are incorporated by reference herein, as
though individually incorporated by reference. Additionally, it should be understood that after
reading the above teaching, many variations and modifications may be made by the skilled in

the art, and these equivalents also fall within the scope as defined by the appended claims.
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Claims

1. A laser-assisted adhesive tape, characterized in that the adhesive tape includes at least
one expandable tape layer,

the expandable tape layer comprises pressure-sensitive adhesive and unfoamed
microspheres and/or partially foamed microspheres distributed in the pressure-sensitive
adhesive;

the unfoamed microspheres and/or the partially foamed microspheres can undergo
directional and quantitative on-site foaming under the action of a laser.

2. The adhesive tape according to claim 1, wherein by the total weight of one expandable
tape layer, the weight content of the unfoamed microspheres in the expandable tape layer is
0.1-15.0 wt%; and/or

the weight content of the partially foamed microspheres in the expandable tape layer is
0.1-5.0 wt%.

3. The adhesive tape according to claim 1, wherein the thickness of the expandable tape
layer before laser treatment is t0, and the thickness of the expandable tape layer after laser
treatmentis t1, t1/10 = 1.01 -5.

4. The adhesive tape according to claim 1, wherein the adhesive tape comprises a
reinforcing layer and two expandable tape layers adhered to two main surfaces of the
reinforcing layer.

5. The adhesive tape according to claim 1, wherein the adhesive tape comprises a
reinforcing layer, a first adhesive layer without microspheres adhered to one main surface of
the reinforcing layer, and an expandable tape layer adhered to the other main surface of the
reinforcing layer.

6. The adhesive tape according to claim 1, wherein the adhesive tape comprises an
expandable tape layer and two adhesive layers without microspheres adhered to the two main

surfaces of the expandable tape layer.
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7. A sealing structure, characterized in that the sealing structure comprises from the
outside to the inside in order: a first component, the adhesive tape according to claim 1, and a
second component, wherein:

the first component is an outer layer, and the first component is laser-transparent or laser-
heatable;

the adhesive tape is an intermediate layer, and the adhesive tape is used for bonding and
sealing the first component and the second component;

the second component is an inner layer.

8. The sealing structure according to claim 7, wherein the material of the first component
and the material of the second component are the same or different, and are each
independently selected from the group consisting of glass, ceramic, plastic, coating or
combinations thereof.

9. The sealing structure according to claim 7, wherein the shape of the first component
and the shape of the second component do not match.

10. The sealing structure according to claim 7, wherein an irregular gap exists in an area
formed between the first component and the second component, and the irregular gap has at

least two different heights.
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