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ADHESIVE TAPE COMPOSITION AND ADHESIVE TAPE PREPARED FROM SAME

TECHNICAL FIELD OF THE INVENTION

The present invention relates to an adhesive tape composition and an adhesive tape prepared from same.
In particular, the present invention relates to a low temperature thermosetting structural adhesive

composition and an adhesive tape prepared from same.

TECHNICAL BACKGROUND OF THE INVENTION

Current electronic products such as laptops, products for vehicles, portable mobile terminals are designed
to be of small size, light weight, thin thickness and high efficiency in production. This trend requires
that more and more plastic materials are used for such products. As for bonding techniques, extremely

high adhesive strength would thus berequired to achieve the bonding of small areas.

Typicaly, one-component or two-component structural glues may satisfy the bonding requirements of
these products;, however, such structural glues exhibit numerous flaws, for example, irremovable, not
reworkable, uncontrollable bonding area which would result in an inaesthetic bonding surface. Some
structural glues comprise a huge amount of solvent and thus it takes extremely long time (low efficiency),
or require a high temperature (not adapted to plastic materials which can not withstand high temperature)
for the glues to cure.  All these flaws have limited extensive use of the structural glues in the aforesaid

products.

Another typicad widely used adhesive tape material is pressure-sensitive adhesive tape.
Pressure-sensitive adhesive tape is very easy to use as the bonding can be achieved by exerting thereon
only a very small force and thus a long period or high temperature cure becomes unnecessary.
Pressure-sensitive adhesive tapes may be used directly upon shaped by die-cutting and achieve
continuous production, and thus exhibit extremely high bonding efficiency. Nevertheless,
pressure-sensitive adhesive tape has a flaw, i.e. the bonding strength being weak, generally smaller than

IMPa, and thus it isnot adapted to small area bonding.
-1-
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Structural adhesive tape has both the advantages of structural glue and pressure-sensitive adhesive tape,
i.e. structural adhesive tape can be used very easily like a pressure-sensitive adhesive tape, and can also
be imparted the same strength of a structural glue or a semi-structural glue upon activation by a certain

energy, such as UV light or heat).

WO 9957216 (Al) (Karim Naimul, etal) employed a thermoplastic material, such as EVA, to hybridize
with epoxy resin, and the cure of epoxy resin was initiated using a cationic photoinitiator to effect the

bonding at room temperature; however, this method requires irradiation by UV light prior to bonding.

Furthermore, with respect to the currently developed structural adhesive tape, the room temperature
retention time is relatively short (typically less than one month) and the retention and transportation needs
to be done under freeze (lower than 5 degree C) conditions. Additionaly, the curing temperature is

relatively high, which istypically up to 100 degree C.

Therefore, it is of significance to provide a structural adhesive tape which can be cured at arelatively low

temperature and has along retention time at room temperature.

SUMMARY OF THE INVENTION

The present invention relates to a structural adhesive tape composition which is cured at low temperature,
in particular, to a low temperature curable structural adhesive tape comprising a hybrid system of
acrylate/epoxy resin where the cure of epoxy resin is initiated by a cationic thermal initiator. The
initiation temperature of the cationic thermal initiator can be as low as 80 degree C and such a
pressure-sensitive structural adhesive tape has a room temperature retention time as long as 6 months.
As aresult, the present invention can be used to bond plastic materials which can not endure a high
temperature, such as acrylonitrile butadiene styrene (ABS), polycarbonate (PC), and

polymethylmethacrylate (PMMA).

According to one aspect of the present invention, an adhesive tape composition is provided. The

adhesive tape composition comprises:
-0
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25-75 wt.% of an acrylate monomer;

20-70 wt.% of an epoxy resin;

0.001-3 wt.% of afreeradical photoinitiator;
0-10 wt.% of afumed silica; and

0.02-5 wt.% of acationic thermal initiator,

based upon the total weight of the adhesive tape composition.

According to another aspect of the present invention, an adhesive tape isprovided. The adhesivetapeis
produced by a method comprising: coating the adhesive tape composition as described above in a liquid

form onto arelease material and curing the composition by UV irradiation.

Compared with prior art, a low temperature curable structural adhesive tape can be produced from the
composition of the present invention. The structural adhesive tape can be cured by heating a low
temperature, for example, 80 degree C. Another benefit of the present invention isthat the adhesive tape
can be preserved for ardatively long period of time a room temperature (as long as 6 months a room
temperature), while currently available structural adhesive tapes all require low temperature freeze
preservation (lower than 5 degree C). As a result, the transportation and preservation costs can be

significantly decreased.

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise provided in the invention, "room temperature’ used herein refers to a temperature

between 20 degree C and 25 degree C.

A low temperature curable structural adhesive tape can be produced using the composition of the present
invention. By "low temperature curable structural adhesive tape”, it is meant that the structural adhesive
tape exhibits the behavior of atypical pressure-sensitive adhesive tape a the initial stage of bonding
(initial adhesion by which the articles can be bonded by exerting only a minor force; formable by die

cutting); after cure by low temperature heating (for example, 80 degree C), it can be transformed to an
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adhesive tape with a strength of from semi-structural strength to structural strength and thus the adhesive
tape can be used to bond plastic articles which can not endure a high temperature , such as PC, PMMA,

ABS and the like.

In the present invention, an adhesive tape composition is provided. The adhesive tape composition

comprises.

25-75 wt.% of an acrylate monomer;

20-70 wt.% of an epoxy resin;

0.001-3 wt.% of afreeradica photoinitiator;
0-10wt.% of afumed silica; and

0.02-5 wt.% of acationic thermal initiator,

based upon the total weight of the adhesive tape composition.

In the adhesive tape composition according to the present invention, an acrylate monomer is used to
provide the subsequently formed structural adhesive tape with initial adhesion to effect the initia
adhesion of the materials to be bonded (for example, electronic devices). For the purpose of ensuring
that the acrylate monomer is compatible well with other components contained in the composition, it is
required to make selection asto the compatibility of the acrylate monomer. In the present invention, the
solubility parameter of the acrylate monomer isbetween 9.3 and 13.5 (cal/cm?®)>*(see, Journal of Applied
Polymer Science, vol. 116, pages 1-9 (2010)). Examples of acrylate monomer useful in the present
invention include one or more substance selected from the group consisting of tert-butyl acrylate (tBA,
solubility parameter: 9.36), phenoxy ethyl acrylate (PEA, solubility parameter: 10.9), isobornyl acrylate
(IBOA, solubility parameter: 9.71), Propenoic acid, 2-hydroxy-3-phenoxypropyl ester (HPPA, solubility
parameter: 12.94), N-vinypyrrolidone (NVP, solubility parameter: 13.38), and

n-vinyl-epsilon-caprolactam (NVC, solubility parameter: 12.1), and the like.

The amount of the acrylate monomer as described above present in the acrylate/epoxy resin hybrid system
based structural adhesive tape composition of the present invention is typicaly between 25 wt.% and 75

wt.%, more preferably between 40 wt% and 60 wt%. As such, the acrylate monomer can be
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compatible well with the epoxy resin and bring very good toughening effect to the cured epoxy resin.

Epoxy resin is used in the adhesive tape composition of the present invention. By cure of the epoxy
resin via heating a low temperature (about 80 degree C), a complete cure of the adhesive tape produced
from the adhesive tape composition may be provided, and thus impart the adhesive tape a desired strength.
According to some preferred embodiments of the present invention, the epoxy resin used herein may
contain a least two epoxy groups in the molecule and the epoxy equivalent may be in the range of
between 150 and 600. In particular, widely known epoxy resins such as ring ester epoxy resins and
epoxidation polyolefms such as glycidyl ethers derived from the reactions of epichlorhydrin with
polyphenols such as bisphenol A, bisphenol F, bisphenol S, hexahydrohsphenol A . tetramethylbisphenol A,
diaryl bisphenol A, and tetramethylbisphenol F. Examples of commercially available epoxy resins
include YD128 having an epoxy equivalent of about 187, and KD212 having an epoxy equivaent of 535

(Kudko Chemical, Kunshan, Jiangsu, China).

The amount of the epoxy resins as described above present in the acrylate/epoxy resin hybrid system
based structural adhesive tape composition of the present invention is typically between 20 wt.% and 70
wt.%, more preferably between 30 wt.% and 60 wt.%. As such, a sufficient strength of the structural

adhesive tape can be ensured after cure.

A free radical photoinitiator is used in the adhesive tape composition of the present invention to
polymerize the acrylate monomers under irradiation of light (for example, UV light) to provide an initial
adhesion. A free radical photoinitiator is a compound which a photochemical reaction may occur to
generate free radicals upon being irradiated by light. The free radicals generated by the free radica
photoinitiator can initiate free radical polymerization of the system which would result in cure of the
same. Photoinitiators of different structures may have different absorption spectrum and free radical
activity. Examples of free radical photoinitiators include: acetophenones such as
2,2-dimethoxy-2-phenylacetophenone (BDK), 1-hydroxycyclohexyl phenyl ketone  (184),
2-hydroxy-2-methyl-phenyl-propane- 1-one (1173), thioxanthones such as 2- isopropyl thioxanthone or 4-
isopropyl thioxanthone (ITX), acryl phosphine oxides such as 2,4,6-trimethylbenzoyldiphenyl phosphine

oxide (TPO) and 2 ,4,6-trimethylbenzoyldiphenyl phosphine oxide (819), and the like.
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The amount of the free radical photoinitiators as described above present in the acrylate/epoxy resin
hybrid system based structural adhesive tape composition of the present invention is typically between
0.001 wt.% and 3.0 wt.%, more preferably between 0.25 wt.% and 2.2 wt.%. |If the amount of the free
radical photoinitiators is too low, the curing speed of the low temperature cure pressure-sensitive
structural glue may betoo slow upon UV light irradiation and thus the coating speed may be slow. |f the
amount of the free radical photoinitiators is too high, the curing speed of the low temperature cure
pressure-sensitive structural glue may be too quick upon UV light irradiation and thus the molecular
weight of the resulting acrylate copolymer may betoo low, which may not be able to toughen the epoxy

resins effectively.

According to some preferred embodiments of the present invention, afumed silicamay be added to the
acrylate/epoxy resin hybrid system based structural adhesive tape composition of the present invention to
adjust the viscosity of the composition such that aviscosity required for the coating of the composition
can be achieved. The fumed silicawould not be limited so long asit can be used to adjust the viscosity
of the glue. Commercialy available fumed silicaincludes R974, which is produced by EVONIK

Indusrries.

The amount of fumed silica as described above present in the acrylate/epoxy resin hybrid system based
structural adhesive tape composition of the present invention istypically between O wt.% and 10 wt.%,
more preferably between 3wt.% and 5wt.%. By using the fumed silicain an amount in the range as
provided above would result in an optimal coordination between tensile strength and elongation. When
the amount of fumed silicais zero, the resulting adhesive tape composition would be relatively thin, while
when the amount of the fumed silicais 10, the resulting adhesive tape composition would bevery thick;
however, the both as described above can achieve the purpose of the present invention, i.e. to provide a
structural adhesive tape which can be cured a relatively low temperature and preserved for along period
of time & room temperature. Even so, when the amount of the fumed silica is greater than 10 wt. %, the

resulting adhesive tape may betoo rigid.

A cationic thermal initiator isused in the adhesive tape composition of the present invention to facilitate a

-6 -



10

15

20

25

30

WO 2013/101693 PCT/US2012/071123
complete cure of the adhesive tape composition at low temperature (80 degree C) heating such that the
adhesive tape is provided with an ultimate strength. The amount of the cationic thermal initiator used in
the acrylate/epoxy resin hybrid system based structural adhesive tape composition isvery small; however,
it would exhibit a significant effect on the curing speed and preservation stability of the acrylate/epoxy

resin hybrid system based structural adhesive tape composition.

The cationic thermal initiator is selected from one or more substance selected from the group consisting
of a hexafluoroantimonate, trifluoromethanesulfonic acid, and the like. Examples of commercially
available cationic thermal initiator include: ICAM8409 (a hexafluoroantimonate cationic thermal initiator)
produced by Shenzhen Chuchuang Applied Materials Co., Ltd), CXC-1612 (a hexafluoroantimonate
cationic thermal initiator) produced by Jinshi Co., Ltd and CXC-1614 (a trifluoromethanesulfonic acid

cationic thermal initiator) also produced by Jinshi Co., Ltd.

The amount of the cationic thermal initiator as described above present in the acrylate/epoxy resin hybrid
system based structural adhesive tape composition of the present invention istypically between 0.02 wt.%
and 5 wt.%, more preferably between 0.5 wt.% and 2.5 wt.%. If the amount of the cationic thermal
initiator in the composition istoo low, the required curing temperature would be high, the curing speed
would be slow but the preservation stability a room temperature would be good. In contrast, if the
amount of the cationic thermal initiator in the composition is too high, the required curing temperature
would be low, the curing speed would be high but the preservation stability at room temperature would be

decreased.

The viscosity of the acrylate/epoxy resin hybrid system based structural adhesive tape composition of the
present invention should bein the range of between 500 cPs and 23,000 cPs, more preferably in the range
of between 1,500 cPs and 16,000 cPs prior to the cure upon irradiation by UV light. Niether extremely
high viscosity nor extremely low viscosity would facilitate the coating of the acrylate/epoxy resin hybrid

system based structural adhesive tape composition.

According to another aspect of the present invention, an adhesive tape isprovided. The adhesive tape is

produced according to the following method comprising: coating the adhesive tape composition as
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described above in aliquid form onto arelease material and curing the compoasition by UV irradiation.

The acrylatelepoxy resin hybrid system based structural adhesive tape composition of the present
invention may be coated in aliquid form onto a double sided release paper or arelease film of a certain
thickness using a conventional coating method, and dried and cured by UV irradiation to form aglue film

having acertain thickness.

Useful coating methods include roller blade coating, comma roll coating, drag blade coating, reverse rall
coating, Mayer coating, gravure roll coating, slot die coating, and the like. More preferable coating

methods are comma roll coating and slot die coating.

Settings of light intensity and residence time for the UV oven which is used to partially cure the
composition of the present invention by UV irradiation may be the following: area 1: 2.2 mw/cm?,

residence time: 50s; area 2: 9.1 mw/cm?2, residence time; 60s; area 3: 18 mw/cm?, residence time: 9s.

The low temperature curable adhesive tape obtained from the present invention has athickness (dry glue
thickness) of from 8 um to 250 uni, preferably from 25 um to 150 pni, more preferably from 50 um to
125 yum. Toothick or too thin are not good for coating and use.

TestingMethods

The samples obtained from the examples and the comparative examples were tested according to the

testing methods below.

90° Pedl Test

90° peel test was conducted on the samples according to the method described in FINAL FTM 2 (the 8®

edition, FINAT TECHNICAL MANNUAL FOR TESTING METHODS) (Published by the FINAT

Technical Committee in July, 2009) to obtain the release force, peel strength and shear strength.
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Room Temperature Retention Test

Release force changes were measured with respect to the samples a room temperature, upon a certain
period of storage, according to the 90° peel test method as described above to assess the room temperature
retention performance, that is, the adhesive tapejust produced according to the present invention was first
tested to determine the 90° release force Po, and after a period of storage a room temperature, the
adhesive tape sample was then tested using the same method to determine the 90° release force Pi  If the
90° release force Pi of the adhesive sample can be up to 80% of the 90° release force Po after a period of

storage, the period of storage can be deemed as the longest retention period of the adhesive tape.

Low Temperature Cure Test

The release paper for the low temperature thermosetting structural adhesive tape was removed and the
glue surface of the tape was attached to a standard test steel plate and then the standard test steel plate
attached with the adhesive tape was placed into an 80 degree C oven for 3 hours.  Next, the standard test
steel plate attached with the adhesive tape was placed in an environment of 25 degree C and 50% constant
humidity prior to being tested for cure performance. In the cure performance test, the release paper on
the other side of the adhesive tape after storage was removed and the exposed tape may be pressed by a

finger. If the tape was not tacky, it can be deemed that the adhesive has been cured completely.

Examples

Examples will be provided to further describe the present invention. It should be understood that the
scope of the present invention would be defined by the appended claims rather than be limited to the
examples.

Unless otherwise provided, the percentage used herein refers to weight percentage.

Materials;

Product Name Description Supplier

-9-
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PEA phenoxy ethyl acrylate (PEA, | San Ester Company
solubility parameter: 10.9)

t-BA tert-butyl acrylate (tBA, solubility | BASF
parameter: 9.36)

IBOA isobornyl acrylate (IBOA, | San Ester Company
solubility parameter: 9.71)

YD128 epoxy resin, epoxy equivaent: | Kudko Chemical (Kunshan)
197, in liquid form a room | Co., Ltd
temperature under atmosphere

KD212 epoxy resin (glycidyl ether of | Kudko Chemical (Kunshan)
bisphenol A, CAS No. | Co,, Ltd
25036-25-3); epoxy equivaent:
535

R974 hydrophobic  fumed silica EVONIK Industries

Irgacure65 1 Free radical photoinitiator, 2, 2 | Ciba
-dimethoxy-2-phenylacetophenone

ICAM 8409 a hexafluoroantimonate cationic | Shenzhen Chuchuang
thermal initiator, initiation | Applied Materias Co., Ltd
temperature: 80 degree C

CXC-1612 a closed type | Jinshi Co., Ltd
hexafluoroantimonate cationic
thermal initiator, initiation
temperature: 80 degree C

CXC-1614 a trifluoromethanesulfonic  acid | Jinshi Co., Ltd

cationic thermal initiator, initiation

temperature: 100 degree C

Example 1

Components

Percentage (%)
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PEA 24.88
tBA 25.38
YD 128 33.93
KD212 1131
R974 3.52
Irgacure65 1 0.15
ICAM 8409 0.83

At room temperature, an air agitator (ZD-J1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 62.20 g of PEA, 63.45 g of tBA, 84.83 g of YD128, 28.28 g of KD212, 0.38 g of
Irgacure651 and 2.08 g of ICAM8409 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution
having aviscosity being 155 cPs. Next, 8.80 g of R974 was added to the system above and subjected to
high speed dispersion for 20 minutes to make the system have a viscosity of up to 6500 cPs. The
resultant mixture was left to stand for 20 minutes to remove air bubbles. A comma roll coater (Y S-T300,
available from Changzhou Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET
release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both
sides with silicon release agent (Dow Corning, DC-292) to obtain a PET release film coated with the
adhesive tape composition having a coating thickness being controlled to 50 microns (dry glue thickness).
Then, another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick)
was covered on the adhesive tape composition coating layer of the PET release film which was coated

with the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 9 months; the adhesive
tape was cured completely upon heating a 80 degree C for 0.5 hours; the 90 degree peel strength of the
adhesive tape with respect to the stainless steel plate was up to 2.344 N/mm; the shear strength was up to

5.45 MPa

Example 2
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Components Percentage (%)
PEA 24.88
tBA 25.38
YD 128 34.49
KD212 11.31
R974 3.52
Irgacure6b 1 0.15
ICAM8409 0.27

At room temperature, an air agitator (ZD-J-1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 62.20 g of PEA, 63.45 g of tBA, 86.23 g of YD128, 28.28 g of KD212, 0.38 g of
Irgacure651 and 0.68 g of ICAM8409 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution
having aviscosity ofl55 cPs. Next, 8.80 g of R974 was added to the system above and subjected to high
speed dispersion for 20 minutes to make the system have aviscosity being up to 6500 cPs.  The resultant
mixture was left to stand for 20 minutes to remove air bubbles. A comma roll coater (YS-T300,
available from Changzhou Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET
release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both
sides with silicon release agent (Dow Corning, DC-292) to obtain a PET release film coated with the
adhesive tape composition having a coating thickness being controlled to 50 microns (dry glue thickness).
Then, another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick)
was covered on the adhesive tape composition coating layer of the PET release film which was coated

with the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 1year; the adhesive
tape was cured completely upon heating at 80 degree C for 3 hours; the 90 degree pedl strength of the
adhesive tape with respect to the stainless stedl plate was up to 1.24 N/mm; the shear strength was up to

3.64 MPa.

Compared with example 1, the amount of the cationic thermal initiator used in example 2 was decreased,
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and thereby the room temperature retention time was extended but the strength was somewhat decreased.

Example 3
Components Percentage (%)
PEA 24.88
tBA 25.38
YD128 32.53
KD212 11.31
R974 3.52
Irgacure651 0.15
ICAMS8409 2.23

At room temperature, an air agitator (ZD-J1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 62.20 g of PEA, 63.45 g of tBA, 81.33 g of YD128, 28.28 g of KD212, 0.38 g of
Irgacure651 and 5.58 g of ICAM8409 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution
having aviscosity of 155 cPs. Next, 8.80 g of R974 was added to the system above and subjected to
high speed dispersion for 20 minutes to make the system have a viscosity of up to 6500 cPs. The
resultant mixture was |eft to stand for 20 minutes to remove air bubbles. A commaroll coater (Y S-T300,
available from Changzhou Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET
release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both
sides with silicon release agent (Dow Corning, DC-292) to obtain a PET release film coated with the
adhesive tape composition having a coating thickness being controlled to 50 microns (dry glue thickness).
Then, another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick)
was covered on the adhesive tape composition coating layer of the PET release film which was coated

with the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 1 month; the adhesive

tape was cured completely upon heating a 80 degree C for 5 minutes; the 90 degree ped strength of the
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adhesive tape with respect to the stainless steel plate was up to 0.87 N/mm; the shear strength was up to

2.64 MPa

Compared with examples 1 and 2, the amount of the cationic thermal initiator in example 3 was too high
and thus the room temperature retention time of the resultant adhesive tape was too short, and the strength

was decreased due to excess reaction after the low temperature cure.

Example 4
Components Percentage (%)
PEA 22.6
IBoA 29.95
YD128 45.46
R974 1.68
Irgacure651 0.15
CXC-1612 0.16

At room temperature, an air agitator (ZD-J1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 56.50 g of PEA, 74.88 g of IBOA, 113.65 g of YD128, 0.38 g of Irgacure651 and 0.4
g of CXC-1612 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution having aviscosity of 75
cPs. Next, 4.20 g of R974 was added to the system above and subjected to high speed dispersion for 20
minutes to make the system have aviscosity of up to 1,500 cPs. The resultant mixture was left to stand
for 20 minutes to remove air bubbles. A comma roll coater (YS-T300, available from Changzhou
Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET release film (Mitsubishi
polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both sides with silicon
release agent (Dow Corning, DC-292) to obtain a PET release film coated with the adhesive tape
composition having a coating thickness being controlled to 50 microns (dry glue thickness). Then,
another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) was

covered on the adhesive tape composition coating layer of the PET release film which was coated with
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the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 1year; the adhesive
tape was cured completely upon heating at 80 degree C for 3 hours; the 90 degree peel strength of the
adhesive tape with respect to the stainless steel plate was up to 1.07 N/mm; the shear strength was up to

4.48 MPa.

Compared with examples 1 and 2, the cationic thermal initiator used in example 4 was a closed type
cationic thermal initiator and the amount of the same was much lower. As a result, the room
temperature retention time of the adhesive tape was up to more than 1 year, but the strength was

somewhat decreased.

Example 5
Components Percentage (%)
PEA 22.6
IBoA 29.95
YD128 43.24
R974 3.52
Irgacure651 0.15
CXC-1612 0.54

At room temperature, an air agitator (ZD-J-1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 56.50 g of PEA, 74.88 g of IBoA, 108.10 g of YD128, 0.38 g of Irgacure65 1 and
1.35 g of CXC-1612 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution having aviscosity of
75 cPs.  Next, 8.80 g of R974 was added to the system above and subjected to high speed dispersion for
20 minutes to make the system have aviscosity being up to 1,500 cPs. The resultant mixture was left to
stand for 20 minutes to remove air bubbles. A comma roll coater (YS-T300, available from Changzhou

Yongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET release film (Mitsubishi
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polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both sides with silicon
release agent (Dow Corning, DC-292) to obtain a PET release film coated with the adhesive tape
composition having a coating thickness being controlled to 50 microns (dry glue thickness). Then,
another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) was
covered on the adhesive tape composition coating layer of the PET release film which was coated with

the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 9 months; the adhesive
tape was cured completely upon heating a 80 degree C for 30 minutes; the 90 degree C ped strength of
the adhesive tape with respect to the stainless steel plate was up to 1.77 N/mm; the shear strength was up

to 7.48 MPa.

Compared with example 4, the cationic thermal initiator used in example 5 was a closed type cationic
thermal initiator and the amount of the same was increased. As aresult, the room temperature retention

time of the adhesive tape was shortened, but the strength was somewhat increased.

Example 6
Components Percentage (%)
PEA 22.6
IBoA 29.95
YD128 39.62
R974 6.32
Irgacure651 0.15
CXC-1612 1.36

At room temperature, an air agitator (ZD-J1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 56.50 g of PEA, 74.88 g of IBoA, 99.05 g of YD128, 0.38 g of Irgacure65 1 and

3.40 g of CXC-1612 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution having aviscosity of
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75cPs.  Next, 15.80 g of R974 was added to the system above and subjected to high speed dispersion for
20 minutes to make the system have aviscosity being up to 15,500 cPs. The resultant mixture was left
to stand for 20 minutes to remove ar bubbles. A comma roll coater (YS-T300, available from
Changzhou Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET release film
(Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both sides with
silicon release agent (Dow Corning, DC-292) to obtain a PET release film coated with the adhesive tape
composition having a coating thickness being controlled to 50 microns (dry glue thickness). Then,
another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) was

covered on the adhesive tape composition coating layer of the PET release film which was coated with

the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 3 months; the adhesive
tape was cured completely upon heating a 80 degree C for 5 minutes; the 90 degree ped strength of the
adhesive tape with respect to the stainless steel plate was up to 1.32 N/mm; the shear strength was up to

2.50 MPa.

Compared with examples 4 and 5, the cationic thermal initiator used in example 6 was a closed type
cationic thermal initiator and the amount of the same was increased. As aresult, the room temperature
retention time of the adhesive tape was shortened, and the strength was somewhat decreased due to excess

reaction after cure.

Example 7
Components Percentage (%)
PEA 24.88
tBA 25.38
YD128 33.93
KD212 11.31
R974 3.52
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Irgacure651 0.15

CXC-1614 0.83

At room temperature, an air agitator (ZD-J1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 62.20 g of PEA, 63.45 g tBA, 84.83 g of YD128, 0.38 g of Irgacure651 and 2.08 g
of CXC-1614 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution having aviscosity of 155
cPs. Next, 8.80 g of R974 was added to the system above and subjected to high speed dispersion for 20
minutes to make the system have a viscosity of up to 6500 cPs. The resultant mixture was left to stand
for 20 minutes to remove air bubbles. A comma roll coater (YS-T300, available from Changzhou
Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET release film (Mitsubishi
polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both sides with silicon
release agent (Dow Corning, DC-292) to obtain a PET release film coated with the adhesive tape
composition having a coating thickness being controlled to 50 microns (dry glue thickness). Then,
another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) was
covered on the adhesive tape composition coating layer of the PET release film which was coated with

the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 1.5 years; the adhesive
tape was cured completely upon heating a 105 degree C for 5 minutes; the 90 degree peel strength of the
adhesive tape with respect to the stainless steel plate was up to 2.87 N/mm; the shear strength was up to

8.64 MPa.

Compared with example 1, the initiation temperature of the cationic thermal initiator used in example 7
was increased (100 degree C). Asaresult, the room temperature retention time of the adhesive tape was
up to 1.5 years, and both the peel strength and the shear strength were somewhat increased after the high

temperature cure (105 degree C).
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Example 8
Components Percentage (%)
PEA 52.55
YD128 43.24
R974 3.52
Irgacure651 0.15
CXC-1612 0.54

At room temperature, an air agitator (ZD-J1, available from Shanghai Zuoda Coating Equipments Co.,
Ltd) was used to mix 131.38 g of PEA, 108.10 g of YD128, 0.38 g of Irgacure651 and 1.35 g of
CXC-1612 for 30 minutes to obtain an acrylate/epoxy resin hybrid solution having aviscosity of 75 cPs.
Next, 8.80 g of R974 was added to the system above and subjected to high speed dispersion for 20
minutes to make the system have aviscosity of up to 1,500 cPs. The resultant mixture was left to stand
for 20 minutes to remove air bubbles. A comma roll coater (YS-T300, available from Changzhou
Y ongsheng Packing Co. Ltd) was used to coat the resultant mixture onto a PET release film (Mitsubishi
polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) which was coated on both sides with silicon
release agent (Dow Corning, DC-292) to obtain a PET release film coated with the adhesive tape
composition having a coating thickness being controlled to 50 microns (dry glue thickness). Then,
another layer of PET release film (Mitsubishi polyester film, Hostaphan 2SAB/SAC, 0.05 mm thick) was
covered on the adhesive tape composition coating layer of the PET release film which was coated with

the adhesive tape composition to obtain an adhesive tape.

The adhesive tape so obtained was tested according to the testing methods as described above and the
results indicated that the room temperature retention time of the adhesive tape was 9 months; the adhesive
tape was cured completely upon heating at 80 degree C for 25 minutes; the 90 degree peel strength of the

adhesive tape with respect to the stainless steel plate was up to 1.43 N/mm; the shear strength was up to

-19-



10

WO 2013/101693 PCT/US2012/071123

6.73 MPa.

Compared with other examples, only an acrylate monomer and an epoxy resin were used in example 8.
As aresult, the room temperature retention time of the adhesive tape was kept substantially unchanged,
and both the peel strength and the shear strength were not high; however, example 8 could also achieve

the purpose of the present invention.

Although examples have been provided to further describe the present invention, it should be understood
that the scope of the present invention would rather be defined by the appended claims than be limited to
the examples. The person of ordinary skill in the art will understand that various modifications and
alterations may be made without departing the spirit of the present invention, and such modifications and
alterations would rather be covered by the scope of the present invention which is defined by the

appended claims.
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What is Claimed is:

1. A bonding tape composition, based on the total weight of the bonding tape composition,
comprising:

25-75 percent by weight of an acrylate monomer;

20-70 percent by weight of an epoxy resin;

0.001-3 percent by weight of aradical photo-initiator;

0- 10 percent by weight of afumed silica; and

0.02-5 percent by weight of a cationic thermal initiator.

2. The bonding tape composition according to claim 1, wherein the acrylate monomer has a

solubility parameter in arange of 9.3 to 13.5.

3. The bonding tape composition according to claim 1 or 2, wherein the acrylate monomer is one or
more selected from the group consisting of tert-butyl acrylate, phenoxyethyl acrylate, isobornyl acrylate,

2-hydroxyl-3-phenoxypropyl acrylate, N-vinyl-2- pyrrolidone, and N-vinylcaprolactam.

4. The bonding tape composition according to clam 1 or 2, wherein the acrylate has an epoxy

equivaent in arange of 150 to 600.

5. The bonding tape composition according to claim 1or 2, wherein the radical photo-initiator is
one or more selected from the group consisting of 2, 2-dimethoxy-2-phenyl acetophenone,
1-hydroxylcyclohexylphenylmethanone, 2-hydroxyl-2-methyl- 1-phenylpropane- 1-one,
2-isopropylthioxanthone, 4-isopropylthioxanthone, 2, 4, 6-trimethylbenzoyldiphenylphosphine oxide, and

bis(2, 4, 6-trimethylbenzoyl)-phenylphosphine oxide.

6. The bonding tape composition according to claim 1 or 2, wherein the bonding tape composition

comprises 3-5 percent by weight of the fumed silica.

7. The bonding tape composition according to claim 1or 2, wherein the cationic thermal initiator is
one or more selected from the group consisting of hexafluoroantimonates and trifluoromethanesulfonic

acid.
_21-
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8. The bonding tape composition according to claim 1 or 2, wherein the bonding tape composition

has aviscosity in arange of 500 to 23000 cPs.

9. A bonding tape prepared by coating a bonding tape composition according to any one of claims
1-8 in liguid form onto a releasing material and curing the bonding tape composition by irradiating

ultraviolet light.

10. The bonding tape according to claim 9, wherein the releasing material is releasing paper or

releasing film.

11. The bonding tape according to claim 9, wherein the bonding tape has athickness of 8-250 pm.
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