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TITLE OF THE INVENTION
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by the use thereof

TECHNICAL FIELD

The preserit invention relates to ultraviolet-curing
adhesive compositions for use in cathode ray tubes and resulting
cured products. Mére specifically, the present invention relates
to adhesive compositions for use in cathode ray tubes intended
for televisions and other various displays and resulting cured
products. Such adhesive compositions may be suitably used in
cathode ray tubes by spreading them over a non—ﬁolished surface
of panel-glass of cathode ray tﬁbes, bonding a sheet of plastic
film thereupon and making them subject to ultraviolet
polymerization.
PRIOR ARTS

In recent years, cathode ray tubes (hereinafter also
referred to as "CRT"s), pafﬁicularly color cathode ray tubes
intended for televisions and other various displays have been
mass-producing. Panel glass of such cathode ray tubes is
produced by molding of molten glass materials. Since some
irregularities are likely to appear on the surfaces of such
panel-glass during molding operatioﬁ, the molded panel-glass is
subjected to surfacé polishing prior to use.

A polishing process is indispensable for obtaining CRT
panel-glass having a desired surfacé smoothnéss. In a CRT
production process, time and expenses consumed by such polishing

process account for 20% to 30% of the total panel cost. In order
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to meet the need of reducing the CRT production cost,

improvement in efficiency of such polishing procesé is
considered an important problem to be solved.
SUMMARY OF THE INVENTION |

The present inventors, as a result of their studies for
solving ﬁhe problem set forth above, have found that the panels
having a good surface smoothness could be obtained by spreading
an adhesive composition over a honpolished surface of CRT panel-
glass, bonding a sheet of plastic film thereupon and making the
adhesive composition subject to ultraviolet polymerization
without the aid of polishing process. Inventors have also
discovered an adhesive composition suitable for such use, thus
attained the present invention.

The present invention, therefore, relates to an adhesive
composition for use in cathode ray tubes_and.resulting cured
product comprising: a bisphenol A-type epoxy (meth)acrylate
having a molecular weight of 550 or more and/or an epoxy

(meth)acrylate (A) represented by the formula (1):

RO |
cH2=c':-g-o-cuzpucuzo(@cm—@-ocuzpucuao}
- OH OH N
Ridm
-@-cuz-@ocmpucuzoc-mcuz () .
OH

in which, R1 repfesents a hydrogen atom or CH3; and

the average value of n represents a number of 0.5 or more, a
hydroxyl-containing mono(meth)acrylate (C) and a

photopolymerization initiator (D), optionally together with an

urethane (meth)acrylate (B).
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The CRT adhesive composition of the present invention

exhibits an excellent spreadability over the surface of panel-

glass, a fast curing speed and a good adhesion to glass.
Further, in the CRT adhesive composition of the present
invention, the viscosity and the refractive index after cured
may be easily controlled.
DETAILED DESCRIPTION OF -THE. INVENTION
The present invention will now be described in detail.
Examples of the component (A) used in the present adhesive
composiﬁion which may be mentioned are: bisphenol A-type epoxy
(meth)acrylates (a-1) obtained from the reaction of a bisphenol
A-type epoxy resin (e.g., Epikote 1001, 1002, 1003, 1004, 1007,

etc., available from Yuka Shell Epoxy Co. Ltd.; NER-7302, etc.,

available from Nippon Kayaku Co. Ltd.) with .(meth)acrylic acid;

or a bisphenol F-type epoxy (meth)acrylates (a-2) obtained from

‘the reaction of bisphenol F-type solid epoxy resin (e.g.,

Epikote 4001P (epoxy equivalent 470), Epikote 4002P (epoxy

‘equivalent 610, softening point 71°C), Epikote 4003P (epoxy

equivalent 800, softening point 79°C), Epikote 4004P (epoxy
equivalent 930, softening point 85°C), etc., available from Yuka
Shell Epoxy Co. Ltd.) with (meth)acrylic acid.

The epoxy resin is reacted with (meth)acrylic acid in an

equivalent ratio of about 0.8 to'l.sz particularly about 0.9 to
1.1 of (meth)acrylic acid to 1 equivalent of epoxy group of .
epoxy resin. The reaction is'coqducted in the presence of a
diluent selected from photopolymgrizable vinyl monomers such as
2-hydroxylethyl (meth)acrylate, (meth)acrylate of phenylglycidyl

ether (KARAYAD R-128H, available from Nippon Kayaku Co. Ltd.),

B
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1, 4-butanediol moho(meth)acrylate, phenoxyethyl (meth)acrylate

and dicyclopentanyl (meth)acrylate. In addition, catalysts may
be preferably used as reaction accelerator and such catalysts
may be seélected from benzyldimethylamine, -triethylamine,
benzyltrimethylammonium chloride, triphenylstibine and the like.
These catalysts are used preferably in aﬂ amount of 0.1% to 10%
by weight, more preferably 0.3% to 5% by weight based on the
reaction mixture. Polymerization inhibitors may also be
preferably used for avoiding the polymerization during the
reaction and the examples of such polymerization.inhibitors are
methoquinone, hydroquinone, methylhydroquinone, phenothiazine
and the like. These polymerizafion inhibitors are used
preferably in an amount of 0.01% to 1% by weight, more
preferably.0.0S% to 0.5% by weight based on the reaction
mixture. Reaction may be conducted preferably at a temperature
of 60°C to 150°C, more preferably 80°C to 120°C.

The component (A) may be contained preferably at the
content of 5% to 50% by weight, more preferably 10% to 40% by
weight in the adhesive composition of the present invention. The
component (a-1) having a molecular weight less than 550 tends to
result in an insufficient adhesion to glass. Less than 5% by
we%ght of the component (A) may fail to give a satisfactory
adhesién to glass, whereas-more than 50% by weight of the
component (A) would result in an increased viscosity, both of
which are not preferable.

The CQT adhesive éompqsition of the present invention may
optionally coptain an urethane (meth)acrylate (B). Examples of

urethane (meth)acrylate (B) which may be used are reaction
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products of three constituents consisting of a polyol, an
organic polyisocyanate and a hydroxyl-containing (meth)acrylate.

Snitable polyols include ethylene glycol, 1, 4-butanediol,
neopentyl glycol, polyethylene glycol, polypropylene glycol,
polytetramethylene glycol, polyethoxy diol of bisphenol A,
polyester poiyols (e.q. reaction products of a polyol selected
from ethylene glycol, 1,4-butanediol, diethylene glycol, 3-
methyl-1,5-pentanediol, neopentyl glycol, etc. with a dibasic
acid selected from adipic acid, phthalic acid, isophthalic acid,
terephthalic acid, etc.), poly€-caprolactone polyol,
polybutadiene polyol, polycarbonate polyol and the like.
Suitable organic polyisocyanates include tolylene di-isocyanate, -
xylylene di-isocyanate, isophorone di-isocyanate, hexamethylene
di-isocyanate, trimethylhexamethylene di-isocyanate and the
like. Suitable hydroxyl-containing (meth)acrylates include 2-
hydroxyethyl (meth)acrylate, 2-hydroxypropyl {(meth)acrylate,

1, 4-butanediol mono {(meth)acrylate, pentaerythritol_
tri(meth)acrylate and the like.

The component (B) may be contained preferably at the
content of 0% to 50% by weight, more preferably 0% to 30% by
weight in the CRT adhesive composition of the present invention.
More than 50% by weight of the component (B) is not preferred,
since the obtained adhesive conbosition may fail to give a
satisfactory adhesion to glass and would result in an increased
viscosity. |

The CRT adhesive composition of the present invention further
contains a hydroxyl-containing mono(meth)acrylate (C). Examples

of the component (C) are 2-hydroxy-3-phenyloxypropyl
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(meth)acrylate (such as KAYARAD R-128H available from Nippon

Kayaku Co. Ltd.), 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 1,4—5utanediol mono (meth)acrylate, glycerin

mono (meth) acrylate and the like, among which 2-hydroxy-3-
phenyloxy-propylene acrylate and_2—hydroxyethyl methacrylate are
pafticularly preferred. Coﬁponent (C) may contained preferably
at the content of 40% to 90% by weight, more preferably 60% to
80% by weight in the CRT adhesive composition of the present
invention. More_than 40% by weight of the component (C) may
result in an increased viscosity and an insufficient adhesion to
glass, thus such content is not preferable. More than 90 % by
weight of the component (C) may result in a decreased viscosity
leading to the worse spreadability, thus is not preferable.

Any known photopolymerization initiators may be used as
photopolymerization initiator (D), including 2—hydro#y—2—
methylpropiophenone, 4'-isopropyl-2-hydroxy—-2-methyl-
propiophenone, benzyldimethylketal, l-hydroxycyclohexyl-
phenylketone, benzophenone, 2-methyl-1-[4-(methylthio)-phenyl]-
2—morpholinopropanone—1,2,4,6—trimethylbehzoyl—
diphenylphosphineoxide. These photopolymerization initiators may
be used in combination Qith accelerators such as tertiary
amines. Photopolymerization initiators may be contained-
preferably at the content of 0.5% to 15% by weight, more:
preferably 1% to 7% by weight in the CRT adhesive composition of
the present invention.

Examples 6f photopolymerization initiators which may be
prefefably used are l-hydroxycyclohexylphenylketone, 2-hydroxy-

2-methylpropiophenone and the like. Accelerators such as



is Sheet Has Been Rep. laced

i =

tertiary amines which may be mentioned are 2-dimethylaminoethyl

benzoate, dimethylaminoacetophenone, 4-dimethylamino
ethylbenzoate, 4-dimethy1amiho isocamylbenzoate. The content of
such accelerators is preferably 0 to 100 parts by weight on the
basis of 100 parts by weight of photopolymerization initiators.

The CRT adhesive composition of the present invention may
be obtained by heaﬁing the above components (A), (B), (C) and
(D), mixing them together and dissolving them. In the CRT |
adhesive composition of the present invention, the weight
proportion of the components may preferably'be controlled so
that the resulting cured product have a 25°C refractive index of
1.520 to 1.550, more preferably 1.530 to 1.540. CRT panel-glass
of cathode ray tubes has generally a 25°C refractive index-of
1.536. An increased difference between the refractive index of
the panel-glass and that 6f the cured product of the CRT
adhesive composition of the present invention may give rise to
reflection at the interface between surface defects of the
panel-glass and the cured adhesive composition, thus making the
defects disadvantageously distinguish. It is preferable to
control the 25°C viscosity of the CRT adhesive composition of
the present invention, by regulating the proportion qf each
component so that the obta?ned adhesive composition.may attain
the final viscosity of 1,600 tb 3,000 cps (25°C), thus allowing
a better spreadability.

In a preferred embodiment of the present invention, a CRT
adhesive composition comp{ises'an epoxy (meth)acrylate (A) of
the general formula (1), a hydroxyl—containing nono-

(meth)acrylate (C), a photopolymerization initiator (D) and

L2
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optionally an urethane (meth)acrylate (B). Another preferred

embodiment comprises a bisphenol A-type epoxy (meth)acrylate
(pA), a hydroxyl—containing mono- (meth)acrylate (C), a
photopolymerization initiator (D) and optionally an urethane
(meth)acrylate (B).

Although the above components could be enough to obtain the
expected CRT adhesive composition of the present invention,
dther constituents may be added thereto for imbroving or
- optimizing the perforﬁénce thereof. Such other constituents
should be used within the range that may not cause any
alteration in the essentiai properties of the final product.
These other constituents are: ethylenicaly unsaturated group-
containing compounds other than components (A), (B) and (C)
(such as Carbitol (meth)acrylate, tetrahydrofurfuryl
(meth) acrylate, phenoxyethyl acrylaté, acryloyl morpholine,
dicyclo—penﬁenyl (meth)acrylate, dicyclopentadieneoxyethyl
(meth)acrylate, tripropylene glycol di(meth)acrylate, neopentyl
glycol di(meth)acrylate, tricyclodecane di (meth) acrylate,
nonandiol di(meth)acrylate, isobornyl (meth)acrylate,
trimethylolpropane tri (meth)acrylate, polyester
poly (meth)acrylates, polycarbonate poly- (meth)acrylates and
Povolak-type epoxy (meth)acrylates); non-reactive compounds
(such as acryl polymers, polyvinyl chlorides, petroleum resins
and styrene polymers); anti-foaming agents; leveling agents;
antistatic agents; flame-retardants; antioxidants; light
stab}lizers; ultraviolet light absorbers; coupling agents; |

polymerization inhibitors and the like.
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The cured product of the CRT adhesive composition of the

|

present invention may be obtained by subjecting the latter to

ultraviolet-light irradiation.

The CRT adhesive compositon of the present invention is
spread by means of an automatic dropping spreader over a non-
polished surface of CRT panel-glass so that a coating thickness
of 20 pm to 200 pum may be obtained after cured. Then, a sheet of
film (selected from commercially available plastic films ,
including: polyester film of 50 fm to 300 pm thick having one
hard-coated face and the opposite primer-coated face to provide
- an excellent adhesion with an adhesive composition; polyurethane
film; polycarbonate-film; or functional film treated to have a
decreased reflection) is bonded thereonto and then. the adhesive
composition is made to cure by irradiatiné ultraviolet light on
the side of the film, so that CRT panel-glass with a sheet of
film may be obtained.

CRT panel-glass having a sﬁeet of film bonded by using a
CRT adhesive composition of the present iﬁvention possesses an
excellent surface smoothness without subjected to polishing
process, and therefore is comparable in performance to that
which had been subjected to polishing process. Such bonding
process without polishing may be performed much more briefly and
readilylthan polishing pfocess, thus allowing to largely reduce
the CRT production cost.

EXAMPLES .

The present invention will.be described in more detail by

way of the fdllowing examples and comparative examples.

(Synthesis of components (A))

II

T
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930 parts of bisphenol F-type.solid epoxy resin (Epikote
4004P; epoxy equivalent 930; softening point 85°C; available
from Yuka Shell Epoxy Co. Ltd.), 71.3 parts of acrylic acid, 0.5
part of methoquinone and 1007.8 parts of phenyl glycidyl ether
acrylate (KAYARAD R-128H available from Nippon Kayaku Co. Ltd.)
acting as diluent were chargéd together and heated to 90°C to
dissolve the solid epoxy resin. After the complete dissolution,
the mixture was allowed to cool to 60°C, then 6.0 parts of )
triphenyl phosphine was cﬁarged and heated up to 95°C, at which
temperature the reaction was continued for 30 hours to obtain an
epoxy acrylate (a~2-1) containing 50 % by weight of phenyl
glycidyl ether acrylate. The obtained prodﬁct héd a viscosity of
260 poises measured at 60°C.

Synthesis example 2

470 parts of bisphenol F-type solid epoxy resin (Epikote
4001P; epoxy equivalent 470; available from Yuka Shell Epoxy Co.
Ltd.), 71.3 parts of acrylic acid, 0.5 part of methoquinone and
545 parts of phenyl glycidyl ether acrylate were charged
together and heated to 90°C to dissolve the solid epoxy resin.
Afte: the complete dissolution, the mixture was allowed to cool
to 60°C, then 3.2 parts of triphenyl phosphine was charged and
heated up to 95°C, at which temperature the reaction wﬁs
continued for 30 hours to obtain an epoxy acrylate (a;2—2)
containing 50 % by weight of phenyl glycidyl ether acrylate. The
obtained product had a viscosity of 44.5 poises measured at
60°C.

Examples 1 to 4, Comparative examples 1 to 7

10
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In each of these examples, a CRT adhesive composition was

prepared by hea;-dissolving a starting mixture in accordance
with each of the formulations shown in Tables 1 and 2 (amounts
represent % by weight). The obtained CRT adhesive composition
was spread over a non-polished surface of CRT panel-glass
(having a refroctive index of 1.536 measured at 25°C) by means -
of an automatic dropping spreader so that a coating thickness of
50 pm may be obtained aftor cured. A sheet of polyester film
(availéble from Teijin Co. Ltd.; of which one face was hard-
coated and the opposité face was primer-coated for improving
adhesion to an adhesive composition; film thickneos of 188 Hm)
was piaced over the adhesive composition so that the primer-
coated face may be bonded to the gléss surface: Then, by means
of a 2 kw high-pressure mercury vapor lamp, ultraviolet light
was irradiated on the side of the polyester film for making the
adhesive composition cure to obtain a cathode ray tube with the
sheet of polyester film.

For the performance.assessment of each adhesive
composition, the viscosity meésured at 25°C (cps), the
spreadability, fhe adhesion, the refractive index of cured
products measured at 25°C and the screen states were determined
by testing.
Testing method:
Viscosity at 25°C (cps): was measured bf means of an E-type
viscometer. _

Spreadability: was determined by testing application properties
by means of an automotic spreader :

0....good;

11
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X....bad;

A...intermediate between O and X

Adhesion: Adhesive strength (kg/cm) was tested as follows: A
test piece of panel-glass was prepared by spreading an adhesive .
composition, bonding a sheet of polyester film thereupon and
irradiating ultraviolet light to cure ﬁhe adhesive composition,
as described above. The prepared test piece of panel—élass was
subjected to peeling test, according to which the sheet of
polyester film was cut to 1 inch wide and peeled by pulling up
to 90 degrees }puliing rate of 2 inches/min.).

Refractive index of the cured product (25°C): was tested as
follows: Each adhesive composition was spread on a tin-free
steel plate to a coating thickness of 100 gm, then ultraviolet
light was irradiatéd thereonto in the presence of gaseous Nz,
then the cured product was peeled off from the steel plate, and
thereafter the refractive index at 25°C was measured.

Screen states: A television was assembled by usihg CRT
panel-glass which had been prepared by spreading an adhesive
composition, bonding a sheet of polyester film thereupon and
irradiating ultraviolet light to cure the adhesive composition,
as described above. Screen states of the obtained television
were observed:

O:...Nothing wrong was observed on the television screen;
X....Defects were made prominent as a result of the reflection
occurred at the interface between the cured adhesive composition

and the glass -surface of the television screen.

12
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Table 1
Exa&}les W

1 2 ; ‘ 4
KAYARAD R-310 *! 24 |40 |30 |24
KAYARAD R-114 *?
KAYARAD UX-3204 *3 17 20
KAYARAD UX-4101 *1 17
KAYARAD R-128H *5 35 30 20 35
2-hydroxyethylmethacrylate 24 24
2-hydroxypropylmethacrylate 15
2-hydroxyethylacrylate 30 15
Carbitolacrylate
phenoxyethylacrylate
1,6-hexanedioldiacrylate
Irgacure 184 ;5 3 3 3 3
others:MAﬁK LA-82 *7 1 1 1 1

:hydroquinone methylether, 0.05f 0.05{ 0.05]| 0.05
(polymerization inhibitor)
viscosity (25%,cps) 1750 | 1420 |2560 [1840
spreadability 0 4] 0 G
adhesion (kg/cm) 1.8 1.6 1.4 1.7
refractive index of cured product 1.540| 1.544(1.535 [1.539
{25°C). ' '

screen states ] ] 0 0 Q

i

13 -
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Table 2
o _ o mmgg;ggraif;émexamp}es
1 2 3 1
KAYARAD R-310 *! | 24_— éb B
KAYARAD R-114 *?2 : | 19
KAYARAD UX-3204 *3? 17 17
KAYARAD UX-4101 ** 29
"KAYARAD R-128H *? 47 47 75
2-hydroxyethylmethacrylate _ 17 24
2-hydroxypropylmethacrylate
2-hydroxyethylacrylate
C;rbitolacrylate 24
phenoxyethylacrylaté 35
1,6-hexanedioldiacrylate
Irgacure 184 *¢9 -3 3 3 3
others:MARK LA-82 *?7 o 1 1 1
shydroquinone methylethéf- 0.05 |0.05 |0.05 [0.05
(polymerization inhibitor)
viscosity (25¢,cps) 1510 (540 2350 22?9
spreadability ' { X .0 G
adhesion (kg/cm) 0.2 .0'5 . 0.2 1.6
refracﬁive index of cured product 1.541 1.535 1.521{1.562
(25°C) |
screen states - : : 0 J O X

14
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Table 2 (contn'd)

A - Comparative examples
- 5 1 6 ‘ 7
KAYARAD R-310 *! - 20 30 25
KAYARAD R-114 **2
KAYARAD UX-3204 *? 2% 25
KAYARAb UxX-4101 *1 ' 15
KAYARAD R-128H *3 20 35
2-hydroxyethylmethacrylate - 125
2—hydroxypropylmethécryiate
2—hydroxyethylacry1ate 55 15
Carbitolacrylate
phenoxyethylacrylaté
1,6-hexanedioldiacrylate : 10 :
Irgacure 184 ** 3 3 3 %
others:MARK LA-82 *7 _ 1 1 1 é
thydrogquinone methylether 0.05 {0.05 ]0.05
{polymerization inhibitor)
viscosity'(25t,cps) .- | 1100 |3830 (1670
spreadability.' _ | 0 X 0
adhesion (kg/cm) 1.2 1.4 0.1
refractivé index of éured product 1.50111.538}1.530
. . (25°C)
screen states X Y 0 E

15
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*1 KAYARAD R-310: product of Nippon Kayaku Co. Ltd.; Epikote

Notes

1004 (bisphenol A-type epoxy resin; epoxy equivalent of 930;
softening point of 98°C; available from'Yuka Shell Epoxy Co.
Ltd.) was reacted with acrylic acid, then the obtained reaction
product (average molecular weight of 2004).was diluted in 50 %
by weight of 2—hydroxy-3-phenyloxy—propylacryléte (KAYARAD R-
128H) .
*2 KAYARAD R-114: product of Nippon Kayaku Co.. Ltd.; the
reaction product (average molecﬁlar weight of 512) of Epikote
828 (bisphenol A-type epoxy resin; epoxy equivalent of 184;
liquid; available ffom Yuka Shell Epoxy Co. Ltd.) with acrylic
acid
*3 KAYARAD UX-3024: évailable from Nippon Kayaku Co. Ltd.;
polyester-type non-yellowing urethane acrylate
*4 KAYARAD UX-4101: available from ﬁippon Kayaku Co. Ltd.;
pblyester-type non-yellowing urethane acrylate
*5 KAYARAD R-128H: available from Nippon Kayaku Co; Ltd.; 2-
hydroxy-3-phenyloxy-propylacrylate -
*6 Irgacure-184: available from Ciba-Geigy Co. Ltd.;
photopolymerization initiator; 1-hydroxycyclohexyl-phenylketone
*7 MARAK LA-82: available from Asahi Denka Kogyo Co. Ltd.; photo
stabilizer | . | i
As can be vaious from the results shown in Table 1, each
of the CRT adhesive compositions of the present inventiop was
excellent in both spreadability and adheéion, and also
satisfactory.in all respects about the screen states of a

television.

16
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- Examples 5 to 8, Comparative examples 8 to 10

In each of these examples, a CRT adhesive composition was
prepared by heat-dissolving a starting mixture in accordance
with each of the formulations shown in Tables 3 and 4 (amounts
represent % by weight). The obtained CRT adhesive compositon was
spread over a non-polished surface of CRT panel-glass (having a
refractive index of 1.536 measured at 25°C) by means of a roll
coater so that a coating thickness of 70 pm may be obtained
after cured. A sheet of polyester film (of which one face was
hard-coated and the opposite face was primer-coated for
improving adhesion to an adhesive; film thickness of 200 pm) was
placed over the adhesive composition so that the primer-coated
face may be bonded to the glass surface. Then, by means of a 2
kw high-pressure mercury vapor lamp, ultraviolet light was
irradiated on the side of the polyester film for making the
adhesive composition cure to obtain a cathode ray tube with the
" sheet of polyester film.

For the performance assessment -of each adhésive
composition, the adhesion, the refractive index of cured product
measured at 25°C and the screen states were determined by
testing.

Testing mefhod:

Adhesion: Aahesive strength (kg/cm) was tested as follows: A
test piece of panel-glass was prepared by spreading an adhesive
composition, bonding a sheet of polyester film thereupon and
irradiating ﬁltraviolet light to cure the adhesive composition,
as described above. The prepared test éiece of panel-glass was

subjected to peeling test, according to which the sheet of

17



- This Sheet Has Been Re

T

polyester film waé cut to 1 inch wide and peeled by pulling up

to 90 degrees (pulling rate of 2 inches/min.).

Refractive index of the cured product (25°C): was tested as
follows: Each adhesive'compositién was spread on a tin-free
steel plate to a coating thickness of 100 um, then ultraviolet
light was irradiated thereonto in the presence of gaseous Nz,
then the cured product was peeled'off from the: steel plate, and
thereafter the refractive index at 25°C was measured.

Screen states: A television was assembled by using CRT panel-
glass'which had been prepared by spreading an adhesive

' composition, bonding a sheet of polyester film thereupon and
irradiating ultréviolet light to cure the adhesive composition,
as described above. Screen states of the obtained television
were observed:

O....Nothing wrong was observed 6n the television screen;
X....Defecté were made prominent as a result of the reflection
occurred at the interface between the cured adhesive composition

and the glass surface of the television screen.

18
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Table 3
' Examples |

Formulation . 5 6 7 8
epoxyacrylate (a-2-1) of Synthesis 1 24 30 24
epoxyacrylate(a-2—2).of Synthésis 2 40
KAYARAD UX-3204 *! 17 20
KAYARAD UX-4101 *2 17
KAYARAD 128H *? 35 30 20 35
2-hydroxyethylmethacrylate -1 24 24
2jhydroxypropylmethacrylate | 15
2-hydroxyethylacrylate 30 15
-Irgacure 18; x4 : 3 3 3 3
MARK LA-82 *S ' 1 1 1T |1
hydroquinone methylef:he_r | 0.05 |0.05 |0.05 {0.05
Performance
adhesion (kg/cm) 2.0 1.8 1.7 1.9
refractive index of cured product 1.54511.547r1.540(1.543

{25°C)
screen states . 0 0 0 0

19



able 4

- This Sheet Has Been Replac

- [N

Comparative examples

10

Formulation 8 9

epoxyacrylate (a-2-1) of Synthesis 1 24

KAYARAD UX-3204 *! 17 20

KAYARAD UX-4101 *? 29 25

KAYARAD 128H *3 47

2-hydroxyethylmethacrylate 24

2-hydroxyethylacrylate 55

Carbitolacrylate 24

phenoxyethylacrylate 35

Irgacure 184.“ 3 3

MARK LA—Sé *5 1 1

hydroquinone: methylether 0.05 |0.05

Performance

adhesion (kg/cm) 0.5 0.2 0.1

refractlve index of cured product -1.540}11.521]1.490
(25°C)

screen states 0 0 X

20
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*1 KAYARAD UX-3024: available from Nippon Kayaku Co. Ltd.;

Notes

polyester—~type non-yellowing urethane acrylate
*2 KAYARAD UX-4101: available from Nippon Kayaku Co. Ltd.;
polyester-type non-yellowing urethane acrylate
*3 KAYARAD R-128H: available from Nippon Kayaku Co. Ltd.; 2-
hydroxy-3-phenyloxy-propylacrylate
*4 Irgacure-184: available from Ciba-Geigy Co. Ltd.;
photopolymerization initiator; l-hydroxycyclohexyl-phenylketone
*5 MARK LA-82: available from Asahi Denka Kogyo Co. Ltd.; photo
stabilizer

As can be obvious from the results shown in Tables 3 and 4,
each of the CRT adhesive compositions of the present invention
was excellent in adhesion and satisfactpry in all respects about
tﬁe screen states of a television.
EFFECTS OF THE INVENTION

The adhesive compositions for use in cathode ray tubes of
the present invention are excellent in spreadability and the
resulting cured products have a gdod adhesion to glass. Cathode
ray tubes in which a sheet of film is bonded to panel-glass Sy
means of the adhesive composition of the present invention
exhibit satisfactory screen states comparable to those exhibited '
by'catﬁode ray tubes subjected to a polishing process. Bonding a
sheet of film to panel—glésé by using an adhesive composition of.
thg present invention is much more efficient than a proéess of
pblishing panel-glass, and thus it has become possible to

largely reduce the production cost of a cathode ray tube.
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1. An adhesive coposition for use in cathode ray tubes

i

WHAT IS CLAIMED IS:

comprising: a bisphenol A-type epoxy (meth)acrylate having é
molecular weight of 550 or more and/or an epoxy (meth)acrylate

(A) represented by the formula (1):

o S --
cuz.-c-c-o-cuzclzucmo{@ CHQ‘@ ocazclzacuzo>—
OH OH "
OR,
-E},—cm—(j—ocu,,cucrlzoc-c_CH2 (1)

OH
in which, R; represents a hydrogen atom or CH3; and
the average value of n represents a number of 0.5 or more, a
hydroxyl-containing mono(meth)acrylate (C) and a

photopolymerization initiator (D), optionally together with an

urethane (meth)acrylate (B).

2. An adhesive compposition for use in cathode ray tubes
comprising: an epoxy (meth)acrylate (A) repreSented by the

formula (1): R{O
CHz-C-C-O-CHZCHCHgo{G-CHz-@-OCHchCHzo

1

@cnz OCHchCHZOC-C—CHg (1)
OH

in which, Rj; represents a hydrogen atom or CH3§ and

1

the average value of n represents a number of 0.5 or more, a
hydroxyl-containing mono(meth)acrylate (C), a
photopolymerization initiator (D) and an urethane (meth)acrylate

(B) .
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3. An adhesive compositions for use in cathode ray tubes.
comprising: a bisphenol A-type epoxy (meth)acrylate having a
molecular weight of 550 or more, a hydroxyl-containing

mono (meth)acrylate (C), a photopol;merization initiator (D) and
an urethane (meth)acryléte (B) .

4. An adhesive ¢omposition for use in cathode ray tubes

comprising: an epoxy (meth)acrylate (A) represented by the

formula (1) : R0

(1 || )
cu2=c-c-o-cnzcucmo(©- cnz-@- ocuzc‘:uc_uzo>;-

OH
OR

-@-cuz-iﬂ—ocuzcucnzoc-c—cu2 1)

in which, Rj represents a hydrogen atom or CH3; and

the average value n represents a number of 0.5 or more, a
hydroxyl-containing mono(meth)acrylate (C) and a
photopolymerization initiator (D).

5. An adhesive composition for use in cathode ray tubes
compriéing: a bisphenol A-type epoxy (meth)acrylate having a
molecular weight of 550 or more, a hydroxyl-containing

mono (meth)acrylate (C) and a photopolymerization initiator (D).
6. The adhesive compositon for use in cathode ray tube
according to anyone of the claims 1 to 5, characterized in that
said adhesive has a 55°C refractive index of 1.520 to 1.550.
after cured.

7. A cured product of the édhesive compositon for use in

cathode ray tubes according to anyone of the claims 1 to 6.
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8. A cathode ray tube in which a sheet of film is bonded to

]

panel-glass by using the adhesive composition according to
anyone of the claims 1 to 7.
9. The cathode ray tube according to claim 8 wherein the sheet

of film is polyester film.
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