REPLACEMVENT SHEET Date: 1 0 4 NOV 1995 TITLE OF THE
| NVENTI ON CRT adhesi ve conposition and CRT obtai ned by thﬂmumeﬁﬁhﬁs lmmd
TECHNI CAL FI ELD The present invention relates to ultraviole

adhesi ve conpositions for use in cathode ray tubes and resul

products. More Spe0|f|cally, t e MEe BeNrHENYRUENSRORE! ates tO ad es ve
conpositions for use; i n cathode ray tubes intended for televisions and

ot her various displ a;ys R IAFddived comped 1PRBdUahE. cRECEbEaRsE Ve
conpositions may be (suitably used |n cg{hode r§¥ tubes by spreadi ng them
over a non-polished surface € use ther

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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of+ panel - gl ass of cathode ray tubes, bonding a sheet of pﬂ¥¥ Replaced

t hereupon and naki ng them subject to ultraviolet polyneriza ﬁ ”"fTS ==
In recent years, cathode ray tubes (hereinafter also referr

"CRT"s), particularly color cathode ray tubes intended for teIeV|S|ons and
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cat hode ray tubes is produced by nol ding of nolten gl ass materials. Since
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panel - gl ass during mol ding operation, the nolded panel-glass is subjected

to surfacecpasidbired ahi dfpbstane. propldm Y Nk Fodseds i S i ndi spensable for

obt ai ni ng CRT panel -gl ass having a desired surface snoothness. In a CRT
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 |
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in which, R1 represents a hydrogen atom or CH3; and

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

photopolymerization initiator (D), optionally together with an

urethane (meth)acrylate (B).
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cost, inprovenent in efficiency of such polishing process is considered an: =

i nportant problga RO adhels od: colPdRRLSE JHRHNYHIEN Thgeptgsant
I nventors, as a result of their studies for solving the problemset forth
above, havex{ining tdialexideqd 1eakebpreadability 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 reacged with (meth)acrylic acid in an
equivalent ratio of about 0.8 totl.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.),
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r epr esent ed the formula (1): [err] CH
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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a hydroxyl -cont ai ni ng nono(neth)acrylate (C) and a photopol
initiator (D), optlonally together with an urethane (neth) acry ate
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e present 1 nventio
organic polyisocyanate and a hydroxyl-containing (meth)acrylate.

Sﬁitable 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 56% by weight of Fhe component (B) is not preferred,
since the obtained adhesive coﬁbosition may fail to give a
satisfactory adhesion to glass and would result in an increased
viscésity. |

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

of the component (C) are 2-hydroxy-3-phenyloxypropyl



exXhi bits an excellent spreadability over the surface of pa]r?n She
fast curing speed and a good adhesion to glass. Further, _|n 'I '”
adhesi ve conposition of the present invention, the vi scosi t

réfractive index after cured nmay be easily controlled DETAILED DESCRIPTION

OF THE | NVEiEt@Natlzg1ates¢siuch Y€ KAYKRAD |R-1R8H vaddatiliebgadomnnNdppanl .
Exanpl es of the conponent (A) used in the present adhesive conposition

whi ch may lkayakat Conetdltdr , b+ispdemoyetthyl pepipacryieitie), al-hydirogypaopyl
obtained fromthe reaction of a bisphenol A-type epoxy resin (e.g., Epikote

1001, 1002,(me@03aci@latel00/4-kttanedil |radyie(riatdrhavudyd aSlee| glEFpgexynCo.

Ltd.; NER-7302, etc., available from N ppon Kayaku Co. Ltd.) with

(et h) acr ymoacdgietth) scrylptephedothe- ks, among (whiah a?cﬁmoérpéy-@a- 2)

obtai ned f;%ghyloxy—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

preferably used are 1l-hydroxycyclohexylphenylketone, 2-hydroxy-

2-methylpropiophenone and the like. Accelerators such as



the reaction of bisphenol F-type solid epoxy resin (e.g. Thgse “d
(epoxy equi val ent 470), Epi kote 4002P (epoxy equi val ent Gj
point [err] Epi kote 4003P (epoxy equival ent 800, softenin

Epi kot e 4004P (epoxy equival ent 930, softening point [err] etc. avallable'——~
fr0”1YUka_EGQEHaEHO&miEBs Whieh M&}fbérﬁéﬁﬁfﬂﬁéd'd%eaQLdimIEﬁyfiﬁ%ﬂbé@ﬁ&P i S
reacted with (nmeth)acrylic acid in an equivalent ratio of about 0.8 to 1.5,
particul ar bgngbatle,0dimbeh¥limOhod S8t bpleriond,C adithetBylamghbval ent of

epoxy group of epoxy resin. The reaction is conducted in the presence of a

di l uent seletty@tbehzoamtphottogbthytryizabhe idoanylbvenzoate .sThe ésntent of

2- hydroxyl ethyl (nmeth)acrylate, (meth)acrylate of phenyl glycidyl ether

( KARAYAD RsizdHacaedelrabbesf isnpie Hpoabli@ayaito GO0 ipadtys, 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
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phenoxyet hyl (neth)acrylate and dicycl opentanyl (neth)acrgl =N ;
addition, catalysts may be preferably used as reaction ac uC B=di
catal ysts nmay be selected from benzyl di methyl am ne, triethylam ne,
benzyl tri nggtdmdIDpidinuridtbiainde (methphenylate b(Ble. dmbtthex IprederTedse
catal ysts are used preferably in an anount of 0.1%to 10% by wei ght, nore
pr ef er abl yefbh&@hrient5%dmprisiegha basphienol t et yRmotpany ninatdn@crylate
Pol ynmeri zation inhibitors may also be preferably used for avoiding the
pol yrer i zatApn alusydmpxyHe-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 performance thereof. Such other constituents
should be used within the range that may not cause any
alteration in the essential 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 acrylate, acryloyl morpholine,
dicyclo-pentenyl (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
novolak—-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

stabilizers; ultraviolet light absorbers; coupling agents; |

polymerization inhibitors and the like.
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These pol ynerization inhibitors are used preferably in an ano ,
to 1% by weight, nore preferably 0.05%to 0.5% by wei ght based on the i
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[err] to [err] nDre pre err] to [err] The conmponent (A) may
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10%to 40% by weight in the adhesive conposition of the present invention.

The conponentrasidlebatight aisfbadiatd fon wei ght | ess than 550 tends to result
in an insufficient adhesion to glass. Less than 5% by wei ght of the
conponent (A) naEhef 8RT adhgsiee acavpositant @ tddhegiesentoighvassiomhks eas
nore than 50% by wei ght of the
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))



conmponent (A) would result in an-increased viscosity, botnfu. which—are ot

preferable. The CRT adhesi ve conposition of the present i ¥ Replaced
optionally contain an urethane (nmeth)acrylate (B). Exanpl esl ee?ﬁas’ﬁﬂ“ eﬁace "7

(et h) acryl ate (B) which nmay be used are reaction REPLA
Date 0 4 N@4rkQ¥siy edamipleofl three constituents consisting
organi ¢ pol yi socyanate and a hydroxyl -contai ning (neth)acryl ate. SU|tabIe

pol yol s i ncl ude $3thypaete olfybdsphéndl bEtiayneesli 501 id epexyt e sgny q@pikote
pol yet hyl ene gl ycol, pol ypropyl ene gl ycol,

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
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pol yt et ranet hyl ene gl ycol, pol yethoxy diol of bisphenol A,ThlSS et Has Boen Repawed
pol yols (e.g. reaction products of a polyol selected fron1er“ NE Bu ““; |
1, 4- but anedi ol , di ethyl ene glycol, 3- nethyl-1,5-pentanedi ol

gl ycol, etc. with a dibasic acid selected fromadipic acid, phthalic acid,

i sophthalic acigh d£HERIE hdlelse aghfiplaby. a, CRO! ydiees | ve aqumpexditdon palsyol

pol ybut adi ene pol yol, polycarbonate polyol and the like. Suitable organic

pol yi socy gdmrd Wy deateldilsepavihgi aosyanting mikthemel nliadeosizacst e,

i sophorone di-isocyanate, hexanethyl ene di-isocyanate,

trinethyl heishreddgh efe tdie ifocopdattionandhows LnkBabBes thard 2 (amounts

hydr oxyl - contai ning (neth)acryl ates include 2- hydroxyethyl (neth)acrylate,

2- hydr oxy prepésénteth)kic elighs) .1 Thehobhpdaprd| CREnadhes hyacrgrraslition

pentaerythritol tri(meth)acrylate and the |ike. ' :
was spread over a non-polished surface of CRT panel-glass
(having a refréctive 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 aftér 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 thickneés 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 determingd by testing application properties

by means of an automatic spreader :

0....good;
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The conponent (B) may be contained preferably at the content of O/%to 5

by weight, nore preferably 0%to 30% by weight in the CRTT 4 een Re a“”

conposi tion of the present invention. Mre than 50% by wei

conponent (B) is not preferred, since the obtained adhesiv

fail to giye apwdisfactory adhesion to glass and would result in an

i ncreased viscosity. The CRT adhesive conposition of the present invention

further cqQi al it erndiabe) betweical 0 agdnrno( et h) acrylate (C). Exanpl es of

t he conponent (C) are 2-hydroxy- 3-phenyl oxypropyl REPLACEMENT SHEET
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 the adhesive composition,
as described above. The prepared test piece of panel-glass 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 (pulling 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 irradiated thereonto in the presence of gaseous N2,
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 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



Dat e: 04 NOV 1995 6 (neth)acrylate (such as KAYARAD R-128H ay; |s|héébi{£3% aced
Ni ppon Kayaku Co. Ltd.), 2-hydroxyethyl (meth)acrylate, 2- hy

(meth) acrylate, 1, 4-butanediol nmono (nmeth) acrylate, glyce mmnm
nono( net h)acryl ate and the |ike, anong whi ch 2-hydroxy- 3-
phenyl oxy- propyl ene acryl ate and 2- hydfgxyet hyl nethacrylate are
particularly preferred. Conponent (C) may contained preferably at the
content qf 240% t0 90% Dy wWel ght, nore preferanty bUWprﬁﬁgY QRY Weignt 1]
t he CRT gdhesive conposition of the present invention e than 40% by
wei ght off the conponent (C) may result in an i[ncreaseld Vviscpsity nd an

I nsuf ficilent adhesion to glass, thus such contlent Vi s hot pr=férab|e Mor 4
t han 90 % by werght—of—theconmponent—(E—reay—festt—p—a—degr- —
vi scosity KAYARAD R-310 *! 24 40 30 24

KAYARAD R-114 *?2

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 *° 3 3 3 3

others:MARK LA-82 *7 1 1 (O
:hydroquinone methylether, 0.05f 0.05] 0.05] 0.05

(polymerization inhibitor)

viscosity (257,cps) | 1750 | 1420 |2560 {1840

spreadability 0 0 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 0 0

13 -



—

| eading to the worse spreadability, thus is not preferableThémm@ﬁKnmnﬂchmmmd

. phot opol yneri zation initiators may be used as photopol yneri Z
(D), including 2-hydroxy-2- methyl propi ophenone, B‘
4' - i sopropyl - 2- hydr oxy- 2- net hyl - propi ophenone, benzyl di meth

1- hydr oxycycl ohexyl - phenyl ket one, benggghgnene,

2- et hyl - 1-[ 4- (et hyl t hi 0) - phenyl ] - -
2-nDrphoETﬁUﬁpoanoﬁe-1,5,4,6-tr|nethy[béﬁiﬁy RpgpxkpbngQ5Q§EX|de
These photopol ynerization initiators may be used nbi nat

accel eraors such as tertiary am nes. Photopolynerlzatlon Ipitiat prs may be

containeq preferably at the content of 0.5%t¢@ 15@6by m@ight,3nnrn 1

=

N Ao Y hao COT Alaa.d: H - £ R
pr ef er abllby—3%te—+%by—wet-ght——the—CRF—=atdhesi-ve—conmpositignmof—the

present iinKANARAND. RERAAPFEés of phot opol yneri zati on i nif2hat onfs whi ¢RS5may |be

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 o1 i 1 1
shydroquinone methylether. 0.05 [0.05 {0.05 [0.05

(polymerization inhibitor)

viscosity (25¢,cps) 1510 (540 2350 22?9
spreadability ' { X { G
adhesion (kg/cm) 0.2 0.5 . 0.2 1.6
refractive index of cured product 1.541}11.535}1.521 1.562
_ (25°C) | .
screen states ' : : 0 0 0 X
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preferably used are 1-hydroxycycl ohexyl phenyl ket one, 2-hydroxy-
2- met hyl propi ophenone and the |ike. Accelerators such as ﬁiliced ]

SHEET 7 Date: 04 NOV 1995 tertlary
nay be nentioned are 2-dinethyl am noet hyl benzoat e,

di met hyl am noacet ophenone, 4-di mephylanyne-gtbyl fenzoate, 4- am no
isoanylbenzoate The content of suUThT acceterators is preferably 0 to 100

A tata]s. he GRT adhesi ve composi F?Equo?ytﬁ‘e'%‘%ﬂ 9?%2%?“‘%?%%3&%;‘)“
obt ai nedjby heating the above conponents (A), (B)b , gnd ; '
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 §
thydrogquinone methylether 0.05 {0.05 ]0.05
{polymerization inhibitor)
viscosity'(25t,cps) .- | 1100 |3830 (1670
spreadabilityi _ | 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
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(D), mxing themtogether and dissolving them In the CRT adhesrv
conposition of the present invention, the weight proporti
conponents may preferably be controlled so that the result

have a [err] refractive index of 1.520 to 1.550, nore pref

1.540. CRIypees! - gl ass of cathode ray tubes has generally a [err]
refractive i ndex of 1.536. An increased difference between the refractive

i ndex of tée RAYKRAD RSF1GNpriddictoft NdppoheRapakduCsd . obtd he Epkatethesi ve
conposition of the present invention nmay give rise to reflection at the

i nterface beddedrisphi¢nck Arefypet epaixyt resjanckepgkyseqaibvalért cof AB&dhesi ve
conposition, thus nmaking the defects di sadvant ageously dlstanU|sh It is
pr ef er abl es¢ftenhng gpoime ¢£r9§°Csi avedilablef fram TrKa a8keL] VP Qﬁhﬂ%&ltlon

of the present invention, by regulating the progortron of ef
Ltd.) was reacted with acrylic acid, en the obtained reaction

een Replaced

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 .

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.
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- \
conponent so that the obtained adhesive conposition may a[i i

( : i atis Shiep Hig Re
viscosity of 1,000 to 3,000 cps [err] thus allow ng a betjyer . ' aced
In a preferred enbodi nent of the present invention, a adh l ’f
conposition.conprises an epoxy (nmeth)acrylate (A of the ner a :

(1), a hyd@xplesont @bnbogcaml\garaﬁm hosagpiled @ €6) 10a phot opol yneri zati on
initiator (D) and REPLACEMENT SHEET 8 Date: 04 NOV

1995 optional | ¥narkadheblfatResstékamsied Ate dRY) adhegtiber cohpbsit£on was

enbodi ment conprises a bi sphenol A-type epoxy (neth)acryl ate
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



(®), a hydroxyl-containing nono-(nmeth)acrylate (C), a photg' ced
initiator (D) and optionally an urethane (neth)acrylate (B). ﬁ .
above conponents coul d be enough to obtain the expected CRT

conposition of the present invention, other constituents may be added

thereto fopolPPsO¥E NS OF Wi idiZitd 1t Hachekfiaenanaepbbeeqob thi
constitueg§g gﬁould be used within the range that ngy not cgugg anlglléh@ts

al terati ongbngd Nge§8668t (U1 PIMP&HatiecH£OR Hehkisyalinpy oduct . These ot her
constituents are: ethylenicaly unsaturated group- containing conpounds

ot her than conprecpast{ive, ifddx ol tHe dunerh produathi(RGPCY revas aceyted eas

tetrahydrofurfuryl (neth)acrylate, phenoxyethyl acrylate, acryl oyl

mor phol i nefolllowst CEpeint adiyd s {veetdompersiiitdion, waisc gpirepdnbadachénxfeedy|
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.
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Rclmxd
di (nmeth)acryl ate, trlcyclodecane di (nreth)acryl at e, nonandlo
di (net h)acryl ate, isobornyl (neth)acrylate trlnethylolprop
tri(nmeth)acryl ate, polyester poly(neth)acryl ates, ycar bona
pol y- (et h) acryl ates and novol ak-type eaexy Gneth)acrylates) non reactive
conmpounds (such as acryl polyners, polyvinyT chlorides, petroleumresins

(vveth)acrylate, tripropylene glycol di(neth)acryl ate, ﬁml

and styrgne polynmers); anti-foamng agents; TejNelingg QQ@QI& antistfatic]

agents; {lame-retardants; antioxidants; |ight stablllzers ultrav ol et

l'i ght abSO{gg&31anuRllng agents; pol ynerizatipn gnhlbléors apd theéllke.
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
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REPLACEMENT SHEET 9 Date:.04 NOV 1995 The cured product- mﬁnsShla&HGB:Eée@ﬂé’,} e]

conposition of the present I nvention may be obtai ned by s
l'atter to ultraviolet-light irradiation. The CRT adhe5|ve th
present invention is spread by nmeans of an automatic dropping s ove

a non- polished surface of CRT panelgmgﬁmésp that a coating thickness of
20 [err]mto 200 [err]m nmay be obtained after_ cured - Then,_a._.sheet of film

(sel ectdd from comercial Iy avallablembT5§FT¢ s, pg&ygkﬁﬂﬁ gol yester
filmof |50 [err]mto 300 [err] mthick having|o Tar d- coat e ace and the
ggﬁg::b: pr%%gr}%$§%edpgﬁgﬁrggthQV|de an ex,el[ept ch§S|qh"¥nth an

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—Bé *5 1 1

hydroquinone: methylether ~ 0.05 |0.05

Performance

adhesion (kg/cm) 0.5 0.é 0.1

refractlve index of cured product -1.540}11.521]1.490

(25°C)
screen states ) 0 0 X
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fil m polycarbonate film or functional filmtreated to HEVE—E*HEETéHSEd————
reflection) is bonded thereonto and then the adhesive coNihsiShéeOasiBSen
o cure by irradiating ultraviolet light on the side of the

CRT panel-glass with a sheet of filmmay be obtai ned. CRT PE mﬂmlﬁﬁlﬂ }
havi ng a gQﬁg of film bonded by using a CRT adhesive conpos

present inven $ on possesses an excel |l ent surface snpot hness without

'subj ected D POYARAY K-DIRNES Bvad1dbhREFSEA’ R1pBoAORBPERR! €0 NLiRE! f Or mance
to that which had been subjected to polishing process. Such bondlng process

Wi t hout popd B $tge FRYYHIE rl-y@1ITRE1M4C hrethanbr aeétyyated readily than
pol i shing process, thus allowing to largely reduce the CRT production cost.
EXAMPLES *2 KAYARAD UX-4101: available from Nippon Kayaku Co. Ltd.;

By

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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The present invention will be deSCFrJeed—r—n—n@Le,_detajl of the

foll ow ng exanpl es and conparative nt hesi s of cplaged .
REPLACEMVENT SHEET 10 " 995 Syn
Date 930 parts of bisphenol F- type (Epi ko y

equi val en eﬁh{.’?)g Qint [err] avai I abI e from Yuka Shel | Epoxy Co.
Ltd.), 71. arItsscH acryl Egc acid, 0.5 part of nethoqui none and 1007.8

parts of ph |
R bpon Kamew, &P 'qigatve EUA8hsaE 1 ¥hakSy (KAYARAR RrkaH ravakhpkie from

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 ) . .
cuz.-(':-('i‘-o-cuzclzucmo{@ cHz-@ OCHchCH20>—
OH OH "
oR,
-@-cuz-@ ocu,,cucmoc-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): ;Iq‘(u) ) "
CH,= C-C-O-CHZ?HCHgo{@-Cﬂz OCH2(|:HC_H20>:
OH ' OH '
- oR
‘@-(:Hz OCHchCHZOC-C—Cl-lz (1)
OH

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

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

(B) .
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) ) ) ) R laced
acting as diluent were charged t d to [errTm Sheet Has Sl e
solid epoxy resin. After the conam , the m xt
" o cool to [err] then 6.0 parts ph| ne was

heated up to [err] at which tenperature the reactlon was cont| nued for 30

hours to ot ai Ak fREWeE Torlpdisg ti8n3- £#brCosé aini EarReudo Ry waikaly - of
phenyl glycidyl ether acrylate. The obtained product had a viscosity of 260

poi ses NeagsmEt Sind £1d |biBPHel A-eypaPepory 4 (Retfley dcrplathe g &t ype
solid epoxy resin ( p| kot e 4001P; epoxy equival ent 470; available from Yuka
Shel | Epoxgiof@culdsl.weight dMHIS0S oaf maeey| achpdroxy D-Eomaainiofg net hoqui none
and 545 parts of phenyl glycidyl ether acrykate were charged together and
heated t 0 henis {métth)iasdate t(® ,sal pliotppr)ynesization initiator (D) and

an urethane (meth)acryléte (B) .
4. An adhesive composition 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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After the conpl ete dissol uti s al | oned Th Td

then 3.2 parts of triphenyl BMﬂﬁmmmEmﬁged and heal' I ] atl
~which tenperature the reacti for 30 hours

eboxy acrylate (a-2-2) containing 50 % by wei ght of phenyl glycidyl ether

acrylate. Ogté’éﬂ?éd&r P8 GluHRAd nd WHit BROST Eie @ d¢ HLINI 5L DIRRRURRA at

[err] Exanples to 4, Conparative exanples 1 to 7 REPLACEMENT SHEET 11

Date : 04 NMeilO§Padd ®RGls g tthes adbeaiRkesomposiUi et hestomiitymesi ti on
was

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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p‘r epared by heat-dissolving a starting m xture in accordance "V’ﬂx@sﬁ‘e

EI’Ee formul ati ons shown in Tables 1 and 2 (am)unts represent %b eenke 'a"ed
- The obtained CRT adheggye, psition read over oI uﬂm m
surface of CRT panel - ass&?%ng%gc"é“ﬂc\%Aﬁ{ajr 1 \Ahg r%é"x°8f—ag“5§

[err] by neans of an. automatlc dbppphéguSéreﬁdﬁéoﬁO that a coating _
t hi ckness of 50 [err] m nay be obtai n%saif&t,}\}] ‘cured. A sheet of polyester
film(available fromTeijin Co. Ltd I ch one face was hard- coated

and the opposi teisabesedisherd iTe a0 adhdslice coppositgonshest ansé amn
adhesi ve conposition; filmthickness of 188 [err]m was placed over the

adhesi ve coapbede | vay stubdmitcanperimiingea spegsiédefiacporpy (et hoackylate,t lae
gl ass surface. Then, by neans .of a 2 kw hi gh-pressure mercury vapor |anp,
ul travi ol ehYSFenrYlngenta knknag eanaimetiy asry ga&ﬁrt ferhot gpalymerizah iasy
making the:Ln:I.t:I.ator and optionally an urethane (meth)acrylate, the cured
_products thereof as well as cathode ray tubes obtained by the.
use thereof. The adhesive compositions of the present invention
are excellent in spreadability and the resulting cured producﬁs
have a good adhesion to glass. Cathode ray tubes in which a
sheet of film is bonded to panel-glass by using an adhesive of
the present invention exhibit satisfactory screen states

comparable to those exhibited by cathode ray tubes subjected to

a polishing process.
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adhesi ve conposition cure to obtain a cathode ray tube with-the -shaet—oaf
pol yester film For the performance assessnent of each aqhﬁshuﬁcschTSHEET
conposition, the viscosity neasured at 2p[err] (cps), the sprea ? ¢§'@ﬂ%

t he adhesion, the refractive index of cured roduct s nmeaqupess : at
the.Screen states were determ nedTH Ql"és"c"ifhg{) Wﬂﬁ% et

[err] (cps): was neasured by of an E-type vi 12 r
was determ ned by testin§ gpﬁaﬁﬁﬁ Yot %l y
spreader 0... good, by the use theiégv

gadablllty
[ autonatlc

EEE’?}E@“&
4101 155
TECHNICAL FIELD

The present invention relates to ult .
adhesive compositions for use in cathode ray tubes;;nd resulting
cured products. More 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-polished surface
of panel-glass of cathode ray tubes, 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), pafticularly color cathode ray tubes
intended for televisions and other various diéplays 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 duiing molding operatioﬁ, the molded panel-glass is
subjected to surface polishing prior to use.
| A polishing process is indispensable for obtaining CRT
panel-glass having_a desired surfacé smoothness. In a CRT
production process, time and expenses cbnsumed by such poliéhing

process account for 20% to 30% of the total panel cost. In order



REPLACEMENT SHEET 12 X. ... bad; ' Py '
Date : 04 NOV 1995 [err].. .internedi ate between 0 and X Adh sl?Eg?]EACE%Ee%TE%EET
strength (kg/cm) was tested as follows: A test piece of panglpsgl af< o '
prepared by spreading an adhesive conposition, bonding a sh f o pglvestar -
film thereupomeabdtheradedt ofigreducing dihet dRTyproductdoe chetadhesi ve

conposi tion, as described above. The prepared test piece of panel-glass was
subj ect ed tmppowkinagtt éstefftcbentnet sudh eelilishingeprosesgol§ester film

was cut to 1 inch wide and peeled by pulling up to 90 degrees (pulling rate
-of 2 inchespmispdpred an important problem to be solved.

SUMMARY OF THE INVENTION

The present inventors, as a result of their studies for
solving the_problem set forth above, have found that the panels
having a good surface smoothness could be obtained by spreading
an adheéive compoéition over a nonpolished surface of CRT panel-
glass, bonding a sheet of plastic film thereupon. and making the
adhesive composition subject to ultraviolet pélymerization
wifhout 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 epoky

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

RO
N
cH2=c-c-o-CH2?chzo{©-0Hz—©—0cuzc|:ncuao}—
OH .
R

OH

' i1
—,{3—(»{2-’{}ocuzcl:HCHzoc-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).




Refractive index of the cured product [err] was tested as|ff NS, 5
adhesi ve conposition was spread on a tin-free steel plate t@ééy¥%§@$ﬁbgHEET “

t hi ckness of 100 [err], then ultraviolet  |ight was irradi #t hqr ' "
the presence of gaseous N2, then the cured gr oduct . was peé€ ﬁaﬂeafﬂﬁm%
steel plate, anthd oRTealdhessiviee comppattion ofidehe girdsent Maentdeour ed.
Screen states: A tel evision was assenbl ed by using CRT panel -gl ass whi ch

had been psspitiiacs an spraeddiend spraddabilityopyesithersunfars @f Padgdet of
pol yester filmthereupon and irradiating ultraviolet light to cure the

adhesi ve cobgposi ta dfastaswdas i9pegdapaded geP@chiResier T $HS Bt ai ned
tel evi sion were observed: 0....Nothing won S observed on the tel evision

screen; X Furtherctin jde %@%ﬁvﬁeﬁpmaggét eR Pt TS (PRSI ection

invention, the.viscosity and the refractive index after cured

may be easily controlled.
DETAILED DESCRIPTION OF THE INVENTION _

The presen£ invention will now be described in detail. .

Examples of the component (A) used in the present adhesive
composition which may be mentioned are: bisphenol A-type epoxy
(meth)écrylates (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 bisphehol 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 reacged with (meth)acrylic acid in an
equivalent ratio of about 0.8 tofl.g, pérticularly about 0.9 to
1.1 of (meth)acrylic acid to 1 equivalent of epoxy group of
epoxy resin. The reaction is conducted 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.),
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and dicyélopentanyl {meth) acrylate. In addition, catalysts may
be preferably used as reaction accelerator and such catalysts
may be selectéd from benzyldimethylamine, triethylamine,
benzyltrimethylammonium chloride, triphenylstibine and the like.
These catalysts are used preferably in an 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 polymerizétion during the
reaction and the examples of such polymerization inhibitors are
methoquinone, hydroquinone, methylhydroquinone, phenothiazine
and the like. These polymerization inhibitors are used
preferably in an amount of 0.01% to 1% by weight, more
preferably 0.05% 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 fo gléss. 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 CRT adhesive composition of the present invention may
optionally contain an urethane (meth)acrylate (B). Examples of

urethane (meth)acrylate (B) which may be used are reaction
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2- hydr oxyet hyl acr yl at e 30 15 Car bl e
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3 3 ot hers: MARK LA-82 *7 1 1
1 1 : bygamiei pohel setyaiatehand a hydro&y@Scoﬁt@SniﬂgOﬁmeEhXHbrylate
(pol ynerization inhibitor) viscosity (25t,cps) 1750
1420 2568u13aal®lsmwmmlinq&ude ethylene glycol, 1,4-butgnediol, 0
0 adhesion (kg/c 1.8 1.6 1.4 1.7

neopentyl glycol, polyethylene glyceol, polypropylene glycol,
polytetramethylene glycol, polyethoxy diol of bisphenol A,
polyester polyols (e.qg. réaction products of a polyol selected
from ethylene glycol, 1,4-butanediol, diethylene glycol, 3-
methyl-1, 5-pentanediol, neopentyl glycbl, etc. with a dibasic
acid selected from adipic acid, phthalic acid, isophthalic acid,
terephthalic acid, etc.), poly€-caprolactone polyol,
polyiutadiene polyol, polycarbonate polyol and the like.
Suit#ble organic polyisocyanates inqlude.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 Fhe componeht {B) is not preferfed;
since the obtained adhesive comﬁosition méy fail to give a
satisfactory adhesioﬁ to glass and would result in an increased
viscosity. .

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

of the component (C) are 2-hydroxy-3-phenyloxypropyl



refractive index of cured produét 1.540 1.544 1.535 1.
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KAYARAD.R- {mgthpacrylate (such as KAYARAD fglﬁﬁﬁARXBiB%bé20£r°m Nippon

7 7 Kayaku Co. Ltd.), 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 1,4-butanediol mono(meth)#crylate, glycerin
mono (meth)acrylate and the like, among which 2-hydroxy-3-
phenyloxy—propjlene acrylate and 2-hydroxyethyl methacrylate are
particularly preferred. Component (C) may contained preferably
at the content of 40% to 90% by weight, ﬁore 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
giass, thus such content is not preferable. More than %0 % by
weight of the componeht'(C) may result in a decreased viscosity
leading to the worse spreadability, thus is not preferable.

Any known photopolymerization initiators may be used as
photdpolymerization initiator (D), including 2-hydroxy-2-
methylpropiophenoﬁe, 4‘'-isopropyl—-2-hydroxy-2-methyl-
propiophenone, benzyldimethylketal, l-hydroxycyclohexyl-
phenylketone, benzophenone, 2-methyl—i-[4—(methy1thio)—phenyl]-
2-morpholinopropanone-1,2,4, 6-trimethylbenzoyl-
diphenylphosphineoxide. These photopolymerizaﬁion initiators may
be used in combination with accelerators such as tertiary
amines. Photopolymerization initiators may be contained-
preferably at the_contént of 0.5% to 15% by weight, more:
preferably 1% to 7% by weight in the CRT adhesive composition of
the present invention.

Examples of photopolymerization initiators which may be
preferably used are i-hydroxycyclohexylphenylketone, 2—hydroxy—

" 2-methylpropiophenone and the like. Accelerators such as
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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 heating the above componehts_(A), (B), (C) and
(D), mixing them together and dissolving them. In the CRT
adhesive composition of the present invehtion, 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 i.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 of 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 pfoportion of 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 mono-

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



adhesi on (kg/cm ' 0.2 0.5 0.2 T
I ndex of cured product 1.541 1.535 1.521 1.562 [err} scre st ates

X REPLACEMENT SHEET 15 Date : 04 NOV 1095 Table 2 (contn d_-)azgigiq;,é,r,ﬂﬂy.ylass__.,
exanples 5 6 7 KAYARAD R-310 ' 20 36 25=

; . optionally an urethane (meth)acrylate (B). Another preferred
embodiment comprises a bisphenol A-type epoxy (meth)acrylate
(A), 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,
other constituents may be added fhereto for improving or

~optimizing the performance thereof. Such other constituents
should be used within the range that may not cause any
alteration in the essential properties of tﬁe final product.
These cher 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-pentenyl (meth)acrylate, dicyclopentadieneoxyethyl
(meth)acrylate,.triproleene glycol @i(meth)agrylate, neopentyl
giycol di (meth)acrylate, tricyclodecane di(meth)aérylate,
nonandiol di (meth)acrylate, isobornyl (meth)acrylate,
trinmethylolpropane trifmeth)acrylaté, polyester
poly (meth)acrylates, polycarbonate poly- (meth)acrylates and
povolak-type epoxy (meth)acrylates); non-reactive compounds
(sucﬁ 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;

polymerizationlinhibitors and the like.
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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 um to 200 um may be obtained after cured. Then, a sheet of
film (selected from commercially available plastic films
including: polyester film of S0 um 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 énd then the adhesive
composition is made ﬁo cure by irradiating ultraviolet light on
the side of the film, so that CRT panel-glass with a sheef of
film may be obtained.

CRT panel—-glass having a sheet of'film bonded by using a
CRT adhesive composition of the present invention 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 performéd much more briefly and

" readily than polishing pfocess, thus allowing to largely reduce

the CRT production cost.
EXAMPLES _
The present invention will be described in more detéil by

way of the following examples and comparative examples.

(Synthesis of components (Aa))
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4004P; epoxy equivalent 930; softening point 85°C; available
from Yuka Shell Epoxy Co. Ltd.), 71.3 parts of acrylic acid,IO.S
part of methoquinoné and 1007.8 parts of phenyl glycidyl ether
acrylate (KAYARAD R-128H available from Nippon Kayaku Co. Ltd.)
acting as diluent were charged together and heated to 90°C to
dissolve the solid epoxy resin. After the complete dissolution,
the mixture wés allowed tq cool to 60°C, then 6.0 parts of
triphenyl phosphine was charged and heated up to 95°C, at which
temperature the reaction . was continued for 30 hours to obtain an
epoxy 5crylate (a-2-1) cqntaining 50 %.by weight of phenyl
glycdidyl ether acrylate. The obtained product had 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.
After the complete dissolution, the mixture was allowed to cool
to 60°C, then 3.2 parts of triphenyl phosphine was charged and
heated ué to 95°C, at which temperature the reaction was
continued for 30 hours to obtain an epoxy.acrylate (a-2-2)
éontaining 50 % by weight of phenyl glycidyl ether acrylate. Tﬁe
obtained product had a viscosity of 44.5 poises measured at
60°C. |

Examples 1 to 4, Comparative examples 1 to 7
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was spread over a non-polished surface of CRT panel-glass

softening point of [err] available from Yuka Shell Epoxy Cq E%EA&

(having a refractive 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 aftér cured. A sheet of polyester film
(available from Teijin Co. Ltd.; of which one face was'hard—
coated and the opposite face was primer-coated for improving
adhesion to an adhesive composition; film thickness of 188 um)
was placed 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 measured at 25°C (cps), the
spreadability, £he adhesion, the refractive index of cured
products measured at 25°C and the screen states were determined
by testing.

Testing method:l

Viscosity at 25°C (cps): was measured by means of an E-type
viscometer. .

Spreadability: was determined by testing application properties
by means of an autom;tic spreader :

0....good; .
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ESdFQIARQD E—lZ?H: avaiIaPIe f{on1hippon Kayaku Co. Ltd.; 2Z-
Kogyo CDY %tdr?b btg stgbiligef As can be pbyibugvﬁigﬁ?lﬁ fPQ@kﬁ??ﬁ OQ?EB&?
was. xcel | Bnt - REBEROACHE REBIST P 4 Rinesi on. and al so satisfactory in

all respects, ab | S|
P Adhesggg:tﬂghg§{5§”g€¥éﬁé¥i(¥kd%cksl%%Eskggted as follows: A

test piece of panel-glass was prepared by spreading an adhesive
composition, bonding a shéet of polyester film thereupon and
irradiating ultraviolet light to cure the adhesive composition,
as described above. The prepared test piece of panel-glass was
subjected to peeling test, according to which the sheet of
polyester film was cut to l-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 composition 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 N2,
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 sp;eading an adhesivé
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:
0:...Nothing wrong was observed on the television screén;
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.
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8, Conparative exanples 8 to 10 In each of these exanples,
conposition was prepared by heat-dissolving a starting m X
accordance with each of the fornul ationg3
repr esent

of 1.536|nmeasured at [err] by neans of a roll [coater. $ealpatksa coating
t hi cknesqg of 70 [err] m may be obtained after cured. A sheet of polyester
film(of jwhich one face was hard-coated and the oppos{te fatejwas| ,
primer-cqated for inproving adhesion to an adhesive; filmthicknegs of 20
[err]m inek%%%gRO%%B ghe adhesi ve conp03|t|on2%o t1%% the3%f|npghcoate
KAYARAD R-114 *2
KAYARAD UX-3204 *? 17 20
KAYARAD UX-4101 *4 17
KAYARAD R-128H *3 35 30 20 35
2—hydroxyethylmethacryléte 24 24
2—hydroxyprqpylmethacrylate 15
2-hydroxyethylacrylate 30 15
Carbitolacrylate
phenoxyethylacrylate
1,6-hexanedioldiacrylate
Irgacure 184 *°$ 3 3 3 3
others:MARK LA-82 *7 1 1 1 1
:hydroquinone methylether 0.05} 0.05} 0.05} 0.05
(polymefization inhibitor)
viscosity (2§t,cps) 1750 | 1420 [2560 [1840
spreadability 0 d 0 0
adhesion (kg/cm) 1.8 1;6 1.4 1.7
refractiveliﬁdex of cured product 1.540{ 1.54411.535|1.539
{25°C).
screen states 0 0 0 0

% by wei ght).
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face may be bonded to the glass surface. Then, by neans of
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hi gh- pressure nercury vapor lanp, ultraviolet light was ir

side of the polyester filmfor making thf adhesi ve conposi
obtain a cathode ray tube wth the sheet bf pol yester fi

per.formance assessnent of each adhesi v&@®d®pdsition, the adhesron, the

refractive.index .of cured.pr.oduct-measur ed-at [eFF}~and-themscreeﬁ—s%a%ﬁs
were determned by testing. Testing method: Aé he Sicowpa radhies exagprlesgt h
(kg/cm) wWas tested as follows: A test piece of - gl-ass—was—prepared--|by
spreadi ng an adhesi ve conposition, bonding a gheety of |pal yesit er fllrm
t hereupon| and irradiating ultraviolet light td cure tHe adhesive |. .
COMPOSI t1OkaypRAD R-310 *! 24 25
KAYARAD R-114 *2 119
KAYARAD UX-3204 *3 17 117
KAYARAD UX-4101 ** 29
KAYARAD R-128H *5 47 47 75
2—hydroxyethylmethacrylaté 17 24
2-hydroxypropylmethacrylate
2-hydroxyethylacrylate
Carbitolacrylate 24
phenoxyethylacrylate 35
1,6-hexanedioldiacrylate
Irgacure 184 *¢ 3 3 3 3
others:MARK LA-82 *7.. B 1 1 1
' shydroquinone methylether. 0.05 lo.o5 {o0.05 |0.05
(polymerization inhibitor)
viscosity (25%7,cps) ’ _ 1510 |549Q 2350 22%9
spreadability ' 0 x 10 0
adhesion (kg/cm) 0.2 0.5 0.2 1.6
refractive index of cured product 1.541}11.53511.521 1.562
(25°C)
screen states : ] 0 { { X




as described above. The prepared test piece of panel-glass
peeling test, according to which the sheet of . REPLACE
Dat e: 04 NOV 1995 polyester filmwas gyt to 1 inch wide
pulling up to 90 degrees (pulllng rate 0 2 inches/nin ).

of the cured product [err] was te$dbdead flePnbnsd) EFach ad
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KAYARAD R-310 *! _ 20 30 25

KAYARAD R-114 *?2

KAYARAD UX-3204 *3 | 26 25
KAYARAD UX-4101 *4 : | 15
KAYARAD R-128H *5 20 35
2-hydroxyethylmethacrylate 25

2-hydroxypropylmethacrylate
2-hydroxyethylacrylate 55 15

Carbitolacrylate

phenoxyethylacrylate

1,6-hexanedioldiacrylate . 10 :

.Irgacure 184 *+°¢ 3 3 3 z

others:MARK LA-82 *’. 1 1 1 %
:hydroquinone methylether 0‘. 05 |0.05 [0.05 é
(polymerization inhibitor)

Qiscosity'(25t,cpsj , _ | 1100 {3830 1670

spreadability. | C X 0

adhesion (kg/cm) | 1.2 1.4 0.1

refractive index of cured product | 1.501[1.538}1.530

(25°C) |
screen states | ' X ) 0




thereafter the refractive index at [err] was neasured. Screen states:
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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-propylacrylate (KAYARAD R-
128H) . ' |
*2 KAYARAD Rf114: product of Nippon Kayaku Co. Ltd.; the
reaction product (average molecular weight of 512) of Epikote
828 (bisphenol A-type epoxy resin; epoxy equivalene of 184;
liquid; available from Yuka Shell Epoxy Co. Ltd.) with acrylic
acid
'*3 KAYARAD UX-3024: available from Nippon Kayaku Co. Ltd.;
"polyester-type hon-yellowing urethane acrylate
*4 KAYARAD UX-4101: available from Nippon Kayaku Co. Ltd.;
polyester-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 ’ ;
As can be obvious from the results shown in Table 1, each
of the CRT adhésive compositions of the present inventiop was
excellent in both spreadability and adhesion, and also

satisfactory in all respects about the screen states of a

television.
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Formut ati on 6
epoxyacrylate(a-2 1) of Synthesis 1 14 '

epoxyacryl at e( a- 2- 2 Synt hesis 2 40 KAYARAD U%ﬂ932
17, . Exaplesy, @x ¢p@pargtive examples 8 to 10 _
17 KAYARAD 128H *3 35 30 20 35
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2. hzg;gizgéﬁgg ne% acregﬂuaissolving a starting3Bixtu§S 4qgﬁﬁﬁﬂ¥9§ﬂ§?
3

Wlth 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 pum 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 poiyeéter film.

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

Testing method:

Adhesion: Ahhesive 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
ifradiating ultraviolet light to cure the adhesive composition,
as described above. The prepared test piece of panel-glass was

subjected to peeling test, according to which the sheet of
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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 pm, 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 méasured.

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 ultraviolet light to cure the adhesive composition,
as described above. Screen states of the obtained television
were observed:

0....Nothing wrong was observed on the televisién 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.
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CEMENT SHEET

(a-2-1) of Synthesis 1 24 KAYARAD UX- 3204 *1
20 KAYARAD UX-4101 *2 19 29 2 KAYAF@I] NBVHIQBS
47 2-hydroxyet hyl met hacryl ate - _ 24 Date fiiiieimnisenac e rees
2- hydr oxyet hyl acryl ate Table 3 55 Carbitoracrylate
24 phenoxyethyl acrylate o 35 lrgacure._184.*4. .. 3. ... .
3 MARK |A-82 *5 ' ' 1 1 Rydmedeisnone
met hyl et ljer 0.05 0.05 Perfor npree—adheston-(-kgtem—
0.5 0.2 rolRmlilation : 5 6 7 8
epoxyacrylate(a-2-1) of Synthesis 1 24 30 24
epoxyacrylate {(a-2-2) of Synthesis 2. 40
KAYARAD UX-3204 *! 17 20
KAYARAD UX-4101 *? ' 17
KAYARAD 128H *3 ' 35 30 20 35
2-hydroxyethylmethacrylate _ 24 24
2-hydroxypropylmethacrylate 15
2-hydroxyethylacrylate 30 15
Irgacure 184 *1 3 3 3 3
MARK LA-82 *5 1 1 1 1
hydroquinone methylether 0.05 }0.05 10.05 0.05
Performance
adhesion (kg/cm) 2.0 1.8 1.7 1.9
refractive index of cured product | 1.545 1.547'1.540 1.543
(25°C)
screen states 0 0 0 0




refractive index of cured product
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ur et hane
2- hydr OJ

X 21

1.540 1.521 1.490 [err]

REPLACEMENT SHEET No
04 NOV 1995 *1 KAYARAD UX-3024: avail able from Ni ppo
Ltd.; polyester-type non-yellow ng ureth&dhe acrylate *2 KA}
avai |l able from Ni ppon Kayaku Co. Ltd.; Tg®leedt er-type non-yerrom ng
L YARAD R- 128H: —avai-Labl

EREPLACEMENT SHEET |,
Kaya V1985
m:'&éﬂg']ﬂ"g"““‘ ;

e from N ppoh -Kayakd—G

0. Ltd.;

\

y- 3- phenyl oxy- propyl acryl ate Comparative examples
Formulation | 8 9 10
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
Carbitolacrylaﬁe 24
phenoxyethylacrylaté 35
Irgacure 184 *4 3 3
MARK LA—Sé_*5 1 1
hydroquinone:;methylether 0.05 {0.05
Performancé
adhesion (kg/cm) 0.5 0.2 {0.1
refractive index of cured product . -1.54011.521}11.490

' (25°C)
screen states 0 d




*4 lrgacure-184: avail able from Ci ba-Geigy Co. Ltd.; photopol ynerization
initiator; 1-hydroxycyclohexyl-phenyl ketone *5 MARK LA-82: [@vartabte fTom
Asahi Denka Kogyo Co. Ltd.; photo stabilifer As can be obvi GMENESHEET |
results shown in Tables 3 and 4, each of |

off
he CRT adhesive ¢ogpposif iz0 I
t he. presenNotegention was excel'lent in adhesion and sati sf CS%?vjzﬁ“gﬁygﬁssﬁ it

respects about the screen states of a television. EFFECTS THE TNVENTTON
The adhesi ¥& EB¥PBRAPtV¥N3024; amaldiableydfivrede NipponyKayakp fRe kEdséent

i nvention are excellent in spreadabjlity and the resulting cured products
have a gooRO&¥REEPERTYRE RORYe Wﬁﬂﬁaqéﬁf @Y 1RkPch a sheet of film

I's bonded t =ql f. L he.-adhesi I t] th
s bonded g RRYSkad' §72a Do R Blb ' A SESn° RIRARL! 67 £lal P
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et r—

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.;
photopolymerizapion 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 satisfactory in ail respects about
tﬁe screen states of a televisioh.
EFFECTS OF THE INVENTION

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

largely reduce the production cost of a cathode ray tube.
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L hAn ?dhesivbncedbesiv¢onop¢$#tiﬁnaﬁqr(Hﬁ@hé@eCF&9°§Gb§§YCEHB?$sing: a
i spheno

A-type epoxy (neth%acr | ate having a
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 . '
L ' - R
CH,=C.C-0-C HchCHZO‘(G- CHz—@ OCH,CHC HZO)—
- { n
- OH OH
O R1
—@-QH{@- OCHgCHC HgOC-C"Cﬁz 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
f)hotopolymerization initiator (D), optionally together with an
urethane (meth)acrylate (B).
2. An adhesive compposition for use in cgthode ray tubes

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

férmula (1) : l';h(“) ) " |
CH2=C~C-O-CH2(|)HCH20<(©— CH OCHZ(l:HCHzo}‘:
OH OH ‘
oR, ,
-@—cu,_ ocuacucmoc-c_cu2 1)
Orl

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), a

photopolymerization initiator (D) and an urethane (meth)acrylate

(B).
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mol ecul ar .wei ght of 550 or nore and/or a @pgng@@gghg@ggwlﬂfageachMENTﬁa%ﬁ
represented by the fornula (1): RLO [err]jj i n Waigphackerr] rgpresengs 2¥N 199%
: H Daterh free a5

hydrogen atom or CH3; and the average va} e
or nore, a hydroxyl-containing nono(neth)acrylate (C) and a &= ==
phqt opol yn®r i zahn cadhes iveatcompod)it iopsi §pxl npet bpectrehods t¥rvtulRes hane
(nmeth)acrylate (B). 2. An adhesi ve conposition for use in cathode ray
t ubes conpeomprisisgt a Jobsphenadi dTtYPe SROEPoAPetRIRERYIRYS | haElngz
represented by the fornula. (1) R10 [err]

molecular weight of 550 or more, a hydroxyl-containing

mono (meth)acrylate (C), a photopolymerization initiator (D) and
an urethane (meth)acrylate (B).

4, An adhesive composition for use in cathode ray tubes
comprising: an epoxy (meth)acrylate (A)'represented by the

formula (1): RO

i )
cuz=c-c-o-cuzcncrizo{©-cm—@-ocuzclzucnz }n-
| O OH
o~ A
-@—ca,—@-ocuzc‘mcuzoc-&cuz (1)
OH

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

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

5. An adhesive composifion 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) and a photopolymerization initiator (D).
6. The adhesive compositon for use in cathode ray tube
according to anY?né 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 pfoduct of the adhesive compositon for use in

cathode ray tubes according to anyone of the claims 1 to 6.
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[err] OHin which, [err] represents a hydrogen atom or CH3; ﬁH*FﬁE yWﬁbaﬂﬁﬁ

‘value of n represents a nunber of 0.5 or nore, 40 to 90% by ht B
ahydr oxyl - cont ai ni ng nnno(neth)acrylate 44C), a phot opol yreri i é] %ﬂr- Beah= e
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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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mol ecul ar wei ght of 550 or nore, a hydroxyl-containing nono(neth)acryvlate... ..
(O, a photopolynerization initiator (D) and an urethane (i -

LABENMENTSHE: 1

(B). 4. An adhesi ve conposition for use in cathode ray tjibes c QPNQVIEQE :
5 to 50% by wei ght of an epoxy (neth) acrz\é.)l ate (A) represe tr%bg ______ A ‘J
forouda{1) [err] OHin which, [err] représents a hydrogen : '

and the average val ue @ge s a nunber, of 0.5 or npre, 40 to 96@6b}r
wei ght of a hydroxyl-contgﬁ#ﬁﬁgﬂhﬁﬁﬁwﬁﬁgﬁféﬁwyP&PeCF@)ggﬁaiaeg
phot opol ynrization initiator (D) By thénsehelsé v@ofonposition for use in

cat hode ray tubes conprising: a bi spheparridsype epoxy (neth)acrylate
havi ng -a

e ¥

Disclosed herein are adhesive compositions for use in
cathode ray tubes comprising a specified epoxy (meth)acrylate, a
hydroxyl-containing mono(meth)acrylate, a photopolymerization
initiator and optionally an urethane (meth)acrylate, the cured
products thereof as well as cathode ray tubes obtained by the
use thereof. The adhesive compositions of the present invention
are excellent in spreadability and the resulting cured products
have a good adhesion to glass. Cathode ray tubes in which a
sheet of film is bonded to panel-glass b§ using an adhesive of
the present invention exhibit satisfactory screen states

comparable to those exhibited by cathode ray tubes subjected to

a polishing process.



nol ecul ar wei ght of 550 or nore, a hydroxyl-containing nono(neth)acrylate
(© and a photopol ynerization initiator (D) 6. The adheS|ve conp05|ton
for use in-+cathode ray tube according to anyone of, A
characterized in that sal d adhesive has a [err] re rmimwmm“mr
to 1.550 after cured. 7. A cured product of the zldhe5|}/r§i osito

use in cathode ray tubes according to anydhe of thp mdtai 6995
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_ T
ray tube in Ig%‘hlgé?:of S¢ilmis bonded to
1. An adhesive composition for use in cathode ray tubes

comprising: a bisphenol A-type epoxy (meth)acrylate having a
molecular weight of 55(_)_ or more and/or an epoxy (meth)acrylate

(A) represented by the formula (1):
"‘1% : o
cuz=0ac-o-cuchCH;6'«(©-'-c‘ué@ocuacﬂcuzo)-
i ' . ' I n
OH . OH
| o ?"?1
—<}—cuz—©-oc,Hzc'mcHzoc-‘c=c:H2 (1)

OH.
in which, R; represents a hydrogen aton_t or CH3; and
the average value .of n represents a nu@er of 0.5 or more, a
hydroxyl-containing mono(méth)acrylaté (C) and a
photopolymerization initiator (D), optionally together with an
urethane (meth)acrylate (B).
2. An adhesiveCuquitiml fér use in cathode ray tubes
comprising: 5 to 50% by v»?gight of an epoxy. (meth)acrylate (A) represented
by the formuia (1)

RO

1 o ' .
1in - .
CHfé)-é—O-CHzCHCHzO(@‘CHz—@—OCH;JEHCH;O}:
. %w oH
Ry
—@—cuz-@bcaac‘mcuzoo-c:cuz (1
| OH ,

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

the average value of n represents a number of 0.5 or more, 40 to
90% by weight of a hydroxyl-containing mono(meth)acrylate (C), a

photopolymerization init;iator (D) and an urethane (meth)acrylate

* c L M S *

(B) .




panel - gl ass by using the adhesive conposition agcarding to anyone of the
clains 1 to 7. 9. The cathode ray tube accordir
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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 photopolymerization initiator (D) and
an urethane (meth)acrylate (B).

4. An adhesive composition for use in cathode ray tubes

comprising: 5 to 50% by weight of an epoxy (meth) acrylate (A) represented
by the formmla (1) :

RO
(G || .
CH2=C-C-0-CHZCHCH20{©-CHz@CCHz(l)HCiﬁO}:
Ot OH
i
- -@-cnz-@-ocuzc‘:ﬂcmoc- =CH, (1)
- OH

~in which, Ry rebresents a hydrogen atom or CH3; and

the average value n represents a number of 0.5 or more, 40 to 90%

by weight 6feahydroxyl—containing mono(meth)acrylate (C) and a
photopolymerization initiator (D) .

5. An adhesive composition for usé in cathode ray tubes
comprisingi a bisphenol A-type epoxy lmeth)acrylate having .a
molecular weight of 550 or more, a hydroxyl-contaihing

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

7. A cured pfoduct qf;the adhesive compositon for use in

cathode ray tubes acéording to anyone ©f the claims 1 to 6.
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