NOVEL (METH)ACRYLIC RESIN AND RESIN COMPOSITION UTILIZING SAME TECHNICAL FIELD
The present invention relates to a novel (meth)acrylic resin. More specifically, it relates to a
(meth)acrylic resin having a hydroquinone, catechol, or resorcin skeleton as well as a carboxy group in
its molecule; and further a resin composition using the same applied suitably for adhesive agents is
proposed. BACKGROUND ART Heretofore, (meth)acrylic resin having a carboxy group in its
molecule Ka¥beerilitkel tsed fér pictéresistink eompositianscuded tor f8rmingrésist pékterns in
printed-wiring boards (see Patent Documents 1 and 2, etc.). The photoresist ink composition is used in
order to form a desired wiring pattern through development. More specifically, an energy beam such
as ultraviolet rays is irradiated to the (mey%)@ﬁwi&resg& %erosition under a mask having a pattern
ing) to thereby crosslink the (meth)acryloyl group of the ?meth)acrylic resin at exposed portions. Then,

making use of alkali:splubility, of the,carboxy graup af uncured (methacrylic resin.glkali-development

is performed to thereby form a certain pattern. The (meth)acrylic resin has also been used for
adhesiveragents. For example; iitisdused,for a-phetd=cirable-dentakiadhesive agent in=Ratent
Document 3. 2 However, it is designed for the application of dental adhesive agents in particular
consideringphotocurabiliscaroundaeonttemperhiure; watercresistantadisasion properties

as a carboxy group in its molecule; and further a resin
composition using the same applied suitably for adhesive

agents 1s proposed.

BACKGROUND ART

Heretofore, (meth)acrylic resin having a carboxy group in
its molecule has been widely used for photoresist ink
compositions used for forming resist patterns in printed-
wiring boards {see Patent Documents 1 and 2, etc.). The
photoresist ink composition is used in order to form a desired
wiring pattern through development. More specifically, an
energy beam such as ultraviolet rays 1s irradiated to the
{meth)acrylic resin composition under a mask having a pattern
(wiring) to thereby cresslink the (meth)acryloyl group of the
(meth)acrylic resin at exposed porticns. Then, making use of
alkali-sclubility of the carboxy group of uncured
{(meth)acrylic resin, alkali-development iz performed to
thereby form a certain pattern.

The (meth)acrylic resin has also been used for adhesive
agents. For example, 1t is used for a photo-curable dental

achesive agent in Patent Document 3.



of cured material, etc. As described above, application of the (meth)acrylic resin for adhesive agents
has not been sufficiently established. Patent Document 1: Japanese Unexamined Patent
Application, Publication No. S61-243869 Patent Document 2: Japanese Unexamined Patent
Application, Publication No. 53-143911 Patent Document 3: Japanese Unexamined Patent
Application, Publication No. 55-286822 DISCLOSURE OF THE INVENTION Problems to be Solved by
the Invention  ETHe{rEsenttinyentier has Béehanatdban view of el problems eleseiibed above and
relates to a hovel (meth)acrylic resin having a carboxy group in its molecule. That is, the present

inventionJ5tOpE4ES aFtovet fmeth)aeRiic TesthaP iEdGitbly sEd Forthe Histhit afioH of adhesive
agents agq: 81'1'%‘{;[\{5 to attain freedom in handlin freedomcinndtesei rp}iggiaonnadhesiv% @gggt, and high

, LOOM Lemperature,  walar-TeS1s ;
adhesion streng of adhesive agents. Means for §oﬁnng fhe Problems p‘Fﬁg%resent inventors
have performed.diligent:studies inyjew ofthe problems. degeribed above; as.a fesult, havgfound that
the compound resulting from reacting a (meth)acrylic acid 3
(methyacrylic resin for adhesive agents has not been
sufficiently established.
Patent Document 1l: Japanese Unexamined Patent Application,
Publication No. $561-243869
Patent Document Z: Japanese Unexamined Patent Application,
Publication No. H3-143911

Patent Document 3: Japanese Unexamined Patent Application,

Publication No. H5-286822

DISCLOSURE OF THE INVENTION

Proklems to be Solved by the Invention

The present invention has been made in view of the
problems described above and relates to a novel (meth)acrylic
resin having a carboxy group in its molecule. That is, the
present invention proposes a novel (meth}acrylic resin that is
suitably used for the application of adhesive agents and
allows to attain freedom in handling, freedom in designing an

adhesive agent, and high adhesion strength of adhesive agents.

Means for Solving the Problems
The present inventors have performed diligent studies in
view of the problilems described above; as a result, have found

that the compeound resulting from reacting a (meth)acryiic acid



ester of an epoxy resin having a skeleton such as hydroguinone, resorcin, and catechol with an acid
anhydride etc. exhibits a lower viscosity due to a lower molecular mass and may also have a higher
polarity due to a lower carboxy group equivalent (gnolecular mass per one carboxy group) and
therefore enhances adhesion strength and/or attains a promoting effect on thermosetting reaction
when used as a component of adhesive agents, thereby completing the present invention.
Specificafly {the préseérit ifvertion: fetates 16 THe olRwig 13 to> 12)s Here2ip thisspetification,
"(meth)acrylic" means one or both of "acrylic" and "methacrylic”. Further, in this specification,

"(meth)ad§ By mBand she G EEth or “SEiloyiaRd “metRacHiloy e 1§ A méthiadyicrésin
remeseng%hg%ﬂgggg%g%%geggg to a lower molecular mass and may alsco

have a higher polarity due to a lower carboxy group eguivalent
{(molecular mass per cne carboxy group) and theraefore enhances
adhesion strengih and/or attains a promoting effect on
thermosetting reaction when used as a component of adhesive
agents, thereby completing the present invention.

Specifically, the present invention relates to the
fcllowing 1) to 12). Here, in this specification,
"{meth)acrylic” means one or beth of "acrylic"™ and
"methacrylic". Further, 1in this specification,
"(meth)acryleyl" means one or both of "acryleyl™ and
"methacryloyl™.

1) A (meth)acrylic resin represented by formula (1)

below:

M

n

in the formula, the benzene ring Ar may be present or absenti;
when no benzene ring Ar exists, the bond “a” represents a
single bond or a double bond;

n represents an integer of from 1 to 5; and R* represents



in the formula, the benzene ring Ar may be present or absent; when no benzene ring Ar exists, the
bond "a" represents a single bond or a double bond; n represents an integer of from 1 to 5; and R1
represents 4 a hydrogen atom or a methyl group. 4 2) The (meth)acrylic resin according to 1), in
which no benzene ring Ar exists in the formula (1). 3) The acrylic resin according to 1) or 2), in
which R1 is a hydrogen atom in the formula (1). 4) A resin composition containing the
(meth)acfylicfesirrgccotdiry torarfy 8fé oY1) €°3)1P-  5) The resin composition according to 4),
further containln% a photo olymeriza on initiator, 6) The resin composmon according to 4) or 5),

further containin 5tﬂ8ﬁn Weﬁ%’(ﬁrﬁgnfﬁf’oﬁlmﬁ%%ff dmg?ﬁ'h% resin cSfp6&itiBh according to
any one gf 4) 10 6), further,containing.an ingrganic filler,

3) The acrylic resin according to 1) or 2), in which R'
is a hydrogen atom in the formula (1}.
4) A resin composition containing the (meth)acrylic resin
according to any one of 1) to 3).
5) The resin composition according to 4), further
centaining a photo~polymerization initiator.
) The resin composition according to 4) cr 2), further
containing & thermal radical polymerization initiator.
7) The resin composition according to any one of 4} to 6),
further containing an incrganic filler.
8) The resin composition according to any one of 4) to 7},
further containing a hydrazide compound.
9) The resin composition according to any one of 4) to 8),
further containing a silane coupling agent.
10) An adhesive agent for electronic parts, using the
resin composition according to any one of 4) to 9).
11} An achesive agent for ligquid crystal displav cells,
using the resin compesition according to any one of 4) to 9).
12) A liguid crystal display cell, adhered using the
adhesive agent for liguid crystal display cells according to

11).

Effects of the Invention

The {(meth)acrylic resin of the present invention is very



8) The resin composition according to any one of 4) to 7), further containing a hydrazide compound.
9) The resin composition according to any one of 4) to 8), further containing a silane coupling agent.
10) An adhesive agent for electronic parts, using the resin composition according to any one of 4) to
9). 11) An adhesive agent for liquid crystal display cells, using the resin composition according to
any one of 4) to 9). 12) A liquid crystal display cell, adhered using the adhesive agent for liquid
crystal digplayecells atedrdifg fo 11y, Efects o the Tnventihl 8 stitabigased for feadpplication of
adhesive agents. That is, since it has a carboxy group in its molecule and also the carboxy equivalent

is lower, finBfovententdfi athedion stierfdii Bt adhesive 4§erits &hd £ promofifg Effect on

thermosetting reactio hiev L Furtherm r%,vietis Ionlvgr mol Hlar mass allows its easy
handling %nr#eﬁs p%@ﬁ%%%gfsgturg o] e%%?of?e%gn when use agsga% ad %sﬁl%ergél l:t%even without

using dilution.agents aiichas.Qrganicisalvents.since if is uplikely &g beesiricted with,respect to
viscosity of other ingredients. PREFERRED MODE FOR CARRYING OUT THE INVENTION
Hereinaftesatheipreseahinventiomn issexplaineth - detatlore, its lower molecular

mass allows its easy handling and also provides a feature of

easy of desilgn when used as an adhesive agent even without

using dilution agents such as organic solvents since it is

unlikely to be restricted with respect to wviscosity of other

ingredients.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention is explained in detail.

The (meth)acrylic resin of the present invention
represented by the above-noted formula (1) can be obtained by
reacting an epoxy acrylate resin, represented by formulas {2)
to (4) shown below, with an acid anhydride of 0.1 to 30 mole
equivalents preferably 1 to 10 mole eguivalents in the
presence of a reactiocon catalyst. The reacticon temperature is
preferably from 0°C to 100°C and more preferably from 10°C to
40°C. Here, n and R in the formulas (2) to (4) mean those

identical to n and R* in the above-noted formula {1}).

T
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The (meth)acrylic resin of the present invention represented by the above-noted formula (1) can be
obtained by reacting an epoxy acrylate resin, represented by formulas (2) to (4) shown below, with an
acid anhydride of 0.1 to 30 mole equivalents prefefgably 1 to 10 mole equivalents in the presence of a
reaction catalyst. The reaction temperature is preferably from 0C to 100C and more preferably from
10C to 40C. Here, n and RI in the formulas (2) to (4) mean those identical to n and Ri in the
above-noted formula (1). 6 The reaction catalyst is not particularly limited thereto; for example,
bases may be used, and organic/ases are preferable)Tertiary amines are particularly preferable. A
mixture of two §r more may alsofbe used; in a particulaNy preferable embodiment, a mixture of
4-(methylagi ridiqe trigt ine is used e acid anhydrde may be exemplified by
maleic acid nhyoéide, ihydrd eic Acid“anhydiride Ejiccitfic acid antAiride), phthalic acid
anhydride, et€. In additioH, the (fpeth)acrylic resigHepresentdd by the above-noted formula (1) can be
obtained even using male c acid,\dihydro maleic acid (§uccinic acid), phthalic acid, etc. in place of the
acid anhydrides by appropriately adjusting the additive amount. An organic solvent may also be
used in the synthesis. The organic solvent used may be exemplified by 2-butanon, methylene chloride,
etc.; a mixture of two or more mayyalso be used, b

R! OH O/Y\O
Q\IKO\/J\/O OH

! 4
n

The reaction catalyst is not particularly limited
thereto; for example, bases may be used, and organic bases are
preferable. Tertiary amines are particularly preferable. A
mixture cf twe or more may also be used; in a particularly
preferable embodiment, a mixture of 4- (methylamino)pyridine
and triethylamine is used.

The acid anhydride may be exemplified by maleic acid
anhydride, dihydro maleic acid anhydride (succinic acid
anhydride}, phthalic acid anhydride, etc. In addition, the
(meth)acrylic resin represented by the above-noted formula (1)
can ke obtained even using malelic acid, dihydro maleic acid
(suceinic acid), phthalic acid, etc. in place of the acid
anhydrides by appropriaztely adiusting the additive amount.

An organic solvent may also be used in the synthesis.
The crganic sclvent used may be exemplified by Z-butanon,
methylene chloride, etc.; a mixture of two cor more may also be

used.



The (meth)acrylic resin of the present invention is preferably the resins having a resorcin skeleton
rather than the resins having a hydroquinone or catechol skeleton. The reason is that the resorcin
skeleton shows lower symmetry than that of the hydroquinone skeleton and is easily available
compared to the catechol skeleton, and curing reaction of resins is faster. Furthermore, acrylic resins
are more preferable than methacrylic resins in view of reaction speed. It is also preferred that maleic
acid anhydride is'lised &% the ek ankydiidelin ortler e redirsestiie darbery equivatent. The resin
composition using the (meth)acrylic resin of the present invention is favorably applied for adhesive
agents. IR 1RSSR the- BEnteRt ofthe (hiethTadryhi€ TSR & praferdbly froh? BRI td-85 Parts by mass
based ont}}%o Pagtsnbg/ %Qé%of tge kt]otglr%mo&% gg‘% thoe recsén co (Ffsisti}gg Fgrthernﬁ(ge, it is more
preferably from 01169 partsqby mass and partlcularfy pre?erab y from f T 80 ‘par s%y mass. The
remaining pats-areofphoto-plymedzat on, initjarer.thermal radical polymexization injtiatar, inorganic
filler, thermosetting agent, silane coupling agent, etc. The photo-polymerization initiator, which the
resin compaositiort of the presentrinventiondray éeludeig nps pasticulariy imitedrsisclong as a radical is
generated upon being irradiated with an energy beam such as ultraviolet rays and visible light to
thereby initiate:achalre polyerizationaréastien andrmaybe exemplifieddayrbénzyldimethyl ketal, 1-
hydroxycyclohexyl phenyl ketone, diethylthioxantone, 8 benzophenone, 2-ethyl anthraquinone,
2-hydroxy 2= théthyfropiophenone’ Diie - (Afethyliio) Biidyl] < mB¥pHdlino-l-propane,
2,4,6-trimeth benﬁ%l q_ﬂighen}%ghgsphjng oxide, etc. When used as.an adhesive agent for liquid
crystal diRpfay celd describad befow and inUse at portions direétly tontitting B liGéid Crystal, those

having a {methjacrylayl group.in their malegilles are preferably ysed in view of staining,properties to
the liquid crystal; for example, a reaction product between 2-meéthacryLoyloxyethyl isocyanate and
1-(4-(2-hydroxyethoxyynkenyfl-2-hydrexy-2-methyl=1-prepan: 1none isfavorably-used. The compound
can be obtained by producing in accordance with the method described in WO 2006/027982. The
content of the phtte-pobamerizatigmneigitiatomisitypically from(0-to) B patts byrmass antl preferably
from 0.2 to 5 parts by mass based on 100 parts by mass of the total amount of the resin composition
of the présent IVRMtiBh. 1nVIheithermal radicar polmerzationdnifiator awhiehithe resinéomposition
of the present invention may include, is not particularly limited as long as a radical Is generated upon

being he&fed o thefésifitiate a“ & Polymefindtiol feattion ahu' maybe éxemplified by organic
peroxides, azo c ounds. benzpin co unds, benzoin_ether compound ceto%@en ne
compour? s?zé)%ﬁ%%]g aggﬁ%tg;'%e%d %%rr:gqé)pﬁ%rcgfisgfgvrgﬁaﬁy %gg’g.gFgP ejgr%p%? aSyanYek A,
Kayamek,M; Kayamele Ry Kayamek . Kayamek LH. Kayamek 89-300; Perdox,GH-50L,, Perdox
BC-FF, Kadox B-40ES, Perdox 14, Trigonox 22-70E, Trigonox 23-070, Trigonox 121, Trigonox
121-50E,iTriganmoc 121 o S:1E850E, Triganex 2141 S50 0TrHgonax 42; Trigonox42LS, Kayaester P-70,
Kayaester TMPO-70, Kayaester CND-C70, Kayaester 0, Kayaester 0-50E, Kayaester AN, Kayabuty!
B, Perdor a6} Kayaearborr3EEs akdyacarbon AlC-75 (b Kajakyp Akre Co.), Peemek N, Permek H,
Permek S, Permek F, Permek D, Permek G, Perhexa H, Perhexa HC, Perhexa TMH, Perhexa C,
Perhexa Ve PerAéxd 222 PeFhéXa M, PRIRGRS RRY: Wt EdAAAL OPerduté HE Perbtitfi HPerbutyl C,
Perbutyl ND, Perbutyl L, Percumyl.H, Percumyl D, Perloyl 1B, Perloyl IPP, Perocta ND (by NOF Co.),
cto. are COmHER ity aVATGI BSTRE G ey b deR A2, D THEYPE. 0201, VSP-1001 (by
Wako Purg Chemical Indystries, Ltd.), ;etc are.alsg.commerciglly available as the azo compounds.
The content of the thermal radical polymerization Initiator is preferably from 0.0001 to 10 parts by
mass, more preferably froan 00005 t07A pars by mass,:andparticularly preferablys from 0.001 to 3
parts by mass based on 100 parts by mass of the total amount of the resin composition of the present
inventiongenmposition of the present invention may include, is not

particularly limited as long as a radical 1s generated upon

being irradiated with an energy beam such as ultraviclet rays
and visible light to thereby initiate a chain pclymerization
reaction and may be exemplified by benzyl dimethyl ketal, 1-

nydroxycyclichexyl phenyl ketone, diethylthioxantone,



The inorganic filler, which the resin composition of the present invention may include, may be
exemplified by molten silica, crystalline silica, silicon carbide, silicon nitride, boron nitride, calcium
carbonate, magnesium carbonate, barium sulfate, calcium sulfate, mica, talc, clay, alumina,
magnesium oxide, zirconium oxide, aluminum hycﬁoxide, magnesium hydroxide, calcium silicate,
aluminum silicate, lithium aluminum silicate, zirconium silicate, barium titanate, glass fiber, carbon
fiber, molybdenaanrraisdfides asbastosa etexiAdtOwiiieh, roltersiliea; érystalline silica, silicon nitride,
boron nitride, calcium carbonate, barium sulfate, calcium sulfate, mica, talc, cla¥, alumina, aluminum

hydroxidgfeémﬁ?é’iﬁﬁfgﬁ&&%{l%%‘dnﬁunﬁﬁﬁ}{ﬁtéﬁ%]afé hrd Préferdni8:-and@hroteh sifica, crystalline silica,

alumina, and talc,are more preferable. These inorganic fillers may-also be used in a combination of
two or more. ‘f/@ﬁeﬁ" G%eg 45 ah adhésive aig%gnl% 3?\%&% l‘%:ll?fsr%glo i%pl%Jyz%éeﬁg e%&éﬁts)gg below, the

average parficle diameters appropriately ng,greatesthan %@&@n%ﬁefﬂ@gw% enthan 2 pm,
since excessively large average particle diameters thereof may cause problems such that a gap

cannot be pseperly formed atthertime of tarminatingcupperans lowes glass-subsirates when producing
liquid crystal display cells with a narrower gap. The particle diameter can be measured by a laser
diffractionscatteting type pariclalsizedistibutioh peasuringnapparanss:fory typg)by Seishin
Enterprise Co., LMS-30). The content of the inorganic filler in the resin composition is typically
from 1 toB0PParts by'mass, frefeiabiefom™s td* 66 Parfe gy madtdand nidré“preferably from 10 to 50

parts by mass based on 100 parts bcy n%aﬁ]s oh]f the t%tal amotun£ of ¥1e resin coEnoosition of the present
At o organic fillér is™ S

. . Stainin ro riies S Ul XA e 3 -
invention” i cases where the cofte e inoFga is"excessively oW, adhesion strength may

be decreased,.and, the - degradafion,of adnesive strenath after moisture absgmtignmay helarger since
moisture-resistant reliability may also be poor. On the othér hand, in cases where the content of the I
inorganicifilfer is; exeessivelydangex gaps of liquidcnystal display eelis:pay ngt heformed.

one 1s favorabkly used. The compound can be cbtained by

producing in accordance with the method described in WO

2006/027%82. The content of the photo-polymerization initiator

is typically from C.1 to 10 parts by mass and preferably from

0.2 to 5 parts by mass based on 100 parts by mass of the total

amount of the resin composition of the present invention.

The thermal! radical polymerization initiator, which the

resin compesition of the present invention may include, is not

particularly limited as long as a radical is generated upon

being heated to thereby initiate a chain polymerization

reaction and may be exemplified by organic peroxides, azo

compounds, benzoin compounds, benzoin ether compounds,

acetophenone compounds, benzopinacol, etc.; and benzopinacol

is favorably used. For example, Kayamek A, Kayamek M, Kavamek

R, Kayamek L, Kayamek LH, Kayamek SP-30C, Perdox CH-50L,

Perdox BC-FF, Kadox B-40ES, Perdox 14, Trigonox 22-70E,

Trigonex 23~C70, Trigonox 121, Trigonox 121-50E, Trigonox 121-



The thermosetting agent, which the resin composition of the present invention may include, is not
particularly limited (except for the above-noted thermal radical polymerization initiators) and may be
exemplified by polyvalent amines, polyhydric phengls, hydrazide compounds, etc.; and in particular,
hydrazide compounds are favorably used. For example, aromatic hydrazides such as salicylic acid
hydrazide, terephthalic acid dihydrazide, isophthalic acid dihydrazide, 2,6-naphthoic acid dihydrazide,
2,6-pyridine diRydrazide; 1oZ 4<berzeridwinjdiazdae #1475, 8 ndphheis abid-tetrahydrazide, and
pyromellitic acid tetrarg%/drazide may be exemplified. In cases of aliphatic hydrazide compounds, for

example RO¥ARTERLIde, HretRydrasider propionic acif Hyarside, SHiicatid dihydrazide, malonic
acid dihydrazide, succinic acid dihydrazide, glutatic acid dih ide, adipic acid _dihydrazide, pimelic
acid dihydr: : é‘ftf;zt-cﬁ;uo%a %%Seﬁﬁyzgre?z@e’, v e %raﬁz?&’eé}%éﬁfga??d dinydrazide,
iminodiagetic.acid diydeazide, N,Nxhexamethylens bissemicarbazides Ciu‘:@% agid ihydrazide,
nitriloacetic acid trinydrazide, cyclohexane tricarboxylic acid trinydrazide; dihydrazide compounds
having a hydantoin skeletomreferably-avaling hydantoin skeletonr(skeletomahere agarbon atom of
a hydantoin ring is substituted with an isopropyl group), such as 1,3-bis(hydraz

nocarbonuethid k55 sopropyt hgdantolis tris¢ahydtazircasbonylfiethiybisoeyandrate, tris(2- 12
hydrazinocarbonyl-ethyl)isocyanurate, tris(2- hydrazinocarbonyl-ethyl)isocyanurate, tris(3-
hydrazinG&arbBiigi-propyBiseeyanarate S8id Brst2 Mrydragiroc afb diild-etiyifissey diturate may be
exemplifigd. In viewﬂglthseb Iar%celb tween I%urirggreactivitzf and latency, isophthalic acid dihydrazide,

malonic adid %Llhry%ram e, acﬁpi% acid fhyﬁ52|88, tns%l-h@%rgi’llﬁé’ arﬁghyl?l% 1ﬂjﬁ}i‘)ﬁfs‘}o(,Iy’anurate,
tris(2-hydraz nogarbanyl-sthyl)isogyanurate, tris(2- @ﬁ?f%@f@g@%ﬁhiﬂg%@é%”%te1 and tris(3-

hydrazinocarbonyl-propyl)isocyanurate are preferable; and tris(2-hydrazinocarbonyl-ethyl)isocyanurate
is particulgsly preferable. Incases of dising:thethermosetting ;agant the.ameuntused, ispreferably
from 0.1 to 20 parts by mass and more preferably from 1 to 10 parts by mass based on 100 parts by
mass of thertotal psount/af-thédresin-CoMpoSitivn ©f the préserititivention; Barnixt@reref two or more
may also be used. The silane coupling agent, which the resin composition of the present
invention“M& Hicidde niag be' éxemplified by Bt glycidéxyprepylafifeticxysiiate, 3-glycidoxypropyl
methyldimethoxysilane, 3-glycidoxypropyl methyldimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl
trimetho@gﬁé&g%%hae%yg Enilat prﬁﬁﬁ}t?im%owgﬁﬁwéf%%ﬁ%ﬁni%eﬁ%-%ﬁ%ﬂ@ﬂ;ropyl

et O A L PSS oI RgProPY

triethoxy silane, 3- mercaptopropyl trimethoxysilane, vinyltrimetnoxysilane, N-(2-
(vinylbenzylapine)ethyl)B-aminepsapyhtrimethoxysilane-hydroghleside,, 3-methackylgxypropyl

trimethoxysilane, 3- 13 chloropropyl methyldime_hoxysilane, 3-chloropropyl tri ethoxysilane, etc. The
content ofidles silaneicoupling-agentlin thesesincompasition s preferably froar@H5:tp 3 parts by mass
based on 100 parts by mass of the total amount of the resin composition of the present invention.

mass based on 100 parts by mass of the total amount of the

resin composition of the present invention.

The incrganic filler, which the resin composition of the

present invention may include, may be exemplified by molten

silica, crystalline silica, silicon carbide, silicon nitride,

boron nitride, calcium carbonate, magnesium carbonate, barium

sulfate, calcium sulfate, mica, talc, clay, alumina, magnesium

oxide, zirconium oxide, aluminum hydroxide, magnesium

hydroxide, calcium silicate, aluminum silicate, lithium

aluminum silicate, zlrconium silicate, barium titanate, glass

fiber, carbon fiber, molybdenum disulfide, asbestos, etc.; in



The resin composition of the present invention may contain a curable resin, as another resin
component, consisting of one or more selected from epoxy resins, (meth)acrylated epoxy resins, and
partially (meth)acrylated epoxy resins. For example, an epoxy resin, a mixture of an epoxy resin and a
(meth)acrylated epoxy resin, a (meth)acrylated epoxy resin, and a partially (meth)acrylated epoxy
resin may be exemplified. When used as an adhesive agent for liquid crystal display cells and in use at
portions A&ty cortaétiny alighich erystaldi patticifac ihdseexhibitigrlowet swifing properties and
solubility to the liquid crystal are preferable, Examples of preferable epoxy resins are bisphenol A type

epoxy reSRE BisphénolE tyfe e5oxy réding Bighiendl E iyPe §YoxyAresing: phendPnovolak type
epoxy resing. gresol novalak fyne.epoxy resins, hisphenal A pexolak type epoxy resins, bisphenol F
novolak type epoxy resins, allcyc(fi(’: epoxg'resms, aliphatic chain epoxg¥/ resins, glycidyl ester type
epoxy resins ~glyeidyk amine fype,epoxy resins,hydanteintype epoxy resingjsacyapiate type epoxy
resins, and phenol novolak type epoxy resins having a triphenolmethane skeleton; in addition,
diglycidykethesified compoundsyef-hifunictionat phengls sdighycidy)-etherified. 4 4:campoauwads of
bifunctional alcohols, and halogenated compounds or hydrogen additives thereof; but which are not
exclusives P& fmatNacryloylatstce poxyreasin or aipartally (meth)aeryloglatet:dpoxy fesin can be
obtained by a well-known reaction between an epoxy resin and a (meth)acrylic acid. For example, it
can be obtdlied By Sddiryfa tiethyachliccacid” aatdlyefierq., BenziFdmettylaHfing, fidgthyl amine,
benzyl trimethyl ammonium chlaride, triphenylphosphing, triphenylstibine, etc.), and a polymerization
inhibitor ([er}f&?#gtﬁgaﬁ%%qr‘:e, ﬁf? (rio%%ingoen?e?gme %f/ﬁfi/ rgéu?ﬁggg,wﬁhgﬁlcﬁh%&%nre?ge

dibutylhydroxytolyeney; ef¢):t0,an epaxy resin in, predetermined equivalgnt ragios fo gopduct an

esterification reaction at from 80C to 110C. The epoxy resin of raw material, which is not particularly
limited, is-peeferadty bifurctionad ok higherfunctional epaxy resinszexamaplesithergof are bisphenol A
type epoxy resins, bisphenol F type epoxy resins, bisphenol S type epoxy resins, phenol novolak type
epoxy resinsreresobaovclak type epexy resinghispliencl A nevelakiypé epoxy sesins, bisphenol F
novolak type epoxy resins, alicyclic epoxy resins, aliphatic chain epoxy resins, glycidyl ester type
epoxy resid tglfciyParing Bipe8pbXPrsTas, hyeRfitsin Bype BBoky FEsiAd, is68ydhtirat&itype epoxy
resins, andghenol novolak type epoxy resins having a tr(%)henolmet,hane skeleton; in addition,

diglycidyFEtRefifisd SomBstnds GFbifune |5Fi§f’l§|$e5n67§§ .'g%?ﬁ-%ﬁ?&ifﬁejaq%r%p%ﬁ’&%ﬁbifunctional
alcohols, and halggenated camppoynds, or ydtogen additives thereof., Ameng these, from the

viewpoint 15 of staining properties to liquid crystals, bisphenol type epoxy resins and novolak type
epoxy resiasase morepreferable, Additianally, the: ratiobetwesn: epoxy group-and (meth)acryloyl

group, which is not particularly limited thereto, may be appropriately selected from the viewpoints of
adaptability e piocassasand staining propertiesite tiguidscrystals.t ype) (by Seishin
Enterprise Co., LMS-30).
The content of the inorganic filler in the resin
composition is typically from 1 to 60 parts by mass,
preferably from 5 te 60 parts by mass, and more preferably
frem 10 to 50 parts by mass based on 100 parts by mass of the
total amount of the resin composition of the present invention,
In cases where the content of the inorganic filler is
excessively low, adhesion strength may bs decreased, and the
degradation c¢f adhesive strength after moisture absorption may

be larger since moisture-resistant reliability may also be

poor. On the other hand, 1in cases where the content of the



The resin composition of the present invention may be further compounded with a monomer or an
oligomer of (meth)acrylic acid ester as required. For example, the monomer or oligomer may be
exemplified by a reaction product between dipentﬂarythritol and (meth)acrylic acid, a reaction product
between dipentaerythr tol-caprolactone and (meth)acrylic acid, etc.; but which are not particularly

restrictive. The resin composition of the present invention may be further compounded with
organic filees gad additivessuchas pigmentscleyeling agentszpatifoam agents, andsseivents as
required.  An exemplary method to obtain the resin composition of the present invention is the

method ShHowh Be&lowF titially Ya PR6tI2BolidtFation initiator, another (meth)acrylic resin, an epoxy
resin, etc. are heﬁgeed ggg 1:drirsossoé\ée,‘%qL in thae %plef‘ttih)%%rylgi:%r s}ilr(]e o; éhS% Brecsoent invien{igrq an which are
then cooled to room temperattre, oliowed y being mixed with an morgaﬁi‘%cﬁler, a silane coupling
agent, a thermal radigal pojymerization initiator, a thermasetting Iﬁ@?@tﬁ &G Which age: then mixed

S,

more uniformly by conventional mixing devices such as triple rolls, sand mills, and ball mills and 16
filtered threugha-metat mesh, 4berebyrihesgsimeamposition pf dhe present invention-can be produced.
The resin composition of the present invention is very useful for an adhesive agent for electronic parts.
The adhésive agent-for electronic pastsenaybbidxenplifiedoy anadhesiveragers for flexible
printed-wiring boards, an adhesive agent for TABs, an adhesive agent for semiconductors, an
adhesivePAgentfor varidUS 8RR phay sl 8 2Bhtwhichiate Hot exchisive. 21'ITHé resin composition of the

id crystal display cells, in particular

present invenct;on 'f also very useféjl as an adhesive age?t for qug(
asa quuf%%‘?ys‘t%?s?éﬁfng ggérr?t.z |qeui§ %‘Pﬁfg‘%ﬁﬁ |§pl‘é§/ cells Aré @ ﬁ\p‘ii‘ﬁ%ﬁ beloWfor the cases where

the resin composition, of the.presgptinyenon is psed as a liquid erystal seafing agent, 4 In the liquid

crystal display cell produced using the adhesive agent for liquid crystal display cells of the present

invention; apginehsubstrales where predetesmjnedselestiodes haye heen: formed areoppositely
disposed with a predetermined gap, a periphery thereof is sealed with the liquid crystal sealing agent

of the présent imyention] and @iliguidicyystakisdencapstlated inithe=gap hike typeief, the liquid crystal
encapsulated is not particularly limited. Here, the substrates are formed of a combination of substrates
such as glass, ‘qrstZ Piastier dhudiicotisn which at [RaseBhéEb? ise sabstrates is light-transmissive.

In the production method, a spacer (space control material) such as of glass fiber is
tetrahydrazide, and pyromellitic acid tetrahydrazide may be

exemplified. In cases of aliphatic hydrazide compounds, for
example, formhydrazide, acetohvdrazide, propionic acid
hydrazide, coxalic acid dihydrazide, malonic acid dihydrazide,
succinic acid dihydrarzide, glutaric acid dihydrazide, adipic
acid dihydrazide, pimelic acid dihydrazide, 1,4-cyclchexane
dihydrazide, tartaric acid dihydrazide, malic acid dihvydrazide,
iminodiacetic acid dihydrazide, N,N'-hexamethylens bis-
semicarbazide, citric acid trihydrazide, nitriloacetic acid
trihydrazide, cyclchexane tricarboxylic acid trihydrazide;
dihydrazide compounds having a hydantoin skeleton, preferably
& valine hydantoin skeleton (skeleton where a carbon atom of a
hydantoin ring is substituted with an iscpropyvl group), such
as 1,3-bis(hydrazinocarbonocethyl)-5-isopropyl hydantoin;

tris(l-hydrazinocarbonyl-methyvl)isocyanurate, tris(2-



17 added to the liquid crystal sealing agent of the present invention, then the liquid crystal sealing
agent is coated on one of the pair of substrates using a dispenser, a screen printing device, etc.,
followed by provisional curing at from 80C to 120C.as required. Then, a liquid crystal is added
drop-wise inside a weir of the liquid crystal sealing agent, and another glass substrate is superimposed
under vacuum to create a gap. After creating the gap, UV rays are irradiated at a site of the liquid
crystal séalingpagembiyra Wktay: irfadiaticw device 16 ltause phdtécuring. Irradiation amount of the UV
rays is preferably from SOO to 6000 mJ/cm2 and more preferably from 1000 to 4000 mJ/cm2. By
curing aftef{vard oYL g D Hours at from 9B T30 b refditéd, the liquid crystal display cell of the
present igvfeﬁ;;tgoni%%n Qg oobgaiqggtThejli)qyé% ar E§Itj_%l gaisc%lay acggog Jtmhse ggesent invention obtained in
this way Is'free from (élspkljay'léél ufe dud tb contamination df liquid cryst(a and is excellent in adhesion
propertieg m%%@fzﬁ@a%@g@{@ml4%-o%§ra%%eferﬂﬁ¥yb%%eéae&l{f;epitew@ss fiber, silica
beads, polymer beads, etc. The diameter thereof, which depends on the purpose, is typically from 2
pm to 8 praandyireferablsiram-~4 puztorédpm cThe amad wsedis fypieally kesr:1,to 4 parts by
mass, preferably from 0.5 to 2 parts by mass, and more preferably about from 0.9 to 1.5 parts by mass
based oni 0@ pans hyemass of thé liguidzérystal sedling agentiof thelprésentiinventioinipic The novel
(meth)acrylic resin of the present invention is very suitably used for the application of adhesive agents.
18 That i€ sifceit FaS @ carbdxy Grot ihits/mbiectie aRd sy the €arboky etfivaientis téwer,
improvement in aq?f:){egion strength of adhesiye agents and a promotiggiesffggt on thermosetting

e

reaction can b Zafcf eved. Furthermore, its fower' mo Sl MASS allowsd y handling thereof and

also provides a feaiure of gasy designwhen used.as.an adhesive agept, since it is unlikely to be

restricted With respect to viscosity of other ingfedients. The resin composition using the (meth)acrylic
resin of the presentdeventionisvery piseful as-an adhesive agent farelestroric patts or an adhesive

agent for liquid crystal display cells. EXAMPLES Hereinafter, the present invention is explained
more specifically-vithl refetencestosynthesis liexampies aadexamplés, puttoiwhith the present
invention is not limited. In addition, expressions with the term "part” or "%" in the specification
preferable. In cases of using the thermosetting agent, the
amount used is preferably from 0.1 to 20 parts by mass and
more preferably from 1 to 10 parts by mass based on 100 parts
by mass c¢f the total amount of the resin compcsition of the
present invention; a mixture of two or more may also be used.
The silane coupling agent, which the resin composition of
the present invention may include, may be exemplified by 3-
glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl
methyldimethoxysilane, 3-glycidoxypropyl methyldimethcxysilane,
2-{3,4-epoxycyclohexyliethyl trimethoxysilane, N-phenyl-y-
aminopropyl trimethoxysilane, N- (Z-amincethyl)-3-aminopropyl
methyldimethoxysilane, N-{2-aminocethyl)-3-aminopropylmethyl
trimethoxysilane, 3-aminopropyl triethoxy silane, 3-
mercaptopropyl trimethoxysilane, vinyltrimethoxvsilane, N- (2~
(vinylbenzylamine)ethyl)-3-aminopropyl trimethoxysilane

hydrochloride, 3-methacryloxypropyl trimethoxysilane, 3-



are on a mass basis unless indicated otherwise. Synthesis Example 1: Synthesis of Acrylated
Resorcin Diglycidyl Ether 181.2 g of resorcin diglycidyl ether (by Nagase ChemteX Co.) was
dissolved in 266.8 g of toluene, and to which 0.8 g.of dibutyl hydroxy toluene was added as a
polymerization inhibitor, followed by raising the temperature to 6000. Then, 117.5 g of acrylic acid of
100% equivalent to the epoxy group was added and the temperature was further raised to 80C, and
19 0.6 g ehtrimiethyPamimowiohy éhlorde ssy séaction catalyst wasradded thereto, followed by stirring
at 98C for about 30 hours to obtain a reaction liquid. The reaction Ii%{uid was rinsed with water followed

by distillifg Sy PEBIUEHE thérkby oBtafminG 2537 of An ThtBndéd Epoxy Asryiatéof resorcin
diglycidyl ether (acrylated resarcin diglycidyl ether). Synthesis Example 2: Synthesis of Maleic Acid
Anhydride Ad uc"ltnofl%ce?ylza?g’d“ ﬁe%g%%fﬁélﬁ%y’r Etfer ger‘?‘%%.%g got §p'(;6x€ e?cory%te of resorcin

diglycidylether resulting from, Synthesis Example 1, 0.049.9 of 4xdimethylamino pyridine, 6.07 g of
triethylamine, and 1000 mL of methylene chloride were added, and which were dissolved by stirring at
room temyzeratiy eyt whichothenslik8 ghobmaleie agickanhydride,was aslded, followed by stirring at
room temperature overnight. The resulting reaction liquid was rinsed three times with dilute
hydrochloric acidfand theri threettirres. withrwater followed: by distillingeawaymethylene chloride,
thereby obtaining 5 g of acrylated resorcinol diglycidyl ether having a carboxy group in its molecule. LC
MS (M/zfFE%BHM-H)C IR 2705 chYSEDORM). IPPep4ratish of Sealifig Ageht for Liquid Crystal

Dropping Proc.essz Exar‘r%ole 1 In accordance with thg ratios shown in Table 1 below, the
consisting of one or more selectea Irom epoxy resins,

{meth)acrylated epoxy resins, and partially (meth)acrylated
epoxy resins. For example, an epoxy resin, & mixture of an
epoxy resin and a {meth)acrylated epoxy resin, a
(meth)acrylated epoxy resin, and a partially {meth)acrylated
epoxy resin may be exemplified. When used as an adhesive agent
for liquid crystal display cells and in use at portions
directly contacting a liquid crystal in particular, those
exhibiting lower staining properties and solubility to the
liguid crystal are preferable. Examples of preferable epoxy
resins are bisphenol A type epoxy resins, bisphenol F type
epoxy resins, bisphenol S type epoxy resins, phenol novolak
type epoxy resins, cresol novolak type epoxy resins, bisphencl
A novolak type epoxy resins, bisphencl F novolak type epoxy
resins, alicyclic epoxy resing, aliphatic chain epoxy resins,
glycidyl ester type epoxy resins, glycidyl amine type epoxy
resins, hydantcin type epoxy resing, lsocyanurate typs epoxy
resins, and phenol ncvolak type epoxy resins having a
triphenolmethane skeleton; in addition, diglycidyl-etherified

compounds of bifunctional phenols, diglycidyl-etherified



20 acrylic resin of the present invention synthesized in Synthesis Example 2 was heated and dissolved
at 90C, the photo-polymerization initiator was heated and dissolved therein followed by cooling to
room temperature, to which then the silane coupling agent, the silica, and the thermosetting agent
were added and stirred, followed by dispersing by a three roll mill and filtering through a metal mesh
(635 mesh), thereby preparing the sealing agent for liquid crystal dropping process of Example 1.
ComparativerExafiplest1 g 2unc tEgiRdrmioree Bimiarly: itfadcordance Wil thertatigsshown in Table
1 below, the acrylic resin of the present invention synthesized in Synthesis Example 1 was heated to

90C, the Phot-PoRhBriZatibh inttitorwas Heated Ahd Hissoivéd thet8in fliGwed BiF coofing to room
temperat%e gggvgl&ig ltggg é@g@ail%%eo_g ugljf:r%%%g% t, éh Zg,Qi%%tf%gtlhermosetting agent, and the
eda y

curing accelerator wére nd stirred, followed by dispersing by a three roll mill and filtering
through a mstah mesh1(8351nesh). thereby preparing, the sealing agents fok liquid icrystal,dropping
process of Comparative Examples 1 and 2. Evaluation tests were performed by the methods
below. (Test of MoistuseResistant AdhesionsStrength) = (hagof 5 om glassdibet as aspacer was
added to 100 g of the resulting liquid crystal sealing agents, which were then 21 mixed and stirred.
The liquigeaistaksedlingeagents wereoated by & glasssubstiats:of 56 mmisy 50 am, and a glass
piece of 1.5 mm by 1.5 ram was stuck on the liquid crystal sealing agents to irradiate UV rays of 3000
m3iem2 57 AV Fad AN devide: VIR WidratheBiaced iat Uit (6 thatfallyeur at 120C for 1
hour. The test pieces were placed | ressure cooker tester (TPC-411, by Tabai Espec Co.) for 12
hours un%é’:rl g%%?rll ition of ﬁéf(‘f‘, 5 %%)r%js'; gﬁd%ﬁbgo %ﬂ%%’???%ﬁ&ﬁ Shear adhesion strengths of the

glass pieces werg. measwred-by abond tester (SS;30WR. LY, Seishin Trading Co.). Theyresults are

shown in Table 1. (Test of Curing Speed)
methoguincne, hydroguinone, methylhydroguinone, phenothiazine,
dibutylhydroxytoluene, etc.) to an epoxy resin in
predetermined equivalent ratios to conduct an esterification
reaction at from 80°C to 110°C. The epoxy resin cof raw
material, which is not particularly limited, is preferably
bifunctional or higher functicnal epoxy resins; examples
thereof are bisphenol A type epoxy resins, bisphenol F type
epoxy resins, bisphenol § tLype epoxy resins, phenol novolak
type epoxy resins, cresol novolak type epoxy resins, bisphenol
A novolak type epoxy resins, bisphenol F novolak type epoxy
resins, alicyclic epoxy resins, aliphatic chain epoxy resins,
glycidyl ester type epoxy resins, glycidyl amine Lype epoxy
resing, hydantoin type epoxy resins, lsocyanurate Lyps epoxy
resins, and phenol novolak type epoxy resins having a
triphenclmethane skeleton; in addition, digiycidyi-etherified
compounds of bifunctional phenols, diglvcidyl-etherified
compounds ©f kifunctional alcohols, and halogsnated compounds

or hydrogen additives thereof. »Amcong these, from the viewpoint



The resulting liquid crystal sealing agents were measured for complex viscosity coefficients by a
dynamic viscoelastic modulus measuring apparatus (Rheosol-G5000, by UBM Co.). The dynamic
viscoelastic modulus measuring apparatus was set as follows: cone was a parallel cone of 20 mm
diameter, frequency was 1 Hz, strain degree was 3 degrees, and the measurement temperature was
raised from 30C to 120C at a rate of 18C/min and maintained at 120C afterward. The times when the
viscosity féachetl 10000 P are sEéwhtn Taple €. [rabié a1s 22AsgP e EXAmiple Compara.

epoxy resins and novolak type epcxy resins are more preferable.
Additicnally, the ratic between epoxy group and {(meth)acryloyl
group, which i1s not particularly limited thereto, may be
appropriately selected from the viewpoints of adaptability to
processes and staining properties to liguid crystals.

The resin composition of the present invention may be
further compounded with a monomer or an oligomer of
{(meth)acrylic acid ester as required. For example, the monomer
or oligomer may be exemplified by a reaction product between
dipentaerythritcel and (meth)acrylic acid, a reaction product
between dipentaerythritol-caprolactone and (meth)acrvlic acid,
etc.; but which are not particularly restrictive.

The resin composition of the present invention may be
further compounded with organic fillers and additives such as
pigments, leveling agents, antifoam agents, and solvents as
required.

An exemplary method to obtain the resin composition of
the present invention is the method shown beiow. Initially, a
phote-polymerization initiator, another (meth)acrylic resin,
an epcxy resin, etc. are heated and dissolved in the
{meth)acrylic resin of the present invention and which are
then cooled to room temperature, fcllowed by keing mixed with
an inorganic f£iller, a silane coupling agent, a thermal
radical polymerization initiator, a thermosetting agent, eto.,
which are then mixed more uniformly by conventional mixing

devices such as triple rollsg, sand mills, and ball mills and



tive 1 Compare Cite Novel acrylic resin Acid anhydride addvct of epoxy acrylate of resarain d.iglycidyl
ether 16 parts

16

filtered through 2 metal mesh, thersby Lhe resin composition
of the present invention can be produced.

The resin compesition of the present invention is very
useful for an adhesive agent for electronic parts. The
adhesive agent for electronic parts may be exemplified by an
adhesive agent fcr flexible printed-wiring boards, an adhesive
agent for TABs, an adhesive agent for semiconductors, an
adhesive agent for various displays, etc., but which are not
exclusive.

The resin composition of the present invention is also
very useful as an adhesive agent for liguid crystal display
cells, in particular as a liquid crystal sealing agent. Liguid
crystal display cells are exemplified below for the cases
where the resin compesition of the present invention is used
as a liguid crystal sealing agent.

In the liguid crystal display cell produced using the
adhesive agent for liguid crystal display cells of the present
invention, a pair of substrates where predetermined electrodes
have been formed are oppositely disposed with a predetermined
gap, a periphery thereof is sealed with the liguid crystal
sealing agent of the present invention, and a ligquid crystal
is encapsulated in the gap. The type of the ligquid crystal
encapsulated is not particularly limited. Here, the substrates
are formed cof a combination of substrates such as glass,
quartz, plastic, and silicon, in which at least one of the
substrates is light-transmissive. In the production method, a

spacer (space control material} such as of glasgss fiber is



Acrylic resin Epoxy aaryiace of resorcin diglycidyl ether 16 parte 16 parts The:rmosetting agent iris
2-hydrazinocarbonyleethy '
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added to the ligquid crystal sealing agent of the present
invention, then the liguid crystal sealing agent is coated on
one of the pair of substrates using a dispenser, a screen
printing device, etc., folleowed by provisional curing at from
80°C to 120°C as required. Then, a liquid crystal is added
drop-wise inside a weir of the liquid crystal sealing agent,
and another glass substrate is superimposed under wvacuum to
create a gap. After creating the gap, UV rays are irradiated
at a site of the liguid crystal sealing agent by a UV-ray
irradiation device to cause photocuring. Irradiation amount of
the UV rays is preferably from 500 te 6000 md/cm’ and more
preferably from 1000 to 4000 mJ/cm?. By curing afterward for 1
to 2 hours at from 80°C to 130°C as required, the liguid
crystal display cell of the present invention can be cbtained.
The liguid crystal display cell of the present inventiocn
obtained in this way is free from display failure due to
contamination of ligquid crystal and is excellent in adhesion
properties and moisture-resistant reliability. The spacer may
be exemplified by glass fiber, silica beads, polymer beads,
etc. The diameter thereof, which depends on the purpose, is
typically from Z pm to 8 pm and preferably from 4 pm to 7 pm.
The amount used is typically from 0.1 to 4 parts by mass,
preferably from 0.5 to Z parts by mass, and more preferably
about from 0.9 to 1.5 parts by mass based on 100 parts by mass
of the liquid crystal sealing agent of the present invention.

The novel {meth)acrylic resin of the present invention is

very sultably used for the application of adhesive agents.



/ part 1 part 84 Silent coupling agent -Glyclooxypropy 1 part 0.1 part 0,1 part 5 Inorganic tiller
18

That is, since it has a carboxy group in its molecule and alsc
the carboxy eguivalent is lower, improvement in adhesion
strength of adhesive agents and a promoting effect on
thermosetting reaction can be achieved. Ffurthermore, its lower
molecular mass allows easy handling thereof and also provides
a feature of easy design when used as an adhesive agent, since
it is unlikely to be restricted with respect toc viscosity of
other ingredients. The resin composition using the
{(meth)acryllc resin of the present invention is very useful as
an adhesive agent for electronic parts cor an adhesive agent

for liguid crystal display cells.

EXAMPLES
Hereinafter, the present invention is explained more
specifically with reference to synthesis examples and examples,
but to which the present invention is not limited. In addition,
expressions with the term “part” or “%” in the specification

are on a mass basis unless indicated otherwise.

Synthesis Example 1: Synthesis of Acrylated Resorcin
Diglyecidyl Ether

181.2 g of resorcin diglycidyl ether (by Nagase ChemteX
Co.) was dissolved in 266.8 g of toluene, and to which 0.8 g
of dibutyl hydroxy toluene was added as a polymerization
inkibitor, followed by raising the temperature to 60°C. Then,
117.5 g of acrylic acid of 100% equivalent to the epoxy group

was added and the temperature was further raised to 80°C, and



P Photo-oolvaeri initiator  producte n 'ryloylegyethyl isoayanet and -(42-hydroxyethoxy)phenyll-2-
hydroxy-2-methyl-lI-propen-lone | part

19
0.6 g of trimethyl ammonium chloride as a reaction catalyst
was added thereto, followed by stirring at 98°C for about 30
hours to obtain a reaction liguid. The reaction ligquid was
rinsed with water followed by distilling away the tocluene,
thereby obtaining 253 g of an intended epoxy acrylate of
resorcin diglycidyl ether (acrylated resorcin diglycidyl

ether).

Synthesis Example 2: Synthesis of Maleic Acid Anhydride Adduct
of Acrylated Resorcin Diglycidyl Ether

To 3.66 g of epoxy acryiate of resorcin diglyeidyl sther
resulting from Synthesis Example 1, 0.049 g of 4~dimethylamino
pyridine, 6.07 g of triethylamine, and 1000 mlL of methylene
chloride were addsd, and which were dissclved by stirring at
room temperature, to which then 11.8 g of maleic acid
anhydride was added, followed by stirring at room temperature
overnight. The resulting reaction liguid was rinsed three
times with dilute hydrochloric acid and then three times with
water followed by distilling away methylene chloride, thereby
obtaining 5 g of acrylated resorcinol diglycidyl ether having
a carboxy group in 1ts molecule. LC MS (m/z) = 561 (M~H), IR

1705 cm™* (COOH) .

{Preparation of Sealing Agent for Ligquid Crystal Dropping
Process)
Example 1

In accordance with the ratios shown in Table 1 below, the



1 part 1 part 7 curing accelerator Test ofurosiosistant {2-carboxvethyli ieocyanur&te Pa 1 part 30 bPs
50 Mga
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acrylic resin of the present invention synthesized in
Synthesis Example 2 was heated and dissolved at 290°C, the
photo-polymerization initiator was heated and dissolved
therein followed by ccoling to room temperature, to which then
the silane coupling agent, the silica, and the thermosetting
agent were added and stirred, followed by dispersing by a
three roll mill and filtering thrcugh a metal mesh (635 mesh),
Lhereby preparing the_sealing agent for liquid crystal

dropping process of Example 1.

Comparative Examples 1 to 2

furthermore, similarly in accordance with the ratios
shown in Tabkle 1 below, the acrylic resin of the present
invention synthesized in Synthesis Example 1 was heated to
90°C, the photo-polymerization initiator was heated and
dissolved therein followed by coecling to room femperature, Lo
which then the silane coupling agent, the silica, the
thermeosetting agent, and the curing accelerator were added and
stirred, followed by dispersing by a three roll mill and
filtering through a metal mesh (635 mesh), thereby preparing
the sealing agents for liquid crystal dropping process of

Comparative Examples 1 and Z.

Evaluation tests were performed by the methods below.
{Test of Moisture-~Resistant Adheslion Strength)
1 g of 5 um glass fiber as a spacer was added to 100 g of

the resulting liguid crystal sealing agents, which were then



adhesion Test of curing speed 4sec 4sec 8secl
21

mixed and stirred. The liguid crystal sealing agents were
coated on a glass substrate of 30 mm by 50 mm, and a glass
piece of 1.5 mm by 1.5 mm was stuck ¢n the liguid crystal
sealing agents to irradiate UV rays of 3000 mJ/cm® by a UV
irradiation device, which were then placed in an oven to
thermally cure at 120°C for 1 hour. The test pileces were
placed in a pressure cooker tester (TPC-411, by Tabal Espec
Co.) fer 12 hours under a conditicn of 121°C, 2 atoms, and
100% humidity, then shear adhesion strengths of the glass
pieces were measured by a bond tester ($5-30WD, by Seishin
Trading Co.). The results are shown in Table 1.

{Test of Curing Speed)

The resulting liguid crystal sealing agents were measured
for complex viscosity coefficients by a dynamic visceoelastic
modulus measuring apparatus {Rheosol-G5000, by UBM Co.). The
dynamic viscoelastic modulus measuring apparatus was set as
follows: cone was a parallel ccne of 20 mm diameter, freguency
was 1 Hz, strain degree was 3 degrees, and the measurement
temperature was ralszed from 30°C to 120°C at a rate of
18°C/min and maintained at 120°C afterward. The times when the
viscosity reached 10000 Pa-s are shown in Table 1.

[ Table 1]



#1 : Synthesized in Synthesis Example 2. #2 : Synthesized in Synthesis Example 1. #3 : HCIC (by
Japan Finechem Co.) HCIC was used after finely milling to average particle diameter 1.5 pm and
maximum particle diameter 5 pm by a jet mill #4 :ﬁila—Ace 5510 (by Chisso Co.) #5 : Admafine SEZ
(by Admatechs Co.) #6 : Synthesized by the method described In WO 2006/027982. #7 : CIC acid (by
Shikoku Chemicals Co.) CIC acid was used after finely milling to average particle diameter 1.5 pm and
maximum particle diameter 5 pm by a jet mill.

Compara Compars

Franple tive tive
i Erample | Exanple
1 2
Boid anhydride adduct of eponry
#1 Hovel acrylic resin acryiate of resorsin digiyeoidyl | 16 parts

ehher

Epoxy acrylite of resorcin
#9 Acrylic resin 1€ parte | 16 paria

diglycidyl ether

Tris (Z-hydrazinecarbonyl-ethyl)
#3 | Thermosetting agent 1 part 1 part 1 part
Lsocyvanurate

3-Glycidonypropyl
#4 §ilane coupling agsnt G.1 part | 0.1 part § 0.1 part
Lrimethorysilang ]

#5 Tnorganic filier Hilica 3 parts 3 parts % parts

Reaction produgt bhebtween

Aemethacryloylornvethyl izocyanarte
Phono-polymerizaticn
#4 ) and i part 1 part 1 part
initiator
I-[4={2-hydronyethoxy)phenyli-2-

hydroxy«2-methyl~l-propan-i-one

1,3, 5-Tris{2-carboxyethyl:

#7 Curing accelerator 1 part
isococyanurate
Test of molsturs-~resistant adhesion strengih 58 MPa 30 MPa 50 MPx
Test of curing speed 4 gec 4sec | 8sec

#1 : Synthesized in Synthesis Example 2.
#2 : Synthesized in Synthesis Example 1.
#3 : HCIC (by Japan Finechem Co.)
HCIC was used after finely milling to average particle diameter 1.5 um
and maximum particle diameter 5 pm by a Jet mill.
$#4 : Sila~Ace 8510 (by Chissc Co.)
#5 : Admafine SEZ (by Admatechs Co.)
#6 : Synthesized by the method described in WO 2006/027982.
#7 : CIC acid (by Shikoku Chemicals Co.}
CIC acid was used after finely milling to average particle diameter

1.5 pm and maximum particle diameter 5 um by a jet mill.



23 It is understood from the results of Table 1 that, in Comparative Example 1, the time to reach
10000 Pas is fast because of containing CIC acid but the moisture-resistant adhesion strength is poor.
It is understood that, in Comparative Example 2, moisture-resistant adhesion strength is high
because of not containing CIC acid but the curing Speed is slow. On the other hand, in Example 1, the
time to reach 10000 Pas is fast even without using CIC acid and also the moisture-resistant adhesion
strength is high. Cbnséquenty; the(mhethyaerylicsresieofthe préséatinventich allewsto enhance both
of moisture-resistant adhesion strength and curing ability at the same time. INDUSTRIAL
APPLICABITPRY & * LV ehEHSWRE fméth) BRIt TESIn St the BrésemtifVertibrand rdifi ‘compositions
using the same are very useful as an sive agent far,electranic parts particularly as a liquid crystal
oaling S5t F LA A ()G o e celhat by Fromita 1y Booar

adhesion strength is pocr. It is understood that, in
Comparative Example 2, the moisture-resistant adhesion
strength is high because of not containing CIC acid but the
curing speed is slow. On the other hand, in Example 1, the
time to reach 10000 Pa-s is fast even without using CIC acid
and aiso the moisture-resistant adhesion strength is high.
Ceonsequently, the {(meth)acrylic resin of the present inventiocn
allows to enhance both of moisture-resistant achesion strength

and curing ability at the same time.

INDUSTRIAL APPLICABILITY
The novel (meth)acrylic zresin of the present invention
and resin compositions using the same are very useful as an
adhesive agent for electronic parts particularly as a ligquid

crystal sealing agent.



wherein, benzene ring Ar may be present or absent; when no benzene ring Ar exists, bond "a"
represents a single bond or a double bond; n represents an integer of from 1 to 5; and R1
represents a hydrogen atom or a methyl group. 2, The (meth)acrylic resin according to claim 1,
wherein no benzene ring Ar exists in the formulazgf). 3. The (meth)acrylic resin according to claim 1 or
2, wherein Rl is a hydrogen atom in the formula (1). 4. A resin composition, comprising the
(meth)acrylic resin according to any one of claimg:146 3. 5. The resin composition according to claim
4, further comprising a photo-polymerization initiator. 25 6.The resin composition according to claim 4
or 5, further comprising a thermal radical polymerization initiator. 7.The resin composition according to

anyonegtda”ni4&%ﬂﬁnacrylic resin represented by formula (1) below:

AT woAr !
L\ - = kﬁ‘\ f”
2 “co,H f\COQH
R 0 o R!

0 o
2\(0\*/0 /\/O\/l\/o (1

n

wherein, benzene ring Ar may be present or absent; when
no benzene ring Ar exists, bond “a” represents a single bond
or a double bond;

n represents an integer of from 1 to 5; and R’ repregents

a hydrogen atcm or a methyl group.

2. The {meth)acrylic resin according to claim 1, wherein no

benzene ring Ar exists in the formula (1).

3. The (meth)acrylic resin according to claim 1 or 2,

wherein R* is a hydrogen ateom in the formula (1).

4. A resin composition, comprising the (meth)acrylic resin

according tco any one of claims 1 to 3.

5. The resin composition accerding to claim 4, further

comprising a photo-polymerization initiator.



6, further comprising an inorganic filler. 8.The resin composition according to any one of claims 4 to 7,
further comprising a hydrazide compound. 9.The resin composition according to any one of claims 4 to
8, further comprising a silane coupling agent. 10.An adhesive agent for electronic parts, using the resin
composition according to any one of claims 4 to 92 1.An adhesive agent for liquid crystal display cells,
using the resin composition according to any one of claims 4 to 9. 12.A liquid crystal display cell,
adhered using the adhesive agent for liquid crystal display cells according to claim 11.

6. The resin composition according to claim 4 or 3, further

comprising a thermal radical polymerization initiator.

7. The resin composition acceording to any one of claims 4 to

6, further comprising an inorganic filler.

g. The resin composition according to any one of claims 4 to

7, further comprising a hydrazide compound.

9. The resin composition according to any one of claims 4 to

8, further comprising a silane coupling agent.

10. An adhesive agent for electrconic parts, using the resin

compositicen according to any one of claims 4 to 2.

11. An adhesive agent for ligquid crystal display cells, using

the resin composition accerding to any one of claims 4 to 9.

1z, A liguid crystal display cell, adhered using the adhesive

agent for liquid crystal display cells according to claim 11.



