1 LIQUID CRYSTAL SEALANT AND LIQUID CRYSTAL DISPLAY CELL USING SAME TECHNICAL
FIELD The present invention relates to a liquid crystal sealant for the liquid crystal dropping
process that has good thermosetting properties. More specifically, the present invention relates to a
liquid crystal sealant for the liquid crystal dropping process that has good thermosetting properties,
and excellent shelf life, and, furthermore, is also excellent in humidity resistance and the like in a cured
product, afdiaWiguid-erystal display.- &8l thatts sédletbwith asdrkdipré@iuetthergsf. BATKGROUND
ART The so-called liquid crystal dropping process that has a higher mass productivity was
proposed as a method of manufacturing a liquidéf/stal display cell with an increased size of the liquid
crystal display cell in recent years (Patent documents 1 and 2). The liquid crystal dropping process is
specifically a method of manufacturing a liquid crystal display cell by dropping liquid crystal into the
inside of a weir of a liquid crystal sealant-formgd on ong substrate, and then bonding the other
substrate whereby to seal the liquid crystal. However, the liquid crystal dropping process has
problems that the, liquidcrystal sealant intheuncured stateds in A.¢entast,with the diguidherystal, and
thus components of the liquid crystal sealant at this time are dissolved into the liquid crystal (elution)
and the résistance valyeiof the liguiicrystatdécreases; and display defecisate generated in the
vicinity of the seal. In order to resolve this problem, a light-heat combination type liquid crystal sealant
is currently 8586 B&td iGGidRSrysar seglant folothe Ifuie Efjstalldrdppifigepioeessidnd practically
applied (Patent documents 3 and 4). A liquid crystal. dropping process using this liquid crystal sealant

is characterZal by frddiafing the fiqdid oriistif sEBRE ftefpostd beteEn Stibstratés With light to

perform first curing, and then performing secondary curing, by heating, According to this method, it is
possible to E;gromﬁtly él(%e&mg %rgcesgst Bics r?tov%/’igtjh bt

uncured liquid crystal seala ight an supprré%s dissolution (elution) of

components 9t the; liquid grystal sealantintq the kiquidcrystal, Furthermarewith onlyphotocuring, a
problem of insufficient adhesive strength from curing shrinkage at the time of the photocuring and the

like is geaerated <Heweyer, the light-heat gombination-type hras amadvamtagerthat such:a problem can
be solved by the secondary curing by heating. However, with the decrease in size of liquid crystal
display deviedsdi regenit yeals da light-shielded pars wWhere dight dbés hot reatkeisschusétltin a liquid
crystal sealant by the metal wiring of an array substrate or by the black matrix part of a color filter

substraté*ofa figtlidFerystar dispay =°* -

BACKGROUND ART

The so-called liguid crystal dropping process that has a
nigher mass productivity was proposed as a method of
manufacturing a liguid crystal display cell with an increased
size of the liguid crystal display cell in recent years
{Patent documents 1 and Z2). The liguid crystal dropping
process 1s specifically a method of manufacturing a liguid
crystal display cell by dropping liguid crystal into the
inside of a weilr of a liquid crystal sealant formed on one
substrate, and then bonding the other substrate whereby to
geal the liquid crystal.

However, the ligquid crystal dropping process has problems

that the liguid crystal sealant in the uncured state is in



3 device, and thus the problem of display defects in the vicinity of the seal becomes more serious than
before. In other words, due to the presence of the light-shielded part, the first curing by light is
insufficient, and uncured components remain in lafge quantities in the liquid crystal sealant. If the
secondary curing process by heat proceeds in thig state, it leads to results that dissolution of the
uncured components into the liquid crystal is promoted by this heat, and display defects are caused in
the vicinitycoftthetseal.th: thewordéento resolvesthis problémt varouas ipvestigations ta-improve thermal
reactivity have been conducted. There was a trial to react a liquid crystal sealant not sufficiently cured
by light it theifight-shiglBiad p=rtdaicky?at & fovw témperatife, Wisteby $6! stippress éontamination of
the liquid crystal. For e>g[z;1rtlpl éfgéelnt 3ocur%en s 5 and 6 disclose meithodsglsin thermal radical

initiators. Th atidition, ‘Patent documents 7159 dilElo56 TEhods Usiig Polyvalent carboxylic acids as a

curing accelerator,. .. Howeyer. these methads haveproblems inthat fhe thermal ragical initiator or

the curing accelerator used itself is eluted into the liquid Crystal, which causes display defects even
though the theymal reactivity is iapeaved. In addition, it is known that presence of a functional group
having high polarity, such as carboxylic acid, causes a problem of raising the water absorbency of a
cured product of thecsealant, and:as awesult ikeneofidesneasingithe reliadility of humidity 4
resistance. Furthermore, addition of the curing accelerator advances the reaction even at normal
temperattfés; Witdreas theBaring Gteelctator impréves-tetthepmaricartivity, arethusex@remely
decreases shelf life. As described above, development of the liquid crystal sealant for the liquid

crystal dropping’ procées hias BeenVery Ererdéticatly peHdrmed Shita iy staPes5hEhaving

excellent atggrng%rgggg\éiﬁr?? ;'ﬁol ngirf:? agcoeop¢sré‘%lg Ixi;fr%e gggl fgrtg%&h%\{ir}g %xciellent cured product

properties, has not yet been realized. atent Document 17 Japanese Unexamined Patent

Application.RublicationNa.$63-:179323 , sPatentiDacument;2; Japanese UnexaminedPatent
Application, Publication No. H10-239694 Patent Document 3: Japanese Patent Publication No.
3583326chalPatent Doctent 4: Japaneserddnexamined Ratent Application; Publication No.
2004-61925  Patent Document 5: Japanese Unexamined Patent Application, Publication No.
2004-12621 rePzentcDotdment 8o dapanase Whtkamingd: Patentegdslicatién rPablication No.
2009-8754  Patent Document 7: PCT International Publication No. W02007/138870  Patent
Document'd:Japanese UnExaminetPatent Applicatioh: Publitation No. 200815155

According to this method, it is possible to promptly cure
uncured liguid crystal sealant with light and suppress
dissclution (elution) of components of the liguid crystal
sealant into the ligquid crystal. Furthermore, with only
photeocuring, a problem of insufficient adhesive strength from
curing shrinkage at the time of the photeocuring and the like
1s generated. However, the light-heat combination type has an
advantage that such a prohklem can be solved by the secondary
curing by heating.

However, with the decrease in size of ligquid crystal
display devices in recent vesars, a light-shielded part where
light dees not reach is caused in a liguid crystsal sealant by
the metal wiring of an array substrate or by the black matrix

part of a color filter substrate of a liguid crystal display



Patent Document 9: Japanese Unexamined Patent Application, 5 Publication No. 2009-139922
DISCLOSURE OF THE INVENTION Problems to be Solved by the Invention The present invention
relates to a liquid crystal sealant for the liquid cryséal dropping process that is cured by heating only, or
light-heat combination, and proposes a liquid crystal sealant for liquid crystal dropping process which
reacts fast by heat, and thus has extremely little contamination with respect to the liquid crystal
throughotit thestepsidndiexeeliért shalfdiferand isialsplexcellentintcuréd proguct properties such as
reliability of humidity resistance. Means for Solving the Problems The present inventors earnestly
investigated dhtl-ds afresiiRr tiéreof ToaATTRal® i§uitcdrystal séatant ¥ théSiquid erystal dropping
process containing a specific compound having a carboxyl grqup js_excellent in terms of thermal
Fonctity: DA a2 A (Hefoat CASUBETEET 6 CamtaR o 5 T Eryet 25 well and,

furthermare, has excellent shelf life; and reliability of humidity resistance, and.completed the present

invention. Specifically, the present’invention relates to the following 1) to 10). Meanwhile, with
respect toall.efthe compenem (a), itmaybedesaribed-as the gampanent{a). eukable resin” or simply
the "component (a)" in the 6 specification in order to avoid the complicated description of "a curable
resin cordainirghane Kirfd,toretwosopmbne Kindsrselgcteddfremarbepesresinca émeth)aarylated epoxy
resin, and a partially (meth)acrylated epoxy resin". In addition, in the specification, the "(meth)acrylic"
means eithéroié of Doth-6f “seiylic" ehd rhethagryiier tLikéwise! il thespecifiéstion, the
"(meth)acryloyl" means either one or both of "acryloyi" and "methacryloyl". 1) A liquid crystal

sealant f8F tHERTLIE CRRSTAIRdroPpird Proceds wWiith s Charaterized in Cohtainhg’ (a)-4 tirable resin

containingeer kind,; or, two or m%{gflgggsé selected Hgéndag £Poxy r$§ig a_.(@etgpctryllgted epoxy resin,
and a partlaﬁly’(metﬁ)acryl ted epoxy resin, (?:S a heat-curing agent, ané?é) 4 compound having
intramolegular carboxy groups and an acid value between 50 and 250 mg KOH/g. 2)

In order to resolve this problem, various investigations
to improve thermal reactivity have been conducted. There was a
trial to react a liguid crystal sealant not sufficiently cured
by light in the light-shielded part quickly at a low
temperature, whereby to suppress contamination of the liguid
crystal. For example, Patent documents 5 and 6 disclose
methods using thermal radical initiators. In addition, Patent
documents 7 tc ¢ disclose methods using polyvalent carboxylic
acids as a curing accelerator.

However, these methods have problems in that the thermal
radical initiator or the curing accelerator used itself is
eluted into the liguid crystal, which causes display defects
even though the thermal reactivity is improved. In addition,
it is known that presence of a functional group having high
polarity, such as carboxylic acid, causes a problem of raising
the water absorbency of a cured product of the sealant, and as

a result thereof, decreasing the reliablility of humidity



The liquid crystal sealant For the liquid crystal dropping process according to 1), in which the mass
average molecular weight of the component (c) is 3000 to 10000 g/mol. 3) The liquid crystal
sealant for the liquid crystal dropping process according to 1) or 2), in which the content of the
component (c) is from 0.1 to 20 parts by mass with respect to 100 parts by mass of the component (a).
4) The liquid crystal sealant for the liquid crystal 7 dropping process according to any one of 1) to 3),
in which thes¢ermponent (Blivedtccuringeagentds @l polyvdlent hydrazidescempolndabpx  The liquid
crystal sealant for the liquid crystal dropping process according to 4), in which the component (b)
heat-curiRt] Rjert is GRE, GE@OE6PmMoTE Ot atfy draZitR corfPourd réiesentdtrByE fotmis (1) below:

R10ONO (1) ,N R3R2 in the formula, Rl to R3 each independently represent, a hydrogen atom, or
A moleculir KEloton8HTadantbd B brAIh (3 bt o Toetetsr, e N

extremely decreases ghelf life.

As described above, development of the liguid crystal
sealant for the liquid crystal dropping process has been very
energetically performed, but a liguid crystal sealant having
excellent thermal reactivity and also having good shelf 1ife,
and further having excellent cured product properties, has not
yvet heen reallized.
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--(CH2-)--C"NH2(2) n 1l 0 in the formula, n represents an integer of 1 to 6. 6) The liquid crystal
sealant for the liquid crystal dropping process according to any one of 1) to 5), in which the component
(a) curable resin is a mixture of a (meth)acrylated epoxy resin and an epoxy resin. 8 The liquid
crystal sealant for the liquid crystal dropping procéss according to any one of 1) to 6), further
containing a component (d) silane coupling agent. 8) The liquid crystal sealant for the liquid crystal
droppingfrotess acoording ta?&ny oheé Oi) to 7), further containing a component (e) inorganic filler.
9) The liquid crystal sealant for the liquid crystal dropping process according to any one of 1) to 8),
further containing a component (f) photopolymerization initiator. 10) A liquid crystal display cell
sealed with a cured product obtained by curing the Iiﬁuid crﬁtal sealant for the liquid crystal dropping

process according to any one of IB o 8 Eftects of the nvertidh©™

Problems to be Sclved by the Invention

The present invention relates to a liguid crystal sealant
for the liguid crystal dropping process that is cured by
heating only, or light-heat combination, and proposes a iiguid
crystal sealant for liquid crystal dropping process which
reacts fast by heat, and thus has extremely little
contamination with respect to the liquid crystal throughout
the steps, and excellent shelf life, and 1s also excellent in
cured product properties such as reliability of humidity

resistance.

Means for Solving the Probhlems

The present inventors earnestly investigated, and as a
result thereof, found that a liquid crystal sealant for the
liquid crystal dropping process containing z specific compound
having a carboxyl group is excellent in terms of thermal
reactivity, and as a result therecf, can suppress the
contamination of the liquid crystal as well, and, furthermore,
has excellent shelf life, and religbility of humidity
resistance, and completed the present invention.

Specifically, the present invention relates Lo the
following 1) to 10}, Meanwhile, with respect to all of the
component (a), it may be described as the "component {a)

curable resin" or simply the "component (a)" in the



The liquid crystal sealant for the liquid crystal dropping process of the present invention has fast
reaction speed at the time of thermosetting, and thus has sufficient curability even under a wiring in
which light is hardly delivered in the light-heat combination type liquid crystal dropping process, and
thus makes it possible to secure flexibility in the désign of the panel wiring, and to easily manufacture
a liquid crystal display panel having high reliability, and, furthermore, to be applied to a liquid crystal
droppinggwreceds irewhich a fiquidderystad seatant is:1gecuredmitis heationlysPREFERREEX MODE FOR
CARRYING OUT THE INVENTION  The liquid crystal sealant of the present invention contains a
componertt (EPwhItHis 2 EdmpbaRd havingintindlebtiar ardoxyl grodpsrand aickiid value between
50 and 250 mg Ko({n/__gfich makes it possible to balancett!;lzrmal r@&gti\éity and shelf life. The carboxyl
group contained in this compound funclions A8 a theHhoseftingraccetetator Abcordingly, if the acid
value is less than, 50 mg, sufigient thermal rgadivity fs ot btainad. Ingddijan. i fhe agid valueis
greater than 250 mg the polarity of the molecule increases, which deteriorates the reliability of humidity
resistancer@f thptred produst, Theacid value)is more; preferablhy=5Q te 180 mg KQH/g, further
preferably 50 to 100 mg KOH/g, and particularly preferably 60 to 100 mg KOH/g. Meanwhile, the acid
value is defirfredods the:nymbeY of my dfpotassium hytiroxidékrecessaryifor rieatralizing carboxylic
acids that are present in 1 g of the component (c). In addition, the component (c) preferably has a
mass avéragemofectlar weight of 3060 o 10000%/Mol e tHesnrassierage nisleddlal weight is too
small, the component (c) itself digsolves in the liquid crystal, and causes display defects. In addition, if
the mass average maieculat Weighfis 196 great ‘compatibility with other components becomes worse,
and the thermal reaction promotion effect decreases remarkably. The mass average molecular weight
is further preferably 4000 10 to 8000 g/mol. The content of the component (c) is preferably from
0.1 to 20 parts hy masgs; and particulady preferably fromd tQi%%@é”%P?’é’ﬂé% withpespect to 100
parts by mass of the total amount of the component (a) curable resin. If the content is too small,
sufficientrtheatetsability-is not obitained:H the eantent is tooagreatthediquid enysialisealant has higher
viscosity, and thus may be restricted in blending with other components, and thus is inadequate.
Specific &garnplescofithercomponenti{é)ihclude tompounds obtdined byseaeting anfacid: anhydride or
a polyvalent carboxylic acid (including anhydride) with an epoxy (meth)acrylate having a hydroxy
group, cGMpBERAY obfained by réRetiny apoiyvaisnt €é’r“66ﬁfylii?§éiaf(irﬂlféiﬁg RihydfdéYwith a

terminal alcoholic hydro oup of a palyester resin obtained by dehydro-condensing one or more
kinds of 215% y%ga gn‘yt%%‘%ygg({/lie acid aﬁ‘agoinné or{% oré I??r?c%tofc é}/ f)%@%yaﬂ%%dohao?fgm( the like. The

compoungsc%@&emg@dbylg%qg:@lm acid-anhydride ora,polyyalent.carboxylic aeid (ingluding

anhydride) with an epoxy (meth)acrylate having a hydroxy group can be obtained, for example, with
the methed described dr JP=%-32/46 2% ortherike,, Among them, compounds obtained by reacting an

acid anhydride with a bisphenol A type epoxy (meth)acrylate are preferred. In addition, the compounds
obtained by reacting a polyvalent carboxylic acid (including anhydride) with a terminal alcoholic
hydroxy group of a polyester resin obtained by dehydro-condensing one or more 11
The liguid crystal sealant for the liguid crystal
dropping proecess according to 1), in which the mass average
molecular weight of the component (c¢) is 3000 to 10000 g/mol.
3)
The iiquid crystal sealant for the liguid crystal
dropping process acceording to 1) or 2), in which the content
of the ceomponent (<) is from 0.1 to 20 parts by mass with
respect to 100 parts by mass of the component (a).

4)

The ligquid crystal sealant for the liguid crystal



kinds of a polyvalent carboxylic acid and one or more kinds of a polyhydric alcohol are easily available
from the market, for example, trademarks of U-Pica Coat GV230 or U-Pica Coat GV250 (Japan
U-PICA Company Ltd). Among them, U-Pica Coat GV230 (acid value : 53 mg KOH/g, mass average
molecular weight : 7900 g/mol) and U-Pica Coat GV250 (acid value : 74 mg KOH/g, mass average
molecular weight : 5200 g/mol) are preferably used, and U-Pica Coat 0V250 is particularly preferably
used. dFheheat-coringagentcwhictiisthe component (k)ithat istuseth in the liguidorystal sealant of
the present invention, is not particularly limited, and examples thereof may include polyvalent amines,
polyhydrietshetols Hyritazide confsourids and e fike. Hewever e poRivaldhthydtazide compounds
are particularly suitably used. For example, the hydraz de compounds may include aromatic
hydrazid&s St 4% terephthalic acid dihydrazide, Isophthalic acid dihydrazide, 2,6-naphthoic acid
dihydraziglja, 2,6-pyridine dihydrazide, 1,2,4-benzene trihydrazide, 1,4,5,8-naphthoic acid
tetrahydrazide, pyromellitic acid tetrahydrazide. In addition, examples of the aliphatic hydrazide
compounds may-ircludesfoy example, fornhydrazide, acetehydrazide, prapienic acid hydrazide, oxalic
acid dihydrazide, malonic acid dihydrazide, succinic acid dihydrazide, glutaric acid dihydrazide, adipic
acid dihydrazige rpimeticcacid dihydsazidegl decyclohexanedibydraride;dartarie@cid dinydrazide,
malic acid dihydrazide, iminodiacetic acid dihydrazide, N,JOK-hexamethylene bissemicarbazide, citric
acid trinydraZidée PAitrildaceiaracidls 12 tinydrazite; cyslohexane fricarbesylivzacid trinydrazide;
dihydrazide compounds having a hydantoin skeleton, preferably a valine hydantoin skeleton (skeleton
where a ESBON oM 6Pa H/GRn 0N fifg g Sibsttuted with &Y isopropyl group), such as
1,3-bis(hydrazinocarbonoethyl)-5-isopropyl hydantoin; and the compounds represented by formula (1)
and the like. ExamplesRf the compound represented by formula (1) may include, for example,
tris(l-hydrazinocarbony'methyl) iIsocyanurate, tris(2-hydrazinocarbonylethyl) isocyanurate,
tris(2-hydrazinocgyQonylethyl)dsocyanurate, tris(3- hydrazinocarbonylpropyl) isocyanurate, bis(2-
hydrazinocarbonylethiyl) is@Cyanurate the like, and are not limited thereto if the compound has a
structure of formula gi). The compounmresented by formula (1) is preferably isophthalic acid
dihydrazide, mﬁerﬁc adg dirm:l,{azide, adipic acid dihydrazide, tris(1-hydrazinocarbonylmethyl)
isocyanurate, tris(2-hydtpzinocarbonylethyl) isocyanurate, tris(2- hydrazinocarbonylethyl) isocyanurate
or tris(3- hydrazinocarbonylpropyl) isocyanurate, and particularly preferably
tris(2-hydrazinocarb&pg/leggﬁ isf?cyanyrate ng the tgqalangg% of r;aen %ﬂrin% reactivitX and the

f iy from 0.

potentiality.  The content of the’component (Bfis preféra 1 690" pats by Mass, and

further p@%@{@@%@%;&g 10.parts B mass.with teshact o J00.AlLs Y ass ot fotal amount of
the component {a) curable resin, and two or more kinds may be used in a mixture. The liquid crystal
sealant of the prasent invention 13 contains a curable resin that has one kind, or two or more kinds
selected from an epoxy resin, a (meth)acrylated epoxy resin, and a partially (meth)acrylated epoxy
resin as the component (a). Examples of the component (a) include an epoxy resin, a mixture of an
epoxy resin and a (meth)acrylated epoxy resin, a (meth)acrylated epoxy resin, a partially
(meth)acrylated gpoxy resin ’grmilhe like. Any of the components (a) used in the present invention
preferably have-iﬂﬁw;m@matiomg solukﬁﬂ with respect to the liquid crystal. Examples of a
suitable epoxy reSin inclidd€ a bisphenol A type epoxy resin, a bisphenol F type epoxy resin, a
bisphenol S type epoxy rest, a phenol novolak type epoxy resin, a cresol novolak type epoxy resin, a
bisphenol A novolak type epoxy resin, a bisphenol F novolak type epoxy resin, an alicyclic epoxy resin,
an aliphatic chairylike,epexy resin, a glycidyl estertype epoxydesin, aglycidyl amine type epoxy resin,
a hydantoin type epoxy resin, an isocyanurate type epoxy resin, a triphenol methane
skeleton-¢pntaining phenol novolak type epoxy resin, and in addition, a diglycidyl ether of bifunctional
phenols, a diglycidyl ether of bifunctional alcohols, and a halogenated material thereof, a
hydrogenated niaterialthereofcandsthellikes bt are hot litited tharetd. The fieth)acryloylated epoxy
resin and the partial (meth)acryloylated epoxy resin may be obtained by a well-known reaction of an
epoxy reSih a8 {niethyaehiicacia TESF Exarpf (nfetR) acfyloylated epoxy:fesiiand the partial
(metacyloviated epo repin may b potained byaddinga, e of a

(meth)acrylated epoxy resin and an epoxy resin.

1)



14 (meth)acrylic acid, a catalyst (for example, benzyldimethyl amine, triethyl amine, benzyltrimethyl
ammonium chloride, iphenyl phosphine, triphenyl stibine and the like), and a polymerization inhibitor
(for example, methoquinone, hydroquinone, methyl hydroquinone, phenothiazine, dibutyl
hydroxytoluene and the like) in a predetermined e%]uivalent ratio to an epoxy resin, and performing an
esterification reaction, for example, at 8C to 110C. The epoxy resin, which is a raw material, is not
particularly limitédebutiisipréferabhyta bi-farctional drhighee-functiondl epexy: rdsin, and examples
thereof include a bisphenol A type epoxy resin, a bisphenol F type epoxy resin, a bisphenol S type
epoxy reSihiCRPHENOP BBk tyHE ePoxy Fesin, a'tresdlncvolak type époxyiresii @bisphenol A
novolak té/ & epoxy resin, a bisphent%l F ovolalf t}/lpe epoxy resin, an alicyclic epoxy resin, an aliphatic
chain-like 8poxy Fesin, & giycidyl ester ty(/g?e epoxy tesin; AgiycidyF&fihe type epoxy resin, a hydantoin
type epoxy resin, an isocyanurate type epoxy resin, a triphenol methane skeleton-containing phenol
novolak type epoxy resin, and in addition, a diglycidyl ether of bifunctional phenols, a diglycidyl ether of
bifunctional alcohgls,ang adhalogenated smatesial thereok igchydrogenated material thereof and the
like. Among these, the epoxy resin is more preferably a bisphenol type epoxy resin or a novolak type
epoxy resindrgmhe viewpasiat etthercontamination;obthe liquid crystal’ In additionzthe ratio of the
epoxy group to the (meth)acryloyl group is not limited, and is suitably selected from the 15 viewpoint
of the processastitability afethe cohtanimationofthe liquidiény/stal.  The content of the component
(a) is suitably determined in consideration of the workability and the physical properties of the obtained
liquid crygt)al sealant, and is typically from 25 to 80 wt%, and preferably from 25 to 75 wt% in the liquid
crystal sealant. In, the liquid crystal sealant of the present invention, (d) a silane coupling agent
may be used, toj?geeerkhfL Urjg\#ecr:ﬁgr%tstoafjfhg%%ﬁ%gﬁ/egs#engg%tﬁ a%ﬁ%lrﬁp%ég Se%?t?f the reliability of
humidity resistance. Examples of-the silane coupling agent irclude 3sglycidoxyprapyl trimethoxysilane,
3-glycidoxypropyl methyldimethoxysilane, 3-glycidoxypropyl methyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyhtimethexysilanen Nephenylyaminepropy! trimethoxysilane,
N-(2-aminoethyl)-3-aminopropyl methyldimethoxysilane, N-(2-aminoethyl)-3-aminopropylmethyl
trimethoxysilane, 3-aminopropyl triethoxysilane, 3- mercaptooropyl trimethoxysilane,
vinyltrimethoxysilane, N-(2- (vinylbenzylamino)ethyl)-3-aminopropy! trimethoxysilane hydrochloride,
3-methacryloxypropyiittiriethoxysianeé! S2rhioropfopyl FRéth§idimethioxysitaie B-eharRt o topy!
trimethoxg/gitlane a%lld the like. Thetqrg)nt nt of the silane cou Iinqba gntfgdg inﬁhe tQquid,c ystal sealant is
suitably from0-05 To 3¥parts b asSwith Tes5etts TG0 parté by Mads df the“total AMount of the

liquid crystal sealant; of the present invention..In the liauid crystal sealapt of the present invention, 16

Effects of the Invention

The ligquid crystal sealant for the liguid crystal
dropping process of the present invention has fast reaction
spead at the time cof thermosetting, and thus has sufficient
curability even under a wiring in which light is hardly
delivered in the light-heat combination type liguid crystal
dropping process, and thus makes it possible to secure
flexibility in the design of the panel wiring, and to easily
manufacture a liguid crystal displayv parnel having high
reliability, and, furthermocre, to be applied to a liguid

crystal dropping process in which a liguid crystal sealant is



(e) an inorganic filler may be used to seek improvement of the adhesive strength and improvement of
the reliability of humidity resistance. Examples of this (e) inorganic filler include molten silica,
crystalline silica, silicon carbide, silicon nitride, boron nitride, calcium carbonate, magnesium
carbonate, barium sulfate, calcium sulfate, mica, tglc, clay, alumina, magnesium oxide, zirconium
oxide, aluminum hydroxide, magnesium hydroxide, calcium silicate, aluminum silicate, lithium
aluminunesitiedtey Ziicohiea silicate, barium titanate, glass fiber, carbon fiber, molybdenum bisulfide,
asbestos and the like, preferably molten silica, crystalline silica, silicon nitride, boron nitride, calcium
carbonate, barium sulfate, calcium sulfate, mica, talc, clay, alumina, aluminum hydroxide, calcium
silicate_and alqmipurgﬁgiﬁg%%ﬁq\gj%@eg (g)ﬁef&%l%l%/mglt%%%iIi%%Ecri/ﬁﬁ/aFliI]Mezgill\l}ca, alumi_na ar_ld talc.
These inorganic fillers'may be used’in a mixturé of two or more Kinds. € average particle diameter

s too great, it begomes a defect factar such.that a gap cannot be formed well when the upper and the

lower glass substrates are laminated at the time of manufacture of a liquid crystal display cell having a
narrow gapnand thusithe-ayeragg particlediameterds appsapriately 3 pm grless, and preferably 2 pm
or less. The particle diameter can be measured by a laser diffraction/scattering type particle size
distributiom measutement apparatus (drydypepmandfactured:by SEISHINENEERPRISE Co., Ltd.;
LMS-30). The content of the inorganic filler (e) in the liquid 17 crystal sealant, which may be used in
the liquidéerystab Sedrankefittie present inveltion s typreally font 1016 60'sarts by rtass, and
preferably from 20 to 50 parts by mass with respect to 100 parts by mass of the total amount of the

liquid cryStat S&alant Bf e pfseht invertion. 1 the“Corent'of theTHErgamic fiieiSe tdd small, the
adnesive strengih Wil respect (0 a glass substiale degregses, and.ihe yeljabiity of humidity resistance
is also poor, an thus a decrease of the adhésive strengt after moisture absorption may increase. On
the otherhandy, ifithg content ofifhe dnargapic filler is taq greaty, i is Bardyto, perferm crushing and the
gap of the liquid crystal cell cannot be formed. The liquid crystal sealant of the present invention
may contair:thescompenent/(f); a protopolyrnerization. initiator iardesto remdermthedigid crystal
sealant to be a light-heat combination curing type liquid crystal sealant. The photopolymerization
initiator iy Adtpartieularydinited aslong asiitis a-cempound that géneratesradicals by irradiation of
UV or visible light, and initiates a chain polymerization reaction, and examples thereof may include

benzyldimethyFRERT, 1-Rydfoxyd§emhexyiphefyikefore tisthythioXafthohet behzaphenone, 2-ethyl
anthraquinone, 2- hydroxy-2-methyl propiophenone, 2-methyl-[ 4- (methylthio)phenyl]
oA S 0hnG . B ey BB har b1 PGS Gxice AntTHRG hie. In addition
those hayipg a.(methjacrylayl, group fﬁht%r@%ep%%@&efgﬁ%%ygss%f% for example, a reaction
product of 2- 18 methacryloyloxyethylisocyanate and 1-[4-(2-hydroxy ethoxy)- phenyl]
-2-hydroxy»2-naethykbpropan:t-one is suitably ysed frora dhe vievapointokihve contamination of the
liquid crystal. This compound may be obtained by the manufacture according to the method described
in WO 2006#027982%;, tHhezcontentditheicompdnentfEshdatopolymeérization imitiatar in the liquid
crystal sealant, which may be used in the liquid crystal sealant of the present invention, is typically
from 0.1 5 parts By MEssCandpreferalyFiom 007 6 3 paist by nmass with 7&spect to 100 parts by
mass of the tqtal amount of the Iiguid crgstal sealant of the present invention. In the liquid crystal

sealant of the' preseht ifventioh® & Hondfer of af oligsmér SEMithjactiiic acid ester may be also
used as necessary. ngg of_gth qnomer or ?QQO%‘}?@ f%%gjg%ei a rﬁﬁgtion I%%%uct of
F to |penta¥eryt tol

dipentaerythritol and (meth)acrylic acid, a reaction produ ritol caprolactone and

(meth)aceylic acid and the like  butare-potpartgularly imitechas long.as the menemer, gk oligomer has
little contamination with respect to the liquid crystal. In the liquid crystal sealant of the present
inventiona orgaie fitters: and addithies such=as pignents] leveling agents,antifogam agents and
solvents may be also blended as necessary. As one example of a method for obtaining the liquid

itself dissclves in the liquid crystal, and causes display

defects. In addition, if the mass average mclecular welght is

too great, compatiblility with other components becomes worse,

and the thermal reacticn promotion effect decreases remarkably.

The mass average molecular weight is further preferably 4000



crystal sealant of the present invention, there is a method to be described below. First, the (a)
component is dissolved in 19 an organic solvent, and then the (c) component is added, and
heating-mixing is performed to dissolve the (c) component. Then, the organic solvent is removed by
heating and the like, and, furthermore, as necessary, the (f) component is dissolved and mixed under
heating. The solution is cooled to room temperature and then combined with the (b) component, and
combined withCthe (d)wcomponent, the (e) component, and an organic filler, an antifoam agent, a
leveling agent, a solvent and the like as necessary, and uniformly mixed with a known mixing
apparatus, for eXafple & threesrollEF miliRGRRAGIRe, (& sahd Acabatithi dritf8 likeland filtered

with a metal mesh, whereby to manufacture the, liquid crystal sealant of the present invention. The
fauid cryGial Aapy CEll B A Brser Ao bblansed By dICBGario GHE pair 6P substates on
which prescribed glegtrades, are farmed.in.opposition i, the,substiate at agprescribed interval, sealing
the circumference with the liquid crystal sealant of the present invention, and enclosing a liquid crystal
into the spasenThe kind.ef thergnelesed ligyid-crystal is petspayticutariytlimited.Herain ;the substrates
are formed of a combination of substrates such as glass, quartz, plastic, and silicon, in which at least
one of thesubstraids, isdighf-transniissive tAs the manufactusinganethiod:theseof, the ligu crystal
sealant of the present invention is combined with a spacer such as a glass fiber (space control
material)8Rd ¥én e kQEidErystar sédlant iscappliedoritbones6fthelpaik 8P siibstigtés using a 20
dispenser, or a s¢reen print apparatus or the like, and then temporary curing is_performed at 80 to

120C as hee8sSary Y ThéRAiduid Erystdl i}gedr5§6é§ 1itbhe ifsite B tHE Wetr of thi ifyuld crystal
sealant, %%gﬂé%%gg@g_’gl%%s substrate is §H88@§1§§9 Jn a vacuum to perform gap formation. After the
10

gap formation, curing is performed at 90 to 130C for 1 to 2 hours to obtain the liquid crystal display cell
of the present inyention, In addition.wher a light-heat.comhination type isuised; the prtion of the
liquid crystal sealant is irradiated with ultraviolet light using an ultraviolet light irradiation machine to
perform thetphotecuning. fdee-irradiation amotint ofulitavieletlight is prefesakly 500 to 6000 mJ/cm2,
and more preferably 1000 to 4000 mJ/cm2. Then, as necessary, curing is performed at 90 to 130C for
1 to 2 hoarsrterabtairtthecliglid enystaldisplagrdelidsfthe Jpraddnt invertion: The liquid crystal display
cell thus obtained of the present invention does not have display defects due to contamination of the
liquid cry$Ef Bnd fsrexcaiiant v tHeadhdsiversss &Pt relidBry of Aumtidity/ rssistarce. Examples
of the spacer igglude glasifib%rlséggica b%ads,rpol mer. %eaﬁs andctihe like. ‘Lhe di.aigt ter thereof

r p

varies de%%%ﬁmgngn the Bu?’fﬁrose, but ffpﬁc&%fify om 2o lfl érrjf pjr“éjf%ra%qy ¥r%3fnl 7 pm. The

amount ysed;js typically. from Q:1.10,4, parts,by 1pass, preferablyfram,0.5.10.2 parts bt mass, and
further preferably from 0.9 to 1.5 parts by mass with respect to 100 parts by mass of the liquid crystal

sealant ofthe: present invertien:- dhediguid, erystal sealart ofdhe present invention has 21 very good
heat curability, and is promptly cured in the heating process in the liquid crystal dropping process.
Accordingly; efibarof the Constitutingacopenehts istocthentiguid enystal is extremely low, and the
display defects of the liquid crystal display cell can be reduced. In addition, the liquid crystal sealant of
the presétft invefitioncalde FrasExcelléft SHEI lifekand thus is SuRableTer e matfkfactiire of a liquid

crystal display cell. Furthermgre, a curedé)roduct thereof is also excellent in yarious cured product

properties utch ds7adResiVe StraRg, hedt rédistants ahd Himidify redistance. atid thus by using the

”qUKimy?%ﬂé?ﬁ@ﬁ%gfanhydride) with an epoxy (meth)acrylate having a
hydroxy group can be obtained, for example, with the method
described in JP 5-32746¢ A, or the like. Among them, compounds
okbtained by reacting an aclid anhydride with a bisphenol A type
epoxy (meth)acrylate are preferred. In addition, the compounds
obtained by reacting a polyvalent carboxylic acid {(including
anhydride) with a terminal alconolic hydroxy group cof a

peclyester resin obtained by dehydro-condensing one or more



the present invention, it is possible to prepare a liquid crystal display cell having excellent reliability. In
addition, a liquid crystal display cell prepared using the liquid crystal sealant of the present invention
has a high voltage-holding rate, and low ion density, and thus meets the properties necessary for a
liquid crystal display cell. EXAMPLES Hereinafter, the present invention is further specifically
described with Synthesis Examples and Examples, but the present invention is not limited to the
Examples.iMeéanwhile, tsalrtvand:1%" im theotext afe of‘almasd basis ablessothénwise stdted.

Synthesis Example 1: Synthesis of epoxy acrylate of bisphenol A type epoxy resin 22 282.5¢
bisphendt A°fypé ety TediiF@Productrarfie Y BYs £25 ‘maRafactured by RIPPORESTEEL & SUMIKIN

CHEMICAL CO., LTD.) was dissolved in 266.8 g.of toluene, and 0.8 g of dibutyl hy oluene as a
.examrjfnl% ‘,Jzadaemaéggd (chQ G%ﬁlca oag LEVEB oxr %—gPJhC%tegéy?op6§gBS¥é

polymerizatior inhibitor was a eréeto, and thereaction liquid was he en,117.5¢g
of acrylic acid as 100% equivalent o the spoxy.group was addedpand the reactipnliguid was further

heated to 80C, combined with 0.6 g of trimethyl ammonium chloride as a reaction catalyst, and stirred
at 98C forabput 38haurs ta givetheoreagtiondiguids SynthesisExample 1-Le i giThe reaction liquid
obtained in Synthesis Example | Was washed with water, and the toluene was distilled, whereby to
give 395 Pofithe intended bisphéticl A Gpeepoidbacryiate (KAYARADSTM R398L00) Synthesis
Example 1-2 The reaction liquid obtained in Synthesis Example 1 was also combined with 151.6 g
of tetrahyifrdphihahé HnhyAAde Cand stiffed%t 98C forUboid 30 Hods=TRE DhtdiRad Feaction liquid

was washed gvithavrx{gtetg _6Ptimes and ther}hy‘be toluene was qri)stil ed with an evaporator whereby to give

640 g of the interded comﬁ%ﬁng?%id@gn ydril e adduct of ?srp nol A if/ﬁ%%jp%xillsa% ylate). The

mass average @9@%@5yv_ed'gqughgs?g%mpowﬂq&ea@reﬂyi%%%%' pesmeation .

chromatography) was 828 g/mol. 23 (Preparation of liquid crystal sealant for the liquid crystal

dropping¥eeess) the liquid crystal sealant of the present invention,
1s not particularly limited, and examples thereof may include
polyvalent amines, polvhydric phencls, hydrazide compounds and
the like. However, the polyvalent hydrazide compounds are
particulariy suitably used. For example, the hydrazide
compounds may include aromatic hydrazides such as terephthalic
acid dihydrazide, isophthalic acid dihydrazide, 2, é-naphthoic
acid dihydrazide, 2,6-pyridine dihydrazide, 1,2,4-benzene
trihydrazide, 1,4,5,8-naphthoic acid tetrahydrazide,
pvromellitic acid tetrahydrazide. In addition, examples of the
aliphatic hydrazide compounds may include, for example,
formhydrazide, acetohvydrazide, propionic acid hydrazide,
oxalic acid dihydrazide, malconic acid dihydrazide, succinic
aclid dihydrazide, glutaric acid dihydrazide, adipic acid
dihydrazide, pimelic acid dihydrazide, 1,4-cyclohexane
dihydrazide, tartaric acid dihvdrazide, malic acid dihydrazide,
iminodiacetic acid dihydrazide, N,N —-hexamethylene bis-

semicarbazide, ¢itric acid trihvyvdrazide, nitriloacetic acid



Examples 1 and 2 Each of the resin components (component (a)) was mixed in the ratio shown in
Table 1 to be described below, and stirred, and then combined with acetone to dissolve the resin
components. Then, the component (c) was addecl and heat-dissolved at 70C, and then the acetone
was distilled with an evaporator. Then, a radical p(%ymerization initiator (component (f)) was added,
and the solution was heat-dissolved, and then was cooled to room temperature, and combined with
the silane cobphng agent (compoentyd}), thel morganig filler (compoment(@)pandithe heat-curing
agent (comﬁonent (b)), and stirred, and then dispersed with a three-roller milling machine and filtered

with a mEtaMHEShA(635 MBBR I prepatd e liGuitissstarséalant ot the liqhiP&sedt Hropping

process of Examples 1 and. 2. Exampl ach of the resin components 'glco \pone t%a)) was
ived m e e ST Tablo 115 Lo dGschpédibaion, And Sinbd: BhAtRoR ambited with te

compongnt {c).and heat-dissplved at.90G. Then, a radical palymerjzation initiatpr (component (f)) was

heat-dissolved, and then the solution was cooled to room temperature, and combined with the silane
coupling agent (campanent(d)): the: inorganisthilien (component {e)) angither 24-heatrcyring agent
(component (b)), and stirred, and then dispersed with a three-roller milling machine, and filtered with a
metal meghe(635mmesh)ito prepase the: tiquidicrystahséalant.forahe liquid ¢rystal dropping process of
Example 3. Comparative Examples | to 3 Each of the resin components (component (a)) was
mixed in e FRHE Shewn 1 TableR o b destrivet vaew and’ stirfed,zand thetithe radical
polymerization initiator (component (f)) was heat-dissolved at 90C. The solution was cooled to room

temperattiré, Ahe combimed with thie compohent ()" trie- Sifare BEGHIG adént (component (d)), the
inorganicifélge%y(ggqppgggnt (&) r('g—tﬁg EQ%’EHQE%@@%{;&%%’H%W”%@Q And stirred, and then
[ c ilter

dispersed with a three-roller milling machine, an ed with a'metal mesh ?élfgme'sh) to prepare the
liquid crystal sealant for-the Jiguid srystal-drepping; process of Comparative £xamples 1 to 3.

Hereinafter, the descriptions for evaluation items of each of the prepared liquid crystal sealants for
liquid crystal dsappingprocess and peduylts thereafraresshown: {(F estfor heat curability) Each of the
liquid crystal sealants for the liquid crystal dropping process was applied between polyethylene
terephthalate filris) aprlthen strstehdd td-athickness ok 100 drdthising sdlantinates zandqirkadiated with

3000 mc:T/cm2 ultraviolet light (fSampIe 1). The pregared film was heat-cured
limited thereto 1I the compound has a structure of formula (1}.

The compound represented by formula (1) is preferably
isophthalic acid dihydrazide, malonic acid dihydrazide, adipic
acld dihydrazide, tris(l-hydrazinocarbonyimethyl) isccyanurate,
tris(2-hydrazinccarbonylethyl) isocyanurate, tris(2-
hydrazinocarbonylethyl) isccyanurate or tris(3-
hydrazinocarbonylpropyl) 1socyanurate, and particularly
preferably tris{Z2-hydrazinocarbonylethyl) isccvanurate for the
balancing of the curing reactivity and the potentiality.

The content of the component (k) is preferably from 0.1
to 20 parts by mass, and further preferably from 1 to 10 parts
by mass with respect to 100 parts by mass of the total amount
of the component {(a) curable resin, and two or more kinds may
be usad in a mixture.

The liguid crystal sealant of the present invention



25 at 120C for 1 hour (Sample 2). The enthalpies of Samples 1 and 2 were measured using a
differential scan type calorimeter (manufactured by Seiko Instruments Inc., measurement condition:
30C to 250C, 10C temperature-elevation speed), and the thermal reaction rate was calculated using
the calculation formula to be described below. hermal reaction rate = [1 - (Enthalpy of Sample 1 -
Enthalpy of Sample 2)/Enthalpy of Sample 11 x 100 The results were judged as described below. A:
90% or moeretefithermalreattion ratesCnlLebs thar90%: ef thermal reaction rate morEhe thermal
reaction rate of Example 1 was 92%, the thermal reaction rate of Example 2 was 91%, and the thermal
reaction ratB bt BS&HpIEST was V208N (TEEtfar Ehitafinatio6fliguid ery<stand caméedilm of the liquid
crystal sealant for the liquid cryst 9rop§{ln%?rqcessgirradi ted with 3000 mJ/cm2 of ultraviolet light
(Sample 15 WAk cittd a'siza of sbotd 5 Mm2: ahd dbout Lo0 Mg was put Thts a 16l vial, and then

aid crystal,(MI.:6866,100-manufactured by Merck KGan, Damstagt. Gefmany)wgs pdded in a

ten-fold amount based on the weight. The vial was heated at 120C for 1 hour, and then cooled for 30
minutes. Each-of the,supernatant liguidswas; isplated withsdgcantation -and; the: ualue of specific
resistance was measured with a digital super-high onmmeter (R8340: manufactured by Advantest
Corporatiory iand zompared avithythetwalue of specifie resistancerafithdde containing no sealant.
Evaluation 26 was performed as described below. A: 9.5E + 11 or more of the value of specific
resistanc€tetBa410R 4 EFoR RO affttless dhan OI6E +ikEef the Valvé dfspecific resistance C:

Less than 1.0E + 11 of the value of specific resistance ‘
components (a} used in the present invention preferabhly have

little contamination and sclubility with respect to the liguid
crystal. Examples of a suitable epcoxy resin include a
bisphenocl A type epoxy resin, a bisphenol P type epoxy resin,
a bisphenol § type epoxy resin, a phenol novolak type epoxy
resin, a cresol noveolak type epoxy resin, a bisphencl A
novolak type epcxy resin, a bisphenci ! novolak type epoxy
resin, an alicyclic epoxy resin, an aliphatic chain-like epoxy
resin, a glycidyl ester type epoxy resin, a glycidyl amine
type epoxy resin, a hydanteln type epoxy resin, an
isocyanurate type epoxy resin, a triphenol methane skeleton-
centaining phenol novelak type epoxy resin, and in addition, a
digiycidyl ether of bifunctional phenols, a diglycidyl ether
of bifunctional alcohnols, and a halogenated material thereof,
a hydrogenated material therecf and the like, but are not
limited thereto. The {meth)acryloyliated epcxy resin and the
partial (meth)acrylovlated epoxy resin may be obtained by a
well-known reaction of an epoxy resin and a {meth)acrylic acid.
For example, {meth)acryioylated epoxy resin and the partial

(meth)acryloylated epoxy resin may be obtained by adding a



Meanwhile, "1.0E 12" of the value of specific resistance represents "1.0 x 1012". The same applies to
the other descriptions. The value of specific resistance of Example 1 was 3.8E + 12, the value of
specific resistance of Example 2 was 9.7E + 11, atgd the value of specific resistance of Example 3 was
2.7E + 12. (Test for shelf life) Each of the liquid crystal sealants for the liquid crystal dropping
process was kept warm in a 23C thermostatic bath, and the viscosity after 24 hours was measured.
The viscdsityhiwas comiparedwith the initiad Viscosity pand evalpated as descdbed below. Meanwhile,
the viscosity was measured using an E type viscometer (manufactured by TOKI SANGYO CO., LTD).
A: Less tA&A5% of Vistosity incteRSe rae 2 Y 1 BY 596 b Fiora @i [e'ss than 20%6'9f viscosity increase
rate C: _10}:% or more of viscosity in¢rease rate, or gelled T%e Vis¢osity increase rate of
Example T Was 3%, ths VisodilFincrease ratd f%(élz’rg%ﬂg Ai&s 395, gnld{ ¢ viscosity increase rate
of Example 2 was #9%. 27.(Tsh lor moisture-resistant.adnesugness) . 400 g of each of the liquid
crystal séalants for the liquid crystal dropping process was combine Wlt% 1 g of 5'Am glass fiber as a
spacer, angsmixad and sfirmed: T his liguid crystabsealantwas applied oato 8:50,mm x 50 mm glass
substrate, and 1.5 mm x 1.5 mm glass fragments were laminated onto the liquid crystal sealant, and
irradiatechwithc3000-mGefom 2 ntiraviicgletLlight)using a WY driadiation machine,.and ¢hen placed in an
oven at 120C for 1 hour and cured. The shear adhesive strength of the glass fragment was measured.
In additiofe BiPCTtest(coneition: 420C teiferatiire? 100 hamiditft 2rathd afhosphere, 12 hours of
test time) was performed using the glass substrate after the curing, and then the shear adhesive

strength HFfHe-gIASs faymEREWAS feasuréd. Ther, the adhedive RBfig FAe Before anl after the

PCT testwas calculated, and evaluated as described below. A; 50% or more of adhesive holding rate

A
B: 25% of more and l6ss than 50% of adhesive Yolding rate C 1655 thah 25% of adhesive holding rate
The adhesive-bplding rate.of Example 1, was69%; the.adkesive holding sate.of Example 2 was 65%,

and the adhesive holding rate of Example 3 was 55%.
and examples thereof include a bisphenol A tvpe epoxy resin, a
bisphenol F type epoxy resin, a bisphencl S type epoxy resin,
a phenol novolak type epoxy resin, a crescl novolak type spoxy
resin, a bisphenol A novolak type epoxy resin, & bisphencl F
novolak Lype epoxy resin, an alicyclic epoxy resin, an
aliphatic chain-like epoxy resin, a glycidyl ester type epoxy
resin, a glycidyl amine type epoxy resin, a hydantoin type
epoxy resin, an 1lsococyanurate type epoxy resin, a triphenol
methane skeleton-containing phenol novolak type epoxy resin,
and in addition, a diglycidyl ether of bifuncticnal phencls, a
diglycidyl ether of bifuncticonal alcohols, and a halogenated
material thereof, a hydrogenated material thereof and the like.
Among these, the epoxy resin is more preferably a bisphencl
Type epoxy resin or a novolak type epoxy resin from the
viewpoint of the contamination of the liguid crystal. In
additicn, the ratio of the epoxy group to the (methlacryvloyl

group is not limited, and is suitably selected from the



(Test for panel display property) Each of the liquid crystal sealants for the liquid crystal dropping
process was filled into a syringe and degassed, and then was applied onto a glass substrate with a
dispenser (SHOT MASTER 300 manufactured by Musashi Engineering, 28 Inc.), and a suitable
amount of the liquid crystal was dropped into the }|5ame of the seal. The substrate was installed in a
vacuum lamination apparatus, and the other substrate was superposed under vacuum, and then cured
at 120C for dvivour Thefprepargd sivauatiom panel was:electricalhechangeshnand observed on a
polarizing film. The observation results are evaluated as described below. A: Alignment defect was not
found C: Wignhieht defé&tiias found F: Bubbles were generated from the sealant, and leakage of

the liquid crystal was causedtha?Ie ] 29 ExaMple , o ,
The content of the component (a) i1s suitably determined

in consideration of the workability and the physical
properties of the obtained liguid crystal sealant, and is
typically from 25 to 80 wt%, and preferably from Z5 to 75 wt%
in the ligquid crystal sealant.

In the liquid crystal sealant of the present invention,
(d) & silane coupling agent may be used, to seek improvement
of the adhesive strength and improvement of the reliability of
humidity resistance. Examples of the silane coupling agent
include 3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl
methyldimethoxysilane, 3-glycidoxypropyl methyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, N-phenyl-v-
aminopropyl trimethoxysilane, N-(2Z-amincethyl)-3-aminopropyl
methyldimethoxysilane, N-(Z-aminoethyl)-3-aminopropylmethyl
trimethoxysilane, 3-amincpropyl triethoxysilane, 3-
mercaptopropyl trimethoxysilane, vinyltrimethoxysilane, N-(2-
(vinylbenzylamino)ethyl)-3-aminopropyl trimethoxysilane
hydrochloride, 3-methacryloxypropyl trimethoxysilane, 3-
chloroprepyl methyldimethoxysilane, 3-chloropropyl
trimethoxysilane and the like. The content of the silane
coupling agent (d) in the liguid crystal sealant is suitably
from 0.05 to 3 parts by mass with respect to 100 parts by mass
of the total amount of the liguid crystal sealant of the
present invention.

In the liguid crystal sealant of the pressnt inventiocn,



1 5xnple 4 Ekample 3 Component (a) 41 Resorcin dilycidyl ether 1.5 part.6 1.5 parte 1.5 parts
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{e) an inorganic filler may be used to sesk improvement of the
adhesive strength and improvement of the reliability of
humidity resistance. Examples of this {e) inorganic filler
include molten silica, crystalline silica, silicon carbide,
silicon nitride, borcon nitride, calcium carbonate, magnesium
carbonate, barium sulfate, calcium sulfate, mica, tale, clay,
alumina, magnesium oxide, zirconium oxide, aluminum hydroxide,
magnesium hydroxide, calclum silicate, aluminum silicate,
lithium aluminum silicate, zirconium silicate, barium titanate,
glass fiber, carbon fiber, molybdenum kisulfide, asbestos and
the like, preferably molten silica, crystalline silica,
silicon nitride, bhoron nitride, calcium carbonate, barium
sulfate, calcium sulfate, mica, talc, clay, alumina, aluminum
hydroxide, calcium silicate and aluminum silicate, and further
preferably molten silica, crystalline silica, alumina and talc.
These inorganic fillers may be used in a mixture of two or
more kinds. If the average particle diameter 1s too great, it
becomes a defect factor such that a gap cannct be formed well
when the upper and the lower glass substrates are laminated at
the time of manufacture of a liquid c¢rystal display cell
having a narrow gap, and thus the average particle diameter is
appropriately 3 um or less, and preferably 2 pm or less. The
particle diameter can be measured by & laser
diffraction/scattering typse particle size distribution
measurement apparatus (dry type} {manufactured by SEISHIN
ENTERPRISE Co., Ltd.; LMS-30).

The content of the incrganic filler (e} in the liguid



42 Bisphenol A type epoxy acrylate 16 parts 16 parts 16 parts Component (le)r -)4; - --
Tris(2-hydrazInocarhonylethyl) isocyanurate 0.96 parts 0.06 parts 0.96 parts
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crystal sealant, which may be used in the ligquid crystal
sealant of the present invention, is typically from 10 to 60
parts by mass, and preferably from 20 to 50 parts by mass with
respect to 100 parts by mass of the total amount of the liguid
crystal sealant of the present invention. If the content of
the inorganic filler is too small, the adhesive strength with
respect to a glass substrate decreases, and the reliasbility of
humidity resistance is alsc poor, and thus a decrease of the
adhesive strength after moisture absorption may increase. On
the other hand, 1f the content c¢f the inorganic filler is too
great, it is hard to perform crushing and the gap of the
ligquid crystal cell cannot be formed.

The liguid crystal sealant of the present invention may
contain the component (f), a photopclymerization initiator in
order to render the liguid crystal sealant to be a light-heat
combination curing type liguid crystal sealant. The
photepolymerization initiator is not particularly limited as
long as it is a compound that generates radicals by
irradiation of UV or wvisible light, and initiates & chain
polymerization reaction, and examples thereof may include
benzyldimetnyl ketal, l-hydroxycyclohexylphenylketone,
diethylthioxanthone, benzophenone, 2-ethyl anthraguinone, 2-
hydroxy-2-methyl propicphencne, Z-methyl-{ 4-
(methylthio)phenyl] ~2-morpholino-l-propane, 2,4, 6-trimethyl
benzoyldiphenyl phosphine oxide and the like. In addition,
those having a (meth})acrvicyl group in the molecule are

preferably used, and for example, a reaction product of 2-



Component (c) 44 U-Pica Coat GV2SO 1 part 45 ST-Pica Coat 57230 1 part 46 Acidydride adduct
of bisphenol A type
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methacrylovloxyethyl isocyanate and 1~ 4-(Z2-hydroxy ethoxy) -
rphenyl] -Z-hydroxy-2-methyl-1l-propan-l-one is suitably used
from the viewpelnt of the centaminaticon of the liguid crystal.
This compound may be cbtained by the manufacture according to
the method described in WO 2006/027982.

The content of the component (f) photopolymerization
initiator in the ligquid crystal sealant, which may be used in
the liquid crystal sealant of the present invention, is
typically from 0.1 to 5 parts by mass, and preferably from 0.2
to 3 parts by mass with respect to 100 parts by mass of the
total amcunit of the liguid crystal sealant of the present
invention.

In the ligquid crystal sealant of the present invention, a
moncmer or an oligomer of (meth)acrylic acld ester may be also
used as necessary. Examples of such monomer or oligomer
include a reaction product of dipentaerythritol and
(meth)acrylic acid, a reaction product of dipentaerythritol
caprolactone and (meth)acrylic acid and the like, but are not
particularly limited as long as the monomer or oligomer has
little contamination with respect to the liquid crystal.

In the liquid crystal sealant of the present invention,
organic fillers, and additives such as pigments, leveling
agents, antifcam agents and solvents may be also blended as
necessary.

As one example of a method for obtaining the liguid
crystal sealant of the present invention, there is a method to

be described below. First, the (a) component is dissolved in
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an organic solvent, and then the (¢} compcenent is added, and
heating-mixing is performed to dissclve the (¢) component.
Then, the organic solivent is removed by heating and the like,
and, furthermcre, as necessary, the (f) component is dissolved
and mixed under heating. The solution is cooled to room
temperature and then combined with the (b) component, and
combined with the (d) component, the (e} component, and an
organic filler, an antifoam agent, a leveling agent, a solvent
and the like as necessary, and uniformly mixed with a known
mixing apparatus, for example, a three-roller milling machine,
a sand mill, a ball mill or the like, and filtered with a
metal mesh, whereby to manufacture the liguld crystal sealant
of the present invention.

The liguid crystal display cell of the present invention
is obtzined by disposing one pair of substrates on which
prescribed electrodes are formed in opposition to the
substrate at a prescribed interval, sealing the circumference
with the liguid crystal sealant of the present invention, and
enclosing a liguid crystal intc the space. The kind of the
enclosed liguid crystal is not particularly limited. Herein,
the substrates are formed of a combination of substrates such
as glass, guartz, plastic, and silicon, in which at least one
of the substrates is light-transmissive. As the manufacturing
methed thereof, the liguid crystal sealant of the present
invention is combined with a spacer such as a glass fiber
(space control material), and then the liquid crystal sealant

ig applied ontec one of the pair of substrates using a



Component (d) 49 3-glycidoxypropyl trimethodysilane 0.3 parts 0.3 parts 0.3 parts Component (e) 410
Talc 1.5 carts
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dispenser, or a screen print apparatus or the like, and then
temporary curing is performed at 80 to 120°C as necessary.
Then, liquid crystal is dropped into the inside ©f the weir of
the liguid crystal sealant, and the other glass substrate is
superposed in a vacuum to perforﬁ gap formation. After the gap
formation, curing is performed at 90 te 130°C for 1 to 2 hours
to obtain the ligquid crystal display cell of the present
invention. In addition, when a light-heat combination type is
used, the portion of the liquid crystal sealant is irradiated
with ultraviolet light using an ultraviolet light lrradiation
machine to perform the photocuring. The irradiaticn amcunt of
ultraviolet light is preferably 500 to 6000 mJ/cn®, and more
preferably 1000 to 4000 mi/cm®. Then, as necessary, curing is
performed at 90 to 130°C for 1 to Z hours to obtain the liquid
crystal display cell of the present invention. The liguid
crystal display cell thus obtained of the present invention
does not have display defects due to contamination of the
iigquid crystal, and is excellent in the adhesiveness and the
reliability of humidity resistance. Examples of the spacer
include glass fibers, silica beads, polymer beads and the like.
The diameter thereof varies depending on the purpose, but
typically from 2 to 8 pm, and preferably from 4 to 7 um. The
amcunt used is typlcally from 0.1 to 4 parts by mass,
preferably from 0.2 Lo 2 parts bt mass, and further preferably
from 0.9 to 1.5 parts by mass with respect to 100 parts by
mass of the liquid crystal sealant of the present invention.

The ligquid crystal sealant of Lhe present invention has
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very good nheat curability, and is promptly cured in the
heating process in the liguid crystal dropping process.
Accordingly, elution of the constituting components into the
ligquid crystal 1s extremely low, and the display defects of
the liguid crystal display cell can be reduced. In addition,
the ligquid crystal sealant of the present invention also has
excellent shelf iife, and thus is suitable for the manufacture
of a liquid crystal display cell. Furthermore, & cured product
thereof is also excellent in various cured product properties
such as adhesive strength, heat resistance and humidity
resistance, and thus by using the ligquid crystal sealant of
the present invention, it is possible to prepare a lLiquid
crystal display cell having excellent reliability. In addition,
a liquid crystal display cell prepared using the liguid
crystal sealant of the present invention has a high veltage-
holding rate, and low ion density, and thus meets the

properties necessary for a liguid crystal display cell.

EXAMPLES
Hereinafter, the present invention is further
specifically described with Synthesis Examples and Examples,
but the present invention 1s not limited to the Examples.
Meanwhile, "part" and "%" in the text are on a mass basis

unless octherwise stated.

Synthesis Example 1: Synthesis of epoxy acrylate of bisphenol

A type epoxy resin
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282.5 g bisphenol A type epoxy resin {(product name: YD-
8125, manufactured by NIPPON STEEL & SUMIKIN CHEMICAL CC.,
LTD.) was dissolved in 266.8 g of toluene, and 0.8 g of
dibutyl hydroxytoluene as a polymerization inhibitor was added
thereto, and the reaction liguid was heated to 60°C. Then,
117.5 g of acrylic acid as 100% equivalent to thes epoxy group
was added, and the reaction liguid was further heated to 80°C,
combined with 0.6 g of trimethyl ammonium chloride as a
reaction catalyst, and stirred at 98°C for about 30 hours to

give the reaction liguid.

Synthesis Example 1-1

The reaction liguid obfained in Synthesis Example 1 was
washed with water, and the toluene was distilled, whereby to
give 395 g of the intended bisphenocl A type epoxy acrylate

(KAYARAD™ R-93100) .

Synthesis Example 1-2

The reaction liquid obtained in Synthesis Example 1 was
also combined with 151.6 g of tetrahydrophthalic anhydride,
and stirred at 98°C for about 30 hours. The obtained reaction
liguid was washed with water 6 times, and then the toluens was
distiiled with an evapcrator whereby to give 640 g of the
intended compound (acid anhydride adduct of bisphencl B type
epoxy acrylate). The mass average mcelecular welght of this
compound measurad with GPC {gel permeation chromatography) was

828 g/mol.
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(Preparation of liguid crystal sealant for the ligquid crystal
dropping process)
Exampies 1 and 2

Each of the resin components {component (a)) was mixed in
the ratio shown in Table 1 to be described below, and stirred,
and then combined with acetone to dissolve the resin
components. Then, the componant {¢) was added, and heat-
dissolved at 70°C, and then the acetone was distilled with an
evaporator. Then, a radical polymerization initiator
(compenent (f)) was added, and the sclution was heat-dissolved,
and then was cooled to room temperature, and combined with the
silane coupling agent (component (d)), the inorganic filler
(compenent {(e)) and the heat-curing agent (component (b))}, and
stirred, and then dispersed with a three-roller milling
machine and filtered with a metal mesh (635 mesh) to prepare
the liquid crystal sealant for the liquid crystal dropping

process of Examples 1 and 2.

Example 3

Fach of the resin components {component {(a)) was mixed in
the ratio shown in Table 1 to be described bhelow, and stirred,
and then combined with the component (¢) and heat-dissolved at
90°C. Then, a radical polymerization initiator (component (f))
was heat-disscolved, and then the solution was ccoled to room
temperature, and combined with the silane coupling agent

{compenent (d}), the inorganic filler (component (e)}) and the
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heat-curing agent (component (b))}, and stirred, and then
dispersed with a three-roller milling machine, and filtered
with a metal mesh (£35 mesh) to prepare the liguid crystal

sealant for the liquid crystal dropping process of Example 3.

Comparative Examples 1 to 3

Each of the resin components (component {(a)) was mixed in
the ratio shown in Table 1 to be described below and stirred,
and then the radical polymerization initiator (compcnent (f})
was heat-dissolved at 80°C. The solution was ccoled to room
temperature, and combined with the component (¢), the silane
coupling agent {(component (d)), the inorganic filler
{(component (e}) and the heat-curing agent {(compcnent (b)), and
stirred, and then dispersed with a three-roller milling
machine, and filtered with a metal mesh {(£35 mesh) Lo prepare
the liguid crystal sealant for the liquid crystal dropping

process cof Comparative Examples 1 to 3.

Hereinafter, the descriptions for evaluation items of
each of the prepared liguid crystal sealants for liguid
crystal dropping process and results thereof are shown.

(Test for heat curability)

Each of the licguid crystal sealants for the liguid
crystal dropping process was applied between polyethylene
Terephthalate films, and then stretched to a thickness of 100
um using a laminater, and irradiated with 2000 mJ/ cm?

ultraviolet ilight (Sample 1). 7The prepared film was heat-cured
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at 120°C for 1 hour (Sample Z). The enthalpies of Samples 1
and Z were measured using a differential scan type calorimeter
(manufactured by Seiko Instruments Inc., measurement
condition: 30°C to 250°C, 10°C temperature-elevation speed),
and the thermal reaction rate was calculated using the
calculation formula to be described below.

Thermal reaction rate = {1 - (Enthalpy of Sample 1 -
Enthalpy of Sample 2)/Enthalpy of Sample 1] x 100

The results were judged as described below.

L: 90% or more of thermal reaction rate

C: Less than 3%0% of thermal reaction rate

The thermal reaction rate of Txample 1 was 92%, the
thermal reaction rate of Example 2 was %1%, and the thermal
reaction rate of Example 3 was 94%.

(Test for contamination of liguid crystal)

The film of the liguid crystal sealant for the liguid
crystal dropping process irradiated with 3000 mJ/cm® of
ultraviclet light (Sample 1) was cut to a size of about 5 mm’,
and about 100 mg was put into a 10 ml vial, and then liguid
crystal (MLC-6866-100: manufactured by Merck KGahd, Darmstadt,
Germany) was added in a ten-fold amount based on the weight.
The vial was heated at 120°C for 1 hour, and then cooled for
30 minutes. Each ¢f the supernatant liguids was isclated with
decantation, and the valus of specific resistance was msasured
with & digital super-high ohmmeter (R8340: manufactured by
Advantest Corporation}, and compared with the value of

specific resistance of those containing no sealant. Evaluation
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was performed as described below.

A: 9.3E + 11 or more of the value of specific resistance

B: 1.0E + 11 or more and less than 9.5E + 11 of the value
of specific resistance

C: Less than 1.0FE + 11 of the value of specific
resistance

Meanwhile, "1.0E + 12" of the value of specific
resistance represents "1.0 x 10". The same applies to the
other descriptions. The value of specific resistance of
Example 1 was 3.8E + 12, the value 0f specific resistance of
Example Z was 9.7E + 11, and the value of specific resistance
of Example 3 was 2.7E + 12,

(Test for shelf life)

Each of the ligquid crystal sealants for the liguid
crystal dropping process was kept warm in a 23°C thermostaltic
bath, and the viscosity after 24 hours was measured. The
viscosity was compared with the initial viscosity, and
evaluated as described below. Meanwhile, the viscosity was
measured using an E type viscometer (manufactured by TOKI
SANGYO CO., LTD).

A: Less than 5% of viscosity increase rate

B: 5% or more and less than 10% of viscosity increase
rate

T: 10% cor more of viscosity increase rate, or gelled

The viscosity increase rate of Example 1 was 3%, the
viscosity increase rate of Example 2 was 3%, and the viscosity

increase rate of Example 3 was 4%.
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(Test for moisture-resistant adhesiveness)

100 g of each of the liquid crystal sealants for the
Liquid crystal dropping process was combined with 1 g of 5 um
glass fiber as a spacer, and mixed and stirred. This ligquid
crystal sealant was appiied onto a 20 mm x 50 mm glass
substrate, and 1.5 mm x 1.5 mm glass fragments were laminated
onto the ligquid crystal sealant, and irradiated with 3000
mJ/cm® ultraviolet light using a UV irradiation machine, and
then placed in an oven at 120°C for 1 hour and oufed. The
shear adhesive strength ¢f the glass fragment was measured. In
additicon, a PCT test (condition: 120°C temperature, 100%
humidity, 2 atm atmosphere, 12 hours of test time) was
performed using the glass substrate after the curing, and then
the shear adhesive strength of the glass fragment was measured.
Then, the adhesive holding rate befcore and after the PCT test
was calculated, and evaluated as described bhelow.

A: 50% or more of adhesive holding rate

B: 25% or more and less than 50% of adhesive holding rate

C: Less than 25% of adhesive holding rate

The adhesive holding rate of Example 1 was 69%, the
adhesive holding rate of Example 2 was 65%, and the adhesive
holding rate of Example 3 was 55%.

(Test for panel display property)

Each of the liguid crystal sealants for the liquid
crystal dropping process was fillled inte a syringe and
degassed, and then was applied onto a glass substrate with a

dispenser {(SHOT MASTER 300 manufactured by Musashi Engineering,
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Inc.}, and a suiltable amount of the liguid crystal was dropped
into the frame of the seal. The substrate was installed in a
vacuum lamination apparatus, and the other substrate was
superposed under vacuum, and then cured at 120°C fcr 1 hour.
The prepared simulation panel was electrically charged, and
observed on a polarizing film. The observaticn results are
evaluated as described below.

A: Alignment defect was not found

C: Alignment defect was found

F: Bubbles were generated from the sealant, and leakage
of the liguid crystal was caused

[ Table 1]
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Example Exanple Example
1 2 3
1.5 1.k 1.5
Component: #1 Resorcin digiyvcidyl sther
parts parts parts
(a)
#2 Bisphenol A type epoxy acrylate 16 parts | 16 parts | 16 parts
Component Tris({2-hydrazinocarbonyliethyl) .58 r.96 G.986
#3
(b} isocyarurate parts pErts parts
#4 U-Pica Coat GV250 1 part
Compenent #5 U-Pica Coat GV230 1 part
(e) Rcid anhydride adduct of bisphencl 2 type
#6 1 part
SpoRy acrylate
#7 1,3,5-tris(2-carboxylethyl) isocyanurate
#8 VEE-0201
Component 0.3 0.3 0.3
#5 3-glycidoxypropyl trimethoxysilane
() parts parts parts
1.5 1.5 1.5
Component #10 Talc
parts parts parcs
(&}
#11 Silica & parts & parts & parts
Reaction product of 2-methacryloyloryethyl
Component isccyanate and 1-[4—(2-hydroxy
$12 1 part 1 part 1 part
(£} ethoxy) -phenyill-2-hydrogy-2-nethyl-1-prop
an-~l-one
Curability A A A
Liguid crystal contamination A A 2
Shelf life A A A
Moisture-resistant adhesivensss (holding rate) A A B
Panel display properiy A k3 )




(f) 412 Reaction product of 2-methacryloyloxyethyl isocyanate and 1-[6-(2-hydroxy
ethoxy)-phenyl)-2-hydroxy-2-methyl-1-prop an-l-one 1 part | part 1 part Curability A A C Liquid crystal
contamination A ¢
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Compaia Compara Compara
tive tive tive
Examnple Example | Example
1 2 3
i.5 1.5 1.5
Component #1 Resorcin diglycidyl ether
parts parts parts
=¥
#2 Bisphenol A type epoxy acrylate 1t parts §j 16 parts | 16 parts
Componant Tris{Z-hydrazinocarbonylethyl) 0.96 0.3 0,596
#3
= izocyanurate varts parts parts
#4 U-Pica Coat GV250
Componant #5 U-Fica Coat GVZI30
fe) Acld anhydride adduct of blsphenol A type
#6
epory acrylate
#7 1,3, 5-tris(2-carboxyliethyl) isccyanurate 1 part
#8 VEE-G201 1 part
Component 0.3 0.3 0.3
49 3-glycidoxypropyl trimethoxysilane
(d} parts parts parts
1.5 1.5 1.5
Component #10 Taic
part.s parts parts
(e}
#11 5ilica 6 parts 6 parts £ parts
Peactidn product of Z-methacryloyleozyethyl
Component igsccyanate and 1-[1-{Z-hydroxy
#$i2 i part i part 1 part
(L) ethoxy)~phenyl]-2-hydroxy-2-methyl-1-prop
an—l-one
Curability A A C
Liguid crystal contamination A C B
Shelf life B C A
Moisture~-resistant adhesiveness (holding rate) o C A
Panel display property A F C
#1 : 1,3-bis(oxiranylmethoxy)benzene {(manufactured by Nagase ChemteX
Corporation)

#2 : Synthesized from Synthesis Example 1-1

#3 : HCIC {Manufactured by JAPAN FINECHEM COMPANY, INC.)
#4 : Manufactured by U-PICA Company Ltd.

#5 : Manufactured by U-PICA Company Litd.

#6 1 Synthesized from Synthesis Example 1-2

142 mg EOH/g acid value {(calculation value)



B Shelf life B C Moisture -resistant adhesiveness (holding rate) C C A Panel display property AF C
#1 : 1,3-bis(oxiranylmethoxy)benzene (manufactured by Nagase ChemteX Corporation) #2 :
Synthesized from Synthesis Example 1-1 a1

#7 @ CIC acid (manufactured by SHIKOKU CHEMICALS CORPCRATION)
492 mg KOH/g acid value {(calculation value)
#8 : Azc-type thermal radical initiator (manufactured by Wake Pure Chemical
Industries, Litd.)
#9 1 Sila-Ace $-510 (manufactured by CHISSC CORPORATION)
#10 : D-600 (Manufactured by Nippon Talc Co., Ltd.)
#11 : Admafine SEZ {(manufactured by Admatechs)

#12 : Synthesized with the method described in WO 2006/027982 A

From the results of Table 1, Comparative Example 3 not
containing a curing accelerator component has poor curability,
and as a result thereof, has occurrence of the alignment
defect in the panel display property. In additicn, those using
a thermal radical initiator or a CIC acid as a curing
accelerator have shortcomings regarding the liguid crystal
contamination and the moisture-resistant adhesiveness although
they achieve the improvemenit of the curability., On the
contrary, it is confirmed that with Examples 1 to 3,
improvement of curability is realized, and other properties
are also at the lLevel of being usabple. Particularly, Examples
1 and 2 show very excallent results in all of the properties.

From these results, it can be said that the liguid
crystal sealant of the present inventicn has excellent shelf
life and curability, and thus is excellent in workability, and
it can be said that the liguid crystal sealant of the present
invention is excellent in terms of liguid crystal

contamination, moisture-resistant adhesiveness, panel display



#3 : HCIC (Manufactured by JAPAN FINECHEM COMPANY, INC.) #4 : Manufactured by U-PICA
Company Ltd. #5 : Manufactured by E-PICA Company Ltd. #6 : Synthesized from Synthesis Example
1-2 142 mg KOHY/g acid value (calculation value) 31 #7 : CIC acid (manufactured by SHIKOKU
CHEMICALS CORPORATION) 492 mg KOH/g acd value (calculation value) #8 : Azo-type thermal
radical initiator (manufactured by Wako Pure Chemical Industries, Ltd.) #9Sila-Ace 5-510
(manufacturedchyt CRISSICARPRORLI ON)=# 10 78-600 (Manufactured by Nipgondralc Co., Ltd.) #11 :
Admafine SEE (manufactured by Admatechs) #12 : Synthesized with the method described in WO
2006/027982542 1 H6mlthE resdlts of Table 1, Comparative Example 3 not containing a curing
accelerator component has poor curability, and as a result thereof, has occurrence of the alignment
defect in the panel display property. In addition, those using a thermal radical initiator or a CIC acid as

a curing accelerator have shortconyig% %%qgtng#@lwg f£ﬁ§,l contamination and the
moisture-resistant adhesiveness although they achieve the improvement of the curability. On the
contrary, it is copfierped that with Examples 440 3ca1ant of the present invention

is excellent in terms of workability, the liquid crystal

sealant of the present invention allows stable production of

the liguid crystal display cell, and, furthermore, contributes

to securing long term reliability cof the liquid crystal

display cell.



improvement of curability is realized, and other properties are also at the level of being usable.
Particularly, Examples 1 and 2 show very excellent results in all of the properties. From these
results, it can be said that the liquid crystal sealargt of the present invention has excellent shelf life and
curability, and thus is excellent in workability, and i? can be said that the liquid crystal sealant of the
present invention is excellent in terms of liquid crystal contamination, moisture-resistant adhesiveness,
panel display 32 property, and thus realizes highA&hability of a liquid crystal display cell. INDUSTRIAL
APPLICABILITY Since the iquid crystal sealant of the present invention is excellent in terms of
workability, the liquid crystal sealant of the present invention allows stable production of the liquid

crystal display cell, and, furthermore, contributes to securing Jong term reliabijlity of the liquid crystal
display cgll. 33'CLANS ./—ﬁ\ﬁi?iﬁﬁ]agryéﬁfijs%%an for t%ﬁiq%%@%%ﬁt&lrdfrﬁﬁﬁ#hgdﬁr%%gég,gcomprising:

(@a cur%l}lggggig cog&g{gﬂgsgq% kind, or two or more kinds selected from an epoxy resin, a
(meth)acrylated epoxy resin, and partially (meth)acrylated epoxy resin, (b) a heat-curing agent,

and  (c) a compound-hayingsintramelecular sarboxy gredps and,an acid.valde between 50 and 250
mg}qDHgﬁnds selected from an epoxy resin, a (meth)acrylated epoxy
resin, and partialiy {methlacrylated epoxy resin,
(b) a heat-curing agent, and

(¢) a compound having intramolecular carboxy groups and

an acid value betwsen 50 and 250 mg KOH/g.

2. The liquid crystal sealant for the liguid crystal
dropping process according to claim 1, wherein the mass
average molecular weilight of the component (¢) is 3000 to 10000

g/mol.

3. The liquid crystal sealant for the ligquid crystal
dropping process according to claim 1 or 2, wherein the
content of the component (¢} is from 0.1 to 20 parts by mass

with respect to 100 parts by mass of the component (a).

4, The liguid crystal sealant for the liquid crvstal
dropping process according to any one of claims 1 to 3,
wherein the component (b) heat-curing agent is a polyvalent

hydrazide compound.

5. The liguid crystal sealant for the liquid crystal



2.The liquid crystal sealant for the liquid crystal dropping process according to claim 1, wherein the
mass average molecular weight of the component (c) is 3000 to 10000 g/mol. 3.The liquid crystal
sealant for the liquid crystal dropping process ac%né{dlng to claim 1 or 2, wherein the content of the
component (c) is from 0.1 to 20 parts by mass with respect to 100 parts by mass of the component (a).
4.The liquid crystal sealant for the liquid crystal dropping process according to any one of claims 1 to
3, whereifrthercomperents b}y heat-curingagent isla polyvaleritdweiazide compgund: 5CThe liquid
crystal sealant for the liquid crystal 34 dropping process according to claim 4, wherein the component
(b) heat-dtrind*&§entidioned of 470 oriMofs 8t a hydFa%idé Eofipiundtreprésehtad byformula (1)

below: R%OOmyOQig "Qle'gfgg%% R2 %y formula (1) below:
R
|
OYNYO
NN (1)
R3 Y R?
O

wherein R' to R’ each independently represent a hydrogen

atem or a molecular skeleton represented by formula (2) below:

i
—--(c.:H2 c’ “NH,  (2)

wherein n represents an integer of 1 to 6.

6. The liguid crystal sealant for the liquid crystal
dropping process according to any cne of claims 1 to 5,
wherein the component {a) curable resin is a mixture of a

{methjyacrylated epoxy resin and an epoxy resin.

7. The liguid crystal sealant for the ligquid crystal
dropping process according to any one of claims 1 to 6,

further comprising a component {d) silane coupling agent.

8. The liguid crystal sealant for the ligquid crystal

dropping process according to any cone o¢f claims 1 to 7,



wherein Rl to R3 each independently represent a hydrogen atom or a molecular skeleton represented
by formula (2) below: N, --(CH2-)--C- NH2(2) n Il 0 wherein n represents an integer of 1 to 6.
6. The liquid crystal sealant for the liquid crystal drgpping process according to any one of claims 1 to
5, wherein the component (a) curable resin is a mixture of a (meth)acrylated epoxy resin and an epoxy
resin. 7. The liquid crystal sealant for the liquid crystal dropping process according to any one of
claims 1 fo 61 further @upvgrising ascomponent(d) s#ané couphkmg agént- 18 rTFhe liquid crystal sealant
for the liquid crystal dropping process according to any one of claims 1 to 7, 35 further comprising a
component (e) inorganic filler. 9. The liquid crystal sealant for the liquid crystal dropping process
according to any,one.qaf claims 1 to 8, further.comprising.a component (f) photopolymerization initiator.
10. A |iC]L%d crys gledi%filcélﬁlc%}lcs%é%& \I/vit%@é-i1 (l:ﬁpergd é?o%u@tj%b a?ﬁéld y%:%%?\%at e liquid crystal sealant
for the liquid crystal dropping.process aecarding 10, any,one.of claims, 1 19 9., 5,

further comprising a component (£} photopolymerization

initiator.

10. A liguid crystal display cell sealed with a cured product
obtained by curing the liguid crystal sealant for the liguid

crystal dropping process according toe any one of claims 1 to 9.



