LIQUID CRYSTAL SEALING MATERIAL AND LIQUID CRYSTAL DISPLAY CELL USING SAME
TECHNICAL FIELD The present invention relates to a liquid crystal sealing material that has good
thermosetting properties. More specifically, the prgsent invention relates to a liquid crystal sealing
material that has good thermosetting properties and also has excellent storage stability, and,
furthermore, also has excellent moisture resistance and the like for a cured product, and a liquid
crystal display €8l thathis seafedWith B urétiBrodict thereof BACK GREBUND ARTFLA The so-called
liquid crystal drop fill method that has a hi%her rggfﬁcprggquctivity was proposed as a method of
manufacturing a liquid crystal display cell With ar increaséd size of the liquid crystal display cell in
recent years (Patent documents 1 and 2). The liquid crystal drop fill method 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 sealing material formed on one subsirate-and then bonding the other substrate whereby to
seal the liquid crystal. However, the liquid crystal drop fill method has problems that the liquid
crystal sealing materiat érs thecuncuredtstate isdh coatactavith thediguid crystal: anddhus egmponents
of elFSE0283PCT-SG (KAYF-054SG) 2 the liquid crystal sealing material at this time are dissolved
into the Ik &rystal (BRitioRF and e rédistrresidiie Bf B Uil trystal detreases, and display
defects are generated in the vicinity of the seal. In order to resolve this problem, a light-heat

combinafigtt type-figuid ErystafsédingThbterial i CafBntiy u8LE As Dliguid H/<tdl sealing material for
the quuidcgﬁgtgigr%%g&g;ﬁetq;[hgig,t%r%q%)Eacttirgzgyy}gggligg{gga;eknetjgrgglsj%ernlts 3 and 4). A liquid crystal
s i : I ;

drop fill method using thi uid crystal sealing material'is characterize byr}ﬁadiating the liquid crystal

sealing materal-interposed hetween substrates with light,to,perferm first curing, apd then performing
secondary curing by heating. According to this method, it is possible to promptly cure uncured liquid

crystal sealing-meaterial withl kightrand suppress dissetution: eiutien) iof components of ¢he liquid crystal
sealing material into the liquid crystal. Furthermore, with only photocuring, a problem of insufficient
adhesivelstiendthfrom @aring shrinkage at 2he titne dfihedplotvetring ahdathe tikeds generated.
However, the light-heat combination type has an advantage that such a problem can be solved by the
secondary &lring’by ?\%lafﬁﬂgWlﬁ%%EVéﬁ%iWW&écré§§%gize of liquid crystal display devices in
recent years, a light-shielded part where light does not reach is caused in a liquid crystal sealing
material by the metal wiring of an array substrate or by the black matrix part of a color filter substrate
of a liquid crystal display device, and thus;the.probiem of display elFSE0283PCT-SG (KAYF-054SG)

The so-called liquid crystal drop fill method that has a
higher mass productivity was proposed as a method of
manufacturing a ligquid crystal display cell with an increased
size of the liquid crystal display cell in recent vears
(Patent documents 1 and Z). The liguid crystal drop £ill
method is specifically a method of manufacturing a liguid
crystal display cell by dropping liguid crystal into the
inslide of a weir of a liquid crystal sealing material formed
on one substrate, and then bonding the other substrate whereby
to seal the liguid crystal.

However, the liguid crystal drop £ill method has problems
that the liguid crystal sealing material in the uncured state

is 1n contact with the liquid crystal, and thus components of
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3 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 large quantities in the liquid crystal sealing material. If the secondary curing process by heat
proceeds in this 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 vicinity of the seal. In order
to resolvé s prebie Srarslinvéstigationatedmprove theriat rédétivity travélseéen e8Aducted.

There was a trial to react a liquid crystal sealing material not sufficiently cured by light in the

light-shietdBd’ paft Guickiy &t aTow tefpet&turs “Whéréby to <lippress Eoftariinition Bf e liquid
crystal. For exar §dPgEeEp§ggfugéeﬁ% 5.and Gadril%{:lggt%gleatlgo Wwsing thermal radical initiators. In
addition, Patent documents 7 to 9 disclose methods using polyvalent carboxylic acids as a curing

acceleratgen  r Howeyer, antheymal radicaljnitiater gengarally has problems such that radicals are
generated little by little even at normal temperature, and thus the storage stability and working stability

of the liquid crygtal sealing material@re<podtikn additidhra caring @ecelesator such as a polyvalent
carboxylic acid acts as a catalyst, and it is not captured via chemical bond into a cured product by
reacting fEse andcthus Hasgthelprobleh diatthelouringlaceeleratordigsolves imthestiqdisl crystal and
causes display defects. elFSE0283PCT-SG (KAYF-054SG) 4 As described above, development
of liquid ¢tysthl 88afing nEteHals hat Beert BarristPolitwith tieatintenshy, bdtafiGuid crystal sealing

mater al having excellent thermal reactivity and also having good storage stabilit A nd involving low
contaminafion o hés"'liatpjid" é’r’é@taﬁi%%on%’t yaé? ebhTea |zcea?il. Y ngoeﬁjfb%oc?n%gn 1% Japanese

Unexamiggd RagntApplication, Publicatign No. 563-179323,, Ratent Document.2: Japanese

Unexamined Patent Application, Publication No. 1110-239694 Patent Document 3: Japanese
Patent PublicationeNe43%83326: 1 Ratennhboeument 41 Japanese bnexamined Patent Application,
Publication No. 2004-61925  Patent Document 5: Japanese Unexamined Patent Application,
Publication Nol 2004:$262E1 i PatentDpetiment 62 Japanese: Bnexamingc PaterstdApplication,
Publication No. 2009-8754 Patent Document 7: PCT International Publication No. W02007/138870
Patent DBEHRAT 8% YapanesE Bnéxamined Patert ASHlication LPuBlicatiohiNg, 2608-15155  Patent

Document,9; Japanese nexamined Patent Applicatien, Publication No, 2008139922 .,

method, it is possible to promptly cure uncured liguid crystal
sealing material with light and suppress disscolution (elution)
of components of tThe liquid crystal sealing material into the
ligquid crystal. Furthermore, with only photocuring, a problem
of insufficient adhesive strength from curing shrinkage at the
time of the photocuring and the like is generated. However,
the light-heat combination type has an advantage that such a
preblem can be solved by the secondary curing by heating.,
However, with the decrease in size of liguid crystal
display devices in recent years, a light-shielded part where
light does not reach is caused in a liquid crystal sealing
material by the metal wiring cf an array substrate or by the
black matrix part of a color filter substrate of a liquid

crystal display device, and thus the problem of display
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DISCLOSURE OF THE INVENTION Problems to be Solved by the Invention elIFSE0283PCT-SG
(KAYF-054SG) S The present invention relates to a liquid crystal sealing material that is cured by
heating only, or light-heat combination, and propoges a liquid crystal sealing material for liquid crystal
drop fill method which reacts fast by heat, and thus has extremely little contamination with respect to
the liquid crystal throughout the steps, and excellent storage stability, and is also excellent in cured
product [#Bpéftied stithtas nibisture prostirelialsilife Medifsfor SolVifig the Probletnd-na"The present
inventorsge%rnestly investigﬁ?ted, and, as a result thereof, found that a Ii%_iéd crystal sealing material
tatin n

that contains A Curabl8 rasi eiﬁa%&%%fisgg%ng%ﬁ&,eopfﬁ\?osgrrﬁ%ré) kind& sei&&2d from among
ePOXy oS, (Einachatad ey Lee, Aniparaly dmethiachRles spoxyfesing, sach resin

bearing active hydrogen in the molecule (with the proviso that the active hydrogen is not hydrogen
contained it-a hydroxyngroun):is excellent intermsof tharmalreactivity, and. as afesult thereof, can
suppress the contamination of the liquid crystal as well, and, furthermore, also has excellent storage
stability, ang comipleted thecpresentiinyéntionf thSpeaifically rtheqpresent inventien rekates to ) to 13)
below. Meanwhile, in the specification, with respect to the component (a), it may be described as the
"componéft{a)ciralsietesin? ift bidertodvid the eomplicatedigesttiptionlvtt(a) a curable resin that
comprises one kind, or two or el1FSE0283PCT-SG (KAYE-054SG) 6 mare kinds selected from among
epoxy reSing Sinethyatryfated Epoxy TBERS, SREAPRRGIV (néthjacryfated 85Ky Fésifsdach resin

bearing aclive [uftogen in themeleaule:. 1),/ lgyid srystal seaiing material contgining: (2) a curable
resin that cor%pnses one Kind, or two or more Kinds gdegte 6?I’Om among epoxy resins,

(meth)acpylated:epoxy-resins, and partially (meth)acrylated epoxy resins, each resin bearing active
hydrogen in the molecule, with the proviso that the active hydrogen is not hydrogen contained in a
hydroxy group, and{b)iaheat-cusingiagenthis problem, various investigations
to improve thermal reactivity have been conducted. There was a
trial to react & liguid crystal sealing material not
sufficiently cured by light in the light-shielded part guickly
at a low temperature, whereby to suppress contamination of the
liguid crystal. For example, Patent documents 5 and ¢ disclose
metheds using thermal radical initiators. In addition, Patent
documents 7 to 9 disclose methods using polyvalent carboxylic
acids as a curing accelerator.
However, a thermal radical initiator generally has
problems such that radicals are generated little by little
even at normal temperature, and thus the storage stability and
working stability cf the liguid crystal sealing material ars
poor. In addition, a curing accelerator such as a pelyvalent
carboxylic acid acts as a catalyst, and it is not captured via
chemical bond into a cured prcoduct by reacting itself, and
thus has the preoblem that the curing accelerator dissolves in

the liguild crystal and causes display defects.

elFSE0283PCT-SG (KAYF-0548G)



2) The liquid crystal sealing material according to 1), in which the component (a) is a (meth)acrylated
epoxy resin that has active hydrogen in the molecule. 3) The liquid crystal sealing material according
to 1) or 2), wherein the component (a) is a (meth)acrylated epoxy resin that has a carboxy group, a
sulfanyl group, or an amino group in the molecule 4) The liquid crystal sealing material according to
any one of 1) to 3), in which the component (a) is a (meth)acrylated epoxy resin that has a carboxy
group in the mofetufe B)* Thedigie ERstalsealinghiateriafacdstiing torarmiéne $#4) #6:4), in which
the component gas)lis n acr%]lated eIFSEO%SSI?CT-SG (KAﬂYF-pS_AfSOé 7 ,rgsorcinol diglycidyl ether that
0%y ‘group in' e Moteciia 6y =% Fhe Ifuid cAfst&l 'sedlihg Hiate¥ial Acdording to any one of

has a carIBoxy gr

1) to0 5), fuither gontaiing {cLa eurable (esinthal caTprises ONEKIFAr Mp.Qrppre kinds selected

from an epoxy resin, a (meth)acrylated epoxy resin, and a partially (th)acrylated epoxy resin not
having activefrydrogen dn the molesules vith dhe pravisa dhatdhe:active hydregen is not hydrogen

contained in a hydroxy group. 7)

invelving lew contamination of the liquid crystal has not yet
been realized.

Patent Document 1: Japanese Unexamined Patent Application,
Publication No. S63-1793Z3

Patent Document 2: Japanese Unexamined Patent Application,
Publication No. H10-233694

Patent Document 3: Japanese Patent Publication No.

3583326

Patent Document 4: Japanese Unexamined Patent Application,
Publication No. 2004-61925

Patent Document 5: Japanese Unexamined Patent Application,
Publication No. 2004-126211

Patent Document 6: Japanese Unexamined Patent Application,
Publication No. 2009-8754

Patent Document 7: PCT Internatioconal Publication No.

WO2007/138870

Patent Document 8: Japanese Unexamined Patent Application,
Publication No. 2008-15155

Patent Document 9: Japanese Unexamined Patent Application,

Publication No. 2009-13%%22

DISCLOSURE OF THE INVENTION

Preblems to be Sclved by the Invention
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The liquid crystal sealing material according to any one of 1) to 6), in which the content of the
component (a) is from 5 to 50 parts by mass with respect to 100 parts by mass of the total amount of
the liquid crystal sealing material. 8) The quuig crystal sealing material according to any one of 1)
to 7), in which the component (b) heat-curing agent is a polyvalent hydrazide compound. 9) The liquid
crystal sealing material according to 8), wherein the component (b) heat-curing agent is one, or two or
more of a hydraZite ¢oifip6urid réprasentad b§ forafila(?) BelbWii8 RTOWN D(L) NEREIRBIIR2 0

in the formula, R1 to R3 each independently represent a hydrogen atom, or a molecular skeleton

remesenﬂﬁfﬁfﬁﬁﬁuﬁgfﬁ)ﬁéb _red by heating only, or light-heat

combination, and proposes a liquid crystal sealing material
for ligquid crystal drop £ill method which reacts fast by heat,
and thus has extremely little contamination with respect to
the ligquid crystal throughout the steps, and excellent storage
stability, and is also excellent in cured product properties

such as moisture proof reliliability.

Means for Solving the Problems

The present inventors earnestly investigated, and, as a
result therecf, found that a ligquid crystal sealing material
that contains a curable resin that comprises one kind, or two
or more kinds selected from among epoxy resins,
{meth)acrvlated epoxy resins, and partially {meth)acrylated
epoxy resins, each resin bearing active hydrogen in the
molecule (with the proviso that the active hydrogen is not
hydrogen contained in a hydroxy group), is excellent in terms
cf thermal reactivity, and, as a result thereof, can suppress
the contamination of the liguid crystal as well, and,
furthermore, also has excellent storage stability, and
completed the present invention.

Specifically, the present invention relates to 1) te 13)
below. Meanwhile, in the specification, with respect to the
compenent {a), 1t may be described as the "component (a)
curable resin" in crder to avoid the complicated description

of "{a) a curable resin that comprises one kind, or two or
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CH2fCNH2(2) n 11 0 the formula, n represents an integer of 1 to 6. 10) The liquid crystal sealing
material according to any one of 1) to 9), further containing (d) a silane coupling agent. 11) The
liquid crystal sealing material according to any ong of 1) to 10), further containing (e) an inorganic filler.
12) The liquid crystal sealing material according to any one of 1) to 11), further containing (f) a
photopolymerization initiator. 13) A liquid crystal display cell sealed with a cured product obtained

by curingthESlicftid Fystal sealing matstial Becsrding T anf dheof 116 42) 2EFSEIZE3PCT-SG

(KAVF-05450) 9 Effects ofthe Inventon ., Thellguid crystal sealing material of hepresent
invention hias fast Féaction speecfaft e'time of thermoset ing, and thus Has Stfficient cura ility even

under a wiringjnywhich lightisihardly delivered in the lightzheat comhination type liquid crystal drop fill
method, and thus makes it possible to secure flexibility in the design of the panel wiring, and to easily
manufactuye a liquid crystal display panel having high reliability, and, furthermore, to be applied to a
liquid crystal drop fill method in which a liquid crystal sealing material is cured with heat only.
A liguid crystal sealing material containing: {(a) a
curable resin that comprises cne kind, or two or more kinds
selected from among epoxy resins, (meth)acrylated epoxy resins,
and partially (meth)acrylated epcxy resins, each resin bearing
active hyvdrogen in the molecule, with the provisc that the
active hydrogen is not hydrogen contained in a hydroxy group,
ancd {b) a heat-curing agent.
2)
The liguid crystal sealing material according te 1), in
which the component (a) is a (meth)acrylated epoxy resin that
has active hydrogen in the molecule.
3)
The ligquid crystal sealing material according to 1) or 2},
wherein the component {(a) is a {(meth)acrylated epoxy resin
that has a carboxy group, a sulfanvl group, cr an amino group
in the molecule
4}
The liguid crystal sealing material according to any one
of 1) to 3), in which the component (a) is a (meth)acrylated
epoxy resin that has a carboxy group in the melecule.
5)
The liquid crystal sealing material according to any one

of 1}y to 4}, in which the component {a; is an acrylated
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PREFERRED MODE FOR CARRYING OUT THE INVENTION The liquid crystal sealing material
of the present invention contains a curable resin component (a) that comprises one kind, or two or
more kinds selected from an epoxy resin, a (meth)acrylated epoxy resin, and a partially
(meth)acrylated epoxy resin having active hydrogen in the molecules. However, with respect to the
active hydrogen, hydrogen contained in a hydroxy group is excluded. The hydroxy group generally has
a great aERE@isSAEiatioR tBNSaNt (PKE)aARd théhydFoxy grotpikelthasrwelk Rucleophilicity, and
thus hardly functions as a catalyst. As a matter of fact, ordinary epoxy acrylate has a secondary
hydroxy §FaupSBUE does not function as a reaction catalyst at the time of heat curing. In the present
invention, good thermal reactivity can be realized by it containing the curable resin. Furthermore,
elFSE0283PCT-SG (KAYF-054SG) 10 the curable resin has a functional group that reacts to light or
heat such as a gmethacryloyl gﬁ%%gna@ee@pmggrﬁaee@@@ihtasc%&@%@p&w%ipt%a&ured
material, and dramatically suppress the amount that dissolves into the liquid crystal, and the display
property ofaliguichcrystal flisptay: devieetis notharmed. = cMeanwhiles ini the-speacification,
"(meth)acrylic" means either one or both of "acrylic" and "methacry.tic". In addition, in the specification,
"(meth)a@ryityA Ligreans eithel oe orbotiof Yacrioy" dnd dmetivderyloyi!. £roExamples of the active
hydrogen include active hydrogen contained in a carboxy group, a sulfanyl group, an amino group, a
sulfa groGp & Phospho gréup  ZRdthe Tiké I SpedifitBiy exanipiBs of the Eohfpbhent (&) include, for
example, gnlgg%%eagersirls %%n aining one kind, or twa or more kinds selected from a gmg-;-%hgacrylated
epoxy resin and a pa¥t|é31 y (Cr{[neetﬁfaéfyr ted epoxy resin that fias a c%rf}c\fxy aﬁ)eunp, a'sul 1anyl group, an
amino group .2 sulfa grup.-a phaspho graup apd:the-like in the, maleculs and an epoxy resin that has
a carboxy group, a thiol group, an amino group, a sulfo group, a phospho group and the like in the
moleculen Amoeng the-functionakgrotps coptaining activesnydrogen, a carboxy group, a thiol group or
an amino group is preferred, and, furthermore, a carboxy group is particularly preferred in terms of
function &s a catalyst and easiness of synthesis. For example, amine-modified bisphenol A type epoxy
acrylate EBECRYL 3703 (manufactured by DAICEL-ALLNEX LTD.) and the like are easily available as
e1FSE0283PCTSG {FEAVE-054%0) 211 tofrmefcidifrdatitts BB tsed asthe Epoxyesin that has

an amino group. e (meth)acrylated epoxy resin is_preferred as the curable resin_of the
o (o vl Wit nd Ry 195 SHOATE pebdaln GRS ooeg TS The

component ( Han the epoxy resin an

(methlachylgied-apoiyciesinteagts o g promiplly. anddhys glissobilion o e ligid giystal can be

further suppressed. This curable resin can be obtained by, for example, réacting a (meth)acrylated
epoxy resip: whichris ehtained:bya well-kaown yeagtion:ef.an gpoxy #esinand a (meth)acrylic acid,

with acid anhydride, a polyvalent carboxylic acid and the like.

g)

The liguid crystal sealing material according to any one
of 1) to 7)), in which the component (b) heat-curing agent is a
polyvalent hydrazide compound.
9)

The liguid crystal sealing material according to 8),
whereln the component (b) heat-curing agent is one, or twoe or

moere of a hydrazide compound represented by formula {1) below:
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Specifically, the (meth)acrylated epoxy resin is obtained by firstly adding (meth)acrylic acid, a catalyst
(for example, benzyldimethyl amine, triethyl amine, benzyltrimethyl ammonium chloride, triphenyl
phosphine, triphenyl stibine and the like), and a pglymerization inhibitor (for example, methoquinone,
hydroquinone, methyl hydroquinone, phenothiazine, dibutyl hydroxytoluene and the like) to an epoxy
resin in a predetermined equivalent ratio, and by performing esterification reaction, for example, at
80C to 110C. The obtaired (meth)acrylated epoxy resin is reacted with an acid anhydride with a
method described in, fpr example, JP 49-2601 A, JP 3-143911 A, JP 5-32746 A or the like, whereby to
obtain a (meth) rylat% epQYy resin that has active hydrogen in the molecule. Herein, the epoxy resin
that is a raw ma IS articularly limited, but is preferably a bi-functional or higher-functional
epoxy resin, and th Iikeﬁamples tt{dr)eof elFSE0283PCT-SG(KAYF-054SG) 12 include, for
example, a res ge'mo!*gg yde}g(lgether, a bisphenol A type epoxy resin, a bisphenol F type epoxy resin,
a bisphenol S type epgxy resin, 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 chain-like epoxy resin, a glycidyl ester type epoxy resin, a glycidyl amine type epoxy
resin, a hydantoii tyie efoxyiresin, & isocyanurate typelepoxydresii, a triphenet niethane
skeleton-containing phenol novoiak type epoxy resin, and in addition, a diglycidyl ether of bifunctional
phenols, BYdigR&dYI %Fﬁé?'of%fuﬁc%ﬁﬁl%jl&8ﬁol§}<§|j18%oﬁal6§8ﬁ§t%%%§ rfal thEreBt lénd a
hydrogenfai(?d rr&tg&ial thereof. Among them, the epoxy resin is preferably a resorcinol diglycidyl ether,
a bisphenol A}?ype epoxy resin or a bisphenol F type epoxy resin, and is particularly preferably a
resorcinol diglycidyl ether. he content of the component (a) is preferably from 5 to 50 parts by
mass, and particularly preferagly from 5 to 30 parts by mass with respect to 100 parts by mass of the
total amount ql.f L StalSping ma(éZi)I of the present invention. If the amount of component
(a) is too small, sufficiefsf lleat curability is not obtained. On the other hand, if the amount of
component (a) is too grea@the liquid crystal sealing material has higher viscosity, and thus blending
with other components may be restricted. The heat-curing agent, which is the component (b) that
is used in the liquid ehfstaPs@alihg materfal 6F 56 preseht BIESEOZ83PCT-$6 (KAYF-054S0) 13
invention Es not particularly limited, and examples thereof may include polyvalent amines, polyhydric
phenols, jﬁyéllrazide compounds and the like. However, the polyvalent hydrazide compounds are
particularly suit u -Qr e,t drazi n ay include aromatic hydrazides
such as terepht%l%%c gg ud%ﬁygé%%%%sgghﬁél%?z agi%%gir%%%z%%%%}h%%h?ﬁoié atid’ cri\i%ydrazide,
2,6-pyridine dihydeazide, 152 A-benzena.trihydrazide 4,5.8-naphtheicacid tetrahydrazide, pyromellitic
acid tetrahydraz de. In addition, examples of the aliphatic hydrazide compounds may include, for
example,’formhydrazide, acetohydrazide, propionic acid hydrazide, oxalic acid dihydrazide, malonic
acid dihydrazide, succinic acid dihydrazide, glutaric acid dihydrazide, adipic acid dihydrazide, pimelic
acid dihydrazid&,"E4dyéloexane dikydrazidel tartané agidedinyaezidl realicasidinydrazide,
iminodiacetic acid dihydrazide, N,N'-hexamethylene bissemicarbazide, citric acid trihydrazide,
nitriloacetid acid tihytifazide “EyciGexsiit-ticatboxylit add rifyar42i8é e ditfbitéZide compounds
having a{ygantoin skeleton, preferably a valine hydantoin skeleton (skeleton where a carbon atom of
a hydantoin'ring is substituted with an isopropyl group), such as
1,3-bis(hydrazingcarhanoethyl)-5qisopropyk hydantain;:and the compoynds represented,by formula (1)
and the like. Examples of the compound represented by formula (1) may include, for example,
tris(1-hydsazinpcarbanylmethyhtiseeyantrate; tris(2-hydrazinecareonylethyl) iseayanurate,
tris(2-hydrazinocarbonylethyl) isocyanurate, tris(3- elFSE0283PCT-SG (KAYF-054SG)

initiator.
13}

A liquid crystal display cell sealed with a cured product
obtained by curing the liguid crystal sealing material

according to any one of 1) o 12).
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14 hydrazinocarbonylpropyl) isocyanurate, bis(2- hydrazinocarbonylethyl) isocyanurate and the like,
and are not limited thereto if the compound has a structure of formula (1). The compound represented
by formula (1) is preferably isophthalic acid dihydr@zide, malonic acid dihydrazide, adipic acid
dihydrazide, tris(1-hydrazinocarbonylmethyl) isocyanurate, tris(2-hydrazinocarbonylethyl)
isocyanurate, tris(2- hydrazinocarbonylethyl) isocyanurate or tris(3- hydrazinocarbonylpropyl)
isocyanufdtécand partiédlarly préfekalsty tris(2-hydrazinocarbonylethyl) isocyanurate for the balancing
of the curing reactivity and the potentiality. _.The content of the component (b) is preferably from 1 to

20 parts by mass. and farther prefarably Trofm 218 15 h&ks by Mdss WithFe85&8ito 100 parts by mass
of the total ameunt of thecliapid ervslal sealind fpaterialof (e Dresglt invertion, anddwpor fore inds
may be used In a mixture. he iquid crystal sealing material of the present invention m%ﬁ/ contain a
curable resia as,the serapenent; (c) that comprises one kind, artwe.or-mare kinds selected from an
epoxy resin, a (meth)acrylated epoxy resin, and a partially (meth)acrylated epoxy resin not having
active hydragen inithiermole culesi(withithel pravisd that the active) hydregendsmief fyediegen contained
in a hydroxy group). For example, examples of the component (c) include an epoxy resin, a mixture of
an epoxy=esin aadalimethyadrylatdd epoky késineal{atbthyacdylatedsepaseresiy, a partially
(meth)acrylated epoxy resin and the like. The component (c) used in the present

elFSE0285BE 26 (KAYF:65480§ 15 rvention'preferdbly AES I6i cBAtaminalidh ahd solubility with

respect to anynliquid cgs%%l. gégnhples of th suﬂitable {_;(I:-p]ol)%érﬁgn inclu ehfet&ifghﬁgol A type epoxy

resin, a bvifslp%er%’l Fatrglpe epoxy rles%,rglaﬁlslpﬁgngl@ type epoxy resil ,Sa% ol hovolak type epoxy

resin, a cresl novolak,typesepoxyresin, & hisphenal A nayolaktype gpoxy Jegin, a-hisphenol F
novolak type epoxy resin, an alicyclic epoxy resin, an aliphatic chain-like epoxy resin, a glycidyl ester
type epoxy resin,iahydantojr type epexy resin, akisesyandraie type apoxy;tesin & jriphenol methane
skeleton-containing phenol novolak type epoxy resin, and in addition, a diglycidyl ether of bifunctional
phenols, scdiglyeidyhethericf bifumctiomalcaleohdlshand ahdlggenated material thereof, a
hydrogenated material thereof and the like, but are not limited thereto. The (meth)acryloylated epoxy
resin and the partial (meth)acryloylated epoxy resin may be obtained by a well-known reaction of an
epoxy resin and a (meth)acrylic acid. For example, the (meth)acryloylated epoxy resin and the partial
(meth)acryloylated eSoR%é %%l‘% tay be o%?%nggpb%/yaig mS% (rrrmP )ﬁé\}‘jﬁ&“&%%%ya catalyst (for
example, benzyldimetiyl aming. yigthyl arine, bengyltdmethyl ammeniym. chlotide, traphenyl
phosphine, triphenyl stibine and the like), and a polymerization inhibitor (for example, methoquinone,
hydroquinere. mnethy! Aydreguinone,phenothiazing; ditutylhydraxytoliene-ard the like) to an epoxy
resin in a predetermined equivalent ratio, and by performing an esterlfication reaction, for example, at
80C to 110CrThexd RSEO283RCTSG(KAYE05486) Ki6 epoxyeiesin that i3 arannmaterial is not
particularly limited, but is preferably a bi-functional or higher-functional epoxy resin, and examples
thereof irfdhade] fof 8xample, EBISPheREIVA 2yi5s epaRy Yesin S& bisphehol Fitypé epbky resin, a b
sphenol S type epoxy resin, a phenol novolak type epoxy resin, a cresol nbvolak type epoxy resin, a
bisphenol BOVSIEK e8P0k fesin, & Bisphendi-E hovolak fy pR EpoxyaRsi? aiflicyclic epoxy resin,
an aliphafic chainlike enoxy.resin, aglycidylester yne epoxy resin, 2 hydantoin type epoxy resin, an

[

isocyanurate type epoxy resin, a tfiphenol methane skeoleton-contalnlng pﬁeﬁgphebwlak type epoxy

resin, ang i addition. a.diglyeidy! ether of pifupctiongl phienols, adiglyeidy! ethgr of bifypctipnal

alcohols, and a halogenated material thereof, a hydrogenated material thereof and the like. Among

these, the epoxy gesiaris marerpreferablyea bisphenofitype-epexyiesinconanovolajetype epoxy resin
from the viewpoint of the contamination of the liquid crystal. In addition, the ratio of the epoxy group

and (methyatryloyl §rotipaisshot fimited! anelis stitablysselected fromithe viswpointofithe process
suitability and the contamination of the liquid crystal. When the liquid crystal sealing material of the
present inVetticPesmAins the icomSorientc thé anidunt dSedis suitably déterfttited considering the
Workabilit% f?\jnq1 ghre phgsical %rogeﬁtiets ofhthe obtaingdr!gal#d c;rs%al sealin_g materigl. tThe amount used
is prefera lfy from 20% %Ypar%s By fhass, aa%dafu?tﬁé?pre erab 5}’ 6%%0%8&@ by mass with

dces not functicon as a reaction catalyst at the time of heat
curing. In the present invention, good thermal reactivity can

be realized by 1t containing the curable resin. Furthermore,
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elFSE0283PCT-SG(KAYF-054SG) 17 respect to 100 parts by mass of the total amount of the liquid
crystal sealing material. In the liquid crystal sealing material of the present invention, the
component (d), silane coupling agent may be use{:bto improve adhesive strength and moisture proof
reliability. Examples of the silane coupling agent include 3- glycidoxypropyl trimethoxysilane,
3-glycidoxypropyl methyldimethoxysilane, 3-glycidoxypropyl methyldimethoxysilane,
2-(3,4-epox§cycleREXR) ethyl thimetRoRy siTaRe - Nephen = Emirbpropyt #irhethoxysilane,
N-(2-aminoethyl)-3-aminopropyl methyldimethoxysilane, N-(2-a noethyl)-3-aminopropylmethyl
oo ISR S SRHoBOR! TIGth RS 3 i ABtoR ot (TRUTHOGS AR 2
vimytimethgrysiane, N-(2; (vitvhenzylam pojethyd ) 2-aminapropy. fimeltigasiage fydrochloride,
3-methacryloxypropyl trimethoxysilane, 3- chloropropyl methyldimethoxysilane, 3-chloropropyl
trimethoxysiane agdithe likeoThe content.of dhe s.lane coupling agent;(d)4n the ligyid, crystal sealing
material is suitably from 0.05 to 3 parts by mass with respect to 100 parts by mass of the total amount
of the liquidccrystal sealirigematenal-ofithe pfesentinventian: yst 41 the kguid-crystal sealing material of
the present invention, the component (e) inorganic filler may be used to improve adhesive strength
and moisttire proofesliability. Examples of this (e) inorganic filler include molten silica, crystalline silica,
silicon carbide, silicon nitride, boron nitride, calcium carbonate, magnesium carbonate, barium
elFSE0283PCT-SGKAYF05480) 1B Suifte, cdléibht Bulfaté™Riicd AakY tidy, ditiffha, magnesium
oxide, zirconium oxide, aluminum hydrpxide, magnesium,hydroxide, calcjum silicate, aluminum
silicate, Ii‘?ﬁig%eglu?mﬁu%rsriﬁéﬁ%, g%conaiﬁrj%]yslrlﬁgate,a lgjliriurﬁétl gﬁg{eif "EQiLa‘”ss'fibséﬂrz:E c%?k%h‘ﬁggr’,
molybdenum:bisulfide -ashestes and the ke, preferably, molign.silica, crystallipg.silica, silicon nitride,
boron nitride, calcium carbonate, barium sulfate, calcium sulfate, mica, talc, clay, alumina, aluminum
hydroxidecealcium Sitieatgland aluminumnsiticater andsfurther 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 diamete? g tuol great fit beeomesiar defept factor suctr thatea gap cannotbe doremed well when
the upper and the lower glass substrates are laminated at the time of manufacture of a liquid crystal
display cEfRa YA ndfrolv G- e thtis THE avératje particle diamater i@ appropiatel 3Hm or less,
and pref%raglall% pm.or less. The}%asrtiﬁlg diameter can be mea ured glaisf%r diffraction/scattering

b
type particle size digt%i%lﬁﬁéné%n&sur%men?%%%rﬁtus (Ery type {f’man ac ureé:%y ISHIN
ENTERPRISE G0, Lid; LMS-30),, - The ¢ontent of the inorganic filler.e) in the liguid crystal sealing

material, which may be used in the liquid crystal sealing material of the present invention, is typically
from 3 to.60:pars byrmass.angd preferablyifrony5 ta50-parts by masswith sespectfo 400qparts by

mass of the total amount of the liquid crystal sealing material of the elFSE0283PCT-SG (KAYF-05480)
a (meth)acrylated epoxy resin and a partially (meth)acrvliated
epoxy resin that has a carboxy group, a sulfanvyl group, an
amino grcoup, a sulfo group, a phospho group and the like in
the molecule, and an epoxy resin that has a carboxy group, &
thiol group, an amino group, a sulfc group, a phospho group
and the like in the molecule. Among the functional groups
containing active hydrogen, & carboxy group, a thiol group or
an amino group is preferred, and, furthermore, a carboxy group
is particularly preferred in terms of function as a catalyst
and easiness of synthesis. For example, amine-modified

kEisphencl A type epoxy acrylate EBECRYI 3703 {(manufactured by

DAICEL-~ALLNEX LTD.) and the like are easily available as
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19 present invention. If the content of the inorganic filler is too small, strength of adhesion to a glass
substrate decreases, and the moisture proof reliability is also poor, and thus a decrease of the
adhesive strength may occur after moisture absorﬂtion increases. On the other hand, if the content of
the inorganic filler is too great, it is hard to perform crushing and the gap of the liquid crystal cell
cannot be formed. The liquid crystal sealing material of the present invention may contain the
componetfea photo-FadiedPalyreri2ation fitiadr i order1d Yenaer thetlivuid eapstalsealing
material to he a light-heat combination curing type liquid crystal sealing material. The photo-radical
polymeri?ﬁforhoin%%?&pis not particularly limited as long as it is a compound that generates radicals by
irradiation of UV.Qr. vig] i injtiat aj izagiop r jon, xamples thereof
may include ber?z%?di;}E‘%t%aglg&a%?%ﬁgﬁo%%?%?o%x%gi%%ﬁ{/%gﬁg,g glge%?)%\ ﬁg%e?nthone,
benzophengne, 2-ethyd anthraquinone; 2-hydraxy-2amethyd prepiophgnone..2-methyl-[ 4-
(methylthio)phenyl] -2-morpholino-1- propane, 2,4,6-trimethyl benzoyidiphenyl phosphine oxide and
the like. Insadditiam dhose hawingia (Mmeth)acylowgreup ir themotgcute are preferably used, and for
example, a reaction product of 2-methacryloyloxyethyl isocyanate and 1-[4-(2- hydroxy
ethoxy)-pfienyi 2 aydroxyezi nssthy k- gropan-lreriesisssuitably tibéd fromhid viewpointtofihe
contamination of the liquid crystal. This compound may be obtained by the manufacture according to
the methOd Y&8¢LHBed ih WORIEBR0283PET-SE (RAYFIBUS) DO D0t8705 7982255 9%he content of
the component (f) photopolymerization initiator in.the liquid crystal sealing material, which may be
used in tr%ﬁéui%%c%sgt%%)sééﬁﬁgn mcaaf‘e‘rigleoﬁtﬁé %Jfgseéfn%m\’/en%}orn,% f‘ﬁ}fc%lﬁ/ fform 0.516 20 parts by
mass, anghprefarably;framel te 1 5.partshay massywith respect ta 100 parts by mass_qf the total amount
of the liquid crystal sealing material of the present invention. In the liquid crystal sealing material of
the present dnvendiony a manemet orassoligomer of (meth)actylic acid estermay:he.alsoiused as
necessary. Examples of such monomer or oligomer include a reaction product of dipentaerythritol and
(meth)aceylicyatid,c= reactioniproalensf dipehtasrythritel capreladtonecand gmeth)acrylic acid and the
like, but are not particularly limited as long as the monomer or oligomer has little contamination with
respect to the Iigﬂﬁc’cﬁéﬁﬁlly’r he fiquiderystaseatinginatariaf of #ie present iehiibAdnay be
further blgnd d Wigchlcurin acceITrat%isuch as an orggnic acid an ar11:i idazole, or %nic fillers, and
additives Suc la{fsspig}/ngn s evel Flné% ag Ats. Antifoan agents and $oliénts a8 hetess: ry?’ The

method descrbed helow js ong gxample of amethad tor obtaining the; liuid Grystal sqaling material of

the present invention. First, the component (c) and the component (f) are heat-dissolved in the

component ()-asipecessasyeTien,ghe sphition, is coolackio, 008t temperate, and therthe,
component elFSE0283PCT-SG(KAYF-054SG) 21 (b), and the component (d), the component (e),
and an orgahie fitter} amcantifeamcaigenthaleveling agentsa sohient andithedikérareadded as
necessary, and the solution is uniformly mixed with a known mixing apparatus, for example, a
three-rolle¥ HilfiAg hhgéiine & Said mitaIan Ml G thelikecahd Fiftered withizmetal mesh, whereby
to manufacture the liquid crystal sealing material of the present invention. The liquid crystal display

cell of the' BresEnt irerition i& Bbtdingd %p&ﬁnﬁ%n%jﬁéﬁyof S(bstrdtes on which prescribed
ellectrodegrae:?é%ry%%g Cﬁ)p@gﬁlﬁi@gj}%ﬁ?e lsg@%gtea%taa grg%cggagggrqgervgl, sea]ing the circquerence
with the liquid crystal sealing material of the present |nven¥|on, an enc%%lng a liquid crystal into the
space. The kingd; of;the.enclosed, liquid crystalisnotparticulally s oo o 110°¢. The

obtained (meth)acrylated epoxy resin is reacted with an acid

anhydride with & method described in, for example, JP 48-2601

A, Jp 3-143%11 A, JP 5-32746 A or the like, whereby toc obtain

a (meth)acrylated epoxy resin that has active hydrogen in the

molecule. Herein, the epoxy resin that is a raw material is

not particularly limited, but is preferably a bi-functional or

higher-functional epozy resin, and the like. Examples thereof

elFSE0283PCT-SG (KAYF-054SG)



limited. Herein, the substrates are formed of a combination of substrates such as glass, quartz, plastic,
and silicon, in which at least one of the substrates is light-transmissive. As the manufacturing method
thereof, the liquid crystal sealing material of the pF sent invention is combined with a spacer such as a
glass fiber (space control material), and then the liquid crystal sealing material is applied onto one of
the pair of substrates using a dispenser, or a screen print apparatus or the like, and then temporary
curing is pefibrmed at B0 ©*EF0C as Hedessank Theh, figtidverystal is*dFsppeddinto the inside of the
weir of the liquid crystal sealing material, and the other glass substrate is superposed in a vacuum to

perform gap fotiition’ AfEr thé §apHormiatidn, SFS G RAYRG8456)° 25 curing is
performed at.9 C for, 2 to_obtain the liquid cry ispla Il o resent
inventionfgl%éd ﬁ%ﬁ?}%vhgent; é%ht?%%g?co?rﬁiﬁ%%ﬁo% té&)qég %gogsé%cﬁﬁﬂe%rﬁ(ﬁ %)f t%%% eﬁiqi\){uid crystal
sealing material isdrradiated withWtravioletlight Using an witravialet lightigadiatiopn machine to
perform the photocuring. The irradiation amount of ultraviolet light is preferably 500 to 6000 mJ/cm2,
and moreipreferably $068040 4000rmdlom?2 aT henasneceIsany,ciiririg isypesformedyat 90 to 130C for
1 to 2 hours to obtain the liquid crystal display cell of the present invention. The liquid crystal display
cell thus bbtsiried of tHel prageht invantion doesirot Faveadisplaydefecisadue toléontamiration of the
liquid crystal, and is excellent in the adhesiveness and moisture proof reliability. Examples of the
spacer incfutie glads fibérs; SiiicS5&4ds, polymer BEddS ahdthe Tika1 The GiamatertRereof varies
depending on the purpose, but typically from.2 tq 8 pm, and preferably from 4 to 7 pm. The amount
biv0.1 15 4 bt by 1RSe. preferably Rom

T r 7 1 o)
used is ty it?aellyef?or% 01%4 Y Mass, preferably ffom 0.5 2 parts by mass, and further

preferably from 0.9,10 1.5 patts bé@ﬂ?@?ﬁ with;respeci 10; 100 pasts Dy-mass of the liqud crystal sealing

material of the present invention. e liquid crystal sealing material of the present invention has
very goodheat curabilityrand is prormptiy cukeskindhe:heatingiprpcessin thesliguid ceystaldrop fill
method. Accordingly, elution of the constituting components into the liquid crystal is extremely low, and
the display. défecisipf e tESED283PCIE-8G: (KAYFI05348GY 23 the litjwd crystalldisplaycell can be
reduced. In addition, the liquid crystal sealing material of the present invention is also excellent in
terms of fHe Stofagestability, dnd HUsLiE suitableft manaragiute tahefidaid crystatdisplay cell.

Furthermaor ,ac reéjr%rogrlijé:t g&err%gftis algg eﬁggl}lw%rg%'n va}g}i&;s cutrgdr&)rodgct prOﬁ)erties such as
adhesive gtrengt ,yheatqre5|s1fance and humidi y resistance, andthus y’us'n& the él?ﬁd crystal sealing

material g the preseptinyention. it is possible 19 prepare a liguidh crystal display,cell, paving excellent

reliability. In addition, a liquid crystal display cell preparédusing the liquid crystal sealing material of
the presentdinyentigndias ahigh veltageholding xate, and.Jow ien depsity-and thusimests the
properties necessary for a liquid crystal display cell. EXAMPLES Hereinafter, the present invention
is furtherspecifically degcrtred svith-Synthesissexamples andiExarmples,outdhie present invention is
not limited to the Examples. Meanwhile, "part” and "92" in the text are on a mass basis unless
otherwise stated"SyftABSRTExahple'E: SYMARSRTET efoky dtrylate 6F BispieAsA type epoxy resin

50 parts by mass, and particularly preferably from 5 to 30
parts by mass with respect to 100 parts by mass of the total
amount of the ligquid crystal sealing material of the present
invention. If the amount of component {(a) is tco small,
sufficient heat curability is not obtained. ¢Cn the cother hand,
if the amount of component (&) 1s too great, the liguid
crystal sealing material has higher viscosity, and thus
plending with other components may be restricted.

The heat-curing agent, which 1s the component (b) that is

used in the liquid crystal sealing material of the present
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282.5 g bisphenol A type epoxy resin (product name: YD-8125, manufactured by NIPPON STEEL &
SUMIKIN CHEMICAL CO., LTD.) was dissolved in 266.8 g of toluene, and 0.8 g of
e1FSE0283PCT-SG (KAYF-054S0) 24 dibutyl hg{groxytoluene as a polymerization inhibitor was
added thereto, and the reaction liquid was heated to 60C. Then, 117.5 g of acrylic acid as 100%
equivalent to the epoxy group was added, and the reaction liquid was further heated to 80C, combined
with 0.6 ¢ BF Birhetyt arimafitn? eklotide as & Yeadfioh-eatalydt chrfdi afifré at 9BERP About 30 hours
to give the reaction liquid. This reaction liquid was washed with water, and toluene was distilled,

wherebyt6 §ive 395 G oftRe iRnded BIEpRETGI A R 80Xy adhi s tacryiRied Bisphenol A type

epoxy resigh (SAYARARETELR-93300). Sunibosts Bxarmple 2. Syrbests of cld andydride adduct of
bisphenol A type epoxy acrylate 4.84 g of the bisphenol A type epoxy acrylate obtained in

Synthesis Examplesl, 0049 9.0f A4-d.methyl amirepyriding,£:07 ¢ of tristhylamine;and 1000 ml of
methylene chloride were added together, and the mixture was stirred and dissolved at room
temperatupe; and. thenctd 3@ oftetrahydioptithdkc anhydride-wascadded;andsthermixture was stirred
at room temperature for 3 hours. The obtained reaction liquid was washed with water 6 times, and
then meth§lepetchigride was distility WisréBy to §ie~ T g eflal bisphedoFAltype epasig acrylate having
a carboxy group in the molecule, LC MS(m/z)=787(M-H), IR: 1709 cm | (COOH). Synthesis Example
3: Synthesi$ of aBRjiatRdTedbrcth diglydldgiretier eIFSERRE3PCIESE (KAVRIGSHR80) 25  181.2 g
of resorcin diglycidyl e her (Nagase ChemteX Corporation dissolved in 266.8 g of toluene, and
0.8 g of ﬁb%t’y%yk%g\r/%%{loﬁue%li”ae%g%rggljyg]nee’rizéiigh glﬁiéibﬁé%a%%d%e%cth%reto, and the reaction liquid

was heatedto 800 Eheml17.9 g-afacrylc acidas;10Q%equivalent 1o.the epoxy groyp was added,
and the reaction liquid was further heated to 80C, 0.6 g of trimethyl ammonium chloride was added as

a reaction:catalysts and stirredaat:98G farcabaut:30: hadrsdorgive thie reastiondiguidi=T higseaction liquid
was washed with water, and toluene was distilled, whereby to give 253 g of epoxy acrylate of the
intendedeasoicie dighycidyl ethez(adtylatat:tesoreindiglgeidybethier): Synthesis Example 4: Synthesis
of acid anhydride adduct of acrylated resorcin diglycidyl ether 3.66 gaof epoxy acrylate of resorcin

diglycidylethet bbiined if SyAtisiS EXAMTE 32 0%490 §dt Atdimethyl-arminopyfidined®:07 g of

triethyl am{!lnec %9 109&'3' gfl @eg}yleni% gh'OfE{j&W%e ag%%%; %B%thderméggre wag stirred and
dissolvedsafcroomcfemperature,%ndat%en 11.8 g of malei€ an ydri was added, and stifred at room

temperatyre for 2 hours, The.obtained,reaction liqyid was yashied with water 8,times, and then

methylene chloride was distilled, whereby to give 5 g of an acrylated resofcinol diglycidyl ether having
a carboxy greup i the=moleguies 1 MS(M{z)156 3 (M-A1); HR:, 17bem (£QQH)1 B baxamples 1 to 3

and Comparative Examples 1to 4
iminodiacetic acid dihydrazide, N,N -hexamethvlene bis-
semicarbazide, citric acid trihydrazide, nitriloacetic acid
trihydrazide, cyclchexane tricarboxylic acid trihydrazide;
dihydrazide compounds having a hydantoin skeleton, preferably
a valine hydantoin skeletcon (skeleton where a carbon atom of a
hydantoin ring is substituted with an isopropyi group), such
as 1,3-bis{hydrazinccarbonoethyl)-5-isopropyl hydantcin; and
the compounds represented by formula (1) and the like.
Examples of the compound represented by formula (1) may
include, for example, tris(l-hydrazinoccarbonylmethyl)

isccyanurate, tris(Z-hydrazincocarbonylethyl) isocvanurate,

tris(Z2-hydrazinccarbonylethyl) isocyanurate, tris(3-

elFSE0283PCT-SG (KAYF-0548G)



Each of the curable resin components (components (a) and (c)) was mixed and stirred in the ratio
shown in Table I described below, and then heat-dissolved at 90C. The photo- radical polymerization
initiator (component (f)) was heat-dissolved there{q, and then the solution was cooled to room
temperature, and the silane coupling agent (component (d)), the inorganic filler (component (e)) and
the heat-curing agent (component (b)) were added and stirred, and then dispersed with a three-roller
milling makRife? BrelFiered With*a hetal rEshY®355REsh), B prepare the sealing materials for a
liquid crystal drop fill method of Examples 1 to 3. In addition, the curable resin component

™

np I
(com pongﬁgfcaj)z i th ér%?i%%wW'?’aﬁl%chgﬁ&lfﬁ%aebeﬁg\ﬁ v%fse alsd tieatdlat %‘?’;.I}I‘?ﬁen,‘ the
photo-radical polymerization inftiator (component () was heat:dissglyed,.and then, the sglution was
cooled to room temperature and the silane coupling agent (component (d)), the inorganic filler

(component (e))«the heateakingagent {cemponent: () and a euring.ascelgrator were added, and
stirred, and then dispersed with a three-roller milling machine, and filtered with a metal mesh (635

mesh), ta preparedhe seating miateridlssfor @eliquid toystal dropdilldnethodhaf Gompatative-Examples 1
to 4. Evaluation tests were implemented with the method described below. (Measurement for
adhesiveastiéngthiy: 27r e 2 1§ of 5 imsglass fiBEr a8 Spakber wakcadddd tolFOG gt #ié bbtained
liquid crystal sealing material, and mixed and stirred. This liquid crystal sealing material was applied

onto a 50 i ¥50 Kihiade SAESPAE 8RB 8 MM T E Mt bfassfragménts were laminated onto

the quuidﬁcré{%taé lsrt;:-glci:g% r%ar;(eﬁialtﬁng)irrgggact:eg %@a%%o% _{P‘]!%m% traviolet light using a UV
irradiation%aghlné, an ?heﬁ/p aced ihto an oven and heat-cured at 120C for 1 hour. The shear

adhesive-strength,of the glassi fragment wassneasiredawith afond.tester(S3-30WD: manufactured
by SEISHIN TRADING CO., LTD). The results are shown in Table 1. (Measurement for

moisturegresistantdadhesiviesstrengthy = z 1 Acneasureentsamplesdertical ta thatrofitheradhesive
strength test was prepared. The measurement sample was placed in a pressure cooker tester
(TPC-41baanofactursd by:F abairEsged Sorp ) Unider 2hel following tonditiohs- ¥21C, 2 atmospheres
and 100% humidity for 12 hours, and then the shear adhesive strength of the glass fragment was
measured with Wb@ﬁ@?@éﬂér.q{hetﬁé%uﬁgfﬁ?é%ﬁ%’v’vn(Fﬁ)Ts}b‘ieH??&%‘é%EFémgﬁPf&r%&%ture
absorptivi'té() The obtained quuiddcrlystal sealin?ergat%@ Wai sc?rrrtldgvi heci Qetween prg]lkyethylene

terephthalaté'3 fF;I%‘F) ﬁ%s‘? Hhid formed ito 2 ThinHim With 2 thickness of 100 pmip‘?ﬁi%”cfil was

irradiated, with 3000,mJ/cm2 of ultraviglgt light-using a.VJimagiation machine, and,then placed into an
oven and heat-cured at 120C for 1 hour. After the curing the PET film was peeled off, which was taken
as a sample. Theyweighiofdhe1 sealing material of the present invention,

and two or more kinds may be used in a mixture.

The ligquid crystal sealing material of the present

invention may contain a curable resin as the component ()

that comprises one kind, or two or more kinds selected from an

epoxy resin, a {(meth)acrylated epoxy resin, and a partially

{(meth)acrylated epoxy resin not having active hydrogen in the

molecules (with the proviso that the active hydrogen is not

hydrogen contained in a hydroxy group). For example, examples

of the compcnent (¢) include an epoxy resin, a mixture of an

epoxy resin and a (meth)acrylated epoxy resin, a

{(meth)acrylated epoxy resin, & partially (meth)acrylated epoxy

resin and the like. The component (¢} used in the present
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el1FSEO0283PCT-SG (KAYF-054SG) 28 sample was measured, and then the sample was kept in an
environment of 60C and 90% RH for 12 hours, and the weight was measured again. The weight
change rate (%) with respect to the initial weight i§53hown in Table 1. (Measurement for pot life)

The viscosity change of the obtained liquid crystal sealing material at 25C was measured. Viscosity
measurement was performed after the obtained liquid crystal sealing material was kept under the
condition5'6F25E and BT REHYTor 72 houts arit the isEadit At creadesate [Uo) With relspect to the

initial viscosity was calculated, The results are shown in Table I. (Preparation of liquid crystal cell for

evaluatioh) >F © An aligrithent il fiqlid {BrAS540-05 A Raruraduret by CHIESE CBRPORATION)
was app'%?ﬁtoi%gﬁﬁgagle@%‘ﬁg%%h%\’ipgp%e%?i%(} , d;hurned, and subjected to rubbing

treatment. The liquid crystal sealing material was applied to this substrate s¢ that the line width after
the laminafion was, Lymmwherely 19: perferm mainsgadingang dunamyrsealing, andithen,
microdroplets of liquid crystal (JC-5015LA; manufactured by CHISSO CORPORATION) were dropped
in a framexofdhe sealing pattery. Rurthermares ontood substratekalteady finished withithe rubbing
treatment for one piece, in-plane spacers (Natoco spacer KSEB-525F; manufactured by Natoco Co.,
Ltd.; 5 Rinigapwiath aftérthe tamination) skeresprayéd, heattfixesh and Jamirated 46 the substrate
previously finished with the liquid crystal dropping using a lamination apparatus in vacuo. The
elFSEO TRSEKEYFE-05480) 29 GHfid<phéieiids bpen8d and & gapiids-formed, and then the
substrate was irradiated with 50 ml/cm2 gltralviol%l}iéghtevgi%h alyv irra%iagg){n n%%cghine while only the
inside of the §eaﬁﬁ”g"pattgrn frame was ma&e%c, and then p aced into an oven and heat-cured at 120C

for 1 houﬁyﬂﬁﬁ@ﬁ’nm@fl@@aé%@iiﬁUi.de%r:\/§t,a|5%3%%%'59&1@1\@'&‘@@0@@(% Lhe insertian fesistance of
the seal and the turbulence in alignment of the liquid crystal in the vicinity of the seal of the prepared
liquid crystal cefiferevaluation were lobsetved-with a:pelasiginghaict0seepe; 1he plyg-n resistance and
the alignment of the liquid crystal in the vicinity of the seal were evaluated in accordance with the
criteria skawn hetewiThe Fadulisiaredshownin Tabfel ¥ (Evafydtiontfor insettion resistance) S: The
insertion of the liquid %%stal into the seal is less than 0.2 mm, which is a level where the seal of the

liquid cryStal Woes it have s problém 3 91 ¥ Fhel Infgeftion 6fthelidiid Efystatinto the seal is 0.2

mm or more and less than OAt?m , which is a level where_the sea% of the liquid crystal does not have
70 B THe nettion 51116 i Crystal o TS SEal s 6.4 T OF ot o

any probférﬁ. B Theinse m ormore and less than 0.6

mm, which is.3 level where the sgal afbejliquid crystal.does net have; any preplem. .,
The {meth)acryloyvlated epoxy 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, the (meth)acrylovlated epoxy resin and the partial
(meth)acryloylated epoxy resin may be obtained by adding a
(meth)acrylic acid, a catalyst (for example, benzylidimethyl
amine, triethyl amine, benzyltrimethyl ammonium chloride,
triphenyl phosphine, triphenyl stibine and the like), and a
polymerization inhibitor {for example, methogulnone,
hydroquinone, methyl hydreguincone, phencthiazine, dibutyl
hydroxytceluene and the like) to an gpoxy resin in a
predetermined equivalent ratio, and by performing an

esterification reaction, for example, at B80°C to 110°C., The
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C: The insertion of the liquid crystal into the seal is 0.6 mm or more and less than 1.0 mm, which is a
level where the seal of the liquid crystal does not have any problem. F: The sealing is collapsed, and
the cell cannot be elFSE0283PCT-SG (KAYF-OS{ G) 30 formed. (Evaluation for alignment of the
liquid crystal in the vicinity of the seal) S: The alignment turbulence of the liquid crystal from the
seal is less than 0.2 mm. A: The alignment turbulence of the liquid crystal from the seal is 0.2 mm
or more &RPESsIRARD.AMN. 15 B: T affriméntturbdlefce oPthetligiid er/stalfidmthé seal is 0.4
mm or more and less than 0.6 mm. C: The alignment turbulence of the liquid crystal from the seal

is 0.6 mnt OF more ATt Fe%%}%gn 4.6 rﬁ}:lmtﬁ??ﬁ% <ealifg %q%l"l"dcﬁ‘lé%ﬁ éﬂaatﬁe e(:%‘ﬂxéétnn.ot be
formed. (Measyrement [or.qurind.shegd). o With fesaectdg Ine obiained "g%*i%gﬁg%{éfa“ng

material, the complex viscosity was measured with an apparatus for measuring dynamic viscoelasticity

(RheosolxG800R, manifactured;by VBM).khe,settings gfdhe ppparatus for mgasuring dynamic
viscoela.sticity are as described below. Cone: diameter 20 mm parallel cone, frequency: 1 Hz,
deformationsanglecd deg:yihe measurementtempearatitie was-elevated:-gta speed of 18C/minute from
30C to 120C, and then maintained at 120C. The time to 10000 Pas of the viscosity is shown in Table
1. [Table 1§ @i SE0283:PCT-8G/(KAYFIOBASGpexy resin, a bisphenol A

novolak type epoxy resin, a bisphenol F novolak type epoxy
resin, an alicyclic epoxy resin, an aliphatic chain-like epoxy
resin, a glycidyl ester type epoxy resin, a hydantoin type
epoxy resin, an isocyanurate type epcxy resin, a triphenol
methane skeleton-containing phenol novolak type epoxy resin,
and in addition, a diglycidyl ether of bifuncticnal phenocls, a
diglycidyl ether of bkifunctional alcchols, and a halogenated
material therecof, a hydrogenated material thereof and the like.
Among these, the epoxy resin 1s more preferably a bisphenol
type epoxy reésin or a novolak type epoxy resin from the
viewpoint of the contaminaticn of the liquid crystal. In
addition, the ratio of the epoxy group and (meth)acryloyl
group is not limited, and is suitably selected from the
viewpolnt of the process suitability and the contamination of
the liguid crystal.

When the liguid crystal sealing material of the present
invention contains the component (c¢), the amount used is
suitably determined ceonsidering the workability and the
physical properties of the obtained liguid crystal sealing
material. The amount used 1s preferably from 20 to 80 parts by

mass, and further preferably 30 to 70 parts by mass with
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respect to 100 parts by mass of the total amcunt of the liguid
crystal sealing material.

In the liguid crystal sealing material of the present
invention, the component (d}, silane coupling agent may be
used to improve adhesive strength and moisture proof
reliability. Examples of the silane coupling agent include 3-
glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl
methyldimethoxysilane, 3-glvecidoxypropyl methyvldimethoxysilane,
2~(3,4-epoxycyclohexyl)ethyl trimethoxysilane, N-phenyl-y-
amincpropyl trimethoxysilane, N-(Z-amincethvl)-3-aminopropyl
methyldimethoxysilane, N-(Z-aminoethyl)-3-aminopropylmethyl
trimethoxysilane, 3-aminopropyl triethoxysilane, 3-
mercaptopropyl trimethoxysilane, vinyltrimethoxysilane, N-(Z-
(vinylbenzylaminciethyl)-3-aminopropyl trimethoxysilane
hydrochloride, 3-methacryloxypropyl trimethoxysilane, 3-
chloropropyl methyldimethoxysilane, 3~chloropropyl
trimethoxysilane and the like. The content of the silane
coupling agent (d) in the ligquid crystal sealing material is
suitably from (.05 to 3 parts by mass with respect to 100
parts by mass of the total amcunt of the liquid crystal
sealing material of the present inventicn.

In the liguid crystal sealing material of the present
invention, the component (&} inorganic filler may be used to
improve adhesive strength and meilsture proof rellability.
Examples of this (&) inorganic filler include molten silica,
crystalline silica, silicon carbide, silicon nitride, boron

nitride, calcium carbonate, magnesium carbonate, barium
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sulfate, calcium sulfate, mica, talc, clay, alumina, magnesium
oxide, zirconium oxide, aluminum hydroxide, magnesium
hydroxide, calcium silicate, aluminum silicate, lithium
aluminum silicate, zirconium silicate, barium titanate, glass
fiber, carbeon 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 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 is too great, it
becomes a defect factor 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 gap, and thus the average particle diameter is
appropriately 3 pm cr less, and preferably 2 um or less. The
particle diameter can be measured by a laser
diffraction/scattering type particle size distribution
measurement apparatus (dry type) (manufactured by SEISHIN
ENTERPRISE Co., Ltd.; LMS-30).

The content of the inorganic filler (e) in the liquid
crystal sealing material, which may be used in the liquid
crystal sealing material of the present invention, is
typically from 3 to 60 parts by mass, and preferably from 5 to
50 parts by mass with respect to 100 parts by mass of the

total amount of the liguid crystal sealing material of the
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present invention. If the content of the incrganic filler is
too small, strength of adhesion to a glass substrate decreases,
and the moisture proof reliability is also poor, and thus a
decrease 0f the adhesive strength may occur after moisture
absorption increases. On the other hand, if the content of the
inorganic filler 1is too great, it is hard to perform crushing
anc the gap of the liguid crystal cell cannot be formed.

The liquid crystal sealing material of the present
invention may contain the component (f), a photo-radical
polymerization initiator in order to render the liguid crystal
sealing material to be a light-heat combination curing type
liguid crystal sealing material. The photo-radical
polymerization initiator is not particularly limited as long
as it is a compound that generates radicals by irradiation of
UV or wvisible light, and initiates z chain polymerization
reaction, and examples therecf may include benzyldimethyl
ketal, l1-hydroxycyclohexylphenylketone, diethyithioxanthonse,
benzophencone, Z2-ethyl anthraquinone, Z-hydroxy~2-methyl
prcpiophenone, Z-methyl-[ 4-{methylthic)phenyl] ~2-morpholinc-1-
propane, 2,4,6-trimethyl benzoyldipheny] phosphine oxide and
the like. In addition, those having a {meth)acryloyl group in
the molecule are preferably used, and for example, a reaction
product of Z-methacryloyloxyethyl isccyanate and 1-[ 4-(2-
hydroxy ethoxy)-phenyl] ~2-aydroxy-Z-methyl-l-propan-i-one is
sultably used from the viewpolint of the contamination of the
liguid crystal. This compound may be obtained by the

manufacture according tce the methced described in WO
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2006/027982.

The content of the compconent (f} photopolymerization
initiator in the liguid crystal sealing material, which may be
used in the liquid crystal sealing materizl cof the present
invention, is typically from 0.5 teo 20 parts by mass, and
preferably from 1 to 15 parts by mass with respect to 100
parts by mass of the total amount cf the liguid crystal
sealing material of the present invention.

In the licguid crystal sealing material of the present
invention, a monomer or an oligomer of (meth)acrylic acid
ester may be also used as necessary. Examples ¢f such monomer
or oligomer include a reaction product of dipentaerythritol
and {(meth)acrylic acld, a reaction product of
dipentaerythritcel 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
liguid crystal.

The liguid crystal sealing material of the present
invention may be further blended with curing accelerators such
as an organic acid and an imidazocle, organic fillers, and
additives such as pigments, leveling agents, antifoam agents
and solvents as necessary.

The method described helow is one example 0f a methoed for
obtaining the liguid crystal sealing material of the present
invention. First, the ccmponent (¢} and the component (f) are
heat-dissclved in the component (a) as necessary. Then, the

soluticn is cooled Lo room temperature, and then the component
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(b), and the component (d), the component {e), and an organic
fitler, an antifcam agent, a leveling agent, a solvent and the
like are added as necessary, and the solution is 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, wherseby to manufacture the
liguid crystal sealing material of the present invention.

The liquid crystal display cell of the present inventicn
is obtained by dispesing one pair ¢of substrates on which
rrescribed electrodes are formed in opposition to the
substrate at a prescribed interval, sealing the circumference
with the liguid crystal sealing material of the present
invention, and encleosing a liguid crystal into the space. The
kind of the enclosed ligquid crystal is not particularly
limited. Herein, the substrates are formed of a combination of
substrates such as glass, quartz, plastic, and silicen, in
which at least one of the substrates is light-transmissive. As
the manufacturing method thereof, the liquid crystal sealing
material of the present invention is combined with & spacer
such as & glass fiber (space control material), and then the
liquid crystal sealing material is applied onto one of the
palr of substrates using a dispenser, or a screen print
apparatus or the like, and then temporary curing is performed
at 80 to 120°C as necessary. Then, liguid crystal is dropped
into the inside of the weir of the liguid crystal sealing
material, and the other glass substrate 1s superpcsed in a

vacuum to perform gap formation. After the gap formation,
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curing is.-performed at 90 to 130°C for 1 to 2 hours to obtain

the liguid crystal display cell of the present invention. In
addition, when & light-heat combination type is used, the
portion of the liguid crystal sealing material is irradiated
with ultraviolet light using an ultraviolet light irradiation
machine to perform the photocuring. The irradiation amount of
ultraviolet light is preferably 500 to 6000 mJ/cm’®, and more
preferably 1000 to 4000 mJ/cm®. Then, as necessary, curing is
performed at 90 to 130°C for 1 to 2 hours to cbtain the liguid
crystal display cell of the present invention. The liguid
crystal display cell thus chtained of the present invention
does not have display defects due to contamination of the
liguid crystal, and is excellent in the adhesiveness and
moisture proof reliability. Examples of the spacer include
glass fibers, silica beads, polymer beads and the like. The
diameter thereof varies depending on the purpose, but
typically frem 2 to 8 um, and preferably from 4 toe 7 pum. The
amount used is typically from 0.1 to 4 parts by mass,
preferably from 0.5 to Z parts by mass, and further preferably
from 0.9 to 1.5 parts by mass with respect to 100 parts by
mass of the liquid crystal sealing material of the present
invention.

The liguid crystal sealing material of the present
invention has very good heat curability, and is promptly cured
in the heating process in the liguid crystal drop £ill method.
Accordingily, elution of the constituting components into the

iiguid crystal is extremely low, and the dispiay defects of
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the liguid crystal display cell can be reduced. In addition,
the ligquid crystal sealing material of the present invention
is also excellent in terms of the storage stability, and thus
is suitable for manufacture of the liquid crystal display cell.
Furthermore, a cured product thereof is also excellent in
varicus cured product properties such as adhesive strength,
heat resistance and humidity resistance, and thus by using the
Ligquid crystal sealing material of the present invention, it
is possible to prepare a licguid crystal display cell having
excellent reliability. In addition, a liguid crystal display
cell prepared using the liquid crystal sealing material of the
present inventicn 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.
Meanwnile, "part" and "%" in the text are on a mass basis

unless otherwise stated.

Synthesis Example 1: Synthesis of epoxy acrylate of bisphenol
A type epoxy resin

282.5 g bisphencl A type epoxy resin (product name: YD-
8125, manufactured by NIPPON STEEL & SUMIKIN CHEMICAL CO.,

LTD.) was dissolved in 266.8 g of toluene, and 0.8 g of
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dibutyl hydroxytoluene as a polymerization inhibitor was added
thereto, and the reaction liguid was heated to £0°C. Then,
117.5 g of acrylic acid as 100% equivalent to the epoxy group
was added, and the reaction ligquid was further heated to 80°C,
combined with 0.6 ¢ of trimethyl ammonium chloride as a
reaction catalyst, and stirred at 98°C for about 30 hours to
glive the reaction liguid., This reaction liguid was washed with
water, and toluene was distilled, whereby to give 395 g of the

intended bhisphencl A type spoxy acrylate (acrylated bisphenol

A type epoxy resin) (KAYARADF™ R-93100) .

Synthesis Example 2: Synthesis ¢f acid anhydride adduct of
bisphenol A type epoxy acrylate

4.84 g of the bisphencl A type epoxy acrylate obtained in
Synthesis Example 1, (.049% g of 4-dimethyl aminopyridine, 6.07
g of triethyl amine, and 1000 ml of methylene chloride were
added together, and the mixture was stirred and dissolved at
rocm temperature, and then 18.3 g of tetrahydrophthalic
anhydride was added, and the mixture was stirred at room
temperature for 3 hours. The cbtained reaction liguid was
washed with water ¢ times, and then methylene chloride was
distililed, whereby to give 7 g of a bisphencl A type epoxy
acrylate having a carbexy greoup in the molecule. LC

MS (m/z)=787 (M-H), IR: 1709 cm™* (COOH).

Synthesis Example 3: Synthesis of acrylated resorcin
diglycidyl ether
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181.2 g of resorcin diglycidyl ether (Nagase ChemteX
Corporation) was dissolved in 266.8 g of toluene, and 0.8 g of
dibutyl hydrcxvytoluene as a polymerizaticn inhibitor was added
thereto, and the reaction liguid was heated to 60°C. Then,
117.5 g of acrylic acid as 100% equivalent to the epoxy group
was added, and the reaction ligquid was further heated to 80°C,
0.6 g of trimethyl ammonium chloride was added as a reaction
catalyst, and stirred at 98°C for about 30 hours to give the
reaction liquid. This reaction liguid was washed with water,
and toluene was distilled, whereby to give 253 g of epoxy
acrylate of the intended resorcin diglycidyl ether (acrylated

resorcin digiycidyl ether).

Synthesis Example 4: Synthesis of acid anhydride adduct of
acrylated resorcin diglycidyl ether

3.66 g of epoxy acrylate of resorcin diglycidyl ether
cbhtained in Synthesis Example 3, 0.049 g of 4-dimethyl
aminopyridine, 6.07 g of triethyl amine and 1000 ml of
methylene chloride were added, and the mixture was stirred and
dissolved at room temperature, and then 11.8 g of maleic
anhydride was added, and stirred at room temperature for 2
hours. The obtained reaction liguid was washed with water 6
times, and then methylene chlcoride was distilled, whereby to
glive 5 g of an acrylated resorcincel diglycidyl ether having a
carboxy group in the molecule, LC MS{(m/z)=561(M-E), IR: 1705

cm™t (COOH) .
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Examples 1 to 3 and Comparative Examples 1 to 4

BEach of the curable resin components {components {a) and
()} was mixed and stirred in the ratio shown in Table 1
described below, and then heat-dissolved at 90°C. The photo-
radical polymerization initiator (component (f)} was heat-
dissolved therein, and then the soluticn was cooled Lo room
temperature, and the silane coupling agent (component {d}),
the incrganic filler (component (e}) and the heat-curing agent
{component (b)) were added and stirred, and then dispersed
with a three-rcller milling machine, and filtered with a metal
mesh (635 mesh), to prepare the sealing materials for a liquid
crystal drop £111 method of Examples 1 to 3.

In addition, the curable resin component {(cocmponent {(c))
in the ratio shown in Table 1 described below was also heated
at 90°C. Then, the photo-radical polymerization initiator
{component (f)) was heat-dissolved, and then the solution was
cooled to room temperature and the silane coupling agent
{component {d))}, the inorganic filler {component {e)), the
heat-curing agent (component (b)) and & curing accelerator
were added, and stirred, and then dispersed with a three-
rolier milling machine, and filtered with a metal mesh (635
mesh), to prepare the sealing materials for a liguid crystal

drop £iil method of Comparative Examples 1 to 4.

Fvaluation tests were implemented with the method
described below.

{Measurement for adhesive strength)

elFSE0283PCT-SG (KAYF-054SG)



-, Acid eahydride adduct of bispheno.i A type epoxy acrylate F. ~ Amine-modified bisphenoiAtype
epoxyacrylate

27

1 g of 5 uym glass fiber, as a spacer, was added to 100 g
of the cobtained liguid crystal sealing material, and mixed and
stirred. This liguid crystal sealing material was applied onto
a 50 mm x 50 mm glass substrate, and 1.5 mm x 1.5 mm glass
fragments were laminated onto the liquid crystal sealing
material, and irradiated with 3000 mJ/cm’® ultraviclet light
using a UV irradiation machine, and then placed into an ovan
and heat-cured at 120°C for 1 hour. The shear adhesive
strength of the glass fragment was measured with a bond tester
(85-30WD: manufactursed by SEISHIN TRADING CO., LTD). The
results are shown in Table 1.

(Measurement for moisture-resistant adhesive strength)

A measurement sample identical to that of the adhesive
strength test was prepared. The measurement sample was placed
in a pressure cooker tester (TPC-411l: manufactured by Tabail
Espec Corp.} under the fellowing conditions: 121°C, 2
atmospheres and 100% humidity for 12 hours, and then the sheax
adhesive strength of the glass fragment was measured with the
bond tester. The results are shown in Table 1.

(Measurement for molsture absorptivity)

The obtained ligquid crystal sealing material was
sandwiched between polyethylens terephthalate (PET) films, and
formed inteo a thin film with a thickness of 100 pm. This film
was irradiated with 3000 mJ/cm® of ultraviolet light using a UV
irradiation machine, and then placed into an oven and heat-
cured at 120°C for I hour. After the curing the PET film was

peeled off, which was taken as a sample. The weight of the
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sample was measured, and then the sample was kept in an
envircnment of 60°C and 90% RH for 12 hours, and the weighl was
measured again. The weight change rate (%) with respect to the
initial weight is shown in Table 1.
{(Measurement for pot life)

The wviscosity change of the obtained liguid crystal
sealing material at 25°C was measured. Viscosity measurement
was performed after the obtazined liguid crystal sealing
material was kept under the conditions of 25°C and 50 RH% for
72 hours, and the viscosity increase rate (%) with respsct to
the initial viscosity was calculated. The results are shown in
Table 1.

(Preparation of liguid crystal cell for evaluation)

An alignment film liguid (PIA-5540~05A; manufactured by
CHISSO CORPORATION} was applied conte a transparent substrate
having electrodes, and burned and subjected to rubbing
treatment. The liquid crystal sealing material was applied to
this substrate so that the line width after the lamination was
1 mm whereby to perform main sealing and dummy sealing, and
then, microdroplets of liguid crystal (JC-5015LA; manufactured
by CHISSO CORPORATION) were dropped in a frame of the sealing
pattern. Furthermore, ontoe a substrate already finished with
the rubbing treatment for one piece, in-plane spacers (Natoco
spacer KSEB-DLZ5F; manufactured by Natoco Co., Ltd.; 5 um gap
width after the lamination) were sprayed, heat-fixed, and
laminated to the substrate previously finished with the liguid

crystal dropping using a lamination apparatus in wvacuo. The

elFSE0283PCT-SG (KAYF-0545G)



Resorcandidiglyoidylether 3 parts 3 parts 3 parts Component (d) 3-Olvoidoxypropy! trimormoxysilane
part 1 part 3,port I.part component #8Alumina

20
atmosphere was opened and a gap was formed, and then the
substrate was irradiated with 50 md/cm® ultraviolet light with
a UV irradiation machine while only the Iinside of the sealing
pattern frame was masked, and then placed into an oven and
heat~cured at 120°C for 1 hour, whereby to prepare a ligquid
crystal test cell for evaluation.

The insertion resistance of the seal and the turbulence
in alignment of the liquid crystal in the vicinity of the seal
of the prepared liquid crystal cell for evaluation were
observed with a polarizing microscope, the plug-in resistance
and the alignment of the liquid crystal in the vicinity of the
seal were evaluated in accordance with the criteria shown
below. The results are shown in Table 1.

(Evaluation for insertion resistance)

S5: The insertion of the ligquid crystal into the seal is
less than 0.2 mm, which is & level where the seal of the
liguid crystal does not have any problem.

A: The insertion of the ligquid crystal into the seal is
0.2 mm or more and less than 0.4 mm, which is a level where
the seal 0of the liquid crystal does not have any problem.

B: The insettion of the ligquid crystal into the seal is
0.4 mm cr more and less than 0.6 mm, which is a level where
the seal of the liguid crystal does not have any problem.

C: The insertion of the ligquid crystal into the seal is
0.6 mm or more and less than 1.0 mm, which is a level where
the seal of the liguid crystal does not have any problem.

F: The sealing is collapsed, and the cell cannot be
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formed,

(Evaluation for alignment of the liguid crystal in the

vicinity of the seal)

5: The alignment turbulence of the ligquid crystal from
the seal is less than 0.2 mm.

A: The alignment turbulence of the liguid crystal from
the seal is 0.2 mm or more and less than 0.4 mm.

B: The alignment turbulence ¢f the liquid crystal from
the seal is 0.4 mm or more and less than 0.6 mm.

C: The alignment turbulence of the liguid crystal from
the seal is 0.6 mm or more and less than 1.0 mm.

F: The sealing is collapsed, and the cell cannot be
formed.

{(Measurement for curing speed)

With respect to the obtained ligquid crystal sealing
material, the complex viscosity was measured with an apparatus
for measuring dynamic viscoelasticity {Rhecsol-G5000,
manufactured by UBM). The settings ¢f the apparatus for
measuring dynamic viscoelasticity are as described below.

Cone: diameter 20 mm parallel cone, freguency: 1 Hz,
deformation angle: 3 deg., the measurement temperature was
elevated at a speed of 18°C/minute from 30°C to 120°C, and then
maintained at 120°C. The time to 10000 Pa-s of the viscosity is
shown in Table 1.

[ Table 1]
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Example Example Eeampleo
1 2 3
Aeild asnhydride adduct of epory
#1 acrylate of rascrcin didiglyeldyi % parhs
ether
Componanl
Agid anhydride adduct of bisphenol &
iald #2 5 parts
type epoxy acrviate
Amine-modified bisphenol A lype
#3 5 parts
BpoNY acrylate
Component Trisi{2~hydrazinocarbonylethyli 1.2 1.2
#4
b} Lsocyanurate parts parts parts
Componéent #5 Bisphensl A type epoxy acryiaibe 5 parts 5 parts 5 paris
(o) e Resorcin didiglyeidyl ether 3 parts 3 parts 3 parts
GComponsnt
#7 I-Glvcidoxypropyl trimethoxysilane 1 part 1 wart 1 opsaert
(c)
15 1.8 1.5
Conponent #8 Alumina
parts parts Darts
=y
#e Organic £iller {rubber) & parts & parts & parts
Reaction product of
F-methacryloyloxverhyl isocyanate
Conmponent 0.6 G.¢6 0.¢
14 and 1-14-(Z-hydroxy
{13 parts parcts parts
gthoxy) ~phenyll~2~hydroxy-2~methyl
~-l-propan—-l-cne
1,3,%~crisi2~carboxylethyl}
#il
Lsooyanurate
#12 Bodecane diacid
#13 VPE~GZ201
Adhesive sirangth (MPa} &7 71 k]
Holsture-resistant adhegive strangth (MpPa) 45 &i k3
Molsture abserptivity (%) 2.5 2.4 2.1
Viscosity {Pa s) 2740 329 330
Viscosity change rate {%) iz 3 ig
Snepe of saspl s 3 5
Bligoment of Lliguid cryvstal in the vicinity of seal A 5 A
Curing spesd [(ssconds) 43¢ 420 250
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4413VPR-0201 F 1 part Adhesivestrength8688( 7165 67 34 Mcisttadhesivestratgth(EPa) 42F6 12 7
Moistureabsorptivity 1.83.5 3.5 2.3

32

companat | Comparet | Comporat | Souparat
ive ive iwa inre
Example 1 | Branple 2 | Example 3 | Example 4
Aoid enhydride adduct of apony
#1 aoryiate of resoyoin didiglycidyl
whhing
Componsnt
Aeld anhvdrids adduct of bisphencl
{al #2
A type epoxy scrylate
Amine-modifTied bisphencl A typs
epoxy acyrylale
COmpGRant Frig{i~hvdrazinocarbonylethyl)
#a 1.2 parvs | 1.2 parts | 1.2 parta | 1.2 parts
[#23] Lgoovanurate
Component £5 Bisphenol A typs epoxy acrylafs 10 pants 10 paris 14 parts 10 perts
[ch #8 Resorcin didiglycidyl ether 3 parus I oparts 3 parts 3 parts
Component I-Glycidoxypropyl
By 1 pavt 1 part I part 1L opart
[ad; vrimerhoxysilans
falurinelat th b et 8 Alumina 1.9 parve | 1.5 parts | 1.5 parts | 1.5 parts
) e € paris & paris £ parcs € parts
Reactlion product of
d-metheoryloyloxyerhyl dscoyvanate
Componant
B0 g 1w (4= {2~hydroxy $.6 pavts | B.8 parts | GL6 perts | 0.6 paris
(o
ethoxy) ~phenyli-2-hydroxy-2-metn
yl-l-propan~-l-gne
1.3 8-trisi{d-carboxyliethyl)
#31 1 part
isocvanurate
HFL2 Dodecane diacic 1 part
#13 VPE-OZ0 L opare
Adhesive strenguhk (MPaj 71 £5 &7 34
Molsture-resistant adhesive strength (MPa) 42 & 12 7
Molsture absorptivity (%} 1.8 3.5 3.8 2.3
".’iscgsity {Pa sl 230 240 244 ey
Wiscosity changs rate (%) 5 42 46 e
Shape of seal F 5 3 F
Alignment of ligukd crystal in the wvicinity of geal B C i o F
Not
Curing speed {(seconds? KR 401 Q68
reached

#1 : Synthesized from Synthesis Example 2
#2 : Synthesized from Synthesis Example 4
#3 ¢ EBECRYL 3703 (Manufactured by DAICEL-ALLNEX LTD.)

$4 : HCIC (Manufactured by JAPAN FINECHEM COMPANY, INC.)

el'SE0283PCT-SG (KAYF-054SG)



Viscosityp) 230 240 240 270 Visoositychangerate(3) 542 46 Shape of S r Alignment of liquid crystal
in the vicinity of seal C |

Lol
Lol

HCIC used pulverized to 1.5 um average particle diameter and 5 um

maximum particle diameter using a Jet mill.

#5 : Synthesized from Synthesis Example 1

#6 : 1.3-bkis{oxiranylmethoxy}benzene (marketed by Nagase ChemteX
Corporaticon)

#7 1 Sila~Ace 5-510 (manufactured by CHISS0 CORPORATION)

#8 : S5PC (Average particle diameter 50 nm: manufactured by C. I. KASEI CO.,

#9 @ Paraloid EXL-26535 (butadiene/alkyl methacrylate/styrene copolymer, 0.2
um average particle diameter: manufactured by Rohm and Haas Company)
#10 : Synthesized with the method described in WO 2006/0279%82 A
#11 : CIC acid (manufactured by SHIKOKU CHEMICALS CORPORATION)

CIC acid used pulverized to 1.5 um average particle diameter and 5 um
maximum particle diameter using a jet mill.
#12 : Dodecane diacid (manufactured by UBE INDUSTRIES, LTD.)

Dodecane diacid used pulverized to 1.5 um average particle diameter
and 5 pm maximum particle diameter using a jet mill.
#13 : Azotized thermal radical initiator (manufactured by Wako Pure

Chemical Industries, Ltd.)

From the results of Tabkle 1, Comparative Example 1 not
containing a curing accelerator component has poor curability,
and as a result thereof, alignment defects in the panel
display property cccur. In addition, those using CIC acid or
dodecane diacid or a thermal radical initiator as a curing
accelerator, have shortcomings in the contamination of the

liguid crystal and the moisture-resistant adhesiveness

¢lFSEQ283PCT-SG (KAYF-054SG)



Curingspeed(seconds) Not reached 390 #1 : Synthesized from Synthesis Example 2 #2 :
Synthesized from Synthesis Example 4 43 : EBECRYL 3703 (Manufactured by DAICEL-ALLNEX
LTD.) 44 : HCIC (Manufactured by JAPAN FINEGHEM COMPANY, INC.) elFSE0283PCT-SG
(KAYE-054S0) 33 HCIC used pulverized to % pm average particle diameter and 5 pm maximum
particle diameter using a jet mill. #5 : Synthesized from Synthesis Example 1 #6 :
1.3-bis(oxFaRyInEthoRPHeAZEAE (MatkEted syNagase ChemteX-Coiporation}he

contrary, it is confirmed that with Examples 1 to 3,
improvement of curability is realized, and other properties
are also at the level ¢f being usable. Particularly, Examples
I and 2 show very excellent results in all of the properties.
From these results, it can be sald that the liguid
crystal sealing material of the present invention has
excellent storage stability and curability, and thus is
excellent in workability, and it can be said that the iiguid
crystal sealing material of the present invention is excellent
in terms of liquid crystal contamination, moisture-resistant
adhesiveness, panel display property, and thus realizes high

reliability of & liguid crystal display cell.

INDUSTRIAL APPLICABILITY
Since the liguid crystal sealing material of the present
invention is excellent in terms of workability, the ligquid
crystal sealing material of the present inventicon allows
stable production of the liquid crystal display cell, and,
furthermore, contributes to securing long term reliability of

the liguid crystal display cell.

elFSEO283PCT-SG (KAYF-0545G)



#7 : Sila-Ace S-510 (manufactured by CHISSO CORPORATION) #8 : SPC (Average particle diameter
50 nm: manufactured by C. I. KASEI CO., LTD.) #9 : Paraloid EXL-2655 (butadiene/alkyl
methacrylate/styrene copolymer, 0.2 pm averagejgarticle diameter: manufactured by Rohm and Haas
Company) #10 : Synthesized with the method described in WO 20066027982 A #11 : CIC acid
(manufactured by SHIKOKU CHEMICALS CORPORATION) CIC acid used pulverized to 1.5 pm
average particle diameter and 5 pm maximum pattiélé diameter using a jet mill. #12 : Dodecane diacid
(manufactured by UBE INDUSTRIES, LTD.) Dodecane diacid used pulverized to 1.5 pm average
particle diameter and 5 pm maximum particle diameter using a jet mill. #13 : Azotized thermal radical

initiator (Tgnuf%tgrle&ngg%psEgﬁ_e gggmiggl Industries, LE%)np -1 Etom the results of Table 1,
0

Comparative Examplé 1 not Containing a Curing accelerator componenthas poor curability, and as a

result thereof, alignment defects in-the; panel displaypropery ogeur In addition; fhose-using CIC acid
or dodecane diacid or a thermal radical initiator as a curing accelerator, have shortcomings in the

contamination df the diquidl erystal ahddhe moisturesresistantadhesiveness) acrylated
elFSE0283PCT-SG(KAYF-054SG) 34 although they achieve improvement in curability. On the
contrary,§Fig*confitetithat WithrExanples vl tors Hmpreveneht of earability ¢ feslizeds ahd other
properties are also at the level of being usable. Particularly, Examples 1 and 2 show very excellent

results in“AFof theSropertics t+ v Bromhage Pesiits: itcalbé Shifthat the iGlid crystal sealing

material of the.pres QLinv tion has excgll nt storage stabilit%a d curabilit N: nd thys is excellent in
workability: ani it can Be Said (it the TiqUid Grysial sealing malenial of the preentinventon i

excellenta{ngdejrcg@%Qg,li%@g%yst%gontamination, moisture-resistant adhesiveness, panel display
property, and thus realizes high reliability of a liquid crystal display cell. INDUSTRIAL APPLICABILITY
Since the liquid ¢rystal sealing-material of éhe: present invention is excellent in terms of workability, the
liquid crystal sealing material of the present invention allows stable production of the liquid crystal
display cell, and, furthermore, contributes to securing long term reliability of the liquid crystal display

cell.
2. The iiguid crystal sealing material according to claim 1,

wherein the component (a) is a {(meth)acrylated epoxy resin

that has active hydrogen in the molecule.

3. The liguid crystal sealing material according to claim 1
or 2, wherein the component (a) is a (meth)acrylated epoxy
resin that has a carboxy group, a suifanyl group, or an amino

group in the molecule.

4, The liguid crystal sealing material according to any one
of claims 1 to 3, wherein the component (a) is a
(meth)acrylated epoxy resin that has a carboxy group in the

molecule.

5. The ligquid crystal sealing material according to any one

of claims 1 to 4, wherein the component {(a) is an acrylated

elFSE0283PCT-8G (KAYF-0545G)



35 CLAIMS 1.A liquid crystal sealing material comprising: (a) a curable resin that comprises one
kind, or two or more kinds selected from among epoxy resins, (meth)acrylated epoxy resins, and
partially (meth)acrylated epoxy resins, each resingk%earing active hydrogen in the molecule, with the
proviso that the active hydrogen is not hydrogen contained in a hydroxy group, and (b) a
heat-curing agent. 2.The liquid crystal sealing material according to claim 1, wherein the component
(a) is a (metacrildated €ppxyTesinthat has atfivé nydfogerrimiherrolecale 3iThéliguid crystal
sealing material according to claim 1 or 2, wherein the component (a) is a (meth)acrylated epoxy resin
that has g%ﬁ%&ﬁgroup, a sulfanyl group, or an amino group in the molecule. 4.The liquid crystal
sealing material according to any one of claims 1 to 3, wherein the component (a) is a (meth)acrylated
epoxy resin that has a carboxy group in the molecule. 5.The liquid crystal sealing material according to

any one gf claims, 1 t@ A, wherein the.component(a) is ap actyiated +4ing to any one
elFSE0283PCT-SG(KAYF-054S0) 36
of claims 1 to 5, further comprising {(c) & curable resin that
comprises one kind, or two or more kinds selected from the
epoxy resin, the {(meth)acrylated epoxy resin, and the
partially {(meth)acrylated epoxy resin not having the active

hydrogen in the molecules, with the proviso that the active

hydrogen is not hydrogen contained in the hydroxy group.

7. The liquid crystal sealing material according to any one
of claims 1 te €, wherein the content of the component {a) is
from 5 fto 50 parts by mass with respect te 100 parts by mass

of the total amount c¢f the licguid crystal sealing material.

8. The ligquid crystal sealing material according to any one
of claims 1 to 7, wherein the component (b) heat-curing agent

is a polyvalent hydrazide compound.
9. The liguid crystal sealing material accorxding to claim 8,

wherein the component (b) heat-curing agent is one, or two or

more of a hydrazide compound represented by formula {1) below:

elFSE0283PCT-SG (KAYF-054SG)



resorcinol diglycidyl ether that has a carboxy group in the molecule. 6. The liquid crystal sealing
material according to any one of claims 1 to 5, further comprising (c) a curable resin that comprises
one kind, or two or more kinds selected from the gpoxy resin, the (meth)acrylated epoxy resin, and the
partially (meth)acrylated epoxy resin not having thie active hydrogen in the molecules, with the proviso
that the active hydrogen is not hydrogen contained in the hydroxy group. 7. The liquid crystal sealing
material according to argy’one of claims 1 to 6, wherein the content of the component (a) is from 5 to
50 parts by mass with r pect to 100 parts by mass of the total amount of the liquid crystal sealing
material. 8. The uid stal allng material according to any one of claims 1 to 7, wherein the

component (b) he h r|n ent is a pol alent hydrazide compound. 9. The liquid crystal sealing
material according t Ialm , Wherein t lc mponent (b) heat-curing agent is one, or two or more of a
hydrazide compou d,by formula (1) below: 37 R1I0ON O (1) R3 1i-R2 0 wherein R1 to

R3 each mdep&%lentl preseﬁt a hydrogen atom, or a molecular skeleton represented by formula
(2) below: N, -4CH2-)- CQHz(z) n110

wherein R* to R’ each independentliy represent, a hydrogen
atom, or a molecular skeleton represented by formula (2)

below:

g
—-{CH2 c’ SNH,  (2)

wherein n represents an integer c¢f 1 to 6.

10. The liguid crystal sealing material according to any one

of claims 1 to ©, further comprising (d) a silane coupling

agent.

11. The liquid crystal sealing materizal according to any one

of claims 1 te 10, further comprising (e) an inorganic filler.

12. The liquid crystal sealing materisl according to any one
of claims 1 to 11, further comprising (£} a photo-radical

polymerization initiator.

13. A liquid crystal display cell sealed with a cured product

obtained by curing the liguild crystal ssaling material

elFSEO283PCT-SG (KAYF-054SG)



wherein n represents an integer of 1 to 6. 10. The liquid crystal sealing material according to any one
of claims 1 to 9, further comprising (d) a silane coupling agent. 11. The liquid crystal sealing material
according to any one of claims 1 to 10, further comprising (e) an inorganic filler. 12. The liquid crystal
sealing material according to any one of claims 1% 11, further comprising (f) a photo-radical

polymerization initiator. 13. A liquid crystal display cell sealed with a cured product obtained by curing

the liquidscrystatisealingomaterialrel FSE02B3REGT-5G (KAYF-054SG) 38 according to any one or
claims 1 to 12.
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