| LIQUID CRYSTAL SEALANT AND LIQUID CRYSTAL DISPLAY CELL USING SAME TECHNICAL
FIELD The present invention relates to a liquid crystal sealant that is cured by light and/or heat,
and used in a liquid crystal one-drop fill process. More specifically, the present invention relates to a
liquid crystal sealant for use in a liquid crystal one-drop fill process, which has low liquid crystal
contaminatiofand geed storage stability ARACKGROYNRBART 1, prhe sa-ealled liquig:erystal
one-drop fill process that has a higher mass productivity was proposed as a method of manufacturing
a liquid crystal display cell with an increased sizexfrhe liquid crystal display cell in recent years
(Patent documents 1 and 2). The liquid crystal one-drop fill 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 formed on one substrate, and then bonding the other substrate whereby to seal the
liquid crystal. ~ However, the liquid crystaf onéldrbpfiligrbcess has problems that the liquid crystal
sealant in the uncured state is in contact with the liquid crystal, and thus components of the liquid
crystal sealant H i iis& e dis¥6RES o tRe igaR drjstal (eltibh) anbiths fesistmtaalue of the
2 liquid CQ/aS{Ea| .decreased%, and dis%%y gef ts are %enerate in the vicinit C%f.the seal. In order to

resolve Thig problem. alight-heat Eombittktion type Hquid Crystarsehlant i§ cufrdhty used as a liquid

crystal %@ggr Uuse, i_rzj@?egliqﬂci %rﬁ%—! @gédro[:MEIEgro%%%i?}gcgrf%;cal%a 5%”15[% @ﬁent

documents 3 and 4). A liquid crysta rop Till process using this liquid érysta Nt is

characterized.by irradiating the liquid, crystal sealany intgrpased jbetween substrates with light to

perform first curing, and then performing secondary curing by heating. According to this method, it is
possible ta;prompthyeure unsueediliqyid erystakseatantyyithlight-and-suppress digselution (elution) of
components of the liquid crystal sealant into the liquid crystal. Furthermore, with only photocuring,
problemsrsucheds msufficient adhesiverstrengtiifrenveuring shridkage @ag the time of the photocuring
and the like are generated. However, the light-heat combination type has an advantage that stress
relaxation effects can be obtained by the secondary curing by heating, and thus such problems can be
solved. However, with the decrease in size of liquid crystal display devices in recent years, a
light-shielded part where light does not redthtis Batséd 4 liquid crystal sealant 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 probleri b Hisptay defedtsti the {icifity SFfheBeaPbéddmes Hesra Eeribtig than before. In

3 has a higher mass productivity was propossad as a method of

manufacturing a liguid crystal display cell with an increased
size of the liguid crystal display cell in recent years
(Patent deocuments 1 and 2). The liguld crystal one-drop fill
process 1s specifically a method of manufacturing a liquid
crystal display cell by dropping liguid crystal into the
inside of a weir of a liquid crystal sealant formed on one
substrate, and then bonding the other substrate whereby to
seal the liguid crystal.

However, the liguid crystal one-drop £ill process has
problems that the liquid crystal sealant in the uncured state
is in contact with the liguid crystal, and thus components of
the liguid crystal sealant at this time are dissolved into the

liguid crystal (elution) and the resistance value of the



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 sealant. If the secondary curing
process by heat proceeds in this state, it leads to fesults 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. 1 imyorderde yesolve this preblem, a:-methoddo improyverthereastiityefibe gueable sesin, and
advance the curing before dissolution into the liquid crystal is very useful. Thus, various investigations
to improvestherimalkreggtivity idwve beerd conducted. There was a trial to react a liquid crystal sealant
not sufficiently cured by light in the light-shielded part quickly at a low temperature, whereby to
suppress containatiea of Hie liggidcrystal For exampha: PateAtiddtimierits 5 and 6 disclose

methods using thermal radical initiators. In addition, Patent document 7 discloses methods using
polyvaléitEatBexXyiic Acids s a tdring aced@fator. € HotWeve?, iE1S diffichit Yo 34§ tharadvition of

such thermal radical injtiator and curing.accelerator, such as a polyvalent carboxylic acid, can
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accelergloy inerpselyes. eluls, Intg liguidcrystal, 10 adelion. tigse.components [esuityn gy effect of
accelerating the reaction speed, an reverse;}f involve the disadvantage of poor storage stability. 4

As descriped abave, developmant of dhe liguid srystal sealentdor use inhediquid erysted ane-drop fil

process has been very intensively performed, but a liquid crystal sealant realizing low liquid crystal

contamipatien.;and;bavinggood sterage stability.as well has ngt yet:been-raalized., : gPatent
Document 1: Japanese Unexamined Patent Application, Publication No. 563-179323  Patent
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Publication No. W02008/004455 DISCLOSURE OF THE INVENTION
cure uncured liquid crystal sealant with light and suppress

dissolution {elution) of components of the liguid crystal
sealant intoe the ligquid crystal. Furthermore, with only
photocuring, problems such as insufficient adhesive strength
from curing shrinkage at the time of the photocuring and the
like are generated. However, the light-heat combinaticn type
has an advantage that stress relaxation effects can be
obtained by the secondary curing by heating, and thus such
problems can be sclved.

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 liguid crystal sealant 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 problem of display defects in the

vicinity of the seal becomes more seriocus than before. In



Problems to be Solved by the Invention The present invention relates to a light- or heat-curable
liquid crystal sealant for use in the liquid crystal one-drop fill process, the liquid crystal sealant enabling
increased resolution, faster response, Iower-voltaae driving, and longer service life of liquid crystal
display elements due to having 5 extremely low tendency to contaminate liquid crystal, and also
having extremely-gotagd, watking efficiency duetohaving exeellentstorage stability. Means for Solving
the Problems The present inventors found that a liquid crystal sealant that contains a compound
having ohe of more each of @ancacryloyhgroup andsa miethaeryloyl grouipuneachdanolecule thereof can
resolve the problems, and completed the present invention. Specifically, the present invention
relates &PtHeTBREWIRgH ) E0-(14) IMEaREhilE inthe spesifisation whenrarétyaraiietis described, it
means either one or both of "acrylic* and "methacrylic”. Likewise, when "(meth)acrylate” is described, it
means &ftier e or both 6 atRftate®ahd imethdtryBie® CaTd when Ehbtijaciyioyisis tescribed, it
means either one or both of "acryloyl" and "methacryloyl". (1) . A liquid crystal sealant for use in the
liquid cr%%ﬁa? oﬁné-#rg’p fiﬁtbr&geassscn%ginifnegsfﬁ?)gcasc:lﬁ%lé%e rO((a:‘SiSnSacfrT’(}1 E@)gél h%gt-éﬁlﬁng agent, in which

the CO”IP%E)‘/?PE@)C% %ﬂ%ﬁ(‘% a compound Q%’!ﬂ%%”%?{(@é?ﬁ each OES‘&FoacCéXﬂO%' rQH%sa”d a

methacryloyl group in ea ecule thereof Theliquid crysta?sea ant for use in the liquid
crystal epe-drop.filprocess accordingta;(1),ip whigh the compopent (@) js & cogypound that also has

a hydrogen bond functional 6 group in the molecule.
seal.

In order to resolve this problem, a method to improve the
reactivity of the curable resin, and advance the curing before
dissolution into the liguid crystal is wvery useful. Thus,
various investigations to improve thermal reactivity have been
conducted. There was a trial to react a ligquid crystal sealant
not sufficiently cured by light in the light-shielded part
gquickly at a low temperature, whereby to suppress
contamination of the ligquid crystal. For example, Patent
documents 5 and 6 disclose methods using thermal radical
initiators. In addition, Patent document 7 discloses methods
using polyvalent carboxylic acids as a curing accelerator.

However, 1t is difficult to say that addition of such
thermal radical initlator and curing accelerator, such as a
polyvalent carboxylic acid, can sufficiently realize low
iiguid crystal contamination since such thermal radical
initiator and curing accelerator themselves elute intc liguid
crystal. In addition, these componenis result in an effect of
accelerating the reaction speed, and reversely, involve the

disadvantage of poor storage stability.



3) The liquid crystal sealant for use in the liquid crystal one-drop fill process according to (2), in
which the hydrogen bond functional group is a hydroxy group or an amide group. (4) The liquid
crystal sealant for use in the liquid crystal one-drop fill process according to any one of (1) to (3), in
which the component (a) is either one or both of (a-1) a reaction product of glycidyl methacrylate and
acrylic acid, arrls(ad2)ka réactionairoduct afdhe (ad)and anfisoeyarate cothpound: Q) The liquid
crystal sealant for use in the liquid crystal one-drop fill process according to (4), in which the
isocyanate:éempound is'a diisocyanate éampound y(Byal dhelibjuie chistdl seatare for use in the
liquid crystal one-drop fill process according to %4) or (5), in which the isocyanate compound is tolylene
diisocydiate {FF" VR ligilid BRStA seakint Fordsin the Tigaid crysthforéd4t6p fill process

according tq (4), in which the component (a) is a mixture of the component (a-1) and the_.component

(a2) . (8)° T orie=dropfill protdss SEcdrdifi fo &y Gneé of (AYts ). it whidhy thé onisoneht (A)

containg the corponent (2) .69%by mass.or

inﬁgéapot vet been realized.
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
The present invention relates to a light- or heat-curable
liguid crystal sealant for use in the liguid crystal one-drop
£il1l process, the liguid crystal sealant enabling increased
resolution, faster response, lower-vcltage driving, and longer

service life of liquid crystal display elements due to having



The liquid crystal sealant for use in the liquid crystal one-drop fill process according to any one of (1) to
(8), in which the content of the component (A) in the total mass of the liquid crystal sealant is 40% to
90% by mass. (10) The liquid crystal sealant for use in the liquid crystal one-drop fill process
according to any one of (1) to (9), further containing (C) a silane coupling agent. (11) The liquid

crystal sealant-fan yse n.thediguicherystal onsrarop fitlpracessaccording 4o any aneof(1) tp (10),
further containing (D) an inorganic filler. (12) The liquid crystal sealant for use in the liquid crystal
one-drop4illiprgcess:aecosdingdo amny.aneahd) 4G (i) duther goatairing £{&) adghermal radical
polymerization initiator. (13) The liquid crystal sealant for use in the liquid crystal one-drop fill
processsaccording to ahy omecof (Lo (12) yfurther containing (F) a photo-radical polymerization
initiator. (14) A liquid crystal display cell sealed with a cured product obtained by curing the liquid
crystal sealant for use in the liquid crystal one-drop fill process according to any one of (1) to (13).
Effects of the Invention The liquid crystal sealant of the present invention has extremely low

influencdGH the digplay bropeHics B feiqdid Erystal, and thus allows increased resolution, fast

response, lower, voltage driving.and longer service life of liquid.crystal display elements, and,
o oltag ng Jauid crystal display

h lontbites td 2ady misirattare of a

furthermore is _exé%elf%n Fn@{érménpr%?oraﬁé S SBifiey, and thus con _ Tart _
e e o
liquid crystal, display.glements,having high reliabilitt. group in each molecule

thereof can resoive the problems, and completed the present

invention.

Specifically, the present inveniion relates to the
following (1) to (14). Meanwhile, in the specification, when
"(meth)acrylic" is described, it means either one or both of
"acrylic" and "methacrylic". Likewise, when " {meth)acrylate™
is described, it means either one or both of "acrylate" and
"methacrylate", and when "{meth)acryvloyl" is described, it
means elther one or both of "acryloyl™ and "methacryloyl™.

{1

A liguid crystal sealant for use in the liguid crystal
cne~drop f£ill process cntaining (A) a curable resin and (B) a
heat-curing agent, in which the component (A) contains (a) a
compourntd having one or more each of an acryloyl group and a
methacryloyl group in each molecule thereof,

{(2)

The liguid crystal sealant for use in the liguid crystal

one-drop fill process according te (1), in which the compconent

{a} 1s a compound that also has a hydrogen bond functional



PREFERRED MODE FOR CARRYING OUT THE INVENTION The liquid crystal sealant of the
present invention contains (A) a curable resin, and the curable resin contains (a) a compound having
one or more each of an acryloyl group and a metkﬁacryloyl group in each molecule thereof. In this
compound, the moiety of the acryloyl group contributes to good reactivity, and the moiety of the
methaceyleyl graup eantripytesdq stqrage stability. Spec'fically, the molecule is early crosslinked by
light or by 9 heat due to quickness of the reactivity of the acryloyl group, and thus it is possible to
suppresszlution to the liquid crystal. In addition, on the other hand, due to the methacryloyl group
contained in the molecule, it is possible to suppress a too fast curing reaction and damage to storage
stability thereffdhe |h additibns thesimethacryloghdgrobipproeseds with thel erosshinking geatly, and thus
suppresses curing shrinkage, and improves properties of the cured product, such as adhesive
strengttP ™€~ FhRecompdnétit PaF Whidriso4 ompobiid havingehe'oi fidré ach BfaA%RTyloyl group
and a methacryloyl group in each molecule thereof, may be obtained, for example, by a reaction of
glycidyl?ﬁ&ﬂa&:r’%ﬁ%h Ao hdid 8 réactibh ot gly Gai Hethhch fatd A arf Gerfic resin having a
hydroxy (gllrgup (for example, 2-hydroxy ethyl acrylate and the like), an esterification reaction of
methacryliC acid and an acrylic resin having a hydroxy group, an esterification reaction of acrylic acid
and a methacryjg.resinnaving Aoy gtoup,forexample, z:ydipxy eyl metharndgte and the
like) and the like. In addition, the’component (a) may also be obtained by bonding réaction via
isocyanate-ofzan acrylic resin having a bydroxy.aroup agd@a methacryliciresinshaving ashydroxy group,
or a methacrylic resin having a hydroxy group and an acrylic resin having a hydroxy group, that is, a
urethanatior reactionc Euribermnare | whensthe compount:has-a bydroxygroup in the molecule, such as
a reaction product of glycidyl methacrylate and acrylic acid, the molecules may be also bonded to each
10 othersorto anotheratnyic resincand-ieéthacrylid:resiy Viatthe amethane bbond. 2ci1The component
(a) is preferably a compound that also has a hydrogen bond functional group in the molecule.
Examplés éf tHeRydragsr dehd FunctiordlgioupinElfle @ hydrox{ graup, srramiisadgroup, an amide
group, a thiol group and the like. Furthermore, those having either one or both of a hydroxy group and
an amide“grsup Hre very suitable. From this viewpoint, a reaction product of glycidyl methacrylate and
acrylic a%]d?o, a compound having a urethane bond, and the like are suitably used among the examples
of the compounds as the component (a). Furthermore, the component (a) is particularly preferably
(a-1) the reaction produst of alyeidl metbacrylate apd,aqpylc agid, gr(a2lhpJeagion product of the
(a-1) and an isocyanate compound, and most preferably a mixture of the cgmponen fa— and the
component (ar2),, ¢ iThe isocyanate is-notparticulady fimjted s Igng @s ithas an isocyanate group,
and examples thereof may include 2- methacryloyloxyethyl isocyanate, 2-methyl methaphenylene
diisocyanate;ialylene-2 4giiseeyanate sisepherong-dilsasyanaig o bdsphenylene diisocyanate,
1,4-phenylene diisocyanate, hexamethylene diisocyanate, 5-chloro-2,4-toluene diisocyanate,
3,3'-dim¢thoxy-4,4'-biphenylene diisocyanate, dicyclohexylmethin-4,4'-diisocyanate, 4,4'-diisocyanate
3,3'- dimethyldiphenylmethane, meth-xylylene diisocyanate, 4,4'- methylene-bis(phenylisocyanate),
tmybne4154ﬁﬁbgwﬁﬁﬂ@}d crystal sealant for use in the liguid crystal

cne~drop fill process according to (4) or (5), in which the
isocyanate compound 1s tolylene diisocyanate.
(7)

The liguid crystal sealant for use in the liguid crystal
cne-drop f£ill process according to (4), in which the component
(a) is a mixture cof the componeni (a-1) and the component (a-
2) .

{8}

The liguid crystal sealant for use in the liguid crystal



11 1,12-diisocyanate dodecane,4,4'-methylene bis(2- chlorophenylisocyanate), 1,5-naphthalene
diisocyanate, trimethyl-hexamethylene diisocyanate, 3,3'-dichlorodiphenyl- 4,4'-diisocyanate,
1,4-cyclohexane diisocyanate, 1,5- diisocyanate szethyl pentane, 1,4-diisocyanate butane, 1,3-
Pis(isocyanatemethyl)cyclohexane, 1-chloromethy1-2,4- diisocyanate benzene, 2,2-bis(4-
isocyangtephenybhexafluoseprepanemethanei diisocyanate, 4:8 diisocyanate ogtang, in
oxybis(4-phenylisocyanate), 2,4,6- trimethy1-1,3-phenylene diisocyanate and 2,4'-methylene
bis(phenyléne isdeyanate)ocAmong themg:ther isboyanate is preferabaiy-a diisodyanaté compound such
as isophorone diisocyanate, hexamethylene diisocyanate, tolylene-2,4- diisocyanate,
tolylenex2,5diigbcyanate, and further preferably tolylene-2,4-diisocyanate or tolylene-2,5-
diisocyanate. These isocyanates are available from the market as commercial products, for example,
tolylene (cﬁi)socyanate (CORONATE: manufactured by NIPPON POLYURETHANE INDUSTRY CO.,
LTD.) and the like. ., Specific examples of the compound of the component (a) are shown in Tables

1 to 3 describett SelowButaremat fimitedHErts akdong 38 itis a-Compotid Habihg Brie or more
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which the content of the component (A) in the total mass of
the liquid crystal sealant is 40% tc 90% by mass.
{(10)

The liguid crystal sealant for use in the ligquid crystal
one~drop f£ill process according to any one of (1) to (9),
further containing (C) a silane coupling agent.

(11)

The liguid crystal sealant for use in the ligquid crystal
one-drop f£ill process according to any one of (1) to (10},
further containing (D) an inorganic filler.

(12)

The liguid crystal sealant for use in the ligquid crystal
one-drop f£ill process according to any one of (1) to (11),
further containing (E) a thermal radical polymerization
initiator.

(13)

The ligquid crystal sealant for use in the liguid crystal
one~drop f£ill process according teo any one of (1) to (12),
further ceontaining (F) a photo-radical polymerization
initiater.

(14)
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A liguid crystal display cell sealed with a cured product
obtained by curing the licguid crystal sealant for use in the
liguid crystal one-drop fill process according to any oneg of

(1) to (13).

Effects of the Invention

The liguid crystal sealant of the present invention has
extremely low influence on the display properties of the
ligquid crystal, and thus allows increased resolution, fast
response, lower voltage driving and longer service life of
iilguid crystal display elements, and, furthermore is excellent
in terms of storage stabilility, and thus contributes tc easy
manufacture of a liguid crystal display cell. In addition, the
liguid crystal sealant of the present invention is excellent
in terms of preoperties of a cured material such as adhesive
strength, and thus can realize manufacture of liguid crystal

display elements having high reliability.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

The liquid crystal sealant of the present invention
contains (A) a curable resin, and the curable resin contains
(a) a compound having one cr mcre =ach of an acryloyl group
and a methacryvloyl group in each molecule thereof.

In this compound, the meiety of the acrvlovl group
contributes to good reactivity, and the moilety of the
methacryleyl group contributes to storage stability.

Specifically, the molecule is early crosslinked by licht or by



[ Table 2] Compound No. Structural formula 50 %-)1-000H 006 0 %----4-0 0
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heat due to quickness of the reactivity of the acryloyl group,
and thus it is pessible to suppress elution to the liquid
crystal. In addition, on the other hand, due to the
methacryloyl group contained in the molecule, it is possible

to suppress a too fast curing reaction and damage to storage
stability therefrom. In addition, the methacryloyvl group
croceeds with the crosslinking gently, and thus suppresses
curing shrinkage, and improves properties of the cured product,
such as adhesive strength.

The component {a), which is a compound having one cr more
each of an acryloyl group and a methacryloyl group in each
molecule tThereof, may be obtained, for example, by a reaction
of glycidyl methacrylate and acrylic acid, a reaction of
glycidyl methacrylate and an acrylic resin having a hydroxy
group (for example, Z-hydrory ethyl acrylate and the like), an
esterification reaction of methacrylic acid and an acrylic
resin having a hydroxy group, an esterification reaction of
acrylic acid and a methacrylic resin having a hydroxy group
(for example, Z-hydroxy ethyl methacrylate and the like) and
the like. In addition, the component (&) may also be obtained
by bonding reacticn via isocyanate of an acrylic resin having
a hydroxy group and a methacrylic resin having a hydroxy group,
or a methacrylic resin having a hydroxy group and an acrylic
resin having a hydroxy group, that is, a urethanation reaction.
Furthermore, when the compound has a hydroxy group in the
moleculs, such as a reaction product of glycidyl methacrylate

and acrylic acid, the molecules may be also bonded tc each
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other, or to another acrylic resin and methacrvlic resin via
the urethane bond.

The compeonent (a) is preferably a compound that also has
a hydrogen bond functicnal group in the molecule. Examples of
the hydrogen bond functicnal group include a hydroxy group, an
amino group, an amide group, a thiol group and the like.
Furthermore, these having either cone or both of a hydroxy
group and an amide group are very suitable. From this
viewpoint, a reaction product of glvcidyl methacrylate and
acrylic acid, a compound having a urethane bond, and the like
are suitably used among the examples of the compounds as the
component {a).

Furthermore, the component (a) is particularly preferably
{a-1) the reaction product of glycidyl methacrylate and
acrylic acid, or (a-2) the reaction product of the (a-1} and
an isccyanate compound, and mest preferably a mixture of the
component (a-1) and the component (a-2).

The isocyanate is not particularly limited as long as it
has an isocyanate group, and examples thereof may include 2-
methacryloyloxyethyl isocyanate, Z-methyl methaphenylene
diiscocvanate, tolylene-2,4-diisocyanate, isophorone
diisocyanate, 1,3~phenylene diisocyanate, 1,4-phenvlene
diisocyanate, hexamethylene diisocyanate, 5-chloro-2,4-tolusne
diisocyanate, 3,3 ~dimethoxy~4,4’ -biphenylene diisocyanate,
dicyclohexylmethin~4, 4" ~diisocyanate, 4,4" -diisocvyanate 3,3 -
dimethyldiphenylmethane, meth-zylylene diisocyanate, 4,47 -

methylene-bis (phenylisocyanate), tolylene-2,5-diisocyanate,
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1,12-diisocyanate dodecane, 4,4’ -methylens bis(2-
chlorophenylisocyanate), 1,5-naphthalene diisccyanate,
trimethyl-hexamethylene diisocyanate, 3,3 -dichlcrodiphenyl-
4,4" -diisocyanate, 1,4-cyclohexane diisocyanate, 1,5-
diisoccvanate 2-methyl pentane, 1,4-diisocyanate butane, 1,3~
bis(isocvyanatemethvl)cyclohexane, l-chloromethyl-2,4-
diisocyanate benzene, 2,2~bis{4-

isocvyanatephenyl) hexafluoropropanemethane diisccyanate, 1,8-
diisocvanate octane, oxybis{4-phenvlisoccyanate), 2,4,06-
trimethyl-1, 3-phenylene diisocyanate and 2,4 -msthylene

bis (phenylene isocvanate). Among them, the isocyvanate is
preferably a diisocyanate compound such as isophorone
diisocyanate, hexamethylene diisocyanate, tolylene-2,4-
diisocvanate, tolylene-2Z,5-diisocyanate, and further
preferably tolylene-2,4-diiscocyvanate or tolylene-2,5-
diisccyanate. These isocyanates are availlable from the markset
as commercial products, for example, tolvlene diisocyanate
(CORONATE: manufactured by NIPPON POLYURETHANE INDUSTRY CO.,
LTD.} and the like.

Specific examples of the compound of the component (a)
are shown in Tables 1 to 3 described below, but are not
limited thereto as long as it is a compound having cone or more
each of an acryleyl group and a methacryioyi group in each
molecule thereof.

[ Table 1]
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0S_HO,N.,"."""...../?2NHirO 11 000 0 e O to The component (A) contains the component (a)
preferably in 60% by mass or more, and further preferably in 70% by mass or more from the viewpoint
of the content of the component (a). If the contentdf the component (a) is too small, the effects of the
present invention, specifically, the property of a balance between realization of low liquid crystal
contamifanpl-by Ihe Teactivitgand-sterage stability canrjot be sufficiently obtained. In addition, the
remainder besides the cc;:&gnent (a) in the component {A) is an epoxy resin, a (meth)acrylic resin

and the |ike, or a mixturegthereof not corresponding to the
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The component (&) contains the component (a) preferably
in 60% by mass or more, and further preferably in 70% by mass
or more from the viewpoint of the content of the component (a).
If the content of the component {a) is too small, the effects
of the present invention, specifically, the property of a
balance between realizatiocn of low liquid crystal
contamination by the reactivity and storage stability cannot
be sufficiently obtained.

In addition, the remainder besides the component (a) in
the component (A) is an epoxy resin, a {meth)acrylic resin and

the like, or a mixture thereof not c¢orresponding to the



14 component (a). Any of these curable resins preferably has low contamination and solubility with
respect to the liquid crystal, and suitable examples of the epoxy resin include a bisphenol A type epoxy
resin, a bisphenol F type epoxy resin, a bisphenoi‘@ type epoxy resin, a phenol novolak type epoxy
resin, a cresol novolak type epoxy resin, a bisphenol A novolak type epoxy resin, a bisphenol F
novolakdype epexy resin,.anal gyelic epaxydesin: anialiphatic ghaiplikeepoxy yesing a glycidyl ester
type epoxy resin, a hydantoin type epoxy resin, an isocyanurate type epoxy resin, a triphenol methane
skeletor=comntaining phenokmnavolak typelepoxywesin, and:iraddition tadiglycidylether of bifunctional
phenols, a diglycidyl ether of bifunctional alcohols, and a halogenated material thereof, a
hydrogetated: matedaldhereof anddhe likewbut sare hot limitedthverets: The (meth)abtylic resin is
suitably an epoxy (meth)acrylate that may be obtained by a well-known reaction of an epoxy resin and
a (meth¥aciylitcacid. fh adthiffiorE iR this £88é Nall 6f theepoxy Yrolips- iy e @viethyacjtated, or a
portion of them may be (meth)acrylated. The epoxy (meth)acrylate may be obtained, for example, by
adding, & (Methyderilic acidy® Rafaiist (fof eXamplé BERZYImBHYPamine: thsth§Famine,
benzyltrimeth)){l ammaonium chlor‘i%ert,ggphe%}/l phogghing 'gif)QenXI %iﬂpine and h«ilike), and a

polymeffﬁaa%ﬁ)‘n’inﬁibﬁgﬁffg%e%)mp e, feth c?uiﬁgne,yhy“cﬁothone, mgﬁ%‘i}ﬂ? roquinone,

Phenothigzine - Aoutyp Dvdioxytoluene and hakelin agrescubegadivaicptraligoy fo an epoxy
resin, and performing esterification reaction, for example, at 80 to 110C. The epoxy réesin, which is a
raw matetial, is ngtparticularly fimited; but isqureferably abifunclional orhigherrfunctional,gpoxy resin,
and examples thereof include a bisphenol A type epoxy resin, a bisphenol F type epoxy resin, a
bisphenot Siype £poxy tasif,la pheael novoalktypeepoxy resinaaiciesol povalakfype epoxy resin, a
bisphenol A novolak type epoxy resin, a bisphenol F novolak type epoxy resin, an alicyclic epoxy resin,
an aliphatic chainskkeepexy resin; geglycidyleestertyperepoxy resinpa hydamtofrntypelepoxy resin, an
isocyanurate type epoxy resin, a triphenol methane skeleton-containing phenol novolak type epoxy
resin, afié i deditiors bediglyciaynéther onBifiicional phendls <a Sighfidis eterof bifanctional
alcohols, and a halogenated material thereof, a hydrogenated material thereof and the like. Among
these, tREBpodRy i Afore PréterEoly abispHenor fygete foxy TRsi G novdISKk Bipe efoxy resin
from the viewpoint of liquid crystal contamination. |n addition, the ratio of the epoxy group and the
(Mot IO norThe, i 16 ShaS Sersctoi O e eipbit BPb L8 sutabily

and g eystal contamington.., - The So0ient oA e companens () n e tatel amount gt the liuid

crystal sealant is prefera mass, and further preferably b by Mass.
The liquid, crystal sealant of the.presgat.invgntion contains the component (B) heat-curing agent. The

heat-cur 16 agent is not particularly limited, and examples thereof include polyvalent amines,

polyhydric phenals, hydrazide-cgmpeund ane the like, sangd-partigulady suitably polyvalent hydrazide
compounds. Examples of the heat-curing agent may include aromatic hydrazides such as terephthalic

acid dihydeazide; asophthaliccacid diydrazide:2,6:naphthgic acicedibydrazide, 2:6-pyridine

dihydrazide, 1,2,4-benzene trihydrazide, 1,4,5,8-naphthoic acid tetrahydrazide,
of an epoxy resin and a {meth)acrvlic acid. In addition, in
this case, all of the epoxy groups may be (meth)acrylated, or
a portion of them may be (meth)acrylated. The epoxy
(meth)acrylate may be obtained, for example, by adding, a
(meth)acrylic acid, a catalyst (for example, benzyldimethyl
amine, triethyl amine, benzvlitrimethyl ammonium chloride,
triphenyl phosphine, tripnenyl stibine and the like), and a
polymerization inhibitor {(for example, methoguinone,

hydroguinene, methyl hydrocguinone, phenothiazine, dibutyl

hydroxytoluene and the like) in a prescribed equivalent ratio



pyromellitic acid tetrahydrazide. In addition, examples of the heat-curing agent may include aliphatic
hydrazide compounds, such as formhydrazide, acetohydrazide, propionic acid hydrazide, oxalic acid
dihydrazide, malonic acid dihydrazide, succinic adit dihydrazide, glutaric acid dihydrazide, adipic acid
dihydrazide, pimelic acid dihydrazide, 1,4-cyclohexane dihydrazide, tartaric acid dihydrazide, malic
acid dihydrazide, d inggiacetic-gcid gihyesazideNjr-hexamethylene bissemicarbazidg, citrig-acid
trinydrazide, nitriloacetic acid trinydrazide, cyclohexane tricarboxylic acid trinydrazide; dihydrazide
compoundsrhaving a hydantoin skéléton, preterablyayvaline hydantainiskeleton (skeleton where a
carbon atom of a hydantoin ring is substituted with an isopropyl group), such as
1,3-bis(hydrazirocarbchoethylp5isoproppydahtoin teid(l-hydrazinocarbonybmeéthyd isocyanurate,
tris(2- hydrazinocarbonylethyl) isocyanurate, tris(2- hydrazinocarbonylethyl) isocyanurate, t5is(3-
hydrazin&esrbéRyspropyl) ii’sjdé%ﬁm@féﬂ%?oo@i%éz-%%?&ziﬁ@c%%ﬁonﬂ@ﬂ%yﬁ%@@@h%ﬁrate. The
heat-curing agent is 17 preferably isqphthalic acid dihydrazide, malonic acid dihydrazide, adipic acid
dihydraZider £8(4- hjarazifocarbdrimetivt) iSolyaurate® 1Hs(3 ShydrazinoBArboR§tHyly
isocyanyrate, tris(2- hydrazinocarbonylethyl) isocyanurate, or tris(3- hydrazinocarbonylpropyl)
Socyan A, A1 B CLIry oSt TRl i Eeyiivadide o7 Tis(o- iz oarbonylethyl)
isocyanurate Jn terms.of the dalance betweencuring reactlyity and potentiality. The coptent.of such (B)
heat-curing agent is preferably 0.5% to 5% by mass, and further preferably 1% to 3% by mass with
respectitg 400%,By massefihe total.amouptof thediguid crystad sgalant, -andl two,enmere kinds may
be used in a mixture. In the liquid crystal sealant of the present invention, the component (C) silane
coupling agentzmay perusechto seekimprovamentefadhesive; strength and-dmpravement of moisture
proof reliability. Examples of the silane coupling agent include 3-glycidoxypropyl trimethoxysilane,
3-glycidoxypropylmetmpdimethexysilane, 3rglycidoxypropy:methyldingthoxysilaneén, a
2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, N-phenyl-yaminopropyl trimethoxysilane,
N-(2-andikioethyl-Bramispropyliie thiylimethoxy sifare; NUR-aienéethg])Beamihoprepyimethyl
trimethoxysilane, 3-aminopropyl triethoxysilane, 3- mercaptopropyl trimethoxysilane,
vinyltrinfeth&xyEana INFe HaribErAA& MG ERY I 23- arivo gropyI tlimetiskyRifare’ Agdrochloride,
3-methacryloxypropyl trimethoxysilane, 3- chloropropyl methyldimethoxysilane, 3-chloropropyl 18
trimethc%@éﬁ‘é/né Srgé/?ﬁe Iail?eg"l' hd'catitantsrthe (&) gvﬂéiéf E0plingtadent irfthe liquid crystal sealant
is suitaI%I .05% g r?’g/ﬁ S%hrg%% \évith respect 10.100% b Qearssoogt g Pﬁglc%{)in%gtl()f the liquid crystal
sealant of the present invention.” " The'¢ B/onenv’f Dﬁnorganic filler may be used in the liquid
crystal sgalapt pf the presentinvention 1o sgek imarovement of adbesive sirgpgth.and improvement of
moisture proof reliability. Examples of this (D) inorganic filler include molten silica, crystalline silica,
silicon easbide; silicam pitdde; boran nitdde ;calcium garhpnate Jnagresiuracarbonate; barum sulfate,
calcium sulfate, mica, talc, clay, alumina, magnesium oxide, zirconium oxide, aluminum hydroxide,
magnesiumehydrexide staleium silicatesaldminymsiligate; Jithiget aluminumrsilieate, izircpnim silicate,
barium titanate, glass fiber, carbon fiber, molybdenum bisulfide, asbestos and the like, preferably
molten silice; icrystalline Sitien, dikiconwiitrides botonaditrilegcaldiuny garbohate; basuimsdlfate,-calcium
sulfate, mica, talc, clay, alumina, aluminum hydroxide, calcium silicate and aluminum silicate, and
further preferaBiytsien Siitarayd@lling siltd, arRfviradfalce ThesBdnorganic fillers may be used

in a mixture of two or . o , i
(meth)acryloyl group i1s not limited, and is sultably selected

from the viewpoint of process suitability and liquid crystal
contamination.

The content of the component {A) in the total amount of
the liquid crystal sealant is preferably 40% to 90% by mass,
and further preferably 50% to 85% by mass.

The ligquid crystal sealant of the present invention

contains the component (B} heat-curing agent. The heat-curing



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 havingle?narrow gap, and thus the average particle diameter
is appropriately 3 pm or less, and preferably 2 pm or less. The 19 particle diameter can be measured
by a lasgg diffractipniseatiesing type particle size-distribution measyramentappasatus (dry type)
(manufactured by SEISHIN ENTERPRISE Co., Ltd.; LMS-30). The content of the inorganic filler
(D) in thenliquidierystal wealant:which-may be diseH jia the:liguiderystal seatantof dae present
invention, is typically 3% to 60% by mass, preferably 5% to 50% by mass with respect to 100% by
mass of-thiertotah dnmount bhithelliguid ceystalisealant of thel present imvéentiom Ui theleontent of the
inorganic filler is too small, adhesive strength to a glass substrate decreases, and moisture proof
reliability ¥§ &8 5o r CaAW (S decreaseofadHesivelstretjytt afteF ioistafeahsstption may
increase. On the other hand, if the content of the inorganic filler is too great, it is hard to perform

crushing BRd 1HE gapBidtre fiqlid Cridtaresl citfrlot Be foRFsENad He Rgdid crystal sealant of the

present inyention, the component (E) thermal radical pplymerization ipitiator, be used, whereby to
prove TG AT A TOF T Tt A TR Atan USEF Rt icafly rmited 25

long as iLip g compaund thal aneraas, 1adials by heab.and: iniiates. 8 ehain.polymerization reacion,

and examples thereof include r%anlc peroxide; an azo compound, a benzoin compound, a benzoin

ether campeund, a1 agetophenone compound,, benzopinagol andithe like.;apd suitably benzopinacol.
For example, as the organic peroxide, commercial products are available such as Kayamek A,

Kayamek Mo KayamekR <ayamek kar2@icayamek LH.Kayamek SP;300; Radokkusy CH-50L,
Padokkusu BC-FF, Kadokkusu B-40ES, Padokkusu 14, Trigonox 22-70E, Trigonox 23070, Trigonox
121, Trigondax &21-50&, dgigonoxd R 1:r850E T righinox 21+ S50 rkrigaroxc42ckrigonex 42LS,
Kayaester P-70, Kayaester TMPO-70, Kayaester CND-070, Kayaester 0, Kayaester 0-50E, Kayaester
AN, Kayabiity| 8 Padokkudy 461 KayacarboaBIGrzs: KiyacatsoniAIG-754mafufactured by Kayaku
Akzo Corporation), Permek N, Permek H, Permek S, Permek F, Permek D, PermekG, Perhexa H,
Perhexd K Perhéxa THH, IPerhexd C Parhéra Vo Perfedsdd Pérhesa ME YP&reticlAN, Percure
AL, Percure HB, Perbutyl H, Perbutyl C, Perbutyl ND, Perbutyl L, Percumy| H, Percumyl D, Peroyl TB,
Peroyl I?"ﬁ’?%?&&a%,d(n‘?&rﬂifg&ﬁ?édiﬁy NOF CORBORATION) W additioh radfhe a0 compound,

commercial pr %%‘&% are available such as VA-0Q44, Oégda\g?%-ozoll, YSP-1001 and the like
(manufac?ured y ako Pure’Chemical industries; dl./). IR addition, the coymﬁounﬁ(represented by

formula (1), described-belqw, is, fyrthermorg, particliady, suitably, ysed. from; the vigwpaint gf feactivity

and solubility into I|qU|d crystal. Informula (1), Yl and Y2 each independently represent a
iminodiacetic acid dihydrazide, N,W -hexamethylene
bissemicarbazide, citric acid trihydrazide, nitrilcacetic acid
trihydrazide, cyclohexane tricarboxylic aclid trihydrazide;
dihvydrazide compounds having a hyvdantoin skeleton, preferably
a valine hydantoin skeleton (skeleton where a carbon atom of a
hydantoin ring 1s substituted with an isopropyvl group), such
as 1,3-bis{hydrazinocarbonoethyl)~5-iscopropyl hydantoin;
tris{l-hydrazinocarbonylmethyl) isocyanurate, tris{2-
hydrazinocarbonylethyl) isocyanurate, tris(2-
hydrazinocarbonylethyl) isocyanurate, trig(3-
hydrazinocarbonylpropyl) isocyanurate, and bis{Z2-

hydrazinocarbonylethyvl) isccyanurate. The heat-curing agent is



71 independently represent a hydrogen atom or a CI-C4 straight or branched alkyl group, and Xl to X4
each independently represent a hydrogen atom, a methyl group, an ethyl group, a methoxy group, an
ethoxy group, a phenoxy group, or a halogen atorh/ However, Rl to R3 or H4 to R6 that are bonded
respectively to Yl or Y2 are not present when Yl or Y2 is a hydrogen atom. In formula (1), YI and
Y2 eachindepengently:represent ashydregen atom.a Rhery graup.Lria siicon;atom, and preferably
at least one of them is a silicon atom. In formula (1) of the present invention, examples of the CI-04
straight ot bratchetlalkyl growp (hereinafter Fsimply-alse yeferred to-as the Cl-04 alkyl group) in Rl to
R6 may include methyl, ethyl, n-propyl, i-propyl, t-butyl and the like. In addition, examples of the
halogeniindéide Xdomay inclyde atfluptineiatomy archiorire, atom, a(Bromine atom and the like. When
Y1 or Y2 of formula (1) is not a hydrogen atom, R R2R3Y1- or R4R5R6Y2- is preferably a phenyl
group, apREM YrEUT Shlsstititeblyith ohé ¢ e G164 alikd glcups, a di(C1-C4 alkyl)silyi group, or
at (C1-04 alkyl)silyl group, and more preferably a di(C1-C4 alk)c/l)s,ilyl group or a tri(C1- C4 alkyl)sily1
group, ahtFéven-more preteraliy & ¥ri(C 182 Aiqmeiyi-Growp: “L¥Fé two or three 01-04 alkyl groups
in the di- or, tri(01-04 strai%ht qé)branckiid glkg@si%yl group in RIR2R3Y1- or R4R5R6Y2- of formula (1)
may be e sarme’ ot different Exampies of tie it gréup inchfdfe dioT-taaikyisily1 groups, such as
dimethylsjl lethylsil methylethylsilyl: and .22 tri(C1-C4 alkyl)silyl groups such as

trimeth El%l%%iat%%élly , g%gle%ylaeﬁ%%gié}gxg%%ﬁy |méerth)ﬁ§ify$. IZyr%ong them, the silyl group is most

preferably ati(G1:C4.aky)silyd aroup, and more preferably, adrmethylsilyl groyp. ; , , X.to X4 of

formula (1) each independently represent a hydrogen atom, a methyl group, an ethyl group, a methoxy

group, an-ethexy raum: @ phenexy-greupera palegen atom; and preferablyrallef Xjto X4-are a
hydrogen atom. Examples of the compound represented by formula (1) include, specifically,
benzopinatcold:2=dimethoxy-ij:22- tetraphenytethane, 0L, 2-diethoky- 11k, 2 12:tetraphenylethane,
1,2-diphenoxy-1,1,2,2-tetraphenylethane, 1,2-dimethoxyl,1,2,2-tetra(4-methyl phenyl)ethane,
1,2-diphenoikpar] e fetrafdimetioxyphenyfethane sl 2 bis(trimethyisiloky)-100% by
1,1,2,2-tetraphenylethane, 1,2-bis(triethylsiloxy)-1,1,2,2- tetraphenylethane,

1,2-bis (LBt IdirhetiyfsilbRyRE, 12020 TetrapherfRthari@ 1chydr sRy-2 trifrfethyisifoxyaTid, 2, 2-
tetraphenylethane, 1-hydroxy-2-trlethylsiloxy-1,1,2,2- tetraphenylethane,
1-hydroxy-2-ButidirfethyiSioxy 1, F?-Lfé’t?éjpﬁéhyf‘etﬁ‘é%&%iﬁﬁ the like, preferably 1-hydroxy-2-

trimethylsiloxy-1,1,2,2-tetraphenylethane q[ydrox -2- triethylsiloxy-1,1,2, 2-tetraphenylethane,
ydrony 2 b R L L DD AR ettt anr . Biatimet e LLon:

AR He et L S TR o

represent@tBY;ement of adhesive strength and improvement of moisture
proof reliability. Examples of the silane coupling agent
include 3-glycidoxypropyl trimethoxysilane, 3~glycidoxypropyl
methyldimethoxysilane, 3-glycidoxypropyl methyldimethoxysilane,
2-{3,4-epoxycyclohexyl)ethyl trimethoxysilane, N-phenyl-y-
aminopropyl trimethoxysilane, N-{(2-aminoethyl)-3-aminopropyl
methyldimethoxysilane, N-(2-aminoethyl)-3-aminopropylmethyl
trimethoxysilane, 3-aminopropyl triethoxysilane, 3~
mercaptopropyl trimethoxysilane, vinyltrimethoxysilane, N-{(2-
(vinylbenzylamino)ethyl)-3-aminopropyl trimethoxysilane
hydrochloride, 3-methacryloxypropyl trimethoxysilane, 3-

chloropropyl methyldimethoxysilane, 3-chloropropyl



23 formula (1) is not limited to these compounds as long as the compound has the structure of formula
(2). In addition, two or more kinds may be used in combination. Among the thermal radical
polymerization initiators, benzopinacol is marketetffrom Tokyo Chemical Industry Co., Ltd., Nako Pure
Chemical Industries, Ltd. and the like. A compound obtained by silyl etherification of the hydroxy group
of benzepinacalitanhe synthesized bya method of-heating, aLofresponging henzopinacol and various
silylating agents under a basic catalyst, such as pyridine. Examples of the silylating agent include
generallydmowmtsimetbylsilylating,agents. suck:as trimethykehlerosilape {TMCS): hexamethyl
disilazane (FINDS) and N,0- bis(trimethylsilyl)trifluoroacetoamide (BSTFA), triethylsilylating agents,
such asttriethyl tiorosilane {TECS) stbutyldimethy/silylating agents; such asct butyémethyt silane
(TBMS). These reagents are easily available from the market, such as makers of silicon derivatives.
The reagfiorr Afmobit B thecs iidting agentds praférabiye 1101eB:04oldmsle’swith respect to | mole of
the hydroxy group of the subject compound. The reaction amount is even more preferably 1.5 to
3.0-fold moles ‘i the“rEaaE~ amotint is- [K&E4Rart 1.0 fotd Fol&réakfor éfficierity i8 Boor, and the
reactior&time becomes Iorig, and thus heat decomposition is pbromot,ed. If the reaction amount is

5.0-fold M&188 “is6iatioh becofiesWorsd in tHE récoveny: ant puitication becsies difficult. 24

Examples of the basic catalyst.include pyridine, triethyl amine and the like. The basic catalyst has
effects oﬁ ré)gé}pvler?g ﬁygrogg%nac% cé)arlS(;{Sf é%er%é:rg?egog atl:h thgl%i?nel of %%vreerg%ﬁgn,oaflr?dnﬁééspﬁﬁé the reaction

system basic-and the, gffeqts f ptﬁ'ifggng%*yd&eg%ﬁrgm@hvgwgﬁme, and pramoting the

reaction further. The content of the basic catalyst may be 0.5-fold moles or more with respect to a

hydroxy:greup©f the sulject andthe basigcatalystmay beiused as a sohentz 1 Assthe solvent, a
non-polar organic solvent such as hexane, ether or toluene is excellent since it does not participate in
the reactiohi troadditiom, ithe solventis alsopreferably a-polar selventsuch aspyriding, dimethyl
formaldehyde (DMF), dimethyl sulfoxide (DMSO), tetrahydrofuran (THE) or acetonitrile. The content of
the solveatizsgreferablysuchansambeahethat thecrass conderiteationiofahe solute is5%/t0 40% by
mass. The content of the solvent is further preferably 10% to 30% by mass. If the content of the
solvent sHe8s fian 5% A ferktion 1§ 8low: deeombdsition iEhedtis prombtdavaric thidyield
decreases. If the content of the solvent is over 40%, byproducts increase, and the yield decreases.

The coBGRERt (B tHEfaP fadiGal polyrhenZationtinfifatsis preterdbiff thosehaking the particle

diamete{ ﬁgei %pﬂd a%?ﬁ]iunn&ergljyldlisC% _r_sed.zlg %hce average Qictgzgetgian})eéer. ig H'Eoot great, it becomes
a defectTActor ih sGCh That & gap canniof be formed well heh the Upper AAd THe lower Giass”
substrates are laminated at e fime of manyfactyre,ot the 29 é'Sﬁé'n?i%%?taéQli?Q'saé’o%e'gh%’ Ing a
narrow gap, and thus is preferably 5 pm or less and more preferably 3 pm or less. In addition, the
average:particiediametermay e finewithoutdimit, but ordinarily the lower;limitis about 0.1 pm. The
silicon nitride, horon nitride, calcium carbonate, barium
sulfate, calcium sulfate, mica, talc, clay, alumina, aluminum
hyvdroxide, caicium 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
beccomes & defect factor such that a gap cannot be formed well
when the upper and the lower glagss substrates are laminated at
the time of manufacture of a liguid crystal display cell

having a narrow gap, and thus the average particle diameter is

appropriately 3 um or less, and preferably 2 um or less. The



particle diameter can be measured by a laser diffraction and scattering type particle size distribution
measurement apparatus (dry type) (manufactured by SEISHIN ENTERPRISE Co., Ltd.; LMS-30).

The content of the thermal radical polymerizationliﬁitiator is preferably 0.0001% to 10% by mass, more
preferably 0.0005% to 7% by mass, and particularly preferably 0.001% to 3% by mass with respect to
100% by smass-afthe tetat amount of the liquid crystalsealant o the present invention. The liquid
crystal sealant of the present invention may contain the component (F) photo-radical polymerization
initiator dh ordles da tenderdhe tiguitrerystabsealant to-he adigbt-heatscambination curing type liquid
crystal sealant. The photopolymerization initiator is not particularly limited as long as it is a compound
that genetatesradicals byiveadidtion dfciWV orxisible light, endanitiates & chamgoelymerization
reaction, and examples thereof may include benzyldimethyl ketal, 1-hydroxycyclohexylphenyiketone,
diethylthidxantRBRe FoérizopheReng, 248thyt Ahthraquinone, 2- hydroxy-2-methyl propiophenone,
2-methyl-[ 4- (methylthio)phenyl11-2-morpholino-I-propane, 2,4,6-trimethyl benzoyldiphenyl phosphine
oxide and the IKeE 17 8B 4TE0H, thbsé HavingPa ?ﬁﬁéﬂﬁa&&ﬂﬁﬁro@ in‘the MiSletdfdHré 26 preferably
used, and for example, a reaction product of 2- methacryloyloxyethyl isocyanate and 1-1 4-(2-hydroxy
ethoxy) PRERTLL 2 Ry ro 2t -Bropanci-ons o Sultabiyusetritom the viigoint of the
contamiogln of the-liquid cpystal. bis Gampaund, may.be.ohtainer, by the manyfactyrg according to
the method described in WO 2006/027982. The content of the component (F) photopolymerization
initiator Mh@‘?,”%% erystal sealant,;whichsmay, be used.in the liquid crystal sealant of the present
invention, is ordinarily 0.5% to 20% by mass, and preferably 1% to 15% by mass with respect to 100%
by massekthedotal iamawt Of thenliauid crystabhsealanfiofdhe present invention: o dAndhe liquid
crystal sealant of the present invention, a monomer or an oligomer of (meth)acrylic acid ester may be
also used-as aetessargnExamplesidf such monomer or Dligbmet include:d ceddtioheprodlact of
dipentaerythritol and (meth)acrylic acid, a reaction product of dipentaerythritol caprolactone and
(meth)atRfic Htid-dnd 96 fikel bait arepbEparticalatlydindited aslongasthednonemes orF oligomer has
little contamination with respect to the liquid crystal. The liquid crystal sealant of the present
inventioftay' BeHisE Blended withd tafng Attelefatdr, Euch%& an 8ffanic'&&id3and an imidazole, an
organic filler, and an additjye, such as a pigment, a leveling agent, an antifoam agent and a solvent as
necessalfC =K ethod & AEdcHbed BeIow b Gr SXaMpler ot et for obtaintisthe liuid
crystal %ergéant of the present J2(7) %%veelntigg. %irsti yﬁetgther curabrl1 reos%nscgree mixed in the component

rease, n & Conte i 111 aNnic
(a) as necessary o preparée the component (A), and, furthermore, the componen? is heat-dissolved

as necessan. Iheq, thesolylionis copled,to,foom temperakenand an cambinedyih the
component (B), and also combined with the component (C), the component (D), the component (E),
and an grganic:filterean agtifoam-agent; a leveling-agen-a selvept-aad the like as necessary,
uniformly mixed with a known mixingapparatus, for example, a three-roller milling machine, a sand
mill, a ball mill onthenkikel and fitered,with 1a metalsmesh; ivhereby te: manufacturenthediguid crystal
sealant of the present invention. The liquid crystal display cell of the present invention is obtained
by dispddirg onampairsafsubstratescontwhichepreseribed électrodes: afeoforaredtin dpposition to the
substrate at a prescribed interval, sealing the circumference with the liquid crystal sealant of the
presentiiverition; ané ehelosingla ligidcrystahintd-rersppacer The kind 6f'the 8helosed liquid crystal
is not particularly limited. Herein, the substrates are formed of a combination of substrates such as
glass, qEQﬁf%isﬁé%ﬂagﬂiéb?% HWhickeat 188st'She-ofthe subStrafes iE ight-tranémistive. As the
manufaityriggg err&ethod lthereof, the liquid crystal sealagtégr the present invention cf? combistged with a

spacer such'as’d g?ésss fiber (gﬁacletc&rﬁroal rﬁgfgﬁgﬁ?an fen t%%qfaﬁ% fe:rsysfaaf Seafnt | é.]pplied onto

one of the pair of subsifates using a dispenser, of &85eeN PI0kARRATRIUS o the like, and then
examples thereof include corganic peroxide, an azo compound, a
benzeoin compound, a benzoin ether compound, an aceLophenone
compound, benzopinaccl and the like, and suitebly benzopinacol.
For example, as the organic peroxide, commercial products are

availlable such as Kavamek A, Kavamek M, Kayamek R, Ravamsk L,



28 temporary curing is performed at 80 to 120C as necessary. Then, liquid crystal is dropped into the
inside of the weir of the liquid crystal sealant, and the other glass substrate is superposed in a vacuum
to perform gap formation. After the gap formation,z‘%uring is performed at 90 to 130C for 1 to 2 hours to
obtain the liquid crystal display cell of the present invention. In addition, when a light-heat combination
type is ysegh the: porionofithediquidrcrystal sealantismadiatedswith ultraviolet light:using-an
ultraviolet light irradiation machine to perform the photocuring. The irradiation amount of ultraviolet
light is prefesally 5003te46000, mdom land:mote preferably 00Q to 4600 Ml gmzoXhen-as
necessary, curing is performed at 90 to 130C for 1 to 2 hours to obtain the liquid crystal display cell of
the present inventionThe liguid crystabdisplay-cetitfitis obtained:oftheddreséntlinvention does not
have display defects due to contamination of the liquid crystal, and is excellent in the adhesiveness
and the éistte prodfrefiabifity. Exantplesiof'the spatePireiudesdlass fibere siliea bdads, polymer
beads and the like. The diameter thereof varies depending on the purpose, but typically 2 to 8 pm, and
preferabi§ #4657 Rin. THE arbunt GS6ER 1pically 05108 1o 484 BY Aiass, Preferabiy 5% to 296 by
mass, %gfgvgn ore greferabl%o.9{;@1 g{oa%@f/o Pyénas;% g/itg]igespec{ %o 100% b\é rrll%ass of the liquid

crystal sealant’of the %résg’eenlf invention: e liquid crys sealant of the E?é:sern invention has good

reaciivity, and s promptly Gross! nked batween the 29 molecyles by light orby, heat, and thus elution

of the constituting components into the liquid crystal is extremely low; and display defects of the liquid

crystal display-cell canibe reduced. In adglition. thediquid crystal sealant pf-thepresentinyeniion is also
excellent in terms of the storage stability, and thus is suitable for manufacture of the liquid crystal

display geln=uthermese ha edred, produetthereot is alserexcellenttin vaseus eurer product properties
such as adhesive strength, heat resistance and humidity resistance, and thus by using the liquid
crystal Seatantof thie pPesent avehtion Fit isypossiblé to preparea Bguid Beystaldisplay cell having
excellent reliability. In addition, a liquid crystal display cell prepared using the liquid crystal sealant of
the pres&it inventioR halssar highwoltage tolding Yates and9ewidry density, Bdthius médets the
properties necessary for a liquid crystal display cell. EXAMPLES Hereinafter, the present invention is
further SpecHitatly describedwith ‘Synthdsis Examples ARd Examplds, bt #7 bred®Rt invention is not

limited to the Egﬁzcrgjles. Meanwhile, "part" and "%" in the text are on a mass basis unless otherwise

stated. SYRMBSEEXHTpIE™Y: SYnthésis bf Féaction 'orodltt 6Fglydid§imethachyiste™sii acrylic acid
(compound o, 140 Table 1) 298-2 9.9 glycidyl methacrylate (product name: Brenmar 39

070, VPE-02Z201, V3P-1001 and the like (manufactured by Wako

Pure Chemical Industries, Ltd.). In addition, the compound

represented by formula (1) described below is, furthermors,

particularly suitably used from the viewpcint of reactivity

and solubility into liguid crystal.

?2 E?S
R1_\;1_R3 R4'\l{2'R8

><1/:Q_((g g—@){4 M
!

& l —
o /%
xZ = \x3

In formula (1), Y  and ¥Y° each independently represent a

hydrogen atom, a phenyl group, or a silicon atom, R' to R® each



GE, manufactured by NOF CORPORATION) and 0.9 g of dibutyl hydroxytoluene as a polymerization
inhibitor were dissolved in 450 g of toluene, and the reaction liquid was heated to 60C. Then, 151.2 g
of acrylic acid as 100% equivalent to the epoxy g?dup were added, and the reaction liquid was heated
further to 80C, and combined with 0.85 g of trimethyl ammonium chloride as a reaction catalyst, and
stirred at,986-for abaut 30 hoyrs-to-ebtain theseaetion liquid. Thisfeactiaryliquid waswashed with
water, and the toluene was distilled off, whereby to obtain 438 g of the intended reaction product of
glycidylimethanrytate Badlacrylic:acid aSynthesissExample 2: Synthesisefireastiareptoshuet of the
reaction product of glycidyl methacrylate and acrylic acid with isocyanate compound (mixture of
compoundiVos.@rand 9tiniTable B} ti1y 200 grofitheaeactionyproguctiof, glycidyitmethacrylate and
acrylic acid obtained in Synthesis Example 1 and 0.13 g of dibutyl hydroxytoluene as a polymerization
inhibitordkete& eombined ahtlmikee Thef, 648 sl tolyiene diisotyani e @icduct aine: CORONATE
T-100, manufactured.by NIPPON PQLYURETHANE INDUSTRIES CO., LTD.) were slowly added with
attentiof t8' §&Rération dfheat, ahdthe Mixture Was stifred it 88etor 7ot to7 Sﬁﬁéiﬁfhg' reaction
liquid. TQ}S g?ﬁction qung was washed with é}/@ter to obtain 186 g of the intended reaction product of a

reaction product of glycidy? Fn%?ﬁﬁci}y%?eegn ac?yﬁicyacfbsar?df i56&ydhate G0mpound. 31

Reference Synifiesis Example 1; Sypihesisolepaxy.acnlaje of pisafieng! A dyne gpaxy resin

282.5 g of a bisphenol A type epoxy resin (product name: YD-8125, marufactured by NIPPON STEEL
& SUMIKIN CHEMIGAL,CO,, LTD.) were.dissglved in 266.8 g of tolueng, and,0.8 g of dibuty!
hydroxytoluene as a polymerization inhibitor were added thereto, and the reaction liquid was heated to
60C. Thene 14759 of aerylieacid as300% equivalent to the epoxy greupwere-adeeerand the
reaction liquid was heated further to 80C, combined with 0.6 g of trimethyl ammonium chloride as a
reaction{datalyst, and stirretkat:08C farrabout 30droung i@ ebtain thesreaction liquida Thistreaction liquid
was washed with water, and toluene was distilled off, whereby to obtain 395 g of the intended
bisphenor Aype eposy aéiiate(KAYARABRT M RIG3100)s Referened SynthesisrErample 2:
Synthesis of epoxy methacrylate of bisphenol A type epoxy resin 282.5 g of a bisphenol A type
epoxy résin {pfoduct rdmal Yble 255 Whdnufictired by NIPEPONISTEELR SOMIKIN CHEMICAL CO.,
LTD.) were dissolved in 266.8 g of toluene, 0.8 g of dibutyl hydroxytoluene as a polymerization
inhibitor Were-xdded there(d? dnd (e FaAckbn Ttic Was heated to BOE-Ther140.4 g of methacrylic
acid as 100% equivalent to th oxy group were added, and the reaction liguid was heated further to
B30, cOmEINa Whe 5 of Lo it el csb. 354 Cctin SN A ShHéd at 08¢
for about 30,hours ta obtaip the reaction liguid. This reactign liguid.was washed with water, and

toluene was distilled off, whereby to obtain 395 g of the intended bisphenol A type epoxy acrylate
(KAYARADRTaLRM-93140). :Reference-gyunthesis) Example3:Synfhesis of 1hyeroxy-2-
trimethylsiloxy-1,1,2,2-tetraphenylethane 100 Parts (0.28 mol) of marketed benzopinacol
(manufactereddy Tokye Bhisfmital ndustry Goralktih) wershdissalved 1:350 parisof dimethyl
formaldehyde. 32 Parts (0.4 mol) of pyridine as a basic catalyst, and 150 parts (0.58 mol) of BSTFA
(manufactared uShiniEtsusChenical Cog Litd.) blseesilyidtirgtagent wereadded,thereto, and the
reaction liquid was heated to 70C, and stirred for 2 hours. The obtained reaction liquid was cooled,
and corfiflined with 200<parts of Watsrighile beitig Btired | and e proautt whs precipitsted and the
unreacted silylating agent was deactivated. The precipitate(cj],lfcroduct was filtered and isolated, and

then s_uﬁi%i%_n‘ﬁ? Trashed Wit ihter® THert, the Obtdinéd préduct wakdissolvéd #n acetbné; and
Cmﬂbm%%mg9g¥¥?ggggl group, and even more preferably a tri(Cl-C4

alkyl)silyl group.

The two or three Cl1-C4 alkyl groups in the di- or tri-
(C1-C4 straight or branched alkyl)silyl group in R'R*RY'- or
RI'R°REY? - of formula (1) may be the same or different. Examples
0f the silyl group include di{CLl-C4 alkyl)silyl groups, such

as dimethylsilyl, diethylsilyl and methylethylsilyl; and



recrystallized, and purified. 105.6 Parts (yield 88.3%) of the intended
1-hydroxy-2-trimethylsiloxy-1,1,2,2-tetraphenylethane were obtained. The purity analyzed with HPLC
(high performance liquid chromatography) was 9%:0% (area percentage). 33 crystal one-drop fill
process) Examples 1-3 and Comparative Examples 1-3 Each of the curable resin components (the
component (@andstherother curable resing) was mixegsinihe ratio,shown in Table 4 described below
and stirred, and then heated to 90C. Then, the photo-radical polymerization initiator (component (F))
was heatxdissolyed; andithen the solutiontwdsscdaléd 4o foamtempedattiee; cpmbined. with the silane
coupling agent (component (C)), the inorganic filler (component (D)), the heat-curing agent
(compohent(B))-ard thermal #adigal polymerizationcinitiators(€ompongnt(B)), iaridlstirfed, and then
dispersed with a three-roller milling machine, and filtered with a metal mesh (635 mesh), to prepare
the liquit’drystaFsdalantg ek the Iigiid Bf/staloheidropTilprocéss srexamplesto3. dhraddition, the
liquid crystal sealants for use in the liquid crystal one-drop fill process of Comparative Examples 1 to 3
were preparedikewisé in the fatid SHdivn' #T?ﬁ"l&}ﬁ A BRI Y (TeSPIo $t8rage stability)

The vis&osétg change of the obtair;C d I'@uid coré‘/stal g;alg%a

en>atom, 3z me in - L]LZSC \évl?'g m%asryr?"gio-rhe Vi%%%Sity
measurément Was perf%f‘rhea after the ok(ﬂame%’liqwd cryslsé sealant was ke"ﬁt”’uncf(e\{ tie ¢onditions of

25C and §O§Iﬂ%g<t)9r &gg&;:p’ur%, a:ﬁgegp_gx ' %Of&t%ﬂ 'ncrggsgi rai}gl(fg@e%t@t&e&ggcgg?dthe initial viscosity

was calculated. The results are shown in Table 4. The viscosity was measured using E type

viscom%;% B4 (manyfactured-by TQKI SANGXO-CO.,dyH3) {Preparation of liquid crystal cell for
evaluation) An alignment film liquid (PIA-5540-05A; manufactured by CHISSO CORPORATION)

was applied orte artransparent:substrate-haviag elecirodes-and byurneshand:subjected to rubbing
treatment. The liquid crystal sealant was dispensed onto this substrate such that the line width after
the bonding'was1 nsmawnhereby 10 performana rseacig ahd Hudimy seaking; -and, theh;-microdroplets
of the liquid crystal (JC-5015LA; manufactured by CHISSO CORPORATION) were dropped in a frame
of the sé&lpattere Furtieriitte, dnto aldgistaty already finished withthe yrubbgtfeatment for one
piece, in-plane spacers (Natoco spacer KSEB-5255; manufactured by Natoco Co., Ltd.; 5 pm gap
width aftertfé 1amfafidn) wele $prayed -hé&tided! ahaIafmated foitHe Ul ate previously finished

with the_liquid. crystal dropping using_a lamination apparatus in_vacuo. The atmosphere was opened
and a gap Was’ r_rﬁg&rziln@ ﬁgé%t[&ﬁglsﬁ)%ﬁ%%%\)v% ?}?&ﬁate]d’\%i—tﬁﬁﬁaﬁ ?ﬁﬁé’rﬁ%’tﬁﬂg\?i%@t light with a
UV irradiation machine while only the inside of t al pattern frame was masked, and then placed
into an d(%\?cetnrgrrpf hgg&lﬁr%%pa%el%t@%%ﬁaﬁoedr,hv%hsggibgstg%pﬁjégg%%\%ﬁibg]locf{ gr@stal test cell for

evaluation; » Tbeplugdin,esistanee gtthe;seal and fhe turpylence 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: micreseepe, and-the plug-inkesistangg@ald dinethylsiloxy) -1, 1,2, 2-
tetraphenylethane, l-hydroxy-Z-trimethylsiloxy-1,1,2,2-
tetraphenylethane, l-hydroxy-Z-triethylsiloxy-1,1,2,2-
tetraphenylethane, l-hydroxy-Z-t-butyldimethylsiloxy-1,1,2,2-
tetraphenylethane and the like, preferably l-hydroxy-2-
trimethyisileoxy~-1,1,2,2~-tetraphenylethane, l-hydroxy-2-
triethylsiloxy-1,1,2,2-tetraphenylethane, l-hydroxy-2-t-
butyldimethylsiloxy-1,1,2,2-tetraphenyiethane and 1,2~
bis (trimethyvlsiloxy)-1,1,2,2~-tetraphenylethane, and, even more
preferably l-hydroxy-Z-trimethylsileoxy-1,1,2,2-
tetraphenylethane and 1,2-bis(trimethvlisiloxvy)-1,1,2,2~

tetraphenylethane. However, the compound represented by



35 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 4. (Evaluation for liquid crystal alignment in the
vicinity of the seal) S: The turbulence of the quuidzérystal alignment from the seal is less than 0.2 mm.
A: The turbulence of the liquid crystal alignment from the seal is 0.2 mm or more and less than 0.4

mm. B:rthedturbulenge ofthe-liquid erysial alignment Fogpihe-seal s 04 mpnar more gad less than
0.6 mm. C: The turbulence of the liquid crystal alignment from the seal is 0.6 mm or more and less
than 1.Ccomp.ckinkheénseal is eollapsed; and the célb cannat belformeith (Zestifor curjing speed) With
respect to the obtained liquid crystal sealant, complex viscosity was measured with an apparatus for
measuritigithe ‘dyndmicwiscbelasteity (RheosohG50000manufactured by UBM). The settings of the
apparatus for measuring the dynamic viscoelasticity are as described below. Cone: parallel cone
having 20 mm dihéter, fedueheyad HA deforindtiondiflé: 3:8e§0 tHe ieadtifehfent temperature
was elevated at a speed of 18C/minute fraom 30C, to 120C, and then maintained at 120C. The time to

10000 PAESFIREVASEDSity Ts SHOWH it Fable 4™ 36 r&stfor Adiésive S8RgthY “°To 1 g of the

obtained liguid crystal sealant,.0.01 5_pim glass fiber as a spacer was added and the mixture was
mixed aﬁjfl{dgsti?reé%(t%?ﬁis%]}ﬁ%?d t%py%iﬂa %%Ialr%%a%s%éﬁpﬁised tﬁs%l 0 ﬁwnn% X r?lf‘rjﬁ %?a‘ss %\ubstrate, and 1.5

mm X 1@0’@5{}3&?&5 dragments were laminated gato;the liquid crystal sealant, an Qcfed by 3000

mJ/cm2 U adiation, and then placed in a 120C oven for 1 hour and heat-cured further. The shear
adhesivesstrength of the-glass fragment wasineasurgdwising abenddester (3330WDzmanufactured

by SEISHIN TRADING CO., LTD). The results are shown in Table 4.
corresponding benzopinacol and various silylating agents under
a basic catalyst, such as pyridine.

Examples of the silylating agent include generally known
trimethylsilylating agents, such as trimethyl chlorosilane
(TMCS) , hexamethyl disilazane (HMDS) and N,0-
bis{trimethylsilyl)trifluoroacetoamide (BSTIA),
triethylsilylating agents, such as triethyl chlorosilane
{TECS), t-butyldimethylsilylating agents, such as t-
putylmethyl silane (TBMS). These reagents are easily available
from the market, such as makers of silicon derivatives. The
reaction amount of the silylating agent is preferably 1.0 to
5.0-fcld moles with respect to 1 mole of the hydroxy group of
the subject compound. The reaction amount is even more
preferably 1.5 to 3.0-fold moles. If the reaction amount is
less than 1.0-fold mole, reaction efficiency is poor, and the
reaction time becomes long, and thus heat decomposition is
cremoted. If tThe reaction amount is 5.0-fold moles, iscolation

becomas worse in the recovery, and purification becomes

difficult.



[Table 41 37 ample 1 Example 2 Example 3 Component (A) Component (a)
24

Fxamples of the basic catalvst include pyridine, triethyl
amine and the like. The basic catalvst has effects of frapping
hydrogen chloride generated at the time of the reaction, and
keeping the reaction system basic, and the effects of pulling
cut hydrogen from a hydroxy greoup, and promoting the reactiocn
further. The content ¢f the basic catalyst may be 0.5-fcld
moies or more with respect to a hydroxy group of the subject,
and the basic catalyst may be used as a solvent.

£As the solvent, a non-polar organic solvent such as
hexane, ether or toluene is excellent since it does not
participate in the reacition. In addition, the solvent is also
preferably a pelar solvent such as pyridine, dimethyl
formaldehyde (DMF), dimethyl sulfoxide (DMS0), tetrahydrofuran
{(THF) or acetonitrile. The content of the solvent is
preferably such an amount that the mass concentration ¢f the
sclute is 5% to 40% by mass. The content of the solvent is
further preferably 10% to 30% by mass. IL the content of the
solvent is less than 5%, the reaction is slow, decomposition
by heat i1s promoted and the yield decreases. If the content of
the sclvent is over 40%, byproducts increase, and the yield
decreases.

The component (E) thermal radical polymerization
initiator is preferably those making the particle diameter
fine, and being uniformly dispersed. 1f the average particle
diameter is too great, it becomes a defect factor in such that
a gap cannot be formed well when tThe upper and the lower glass

substrates are laminated at the time of manufacture of the



#1 Reaction product of acrylic acid with glycidyl methacrylate 6 parts 5 parts 16 parts 52 Reaction
product of reaction product of glycidyl methacrylate and acrylic acid with isocyanatecompound 10
pacts 8 parts Component 25

ligquid crystal display cell having a narrow gap, and thus is
preferably 5 pm or less and more preferably 3 pum or less. In
addition, the average particle diameter mayv be fine without
limit, but ordinarily the lower limit is about 0.1 pum. The
particle diameter can be measured by a laszer diffraction and
scattering type particle size distribution measurement
apparatus (dry Type) (manufactured by SEISHIN ENTERPRISE Co.,
Ltd.; LMS-30).

The content of the thermal radical polymerization
initiater is preferably 0.0001% to 10% by mass, more
preferably 0.0005% to 7% by mass, and particularly preferably
0.001% to 3% by mass with respect to 100% by mass of the total
amount of the liguid crystal sealant of the present invention.

The liquid crystal sealant of the present invention may
contain the component (F) photo-radical polymerization
initiator in order to render the liguid crystal sealant to be
a light-heat combination curing type liguid crystal sealant.
The photopolymerization initiator is not particularly limited
as long as it is a compound that generates radicals by
irradiation of UV or visible light, and initiates a chain
polymerization reaction, and examples thereof may include
benzyldimethyl ketal, I-hydroxycyclohexylphenylketone,
diethvlthioxanthone, benzophencne, 2-ethyl anthraguincne, 2-
hydroxy—-2-methyl propiophencne, Z2-methyi-~[ 4-
(methylthlio)phenyl] -Z-morphelino-l-propane, 2,4,6-trimethyl
benzoyldiphenyl phosphine oxide and the like. In addition,

those having a {(meth)acryloyvl group in the molecule are



(A) Other curable resins #3EN/ARAD R-93100 3 parts #4KAYARAD 584-93100 1.5 arts _1 0.49 parts

1.5 parts
P 26

preferably used, and for example, a reaction product of 2-
methacryloyloxyethyl isocyanate and 1-[ 4-(2-hydroxy ethoxy) -~
phenyl] -2-hydroxy-Zmethyl-l-propan-l-one is suitably used from
the viewpoint of the contamination of the ligquid crystal. This
compound may be obtained by the manufacture according to the
method described in WO 2006/027982.

The content of the component (F) photopolymerization
initiateor in the liqguid crystal sealant, which may be used in
the ligquid crystal sealant of the present invention, is
ordinarily 0.5% to 20% by mass, and preferably 1% o 15% by
mass with respect to 100% by mass of the total amount of the
liquid crystal sealant of the present invention.

In the liguid crystal sealant of the present invention, a
monomer or an oligomer cof (meth)acrylic acid ester may be also
used as necessary. Examples of such monomer or oligomer
include a reaction product of dipentaervythritol and
(meth)acrylic acid, & 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.

The liguid crystal sealant of the present invention may
be also blended with a curing accelerator, such as an organic
acid and an imidazole, an organic filler, and an additive,
such as a plgment, a leveling agent, an antifoam agent and a
solvent as necessary.

A method i1s described below as one example of a method

for obtaining the ligquild crystal sealant of the present



1.5 parts #5Resorcin diglycidyl ether Component (0) Malonic acid dihydrazide 0.490.49 partsparts

Component C
27

invention. First, the other curabkle resins are mixed in the
compoenent (a) as necessary to prepare the component (A), and,
furthermore, the component (F)} i1s heat-dissclved as necessary.
Then, the solution is cooled to room temperature, and then
combined with the component (B), and also combined with the
component (C), the component (D), the component (E), and an
organic filler, an antifcam agent, a leveling agent, a solvent
and the like as necessary, 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 liguid crystal sealant of the
present invention.

The liguid crystal display cell of the present invention
is obtained by disposing one pair of substrates on which
prescribed electrodes are formed in cpposition to the
substrate at a prescribed interval, sealing the circumference
with the liquid crystal sealant of the present invention, and
enclesing a liguid crystal into the space. The kind of the
encleosed liquid crystal is not particularly 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 1s light-transmissive. As the manufacturing
method 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 liguid crystal sealant
is applied onto cone of the pailr of substrates using a

dispenser, or a screen print apparatus or the like, and then



#7 | 3-Glycidoxypropyltrimethoxysilane 0.05 parts 0.05 parts 0.05 pasts Componen (0) #8 Talc 3 parts

t
3 parts -

temperary curing is performed at 80 to 120°C as necessary.
Then, liguid crystal is dropped inte the inside of the weir of
the liquid crystal sealant, and the other glass substrate is
superposed in a vacuum to perform gap formation. After the gap
formation, curing is performed at 90 to 130°C for 1 to 2 hours
to obtain the liquid crystal display cell of the present
invention. In addition, when a light-heat combination type is
used, the porticn of the liquid crystal sealant is irradiated
with ultraviolet light using an ultraviclet light irradiation
machine to perform the photocuring. The irradiation amcunt of
ultraviolet light is preferably 500 te 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 obtain the liguid
crystal display cell of the present invention. The liguid
crystal display cell thus cobtained cof the present invention
does not have display defects due to contamination of fh@
liguid crystal, and is excellent in the adhesiveness and the
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 2 to 8 um, and preferably 4 to 7 pm. The amount used
is typically 0.1% to 4% by mass, preferably 0.5% to 2% by mass,
and even more preferably 0.9% to 1.5% by mass with respect to
100% by mass of the liquid crystal sealant of the present
invention.

The liguid crystal sealant of the present invention has

good reactivity, and is promptly crosslinked between the



3 parts Component (E) 1mHydroxy-2-trimethylsiloxy-1,1,212-tetra iphenylethane 0.01 parts 0.01
parts 0.02 i ipasts Component (E) 410 Reaction pzré)duct of 2-methacryloyloxyethyl

molecules by light or by heat, and thus elution of the
constituting components into the liguid crystal is extremely
low, and display defects of the liquid crystal display cell
can be reduced. In addition, the liguid crystal sealant of the
present invention ig also excellent in terms of the storage
stability, and thus is suitable for manufacture of the liguid
crystal display cell. Furthermore, a 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 liguid crystal sealant of the present
invention, it is possible toe prepare a liguid crystal display
cell having excellent reliability. In addition, & liguid
crystal display cell prepared using the liguid crystal sealant
of the present invention has a high voltage-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 is net limited to the Examples.
Meanwhile, “part” and “%” in the text are on a mass basis

unliess otherwise stated.

Synthesis Example 1: Synthesis of reaction product of glycidyl
methacrylate and acrylic acid (compound No. 1 in Table 1}

298.2 g of glycidyl methacrylate {(product name: Brenmar



iIsocyanateandl1-[4-(2-hydroxy ethoxy)-phenyi)-2-hydroxy-2methyl-I-propa n-lI-one 1 part 380 1 part 360
1 part 80 Initial viscosity at 25C and 5 rpm (Pa—s)gOStorage stability test(%) 10.920.28.5

GH, manufactured by NOF CORPORATICN) and 0.9 g of dibutyl
hydroxyvtoluene as a polymerization inhibitor were dissolved in
450 g of toluene, and the reaction liguid was heated to 60°C.
Then, 151.2 g of acrylic acid as 100% eguivalent to the epoxy
group were added, and the reaction ligquid was heated further
to 80°C, and combined with 0.85 g of trimethyl ammonium
chloride as a reaction catalyst, and stirred at 98°C for about
30 hours to obtain the reaction liguid. This reaction liquid
was washed with water, and the toluene was distilled off,

whereby to obtain 438 g of the intended reaction product of

glycidyl methacrylate and acrylic acid.

Synthesis Example 2: Synthesis of reaction product of the
reaction product of glvcidyl methacrylate and acrylic acid
with isccvanate compound {mixture of compound Nos. 8 and 9 in
Table 3)

200 g of the reaction product of glycidyl methacrylate
and acrylic acid cbtained in Synthesis Example 1 and 0.13 g of
dibutyl hydroxytoluene as a polymerization inhibitor were
compbined and mixed. Then, 64.5 g of tolylene diiscocyanate
(product name: CORONATE T-100, manufactured by NIPPON
POLYURETHANE INDUSTRIES CO., LTD.) were slowly added with
attention to generation of heat, and the mixture was stirred
at 80°C for 7 hours to obtain the reaction liguid. This
reaction liquid was washed with water to obtain 186 g of the
intended reaction product of a reaction product of glycidyl

methacrylate and acrylic acid and the isccyanate compound.



Evaioatioo for liquid crystal alignment invicinity of seal AAA Curing speed(seconds) 201820 Adheslve

strength(mPa) 68 6559 38 Conoara tive 31

Reference Synthesis Example 1: Synthesis of epoxy acrylate of
bisphencl A type epoxy resin

282.5 g of a bisphenol A type epoxy resin (prcduct name:
¥YD-8125, manufactured by NIPPON 3TEEL & SUMIKIN CHEMICAL CO.,
LID.) were dissolved in 266.8 g of toluene, and 0.8 g of
dibutyl hydroxytoluene as a polymerization inhibitor were
added thereto, and the reaction liguid was heated to 60°C.
Then, 117.5 g of acrylic acid as 100% eguivalent tc the epoxy
group were added, and the zreaction liguid wag heated further
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
obtain the reaction liguid. This reaction ligquid was washed
with water, and toluene was distilled off, whereby to obtain
3895 g of the intended bisphencl A type epoxy acrylate

(KAYARADM™ 2-93100).

Reference Synthesis Example 2: Synthesis of epoxy methacrylate
of bisphencl A tType epoxy resin

282.5 g of a bisphenol A type epoxy resin (product name:
YD-8125, manufactured by NIPPON STEEL & SUMIKIN CHEMICAL CO.,
LTD.) were dissolved in 266.8 ¢ of toluene, 0.8 g of dibutyl
hydroxytoluene as a polymerization inhibitor wers added
thereto, and the reaction liquid was heated to 60°C. Then,
140.4 g of methacrylic acid as 100% equivalent to the epoxy
group were added, and the reaction liguid was heated further

to 80°C, combined with 0.6 g of trimethyl ammonium chloride as



Example 1 Compare tive Example 2 Compare tive Example 3 Component (A) Component (a) Reaction
product of acrylic acid with 1

a reaction catalyst, and stirred at 88°C for about 30 hours to
obtain the reaction liquid. This reaction ligquid was washed
with water, and toluene was distilled off, whereby toc obtain
385 g of the intended kisphencl A type epoxy acrylate

(KAYRARADMM RM-03100) .

Reference Synthesis Example 3: Synthesis of l-hydroxy-Z2-
trimethyisiloxy~1,1,2,2~tetraphenyliethane

100 Parts (0.28 mol) of marketed benzopinaccl
{manufactured by Tokyo Chemical Industry Co., Ltd.) were
dissolved in 350 parts of dimethyl formaldehyde. 32 Parts (0.4
mol) of pyridine as a basic catalyst, and 150 parts (0.58 mol)
of BSTFA (manufactured by Shin-Etsu Chemical Co., Ltd.) as a
silviating agent were added thereto, and the reaction liguid
was heated to 70°C, and stirred for 2 hours. The obtained
reaction liguid was cooled, and comnined with 200 parts of
water while being stirred, and the product was precipitated
and the unreacted silylating agent was deactivated. The
precipitated product was filtered and isclated, and then
sufficiently washed with water. Then, the obtained product was
dissolved in acetone, and combilined with water and
recrystallized, and purified. 105.6 Parts {yield 88.3%) of the
intended l-hydroxy-Z=-trimethylsiloxy-1,1,2,2~tetraphenylethans
were obtained. The purity analyzed with HPLC {(high performance

ligquid chromatography) was 92.0% (area percentage).

{Preparation of liguid crystal sealant for use in the ligquid



#1 glycidyl methacrylate 11.1 Reaction product of reaction productof glycidyi methacrylate and
acrylic acid with isocyanatecompound ComponBeBnt

crystal one-drop fill process)
Examples 1-3 and Comparative Examples 1-3

Each of the curable resin compeonents (the component (a)
and the other curable resins) was mixed in the ratic shown in
Table 4 described below and stirred, and then heated to 90°C.
Then, the photo~radical polymerizaticn initiator {(componant
{F)) was heat-digsolved, and then the solution was cooled to
room temperature, combined with the silane coupling agent
{component (C)), the incrganic f£iller ({(component (D)}, the
heat-curing agent (component (B)} and thermal radical
polymerization initiatcr {(component {(E)), and stirred, and
then dispersed with a three-roller milling machine, and
filtered with a metal mesh (635 mesh), to prepare the liguid
cryvstal sealants for the liquid crystal cne~drop f£ill process
of Examples 1 to 3. In addition, the liguid crystal sealants
for use in the liguid crystal one-drop f£ill process of
Comparative Examples 1 to 3 were prepared likewise in the

ratio shown in Table 4 described below.

(Test for storage stability)

The viscesity change of the obtained liguid crystal
sealant at 25°C was measured. The viscosity measurement was
performed after the obtained liguid crystal sealant was kept
under the conditions of 25°C and 50 RH% for 120 hours, and the
viscoslity increase rate (%) with respect to the initial
viscosity was calculated. The results are shown in Tabkle 4.

The viscosity was measured using E type viscometer



(A) Other curable resins fIKAYAPAD R-93100 26 parts 8 parts #4KAYARAD R34-93100 16 parts 8

parts
34

(manufactured by TOKI SANGYO CC., LTD).

{Preparaticn of ligquid crystal cell for evaluation)

An alignment film liguid (PIA-5540-05A; manufactured by
CHISSC CORPCRATICN) was applied onte a transparent substrate
having electrodes, and burned, and subjected to rubbing
treatment. The liquid crystal sealant was dispensed onto this
substrate such that the line width after the bonding was 1 mm
whereby to perform main sealing and dummy sealing, and then,
microdreplets of the liquid crystal (JC-5015LA; manufactured
by CHISS0 CORPORATION) were dropped in a frame of the seal
pattern. Furthermore, contc a substrate already finished with
the rubbing treatment for one pilece, in-plane spacers (Natoco
spacer KSEB-5Z5F; manufactured by Natoco Co., Ltd.; 5 pum gap
width after the lamination) were spraved, heat-fixed, and
laminated to the substrate previously finished with the liguid
crystal dropping using a lamination apparatus in vacuo. The
atmosphere was opened and a gap was formed, and then the
substrate was irradiated with 3000 mJ/cm® ultraviolet light
with a UV irradiation machine while only the inside of the
seal pattern frame was masked, and then placed into an oven
and heat-cured at 120°C for 1 hour, whereby to prepare the
ligquid crystal test cell for evaluation,

The plug-in resistance of the seal and the turbulence in
alignment of the liquid crystal in the vicinity of the seal of
the prepared ligquid crystal cell for evaluation were observed

with a polarizing microscope, and the plug-in resistance and



#5Resoroin diglycidylether 1.5 parts 1.5 parts 1.5 parts Component (S) Malonic acid dihydrazide 0.49

parts
35

the alignment of the liguid crystal in the vicinity of the
seal were evaluated in accordance with the criteria shown

below. The results are shown in Table 4.

(Evaluation for ligquid crystal alignment in the vicinity of
the seal)

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

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

B: The turbulence of the liquid crystal alignment from the
seal 1s 0.4 mm or more and less than 0.6 mm.

C: The turbulence of the liquid crystal alignment from the
seal i1s 0.6 mm or more and less than 1.0 mm,

F: The seal is ccllapsed, and the cell cannot be formed.

{Test for curing spesd)

With respect to the obtained liguid crystal sealant,
complex viscosity was measured with an apparatus for measuring
the dynamic viscoelasticity (Rheosol-G5000, manufactured by
UBM) . The settings of the apparatus for measuring the dynamic
viscoelasticity are as described below. Cone: parallel cone
having 20 mm diameter, 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 4.



0.49 parts 0.49 parts Component (C) 3-Glycidoxyp opyitrimethoxysilane 0.05 parts 0.05 parts 0.05

parts Component
36

(Test for adhesive strength)

To 1 g of the obtained liguid crystal sealant, (0.01 g of
5 um glass fiber as a spacer was added and the mixture was
mixed and stirred. This liguid crystal sealant was applied to
a b0 mm x 50 mm glass substrate, and 1.5 mm x 1.5 mm glass
fragments were laminated onto the liguid c¢rystal sealant, and
photocured by 3000 mJ/cm® UV irradiation, and then placed in a
120°C oven for 1 hour and heat-cured further. The shear
adhesive strength of the glass fragment was measured using a
bond tester (SS~30WD: manufactured by SEISHIN TRADING CO.,
LTD) . The results are sheown in Table 4,

[ Table 4]



(D) Component (E) #8 #9 Talc 3 parts 0.01 parts 3 parts 0.01 parts 3 parts 0.01
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Example Example Example
1 2 3
Reaction product of acrylic acid with
Conmponent #1 6 parts 5 parts 16 parts
glycidyl methacrylate
(A}
Reaction product of reaction product of
Component
#2 giyvoildyl methacrylate and acrylic acid with | 10 parts | 8 parts
{a}
isocyanate compound
Lonponent #3 EAYARAD E-33100 3 parts
(2 #4 KAYARAD FM-93100
Other
1.3 1.5 1.5
curable #5 Regorein diglyeldyl ether
parts parts parts
resins
Component . 0,49 g.49 0.49
#e Malonic acid dihydrazide
{B} parts parts parts
Component 0.05 .05 0.05
#7 3~Glycidoxvpropyl trimethoxysilane
{C}) parts parts parts
Component
#8 Talc 3 parts 3 parts 3 parts
{D}
Component I-Hydroxy-Z-trimethylsiloxy-1,1,2,2~tetra .01 0.0% 0.02
#8
{E} phenylethane parvs paxts paxrts
Reaction product of 2-methacryloyloxvethyl
Component isocyanate and 1-[4-(2-hydroxy
#10 1 part 1 part 1 part
{F) ethoxy) -phenyl]-2-hydroxy-Zmethyl-1l-propa
n-l-one
initial wviscosity at 25°C and & rpm (Pa s) 3890 360 g0
Storage stability test (%) 1i0.9 20.2 8.5
Evaluation for ligquid crystal alignment in wvicinity of seal A B A
Curing speed {(seconds) 20 18 20
Adhesive strength (MPa) 68 &5 59




parts 1-Hydroxy-2-trimethylsiloxy-1,1,2,2-tetra phenylethane
2-methacryloyloxyethyl isocyanate and 1-[4-(2-hydroxy ethoxy)-phenyl1-2-hydroxy-Imethyl-i-propa
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Component (F) Reaction product of

n-l-one
Compara Compara Compara
tive tive tive
Example Exanple Example
1 2 3
Reaction product of zcrylic acid with
Component #1
glycidyl methacrylate
(&)
Reaction product of reaction preduct of
Component
#2 glycidyl methacrylate and acrylic acid with
(a)
isgeyanate compound
Component #3 KAYRRAD R-93100 16 parts 8 parts
(A) #4 EAYBRAD RM-93100 16 parts | 8 warts
Othex
1.3 1.5 1.5
curable #5 Resorein diglycidyl ebher
parts parts pares
resing
Component .49 0,49 U.49
#6 Malonic acid dihydrazide
{B} parts jER o] parts
Cemponent 0.05 0.05 0.05
#7 3-Glycidoxypropyl trimethoxysilane
(C) parts parts rarts
Component
#8 Talc 3 parts 2 parts 3 parts
(D}
Component I-mydroxy-2-trimethylsilozy-1,1,2,2-tetra 0.0% 0.01 .01
#9
(B} phenylethane parts parcs parts
Reaction product of 2-methacrylovioxyethyl
Component isocyanate and 1-[4-{2-hydroxy
#10 1 part 1 part 1 pazrt
IF} ethoxy) ~phenyll~Z2-hydroxy-2methyl-l-prora
n-l-one
Initial viscosity at 25°C and 5 rpm (Pa's) 320 340 330
Storage stability test (%) 32.1 5.3 14.%
Evaluation for liguid crystal alignmment in vicinity of seal A c o
600 ox £Q0 ox
Curing speed (seconds) ]
more nore
Adhesive strength {MPa) 60 58 8
#1 Synthesized from Synthesis Example 1
2 Synthesized from 3Synthesis Example 2
#3 Synthesized from Reference Synthesis Example 1
#4 Synthesized from Reference Synthesis Example 2
#s 1,3-Bis{oxiranylimethoxy)benzene (marketed by Nagase ChemteX Corporation)
#6 MDH {(Manufactured by Otsuka Chemical Co., Ltd.)



1 part 1 part 1 part Initi.al viscosity at 25C and 5 rpm (Pa s) 320 340 330 Storagestability test(1) 32.1
al ll:=
39

#7 : Sila-Ace 5~510 (manufactured by CHISS0 CORPORATION)
#8 : D-600 (Manufactured by Nippen Talc Co., Ltd.)
#9 : Synthesized from Reference Synthesis Example 3

#10 : Synthesized with the method described in WO 2006/0279%982 A

From the results of Table 4, Comparative Example 1
constituted with epoxy acrylate only as the (meth)acrylic
component among the c¢urable resins, showed very poor storage
stability results. In addition, Comparative Example 2
constituted with epoxy methacryvlate only as the (meth)acrylic
compenent among the curable resins has a siow reaction, and
thus the resin is eluted into the liguid crystal, and a defect
of the liguid crystal alignment is caused although Comparative
Example 2 has good storage stability. In addition, Comparative
Example 3 in which epoxy acrylate and epoxy methacrylate are
mixed as the (meth)acrylic component among the curable resins,
has poor results in terms of both steorage stability and the
defects of the liguid crystal alignment due to respective
disadvantages of each component. On the contrary to this, it
is understood that the ligquid crystal sealants of Examples 1
to 3 are ligquid crystal sealants having a balance between
storage stability and low liquid crystal contamination.
Furthermore, the liquid crystal sealants of Examples 1 and 2
are also very excellent in terms of the adhesive strength of
the cured material.

From this, i1t can be sald that the liguid crystal sealant

of the present invention is excellent in terms of workability,



Curing speed(seconds) 9 600 or600 or moremore Adhesive strength) 60 la 58 41 : Synthesized from

Synthesis Example 1
40

and a liquid crystal display cell manufactured using this also

has excellent reliability.

TNDUSTRTAL APPLICABILITY

The liquid crystal sealant of the present invention has
extremely little Iinfluence on the display properties of the
liguid ecrystal, and thus allows increased resolution, fast
response, lower voltage driving and longer service life of
ligquid crystal display elements, and, furthermore, is
excellent in terms of storage stability, and thus contributes
to easy manufacture cf a liguid crystal display cell. 1In
addition, the liguid crystal sealant of the present inventiocn
has excellent cured material properties, such as adhesive
strength, and thus manufacture of liquid crystal display

elements having high reliasbility can be realized.



42 : Synthesized from Synthesis Example 2 43 : Synthesized from Reference Synthesis Example 1 #4
: Synthesized from Reference Synthesis Example 2 #5 : 1,3-Bis(oxiranyimethoxy)benzene (marketed
by Nagase ChemteX Corporation) #6 : MEN (Martfactured by Oteuka Chemical Co., Ltd.) :3 9 #7 :
Sila-Ace S-510 (manufactured by CHISSO CORPORATION) #8 : 0-600 (Manufactured by Nippon Talc
Co., Ltd.) 49 : Synthesized from Reference SyathesissExample 3 410 : synthesized with the method
described in NO 2006/027982 A From the results of Table 4, Comparative Example | constituted
with epoxy acrylate only as the (meth)acrylic component among the curable resins, showed very poor
storage stability results. In addition, Comparative Example 2 constituted with epoxy metnacrylate only
as the (neth)azrylic component asiong=thecutalile resins has aslbworeadtian; andathusribke resin is
eluted into the liquid crystal, and a defect of the liquid crystal alignment is caused although
Compardtive Exaniple 2ohassgeod starages stability.)Inaddition; Gomparative Exartiple 3 in which
epoxy acrylate and epoxy methacrylate are mixed as the (meth)acrylic component among the curable
resins, &S po6ireslifs P fdiins oF1tR Sthrage bty ama the defé@s bRtesligiid cAystal alignment
due to respective disadvantages of each component. On the contrary to this, it is understood that the

liquid crySEAP SHARNIY ST ExamPRs T'td™ hfe fiGUid cRistalseaants Raving'a BRIaAE between storage

stabilityman low liquid Erystal contamination. FL%rthCeJTeor%hthe liguid crystal sealants of Examples 1
a

n
and 2 afe 5 s%cilré}(y excellGnt in te]f%seoaf%ﬁem &sive stren'aﬁ{eg the cured material. From this, it can
be said that the liquid crystal sealant

2. The liguid crystal sealant for use in the liquid crystal
one-drop £fill preocess according to claim 1, wherein the
component {(a) 1s a compound that also has a hydrogen bond

functiocnal group in the molecule.

3. The ligquid crystal sealant for use in the liguid crystal
one-drop £ill process according te c¢laim 2, wherein the
hydrecgen bond functional group is a hydroxy group or an amide

group.

4, The liguid crystal sealant for use in the liguid crystal
cne-drop fill process according to any one of claims 1 to 3,
wherein the component (a} is either one or both of (a-1}) a
reaction product of glycidyl methacrylate and acrylic acid and
(a-2) a reaction product of the (a-1) and an isocyanate

compound.,

5. The liguid crystal sealant for use in the liguid crystal

one-drop fill process according to claim 4, wherein the



40 and a liquid crystal display cell manufactured using this also has excellent reliability. INDUSTRIAL
APPLICABILITY The liquid crystal sealant of the present invention has extremely little influence on
the display properties of the liquid crystal, and thy8allows increased resolution, fast response, lower
voltage driving and longer service life of liquid crystal display elements, and, furthermore, is excellent

in terms; Qf storagestability, and thus contributes to.easy.manufacture of a liquid crystal display cell. In
addition, the liquid crystal sealant of the present invention has excellent cured material properties,
such as adhesive strength, and thus manufacture of liquid crystal display elements having high
reliability can be realized. 41 CLAIMS 1. A liquid crystal sealant for use in a liquid crystal one-drop fill
process; comprisingl(Ayaicurablesesin and (B)ra héatcuring agenthwhetein thie cempoaent (A)
contains (a) a compound having one or more each of an acryloyl group and a methacryloyl group in
each melecutéhergof.l 2. Thediguid erystal seakantfor absedinmthe fiquid crystalonerdropfill process
according to claim 1, wherein the component (a) is a compound that also has a hydrogen bond
functiona® §roli in the PrEIBEWRY 3L T hedliuid Er/sthl searvEfstiise in the liquid crystal one-drop fill
process according to claim 2, wherein the hydrogen bond functional group is a hydroxy group or an
amide group. 4. The liquid crystal sealant for use in the liquid crystal one-drop fill process according to
any one7c_)f clai%s 1 _ILq 3 wgerein tq:e Eorgg(g%ntt(a% is either one QL botilw of a-&) a reggt{_ﬁn product of
a_

glycidyl methacry?ate a%%iacrﬁﬁ:y50|3 and "Areaction Sp?o&dlct ol??he (Laq )lané: an ISOCyanate

compoud STheapic arvstal sealant for isg M e o £1vstg| ong:dtap Bl pipgess according to
claim 4, wherein the 42
component (a) is a mixture of the component (a-1) and the

component (a-2).

8. The liguid crystal sealant for use in the liguid crvstal
one-drop fill process according to any one of claims 1 to 7,
wherein the compcnent (A) contains the component (a) in €60% by

mass or more.

9. The liguid crystal sealant for use in the liguid crystal
one—-drop fill process according to any one of claims 1 to 8,
wherein the content of the compenent (A} in the total mass of

the liguid crystal sealant is 40% tc 90% by masgss.

10. The liquid crystal sealant for use in the liguid crystal
one-drop f£ill process according to any one of claims 1 to 9,

further comprising {(C) a silane coupling agent.

11. The liguid crystal sealant for use in the ligquid crystal

one~drop f£ill process according to any one of claims 1 to 10,



isocyanate compound is a diisocyanate compound. 6. The liquid crystal sealant for use in the liquid
crystal one-drop fill process according to claim 4 or 5, wherein the isocyanate compound is tolylene
diisocyanate. 7. The liquid crystal sealant for usetth the liquid crystal one-drop fill process according to
claim 4, wherein the component (a) is a mixture of the component (a-1) and the component (a-2). 8.
The liquid, crystal sealant fariuse indhe liguid crystal one-grop fill process according to any one of
claims 1 to 7, wherein the component (A) contains the component (a) in 60% by mass or more. 9. The
liquid crystal sealant for use in the liquid crystal one-drop fill process according to any one of claims 1
to 8, wherein the content of the component (A) in the total mass of the liquid crystal sealant is 40% to
90% by Idass. THe: Thetiquid crystalseatard fanusefimthediguidhcrystal bhexdrdp fit psacdss according
to any one of claims 1 to 9, further comprising (C) a silane coupling agent. 11. The liquid crystal
sealant foreus&iprthé lighidcary stas AFfurthed Eomprising (D) @rsinofganic filley. 12t Théliquid crystal
sealant for use in the liquid crystal one-drop fill process according to any one of claims 1 to 11, further
comprising ()55 tHeTHaT Fathcal pofymérizatforiiatiafot 132 T hadiie éryaeal sealant for use in the
liquid crystal one-drop fill process according to any one of claims 1 to 12, further comprising (F) a
photo-radicai“gotymerization initiator. 14. A liquid crystal display cell sealed with a cured product
obtained by curing the liquid crystal sealant for use in the liquid crystal one-drop fill process according
to any one of claims 1 to 13.

13. The liguid crystal sealant for use in the liguid crystal
one-drop fill process according to any cone of claims 1 to 12,
further comprising (F) a photo-radical polymerization

initiator.

14. A liguid crystal display cell sealed with a cured product
obtained by curing the liguid crystal sealant for use in the
ligquid crystal one-drop fill process according to any one of

claims 1 to 13.



