-1- DESCRI PTI ON LI QUI D CRYSTAL SEALI NG AGENT AND LI QUI D CRYSTAL DI SPLAY
CELL USI NG THE SAME Technical Field The present invention relates to a
liquid crystal sealing agent and a liquid crystal display cell using the
sanme. More particularly, the present invention relates to a liquid crystal
seal ing agent suitable for manufacture of 'a liquid crystal display cell by
the liquid crystal dropping process, and a liquid crystal display cel
manuf act ured using the same. Background Art Along with recent upsizing of
liquid crystal display cells, the sDESEIRIBAIONquid crystal dropping
process, which has a higher mass productivity as a manufacturing method of
liquid crystal display cells, is prevalent. In the liquid crystal dropping

process, a Ii%yid crystal is dropped inside a weir of a li%uid crystal
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| am nated thereon, thus manufacturing a liquid crystal display cell in
whi ch theIiQRﬁHL%¥§§¥5Hb#%“§§aled. However, the liquid crystal dropping
process, since an uncured liquid crystal sealing agent and a |iquid

crystal are brought into direct contact, essentially has a problem that

conponent s gﬁ fh h}qgid crystal sealing agent are extracted in the liquid
echnigal Eie . . AR

crystal and contamnate the display region of the liquid crystal,
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cell by the liquid crystal dropping process, and a liquid crystal display cell

manufactured using the same.

Background Art

Along with recent upsizing of liquid crystal display cells, the so-cailed liquid
crystal dropping process, which has a higher mass productivity as a manufacturing
method of liquid crystal display cells, is prevalent. In the liquid crystal dropping
process, a liquid crystal 1s dropped inside a weir of a liquid crystal sealing agent
formed on one substrate, and then the other substrate is laminated thereon, thus
manufacturing a liquid crystal display cell in which the liquid crystal is sealed.
However, the liquid crystal dropping process, since an uncured liquid crystal sealing
agent and a liguid crystal are brought into direct contact, essentially has a problem
that components of the liquid crystal sealing agent are extracted in the liquid crystal
and contaminate the display region of the liquid crystal, therefore, a less
contaminating sealing agent is demanded in view of improving the reliability of
liquid crystal display cells.

In the liquid crystal dropping process, as a curing method of the liquid crystal

sealing agent, three methods of a thermosetting method, a photocuring method and a



met hod has problens that the shape of the seal is hardly held because the
viscosity of the sealing agent becones | ow on heating and that the liquid
crystal is liable to be contam nated because the uncured liquid crystal
sealing agent and the liquid crystal 2% brought into contact while
heating. On the other hand, liquid cryst seal ing agents used in the

phot ocuring nethod include two types of cationic polynerization and

radi cal polynerization depending on types of photopol ynerization
initiators. Thebinedphdocmysthalmeetingmgethahartconodettie €t thomasetting

pol ymeri zation type have a drawback of being inferior in reliability,
since cati onimgthodmpopermenyéniethaskapesd Uphese bis i dig heldrheeanisa dicevisdesity pf qui d
crystal and decrease the specific resistance of the |liquid cr)éstal
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type have a (pypéobl em be| insufficient in adhesive strength, since the
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related to both. ur i s.of the cationic polynerization type
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conbi ned photo- and therm)settl ng"nethod 1Is prevalent as a practical

curing syst eigenttlo€ tleaabibaie hophedratian dpk hatap aeitiaog of BEhRadelisr in
characterized in that a liquid crystal sealing agent interposed between

substrat es irsligulifyesbedcdtions qoimpoaeyts gemdragd by phbghtring catirananhe and

thereafter to a secondary curing by heating (see Patent Docunent 1).

Merits of tHeritbeestelang dacrrabuide spévefie mvitaabbéthieriuolensnt iBesaidhabé ve
strength and. npj sture resistance reliability, the curability by
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being insufficient in adhesive strength, since the curing shrinkage during photocuring
is large. Further, a problematic point related to both photocuring methods of the
cationic polymerization type and the radical polymerization type involves a problem
that metal wiring parts of an array substrate of a liquid crystal display cell and black
matrix parts of a color filter substrate generate light-shielded parts in the liquid
crystal sealing agent where light does not enter, causing the light-shielded parts to
become uncured.

The thermosetting method and the photocuring method thus hold such
prablems, respectively, and actually the combined photo- and thermosetting method
1s prevalent as a practical curing system. The combined photo- and thermosetting
method is characterized in that a liquid crystal sealing agent interposed between
substrates is subjected to a primary curing by light irradiation, and thereafter to a
secondary curing by heating (see Patent Document ). Merits of thermosetting
mclude the remarkable improvement in adhesive strength and moisture resistance

reliability, the curability by thermosetting even with light-shielded parts, and the like.



An inportant characteristic required for a liquid crystal sealing agent
used in the conbined photo- and thernosetting nethod is that the Iiquid
crystal sealing agent does not contaminate the liquid crystal in each
process before and after light irradiation and heat curing. Further, the
liquid crystal sealing agent desirably has |little viscosity change during
use at roomtenperature and a favorable pot life in view of workability,
while | owtenperature curing generally below 130C and wthin 1 hour is
demanded i n #hewofant lchaaciessticstqeisedabr ahigenclrpsadellimgudgncnsgd tiatheand
costs. The curing resin systemused for a liquid crystal sealing agent by
the conbi netppHetdphaagrdendtibermesetting nptirmst ik okt genlened tysasesling egmitng resin
system having both reactive ?rqups of an epoxy group whi ch has
t her noset t abfqe 9t copmigate thebayid crxpiadi caghouposhbeprerrnd aftsolisltur abi i ty.
In such a curi resin system a mxed resin system of an epoxy resin and
an epoxy (nel{“ﬁ?’g[:‘?‘@%“{]%e%égﬁuﬂﬁ- arurgper, dhg iqyg ICWS{%WFP&@%W%VF% hgpoxy
resin is used, y%e curiln’ig rcﬁ-}?'i n sysfem essenti al Ig Aont‘gilns fltﬁ{t.her a
phot opol ymer' 2&at IS8R i f Pt GF MEdhp8hER™ EHPFHROIEEHT & 1 Y0aPle ReLHF 4R r yI oyl
group and a i ygent. conponent to thernpset the epgx LQu The
curing agentﬁ%{éﬁgg”ﬁ@%ﬁ%@té’e‘ﬁg ea]I% I\Ny%eﬂqéjgbauéﬂtg@uff%gg]}‘?%g lgeg?r%c}&ﬁa(g ,ah)d such as
adi pi ¢ aci d iy dnazi deensSharincias of Al Axdhaz ' | LerPh hnd
di hydrazi de and Am cure e{/DI—I %ﬁjlnhy}dr é)zicgdels E’é@fz’hg?g" \%Iaﬁq?%ghﬁl%fg%?%?n "
skel eton, rgmge by Ajinonoto Fine-Teclno Co., Inc.). However, hydrazide
conmpounds are suitable for curing |ight-shielded parts because they react
not only wth anTapoxying gismiysteut usali 3O Miduid arystBbdnliag lagb@Wy tge oup, but
they cause the tine-dependent changes in viscosity etc. at room
t enper at ur e coftherdfpdnt- ahthchesmb ectiigomedihH d gandraly usganiusing Sesdnssmpor t ant
factor largely influencing on the possibility of contamnating Iliquid
crystal s andating badricatsiviei grgupswdlan asoxiogrolp frehidf has thérquisettabilits @ild seal i ng
agent . Armreg tga;hydr azi des, a sealing a%gt using adipic acid
di hydr azi de (Te@eEY e YBPEP Whidhhas abpigeurabidigie c dner b 6Ures SH Y EFaZi de,
i sophthalic_acid di hydrazide or the. like .

mixed resm system of an epoxy resin and an epoxy {meth)acrylate resin, or a

partially (meth)acryloylated epoxy resin is used. The curing resin system

essentially contains further a photopolymerization iitiator component to photocure

the (meth)acryloyl group and a curing agent component to thermoset the epoxy

group. The curing agent components generally used are hydrazide compounds,

such as adipic acid dihydrazide, sebacic acid dihydrazide, isophthalic acid

dihydrazide and Amicure VDH (dihydrazides having a valine hiydantoin skeleton,

made by Ajinomoto Fine-Techno Co., Inc.). However, hydrazide compounds are

suitable for curing light-shielded parts because they react not only with an epoxy

group but also with a (meth)acryloyl group, but they cause the time-dependent

changes in viscosity etc. at room temperature.  Therefore, the selection of curing

agents is an important factor largely influencing on the possibility of contaminating

liquid crystals and the workability such as pot life of a liquid crystal sealing agent.

Among the hydrazides, a sealing agent using adipic acid dihydrazide, sebacic acid

dihydrazide, dodecanedioic acid dihydrazide, isophthalic acid dihydrazide or the like



-4- is relatively excellent but insufficient in preservation stability, and
a sealing agent having a longer pot |ife and a stable workability is
demanded. As described above, a liquid crystal sealing agent for the |liquid
crystal dropping process having a IOM/pggsibility of contam nating liquid
crystals and excellent pot life at roomtenperature, |owtenperature
curability and the like, is demanded. Meanwhile, with respect to a resin
conposi tion using a hydrazide conpound, Patent Docunent 2 discl oses

tri s(2- hydr azirdleceihomellestiyit nsh Hadyramapesbeitng dabihydasré seliogapodnd
related to the present invention, and contends that it is useful as an
epoxy resi n heyiigrgloagrmot lilpyshaestable morkaliléy iodetearsleipt i on about t he
preservation stability, curing characteristics and the |like of the epoxy
resin conpositi @ it Radaeone adiried prysiabeabng et foystle Havidioyystal

application fo a curing . agent of a |iquid crystal sealing agent, Patent
Docurent 3 di'SRNBEBOERIATE %108U?qsﬁ'gllﬁ§9gf‘é TBpaLpe ﬁwﬁf%f%@f Adind a
hydr azi de curi ent ol ycarboxylic, acjds are effective as.a curing
promot er, butCarsbPdads hehalapetue ki lsovei et oat 23 g % Fon to a
l'iquid crysk%bm§§§§ing agent. Patent Docunent 1: Japanese Patent No.
2846842 Paten cunment 2: Japanese Patent Application Laying Open ( KOKAI)

No. 2002- 371069 » : : L Sal iing Open
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seal i ng ageratedl DodubdUW @iscl6dey Stiab-1GH SR LIRYa1BEhY SN/ Re: 1S BARg aand nore
particularly, to a liquid crystal sealing agent suitable for manufacture

of a |iqui dhgdsssidalcodipsphdiyelaed to Iy prdient iheitidn candsdoatendd dap piingsepriasess,
and a liquid crystal display cell nmanufactured using the sane. It is an
obj ect of t e epresest dinvgnpemn ébpeseatiicye saoptespgg@nabbigied crysta
sealing preservation stability, curing characteristics and the like of the epoxy resin
composition and also no description of the possibility of application to a curing agent
of a liquid crystal sealing agent. Patent Document 3 discloses that in a curing
system of an epoxy resin and a hydrazide curing agent, polycarboxylic acids are
effective as a curing promoter, but also does not describe the possibility of
application to a liquid crystal sealing agent.
Patent Document 1: Japanesé Patent No. 2846842
Patent Document 2: Japanese Patent Application Laying Open (KOKAI) No.
2002-371069
Patent Document 3: Japanese Patent Application Laying Open (KOKAI) No.
62-172014
The present invention relates to a liquid crystal sealing agent and a liquid
crystal display cell using the same, and more particularly, to a liquid crystal sealing
agent suitable for manufacture of a liquid crystal display cell by the liquid crystal
dropping process, and a liquid crystal display cell manufactured using the same. It

15 an object of the present invention especially to propose a liquid crystal sealing

agent remarkably improved in pot life at room temperature and simultaneously



agent remarkably inproved in pot life at roomtenperature and

simul taneously 5- excellent in |owtenperature curability, liquid crystal
contam nation, dispense workability, lam natability and adhesive strength.
Di sclosure of the Invention As a result af exhaustive studies to solve the
above-nentioned problens, the present inventors have found that a resin
conposition having a specific conposition achieves the object. This has
led to the conpletion of the present invention. That is, the present

i nvention retxgelent tiplovheentpsidtowi evgatlity, tiguid 9yystal tyntamiiatoinddisgrepst al seal i ng
agent conpri sing éa) a hydrazi de conpound having an isocyanuric ring

skel et on repredahtisy luyngreilgeaetd adhosiye sitpeethl) described bel ow and  (b)
one or nore curable resins selected fromepoxy resins, (neth)acrylated
epoxy resins and partially (meth)acryl ated epoxy resins: [Chem cal Fornula
] RL I OY N]O Y H g glﬁ.R3~ YR O wherein R to R3 each

i ndependent 15 SFaRFESERES KJHI8gen or a ol ecul ar skel eton represented by

the fol lowng f orA’rSUA 1%3&1?2)1’ e)lhgl}sﬁmecs%die':s%g rglojjv% tl%l ab%vy—me%%%nel\lcﬁ_i }%ro%?c)ms, the

present inventors have found that a resin composition having a specific composition
achieves the object.  This has led to the completion of the present invention.

That is, the present invention relates to the following (1) to (9).
(1)  Aliquid crystal sealing agent comprising (a) a hydrazide compound having an
isocyanuric ring skeleton represented by the general formula (1) described below and
(b) one or more curable resins selected from epoxy resins, (meth)acrylated epoxy
resins and partially {meth)acrylated epoxy resins:

[Chemical Formula 1]

Ry

OYJ,
(1)

N N
U
o

wherein R’ to R? each independently represents hydrogen or a molecular skeleton

o

represented by the following formula (2):

[Chemical Formula 2}



nll O wherein nis an integer of 1 to 6. (2) The liquid crystal sealing
agent according to (1), wherein the hydrazide conpound (a) is a conpound
represented by the following formula (3): [Chemical Forrmula 3]. H ~-C N ;
CNH2 H2CO0 ON"",ro (3) HZCNNH HNCYHC- NHH O211 N2 O
(3) The liquid crystal sealing agent according to claim1 or 2, wherein the
curable resin (b) is a mxture of an epoxy resin and a (neth)acryl ated
epoxy resin. (4) The liquid crystal sealing agent according to clains 1 to
3, further conprising (c) a polycarboxylic acid as a curing pronoter. (5)
The liquid crystal sealing agent according to any one of (1) to (4),
wherein the polycarboxylic acid has in its nolecule an isocyanuric ring
skel eton represented by the general fornula (4) gescri bed bel ow. [ Chemi cal
Fornmula 4] -7- Hy PN

—écg—c NHz

n ” (2)

wherein n is an integer of 1 to 6.
{2)  The liquid crystal sealing agent according to (1), wherein the hydrazide
compound (a} is a compound represented by the following formula (3):

[Chemical Formula 3].
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(3)  The liquid crystal sealing agent according to claim 1 or 2, wherein the curable
resin (b) is a mixture of an epoxy resin and a (meth)acrylated epoxy resin.

(4)  The liquid crystal sealing agent according to claims I to 3, further comprising
{c) a polycarboxylic acid as a curing promoter.

(5)  The liquid crystal sealing agent according to any one of (1} to (4), wherein the
polycarboxylic acid has in its molecule an isocyanuric ring skeleton represented by
the general formula (4) described below:

[Chemical Formula 4]



T, | ONO T3YN-T2 O wherein T' to T3 each independently represents
hydr ogen or a nol ecul ar skeleton represented by the following fornula (5):
[Chem cal Fornmula 5] 4 1-1Z-~- OHOn O(5) 11 O wherein n is an integer
of I to 6. (6) The liquid crystal sealing agent according to (5), wherein
t he pol ycarboxylic acid (c) is a conpound represented by the foll ow ng
formula (6): [Chemcal Fornula 6]. -8 H2 HzCCCOH ON O (6) O N N H2
HOC C H2C Y H2 QA COH "2 2 11 O

Ty
0] IL G
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wherein T' to T each independently represents hydrogen or a molecular skeleton
represented by the following formula (5):

[Chemical Formula 5]

H, /OH
‘%Ci‘ﬁ (5)
O

wherein n is an integer of I to 6.
(6)  The liquid crystal sealing agent according to (5), wherein the polycarboxylic
acid {c) 1s a compound represented by the following formula (6):

[Chemical Formula 6].



(7) The liquid crystal sealing agent according to (5), wherein the

pol ycarboxylic acid (c) is a conpound represented by the foll ow ng formul
(7): [Chemical Fornmula 7]. H2 C ~ OH HzGCs-CH2 | O/NyO (7) Il C H2 H2 |
INY NN Il /C HOH2 Hz O H2C H OH H2 ¢(8) A liquid crystal display cell

sealed with a cured substance of the I|qU|d crystal sealing agent
according to any one of (1) to (7). (9) A nethod for manufacturing a liqu
crystal display cell conprising two substrates, characterized by dropping
aliquid crystal inside a weir of the liquizd crystal sealing agent
according to any one of (1) to (7), for wn _ope@t the -9- substrates,
thereafter lam nating the other substgte on e one substrate, and then
curing the liquid crystal sealing agenf{. Effecdts of the Invention The
liquid crystal sealing agent of the present ingention has excellent

di spense workability and | am [ to agﬁubstrate, a long pot life,

| ar ge adhesive strength, a |ow i contaninatinailiquid
crystals, and an excellent gap for . Use of the Iiqld)
seal i ng agent of the present inven ion in the liquid crystal

d crystal

(7)  The liquid crystal scaling agent according to (5), wherein the polycarboxylic
acid (¢) is a compound represented by the following formula (7):

[Chemical Formula 7].
gz
/ \C/
H,C~ CHa \(\3
o e o
Y \1/ 7
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(8) A liquid crystal display cell sealed with a cured substance of the liquid crystal
sealing agent according to any one of (1) to (7).

(9) A method for manufacturing a liquid crystal display cell comprising two
substrates, characterized by dropping a liquid crystal inside a weir of the Hquid

crystal sealing agent according to any one of (1) to (7), formed on one of the

a
C

d

a



droppi ng process allows the inprovenents in the yield and productivity in
manuf acture of the liquid crystal display cell. Best Mdde for Carrying Qut
the Invention Hereinafter, the present invention will be described in
detail. The liquid crystal sealing agent gused in the present invention
contains a hydrazide conpound (a) as a curing agent, which has an

i socyanuric ring skeleton represented by the general formula (1) described

before. The hydrazi de conpound having an isocyanuric ring skel eton can be
synt hesi zed #¥ystaates m‘fb@i‘e%rﬁ@dln@mtl?@@tf@gtsebﬁtmﬁ prythe ooashikyie, endidin
conpound having the skeleton and further reacting it with hydrated

hydr azi ne urfdePERBRtqHE crysehewling ageanpl es of the hydrazi de” conpounds

i nclude tris(2 hydrazi nocarbonyl nmethyl) isocyanurate (the follow ng fornula
(8)), tris(2- hydrazinocarbonylethyl) isocyanurate (the follow ng formula

(9)), tris(2sshydrazinocar.bonyl propyl) isocyanurate (the followi ng fornmula
(10)) and bﬁgﬁfﬁ(ﬁaﬁ?ﬁ?ﬁﬂé%hrbonylethyl) i socyanurate (the foll ow ng

formula (11)), b . NQ aci al | imted thereto. \ :
Tr1 (2 hydr at nocds BT g TEPRE At ol AL CBERER drspi v S as
trade name, Fk Loy 001 bhiDeS Bem e, 2% poyl hGRlaghQL LA B, - 10-
e R i A RGO RS Y Phtite, a ) i pof | R TGR dh feh

a low possibility of contaminating liquid crystals, and an excellent gap formability.

Use of the liquid crystal sealing agent of the present invention in the liquid crystal

dropping process allows the improvements in the yield and productivity in

manufacture of the liquid crystal display cell.

Best Mode for Carrying Out the Invention

Hereinafter, the present invention will be described in detail.

The hiquid crystal sealing agent used in the present invention contains a
hydrazide compound (a) as a curing agent, which has an isocyanuric ring skeleton
represented by the general formula (1) described before.

The hydrazide compound having an isocyanuric ring skeleton can be
synthesized by a common method such as esterifying a carboxylic acid compound
having the skeleton and further reacting it with hydrated hydrazine under heating.
Specific examples of the hydrazide compounds include tris(2-
hydrazinocarbonylmethyl) isocyanurate (the following formula (8)), tris(2-
hydrazinocarbonylethyl) isocyanurate (the following formula (9)), tris(2-
hydrazinocarbonylpropyl) isocyanurate (the following formula (10)) and bis(2-
hydrazinocarbonylethyl) isocyanurate (the following formula (11)), but are not
especially limited thereto.  Tris(2-hydrazinocarbonylethyl) isocyanurate is
commercially available as trade name, HCIC, from Japan Finechem Co., Inc.

[Chemical Formula 8}



O [Chemical Formula 9] 0O\ NH2
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[Chemical Formula 11] H I ONO~Y_ ~~r (11) NNHH H NCC ~CHz (c_

N 2NIlI COIl NH2 0O Wth respect to a curing agent of a liquid crystal
sealing agent of the liquid crystal dropping system it is inportant that a
liquid crystal sealing agent starts the ieaction honbgeneousl y and
pronptly without contam nating a quuid’& ystal on heating after |ight
irradiation, and has little viscosity change and a favorable pot life at
roomtenperature during use. In the case of a solid-dispersed |atent

t hernosetting agent, if the agent has a nonuniformand |arge particle size,
and an insufficient and devi ated di spersion, the display faults of a
liquid crystal panel are generated due to nonugéfo\hﬂ§ﬂf]ng d&si ng a
faulty cell gap and a contaminated Iliquid crystal. | lcon5|derat|on of
this point, the hydrazide conpound having an--iCsbcyanuric ring skeleton
used in the present invention is preferabfy one finel})lz- pul verized into
not nore than 3 pm nore preferably not nore than 2 pm in average
particle size as measured by a | aséf Qcattering particle size
distribution analyzer. The lower |im¥ of thg& average partiqle size is
about 0.1 pm The maxinumparticle size is prieferably not nore than 8 pm

nore preferably not nore than 5 pin. seal i g agent usingea hydrazi de
conpound havi ng an |socy§nur|c H} ng // \\ H2 H
\ / HQC/\/\/
\/\c
N 2

[Chemical Formula 11}
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With respect to a curing agent of a liquid crystal sealing agent of the liguid
crystal dropping system, it is important that a liquid crystal sealing agent starts the
reaction homogeneously and promptly without contaminating a liquid crystal on
heating after light irradiation, and has little viscosity change and a favorable pot life
at room temperature during use. In the case of a solid-dispersed latent
thermosetting agent, if the agent has a nonuniform and large particle size, and an
insufficient and deviated dispersion, the display faults of a liquid crystal panel are
generated due to nonuniform curing causing a faulty cell gap and a contaminated
liquid crystal.  In consideration of this point, the hydrazide compound having an

1socyanuric ring skeleton used in the present invention is preferably one finely



skel eton has a very favorable pot |ife at roomtenperature, while it
exhibits a noderate curability even under the condition of 120C for 1
hour. The hydrazide conpound having an isocyanuric ring skel eton has

al nost no solubility to a liquid crysta} resulting in the enclosed liquid
crystal exhibiting a very | ow contam nat bh. The usi ng anount of the

hydr azi de conpound (a) having an isocyanuric ring skeleton as a curing
agent is preferably not less than | part by weight and not nore than 20
parts by weigHverized 100 npanise thyn deirghhoefprefaebtumavh@e tiesi hupbin. avEhee
curable resin of the present invention to be used is one or nore curable
resins (b) sEAredesde ps orvnapekly pdesendiffrgareniyatrigaredepoxdistdsiios and
partially (nmeth)acrylated epoxy resins. It includes, for exanple, an epoxy
resin, a m xaahechf iﬁdoﬁﬁbwvﬂﬂ@ﬁﬁﬁﬂ@ﬁme@aﬁwétﬁ?@@ﬁ@pék%bU@poEﬁKWesin, a
(meth)acrylated epoxy resin, and a partially (nmeth)acryl ated epoxy resin.
(Here, " (né%’i‘fjl%‘gw 1tile £178 19 preisrpbly Iapmere thapdtadpQic PIcipebli RAMHE, same

in used in the sent invention. s preferably

as this.) Aq curable, re d pr. f e

one havi ng in g&?ﬂ'arﬁ\ﬁ linéﬁgs.lﬂdlsgléﬁﬂwdﬁpze ff%nraownﬁcv!pamg a&ﬁ%@*ﬁ}ﬂ,ﬂﬁdﬂt@
| f SUuj ' incl.u i sphenol S. resins,

e nor RS B bBR RrRE E GHERO RN RS BT oy ene

oxi de addi t i ke SRAGHR) le%;l u?)lrfri%;[ ﬂ'ge%oﬁgttio{l L beeh fhengle. fud) bﬁm&c ryl ated

epoxy resin and a partia acrfla ed epoxy resin are al ned by

reaction of c8mp8RAXNavi€s hiMisBBehndric (ARLRIIBGHYAE Q1A% Ho sANLBRONYa RN as a
raw material is not especially limtéd, but is preferably di- or nore

functional epgxy, readiingin tBdntlosddutRsd cfyofa]l EXABBHE a VehsRReRPtamiAateROXY
resins, bisphenol F epoxy resins, bisphenol S epoxy resins, phenol novol ac
epoxy resins, crd@bohsinguoloant eftbx hydresiiasompowph@nbividg mowsol wauspoxy
resins, -13- bisphenol F novolac epoxy resins, cycloaliphatic epoxy resins,
al i phatic chkélefosgeryuringsgans is mefecibdy hodetsshae poryt byesiight andngtindyd  ami ne
epoxy resins, hydantoin epoxy resins, isocyanurate epoxy resins, phenol
novol ac epoXiPhraddiants byavaialy @ 109 ppishn et hhibe cakdletesn, (bhand additional |y
diglycidyl-ether%{ied i -functional . . .
1e curable resm of the present invention to be used is one or more curable

resins (b) selected from epoxy resins, {meth)acrylated epoxy resins and partially

(meth)acrylated epoxy resins. It includes, for example, an epoxy resin, a mixture of

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

a partially (meth)acrylated epoxy resin.  (Here, “(meth)acryl” means “acryl” and/or

“methacryl”. Hereinafter, same as this.) Any curable resin used in the present

mvention is preferably one having low contamination and solubility to a liquid

crystal, and examples of suitable epoxy resins include bisphenol S epoxy resins,

resorcinol diglycidyl ether multimers and diglycidyl ethers of ethylene oxide addition

bisphenol S, but are not limited thereto. A (meth)acrylated epoxy resin and a

partially (meth)acrylated epoxy resin are obtained by reaction of an epoxy resin and a

(meth)acrylic acid.  An epoxy resin as a raw material is not especially limited, but is

preferably di- or more functional epoxy resins, and includes, for example, bisphenol

A epoxy resins, bisphenol F epoxy resins, bisphenol S epoxy resins, phenol novolac

epoxy resms, cresol novolac epoxy resins, bisphenol A novolac epoxy resins,



phenol s, diglycidyl-etherified di-functional alcohols, halides thereof, and
those hydrogenated. Anong these, bisphenol epoxy resins and novol ac epoxy
resins are nore preferable in view of the liquid crystal contam nation.
The ratio of an epoxy group and a (ne[q?qcryloyl group is not limted, and
is suitably selected in view of the process adaptability and the liquid
crystal contam nation. As the curable resin, further, nononmers and/or
oligoners of (neth)acrylates esters may be used for controlling the
reactivity amgheie Fuicyobsiepyxy Suh, aphohphaic cpody otsigoatgy!stic ndindpoxyf or
exanpl e, reaction products of dipentaerythritol and (neth)acrylic acid,
and react i ofiesFrodlystdy! efteidipoar resery glyeidy bimingsper atesmdehyshatoi srol) acryl i c
acid, but are.not especially limted as long as they have a | ow

possi bi | ity SHNSc SAEEATTRAS ERATYIESIES, Phefl] #ov e eRaxy rFHBs baipg2 anount of t he

and pr oper ¢ PRUCBHISBELRIH. PTAAH Bk Oy SRR g RYETe 5A8 ugual |y
bout 25 t 0% by,. wei.ght i n. A4 quid t al | i f bl
o 2 g D A IS S oI AL SERL 09, 08 g elerably
I'S _used for 11%5}8 éﬂa%ﬂ'. d f}lﬁé%ﬁ?{h%ge %Fsgbéi{?)ge 1 n:%s;% axtxch So g %{& II&YH%QIII% on, a
radically re Ctrve phot opat ynerization ini“tirator ' 1s Used ror i nparting

phot o cur abjold MeefeMWe il kAl Qhe lité:l%g g%ﬁ%ﬂ %S’l\%ﬁl?lzzwltlﬁﬁ.g 88e kAo #Sin@poxy

sensitivity nearly to the i line nm as a relative snal
i nfluence oprolup@uil d (SEMSAR] 10§ NAHAS Tefdt Hhlikd, adDE sBitdIWsélb&bd th Geystral

contam nation. Specific exanpl es of radicalfy reacti ve photopol yneri zation
initiators the phecessadabenbilitglatd eéhddguizd tryeiahedriythinkgt@l , 1- hydr oxycycl ohexyl
phenyl ketone, diethylthioxanthone, benzophenone, 2-ethyl anthraqui none,
2- hydr oxy- 2 - 14-Asréehyigplopisohéntre monomers and/or oligomers of (meth)acrylates
2-nethy|-[4-(nethy|thié}phenyl]-z-nnrpho![no-l-ggopane,
2, 4, 6-t ri netstsfs Beh2eysel phieaytplhivg phe teectyitivaad the vieeasityon Spehomiose mers 2-
hydr oxyet hyl a%rylated isopporone di i socyanate and 2-hydrox -I-£4-(2-

and oligomers include, for example, reaction products of dipentaerythrifo! an

(meth)acrylic acid, and reaction products of dipentaerythritol caprolactone and

{meth)acrylic acid, but are not especially limited as long as they have a low

possibility of contamination to a liquid crystal.

The using amount of the curable resin (b) is suitably determined in

consideration of workability and properties of an obtained liquid crystal sealing agent,

and usually about 25 to 80% by weight in the liguid crystal sealing agent, preferably

25 to 75% by weight.

When a curable resin containing a (meth}acryloyl group is used for the liquid

crystal sealing agent of the present invention, a radically reactive

photopolymerization mitiator is used for imparting photocurability. Any initiator

can be used as long as it has a sensitivity nearly to the i1 line (365 nm), which has a

relative small mfluence on liquid crystal characteristics, and a low lquid crystal

contamination.  Specific examples of radically reactive photopolymerization

initiators to be usable include benzyl dimethyl ketal, 1-hydroxycyclohexyl phenyl

ketone, diethylthioxanthone, benzophenone, 2-cthylanthraquinone, 2-hydroxy-2-



hydr oxyet hoxy) phenyl ] - 2- net hyl propan-1-one, and a reaction product of 2-

i socyanat oet hyl nethacryl ate and 2- hydroxy-1|-[4-(2-hydroxyet hoxy) phenyl ] - 2-
met hyl propan-| -one. Wen a radically reactive photopol ynerization initiator
is added, the using anount is about 0.1,fo0 10 pails by weight in a liquid
crystal sealing agent. In the liquid cryg al sealing agent of the present

i nvention, a polycarboxylic acid (c) as a curing pronoter is desirably
formul ated for inprovenent of |ow tenperature curability. Specific
exanpl es of potthghrdosydnooe,atndthyi-iel mekdyRhiojichgl |- 2empiydnlihd-¢ -yacpas, such as
phthalic acid, isophthalic acid, terephthalic acid, trinellitic acid and
benzophenonel.t.étiriastndesogp yidiphendpbesphpharids, e agdstisy piagugioifds such as
decanedi oi ¢ aci d and dodecanedi oi ¢ acid, and pol ycarboxylic acids having an
i socyanuri ¢ Bidyyelel etglite dpwbeene disdsyandie b Adwdroxtortfu(?a (4) descri bed
before. Pol ycarboxylic. aci havi hg an i socyanuric ring skel eton

r epr esent ed %{9*‘%@5@25%#5%1371?3d}l%hylam@ayl-lsw@ PRg 8 apaciion prdyefent 2-

tris(2- b thyl ) | t he foll qw f I 12
1132 o DO L SORLAIMLALS (AR Lol SR LB AN,
b L)1 t the foll ow f I 7 d
cerborypr PY LR e (1he Tol Lo 1g Tormie (D) ahd | et ca

Formula 12] 15- Qyuehly H@%‘y rdacl¥e H}&%él%krizagog Initiator is added, the using

amount 15 about 0.1 to 10 parts by weight in a liquid crystal sealing agent.

In the liquid crystal sealing agent of the present invention, a polycarboxylic
acid (c) as a curing promoter is desirably formulated for improvement of low-
temperature curability.  Specific examples of polycarboxylic acids include aromatic
carboxylic acids such as phthalic acid, isophthalic acid, terephthalic acid, trimellitic
acid and benzophenone tetracarboxylic acid, aliphatic carboxylic acids such as
decanedioic acid and dodecanedioic acid, and polycarboxylic acids having an
isocyanuric ring skeleton represented by the general formula (4) described before.
Polycarboxylic acids having an isocyanuric ring skeleton represented by the general
formula (4) specifically include tris(2-carboxymethyl) isocyanurate (the following
formula (12)), tris(2-carboxyethyl} isocyanurate (the following formula {6)), tris(2-
carboxypropyl} isocyanurate (the following formula (7))} and bis(2-carboxyethyl}
isocyanurate (the following formula (13)).

[Chemical Formula 12]



C ~ ZNYN\ I | HOH2 H2CICGOH O [Chemcal Formula 13] H2 H2G CCOH 0 O
NOyy (6) ONHCH CNHHOH HOH 02 C11 0 [Chem cal Formula
14] -16 H CSOH 2 C H2GCCH2 Il 1 0O/ NyO QCQ /NNII HOHR H2 O
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[Chemical Formula 14]



OH Hz [Chemical Formula 15] HI ONYyONH2 HCY N- COH HOQCHO H2
\C 2 (13) Anong these curing pronoters, preferable in the present
invention are polycarboxylic acids having an isocyanuric ring skeleton in
view of the stability with time and the,liquid crystal contam nation. The
addi ng anount of a curing pronoter is preferably not less than 0.1 part by
wei ght and not nore than 10 parts by weight to 100 pacts by weight of a
curable resin (b). Inorganic fillers may be formulated to the liquid
crystal sealing agent of the present invention for i mprovenent of adhesive
strength, noisture resistance and the I|iKke. Thel Enorgaq;g fillers to be
useabl e are not especially limted, but specif i ncl ude spherica
silica, fused silica, crystal silica, titaniunypglde titani um bl ack,
silicon carbide, silicon nitride, boron LLLKﬂQ calglun1carbonate
magnesi um car bonate, barium sulfate, C|un1sulfat63 mca, talc, clay,

al um na, magnesium oxide, zirconium oxide, alum num hydroxide, nagnesium

hydr oxi de, calcium silicate, al num sklicatel lithiumalum numsilicate,
zirconiumsilicate, barium 7

ﬁ

C
'\-\-
/ \ e C THZC \\C-’/C\OH

H
2 5,

[Chemical Formula 15]

Among these curing promoters, preferable in the present invention are
polycarboxylic acids having an isocyanuric ring skeleton in view of the stability with
time and the liquid crystal contamination.

The adding amouﬂt of a curing promoter is preferably not less than 0.1 part by
weight and not more than 10 parts by weight to 100 parts by weight of a curable resm
(b).

Inorganic fillers may be formulated to the liquid crystal sealing agent of the
present invention for improvement of adhesive strength, moisture resistance and the

like. The inorganic fillers to be useable are not especially limited, but specifically



titanate, glass fiber, carbon fiber, nolybdenum disul fide and asbest os.
They are preferably spherical silica, fused silica, crystal silica,
titani um oxide, titaniumblack, silicon nitride, boron nitride, calcium
carbonate, bariumsulfate, calciumsulfatie, mca, talc, clay, alumna,

al um num hydr oxi de, calciumsilicate and alum num silicate. These
inorganic fillers may be used as a m xture of two or nore. The inorganic
filler used in the present invention preferably has an average particle
size of not Invlude spiwncd sphicaused silies, avetd gdicpatienioheosily gitofiumddaskt han 3

m the gap formation has trouble in sonme case on | am nating upper and | ower
gl ass subst$lgoasatuds. sgichaniifide theren wifrids, ralsiumicaspytamagaesiimThe | owest
limt of the average particle size of an jnorganic filler is usually about
0.01 m The @B SRfig ﬁlélfatmab%mwulﬁtmI@Wadggdchaw IWEIr BB YRy ent i on
is usually 2t 60%.by wej ght, .preferably 5 to 50%by wejight .in a liquid
crystal seafﬁﬁ%aéb%ﬂ’?Xoﬁfkthﬁ@RHB ?@Hﬁ“%fnﬁgWﬁﬁV%]Y%Pxﬂ8mﬁﬁm?Wan 2% by
wei ght, sinceg.the ling.,agent...has .decreased adhesive.strength to a

o ase. subst i AT BRI bl e R LERORS AR File PRI, he

adhesi ve stQgﬁg&@gﬁ§§?hmgﬁéﬁé%ﬁﬁgﬁﬁﬁggﬂ%hﬁﬂf$$ﬁgﬁi%¥Hﬁ8£§&§e%}k28§fg§

case. By contrast, more t han

wei ght, - si NGefelaBE dphbli@fl sHRATBRMY dificd QWM ca, iiEniSRAKIND 1iBARRE viagk har dl y
squashed and the gap of a liquid crystal cell 'may not be fornmed. Oganic

fillers may sflidbh heridg@opsidgetide) cdlb@n] dbh & byStAl sugeR! éNguaganthieof the
present invention in the range of not affecting characteristics of the

i quid crystata, tdealliyghagantalunmanohghotide fdaldhensilicac] andehpohyner beads
and core-shell type rubber fillers. These fillers may be used as a m xture
of two or nwiligate- 1§hesphgonghnjaifilccy sy b¢ usdalsiangixtgent twé ot mergr esent
invention preferably contains a silane coupling agent for inprovenment of

t he adhesive st r&hgirgapielider|usebin the ppispiignegenn Hreforably hpsablazciage| ude,

]; ggyﬁ)r(rg{rﬁi,ﬁgglﬁjﬁ{egﬁbzll' ygjcpsfl %%g%g)g‘g %L%r},lmrlr.e ' ’G\Pl‘ﬁly t?lle lasgrgfge gal%lc eesliz%%)glg)ore than 3

pm, the gap formation has trouble in some case on laminating upper and lower glass
substrates during manufacture of a liquid crystal cell.  The lowest limit of the
average particle size of an inorganic filler is usually about 0.01 pm.
The content of the inorganic filler used in the present invention is usually 2 to
60% by weight, preferably 5 to 50% by weight in a liquid crystal sealing agent.
With the content of a filler of lower than 2% by weight, since the sealing agent has a
decreased adhesive strength to a glass substrate and an inferior moisture resistance
reliability, the adhesive strength after moisture absorption largely decreases in some
case. By contrast, with the content of the filler of more than 60% by weight, since
the filler content is too much, the sealing agent is hardly squashed and the gap of a
liquid crystal cell may not be formed.
Organic fillers may further be added in the liquid crystal sealing agent of the
present invention in the range of not affecting characteristics of the liquid crystal
sealing agent. The organic fillers mchude polymer beads and core-shell type rubber

fillers. These fillers may be used as a mixture of two or more.



gl yci doxypr opyl net hyl di net hoxysi | ane, 2-(3, 4-
epoxycycl ohexyl ) et hyl tri nmet hoxysi | ane,
N- phenyl - y- am nopr opyl t ri met hoxysi | ane,
N- (2- am noet hyl ) 3- am nopr opyhnet hyl di net hoxysi | ane, N-(2-am noet hyl) 3-
am nopropyl nmet hyl tri net oxysi | ane, 3-am nopropyltriethoxysilane, 3-
mer capt opr opyl tri met hoxysil ane, vinyltrinetoxysilane, N-(2-
(vi nyl benzyl am no eth&%ﬁS-aninopropyltrinethoxysilane hydrochl ori de, 3-
met hacr yl oxypr opyllhe dighist tipsiglsicplarsagest ehihe pogsempyyantioh preferabhmoxigdis aane and
3- chloropropyl trimethoxysilane. These sil ane coupling agents may be used
as a m xt urHRF CRRENS ALY ImREpRinanh et e aghesiveestienaBl | Ageati@nt s having an
am no group are referaﬁle f?r,p ovi ding a nore favorabl e adhesive
e W[vg%@

strength. USEUBMNZAECE}S|a R g, & K8k provide a |iquid crystal
i hayi y hesi t th and I t
S e B RS e R B A A AR STE A o
t he using a%%%ﬂkngﬁﬁﬁg%ﬁbﬁﬁﬂﬁgﬁ%k%ﬁm%g?géﬂg'1 to 5% by weight in a liquid

crystal sealli'ng a er as -requi additives such as an organic
solvent, a pj I.; ; a f oam - ]
ol vent o3 PhOMRIUphaIBHEH AR AS R 0T AT ORARFN ARBREe
The liquid N—5’25&1@1110%@@1)8f&%iﬁ&ﬁ‘@f)ﬂﬁ{etﬁﬁ&n’%}gﬁ@%an}e,nNe(Qtdlﬂﬂo&ﬁﬂ)ﬁe

manuf actured by honpbgeneousl’y m xi ng ne and m xed resin conponents

wi th filler ameeppgnenttyanthetxiyRemneDSeliidpgoRgerRihdxysitneed.l - known m xi ng
apparatus, for exanple, a three-roll mlIl, a sand mll, a ball mll or a

pl anet ary ninceraptoffdmedtrinmehoxystdregyiny hemetaqykithner Msal seal ing agent is
preferably subjected to a filtering process for renoving foreign
subst ances. (vinyibermpyinipepstidSransinapropglttimethok elape bsdmchlonidenti on is one in
which a pair of substrates on each of which a predeterm ned electrode is
formed are BCHERYEKYPERYSsPtcEIg yhilans. replosuwerylmeredligepioxysitngand her y
thereof is ﬁqa[ed mﬂth t.he Iquid . .
chloropropylirimethoxysilane. ~ These silane coupling agents may be used as a
mixture of two or more. Among these, silane coupling agents having an amino
group are preferable for providing a more favorable adhesive strength. Use of a
silane coupling agent can provide a liquid crystal sealing agent having an improved
adhesive strength and an excellent moisture resistance reliability.
In the case of adding a coupling agent, the using amount thereof 1s usually
about 0.1 to 5% by weight in a liquid crystal scaling agent.
Further as required, additives such as an organic solvent, a pigment, a leveling
agent and a defoaming agent can be formulated to the liquid crystal sealing agent of
the present invention.
The liquid crystal sealing agent of the present invention can be manufactured
by homogeneously mixing melted and mixed resin components with filler
components and a thermosetting agent by a well-known mixing apparatus, for
example, a three-roll mill, a sand mill, a ball mill or a planetary mixer. After the

mixing, the liquid crystal sealing agent is preferably subjected to a filtering process

for removing foreign substances,



crystal sealing agent of the present invention; and a liquid crystal is
enclosed in the gap. Types of enclosed liquid crystals are not especially
limted. Here, the substrates are constituted of a conbination of
substrates conposed of glass, quartz, plastic, silicon or the |like, at

| east one of the substrates having light transm ssivity. The manufacturing
nmet hod i nvol ves, for exanple, adding a spacer (gap control nmaterial) such
as glass fibers to the liquid crystal sealing agent of the present

i nvention, thereafftediquihptystaheplkdfaht prpaérd iorepsomls aeah ivdiclagesitof n a wei r
shape on one _of the pair of substrates by a dispenser or the |like, then
droppi ng a |SeHFdecryachiol whidi aercdeienmard cloptredes forgiddre pyaigs seal i ng
agent, and superpos the other glass substrate on the one substrate in
vacuo to for%pamg%bwﬁ PRPds HRvieheds Hirster Bher vithereol s gealed Bihdbaiad@al i ng

ortionis irr at.e travi ol.et ltrayiol e di ation
Popar atus t &Pt ot il g st Zads G deveabis eotheed Pifay T of o

d f bl
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cured at 90 400 140G,. E(ﬂ{stltl}t&i gfJ;ﬁo%l%né1?01Pc§fos‘ﬂbﬁ{3aééshc%14do%ﬁ gf%[ﬁ/ &x?all d' Sp' ay

cell of the present Inven inc exa

fibers, sil Ip%n@esa;%@d}%epmwﬂeaa%@%ft]@&bst%@@m{gszlgﬁ%ai:lsﬁnsﬁw t

dependlng on the purposes, but usually 2 m preferably m The

usi ng anduntTheSndretRhiheOndihb@ nfvoP@lk! Br @){aﬁﬁﬁb CHdingPA ﬁ:fa@éla(igb]])’ c@h‘iﬁ)i_t 02
parts by weight to 100 parts by melght of the liquid crystal sealing agent

of the presentridnventas giuss ibashd cheildud ysttal seabad breapt afeetpraknt he present
invention exhibits a remarkably |ow contamnation to a liquid crystal
t hr ough t he imgntibmchercd ey appooeste ligned drgstalexgeld agent inm deis peapsen one
workability to a substrate, |lamnatability, adhesive strength, pot Ilife at
room t enper &f ﬂwenanaﬁdw%wms‘émﬁetﬂlamwsg @ ibalike, ithap, drppring pdigngl @ysiak al
di splay -20- %f of %Q‘ g g i nvention thus obtai ned Q s.no displ ay
faults due %5799 G0 MG at doui ewaéﬁ?%g.agﬁﬁam@ RS PTG AREP HENP S dhes! ve
strength and ubLn atsetolflrt?le bhe !susbsfl B5n vacuo to form a gap. After the gap formation, the

liquid crystal sealing portion is irradiated with ultraviolet rays by an uitraviolet

irradiation apparatus to photocure the liquid crystal sealing portion. The ultraviolet

irradiation amount is usually 200 mJ/cm? to 6,000 m)/em?, preferably 500 ml/em’ to

4,000 ml/cm®. Thereafter, the liquid crystal sealing portion is cured at 90 to 140°C

for 1 to 2 hours to provide the liquid crystal display cell of the present invention.

The spacer includes, for example, glass fibers, silica beads and polymer beads. The

diameters are different depending on the purposes, but usually 2 to 8 pm, preferably

4to 7um. The using amount is usually 0.1 to 4 parts by weight, preferably 0.5 to 2

parts by weight to 100 parts by weight of the liquid crystal sealing agent of the

present invention.

The liquid crystal sealing agent of the present invention exhibits a remarkably
low contamination to a liquid crystal through the manufacturing process, and is

excellent in dispense workability to a substrate, laminatability, adhesive strength, pot

life at room temperature, and low-temperature curability.  The liquid crystal display



reliability. Exanples Hereinafter, the present invention will be described
further in detail by way of Exanples. Exanple 1 75 parts by weight of an
epoxy acryl ate resin, KAYARAD R-94220 (an epoxy acrylate of a bisphenol F
epoxy resin, nmade by N ppon Kayaku Co., ltd.), 25 parts by weight of an
epoxy resin RE-203 (an ethyl ene oxide addition bisphenol S epoxy resin;
epoxy equi valent: 233 g/eq., nmade by N ppon Kayaku Co., Ltd.), 5 parts by
wei ght of a photopol ynerization initiator, KAYACURE RPI-4(a reaction
product of &llicfdlypmsandstveptiomtitihabrayicdthes andisplay faults due to liquid crystal

2- hydr oxy- 1-[ 4- ( 2- hydr oxyet hoxy) phenyl ] - 2- net hyl propan-| -one, nmade by

N ppon Kayakipnegunatiangyl hag gy excdlepidhssiby stigigghendomolsgs r¢satsice oupl i ng
agent, Sila-Ace S 510 (3-glycidoxypropyltrinethoxysilane, nade by Chisso
Corp.) were 'fi3dd% o obtain a resin solution. Then, as fillers, 17.5 parts
by wei ght of hbn?Tek Al um na SPC (spherical alum na, average particle size:
50 rim made?BPE |, Kasei Co., Ltd.), and 1.5 parts by weight of a

but adi ene/ al kyl t hacryl at e/ styr.ene copol.ynmer (Par.al oi d .EXL-2655, e by
ol {1 and fase GOtk ara BTG R e bR b RS BT T e
further 14 A y weight of a finely pulverized product of
tris(2-hydrazinocarbonyl ethyl) isocyanurate (a product obtained by finely
pul veri zi ng giglid pto 1.5 Itmin average particle size and 5 min maximm
particle size by a jet mll, nade by Japan Finechem Co., Inc.), and 3

parts by wei ght 0§ partPb Weldht 8€aPERANGENSte dO5e e Aol ragizho(@n pr oduct
obtained by finely pulverizing dodecanedioic acid into 1.5 min average

particl e si zpognatrBaterofiarbisphcholivegadytresih emsdeziey Rippanjietyaki Ch,, ndgesby Ube
I ndustries, Ltd.) were mxed therewith, and the resultant m xture was
kneaded by aatthbewerzhf bf i ¢foxtyoeobRdi-10a(an2thyldiequiide sidpsinabisgrabl g agent
of the present invention. The viscosity (25C) of the

epoxy resin; epoxy equivalent: 233 g/eq., made by Nippon Kayaku Co., Ltd.), 5 parts

by weight of a photopolymerization mitiator, KAYACURE RPI-4(a reaction product

of 2-isocyanatoethyl methacrylate and 2-hydroxy-1-[4-(2-hydroxyethoxy)phenyl]-2-

methylpropan-1-one, made by Nippon Kayaku Co., Ltd.), and 1.5 parts by weight of

a silane coupling agent, Sila-Ace 8-510 (3-glycidoxypropyltrimethoxysilane, made

by Chisso Corp.) were mixed to obtain a resin solution. Then, as fillers, 17.5 parts

by weight of NanoTek Alumina SPC (spherical alumina, average particle size: 50 nm,

made by C.I. Kasei Co., 1.td.), and 1.5 parts by weight of a butadiene/alkyl

methacrylate/styrene copolymer (Paraloid EXL-2655, made by Rohm and Haas Co.)

were homogeneously mixed therewith in a bead mill; and further 14 parts by weight

of a finely pulverized product of tris(2-hydrazinocarbonylethyl) isocyanurate (a

product obtained by finely pulverizing HCIC into 1.5 wm in average particle size and

5 wm in maximum particle size by a jet mill, made by Japan Finechem Co., Inc.), and

3 parts by weight of a pulverized product of dodecanedioic acid (a product obtained

by finely pulverizing dodecanedioic acid into 1.5 pm in average particle size and 5

pm in maximum particle size by a jet mull, made by Ube Industries, Ltd.) were mixed

therewith, and the resultant mixture was kneaded by a three-roll mill to obtain a



liquid crystal sealing agent was 300 Pa-s (25C, R-type visconeter (made by
Toki Sangyo Co., Ltd.). Exanple 2 75 parts by wei ght of an epoxy acryl ate
resin, KAYARAD R-94220 (an epoxy acrylate of a bisphenol F epoxy resin,
made by Nippon Kayaku Co., Ltd.), 25 pajts by weight of an epoxy resin
RE- 203 (an et hyl ene OX|de addi tion blsphenol S epoxy resin; epoxy

equi valent: 233 g/eq., nmade by N ppon Kayaku Co., Ltd.), 5 parts by weight
of a photopolynerlzatlon initiator, KAYACURE RPI-4(a reacti on product

of 2-i socyandtcb@d Wstah@tahag pgdrapét! 3n:desent invention. The viscosity (25°C) of the

2- hydr oxy- I-[4eé2 hydr oxyet hoxy) phenyl ] - 2- net hyl propan-1-one, nade by

Ni ppon KayaKifu myﬂekﬂm1ngaaaﬂrm539%¥@§(%@chéﬁ@ﬁ@vaﬁom@wsﬁnakénéaﬂﬁ|.ng
agent, Sllasgfe 8-51?6% - gl yci doxypropyl trimet hoxysilane, made by Chisso
Corp.) were JR¥IPolddlain a resin solution. Then, as fillers, 17.5 parts

by wei ght ofNanoI/e Al um na SPC (spherical alum na, average particle size:
50 nm mad Kasei Co., Ltd.), and 1.5 parts by weight of a

Eﬁ%?ndLﬁSGHZLEVEO”’?HJQ%BW RS PRI AT D R B 1 ana

I lrJ|r ts?gr h&gr ggéﬁzcég%ﬂb%gﬁdf%glﬂjy}%mﬁ %ﬁ@ﬁésrlg‘tﬁ 1}!(%&15);@?1)5%“3?&%1% goﬁé“é Eiy finely

pul veri zi ng plalltsibwenbth@ofnax%lseﬂyneﬁﬁ@&ag@s PAIdhAER $lidEaditon éslbz{eﬂbl @ maxi num
particle size by a je , made by Japan Fi'nechem Co., In , and 3

pails by melegmylaﬁuaaemlmmlvaﬁdn Iedied., @hdd by N(}%Dﬁﬂ(a@@%ly@bhﬂtd) 5 parts
I socyanurate (a product obtained by fi nel y pulverizing CIC acid into 1.5 m

in average pamtdigitefsiphetopahthdizmiéminimstdmyKh PACUIRHE BPEHzerebytion greduati | 1,
made by Shi koku Chemicals Corp.) were mxed therewith, and the resultant
m xt ure was okAdsdzendyethyltrhetbesrylotd andi2-hydroxy- d)ﬂﬂaiﬂﬁlydldmyqﬂnpay)@h@sﬂ]aﬂ

seal i ng agent of the E)resent i nvention. The viscosity (25C of the I|qU| d

crystal seabieHyligatt-1was. psde baNpnepd@yakRe Gppdte. |)as’@én]e§ sty aweighyof Toki
Sangyo Co. "a s;tlane coupgng agent, Sila-Ace S-510 (3-glycidoxypropyltrimethoxysilane, made

by Chisso Corp.) were mixed to obtain a resin solution.  Then, as fillers, 17.5 parts
by weight of NanoTek Alumina SPC (spherical alumina, average particle size: 50 nm,
made by C.I. Kasei Co., 1.td.), and 1.5 parts by weight of a butadiene-alkyl
methacrylate-styrene copolymer (Paraloid EXI1.-2655, made by Rohm and Haas Co.)
were homogeneously mixed therewith in a bead mill; and further 14 parts by weight
of a finely pulverized product of tris(2-hydrazinocarbonylethyl) isocyanurate (a
product obtained by finely pulverizing HCIC into 1.5 um in average particle size and
5 um in maximum particle size by a jet mill, made by Japan Finechem Co., Inc.), and
3 parts by weight of a pulverized product of tris(2-carboxyethyl) isocyanurate (a
product obtained by finely pulverizing CIC acid into 1.5 um in average particle size
and 5 pm in maximum particle size by a jet mill, made by Shikoku Chemicals Corp.)
were mixed therewith, and the resultant mixture was kneaded by a three-roll mill to
obtain a liquid crystal sealing agent of the present invention. The viscosity (25°C)
of the liquid crystal sealing agent was 250 Pa-s (25°C, R-type viscometer (made by

Toki Sangyo Co., Ltd.}.



Exanple 3 75 parts by weight of an epoxy acrylate resin, KAYARAD R-94220
(an epoxy acrylate of a bisphenol F epoxy resin, made by Ni ppon Kayaku
Co., Ltd.), 25 parts by weight of an epoxy resin RE-203 (an ethyl ene oxide
addi ti on bi sphenol S epoxy resin; epoxy,gequivalent: 233 g/eq., nade by

Ni ppon Kayaku Co., Ltd.), 5 parts by wef'ght of a photopol ynerization
initiator, KAYACURE RPI-4(a reaction product of 2-isocyanatoethyl

nmet hacryl ate and 2- hydr oxy-1-[ 4-(2- hydr oxyet hoxy) phenyl ] - 2-

met hyl pr opanEtamgrie? made by Ni ppon Kayaku Co., Ltd.), and 1.5 parts by

wei ght of a silane coupling agent, Sila-Ace S-510

(3- gl yci doxypr opyPthertasy ¥iof apepoxraieylatsyedhi K4y ARAD. §- 98 e(ai xed to
obtain a resin solution, Then, as fillers, 17.5 parts by weight of NanoTek
Al uni na SPC SPsprasiv et ofa pigpheaol Eﬁé@wswamaﬁ%bégam@: Kaakp Gy, Ligade by

Cl. K i Co., ., Ltd.), d 1.5 , . i f b di ene-al k

C b Byl B S B B 5 DS RS D BT e
Co, ), tere TRSRISOLSLY, TSGR AnTLENLNAR B RASD R 02 1451 ol
tris(2-hyd i I | i.ned_ | i nel
1 202 9 s RS LGB & P RIGEMG RPLRIISE R el

particle sizgoby, ai.le%etlﬂi»lll ﬂwthg@rgﬁit@%ldjﬁﬂgrg}oﬁ—ﬁ%h@mﬁ%yﬁg@gﬁ%{;ihgﬁ}ﬂﬂz 3

parts by wei ght of a pul verized” product is(2-c

i socyanur at endi@ylpReslucineoaat BE N iMYof KARIY ! Mani #idd s GO fwdtihdof Nt 0
1.5 min average particle size and 5 m’in maxi mum particle size by a jet

mll, made hyil&hd dodplinghganit CHils AcE€8r10)(3viyEddlypashlthietctdxtyfilananehadidhre
resul tant m xture was kneaded by a three-roll nmll to obtain a liquid
crystal seabyfbthisgditp.ofverdmipdds @btain mvesnt sodutionThd hehsasoElicry 17(52%@s of t he
liquid crystal sealing agent was 350 Pa-s (25C, R-type visconmeter (nade by
Toki Sangyobeaveightod NenoTe¢lgdiuinine WS Calsplowice batiimana, everggdpiriieladizat $ommand
t hernmosetting) 0.5 g of the Ikﬂyid cryst al sealin? agent was charged in a
sanpl e bot t F&de Py &-basel §q.glide, and b arts by @eadv 6l 200tadmmaayy Merck & Co.
Ltd.) was added thereto; ,
) meﬁaacry ate-styrene copolymer (Paraloid EXL-2655, made by Rohm and Haas Co.)

were homogeneously mixed therewith in a bead mill; and further 14 parts by weight

of a finely pulverized product of tris(2-hydrazinocarbonylethyl) isocyanurate (a

product obtained by finely pulverizing HCIC into 1.5 um in average particle size and

5 pm in maximum particle size by a jet mill, made by Japan Finechem Co., Inc.), and

3 parts by weight of a pulverized product of tris(2-carboxypropyl) isocyanurate {(a

product obtained by finely pulverizing C3-CIC acid into 1.5 um in average particle

size and 5 pm in maximum particle size by a jet mill, made by Shikoku Chemicals

Corp.) were mixed therewith, and the resultant mixture was kneaded by a three-roll

mill to obtain a liquid crystal sealing agent of the present invention. The viscosity

(25°C) of the liquid crystal sealing agent was 350 Pa-s (25°C, R-type viscometer

(made by Toki Sangyo Co., Ltd.).

Liquid crystal contamination (UV irradiation and thermosetting)

0.5 g of the liquid crystal sealing agent was charged in a sample bottle; T g of

a liquid crystal (MLC-6866-100, made by Merck & Co., Ltd.) was added thereto;



- 23 thereafter, ultraviolet rays of 3,000 mi/cn2 were irradiated to the
sanple bottle by a UV irradiation apparatus; then, the sanple bottle was
put in an oven of 120C for I hour. The sanple bottle was allowed to stand
at roomtenperature for 30 mn, and thpﬂa_the liquid crystal was taken out
the sanple bottle and the elution amunt™(ppm of the sealing agent
conponents was quantitatively determ ned by gas chronmat ography. The results
are showmn in Table 1. [Table |I ] Table Liquid Crystal Contam nation (UV
i rradi ati on tApigeftieviresield irag)of B tMBaMAWsImirtadapphtp tBospeme hottkbyes

Exanpl e | Exanple 2 Exanple 3 Epoxy Acrylate (KAYARAD R-94220) 120 120 120
Epoxy Resi n Y RECadigyjorsgpapres; 850, thelamplsoiopie iy aet ivan ke pat HY Ciot |

det ected not, detected not detecte (KAYACURE RPI -4) Curing Agent (HCIC
not det ect odOHbt _Het BEPbHEE Ve oLV Rl T HJoPpiHpraptuse ?%éﬁé%lan@m 0i ¢

id) 70 - -, Curi P t B.(CIC acid) - 4 - Curi Pr.onot -G C
aci @) - - 23R IRy ATSeENaClsheai it FomPleRBKAIEET P HECRR e 895 g o
the liquid tal; [ t har.ged .i e bottle; | f
Faui o orystal N e eedse! Syl R R L R AH €8s aduea Ther et
thereafter, Cm%a’?@@?ig@éb%{el1‘@5%%%5&3%}8“’"}&?%?@\/?” of 120C for 1 hour. The

sanple bottle was n out t nmedi ately, the liquid crystal
was taken ogtafisom the sanple bottle and the elution amount (ppn) of the

seal i ng agent conponents was quantitatively determ ned by gas
chr omat ogr aph¥¢ | TRéWESUstasCatamisioni UV i Tdibion apd thepdpseiting): Elution Amount

(ppm)

Compoenent Names Example 1 Example 2 Example 3
Epoxy Acrylate (KAYARAD R-94220) 120 120 120
Epoxy Resin (RE-203) 520 270 360
Photopolymerization Initiator not detected not detected not detected
(KAYACURE RPI-4)

Curing Agent (HCIC) not detected not detected not detected
Curing Promoter A (dodecanedioic acid) 70 - -
Curing Promoter B (CIC acid) - 4 -
Curing Promoter C (C3-CIC acid) - - 22

Liquid crystal contamination (thérmosetting alone)

0.5 g of the liquid crystal sealing agent was charged in a sample bottle; 1 g of
a liquid crystal (MLC-6866-100, made by Merck & Co., Ltd.) was added thereto;
thereafter, the sample bottle was put in an oven of 120°C for 1 hour. The sample
bottle was taken out the oven, and immediately, the liquid crystal was taken out from
the sample bottle and the elution amount (ppm) of the sealing agent components was

quantitatively determined by gas chromatography. The results are shown in Table 2.



[ Tabl e 2] Table 2 Liquid Crystal Contam nation (thernosetting al one):

El uti on Anount (ppn) Conponent Nanmes Exanple | Exanple 2 Exanple 3 Epoxy
Acryl ate (KAYARAD R-94220) 4500 3400 3000 Epoxy Resin (RE-203) 1600 800
1100 Photopol ynmerization Initiator not_4etected not detected not detected
(KAYACURE RPI -4) Curing Agent (HCI C) not detected not detected not detected

Curing Pronoter A (dodecanedioic acid) 180 - - Curing Pronoter B (CIC acid)
- 4 - Curin%‘Prom)ter C(C3-ClCacid) - - 21 Adhesive strength 1 g of a
gl ass fiber (880152 as a spacer was added to 100 g of the obtained Iliquid

seal i ng agent was a on a ass ‘substr
pi ece of 1. MPCRNIIS nin was | ami nat ed6AvietHe | i diirBriedy st aFxaeds ¥ ng

agent; the I|Hpgu derghpKaly ARMERRIGIQ2@gent wasod rradi at edoon t h ul t zegi ol et
rays of 3 J/d ggy@%ilﬁﬁég\_%oiﬁsradi ation apparaths, and then put it jpsan oven

for thernosetti'ng. The thernosetting conditions were two conditions of
100C for 1 ROUPPH{ECIERRE pdiatol hour. Thenoislisaied bonacideeagt h wf dgigsiedgl ass
pi ece was nmERSUPEFFREBond tester made by Seishin Trading Co., Ltd. The
resul ts areCsheynginn(d@lhe 3. Pot |ife The dehasge i nondesaosi t yoatet@bd of
t he obtai neg |}, Spli %&,y_x i ealbi-ng agent s neasured. The viscosity
i ncreasi ng rgt%é{’g QOO tgs(Eﬁdgc%ln?]HCgPldgi scosil}t%i%es are shown in Table 3. -25-
[ Tabl e 3] Curing Promioter B (CIC acid) - 4 -

Curing Promoter C (C3-CIC acid) - - 21

crystal s eal”liaﬂg 2208 E%;lf! I(Zgyg»gil é%ﬁtglélﬁxgtign%heg}-ﬁ%%tgi? % ai-é?e%'slégﬁeﬁtlln,&.l)%%aé kﬂr%%ﬁ")” g ¢ { g‘: tS al

Adhesive strength

1 g ofa glass fiber of 5 pm as a spacer was added to 100 g of the obtained
liquid crystal sealing agent, and stirred for mixing. The resultant liquid crystal
sealing agent was applied on a glass substrate of 50 mum x 50 mm; a glass piece of
1.5 mm x 1.5 mm was laminated on the liquid crystal sealing agent; the liquid crystal
sealing agent was irradiated with ultraviolet rays of 3 J/em? by a UV urradiation
apparatus, and then put it in an oven for thermosetting. The thermosetting
conditions were two conditions of 100°C for 1 hour and 120°C for 1 hour. The
shear bond strength of the glass piece was measured by a bond tester made by
Seishin Trading Co., Ltd. The results are shown in Table 3.
Pot life

The change in viscosity at 25°C of the obtained lquid crystal sealing agent
was measured. The viscosity increasing rates (%) to the initial viscosities are

shown in Table 3.



Tabl e 3 Adhesive strength and Pot Life Evaluation Itenms Exanple | Exanple 2
Exanpl e 3 Adhesive strength (MPa) Curing Condition 3 J/cn2 + 100C x 1 hr
45 69 65 Curing Condition 3 Rem + 120C x 1 lu 81 88 87 Pot Life
(viscosity increase %to initial value) After 2 days 11 5 4 After 4 days
34 19 15 As shown in Tables 1, 2 and 3, the sealing agents of Exanples
according to the present |nvent|on have a | ow possibility of contam nating
liquid crysta excel | ent adhesive property, little viscosity change
and favorabHEahBﬁﬂabllity Especi al |y the pol ycarboxylic acid having an

i socyanuric S anples 2 and 3 hardly elutes into the
l'iquid crys{gbﬁg%hé@e %ggKﬂgﬁqnaggéﬁﬁed panel can be said to be excellent
in reliabilifgletogiens Al 1. A liquid crystarlsleal iBxgmpgent emplilsi ng
(a) a hydrazmﬂEmmﬂmpqymdthV|ng an isocyanuric ring skel eton represented by
t he general eﬁ”ﬁyﬁmﬁn%nd%ﬁﬁHP q%§Qequ$and (Qg one or ppre curable resins
selected fro , actrylated epoxy resins and partially
(neth)acrylat@d” ¥HWESﬁH§m1ﬁdﬁ@ﬁ@edlnFornul§116] R YNy pSNN (1)
R3 Y R2 O mshereiicsity iRrddd %@&hlﬂamde@c?ndently represents hydrogen or a
nmol ecul ar skel%lqﬂja represented by the ollomﬁqg fornuIaS(Z): 4

After 4 days 34 19 15

As shown in Tables 1, 2 and 3, the sealing agents of Examples according to
the present invention have a low possibility of contaminating liquid crystal, an
excellent adhesive property, little viscosity change and favorable workability.
Especaally the polycarboxylic acid having an isocyanuric ring skeleton used in
Examples 2 and 3 hardly elutes into the liquid crystal, therefore, the obtained panel

can be said to be excellent in reliability.



[Chemical Formula 17] 4H CC N NH2 (2) n +1 O wherein n is an integer of
1to 6. 2. The liquid crystal sealing agent according to claim1l, wherein

t he hydrazide conpound (a) is a conpound represented by the follow ng
formula (3): [Chemical Fornmula 18]. -27 kH \\ NH2 HZC\\ 100 'y NO

HZC ~-NNH\ HN/C, d YHO-NHH O2 11 N2 0 3. The liquid
crystal sealing agent according to claiml or 2, wherein the curable resin
(b) is a mxture of an epoxy resin and a (neth)acryl ated epoxy resin. 4.
The liquid crystal sealing agent accordifAgBo any one of claims | to 3,

further conprisinpg (c) a polycarboxylic acid as _a _curing pronpter. 5. The
liquid crystal se‘gl%i‘l\&’& Céljséﬁ%tse%lé&?rgﬁp & Ry 1A (20 A &y Srazide P Round BRVANE her ei n

isocyanuric ring skeleton represented by the general formula (1) described below and
(b) one or more curable resins selected from epoxy resins, (meth)acrylated epoxy
resins and partially (meth)acrylated epoxy resins:

[Chemical Formula 16]

Ry

OYJ‘YO
(D
N N
T
O

wherein R' to R? each independently represents hydrogen or a molecular skeleton
represented by the following formula (2):

[Chemical Formula 17]

H
H, /N\
C C NH,
{ o ” (2)

wherein n is an integer of 1 to 6.
2. The liquid crystal sealing agent according to claim 1, wherein the hydrazide
compound (a) is a compound represented by the following formula (3):

[Chemical Formula 18].



t he pol ycarboxylic acid (c) has in its nolecule an isocyanuric ring

skel eton represented by the general formula (4) described bel ow. [Chem ca
Formula 19] T7 | Oy NO (4) T3NyNNT z O wherein T' to T3 each

i ndependent|y represents hydrogen or a mphecul ar skeleton represented by
the followng fornmula (5): [Chem cal Fornula 20] -28- 112 OHc (5) O
wherein nis an integer of 1 to 6. 6. The liquid crystal sealing agent
according to claim5, wherein the polycarboxylic acid (c) is a conpound
represented by the following fornmula (6): [ghenicauﬁFornula 21]. H2 HO/C

OOH ONO(6) O NHN H2C \ H2 Cim /N\
/ C NH
Ne \\
[ o
C N O

O N N
H o
EN\\ /C\ g‘? \ /N\NH
@] 2

2

C
N A ﬁ
0
3. The liquid crystal sealing agent according to claim 1 or 2, wherein the curable

resin (b) is a mixture of an epoxy resin and a (meth)acrylated epoxy resin.

4. The liquid crystal sealing agent according to any one of claims 1 to 3, further
comprising (¢) a polycarboxylic acid as a curing promoter.

5. The liquid crystal sealing agent according to any one of claims 1 to 4, wherein
the polycarboxylic acid (c) has in its molecule an isocyanuric ring skeleton
represented by the general formula (4) described below:

[Chemical Formula 19]

71'1
@] N Q
T Y .
N
Ta/ Y \Tz
O

wherein T' to T* each independently represents hydrogen or a molecular skeleton
represented by the following formula (5):

[Chemical Formula 20]



ICG-, d H'""QA OH HOH2 02 Cl 0 7. The liquid crystal sealing agent
according to claim5, wherein the polycarboxylic acid (c) is a conpound
represented by the following formula (7): [Chemical Formula 22]. -29 H C
OH CHZG,CH2 1 O-i]/ \ /Ny0O (7) OILkNNII \H2 C CYHO H2 H2 O
H2C COHH2 8. Aliquid crystal display cell sealed wwth a cured
substance of the liquid crystal sealing agent according to any one of
claime 1 to 7. 9. A nmethod for manufacturing a liquid crystal display cell
conprising two substrates, characterized by dropping a |iquid crystal
inside a weir of the liquid crystal scaling agent according to any one of
clains 1 to 7, fornmed on one of the substrates, thereafter |amnating the
ot her substrate on the one substrat o nd themy curing the liquid crystal
seal i ng agent. ‘é %; -~

” )

wherein n is an integer of 1 to 6.

6. The liquid crystal sealing agent according to claim 5, wherein the
polycarboxylic acid (c) is a compound represented by the following formula (6):
[Chemical Formula 21].

Ha
PN

HoC

Y-
A7 e

O

_-OH

9]

O o=

HO

7. The liquid crystal sealing agent according to claim 5, wherein the
polycarboxylic acid (c) is a compound represented by the following formula (7):

[Chemical Formula 22].



-29.

Ha
C\C/OH
HQT/CHz \O
O N O .
\1/ Y )
o
” H N N O
/C\ /Cz\“\c/ \ /32 “
0 H
2
8. A liquid crystal display cell sealed with a cured substance of the liquid crystal
sealing agent according to any one of claims 1 to 7.
8. A method for manufacturing a liquid crystal display cell comprising two

substrates, characterized by dropping a liquid crystal inside a weir of the liquid
crystal sealing agent according to any one of claims I to 7, formed on one of the

substrates, thereafter laminating the other substrate on the one substrate, and then

curing the liquid crystal sealing agent.



