-1- DESCRI PTI ON LI QUI D CRYSTAL SEALI NG MATERI AL AND LI QUI D CRYSTAL DI SPLAY
CELL USI NG SAME Technical Field The present invention relates to a liquid
crystal sealing material and a liquid crystal display cell using the sane.
More particularly, the present invention relates to a liquid crystal
sealing material for use in manufacture lof a liquid crystal display cel

in which a liquid crystal is sealed by dropping the liquid crystal inside
the wall of a conbi ned photo- and heat - curable liquid crystal sealing
material formed on one substrate, rhher dﬁ Ianlnatlng t he ot her
substrate thereon and curing the |iqui cryst sealing material, and to a
liquid crystal display cell manufactured using the liquid crystal seal i ng
material . Background Art As a manufacturing nmethod of |iquid crystal

di spl ay cel LsQUIheRosTALl $EALNGIMATERIALAANGY DPQUNY GRPSBAS, DISHIY has a
hi gh mass productivity, is proposed acconpanying the recent years'

upsi zi ng of CELQUIISING pstME di splay cells (see Patent Docunent 1 and Patent
Docunent 2). Specifically, the manufacturing nmethod involves dropping a
liquid crystal inside a liquid crystal sealing material formed on one
substrate, and thereafter lam nating the other substrate thereon to seal
the liquid crystal. However, the liquid crystal dropping process, since a
liquid crystal E material in an uncured state first contacts with a
liquid crys %.U“%g ‘%ﬂch a problem that conponents of the liquid crystal

e e RS bl USRS 8,2 o act g g e
generating 8’y§t81 &¥p1g$ cg?{@mé the Sgg'le\.“ ?JI& Xru%ulag lr)]r,eth%%x c—l‘,sent invention relates
to a liquid crystal sealing material for use in manufacture of a liquid crystal display
cell in which a liquid crystal is sealed by dropping the liquid crystal inside the wall
of a combined photo- and heat-curable liquid crystal sealing material formed on one
substrate, thereafter laminating the other substrate thereon and curing the liquid
crystal sealing material, and to a liquid crystal display cell manufactured using the

liquid crystal sealing material .

Background Art

As a manufacturing method of liquid crystal display cells, the so-called liquid
crystal dropping process, which has a high mass productivity, is proposed
accompanying the recent years’ upsizing of liquid crystal display cells (see Patent
Document 1 and Patent Document 2).  Specifically, the manufacturing method
involves dropping a liquid crystal inside a liquid crystal sealing material formed on
one substrate, and thereafter Jaminating the other substrate thereon to seal the liquid
crystal.

However, the liquid crystal dropping process, since a liquid crystal sealing
material in an uncured state first contacts with a liquid crystal, has such a problem

that components of the liquid crystal sealing material dissolve in the liquid crystal on



As curing nethods of a liquid crystal sealing material after a substrate is
| am nated in the liquid crystal dropping process, there are three nethods
of heat-curing, photocuring and conbi ned photo- and heat-curing. The
heat-curing nethod has such problens that a liquid crystal |eaks froma
liquid crystal sealing nmaterial renderéd low in viscosity during curing
due to the expansion of the liquid crystal by heating, and that conponents
of the liquid crystal sealing material rendered |owin viscosity dissolve
in the liquj t Tl ) e.difficyl _ : S0t he
heat - curi ngb%g%ﬁ%% al?]g ﬂﬁlco ggltcgfiﬁgfh)%a%aqfqhéféhﬁg}%}%shaga%cﬁ%és%gﬁgﬁg?} l'iquid
crystal seabingatBiliA} gertgeth B vihGnPHORecM i ng nethod include two kinds
of cationic polynerization type and radical polynerization type depending
on the kinds of phetonohymeds 884 li@Ndichistd] EQE marknaaner & hetdirge igryst al
sealing material of cationic polynerization type (see Patent Docunent 3)
gener at es | binsindtad phibe diquid digstalwlrepping piceetss 8@rd Qe thee hictisodd o€ r yst al

droppi ng process, it has such a problemthat the ion conponents elute in
the |iquid beapstidhgiphotdeericgatdoimbistdpeotanshd hat-speéd. f i Thertesi-atrargce val ue
of the liquid crystal is reduced. Then, since a liquid crystal sealing

mat eri al of MmeHWiddwp sdl rakleinsdhat adiquype ysteblealpafrenta ligoilienssial seglingas a

| arge curing contracti gn on photocuring, it has a problemof an |
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seal i ng mat gfdodle WEHeGchi- etngqﬂéﬁocﬁ‘%tnog%%’é)r%]&fdﬁi §ausing the

l'i ght -shi el ded parts to coe uncure eat-curing nmethod and the
phot ocuring met hol tHeayBerHaGh, [¥Akd BYStal RPRE §iFeriANEA64 HR! Jbtdcigng onbi ned

phot o- and heat-curing nmethod 1s believed To be -3- the nost practical

met hod ( seemPeiod niclidcutwieiind St cafibeic poifhdaredtiph eipe-andfgtical polymerization
type depending on the kinds of photopolymerization initiators.  Since a liquid
crystal sealing material of cationic polymerization type (see Patent Document 3)
generates ions in photocuring, when it is used in the liquid crystal dropping process,
it has such a problem that the ion components elute in the liquid crystal in the contact
state and the specific resistance value of the liquid crystal is reduced. Then, since a
liquid crystal sealing material of radical polymerization type (see Patent Document
4) has a large curing contraction on photocuring, it has a problem of an insufficient
adhesion strength. A problematic point related to both photocuring methods of
cationic polymerization type and radical polymerization type involve such a problem
that metal wiring parts of an array substrate for liquid crystal display cell and black
matrix parts of a color filter substrate generate light-shielded parts of a liquid crystal
sealing material where light does not enter, thus causing the light-shielded parts to
become uncured.

The heat-curing method and the photocuring method have such various

problems, and actually the combined photo- and heat-curing method is believed to be



heat -curing nethod is characterized in that a liquid crystal sealing
material interposed between substrates is irradiated with light to be
primarily cured, and is thereafter heated to be secondarily cured. The

i mportant characteristics required for a liquid crystal sealing materi al
used in the conbi ned photo- and heat-cwing nethod involve that the liquid
crystal sealing material does not contamnate a liquid crystal in every
process before and after light irradiation and before and after

heat - curi ngy. pd p‘?a%ﬂ@f];rﬁéthyd esgybst%meﬁéwn?ang " HRedlghle il ded parts

described bg}pre, nane count er neasures agai ns _ I'on ot t he
seal i ng mat gE4rah RS FRANENS Shdrh QRN tlﬁ)eﬁratlgltug:f crgér;{gl %Q}%g fdiciRf erial which

have not be photocured into the liquid cry eat=curing are

requi red. Ast&@bydn@en@inneBsratdsne ikl Aediuna 13hettRNE8h¥ed curddldng gUri ng
rapidly at a |l owtenperature before sealing material conponents elute out,

(2) consti thtdafigr ben@boartsscaaldadlys@atd. NdriEEIpbHaht dvitaekrib@dsdbyuieddube i n a
liquid crystal conposition, and the like. O course, the rapid curing at

| owt enper at lineid apsarpanigesatantlsend ngthefcotmbmep pholok Bed Heaticngng sethathi ch i s
a practically big problem Therefore, to obtain a liquid crystal sealing
mat eri al whitvklveabatdhe bagd gorstal sadingmaateréal Wiops 1 canfaovinatoatignideayitdn of a
liquid crystal, the liquid crystal sealing material is required to be
const i t ut ediTofVeBOM9SHEMEL AR #itedichE (Frashiatioa and baforg gyl ot hpatrering,

conposi tion, wever, photopol ynerizati.on jnjtiators s gg an
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have such p L ens._that. th easi.| | ute.in a liquid crystal, and further
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phot opol ynmetization initiator. e descri be ot op rization i nitiator
I's concei vefedRufggERasuitdie @lsubi ey SltHong tﬁ@ﬁ)iﬂag@ﬁg 049 coREQeRB S 1hecause

the initiator is captured in the cured material after photopolynerization
since the iauiigabpidihas: Ibotbmacahot GERAEtdaliBg G0l CAGPIAN elutd-out, (2)

constituting components of a sealing material which hardly elute in a liquid crystal
composition, and the like. Of course, the rapid curing at low-temperature
accompanies worsening of the pot life during use, which is a practically big problem.
Therefore, to obtain a liquid crystal sealing material which has a long pot life and
exhibits a low contamination of a liquid crystal, the liquid crystal sealing material is
required to be constituted of components which hardly elute in a liquid crystal
composition.

However, photopolymerization initiators such as an acetophenone initiator, a
benzoin initiator and a benzophenone initiator have such problems that they easily
elute in a fiquid crystal, and further decrease the specific resistance value of the
liquid crystal when they contact with the liquid crystal.

Patent Document 6 describes a photopolymerization initiator. The described
photopolymerization initiator is conceived to decrease the elution during the heating
process because the initiator is captured in the cured material after

photopolymerization since the initiator has both a photoreactive group (acryloyl



group) and a photoinitiation site in the nolecule. Considering fromthe
structure, the initiator is supposed to be synthesized by a successive
addition reaction or sinultaneous addition reaction using three conponents
of IPDI (isophorone diisocyanate),

2- hydr oxy-4' - hydr oxyet hoxy- 2- net hyl pr opidophenone and HEA

(2- hydroxyacrylate) as raw material conpounds. However, it is hardly
considered that the structural fornula descri bed in said patent docunent
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residual raw materi a nponent s e 1sol ion an purification
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difficult. Patent Docunent al so describes a p otopo zation

initiator. Howeygfate), 2 hy@lokwuh@al%ya 169y - Qsmélﬁﬂ?_ﬂ)}ﬁébh%ﬂ@ne%w@ #BR concept
and is a three-conponent synthesized product herefore, problens of the

cont am nat i @hhydiboyderydate tasatywahatbrialashipguhis, byHPradydt s hardy cesidwal raw
mat eri al conponents and of the difficulty in the isolation and

puri fi cat i othagthelstruetarmhifommiie descsoddiedaidistae docirhbad gadowies phdteradidaks. sti | |
no satisfying photopolynerization initiator for the application to liquid
crystal seaPFidesneinet ihalinigaigr iscoltieresunpsneniosynthesizehpraduciug prapleypé for the
use in the |I%yld crystal dropping process.in view of the |liquid crystal
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Patent Document 7 also describes a photopo!ymerlzatxon initiator. However,
this initiator also is based on the similar concept and is a three-component
synthesized product. Therefore, problems of the contamination into liquid crystal
owing to by-products and residual raw material components and of the difficuity in
the isolation and purification still remain to be solved.
As described above, there is still no satisfying photopolymerization initiator
for the application to liquid crystal sealing material s of combined photo- and
heat-curing type for the use in the liquid crystal dropping process in view of the
liquid crystal contamination.
[Patent Document 1]: Japanese Patent Application Laying Open (KOKAI)
No0.63-179323
[Patent Document 2]: Japanese Patent Application Laying Open (KOKAI)
No.10-239694
[Patent Document 3]: Japanese Patent Application Laying Open (KOKAI)
No0.2001-89743
[Patent Document 4]: Japanese Patent Application Laying Open (KOKAI)
No.01-243029



-5- [Patent Docunment 5]: Japanese Patent No. 2846842 [ Patent Docunent 6]:
Japanese Patent Application Laying Open (KOKAI) No.2001-133794 [ Patent
Docunent 7]: Japanese Patent Application Laying Open ( KOKAI)

No. 2004- 163763 Di scl osure of Invention Problens to be solved by the
invention The present invention relates &0 a liquid crystal sealing
material for use in the 1liquid crystal dropping process in which a liquid
crystal display cell is manufactured by dropping a liquid crystal inside

e e oh e, It BoEtshal. SRAl08 IR QRbBheaor med on the periphery of
one substrate, thereafter anlna er substrate thereon,

irradiating the ‘I[pa%lt Boctisid): B lre'sé'@a E}%ﬁéﬂ oh m?ﬁlﬁm t(ﬂmm curing

the sealing par and proposes I qU| sea materi al “whi ch
exhibits a Nbgmnqhggbyilom1contanlnatlon |nto aliquid crystal t hr ough
processes, and is excellent in workability of application to substrates,

| ami nabi | ity andPadieBoommerst7] eagidese WQ@HSAP@I@QI)IY Baling QHAlKOBARS a
result of extensive studies to solve the problenms described hereinbefore,

t he present NopgatioBséhave achi eved the present invention. Specifically,
the present invention relates to: (1) a liquid crystal sealing materi al
conprising (a) a reactive photopol ynerization initiator represented by the

general formula (1) and gb) a photocurable resin: [Fornmula 1] -6- R3 0 Z
Disclosure of Invention

Problems to be solved by the invention

The present invention relates to a liquid crystal sealing material for use in the
liquid crystal dropping process in which a liquid crystal display cell is manufactured
by dropping a liquid crystal inside the wall of the liquid crystal sealing material
formed on the periphery of one substrate, thereafter laminating the other substrate
thereon, irradiating the liquid crystal sealing part with light and then heat-curing the
sealing part, and proposes a liquid crystal sealing material which exhibits a
remarkably low contamination into a liquid crystal through processes, and is
excellent in workability of application to substrates, laminability and adhesion

strength.

Means to solve the problems

As aresult of extensive studies to solve the problems described hereinbefore,
the present inventors have achieved the present invention.  Specifically, the present
invention relates to:
(1) a liquid crystal sealing material comprising (a) a reactive photopolymerization
initiator represented by the general formula (1) and (b) a photocurable resin:

[Formula 1]



OAR N\yX-Rz_ Y- Ar 00 X=0o0or SY=0o0r SZ=04dor NO (wherein, R
represents a divalent straight chain, branched or cyclic | ower alkyl ene
group having 1 to 10 carbon atons or an aryl ene group; R2 represents a

di val ent straight chain, branched or cyclic |ower alkylene group having 1
to 10 carbon atonms or an arylene group;6-Ar represents an arylene group; R3
represents a hydrogen atom or a nethyl group; X and Y respectively
represent 0 or S; and Z is a hydroxyl group or a norpholino group); (2)
the liquid crygpgal sealing material accgrding to (1), wherein R in the

general fornulja (6) is,an ethylene group; (3) the liquid crystal sealing
mat eri al acco#di TR —R2y+ Wneré%gﬁz inthe general fornula (1) is

an ethyl ene groug, and Arjfis a phenyl ene oup; (4) the liquid crystal
sealing material according to any one of (1) to (3), wherein the reactive
phot opol yneri zat o bhisti ator has a content of 0.5 wt.%to 20 wt. % based on
the whole liquid crystal sealing material ; (5) the liquid crystal sealing
mat eri al accordi pgct er any one of (1) to (4), wherein the photocurable
resin (b) is an epoxy (nng)acryIate resin; (6) the liquid crystal sealing
mat eri al accord rg-ocamy one of (1) to (5), further containing (c) an
inorganic filler; (7) the liquid crystal sealing material according to any
one of (1) to (6), further containing (d) an epoxy resin and (e) a

heat -curing agent; (8) the liquid crystal sealing material according to

(7), wherei widi€nhRbtepedsbntdd dRGRMr strdight dhgid bbby @ZhyE8 lower alkylene
group having 1 to 10 carbon atoms or an arylene group; R? represents a divalent
straight chain, branched or cyclic lower alkylene group having 1 to 10 carbon atoms
or an arylene group; Ar represents an arylene group; R’ represents a hydrogen atom
or a methyl group; X and Y respectively represent O or S; and Z is a hydroxyl group
or a morpholino group),

(2) the liquid crystal sealing material according to (1), wherein R’ in the general
formula (1) is an ethylene group;

(3) the liquid crystal sealing material according to (1) or (2), wherein R? in the
general formula (1) is an ethylene group, and Ar is a phenylene group;

(4) the liquid crystal sealing material according to any one of (1) to (3), wherein the
reactive photopolymerization initiator has a content of 0.5 wt.% to 20 wt.% based on
the whole liquid crystal sealing matefial ;

(5) the liquid crystal sealing material according to any one of (1) to (4), wherein the
photocurable resin (b) is an epoxy (meth)acrylate resin;

(6) the liquid crystal sealing material according to any one of (1) to (5), further
containing (c) an inorganic filler;

(7) the liquid crystal sealing material according to any one of (1) to (6), further
containing (d) an epoxy resin and (¢) a heat-curing agent;

(8) the liquid crystal sealing material according to (7), wherein the heat-curing agent

(e) is a dihydrazide;



-7- (9) the liquid crystal sealing material according to any one of (1) to
(8), further containing (f) a silane coupling agent; (10) the liquid
crystal sealing nmaterial according to (9), wherein the silane coupling
agent (f) has an amino group; (11) a liquid crystal display cell scaled by
a cured material obtainable by curing a74iquid crystal sealing materi al
according to any one of (1) to (10); and (12) a nethod for manufacturing a
liquid crystal display cell characterized by dropping a |liquid crystal

inside a Watd) 0 1 ihic%la(?sgarl'1?11%1161’?2&%!:%1@(?%%?563 3'/5’1116 (?f;ﬁn?{r? .8?1Qu1ttl?r any one of

(1) to (10) fornmed on one subStrate an after ati'’ng the other

substrate thengamhe (B 86hs cOfpiiRggtvention The reactive
phot opol yneri zation i nitiator useg In the present invention is confirned

to be an i n{i0)atcliquex biyBiat daling niRFR E@d@h‘dﬁn%ﬁy\(ggpﬁﬁér@hﬂthé ¥il0k c6@RLAM nating
liquid crystals and enhancing the reliabili t he sealing material.

Furt her, thegansé) hafal firinoiggo crystal sealing material of the present
invention which is remarkably excellent in the | ow possibility of

cont ami nat i Og) kiliguidkrestylsdisdlaatdlosesletive a cmmelifattial ebtafialde by quiitg er yst al
display cell which is excellent in reliability. Best Mdde for Carrying Qut
t he | nvent i BauifsEsiahagalisg mathrsal peeséng (¢ aveand on(Ind (10henidn det ai |

descri bed. Air;&eacti ve_ phot oPoI ynerization initiator (a) represented by the
general f ofipangthgd for mapaiashawE R liqud estiabiispley 6l dhasatieiezel\pyr eacti ng a

(rec) et g TSR o SHL PO G 0PSB BB SRerem S5
any one of (1) to (10) formed on one substrate and thereafter laminating the other

substrate thereon.

Effects of the Invention

The reactive photopolymerization initiator used in the present invention is
confirmed to be an initiator exhibiting a remarkably low possibility of contaminating
liquid crystals and enhancing the reliability of the sealing material. Further, the use
of the liquid crystal sealing material of the present invention which is remarkably
excellent in the low possibility of contaminating liquid crystal allows the

manufacture of a liquid crystal display cell which is excellent in reliability.

Best Mode for Carrying Out the Invention

Hereinafter, the present invention will be in detail described.

A reactive photopolymerization initiator (a) represented by the general
formula (1) in the present invention is obtainable by reacting a (meth)acrylate
monomer having an isocyanate group represented by the general formula (2):

[Formula 2]



0O (wherein, R3 represents a divalent straight chain, branched or cyclic

| oner al kylene group having 1 to 10 carbon atons or an aryl ene group; and
R3 represents a hydrogen atomor a nethyl group) with an aryl oyl conpound
havi ng a hydroxy group or a thiol group represented by the general formula
(3): [Formula 3] 0 HX-R2-Y- Ar z X =80 or SY=0o0or SZ=0o0r N

l--/ (wherein, R2 represents a divalent straight chain, branched or cyclic
| ower al kyl ene group having 1 to 10 carbon atonms or an aryl ene group; Ar
is an arylene group; X and Y respectively represent 0 or S; and Z is a
hydr oxyl group or(? nor pholino group). Aradically reactive (neth)acryl ate
nononmer havi satyRoate group represented by the general fornula (2)
is not especially Ilimted as long as it has a structure having an

i socyanate group which reacts with a hydroxy group or a thiol group and
together a radically polynerizable group in the nolecule. A lower alkylene
group as R represents a straight chain, branched or cyclic, substituted or
unsubsti t ut trr - r havi . car bon
atoms.  pretorairy e bRr e e A N ek o Y ARk b g 1 T
10 carbon ayepp ha\ﬁngﬁlﬁlhO%ﬁrb%H a ldr%'ﬂedrﬁ'éﬂéj ouB! Mﬁ@ﬁre@érﬁé’ﬁ)h Hro%éﬂ yl ene

group. 2-isocyanateethy net hacryl ate, which has an ethylene group Is
especi al |y pogfgnabédy] group)

with an aryloyl compound having a hydroxy group or a thiol group represented by
the general formula (3):

[Formula 3}
O

HX-R2-Y— A r J><Z
X = Oor S
Y = O er 8

Z = OH or N/:O

(wherein, R? represents a divalent straight chain, branched or cyclic lower alkylene
group having 1 to 10 carbon atoms or an arylene group; Ar is an arylene group; X
and Y respectively represent O or S; and Z is a hydroxyl group or a morpholino
group).

A radically reactive (meth)acrylate monomer having an isocyanate group
represented by the general formula (2) is not especially limited as long as it has a
structure having an isocyanate group which reacts with a hydroxy group or a thiol
group and together a radically polymerizable group in the molecule. A lower
alkylene group as R’ represents a straight chain, branched or cyclic, substituted or
unsubstituted, saturated or unsaturated hydrocarbon having 1 to 10 carbon atoms,

preferably a straight chain or branched alkylene group having 1 to 10 carbon atoms



An aryl oyl conpound (a photopol ynerization initiator having no reactive
group) having a hydroxy group or a thiol group represented by the general
formula (3) is not especially limted as long as the aryloyl conpound has
in the nolecule a hydroxy group or a thiol group which react with an

i socyanate group. A lower alkylene group as R2 represents a straight
chai n, branched or cyclic, substituted or unsubstituted, saturated or
unsat urat ed hydrocarbon having | to 10 carbon atons. A straight chain or

b hed al kyl e
g;gﬂg,eprSpJ%%ng%aggﬁmgegy%ﬂ%$(%W%gﬁﬁ%ﬂﬁj q%“%?%%@PHBIey“ﬁﬁﬁﬂﬁﬁmgwglene
group incl ugl%amaaamswl gﬂﬁasgﬁsipaﬂyle @%EB){\J &RE PR, Rupheny! ene ar oup,

pyrrol yl ene group and t speci y preferabl e one is
2- hydroxy- 4’ - hy dE @X%at NAXKiBufiBtd i}ﬁ% "

1[4 (2 hydr oxyetho) )ytm%’%Bhen R ﬁ%ﬂg’@?f‘?ﬁ%ﬁp 28 15 opanone
or gr OU{J) havm a hydioxi' group or a thiol gr ohap 1eplesemed by the igeneral formula

1-[4-(2-mercap oeth ) -t hi o] phenyl ] - 2- net hyl -2- (4- nor phol'i no) - 1- pr opanone,

whi ch has @I)mﬁds‘[)clspamlgﬂﬁﬁneca& 182g acj’ltﬂleaxyﬂbﬂrb)bh%@n@hwﬂ tASmblecujthese two
ki nds of conpounds are condensation-reacted by heat of 70 to 100C to

obtain a tahgetedgroeact avechpouppdighrendtzatl anisoaiaha@toasup( a)A Jobhe amount s
of both conpounds used in the reaction are such that the anount of a
conpound ré@priesearcen AR reretpater dtaight chaihsbredheid or sedlict eulisetuadsoart 0.9 to
1.1 nol based on 1.0 nol of a conpound represented by the general fornula
(2). DuringUiPithedctatgated gt uswiwaiet hidipcaben adng ¢ 1heé0 gaden aBimce a

B o Ll R
oroup, e chPERLELSE. PRSI R & B DR GPRRCE Pl ST v
phot ool R ESMRRL LAY BOGEL S BAULSR BIEBOAS QULE STyt it
the |iquid ghysgiidhe atdugning Fﬂl‘i:en}ﬂ&dz gi@ﬁp.”%ﬂte@e@laﬁlp%réf@}abﬁmﬂei ity of
2-hydroxy-4’-hydroxyethoxy-2-methylpropyophenone,
1-[4-{(2-hydroxyethyl)-thio]phenyl]-2-methyl-2-(4-morpholino)-1-propanone or
1-[4-(2-mercaptoethyl)-thio]phenyl]-2-methyl-2-(4-morpholino)-1-propanone, which
has an ethylene group as R? and a phenylene group as Ar.
* These two kinds of compounds are condensation-reacted by heat of 70 to
100°C to obtain a targeted reactive photopolymerization initiator (2). The amounts
of both compounds used in the reaction are such that the amount of a compound
represented by the general formula (3) is set to be about 0.9 to 1.1 mol based on 1.0
mol of a compound represented by the general formula (2). During this reaction, a
solvent may optionally be used.
Since a reactive photopolymerization initiator synthesized by this method has
a radically polymerizable reactive group together with a radical generating group, the
initiator also crosslinks due to the presence of a reactive group and contributes to the

curing reaction.  Therefore, the reactive photopolymerization initiator hardly elutes

even in a liquid crystal which is very sensitive to unreacted impurities, does not



panels. Further, since the reactive photopolynerization initiator is a
product produced by reacting a radically reactive (neth)acryl ate nononer
having an isocyanate group represented by the general forrmula (2) with an
aryl oyl conpound having a hydroxy group or a thiol group represented by
the general fornmula (3) in the ratio of01:1, neither inpurities nor

i soners are generated. Therefore, said initiator is a nore reliable
material in view of the possibility of contam nationg liquid crystal. In

the liquid 8{%? b ect§?r? hﬁ:qg]%i%a Iggta? %nnenpl Bt es%ﬁ}tél}alllgl%een%hgbr}%tyt ile cont ent

of conponen eac lfator, is

preferably Q,nis fFU%LEI sitile We (e)/ﬁctx%ﬁgﬁ&'og%)l M’teHEgt o%rlﬂma}’o@% X\%{oo‘h&o 10w . %

When t he anbunt o reactive nMeri zation 1ni is |less than

2 wt. % the,phQl A deAdin.eaakH Ay 1@9(@011{@1%&1@@%9&10%5&%} Eel\fﬁ'fg Ay progress.
On the other hand, "when that exceeds 20 w'. too much the Tnitiator

someti Nes NRYcEALSer éqiékﬁaau@d b¥ bR géﬁabammta @nwah antahﬁoylrﬁo‘iﬂ;ﬁ)hﬁﬂ into
the liquid crystal e decrease I n the cured resin characteristics. A

phot ocur abl kavigsi hyc(l b}y used dra thiobgpnp sentschrd&yithe Benedal TotmEs pBGH aitd y
limted as long as the elution thereof into a liquid crystal is |ow, but
an epoxy ( metik)odd rly heitler impgiitiesi®r éppect aklggnpriefler Abtrefdre seidanitaforthe
contam nation into the liquid crysal. The epoxy acrylate resin or epoxy
met hacr y| at @mossichiaplsmaieridomeiew 9idhe bessibilillof coytamarationt fighidgrasialepoxy
resin having at Ieast two epoxy groups.in the nolecule with acrylic acid
or methacrylic a8i%e ligHd s ﬁﬁ%@gémﬁgéﬁpfgﬁI&ﬁﬁ”bé“ﬁ%@@bﬁﬁé@“ﬁ?-0 onmonl y

k hod fied
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triethylanine benzyl't Ior| trip ospni neé and
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hydr oqui none, thy hydr oqui none, enot hi azi ne an
di but yl hydr oxydtiphdd@Bgot sﬂﬂmﬂy%g}@ssham&ﬁe Bthek 8L, viHOR IRRGXYeedgPOUPS 1N

the nol ecul e i nclude, for exanple, bisphenol A epoxy resin, -11-
wt.%, too much the initiator sometimes may cause problems of the contamination of
the initiator into the liquid crystal and the decrease in the cured resin characteristics.
A photocurable resin (b) used in the present invention is not especially limited
as long as the elution thereof into a liquid crystal is low, but an epoxy (meth)acrylate
resin is especially preferable in view of the contamination into the liquid crysal.
The epoxy acrylate resin or epoxy methacrylate resin (b) component is obtainable by
esterifying an epoxy resin having at least two epoxy groups in the molecule with
acrylic acid or methacrylic acid.  This synthetic reaction can be performed by
commonty known methods. For example, an epoxy resin is esterified with the
equivalent weight ratio of acrylic acid or methacrylic acid, for example, at 80 to
110°C under the presence of a catalyst (e.g., benzyldimethylamine, triethylamine,
benzyltrimethylammonium chloride, triphenylphosphine and triphenylstibine) and a
polymerization inhibitor (e.g., metoquinone, hydroquinone, methylhydroquinone,
phenothiazine and dibutylhydroxytoluene). Epoxy resins having at least two epoxy

groups in the molecule include, for example, bisphenol A epoxy resin,



al kyl - substituted bi sphenol A epoxy resin, alkylene oxide-added bi sphenol A
epoxy resin, bisphenol F epoxy resin, alkyl-substituted bisphenol F epoxy
resin, al kylene oxide-added bi sphenol F epoxy resin, bisphenol S epoxy
resin, alkyl-substituted bisphenol S epoxy resin, alkylene oxide-added

bi sphenol S epoxy resin, phenol novol att epoxy resin, cresol novol ac epoxy
resin, biphenyl epoxy resin, naphthal ene epoxy resin, glycidylamne epoxy
resin, dicyclopentadi ene epoxy resin, silicone-nodified epoxy resin,

ur et hane- nogdj £ {. [ &S] ar - L _ABPOXV: i Bi. sphenol A
epoxy resin?mg|§§?§@8%§¥%ﬁﬁ?@dggﬁ%%ﬁgﬁﬁr”g?%%%ﬁﬁg?€§@%ﬁ¥“§ﬁ§9ﬂ%ﬁ8&%p
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epoxy resi Bxid@la&ﬂlém%heﬁoleipgﬁﬁkyﬁ_@§h Mhisiekdl S SHRSLEGHI AR IRLBRNGRA! S epoxy
resin and al kyl ene oxi de- added "bi sphenol S epoxy resin are preferable. In
t he present bispi@ol § @poxt ReinCaRYIRAE oLilicad phpbiogienald epd:8siekin(Fenbn a |iquid
crystal sealing nmaterial is preferably about 20 mﬂ.@gto 80 wt.% Inorganic
fillers (c)nesddd epoknrdshe cprses@nolacrepery @i, biphkudepbys edirs nhplahslene
crystalline silica, silicon carbide, silicon nitride, boron nitride,

cal ci um car trsrxatresin, gipgyddsining aparp ossat, djcybmpeuadiswd e, regia) ci um sul f at e,
mca, talc, clay, alumna, magnesium oxide, zirconium oxide, alum num

hydr oxi de, HHEHESNOMIRY QPO 1gein, weHiape-mnadsiied enere resin and Whhesmpilidiste,
lithiumalum numsilicate, zirconiumsilicate, barjiumtitanate, gl ass
fiber, carbBP*iIHRR ﬁﬁp%ﬁﬁﬁtﬁ%v §%ﬁ111=iah<e¥ -ahbftlagﬁéétsage.ﬂomswxy &.ca,
crystalline_silica,.,siliicon nitride, boron nitrid cal ci um car bonat e,

by um  sui Py ehé RSO michid S SpetPtelh Bisbherlr BRI Al o murm

hydr oxi de, Cd - Sl m: il e, a |l e. and
fused ;iIic%??%$§g?gﬁ?ﬁ%§ﬁéﬁﬁﬁg ﬁa&gﬁﬁﬁgﬂgﬁgkﬂﬁﬁgi%ﬂggé%%ﬁfg13{5%% ferabl e.
These i nor gRBINCbikphdnBl § e?’@syy REINUSIRYL- bbsButel BIEpHeBoI NG 1REinAREE. The
content of an inorganic Tiller usable for the present inventionin a liquid
crystal seadlkyignaatigeaaded HsplRBOH by rbfn 40 wefedabl@r ef erably 15 to 25

wt. % Wen

In the present invention, the content of a photocurable resin (b) in a liquid
crystal sealing material is preferably about 20 wt.% to 80 wt.%.

Inorganic fillers (c) usable in the present invention include fused silica,
crystalline silica, silicon carbide, silicon nitride, boron nitride, calcium carbonate,
magnesium carbonate, barium sulfate, calcium sulfate, mica, talc, clay, alumina,
magnesium oxide, zirconium oxide, aluminum hydroxide, magnesium hydroxide,
calcium silicate, aluminum silicate, lithium aluminum silicate, zirconium silicate,
barium titanate, glass fiber, carbon fiber, molybdenum disulfide and asbestos. Fused
silica, crystalline silica, silicon nitride, boron nitride, calcium carbonate, barium
sulfate, calcium sulfate, mica, talc, clay, alumina, aluminum hydroxide, calcium
silicate and aluminum silicate and are preferable. and fused silica, crystalline silica,
alumina and talc are further preferable. These inorganic fillers may be used in a
mixture of two or more.

The content of an inorganic filler usable for the present invention in a liquid

crystal sealing material is commonly 5 to 40 wt.%, preferably 15 to 25 wt.%. When



-12- the content of an inorganic filler is less than 5 w.% since the
adhesion strength to a glass substrate decreases, and the noisture
resistance reliability is inferior, the adhesion strength after noisture
absorption sonetinmes decreases largely. On the other hand, when the
content exceeds 40 w.% it becones hard2to make the sealing material
conpressed and the gap of a liquid crystal cell cannot be forned due to too
hi gh content of the inorganic filler. An epoxy resin (d) usable in the

[ b
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of cont ani ngfLngyLf eldb&U%sgs,%g&i%ﬂfﬁow%@%s?s@an%@?@ﬁébﬂﬁ pkapLuges but are

not limted~t [FormJIa
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[ Formul a 5] n (wherein, sents an
i nteger of &th%phal@ whe@t}félc@htéﬁt @Lwee@stmﬁftw n%fewh@ﬁ%l@x& Hﬁk@dﬁ%@alﬂigwhenol

S (formula 6): [Fornmula 6] OQ,, ,0/ O O and a diglycidyl ether of
et hyl ene oxideriabcetphisephasddie galpmraenﬁlc( Erostalded capnot-belfdrmed hrtbda 7] 0 O
high content of the inorganic filler.
An epoxy resin (d) usable in the present invention is not especially limited,
but an epoxy resin which hardly elutes in a liquid crystal is preferable in view of the
possibility of contaminating the liquid crystal. Such an epoxy resin includes, but

are not limited to, for example, bisphenol S epoxy resin (formula 4):

[Formula 4]

Vo350

, aresorcin diglycidyl ether multimer (formula 5):

[Formula 5]

oo

(wherein, n represents an integer of 1 to 10)
, a diglycidyl ether of ethylene oxide-added bisphenol S (formula 6):
[Formula 6]

O g o™

, and a diglycidyl ether of ethylene oxide-added bisphenol fluorene (formula 7):



The amount of hydrol yzabl e chlorine of an epoxy resin used in the present
invention is preferably not nore than 600 ppm further preferably not nore
than 300 ppm Wen the anmount of hydrol yzable chlorine is nore than 600
ppm a problem of the contam nation of liquid crystal sealing material
into a liquid crystal sonetines occursjzThe anount of hydrol yzable
chlorine is quantified, for exanple, by dissolving about 0.5 g of an epoxy
resin in 20 mM of dioxane, refluxing for 30 mMn with 5 mM of al-N
KCOH et hanol _sol utign and thereafter titrating with a 0.01-N silver nitrate
sol uti on. TH@”@BWﬁgnt of such an epoxy resin (d) in a liquid crystal
sealing material Rs refe ahout .5 wh. % 50 wt.% The liquid crystal
seal i ng mat er{ al” of 't heOp vﬂ/f?ﬁﬁ Bfgig}ably contains a
heat - curi ng agent (e). The guUring agent is not especially limted as
long as it reacts with a poXy Yesin to forma cured material, but it is
i nportant that the curing dgent starts to react honpbgeneously and rapidly
on heating, keeping a sealing material fromcontamnating a liquid crystal

, and exhibits little tine-dependent change of viscosity at room
tenperature during use. The liquid crystal sealing material is required to
cure at |low tenperature such as 120C for 1 h in order to mnimze the
decrease i n the Tarasingnf Bydrokyzetle ahloriqeioflac epystyaksih asdakbinehebesad. | n

vi ew of above points, as a heat-curing conponent in the liquid crystal

seal i ng maineentiin ioprafereblyries amre it ipom, furter pesdereblypwit ploun drnghal

hydr azi des and pol yvalent amnes is especially preferable. -14-

Pol yf unct i PR hyticazieiemowmEal hydodyzable chlaingds mpse Gen /6P ePRy PP gr oups

in the nnlecg%e. Speci f.i c exanpl es include, but .are not. Iiniied to,

car bohy dr azPHS CORRRITEAR 4y AW e IaL FEA B EaEr o e chlel fgpgithes

di hyd id di pi,c dih Lmgli ¢ di hyd i de, . i ¢.di hyd i de,
azel ai - di hysrEzi ds D A eSS b eI Ry SRRl B e,
hexadecanedh@éocfviﬂgq{é@lﬁb%g ofBh Ebdxy resin in 20 ml of dioxane, refluxing for 30 min

with 5 ml of a 1-N KOH/ethanol solution and thereafter titrating with a 0.01-N silver

nitrate solution.

The content of such an epoxy resin (d) in a liquid crystal sealing material 1s
preferably about 5 wt.% to 50 wt.%.

The liquid crystal sealing material of the present invention preferably contains
a heat-curing agent (e). The heat-curing agent is not especially limited as long as it
reacts with an epoxy resin to form a cured material, but it is important that the curing
agent starts to react homogeneously and rapidly on heating, keeping a sealing
material from contaminating a liquid crystal , and exhibits little time-dependent
change of viscosity at room temperature during use.  The liquid crystal sealing
material is required to cure at low temperature such as 120°C for 1 h in order to
minimize the decrease in the characteristics of a liquid crystal to be enclosed. In
view of above points, as a heat-curing component in the liquid crystal sealing
material of the present invention, the use of polyfunctional hydrazides and polyvalent

amines 1s especially preferable.



di hydrazi de, fumaric di hydrazide, diglycolic dihydrazide, tartaric

di hydrazi de, malic dihydrazide, isophthlic dihydrazide, terephthalic

di hydrazi de, 2, 6-naphthoic dihydrazide, 4, 4-bisbenzene di hydrazide,

1, 4- napht hoi ¢ di hydrazi de, 2, 6-pyridine dihydrazide, 1,2, 4-benzene
trihydrazide, pyronellitic tetrahydrazige. 1,4,5,8-naphthoic

t etrahydrazi de and hydrazi des having a val i nehydant oi n skel eton such as

1, 3- bi s(hydrazi nocar bonoet hyl ) - 5-i sopropyl hydant oi n. Wen a

pol yfunctional dihydrazide is used as a curing agent, it is preferable to
make it into fikeYiyastionsl Bydpzdesanearginss avdd haveiyroy arae d¥lpzida or der to
use it as a |l atent cur'ng agent.,. O goléfu?ctional di draéides,

di hydr azi de2'PEPHiNdPematiclle. Espatifigrer Pl insiude dbhase dEn S Ppht hal i c

di hydr azi de_a i hydrazi.des, havi. a . val.inehydant oi n .skel et on, are

bt 6 or abl e TRCIMEAE. PRASCEMEH Ao TanP ABOMERr 5B SR O aver age
particle si 1.5 a of:1. M. ; t.he E not nore
Phan 2 m st LTI OlPRES b 20 dhyd el EHERBML T Thae

a gap cannof.,h gﬁﬁfgﬁﬁ%id@h&de@%ﬁé&é@?dHﬂBgirzid%,nﬂeﬁaﬁ%ﬁle LSy SRS halgs are

| am nated in t nufacfure iquid crystal cell wth a thin gap.

Simlarly, &iﬁ?draf’i@é,i AR ATHAE S HBBy dofic RIS HE AR YarRel dBfRaAlamaBcm nore
preferably not nore than 5'm The particle’size of curing agents was

measur ed bydiydiaside, isshhifilicadihydrazide atiephihnlge Payddagide, Bbaaphithsicr i buti on
measuring instrunment (dry type)(LMs-30, manufactured by Seishin Enterprise
Co., Ltd.).dihh&raaderafbisbantenedehydsizide, i g-ppbfheicathydeodey Hbipgddse as not
to beconme extrenely small (e.g., not nore than 0.1 pm). -15- On the other
hand, pol yvéihedezided had-tieneingdebadrariaotiphdhit tastahadeazide,
di am nodi phenyl sul f one and, di ami_nodi phenyl ether. The fornulatjaon ratio of
a conponent L¢€)8-naphghqis teialydazide apd Bediptides having 3 walinghydagein skeelant
invention is preferably.0.8 to 1.5 equival ent based .on the equival ent
wel oht of tHERER bR ZBP o Spa! PTARER pRekSrably 0.6 to 1.2

polyfunctional dihydrazide is used as a curing agent, it is preferable to make it into

fine particle size and disperse it homogeneously in order to use it as a latent curing

agent. Of polyfunctional dihydrazides, dihydrazide is preferable. Especially

adipic dihydazide, isophthalic dihydrazide and dihydrazides having a

valinehydantoin skeleton are preferable in view of the contamination into liquid

crystal. The average particle size is preferably not more than 3 pum, further

preferably not more than 2 um, since too large an average particle size causes such

faults that a gap cannot be formed well when an upper and lower glass substrates are

laminated in the manufacture of a liquid crystal cell with a thin gap. Similarly, the

maximum particle size is preferably not more than 8 pm, more preferably not more

than 5 pm. The particle size of curing agents was measured by a laser

diffraction-scattering particle size distribution measuring instrument (dry

type (LMS-30, manufactured by Seishin Enterprise Co., Ltd)). The average particle

size 1s preferably controlled so as not to become extremely small (e.g., not more than

0.1 pm).



equi val ent. Wen the anount of the conponent (d) is less than 0.8

equi valent, the heat-curing reaction does not proceed sufficiently, and

t he adhesive strength and glass transition tenperature are soneti nmes

| ownered. On the other hand, the equival ent weight exceeds 1.5, the curing
agent remains, the adhesive strength degcreases, and the pot life sonetines
deteriorates. The liquid crystal sealing material of the present invention
preferably contains a silane coupling agent (f) in order to inprove the
adhesive strength. Silane coupling agents include, for exanple,

g- g: yci goxypr opyclplﬁ Fhehrﬁélltm'ds@y@ihw nelent amgey éndedeyprvpiprindenyngitee.oxysi | ane,
SO SOy B e el oSt LRy .
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and 3-chloropropyltrimethoxysilane. These silane coupling agents may be

used in a Imaxtuig ehetlmnd@s No0OpRcedX suffisrlys bh@ne LRed Agnagends, ones
having an amno group are preferable for obtaining a better adhesive
strengt h. Tilessusasitibnderspéranee arecupkiimgs bgentd. i i deeshdrivanddhesi ve
strength and provides a liquid crystal sealing material which is excellent
in the noi stayreleng sicsghd geeccds liSabielqutipeg ageut rarhaingdhe attesiot stdrtsi | ane

coupling agent (f) in a liguid crystal sealing material is preferably
about 0.01 %eﬁé"“tsoaric{]WFP% ﬂ#ar@mqtlﬁlﬁsﬁe@ﬁ%aﬁ%?l- sealing material of the

E TG I YT T R, R REH I
a silane coupling agent (f) in order to improve the adhesive strength.  Silane
coupling agents include, for example, 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropylmethyldimetoxysilane, 3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,
N-(2-aminoethyl)3-aminopropylmethyldimethoxysilane,
N-(2-aminoethyl)3-aminopropylmethyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
vinyltrimethoxysilane,
N-(2-(vinylbenzylamino)ethyl)3-aminopropylirimethoxysilane hydrochloride,
3-methacryloxypropyltrimetoxysilane, 3-chloropropylmethyldimethoxysilane and
3-chloropropyltrimethoxysilane. These silane coupling agents may be used in a
mixture of two or more.  Of these silane coupling agents, ones having an amino
group are preferable for obtaining a better adhesive strength.  The use of a silane
coupling agent improves the adhesive strength and provides a liquid crystal sealing

material which is excellent in the moisture resistance reliability.



such as a pignent, |eveling agent and defoam ng agent. One of the nethods
for obtaining a liquid crystal sealing material of the present invention

i nvol ves, at first, dissolving and m xing a conponent (a), a conponent (b)
and optionally a conponent (d) and a conponent (f). Then, an inorganic
filler component (c), and further a conppnent (e) as a heat-curing agent in
case the conponent (d) is used, and optionally an organic filler, a

def oam ng agent, a leveling agent, etc. in prescribed anbunts are added to

the m xture, and_the m xi a co nly kpnown m xi ng nmachji ne, such as a
triaxial roll, s W&Oﬁfqllfogt%eﬁ‘%e Guping %ﬁ%&gﬁ%hgw@ ca%tﬁééeaém&%?r&crysta|

sealing materj al the sent . inveption. The liquid crystal display cel
of the pres@ﬁ?éﬁﬁggﬁ#Pah&ﬁggﬁé%Bh??gd? substrates oppositely arranged with
a prescribed gapﬂ}%rh ngs ?155%’[?{ &3k Rl%%l]?i!agf%lmg?)ﬁc%?lﬁg{] en&i%ﬁ%?a ' furt 1cr:]rd the

peri pheries of the's es are sea i qu rystal sealing

materi al iO r%fo%?li?&ﬁﬁﬁ@stes iaﬂ%g% licp%’lvegﬂg)rrgal % ﬁH%Idin%é%’ﬁﬁ@ﬁllér.sanﬁl%ghlfﬁ%gsd in the

gap. The k t he " encl os I qul i $ especi a imted.

Her ei n, th%@ua§5ﬁ?%]n@élt,q&ﬂeli@l@@@&ﬂttalﬂe%@fcﬁtniﬁgngﬂiiai nation of substrates, at
| east one of whic as light transparency, such as a glass, quartz,

plastic or sili dde of themwvdt &stabidifige A iederyitaVehNesSmatepial exaepl e, addi ng
spacers (gap controlling nmaterial) such as glass fiber to a liquid crysta
seal i ng natpeieat invEntidieinpolesgnt firsauBszbivang atdhaxiappympendnbén)) a qui d

crystal sealing material on the periphery of one of the pairs of substrates
by a di spespseironeeit(b) andiepippitiya gompgesnd (Srapdtaadonipesentdof Thae, amal | of the
liquid crystal sealing material , overlapping the other %Iass substrate

t her eon und@Prasacdlify Camponead|Ustndnyringie emonant €) af dheatryrinaesydp t he
liquid crystal .sealin rt.is jrradiated with ulgraviglet rays by an
uItravioIet“??Pﬁ&?HFPgﬁRggb§éﬁp 8“%85?% V@nﬁﬁ%mW?éﬁldage§W“%$ ¥ehl 8seal i ng
part. The ul iolet irradiat.i amunt i s ferably 500 [cnRk to 6,000
ol cre mor e SRERE Ry HAHBHEET aRBRHE by SR ot Ao trnaPali g pe

curing at 9@ f QonlABMyIMowh iy BaBliNESuéh &d P FB S Ala RUBBI 3 48] | Of

t he present
homogeneously gives a liquid crystal sealing material of the present invention.

The liquid crystal display cell of the present invention has a pair of substrates
oppositely arranged with a prescribed gap on which prescribed electrodes are formed,
and the peripheries of the substrates are sealed with the liquid crystal sealing material
of the present invention, and a liquid crystal is enclosed in the gap. The kind of the
enclosed liquid crystal is not especially limited. Herein, the substrates are
constituted of a combination of substrates, at least one of which has light
transparency, such as a glass, quartz, plastic or silicon. The manufacturing method
involves, for example, adding spacers (gap controlling material) such as glass fiber to
a liquid crystal sealing material of the present invention, then applying the liquid
crystal sealing material on the periphery of one of the pairs of substrates by a
dispenser, efc., dropping a liquid crystal inside of the wall of the liquid crystal
sealing material , overlapping the other glass substrate thereon under vacuum, and
adjusting the gap.  After forming the gap, the liquid crystal sealing part is irradiated

with ultraviolet rays by an uliraviolet irradiation device to photocure the liquid



invention. The liquid crystal display cell of the present invention thus
obt ai ned has no display defects by the contam nation into the liquid
crystal and excels in the adhesiveness and the noisture resistance
reliability. The spacer includes, for exanple, glass fiber, silica bead
and pol yner bead. The dianeter thereof_jg. different dependi ng on objects,
and generally 2 to 8 m preferably 4 to 7 m The anount used is preferably
generally 0.1 to 4 pts.wt. based on 100 pts.w. of the liquid crystal
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group and Z%eﬂg&{ ZrH%gF!{l);;!;Méﬁé‘Ear&l 5%@1?5%%@-}%&%5{%% LRGSR Bas

(I RG- 2959, manufacture I ba Speciality em ca rp.) as an aryl oyl

conpound hayh Qgphy R HE QeRael8oR Wio ik Bqli@6kiaPBny &&%8!in tad 0.76 ¢
of nmethyl hydroqui none as a pol ynerization inhibitor was added thereto. The

t enper at ur eadfestvBfesiiand tHeBnovetird RkBe@cé &1i8BGy. anthd dpacdrixdluds, s stirred
for about 26 It at said tenperature. The obtained reaction solution was
di ssol ved i exanpie xdlams dibes allice headindpdliuypkr bedbuflit dieetaxerehand! ol uene, and
washed with water. Thereafter, nmethyl isobutyl ketone and tol uene were
distilled odgifferamdependamget ddestsant igveeralhhd top olny mpeslewehly bt 7 pint i diber
represented by the fpllomﬁn? structural fornmula: [Fornula 8] -18- 0.0
0~\ NAO~/ 0 / amoyy used j9 preferably generally 0.1 to 4 pts.wt. based on 100 pts.wt. of the liqud

crystal sealing material of the present invention, further preferably 0.5 to 2 pts.wt.,

most preferably about 0.9 to 1.5 pts.wt.

Examples

The following Examples further describe the present invention in detail.
Synthesis Example 1  (a) Synthesis 1 of a reactive photopolymerization Initiator

155 g of 2-isocyanateethyl methacrylate (Karenz MOI, manufactured by
Showa Denko KK) as a radically reactive (meth)acrylate monomer having an
isocyanate group and 224 g of 2-hydroxy-4’-hydroxyethoxy-2-methylpropiophenone
(IRG-2959, manufactured by Chiba Speciality Chemicals Corp.) as an aryloyl
compound having a hydroxy group were put in a reaction vessel, and 0.76 g of
methylhydroquinone as a polymerization inhibitor was added thereto. The
temperature of the mixture was raised to 80°C, and the mixture was stirred for about
26 h at said temperature. The obtained reaction solution was dissclved in a mixture
solvent of methyl isobutyl ketone and toluene, and washed with water. Thereafier,
methyl isobutyl ketone and toluene were distilled out, and a targeted reactive
photopolymerization initiator represented by the following structural formula:

[Formula 8]



was obtai ned by recrystallization using ethyl acetate and n-hexane.
Synthesis Exanple 2 (a) Synthesis 2 of a reactive photopol ynerization
initiator 155 g of 2-isocyanateethyl nethacrylate (Karenz MJ,

manuf actured by Showa Denko KK) as a radically reactive (neth)acrylate
nononer having an isocyanate group andi825 g of 1-[4-

[ 2- (- mer capt oet hyl ) -t hi o] phenyl ] - 2- et hyl - 2- (4- nor phol i no) - 1- pr opanone
(CGL967, nmanufactured by Chi ba Speciality Chem cals Corp.) as an aryl oyl
conpound having a thiol group were put in a reaction vessel, and dissol ved
in 320 g of toluene; and0. 96 g of nmeBhyl hydroqui none as a pol yneri zation
i nhi bitor wa Q%tm@ure of the mixture was raised to
80C, and the mxture was stirred fer about 32 h at said tenperature. The
obt ai ned reaction solution was dissolved in a mxture solvent of nethyl

i sobutyl ketone and tol uene, and washed wth water. Thereafter, nethyl

i sobutyl ketone and toluene were distilled out to obtain a targeted

reactive ph%@@%ﬂﬁ@%p@&yﬁmhmwﬂ ﬁlggel\tlsﬁ%a%%%c}, I*PHéﬁcaE@e fol | owi ng

structural fornul or mul Conmparative
Synt hesi s ERaif¥Réss Exzﬁbﬁﬁl& *265@ SS’flthélszé Q%%lré/a%upélﬁﬁ&ﬁ IyRRFik Al ifffiatdrNi t1 at or
of Patent Docunent 6 58 g of 2-hydroxyethyl acrylate (HEA, manufactured by
Osaka Organic Cheng 68Q-idodghimtdeyhyl irbthacagata (Kaghe MOY maeatictiel Beryl at e
nononer and 84 g of - 19 isophorone diisocyanate (1PDI, manufactured by
Ni ppon Pol ybhevhieekd K0 st aya@oally rehtte)math)acrgialesooyanatiaviverae put in a
reaction vessel, and 0.51 ?

isocyanate group and 325 g of

1-[4-[2-(-mercaptoethyl)-thio]phenyl]-2-methyl-2-(4-morpholine)-1-propanone
(CGI967, manufactured by Chiba Speciality Chemicals Corp.) as an aryloyl
compound having a thiol group were put in a reaction vessel, and dissolved in 320 g
of toluene; and 0.96 g of methylhydroquinone as a polymerization inhibitor was
added thereto. The temperature of the mixture was raised to 80°C, and the mixture
was stirred for about 32 h at said temperature, The obtained reaction solution was
dissolved in a mixture solvent of methyl isobutyl ketone and toluene, and washed
with water. Thereafter, methyl isobutyl ketone and toluene were distilled out to
obtain a targeted reactive photopolymerization initiator represented by the following
structural formula:

[Formula 9]

0 o (\O
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Comparative Synthesis Example 1  Synthesis of a reactive photopolymerization
initiator of Patent Document 6
58 g of 2-hydroxyethyl acrylate (HEA, manufactured by Osaka Organic

Chemical Industry Ltd.) as a radically reactive acrylate monomer and 84 g of



met hyl hydr oqui none as a pol ynerization inhibitor was added thereto. The
tenperature of the mxture was raised to 80C, and the m xture was stirred
for about 12 hat said tenperature. The obtained reaction solution was
added with 112 g of 2-hydroxy-4'-hydroxyet hoxy-2-net hyl propi ophenone

(I RG- 2959, manufactured by Chiba Speciahity Chemicals Corp.) as an aryl oyl
conpound havi ng a hydroxy group; and the tenperature of the solution was
raised to 80C, and the solution was stirred for about 26 h at said
tenperature, The obéalned &Mﬁﬁélon solution was dissolved in a mxture

sol vent of HEPRRIPNG didtoGyae henaméectyed by lipnond ahag Bdansndssiat e |
Thereafter, hyI 1 sobut ket one and t ol uen re di s illed out to obtain
a reactive ls%ée@rnfl%é’fq%ﬁu f A teaston vergel @mgodsésgc? bed i n Patent

Docunent 6. of .t he reactive opol y rlzatlon
initiator sy%pﬁﬁ&dg% ingpe ag%%t ﬁ%‘%ﬁrgaﬁ%% g Oiwai%&)‘gttb \ff “an epoxy

| f I Y- 817 : 60
PRARRAT i T ﬁ?{‘?ﬁﬁ?é;g%?h%%dt‘o@c Gt RO RS @ﬁ@%@’f
(ethyl ene oxj der ?ﬂ&j%&'ﬁﬁf&e“ﬂle %&m&awc%%h@@mﬁ@&ws 28984 W Rh @gﬁ 50?33 o/ eq,

manuf act ured by N ppon Kayaku Co., d.) as an epoxy resin pts.w.

of an am nOSJhEaﬂﬁywuﬂHi JXGeROLNL- methﬁlploplophenone (JRG-2959, manufactured by
(N- (3(am noet hyl ) y- am nopropyl tri met hoxysi| ane, nanufactured by Shi'n-Etsu

Si | i cones OGhibalSpdciakiBNElRO3alED . hesadredylanDcahhssat hadingta 190 yqreti;ai n a
resin solution. The resin solution was cooled to roomtenperature, then
added wit h 46l the tgnsergitive dithashipion dahyadhed 2o 86°Q andde swdumen WiHtinadj et
mll-pulverized grade nmanufactured by O suka Chem cal Co., Ltd. was

further fi n@lr)‘?b@ﬂlz\éé]” paid)empgapre, wihe otigined teartien (ofetiuf wet diswdvedyin
Tl BB E e RA lh
part ol ot seactdl 00 KpeRdSL o doiarl sl el o il s Liaud
of the li quf)lﬁjotgﬂc}{%é’tllza%%ﬁllﬂlﬂgtor (KR-02) described in Patent Document 6.
Example 1
7.2 pts.wt. of the reactive photopolymerization initiator synthesized in
Synthesis Example 1, 120 pts.wt. of an epoxy acrylate of bisphenol F epoxy resin
(YDF-8170C, epoxy equivalent: 160 g/eq, manufactured by Tohto Kasei Co., Ltd.),
30 pts.wt. of RE-203 (ethylene oxide-added bisphenol S epoxy resin, epoxy
equivalent: 233 g/eq, manufactured by Nippon Kayaku Co., Ltd.) as an epoxy resin
and 0.2 pts.wt. of an aminosilane coupling agent
(N-B(aminocethyl)y-aminopropyltrimethoxysilane, manufactured by Shin-Etsu
Silicones Co., Ltd. KBM-603) were heated and dissolved at 90°C to obtain a resin
solutton.  The resin solution was cooled to room temperature, then added with 10.1
pts.wt. of adipic dihydrazide (trade name: ADH; a jet mill-pulverized grade
manufactured by Otsuka Chemical Co., Ltd. was further finely pulverized), 25 pts.wt.
of alumina (manufactured by, SPC-Al, average particle size: 1.0 um) and 5.8 pts.wt.

of a rubber (Paraloid EXL.-2655, manufactured by Osaka Kasei Co., Ltd., average

particle size: um), and kneaded by a triaxial roll to obtain a liquid crystal sealing



material was 240 Pas (by an R-type visconeter, manufactured by Toki Sangyo
Co., Ltd.). Exanple 2 Aliquid crystal sealing material was obtained as in
Exanpl e 1, except for using the reactive photopol ynerization initiator
synt hesi zed in Synthesis Exanple 2 instead of the reactive

phot opol yneri zation initiator synthesizgg-in Synthesis Exanple 1. The
viscosity (25C) of the liquid crystal sealing material was 260 Pas (by an
R-type visconeter, manufactured by Toki Sangyo Co., Ltd.). Conparative

Example 1 A ljqujd.crystal .seal.ing materi al 5 _obt.ai ned as in Exanple 1,
except for MHSPALR G PRSI AIBRot bROI GHEHY SALCORT s 10Ul S8y sehesi zed i n
Conparative Nt hesi anpl e J.inst.ead of the reactiyv .

phot opol ynelrlﬁag%lta % o ?‘4?% %%{%ran é‘)}m%@gﬁoﬁgﬂi R ATHES Eg’e%&iﬁﬁpféy oC0The
viscosity (gRG of the liquid crystal sealing material was 320 Pas (by an
R-type visconeter, manufactured by Toki Sangyo Co., Ltd.). Test for

Contam nati pp,@flea Material into a Liquid Crystal Four kinds of
phot opol yneri zation initiators (the two kinds of photopol ynmerization

initiators synthesiygRcdydialSeaiesherbxamt Raited ARSI 1 B458RI6: 2 and
Conparative Synthesis Exanple 1 and a commonly used carbazole initiator,
3, 6- bi s( 2- nediiyihe 2eautivg bdto pelpmepiain ihitQtod spehydigarih azatie)is WaepRATh
nelted at a tenperature near their nelting point, and charged in an anount
of 0.1 g imsgadahthkecdotive pegtopalygmesaatiphaninarr isywthekiztdad SynthRGE wi t h
ultraviolet rays of 2,000 ml/cn2;, and 1 m of a liquid crystal
( MLC- 6866- 15emptahuf ¢ tirseesityy(2REE )i the Hgyid cuyestal acidiag ngetidl evas@siiPaant
cured sanpl(%,y t hen, charged in an oven at_ 120C for_| h, and then all owed
to stand at %E8mt@RpEran§ies maRutactarer by theki PpeyodCer Jst)al only  was taken
out fromthgonelac,h.sag;gl e bqttle havi ng been treated, put in Liquid -21
parative EXample

A liquid crystal sealing material was obtained as in Example 1, except for
using the reactive photopolymerization initiator synthesized in Comparative
Synthesis Example 1 instead of the reactive photopolymerization initiator
synthesized in Synthesis Example 1. The viscosity (25°C) of the liquid crystal
sealing material was 320 Pa-s (by an R-type viscometer, manufactured by Toki
Sangyo Co., Ltd.).

Test for Contamination of a Material into a Liquid Crystal

Four kinds of photopolymerization initiators (the two kinds of
photopolymerization initiators synthesized in Synthesis Example 1, Synthesis
Example 2 and Comparative Synthesis Example 1 and a commonly used carbazole
initiator, 3,6-bis(2-methyl-2-morpholinopropionyl)-9-n-octylcarbazole) were each
melted at a temperature near their melting point, and charged in an amount of 0.1 g
in a sample bottle; each sample was jrradiated at 80°C with ultraviolet rays of 2,000
mJ/em?; and 1 ml of a liquid crystal (MLC-6866-100, manufactured by Merck Itd.)
was added to the resultant cured sample, then, charged in an oven at 120°C for 1 h,
and then allowed to stand at room temperature for 0.5 h.  The liquid crystal only

was taken out from the each sample bottle having been treated, put in Liquid



el ectrode LE21 (manufactured by Ando Electric Co., Ltd.), and measured for
the specific resistance value of the liquid crystal on a neasurenent
voltage of 10 V after 4 mn by an electronmeter R-8340 (nanufactured by
Advantest Corp.). Eluted substances were also quantified by gas

chromat ography. The results are shown Al -Table 1. Test for Adhesive
Strength of Sealing Material 1 g of glass fiber of 5 mas a spacer is added
to 100 g of a liquid crystal sealing material, and m xed and stirred. This

l'iquid crysgalir&RalENIniRLSLHALd WRANISIRdSICONT &1 OLASHeaRsd f/lg of 50 mm
x 50 mm glass pieces of 1.5 nmx 1.5 nm were lamnated on the liquid

crystal Sea%ieﬁﬂicrfﬁsiiﬁtéﬁ@\4a}1feodﬂt@é!\ﬁ uidridhd ohlarméisalehRNt Whitdye Jalih namtep! et
rays of 2,000 ml/enR by a WV irradiating device, and then charged in an

oven at 120€nfinby hnlklaatdmeiss 8d$3Mhenshértiradbs iengédh Cokp.b.heEglass pi eces
was neasured. The results are shown in Table 2. dass Transition

Tenper at ur esubktaBemal warg alvhgenitdiedhegasesudradtagrtiphyi. quite resuistaad siwealihng

mat eri al was pinched between polyethylene terephthalate (PET) filns to
give a thinl#l¢m of 100 min thickness; the pinched filmwas irradiated
with ultraviolet rays of 2,000 mi/en2, and said thin film was charged in
an oven of I‘Zﬂé%’ff%?heﬁwﬁ Shsneb sealingiblagmebr curi ng, the PET filns were

| ed of f t bt ai le.. Th I t jti t
e e o 0, o R A5 TRt 0B LA TR 5 ko
.). Th | h i bl . I I . b , th
) I SIS R RN b SRS Bl oSl B B LS

. . p . . i to both
the - spec 1 PP PRATHEE bR SR 8D B e &SRS bl TR b er
hand, the rgaethMRaRAIYNARONYIRIdEA4I Rl thhkALI0fIRiveSWMAL Bt BionRithesi s

Exanple | exhibits a considerabl e anount of efution of by-products which
do not haveulaaviphotfnsefefioeenyeatipy a BV if@Natingslcsie)nd ther ablgein akxanpl e |

of the present
oven at 120°C for 1 h and cured. The shearing strength of the glass pieces was
measured. The results are shown in Table 2.
Glass Transition Temperature of Sealing Material

The resulatant liquid crystal sealing material was pinched between
polyethylene terephthalate (PET) films to give a thin film of 100 um in thickness; the
pinched film was irradiated with ultraviolet rays of 2,000 mJ/cm®, and said thin film
was charged in an oven of 120°C for 1 h and cured; and after curing, the PET films
were peeled off to obtain a sample. The glass transition temperature was measured
on the tensile mode by a TMA tester (manufactured by Ulvac-Riko, Inc.). The
results are shown in Table 2.

As is clear from Table 1, the initiators of Synthesis Example 1 and Synthesis
Example 2 of the present invention are demonstrated to have favorable results with
respect to both the specific resistance value and the eluted substances; on the other
hand, the reactive photopolymerization initiator of Comparative Synthesis Example 1

exhibits a considerable amount of elution of by-products which do not have a

photoreactive group.  Further, as shown in Table 2, Example 1 of the present



-22- invention has a |lower viscosity than Conparative Exanple 1; so Exanple
1 excels in handleability such as dispensability, and also in
characteristics as a liquid crystal sealing material such as adhesive
strength and glass transition tenperature. As described above, it is
denonstrated that the initiator of the Ppresent provides a remarkably | ow
possibility of contamnating liquid crystal and that the initiator
enhances the reliability of the sealing material. Mechanical properties of

the sealingiTBiiiinh 3668 ASAANERMN SN ARG 0] B8 nADTLli N,
tenperature are not inferior to those ‘of conventional sealing materials,
and the ini kil @bilie sHedrag dikgRhshil AP, Ad 3%95998%&@35110%%%‘?i'alutdrﬁr%%tﬁtOr for a
sealing material for the liquid crystal dropping process. |[Table 1]

I nitiator ofealif friaghi@l sugh akAthdsaieOstrealhGad RRZOLrensiPUMARR SISy Nt hesi s
Conparative initiator Exanple 1 Exanple 2 Synthesis Exanple 1

Cont ami nat i on- r ehadadriBed 40Fs1iRis2en2RBrde] thaltbetdiliatr oBHeReseapeci fi c
resistance value Elution into liquid 0. 03%0. 02%0. 15% 12% crystal

[ Tabl e 2] Bxaniieea terBehapy ¢o? pOontphityatficoatanfixaimgl lepuid cyktabasi thyt tB40 Pas 260
Pa-s 320 Pan's (25C) Adhesive 87 MPa 83 MPa 82 MPa

initiator enhances the reliability of the sealing material. Mechanical properties of
the sealing material such as adhesive strength and glass transition temperature are not
inferior to those of conventional sealing materials, and the initiator is very useful as a

photopolymerization initiator for a sealing material for the liquid crystal dropping

process.

[Table 1]

Initiator of | Initiator of | Initiator of |Carbazole
Synthesis | Synthesis | Comparative| initiator

Example 1 | Example 2.  Synthesis
Example 1
Contamination-related | 3. 09E+12 | 2. 22E+12 | 4. 21E+11 | 6. 30E+9
specific resistance

value

Elution into liquid 0. 03% 0. 02% 0. 15% 12%

crystal

[Table 2]
Example 1 Example 2 Comparative
Example 1

Viscosity 240 Pa-s 260 Pa:s 320 Pas
(25°C)
Adhesive 87 MPa 83 MPa 82 MPa
strength
Glass transition 110°C 115°C 101°C
temperature




strength G ass transition 110C 115C 101C tenperature -23- CLAIMS 1. A

liquid crystal sealing material conprising (a) a reactive

phot opol yneri zation initiator represented by the general fornula (1) and
(b) a photocurable resin: [Formula 1] R3 O O 1-HNYX-R2 Y- Ar z OO0 X
=0or SY=00r SZ=04or N?O (whergdn Rl represents a dival ent

strai ght chain, branched or cyclic |ower al kylene group having 1 to 10

carbon atons or an aryl ene group; R2 represents a dival ent

S

trai ght chain,

branched or cyclic lower alkylene grogpahaging 1 to 10 carbon atons or an
aryl ene group; Ar represents an arylene group; R3 represents a hydrogen

atom or a methyh jgnaugyst @B%@nﬁ@@iﬁ?@rﬁzﬁfrﬂjﬁﬁg @QE&%Q% Oor S and Zis a
. e

hydr oxyl group or a norpholino group).

iquid crystal
mat eri al acplostdpsigmegzationiinitidior WigeRhRIBY thagédeeal fgenas al) #ha
ethylene group. 3. The liquid crystal sealing material accor

d

seal i ng

puda (1) is an

ing toclaim1l

or 2, wherepmtRuirabic tdsen: general formula (1) is an ethylene group, and Ar

is a phenylene group. 4. The liquid crystal sealing materi al
any one of Bioaimwa ] to 3,

R® o}
H
o )
0
X =0 o 8
Y = O or 8

Z

i

OH er N:\O

according to

(wherein R represents a divalent straight chain, branched or cyclic lower alkylene

group having 1 to 10 carbon atoms or an arylene group; R? represents a divalent

straight chain, branched or cyclic lower alkylene group having 1 to 10 carbon atoms
or an arylene group; Ar represents an arylene group; R* represents a hydrogen atom
or a methyl group; X and Y respectively represent O or S; and Z is a hydroxyl group
or a morpholino group). |

2. The liquid crystal sealing material according to claim 1, wherein R' in the
general formula (1) is an ethylene group.

3. The liquid crystal sealing material according to claim 1 or 2, wherein R? in the
general formula (1) is an ethylene group, and Ar is a phenylene group.

4. The liquid crystal sealing material according to any one of claims 1 to 3,
wherein the reactive photopolymerization initiator has a content of 0.5 wt.% to 20
wt.% based on the whole liquid crystal sealing material.

5. The liquid crystal sealing material according to any one of claims 1 to 4,

wherein the photocurable resin (b) is an epoxy (meth)acrylate resin.



wherein the reactive photopol ynmerization initiator has a content of 0.5
w.%to 20 w.%based on the whole liquid crystal sealing material. 5. The
liquid crystal sealing material according to any one of clainms 1 to 4,
wherein the photocurable resin (b) is an epoxy (neth)acrylate resin. -24-

6. The liquid crystal sealing material -88cording to any one of clains 1 to
5, further conprising (c) an inorganic filler. 7. The liquid crystal
sealing material according to any one of clains 1 to 6, further conprising
(d) an epoxy rest - I: . 1aul rystal

seal i ng natgiiang%ggggﬁ Suggaﬁﬁgfﬁggﬁﬁaﬁggg?%t?%%ygﬁ%%#ﬂgﬁpﬁﬁéf%gent (e)
is a di hydrazigdecod riéﬁﬁ%(d)iaﬂ%&gﬁﬁi}é?ﬂ@{'. sealing material according to any
one of clainms 1 to B, urther conprising (f) a silane coupling agent. 10.
The liquid @rystahe 5@al icNGtdrBELibahataes AEABLO aky) BhdDhlaipher 8id) the
silane coupling agent (f) has an amno group. 11." Aliquid crystal display
cel | seal edfibtheacaupedngat)anicdbxphdsai 4RIdcby heatcufigg agedii qui d crystal
sealing material according to any one of clains 1 to 10. 12. A nethod for
manuf act uri g a Thaliqud crygsd atalidi spdtayal aetdrdinhas aate 7| aherchythedr oppi ng a
liquid crystal inside a wall of a liquid crystal sealing material according
to any oneh@f-cariag agent (@)ds adihydtizide. i s forned on one substrate, fol |l owed

by | am natigg t{je ot her substrate thereon. .
. he liquid crystal sealing material according to any one of claims 1 to 8,

further comprising (f) a silane coupling agent.

10.  The liquid crystal sealing material according to claim 9, wherein the silane
coupling agent (f) has an amino group.

11 Aliquid crystal display cell sealed by a cured material obtained by curing a
liquid crystal sealing material according to any one of claims 1 to 10.

12. A method for manufacturing a liquid crystal display cell characterized by
dropping a liquid crystal inside a wall of a liquid crystal sealing material according to
any one of claims 1 to 10, which is formed on one substrate, followed by laminating

the other substrate thereon.



