-1- DESCRI PTI ON LI QUI D CRYSTAL SEALANT AND LI QUI D CRYSTAL DI SPLAY CELL
UTI LI ZI NG THE SAME Techni cal Field The present invention relates to a
liquid crystal sealant which is used in Ilamnation of |iquid crystal

di splay cells as flat panel displays and has excellent adhesive property,
heat resistance, noisture resistance, Iihuid-crystal cont am nati on

resi stance and productivity. Al so, the present invention relates to a
liquid crystal display cell manufactured by using the sane. Background Art
In recent years, as liquid crystal OespRayTiceil s have beconme bigger, a
so-called Iliquid-crystal dropping technique, which has higher

productivity, has been proposed as a manufacturing nethod of the Iiquid
crystal display cells. Various types of sealants for |iquid-crystal

dr oppi ng teMﬁlﬁD@fh‘éSﬁAbe?ﬁﬁhAM/ﬁNfﬁbbEﬁdlm S8y Pt et SPDARUTEDL. 1). On the
ot her hand, _since lications for small-sized display cells, particularly
for portabléIHéL@ngE§@3S$hﬁiher contai n noving i mge functions, the

dermand for high definition and hi gh-speed response has been reqU|red.
Particul arly, nany of the liquid crystal display cells have been used for
t he port abl s as val ue-added products in Japan, and the |liquid
crystal disﬁIgyn have been manufactured by nultiple chanfering in
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crystal. TheaieRie ppofth@hBeat I?é’s‘iétﬁﬁbesl%@I st rdARsaRe A& QWSE? Eonthy ﬂpﬁ idn h aving
a cell -2- gap designed to mor |ess are beginning to be manufact ured,

al t hough t hesstelnke gﬁtbprolda&l\b@en Llen\RapietRlidwendod flfeiMo all@iipe8RIagm Of
seal peeling has been occurred since the thickness of 3 mor |ess causes

i nsuf fi ci entlisplay esk nnfifaeturat bhighg the same

Background Art

In recent years, as liquid crystal display cells have become bigger, a so-called
liquid-crystal dropping technique, which has higher productivity, has been proposed
as a manufacturing method of the liquid crystal display cells. Various types of
sealants for liquid-crystal dropping technique have been also proposed (see Patent
Document 1).  On the other hand, since applications for small-sized display cells,
particularly for portable telephones, further contain moving image functions, the
demand for high definition and high-speed response has been required. Particularly,
many of the liquid crystal display cells have been used for the portable telephones as
value-added products in Japan, and the liquid crystal display cells have been
manufactured by multiple chamfering in large-sized mother glasses. In order to
correspond to the high-speed response, the narrow gap between the liquid crystal and
a cell has been employed. A liquid crystal has become more sensitive, and has been
easily be contaminated by impurities as compared with the conventional liquid

crystal. Thereby, a higher purity sealant has been required. Panels having a cell



tenperatures although said problens have not been generated conventionally,
because of a buffer action due to the thickness of the seal in the
conventional sealant. Although there has been conventionally proposed a
met hod for addi ng pol yner particulateséior stress relaxation, or the like
(see Patent Docunent 2), the adhesion Tength thereof at high
tenperatures has been insufficient. Patent Docunent 1: Japanese Patent No.
3162179 Patent Docunent 2: Japanese Patent Application Laying Open (KOKAI)
No. 2000- 34#203idvcdad gk or ohs frbdepinvdntth 08 nBhokkamd, aliheugohy ed] gy t he
invention It is an object of the present invention to provide a liquid
crystal seahanteenconpmsionalpnd whi pn. hakhegnobigh cded peelinghasdrgt beanedd
reliability in nmoisture resistance such that the seal would not peel even
at a cell g&pceagleﬁblﬁkmms a63 suBonkestumbasgnyutidcinetiikaculfer abhighhe | qui d
crystal display cell and is excellent in qperabilit It is another object
of the pres pefﬁiwlé’ﬁﬁitwgéﬂéa@rmﬁ)blé@séﬂah%tmdmm generaad aprentienally. a | i qui d
conposition and a
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(1) to (9): st(ela)gtmhaegpm%gm Véﬁ;ﬁ%ﬁatﬁﬁ%@@ﬁee‘ﬁhﬁ{@ﬁ&%‘iﬂ zed by conprising: (a)

an epoxy resin (b) a curing agent containing at | east one type of each of

a novol ak resin ReichiDocpoleytf LTapdReababydiaziide; sonpound; and (c) an
inorganic filler. (2) The liquid crystal sealant according to the above

(1), wherein thePatattiDmcafment hdapaesd AiktenteSplication heyiayOpeg (MOEMI No) i s

from5 to 90% by wei ght.
2000-347203

Disclosure of the Invention
Problem to be solved by the invention

It is an object of the present invention to provide a liquid crystal sealant
composition which has enough adhesion strength and reliability in moisture
resistance such that the seal would not peel even at a cell gap as narrow as < 3 um
during the manufacture of the liquid crystal display cell and is excellent in
operability. It is another object of the present invention to provide a method for
manufacturing a liquid crystal display cell using this liquid crystal sealant

composition and a liquid crystal display element.

Means for solving problem
As the result of extensive investigations of a way to solve the
above-mentioned problems, the present inventors have found that a resin

composition having a specific composition can solve the problems, and thus



(3) The liquid crystal seal ant according to any one of the above (1) and
(2), wherein the inorganic filler (c) is alumna and/or silica. (4) The
liquid crystal sealant according to any one of the above (1) to (3),
characterized in that the inorganic fillgr (c) has an average particle
di aneter of 2000 nmor less. (5) The Iiﬁhid crystal seal ant according to
any one of the above (1) to (4), <characterized by further conprising a
coupling agent. (6) The liquid crystal seal ant according to the above (5),
wher ei n t he comppliddiye pegeritinvesitian. | Thadg ohepreidnanecanupldlatgs @geat . (7) The
liquid crystal sealant according to the above (1) to (6), characterized by
further conpelisting(B tedPing accel erator. (8) The liquid crystal seal ant
according to the above (7), wherein the curing accelerator is a |atent
curing accel er at o A {igyid srysta spalantopareaierigidsnl eympreding: S@ednegpoby reshe | i qui d
crystal seahﬁnt according ta any one of the above (1) to (8). Effect of
the inventi 6% AHENEAEHFORIANPS AL ot caniysof exdd ¢fraadasiolali iesiamad en exhi bits
res .even at cell gap as narrow as

293 o "ber Ry RiseBoR Ry s tiegenirofRE R brpa e pfay cel I of hi gh
reliability, and-t 1y i.on ess ~4- thereof | l.icable tp both
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crystal seal ant @f ThB@iqRIESPAAL schiaMENLH R COMRY LREST B a%%?@f'lﬁia% (2)

conponents: (a) an epoxy resin; (b) a curing agent containrng at ‘feast one
type of eackhofeinthponakake figisi v) anduaimayfosrgicaonal hydrazi de conpound,

and (c) an inorganic filler. The epoxy resin (a) used for the liquid
crystal seal ant @) Thhégprlesesit] seametrdccanding to any one of the above (1) to (3),
characterized in that the inorganic filler (¢) has an average particle diameter of 2000
nm or less.
(5) The liquid crystal sealant according to any one of the above (1) to (4),
characterized by further comprising a coupling agent.
(6) The liquid crystal sealant according to the above (5), wherein the coupling
agent is an imidazole silane coupling agent.
(7) The liquid crystal sealant according to the above (1) to (6), characterized
by further comprising a curing accelerator.
(8) The liquid crystal sealant according to the above (7), wherein the curing
accelerator is a latent curing accelerator.
(9) A liquid crystal display cell sealed by the liquid crystal sealant according

to any one of the above (1) to (8).

Effect of the invention
The liquid crystal sealant of the present invention exhibits high bonding
strength at high temperatures even at a cell gap as narrow as < 3 um, being able to

provide a liquid crystal display cell of high reliability, and the production process



is not particularly limted, and exanples thereof are bisphenol A type
epoxy resins; bisphenol F type epoxy resins; polyfunctional epoxy resins
which are glycidyl etherification products of polyphenol conpounds such as
bi sphenol S, 4, 4'-Dbi phenyl phenol
2,2',6,6 -tetranethyl -4, 4" - bi phenyl pheriof
2,2' -met hyl ene-bi s(4-nmethyl -6-tert-butyl phenol), trishydroxyphenyl net hane,
pyrogal | ol , phenols having a diisopropylidene skel eton, phenols having a
fluorene skeretfonappdicgble td bdthdif {de dyndemionpherythbdetidanes:-fangrbanakbat ed
pol ybut adi enes; glycidyl etherification products of various novol ak resins
prepared usjggresagprgessrti ng materials, various phenols such as phenol,
cresol s, ethyl phenols, butyl phenols, octyl phenols, bisphenol A, bisphenol
F, bisphenol S and naphthols, including phenol novolak resins having a
xyl yl ene skel et on henol ,novol ak_resins having dicyclopentadi ene
skel et on, pR&EHNOHPE LKk YigsPRsthp dpeniom 11 uorene skel eton; alicyclic

uch as cycl ohexane; heterocyclic

[ havj.ng. | i phatic.skel et or )
opoxy resins haviHGIRECe! BERERTE INCREOR Hhbadescbey Wlstai i ng or hydant of n
i ng; | yci dyl aj | QX i n. of hr.gm nat ed, ph | b 1 nat ed
bi sphenol A - br S RAEEE B fen R e H B ot BCRERbH € PBRBRA nat 33
h | ani | ak.; lical | V.
sed cpoxy 1oeRafbortii AOLSE Rl B3 AL MAaP Sy BBRU R S A 2R, o1y
ani l'i ne, ph@cﬂﬁéigﬂll}rﬁ(‘ait bkt &lehShe of éa%ﬁ%?ﬁinﬂ@%lg&k N il gtlﬁgﬁl%t’i(ag/all hydrazide

1, 6- hexanedi ol di gl'yci dyl ether, trinethyl ol propanet yClI

pol ypr opyl eaﬂn}gjmdp&ncﬂ%gbmicdgéni@ﬁh@{ :

(3,4-3,4" -epoxycycl o) hexyl net hyl hexane car boxyl at e and hexahydrophthalic
anhydri de di gl ycil®ydposgtresin (dfeskioe pioxlyquidsiyitl sdatany € thel flessichvanicanount
as not affecting the operability and physical properties of the resulting
| iquid crysisalt gatraatly limbitedaaslenamgiestthecobpobisphesil i iype ehexyl iesjui;d
crystal sealant is_usually about 25 to about 60% by wei ght, and preferably
25 to 50% b s&wgm IYPFIF®SBY 835818y PelgbingEonphprensissine whsdar glysithil xt ur e of

two or nore., T curing, agent (b) used in the ljquid crystal seal ant of the
present inv‘ghffr%ge;%tlon products o po{y 1encﬁ compounds suc gs bisphen%lS

4,4'-biphenylphenol, 2,2',6,6'-tetramethyl-4,4'-biphenylphenol,
2,2"-methylene-bis(4-methyl-6-tert-butylphenol), trishydroxyphenylmethane,
pyrogallol, phenols having a diisopropylidene skeleton, phenols having a fluorene
skeleton, e.g., 1,1-di-4-hydroxyphenylfluorene, and phenolated polybutadienes;
glycidyl etherification products of various novolak resins prepared using, as starting
materials, various phenols such as phenol, cresols, ethylphenols, butylphenols,
octylphenols, bisphenol A, bisphenol F, bisphenol S and naphthols, including phenol
novolak resins having a xylylene skeleton, phenol novolak resins having
dicyclopentadiene skeleton, phenol novolak resins having a fluorene skeleton;
alicyclic epoxy resins having an aliphatic skeleton such as cyclohexane; heterocyclic
epoxy resins having heterocyclic ring such as isocyanuric ring or hydantoin ring;
glycidylation epoxy resin of brominated phenols such as brominated bisphenol A,
brominated bisphenol F, brominated bisphenol S, brominated phenol novolak and

brominated cresol novolak; and publically known and used epoxy resins such as



contains at |east one type of each of a novolak resin and a pol yfuncti onal
hydr azi de conpound. The ratio of the novolak resin in the curing agent is
5to 90% by weight, preferably 15 to 80% by wei ght, and nore preferably 20
to 70% by weight. If the content of the_novolak resin in the curing agent
is nore than 90% by wei ght, the reIiabT?Fty of panels such as reliability
in nmoisture resistance and |iquid-crystal contam nation resistance is

excel l ent. However, the sufficient strength and heat resistance at a cell
gap as narr dwNadigcBlylroetahidite, 3¢ Nodig hicitydgniléned phére/ ] figeid)lsetigre apt to be
peel ed during the production. If the content is | ess than 5% by wei ght, the
stress rel axeorenodighyddyi sthebel .6hEfineiliohdiglyaidg! tther, suf fi ci ent adhesi on
strength may not be obtained. Exanples of the novol ak resins capabl e of
bei ng used Hémgthylapreparctigly tidykethernpalspigioyicas ghysolhplyeidst ethti,ng materi al s
are various ?gengjs such a; bi sphenol A, tetrabronobi sphenol A, bisphenol
F. bi sphenol( ; ;3, ;%%B?)ﬁﬁ@ 9};}5W§Hbf|llf}exane carboxylate and hexahydrophthalic

2,2',6,6"'-tet hyl.- 4,.4' - bi ph | ph |,
2,2'-nethyl%ﬂ%ﬁgE%(%QH%9HV$%%Ptg??-gufgﬁphenol), t ri shydr oxyphenyl net hane,
Il ol, ph i ! l.i d kel et.on h | s havi
Py borane " 6. "sken BBkl sl Ud SRRIORIG SoRG B & Gr A sPanER Derdfibnor
d : i . te h | s,
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F, bi sphenokp&yanrgnnaptd IQlis crysRN&Rek & DK Aok 65 k&&b&;%b%%} @Q@ﬁp' _
ph | avi ng

novol ak resins having a xylylene skel et on, enol novol ak resins

di cycl opent anl preéersiel2stios0vasl whghol novol ak resins having a fluorene
skel eton. Preferabl e exanples of the novolak resins are as follows;

novol ak resins whbse eptay teising nmptasd d ssedieasanitousf phenphsrsuch as phenol
cresol s, ethyl phenols, butyl phenols, octyl phenols, bisphenol A, bisphenol
F, bisphenol S &bgicuisisadsol @9 uggedinvbg liguid crioted sekant ef ilnsprssechirsnipirenol
novol ak resins . havin% a xylyl ene skel eton, phenol novol ak resins having

di cycl opent Sdfit@Re ALika{ OPs HPes] daphelforovedikoresir apd ainedy fhastiong! aydraaids ene
skel eton. Mre (g)r fe:,@bl.et. exfatggl es 1of t he tglovo!.ak resi ns are as foll ows:
various novSPEROWEsi ddCESl RF BPYQIRK et Wythe curing gegent 1s 5to 90% by weight,

preferably 15 to 80% by weight, and more preferably 20 to 70% by weight. [f the
content of the novolak resin in the curing agent is more than 90% by weight, the
reliability of panels such as reliability in moisture resistance and liquid-crystal
contamination resistance is excellent. However, the sufficient strength and heat
resistance at a cell gap as narrow as < 3 um cannot be obtained, and the panels are
apt to be peeled during the production. If the content is less than 5% by weight, the
stress relaxation would not be sufficient, and the sufficient adhesion strength may not
be obtained.

Examples of the novolak resins capable of being used herein are as follows;
novolak resins whose starting materials are various phenols such as bisphenol A,
tetrabromobisphenol A, bisphenol F, bisphenol S, 4,4"-biphenylphenol,
2,2',6,6'-tetramethyi-4,4"-biphenylphenol,
2,2"-methylene-bis(4-methyl-6-tert-butylphenol), trishydroxyphenylmethane,

pyrogallol, phenols having a diisopropylidene skeleton, phenols having a fluorene



vari ous phenols such as phenol, cresols, octyl phenol, bisphenol A

bi sphenol F, bisphenol S and naphthols. Particularly preferabl e exanples
of the novolak resins are as follows; phenol novol ak resi ns obtained using
phenol as starting materials and cresol_ novol ak resins obtained using
cresols as starting materials. These novdl ak resins are used al one or as a
m xture of two or nore. In the present invention, the polyfunctional
hydrazi de conmpounds nean conpounds havi ng not |ess than two hydrazi de
groups in tkkelamheodl &, 1, 5dth-ladroxyphdoifhrazd, gelyphol tempeirdisdidlysy azi de,
mal oni ¢ aci d di hydrazi de, succinic acid dihydrazide, adipic acid

di hydr azi de phgiaietd polgbitddidid)pdead| desols ubigtphenals) itylghdnyads, aziytishenalzel ai ¢
aci d di hydrazi de, sebacic acid di hydrazi de, dodecanedi o dihydrazide,
hexadecane #isphgadl &z btheninpig dispheiwil db., disphenrcd £, HisphdnohBiraind naglithols;

di hydrazi de, diglycolic acid dihydrazide, tartaric acid di hydrazide, malic
acid di hydph%cglé noyalak s sveh atphEngl rgiplakiesias hewpe p i higrcskeletoa,

di hydr azi de, ., 2, 6- napht hoi ¢ aci d.di hydrazi de,. 4, 4-bi sbhenzene di hydrazi de,

1, 4- napht hBPf&"OgE?YPamHW%S’/]& ﬁa&%ﬂagswﬁ%@wﬁﬁem ﬁ@kawh%f pixngbnovplak wsBenzene
trihydrazide, .pyronel |itic acid,-7- tetrahydragjde, 1,4, 5, 8-naphthoic acid
tetrahydrazﬁﬁggggz%B“T?§k%?@?hygF%9?%%féwﬂgﬁ58fh§ﬂyygb#éﬁﬁﬁﬁﬁ9ﬁﬁydantoim
however the f ' : I , r imted eto. O
those. " ar omsre o e Rring MPLE B RS AR RN BE R B b Fhel 4ot

di hydrazi de pre@&g,wtlﬁgﬁﬁéngIsgialiﬁ%gfh%ﬁ&i%%ctlﬁﬂ%msbstblcf(?nﬁ)g%iﬁ gis?faée}%qj razi de,

2, 6- napht hoic acid ydr az - bi's” benzene" d az 1, 4- napht hoi ¢

aci d di hydr sgph@wl 8.26d RxpltEbIBendiayidtazd @k ksids dudhORZMBBRo BN raghde,
pyronmellitic acid tetrahydrazide and 1, 4,5, 8- naphthoic acid tetrahydrazi de,

and 1, 3- bi bayihy dxglxiane skadetangenbyhdvobal woips bpythhdaolopemadice: M@t abl e
since they are excellent in |atency because of the high nelting point and
have |itt| eagbphenp] navwplakaesihé hanidg e fipsteak skdeoaus dlwé phifghblgleassples afisi ti on
poi nt of the cured product. |sophthalic acid dihydrazide is particularly
pref er abl e. PHE VAR EFRNSGRe i llous: Yyl @arolak egirisivhdse siortizgemnaterialbant i on i s
0.6 to 1.4 cheniﬁal eqyﬁval ntﬁ, pr?fera?ly 0.7.to 1.1 chem cal_ equival ent
as the sum &IOUSD enols such as phenol, cresols, octylplienol, bisphenol A, bisphenol F,

bisphenol S and naphthols. Particularly preferable examples of the novolak resins

are as follows; phenol novolak resins obtained using phenol as starting materials and

cresol novolak resins obtained using cresols as starting materials. These novolak

resins arc used alone or as a mixture of two or more.

In the present invention, the polyfunctional hydrazide compounds mean

compounds having not less than two hydrazide groups in the molecule, such as

carbohydrazide, oxalic acid dihydrazide, malonic acid dihydrazide, succinic acid

dihydrazide, adipic acid dihydrazide, pimelic acid dihydrazide, suberic acid

dihydrazide, azelaic acid dihydrazide, sebacic acid dihydrazide, dodecanedio

dihydrazide, hexadecane diohydrazide, maleic acid dihydrazide, fumaric acid

dihydrazide, diglycolic acid dihydrazide, tartaric acid dihydrazide, malic acid

dihydrazide, isophthalic acid dihydrazide, terephthalic acid dihydrazide, 2,6-

naphthoic acid dihydrazide, 4,4-bisbenzene dihydrazide, 1,4- naphthoic acid

dihydrazide, 2,6-pyridine dihydrazide, 1,2,4-benzene trihydrazide, pyromellitic acid



equi val ent of hydroxyl group in the novolak resin and that of active am no
group of the polyfunctional hydrazide conpound with respect to the epoxy
equi val ent of the epoxy resin in the liquid crystal sealant. The inorganic
fillers (c) used in the liquid crystal sealant of the present invention
include, for exanple, alumna, silica, t7tani um oxi de, cobalt oxide,
magnesi um oxi de, ni ckel oxide, iron oxide, zinc oxide, calciumcarbonate,
magnesi um car bonate, barium sulfate, calciumsulfate, talc, clay, nagnesium
oxi de,  zir carhydaakiedd, Sel-paphiiwie bydraxdhgesaziiegaRisi um hydr oxi de, cal ci um
silicate, alumnumsilicate, zirconiumsilicate and bariumtitanate, and
al um na and Isi-bis@egdezamocpbefenhgps-ibéprogdrsdaton, Hohere ayoReudead t hese
inorganic fillers subjected to hydrophobic treatnent and coupling

treat ment. Théweaideorypairssfid nedsniteythibretous dif thedepmematic aslyfumitiohalr e of
two or nore, The average particle dianmeter of the inorganic fillers used in
the present hygiagidas sush asdsophbrbie agif yilpeberide ndipic deesdihyhenidepesphddliasi ng a
| aser nethod aqr.a -8- t hod cal culating by a specific surface area, or the
like. If t héﬂgxﬁé‘?yé%@%ﬁéjﬁa@th%@ é%tdéw%&md%éﬂ'r%b@ﬁqﬁn@dlﬁwﬂra@d@, is nore
than 2000 nm, because of |1.specific. surface area of the inorganic
filler, themld'ﬁ%a}péﬁ ieage ﬁﬁ&ﬁ?zﬁﬁd%r}&l%ﬁ%‘%ﬁﬁéﬁép&%‘@rﬂnﬁméfﬂw41@&16%
crystal sea k g . r f&om h ot her at .the, hot pressing
after |ani ng?{&%nne%gfc ?%‘g&giﬁgg?rgglﬁgaﬁ%\?ﬁrg’gﬁggﬁﬁ%@é‘%llagﬂf"ﬁw a4l fhbduct i on of
the liquid L . _Enor G, fald b er . to e e, As a
result, adhégi%ﬁkg*ﬁgﬁg%ﬁn a fg cﬁnggﬁgwﬁmggﬁégégﬁﬁgggéﬁﬁﬁﬁ%gﬁgﬁ?e

absor ption efciBhiShUiend RcARE of ehd¥8gh %?éh%éhlgdiéf £ habl Iim?e]gkg;ﬁbteﬂ:ﬁ%, ¢hower

limt of the average particle dianeter of t I norgani c i'S not

defined, thBqtidweystdls bedausesSofisgablays @bauton3pdlik F3hafuray gfdge. particle
di aneter. The content of the inorganic filler in the liquid crystal seal ant

used i n t helsophibgiénacid dibedtdzole is palictlarl45Hefosableei ght, nore preferably 15 to
35% by weight in the total liquid crystal sealant. Wen the content of the
i norgani ¢ fill er Thesameyy of Herrusigg aggntwsed ht the preseltiiguintioony 8 6ab 1skeal ant
woul d be such low in viscosity that the liquid ]

chemical equivalents, preferably 0.7 to 1.1 chemical equivalent as the sum of

equivalent of hydroxyl group in the novolak resin and that of active amino group of

the polyfunctional hydrazide compound with respect to the epoxy equivalent of the

epoxy resin in the liquid crystal sealant.

The inorganic fillers (¢) used in the liquid crystal sealant of the present

invention include, for example, alumina, silica, titanium oxide, cobalt oxide,

magnesium oxide, nickel oxide, iron oxide, zinc oxide, calcium carbonate,

magnesium carbonate, barium sulfate, calcium sulfate, tale, clay, magnesium oxide,

zirconium oxide, aluminum hydroxide, magnesium hydroxide, calcium silicate,

aluminum silicate, zirconium silicate and barium titanate, and alumina and silica are

preferred.  If necessary, there may be used these inorganic fillers subjected to

hydrophobic treatment and coupling treatment.  These inorganic fillers may be used

alone or as a mixture of two or more.

The average particle diameter of the inorganic fillers used in the present

invention is preferably 2000 nm or less when measured using a laser method or a



crystal sealant would be apt to exude at the tinme of hot pressing in the
production of the liquid crystal cell. Wen the content of the inorganic
filler is nore than 45% by weight, the filler are not pressed easily at
the tine of pressing during the production of the liquid crystal cell and
so the gap of the liquid crystal cell ma§/‘not be able to be forned. An
organic filler may be further added to the liquid crystal sealant of the
present invention so long as it does not affect the characteristics of the
liquid crystadthodeatdming Exasmbdi wffatderedr@am Gkd i IF eesivbgt yaeicrol ymer
beads and rubber filler of core-shell type. These fillers may be used each
al one or as dammgirt afrtbe oforganiz Bllers tomere thhe2@Gamagecpaktdfehalldpanks er of the
organic fillers capable of being added is not nore than 3m preferably not
nore than 2 spifacreeen ohibe invegagefiear thedhergadic ditletsemdahe tdsm amganest dfi | | er s
is nore than 3 m the formation of the cell gap may -9- becone difficult.
The anount &€ igEd erygtshpealant plegrenes ssharetenide cadhdetien & tushiprsssingot  nor e
t han 50% by }(\BI ht based on the wejght of the inorganic fillers. Wen it

is more thaf 18’0‘%5%’9&%&0 ke unpReaRd oews seRstiss darimethsprequstiop phthet iauid
formati on of t ell, gap is apt.,to becone difficult. ring accel erators
may be adde&‘%sﬂa%elﬁr?&dﬁ?e P’i?aelrcﬁl{eéﬂs Yude gHitdeor A@@é‘ewa?émsm SRFEED; on i f
necessary. Tk i rat include,. . for. exanpl e, imdazoles, salts
of inidazol gﬁ*@fw&#ﬁg%%@@%eﬂ%xy et Sgoﬁi%thonaosf Wit e 8 agﬂoﬂg;e i sopht hal i ¢
acid, tere i &1 ACH [ i1 4: G a6 I

napht hal enegig%gr%{)%%yl iqjgggg%}é?m%%jf%m:@it %n)dqgg}gltlwéé glcéilmg?élgrfrfhcfes such as
di cyandi am gergdiflc 58S n6ff ddrhed aft d8Ser Wbk [y Lﬁbﬁﬂoéb%utgrﬁgl APQVRerage

pol ycar boxyl i c aci ds or phosphinic acids; diaza conpounds such as

1, 8- di aza- bpayicleod{ioméief)) undecene-7 and salts of the diaza conpounds wth
phenol s, the above pol ycarboxylic acids or phosphinic acids, phosphines
such as tri phenyhpbogptiohthedanorgaeicrfd s énhe plaosidresihlsehipht aelenyde bor at e,
phenol s such as 2,4, 6-trisamnm nonmet hyl phenol, and am ne adducts. The

i m dazol es Prféenideventign isskigmie by avarghthyotarprdierable 15 & pHérby weiplten ohe,

total liquid crystal sealant. When the content of the inorganic filler is less than 5%
by weight, the liquid crystal sealant would be such low in viscosity that the liquid
crystal sealant would be apt to exude at the time of hot pressing in the production of
the liquid crystal cell.  When the content of the inorganic filler is more than 45% by
weight, the filler are not pressed easily at the time of pressing during the production
of the liquid crystal cell and so the gap of the liquid crystal cell may not be able to be
formed.

An organic filler may be further added to the liquid crystal sealant of the
present invention so long as it does not affect the characteristics of the liquid crystal
sealant. Examples of the organic fillers include polymer beads and rubber filler of
core-shell type. These fillers may be used each alone or as a mixture of two or
more.

The average particle diameter of the organic fillers capable of being added is
not more than 3 pum, preferably not more than 2 um.  When the average particle

diameter of the organic fillers is more than 3 pm, the formation of the cell gap may



2-undecyl i m dazol e, 2- hept adecyl i m dazol e, 2- phenyl - 4- et hyl i m dazol e,

1- benzyl - 2- phenyl i m dazol e, 1- benzyl - 2- net hyl i m dazol e,

1- cyanoet hyl - 2- met hyl i m dazol e, 1-cyanoet hyl -2-phenyl i m dazol e,

1- cyanoet hyl - 2- undecyl i m dazol e, 2,4-diam no-6 (2'-nethylim

i dazol e(1'))ethyl-s-triazine, -9-

2,4-di am no-6(2' -undecyl i m dazol e(1'))ethyl-s-tiiazine,

2, 4-di am no-6(2' -et hyl, 4-net hyli m dazol e(1"))ethyl -s-triazine,

2, 4-di am no w i : - Liazl [ ri cid
cdduct a2 e U L MRSl Sl Pt VAR R SRR R T o

2- phenyl i m gaz@b thivs Qﬁr%ac—gméight%‘a!sai ortRNGNY -3 R i‘ﬂb@éﬁfcqmé?{:t thh%thdazm e,
2- phenyl - 4- hydr oxynet hyl - 5- net hyl i m dazol e, "and 1 -cyanoet hyl - 2- phenyl -3, 5
- di cyanoet hoxiyortthy Sowibdazabier, thkGiscABRNGotaseodisl Mt M6 ¢ahakRh Y $he t he
preferred exanpl es include

2, 4- di am no<@{ 2ap wephyl benbidazidifieqd' ) ) et hyl -s-tri azine i socyanuric acid
adduct, a 2:3 adduct of 2-nethylim dazole isocyanuric acid, an adduct of
2- phenyl i mi dazol euring aeglmisisenachagddsdlints thf liquid dazwl esilanit bhithe present

pol ycarboxylic acids such as_phthalic acid, isophthalic acid, terephthalic
aci d, trimefvepiien Hopeessiyr oﬂ?& Piringcacgeletptors M\wfeh&r@ﬁ@mpbahnidﬁwe&; aci d,
mal ei ¢ aci d ?nd_ox%iic acL@, gnd anige adducts. The ampunt of the curing
accel er at or 15 pddyiqagolgs yithgpodsahoxylc pydpgichiee phielis asidpisgpishaic acig, 20

b 1 gh : ferably.0.5 5 ts b i.ght, based qn 100
parts by wrgendp EikEpdkC peie e ke R oRe s hetdigan ) s
f d : [ - . in the f I . i
Bece er at or SRR atd B REHIo A0, IRER LB AL Reldbd it STl s ORbiRET ) 10,

(prol ongat i @in@fheRAl, thé ﬁl?ovteiﬁiﬁ?))carb-ggl?lié aLigol, a}%’{brsglﬂgicaa%ﬁﬁl, §h chig}?(ﬁfn%st hose

which are solid at roomtenperaturé and re S curing acce ators only

after mel tinghby [, heiakd-bRycRH4.0NGIBERe-T A QXIBPIR did¥aCHRGBRSAY Wit Y pe
curing accel erators prepared by mcroencapsul ating these curing

accel er at or ghensty, ild alibsppolstabotylipactisror phosphtie hadatphosphidarsuekanpl e,

i m dazol es) which are hardly soluble in a solvent or epoxy
triphenylphosphine and tetraphenylphosphoniumtetraphenyl borate, phenols such as
2,4,6-trisaminomethylphenol, and amine adducts.

The imidazoles include, for example, 2-methylimidazole, 2-phenylimidazole,
2-undecylimidazole, 2-heptadecylimidazole, 2-phenyl-4-methylimidazole,
1-benzyl-2-phenylimidazole, 1-benzyl-2-methylimidazole,
l-cyanoethyl-2-methylimidazole, 1-cyanoethyl-2-phenylimidazole,
1-cyanoethyl-2-undecylimidazole,
2,4-d1amino-6(2'-methylimidazole(1"))ethyl-s-triazine,
2,4-diamino-6(2-undecylimidazole(1"))ethyl-s-triazine,
2,4-diamino-6(2'-ethyl,4-methylimidazole(1"))ethyl-s-triazine,
2,4-diamino-6(2"-methylimidazole(1"))ethyl-s-triazine isocyanuric acid adduct, a 2:3
adduct of 2-methylimidazole isocyanuric acid, an adduct of 2-phenylimidazole
isocyanuric acid, 2-phenyl-3,5-dihydroxymethylimidazole,
2-phenyl-4-hydroxymethyl-5-methylimidazole, and

1-cyanoethyl-2-phenyl-3,5-dicyanoethoxymethylimidazole.



resin, and am ne adducts. O these, it is particularly preferred to use

am ne adducts as the curing accelerators in view of one-pack storage
stability when mxed with the epoxy resin and high reactivity in heating.
Anong these curing accelerators, average particle dianmeter of the solid

di spersion type latent curing accel eratdfs is about 6 mor |ess, preferably
about 4 mor less, nore preferably about 3 mor |ess neasured by |aser

met hod. Wien the latent curing accelerators of nore than 6 min average
particle di anet epnamg (M&8Quring hedeferalbdst e Wrireh0d PELi QLM diygpenser coating,
and the shape after Coating i$ not uniform Thereby, the shape of seal
after seal i DG-ObmSAPSLr-BHeas it gHo1d10Y) et ] BEridd REGanhic 58 a8aE, £F:31 1 qui d
crystal sealants using the curing accelerators of nore than 6 min average
particl e di adiicens2-aumhylgnidizdeabchaanoasidumundduor & 2-phshyliRgddRughness of
-11- fillers is recognized at the sealed portion. The exudation is al so apt
to occur. Thecysmeragd, paistof ahaladdlasmetiibrpobfcattoeyliasddd suchims phthaticediér at or s

has no particular lower [limt, but normally those of about 1.5 to 2.5 m
are used. | fsopebelkeay, tegphibalt #hd, taigwhliticannd, perankdbdec #6dt he |1iquid crystal
seal ant of th resent inyention. Exanples of the coupling agent include

si | ane couplighagusdicerboxylicacid napig ased my arlinecidi mdhanissggiidy alents and
370l yei doxy BFORSHCE T pBt RSP AHES a3 o dyBropy MAEHyPalHEIRBRysi | ane.
ot hy! 1 mot R T et Bl R BT s o SRR U G0 parts

e nopr opy PR CT e APy e TR TR ARBIETT,  cthoxyel Tane, 3

- mer capt opr opy| t1 iyt hoxu$h ubdiRBse cu¥inB et dIEARENEMS FbrBNEF 1atent curing _
N- (2- (vinyl benzyl am no) et hyl ) - 3-am nopr opyl tri nmet hoxysi | ane hydr ochl ori de,

3 - et hacr yh@xlepatop\et fusteidydmys indrid@ich as improvement of operability

3-chl or opr opyl net hyl di met hoxysi | ane, 3-chl oropropyl tri nmet hoxysil ane,

N-i m dazol etpeeloygatranmdtpookfesithane, The latent curing accelerators are those which are
solid at room temperature and react as curing accelerators only after melting by
heating, and include, for example, microcapsule type curing accelerators prepared by
microencapsulating these curing accelerators, solid dispersion type curing
accelerators (for example, imidazoles) which are hardly soluble in a solvent or epoxy
resin, and amine adducts.  Of these, it is particularly preferred to use amine adducts
as the curing accelerators in view of one-pack storage stability when mixed with the
epoxy resin and high reactivity in heating.

Among these curing accelerators, average particle diameter of the solid

dispersion type latent curing accelerators is about 6 pm or less, preferably about 4
um or less, more preferably about 3 um or less measured by laser method.  When
the latent curing accelerators of more than 6 um in average particle diameter are used,
it is difficult to perform dispenser coating, and the shape after coating is not uniform.
Thereby, the shape of seal after sealing of substrates might not to be uniform. In

the case of liquid crystal sealants using the curing accelerators of more than 6 um in

average particle diameter, curing of seal becomes ununiform, and the roughness of



N-2-net hyl i m dazo | enethyltrinmethoxysilane, N-2-ethyl
i m dazol enet hyl tri met hoxysi | ane,
N- 2-i sopropyl i mi dazol enet hyl tri net hoxysi | ane, _
N 2- et hyl - 4-net hyl i m dazol enmet hyl tri met q?xysi | ane, N 2-undecylim
i dazol enet hyl tri net hoxysi | ane, AT
N- 2- hept adecyl i m dazol enet hyl tri met hoxysi | ane, .
N-i m dazol enet hyl tri et hoxysilane, N-2-nethylin dazol eethyl trimethoxysi
| ane, N-2- élllky is madgaabe mehbydded giriox yltiel sXN@ation is also apt to occur.  The
N-2-i sopropylim dazol enethyl triethoxysi lane, N-2-ethyl-4-methylim dazol
enethyl tri evhregxyasticleammncter d2he Mi@x umder ydce v daz dae nephyictial eiioxysi | ane,
N- 2- hept adecyl i m dazol enet hyl tri et hoxysi | ane,
2- (N-i mi daz &g} duhgenallyehdsory sbdwre to 2.5 pm are used.
2-met hyl i m dazol e) et hyl tri met hoxysi | ane, o
2-ethylim dgﬁp@s)sww p@tmlwﬁtaﬁ@%ﬁn bagdded to the liquid crystal sealant of the
| i.m dazol e).et hyl tri met hoxysil ane,

gzgfﬁg%gﬁéﬂéPﬁvﬂ?ﬁid PAvlE %Ph@FFPWNEEﬁﬁ%?%WP@H@?Mﬂe“ﬁwﬁngagﬂﬂs
2~ hopt UL B By g1 T ROL R o4 Sl bdazole silane coupling
N t : Y o .
T
ag;)fg)hgthL@?%@p@%}?%@ﬁéﬁEtlﬂg%)ys?lhlllérBleyci%lb((%rgﬁﬁﬁl%my?cﬂ}ﬂethoxysiIane,
2- et hy b=(34n@iokydcradrzige Ry @iR¥hbLyEkRoXysi | ane,

i

2-undecyl i m dazol e)ethyl tri et hoxysi | ane,

(

( _ -

(N- 2- hept degteplyl-padhdzah e etriydthaiyelitexysi [ ane,  3- (N-im dazo] _

propyl trimet hoxysil ane, 3-(N-2-nethylim dazol e)propyltrinmethoxysilane, 3
N- 2- et hy| NniZdatmwbehph) dpgthinoproptyhostyglidimetboxysilane,
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N-(2-aminoethyl)-3-aminopropylmethyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
vinyltrimethoxysilane,
N-(2-(vinylbenzylamino)ethyl)-3-aminopropyltrimethoxysilane hydrochloride,
3-methacryloxypropyltrimethoxysilane, 3-chloropropylmethyldimethoxysilane,
3-chloropropyltrimethoxysilane, N-imidazolemethyltrimethoxysilane,
N-2-methylimidazolemethyltrimethoxysilane,
N-2-ethylimidazolemethyltrimethoxysilane,
N-2-isopropylimidazolemethyltrimethoxysilane,
N-2-gthyl-4-methylimidazolemethylirimethoxysilane,
N-2-undecylimidazolemethyltrimethoxysilane,
N-2-heptadecylimidazolemethyltrimethoxysilane, N-imidazolemethyltriethoxysilane,
N-2-methylimidazoleethyltrimethoxysilane,
N-2-ethylimidazolemethyltricthoxysilane,
N-2-isopropylimidazolemethyltriethoxysilane,

N-2-ethyl-4-methylimidazolemethyltriethoxysilane,



3 -(N-2-isopropylimdazol e)propyl trinmethoxysil ane,

3-(N-2-ethyl -4-net hyli m dazol e) propyl tri net hoxysilane, 3

- (N-2-undecyl i m dazol e) propyl tri net hoxysi | ane,

3- (N- 2- hept adecyl i m dazol e) propyl tri net hoxysi |l ane, 3

-(N-i m dazol e)propyltri ethoxysi |ane, -12-

3-(N-2-net hyl i m dazol e) propyl tri et hoxysil ane,

3-(N-2-ethylimdazol e) propyl tri et hoxysil ane,

3- (N-2-i SOIONl@-)ﬁh!:léEﬂﬁ%Qéz%lé?ﬁE&HMHe'ﬂ{o%Eﬁ%ﬂé?' lane, 3 -(N-2-ethyl-4-nethyl

i m dazol e) propyl tri'et hoxysi | ane,
3-(N-2-UndeWthﬁ’%ﬂfd@?%'liﬁ)iM&M&E}llﬁkhﬁﬁﬁﬂdrﬁﬂe1 -13-

3- (N-2- hept adecyl i m dazol e) propyl tri et hoxysilane, |Himdazole-I| -ethanol,
and a- ((3- eiN-nethiysihlyithRieReMMheet hyl ), titani um based coupling agents
such as isopropyl (N-ethyl am noet hyl am no) titanate,

i sopropyl t r 2i(deshealidinhidbidlandtyBrimetioansilame, di (di oct yl pyrophosphat e)
oxyacetate, tetraisopropyl di(dioctyl phosphite) titanate and

neoal koxyt r 2{(p-Nefhy§maddaobatthyl)jraethooysilens ) titanate, and zirconium or

al um num based coupling agents such as Zr-acetyl acetonate, Zr-nethacryl ate,
Zr - pr opi onaBdN-hewarapakpidazotegethy lEimetbonysklenst r i sneodecanoyl zirconate,
neoal koxytris(dodecanoyl ) benzenesul f onyl zircgnate,
neoalkoxytr?§%é£ﬁﬁwggéﬁﬁéﬁ@ﬁ5@?W9FﬂnfWV@%@%@@ﬁa%koalkoxytris(n}aninophenyl)
zi rconat e, ium zi.rconi bonat e, . Al -acetyl acet onat e,

Al - net hacry?’ e '&H%“YL\I“J%%8%3]%@{18?&%*363%“%r esent invention, silane
coupling agem;s,.are .er. ahl ; i il ane coupling agents are nore
preferably gg@h?ﬂéﬁﬁﬁﬁﬁL %%% %kgﬁﬁgﬁgﬂggﬁﬁﬁgﬁé agents are particularly

preferably Qmmi@zo@%ﬂgnﬁaﬁoﬁ%fl&ké Qg}ﬁg—%ﬂéthyﬁxﬂﬁi{a?ol@feﬁaglt%&l%k?ﬁ%le,i qui d

crystal sealants excellent in reliability 1n noisture résistante and the

adhesi on st peRgL-bihl/heh@ebicdthAtiARS@&Pidecon of nmoisture is not inclined to
reduce. When the coupling agent is added, the anount thereof is about 0.1

to 15% by WeENghisopropylimiddzqle)ddhdereshiadyssaal ant. The |iquid crystal seal ant

of the present invention nmay contain a solvent in
2-(N-2-ethyl-4-methylimidazole)ethyltriethoxysilane,
2-(N-2-undecylimidazole)ethyliriethoxysilane,
2-(N-2-heptadecylimidazole)ethyltriethoxysilane,
3-(N-imidazole)propyltrimethoxysilane,
3-(N-2-methylimidazole)propyltrimethoxysilane,
3-(N-2-ethylimidazole)propyltrimethoxysilane,
3-(N-2-isopropylimidazole)propyltrimethoxysilane,
3-(N-2-ethyl-4-methylimidazole)propyltrimethoxysilane,
3-(N-2-undecylimidazole)propyltrimethoxysilane,
3-(N-2-heptadecylimidazole)propyltrimethoxysilane,
3-(N-imidazole)propyltriethoxysilane, 3-(N-2-methylimidazole)propyltriethoxysilane,
3-(N-2-ethylimidazole)propyltriethoxysilane,
3-(N-2-isopropylimidazole)propyitriethoxysilane,
3-(N-2-ethyl-4-methylimidazole)propyltriethoxysilane,

3-(N-2-undecylimidazole)propyltriethoxysilane,



order to reduce the viscosity of the sealant at the tinme of coating for
inproving the operability of coating on the substrate. The applicable
solvents include, for exanple, alcohol solvents, ether solvents, acetate
solvents and basic acid ester solvents. These nay be used each al one or as
a mxture of two or nore, and in an arBBtrary ratio. Exanples of the

al cohol solvents are al kyl al cohols such as ethanol and isopropyl alcohol,

and alkoxy al cohol s such as 3-nethyl - 3-nmet hoxy butanol, 3-nethyl -3-ethoxy
but anol , 3- I I DPQ¥Mnsl. 34 but anol
3- nethyl u?gfétgtggﬂdﬁéxgaﬂ%?ﬂ%“ﬂ |soig¥g§% %%%%gF%-MHO’

3-met hyl - 3 &3&3 QHB}%@MoﬁHHﬁﬂ%p@@%n%ﬂlgﬂt I}Iéh&%%ﬁ th‘ﬁIﬁ%@’a%QHis%ﬂ&I as Exanpl es

of the ether solvents ude nmonohydri c al cohol et her vent s al kyl ene

gl ycol m)n0@éobbﬂpymﬁhfIﬁﬁﬂm&ﬂiﬁamﬁlbﬁi{aﬂ@t@ ghpeplludihdardyletitte, sieinvent s,
di al kyl ene gl ycol al kyl ether solvents and trial kyl ene glycol al kyl et her

sol vents.  Bxdiptydsyrofhdspieateinghyditt Ceahicairopy el fietty§lovgiites titanalewdd
3- et hyl - 3- met hoxybut anol net hyl ether, 3-methyl -3-ethoxybutanol ethyl

et her, 3- metdwkox34m(pbNH Breybudeaind)anenbylengl)ivanated and tingdni8nt sobut oxybut anol
propyl et her, 3-nethyl-3-sec-but oxybut anol isopropyl ether, and

3- et hyl - 3- elminputhesgireuahiog agenihuichlas & reety laExanit.o&-othaez . ky | ene

gl ycol nonoal kyl _ether sq]vents include pro erne gl ycol nnnonethyl et her,
propyl ene gﬂy@mplﬁmﬁ%@@w O’Qt%@Pnatﬁr%’g?Ik@ﬁé IjP%’GPa“O et her,

I | th I I I butyl ether,
o o Sl TIBB S her RO P L m”‘;zzzc iyl ether
th t hyl
G e e o e
et hyl ene 9' ¥1%HnaEEDQI?I!rr§>?1 ?féorﬁ?]rﬂec%rbé)t‘ﬁta% Jﬁ?'ﬂ@etﬂlaé’é%ﬁi atéf%om&hgﬂg}ﬁlte gidher ,

et hyl ene gl ycol ndnoi so uty ene gl ycol nono-sec et her,
and et hyl epgpgdpis@ite.nONO-tert-butyl ether. Exanples of the aIkerne egcoI
di al kyl ether solvents include propyl ene

In the present invention, silane coupling agents are preferably used,

aminosilane coupling agents are more preferably used, and imidazole silane coupling
agents are particularly preferably used. By using the coupling agent, there are
obtained liquid crystal sealants excellent in reliability in moisture resistance and the
adhesion strength thereof after absorption of moisture is not inclined to reduce.

When the coupling agent is added, the amount thereof is about 0.1 to 15% by
weight in the liquid crystal sealant.

The liquid crystal sealant of the present invention may contain a solvent in
order to reduce the viscosity of the sealant at the time of coating for improving the
operability of coating on the substrate. The applicable solvents include, for
example, alcohol solvents, ether solvents, acetate solvents and basic acid ester
solvents. These may be used each alone or as a mixture of two or more, and in an
arbitrary ratio,

Examples of the alcohol solvents are alkyl alcohols such as ethanol and
isopropyl alcohol, and alkoxy alcohols such as 3-methyl-3-methoxy butanol,

3-methyl-3-ethoxy butanel, 3-methyl-3-n-propoxy butanol, 3-methyl-3-isopropoxy



gl ycol dinmethyl ether, propylene glycol diethyl ether, propylene glycol

di propyl ether, propylene glycol diisopropyl ether, propylene glycol

di -n-butyl ether, propylene glycol diisobutyl ether, propylene glycol

di -sec-butyl ether, propylene glycol di-tert-butyl ether, ethylene glycol
di net hyl ether, ethylene glycol diethyl-lét-her, ethylene glycol dipropyl
et her, ethylene glycol diisopropyl ether, ethylene glycol di-n-butyl

et her, ethylene glycol diisobutyl ether, ethylene glycol di-sec-butyl
ether, and [ QL1 G - W.net her , npl es of the

di al kyl ene 5@3@%%ggﬁﬁg#”g?ﬁﬁ%ﬁﬁf%%%ﬁgj¥%§ﬁﬂ3§%ﬁ@#%§?ﬁ§ﬁ@ gl ycol nmet hyl

ether, di propyk@e3 gbys@lboxebiithoiiaer-metiyRhapY beRyPuysel. di propyl ether,
di propyl ene gl ycol diisopropyl ether, dipropylene glycol di-n-butyl ether,

di propyl ene gl ycekalpies obthe\eiheg bbiotnts tiddidemibeinedat Xeoholdihes 86vBrky! et her,
di propyl ene glycol di-tert-butyl ether, diethylene glycol dinethyl ether

(diglynme), atkysneylenénghydil] dhetshivenes dkylendiigtbiyidhel gharaolvedispr opyl
et her, diethyl ene glycol diisopropyl ether, diethylene glycol di-n-butyl
et her, di et Widllgdencgtlyead lalkgil edobsalyints, andh érvalkdemt Hyt@néayktheoboldintsec- but yl
et her, and di et hyl ene glycol di-tert-butyl ether. Exanples of the
trial kyl ene gl ycbramplypl dememobyiveneebd sdicugel ventkjncdise gl ycol  di al kyl
et hers such_as tripropyl ene glycol dipethyl ether, tripropylene glycol
gg et hyl elt ﬁéf?t%ﬂf?ﬂze&?%g}l@lﬁ@ la?fblaﬂo@tg?} Ef%w-??tﬁ@%{b%% P@p{}ﬁ%ﬁrel gl ycol

i i sopropyl ,ether, ripr ene ol . di -n-hu ether, tripropylene
?chol d:isgﬁﬂ? V*}Pﬁ%?@“@ﬁ%g??%9?%% a’ﬁﬁ?@aﬂgﬁpggg8¥ﬂﬂ?§P§BFW&E$§Q>|

ri propyl eng_ ot .di - AL NG C y
et her, trie?ﬁg%é%% éﬁ@@%ﬁﬁﬂ?e#ﬁ%k”g%ﬁﬁﬁﬁh%éﬁﬁﬁgﬁ+§ﬁﬁ:gF%ﬁotoﬁﬁ%E%%€| et her,

triethyl enepglhypekn4i i sopropyl ether, triethylene glycol di-n-butyl ether,
triethylene glycol diisobutyl ether, triethylene glycol di-sec-butyl

ether, and trietRyisples 8f thealkyldhe-ol @ol rdubykyedtharsolexamiase plopyge acet at e
sol vents include al kyl ene glycol nonoal kyl ether acetates such as ethyl ene

gl ycol nonogbtbyhordrhehylagkdrapepylehbglyenemghoaiod] cimpnoepfiyie giybddr acet at e,
et hyl ene gl ycol nonopropyl ether acetate, ethylene glycol nonoisopropyl
et her acet att@nopropyl @he, plopgishe ghyeol moheisgiroptliegrer quepdees gletdly| ene
mono-n-butyl ether, propylene glycol monoisobuty! ether, propylene glycol
mono-sec-butyl ether, propylene glycol mono-tert-butyl ether, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monopropyl
ether, ethylene glycol monoisopropyl ether, ethylene glycol mono-n-butyl ether,
ethylene glycol monoisobutyl ether, ethylene glycol mono-sec-butyl ether, and
ethylene glycol mono-tert-butyl ether.
Examples of the alkylene glycol dialkyl ether solvents include propylene
glycol dimethyl ether, propylene glycol diethyl ether, propylene glycol dipropyl ether,
propylene glycol diisopropyl ether, propylene glycol di-n-butyl ether, propylene
glycol diisobutyl ether, propylene glycol di-sec-butyl ether, propylene glycol
di-tert-butyl ether, ethylene glycol dimethyl ether, ethylene glycol diethyl ether,
ethylene glycol dipropyl ether, ethylene glycol diisopropyl ether, ethylene glycol
di-n-butyl ether, ethylene glycol diisobutyl ether, ethylene glycol di-sec-butyl ether,

and ethylene glycol di-tert-butyl ether.



gl ycol nono-sec-butyl ether acetate, ethylene glycol nonoisobutyl ether
acetate, ethylene glycol nono-tert-butyl ether acetate, propylene glycol
nononet hyl ether acetate, propylene glycol nonoethyl ether acetate,
propyl ene gl ycol nonoi sopropyl ether acetate, propylene glycol nonopropyl
et her acetate, propylene glycol nono-ndbutyl ether acetate, propyl ene

gl ycol nono-sec-butyl ether acetate, propylene glycol nonoi sobutyl ether
acetate, propylene glycol nono-tert-butyl ether -16- acetate,

3- et hyl - 3- met hOﬁX%@%% o%gh?atl@llelg{ %g%ﬂ;é}ll{}g?ﬁgpgﬁy&% SIS %hﬁ% lene

3- et hyl - 3- pr opoxy acet at I sopr opoxybutyl ‘acet at e,

3- net hyl - 3- il , iah - | e .
3 et hyl - 3- B B R L B Y Bt o1 ™

acet at e, eaipyd;m@ae%w&@ Wiisipasst atiRr, dpebhxhepscal dsobuidi aget at e,
|

triethylene glycol acetate, propylene glycol diacetate, dipropylene

gl ycol di aceipasigilermngdyddl dpscbpyll eter glipeehlendpBestdtsec-bie elhagi ¢ acid ester
sol vent include, for exanple, nonobasic acid ester solvents such as butyl
acet at e anddgtdyllerecgyat €i-teaniohtyi dihsi dicduilcheastoet dsoithvdntlsr fdighymes

di met hyl adi pate, dinethyl succinate, dinethyl glutarate and dioctgl

pht hal at e. Astfdeetgecchdisth edkr,dithgony elvesl diprepy! ather. diethydand glyroan
optional amunt necessary for adjusting the viscosity of the liquid
crystal seafdinPreryl §lsh diFthdenresly seldi-nebudkl dher cdatiy kge wixar! fiwbawhl ant such

o5 20 10, 40,88, S S EaTEhISE B oL BRADR 508 B SRR ™
latil t >ONnt ai i [ t.. of 70% i t

ronvol ati ¢ comeIaN. 356, FOALOTH LI AR Bl PO DRI,

in the |iquj | . | e | j i quid

[0 e 1 QU ior ok aluarel o DR 40U Bryatal SR DA R oL

| over  subsgihat @5dipfyleadbRALEE PRI EEMR @b IZANEyENRII RO NSt cth, dr Vi ng.
during heat |leveling "after canlng the’liquid crystal sealant. The Iiquid

crystal sealrgnbpdénd flecqdribaenitylictiveipeshylaia gheoploaibosd cafr ftahtopwene t he
above- nenti oned epoxy resin, novolak resin and, if necessary, solvent are
glycol di-sec-butyl ether, tripropylene glycol di-tert-butyl ether, triethylene glycol
dimethyl ether, friethylene glycol diethyl ether, tricthylene glycol dipropyl ether,
triethylene glycol diisopropy!l ether, triethylene glycol di-n-butyl ether, triethylene
glycol diisobutyl ether, triethylene glycol di-sec-butyl ether, and triethylene glycol
di-tert-butyl ether.
Examples of the acetate solvents include alkylene glycol monoalkyl ether
acetates such as ethylene glycol monomethyl ether acetate, ethylene glycol
monoethyl ether acetate, ethylene glycol monopropyl ether acetate, ethylene glycol
monoisopropyl ether acetate, ethylene glycol mono-n-butyl ether acetate, ethylene
glycol mono-sec-butyl ether acetate, ethylene glycol monoisobutyl ether acetate,
ethylene glycol mono-tert-butyl ether acetate, propylene glycol monomethyl ether
acetate, propylene glycol monoethyl ether acetate, propylene glycol monoisopropyl
ether acetate, propylene glycol monopropyl ether acetate, propylene glycol

mono-n-butyl ether acetate, propylene glycol mono-sec-butyl ether acetate,

propylene glycol monoisobutyl ether acetate, propylene glycol mono-tert-butyl ether



di ssol ved by m xing them under stirring and heating, further adding thereto
the inorganic filler and, if necessary, other fillers, which are finely

di spersed by a known m xing apparatus such as ball mll, sand mll or
three-rolls, and then further adding giyven anpbunts of the pol yfunctional
hydr azi de conpound, curing acceleratorﬁléhd, if - 17 necessary, the
coupling agent, an anti-foam ng agent, a |eveling agent or the |iKke,
followed by mxing. In the liquid crystal display cell of the present

i nvention, acpaier 3 ofietbyibbhredtoagbuthbadctge, gi-methybB egioxotes! 4@tdaed t hereon are
positioned opposite to each other at regular intervals, the periphery of
substrat es ismsai-8chrepciybutybadetajei dmethysBakosepdabttyl efetdthe present
invention, and a liquid crystal is confined in the space between the
substrates anietpblgebytantethyteethiegiinttieylyisisabutpsytheylcosittiened i s not
particularly limted. Here, the substrates are conposed of a conbination
of substrat §m§\ﬂi‘iyn}5 -sgp-BulopRbiEy ce st éad 3quethyz3-1gi-hutoxdaitdregetsid.i con or the
| i ke and at |.east ht0 transm ssi The cell can be

f which is li .
produced, fSHY&HS {’]‘g’} giaﬁet?{?gglf’g’g’lleé?:ﬁ hiiRfgite, “'lﬁt};/YZ‘er AypaEsttalts pace

trolli i a h | fiber is. added to the |iquid tal
el ant o Pharbaitiet MG St la i RRERu Ao S oL U acs

fiber, siliga.gads and pol ymer beads. The dianeter thereof is selected
depending on the cell gap of the liquid crystal cell to be produced, and

is usually 0.5 t@hdBadhcid Ehter SFRURINRldcl NR IRABRT mdS85hsiSact dtdi0 4 parts

by weight, preferably 0.5 to 2 parts by "weight, nore preferably 0.9 to 1.5

parts by weisgivtnibasethsdutyliQ0etrrdng o] wedtah! aef dibisikeadidl Gubihorsd @kh seal ant
of the present invention. After the liquid crystal sealant to which the

spacer is adséandthyladitae donetbylesuofinate pdintettof ghihgagubgtdi@t@phhalde di spenser

or the like, the solvent is evaporated by heating, for exanple, at 90C for

10 ni nut es, foIﬁéﬁ@dhbwnpaWHﬁéﬁiﬁ§V®ﬁ%tbppmsﬁngms@bswwaﬁ@nahndomﬁnnving

the gap by a hot press.  further, followed by carrying out the curing at 120

to 160C f or Dgeesyry fjgdivsting theptisgosity phirediguid c plgt toTheh prekieribat

I nvention V\'iexlleliblfpseco%ﬁggl ‘?viitrﬂ%ge éere]tlarrrl?guechdaesb%i tl) 48%33'[' ggt 550°|C| Ig)yvg Q}%thod of
dispenser coating, screen printing or the like. Generally, the solvents are used in
such a manner that nonvolatile components are contained in an amount of 70% by
weight or more, preferably 85 to 95% by weight, more preferably 90 to 95% by
weight in the liquid crystal sealant. When liquid crystal cells using the liquid
crystal sealant to which the solvent is added are produced, the upper and lower
substrates are laminated after volatilizing the solvlent by drying during heat leveling
after coating the liquid crystal sealant.

The liquid crystal sealant of the present invention can be produced as follows;
the above-mentioned epoxy resin, novolak resin and, if necessary, solvent are
dissolved by mixing them under stirring and heating, further adding thereto the
inorganic filler and, if necessary, other fillers, which are finely dispersed by a known
mixing apparatus such as ball mill, sand mill or three-rolls, and then further adding

given amounts of the polyfunctional hydrazide compound, curing accelerator, and, if



exanpl es, which should not be construed as limting the invention in any
manner. | n Exanpl es and Conparative Exanpl es, % and part are used on the
basis of weight -18- if not otherw se specified. The units of an epoxy
equi val ent, hydroxyl equivalent and active am ne equivalent are g/eq.
Exanple 1 70 g of liquid bisphenol A typeé-epoxy resin (RE-3105,

manuf actured by N ppon Kayaku Co., Ltd.), 30 g of trisphenol nethane type
epoxy resin (EPPN-501H, nanufactured by N ppon Kayaku Co., Ltd.), and 17g

of phenol ngyval.ak, resktiipik 3 Kﬁg%tﬁ%gnica
I ndustries, Ltéggyhs a éﬁf%% ég%%?ﬁgggg&%%%g%qﬁgQﬁgﬁgé%? a m xed
solvent of dinriday ghyg@arate, dinethyl succinate and di nethyl adipate,
manuf act ured by Rhodi a Japan) as a solvent, and they were heated and

di ssol ved. 60 g Bfthspiaeid Gpdtalalispryna (AN EEe it vh Y, 2SR G siBaktact ur ed

by d Kasei Co., Ltd) having an average particle dianmeter of about 30 nm
as an i nor gaming Bivieh efectrddesabrifiethibdresh latcposiih@edsbpodRe 8d 2achmanefact ured by
NI PPON Aerosil Co., Ltd.) having an average particle dianmeter of about 7
run, and 5 gegofaragepakshdlelpesipharg oliswstres $s $eatekdiwigh thabigerd (Paalacalaot
EXL-2655) having an average particle dianeter of about 200 nmas an

organi c fil petheugsentintentionoandy Bquid enistrl sotanfingdh in the lsparadgtwsenthgi ng and
di spersing by a sand qil | di spersion nmachine. 17 _g of adipi.c di hydrazide
(el ting pofthstraieg andtheaplank ed e dayid Gvdrdgderapting is nogpaahetlany of 1.7 m

by jet m |l .grjndipg) as a,pol yfunctional, hydrazide co und as . .a curing
oyent. 7 o B BB o R RE RO o b o Saogprarel Sidh &

Aj i nonot o- Pj ng- Vil an, aver a articl i.agret.en.of 3 m
or |ess ashlgg%é-fg]%gs?gg%’gsg#agﬁ%s?ﬁ}n}agsﬁlbc%% Ogl tléefl\{ d 296 Pt &G & Wi 15 light

39l yei doxypLapmidild Tehioxslh 30 grddibl 1008 anIo 0 MBI AEIHERL DY Chi sso
I three-ro

Corporation) as a coupling agent were then knéaded by s to

obtain a |iguiida spaest @ba&%hﬁﬂﬂin?fme&&%mﬁ%%@tglélsg"ﬁﬁ&t ik @Bdedbene [§gH! ting
liquid crystal sealants were evaluated I n accordance with the foll ow ng
standard, aagstiheatasuf {he prdrentcioteniehe Jhewpadeninthldks fdr exaxa@less2 to 8
and Conparative Exanples 1 to 3

fiber, silica beads and polymer beads. The diameter thereof is selected depending

on the cell gap of the liquid crystal cell to be produced, and is usually 0.5 to 10 um.

The amount of the spacer used is 0.1 to 4 parts by weight, preferably 0.5 to 2 parts by

weight, more preferably 0.9 to 1.5 parts by weight based on 100 parts by weight of

the liquid crystal sealant of the present invention.  After the liquid crystal sealant to

which the spacer is added is coated on one of a pair of the substrates by a dispenser

or the like, the solvent is evaporated by heating, for example, at 90°C for 10 minutes,

followed by laminating the opposing substrate, and removing the gap by a hot press

further, followed by carrying out the curing at 120 to 160°C for 1 to 2 hours to obtain

the cell.

EXAMPLES
‘The present invention will be explained in more detail by the following
examples, which should not be construed as limiting the invention in any manner.

In Examples and Comparative Examples,% and part are used on the basis of weight



19- Conponents were m xed according to fornulation of Table 1 to obtain
liquid crystal sealants of the present invention or conparative liquid
crystal sealants in the sane manner as in Exanple 1. The liquid crystal
seal ants were estimated in the sane manner as in the Exanple 1, and the
eval uation results were shown in Table -18- Gap Formation Test in G ass
Substrate Lam nation To the resulting liquid crystal sealant of 100 g, 1 g
of polymer beads of 2 p.m as spacers are added and m xed under stirring.
The resul ti nfindtidmdzdiersysdiabd.seBlaRtits oag e@&%’ &c@%a@aﬁ,qay@r@dm@uiww rate of
50 nm x 50 mn by a dispenser, and was heate y a hot plate'to volatilize
a sol vent. G@ndangvegdmiss cquibslenedre g/egnot her gl ass substrate having the sane
size was then placed at 90C, and the | oad was applied onto the glass
substrat es. EFamplohd was then applied on the hot plate of 150C to press the
liquid crystal sealant, and it was m croscopically observed whether |iquid
crystal seal ant 7@s{pieiklsphenolA titeciposs sesaf (R 18pacenioiudd by (t he gap
formation test of_ the | ass substrates). In the test of "gap property of 2
m', the |iqdViBP}ayau ‘g%ahéﬂt 30 g of iFpbANQl e e BPSEROAH rerh BN A8dHWas

observed wabiaebcdby Mpmpdk HRT So dnag moddTisd Porear IRk o the
lting |iqui | t_of 10 .of pol ds of, 2
Spacers ar e (TANEARDEI S, nBRRHRRks Myt Py Coofhu®h BB DG Gt 1 °°
| ant | d nt, -1 [
i spenser SR tuee ARG 15, DR RSBy B AR PR L LR Bt one
gl ass subst rs@éc@aat@mm{et@l@é@aéy%fl&ﬁaﬁredf@y%iag aRPEE H¢&e Wy then

pl aced at 90C, and the |oad was applied ont ass substrates. The

| oad was t heeyapgk hedle®nd Bigsdedd. pleatgofphdBOQCalehing @SANCOYEC I awaugr yst al
sealant, and the liquid crystal sealant was pressed to a thickness of the

spacer of 2SHC Thandhdtied b GlHeasse@b., Lid)haviag sahsenyedabylcdi@nsiecs0scope.
The m ni mum and maxi num val ues of the width of the seal were neasured. The
liquid crysbeut 3§emh anan ingragicciilarhe effunedwdsageorsiliRe8$2, moraifidtaeil d
crystal seaLant i.n_which_-20- i _
y NIPPON Aerosil Co., Ltd.) having an average particle diameter of about 7 nm,

and 5 g of core-shell structure cross-linking rubber (Paraloid EX1.-2655) having an

average particle diameter of about 200 nm as an organic filler were added to this

resin solution, followed by mixing and dispersing by a sand mill dispersion machine.

17 g of adipic dihydrazide (melting point: 181°C, adjusted to an average particle

diameter of 1.7 pm by jet mill grinding) as a polyfunctional hydrazide compound as

a curing agent, 7 g of amine adduct (AMICURE MY-HK, manufactured by

Ajinomoto-Fine-Techno Co., Inc.) having an average particle diameter of 3 um or

less as a curing accelerator, and 1 g of 3-glycidoxypropyltrimethoxysilane (Sila-Ace

S-510, manufactured by Chisso Corporation) as a coupling agent were then kneaded

by three-rolls to obtain a liquid crystal sealant of the present invention. The

resulting liquid crystal sealants were evaluated in accordance with the following

standard, and the results thereof were shown in Table 1.

Examples 2 to 8§ and Comparative Examples 1 to 3



the ratio was 5 to 10% and the liquid crystal

shape by

Adhesi on strength Test To the resulting liquid crystal

foamng or the |like were respectively marked as 0, A and X

seal ant having irregul ar

seal ant of 100 g, 1

g of polymer beads of 2 m as spacers are added and m xed under stirring.
The resulting liquid crystal sealant wa$-applied onto a 50 nm x 50 nmm of
gl ass substrate by a dispenser, and was heated by a hot plate to
volatilize a solvent. A 2 nun x 2 nun of glass plate was |lam nated onto

the liquid cryst @'om%];@ﬁ(l:lﬁ@tdveree}ﬂgielﬂ\@&(ﬁﬁ'irn@% armi2ffon@TableNotrobian §ahid

adhesi ve

(at nospher ekrysfs se@@its 6f B hlabliendentibh@r bbsiPhdii ¢ Nglidaknseakantoin hbe

strength of the glass plates was then neasured at 150C

present invention has excellent seal shape and narrow gap fornation
property dusiamgntdneerpisod Bghinple Iof THediguld qukel smjeatsalere ebtimataddh ils
I n adhesi on strength at high tenperatures. [Table 1] OR O O O vl
vl vl 00 O stvhemMniher apin tig DxadnplO!l QuM tide &valmaticn redultvividrésivivin i MblaN.0 0 O
_OONONTflI hhyV |- d NbMM 0V XX WWOvlI OOd vl vl

excel | ent

10 10

(Gap Formation Test in Glass Substrate Lamination
To the resulting liquid crystal sealant of 100 g, 1 g of polymer beads of 2 um

as spacers are added and mixed under stirring.  The resulting liquid crystal sealant

was applied onto a glass substrate of 50 mm x 50 mm by a dispenser, and was heated

by a hot plate to volatilize a solvent. On one glass substrate, another glass substrate

having the same size was then placed at 90°C, and the load was applied onto the
glass substrates. The load was then applied on the hot plate of 150°C to press the

liquid crystal sealant, and it was microscopically observed whether liquid crystal

sealant was pressed to a thickness of the spacer of 2 um (the gap formation test of the

glass substrates). In the test of "gap property of 2 um", the liquid crystal sealant in
which the spacers can be observed was marked as O, and the liquid crystal sealant
in which the spacers cannot be observed was marked as X,
Evaluation of the Shape of Sealing

To the resulting liquid crystal sealant of 100 g, 1 g of polymer beads of 2 um

as spacers are added and mixed under stirring.  The resulting liquid crystal sealant

was applied onto a 50 mm x 50 mm of glass substrate by a dispenser, and was heated

by a hot plate to volatilize a solvent.  On one glass substrate, another glass substrate

having the same size was then placed at 90°C, and the load was applied onto the
glass substrates. The load was then applied on the hot plate of 150°C to press the
liquid crystal sealant, and the liquid crystal sealant was pressed to a thickness of the
spacer of 2 um. The width of the seal line was observed by the microscope. The
minimum and maximum values of the width of the seal were measured. The liquid

crystal sealant in which the ratio was 5% or less, the liquid crystal sealant in which

MMW
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the ratio was 5 to 10% and the liquid crystal sealant having irregular shape by
foaming or the like were respectively marked as O, A and X.
Adhesion strength Test

To the resulting liquid crystal sealant of 100 g, 1 g of polymer beads of 2 um
as spacers are added and mixed under stirring.  The resulting liquid crystal sealant
was applied onto a 50 mm x 50 mm of glass substrate by a dispenser, and was heated
by a hot plate to volatilize a solvent. A 2 mm x 2 mm of glass plate was laminated
onto the liquid crystal sealant, and was cured at 150°C for 1 hour. Shear adhesive
strength of the glass plates was then measured at 150°C (atmosphere).

As seen from Table 1, the liquid crystal sealant of the present invention has
excellent seal shape and narrow gap formation property during the production of the
liquid crystal cell, and is excellent in adhesion strength at high temperatures.

[Table 1]
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XXGCCpWwop p, p, GCn. a. acoo0O0O0O0O0O0OWWVVYV..C OUUYV
VUv) -23- CLAIMS 1. Aliquid crystal sealant characterized by
conprising: (a) an epoxy resin; (b) a curing agent containing at |east one
type of each of a novolak resin and a polyfunctional hydrazi de conpound;
and (c) an inorganic filler. 2. The liqéld crystal sealant according to
claim1, wherein the ratio of the novolak resin in the curing agent (b) is
from5 to 90% by weight. 3. The liquid crystal seal ant according to any one
of clainms 1 and 2, wherein the inorganiagyg!ller (c) is alumna and/or
silica. 4. The liquid crystal sealant according to any one of clains 1 to
3, wherein tlhe ANQ@&BHGtaf bdal®r chGlctbdidy RughRER: particle di ameter of
2000 rimor less. 5. The liquid crystal sealant according to any one of
claims 1 to 4, f@thepoxyxesprising a coupling agent. 6. The liquid crystal
seal ant according to claim5, wherein the coupling agent is an imdazole
sil ane coupling &geruring agFieohiaguinglatdeass bad typeal aath eonvdiahgedinamhy one
of clainms 1 to 6, further conprising a curing accelerator. 8. The liquid
crystal seabalyfurgéienHdivAgzds wmgionnd; andher ei n t he curing accelerator is a
| at ent curing accel erator ., ? A liquid crystal display cell sealed by the
liquid crystal s PBHFHE@Eﬁlthg to any one of clainms | to 8.

2. The liquid crystal sealant according to claim 1, wherein the ratio of the
novolak resin in the curing agent (b) is from 5 to 90% by weight.

3. The liquid crystal sealant according fo any one of claims 1 and 2, wherein the
inorganic filler (¢) is alumina and/or silica.

4. The liquid crystal sealant according to any one of claims 1 to 3, wherein the
inorganic filler (¢) has an average particle diameter of 2000 nm or less.

5. The liquid crystal sealant according to any one of claims 1 to 4, further
comprising a coupling agent.

6. The liquid crystal sealant according to claim 5, wherein the coupling agent is
an imidazole silane coupling agent.

7. The liquid crystal sealant according to any one of claims 1 to 6, further
comprising a curing accelerator.

8. The liquid crystal sealant according to claim 7, wherein the curing accelerator
is a latent curing accelerator,

9. A liquid crystal display cell sealed by the liquid crystal sealant according to

any one of claims 1 to 8,



