-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
display cells as flat panel displays and, has excellent adhesive property,
heat resistance, noisture resistance, hU|d crystal contam nation

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 WESPGREYIICE | s have becone 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. t ebHAVHOC HAVEADSEATA NS ANBOSUIL S8 FiloRUSPEAYUFERL

t he ot her ppljcations for snall-sized display cells,
partlcularlgﬂg%@slb@%fggsgSL ephones, further contain noving inage
functions, the demand for high definition and hi gh-speed response has been
required. Particularly, many of the liquid crystal display cells have been

used for th?(ﬁgragplﬁitelephones as val ue-added products in Japan, and the
l'iquid crysta di play cells have been nmanufactured by multiple chanfering

|0 L arge-si zed MRidGE.A 33680, IO ST 1 LALT ESPARALGh S gh- speed

response, the narro gap tween t rysta as been

enpl oyed. Aahiifiich cﬁfﬂﬁﬁ%ﬁ@éryﬁ@ﬁdlgﬁﬁf’ﬁﬁlsrﬂgrﬁt %@ﬁb?'d@p\’a‘%‘/s aAdHad@3cNERN easily
be contam nated by inpurities as conpared with the conventional liquid

crystal. Thaftebiye popRitghiedat piststdnice Saalsauné rddasandedmui®atistabdontbanatisnhavi ng
a cell -2- gap designed to 3 mor less are begi nni ng to be nmanufact ured,

al t hough t hesisehte gapprobegivigen Adsnvienpresmmalidyendot cel&esno dgpuipreobtadm of
seal peeling has been occurred since the thickness of 3 p.mor |ess causes
i nsuf fi ci endisglay eglbmpupfoeiures bihighg the same.

Background Art

In recent years, as liquid crystal display cells have become bigger, a so-called
liguid-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.  Particulaly,
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
nmet hod for adding pol yner particulates for stress relaxation, or the |ike
(see Patent Docunent 2), the adhesion "gfrength t hereof at high
tenperatures has been insufficient. Patent Docunent 1: Japanese Patent No.
3162179 Patent Docunent 2: Japanese Patent Application Laying Open (KOKAI)
No. 2000- 3gif2D3igbed o) daur @ lofs arhbedinvieptts bankRnoftened, elthe:ghchyed! gap t he
invention It is an object of the present invention to provide a liquid
crystal seahariteen compospndllyrt taHfi o hddeenchigh oddird peelmashasdagn heangd
reliability in noisture resistance such that the seal would not peel even
at a cell gupceaide kel ols3 k0 @ lps cusgsipsuheientatrgssaledlfor @t bight he 1i quid
crystal display cell and is excellent in perability. It i.s another object
of “the pres®RPeraEH it saig ‘%@@S&aﬁ%@ﬂ%@em BFnerHeth e HEPUPHY: a |i qui d
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present in tron. , the present invention relates’to the follow ng

(1) to (9):sthehhitAnkieaphdhig ¥alRtasRehanbeSNALAGEEAI Zed by conprising: (a)
an epoxy resin; (b) a curing agent containing at |east one type of each of

a novol ak resin Rafcht DochPkyf UTepdrepaPatbydNaZI1de 1 TOMPound; and (c) an
inorganic filler. (2) The liquid crystal sealant according to the above
(1), wherein thelatatt Docofmenthdapronst BitenteSpplication heyiogOpeg (KgBAD (M. 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 filler (c) has an average particle

di aneter of 2000 nmor less. (5) The l'ilquid crystal sealant 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 hecapolplet nlge pragpantnviestian | Thad &g dlegprsichame entouplelates taglent . (7) The
liquid crystal sealant according to the above (1) to (6), characterized by
further conftlowing(late(®)ing accelerator. (8) The liquid crystal seal ant
according to the above (7), wherein the curing accelerator is a |atent
curing accel er at@r A l{@yd pystahsgatrng ehagaeprizaddp ey sing: §8nepoby r'eshe | i qui d
crystal sealant according to any one of th? %gove (1) &o (8). Effect of
the i nvent i )2 PHEDE RERN QORANSMEA IehPROLYPEPT £48 PravaRlakiRYBARE Bn exhi bits

hi gh bondin stren t high tenperatures . even .at cell gap as narrow as
5 3y hei g uPESTE hyfigtagompRTG A (PSS sIy cel 1 2of i gh
reliability, an roductign_proce -4- ther,eof i .1 ¢abl bot h
of the conventig%iﬁﬁ%ﬁ%?§5§%$ﬁﬁﬁgm%ﬁ§§@dggﬁo6@%%%%?(g gﬁgﬁ?ﬁﬁgfgggggrocess.
Best Mbde f [ \ ' Her ej ngdo e present invention
w11 be. destr PEEe ki (e bhifed Ee%ﬁg%ﬂ)?ggpﬁa %%Jn%j;é{%? i chis aliquid
crystal seal ant @f ThOBqRURSAM sedIBYEREHQAMCOMRY LBESS B HSsEh)ak (2),
conponents: (a) an epoxy resin; (b) a curing agent containing at Teast one
type of eachh@tinahdaakc fiksi @) andudidaehyfoniicaonal hydrazide conpound;
and (c) an inorganic filler. The epoxy resin (a) used for the liquid
crystal seal ant (d8f ThéBgpdesetd] sealwetrdccading to any one of the above (1) to (3),

characterized in that the inorganic filler (c) has an average particle diameter of 2000
nm or less.

(5) The liquid erystal 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 pm, 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 AL

2.2' 6,6 -tetramethyl -4, 4' - bi phenyl pherol

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 stetest prpplcahle tabdth i the-dopdediopphidayhdsetimgehest-fatgroshssrrolat ed
pol ybut adi enes; glycidyl etherification products of various novol ak resins
prepared usi&gresapioserting materials, various phenols such as phenol,
cresol s, ethyl phenols, butyl phenols, octyl phenols, hisphenol A, bisphenol
F, bisphenol S and naphthols, including phenol novolak resins having a

| yl kel h | | ak I, havi di | t adi
Skel et on, - pRENGIOIRbr AR 8 AR IRRGS 1 uor ane Skl eton al i Cycl i c
i havi, ng. li phatic.skel et h ) h ; het | i
cpoxy rosins haiHgREEAS LN RG O SEE e B T T ng or hydantol
poxy resins havi'y RePef Soyer 1 PGS | or hydanto
bi sphenal "4 br She bt aa e RyRh o A B B R R R BT TG
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used epoxy resins su as -5- NN yci dyl

N, N-di gl yci @yﬂtaaﬂhF ian;ﬁzasm@m%;he%ﬂ@mxk a BbRGEk restiESRT £h31PhAl@oe hgtazk her
1, 6- hexanedi ol di gl'yci dyl ether, trinethyl ol propanetriglycidyl ether,

pol ypr opy! esvenjgluyd pdnddic® by tictydniefiber ,

(3,4-3,4" -epoxycycl o) hexyl net hyl hexane car boxyl ate and hexahydrophthalic
anhydri de di gl yciteydpory tem (afheskfoe poxijyquiésivas] sgadant o€ theimesucinvarticmount
as not affecting the operabilit and physical properties of the resulting
li qui d crysifapt sstrdmdy limeds mpfestthereoegoyspheil dy fyipe chexy fegumsd

crystal seal.ant is_usually about 25 to about 60% by weight, and preferably
25 to 50% %Sﬁ)épalhff‘ IYPPITESRY BFHRYPY é@inﬁgmﬁz;@%\’ﬁé’{‘isﬁé Vﬁ%@ﬂalﬁﬂlwﬁqxt ure of
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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 thginovolak resin in the curing agent
is nmore than 90% by weight, the reliability 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 cel
gap as nar r byiNalsg!$ci8yo-canndte, beNabglatdethnilardphdngl ghanédlsttare apt to be
peel ed during the production. If the content is | ess than 5% by weight, the
stress rel axaticowldighkculyhothehd .shd¥anedieldiglyadyl ¢thes, suf fi ci ent adhesi on
strength may not be obtained. Exanples of the novol ak resins capabl e of

bei ng used Henehylohrepastiriadydidtstheryaryleesghysolhiglyeidgt ¢being material s
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2,2',6,6' -tetrgnet hyl -4, 4" - bi phenyl phenol ,

2,2'-nethyI@H@ﬁgﬁggﬁﬁﬂ%@ﬂﬁfgé-tert-butylphenol), tri shydr oxyphenyl et hane,
pyrogal | ol , phengls having..a. diisqpro i dene skel et.o0 h I hg a
fluorene -6- ske f?%ﬁ@¥88%$§§QT?“%EPH§¥5Fﬁj%W%§@%%@%f&?F@%f@%é@egﬁﬁg henol

compounds sieaRicaPhenalal e ROLXMARLGRS,BRSORL CrRRhuyeifd Phenol o,
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novol ak resi'ns having a xylyl éne skel eton, ‘phenol novol ak resins having

di cycl opent adi gerrakehet®pornd, waignol novol ak resins having a fluorene
skel eton. Preferabl e exanples of the novolak resins are as follows;

novol ak resi ns heseepd:artcbing nrgytadyo ol wedieadranitous! phenoimrsuch as phenol
cresol s, ethylphenols, butylphenols, octyl phenols, bisphenol A, bisphenol
F, bisphenol S Breccunmgtaghiol (&) usaddnvie liguid crisied sesdantes ihpspretrh ivgniphieno
novol ak resins  having a xylyl ene skel eton, phenal novol ak resins having

di cycl opent ditapeatdRast 8o Peoh qapheronopdakoleaik ang &inedy thastiang! Bydrr4ids ene

skel elon, Hor e Rrglerible, SATELes of LTS Movolel, LeRIe AR alho's
preferably 15 to 80% by weight, and more preferably 20 to 70% by weight. If 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 pum 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'-tetramethyl-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 cresolgnovol ak resins obtained using
cresols as starting materials. These novolak resins are used alone or as a
m xture of two or nore. In the present invention, the polyfunctional

hydrazi de conpounds mean conpounds havi ng not | ess than two hydrazi de
groups in tReldBr Beddl s, 1 bdch-hadroxeahaohfenend, delypbsull cemacinilsghplyay azi de,

mal oni ¢ aci d di hydra ﬁlde succini¢c acid dihydrazide, adipic acid
d|hydra2|depl%FW%W{EpéﬁW@hﬁWhVH@§%1ﬂ@“ﬂ§@ﬁéﬁmﬁm9@i@ﬂYWPﬁyd$éfD@@wnaEelalc
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trihydrazi dﬁavnﬁ’@’ i ﬁﬂ&lehé Elké?ct@ﬁ' dPre?eralBl%te&nggQE a¢ Hfé:%ovéiaﬂuémﬁs ﬂ@%ﬁt hoi ¢ acid

t et rahydr azi de, 3-bi s(hydrazi nocar bonoet I sopr opyl hydant oi n,

however t hefO@I@Wf h@o‘lzﬂd}%hms brdeazaiice reAeRayAS RbS8s ﬁl%nohs‘ dchedp E&%‘I eto. O
t hese, aromatic polyfunctlonal hydr azi des such as isophthalic aC|

di hydr azi degresuds, pity/lgieindisdbityiphadilclesctiiphephy, Babhénol acbhpHély @ azi de,

2, 6- napht hoi ¢ aci d di hydrazi de, 4,4-bis benzene di hydrazide, 1, 4-naphthoic
aci d di hydrhigplaol 2 a6d pwhthhls;eandwiagadumm\dﬂak tksids 4udienszdiaaotndavbiadtrragingde,
pyronellitic acid tetrahydrazide and 1, 4,5, 8-naphthoic acid tetrahydrazide,
and 1, 3-bi lgﬁverv%mzleﬁe S%%\?ﬂ@bﬂd@ph&/mqv—@aﬁ 1eoips bpyinayldantopemadicne Prabften abl e
si nce they are cellﬁ@ atency because of the high nelting FOInt and
have |ittl ea@d-ThL‘iB PhRavy deSIP? 198 B tyPeTeRE skelelonus Mt PRfgRbIgIcxesptas #hsi t i on
poi nt of t aci d. di hydrazide is rticularly

d . ht hal
preferableq%?%ggég%%ﬁgmg$é?% gﬁ:ﬁ%“%%éﬁfoﬁggﬁ”9‘”FWSSﬁV%@%£$‘?W htion is
0 6 to 1 4 a?m%%ﬁ&lc&.ﬁesq}dh\égk)ﬁ&‘kﬁ CngO?g %E}%)?]h%nol BlSpPenOI;IA\ %lspminoql ,eqUI Val ent

as the sum
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 are 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 dichydrazide, maleic acid dihydrazide, fumaric acid
dihydrazide, diglycolic acid dihydrazide, tartaric acid dihydrazide, malic acid
dihydrazide, isophthalic acid dihydrazide, terephthalic acid dihvdrazide, 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 ;Falant of the present invention

i nclude, for exanple, alumna, silica, titanium oxide, cobalt oxide,
magnesi um oxi de, ni ckel oxide, iron OXIde zi nc oxi de, cal cium carbonate,
magnesi um car bonate, barium sulfate, calciumsulfate, talc, clay, nagnesium
oxi de, zi r ctmahydeodeded,5 Ahnuphthon dyd raahgdérazidagmdsi um hydr oxi de, cal ci um
silicate, alumnumsilicate, zirconiumsilicate and bariumtitanate, and
al um na andlSitis(badiarieocpbefetindds-iddprosdieskatoy, hohere thapolyéudiived t hese
inorganic fillers subjected to hydrophobic treatnent and coupling

treat ment. yrdgeidaesygemings ﬁlielﬂoéilgn‘i@dylmétous&f thegk oriemetic pelylunefigpalr e of

two or nore, The average particle dianeter of the |norgan|c fillers used in
the presenthydragidesush as QSOBIR@FIéC‘r and 91@@@@1% adigre qeakdihffrend ﬁetﬁsﬁz?h@a fisi ng a
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crystal S€ fr?glﬁﬂgf& #L&%ﬁa%?déﬁ@@éxf& 134f5r é) ﬁ&c%&*&g%trr?rh’d}zl} N9hg Pressing

after lamn and ates e productlon of

the liquid jeryst l‘?drefz%d car@tﬂ@cél?' 8.4 %gﬂg’%@ dahio r%w'p?ef@ﬁblets@n&xdigﬁarep‘s a

result, adhesion sStrength aft curi adhesion strength after

absor pti on efcelmitsh WiehcHRcARE of thdlgh ﬂﬂt%%]pdla@@ﬂ hafk titRuguEifie tbower
limt of the average particle dianmeter of t inorganic filler is not

defi ned, t higgqlidwerstdls bachudesofusglaglays @foition3paintofake anedysrdage particle
dianeter. The content of the inorganic filler in the liquid crystal seal ant
used in t helsopirtbslemcid dihgdtazole i pasicularlgg¥sibsableei ght, nore preferably 15 to
35% by weight in the total liquid crystal sealant. \Wen the content of the
i norgani c fill erThesameyy of Hgrpusiog asymwr:@m thepresent iguenioariy 8¢dp lsbal ant

would be Su%errlngglv ehgiv\e{fcﬁgs?grle% raglg%t.’/ ‘thle.l chgmlcal 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 (c) 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, talc, 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 1s 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 tinme of pressing during the productipn of the liquid crystal cell and
so the gap of the liquid crystal cell may 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
l'i qui d crystrethodsaddudming biaaspptis soffatcheenrogar ldef i IIf desverage padéclgol yner
beads and rubber filler of core-shell type. These fillers may be used each
al one or asdanmwiortofitle iobrgaws {Olers wonee e @emadecpsc oif einell dpaniet er of the
organic fillers capable of being added is not nore than 3 m preferably
not nore thawf@emreanidhe iheganiceliligyethganerganie fillgisamdtthbs rest qomepodetati ¢

fillers is nore than 3 m the formation of the cell gap may -9 becone
difficult. #sdi %aﬁﬁtabﬁeaiaﬁbw@rpg%nﬁ o seppplefEomBrdrP RSl B lazwéfifsmg usual | y
not nore thq@ﬁﬁO@b A ht based on th t he nor fillers.
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acid, napht hal enedi car boxyTic acid mal et ¢ acid"and oxalic acid; am des

such as di cyppaginadiige ianst &ainks, té Idvhe T dagualty dbuphenohsan ﬁma@bove
pol ycar boxyl i c acids or phosphlnlc aci ds; diaza conpounds such as

1, 8- di aza- bpayiclealifnded) undecene- 7 and salts of the diaza conmpounds with
phenols, t he above pol ycarboxylic acids or phosphinic acids, phosphines
such as tr|phen?hmMn&%hpﬁéwanmgﬁw@dﬁbmen&kﬁhwsbhmﬁﬁhﬁﬂémtaﬁﬁenﬁw bor at e,
phenol s such as 2,4, 6-trisam nomet hyl phenol, and am ne_adducts. The

i mi dazol es PisesnidRvenfion issx@ri%e by svighthiporawrateraiie 1530 phai Veiehbirdhe,

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 pm, preferably not more than 2 um. When the average particle

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



2-undecyl i m dazol e, 2-heptadecyli m dazol e, 2-phenyl-4-nethylim dazol e,

1- benzyl - 2- phenyl i m dazol e, 1-benzyl -2-nethyli 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-dianino-6(2'-nethy|inidazole(l'))etﬂ%1-s-triazine,

2,4-di am no-6(2' -undecyl imdazole(1l'))ethyl-s-triazine,

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

2, 4- di ami nobgRedifidwi i hdarohe( df )} etdaplc Slldrs whzihnenibs adyahisnisealgei d
adduct, a 2:3 adduct of 2-nethylim dazole isocyanuric acid, an adduct of
2- phenyl i m deizopig thasHEg dnurdightdesed orpthehvenght-of 18 idptapdicdiliamst hWhemitdazol e,
2- phenyl - 4- hydr oxynet h I-5-nethglinidazole, and 1-cyanoet hyl - 2- phenyl - 3,

5- di cyanoet deﬁégw’r(?”mbdmgléz g oIscapbngorlddssodigh gt the dameatisnsd &he t he
preferred eﬂg | es include . ‘
2,4-dianin09‘@%WUﬁéPW§ﬁFHWH%§3ﬁéW1'))ethyl-s-triazine i socyanuric acid
adduct, a 2:3 duct of, 2-nmet hyl.i m dazol e isocyanurjc acid, .an adduct of
S ohenyl [ dazol e sHEgRRiMEcH R dBE R i BRI B s Sant pp B S

pol ycar boxyl.l I h, as hal I ¢ I .1 sophthalic acid rephthalic
Dot et mepeEr R £ Begaly PR IRl Bl fors AR AT BP R BisalTFE e
mal ei ¢ acid ‘ I kd, LG . - - euring
acceleratorgﬁgggggﬁ?ggsg%hggoggg%ggygggggﬂgﬁéﬁ??E%%g?gggg$§mggghnﬁgﬁ20
parts by weicgiphthaiBhEdPhBAQLAOhY FpxRom@lItR RRT, hipHiNalWRiaahibhasedsan 100
parts by weight of the epoxy resin in the liquid crystal sealant. It is
preferred tmaltkeadihastocdicianyl; astddseual 8f Sichahdiheidt anasafs dfabemhideyri ng
accel erators because they have merits such as inprovenent of operability

( pr ol ongat i wrih pheypds, thd fleveipebkarbthelid atiéndr whospngicacokt énas osspanelst hose
which are solid at roomtenperature and react as curing accelerators only
after nel tisighiey L.8hdiazd-higyclard?d Phwkdeerne- 7T and saikanbihe disdacoopapadd withype
curing accelerators grepared y .mcroencapsulating these curin

accel er at orienglsy ihg agpupRplusaspoiisactds i RiosPhive pe §tpélp§pl*(im§rsu§§ asl e,
i m dazol es)tri\ﬁ'nciancyrilph%rsghigg I;igcli Yetrs'cllot)iléjngfllpehcjsgh(%ligr%%e\tlx%gltlen% bg a(t)e),( %henols 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,
I-benzyl-2-phenylimidazole, 1 -benzyl-2-methylimidazole,
1-cyanoethyl-2-methylimidazole, 1-cyanoethyl-2-phenylimidazole,
I-cyanoethyl-2-undecylimidazole,
2,4-diamino-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"))ethyi-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.
Among these curing accelerators, averagegparticle dianmeter of the solid

di spersion type latent curing accelerators is about 6mor |ess, preferably
about 4 mor less, nore preferably about 3 mor |ess neasured by |aser
met hod. When the latent curing accelerators of nore than 6 min average
particle di anet ebrgng thgsediring ecdekerapfst iheyhrefetrod peaniplenindhslpenser coat i ng,
and the shape after coating is not uniform Thereby, the shape of seal
after seal i AG-BrmneheErmedylimidgirolalbl)ethyl-pdriamng ispenaniric aeid addiess, 231 i qui d
crystal seal ants #sin t he curing accelerators of npore than 6 min average
particle di b?,2“6@%?%1118%%bﬁpcmﬁﬁé@duﬁm@%%?rﬁ 2-ghermddamighness of

-11- fillers is recognized at the sealed portion. The exudatiqgn .is al so apt
to occur. Tﬁ@”mggﬁ?égg’ﬁﬁﬁf?ep agolgiRitBpobcatieayia et suchds Rythalie atidr at or s
oo used 1 PORLBRILRIS bkl ack BB a0 e Blie S he i Pqurd eryera
s_eal ant of Mf)%thaﬁ’én%ﬁf%@ttbo%(g]?f?Q&ih,oxﬂ Iegf%@éfdsmpaﬁictagﬁ, %19&5’1“11@%(&?9&@ J-l"l?ed ude
si | ane coupling agents §0 el i 'Ngl ng am no st lane couplThg agents and

i m dazol e sih@if of Adurg ac8d8RtR) ad4aNs 89 to 25 parts by wei lﬁ’ referably 0.3
3-gl yci doxypropyl tri nmet hoxysi | ane,  3-glyci doxyprop I"ret y?ﬁlnet%oxy5|lane,

3- gl yci doxyproomerielyhydi ghiTBIohOX¥SrhRN®. 5 to 15 parts by weight based on 100 parts
2- (3, 4- epoxycycl ohexyl ) et hyl t ri nmet hoxysi | ane,

N- phenyl - y-lgmveigpt ofyk tepoxetedinnyshd Bped crystal sealant.
N- (2- am noet hyl ) - 3- am nopr opyl net hyl di met hoxysi | ane, N-(2-am noethyl)-3
- am nopr opyl met Rylstprefesed ox yss theseayring 3cenitnatps ophk formmeohlaseps tirane,
3-nmer capt opropyl tri met hoxysi |l ane, vinyltrinmethoxysi |ane,
N- ( 2- (vi ny| B5ERZFARARPRANSE Hiplhase airisopich gy impiovemkoisfsipeebditiy dr ochl or i de,
3 et bt yLaKRE oL L TRLROKYS) | 30, 2 SR o o gyl ey ey e,
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 pum or less, preferably about 4
pm 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 pm in

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



N- 2- et hyl i m dazol enet hyl tri met hoxysi | ane,
N- 2- et hyl i m dazol enet hyl t ri net hoxysi | ane, N 2-i
sopropyl i m dazol enet hyl t ri met hoxysi | ane,
N—2-ethy|-4-nethy|inidazolenethyltrinet?gxysi | ane,
N- 2- undecyl i m dazol enet hyl tri net hoxysi " Iane,
N- 2- hept adecyl i m dazol enet hyl tri met hoxysi | ane,
N-i m dazol enet hyl tri et hoxysilane, N-2-nmethyl imdazo |eethyltri
met hoxysi | afiBers iNeZo@tityd 4t nhalszbddamefidiy [The ieetidwiyss hlanept thho2edr. The
sopropylim dazo | emethyltriethoxysi |ane, N 2-ethyl-4-nethyl
i m dazol enetteydgerjaetidoriagictdr cdnles latehReuring accelerators has no particular lower
N- 2- undecyl i mi dazol enet hyl tri et hoxysi | ane,
N- 2- hept adelyiti hitdmzmkéytitosy bt abhcet hoxy il pmegre used.
2-(N-i m dazol e) et hyl tri net hoxysi lane, 2-(N-2-m_
et hyl i m dazol e) ellfﬁgcpqsq“sqrm 8B apgriean be added to the liquid crystal sealant of the
2-(N-2-ethylinmdazol e) ethyl trinmet hoxysil ane, , : _
( N 2- i so%ﬁ’%?fﬂt ilqﬁeag()%rm y)gacnp@lpst ok %%ﬁl&l&ng, qggpltetpclude silane coupling agents

g: 5;22 I %;ln%hglillgingag]%alzﬁg :sﬁ%zfﬁhhééggén%%giggz%ie silane coupling
> v gL dee Bl L R LR ARL RSl e

2- met hyl i ' i - - :

2 et hy%l %Wd%%?%’%ﬁ@ﬁ%%?ho yé’l?r‘w{, g;n@?/c1doxypropylmethyldimethoxys1lane,
2- i sopz.opylehbkHazReY AldiNylihhahbaxyahe, | ane,
2-ethyl?ﬁ-§£tﬁgﬁinidé%gle%ethyl??%ethoxysiIane,

2- undemydhicnyldaz@b@pedgivhinidied-Reduel | ane,

2- hept adecyl i m dazol e) et hyl tri et hoxysi | ane,

i m dazisH(@)apriopgthyly-i3pabinoryopylnaeteyldimethoxysilane,
2-nethy|inidazole%propyltrinethoxysilane,_ 3

N- 2- et hy | Nri2 davpeahyl-spyminepreey estygirimethexysilane,

3-aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,

FOWPNDNDNDNDNDNDNDDNDDNDDNDDN
7777777777 ZZ

~~ 1

(
(
(
(
(
(
(
(
(
(
(
(
(

vinyltrimethoxysilane,
N-(2-(vinylbenzylamino)ethyl)-3-aminopropyltrimethoxysilane hydrochloride,
3-methacryloxypropylirimethoxysilane, 3-chloropropylmethyldimethoxysilane,
J-chloropropyltrimethoxysilane, N-imidazolemethylirimethoxysilane,
N-2-methylimidazolemethyltrimethoxysilane,
N-2-ethylimidazolemethyltrimethoxysilane,
N-2-isopropylimidazolemethyltrimethoxysilane,
N-2-ethyl-4-methylimidazolemethyltrimethoxysilane,
N-2-undecylimidazolemethyltrimethoxysilane,
N-2-heptadecylimidazolemethyltrimethoxysilane, N-imidazolemethyltriethoxysilane,
N-2-methylimidazoleethyltrimethoxysilane,
N-2-ethylimidazolemethyltriethoxysilane,
N-2-1sopropylimidazolemethyltriethoxysilane,

N-2-ethyl-4-methylimidazolemethyltriethoxysilane,



3 -(N-2-isopropylimdazol e)propyltrinethoxysi |ane,

3-(N-2-ethyl -4-net hyl i m dazol e) propyl tri met hoxysil ane,

3- (N-2-undecyl i mi dazol e) propyl tri met hoxysi | ane, 3

- (N-2- hept adecyl i m dazol e) propyl tri net h%ysi | ane,

3-(N-i m dazol e) propyl tri et hoxysil ane, ~*=~

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

i m dazol e)propyltri ethoxysil ane, 3-(N2-isopropyl imdazo

| e) propyl t r Net-hgsershmidnelem3thyliriethoxysilane,

-(N-2-ethyl -4-net hyl i m dazol e) propyl tri et hoxysi | ane,

3- ( N- 2- undenlyl-heptatkz oli@)dazopyicthyl ek thoxysiank, ane, - 13-

3- (N-2- hept adecyl i m dazol e) propyl tri et hoxysil ane, 1H i m dazol e-1-et hanol,
and a- (( 3- 24 Niimeddroleyghy yipthopwsipheret hyl ), titani um based coupling agents
such as isopropyl (N-ethylam noethyl am no) titanate,

i sopropyl t r 2i{Nesmetvdpidadoleaehygimeibpaniiane. di (di oct yl pyr ophosphat e)
oxyacetate, tetraisopropyl di(dioctyl phosphite) titanate and

neoal koxyt r2’@=21\Ptb3hlékﬁaﬁ@@ﬂﬁﬁ‘yﬁ?‘%ﬂ%@@ﬁé’ﬁ‘f}@) titanate, and zirconium or

al um num ba coupling agents sych as Zr-acetylacetonate, Zr-nethacrylate,
Zr - pr opi onaf‘gl,g'zﬁ’éﬁ%llo%g?“%ZP@MEEYH‘?{E%SH%t ri sneodecanoyl zirconate,
neoal koxytri odecanoyl ) henzenesul,f onyl .zirconate,

neoal koxyt r?"ﬁ@f% Vlgjr‘:" ¢ rﬂlg&zﬁ%ekhygtf@/rbegho&yéﬁarﬁeOa| koxytri s(m am nophenyl)
zi rconat e, 'QW N I j +4Al - acetyl acet onat e,

Al - et hacry%ﬂ te %%glﬁ?%%%%@g{r@&ﬁ%&%g%y esent invention, silane

coupl i ng agems . AR REGHBIARL K HFaTimetBHyAAghd ane coupl ing agents are nore

preferably used, and im dazol e silane coupling agents are particularly
preferably y@ﬁdmicﬁ}kolé?étﬂﬁtﬁdﬂﬁo;@@umd DO Nagemithylihdagol @kthyltebiaikngtnki qui d
crystal sealants excellent in reliability in noisture resistance and the
adhesi on st2-@dgtéthyleidaadleaftdtrictusgripdneon of noisture is not inclined to
reduce. Wien the coupling agent is added, the anount thereof is about 0.1
to 15% by ZnENghisopnapylmidazeigiadhdiniethaysdeawl ant. The |iquid crystal seal ant

of the present invention nay contain a solvent in
2-(N-2-ethyl-4-methyhrhidazole)ethyltriethoxysilane,

2-(N-2-undecylimidazole)ethyltriethoxysilane,
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)propyitrimethoxysilane,
3-(N-2-heptadecylimidazole)propyltrimethoxysilane,
3-(N-imidazole)propyltriethoxysilane, 3-(N-2-methylimidazole)propyltriethoxysilane,
3-(N-2-ethylimidazole)propyltriethoxysilane,
3-(N-2-isopropylimidazole)propyltriethoxysilane,
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
sol vents and basic acid ester solvents..;These nay be used each al one or as
a mxture of two or nore, and in an arbitrary ratio. Exanples of the

al cohol solvents are al kyl al cohols such as ethanol and isopropyl alcohol,
and al koxy al cohols such as 3-nethyl - 3-net hoxy butanol, 3-nethyl-3-ethoxy
but anol , 3- Asthythepageqyhaydiey cirparidticthaxyrdangy |1 Hiintigari opeidyanol, 2ad but anol |
3- et hyl - 3-n- but oxy butanol, 3-nethyl-3-isobutoxy butanol,

3- et hyl - 3- &3 htitesthornysd Wi ppandmgihydl Hianiwnthasad-aouplong2gsutsaneh s Exanpl es
of the ether SO|V§£§S i.nclude nmonohydric al cohol ether solvents, —alkylene

gl ycol rmonoBPRIAPYEtRehylagirasHydamsoR iiasale. $PYoBY IaIatieareyidiifrate. ddnwAt s,
e e e R
sther ! R bATOR Eh PR p b, BB RGN 8O L1 by but anol
B ety e HumisifiE b colp e st DXICHS 20 RERGIRY 780 | ene

gl ycol nonozat-kydpi Sfale he SO UGMiRoh 6! HARIRKIRKhENR carllyY SREorERIONMEL hyl et her,
propyl ene gl ycol nonoethyl éther, propylené glycol nonopropyl ether,

propyl ene ghyeiitoxpanodsiepmephbeeichesulfopyoayoane, gl ycol nono-n-butyl et her,
propyl ene gl ycol nonoi sobutyl ether, propylene glycol nono-sec-butyl

et her, propydcaiexginstobylammianieotthDtydcorithatepal@bhyttieme agliyadlenylirononet hyl
ether, ethylene glycol nonoethyl ether, ethylene glycol nonopropyl ether,
et hyl ene gl FeEnaigprvvoprppytoneahearboapivy Péaectglhge ohatephlemathaatyydie ander

et hyl ene ggﬁgol nmonoi sobutyl ether, ethylene glycol nono-sec-butyl ether,
and et hyl PHNIBIC nono-tert - butyl ether. Exanples of the al kyl ene gl ycol

[ i ncl r | ene ..
di-alkyl ether so['nvtl?en ;[)rsesént ?nv%ggoﬁ S?l%%e gouei)lmg 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 butanol, 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 d|-tert butyl ether, ethylene glycol
di met hyl ether, ethylene glycol diethyf 18t her, et hyl ene gl ycol di propyl
et her, ethylene glycol diisopropyl ether, ethylene gl ycol di-n-butyl

et her, ethylene glycol diisobutyl ether, ethylene glycol di-sec-butyl

ether, andyghi! %@étl@}l)@cﬂjbudixytlﬁtdmb@T—Mbth@l Bagobutcbg-bukaipl es of the
dlalkylene gl ycol al kyl ether solvents include dipropyl ene glycol nethyl

et her, di propydiefies-goysabxebhyholahbérmetiypB-apybeney duseol. di propyl ether,
dipropylene gl ycol diisopropyl ether, dipropylene glycol di-n-butyl ether,
di propyl ene gl ycBramblesotbt yiheesdiests dichrdepydrehgdigt glcoholdihes eclvbuisy| et her,
di propyl ene glycol di-tert-butyl ether, diethylene glycol dinethyl ether
(di gl yne), dkghh?gbmel@by@ﬁkﬂdWExhthe$hékykmﬁ@Wﬁ@“gﬁngﬂveéph@ﬂéropyl
ether, diethylene glycol diisopropyl ether, diethylene glycol di-n-butyl
ether, diet ﬁn@u@t@e@ly@baikdl stheol yants, andalkdpng gty%ﬁl%(}’éle%w‘)i&?m%ec but y|

h dd | | di - but h f th
?ﬁhgtkyﬁgnﬁ bF;c gggﬁg?1%?H5W£§B‘Véﬂ?é“¥ﬁ3§h VQPRVW@EEEZIgcof edialkyl
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i ethyl et %2561 i PR e R S S ek DR VLS Fufl 6Py co
di i sopr O_p_yl {t&!—}{tﬁgg cggygg%hglneﬁh l@fl?e?' 3 Pﬂetlﬁ}1ggfsxt3ut8£)£l}ﬁﬁat of Etoﬁagf’%&e”e

gl ycol d||s ripropyle sec
tri I I
1 propyl en n% #0045 %ycoﬁi% E&J{?Y}sogfdﬁgt eth&f L4 BYh&RA- ﬂtéfﬁeutoxﬁmmtdty

ether, trie ene g triethylene glycol dipropyl ether,
trlethylenenghﬁqgnmgl|sopropyl ether trlethylene gl ycol di-n-butyl ether,
triethylene glycol diisobutyl ether, triethylene glycol di-sec-butyl

ether, and tri etbydresles of tie alkylehi gﬁﬁ'roﬂ nhnbylkybétharsol Exanptlede pfopylemeacet at e
solvents i ncl ude al kyl ene gl ycol nonoal kyl ether acetates such as ethyl ene
gl ycol nonogetbiyhosirhethylatistrapmpyenhyglienbmghyaby! etimsnprepiiphe gbker acet at e,
et hyl ene gl ycol nonopropyl ether acetate, ethylene glycol ponoisopropyl

et her acet amenopohyl eshes, ploprisne ebicel MOBRISYPOBY Haher apispRieRe EREAY| ene

mono-n-butyl ether, propylene glycol monoisobutyl 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 monoisopropy! 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 glyeol
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 agetate, propylene glycol nonopropyl
ether acetate, propylene glycol nono-n-butyl ether acetate, propylene

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

3- met hyl - 3- net hokydnplgs ofibetitle)less getdylkydedehmlybus inchaeetimopylene

3- et hyl - 3- propoxybuty| acetate, 3-nethyl-3-isopropoxybutyl acetate,

3- net hyl - 3- &Lymitlasz%mw digeanviane géycmlnew etder, §¢b@md@<%gw9¢1 dapsepgltesher,

3- et hyl - ec- but butyI acetate, and 3-methyl -3-tert-but oxybutyl

acet at e, eglﬁfﬁl%’ V@bfillwa@@t &ihsr, cap@phlyn%a cofi digbpuiyi ket at e,

i et hyl d | di d I
ol yeol df acdigTens 'acftat B Bhe Tt ipoar i eatdves brh tﬁe%e‘gfé"gﬁ. S”gste[
I t d f d t
coetate and BRI e T TP SRRl RS, e TR bira R e P
d hyl ad { t tyl
ohthal ate. %Eﬁ?f‘m% |l P UL MR Rylohs BR O iplt 03 BNl didor OY
optional angwg roﬁ}?@i%§15@[dh)r18{e§} FAUSE DS b NgR o SO dn¥ V%‘P%cotl Bﬁsdb'u K ant cuch

crystal sealant to such a value that enables coating

as 20 to 4GiRe, detdlendPRY dasdEbitoTeRlr, a6l SREFERE LR UNEt-BRYE&RePr | Nti Ng
or the I|ike. Gbnerally the solvents are used in such a manner that

nonvol ati | e conpfmentiss aitke cuitydemeglyisl syl atferindlveits HYdeyalk ieieghlcddr
nore, preferably 85 to 95% by weight, nore preferably 90 to 95% by wei ght
inthe Ii qdl@!kai/@tbmalsu@em teiptapyldrerely dag dirdetbyyghal trpedpdentsglngpltdihyli qui d
crystal sealant to which the solvent is added are produced, the upper and
| ower subgﬁhﬁtthﬁpéyké%ﬁha@bﬁPﬁEWéWhV%F%@WWY@?%@W?%@h§©PV@M¥ﬂerdrylng

SR o A Sl il
above-ment | ngycoq d?—%gc)%utyfaaher tr?p1\c§8ylgill<e éﬁf%(l)lndl%exq but yl eﬁlel tr ét%y}/ene g?)!c\éﬁnt are
dimethyl ether, triethylene glycol diethyl ether, triethylene glycol dipropyl ether,
triethylene glycol diisopropyl 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 given anpbunts of the pol yfunctional
hydr azi de conpound, curing accel erator; l@nd, 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
invention, gaepaé3-RkisUShéRbRHUINIAVERSG, YinvaRylcl-etbkases deearipd thereon are
positioned opposite t0 each other at regular intervals, the periphery of
substrates Bsn@RalEpropbkbutiiesckiagyBdn@hysl-dopsgakanityl aktdidie present
invention, and a liquid crystal is confined in the space between the
substrat es ametth¥ies-sdalmytthyThetdte, undthot-gssaiutéxybogyl ecstfitened is not
particularly limted. Here, the substrates are conposed of a conbination
of subst r at &snathylchsearmtoxmwéy | ofciglcass] 3-queantl B-teptagoxdsitdadetsiel i con or the
i ke and at | east one of which is light transm ssive. The ce|]l can be
produced, fehyleragbicel dipgetatpediethyiconihigohdinsrizte, tricthydane glycopdieestaiespace
controlling material) such as glass fiber js added to the liquid  crystal
seal ant of PReYsPeEbP! SAYLHE %ﬁr.opﬂ?ée §b’§8b&‘ai?‘ﬁétleu%@stflpf%’ryh@g&léﬁl‘%, é| ass
fiber, silica beads and pol yner beads. The dianmeter thereof is selected
dependi ng gﬁcﬁﬂﬁ'cell gap of the liquid crystal cell to be produced, and
is usually 0.5t 0O m._.The | Int r i ; 4 parts by
wei ght , prefera5ﬁ§ﬁ6§§ffgigs%gggégg§gﬁﬁéh§ﬁ??gﬁ Féy%ﬁezégggﬁim%QQ to 1.5
parts by weight,basad, %ﬂtyi‘ggetﬁ’i@rahﬁ 89?91 X@dtﬂ@,tangfdib siteadid BHE SR Akn seal ant

of the present 1 nhvention. After t iquid crystal sealant to which the

spacer is agldaghetsy c@RhRIIPRIRNSusinde RBINEtAE glif eURId RltpHIIae di Spenser
or the like, the solvent is evaporated by heating, for exanple, at 90C for

10 m nutes, folAofedhdymbaitiofalid fdvdnte tiypasitegissd bsdr @jtenabadowremovi ng
the gap by a hot press further, followed by carrying out the curing at 120
to 160C f or n&etsar2fonediustin®thebiistonity bhite dighid crigxaMRaES! toThveh prveberibat
invention will be explained in nore detail by the follow ng

enables coating with the sealant such as 20 to 40°Pa- s at 25°C by a method 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 solvent 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 actjbve am ne equivalent are g/eq.
Exanple 1 70 g of liquid bisphenol A type epoxy resin (RE-3105,

manuf actured by N ppon Kayaku Co., Ltd.), 30 g of trisphenol nethane type
epoxy resin ( EPPN- 5& manuf actured by N ppon Kayaku Co., Ltd.), and 17g
of phenol nBYSFERYrBEFopP] lelﬁ,&m@cﬂl FHBlOAFAG R LY leEel g agentieiibe heni cal

I ndustries, Lf{?é’fc)ﬂ as a.curing agent were added to 15 g of RPDE (a m xed
sol vent of Y9 R%r at e, di met hyI succi nate and di nethyl adi pate,

i Ssolved. 60 4 @ngﬁgﬁg‘?&gﬁ‘glaﬁa RN RoneR i e St S ur ed
by d K ticle di bout 30

2% an | nor gaRTiE ’%ll"téf‘ih“’bﬁﬁa&gf?ﬁ’?“a%gf‘“‘??%f Rl PP s T oo it ure by
NI PPON Aer Or%'ghia%tewkfs p@ﬁ%{ﬁ&g O@E'ut%ﬁg{eggsesiegﬁﬁt\blﬁl L%eql t% a2 ealaa to ut 7

nm and 5 g of core-sh ture cro ara
EXL-2655) hehe graadnt lﬁV&ﬂﬁﬁeaiﬁad' fidah %1)@1&@?@50%‘1@5 1@’559 @%ac%ggt\%’@nQEe an

organic filler were added to this resi’n sol ution, we m XI ng and

di spersi ng dps@atsamet hiclskaighits PEhS1igBidERGRAING be ca;ﬁﬁlgedqé nagpamlsuigfmydr azi de
(nelting point: 181 C, adjusted to an average particle aneter  of 1.7 p.m

by jet mllligitehdi ek, tis sabpokesfaacimpesal] offiydoabirteios opeisadicdsvhich A1 i ng
agent, 7 g of amne adduct (AM CURE MY-HK, manufactured by
Aj i nonpt o- FNAE dlealpsoq@stz, plasdcs)andaiiong Oarti“ml\vl@rza@eit besast o1ed f welhiaimistlasht of 3 m
or less as a curing a%ﬁel erator, and 1
3-gl yci doxytfﬁ“é’é’;‘ﬁisf‘ﬁ MetRGRY §71 B‘?\E'—”O(dSF‘FChch@aﬁ@%11®‘fh€rfaHQ|WHkgtrmﬂ€@r by Chi sso
Corporatlorp ?SS U(EIP g ‘g t were. hen kne \‘d) y three-rolls to
obtain a Iidtid c?rayegt acE LQRAPNG A HE )p?‘@géﬁlg 5 B?ftlﬁ gfdedtndhe hgwd) t i ng
liquid crystal,; va u ted accorda th th | owi ng
st andard, angg %?\sgara g{;%flst lé!\g{eﬁer €0 en\/\’/tg?e iﬁ%@@?‘“fh‘“?@ﬁ?sew‘i ’@Qﬁ’ﬁ‘b gg;?s 2 to 8
and Conpar gtiey &ilkeBREESndlpd19mer 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 jum.

The amount of the spacer used is 0.1 to 4 parts by weight, preferably 0.5 to 2 patts 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
cxamples, 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 nagger as in the Exanple 1, and the
eval uation results were shown in Table 1°" Gap Formation Test in 4 ass
Substrate Lam nation To the resulting liquid crystal sealant of 100 g, 1 g
of polynmer beads of 2 m as spacers are added and m xed under stirring. The
resul ting | ifquit diheryst apecsial. arfthe wnits ofppkp@d @nihalat,Glvdssybeqstdlatte of 50
mm x 50 mm by a di spenser, and was heated by a hot plate to volatilize a
sol vent . Onamhectgkassnseapsvalatiere giaqt her gl ass substrate having the sane
size was then placed at 90C, and the | oad was applied onto the glass
substrat es. ETtigpledad was then applied on the hot plate of 150C to press the
liquid crystal sealant, and it was m croscopically observed whether |iquid
crystal sealant7%&§fbﬁ@§§§@hﬁﬁﬂd\Bﬁﬁ@@ﬁé&§ﬁﬁfG@%gl@%ﬁégwﬁ@ﬂﬂgihY(the gap
formation tgest of th | gss . substrates). .In the test of "ga roperty of 2
m, the |i qﬁi‘@j‘)@r%z%"tagil Qedrdnesl wof spess e thang (BRCCROEH TN Bday v 8dHnas
mar ked as 0, and the liguid st al. seal ant . .i.n whjich,the spacers cannot be
Observed wa R Sihegy & 28T 6a 080 fRadanB sl PhEublT o RERHET ¢ ne
resul ting | jeuK I | . Of I r f. 2m as
pacer s ar ol HRIROLTE, AR AT, FiRely Cheti® SBBHHR PR PGt a
seal ant : ' : LDy
V%&P%f%d@@&@l?é%@gppﬂ( I Bived @ﬂ%ﬁ??éfuﬂrﬁle é'm?ethyéh one

di spenser, and was heat ed y ot "plate to vo e~a sol vent.

gl ass substsrtRatcanatdigbigl aspas Unshuraé@redBVRINIA NS aRPies Silv& W t hen
pl aced at 90C, and the |load was applied onto the glass substrates. The

| oad was t hibny aypd hetedmd dissohatd. pleatgerfabhdRACalutning @SANCTEC WLQINMINGS yst al
sealant, and the liquid crystal sealant was pressed to a thickness of the
spacer of 25¥C, Thmuftictired by Gl essidad., Liddbawag anhseryepartiyletdiemeaticcodscope.
The m ni mum and maxi num val ues_ of the width of the seal were neasured. The
liquid cryosf 3& am asin iperaanicdilerrie efdtimsd wilisagdeissil Re§ 52, maraifadteyed d
crystal SeagyaIQEPIi(gN%érgsrh ég.c,)-Ltd.) having an average particle diameter of about 7 nm,

and 5 g of core-shell structure cross-linking rubber (Paraloid EXL-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

5-510, 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 sealant having irregular
shape by foamng or the Iike were respectively marked as 0, 0 and X
Adhesion strength Test To the resulting liquid crystal sealant of 100 g, |
g of polyner beads of 2 m as spacers arg _added and m xed under stirring.
The resulting liquid crystal sealant was applied onto a 50 mn x 50 mm of
gl ass substrate by a dispenser, and was heated by a hot plate to
volatilize a solyent. A2 nun x 2 nmof glass plate was |an nated onto the
liquid crystal seaPaApeItayaraiaied geeadiag la soougionbifable. ] Srddsindidhasi ve
strength of the glass &l tes was then nmeasured at 150C (atnosphere). As
seen from TEHPE! %a RS I{ﬁﬁE*’eéelérlgl‘éﬁt“élpn§é8‘Pl§H%“EB‘F’e Haad gpstbatalaiyenteon has
excel l ent seal shape and._narrow g formption property during. the
production ot % Wém’?etiia&lﬂli‘ EX@F‘?/@YYaI a@@lzlq}“ ﬂéfStiaES@@l%@é“‘I ‘r%rﬁteSti“}gatﬁélh%gieon "
strength at hj rapunes. [ Tabl -21 .MO Val V : i,
o U G0N oBERghEI IR d 3t %"a%‘é)a“%lﬁu\_{“’&e@ G AbNF Ty M Q
WS O UX éa&@oggﬁ%nQ”e\Q inQ}IaSQSul%tMe MnMnation
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

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

sealant was pressed to a thickness of the spacer of 2 pum (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 pm

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 pm.  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
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G, a 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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3. The liquid crystal sealant according to any one of clains | or 3,
wherein the inorganic filler (c) has an average particle dianmeter of 2000
nmor less. 4. The liquid crystal sealant according to any one of clains 1,
3 and 4, further conprising a coupling agent. 5. The liquid crystal

seal ant according to claim5, wherein 4% coupling agent is an imdazole
silane coupling agent. 6. The liquid crystal seal ant according to any one
of clainms | and 3 to 6, further conprising a curing accelerator. 7. The
liquid crystal sealant according to elgiimyy, Wherein the curing accel erator
is alatent curing accelerator. 8 A liquid crystal display cell seal ed by
the liquid crystal sealant according to any one of clains I and 3 to 8.

1. Aliquid crystal sealant characterized by comprising:

(a) an epoxy resin;

(b) a curing agent containing at least one type of each of a novolak resin and a
polyfunctional hydrazide compound; and

(¢) an inorganic filler,
wherein the ratio of the novolak resin in the curing agent (b) is from 20 to 70% by
weight.
2. The liquid crystal sealant according to any one of claim 1, wherein the
inorganic filler (¢) is alumina and/or silica.
3. The liquid crystal sealant according to any one of claims 1 or 3, wherein the
inorganic filler (¢) has an average particle diameter of 2000 nm or less.
4. The liquid crystal sealant according to any one of claims 1, 3 and 4, further
comprising a coupling agent.
5. The liquid crystal sealant according to claim 5, wherein the coupling agent is
an imidazole silane coupling agent.
6. The liquid crystal sealant according to any one of claims 1 and 3 to 6, further
comprising a curing accelerator.
7. The liquid crystal sealant according to claim 7, wherein the curing accelerator
1s a latent curing accelerator.
&. A liquid crystal display cell sealed by the liquid crystal sealant according to any
one of claims I and 3 to 8.



