- 1 - DESCRIPTION LI QU D CRYSTAL SEALANT AND LI QUI D CRYSTAL DI SPLAY CELL
UTI LI ZI NG THE SAME Technical Field - The present invention relates to a
liquid crystal sealant which is used in lanination of liquid crystal
display cells as flat panel displays and has excellent adhesive property,
heat resistance, npisture resistance, |idquid-crystal contam nation
resi stance and productivity. Al so, the present invention relates to a
liquid crystal display cell manufactured by using the same. Background Art
In recent years, as |iquid crystal dPEPFBYIEN s have becone bigger, a
so-called liquid-crystal dropping technique, which has higher productivity,
has been proposed as a manufacturing nethod of the liquid crystal display
. cells. Variou a I 106y ' hni que have
“been al so pr o%(x)%gg? ?:éﬁ;‘esjggf gﬁgtﬁfﬁgﬂ%ﬂ%ﬁ?ﬁ?%%@?%%ﬁ ﬁgi nce ‘
appl i cati ons {UMLIAHEG FE 8atEli spl ay cells, particularly for portable
t el ephones, further contain noving i mage functions, the demand for high
definition and hi gh-speed response has been required. Particularly, many of
the liquid crﬁstal ﬂisgaay cell s have been used for the portable tel ephones
- as val ue-adde &ﬁWBB Beld i Japan, and the liquid crystal display cells have
been manuf act ured lL.ti.pl e chanfering.in |large-sjized.nother, gl asses. In
order to correspo nﬁ%tpg&te#elg{iﬁngﬁg ?3%‘8#0ragéqﬁbc}"l%rgftgfﬁqglaﬂta‘? '8 sd’é?ij 1get ween t he
liquid crystalanangiod of Bhbid BR3P ERMaf BRIsQX 9Lt phhel Big%{h)gs LAY Bleehgn become
nore sensitive, and has been easily be conta%1nate y Inmpurities as
conpar ed wi t hadhesive propemmg, iheatabsistirgd] oistuystesiktandd) Hasibyerystal borghaaior i ty
seal ant has been required. Panels having a cell - 2 - gap designed to 3 gm
or |less are bEgisHAcandsodstiviinufideq. dhapteseat invertipn relatss ted liqidprysiab been
conventionall% é tolgpggk he grobleg%of seal peeling has been occurred
since the thi URIBEEE r&ql by BEIRE (GiSAWE. | nsufficient stress buffer at
hi gh tenperatures although said problenms have not been generated
conventional |y, because of a buffer action due to the thickness of the seal
in the convernBidkpRlund@ad ant. Al t hough there has been conventional |y
proposed a nethod for addi ng pol ynmer particulates for stress relaxation, or
the |ike (see PaténtecBrcigausnas ligpid erhstalatidpbayi aslls bevedregone biggerpato-atlicdi gh
tenperaturesqas. een jnsufficient. Patent Docunent, 1: .Japanese Patent No.
3162179 lguid-cryptelsyappiaiechulai whicidies piahenprofpisiviisaies Spen rgpersd Cpen

O ) on; o Wn A RGhOPYY e Bhui ol HERY AT RSN (R S0l ved by

the invention an 0 i nventl on vide a

l'iquid cryst aleala@sfaiquiddpast drbgiingcEdlqiAisave hesl s PEIBESE 8 (et PhRgt h and

reliability in noisture resistance such that the seal” would not peel even
at a cell ga@ewmeat HowQashSothdr lpmdosindersgpplitetionsfursmallsized displapeclls, qui d
crystal display, cell and is excellent in operability, It is another object
of “the presemarticHpshifoioperiableselephanss. further cerfaingnroving image derdtians, & i qui d

or el D R 3L B L S YEb e TP SR A0 °
R L T
a specific coapesiditdprodadts By, bhietheniabideipstalamgpldytdls 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



- 3 - conpleted the present invention. That is, the present invention
relates to the followng (1) to (9): (1) Aliquid crystal seal ant
characterized by conprising: (a) an epoxy resin; (b) a curing agent
containing at |east one type of each of novol ak resin and a

pol yfunctional hydrazi de conmpound; and (2i an inorganic filler. (2)
The. liquid crystal sealant according to the above (1), wherein the ratio of
the novolak resin in the curing agent (b) is from5 to 90% by wei g

- (3). The |iquigk gned to Sauh enlessete beginmug todeamgpuiashired, akthoug (gﬁ} and
pesies ihie be tod trgtred, akthna hlﬂmli

2), wh t h | d/

The' 1 'qui o oripseam Sertbralich ity @biawbiéah&%sﬁ%ﬁﬁiga%%&;'@&?@m (3,

char aCte“Zed tﬁé‘ k%?sgofg'ﬁmg&%s%cfg% ﬁ%u{f%enbsl%%ssaﬂh@e\‘%{tﬁg\g particle

'di anet er of iﬂ urda crysta al ant
~according to t@ﬂ)}ﬂeﬁﬂ@eschithéﬁ'g% s%%@olérﬂié hi\% rfo@:een%@@é’x@t@@ esivessbmayy f urt her

conprising a coupling agent. The 1iquid crystal sealant
accordi ng t o hdeeusaloby buffé&r)actimhdrean mdtheknmlpf tha geah iyetht: corsveationairicdznol e
si |l ane coupling agent. (7) The liquid crystal sealant according to

the above (1)A lapugb;herfthaérba@t@mvz@wnag}y Pigpessa B necdirgst fos petingPAyipehg

| er at d | the ab
(7 ! Shor 61 n s surelaapirh oF 1 T osf BRe R0 RAG LD, BBt "
9) Al d ; d t al | ant
ol pah & b UertlrSPUBH Bl SRR kOBl © crysta som) on

The |iquid cryst alpaggabeduineaf 1: tjb@nggfegggthonymt[v@n exhi bi ts high bondi ng
strength at high tenpetatures even at a cell gap as narrowas 5 3 1.tm

bei ng abl e- t o pr oVettet Redungoi 2t JepansscaPatelit Sypphisetion Laying Qreg KKOKIAT D!l ity,
and the productlon rocess - 4 - thereof is applicable to both of the
convent i onal 4998 ting sheet-fed process and jig press process. Best
Mode for Carrying Qut the Invention Hereinafter, the present invention wll
be described in detail.

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 ym
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 {o solve the
above-mentioned problems, the present inventors have found that a resin

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



An epoxy resin conposition which is a liquid crystal sealant of the present

i nvention conprises as essential conponents: (a) an epoxy resin; (b) a

curing agent containing at | east one type of each of a novolak resin and a

pol yfuncti onal hydrazide conmpound; and (g¢) an inorganic filler. The

epoxy resin (a) used for the liquid crystal seal ant of the present

invention is not particularly limted, and exanpl es thereof are bisphenol A

type epoxy resins; bisphenol F type epoxy resins; polyfunctional epoxy

- resins whi ch amplegidibé oyebent intventidn. c diheois, the putsast mvestiquoklasiséndle conpounds
such as bi sphenol  S. 4,4'-biphenyl phenol,

2,2', 6, 6-t et rfabevmgL40 £): pi phenyl phenol ,

, 2" - et hyl - bi - met.hyl - 6+ - hut y| phepol rish |1 h.,-
ovrogall ol phenok vy a eI PHEND S A ERE AT ng 5
fluerene skel@gj ngfrglg,l-agw c%néin%%ﬁi&)ﬁ%&’%%@éﬁ SR BRK résidaRhenol at ed

pol ybut adi enes; etheritication products of various novol ak resins
prepared usi R@lyfasctishdhydngidevabapodlds and/@) ipinsrgahieddles, such as phenol ,
cresol s, ethyl phenols, butyl phenols, octyl phenols, bisphenol A, bisphenol
F, bisphenol S an(R)idwhighid csystal nedlad iapepring teothe ploows (B whersimibe kafisialg a
xyl yl ene skel et on, _phenol novol ak resjps having. dicycl opentadi ene skel eton,
phenol novol dRe pevolgksesinn the cwring ‘iﬁ?}"ed’? ‘SsthR‘é‘P éf%%&ﬁigi‘ﬁ&@?ti C epoxy resins
havi ng an ali phati kel et,on . - r [ Xy resins
havi ng heterocycl§§T@Fﬁﬂggﬁ%ﬁigggggggééﬁﬁgggﬁﬁgnge%?“ﬁ?%%ﬁ%@?%mf@ o;

gl yci dyl at | OnyeRGiheliRS e I @is/ihiRa B@BQiIEesUCh as broni nat ed

bi sphenol A, brom nated bi sphenol F, brom nated bi sphenol S, bron nated
phenol novol ak an@)idmhe liguHdadiresthi ceadan lacevodiog &kanyaume of tHel aboed (1y tk@pwn and
used epoxy resins such as - 5 - N, N-diglycidyl-o-toluidine,

N, N- di gl yci dyshasgptetizas in b el 1@?*‘%@*@1Wle’éﬁcﬁbﬁs,an@éﬁfé%l’%ﬂé idiargeisr PFROGR her |

1, 6- hexanedi ol di gl yci dyl ether, trinethylol propanetriglycidyl ether,
ponproperné“@Pﬁ%%% di gl yci dyl ether,

(3,4-3", 4" -epoxyc ﬂ%ﬁﬁﬁﬁiﬂ'éﬂ?&h%m%ﬁ%@@ox&iﬁg RP&&W&E%fﬁ{bdabB%@gY?@,pht halic

I
anhydri de di gl yci dyl ester. ese epoxy resins are use

such an
amount as notchaftetiddty fufiRerapaipaibing iatopuplitg 4gbitsi cal properties of the
resulting liquid crystal sealant. The anmount of the epoxy resin in the
liquid crystal seéde liqyidesysialisgala@aeording twthaBbeie (égwlwyem&egmphrand
preferably 25 to ,50% h epoxy resins may al so be used in

i ght.. These
adm xture of %%‘%?n%¥@°egﬂneceﬂ? N @810y agent (b) used in the Iiquid

o ' novol ak resi an RSE Y B bR B Ao BT MRER O o

the novol ak ngSuAhdrRoinPAsiey b iciEn@gRBlerdtér. 5 t0 90% by wei ght, preferably 15
to 80% by weight, and nore preferably 20 to 70% by weight. If the content

of the novol ak re&)Thetiquiderysialispgantigesdrding torthe @bovea(7).00%r ¢y twedughg, t he
reliability of panels such as reliability in noisture resistance and
| i qui d- cr yst dFcdeaionifaatenringarelaals i s excel I ent. However, the

sufficient streng d..heat sistanee at..a cel.l .ga narrow as 3 pm
cannot be. obt ai el A Rl PR BT Seal B LA AR i §¥oRlnd
production. If ,4hs. LM EMovt 31)168%88). t han 5% by wei ght, the stress rel axation
woul d not be sﬁf$?%ient, aXd%Qhefghfficient adhesi on strength may not be

obt ai ned. Exanpl es of the novol ak resins capabl e of being used herein
are as follows; novol ak resins whose starting materials are various phenol s
such as bi sphifest ofahe inwentédor onobi sphenol A, bi sphenol F, bi sphenol S,

4, 4" - bi phenyl phengl, 2,2',6,6' -tetrarnethyl-4, 4' -bi phenyl phenol,, _
2, 2' - met hyl ere- bi 3 paligig Fiistagseaeant ohibeproseiipyeption Fﬁ‘]%‘ﬁ?%]?‘gggﬁﬁg’i‘%/l met hane,
P?’LS?Z‘LLO' ’ %pr_gx?g?é Eg{%gx{ gﬁﬂ)gf‘%%%g@e%?%&ﬁ dans RSk Ys LRI 8aAL 33y N9 2
-di - 4- hydr ox p ; . d
polybutadienﬁgggﬁ%%géggg e%%?gémg?ﬁgﬁtwgﬁg?ggl d?é?gﬁgﬁg?gﬁﬁg%kgkﬁhenols,

bi sphenol A, brom nated bi sphenol A, bisphenol F, bisphenol S and
napht hol s; phenolic novol ak resins such as phenol novol ak resins having a
xyl yl ene skel eton, phenol novol ak resins having dicycl opent adi ene skel et on
and phenol novol ak resins having a fluorene skel eton. Preferabl e exanples
of the novolak resins are as follows; novol ak resins whose starting
material s are various phenols such as phenol, cresols, ethylphenols,

but yl phenol s, octyl phenols, bisphenol A, bisphenol F, bisphenol S and
napht hol s; and various novol ak resi ns such as phenol novol ak resins having
a xylyl ene skel eton, phenol novol ak resins having dicycl opent adi ene

skel eton and phenol novol ak resins having a fluorene skeleton. Mre



The inorganic fillers (c) used in the liquid crystal sealant of the present
i nvention include, for exanple, alumna, silica, titanium oxide, cobalt

oxi de, magnesi um oxi de, nickel oxide, iron oxide, zinc oxide, calcium

car bonat e, magnesi um carbonate, barium sulfate, calciumsulfate, talc,

cl ay, magnesi um oxi de, zirconi um oxi de,”al um num hydr oxi de, magnesi um

hydr oxi de, calciumsilicate, alumnumsilicate, zirconiumsilicate and
bariumtitanate, and alumna and silica are preferred. If necessary, there
may be used tthesef is appligabie o ath bithe convsjtimabthemneoshifidg dphbisd precessandent and:
coupling treatnent. These inorganic fillers may be used al one or as a

m xture of t \ith BIPSSHHICEss. The average particle dianeter of the inorganic
fillers used in the present invention is preferably 2000 n. mor |ess when
measured using a |laser nethod or a - 8 - nethod cal culating by a specific

surface ar ea’_l?éngBBc?folridﬁﬁyin%‘g.&%eolgyéﬁiﬁﬂe particle dianmeter of the .

inorganic fillers Is nore’t i nn, because of small specific surface
area of the inorgaRicalict, ke predehiintdi@iog ANl Be Bédchibédsin@erlilt he resin conponent
of the liquid crystal sealant are prone to separate fromeach other at the
hot pressing aft eAnleamiymasineampdsititrewhioh éra lamud trystel sealatatf et regsedur i ng t he
production of the liquid crystal, cell, and the inorgani¢ filler is apt to
exude. As a rBEHHON COIUNISE! BTLSSIFRIPPIPCRFITE (AR SPAYY Bk AR SUREAESET engt h

LT 2050t Bl L R oS L i |0

r
er o e’inorg
defined, the cb&wnd;hm(tc)gﬁiﬂé%ﬁ{clmle@bout 3 amas an average particle
di aneter. he content of the inorganic filler in the liquid crystal
seal ant used i n t ke groas estin fahvedifbothe liguid ctyetad S&4idny ofivbe giesent fdreation
preferably 15 to 35% by weight in the total liquid crystal sealant. Wen
t he content &Ffnatparticplerly dimiedsqnd|egpmples therpef @qqgarsps%%@ YRS Py TeSS; | | qui d
crystal seal ﬁnt WO H be such ] ow i viscolsi t%/%t hat EQ% | i uiig 1grystal
seal ant woul ‘SBB%?E YRS CELHUESLE: REURTHRESPORDITSIHr SN #'%He product i on
of the liqui ; - o nic filler is
nore than 450@/3 f}ﬁ%?’é ?@u%ﬁg??wpfé%ﬁ%gre %?a%%gggglsgg@igg% at the tine of
pressing dur HB@-prhen)@ﬁﬁleUK}12j2Q616'Q:f:tr£1h&hﬂ(ii-qmi-IﬂplﬁelhyEpha{ol,Ce|| and so the gap of
the liquid crystal cell may not be able to be forned. An organic
filler may b@,X-methyéenedirféenethylBHerttbutpipheneb teishidraxyphenylmethanehe present
i nvention so | on s. it does not affect, the characterjstics the liquid
rystal - seal BHESTISl sl RETing A Sgaidcs KEERG, PiePlsaevBe AT eads. and
rubber fille re-S LLler . al one or
as a m xtur eg%e?&?l\%%'%’rl’{r]rgé ghWREyp ﬂg?ﬁgﬁgéég%’aagg%%g@ﬁtgf%a [ arragggeé? >of the
organi ¢ fill grgidyRpB&ifcatbn Eﬁidﬁ&s BE0BTbuk BoViidik RBIS plcBABd sk Mhs sREd@]ger abl y
not nore than 2 jun. Wen the average particle dianeter of the organic
fillers is norérialsanarBugpherohssutb paplianol) cehols.ethydphieholgdpitylphenols, 9 - becone
difficult. The appunt of the organic fillers which can be added is usually
not nore thafctsosnals, pisphenc! habisaheel Frkisrhenert angrmaphigolsipslydineebendl | er s.
When it is nmore.than 50%.b i ght e viscqsity would.be so high that the
For mat i on' of MEYASR SRS By s 45 ARG i RS il oed iy, '8
accel er at or s 4{tB¥oBEREGR Ycb 1808, SHRGo! ool rEiteHadng SERIRAHe sRilelolie Present
invention if necessary. The curing accelerators 1nclude, for exanple,
i mi dazol es, sladycHc foxlytdinziolvitg an diphat skeRtddesyl dlcyeihetansedicrasychbt hal i ¢
acid, isophthalic acid, terephthalic acid, trinellitic acid, pyromellitic
aci d, napht hepepeciindrayinglictarocyeliclringrahai as ispeyahuaindingyoa hydantmn dpgani des
such as dicyandiam.de and salts, of the am des with phenols, the above

pol ycar boxyi gi¥cid¥lagen spoxyisup Al FominatediRhengis $3cp IowpBiNisd bipaspAd &,

Lo 22 B Gl Senel ARLARIA S, By LhRRS BOURRAES L
such as tri pﬁ%ﬂﬂﬁ&é@g@é& REvad ah@ﬁah@!?%ﬂg%&g@bﬁém%h ggse)s;axggnpmlas borat e,

‘phenol s such as 2, -tri sam none and am ucts. The

i mdaw es include, for exanple, 2-nethylimdazole, 2-phenylim dazol e,
2-undecyl i m dazol e, 2-heptadecyli m dazol e, 2-phenyl-4-nethylim dazol e,

1- benzyl- 2-phenyliini dazol e, 1-benzyl-2-nethylim dazole, |

- cyanoet hyl- 2- net 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-di am no-6(2' - et hyl i m dazol e(|
‘ethyl-s-triazine, 2,4-diamno-6(2'-undecyli m dazole(1l'))ethyl-s-triazine,
2,4-diam no-6(2'-ethyl, 4- net hyli m dazole(l' Det hyl -s-tri azi ne,

2, 4-di am no-6(2' - et hyl i m dazol e(l ' pethyl-s-triazine isocyanuric acid
adduct, a 2:3 adduct of 2-nethylim dazole isocyanuric acid, an adduct of
2- phenyl i m dazol e i socyanuric acid, 2-phenyl-3,5-di hydroxynethyli m dazol e,



" preferably a

It is preferred to use these curing accelerators in the formof |atent
curing accel erators because they have nerits such as inprovenent of
operability (prolongation of pot life tinme). The latent curing accel erators
are those which are solid at roomtenperature and react as curing
accelerators only after nelting by heat“isn'g, and include, for exanple,

m crocapsul e type curing accel erators prepared by m croencapsul ati ng t hese
curing accelerators, solid dispersion type curing accel erators (for

exanpl e, i ni AaXealiggidyle-cthuidine, Mak-diglycrlylanbine, phenylglyoidyksiberor epoxy resin,
and am ne adducts. O these, it is particularly preferred to use am ne
adduct s as t hesorainaldiglyaidabetheral.6rhexansdipldiglyifylsHetpack st orage stability
when m xed with the epoxy resin . and high reactivity. in. ing. ~ Anpbng
- these curi ng-t‘é’&lééﬂ”]@}pé B tflgg’\‘?ﬁg'ﬁ‘ét ey By PTOP e %H%Ottl éfgl%f&'t?%i]e%ol id

. di spersion typgqat [ Sl t S,

B R e R e P B RAT L easur ed
by |aser nethagydrMbarplydieilkatent curing accel erators of -more than 6 pin in
average particle dianeter are used, it is difficult to performdispenser
coating, and the Thapepafytresincayansadgnisschramtamovnf synet aff¢nsing the opetdbilhape of
seal after sealing of substrates m ght _not to be uniquég case of

In t
I'iquid cryst &nd shesicahpropersipnef theeselipe Hguid caistad sealast - 10 amsuat ?tﬂg?l 6 gmin

Foughness. of SPPRIFERS e Tnuetg st e EEATEE LB RAENERN o 1
also apt to %ﬁggfefergm?2§Y@5(?’1@}%yﬁ\%r\3\%ﬂrt.c: e diameter of the latent curing

accel erators no particula imt, but normally those of about 1.5
to 2.5 gm are useThese epoxy refini@ap alsa by used in adiplxiurg obiyendr man. be added to
the liquid crystal sealant of the present invention. Exanples of the

coupl i ng agent i n€heelingiagemdblusagp in the ligwideretal seadant PHGE BERSHRS iMGLEMH no
silane coupling agents and imdazol e silagne couplin ents),such .as

L gi'yoi doxy preORYRE Al e RBSYBF PLFEt 082 BPYARCIRDEPL P NETRYP IR RTRELE S | ane,
3-gl yci doxypr, thﬁ%h R GRS inin d ' tis 5 to 90% by weight,
2-(3, 4- epoxygg%éﬁ@kyl g%ﬁ% tri nrz(j{‘}ﬁgd}ggsll?}annte? curing agent1s > fo JHv by Welg
N-phenyl - y- amgdraRbeaslb 80VFESyh0yis drdltBore preferably 20 to 70% by weight. Ifthe

N- (2- am noet hyl ) - 3- am nopr opyl net hyl di met hoxysi | ane, ]

N- ( 2- ani noet kyghteatDf i moplabpedimin thy Cetiigreehios wwoire tee 90% by weight, the

3-am nopropyl tri et hoxysi| ane, 3-percaptopropyltrimethoxysi.l ane
vinyltr Pnef Ké@@@iljt&ﬁgganels such as reﬂfbil?tyen rn%list r% resEstance anci( l\{qun!l-crysfal

N-(2- (vinyl benzyl am.n 1) = 3- a.noepr [ [ hl ori de,
3- et hacryl of%‘%&‘;‘f‘y% l?l}er%n%S Siilssﬁx?%“neg? ﬁ@ﬁ‘%{’gﬁpy é‘n@%’iﬁ% met egﬁysi | ane,

3- chl or opr 9%&&&&;{5@5@&@@#&;@@ Sarrdlviaf kB30 LaiRk By bbthine® th@ Megiahets exe
N- 2- nmet hyl i m dazol enet hylt i nmet hoxysi | ane,

N- 2- et hyl i mi daziolberpetlay dtningtiae poodpstidrandf the content is less than 5% by weight, the

N- 2-i sopropylim dazol enet hyl tri met hoxysi | ane, . .

N 2- et hyl - 4- stessyelpxation trbgIsuificint: [#ag Yhsi uffirdent adhesion strength may not

N 2-undecyl i mi dazol enet hyl t ri met hoxysi | ane,

N- 2- hept adec?Fioﬁ?"‘H’égol enet hyl tri net hoxysi | ane,

i m dazol emet hy| g eliDOXRE haRSal fhifs BE0NIdr AR RAaRIY bidds TRIdwRKY ST | ane.

N- 2- et hyl i m dazol enet’hyl t'ri et hoxysi [ ane,

N- 2- i sopr opy bibigiazeing Woby dthiting i@ iatd draM@ious phenols such as bispheno! A,
N 2- et hyl - 4-net hyl i m dazol enet hyl tri et hoxysilane, - 12 -

N- 2- undecyl i natckhroohabigphbndl t4, ibetpheno) §i biaptenol S, 4,4'-biphenylphenol,

N- 2- hept adecyl i m dazol enet hyl tri et hoxysi | ane,

i mi dazoRey.66higirempihst-hdxhiphenyirhenol,

2-met hylim

2- et hy] 2 d @?%%éyeﬁg%{tét#ﬁ#&%gﬁbg%@ﬁ trishydroxyphenylmethane,
2-1 |40 nyl.t s XN S . "
2 L5 AR ENS Y S LIBHIOL halon phencs nving s

2-undecyli mi dazole) et hyltri net hoxysi |l ane,

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

i m dazol e)ethyltri et hoxysil ane,

2-met hyl i m dazol e) et hyl tri et hoxysi |l ane,
2-ethylim dazol e)ethyltriethoxysil ane,
2-i1sopropylimdazol e)ethyl triethoxysil ane,
2-ethyl -4-nmet hyl i m dazol e) et hyl tri et hoxysil ane,
2-undecyl i m dazol e) et hyl tri et hoxysi | ane,

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

i m dazol e) propyl tri nmet hoxysi | ane,

CWNNNNNNRNNNDNONDNDNDNDNDNDN
Z7Z7ZZ7ZZZZZZZZ7

-
-
-
- (
-
-
-
- (
-
-
-
- (
-
-
-(



- 13 - 3-(N-2-heptadecyl i m dazol e) propyl tri et hoxysil ane,

1H i m dazol e-1-ethanol, and a4(3-(trinmethoxysilyl)propoxy)nethyl),

titani um based coupling agents such as isopropyl (N et hyl am noet hyl am no)
titanate, isopropyltriisostearoyl ti t anate, titani um

di (di octyl pyrophosphat e) oxyacetate, tetrai sopropyl di(dioctyl phosphite)
titanate and neoal koxytri (p-N-(0-am noet hyDam nophenyl) titanate, and

zirconium or .alum num based cgouypl i agents such as Zr-acetyl acetonat e,

S ot hacr yi A S bR aE 0 5 dRyelieg iosne. oRRel compounddsuchas
neoal koxytri s Lrconat e, neoal ri ecanoyCbenzenesul f onyl
neoal koxyt | SpRANRRANRK AL DR, CRARL KRAHALLR AAGRARR COSRRERTS Y o
neoal koxyt 11 SEEbRTHINONARHkkd blshRARRACbiAIBTBIE. WAL S M AfQnal e

Al -acetyl acetonate, Al-nethacrylate and - propi onat e. t he' pr'ésent

invention, siplenaliconplekngimgact & @eroliovbik adsins husiag a xyideskdiass coupling . .

agents are nore preferably used, and im dazole silane coupling agents are
 particul arly phreaelsoaplal reasine davipy digytlngentadieneshelkion gndiptend] ndvokek eesirse
obtained liquid.crystal sealants_excellent in reliabi]jity in nmoisture _
resi stance a vﬂg@y isg‘ﬁe@i"r Q’ii{l?\%’fwesﬁft‘@rn%B@BF?ﬂl}sé‘FP%ﬁf noi st-ure

is not incli . : coupling agent, is  added, .t he

amount t_here(r)]l? ﬂ?\é{ge%;gﬂ%f %STS'EN é“’i%%‘}?ﬁﬁ*g&“g?% Sa|9F“‘nw_tr 8 ieélﬁ‘s&“g}?éﬁﬁ?dseal ant .
The 1iquid craedod eti@ph@nts, Biitylphend, 386 hehdl¥, HNphaD! K‘?Bis?ﬁ’éﬁbﬂf“ﬁ a sol vent
in order to reduce the viscosity of thé sealant "at the tinme of coating for ~

i mprovi ng t hebisghend IS dnid myplaholgaat ivagowmovblek seshstsuelt £.phdld napglhk feik e
solvents include, for example, alcohol solvents, ether solvents, acetate
sol vent s and 1¥EBE xybileneskeletonphiepelnoyolairpesins hauipe Wicyolopentetiosts siitletor or  as

a m xture of [ [ and in.an grbitrary ratio. anpl es of the
al cohol sol vghpghgllroéna‘f‘%}ﬁr AT EHHE? SHYRT g‘eéf%’anﬁorﬁﬁfff?rgﬁgF’%@lﬁe%fcohol ,
and al koxy alGORcHKTHEHY 28 atoNBhEN i3 ; 235,81 hoxy
but anol , 3-net hyl -03- n- pr opoxy 0but a#gfl,%uggérr@%éﬁ&‘?ﬁs%%?tggb@ﬁﬁ&a}%m?

but anol , 3- maatiyhs Bremolbsiiclay phetodedsols3odtilbharol, HidpEEtU A KisphtbBRO| |

3-net hyl- 3-sec-but oxy butanol and 3-nethyl -3-tert-butoxy butanol.

Exanpl es of thisphenoh8and paphéhnls i Recticudpslyneforaptirdxemples ofithie nevolek resimsvent s,

al kyl ene gl ycol oal kyl ether solvenis, alkylene glycol dialkyl ether
sol vents, di m%flryéﬁ%wsgp 9F nayalak r"'@‘f‘ﬁ&&“‘%’?%ﬁ% BhenglRy statling wpieanls apd y col
al kyl ether sQlNERSIak resins oB%NR! ﬁ%y ' I ol et her

sol vents i ncl uge 3- et ﬁeﬂn-SS- met hﬁ%&%ﬁhgﬁsﬁ lrga(et{:rﬁaé% Cﬁﬂ_.se novoﬂa%

3- met hyl - 3- etrdsinsydbeiisad @lonebhyd a Bbek of Sw'BE Mle: 3- N- but oxybut anol et hyl
ether, 3-nethyl-3-isobutoxybutanol propyl ether,

3- net hy 1- 3- sec- bulidhy brgseat viventioy thepplyfendienal lydoizide compounds mean

3-met hyl -3-tert-butoxyhutanqgl n-butyl ether. . Exanpl es of the al kyl ene
gl ycol nDnoaPWPo‘é’pﬁggl“ Qfg?ﬁsg‘qnﬁﬁéd’dér {ds Byoubs &n e yaciecultp psres hy | et her
propyl ene gl t . el RI.OPYl ene . gl | _mongpr opyl. et.her,

pr opy: ene g: g%gth%%gﬁs%t%giﬁ dég%dgé?g% %%?‘%%%géﬁh‘}'@?‘?‘g%ﬁﬁgé—{%’ Bb %/I I et Pﬁr ,
propylene gl o RIAE.QHd id di \ i , J -butyl ether
propyl ene gl yglgl rﬂm)no- lﬁgrt}%uih?l g{dﬁe@?&g{xﬁ?gh@ ga%&go@%%%ﬁgt hyl et her,

et hyl ene gl ydiblydmwideeiztiyic aeidhithydreditey lsetieicgcitcdihydimnen do@shnatidier , et hyl ene

gl ycol nonoi sopropyl ether, ethylene glycol nono-n-butyl ether, ethylene

gl ycol nonoi 9ibytkagide.dieradecanstdighydrazidsl, ywabdic anihditydrezibaitfpnase bhed, and

et hyl ene glycol .nmono-tert-butyl. ether, . Exanpl es of the al kylene glycol
di al kyl et he&ﬁ%ﬁa?gﬁtdigq?"f?&llcﬁ‘ﬂé %P)&%@ﬁlé%éar&r*ye@ﬂ%wm maligasid " pr opyl ene
gl ycol di et hy; ; | MG dj_pr . ether r opyl ene gl ycol

di i sopropyl %%%@%28%#% @?@%ﬁ%gﬁﬁggﬁ“%hkhkﬁ%@§¥h%?ﬁ%5?”8&%@@1%ﬁb gl yco

di i sobutyl egd@thoiddc : A Dyl getiher, .ane gl ycol
di-tert-butylﬁ%;her,Qg?h%#gﬁgaﬁgﬁkg?&g?ﬁg?ﬁgﬁxégﬁé?FngIﬁgﬁg%ggglyco

di et hyl et hedihydtitigd, erepyyidieodihgdipridayl,2,etbbeiene eilydtene, gheelitidiabigopr opy!
et her, ethylene glycol di-n-butyl ether, ethylene glycol diisobutyl ether,
et hyl ene glycol di-sec-butyl ether, and ethylene glycol di-tert-butyl
ether. - 15 - Exanpl es of the dial kyl ene glycol al kyl ether solvents
i ncl ude di propyl ene glycol nethyl ether, dipropylene glycol ethyl ether,

di propyl ene gl ycol dipropyl ether, dipropylene glycol diisopropyl ether,

di propyl ene glycol di-n-butyl ether, dipropylene glycol diisobutyl ether,
di propyl ene glycol di-sec-butyl ether, dipropylene glycol di-tert-butyl

et her, diethylene glycol dinethyl ether (diglyne), diethylene glycol

di et hyl ether, diethylene glycol dipropyl ether, diethylene glycol

di i sopropyl ether, diethylene glycol di-n-butyl ether, diethylene glycol

di i sobutyl ether, diethylene glycol di-sec-butyl ether, and diethylene



- 16 - acetate, 3-nethyl-3-nethoxybutyl acetate, 3-nethyl-3-ethoxybutyl
acetate, 3-nethyl-3-propoxybutyl acetate, 3-nethyl-3-isopropoxybutyl
acetate, 3-nmethyl-3-n-butoxyethyl acetate, 3-nethyl-3-isobutoxybutyl
acetate, 3-nmethyl-3-sec-butoxybutyl acetate, and

3-nmet hyl-3-tert-butoxybutyl acetate, ethylene glycol diacetate, diethylene
gl ycol diacetate, triethylene glycol diacetate, propylene glycol diacetate,

di propyl ene gl ycol diacetate, and_tri_fropyl ene glycol diacetate. The
"~ basic acid estephytnzident 45t handdoid wid wiramypirazidepabbasi ¢ aci d ester
sol vents such butyl acetate and _ethyl acetate, and dibasi¢c acid ester
" sol vents suchlgilﬁﬁﬁ?wca&ap?%liy ,'S'éﬁoﬁéipﬁﬁﬁyﬁ%@& hpyyeyer th?—ﬁ%lb’ﬁwm‘@j’il utarate
and dioctyl p 5. L nt he sol.vent t hey can be
used in-an op J&%ﬁfegﬁlﬁlﬁﬂ?ndﬁ3ceelisoggl§n§£$g?e%g ] u%ﬁ'ifhﬁgge’ % BI%!XE@?@!“{;E*/O%X the
- liquid crystahyd®eadaRbcd R ispaihaic ¥34 a&gaﬁéfde,%ﬁké £3d 8R0iaRide teiePhthdlR
seal ant’ such as 20 to 40 Pa s at 25C by a nethod of di spenser coati ng,
screen pri nti#dd dihydhgide,iddnaphdots sid fihydhagids ol 4Biabenhedihgddzide, such a
manner that nonvol atile conponents are contained in an amount of 70% by

wei ght or - mor bi-ngpltheie atil glitggrazidegh Gtntyyidine ditydrazider b2 frbenzena bilydgaideo 95%
the T aui d crpararlidE sy TarRC R s doPpbie el daPdesSduced, | {he
upper and | owes_ _ 14 tildzing.th Lvent by
aryi g duri ng B Suap bbbl R e kBt S IR By

The |iquid cregetidnt BElaleAd bedhust BE HRIBSLARIIND YOt A havd RtRSoRMAdYELd as

foll ows; the above-nentioned epoxy resi n, nov_oI ak resin and, if necessary,
sol vent are digsbirygalsbycarsxififyeh fless tamsition point of thg camdipledatti ng, further
adding thereto the inorganic fjller and, if necessary, other fillers, which

are finely di lspRhithalig apyg aﬂ@%‘ﬁpﬂiﬁ‘t}ja%.ﬂ’&fﬁ?ﬂﬁf such as ball nill, sand
mH or three rol s saR (O bl Isk 001 00, Qe AUBUOLS, B4 DS

pol yfunctional hydrazide conpoun uri acc _ .
necessary, thﬁcﬁi&d%du‘i\&lé‘ﬂ‘?ﬁfefer%]y@@}ﬂo'lfP&f@nﬁgal Ddlents ife\sRld §¥0 agent or

the like, followed by m xing. n the lirquid crystal display cell of

t he present iequimalenioof hydrazgl groop irsthb abvableresinai gt gf ative amawt groglest f or ned
thereon are positioned opposite to each other at regular intervals, the
peri phery of tBeplyfugetiona gvdéwee‘@nwwndmrpapqﬁit@ﬁ@rﬁpgmm%@éﬁrﬁnf thef t he

present invention, .and.a. liguid grystal is confined in the space between
t he substrat ef’goﬁﬁ%s'flﬁ%ﬂ?éﬁugﬁ?rﬁtgflﬁég atqui d crystal to be confined is not

particularly lim ; , t: S RASED i nati on of
substrates which grﬁeeimr?ak%gﬁoqﬂg %Zg%dggﬁeﬁgq@%ﬁg{%ﬂ [ anﬁ?@?%ggbor t he

li ke and at limastiooheluds, fahéxinpls alungifb, silicAnNGEhiss oede, IbalteRide, can be
produced, for exanple, in the follow ng manner. First, a spacer (space
control | i ng WeasBestan Pxigciicked ogidasisoif 9xide, zine axitigechicivmicadbohiatgui d cryst al
seal ant of the present inventi.on. 'éhe spacer jnhcludes, for exanple, glass
fiber, silicZS05HEN SHEONEE-PREPULAL, c Wkﬁtﬁtt@% ¢law meagnesiamgidsct ed

- dependi ng on_the.cel| . LayLd crystal, gell.to.be produced, and is
usual 1y 0. o eS8 it Rl R osbalh indlot bR i de, BOGHBYREREET: 8
vei ght, pref @raithyinQilRadeOzikoRf Silibie Wl Btfum fRAh&e R RAMAR: ¥nddsifedRe 1. 5
parts by wei ght based on 100 parts by weight of the liquid crystal seal ant
of the preseptefemadentf wressdfyl therd ey bé qseiddhae nsirgdnicfddranibjécteddi ch t he
spacer is added is coated on one of a pair of the substrates by a di spenser
or .t he |i ke, hy¢rerkadis/ septmpnf and speplingdreabyertie aThesg inot ganicfilderpmay baus@oC f or

10 m nutes, followed by |am.nating the opposing substrate, and renoving the
" gap by a hot? nggasﬂ,lﬁxﬁ!g ,Off%"i"?’b%@ﬁ' by carrying out the curing at 120 to

160C for 1 to 2 hpyr § Ny . L :The present
invention will be exaﬁ)lle%i;‘f1 ﬁggﬁ?ine_rhrlr%ggteggté? fn% qf%@§?%??egd\? %15 pg'isé | es, which
shoul d not " bgveRistik ?_ﬁi‘i}er@lﬁybbﬁ@ b 1E38vHeR VRBEEBM ulife ﬁﬁ%em&ﬂgﬁ ord 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 equival ent and active am ne equi val ent are g/ eq.
Exanple 1 70 g of liquid bisphenol A type epoxy resin (RE-3 M5,
manuf act ured by N ppon Kayaku Co., Ltd.), 30 g of trisphenol nethane type
epoxy resin (EPPN-501H, manufactured by N ppon Kayaku Co., Ltd.), and |7g
of phenol novol ak resin (TAVMANOL 758, manufactured by Arakawa Chem cal

I ndustries, Ltd.) as a curing agent were added to 15 g of RPDE (a m xed

sol vent of dinethyl glutarate, dinmethyl succinate and di met hyl adipate,
manuf act ured by Rhodi a Japan) as a solvent, and they were heated and

di ssol ved. 60 g of spherical alum na (NANOTEC ALUM NA SP-C, manufactured by



Exanples 2 to 8 and Conparative Exanples 1 to 3 "' - 19 - Conmponent s
were m xed according to fornulation of Table 1 to obtain |iquid crystal

seal ants of the present invention or conparative liquid crystal sealants in
the sane manner as in Exanple |I. The quéi d crystal sealants were estimted
in the sane manner as in the Exanple 1, "and the evaluation results were
shown in Table |I. Gap Formation Test in 3 ass Substrate Lam nation To
the resulting liquid crystal sealant of 100 g, 1 g of polyner beads of 2 um
as: spacers pr geflivdedlcplatngbyatbecifigevrianeiares oighe ke Tédelaverage pard@e d cryst al

seal ant was applied gnto a glass substrate_of 50 mm x 50 mm by a di spenser,
and was heat eBPaBVtea°§@P o i kst mare e 2000 89, bighise ogam@hg%gﬁ‘!ass
substrate, an r._al : ! a { th aced at
3G and & ho. Pt g 8T B gich e MR AT iR B2
appl i ed on t hgheNRliddrAid s@fiank 283GréiR B585%Patt B8 dabltbifleCdt Yind 1) pREGhANT . and
it was mcroscopically observed whether |liquid crystal sealant was pressed
t o a thi cknessfiaflahinetiapacles uppkr shdlowéi dvbsigae dupihgdic ppoducesh odthe ligidgl ass
substrates). In the test of "gapfproperty of 2 gin", the liquid crystal
seal ant i n whfiypal ¢ed, andabeinorganis fler siapbioexddaa Avarerdt agkeson siigrith he
l'iquid crystal_ seal.ant in which th agers .canpot, be observ%d was nar ked
as X, “Eval uat P COFRE FRd hesRe SEneh afPRepsorption ohpgoisiie FESR PRy |1 qui d
~crystal seala 0 f r . . : rs are
added and m xgé erﬁ%ﬁ%&' SJ?WO}?%S{%I?"&% 1¥’g§8fﬁ‘?%gérf%%aﬁ%a {’:??s f’f?ggglgl ant was
applied onto mobfdniEmikr RGotdefkd Ghéfsves UREE ik ahiRIlP ¥bdut dingP e \Gliveragd Was
heated by a hot plate to volatilize a solvent. On one gl ass substrate,
anot her gl asspatitisdiaateterhavi ng t he sane size was then placed at 90C, and

the | oad was applied onto the glass substrates. The | oad was then applied
on the hot plate ofherspental s iganganipdiller g heliqyid exyatal salanhvied ithg t he

liquid cryst nt,. r ick acer, .of .2 um
The width of a]{’r ee%glenafﬁt}o?ﬁﬁszs \R%?%ggg&re\%lg’ %Qelp ﬁ%g%ﬁgﬁfgst%g%é’wﬁ%g%uhfhﬁum and
maxi num val uegdfiqhid@ryMaflidilaaf. tWaerS @R oAt rMRARMpEHc filleLishdsAttiad 594 Yt al
sealant in which the ratio was 5% or less, the liquid crystal sealant in

which - 20 -byt Wweightatliediquisleristdl eeal@i¥ovanuitl behench lepindvisdoyisy thlat thelib@idt havi ng
irregul ar shape by foam ng or the |like were respectively marked as 0, a and
X. Adhesi on s¥p¥pigesantaquid be apt fgexuge af te gimei of hot prgesing iathapraduciienpéint of

St 774 ng. e PREURErR Bigu e PR AT BR i fhopate BIET sl HED A5t mm

50 mm of gl asge;skioffe ALk Yiofp 235&;%5%1 Tat f}%@ﬂn%ﬁgé&@%?ﬁpﬁg’ {1 g?c%%xcﬁ%@t eto

vol atilize a solfvent. A 2 nm’X gl ass amn onto the

liquid cryst af thehpddtrysaletlsag s6 theaghpaif theA0fid @pstdl dellwiay rolfbasblagiiesi ve
strength of the glass plates was then neasured at 150C (atnosphere).
As seen fromfaned 1, the liquid crystal seal ant of the present invention

has excel |l ent seal, shape apnd narrow gap formatign property durjng the
production of the A ‘Hﬁgﬂc NEE: bec%lpg?’paélﬁa‘g T%B%B%‘EBIC istal I%’Hﬂé@gon
strength at mrggén{ HIBRLASY {&hBas e TR0 Gocrrect the thard®stics 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 pm. When the average particle

diamete_r of the organic fillers is more than 3 um, the formation of the cell gap may
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become difficult. The amount of the organic fillers which can be added is usually
not more than 50% by weight based on the weight of the inorganic fillers. When it
is more than 50% by weight, the viscosity would be so high that the formation of the
cell gap is apt to become difficult.

Curing accelerators may be added into the liquid crystal sealant of the present
invention if necessary.. The curing accelerators include, for example, imidazoles,
salts of imidazoles with polycarboxylic acids such as phthalic acid, isophthalic acid,
terephthalic acid, trimellitic acid, pyromellitic acid, naphthalenedicarboxylic acid,
maleic acid and oxalic acid; amides such as dicyandiamide and salts of the amides
with phenols, the above polycarboxylic acids or phosphinic acids; diaza compounds
such as 1,8-diaza-bicyclo(5.4.0)undecene-7 and salts of the diaza compounds with
phenols, the above polycarboxylic acids or phosphinic acids, phosphines such as
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, |
1-cyanoethyl-2-methylimidazole, 1-cyanoethyl-2-phenylimidazole,
1-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"))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.
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Among these curing accelerators, the preferred examples include
- 2,4-diamino-6(2'-methylimidazole(17))ethyl-s-triazine isocyanuric acid adduct, a 2:3
adduct of 2-methylimidazole isocyanuric acid, an adduct of 2-phenylimidazole .
- isocyanuric acid, salts of imidazoles with polycarboxylic acids such as phthalic acid,
1 isophthalic acid, terephthalic acid, trimellitic acid, pyromellitic acid,
naphthalenedicarboxylic acid, maleic acid and oxalic acid, and amine adducts. The
amount of the curing accelerators added is 0.1 to 25 parts by weight, preferably 0.3
. to 20 parts by weight, more preferably 0.5 to 15 parts by weight based on 100 parts
by weight of the epoxy resin in the liquid crystal sealant.

It is preferred to use these curing accelerators in the form of latent curing

- accelerators because they have merits sugh as improvement of operability
(prolongation of pot life time). 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 particulazly preferred to usé 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
pm or less, more preferably about 3 yum or less measured by laser method. When
the latent curing accelerators of more than 6 um in average particle diameter are used,
itis 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 parlicle diameter, curing of seal becomes ununiform, and the roughness of
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. filleis is recognized at the sealed portion. The exudation is also apt to occur.  The
average particle diameter of the latent curing accelerators has no particular lower
limit, but normally those of about 1.5 to 2.5 pm are used. ‘

If necessary, a coupling agent can be added to the liquid crystal sealant of the
present invention. Examples of the coupling agent include silane coupling agents
 (also includinging amino silane coupling agents and imidazole silane coupling .
agents) such as 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,

_ N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane,
N-(2-aminoethyl)-3-aminopropylmethylirimethoxysilane,
3-aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
vinyitrirﬁethoxysiiane,
N-(2-(vinylbenzylamino)ethyl)-3-aminopropyltrimethoxysilane hydrochloride,
3-methacryloxypropyltrimethoxysilane, 3-chloropropylmethyldimethoxysilane,
3-chloropropylirimethoxysilane, N-imidazolemethyltrimethoxysilane,
N-2-methylimidazolemethyltrimethoxysilane,
N-2-ethylimidazolemethyltrimethoxysilane,
N-2-isopropylimidazolemethyltrimethoxysilane,
N-2-ethyl-4-methylimidazolemethylirimethoxysilane,
N-2-undecylimidazolemethyltrimethoxysilane,
N-2-heptadecylimidazolemethyltrimethoxysilane, N-imidazolemethyliriethoxysilane,
N-2-methylimidazoleethyltrimethoxysilane,
N-2-ethylimidazolemethyltriethoxysilane,
N-2-isopropylimidazolemethyliriethoxysilane,

N-2-ethyl-4-methylimidazolemethyltriethoxysilane,
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N-2-undecylimidazolemethyltriethoxysilane,
N-2-heptadecylimidazolemethyltriethoxysilane,

2-(N-imidazole)ethylirimethoxysilane,

. 2~(N-2-methylimidazole)ethyltrimethoxysilane,

2-(N-2-ethylimidazole)ethyltrimethoxysilane,
2-(N-2-isopropylimidazole)ethylirimethoxysilane,
2-(N-2-ethyl-4-methylimidazole)ethyltrimethoxysilane, g
2-(N-2-undecylimidazole)ethyltrimethoxysilane,
2-(N-2-heptadecylimidazole)ethyltrimethoxysilane,

2;('1\1 -imidazolé)eﬂxyltriethoxysilane, 2-(N-2-methylimidazole)ethyltriethoxysilane,
2-(N-2-ethylimidazole)ethyltriethoxysilane,
2-(N-2-isopropylimidazole)ethyltriethoxysilane,
2-(N-2-ethyl-4-methylimidazole)ethyltriethoxysilane,
2-(N-2-undecylimidazole)ethyltricthoxysilane,
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-methylimidaiole)propyltrimethoxysilane,
3-(N-2-undecylimidazole)propyltrimethoxysilane,
3-(N-2-heptadecylimidazole)propyltrimethoxysilane,
3-(N-imidazole)propyliriethoxysilane, 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,
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3-(N-2-heptadecylimidazole)propyltriethoxysilane, 1H-imidazole-1-ethanol, and

- o-((3~(trimethoxysilyhpropoxy)methyl), titanium-based coupling agents such as

isopropyl(N-ethylaminoethylamino) titanate, isopropyltriisostearoyl titanate, titanium -
di(dioctylpyrophosphate) oxyacetate, ietraisopropyldi(dioctylphosphite) titanate and
neoalkoxytri(p-N-(f-aminoethyl}aminophenyl) titanate, and zirconium- or
aluminum-based coupling agents such as Zr-acetylacetonate, Zr-methacrylate,
Zr-propionate, neoalkoxy zirconate, neoalkoxytrisneodecanoyl zirconate,
neoalkoxytris(dodecanoyl)benzenesulfonyl zirconate,
neoalkoxytris(ethylenediaminoethyl) zirconate, necalkoxytris(m-aminophenyl)
zirconate, ammonium zirconium carbonate, Al-acetylacetonate, Al-methacrylate and
Al-propionate.

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 io 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 alcobols such as 3-methyl-3-methoxy butanol,

3-methyl-3-ethoxy butanol, 3-methyl-3-n-propoxy butanol, 3-methy!-3-isopropoxy



EE

ILE I IV L10 9 .xa 1 O CE LI LI 09 lc |

-14 -

butanol, 3-—m¢thyl-3-n~'5ut0xy butanol, 3-methyl-3-isobutoxy butanol,
3:methyl-3-sec-butoxy butanol and 3-methyl-3-tert-butoxy butanol.

Examples of the ether solvents include monchydric alcohol ether solvents,
alkylene glycol mondalkyl ether solvents, alkylene glycol dialkyi ether solvents, -
dialkylene glycol alkyl ether solvents, and trialkylene glycol alkyl ether solvents.

- Examples of the monohydric alcohol ether solvents include
3-methyl-3-methoxybutanol methyl ether, 3-methyl-3-ethoxybutanol ethyl-ether,
3-methyl-3-n-butoxybutanol ethyl ether, 3-methyl-3-isobutoxybutanol propyl ether,
3-methyl-3-sec-butoxybutanol isopropyl ether, and 3-methyl-3-tert-butoxybutanol
n-butyl ether.

Examples of the alkylene glycol monoalkyl ether solvents include propylene
glycol monomethyl ether, propylené glycol monoethyl ether, propylene glycol
monopropyl ether, propylene glycol monoisopropyl ether, propylene glycol
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 monoisopropyl ether, ethylene glycol mono-n-butyl ether,
ethylene glycol monoisobutyl ether, ethylene glycol mono-sec-butyl ether, and
ethylene glycol mono-tert-buty! ether.

Examples of the alkylene glycol dialkyl ether solvents include propylene
glycol dimethy! ether, propylene glycol diethyl ether, propylene glycol dipropyl ether,
propylene glycol diisopropy! 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 diisopropy! ether, ethylene glycol
di-n-butyl ether, ethylene glycol diisobutyl ether, ethylene glycol di-sec-butyl ether,

-and ethylene glycol di-tert-butyl ether.
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| Examples of the dialkylene glycol alkyl ether solvents include dipropylene
glycol methyl ether, dipropylene glycol ethyl ether, dipropylene glycol dipropyl ether,
dipropylene glycol diisopropyl ether, dipropylene glycol di-n-buty! ether,

. .dipropylene glycol diisobutyl ether, dipropylene glycol di-sec-butyl ether,

dipropylene glycol di-tert-butyl ether, diethylene glycol dimethy] ether (diglyme),
diethylene glycol diethyl ether, diethylene glycol dipropyl ether, diethylene glycol

diisopropyl ether, diethylene glycol di-n-butyl ether, diethylene glycol diisobutyl

ether, diethylene glycol di-sec-butyl ether, and diethylene glycol di-tert-butyl ether.

Examples of the trialkylene glycol alkyl ether solvents include alkylene glycol
dialkyl ethers such as tripropylene glycol dimethy] ether, tripropylene glycol diethyl
ether, tridipropylene glycol dipropy! ether, tripropylene glycol diisopropyl ether,
tripropylene glycol di-n-butyl ether, tripropylene glycol diisobutyl ether, tripropylene
glycol di-sec-buty! ether, tripropylene glycol di-tert-butyl ether, triethylene glycol
dimethyl ether, triethylene glycol diethyl ether, triethylene glycol dipropyl ether,
triethylene glycol diisopropy! 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-buty] ether acetate,

propylene glycol monoiscbutyl ether acetate, propylene glycol mono-tert-butyl ether
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acetate, 3-methyl-3-methoxybuty! acetate, 3-methyl-3-ethoxybutyl acetate,
3-methyl-3-propoxybutyl acetate, 3-methyl-3-isopropoxybutyl acetate, -
3-methyl-3-n-butoxyethyl acetate, 3-methyl-3-isobutoxybutyl acetate,
3-methyl-3-sec-butoxybutyl acetate, and 3-methyl-3-tert-butoxybutyl acetate,
ethylene g]y«.'.:ol diacetate, diethylene glycol diacetate, triethylene glycol diacetate,
propylene glycol diacetate, dipropylene glycol diacetate, and tripropylene glycol
diacetate.

The basic acid ester solvent include, for example, monobasic acid ester
solvents such as butyl acetate and ethy! acetate, and dibasic acid ester solvents such
as dimethyl adipate, dimethyl succinate, dimethyl glutarate and dioctyl phthalate.

As for the amount of the solvents, they can be used in an optional amount
necessary for adjusting the viscosity of the liquid crystal sealant to such a value that
enables coating with the sealant such as 20 o 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 componehts 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
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necessary, the coupling agent, an anti-foaming agent, a leveling agent or the like,
followed by mixing.

In the liquid crystal display cell of the present invention, a pair of substrates.
having given electrodes formed thereon are pasitioned opposite to each otherat . -
regular intervals, the periphery of substrates is sealed with the liquid crystal sealant
of the present invention, and a liquid crystal is confined in the space between the
substrates and the sealant. The liquid crystal to be confined is not particularly
limited. Here, the substrates are composed of a combination of substrates which are
made of glass, quartz, plastics and silicon or the like and at least one of which is light
transmissive. The cell can be produced, for example, in the following manner,
First, a spacer (space controlling material) such as gIasé fiber is added to the liquid
crystal sealant of the present invention. The spacer includes, for example, glass
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 pm.
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
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. -if not otherwise specified. The units of an epoxy equivalent, hydroxyl equivalent

and active amine equivalent are g/eq.

Example 1 | _

70 g of liquid bisphenol A type epoxy resin (RE-310S, manufactured by
Nippon Kayaku Co., 1td.), 30 g of trispheno! methane type epoxy resin (EPPN-501H,
manufactured by Nippon Kayaku Co., Ltd.), and 17g of phenol novolak resin
(TAMANOL 758, manufactured by Arakawa Chemical Industries, Ltd.) as a curing
agent were added to 15 g of RPDE (a mixed solvent of dimethyl glutarate, dimethyl
succinate and dimethyl adipate, manufactured by Rhodia Japan) as a solvent, and
they were heated and dissolved. 60 g of spherical alumina INANOTEC ALUMINA
SP-C, manufactured by CI Kasei Co., Ltd) having an average particle diameter of
about 30 nm as an inorganic filler, 2g of fumed silica (Aerosil R-812, manufactured
by 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 patticle 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
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Components were mixed according to formulation of Table 1 to obtain liquid -
crystal sealants of the present invention or comparative liquid crystal sealants in the

same manner as in Example 1. . The liquid crystal sealants were estimated in the

- same manner as in the Example 1, and the evaluation results were shown in Table 1.

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
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. theratio 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 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. 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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Viscosity 10 rpm 25C Adhesion Strength (MPa) at 150C Shape of sealing Gap

formation of 2 pm
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- 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
novol ak resin and a pol yfunctional hydrazi de conpound; and c) an inorganic
filler, wherein the ration of the novold3ak resin in the curing agent b) is
from20 to 50% by weight. 2. The liquid crystal sealant according to claim
1, wherein the inorganic filler c) is alumna and/or silica. - 3. The liquid
crystal sealant according to clai m 1%H™>  wherein the inorganic filler c)
has an average particle dianeter of 2000 nmor less. 4. The liquid crystal

seal ant accar da mguid @yassesdin chiractbficdbyompri@ng:f urther conprising a
coupling agent. 5. The liquid crystal sealant according to claim4, wherein
the coupling agedt an&P@Y rPfdazol e sil ane coupling agent. 6. The |iquid

‘crystal seal ant Qf%%thé;%ghﬁoguwraﬂ%ﬂ IQJsch@{ oftedch oPa ndididihesin 6RPr i Sing a

curing accelerato rystal sealant according to claim®, .
wherein the curi ng patybacasrat bydrazidescohgpbend; aodri ng accelerator. 8. A liquid
crystal display cell seale by the liquid crystal sealant according to any
one of clains 1 floapinorganicfiller, '

wherein the ration of the novolak resin in the curing agent b) is from 20 to 50% by

wéight.

2. The liquid crystal sealant according to claim 1, wherein the inorganic filler c) is

alumina and/or silica.

3. The liquid crystal sealant according to claim 1 or 2, 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 to 3, further comprising a

coupling agent.

5. The liquid crystal sealant according to claim 4, wherein the coupling agent is an

imidazole silane coupling agent,

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

curing accelerator.

7. The liquid crystal sealant according to claim 6, wherein the curing acceleratoris a

latent curing accelerator.

8. Aliquid crystal display cell sealed by the liquid crystal sealant according to any one of

claims1to 7.



