
1 LIQUID CRYSTAL SEAL D LIQUID CRYSTAL D  SAME TECHNICAL FIELD The p.resent..
invention relates to a. liquidRstal sea. ford crystal dropping process, whichle by heat. More specifically,
the present invention relates to a    quid crystal sealant for a liquid crystal dropping process, having
good thermosetting property, and aJ.so excel le z cureo. product properties, such as handling
propa.rt.ies, storage stability, and adhesive strengt , and a manufacture method thereof and a cur T.
product thereof. BACKGROUND ART        The so-called liquid crystal dropping process that has a
higher mass productivity was proposed as a method of manufacturing a liquidlay cell with an increased
size of the lad d crystalsJcell -ecent years (Patent documents 1 and 2). The li uro crysts 1. dropping
processs specifically a. methodg a crystal display cell. by dropping liquid crystal intR the inside of a
weir of a liquid crystal sealant formed on one substrate, and then bonding thA other substrate whereby
to 



rystal. ilfowevor, the liquid crystal dropp.ing process has urohl.enis he li gaid crystal sealant  in the. unt
components o t e liquid crystal sealant are dis solved into        ..quad crystal (elution) and the
resistance value of the liquid crystal decreases, and display defects are generated in the vicinity oft the
seal. In order to resolve thisa, a 1 1 combination tliquid crystal sealant is tuta.  liquid crystal sealant for
the and practic.ally appld (Patent crystbaec:R Fs     crystal dropping process, ents'quid iguiol crystal se
character. ed by irradiating the liquid crystal s interposed between substrateblight to perform first 



curing, and then performing secondary curio by heating. According to this method, it is possible to
promptly cure uncured liquid c.ryatat sealaht with light and suppress dissolution (elution) of
components of the Licit.stal se-alanofthe liquid crystal. Furthermore,only photocuring, a proPtem of
insurficient adhesive strength from     ing shrinkage at the time of the photocuri.nc and he like Is
generated. However, the ]..ighimheat combi.nat .on type has an advantage whatprobe solved Jay the
secondary curing by heatino.       However, with the decrease in size of li.quid crystal display devices,
in recent years,ht-shielded part whe light does net reach is capped in a. liquidsealant metalan array
substrate or by the black matrix ter sub-aarata of A liquid cry and ;bcp,cetects  vicinity of the se.al
becomes more serious than before. In other words, duo to the presence of the light-shielded p the first
curled' by light is insufficient, aid unureo components remdin i..n large qu6 ities in the liquid crystal
sealant. 1.. f he secondary ouring prooess by heat:.proceeds in                    Meads to results that
dissolutich of the uncured components into the liquid crystal is promoted by this heatcts are o aused in
the vlcin y of  



In order to resolve iv problem, 75e use of a.  radical ge.nerator is proposed, whereby to raise the.
curing speea by heat, and reduce the a.of the oomponents, and also the appl ation of this technique is
proposed in which.   A liquid crystal dropping process is realized by nean only (Patent. documents 5
and 6). However, an organic oar oxide or azo compound currently use.d as a thermal generator, bu.t.
these have pro 1in that nirogen, are generated when radicalse generated by heatsabbli ared.i.n the
cured product, and the properties of the nred product, such as adhes.ivcr st.cength, decrease_        In
addi tion, the techniquee problem of poor handling properties due to the quickness of the reaction.
idling properties mean easi.ness of use of the liquid crystal sealant. For example, a - raid crystal
sealant has a phenomenon of curing or gel. ation in a process under vacuum or ito dert, such as
depress:ocess46r t- -,,, 1 sealant and mix_process of a spacer agent, and in the  4 



present application, easy generation of th s phenomenon is de.fined as the handling properties.
Accordingly, those hardly generating gelation are viewed as liquid crystal sealants having good
handling propert.ies, and those easily generating gelation are viewed as liquid cr- btal sealants with
poor handling proper' Furthermoreately from handling properties, storage stabilialso an Import.dnc
property of a liquid crystal sealant. This isLIILT whioh. the sealino application becomes difficult with the
intredse of viscosity under room temperature, and a liquid crystal sealant using a theroLal radicalator
also has poor storage stability. method to resolve tproblem is proposed in Patent document 7, hut no
suffl. a t to rbsolvb all on the problems. As desctibed above,elopmeht of a liq1id. crystal eOaIaflt rO
C1Ol ci icystic clrorpincf process ha oeeiery I ntensiveformed, but. a liquid crystal sealant having
excellent thermal  reactivity and lightichielded. part                            g a ba.lanc O.L. handling
properties, stb de st hility andlike, and, furthermore excellent cured product properties has not been
yet. realm_ ze Patent. Document 1: Japanese Unexamined Patent Application, Publication No.
363-179323      Paten.t Doc. ument z: Japanese Unexamined Pa nr Application Publication No.
H10-239694 Patent Document . Japanese Patent Publica 



026  5 Patent Document_Japanese Uncxamined Patent Application, PublicatiNo. 2004-61925
Patent Document 5: Japanese Unexamined Patent Application, Publication No. 2004-126211
Patent. Document 6: Japanese Unexamined Patent Application, Publication No. 2009-8754      Patent
Document 7: Japanese Unexamined Patent Application, Publication No. 2009-42409 DISCLOSURE
OFINVENTION Problems toSolved,the Invention.        The present invention relatms to a liquid crystal
sealant used in the liquid crystal dropping process of manufacturing a liquid crystal display cell by
dropping liquid crystal into ate inside of a weir of a liqui.d crystal sealant formed on one substrate, and
then laminating the other substrate, and curing the port .on of the liquid crystal sealant by heat only, or
light -heat combination, and proposes a liquid crystal sealant that has Ilast reaction by heat, and thus
has extremely low contamination with re.spe.ct to the liquid crystal through the processes, and has
excellent handling properties such as degassing, and in addition, is excellent in terms of on,ation,
adhesive strength and the like to a subs, and thus carpted to any design of a crystal panel.
present inventors intensively investigated, and as a result. tnereof, found th.1 crystal sealant that is 



hined with a specific thermalcal polymer.izatio initiator and a radical polymerization inhibitor, has a
balance of the thermal reactivity and hand]...n.g propertrid as a result thereof, can suppi.. ass the liquid
crvsta contamination as well, and furthermore, is also excellent in terms of the properties of the cured
product, such as adhesive mgth, and completed the preseant ihn.        Specifically, the Present
invention relates to tne following (I) to (12).addition, in the specification, the  (math) acrylic" means
either one or both of "acrylic" and "mbthacxylic". Likewise, in the specification, the "(meth)acrylo: "
maan..s either one or both of "asryihyl." and "methacryloyl". (1)  A liquidystal sealamt for a. liquid
crystal dropping process, wiich is characterized by containing (a) a thetmal radical polymerization
initiator nbt having an oxygen-oxygen bond (-0-0-)ogemmnitrogen bond (-N=N-) in the molecule
thereof, (t) a radical bmmymercation inhibitor, an (c) a curable resin having a. (math) acryloyl group (2)
The liquid cmystal sealant for the liquid crystal dropping process according to (I) ,i.nwh ich the
component (a) is a compound raprasenc.c.cci by formaila (1) ba.l ow:  7 R5 



R1_ y1- R3 R4 y2,R6                            'a V' and Y.4 each independenti.y represent a hydrogen atom,
a. phenyl group, or a silicon atomeach independently represent a hydrogen atom or a C1-04 straight or
branched alkyl group, and X' to X' each independently represent: a hydrogen atom, a methyl group, an
ethyl group, a methoxy group, an ethoxy group, a phenoxy group, or a halogen atom with the proviso
that RI to R1 or R4 to Ru that are bonded respectively to Y- or Y' are not present when Yr or YM is a
hydrogen atom. (5)        The liquid crystal sealant for the droppi.ng process according to (1) or (2), in
which, the component (b) is one, or two or more of radical polymerization innahators selected From
formulae (2) to (4) below:   in the formula, R' represents a hydrogen atom, a hydroxy group, a Cl-C4
straight or bran.hed alkoxy group, or a 01-C4 or branched alkyl group, 0 R9 RloRi2 (3)    the
formula,snsahydrogen atom, a hydroxy 



group, a Cl-C4 straight or branched alkoxy group, a phenoxy group, an acetoamide group
(-NH00CH3), an amino group (-NH2), a carboxy group (-COOH), a mano group (-CN), a benzoyloxy
group (-00006H5), an isothiocydmaX.e group (-NCO), or an oxo group (-0), and R9 to RI2 each jr
.dame ndent....y represent91-04 straight or branched alkyl group,  9    OH in the formula,represents a
hydrogen atom, or a Cl-C4 stra ght or branched alkyl group. (4)        The liquid crystal scalart for the
liquid crystal dropping process according to any one of (1) to (3), further containing (d) a our'n that has
an epoxy group and (e) a hpatmcuring agent. (.5)        Thp liquid o rvstal sealant for a liquid crystal
dropping process accortto (4), In which the component (e) is an organic acid h m zide. 



(6) TheId crystal sealant for the liquid crystal prpcess accopcone of (1) to (5), further contain(f) a silane
coupli.nq agent. Thetal sealant for Ap one oito (6), contag (g) an inorgamic (8) The ILl quitsealant for
the liquid crvsta.l.  dropping process accord:I g to any one of (1) to (11) ,'cher containing (h) a
photopolymerization initiator.         The liquid crystal sealant for the liquid crystal dropping process
according to (4) or (5), in which the con e of the component (b) is from 0.0001 to 1 parts by mass with
respect to 100 parts by mass of the total amount of the component (c) and the component (d). (10)
A method of manufacturing the liquid crystal seal ant. for the liquid crystal dropping process according
to any one of (1) to (9), including a step of dissolving the component (b) in the component (c). (11)  



A method of manufactu.ri rg the liquid crystal sealant for the liquid crystal dropping process according
to (4) or (5), including a step of dissolving the component (b) in the component (d). (12)  A ii ctuici
crystal d spl.a)sealed with .cured. oroduct obtained by curing the ....quid crystals ealant for 2he liquid
crystal dropping process according to any one of (9), or the liquid crystal saalantfor the liquid crystal
droc pin pitppss obtainad by the manhractpring method according to (10)         Tfl.e liquid crystal
sealant of t.he present invention has a fast curing speed at the time of heat-cu. ring, and thus can he
applied to a liquid crystal dropping process in which a ligpabi crystal sealant is cured with heat only. In
addition, the liquid crystal sealant. of the present invention has sufficient curability even under a wiring
to whi.ch light is hardly delivered in the light -heat combination type liquid crystal dropping process,
and Itmakes it possible to secure flexibility in the design of a panel wiring, and easily manufacture a
eiquid crystal display panel ha i reliability. PREFERRED MODE FOR CARRYING OUT THE
INVENTION       The (s) thermal radical polymerization initiator that does not. have an oxygen-oxygen
bona (-0-0-) or anitrogennitrogen bond (-N=N-) in the molecule used in the present invois noticularl.y
limited as long as it is a compound that genarates radicals by heat, an-.d initiates a. chain
polymerization reaction, and examples thereof include benzins, benzoln ethers, acetophenenas and
Imenpopinacols. Among them, the compound represented by formula (1) particularly suitably used
from the viewpoint of reactivity and solubi.Iitv into liquid crystal.                                    Y2 each
independently represent hydhogen atom, a phenyl. grou.p, or a. silicon atom, and at least one of them
is pre.feraba si lic,on a tom. in formula (IL) examples of the 01-04 straight or branched alkyl group  12
(h.erc:.Jnafter, simply also referred to as the 01-04 alkyl group) in Ri tomay ncluda, for example,
methyl, ethyl, n- 



propyl, i-propyl, t-butyl and the like. In addition, examples of the halogen in X' to Xl may ynelude a
fluorine atom, a oh.l. orine atom, a bromine atom and the like. When Yi or 11( of formula (1) is not a
hydrogen atom, R R-Y-- or R-R-R-Y-- is preferably a phenyl group, a. phenyl group substituted wi.th
one to three 01-04 alkyl groups, a di.. (01-04 alkyl)sily1 group, or a tri(01-041 group, more preferably a
di (01-04) s11-1 group or a t(01-11 alkyl) silyl group, and further- preferably a tri(C1-04 al 1)sil I group.
The two or three Cl.-C4 alkyl groups in the di- or tn(01-04 straight or bran1) silyl group inor            of
formula (1), may be t.he same or different. Examples of the silyl group include, for example, di (01-04
aikyl)sm yr groups such as dimethylsilvl, diethylsily1 and methv thylsilvre and tn (01-04 alkyl)sylvl
groups such as trim- dayisilyi, triethydimethylethylsilyi and t- outredimethylsy_ y.l . Among them, the
aicup is most preferablyt01-1114 alkyl (silyl group, and more preferably a. trimethylsilyl group.        Xi
to X- or formula (1) eaoh independe.nti..yrepresent a. hydrogen atom, a methyl group, an ethyl group,
a methoxy group, an ethoxy group, a phenoxy group, or a. :o.aloge ..atom, an preferably all of X1 to X
repres Examples of the oom.poun.d represented by forml a (1)  



13 include, specifically, benpope adol, 1,2-dimethoxy-1,1,2,2- tetraphenylethaie,
1,2-diefhoxy-1,1,2,2-tetraphpnylethane, 1,2-diphenoxy-1,1,2,2-tetraphenylethane,
1,2-dimethoxy1,1,2,2-tetra(4-mdthyl phdnyl)etdand, 1,2-diphenoxy-1,1,2,2-
tetra(4-methoxyphenyl)ethand, 1,2-bis(trimethylsiloxy)- 1,1,2,2-tetraphenylethanp,
1,2-bis(triethylsiloxy)-11,2,2- tet phenylethane, 1,2-bis(t-butyldimethylsiloxy)-1,1,2,2-
tetraphenylethane, 1-hydroxy-2-trimethylsiloxy-1,1,2,2- tet aphenylethane, 1- d oxy-2-t
efinylsiloxy-1,1,2,2- tetraph ylethane, 1-hydroxy-2-t-butyldimethyisilo y-1,1,2 tetraphenylethdhe add the
like, preferably 1-hydr2 -2- imethylsiloxy-1,1,2,2-tetraphenylethane, 1-hydroxy-2-
triethmlsiloxy-1,1,2,2-tet yhenylethane, 1-hydpo y-2-t- methylsiloxy-1,1,2,2-terrdphenylethand and 1,2-
is ,APylailoxy) -1, 1,2, 2-tetraphenylethane, and. further preferdroxy 2 tpth siloxy ,1,2 tetraphe lethane
and 1,2-bis(trir thylsiloxy)-1 ',2-        phenylethane. Howe el.' the compound is not limited to these
compounds as long as ch1e compound has the structure of fo ula (1), In addition, two or more kinds
may he used in combinat.ion,        Among the thermal radical polymerization ird.tia ors benzopi n.acol
is marketed b .Tokyo Chemical ndustxy Cb., Ltdi, Wako Pure Chemical industries, ltd. and the like. In
addition, a compound obtained by etherification of the hydrbxy group of benzopinaodi can be easily
synthesized  by a well-kno) me In addition, a compound obtained by silyi etheriimcation of  14 the
hydroxy group of benzopmnacol can be synthesized ni thod of heating a correspondin.g benzopinacol
and various splyiating agents under th.e presence of a basic catalyst, such as pyridine. 



Examples of the silyl.ating agent include generally known trimethylsily.lating agents such as trimethyl
chlorosilane (TMCS), hexamethyl disilazane (HISS) and N,0- bis(t zisily1)i-sluoroacetoa. de (BSTEA),
t.riethylsii.vlating agents such asethyl chlorosilane (TECS), t-buzyldimeth isilyia ng agents such as
t-hutylmethyl silane (TEES) and the like. These reagents are easily available from the market, such as
makers of sil on derivatives. The reaction amount of the silylaming agent is preferably 1.0 to 5.0-fold.
moles with. respect to 1 mole of the hydroxv group of the subject compound Thp reaction amount is
further preferably 1.5 to 3.0-fold moles.the reaction amount is less than 1, 0-fold mole, the reaction
efficiency is poor, and the reaction time becomes long, and thus heat decomposition is promoted_ If
the reaction amount. is 5.0-fold moles or more, isolation becomes worse in the recovery, and
curification becomes difficult_        Examples of the basic catalyst include pyri.dine, triethyl amine and
the like. The basic catalyst has effects of trapping hydmogen chloride generated at the.:; time of the
reaction, and keeping the reaction system to be basic, and effect- of ogen from a hydroxy croup, and
promoting the thdr. The content of the basic camay he  15 0.5-mold moles or more with respect to a
hydroxy group o the subject, and the basib catalyst may be used as a solve        As the solvent, a
pop-polar organic solvent suph as hexane, ether and toluene is excellent since id: does not participate
in the reaction. In addition, the solvent is also preferably a polar so cant such as pyridine, dim ethyl
formaldehyde (DMF), dimethyl sulfoxide (DM30), tetrahydrofuran (TRIP or acetonit pie. The content of
the solvent is oreferahl.y such an amount tmass concentrat.ion of the solute is from 5% by mass to
40% by mass. The cont:ent of the solvent is further preferably from 0% by mass tov mass. If the
content of the solvent...a too small, the reaction s slow, decomposition by heat is promoted and the yl
Id decreases. In the reverse case, if the content of the solvent 



is too great byproduot.s increase:,I the yield decreases.        The (al thermal radical polymeri.zation.
ini'i.at.o.r used in the present invention is prererably those moking thA particie      ieter fine, and being
uniformly dispersed. If the average particle diameter is too great, i.t becomes a defect factor in such
thA a gap canna_ J formed As11 whe h( co ro thd lower glass substratareinared at the time of
manufacture of the liquid cr display cell having a narrow  gap, and thus is prdfe ably 5 pm or less and
mobly a pm or less, In addition, the average partic_ c am fine without limit, but ordinarily the lower limit
is about 0.1 pm The particle diameter can be measured by a laser diffraction and scdtter g type
particle size distnilautdon  16 measurement. appara. s(manufactured by SEISHTN ENTERPRISE Co.,
Ltd.; LMS-3 ) 



Thp content of the thermal radical polymerization initiator is preferably from 0.0001 to 10 parts by
mass, further preferably from 0.0005 to 5 parts by mass, and particivMmt4, C[ 0.001 to 3 parts by
mass wi.,th respect to 100 parts by mass of the total of the curable resin of the liquid crystal sealant of.
the present invention. MeaniM ile, the curablerepresents the coriponont (c), and the component (d)
that is contained as necessary. The same applies hereafter in the present. application. In addition, the
component. ''a r..d.J.cal polymer at-ion inhibitor used in the present invention is not particularly limited
as long a.si t. is a compound that reacts with. a radical generated from a raddbal po]..ymeri.zation
initiator or a curable resin monomer whereby to prevent the polymeri.zaion, and guinone-based,
piperidine-based, hindered phenclib sed, nitroso-based compounds or the like may be used_
Specifically, examples of the component (b) include na.phthoguinone, 2- hydroxy naphthoquinpne,
ethyl naphthogulnone, 2-  metho y phthpguinprme, 2,2,6,6,-tetra ethyl p....perid.in-1-oxyl
2,2,6,6,-tetramethy1-4-hydroxyperidin-i-exyl, 2,2,6,6,- tetramet-yimethoxypiperidin-l-o: 1, 2,2, 6,6,
-tetramdthyl- pnenceridi 1, hydroquimone,thyl hydroguinoney 2-m.ethoxyhydroguinone,
parabenzoqui.n one, butylated hydroxy a isole,_-4-ethyl phenol, 2,6-di-tybutylcresol,  methylene.
bis(4-ethy1-6-t-butylpnenol),-thiob s-3-methyl- 



6-t-butylphen ) ,-butylidene his (3-methy1-6-t- butylphenol) , 3,9-bisf
1,1-damethy1-2-(3-t-buty1-4-hydroxy-5- methyl phenyl.) propionyloxy] ethyl] , 2,4,8,10- tetraexaro[
5,51 undecane, tetrakis-[ methylene-3- (3' , 5' -d -L- b' -hydroxypisenylpropionate ) methane, 1,3,5-tr is
(3' , 5' -di- t-buty1-4 hydroxy benzyl) -sec riazin-2,4,6- (1H, 30,5H) trione, paramethox1, 4-methoxy I
naphthoi,J fphenylamine, aluminumsalts of N-nitroso phenyl ydroxyamind, trademark ADECA STAB
LA-)trademerm. ADECA STAB LA-82 (mahu aoL ed by ADECA CORPORATION) and the like, but are
not limited thereto.       Among them, those exerting remaxkable effects in combination with the thermal
radical polymerization initiator are the radical polymrizaton inhibitors described in formulae (2) to (4).
These radical p01 ymerlzarlon inhibitors may be used. alone, or may be used in a combanatmon or
two or more kinds. Meanwhi.le,in formula (3) represents a hydrogen atom, a    d_oxy group, a 1-04
straight or branched alkoxy group, a phenoxy group,an acetoamgde group (-N0000133)amino group
(-NR:), a carnoxy group (-COOL.)o group (-CM) benzoyloxy group (-00006H5), an isothiocyanatd
group (-NCS), or an oxo group (-0), preferably a hydrogen atom, a. hydroxy group, a 01-04 straight or
branched alkoxy group, a phenoxy group, an amino group oxy group, preferah1.ly a hydrogen atom,
ahydroxy gbo p, an amdap group, or a carbc xygrcup, and cartacularly preferab..Ly a hydrcge n atom,
or a hydrcxy group.  



18 The component (b), a radical polymerizationibithr may be added when the component (o), a curable
resin that has a (meth)aoryloyl group is synthhhited, or may be added to either one or both of the
cormmonhnt (c), a curable resin that has a. (moth)aoryloyi group and the component (d), a curable
resin that has an epoxy group, and is dissolved. Hpwevhr, th.e component (b) radical polymerization
inhibitor is preferably added to either one or both of the component (c), a curable resit': that has a
(met.h) acryl.oyl group and the component (d), curable resin that has an epoxy group, and is dissolved
in order to obtain effective effects. The content of the) radical polymerization inhibitor Is Preferably
from 0.0001 to 1 parts byfurther nreferabl.y from 0.001 te 0.5 parts by mass, and particularly pr
eferably from.0.01 to 0.2 parts by mass with respect to 1.00 parts by mahs of the total of the curable
resin inizquid     stal sealantinvention. If the amount of the radical po]merization inhibitor is too small,
sufficien handling properties cannot be obtained. If the amount of the.- ed.ical polymerization inblhithr
is too ,1111-11-1/11,t, crystal chhtaphination may be troublesome due to the dalay of the thermal
reaction        The liguid crystal sealant of thh present invention conabX s the c.omponent (c), a cue
resin that (met.:h.) acryloyl grou.p. Exampl.es of such curable resin include for example, (metester,
epoxy (ifinatethe e. Exh-ples of the (meth)acryi c ester include benzml  19 



methacrylate, cyciohexyl methacrylate, glycerol dimethao.ry.].ate, glycerol tr acryla , TO-modified
glycerol triacrylate, p entaerythritol ahrylate, trimethylol propane triacrylate, trio(ax loxyethyl)
i.socyanurate, dipentaprythritol hpxaacrylate, phioroglucinol triacrylate arid the like. The epoxy (rn.ath)
ac.rylate. may be obtained with a known method by a reaction of an epoxy resin and a (meth)acrylic
acid. The epoxy resin tiis a ram material is not particular-fa,/ limited, but Ma preferably a bistahction.al
orhigher-functional epoxy resi and examoles thereof include, for example, a blsphnol A type epoxy
resin a bisphehol F sypu epoxy resin, a bisohenol S type epoxy resin, a phenor novolak type epoxy
resin, a cresol novolak type epoxy resin, a bisphenol A noyblak type epoxy res)iphpnol F novo.]...ak
type epoxy resit, an &lite.).ic epoxy resin c chain-like epoxy resin, a. glyedi - ester type epoxy resin, a
glycidyl amine type epoxy resin, a. hydantoln type epoxy resin, an isocyanurate type epoxy resin, a
triphpnpl methane skeleton-containing phenol novolak type r and in addition, catechol, a diglycidyl
ether or phenols, such as resorcinol, aether alcohols, and a halogenated material trier coil, /dal thereof
and tike. Amon epoxyn is more preferably resorcin diglycidyi ether from viewpoinm cid crystal
conidroination. In addition, ratio of the epoxy group anb the (math) acryloyl group is selected from thp
vLewoomnt process suitabili t.y and l.igu.id crystal contamination.  



20 in ancontent of the (c) curable resin thai         (meth)abryloyi group in the liquid crystal sealant for
the-uid cripping process, is preferably in a range of 30 to 90 parts by mobs, and further preferably
about 50 90 partss with aspect to 100 parts by Lass of the total apburb of the liquid crystal sealant.
Thecrystal sealant for the liquid crystal dropping proce.ss of the present invention may also use the
component. (d), a =able resin that has an epoxy group, whbreby to seek improvemen.t of adhesive
strength. The curable resin. that has an epoxy group used is not particularly limited, but is preferably a
bi-functional or highbr-functional epoxy resin., abd examples thereof include, for example, a bisphenol
A. type, epoxyn, a bisphenol F type epoxy resin, a his phenol. S type epoxy resin, a phenol novolbk
type epoxy resib, a cresol novolak type epoxy resin, a obsphbnpi A novol. ak type- epoxy resin, a
bisphenol F novolak type epoxy resin.,yclic epoxy resin, an aliphatic chain-like epoxy resin,idyl ester
type epoxy resin, a glycidyl amine tom type epoxy resin, isocyanurate type epoxy resin, a triphenol
methane skel on-co. aininq phbnol novolak type epoxy resin, and in addit on, a diglycnof ifunctional
pii.enols, a ulglycidyi ethbr of brburactio I alcohols, afar a halogenated material thereof, abratbb
material thereof and tlike. Among thethe 



group' is preferably a reibi, or a novolaa type epoxy resin from  the viewpoint of liquid crystal
cont.amanatlon. The content of the component (d), the curable resin that has an epoxy group     the
liquid crystal sealant is from about 1 to 30 parts by mass with. respe..ct to 100 parts by mass of the
total amount of the ,ddd crystal sealant.        The component (e) heat-curing agent used togethr with
the componentthe liquid c.rystal sea.lant for the liquid crystal dropping process of the present
inventionnot particularly limited, and exam':thereof may include poJ.,yvalent a.m.ines, polyhydric
nh.enols, hydrazide compounds and thd like and particularly suitably solid organic acid hydraxides.
Examples of the component (e) heat-curing agent may include, for example, aromatic nvdmazides
such as saucy'hydrazide, benzoic acid hydra de,maphthoic aced nvdraxice, t erephthalic acid
dihydrazide, soph ahic aci.d dihvdra2,6-naphthoic acid dihydrazide, 2, 6-pyridine  inydra d ,
1,2,4-benzene trihvdrazide, 1,4,5,2-naphtnoir acid tetrdhydrazide, pyromellitic acid tetrahvdrd pme and
the like. In addition, examples of thd component (e)-curing agent may inhl le aliphatic hydras ...de
compounds such as formhydramide, acbtphydrazide, propionid acid hydroxide, oxalic acid
dihydrazide, mahozacid dihydrazide, s- inir 



acid dihydrde, glutaric acid dihydrazide, azideacid dihydrdzide, sebdchr acid lrazidemcyriche ane
alhydraxideacid Vo  22 trihydrazide, ngtriloacetic acid trihydrazide, cyclohexa e tricamboxylib acid
trihydrazida; dihydrazide compounds that have a hydantoin skeleton, preferably a yaline hydantoin
skeleton (skeleton. in whi..ch the carbon atom of the hydantoin ring is substituted with an ihopropyl
group) such as 1,3- his (hydrazinocarbonoethyl)-5-isopropyl hydar oin; tris(lhydrazinocarbonylmathyl)
isocyanurate, tris(2- hydraz' carbonylethy)..) isocyahurate, tris(2- hydrazinocarbonylethyl)
ihocyanurabe, tris(3- hydratinocarbonylp1M isocyanur a, bis(2- hydrazinoma bonylethyl) isocyamurabe
and the like_ This heat-curing agent may be useP alone, or may be used as a mixture of two or mo<e
inds. The component (e) neat_curing agent is pmeferabd y isophthaiic ac Id dihydraiide, malonic. acid
di.hydrazide, adipgc acid dihydrazide, sebabic acid d tris(1-hy. iazinoca pI e yi) isocyanurate,(2-
hydraz.inocarhonyleth socyanurate, tris(2-  razitu arbonylethyl) isobyanurati, or tris(3- 



ocarbonylprppyl) isocyanuraba, and partgcul tare 1.ty maionic acid dih ydrazideor sebacbid ...hydras
ide for tha balanb of curing reactivity and pote. The amoun.t used of the component (e) hha c ring.
agent when such (e) heat airingt is used is from 0.5 to 2 . 0 eeferab_ from.8 to 1.2 Eq. with respect.
1).- 1 eq.  dropping process of the present invention, the component. (f) silane coupling agent may be
used. to seek improvemof adhesive strength and improvement of moisture proof reliability. Examples
of the silane coupling agent. include. 3- glycidoxypropyi trimethoxysilaee, 3-glycidoxyoropyi
methyldimethoxysilane, 3-glycidexypropyi methyldimethoxysilane 2-(3,4-epoxycyclohexyllethyl
trimethexysilane, N-phenyisys amieepropyl trimethoxysilane, N-(2-aminoethy1)3-am opropyl
methyldibrethoxysila , N-(2-amino hyl) 3-ami.n.opropylmethyl     lethexysilane, 3-aminopropyl
triethbxysil me, 3- mercaptopropvl trimethoxysilane, vi.nyltrimethoxysilane, N-(2- (tienzyl cmi no) ethyl)
-3-- ninopropyl trimethoxysilene chloride, 3-methacryloxypropyl trimethoxysalene, l oroprupyi
methyloxysilane, -chloropropyi     methoxysilane and the like. The content of the (11() silaze coupling
agent in the liquid crystal sealant is suitably from 0.05 to 3 parts hy mass with respect to 100 parts by
mass of the total of the liquirtal sealant of the present i. n vent ion. In the l.icuid cr Cr"nor the dromp g
process of the present inventien,component organic filler mayused to seek imetovement of adhesive 



strength and im.provement of moistproof rellab Examples of this. (g.) in.organio filler include molten s
alline silica, silicon carbide, silicon nitride, boron. ide,celciuicarbonate, barium  24 oxide, zirconium
oxide, aluminum hydroxide, magnesium hydroxide, calcium silicate, alumialicate, lithium aluminum
silicate, zirconium silicate, barium tiManate, glass    per, carbon fiber, molybdenum bisuifide, asbestos
and the Like, preferably molten silica, crystalline silica, silicon nitride, boron nitride, calcium carbonate,
barium, sulfate, calcium sulfate, mica, talc, clay, alumina, aluminum hydroxide, calcium silicate and
alum.inum silicate, and further preferably molten silica, crystalline silica, alumina andse          :- fillers
may be used in a mixture of two or more kinds.average particle diameter is too great, becomes a.
defect factor sta hat a gap canbot be formad well when the upper and the lower glass substrates are
laminated at of manui.acrure of a l.iquid crystal displayh having a. narrow gap, and thus the average
particle diameter a.pp r opria3 WIL or less, an.d preferably 2 !dm or less. The       (ile diameter can be
measured bybaser diffraction/scattering type particle size distribution       rement apparatustype)
(manufactured by SEISHIN ENTERPRISE no., Ltd.; LVt4)-30). The content of t.ha inorganic filler (g) in
the ligsid 



crystal sealantp may ba used in the liquid crystal sealant of tht invention, is typically from 1 to 60 parts
by mass, and prate 'pry from 1 to 40 parts by: mass with respo 100 parts by: mass of the total
amountthe liquid crystal se Tnot in.. ye ition. It the content. of thm inorganic filler is too small, strength.
of ud.hasl.on to a  glass substrate decreehes, and the moisture proof reliability is also poor, and thus
a. decrease of the adhesive strength ms.y occux after moisture absorption increases. On the other
heand, if the content of the inorgan.io filler is too great, it is hard to perform crushing and the gap of the
liquid crystal cell os.nnot. be formed..        The liquid crystal sealant for the 1 mild crystal droppini
process of the present invent.i.on may contain the compon(n), a pi.otopo.]..vrner.i.zation initiator in
order render the ....quid o.rystal sea.].. ant for the ligp'd o.rystal dropol na process to be a light -eat
combination curing t.ypa ligtidPhOtOpOlymeri7sition inor is  ")6 2006/027982. The content
ofopopolymerizs Dn ini ..iator     the. liquid crystal seal antis prefeanhly from about 1 to 10 parts by
mass with respect to 100 parts by mass of t.he tot amountthe liquid crysta. se C.  quid crystal sealanL.
of 



e present invention. may  he also blended with a. curing ahcelerator, suer' as an organic acid and an
imidazole, an organic filler, end an add suhh ah a. pigment, a leveligph.t-, an antifoan agent and a
solvent as necessary. A. methpd described below as one example of a method for o, the liquid crystal
sealant of the present. i nvention. First, the component (d) is dissolved and mixed in the component (c)
as necessary. Then in this T ture component (b) is dissolved, and also the cot) dissolved as
necessary. Then, the sol ut.ion is oomhined with the component (a), thp component tfl the comporpm
_ (e), the component. (g), and an organic filler, an anhift m agent, leveling agent, a solvent and the 1
ke as necehsahand uniform] mixed with a known mixing appara.t.us for example maia sand mill like,
and filtered with a me.t.al mesh, whereby tp manutact.ur the li id rystal sealant of:resent invention
The liquid, crystal is obtained by disposing prescribed at a prescribed 



sealant  enclosing a liquid crystal in o the space. The kind of t.h.e enclosed liquird crystal is not
particularlyted. Herein, the substrates are formed of a combination of substrates  subh a.glass, quartz,
plastic, and silicon, inzst one ofe substrates is light-transmiesive. As the manufacturing method
thereof, the liquid, crystal sealant of the prese 1 invention is combined with. a spacer such as a glass
:finer (space control material), and them is applied onto one of the pa- r of substrates us ..rig
dispenser, or a screen print apparatus or the L.empurarq CU ng isf mepi, at. 80 to 120C. as ne( Then,
liquid crystal. s droppedwinto the inside of the weir of the liquid crystal sealant, and the other glass
substrate is posed in a vacuum to pe ..form gap forms. i on.After the ga e , curing is perfo.rmed at 90
to 130C for 1 to 2 hours obtaiuystay cellsent nen at-h t come' fi,on type . 



used, the portof the liquid crystal scalpI rradiated clef light usingultraviolet 1 machine to performarioi
ultravio.light z preferably 500 T6 6000 mJ/cm ,1 more preferably 1000 to 4000 mJ/cnbThen, as
neces.sary, cut]. perrormea at 90 to 130C for 1 toours to obtain the Tiqui crydisplay cell of the
presentinvent: ion. Ti i crystal d.isplay cell ihtis obtained o.l t.hei-- does not have ddne to c t f liquid
crystal, and is exbelIre adhesivemess and  moisture proof re.l.iahL.ity. Examples of the spacer include
glass fibers silica beads, polymer heads and the like. The diameter thereof varies depending on the
purpose, but typically from 2 to 8 pm, and preferably from 4 to 7 pm. The amount.. used is typically
from 0.1 to 4 parts by mass, preferably from 0.5 to 2s by mass, and further preferably from 0.9 to 1.5
parts by mass with respect to 100 parts by mass of the liquid crystal sealant of the present invention.
toehi id cryst.al sealant  fo thecrystal dropping pn es,ent invent.ion has very good heat 



chxability, and is promptly cured in the heating process in the ligudf crystal dropping process.
Accordingly, elution of the cons .ituting components into the liquid crystal is extremdly low, and the
dispdefects of the . display cell can be reduced, In addition, the seal ant of the present invention is also
excellent in term hendling proper-d the s ore c stability, and thus suitable for manufacture of the liquid
crystal display cell               , a curcd product thereof is also excellent. in vanour-- cu .ad
roduct.propd-uts such as adhoSivc, ,,,,t-rnr al-0stance, and thus by lightvsta ...alant of the present.
invention, itis      ibie to prepare a ligh.id crystal display cell havl.ng excellent reliabilitytion, a liguid
crystal display eparad using th.e liquId crystal seal.ant of roe present rate, anddenb and thus meets
the pxopert s necessary for a liqui  29 .MPLES Herein after, the present invention is furthE.r 



ape eifically described. with Synthesis Examples abd Examples but the present invention is not limited
to the Examples. Meanwhile, "parb" and "%" in the text are on a mass basis unless tberwise stated.
Synthesis Example 1  (Synthesis of 1-hydroxy-2-tbimetb siloxy-1,1,2,2- tetraphenylethane) 100 Parts
(0.28 mol) of marketed benzopinacol  (maaufactv ad by Tokyo Oh em.o,al Industry Co., Lt-. ) were
dissolved in 350 parts of di methyl formaldehyde, and 32 parts (0.4 mol) of pyrid..ne as a basic
catalyst, and 1parts (0.58 mol) of BSTFA (manufacture(/' Stat Chemical Cc., Ltd.) as a silylating agent
were added thereto and the mixture was heated to 70C, and stirred for 2 hours The obtained rea.ct.ion
as cooled. And c,oml:ined witm 200 parts ofwhilo ng stirred, and the product(.47d, anci the unreacted
sig ags deactivated and :i.so lat.ed. Aftet filtration, the filtrate wad sufficiently, and r:ecrystall.i.
zedacpurified, wherebyto give 105DErr744-3isia,7-1,2,2- tetHPLC cave 99.05.  30 mul ecular ion peak.
Furthermore, the product was dissolved in DMSO-da, and the target compound was identified .from
the NMR (proton) spectrum. As chemical, shift values for the NMR. 



spec, 5.8 ppm (114) for hydroxy group proton, 0.0 ppm (9H) for sil. oxymethyl proton, and 7.1 ppm
(16H) and 7.4: ppm. (4H) for phenyl proton were obtaihed. Reference Synthesis Example 1 (Synth: is
of epoxy aof bisphenol A type epoxy resin)       282W .5 g bisphenol A type pox)/ resin (product name:
YD 8125, manuractured by NI ON STEEL & SUMIKIN CHEMICAL CO., LTD.) was dissolved in 266.8
g. of toluene, and 0.8 g dibutyl hydroxytoluene as aerization i.nhibiwab added thereto, nd the
react1:mid was hoated to 60C. Then, 117. 5 cc Df acrylic acid as 100% equivalent to t.heOUP was
added, atmeaction liquid was further heated80C, ed with 0.6 q of Lrimethyl anLmonum chloride
reaction catalyst, and stirred at 98C for analb 30 hours to give Lreacton liquid. This reaction liquid was
washed, and toluerre: was dist.illad, whereby to give 995 a of the intended is phenolA type
epeeeery'.(YAKARA100). Ex am'1-t and Comp atExamples 1-3 quid crystal sealant for the li.qui.d o.el
dropping. process) 



resib components (component (c), cc (a)) was mixed in the ratio shbwn in. Table 1 described below,
31 and stirred, and then a radical polymefization-nitor (component (b)), and a photopolymerizationor
(component (h)) ware heat-dissolved. The solution was cooled to room temperature, and than suitably
combined with tho sildhe coupling agent (component (f)), the inorganic (component (g)), the thermal
radical initiator (component (a)), the heat-curing agent (component (e)) and the like, and stirred, and
then dispersed with a three-roller mil) mathifii tereo aih a metal mesh (635 mesh prepare the liguid
crystal sealants for t.he liquid crystal dropping process of Examples 1 to 5. In addition, the liquid
crystal sealants for the liquid crystal dropping process of Comparative Examples 1 to 3 were prepared
likewise using each of the components shown in Table 1.        Hereinafter, the descriptionE for
evaluatidn items of each ofprepared  sealaxts for liquid crystal dropping process and results thereof
are shown. (Test for heat curability         Ha oh. of the prepared liquid crystal. seolamts for the liquid
crystal dropping process was molded to 3 cm x 3 cm x 1 rmr, and cured at 120C for 1 hour. Shore A
hardness of the cured materia..l was measured, whereby to evaluate the curability. The results are
showTable 1.  



3.3                 each of the prepared liquid crystal sealants for the liquid crystal dropping process was
mixed with 0.15 pm spacer (PF-50S: manufactured by Nippon Electric Glass Co., Ltd.), and then
stirred and degassed in vacuum for 5 minutes at 500 rpm rotation and 1500 rpm revolution. A vacuum
stirring-degassing mixer, VMECA-360K (manufact-ured by ENVIRONMENT & MATERIALS &
ELECTRONICS GROUP) was used as the vacuum,rring-degassing apparatus. The prepared crystal
sealant for the. liquid rystal dropping: process was placed under a 23C atmosphere, and measured for
thp gelption time, and evaluated by the criteria. below. The results are shown in Table 1. A: No
gelation at 168 hours or more    P: Gelation at 96 flours or more and less than 168 hours G: Gelation
at less than 96 hours immediately after degassing (Test for contamination of liquid crystal) Each of the
1d cr ysta seaiants for the liquid crystal dropping process was irradiated3000 mJ8c,m(( ultraviolet light,
and then about 100 mg: of the liquid crystal sealant was applied onto the bottom of a 10 ml vial and
then liquid crystal (M1(3-6866-100: manufactured by Merck. KGaA, Darmstadt, Germany) was added
in an amount of 10 times thereof. The vial was heated for 1 hour at 120 C., and then cooled for 30
miEach of the supernatant licpr tea wrt decantat.ion, and the value of sp cific resist-was measured  3 3
-al super-high ohmmeter (12.834factured by 



test Corporation)fared with the valt      mfac resistance of those not containing a. sealing agent.
Evaluation was performed by th..e criteria below.        A: 1.0E  11 or more of the value of sp.ecif:ic
resi.stance        B: 1.0E + 11 or more and less thmn 1.0E11 of the value of specarac resistance        C:
Less than 1.0E -I-Ofealum of specific resistance Meanwhile,OE + 11" of the value of soecific
resr.stsn.ce represen s 1.0 x 1011". Th same applies to the other descriptions. [Table 11   34     



37 411 : D-600 (manufdAtbred by NIPPON TALC. Co., Ltd.)        From the results of Table 1, it was
confirmed that the liquid crystal sealahts for the liquid crystal dropping process containing (a) a thermal
radical polymerization       ator not having an oxygen-oxygen bond (-0-0-) or a. nidrogen-nitmogen
bond (-N=N-) in the molecule thereof, (b) a radica polymerization inhibitor, and (c) a curable resin
having a (meth)apryloyl group (Examples 1 to 5) were very excellent in terms of hbat curabdlity,
handling property, and liquid crystal contamination. It was confirmed that the liquid crystbl seal ants for
the liquid crystal dropping process cflni-AHnibq specific. compounds, suhh as naphthoguinone as the
(b) radical. polymrization inhibitor (Examples 1 to 4) were part=mularly excellent among them.
INDUSTRIAL ARPLICANILLTAI       The liquid crystal sealant. for the liquid crystal dropping process of
the prebent lmbntion has good thermosetAt.ig properties, and is also excellent in term of  property and
storage sts y, and the. properties of 



a cured mater]. a.]. s 4ee strength. Accordingly, the          srystal sealant for the liquid cromping
prooesa of the present inventis allows flexibilit:, of the design of                                   cell to be
secured, and contributes to the productivity, and long term reliability thereof.  39 CLAIMS 1A liquid
crystal sealant for a liquid crystal dropping process comprising:         (a) a. thermal radical
polymerization initiator not having at nobond (-0-0-) or a nitrogen-nitrogen. botd (- N-10..-) in the
molecule thereof,         (b) a. radical polymerization inhibitor, and (op a. curable resin having a
(meth)acryloyl group. 2.The liquid crystal sealant for the liquid crystal. dropping process according to
claim 1, wherein the component (al is a compound. represented by formula (1) below: 



R5 R1. R3 R4- y2.R6           wherein, Y.'. and Y each independently represeht a hydrogen aMonh a.
phenyl. group, or a. silicon atom, 'Re to PC each independently represent a hydrogen atom or a Ci -C4
stenimL.Mnt or brahohed alkyl group, and hi to X4 each indeppndehtly represent a In, men atom, a
met-lief i -cup, an at nn. grhhp, a methhxy group, an ethhxy group, a phetoxy pro-up, or a hailymgen
atom,  40  the prov.iso thatto Ph that are bonded respectively to Y orare not prebent hydrogen atom.
3.The liquid crystal. sealant. for the dropping, according to olai.m. 1 or 2, wherein the component
(b)one, 



or two or more of radical polymer ..zation inhibitors sel ted. from formulae (2) to (4) felow:
erein,repres ts a hydrogen atom, aoxy group, Cl-C4 straight or branched alkoxy group, or a C1-C4
straight or branbhed alkyl group, C) Rs RioRi2 (3)     wherein,r s Cl-C4 st..raiq 



abbtp&imam gm-pup, a bebzoyloxy amor          __gen atom, a hydrbxy grou _d_oxy group,T, an xy
group, a ( isoor an oxo  41 group and R toeach independently represent a Cl- ight. or branched ci.kyi.
group,    OH  wherein,Rrepresencs a hydrogen atom, or a C]addi ight or branched aikyi. group.
The liquid crystal. sealant for tha 1. i.guid cryscal. dropping process according to any one of claims 1
to 3, 



tprising (d) a. c.urahle resin that has amOUp and (e) a heat-curing agent. The liquid crystal sealant for
the iioui fless accor dinq to claim 4n the comoonent (e)an organic acid ne4wid crystal sealant for the
uiqui i cryc:-t. ctroppi.ng process according ta any one of claims I. to farther c.omprisi.ncx (f) a sil Pin
coupling agent_ The liquid crystal sea. ant for the liquid crystal procecc any ne of claims  47  8. The
liqupd crystal sealant for thp liquid crystal dropping process according to any one of ol.ims 1. to 7,
further comprising (h) a photopolymerizat.i.on initiator.  9. The liquid crystal sealant for the 1MmTmcd
crystal dropping process according to claim 4 or 5, wherein the content of the componentfrom 0.0001
to 1. parts by mass with resppcm to TOO parts b' mass of the tolal. apbunt of the componpse (c) and
tnp component (d).  10. A method of manufacturt g the liquid crystals ealant for the liquid crystal
dropping process according to any one of   aims 1 te 9, comprising a. step of dissolving theponent (b)
in the component (c). 



A method of m.anufacturin0 the liquid crystal seaiant for the liquid crystal droppi.ng process according
to claim 4 or 5, comprising a st epof hissolving the component (b) in the componen 12. A liquid crystal
display cell. sealed with a cured product obtained by curing she liquid crystal sealant forliquid. crystal
dropping process according to any one of claims 1 to             guid crystal sealant for the 1Hguim
crystal droppirm process obMagnemdnufac ireingthod dodo a 




