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 theregfuBACKGROUNBFARANT 2Thesozcalled iquid erystal-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"décuments 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 TRCHNICAL FIELD

The present inveniiocn relates to a liguid orystal sealant
for a Liguilid crystal dropping process, which is curable by
heat More specifically, the present invention relates to a

liguild crystal sealant for a licuid erystal dropping process,
having good thermozefting property, and also excellent curad
product properties, such as handling properiies, storage

stability, and adheszlwve sirength, and a manufacture method

RACEGROUND ART
The go-called liguld cryshtal dropping process that has a
higher mass preoduchtlivity was proposed as a mathod of

acturing a ililguid crystal display cell with an increased

size of the liguid crystal display cell in recent years
(Patent documents 1 and 2 dropping
procaess 1s specifically a turing a Liguid
crystal display cell by dropping liguid crystal intc the
inside of a weir of a liguild crystal sealant formed on one

substrate, and then oDonding the other substrate wherseby Lo

the liouid crystal dropping process has problems

s
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toguid crystal sealant in the uncured state isg in

contact with the liguid crystal, and fThus at this tine



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 t|IC|UId 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-edby-iradiating thediquidscrystat s.interposed: between substsateblight to-pesform first

the liguid crystal (2lution) and the resiszstance value of the

1

ligquid crystal decreases, and display defects are generated in

{,1

the vicinity of the seal,
In order to resolve this problem, a light-heat

used a

comprination type liguid crystal sealant is curre
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for the liguid crysital dropping process,

and practicalily applied (Fatent Poand 4} A liguid
crystal dropping process using this liculd crystal sealant is

characterized by lrradiating the liguid crystal sealant
interposed bhetween substrates with light to perform first

curing, and then performing secondary curing by heating.

ke

According to this method, it is possible to prompitly curs
uncured Jiguid crystal sealant with light and suppress

dissclution {eluticon) of components of the liguid crystal

curing snrinkage at the time of the photocuring and the like
+ - e ) Tty tre 3 7o Ty b e b o e -t - e - - - NN o g
18 generated. However, the light-heat combination tvpe has an

the secondary
However, with the decrease in size of liquid crystal

display devices in recent years, a light-shielded part where

light does not reach is caused in a liquid crystal sesalant by
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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 cuting by heatimo: seHoweverywith:the decrease.in size:of li.goid-erystat-display devices,
in recent years,ht-shielded part whe light does net reach is capped in a. liquidsealant metalan array
substrate ‘©F Byithé black niétfix ter subzaarata of Acliquid eny and 9bép, eétectsiaficinity 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 fs'insbfficiént did Unure®d Comporérits remdirt it v 1aPgé' quiBtiés th the liquid crystal
sealant. 1..{je,secondary ouring propess by eaf.proceeds in . .. 1, ; Meads forpsults that
dissolutich of the uncured components into the liquid crystal is pfb"’rﬁofedeykt%is'%“a Cts are o aused in

thevicin @t i ane.  1¢ the secondary Curing process by heat proceeds in

de e 5 o E e 4 J AN RN ot oo ey o 4o i1 3 ok m, AT+
tnlg state, it leads to results that dissclution of tfhe

mncured components into the liguid crystal is promoted Dy this
heat, and display defects are caused In the vicinity of the
seal

in order to resolve this problem, the use of a thermal

radical generatcr 1s proposed, whereby to raise the curing

spead by heat, and reduce the elution of the components, and
also the application of this btechnigue is proposed in which

the liguid crystal dropping process is realized by heat only

(Patent documents 5 and &) . However, an organic peroxide or

azo compound 1s currently used as a thermal radical generator,

but these have problems in that nitrogen, oxygen and the like

are generated when radicals are generated by heat, and bubbles
e caused 1in the cured preduct, and the properties of the

cured product, such as strength, dec

In additicn, the technigue has the problem of poor
handling properties due to the guickness of the reaction.

Handliing properfies mean easiness of use of the liguid crystal

sealant. For sxample, a liguid crysta
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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 lin that nirogen, are generated when radicalse generated by heatsabbli ared.i.n the
cured produet; and theproperties-of the ywed preduct; such as adhesiiverst.cength, decrease_ In
addi tion, the techniquee problem of poor handling properties due to the quickness of the reaction.

sealant has a phenomenon of curing or gel. ation in a process under vacuum ar ito dert, such as
depress:0tesSa6r Y, ¥ Sehtantand mix’ Pro€ss of a sPAcer agerit-and it the 4>

having good handling properties, and those easily generating
gelation are viewed as liguid crystal =sealants with poor
handliing properties.

Furthermore, separately from handling properties, storage

o i P = S e + +— = - -3 oo e =
stalbility 1s also an important property of a figuid crystal
sealant. This 15 the property with which the sealing

- . SR By g g T4 S g T4 AR = ey 3 = R O oo e
application becomes difficult with the increase of viscosity

under room temnperature, and a liquid crystal sealant using a
thermal radical generator also has poor storage stability. A
method to resolve this problem is proposed in Fatent document
7, but not suifficilient to resolve all of the problems.

g described above, development of a liguid crystal

sealant for a liquid crystal dropplng process has peen very
intenslvely performed, but a liguid crystal sealant having

excelient thermal reactivity and light-shielded part

Lient thermal YeaCiivity and lignv-snied
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CUranialty, ana navindg a oa lance of ch{il;ng Croperiies

oy

storage stahility and the like, and, furthermore, having
excellent cured product properties has not heen yet realized,

Patent Document 1: Japaness Unexamined Patent Application,
Publication No. 563-1708323
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Patent Document Z2: Japanese nexamined Patent Application




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 viscesity under-roomitemperature; and-a liguid erystalisealant using atherot abradicalator
also has poor storage stability. method to resolve tproblem is proposed in Patent document 7, hut no
suffl. a t t6'¥bsalvl allon the-probieiné.lAs desctibed above,elopmeht of a liglid. crystal eOalaflt rO
C10Ol ciicystic clrorpincf process ha oeeiery | ntensiveformed, but. a liquid crystal sealant having
excellent thermal feattivity 4Ad lightichielded pat “rexramined fg &%é?la%\@%.i?ﬁﬁﬁ&l?ﬁg
properties?j;s{t)bi Q&%t ih;l}yyﬁgqIibg,oq]_qu,gf%lglf§rmore exc_ellent cured prod_uct _propertie_s h_as not been
yet. realm_ ze Patent. Document 1: Japanese Unexamined Patent Application, Publication No.
363-179323 -Raten.t Poc. ument z; Japanese Unexamined Panr-Applicatign Publication, No.
H10-239694 Patent Document . Japanese Patent Publica i

Publicaticn No., 2009-8754
Patent Document 7: Japanese Unexamined Patent Application,

Publication No. 2008-4240%

DISCLOSURE OF THE INVENTION
Problems to be Sclved by the Invention
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The present inventlon relates to Liguld crysital sealan

used in the 1

-
¥

iguid crystal droppling process of manufacturing a

liguid crystal display cell by dropping liquld crystal into

the inside of a weir of a liguid crystal sealant formed on one

substrate, and then laminating the other substratre, and curing

the porticn of the liguild cryvstal sealant by heat only, or
light-heat combinaticn, and proposes a liguid crysial sealant
That has fast reaction by heat, and thus has extremely low

contamination with respect to the ligquid cyrystal through the
processes, and has excellent handling propertlies such as

degassing, and in addificn, 1s excellent in Lerms of

crysta. panel.
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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 Applic%tion, Publication No. 2009-42409 DISCLOSURE
OFINVENTION Problems toSolved,the Invention. The present invention relatms to a liquid crystal
sealant used in thiediquict erystalidropping:process of manufacturing tai liguid €rystalidisplay 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" 6thet stibstrate} and curing the-port .o ofthe ligific trystal'sedlantby heat only, or
light -heat combination, and proposes a liquid crystal sealant that has llast reaction by heat, and thus

has extremalyy IdW Cofitamination With're spe: et o theliguld erystal tPsUgh the processes, and has
excellent Qggglin% gjr:op%rge% sggg Pgaqleg{:;ac§§ir%gi Jgggl_ip .addit{c?q1 Js e,xce,llenqtair% terms of on,ation,
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adhesive strengtah and the like o a subs, an thus carpteg to any cf)e5|gn of a crystal panel.
present inventors.ntensively investigated..and as a-resultingreof, foundth L.crystal sealaptithat is

u
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as a result thereof, can suppress the liguid ory

contamination as well, and furthermore, is also excellent in

terms of the properties of the cured product, such as adhesive

strength, and completed the present invention.
Specifically, the present inventlon relates to the

ftollowing (1} to (12Z). 1In addition, in the specification, the
"{meth)acrylic" means either one or both of "acryliic" and
methacrylic”., Likewise, in the specification ne

"meth lie™ Lik h T . =
"i{methjacryloyl" means either one cor both of "acrylcoyl" and

"methacryloyl".

[

(1)

A liguld crystal sealant for a liguid crystal dropping
process, which 1s charvacterized by containing {a) a tChermal
radical polymerization initiator not having an oxygen-oxvgen
bond (-0-0-) or a nitrogen-nitrogen bond (~N=N-} in the

molecule therecf, (b)) a radical polymerization inhibitor, and

{c) a curables resin having & (meth)acrylioyl group.

The liqgquid crystal sealant for the liguid crystal

dropplng process accerding to (1), in which the compconent (a)
18 a compound Py formula (1) below:




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 thé preseant ihn. Specifically, the Present
invention relates to tne following (1) 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 Bsryihyl." and 'R%thacryloyl". (1) A liquidystal sealamt for a. liquid

crystal dropping process vs(iic |§ ara Q;rize' b c‘é)ntaining (a) a thetmal radical polymerization
initiator nbt having an ox%eﬁ- xyden b&hd (- -0'%%

gemmnitrogen bond (-N=N-) in the molecule
thereof, (t) a radical bmmymej&ation inhibitor~an (c) a curable resin having a. (math) acryloyl group (2)
The liquid cmystajsealgat for

e liquid crystaj dropgfgpNpcess according to (1) ,i.nwh ich the
component (a) i i

hydrocgen atom, a phenyi group, or a silicon atom, R* to R each
independently represent a hydrogen atom or a Cl-C4 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, & phenoxy group, or a halogen atom,
with the proviso that R' to R® or R' to R® that are bonded

respectively fto ¥ or Y° are not present when Y or Y° is a

nyvdrogen atom.

according to (1) or (Z), in which the component () 1z ones, or
twe or more of radical polymerilzatlion inhibitors selected from

formulae (2 to (4) bhelow:



R1 yl1- R3R4y2,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 r?henoxy group, or a halogen atom with the proviso
that Rl to R1 or R4 to Ru that are bonded respectively to Y- or Y' are not present when Yror 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 ones-br two or more of radical polymerization innahators selected From
formulae (2) to (4) below: in thdfformul ' represents a hydrogen atom, a hydroxy group, a CI-C4
straight or bran.hed a# C4 or branched alkyl group, 0 R9 RIoRi2 (3) the

formula,snsahydrog y
(2)

in the formula, R represents a hydrogen atom, a hydroxy
group, a Cl-C4 straight or branched alkcoxy group, or a C1-C4

3 5yt

straight or branched alkyl group,
) Q 11
R I R

N

R1O R12

RS

in the formula, R® represents a hydrcgen atom, a hydroxny
group, & Cl-C4 straight or branched alkoxy group, a phenoxy
group, an acetoamide group {(-NHOCOCH.), an amino group {(=NH:), a
carboxy group (-CCOH), 2 cvano group (~CN), a benzovloxy group
(-OCOCHLY , an isothiccyanate group (~NCSy, o1

(=0}, and R to R each independently represent a C1-C4

straight or branched alkyl groug,



group, a CI-C4 straight or branched alkoxy group, a phenoxy group, an acetoamide group
(-NHOOCHS3), 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 branchéd alkyl group, 9 OH in the formula,represents a
hydrogen atom, or a CI-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 h uring agent. (.5) Thp liquid o rvstal sealant for a liquid crystal
dropping process accortto (4}, In Whicth% component (e) is an organic acid h m zide.

(4)

OH

in the formula, R' represents a hydrogen atom, or a Cl-C4
stralght or branched alkyl group.
(4)

The liguid crystal sealant for the licuid crystal

Aroppling process according Lo ansy ne of {1}y to (3 further
£ i L r

centaining {(d) a curable resin that has an epoxy group and (e)

The liguid crystal sealant for a ligquld crystal dropping
process accerding to {43, in which the component (&) is an
crganic acid hydrazide
(6}

The liguid crystal sealant for the liguid crvstal
dropping process according to any one of (1) to (5), further
containing (£} a silane courllng agent
7

The licuid crystal sealant for the liguid crystal
dropping process according to any one of (1) to (8), further
containing {(g) an inorganic filler
(8)

The liguid crystal sealant for the liguid crystal




(6) Theld crystal sealant for the liquid crystal prpcess accopcone of (1) to (5), further contain(f) a silane
coupli.ng agent. Thetal sealant for Ap one oito (6), contag (g) an inorgamic (8) The ILI quitsealant for
the liquid crvsta.l. dropping process accord:l g to any one of (1) to (11) ,'cher containing (h) a
photopolymerization initiator. The liquid crystéﬁ)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 tai100parts hy-massof ihe total amount of the-eemponent (c) andithe componrent (d). (10)

A method of manufacturing the liquid crystal seal ant. for the liquid crystal dropping process according
to any onéwf{2)-to:(9), intluding acstep of dissolving ther compohent {b) in the component (c). (11)

=y

The liguid crystal sealant for

=
ot
e
o

liguid crystal
dropping process according to (4} or (53), in which the content
of the compenent (b) is from 0.0001 fo 1 parts by mass with
respect to 100 parts by mass of the total amount of the
component (¢} and the component {d).
(10

A method of manufacturing the ligquid crystal sealant for
the liguid crystal dropping process according to any ons of
(1} te (9, including a step of dissolving the component (b)
in the component {c).
(11

A method of manufacturing the liquid crystal sealant for
the liguid crystal dropping process according to (43 or (5),
including a step of dissclving the component (b)) in the
component  {d) .
(12}

B liguid crystal display cell sealed with a cured product
obtalned by curing the liguid crystal sealant for the liguid

crystal dropping process acccrding te any one of (1) fo (8),




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 (b‘), 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 fastcuring-speed atthe:time of heat-eu: ring, andsthus can he
applied to a liquid crystal dropping process in which a ligpabi crystal sealant is cured with heat only. In
addition, thesliquid crystalFseatant: of the present inventivhhasrsufficient curability even ‘omder a wiring
to whi.ch light is hardly delivered in the light -heat combination type liquid crystal dropping process,
and ltmaked'it péSsible fo seciite flexibility i the dBEighoftd panélfwiting” and easily mahtfacture a
eiquid crystal display panel ha i reliability. PREFERRED MODE FOR CARRYING QUT THE
INVENTION' ®© ”‘Thg’ sa)i:ﬁg}“méljrédzfc"ﬂééoffrﬁ%r%&“t?d’h initiator that dao%%%&t‘.)ﬁévé%% oxygen-oxygen
bona (-0-0-) gr anitregennitrogen pond (sN=N-L.inthe.molecule used in,the presentinveis poticularl.y
limited as long as it is a compound that genarates radicals by heat, an-.d initiates a. chain
polymerizationireaction,-and-examplessthereafincludehenzins, benzohsethers; :acetophenenas and
Imenpopinacols. Among them, the compound represented by formula (1) particularly suitably used
from the viewpuoint<of reactivity andisolubihtv intotliguid ciystalt vpe liguid crystaY¥2 each
independently represent hydhogen atom, a phenyl. grou.p, or a. silicon atom, and at least one of them
is pre.ferala silic:6n BHORT 4 foridla (1) exaisiés of the 0104 &traight 6F Bfahched alkyl group 12
(hoorc. Jnalter SITRY, gisgelgred o, 25 the 01-04 aly aropp) n R tomay neluda, for example,

manufacture a liquid crystal display panel having high

reliability.

PREFERRBED MODE FOR CARRYING OUT THE TNVENTION

The (&} thermal radical polymerization initiator that
dces not have an oxygen-oxygen bond (-0-0-) or a nitrogen-
nitrogen bond {=N=N-} in the molecule used in the present
invention 1s not particularly limited as long as it is a
compound that generates radicals by heat, and initiates a
chaln polymerization reacticon, and examples thereof include
benzoins, benzoin ethers, acetophencnes and benzopinacols.
Among them, the compound represented by formula (1} is

particularly sultably used from the viewpcint of rezactivify

and solubility into liguid crystal.
Iin formula (1), ¥ and Y° eacnh independently represent a

hydrogen atem, a phenyl group, or a silicon atom, and at least
-

one of them is preferably a silicon atom. In formula (1),

exampliaes of the Cl-C4 straight or branched alkyl group



propyl, i-propyl, t-butyl and the like. In addition, examples of the halogen in X' to XI 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)lé’rlyl 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 | group.
The two or three:Cl-C4-alkykgraups ia the di-ordn(@1:04steaight-er rand ) silyl igroup inor of
formula (1), may be t.he same or different. Examples of the silyl group include, for example, di (01-04
aikyl)sm y& groups such astdinfethyisilvl; diethylsily ¥ andmethv!thylsitvrenand tre{04:04 atkyl)sylvl
groups such as trim- dayisilyi, triethydimethylethylsilyi and t- outredimethylsy_ y.I . Among them, the
aicup is most preferablytoiryira akyr(siyl gistipt and méfe préferably a- timetiyisifPgfoup. X
to X- or fo{r)rpultehgl)}1 eﬁalqh ingeggn%e.nti..y}g@presen,t a. m_/gérao%en fﬁ\t;om,,a methyl group, an ethyl group,

T inc

a methoxy group, an ethoxy group, a phenoxy group; or a: :0-aloge” dtém, an-preférably all of X1 to X
repres Examples of the.ogm.poun.d represepted by formla (1), .

When Y' or Y of formula (1) is not a hydrogen atom,
R'R*R'Y*~ or R'RRY'~ is preferably a phenyl group, a phenyl

group substituted with one to three Cl-C4 alkyl groups, a

GiACi~-C4 alkyl)ysilyl group, or a tri(CLl-C4 alkylisilvl group,
more preferably a di(Ci-C4 alkylisilyl group or & tri(Cl-C4

vi group, and further preferably a Lri{l1-C4

The ftwo or three C1-C4 alkyl groups in the di- or tri-
{CI-04 straight or branched alkylisiiyvi group in R'RR'Y - or

Examples of the silyl group include, for exanple, di(Cl-C4
aikylysilyl greups such as dimethylsilyl, diethylsilyl and
methylethylsilyl; and tri(C1-C4 alkylysilyl groups such as

preferably a tri(Cl-C4 alkyl(silvl group, and more preferably
a trimethyvlsily]l group.

X' to X' of formula (1) each independently represent a
hydrogen atom, a methyl group, an ethyl group, a methoxy group,
an ethoxy grcup, a phenoxy group, or a halcgen atom, and
preferably all of X' to X° represent a hydrogen atom.

Examples of the ccompound represented by formuila (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(trimethylsi|6>’(y)- 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-trimethyisiloxyrl, 1 ;2;2- tet aphenylethane; 1-1d oxy-2:t-
efinylsiloxy-1,1,2,2- tetraph ylethane, 1-hydroxy-2-t-butyldimethyisilo y-1,1,2 tetraphenylethdhe add the
like, preferablyal=hydr2! 2= limethylsiloky-t,21 12, 2-tetrapherylethane; drtiydroxy2:ane,
triethmisiloxy-1,1,2,2-tet yhenylethane, 1-hydpo y-2-t- methylsiloxy-1,1,2,2-terrdphenylethand and 1,2-
is , APylailoxy) “L, 8" 4¢traphenyléthane: aht S further preferdroxy 2tH 'Silexy 11,2 tetraphe lethane
and 1,2-bis(trir thylsiloxy)-1',2- enylethane. Howe el.” the compound is not limited to these
compounds a%%%& 3%%%ié4c6n'rﬁpt)8§ri'd %ﬁéqﬁéqs?rtu%fmé’of ]fé%k'ﬂfL %ﬁp 1"’r‘1‘%diti%h‘? tvéd%r more kinds

may he used n.cgmbination,.;, .. Amang,the theymal radical,polymerization,ird ia ors benzopi n.acol
is marketed b .Tokyo Chemical ndustxy Cb., Ltdi, Wako Pure Chemical industries, Itd. and the like. In
addition, a compound-ebtainedhy etherification of the; hydrbxyrgroup of benzopinaodi can be easily
synthesized by a well-kno) me In addition, a compound obtained by silyi etheriimcation of 14 the
hydroxy greup @f benzoprinnacel can beisynthesized nithodofheating-ar correspandin.g benzopinacol
and various splyiating agents under th.e presence of a basic catalyst, such as pyridine.

.

tetraphenylethane, l-hydroxy-Z-trimethyisiloxy-1,1,2,2~
tetrapnenylethane, l-hydroxy-Z-triethylsiloxy-1,1,2,2-

tetraphenylethane, l-hydroxy-2-t-butyldimethylsiloxy-1,1,2,2~

tetraphenylethane and the like, preferably l-hydroxy-2-
trimethylsiloxy-1,1,2,2~tetraphenyliaethane, l-hydrowy-2-

triethylisiloxy-1,1,2,2~tetraphenyliethans, l-hydroxy-2-t-
butyidimethylsiloxy~1,1,2,2~tetraphenylethane and 1,2~

bis({trimethylsiloxyi-1,1,2,2-tetraphenylethane, and further
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tetraphenvlethane. Howewver, the compound 1s not limitesd to
these compounds as long as the compound has the structure of
formula (1), In additicon, two or more kKinds mayv be used in
combination.

Among the thermal radical polymerization initiators,

Denzopinacoel is marketed by Tokvoe Chemical Industry oo, Ltd.,

Wako Pure Chemical Industries, Ltd. and the like. In addition,

benzopinaccol can be easily synthesized by a well-known method,



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 zisilyl)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 reé@ents 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 withhrespect to: T moeleof the hydraxaogroup-of thersubject-eompeund-Thpreaction amount is
further preferably 1.5 to 3.0-fold moles.the reaction amount is less than 1, O-fold mole, the reaction
efficiencyris poot, ard therreaction time beeomesilong rand thus:heat decomposition is promoted_ If
the reaction amount. is 5.0-fold moles or more, isolation becomes worse in the recovery, and
curification Decomed diffictit: -5 “EXamplés of the'basic catalystinghide pyri:dingt tristiyltamine and
the like. T_h§ Qagjg gg;alyst has effects of trapping hydmogen chloride generated at the.:; time of the
reaction, ﬁhd%\éeblng“t%é reaction system to be basic, and effect- of ogen from a hydroxy croup, and
promoting the thelr. _The cantept of the.basic camay he .15 0;5:mold.males.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:arganic-salvent,suphi as; hexane -etberand Jolueneds iexcellent:since idi does not participate
in the reaction. In addition, the solvent is also preferably a polar so cant such as pyridine, dim ethyl
formaldehydée (DM F)dimethyl sulfoxide! (DM30), tetrakiydrefuran,(FRIP 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! Theconteht of the SélvéntisTarther prefertbly frofi 8% by mass tov mass. If the
content of the scg]vent,.,,a too small, the reaction s slow, ,deco[npqsitignlby heat is prorp%gg% ?nd the yl

e

oy e Lot tuylat s aogents ausrnhn,as Crniethivi cnlorosyilane
Id decreasés “In‘the tevérse 'case, & conteht of the solvént ¥+ ©7-0+os

1,

t-putyldimethylsilylating agents such as t-butylmethyl silane
(TEMS) and the like. These reagents are eaglly available from
the market, such as makers of silicon derivatives. The
reaction amount of the silylating agent is preferably 1.0 to
5.0~-fcld moles with respect to 1 mole of the hydroxy group of
the subject compound. The reaction amount is further
preferably 1.5 to 3.0-fold moles. If the reaction amount is
less than 1.0-fcld mole, the reaction efficiency is poocr, and
the reaction time becomes long, and thus heat decomposition is
promcited. I1f£ the reaction amcunt is 2.0-fold moles or more,
isclation becomes worse in the recovery, and purlficati

becomes difficult.

Examples of the basic catalyst include pyridine, triethyl
amine and the likxe. The basic catalyst has effects of trapping

hydrogen chloride generated at the time of the reaction, and



is too great byproduot.s increase:,| 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 pin or less;i Imaddition; the-averagerpartic ¢ am finewitheutdimit, outosdinarity-the lower limit
is about 0.1 pm The particle diameter can be measured by a laser diffraction and scdtter g type

Ltd.; LMS-3)

As the solvent, a non-poclar organic solvent such as
nexane, ether and tolusne is excellent since it does not

20

ot

participate in the reacticon. In addition, the solvent is al
preferably a polar solvent such as pyridine, dimethyl
formaldehyde (DME), dimethyl sulfoxide (DMSO}, tetrahydrofuran

m

{THY)} oy acetonitrile. The content of the solwvent is
preferably such an amount that the mass concentration of the
solute is from 5% by mass to 40% by mass. The content of the

solvent 1s further preferably from 10% by mass to 30% by mass.

If the content of the solvent 1s too small, the reaction 1s

slow, decomposition by heat is promoted and the vield

A

decreases, In the reversge case, 1f the content of the solvent
is too great, byproducts increase, and the vield decreasss

T o -t - . T v vy 4 e ¥

I'he {a; thermal radical polymerization initiator used in

the present invention i1s preferably those making the particle

dlameter fine, and being uniformly dispersed. If the average
particle diameter ls too great, 1t becomes a defect factor in
such that & gap cannot be [ormed well when the upper and the
lowey glass substrates are laminated at the time of
manufacture of the liguid crystal display c¢ell having a narrow

gap, and thus 1is preferably 5 um or less and more preferably 3

fine without limit, but ordinarily the lower limit is about
U.1 pm. The particie diameter can be measured by a laser

diffraction and scattering type particle size distribution



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 curablerepré@ents the coriponont (c), and the component (d)
that is contained as necessary. The same applies hereafter in the present. application. In addition, the
component faurzdrkeal palymer atzion/inhibitoruised in.the presentdnventiorss niotparticularly limited
as long a.si t. is a compound that reacts with. a radical generated from a raddbal po]..ymeri.zation
initiator oFd'CurabléTesircmeoneomer wheteby o prevent the polymeri.zaion, and guinone-based,
piperidine-based, hindered phenclib sed, nitroso-based compounds or the like may be used_
Specifically, examples of té compohkfit (B)inélade ritphthogtimores 2 hydrdky naphthoquinpne,

ethyl naphthogulnone, 2- metho y hthpguin rme, 2,2,6,6,-tetra ethyl p....perid.in-1-oxyl
AL‘_A?Hycir JhS o) l}% %ﬁr? fpg{uo%ZJG%U& el ;

2,2,6,6,-tetramethy1-4-hydroxyperidin-i-exyl; - tétrécr}net{-]yiWé*tﬁ'ojxf’p’fpg;‘r‘?‘dgl“ﬁ-’l-o: 1,2,2, 6,6,

-tetramdt@yh%m%%éepy:g.g.%qtg@ﬂ@e@thyb@xd@guﬁmgy%%gth%@ydminone,
parabenzoqui.n one, butylated hydroxy a isole,_-4-ethyl phenol, 2,6-di-tybutylcresol, methylene.

bis(4-ethyl:6-t:butylppenol -thiek sr3-methyky 6.001 to 3 parts by mass with

respect to 100 parts by mass of the toral of the curable resin

Meanwhile, the curable resin represents the component (o), and

the compeonent (d} that is contained as necessary. The same

-

ign.

o

applies hereafter in

)

ne present applica

il

In addition, the component (b), a radical polymerization

puis

inhibitor used in the present invention is not particularly
limited as long as it is z compound that reacts with a radical
generated from a radical polymerizaticon initiator or a curable

rasin monomey whareby Lo prevent the polymerization, and

q
3
[sh}

gquincne-pased, piperidin sed, hindered phencl-based,

D

nitroso-~based compounds or the like may be used. Specifically,
examples of the component (L) include naphthoguinone, 2-
hydroxy naphthogquincne, Z-methyl naphthoguinone, Z-
methoxynaphthoguinone, 2,2,6,6, ~tatramethyl]l piperidin-l-oxyl,
2,2,6,0,-tetramethyl-4d-hydroxy piperidin-l-oxyl, 2,2,6,6,~
tetrametnyl-—4-methoxypiperidin-l-oxyl, 2,Z,0,4,-tetramethyl—4-
rhencoxypiperidin-i-oxyl, hydroguinone, Z-methyl hydroguinone,
2-methoxvyvhydroguinene, parabenzogquinone, butylated hydroxy

anlscle, Z,6-di-t~-butyl-4-ethyl phenol, Z,&-di-t-butvicresol,

stearyl P-(3,5-dit-butyl-4-hydroxy phenviipropionate, 2,27 -



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 |
naphthoi,J fphenylamine, aluminumsalts of N-nitroso phenyl ydroxyamind, trademark ADECA STAB
LA-)trademerm, ADECA:STABLA-82-(mahwael, edry:ADECA CORPORATION) and:the like, but are
not limited thereto. Among them, those exerting remaxkable effects in combination with the thermal
radical polymetizdtioncinitiator arefth€ radica) polymrizaton inhibitorsydescribed in formulae (2) to (4).
These radical pO1 ymerlzarlon inhibitors may be used. alone, or may be used in a combanatmon or
two or mofé kinds: Meanwhile i férthula (3Yiepresents arhijdrogenatoimy ‘a4 o oy group,a 1-04
straight or branched alko roup, a phenoxy group,an acetoamgde group (-N0000133)amino group
(-NR:), a Eg’r%)%g groip (Xé oo group X ﬁ?%%%%&by%xé ’g%odp?d (-00006H5), an isothiocyanatd

group (-NCS),.or.an oxo,group {:Q), preferably a hydrogen atom, a, hydroxy group, a 01-04 straight or
branched alkoxy group, a phenoxy group, an amino group oxy group, preferahl.ly a hydrogen atom,
ahydroxy gbe«p,-an amdap.group.aracabe Xygreupyand cartaculagly preferab by a hygrcge n atom,
or a hydrcxy group.

D U ¥ Sy P ¥ P SN G > TUOAL DTN feoae s
t-putyi-dl -hydroxy benzyl)-sec-triazin-2,4,6-(1H, 3H,3H)trions,
. o P T T e e o e b o STV AP I Gl 33 4} wr Tl ooy
paranethoxyphencl, A-methoxy-l-naphthol, thiodiphenviamine,

P T & L P, . Tl v 7 S o e e e
aluminum salts of N-nitroso jeiat nyl nydroxvamine, trademark

ADECA STAB LA~B81, trademark ADECA STAB LA-2Z (manufactured by

ADECA CORPORATION) and the like, but are not limited thereto.
Among them, those exerting remarkable effects in

combination with the thermal radical polymerization initiator

are the radical polymerizatlon inhibiltors described in

[®!

bl

ormulae (2} to {4). These radical polymerization inhibitors

may pe used alone, or may be used in a comkbination of two or

Meanwhile, R in formuolaz {3} represents a hydrogen atom, a
hydroxy group, a C1-C4 strzight or branched alkoxy group, &

phencxy group, an acetoamide group {~NHCOCHR), an aming group
Hs), a carboxy group (~COCH}, a cyano group {(~CN), a
penzoyloxy group (-0CC0CeH:), an lsothiccyanate group (-NCS), or

an oxoe group (+=0), preferably a hydrogen atom, a hydroxy group,

]

a C1-C4 straight or branched alkoxy group, a phenoxy group, an

i

I

e - T . PN gy R T AT e e . PO S Frowr s
amMinge group, ©r a carpoxy dgroup, further preferably a hvdrogen
v e [ TR, R, - PR S T o J—
atom, a hydroxy group, an aminoe group, ©0r a carboxy group, and
~ = 2 T -, - = 3~ = P
particularly preferably a hydrogen atom, or a hydroxy group.



18 The component (b), a radical polymerizationibithr may be added when the component (0), 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. Hptwevhr, 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-greup andthercomponent (d).curablesesifthat has an-epoxy: groupr and is dissolved
in order to obtain effective effects. The content of the) radical polymerization inhibitor Is Preferably
from 0.000% te dlparts byfurther nreferablayfrormi-0.004 te 0:5lpkrtsitay: massh and ipasticularly 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 inizoftii@ - stal seafantinVertion. F tiie ARdount of the Fadieapd]etization irhibitor'is foo small,

sufficien halndlinfq mggerties cannot be obtained, If the amount aof the.- ed.ical polymerization inblhithr
/

is too ,117141199/1 7% Eryatal chhtaphiRaliGn mal be troublesamE die 10 the dalay '6Fthé thermal
reaction %mﬁ'[bg Q%%%Q@t%§8§1@”§R&th-‘hmefe@&%H}-Y&E‘wgm?&P{‘ag;?xf-% the ¢.omponent (c), a cue

resin that (met.:h.) actyloyl grou.p. Exampl.es of such curable resin include for example, (metester,
epoxy (ifinatethe,e<Exh-ples.of the(meth)acryi ¢ ester dnclude benzml;49- -, <ne

component (b)) radical polymerization inhibltor is preferably
added to either one or both ¢f the component (¢}, & curable

resin that has a (metnhlacryvioyl group and the component (d), a

prf

1

curable resin that has an epoxy group, and is dissolved in
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preferably from 0.01 To 0.2 parts by mass with respect to 100

parts by mass of the total of the curable resin in the liguid

radical polymerization inhibkitor is too small, suf

handling properties cannot be obtained. If the amount of the

radical polymerization inhibitor is too great, the liaguid
e ol IaTat s i) T ot T Ty T | e et s Py o Ao Yo Ao T o e
Crysta. Contamlingtion may De croublesome e Lo Lhe gelay of
N e

the thermal reaction

(meth)acrylovl group. Examples of such curable resin include,
ftor example, (methyacrylic ester, epoxy {(melhjacrylate and the

like. Examples of the (methjacrylic ester inciude benzyl



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-functianal.epoxy, resiand examolesthereof include, for example, a:klsphnelA type-epoxy
resin a bisphehol F sypu epoxy resin, a bisohenol S type epoxy resin, a phenor novolak type epoxy
resin, a cresot novolakitype epoxy sesin; artbisphenok Asngyblak type époxy tes)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 aRfifé tyiie’ Epexy-fesin.“a. thytlantoltypé epoxy resin®an'isSocyantifaté type epoxy resin, a
triphpnpl methane skeleton-containing phenol novolak type r and in addition, catechol, a diglycidyl

ether or phiehols: ‘Stiéh H8'felsorcinol asthet aidohdls, ahd 8 Haldgeratéd Material trier coil, /dal thereof

and tike. Amon,epoxyn s more prefesaply resorein diglyeidyi ether from viewpoinm gid cystal
conidroination. In addition, ratio of the epo b1 w“} I 1Re.

tion, ratio of the epoxy group anb the k(math acryloyl group is selected from thp

VLGWOOMM@CG@&M@&QJ&I},}{@BQ |rﬁg@-i%@rYC§wM@“@Mi§na known methcd by a
reacticn of an epoxy resin and a (methjacrylic acid. The epoxy
resin that 1s & raw material is not particularly limited, but
e preferably a bi-functional or nigher-funciicnal epoxy resin,
and examples thereof inciude, for example, a bkisphenol A type
spoxy resin, a bisphencl F type epoxy resin, a bisphencl S
type epoxy resin, a phenol novolak type epoxy resin, & crasol
novolak type epoxy resin, a bisphenol A novolak type epoxy
resin, a bisphencl F novolak type epoxy resin, an alicvelic
epoxy resin, an allphatic chain-like epoxy resin, a glyecidyl

ey type epoxy resin, a glycidyl amine type epoxXy resin, a

hydantoln type epoxy resin, an lsccovanurate Lype epoxy resin,

PR R W ] . o be o ) e S . H H - J o~ .
triphencl methane skeleton-containing phensl novolak type

4]

. o e 1 e o N [T I - . b - H R R -3 -
rpoxy resin, and in addition, catecheol, a diglyveoidyl ether of

bifunctional phenoals, such as resorcinol, a diglycocidyl sther

ot bDifunctional alcohols, and a halogenated material thereof,

a hydrogenated material thereof and the like Among These, the
epoxy resin 18 more preferably resorcin diglycidyl ether from
the viewpoeint of the liguld crystal contamination in addition,

the ratio of the epoxy arcup and the (meth)acryviovl group is

,,,,, P e St b Al vy e} SN I o [ Tyt oy S ~
and 13 suintaply selectied Ifrom Tne viewpoint of

process sultabllity and liguld 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 p?@ce.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 curableresin; that has-an epoxy greup used is:not-particularlylimited,-but is preferably a
bi-functional or highbr-functional epoxy resin., abd examples thereof include, for example, a bisphenol
A. type, epoxyn, a bisphenot Fitypé epoxyresin, athis phenoki Sctypetepoxysresin; a phenol novolbk
type epoxy resib, a cresol novolak type epoxy resin, a obsphbnpi A novol. ak type- epoxy resin, a
bisphenolE hovofakitype epoxy resSin: yelic' 8paxy fesin, an aliphiaticeéhainlikerepoxyresin,idyl ester
type epoxy_resin, a glycidyl amine tom type epoxy resin, isocyanurate type epoxy resin, a triphenol
methane skel'on-c6. ainidg phbnol'ndvolak type epoXy résin, and in‘addit’'on’ & diglycnof ffunctional
pii.enols, a-ulglycidyi ethbr of brburactio | alcohols, afar a halogenated material thereof, abratbb
material tﬁéregb%ldhl}j/ tﬁk%?‘)&fﬁbn&tﬁéth%’ f}i%c PR R RS TS

total amounit of the liguid crystal sealant.

The liguild crystal sealant for the ligquid crystal
drepping process of the present invention may alsoc usse the
component. (d), a curable resin that has an epoxy group,
whereby to seek improvement of adhesive strength. The curakle
resin fthat has an epoxy group used is not particularly limited,
but is preferably a bi-functional or higher-functional epoxy
resin, and examples thereof include, for example, a bisphencol
A type epoxy resin, a bisphenol F type epoxy resin, a
bisphencl B type epoxy resin, a phenol novelak type epoxy
resin, a crescl novolak type epoxy resin, a bisphencli A
novelak type epoxy resin, a bilsphencl F novolak fLyps epoxy

resin, an alicyclic epoxy resin, an aliphatic chain-like epoxy

resin, a glycidyl ester type epoxy resin, a glycidyl amine
type epoexy resin, a hydantoin type epoxy resin, an
iscoyanurate type epoxy resin, a triphencl methane skeleton-
containing phenol novolax type epoxy resin, and in addition, a

aiglycidyl ether of bifunctional phenols, a diglycidyl ether

' 4 £ £ g o ] - - - —~ —— +~ - s
of bifunctional alcoohols, and a2 halcgenated material thereof,
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4 nydrogenatad materlial tnhnereci and the like Among these, ne
- Y [ - — £ -,
Curalie resin tnha NA an epoXy Jroup Ls preierapnly £



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 bx mass with. respe..ct to 100 parts by mass of the
total amount of the ,ddd crystal sealant. The cémponent (e) heat-curing agent used togethr with
the componentthe liquid c.rystal sea.lant for the liquid crystal dropping process of the present
inventionnot patticwartyrliimited, ang: exami:thereof may<daelude pods, yvaterd a:avines; pelyhydric
nh.enols, hydrazide compounds and thd like and particularly suitably solid organic acid hydraxides.
Examples 'of thesomponent (8)-hedtscuringzdgent :imay incliide, for exampte;argmaticnvdmazides
such as saucy'hydrazide, benzoic acid hydra de,maphthoic aced nvdraxice, t erephthalic acid
dihydrazit@, soph ahit“acl.d"ditvdra2, 6Gtaphitoic acid dihydrazide, 2, /6 pyridire” 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 (é):clling agent may irthiie afiphatic hydras ...de
compounds.such as formf 2l/gj1_ralr7(1|d5(-:;3 acbtphydrazide, propionid acid hydroxide, oxalic acid
dihydrazide, mahozacid dihydrazide, s- inir

£ o~ . . - o 1 — i PPN - 4w oo b ¥ vy ke e
fhe component {e) heat-curing agent ussad together with

crystal dropping process of the present invention 1s not
particularly limited, and examples therecf may include
polyvalent amines, polyhydric phenols, hydrazide compounds and
the like, and particularly suitably solid organic acid

hydrazideszs. Examples of the componsnt () heat-curing agent

may inciude, for example, aromatic hydrazides such as

sallcylic acid hydrazide, benzolc acid hydrazide, l-naphthoic
acid hydrazide, terephthalic acid dihydrazide, isophthalic

dinydraeide, 1,2,4-benzene trihvdrazide, 1,4,5,8-naphthoic
acid tetrahydrazide, pyromellitlc acld tetrahydrarzide and the
like., In addition, examples of the component {e)} hezt-curing
agent may include aliphatic hydrazide compounds such as
formhydrazide, acetohydrazide, propionic acid hydrazids,
oxalic acld dihydrazide, malenic acid dihydrazide, succinic
acid dihydrazide, glutaric acid dihydrazide, adipic scid

dinhydrazide, plmelic acid dihydrazide, sebacic acid

dinvydrazide, 1,4-cyclohexane dihvdrazide, ftartario acid
dinvdrazide, o oacid dinvdrazide, imincdiacetic acid

ISR N S e g e - PR "3
dinydrarzide, N,W -hexamethvliene bissemicarbazide, itric acid



acid dihydrde, glutaric acid dihydrazide, azideacid dihydrdzide, sebdchr acid Irazidemcyriche ane
alhydraxideacid Vo 22 trihydrazide, ngtriloacetic acid trihnydrazide, cyclohexa e tricamboxylib acid

trinydrazida; dihydrazide compounds

that have a hydantom skeleton, preferably a yaline hydantoin

skeleton (skeleton. in whi..ch the carbon atom of thé hydantoin ring is substituted with an ihopropyl
group) such as 1,3- his (hydrazinocarbonoethyl)-5-isopropyl hydar oin; tris(lhydrazinocarbonylmathyl)
isocyanurate,Hrist2: hydeaz' carbanylethy).)dsacyahurate; is(2- hydrazinecarbenylethyl)
ihocyanurabe, tris(3- hydratinocarbonylplM isocyanur a, bis(2- hydrazinoma bonylethyl) isocyamurabe
and the like 1 Thisheaticuring-agentmay dbezusel alohe; of miay be used-as:a dmixture of two or mo<e

inds. The component (e) neat_curin
di.hydrazide? adipgevacid dinydraZia

e

hydraz.ln?;(:;(%rbgp yleth sgc;ianurate tris(2- ra2|t arbo

agent is pmeferabd y isophthaiic ac Id dihydraiide, malonic. acid
©5ebabit seidd His(1-Ry. 1azinbea pr &%) isotyanurate, (2-

rtl%lethyl) |sobyanurat| % ft{g@; -

eton in wWhic on’gtom i Tl

ring is substituted with an iscpropyl group) such as 1,3~
bis(hydrazinocarbeonoethyl)-b-isopropyl hydantoin; tris{i-
hydrazinocarbonylmethyl) lsocyanurate, tris{Z-
hydrazinocarbonylethyl) lsocyanurate, trigi{l-
hydrazinocarbonylethyl) lsocyanurate, tris({3-
hydrazinocarbonylpropyl) lsccyanurate, bis(2-
hvdrazinocarbonylethyly isocyanurate and the like This heat-
curing agent may be used z2lone, or may be used as a mixture of
WO Or more kinds The component {e} heat-curing agent 1s
preferably iscphthalic acig dihydrazide, malonic acid
dihydrazide, adipic acld dihydrazide, sebacic acid dihydrazide,
tris{i-hydrazin sonylmethyl) isocyvanurate, tris{Z-
nydrazinocarbonylethyl) isocyanurate, fris{Z-
hydrazinocarbonylethyl) isocvanurate, or tris(3-
hyvdrazinoccarbonylpropyl) isocyanurate, and particulariy
preferably lenic acid dihvydrazide or sebacic acid
dihvdrazide for the balance of curing rea vity anc
potentiality. The amount used of e component (e) heat-curing
gent when such (e} heal-curing agent is used is from 0.5 to
2.0 eqg., preferably from 0.8 to 1.7 eg. witnh respect to 1 edq.
of epowxy of the epoxy group of the component (d) curable resin
that has an epoxy group.

In the liguid crystal sealant for the liguid cryatral



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 . O eeferab_ from.8 to 1.2 Eq. with respect.
1).- 1 eq. dropping process of the present inventic, the component. (f) silane coupling agent may be
used. to seek improvemof adhesive strength and improvement of moisture proof reliability. Examples

of the silane-gouplingagentsinclude; 3= glycidoxyprapyitimethoxysilaee, -3glycidaxyoraopyi
methyldimethoxysilane, 3-glycidexypropyi methyldimethoxysilane 2-(3,4-epoxycyclohexyllethyl
methyldibrethoxysila , N-(2-amino hyl) 3-ami.n.opropylmethyl  lethexysilane, 3-aminopropyl
triethbxysiMeé 23 mefcaptopidpvi trimettioxysitatie! vi.nyltimethoxysilane oN-(2- (tienzyl cmi no) ethyl)
-3-- ninoprqg;gl trimethoxysilene chloride, 3-methacryloxypropyl trimethoxysalene, | oroprupyi

r & SRSl Swamples of Lhe ol Dl T rYY S aiede
methyloxysilahe” “chloropropyi- " ‘methoxysilane and the like. The Conteht of tHé (11() silaze coupling

agent in ttﬁygyi%%%gﬁ%égﬁlwi%atﬂik%ﬁy irom 0.05 to 3 parts iy, 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

—

2~ (3, 4~epoxycyciohexyllethyl trimethoxysilane, N-phenyl-y-

aminopropyl trimethoxysilane, N-{(Z-aminoethvyl)3-aminopropyl

methyldimethoxysilane, N-({Z-aminoethyl)3-aminopropylmethyl

]

A

trimethoxysilane, 3-aminopropvl triethoxysilane, 3-

mercaptopropyl Ltrimethoxysilane, M {2~

vinyltrimethoxysilane,

{vinyibenzylaminciethyl)-3-amincpropyl trimethoxysilane

hydrochloride, 3-methacryloxypropyl Trimethoxysilane, 3-
chioropropyl methyldimethoxysilane, 3-chloropropyl
trimethoxysilane and fhe like The content of the () =zilane

coupling agent in the liguid cyrystal sealant is suitably froo
0.05 to 3 parts by massz with respect to 100 parts by mass of
the total of the liguid crystal sealant of the present
invention,

[n the liguld crystal sealant for the liguid crystal
dropping process of the present inventiocn, the component (g)
norganic filler may be used to seek improvement of adhesive
strength and improvemant of molsture proof reliability.

----- an v T = e o M . I For e BN :
Lxamples oi thils inorgantc flliler :z

crystailine silica, silicon carbide, si

nitride, calcium

um o

sulfate, calcium sulfare, mica, talc, ©

ilicon nitride,

nelude molten silica,

LForon
barium

e
arbonate ;

lay, alumina, magneslium



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 2“per, carbon fiber, molybdenum bisuifide, asbestos
and the Like, preferably molten silica, crystalline silica, silicon nitride, boron nitride, calcium carbonate,
barium, sulfate: caleiun sulfate, mnicactale, .clay,-alumina; aluminymihygrexidecalcium silicate and
alum.inum silicate, and further preferably molten silica, crystalline silica, alumina andse :- fillers
may be used ina mixturezof twororanore:kinds. average particle diameter Is tooi.great, becomes a.
defect factor sta hat a gap canbot be formad well when the upper and the lower glass substrates are
laminated®at GFmafuitacrure bf a liquid crystal displayhiraving &l Rarrbw-gap, dnd thudthe average
particle diameter a.fgp Eogriq,aj Q/\f/)l)lﬁ_ or less, an.d refbe_rgbly 2 !'dm or I%sgs.:lfh\e . ‘(ile]ndiameter can be
measured bybaser diffraction/s¢attering type Paricle sizé distibution -~ rément apparatustype)
(manufached Py IEIRHIN ENTERERISE NOrobtd o ¥6)-30)-1 The sentent of e ngrganic filler (@) in
e ligsi

nitride, boron nitride, calcium carbonate, barium sulfate,
calcium sulfate, mica, talc, clay, alumina, aluminum hydroxide,

calcium silicate and aluminum silicate, and further preferably
maolten silica, cryvstaliline silica, alumina and talc., Thess
inorganic Tillers may be used in a mixture of ftwo 0or more

kinds. If the average particle diamester 1s teoo great, 1T

~ .

the time of manulacture of a maid crystal display cell
+ - - % 7 - oo e e o
naving a parrow gap, and thus the average particle diamester is

ENTERPRISE Co., Ltd.; LMS-30)

The content of tThe incrganic fTiller {g) in the liguid
crystal sealant, which may be usaed in the liquid crystal
sealant of the present invention, 1is typically from 1 to 60
parts by mass, and preferably from 1 to 40 pa 2y Mmass with
respect to 100 parts by mass of the total amount of the liguid
crystal sealant of the present invention. If the content of

The incrganic filler is too small, strength of adhesion to a



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-gentent.ef-the-inorgan.ia:filles is tooigreat, ibis hard-to perform erushing 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: presantdinventiontmay contain:the compon(ny; epietopod.. vnesi.zatiominjtiator in
order render the ....quid o.rystal sea.].. ant for the ligp'd o.rystal dropol na process to be a light -eat
combination éuring t-ypa ligtidPROOpOR/meri7sitiont inords 296 20061027982 “THe coritet
ofopopolyn}eriz_:s}Dr] ini_..iator _ the. liquid crystal seal antis prefeanhly from about 1 to 10 parts by
mass with fespect t6" 106 barts by ass' 6f]i?f)1/dent]c)(t' amouritthe iquid ‘erysta se C: Jquid crystal sealanL.
of hard to perform crushing and the gap of the liquid crystal

cell cannot be Tormed,

The liguid crystal sealant for the liquid crystal
dropping process of the present invention may contain the
component (h), a photopelymerization initiator in ordsr to
render the liguid crystal sealant for the liguid crystal

£y

Ihe photopo!

not particularly Limited as long as it is a compound that
generates radicals by lrradiation of UV or visible light, and
iniviates a chain polymerization reacticn, and examples
thereof may include benzyldimethyl ketfal

hydroxyeyeliohexyiphenylketons, diethylthioxanthone,

benzophenone, Z-eihyl anthraguinone, Z-hvdroxy~Z-methyl

propicohenceneg, Z-methyl-{ 4-{methylthio)phenvl] ~2-morpholing-1-
propane, 2,4, 0-ftrimethyl benzoyldiphenyl phosphins oxide and
The like In addition, those having a [(methlacryloyvl group in
the molecule are preferably used, and for example, a reaction
product of > and 1-{ 4- (2~
hydroxy ethory)-phenyl] —Z-hydroxy-Zmethyli-l-propan-l-one 18

B N T Uy R AU A £ I R T
SULTADLY used Irom Lnhe Viewpoint ol tne contamlnation of the
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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 compo?rfbnt (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.cThemn; the sol utior is-eemhbined-with ithe compoanent (a); thp eomponent tflkthe.comporpm
_ (e), the component. (g), and an organic filler, an anhift m agent, leveling agent, a solvent and the 1
ke as necehsahand uniform}minxead: Withea: known mixing:apparaltuus forrexample maiasahd mill like,
and filtered with a me.t.al mesh, whereby tp manutact.ur the li id rystal sealant of:resent invention

The liquid; ¢ystalig dbtained by dispésing prescribed ataprescribeess ©f the total

amount of the liguid crystal sealant.

The liguid crystal sealant of the preseant invention may

be also plended with a curing accelerator, such as an organic

acld and an imidazole, an organlc filler, and additive,

an

such as a pigment, a leveling agent, an antifoam and a

agent

solvent as nefeziary.

A method described bhalow as one example of a method for

o=

liguid crystal sealant of the present invention.

the component {(d) 1s dissclved and mixed in the

component (¢} as necessary. Then, in this mixture, the

component (D) 1s dissolved, and also the {h)

component

dissoclved as necessary. Then, the zclution is combined s

the component {(a), the componen (fy, the component

(@) ’

component (¢}, and an organic filler, an antifoam agsnt, a
leveling agent, a solvent and the like as necessary, and
uniformly mixed with a known mixing apparatus, for example, 2
Three-roller milling machine, a sand mill, 2 ball or the
Like, ang Iilfered with a metal mesh, wherasby to manufacture
the liguid crystal sealant of the present invention

The liguid crystal displavy cell of the present invenitior
13 obtained by dispoesing one pair of subst on whict
prescribed electrodes are Zcormed in opposition to &
substrate at a prescribed interval, sealing @
withn the ligulid crvstal sealant of the present




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 invéntion 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; of acscreen print apparatus of the Lrempurarq £l ng.isf mepixat 8010 120C. as ne( Then,
liquid crystal. s droppedwinto the inside of the weir of the liquid crystal sealant, and the other glass
substrateds:posed ih avacudntto/pé 2.forns gap forms.tiilogniAfter thel ga et cclringiés-penfo.rmed at 90
to 130C for 1 to 2 hours obtaiuystay cellsent nen at-h t come' fi,on type .

the substrates are Iormed of a combination of substrates such
as glass, guartz, plastic, and silicon, in which at least one
of the substrates i1s light-transmissive. Az the manufacturling

methoed thereof, the liquid crystal sealant of the present

invention is combined with a spacer such as a glass fiber

{space control material), and then the liquid cryatal sealant
~ - ol . . £ e ~ £ - - v

is applied onto one of the pair of substrates using a

dispenser, or a screen print apparatus or the like, and then

temporary curing is performed at 80 to 120°C as

Then, liguid crvstal is dropped into the insgside of the weir of

the liguid crystal sealant, and =
superposed in a vacuum bo perform gap Lormatlion. the gap
formation, curing is performed at 90 fto 130°C for 1 to 2 hours
to obtain the liguld crystal display cell of the present
inventicn., In additicon, when a light-heat combination nype is
used, the portion of the ligquid crystal sealant is irradiated
with ultravicler light using an ultravioler light irradiatior
rachine to perform the photocuring The lrradiatior ol
yltraviolet light is oreferably 500 to 6000 mi/cm’, and more
preferably 1000 to 4000 mJ/cm®. Then, as necessary, curing is
performed at 80 te 130°C for 1 to 2 hours to obtain the liqguid
crystal display cell of the present invention. Tt guid
crystal display cell thus obtained of the preser invention
does not have disnpl ;o dus Lo contamination of &

tiguid crystal, and is excellent in the adhesiveness and



used, the portof the liquid crystal scalpl 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 obtdined o.l t.hei-- does not have ddne to c t f liquid
crystal, and is exbellre adhesivemess and moisture proof re.l.iahL.ity. Examples of the spacer include
glass fibers silica beads; polymeriheadsiand 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 tol4 parts by=mass spreferably=from, 0 516:2s:by hrasss anddurther preferablyifrom 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 chystaFs&dlant 76 thecrystal @ropping ph'esertinvent. inias veryydod heat

r

typically from 2 to 8 um, and preferably from 4 to 7 wn. The

arts by mass

amount used Ls typically from 0.1 to 4

o
0
o

b2
o
0
m
Ny

preferably from 0.5 fto 2 parts by mass, and further preferably

from 0.9 to 1.5 parts by mass with respect to 100 parts by

mass of the liguid crystal sealant of the present invention.
The liguid ¢rystail sealant for the liguid crystal

dropping process of The present invention has very good heat

promptly cured in the heating process in

the liguid crystal drepping process. Accordingly, elution of
the constituting components into the liguid crystal is
extremely low, and The display defects of the liguid crystal
display cell can be reduced. In acdlition, the liguid crystal
sealant of the present ipvention is also excellant in fterms of

the handling property and the storage stability, and thus is

suitable for manufacture of the liguid crystal display cell.
Furthermore, a cured product thereci is also excellant in

VA cured product properties such as adhesivs h,
heat resistance and humidity resistance, and thus by using the

~m 1] . SR g ey o N P - M — 47 L - .
cell prepared using the liguld crystal sealant of The prese

‘ T T T T I (- NR SN B S o ey o e P A
INVEenTLon 88 a4 nignh vol a Je-lnold ing rave, and Low ron aensit Y or
anc thus mests the propertles necessary for a liguid crystal



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, Injaddition, the seal ant of the present invention is also
excellent in term hendling proper-d the s ore ¢ stabﬂity, and thus suitable for manufacture of the liquid
crystal display cell , a curcd product thereof is also excellent. in vanour-- cu .ad
roduct.prepd-uts:such: as adhoSivc, ,,,t-rnr al-Ostance, 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 liquld crystal seal.ant of roe present rate, anddenb and thus meets
the pxopert s necessary for a liqui 29 .MPLESDIZ-_IWe?rei? after, the present invention is furthE.r
CXAMPLES
Hereinafter, the present invention is further

specifically described with Synthnesis Examples and Examples,

bt the present invention is not limited to the Examples.

Meanwhile, "part" and "%" in the text ars on a mass basis

uniess otherwise stated.

Synthesis Example 1
(Synthesis of l-hydroxy-Z-trimetnylsiloxy-1,1,2,2-
tetraphenylethane)

100 Parts (0.28 mol) of marketed benzopinacol
(manuiacturad by Tokyo Chemical Industry Co., Ltd.) were
dissolved in 350 parts of dimethyi formaldehyde, and 22 parts
(0.4 mol) of pyridine as a basic catalyst, and 180 parts (.38
mol) of BETFA (manufactured by Snin-Etsu Chemicel Co., Ltd.)

and the mixture was
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heated to 70°C, and stirred for 2 hours. The obtained reaction
Pigquid was cooled and combined with 200 parts of water while
being stirved, and the product was precipitated, and the
unreacted silylating agent was deactivated and isclated. After

R ey . = - - ~} £ -

LT ratiin, LThe [ilitrate was washed sUulzicliently, and
recryvstalllZed Glve
¥ -

fat ey -~ . -
LUS. 0 Darts o

e o By e Y - e [ - - Thowm, = 7 - oy o
eltraphenylieinane {ga. 2 Jie@ ) ANaiVE1Is DY gJave UY
e g n I P - K T R P R RN YIINT Y UBAT O - - R i A Yoy
(area percentage). In addition, HPLO-MASS gave 438 of the



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-thimetb siloxy-1,1,2,2- tetraphenylethane) 100 Parts
(0.28 mol) of marketed benzopinacol (maaufactv al 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 dparts {0.58-mpbof BSTHA-(manufacture({=Stat &hemicakecyiid.) as-aisilating agent
were added thereto and the mixture was heated to 70C, and stirred for 2 hours The obtained rea.ct.ion
as cooled.Afig-clomldned Wit 200pdrts ofwhilorny stirred cand: thel product(r4 7d,candiithe unreacted
sig ags deactivated and :i.so lat.ed. Aftet filtration, the filtrate wad sufficiently, and r:ecrystall.i.
zedacpurifietl” ihete 5yto Give 105 DB 744:3isia, 7- £ 212-tettiP L€ caver99.05. '86"mul ecular ion peak.
Furthermore, the Hrodqct was disioli\/ed in DMSO-da, and the target compgund was idglggified from

: =
ol

the NMR {proton) spectrum "AS' chemical shift Valids' fof the MRS =7y -1 pem A

for silexymethyl proton, and 7.1 ppm (16H) and 7.4 ppm (4H)
for phenyl proton were cobtained.
Reference Synthesis Example 1

A type epoxy resin)

o " o o - - . T
{product name: YD

R 3 3 - Py gy g - 3. 2 RPN B ~ 3y ol
dibutyl hydroxytcluene as a polymerization inhibitor was added
e e T oSl Tihe rear OV oI NG rms hmaotacn o 0T

e i, =g e & LON LI1OuUuinG was s e I

1 [ = — - b . = — ~ oy, o
Li7.5 g of acrylic acid as 100% eguivalent to the epoxy group

give the reaction liguid This reaction liguid was washed, and
toluene was distilled, whereby to give 395 ¢ of the intended

bisphencl A type epoxy acrylate (KAYARAD™ ™ R-93

Examples 1-2 and Comparative Examples 1-3
{(Preparation of liguid crystal sealant for the liguid crystal
dropping process)

Each of tThe resin compeonents (component (o), component

{(d}} was mixed in the ratic shown in Table 1 described below,



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
reactl:michwas hoated:to 60€. Then, 117:5 ceDf acrylic-acid-as 100%:eguivalept to t.heOUP was
added, atmeaction liquid was further heated80C, ed with 0.6 q of Lrimethyl anLmonum chloride
reaction catatystrand stitred at 98C for amalty 80 hours ta giveckreacton: liquid. This reaction liquid was
washed, and toluerre: was dist.illad, whereby to give 995 a of the intended is phenolA type

epeeeery( FYRRARALOC)! EX &Mzt 4fd €omp BtEXamples 13 guid érystal $ealant forthe li.qui.d o.el
dropping, grocess) N

room’ temperature, and then suitably combined with the

silane coupling agent (component {f)}), the inorganic filler
{component {(g)), the thermal radical initiator (component (&)},

the heat-curing agent {component {(&)) and the like, and

r =
nachine, and then filtered with a metal mesh (635 mesh), to
crepare the liguid crystal sealants for the ligquid crystal
dropping process of Exanples 1 To 5 In ad on, the liguid

Comparative Examples 1 to 3 were prepared likewise using each

of the components shown in Table 1.

Hereinatfter, the descriptions for evaluation items of

cach of the prepared sealants for liguid crystal dropping

(Test for neat curability)
Each of the prepared liqguid crystal sealants for the

figuid crystal dropping process was molded o 3 cm % 3 om x 1
min, and cured at 120°C for 1 nour. 2hore A hardness of the

cured material was measured, whereby to evaluate the

curability., The results are shown in Table 1.



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 (componéﬁt (), 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-rotler mil) :mathifiitereo-aiha 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 forithe liquid:trystal-dropping process of Comparative Examples 1 to 3wefe prepared
likewise using each of the components shown in Table 1. Hereinafter, the descriptionE for
evaluatidititefis ef-eachr ofprépared searaxis or fiquid Erystal dropping procéds:and Fesults thereof
are shown. g'est for I?jeat curablllf%/ Ha oh. of the prepared liquid cry /stal. seolamts for the liquid
crystal dropping process was molded to 3 em x 3%m X1 rmf, and cured a‘(trl 't RGur. Shore A
hardness of the @urieiqmai%rla sl was, m@asw%d,rwqergpy,@ evalyate the. J;;ngb[uty The results are
showTable 1.

stirring-degassing mixer, VMXC~3€0K (manufactured by

ENYVIRONMERNT & MATERIALS & ELECTRONICS GROUP) was used as the
VACUUM STI1rying-cedassing apparatus. The prepared liguid
crystal sealant for the liguid crystal dropping process wWas

e 3 3 3 - 4 g P N = 3 e ] + 3 T =+
placed under a 23°C atmosphere, and measured for the gelation

A: No gelation at 168 hours or more
B: Gelation at %9 hours or more and less than 1685 hours

C: Gelation at less than %% hours immediately after
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ultraviolet light, and then about 100 mg of the liguilid crystal

sealant was appliied onto the beottom of a 10 ml vial, and then

= — oo 3 + TN e o} g
Jarmstadt, many) was added In an amount of 10 times therect.
[t - - - - = I e’ [+ — — £
The vial was heated for 1 hour at 120 °C, and then cooled for
30 minutes Each of the supernatant ligulds was isolated witi



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:tired by ENVIRONMENT & MATERIALS &
ELECTRONICS GROUP) was used as the vacuum,rring-degassing apparatus. The prepared crystal
sealant for the. liquid systal dropping: process:was placed ander: a23C.atmosphetej>-and measured for
thp gelption time, and evaluated by the criteria. below. The results are shown in Table 1. A: No
gelation atA68HGurs orimere” 2'P: Gelation at 967 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’§&aiahts-fot the figiid crystal dropping processwas irradiatetf3000' 1AISE M({ ultraviolet light,
and then about 100 mgi-Q-UhQﬁliqgﬂgr-%,@!,%t%v.seé-‘!.@t 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 thereef. The.vial.was heated far. L hour at.120 C..and then cogled 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 okmmeter (12.834facturedbyrnd 1ess than 1.08 + 11 of the value

of specific resisitance

o: Less than 1.08 + 10 of the wvalue of specific
resistance

Maanwnile, "1.0E + 11" o
resistance represents "1.0 x 10°'". The same applies to the

other descriptions.



test Corporation)fared with the valt

Evaluation was performed by th..e criteria below.
resi.stance

mfac resistance of those not containing a. sealing agent.

A: 1.0E 11 or more of the value of sp.ecif:ic
B: 1.0E + 11 or more and less thmn 1.0E11 of the value of specarac resistance
Less than 1.0E -1-Ofealum of specific resistance Méanwhile,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
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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 ¢rystal contamination. Tt was confirmed that the. llqula crystbl seal ants for
the liquid crystal dropping process cflni-AHnibq specific. compounds, suhh as naphthogumone as the
(b) radical._polymrization inhihitor (Examoles 1.to 4) were part=mularly excellént among them.
INDUSTRIAL-ARPLICANILLTAI #v=The liquid crystal seatant: for-the liquid-crystal dropping process of
the prebent Imbation has goo:i thermosetAt igproperties, and is also excellent.in term of. property and
storage stsy, 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&omprising: (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..eurable: resin-having a
(meth)acryloyl group. 2.The liquid crystal sealant for the liquid crystal..dropping.pracess.according to
claim 1, wherein the component (al is a compound. represented by formula.(1), bel




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, ah 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,

4 1y 3-b [oxirany syl renzena (mary i 4 har ¥ LT Liond
! 1 Imanutfa ] by Ot ka Uhe 3 , Ludl)
S0H used as lweyi vy det mil B TEGE e o um
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From the results of Table 1, 1t was confirmed that the

liguid crystal sealants for the liguid crystal dropping

frat

srocess containing (a) a thermal radical polymerization

initiator not having an cxygen-oxygen bond {(~0-0-) or a

nitrogen-nitrogen bond {(~N=N-} in the molecule theraoi, () a
radical polymerizarion inhibitor, and (¢} a curable resin

having a {(methlacryloyl group {Examples 1 to 3) ware very
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dropping procass of the present invention has good

thermosetting propertises, and 1s also excellient in terms of



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, ClI-C4 straight or branched alkoxy group, or a C1-C4
straight or branbhed alkyl group, C) Rs RioRi2 (3)wg wherein,r s CI-C4 st..raiq
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a cured material such as adhesive strength., Accordingly, the
liguid crystal sealant for the liguld crystal dropping process
of the present Invention allows flexibility of the design of
the liguid crystal display cell to be secured, and contributes

e the productivity, and long term reliability thereof,



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,
The liquid crystal. sealant for tha 1. i.guid cryscal.

to 3,

OH wherein,Rrepresencs a hydrogen atom, or a Claddi ight or branched aikyi. group.
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tprising (d) a. c.urahle resin that has amOUp and (e) a heat-curing agent. The liquid crystal sealant for
the iioui fless accor ding to claim 4n the comoonent (e)an organic acid ned4wid 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 ﬁ%uid 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 initiatorz *9+ The liquid crystal sealant.for the IMmTmcd
crystal dropping process according to claim 4 or 5, wherein the content of the componentfrom 0.0001
to 1. parts bywmass with resppom torTOO partsTly massofthe totalrapbunt of'the eomponpse (c) and
tnp component (d). 10. A method of manufacturt g the liquid crystals ealant for the liquid crystal
dropping process-decordifig to any one of aims 1 te 9, comprising a. step of dissolving theponent (b)
in the component (c).

The

¥

(¥

g}

ot

iguid crystal sealant for the dropping process

according te claim 1 or Z, wherein the comporent (b} is one,

or two or mere of radical poelymerization inhibitors selected

from formalae (2) to (4) bhelow:
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O

whereirn, R represents a hydrogen atom, a2 hydroxy group, a

C1-C4 straight or branched alkoxy group, or a CL-C4 stralght
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or branched alkvl group,
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wnerein, R reprasenits a hYyarogen atom 4 Nyarocxy groud

oY pranched alKoxy Jgroup, a phencxy Jgroup, an




A method of m.anufacturinO 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 bil
dropping process according to any one of claims i
crystal droppirm process obMagnemdnufac ireingthod dodo a

greup, and RY to R each independently represent a CL~C4
straight or branched alkyl group,

wherein, R represents a hydrogen atom, or a C1-C4
stralght or branched alkyl group
4 The liguid crystal T for the liguid orystal
dropping process according to any one of claims 1 to 3,
fu comprising {dy a curable resin that has an epoxy gre
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rding to claim 4,

{e) is an organic acid hydrazide.

& The ligulid crysta sealant for the liguid crystal
dropping process according to any one cof claims to b,
further comprising (f£F a silane coupling agen
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10, A method of manufacturing the liguid crystal sea

the liquid crystal dropring process according to any one of

claims 1 to 9, comprising a step of dissolving the component

(b} in the component ().
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for the liguid

E e ]
-~ 4oy ] - H
TLAXM LW Or b



