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16 MARCH 2007 1 DESCRI PTION LI QU D CRYSTAL

SEALANT, LIQUI D CRYSTAL DI SPLAY DEVI CE USING'Q#@ﬁ%%ﬁEZN”
AND METHOD FOR PRODUCI NG THE DEVI CE Technical "Fie

[ 0001] The present invention relates to a |iquid
crystal sealant, a liquid crystal display device using

5 the sane, and a nethod for producing the device.

o otal ekt CEHRETE B o
priabil b Prodilagh, w4 gy el ey

10 high in reldabidi i i r eshsta , a
liquid cr ys[t?ia%?%%pé%gi(g%\rﬁ%gﬁ%rg%%cééﬁ%sgﬁg t he
seal ant, and ym@y tyﬁhf B EHEI t e geyi ce.
Background Art EF%%OZ 1é¥?n produ@?%g a ??éuid
crystal display device wusing a heat-curable |iquid
crystal seal ant, the upper and |ower substrates are
| am nated by a process which conprises coating the

liquid crystal sealant on the substrates by a

diTepemsera IorFig et hod such as screen 20 printing, then

usually pre-curing (volatilization of solvent) the
cd&0CBy heating, thereafter putting the V 16 MARCH
2007 :

The present invention relates to a liquid
crystal sealant, a liquid crystal display device using
the same, and a method for producing the device. More
particularly, it relates to a heat-curable liquid
crystal sealant which is excellent in screen
printability in producing a liquid crystal display
device and can provide a liguid crystal display device
high in reliability in moisture resistance, a liguid
crystal display device produced using the sealant, and

a method for producing the device.

Background Art
[0002]

In producing a liguid crystal display device
using a heat-curable liquid crystal sealant, the upper
and lower substrates are laminated by a process which
comprises coating the liquid crystal sealant on the
substrates by a dispenser or a method such as screen
printing, then usually pre-curing {volatilization of

solvent) the coat by heating, thereafter putting the
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2 upper and | ower substrates together in high

precision using an alignment mark, and then hofg MARCH 2007
pressing the sealant. [0003] 5 Recently, in _
producing liquid crystal display devices, substrates
becone larger in size and tact tinme (tinme required

for one step) is shortened fér further i ncreasing the
mass- productjvity. The registratio step, for the |, |
URBERS LRI PSS BUR P LT REC P nCPARTASF G DB e RSt ion
and .| ower gl ass substratgs of .a 80|0é Lilter :
sUBSFT R st FHSH T A7 5 t0sEPdt BGP BP Tt RESSPdPGuhSy

St féhéﬂso required to be high in speed and

preci'sion. Wth increase in the size of substrates,
eg@%@3qlly in the case of beveling for liquid crystal

15 panel s of portable tel ephones, the coating area of

the 1iquiddysialy,seal ?ﬁk‘odﬁ@fﬁ@sfﬁ?u%@' elngegw BeSplay

a large torque at the tine of registration to cause

| Aeraaess, Ofsulaatr St bd QORA 1 2 28k FUTY Nel POT 8ndi Pact time
producing liquid crystal display devices, there is a

st(epmef rexfriiaRy fidie odeaardtedtledi dIpResr e d ON6F further
substrates to the subsequent processing step in such
aistaeesdng ldhd imgusisd paromicliviseal arthdetrdgi steat €dn
after the steps of |amnation, 25 registration and
pstepufiong toe tippeupperd drdvd mvweibs glasss subslamtest dbhig
a color filter substrate and an array substrate. Wen

t RB¢ HPPekapnded o rvadawd setsdidates e yppeplor filter

substrate of the | am nated upper and
substrate and an array substrate after the pre-curing

step is also required to be high in speed and
precision. With increase in the size of substrates,
especially in the case of beveling for liquid crystal
panels of portable telephones, the coating area of the
liguid crystal sealant increases, which requires a
large torque at the time of registration to cause
increase of tact time.

[0004]

Furthermore, in producing liquid crystal
display devices, there is a step of carrying the
laminated upper and lower substrates to the subsequent
processing step in such a state as the liquid crystal
sealant being uncured after the steps of lamination,
registration and pre-curing of the upper and lower
glass substrates of a color filter substrate and an
array substrate. When they are carried by vacuum

chucking the upper substrate of the laminated upper and
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16 MARCH 2007 3 | ower substrates which is called

vacuum chucking nethod, there sometines OCCUr y¢nARCH 2007
sl i ppage or separation of the |am nated upper an

| ower substrates fromeach other owing to | ow

“tackiness of the liquid crystal 5 sealant. This

pr obl em becones seri ous with3 ncrease of the meight
TN T T
A8, L BULEERSreld ) WS AL SR Rion or
ConpS 4202 ACLBREEOMAD el MBS sl

[ Qb OL ! by Nt g0LShUESCkERLSLARGE 'témléplellq_?:gﬁcr?:tly%gij

crystal sealants are excellent in 1
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infiltrates through the liquid crystal sealants to
CHHamspdier the éﬁﬂ@tﬁaﬁéES&QESEQ”B?Skhboﬁeb%nkh%ncrease
liquid crystal display device, resulting in inferior

digpltaye 20z4¢ 0OD6Gubsgoatlestystal seal ants excel | ent

in adhesion and reliability in noisture resistance
ar[@lSlcl osed, for exanple, in Patent Docunent 1.
However, since these liquid crystal sealants

di scl osed i Maxzaermr 25Dt unenentt dnerbhkgh in minuteness
viscosity after pre-curing, operability of

r &¢i B aftter] |EmmaY cebiceneandubespanse speed of

insufficient or. they are inferior in
qaquld crystal compositions and narrowing of frames,

liquid crystal sealants are demanded to have high
adhesion and reliability in moisture resistance.

Unless the liquid crystal sealants are excellent in

reliability in moisture resistance, water contained in
air infiltrates through the liquid crystal sealants to
contaminate the liquid crystal composition in the
liquid crystal display device, resulting in inferior
display.

[0006]

Liguid crystal sealants excellent in adhesion
and reliability in moisture resistance are disclosed,
for example, in Patent Document 1. However, sinée
these liquid crystal sealants disclosed in Patent
Document 1 are high in viscosity after pre-curing,
operability of registration after lamination of the
substrates is insufficient or they are inferior in

tackiness after pre-curing, and hence there is a
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tacki ness after pre-curing, and hence there is a 16

MARCH 2007 4 possibility of occurrence of sligﬁqg ROH 2007
t he upper and [|ower substrates during vacuum chucki ng
type carrying operation. Thus, it is strongly

demanded to develop 5 quuig crystal seal ants which

are excellent in adhesiveness and reliability in

L0, %L NG e B E3RESL 90, 98T AP
0 SOPE AL Mo SHEELLEL Pk B SEL U100 LG ng

JA- A 11-.15005 Disclosure of Invention [0007] The
pégégﬁﬁn%%géntion provi des a heat-curable 15 liquid

crystal Sea'ﬂﬂ}s,‘“"ﬁltﬂi§3§‘t£@nr¥9§‘t<§&n£’ﬁfdé8r B6Ndevelop

printing and di spensation coating, requires only a

shalduild M yial e d i alial stepeRéeienti iR of
| amnati on"of the upper and | ower substrates in making

a aldn@ditreesst alndlispliaibideMiEein GRpiSesune sepasabhes,
20 of the upper and | ower substrates when the upper

ahd ghl dweresudlsinaties | redied vy tdt uticelr etiméi qai d
crystal sealant is carried by vacuum chucki ng and
ellewdtiarig cinhe angppler nubstanedtee Syi ppwege acuusephugkiog of
met hod, and is very lowin liquid crystal

c substiradieiso i na rvé cvivgh ahm ckg ngattefosa el oy sngr eperation.

resi stance. [0008] As a result of an intensive
r éfaiesy Document 1] JA-A-11-15005

Disclosure of Invention
[0007]

The present invention provides a heat-curable
liquid crystal sealant which can be coated by screen
printing and dispensation coating, requires only a
short time for the registration step at the time of
lamination of the upper and lower substrates in making
a liquid crystal display device, causes no separation
of the upper and lower substrates when the upper and
lower substrates laminated with uncured liquid crystal
sealant is carried by vacuum chucking and elevating the
upper substrate by the wacuum chucking method, and is
very low in liquid crystal contamination and high in
water and moisture resistance. |
[0008]

As a result of an intensive research

conducted by the inventors in an attempt to solve the




conducted by the inventors in an attenpt to solve the

16 MARCH 2007 5 above problems, the present i nyeyihir@h 2007
has been acconplished. That is, the present invention
relates to a liquid crystal sealant, characterized by
conprising an 5 epoxy resin represented by the

followng fornmula (1): [OOO§] [Formula 1] L> c | CHCH2

CHCHI CHC 2.1 OHn O43 .CHs (1) in the above
%Y%,Pﬁo B?‘Eseﬁ?? Eﬁee?\%lr"-ag}élv%’gﬂlﬁ?e%azsat’?%?fl
degr ee afd | S.,a positive nunber of 0-5), 10 a curing
ad%ﬁ??m %ﬁ??ﬂg accel erator and an inorganic filler.

Furt hermore, 5 Qgiggesgﬁéebgé gtipnﬁ%%h g@%lg%lé%es to a

l'iquid crysta pl ay fi ¢RI usi g

thfi@%‘[’d o Vi%%%‘égn&%ﬁ%ﬁlc SSBE?QEte}ESgQ; %Sz"%romg&]clesinga an
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pres n ates to a nme produci ng
(eTin | - g Vi Ge ay s QU taly .
AR e b M e S e
colgrodilter layer and a substrate - having a liquid
crystal orientation |layer on an 20 el ectrode | ayer and
hefgbadls ajiquid crystal sealant, characterized by
including a step of coating the liquid crystal

seal ant on one of the substrates by screen

0 Q
' | \
CH,CHCH; ocH,clecH, OCH;CHGH,
OH
n
CH3 CHs ()

(in the above formula, n represents an average
polymerization degree and is a positive number of 0-5),
a curing agent, a curing accelerator and an inorganic
filler.

Furthermore, the present invention relates to
a liquid crystal display device which is sealed using
the above liguid crystal sealant.

Moreover, the present invention relates to a
method for producing a liquid crystal display device
having a ligquid crystal material interposed between a
substrate having a color filter layer and a substrate
having a liquid crystal orientation layer on an
electrode layer and held with a liquid crystal sealant,
characterized by including a step of ccating the liquid

crystal sealant on one of the substrates by screen
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ti 16 MARCH 2007 6 printing, a step of hot-press
bondi ng another substrate, and a step of pourLﬂ%gﬁ@ﬁHlﬂN?
liquid crystal material into the space between the
substrates. 5 Effects of the Invention [0010] The
epoxy resin represented by the above fornmula (1) used
inthe liquid crystal seal an® of the pr esent

‘i nvention h f hat it is lowin L 10
R e i e oot Ree gPRed e Aseirey

TR ok O eSRER bRl 058
. . e a I Ness
BN e Ml SiElLY A0g.an, el LapL Lagkiness

viscosity of the liquid crystal sealant is low at the
| am nation of the upper and | ower substrates in

PEFFEEHRY oifh@ Ha awvd iyt al di splay device, the [oad
of press at lamination is snmall, the registration step

caoobe)shortened, there occurs no separation of the 20
upper and | ower substrates when the upper and | ower
substrates [Tam epbay Weldinuneigwskdritrd bErysé abbove
seal ant are carried by elevating the upper part of the
| &nrmailed (3ubssedt és et Hd quacliupr ek sga ethoslt the
and furthernore, the gap can be easily forned at the

2Brpfpensi Agvenbieovees aIﬁeaﬂuianqhauﬂitﬁiqﬂkqwdhvice
mar kedl y excellent in water and noisture resistance
algscosity with maintaining the glass transition
temperature of conventional epoxy resins. Therefore,
the liquid crystal sealant containing the epoxy resin
has a low resin viscosity and an excellent tackiness
upon removing the solvent. As a result, the resin
viscosity of the liquid crystal sealant is low at the
lamination of the upper and lower substrates in
producing the liquid crystal display device, the load
of press at lamination is small, the registratioh step
can be shortened, there occurs no separation of the
upper and lower substrates when the upper and lower
substrates laminated with uncured liquid crystal
sealant are carried by elevating the upper part of the
laminated substrates by the vacuum chucking method, and
furthermore, the gap can be easily formed at the
pressing. Moreover, a liquid crystal display device

markedly excellent in water and moisture resistance and

very high in strength can be produced.



® very high in strength can be produced. 16 MARCH 2007
y 7 Best Mode for Carrying Qut the Invention [ OO0dldiARt8T 2007
liquid crystal sealant of the present invention
contai ns an epoxy resin represented by the 5 above
formula (1), a curing agent,_a curing accelerator and
an inorganic filler as essenti al conponents. [0012]

T ' ted, by, the f I 1 d

R T T s N T
inﬁﬁfgipn can be produced, according to a conventiona
nethod,” by reacting 5-nethylresorcin with

SPEH o onuelg 1118 LgReRsethaah I b fihn

al kali et al as sodi um hydroxid

tl %}\gé}g!m &L@ﬁg%’%ﬁ ngrégfgfs Q{agyggewedﬂw & H:

I's hig e viscosity ten ecrease, “but

5 1 fapdie ISR DI gh),, & VetAlhEzakiep rgadhkYngCec®lerator
and hence the epoxy resin preferabfy contai is a

camppuid idordditid oFiil&r (43 ¥We£Lt Dal ScBmpBnaftamOUNt
of usually 0-95% by wei ght, preferably 50-80% by

wgioght2] An 20 exanpl e of such epoxy resin i s RE-600NM

manuf actured by N ppon Kayaku Co., Ltd. [0013] The

content of (e epoyy ressiim irepheséngeddbyctiist ebrmula

seal ant of the present invention is 5-60% by 25
weilghtusegr afrertdls yi iZpuiB5%tys vl ghea lamt eopr ther pbkgpent
.. 30- 50% by wei ght .

10 invention can be produced, according to a conventional
method, by reacting 5-methylresorcin with
epichldrohydrin in the presence of, for example, an
alkali metal hydroxide such as sodium hydroxide. If
the content of the compound of the formula (1) where n

15 is 0 is high, the viscosity tends to decrease, but if
it is too high, crystallization readily occurs, and
hence the epoxy resin preferably contains a compound of
the formula (1) where n is 0 in an amount of usually

. 50-95% by weight, preferably 50-80% by weight. An
20 example of such epoxy resin is RE-600NM manufactured by

Nippen Kayaku Co., Ltd.
[0013]

The content of the epoxy resin in the liguid
crystal sealant of the present invention is 5-60% by
25 weight, preferably 20-55% by weight, more preferably
30-50% by weight.
[0014]

The liquid crystal sealant of the present
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[0014] The liquid crystal sealant of the present 4 16
MARCH 2007 8 invention nay contain an epoxy refdlﬁAR H 2007
other than the epoxy resin of the fornula (1) (h
an anount as not affecting the operability and
physi cal properties of the liquid crystal seal ant.
The epoxy resin other than 58t he epoxy resin of the
fornu I S not gatticularlé limted, and exanpl es
yo

mefi‘é%rrtﬁ BFphenb R SpBeolyor esiarsiin di e
iR e zﬂ‘f@ P78 ERBRH Fodtd onosy Xtyagf grount as not

p%ﬁiﬁ&e‘% 91 oﬁgriéufgtgs?égrghmﬁﬁﬁ pRoperties of

ghhﬁﬂ%§Qg%&%%%ydroxypégﬁgﬁﬂg?h yroéglp %&tthan

p@@'efp | U5 £ %i%%’&&@f&e(ﬂekgt RBe, gg.%m'c%larly

havi ng "a 11 uorene

hydr@eephentd | et s a{}%ﬁé@ﬁ%ﬁé ed; pghuhui agdi %g?%

novol ak resins prepared using, as starting materi

Vapioatys e ;S ighafo PheNoype C&86QY Sre 8t A¥L phenol s,

but yl phenol s, octyl phenol s, blsphenol A, blsphenol F.
bpsplymolc t3 carad r@wwdesmﬁenﬂhlmv&f@kgm@wﬁlh_aVI ng

20 a xylyl ene skel eton; phenol novol ak resins having
detherafémpddicon@iceictsomt gokyplyénel hesmpowads osuch as
products of various novol ak resins such as pheno
nB¥6PARNPds Sns dhAvibrigphe rivilpdrenTel s ki 24 @G-t cymbtioyl-

epoxy resins _having an aliphatic skel eton such as
4,4~biphenylphenol, 2,2-methylene-bis(4-methyl-6-tert-

butylphenol), trishydroxyphenylmethane, pyrogallol,
phenols having a diisopropylidene skeleton, phenols
having a fluorene skeleton, e.g., 1,1-di-4-
hydroxyphenylfluorene, and phenclated polybutadienes;
novolak resins prepared using, as starting materials,
various phenols such as phenol, cresols, ethylphenols,
butylphenols, octylphenols, bisphenol A, bisphernol F,
bisphenol S and naphthol; phencl novolak resins having
a xylylene skeleton; phenol novolak resins having
dicyclopentadiene skeleton; glycidyl etherification
products of various novolak resins such as phenol
novolak resins having a fluorene skeleton; alicyclic
epoxy resins having an aliphatic skeleton such as
cyclohexane; heterocyclic epoxy resiﬂs having
heterocyclic ring such as isocyanuric ring or hydantoin
ring; glycidylation products of brominated phenols such

as brominated bisphenol A, brominated bisphencl F,
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25 cycl ohexane; heterocyclic epoxy resins having
heterocyclic ring such as isocyanuric ring or q¢vMARCH 2007
hydantoin ring; glycidylation products of brom nate
phenol s such as brom nated bi sphenol A, brom nated

bi sphenol F, } 16 MARCH 2007_ 9 brom nat ed bi spheno

S, broninated phenol novol ak?and broni nated creso

AL L it W
S'r?g‘-l&fflﬁﬂc‘?‘gy‘%lo e ’98‘{%2%?2.?1§Py§g Lol Broguoep @nd
hexa ﬁ?#ﬁ%&) Y&%éWia %Qeépo sins _such as

trimet ropanetri yC|d er, polypropyléne

mdﬁgﬂ didyDUBibgl§¥§¥ﬂe,(ﬁ;ﬁ;élglyc1d lanlélfe

epoxycyclo)hexylnethy hexane carboxyl ate an

hexahydigapfaali %@@wdrf@%mghaﬁaﬂgh%(@%w& cthese 1,6-

epoxy resins are used in such an anouni as” not
ahkeeiiend dile giperiabjl idtheand physical properties of
the resulting liquid crystal sealant. These epoxy
r ésiime thsyl cdlpsdem atseidy Jiye iatipd xétiier pf pd WopobphEae
15 [0015] In the liquid crystal sealant of the present
i pvgebilodigiltydislydr eftdramd (3 4rs®, & bi sphenol A type
epoxy resin in conbination with the epoxy resin of the
f 6PAHYaYCIP.) bRy wigietd vlhe irsphendtory Lype apdxy resin
20 in conbination, the epoxy resin of the formula (1)
gh?ééthFpeﬁt&aér%@ﬂhy dicntd i wid el veseesi t yThese

sui table for screen prjntin %Pd havi ng excel | ent
epoxy resins are used 1n such an amount as not

affecting the operability and physical properties of
the resulting liquid crystal sealant. These epoxy
resins may also be used in admixture of two or more.
[0015]

In the liguid crystal sealant of the present
invention, it is preferred to use a bisphenol A type
epoxy resin in combination with the epoxy resin of the
formula (1). By using the bisphencl A type epoxy resin
in combination, the epoxy resin of the fermula (1)
gives a liguid crystal sealant having a viscosity
suitable for screen printing and having excellent
physical properties of cured products such as
reliability in moisture resistance. Examples of usable
bisphenol A type epoxy resin include RE-310S
manufactured by Nippon Kayaku Co., Ltd. The weight
ratioc of the epoxy resin represented by the formula

(1} : the bisphenocl A type epoxy resin is 20:80 - 40:60
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physi cal properties of cured products such as

reliability in noisture resistance. Exanples of

25 bi sphenol A type epoxy resin include RE—:%10816%[%%(”%2007
manuf actured by N ppon Kayaku Co., Ltd. The wei ght
rati o of the epoxy resin regresented by the formula
(1) : the bisphenol A type Boxy resinis 20:80 -

40.60.16 MARCH 07 10 b i ght

R epE i eadit )t (DELES LT B0 hs) 0868y (mart
tpg cdripg,agent used in the liquid 5 crystal seal ant
of “t he ﬁﬁegent i nvention, novolak resins are

g%@gﬁ@lly used. As exanpl es of the novol ak resins,
nentloA may be made of novol ak resins obtained, using

as startin [ : VAl | 13 s
| "R R T SR R R et i

bi sphenol A, tetrabronobis

besphenal s - Bisphepy Ihanaly, 4 s et | -
4,4?bipheﬁy?éﬁgﬁogfpz,z-nethyléﬁéggﬁgﬁﬁgﬁ%1ﬁ§ -6¥$Ert-

butykpbengk) gehbrahygr @sephenWaTRbNaRe e PYE PIBhL Chovolak
phenol s having a diisopropylidene skel eton, phenols
hagshgsa meénoienemakebet aadeuelf asvblklirdsiibs obtained,
hydr oxyphenyl f | uor ene, pol yphenol conmpounds such as
phehod adedsperybugankhereiapbenohriovesgisnols, e.q,

et hyl phenol s, butyl phenol s, octyl phenols, bisphenol A,
#iyphenehoks, tervabnametiisbbphedo”, Ab ilsipdsreriol FF,

bi sphenol ~ S and napht hol ; _phenolic novol ak resins-such
Jot zrhemehof - nbvbrakrhesyABhRERILng 2a 2x P, Pi-dpd ramethyl-

3%3&5%0 ’ gﬂg@%ﬁoggggL?gﬁggﬁngnQEEEg%4—methyl—6—tert—
butylphenol), trishydroxyphenylmethane, pyrogallocl,
phenols having a diiscpropylidene skeleton, phenols
having a fluorene skeleton such as 1,1-di-4- |
hydroxyphenylfluorene, polyphenol compounds such as
phenolated polybutadiene, phencl, crescls,
ethylphenols, butylphenols, octylphenols, bisphenol A,
allyl phenols, brominated bisphenol A, bisphenol F,
bisphenol S and naphthol; phenolic novolak resins such
as phenol novolak resins héving a xylylene skeleton,
phenol novolak resins having dicyclopentadiene skeleton
and phenol novolak resins having a fluorene skeleton;
and phenolic novolak resins obtained by linking various
phenols such as phenol, cresols, ethylphenols,
butylphenols, octylphencols, bisphenol A, brominated
bisphenol A, bisphenol F, bisphenol S and naphthol with
one of the crosslinking groups {aralkylene groups)

represented by the following formulas (2)-(4):
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and phenol novol ak resins having a fluorene skel eton;
and phenolic novol ak resins obtained by I|inki N% 6 MARCH 2007
vari ous phenols such as phenol, cresols,
et hyl phenol s, 25 butyl phenol s, octylphenols, bi spheno
A, brom nated bisphenol A, bisphenol F, bisphenol S
and naphthol with one of tBé& crosslinking groups
(aralkﬁlene groups) represented by the foll ow ng
s (2)-(4): } 16 MARCH 2007 11 [0017] [Formnul a

( [0018] ° (in the above formula, Rl
éE& ég%s%é hydrogen atom an ~J 5 al kyl group of

1-4 carbon atons, an allyl group or a hal ogen atom
and mrepresents an integer of 1-4, and when mis 2
or nore, Rl's may be t me or different), [ 0019]
[ Formul a 3] CHZ—CH 10 [0020] (in the
above fornmula, R2 and 4ﬁdependently of one anot her

represent a hydrogen atong al kyl group of 1- 4
carbon atons, an allyl gr Eﬂb Iogen atom and n

and p represent an integer of 1- 4 and when n or pis
2 15 or nore, R2's and R3's may be the sane or
different), 16 MARCH 2007 12

[0018]

(in the above formula, R; represents a hydrogen atom, an
alkyl group of 1-4 carbon atoms, an allyl group or a
halogen atom and m represents an integer of 1-4, and
when m is 2 or more, R;’s may be the same or different),
[0019]

[Formula 3]

CHa 7 /—‘>-<__> GHz

(R2)n (

[0020]

(in the above fcormula, R; and R; independently of one
another represent a hydrogen atom, an alkyl group of 1-
4 carbon atoms, an allyl group or a halogen atom, and n
and p represent an integer of 1-4, and Qhen nor p is 2

or more, Rz’s and R3;’s may be the same or different),
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[0021] [Formula 4] H- ~~ (4) [0022] (in the above
formula, R4 represents a hydrogen atom an 5 ajdMircH 2007
group of 1-8 carbon atons, an allyl group, a halogen
atom or a hydroxyl group and g represents an integer

of 1-5, and when q is 2 or nofe, R4's may be the sane

or different). [0023] 10 Prétferred are novol ak resins

obt 4 F using, as starting naterials, various

phenol's” such as phenol, cresols, ethylphenols,
butzyd | §y octyl phenols, bisphenol A allyl
phenol's, bi sphenol F, bisphenol S and naphthol,

phenol novol ak resins having a xylylene 15 skel eton,
phenol novol ak resins having a dicycl opentadi ene
skel et on, phenol ny¥orak resins having a fluorene
skel eton, and phenglic novol ak resins obtained by

i nki ng various ghemMyl s such as phenol, cresols,

et hyl phenol's, b pHenol s, octyl phenols, 20 bi spheno
A, brom nated bi 5% A, #sphenol F, bisphenol S
and napht hol with oHe®#%f the crosslinking groups
(aral kyl ene groups) represented by the follow ng
f?Bg%E?s (5)-(7): 7 16 MARCH 2007 13 [0024]

{in the above formula, R; represents a hydrogen atom, an
alkyl group of 1-8 carbon atoms, an allyl group, a
halogen atom or a hydroxyl group and g represents an
integer of 1-5, and when g is 2 or more, Ry’s may be the
same cor different).

[0023]

Preferred are novolak resins obtained using,
as starting materials, various phenols such as phencl,
cresols, ethylphencls, butylphenols, octylphenols,
bisphenol A, allyl phenols, bisphenol F, bisphenol S
and naphthol, phenol novolak resins having a xylylene
skeleton, phenol novolak resins having a
dicyclopentadiene skeleton, phenol novolak resins
having a fluorene skeleton, and phenolic novolak resins
obtained by linking various phenols such as phenol,
cresols, ethylphenols, butylphenols, octylphenols,
bisphenol A, brominated bisphenol A, bisphenol F,
bisphenol S and naphthol with one of the crosslinking
groups (aralkylene groups) represented by the following

formulas (5)-(7):



10

15

[Formula 5] --CH2 T CH2--- (R'")m W [0025] (in the 7
above fornmula, Rl, repr esents a hydr ogen at om °1{6M§R%'312007
al kyl group of 1-4 carbon atons, and mrepresents an
integer of 1-4, and when mis 2 or nore, RL.'s may be
the sane or different), [0026 [ Formul a-6] CH2, 1~,
yH2 On ( '")v (6) 10 [0027]1 in the above fornmul a,

. R3' independently of one another represent a
ﬁﬁc?r gen atomor an al kyl group of 1-4 carbon atons,
n r.e sent an integer of 1-4, and when n or p
is[%%(}g{rhlr?oﬁge],e R2.'s and R3.'s may be the 15 sane or
different), 16 MARCH 2007 14 [0028] [Formula 7] H (n
(R4)g [0029] (in the above fornula, R4 represents a
hydrogen atom 5 aml group of 1-8 carbon atons

or a hydroxyl -g-lcoup-t;\;-cm__
(Ry")m
)

[0025]

(in the above formula, R;s represents a hydrogen atom or
an alkyl group of 1-4 carbon atoms, and m represents an
integer of 1-4, and when m is 2 or more, Ri/’s may be

the same or different),

[0026]
[Formula €]
CH@\< >,CH2
(R2')n (Ab')ﬂ ®
[0027]

{in the above formula, Ry and Ry independently of one
another represent a hydrogen atom or an alkyl group of
1-4 carbon atoms, n and p represent an integer of 1-4,
and when n or p is 2 or more, Rp’'s and Ry ‘s may be the

same cor different},



10

15

20

and g represents an integer of 1-5, and when q is 2 or
nmore, RV's may be the sanme or different). [003Q] 6ﬂﬂﬁﬁhﬂ2mn
preferred are novol ak resi-ns obtained 10 using, as
starting materials, various phenols such as phenol,
cresol s, octylphenols, bi sphenol A, bisphenol F,
bisphenol S and napht hol , and phenol i ¢ novol ak resins
Zﬁgd by Iinking various phenols such as phenol,
creso octyl phenol s, bisphenol A, bisphenol 15 F,
bw and napht hol with one of the crossllnklng
groups ?aralkylene groups) represented by the above
formulas (5)-(7). [0031] Particularly preferred are
novol ak resins _2 ﬁbtalned usi ng nonophenol s as
starting material s such as phenol novol ak resins
obt ai ned using p ol as a starting material and
cresol novol ak [ obtained wusing cresols as a
starting materi d phe?ﬁl ic 16 MARCH 2007 15
novol ak resins o ned by‘f4 nki ng various phenol s
such as phenol, créBg)gs and bi sphenol A with one of
the crosslinking groups (aral kyl ene groups)
represented by the following fornulas (8)-(12): 5
[ 0082P] [Fornula 8] --CHg-~ i CHzZ-- (8) [0033]

(in the above formula, Ry represents a hydregen atom,.
an alkyl group of 1-8 carbon atoms or a hydroxyi group
and g represents an integer of 1-5, and when q is 2 or
more, Ry-’s may be the same or different).

[0030]

More preferred are noveolak resins obtained
using, as starting materials, various phenols such as
phenol, cresols, octylphenols, bisphenol A, bisphenol
F, bisphencl S and naphthol, and phenclic novolak
resins obtained by linking variocus phenols such as
phenol, cresols, octylphenols, bisphenol A, bisphenol
F, bisphenol S and naphthol with one of the
crosslinking groups (aralkylene groups) represenfed by
the above formulas (5)-(7).

[0031]

Particularly preferred are novolak resins
obtained using monophenocls as starting materials, such
as phencl novolak resins obtained using phenol as a
starting material and cresol novolak resins obtained

using cresols as a starting material, and phenolic



[Formula 9] -H2C CH2- (Y) [0034] 10 [Formula 10] H3

CH3 -H2C Il \ H2-- H3 H3 (10) { 16 MARCH 2007 '
[0035] [Formula 11] -CH (11) [0036] [Forrrula]%g\fmpaﬁuom
CHI t-c (12) 5 [0037] [0038] The preferred novol ak
resins used in the present .invention are phenolic

novol ak resins prepared usi-mg nonophenols as a

S ' erjal d. 10 represented.by th
PP TSl R AL B0 ESREERENLES B Mionots such
[ggg%henol, cresols and bisphenol A with one of the

crosslinking groups (aralkylene groups) represented by
the following formulas (8)-(12): .
[0032]

[Formula 8]

[0033]

[Formula 9]

[0034]

[Formula 10]

Hy - CHs
~H:C Ha—

Ha H  (10)



)

[Formula 13] OHOH OH\ (Rm (Rhn n aom (13) [0040]
(in the above formula, R represents hydrogen, |QWRhRreH 2007
al kyl, I ower al koxy or hal ogen, mrepresents an
integer of 1-3, and when mis 2 or 3, Rs may be the
same or different, and n denotes O or a positive
integer). [0041] In the ab formulas (2)-(13), the
al%bb%]of 10 1-4 carbon atons include, for exanple,
néthyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl
aq%oEiggkythThe al kyls of 1-8 carbon atons include, .
for exanple, ~ nethyl, ethyl, n-propyl, isopropyl,
pentyl, hexyl and octyl. The |l ower alkyls are alkyls
of 1-8 carbon atong,15 such as nethyl, ethyl,
n-propyl, isopropy’; n-butyl, isobutyl and t-butyl,
preferably al kyl sAQf 1-4 carbon atons such as nethyl,
et hyl , n-propyl Bpropyl, n- butyl, isobutyl and
t-butyl. The | ojwe koxys are al koxys of 1-8 carbon
atons such as netNggxy, @ysoxy, n 20 propoxy,

I sopropoxy, n-butgxy, i‘sObutoxy and t-butoxy,
preferably al koxy®bf 1-4 carbon atons such as

nmet hoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy. The
hal ogens 16 MARCH 2007 18 include, for exanple,

brom ne, chlorine and fluorine. In the formula (13),
t he0PBkitive integer nis

[Formula 12]

CHs

[0037]
[0038]

The preferred novolak resins used in the
present invention are phenolic novolak resins prépared
using monophenols as a starting material and are

represented by the following general formula (13):
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preferably 1-15, nore preferably 1-10. [0042] 5 These
novol ak resins are used each alone or as a m [

two or nore. The amount of the novolak resin ﬁéﬂﬁgﬁgﬁlﬂm7
the present invention is 0.2-1.4 chem ca

equi val ents, preferably 0.3-1.1 chem cal equival ent,
nore preferably 0.4-0.9 cherfital equi val ent as 10

eq 'y@%Fnt of hydroxyl group in the novolak resin with
re@%e to the epoxy equival ent of the epoxy resin in
th 34 'g stal sealant. (0043] The curing agent
coﬁ%r|5|ng a phenolic 15 novol ak resin suitably usable
in the present invention 1is a conpound of the above
formula (13). Since the conponent of n =1 or nore in
the formula (13) gives igh resimviscosity, it is
preferred that a ggnmpongnt f n =0 conpound :
having two rings)fIs prdgsen and 20 tjhe anount of the
conponent is us abqut - 80% Iy i ght,
preferably abo 251 7Q% B&B re] preferably
about 30-50% b ' k in (the
remai nder being B (R o‘xhg@ﬁ). In the
reaction of the phenoli ¢ novolak rgain W (g3} he
epoxy resin, a phenol novol ak curing agent having
three or nore rings (for exanple, a conpound of n=1
i H00K@labove formula (13)) forms a three- dinmensiona
crosslinked structure upon curing, while a 16 MARCH
2007 the phensl fmevwilak Fediapressms thwdroges, (Tover

ex le, _a
a?ggl, lower alkoxy or halogen, m represents an integer

of 1-3, and when m is 2 or 3, R’s may be the same or
different, and n denotes 0 or a positive integer).
[0041]

In the above formulas (2)-(13), the alkyls of
1-4 carbon atoms include, for example, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl and-t~butyl.
The alkyls of 1-8 carbon atoms include, for example,
methyl, ethyl, n—propyl, isopropyl, pentyl, hexyl and
octyl. The lower alkyls are alkyls of 1-8 carbon atoms
such as methyl, ethyl, n-propyl, isopreopyl, n-butyl,
isobutyl and t-butyl, preferably alkyls of 1-4 carbon
atoms such as methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl and t-butyl. The lower alkoxys are
alkoxys of 1-8 carbon atoms such as methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, isobutoxy and t-butoxy,
preferably alkoxys of 1-4 carbon atoms such as methoxy,

ethoxy, n-propoxy, isopropoxy, n-butoxy. The halogens
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compound of n=0 in the formula (13)) crosslinks in

linear form and hence gives flexibility to thelﬁng H 2007
structure to inprove adhesion to a glass substrate.

Furt hernore, since the phenolic novol ak resin _

suitably usable in the present inventionis lowin

resin viscosity, it providestfan excell ent screen
printabilit and_the upper and |ower substrates can

hel etis y, § 3 SEEBRLR N BROBUBEY ofIGPTERE IAnlitluoTine.
crystal 10 displa Vi and formati,on of a gap

becnorFea}%e easer. r]t)ng]E PﬂﬁlgbV?’néngggglreF‘atlcﬁs

u in.t resent invention nti may be nade

0 :?%%‘gfaex npfefbs' i%ﬁ%z%?%t?régﬁs&o%i'm dazoles with
pgl boxylic 15 acids such as phthalic acid,

i sophthalic acid, terephthalic acid, trinellitic

acid, pyromglddd GARthx AP ?é_@egé érQQéX'Eione or
d? am de

acid, maleic acid and oxalic aci s such as

diagy aneiidthde 3 3@ tor oddle B desowh i hophenal ﬁatsrplak

t he above pol ycarboxylic acids or 20 phosphinic acl

dirazad nC 0@RAUAMS t3CH RS ht8-iHwgdrion is 0.2-1.4 chemical
bi cycl o(5. 4. 0)undecene-7 and salts of the diaza _
cenpawadentist, h ppledralah 1yt He kiovie drdnyced Doxyhi 62 86h €S

or phosphi nic acids, phosphines such as

t mpphepykefhosphiyn® .dnrd .25 chemical equivalent as

t et raphenyl phosphoni unt et raphenyl borate, phenols such
angilééeﬂﬁigéngﬁdWQﬁWQI@H@W@ inardeamawladuceésin with
[0045] As the im dazoles, mention may be made of, 16
MAREREODBOYC Phe epoxy equivalent of the epoxy resin in

the liquid crystal sealant.
[0043]

The curing agent comprising a phenolic
novolak resin suitably usable in the present invention
is a compound of the above formula (13). Since the
component of n = 1 or more in the formula (13) éives
high resin viscosity, it is preferred that a component
of n = 0 (a compound having two rings) is present, and
the amount of the component is usually about 20-80% by
weight, preferably about 25-70% by weight, more
preferably about 30—50% by weight in the novolak resin
(the remainder being components of n = 1 or more).

In the reaction of the phenolic novolak resin
with the epoxy resin, a phenol novolak curing agent
having three or mere rings (for example, a compound of
n=1 in the above formula (13)) forms a three-

dimensional crosslinked structure upon curing, while a
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for exanple, 2-nethylimdazole, 2-phenylimdazole, 2-
undecyl i m dazol e, 2-heptadecylim dazol e, 2-phenylyodrcn 2007
nmet hyl i m dazol e, 1-bebzyl -2-phenylim dazol e, 1-benzyl-
2-met hyl i m dazol e, 1-cyanoet hyl -2-nethyli m dazole, 1-

5 cyanoet hyl - 2- phenyl i m dazol e, 1-cyanoethyl -
undecyl i mi dazol e, 2, 4-di ani dd* 6(2' -

gﬁﬁﬂ%}ég:da%%%eﬁlr%gln Méiinérkaélgings (for example, a
o G ‘%w’l)efa%y%%revi??ihﬁi Exparidnne, 12 4

| SO, P T e P48 T L QY 7T HRE B
TRl Sl SRS 85§ TR

di hydr oxymetghyl e deadl €. s 13; Phemy, %yﬁh%ﬂgﬁféyﬁgggggksre31n

15 met hyl i ni dazole, and 1I-cyanoet
disey 2aeath st W ezt Esend %ﬁ%nﬁoﬁ hese1 647§ RY

accel erators, preferred are, for exanple,

Zrésdnaﬁu%@oéﬁi ,2Qt provides an excellent screen
nethylln1dazole(1 ))ethyl-s-triazine isocyanuric acid

agduotabal2ty, adehdctthef udpeat tld Mdezol usdtrates can be
i socyanuric acid, an adduct of 2-phenyli m dazole and

i sasyarulpnineiteéd dal pyodfudtiicdazd ehaenitiguid crystal
pol ycar boxylic acids such as phthalic acid,

i dbBRL A%l FEVESeaand, foarephitaldfc sagap, bedamsld ¢dsier.
acid yronellitic acid, naphthal enedi carboxylic

a&?@4 leic acid and oxalic acid, and am ne adducts.

The anount gf tRe curing accel erators added 16 MARCH
2007 S e curing accelerators used in the

present invention, mention may be made of, for example,
imidazoles, salts of imidazoles with polycarboxylic
acids such as phthalic acid, isophthalic acid,
terephthalic acid, trimellitic acid, pyromellitic acid,
naphthalenedicarboxylic acid, maleic acid and oxalic
acid; amides such as dicyandiamide and salts of the
amides with phenols, the above polycarboxylic acids or
phosphinic acids; diaza compounds such as 1,8-diaza-
bicyclo(5.4.0)undecene-7 and salts of the diaza
compounds with phenols, the above polycarboxylic acids
or phosphinic acids, phosphines such as
triphenylphosphine and
tetraphenylphosphoniumtetraphenyl borate, phenols such
as‘2,4,6—trisaminomethylphenol, and amine adducts.
[0045]

As the imidazoles, mention may be made of,
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21 is 1-25 parts by weight, preferably 2-20 parts by

wei ght, nore preferably 3-15 parts by weight bag H 2007
100 parts by weight of the epoxy resin in the l'iqu

crystal sealant. 5 (0047] It is preferred to use these
curing accelerators in the formof latent curing
accelerators because t hey ¥&e merits such as

l f t f
| e S |2 ﬁ%%%ﬁé %5@%2533%1%59&3@1%(%&@46:62-
m. tur ct .as
\gﬂdrnﬁ;r%gcaya%ceoéeér% %‘?'s o- t%‘l‘? b’ﬁﬂ-ﬁaza §s0 v?lrli’eﬁ\}’l —4-
h N ;i eraocapsu
iR P pe%ﬁ;% LA ThEATRRRY 3 ERS 1

Q%Wll%%@ra]% nc?é]éﬁgl 15 ﬂégﬂgiﬁfﬂ a\/\%i&%ﬁ 1-

curing accelerators (for exanpl

a‘:?/aﬁ%fe@'fﬁﬁd&@%e%ylmamd/f@t PloySROYRFESLD, and

am ne adducts. i's especially pre erre to use

aﬁhﬁ%c@d.d.'vtﬁlcﬁaz@iet he ,awdingni ecel prators fromthe
poi nts of one-pack storage 20 stability when m xed

winehhiyld mdgaxy Lreqdi'n )anthii-gh-t rieasiny) ty, A rdhemt ho9e (27 -
[ 0048] Anong these curing accel erators, average

panteclyé idiidaeiode (Gf )t) ket hgdl-isd- tdh ispeirss 012 | 4pei dmti eot

25 curing accelerators is about 6 gmor |ess, ’
pﬁéﬂérabhylaﬁomethygﬁmdddnaie(Hﬁkkﬁﬁh&ﬁfﬂiﬂﬁ3@2ﬁmmu 3, 4-
j umor less neasured by laser nethod. If |atent
cG%ﬁ%noaédél’ ehgthyd imfldaged et(ldn )& thwlis duekaafane -

rticle
p?socyanurlc acid adduct, a 2:3 adduct of 2-

methylimidazole and isocyanuric acid, an adduct of 2-
phenylimidazole and isocyanuric acid, 2-phenyl-3, 5-
dihydroxymethylimidazole, 2-phenyl-4-hydroxymethyl-5-
methylimidazole, and l-cyanoethyl-2-phenyl-3,5-
dicyanoethoxymethylimidazole.

[0046]

Of these curing accelerators, preferred are,
for example, 2,4-diamino-6{2’-
methylimidazole(1’))ethyl-s—-triazine- isocyanurié acid
adduct, a 2:3 adduct of 2-methylimidazole and
isocyangric acid, an adduct of 2-phenylimidazole and
isocyanuric acid, salts of imidazoles with
polycarboxylic acids such as phthalic acid, isophthalic
acid, terephthalic acid, trimellitic acid, pyromellitic
acid, naphthalenedicarboxylic acid, maleic acid and
oxalic acid, and amine adducts.

The amount of the curing accelerators added
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16 MARCH 2007 22 dianeter are used, it is difficult
to perform di spenser coating, and besides the l%rﬁfg&cﬂ 2007
after coating is not wuniformand the shape of ‘sea

after lam nation of substrates is also not uniform
In the case of liquid 5 crystal sealants using the
curing accel erators of nore?lthan 6 u min aver age

ng accs f more2lt ha a
SoRhess AR P 119194 Prebctation 7h PRECeavas
B N DT L N l‘%w%ﬂéhgzgéggg on
: i, Gul I | m t —
SO0 PRI By R ' Fad s ifdn IR, pigpac

u EgstE90é3L1£ﬁ% inorganic fillers used in the present
12 fnvention include, for exanple, metal oxides such

agpoabymna, silica, talc, clay, bariumtitanate,
tirtani um oxide, cobalt oxide, magnesi um oxide, nicke

oxi de, irontoxkd@reZichteaXirde waRd tHdLON WM QXi de,
carbonates such as cal ci um carbonate and nmagnesi um

catbonaterozf sHl takesoghchfag akanitumsuldptecdbrators
cal ciumsul fate, netal hydroxi des such as al um num

hyelcaxseethad haagnasirimshydeaxiade imprd@indriateas such
as calcium silicate, alumnumsilicate and zirconi um
sipexcalvelitand (pablongatand sifl poa andeprdfrer)r.ed.ThEhese
inorganic 25 fillers may be used each alone or as a
MaGenle OIring aerehbratofe080F those which are solid at

room temperature and react as curing acceleratofs only
after being dissolved by heating, and include, for
example, microcapsule type curing accelerators prepared
by microencapsulating these curing accelerators, solid
dispersion type curing accelerators (for example,
imidazoles) which are hardly soluble in a solvent or
epoxy resin, and amine adducts. It is especially
preferred to use amine adducts as the curing
accelerators from the points of one-pack storage
stability when mixed with the epoxy resin and high
reactivity in heating.

[0048]

Among these curing accelerators, average
particle diameter of the solid dispersion type latent
curing acceleratcors is about 6 um or less, preferably
about 4 um or less, more preferably about 3 um or less
measured by laser method. If latent curing

accelerators of more than 6 pm in average particle



The average particle dianeter of the 16 MARCH 2007 23
inorganic fillers used in the present invention

preferably 10-2000 nm |f the average particle 16 TARCH 2007
di anmeter of the inorganic fillers is nore than 2000

nm because of small specific surface area of the
inorganic 5 filler, the inoﬁﬁ%nic filler and the resin

f_the | d
COBITER e WS Of ot SaltieRd ofie ot SR bl sRpnser
f I h d_l st rat
aﬁ%@l o T dtke iRt B ohe1 REPRanraér rordr W 3 dpe
d 0
%\Hl%rn?%c!e%t%ﬁg%% o#0sLh¢ %?%Qa Efzn];.{llgrtl%lr'rﬂr |Or‘|fg

occurs resul hési on r éngt

a §§g§ t or ptj.o0 f |st .
a?gldeterlorated hnﬁE ﬁabgggge pgbt?g? cggame er gpid
t e yishanoaniQ fridd aising thessuthry 10:8Mm: Egﬁrs of more
specific surface area of the 15 indrganic F

| REOERATE S HOONMHGBragRd d Q&ﬁ%lé“d%&ﬁéﬂé&‘ﬁcﬁfﬁhé'&ﬁ'geal
crystal sealant is too high and formation of a cel

gapcbaeenasnutiiffdredl troddiibdds Tiee cont ent168fst e
inorganic filler in the 20 liquid crystal seal ant
usedognivkd pneséw dSealend ipwrtison5-dbdo dyuaet gbh, is apt
nore preferably 15-35% by weight in the total liquid
ckgspaFugeal dhe. averdge qontteimlofdidmetencsfathe latent
filler is less than 5% by weight, the 1liquid crystal
SERFARE RSCRARLAROWSSEGS NP recdisulsr 2pwaml 1init, and
conten he filler to exude at the tine of hot

pPag’g?Léw hOPRE BfodBCUitort -G 4-Ie # Mgdind lewpst dimit are

used.
[0049]

The inorganic fillers used in the present
invention include, for example, metal oxides such as
alumina, silica, talc, clay, barium titanate, titanium
oxide, cobalt oxide, magnesium oxide, nickel oxide,
iron oxide, zinc oxide and zirconium oxide, carbonates
such as calcium carbonate and magnesium carbonate,
sulfates such as barium sulfate and calcium sulfate,
metal hydroxides such as aluminum hydroxide and
magnesium hydroxide, and silicates such as calcium
silicate, aluminum silicate and zirconium silicafe, and
alumina and silica are preferred. These inorganic
fillers may be used each alone or as a mixture of two
or more.

[0050]

The average particle diameter of the
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di splay device. If the content is nore than 45% by

wei ght, due to the too high content of the fillg :Eﬁﬁazmn
16 MARCH 2007 24 filler are hardly ruptured anl(efrl%l e ,

gap of the liquid crystal display device cannot be

formed. [0052] As the inorganic fillers in the present
5 invention, it is preferredXo use anorphous al un na
and/ or crush ﬁ%}ica, nd it is nore preferred to use

anor PR Al SN ed uthelnsi PrEgent doMSntdtIon s

Th I 1 b i th toi ent i

O S D L Ao f bR oo R e Baf R e et o

10Q,. t i h ip,i h d h '
e dif SRR e il 12 3058en 808 RB8n% 2000 nm,

EZ%%&Hé%‘Hf“Eﬂé?i éHeéf?ﬁ r§ﬁf%£8%.gggépgguﬁthggE%%anic

I'n the present Invention IS m

cryghed: sidhCa deseddit tﬂe.L][e% ﬁ%‘f tstlilgvfggﬁﬁncaégaonent of

obtai ned by crushi'ng crysta stlTca, f

SighleC @i%iﬁh%ﬂgislt%l apd hence hasy & €4 U%Sa sheper,-and

is about 0.01-5 ,u min particle size. e average

pakichC log hdiraget €heoft itdee dif @iy b £L usheslrr 8k 18@ination
used in the present invention is 0.01-2 g m [0053]

26fThiaecappent adt tLbercameubiyoiis ol 4rddi e d¢ ¢ production
crushed silica in the liquid crystal sealant is 5-45%

by fwehghtl igmide cpyetelabliyplsy8sbehiycareiagid . extdddtEon of
content of the inorganic filler is Iess than 5% by
wehghtnorganipqiidleryscaurseal &%t a sdomt n adissisin y
25 because of small content of the filler, and shape
oftrength after curing and adhesion strength after
absorption of moisture are deteriorated. If the
average particle diameter of the inorganic fillers is
less than 10 nm, the specific surface area of the
inorganic filler increases too much, and hence
viscosity of the liquid crystal sealant is too high and
formation of a cell gap becomes difficult.

[0051]

The content of the inorganic filler in the
liguid crystal sealant used in the present invention is
5-45% by weight, more preferably 15-35% by weight in
the total liquid crystal sealant. If the content of
the inorganic filler is less than 5% by weight, the
liquid crystal sealant is low in viscosity because of
small content of the filler to exude at the time of hot
pressing in the production of the liquid crystal

display device. If the content is more than 45% by

weight, due to the too high content of the filler, the
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seal is sonetinmes disordered during screen printing.

If the content of the inorganic filler is nore
45% by wei ght, since the content of the fiIIerﬁﬁgﬁﬁgglmm7
16 MARCH 2007 25 large, the liquid crystal seal ant

can hardly be printed through nmeshes of a screen

mask, which sometinmes cause&4 blurring in printing.

o e e Y EOREuBernanganPe BRR O, e 1iuid
nbodi t inthe ligujd t al | ant of
P A TR IBR T TRapolhbe CBRMERE of 1 he

epoppsgesin represented by the fornula (1) is 5-30%
bg %ﬁn in the liquid crystal sealant and the

f i j i 11 i - 459 10 i ght
ERTATOR oo DR ERER L LER R
fiihkentien,bs dded, tord hed 1y gse CélgéL@ﬁoﬁ?agip&igE
t he present I nvention so ong as It oe no a ec

tBﬁdQB&f%ﬁb%HéHié%iﬂﬁé}*ﬁhdifﬁ“f&]ﬁbféY§f§fe??§5aEB'use
The organic fillers include, for exanple, polyner

beadgpandsr abherinfl laner Hfushe-Shelda 1Y PREomdP8S€ion.
fillers may be used each alone or as a mxture of two

oTheoemorpheuavelagd npattsiatile dirarmterproferthe OF&ani sn
fillers is not nore than 3 u m 20 preferably not nore

t hanngnuchystilihsearduajeapartviicle nalispetefi of cthetal
organic fillers is nore than 3 um formation of the
cétrughpreecofesmgirphpugl in Ihe shapentarsf Hadwe ormaniicle
fil|lers_which can_be added is not nore than 50% by

vt Ght Obadkaubnlt Ad—Reitght oFhehaverage particle diameter

of the preferred amorphous alumina used in the present
invention is 0.01-2 gm. The crushed silica used in the
present invention is obtained by crushing crystalline
silica, fused silica or the like, and hence has‘é
square shape, and is about 0.01-5 um in particlé size.
The average particle diameter of the preferred crushed
silica used in the present invention is 0.01-2 pum.
[0053]

The content of the amorphous alumina and/or
crushed silica in the liquid crystal sealaﬁt is 5-45%
by weight, more preferably 15-35% by weight. If the
content of the inorganic filler is less than 5% by
weight, the liquid crystal sealant is low in viscosity
because of small content of the filler, and shape of
seal is sometimes disordered during screen printing.
If the content of the incorganic filler is more than 45%

by weight, since the content of the filler is too
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25 inorganic fillers, and if it is nore than 50% by

wei ght, the viscosity is too high and fornmation Q@Rﬁizmn
cell gap becones difficult. [0055] 16 MARCH 200

If necessary, a coupling agent can be added to the

liquid crystal sealant of the present invention.

Exanpl es of the coupling age® are silane coupling

agents such aS.3-g|ycidoxy£ropyltrinethoxysilane, 35
gl%%fﬁ}%p&}w%wwm 0%§3ifBRecay hardly be printed

S AR TR AR 05 Bepinap cavoes
i X l.tri met il N- ( 2- am thyl)3 O

ARERSRY 4 AT RS hon & FARERORE ( DL AntREbERGE) 3£ |
Iar%]sgl.g%:noa%%ﬁ:{p?fc}e{.{ rrgag(lg}ét:ufrg&iqg%% _C)J(xysclzlvlrggﬁéds_siiica als

[tard t j i i [ i ) .
@@;@%%0gé&zlﬁxgmme{“gﬁge;‘{én@%_&l@g&ﬁ% PRX¥RL! 1Guig
aghQARLIPKLLEN AR RAX WS ﬁﬁ%é@&f& OﬁN%{{fjgn $s1Phat the

oxysila -

nmet hacryl oxypropyl tri net ne,

chbatentopy! mRkhWdiethexysilaie sk &3 by the f?rmula

chl oropropyl trimethoxysilane, titaniumbased coupling
agent $ss8cB08s biysoRAepy! (N atHy iarguieet iy #9d N03e SFant

titanate, isopropyltriisostearoyl titanate, titanium
26ndi CHeocbykpytopifosplratiep rgpydcetftleler is 5-45% by
tetrai sopropyl di (di octyl phosphite) titanate and
neeagkoxynr thp- M q(Qd- arysaetlhyelalartophenyl )
titanate,

[0054]

An organic filler may be added to the liquid
crystal sealant of the present invention so long as it‘
does not affect the characteristics of the liquid
crystal sealant. The organic fillers include, for
example, polymer beads and rubber filler of core-shell
type. These fillers may be used each alone or as a
mixture of two or more. The average particle diameter
of the organic fillers is not more than 3 um,
preferably not more than 2 pum. If the average particle
diameter of the organic fillers is more than 3 um,
formation of the cell gap becomes difficult. The
amount of the organic fillers which can be added is not
more than 50% by weight based on the weight of the
inorganic fillers, and if it is more than 50% by
weight, the viscosity is tco high and formation of the

cell gap becomes difficult.
[0055]



and zirconium or alum num based coupling agents such

as Zr-acetyl acetonate, Zr-nethacryl ate, Zr'proﬂdﬂhﬁﬁbﬁzmn
25 neoal koxy zirconate, neoal koxytri sneodecanoy

zi rconat e, neoal koxytri s(dodecanoyl ) benzenesul f onyl

zi rconat e, neoal koxytri s(ethyl enedi am noet hyl)

zi rconate, neoal koxytri s(m &% nophenyl) zirconate, 16

MARCH 2007 anmpni um zi r coni um car bonat e,
Al - acet yl acStoMRLSIRIY ne? haerpL 4Pe adgnt can be added
lin ents are

o PRI SRR P L o B BgeRF S5oRe iAgRaT Lon.
CERRTRAEY o AR EO AR SEEL LIRS Sttt
8BRS A Y A B A P M B v Shape 3-
1P R AN SR ol s AR, A0S A rvetal
sg@g,amaoxyb%é?]lm@&wlidq&&e%gm@ar§&,a' ANf30f_the

present invenfion may contain a solvent in order to

r gL gcyBRONkGTOSihy 10 ik2e nesd)antarfd, K dAP] OF, -
coating for 15 inproving the operability of coating on
t fivi sopsopalerimébioxglkieans , usalyze anicidsiehy T 03—
exanpl e, al cohol solvents, ether solvents, acetate
sahimopsopplmdi hgdldmeabd yaiidenky| Nestoeransiol syl ) 3-
These may be used each alone or as a mixture of two
ormpppRropvidmehhyht 20mephbeysll Lameunt3— [ 0057]
aminopropyltriethoxysilane, 3-
mercaptopropyltrimethoxysilane, vinyltrimethoxysilane,
N-(2-(vinylbenzylamoino)ethyl) 3-
aminopropyltrimethoxysilane hydrochloride, 3-
methacryloxypropyltrimethoxysilane, 3-
chloropropylmethyldimethoxysilane and 3-
chloropropyltrimethoxysilane, titanium-based coupling
agents such as isopropyl (N-ethylaminoethylamino)
titanate, isopropyltriisostearoyl titanate, titanium
di (dioctylpyrophosphate) oxyacetate,

tetraisopropyldi (dioctylphosphite) titanate and
neoalkoxytri (p-N-{ 8 ~aminoethyl)aminophenyl) titanate,
and zirconium- or aluminum-based coupling agents such
as 2Zr-acetylacetonate, Zr-methacrylate, Zr-propionate,
necalkoxy zirconate, neocalkoxytrisneodecanoyl
zirconate, neoalkoxytris(dodecanoyl)benzenesulfonyl

zirconate, neocalkoxytris(ethylenediaminoethyl)

zirconate, neoalkoxytris(m-aminophenyl) zirconate,



Exanpl es of the al cohol solvents are al kyl alcohols
such as ethanol and isopropyl alcohol, and aI éMARCHsz
al cohol s such as 3-nethyl - 3- met hoxy but anol

nmet hyl - 3- et hoxy but anol 3-nethy|-3-n-propoxy but anol ,
3- et hyl - 3-i sopropoxy butanol, 3-nethyl -3-n-but oxy

but anol , 3-nethy|-3-isobutok§7butanol 3- nethyl 3-sec-

but ox butanol and 3-nethyl -3-ter butox utanol 16
29500088 CRxiprte opLriee Al-
are }iﬁﬁf 5 ?Sbé@] Ei%ﬁﬁe% oIveg al k Iene
f?ﬂf ﬁ%% a#éy? ét%g Pr88ﬂ98ﬁ IQ?I&W@ I%ﬂﬂﬂllng
st e ﬂ%é’ﬂ]%rf a%%gi %ng}go ?/ngleygl% é’?%@rgents

er solvent

S@fﬁﬂﬂ rfg@Fplﬁ leﬁg Bﬁg guég%%g there

et her (-I sol vents are 3- A o
ey 1. 3z
s e e 3%%?9%#%@@2&6% An
3|tk 13-t 5 Ol tixs t Pt aPes i PESRYL ShACless in
3-net hyl - 3-sec- but oxy but anol - i sopropyl ether and
3reeiidaytli-oBr todf tadnindon it Bt M-abusy! asgbgf)tléﬁ of
[ 0060] Exanples of the al kyl ene gl ycol nonoa
etnhestsiglevent s are propyl ene glycol nononethyl ether,
propyl ene gl ycol nonoethyl ether, propylene glyco
nnnopropyl &hleer comrdpyiergeyitycid adaded sopi®pyhount is
er, 20 _propyl ene glycol nono-n-butyl ether,

10 pagﬁypeﬁelgﬂ§@oby welight in the liquid crystal sealant.
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[0056]

The liquid crystal sealant of the present
invention may contain a solvent in order to feduce the
viscosity of the sealant at the time of coating for
improving the operability of coating on the substrate.
The solvents usable include, for example, alcohol
solvents, ether solvents, acetate solvents and dibasic
acid dimethyl ester solveﬁts. These may be used each
alone or as a mixture of two or more, and in an
optional amount.

[0057]

Examples of the alcohol solvents are alkyl
alcohols such as ethanol and isopropyl alcohol, and
alkory alcohols such as 3-methyl-3-methoxy butancl, 3-
methyl-3-ethoxy butanol, 3-methyl-3-n-propoxy butanol,
3~methyl-3-isopropoxy butanol, 3-methyl-3-n-butoxy
butanol, 3-methyl-3-isobutoxy butanol, 3-methyl-3-sec-

butoxy butanol and 3-methyl-3-tert-butoxy butanol.



nonoi sobutyl ether, propyl ene glycol -nono-sec-butyl

et her, propylene glycol nono-tert-butyl ether, {¢MARCH 2007
ethyl ene glycol nmononethyl ether, ethylene glyco
nonoet hyl ether, ethylene glycol nmonopr opyl et her,

et hyl ene 25 gl ycol nnnoisopaén ether, ethylene

gl ycol nono-n- butyl ether hyl ene glyco

isobutyl ether, ethylene glycol nono-sec-butyl
gqﬁgtignd et hyl ene gl ycol nDno tert-butyl ether 16

R
ooy P REL, 4 S N SR, e

e%&ggqen?nrs?gg%l%&{eét’ réjl.yccg% r«(@)bg}‘k%h Sf.ﬂ%r’ sB19RYENe

5 digisekehy AtRe Priapy ng}g g' ]gbenég tspﬁ Qgt%.éllkylene

et her, “ethyl ené gl yco r- e
gbygebldlaqtldwl ee;tﬂé%r,scﬂtxraﬁ@e gl ycol di propyl 10
ether, ethylene glycol diisopropyl ether, ethylene
g”goebjdl n- butyl ether, ethylene glycol diisobutyl

et her, ethyl ene glycol di-sec-butyl et her and et hyl ene

gl ycol di-te&xampliey oft heve md{BAldrild ExesmbesSephethe
di al kyl ene gl ycol alkyl ether solvents are

dspiupnkenergl peuoletimytlhs-mettherky bl tpaopy | meeh gl yedther,
et hyl ether, dipropylene glycol dipropyl ether, ‘

10 dBpm@bly}/éné gtirosly ouiteoerdomydh et Iﬁé:rher,dliﬂrwymehﬁ n-
gbgggLy Eugagg&ygtggge;thgker%Eﬂé¥ngl %ﬂobutoxy
butanol propyl ether, 3-methyl-3-sec-butexy butanol-
isopropyl ether and 3~methyl-3-tert-butoxy butanol-n-
butyl ether.

15 [00601]

Examples of the alkylene glycol monoalkyl
ether solvents are propylene glycol monomethyl ether,
propylene giycol moncethyl ether, propylene glycol
monopropyl ether, propylene_glycol moncisopropyl ether,

20 propylene glycol mono-n-butyl ether, propylene élycol
monoisobutyl ether, propylene glycol mono-sec-butyl
ether, propylene glycol mono-tert-butyl ether, eﬁhylene
glycol monomethyl ether, ethylene glycol monoeth?l
ether, ethylene glycol monopropyl ether, ethylene

25 glycol moncisopropyl ether, ethylene glycol mono-n-
butyl ether, ethylene glycol monoisobutyl ether,
ethylene glycol mono-sec-butyl ether and ethylené

glycol mono-tert-butyl ether.



20 diisobutyl ether, dipropylene glycol di-sec-butyl
et her, dipropylene glycol di-tert-butyl ether,
di et hyl ene gl ycol dinethyl ether (diglynme), di IGMf\RCHZOM
gl ycol diethyl ether, diethylene glycol dipropyl
ether, diethylene glycol diisopropyl ether,
di et hyl ene glycol 25 di-n-bud9l ether, diethylene
glyég%lgiisobutyl et her, diethylene glycol :
[ utyl ether and diethylene glyco

o L Sl ol SRS h?sa  elkvitas :”\g azécﬁ%lsasﬁrglx Bl es

| hyl ,
L g
i AR SR L L0 SR8 M B e,

Sl sblantitady eubcolhpLopuint B, e S
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t r4iet t r I
mﬁil%ﬁﬂf§¥i§g tr|e?%ﬁgéggéggyggpcgﬁpngg%b%% 195% tr

t rpretgpllegize gl wesl &H*é@&mﬁﬁﬂ}leéhﬁér,tbk% @M%%@egl col
glycol di-n-butyl ether, triethylene glycol "diisobutyl

etdiert,e tr-ibatthyll extecheagt yCéﬁh}dleﬁ@CgDy&Ml amath?md ether,
triethylene glycol di-tert-butyl ether. [0064
Eedinyllesicofg My lackitsitley s ot ttent s atleybekgl ghecog! M@.ph:opyl
nonoal kyl ether acetates such as ethylene glyco

neiérEr hpthetlisae atleteale distdnmeey Jl gthér poabkyhyhe

et her acetate, ethylene glycol nonopropyl ether
glycol di-n-butyl ether, ‘ethylene glycol diisobutyl

ether, ethylene glycol di~sec-butyl ether and ethylene
glycol di-tert-butyl ether.
[0062]

Examples of the dialkylene glycol alkyl ether
solvents are dipropylene glycol methyl ether,
dipropylene glycol ethyl ether, dipropylene glycol
dipropyl ether, dipropylene glycol diisopropyl ether,
dipropylene glycol di-n-butyl ether, dipropylene glycol
diisobutyl ether, dipropylene glycol di-sec~butyl
ether, dipropylene glycol di—tert—butyl ether,
diethylene glycol dimethyl ether (diglyme), diethyiene
glycol diethyl ether, diethylene glycol dipropyl ether,
diethylene glycol diisopropyl ether, diethylene glycol
di-n-butyl ether, diethylene glycol diisobutyl ether,
diethylene glycol di-sec-butyl ether and diethylene
glycol di-tert-butyl ether.

[0063)])
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acetate, ethylene glycol nonoisopropyl ether acetate,
20 ethyl ene glycol mono-n-butyl ether acetate, ;¢naRCH 2007
et hyl ene gl ycol nono-sec-butyl ether acetate,

et hyl ene glycol nonoisobutyl ether acetate, ethylene
gl ycol nono-tert- butyl ether acetate, propylene

gl ycol nononet hyl et her acéﬂhte propyl ene gl yco

nonoet hyl et her cetatg Eylene gl yco
nonoi sopr opyt*Ie?S o tEFéa 6Pl gA&cgily@dikyl ether

oA ﬁt%?%%i‘ﬁ’%‘aé‘{fi?agr%E%Egzﬁiﬁé%s@lga' sthes,
VhRCH S FhHET G Hf@ﬁtwa RERBY ccPZiBrbpveppromaveol
gldﬁ%’ hﬁmz%'—lﬁeﬁ%xytﬁf’-ﬁfo er o §EV8E aiisopropyl ether,

3t@%%&%@ 5 g%%gﬁ. Gt §¥l ether, tripropylene
E?EBM|G§1§%EHH¥1 éﬁﬁ%ﬁ%ﬁ% |305%ﬁ%£0g 91 sec-

3-n- but oxyet hyl acet at e,

apatgiectBeiet i oiﬁ,Qekﬁg (BQY)F&B]Y' dACEL AL &
met hyl -3-tert - butgﬁ;butyl acetate, ethylene g? ?ther'

dtadethyeend etiprbaneiglomnll darat at@fléﬁhﬁé‘ﬂé eQeycol
gl ycol diacetate, propylene glycol diacetate,

ddpebbylerehgly c ol idithgdteaiee g ydddr Gy ey lﬂéﬁhér,

di acetate, and butyl acetate. [0065] The di basic acid
dtneehwleseegéymél ddesc@a‘ttDpyéxaerqﬂee:, astierth whave by
CH3OOO- ( - CH2- Ag (n=2-4). 15 Exanples of such
e%héeela% arReEryl egherar &rd eddtydenedigtsdnil dhdi ety
ester and di nethyl succinate ester. These may be used
aStRSFi xthetBYLENe BLYRBLedinges-butyl ether and

triethylene glycol di—tert—butyl ether.
[0064]

Examples of the acetate solvents are alkylene
glycol monoalkyl ether acetates such as ethylene glycol
monomethyl ether acetate, ethylene glycol monoethyl
ether acetate, ethylene glycol monopropyl ether
acetate, ethylene glycol monoisopropyl ether acetate,
ethylene glycol mono-n-butyl ether acetate, ethylene
glycol mono-sec-butyl ether acetate, ethylene glycol
monoisobutyl ether acetate, ethylene glycol mono-tert-
butyl ether acetate, propylene glycol monomethyl-ether
acetate, propylene glycol monoethyl ether acetate,
propylene glycol monoisopropyl ether acetate,
propylene glycol monopropyl ether acetate, propyiene
glycol mono-n-butyl ether acetate, propylene glycol

mono-sec-butyl ether acetate, propylene glycol
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m xture of three of them for exanple, RHODI ASOLVE

RPDE (manufactured by Rhodia Ni kka Co., Ltd.) f.6%\/[§%CH2007
commercially available. In the present invention, e

di basic acid dinethyl esters can be used in

conbination with other solvents. The preferred

solvents usable in conbinati®¥n wth the dibasic acid
dinEthy esters include, for 25 exanple, ethylene

glr'g%tﬁ?'%lﬁ%ﬁ SHRRF aCEBBBEB] RIOPHHLeNIfe Witk M Heert-
oSS A s B0 SRR B b3l Toetate,

o de et et et Abe Sear BREny) 3 eehoudty L
IR PRI TR AL AR SRS Ty~

25C d 4 '
25 08 S0 A54060 | S 220800l Kok

uwalcla)eew%%e@lgm—s@cw&x%@ggli ggtbx};%é%?{pibg-

wei ght, nore preferably 90-95% n the uid

ChEhll -Sedleaati-bultbAAfuet ipe©ftd | dbidyeéxat ghyd81
di spl ay devices using the liquid crystal” seal ant

cdibakefiang,t e sohMete JIRRJIPRETadeEatoOyet r s8R 1ahes
are |lam nated after volatilizing the solvent by drying

aylybelt idimcef atee- purpyd end yheadl ngi aféestepati ng
the liquid crystal sealant. 15 The viscosity of the
Iﬁéprépwﬂygﬁahiye&ﬂad&aqmﬁaueAuﬂnﬁpﬁdpyﬁémﬂlgﬁy¢®b
Sggggggagé,dg¥hngu%§1 acetate.

[0065]

The dibasic acid dimethyl esters include, for
example, esters shown by CH30CO~ (~CH;-),-COOCH; (n=2-4).
Examples of such esters are dimethyl glutarate ester,
dimethyl adipate ester and dimethyl succinate ester.
These may be used as a mixture of two or more. As a
mixture of three of them, for example, RHODIASOLVE RPDE
(manufactured by Rhodia Nikka Co., Ltd.) is
commercially available.

In the present invention, the dibkasic acid
dimethyl esters can be used in combination with other
solvents. The preferred solvents usable in combination
with the dibasic acid dimethyl esters include, for
example, ethylene glycol dibutyl ether.

[0C66]

As for the amount of the solvents, they can

be used in an optional amount necessary for adjusting
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preferably 500-50000 Pa- s, nore preferably 800-10000

Pa s in nmeasurenent of viscosity (30C accord

nmeasur enent of dynam ¢ visco-elasticity. 20 [Ogg9¥QFﬁH2m”
producing a liquid crystal display device using the
liquid crystal sealant of the present invention, the
liquid crystal sealant is uslifally subjected to

continuous screen _printing on a substrate 25 provided
WP PSP LFY| PEr LNy L TR FLESHA 1f ISG@ ANt tq rsuch a

d to inhibit t liquid t al | ant f

O o L e e B e L tod of
R S007 2 55801 T RGBoPRE EnA%: e [0 vggr nd

: i, fjcal f d t hayvi
g s  S00td CHFURLT - LARRAC10D3 095 e add

f P I 0 Pr ef I

23 eh s TBeR R vRre Bh ey R F IR EFLERST ©
ChBBio 1 aliAS nfa b LAl dbh  £24 8551 AN LSLAY! 80
gl ycol dinethyl ether. The dibasic acid dinethyl

egkahl 1y MoMds: Jorgex Pl rd) @f@f&;ﬂbygaéét%% b
ester, dinethyl succinate ester ‘and di nethyl adlpatg
estefght]0mbies @ reFmeiblds JEY0 I weese Bghe MThXtHEC19huid
two or nore. These conpounds are comercially ,
avaiybéblle seaicntspedf iprozhroteirar adf yi ayal dablkestal
conmpounds include RPDE (nmanufactured by Rhodi a N kka
displey. Hewhicels ivsimg mibeed ispliventrodtall ne¢dyant
glutarate ester, dinethyl 15 succinate ester and
dFARERYNLAGI Safe sedvent  Thd@cammper and lower substrates

are laminated after volatilizing the solvent by drying
at the time of pre-curing with heating after coating
the liquid crystal sealant.

The viscosity of the liquid crystal sealant
after volatilization of the solvent by drying is
preferably 500-50000 Pa* s, more preferably 800-10000 Pa
* 8§ in measurement of viscosity (30°C) according to
measurement of dynamic visco-elasticity.

[0067]

In producing a liquid crystal display device
using the liquid crystal sealant of the present
invention, the liquid crystal sealant is usually
subjected to continuous screen printing on a substrate
provided with a color filter layer under down flow air.
In order to inhibit the liquid crystal sealant from
thickening at the production step under down flow air,

it is preferred to use a solvent having both the high
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of these solvents is about 1-50% by wei ght, preferably

3-30% by weight in the liquid crystal sealant. [QQQ3l-H 2007
The liquid crystal sealant of the present 20

i nvention can be prepared by dissolving the above-
menti oned epoxy resin, curing agent and, if necessary,
sol vent by nixing themunder3Xltirring and heati ng,

further adding thereto the inorganic filler and, if
ng@égs‘é'?‘%/,P%’trh"era‘F‘?l FReslovi KePprdpEssessitgy t he

o SR R PR R HET hlling
B8 S 0 R Kl i DA £ L300, 8 apor
BE sl QR A e e obhor Uiy et fairhle solvents
DRl Sl MRSV (Ehiled il PEER SR BLOYETE ARy 2

t BEHEQN cALS RO AR gﬁ@%g te%ﬁ@ @f‘fgtgg]bgée%%%cto%e

gi ven space, the periph emIis s .

| hgRbdneny shdlerseald Dfpdde: IESEimb NGt LOPe raNd
aliquid crystal is confined in the space between the
sthsludkes fothedanguied ittty gherdPaeonésped,is

not particularly limted. The liquid crystal display
dduvineehgdapsceainiage ¢ stratstald phinedtheDrpdipatg espatt
of substrates between which a liquid crystal is
cOhébaedompdunblisc naiys ber esede i ania miztypod asf ztwg or
plate, a circuit for driving, a cable for

more. These compounds are commercially available, and

specific commercially available compounds include RPDE
(manufactured by Rhodia Nikka Co., Ltd.) which is a
mixed solvent of dimethyl glutarate ester, dimethyl

succinate ester and dimethyl adipate ester. The amount

- of these solvents is about 1-50% by weight, preferably

3-30% by weight in the liquid crystal sealant.
[0068]

The liquid crystal sealant of the present
invention can be prepared by dissolving the above-
mentioned epoxy resin, curing agent and, if necessary,
solvent by mixing them under stirring and heating,
further adding thereto the inorganic filler and, if
necessary, other fillers, finely dispersing the mixture
by a known mixing apparatus such as ball mill, sand
mill or three-reclls, and then further adding given
amounts of the curing accelerator, and, if necessary,

the coupling agent, an anti-foaming agent, a leveling
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15 input of signals, a back light, etc. Here, the
substrates are conprised of a conbination of ¢nmaARCH 2007
substrates which are made of glass, quartz, plastics,
silicon, or the like and at |east one of which is

light transm ssive. The device can be produced, for
exanple 20 in the follomﬁﬁﬁ manner. First, a spacer

spac co trolljng materi ch as ,glass fiber is

&ggﬁﬁi h%h?lhhgﬁ'c£9£# AgegV %he present

'FGHH ] The spacer includes, for exanple, glass
ber, S|I|ca beads and polyner beads. The di aneter

. h I f

EE?F?EUIZ B RS T R tﬁs?fﬁsagqac%g?e_fi ghe
C IS

Ao T 3“’%%%3 byé“ve%ﬁ"%‘@f p%é %?%%? aBoytng giyen

7 \
oo IR s RIS BEARLY, <o

wehght ohetrhed ia0yid Gy »s%ié&e, sered aﬂér?ﬂéhéagi Bfeﬁﬁe}n is

invention. The liquid crystal seal ant

SpaaeédlﬁladdtﬁelSlﬁﬁﬁkEQﬁyhﬂHEEéééﬁaﬁtpéfrt@é ﬁPSsent
substrates by a dispenser or the like, thent

sbhventiba, ewaporatldduiyl kagidtg, iswc@niﬁﬁ&@,lnathQOC
for 10 m nutes, subsequently the opposing substrates
aspatanbrawvedn &he shbsgapties .refhed yuid dofstabsse be
followed by carrying out the curing at 120 10 160C for
1confbned £6 sbtapartheudevilye 1infigexd] Mhe Herqmie,

for producing_a liquid crystal display device having
CFYHuRd €igBLay AgVéFrameafisclk liquid crystal panel

comprising a pair-of substrates between which a liquid
crystal is confined and which is provided with a
polarizing plate, a circuit for driving, a cable for
input of signals, a back light, etc. Here, the
substrates are comprised of a combination of substrates
which are made of glass, quartz, plastics, silicon, or
the like and at least one of which is light |
transmissive. The device can be produced, for example,
in the following manner. First, a spacer (space
controlling material) such as glass fiber is addéd to
the liquid crystal sealant of the present invention.
The spacer includes, for example, glass fiber, silica
beads and polymer beads. The diameter thereof is
selected depending on the cell gap of the liquid
crystal display device to be made, and is usually 0.5-
10 um. The amount of the spacer used is about 0.1-4

parts by weight, preferably about 0.5-2 parts by
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is interposed between a substrate having a col or

filter 15 layer and a substrate having a |iqui q¢nmARCH 2007
crystal orientation |layer on the el ectrode | ayer an

is held by the liquid crystal sealant, the liquid.
crystal sealant is coated on one of the substrates by
screen printing, and anoth&b substrate is hot press
bonding thereto, and 20 the liquid crystal naterial

i d MFS Hr bl bt seent t Bedslib3t Patés byTwe Lt
sheeti ng press or

g
di b jed b

eSS IR TS o el DY RDegL L0 Press 01
RES38YY G & A ST AR | nubhel J L aHadsCaBPyal
f I ' it f d liguid
PaRart BRI TR CHf FIGRr £7 og0gFod on one

6 ; | 124 711< 7 ' ' [
CBTORCERIE, o3 S R S S e Sel BB e,
CRhEN PHeOWh 1R S GreS drdt 2¥“HE£@%%¢S for example,
viscosity of the |iqui rystal sealant ~after

CAEN Y07y £o 10eneARtEBYOYaLBERNERRT): tHRE opHRGeR) tY
i s nmeasured by Jﬁ E-type SEECOﬁE%EF.»StF%O?FFﬁ%¥Ea

ssupstrptebt kg 0bmihe tlldQuiathdL st JJap siedl Aovdd By a
liquid crystal sealant is cast on a screen printing
phat eprasd, stoteotke pyodactiydng Sutatibelduricardt exbo-
out in a clean room the liquid crystal sealant 10 is
ekpd¥eddan Mdwhdihow & robaaint hise sdbveéne. cont ai ned

is gradually volatilized fromthe surface of the

I[Qﬁh@] crystal sealant to cause increase of viscosity

of the
Furthermore, for producing a liquid crystal

display device having a liquid crystal material which
is interposed between a substrate having a color filter
layer and a substrate having a liquid crystal
orientation layer on the electrode layer and is held by
the liquid crystal sealant, the liquid crystal sealant
is coated on one of the substrates by screen printing,
and another substrate is hot press bonding thereto, and
the liquid crystal material is poured in the space
between the substrates. The hot press bonding may be
carried by a sheeting press or multiplaten hot press
under normal pressure or reduced pressure.

For carrying out screen printing of the
liquid crystal sealant continucusly and stably for a
long time, it is preferred to use a liquid crystal
sealant having physical properties of 75 2<60(Pa- s) and

n2/n1<1l.5 (where 75l is a viscosity of the liquid
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seal ant. Wen the viscosity of the liquid crystal

seal ant increases to 60 Pa- s or higher, there ;¢ ArCcH 2007
sonmeti mes 15 occur such problens that shape of % e

printed seal is deteriorated (blurring, thinning,

t hi ckeni ng, breaking), breakage of seal occurs due to

cl oggi ng of neshes of screé® printing plate, and the
surface of the Iliquid crystal seal ant becones too
h&rysielt seadante RTWS PAKFENGt @ptt bheagsseen printing
deterioration of adhesion to the opposing substrates.

WRBA (he 19 3cBiPEPSHEY &t éﬂﬂec&%q%@rsﬁhwg i $RAant
th 1.5 ti t [ ity 711 at the_ begi nning
OREERE BRETVRAG O (S ML T B b GhRagERe
ti I 5 th reen printin
SR PPaRY Wi BRARHE Sehity 4 yF Sooe CLRFOBECRF nt i ng
SpgRYq jare changed. For changing the printing
c@ngi%ﬂons during continuous printing, the production

e R S e

37 condi tions nust pr oc

C et ex Lo i f uctd fdci , i C
8H88ante ﬁ?é ngg[aogﬁ%rt%q Gdan if fi Ll enoy, ol Ci-reen

is not preferre 5 The present 1nvention

Worinbengxplatagdahl sAPKR d@ledidrddadthied ald tgrally
exanpl es, which should not be construed as limting

tberthy@ndbudNihnaasyeaRNtebm, 073N Joia By sk alC seditint
100 g of an epoxy resin represented by the

is exposed tc down flow air, and the solvent contained
is gradually volatilized from the surface of the liquid
crystal sealant to cause increase of viscosity of the
sealant. When the viscosity of the liquid crystal
sealant increases to 60 Pa- s or higher, there sometimes
occur such problems that shape of the printed seal is
deteriorated (blurring, thinning, thickening,

breaking), breakage of seal occurs due to clogging of
meshes of screen printing plate, and the surface of the
liquid crystal sealant becomes too hard at the
temporary baking step to cause deterioration of
adhesion to the opposing substrates. When the
viscosity n2 after continuous printing is more than 1.5
time the viscosity 71 at the beginning of the printing,
blurring, thinning and breakage sometimes occur uhless
the screen printing conditions which are initially set,
such as printing speed, are changed. For changing the

printing conditions during continuous printing, the

production must be once stopped and the printing
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formula (1) (RE-600NM manufactured by N ppon Kayaku
Co., Ltd., which contai ned 65-80% by wei ght of ﬁﬂﬁAR(&Iﬂm7
compound of n=0 in the formila (1)) and 30 g of

phenol novol ak resin containing 30-50% by wei ght of a
15 conpound having two rings (PN 152 manufactured by
Ni ppon Kayaku Co., Ltd.) as ¥ curing agent were

di ssol ved with heatlng in 10 g of RHODI ASOLVE RPDE
&d?ﬁf#% %@SWU%@%%yr%%@H?dof agrnsheple gnacadies cause
21 27% ht _of di nmethyl succinate, 12-20% by

Jz?ﬁ/ %r? ik MO%@%&% Sk G §BCYr e P RHGdINET

kkq; a Ltd.) as a solvent. In the resulting resin
i eder e di spersed 60 g of spherical al unina

hﬂ%&ﬁ#ﬂ average particle dianeter of about 30 nm
C ALUM NA SP-C nmanufactured by C Kasel Co. ,

h [ -
btfj Lt mopr ot (AN Slded SV 1P BePhxEIBIERY ip
%R e iy }$ é%ﬂ%din fad sbywﬁgglanghg gd not

of AM CURE MY aV|ng an erag partic I ane
Obe3 cb6 svaEd %%Oﬁlﬁﬁiﬁﬂﬁ‘%hé‘%ﬁ%éﬁ@ﬂ@ﬁ fﬁdﬁﬁg Tanner.

manuf actured by Ajinonmoto Fine Techno Co

cgobnglaccel erator to obtain a liquid crystal sealant
of the present invention. 5 [0074] Conparative
Exaspp@el 1100 g of a |iquid bisphenol A type epoxy
resin (RE-310S manufactured by Ni ppon Kayaku Co.

Ltd.) O and080ggodf aa phemxgl naamﬁzﬁepm&nent&dﬂmyntmg
30-50% by -

formula (1) (RE~-600NM manufactured by Nippon Kayaku
Co., Ltd., which contained 65-80% by weight of the
compound of n=0 in the formula (1)) and 30 g of a
phenol novolak resin containing 30-50% by weight of a
compound having two rings (PN-152 manufactured by
Nippon Kayaku Co., Ltd.) as a curing agent were
dissolved with heating in 10 g of RHODIASOLVE RPDE
(comprising 57-63% by weight of dimethyl glutarate, 21-
27% by weight of dimethyl succinate, 12-20% by weight
of dimethyl adipate; manufactured by Rhodia Nikka Co.,
Ltd.) as a solvent. In the resulting resin solution
were dispersed 60 g of spherical alumina having an
average particle diameter of about 30 nm (NANOTEC
ALUMINA SP-C manufactured by CI Kasei Co., Ltd.) as an
inorganic filler and 10 g of N-phenyl-vy-
aminopropyltrimethoxysilane as a coupling agent by

mixing them with a sand mill, followed by adding 8 g of

AMICURE MYH-K having an average particle diameter of 3
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10 wei ght of a conmpound having two rings (PN 152

manuf actured by N ppon Kayaku Co., Ltd.) as a ﬁ%ﬁhRﬁCHzmn
agent were dissolved with heating in 30 g of ‘

RHODI ASOLVE RPDE as a solvent. In the resulting resin
solution were dispersed 60 g of spherical alum na 15
havi ng an average particle d&Bameter of about 30 nm

( NANOTEC_ALUM NA SP-C manuf actured by Cl Kasei Co.
Lt4d™) CEsL88Si derdas ¢dduater mand frostgiesd Neyphehynomoto
ami,nopropyl tri met hoxysil ane as a coupling_agent b
m%U%Pﬁng i%Gr a Lthd AT 12 FOFipdedcsslasatng ¥0g
of ﬁg.ANI RE MYH K havinng an average particle
APREBEEY 2ofl LG Gy S bAs RIS datl Ehe HERBPAEL ur ed
bxnéklnonnto Fi ne Techno Co., Inc.) as a curing

acce 8F§F€F to obtain a liquid crystal seal ant.

[985$h 25 Conparative Exanple 2 100 g of a liquid
blsphe%ol A type epoxy resin (RE-310S manufactured by

NEBREAr KRY FKU ES@mp1eltid. ), 10 g of dihydrazi de adipate
as a curing agent, 16 MARCH 2007 39 20 g of

RHODI ASCLVE1 B8DE;, 080 20 194us N &iisgie il U ra;p’\{'\%g%gy an

average particle dianmeter of about 30 rim (

ALLBA NA (BP- €1 0BNHEacreEedrly By BiorCkayakd &d. ASLtd.)
an inorganic filler and 10 g o# N-phenyl - 'y 5

aamd 0PO opybEr kNphBaXY S hbebe a&s rasGeuRldntG idgery IBIS0% by
m xed and di spersed to obtain a liquid crystal

seai@nt . of Aat hempeonoll hemsnygs edof arinkize (HNEITE and

di spersing. Since there was the possibility of the

Inafui Erefysedl| by Nippon Kayaku Co., Ltd.) as a curing

agent were dissolved with heating in 30 g of
RHODIASQLVE RPDE as a solvent. 1In the resulting resin
solution were dispersed 60 g of spherical alumina
having an average particle diameter of about 30 nm
(NANOTEC ALUMINA SP-C manufactured by CI Kasei Cb.,
Ltd.) as an inorganic filler and 10 g of N-phenyl-vy -
aminopropyltrimethoxysilane as a coupling agent by
mixing them with a sand mill, followed by adding 8 g of
AMICURE MYH-K having an average particle diameter of 3
um or less (amine adduct: manufactured by Ajinomoto
Fine Techno Co., Inc.) as a curing accelerétor to
obtain a liquid crystal sealant.
[0075]
Comparative Example 2

100 g of a liquid bisphenol A type epoxy
resin (RE-310S manufactured by Nippon Kayaku Co.,

Ltd.}, 10 g of dihydrazide adipate as a curing agent,
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seal ant of Conparative Exanple 2 being cured with heat

10 generated at the sand mll, the three-roll ﬁ%ﬁ§§§lﬂm7
in place of the sand mIl. [0076] Test Exanple

Measurenment of viscoelasticity after 15

vol atilization of solvent: The liquid crystal seal ant

mas coated on a glass subst¥ate and was spread to a
kness of 25 gm u5|n an_applicator having a

hritle RHODER Vﬁrh%ﬁ E,t AR gl ads selissticale adomion

mnth the seal ant was |eft ieTﬁo stand for 5 m nutes on

a OO &% Hekase tl%a%tc LRBREEEr Oft BPOsEA P PM
Wﬁ@@rﬁﬁ%@%ﬁ%—&ﬁﬁﬁ?%ﬁgé’ LhS B BRGe him
BEKIRy oS OB heeosl Unacss Ll kel L be -
reRASERS 'ts—**%éé’&%@aﬂ%sé fong agen9

|
PS8 5 G TR 08 A e
NARGHr3QOZOliow%%e%%%ﬂnfoﬁ)Ehé{hlﬁﬁﬁéjQn&n?£§peps%ng

deg.; neasuring tenperature: 30C. The results are

sbowkei Bhéakl @ab the0Q@oHs ()11 Kgﬁto@ftﬂ@aﬁi@hm Erystal
wi dth of seal when 5 the liquid crystal seal ant was

pseatanedod@ngotmbenraa i vieo @k angs eappldeeithd heied®: wiFe heat
gram of a glass fiber having a dianeter

generated at the sand mill, the three-roll was used in
place of the sand mill.

[0076]

Test Example 1

(A) Measurement of viscoelasticitylafter
volatilization of solvent:

The liquid crystal sealant was coated on a
glass substrate and was spread to a thickness of 25 um
using an applicator having a clearance of 25 um. Then,
the glass substrate coated with the sealant was left to
stand for 5 minutes on a hot plate heated to 90°C.
Thereafter, the sealant was scraped off from the glass
substrate, and was formed into a column of 20 mm in
diameter and 1 mm in thickness. The complex viscosity
coefficient of the resulting sample was measured by a
dynamic viscoelasticity measuring apparatus (Rheosol-
G5000 manufactured by UBM Co., Ltd.). The dynamic

viscoelasticity measuring apparatus was set as follows:

Cone: Parallel cone of 20 mm in diameter;
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of 5 pm (PF-50S manufactured by Nippon Electric d ass

Co., Ltd.) as a spacer was added to 100 g of tri%l\}ﬂRCHZOCW
resulting liquid crystal sealant, followed by mxin

by stirring. This liquid cryst aI seal ant was coat ed

by a dispenser on a glass substrate of 50 nm X 50 mm

so as to give a spreading 40 seal of 1 nmwhen a gap

of .5 m _was. formed, and, was pre-cured by heating

V\nftrr‘?%leﬁbqy '15O ﬂ A% FtopE faRIbehi AuledeTTieMeagmring
th| orat e S su osed a ass. subst rat e
of ecat rﬁﬂe‘i %}%%‘W

of[g% /cer to crush the seal ant, and t he extended
idth of seal was confirmed by a m croscope. The

It ' Tabl e
reans 5 ceal (i G0 010 SR B9 AT pas kR
I h 0 Test
oﬁﬁ\%g%éyuggsgrquts:t%%s gé%ql qui d‘% cr ys% c(f;)lzse%l %ﬁ?(%ﬁ °3
r%gut WwBg higuiidLrpsddseal ant was  coated on a

gl ass substrate at a thickness of 25 u m 16 MARCH

2007 41 Theneo trawas rsubjcaGisad fig el Wgh 0f $0hvent
by heating ?OOC for (Sﬁm nut es and currg% at 150C ter

fof 60um nm"esos Thenutabeugeat B¢ 8liapsns wheltatlie Wsss
i ntroduced into a therno-hygrostat in an atnosphere of

5C60LC Bhd. 90&sf ar spdckauwas andedntrer ldltsey pif athavas
calculated fromthe ratio of weight before and after
resulting liquid crystal sealant, followed by mixing by
stirring. This liquid crystal sealant was coated by a
dispenser on a glass substrate of 50 mm X 50 mm so as
to give a spreading of seal of 1 mm when a gap of 5 um
was formed, and was pre-cured by heating with a hot
plate at 90°C for 5 minutes. Then, on this glass
substrate was superposed a glass substrate of the same
size at 25°C, followed by applying a load of 2 kg/cm? to
crush the sealant, and the extended width of seal was
confirmed by a microscope. The results are shown in
Table 1.

In Table 1, “good” means a seal width of 0.3
mm or more, and “bad” means a seal width of less than
0.3 mm.
[0078]

(C) Test on water absorption of liquid
crystal sealant:

The resulting liquid crystal sealant was

coated on a glass substrate at a thickness of 25 um.
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introduction into the therno-hygrostat. The results
are shown in Table 1. [0079] Ls~ 10 (D) Test ' >0
noi sture perneability of liquid crystal sealaﬁ@; |ﬁgH2mW
test was conducted in accordance with JIS Z0208. That
is, the resulting liquid crystal sealant was coated
on a polyimde filmat a thé#dkness of 50 um 15 The
coat was subjected to drying of solvent by heating at
18b€ FERL1YaS Mtee Rt dir «rwingsot sotvent hvnbeasing
Then bb&n%iguis crystal sealant was peeled off from
tRE pOPYFnfaE 1) RiBHESPUPIRe CUEEtkd tatl STEBCEOr06 060
ninutgs. A igitabl amount of _cal ciumchl oride 20 was
cRarYedSin a0 st ecp?é‘rtr?é‘gtﬂ}ea%p?u fdF3He ¥dFed
liquid.crystal .seal ant was.cut in conformty with the
o SEECER Tk e tRESlirddtfattah ‘Srbarhe S o
o i t ffi Th a r, the noisture
pe e e e e e R b ath T s R e Rs Ry g r L bae

i Bagéui@téﬁr@l?eﬁe{:ﬁeog:a@?g apd é%qut‘g:?nrbt%&o%r?d a],af@er

wat er absorption was cal cul at rati1o o

weh8hbaubef 9heiald ahbetnkbRhbadyelildt 4t o ftr{é‘i 66%

hygrostat. The results are shown’in Tabl'e
28004 sHhawh0980tapTabhe 1: Results of evaluation of

liquid crystal sealant Test itens Exanple 1
Coopa® ht i ve Conparative Exanple 1 Exanple 2

(D) Test on moisture permeability of liquid
crystal sealant:

The test was conducted in accordance with JIS
z0208. That is, the resulting liquid crystal sealant
was coated on a polyimide film at a thickness of 50 um.
The coat was subjected to drying of solvent by heating
at 100°C for 10 minutes and cured at 150°C for 60
minutes. Then, the liguid crystal sealant was peeled
off from the polyimide film and further cured at 150°C
for 60 minutes. A suitable amount of calcium chloride
was charged in a moisture permeable cup, and the cured
liquid crystal sealant was cut in conformity with the
moisture permeable cup and set in the cup, and the cup
was sealed with paraffin. Thereafter, the moisture
permeable cup was introduced into a thermo-hygrostat in
an atmosphere of 60°C and 90% for 24 hours, and water
absorption was calculated from the ratio of weight

before and after introduction inte the thermo-

hygrostat. The results are shown in Table 1.
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(A) Viscoelasticity 1110 107000 1020 (Pa- s) (B) Seal

w dth test Good Bad Good (C) Water absorption 1]5.Nqﬁli{tc3{2007

3.7 ~J} (x)(60C, 90%Rn, 24h) (D) Moi sture Perneab
(%9 40 42 80 (g/n2 24h) [0081] As can be seen from
(A) of Table 1, the |liquid crystal sealant of Exanple
1 is lower in viscoelastici4dy after volatilization of
solvent than 5 the liquid crystal seal ant of

ive Exanple 1, and the liquid crystal seal ant
of Conparative Exanple 1 has a very high viscosity.
T ig Respl fpgva 8 Yieaiddr Eygtad) paalant
crystal sealant of Exanple 1 is smaller than the
liquid crystal sealant of 10 Conparative Exanple 1 in

| oad of .press at the tine of _|amination of the upper
and Ig%tir)—lgﬁ%%f rat es igfﬁfa—mgigel%ct SSRRRFALIVE qfQuparative

crystal display device, and hence_in the case of ‘
using the liquid crystal sealant Ex ! | e BXamplg 2
rggjgpggkbggmékggycan bg,pgrformed, jn, MARCH 2007
43 a shorter tine. Furthernore, as can be seen Trom
(B) of Taplgyl, the liquid crystal sealant of Exanple
1is better than the liquid crystal sealant of
Coppaseati ¥earrExagpl e 1 ghod he state @iy room o oq
tenperature after pre

(C) Water absorption 1.0 1.0 3.7

(%) (60°C, 90%Rh, 24h)
(D) Moisture
Permeability (%) 40 a2 80

{g/m®: 24h)

[0081]

As can be seen from (A) of Table 1, the
liquid crystal sealant of Example 1 is lower in
viscoelasticity after volatilization of solvent than
the liquid crystal sealant of Comparative Example 1,
and the liguid crystal sealant of Comparative Example 1
has a very high viscosity. Therefore, it can be
suggested that the liquid crystal sealant of Example 1
is smaller than the liquid crystal sealant of
Comparative Example 1 in load of press at the time of
lamination of the upper and lower substrates in
production of a liguid crystal display device, and
hence in the case of using the liquid crystal sealant

of Example 1, the registration step can be performed in
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5 curing. Moreover, as can be seen from (C) and (D) of
Table 1, the water absorption and noisture 16 MARCH 2007
perneability are better in Exanple 1 than in

Conpar ative Exanple 2. [0082] Exanple 2 10 (1)

Synthesis of liquid crystal sealant: 100 g of an

epoxy resin represented by e fornula (1) (RE-600NM
manuf act ured by N ppon Kayaku Co., Ltd., which

c ORI HEEL B0 byF wet ihEmere has eappbengeen fxon n(B)
the formulag (1 d 30 g of a 15 phenol novol ak resin
6 AR o0 Uy Gy erah sEaipoting tnuang lend. s
rin PN- 152 nuf act ured b i ppon Kayaku Co. , ,
Lbag)sce%s télaéhﬁ'rp}?g Ulalgcﬁ'}ﬁé real s %«H@Htwfhcﬁ@aﬁirﬁgwe

[ of, RHODI,ASQLVE RP having a boilin oi nt

P SPELE50C hatls TR SS hreTb P Sraapbe BEbesyPee-

0 - at ; taj ni 7-63% by wei of

arHethd " e 3 BF e el Bhetng () of

S hpage +20% ' i et adi i
oot ir S by ad R A 4% A o e BeBfhEhi1 ity

| Bréhgetest! thng dgsiiR 00N MYy ﬂﬁ@@fg?;?gméi’e 92,
of spherical alum na having an average particle
dieosker of about 30 nm (NANOTEC ALUM NA SP-C _

manuf actured by Cl Kasei Co., Ltd.) as an inorganic
fEkdmpland 10 g of N-phenyl- y 16 MARCH 2007 44

anmi nopropyl trinethoxysilane as a coupling agent by

m xi ng t hem(W t Byatbesdsnblfl 1ifalikdowed snaladdiadigrt g

of AM CURE MYH K havi ng an average particle dianeter
of 3 100 g of an epoxy resin represented by the
formula (1) (RE-600NM manufactured by Nippon Kayaku
Co., Ltd., which contained 65-80% by weight of the
compound of n=0 in the formula (1)) and 30 g of a
phenol novolak resin containing 30-50% by weight of a
compound having two rings (PN-152 manufactured by
Nippon Kayaku Co., Ltd.) as a curing agent were
dissolved with heating in 10 g of RHODIASOLVE RPDE
(having a boiling point of 200-230°C under 1013.25 hPa
and a vapor pressure of 6 Pa at 20°C; containing 57-63%
by weight of dimethyl glutarate, 21-27% by weight of
dimethyl succinate and 12-20% by weight of dimethyl
adipate; manufactured by Rhodia Nikka Co., Ltd.) as a
solvent. 1In the resulting resin solution were
dispersed 60 g of spherical alumina having an average
particle diameter of about 30 nm (NANOTEC ALUMINA SP-C

manufactured by CI Kasei Co., Ltd.) as an inorganic

filler and 10 g of N-phenyl-vy -



gmor |ess (am ne adduct: manufactured by Ajinonoto 5
Fine Techno Co., Ltd.) as a curing accel erator {{84ARCH 2007
obtain a liquid crystal sealant of the present
invention. [0083] (2) Production of liquid crystal
display 10 device: A liquid crystal orientation
material such as a polyin d& material was coated by
offse&gfrint'n ,_nhethod on an array substrate
c G Wﬁé RO KEVAGEt A8r BoRCHR 148G ¢gent by
el enent Wi and _a 15 transparent el ectrode and a
c OIS | -s"f%%’ SUb3IE? t%liﬂavgﬂéi‘?ﬂgfje ¥ @eddng 8 g of
fi i.si,ng red, blue and reen, .a hl.ack
nHERRE PO 8 G o BiRde BRERdhafefiianieer of 3
el ectrod l.si.ng | ;TO as an osite ubsirate.
T en,éghggégg‘gég‘?lrr%t é-:‘sdd\%é:%e' gnl%] ecatced‘uf%d%byt%}n)prb?rﬁ?‘io

5 bakhagrabpad FOC forg 1y 10, g n i pg at
160-220C p@% %‘Q’g- 3 o%r)s]%or%%‘?e‘ﬁ“g ??%%?%rag%s %

Obbeat Al hon kel oo dONem biatib) £0EAD0 POL Bt t he

substrates to liquid crystal nolecule orientation
t igabAeRbnsuch as rubbing. 25 [0084] Thereafter, the
above liquid crystal sealant was coated on the col or
fiiboesisi de substrate by screen printing nethod. A
sui tabl e amount of a glass fiber 16 MARCH 2007 45
havi ng a degkiedrdidamttien w&s laddad tardtenl idlsslay
crystal sealant for maintaining the cell thickness.

10 device:

A liquid crystal orientation material such as

a polyimide material was coated by offset printing
method on an array substrate comprising glass and
having thereon an active element, a wiring and a

15 transparent electrode and a color filter-side substrate
having thereon color filters comprising red, blue and
green, a black matrix for light screening and a
transparent electrode comprising ITO as an opposite
substrate. Then, these substrates were subjected to

20 temporary baking at 50-100°C for 1-10 minutes and real
baking at 160-220°C for 0.5-3 hours to obtain a liquid
crystal orientation layer, followed by subjecting both
the substrates to ligquid crystal molecule orientation
treatment such as rubbing.

25 [0084]

Thereafter, the above liquid crystal séalant

was coated on the color filter-side substrate by screen

printing method. A suitable amount of a glass fiber
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The initial viscosity nl of liquid crystal sealant A
was 22.5 Pa- s. Substrates for liquid crystal %ﬁk & 2007
wer e produced by continuous screen printing of ab F ?
hours, and the viscosity 122 of the liquid crystal _
seal ant after the continuous printing was 28.4 Pa- s.
That is, n2<60 and v2/i'1=1426. [0085] 10 The shape

of seal after seal continuous printing was

s&evaPge Podpsiinach Aianeaagea anaddedutei he aAquid

clo |n of screen of screen printing plate did not
oE&Yrtathsegdandntt %éﬂ%%@h@gt*@heﬁeﬁ@w tbﬂcxsess

St SR b S%B“%%Béﬁ’%iu'disc%&s?ﬁ%%a b A

h h hand
THas Bras s BRueSsubatpaEEe t%g? tgis?%@fé'ﬂwt ¥ th &7 )
20 t t n o
TRags! plBdEeh By i‘%ﬁo'gyfiﬁa%?%%roe ewzé%@ﬁrgg o%h@bout 7
cR egsflghar tﬁbd%fl%%%%*l angd gﬁs RS 'ocg%es tal, 4

substrate were terrporarl aéhere

aééﬁ[aﬂgshftggakhélbgﬂggghou%h presgPQﬂ§ Mk 4 %a' s.

substrates were subjecte bondi'hg’

1502 209E, f gr2 Lsd- &@ogrﬁ/ﬁqglalysnat e and fix the
opposi ng substrates so as to give a uniformthickness

i 0@ Pj ven range. 16 MARCH 2007 46 [0086]

The shape of seal after seal continuous
printing was satisfactory without breakage and
blurring, and clogging of screen of screen printing
plate did not occur.

The sealant was subjected to removal of
solvent (the remaining solvent was less than 10 ppm) by
temporary baking at 50-100°C for 1-30 minutes by a hot
plate after the seal printing. |

On the other hand, the array-side substrate
was sprayed with a spherical spacer made of plastics
for the formation of cell thickness by dry spraying
method.

Thereafter, the color filter-side substrate
and the array-side substrate were temporarily adhered
to each other, and after positional alignment, these
opposing substrates were subjected to hot press bonding
at 150-200°C for 0.5-3 hours to laminate and fix the
opposing substrates so as to give a uniform thickness

in a given range.
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These opposing substrates were cut to a given shape,

then a nematic liquid crystal material was poygeqdarcH 2007
thereinto by vacuum pouring nethod, and the 5 pouring

hol e was sealed with an ultraviolet-curing type resin

to obtain a liquid crystal display device. The liquid
crystal display device nade4$y the nethod of the

present. i nvention was free fromdefects | such as
bﬂ@ﬁ%ﬁﬂe, thinning and blurring of the seal 10 which

may be caused by the seal printing. %0087] ,
Conpar ati ve |PPPIYNT R ReERECSf WEEGUFH e tPs@algiven

; SEPRE rETST0s A A %%%uﬁ@sﬁfgﬁﬁ%lﬁaééEEi%@?ﬁfs

Lt d. 30 .9 ,of h I ' I,Ni
seousnshy Rt o VIR RCRay niet fa? T nju" R
cRPikaho BN SEls Sy AR E Y kB mE56ube 8P Buve

Wiére r§So _ R
of B C i i i 2 DR T P S P P o PEeRy 5

Pa at 20C) a%e21i8@IiEMHrydthll NG SSEI) LdDBi EEShAde by the
solution were dispersed™60 g of spherical alum na

ha¥t ABdan favekeageespatt ii¢lvert iddfetlls of réd ot o Oddkct s
( NANOTEC ALUM SP-C 25 manufactured by CI Kasei Co.,

Lédch as boehkegeanithinhiimeamhbiiygind IF plieayseay
- am nopropyl tri nmet hoxysil ane as a coupling agent by
nmvli.oy nhgnbei thusedaby e sefadl Ipoviedt dng addi ng 8 g
of 16 MARCH 2007 47

[0087]

Comparative Example 3

(1) Synthesis of liquid crystal sealant:

100 g of a liquid bisphenol A type epoxy
resin (RE-310S manufactured by Nippon Kayaku Co., Ltd.)
and 30 g of a phenol novelak resin containing 30-50% by
weight of a compound having two rings (PN-152
manufactured by Nippon Kayaku Co., Ltd.) as a curing
agent were dissolved with heating in 30 g of propylene
glycol diacetate (having a boiling point of 190°C under
1013.25 hPa and a vapor pressure of 31 Pa at 20°C) as a
solvent. In the resulting resin solution were
dispersed 60 g of spherical alumina having an average
particle diameter of about 30 nm (NANOTEC ALUMINA SP~C
manufactured by CI Kasei Co., Ltd.) as an inorganic
filler and 10 g of N-phenyl-vy -

aminopropylitrimethoxysilane as a coupling agent by

mixing them with a sand mill, followed by adding 8 g of
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AM CURE MYH K havi ng an average particle dianmeter of 3
Am or |ess (manufactured by Ajinonoto Fine Techggﬂgﬁ(ﬂlzm”
Ltd.) as a curing accelerator to prepare a liqu

crystal sealant. 5 [0088] (2) Production of liquid
crystal display device: In the sane manner as in
Exanple 2, a liquid crystald/rientation |ayer was
f%%ﬁgﬂjon an array-side 10 substrate and a col or
fi -

RE i siihheaing 39| #¥REaIehPagtiBicdet idigmeger of 3
orientation treatnment. Thereafter, the above |iquid
o8t aF L85ParlMaNE RS Ures & dH ABRNGEP oFLhe| TRFREPUEO-
S Qéfrate b screen printing nethod. A suitable |
RS0 6F 2 GRS R (TP THEQF GO aPHERRFEd 2di AR
W%§X%qg§d5%%qgﬁ%l iquid crystal sealant for
mai Nt "

alning the cell thickness. The initial viscosity
7%0%8@ﬁ the liquid crystal sealant was 30.5 Pa- s.
Substrates for liquid crystal panel were produced by

conti nuous Seneen i ddi;i %ngi 7 r

t he viscosi?y)712 ofc?%éngfgii rj%t%fgsggglg%?sg$¥er
t Reveenti nuous printing was 102 Pa- s. That is, 77
2<60 and 712/ 77 1 = 3.34 . [0084] In the shape of

seal after rhetpealsade &@MHSHICUS M indddEhe tHETE 1iquid
occurred disorder in seal wdth and narrow portions.

Foryseabooeiehhatéoncdayeed wasocal riyeakagen Erseplside
and the screen printing plate was partially clogged.
18ulppRCEEQ087d a color filter-side substrate, followed
by subjecting to orientation treatment.

Thereafter, the above liquid crystal sealant
B was coated on the color filter-side substrate by
screen printing method. A suitable amount of a glass
fiber having a desired diameter was added to the liquid
crystal sealant for maintaining the cell thickness.
The initial viscosity nl of the liquid crystal sealant
was 30.5 Pa- s. Substrates for liquid crystal panel
were produced by continuous screen printing of about 7
hours, and the viscosity 72 of the liquid crystél
sealant after the continuous printing was 102 Pa: s.
That is, 7n2<60 and n2/731 = 3.34.
[0089]

In the shape of seal after the seal
continuous printing, there occurred discrder in seal
width and narrow portions. Furthermore, there occurred

local breakage of seal and the screen printing plate

was partially clogged.



48 Thereafter, the substrates were |lam nated and cut

and the liquid crystal was poured in the same |RBRRRCH 2007
as in Exanple 2 to obtain a liquid crystal display
device. There occurred failures in seal such 5 as

breakage and thinning of the seal and uneven

t hi ckness of the cell at thé rate of about 5% [0090]
Exanmpl e 3 ( nt hesi s of uid crystal seal ant:

30 g of an F ??vr%ﬁﬁe% ?EHaB9StH§refé@ﬁG§§Q?9 P and
RE- 600 t d b K Lt
WREED Soh e B Gs %p‘g‘ﬁ? BovERe leoﬁf}suﬁ&m@r

f b h
eE%%?Q?egﬁkf Eggﬁﬁéfi) Q%H%U§I g S pﬁEHsﬁggaku
. 30
gg%?&#%&hheggng@bgggVel(ﬁ#ﬁﬂ%!é?g%%%gﬁn ﬁgglsealtRBCh
r hEQ)ﬁ:x%BN‘aﬁ%z a‘ir:%ln%%@ﬂ;ﬁr% sso d V\n&?h Ir?ga?l ng in

as a curing agent

7tﬁleknBH@Db$S€h¥EcBE@Ea&P%m%mﬂH o - 833hPYysyei ght
of 20 dinethyl glutarate, 21- 2796by wei ght of di net hyl

spogbpate, 12-20% by wei ght of dinethyl adipate,;.

manuf actured by Rhodia N kka Co., Ltd.) and 3 ¢ of
eEkyinphe @l ycol dibutyl ether (manufactured by Wako
Jun- Yaku Kogyo Co., Ltd.) as solvents. 25 In the

resul ting ré$)nSgokhesds wér & igdiisherset 25 spafant:
anor phous al um na having an average particle dianeter
of about 303ﬁng(AEUWDCRQNXFAEesiOSBepnﬂnﬁmuﬂdnbxiﬁhe

Fujim Incorporated% and 25 of
formula (1) (RE-600NM manufactured by Nippon Kayaku

Co., Ltd., which contained 65-80% by weight of the
compound of n=0 in the formula (1)), 70 g of a
bisphenol A type epoxy resin (RE-310S manufactured by
Nippon Kayaku Co., Ltd.) and 30 g of a phencl novolak
resin containing 30-50% by weight of a compound having
two rings (PN-152 manufactured by Nippon Kayaku Co.,
Ltd.) as a curing agent were dissolved with heating in
7 g of RHODIASOLVE RPDE (containing 57-63% by weight of
dimethyl glutarate, 21-27% by weight of dimethyl
succinate, 12-20% by weight of dimethyl adipate:.
manufactured by Rhodia Nikka Co., Ltd.) and 3 g of
ethylene glycol dibutyl ether (manufactured by Wako
Jun-Yaku Kogyo Co., Ltd.) as solvents.

In the resulting resin soclution were
dispersed 25 g of amorphous alumina having an average
particle diameter of about 30 nm (ALUMICRON FAL-(.05B

manufactured by Fujimi Incorporated) and 25 g of
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16 MARCH 2007 49 crushed silica having an average
particle diameter of 0.5 ] um (CRYSYALITE 1FF ¢ nfARCH 2007
manuf actured by Tatsunori Co., Ltd.) as inorganic
fillers and 9 g of N-phenyl- y - _ _ .

am nopropyl trinethoxysilane as a coupling agent by 5
mxing themwith a sand nil143 fol | oned by adding -7 ¢

of AM CURE MYH-K hayving an average particle dianeter
ofcraishegh 5 l1ca havhiRGf att aVesaps Rpriéeseo Hianeter of
Techno Co. td.)_as a curing_accelerator to obtain a
(o Br SRS YBEEh TR Rart 5 GoRAd | oFeF BRROL20C0 -
[Q091], (2) .Production_pf liquid,crystal display

G, SR R o S 16T erRar D08 aae BrPRPOYaCH as

a L yi m t.eri,al was, coated by offset printing, 15
ROl B e R e £R B Sohginliedind’oy

havi t hereon. . ive tjve, el t, wirin n

(P SREEE R A Dy T el Blndefive 7 o of

hami B REN RvRQK %%Jv%g ifalorIr %{%ﬁ%@;g&rﬂ{‘ﬂcig%igﬂggga@”gf 3

green, a black matri eeni ng and

AASPA 8865 Y A6hi P GO byl AY ihbiortH1¥nd Mo co. ,

substrates were subjected to tenporary baking

100€. § oaslal@uingt e faalr hakidkt Aln 160r 2201 §C
for 0.5-3 hours to obtain a liquid crystal

ocrgatali spalbayebf told pueddnt subjeemdidig both the
substrates to 25 liquid crystal nolecule orientation
tfe@dfhent such as rubbing. [0092]

(2) Production of liquid crystal dispiay
device:

A liquid crystal orientation material such as
a polyimide material was coated by offset printing
method on an array substrate comprising glass and
having thereon a given active element, wiring and
transparent electrode and a cclor filter substrate
having thereon color filters comprising red, blue and
green, a black matrix for light screening and a
transparent electrode comprising ITO. Then, these
substrates were subjected to temporary baking at 50-
100°C for 1-10 minutes and real baking at 160-220°C for
0.5-3 hours to obtain a liquid crystal orientatibn
layer, followed by subjecting both the substrates to
liquid crystal molecule orientation treatment such as
rubbing.
[0092)]

Thereafter, the above liquid crystal sealant
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Thereafter, the above liquid crystal sealant 16 MARCH

2007 50 was coated on the color filter-side s
by screen printing nethod. A suitable anount q$%gkﬁkﬁiﬂm7
glass fiber having a desired dianmeter was added to
the liquid crystal sealant for maintaining the cel
thi ckness. In 5 mass-productiton of substrates for
liquid crystal panel, screen printing was carried out
CUﬁ?Iﬁﬂﬁkﬂ%/QQ1QPQHQQ#PIrBbhiﬁﬁdéldaoﬁnbﬁt@wteThy screen
treatln was about 7 hours. The shape of seal at
t REIhE F‘ﬁ*(’jhé’fd -sedt SOitRh e i #Ecant aft ar géensi fibes
inting was satisfactor W t hout occurrence_of
53%&1*%? édé%dhkﬁ“tﬁ 43S Addes o 1SS FlR g,
of screen prlntlng | at e d|d not

gl‘égggtggt 8?# c Ot Hl?&ﬁét PHE i HRe 13[0 jrkness. 1In

THRPLAGN 8 AL Tl L s,

{ eppoLar r%gaﬂgeggé (o2 0% RPOSE, Ofny LEIPYI 19 108 oo

ent I'S pre erre

t@&@@réﬁaepa!ﬁbwa ke efa e e G 418 &fémé’&{;%

sol vent coul d be performe mnth cont-ai ni ng ess
19oppe of the sol vent and which was | ower than the
heat activation tenperature of the curing agent. The

removal of BlRévehRhpeaBrbeeper hor med RN AimP & seal
tenporary baki ng tenperature higher than 100C, but
poiestnagand esf séoncbatihheuseblribhiioiness Rds A tory
without occurrence of foams, breakage and blurring (see
FIG. 1). Further, clogging of screen of screen
printing plate did not occur after the continuoﬁs
printing.

[0093}

Temporary baking was carried out at 50-100°C
for 1-30 minutes by a hot plate after the seal
printing. The temporary baking was for the purpose of
removing the solvent in the seal. It is preferred to
select the temporary baking temperature at which the
removal os solvent could be performed with containing
less than 10 ppm of the solvent and which was lower
than the heat activation temperature of the curing
agent. The removal of solvent can be performed even at
a temporary baking temperature higher than 100°C, but
processing precision for the cell thickness tends to

deteriorate due to the proceeding of thickening and

curing reaction at such temperature, and care must be
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deteriorate due to the proceedi ng of thickening and

curing reaction at such tenperature, and-care nyuSiiaR®H 2007
16 MARCH 2007 51 taken in this respect. [OO9?F

the other hand, the array-side substrate was sprayed

with a spherical spacer nmade of plastic for 5 the
formation of cell thickness3dy dry spraying nethod.
Thereafter, the color filter substrate after subjected

t GRS bRIGSEPFE t he seal and the substrate

aft% sprayed with the spherical spacer were

Q @&led to (-1 tenporary bondi ng and positiona

allgnnent d then J .10 these opposite substrates
wer e subj ect h?ﬁeﬁﬁp bdﬁﬁ?nggﬁ?ylged§o§§b§5gate
0. 5-3 _hours m _nat and X the o ,
SRS, PRREYSS Wésta}} (RSt ThRgReaL phagtic for

JEUE" eh3AAE el | ellabc%ve B 157 aRY SpEL 000G Renoa.

was carri ed out n

pﬁﬁé%é%%teihe%th' NEAYr B HATer t&ﬁbtfélefraat%ftgkagsepected

press, theré were cause ese o

SHQSEéﬁb%u%aW %a(klihgt &8 t@iev%réa shape. tﬂé‘%‘uﬁné@fate after
exanple, a nématic lIiquid crystal 20 mater]

pgpfasieaha&ehnt@eb%p%w@@mwad& VR AW G ubPedt ddeto
pouring hole was sealed with an ultraviolet-" curing

t ypepoeairy. boheihiggaind eopitdlondilspllaygei€e and then
produced by the nethod of the present Invention was
fteesér oppdefitet substirage sbhwealeageb jtdutrend ng anst Zdress
blurring of the seal which nmay be caused by the sea
bonding at 150-200°C for 0.5-3 hours to laminate and fix
the opposing substrates so as to give a uniform
thickness in a given range.

When the above hot pressing and bonding step
was carried out not by a normal or reduced pressure
sheeting hot press, but by a multiplaten press, there
were caused no problems.

These opposing substrates were cut to a given
shape, then, for example, a nematic liquid crystal
material was poured thereintc by vacuum pouring method,
and the pouring hole was sealed with an ultraviolet-
curing type resin. The liquid crystal display device
produced by the method of the present invention was
free from defects such as breakage, thinning and

blurring of the seal which may be caused by the seal

printing.

[0095]
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printing. [0095] 16 MARCH 2007 52 As nmentioned above,

liquid crystal display devices can be produce

wi t hout problens in seal shape and with high q6h&ARCH20W7
efficiency and high reproducibility by wusing the

liquid crystal sealant of the present 5 invention.

I ndustrial Applicability [®96] The heat-curable

liquid crystal seal ant gf 10 the present invention is
very ef f ect ifte BSPERRSA 2PP¥&i dltdysdarryssplaglisplay
device with requiring only a  short tinme for the
 SVIEFR AR G PERIUGR (Y HNOHT PERPAREFoANoPepke Shape
u r_and Laower substrates in kinng the liquid,

B8 1Rt b ARG A 9 b neaueis Lepunny

of, .t er . ower_.substrat es when the _upper and
B30, HBE AR o B ST Dl e Rt
crysktakisgal ant is carried by elevating the upper
s%gstra%e by the vacuum chucki ng nethod, and wth
excellent reliability in noisture resistance. 20

Brief Description of Drawing [0097] FIG 1l is a

pheiegt aph1ohppiakass 1sHkstrate on which the liquid
crystal seal ant of Exanple 3 of the 25 present

I po@dEi on was screen printed which was taken fromthe
above of the substrate.

The heat-curable liquid crystal sealant of
the present invention is very éffective tc make a
liquid crystal display device with requiring only a
short time for the registration step at the time of
lamination of the upper and lower substrates in making
the liquid crystal display device, and causing no
separation of the upper and lower substrates when the
upper and lower substrates laminated with uncured
liquid crystal sealant is carried by elevating the

upper substrate by the vacuum chucking method, and with

excellent reliability in moisture resistance.

Brief Description of Drawing
[0097]

FIG. 1 is a photograph of a glass substrate
on which the liguid crystal sealant of Example 3 of the
present invention was screen printed which was taken

from the above of the substrate.




16 MARCH 2007 53 What is clained is: 1. Aliquid
crystal sealant, characterized by conprising %@n&Rﬁéilﬂm7
resin represented by the following formula (1):
(Formula 1] U 0. CHZCHCH=O OCH2CHCH20O OCH. 2CH HZ OOH
(r) HH H3 (in the formula, n represents an average
pol yneri zation degree and ig3a positive nunber of
0-5), a curing agent, a latent curing accel erator and
an inorganic filler. 2. Aliquid crystal seal ant
acdtvadi ng tbaigleal ns1, wherein the epoxy resin
contains 50-95% by wei ght of a conpound of the
formula (1) in which nis 0. 3. Aliquid crystal
sedl.ant Padéardd ngrissadl apaddntor charagkririgied Ry
bi Sb%lﬂ'lggggilﬁ; ta\ﬁo%pgiwxy gi@'ﬁ!r&pk§sm %Qggﬁgefoll\’éﬂvhtﬂg
t he epoxy resin. 4. /\TIQUI crystal séal ant according
t o forakke 1{1) wherei n the curing agent is a novol ak
reqw@rm§la/iﬂ|qU|d crystal seal ant according to claim
wherei n the novol ak resin contains 20-80% by .
melghg of a conpound having two rings. 6. A |KQUId

crysuh\ seal ant accoro' to cIa|n11 wher ei i/ t\he
| at - : pﬁg& ey, a)e@EH2CBRH: has

than 6 pm

(in the formula, n represents an average polymerization
degree and is a positive number of 0-5), a curing agent,

a latent curing accelerator and an inorganic filler.

2. A liquid crystal sealant according to claim 1,
wherein the epoxy resin contains 50-95% by welght of a
compound of the formula (1) in which n is 0.

3. A liquid crystal sealant according to claim 1 or &,
wherein a bisphencl A type epoxy resin is used together
with the epoxy resin,

4. A liquid crystal sealant according to c¢laim 1,
wherein the curing agent is a novolak resin.

5. A liquid crystal sealant according to claim 4,
wherein the novolak resin contains 20-80% by weight of a
compound having two rings.

6. A liquid crystal sealant according to claim 1,
wherein the latent curing accelerator is an amine adduct
and has an average particle diameter of not more than 6

um.



16 MARCH 2007 7. A liquid crystal sealant according
to claiml, wherein the inorganic filler is m

and/or silica. 8. Aliquid crystal seal ant accor \gﬁRCHZOM
to claim1, wherein the inorganic filler is anorphous
alum na and/or crushed silica. 9. Aliquid crystal
seal ant according to claimlgphich contains an
organic solvent. 10. A liquid crystal seal ant
according to claim9, wherein the organic solvent has
a boiling poi nt of not |ower than 200C under 1013. 25

acva £ AV%Bgd W&Sa‘ir%ea?ﬁn oatcc;élrglpﬁé than 4@ Pa at

yst al ant according to claim9
or Mhhrelmhem@irnQqun@cgéwﬂRﬁrsgbvehmmMQ? andfﬁas$tﬂ¥ﬂﬁ d
dimethyl ester. 12. A liquid crystal seal ant
according to claim1ll which additionally contains
etﬁylené\qhﬂ@@ﬂ o Al seehert apsoiAind gethicdaddl dent .

rkhguﬁﬁ¥(Eﬁb§%§h1§e@if¥3% @QCQ$&%FH$u%Oa§LﬂLﬁ%|and/or

mhlc contal ns a“coupling agent A liquid crysta
sealrahedcebyiding to claim 13, wherein the coupling

agent is an am nosilane coupling agent. 15. Aliquid
crystal display device sealed with the Iqu|d cryst al

sedl-ant PaddBRER rErXaFadl SPATANt BECRBRRERS JopFlags {gwhich

methedat R 5H(yy@3h@g Solvdn#id crystal display device
having a liquid'crystal material which is

10. A liquid crystal sealant according to claim 9,
wherein the organic solvent has a boiling peoint of not
lower than 200°C under 1013.25 hPa and a vapor pressure
of not higher than 20 Pa at 20°C.

11. A liquid crystal sealant according to claim 8 or 10,
wherein the organic solvent is a dibasic acid dimethyl

ester.

12. A liquid crystal sealant according to claim 11
which additionally contains ethylene glycol dibutyl ether
as an organic solvent. '

13. A liquid crystal sealant according to claim 1 which

contains a coupling agent,

14. A liquid crystal sealant according to claim 13,
wherein the coupling agent is an aminosilane coupling
agent.,

15, A liquid crystal display device sealed with the
liquid crystal sealant according to claim 1.



I nterposed between a substrate having a color filter

| ayer and a substrate having a liquid crystal
Wh]]'6 MAF&JH 2007

orientation layer on an el ectrode |ayer and

held with a Iliquid crystal sealant, characterized by
including a step of coating the liquid crystal

seal ant according to claim s on one of the substrates
by screen printing, a step of hot-press bonding

anot her substrate, and a step of pouring the liquid
cry&t al mgtérdalor rpxpdusd ngpacki auiet vegstahalisplay

Su@éhrc%t ﬁﬁvu% 1. ll%qut prdstfaqr mQEQgH&l %1@h| 5.9”' d

rystal display device according to claim 16, wherein
th%ﬁqqﬁﬁeﬁédcﬁ%&ﬂQﬂn asgubehtateatpsises r@lzzeé(F%&ﬂ and

n2idvéi1a5d(¥wgﬂﬁ%ﬂ}bte'ﬁa@hﬁ@ %CQ§hﬁ¥HcgrﬂéQ§ll69£%§¥atlon

r stal seal ant before coating by scréen printing and
JYEra 00| 3¢ guliacrrofet havey iagdi uhksly sisaheddarhtht aafter

Ca]flrcbbllagcﬁiﬂﬁtatlh%eﬁqahtpl'@’i—lﬁ:ac@&kméd"g:)y including a step
of coating the liquid crystal sealant according to claim
1 on one of the substrates by screen printing, a step of
hot-press bonding another substrate, and a step of
pouring the ligquid crystal material into the space

between the substrates.

17. A method for producing a liquid crystal display
device according to claim 16, wherein the liquid crystal
sealant satisfies 72 2<60(Pa‘s) and n2/nl<l.5 (where nl
is a viscesity of the liquid crystal sealant before
coating by screen printing and n2 is a viscosity of the
liquid crystal sealant after carrying out the continuous

printing).



