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_ 4 | 1 DESCRIPTION LI QU D CRYSTAL SEALANT, LIQUI D

% CRYSTAL DI SPLAY DEVI CE USI NG THE SAME AND METHOD FOR

' PRODUCI NG THE DEVI CE Technical Field [0001] The
present invention relates to a liquid crystal
sealant, a liquid crystal diﬁflay device using 5 the
sane, and a nethod for producing the device. Mire
particularly, it relate Dq-curable liquid
crystal seal ant which is excellent in screen
printabi | iLyofip p(EngS"fAﬂg?é‘Aﬂ-\ﬁ'ﬂ dL?{gM?b%R?F%Bhay .
devi ce and can provide a lrquid crystal display device
10 high in relrisabinlvi e RIS SHFEHMENGG 2
liquid crystal display device produced using the
seal ant, and maTREPheYRf eRoPURDNE] NeiH hevdew ce.
Background Art [0002] 15 In producing a liquid
crystal display device using a heat-curable liquid
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
di §pehsércadr Faedet hod such as screen 20 printing, then
usual ly pre-curing (volatilization of solvent) the
coaPOBylheating, thereafter putting the 2

The present invention relates to a liquid
crystal sealant, a liquid crystal display device using
5 the same, and a method for producing the device. More
particularly, it relates to a heat-curable liguid
crystal sealant which is excellent in screen
printability in producing a liquid crystal display
device and can provide a ligquid crystal display device
10 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]

15 In producing a liquid crystal display device
using a heat-curable liquid crystal sealant, the upper
and lower substrates are laminated by a process which
comprises coating the liguid crystal sealant on the
substrates by a dispenser or a method such as screen

20 printing, then usually pre-curing (volatilization of

solvent) the coat by heating, thereafter putting the




upper and | ower substrates together in high precision
using an alignnment mark, and then hot pressing the
sealant. [0003] 5 Recently, in producing liquid
crystal display devices, substrates becone |arger in
size and tact time (tine regyired for one step) is
shortened for further increasing the
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ang sl ower rglasyrelat rahes And Pt I ssing the
substrate and an array substrate after the pre-curing
st gpailsnal.so required to be high in speed and
precision. Wth increase in the size of substrates,
espéecnallly in the case of beveling for liquid crystal
15 panel s of portable tel ephones, the coating area of

5the |iquid @eyshallysedhaptroduerieasas,quili oy vl reiSsplay

a large torque at the tine of registration to cause

i ndewasesef stibet reites. bpeO0] la2@ekuritherimer end rtact time
producing liquid crystal display devices, there is a

st épiBe €gAbyirRg the ohgnmshered lgppborasdedoverr further
substrates to the subsequent processing step in such

a $Pafreaganghébpi Bard -erystiativiéyl- anffhseingg istamtddn
after t?e stggs of lam nation, 25 registration and
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Su?§$§@£§t8fahgeahagkgg§egugge%5t%ngfter 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 liguid crystal
panels of portable telephones, the coating area of the
liquid crystal sealant increases, which requires a
large torque at the time of registration to cause
increase of tact time.
(00047

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 liguid 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



3 lower substrates which is called vacuum chucki ng
nmet hod, there sonetines occur slippage or separation
of the |am nated upper and | ower substrates from each
other owng to | ow tackiness of the liquid crystal 5
seal ant. This probl em becones_serious with increase of
the wei ght of substrates caused by the recent increase
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recent 1ncrease In mnutéeness

di spl @y, fevices. ald Lepponse.speed of Liguid crystal ;o ¢
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conposli tions and nharr ow ng o ranes,
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reliability in noisture resistance. Unless the |lrquid
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nmoi sture resistance, water contained in air

3 nfaddlratas tiicl@rdpleen ikt shed Yo 2 oseak bk SikOrease of
contamnate the liquid crystal conmposition in the

|'i opnied weriysitalo Mlissplsatyr el ceguge@s by i tige | feddferi®trease
di splay. 20 [0006] Liquid crystal seal ants excell ent

i noddhési orizeamd relbdsthidtids. in noi sture resi stance

are disclosed, for exanple, in Patent Docunent 1.
HoWé\éSl since these liquid crystal seal ants

di sclosed in Patent 25 Docunent 1 are highin

vi scosi ty af teFreVEouMind rspEtabingisasd in minuteness
10 € ishtatLon after |lamnation of the substrates is

i nSidf

F@Péﬁtc&ﬂsﬁﬁéyqﬁﬁ?%%¥%Q%WﬁCQ§1and response speed of

liguid 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

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

20 [0006]

Liguid crystal sealants excellent in adhesion
and reliability in moisture resistance are disclosed,
for example, in Patent Document 1. However, since
these liquid crystal sealants disclosed in Patent
25 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




tacki ness after pre-curing, and hence there is a 3, 4

possibility of occurrence of slippage of the upper and
| ower substrates during vacuum chucking type carryi ng

operation. Thus, it is strongly demanded to develop 5
liquid crystal sealants which are excellent in

adhesi veness and reliability®i n noisture resistance,
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Ing?@§59@050007] The present invention provides a
heat-curable 15 liquid crystal seal ant which can be

coated by sciges, Piintsng+2ndqdiSReRsAldedn Pt g o
requires only a short tinme for the registration stéb

s5at libeiti aeyetall aghhahtenwal chhe rupp&iceand nrower
substrates 1n making a liquid crystal display device,
caadbsshocsepar ahilope20apf1ihe tppabiardrkowersistance,
substrates when the upper and | ower substrates

| anight ed weghstngtiied bpguaditiyst ak taealdme iof
carried by vacuum chucking and el evating the upper
subsinragbley, t Ardvdeunat chagkenglipprhod, candepsraveoy of
lowin liquid crystal contam nation and high in 25

wat ePSBRYCABI sRuY_CYeE| Shupkéng fppesfFarryling operation.

10 [Patent Document 1] JA-A-11-15005

Disclosure of Invention
[00071]
The present invention provides a heat-curable
15 1liquid 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
20 of the upper and lower substrates when the upper and
lower substrates laminated with uncured liguid crystal
sealant 1s carried by vacuum chucking and elevating the
upper substrate by the vacuum chucking method, and is
very low in liquid crystal contamination and high in
25 water and moisture resistance.
[0008]
As a result of an intensive research

conducted by the inventors in an attempt to solve the



As a result of an intensive research conducted by the
inventors in an attenpt to solve the 5 above

probl ens, the present invention has been
acconplished. That is, the present invention rel ates
toa liquid crystal sealant characterized by
conprising an 5 epoxy resin epresented by the
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pol t degree and is a positive nunber of
O-@%E%%biﬁs@%ging agent, a curing accelerator and an

norgani ¢ filer ; FURRCHTIL, d NG RLESEN IIMentd an, ,
relates to 'iquid crys I spl-ay device iC
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Mor eover e present invention relates
5f OEpBKQduEiAg eeblreléle@lt%y%tyalthel $a%48Y G rafidMd NG ) -
a lrquid crystal material interposed between a
subsboate having a color filter layer and a substrate
having a liquid crystal orientation [ayer on an 20
el ¢gvemdéal ayer and held with a liquid crystal
seal ant, characterized by including a step of coating
the liquid crystal sealant on one of the substrates

by screen
9] Q
/\ | /\
CH;CHCH;0O ocHch:HcH,O OCH2CHCH;
OH
n
CHa CH3 n

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

10 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 liquid crystal sealant.

15 Moreover, the present invention relates to a
method for producing a liquid crystal display device
having a liquid crystal material interposed between a
substrate having a color filter layer and a substrate
having a liquid crystal orientation layer on an

20 electrode layer and held with a liquid crystal sealant,
characterized by including a step of coating the liquid

crystal sealant on one of the substrates by screen



6 printing, a step of hot-press bondi ng anot her
substrate, and a step of pouring the liquid crystal
material into the space between the substrates. 5

Ef fects of the Invention [0010] The epoxy resin
represented by the above ormula (1) used in the
quuid crystal seal ant of thg present invention has a
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crystal sealant confaihing the epoxy resin [ ow
reshPe¥i 8c08hty 8RE §ﬁa§éC§EE%BEnt 2k B3R
renovi ng the solvent.  As a result, the resin 15
viscosity of the liquid crystal sealant is low at the
| am nation of the upper and | ower substrates in

S5profifiettng dhethéquidestyshal di splay device, the |oad
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of press at lamination is snmall, the registration step
cahObe0shortened, there occurs no separation of the 20
upper and | ower substrates when the upper and | ower
substrat es |8 nepedy wehinncapedskngeddbgr yoeakbove
seal ant are carried by elevating the upper part of the
| o FRe by Shbstsed esnbyhe hbigatduarrhaeki agakenkogf the
and furthernore, the gap can be easily forned at the
25%?%%%‘% njgnv%‘iJe‘Eﬂ/elFas aa| Feararer foeal 18i spl apvdéni ce
kedlg excellent jn water and nojsture resistance
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temperature of conventional epoxy resins. Therefore,
the liguid 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 liguid crystal sealant is low at the
lamination of the upper and lower substrates in
producing the liguid crystal display device, the load
of press at lamination is small, the registration 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 wacuum 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.




7 Best Mdde for Carrying Qut the Invention [0011]

3 The 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 essentjal conmponents. [0012]

The epoxy resin represented by the fornula (1) used
_Ing§%|MgH£ %I%r¥§£§y fﬁ?ﬂéﬂg éﬁetfﬁ%%ﬁf%i%?t 10 .

I nvention can be produced,” according.to a conventiona
net@%quby reacting 5-nethylresorcin with

epi chlorohydrin in the presence of, for exanple, an

al kal i et al drgxj j V. i

t he content g?ﬁiﬁg%%%ﬁ%ou t%?’?ﬁ%“#gygu aq???%%ﬁéé%P%
15 jin% e ci®nNicaht 2ife WrS @RIy Aands A desd8ase b PUthe
if it is too high, crystallization readily occurs,
s5andookeneEe rive 2eAaXYy ReSiut iiefRfeall )y LUUR NS #celerator
conmpound of the fornmula (1) where n is O in an anount
of ansiuahl ¥ nox@a95% Iy 1Meirghts, epreefrarialil y=dtrd9nthy,

wei ght. An 20 exanpl e of such epoxy resin is RE-600NM
man@faetured by N ppon Kayaku Co., Ltd. [0013] The
content of the epoxy resin in the liquid crystal

seal ant of tA&epepsant remientricpn sise 38D % bytIrs formula
wei ght, preferably 20-55% by wei ght, nore preferably
30186%P§§dmépgﬁpﬁ F@GP4F crystal sealant ¢f the present

10 invention can be produced, according to a conventional

-

method, by reacting 5-methylresorcin with
epichlorohydrin 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 1is 0 is high, the viscosity tends to decrease, but if
it is too high, crystallization readily occurs, and
hence the epcxy 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
Nippon Kayaku Co., Ltd.
(0013]

The content of the epoxy resin in the liquid

crystal sealant cf 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




The Iiquid crystal sealant of the present | A 8

i nvention may contain an epoxy resin other than the
epoxy resin of the formula (1) in such an anount as
not affecting the operability and physical properties
of the liquid crystal sealan é The epoxy resin other
than 5 the epoxy resin of thée fornula (1) is not

g?;t en&fﬂ%yt d%qﬁéﬁgav§3%%|%§ |spt2§ge ée?;gEaSpBQﬁ
gl%%?%?i '% QQ§tﬂﬁHW%ofHE¥y gfﬁ g? %@% ﬁrS ount as not

i cation products eno

Ghasgd- i sphepal , $, %hy'Sl ?éphﬁflé!ﬂ;@?@ﬂ@g of

2 2,6, 6- tetranethyl 4, 4- biphenyl
2, %HEtlh)dLﬁ’L'&? &*yﬁﬁlﬁeééb’larﬁ: t erThe bé’écyz’(jﬁhﬁé@iﬂ’ other than

trlshydroxyphenylnethane pyr ogal | enol s havi ng

52 diHes @iy | dedene skelted ofs rrplenol 5) I@Vm@ﬂ garticularly
fluorene skeleton, e.g., 1,1-di-4 15

hy drieyrenydrfd woreanel e sanch gahend| st € do pablydnus Bdh epese
novol ak resins prepared using, as starting material s,

varEory plenglss dudpresqhdhdyperasont s, ret iryd phenol s,
butylphenols octyl phenol s, bi sphenol A, bisphenol F
@@H@rﬁéﬂﬂ@wln@mﬂmlreq@mmhmcﬂm glestidyhavi ng
20 a_xylyl ene skel eton; phenol novol ak resins having
di EFErEpeAcadiione eesiUst e CchgipRliwieahergmreadansuch as
s of various novol ak resins such as_ phenol

10h oo Ek S e Haih ﬁglpéleﬂy&é’rh@ﬁ@lgkeq b 6 T8 R L

ep%%%_% h%%yq%%! allmé%hfiéﬁgﬂgﬁé) E%gghfi 6-tert-
butylphenol), trishydroxyphenylmethane, pyrocgallol,
phenols having a diisopropylidene skeleton, phenols
having a fluorene skeleton, e.g., 1,1-di-4-

15 hydroxyphenylfluorene, and phenolated polybutadienes;
novolak resins prepared using, as starting materials,
various phenols such as phenol, cresols, ethylphenols,
butylphenols, octylphencls, bisphenol A, bisphenol F,
bisphenol S and naphthol; phenol novolak resins having

20 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

25 cyclohexane; heterocyclic epoxy resiﬁs having
heterocyclic ring such as isocyanuric ring or hydantoin
ring; glycidylation products of brominated phencls such

as brominated bisphenol A, brominated bisphenol F,
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25 cycl ohexane; heterocyclic epoxy resins having
heterocyclic ring such as isocyanuric ring or

hydantoin ring; glycidylation products of brom nated
phenol s such as brom nated bi sphenol A, brom nated

bi sphenol F, | 9 brom nated bisphenol S, brom nated
phenol novol ak and br oni nat €d cr esol novol ak; and

ge L r 0 i al viai | apl e epox
R MR R R SY FofBEHY arna
N, ' i-dyl anil i;ne, nyl gl y

e SRR R A otar B MR Batdureg an
et befme riii:8LNELALAGARANGY Q) YH AWl s &4 D&l a5 N, -
polyprggyﬁgne&hglyéoﬁ digl%%f%@l é%hé?, 3,4§%,4TN
epaxyayel el 1hexy ety ke X an e -cardIQe & g dind; A0,
hexahydr opht hal i ¢ anhydri de di gl yci'dyl "ester. These

S5eppK¥Enkegilpsigne ese@dr,n r%@@rcqmoqrmtqmycaisaﬂotether, 1,6-

affecting the operability and physical properties of
t heexeasttibigillgaidiydr yshalr ,seal ant. These epoxy
resins may al so be used in adm xture of two or nore.
15tf00&5hylnlpmepkngtird gdvystigll sedleant pafl wpgheopprlesent
invention, it is preferred to use a bisphenol A type
epoxycpeésiagilncddnidi sahieon WidyHt3hd-epoxy resin of the
formul a (1&. By usin% t he bi sphenol A type epoxy resin
20°PRX¥GHBILRAREEN I MeRBYdPEXpNEe SiEFbor ivd o anydll a (1)

[ seal ant having a _viscosit

[ I | d t al _
109 fiExpRucFEPhERRGER gpbﬁfﬂrﬁaeaﬁ&gﬁé(\ﬂaﬁigflewqrenty These

epoxy resins are used in 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 liquid crystal sealant of the present
invention, it is preferred to use a bisphencl A type
epoxy resin in combination with the epoxy resin of the
formula (1). By using the bisphenol A type epoxy resin
in combination, the epoxy resin of the formula (1)
gives a liquid 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-310S8
manufactured by Nippon Kayaku Co., Ltd. The weight
ratio of the epoxy resin represented by the formula

(1) : the bisphenol 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 usable
25 bi sphenol A type epoxy resin include RE-310S

manuf actured by N ppon Kayaku Co., Ltd. The wei ght
ratio of the epoxy resin represented by the fornul a
(1) : the bisphenol A type eb%xy resinis 20:80 -

40:,60_1 10 pa by wei ght),. nor. ref erably, 25: 75 -
3588 Re: "B i = PGS SR 1 el P St (BT
us A liquid 5 crystal sealant of the present
inggnhgéég%ﬁdvolak resins are generally used. As
ex%gghgﬁ of the novol ak resins, nention nmay be nade of
novol ak "resins obtained, wusing as starting materials,

various phenggsthg'gurigbsgg%%Qlu%ed in the liquid
t et r abr onobi sphenol A, bi'sphenol F, 10 bi sphenol S,

54, 4rbkphenykbphane! or2+2e0 phulsehtanetR¥tion, novolak
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4, 4- bi phenyl phenol , 2, 2- net hyl ene-bi s(4-nethyl -6-tert-
butgkphenaky, gbhishydioxyplieny hrethane] 2y gFaHoInovolak
phenol s having a diisopropylidene skel eton, phenols
havengna, f hearena skel ekomasikchbfasiololadi r4stims obtained,
hydr oxyphenyl f | uor ene, pol yphenol conmpounds such as
pheabhat ed pbhybitgdmeneriphenolvaréeesolphencls, e.qg,

et hyl phenol s, butyl phenols, octyl phenols, bisphenol A,

al bysrhaensl 83, bronrhacadbbisyphendl AA, Chispbisawd Eh,

bi sphenol S and napht hol ; phenolic novol ak resins such
200 28PpRBAL Sno@oﬂaP1P€§Pﬁ§PH89Pﬁg & Ry bylbefretramethyl-

Skglgzggphenylphenol, 2,2-methylene-bis (4-methyl-6-tert-
butylphenol), trishydroxyphenylmethane, pyrogallol,
phencls having a diiscopropylidene skeleton, phenols
having a flucrene skeleton such as 1,1-di-4-
hydroxyphenylfluorene, polyphenol compcunds such as
phenolated peclybutadiene, phenol, cresols,
ethylphenols, butylphenols, octylphenols, bisphenol A,
allyl phenols, brominated bisphenol A, bisphenol F,
bisphenol S and naphthol; phenolic noveolak resins such
as phenol novolak resins having a xylylene skeleton,
phencl novolak resins having dicyclopentadiene skeleton
and phenol novolak resins having a fluorene skeleton;
and phenolic novolak resins obtained by linking wvarious
phencls 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 (2)-(4):



phenol novol ak resins having dicycl opent adi ene

skel eton and phenol novol ak resins having a fluorene
skel eton; and phenolic novol ak resi ns obtained by

i nki ng various phenols such as phenol, cresols,

et hyl phenol s, 25 butyl phenol s, octyl phenols, bispheno
A, brominated bisphenol A bisphenol F, bisphenol S
and naphthol with one of the crosslinking groups
(aﬂQpQ lene groups) represented by the foll ow ng

fornul as gzé-(4): . 11 [0017] [Formula 2] 00'~~ /
(RIYAFS)2 8d18] (in the above formula, RL represents
a hydrogen atom an 5 al kyl group of 1-4 carbon atons,
an allyl group or a halogen atom and mrepresents an
i nteger of 1-4, and iIs 2 or nore, RlI's may be
t he same or diffe-ﬁmz)—l-
JJ (3)p (3) 10 [OOZOﬁ\L/ t he above fornmula, R2 and
R3 independently of one “agQpher reeaesent a hydrogen
atom an al kyl group of 1-

[0018]

(in the above formula, R; represents a hydrogen atom, an
5 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),

[00192]

[Formula 3]

Cﬂz}ri j /: X\ CH;
K’.L- _JZ,{ (3)

(Ra)n (

10 [0020]
(in the above formula, R; and R3; independently of one
ancther 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 when n or p is 2

15 or more, Ry's and R3’s may be the same or different),



4 carbon atons, an allyl group or a hal ogen atom and
n and p represent an integer of 1-4, and when n or p
is 2 15 or nore, R2's and R3's nay be the sane or
different), 12 [0021] [Formula 4] [0022] (in the
above fornula, R4 represents 2Bhydrogen atom an 5

al kyl group of 1-8 carbon at & , an allyl group, a

hal ]aton1or a hydroxyl group and q represents an

i nteger of 1-5, and when q is 2 or nore, R4's may be
the §w4pifferent). [0023] 10 Preferred are
novol ak resins obtained using, as starting materials,
vari ous phenols such as phenol, cresols,

et hyl phenol s, butylogggpls, octyl phenol s, bispheno

A, allyl phenols, DbySphenol F, bisphenol S and

napht hol , phenol ngyol ak resins having a xylylene 15
skel et on, phenol Oohak resins having a

di cycl opent adi eng et on, &genol novol ak resins
havi ng a fl uorene™slg ¢t on, d phenolic novol ak
resins obtained by i ng various phenols such as
phenol, cresols, ethylphenols, butyl phenols,

octyl phenol s, 20 bi sphenol A, brom nated bi sphenol A,
bi dp¥e#dl F, bisphenol S and naphthol with one of the
crosslinkin groups (aral kyl ene groups) represented
by(ﬂﬁetpﬁ | Vﬁgfoﬁ@ﬂﬂﬁ%a§h(5FPF?F§nf§ a hydrogen atom, an

5 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 or different).

[0023]

10 Preferred are novolak resins obtained using,
as starting materials, various phenols such as phencl,
cresols, ethylphenols, butylphenols, octylphencls,
bisphenol A, allyl phencls, bisphenol F, bisphenol S
and naphthol, phencol novolak resins having a xylylene

15 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,

20 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

[0024] [Formula 5] CHz -CHZ- (R, ')m (5) [0025] (in
the above fornula, RLl. represents a hydrogen atomor 5
an al kyl group of 1-4 carbon atons, and mrepresents
an integer of 1-4, and when mis 2 or nore, Rl,'s nay
be the same or different), Eg026] [Formula 6] 10
[0027] (in the above fornul a;/°R2- and R3

ingqﬁﬁﬂﬂently of one another represent a hydrogen
atomor "an al kyl group of 1-4 carbon atons, n and p

re %Qﬁﬁg; i nteger of 1-4, and when n or pis 2 or
noﬂe, }ﬁﬁgﬂand R3," s may be the 15 sane or
different), 14 [0028] [Forrmula 7] (n [0029] (in the
above fornula, R4- represents a hydrogen atom 5 an

al kyl group of 1-8 ¢ atons or a hydroxyl group
and q represents—@*h++ﬂe Bh—1-5, and when q is 2 or
nore, R4''s may be t or different). [0030]
(R{")m
(L)
[0025]

(in the above formula, R;r 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, R;-'s may be
the same or different),

[0026]

[Formula 6]

[0027]

(in the above formula, R, 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, Ry;»'s and Ry-'s may be the

same or different),



More preferred are novol ak resins obtained 10 using,
as starting materials, various phenols such as phenol,
cresol s, octyl phenols, bisphenol A, bisphenol F,

bi sphenol S and napht hol, and phenolic novol ak resins
obt ai ned by |inking various phenols such as phenol,
cresol s, octyl phenol s, bisphéﬁol A, bisphenol 15 F

bi s | S and naphthol with one of the crosslinking
groups (aral kyl ene groups) represented by the above
forﬂy; ﬁ§)7ﬂ7). [0031] Particularly preferred are

novol ak resins 20 obtai ned usi ng nonophenol s as

starting materials, such as phenol novol ak resins

10

15

20

obt ai ned usi ng phe
cresol novol ak resi
starting material,
obt ai ned by | i nki
cresol s and bi sp
groups (aral kyl ene
following fornul as (&RelL2): 5 [0032] [Fornula 8]
"CH2 ui CH2 (8) [0033] [Formula 9]

as a starting material and
obtained wusing cresols as a

d phenolic _ 15 novol ak resins
ng ri ous phenols such as phenol,
enal JA w thone of the crosslinking
oups) Ebresented by the

[0029]

(in the above formula, R4 represents a hydrogen atom,
an alkyl group of 1-8 carbon atoms or a hydroxyl group
and q represents an integer of 1-5, and when g is 2 or
more, Ry"s may be the same or different).

[0030]

More preferred are novolak resins obtained
using, as starting materials, various phenols such as
phenol, cresols, octylphenols, bisphenol A, bisphenol
F,‘bisphenol S and naphthol, and pheneclic novolak
resins obtained by linking various phencls such as
phencl, cresols, octylphenols, bisphenol A, bisphenocl
F, bisphenol S and naphthol with one of the
crosslinking groups (aralkylene groups) represented by
the above formulas (5)-(7).

[0031]

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

using crescls as a starting material, and phenolic



-H2C [0034] 10 [Formula 10] CH2 (9) b 16 [0035]
[Formula 11] -CH [0036] [Formula 12] -CH 5 [0037]

[ 0038] The preferred novol ak resins used in the
present invention are phenolic novol ak resins prepared
usi ng nonophenols as a starting material and are 10
represented by the foIIOMAngléeneral formula (13): 17

in. b f
AT W D o TP ol o
h
e SOFheyBLTRESEOS Sl L eI 0P b anPenE e
denatss 0; 1O Ay RPSdg v € éf‘éﬂ%‘ﬂéne §P043, represented by

the following formulas (8)-(12):

5 [0032]

10

[Formula 8]

'-NCHf—L —CHy—
(8)

/

[0033]

[Formula 9]

Sasas.

1))

[0034]

[Formula 10]

—H;C H—

HsC H (10)



10

In the above formulas (2)-(13), the alkyls of 10 1-4
carbon atons include, for exanple, nethyl, ethyl,

n- propyl, isopropyl, n-butyl, isobutyl and t-butyl.
The al kyl s of 1-8 carbon atons include, for exanple,
met hyl, ethyl, n-propyl, isopropyl, pentyl, hexyl and
octyl. The |l ower al kyls are &ﬁkyls of 1-8 carbon atons
15 s net hyl , ethyl, n-propyl, isopropyl,

n-ﬂﬁty ,~ 1sobutyl and t-butyl, preferably al kyls of
1- tons such as nethyl, ethyl, n-propyl,
isﬁ&%%%@ﬁ%iﬁﬁJgutyl, i sobutyl and t-butyl. The | ower
al koxys are al koxys of 1-8 carbon atons such as

met hoxy, ethoxy, n pr opoxy, i sopropoxy, n-butoxy,

i sobut oxy and t-butjgXy,” preferably al koxys of 1-4
carbon atons such f#gs nethoxy, ethoxy, n-propoxy,

i sopropoxy, n-bu The hal ogens 18 include, for
exanpl e, brom ne brine and fluorine. 1In the
formula (13), the maltiqg)integer nis preferably
1-15, nore preferafgly 1-T0¢Y [0042] 5 These novol ak
resins are used eadd alone or as a mxture of two or
nore. The amount of the novolak resin used in the
present invention is 0.2-1.4 chem cal equivalents,
preferably 0.3-1.1 chem cal equivalent, nore

pr éP8E&BI y 0.4-0.9 chenical equival ent as 10

equival ent of _hydroxyl group in the novolak resin with
respBETUt§ tKé epoxy equival ent of the epoxy resin in
the liquid crystal sealant. [0043]

—CH—
CHs

[0037]

[0038]

The preferred novolak resins used in the

present invention are phenolic novolak resins prepared

using monophenols as a starting material and are

represented by the following general formula (13):



The curing agent conprising a phenolic 15 novol ak
resin suitably usable in the present invention is a
compound of the above fornmula (13). Since the
conponent of n =1 or nore in the fornula (13) gives
high resin viscosity, it is preferred that a conponent
of n = 0 (a conpound havi ng rings) is present, and
20 ﬁh§3§ﬂnunt of the conponent is usually about 20-80%
by ~wei ght, preferably about 25-70% by wei ght, nore
prefes.ally; apput 30-50% by weight in the novol ak resin
(the remai nder” bei ng conponents of n = 1 or nore). In
the reaction of the phenolic novolak resin 25 with

t he epoxy resin, a phenol novol ak curing agent having
three or nore rings (for exanple, ajconpound of n=

in the above formgpy (13)) fEHNMs a {hrey di nensional
crosslinked structjure upgn chpring, pilje a S 19

phenol novol ak r [ ring r exanple, a

conpound of n=0{fin 23Lﬂ$%¢_cros links in
dlex |t o the rigid
Rin¢

linear form an&h

structure to inprov (Wﬂ'SiO hl aSSY(Ryhstrate. 5
Furthernore, since the phenolic novwbhak resin {18}
suitably usable in the present inventionis lowin
resin viscosity, it provides an excellent screen
prﬂﬁgéﬁﬂlity, and the upper and | ower substrates can
be  .easily lLam nated i.n production of the |iquid
cr%%flal%lhfo a%}lOg& %ﬁrﬁ%\}iace RIFHGSRtTDM ¥ egap Lover

5be%9ﬂ§§,e§%b%g'al&%&%Akr halecgen, 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, isopropyl, 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




As the curing accelerators used in the present

i nvention, nmention may be made of, for exanpl e,

i m dazol es, salts of im dazoles with polycarboxylic 15
aci ds such as phthalic acid, isophthalic acid,
terephthalic acid, trinellitig acid, pyronellitic
acid, naphthalenedicarboxyli acid, maleic acid and

d 1 d lts.
o haudy ot pﬁeni}rasm% L%VZ@aké‘%“baéyfg‘ﬁﬂbiigpine-
JHMQQf nds_suc
Ckggﬁgga%gﬁlcyc o& 4 3%h9 é%g%gf @P8§?¥snofsthe
S t
po?é%giboxyﬁ?2@§%¥%§ﬂn§$ osp k%ﬁé aC|ds phosphi nes

sugtvea] tri phenyi phosphi ne and 25
tetraphenylphosphoniuntetraphenyl borate, phenols such

5as 2,4, 6-tri S0yl hent inant-am $ed adguigt $1one or
[0045] As the imdazoles, nention may be made of, 20

f omseamplzeur2 et hyld nixdamdee, 2rHphenmydimi dezotige Rovolak
undecyl i m dazol e, 2-heptadecyli m dazol e, 2-phenyl -4-
metrigglinmivgazolie, thebghmder?- phemyltidrdazol @, 24t benzyémical
2-nmet hyl i m dazol e, 1-cyanoethyl -2-nethylim dazole, 1 5
Cy@ﬂ@éﬁ’ﬁﬁ-lenzsph@ﬁyelflemaddﬁoloe 3-1-.dyareetind k 22quivalent,
undecyl i m dazol e, 2, 4-di am no-6(2" -

nepﬁ§plﬁg&égép@@yvp)érwyﬁ §b@mpé@ﬁn€qu1valent as
ét%?ghsgbpggglﬁ hyg d%g%é#ﬁ%ﬁ??ﬂ? %g)novolak resin with
g St R S e (a1 2 4
the liquid crystal sealant.
[0043]
The curing agent comprising a phenolic
15 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) gives
high resin viscosity, it is preferred that a component
of n = 0 (a compound having two rings) is present, and
20 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 compcnents of n = 1 or more).
In the reaction of the phencolic novolak resin
25 with the epoxy resin, a phencl novolak curing agent
having three or more rings (for example, a compound of
n=1 in the above formula (13)) forms a three-

dimensional crosslinked structure upon curing, while =a



i socyanuric acid adduct, a 2:3 adduct of 2-

nmet hyl i m dazol e and i socyanuric acid, an adduct of 2-
phenyl i m dazol e and i socyanuric acid, 2-phenyl-3,5-

di hydr oxynet hyl i m dazol e, 2-phenyl -4-hydroxynet hyl -5
15 net hyl i m dazol e, and 1-cyq@oethyl-2-phenyl-3,5-

di cyanoet hoxynet hyl i m dazol e.”” [ 00461 O these curing

g?&?&%&§EQﬁ§v?g$§g§é§fg ﬁﬁ@ingfg&oe§§n gexfor example, a

am no- 6

AR S LB Pl oKD el

| SQCHAWY | £o86] Gan@Madducy ofs Zngﬁfﬂii%QaEB' endndigiqg

i socyanuric acid, salts of "I mdazoles w

polgteardaxd i to athshsovdicumss P had i & §fLds substrate.
i sophthalic 25 acid, terephthalic acid] trinellitic

f|cid, pyronelfittleermeids, $pphd hohensgleeal boxybi6lak resin
acid, maleic acid and oxalic acid, and anm ne adducts.

The ity ofsdhies cin i tite gooed @tat Disereted 5s 2lowi Sn

1-25 parts by weight, preferably 2-20 parts by

veirghsin norssqriefier abl o> biqrarars dycaklght baseenon

100 parts by weight of the epoxy resin in the |iquid

cr pStialt adddlignt,. aq o0%yunres sinpt efererdsulosuset ¢ hesan be
curing _ accelerators in the formof |atent curing

acC8ISeriat 0P i NFdcslisd SO Er] tihe ukinasd crystal

: nt, of, : .
10I &%%ig%'%é%lce and formation of a gap becomes easier,

[0044]

As the curing accelerators used in the
present invention, mention may be made of, for example,
imidazoles, salts of imidazoles with polycarboxylic

15 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

20 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

25 tetraphenylphosphoniumtetraphenyl borate, phencls such
as-2,4,6—trisaminomethylphenol, and amine adducts.
[0045]

As the imidazoles, mention may be made of,



operability (prolongation of pot life tinme). The 10

| atent curing accelerators are those which are solid
at roomtenperature and react as curing accel erators
only after being dissolved by heating, and include,
for exanple, mcrocapsule tg@e curing accelerators
prepared by m croencapsul at4ng these curing

lid,15.di [ i,
SCEEL LR o, 0L bR IpRERLALST LR SR o, -
oG c9oL oL 00 SOLNERL B OREE LSS A

adg ; ring Ler f: t oiqnt _
O s
epexXMetRG1 AmaRH Bl gh 1re3ahbuithy1Lp -BRIN Y milR0A8le, 1-
Anong these curing accel erators, average”™ particle

5di ageheechi1theprehiydifi 8aeHSEON 1L ¥R NLALERL 25 curi ng

10

15

20

25

accelerators is about 6 gmor l|ess, preferably about
4 undeoyllimsdazonee prefearahlyocabBoar -3 gmor | ess
nmeasured by |aser nethod. If latent curing
aconetbrainidapbladie) t Bahyb-arnrinzaner, age 4paitamine -2 2" -
dianeter are used, it is difficult to perform
di spéasetimgdaephg(lahtebbygidestrhezéhepe 2afit-eiiamino-
coating is not uniformand the shape of seal after
| aff AaTPBRY bf 4-BEbBY anedarglall$o) het hiArSotmiazdnehe 2, 4-
cqge of Iiguig 5 créstal seal ants using the curing
acCeFBt 3P of §2 ofMAbREL 1 hARZB LM | h) g BYagE-pareirene
[ i ng. ' ness
i A0BLSL L eHCT 00, 9F . 88L , PECOTSS,4Ryni T gpm, rough
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-
dicyanoethoxzymethylimidazole.
[0C46]

Of these curing accelerators, preferred are,
for example, 2,4-diamino-6(2'-
methylimidazole(1’))ethyl-s-triazine' isocyanuric acid
adduct, a 2:3 adduct of 2-methylimidazole and
isocyanuric acid, an adduct of Z-phenylimidazole and
isccyanuric 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



recogni zed in the sealed portion, and exudation is apt
to occur. The average particle dianeter of the | atent
10 curing accelerators has no particular lower limt,
and normally those of about 1.5-2.5 ji min | ower
l[imt are wused. [0049] The inorganic fillers used in
the present 15 invention i rich ude, for exanpl e, net al

(i tAnkTas CRLRR fih “Baph "é%%§efa%§wa% 3ﬁg§%§¥%ﬂﬂy
P Ce i BUF Aok FEaphARA od L SuERTES BAl AUt arBonal &

zi r cORNI GMm OXiI car

an um,c S e h.as ri
o P rEREEy B AR TaRE Br  Fe Ul S s st e

alggyggglhggggghge and magnesi um hydroxi de, and

silicates such as calcium silicate, alumnumsilicate
5angogqvpon|un15|llcate and alumina and silica are

preferred. These inorganic 25 fillers may be used each

al one or as atnixtpreretréMotoohsBDEResE0RER) nghe

average particle dianmeter of the I 23 inorganic

fiddesBbensedrsnithehpr ésent of nvg@bkhenciuginpr ebeeablryutors

10-2000 nm |If the average particle dianeter of the

i negamse fheyehsve smapibst hanh2860impyrovbmeatse fof

smal | specific surface area of the inorganic 5 filler,

t e plr gt {Probenagatiohecfesdh tbfpohéne)of The

10 latent curing accelerators are those which are solid at

room temperature and react as curing accelerators only
after being dissoclved by heating, and include, for
example, microcapsule type curing accelerators prepared

by microencapsulating these curing accelerators, sclid

15 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

20 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

25 curing accelerators is about 6 um or less, preferably

abcut 4 um or less, more preferably about 3 um cor less
measured by laser method. If latent curing

accelerators of more than 6 um in average particle



the liquid crystal sealant are apt to separate from
each other at the tinme of hot pressing after

| am nation of the upper and | ower substrates during
the production of the liquid crystal display device,
and exudation of 10 the inorg?nic filler occurs. As a
result, adhesion strength after curing and adhesi on

st E:ﬁ%glter&e%f %%rel fu%l%hér H.te q.rg (glfg)l l rp?er orm 1?%%nser

det'éri orate average par | difaneter o
in f||| 3 f
S epaRTnG, LB ER iR hd WA %f EoPa A€ not

mugh; FaRgh E%@C%hev'ssh%% %3 %featlheaﬁﬂewlldaﬂry&éfén of
sealant is too high and formation of a cell gap

begares rdicklsi Gl 51500 uheLent entn afhd hesdh U PaM guid
filler in the 20 liquid crystal sealant used in the
Spr esgBtalnyedlbomn si s1sS P %y oM ighi ,adiy e fed ey abt Ynore
15-35% by weight in the total liquid crystal seal ant.

| f thhe éonteninoévethgei parganie Hibkheters keasinthat seal
5% by weight, the liquid crystal sealant is lowin

vi beosiney becadderof, 2Busimlesscaiteerto dfiltleers ild er to
exude at the tinme of hot pressing in the production

of reregniigaidd 1er F&ealseadiesplray tdevi,.cand feau@batcm gt apt
is nore than 45% by weight, due to the too hi
cohPeRECHE -t héhEi PW@Fagteh@az&mr%q |de1ran§rt@rha>rfd he latent

rupt ur ed and the |i stal
L0 R ARG LB e R rala] 565 PP AL GIEs T At , and
flh%%ﬁglig %Rosgrg%eabout 1.5-2.5 um in lower limit are
used.
[0049]

The inorganic fillers used in the present

15 invention include, for example, metal oxides such as
alumina, silica, talc, c<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,

20 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 silicate, and
alumina and silica are preferred. These inorganic

25 fillers may be used each alone or as a mixture of two
Or more,

{0050]

The average particle diameter of the



-

5 invention, it is preferred to use anorphous al um na
and/ or crushed silica, and it is nore preferred to use
anor phous al um na and crushed silica in conbination.
The anor phous al um na usable in the present invention
is non-crystalline alum na Qﬁying no specific crystal
10 structure, is anorphous i“mMits shape and has a

Bg;ﬁ%%bgnaéifE fgrgbgg%ﬁelglfgg}ﬁg%%en@el%%% %n is

|ams pre anor phous al'uma

Usg ggréﬁfypﬁ8§§ﬁbo hRYentEoppLs 0.0 9% ?@rfﬂ@ie

ca used in the “present in i on

0b&§&ﬂ§9e9¥o§”&ﬁ@' ﬂgoegxﬁel kme}% 35l kee ft%%%d 2000 nm,
silica or the Iike, hence has a square shape, and

| Spababe 0o 0lsRa1 M bPepPBEL LCLBrSL2E. ar@@eoﬁv%%%ggnorganlc
particle dianeter of the preferred crushed silica

susedlier} henpr esepyahyent L0Bri 8nB. k=2 rdsih cpBP23ent of
20 The content of the anorphous al um na and/ or

crulsbetigulidcaryatidbhestauhtd sryshpk seakaphriase545%
by wei ght, nore preferably 15-35% by weight. If the
copdentooliet het | niog gaime 6fl het psekessgt BaAnes%ibyination

ight, the liquid crystal sealant is lowin viscosity
250 etheisepptr samdl | 1 cont epwb ot rahesf dhkéng ahd shagaction

seal is sonetinmes disordered during screen
pr@%tfﬁh@ lwu%emébﬁ%htdmsp%wé fABiLgani anfli Pragaitgon of
nore than 45% b m5|g since the content of the
r

L0£Fher 1Her99y % %‘écmfﬁe | PRuRATEFyotal dbaFAAD
ﬁqupqaﬂ¢%H£§8%EL$%€g %;%é S ghggfggssgrengéﬁre%ter
absorption of meoisture are deteriorated. 1If the
average particle diameter of the inorganic fillers is
less than 10 nm, the specific surface area of the
15 inorganic filler increases too much, and hence
viscosity of the liquid crystal sealant is tco high and
formation of a cell gap becomes difficult.
[0C51]
The content of the inorganic filler in the
20 1liquid 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
25 small content of the filler to exude at the time cf hot
pressing in the production of the liguid crystal
display device. If the content is more than 45% by

welight, due to the too high content of the filler, the



5

15

20

25

blurring in printing. Furthernore, in the case of
usi ng anor phous al um na and/or crushed silica as 5
inorganic filler, a preferred enbodinent in the liquid
crystal sealant of the present invention is that the
content of the epoxy resinr fresented by the formula
(1) is 5- SOWbby wei ght in t e l'iquid crystal sealant

oo shERe Ikl Bl MR Ti T Fb B e
°f8 ls%a& %%Elﬁ?ﬁ’d@% added %]%tt he 49y crystal
sea of eSent T nvention so I'ong ds it does

noqoggF§ct t he characterlstlcs of the I|qU|d 15
crystal "sealant. The organic fillers include, for

exanpl e, p0|XQEEth§ﬁ§r§8ﬁ1EU?QQﬂer'|ﬁ%rt%f el |
type. These fillers may be used each alone or as a

n xhegtObnl WOLOL sMPEefeFReqaver age Bﬁbtr?@x'o%sma@m{l@fa
of the organic fillers is not nore than

prehayabl yroshedoseltban anduix it wbecayeed@@red to use
particle dianeter of the organic fillers is nore than

3 pmoyphbosmalimhnef ahbeceekhedapibécands dictidoicuslttion.
The anount of the organic fillers which can be added

i sThet amorehohanabosd by weebhe bassleoprelenteiigivendiion
the 25 inorganic fillers, and if it is nore than 50%
bylsW@@@h@rw%lif@@@oglwlné he¥inpghoargeradigt icaiyséfal
the cell gap beconmes difficult. [0055] 26 If
ne%%%%%??rea é6u@WPﬁ@ aﬁénﬂncéﬁsbéhaaﬁeénd has a particle

size of about 0.01-5 um. The average particle diameter
of the preferred amorphous alumina used in the present
invention is 0.01-2 um. The crushed silica used in the
present invention is cbtained by crushing crystalline
silica, fused silica or the like, and hence has a
square shape, and is about 0.01-5 pum in particle size.
The average particle diameter of the preferred crushed
silica used in the present invention is 0.01-2 um.
[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 cf small content of the filler, and shape of
seal is scmetimes disordered during screen printing.
If the content of the inorganic filler is more than 45%

by weight, since the content of the filler is toco



to the liquid crystal seal ant of the present

i nvention. Exanples of the coupling agent are sil ane
coupling agents such as

3-gl yci doxypropyl tri met hoxysilane, 3 5
egC|doxypropyInEthyId|netho silane, 3-
egC|doxypropyInethyldlneth silane, 2-(3,4-

epg %g¥ gpg ﬂ&éyeth§g&%%n§;hOXé§lIane F%ﬁ?f@yhie)ﬁfinted

amzﬂeetl }nggglg g!f”st xyall ane, Nt amnoetylls 10 ces

am nopr rnne oxyS| ane,

anbﬂQPEQH l&ﬁ'E%Pﬁé%ﬁglan%ur%hermor% in tqq

mer capt opr opy!| xysi I'ane,” " vinyl't ri met oxysfiane

N‘&glﬁg'QMBPEH%MEaHQhHQ%StQKB»%r crushegé5111%§ as

am nopfopyl tri met hoxysi | ane hydrochl ori

SWEEH@§§¥EQKYEﬂ9@¥ktrh”?&@@éY%bBa%ﬁboélment in the ligquid
chloropropylnethyldl hoxysi | ane and 3-

chteyepabpyEal ket BOXYEEl pReschitt aRivemthased sCoupld RGe
agents such as isopropyl (N et hyl am noet hyl am no)
ti tanaért oSophepgbbriyi sesteareplresicharat &y thleamiotmula
20 di (di octyl pyrophosphate) oxyacet at e,
t et hi $9phopPbdbydivetglt phosphet é) quitiaratystadd sealant
neoal koxytri (p-N- (a -am noet hyl) am nophenyl)
tiénfatke candentrebntbm ioprapoacniifiBasedscouplSitngy
agents such as Zr-acetyl acetonate, Zr-nethacryl ate,

10 zm%%lbt orat Bhe oE1 gebdl ReXytair e6AABBE -

g@#igﬁytrlsneodecanoyl zi rconat e,
ytris(dodecanoyl)benzenesulfonyl zi rconat e,

neoalkoxytr| eth | enedia noeth i,r.can
neoalkoxytrlé n¥ %%%héhf} % %Stgddﬁg Cthe 1iquid

crystal sealant of the present invention so long as it
does not affect the characteristics of the liquid

15 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,

20 preferably not more than 2 um. 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

25 inorganic fillers, and if it is more than 50% by
weight, the viscosity is toc high and formation of the
cell gap becomes difficult.

[0055]
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27 anmoni um zi rconi um car bonate, Ai-acetyl acetonate,
Al - methacryl ate and Al -propionate. Silicone coupling
agents are preferred, and ami nosilane coupling agents
are nore preferred. By using the coupling agent, there
5 are obtained liquid crystal _sealants excellent in
reliability in noisture resi<tance and less in

reducti on ofI%dhesion strength after absorption of

noi sture. \When 8888FFH§YagénF°P?l&&&é&F Sitbdit qdced
1Ot bQH& QEéBéé?%$%g%ﬁigggaﬁgnkh%é'ﬂﬁ@ %ICE%%%fﬂﬁﬁyention.

seal ant. iqurd crystal sealan

DfﬁﬁsﬁbleEHMSUEhgncBB¥1'H tgh@n@ SQLvVent Hd U ltﬁﬁ
he t the (i oF

reduce the wviscosity o seal ant” a

CoéééﬂgsfQQCASaEnBLQY§89d5g9pge§gﬁQEHhk¥h %y%%ﬁéd&l‘%l

the substrate. The s0l vents us e inclu

glméehyﬁaiﬁetﬁw?g isaheentss, acetate
solvents and dibasic "acid dinmethyl ester solvents.

Thesec hayxPeroseineabRldahetBoaysasaaeli xt-yne s0f two

or nore, and in an 20 optional anount. [0057]

Exampkesyolohbeya) evhpl t shheehtsyal @aakky N-paleagtiol € -

such as ethanol and isopropyl al cohol, and al koxy

al avhoterepyht asmat hexhyi 1l 3naet Nox¥-butianelthy3 )35

met hyl - 3- et hoxy butanol, 3-nethyl-3-n-propoxy butanol,

3-FRt MR rBY EBpEbpbiinetihanps i L3naet Nyl(23anibaeshyl) 3-

but anol , 3-neth¥I-3-isobutoxy but anol , 3-net hyl - 3- sec-
aminopropylmethyltrimethoxysilane, 3-
aminopropyltriethoxysilane, 3-
mercaptopropyltrimethoxysilane, vinyltrimethoxysilane,
N-(2-(vinylbenzylamocino)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-{ § —aminoethyl)aminophenyl) titanate,
and zirconium- or aluminum-based coupling agents such
as Zr-acetylacetonate, Zr-methacrylate, Zr-propicnate,
neoalkoxy zirconate, necalkoxytrisneodecanoyl
zirconate, necalkoxytris(dodecanoyl)benzenesulfonyl

zirconate, necalkoxytris(ethylenediaminoethyl)

zirconate, neoalkoxytris{m-aminophenyl) zirconate,



but oxy butanol and 3-nethyl-3-tert-butoxy butanol. S

28 [0058] Exanples of the ether solvents are

nonohydri ¢ al cohol ether solvents, al kylene glyco
nonoal kyl ether solvents, alkylene glycol dialkyl

et her solvents, 5 dialkylene glycol alkyl ether

sol vents, and trial kyl ene drgcol al kyl et her

solvents. [005 Exampl.es. of .t he_nonohydr.i c. al cohol _
o AL, Gt o R R P 5, e ket ity 1

Rt pof 2T Bl SeEhER AR S W2

n- butoxy b
3- - 3-LS bu I I :
3B SRR R S i g, goent

3- gBEhybrd- beelkehubaxy Byt aRGhynnlulduater - t, th
[ 0060] Eian%leseof t he a?kyleng glycoluﬁgﬁgg#ﬁvﬁéh ere

set hee spt¥enta angupHOpYkema 19kyeolanfenenkihylerat Ret,
propyl ene gl ycol nonoethyl ether, propylene glyco

nopept apyll i eiyhern, mptepykrene egli yeahcaoaeids Apisepin

et her, 20 propyl ene glycol nono-n-butyl ether,

pr opgiengogl gEohdhprenonssbueypktét béterprbpprete ogl ycol
nono- sec- butyl ether, propylene glyco

monoisenrebutyl ether, ethylene glycol nononethyl

et her, ethylene glycol nonoethyl ether, ethylene .
gl ycol nonopWBpyl CetRéindefBEFNENnd S25d¢gedleolthe amount is

nDnoisopro?yI et her, eth¥lene %chol nono- n-
about’ ' 0.1=15% by welght in the” liquid crystal sealant.

10
[0056]

The liquid crystal sealant of the present
invention may contain a solvent in order to reduce the
viscosity of the sealant at the time of coating for

15 improving the operability of ccating on the substrate.
The solvents usable include, for example, alcohol
solvents, ether sclvents, acetate solvents and dibasic
acid dimethyl ester solvents. These may be used each
alone or as a mixture of two or more, and in an

20 optional amount.

[CO57]

Examples of the alcohol solvents are alkyl
alcohols such as ethancl and isopropyl alcohol, and
alkoxy alcohols such as 3-methyl-3-methoxy butancl, 3-

25 methyl-3-ethoxy butancl, 3-methyl-3-n-propoxy butancl,
3-methyl-3-isopropoxy butanol, 3-~methyl-~3-n-butoxy
butanocl, 3-methyl-3-iscbutoxy butancl, 3-methyl-3-sec-

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



butyl ether, ethylene glycol nonoisobutyl ether,

et hyl ene gl ycol nono-sec-butyl ether and ethyl ene

gl ycol nono-tert-butyl ether. 29 [0061] Exanpl es of

al kyl ene glycol dialkyl ether solvents are propyl ene

gl ycol dinmethyl ether, propylene glycol diethyl

et her, propyl ene glycol dipropyl ether, 5 propyl ene

glxﬁggggllsopropyl et her, propyl ene glycol di-n-butyl
ropyl ene gl ycol dllsobutyl et her, propyl ene

gl ycol XQ%XE?%?%@%‘E l e%f%l?e\ﬁ%%qya]reetnhonohydric

di-tert- buty ene glyc

ipbenpsohves, SoeL oot ek Vel eploopiy coner

etQMi@@ﬁtsglX@Q&lghetggykxh @EQQ%Flegﬁﬁk%n%dyﬁgﬁﬂs,

di i sobutyl ether ene glycol di-sec-butyl ether

5angigl byl ene %D§¥§D|a@kyleéEhQQt%bl%%ﬁ%%, @@O2riatXkylene

10 g; Fr
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Exanpl es of the dial kyl ene glycol al kyl ether

sofveods areydi ptopyl esevghyeol methyl ether,

di propyl ene glycol ethyl ether, dipropylene glyco

di pt@pyl ether, dipropylene glycol diisopropyl ether,

di propyl ene gl ycol di-n-butyl ether, dipropylene

gl ycol 20 diksohmigs efhehe nbprbpyiréneadgkyptoll ether

di -sec-butyl ether, dipropylene glycol di-tert-butyl

et%%%venﬁ$e%h%l%ﬂ@e@myboﬁ @@ﬁ@pﬁylbétﬁ@pl(meghy&eﬁther,

di et hyl ene co di et hyl ether, diethylene glycol :
%%Wylefm No¥y hyRRse gEyEd! eBPP§op|36§‘?P%h§tlhér‘n'

dl%}hgi;ﬂ§u§gggf ethyl ether, 3-methyl-3-isobutoxy
butanol propyl ether, 3-methyl-3-sec-butoxy butanol-
isopropyl ether and 3-methyl-3-tert-butoxy butanol-n-
butyl ether.
[0060]

Examples of the alkylene glyccl monoalkyl
ether solvents are propylene glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol
monopropyl ether, propylene glycol monoiscpropyl ether,
propylene glycol mono-n-butyl ether, propylene glycol
monoisobutyl ether, propylene glycol mono-sec-butyl
ether, propylene glyccl mono-tert-butyl ether, ethylene
glycol monomethyl ether, ethylene glycol monoethyl
ether, ethylene glycol monopropyl ether, ethylene
glycol monoiscpropyl ether, ethylene glycol mono-n-
butyl ether, ethylene glycol monoisobutyl ether,
ethylene glycol mono-sec-butyl ether and ethylene

glycol mono-tert-butyl ether.



25 di-n-butyl ether, diethylene glycol diisobutyl
ether, diethylene glycol di-sec-butyl ether and
di et hyl ene glycol di-tert-butyl ether. [0063] 30
Exanpl es of trial kyl ene glycol alkyl ether solvents
are tripropylene glycol dinethyl ether, tripropylene
gl ycol diethyl ether, tripro%%lene gl ycol di propyl
etT p ri propyl ene glycol diisopropyl ether, 5

ig géglene glycol di -n-butyl ether, tripropyl ene

Butyl ether, CFIB Sy Cona GATEOr df s '%Wﬁ thger
trE?%0¥hﬁgeaggy§?%3g%gﬁ%2éh %%Heﬁf %h l.%ﬂ: %rgggﬁﬁylene

di e et her chol r apyl
t rg@yexheage%y@%t%&soe&e% I%%teh l’yctor' g %%lﬁ Jer,

gl ycol n- bu et hef e glyc

SGtB%ﬁyléhét ayyeeﬁ ahxgebrggys_e%t%tryl p%ggfétﬁ{éd glveol

lOg| ?
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triethylene giycol di-tert-butyl ether
Examshesu@i/lt Benaeet prepgokvenys vabe alikveng viglatar,
nmonoal kyl ether acetates such as ethyl ene glyco
nopooeyhyheetyheecacdt akec-pthyllere hglryc@lronesichylycol
et her acetate, ethylene glycol nonopropyl ether
aceétatertebhylénethkycokthyphensogilopyll etiherthadetater,
20 et hyl ene gl ycol nono-n-butyl ether acetate,
et ﬁ?ﬂﬁéﬁ%ﬂe gbyeePlndhetbyt- buhgl, echbylacet giloycol dipropyl
eth%Iene glgcol nonoi sobutyl ether acetate, ethylene

B noRBLYEPRE BULYGPLetheFoREEPHLe SthEEpy B Lene

gl ¥f0|o nonEthtyftgther, 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), diethylene
glyccl diethyl ether, diethylene glycel dipropyl ether,
diethylene glycol diisopropyl ether, diethylene glycol
di-n-butyl ether, diethylene glycol diisocbutyl ether,
diethylene glycol di-sec-butyl ether and diethylene
glycol di-tert-butyl ether.

[0063]



acetate, propylene glycol nonoethyl ether acetate, 25

propyl ene gl ycol nonoi sopropyl ether acetate,

propyl ene gl ycol nonopropyl ether acetate, propylene

gl ycol nono-n-butyl ether acetate, propylene glyco

nono- sec- butyl ether acetate, propylene glycol 31

nonoi sobutyl ether acetate, Qopylene gl yco

nono-tert- butyl ether _aceta

3-nethy|-3-n§?é8§§8&t?ﬁ %&éﬁ }ene glycol alkyl ether

3- 3-etho | .. acet at )

o BB REREy BrEoKE OBy e Relvgol aimethyl ecner,

3- pet - 3-Lsap but. et .. 3-.net hyl

3 B cRyLE RSt BLRERy MY T R U Ry 91veo

acgi gtpy 3- BEhAY! - Br$8¢oBYYL aXubyt cely % -

nethgl-%ytert-bufox§b t??9age%a#é%£g?hsﬁg%§qya(g; ether,

5di agepabey18het hyhene ghygabudiacetate, thiiet e,

g!yco% d?gcetatg,&prppylene alycpl diacetaﬁgfg¥%q ©

di g1 ppyl edei gbycol 1 deapetat eriFﬁ:bggQ@yﬂee@qy%ﬁc%ﬂi-s_ec—

di acetate, and butyl acetate. [0065] The ‘dibasic acid

di bet hy| eels¢ ey stihpkodelefior glexanphe ~testebsityhows Hay,

CH3000- (- CH2-) - COOCH3 (n=2-4) 15 Exanpl es of such

esteisthay tené npt hybd 1l gllimarhyé esher, tdiesehkykenadignatel

ester and dinmethyl succinate ester. These may be used

ast B Xt Lpehof, t wWolerhybere ddvaolniipupeydf etheee of

them for_ exanple, RHODI ASOLVE RPDE (manufactured by
10 Rorert & k&RE cplycet gdlirgeppergbnfeheral Fyiathyilgbke.

In the ﬁr sent_invention, the dibasic acid dinethyl

a

esT ¥ L Lt HE sy i ACR8Rbi hat EbRYWFER Btkepl diisobutyl
ether, triethylene glycol di-sec-butyl ether and

‘!

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

15 Examples of the acetate solvents are alkylene
glycol monoalkyl ether acetates such as ethylene glycol
monomethyl ether acetate, ethylene glycol moncethyl
ether acetate, ethylene glycocl monopropyl ether
acetate, ethylene glycol monoisopropyl ether acetate,

20 ethylene glycecl 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,

25 propylene glycol monoisopropyl ether acetate,
propylene glycol monopropyl ether acetate, propylene
glycol mono-n-butyl ether acetate, prcpylene glycol

mono-sec-butyl ether acetate, propylene glycol



solvents. The preferred solvents usable in conbination
with the dibasic acid dinethyl esters include, for 25
exanpl e, ethylene glycol dibutyl ether. [0066] As for
t he amount of the solvents, they can be used in an
opti onal anount necessary foi adjusting 32 the
viscosity of the liquid crys bl sealant to such a

;?&Hﬁoééogﬁkgg.@Qh@rtgc%%%EeEh?gﬁgﬁggﬁ%hgqgﬁgg“@gﬁ?iﬁert—

i spenser coating, Screen pri'n

saj h SEPS§LLY Ai r ax _ah - -
T A G S
nogvgkahi/h e 3mathekgpate1cankaiated i3 @ MUt fpoxyvbutyl
usual |y ¥O@6by meight gf nore, preferably 85- 5@§%yyb ty
wehghtatBpr e-peehorably s88r9pUnbyusilghicdu dd)e 3-mptird,1-
crystal sealant. In production of liquid crystal 10

5di 3phayudexiyeeaylskhngthhe, | Bated helySt-dls ckralaitoutyl
cont ai ning the solvent, the upper and | ower substrates
ar ectéhataat 8dmathgil -8ekatirbuzrorgbtite 1s aloedrit byardd ying
at the tinme of pre-curing with heating after coating
t methypli-d-teysthhtongbahyl a6eThéevi stbyiltepeofy livive 1
liquid crystal sealant after volatilization of the
sofiveretayedr fiaghysenpr elerabl §18068L503600 tRdetdhy lemee
pref erably 800-10000 Pa . s in_neasurenent of
vi 8L9SP1yAt 300EF L accBFEPHYSEE IhEasdr Efese et Sdynani ¢

1OZL§§$%$£§ §%$;§¥ggsfcé9§gg%aL2,p%??%%%%%l%nki%Tﬁ%ol

diacetate, and butyl acetate.
[0065]
The dibasic acid dimethyl esters include, for

example, esters shown by CH;OCO-(-CHz-),~COOCH; (n=2-4).

15 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

20 commercially available.

In the present invention, the dibasic 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

25 example, ethylene glycol dibutyl ether.

[CO66]
As for the amount of the solwvents, they can

be used in an optional amount necessary for adjusting



using the liquid crystal sealant of the present
invention, the liquid crystal sealant is usually

subj ected to continuous screen printing on a substrate
25 provided with a color filter |ayer under down fl ow
air. In order to inhibit t liquid crystal seal ant
from thickening at the pro tion step under down

fl ?ﬁ/e éSﬁOS%t OEr %fh%r rled i usrgﬁ 0| Ve nq:aVI n%UCh a

b0|I|n po I'nt vapor

BL???ﬁéeaso?%?ﬁ F 53605 @rﬁﬁzﬁé%ds%r%akﬁo%éf2%Y¢%¥h&5 of
and; 8o¥ARAE cBLESAY! €Al 2 B2 Q% 1hoMR A2l e, ana

Preferable sol vent s are, r exanpl e, yl ene

gl ygok dibubyicet her, fogl B@%hu 1@0I @b%@etzfmyluﬁ%taer% at
and triethyl ene egcoI di met et her. The di basic

sack el methy | st efiss 4R wskeq {@rs@éﬁnalﬁanﬂéHEthmh
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glutarate ester, dinethyl succinate ester and
di nehbhylaadipainetesirer aré0cthesenednpaurds amayirte dsed

as a mxture of two or nore. These conpounds are
compeatlinl T9%akgi Wabbbt andmospecpiedecaimigr iSald5t by
avai | abl e conpounds include RPDE (manufactured by
Rhioell ah N kkar€orrebedapluhPBhobd by meigttsdnvame gfiquid
dineth%% glutarate ester, dinethyl 15 succinate ester
aner iF h??aéﬂﬂ]éat eI@spé@duqfhéoan@ﬁntllq@ﬂdt Feystal
solven $ about 1-50% b g preferably _3-30%
AYVEHES Paapa [ ?s@é Ué@aFéHtStafl GGaéS‘I‘tThe
UId cr stat sea %ﬂ resent 20 invent
e o Har babgorsatr vH g PRESEDB0e” 1oWRE Bk rates
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 80C0-~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 liqguid crystal sealant of the present
invention, the liguid crystal sealant is usually
subjected to continuous screen printing on a substrate
provided with a color filter layer under down flow air.
In crder to inhibit the liguid crystal sealant £from

thickening at the production step under down flow air,

it is preferred to use & solvent having both the high



nmenti oned epoxy resin, curing agent and, if necessary,
sol vent by m xing them under stirring and heati ng,
further adding thereto the inorganic filler and, if
necessary, other fillers, finely dispersing the

m xture 25 by a known m xi ng fpparatus such as bal
mll, sand mll or t hree-rof s, and then further
adding.qgiven. amunts.of .t he _curing accel erator, and,
i fg%ggéggag;??n tﬁéﬁcgﬁ?&l iRy dG&SE, DRSNS | oan ng

ag - in n ng.t L] , | L.owed b
R Ul S ey i N e e

of L5 hgt Bfe§§65ci8¥6H£%§%rtﬁ%&é£r1953§9§SBE§tSﬁghﬂvbggor

given 5 el ectrodes for reon are positrone

oppeskseriooreanhpgt Ber 18led givenospacprekheaple solvents
peri phery of themis sealed with the liquid crystal

s5searapt rof &hempresepthylBventiigeoland pathilquitter,

crystal is confined in the space between'the

subsbaat esacIbedliingthglceystak tadberittegniinredliveol
not particularly limted. The liquid crystal display
devimetimeanstieti quifdecdybtal cpandéd diewphivsi egtarpai r
of substrates between which a liquid crystal is

cohit¢ hiede anfowhesampsepr diinded ywi ghusarptkaeiszieng
plate, a circuit for driving, a cable for 15 input of
sigHeg Y h packirepht esbek. apdr dimefbylsgbdppicessaes -
caonpri sed of a conbination of substrates which are

10 nalfteoF PBRIUNGYARY, PPl HEEFcES &) Mi¥EHISoPT tHE Pike

15

20

25

. Sl S S0 ST

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-rolls, and then further adding given
amounts of the curing accelerator, and, if necessary,

the coupling agent, an anti-foaming agent, a leveling




20 in the follow ng manner. First, a spacer (space
controlling material) such as glass fiber is added to
the liquid crystal sealant of the present invention.
The spacer includes, for exanple, glass fiber, silica
beads and pol yner beads. The ?ianeter thereof is 25
sel ected dependi ng on the cef gap of the liquid
cr L.SP ice . js usually 0.5-
Tob SRRSO R OET th BRI R, A, 00 1.
paqb§6@¥ wei ght, preferably about 0.5-2 parts by 35
wei ght, "nore preferably about 0.9-1.5 part by wei ght
based on 100rparhs Y Weight-Qft iheyildaul A Kyst@lor the
seal ant of the present invention. The liquid crystal
segkaBbntoiwhkbaRibhe apacer io¥ adged dat LPatpd i PiReen
5 of a pair of the substrates by a dispenser or the

5l i keectirbaast e rmelvenk resne wapRo kalsad ih dieagpits i forto
exanple, at 90C for 10 m nutes, subsequently the
oppashngtheubstr at g vane sparienattéd, pand ghrerygat ithem is
renmoved by a hot press, followed by carrying out the
cuseadgedt wilb 1Del160Gufidr ctyv2thdussatl@rdbtcedl nheheresent
device. [0070] Furthernore, for producing a liquid
crysvantighsphag devigeidagirygtall iguicrdriysidalin the
material which is interposed between a substrate
hafPAGSaPebIBENf FREeFURSTFaFEF -and g Juissticate Weddling o pe
a liquid crystal orientation |ayer. on the electraode

10| a%Pgéﬂﬁgi ShBP B?rttlﬁlét-LF"r‘f&éfi g‘lEHf?tdal JE& iche
L S5 AL e B0 e BeRfR 80 000 B

comprising a pair of substrates between which a liguid

panel

crystal is confined and which is provided with a
polarizing plate, a circuit for driving, a cable for

15 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,

20 in the following manner. First, a spacer (space
controlling material) such as glass fiber is added to
the liquid crystal sealant of the present invention.
The spacer includes, for example, glass fiber, silica
beads and polymer beads. The diameter thereof is

25 selected depending on the cell gap of the liquid
crystal display device to be made, and is usually 0.5~
10 pm. The amount of the spacer used is about 0.1-4

parts by weight, preferably about 0.5-2 parts by



and anot her substrate is hot press bonding thereto,
and 20 the liquid crystal material is poured in the
space between the substrates. The hot press bondi ng
may be carried by a sheeting press or multiplaten hot
press under normal pressure gr reduced pressure. For
carrying out screen printin f the 25 liquid crystal

oakonhecoRLLURNS L apd SLABLY K0 A 9L WPy d o

is préfefred touse a cr stal

| Lpr r 0 QP £ n G2
pmﬁég%an P ?g%abéﬁggo% ty og &h?fi%aﬁ gléél é%gé%éﬁ
Seéleé!i]&n'@%?f €nhed Ecké's@&to%vte%%lgﬁr eeirHf '1&%{1% Aftal
71 is a viscosity of the liquid crystal sea

afg@algatrybnghgah ithe ggehb@qusa@mb@tu@gk@aﬂaa on one
viscosity is nmeasured by an E-type visconeter.

5[ 00714 pAischeennpr sQbisAgatkst b blﬂdb@e%kﬁ&t@r the like,
Fant
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sealant, the liquid crystal sea is cast on a

sctieen thei atingnpl aseevapdraitpeebih@cprdduGt ifor iskample,

naturally carried out in a clean room the liquid

crybt aP°Gefdant0 I0inst exposeds¢gueonhy f tow apppsand

the solvent contained is gradually volatilized from

t heulkgEfacesofrehéanigatdd, cepdt dhesgabaits remeagse by a

increase of viscosity of the sealant. Wen the

vi%%%sp¥98%f trélrrgdi BYcFpsrEEngsedlaiihei Rerdagestt ¢20-
there sonetines 15 occur such

pr%%&&]if%ﬁt ﬁﬂ%@f%f £ PR 1t UiE sty 1fe-

L@i ated (blurring, thinning, thickening,
L breakage of seal occurs due to clogging of

Furthermore, for producing a ligquid crystal
display device having a liquid crystal material which
is interposed between a substrate having a coclor 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
1s coated on one of the substrates by screen printing,
and another substrate is hot press bonding theretc, and
the liguid 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 continuously and stably for a
long time, it is preferred to use a ligquid crystal
sealant having physical properties of 72<60{Pa- s) and

n2/n1<1.5 (where nl is a viscosity of the liquid



meshes of screen printing plate, and the surface of
the Iliquid crystal seal ant becones too hard at the 20
tenporary baking step to cause deterioration of
adhesion to the opposing substrates. Wen the
viscosity 772 after continuog? printing is nore than
1.5 tine the viscosity 771 the begi nning of the

ookt e se B AP { ie, SEETORF, S0EECA B o ing
ar%nﬁ“”&QahgyaS@&sco§H%% ¥ Qﬁ'nﬁﬁgﬁuip 5t%ﬁ?§ealant

changed. For changing t printing con i ons during

CORtFRYOUS LR Rt e RUAGUGId D SRSt e PhCerne
stopped and the printing 37 condltlons nmust

reviiewed.itdnd st hese uRr eduras Faugs Fel&s é)i@é.lon of
productlonggff|0|ency mﬁﬁgh is not preferred. [0072]

55 Tle@7present invention will be explained in nore
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detail by the follow ng exanples, which should not be
construed as Ihi mictrerg phe ntiventdonHen Ayuimnnefstal
[0073] Exanple 1 10 100 g of an epoxy resin
repeesentedtby tlhguiflommylsd all)seEREG00NM qmstufactarsetreen
by N ppon Kayaku Co., Ltd., which contained 65-80% by
wepghfltéflgt B at@@wgodnﬁl@fcenma P raghiftgranulis (BYuzmdy
of a phenol novol ak resin containing 30-50% by
weF@ﬁFlei QUEsleoﬁpgéﬁenhmOﬁg RS rilsgsid Pyeal sealant

nuf act ure . .
nalg gxposeg t¥ down flow air, and the solvent contained

is gradually veolatilized 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
ligquid crystal sealant becomes too hard at the
temporary baking step to cause deterioration of
adhesion to the opposing substrates. When the
viscosity 72 after continuous printing is more than 1.5
time the viscosity 71l at the beginning of the printing,
blurring, thinning and breakage sometimes occur unless
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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Ni ppon Kayaku Co., Ltd.) as a curing agent were

di ssolved with heating in 10 g of RHODI ASOLVE RPDE
(conprising 57-63% by wei ght of dinmethyl glutarate,

21- 27% by wei ght of dinethyl succinate, 12-20% by

wei ght 20 of di nethyl adipagﬁé manuf act ured by Rhodi a
Ni kka Co., Ltd.) as a solv . Inthe resulting resin

ﬁg%#hg?g%oﬂgrﬁugéngr§ggi?ge%ro%n%pQE{i%%ggﬁ%y .rgés cause

verage particC aneter o nm

L1 SR 25| Rbr BACeC P or ad B8 Y "o N Ehenyl™SF

- ppLpepregyl trinethoxysilane as a coupling agent by
mXxing themwith a sand mlIl, followed by adding 8 g
of (oA CURE MYH-K having an average particle dianeter
of 3 38 ,umor |ess (am ne adduct: manufactured by

Ajinomoto Firpe peebaAtConvehtdoh @913 U ick@lained in
accelerator to obtain a liquid crystal sealant of the

preseat detavénbiyobhe 5£p 0084 nGoapanpgliese Examp ehbulQ0 not
g of a liquid bisphenol A type epoxy resin (RE-310S
nmeipelf ach et edefiyadl ppont KayakbeConyebtdon ianadndOrgnofer.

a Fhenol novol ak resin containing 30-50% by 10 wei ght

of L&0¢dhpound having two rings (PN 152 manufactured by

Ni ppon Kayaku Co., Ltd.) as a curing agent were

di 5%¥REY With heating in 30 g of RHODI ASOLVE RPDE as

a solvent. In 6he resulting resin, solution were
di spersed 60-QYof %gh%?i%% X¥| GRP kA 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 cf 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 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. 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-y -
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



15 having an average particle diameter of about 30 nm
( NANOTEC ALUM NA SP-C manufactured by Cl Kasei Co.
Ltd.) as an inorganic filler and 10 g of N phenyl- y -
am nopropyl tri net hoxysil ane as a coupling agent by
mxing themwith a sand mll,_ followed by adding 8 g
of 20 AM CURE MYH K havi ng éﬁgaverage particle

di t 3 mor |less (am ne adduct: nuf act ure
ARy EE T e S St et S R
ac r 0, 0bt ai Lqui yst al lL.ant ..
ro67e Padhadncera: Pha- Boakpre st 1Y aesPiRRran §°
bi | LA e esi - 310 red by
N Foon e ak e ¥ SR R D o
as; @yEMF1Hg. agent, 39 20 g of RHODI ASCLVE RPDE, 60 ¢
of spherical alum na having an average particle

5di poeter of about 30 nm (NANOTEC ALUM NA SP-C
manuf actured by CI Kasei Co., Ltd.) as an inorganic
fiddresapanci 30 BxehpNephenyl- y 5
am nopropyl tri nmet hoxysilane as a coupling agent were
m xed and dispergedftea bbtaid aikpheandlchysypk epoxy
sealant. A three-roll was used for the m xing and
dizpersi RE-38)hceanhbretwasdt he Pospbhi Kaygkof Cohe Ltd.)
liquid crystal sealant of Conparative Exanple 2 being

cldH I th dead Riegeheravelalt repbnsapdtainingt B8-50% by

three-roll _was used in _ place of the sand m|l. [0076]
10 Téﬁl%mealcompound having two rings (PN-152

manufactured by Nippon Kayaku Co., Ltd.) as a curing
agent were dissclved with heating in 30 g of
RHODIASOLVE RPDE as a solvent. In the resulting resin
sclution were dispersed 60 g of spherical alumina

15 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-v -
aminopropyltrimethoxysilane as a coupling agent by
mixing them with a sand mill, followed by adding 8 g of

20 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 accelerator to
obtain a liquid crystal sealant.
[0075]

25 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,




(A) Measurenent of viscoelasticity after 15

vol atilization of solvent: The liquid crystal seal ant
was coated on a glass substrate and was spread to a
thi ckness of 25 m wusing an applicator having a

cl earance of 25 a m Then, the glass substrate coated
with the sealant was left to°20 stand for 5 nminutes on

o %L cPLT BaBERAECy 8, 05, Ftonld e Aed ol
R sy IR S

r e$ihihREC-SATBIMeNNAS pﬂ%aﬁl%%%a%xuare@ﬁ%%% s&inGe-

vi scoel asticity measuring apparatus ( osol -

naﬂHB@Ftnggnany§BB§9c’fEHQeE-aﬁﬁel@ygagEngghenyl—v-

vi scoel asticity neasuring apparat us wa

sfogh@m5prgpg@trEﬁéehbﬁysgqaﬁeOBSZQ P9I i GiAnRlel Wil e
frequency: 0.1 Hz; strain angle: 0.1 deg.; "nedasuring

t enpeeat 4he: d36ferdba tesvbtsiare shewid rriaklag bealant.
[0077] (B) Test of neasuring a width of seal when 5

t he thgeedroiystvak ssabafbrwahepmexéngednandiishersdng.

| oad was applied thereto: One gramof a glass fiber

ha¥inge atdénmevaes tbeé pogmib2Eib@Sofanbkadtigued byystal

Ni ppon Electric dass Co., Ltd.) as a spacer was

adeealant 100 gomparaeite Fesubieng bedoogdcorygst alith heat

seal ant, followed by nixin% by stirring. This liquid
10cryerarakedl aht “hasSendt Balby hhedibperseplénvwasgugss in

mm SO as
subptrate. of, 50, mm X PP, !

[0076]
Test Example 1
(A) Measurement of viscoelasticity after
15 wvolatilization 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

20 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

25 dynamic viscoelasticity measuring apparatus (Rheosol-
G5000 manufactured by UBM Co., Ltd.). The dynamic
viscoelasticity measuring apparatus was set as follows:

Cone: Parallel cone 0of 20 mm in diameter;



to give a spreading of seal of 1 mmwhen a gap of 5 |
m was forned, and was pre-cured by heating with a hot
15 plate at 90C for 5 mnutes. Then, on this glass
substrate was superposed a glass substrate of the same
size at 25C, followed by app %lng a load of 2 kg/cnR
to crush the seal ant, and t extended w dth of sea

Th ) t hown
/=8 56ERNEELT™Y Y g R REE dhs e Sl v
f " bad: t
Fe;z%m?ﬁg 0°3 BT G07RT B5°{ 0 TSP SHCWArar table 1.
absgppyhon of Iiquid crystal seal ant: The resulting
liquid Crystal sealant was coated on a gl ass

substrate at (gt Iﬁbgkn§§smggs%§lﬂ@ a4liqthe ocfo%tea"la%lhen
subjected to drylng of solvent by heating at 100C for

510tRenutgsiandrgyeed a8kalBA€ {86 EQe-HuRLESndTheRn 2
the coated gl ass substrate was introduced into a

t hevetiowhygepplaedi thareabrosphere of 5 60C and 90%

for 24 hours, and water absorption was cal cul ated
fromthe ratDoeofirami ght abglese dnbeaf having a diameter
introduction into the therno-hygrostat. The results

aref showm i PEEH® manyo7Qired Goy Djidest BheabistuGiass

perneability of liquid
Co., Ltd.) as a spacer was added to 100 g of the

10 resulting liquid crystal sealant, followed by mixing by

stirring. This liquid crystal sealant was coated by a
dispehser 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

15 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 lcad of 2 kg/cm? to
crush the sealant, and the extended width of seal was

confirmed by a microscope. The results are shown in

20 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]

25 (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.




crystal sealant: The test was conducted in accordance
with JIS Z0208. That is, the resulting liquid crystal
sealant was coated on a polyimde filmat a thickness
of 50 p m 15 The coat was subjected to drying of

sol vent by heating at 100C for 10 m nutes and cured

at 150C for 60 m nutes. ThéH; the liquid crystal

seal ant s peeled. off fromithe polyimde filmand_, .
fuf theFoetrs sa?u%§86£e?o 068r¥ﬂH§t8 S q?ﬁ@?aﬁﬁaheatlng
amunt - of [ | de har ged.é

rmnlggt %(r)g Cpéférﬁcea . eﬁ%lggé%n%&?h%@%c?e%{ ?Eg%uclpd?%l? yGSq al
seplapioas gHlnl NGANEOLELEY (WhLE L. Taisl uhe
perneable cup and set In the 8up, and the cup was

seph LM E8q PRRBET hNend PRECAT LR st hRC 1 APLS Uk Bosphere of

per neabl e cup was I ntroduced” into a therno-hygrostat

51 Ng @ amAtoms sy © PThEDG anth 0%  OF %sag%lﬁf'@n apdls
|
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wat er absorption was cal culated fromthe r o of
wetghtul bedor erandepét et iot seduweliyhe barerkhantherier
hygrostat. The results are shown in Table 1. 42 [0080]
Tabherddudesah t sSnod eval theirmo-bigkogtuiad.cr gatakesults
seal ant Test itens Exanple 1 Conparative Conparative
Exargp| shdwibxampT&be (1) Vi scoel asticity 1110 107000
1020 (Pa- s) (B) Seal width test Good Bad Good (O
Vat @/ Absorption 1.0 1.0 3.7 (% (60C, 90%Rh, 24h)

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

The test was conducted in accordance with JIS
20208. 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
ligquid 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
abscrption was calculated from the ratioc of weight
before and after introduction into the thermo-

hygrestat. The results are shown in Tabkle 1.



10

(D) Moisture Perneability (%9 40 42 80 (g/nR2 24h)
[0081] As can be seen from (A of Table 1, the Iliquid
crystal sealant of Exanple 1 is lower in

viscoel asticity after volatilization of solvent than 5
the liquid crystal sealant of Conparative Exanple 1,
and the liquid crystal seal @t of Conpar ati ve Exanpl e
1 ggg i very high viscosity. Therefore, it can be

sué 9 d that the liquid crystal sealant of Exanple 1

|sngPIHer th%n_thg I|ﬁU|d crysI?l.

| am nati on of the upper and Iomer substrates in
production of a liquid crystal display device, and

hence t ase of u t li al
o el t NGk oo reg|§ 1eh§ c%iﬁ,g%r%'&%% Q%%}

in 43 a shorter tine. Furthernnrg&aﬁﬁsecgn beE§§ﬁ5&e 2
from(B) of Table 1, the liquid Crystal seal ant of
Examphesdodmstheiter thamide |iquidhrepystal seabant
of Conparative Exanple 1 in the state at room
tenperaturea-akter pre 5 curing. Mreover, as can be
seen from (C) and (D) of Table 1, the water

abs®r perdnwialth nedtst ur e @eydreabi | ity Badre bett eGoddn
Exanple 1 than in Conparative Exanple 2. [0082]
Ex&ppWetor BEpsP1pt8ynt hesis-0of |iqui dicPystal sedlant:

(%) (60°C, 90%Rh, 24h)

seplant q{ 10

(D) Moisture
Permeability (%) 40 42 80

(g/m®: 24h)

[0081]

As can be seen from (&) of Table 1, the
liguid crystal sealant of Example 1 is lower in
viscoelasticity after volatilization of solvent than
the Iligquid crystal sealant of Comparative Example 1,
and the liguid crystal sealant of Comparative Example 1
has a very high visccsity. Therefore, it can be
suggested that the liquid crystal sealant of Example 1
is smaller than the ligquid 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 ligquid crystal sealant

of Example 1, the registration step can be performed in




100 g of an epoxy resin represented by the fornula
(1) (RE-600NM manufactured by N ppon Kayaku Co.,
Ltd., which contained 65-80% by wei ght of the
conpound of n=0 in the formula (1)) and 30 g of a 15
phenol novol ak resin contaigkfg 30-50% by wei ght of a
conpound having two rings ( 152 manuf actured by

o 2oafoEREE ViR, Pk Bg3s’ op il Rea e Repen (B)
(héf'@gbﬁebQ'ltHQ Pe Hﬂdo% ggg gsggfg%%%ro%o%§&ﬁ%ﬂg%ﬁ is

20 and a vapor press re o cont ai

57b@§%/@erbﬁh%' ght QEqE{hHEEQtY(EtQtLUE@'éQE%t ¥ %Z)l{?pté)&atlve

wei ght of dinethyl succinate and 12-20% by wei ght of

di pifyle adipatBe HRAVEAGEUEBEMDYcRBEF R uNeKIGEF @ pre-

Ltd.) as a solvent. In the resulting resin solution
sweter 20gdi Spersede6) gsotaspber keah a@kuri na)havidng mn of

average particle dianeter of about 30 nm ( NANOTEC

ALTAD NA BP- the maatiéacibsedpbyof] aKdspbiGourel b@rmeadility

an inorganic filler and 10 g of N-phenyl- y 44

aniropropyetrinethanysel anehas ancOoppiemgtagenExbyple 2.

mxing themwith a sand mlIl, followed by adding 8 g

of[OQé%IJJRE MYH K having an average particle dianeter

of 3 gmor less (am ne adduct: manufactured by

AT FFRt® 5 Fine Techno Co., Ltd.) as a curing

accel er at or obt d crystal seal ant _of the
present !nvéﬁl %%B%log ;lﬁ?b uctYBhaof SER4ERG *

crystal dlspi@y g cf an epoxy resin represented by the

10

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

15 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 REODIASOLVE RPDE
(having a boiling point of 200-230°C under 1013.25 hPa

20 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 soluticn were

25 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 -



m AMtesrantyhedl nahak gnatav%(}%g@
to obtain a liquid crystal orientation layer,

followed Dyssubigehl ngdBeLh: &Qﬁu?&@%h&@ﬁe§gtgg&thBQO

crystal nolecule orientation treatnment suc

10 device: A liquid crystal orientation material such
as a polyimde material was coated by offset printing
nmet hod on an array substrate conprising glass and
havi ng thereon an active elenent, a wiring and a 15
transparent el ectrode and a ? lor filter-side
substrate having thereon co

ol .2 hlack i x for {1gh
soraefPHE NG s e Rt aif e Mot S St sy e

r filters conprising

SCr eeni
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crystal sealant was coated on the color filter-side
sublstaaheabyigatdenryptiznt seglamthed. thes wirlcakig
anount of a glass fiber I 45 having a desired

di ametetiemas added to the liquid crystal seal ant for
mai ntai ning the cell thickness. The initial viscosity
n1[@®8Biquid crystal sealant A was 22.5 Pa- s.
Substrates for liquid crystal panel 5 were produced by
conti nuous séfeeRrpAbating of g

i%cosity u2 of the liquid crystal sealant after the
0

baud d7 criyetes, ddselelye
tYhuous printing was 28.4 Pa- s.

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
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
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 liquid crystal molecule orientation
treatment such as rubbing.
(00841

Thereafter, the above liquid crystal sealant

was coated on the color filter-side substrate by screen

printing method. A suitable amount of a glass fiber



That is, 772<60 and n 2/771=1.26. [0085] 10 The shape
of seal after seal continuous printing was
satisfactory w thout breakage and blurring, and

cl oggi ng of screen of screen printing plate did not
occur. The seal ant was subjected to renoval of 15
solvent (the remaini ng sol véht was | ess than 10 ppn)

baki t 50-100C f 1-30 t )
RO A S e R TR S %E%ﬁjﬁg}c’ LH):;C?]S

ST AT AR A SR
(M ghnens DO YSBBLBY| NG, TELT S ThECPOLLSH, 00
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after position al 1 gnnent, these
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150-200C for O. hours to lamnate and fix

0pROSHAEY §H@Sthét @ﬁsé@si‘ﬁgt Q Biye enénifgnmyt Bi-gkagss
in a given range. 46 [008b] These opposing substirates

weseaLahtt 8fBe @i ¥YRO cShapRuoctiBepranfenst e sl i2guiddpa- s.
crystal material was poured thereinto by vacuum
poLinangiset hotk 6Garghd he 25 posali. 8g.hol e was seal ed with
an ultraviolet-curing type resin to obtain a liquid
cr{/68@b] di spl ay devi ce.

The shape of seal after seal continucus
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.

Cn 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 sc as to give a uniform thickness

in a given range.



The liquid crystal display device nade by the nethod
of the present invention was free fromdefects such
as breakage, thinning and blurring of the seal 10

whi ch nmay be caused by the seal printing. [0087]
Conparative Exanple 3 (1) Sygéhesis of liquid crystal
sealant: 100 g of a liquid sphenol A type epoxy 15
reszS%RE-3105 manuf actured by N ppon Kayaku Co.,
Ltd.) nd 30 g of a phenol novol ak resin containing

30- 50% by - i ri :
30,500y vehdll, OeRSHIPULAAND LR [4So 5 qiver
CushBBe, 288Bh Wehemdi-3sohved 1\ td heati ng ddv30 g, 08

propyl ene 20 glycol diacetate (having a boiling poilnt

of pdQ0EduRdele 10853125 vARA uadN ¢ o rY RRO MRS Ul Pfr 13l

Pa at 20C) as a solvent. In the resulting resin _
5sopdtikdAgwebee daspeeseddolighotinsphenistdlo 1@t iuiding type

havi ng an average particle diameter of about 30 nm

( NARET ECe AL bM: AlANSB- C1301imapufyactar ed shy a6l déasieie .Co.

Ltd.) as an inorganic filler and 10 g of N-phenyl- vy

- am nopr opylhei heghorysiryane lasliapdeypldievg cagentdsbypy the

mxing themwith a sand mlIl, followed by adding 8 g

of ngzhod\p EUREE MWHe KeRavii ngeat LaveWage fyget ifglom defects

di aneter of 3 m or | ess (manufactured by éiinonoto

t

|
Fi fieCiregnbreskagert §hynging gndi RusedsrePdt dhe geal

IOprgﬁfég ga§iggigaugg Ségltﬁgaggga'pgikggggl
[0087]
Comparative Example 3
(1) Synthesis of liquid crystal sealant:
100 g of @ liquid bisphenol A type epoxy
15 resin (RE-310S manufactured by Nippon Kayaku Co., Ltd.)
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 dissclved with heating in 30 g of propylene
20 glycol diacetate (having a beoiling point of 1%0°C under
1013.25 hPa and & 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
25 manufactured by CI Kasei Co., Ltd.) as an inorganic
filler and 10 g of N-phenyl-vy-
amincpropyltrimethoxysilane as a coupling agent by

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



(2) Production of liquid crystal display device: In
the sane manner as in Exanple 2, a liquid crystal
orientation |ayer was forned on an array-side 10
substrate and a color filter-side substrate, followed
by subjecting to orientation treatnent. Thereafter,

t he above liquid crystal seafhnt B was coated on the

CoRgEcTi Bl ibal o S cersen priing o
desjy eg- dj anet ﬁﬁaf{‘@fa@‘g\g?%ce{t 8¥|t Fﬁ%hlbﬂéltg F&E%ﬁtgglchno Co.,

seal ant for mai ntalning c ckness:

i njthal ¥Esgos| 7 |, 04 d t |_ant
wae 30 5 pa SRR e R e T R £

wereyptodugedi by conti nuous screen printing of about 7
20 hours, and the viscosity r)2 of the liquid crystal

5seabapg]after the continuous printing was 102 Pa- s.
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That is, n2<60 and 172/ 171 = 3.34. [0089] In the shape
of seal after2fherseatt2bncofit lAdousl piriyRitiang dildhare
occurred disorder in seal wdth and narrow portions.
Fudeheceore, there occurred |ocal breakage of sea
and the screen printing plate was partially clogged.
48 Thereaftér, thiessnpsnaanes aer énl Examatled 2ane dutguid
and the liquid crystal was poured in the same nanner
asc¥Y§@&%ﬁ%$%th¥ 1ebt 4RVEE Fergufareegseal andpsplayside
device. There gccurred failures in seal such
substrate and a color filter-side substrate, followed
by subjecting to orientation treatment.
Thereafter, the above ligquid crystal sealant
B was coated on the color filter-side substrate by
screen printing method. A suitable amcunt 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 712 of the liquid crystal
sealant after the continuous printing was 102 Pa- s.
That is, 72<60 and 5n2/nl = 3.34.
[0089]
In the shape of seal after the seal
continuous printing, there occurred disorder in seal
width and narrow portions. Furthermore, there occurred

local breakage of seal and the screen printing plate

was partially clogged.



5 as breakage and thinning of the seal and uneven

thi ckness of the cell at the rate of about 5% [0090]
Exanple 3 (1) Synthesis of liquid crystal sealant: 10
30 g of an epoxy resin represented by the fornula (1)
( RE- 600NM manuf act ured by Nig on Kayaku Co., Ltd.,

whi ch cont ai ned 65-80% by we 5ht of the conpound of

=0 i he f I 1), .70 f bi sph [, A

10 0" e SRR, 18 8t BLEFEL A e o
Co L d f ; '

Cocest 3 0308 PLARNG TR LEUN, oore

i RN-, 15 i yaki
§ gl_g)an@r 2l %nm%g%u@e%obkgﬁ;aggogeg%yv@ﬁaggr stal

as a curing agent were Ing In

7 8i8b1RHOBLASELVE RREL( GRakaIIN G H7-A3% by Vel ght
of %Obdi r?t?tahyl gl ut ar at ee, %%%dﬁga\% ghtgc%n\glgén%hi}lmh

ssugei Bakakayd- 0% By ivwaiiaht o¢f tdiemathyl Al Ratsien
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manuf act ured by Rhodia N kka Co., Ltd.) and 3 g of

et bjliereegbyedl tdebukyll ethehe( ramef act unedtys ako
Jun- Yaku Kogyo Co., Ltd.) as solvents. 25 In the
resdPe0hg resin solution were dispersed 25 g of

anor phous al um na having an average particle dianeter
of Esbopie38 nm (ALUM CRON FAL-0.05B manufactured by
Fujim Incorporated) and 25 g of 49 crushed silica
havi ng an avétagéypahepéFeodi ddatde erysFag whalant:
(CRYSYALI TE 1FF manufactured by Tatsunmori Co., Ltd.)
as inorgani c>Pi Pl 8f s2AnBP9XY EESKNpEERyESepted 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)), 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 RHODIASCLVE 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 solution were
dispersed 25 g of amorphous alumina having an average
particle diameter of about 30 nm (ALUMICRON FAL-0.05B

manufactured by Fujimi Incorporated} and 25 g of



am nopropyl tri met hoxysil ane as a coupling agent by 5
~ mxing themwith a sand mlIl, followed by adding 7 g
of AM CURE MYH K having an average particle dianeter
| of 3 ,umor less (manufactured by A inonoto Fine
Techno Co., Ltd.) as a curing accelerator to obtain a
liquid crystal seal ant of t he present invention. 10

R [ f liquid [, displ a
| 0894LER) cRiCAUCHLon o i WALl L op g o of
a QQBVHP%d?Cﬂ?g?Atf&Em@?Fcﬁghggag¥uggﬁs%g %%E%h%%%il%o.,
met hod "on an array subStrate conprising gl ass an

hayi t her s ek e v A d . _
i iM s e b e s R G

haghmaon§F9qzer9al=_~%o&i stiq:ra%eC%@prai NG, Rds and

green, a ack matrix for light screening and a 20

strangpagenherl GeEhode seRRPiSING folQowEehy eS8y 7 g of
substrates were subjected to tenporary baking at é%-

108CIEOREIMEE-HI haesgand aealralekicag rdic1k6QH22RE 10r0f 3
0.5-3 hours to obtain a liquid crystal orientation
| ayer ,of ol ¢mwetindoyu Sabfeced nigy bat hndhetsubsheareshho Co.,
25 liquid crystal nolecule orientation treatnent such
asLtdubbffga F0092p Fheedafrmsrr thechbbeve lai duiahid
crystal sealant 50 was coated on the color
fifrertaide=glpstrafethy vEcEent prveritAgnnet hod. A
1OSU%688{? anmount of a glass fiber

(2) Production of liquid crystal display
device:
A liquid crystal orientation material such as
a polyimide material was coated by offset printing
15 method on an array substrate comprising glass and
having thereon a given active element, wiring and
transparent electrode and a color filter substrate
having thereon color filters comprising red, blue and
green, a black matrix for light screening and a
20 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 orientation
layer, followed by subjecting both the substrates to
25 1ligquid crystal molecule orientation treatment such as
rubbing.
(0022}

Thereafter, the above liquid crystal sealant




havi ng a desired diameter was added to the liquid
crystal sealant for maintaining the cell thickness. In
5 mass- production of substrates for |iquid crystal
panel, screen printing was carried out continuously
in a clean roomunder down flow The treating tine
was about 7 hours. The shapelof seal at the beginning

o FSThel el U AL S O B

Further, clo

L FLG _ 1). [ f .
T N T .

1 QU : | - | ! .
(heagons) auoys: 96l g, 45 LOO%L Temoraty skl g
p|ékgg?gge5e5h§n§e§5rfﬁ%ﬁﬂ%bﬁ%ingh%hkgqgﬂﬁa%%i %g%. In

was he purpose of renovingthe solvéent I'n

s5Seghssl rb§u@f§5ﬁrB%dsbﬁsgga%%%e%%rth%x*ﬁQpQﬂ§@%al panel,

baki ng tenperature at which the renoval as sol vent
cogtdebr peihoiAgduwikt Baeenbal BURY cdr@SSddtan 18 PRMc1ean
of the solvent and which was |ower than the heat

actovmt indet egpenafUoe. of Thhetewhitigg agert waBhebout 7
renmoval of solvent can be perfornmed even at 25 a

t emporary baking tenperature higher than 100C, but
processing precision for the cell thickness tends to
deteriorate Bye sbapheopr sceédhrhgtbe bkigdkeningg odndeal
curing reaction at such tenperature, and care nust be

1051p¥%%%hngna@%igfpggpggptinuous printing was satisfactory
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without occurrence of foams, breakage and blurring (see
FIG. 1). Further, clogging of screen of screen
printing plate did not occur after the continuous
printing.

[0083]

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



“h

[0094] On the other hand, the array-side substrate
was sprayed with a spherical spacer nade of plastic
for 5 the formation of cell thickness by dry spraying
nmet hod. Thereafter, the color filter substrate after
subjected to tenporary baking of the seal and the
substrate after sprayed wi thlt he spheri cal spacer
were,subj.ected to te rary bondi ng and positiona
al Fghrent-> gﬁ Stﬁgﬁpfggrhese opposi te substrates were
suﬁbggh d to hot press bonding at 150-200C for 0.5-3
hours™to lam nate and fix the opposing substrates so
as to give agynifar [ SS . i.ven .range,, \We
the above hot p?&%s:g]ﬁgggnglégoﬁditﬁ% s%ﬁ\gﬁ%sm\%agsumtra ©
capksedpedl,eR0t: iRy & @PE@?&CQ& %?%%%%dne&ﬁ§§H¥%1H stic for
but by I , Fere

sheeti ng hot press, a nmul tiplaten press

5WetBeCaysRdtABnPHEbLENS. tFReRacARPOS %&f%&é&ﬁtg@s method.
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were cut to a given shape, then, for exa

nemséreafigui, dreeysbabr2@imaker sabstwas tROWRE r subjected
thereinto by vacuum pouring nethod, and the pouring

hote twempseakgdbaukihgasfuktheagkeallebndCithienGubs¥eate after

resin. The liquid crystal display device produced by

t hepnevaddwotht hbepspbenticahvepticen wase fueg sfatem to

defects such as breakage, thinning and 25 blurring of

t heSBRAF 2 ki bAnAapgbendapsedt bpnaheadeghmepti, nkingg then

[0095l 52 As mentioned above, liquid crystal display
these opposite substrates were subjected to hot press
bonding at 150-200° 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 thereinto 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.

[0085]



devi ces can be produced w thout problens in seal shape
v and with high efficiency and high reproducibility by
using the liquid crystal sealant of the present 5

i nvention. Industrial Applicability [0096] The
heat-curable liquid crystal lant of 10 the present
invention is very effective t0 make a liquid crystal

di spl ay devi cgsw yr nly.a. .sh [ f.or
the rogi stratton sten ot peey PR s Pog kbl oo ray

th&kyﬂp@ésaﬂﬂn'@@Eﬁr§§@§é&a&§§hgﬂtnﬁkbﬂ%gmghgnlEg?gﬁshape

crystal display device, and causing no separa

of drhk wipterh byt & O9eE i SHBF 57 C81 YheRb PS4 LUPREYT ; APy,
| ower substrates |am nated with unCcured liquid
crystialg seed antquisd carysesll byegl evat bnorhbep rURRRE
substrate by the vacuum chucki ng nethod, and with
exdelvegritiaqrel i ability in noisture resistance. 20 Brief
Description of Drawing [0097] FIG 1 is a photograph
of a glass substrate on which the liquid crystal

seal ant of Exanple 3 of the 25 present invention was
scrlEsn sttiintle B iR ddsi tiaken  from the above of the
sugitr%te. 53 CLAIM5S 1. Aliquid crystal seal ant,
chardctdri zed by conprising an epoxy resin

repr esent ed the foll ow
P %%e heat~curag¥% liquid crystal sealant of

10 the present invention is very effective to 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 liguid crystal display device, and causing no

15 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.

20
Brief Description of Drawing
[0097]

FIG. 1 is a photograph of a glass substrate
on which the liquid crystal sealant of Example 3 of the

25 present invention was screen printed which was taken

from the above of the substrate.




formula (1): [Fornmula 1] CH3 CH3 (1) (in the formula,
n represents an average polynerization degree and is
a positive nunmber of 0-5), a curing agent, a curing
accel erator and an inorganic filler. 2. Aliquid
crystal sealant according to ¢claim 1, wherein the
epoxy resin contains 50-95% wei ght of a conpound
of the formula (1) in mhicqiih' 0. 3. Aliquid
crystal sealant according toclfaiml1l or 2, wherein a

bi gphenol ~A hy&’%ngSXXF&% al 's%a‘i%%lci sea?ﬁ '?:etref’!ztegi

t he epoxy resi crysta accor
to OL..C | t
8B S5engohr CLALTD o MRLELR S £ 10,204

acegrging %@ claim 4, wherein the novol ak resin
contains 2 -éOWbby wei ght of a conpound havi ng two

ri nEsrm@iaAtfiquid crystal seal ant according to any
one of clainms 1-5, wherein the curing accelerator is a
54 |atent curing accelerator. 7. Aliquid crystal

seal ant according to claim 6, wherein the | atent
curing accel erator is an am ne adduct and has

aver age paf\icle dianeter/ of not nore thgn 6 ,}dw 8.
A liquid €HyGHGHO5e t ecugul':ldcmm 0 2CHGH;

OH

0H3 GHa “)

(in the formula, n represents an average polymerization
degree and 1s a positive number of 0-5), a curing
agent, a curing accelerator and an inorganic filler.

2. A liquid crystal sealant according to claim
1, wherein the epoxy resin contains 50-35% by weight of
a compound of the formula (1) in which n is Q.

3. A liquid crystal sealant accerding to claim 1
or 2, wherein a bisphenol A type epoxy resin is used
together with the epoxy resin.

4. A liguid crystal sealant according tc any one
of claims 1-3, wherein the curing agent is a novolak
resin.

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

6. A liquid crystal sealant according to any one

of claims 1-5, wherein the curing accelerator is a



of clainms 1-7, wherein the inorganic filler is alumna
and/or silica. 9. Aliquid crystal sealant according
to any one of clains 1-8, wherein the inorganic
filler is anorphous alum na and/or crushed silica.

10. . Aliquid crystal seal according to any one

of clains 1-9 which contain n organic solvent. 11. A

l'ﬂHEQnErXEEﬁh sgé %rggggrding to claim 10, wherein

organi ¢ So Fvent as a boiling point of not | ower

th"?‘n 200C un eﬁ %g}é yggg&agggﬁa WU t%1 Y1aim

not hi gher t I|qU| sta

Se@'aﬁﬁe?@?ﬁrghgglggeﬁkabﬁklﬁg QﬁcélerWQ%Eeﬁ% € amine
organi c solvent is a dibasic acid dinethyl ester. 13.

A bhaubd ghyskak 8gRahaBlageCRRELRNEB1L0dGLAePe 1S MR more
addi tional Iy contains ethylene glycol dibutyl ether

ast@anokgant c solvent. 14. A liquid crystal seal ant
according to any one of clains 1-13 which contains a
coBipl i ng agentlidbidAckivguall seydtak seabantingceer &inyg one
to claim 14, wherein the coupling agent is an
anphosiéame ledupvhageagenhe Sbordbnid Ifiqued dsystlamina
di spl ay device sealed with the liquid crystal seal ant
actoRdbngstbiamy one of clains 1-15. 17. A nethod for
produci ng a I|qU|d crystal _display device having a
II%UId cryst%l liguedi gryshpthsealant according to any one

of claims 1-8, wherein the inorganic filler is
amorphous alumina and/or crushed silica.

10. . A ligquid crystal sealant according to any one
of claims 1-9 which contains an crganic solvent.

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

12. A liquid crystal sealant according to claim
10 ¢r 11, wherein the organic solvent is a dibasic acid
dimethyl ester.

13. A ligquid crystal sealant according to claim
12 which additionally contains ethylene glycol dibutyl
ether as an organic solvent.

14. A liquid crystal sealant according to any one
of claims 1-13 which contains a coupling agent.

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

coupling agent.




is interposed between a substrate having a col or
filter layer and a substrate having a liquid crystal
orientation |ayer on an el ectrode |ayer and which is
held with a liquid crystal sealant, characterized by
including a step of coating e liquid crystal seal ant
according to any one of clai 1-15 on one of the

su rates b ree inting, ;a step of hot-press .
bonding anot%%?ﬁgﬁgé_féﬁ%gﬂéghﬁéf%ia %#vt%%rg%@f?ﬂerth
SUBeT at G TR ot s TR R T ot By e of
crygtalys di aay device according to claim 17, wherein

t he Iiguga%giystal seal ant satisfies 772<60(Pa s) and

173h77 1<1l. 5 whenred #bd prduisarsid i fuide gul

crystal seal ant before coating by screeh printing and

173iisplay desdes hyvaing ke liguid crystal sead&H1 which

after carrying out the continuous printing).
is interposed between a substrate having a color filter
layer and a substrate having a liquid crystal
orientation layer on an electrode layer and which is
held with a liquid crystal sealant, characterized by
including a step of coating the liquid crystal sealant
according to any one of claims 1-15 on one of the
substrates by screen printing, a step of hot-press
bonding another substrate, and a step of pouring the
liquid crystal material into the space between the
substrates.
18. A method for producing a liquid crystal
display device according to claim 17, wherein the
liquid crystal sealant satisfies 7 2<60(Pa‘ s) and n2/n
1<1.5 (where nl is a viscosity of the liquid crystal
sealant before coating by screen printing and n2 is a

viscosity of the liquid crystal sealant after carrying

out the continuocus printing).



