-1- DESCRI PTI ON RADI ATI ON CURABLE RESI N, LI QU D CRYSTAL SEALI NG MATERI AL,
AND LI QU D CRYSTAL DI SPLAY CELL USI NG SAME Technical Field The present
invention relates to a radiation curable resin, a liquid crystal sealing
material and a liquid crystal display cell using the sane. Mre
particularly, the present invention rellates to a liquid crystal sealing
mat eri al which can be used for manufacturing a |iquid crystal display cell
in which aliquid crystal is sealed by dropping the liquid crystal inside
the wall of a liquid crystal sealingegakegrahy formed on one substrate,
thereafter lamnating the other substrate thereon and curing the liquid
crystal sealing material, and to a liquid crystal display cel

manuf actured using the liquid crystal sealing material . Background Art As
a manuf acRUWIHAG ORI OURABLE RABSIN, CIYSIRAICRY SPABRECEIING MARERRrIcaANBd
liquid crystal dropping process, which has a high mass productivity, is
proposed AECURPARAN SIDALIHEPLACROELYEABNG §pVEi ng of |iquid crystal display
cells (see Patent Document 1 and Patent Docunent 2). Specifically, the
manuf act uri ng nmet hod i nvol ves dropping a liquid crystal inside a liquid
crystal sealing naterial fornmed on one substrate, and thereafter |am nating
the ot her Teghmédd Kteld t hereon to seal the liquid crystal. However, the liquid
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inside the wall of a liquid crystal sealing material formed on one substrate, thereafter

laminating the other substrate thereon and curing the liquid crystal sealing material, and to

a liquid crystal display cell manufactured using the liquid crystal sealing material .

Background Art

As a manufacturing method of liquid crystal display cells, the so-called liquid
crystal dropping process, which has a high mass productivity, is proposed accompanying
the recent years’ upsizing of liquid crystal display cells (see Patent Document 1 and Patent
Document 2). Specifically, the manufacturing method involves dropping a liquid crystal
inside a liquid crystal sealing material formed on one substrate, and thereafter laminating
the other substrate thereon to seal the liquid crystal.

However, the liquid erystal dropping process, since a liquid crystal sealing material
in an uncured state first contacts with a liquid crystal, has such a problem that components
of the liquid crystal sealing material dissolve in the liquid crystal on contacting and the
specific resistance value of the liquid crystal decreases, and as a result, such mass

production method of the liquid crystal cell does not fully spread widely.



crystal dropping process, there are three nmethods of heat-curing,

phot ocuri ng and conbi ned photo- and heat-curing. The heat-curing nethod
has such problens that a Iliquid crystal |leaks froma liquid crysta
sealing material rendered low in viscosity during curing due to the
expansion of the liquid crystal by heatifg, and that conponents of the
liquid crystal sealing material rendered lowin viscosity dissolve in the
liquid crystal. These problens are difficult to solve, so the heat-curing

method is not Weteulifg Rle@fds 68k 145 crifalthRiRt NS riand, 1dnlidhi G Grst@lig
sealing materials used in the photocuring method 1nclude two kinds of

cationi c polsgrdppaid R0cdsy,ARer@ Rt thadh 16 atho MOSDUERE- bdig, ?ﬂotb%zﬁlﬂﬁug geapendi ng on
t he ki nds of photopol ynerization initiators. Since a liquid crystal sealing

materi al obmbatidphow- pod keweciziag.i 0fhd Yqe-caenemaited HaoRschi robibakaayai ng,
when it is used in the liquid crystal dropping process, it has such a
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state and the specific resistance value of the liquid crystal is reduced.
Then, si néwizg {yggithe exprasian of dwlliqwid erasiel baheasigr audi theil copulopemss bf tiei on
type has g large curing contraction on photocuring, it has a problemof an
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phot o- and heat-curing nethod is believed to be the nost = practical rethod.
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liquid crystal sealing material interposed between substrates is irradiated

wi th | i ghthetlisjubkcrygini drapping poasesd jt landudlsa phobtezafitzetheieatedpbieeneelute in
secondarily cured. The inportant characteristics required for a liquid
crystal s&&lligue erstakindhe cvertistite dral o Apichfecirepiitnes valnd ofithetlicuid ¢rmgialnet hod
i nvol ve th%t Epe |iqui.d crystal sealing material does not
reduced.  Then, since a iquid crystal sealiig material of radical polymerization type has a
large curing contraction on photocuring, it has a problem of an insufficient adhesion
strength. A problematic point related to both photocuring methods of cationic
polymerization type and radical polymerization type involve such a problem that metal
wiring parts of an array substrate for liquid crystal display cell and black matrix parts of a
color filter substrate generate light-shielded parts of a liquid crystal sealing material where
light does not enter, thus causing the light-shielded parts to become uncured.
The heat-curing method and the photocuring method have such various problems,
and actually the combined photo- and heat-curing method is believed to be the most
practical method.  The combined photo- and heat-curing method is characterized in that a
liquid crystal sealing material interposed between substrates is irradiated with light to be
primarily cured, and is thereafter heated to be secondarily cured. The important

characteristics required for a liquid crystal sealing material used in the combined photo-

and heat-curing method involve that the liquid crystal sealing material does not



-3- contamnate a liquid crystal in every process before and after |ight
irradiation and before and after heat-curing, and especially
couternmeasures for the |light-shielded parts described before, nanely,
count er measur es agai nst the elution of the sealing material conponents
fromthe parts of the sealing material which have not be photocured into
the liquid crystal on heat-curing are required. As solving nethods, the
following are conceived;, (1) curing rapidly at a |lowtenperature bef or e

seal i ng NMBd@hinHatCONPANRRIE Bh ey 9wcess(b%l°m@<aﬁ§faﬁéxqﬁ%lﬂglacﬁﬁr&%ﬁrﬁe%lef a
sealing material which hardly elute in a liquid crys conposi tion, and
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wor sening of the pot life during use, which is a practically big problem
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pot life and exhibits a |l ow contam nation of a liquid crystal, the liquid
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hardly elutes in a liquid crystal conposition. However, since a comonly
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epoxy resin has a good conpati |I|ty with the liquid cr stal, it cannot be
said t ha{apgﬁy gt %}:Pg&wz&@tw%@ <§&Sf=%mgén%tgn%lrf@1@@aﬁmﬁa Qs (23 constituting
constitutignal m nat i on. ent Docune t 3

Lse of a %P?W?W%%mga@?&ﬂ R GO AT R AR P el et B i
P Do '

TPy or BUTER OeRSublSnIBlLR ﬁﬂi@?ﬁ‘qﬁ%ﬁ%&aﬁ%cz' Bokie? LBPRR . ng 3
Docurment  3,and aRahe it uc@%gg%rb?ac‘&ﬁl ¥E81emd! tRQHG e SQ!J1Riih i tli’(qaﬁcp the

liquid crystal is re ation, it canhot be said to be
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liquid crystal is contam nated with the unreacted remaining raw materi al

epoxy r eslidquid Asystéshe liheid oajama&ecalalgcmmbnmed rgafuded to BOchiRdalkecoff @dhnkhigui d
crystal sealing materials for liquid crystal dropping process, which has
been convehichdaally glupesopediseid crystal composition.

However, since a commonly well known epoxy resin such as bisphenol A epoxy resin and
bisphenol F epoxy resin has a good compatibility with the liquid crystal, it cannot be said
that said epoxy resin is suitable as the sealing material constitutional component in view of
contamination.

In Patent Document 3, use of a partially (meth)acrylated bisphenol A epoxy resin
described in Patent Document 4 as the main component of the resin is proposed as the.
liquid crystal sealing material for dropping process (refer to Patent Document 3 and Patent
Document 4). However, although solubility to the liquid crystal is reduced by
(meth)acrylation, it cannot be said to be sufficient, and further it is difficult to solve the
problem that the liquid crystal is contaminated with the unreacted remaining raw material
epoxXy resin.

As described above, a combined photo- and heat-curable liquid crystal sealing
materials for liquid crystal dropping process, which has been conventionally proposed,
cannot be satisfactory in view of contamination into a liquid crystal, adhesive strength,

available time for use at room temperature and curability at low temperature.



cannot be satisfactory in view of contam nation into a liquid crystal
adhesi ve strength, available tine for use at roomtenperature and
curability at |ow tenperature. -4- Patent Docunment 1: Japanese Patent
Application Laying Open (KOKAI) No. 63-179323 Patent Document 2: Japanese
Pat ent Application Laying Open (KOKAI) ~b: 10-239694 Patent Docunent 3:
Japanese Patent Application Laying Open (KOKAI) No. 2001-133794 Patent
Docunent 4: Japanese Patent Application Laying Open (KOKAI) No. 5-295087
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her ei nbefore, a partially acryl ated bi sphenol epoxy resin is mainly used
as the seagiingzmaterial for liquid crystal dropping process at present.
However, the partially acrylated bisphenol epoxy resin is easily to elute
when it is broBghit Daumenodi BpineseiPhiant Applidativh d.aging Sipeh (KOKMBMNG.t is
heat ed under the condition of contact. This elution causes irregular
orientati o28P6%e |iquid crystal, exhibits uneven display, and results in
the reduction of reliability of panel. On the contrary, a conpletely
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inventionsbg gies to a liquid crystal sealing material used for liquid
crystal dropping process, wherein the liquid crystal is added dropw se to
t he inside of the

Disclosure of invention
Problems to be solved by the invention

As described hereinbefore, a partially acrylated bisphenol epoxy resin is mainly
used as the sealing material for liquid crystal dfopping process at present.  However, the
partially acrylated bisphenol epoxy resin is easily to elute when it is brought into contact
with the liquid crystal or when it is heated under the condition of contact.  This elution
causes irregular orientation of the liquid crystal, exhibits uneven display, and results in the
reduction of reliability of panel.

On the contrary, a completely acrylated bisphenol epoxy resin hardly elutes into the
liquid crystal relatively, but is not always to be satisfactory. In addition, there is a
problem such that when the resin is used for the constituent of liquid crystal sealing
material composition, the component other than the resin which can be used is limited due
to the high viscosity.

The present invention relates to a liquid crystal sealing material used for liquid
crystal dropping process, wherein the liquid crystal is added dropwise to the inside of the
wall of the liquid crystal sealing material formed on one substrate, and thereafter another
substrate is adhered, followed by exposing the liquid crystal sealing part to light to obtain a

liquid crystal display cell by heat-curing, and the radiation curable resin, etc. used as a



wal | of the liquid crystal sealing material forned on one substrate, and
thereafter another substrate is adhered, followed by exposing the liquid
crystal sealing part to light to obtain a liquid crystal display cell by
heat -curing, and the radiation curable resin, etc. used as a -5-

constituent of a liquid crystal sealing3aterial. The present invention

al so provides the Iliquid crystal sealing material, which has extrenely | ow
contam nation of the liquid crystal t hroughout the production process, is
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crystal even in th adow ng regron, and is excellent 1n workability for
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curability at low tenperature. Means to sofve t he probl em The 1 nventors of
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above descri bed problem and conpl eted the present invention. Since the
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conpatibility with the liquid crystal conposition, the liquid crystal

seal i ng nereickadn wshaguishetesadhesigxidshi adbewxe steamgthyand cowalploysitbiwi ty of
contamnating a liquid crystal. Further, since it has a | ow viscosity,

when it i$TRSER]IEs a constituent of the liquid crystal sealing material
conposition, the wusable other conmponent is less |imted and the resin with
hi gher viscosity may be possible to be used in conbination. Further, the
present i nd the possibility of filling nore fillers. The

present :ﬁ%ﬁﬂ%géﬁ“FgraPéﬁf?b t he follomﬁng (1) to (18). (1) A radlatlon
curabLe o 1 PR GRRPLSR 5 RGBT oL ) ol Bl g
the above described problem and completed the present invention.  Since the radiation
curable resin of the present invention has extremely low compatibility with the liquid
crystal composition, the liquid crystal scaling material using the same exhibits extremely
low possibility of contaminating a liquid crystal. Further, since it has a low viscosity,
when it is used as a constituent of the liquid crystal sealing material composition, the
usable other component is less limited and the resin with higher viscosity may be possible
to be used in combination. Further, the present inventors have found the possibility of
filling more fillers.
The present invention relates to the following (1) to (18).
(1) A radiation curable resin represented by the general formula (1):

[formula 1]

(1}

3 0 . \
A e o S Pt 3, oL
© (R})

Rzl n

wherein R1 represents a hydrogen atom or a methy! group; R2 may be the same or
different and represents a hydrogen atom, a halogen atom, a hydroxyl group, a monovalent

linear, branched or cyclic alkyl group having 1 to 10 carbon atoms, or an alkoxy group



wherein Rl represents a hydrogen atomor a nmethyl group; R2 may be the sane
or different and represents a hydrogen atom a hal ogen atom a hydroxyl
group, a nonovalent |inear, branched or cyclic al kyl group having 1 to 10
carbon atons, or an al koxy group -6- having 1 to 10 carbon atons; m
represents an integer of 1 to 4; R3 reprlesents a hydrogen atomor a et hyl
group; R4 represents a linear, branched or cyclic alkylene group having 1
to 10 carbon atonms, and a repeating unit nunber 1 represents a positive

nunbers rap@hpq to flOQBPblantatfbn% n‘? le%eiﬁt‘f?lﬁﬁ%tbékg offith ANRIDEL e RnfOPIRBENLS @
positive numbérs ranging from O (2) The radlatlon curable resin

accor di ngatomn (i mewieERIup; Rige r@ééheta IQ{ba@llﬁ@{éb@db clic lafkyldrR R QS Evaeh by
the general fornula (2): p[forn}LIa 2] OH OO O ™ o] qyO O%rj@é)’ ~ng qO~

O (2 ) qtPl0vhboebtons, arjpe@penmhgumit numii ¢ feppese @B gReive nandesi rahyiag
nunbers ranging fromO to 20; and a repeating unit nunber q represents a
positive ﬁmrbbrc'aS,rmd@nngeatmgmlﬁ numbsr n (Grestnisiacpeisdive mystbets reeghp figmater i al
characterized by conprising (a) the radiation curable resin represented by
t he genera@ fornula (1) accordlng to (1), (b) a photopolynerization

|n|t|ator nd % an |nor%§n|c iller having an average partlcle size of 3
. Xm or ( Bye rpqEation G Iedre%taa@mé@gﬁp f» HBeisi Be redigieruyHable sexiizls,

vvhereln the ra n cura l.e esj.n (a) is represented by the general
formul a (f?“%6§f8¥ﬁgl§$ﬁﬁ} ﬁEPﬁ%ﬁgb seal ing material according to (3) or
(4), mherﬁbnnglgﬁntent of the

/YO\A/O\L/\ '\—O—HO\A\O 0{\/0%01{0’\7}10‘%{0\5\ (2)

p

wherein a repeating unit number p represents a positive numbers ranging from 0 to 20; and
a repeating unit number q represents a positive numbers ranging from 1 to 5.
(3)  Aliquid crystal sealing material characterized by comprising (a) the radiation

| curable resin represented by the general formula (1) according to (1), (b) a
photopolymerization initiator and (¢) an inorganic filler having an average particle size of
3 pm or less.
(4)  The liquid crystal sealing material according to (3), wherein the radiation curable
resin (a) is represented by the general formula (2).
(5)  The liquid crystal sealing material according to (3) or (4), wherein a content of the
radiation curable resin (a) is from 30% by weight to 80% by weight based on the total
liquid crystal sealing material.
(6)  The liquid crystal sealing material according to any one of (3) o (5), wherein the
radiation curable resin (a) has a viscosity of from 30 to 500 Pa-s.
(7)  The liquid crystal sealing material according to any one of (3) to (6), wherein the

photopolymerization initiator (b) is a radical photopolymerization initiator.



radi ation curable resin (a) is from30% by wei ght to 80% by wei ght based on
the total |liquid crystal sealing material. (6) The liquid crystal sealing
mat erial according to any one of (3) to (5), wherein the radiation curable
resin (a) has a viscosity of from30 to 500 Pas. (7) The liquid crystal
sealing material according to any one of7¢3) to (6), wherein the

phot opol yneri zation initiator (b) is a radical photopolynerization
initiator. -7- (8) The liquid crystal sealing material according to (7),

wher ei n t kg r atthe dhuidRpRiQREANIRAABALI RBoH b AT PhvHenPakaeh! e by
reacting a (neth)acryl ate nononer having an isocCyanate group represented

by the gepasw@bolyarenuhitor(id)tiatdfioobidlabRIby refting (mN@Gadi3late BowhBE S inEL
represents a |inear, branched or cyclic | ower alkylene group or aryl group
having 1 toisbOyazatdpouptamsenict by thngareydl dyhmda@ound havi ng a hydr oxyl
group represented by the general fornula (4): [formula 4] O HO X2-O Ar
)~ OH (4) [fsherkid] X2 represents a linear, branched or cyclic |ower alkylene
group or arylene group having 1 to 10 carbon atons, and Ar represents an
arylene group. (9) The liquid crystal sealing material according to (7),

wherein the radical photjopol ynerization initiator is a carbazole
initiator. (10) The |i qu st ﬁgﬁl ing material according to any one of
(3) to (9), further conprifsing 3%(37 epoxy (Bésin and (e) a heat-curing
agent. G

wherein X1 represents a linear, branched or cyclic lower alkylene group or aryl group
having 1 to 10 carbon atoms

with

an aryloyl compound having a hydroxyl group represented by the general formula (4):

[formula 4]

HO__XZ_O___ Ar OH ( 4)

wherein X2 represents a linear, branched or cyclic lower alkylene group or arylene group
having 1 to 10 carbon atoms, and Ar represents an arylene group.

(9)  The liquid crystal sealing material according to (7), wherein the radical
photopolymerization initiator is a carbazole initiator.

(10) ~ The liquid crystal sealing material according to any one of (3) to (9), further
comprising (d} an epoxy resin and (e) a heat-curing agent.

(11)  The liquid crystal sealing material according to (10), wherein the epoxy resin (d)
does not elute into a liquid crystal in an amount of 0.5% or more by weight based on the

liquid crystal, when said epoxy resin is directly brought into contact with the liquid crystal



(11) The liquid crystal sealing material according to (10), wherein the
epoxy resin (d) does not elute into a liquid crystal in an anmount of 0.5%
or nore by weight based on the |liquid crystal, when said epoxy resin is
directly brought into contact with the liquid crystal -8- whose anount is
ten times of that of the epoxy resin, antris allowed to stand at 120C for 1
hour. (12) The liquid crystal sealing material according to (10) or (11),
wherein the heat-curing agent (e) is a dihydrazide. (13) The liquid

crystal seabkdenbmitef iedltindG ook BOiHeQ pek AlWnl 3nd WNELAA 14 Bendhhydr@zide is
adi poyl di hydrazi de and/ or |sophthalape di hydr azi de and/ or a di hydrazi de
havi ng a 4aki ne hydantoin skeleton. (14) The liquid crystal sealing
material according to claim 10 or 11, wherein the heat-curing agent (e) is
a pol yhydtiZg phenbduid clys)al Tubing inquerth] acystiak ts €dl)iongl INpdkercal thaccording to
any one of clainms 3 to 14, further conprising (f) a silane coupling agent.
(16) The h¢ageiting pgestt &¢) isediliydepziviet eri al according to claim 15, wherein the

si |l ane couBI ing agent (f) has an amino group. (17) A liquid crystal
di spl ay cEi¥) sE legridinitad sealing anaserisd aecordive 4 alabn é 2oyhaaini thg dibhidrazidedui d

crystal sealing.material cpo&ghn tq_any one of (3) to (16). .(18) A
process f%cﬁp‘i’r’a%ﬂﬁng’géi‘%ﬁl‘? 159G ?agat%?ﬂ}%j’éﬂmd&i@ﬂf%ﬁ dFa%%%aé’@ige@ V3¢ by
conpri si ng C%ldtji.ngl ztl iquid crystal dropwise to the inside of a wall of the
liquid cr VSR &8AFPRg material according to any one of (3) to (16) formed
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(15)  The liquid crystal sealing material according to any one of claims 3 to 14, further
comprising (f) a silane coupling agent.
(16) The liquid crystal sealing material according to claim 15, wherein the silane
coupling agent (f) has an amino group.
(17)  Aliquid crysta] display cell sealed with a cured product obtainable by curing the
liquid crystal sealing material according to any one of (3) to (16).
(18) A process for manufacturing a liquid crystal display cell characterized by
comprising adding a liquid crystal dropwise to the inside of a wall of the liquid crystal

sealing material according to any one of (3) to (16) formed on one substrate, followed by

laminating the other substrate thereon.

Effects of the Invention

The present invention provides the liquid crystal sealing material having strong
adhesive strength and low possibility of contaminating liquid crystal. Further, a
production of highly reliable liquid crystal display cell could be achieved by using the
liquid crystal sealing material of the present invention in the liquid crystal dropping

Process.



production of highly reliable liquid crystal display cell could be achieved
by using the liquid crystal sealing material of the present invention in
the liquid crystal dropping process. -9- Best Mdde for Carrying Qut the

I nvention Hereinafter, the present invention will be described in detail.
The radi ation curable resin of the presént invention is represented by the
general fornmula (1). In the present invention, the radiation curability
nmeans the property of curing by irradiating the radiation such as

uItravioIBgﬁmng@@gcgh§&%qgﬂtﬁ@ﬁn@ﬁﬁﬁlIiquid crystal sealing material of
the present invention is characterized by conprising (a) a radiation

curabl e resin Nephrsentied,bient e eaenenal bd @soMbal ihlkwi( b) a _
phot opol yneri zation initiator and (c) a filler having an average particle
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resin (a) represented by the general fornmula (1), RI represents a hydrogen
at om or afomstilay(l).grloupe pEsefténailiyn ahdyadiogarcuatblity nR2nsthe tepertytd same or
different and represents a hydrogen atom a hal ogen atom a hydroxyl group,
a nonovatwig by irediating tlernefiet o pudbyas vl teavadlkytay ghdglsctiaviayg 1 to 10 car bon
atons, or an ,ﬁ%¥oxy group having 1 to_10 carbon atons. A hal ogen atom
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cycl ohexy. the l.ike...An al oup.having 1 to 10 carban ator
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R2 is nosts Rister br@ntsNydrogen atom R3 represents a hydrogen atomor a

met hyl group. A nonoval ent |inear, branched or cyclic al kylene group
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n- propyl ene, i-propylene, t-butylene, cyclopentylene, cycl ohexyl ene, and
the |ike.repibatts phediepabhtym & msthe! fyphpnaeferdbly 8 BV &RQBE Boah iKY 8@eMheof 1

to 4. The repeating unit
the same or different and represents a hydrogen atom, a halogen atom, a hydroxyl group, a
monovalent linear, branched or cyclic alkyl group having 1 to 10 carbon atoms, or an
alkoxy group having 1 to 10 carbon atoms. A halogen atom indicates a fluorine atom,
chlorine atom, and the like. A monovalent linear, branched or cyclic alkyl group having 1
to 10 carbon atoms indicates methyl, ethyl, n-propyl, i-propyl, t-butyl, cyclopentyl,
cyclohexyl, and the like. An alkoxy group having 1 to 10 carbon atoms indicates
methoxy, ethoxy, n-propoxy, i-propoxy, t-butoxy, and the like. R2 is most preferably a
hydrogen atom. R3 represents a hydrogen atom or a methyl group. A monovalent linear,
branched or cyclic alkylene group having 1 to 10 carbon atoms of R4 indicates methylene,
cthylene, n-propylene, i-propylene, t-butylene, cyclopentylene, cyclohexylene, and the like.
Most preferably, R4 is ethylene. m represents an integer of 1 to 4. The repeating unit
number | represents a positive numbers ranging from 1 to 5, preferably from 1to 1.5. The
repeating unit number n represents a positive numbers ranging from 0 to 20, preferably
from 0 to 1.5.

In the radiation curable resin (a) represented by the general formula (1), the

radiation curable resin represented by the general formula (2) is specifically preferable in



nunber | represents a positive nunbers ranging from1l to 5, preferably from
1to 1.5 The repeating unit nunber n represents a positive nunbers
ranging fromO to 20, preferably fromO to 1.5 1In the radiation curable
resin (a) represented by the general fornula (1), the radiation curable
resin represented by the general fornmutd®¢2) is specifically preferable in
- 10 the present invention, and p is preferably the positive nunbers
ranging fromO to 20, nost preferably positive nunbers ranging fromoO to

1.5, and heipteRheheEaRiny afdf 1.«1019§fe§aw)eﬂﬁqwaﬁrv% nuhﬁﬂawlagglﬁg A 0 fP2B mdrest
preferably positive nunbers ranging from l . The radi ation curable

resin (a)pregagblypotifiee RuLSERLalAYENbIONLRS, abﬁl cpi@tpaefaeae yaie pogitive ftabers

al kyl ene gl ycol added resorcin diglycidyl ether, alkylene glycol added

cat echol radiggigyfeirdytito &t hest pxafckaﬁlﬁpeslgﬁ@/mﬁhba@ld@@n@f@hﬁﬁqubrlcfne di gl yci dyl
ether or the like is subjected to esterification reaction with

(met h) acryl i ¢ Hui wdiatiorquiabbd resit (@mzad isthefprédeet ingpaion ogn bupbtaiiwiddy such
synthetic reaction can be perforned by the generally known nethod. For
exanpl e, thet dknipneslycel w@ﬁiwmd@@@@dﬁueﬁue@ @k)ﬂ@ﬁiﬁdglb@(étﬁﬁéfrd ca(tereéph) acrylic

acid in v | ent anount i s add Wt h catal (e.qg. benzy
di met hyl aﬁ%fy 1dy eihet. A ArRCEycol Bé&ﬁf}vw?%@w a%ﬁwhﬁh@mldm Hlée is
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havi ng (meth roup “whi ch is radic Furt her, the

radi ati O%Wa@&it%ﬂfoﬁﬁt R adadd W&ﬁ@aﬂal’}'si fes Megsa '?ﬂﬁmbﬂﬂy%ﬁﬁﬁ@'ﬁ;&ﬁﬂaﬁdn&o be
obt ai ned by such that ethylene glycol added resorcin, ethy ene egcoI added

cat echol , beney ynemhelghycoiumracidatd ) yiilihe e Wiphoshiy, tzﬁﬁlﬁnjzllsﬂﬁﬁnb st paet ed with

an equivalent or excess anount of glycidyl (meth)acryl ate based on OH

group t hepadpheriFios islihithefel & melaomimame, hydroquinone, methylhydroquinone,
phenothiazine, dibutyl hydroxytoluene, etc.), and the mixture is subjected to esterification
reaction, for example, at 80 to 110°C.  Thus obtained (meth)acrylated ethylene glycol
resorcin diglycidyl ether is a resin having (meth)acryloyl group which is radically
polymerizable.

Further, the radiation curable resin (a) used in the present invention can also be
obtained by such that ethylene glycol added resorcin, ethylene glycol added catechol,
ethylene glycol added hydroquinone or the like is reacted with an equivalent or excess
amount of glycidyl (meth)acrylate based on OH group thereof. This synthetic reaction
can be performed by the generally known method. For example, to ethylene glycol added
resorcin, glycidyl (meth)acrylate in equivalent amount of the OH group thereof is added
together with catalyst (e.g. benzyl dimethylamine, triethylamine,
benzyltrimethylammonium chloride, triphenylphosphine, triphenylstibine, etc.) and
polymerization inhibitor (e.g. methoquinone, hydroquinone, methylhydroguinone,

phenothiazine, dibutyl hydroxytoluene, etc.), and the mixture is subjected to esterification



can be perfornmed by the generally known nmethod. For exanple, to ethylene

gl ycol added resorcin, glycidyl (neth)acrylate in equival ent anount of the
OH group thereof is added together with catalyst (e.g. benzyl

di met hyl am ne, triethylamne, benzyltrimethylamonium chloride,

tri phenyl phosphine, triphenylstibine, etté-) and polynerization inhibitor
(e.g. methoqui none, hydroqui none, nethyl hydroqui none, phenothi azine,

di butyl hydroxytoluene, etc.), and the mxture is subjected to

esterifi caddcn atldr-torigaeti oMhal oBAndP(rddMacry TS 1 QBT ﬂggcmyﬂ}@ﬁ Ryl at ed
resorcin diglycidyl ether is a resin having (nmeth)acryloyl “group which is
radi cal | yrgsol yaveid @adth)acryfoyl bheip, whith thedRaes il ndefiy@nt.i on, the content of
the radiation curable resin (a) in the liquid crystal sealing naterial is
gener al | y abouFur8@¥sibyhaveicsdt irtvenBa¥otlyconedrg bt tHeasdidtionourkioie adsid {6 the
crystal sealing material, preferably about 40% by weight to 75% by wei ght.
Vi scosi t yligridichestal el ginatedalriabéreral bsibout 20 %iby vem phtax iS4t el weipghobH60 Pa- s,
preferably 30 to 500 Pas. The photopol ynerization initiator (b% used in

t he preseft IqtahEnid epstebseabes maieriapmseiondlyahent 460ihynweightttp 6% b welghts
radi cal type Lnit'ﬁtor,and cation type initiator, From the standpoint of
the possi BHCPEHY %gft ¢ Biaipn Rt aigtesingal 1§ appipsimpisly, | foatfiodars, pygserablyiilitat or
is prefeé@?ke. The radical type initiator includes benzyl dinethyl ketal,
1- hydr oxytyc %ﬁexyl phenyl ketone, diethylthi oxanthone, benzophenone,

2-et hyl anth i - ~ 2 I i.oph .
>t A oo BSOSO YRR DR enioncon e
2,4, 6-tri pRiYdIRGBEHI RGRY !smoa%rfﬁaiea (9 Bia@hdl 8o | %-iniﬁaﬁ.er fl%y !
the photopolynerization initiator has sensitivity for el'éng at around
i-1ine (3% somipoinh\by 88 pb&idiBlyaticBladhih8my 1Rf el sl ,trlftﬁcsnlrtﬂfh%ma%‘c% i9f

S

liquid crystal, or the photopol ynerization Ti1nitiator ha ow possibility
of cont anpmeédratig | Tlpuiadical ypt aditiatbhimchilet bpolyy aBsdigdtide, i ni ti ator havi ng
sensitivity for wavel ength at around i-Iline
I-hydroxycyclohexyl phenyl ketone, diethylthioxanthone, benzophenone,
2-ethylanthraquinone, 2-hydroxy-2-methylpropiophenone,
2-methyl-[4-(methylthio)phenyl]-2-morphorino-1-propane,
2,4,6-trimethylbenzoyldiphenylphosphine oxide, and the like. Preferably, the
photopolymerization initiator has sensitivity for wavelength at around i-line (365 nm),
which is relatively less effect to the properties of liquid crystal, or the photopolymerization
initiator has low possibility of contaminating liquid crystal.
The photopolymerization initiator having sensitivity for wavelength at around i-line
(365 nm}), which is relatively less effect to the properties of liquid crystal includes
carbazole initiator such as 3,6-bis(2-methyl-2-morphorinopropionyl)-9-n-octylcarbazole.
In addition, the photopolymerization initiator (b) having low possibility of
contaminating liquid crystal includes the radical type photopolymerization initiator
obtainable by reacting a (meth)acrylate monomer having an isocyanate group represented

by the general formula (3) with an aryloyl compound having a hydroxyl group represented

by the general formula (4).



(365 nn), which is relatively less effect to the properties of liquid
crystal includes carbazole initiator such as

3, 6- bi s(2- net hyl - 2- nor phor i nopr opi onyl )-9-n-octyl carbazole. In addition,

t he photopol ynerization initiator (b) having | ow possibility of
contaninating liquid crystal includes tRé-radical type photopol ynerization
initiator obtainable by reacting a (neth)acrylate nononer having an

i socyanate group represented by the general forrmula (3) with an aryl oyl
conpound havi nﬁa@icﬂ)&‘gé@i&y|(m@ﬂl%t@yIﬁ@ﬁﬁ@%ﬁﬁr%@vin@)ﬁd@@nﬁ@@%ﬁ?|reﬂ1‘@§em&:]d30y( 4). -
12 Radical reactive (nmeth)acryl ate nonomer having isocyanate group

repr esent éet depieral Remgen@h & ndtepetidiaalllyIpmital RAbnsaeie hid £aldnyicdlistiut@ek as | ong
as it has a chemcal structure having isocyanate group which can react

wi t h hydr bayihg grooygmatrgtonadhadl capotachmedithzgtiroy]l ggup upd wadidil polyherimmti@cul e.
Lower al kyl ene group of Xl indicates C, to CIOlinear, branched or cyclic,
subst i t ut 8uprvigins disstkeatled, Lewtualkylede group s tlundicetds Ry tr Godiisen,
preferably C, to C 0 linear or branched al kyl ene group such as ethyl ene

group, n- BrespRadetieyclif subpstitpted pppgaubptugh owapaled of upstyried dygiosapon,
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or branched al kyl €ne group having rbon atons such as an hyl ene

group, n- pARYIHEIS 16%©sthe larRb ARBhERBENGhAUR RRE] gtoupulicR g BaBURith and an
aryl ene group of X2 indicates a phenyl ene group, naphthyl ene group,

bi pheny! enecygmetepyroyyimroleyhdna:lgr olpyertdikdeyd @oep gf BQpndiases 4 Heedrj ke.

Specifically preferable exanple is

2- hydr oxybmihclipddr gxglit, hobsjitRedret imsupstipy dpindroneatodh er ensatux@ed bydietaipbene

grotp andhéA\\/ringi lstop{](? (r:]e)l/r{)gr[] gtog{s?glgférgblgz geiin%gn S*rb?gncfhggi g}f(lyiaenga?r(')up having 1 to 10
carbon atoms such as an ethylene group, n-propylene group, i-propylene group and
t-butylene group, and an arylene group of X2 indicates a phenylene group, naphthylene
group, biphenylene group, pyrrolylene group, thienylene group, and the like. Specifically
preferable example is 2-hydroxy-4’-hydroxyethoxy-2-methylpropyophenone wherein X2 is
ethylene group and Ar is phenylene group in the general formula (4).

These two types of compounds are subjected to condensation reaction at 70°C o
100°C to obtain the desired radical polymerization initiator. [f necessary, solvent can be
used in this step.  Since this radical polymerization initiator is solid form, it can be easily
purified by recrystallization. The purified compound by recrystallization is preferably
used from the standpoint of reliability.

In the liquid crystal sealing material of the present invention, a blending ratio of the
photopolymerization initiator (b) to (a) component is approximately 0.05 to 10 pts.wt. to

the (a) component 100 pts.wt.  When amount of the photopolymerization initiator is

smaller than 0.05 pts.wt., the photocuring reaction may not be sufficient, and when amount



These two types of conpounds are subjected to condensation reaction at 70C
to 100C to obtain the desired radical polynerization initiator. |If
necessary, solvent can be wused in this step. Since this radical

pol ymeri zation initiator is solid form it can be easily purified by
recrystallization. The purified conpound3by recrystallization is preferably
used fromthe standpoint of reliability. In the liquid crystal sealing
material of the present invention, a blending ratio of the

phot opol y oBthic 28b 109! yinlthizh @810 tldr it Carb@Nh&OTPHRSAL, thSpRRAIMNheRi@by 0.05 to
10 pts.wt. to:pﬁt r?g a) conponent 100 %t S. WM. %en arm%nt oc%%t he

phot opol yiretidtzakioeersimliddaidas b $esubmbbiemns bh aBn@n@tipi Shediguid thstal with

phot ocuring reaction may not be sufficient, and when anmount 13 of the

phot opol yeersget ploniopaiyhedtaoniisitibar ged dédreased Propesiento! cutelieesin may occur.

phot opol yneri zation initiator is oversupplied and as a result problens on
cont ani nat i ng Theeinpiganicdiliar ye)tused W the prexciessentenphdtdpduyaeilicaat i on
initiator and decreased properties of cured resin may occur. The inorganic
filler (cyysaBupeisHicanslignuecpehiele, shentriide; repuaiyds, galsiimcrbenatecrystal | i ne
silica, silicon car‘%i de, ,silicon nitride, La%r on nitri dfﬁé c?l ci um car bonat e,
magnesi uniP@EPHBIACE DORRLE- RARHELT Y B calem plivie dligaddc: ARealunigic, cl ay,

al um na, nesi um,oxi.de, . zi rconi ym oxi de, ., al um num hydroxj de,, magnesi um
hydr oxi de™ AP LTuATISH PR BRI AU TP et oL R Rt e B at o,
zi rconi um;gi.l;l : ti it - . $S. . Liher. . - fai b . bdenum
i sui 11 der Dk dRrEmuRER kR, I ARR Gy S5 FEbu PR DBy WP e
silica, Skl QTR ETor . bt al @) Lum, sul fate,
cal ci am S e D B Bxae Y aarel um
silicate @neh, calsthlinbkiicd, kilieah Qitriad hoPdH EtRIccEataR darbitmed beiihihGaifate,
crystalline silica, alumna and talc. The inorganic filer may be m xed

Wi th two acinmrselfalyeiagelqatdy, elueiss, z8uoihuihe dradadganichut siliceke augded in the
present invention is 3 mor |ess, and preferable lower limt thereof is
appr oxi madlemynugn eidigatm andfmeiserefemblyBisphsiticelceystalinesilisa, lahmgen abhahc.3 m
formation_of the gap can not be nade perfectly when the upper

The inorganic filer may be mixed with two or more.

Average particle size of the inorganic filler used in the present invention is 3 um or
less, and preferable lower limit thereof is approximately 0.003 um. If the average particle
size is larger than 3 um, formation of the gap can not be made perfectly when the upper
and lower glass substrates are laminated during the production of liquid crystal cell.
Measurement of average particle size of the inorganic filler was performed by using
particle size distribution measurement equipment with laser diffraction and scattering
method (dry system) (Seishin Enterprise Co., Ltd., LMS-30).

Content of the inorganic filler used in the present invention in the liquid crystal
sealing material is generally 5 to 40% by weight, preferably 15 to 25% by weight. When
the content of inorganic filler is lower than 5% by weight, the adhesive strength to the
glass substrate is decreased and the adhesive strength reduction after adsorption of
moisture tends to deteriorate due to inferior reliability to humidity. Further, when content

of the inorganic filler is more than 40% by weight, the content of the filler becomes too



and | ower gl ass substrates are | am nated during the production of liquid
crystal cell. Measurenent of average particle size of the inorganic filler
was performed by using particle size distribution neasurenment equi pnent
with |aser diffraction and scattering nethod (dry system (Seishin
Enterprise Co., Ltd., LMS-30). Content-aft-the inorganic filler used in the
present invention in the liquid crystal sealing nmaterial is generally 5 to
40% by weight, preferably 15 to 25% by wei ght. Wien the content of

i nor gani ¢ phichleREesk S0 IHAVRNKS kR cS%h%Mlthgaﬁ gbt redui@haghesima St sEnAid St he

gl ass substrate is decreased and the adhesive strength reduction after
adsor pti ogeldfa mii@bwsﬁﬂ@,ends to deteriorate due to inferior reliability to
hum dity. Further, when content of the inorganic filler is nore than 40%
by wei ght, theThohf@dtrefal kddinkinhdietal b damsschdbventich Rliahdexioasstige t hat

it is hardly crushable and as a result the gap formation of |iquid crystal
cell may bseniessipbheits Eheb) amfljcd hereysbate, pedbibly tombveiinadpoaf reshe(dpr esent
invention is, in addition to three essential conponents (a), (b) and (c)
her ei naboVé¢ eprafiesiatd)used in Betraewneposyiionds het lidted. Thewepoxy viewsdh (d)
used in the present invention is not |imted. However, in view of

possi bi | | PPSSHHlyShcanpmitating auilerastah yBegpoxy resheviigh goes sadichtomi #9h does

t elute | t of 0.5% i ght based that of th
cooxy +scrtoulan B s oy sSie BBy A R RSB 0 st o
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o (5 multinmer of resorcin diglycid r repres € dgenera
fornula (fhited kd BIspRndl SkyRepoxy resin represented by the formula (5):

[formula 5]

o5y o

multimer of resorcin diglycidyl ether represented by the general formula (6):

[formula 6]

V\—O—Q—o\/ﬁo@_o—/‘g (6)

- Adn

wherein n represents an integer of 1 to 10,
diglycidyl ether of ethylene oxide added bisphenol S represented by the formula (7):

[formula 7]



77\ _ 0- O n wherein n represents an integer of 1 to 10, diglycidyl ether
of ethyl ene oxi de added bi sphenol S represented by the fornula (7):
[formula 7] 15- 0 O (7 ) and diglycidyl ether of ethylene oxide added

bi sphenol fluorene represented by the formula (8): [formula 8 a O (8)
Content of such epoxy resin (d) in the-l¥quid crystal sealing material is
in general preferably 1% by weight to 40% by wei ght based on total liquid
crystal sealing material, nore preferably approximtely 5% by weight to
30% by wei ght. Quantitative nmeasurenent of an anopunt of elution can be
performed by using gas chromatography with use of pentadecane as the
internal sta d suhstance. Ay ydr | e rine of the epoxy
resin used iﬂ€%?8~6$§ ’Qé¥é%P\”6%§5§pn1o ( 1gss, nore
preferably 300" ppm or Iess ' of the hydrol*yzabl e chlorlne IS
nore than 600 ppm problem on contanlnatlng the liquid crystal wth the
liquid crystal sealing material may occur. Anmount of the hydrol yzabl e
chlorine can be quantitatively neasured by for exanple such that about 0.5
g of epox§ndesin is di ssolved in 20 m of dioxane, followed by refluxing
with 5 m t hanol solution for 30 m nutes, and then,

th
titrati ond\&JBtcrﬂYé cher Rf-e dhylges oxife pdded isnbgpoldhiarene represented by the formula (8):

[formula 8]

Q!
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Content of such epoxy resin (d) in the liquid crystal sealing material is in general
preferably 1% by weight to 40% by weight based on total liquid crystal sealing material,
more preferably approximately 5% by weight to 30% by weight.

Quantitative measurement of an amount of elution can be performed by using gas
chromatography with use of pentadecane as the internal standard substance.

Amount of hydrolyzable chlorine of the epoxy resin used in the present invention is
preferably 600 ppm or less, more preferably 300 ppm or less.  When amount of the
hydrolyzable chlorine is more than 600 ppm, problem on contaminating the liquid crystal
with the liquid crystal sealing material may occur.  Amount of the hydrolyzable chlorine
can be quantitatively measured by for example such that about 0.5 g of epoxy resin is
dissolved in 20 mi of dioxane, followed by refluxing with 5 ml of 1 N-KOH/ethanol
solution for 30 minutes, and then, the titration with 0.01 N-silver nitrate solution is
performed.

The liquid crystal sealing material of the present invention preferably contains
heat-curing agent (¢). The heat-curing agent is not limited as long as it is reacted with the

epoxy resin to form cured substance. However, it is important that the initiation of the



perfornmed. The liquid crystal sealing material of the present invention
preferably contains heat-curing agent (e). The heat-curing agent is not
limted as long as it is reacted with the epoxy resin to form cured
substance. However, it is inportant that the initiation of the - 16
reaction occurs uniformy and i mediatell§-wi thout contaminating the |iquid
crystal with the liquid crystal sealing material on heating and that

ti me- dependent change in viscosity is small at roomtenperature in use.
Cur abi |'i t yeadtioh 60¥ut-CHRRIALMAR inG8ABE@]Y Withlut 28RGmhRking BROMuid cRRUY withS
required as the heat-curing condition’in the Iiquid crystal dropping
process il lajutieeryttal dsaih@rhderfahen dettipi 00 akdt o d-DepeR@SGIH dharkBan aBt&itySt i CS
of the sealed liquid crystal. Considering the above, it is preferable to
use parti smbiat popokeybenatt dmade. hytinadligeat dod tenppdrytbyed sbergilenaboas farhe
heat - curi ng conponent in the liquid crystal sealing material of the
present i avantihon:, iPeqyirechet the habt-airingdoaditide in thetlhjus] oasel dreppisg arawesspound
having two or nore hydrazide groups in a nolecule and includes, but not
limted t#8 ¥dpeRy@maize des dessidrpteonaini sgeciali dyrhetezisties ofithe enalas! limiidicrystal.
dihydrazi&e,.gqccigic aci d .di hydrazi de, adi pic acid_dihydrazide, pinelic
aci d di hyHPEIfdEe Be pRvee it AT PETARNG & weg risticulaidy polyluasiienalihydiarids pre,

sebaci ¢ aci,d, di hydrazid dodecanedi odi hydr azi de, hexadecanedi ohydr azi de,
valer o ack B AR 1 pERERRRL SOnaOU Ry UiR) Ll T G e ReBah oL the

di hydr azi .1.c acid di hydrazide, malic acid dihydrazide,
isophthaI?§$%%?gkgﬁﬁ§drazide, terephthalic acid di hydrazide, 2,6-naphthoic

acid dihydr az}i’cﬁ?ﬁun@tﬁfﬁfabhﬁ?ﬁ%%% %i@¥§e?ﬁé§ﬂ§? c%m?bﬁ&?cpﬁ%ﬁg&‘&! rgore

di hydrazi de, 2, 6-pyridi ne razi de, benzene azi de,

pyronel | i kydraAgd grotifd mahwdlRdled@d indludosSh@-RRRRERAKS ca6bIE, &l dahysliagd de,
and di hydrazi de havi ng valine hydantoin skel eton such as

1, 3- bi s( hyitlydarideqasiboiceetddihydrazids cpeapi achy didpdaride, AMED atidalihydrazide,
pol yfunctional dihydrazide is used as the curing agent, in order to
prepar e | pitvedic acidrdilmglramén spbdrioreid giytiagidesadetrée and ditydprzefegsediatiy acid
dispersed,honngeneously.,Anpn% t he pol yfuneti onal
dihydrazide, dodecanediodihydrazide, hexadecanediohydrazide, maleic acid dihydrazide,
fumaric acid dihydrazide, diglycolic acid dilydrazide, tartaric acid dihydrazide, malic acid
dihydrazide, isophthalic acid dihydrazide, terephthalic acid dihydrazide, 2,6-naphthoic acid
dihydrazide, 4,4-bisbenzene dihydrazide, I,4-naphthoic acid dihydrazide, 2,6-pyridine
dihydrazide, 1,2,4-benzene trihydrazide, pyromellitic acid tetrahydrazide,
1,4,5,8-naphthoic acid tetrahydrazide, and dihydrazide having valine hydantoin skeleton
such as 1,3-bisthydrazinocarbonoethyl)-5-isopropyl hydantoin.  When the polyfunctional
dihydrazide is used as the curing agent, in order to prepare latent curing agent, fine
particles thereof is preferably dispersed homogeneously. Among the polyfunctional
dihydrazide, dihydrazide is preferable, and specifically preferable dihydrazide is
isophthalic acid dihydrazide, adipic acid dihydrazide and dihydrazide having valine
hydantoin skeleton in view of the possibility of contaminating the liquid crystal.

Polyhydric phenol indicates phenol having two or more hydroxyl groups in a

molecule, and includes, but not limited to bisphenol A, bisphenol F, bisphenol S, bisphenol



di hydrazi de, dihydrazide is preferable, and specifically preferable

di hydrazide is isophthalic acid dihydrazide, adipic acid di hydrazide and
di hydrazi de having valine hydantoin skeleton in view of the possibility of
contamnating the liquid crystal. Polyhidrlc phenol i ndicates phenol having
two or nore hydroxyl groups in a noleciV and includes, but not limted
to bi sphenol A, bisphenol F, bisphenol S, bisphenol -17- E, phenol novol ac,
cresol novol ac, tris-phenol nethane type novol ac, biphenyl type novol ac,
napht hal eE,e]fJIEéﬂé@n@\Qﬂﬂﬂ @fésol@’(b@oia@en1|slﬂﬁ@nol'%\{§hﬁﬁ:qy{9@ﬁc§\lo%cebﬁh@ﬁyi@%pé he
hydrazi de of (e) conponent is preferab y 3 mor less nore preterably 2 m
or less, sbnsie,hapigRilenatybe abeolsd, 268d gauses such a deterioration that the
gap formation in | am nat i ng the upper and the | ower glass substrates cannot
be perforned metiage partible spreadiied hyeazdde Giel cygrarnd isgud Eradlys fual ordeds] .
Simlarly, maxi mum particle size is preferably 8 mor |ess, nore

pr ef er abl ynoBe predarablg dum vebssirsemwe drgaf papiéelt sizk eamssies suchfa detdréoratiom thet thgent
was perforned by using particle size distribution nmeasurenent equi pnent
with | asegapdformaten inodamargng élm wioer pefl et oiver glasypubsgistesmpni@desriiprmed
Enterprise Ltd NE In _addition, nmean particle size is
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causes | ower adhesive strengt ranS|t on poi nt. t e contrary,
if the egmisuab©entn b8difBs enéaha}janiozémé ksqm@féﬁam:,gp@ggm abeBhAk Aidnlder eby
adhesi ve strength would reduce and the pot |life would deteriorate. The

i qui d crysilale.g@al impriiedseri al of the present invention contains

preferably silane coupling agent (f) in order to inprove adhesive

strengt h. Si | dnéhebgpHicrigtagenting material of the present invention, blending ratio of (e)
component is preferably 0.6 to 1.5 equivalent, more preferably 0.8 to 1.2 equivalent, based
on the equivalent amount of epoxy group in (d) component. If the amount of the (e)
component is smaller than 0.6 equivalent, the heat-curing reaction becomes insufficient,
which causes lower adhesive strength and glass transition point.  On the contrary, if the
equivalent is more than 1.5, the curing agent remains and thereby adhesive strength would
reduce and the pot life would deteriorate.

The liquid crystal sealing material of the present invention contains preferably
silane coupling agent (f) in order to improve adhesive strength.  Silane coupling agent
includes (3-glycidoxypropyltrimethoxysilane, (3-glycidoxypropylmethyl)dimethoxysilane,
(3-glycidoxypropylmethyl)dimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, N-phenyl-y-aminopropylirimethoxysilane,
N-(2-aminoethyl)3-aminopropylmethyldimethoxysilane,
N-(2-aminoethyl)3-aminopropylmethyltrimethoxysilane, 3-aminopropyliriethoxysilane,
3-mercaptopropyltrimethoxysilane, vinylirimethoxysilane,

N-(2-(vinylbenzylamino)ethyl}3-aminopropyltrimethoxysilane hydrochloride,



i ncl udes (3-glyci doxypropyl)trinmethoxysil ane,

(3-gl yci doxypropyl nmet hyl ) di met hoxysi | ane,

(3-gl yci doxypr opyl net hyl ) di net hoxysi | ane,

2- (3, 4- epoxycycl ohexyl ) et hyl tri met hoxysi | ane,

N- phenyl - y-am nopropyl tri met hoxysi | ane; 18-

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

N- ( 2- am noet hyl ) 3- am nopr opyl net hyl t ri net hoxysi | ane,

3-ani nopr oYl SIS SI AiSetho3yTBAE ARLABPRY IR LTINS ARG,
vi nyl tri met hoxysi’l aneé,

N (2- (Vi ngldpgnaivlopilmal@bRydihde, 2R, NOMaPM |k BRI HRXaehs NS tavdegehl ori de,
-18- (3-nethacryl oxypropyl)trinet hoxysil ane,

3- chi or opreppinassbhyititwetiiexys hlcane, Amdng Heat apbajRy td sitmateaxysibkdane, etc.
These silane coupling agents may be used in conmbination with two types or

mor e. Anpsigertghie mlanacoopbieg agant ehiveferabbesitane cadblag) apent lsivirenghine gsodmane
coupling agent is preferably silane coupling agent having am no group. The
addi ti on &ne sdditipeotslapt cogpligagenturovideedetigeid dysidldeaingshaterigeladvimg

mat eri al having inproved adhesiwe_strength and reliability with superior
noi sture FRRPEEhaesIveswensi 2t rebighibitt wah sppesivs neisiprei ragstageent (f) in the
liquid crystal seali erial is .in general approximtely 0.01%b

wei ght to 5% b90%81iﬂgoﬁrqﬂ,m b‘ﬁ’éfsé?‘b@oq%‘pgﬁ%?g%t Eéﬂ%ﬂg?ql%! '%tﬁkﬁ%?ggmm&"&y’f% by
wei ght bage n.the total, Ligyid cr I aling material. To the |iquid
crystal sgagﬁggﬂﬁ%?SPF&%ﬂéQégﬂég%&mﬁ%ﬁﬁhg%ﬁﬁgﬁggbﬁPH@%H@W&H?“FFn?% uired,
organi ¢ sghye ' FANAN , L . Sl ' vel i ng
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crystal sealing, iRtRMIBLyQE %Qﬁrﬁfrﬁ&%@t ad BVERE {PMe pfQEnt iBYGIBhE:f réuifelir ST
(a) component, (b) conmponent, ( conponent, and further 1f necessary, (f)

conponent ogtgicdbRe8], vadn RNtk e dddiSuiisean e bloent Qedelifg Akt UARS anli€dam
conponent, (c) conponent and, if required, predeterm ned anount of
ant i f oam aggentgn beeadeled.ng agent and organic filler are added, followed by
uni formy m xing by using known m xi ng equi pnent, such as a triaxial roll,
sand nill, ballnosidrito obiath thidighidaaystalzealingnatetineof the piederd iyemaionsfeal i ng
example, at first, (a) component, (b) component, (d) component, and further if necessary,
(f) component are dissolved and mixed. Subsequently, to the mixture, (¢) component, (c)
component and, if required, predetermined amount of antifoam agent, leveling agent and
organic filler are added, followed by uniformly mixing by using known mixing equipment,
such as a triaxial roll, sand mill, ball mill, and the like, to obtain the liquid crystal sealing
material of the present invention.
The liquid crystal display cell of the present invention is the liquid crystal display
cell wherein the liquid crystal is sealed in the inside of wall of the liquid crystal sealing
material hereinabove, and the liquid crystal is sealed by the cured substance obtained by
curing the liquid crystal sealing material. ~ Specifically, said crystal display cell has a pair
of substrates oppositely arranged with a prescribed gap on which prescribed electrodes are
formed, and the peripheries of the substrates are sealed with the liquid crystal sealing

material of the present invention, and a liquid crystal is enclosed in the gap. The kind of

the enclosed liquid crystal is not especially limited. Herein, the substrates are constituted



material of the present invention. The liquid crystal display cell of the
present invention is the liquid crystal display cell wherein the liquid
crystal is sealed in the inside of wall of the liquid crystal sealing

mat eri al herei nabove, and the liquid crystal is sealed by the cured

subst ance obtained by curing the liqurd9erystal sealing nmaterial.
Specifically, said crystal display cell has a pair of substrates
oppositely arranged with a prescri bed gap on which prescribed el ectrodes

are formgds candidaisn BESIRISEL & 1e9§t cﬁ%?f%ﬁ’éﬁ LRGSR ﬁﬁﬁpgﬁﬁégggwg% %15:5‘56

liquid crystal sealing material o he present invent and _
crystal i guafghesedol Qitde gﬁﬁ-méﬁhﬁadﬁﬁxﬁgﬁ%ﬁkthoﬁrﬂﬁvcﬁ%!R)?%Qalh%lg}ﬂdaix?g yfsta' I's
S a

not especially limted. Herein, the su rates are constituted 19- o

conbi nat i gpacefs (gupsdriallles materibgasth &NBaRfivMtehlihag chisebedln@nsRananey,
such as a glass, quartz, plastic or silicon. The manufacturing method

i nvol ves, tHegnesxaimpbetjonadainngplyspabe liguidgapstalonhlig hbrgal®mi @k ipatiphaveh as
glass fiber to a liquid crystal sealing material of the present invention,
t hen appl yhngl thagairs glsudsicatyshab dspatsengtomas dreivadl] sriotnnel, demppleer jqwd  one
of the pairs of substrates by a dispenser, etc. as the wall is forned,

dr oppi ng &ysiahiisile of iheswall of il gaicotry sthlesepking meferinheoverlgowisg ereyathen glasal i ng
mat erial , .overl gping he ot her 8Iass, sybstrate thereon under vacuum and
adj ust | ngs‘ftﬁgaﬁég.le IVaTUTh Gt Relvghpe thergap) i Gdeniorpingsihgicarahe fipgidpar t
is irradiated, wit.h ultraviaglet rays by. ultraviolet. irradjation device to
bhot ocur eCPRE! Tl §o iy Rdiatadaiitd Riyrabialet sy i Winaviolit sadistionesiaedn
amount i s efe | . .6, n/caR,. more preferably.1,.000
M AT Y S ot S P R R S
gi ves a | keind/ s sadoodhmpla I 2 46l fopz T I d
crystal displaf ceII’oP tﬁghﬁ¥g§2ﬁ%m?%@gagpggﬁﬁﬁﬂ% %ngﬁﬂég@ﬂ%é Egﬂkﬁggblay

def ects bihetdnfing @nd@id 1aPCABr 1 B Dhigh@eslal 1%&1&%&%&?81@&;1@@5!1 §X@eIpseset; t he
adhesi veness and the noisture resistance reliability. The spacer includes,

f or exanpineentiglas sI'Heilhmid crsithi displbead] afithe padsynEinviend. thdhsbtahedisaio

thereof is different depending on objects, and generally 2 to 8 m

pr ef er abl §isplay defecmbyThe carmumatios edo it jpqed envatal yndyenelsahltye @lhksiveness
and the moisture resistance reliability. The spacer includes, for example, glass fiber,
silica bead and polymer bead. The diameter thereof is different depending on objects, and
generally 2 to 8 um, preferably 4 to 7 um. The amount used is preferably generally 0.1 to
4 pts.wt. based on 100 pts.wt, of the liquid crystal sealing material of the present invention,

further preferably 0.5 to 2 pts.wt.,, most preferably about 0.9 to 1.5 pts.wt.

Examples

The following Examples will further describe the invention in detail.
Synthesis Example 1
Synthesis of epoxy acrylate of ethylene glycol added resorcin diglyeidyl ether
(Epoxyacrylate A): A compound of the general formula (2) wherein p=0, g=1 and
bonding coordination of phenylene is at position m

Ethylene glycol added resorcin diglycidyl ether resin was dissolved in toluene, and

added dibutylhydroxytoluene as the polymerization inhibitor therein, then temperature was



4 pts.wt. based on 100 pts.wt. of the liquid crystal sealing material of
the present invention, further preferably 0.5 to 2 pts.wt., nost
preferably about 0.9 to 1.5 pts.w. Exanples The follow ng Exanples will
further describe the invention in detail. Synthesis Exanple 1 Synthesis of
epoxy acryl ate of ethylene glycol added?Pesorcin diglycidyl ether
(Epoxyacrylate A): A conpound of the general formula (2) wherein p =0, q =
| and bondi ng coordi nation of phenylene is at position in Ethylene glycol

added resgr&l iy &) @jeyci dykregiibie ok 8BSk, o, I i SENS added
dibutylhydrox@goluene a§ ?hé bJPgner?gg??gﬁaﬁﬁﬁ?%ﬁg%@ﬂgk%#e|n,aiﬁgﬁd

t enper at UfEtheR fempiPatufd WA ubBo 80, ALt R b BhmnRAI LigloAad s $:80%ction
equi val ent to epoxy group was added, further tenperature was risen up to

80C, t hencitnlysewdyddpdtrireatnashbidiédie BSCtfheaborastd homs. cabalinstrey@snadded
thereto and stirred at 98C for about 50 hours. Obtained reaction mxture
was was hethivintchwavaveshed anth watby ené tolasnedivatdistiled ootito dloaiobhadasirtthepdasi r ed
epoxy acrylate of ethylene glycol added resorcin (Epoxyacrylate A).

Synt hesi sa@@mi@tmlmglm@iagd@k regprony(Faerydcatletedt). r esor ci n di gl yci dyl

et her (Epgxy?cnylate B). Resorcin diglycidyl ether resin was dissolved in
tol uene, AWYEIHEYEPSUL yI hydroxy tol uene as the pol ynmerization i nhi bitor

100% equi VAT GRS SHBURY 5 Epouyr G ol Enaeh e EPRRETUFEIRY  t onper at ure |
125 115N 9P e o Bl LA LB VAR A DL LG R,
e SRS I B o0 SO T AT Gl ol
Thereafter, acrylic acid in 100% equivalent amount to epoxy group was added, and further
temperature was risen up to 80°C, followed by adding trimethylammonium chloride as the
reaction catalyst and stirring at 98°C for about 50 hours. Obtained reaction mixture was
washed with water, and toluene was distilled out to obtain epoxy acrylate of resorcin
(Epoxyacrylate B).
Synthesis Example 3
Synthesis of bisphenol F epoxy acrylate (Epoxyacrylate C):
Bisphenol F epoxy resin (Nihon Kayaku Co., Ltd. RE-404P, epoxy equivalent 160
g/eq., amount of hydrolysis 30 ppm) was dissolved in toluene, and added dibutylhydroxy
toluene as the polymerization inhibitor therein, then temperature was risen up to 60°C.
Thereafter, acrylic acid in 100% equivalent amount to epoxy group was added, further
temperature was risen up to 80°C.  Then trimethylammonium chloride as the reaction
catalyst was added thereto, followed by stirring at 98°C for about 50 hours. The resultant
reaction mixture was washed with water, and toluene was distilled out to obtain epoxy
acrylate of bisphenol F (Epoxyacrylate C).
Test Example 1

Test for contamination into the liquid crystal (only heating)

0.1 g of each epoxyacrylate A to C synthesized hereinabove was set in each sample



Synt hesi s of bisphenol F epoxy acrylate (Epoxyacrylate C): Bisphenol F
epoxy resin (N hon Kayaku Co., Ltd. RE-404P, epoxy equivalent 160 g/eq.,
anount of hydrolysis 30 ppm) was dissolved in toluene, and added

di butyl hydroxy toluene as the polynerization inhibitor therein, then
temperature was risen up to 60C. Theredfter, acrylic acid in 100%

equi val ent anount to epoxy group was added, further tenperature was risen
up to 80C. Then trinmethyl amonium chloride as the reaction catalyst was

added t hetgfepand Db lo@WRdiRVd &¥biar dM&c@tMQ@(‘ég&r 1 U Qs a@@ed‘t%ﬁreﬁ} to ddBtact

resultant reaction mxture was washed with water, and tol uene was

di stil | edwéthteatlpombt QirdLtigPOTYie iRk Wedd lee@in bie%ﬁr@@@@lzdzc(fﬁpphb!@%ﬂd ate Q
Test Exanple 1 Test for contamination into the liquid crystal (only

heati ng) 6ldwer ofstedch repoxonaerythatfer AStlouE syftthekinzedt belyehabdpod erywag, set
in each sanple -21- tube, and 1 g of the liquid crystal (Merck,

M.C- 6866- BCPmpascricised e thei lguiceryeiat wes quantitativelyoheastited bydias ect | y. The
tubes were kept in the oven at 120C for 1 hour, and allowed to stand at

r oom t enpeNAMgiLabY Wing Nesiadecane pa theriaterney seudardshbstanse. | ingliakde érihst al |

t he conponent el ute to the liquid crystal was, quan atlvel neasured by
gas chr offaPey EIPR/&HECHﬁE; %Wd@é@éﬂ@ssgé RsTGent By walgl%iv%’eézfld subdtance.

i ght Eaé%ata‘é RS Pyt of ey Epd kB CRbHRS PRGN i bR
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added resorcin diglyci er (Epox acry ate dto

extent t OakREX¥sor@f Hidfdi@y1Qthe EBRHGbrytHt@hy ¢ivilyd tth@ﬁfnlfaEQQ%ﬁ{tat@r %55@} e B)
whereas the viscosity thereof was not nore than the half. Therefore,

can be unateylateosfdedonein degiveiyylatherl(Bbexyatryeith B) enkerc@ the oisc@gﬂ@edemeis@ﬁm n

di gl ycidyl ether (Epoxyacrylate A) exhibits less elution to the liquid
not more than the half.  Therefore, it can be understood that epoxy acrylate of ethylene
glycol added resorcin diglycidy! ether (Epoxyacrylate A) exhibits less elution to the liquid

crystal as well as very low viscosity as compared with other epoxyacrylate.

Table 1

Epoxyacrylate A Epoxyacrylate B Epoxyacrylate C
Viscosity (Pa-s) 12 50 150
Quantitative measurement 0.13% 0.11% 0.37%

of eluted substance (GC)

Synthesis Example 4
Synthesis of radial photopolymerization initiator (A)

155 g of 2-isocyanate ethyl methacrylate (Showa Denko K.K., Karenz MOI) as
radical reactive acrylate monomer having isocyanate group and 224 g of
2-hydroxy-4’-hydroxyethoxy-2-methylpropiophenone (Ciba Specialty Chemicals, Co. Ltd.
IRG-2959) were set in the reaction vessel and 0.76 g of methylhydroquinone as the

polymerization inhibitor was added thereto. Temperature was risen up to 80°C and



crystal as well as very |low viscosity as conpared with other epoxyacryl ate.
Tabl e 1 Epoxyacryl ate A Epoxyacryl ate B Epoxyacrylate C Viscosity (Pas) 12
50 150 Quantitative neasurenment 0.13%0.11% 0. 37% of el uted substance (GO
Synt hesi s Exanple 4 Synthesis of radial BhOt opol yneri zation initiator (A)
155 g of 2-isocyanate ethyl methacryl atré2¢Shown Denko K. K., Karenz MJ) as
radi cal reactive acrylate nononer having isocyanate group and 224 g of

2- hydr oxy-4' - hydr oxyet hoxy- 2- net hyl propi ophenone (G ba Specialty Chem cal s,

Co. Ltd. stifa 2928putiIuset Ohaihbe rda8ast hPRuMessedisAntdln 48 Hixef solvent
met hyl hydr oqui none as the polynerization inhibitor was added thereto.

Tenper at ubénwasy isobelyl Mgoh@aiB0CI 2R and@ drastsddi witlethafedr BROUNLRE] BRI

bt ai ned reaction m xture was dissolved in the m xed solvent of nethyl

i sobutyl ketonendduanohere éstidind owastilate piddocwaieiecryhadizeady hiyingicggbut vl
ketone and toluen were distilled out and the product was recrystallized by
usi ng et hy¢etatgerd athexardompbirx drebjativbraiicel phetopblyewtizaénriadiacal

phot opol yperi zation initiator. Exanple 1 80 pts.wt. of epoxyacrylate A
obt ai ned F2HRE ISynt hesi s Exanple 1, 20 pts.wt.of EBPS-300 as epoxy resin
(N hon Kayaku K., epoxy equival ent 233 g/eq.,, bisphenol S epoxy resin),
7.2 pts.wt. of@&ﬁi"éagp fﬁ%&’%&lﬁgﬂér‘) %&ﬁddﬁfb@%xthwﬁaﬂ}pl%x%ﬁ PEdtioh

Synt hesi s le 4 as the.r.adigal ol yrneri zati initjator d 1.2
p%/s. W, o Bgéh%sa%legﬂ@/ reéwu%{l?%)gﬁgbaéﬁﬁg%,pepo&y eqmval%nt 5)3% gleq., ‘klnsphc-:nolagI
(N-(3(am : i r oy k-t 1 i} . Shin-Ftsuy.Siljcane., .
KBM 603) mqé%l)s‘%’gl o LR P A 6%?%%%&%%%“?8%‘1 % SE i on.
After COEkérﬂ%itﬁlgasrtf?@fﬂdqc%FB%t@ﬁdlf/ﬁerig‘atfa»tnsini‘f\ftator(%d 39 B 61 a5 Shiflo e azi de

(trade name Al
coupling agent (N-B(aminoethyl)y-aminopropyltrimethoxysilane, Shin-Etsu Silicone

KBM-603) were dissolved with heating at 90°C to obtain the resin solution. After
cooling to room temperature, 5 pts.wt. of adipic acid dihydrazide (trade name ADH-J,
Otsuka Chemical Co., Ltd., Jet mill grinding grade product was further ground, m.p. 179°C,
activated hydrogen equivalent 43.5 g/eq., average particle size 1.0 um, maximum particle
size 5.0 pm), 30 pts.wt.of alumina (SPC-A1, average particle size 1.0 um) and 7 pts.wt. of
core shell rubber fine particles: Paraloid EXL-2655 (Kureha Corp. Core layer: crosslinked
polybutadiene, Shell layer: methacrylate alkyl-styrene copolymer, average particle size 200
nm) were added, and kneaded by a triaxial roll to obtain the liquid crystal sealing material
of the present invention.  Viscosity of the liquid erystal sealing material (25°C) was 200
Pa-s (measured by using Type R viscometer (Toki Sangyo Co., Ltd.)).
Example 2

80 pts.wt. of epoxyacrylate A obtained in the Synthesis Example 1, 20 pts.wt. of
EBPS-300 as epoxy resin (Nihon Kayaku K.K., epoxy equivalent 233 g/eq., bisphenol S
epoxy resin), 7.2 pts.wi. of radical photopolymerization initiator (A) obtained in Synthesis
Example 4 as the radical photopolymerization initiator and 1.2 pts.wt. of aminosilane
coupling agent (N-f(aminoethyl)y-aminopropyltrimethoxysilane, Shin-Etsu Silicone

KBM-603) were dissolved with heating at 90°C to obtain the resin solution. After



O suka Chem cal Co., Ltd., Jet mlIl grinding grade product was further
ground, mp. 179C, activated hydrogen equivalent 43.5 g/eq., average
particle size 1.0 m maxi numparticle size 5.0 m, 30 pts.w.of alumna
(SPC- A1, average particle size 1.0 m and 7 pts.w. of core shell rubber
fine particles: Paraloid EXL-2655 (KureRa-Corp. Core |ayer: crosslinked

pol ybut adi ene, Shell |ayer: nethacryl ate al kyl-styrene copol yner, average
particle size 200 m) were added, and kneaded by a triaxial roll to obtain

the |iqui Godlinggb abord eahprgub@ES halvt. FlanfiflgeRrggent invention. Viscosity of
the liquid crystal sealing material (25C) was 200 Pas (measured by using

Type R vi $1Q3lhi&(2%rdrﬁz-f@d6art§ﬁ1@§ﬂ‘igl)Soi-soprbbﬁ-Hy)dant%iﬁﬂﬁ&@c?oﬁﬂjiﬂ&ﬁow- of
epoxyacrylate A obtained in the Synthesis Exanple 1, 20 pts.wt. of

EBPS- 300 Bsie€pokyo Ceslm. (i fongicaydky uknKJet @DX30 pgwitvel £nhind3SPQ/Ley. |
bi sphenol S epoxy resin), 7.2 pts.w. of radical photopolynerization

i nitiatoraycigeghriailaedeilD SyhedhEs ps. wibxbopt ehdl mbbénerpadiidad: Paraloid

phot opol ynerization initiator and 1.2 pts.wt. of ami nosilane coupling
agent ( N-EZ{adfindEmmshia)yorant pispryspydressiinkechonlyithdines, S8Rl tavEr: seetiSicryletsne
KBM 603) wer e dissolv?d W th heatin% at 90C to obtain the resin_ sol ution.
After -2328K¥otYichE CoRP Y DSy eapepaiticle 612808 nssvare adesd, and kipeded/by

Fi e Teohg-Eh o | AU G L GoSh D)L QT SEear Ry PSgN B iccopy

| umi AL -particl i 1. d 7 pts.w. hel |
ubber 11 R pand LB EREGE S ORes i et SelbnhlX © ="
crossli nk@glco%}gté/ll{%ﬁpgﬁ{g?o (%j’hqith.)jz_ayer: met hacryl ate al kyl -styrene

copol ymer, average parti¢le size 200 run) were added, and kneaded by a
triaxial Fihplt@ obtain the liquid crystal sealing material of the present
invention. Viscosity of the liquid crystal sealing nmaterial (25C was 270

Pas (measur ed 8yptusitng chypeacRiateissclaambe in (HEGKnthSaRPK@mEs 1, 20t Hs W)..ofExanpl e

3 EBPS-300 as epoxy resin (Nihon Kayaku K.K., epoxy equivalent 233 g/eq., bisphenol S
epoxy resin), 1.8 pts.wt. of 3,6-bis(2-methyl-2-morphorinopropionyl)-9-n-octyl carbazole
(ADEKA Corp., Adeka Optomer N-1414) as the radical photopolymerization initiator and
1.2 pts.wt. of aminosilane coupling agent (N-B(aminoethyl)y-aminopropyltrimethoxysilane,
Shin-Etsu Silicone KBM-603) were dissolved with heating at 90°C to obtain the resin
solution.  After cooling to room temperature, 5 pts.wt. of adipic acid dihydrazide (trade
name ADH-J, Otsuka Chemical Co., Ltd., Jet mill grinding grade product was further
ground, m.p. 179°C, activated hydrogen equivalent 43.5 g/eq., average particle size 1.0 um,
maximum particle size 5.0 pm), 30 pts.wt. of alumina (SPC-A1, average particle size 1.0
um), and 7 pts.wt. of core shell rubber fine particles: Paraloid EX1.-2655 (Kureha Corp.
Core layer: crosslinked polybutadiene, Shell layer: methacrylate alkyl-styrene copelymer,
average particle size 200 nm) were added, and kneaded by a triaxial roll to obtain the
liquid erystal sealing material of the present invention.  Viscosity of the liquid crystal
sealing material (25°C) was 200 Pa-s (measured by using Type R viscometer (Toki Sangyo
Co., Ltd.)).

Comparative Example 1



80 pts.wt. of epoxyacrylate A obtained in the Synthesis Exanple 1, 20
pts.wt. of EBPS-300 as epoxy resin (N hon Kayaku K. K., epoxy equival ent
233 g/ eq., bisphenol S epoxy resin), 1.8 pts.w. of

3, 6- bi s(2- net hyl - 2- nor phor i nopropi onyl )-9-n-octyl carbazole (ADEKA Corp.,
Adeka Optoner N-1414) as the radical phdtepol ynerization initiator and 1.2
pts.wt. of am nosilane coupling agent

(N-(3(am noet hyl ) y-am nopropyl tri net hoxysilane, Shin-Etsu Silicone

KBM 603) were g 58Qlv6Fke x&&r?ﬁ?@tﬂ Bgtaﬁ{ed%)@mt%#@%?s' li:kahgﬂeﬁ s weQlgut i on.

After cooling to roomt rrpera ure I picC ydra2|de

(trade nampsAIXdtab.cpbky Hkeh GNBHM K@ﬂ/al@q( K. Lddxy eé@i@ai@hﬂ 33 3%/&@%1&}91@9613319

product was further  ground, mp. 179C, activated hydrogen equival ent 43.5
o/ eq., avep@gacgay,7ZiTpte vai @ﬁaalc@l fhotopSthdrai PRI Sb£(8) dfaibedinMyntlRis
pts.wt. of alumna (SPC-Al, average particle size 1.0 m, and 7 pts.wt. of
cor e shel Exampleerasfthoeaddanl phetoeslymaraloni iditaXlra2633 ftkwt edfenGosgilane Cor e

| ayer: crosslinked pol ybutadi ene, Shell |ayer: nethacryl ate al kyl -styrene
copol ymer ¢coupdingrggs (Ppaptanvhectlsy yearR0Opropy tme thoagdkde, S Lknetidecheby a
triaxial roll to obtain the liquid crystal sealing nmaterial of the present

i nventi on! B\Wlf@gkwsp dpsol vpgl Witlyheadineg ay 8941 to céwnrdmcmsemtlan (28€) was 200
T R
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as the ra rizatio riltla mnosHane

coupl i ng ggenl 64%\% @W%@%MM(@@ %qpﬁ%é(%etgﬁ aga% @%Msa pﬁ?gmd ﬁp SNEbgu

Sili cone KBM i ssol ved wi t h heat 90C to obtain e resin
sol uti on. chb kRl r®eel fifg pérgclce@q:rml@lwm@wm&eaaszo\fﬁ Cc@é le?éi @1@31@@4@

di hydrazi de (trade name ADHJ, O suka Chemnical Co. et ml

grindi ng polabeagicnd Sl vasr fmeﬂhhx&ylagf ajhﬂeb,tyrﬂh@copbfﬁﬁel ave;age particle size 200
nm) were added, and kneaded by a triaxial roll to obtain the liquid crystal sealing material
of the Comparative Example. Viscosity of the liquid crystal sealing material (25°C) was
250 Pa-s (measured by using Type R viscometer (Toki Sangyo Co., Ltd.)).
Comparative Example 2

80 pts.wt. of epoxyacrylate C obtained in the Synthesis Example 3, 20 pts.wt. of

EBPS-300 as epoxy resin (Nihon Kayaku K.K., epoxy equivalent 233 g/eq., bisphenol S
epoxy resin}, 7.2 pts.wt. of radical photopolymerization initiator {A) obtained in Synthesis
Example 4 as the radical photopolymerization initiator and 1.2 pts.wi. of aminosilane
coupling agent (N-B(aminoethyl)y-aminopropylirimethoxysilane, Shin-Etsu Silicone
KBM-603) were dissolved with heating at 90°C to obtain the resin solution. After
cooling 1o room temperature, 5 pts.wt. of adipic acid dihydrazide (trade name ADH-J,
Otsuka Chemical Co., Ltd., Jet mill grinding grade product was further ground, m.p. 179°C,
activated hydrogen equivalent 43.5 g/eq., average particle size 1.0 um, maximum particle
size 5.0 wm), 30 pts.wt. of alumina (SPC-A1, average particle size 1.0 um) and 7 pts.wt. of

core shell rubber fine particles: Paraloid EXL-2655 (Kurcha Corp. Core layer: crosslinked



activated hydrogen equivalent 43.5 g/eq., average particle size 1.0 m
maxi mum particle size 5.0 n), 30 pts.w. of alum na (SPC Al, average
particle size 1.0 n) and 7 pts.wt. of core shell rubber fine particles:
Par al oi d EXL- 2655 (Kureha Corp. Core layer: crosslinked polybutadiene,
Shel | layer: nmethacrylate al kyl -styreneZgepol yner, average particle size
200 nm were added, and kneaded by a triaxial roll to obtain the liquid
crystal sealing material of the Conparative Exanple. Viscosity of the

liquid cr %5§15'9uta§1@1% IS7Q11 TR rr‘a@t'haér?l%@ al P&t n{}%§9 &y hoE Qﬁ%{l‘ﬁﬁ‘;pa%fclg $i-8 906_ y 81‘6

R vi scone Tokl "Sangyo Co arative Exa

epoxyacr yha @ve@ ableal artaleAddds, ﬁﬁkﬁ?%lﬁto@@ﬂﬁ'tﬁe Bquid@r y@?a? sé’éﬁm%%{ateual
EBPS- 300 as epoxy resin (N hon Kayaku K. K., epoxy equival ent 233 g/eq.,

bi sphenol ofihe €R@ArdtBS H}aamge 2 PilsSosivy of e mq:uid eAlstaPROlia P Alaydrei (ZRT) @hs
initiator (A) obtained in Synthesis Exanple 4 as the radical

phot opol yagr Pza(messuiaal iy wtioy TaeR Lis2ogtbier WokiGhngyd OesiLidane coupling
agent (N-(3(am noethyl)y-am nopropyltrinmethoxysilane, Shin-Etsu Silicone
KBM 603) W@ﬁédepkdlved with heating at 90C to obtain the resin solution.
After coolln to roon1tenperature 5 pts.wt. of ad| i c acid dihydrazide

(trade nane § for Caléaﬂkaat@ﬂéﬁio@alllqlmémysﬁﬂ (heatiggpr BV 1+ hegtingdli adgedrade
product was f rt her round, ﬁgjtlvate hydrogen equi val ent 43.5
g/ eq. , av%t%%)@ﬂ; ! Gy %I?Cgslésssﬁwz@lt@@omt oReR Hawd sayal spadinegngteria) Qytapped o
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al kyl -styrene co avera wer e added, and

kneaded by a th@s’&lé}heﬂtlef |spéc@ﬁé)1t3§,1§ﬂaﬂcé Qfecdn'ta%‘t@djh 1@1’ éxtg@ al §se§{ fnrdg‘,am?to?r i al

of the Conparative Exanple. Viscosity of rystal sealing
mat eri al {(224hinvasn 038R 1&@;@@@@&&% f&meusgasrirgnawe R ¥ioS aREE cilydaki

Sangyo Co., Ltd.)). Test anple 2 Test for contam nation into a liquid

crystal (debhg ngtevial UMs sethipaid sagple @mdbemidviemL of the liquid crystal (Merck,
MLC-6866-100) was added thereto. Then, after UV irradiation at 2000 mJ/em? by using
UV irradiator, the tubes were kept in the oven at 120°C for 1 hour, thereafter allowed 1o
stand at room temperature for 0.5 hour.  After taking out only the liquid crystal from the
treated sample tube, the amount of the component eluted into the liquid crystal was
quantitatively measured by gas chromatography using pentadecane as the internal standard
substance. Results are shown in Table 2.  Separately, results of measurement on
contamination under heating (samples were kept in the oven at 120°C for 1 hour, thereafter
allowed to stand at room temperature for 0.5 hour) are also shown in Table 2.
Adhesive strength test:

To 100 g of the obtained liquid crystal sealing material, 1 g of 5 pm glass fiber as

the spacer was added and mixed with stirring.  This liquid crystal sealing material was
spread on the glass substrate of 50 mm x 50 mm, and the glass piece of 1.5 mm x 1.5 mm,

was adhered on said liquid crystal sealing material. Then, after irradiating ultraviolet rays

of 2000 mJ/cm?, by using UV irradiator, the substrate was kept in the oven at 120°C for 1



strength test, and glass transition point on the liquid crystal sealing
material obtained in Exanples 1 and 2, and Conparative Exanples 1 and 2
were perforned and neasured. Test for contam nation into a liquid crystal
(heating or W + heating): Measurenent of specific resistance of contacted
liquid crystal as an indicator of contdhi-nation on the liquid crystal was
performed as follows. 0.1 g of the liquid crystal sealing material was set
in the sanple tube, and 1 nL of the liquid crystal (Merck, M.C-6866-100)
was addedpbhehel® thd RedlingdhdefialUV A §h%§1@ﬁga§ti'e%§tl%f %0 Q%swé%asblﬁe%l'éag W
irradiator, the tubes were kept in the oven at 120C"tor" 1 hour, thereafter

al | owed t @esgtsangd s@iwd pomiepperature for 0.5 hour. After taking out only
the liquid crystal fromthe treated sanple tube, the anmount of the

conponent GiHytieadsitioh @oinfte |1iquid crystal was quantitatively neasured by
gas chromat ography usi ng pentadecane as the internal standard substance.
Resul ts are shBsmpledoilabhmrdnerSemanpaipated, asfebev. s Die seased lkqedtryatal

contam nation under heating (sanples were kept in the oven at 120C for 1
hour, t hep&dingaratera] vawesandvockedindhapolyebyiene rppephdhalate (PIST) DS thewparar e

al so shown in Table 2. Adhesive strength test: To 100 g of the obtained

i quid cryS¢ &M SEumeH§ranst ed pan. after e grensbrang g'laaygadﬂat@fgwﬂwltravmetsrpm:@tr was

dded d.m it h i.rring. This liquid I Ii ial
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arter i rradeu g EE PR OB el < A B St BRSPS ReA A e adi at or.
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seal ing mater earing strengt ass pi ece was neasure

Resul ts apRdsBOWBinkMMARES cQuipllAs&itInARILIK &N, BPVNC RE’OILE) f OResults are
measur enment was prepared as follows. The obtained 1 quid crystal sealing

mat eri al sesvsanthdiched i n the pol yethyl ene terephthalate (PET) filnms to
prepare Referring to the results in Table 2, it can be understood that the amount of eluted
liquid crystal sealing material obtained in Examples 1 and 2 into the liquid crystal was
significantly smaller as compared with the liquid crystal sealing material in the
Comparative Example 2.  Further, although the contamination into the liquid crystal with
the liquid crystal sealing material obtained from the Comparative Example 1 was almost
equal level with that of the liquid crystal sealing material obtained from Examples 1 and 2,
the adhesive strength of the sealing material in the Comparative Example 1 was smaller.
It should be noted that components in Comparative Examples 1 and 2 is only different on
the point of (a) component as compared with that of Example 1.
Consequently, the liquid crystal sealing materials of Examples 1 and 2 are
significantly superior in the reliability on the contamination into the liquid crystal and have

superior adhesiveness as compared with the liquid crystal sealing material of Comparative

Examples I and 2.



100 mthin nmenbrane. Then, after the nenbrane was irradiated with
ultraviolet rays at 2000 ml/cnR2 by UV irradiator, the irradi ated nenbrane
was kept in the oven at 120C for 1 hour to cure the sealing material.
After curing, PET filmwas peeled away and the cured product was used as a
sanple. G ass transition point was measdred in the tension node by using
TMA test equipnent (Sinku Riko K K, UVACR KOInc.). Results are shown
in Table 2. Referring to the results in Table 2, it can be understood that
t he amountrapfe 22l uted liquid crystal sealing nmaterial obtained in Exanpl es

| and 2 into the liquid crystal was significantly smaller as conpared with

the liquid crystal sealing npierj@al i : i,veCdaarsple (2mplatitcher
al t hough the contamination into H’tf{e I@&h}%& %;@?@?EV%A t Example 1] i Granple? yst al

seal i ng matRkdi@lpot ai ned fromghe Conmpgrative Exgnpl e 1-ugs al mogty equal
liquid crystal sealing material obtained from

| evel vvit;ldéhat of th@\/{

Exanpl es gestrenghMEphesi vé st rengt B%of the &ealing miterial i the
Conpar at i GeasExansploe tdnwesurs mal | gr. I t spgul d be f?t ed thg%J conmponents in
Conpar at i y&€)Exanples | and 2 i S only different o the p Bt of (
conmponent as conpared with that of Exanple 1. Consequently, the liquid
crystal sealing materials of Exanples | and 2 are significantly superior
n th_e re*rbs@Pdr!cbﬂitéﬁn%ti&ﬂﬁto%ﬁ@&i%!d)@éﬁ{z.@.ﬁ“’ Qtl(ﬂr)t h.e liquid cryst a! and hav_e
superi or adhesiveness as conpared wth the li'‘quid crystal sealing materi al
of Conpar oYY OTEWAKEPRY | and 2. -27- Table 2 Exanple | Exanple 2 Exanple
3 Conpar aBpagadcolapay ati ve Exanpl e 1 Exmgwpl e 2 pscosity (Pas) 200 270 210
250 350 §Jrglgte rength (MPa) 75 79 75 70 75 G ass trz%lsi tion

t enper at uge o 5 100 90

poxyacrylate C 800
Bis S epoxy 250 200 250 250 250
Total 450 360 450 450 1050

Test for contamination into a liquid crystal (UV2] +

120°C x 1 hr)
Amount of eluate (ppm)
Epoxyacrylate A 100 80 100
Epoxyacrylate B 100
Epoxyacrylate C 480
Bis S epoxy 100 50 100 100 100

Total 200 130 200 200 580



(C Test for contamnation into a liquid crystal (120C x I hr) Anount of
eluate (ppm Epoxyacrylate A 200 160 200 Epoxyacrylate B 200

Epoxyacryl ate C 800 BisS epoxy 250 200 250 250 250 Total 450 360 450 450
1050 Test for contamination into a liquid crystal (U/2J + 120C x 1 hr)
Amount of eluate (ppn) Epoxyacrylate A-286 80 100 Epoxyacrylate B 100
Epoxyacrylate C 480 Bis S epoxy 100 50 100 100 100 Total 200 130 200 200
580 -28- CLAIMS 1. Aradiation curable resin represented by the general
formula (1): [fornula 9] R ~OH /R O R 11 Ov j~tv O-R O~ F~ OIR
XA O-R 1 R (1) RO ( )mRzl " wherein represents a hydrogen atom or a

net hyl graqup; RZaﬂ@Mo@@ur’éUl@1§s?q$'ﬁap?éscnt‘é!ifb§/@iﬁ@@éne?ﬂ@o1ﬁﬁf?£?ﬁentS a hydrogen
atom a hal ogen atom a hydroxyl group, a nonovalent |inear, branched or

cyclic al kigpkmgracyp having 1 to 10 carbon atons, or an al koxy group
)Y \/}\/ {\w }(\ /R\)NO {R" 0}|—; ﬁ}( /}0\/f\/ V\

wherein R1 represents a hydrogen atom or a methyl group; R2 may be the same or
different and represents a hydrogen atom, a halogen atom, a hydroxyl group, a monovalent
linear, branched or cyclic alkyl group having 1 to 10 carbon atoms, or an alkoxy group
having 1 to 10 carbon atoms; m represents an integer of 1 to 4; R3 represents a hydrogen
atom or a methyl group; R4 represents a linear, branched or cyclic alkylene group having 1
| to 10 carbon atoms, and a repeating unit number 1 represents a positive numbers ranging
from 1 to 5; and a repeating unit number n represents a positive numbers ranging from 0 to

20.

2. The radiation curable resin according to claim 1, represented by the general formula

(2):
[formula 10]

OH
0\/1\/0\@/\ OH OH
/\?'; v 0 q \0_ O/\l/\o O O/\%O\/j\/oxt/\ (2)
q 4 0

P

wherein a repeating unit number p represents a positive numbers ranging from 0 to 20; and

a repeating unit number q represents a positive numbers ranging from 1 to 5.



having 1 to 10 carbon atonms; mrepresents an integer of 1 to 4; R3
represents a hydrogen atomor a nethyl group; R4 represents a |inear,
branched or cyclic al kyl ene group having 1 to 10 carbon atons, and a
repeating unit nunber 1 represents a positive nunbers ranging from1l to 5;
and a repeating unit nunber n represent8a positive nunbers ranging from?O
to 20. 2. The radiation curable resin according to claiml1, represented by
the general formula (2): [fornula 10] OH "~~O~ OH[ OHOqg OO ~/ O
\ p0--"-00,(2) ' a

O A?lqgldo czy%ﬁ%eﬁfuﬁg @1 e 1B§%fa'1 zRge 3k ‘oy%@?ﬁémg (EE}GLH F‘a%i?eﬁ' o‘ﬁ q

posi tive nunbers ran

represent sy @ posi Legv‘?es@% ;sgégagw%ﬁm i bl &9 &3 i aui d crystal

sealing materia racteri y conpri si era |af curabl e

resin reppesgiiedeRyatidiangianeal (J) Qh %1@&1(14}'111@1@1%% éﬂga\teﬁ)a lRlmidsizé By a
phot opol ynerization initiator and an inorganic | er having an aver age

particle sipaeodkss.3 mor less. 4. The liquid crystal seallng mat eri al
according to claim3, wherein the radiation curable resin (a) is
represented by the general forrmula (2). 5. The liquid crystal sealing
material according to claim3 or 4, wherein a content of the radiation
curabl e résin Tk liqud tryoial 389nbynaeiaghtcording 096loym veivhtieinbthe eadligiont he t ot al
liquid crystal sealing material. 6. The I|qU|d crystal sealing materi al
accor di ngtWablagsiniig IpFePrsantad by thepen eralfia maia(2)

5. The liquid crystal sealing material according to claim 3 or 4, wherein a content of
the radiation curable resin (a) is from 30% by weight to 80% by weight based on the total

liquid crystal sealing material.

6. The liquid crystal sealing material according to any one of claims 3 to 5, wherein

the radiation curable resin (a) has a viscosity of from 30 to 500 Pa-s.

7. The liquid crystal sealing material according to any one of claims 3 to 6, wherein

the photopolymerization initiator (b) is a radical photopolymerization initiator.

8. The liquid crystal sealing material according to claim 7, wherein the radical
photopolymerization initiator is obtainable by reacting a (meth)acrylate monomer having

an isocyanate group represented by the general formula (3):

4%LW/OKWG—NCO (3)

0

fformula 11]



the radiation curable resin (a) has a viscosity of from30 to 500 Pa.s. 7.
The liquid crystal sealing material according to any one of clains 3 to 6,
wherein the photopol ynerization initiator (b) is a radical

phot opol yneri zation initiator. 8. The liquid crystal sealing materi al
according to claim 7, wherein the radiedl- photopolynerization initiator is
obt ai nabl e by reacting a (neth)acryl ate nononer having an isocyanate group
represented by the general formula (3): [fornula 11] O "Xt _NCO (3) 0 -30-

wher ei n XHERR §368LSsetd 4 I r YhEBR roup or
aryl group havi nggl%L1 %0@1 ﬂg%; bé%{%tegﬁggyw&w 28%gln %i%ﬁé"@ou@%ﬁpgﬁgdu aving a

hydr oxyl ﬁé@%l repn esebh ety the general fornmula (4): [fornula 12] O
HO X2-O Ar (4) wherein X2 represents a linear, branched or cyclic | ower

al kyl ene gdthup or arylene group having 1 to 10 carbon atons, and Ar
represents an arylene group. 9. The liquid crystal sealing materi al

accor di ngat m‘yhj}aicmnﬁpuxwmleavdaiga hyreox@dircap reppisettopby yireganzat tamulafddi ator is
a carbazole initiator. 10. The liquid crystal sealing material according to
any one offounepridg]3 to 9, further conprising (d) an epoxy resin and (e) a
heat-curing agent. 11. The liquid crystal sealing material according to
claim 10, wherein the epoxy resin (d) does not elute into a |iquid crystal
in an anount of 0.5%or nore by V@i ght based on the liquid crystal, when
said epoxy resin is directly brought |{r5t!_(‘)| cor&téfl)ct with the liquid

HO—X?%-0— Ar

wherein X2 represents a linear, branched or cyclic lower alkylene group or arylene group

having 1 to 10 carbon atoms, and Ar represents an arylene group.

9. The liquid crystal sealing material according to claim 7, wherein the radical

photopolymerization initiator is a carbazole initiator.

10, The liquid crystal sealing material according to any one of claims 3 to 9, further

comprising {d) an epoxy resin and (e) a heat-curing agent.

11, The liquid crystal sealing material according to claim 10, wherein the epoxy resin
(d) does not elute into a liquid crystal in an amount of 0.5% or more by weight based on
the liquid crystal, when said epoxy resin is directly brought into contact with the liquid
crystal whose amount is ten times of that of the epoxy resin, and is allowed to stand at

120°C for 1 hour.

12, The liquid crystal sealing material according to claim 10 or 11, wherein the

heat-curing agent (e) is a dihydrazide.



crystal whose anmpbunt is ten tinmes of that of the epoxy resin, and is
allowed to stand at 120C for 1 hour. 12. The liquid crystal sealing
material according to claim 10 or 11, wherein the heat-curing agent (e) is
a di hydrazide. -31- 13. The liquid crys§?I sealing material according to
claim12, wherein the di hydrazide is adipoyl dihydrazide and/or

i sopht hal at e di hydrazi de and/or a di hydrazi de having a valine hydantoin
skeleton. 14. The liquid crystal sealing material according to claim10 or
11, wher eilB. t héhe heat coustdl neplmgemttei{e hedwdmgnolciinidri whobendt didBrazihes
liquid crystal sealing material according to any one of clains 3 to 14,
further ednpylidhytyagidy awd/gi isepi¢hadgegliydopzadremtd/orb@ihthazilié bk s mylsial
sealing material according to claim 15, wherein the silane coupling agent
(f) has ahvéaHHeskglegp. 17. A liquid crystal display cell sealed with a
cured product obtainabe by curing the liquid crystal sealing materi al
according to any one of clains 3 to 16. 18. A process for manufacturing a

liquid crystal..displ.ay cell characterized by conprising adding a liquid
crystal df Gpwi 5% ]‘?@‘“?ﬁ@’ S 8§ 8gﬁat%“?\}\é?qc’r‘@l“gtiﬁélallmdQioé]12*‘?@‘%1'5411 thgeal i ng

mat eri al i n ne.of . cl.al 3 to 16 forned on one substrate,
fol | owed ﬁ%@%%ﬁ?% ‘“%“?Eeg l%lﬁgog/thﬂéelrlc %llﬂ)lgfrat e thereon. '

15, The liquid crystal sealing material according to any one of claims 3 to 14, further

comprising (f) a silane coupling agent.

16.  The liquid crystal sealing material according to claim 15, wherein the silane

coupling agent (f) has an amino group.

I7. Aliquid crystal display cell sealed with a cured product obtainabe by curing the

liquid crystal sealing material according to any one of claims 3 to 16.

18. A process for manufacturing a liquid crystal display cell characterized by
comprising adding a liquid crystal dropwise to the inside of a wall of the liquid crystal
sealing material according to any one of claims 3 to 16 formed on one substrate, followed

by laminating the other subsirate thereon.



