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RESIN COMPOSITION FOR SEALING FILM-MADE LIQUID CRYSTAL

CELLS

This "invention relates to a novel resin composition
to be suitably used for sealing liquid crystal displays of
a variety of. types developed in recent years and to be
reliably'operated in severe environments. It also relates
to a film-made liquid crystal cell realized by us:f.ng such
a resin composirion.

In recent years, liquid crystal displays have become
markedly popular in response to the rapz.d development of .
down-sized personal computers, audlo equ:.pment
instruments, . color television sets and. other electrohic
appliances. A liquid crystal display consume’s less ‘energy
and requires less drive force than a cathode ray tube (CRT)

so that it allows’ reduct:.on of size, weight and cost, while

) a

it can produce clear and sharp 1mages better than a CRT'
even in the' suhl:.ght. Because of these advantages, the
scope of. appl:.cation of l:.quld crystal display (hereinafter

referred to as LCD) has been constantly expanding.

' Par’cicularly_, tremendous efforts have been paid to develop

LCDs comprising a film substrate that are thin and
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lightweight and not damaged even if carried in a pocket of
a jacket.  As known glass-made LCDs, film-made LCDs are
required to have outstanding physical properties. For
instance, the components of the cell of the LCD need to be
fifmly_bonded together to provide an enhanced degree of
hermetidity. Thereforé, they must be physicaily and

chemically stable and resistant against moiéture and heat.

Currently, a cell comprising glass substrates and
liquid cfystal is prepared typically by bonding upper and
lower substrates by means of é-one-liquid hot-cure type_
epoxyfadhesive, injecting liquid crystal in a bighly'vacuum

condition and sealing the remaining hole by means of a UV

(ultraviolét)élight—cure type or two-liquid cold-cure type

resin. Improved and highly efficient one-liquid hot-cure
typeladhesives are currently available and, therefore,
thei:e are practically no teéhnol_ogical trodbles. for bonding
glass substrates.

On the other hand, one-liquid hot-cure type or

two-liquid type epoxy adhesive are used for bonding film

subst;ates;_ However, a one-liquid hot—cufe type epoxy
adhesive is originally designed to bond glass substrates
and, once.cured, it becomes so hard that it is scarcely
capable of withstanding bending force and adapting itself

to thermal deformations of the bonded substrates and it is
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rather poorly adhesive to the substrates. A two-liquid

type epoxy adhesive is disadvantageous in that it has a-

relatlvely .short pot life and does not have satisfactory
physical and chemical stability to the moisture and the
heat of the prepared cell. Sealing materials containing
flexible epoxy resin as a principal ingredient sucp as a
polyol type epoxy resin or a urethane tfpe epoxy resin,
have been studied, although such materials are not
pafficularly adhesivs to ﬁilm and, to some extent, lack
physicél.and'chemical stability to the moisture and the
heat of tﬁe cells prepared by using such materials. Thus,
no satisfactory adhesive has been developed so far for film
substrates.

A number of adhesive have been proposed for sealing
film-made. liquid crystal - cells, 'including one using
thermoplastic resin varnish for dissolving the surface of.
substrates and bonding them by;applying heat and pressure
fhersto (Jspanese Patent Application Laid-open No. Shou
57-32669), one using a double bonding technique, -‘where

substrates are bonded together'by'mesns of a silicone resin

.type 'substancs on the inside and an epoxy resin type

substance on the outside (Japanese Patent Application
Laid-open No. Shou 60-69634) and one that cures with heat
and light (Japanese Patent Application'Laid—open No. Hei

1-129232). None of these, however, has been found
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commercially feasible.

In view of the above déscribed .circumsta‘\nce's, if is
therefore an oﬁject of the present invention to providé' a
resin composition for sealing liquid crystal cells that is
x;elat'ively easy to use, adhesive to .film substrates and

flexible so that it may be adapted to thermal deformétions '
of the substrates, yet which may be physically and cﬁemically stable
to the moisture and the heat of the substrates. )

Aﬁoth.er obj ect.of the present invention is to provide
a film-made liquid crystal cell used the resin cpmpc_jsition.

"As a result of intensive. research efforts of the
inventors of the present invention, the above ob J ect and
other 6bj ects of the invention are achieved by providing
a resin composition compris;‘.ng epoxy 'r'esin that contains
a polysglfide modified epoxy resin having a polyéulfide
structure where a plurality of sulfur atoms are directly

linked to chain units in a molecule and an epoxy group is

present at each end of the molecule.

A resin composition acéording to the present.j.nvent_ion
comprises as principal -ingredi_ents epoxy resin containing
a polysul'fide' modified epoxy resin, at least one of
hydrazidél Compounds and at least one of fillers, to ‘which

rubber may be added to improve the bond strength and the
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flexibility of the composition by relieving the stress

_'generated in it when it is cured along with a cure

accelerator that re_du"ces the time required for curing at
llow temberature. |

Now, the specific formulations | of the resin
composition according to the invention will be described
below. | |

Preferably, epoxy resin to be used for the _éurpose_ of'
the invention contains a polysulfide modified epoxy resin
exﬁressed by general formula (1)

CH,-CH- R —R -R® -CH~CH, ' (1)

\ / \/
(where each of R' and R’ represénts at 1easf. one organic .
group selected from. a group consisting of bisphenol
structures, aliphatic oxyet‘her structures and aliphatic
thiocether structures énd 'ﬁz represents a polysulfide
structure expressed by -(C,HOCHOCMHS, ) ~, wherein m
represents the average number of sulfur atoms contained in
a polysulfide structure, which is 1 or '2, and n represents
the average number of polysulfide structures contained in
the above formula, which is betvqeen 1 and 50) by 20 to 100%
by wéight, preferably 50 to 95% by weight, and two or more

than two epoxy groups in a molecule, and the average

molecular weight of the entire epoxy resin is preferably

between 300 and 3,000.
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Organic groups selected from a group.of bisphenol
structures for R' and R’ in formula (1) may inclu-g'le, but
not limited to, bisphenol A, -bisphenol ir, bisphenodl AD,
bis_phefxol S as well as al_kylatéd, allylated, acylated and
halogenated compounds of them. If. the organic groups
represented by R' and R .do not comprise a bisphen'ol
structure, they comprise either an aliphatic oxyether
structure or an aliphatic thioether structure.

' Additionaily, a polysulfide modified epoxy resin to
be preferably used for the purpose of the present invention
is a disulfide having epbxy groups at the ends .and
expressed by general formula (2)

CH,CHCH,S-(C,H 6CHZOCZH4SS)P—CZH4O\ ’ (2)

\/

CH,CHCH,SC,H, OCH
\/
wherein p répresents the average number of disulfide
structures comprised in a molecule, which is between 1 and
15.

'_ Examples of polysulflde mod:.f:.ed epoxy resin expressed

: by general formula (1) above include, if m=2, FLEP-10,

FLEP-—SO, FLEP-60 and FLEP-80 (tradenames: all available
from- ‘I‘oraf Thiokol- Co., Ltd.)

In addition to polysulfide modified epoxy resins,
epoxy resins fhat can be used for the purpose of the preé_ent

invention include:
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(1) polycondensation resins obtained through
polycondensation .of a compound selected from groups
consisting 6f <1> bispheﬁols .such as bisphenol A and
bisphenol F, <2> novdla}c | resin obtained by addition
condensation of .phenol or crescl and fomaldehydé, <3>
hYdroxy compounds such as tefrahydrokyphényl methane and
resorcinol, <4> amines such as diaminodiphehyl methane,

aniline and xylilenediamine, <5> polyhydric alcohols such

"as glycerol and pentaerythritol, <6> carboxy compounds such

‘as phthalic acid and hexahydrophthalic acid and <7>

polyalkylene 'ether such as ethyleneglycol and its polymers
and propyleneglycol and its polymers, and an epihalohydrin
such as epichlorohydrin or epibromohydrin aﬁd resins
obtained through halogenation of such polycdndénsation

resins as well as a polycondensation resins obtained .

. through polyc_oridensation of a cémpou'nd selected from the

groups <1> through <7> above and a methylepihalohydrin such
as methylepichlorohydrin "and resins obtained through
halogenation of such polycondensation resins, .

'(2) 'epoxidated aliphat_ic_ aéids such as epoxidated soy
bean oil and its derivatives,

(3) | epoxidated diene polymers such as epoxidafed
polybutadiene and epoxidated polya;.soprene,

(4) alibhatic epoxy resins such és 3, 4-epoxy-6-

methylcyclohexylmethyl-3, 4-epoxy-6-methylcyclohexane
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-carbonate and bis{2,3~epoxycyclopentyl )ether and

(5) epoxy resins made flexible through ad@ition of
methylene bis(4-phenylisocynate),. tolylenediisocyanété,
h-e:taméthylenediisocyanate or ischolondiisocynate.

Any of these resins may be wused alone or in
combination with at least one of _the' remaining candidate
resins.

When the polysﬁlfide modified epoxy resin occupies
less than 20% by weight of the total weight of the entire
epoxy resin contained in a composition accdrding to the
invention, the cured product to be obtained may be too
har@ or, if not too hard, poorly adhesive to film

substrates with markedly reduced physical and chemical

stability. .

The reason why the average molecular weight of the
entire epoxy resin is preferably held between 300 and 3,000
is that, if it is below 300, the cured product-to be
obtained pay g’e too hard and poorly adhesive to the
cbmponents of the cell to acquire a _désired level of
physical and chemical étability. |

If, on the other hand, the average molecular weight

- of the entire epoxy resin exceeds 3,000, it may becomé

poorly resistive to heat and lose any physical and chemical
stability. Preferably, the average indlecular weight of 'f:he

epoxy resin is between 700 and 2,000.
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For the purpose of the present i-nvenj;ion, at least one
of hydrazide compounds may be selecte!d for use from (1) .
monobasic acid hydrazide compounds such as salicylic acid
hydrazide, p—oxyﬁenzoic acid hydrazide,
phenylaminopropionié acid hydrazide, lauric acid hydrazide
and the like, '(2) dibasic acid 'hydrazide compbunqé_ such as
succinic acid - dihydrazide, adipic acid dihydrazide, .
isophthalic aqid dihydrazide, dodecanoic diacid
dihydrazide, carbohydrazide, sebacic acid dihydrazide,
thiodipropionic acid dihydrazide, furandicarbonic acid
dihydrazide, cyclohexanedicarbonic acid dihydrazide and tﬁe
like. Of these, dibasic acid hydrazide compounds are
particularly: suited -for the present invention.
Any of these hydrazide compounds works as a curing
agent for epoxy resin ané., when mixed with epoxy resin, the.

mixture serves as a dne—]_.iquid type epoxy adhesive because

it can be stably stored at room temperéture, N_evert_h‘eless_,

these hydrazide compounds can start curing a one-liquid
type epoxy adhesive at lower temperature and show a better
resistivity against heat, cold and moisture than any other
curing agents that' are cdpventionally used for a one-l;'.quid
type epoxy adhesiwve such as dicyanodiamide and boron

trifluoride. . At least one of these hydrazide compounds are

preferably used at a ratio of 1/3 to 2/3 mols of hydrazide

grodp to a mol of epoxy group of the epoxy resin contained

" THIS SHEET HAS BEgN
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in the agent. For mixing the two ingredients, a
triple—roll mixer may preferably be used for kneading the
mixture in order to .evenly and finely disperse the
hydrazide compound or compounds that are normally soiid.
Fil.lers. that can be. used for the purpose of the

present invention include (1) inorganic fillers including

.carbonates such as calcium carbonate and - magnesium

cérbonate, sulfates such as barium sulfate, mégnesium
sulfate, Silicafes such as aluminum silicate and zirconium
silicate, oxides such as iron oxide, titanium oxide,
aluminum oxide (alumina), silicon oxide (silica) and zinc
oxide, and kadlin, talc, asbestos powder, quartz powder,
mica and glass fiber and the like (2) organic fillers such
as polyethylene powder, polypropylene poﬁder,
polyvinylchloride powder, pélystyrene pdwder,
polyvinylacetate _powder, polystyrene-polyvinylacetate
-~copolymer powder, polymethacrylate powaer, polyuféthane
powder, polyester powder, urea. resin powder, pheﬁol resin
powder, epoxy resin powder and the.like. For the purpose
of thg invention, at least one of these fillers may be
seleeted for use.

While the rate af which at least one of the above
listed fillers are added varies depending on the chemical
constifutiqn of the resin composition to be prepared and

the type of the fillers to be used, typically they are used
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at a ratio of 1 to 100 portions by weight to 100 portions
by weight of the entire epoxy resin. If the fillers are

below 1 weight portion, the prepared product might not be

) smoothly applied and, if applied, the screen-printed

patterns pjpht not always be desirable and become
inoberative. If, on the other hand, it exceeds 100 weight
portions, applying by means. of screen-printing can be
obstructed. For mixing fillers with a mixture of epoxy
resin and at least one of hydrazide compounds, a
triple-roll mixer may preferably be used for kneading the

mixture and pulverizing the fillers to fine particles in

order to avoid clogging a screen at the time _6f screen-

printing operation.

Any rubber tbat can be graft-copolymefized -with epoxy
resin of the above identified. type so that rubber particles
are dispersed in the resin layer formed and can have a
so-called sea/islands structure when a resin -compoéitio_n
fdr gealing liquid crystal .cells according to the invention
is cured may be suitably used for the purpose of the
invention. | ‘ |

For the purpose of the present invention, rubber
particles may be dispersed _i'nto epoxy 'resin or,
alternatively, they méy be dissoived into epoxy resin and
thereafter deposited whén the latter is cured. Still
alterﬁa‘t;ively, rubber particles mair be produced in the

-1t
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presence of a graft-copolymer or a copolymer | of ‘epoxy
resin. Preferably, particles are produced in the presence.
of a graft-copolymer or a copolymer of epoxy resin because
tﬁe particle size of rubber particles can be\ controlled
with such a technique. However, any of these techniques
can disperse rubber particles in a stable manner as they
cause rubber and epoxy résin to interact with each other
at the interface. If rubber and epo.xy resin do not
interact at the interface, the former is apt to agglomerate
after having l_aeen cured and damage the reliabiiity' of the
product. If, on the other hand, rubber is appropriately
cross~linked, rubber particles are highly resistive against
defbrmation that may be given rise to by the curing stress.

Rubbef to be suitabl‘y used for the purposé of the
invention is preferably of a-i:rylester, -silicone, conjugated
diene, olefin, polyester or uref:hane type and more

preferably of acrylester, silicone or conjugated- diene

typ‘e. Rubber of any of these types may be used alone or

in combination with rubber of any other types. .
Acrylester type rubber pay be used for the purpose of the
invention in the form of particles that can be prepared by .
drying core shell emulsion of _the rubber or by means of a
method of manufacturing an acrylic ac.fui ester polymer as
disclosed in Japanese Patent Apblication Laid-open No. Shéu

55—16053 or a method of manufacturing a graft-copolymer of

Sheet Has Been Replaced -

. THIS SHEET HA;
IR l||| S e




.

10

15

20

25

-13-~

thermosetting resin and a vinyl polymer as disclosed ‘in
Japanese Patént Application Laid-open No. Shou 55-21432,
of which the 1latter method i; prefei'able in terms of
dispersion technigque aqd the viscosity after dispersion.

Methods that can be used to prepare silicone type

rubber for the purpose of the invention include those

utilizing fine particles of silicone ‘rubber (Japanese
Patent Applications Laid-open Nos. Shou 60-72957 and Hei

3-170523). According to one of the methods, double bonds

are formed in epoxy resin and the epoxy resin is caused to

react with silicone containing active hydrogen atoms
capable §f r‘eacting' with double bonds _' to form a
graft-polymer, and then in the presence of the | graft~
polymer silicone monomers are polymerized. Whereas, with
the ofher method, double bonds are -formed in .epoOXy resin
which is caused to react with silicone monomers having
vinyl groups that are active for polymerization to produce
a graff~po].ymer, aﬁd then in the presence of the graft-
polymer silicone rubber monomers are polymerized. Howeirer,
methods that produce grafted products without utilizing
fine silicone rubber particles and prepare rubber particles

after the production of grafted products -a're preferable

 because such methods can control the size of xrubber

particles and prevent any unde_sir_ed rise 'in the viscosity

of the product obtained after dispersing fine particles.
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Thus, such methods are édvantageous for screen—prihting a
resin composition according to.thé invention. 'Withithese
methods, rubber particles and epoxy resin-ihteract with
each other at the intefface thereof to disperse the former
in a well stabilized manner. If, to the contrary, rubber
particles and epoxy resin do not interact with each other
at the interface thereof, the former is apt to agglomerate
after havinQ been cured and to damage'the reliability of
the product. Additionally, it is desired to be selective
in the use of.mgnomers because rubber particles are highly
resistive against deformation thét may be given rise to by
the curing stress if.thé rubber is appropriately gelled.
The above ‘description aléo holds true for acryl ester type

rubber and, therefore, it is preferable to use monomers

'having glycidyl groups or polyvinyl groups to an

appropriate proportion,

Conjugatéd.diene'type rubber may be produced through
polymerization or copolymerization of' monomers  of
1,3-but?diene, 1,3—pentadiené, isoprene, 1,3-hexadiene oxr -
chloroprene. Rubber articles of this type are also
commercially available. A copolymer of butadiene and
acrylonitrile which has carboxyl groups or amino groups at
the ends of the molecule is particu;arly ad&antagqous in
that it can dissolve in epoxy resin and rubber is<depoéit§d

at the time of curing so that particles of the produced

-4
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rubber can be held under control. However, it should be
noted that it is difficult to control the particle size of
the produoed rubber with thie technique when compared with
the two methods described above (using .acryl ester type
rubber and silicone type rubber) and the obtained product
may be short of satisfactory performance.-

For the purpose of the. present invention, rubber
particles preferably have an average di-ame‘ber between 0.01
and 5 .jm, more preferably between 0.01 and 2 pm and are
dispersed <throughout the_ product to show a so-called.
sea/:.slands structure. If the average particle size is '
found out of the above defined range, the obta:.ned product
may be short of rellabllz.ty and satisfactory performance.
Rubber is contained in the entire epoxy resin (containing
rubber) normally by O to 30% by weight -and preferably by

2 to 15%_by weight. If the rubber content falls below 2%

by weight, the final product may not show satisfactory

bond strength in a humid atmosphere, whereas °'if the content
exceeds 30% by weight, the prepared resin .composition may show

an inappropriately high level of viscosity to reduce the

. efficiency with which the composition is screen-printed

and, in some cases, degrade its bond strength after a
preliminary drying process. Rubber of any of the above
described types may be used alone or in‘combination with

rubber of any other types.

This Sheet Has Been Replaced

(I




3

10

15

20

25

-16-

A cure accelerator which may be used for the purpose of the

present invention is 3-phenyl-1, 1-dimethylurea or
3~p-chlorophenyl—1, l—dimethylurea and expressed by general
formula (3) below. ' :

x—@-NH-—co-N( CH,), (3)
(where X is a hydrogen or chlor:i;ne atom). |

For thé purpose of the invention, the cure accelerator
may be contained in a resin composition according to fhe

invention by O to 5% by weight and preferably by 0.2 to 3%

by weight. If the content of the cure accelerator falls

below 0.2% by weight, the composition may be cured very

slowly so that enormous heat and time are consumed. If,

- on the other hand, the content of. the cure accelerator

excegds 5% by weight, it can quickly cure the composition,
but it may ad-versely affect the moisture resistivity and the
reactivity with liquid crystal of the composition.

f‘or the purpose of thé invention, any known additivés
may be used with a resin co_mppsition according to the

invention if they do not adversely affect the effect of the

composition. Additives that can be used with a resin

composition according to the inveﬁtibn include coupling

agents, solvents, thixotropic agents,  pigments, dyes,

'plasticizers,_ levelihg agents, defoaming agents and

reactive diluents. _ : -

A typical method of manufacturing liquid crystal cells

Tms SHEET HAs BEEN
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by using a resin composition acéording to the invention
will be described below. |

Cell sﬁbstrates.to be used with a resin compbsition
according to the invention are made of a material selected
from (1) crystalline thermoplastic resin materials such aé
polyethyleneterephthalate(PET),polybutyleneterephthalate
(PBTj,_. nylon (e.g., 6-6 Ny), polyacetal (roM),
polyphenylenesulfide (PPS), polyetheretherketone (PEEK),
liquid—crystallihe polyester '(LCP) and thermoplastic

fluorine resin, (2) non-crystalline fhermoplastic resin

“materials . such as polycarbonate ({PC), modified

polyphenyleneoxide (modified PPO), polyaryléte (PAR),
polysulfone (PSF), polyethersulfone (PES), polyetherimide
(PEI) and polyamideimide (PAI) and (3) non-thermoplastic
resin materials such as polytetrafluoroethylene (PTFE),
polyimide (PI), polyaminobismaleimide and triazine resin.
The upper and lower substrates, are normally made of the
same kind of resin materials, although they may be made of
different resin materials if such materials are feasible
for the operation of the produced liquid crystal cell. The -
surfaces of the substrates may be treated by a surface
treating ‘agent -such as a silane coupling agent.

Additionally, their surfaces to be used for thelliguid .

crystal cell may be attached with the transparent

electrodes and the orientation films.

- 17 -
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A _resin.c.om_position compris.ing epoxy resin containing
a polysulfide modified epoxy resin, at least one. of
hydrazide compounds and at least one of fillers agents, .to
which a gapping ager}t (spacer) is added to providé a
desired gap, is applied to one of cell, s_ubstrates'. to a
thickness approxiinately two to three times greater than the
intended thickne.ss of the composition by means of screen-
printing, relief printing bf a dispenser and precured in
a dryer. Thereafter, another substrate to be uéed for the

cell are bonded together and then the aggregate is heated

‘and cured by means of a dryér, a hot plate, a heater block

or an infrared heater wh:i_.l-e- applying pressure to the
substrates by a collet or a vacuum pin.

A precuring procesé which may be uged for the purposs of the
present iﬁyention comprises steps of evaporating ény
solvents and moisture contaiﬁed in the resin co:ﬁposition
and subsequently carrying out a leveling operation so_that
the resin composition may fit well on the adhesion areas
of the substrate to be bon;‘ied together. The precuring
process is typically conducted in constantly flowing air
at temperature between room temperature and 130°C for a
period of time between 5 minutes and 6 .hqufS', although’ _it
is preférably conducted at ténperature between 60 and 110°C
for .a period of time' between 10 and 60’ minutes from tﬁe

viewpoint of cost effectiveness.
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A hot—cure (poétcure) process to be used for the
purpose of the present invention is des;gned to cause the
epoxy resin and the hydrazide compounds of a resin
compos:.tlon to sufficiently react with _ each ot;her for
curing and to bood.the cell substrates together by the
resin composition. The hot-cure process is typically
con&ucted in constantly flowing aif at temperature between
90 and 150°C for a period of time between 5 and 180 minutes
and preferably at temperature between' 100 and 130°C for a
period of timé betoeen 30 and 120 minutes.

Examples o

Now, the_preseot invention will be described further
by_ referring_ to a number of examples where resin
oompositionsaccording to the invention wére prepafed-and
liqgquid crystal cells were prepanﬁi by using the resin
composition. Note that “porfion" and "¥" in the following
describtioﬁ are those expressed in terms of weight.

The prepared. specimens of resin composition- for
sealing liquid crystal cells and those oflliquid-crystal
panels were evaluated for the following four properties.
(1) operability: This represents an aspect of-a'resin
composition according to the invention required to adapt
.itself to the entire .operation of preparing a liquiq-
crﬁrstal panel including screen printing, precuring, bonding

and postcuring. " The following three ratings were used.
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X...poorly operable, a...operably but not

satisfactorily, o0...excellently operable
(2) bond strength: This property of each specimen was
détermined as folloﬁs. Each specimen was applied on a
first £ilm substrate (PET, 100mm(width)x100mm(length)x0.1lmm
(thickness)) by screenlprinting, precured at 90°C for 20
minutes and then cooled to ambient temperature. A second
film substrate (PET;.O.lmm thick) was bonded thgreto and
the two substrates were pressed against each other by a
presé jig and postcured at 120°C for 90 minutes. The
combined substrates were then cut to produce ten 10mm wide
test pieces (100mm(length)x1Omm(width)). The screen
printing was COnducted in such a way that the specimen was
applled to each test pieces to occupy an area of 1mmx50mm
with a thickness of 5 pm at the center. Immediately after

preparing the test pieces and after they were immersed in

. boiled water for 3 to 5 hours, they are tested for T-peel

tést accdrding to JIS-K-6854.

(3) flexibility: Each of the above pieces was bent and
loaded with a 1lkg weight for 10 seconds to see if any
breaking was. observed at the bent section. If not, the

pieces was bent to the reverse side and subjected to a

-second load test. The above procedures were xepeated .

whenever necessary. The following five ratings were used.

X...broken at the-first test, x~A...broken at the

[ —
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second test, A...broken at the third test,

A~O. ..broken at the fourth test, o...not broken

before the fifth test
(4) -electric property: Immed:.ately after preparing liquid
crystal panels and afterxr -they were exposed to an atmosphere
of 80°C and 953%RH for 500 hours, an electric current was
made to run between the terminals of eech specimen to see
its rate of change (coefficient). |
Synthesis Example 1

A . following rubber substance was synthetically
prepared as an ingredient of a specimen.

A 12 port:.ons of acryl:.c acid and a 1 portion of
tr:.ethylamine were added to a 600 portions of blsphenol F
type epoxy resin prepared frgm bisphenol F and
epichlorohydrin (EPICI;.ON 830S: tradename, available _from
DAINIPPON INK AND CHEMICALS, INC.), which were then caused
to react mutually by heating to 110°C for 5 hours to
prodﬁce a 613 portions ' of epoxy resin containing acrylic.
group. Subsequently, a 350 portions of buty_laczyl'ate, a
20 por‘i:i-ons -of - gl;'rcizdylmethacrylate, a 1 portion of

divinylbenzene, a 1 portion of azobisdimethylvaleronitri1e

and a 2 portions of azobisisobutylonitrile are added to the

above product and a polymerization process was carried out
on the mixture at 70°C for 3 hours and then at 90°C for an

hour to produce a graft-polymer of epoxy resin and
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acrylester. Fine particles of the polymer (A-~1) had an
avérage particle size of 0.05 ym and presented a so-called
sea/islands structure. The epoxy equivaleht and the rubber:
content of the polymer were respectively 305g/.eq and 37.9%.

Simthes:i_.‘s Examplé 2

A 613 portions of epoxy resin containing acryl-ic group *
Were' prepared, following the former half procedures of
Synthesis . Example 1. Subsequently, a 5 'porti_ons of
hydfoxjrethylaczy‘lét'e, a 10 portions of butylacr.ylate and
a 2 portioqs of aiobisisobutylonitrile were added to the
abqve epoxy res:in and a polymerization pi:oc_ess was carried
out on the mixtu:;:e at 70°C for 3 hours and then at 90°C for
an hour to produce a graft-polymer of epoxy resin and
acrylester. Then, a 70 portions of a silicone intermediate
having a methoxy group in each molecule and a 300 portions
of a 1:1 mixture solution of a two-liquid cold-cure type
silicone rubber were added to the graft—polymer and the
mixture was stirred for 3 houfs fdr_ reaction to prod:uce a
silicone modified epoxy resin. Fine particles of the
obtained polymer (A-2) had an average particle size of
3_. Sﬁm and presented a so-called sea/islands structure. The

epoxy equivalent and the rubber Content of the polymer were

. respectively 28lg/eq and 33.0%.

Examples 1 through 9

The ingredients as listed in Table 1 were mixed in a

-_
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Henschel or Dalton mixer or a ball mill and then kneaded
in a ceramic triplefroll-mixer for each example until the

particles of the fillers and curing agents became smaller

' than 10pm in diameter. Then, a 100 portions of the kneaded

material and a 3 portions of a spacer agent (milled fiber
with a particle diameter of Spm) were mixed well at toom
temberature to obtain a specimen of resin composition'for
sealing liquid crystal cells. Each specimen was applied
on a first £ilm sﬁbstrate (PET, O.lmm {(thickness)) by
screen printing, precured at 90°C for 20 minutes and then
cooled to ambient temperature. A second film substrate
(PET, O.lmm thick) was. bonded thereto aﬁd the two
substrates were pressed against each other by a press jig

and postcured at 120°C for 90 minutes to:produde a blank

-pahel (liquid crystal cell). Then, biphenyl type liquid

crystal was poured into the blank pahel throughfa sealing
hole, which was subsequently sealed with STRUCT BOND ES-302
( tradename: two—liquia cold-cure type epoxy resin available .
from‘MITSUI TOATSU CHEMICALS,_INC.) to produce a finished
film—made crystal panel. |

The obtained specimens of resin composition for
sealing liquid crystal ceils and the liquid crystal panels

were evaluated by the above described ‘tests. Table 3 shows -

‘the results of the tests on these speclmens and panels.

Comparative Examples 1 through 8

- Lo
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Comparative specimens of resin composition for sealing
liquid cr&stal .cells and liquid crystel .panels were
prepared by using ingredients as listed in Table 2 and the
process as described above for Examples 1 through 9. The
obtained specimens and panels were evaluated by the above
described tests. Table 3 aléo shows the'results of the

tests.
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* Table 1
unit: portion

Examples
1 2 3 4 .5 6 7 8 9

" epoxy resin
‘epoxy resin A (*1) - 80 40
epoxy resin B (*2) ' 40
-epoxy resin C (*3) '
epoxy resin D (*4)

polysulfide modi-
fied epoxy resin

A (*5) 100 50 35 45 100
B (*6) 100 20
C (*7) 100 50 20 35 45
rubber A-1 | o ' 10
A-2 30

average molecular 720 660 1000 860. 500 920 2100 1070 720
weight _

curing agent :
DDH . (*8) 14 16 10 12 24 16 14 13 14
PAA (*9) | '
polythiol (*10)

cure accelerator

A (*11) 2 2 2 2 2 2 2 2
B (*12) . ' 2
| filler _
alumina : 10 10 10 10 10 . 10 10 10 10-
thixotropic agent ' '
AEROSIL (*13) 5 ° 5 5 5 5 5 5 5 5
- 25
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"Table 2

~epoxy resin
epoxy resin A (*1)
epoxy resin B (*2)
~epoxy resin C (*3)
epoxy resin D (*4)

polysulfide modi-

fied epoxy resin
A (*5)
B (*6)
C (*7)

rubber A-1
A-2

average molecular
weight

curing agent .
DDH’ (*8)
PAA , . (*9)
polythiol (*10)

- cure accelerator

-26-~

unit: portion

Comparative Examples
1 2 3 4 5 6 7 8

85 | o 85 85

85
85 100 70 55

26
15 15 15 15 15

30 30
470 660 580 500 1250 1330 470 470
25 16 25 17 17 16

117
214 .

A (*11) 2 2 2 2 2 2
B (*12)
filler . .
alumina 10 10 10 10 10 10 10 10
thixotropic agent '
AEROSIL (*13) S 5 5 5 5 5 S )
: : , ' = : _
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*1: bisphenol F/epichlorohydrin polycondensatlon type epoxy
resin
tradename: EPICLON 830S, available from DAINIPPON INK
AND CHEMICALS, INC. '
average molecular weight 380
epoxy equivalent 185~195g/eq
*2: bisphenol A/eplchlorohydrln polycondensation type epoxy
resin
tradename: Epikote 1004, available from Yuka Shell
Epoxy Co., Ltd.
average molecular welght 1,600
epoxy equivalent 875~9759/eq
- %3 chain epoxy resin
tradename: Adeka Resin EP-4000, available from ASASHI
DENKA KOGYO K.K. .
average molecular weight 650
epoxy equivalent 310~340g/eq
*4: urethane modified epoxy resin
tradename: Adeka Resin.EPU-11, available from ASAHI
DENKA KOGYO K.K.
average molecular wéight 500
epoxy equivalent 285~335g/eq
*5: polysulfide modified epoxy resin, FLEP-10
available from Toray Thiokol Co., Ltd.
average molecular weight 720
epoxy equivalent 330~390g/eq
*6: polysulfide modified epoxy resin, FLEP—SO‘
available from Toray Thiokol Co., Ltd.
average molecular weight 660
epoxy equivalent 300~360g/eq
*7: polysulfide modified epoxy resin, FLEP-80
available from Toray Thiokol Co., Ltd.
average molecular weight 1,000
epoxy equivalent 450-~550g/eq
*8: dodecanoic diacid dihydrazide
*9: polyamideamine
tradename: Versamid 125
available from Henkel Hakusui Corp.
amine value 330-~360mg-KOH/g
*10: polythiol (mercaptan)
tradename: ATO CX-1, ATCHEM JAPAN
SH value 6.70 mg-KOH/g - :
*11: 3-p-chlorophenyl-1,1l-dimethylurea
- available from Tokyo Kasei Kogyo Co., Ltd.
*12: 3-phenyl-1,l-dimethylurea :
available from ACI Japan Ltd.
*13: AEROSIL #200 (tradename), available from Nlppon
Aerosil Co., Ltd.
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Table 3
opera- bond strength (kg/10mm) f£flexi- electric
bility : bility property"
Ohrs 3hrs S5hrs (coeffi-
' cient)
Example 1 o 2.4 2.4 2.2 o 1.72
' 2 o 2.2 2.1 1.6 o 1.82
3 o 2.3 2.0 1.5 le) 1.91
4 o 2.9 2.7 2.7 o 1.78
5 A 1.4 1.3 1.2 A~O 2.23 .
6 A 1.2 1.3 1.1 A~O 2.19
7 o 3.7 3.4 3.1 o 1.58
8 o 3.1 3.0 . 2.6 o 1.64
9 o 2.5 2.3 2.2 le) -1.83
Compara- -
tive
Example 1 o .0.8 0.5 0 X~A -
2 o 0.7 0.6 0.2 X -
3 e 0.4 0.2 0 x -
4 A 0.1 0 0 X -
5 o 0.5 0.3 0.3 X 5.89
6 o 0.3 1.2 1.0 X~A 3.65
7 x 0.3 0 0 x -
8 X 0.4 0 0 x -
B.N.: "-" denotes a test impossible status due to breaking after

keeping for 500 hours in atmosphere of 80°C and 95%RH.
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1. A ;'esin composition for sealing liquid crystal

CLAIMS -29-
cells comprising as principal ingredients (1) epoxy
resin containing.a polysulfide modified epoxy resin,

5 (2) hydrazide conpounds_and (3) fillers. I .
2. A resin composition according to 'claim 1,
wherein the entire epoxy resin contains said
polysulfide modified epoxy resin by 20 to 100% by
weight.

10 3. A resin composition according to claim 1l or claim
2, wherein said polysulfide mod;fied epoxy resin is-
expressed by general fofmula (1)

CH,-CH-R'-R?>-R?*-CH-CH, ' (1)

15 wherein each of R' and R’ represents at least one
‘organic group . selected from a group consisting. of
bisphenol structures, aliphatic oxyether structures
and aliphatic thioether structures and R? represents a
polysulfide structure expressed by ;(CZH,OCHZOCZH4S,)n—,

20 where ‘'m represents the number of sulfur .atoms
contained in a polysulfide strncture, which is 1 or 2,
and n represents the average number of polysulfide
structnres_contained in the above formula, which is
between 1 and 50.

25 4. A resin composition according to any one of the
preceding claims, wherein the average molecular weight
of the entire epoxy resin is between 300 and 3,600.
5. A resin coﬁposition according to any preceding
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claim wherein the epoxy resin contains rubber which is
a graft-copolymer of epoxy resin.
6. A resin composition according to claim 5, wherein

fine particles of rubber of an acrylester type, a

thereof having a particle diameter of 0.01 to 5um are

dispersed in the epoxy resin. .

7. A resin composition according to. claim 5 or claim
6, wherein the epoxy resin containé rubber by 2 to 30%
by weight.

8. A resin composition according to any preceding
claim further containing a cure accelerator that is a
urea compound.

9. A resin composition according to 9laim 8, wherein
the cure accelerator is expressed by general formula

(3)
x—<(:j_>--m1-co-1~z(cn3)2 B C(3)

(where X is a hydrogen or chlorine atom). .
10. A resin composition according to claim 9
containing 0.2 to 5% by weight of the urea compound.

1l. A film-made 1liquid crystal cell prepared by

applying a resin composition according to any one of

the preceding claims. to film-made cell substrates,

precuring the resin composition and thereafter hot-

T -

silicone type, a conjugated diene type or a mixture -

curing it to bond the substrate.
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