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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 

10 rel:i.ably operated in severe environments. It also relates 

to a film-made liquid crystal cell realized by using such 

a resin composition. 

In recent years, liquid crystal dispiay!3 have become 

marke~ly popular in response to the rapid development of. 

15 doW!l-sized personal computers, audio equipment, 

instruments, .color television sets and other electronic 

appliances. A liquid crystal display consumes less energy 

and requires less drive force than a cathode ray tube (CRT) 

so that .i.t all.ows· r~duct.i.on of size, weight and cost, wh.i.le 
-~-

20 it can pro.duce clear: and sharp .·images better than a CRT 

even in the;· sunlight-.". ···Because ()f these advantages, the 
. ' . ~ 

scope of.application"of·.1iqUid crystal display {hereinafter 

referred ·to as i.co) .· has been constantly expanding. 

' 
·Particularly, tremendous efforts have been paid to develop 

25 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 

5 firmly bonded together to provide an enhanced degree of 

hermeticity. Therefore, they must be physically and 

chemically stable and resistant against moisture and heat. 

Currently, a cell comprising glass substrates and 

10 liquid crystal is prepared typically by bonding upper and 

lower substrates by means of a one-liquid hot-cure type 

epoxy ·adhesive, injecting liquid crystal in a highly vacuum 
. . 

condition ~nd sealing the remaining hole by means of a UV 

{ultraviolet) ..;,light-cure type or two-liquid cold-cure· type 

15 resin. Improved and highly efficient one-liquid hot-cure 

type adhesives are currently available and, therefore, 

there are practically no technological troubles for bonding 

glass substrates. 

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

20 ·two-liquid type epoxy adhesive are used for bonding film 

substrates.· However, a one-liquid hot-cure type epoxy 

adhesive is originally designed to bond glass substrates 

and, once cured, it becomes so hard that it is scarcely 

capable of wi~hstanding bending force and adapting itself 

25 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· 

relatively .short pot life and does not have satisractory 

ph.ysical and chemical stability to the moisture and the 

5 heat ·Of the prepared cell. Sealing materials containing 

flexible epoxy resin as a principal ingredient such as a 

polyol type epoxy resin or a urethane ttpe epoxy resin, 

have been studied, although such materials are not 

particularly adhesive to film and, to some extent, lack 

10 physical and chemical stabil·i ty to the moisture and the 

heat of the 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 

15 film-made liquid crystal · cells, ·including one using 

thermoplastic resin varnish for dissolving the surface of 

substrates and bonding them by·applying heat and pr'essure 

thereto {Japanese Patent Application Laid-open No. Shau 

57-32669), one using a double bond.ing technique, ·where 

20 substrates are bonded together by ineans of a silicone resin 

25 

. . 

. type substance 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 described circumstance·s, it is 

therefore an object of the present invention to provide a 

5 resin composition for sealing liquid crystal cells that is 

10 

relatively ea~y to use, adhesive to film substrates and 

flexible so that it may be adapted to thermal deformation~ · 

of the substrates, yet which may be physically and chemically stable 

to the moisture and the heat of the substrates •. 
• 

Another object of the present invention is to provide 
. 

a film-made liquid ccystal cel1 used the resin composition. 

As a· result of intensive research effo+ts of the 

inventors of the present invention, the above object and 

other objects of the invention are achieved by providing 

15 a resin composition comprising epoxy resin that contains 

20 

a polysulf ide modified epoxy resin having a polysul£ide 

structure where a plurality of sulfur atoms ~re directly 

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

present at each end of the molecule. 

A resin composition according to the present ;invent.ion 

comprises as principal ingredients epoxy resin conta~ning 

a polysuifide modified epoxy resin, at least one of 

hydrazide compounds and at least one of ·fillers, to which 

25 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 reduces the time required for curing at 

low temperature. 

Now, the specific formulations of the resin 

composition according to the invention will be described 

below. 

Preferably1 epoxy resin to be used for the purpose.of 

the invention contains a· poly.sulfide modified epoxy resin 

expressed by general formula {1) 

1 2 3 CH -CH-R -R -R -CH-CH 
\2 / \I 2 

(1) 

0 0 

(where each of R1 and R3 represents at least one organic . 

group selected from a group consisting of bisphenol 

15 structu+es, aliphatic oxyether structures and aliphatic 

thioether structures and ·R2 represents a polysµlfide 

structure expressed by -{ C2H4 0CH20C2H4S.) n - , wherein m 

represents the average number of sulfur atoms contained in 

a polysulfide structure, which is 1 or 2 1 and n represent·s 

20 the average number of polysulf ide structures contained in 

the above formula, whioh is between 1 and 50) by 20 to 100% 

by weight, preferably 50 to 95% by weight, and two or more 

than two epoxy groups in a molecule1 and the average 

molecular weight of the entire epoxy resin is preferably 

25 between 300 and 3,000. 
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Organic groups selected from a group of bisphenol 

. 1 3 
structures for R and R in formula ( 1) may include, but 

. . 
not limited to, bisphenol A, · bisphenol F, bisphenol AD, 

bisphenol S as well as alkylated, allylated, acylated and 

5 halogenated compounds of them. If the organic groups 

represented by R
1 and R

3 do not comprise a bispheriol 

structure, they comprise either· an aliphatic oxy~ther 

~tructure or an aliphatic thioether structure. 

Additionally, a polysulfide modified epoxy resin to 

10 be preferably used for the purpose of the present invention 

15 

is a disulfide having epoxy groups at the ends . and 

expressed by general formula (2) 

CH2CHCH2S-( C2H40CH20Ci1f:4SS) -C2H40 
\/ p ~ 

0 CH2CHCH2SC2H40CH2 
\/ . 

0 

{2) 

wherein p represents the average number of disulfide 

structures comprised in a molecule, which is between l and 

15. 

Examples of polysulfide modified epoxy resin expressed 

20 by general formul.a (1) above include, if m=2,. FLEP-10, 

FLEP-50, FLEP-60 and FLEP-80 (tradenames: all available 

from Toray Thiokol Co., Ltd.) 

In addition to polysulfide modified epoxy resins, 

epoxy resins that can be used for the purpose of the pres_ent 

25 invention include: 

1ili1iU1iiUr 
• 
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(1) polycoridensation resins obtained through 

polycondensation .of a compound_ selected from groups 

consisting of <1> bisphenols such as bisphenol A and 

bisphenol F, <2> novolak resin obtai_ned .by addi ti9n 

5 condensation of. phenol or cresol and formaldehyde, <3> 

hydroxy compounds such as tetrahydroxyphenyl methane and 

resorcino1, <4> amines such as diaminodiphenyl methane, 

aniline and xylilenediamine, <5> polyhydric alcohols such 

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

10 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 ~s epichlorohydrin or epibromohydrin and res1ns 

obtained throug_h · halogenation of such polycondensation 

15 resins as well as a polycondensation resins obtained 

. through polycondensation of a compound selected from the 

groups <1> through <7> above and a methylepihalohydri:n such 

as methylepichlorohydrin and resins obtained through 

halogenation of such polycondensation resins, 

20 (2) epoxidated aliphatic acids such as epoxidated soy 

bean oil and its derivatives, 

(3) epoxidated diene polymers such as epoxidated 

polybutadiene and epoxidated polyisoprene, 

(4) aliphatic epoxy resins such as 3,4-epoxy-6-

25 methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane 

THIS SHEET HAS BEEN I 
REPLACED 



( 

. 5 

-8-

carbonate and bis(2,3-epoxycyclopentyl)ether and 

( 5) epoxy resins made flexible through addition of 

methylene bis(4-phenylisocynate),. tolylenediisocyanate, 

hexamethylenediisocyanate or isoholondiisocynate . 

Any of these resins may be used alone or in 

combination with at least one of the remaining candidate 

resins. 

When the polysulf ide modified epoxy resin occupies 

less than 20% by weight of the total weight of the entire 

· 10 epoxy resin co~tained in a composition according to the 

invention, the cured product · to be obtained may be too· 

hard or, if not too hard, poorly adhesive to film 

substrates with markedly reduced physical and chemical 

stabi.lity. • 

15 The reason why the average molecular weight of the 

entire epoxy resin is preferably held .between 300 and 3, 000 

is that, i.f it is below 300, the cured product - to be 
,, 

obtained may tie too hard and poorly adhesive to the 

components of the cell to acquire a desired level of · 

20 physical and chemical stability. 

If, on the other hand, the average molecular weight 

of the entire epoxy resin exceeds 3, 000, it may become 

poorly resistive to heat and lose any physical and chemical 

stability. Preferably, the average molecular weight of the 

25 epoxy resin is between 700 and 2,000.· 
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For the purpose of the present invention, at least one 

of hydrazide compounds may be selected for use from (1) 

monobasic acid hydrazide compounds such as salicylic acid 

hydrazide, p-oxybenzoic acid hydrazide, 

5 phenylaminopropionic acid hydrazide, !auric acid hydrazide 

and the like, ( 2) dibasic acid hydrazide compounds ~uch as 

succiriic acid dihydrazide, adipic acid dihydrazide, . 

isophthalic acid dihydrazide, dodecanoic di acid 

d:i.hydrazide, carbohydraz:i.de, sebacic acid dihydrazide, 

10 thiodiprop:i.onic acid dihydraz:i.de, furandicarbon:i.c acid 

dihydrazide, cyclohexanedicarbonic acid dihydrazide and the 

l:i.ke. Of these, dibasic acid hydrazide _compounds are 

particula~ly·suited for the present invention. 

Any of these hydrazide compounds works as a curing 

15 a~ent for epoxy resin and, wheri. mixed with epoxy re~in,. the. 

mixture serves as a one-liquid type epoxy adhesive because 

it can be stably stored at room temperature.• Neverth~less, 

these hydrazide compounds can start curing a one-liquid· 

type epoxy adhesive at lower temperature and show a better 

20 resistivity against.heat, cold and moisture than any other 

curing agents that are conventionall.y used for a one-l.iquid 

type epoxy adhesive such as dicyanodiamide and boron 

trif 1.uoride. . At least one of these hydrazide compounds are 

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

25 group to a mol. of epoxy group .of the epoxy resin contained 
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in the agent. For mixing the two ingredients, a 

triple-roll mixer may preferably be used for knead~ng the 

mixture in order to .evenly and· finely disperse the 

hydrazide compound or compounds that are normally solid. . 

5 Fillers. that' can be used for. the purpose of the 

present invention include (1) inorganic fillers including 

carbonates such as calcium carbonate and.· magnesium 

carbonate, sul.fates such as barium sul.fate, magnesiu~ 

sulfate, sil.icates such as aluminum silicate and zirconium 

10 silicate, oxides such as iron oxide, titanium oxide, 

15 

aluminum oxide (alumina), silicon oxide (silica) and zinc 

oxide,. and kaolin, talc, asbestos powder, quartz powder, 

mica and glass fiber and the like (2) organic fillers such 

as polyethylene powder, 

polyvinyl.chloride powder, 

polypropylene 

poiystyrene 

powder, 

powder, 

polyvinyl.acetate powder, polystyrene-polyvinyl.acetate 

-copolymer powder, polymethacrylate powder, polyurethane 

powder, polyester powder, urea.resin powder, phenol resin 

powder,. epoxy resin powder and the like. For the purpose 

20 of the invention, at least one of these fillers may be 

selected for use. 

While the rate at which at least one of the above 

listed fillers are added varies depending on the chemical 

constituti~n of _the resin composition to·be prepared and 

25 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 toe fillers are 

below 1 weight portion, the prepared product might not be 

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

patterns might not always be desirable and become 

inoperative. If, on the other hand, it exceeds 100 weight 

portions, app1y~ng by means of screen-printing can be 

obstructed. For mixing fillers with a mixture of epoxy 

resin and at least one of hydrazide ~ornpounds, a 

10 triple-roll mixer may preferably be used for kneading the 

mixture and pulverizing th~ fillers to fine particles in 

·order to avoid clogging a screen at the time of screen-

printing operation. 

Any_ rubber that can be graft-copolymerized·with epoxy 

15 resin at: the above identified. type so that rubber particles 

are dispersed in the resin layer formed and can have a 

so-ca1led sea/islands structure when a resin composition 

for ·sealing liquid crystal cells according to the invention 

is . cured may be suitably u:sed for the purpose 0£ the 

20 inventio~. 

For the purpose of the present invention, . rui:>ber 

particles may be dispersed into epoxy resin or, 

alternatively, they may be dissolved into epoxy resin and 

thereafter deposited when the latter . is cured. Still 

25 alternatively, rubber particles may be produced in the 

- 1 ~ 
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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-popolymer or a copolymer of epoxy resin because 

the particle size of rubber particles can be. controlled 

5 with such a technique. However, any of these techniques 

can disperse rubber particles in a stable manner as they 
. . 

cause rubber and epoxy resin to interact with each other 

at the interface. If rubber and epoxy resin do not 

interact at the interface, the former· is apt to agglomerate 

10· after having been cured and damage the reliability of the 

product. If, on the other hand, rubber is appropriately 

cross-linked, rubber particles are highly res.istive against 
. 

deformation that maybe given rise to by the curing stress • 
. 

Rubl:>er to be suitably used for the purpose of the 

15 invention is preferably of acrylester, ·silicone, conjugated 

20 

diene, olefin, polyester or urethane type and more 

preferably of acrylester, silicone or conjugated- diene 

type. Rubber of any of these types may be used alone or 

in combination with rubber of any other types. 

Acrylester type rubber may be used for the purpose of the 

invention in the form of particles that can be prepared by . 

drying core shell em~lsion of _the rubber or by means of a 

method of manufacturing an acrylic acid ester polymer as 

disclosed in Japanese Patent Application ~aid-open No. Shou 

25 55-16053 or a method of manufacturing a graft-copolymer of 
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thermosetting resin and a vinyl polymer as disclosed -in 

Japanese Patent Application Laid-open No. Shau 55-21432, 

of which the latter method is preferable in terms of 

dispersion technique and 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 ·c Japanese. 

Patent Applications Laid-open Nos. Shou 60-72957 and Hei 

3-170523). According to oz:ie of the methods, double bo~(j.s 

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

react with silicone containing active hydrogen atoms 

capable of reacting with double bonds to form a 

gl;'."aft-polymer, and then in the presence of the graft-

polymer silicone monomers· are polymerized.· Whe:r;eas, with 

15 the other method, ~ouble bonds are formed in.epoxy resin 

which is caused to react with silicone monomers having 

vinyl groups that are active for polymeri·zation to p-roduce 

a graft-polymer, and then in the presence of the graft-

polymer silicone rubber monomers a·re polymerized. However, 

20 methods that _produce grafted products without utilizing 

fine silicone rubber· particles and prepare rubber particles 

after· the product~on of grafted products are preferable 

because such methods can control the size of rubber 

particl.es and prevent any undesired rise ·in the viscosity 

25 of the product obtained after dispersing fine particles. 
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Thus, such methods are advantageous for screen-printing a 

resin composition according to the invention. With. these 

methods, rubber particles and epoxy resin interact with 

each other at the interface thereof to disperse the former 

5. 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 having been cured and to damage· the reliability of 

the p~oduct. Additionally, it is desired to be selective 

10 in the use of monomers because rubber particles are highly 

res.istive against deformation that may be given rise to by 

the curing stress if.the rubber is appropriately gelled. 

The above-description also holds true for acryl ester type 

rubber and, ~herefore, it is preferable to use monomers 

15 hav.ing glycidyl groups or polyvinyl groups to an 

20 

appropriate proportion~ 

Conjugated diene type rubber may be produced through 

pol-ymerization or copolym~rization of monomers of 

1,3-butadiene, 1,3-pentadiene, isoprene, 1,3-hexadiene or 
• 

chl.oroprene. Rubber articles of this type are also 

commercial~y available. A copolymer of butad.iene and 

acry.:,_onitrile which has carboxyl groups or amino groups at 

the ends of the molecule is part.icularly advantag~_ous in 

that it can dissolve in epoxy resin and rubber is deposited 

25 at the time of curing so that particles of the proauced 

·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 produced rubber with this technique when compared with 

the two methods described above (using acryl ester type 

5 :i;ubber 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 diameter between 0. 01 

and 5.µm, more preferably between 0.01 and 2 µrn and are 

10 dispersed throughout the product to show a so-called 

sea/isl.ands structure. If the average particle size is 

found out of the above defined range, the obtained product 

may be short of reliabiiity and-satisfactory performance. 

Rubber is contained in the entire epoxy resin (containing 

15 rubber) norma1ly by Oto 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 hu~id atmosphere, whereas "if the content 

exceeds 30% by weight, the ~repared resin composition may show 

20 an inappropriately high level of viscosity to reduce the 

effic.iency with which the composition is screen-printed 

and, in some cases, degrade its bond strength after a 

pre1iminary drying pro9ess. Rubber-of any of the above 

described types may be used alone or in' combination with 

25 rubber of any other types. 

i~iiui~f 
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A cure accelerator which may be used for the purpose of the 

present invention is 3-phenyl-1,1-dimethylurea or 

3-p-chlorophenyl-1,1-dimethylurea and expressed by general 

formula ( 3 r below. 

x-@-NH-CO-N( CH3 ) 2 

(where X is a hydrogen or chlorine atom·) • 

(3) 

For the purpose of the invention, the cure accelerator 

may be contained in a resin composition according to the 

invention by 0 to S% by weight and preferably-by 0.2 to 3% 

10 ·by weight. I·f the content of the cure accel.erator fall.s 

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 

exceeds 5% by weight, it can quickly cure the composition, 

15 but it may adversely affect the moisture resistivity and the 

reactivity with liquid crystal. of the composition. 

20 

25 

For the purpose of the invention, any known additives 

may be used with a resin co~posi tion according to the 

invention if they do not adversely affect the effect of the 

compositi()n. Additives that can be used with a resin 

composition according to the invention include coupl.ing 

agents, sol. vents, thixotropic agents, pigments, dyes, 

plasticizers, leveling agents, defoaming agents and 

reactive dil.uents. 

A typical method of manufacturing liquid crystal .cells 

i11i i1ii1irii THIS SHEET HAS BEEN 
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by using a resin composition according to the invention 

will be described below. 

Cell substrates to be used with a resin composition 

according to the invention are made o~ a material selected 

5 from (1) crystalline thermoplastic resin materials such as 

polyethyleneterephthalate(PET), polybutyleneter~phthalate 

(PBT) I nylon (e.g. I 6-6 Ny), polyacetal (POM), 

polyphenylenesulfide (PPS?, polyetheretherketone (PEEK), 

liquid-crystalline polyester (LCP) and thermoplastic 

10 fluorine resin, ( 2) non-crystall.ine 'thermopl.astic resin 

materials .' such as polycarbonate (PC), modified 

polyphenyleneoxide (modified PPO), polyarylate (PAR), 

polysulfone ( PSF) ·, polyethersulfone ( PES) , polyetherimide 

{PEI) and polyamideimide (PAI) and (3) non-thermoplastic 
•. 

15 res;in materials such as pol.ytetrafl.uoroe.thyl.ene ( PTFE), 

pol.yimide {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 

20 . for the operation of the produced liquid crystal cell. The 

surfaces of the substrates may be treated by a surf ace 

treating agent · such as a silane coup.1ing agent. 

Additionally, their surfaces to be used for the· liquid 

crystal cell may be attached with the transparent 

25 electrodes and the orientation films. 

- 17 -
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; A resin composition comprising 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 agent (spacer) is added to provide a 

5 desired gap, is applied to one of cell. substrates· to a 

thickness approximately ~wo to three times greater than the 

intended thickness of the compos~tion by means of screen-

printing, relief printing or a dispenser and precured in 

a dryer. Thereafter, another substrate to be used for the 

10 cell are bonded. together and then the aggregate is heated 

.and cured by means of a dryer, a hot plate, a heater block 

or an infrared heater while applying pressure to the 

substrates by a collet or a vacuum pin. 

A precuring process which may be u~ed for the purpoa! of the 

15 present invention comprises steps of evaporating any 

solvents and moisture contained in the· resin composition 

and subsequently carrying out a leveling operation so that 

the resin composition may fit well on the adhesion areas 

of the substrate to be bonded together. The precuring 

20 process is t'ypica1ly conducted in constantly £lowing air 

at temperature between room temperature and 130°C for a 

period of time between 5 minutes and 6.hours, although.it 

is preferably conducted at temperature between 60 and 110 ° C 

for a period of time between 10 and 60'minutes from the 

25 viewpoint of cost effectiveness. 
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A hot-cure ( postcure) process to be used for the 

purpose of the present invention is designe~ to cause the 

epoxy resin and the hydrazide compounds of a resin 

composition to sufficiently react with each other for 

5 curing and to bond the cell substrates together by the 

10 

resin composition. The hot-cure process is typically 

conducted in constantly flowing air at temperature between 

90 and 150°C fo~ a period of ~ime between 5 and 180 minutes 

and preferably at temperature between·lOO and 130°C for a 

period of time between 30 and 120 minutes. 

Examples 

Now, the present invention will be described further 

by referr~ng to a number of examples where resin 

compositions according to the invention were prepared and 

15 liquid crystal cells were prepared by using the resin 

composition. Note that "portion" and "%" in the following 

description are those expressed in terms of weight. 

The prepared specimens of resin composition for 

sealing liquid crystal cells and those of liquid crystal 

20 panels were evaluated for the fol~owing 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 liquid · 

crystal panel including screen printing, precuring, bonding 

25 and postcuring. The following three ratings were used. 

1ifi~iflf THJS SHEET HAS amm 
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;;· x ••• poorly operable, A ••• operably but not 

satisfactorily, o ••• excellently operable 

( 2 ) bond strength: This p~operty of each specimen was 

determined as follows. Each specimen was ·applied on a 

5 t'irst film substrate (PET, lOOmm(width)xlOOmm(l.ength)xO.lmm 

(thickness)) by screen printing, precured at 90°C for 20 

10 

minutes and then cooled to ambient temperature. A second 

fil.m substrate (PET, O.lm~ thick) was bonded thereto and 

the two .substrates were pressed·against each other by a 

press jig and postcured at 120°c for 90 minutes·. The 

combined substrates were then cut to produce ten lOmm wide 

test pieces (100mm(length)x10mm(width)). The screen 

printing was conducted in such a way that the specimen was 

applied to each test pieces to occupy an area of lmmx50mm . 
15 with a thickness of 5 µm at the center. I·mmediately after 

preparing the test pieces and after they were immersed in 

boiled water for 3 to 5 hours, t~ey are tested for T-peel 

test according to JIS-K-6854. 

(3) flexibility: Each of the above pieces was bent and 

20 loaded with a lkg weight for 10 seconds to see if any 

25 

breaking was . observed at the bent secti·on. If no~, the 

pieces was bent to the reverse side and subj ~cted to a 

second load test. The above procedures were repeated. 

whenever necessary. The following five ra'.tings 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: Immediately after preparing liquid 

5 crystal panels and after·they were exposed to an atmosphere 

10 

of 80°C and 95%RH for 500 hours, an electric current was 

made to run between the terminals o~ each specimen to see 

i~s ra~e of change (coefficient). 

Svnthesis·Example 1 

A· following rubber substance was synthetically 

prepared as an ingredient of a specimen. 

A 12 portions of acrylic acid and a 1 portion . of 

triethylamine were added to a 600 portions of bisphenol F 

type epoxy resin prepared from bisphenol F and 

15 epichlorohydrin (EPI9LON 830S: tradename, available from 

DAINIPPON INK AND CHEMICALS, INC. ) , which were then caused 

to react mutual;ty by heating to 110 ° C for 5 hours to 

produce a 613 portions of epoxy· resin containing acrylic 

group. Subsequently, a 350 portions of butylacrylate, a 

20 20 portions of · glycizdylmethacrylat~, ~ 1 . portio:r,t of 

divinylbenzene, a l portion of azobisdimethylvaleronitrile 

and a 2 portions of azobisisobutyloni tr.ile 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 ~or an 

25 hour to produce a graft-polymer of epoxy resin and 
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acryleste~. Fine particles of the polymer (A-1) had an 

average particle. ~ize of 0.05 µm and presented a so-called 

sea/ islands structure. The epoxy equivalent and the rubber· 

content of the polymer were respectively 305g/eq and 37. 9%. 

5 Synthes~s Example 2 

10· 

A 613 port~ons of epoxy resin containing acrylic group· 

were prepared, fo1lowing the former half procedures of 

Synthesis . Example 1. Subsequently, a 5 portions of 

hydroxyethylacrylate, a 10 portions of butylacrylate and 

a 2 portions of azobisisobuty.lonitri.le we;re added to the . . 

above epoxy resin and.a polymerization process w~s 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 

acrylester. . Then, a 70 portions of a si1icone intermediate 

15 having a methoxy group in each m<;>lecule 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·hours fo~ reaction to pro~uce a 

silicone modified epoxy resin. Fine particles of· the 

20 obtained polymer (A_;,2) had an average particle size of. 

3. 5µm and presented a so-cal.led sea/islands structure. ·The 

epoxy· equivalent and the ·rubber content of the polymer were_ 

25 

respectivel,y 281g/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 triple-roll mixer for each example until the 

particles of the fillers·and·curing agents became smaller 

than lOµm in diameter. Then, a 100 portions of the kneaded 

5 material and ~ 3 portions of a spacer agent (milled fiber 

with a particle diameter of Sµm) were mixed well at room 

temperature to obtain a specimen of resin composition for 

sealing liquid crystal cells. Each specimen was applied 

on a first film substrate (PET, O. lmm (thickness) ) by 

10 screen printing, precured at 90°~ for 20 minutes and then 

cooled to ambient temperature. A second film substrate 

(PET~ O.lmm thick) was bonded thereto and the two 

substrates were pressed against each other by a press jig 

and postcured at 120°C for 90 minutes to ·produce a blank 

15 panel (liquid crystal cell). Then, biphenyl type liquid 

crystal was poured into the blank panel through.·a sealing 

hole, which was subsequently sealed with STRUCT BOND ES-302 

( tradename: two-1.iquid cold-cure type epoxy resin available 

from MITSUI TOATSU CHEMI~LS,. INC.) to produce a finished 

20 film-made crystal panel. 

The obtained specimens of resin composition for 

sealing liquid crystal cells and the liquid crystal panels 

were evaluated by the above d:escribed 'tests. Table 3 shows · 

the results of the tests on these specimens and panels. 

25 Comparative Examples 1 through 8 
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Corriparati ve specimens of resin composition for sealing 

liquid crystal . cells and liquid crystal panels were 

prepared by using ingredients as listed in Table. 2 and the 

process as described above for Examples 1 through 9.. The 

5 obtained specimens and panels were evaluated by the above 

described tests. Table 3 also shows the· results of the 

tests. 
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Table 1 

epoxy resin 
·epoxy resin A (*l) 
epoxy resin B (*2) 

-epoxy resin c (*3) 
epoxy resin D (*4) 

polysulfide modi-
f ied epoxy resin 

A (*5) 
B (*6) 
c (*7) 

rubber A-1 
A-2 

average molecular 
weight 

curing agent 
DDH 
PAA 
polythiol 

(*8) 
(*9) 

(*10) 

cure accelerator 

filler 

A (*11) 
B (*12) 

alumina 
thixotropic agent 

AEROSIL (*13) 

-25-

Examples 
1. 2 3 4 5 

80 

100 50 
100 

100 50 20 

720 660 1000 860 500 

14 16 10 12 24 

2 2 2 2 2 

10 10 10 10 10 

5 ·. 5 5 5 5 

- 25 

unit: portion 

6 7 a. 9 

40 
40 

35 ·45 100 
20 

35 45 

10 
30 

920 2100 1070 . 720 

16 14 13 14 

2 2- 2 
2 

10 10 10 10· 

5 5 5 5 
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Table 2 

.epoxy resin 
epoxy resin A (*1) 
epoxy resin B (*2) 
epoxy resin c (*3) 
epoxy resin D (*4) 

polysulf ide modi-
f ied epoxy resin 

A (*5) 
B (*6) 
c (*7) 

rubber A-1 
A-2 

average molecular 
weight 

curing agent 
DDH" 

PAA 
po1ythio1 

cure accelerator 
A 
B 

filler 
alumina 

thixotropic agent 

(*8) 
. (*9) 
(*10) 

(*11) 
(*12) 

AEROSIL (*13) 

-26-

1 2 

85 

85 

26 

15 

470 660 

25 16 

2 2 

10 10 

5 5 

unit: portion 

Comparative_Examples 
3 4 

85 100 

15 

580 500 

25 17 

2 2 

10 10 

5 5 

5 6 7 8 

85 85 

70 55 

15 15 15 

30 30 

1250 1330 470 470 

17 16 
117 

214' 

2 2 

10 10 10 10 

5 5 5 5 
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*1: bisphenol F/epichlorohydrin polycondensation type epoxy 
resin 
tradename: EPICLON 830S, available from OAINIPPON INK 
AND CHEMICALS, INC. 
average molecular weight 380 
epoxy equivalent 185-195g/eq 

*2: bisphenol A/epichlorohydrin polycondensation type epoxy 
resin 
tradename: Epikote 1004, available from Yuka Shell 
Epoxy Co. , Ltd~ 
average molecular weight 1,600 
epoxy equivalent 875-975g/eq 

· *3: chain epoxy resin 
tradename: Adeka Res~n 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 weight 500 
epoxy equivalent 285-335g/eq 

*5: polysulfide modified epoxy resin, FLEP-10 
available from Toray Th~okol Co., Ltd. 
average m9lecular weight 720 
epoxy equivalent 330-390g/eq 

*6: polysulfide modified epoxy resin, FLEP-5Cf 
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: ~-p-chlorophenyl-1,1-dimethy~urea 

· ava:ilable from Tokyo Kasei Kogyo Co. , Ltd. 
*12: 3~phenyl-l,l-dimethylurea 

available from ACI Japan Ltd. 
*13: AEROSIL #200 (tradename), available from Nippon 

Aerosil Co., Ltd. 

-- 27 . 
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Table 3 

opera- bond strength (kg/lOmm) flex.j.- electric 

bility bility property· 

Ohrs 3hrs 5hrs (coeffi-
cient) 

Example 1 0 2.4 2.4 2.2 0 1.72 

2 0 2.2· 2.1 1.6 0 1.82 

3 0 2.3 2.0 1.5 0 1. 91 

4 0 2.9 2.7 2.7 0 1.78 

5 .A. 1.4 1.3 1.2 .A.-0 2.23 

6 .A. 1.2 1.3 1.1 .A.-0 2.19 

7 0 3.7 3.4 3.1 0 1.58 

8 0 3.1 3.0 2.6 0 1.64 

9 0 2.5 2.3 2.2 0 1.83 

Compara- · 
tive 
Example 1 0 0.8 0.5 0 x-.A. 

2. 0 0.7 0.6 0.2 x 

3 0 0.4 0.2 0 x 

4 A 0.1 0 0 x 

5 0 0.5 0.3 0.3 x 5.89 

6 0 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. : · "- 11 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 resin composition for sealing liquid crystal 

cells comprising· as principal ingredients ( 1) epoxy 

resin containing a polysulfide modified epoxy resin, 

5 (2) hydrazide compounds and (3) fillers. • 

2. A resin c6mposi tion according to claim 1, 

wherein the entire epoxy resin contains said 

pol_ysulfide modified epoxy resin by 20 to 100% by 

weight. 

10 3. A resin composition according to claim 1 or claim 

2, wherein said polysulfide modified epoxy resin is 

e~pressed by general formula (1) 

CH -CH-R1-R2-R3 -CH-CH 
\2 I . ""- t2 

0 0 

(1) 

15 wherein each of R1 and R,3 represents at least one 

· organic group selected from a group consisting . of 

bisphenol structures, aliphatic oxyether structures 

and aliphatic thioether structures and R2 represents a 

polysulf ide structure expressed by :... ( C2H40CH20C2H4Sm) n - , 

20 where ·m represents the number of· sulfur atoms 

contained in a po1ysul.fide structure, which is 1 or 2, 

and n represents the average number of polysulfide 

structures 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 3,000. 

5. A resin composition according to any preceding 
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claim wherein the epoxy resi~ contains rubber which is 

a graft-copolymer of epoxy resin. 

6. A resi"n composition according to claim 5, where:i.n 

fine particles of rubber of an acrylester type, a 

5 silicone type, a conjugated diene type or a mixture 
•. 

thereof having a parti~le diameter of 0.01 to Sµm are 

dispersed in. the epoxy resin. . 

7. A resin composition according to.claim 5 or claim 

6, wherein the epoxy resin contains rubber by 2 to 30% 

10 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 claim 8, wherein 

15 the cure accelerator is expressed by general formula 

(3) 

x-@-NH-CO-N( CH3 ) 2 (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. 

20 11. A film-made liquid 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-

curing it to bond the substrate. 

30 
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