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DESCRIPTION 

BARRIER COMPOSITE FILMS 

AND A METHOD FOR PRODUCING THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to a barrier compos-

ite film (gas barrier composite film) having improved 

gas barrier properties typically with respect to water 

10 vapor, oxygen gas and aroma or fragrance component and 

being, therefore, suitable for use as a film for pres-

ervation of a dried food, a film for the retort treat-

ment or microwave heating of food or a packaging film 

for pharmaceutical products and precision electronic 

15 devices, films for production of a balloon or fly bal-

loon, among other applications, and a method for pro-

ducing the film. 

BACKGROUND TECHNOLOGY 

20 Coating of a base film with an extremely thin 

layer of an inorganic oxide insures remarkable improve-

ment of barrier properties of the base film and hence 

provide a broader choice for the base film in relation 

with the heat resistance, mechanical characteristics or 

25 other properties. Further, it has been proposed forma-

tion of a.synthetic resin layer on such inorganic oxide 

thin layer to impart heat-sealing properties to a bar-
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THIS SHEET HAS BEEN 
REPLACED 

rier film or to protect an inorganic oxide thin layer. 

By way of illustration, Japanese Patent Applica-

tion Laid-open No. 27532/1985 (JP-A-60-27532) discloses 

a formation of a polymer layer on an inorganic oxide 

5 thin layer formed on a polyolefin film by dry-laminating 

or extrusion-laminating, and Japanese Patent Application 

Laid-open No. 237940/1988 (JP-A-63-237940) discloses a 

composite film comprising typically an indium oxide or 

tin oxide-sputtered film carrying a heat-sealing layer 

10 typically composed of an ethylene-propylene copolymer. 

Japanese Patent Application Laid-open No. 202435/1989 

(JP-A-1-202435) and Japanese Patent Application Laid-

open No. 202436/1989 (JP-A-1-202436) each discloses a 

packaging material for microwave cooker use or retort 

15 processing which comprises a base film supporting a va-

por-deposited silicon oxide layer and either a heat-

sealing layer or a protective layer, the heat-sealing 

layer comprising a heat-sealing resin film, typically a 

polypropylene film, as laminated, while the protective 

20 layer comprising a film as laminated or a thermosetting 

resin layer as coated. Japanese Patent Application 

Laid-open No. 29723/1989 (JP-A-1-29723) discloses lami-

nation of a film carrying an inorganic oxide thin layer 

with a biaxially oriented nylon film, and Japanese Pat-

25 ent Application Laid-open No. 86539/1992 (JP-A-3-86539) 

discloses laminating or coating of a film supporting an 

inorganic oxide thin layer with a vinylidene chloride-
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based resin, for example. Japanese Patent Application 

Laid-open No. 173137/1993 (JP-A-4-173137) proposes coat-

ing of a film supporting an inorganic oxide thin layer 

with a vinyl chloride-vinyl acetate copolymer, a polyam-

5 ide, a polyester, an acrylic resin or others, or coating 

such film with a hot-melt coating composition. 

However, when such polymer layer is formed on the 

barrier film by extrusion-lamination, a crack or defect 

is formed in the inorganic thin layer formed on the base 

10 film by heat and external mechanical forces due to lami-

nation, so that barrier properties are extremely sacri-

ficed. In the film as produced by dry-laminating a var-

ious film on the base film supporting the inorganic thin 

layer, the inorganic thin layer formed on the base film 

15 is apt to be destroyed on exposure to external mechani-

cal forces in lamination of films or application of an 

adhesive agent. On the other hand, when a protective 

layer is coated on the inorganic thin layer on the base 

film by coating, barrier properties are not manifested 

20 by coating, and the inorganic thin layer is immediately 

fractured on exposure to external mechanical forces, so 

that barrier properties are remarkably deteriorated. 

In these films including films as produced by lam-

inating or coating the inorganic oxide thin layer sup-

25 ported on the base film with, for example, vinylidene 

chloride-based resin, the adhesive properties of the 

inorganic oxide thin layer with respect to the base film 
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are low, and sufficiently high adhesive properties and 

excellent barrier properties can hardly be maintained or 

retained over a long period of time when the films are 

used as packaging materials exposed to external mechani-

5 cal forces or as packaging materials used at high tem-

perature and high humidity. 

Further, packaging films as used for food, pharma-

ceutical products, precision electronic devices, for 

instance, require high transparency for the visual ac-

10 cessibility or esthetic acceptabilities. The trans-

parency is, however, apt to be lost associated with the 

decrease of the adhesive properties of the inorganic 

thin layer. 

Thus, in the conventional films, it is difficult 

15 to inhibit the loss of barrier properties due to exter-

nal mechanical forces associated with their processing 

or usage. Particularly, it is impossible to provide a 

film which would show good barrier properties, in addi-

tion to flexibility and clarity (transparency), despite 

20 a thin covering layer. Thus, these conventional films 

still have much to be desired in their protective effect 

on contents and in the visual accessibility of the con-

tents. 

It is, therefore, an object of the present inven-

25 tion to provide a barrier composite film having remark-

ably improved adhesive properties between a base film 

and an inorganic thin layer and significantly excellent 
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barrier properties and a method of producing the same. 

It is another object of the invention to provide a 

barrier composite film which inhibits loss of barrier 

properties with retaining high adhesive properties be-

s tween a base film and an organic thin layer even on ex­

posure to external mechanical forces such as holding or 

flexing or used at high temperature and/or high humidity 

and a method for producing such film. 

A yet another object of the invention is to pro-

10 vide a barrier composite film which insures an extremely 

minimized solvent remained after printing or laminating 

processes and a method for its production. 

A further object of the invention is to provide a 

barrier composite film which retains its high barrier 

15 properties and high clarity despite its thin covering 

layer and a production method thereof. 

It is still another object of the invention to 

provide a barrier film which inhibits loss of its clar­

ity and barrier properties even on exposure to high tem-

20 perature and/or high humidity due to microwave heating 

or retort treatment and suppresses degradation and de­

composition to thereby provide for long-term preserva­

tion of packaged items and a method for producing the 

film. 

25 

DISCLOSURE OF THE INVENTION 

For the purpose of accomplishing the above- men-
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tioned objects, the inventors of the present invention 

did much research and, as a result, found that when an 

inorganic layer formed on the surf ace of a base film is 

coated with a coating composition containing a barrier 

5 resin and a silane coupling agent, there can be obtained 

a composite film having not only improved adhesive prop­

ert1es of the inorganic layer with respect to the base 

film but also enhanced barrier properties, with the loss 

of barrier properties inhibited even under external me-

10 cbanical forces or high temperature and/or high humidity 

conditions. 

Thus, the barrier film of the present invention 

comprises a base film layer, at least one side of which 

has been covered with a barrier resin coating layer con-

15 taining a silane coupling agent through the interpo­

sition of an inorganic layer. The base film layer may 

be formed by using various polymers, typically olefinic 

polymers, polyesters and polyamides. The inorganic 

layer mentioned above can be provided by using, for ex-

20 ample, any metal selected from among Group 2A elements 

of Periodic Table, transitional elements, Group 2B ele­

ments, Group 3B elements, Group 4B elements and Group 6B 

elements or inorganic compounds of such metals. The 

barrier resin coating layer can be formed by coating a 

25 coating composition containing a silane coupling agent 

(e.g. a silicon compound having at least one functional 

group selected from the group consisting of a halogen 
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atom, an epoxy group, an amino group, a hydroxyl group, 

a mercapto group, a vinyl group and a (meth)acryloyl 

group, and an alkoxy group) and a barrier resin (e.g. a 

vinylidene chloride-based copolymer, an ethylene-vinyl 

5 alcohol copolymer or the like). 

The other side of the base film or the exposed 

surf ace of the barrier resin coating layer may be cov­

ered with a heat-sealing layer. 

The thickness of the inorganic layer may be about 

10 100 to 5,000 A and the thickness of the barrier resin 

coating layer may be about 0.05 to 15 µm. The ratio of 

the thickness T (µm) of the barrier resin coating layer 

to the thickness t (µm) of the inorganic layer, i.e. 

T/t, can be selected from the range of about 0.1 to 

15 1,500. 

The barrier composite film of the invention fur­

ther includes a barrier composite film which comprises a 

base film layer, an inorganic oxide thin layer formed on 

at least one side of the base film layer, and a coating 

20 layer containing a barrier resin as a main component 

formed on the thin layer, wherein a peeling strength of 

the coating layer with respect to the baser film layer, 

after storage at 40°C and 90% R.H. for 1 week, of not 

less than 100 g/15 nun. 

25 The term 11barrier resin coating layer" as used 

throughout this specification means a layer comprising a 

barrier resin with an oxygen gas permeability not 



- 8 -

greater than 20 cc/m2 
• 24 hr. at 25° C and a water vapor 

permeability of not greater than 20 g/m2 
• 24 hr. at 40° c 

and 90% R.H. at a layer thickness of 2 µm. The term 

•heat-sealing layer" means a thermally sealable layer 

5 not only by means of a heat sealer but also by :impulse 

sealing, high frequency bonding, ultrasonic sealing and 

other bonding techniques. 

10 

BEST MODE FOR PRACTICING THE INVENTION 

The polymer that can be used for the formation of 

the base film layer includes a variety of film-f ormable 

polymers, e.g. polyolefins such as polyethylene, an eth­

ylene-ethyl acrylate copolymer, ionomers, polypropylene, 

an ethylene-propylene copolymer, poly-4-methylpentene-1, 

15 etc.; polyesters such as a polyalkylene terephthalate 

(e.g. polyethylene terephthalate, polybutylene tere-

phthalate), polyethylene 2,6-naphthalate, etc.; poly­

amides such as nylon 6, nylon 11, nylon 12, nylon 66, 

nylon 610, nylon 6/66, nylon 66/610, nylon MXD etc.: 

20 polyvinyl chloride; polyvinylidene chloride series res­

ins such as polyvinylidene chloride, vinylidene chlo­

ride-vinyl chloride copolymer, vinylidene chloride -ac­

rylonitrile copolymer, vinylidene chloride-(meth)­

acrylate copolymer, etc.; styrenic resins such as poly-

25 styrene, styrene-acrylonitrile copolymer, styrene­

acrylonitrile-butadiene copolymer, etc.; polyvinyl alco­

hol; polyamideimides: polyimides; polyetherimides; poly-
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carbonates; polysulfones; polyethersulfones; poly­

etheretherketones; polyarylates; polyphenylene sulfide; 

polyphenylene oxide; polyparaxylene; polyacrylonitrile; 

fluororesins such as polytetrafluoroethylene, polytri-

5 fluorochloroethylene, ethylene fluoride-propylene copol­

ymer, etc.; cellulosic polymers such as cellophane: rub­

ber hydrochloride; and copolymers containing constituent 

units of the various polymers mentioned above. These 

polymers can be used singly or in combination. 

10 The base film layer may contain a variety of addi-

tives, for example stabilizers such as antioxidants, 

ultraviolet absorbers, heat stabilizers, etc.; anti­

static agents such as cationic, anionic, nonionic or 

amphoteric antistatic agents; nucleating agents; hydro-

15 carbon polymers such as styrenic resins, terpene resins, 

petroleum resins, dicyclopentadiene resin, chmarone 

resins such as chmarone-indene resin, phenolic resins, 

rosins and their derivatives, and the corresponding 

hydrogenated resins; plasticizers; fillers: various 

20 waxes such as higher fatty acid amides, higher fatty 

acids or their salts, higher fatty acid esters, natural 

waxes of mi.neral or vegetable origin, synthetic waxes 

such as polyethylene; particulate lubricants inclusive 

of finely divided mineral lubricants such as silica 

25 series powders, alumina series powders, etc. and finely 

divided organic lubricants such as polyethylene series 

powders, acrylic powders, etc.; and coloring agents. 
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The light transmittance value of the base film 

layer can be se~ected as desired but for insuring a 

sufficient visual access to contents and an aesthetic 

acceptability of the packaged product, the total light 

5 transmittance with respect to white light is generally 

not less than 40%, preferably not less than 60%, and 

more preferably not less than 80%. 

The base film layer is preferably formed from an 

olefinic polymer {particularly polypropylene series 

10 polymers), polyester (particularly, polyalkylene te­

rephthalate such as polyethylene terephthalate), polya­

mide, styrenic polymer, ethylene-vinyl alcohol copoly­

mer, polycarbonate, polyacrylonitrile or the like. The 

olefinic polymers, polyesters and polyamides are par-

15 ticularly desirable in terms of clarity, mechanical 

strength and packaging quality. 

The pref erred material for the packaging of food 

for retort treatment or microwave heating includes poly­

mers having high transparency, mechanical strength and 

20 packaging quality and having excellent heat resistance, 

such as polypropylene, polyesters, polyamides, ethyl­

ene-vinyl alcohol copolymer, polycarbonates and poly­

acrylonitrile. Particularly preferred polymers for the 

base film layer includes polypropylene, polyesters and 

25 polyamides. 

The base film layer may be a single-layer film or 

a laminate film comprising one or more polymer layers. 
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The thickness of the base film is not critical and can 

be selected appropriately in consideration of the de­

sired packaging quality. mec~anical strength, 

flexibility and so on. The thickness of the base film 

5 layer may be generally about 3 to 200 µrn. preferably 

about 5 to 100 µm, and more preferably about 10 to so nun 

(e.g. about 10 to 30 µrn). 

The base film layer can be formed by the conven­

tional film forming technology which includes, for exam-

10 ple. melt-forming method such as the inflation method 

and the T-die method, and the casting method using a 

solution. The base film layer may be an unoriented film 

or an oriented film such as a monoaxially oriented film 

or a biaxially oriented film. The method for orienta-

15 tion includes such known drawing or stretching methods 

as roll drawing or stretching, calender drawing or 

stretching, belt drawing or stretching, tentering, tube 

drawing or stretching. or a combination of such tech­

niques. The draw or stretching ratio can be judiciously 

20 selected according to the required film characteristics. 

For example, it may be about 1.5 to 20 and preferably 

about 2 to 15 in at least one direction. 

At least one side of the base film layer may have 

been surf ace-treated. The surface treatment includes 

25 corona discharge treatment, plasma treatment, glow dis­

charge treatment, reverse sputter treatment, flame 

treatment, chromic acid treatment, solvent treatment, 
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surface roughening and so on. Of the base film layer, 

the surf ace-treated side may be used for the formation 

of the inorganic layer and barrier resin coating layer 

for improved adhesion. 

In lieu of the surface treatment or in addition 

thereto, a primer coating layer or under coating layer 

may be formed on the surface of the base film layer. 

The under coating layer can be formed using any of vari­

ous resins such as thermoplastic resins, thermosetting 

10 resins, radiation-curable resins (electron beam-curable 

resin, UV-curable resin, etc.) and coupling agents. 

Typically, the under coating layer material that can be 

used includes, for example, thermoplastic resins such as 

acrylic resin, vinyl chloride-vinyl acetate copolymer, 

15 polyvinyl butyral resin, polycarbonate resin, cellulosic 

polymers, e.g. nitrocellulose and cellulose acetate, 

rosin-modified maleic acid resin, etc.: thermosetting 

resins such as urethane resin, urea resin, melamine 

resin, urea-melamine resin, epoxy resin, etc.; radia-

20 tion-curable resins such as epoxy (meth)acrylate, ure­

thane(meth)acrylate, etc.: and silane coupling agents. 

These materials can be used singly or in combination. 

The under coating layer may contain an ordinary 

coloring agent such as a dye or a pigment. The amount 

25 of such coloring agent can be selected within the range 

not adversely affecting the film transparency and is 

generally about 1 to 30 weight % with respect to the 



- 13 -

weight of the resin fo:rming the under coating layer. 

The thickness of the under coating layer is not so crit­

ical and is generally about 0.1 to 5 µm. 

There is no particular limitation on the method of 

5 forming the under coating layer. The under coating 

layer can be formed by applying an organic or aqueous 

(water-based} coating composition containing the above­

mentioned under coating layer material or materials by 

the conventional technique such as roll coating, gravure 

10 coating, reverse coating, spray coating, etc. and drying 

or curing the coating layer. When a radiation-curable 

resin is employed, the coating layer is irradiated with 

actinic or active radiation. 

The main feature of the present invention resides 

15 in using an inorganic layer (in particular the trans­

parent inorganic layer) and barrier resin coating layer 

containing the silane coupling agent in combination and 

covering the surface of the base layer. Incidentally, 

an inorganic layer (especially a transparent inorganic 

20 layer) fo:rmed on a base film, as being different from 

aluminium foil, glass or tile, is supposed to be not a 

wholly homogeneous thin layer but a thin layer having a 

heterogeneous surface or pin hole with a sacrificed bar­

rier properties. According to the present invention, 

25 sites or parts with deteriorated barrier properties, 

which are dotted in the inorganic layer, are embedded or 

filled with the barrier resin coating layer so that loss 
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of barrier properties can effectively be inhibited. 

These advantages are quite distinguishable from films as 

produced by laminating the inorganic layer with a bar­

rier resin film. 

Diffusion of a gas permeated through the inorganic 

layer may provably be inhibited to some extent by form­

ing a coating layer of a non-barrier resin, but suffi­

ciently high barrier properties can not be expected in 

such film. Contrary to this, in the present invention, 

10 the diffusion of a gas can effectively be inhibited or 

suppressed by forming a barrier resin coating layer. 

Further, even if a crack or defect is formed in the in­

organic layer due to external mechanical forces acted in 

processing, typically speaking, the gas diffusion in the 

15 barrier resin coating layer can extremely be minimized. 

Moreover, associated with the incorporation of the 

silane coupling agent, adhesive properties between the 

inorganic layer and the barrier resin coating layer can 

be improved, so that damage (defect or failure) of the 

20 inorganic layer on exposure to external mechanical 

forces is prevented to occur. In addition, even when a 

crack or defect is formed in the inorganic layer, dete­

rioration of barrier properties can be minimized by the 

presence of the barrier resin coating layer. 

25 By this composite structure, adhesive properties 

of the inorganic layer to the base film layer can suc­

cessfully be improved and the barrier properties can 
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remarkably be enhanced. Further, reductions in adhesive 

properties and barrier properties under external mechan­

ical load and/or high temperature and high humidity con­

ditions can be remarkably inhibited. Furthermore, a 

5 film having high transparency (clarity) and good barrier 

properties can be obtained despite its thin covering 

layer, provably because of the excellent affinity be­

tween the inorganic layer and the barrier resin coating 

layer. Moreover, by the combination use of the inor-

10 ganic layer and the coating layer, the film of the in­

vention can retain an excellent barrier performance even 

exposed to a high temperature due to, for instance, re­

tort treatment or microwave heating, and in addition, 

the loss of microwaves in microwave heating such as in 

15 microwave cooker is small. 

The inorganic substance forming the inorganic 

layer can preferably be any inorganic substance capable 

of forming a thin, transparent layer. Thus, the inor­

ganic substance that can be used includes, for example, 

20 Group 2A elements of Periodic table such as beryllium, 

magnesium, calcium, strontium, barium, etc.; transition 

metal elements such as titanium, zirconium, ruthenium, 

hafnium, tantalum, etc.: Group 2B elements such as zinc 

etc.: Group 3B elements such as aluminum, gallium, in-

25 dium, thallium, etc.: Group 4B elements such as silicon, 

germanium, tin, etc.: and Group 6B elements such as se­

lenium, tellurium, etc.; and inorganic compounds con-
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taining these elements, such as the oxides, halides, 

carbides and nitrides. These inorganic substances can 

be employed singly or in combination. 

The preferred inorganic substance includes, among 

5 others, Group 2A elements such as magnesium, calcium, 

barium, etc.; transition metal elements such as titani­

um, zirconium, tantalum, ruthenium, etc.; Group 2B ele­

ments such as zinc; Group 3B elements such as aluminum, 

indium, thallium, etc.: Group 4B elements such as sili-

10 con, tin, etc.; Group 6B elements such as selenium: and 

the oxides of these elements. The inorganic layer is 

most preferably formed from one of Group 3B or Group 4B 

elements or its oxide. 

Among the inorganic substances mentioned above, 

15 the oxides of the elements (e.g. tin oxide, aluminium 

oxide, indium oxide, the corresponding composite oxide, 

silicon oxide, etc.) are very satisfactory in transpar­

ency and barrier properties. Silicon oxide, in partic­

ular, is advantageous in that, in addition to the above 

20 characteristics, this oxide provides for a dense film 

having a high affinity for the polymer forming the bar­

rier resin coating layer containing the silane coupling 

agent so that the inorganic layer is resistant to crack­

ing or failure due to external forces and shows sus-

25 tained high barrier properties for a long time even un­

der high temperature conditions~ It should be under­

stood that the silicon oxide mentioned above includes 
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not only silicon monoxide and silicon dioxide but also 

those silicon-containing oxides which may be represented 

by the compositional formula SiOx (wherein o < x ~ 2, 

preferably 0.8 ~ x :OS:: 1.5). 

Of these inorganic substances, the so-called elec­

trically nonconductive inorganic substances having low 

electrical conductivity, such as the oxides, halides, 

carbides and nitrides, can be used for the packaging 

materials intended for use in microwave heating applica-

10 tions. The preferred nonconductive inorganic substance 

includes, for example, oxides such as silicon oxide. 

The thickness of the inorganic layer can be se­

lected from the range of generally about 100 to 5,000 A 

(0.01 to 0.5 µm), preferably about 200 to 3,000 A (0.02 

15 to 0.3 µm) and more preferably about 300 to 1,500 A 

(0.03 to 0.15 µm). If the thickness is less than 100 A, 

a homogeneous thin layer can hardly be formed so that no 

sufficient barrier effect or mechanical strength can be 

expected. On the other hand, no appreciable improvement 

20 in barrier performance can be obtained and loss of clar­

ity or deterioration of the external appearance occurs 

by increasing the thickness of the layer beyond 5,000 A 

and such practice rather results in an economic disad­

vantage. 

25 As the barrier resin constituting the coating 

layer, there may be mentioned a restn having the above­

mentioned high barrier properties as selected from among 
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vinylidene chloride-based copolymers. ethylene-vinyl 

alcohol copolymers, polyamide series polymers, polyvinyl 

alcohol series polymers, polyacrylonitrile series poly­

mers, urethane polymers and so on. Incidentally, the 

5 barrier resin mentioned here with reference to the bar­

rier coating layer may occasionally not show the above­

specified barrier properties depending on the composi­

tion of the barrier resin in the coating layer, such as 

thermoplastic urethane polymers having comparatively 

10 long segment (e.g. polyalkyleneoxy segment). The bar­

rier resins mentioned above can be used singly or in 

combination. 

The pref erred barrier resin includes vinylidene 

chloride-based copolymers and ethylene-vinyl alcohol 

15 copolymers. The vinylidene chloride-based polymers are 

copolymers of vinylidene chloride with other copolymer­

izable monomers. Among such copolymerizable monomers 

are vinyl chloride, vinyl acetate, crotonic acid, acryl­

ic acid and acrylates (e.g. a C1-a alkyl acrylate), such 

20 as methyl acrylate, ethyl acrylate, propyl acrylate, 

isopropyl acrylate, butyl acrylate, isobutyl acrylate, 

tert-butyl acrylate, pentyl acrylate, hexyl acrylate, 

etc., acrylonitrile, methacrylonitrile, and methacrylic 

acid and methacrylates corresponding to the acrylic es-

25 ters mentioned above. Among these vinylidene chlo­

ri.de-based cop_olymers, the pref erred copolymers are 

vinylidene chloride-acrylonitrile copolymer, vinylidene 
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chloride-methacrylic acid copolymer, vinylidene chlo­

ride-acrylate copolymer, vinylidene chloride-meth­

acrylate copolymer, vinylidene chloride-vinyl acetate 

copolymer and so on. The vinylidene chloride contents 

5 of such vinylidene chloride-based copolymers are gener­

ally about 85 to 99 weight % and preferably about 90 to 

97 weight %. 

The ethylene-vinyl alcohol copolymer is preferably 

a solvent-soluble or soluble-dispersible ethylene-vinyl 

10 alcohol copolymer. The ethylene content of such ethyl­

ene-vinyl alcohol copolymer is generally about 5 to 50 

mol %, preferably about 10 to 45 mol %, and more pref­

erably about 25 to 35 mol % and its molecular weight 

(weight average molecular weight) may for example be 

15 about 1 x 104 to 10 x 10 4 , preferably about 2 x 10 4 to 7 

x 10 4 , and more preferably about 4 x 10 4 to 5 x 104 • 

The degree of saponif ication is preferably not less than 

99.5%. Such a solvent-soluble ethylene-vinyl alcohol 

copolymer is soluble or dispersible in water or a mixed 

20 solvent of water and alcohol and, on coating, gives a 

thin film. 

Depending on the desired barrier performance (bar­

rier properties with respect to, for example, oxygen, 

water vapor, carbon dioxide, organic solvent gas and an 

25 aroma component such as limonene), the barrier resin 

coating layer may comprise at least one species or more 

than one species of the barrier resin (preferably 
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vinylidene chloride-based copolymers and ethylene-vinyl 

alcohol copolymers). Moreover, the barrier resin coat­

ing layer may be formed with a plurality of layers each 

containing a barrier resin. For example, the barrier 

5 resin coating layer may be a multi-layer structure in­

cluding a vinylidene chloride-based copolymer layer and 

an ethylene-vinyl alcohol copolymer layer. The barrier 

resin content of the barrier resin coating layer is not 

less than SO weight %, preferably about 75 to 100 weight 

10 % and, more preferably about 90 to 100 weight %. 

Furthermore, the barrier resin coating layer may 

contain other polymers, for example olefinic polymers 

such as ethylene-vinyl acetate copolymer, ethylene-ethyl 

acrylate copolymer, etc.; acrylic polymers; styrenic 

15 polymers; polyesters; polyacetals; polyvinyl acetate; 

polyvinyl chloride; vinyl chloride-vinyl acetate copoly­

mer; polyamides; urethane series polymers; acrylonitrile 

series polymers; polycarbonates; chlorinated poly­

olefins; cellulosic polymers and so on. 

20 Where necessary, the barrier resin coating layer 

may contain additives such as those mentioned above, and 

an antiblocking agent and an adhesion-improving agent 

such as polyethyleneimines, polyisocyanates and so on. 

The silane coupling agent includes various com-

25 pounds which can improve adhesive properties between the 

inorganic layer, base film layer and barrier coating 

layer, such as a silicon compound having at least one 
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functional group selected from the group consisting of a 

halogen atom, an epoxy group, an amino group, a hydroxyl 

group, a mercapto group, a vinyl group and a (meth)­

acryloyl group, and an alkoxy group. 

The halogen atom includes fluorine. chlorine, bro­

mine and iodine atoms, and the halogen atom may practi­

cally be a chlorine atom or bromine atom. The epoxy 

group may be composed of an epoxy ring fonned by oxida­

tion of an unsaturated bond of a hydrocarbon group (e.g. 

10 an unsaturated double bond of cyclopentenyl group, 

cyclohexenyl group, cyclooctenyl group or other cyclo­

alkenyl group), or an epoxy ring of a glycidyl group. 

The amino group may be substituted with 1 or 2 lower 

alkyl groups (e.g. a Ci-4 alkyl group such as methyl, 

15 ethyl, propyl, isopropyl or butyl group). Further, the 

(meth)acryloyl group may be formed by a (meth)­

acryloyloxy group. 

As the alkoxy group, there may be mentioned for 

instance methoxy, ethoxy, propoxy, isopropo.xy, buto.xy, 

20 isobutoxy, s-butoxy, t-butoxy and other C1-4 alkoxy 

groups. Preferred alkoxy group includes a hydrolyzable 

alkoxy group (in particular, methoxy group or ethoxy 

group). The silicon compound may have about 1 to 3 

(specifically 1 or 2) reactive functional group and 

25 about 1 to 3 (practically 2 or 3) alkoxy group. 

Pref erred example of the silane coupling agent 

includes a silicon compound shown by the following for-
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mu la 

Y-(R)n-SiX3 

wherein Y represents one functional group selected from 

the group consisting of a halogen atom, an epoxy group, 

5 an amino group, a mercapto group, a vinyl group and a 

(meth)acryloyl group, R represents a hydrocarbon resi­

due, X indicates the same or different alkoxy group, and 

n denotes O or 1. 

The functional group represented by Y and the 

10 alkox.y group indicated by X are exemplified with the 

above mentioned examples. 

As the hydrocarbon group represented by R, there 

may be mentioned for example an alkylene group (e.g. 

methylene, ethylene, trimethylene, propylene, 

15 2,2-dimethylmethylene, tetramethylene, pentamethylene, 

hexamethylene or other straight chain or branched chain 

C1-6 alkylene group), a cycloalkene residue (e.g. cyclo­

heptene, cyclohexene, cyclopentene, cyclooctene and 

other C4-10 cycloalkene residue), a cycloalkene-alkyl 

20 residue (e.g. cycloheptene-, cyclohexene-, cyclopentene­

or other C4-10 cycloalkene-C1-6 alkyl group) and so on. 

Incidentally, the cycloalkene residue and cyclo­

alkene-alkyl residue may practically be a residue formed 

by epoxidation of a double bond as mentioned above. The 

25 preferred hydrocarbon residue R includes a Ci-4 alkylene 

residue (particularly, a C2- 4 alkylene residue) and Cs- a. 

cycloalkene-Ci-4 alkyl residue (specifically, a cyclo-
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hexene-C2-4 a1ky1 residue), among others. 

Further, n is O or 1. When Y is a viny1 group, n 

may practica11y be O, and when Y is other functional 

group, n may practica11y be 1. 

Examples of the silane coupling agent include: 

(i) ha1ogen-containing si1ane coup1ing agents (e.g. 

2-chloromethy1trimethoxysi1ane, 2-ch1oroethy1triethox­

ysilane, 3-ch1oropropy1trimethoxysi1ane, 3-chloropro­

pyltriethoxysilane), 

10 (ii) epoxy group-containing silane coupling agents 

[e.g. 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 

2-(3,4-epoxycyclohexyl)ethyltriethoxysilane, 

3-(3,4-epoxycyclohexyl)propyltrimethoxysilane, 

2-glycidyloxy-ethyltrimethoxysilane, 2-glycidyl-

15 oxyethyltriethoxysilane, 3-glycidyloxypropyltri­

methoxysilane, 3-glycidyloxypropyltriethoxysilane, 

etc.], 

(iii) amino group-containing silane coupling agents 

(e.g. 2-aminoethyltrimethoxysilane, 3-aminopropyltrime-

20 thoxysilane, 3-aminopropyltriethoxysilane, 2-[N-(2-amino 

ethyl)amino]ethyltrimethoxysilane, 3-[N-(2-aminoethy1)am 

ino]propyltrimethoxysilane, 3-(2-aminoethyl)-amino]propy 

ltriethoxysilane, 3-[N-(2-aminoethyl)amino]-propyl 

methyl dimethoxysilane, etc.), 

25 (iv) mercapto group-containing silane coupling agents 

(e.g. 2-mercaptoethyltrimethoxysilane, 3-mercaptopro­

pyltrimethoxysilane or 3-mercaptopropyltriethoxysilane, 
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(v)vinyl group-containing silane coupling agents (e.g. 

vinyltrimethoxysilane, vinyltriethoxysilane), and 

(vi) (meth)acryloyl group-containing silane coupling 

agents (e.g. 2-methacryloyloxyethyltrimethoxysilane, 

5 2-methacryloyloxyethyltriethoxysilane, 2-acryloyloxyeth­

yltrimethoxysilane, 3-methacryloyloxypropyltrimethox­

ysilane, 3-methacryloyloxypropyltriethoxysilane, 

3-acryloyloxypropyltrimethoxysilane). These silane cou­

pling agents may be used singly or in combination. 

10 The amount of the silane coupling agent can be 

selected within the range improving the adhesive proper­

ties of the inorganic layer, and is, for instance, about 

0.05 to 10 parts by weight (e.g. about 0.1 to 10 parts 

by weight), preferably about 0.1 to 7 parts by weight 

15 (e.g. about 0.2 to 7 parts by weight) and more prefera­

bly about 0.5 to 5 parts by weight (e.g. about 0.5 to 3 

parts by weight) relative to 100 parts by weight of the 

barrier resin. 

The thickness of the barrier resin coating layer 

20 can be selected within the range not adversely affecting 

the film characteristics and may for example be about 

0.05 to 15 µm, preferably about 0.1 to 10 µm (e.g. 0.2 

to 7 µm), and more preferably about 0.25 to 5 µm (e.g. 

0.3 to 3 µm). If the thickness of the coating layer is 

25 less than 0.05 µm, sufficiently high barrier properties 

may hardly be obtained. On the other hand, increasing 

the thickness beyond 15 µm would not be rewarded with a 
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commensurate improvement in barrier performance but 

would be rather uneconomical and tend to increase the 

loss of microwaves in microwave heating. 

The thickness ratio of the barrier resin coating 

5 layer to the inorganic layer can be selected as desired 

but this ratio has bearings on barrier 

properties. In order to provide for high barrier prop­

erties and aging resistance, the ratio of the thickness 

T (µm) of the barrier resin coating layer to the thick-

10 ness t (µm) of the inorganic layer, i.e. T/t, may for 

example be about 0.1 to 1,500, preferably about 0.5 to 

500 (e.g. about 1 to 200), and more preferably about 1 

to 100. In many instances, the preferred ratio is about 

2 to 50 (e.g. about 5 to 50). If the thickness ratio 

15 deviates from the above range, it will be difficult to 

provide for high barrier properties. Thus, if the above 

ratio is less than 0.1, the inorganic layer tends to be 

cause defects by external forces. On the other hand, 

increasing the ratio beyond 1,500 would not be rewarded 

20 with a commensurate improvement in barrier performance 

and be uneconomical. 

The barrier composite film of the invention also 

includes, in addition to the above-mentioned barrier 

composite film, a barrier composite film comprising a 

25 base film layer, an inorganic oxide thin layer formed on 

at least one surface of the base film layer and a coat­

ing layer formed on the thin layer and containing the 
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barrier resin as a main component. These composite 

films show a peeling strength (stripping strength) of 

the coating layer with respect to the base film layer of 

not less than 100 g/15 mm (e.g. about 100 to 400 g/15 

5 mm), preferably about 120 to 350 g/15 mm and more pref­

erably about 150 to 300 g/15 mm, after storage at 40°C 

and 90% R.H. (relative humidity) for 1 week. 

The composite films have excellent gas barrier 

properties and exhibit an oxygen gas penneability of not 

10 greater than 5 cc/m2 
• 24 hr. (e.g. about 0.01 to 3 

cc/m2 
• 24 hr.), preferably about 0.01 to 1 cc/m2 • 24 hr. 

and more preferably about 0.01 to 0.5 cc/m2 
• 24 hr. at 

• 25 C, and a water vapor penneability at 40°C and 90% 

R.H. of not greater than 5 g/m2 
• 24 hr. (e.g. about 0.01 

15 to 4 g/m2 
• 24 hr.), preferably about O .1 to 3. 5 g/m2 

• 24 

hr. and more preferably about O .1 to 3 g/m2 
• 24 hr. , as 

determined in a film having the base film layer in 10 to 

30 µm thickness and the covering layer comprising the 

inorganic layer and the coating layer in 0.5 to 5 µm 

20 thickness. 

To facilitate the production of a bag, a pouch or 

other container, the barrier resin coating layer may be 

covered with a heat-sealing layer. Moreover, the heat-

sealing layer may be formed on the other side of the 

25 base film layer. In this case, one side of the base 

film layer need only be covered at.least with the inor-

ganic layer and barrier resin coating layer. 
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The polymer that can be used for forming the heat­

sealing layer includes heat-bondable polymers, for exam­

ple olefinic polymers, vinyl acetate-vinyl chloride co­

polymer, polyesters, polyamides and rubber series poly-

5 mers. These heat-bondable polymers can be used singly 

or in combination. 

The heat-bondable olefinic polymer includes, for 

example, polyethylene inclusive of low density polyeth­

ylene and linear low density polyethylene, ethylene-

10 butene-1 copolymer, ethylene-(4-methylpentene-1) copol­

ymer, ethylene-hexene-1-copolymer, ethylene-vinyl ace­

tate copolymer, ethylene-(meth)acrylic acid copolymer, 

ethylene-(meth)acrylate copolymer, ionomers, poly­

propylene, propylene-butene-1 copolymer, ethylene-pro-

15 pylene copolymer, ethylene-propylene- butene-1 copol­

ymer, ethylene-propylene-diene copolymer, and modified 

polyolefins such as maleic anhydride-modified ~olyeth­

ylene and maleic anhydride-modified polypropylene. The 

preferred olefinic polymer includes polyethylene, ethyl-

20 ene-vinyl acetate copolymer, ethylene-ethyl acrylate 

copolymer, amorphous polyolefins (e.g. amorphous poly­

propylene), an ethylene-propylene copolymer and so on. 

When the heat-sealing layer is formed by the lamination 

technique, the preferred heat-bondable film includes an 

25 unoriented polypropylene film and unoriented ethylene­

propylene copolymer film. 

The heat-bondable polyester includes aliphatic 
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polyesters comprising both an aliphatic diol and an ali­

phatic dicarboxylic acid. The heat-bondable polyamide 

includes, for example, nylon 11, nylon 12 and nylon 

6/12. The rubber series polymer includes, for example, 

5 butyl rubber,.isobutylene rubber, chloroprene rubber, 

styrene-acrylonitrile copolymer, styrene-butadiene co­

polymer, styrene-acrylonitrile-butadiene terpolymer and 

so on. 

The thickness of the heat-sealing layer can be 

10 liberally selected, for example from the range of about 

3 to 100 µm, according to the intended uses for the 

packaging material. When the heat-sealing layer is pro­

vided by the film laminating method, the thickness may 

for example be about 20 to 100 µm and is preferably 

15 about 30 to 80 µm. 

The heat-sealing layer can be formed in a selected 

location (e.g. heat-sealing portion) of the surface of 

the barrier resin coating layer but is generally formed 

all over the surface of the barrier resin coating layer. 

20 Moreover, as mentioned hereinbefore, the heat-sealing 

layer may be formed in a selected heat-sealing part or 

the entirety of the other side of the base film layer. 

One kind of the barrier film according to the 

present invention can be obtained by covering at least 

25 one side of the base film serially with the inorganic 

layer and the barrier resin coating layer containing the 

silane coupling agent. 
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Another kind of the barrier film according to the 

present invention can be obtained by a process which 

comprises covering at least one side of the base film 

successively with the inorganic layer, barrier resin 

5 coating layer containing the silane coupling agent and . 

heat-sealing layer or a process which comprises covering 

at least one side of the base film successively with the 

inorganic layer and barrier resin coating layer contain­

ing the silane coupling agent and covering the other 

10 side of the base film with the beat-sealing layer. 

The inorganic layer can be formed by covering the 

surface of the base film with the inorganic substance 

utilizing the conventional technology which includes 

physical methods (e.g. vacuum vapor deposition, reactive 

15 vapor deposition, sputtering1 reactive sputtering, ion 

plating. reactive ion plating, etc.) and chemical meth­

ods (e.g. CVD, plasma CVD and laser CVD processes). The 

inorganic layer may be practically formed by physical 

methods such as vapor deposition and this layer may be 

20 formed on one side or both sides of the base film layer. 

The barrier resin coating layer can be formed by 

coating the surface of the inorganic layer with a coat­

ing composition containing the barrier resin and the 

silane coupling agent. The coating composition or dope 

25 can be prepared by using a suitable solvent which can be 

selected according to the type of barrier resi~ and 

silane coupling agent, and it may be a solution or a 
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dispersion. 

The solvent for such a coating solution containing 

a vinylidene chloride-based copolymer can be selected 

according to the species of vinylidene chloride series 

5 copolymer and typically includes, for example, ketones 

such as acetone, methyl ethyl ketone, cyclohexanone, 

etc.; ethers such as dioxane, diethyl ether, tetrahy­

drofuran, etc.; aromatic hydrocarbons such as benzene, 

toluene, xylene, etc.; esters such as ethyl acetate, 

10 butyl acetate, etc.; amides such as dimethylfonnamide 

etc.; and mixtures of such solvents. The dispersions 

are generally available in the fonn of O/W emulsion from 

commercial sources. 

The coating composition containing an ethylene-

15 vinyl alcohol copolymer can be generally prepared by 

using a mixed solvent composed of water and alcohol. 

The alcohol that can be used typically includes metha­

nol, ethanol, propanol, isopropyl alcohol, cyclohexanol 

and so on. 

20 

25 

The coating composition described above may con-

tain a variety of additives such as those mentioned 

hereinbefore. For improved coatability, the composition 

may contain the conventional additives such as an anti­

foam and a rheology modifier. 

The method for coating is not critical as far as a 

crack or defect is not fonned in the inorganic layer. 

Thus, the conventional techniques such as air-knife 

/ 
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coating, roll coating, gravure coating, blade coating, 

dip coating, spray coating and other coating methods can 

be selectively employed. Following application of the 

coating composition, the coating is dried at a tempera-
0 

5 ture of about 50 to 150 C, whereby the desired barrier 

resin coating layer is obtained. 

Where necessary, the surface of the barrier resin 

coating layer may be subjected to a conventional surface 

treatment as illustrated in the explanation of the base 

10 film regardless of the presence of the heat-sealing 

layer or not, or an adhesive layer or protective layer 

may be formed partially or throughout the whole of the 

coating layer without such surface treatment. 

The heat-sealing layer can be formed by the con-

15 ventional method according to the type of heat-bondable 

polymer, such as dry lamination, extrusion lamination or 

coating. 

The barrier composite film of the present inven-

tion may be provided, according to the type and intended 

20 use of film, with an optional coating layer and/or a 

laminating layer, such as a lubricating layer, an anti-

static layer, an ornamental printed film layer or a re-

inforcing layer such as a nylon film. 

25 INDUSTRIAL APPLICABILITY OF THE INVENTION 

The barrier. composite film of the present inven-. 

tion wherein an inorganic thin layer is coated with a 
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barrier resin coating layer containing a silane coupling 

agent insures remarkable improvement of adhesive force 

between the inorganic layer and the base film layer and, 

significantly enhanced barrier properties. Further, the 

5 film exhibits excellent barrier properties over a long 

period with maintaining high adhesive properties between 

the inorganic layer and base film layer, even when ex­

posed to external mechanical forces such as bending or 

flexing or used in high temperature and/or high humidity 

10 conditions. Moreover, despite its thin covering layer, 

the film has excellent barrier properties and high clar­

ity. Therefore, the film insures inhibition of decrease 

of adhesive properties of the inorganic layer, clarity 

and barrier properties even when exposed to external 

15 mechanical forces or high temperature and/or high humid­

ity conditions due to microwave heating or retort treat­

ment, so that it provides a long-term preservation of 

contained items with inhibiting deterioration or decom­

position. 

20 Further, in the barrier composite film of the in-

vention, permeation or penetration of a solvent con­

tained in a printing ink or laminating adhesive agent to 

the base film is remarkably suppressed or prevented when 

printing or laminating is conducted on the barrier resin 

25 coating layer according to a conventional technology so 

that the solvent rem&ined in the film is extremely mini­

mized. Therefore, the film insures high safety in pack-
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aging application for food. 

Therefore, in packaging applications, the film can 

be advantageously used for the packaging of various 

product items such as food for microwave oven cooking, 

5 retort foods, frozen foods, products to be micro­

wave-sterilized, flavor barrier-packaged items, pharma­

ceutical products, precision electronic components, etc. 

and for the production of balloons. Furthermore, in 

food packaging use, the film preserves food for a long 

10 time with suppressed aging and degradation. As de­

scribed herein above, the present invention also dis­

closes a use of the barrier composite film for packaging 

of various contents such as food, pharmaceutical prod­

ucts and electronic devices. 

15 There is no particular restriction to the form of 

package that can be provided using the film of the pres­

ent invention. Thus, for example, bags or pouches for 

formed foods such as hamburgers, shaomai, gyoza, etc. 

and those for liquid items such as curry, various soups, 

20 coffee, tea, etc. may be mentioned. Bags or pouches 

containing such food items can be directly submitted to 

retort treatment or microwave heating. Furthermore, 

when the film is used as an inner bag for a paper con­

tainer as it is the case with a sake pack, for instance, 

25 the contents can be safely heated by, for example, mi­

crowave heating. In other words, sake can be warmed up 

as packaged with convenience, to mention an example. 
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The package form which the packaging material of 

the present invention can provide includes containers 

such as various types of bags or pouches, cups, tubes, 

standing bags, trays, etc., covers, interliners for pa-

s per packs for sake, soy, rnirin, oil, m~lk, fruit juice 

and so on. 

EXAMPLES 

The following examples are intended to illustrate 

10 the present invention in more detail but should by no 

means be construed as defining the scope of the inven­

tion. 

Comparative Example 1 

By the vacuum vapor deposition technique using SiO 

15 as the vapor source, a 1,000 A-thick silicon oxide vapor 

deposit layer was deposited, as an inorganic layer, on 

one side of a 12 µm thick biaxially oriented polyethyl­

ene terephthalate film in a vacuum of 5 x 10- 5 Torr to 

provide a composite film. 

20 Examples 1 and 2 

To 100 parts by weight of a vinylidene chlo­

ride-based copolymer (trade name: Saran Resin F 216, 

manufactured by Asahi Chemical Industry Co., Ltd.) was 

added 1.0 part by weight of y-glycidoxypropyltrimethox-

25 ysilane (i.e. 3-glycidyloxypropyltrirnethoxysilane) 

(trade name: TSL 8350, manufactured by Toshiba Silicone 

Co., Ltd.), and the resultant mixture was dissolved in a 
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mixed solvent of toluene-tetrahydrofuran (1/2, by 

weight) to prepare a coating composition of 15 % by 

weight resin concentration for the formation of a bar­

rier resin coating layer. Incidentally, the vinylidene 

5 chloride-based copolymer is a copolymer obtainable by 

copolymerizing 85 mol % or more of vinylidene chloride 

monomer as a main component and, as comonomer, at least 

one of acrylic acid, methyl methacrylate or methacrylo­

ni trile. 

10 Using a bar coater, the above coating composition 

was coated in a dry thickness of 0.5 µm (Example 1) and 

2.5 µm (Example 2) on the deposited side of the silicone 

oxide vapor-deposited film obtained in Comparative Exam­

ple 1. The coating was then dried in an oven at 105°C 

15 for 30 seconds, whereby a composite film was obtained. 

Example 3 

To 100 parts by weight of a vinylidene chlo­

ride-based copolymer (trade name: Saran Resin F 216, 

manufactured by Asahi Chemical Industry Co., Ltd.) was 

20 added 1.0 part by weight of y-aminopropyltriethoxysilane 

(i.e. 3-aminopropyltriethoxysilane) (trade name: TSL 

8331, manufactured by Toshiba Silicone Co., Ltd.), and 

the resultant mixture was dissolved in a mixed solvent 

of toluene-tetrahydrofuran (1/2, by weight} to prepare a 

25 coating composition of 15% by weight resin concentration 

for the barrier resin coating layer. 

Using a bar coater, this coating composition was 
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coated in a dry thickness of 2.5 µm on the vapor-depos-

ited surface of the silicon oxide-deposited film ob-

tained in Comparative Example 1 and the coating was 

dried in an oven at 105°C for 30 seconds to form a bar-

5 rier resin coating layer and thereby provide a composite 

film. 

Example 4 

Vinyltrimethoxysilane (trade name: TSL 8311. manu-

factured by Toshiba Silicone Co., Ltd.: 1.0 part by 

10 weight) was added to 100 parts by weight of a vinylidene 

chloride-based copolymer (trade name: Saran Resin F 216, 

manufactured by Asahi Chemical Industry Co., Ltd.). The 

resultant mixture was dissolved in a mixed solvent of 

toluene-tetrahydrofuran (1/2, by weight) to prepare a 

15 coating composition of 15% by weight resin concentration 

for the barrier resin coating layer. 

This coating composition was coated, using a bar 

coater, in a dry thickness of 2.5 µm on the va-

por-deposited surface of the silicon oxide-deposited 

20 film obtained in Comparative Example 1 and the coating 

0 

was dried in an oven at 105 C for 30 seconds to form a 

barrier resin coating layer and thereby provide a com-

posite film. 

Example 5 

25 To 100 parts by weight of a vinylidene chlo-

ride-based copolymer (trade name: Saran Resin F 216, 

manufactured by Asahi Chemical Industry Co., Ltd.) was 



- 37 -

added 1.0 parts by weight of y-mercaptopropyltriethox­

ysilane (i.e. 3-mercaptopropyltriethoxysilane) (trade 

name: TSL 8380; manufactured by Toshiba Silicone Co., 

Ltd.), and the resultant mixture was dissolved in a 

5 mixed solvent of toluene-tetrahydrofuran (1/2, w/w) to 

prepare a coating composition of 15 weight % resin con­

centration for the formation of a barrier resin coating 

layer. 

Using a bar coater, the above coating composition 

10 was coated in a dry thickness of 2.5 µm on the deposited 

side of the silicon oxide vapor-deposited film obtained 

in Comparative Example 1. The coating was then dried in 

an oven at 105°C for 30 seconds to prepare a barrier 

resin coating layer, whereby a composite film was ob-

15 tained. 

Example 6 

An ethylene-vinyl alcohol copolymer (trade name: 

Soanol 30L; The Nippon Synthetic Chemical Industry Co. 

Ltd.; 100 parts by weight) was added with 1.0 parts by 

20 weight of y-glycidoxypropyltrimethoxysilane (trade name: 

TSL 8350; Toshiba Silicone Co., Ltd.). The resultant 

mixture was dissolved in a mixed solvent of water -iso­

propyl alcohol (1/1, w/w) to prepare a coating composi­

tion of 12 weight % resin concentration for the barrier 

25 resin coating layer. 

Using a bar coater, this coating composition was 

coated in a dry thickens of 4.0 µm on the vapor-depos-
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ited surface of the silicon oxide-deposited film ob­

tained in Comparative Example 1 and the coating was 

dried in an oven at 115°C for 1 minute to form a barrier 

resin coating layer and thereby provide a composite 

5 film. 

Comparative Example 2 

The procedure of Example 1 was repeated except 

that the silane coupling agent was not used to provide a 

composite film. 

10 Comparative Example 3 

15 

A composite film was obtained in the same manner 

as Example. 2, except that the silane coupling agent was 

not employed. 

Comparative Example 4 

Except that the silane coupling agent was not 

used, a composite film was produced in the same manner 

as Example 3. 

Comparative Example 5 

A 12 µm-thick biaxially oriented poly(ethylene te-

20 rephthalate) film was used as the base film. By the 

vacuum vapor deposition method using Al203 as the vapor 

source. a 1,000 A-thick aluminium oxide layer was formed 

on one side of the base film in a vacuum of 5 x 10- 5 

Torr to provide a composite film. 

25 Examples 7 and 8 

~o 100 parts by weight of a vinylidene. chlo­

ride-based copolymer (trade name: Saran Resin F 216; 
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manufactured by Asahi Chemical Industry Co., Ltd.) was 

added 1.0 part by weight of y-glycidoxypropyltri­

methoxysilane (trade name: TSL 8350, manufactured by 

Toshiba Silicone Co., Ltd.), and the resultant mixture 

5 was dissolved in a mixed solvent of toluene-tetra­

hydrofuran (1/2, by weight) to prepare a barrier resin 

coating composition of 15% by weight resin concentra­

tion. 

This coating composition was coated in a dry 

10 thickness of 0.5 µm (Example 7) and 2.5 µm (Example 8) 

on the vapor-deposit surface of the aluminium oxide­

deposited film obtained in Comparative Example 5 using a 

bar coater, and the coating was dried in an oven at 105° 

c for 30 seconds to form a barrier resin coating layer, 

15 and thereby provide a composite film. 

Example 9 

To 100 parts by weight of an ethylene-vinyl alco­

hol copolymer (trade name: Soanol 30L; The Nippon Syn­

thetic Chemical Industry Co., Ltd.) was added 1.0 part 

20 by weight of y-glycidoxypropyltrimethoxysilane (trade 

name: TSL 8350, Toshiba Silicone Co., Ltd.), and the 

resulting mixture was dissolved in a mixed solvent of 

water-isopropyl alcohol (1/1, by weight) to prepare a 

coating composition of 12 weight % resin concentration 

25 for a barrier resin coating layer. 

Using a bar coater, this coating composition was 

coated in a dry thickness of 4.0 µm on the vapor-depos-
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ited surface of the alundnium oxide-deposited film ob­

tained in Comparative Example 5 and the coating was 

dried in an oven at 115°C for 1 minute to form a barrier 

resin coating layer and thereby a composite film was 

5 obtained. 

10 

Comparative Example 6 

A composite film was obtained in the same manner 

as Example 7 without using the silane coupling agent. 

Comparative Example 7 

The procedure of Example 8 was repeated to obtain 

a composite film except that the silane coupling agent 

was not employed. 

Comparative Example 8 

A composite film was obtained in the same manner 

15 as Example 9 except that the silane coupling agent was 

not used. 

Comparative Example 9 

A composite film was produced in the same manner 

as Example 1 except that a 5.0 µm-thick coating layer 

20 was formed on the inorganic oxide layer by using a con­

ventional urethane resin solution not having the barrier 

properties specified in this specification (trade name: 

TAKELACQUE A 615; Takeda Chemical Industries, Ltd.) in 

lieu of the coating composition containing the 

25 polyvinylidene chloride-based copolymer. 

Comparative Example 10 

In lieu of the barrier resin coating layer, a ure-
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thane resin adhesive (trade name: ADCOTE 333E: Toyo Mol­

ten Co., Ltd.) was coated in a dry thickness of about 2 

µm on the deposited side of the inorganic layer of the 

film obtained in Comparative Example 1. Thereafter, a 

5 30 µm-thick unoriented ethylene-propylene copolymer film 

was dry-laminated on the coated film to provide a com­

posite film. 

Comparative Example 11 

In the same manner as in Example 2 except for us-

10 ing a solution of a vinyl chloride-vinyl acetate copoly­

mer (trade name: DENKA lOOOC: Denki Kagaku Kogyo Co., 

Ltd.) to prepare a coating layer in a thickness of 2.5 

µm on the inorganic layer in lieu of the coating compo­

sition containing the vinylidene chloride-based copoly-

15 mer, a composite film was obtained. 

Comparative Example 12 

To 100 parts by weight of a vinylidene chloride­

based copolymer (trade name: Saran Resin F 216: Asahi 

Chemical Industry Co., Ltd.) was added 1.0 part by 

20 weight of a polyisocyanate (trade name: COLONATE L: Nip­

pon Polyurethane Industry Co., Ltd.). The resultant 

mixture was dissolved in a mixed solvent of toluene­

tetrahydrofuran (1/2, by weight) to prepare a coating 

composition of 15 weight % resin concentration for the 

25 formation of a barrier resin coating layer, instead of 

the coating composition containing y-glycidyloxypropyl- . 

trimethoxy silane (trade name: TSL 8350: Toshiba Sili-
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cone Co., Ltd.). 

Using a bar coater, the above coating composition 

was coated in a dry thickness of 2.5 mm on the deposited 

side of the silicon oxide vapor-deposited film obtained 

5 in Comparative Example 1. The coating was dried in an 

oven at 105°C for 30 seconds to provide a barrier resin 

coating layer, whereby a composite film was obtained. 

Comparative Example 13 

One (1) part by weight of a polyisocyanate (trade 

10 name: Colonate L; Nippon Polyurethane Industry Co., 

Ltd.) was added to ioo parts by weight of a vinylidene 

chloride-based copolymer (trade name: Saran Resin F 216; 

Asahi Chemical Industry Co., Ltd.). The resultant mix­

ture was dissolved in a mixed solvent of toluene-tetra-

15 hydrofuran (1/2, w/w) to prepare a coating composition 

of 15% by weight resin concentration for the formation 

of a barrier coating layer, in lieu of the coating com­

position containing y-glycidyloxypropyltrimethoxysilane 

(trade name: TSL 8350; Toshiba Silicone Co., Ltd.). 

20 This coating composition was coated in a dry 

thickness of 2.5 µm on the deposited side of the alu­

minium oxide vapor-deposited film obtained in Compara­

tive Example 5 using a bar coater. The coating was then 

dried in an oven at 105°C for 30 seconds to form a bar-

25 rier resin coating layer and thereby provide a composite 

film. 

Comparative Example 14 
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A coating composition containing 15% by weight of 

the vinylidene chloride-based copolymer used in Example 

1 for the formation of the barrier resin coating layer 

was prepared in the same manner as Example 1 except that 

5 the silane coupling agent was not added. Using a bar 

coater, the above coating composition was coated in a 

dry thickness of 2.5 µm on a 12 µm-thick biaxially ori­

ented polyethylene terephthalate film without depositing 

an inorganic layer. The coating was then dried in an 

10 oven at lOS°C for 30 seconds to give a barrier resin 

coating layer, whereby a composite film was obtained. 

Comparative Example 15 

The coating composition obtained in Example 1 was 

coated, using a bar coater, in a dry thickness of 2.5 µm 

15 on a 12 µm-thick biaxially oriented polyethylene tere­

phthalate film without forming an inorganic layer. The 

coating was dried in an oven at lOS°C for 30 seconds to 

give a barrier resin coating layer and whereby provide a 

composite film. 

20 The oxygen gas permeability, water vapor perme-

ability and film adhesive strength (adhesive strength of 

covering layer) of the composite films each obtained in 

the Examples and Comparative Examples were evaluated by 

the following methods. 

25 Oxygen gas permeability: 

By the isobaric method (instrument: Morcon's 

OXYTRAN TWIN), determinations were made at 20°c and 65% 
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R.H. The results were expressed in units of cc/m2 
• 24 

hr. 

Water vapor penneability: 

Using an instrument (Morcon's PERMATRAN W200), 

5 determinations were made at 40 C and 90% R.H. The re­

sults were indicated i.n uni.ts of g/m2 
• 24 hr. 

Fi.Im adhesi.ve strength: 

An unoriented ethylene-propylene copolymer film i.n 

a thickness of about so µm was dry-lami.nated on the 

10 coating layer of the test film, and the peel strength 

(separati.ng strength) between the test fi.lm and the un­

ori.ented ethylene-propylene copolymer film was evaluated 

by drawi.ng each fi.lm at a rate of 300 mm/min. with the 

use of an instrument (ORIENTEC's RTM-100). 

15 Furthennore, the film was flexed by hand once and 

the external force-induced change in barrier properties 

was investigated by determining the oxygen gas perme­

ability and water vapor permeability before and after 

flexi.ng. Further, the film was stored at 40°C and 90% 

20 R.H. for 1 week, and change of adhesive properties under 

high temperature and high humidity conditi.ons was evalu­

ated by determining the adhesive strength of the film 

before and after storage. 

The results are shown in Table 1. It should be 

25 noticed that in regard of the fi.lm according to Compar­

ative Example 7, the oxygen gas penneability before hand 

flexing was below the detection limit. 



Table 1 

Oxygen permeability Water vapor permeability Film adhesive strength 
Barrier resin ( cc/m2 

• 24 hr) ( g/m2 • 24 hr} (g/lSmm) 
coating layer 

(mm) Before After Before After Before After 
flexing flexing flexing f 1exing storage storage 

Example 1 0.5 0.05 0.2 0.7 2.6 200 200 

Example 2 2.5 0.01 0.3 0.3 1.9 250 240 

Example 3 2.5 0.02 0.3 0.3 1.9 250 240 

Example 4 2.5 0.02 0.3 0.3 2.1 200 150 

Example 5 2.5 0.02 0.3 0.3 2.2 200 150 

Example 6 4.0 <0.01 0.3 0.9 2.0 250 250 .i:o. 
!JI 

Example 7 0.5 0.07 0.3 0.5 2.8 180 180 

Example 8 2.5 0.02 0.3 0.3 2.3 230 220 

Example 9 4.0 0.01 0.3 0.3 2.2 230 230 

Comp. Ex. 1 - 2.3 15.2 2.8 16.0 140 <10 

Comp. Ex. 2 0.5 0.05 0.2 0.7 2.6 150 10 
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Table 1 (continued) 

Oxygen penneability Water vapor permeability Film adhesive strength 
Barrier resin ( cc/m2 

• 24 hr) ( g/m2 • 24 hr) (g/15 mm) 
coating layer 

(mm) Before After Before After Before After 
flexing flexing flexing flexing storage storage 

Comp. Ex. 3 2.5 0.01 0.3 0.3 1.9 200 10 

Comp. Ex. 4 4.0 <0.01 0.3 0.2 2.0 200 10 

Comp. Ex. 5 - 3.5 16.2 3.7 17.5 120 <10 

Comp. Ex. 6 o.s 0.07 0.3 0.9 2.8 120 10 

Comp. Ex. 7 2.5 0.02 0.3 0.5 2.3 150 10 

Comp. Ex. 8 4.0 0.01 0.3 0.3 2.2 180 10 
ii:» 

°' Comp. Ex. 9 5.0 2.3 3.9 2.6 4.8 180 70 

Comp. Ex. 10 30 1.5 1.6 1.3 3.5 150 60 

Comp. Ex. 11 2.5 2.0 5.3 2.0 4.8 150 10 

Comp. Ex. 12 2.5 0.01 0.3 0.3 2.0 230 10 

Comp.· Ex. 13 2.5 0.02 0.3 0.5 2.3 200 10 

Comp. Ex. 14 2.5 8.6 10.8 9.8 11. 7 260 40 

Comp. Ex. 15 2.5 8.2 11.0 9.4 11.9 280 10 
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Evaluation of the test results 

(1) In the films where the barrier resin coating 

layers are not fonned (Comparative Example 1 or Compar­

ative Example 5), the barrier properties are signifi-

5 cantly sacrificed in comparison with Examples 1 to 6 or 

Examples 7 to 9, respectively. 

(2) In the films where the silane coupling agent 

is not employed (Comparative Examples 2 to 4, or Com­

parative Examples 6 to 8), the adhesive properties of 

10 covering layer (film adhesive properties) is low even 

before storage and remarkably deteriorated after storage 

when respectively compared with Examples 1 to 6 or Exam­

ples 7 to 9. 

(3) In the films as produced using a resin coating 

15 having a low barrier properties in lieu of the barrier 

resin coating (Comparative Example 11 to 13), the bar­

rier properties and the adherence properties are signif­

icantly sacrificed in comparison with Examples 1 to 9. 

(4) In the film where a polyisocyanate which is a 

20 polyfunctional compound being reactive at ambient tem­

perature is employed instead of the silane coupling 

agent, the barrier properties and film adhesive proper­

ties in ambient conditions are similar to those of the 

composite film as produced using the silane coupling 

25 agent, but the film adhesive properties are extremely 

decreased after storage at high temperature and high 

humidity. 
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(S) In the films as produced without forming an 

inorganic layer, gas barrier properties are sacrificed, 

and adhesive properties are remarkably deteriorated when 

stored in high temperature and/or high humidity condi-

5 tions. 

Example 10 

A composite film was obtained in the same manner 

as Example 2 except that a 15 µm-thick biaxially ori­

ented nylon 6 film was used in lieu of the polyethylene 

10 terephthalate film. 

Example 11 

The procedure of Example 2 was repeated except for 

using a 20 µm-thick biaxially oriented polypropylene 

film in lieu of the polyethylene terephthalate film to 

15 give a composite film. 

Example 12 

A coating composition containing 0.2 part by 

weight of y-aminopropyltriethoxysilane relative to 100 

parts by weight of the vinylidene chloride-based copol-

20 ymer was prepared in the same manner as Example 3. A 

composite film was obtained in the same manner as Exam­

ple 3 except that the above-obtained coating composition 

was employed in lieu of the coating composition of Exam­

ple 3. 

25 Example 13 

A coating composition containing 5 part by weight 

of y-aminopropyltriethoxysilane relative to 100 parts by 
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weight of the vinylidene chloride-based copolymer was 

prepared in the same manner as Example 3. A composite 

film was obtained in the same manner as Example 3 except 

that the above-obtained coating composition was employed 

5 in lieu of the coating composition of Example 3. 

Example 14 

A composite film was obtained in the same manner 

as Example 3, except that the barrier resin coating 

layer was f orrned in a dry thickness of 12 µm on the de-

10 posited side of the silicon oxide vapor-deposited film 

obtained in Comparative Example 1 to give a barrier 

resin coating layer. 

Example 15 

The procedure of Example 3 was repeated except for 

15 forming the barrier resin coating layer in a dry thick­

ness of 5 µm on the deposited side of the silicon oxide 

vapor-deposited film obtained in Comparative Example 1 

to prepare a barrier resin coating layer and thereby to 

provide a composite film. 

20 The oxygen gas permeability, water vapor penne-

ability and adhesive strength of the covering layer of 

the obtained composite films were evaluated in the same 

manner as above. The results are shown in Table 2. 
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Table 2 

oxygen penneability Water vapor pe:aneability Film adhesive strength 
Barrier resin {cc/m2 

• 24 hr) { g/m2 
• 24 hr) (g/15 mm) 

coating layer 
(nun) Before After Before After Before After 

flexing flexing flexing flexing storage storage 

Example 1<? 2.5 0.02 0.2 0.5 3.6 350 280 

Example 11 2.5 0.2 1.7 0.2 0.7 150 130 

Example 12 2.5 0.02 0.3 0.3 2.0 250 180 

Example 13 2.5 0.03 0.3 0.3 1.6 280 240 

Example 14 12 <O.Ol 0.3 0.1 1.5 230 200 
U1 
CJ 

Example 15 5 <0.01 0.3 0.3 1.8 240 220 
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1. A barrier composite film which comprises a 

base film layer, an inorganic thin layer formed on at 

5 lease one side. of said base film layer, and a barrier 

resin coat:i,ng layer containing a silane coupling agent 

formed on 'said inorganic thin layer. 

2. A barrier composite film according to claim l, 

wherein said base film layer is formed with a polypro-

10 pylene, a polyalkylene terephthalate or a polyamide. 

3. A barrier composite film according to claim l, 

wherein said inorganic thin layer has transparency. 

4. A barrier composite film according to claim 1, 

wherein said inorganic layer is formed with at least one 

15 oxide of a metal selected from the group consisting of 

Group 2A elements, transitional metal elements, Group 2B 

elements, Group 3B elements, Group 4B elements and Group 

6B elements of Periodic Table of the Elements. 

5. A barrier composite film according to claim l, 

20 wherein said inorganic layer is formed with an oxide of 

a Group 3B element or Group 4B element of Periodic Table 

of the Elements. 

6. A barrier composite film according to claim 1, 

wherein said inorganic layer is formed with a silicon 

25 oxide. 

7. A barrier composite film according to claim 1. 

wherein said inorganic layer has a thickness of 100 to 
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8. A barrier composite film according to claim 1, 

wherein said barrier resin coating layer comprises a 

vinylidene chloride-based copolymer or an ethylene-vinyl 

5 alcohol copolymer. 

9. A barrier composite film according to claim 8, 

wherein said barrier resin coating layer comprises at 

least one barrier resin selected from the group con-

sisting of a vinylidene chloride-acrylonitrile copoly-

10 mer, a vinylidene chloride-methacrylic acid copolymer, a 

vinylidene chloride-acrylate copolymer, a vinylidene 

chloride-methacrylate copolymer, a vinylidene chloride-

vinyl acetate copolymer and a solvent-soluble or -dis-

persible ethylene-vinyl alcohol copolymer with an ethyl-

15 ene content of 5 to 50 mol %. 

10. A barrier composite film according to claim 

l, wherein said silane coupling agent has at least one 

functional group selected from the group consisting of a 

halogen atom, an epoxy group, an amino group, a hydroxyl 

20 group, a mercapto group, a vinyl group and a (meth)-

acryloyl group, and an alkoxy group. 

11. A barrier composite film according to claim 

1, wherein said silane coupling agent is a compound 

shown by the following formula 

25 Y-(R)n-SiX3 

wherein Y is one functional group selected from the 

group consisting of a halogen atom, an epoxy group, an 
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amino group, a mercapto group, a vinyl group and a 

(meth)acryloyl group, R represents a hydrocarbon resi-

due, X indicates the same or different alkoxy group and 

n denotes o or 1. 

12. A barrier composite film according to claim 

11, wherein the hydrocarbon group represented by R is a 

C1-4 alkylene group, or Cs-s cycloalkene-Ci-4 alkyl 

residue, the double bond of said cycloalkene being 

epoxidated, and X is the same or different methoxy group 

10 or ethoxy group. 

13. A barrier composite film according to claim 

11, wherein n is o with a proviso that Y is a vinyl 

group. 

14. A barrier composite film according to claim 

15 l, wherein the proportion of the silane coupling agent 

is o.os to 10 parts by weight relative to 100 parts by 

weight of the barrier resin. 

15. A barrier composite film according to claim 

1, wherein the proportion of the silane coupling agent 

20 is 0.1 to 7 parts by weight relative to 100 parts by 

weight of the barrier resin. 

16. A barrier composite film according to claim 

1, wherein the thickness of the barrier resin coating 

layer is 0.05 to 15 µm. 

25 17. A barrier composite film according to claim 

1, wherein the ratio of the thickness T (µm) of said 

barrier resin coating layer relative to the thickness t 
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(µm) of said inorganic layer is T/t = 0.1 to 1,500. 

18. A barrier composite film according to claim 

l, wherein the ratio of the thickness T {µm) of said 

barrier resin coating layer relative to the thickness t 

5 (µm) of said inorganic layer is T/t = 0.5 to 500. 

19. A barrier composite film according to claim 

1, wherein said film comprises a polypropylene, polyal-

kylene terephthalate or polyamide base film layer, an 

inorganic layer formed from a silicon oxide of the com-

10 position formula SiOx (where O < x ~ 2) in a thickness 

of 100 to 5,000 A and having transparency, and a barrier 

resin coating layer comprising a silane coupling agent 

and a vinylidene chloride-based copolymer or ethylene-

vinyl alcohol copolymer, said inorganic layer and bar-

15 rier resin coating layer being formed in the order men-

tioned on at least one surface of said base film layer 

and the ratio of the thickness T (µm) of said barrier 

resin coating layer relative to the thickness t (µm) of 

said inorganic layer being in the range of 1 to 200. 

20 20. A barrier composite film according to claim 

1, wherein at least one surface of a polypropylene, 

polyalkylene terephthalate or polyamide base film layer 

is successively covered with an inorganic layer formed 

from an electrically nonconductive inorganic substance 

25 in a thickness of 200 to 3, 000 A, ·and a barrier resin 

coating layer formed. in a thickness of 0.1 to 10 µm in 

the order. 
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21. A barrier composite film which comprises a 

base film layer, inorganic oxide thin layer formed on at 

least one surface of said base film layer, and a coating 

layer containing a barrier resin as a main component and 

5 being fonned on said thin layer, wherein the peeling 

10 

strength of the coating layer relative to the base film 

layer after storage at a temperature of 40°C and rela-

tive hmnidity of 90% R.H. for 1 week is not less than 

100 g/15 mm. 

22. A barrier composite film according to claim 

1, wherein the composite film shows an oxygen gas perme­

ability of not greater than 5 cc/m2 
• 24 hr. at 25° c, and 

a water vapor penneability of not greater than 5 g/m2 • 

24 hr. at 40°C and 90% R.H. as detennined with a base 

15 film layer thickness of 10 to 30 µm and a thickness of a 

covering layer comprising the inorganic layer and the 

coating layer of 0.5 to 5 µm. 

23. A barrier composite film according to claim 

l, wherein the other side of said base film or the sur-

20 face of said barrier resin coating layer is covered with 

a heat-sealing layer. 

24. A process for producing a barrier composite 

film which comprises depositing an inorganic thin layer 

on at least one side of a base film and coating the de-

25 posited side of said base film with a coating compo-

sition containing a silane coupling agent and a barrier 

resin. 
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25. A process for producing a barrier composite 

film according to claim 24, wherein a heat-sealing layer 

is formed in a thickness of 3 to 100 µm on said coating 

layer or on the other side of said base film. 
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