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Description

TECHNICAL FIELD

[0001] The present invention relates to a clay film and a process for producing same and the like, and more particularly,
to a novel clay film and product thereof having mechanical strength enabling use as a self-supporting film, high flexibility,
high heat resistance, being an electrical insulator and having superior adiabatic properties and moisture resistance.
Although it was difficult to produce a clay film having mechanical strength enabling use as a self-supporting film, high
flexibility, high heat resistance, being an electrical insulator, having low thermal conductivity and allowing the inclusion
of various chemical substances within the film in use of methods of the past in the technical fields of clay thin film
production technology and products thereof, the present invention has been developed on the basis of a strong demand
for the development of such a film, and provides a novel technology and novel product relating to a clay film having
mechanical strength enabling use as a self-supporting film along with superior flexibility, thermal stability and porosity,
an electrical insulating member, a heat insulating material and the like.

BACKGROUND ART

[0002] Various production processes are typically used under high-temperature conditions in numerous chemical
industrial fields. Measures to prevent leakage of liquids and gases are employed in the line couplings and so on of these
production lines using, for example, packings and welding. Packings have superior flexibility, for example, were previously
made from organic polymer materials. However, the maximum heat resistance of these organic polymer materials was
the 350°C achieved when using liquid crystal polyester, and at temperatures there above, it was necessary to use metal
packings. These metal packings, however, had the problem of having inferior flexibility as compared with organic polymer
materials. Although aluminum foil or aluminum-deposited film has superior gas impermeability, it is not transparent. In
addition, since aluminum foil is a metal, it cannot be used as a sealing material wrapped around threaded portions. In
addition, although there are silica-deposited films that are transparent and have superior gas impermeability, since the
base material of these silica-deposited films is an organic compound film, it similarly cannot be used under high-tem-
perature conditions above 350°C. In addition to being used as packings, these gas-impermeable materials may also be
used by being wrapped around joint threads, wrapped around tubes or affixed to flat members. On the other hand, sheets
using clay minerals in the form of mica or vermiculite and the like are used as gland packings used under high-temperature
conditions (Japanese Patent Application Laid-Open No. H6-95290, Japanese Patent Application Laid-Open No.
H5-254824, Japanese Patent Application Laid-Open No. 2002-30255, Japanese Patent Application Laid-Open No.
S50-2699). However, since these sheets cannot be made to be completely free of cracks and pinholes, packings and
gaskets fabricated from these sheets have the problem of being unable to completely seal gases.
[0003] Clay is known to form a film having an aligned particle orientation by dispersing in water or alcohol, spreading
the dispersion onto a glass sheet and allowing to dry by standing undisturbed. For example, azimuth-oriented samples
for X-ray analysis have been prepared using this method (Haruo Shiramizu, "Clay Mineralogy (Nendo Kobutsu Gaku) -
Basics of Clay Science", Asakura Shoten, p. 57 (1988)). However, in the case of forming a film on a glass sheet, it was
difficult to peel the clay film from the glass sheet, cracks formed in the film when peeling from the glass sheet and other
problems occurred that made it difficult to obtain a self-supporting film. In addition, even if the film was able to be peeled
from the glass sheet, the resulting film was brittle and lacked sufficient strength.
[0004] Clay thin films have recently been produced by applying the Langmuir-Blodgett method (Yasushi Umemura,
Clay Science, Vol. 42, No. 4, p. 218-222 (2003)). In this method, however, since a clay thin film is formed on the surface
of a substrate made from a material such as glass, it was not possible to obtain a clay thin film having the strength of a
self-supporting film. Moreover, various methods for preparing, for example, functional clay thin films and the like have
been reported in the past. Examples of these methods include a method for producing a clay thin film comprising forming
an aqueous dispersion of a hydrotalcite-based interlayer compound into a film followed by drying (Japanese Patent
Application Laid-open No. S53-39318), a method for producing a layered clay mineral thin film in which the binding
structure possessed by the layered clay mineral is fixed by carrying out heat treatment that promotes a reaction between
the layered clay mineral and phosphoric acid or a phosphate group (Japanese Patent Application Laid-open No.
S55-142539), and an aqueous composition for film treatment comprising a smectite-based clay mineral and a metal
complex compound having a valence of two or more (Japanese Patent Application Laid-open No. H5-262514), and
numerous examples of these methods exist. However, a clay film having mechanical strength enabling use as a self-
supporting film and superior flexibility has yet to be developed.
[0005] In general, clay, and particularly clay having superior plasticity, is easily dispersed in water and can be easily
made into a uniform film. In addition, such clay also facilitates the production of complexes due to its superior affinity
with hydrophilic chemical substances. Clay offering such advantages conversely has inferior moisture resistance, and
if immersed in water, swells and becomes brittle until it finally is unable to maintain its form. Fabrics made from various
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fibers, such as plain-woven fabrics and non-woven fabrics, are available commercially, and these fabrics are charac-
terized by having adequate mechanical strength, flexibility and durability with respect to repeated bending. The heat
resistance and chemical resistance of these fabrics are dependent on the fiber raw materials that compose the fabric.
Examples of fibers that compose these fabrics include mineral fibers, glass wool, ceramic fibers, metal fibers, ceramic
fibers, plant fibers and organic polymer fibers. However, since these fabrics are unable to completely seal the spaces
between fibers, they have the problem of lacking gas impermeability. In the case of practical use of clay films, the clay
film is used to as to be in contact with a member made of another type of material in many cases. At this time, fixation,
joining and so forth between the clay film and member made from another type of material is required to be able to be
carried out easily, uniformly and reliably. In the case of adhering two clay films, it is possible to use an adhesive having
high adhesive strength with a clay film. In addition, in the case of adhering a clay film with another type of material such
as metal, glass, paper, plastic or rubber, it is possible to use an adhesive capable of adhering both the clay film and the
other type of material. These adhesives can be acquired comparatively easily, and clay films or clay films and other
types of materials can be adhered by these adhesives. However, the uniform coating of these adhesives onto a clay
film followed by the uniform and reliable adhesion thereto has previously been unsuccessful. In the case of adhesives
using polar solvents in particular, there is the problem of the clay film being susceptible to swelling. In addition, since a
clay film itself has high gas impermeability, considerable time is required for drying and it was difficult to produce a thick film.
[0006] US Patent 2266638 describes a self-supporting flexible film or filament obtained from sols and gels of naturally
crystalline inorganic hydrous oxides containing structural water and exhibiting base exchange properties, for example
bentonite made from particles of colloidal dimensions. For example magnesium silicate bentonite having practically no
particles of over 1 micron in diameter may be used.
[0007] US 2425626 describes production of a clay film by evaporation of a dispersion of a clay colloidal dispersion
modified by the inclusion of a plasticizing agent.
[0008] Hauser and le Beau "Studies in Gelation and Film Formation, J. Phys Chem. 43 pages 1037-1048 describe
coherent self-supporting films produced from colloidal hydrous aluminum silicates and discusses the influence of original
particle size on water retention structure of montmorillonite and the effect of temperature on the colloidal clay micelle.

DISCLOSURE OF THE INVENTION

[0009] With the foregoing in view, during the course of extensive research in consideration of the prior art as described
above with the aim of developing a novel clay film having mechanical strength enabling use as a self-supporting film,
having superior flexibility, being able to be used under high-temperature conditions, and having superior moisture re-
sistance, the inventors of the present invention found that a clay self-supporting film is obtained by preparing a homo-
geneous liquid dispersion containing clay, clay and a small amount of an additive, or clay, a small amount of an additive
and a small amount of a reinforcing material, pouring this liquid dispersion into a container or coating onto the surface
of a support, separating the liquid serving as the dispersion medium by various solid-liquid separation methods such as
centrifugal separation, filtration, vacuum drying, freeze-vacuum drying or heated evaporation to obtain a clay film, and
separating this from the container or support as necessary. Moreover, a preferable raw material composition and pro-
duction process were found as a result of further conducting extensive research by focusing on the potential for improving
water repellency, waterproofing, tenacity and light transmissivity of a clay film by further carrying out surface treatment,
thereby leading to completion of the present invention.
[0010] An object of the present invention is to provide a clay film having mechanical strength enabling use as a self-
supporting film, superior flexibility and thermal stability, a production technology thereof, and a novel technology and/or
novel material such as a member able to be used as an electrical insulator or heat insulating material.
[0011] Accordingly the present invention describes a clay film as specified in claim 1.
[0012] The following provides a more detailed explanation of the present invention.
[0013] First, in the present invention, a clay film can be provided comprising clay alone, clay and a small amount of a
reinforcing material, or clay, a small amount of an additive and a small amount of a reinforcing material, that has flexiblity,
can be used as a self-supporting film, has heat resistance, has gas impermeability and is subjected to surface treatment.
The present clay film has for the main component thereof a natural clay or synthetic clay, the surface treatment is one
or more types of water repellency treatment, waterproofing treatment, reinforcing treatment and surface flattening treat-
ment, and the permeability coefficient with respect to air, oxygen gas, nitrogen gas, hydrogen gas or helium gas at room
temperature is less than 1 3 10-12cm2s-1cmHg-1.
[0014] In the present invention, a natural or synthetic clay, and preferably either natural smectite or synthetic smectite
or a mixture thereof is used for the clay, and this is added to water or a liquid having water for a main component thereof
to prepare a dilute, homogeneous liquid dispersion. One or more types selected from the group consisting of mica,
vermiculite, montmorillonite, iron montmorillonite, beidellite, saponite, hectorite, stevensite and nontronite can be used
for the clay. The concentration of the clay liquid dispersion is preferably 0.5 to 15 percent by weight and more preferably
1 to 10 percent by weight. At this time, if the concentration of the clay liquid dispersion is excessively low, there is the
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problem of excessive time required for drying. In addition, if the concentration of clay liquid dispersion is excessively
high, since the clay is not adequately dispersed, the orientation of the clay particles is poor thereby resulting in the
problem of being unable to form a uniform film.
[0015] Next, a weighed solid or liquid additive is added to the clay liquid dispersion as necessary to prepare a homo-
geneous liquid dispersion. There are no particular limitations on the additive provided it improves the flexibility or me-
chanical strength of the clay film and uniformly mixes with the clay, examples of which include one or more types of
ethylene glycol, glycerin, epsilon-caprolactam, dextrin, starch, cellulose-based resin, gelatin, agar, flour, gluten, alkyd
resin, polyurethane resin, epoxy resin, fluororesin, acrylic resin, methacrylic resin, phenolic resin, polyamide resin,
polyester resin, polyimide resin, polyvinyl resin, polyethylene glycol, polyacrylamide, polyethylene oxide, protein, deox-
yribonucleic acid, ribonucleic acid, polyamino acid, polyvalent phenol and benzoic acid compounds.
[0016] The weight ratio of the additive based on the total solid content is 30 percent or less and preferably 1 to 10
percent. At this time, if the ratio of the additive is excessively low, the effect of addition is not demonstrated, while if the
ratio of the additive is excessively high, the distribution of the additive and clay in the prepared film becomes heteroge-
neous, and as a result, the homogeneity of the resulting clay film decreases, and the effect of addition is diminished. In
addition, the heat resistance of the clay film decreases in the case the ratio of the additive is excessively high.
[0017] Next, a weighed reinforcing material is added to the clay liquid dispersion to prepare a homogeneous liquid
dispersion. One or more types of mineral fibers, glass wool, carbon fibers, ceramic fibers, plant fibers or organic polymer
fiber resin can be used for the reinforcing material. The weight ratio of the reinforcing material based on the total solid
content is 30 percent or less and preferably 1 to 10 percent. At this time, in the case the ratio of the reinforcing material
is excessively low, the effects of addition are not demonstrated, while if the ratio of the reinforcing material is excessively
high, the distribution of the reinforcing material and clay in the prepared film becomes heterogeneous, and as a result,
the homogeneity of the resulting clay film decreases and the effect of addition is diminished. Furthermore, the order in
which the reinforcing material and additive are added is not predetermined, and may be added in either order.
[0018] Next, after having poured this liquid dispersion into a container or coated it onto the surface of an object, the
liquid of the liquid dispersion is removed by drying to produce a clay film. An example of a method for producing a clay
film consists of slowly evaporating the liquid of the liquid dispersion to form a film, and coating the liquid dispersion onto
the surface of a support and removing the liquid of the liquid dispersion by drying. Examples of methods for removing
the liquid of the liquid dispersion by drying include various solid-liquid separation methods such as centrifugal separation,
filtration, vacuum drying, freeze-vacuum drying and heated evaporation or a combination thereof. Among these methods,
in the case of, for example, using a method consisting of pouring the liquid dispersion into a container and evaporating
by heating, the concentration of the clay is adjusted to 0.5 to 3 percent by weight, the preliminarily degassed liquid
dispersion is poured into a support such as a flat tray and preferably a plastic or metal ray, and the liquid dispersion is
dried while maintaining in a level state in a forced air oven under temperature conditions of 30 to 70°C and preferably
30 to 50°C for about 3 hours to half a day and preferably for 3 to 5 hours to obtain a clay thin film.
[0019] In addition, as another example, in the case of coating the liquid dispersion onto an object and evaporating by
heating, the concentration of the clay is adjusted to 4 to 7 percent by weight, the preliminarily degassed liquid dispersion
is coated onto a flat metal sheet to a thickness of 2 mm, and then dried in a forced air oven under temperature conditions
of 30 to 100°C and preferably 30 to 80°C for about 10 minutes to 2 hours and preferably for 20 minutes to 1 hour to
obtain a clay film.
[0020] In the case of not subjecting the liquid dispersion to preliminary degassing treatment, there is the problem of
increased susceptibility to the formation of holes attributable to air bubbles in the clay thin film. In addition, the drying
conditions are set so as to be adequate for removing the liquid component by drying. At this time, if the drying rate is
excessively slow, there is the problem of considerable time being required for drying. In addition, if the drying rate is
excessively fast, counterflow occurs in the liquid dispersion resulting in the problem of decreased homogeneity of the
clay film. A clay film having an arbitrary thickness can be obtained for the thickness of the present clay film by adjusting
the solid content used in the liquid dispersion.
[0021] In the case of using the clay film as a self-supporting film, a clay self-supporting film is obtained by peeling the
clay film from the container or object surface. In the case the clay thin film does not spontaneously peel from the container
or other support, a self-supporting film is preferably obtained by promoting peeling by drawing a vacuum. In addition,
as another peeling method, a self-supporting film is preferably obtained by facilitating peeling by drying the clay thin film
under temperature conditions of about 110 to 200°C. At this time, in the case the temperature is excessively low, there
is the problem of peeling not occurring easily. In the case the temperature is excessively high, there is the problem of
deterioration of additives.
[0022] In the present invention, a chemical reaction such as an addition reaction, condensation reaction or polymer-
ization reaction is carried out by any means such as heating or irradiation with light to form novel chemical bonds in or
between components of clay, an additive and a reinforcing material capable of improving the gas impermeability or
mechanical strength of the base material in the form of a clay film. More specifically, by heat treating a clay film to which
has been added, for example, a monomer in the form of epsilon-caprolactam that polymerizes by heating at 250°C in
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an oven at 250°C for a predetermined amount of time following film deposition, the epsilon-caprolactam dispersed in
the clay film polymerizes to form a polymer and enable the formation of a more rigid molecular network structure. In
addition, by irradiating a clay film to which has been added a monomer polymerized by ultraviolet light with ultraviolet
light following film deposition, the monomer dispersed in the clay film polymerizes to form a polymer enabling the formation
of a more rigid molecular network structure. Moreover, mechanical strength can be improved by heat treating in a non-
polar solvent. More specifically, by heat treating at 150°C in mineral oil for a predetermined amount of time, novel
chemical bonds are formed in and between the clay, additive and reinforcing material components, thereby making it
possible to improve mechanical strength. A clay film treated in this manner is widely used as a base material.
[0023] The clay film itself that composes the surface-treated clay film of the present invention uses clay as the main
raw material thereof, and an example of the basic composition thereof preferably consists of 90% by weight or more of
a natural or synthetic swelling clay having a layer thickness of about 1 nm, particle diameter of about 1 mm and aspect
ratio of about 300, and 10% by weight or less of a natural or synthetic, low molecular weight or high molecular weight
additive having a molecular size of several nm or less. This clay film is produced so that, for example, layered crystals
having a thickness of about 1 nm are oriented in the same direction and layered to as to be densely laminated. The
resulting clay film has a film thickness of 3 to 100 mm, gas impermeability performance is such that the permeability
coefficient with respect to oxygen and hydrogen is less than 1 3 10-12cm2s-1cmHg-1, the surface area can be increased
to 100 3 40 cm or more, the clay film has high heat resistance and there are no decreases observed in gas impermeability
even following heat treatment for 24 hours at 600°C.
[0024] A clay film or clay self-supporting film obtained in the manner described above is basically hydrophilic. Conse-
quently, it has inferior moisture resistance as compared with a plastic film or metal foil. It therefore has the problem of
swelling and becoming brittle under conditions in which there is condensation of moisture or when contacted with water.
In addition, it is also difficult to give the clay film or clay self-supporting film a high degree of moisture blocking properties.
Here, the clay film can be changed from hydrophilic to hydrophobic by treating the surface thereof making it possible to
impart moisture resistance and a high degree of moisture blocking. There are no particular limitations on the surface
treatment provided it makes the clay film or clay self-supporting film hydrophobic, and an example is the production of
a coating layer.
[0025] Examples of methods using the production of a coating layer include methods for forming a fluorine-based film,
silicon-based film, polysiloxane film, fluorine-containing organopolysiloxane film, acrylic resin film, vinyl chloride resin
film, polyurethane resin film, highly water repellent plating film, metal vapor deposition film or carbon vapor deposition
film on a surface. In this case, examples of film production methods include wet methods, dry methods, deposition
methods and spraying methods. Since the coating layer produced on the surface is hydrophobic, water repellency is
realized on the surface of the clay film. This treatment can be carried out on one side or both sides of the clay film
according to the application. Other examples of surface treatment methods include surface modification methods using
chemical treatment such as silylation or ion exchange.
[0026] As a result of this surface treatment, in addition to the imparting of water repellency and waterproofing as
previously described, together with demonstrating reinforcing effects that enhance film strength as well as creating an
attractive appearance by imparting gloss as a result of suppressing light scattering on the surface, surface flattening
effects that enhance transparency can also be expected. On the other hand, in the case of using an organic polymer
for the coating layer, there are cases in which the normal temperature range of the clay film is defined by the normal
temperature range of the material of the coating layer. Consequently, the material used for surface treatment and film
thickness are carefully selected according to the application.
[0027] The clay self-supporting film of the present invention can be easily cut out to an arbitrary size or shape such
as a circle, square or rectangle with a scissors, cutter and the like. The clay self-supporting film of the present invention
preferably has a thickness of less than 1 mm and a surface area larger than 1 cm2. In addition, the clay film of the present
invention is characterized by having mechanical strength enabling use as a self-supporting film, having high elasticity,
having high heat resistance, being an electrical insulator, and having low thermal conductivity.
[0028] In the case of producing a clay film having high heat resistance, it is important to reduce the added amount of
additive having inferior heat resistance in comparison with the clay. In this case, the weight ratio of the additive based
on the total solid content is preferably 10% or less. This does not apply in cases in which heat resistance is not particularly
required. Since the clay film of the present invention has clay for the main component thereof, it has superior insulating
properties and can be used over a wide range as a heat-resistant, insulating film. In addition, since the clay film of the
present invention has superior heat insulating properties, it can also be used over a wide range as a heat insulating film.
[0029] The following provides an explanation of the characteristic values of the material (base material) of the present
invention.

(1) Density

[0030] The density of conventional materials is at most 1.51 in plastic-filler nanocomposite products as indicated in
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the table below. In contrast, the material of the present invention has a density in excess of 1.51, and demonstrates
measured values for density of 2.0 or more, and for example, about 2.10. In this manner, the material of the present
invention has a density in excess of 1.51, and in particular, has a density of about 1.60 to 2.50.

(2) Flexibility

[0031] The most flexible material among conventional materials is a commercially available sheet made of clay and
pulp fiber, and the bending resistance thereof is 8.0 (mN) as the value measured in compliance with Method A of JIS L
1096:1999 "General Testing for Woven Fabrics" obtained in a bending resistance test. On the other hand, the hardest
clay film is HR50/5-80H, and the bending resistance of the top surface is 5.3 (mN) and that of the bottom surface is 17.1
(mN). In contrast, the value obtained in a bending resistance test for the material of the present invention is about 2.0
mN, and the material of the present invention at least has a value that is less than 8.0 mN. Since the threshold of bending
resistance of conventional materials and the material of the present invention can be said to be 8.0 mN, this value can
be used to distinguish (discriminate) between the material of the present invention and conventional materials.

(3) Characteristics of Raw Material Clay

[0032] In the present invention, the raw material clay preferably has, for example, a primary particle aspect ratio (based
on the number of particles) of about 320, and a raw material clay having high methylene blue adsorption and high cation
exchange capacity is used in particular. A specific example of such a raw material clay has characteristics consisting of
an amount of methylene blue adsorption of 130 mmol/100 g, a cation exchange capacity of 110 meq/100 g, a pH of a
2% aqueus dispersion of 10.2, a viscosity of a 4% aqueous dispersion of 350 mPa•s, and an aqueous dipersion median
diameter of 1.13 mm. However, the raw material clay is not limited to these characteristics, and a raw material clay having
similar or equivalent properties thereto can be similarly used by using these characteristics as standard values. Tsukinono
clay found in Yamagata Prefecture, Japan and materials having this as a main component thereof are preferably used
for these raw material clays.

(4) Other Characteristics

[0033] The material of the present does not exhibit abnormalities in a heat cycling test (100 to 600°, 30 cycles) (high
heat resistance), has electrical resistance such that the volumetric resistivity (500 V) is 2.3 3 107 Ωm (JIS K 6911:1995)
(high insulating properties), and is used, for example, as a flexible substrate material. Other characteristics of the material
of the present invention are indicated with the following characteristic values. The permeability coefficient with respect
to oxygen and hydrogen is less than 1 3 10-12cm2s-1cmHg-1, rupture elongation is 2.2%, tensile strength (JIS K
6252:2001) is 33.4 N/mm, oxygen index (JIS K 7201:1995) is greater than 94.0, specific heat is 1.19 J/g•K, thermal
diffusivity is 1.12 3 10-7m2/s, thermal conductivity is 0.27 W/m•K, coefficient of thermal expansion (-100 to 100°C) is
0.1 3 10-4 K-1, coefficient of thermal expansion (100 to 200°C) is -0.06 3 10-4 K-1, and there are no abnormalities
demonstrated in a corrosive gas resistance test. These values indicate preferable characterstic values of the material
of the present invention, and the present invention is not limited thereto, but rather materials having characteristic values
similar or equivalent thereto based on using these values as standard values are included in the scope of the present
invention.
[0034] Next, the present invention is able to provide a clay film composed of clay serving as the main component, clay
and a small amount of additive, or clay, a small amount of additive and a small amount of reinforcing material, having
a structure in which layers of clay particles are highly oriented, having mechanical strength and flexibility enabling use

Table 1

Host Plastic Guest Filler Filler Concentration Density Cited Reference

Polylactic acid Clay 1.27 1)

Nylon Clay 1.15 2)

Polyamide Clay 1.15 3)

Polyamide Glass fiber 30% 1.36 3)

Polyamide Clay 1.51 4)

(Cited References: Noboru Chujyo, ed., Development of Polymer-based Nanocomposite Products, Frontier Publish-
ing, p. 1911), p. 1862), p. 1893), p. 1924), 2004)
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as a self-supporting film, and having a permeability coefficient with respect to air, oxygen gas, nitrogen gas, hydrogen
gas or helium gas at room temperature of less than 1 3 10-12cm2s-1cmHg-1.
[0035] In this clay film, the weight ratio of the additive to the total solid content is preferably 30 percent or less, and
the weight ratio of the reinforcing material to the total solid content is preferably 30 percent or less. The clay film of the
present invention is used as a self-supporting film peeled from a container or obj ect surface, or by being supported on
a container or an object surface. This clay film is characterized by being a self-supporting film, having flexibility, being
easily processed, being easily made to be functional, having a thickness of about 3 to 100 mm, and being highly oriented
on the micrometer or nanometer level. This clay film is also characterized by having tensile strength of 30 MPa or more
as determined according to JIS K 7127. With respect to the basic performance of this clay film, gas impermeability is
such that permeablity is below the measurement limit in the case of helium (equivalent to aluminum foil), heat resistance
is such that gas impermeability does not decrease after treating for 24 hours at 600°C, and tensile strength is equivalent
to that of polypropylene. Moisture blocking is such that the coefficient of water permeability is 2 3 10-10 cm/sec or less.
In this clay film, high gas impermeability is obtained by increasing the proportion of the clay serving as the main component
in particular.
[0036] The clay film itself of the present invention uses clay as the main raw material, and an example of the basic
composition thereof preferably consists of 90% by weight or more of a natural or synthetic swelling clay having a layer
thickness of about 1 nm, particle diameter of up to 1 mm and aspect ratio of up to about 300, and 10% by weight or less
of a natural or synthetic, low molecular weight or high molecular weight additive having a molecular size of several nm
or less. This clay film is produced so that, for example, layered crystals having a thickness of about 1 nm are oriented
in the same direction and layered to as to be densely laminated. The resulting clay film has a film thickness of 3 to 100
mm, gas impermeability performance is such that the permeability coefficient with respect to oxygen and hydrogen is
less than 1 3 10-12cm2s-1cmHg-1, the coefficient of water permeability is 2 3 10-10 cm/sec, the surface area can be
increased to 100 3 40 cm or more, the clay film has high heat resistance and there are no decreases observed in gas
impermeability even following heat treatment for 24 hours at 600°C.
[0037] In the clay film production process of the present invention, a weighed reinforcing material is added to a clay
liquid dispersion to prepare a homogeneous liquid dispersion. One or more types of mineral fibers, glass wool, carbon
fibers, ceramic fibers, plant fibers or organic polymer fiber resin can be used for the reinforcing material. Examples of
ceramic fibers include alumina, zirconia, silicon carbide, silicon nitride and boron nitride. Examples of organic polymer
fibers include polyester, polyamide, polyimide, polyurethane, polyacrylic acid, polyvinyl alcohol, polyether, ethylene-vinyl
alcohol copolymer, acrcylic acid copolymer polymers, and polysaccharides.
[0038] Next, in the present invention, the present invention is able to provide a multilayer film composed of fabric and
clay that has flexibility, is able to be used as a self-supporting film, has gas impermeability, and has a permeability
coefficient with respect to air, oxygen gas, nitrogen gas, hydrogen gas or helium gas at room temperature of less than
1 3 10-12cm2s-1cmHg-1. This multilayer film has a permeability coefficient with respect to air, oxygen gas, nitrogen gas,
hydrogen gas or helium gas of less than 1 3 10-12cm2s-1cmHg-1 following heat treatment in an ordinary air atmosphere
for 24 hours at 600°C, and has a weight loss of 5% or less from 200 to 600°C as determined by differential thermal
analysis in an ordinary air atmosphere.
[0039] The multilayer film of the present invention has a clay layer present on one side of both sides of the fabric, a
fabric present on both sides of the clay layer, or contains a structure thereof. The multilayer film of the present invention
is composed of clay only, clay and a small amount of an additive, or clay, a small amount of an additive and a small
amount of a reinforcing material. The main component of the clay layer is natural or synthetic clay.
[0040] In the present invention, a multilayer film having improved moisture resistance, gas impermeability or mechanical
strength by causing a chemical reaction such as an addition reaction, condensation reaction or polymerization reaction
by an arbitrary method or means such as heating or irradiation with light to form novel chemical bonds in or between
components of clay, is also targeted.
[0041] In the present invention, surface treatment may be carried out for the purpose of water repellency, waterproofing,
reinforcing or surface flattening, and this surface treatment is able to form a fluorine-based film, silicon-based film,
polysiloxane film, fluorine-containing organopolysiloxane film, acrylic resin film, vinyl chloride resin film, polyurethane
resin film, highly water repellent plating film, metal vapor deposition film or carbon vapor deposition film on a surface.
The weight ratio of the above-mentioned additive to the total solid content is preferably 30 percent or less. The weight
ratio of the above-mentioned reinforcing material to the total solid content is preferably 30 percent or less. The multilayer
film of the present invention is used as a self-supporting film that is peeled from a container or object surface, or by
being supported on a container or object surface.
[0042] This multilayer film is characterized by being a self-supporting film, having flexibility, being easily processed,
being easily made to be functional, having a thickness of about 3 to 100 mm, and being highly oriented on the micrometer
or nanometer level. This multilayer film is also characterized by having tensile strength of 10 MPa or more as determined
according to JIS K 7127. With respect to the basic performance of this multilayer film, gas impermeability is such that
permeablity is below the measurement limit in the case of helium (equivalent to aluminum foil), heat resistance is such
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that gas impermeability does not decrease after treating for 24 hours at 600°C, and tensile strength is 10 MPa or more.
In this multilayer film, high heat resistance is obtained by increasing the proportion of the clay serving as the main
component in particular.
[0043] The multilayer film itself of the present invention uses clay as the main raw material, and an example of the
basic composition thereof preferably consists of 90% by weight or more of a natural or synthetic swelling clay having a
layer thickness of about 1 nm, particle diameter of about 1 mm and aspect ratio of about 300, and 10% by weight or less
of a natural or synthetic, low molecular weight or high molecular weight additive having a molecular size of several nm
or less. This multilayer film is produced so that, for example, layered crystals having a thickness of about 1 nm are
oriented in the same direction and layered to as to be densely laminated. The resulting multilayer film has a film thickness
of 3 to 100 mm, gas impermeability performance is such that the permeability coefficient with respect to oxygen and
hydrogen is less than 1 3 10-12cm2s-1cmHg-1, the surface area can be increased to 100 3 40 cm or more, the multilayer
film has high heat resistance and there are no decreases observed in gas impermeability even following heat treatment
for 24 hours at 600°C.
[0044] The present invention is also characterized by being a multilayer film composed of a fabric and clay, having
flexibiity, being able to be used as a self-supporting film, having heat resitance and having gas impermeability, and is
in the form of a self-supporting film or supported film in which a clay layer is present on one side of both sides of the
fabric, a fabric is present on both sides of the clay layer, or contains a structure thereof.
[0045] Next, an explanation is provided of the production process of the multilayer film of the present invention. In the
present invention, a natural or synthetic clay, and preferably a natural smectite or synthetic smectite or mixture thereof,
is used for the clay, and this is added to water or a liquid consisting mainly of water to prepare a dilute, homogeneous
liquid dispersion. One or more types selected from the group consisting mica, vermiculite, montmorillonite, iron montmo-
rillonite, beidellite, saponite, hectorite, stevensite and nontronite can be used for the clay. The concentration of the clay
liquid dispersion is preferably 0.5 to 15 percent by weight and more preferably 1 to 10 percent by weight. At this time, if
the concentration of the clay liquid dispersion is excessively low, there is the problem of excessive time required for
drying. In addition, if the concentration of clay liquid dispersion is excessively high, since the clay is not adequately
dispersed, the orientation of the clay particles is poor thereby resulting in the problem of it being difficult to form a uniform
film.
[0046] Next, a weighed solid or liquid additive is added to the clay liquid dispersion as necessary to prepare a homo-
geneous liquid dispersion. There are no particular limitations on the additive provided it improves the flexibility or me-
chanical strength of the multilayer film and uniformly mixes with the clay, examples of which can be used include one
or more types of ethylene glycol, glycerin, epsilon-caprolactam, dextrin, starch, cellulose-based resin, gelatin, agar, flour,
gluten, alkyd resin, polyurethane resin, epoxy resin, fluororesin, acrylic resin, methacrylic resin, phenolic resin, polyamide
resin, polyester resin, polyimide resin, polyvinyl resin, polyethylene glycol, polyacrylamide, polyethylene oxide, protein,
deoxyribonucleic acid, ribonucleic acid, polyamino acid, phenols, benzoic acid compounds and silicon resin. The weight
ratio of additive to the total solid content is 30 percent or less and preferably 1 to 10 percent. At this time, if the ratio of
the additive is excessively low, the effect of addition is not demonstrated, while if the ratio of the additive is excessively
high, the distribution of the additive and clay in the prepared film becomes heterogeneous, and as a result, the homogeneity
of the resulting multilayer film decreases, and the effect of addition is diminished. In addition, the heat resistance of the
multilayer film decreases in the case the ratio of the additive is excessively high.
[0047] Next, a weighed reinforcing material is added to the clay liquid dispersion to prepare a homogeneous liquid
dispersion. One or more types of mineral fibers, glass wool, carbon fibers, ceramic fibers, plant fibers or organic polymer
fiber resin can be used for the reinforcing material. The weight ratio of the reinforcing material to the total solid content
is 30 percent or less and preferably 1 to 10 percent. At this time, in the case the ratio of the reinforcing material is
excessively low, the effects of addition are not demonstrated, while if the ratio of the reinforcing material is excessively
high, the distribution of the reinforcing material and clay in the prepared film becomes heterogeneous, and as a result,
the homogeneity of the resulting multilayer film decreases and the effect of addition is diminished. Furthermore, the
order in which the reinforcing material and additive are added is not predetermined, and may be added in either order.
[0048] Next, after having poured this liquid dispersion into a container on which a fabric has been laid or coated onto
the surface of support spread out so as to contact a fabric, the liquid of the liquid dispersion is removed by drying to
produce a multilayer film composed of fabric and clay. At this time, examples of the fabric include organic polymer fibers,
silica fibers, alumina fibers, glass fibers, ceramic fibers, intermediate compositions thereof or compound fibers comprised
of two or more types thereof. An inorganic material is preferably used for the material of the fabric in cases of requiring
heat resistance of 300°C or higher. However, a fabric using a heat-resistant organic polymer such as aramid fibers,
fluororesin, amide resin or imide resin can be used according to the conditions of use in cases in which heat resistance
up to about 300°C is sufficient. In addition, paper made from organic polymer fibers is also included in the scope of the
fabric referred to here. In the present invention, a fabric refers to that which contains these fibers or a material equivalent
or simlar thereto. At this time, in the case of using the fabric as a supporting film, the dispersion may be poured or coated
after fixing the fabric on an object by adhesion or melting and the like. A dispersion layer is formed so as to prevent the
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entrance of air bubbles into the fabric and clay film, and a dense multilayer film is obtained by allowing microcrystals of
the clay to enter into the openings in the fabric.
[0049] An example of a method for producing a multilayer film consists of slowly evaporating the dispersion in the
form of a liquid to form a film. The dispersion is then coated onto the surface of a support followed by removing the
dispersion medium in the form of a liquid by drying. Examples of methods for removing the dispersion medium in the
form of a liquid by drying include various solid-liquid separation methods such as centrifugal separation, filtration, vacuum
drying, freeze-vacuum drying, heated evaporation or a combination thereof. Among these methods, in the case of, for
example, pouring the dispersion into a container and using heated evaporation, a fabric is laid on a support such as a
flat tray and preferably a plastic or metal tray, the concentration of the clay is adjusted to 0.5 to 3 percent by weight, a
dispersion that has been degassed in advance is poured onto the fabric from above, and the fabric is dried while being
kept level in a forced air oven under temperature conditions of 30 to 70°C and preferably 30 to 50°C for 3 hours to about
a half day and preferably for 3 hours to 5 hours to obtain a two-layer multilayer film.
[0050] In addition, as another example, in the case of coating a gel-like dispersion having a comparatively high solid-
liquid ratio onto an object and using heated evaporation, a fabric is laid on a flat metal plate, the concentration of the
clay is adjusted to 4 to 7 percent by weight, a dispersion that has been degassed in advance is coated onto the fabric
to a thickness of 2 mm and then dried in a forced air oven under temperature conditions of 30 to 100°C and preferably
30 to 80°C for about 10 minutes to 2 hours and preferably for 20 minutes to 1 hour to obtain a two-layer multilayer film.
The clay layer is formed on the top of the fabric in these cases.
[0051] A multilayer film comprised of three layers in which a clay layer is formed on both sides of a fabric can be
obtained by turning over a two-layer multilayer film and carrying out the treatment described above to form a clay layer.
In addition, a multilayer film comprised of three layers in which a clay layer is sandwiched between fabrics can be obtained
by mutually laminating before the clay layer has completely dried during the course of producing a two-layer multilayer
film. Furthermore, by repeating these procedures, a multilayer that comprises three or more layers can be produced.
An adhesive can be used in the case of producing a multilayer film comprised of three layers or more.
[0052] In the case of not degassing the dispersion in advance, a problem may occur in which holes caused by air
bubbles form easily in the clay layer. In addition, drying conditions are set so that the liquid component is adequately
removed by drying. At this time, if the drying rate is too slow, there is the problem of excessive time being required for
drying. In addition, if the drying rate is too fast, counterflow of the dispersion occurs, resulting in the problem of decreased
homogeneity of the multilayer film. The clay layer is such that a film of arbitrary thickness can be obtained by adjusting
the amount of solid used in the dispersion.
[0053] In the case of using a multilayer film as a self-supporting film, a clay self-supporting film is obtained by peeling
the multilayer film from a container or object surface. In the case the clay thin film does not spontaneously peel from the
container or other support, a self-supporting film is preferably obtained by promoting peeling by drawing a vacuum. In
addition, as another peeling method, a self-supporting film is preferably obtained by facilitating peeling by drying the
clay thin film under temperature conditions of about 110 to 200°C. At this time, in the case the temperature is excessively
low, there is the problem of peeling not occurring easily. In the case the temperature is excessively high, there is the
problem of deterioration of additives. In the case of not containing additives, peeling can be promoted by treatment at
a higher temperature. Temperature conditions up to 700°C can be used for the high-temperature treatment at this time.
In addition, another example of a method for peeling the film consists of applying a solvent such as alcohol to facilitate
peeling.
[0054] A clay film or clay self-supporting film obtained in the manner described above is basically hydrophilic. Conse-
quently, it has inferior moisture resistance as compared with a plastic film or metal foil. It therefore has the problem of
swelling and becoming brittle under conditions in which there is condensation of moisture or when contacted with water.
In addition, it is also difficult to give the clay film or clay self-supporting film a high degree of moisture blocking properties.
Here, the clay film can be changed from hydrophilic to hydrophobic by treating the surface thereof making it possible to
impart moisture resistance and a high degree of moisture blocking. There are no particular limitations on the surface
treatment provided it makes the clay film or clay self-supporting film hydrophobic, and an example is the production of
a coating layer.
[0055] Examples of methods using the production of a coating layer include methods for forming a fluorine-based film,
silicon-based film, polysiloxane film, fluorine-containing organopolysiloxane film, acrylic resin film, vinyl chloride resin
film, polyurethane resin film, highly water repellent plating film, metal vapor deposition film or carbon vapor deposition
film on a surface. In this case, examples of film production methods include wet methods, dry methods, deposition
methods and spraying methods. Since the coating layer produced on the surface is hydrophobic, water repellency is
realized on the surface of the clay film. This treatment can be carried out on one side or both sides of the clay film
according to the application. Other examples of surface treatment methods include surface modification methods using
chemical treatment such as silylation or ion exchange.
[0056] As a result of this surface treatment, in addition to the imparting of water repellency and waterproofing as
previously described, reinforcing effects that enhance film strength as well effects that create an attractive appearance
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by imparting gloss as a result of suppressing light scattering on the surface can be expected. On the other hand, in the
case of using an organic polymer for the coating layer, there are cases in which the normal temperature range of the
clay film is defined by the normal temperature range of the material of the coating layer. Consequently, the material used
for surface treatment and film thickness are carefully selected according to the application.
[0057] In the case of producing a multilayer film having high heat resistance, it is important to reduce the added amount
of additive having inferior heat resistance in comparison with the clay. In this case, the weight ratio of the additive based
on the total solid content is preferably 10% or less. This does not apply in cases in which heat resistance is not particularly
required. Since the multilayer film of the present invention has clay for the main component thereof, it has superior
insulating properties and can be used over a wide range as a heat-resistant, insulating film. In addition, since the multilayer
film of the present invention has superior heat insulating properties, it can also be used over a wide range as a heat
insulating film.
[0058] Next, the present invention is able to provide an adhesive clay film in which an adhesive layer is present on a
clay film, wherein the adhesive clay film is maintaly composed of clay, has flexibility, can be used as a self-supporting
film, and has gas impermeability. The permeability coefficient of this adhesive clay film with respect to air, oxygen gas,
nitrogen gas, hydrogen gas or helium gas at room temperature is less than 1 3 10-12cm2s-1cmHg-1.
[0059] The adhesive clay film of the present invention has an adhesive layer on one side or both sides of the clay film.
The clay layer of the adhesive clay film of the present invention is composed of clay only, clay and a small amount of
additive or clay, a small amount of additive and a small amount of reinforcing material. The main component of the clay
layer is natural clay or synthetic clay. Examples of the main component of the clay film include mica, vermiculite, montmo-
rillonite, iron montmorillonite, beidellite, saponite, hectorite, stevensite and nontronite.
[0060] Examples of the additive in this adhesive clay film include ethylene glycol, glycerin, epsilon-caprolactam, dextrin,
starch, cellulose-based resin, gelatin, agar, flour, gluten, alkyd resin, polyurethane resin, epoxy resin, fluororesin, acrylic
resin, methacrylic resin, phenolic resin, polyamide resin, polyester resin, polyimide resin, polyvinyl resin, polyethylene
glycol, polyacrylamide, polyethylene oxide, protein, deoxyribonucleic acid, ribonucleic acid, polyamino acid, phenols,
benzoic acid compounds and silicon resin.
[0061] Examples of the reinforcing material include one or more types of mineral fibers, glass wool, carbon fibers,
ceramic fibers, plant fibers and organic polymer fibers. In addition, examples of the adhesive layer include adhesives
and adhesive layers composed of an adhesive and base layer. In the present invention, an adhesive clay film having
improved moisture resistance, gas impermeability or mechanical strength by causing a chemical reaction such as an
addition reaction, condensation reaction or polymerization reaction by an arbitrary method or means such as heating or
irradiation with light to form novel chemical bonds in or between components of clay, is also targeted.
[0062] In the present invention, surface treatment may be carried out for the purpose of, for example, water repellency,
waterproofing, reinforcing or surface flattening, and this surface treatment is able to form a fluorine-based film, silicon-
based film, polysiloxane film, fluorine-containing organopolysiloxane film, acrylic resin film, vinyl chloride resin film,
polyurethane resin film, highly water repellent plating film, metal vapor deposition film or carbon vapor deposition film
on a surface. The weight ratio of the above-mentioned additive to the total solid content is preferably 30 percent or less,
and the weight ratio of the above-mentioned reinforcing material to the total solid content is preferably 30 percent or less.
[0063] This adhesive clay film is characterized by being a self-supporting film, having flexibility, being easily processed,
being easily made to be functional, having a thickness of the clay layer of about 3 to 100 mm, and being highly oriented
on the micrometer or nanometer level. This adhesive clay film is also characterized by having tensile strength of 10 MPa
or more as determined according to JIS K 7127. With respect to the basic performance of this adhesive clay film, gas
impermeability is such that permeablity is below the measurement limit in the case of helium (equivalent to aluminum
foil), while tensile strength is 10 MPa or more. In this adhesive clay film, high heat resistance is obtained by increasing
the ratio of the main component clay and selecting a material having high heat resistance for the adhesive layer in
particular.
[0064] The clay layer that composes the adhesive clay film of the present invention uses clay as the main raw material,
and an example of the basic composition thereof preferably consists of 90% by weight or more of a natural or synthetic
swelling clay having a layer thickness of about 1 nm, particle diameter of about 1 mm and aspect ratio of about 300, and
10% by weight or less of a natural or synthetic, low molecular weight or high molecular weight additive having a molecular
size of several nm or less. This adhesive clay film is produced so that, for example, layered crystals having a thickness
of about 1 nm are oriented in the same direction and layered to as to be densely laminated. The resulting adhesive clay
film has a film thickness of the clay layer of 3 to 100 mm, gas impermeability performance is such that the permeability
coefficient with respect to oxygen and hydrogen is less than 1 3 10-12cm2s-1cmHg-1, the surface area can be increased
to 100 3 40 cm or more, and direct current electrical resistance in the perpendicular direction to the film is 1 megaohm
or more.
[0065] The present invention easily provides an adhesive clay film able to be adhered and laminated either with itself
or another material, and provides a laminated clay film having mechanical strength and toughness enabling use as a
self-supporting film while also having superior gas impermeability, electrical insulating properties and flexibility. In addition,
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the present invention provides a film, sheet, pipe, container or other member having any of gas impermeability, water
vapor impermeability and electrical insulating properties by adhering the present adhesive clay film. In addition, the
present invention provides a method for imparting any of gas impermeability, water vapor impermeability and electrical
insulating properties to a film, sheet, pipe, container or other member by adhering the present adhesive clay film.
[0066] An example of a method for producing the clay layer consists of slowly evaporating the liquid of the liquid
dispersion to form a film. The dispersion is coated on the surface of a support followed by removing the liquid serving
as the dispersion medium by drying. Examples of such methods for removing the liquid serving as the dispersion medium
by drying include various solid-liquid separation methods such as centrifugal separation, filtration, vacuum drying, freeze-
vacuum drying and heated evaporation or a combination thereof. Among these methods, in the case of, for example,
using a method consisting of pouring the liquid dispersion into a container and evaporating by heating, a flat tray, and
preferably a plastic or metal tray, is placed horizontally, the concentration of the clay is adjusted to 0.5 to 3 percent by
weight, a preliminarily degassed liquid dispersion is poured into the tray, and the liquid dispersion is dried while maintaining
in a level state in a forced air oven under temperature conditions of 30 to 70°C and preferably 30 to 50°C for about 3
hours to half a day and preferably for 3 to 5 hours to obtain a clay thin film. In addition, as another example, in the case
of coating a gel-like dispersion having a comparatively high solid-liquid ratio onto an object serving as a support and
using heated evaporation, the concentration of the clay is adjusted to 4 to 7 percent by weight, a dispersion that has
been degassed in advance is coated onto an object such as a metal plate to a thickness of 2 mm and then dried in a
forced air oven under temperature conditions of 30 to 100°C and preferably 30 to 80°C for about 10 minutes to 2 hours
and preferably for 20 minutes to 1 hour to obtain a clay layer.
[0067] In the case of not degassing the dispersion in advance, a problem may occur in which holes caused by air
bubbles form easily in the clay layer. In addition, drying conditions are set so that the liquid component is adequately
removed by drying. At this time, if the drying rate is too slow, there is the problem of excessive time being required for
drying. In addition, if the drying rate is too fast, counterflow of the dispersion occurs, resulting in the problem of decreased
homogeneity of the clay layer. The clay layer is such that a film of arbitrary thickness can be prepared by adjusting the
amount of solid used in the dispersion.
[0068] Next, the clay layer is peeled from the surface of the object or container. In the case the clay layer does not
spontaneously peel from the container or other support, peeling is preferably promoted by drawing a vacuum. In addition,
as another peeling method, a self-supporting film is preferably obtained by facilitating peeling by drying under temperature
conditions of about 110 to 200°C to facilitate peeling. At this time, in the case the temperature is excessively low, there
is the problem of peeling not occurring easily. In the case the temperature is excessively high, there is the problem of
deterioration of additives. In the case of not containing additives, peeling can be promoted by treatment at a higher
temperature. Temperature conditions up to 700°C can be used for the high-temperature treatment at this time. In addition,
another example of a method for peeling the film consists of applying a solvent such as alcohol to facilitate peeling.
[0069] A clay layer obtained in the manner described above is basically hydrophilic. Consequently, it has inferior
moisture resistance as compared with a plastic film or metal foil. It therefore has the problem of swelling and becoming
brittle under conditions in which there is condensation of moisture or when contacted with water. In addition, it is also
difficult to give the clay layer a high degree of moisture blocking properties. Here, the clay layer can be changed from
hydrophilic to hydrophobic by treating the surface thereof making it possible to impart moisture resistance and a high
degree of moisture blocking. There are no particular limitations on the surface treatment provided it makes the surface
of the clay layer hydrophobic, and an example is the production of a coating layer. Examples of methods using the
production of a coating layer include methods for forming a fluorine-based film, silicon-based film, polysiloxane film,
fluorine-containing organopolysiloxane film, acrylic resin film, vinyl chloride resin film, polyurethane resin film, highly
water repellent plating film, metal vapor deposition film or carbon vapor deposition film on a surface. In this case, examples
of film production methods include wet methods, dry methods, deposition methods and spraying methods. Since the
coating layer produced on the surface is hydrophobic, water repellency is realized on the surface of the clay film. This
treatment is carried out on the side on which the adhesive layer is not formed. Other examples of surface treatment
methods include surface modification methods using chemical treatment such as silylation or ion exchange.
[0070] As a result of this surface treatment, in addition to the imparting of water repellency and waterproofing as
previously described, reinforcing effects that enhance film strength as well effects that create an attractive appearance
by imparting gloss as a result of suppressing light scattering on the surface can be expected. On the other hand, in the
case of using an organic polymer for the coating layer, there are cases in which the normal temperature range of the
clay film is defined by the normal temperature range of the material of the coating layer. Consequently, the material used
for surface treatment and film thickness are carefully selected according to the application.
[0071] Next, the adhesive layer is formed on at least one side of the clay layer. The clay layer is cleaned as necessary
before forming the adhesive layer. In addition, a primer is applied between the clay layer and the adhesive layer as
necessary. The purpose of applying a primer is to improve affinity between the clay layer and the adhesive layer, reinforce
the surface of the adhered object, protect the adhesion interface and so on, and examples of the primer include ethylene-
vinyl acetate resin-based adhesives. Since the clay layer has high gas impermeability causing the adhesive to dry slowly,
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the use of a solvent-free adhesive is recommended. Examples of methods for forming the adhesive layer on the clay
layer include coating, spraying and dip coating. Examples of adhesives include natural adhesives, inorganic adhesives,
thermoplastic adhesives, thermocurable adhesives, rubber-based adhesives, cyanoacrylate-based adhesives and heat-
resistant adhesives. In addition, there are also methods in which the adhesive layer is in the form of a film, and is coated
onto the clay layer by hot pressing. Moreover, a double-sided adhesive sheet can also be used in which these adhesive
layers are coated onto both sides of a base material. An adhesive layer can be formed on one side of a clay layer by
peeling a release sheet on one side of a double-sided adhesive sheet and adhering to the clay layer.
[0072] In addition, in the case of using a double-sided adhesive sheet having a base material, the effect is realized of
allowing the base material to fulfill the role of reinforcing the clay layer. At this time, the base material may be a an
organic polymer film or a non-woven fabric. It is necessary to increase the heat-resistance of the adhesive layer to
increase the heat resistance of the adhesive clay film. In order to do this, heat resistance can be secured such as by
using an acrylic material for the base. In addition, heat resistance can also be secured by employing a method consisting
of temporarily adhering a thermocurable adhesive layer by heat lamination followed by coating with an adhesive layer
of the type that is finally cured by oven curing.
[0073] It is difficult to increase the thickness of the clay layer. This is because, due to the high gas impermeability of
the clay layer, it is difficult to remove the solvent by drying in the case of a thick layer. A thick clay film can be easily,
uniformly and reliably produced by laminating this adhesive clay film. As a result, a packing requiring thickness, an
electrical insulating film requiring high electrical insulating properties, and a gas impermeable film requiring high gas
impermeability can be easily provided.
[0074] Next, an explanation is provided of characteristic values of the material (base material) of the present invention.

(1) Density

[0075] The density of conventional materials is at most 1.51 in plastic-filler nanocomposite products as indicated in
the table below. In contrast, the material of the present invention has a density in excess of 1.51, and demonstrates
measured values for density of 2.0 or more, and for example, about 2.10. In this manner, the material of the present
invention has a density in excess of 1.51, and in particular, has a density of about 1.60 to 2.50.

(2) Flexibility

[0076] The most flexible material among conventional materials is a commercially available sheet made of clay and
pulp fiber, and the bending resistance thereof is 8.0 (mN) as the value measured in compliance with Method A of JIS L
1096:1999 "General Testing for Woven Fabrics" obtained in a bending resistance test. On the other hand, the hardest
clay film is HR50/5-80H, and the bending resistance of the top surface is 5.3 (mN) and that of the bottom surface is 17.1
(mN). In contrast, the value obtained in a bending resistance test for the material of the present invention is about 2.0
mN, and the material of the present invention at least has a value that is less than 8.0 mN. Since the threshold of bending
resistance of conventional materials and the material of the present invention can be said to be 8.0 mN, this value can
be used to distinguish (discriminate) between the material of the present invention and conventional materials.

(3) Characteristics of Raw Material Clay

[0077] In the present invention, the raw material clay preferably has, for example, a primary particle aspect ratio (based
on the number of particles) of about 320, and a raw material clay having high methylene blue adsorption and high cation
exchange capacity is used in particular. A specific example of such a raw material clay has characteristics consisting of

Table 2

Host Plastic Guest Filler Filler Concentration Density Cited Reference

Polylactic acid Clay 1.27 1)

Nylon Clay 1.15 2)

Polyamide Clay 1.15 3)

Polyamide Glass fiber 30% 1.36 3)

Polyamide Clay 1.51 4)

(Cited References: Noboru Chujyo, ed., Development of Polymer-based Nanocomposite Products, Frontier Publish-
ing, p. 1911), p. 1862), p. 1893), p. 1924), 2004)
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an amount of methylene blue adsorption of 130 mmol/100 g, a cation exchange capacity of 110 meq/100 g, a pH of a
2% aqueus dispersion of 10.2, a viscosity of a 4% aqueous dispersion of 350 mPa•s, and an aqueous dipersion median
diameter of 1.13 mm. However, the raw material clay is not limited to these characteristics, and a raw material clay having
similar or equivalent properties thereto can be similarly used by using these characteristics as standard values. Tsukinuno
clay found in Yamagata Prefecture, Japan and materials having this as a main component thereof are preferably used
for these raw material clays.

(4) Other Characteristics

[0078] The material of the present does not exhibit abnormalities in a heat cycling test (100 to 600°, 30 cycles) (high
heat resistance), has electrical resistance such that the volumetric resistivity (500 V) is 2.3 3 107 Ωm (JIS K 6911:1995)
(high insulating properties), and is used, for example, as a flexible substrate material. Other characteristics of the material
of the present invention are indicated with the following characteristic values. The permeability coefficient with respect
to oxygen and hydrogen is less than 1 3 10-12cm2s-1cmHg-1, rupture elongation is 2.2%, tensile strength (JIS K
6252:2001) is 33.4 N/mm, oxygen index (JIS K 7201:1995) is greater than 94.0, specific heat is 1.19 J/g•K, thermal
diffusivity is 1.12 3 10-7m2/s, thermal conductivity is 0.27 W/m•K, coefficient of thermal expansion (-100 to 100°C) is
0.1 3 10-4 K-1, coefficient of thermal expansion (100 to 200°C) is -0.06 3 10-4 K-1, and there are no abnormalities
demonstrated in a corrosive gas resistance test. These values indicate preferable characterstic values of the material
of the present invention, and the present invention is not limited thereto, but rather materials having characteristic values
similar or equivalent thereto based on using these values as standard values are included in the scope of the present
invention.
[0079] According to the present invention, effects are demonstrated consisting of (1) being able to provide a clay film,
and a production process thereof, having a surface that is water-repellent and hydrophilic, having mechanical strength
enabling use as a self-supporting film, and having superior flexibility, gas impermeability, water vapor impermeability
and thermal stability; (2) being able to provide a novel technology and novel material having electrical insulating properties
and heat insulating properties; (3) being able to provide a novel technology and novel material such as a member able
to be used as a packing, solid electrolyte fuel cell membrane, electrical insulator or heat insulator having both heat
resistance and flexibility; and (4) the clay film product of the present invention being able to be preferably used as a
substitute for asbestos.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080]

FIG. 1 shows a photograph taken with a scanning electron microscope of the cross-section of a clay film of the
present invention (in which the ratios of the contents of epsilon-caprolactam and glass wool used based on the total
solid content are 9% and 5%, respectively);
FIG. 2 shows an X-ray analysis chart of a clay film;
FIG. 3 shows a TG-DTA chart of a clay film;
FIG. 4 shows a photograph taken with a scanning electron microscope of the flat surface on the side having a clay
layer of a multilayer film of the present invention;
FIG. 5 shows a photograph taken with a scanning electron microscope of the cross-section of a multilayer film of
the present invention; and
FIG. 6 shows a photograph taken with a scanning electron microscope of the cross-section of a multilayer clay film
in which an adhesive clay film has been adhered to another clay film.

BEST MODE FOR CARRYING OUT THE INVENTION

[0081] Although the following provides a detailed explanation of the the present invention based on examples thereof,
the present invention is not limited to these examples.

Example 1 (Reference)

(1) Production of Clay Film

[0082] 20 cm<3> of distilled water were added to 0.95 g of clay in the form of natural montmorillonite (Kunipia P,
Kunimine Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor
followed by agitating vigorously to obtain a homogeneous dispersion. An aqueous solution containing 0.09 g of an
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additive in the form of epsilon-caprolactam (Wako Pure Chemical Industries, Ltd.) was added to this dispersion to obtain
a homogeneous dispersion. The resulting dispersion was coated onto a brass plate having a length of about 30 cm and
width of about 20 cm, and dried while maintaining the plate in a level state in a forced air oven under temperature
conditions of 60 deg. C for 1 hour to obtain a homogeneous water-soluble polymer-compounded clay thin film having a
thickness of about 60 micrometers. The formed clay thin film was then peeled from the tray to obtain a clay film. Next,
an acetone isopropyl alcohol solution of a fluorourethane resin and silicon resin was sprayed onto both sides of the clay
film to improve the water repellency and water vapor impermeability of the clay film followed by drying at room temperature
to form a coating layer comprising a fluorourethane resin and silicon resin. The thickness of the coating layer was about
1 micrometer.

(2) Characteristics of Clay Film

[0083] The permeability coefficient of the clay film at room temperature with respect to air, oxygen gas, nitrogen gas,
hydrogen gas or helium gas was less than 1 X 10<-12> cm<2> s<-1> cmHg<-1>. In this manner, a clay film having high
tensile strength was obtained by producing a coating layer on both sides thereof. As a result of measuring the water
vapor transmission rate of the clay film at 40 deg. C and a relative humidity of 90% according to the cup method (JIS Z
0208), it was found to be one-third that prior to coating. In addition, in the case of dropping water onto the clay film while
allowing to remain undisturbed in the horizontal position, the clay film rejected the water satisfactory, thereby confirming
that water repellency had been imparted to the clay film. In this manner, a clay film was obtained having low gas
impermeability and water vapor transmission as well as surface water repellency by producing a coating layer on both
sides thereof.

Example 2 (Reference)

(1) Production of Clay Film

[0084] 20 cm<3> of distilled water were added to 0.95 g of clay in the form of natural montmorillonite (Kunipia P,
Kunimine Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor
followed by agitating vigorously to obtain a homogeneous dispersion. An aqueous solution containing 0.09 g of an
additive in the form of epsilon-caprolactam (Wako Pure Chemical Industries, Ltd.) was added to this dispersion to obtain
a homogeneous dispersion. The resulting dispersion was coated onto a brass plate having a length of about 30 cm and
width of about 20 cm, and dried while maintaining the plate in a level state in a forced air oven under temperature
conditions of 60°C for 1 hour to obtain a homogeneous water-soluble polymer-compounded clay thin film having a
thickness of about 60 micrometers. The formed clay thin film was then peeled from the tray to obtain a clay film. Next,
an ethanol solution of an acrylic resin and methylphenyl polysiloxane was sprayed onto both sides of the clay film to
improve the mechanical strength thereof followed by drying at room temperature to form a coating layer comprising
acrlic resin and methylphenyl polysiloxane. The thickness of the coating layer was about 1 micrometer.

(2) Characteristics of Clay Film

[0085] The permeability coefficient of the clay film at room temperature with respect to air, oxygen gas, nitrogen gas,
hydrogen gas or helium gas was less than 1 3 10-12cm2s-1cmHg-1. The tensile strength of the clay film was 21.6 MPa
(JIS K 7127), demonstrating a value higher than the value of 18.9 MPa obtained prior to coating. In this manner, a clay
film having high tensile strength was obtained by producing a coating layer on both sides thereof. In this manner, a
stronger clay film was obtained having extremely low gas permeability by producing a coating layer on both sides thereof.

Example 3

(1) Production of Clay Film

[0086] 60 cm3 of distilled water were added to 1.82 g of clay in the form of natural montmorillonite (Kunipia P, Kunimine
Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor followed
by agitating vigorously to obtain a homogeneous dispersion. 0.10 g of a reinforcing material in the form of glas wool
were added to this dispersion followed by the addition of an aqueous solution containing 0.18 g of an additive in the
form of epsilon-caprolactam (Wako Pure Chemical Industries, Ltd.), and coating the resulting dispersion onto a portion
of a brass plate having a length of about 30 cm and width of about 20 cm to a uniform thickness, allowing the plate to
stand undisturbed in a level state, and drying in a forced air oven under temperature conditions of 60°C for 30 minutes
to obtain a homogeneous water-soluble polymer-compounded clay thin film having a thickness of about 60 micrometers.
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Next, the formed clay thin film was then peeled from the tray to obtain a clay film. Next, the clay film was heated at 250°C
for a predetermined amount of time to obtain a clay film of polymerized epsilon-caprolactam containing Nylon 6.

(2) Characteristics of Clay Film

[0087] The permeability coefficient of the clay film at room temperature with respect to air, oxygen gas, nitrogen gas,
hydrogen gas or helium gas was less than 1 3 10-12cm2s-1cmHg-1. The tensile strength of the clay film according to JIS
K 7127 was 38 Mpa or more. Thus, a clay film having high tensil strength was obtained as a result of adding the reinforcing
material. A photograph of the clay film taken with a scanning electron microscope is shown in FIG. 1. FIG. 1 shows the
surface of the clay film. The clay film can be seen to be reinforced as a result of individual long, each of narrow glass
wool fibers running vertically and horizontally through the film resulting in the formation of a network. In an X-ray analysis
chart of this clay film (FIG. 2), a series of sharp, bottom reflection peaks (001), (003) and (005) were observed at locations
of 1.43, 0.50 and 0.30 nm, respectively, indicating that the orientation of the particles of the clay thin film was aligned
well. In addition, these values were larger than the values of 1.24, 0.42 and 0.21 nm, respectively, obtained in the case
of producing a film composed of natural montmorillonite only, thus indicating a nanocomposite in which Nylon particles
were incorporated between the clay layers. On the basis of the TG-DTA chart of this clay film (FIG. 3), weight loss
resulting from heating from 200 to 600°C was only 6.15%. This indicates that the clay film has a high degree of heat
resistance.

Comparative Example 1

(1) Production of Clay Film

[0088] 60 cm3 of distilled water were added to 1.82 g of clay in the form of natural montmorillonite (Kunipia P, Kunimine
Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor followed
by agitating vigorously to obtain a homogeneous dispersion. An aqueous solution containing 0.18 g of an additive in the
form of epsilon-caprolactam (Wako Pure Chemical Industries, Ltd.) was then added to this dispersion, and the resulting
dispersion was coated onto a portion of a brass plate having a length of about 30 cm and width of about 20 cm to a
uniform thickness, followed by allowing the plate to stand undisturbed in a level state, and drying in a forced air oven
under temperature conditions of 60 deg. C for 30 minutes to obtain a homogeneous water-soluble polymer-compounded
clay thin film having a thickness of about 60 micrometers. Next, the formed clay thin film was then peeled from the tray
to obtain a clay film. Next, the clay film was heated at 250°C for a predetermined amount of time to obtain a clay film of
polymerized epsilon-caprolactam containing Nylon 6.

(2) Characteristics of Clay Film

[0089] The permeability coefficient of the clay film at room temperature with respect to air, oxygen gas, nitrogen gas,
hydrogen gas or helium gas was less than 1 X 10<-12> cm<2> s<-1> cmHg<-1>. The tensile strength of the clay film
was 19 MPa. Thus, tensile strength was demonstrated to be lower when not using a reinforcing material as compared
with the case of using a reinforcing material (Example 3).

Example 4 (Reference)

(1) Production of Multilayer Film

[0090] A glass plain-woven fabric (Glass Cloth, Solar Co., Ltd.) was laid on a brass plate having a length of about 30
cm and width of about 20 cm, the glass plain-woven fabric being slightly smaller than the brass plate. The thickness of
the Glass Cloth was about 0.1 mm. Next, 60 cm3 of distilled water were added to 2 g of clay in the form of natural
montmorillonite (Kunipia P, Kunimine Industries Co. , Ltd.) and placed in a plastic sealed container along with a Teflon
(registered trademark) rotor followed by agitating vigorously to obtain a homogeneous dispersion. This dispersion was
coated onto the glass plain-woven fabric, allowed to stand undisturbed in a level state, and dried in a forced air oven
under temperature conditions of 60°C for 30 minutes to obtain a multilayer film having a thickness of about 0.2 mm.

(2) Characteristics of Multilayer Film

[0091] The permeability coefficient of the multilayer film at room temperature with respect to air, oxygen gas, nitrogen
gas, hydrogen gas or helium gas was less than 1 3 10-12cm2s-1cmHg-1. Weight loss resulting from heating from 200 to
600°C as determined by thermogravimetric measurement of the multilayer film was only 0.23%. According to scanning
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electron micrographs (FIGS. 4 and 5), a clay layer can be seen to be densely formed on one side of the glass plain-
woven fabric. In addition, the gas permeability coefficient of the multilayer film following heat treatment for 24 hours at
600°C was less than 1 3 10-12cm2s-1cmHg-1. On the basis of these findings, this multilayer film demonstrated a high
degree of heat resistance. As a result of measuring the direct current electrical resistance in the perpendicular direction
to the film according to the AC two-probe method, the electrical resistance of the multilayer film was found to be 1
megaohm or more.

Example 5 (Reference)

(1) Production of Multilayer Film

[0092] A glass plain-woven fabric (Glass Cloth, Solar Co., Ltd.) was laid on a brass plate having a length of about 30
cm and width of about 20 cm, the glass plain-woven fabric being slightly smaller than the brass plate. The thickness of
the glass cloth was about 0.1 mm. Next, 60 cm3 of distilled water were added to 1.82 g of clay in the form of natural
montmorillonite (Kunipia P, Kunimine Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon
(registered trademark) rotor followed by agitating vigorously to obtain a homogeneous dispersion. An aqueous solution
containing 0.18 g of an additive in the form of epsilon-caprolactam (Wako Pure Chemical Industries, Ltd.) was then
added to this dispersion, the resulting dispersion was coated onto the glass plain-woven fabric, allowed to stand undis-
turbed in a level state, and dried in a forced air oven under temperature conditions of 60° C for 30 minutes to obtain a
multilayer film having a thickness of about 0.2 mm. Next, the formed multilayer film was peeled from the tray to obtain
a self-supporting multilayer film. Next, this multilayer film was heated at 250°C for a predetermined amount of time to
obtain a multilayer film of polymerized epsilon-caprolactam containing Nylon 6.

(2) Characteristics of Multilayer Film

[0093] The permeability coefficient of the multilayer film at room temperature with respect to air, oxygen gas, nitrogen
gas, hydrogen gas or helium gas was less than 1 X 10-12 cm2 s-1 cmHg-1. In addition, the gas permeability coefficient
of the multilayer film following heat treatment for 24 hours at 600°C was less than 1 X 10-12 cm2 S-1 cmHg-1. On the
basis of these findings, this multilayer film demonstrated a high degree of heat resistance. As a result of measuring the
direct current electrical resistance in the perpendicular direction to the film according to the AC two-probe method, the
electrical resistance of the multilayer film was found to be 1 megaohm or more.

Example 6 (Reference)

(1) Production of Adhesive Clay Film

[0094] 60 cm3 of distilled water were added to 2 g of clay in the form of natural montmorillonite (Kunipia P, Kunimine
Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor followed
by agitating vigorously to obtain a homogeneous dispersion. This dispersion was coated onto a brass plate having a
length of about 30 cm and width of about 20 cm to a thickness of about 2 mm, followed by allowing the plate to stand
undisturbed in a level state, drying in a forced air oven under temperature conditions of 60°C for 30 minutes and peeling
to obtain a clay layer having a thickness of about 0.04 mm. Next, one of the adhesive sides of a double-sided adhesive
sheet (Nitto Denko Corp.) was adhered to the clay layer to produce an adhesive clay film. The thickness of the adhesive
sheet was 0.15 mm, the adhesive was a solvent-free acrylic clay film, and the base layer was a non-woven fabric.
[0095] gas or helium gas was less than 1 3 10-12cm2s-1cmHg-1. In addition, the gas permeability coefficient of the
multilayer film following heat treatment for 24 hours at 600°C was less than 1 3 10-12cm2s-1cmHg-1. On the basis of
these findings, this multilayer film demonstrated a high degree of heat resistance. As a result of measuring the direct
current electrical resistance in the perpendicular direction to the film according to the AC two-probe method, the electrical
resistance of the multilayer film was found to be 1 megaohm or more.

Example 6

(1) Production of Adhesive Clay Film

[0096] 60 cm3 of distilled water were added to 2 g of clay in the form of natural montmorillonite (Kunipia P, Kunimine
Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor followed
by agitating vigorously to obtain a homogeneous dispersion. This dispersion was coated onto a brass plate having a
length of about 30 cm and width of about 20 cm to a thickness of about 2 mm, followed by allowing the plate to stand
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undisturbed in a level state, drying in a forced air oven under temperature conditions of 60°C for 30 minutes and peeling
to obtain a clay layer having a thickness of about 0.04 mm. Next, one of the adhesive sides of a double-sided adhesive
sheet (Nitto Denko Corp.) was adhered to the clay layer to produce an adhesive clay film. The thickness of the adhesive
sheet was 0. 15 mm, the adhesive was a solvent-free acrylic clay film, and the base layer was a

(2) Production of Multilayer Clay Film

[0097] A multilayer clay film was produced by laminating a clay layer having a thickness of about 0.04 mm onto the
adhesive side of the adhesive clay film produced in (1) above. The total thickness of the multilayer clay film was about
0.23 mm.

(3) Characteristics of Multilayer Clay Film

[0098] The permeability coefficient of the multilayer film at room temperature with respect to helium gas was less than
1 X 10-12 cm2 s-1 cmHg-1. According to a scanning electron micrograph (FIG. 6), the double-sided adhesive sheet and
the clay layer can be seen to be uniformly and firmly adhered resulting in the formation of a dense film. As a result of
measuring the direct current electrical resistance in the perpendicular direction to the film according to the AC two-probe
method, the electrical resistance of the multilayer film was found to be 1 megaohm or more.

Example 7 (Reference)

(1) Production of Adhesive Clay Film

[0099] 60 cm3 of distilled water were added to 2 g of clay in the form of natural montmorillonite (Kunipia P, Kunimine
Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor followed
by agitating vigorously to obtain a homogeneous dispersion. This dispersion was coated onto a brass plate having a
length of about 30 cm and width of about 20 cm to a thickness of about 2 mm followed by allowing the plate to stand
undisturbed in a level state, drying in a forced air oven under temperature conditions of 60° C for 30 minutes and peeling
to obtain a clay layer having a thickness of about 0.04 mm. Next, one of the adhesive sides of a double-sided adhesive
sheet (Nitto Denko Corp.) was adhered to the clay layer to produce an adhesive clay film. The thickness of the adhesive
sheet was 0.15 mm, the adhesive was a solvent-free acrylic clay film, and the base layer was a non-woven fabric.

(2) Production of Multilayer Clay Film

[0100] A multilayer clay film was produced by laminating a polyethylene film having a thickness of about 0.04 mm onto
the adhesive side of the adhesive clay film produced in (1) above. The total thickness of the multilayer clay film was
about 0.23 mm.

(3) Characteristics of Multilayer Film

[0101] The permeability coefficient of the multilayer film at room temperature with respect to helium gas was less than
1 X 10-12 cm2 s-1 cmHg-1. This value is extremely lower than the value of 6.6 X 10-10 cm2 s-1 cmHg-1 for a polyethylene
film having a thickness of about 0.04 mm alone, thereby confirming the imparting of gas impermeability by the clay layer.
As a result of measuring the direct current electrical resistance in the perpendicular direction to the film according to the
AC two-probe method, the electrical resistance of the multilayer film was found to be 1 megaohm or more.

Example 8 (Reference)

(1) Production of Clay Film

[0102] 60 cm3 of distilled water were added to 1.82 g of clay in the form of natural montmorillonite (Kunipia P, Kunimine
Industries Co., Ltd.) and placed in a plastic sealed container along with a Teflon (registered trademark) rotor followed
by agitating vigorously to obtain a homogeneous dispersion. An aqueous solution containing 0.18 g of an additive in the
form of epsilon-caprolactam (Wako Pure Chemical Industries, Ltd.) was then added to this dispersion, and the resulting
dispersion was coated onto a portion of a brass plate to a uniform thickness, followed by allowing the plate to stand
undisturbed in a level state, and drying in a forced air oven under temperature conditions of 60°C for 1 hour to obtain a
homogeneous water-soluble polymer-compounded clay thin film having a thickness of about 80 micrometers. Next, the
formed clay thin film was then peeled from the tray to obtain a clay film.
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(2) Production of Clay Film

[0103] The clay film produced in (1) above was immersed in mineral oil IRM903 using a method in compliance with
JIS K 6258 : 2003 entitled "Rubber, vulcanized or thermoplastic -- Determination of the effect of liquids" followed by
treating for 72 hours at 150°C to obtain a heat-treated clay film.

(3) Characteristics of Clay Film

[0104] The tensile strength of this heat-treated clay film at room temperature was 59 MPa. On the other hand, the
tensile strength of the clay film not subjected to heat treatment was 19 MPa. The water repellency of the heat-treated
clay film was satisfactory, and an improvement in water resistance was observed as compared with the clay film not
subjected to heat treatment.

INDUSTRIAL APPLICABILITY

[0105] As has been described above, the present invention relates to a clay film and a production process and so
forth thereof, and is able to provide a novel clay film able to be used under high-temperature conditions having low
moisture permeability and gas permeability, a water-repellent and waterproof surface, mechanical strength enabling use
as a self-supporting film and superior flexibility, and provide a production process thereof along with a clay film product.
The present invention is able to provide a film having superior moisture resistance and heat resistance. In addition, since
the clay thin film of the present invention can be used as a self-supporting film, has superior moisture resistance, heat
resistance and flexibility, and has superior gas impermeability, it can be used, for example, as a packing material used
in pipe connections in chemical industrial fields. In addition, according to the present invention, a method can be provided
for producing the above-mentioned clay film by a simple process without generating waste liquid. In addition, the present
invention relates to a fiber-reinforced clay film and a production process thereof, and is able to provide a novel clay film,
and a production technology thereof, able to be used under high-temperature conditions having mechanical strength
enabling use as a self-supporting film and superior flexibility. In addition, the present invention relates to a multilayer
film, a production process thereof and applications thereof, and is able to provide a novel multilayer film, a production
technology thereof and a multilayer film product, able to used under high-temperature conditions having mechanical
strength enabling use as a self-supporting film and superior flexibility. Moreover, the present invention relates to an
adhesive clay film, and is able to provide a novel adhesive clay film having mechanical strength enabling use as a self-
supporting film, having high gas impermeability, having superior flexibility, enabling the thickness thereof to be easily,
uniformly and reliably increased by being laminated with itself, and enabling adhesion with the surface of another material
to be carried easily, uniformly and reliably. Since the clay film of the present invention has superior gas impermeability,
insulating properties and heat resistance, it can be used as a substitute for asbestos in fields such as packings, gaskets,
heat insulators and fireproofing materials.

Claims

1. A clay film comprising a clay, an additive which is present in an amount of 30 wt% or less and a reinforcing material
which is present in an amount of 1-10 wt%, each weight ratio thereof is based on the total solid content of the film,
the clay film is self-supporting and has flexiblity, heat resistance, and gas impermeability with a gas permeability
coefficient with respect to air, oxygen gas, hydrogen gas or helium gas of less than 1 3 10-12cm2s-1cmHg-1 at room
temperature, and the surface of the film has a surface formed by surface treatment,
wherein said clay is a natural clay or synthetic clay is one or more types selected from the group consisting of mica,
vermiculite, montmorillonite, iron montmorillonite, beidellite, saponite, hectorite, stevensite and nontronite;
wherein said additive is one or more types selected from the group consisting of ethylene glycol, glycerin, epsilon-
caprolactam, dextrin, starch, cellulose-based resin, gelatin, agar, flour, gluten, alkyd resin, polyurethane resin, epoxy
resin, fluororesin, acrylic resin, methacrylic resin, phenolic resin, polyamide resin, polyester resin,
polyimide resin, polyvinyl resin; polyethylene glycol, polyacrylamide, polyethylene oxide, protein, deoxyribonucleic
acid, ribonucleic acid, polyamino acid, phenols and benzoic acid compounds;
wherein said reinforcing material is one or more types selected from the group consisting of mineral fibers, glasswool,
carbon fibers, ceramic fibers, plant fibers and organic polymer fibers;
wherein said surface treatment forms on the surface of the film one or more type selected from a fluorine-based
film, silicon-based film, polysiloxane film, fluorine-containing organopolysiloxane film, acrylic resin film, vinyl chloride
resin film, polyurethane film, water-repellent plating film, metal vapor deposition film or carbon vapor deposition film.
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2. The clay film according to claim 1, wherein the surface treatment is one or more types selected from water repellency
treatment, waterproofing treatment, reinforcing treatment and surface flattening treatment.

3. The clay film according to claim 1, wherein the clay is natural clay.

4. The clay film according to claim 1, wherein the clay is a synthetic clay.

5. The clay film according to claim 1, wherein the additive is present in an amount of 1-30wt%.

6. The clay film according to claim 1, which has an arbitrary plane shape such as a circle, square or rectangle, and
which is able to be used as a self-supporting film.

7. The clay film according to claim 1, wherein the thickness is less than 1 mm and the surface area is greater than 1 cm2.

8. The clay film according to claim 1, wherein the permeability coefficient with respect to air, oxygen gas, nitrogen gas,
hydrogen gas or helium gas following heat treatment in an ordinary air atmosphere for 24hours at 600°C is less
than 1 3 10-12cm2s-1cmHg-1.

9. The clay film according to claim 1, wherein the direct current electrical resistance according to the AC two-probe
method in the perpendicular direction to the film is 1 megaohm or more.

Patentansprüche

1. Tonfilm, der Ton umfasst, ein Additiv, das in einer Menge von 30 Gew.-% oder weniger vorhanden ist, und eine
Verstärkungssubstanz, die in einer Menge von 1 bis 10 Gew.-% vorhanden ist, wobei jedes Gewichtsverhältnis
davon auf dem Feststoffgehalt insgesamt des Films basiert, wobei der Tonfilm selbsttragend ist und Flexibilität,
Hitzebeständigkeit und Gasundurchlässigkeit aufweist, mit einem Gasdurchlässigkeitskoeffizienten im Verhältnis
zu Luft, Sauerstoffgas, Wasserstoffgas oder Heliumgas von unter 1 3 10-12 cm2s-1cmHg-1 bei Raumtemperatur,
und wobei die Oberfläche des Films eine durch Oberflächenbehandlung ausgebildete Oberfläche aufweist,
wobei der genannte Ton natürlicher Ton oder künstlicher Ton ist, wobei der Ton einer Art oder mehreren Arten
entspricht, die ausgewählt sind aus der Gruppe bestehend aus Glimmererde, Vermiculit, Montmorillonit, Eisenmont-
morillonit, Beidellit, Saponit, Hectorit, Stevensit und Nontronit;
wobei das genannte Additiv eine oder mehrere Arten ist, die ausgewählt sind aus der Gruppe bestehend aus
Ethylenglycol, Glycerin, epsilon-Caprolactam, Destrin, Stärke, Harz auf Cellulosebasis, Gelatine, Agar, Mehl, Gluten,
Alkydharz, Poyurethanharz, Epoxidharz, Fluorharz, Acrylharz, Methacrylharz, Phenolharz, Polyamidharz, Polyes-
terharz, Polyimidharz, Polyvinylharz, Polyethylenglycol, Polyacrylamid, Polyethylenoxid, Protein, Deoxyribonukle-
insäure, Ribonukleinsäure, Polyaminosäure, Phenolen und Benzoesäureverbindungen;
wobei die genannte Verstärkungssubstanz eine oder mehrere der Arten ist, die ausgewählt sind aus der Gruppe
bestehend aus mineralischen Fasern, Glaswolle, Kohlefasern, Keramikfasern, Pflanzenfasern und organischen
Polymerfasern;
wobei die genannte Oberflächenbehandlung auf der Oberfläche des Films eine oder mehrere Arten bildet, die
ausgewählt sind aus einem Film auf Fluorbasis, einem Film auf Siliziumbasis, einem Polysiloxanfilm, einem Fluor
enthaltenden Organopolysiloxanfilm, einem Acrylharzfilm, einem Vinylchloridharzfilm, einem Polyurethanfilm, einem
wasserabweisenden Plattierungsfilm, einem Metallbedampfungsfilm oder einem Kohlenstoffbedampfungsfilm.

2. Tonfilm nach Anspruch 1, wobei es sich bei der Oberflächenbehandlung um eine oder mehrere Arten handelt, die
ausgewählt sind aus einer Wasserabweisungsbehandlung, einer Wasserdichtigkeitsbehandlung, einer Verstär-
kungsbehandlung und einer Oberflächenabflachungsbehandlung.

3. Tonfilm nach Anspruch 1, wobei der Ton natürlicher Ton ist.

4. Tonfilm nach Anspruch 1, wobei der Ton künstlicher Ton ist.

5. Tonfilm nach Anspruch 1, wobei das Additiv in einer Menge von 1 bis 30 Gew.-% vorhanden ist.

6. Tonfilm nach Anspruch 1, wobei dieser eine wahlfreie Ebenenform aufweist, wie etwa die eines Kreises, eines
Quadrats oder eines Rechtecks, und wobei der Tonfilm als selbsttragender Film verwendet werden kann.



EP 1 832 553 B1

21

5

10

15

20

25

30

35

40

45

50

55

7. Tonfilm nach Anspruch 1, wobei die Dicke geringer ist als 1 mm, und wobei der Flächeninhalt größer ist als 1 cm2.

8. Tonfilm nach Anspruch 1, wobei der Durchlässigkeitskoeffizient im Verhältnis zu Luft, Sauerstoffgas, Wasserstoffgas
oder Heliumgas für 24 Stunden bei 600 °C unter 1 x 10-12 cm2s-1cmHg-1 liegt.

9. Tonfilm nach Anspruch 1, wobei der elektrische Gleichstromwiderstand nach der Zweipunkt-Wechselstrommethode
in senkrechter Richtung zu dem Film 1 Megaohm oder mehr beträgt.

Revendications

1. Film d’argile comprenant une argile, un additif qui est présent à hauteur de 30 % en poids ou moins et un matériau
de renforcement qui est présent à hauteur de 1 à 10 % en poids, chaque ratio de poids étant basé sur la teneur
totale en solide du film, le film d’argile est autoportant et a de la flexibilité, de la résistance à la chaleur, et de
l’imperméabilité au gaz avec un coefficient de perméabilité au gaz par rapport à l’air, à l’oxygène gazeux, à l’hydro-
gène gazeux ou à hélium gazeux inférieur à 1 3 10-12cm2s-1cmHg-1 à température ambiante, et la surface du film
a une surface formée par traitement de surface,
ladite argile étant une argile naturelle ou une argile synthétique d’un ou plusieurs types sélectionnés dans le groupe
constitué par le mica, la vermiculite, la montmorillonite, la montmorillonite ferreuse, la beidellite, la saponite, l’hec-
torite, la stevensite et la nontronite ;
ledit additif étant d’un ou de plusieurs types sélectionnés dans le groupe constitué par l’éthylène glycol, la glycérine,
l’epsilon-caprolactame, la dextrine, l’amidon, la résine à base de cellulose, la gélatine, l’agar, la farine, le gluten, la
résine alkyde, la résine polyuréthane, la résine époxy, la fluororésine, la résine acrylique, la résine méthacrylique,
la résine phénolique, la résine polyamide, la résine polyester, la résine polyimide, la résine polyvinyle, le glycol
polyéthylénique, la polyacrylamide, l’oxyde de polyéthylène, la protéine, l’acide désoxyribonucléique, l’acide ribo-
nucléique, l’acide polyamino, les phénols et les composés d’acide benzoïque ;
ledit matériau de renforcement étant d’un ou de plusieurs types choisis dans le groupe constitué par les fibres
minérales, la laine de verre, les fibres de carbone, les fibres de céramique, les fibres végétales et les fibres polymères
organiques ;
ledit traitement de surface formant à la surface du film un ou plusieurs types sélectionnés parmi un film à base de
fluor, un film à base de silicium, un film de polysiloxane, un film d’organopolysiloxane contenant du fluor, un film de
résine acrylique, un film de résine de chlorure de vinyle, un film de polyuréthanne, un film de placage hydrofuge,
un film de dépôt de vapeurs métalliques ou un film de dépôt de vapeurs de carbone.

2. Film d’argile selon la revendication 1, le traitement de surface étant d’un ou de plusieurs types sélectionnés entre
un traitement d’imperméabilité à l’eau, un traitement imperméabilisant, un traitement de renforcement et un traitement
égalisateur de surface.

3. Film d’argile selon la revendication 1, l’argile étant de l’argile naturelle.

4. Film d’argile selon la revendication 1, l’argile étant de l’argile synthétique.

5. Film d’argile selon la revendication 1, l’additif étant présent à hauteur de 1 à 30 % en poids.

6. Film d’argile selon la revendication 1, qui a une forme plane arbitraire telle qu’un cercle, carré ou rectangulaire, et
qui est apte à être utilisé comme film autoportant.

7. Film d’argile selon la revendication 1, l’épaisseur étant inférieure à 1 mm et la superficie étant supérieure à 1 cm2.

8. Film d’argile selon la revendication 1, le coefficient de perméabilité par rapport à l’air, à l’oxygène gazeux, à l’azote
gazeux, à l’hydrogène gazeux ou à l’hélium gazeux après un traitement thermique dans une atmosphère d’air
ordinaire pendant 24 heures à 600 °C étant inférieur à 1 x 10-12cm2s-1cmHg-1.

9. Film d’argile selon la revendication 1, la résistance électrique à courant direct selon le procédé des deux sondes
c.a. dans la direction perpendiculaire au film étant de 1 mégohm ou plus.
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