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[ABSTRACT]

A layered structure having high adhesive properties, and high hardness or
excellent transparency, is prepared on a base material such as a resin. A layered
structure including: an organic-inorganic hybrid member containing a primary
inorganic particle and an organic polymer covalently bound to each other, wherein
the primary inorganic particle forms a network containing the polymer; and a
particle aggregate layer containing a secondary particle which is deposited on the
organic-inorganic hybrid member and is composed of an inorganic material or a
metallic material; wherein in the organic-inorganic hybrid member, the primary

inorganic particle and the secondary particle have different crystal particle sizes.
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[DESCRIPTION]

[Title of Invention]

ORGANIC-INORGANIC COMPOSITE LAYERED STRUCTURE HAVING

HIGH ADHESIVE PROPERTIES, AND HIGH HARDNESS OR EXCELLENT
TRANSPARENCY

[Technical Field]

[0001] The present invention relates to a layered structure in which a particle

deposition layer is provided on an organic-inorganic hybrid member, and a method for
preparing the layered structure.

[Background Art]

[0002] As methods for depositing ceramic or metallic microparticles on a base

material, the sol-gel method; vapor deposition methods such as the CVD method;
application by screen printing; calcination-based methods; thermal spraying; and the like
are known.

[0003] Most of the prior art techniques require heating during the film formation. Asa
result, melting, gasification, burning, or the like of the resin base material occurs, so that
these techniques are not suitable for formation of a brittle material structure on a resin
substrate.

In recent years, the aerosol deposition method is known as a novel film

formation method. Application of a mechanical impact force to a brittle material causes a
slip or fracture of the crystal lattice. On the resulting slip plane or fracture plane, a new
active plane having an unstable surface state appears, and the active plane joins with an
adjacent surface of the brittle material or its active plane, or with a base material surface.
By repetition of this phenomenon, the joining advances to cause densification and

thickening of the film.

Since the formation by the aerosol deposition method does not require

heating that causes changes in the resin, the method is suitable for the purpose of
forming a structure of a brittle material or the like on a resin substrate.

[0004] In a known mechanism of the aerosol deposition method that allows the
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formation of a brittle material or the like on a resin substrate, anchors are formed
by sticking, to the base material, of sprayed microparticles, or of fine fragment
particles generated by fracture caused by collision.  Although the method can be
said to be an effective joining method for inorganic base materials and the like, the
method does not easily allow highly adhesive formation of an inorganic material
such as a brittle material on a resin since formation of joints upon collision of
brittle material microparticles to the resin base material is prevented by, for
example, (1) repelling due to high elasticity of the resin base material; and (2)
scraping of the resin base material by the impact of the collision. There is also a
problem that a dense film cannot be formed.

[0005] Thus, for improving adhesion between resins and inorganic materials
during the formation by the aerosol deposition method, several methods have been
attempted.

For example, a method in which an underlayer composed of a hard material
that partially cuts into the surface of a resin base material is formed has been
reported (see Patent Documents 1 to 3). These are effective as means for
reducing deterioration of the joining and deterioration of the density due to the
elasticity of the resin and due to the scraping of the resin that is easily caused by
the collision. However, in cases where a method such as vapor deposition or the
sol-gel method is used, problems such as excessive heating of the resin are
expected to occur as described above.

[Citation List]
[Patent Literature]
[0006]

[PTL 1]

JP 2003-034003 A
[PTL 2]
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Jp 2005-161'703 A
[PTL 3]
IP 2013-159816 A
[Summary of Invention]
[Technical Problem]
[0007] In another method that has been devised, an inorganic surface is formed on
a resin surface by dispersion of an inorganic material in a resin base material in
order to enable, as a result, good joining with colliding microparticles. However,
in cases where an.inorganic substance is uniformly dispersed in an organic matrix
as described above, the organic substance and the inorganic substance join
together only by the van der Waals force, so that impacts such as collision of
microparticles may cause phenomena such as cracking due to loss of the
inorganic-organic bond, resulting in a strength lower than that of the organic base
material in which the inorganic substance is not included. Thus, a problem

~ occurs due to the fact that (1) an increase in the anchor effect due to the dispersion
of the inorganic substance; and (2) deterioration of the strength of the base
material due to deterioration of bonding of the resin matrix caused by the
dispersion of the inorganic substance; occur competitively, leading to insufficiency
of the adhesive strength as a whole. Further, in spite of the fact that high
transparency is required depending on the use, dispersion of an inorganic material
in a resin base material causes a-decrease in the transparency due to its

decreased scattering and the like.-
An object of the invention according to one mode of the present invention

is preparation of a layered structure on a base material such as a resin, which
layered structure has high hardness or high transparency, and excellent adhesive
properties.

[Solution to Problem]

CA 3024463 2020-04-03
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[0008] The present invention is as follows.
<1> A layered structure comprising:

an organic-inorganic hybrid member containing a primary inorganic particle and an
organic polymer covalently bound to each other, wherein the primary inorganic particle forms

a network containing the polymer; and

a particle aggregate layer containing a secondary particle which is deposited on the
organic-inorganic hybrid member and is composed of an inorganic material or a metallic

material;

wherein in the organic-inorganic hybrid member, the primary inorganic particle and

the secondary particle have different crystal particle sizes.
<2> A layered structure comprising:

an organic-inorganic hybrid member containing a primary inorganic particle and an
organic polymer which are deposited on a base material and covalently bound to each other,

wherein the primary inorganic particle forms a network containing the polymer; and

a particle aggregate layer containing a secondary particle which is deposited on the
organic-inorganic hybrid member and is composed of an inorganic material or a metallic

material;

wherein in the organic-inorganic hybrid member, the secondary particle enters, is
bound to, or, enters and is bound to a layer of the network formed by the primary inorganic
particle and the organic polymer, and the primary inorganic particle and the secondary particle

have different crystal particle sizes.

<3> The layered structure according to <1> or <2>, wherein in the organic-inorganic hybrid

member, the primary inorganic particle has a crystal particle size of not more than 500 nm.,

<4> The layered structure according to any one of <1> to <3>, wherein in the particle
aggregate layer, the secondary particle has a crystal particle size of not

4
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more than 10 pm.

<5> The layered structure according to any one of <1> to <4>, wherein the
organic-inorganic hybrid member does not have a glass transition temperature.
<6> The layered structure according to any one of <2> to <5>, wherein the base
material is an organic polymer.

<7> The layered structure according to any one of <2> to <5>, wherein the base
material is a glass.

<8> The layered structure according to any one of <1> to <7>, wherein the layered
structure has a haze value of not more than 10% regarding an optical transmittance.
<9> The layered structure according to <6> or <8>, wherein the base material is an
organic polymer film whose back side has adhesiveness.

<10> The layered structure according to any one of <1> to <9>, wherein the
organic-inorganic hybrid member has a porous structure.

<11> The layered structure according to any one of <1> to <10>, wherein the
particle aggregate layer has a density of not less than 95%.

<12> The layered structurc according to any one of <1> to <10>, wherein the
particle aggregate layer has a density of not more than §0%.

<13> The layered structure according to any one of <1> to <12>, wherein the
particle aggregate layer has a Vickers hardness of not less than 100 Hv.

<14> The layered structure according to any one of <1> to <13>, wherein the
particle aggregate layer has a critical film breaking load of not less than 25 mN
according to a scratch test.

<15> The layered structure according to any one of <1> to <14>, wherein the
organic-inorganic hybrid member has a Young’s modulus of not less than 0.1 GPa.
<16> A method for preparing the layered structure according to any one of <1> to
<15>, the method comprising a step of forming the particle aggregate layer by an

aerosol deposition method.
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[Advantageous Effects of Invention]

[0009] According to the present invention, a layered structure having high
adhesive properties, and high hardness or excellent transparency, can be prepared
on a base material such as a resin. By increasing its surface hardness, the scratch
resistance and the durability can be increased.

Thus, in a case where the organic-inorganic composite layered structure of
the present invention is applied to a surface of a structure such as an automotive
member (body member, coating material, window member, or the like), a member
that has originally been constituted by a metal or a glass can be replaced by a
resin-based member whose surface is laminated with an inorganic hard layer such
as a ceramic, thereby allowing improvement of the scratch resistance and the
durability, as well as weight reduction of the member.

In another case, by forming a highly adhesive ceramic layer having a film
thickness of not more than 5 um on a resin film whose back side has adhesiveness,
a transparent flexible ceramic film having flexibility and high surface hardness can
be formed. By attaching this film as a protection film to a smartphone or an
automobile body, the scratch resistance and the durability can be improved, and at
the same time, weight saving of members is possible.

[Brief Description of Drawings)

[0010] FIG. 1A shows a cross-sectional view illustrating an example of the layered
structure according to the present invention. FIG. 1B shows a cross-sectional
view illustrating another example of the layered structure according to the present
invention.

FIG. 2A shows examples of the cxternal appearances observed when an
inorganic material layer (particle aggregate layer) was formed on an organic base
material. FIG. 2B shows examples of the external appearances observed when an

organic-inorganic hybrid member was formed on an organic base material, and
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then an inorganic material layer (particle aggregate layer) was laminated thereon.
FIG. 2C shows examples of the external appearances observed when an inorganic
material layer (particle aggregate layer) was formed on an organic-inorganic
hybrid member base material. (Drawing-substituting photographs)

FIG. 3A shows an example of an indentation on a surface of an aluminum
oxide film observed when a scratch test was carried out for a sample having an
aluminum oxide layer formed on PET, and the sensor output observed upon the
detection of the film surface change. FIG. 3B shows an example of an
indentation on a surface of an aluminum oxide film observed when a tensile test
was carried out after forming an organic-inorganic hybrid member on an organic
base material, and a diagram showing the sensor output observed upon the
detection of the film surface change. FIG. 3C shows an example of an
indentation on a surface of an aluminum oxide film observed when a tensile test
was carried out after forming the aluminum oxide film on an organic-inorganic
composite base material (organic-inorganic hybrid member), and a diagram
showing the sensor output observed upon the detection of the film surface change.
(Drawing-substituting photographs)

FIG. 4 shows a diagram illustrating occurrence of (1) an increase in the
anchor effect due to dispersion of an inorganic substance; and (2) deterioration of
the strength of a base material due to deterioration of bonding of a resin matrix
caused by the dispersion of the inorganic substance; which lead to insufficiency of
the adhcsive strength as a whole.

FIG. 5 shows a schematic diagram illustrating the binding statc of an
organic-inorganic substance in an organic-inorganic hybrid member, and behavior
of a colliding inorganic particle.

FIG. 6 shows a schematic diagram illustrating colliding behavior of an

inorganic particle in a case where the inorganic particle in the organic-inorganic
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hybrid member is a large particle.

FIG. 7 shows a schematic diagram illustrating behavior of a colliding inorganic
particle as observed at different densities of inorganic particles in the organic-inorganic hybrid

member.
[Description of Embodiment]
[0011] A layered structure according to one embodiment of the present invention comprises:

an organic-inorganic hybrid member containing a primary inorganic particle and an
organic polymer covalently bound to each other, wherein the primary inorganic particle forms

a network containing the polymer; and

a particle aggregate layer containing a secondary particle which is deposited on the
organic-inorganic hybrid member and is composed of an inorganic material or a metallic

material;

wherein in the organic-inorganic hybrid member, the primary inorganic particle and

the secondary particle have different crystal particle sizes.

[0012] A layered structure according to another embodiment of the present invention

comprises:

an organic-inorganic hybrid member containing a primary inorganic particle and an
organic polymer which are deposited on a base material and covalently bound to each other,

wherein the primary inorganic particle forms a network containing the polymer; and

a particle aggregate layer containing a secondary particle which is deposited on the
organic-inorganic hybrid member and is composed of an inorganic material or a metallic

material;

wherein in the organic-inorganic hybrid member, the secondary particle enters, is
bound to, or, enters and is bound to a layer of the network formed by the primary inorganic
particle and the organic polymer, and the primary inorganic particle and the

8
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secondary particle have different crystal particle sizes.

[0013] One embodiment of the present invention is a method for preparing the
layered structure, which method comprises a step of forming the particle aggregate
layer by the aerosol deposition method.

[0014] An example of the method for forming the above layered structure is a
method in which a stronger bond is formed between the organic substance and the
inorganic substance. By giving a covalent bond between the organic substance
and the inorganic substance, a bond much stronger than the bond based only on the
van der Waals force can be formed. It was found that, as a result of dispersing an
inorganic substance in an organic matrix while maintaining the covalent bond, (1)
repelling of particles due to the elasticity of the resin can be suppressed; (2) the
strength of the base material can be increased by the dispersion of the inorganic
substance; and (3) the anchor cffect can be enhanced by gencration of an inorganic
surface on the base material surface. The substance having the organic-inorganic
covalent bond is referred to as an organic-inorganic hybrid member (organic-
inorganic composite material).

Conventionally, in the above joining mechanism, bonding between
inorganic substances has been drawing much attention. However, the present
discovery showed that the strength in the base material film is an important factor
for formation of an inorganic material such as a brittle material. (See FIG. 5)
[0015] Further, it is thought that plastic deformation of the colliding substance
may be a condition required as a mechanism. Even in cases where the base
material has high strength, occurrence of elastic deformation allows recovery of
the shape of the substance, leading to failure in the adhesion. This explanation
applies not only to the microparticle side, but also to the resin side. It is thought,
for example, that properties of the resin itself may influence adhesion of the

secondary particle such as a brittle material to the resin. For example, a resin
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which is thought to have a relatively high viscous term, such as an ABS resin,
allows good adhesion, but a rubber-like substance does not allow good adhesion of
a brittle material in the aerosol deposition method.

[0016] Regarding the mechanism of the above phenomenon, a parameter for the
elastic term of the resin may influence the joining of the colliding secondary
particle. An example of parameters that can explain the elastic term is the
Young’s modulus. As the value of the Young’s modulus decreases, the
properties of the resin become closer to rubber-like properties, and the resin can be
said to have a higher repellency. Since a rubber-like substance has a low
Young’s modulus, which becomes close to 0, the substance repels colliding
inorganic particles away because of its high repellency.

In contrast, ABS resins and styrol resins, which have excellent AD film
formation properties, are said to have Young’s moduli of not less than 0.1 GPa.
As an alternative to the Young’s modulus, the loss tangent may also be used for
the judgment.

[0017] Thus, it is thought that there is an appropriate range (not less than 0.1 GPa)
of the Young’s madulus when a brittle material is used for film formation on a
resin substrate using the aerosol deposition method.  Further, it was found that,
by combination with an inorganic material having a covalent bond, a film of a
brittle material having adhesiveness and denseness that have never been achieved
can be formed on a resin.

[0018] At least two methods can be employed for obtaining the above effect:

(1) a method in which a brittle material or metallic particle secondary
particles are deposited on an organic-inorganic hybrid member by the aerosol
deposition method to form a composite layered body; and

(2) a method in which an organic-inorganic hybrid member is formed on a

resin base material, and a brittle material or metallic particle secondary particles
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are deposited thereon by the aerosol deposition method to form a composite
layered body.
[0019] The organic-inorganic hybrid member is prepared by, for example, using
an alkoxy-containing silane-modified resin, and curing the resin.
[0020] Alternatively, an alkoxy-containing silane-modified resin may be applied to
a coated surface formed by coating of a base material such as a common resin
member, and a ceramic layer may be formed thereon by the aerosol deposition
method, to thereby increase the surface hardness. Examples of the base material
include, but are not limited to, inorganic materials such as metals and glasses as
well as organic materials such as resins. From the viewpoint of fransparency, a
glass is preferably used as the base material. From the viewpoint of the weight,
an organic polymer is preferably used as the base material. In another
embodiment of the present invention, the base material is preferably an organic
polymer film whose back side has adhesiveness.
[0021] Examples of the organic-inorganic hybrid member include the following:

(1) alkoxy-containing silane-modified polyamic acid resins, and resin
compositions thereof;

(2) alkoxy-containing silane-modified polyurethane resins, and resin
compositions thereof;

(3) alkoxy-containing silane-modified epoxy resins, and resin compositions
thereof’;

(4) alkoxy-containing silane-modified phenol resins, and resin
compositions thereof, and

organic-inorganic hybrid members prepared by curing of any of (1) to (4),
wherein examples of the hybrid members include films and coatings.

The organic-inorganic hybrid member may be prepared by obtaining a

commercially available product of an alkoxy-containing silane-modified resin and
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curing the resin, or may be obtained as a commercially available film-shaped
product. Examples of the alkoxy-containing silane-modified resin include
“Compoceran E102B” (manufactured by Arakawa Chemical Industries, Ltd.), and
examples of the organic-inorganic hybrid member include “Pomiran”
(manufactured by Arakawa Chemical Industries, Ltd.).

Regarding other examples, the following can be similarly regarded as the
coatings, films, and the like: polyamideimide-silica hybrid members,
silsesquioxane-hybrid members, and acrylic resin-silica hybrid members.

[0022] In the curing of the materials described above, the alkoxysilane moiety
contained in the polymer is formed into nanosilica by a curing process such as the
sol-gel process, resulting in formation of a structure in which the nanosilica
(primary inorganic particle) is covalently bound in an organic polymer matrix.

In one embodiment of the present invention, the primary inorganic particle
preferably has a crystal particle size of not more than 500 nm. The crystal
particle size of the primary inorganic particle can be determined by observation
with an electron microscope. The particle size distribution of the crystal particle
size has a width.

Upon the deposition of the particle aggregate layer formed by spraying of
raw material particles that are inorganic material or metallic material particles, the
particles enter or are bound to the organic-inorganic hybrid member to provide the
secondary particles.

[0023] A layered body prepared using secondary particles deposited on the base
material (organic-inorganic hybrid member) or on the base material having an
intermediate (inorganic-organic composite intermediate layer composed of an
organic-inorganic hybrid member) given thereon provided by the method
described above successfully achieved stronger adhesion, and higher densification

of the film, compared to conventional methods.

12



CA 03024463 2018-11-16

OP-17087-PCT

[0024] The particle size of the inorganic portion of the organic-inorganic hybrid
material influences the joining with the inorganic layer of the upper layer. In
cases where the particle is too large, the increase in the deterioration of the
strength due to fracture of the inorganic portion has a larger influence than the
increase in the joining plane. Thus, there is a desired particle size. The particle
size is preferably not more than 500 nm. (See FIG. 6)

[0025] Further, it is thought that, as the inorganic particle concentration in the film
increascs, the possibility of collision with the colliding inorganic particles
increases, that is, collision with the soft resin decreases, and destruction of the
colliding particles due to collision with the hard inorganic particles becomes more
likely to occur, resulting in easier formation of the film. (See FIG. 7)

[0026] Since the nanosilica has a covalent bond and shows dispersion in the
organic-inorganic hybrid member, the organic-inorganic hybrid member, unlike
other resin base materials, does not have an evident glass transition point.

In one embodiment of the present invention, for example, from the
viewpoint of design, the organic-inorganic hybrid member preferably has a porous
structure.

In one embodiment of the present invention, the organic-inorganic hybrid
member preferably has a Young’s modulus of not less than 0.1 GPa as measured
by a standard tensile test.

[0027] Use of the above method enables preparation of a film which is not only
adhesive to the base material, but also dense, resulting in an improved
transmittance of the film. The film is characterized in that it has a haze value of
especially not more than 10% regarding the optical transmittance. Because of the
transparency with a haze value of not more than 10%, the film may be preferably
used also for uses requiring a good appearance, or as an optical surface or a

window.
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The haze value (%) herein is the ratio of the diffuse transmittance in the
total light transmittance (= diffuse transmittance + parallel light transmittance).
The higher the turbidity of a transparent material, the higher the haze value. The
haze value is represented by the following equation.

Haze value (%) = diffuse transmittance / total light transmittance x 100
[0028] By using the above method, denseness of the film can be increased. A
density of not less than 95% can be achieved.

[0029] The aerosol deposition method allows formation of not only a dense film,
but also a porous film. For example, a film having a density of not more than
80% can be formed. “The density of the particle aggregate layer is 80%” means
formation of voids at 20% in the particle aggregate layer. Depending on the
density of interest of the particle aggregate layer, physical properties of the raw
material (for example, the particle size) and parameters for the film formation (for
example, the flow rate) may be appropriately set.

[0030] Since the acrosol deposition method enables formation of a strong
inorganic material layer, the layered structure can achieve a Vickers hardness of
not less than 100 Hv, and a critical film breaking load of not less than 25 mN
according to a scratch test.

[0031] In one embodiment of the present invention, from the viewpoint of the
contact area with the colliding particle, the crystal particle size of the secondary
particle in the particle aggregate layer is preferably not more than 10 um. The
crystal particle size of the secondary particle in the particle aggregate layer can be
determined by observation with an (electron) microscope.

[0032] In an embodiment of the present invention, the particle in the particle
aggregate layer is not limited to a ceramic, and may be a metallic microparticle.
Examples of the particle in the particle aggregate layer include metal oxide

ceramics such as alumina, zirconia, barium titanate, lead zirconate titanate,
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titanium oxide, zinc oxide, yttria, and silica; non-oxide ceramics such as aluminum
nitride, silicon nitride, and carbon nitride; metals such as Al, Mg, and Fe; and
intermetallic compounds. Among these, from the viewpoint of the hardness and
the density, and the versatility as a raw material, aluminum oxide, zirconia, and the
like are preferred.

[0033] In one embodiment of the present invention, the particle aggregate layer
preferably has a density of not less than 95%. The density of the particle
aggregate layer can be determined using, for example, a method in which a cross-
sectional photograph of the layer is taken using an electron microscope, and the
ratio of holes is calculated from the cross-sectional photograph obtained.

[0034] In one embodiment of the present invention, the particle aggregate layer
preferably has a density of not more than 80%.

[0035] In one embodiment of the present invention, the particle aggregate layer
preferably has a Vickers hardness of not less than 100 Hv.

[0036] In one embodiment of the present invention, the particle aggregate layer
preferably has a critical film breaking load of not less than 25 mN according to a
scratch test.

[0037] The particle aggregate layer on the organic-inorganic hybrid member is
preferably formed as follows. As a raw material of secondary particles, inorganic
particles of about 0.5 to 3 pum arc sprayed to an organic-inorganic hybrid member
by the AD method. Collision of the particles with the surface of the organic-
inorganic hybrid member causes fracture of the particles to a particle size of not
more than 50 nm, and the surfaces of the fractured secondary inorganic particles
are activated. This then causes recombination between the fractured inorganic
particles and primary inorganic particles in the intermediate layer, and between the
fractured inorganic particles themselves, resulting in formation of the particle

aggregate layer.
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As a pretreatment for the film formation, the inorganic particles to be used
for the formation of the particle aggregate layer may be subjected to drying
treatment at 100°C to 300°C.

[Examples]

[0038] The layered structure and the method for producing it are concretely
described below by way of Examples. However, the present invention is not
limited to these Examples.

[0039]<Example 1>

FIG. 1A shows a cross-sectional view of a layered structure 10 in which an
organic-inorganic hybrid member 2 is deposited on a resin base material 1, and a
ceramic particle aggregate layer 3 is deposited on the organic-inorganic hybrid
member 2.

FIG. 1B shows a cross-sectional view of a layered structure 20 in which the
ceramic particle aggregate layer 3 is deposited on the organic-inorganic hybrid
member 2.

(Production Examples 1 to 3)

As an acrosol deposition apparatus, for example, a known aerosol
deposition (AD) apparatus having a common constitution, equipped with a film
formation chamber, an aerosol chamber, a vacuum pump, and a carrier gas
generator, described in a non-patent document (J. Am. Ceram. Soc., 89[6] pp.
1834 (2006)) was used. For the formation of the inorganic material layer
(particle aggregate layer), an aluminum oxide powder (AL-160SG series,
manufactured by Showa Denko K.K.) was used.  As a pretreatment for the film
formation, the powder was subjected to drying treatment at 120°C to 250°C.
Using the dried aluminum oxide powder, an inorganic material layer was formed
by the aerosol deposition (AD) method at room temperature to prepare a sample

(layered structure). In the film formation, dry air or nitrogen gas was introduced
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into the aerosol chamber at a flow rate of 3 L/min to 5 L/min to generate an
aerosol in which the aluminum oxide microparticles are dispersed.

The following three kinds of base materials were used: a resin base
material; a base material prepared by formation of an organic-inorganic hybrid
member on a resin base material; and an organic-inorganic hybrid member base
material. As the organic base material, polyethylene terephthalate (PET) (100
um thickness) was used.

In the organic-inorganic hybrid member, nanosilica formed by curing of an
alkoxy-containing silane-modified resin shows a particle size of about Snmas a
primary particle.

The ceramic layer on the organic-inorganic hybrid member is formed as
follows. Secondary inorganic particles having an average particle size of about
0.5 to 3 um are sprayed by the AD method. Collision of the particles with the
surface of the organic-inorganic hybrid member causes fracture of the particles to
a particle size of not more than 50 nm, and the surfaces of the fractured secondary
inorganic particles arc activated. This then causes recombination between the
fractured inorganic particles and the primary inorganic particles in the intermediate
layer, and between the fractured inorganic particles themselves, resulting in
formation of the ceramic layer.

[0040] The organic-inorganic hybrid member of Sample 2 was prepared as follows.
To 48.7 g of an alkoxy-containing silane-modified epoxy resin “Compoceran
E102B” (manufactured by Arakawa Chemical Industries, Ltd.), 4.6 g of an acid
anhydride curing agent “Rikacid MH-700” (manufactured by New Japan Chemical
Co., Ltd.), 0.6 g of a curing catalyst “Curezol 2E4MZ” (manufactured by Shikoku
Chemicals Corporation), and 46.1 g of methyl ethyl ketone were added, and the
resulting mixture was sufficiently stirred to prepare a coating material. This

coating material was applied to a preliminarily obtained PET film using a wire bar,
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and then dried at 80°C for 90 seconds, followed by curing at 120°C for 30 minutes.
Since the organic-inorganic hybrid member of Sample 2 was prepared by
curing of the alkoxy-containing silane-modified epoxy resin as described above,
the organic polymer portion and the primary inorganic particle portion form
covalent bonds to construct a network.
[0041] Regarding the organic-inorganic hybrid member of Sample 3, a base
material prepared by curing of an alkoxy-containing silane-modified polyamic acid
resin into a film shape (manufactured by Arakawa Chemical Industries, Ltd.; trade
name, Pomiran) was used as an organic-inorganic hybrid member base material.
The film thickness was 38 um.  Since this base material was prepared by
curing of the alkoxy-containing silane-modified polyamic acid resin, the organic
polymer portion and the primary inorganic particle portion form covalent bonds to
construct a network.
[0042] FIG. 2A shows examples of the external appearances of samples in which
the inorganic material layer was formed on the organic base material (Sample 1).
FIG. 2B shows examples of the external appearances of samples in which the
organic-inorganic hybrid member was formed on the organic base material, and
then the inorganic material layer was laminated thereon (Sample 2). FIG. 2C
shows examples of the external appearances of samples in which the inorganic
material layer was formed on the organic-inorganic hybrid member base material
(Sample 3).
[0043] In cases where an aluminum oxide film as an inorganic material layer is to
be formed on a PET base material, which is an organic material, the inorganic
material layer can be typically formed when its film thickness is up to about 1 pm
depending on the film formation conditions and the powder processing conditions.
However, in cases where the film is thicker than this, phenomena such as

detachment and cracking of the film occur, leading to difficulty in formation of a
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stable film. In contrast, in cases where aluminum oxide was formed on the base
material prepared by formation of the organic-inorganic hybrid member
intermediate layer on PET, or on the organic-inorganic hybrid member base
material, stable formation of an aluminum oxide layer having a film thickness of
not less than 2 pm was possible.
[0044] The prepared samples (Samples 1 to 3) were compared by a scratch test,
which enables evaluation based on practical indices such as the film strength and
the durability. The measurement was carried out using a Nano-layer Scratch
Tester (CSR-2000, manufactured by Rhesca Co., Ltd.), which utilizes the micro-
scratch method for the evaluation. As an indenter needle for application of a load
to the coating surface, a diamond indenter having a radius of curvature of 5 um
was used, and the test was carried out using the indenter at a sweep rate of 5
um/sec. The excitation amplitude and the excitation frequency were set to 100
um and 45 Hz, respectively. Main conditions for the scratch test were as follows.
Test apparatus: Nano-layer Scratch Tester (CSR-2000, manufactured by

Rhesca Co., Ltd.)

* Indenter type: diamond indenter

* Radius of curvature of the indenter: 5 um

* Scratch rate: 5 prm/sec.

» Excitation amplitude: 100 pm

* Excitation frequency: 45 Hz

* Spring constant: 100 gf/mm

* Test temperature: 24+4°C

* Test humidity: not more than 65%

A surface change of the film was detected with the indenter needle, and,

based on the electric signal output from the sensor upon the detection, and based

on observation under the microscope, damaging and destruction of the film
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structure were judged. The load at which the film structure destruction occurred was regarded
as the critical film breaking load, and the arithmetic average calculated based on tests at three
points was provided as the measured value for each sample. Table | shows the measurement
results together with the constitutions of the samples and the conditions for the film formation.
For the micro-scratch method, one may refer to Daisuke Arai, Journal of the Surface Finishing
Society of Japan, Vol. 58, No. 5, 2007, p. 295.

[0045]
[Table 1]
Table 1 ,
Inorganic-organic ) Raw Carrier | Critical film
; Inorganic . )
_ composite _ material gas breaking
Sample Base material . . material
intermediate laver powder flow rate load
layer * pretreatment [L/min] [mN]
Organic material Aluminum Drying at
1 Absent 305 229
(PET) sen oxide | 12010250 °C °
Organic material Aluminum Drying at
2 Present 3toh 55.5
(PET) oxide 12010 250 °C
3 Orgamc'-morgan'lc Absent Alum'mum Drying at 3105 357
composite material oxide 12010 250 °C

[0046] The critical film breaking load herein is an evaluation index corresponding to the

adhesive strength. The higher the critical film breaking load, the higher the adhesive strength.

[0047] FIG. 3A shows an example of the indentation on the surface of the aluminum oxide
film observed when the scratch test was carried out for the sample having the aluminum oxide
layer formed on PET (Sample 1), and the sensor output observed upon the detection of the
film surface change. When the load exceeded about 20 mN, the sensor output largely

changed, and a trace of damaging and destruction of the film structure remained.

FIGs. 3B and 3C show examples of the indentation on the surface of the
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aluminum oxide film observed when the tensile test was carried out for each of the
samples (Samples 2 and 3) in which the aluminum oxide film was formed on the
base material prepared by formation of the organic-inorganic hybrid member on
the organic base material, or formed on the organic-inorganic composite base
material (organic-inorganic hybrid base material), and the sensor output observed
upon the detection of the film surface change. A large change in the sensor
output was found for Sample 2 when the load exceeded about 50 mN, or for
Sample 3 when the load exceeded about 35 mN, and an indentation indicating
damaging and destruction of the film structure was found. Thus, improved
critical film breaking loads were found as compared to Sample 1.

It was thus shown that, by the formation of the aluminum oxide film as an
inorganic material layer on the organic-inorganic hybrid member base material or
on the organic-inorganic hybrid member, the critical film breaking load increased,
so that the film strength increased. This is thought to be due to the fact that the
aluminum oxide film was more strongly bound to the base material, and that the
aluminum oxide film stacked thercon was more densely formed, leading to the
increase in the film strength.

[0048]<Example 2>

Using the Production Examples 1 to 3 as samples, the transmittance and the
haze value of each layered structure were evaluated. The results arc shown in
Table 2. The measurement of the haze was carried out according to ASTM
D1003-61.

[0049]
[Table 2]

21



CA 03024463 2018-11-16

Table 2

Sample |% Transmittance |Haze value
1 86% 35%

2 95% 4.2%

3 94% 5.5%
[Reference Signs List]

[0050]

1: Base material
2: Organic-inorganic hybrid member
3: Particle aggregate layer

10, 20: Layered structurc
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CLAIMS:
1. A layered structure comprising:

an organic-inorganic hybrid member containing a primary inorganic particle and an
organic polymer covalently bound to each other, wherein the primary inorganic particle forms

a network containing the polymer; and

a particle aggregate layer containing a secondary particle which is deposited on the
organic-inorganic hybrid member and is composed of an inorganic material or a metallic

material;

wherein in the organic-inorganic hybrid member, the primary inorganic particle and

the secondary particle have different crystal particle sizes.
2. The layered structure according to claim 1, wherein

the primary inorganic particle and the organic polymer are deposited on a base

material, and

the secondary particle enters, is bound to, or, enters and is bound to a layer of the

network formed by the primary inorganic particle and the organic polymer.

3. The layered structure according to claim 2, wherein the base material is an organic
polymer.

4. The layered structure according to claim 2, wherein the base material is a glass.

5. The layered structure according to claim 2 or 3, wherein the base material is an

organic polymer film whose back side has adhesiveness.
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6. The layered structure according to any one of claims 1 to 5, wherein in the organic-
inorganic hybrid member, the primary inorganic particle has a crystal particle size of not more

than 500 nm.

7. The layered structure according to any one of claims 1 to 6, wherein in the particle

aggregate layer, the secondary particle has a crystal particle size of not more than 10 um.

8. The layered structure according to any one of claims 1 to 7, wherein the organic-

inorganic hybrid member does not have a glass transition temperature.

9. The layered structure according to any one of claims 1 to 8, wherein the layered

structure has a haze value of not more than 10% regarding an optical transmittance.

10.  The layered structure according to any one of claims 1 to 9, wherein the organic-

inorganic hybrid member has a porous structure.

11.  The layered structure according to any one of claims 1 to 10, wherein the particle

aggregate layer has a density of not less than 95%.

12. The layered structure according to any one of claims 1 to 10, wherein the particle

aggregate layer has a density of not more than 80%.

13.  The layered structure according to any one of claims 1 to 12, wherein the particle

aggregate layer has a Vickers hardness of not less than 100 Hv.

14.  The layered structure according to any one of claims 1 to 13, wherein the particle
aggregate layer has a critical film breaking load of not less than 25 mN according to a scratch

test.

15. The layered structure according to any one of claims 1 to 14, wherein the organic-

inorganic hybrid member has a Young’s modulus of not less than 0.1 GPa.

16. A method for preparing the layered structure according to any one of claims 1 to 15,
the method comprising a step of forming the particle aggregate layer by an aerosol deposition
method.
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