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ABSTRACT OF THE DISCLOSURE

An antireflection film containing a transparent substrate
film, a hard coat layer on the substrate film, and first and
gsecond refractive index layers on the hard coat layer. The hard

coat layer has a refractive index higher than the refractive

index of the transparent substrate film; the first refractive
index layer has a refractive index higher than the refractive
index of the hard coat layer; the second refractive i1ndex layer

has a refractive index lower than the refractive index of the

hard coat laver.
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TRANSPARENT FUNCTIONAL MEMBRANE CONTAINING

FUNCTIONAI, ULTRAFINE PARTICLES., TRANSPARENT
FUNCTIONAL FILM, AND PROCESS FOR PRODUCING THE SAME

BACKGROUND QOF THE INVENTION

The present invention relates to a transparent

functional membrane wherein functional ultrafine
particles haQing various functions, such as a UV
screening effect, an antistatic effect, and an
antireflection effect, are localized in a coating,
particularly localized and fixed in a coating on its

sur face layer 1in contact with'or near air, thereby
enabling the functions of the functional ultrafine
particles to be developed, a transparent functional film,
and a process for producing the same. Further, the
present invention relates to an antireflection film
comprising the above transparent functional film having
an antireflection effect, and a process for producing the
same.

It is known that a transparent functional film
having functions, such as a UV screening property, an
antistatic property, or an antireflection property, can
be produced by coating on a transparent plastic substrate
film a transparent resin composition with functional
ultrafine particles having particular properties, such as
a UV screening effect, an antistatic effect, and an
antireflection effect, being dispersed therein, thereby
forming a functional coating.

Further, it 1s also known that, in order to impaft
additional properties, such as scratch resistance and
chemical resistance, to the above transparent functional
film, a transparent functional film having a hard
property can be produced by forming as an intermediate
layer a hard coat layer of, for example, an 1ionizing
radiation curing resin on a transparent plastic substrate

film and coating thereon a transparent resin composition
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with functional ultrafine particles being dispersed

therein.
In the transparent functional film containing the

above functional ultrafine particles, the functional
ultrafine particles are present in a dispersed form in a
transparent functional membrane due to the nature of the
process. The 1incorporation of a larger amount of
functional ultrafine particles in the membrane can
further enhance the function of the functional ultrafine
particles. In this case, however, the filling ratio of
the functional ultrafine particles dispersed in the resin
should be increased, making it difficult to form a film.
Further, the transparent functional film having a hard
coat layer of an ionizing radiation curing resin or the
like has a problem that the adhesion between the hard
coat layer and the transparent functional membrane 1i1s so

low that the transparent functional membrane is likely to

peel off.
DISCLOSURE QF THE INVENTION

The present invention can be divided into three

groups A, B, and C which will now be described one by

one.
Invention Belonging to Group A

An object of the present invention belonging to

group A 1s to provide a transparent functional membrane,
wherein functional ultrafine particles are localized in a
high density as a functional ultrafine particle layer in
a hard coat layer, thereby enabling the functions of the
functional ultrafine particles to be developed and, at
the same time, the hard coat layer and the functional
ultrafine particles to have excellent adhesion to each

other, a transparent functional film, an antireflection

film, and process for producing the same.
Another object of the present invention is to

provide an antireflection film comprising a transparent

functional film having an antireflection effect and a

process for producing the same.




- —— - ——

CA 02306285 2000-03-09

The first transparent functional membrane of the
present invention comprises a hard coat layer and
functional ultrafine particles localized in and fixed to
said hard coat layer on the side of at least one surface
thereof in contact with an external atmosphere.

The second transparent functional membrane comprises
a hard coat lavyer and functional ultrafine particles
localized in and fixed to said hard coat layer on the
side of at least one surface thereof in contact with an
external atmosphere, a thin film of said hard coat layer
being absent in the functional ultrafine particles in
their portions 1n contact with an air layer (an external
atmosphere) to cause part of the functional ultrafine

particles to be exposed particularly on the hard coat

layer.
The transparent functional films of the present

invention respectively comprise the first and second
transparent functional membranes each formed on a
transparent plastic substrate film.

The first process for producing the first and second
transparent functional films comprises the steps of: (1)
forming a layvyer of functional ultrafine particles on a
release film; (2) coating on a transparent plastic
substrate film a resin composition for a hard coat lavyer;
(3) laminating, by press-bonding, the coated transparent
plastic substrate film prepared in said step (2), as
such, when said resin composition for a hard coat layer
contains no solvent, or after removing a solvent when |
said resin composition for a hard coat layer contains a
solvent as a diluent, to the coated release film prepared
in said step (1) so that the layer of functional
ultrafine particles on the release film faces the resin
composition coating for a hard coat layer on said
transparent plastic substrate film, thereby causing said
layer of functional ultrafine particles to be entirely or
partly embedded in said resin composition coating for a

hard coat layer; and (4) full curing said laminate
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prepared in saild step (3) and peeling off said release

film to transfer said layver of functional ultrafine

particles to said transparent plastic substrate film.

Further, the present invention include other

embodiment of the above production process, which will be

described in detail later.
Invention Belonging to Group B

The present 1invention belonging to group B relates

to an antireflection sheet having the effect of
preventing reflection at various displays of word
processors, computers, and television, surfaces of
polarizing plates used in liquid crystal displays,
optical lenses, such as sunglass lenses of transparent
plastics, lenses of eyeglasses, finder lenses for
cameras, covers for various instruments, and surfaces of
window glasses of automobiles and electric railcars.

Transparent substrates, such as glasses and
plastics, are used 1n curve mirrors, back mirrors,
goggles, window glasses, displays of personal computers
and word processors, and other various commercial
displays. When visual information, such as objects,
letters, and figure, 1s observed through these
transparent substrates or, in the case of mirrors, when
an image from a reflecting layer is observed through the
transparent substrates, light reflects at the surface of
the transparent substrates, making it difficult to see
the visual information through the transparent
substrates.

Conventional methods for antireflection of light.
include, for example, a method wherein an antireflection
coating 1s coated on the surface of glass or plastics, a
method wherein a very thin film of MgF; or the like
having a thickness of about 0.1 pum or a metal deposited
film is provided on the surface of a transparent
substrate, such as glass, a method wherein an ionizing

radiation curing resin is coated on the surface of

plastics, such as plastic lenses, and a film of Si0O, or
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MgF, ic formed thereon by vapor deposition, and a method
wherein a coating having a low refractive index is formed
on a cured film of an 1onizing radiatlion curing resin.

It is already known that, when incident light
perpendicularly enters a thin film, 1in order for the
antireflection film to prevent the reflection of light by
100% and to pass light by 100% therethrough,
relationships represented by the equations (1) and (2}
should be met (see "Science Library" Physics = 9
"Optics," pp.70-72, 1980, Science Sha Ltd., Japan).

nozz‘an - equation (1)
noh = Ao / 4 equation (2)

wherein Ag represents a particular wavelength, ng

represents the refractive index of the antireflection

film at this wavelength, h represents the thickness of
the antireflection film, and ng represents the refractive

index of the substrate.
It is already known that the refractive index ng of

glass 1s about 1.5, the refractive index ng of an MgF»
film is 1.38 and the wavelength Ag of incident light 1is

5500 A (reference). When these values are substituted in

the equation (2), the results of calculation show that

the thickness h of the antireflection film is about 0.1

jim in terms of the optimal thickness.

From the equation (1), 1t 1s apparent that the
reflection of light by 100% can be attained by the
selection of such a material that the refractive index of
the upper coating 1s equal to a value of square root of
the refractive index of the lower coating. The
antireflection of light by utilizing the above principle,
i.e., by making the refractive index of the upper coating
slightly lower than the refractive index of the lower
coating, has hitherto been carried out in the art.

In the case of the conventional antireflection sheet
with a layer having a low refractive index being formed
on the uppermost surface of a transparent substrate film,

thickness of the layer having a low refractive index 1is
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as small as 0.1 um, so that the formed antireflection
sheet has a poor hard property., resulting in poor
resistance to scratch. A hard property has hitherto been

imparted to the antireflection sheet by coating a
thermosetting resin or an ionizing radiation curing resin
on a transparent substrate film, curing the coating, and
forming thereon a layer having a low refractive index.
The conventional curable resin layer for forming a
hard coat layer has a high crosslinking density, so that
the internal cohesion of the coating is high, resulting
in poor adhesion between the coating and a plastic film
or a sheet as the transparent substrate film. Therefore,
it 1s difficult to say that the above assembly has
excellent durability as a conventional antireflection
film which also has a surface protecting property. For
example, the antireflection sheet, after elapse of a long
period of time, causes cracking of the hard coat layer or
falling of the coating of the hard coat layer. Further,
since the adhesion is poor, the coating is likely to peel
off and, at the same time, is less resistant to scratch.

In the production of an antireflection film by
successively forming on a transparent substrate film a
hard coat layer, a layer having a high refractive index,
a layer having a low refractive index, and the like, the
transparent substrate film as the first layer of the
final product, 1i.e., an antireflection film, is likely to
be damaged in each step, which has an adverse effect on
the completion of the final product.

When a layer of an ionizing radiation curing resin
is laminated in an uncured state- on a transparent
substrate film as the first layer of an antireflection
film as the final product, followed by irradiation with
UV or an electron beam to cure the coating, thereby

forming a hard coat layer, the transparent substrate film

1s unfavorably colored due to irradiation with UV or an

electron beam.
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Accordingly, an object of the present invention is
to provide an antireflection sheet, which is durable,
1.e., causes neither cracking nor falling of the coating
even after use for a long period of time, resistant to
scratch, and less likely to cause damage to a transparent
substrate film and coloring during the production of an

antireflection film, and a process for producing the

same.
In order to solve the above problems, the process

for producing an antireflection sheet according to the
preseﬂt invention belonging to group B comprises the
steps of: (1) forming or not forming on a release film at
least one layer having a higher refractive index than a
hard coat layer described below; (2) forming a hard coat
layer; (3) laminating said hard coat layer to a
transparent substrate film through an adhesive; (4)
peeling off said release film from the resultant
laminate; and (5) forming on sailid layer having a high
refractive index or said hard coat layer a layer having a
lower refractive index than said hard coat layer.

Another process for producing an antireflection
sheet according to the present invention comprises the
steps of: (1) forming on a release film a layer having a
lower refractive index than a hard coat layer described
below; (2) forming or not forming on the layer having a
low refractive index at least one layer having a higher
refractive index than a hard layer described below: (3)
forming a hard coat layer; (4) laminating the layers on
said release film to a transparent substrate film through

an adhesive: and (5) peeling off said release film from

the resultant laminate.
S ion Belonging to Groug
The present invention belonging to group C provides
a transparent functional membrane wherein functional
ultrafine particles having various functions, such as a
UV screening effect, an antistatic effect, and an

antireflection effect, are incorporated in a coating,
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particularly localized and fixed in a coating on 1its
surface layer in contact with ailr by aggregating a
plurality of types of functional ultrafine particles,
thereby enabling the functions of the functional
ultrafine particles to be developed, a transparent
functional film, and a process for producing the same.

It is known that a transparent functional film
having functions, such as a UV screening property, an
antistatic property or an antireflection property, can be
produced by coating on a transparent plastic substrate
film a transparent resin composition with functional
ultrafine particles having particular properties, such as
a UV screening efféct, an antistatic effect, and an
antireflection effect, being dispersed therein, thereby
forming a functional coating.

In the transparent functional film containing
functional ultrafine particles, functional ultrafine
particles are present in a dispersed form in a
transparent functional membrane due to the nature of the
process. The incorporation of a larger amount of
functional ultrafine particles in the membrane can
further enhance the function of the functional ultrafine
particles. 1In this case, however, the filling ratio of
the functional ultrafine particles dispersed in the resin
should be increased, making it difficult to form a film.

In particular, in order to prepare a transparent
functional film having an antireflection effect, the
transparent functional film should be formed by a
plurality of layers having different refractive indexes.
The refractive index of each layer can be regulated by
incorporating ultrafine particles having a different
refractive index. However, the dispersion of a large
amount of ultrafine particles in the resin makes it
difficult to form a film.

Accordingly, an object of the present invention 1is
to provide a transparent functional membrane, a

transparent functional film, and a process for producing
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the same, which can sufficiently develop the functions of
a plurality of types of functional ultrafine particles,
enhance the filling ratio of the functional ultrafine

particles in the resin for forming a functional membrane

and have an excellent adhesion among functional ultrafine

particles.
In order to attain the above object, the transparent

functional membrane according to the present invention
comprises (1) a functional ultrafine particle layer
having a multilayer structure, two or more layers
constituting said functional ultrafine particle layer
being integrated with each other and comprising
respective separate aggregates of two or more types of
functional ultrafine particles or comprising respective
aggregates of two or more types of functional ultrafine
particles partly mixed with each other, (2} said
functional ultrafine particle layer having a multilayer
structure being in contact with a resin layer and
localized in and fixed to said resin layer in a region
ranging from the interface of said functional ultrafine
particle layer and said resin layer to the interior of
sald resin layer.

The transparent functional film of the present
invention comprises a transparent plastic substrate film
and provided thereon the transparent functional membrane.

PRl D RIELTLON O Ve PDRAWI]

Fig. Al 1s a cross-sectional view of the first
transparent functional film of the present invention
belonging to group A;

Fig. A2 1s a cross-sectional view of the second
transparent functional film of the present invention
belonging to group A;

Fig. A3 1s a flow diagram showing the first process
for producing the first transparent functional film of

the present invention belonging to group A;
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Fig. A4 1s a flow diagram showing the second process
for producing the first transparent functional film of

the present invention belonging to group A;
Fig. A5 is a flow diagram showing the third process

for producing the first transparent functional film of

the present invention belonging to group A;
Fig. A6 1s a flow diagram showing a process for
producing the second transparent functional film of the

present invention belonging to group A;
Fig. A7 1s a cross-sectional view of a transparent

functional film prepared in Example A2Z;
Fig. A8 1s a cross-sectional view of a transparent

functional film prepared i1n Example A3;

Fig. A9 1s a cross-sectional view of a transparent

functional film prepared i1in Example AS;
Fig. Al0 1s a cross-sectional view of a transparent

functional film prepared in Example Al2;
Fig. All i1s a cross-sectional view of a transparent

functional film prepared in Example Al3;
Fig. Al2 1is a cross-sectional view of a transparent

functional film prepared in Example Al4;

Fig. Al3 1s a diagram showing a layer construction
of a polarizing sheet with the antireflection film of the
present invention being laminated thereto;

Fig. Al4 is a diagram showing a layer construction
of a ligquid crystal display using a polarizing sheet with
the antireflection film of the present invention being
laminated thereto;.

Fig. Bl 1s a cross-sectional view of an
antireflection sheet of type I of the present invention
belonging to group B;

Fig. B2 1s a cross-sectional view of an
antireflection sheet of type II of the present invention
belonging to group B;

Fig. B3 1s a flow diagram showing an embodiment of
the first process for producing an antireflection sheet

of type I of the present invention belonging to group B;

10
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Fig. B4 1s a flow diagram showing an embodiment of
the second process for producing an antireflection sheet
of type I of the present invention belonging to group B;

Fig. BS i1s a cross-sectional view of an embodiment
of a polarizing sheet using an antireflection film of the
present invention belonging to group B;

Fig. B6 1s a cross-sectional view of an embodiment
of a liquid crystal display using an antireflection film

of the present invention belonging to group B;

Fig. Cl1 is a diagram showing an embodiment of a
layer construction of a transparent functional film,
having an antireflection effect, of type I of the present

invention belonging to group C, wherein a functional
ultrafine particle layer is entirely embedded in a resin
layer;

Fig. C2 is a diagram showing an embodiment of a
layer construction of a transparent functional film,
having an antireflection effect, of type I of the present
invention belonging to group C, wherein a functional
ultrafine particle layer is partly exposed on a resin
layer;

Fig. C3 is a diagram showing an embodiment of a
layer construction of a transparent functional £film,
having an antireflection effect, of type II of the
present invention belonging to group C, wherein a
functional ultrafine particle layer 1s entirely embedded
in a resin layer;

Fig. C4 1s a diagram showing an embodiment of a
layer construction of a transparent functional film,
having an antireflection effect, of type 11 of the
present invention belonging to group C, wherein part of a
functional ultrafine particle layer is partly exposed on
a resin layer;

Fig. C5 is a diagram showing an embodiment of the
first process for producing a transparent functional film

of type I of the present invention belonging to group C;

11
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Fig. C6 is a diagram showing an embodiment of the
first process for producing a transparent functional film
of type I of the present i1invention belonging to group C,
wherein a transparent functional film 1s produced so that
a functional ultrafine particle layer is not entirely
embedded 1in a resin layer with part of the functional
vltrafine particle layer being exposed on the surface of
the resin layer; |

Fig. C7 i1s a diagram showing an embodiment of the
second process for producing a transparent functional
film of type I of the present invention belonging to
group C;

Fig. C8 1is a diagram showing an embodiment of the
third process for producing a transparent functional film
of type 1 of the present invention belonging to group C;

Fig. C9 1s a diagram showing an embodiment of a
process for producing a transparent functional film of
type II of the present invention belonging to group C;

Fig. Cl0 is a diagram showing an embodiment of a
polarizing sheet using a transparent functional film of
the present invention belonging to group C; and

Fig. Cl1 is a diagram showing an embodiment of a
liquid crystal display using a transparent functional
film of the present invention belonging to group C.

BEST _MODE FOR CARRYING QUT THE INVENTION
Invention Belondging_ to Group A
Transparent functional membrane and transparent

functional film;:
The first transparent functional membrane of the

present invention belonging to group A comprises a hard
coat layer and functional ultrafine particles localized
in and fixed to said hard coat layer in a region from the
interface of said hard coat layer and an air layer (an
external atmosphere) to the interior of said hard coat
layer. That 1is, functional ultrafine particles are

localized in and fixed to said hard coat layer on the

12



CA 02306285 2000-03-09

side of at least one surface thereof in contact with an

external atmosphere.
The second transparent functional membrane of the

present invention comprises a hard coat layer and
functional ultrafine particles localized in and fixed to
said hard coat laver on the side of a surface thereof, no
thin film of the hard coat layer belng present on the
functional ultrafine particles in contact with an air
layer (external atmosphere), part of the functional

ultrafine particles being exposed particularly on the

hard coat layer.
The transparent functional films of the present

invention respectively comprise the first and second

membranes each formed on a transparent plastic substrate

film.
Fig. Al shows a cross-sectional view of the first

transparent functional film of the present invention.
The transparent functional film has functional ultrafine
particle layers 2 formed in a region from the surface to
the interior of a hard coat layer 4 coated on a
transparent plastic film 3. As shown in Fig. Al, the
functional uvltrafine particle layers 2 are mutually bound
by the binding action of the functional ultrafine
particles 5 per se, or the binding action of a binder
resin used i1in such an amount that the functional
ultrafine particles are not entirely embedded in the
binder resin. The uppermost layer of the functional
ultrafine particle layer 2 is embedded in the hard coat
layer 4 to such an extent that a thin- film of the resin
for a hard coat layer 1s formed. It 1s noted that the
hard coat layer 4 having the functional ultrafine
particle layer 2, as such, 1s the first transparent
functional membrane of the present i1nvention.

Fig. A2 1s a cross-sectional view of the second
transparent functional film of the present invention.
The transparent functional film has functional ultrafine

particle layers 2?2 formed 1n a region from the interior to

13
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the surface of a hard coat layer 4 coated on a
‘transparent plastic substrate film 3. As shown in Fig.
A2, the functional ultrafine particle lavers 2 are
mutually bound by the binding action of the. functional
ultrafine particles 5 per se, or the binding action of a
binder resin used in such an amount that the functional
ultrafine particles 5 are not entirely embedded in the

binder resin. The whole functional ultrafine particle

layer 2 1s not embedded in the hard coat layer 4, and
part of the functional ultrafine particles 5 is exposed

on the surface of the hard coat layer 4. Therefore, the

surface of the functional ultrafine particles has no thin
film of the resin for a hard coat layer and is in direct

contact with an air layer. The hard coat layer 4 having

a functional ultrafine particle layer 2, part of which 1is
exposed, as such, 1s the transparent functional membrane

of the present invention.

In the first and second transparent functional
membranes or transparent functional films according to
the present invention, the functional ultrafine particles
are localized in and fixed to the hard coat layer in a
region from the interface of the hard coat layer and an
alr layer to the interior of the hard coat layer. This
constitution enables the properties of the functional
ultrafine particles to be easily developed without use of
the functional ultrafine particles in a large amount and,
at the same time, has the effect of providing a better
adhesion between the functional ultrafine particles and
the hard coat layer than the case where a layer
containing functional ultrafine particles is simply
formed on a hard coat layer.

Process for producing transparent functional film:

The first process for producing the first and second

transparent functional films according to the present

invention comprises the steps of: (1) forming a layer of
functional ultrafine particles on a release film: (2)

coating on a transparent plastic substrate film a resin

14
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composition for a hard coat layer; (3) laminating, by
press-bonding, the coated transparent plastic substrate
"film prepared in said step (2), as such, when said resin
composition for a hard coat layer contains no solvent, or

after removing a solvent when said resin composition for
a hard coat layer contains a solvent as a diluent, to the
coated release film prepared in said step (1) so that the
layer of functional ultrafine particles on the release
film faces the resin composition coating for a hard coat
layer on said transparent plastic substrate film, thereby
causing said layer of functional ultrafine particles to
be entirely or partly embedded in said resin composition
coating for a hard coat layer; and (4) full curing said
laminate prepared in said step (3) and peeling off said
release film to transfer said layer of functional

ultrafine particles to said transparent plastic substrate
film.

A modified embodiment of the first process for
producing the first and second transparent functional
films according to the present invention comprises the
steps of: (1) forming a layer of functional ultrafine
particles on a release film; (2) coating on a transparent
plastic substrate film a resin composition for a hard
coat layer; (3) laminating, by press-bonding, the coated
transparent plastic substrate film prepared in said step
(2), as such, when said resin composition for a hard coat
layer contains no solvent, or after removing a solvent
when said resin composition for a hard coat layer |
contains a solvent as a diluent, to the coated release
film prepared in said step (1) so that the layer of
functional ultrafine particles on the release film faces
the resin composition coating for a hard coat layer on
said transparent plastic substrate film, thereby causing
said layer of functional ultrafine particles to be
entirely or partly embedded in said resin composition
coating for a hard coat layer; (4) half curing said

laminate prepared in said step (3) and peeling off said

15
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release film to transfer said layer of functional

ultrafine particles to said transparent plastic substrate
film: (5) forming another functional membrane on said

half cured hard coat layer; and (6) full curing the

resultant assembly.
Fig. A3 is a flow diagram showing the above first

process for producing the first and second transparent
functional films of the present invention. Fig. A3 (a)
shows the step of coating a sol of functional ultrafine
particles 5 on a release film 1 to form a functional
ultrafine particle layer 2. Fig. A3 (b) shows the step
of press-bonding the above functional ultrafine particle
layer 2 formed on a release film 1 to a hard coat layer 4
provided on a transparent plastic substrate film 3. Fig.
A3 (c¢) shows the state of the functional ultrafine
particle layer which has been press-bonded to the hard
coat layer. Fig. A3 (d) shows the step of peeling off
the release film 1 after curing, in the press-bonded
state, a resin constituting the hard coat layer.

In the step (c), the resin constituting the hard
coat layer may be full cured (the first process).
Alternatively, it is possible to use a method wherein the
resin constituting the hard coat layer is half cured in
the step (c) and transferred to the step (d) of peeling
off the release film 1 and the resin constituting the
hard coat layer is full cured (a modified embodiment of
the first process). Curing of the hard coat layer in two
stages, i.e., half cure and full cure, offers the
advantage that, for example, when a layer is further
provided on the hard coat layer after half curing, the
adhesion between the hard coat layer and the layer
provided thereon can be increased.

The second process for producing the first and
second transparent functional films according to the
present invention comprises the steps of: (1) forming a
layer of functional ultrafine particles on a release

film; (2) coating on said layer of functional ultrafine
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particles a resin composition for a hard coat layer to a
larger thickness than said layer of functional ultrafine
particles, thereby causing said layer of functional
ultrafine particles to be entirely or partly embedded in
sald resin composition coating for a hard coat layer, and
full curing the coating to form a hard coat layer;

(3) laminating said release film with said hard coat
layer formed thereon to a transparent plastic substrate
film through an adhesive layer so that said hard coat
layer faces said transparent plastic substrate film; and
(4) peeling off said release film from the laminate
prepared in said step (3) to transfer said hard coat
layer to said transparent plastic substrate film.

A modified embodiment of the second process for
prdducing the first transparent functional films
according to the present invention comprises the steps
of: (1) forming a layer of functional ultrafine particles
on a release film; (2) coating on said layer of
functional ultrafine particles a resin composition for a
hard coat layer to a larger thickness than said layer of
functional ultrafine particles, thereby causing said
layer of functional ultrafine particles to be entirely or

partly embedded in said resin composition coating for a

"hard coat layer, and half curing the coating to form a

hard coat layer; (3) laminating said release film with
said hard coat layer formed thereon to a transparent
plastic substrate film through an adhesive layer so that
sald hard coat layer faces said transparent plastic
substrate film; (4) peeling off said release film from
the laminate prepared in said step (3) to transfer said
hard coat layer‘to sald transparent plastic substrate
film; (5) forming another functional membrane on said
half cured hard coat layer; and (6) full curing said hard
coat lavyer.

Fig. A4 is a flow diagram showing the second process
for producing the first and second transparent functional

films according to the present invention. Fig. A4 (a)
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shows the step of coating a sol of functional ultrafine
particles 5 on a release film 1 to form a functional
ultrafine particle layer 2 and coating thereon a resin
composition for a hard coat layer to a larger thickness
than the functional ultrafine particle layer 2, thereby
forming a hard coat layer 4. In the step (a), the hard
coat layer 4 may be full cured, or alternatively may be
half cured (a modified embodiment). Fig. A4 (b) shows
the step of laminating the hard coat layer 4 provided on
the release film 1 i1n the step (a) to a transparent
plastic substrate film 3 through an adhesive layer 6.
The adhesive layer 6 may be formed by coating on the hard
coat layer 4 or coating on the transparent plastic
substrate film 3. Fig. A4 (c) shows the state of the
hard coat layer 4 which has been press-bonded to the
transparent plastic substrate film 3. Fig. A4 (d) shows
the step of peeling off, i1n this press-bonded state, the
release film 1.

When the resin for a hard coat layer is half cured
in the step (a) of Fig. A4, the resin for a hard coat
layer can be full cured after peeling off the release
film 1 in the step (d). Curing of the hard coat layer in
two stages, 1.e., half cure and full cure, offers the
advantage that, for example, when a layer is further
provided on the hard coat layer after half curing, the
adhesion between the hard coat layer and the layer
provided thereon can be 1increased.

The third process for producing the first and second
transparent functional film according to the present
invention comprises the steps of: (1) forming a layer of
functional ultrafine particles on a release film: (2)
coating on said layer of functional ultrafine particles a
resin composition for a hard coat layer to a larger
thickness than said layer of functional ultrafine
particles, thereby causing said layer of functional
ultrafine particles to be entirely or partly embedded in

said resin composition coating for a hard coat layer;

18

TR e 171 0 A Bt A S A P N Hommscrvaret= ———- o s e T e e e —




CA 02306285 2000-03-09

(3) laminating a transparent plastic substrate film to
said release film coated with said resin composition for
a hard coat layer so that said resin composition coating

for a hard coat layer faces said transparent plastaic
substrate film, and full curing the resultant laminate to
form a hard coat layer; and (4) peeling off said release
film from the laminate prepared in said step (3) to

transfer said hard coat layer to said transparent plastic

substrate film.
A modified embodiment of the third process for

producing the first and second transparent functional
films according to the present invention comprises the
steps of: (1) forming a layer of functional ultrafine
particles on a.release film; (2) coating on said layer of
functional ultrafine particles a resin composition for a
hard coat layer to a larger thickness than said layer of
functional ultrafine particles, thereby causing said
layer of functional ultrafine particles to be entirely or
partly.embedded in said resin composition coating for a
hard coat layer; (3) laminating a transparent plastic
substrate film to said release film coated with said
resin composition for a hard coat layer so that said
resin composition coating for a hard coat layer faces
said transparent plastic substrate film, and half curing
the resultant laminate to form a hard coat layer; (4)
peeling off said release film from the half cured
laminate prepared in said step (3) to transfer said hard
coat layer to said transparent plastic substrate film;
(5) forming another functional membrane on the half cured
hard coat layer; and (6) full curing the hard coat layer.
Fig. AS 1s a flow diagram showing the third process
for producing the first and second transparent functional
films according to the present invention. Fig. A5 (a)
shows the step of coating a sol of functional ultrafine
particles 5 on a release film 1 to form a functional
ultrafine particle layer 2 and coating thereon a resin

composition for a hard coat layer to a larger thickness
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than the functional ultrafine particle layer 2, thereby
forming a hard coat layer 4. 1In the step (a), the hard
coat layer 4 has not been yet subjected to a curing
treatment. Fig. AS (b) shows the step of laminating the
uncured hard coat layer 4 formed on the release film 1
prepared in the above step (a) to a transparent plastic
substrate film 3. Fig. A5 (c) shows the state of the
uncured hard coat layer press-bonded to the transparent
substrate film. In the state shown in Fig. A5 {(c), the
laminate 1s subjected to a curing treatment to full cure
or half cure the hard coat layer 4. Fig. A5 (d) shows
the step of peeling off the release film 1.

In the step (c¢), the resin composition for a hard
coat layer may be full cured. Alternatively, 1t 1s also
possible to a method wherein the resin composition for a
hard coat layer 4 i1s half cured in the step {(c) and then
full cured after peeling off the release film 1 in the
step (d). Curing of the hard coat layer 4 in two stages,
i.e., half cure and full cure, offers the advantage that,
for example, when a layer is further provided on the hard
coat layer after half curing, the adhesion between the

hard coat layer 4 and the layer provided thereon can be
1ncreased.

In the above processes for producing transparent
functional films, particularly in the production of a
transparent functional film wherein the functional
ultrafine particle layer i1s not entirely embedded in the
hard coat layer and part thereof 1s exposed on the
sur face of the hard coat layer (the second transparent
functional film of the present invention), consideration
should be given to the viscosity of a resin for a hard
coat layer, the kind of the resin, the surface tension of
the resin, the particle diameter of functional ultrafine
particles, the filling ratio of the ultrafine particles,
the wettability of the functional ultrafine particles by

the resin for a hard coat layer, and the like.
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More specifically, when a resin which has a high
viscosity or becomes dry to the touch (described below)
upon coating is selected as the resin for a hard coat
layer, part of the functional ultrafine particles is
likely to expose. Further, the selection of a resin
having a low surface tension or functional ultrafine
particles having a small particle diameter, which can
provide a high filling ratio, gives the same results.
Furthermore, the same results can be obtained when the
resin and the ultrafine particles are selected so that
the wettability of the ultrafine particles by the resin
1S poor.

Fig. A6 is a flow diagram showing an embodiment of a
process for producing the second transparent functional
film according to the present invention. Fig. A6 (a)
shows the step of coating a sol of functional ultrafine
particles 5 on a release film 1 to form a functional
ultrafine particle layer 2. Fig. A6 (b) shows the step
of coating a resin composition for a hard coat layer on a
transparent plastic substrate film 3 and press-bonding
the resultant coating, which 1s dry to the touch, to the
above functional ultrafine particle layer 2 provided on
the release film 1. Fig. A6 (c) shows the state of the
coating for a hard coat layer, which has been press-
bonded to the above functional ultrafine particle layer
2. Since the release film 1 with the functional
ultrafine particle layer 2 being formed thereon is press-
bonded to the resin composition <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>