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(57) ABSTRACT 

The present invention provides a functional ?lm for transfer, 
by means of the application method, having a functional 
layer capable of exhibiting various functions, for example, a 
transparent conductive layer being 10W in electric resistance 
value, an article provided With the functional layer, and a 
method for producing the article provided With the func 
tional layer. 

A functional ?lm at least having a functional layer (4) on a 
support (1), said functional layer being releasable from the 
support (1), Wherein the functional layer (4) is a compressed 
layer of functional ?ne particles. The compressed layer of 
the functional ?ne particles is obtained by applying a liquid 
in Which the functional ?ne particles are dispersed onto the 
support (1) folloWed by drying to form a layer containing the 
functional ?ne particles, and compressing the layer contain 
ing the functional ?ne particles. The present invention has an 
advantage in the case in Which a functional layer With 
uniform thickness is provided to an article being poor in 
?exibility such as plate materials. 
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FUNCTIONAL FILM HAVING FUNCTIONAL 
LAYER AND ARTICLE PROVIDED WITH 

FUNCTIONAL LAYER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a functional ?lm 
for transfer having a functional layer comprising a com 
pressed layer of functional ?ne particles on a support, an 
article provided With the functional layer, and a method for 
producing the article provided With the functional layer. 

[0003] The present invention relates to a functional ?lm 
for transfer having a functional layer comprising a com 
pressed layer of functional ?ne particles on a support 
subjected to non-glare treatment, and more particularly to a 
functional ?lm for transfer capable of providing a functional 
layer comprising a compressed layer of functional ?ne 
particles to an object article and applying non-glare treat 
ment to the object article. Also, the present invention relates 
to an article provided With the functional layer and subjected 
to the non-glare treatment, and a method for producing the 
same. 

[0004] In the present invention, the functional ?lm 
includes both a functional ?lm and a functional sheet. In 
addition, the functional ?lm of the present invention 
includes a functional ?lm in Which a support is a metal. 

[0005] The functional layer is a layer having a function, 
and the function means an action accomplished through 
physical and/or chemical phenomena. The functional layer 
includes layers having various functions, such as a conduc 
tive layer, an ultraviolet shielding layer, an infrared shield 
ing layer, a magnetic layer, a ferromagnetic layer, a dielec 
tric layer, a ferroelectric layer, an electrochromic layer, an 
electroluminescent layer, an insulating layer, a light-absorb 
ing layer, a light selecting absorbing layer, a re?ecting layer, 
a re?ection preventing layer, a catalyst layer, a photocatalyst 
layer and others. 

[0006] Particularly, the present invention relates to a func 
tional ?lm for transfer having a transparent conductive layer. 
In particular, the present invention relates to a functional 
?lm for transfer capable of being used for articles, repre 
sented by various displays, in Which non-glare treatment is 
required, and more speci?cally to a functional ?lm for 
transfer capable of providing a transparent conductive layer 
to an object article and applying non-glare treatment to the 
object article. The transparent conductive layer can be used 
as a transparent electrode such as an electroluminescence 

panel electrode, an electrochromic element electrode, a 
liquid crystal electrode, a transparent plane heater, or a touch 
panel, and can be also used as a transparent electromagnetic 
Wave shielding layer. 

[0007] 2. Disclosure of the Related Art 

[0008] Hitherto, functional layers made of various func 
tional materials are produced by the physical vapor deposi 
tion method (PVD) such as vacuum vapor deposition, laser 
ablation, sputtering, or ion plating, or by the chemical vapor 
deposition method (CVD) such as heat CVD, light CVD, or 
plasma CVD. These generally require a large-scale appara 
tus, and among these, some are not suited for forming a layer 
of large area. 

Jul. 4, 2002 

[0009] Also, a process is knoWn in Which a layer is formed 
by application using the sol-gel method. The sol-gel method 
is suited for forming a layer of large area, but in most cases, 
inorganic materials must be sintered at a high temperature 
after the application. 

[0010] For example, With respect to a transparent conduc 
tive layer, the folloWing description can be made. At present, 
the transparent conductive layer is produced mainly by the 
sputtering method. There are various modes for the sputter 
ing method, for example, a method of forming a layer by 
alloWing inert gas ions, Which are generated by direct 
current or high-frequency discharge, to be accelerated to hit 
the surface of a target in vacuum so as to strike out atoms 
constituting the target from the surface for deposition on the 
substrate surface. 

[0011] The sputtering method is excellent in that a con 
ductive layer having a loW surface electric resistance can be 
formed even if it has a large area to some extent. HoWever, 
it has a disadvantage that the apparatus is large, and the layer 
forming speed is sloW. If the conductive layer is to have a 
still larger area from noW on, the apparatus Will be further 
enlarged. This raises a technical problem such that the 
controlling precision must be heightened and, from another 
point of vieW, raises a problem of increase in the production 
cost. Further, although the number of targets is increased to 
raise the speed in order to compensate for the sloWness of 
the layer forming speed, this also is a factor that enlarges the 
apparatus, thereby raising a problem. 

[0012] An attempt is made to produce the transparent 
conductive layer by the application method. In a conven 
tional application method, a conductive paint having con 
ductive ?ne particles dispersed in a binder solution is 
applied onto a substrate, dried, and hardened to form the 
conductive layer. The application method has advantages in 
that a conductive layer having a large area can be easily 
formed, that the apparatus is simple and has a high produc 
tivity, and that the conductive layer can be produced at a 
loWer cost than by the sputtering method. In the application 
method, an electric path is formed by contact of the con 
ductive ?ne particles With each other, Whereby the electric 
conductivity is exhibited. HoWever, the conductive layer 
produced by the conventional application method has an 
insufficient contact, and the obtained conductive layer has a 
high electric resistance value (i.e. is inferior in conductivity), 
thereby limiting its usage. 

[0013] As the production of the transparent conductive 
layer by the conventional application method, Japanese 
Laid-open Patent Publication No. 9-109259(1997) discloses 
a production method comprising the ?rst step of applying a 
paint comprising conductive poWders and binder resins onto 
a plastic ?lm for transfer and drying it to form a conductive 
layer, the second step of pressing (5 to 100 kg/cm2) the 
conductive layer surface on a smooth surface and heating 
(70 to 180° C.), and the third step of laminating this 
conductive layer on a plastic ?lm or sheet and heat-press 
bonding it. 

[0014] In this method, a large amount of binder resins is 
used (100 to 500 parts by Weight of conductive poWders With 
respect to 100 parts by Weight of the binder in the case of 
inorganic conductive poWders; or 0.1 to 30 parts by Weight 
of conductive poWders With respect to 100 parts by Weight 
of the binder in the case of organic conductive poWders), so 
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that a transparent conductive layer having a loW electric 
resistance value cannot be obtained. 

[0015] For example, Japanese Laid-open Patent Publica 
tion No. 8-199096(1996) discloses a method in Which a 
conductive layer forming paint comprising tin-doped indium 
oxide (ITO) poWders, a solvent, a coupling agent and an 
organic or inorganic acid salt of metal, and not containing a 
binder is applied onto a glass plate and calcined at a 
temperature of 300° C. or higher. In this method, since the 
binder is not used, the conductive layer has a loW electric 
resistance value. HoWever, since the calcining step at a 
temperature of 300° C. or higher must be carried out, it is 
dif?cult to form the conductive layer on a support such as a 
resin ?lm. In other Words, the resin ?lm Will be melted, 
carboniZed, or burnt by the high temperature. Although it 
depends on a kind of the resin ?lm, a temperature of 130° C. 
may be a limit in the case of polyethylene terephthalate 
(PET) ?lm, for example. 

[0016] By the application method, in the case that the 
support is one having ?exibility such as a ?lm, a functional 
layer having a large area can be easily formed. HoWever, in 
the case that the support is one having poor ?exibility such 
as a plate material, the application is difficult as compared 
With the case of the ?exible support, and particularly it is 
dif?cult to control a layer thickness for uniformity. 

[0017] Namely, in the case of the ?exible ?lm, the appli 
cation can be performed by ?xing a coater section and 
moving the ?lm, thereby easily controlling a layer thickness. 
On the other hand, in the case of the plate material having 
poor ?exibility, although the application can be performed 
by moving the plate material if the application area is small, 
accuracy of the layer thickness is liable to deteriorate due to 
Wobbling or others by moving the plate material if the 
application area is large. Also, although a method moving 
the coater section may be mentioned, accuracy of the layer 
thickness deteriorates if ?atness of the plate material is poor. 

[0018] For forming a functional layer on a support or 
article having poor ?exibility, a method transferring a func 
tional layer formed on a ?exible ?lm to the support or article 
having poor ?exibility may be considered. 

[0019] For example, Japanese Laid-open Patent Publica 
tion No. 60-231396(1985), Japanese Laid-open Patent Pub 
lication No. 60-233895(1985) and Japanese Laid-open 
Patent Publication No. 2-106097(1990) disclose forming a 
conductive layer on a ?exible support and transferring the 
conductive layer from the support to a substrate having poor 
?exibility. HoWever, according to these Publications, for 
mation of the conductive layer on the ?exible support is 
performed by the sputtering method or the vapor deposition 
method. The sputtering method has the problems described 
above and the vapor deposition method also has the same 
problems. 

[0020] In the meantime, there are cases in Which providing 
a functional layer to a support or an article and further 
applying non-glare treatment (also referred to as anti-glare 
treatment) to the surface thereof are required. For example, 
various displays represented by a Braun tube (CRT) are 
mentioned. In a front surface of the Braun tube, formation of 
a conductive layer is required in order to obtain antistatic 
properties and electromagnetic-Wave shielding, and further, 
formation of a non-glare layer on the conductive layer is 
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desired in order to reduce re?ection of external light. Also, 
for a PDP (plasma display panel), near-infrared shielding, a 
color-correcting layer and the like are required in addition to 
the requirement of the electromagnetic-Wave shielding, and 
a non-glare layer is also desired. 

[0021] Hitherto, the non-glare treatment has been per 
formed by, for example, a method dispersing silica particles 
in a binder and applying it onto a glass surface to be treated, 
a method spraying abrasive grains to a glass surface to be 
treated, or a method etching a glass surface to be treated 
using ?uorine (for example, Japanese Laid-open Patent 
Publication No. 50-96128(1975), Japanese Laid-open Patent 
Publication No. 55-12107(1980) or Japanese Laid-open 
Patent Publication No. 59-116601(1984)). By these meth 
ods, steps for production increase. 

[0022] Japanese Laid-open Patent Publication No. 
8-187997(1996) discloses that non-glare treatment is 
applied to a surface of a display case using a transfer sheet. 
HoWever, there is no description With regard to providing a 
functional layer simultaneously. 

[0023] From these backgrounds, it is desired to develop a 
method in Which a functional layer capable of exhibiting 
various functions, for example, a transparent conductive 
layer being loW in electric resistance value, is obtained While 
utiliZing the advantages of the application method that a 
functional layer of large area can be easily formed on a 
?exible support, that the apparatus is simple and has a high 
productivity, and that the functional layer can be produced 
at a loW cost. 

SUMMARY OF THE INVENTION 

[0024] Thus, an object of the present invention is to 
provide a functional ?lm for transfer, by means of the 
application method, having a functional layer capable of 
exhibiting various functions, for example, a transparent 
conductive layer being loW in electric resistance value, to 
provide an article provided With the functional layer, and to 
provide a method for producing the article provided With the 
functional layer. In particular, an object of the present 
invention is to provide a transfer functional ?lm for provid 
ing a functional layer With a uniform thickness to an article 
having poor ?exibility such as a plate material, and to 
provide an article having poor ?exibility provided With the 
functional layer With a uniform thickness. 

[0025] An object of the present invention is to provide a 
functional ?lm for transfer, by means of the application 
method, capable of providing a functional layer that can 
exhibit various functions, for example, a transparent con 
ductive layer being loW in electric resistance value, to an 
object article, and applying non-glare treatment to the object 
article, to provide an article provided With the functional 
layer and subjected to the non-glare treatment, and to 
provide a method for producing the same. In particular, an 
object of the present invention is to provide a transfer 
functional ?lm for providing a functional layer With a 
uniform thickness to an article having poor ?exibility such 
as a plate material and applying non-glare treatment to the 
article, and to provide an article having poor ?exibility 
provided With the functional layer With a uniform thickness 
and subjected to the non-glare treatment. 

[0026] Further, an object of the present invention is to 
provide an adhesive composition for transferring and gluing 
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a functional layer, formed on a ?exible support in a releas 
able state, onto an object article. 

[0027] Furthermore, an object of the present invention is 
to provide a functional ?lm for transfer having a functional 
layer comprising a compressed layer of functional ?ne 
particles and an adhesive layer composed of the adhesive 
composition on a support. 

[0028] Conventionally, in the application method, it Was 
considered that a functional layer cannot be formed Without 
the use of a large amount of a binder resin, or in the case 
Where the binder resin is not used, the functional layer 
cannot be obtained unless a functional substance is sintered 
at a high temperature. 

[0029] With respect to a conductive layer, it Was consid 
ered that the conductive layer cannot be formed Without the 
use of a large amount of a binder resin, or in the case Where 
the binder resin is not used, the conductive layer cannot be 
obtained unless a conductive substance is sintered at a high 
temperature. 

[0030] Nevertheless, surprisingly as a result of eager stud 
ies made by the present inventor, it has been found out that 
a functional layer having mechanical strength and being 
capable of exhibiting various functions can be obtained by 
compression even Without the use of a large amount of the 
binder resin and Without calcining at a high temperature. The 
present inventor has found out that a transparent conductive 
layer having a loW resistance value can be obtained With the 
use of a conductive material. 

[0031] Further, the present inventor has found out that a 
functional ?lm for transfer can be obtained by forming a 
functional layer on a support in a state in Which the func 
tional layer is releasable from the support, thereby arriving 
at the present invention. 

[0032] Further, the present inventor has found out that a 
functional ?lm for transfer can be obtained by forming a 
functional layer on a support subjected to non-glare treat 
ment in a state in Which the functional layer is releasable 
from the support, thereby arriving at the present invention. 

[0033] The present invention is a functional ?lm at least 
having a functional layer on a support, said functional layer 
being releasable from the support, Wherein the functional 
layer is a compressed layer of functional ?ne particles. The 
support has ?exibility. 

[0034] In the present invention, as being releasable, cases 
shoWn in FIG. 1 are included. 

[0035] FIG. 1(a) describes amode of release, used in 
normal meaning, in Which a layer A and a layer B, Which 
contact each other, are completely released from the inter 
face. 

[0036] FIG. 1(b) and FIG. 1(c) describe modes of release 
in Which parts of one layer A remain on another layer B 
although the layer A and the layer B, Which contact each 
other, are released from the interface. Thus, in microscopic 
vieW, if each layer, after it is released, takes substantially the 
form of a layer, it is de?ned as being releasable even if it 
cannot be expressed as the perfect release as shoWn in FIG. 
1(a). The present invention also includes cases in Which a 
compressed layer of functional ?ne particles corresponds to 
the layers A of FIG. 1(b) and FIG. 1(c). 
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[0037] Further, in the present invention, “the functional 
layer being releasable from the support” means a layer in a 
state in Which the support and the functional layer are 
releasable from each other. In the case that the functional 
?lm for transfer of the present invention is practically used, 
the support is often released from the functional layer stuck 
onto the object article. 

[0038] The functional ?lm for transfer of the present 
invention includes tWo types, depending on Whether a sur 
face of the functional layer is exposed or not at the time of 
transferring the functional layer to a transfer-object article. 

[0039] First, the ?rst type in Which the surface of the 
functional layer is not exposed Will be described beloW: 

[0040] The present invention is the functional ?lm, 
Wherein a releasable layer to be released from the support is 
formed on the support, and the compressed layer of the 
functional ?ne particles is formed on the releasable layer, 
Whereby the releasable layer is releasable together With the 
compressed layer of the functional ?ne particles from the 
support. In the case that the functional layer is transferred to 
a transfer-object article using the ?rst type functional ?lm, 
the functional layer is transferred to a surface of the transfer 
object article so that the releasable layer exists on the 
functional layer. 

[0041] The present invention is the functional ?lm, 
Wherein the releasable layer comprises a resin layer con 
taining a resin as a main component. The resin layer is 
releasable together With the compressed layer of the func 
tional ?ne particles from the support. 

[0042] The present invention is the functional ?lm, 
Wherein the releasable layer comprises a hard-coating layer 
formed on the support and the resin layer formed on the 
hard-coating layer. The hard-coating layer is releasable 
together With the resin layer and the compressed layer of the 
functional ?ne particles from the support. 

[0043] Next, the second type in Which the surface of the 
functional layer is exposed Will be described beloW: 

[0044] The present invention is the functional ?lm, 
Wherein a base layer is formed on the support, and the 
compressed layer of the functional ?ne particles is formed 
on the base layer, Whereby the compressed layer of the 
functional ?ne particles is releasable from the base layer. 

[0045] The base layer is a layer not to be substantially 
released from the support at the time of transfer. In other 
Words, the present invention is the functional ?lm, Wherein 
a layer not to be released from the support is formed on the 
support, and the compressed layer of the functional ?ne 
particles is formed on the layer not to be released, Whereby 
the compressed layer of the functional ?ne particles is 
releasable from the support and the layer not to be released. 

[0046] In the case that the functional layer is transferred to 
a transfer-object article using the second type functional 
?lm, the functional layer is transferred to a surface of the 
object article so that a surface of the functional layer is 
exposed. 

[0047] The present invention is the functional ?lm, 
Wherein the base layer, namely, the layer not to be released, 
is a resin layer containing a resin as a main component. 
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[0048] The functional ?lm for transfer of the present 
invention includes the third type capable of providing the 
functional layer to the object article and applying non-glare 
treatment to the object article at the time of transferring the 
functional layer to the transfer-object article. 

[0049] The present invention is a transfer functional ?lm 
at least having a functional layer on a support, said func 
tional layer being releasable from the support, Wherein a 
surface of the support at the side of the functional layer is 
subjected to non-glare treatment, and the functional layer is 
a compressed layer of functional ?ne particles. The support 
has ?exibility. 

[0050] The present invention is the functional ?lm for 
transfer, Wherein a releasable layer to be released from the 
support is formed on the support, and the compressed layer 
of the functional ?ne particles is formed on the releasable 
layer, Whereby the releasable layer is releasable together 
With the compressed layer of the functional ?ne particles 
from the support. 

[0051] The present invention is the functional ?lm for 
transfer, Wherein the releasable layer comprises a resin layer 
containing a resin as a main component. The resin layer is 
releasable together With the compressed layer of the func 
tional ?ne particles from the support. 

[0052] The present invention is the functional ?lm for 
transfer, Where the releasable layer comprises a hard-coating 
layer formed on the support and the resin layer formed on 
the hard-coating layer. The hard-coating layer is releasable 
together With the resin layer and the compressed layer of the 
functional ?ne particles from the support. 

[0053] In the functional ?lms of the ?rst type, the second 
type and the third type, it is also preferable that an adhesive 
layer is formed on the compressed layer of the functional 
?ne particles. In the case that the adhesive layer is not 
formed in the functional ?lm, an adhesive layer may be 
formed on a transfer-object article in advance. 

[0054] In the functional ?lm, the compressed layer of the 
functional ?ne particles is obtained by applying a liquid in 
Which the functional ?ne particles are dispersed onto the 
support or the resin layer (the releasable layer in the ?rst 
type; the base layer, namely the layer not to be released in 
the second type; the releasable layer in the third type) 
folloWed by drying to form a layer containing the functional 
?ne particles, and compressing the layer containing the 
functional ?ne particles. 

[0055] In the functional ?lm, it is preferable that the 
compressed layer of the functional ?ne particles is obtained 
by compressing at a compression force of at least 44 N/mm2. 

[0056] At the time of producing the functional ?lm, 
although the dispersion liquid of the functional ?ne particles 
may contain a small amount of a resin, it is particularly 
preferable that the dispersion liquid does not contain the 
resin. In the case that the dispersion liquid of the functional 
?ne particles contain the resin, a content of the resin is 
preferably loWer than 25 parts by volume With respect to 100 
parts by volume of the functional ?ne particles. 

[0057] In the functional ?lm, in the case that conductive 
?ne particles are used as the functional ?ne particles, a 
functional ?lm having a conductive layer (that is, a conduc 
tive ?lm for transfer) is obtained. In the functional ?lm, it is 
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also preferable that the compressed layer of the functional 
?ne particles is a transparent conducive layer. 

[0058] The present invention is an article provided With 
the functional layer of the functional ?lm. In the case that the 
second type functional ?lm is used, an object on Which a 
surface of the functional layer is exposed is directly 
obtained. In the present invention, the functional layer may 
be subjected to patterning. 

[0059] Further, the present invention is a method for 
producing an article provided With a functional layer, char 
acteriZed by transferring the functional layer of the func 
tional ?lm from the support to the object article through an 
adhesive layer of the functional ?lm and/or an adhesive 
layer formed on the object article to be provided With the 
functional layer. 

[0060] The present invention is an article provided With a 
releasable layer comprising the functional layer of the 
functional ?lm for transfer and subjected to non-glare treat 
ment. 

[0061] Furthermore, the preset invention is a method for 
producing an article provided With a functional layer and 
subjected to non-glare treatment, characteriZed by transfer 
ring a releasable layer comprising the functional layer of the 
transfer functional ?lm from the support to an object article 
to be provided With the functional layer so that a surface 
released from the support faces outside. At the time of 
transfer, the adhesive layer of the functional ?lm and/or the 
adhesive layer formed on the object article may be used. 

[0062] According to the present invention, a functional 
?lm for transfer having a functional layer being excellent in 
performance is obtained by simple and convenient opera 
tions of applying and compressing. According to the present 
invention, an article provided With the functional layer and 
a method for producing the article provided With the func 
tional layer are provided. In particular, the present invention 
has advantages in the case that the functional layer With a 
uniform thickness is provided to an article having poor 
?exibility such as a plate material. 

[0063] According to the present invention, a transfer func 
tional ?lm capable of providing a functional layer having 
excellent performance to an object article and applying 
non-glare treatment to the object article is obtained by 
simple and convenient operations of applying and compress 
ing. According to the present invention, an article provided 
With the functional layer and subjected to the non-glare 
treatment, and a method for producing the same are pro 
vided. In particular, the present invention has advantages in 
the case that the functional layer With a uniform thickness is 
provided to an article having poor ?exibility such as a plate 
material and that non-glare treatment is applied to the article. 

[0064] According to the present invention, an adhesive 
composition suitable as an adhesive for the functional ?lm 
is provided. Further, a functional ?lm having the adhesive 
layer composed of the adhesive composition is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0065] FIG. 1 is a vieW for describing modes of release. 

[0066] FIG. 2 is a cross-sectional vieW illustrating one 
example of the functional ?lm in the present invention. 
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[0067] FIG. 3 is a cross-sectional vieW illustrating one 
example of the functional ?lm in the present invention. 

[0068] FIG. 4 is a cross-sectional vieW illustrating one 
example of the functional ?lm in the present invention. 

[0069] FIG. 5 is a cross-sectional vieW illustrating one 
eXample of the functional ?lm in the present invention. 

[0070] FIG. 6 is a cross-sectional vieW illustrating one 
eXample of the functional ?lm in the present invention. 

[0071] FIG. 7 is a cross-sectional vieW illustrating one 
eXample of the third type functional ?lm in the present 
invention. 

[0072] FIG. 8 is a cross-sectional vieW illustrating one 
eXample of the third type functional ?lm in the present 
invention. 

[0073] FIG. 9 is a cross-sectional vieW illustrating one 
eXample of the third type functional ?lm in the present 
invention. 

[0074] FIG. 10 is a cross-sectional vieW illustrating one 
eXample of the article provided With the functional layer in 
the present invention. 

[0075] FIG. 11 is a cross-sectional vieW illustrating one 
eXample of the article provided With the functional layer in 
the present invention. 

[0076] FIG. 12 is a vieW for describing release at the time 
of transfer using the functional ?lm in the present invention. 

[0077] FIG. 13 is a cross-sectional vieW illustrating one 
eXample of the article provided With the functional layer and 
subjected to non-glare treatment in the present invention. 

[0078] FIG. 14 is a cross-sectional vieW illustrating one 
eXample of the article provided With the functional layer and 
subjected to non-glare treatment in the present invention. 

[0079] FIG. 15 is a horiZontal projection illustrating one 
eXample of the article on Which the functional layer of the 
present invention is subjected to patterning. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0080] The present invention Will be described With ref 
erence to the draWings. EXamples of layer constitution of the 
?rst type functional ?lm and the second type functional ?lm 
in the present invention are shoWn in FIG. 2 to FIG. 6. 

[0081] FIG. 2 is a cross-sectional vieW illustrating an 
eXample of layer constitution of a functional ?lm in Which 
a functional layer (4) is formed on a support In this case, 
a surface of the support (1) at the side of the functional layer 
(4) is subjected to release treatment. 

[0082] FIG. 3 is a cross-sectional vieW illustrating an 
eXample of layer constitution of a functional ?lm in Which 
a resin layer (3) and a functional layer (4) are formed in this 
order on a support The resin layer (3) is a releasable 
layer in the ?rst type and a base layer, namely a layer not to 
be released in the second type. In the case of the ?rst type, 
a surface of the support (1) at the side of the resin layer (3) 
is subjected to the release treatment, so that the release 
occurs betWeen the support (1) and the resin layer (3) at the 
time of transfer. In the case of the second type, close 
adhesive properties betWeen the support (1) and the resin 
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layer (3) are high so that the release occurs betWeen the resin 
layer (3) and the functional layer 

[0083] FIG. 4 is a cross-sectional vieW illustrating an 
eXample of layer constitution of a functional ?lm in Which 
a resin layer (3), a functional layer (4) and an adhesive layer 
(5) are formed in this order on a support Namely, the 
adhesive layer (5) is further formed on the functional layer 
(4) in FIG. 3. In the case of the ?rst type, the release occurs 
betWeen the support (1) and the resin layer (3) at the time of 
transfer. In the case of the second type, the release occurs 
betWeen the resin layer (3) and the functional layer (4) at the 
time of transfer. 

[0084] FIG. 5 is a cross-sectional vieW illustrating an 
eXample of layer constitution of the ?rst type functional ?lm 
in Which a hard-coating layer (2), a resin layer (3) and a 

functional layer (4) are formed in this order on a support In this case, a surface of the support (1) at the side of the 

hard-coating layer (2) may be subjected to the release 
treatment, and may be subjected to none of the release 
treatment. The release occurs betWeen the support (1) and 
the hard-coating layer (2) at the time of transfer. 

[0085] FIG. 6 is a cross-sectional vieW illustrating an 
eXample of layer constitution of the ?rst type functional ?lm 
in Which a hard-coating layer (2), a resin layer (3), a 
functional layer (4) and an adhesive layer (5) are formed in 
this order on a support Namely, the adhesive layer (5) is 
further formed on the functional layer (4) in FIG. 5. In this 
case, a surface of the support (1) at the side of the hard 
coating layer (2) may be subjected to the release treatment, 
and may be subjected to none of the release treatment. The 
release occurs betWeen the support (1) and the hard-coating 
layer (2) at the time of transfer. 

[0086] EXamples of layer constitution of the third type 
functional ?lm in the present invention are shoWn in FIG. 7 
to FIG. 9. 

[0087] FIG. 7 is a cross-sectional vieW illustrating an 
eXample of layer constitution of a functional ?lm for transfer 
in Which a resin layer (13) and a functional layer (14) are 
formed in this order on a non-glare treated surface (1111) of 
a support (11). In this case, the non-glare treated surface 
(1111) of the support (11) is subjected to the release treat 
ment. 

[0088] FIG. 8 is a cross-sectional vieW illustrating an 
eXample of layer constitution of a functional ?lm for transfer 
in Which a hard-coating layer (12), a resin layer (13) and a 
functional layer (14) are formed in this order on a non-glare 
treated surface (1111) of a support (11). In this case, the 
non-glare treated surface (1111) of the support (11) may be 
subjected to the release treatment, and may be subjected to 
none of the release treatment. 

[0089] FIG. 9 is a cross-sectional vieW illustrating an 
eXample of layer constitution of a functional ?lm for transfer 
in Which a hard-coating layer (12), a resin layer (13), a 
functional layer (14) and an adhesive layer (15) are formed 
in this order on a non-glare treated surface (111) of a support 
(11). In this case, the non-glare treated surface (1111) of the 
support (11) may be subjected to the release treatment, and 
may be subjected to none of the release treatment. 

[0090] In the present invention, the functional layers (4) 
and (14) are not particularly limited, and include layers 
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having various functions such as a conductive layer, an 
ultraviolet shielding layer, an infrared shielding layer, a 
magnetic layer, a ferromagnetic layer, a dielectric layer, a 
ferroelectric layer, an electrochromic layer, an electrolumi 
nescent layer, an insulating layer, a light-absorbing layer, a 
light selecting absorbing layer, a re?ecting layer, a re?ection 
preventing layer, a catalyst layer, a photocatalyst layer and 
the like. Therefore, in the present invention, functional ?ne 
particles are used to constitute the aforesaid intended layers. 
The functional ?ne particles to be used are not particularly 
limited and may be mainly inorganic ?ne particles having an 
agglomeration force. In the production of any of the func 
tional ?lms, by applying a method of the present invention, 
a functional coating layer having a sufficient mechanical 
strength can be obtained, and the disadvantage, caused by a 
binder resin in the conventional application method that 
makes use of a large amount of the binder resin, can be 
eliminated. As a result, the intended function is further 
improved. 
[0091] For example, in the production of a transparent 
conductive layer, conductive inorganic ?ne particles are 
used such as tin oxide, indium oxide, Zinc oxide, cadmium 
oxide, antimony-doped tin oxide (ATO), ?uorine-doped tin 
oxide (FTO), tin-doped indium oxide (ITO), aluminum 
doped Zinc oxide (AZO), or the like. In vieW of obtaining 
amore excellent conductivity, ITO is preferable. Alterna 
tively, those in Which the surface of ?ne particles such as 
barium sulfate having transparency is coated With an inor 
ganic material such as ATO, ITO, or the like may be used. 
The particle diameter of these ?ne particles differs depend 
ing on the degree of scattering required in accordance With 
the usage of the conductive ?lm, and may generally vary 
depending on the shape of the particles; hoWever, it is 
generally 10 pm or less, preferably 1.0 pm or less, more 
preferably from 5 nm to 100 nm. 

[0092] Alternatively, organic conductive ?ne particles 
may be used. As the organic conductive ?ne particles, for 
example, those in Which the surface of the resin ?ne particles 
is coated With a metal material, and others may be men 
tioned. 

[0093] By application of the production method in the 
present invention, an excellent conductivity is obtained. In 
the present invention, transparency means transmittance of 
visible light. With respect to the degree of scattering of light, 
desired level differs depending on the usage of the conduc 
tive layer. In the present invention, those generally referred 
to as being translucent and having a scattering are also 
included. 

[0094] In the production of the ferromagnetic layer, iron 
oxide type magnetic poWders such as y-Fe2O3, Fe3O4, 
Co—FeOX, Ba ferrite, etc., ferromagnetic alloy poWders 
containing a ferromagnetic metal element such as ot-Fe, 
Fe—Co, Fe—Ni, Fe—Co—Ni, Co, Co—Ni, etc. as a major 
component, or the like is used. By application of the 
production method in the present invention, the saturation 
magnetic ?ux density of the magnetic coating layer is 
improved. 

[0095] In the production of the dielectric layer or the 
ferroelectric layer, dielectric or ferroelectric ?ne particles 
such as magnesium titanate type, barium titanate type, 
strontium titanate type, lead titanate type, lead titanate 
Zirconate type (PZT), lead Zirconate type, lanthanum-doped 
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lead titanate Zirconate type (PLZT), magnesium silicate 
type, a lead-containing perovskite compound, or the like are 
used. By application of the production method in the present 
invention, dielectric properties or ferroelectric properties are 
improved. 
[0096] In the production of a metal oxide layer that 
exhibits various functions, ?ne particles of metal oxide such 
as iron oxide (Fe2O3), silicon oxide (SiOZ), aluminum oxide 
(A1203), titanium dioxide (TiOZ), titanium oxide (TiO), Zinc 
oxide (ZnO), Zirconium oxide (ZrOZ), tungsten oxide 
(W03), or the like are used. By application of the production 
method in the present invention, the packing density of 
metal oxide in the layer increases to improve various func 
tions. For example, if SiO2 or Al2O3 carrying a catalyst is 
used, a porous catalyst layer having a practicable strength is 
obtained. If TiO2 is used, a photocatalyst function is 
improved. Further, if WO3 is used, an improvement of 
chromophoric action in an electrochromic display element is 
obtained. 

[0097] Further, in the production of the electroluminescent 
layer, ?ne particles of Zinc sul?de (ZnS) are used. By 
application of the production method in the present inven 
tion, an inexpensive electroluminescent layer can be pro 
duced by the application method. 

[0098] In the present invention, a liquid in Which func 
tional ?ne particles selected from the above-mentioned 
various functional ?ne particles are dispersed therein is used 
as a functional paint in accordance With the objects. The 
functional paint is applied onto a support or onto a resin 
layer containing a resin as a major component formed on the 
support and dried to form a layer containing the functional 
?ne particles. Thereafter, the layer containing the functional 
?ne particles is compressed to form a compressed layer of 
the functional ?ne particles, thereby to obtain the functional 
layer. 

[0099] The liquid for dispersing the functional ?ne par 
ticles such as conductive ?ne particles or the like is not 
particularly limited, and various knoWn liquids may be used. 
For example, as the liquid, saturated hydrocarbons such as 
hexane, aromatic hydrocarbons such as toluene and xylene, 
alcohols such as methanol, ethanol, propanol and butanol, 
ketones such as acetone, methyl ethyl ketone, methyl isobu 
tyl ketone and diisobutyl ketone, esters such as ethyl acetate 
and butyl acetate, ethers such as tetrahydrofuran, dioxane 
and diethyl ether, amides such as N,N-dimethylformamide, 
N-methylpyrrolidone (NMP) and N,N-dimethylacetamide, 
halogenated hydrocarbons such as ethylene chloride and 
chlorobenZene, and others may be mentioned. Among these, 
liquids having a polarity are preferable, and in particular, 
alcohols such as methanol and ethanol, and amides such as 
NMP having an af?nity With Water are suitable because the 
dispersion is good Without the use of a dispersant. These 
liquids can be used either alone or as a mixture of tWo or 
more kinds thereof. Further, a dispersant may be used 
depending on a kind of the liquid. 

[0100] Also, Water can be used as the liquid. If Water is 
used as the liquid, the resin layer surface must be hydro 
philic. The resin ?lm and the resin layer are usually hydro 
phobic and are Water-repellent, so that a uniform layer is not 
likely to be obtained. In the case described above, it is 
necessary to mix an alcohol With Water or to make a 

hydrophilic surface of the support. 
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[0101] The amount of the liquid to be used is not particu 
larly limited, and may be such that the dispersion liquid of 
the ?ne particles has a viscosity suitable for application. For 
example, 100 to 100,000 parts by Weight of the liquid is used 
With respect to 100 parts by Weight of the ?ne particles. The 
amount of the liquid may be suitably selected in accordance 
With kinds of the ?ne particles and the liquid. 

[0102] The dispersion of the ?ne particles into the liquid 
may be carried out by a knoWn dispersion technique. For 
example, the dispersion is carried out by the sand grinder 
mill method. At the time of dispersion, use of a medium such 
as Zirconia beads is also preferable in order to loosen the 
agglomeration of the ?ne particles. Further, at the time of 
dispersion, one must take care not to mix impurities such as 
dust. 

[0103] It is preferable that the dispersion liquid of the ?ne 
particles does not contain a resin. In other Words, the amount 
of the resin is preferably Zero. In the conductive layer, if the 
resin is not used, the contact betWeen the conductive ?ne 
particles is not inhibited by the resin. Therefore, the con 
ductivity among the conductive ?ne particles is ensured, and 
the electric resistance value of the obtained conductive layer 
is loW. The resin may be contained in an amount that does 
not deteriorate the conductivity; hoWever, the amount is 
extremely small as compared With the amount of the resin 
used as a binder resin in the prior art. For example, the upper 
limit of the resin contained in the dispersion liquid is less 
than 25 parts by volume With respect to 100 parts by volume 
of the conductive ?ne particles as represented by volume 
before dispersion. In the prior art, one has to use a large 
amount of the binder in order to obtain a mechanical strength 
of the coating layer, since strong compression is not carried 
out. If the resin is used in such an amount as to function as 
the binder, the contact betWeen the conductive ?ne particles 
is inhibited by the binder, and the migration of electrons 
among the ?ne particles is inhibited to reduce the conduc 
tivity. 
[0104] On the other hand, the resin has an effect to 
improve a haZe of the conductive layer. HoWever, in vieW of 
the conductivity, the resin is used preferably in a range of 
less than 25 parts by volume, more preferably in a range of 
less than 20 parts by volume, With respect to 100 parts by 
volume of the conductive ?ne particles as represented by 
volume before dispersion. Although the effect to improve the 
haZe decreases, it is the most preferable not to use the resin 
in vieW of the conductivity. 

[0105] In the functional layers using WO3 ?ne particles, 
TiO2 ?ne particles or the like, if the resin is not used, the 
contact betWeen the ?ne particles is not inhibited by the 
resin, so that an improvement is achieved in various func 
tions. The resin may be contained in an amount that does not 
inhibit the contact betWeen the ?ne particles and does not 
deteriorate the various functions; hoWever, the amount is, for 
example, about 80 parts by volume or less With respect to 
100 parts by volume of the respective ?ne particles. 

[0106] In the catalyst layer using A1203 ?ne particles or 
the like, if the resin is not used, the surface of the ?ne 
particles having a catalyst function is not covered With the 
resin. Therefore, the function as the catalyst is improved. In 
the catalyst layer, the larger the number of voids is in the 
inside of the layer, the larger the number of active points as 
the catalyst. In vieW of this point, it is preferable not to use 
the resin as much as possible. 
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[0107] Thus, for the functional layer it is preferable not to 
use the resin at the time of compression (namely, in the 
dispersion liquid of the functional ?ne particles); and even 
if the resin is used, it is preferably used in a small amount. 
The amount of the resin to be used may be suitably deter 
mined because the amount may vary to some extent depend 
ing on the object of the functional layer. 

[0108] Various additives may be blended With the disper 
sion liquid of the ?ne particles Within a range that satis?es 
the performance required in the function such as the con 
ductivity or the catalyst action. For example, the additives 
such as an ultraviolet absorber, a surfactant, and a dispersant 
may be blended. 

[0109] The supports (1) and (11) are suitably ?exible resin 
?lms that are not cracked even if the compression force of 
the compression step is increased. The resin ?lm is light 
Weight and can be easily handled. In the present invention, 
since a pressing step at a high temperature or a calcining step 
is not carried out, the resin ?lm may be used as the support. 

[0110] As the resin ?lm, for example, polyester ?lm such 
as polyethylene terephthalate (PET), polyole?n ?lm such as 
polyethylene andpolypropylene, polycarbonate ?lm, acrylic 
?lm, norbornene ?lm (Arton manufactured by J SR Co., Ltd., 
or the like), and others may be mentioned. 

[0111] Besides the resin ?lm, cloth, paper or others may be 
used as the support. 

[0112] In the third type functional ?lm, it is required that 
a surface of the support (11) at the side Where the functional 
layer should be formed has unevenness; that is, it is required 
that the surface is subjected to non-glare treatment. Since the 
surface of the support has unevenness, a surface of the 
releasable layer, formed on the support, at the contact side 
With the support has unevenness in accordance With the 
unevenness of the support surface. Therefore, When the 
releasable layer comprising the functional layer is trans 
ferred from the support to the object article so that a surface 
released from the support faces outside, the object article 
having a surface subjected to the non-glare treatment is 
obtained. 

[0113] In the case of the functional ?lm having the layer 
constitution of FIG. 2, a surface of the support (1) at the side 
Where the functional layer (4) should be formed may be 
subjected to the release treatment, so that the formed func 
tional layer (4) is in a state in Which the functional layer (4) 
is releasable from the support For example, a silicone 
releasing agent or the like may be applied onto the support 
surface. 

[0114] In the ?rst type and the third type functional ?lms, 
surface treatment of the supports (1) and (11), the hard 
coating layers (2) and (12), and the resin layers (3) and (13) 
Will be described. 

[0115] In the case of the ?rst type functional ?lms having 
the layer constitution of FIG. 3 and FIG. 4, a surface of the 
support (1) at the side of the resin layer (3) may be subjected 
to the release treatment in accordance With af?nity of resin 
materials being composed of the resin layer (3) With the 
support (1), so that the release occurs betWeen the support 
(1) and the resin layer (3) at the time of transfer. 

[0116] Further, as shoWn in FIG. 5 and FIG. 6, the 
hard-coating layer being loW in close adhesive properties 
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With the support may be formed on the surface of the support 
(1). The hard-coating layer formed by using a silicone resin 
(for example, With the pencil hardness of larger than 4H, 
preferably 5H or harder) has loW close adhesive properties 
With the resin ?lm such as PET, so that the support (1) can 
be easily released from the hard-coating layer In this 
case, although the surface of the support (1) may be treated 
With a releasing agent, treatment With the releasing agent is 
not necessary. 

[0117] In the case of the third type functional ?lms having 
the layer constitution of FIG. 8 and FIG. 9, a surface of the 
support (11) at the side Where the functional layer (14) 
should be formed may be subjected to release treatment in 
accordance With af?nity of materials being composed of the 
hard-coating layer (12) With the support (11), so that the 
formed functional layer (14) is in a state in Which the 
functional layer is releasable from the support (11). For 
example, the silicone releasing agent or the like may be 
applied onto the support surface. The ?lms treated With the 
releasing agent are generally referred to as release ?lms. 
Further, for example, a hard-coating layer having loW close 
adhesive properties With the support is also preferably 
formed on the support surface. The hard-coating layer 
formed by using the silicone resin (for example, With the 
pencil hardness of 4H or harder) has loW close adhesive 
properties With the resin ?lm such as PET, and can be easily 
released. In this case, treatment of the support surface With 
the releasing agent is not necessary. 

[0118] The hard-coating layers (2) and (12) can be formed 
by applying a liquid in Which a hard-coating material is 
dissolved into a solvent in accordance With the needs onto 
the support, drying the applied liquid and curing it. 

[0119] The hard-coating material is not particularly lim 
ited, and various knoWn hard-coating materials may be used. 
For example, a thermosetting hard-coating material such as 
silicone type, acrylic type and melamine type may be used. 
Among these, the silicone type hard-coating material is 
excellent in vieW of obtaining high hardness. 

[0120] Further, an ultraviolet-curable type hard-coating 
material including a radical-polymerizing hard-coating 
material such as unsaturated polyester resin type and acrylic 
type, a cation-polymerizing hard-coating material such as 
epoxy type and vinyl ether type, and others may be used. In 
vieW of productivity such as curing reactivity, the ultravio 
let-curable type hard-coating material is preferable. Among 
these, in vieWs of curing reactivity and surface hardness, the 
acrylic type radical-polymerizing hard-coating material is 
desirable. 

[0121] Application of the hard-coating material may be 
performed by a knoWn method such as a roll coater includ 
ing gravure cylinder, reverse, and Meyer bar, a slit die 
coater, or others. 

[0122] After the application, the applied one is dried at a 
suitable range of temperature, and then cured. In the case of 
the thermosetting hard-coating material, by providing suit 
able heat, for example, the silicone type hard-coating mate 
rial applied is cured by heating at about 60° C. to 120° for 
1 minute to 48 hours. In the case of the ultraviolet-curable 
type hard-coating material, ultraviolet rays are irradiated for 
curing. The ultraviolet rays may be irradiated by irradiating 
ultraviolet rays for about 200 to 2000 mJ/cm2 With the use 
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of a lamp such as a xenon lamp, a loW pressure mercury 
vapor lamp, a middle pressure mercury-vapor lamp, a high 
pressure mercury-vapor lamp, a super high pressure mer 
cury-vapor lamp, a metal halide lamp, a carbon arc lamp, or 
a tungsten lamp. A thickness of the hard-coating layer is, for 
example, about 0.5 to 20 pm, preferably about 2 to 5 pm. 

[0123] An ultraviolet absorber may be contained in the 
hard-coating layers (2) and (12). As the ultraviolet absorber, 
various knoWn ultraviolet absorbers may be used. For 
example, a salicylic acid type ultraviolet absorber, a ben 
Zophenone type ultraviolet absorber, a benZotriaZole type 
ultraviolet absorber, a cyanoacrylate type ultraviolet 
absorber, and the like, may be mentioned. Further, various 
knoWn additives such as a light stabiliZer including a hin 
dered-amine type light stabiliZer and others, an antioxidant, 
an antistatic agent, a ?re retardant, or the like, may be also 
contained in the hard-coating layer, in accordance With the 
needs. The ultraviolet absorber or various additives may be 
added into the hard-coating material, and may be applied. 

[0124] In the case that the hard-coating layers (2) and (12) 
are formed on the supports (1) and (11), respectively, the 
functional ?ne particles such as the conductive ?ne particles 
are not embedded in the hard-coating layers (2) and (12) at 
the time of compressing processes after drying, thereby 
failing to provide good close adhesive properties betWeen 
the ?ne particles layers (4) and (14) and the hard-coating 
layers (2) and (12), respectively. 
[0125] Thus, in the ?rst type and the third type in the 
present invention, it is preferable that the resin layers (3) and 
(13) comprising a soft resin as a main component are formed 
on the hard-coating layers (2) and (12), respectively, in 
advance, and that the liquid in Which the functional ?ne 
particles are dispersed are applied onto the resin layers (3) 
and (13), dried and compressed. For the resin layers (3) and 
(13), softness of the degree by Which the compressed layers 
(4) and (14) of the functional ?ne particles are formed With 
good close adhesive properties is required. Consequently, 
the resin layers are preferably softer than, for example, 
pencil hardness of 2H. The degree of the softness required 
for the resin layers varies depending on a hardness of the 
hard-coating layer used, a kind or a particle diameter of the 
functional ?ne particles, compression force or the like. 

[0126] For the resin layers (3) and (13) in the ?rst type and 
the third type, soft resins may be used, and as the soft resins, 
for example, resins capable of obtaining relatively loW 
hardness are used from acrylic resins, urethane resins, vinyl 
chloride resins, silicone resins or the like. The resin layers 
may contain ?ne particles such as silica for controlling 
hardness of the resin layers, or ?ller for coloring or absorb 
ing ultraviolet rays, in a range that does not give bad 
in?uences to close adhesive properties. After compression, 
the soft resin layers may be cured by heat or ultraviolet rays. 

[0127] Next, the resin layer (3) in the second type func 
tional ?lm Will be described. 

[0128] In the case of the second type functional ?lms 
having the layer constitution of FIG. 3 and FIG. 4, it is 
preferable that the resin layer (3) has relatively high hard 
ness, for example, pencil hardness of 2H or harder and 4H 
or softer, so that the release occurs betWeen the resin layer 
(3) and the functional layer (4) at the time of transfer. It is 
also preferable that close adhesive properties betWeen the 
support (1) and the resin layer (3) are high. 
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[0129] For the resin layer (3) in the second type, relatively 
hard resins may be used, and as such resins, resins capable 
of obtaining relatively high hardness are used from acrylic 
resins, urethane resins, vinyl chloride resins, silicone resins 
or the like. The resin layer may contain ?ne particles such as 
silica for controlling hardness of the resin layer. After 
compression, the resin layer may be cured by heat, ultra 
violet rays, or the like. 

[0130] The resin of the resin layers (3) and (13) in the 
functional ?lm of the ?rst type, the second type and the third 
type is preferably insoluble into the liquid in Which the 
functional ?ne particles are dispersed. In the conductive 
layer, if the resin layer is dissolved, the solution containing 
the resin comes around the conductive ?ne particles by 
capillary phenomenon and, as a result, raises the electric 
resistance value of the obtained conductive layer. In the 
catalyst layer also, the solution containing the resin comes 
around the ?ne particles having a catalyst function by 
capillary phenomenon to cause decrease in the catalyst 
function. 

[0131] The dispersion liquid of the functional ?ne par 
ticles is applied onto the resin layers (3) and (13) or onto the 
supports (1) and (11), and dried to form layers containing the 
functional ?ne particles such as layers containing the con 
ductive ?ne particles. 

[0132] Application of the dispersion liquid of the ?ne 
particles is not particularly limited, and may be carried out 
by a known method. For example, the application may be 
carried out by the application method such as the reverse roll 
method, the direct roll method, the blade method, the knife 
method, the extrusion noZZle method, the curtain method, 
the gravure roll method, the bar coat method, the dip 
method, the kiss coat method, the squeeZe method, or the 
like. Further, the dispersion liquid may be alloWed to adhere 
onto the support by atorniZing, spraying, or the like. 

[0133] The drying temperature is preferably about 10 to 
150° C. although it depends on a kind of the liquid used for 
dispersion. If the temperature is loWer than 10° C., conden 
sation of moisture in air is liable to occur, Whereas if it 
exceeds 150° C., the resin ?lrn support Will be deformed. 
Also, at the time of drying, one must take care not to alloW 
impurities to adhere to the surface of the ?ne particles. 

[0134] The thickness of the layer containing the functional 
?ne particles such as the layer containing the conductive ?ne 
particles after application and drying may be about 0.1 to 10 
urn, though it depends on the compression condition in the 
next step or on the usage of the each functional ?lrn such as 
the conductive ?lrn ?nally obtained. 

[0135] Thus, if the functional ?ne particles such as the 
conductive ?ne particles are dispersed in the liquid for 
application and drying, it is easy to form a uniform layer. If 
the dispersion liquid of the ?ne particles is applied and dried, 
the ?ne particles form a layer even if a binder is not present 
in the dispersion liquid. The reason Why the layer is formed 
even in the absence of the binder is not necessarily clear; 
hoWever, When the amount of the liquid decreases by drying, 
the ?ne particles gather by a capillary force. Further, it seems 
that, since they are the ?ne particles, the speci?c surface area 
is large and the agglorneration force is strong to form a layer. 
HoWever, the strength of the layer at this stage is Weak. Also, 
in the conductive layer, it has a high resistance value and has 
a large variation of the resistance value. 
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[0136] Next, the formed layer containing the functional 
?ne particles such as the layer containing the conductive ?ne 
particles is compressed to obtain a compressed layer (4) of 
the functional ?ne particles such as the conductive ?ne 
particles. The compression improves the strength of the 
layer. Namely, the compression increases the number of 
contact points among the functional ?ne particles such as the 
conductive ?ne particles to increase the contact area. For this 
reason, the strength of the coating layer is increased. Since 
the ?ne particles are originally liable to be agglornerated, the 
compression makes a ?rrn layer. 

[0137] In the conductive layer, the strength of the coating 
layer increases and the electric resistance decreases. In the 
catalyst layer, the strength of the coating layer increases and 
the layer Will be a porous layer, since the resin is not used 
or used in a small amount. Therefore, a higher catalyst 
function is obtained. In the other functional layers, the layer 
can be made into a layer having a high strength in Which the 
?ne particles are connected With each other, and also the 
?lling amount of the ?ne particles per unit volume Will be 
large, since the resin is not used or used in a small amount. 
For this reason, a higher function is obtained in each layer. 

[0138] The compression is preferably carried out at a 
compression force of at least 44 N/rnrn2. If it is carried out 
at a loW pressure of less than 44 N/rnrn2, the layer containing 
the functional ?ne particles such as the layer containing the 
conductive ?ne particles cannot be fully compressed and, for 
example, it is difficult to obtain a conductive layer being 
excellent in conductivity. Acornpression force of at least 135 
N/rnrn2 is more preferable, and a compression force of at 
least 180 N/rnrn2 is still more preferable. According as the 
compression force is higher, the strength of the coating layer 
is improved, and the close adhesive properties betWeen the 
functional layer and the support Will be improved. In the 
conductive layer, a layer being more excellent in conduc 
tivity is obtained, the strength of the conductive layer is 
improved, and the close adhesive properties betWeen the 
conductive layer and the resin layer Will be ?rrn. According 
as the compression force is raised, the pressure resistance of 
the apparatus must be raised, so that a compression force up 
to 1000 N/rnrn2 is generally suitable. 

[0139] Further, the compression is preferably carried out 
at such a temperature that the support is not deforrned. If the 
support is the resin ?lrn, for example, it Will be a temperature 
range beloW the glass transition temperature (secondary 
transition temperature) of the resin. 

[0140] The compression is not particularly limited and 
may be carried out by sheet press or roll press; hoWever, it 
is preferably carried out by means of a roll press machine. 
The roll press is a method in Which the ?lrn to be compressed 
is sandWiched betWeen rolls for compression and the rolls 
are rotated. The roll press is suitable because a high uniforrn 
pressure can be applied in the roll press, and the productivity 
of the roll press is higher than that of the sheet press. 

[0141] The roll temperature of the roll press machine is 
preferably an ordinary ternperature (an environment suitable 
for human Work) from the vieWpoint of productivity. If the 
compression is carried out in a heated atmosphere or With 
heated rolls (hot press), there Will be a disadvantage such 
that the resin ?lrn is elongated When the compression 
pressure is increased. If the compression pressure is reduced 
in order to prevent the resin ?lrn from being elongated under 
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heating, the mechanical strength of the coating layer 
decreases. In the conductive layer, the mechanical strength 
of the coating layer decreases and the electric resistance 
rises. It is also preferable to control the temperature so that 
the roll temperature may not rise by heat generation in the 
case Where continuous compression is carried out by means 
of the roll press machine. 

[0142] If there is a reason to reduce the adhesion of 
moisture to the ?ne particle surface as much as possible, the 
heated atmosphere may be adopted in order to reduce the 
relative humidity of the atmosphere; hoWever, the tempera 
ture range is Within a range such that the ?lm is not easily 
elongated. Generally, it Will be a temperature range beloW 
the glass transition temperature (secondary transition tem 
perature). By taking the variation of humidity into account, 
it may be set at a temperature Which is a little higher than the 
temperature that achieves the required humidity. 

[0143] Here, the glass transition temperature of the resin 
?lm is determined by measuring the dynamic viscoelasticity, 
and refers to the temperature at Which the dynamic loss of 
the main dispersion is at its peak. For example, With regard 
to PET ?lm, its glass transition temperature is approximately 
around 110° C. 

[0144] The roll of the roll press machine is preferably a 
metal roll because a strong pressure can be applied. Also, if 
the roll surface is soft, the ?ne particles may be transferred 
to the rolls at the compressing time, so that the roll surface 
is preferably treated With a hard ?lm such as hard chromium, 
spraying ?lm of ceramics, a ?lm obtained by ionic plating of 
TiN, etc., DLC (diamond like carbon), or the like. 

[0145] In this manner, the compressed layers (4) and (14) 
of the functional ?ne particles such as the conductive ?ne 
particles are formed. The thickness of the compressed layer 
of the functional ?ne particles such as the conductive ?ne 
particles maybe about 0.1 to 10 pm, though it depends on the 
usage. Further, in order to obtain a thick compressed layer 
having a thickness of about 10 pm, a series of operations 
comprising application of the dispersion liquid of the ?ne 
particles, drying, and compression may be carried out 
repeatedly. Furthermore, in the present invention, it is of 
course possible to form the functional layers such as the 
conductive layer on both surfaces of the support. The 
functional layer such as the transparent conductive layer 
thus obtained shoWs a functionality such as an eXcellent 
conductivity or catalyst action, has a practically suf?cient 
strength of the layer even though it is made Without the use 
of the binder resin or With the use of a small amount of the 
resin such that it does not function as the binder. In the ?rst 
type and the third type, the functional layer also has eXcel 
lent close adhesive properties With the soft resin layers (3) 
and (13). 

[0146] In the functional ?lms of the ?rst type, the second 
type and the third type in the present invention, the com 
pressed layers (4) and (14) of the functional ?ne particles 
may comprise at least tWo different compressed layers of 
functional ?ne particles. 

[0147] In accordance With objects or usage of a multi 
layer functional layer, multi-layer constitution may be 
accomplished by combining tWo or more functional layers 
having different functions. For example, the multi-layer 
functional layers for solar batteries, electroluminescent ele 
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ments, electrochromic elements or the like may be obtained 
by combining tWo or more functional layers. 

[0148] For the solar batteries, speci?cally, a multi-layer 
constitution comprising a transparent conductive layer, a 
transparent insulating layer, a semiconductive layer of chal 
copalrite structure composed of groups 1, 3 and 4 elements, 
and a metal electrode in this order, is illustrated. 

[0149] For distributed D.C. operating electroluminescent 
elements, multi-layer constitution comprising a transparent 
conductive layer, an EL emission layer, a rear electrode in 
this order, is illustrated. 

[0150] For permeable electrochromic elements, multi 
layer constitution comprising a transparent conductive layer, 
a ?rst chromophoric layer, a dielectric layer, a second 
chromophoric layer and a transparent conductive layer in 
this order, is illustrated. 

[0151] Besides these, various multi-layer constitutions in 
accordance With various usages may be considered. 

[0152] The multi-layer constitution is obtained by per 
forming repeatedly a series of operations comprising apply 
ing a dispersion liquid of corresponding functional ?ne 
particles, drying and compressing. Each layer that consti 
tutes the multi-layer constitution is not necessarily a com 
pressed layer. For eXample, in the case of the solar batteries, 
the transparent conductive layer, the transparent insulating 
layer and the semiconductive layer may be formed by 
compression and the metal electrode may be formed by 
vacuum deposition. 

[0153] In the functional ?lm of the ?rst type, the second 
type and the third type in the present invention, it is also 
preferable that the adhesive layers (5) and (15) are formed 
on the functional layers (4) and (14), respectively. By 
forming the adhesive layers (5) and (15), the functional 
layers (4) and (14) can be easily transferred to the object 
article to Which the functional layers (4) and (14) are 
intended to be provided, through the adhesive layers. In the 
functional ?lm of the present invention, if the adhesive layer 
is not formed, an adhesive layer may be formed on a 
transfer-object article in advance. Of course, it is also 
preferable that the adhesive layers (5) and (15) are formed 
in the functional ?lm of the present invention and the 
adhesive layer is further formed on the transfer-object 
article. 

[0154] The adhesive layers (5) and (15) of the functional 
?lm in the present invention and the adhesive layer formed 
on the transfer-object article in advance are not particularly 
limited and various knoWn adhesives may be used, if the 
adhesive layers have af?nity to both the functional layers (4) 
and (14) of the functional ?lm and a surface of the transfer 
object article, and can strongly glue the both. For eXample, 
an acrylic type adhesive, an epoXy type adhesive, an isocy 
anate type adhesive, a silicone type adhesive and the like 
may be mentioned. The adhesive may be curable one by 
ultraviolet rays or heat after transferring to the transfer 
object article. Hot melt type may be also used. 

[0155] As the adhesive used for the adhesive layers (5) 
and (15) of the functional ?lm in the present invention, 
adhesives capable of providing an adhesive layer having a 
tacky feeling by just applying an adhesive solution and 
drying, and providing a very hard cured layer by sticking the 
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adhesive layer onto the transfer-object article followed by 
curing the adhesive layer by ultraviolet rays, are preferable. 
Softening or deterioration of the adhesive layer after sticking 
onto the transfer-object article is not preferable. 

[0156] Thus, the present inventor also studied regarding 
adhesives satisfying such properties, and found out that 
folloWing adhesive compositions are suitable as the adhesive 
used for the adhesive layer of the functional ?lm in the 
present invention. 

[0157] 1. An adhesive composition comprising a poly 
mer resin component (P) having a glass transition 
temperature Tg of 30° C. or higher and a curable loW 
molecular Weight component (M) in a Weight ratio PM 
of 8/2 to 2/8. 

[0158] 2. The adhesive composition according to 1., 
Wherein the polymer resin component (P) is a solid at 
an ordinary temperature and the curable loW molecular 
Weight component (M) is a liquid at an ordinary 
temperature. 

[0159] 3. The adhesive composition according to 1. or 
2., Wherein the polymer resin component (P) is an 
acrylic type resin and the curable loW molecular Weight 
component (M) is an acrylic type monomer. 

[0160] 4. The adhesive composition according to any 
one of 1. to 3., Wherein a photopolymeriZation initiator 
is further contained. 

[0161] 5. The adhesive composition according to any 
one of 1. to 4., Wherein the adhesive composition is 
curable by light irradiation. 

[0162] By that the polymer resin component is a solid at 
an ordinary temperature and that the curable loW molecular 
Weight component is a liquid at an ordinary temperature, a 
self-adhesive layer having self-adhesive properties and 
being curable by providing stimulation can be easily formed. 
The self-adhesive layer may have suitable self-adhesive 
properties. 
[0163] As the polymer resin component, for example, an 
acrylic resin 103B (manufactured by Taisei Chemical Indus 
tries, Ltd.) may be mentioned, As the curable loW molecular 
Weight component, for example, a tri-or more functional 
acrylic type monomer such as KAYARAD GPO-303, 
KAYARAD TMPTA, KAYARAD THE-300 (those Were 
manufactured by Nippon Kayaku Co., Ltd.) may be men 
tioned. As the photopolymeriZation initiator, various one 
may be used and, for example, KAYACURE DETX-S 
(manufactured by Nippon Kayaku Co., Ltd.) may be men 
tioned. 

[0164] By that the adhesive composition is cured by light 
irradiation, productivity is improved at the time of gluing the 
functional ?lm onto the object article. 

[0165] The adhesive composition may contain additives 
such as an ultraviolet absorber, an infrared absorber, etc., in 
accordance With the needs. 

[0166] In the case that the adhesive layers (5) and (15) are 
formed in the functional ?lm of the present invention, a 
surface of the adhesive layer may be protected until the time 
of being used by providing a release ?lm onto the adhesive 
layer. 
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[0167] Further, the adhesive layers (5) and (15) may be 
formed in the functional ?lm, by forming an adhesive layer 
on a separately prepared release support subjected to the 
release treatment, and by laminating and gluing (closely 
gluing) the functional ?lm of the present invention With the 
release support on Which the adhesive layer is formed, so 
that the adhesive layer is brought into contact With the 
functional layers (4) and (14) of the functional ?lm. In this 
case, the release support is provided onto the adhesive layer 
at the same time of the formation of the adhesive layers (5) 
and (15), so that the surface of the adhesive layer is protected 
until the time of use. 

[0168] As the adhesive for alloWing the functional ?lm 
having the functional layer on the support to be glued onto 
the object article, or for alloWing the functional layer formed 
in releasable state on the support to be transferred and glued 
onto the object article, if a general adhesive or self-adhesive 
is used, there is a case in Which the functional layer is 
destroyed. Namely, if the functional layer formed on the 
support is thin, and particularly the functional layer mainly 
comprises inorganic materials, the functional layer is brittle. 
The self-adhesive can ?oW. Therefore, in the case that the 
functional ?lm or the functional layer is glued or transferred 
to be glued onto the object article using the self-adhesive, 
the functional layer is liable to be destroyed because the 
self-adhesive layer ?oWs by locally providing force. 
[0169] In the case that a liquid adhesive is used as the 
adhesive and cured, ?oWability is extinguished by curing so 
that the functional layer is not destroyed. HoWever, in the 
case that ?oWability is too high such as in liquid state, it is 
not suitable for the adhesive layer formed in the functional 
?lm, considering handling quality of the ?lm and others. 
[0170] Therefore, the adhesives capable of providing an 
adhesive layer having a tacky feeling by just applying an 
adhesive solution and drying, and providing a very hard 
cured layer by sticking the adhesive layer onto the transfer 
object article folloWed by curing the adhesive layer by 
ultraviolet rays, Were developed. Softening or deterioration 
of the adhesive cured layer after sticking onto the transfer 
object article and curing does not occur. 

[0171] In the present invention, it is also preferable that 
the compressed layer of the functional ?ne particles is 
subjected to heat treatment after formation of the com 
pressed layer of the functional ?ne particles and before 
formation of the adhesive layer. By the heat treatment, 
internal stress remained in the resin layer at the forming time 
of the compressed layer is relaxed so that corrosion resis 
tance of the functional ?lm against various materials or 
various solvents is improved. 

[0172] Conditions for the heat treatment may be suitably 
selected. For relaxation of the internal stress, a temperature 
of the heat treatment is preferably 50° C. or higher, more 
preferably 80° C. or higher. Upper limit of the temperature 
of the heat treatment is, for example, normally 130° C. in the 
case that the resin ?lm is used as the support. Heat treatment 
time is also normally in a range of 1 minute to 100 hours, 
preferably in a range of 10 minutes to 50 hours, further 
preferably in a range of 30 minutes to 25 hours. An atmo 
sphere at the time of the heat treatment may be an atmo 
sphere under vacuum, reduced pressure, air, nitrogen gas or 
inert gas such as argon. 

[0173] The present invention also relates to an article 
provided With the functional layer (4) of the functional ?lms 
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of the ?rst type and the second type described above. 
Examples of the layer constitution of the articles provided 
With the functional layer in the present invention are shoWn 
in FIG. 10 and FIG. 11. 

[0174] FIG. 10 is a cross-sectional vieW illustrating an 
example of the layer constitution in Which the functional 
layer (4) is provided to a surface of the object article (6) 
through the adhesive layer This adhesive layer (5) is 
derived from the adhesive layer (5) of the functional ?lm for 
transfer and/or the adhesive layer formed on the object 
article in advance. It has the resin layer (3) and the hard 
coating layer (2) on the functional layer Namely, FIG. 
10 illustrates an example in Which the functional layer (4) is 
transferred using the ?rst type functional ?lm shoWn in FIG. 
5 or FIG. 6. 

[0175] FIG. 11 is a cross-sectional vieW illustrating an 
example of the layer constitution in Which the functional 
layer (4) is provided to a surface of the object article (6) 
through the adhesive layer This adhesive layer (5) is 
derived from the adhesive layer (5) of the functional ?lm for 
transfer and/or the adhesive layer formed on the object 
article in advance. Namely, FIG. 11 illustrates an example 
in Which the functional layer (4) is transferred using the 
functional ?lm shoWn in FIG. 2, or using the second type 
functional ?lm shoWn in FIG. 3 or FIG. 4. 

[0176] The article (6) as the object is not particularly 
limited, and may include various articles. For example, 
articles or supports having poor ?exibility such as plate 
materials on Which it is difficult to form coating layers With 
uniform thickness, articles such as glasses and ceramics on 
Which it is dif?cult to directly form compressed layers, and 
the like, may be included. For example, a CRT surface 
requires treatments for such as an antistatic, an electromag 
netic-Wave shielding, a re?ection preventing and the like, 
and the CRT may be mentioned as a concrete example of the 
object article in the present invention. 

[0177] In order to obtain the article provided With the 
functional layer of the present invention, the functional layer 
(4) of the functional ?lm described above is transferred from 
the support (1) to the object article Namely, the func 
tional ?lm is stuck onto a surface of the object article 
through the adhesive layer of the functional ?lm (in the case 
that this is formed) and/or through the adhesive layer on the 
object article so that the support (1) faces outside. Then, the 
support (1) of the functional ?lm is released. 

[0178] FIG. 12 is a vieW for describing release at the time 
of transfer. In FIG. 12, (a) illustrates a state in Which the 
functional ?lm of the ?rst type or the second type shoWn in 
FIG. 3 is stuck onto a surface of the transfer-object 
article(6). Here, in the present invention, the terms “releas 
able” and “not to be released” are used for representing 
behavior of the layers at the time of transferring to the object 
article as described beloW. Therefore, the terms do not mean 
absolute strength of adhesion. 

[0179] Relationships of each layer in the present invention 
Will be described referring to FIG. 12 as an example. 
Regarding close adhesion betWeen the resin layer (3) and the 
functional layer (4), it seems that a part of the functional ?ne 
particles of the functional layer (4), Which contact With the 
resin layer (3), is embedded in the resin layer (3) by 
compression, so that the functional layer (4) closely glues to 
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the resin layer Therefore, close adhesive properties of 
both layers (3) and (4) tend to be high in the case that 
compression force is high, and close adhesive properties of 
both layers (3) and (4) are high in the case that the resin layer 
(3) tends to be softer. The close adhesion force varies 
depending on the kind, shape, particle diameter, or others of 
the functional ?le particles, and also varies depending on 
presence or absence, the kind, or others of the resin con 
tained in the layer of the functional ?ne particles at the time 
of compression. 

[0180] In FIG. 12, an interface betWeen the support (1) 
and the resin layer (3) (referred to as an interface I), an 
interface betWeen the resin layer (3) and the functional layer 
(4) (referred to as an interface II), an interface betWeen the 
functional layer (4) and the adhesive layer (5) (referred to as 
an interface III), and an interface betWeen the adhesive layer 
(5) and the object article (6) (referred to as an interface IV) 
exist. In the present invention, the invention of the ?rst type 
can be achieved by loWering the close adhesive properties at 
the interface I in comparing With the close adhesive prop 
erties at the other interfaces. Also, the invention of the 
second type can be achieved by loWering the close adhesive 
properties at the interface II in comparing With the close 
adhesive properties at the other interfaces. 

[0181] In order to loWer the close adhesive properties at 
the interface I in comparing the close adhesive properties at 
the other interfaces, close adhesive properties of the support 
(1) With the resin layer (3) may be loWered. Therefore, 
release treatment may be applied to a surface of the support 
(1) at the side of the resin layer (3), so that the release occurs 
betWeen the support (1) and the resin layer (3) at the time of 
transfer. Further, the close adhesive properties at the other 
interfaces may be raised. In order to raise the close adhesive 
properties of the resin layer (3) With the functional layer (4), 
the resin layer may be relatively soft. 

[0182] In order to loWer the close adhesive properties at 
the interface II in comparing the close adhesive properties at 
the other interfaces, the close adhesive properties of the resin 
layer (3) With the functional layer (4) may be loWered. 
According as a hardness of the resin layer (3) is relatively 
high, the close adhesive properties of the compressed layer 
With the resin layer become loWer. HoWever, if the resin 
layer (3) is a layer being hard such as hard-coating, the close 
adhesive properties become too loW. Generally, it is prefer 
able that the resin layer (3) has relatively high hardness, for 
example, the pencil hardness of about 2H to 4H. Further, the 
close adhesive properties at the other interfaces may be 
raised. In order to raise the close adhesive properties of the 
support (1) With the resin layer (3), a surface of the support 
(1) may be subjected to the treatment for making adhesion 
easy (for example, corona treatment) to raise the close 
adhesive properties. 

[0183] At the time of releasing the support (1), in the case 
of the ?rst type functional ?lm, the release occurs betWeen 
the support (1) and the soft resin layer (3) (in FIG. , an arroW 
I). The close adhesive properties of the functional layer (4) 
With the soft resin layer (3) are good, so that the release does 
not occur betWeen the functional layer (4) and the resin layer 
(3). Therefore, as shoWn in (b), the functional layer (4) is 
provided to a surface of the object article (6) through the 
adhesive layer (5), so that the resin layer (3) exists on the 
functional layer As shoWn in FIG. 6, the ?rst type 
















