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(57) ABSTRACT

An object of the present invention is to provide a thin
volume hologram sheet to be embedded sufficiently resistant
to a mechanical stress such as a stress including a tensile
stress, a shear stress and a compression stress at the time of
processing even under a heating condition, a forgery pre-
vention paper and a card using the same. The object is
achieved by providing a volume hologram sheet to be
embedded comprising a volume hologram layer, and a
substrate disposed only on one side surface of the volume
hologram layer using an adhesion means, wherein a peeling
strength of the volume hologram layer and the substrate is 25
gt/25 mm or more.
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VOLUME HOLOGRAM SHEET TO BE
EMBEDDED, FORGERY PREVENTION
PAPER, AND CARD

TECHNICAL FIELD

[0001] The present invention relates to a volume hologram
sheet to be embedded used for applications such as a forgery
prevention paper and a card.

BACKGROUND ART

[0002] Hologram is a technology with the wave front of
the object light beam recorded as interference fringes on a
photosensitive material by interference of two light beams of
the same wavelength (an object light beam and a reference
light beam) so as to generate the diffraction phenomenon by
the interference fringes when a light beam of the wavelength
same as that of the reference light beam at the time of
recording the interference fringes is directed for reproducing
the wave front same as that of the original object light beam.
Since such a hologram has advantages such as a beautiful
external appearance and difficulty in copy production, it is
often used for security application, and the like. In particular,
in the field of plastic cards represented by credit cards and
cash cards, cards with a hologram have widely been used
mainly in terms of preventing copy production and provid-
ing a design value.

[0003] The hologram can be classified into several groups
according to the recording form of the interference fringes.
Representatives are the surface relief hologram and the
volume hologram. Here, the surface relief hologram has a
hologram image recorded by forming a minute rugged
pattern on the hologram layer surface. On the other hand, the
volume hologram has a hologram image recorded by pro-
viding three-dimensionally in the thickness direction inter-
ference fringes generated by interference of a light as fringes
of different refractive indices. Among them, since the vol-
ume hologram has a hologram image recorded by the
refractive index difference of the materials, it is advanta-
geous in that copying thereof is difficult compared with the
relief hologram so that applications as forgery prevention
means of securities and cards are expected.

[0004] Many examples are known for use of the holo-
grams as forgery prevention means or design improving
means. As an example thereof, a thread hologram used for
various paper media is presented.

[0005] The thread hologram is formed in a part of the
paper medium for the purpose of forgery prevention of a
paper medium with a property value such as securities. Since
such a thread hologram is formed only in a part of the paper
medium, a high forgery prevention effect can be performed
and a design property can be provided to the paper medium,
the surface relief hologram is nowadays used widely for
various paper media. Moreover, the forgery prevention
performance can be improved by using a volume hologram
for the hologram.

[0006] The paper medium with the thread hologram
formed is produced in general by introducing a hologram
sheet for thread into the paper medium at the time of making
a paper medium. Here, in the step of introducing the
hologram sheet for a thread into the paper medium (here-
after, it may be referred to as the introducing step), since the
hologram sheet for a thread is introduced into the paper
medium in general by being drawn mechanically under a
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heating condition, in order to endure the introducing step,
the hologram sheet for a thread should have a high mechani-
cal strength with respect to the tensile stress or shear stress
under the heating condition, that is, a high mechanical
resistance with respect to a mechanical stress such as the
tensile stress and the shear stress.

[0007] Here, the Patent Literature 1 discloses a technique
of providing a high endurance under a heating condition by
making the layer configuration of a volume hologram sheet
for a thread of a first protection layer/a volume hologram
layer/a second protection layer as the hologram sheet for a
thread of the volume hologram. However, although the
volume hologram for a thread sheet of the Patent Literature
1 has the resistance with respect to the mechanical stress
such as the tensile stress and the shear stress under a heating
condition to some extent, since the film thickness is bulky
due to the need of the two layers of the protection layer, the
paper medium with the volume hologram sheet for a thread
introduced has ruggedness on the surface so that it is
problematic in that the paper medium with a smooth surface
can hardly be obtained.

[0008] Therefore, a thin film volume hologram sheet for a
thread with the excellent resistance with respect to the
mechanical stress such as the tensile stress and the shear
stress under a heating condition has been desired.

[0009] Moreover, as another example of using the holo-
gram as a forgery prevention means or a design property
improving means, a card with the hologram is known.
[0010] As amethod for providing a hologram to a card, for
example, a method of attaching a hologram seal, a method
of transferring a hologram from a hologram transfer foil, and
a method of embedding a hologram in a card medium so as
to be visible from the outside can be presented.

[0011] Although the method of attaching a hologram seal
and the method of transferring a hologram are simple, there
are risks of the hologram being peeled off and used for a
different purpose. In particular, the volume hologram tends
to be thicker than the surface relief hologram due to its
characteristic of recording a hologram image by the three-
dimensional arrangement of a refractive index difference.
Therefore, a grade difference may be generated on the card
surface due to the volume hologram thickness so as to
deteriorate the design properties and lead to forgery by
easiness in peeling off the hologram.

[0012] On the other hand, in the case of the method of
embedding a hologram in a card medium, forgery can be
prevented because it is difficult to peel off the hologram. For
example, the Patent Literature 2 discloses a card with a
hologram disposed between a core sheet and an over sheet.
According to such a card, since the over sheet is thicker than
the hologram, the trouble derived from the grade difference
due to the volume hologram thickness can be alleviated.
[0013] At the time of embedding a hologram in a card
medium, for example, as mentioned in the Patent Literature
2, the core sheet and the over sheet with the hologram
disposed are laminated and integrated by press-lamination
under a heating condition. At the time, in the case the
hologram has the hologram layer formed on a substrate, a
problem is involved in that the air enveloped in the hologram
goes out for generating bubbles between the substrate and
the hologram layer at the time of heat press so as to cause
exfoliation of the hologram layer. Moreover, it is also
problematic that the substrate and the hologram layer are
displaced at the time of the heat press. Therefore, in order to
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endure such a step, the hologram should have a high
resistance with respect to the mechanical stress such as
compression stress under a heating condition.

[0014] As heretofore mentioned, a hologram sheet to be
embedded used in the case of introducing the same into a
paper medium or embedding the same into a card medium
is desired to have the excellent resistance with respect to a
mechanical stress under a predetermined heating condition.

CITATION LIST

Patent Literature

[0015] Patent Literature 1: Japanese Patent Application
Publication Laid-Open (JP-A) No. 2007-108253

[0016] Patent Literature 2: JP-A No. 2002-307879
SUMMARY OF INVENTION
Technical Problem
[0017] The present invention has been achieved in view of

the above-mentioned circumstances, and its main object is to
provide a thin volume hologram sheet to be embedded
sufficiently resistant to a mechanical stress at the time of
processing even under a heating condition, a forgery pre-
vention paper and a card using the same.

Solution to Problem

[0018] In order to obtain a thin volume hologram sheet for
a thread to be introduced into a paper medium under a
heating condition as described above, the present inventors
have tried to provide a resistance to a sufficient mechanical
stress such as a tensile stress and a shear stress at the time
of processing under a heating condition as described above
to a volume hologram sheet having a layer configuration of
a volume hologram layer and a substrate disposed only on
one side surface of the volume hologram layer. Moreover, in
order to obtain a thin volume hologram sheet for a card to
be embedded into a card medium under a heating condition
as mentioned above, the present inventors have tried to
provide a sufficient resistance to a mechanical stress such as
a compression stress to a volume hologram sheet at the time
of processing under a heating condition as described above.
Then, as a result of elaborate study, they have found out that
a sufficient resistance to a mechanical stress such as a stress
including a tensile stress, a shear stress and a compression
stress can be realized at the time of processing even under
a heating condition as described above by having the peeling
strength of the volume hologram layer and the substrate of
25 gf/25 mm or more so as to complete the present inven-
tion.

[0019] That is, the present invention provides a volume
hologram sheet to be embedded comprising: a volume
hologram layer, and a substrate disposed only on one side
surface of the volume hologram layer using an adhesion
means, wherein a peeling strength of the volume hologram
layer and the substrate is 25 gf/25 mm or more.

[0020] According to the present invention, since the peel-
ing strength of the volume hologram layer and the substrate
is 25 gf/25 mm or more, at the time of producing a forgery
prevention paper, a card, and the like using the volume
hologram sheet to be embedded under a heating condition,
a volume hologram sheet to be embedded can be provided
with a resistance to a mechanical stress such as a tensile
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stress, a shear stress and a compression stress to the extent
that problems including exfoliation of the volume hologram
layer, bubble generation between the volume hologram layer
and the substrate, and displacement of the volume hologram
layer and the substrate are not generated. Moreover, since
the volume hologram sheet to be embedded can be provided
as a thin film, even in the case of introducing the same in a
paper medium in the introducing step or in the case of
embedding the same in a card medium, the surface of the
paper medium or the card can be smooth.

[0021] In the present invention, it is preferable that a main
component of a resin material used in the volume hologram
layer is an acrylic resin material, and the substrate is made
of a polyester resin. Since the volume hologram layer
containing a resin material as the main component and the
substrate made of the resin are used, at the time of producing
a forgery prevention paper, a card, and the like under a
heating condition, a preferable mechanical strength with
respect to a stress such as a tensile stress, a shear stress and
a compression stress can be provided.

[0022] In the present invention, it is preferable that the
adhesion means is an adhesive layer, and an adhesive used
for the adhesive layer is a curable adhesive. Since a curable
adhesive is used for the adhesive layer, at the time of
producing a forgery prevention paper, a card, and the like
under a heating condition, the volume hologram sheet to be
embedded of the present invention is provided with a
preferable resistance with respect to a mechanical stress
such as a tensile stress, a shear stress, and a compression
stress.

[0023] In the present invention, it is preferable that the
adhesion means is an easy adhesion process, and the easy
adhesion process is a chemical process using a primer agent.
Since the chemical process using a primer agent is carried
out, the volume hologram sheet to be embedded of the
present invention is provided with a preferable resistance
with respect to a mechanical stress such as a tensile stress,
a shear stress, and a compression stress at the time of
producing a forgery prevention paper, a card, and the like
under a heating condition.

[0024] It is preferable that the volume hologram sheet to
be embedded of the present invention is a volume hologram
sheet for a thread. According to the present invention, since
the peeling strength of the volume hologram layer and the
substrate is 25 gf/25 mm or more, at the time of producing
a forgery prevention sheet, and the like using the volume
hologram sheet for a thread under a heating condition, a
volume hologram sheet for a thread having a mechanical
strength with respect to a tensile stress and a shear stress to
the extent that a problem of exfoliation of the volume
hologram layer, and the like is not generated can be pro-
vided. Moreover, since the volume hologram sheet for a
thread can be a thin film, the paper medium surface can be
made smooth even in the case of being introduced into a
paper medium in the introducing step.

[0025] Moreover, it is also preferable that the volume
hologram sheet to be embedded of the present invention is
avolume hologram sheet for a card. According to the present
invention, since the peeling strength of the volume hologram
layer and the substrate is 25 gf/25 mm or more, at the time
of producing a card using the volume hologram sheet for a
card under a heating condition, a volume hologram sheet for
a card having a resistance with respect to a mechanical stress
such as a compression stress to the extent that problems such
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as the bubble generation between the volume hologram layer
and the substrate, and the displacement of the volume
hologram layer and the substrate are not generated can be
provided.

[0026] The present invention provides a forgery preven-
tion paper, wherein the above-mentioned volume hologram
sheet to be embedded is used.

[0027] Moreover, the present invention provides a card,
wherein the above-mentioned volume hologram sheet to be
embedded is disposed between two sheets.

[0028] According to the present invention, since the vol-
ume hologram sheet to be embedded is used, a problem is
not involved at the time of the production, and a high forgery
prevention effect can be performed.

Advantageous Effects of Invention

[0029] In the present invention, since the peeling strength
of the volume hologram layer and the substrate is 25 gf/25
mm or more, a thin volume hologram sheet to be embedded
can be provided with a sufficient resistance with respect to
a mechanical stress such as a tensile stress, a shear stress and
a compression stress even at the time of processing under a
heating condition.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG.1 is a schematic cross-sectional view showing
an embodiment of a volume hologram sheet to be embedded
of the present invention.

[0031] FIG. 2 is a schematic cross-sectional view showing
another embodiment of a volume hologram sheet to be
embedded of the present invention.

[0032] FIG. 3 is a schematic cross-sectional view showing
yet another embodiment of a volume hologram sheet to be
embedded of the present invention.

[0033] FIG. 4 is a schematic cross-sectional view showing
still another embodiment of a volume hologram sheet to be
embedded of the present invention.

[0034] FIGS. 5A to 5C are each a schematic diagram
showing an embodiment of a card of the present invention.
[0035] FIG. 6 is a schematic cross-sectional view showing
another embodiment of a card of the present invention.

DESCRIPTION OF EMBODIMENTS

[0036] Hereafter, the volume hologram sheet to be embed-
ded, the forgery prevention paper and the card of the present
invention will be explained, respectively.

A. Volume Hologram Sheet to be Embedded

[0037] The volume hologram sheet to be embedded of the
present invention comprises; a volume hologram layer, and
a substrate disposed only on one side surface of the volume
hologram layer using an adhesion means, characterized in
that a peeling strength of the volume hologram layer and the
substrate is 25 gf/25 mm or more.

[0038] Here, the peeling strength in the present invention
is a value measured based on the 180 degree peeling test of
JIS Z0237. The tensile tester to be used is for example an
Instron 5565 Type™ material tester. A test piece is prepared
by cutting a hologram sheet by a 25 mm width and a 150 mm
length, attaching a double side adhesive tape of the same
size on the volume hologram layer side, and further attach-
ing the same onto a SUS plate so as to be fixed for peeling
off the substrate film by a 300 mm per minute rate for
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measuring the tensile load (gf) in a state with the peeling
operation carried out stably as the peeling strength of the 25
mm width. Moreover, as to a sample of less than a 25 mm
width, with the width thereof being “a” mm, the value
obtained by multiplying the peeling strength measured in the
same manner for the “a” mm width by 25/a is regarded as the
peeling strength of the 25 mm width.

[0039] Next, the volume hologram sheet to be embedded
of the present invention will be explained with reference to
the drawings. FIG. 1 is a schematic cross-sectional view
showing an embodiment of a volume hologram sheet to be
embedded of the present invention. As shown in FIG. 1, the
volume hologram sheet to be embedded 10 of the present
invention comprises a volume hologram layer 1, and a
substrate 2 disposed on only on one side surface of the
volume hologram layer 1 using an adhesive layer 3.
[0040] Moreover, in the present invention, the volume
hologram layer 1 and the substrate 2 may be bonded and
disposed by applying an easy adhesion process “a” to the
surface of the substrate 2 as shown in FIG. 2 instead of using
the adhesive layer 3 as the adhesion means as shown in FIG.
1. Moreover, either in the case of using the adhesive layer 3
or the easy adhesion process “a” as the adhesion means, the
present invention is characterized in that the peeling strength
of the volume hologram layer 1 and the substrate 2 is 25
gt/25 mm or more.

[0041] Here, at the time of producing a forgery prevention
paper, and the like using the volume hologram sheet to be
embedded (volume hologram sheet for a thread), since the
volume hologram sheet for a thread is introduced into a
paper medium by mechanically drawing under a heating
condition, a resistance with respect to a mechanical stress
such as a tensile stress and a shear stress under a heating
condition is indispensable to the extent that it can endure the
process. According to a volume hologram sheet for a thread
having a layer configuration of a first protection layer/a
volume hologram layer/a second protection layer conven-
tionally proposed, a resistance with respect to the mechani-
cal stress such as a tensile stress and a shear stress under a
heating condition can be provided to some extent. However,
since the film thickness is bulky due to the need of the two
layers of the protection layer, the paper medium with the
volume hologram sheet for a thread introduced has rugged-
ness on the surface so that a problem is involved in that the
paper medium with a smooth surface can hardly be obtained.
[0042] Moreover, at the time of embedding the volume
hologram sheet to be embedded (volume hologram sheet for
a card) in a card medium, since the card medium and the
volume hologram sheet are pressed under a heating condi-
tion, the volume hologram sheet is required to have a
resistance with respect to a mechanical stress such as a
compression stress under a heating condition to the extent
that it can endure such a process.

[0043] As heretofore mentioned, it is desired that the
volume hologram sheet to be embedded such as a volume
hologram sheet for a thread and a volume hologram sheet for
a card has the excellent resistance with respect to a mechani-
cal stress under a heating condition.

[0044] Then, the present inventors have tried to use a
volume hologram sheet having a layer configuration of a
volume hologram layer and a substrate disposed on only one
side surface of the volume hologram layer for a volume
hologram sheet for a thread or a volume hologram sheet for
a card.
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[0045] However, it was known that in the case the above-
mentioned volume hologram sheet having the layer configu-
ration is really introduced into a paper medium, the volume
hologram sheet does not have a resistance with respect to a
mechanical stress such as a tensile stress and a shear stress
under a heating condition to the extent that it endures a
process due to exfoliation of the volume hologram layer
form the volume hologram sheet or exfoliation of the
volume hologram layer. As a result of the elaborate discus-
sion of the present inventors in order to solve the problem,
it was found out that with a peeling strength of 25 gf/25 mm
or more of the volume hologram layer and the substrate of
the volume hologram sheet having the layer configuration in
the above described peeling strength measuring method,
problems of the exfoliation of the volume hologram layer,
and the like are not generated in the case of producing a
forgery prevention paper, and the like using the volume
hologram sheet having the layer configuration under a
heating condition.

[0046] Moreover, in the case of really embedding the
volume hologram sheet having the layer configuration in a
card medium, it was learned that the volume hologram layer
is peeled off from the volume hologram sheet due to bubble
generation between the substrate and the hologram layer,
that the substrate and the hologram layer are displaced, and
that the volume hologram sheet does not have a resistance
with respect to a mechanical stress such as a compression
stress under a heating condition to the extent that it can
endure the process due to the bubbles between the substrate
and the volume hologram layer and the displacement of the
substrate and the hologram layer. As a result of the elaborate
discussion of the present inventors in order to solve the
problem, it was found out that the problems of bubble
generation between the substrate and the volume hologram
layer, displacement of the substrate and the volume holo-
gram layer, and the like are not generated even in the case
of producing a card using the volume hologram sheet having
the layer configuration under a heating condition if the
peeling strength of the volume hologram layer and the
substrate of the volume hologram sheet having the layer
configuration is 25 gf/25 mm or more in the above-men-
tioned measuring method of the peeling strength.

[0047] Based on these findings, the present inventors have
completed the present invention.

[0048] According to the present invention, since the peel-
ing strength of the volume hologram layer and the substrate
is 25 gf/25 mm or more, even with the configuration having
the substrate disposed using the adhesion means only on one
side of the volume hologram layer, at the time of producing
a forgery prevention paper, and the like using the volume
hologram sheet to be embedded (volume hologram sheet for
a thread), a volume hologram sheet to be embedded (volume
hologram sheet for a thread) having a resistance with respect
to a mechanical stress such as a tensile stress and a shear
stress under a heating condition to the extent that the
problems of the exfoliation of the volume hologram layer,
and the like are not generated can be provided.

[0049] Moreover, since the volume hologram sheet to be
embedded (volume hologram sheet for a thread) of the
present invention has a configuration with the substrate
disposed using the adhesion means only on one side of the
volume hologram layer, the volume hologram sheet to be
embedded (volume hologram sheet for a thread) can be
provided as a thin film, and thus the paper medium surface
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can be made smooth in the case of introducing the same into
a paper medium in the introducing step.

[0050] Moreover, according to the present invention, since
the peeling strength of the volume hologram layer and the
substrate is 25 gf/25 mm or more, even with the configu-
ration having the substrate disposed using the adhesion
means only on one side of the volume hologram layer, at the
time of producing a card using the volume hologram sheet
to be embedded, a volume hologram sheet to be embedded
having a resistance with respect to a mechanical stress such
as a compression stress under a heating condition to the
extent that a problem of bubble generation between the
volume hologram layer and the substrate, displacement of
the volume hologram layer and the substrate, and the like is
not generated can be provided.

[0051] Moreover, since the volume hologram sheet to be
embedded of the present invention has a configuration with
the substrate disposed using an adhesion means only on one
side surface of the volume hologram layer, the volume
hologram sheet to be embedded can be provided as a thin
film so that the card surface can be made smooth in the case
of embedding the same into a card medium.

[0052] Here, the “volume hologram sheet to be embed-
ded” in the present invention denotes a volume hologram
sheet used in the case of embedding a hologram in a
medium. Examples include a volume hologram sheet for a
thread used in the case of introducing a hologram into a
paper medium and a volume hologram sheet for a card used
in the case of embedding a hologram into a plastic card
medium.

[0053] The “mechanical strength with respect to a tensile
stress and a shear stress under a heating condition” in the
present invention denotes a strength to the extent that both
of the substrate and the volume hologram layer of the
volume hologram sheet for a thread does not cause rupture,
and the like by the tensile stress or the shear stress applied
at the time of introducing the volume hologram sheet to be
embedded (volume hologram sheet for a thread) of the
present invention into a paper medium. In the present
invention, to have “a mechanical strength with respect to a
tensile stress or a shear stress under a heating condition”
means to have “a resistance with respect to a mechanical
stress such as a tensile stress and a shear stress under a
heating condition”.

[0054] The “resistance with respect to a mechanical stress
such as a tensile stress and a shear stress under a heating
condition” denotes the nature that peeling off is not gener-
ated between the substrate and the volume hologram layer of
the volume hologram sheet for a thread so as not to generate
rupture, fraying or wrinkles of the layers, and the like
derived therefrom due to the tensile stress or the shear stress
applied at the time of introducing the volume hologram
sheet to be embedded (volume hologram sheet for a thread)
of the present invention into a paper medium.

[0055] Moreover, the “resistance with respect to a
mechanical stress such as a compression stress under a
heating condition” in the present invention denotes the
nature that bubbles between the volume hologram layer and
the substrate, displacement of the volume hologram layer
and the substrate, and the like are not generated by the
compression stress applied at the time of embedding the
volume hologram sheet to be embedded (volume hologram
sheet for a card) of the present invention into a card medium.
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[0056] Hereafter, the “resistance with respect to a
mechanical stress such as a tensile stress and a shear stress”
and the “resistance with respect to a mechanical stress such
as a compression stress” may be referred to as simply the
resistance with respect to a mechanical stress.

[0057] The ‘“heating condition” specifically denotes a
heating condition at the time of introducing the volume
hologram sheet to be embedded (volume hologram sheet for
a thread) of the present invention into a paper medium, and
a heating condition at the time of embedding the volume
hologram sheet to be embedded of the present invention into
a card medium. The heating condition at the time of intro-
ducing the volume hologram sheet to be embedded into a
paper medium specifically represents a heating condition in
arange of 90° C. to 110° C. Moreover, the heating condition
at the time of introducing the volume hologram sheet to be
embedded into a card medium specifically represents a
heating condition in a range of 120° C. to 180° C.

[0058] Moreover, in the present invention, the condition of
providing a sufficient resistance with respect to a mechanical
stress at the time of processing under a heating condition of
the volume hologram sheet to be embedded is found out to
be the peeling strength of 25 gf/25 mm or more of the
volume hologram layer and the substrate. By use of the
condition, effects of effectively carrying out design before
production of the volume hologram sheet to be embedded
and inspection after production can also be achieved.
[0059] Specifically, in the case of producing the volume
hologram sheet to be embedded, it can be carried out while
adjusting the composition of the materials used for each
member, designing a combination of the members, and the
like so that the peeling strength of the volume hologram
layer and the substrate becomes in the above-mentioned
range.

[0060] Moreover, the produced volume hologram sheet to
be embedded can be subjected to inspection for the peeling
strength of the volume hologram layer and the substrate to
know whether it can be used or not.

[0061] Hereafter, the configurations used in the volume
hologram sheet to be embedded of the present invention will
be explained, respectively.

1. Volume Hologram Layer

[0062] First, the volume hologram layer in the present
invention will be explained. The volume hologram layer
used in the present invention has a function of recording a
refractive index difference by the principle of the volume
hologram, and thereby realizing an optical image.

[0063] Moreover, the volume hologram layer used in the
present invention has a configuration with a substrate dis-
posed on either one side surface using an adhesion means.

(1) Component Materials

[0064] First, the component materials used for the volume
hologram layer in the present invention will be explained.
[0065] The materials for providing the volume hologram
layer used in the present invention are not particularly
limited as long as it can record a volume hologram, the
substrate can be disposed only on one side surface of the
volume hologram layer using an adhesion means, and the
peeling strength of the volume hologram layer and the
substrate can be a predetermined value, so that a material
used for a common volume hologram layer can be used
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optionally. As such a material, for example, known volume
hologram recording materials such as a silver salt material,
a bichromic acid gelatin emulsion, a photo polymerizable
resin and a photo cross-linkable resin can be presented. In
particular, in the present invention, (a) a first photosensitive
material containing a resin material, a photo polymerizable
compound, a photo polymerization initiator and a sensitizing
pigment, or (b) a second photosensitive material containing
a cationically polymerizable compound, a radically polym-
erizable compound, a photo radical polymerization initiator,
and a photo cation polymerization initiator can be used
preferably.

[0066] Hereafter, the first photosensitive material and the
second photo sensitive material will be explained succes-
sively.

(a) First Photosensitive Material

[0067] First, the first photosensitive material will be
explained. As described above, the first photosensitive mate-
rial includes a resin material, a photo polymerizable com-
pound, a photo polymerization initiator and a sensitizing
pigment.

(1) Resin Material

[0068] The resin material used in the present invention is
not particularly limited as long as it can provide a volume
hologram layer with the peeling strength of the volume
hologram layer and the substrate to be described later of 25
gt/25 mm or more. As such a resin material to be used for
the volume hologram layer, poly(meth)acrylate or a partially
hydrolyzed product thereof, polyvinyl acetate or a partially
hydrolyzed product thereof, polyvinyl alcohol or a partially
acetalyzed product thereof, triacetyl cellulose, polyisoprene,
polybutadiene, polychloroprene, polyvinyl chloride, polyal-
lylate, chlorinated polyethylene, chlorinated polypropylene,
poly-N-vinyl carbazole or a derivative thereof, poly-N-vinyl
pyrrolidone or a derivative thereof, a copolymer of styrene
and maleic anhydride or a half ester thereof, and a copoly-
mer having as a polymerization component at least one
selected from the copolymerizable monomer group such as
acrylic acid, acrylate, acrylamide, acrylonitrile, ethylene,
propylene, vinyl chloride and vinyl acetate can be used as
examples. Moreover, these resins may be used as a mixture
of plural kinds. In the present invention, it is preferable to
use an acrylic resin as the main component out of the
above-mentioned resins. Moreover, among the acrylic res-
ins, it is particularly preferable to use a polymethyl meth-
acrylate resin as the main component.

(i1) Photo Polymerizable Compound

[0069] As the photo polymerizable compound, photo
polymerizable, photo cross-linkable monomers, oligomers,
prepolymers having at least one ethylenically unsaturated
bond in a molecule, or a mixture thereof described later can
be used. Specifically, unsaturated carboxylic acid or salt
thereof, ester of unsaturated carboxylic acid and an aliphatic
polyhydric alcohol compound, an amide compound of
unsaturated carboxylic acid and an aliphatic polyvaleic
amine compound, can be presented.

[0070] Here, specific examples of the monomer of unsatu-
rated carboxylic acid include acrylic acid, methacrylic acid,
itaconic acid, crotonic acid, isocrotonic acid, and maleic
acid. Moreover, specific examples of the monomer of ester
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of an aliphatic polyhydric alcohol compound and unsatu-
rated carboxylic acid include, as the acrylate, ethylene
glycol diacrylate, triethylene glycol diacrylate, 1,3-butane
diol diacrylate, tetramethylene glycol diacrylate, propylene
glycol diacrylate, neopentyl glycol diacrylate, trimethylol
propane triacrylate, trimethylol propane tri(acryloyloxy pro-
pyl) ether, and trimethylol ethane triacrylate.

[0071] As the methacrylate, tetramethylene glycol dime-
thacrylate, triethylene glycol dimethacrylate, neopentyl gly-
col dimethacrylate, trimethylol propane trimethacrylate, and
trimethylol ethane trimethacrylate can be presented as
examples. Moreover, as the itaconate, ethylene glycol dii-
taconate, propylene glycol diitaconate, and 1,3-butane diol
diitaconate can be presented as examples. Moreover, as the
crotonate, ethylene glycol dicrotonate, tetramethylene gly-
col dicrotonate, pentaerythritol dicrotonate, and sorbitol
tetracrotonate can be presented as examples. Furthermore, as
the isocrotonate, ethylene glycol diisocrotonate, pentaeryth-
ritol diisocrotonate, and sorbitol tetraisocrotonate can be
presented as examples. Moreover, as the maleate, ethylene
glycol dimaleate, triethylene glycol dimaleate, pentaeryth-
ritol dimaleate, and sorbitol tetramaleate can be presented as
examples.

[0072] As the halogenated unsaturated carboxylic acid,
2,2,3 3-tetrafluoro propyl acrylate, 1H,1H,2H,2H-heptade-
cafluoro decyl acrylate, and 2,2,3,3-tetrafluoro propyl meth-
acrylate can be presented as examples.

[0073] Moreover, as specific examples of the monomer of
an amide of unsaturated carboxylic acid and aliphatic poly-
valeic amine compound, methylene bisacrylamide, methyl-
ene bismethacrylamide, 1,6-hexamethylene bisacrylamide,
and 1,6-hexamethylene bismethacryl amide can be pre-
sented as examples.

(iii) Photo Polymerization Initiator

[0074] As the photo polymerization initiator used in the
present invention, for example, 1,3-di(t-butyl dioxycarbo-
nyl) benzophenone, 3,3',4,4'-tetrakis(t-butyl dioxycarbonyl)
benzophenone, N-phenyl glycine, 2.4,6-tris(trichloro
methyl)-s-triazine, 3-phenyl-5-isooxazolone, 2-mercapto-
benzimidazole, and imidazole dimmers can be presented. In
particular, it is particularly preferable that the photo polym-
erization initiator used in the present invention has a decom-
position process after hologram recording from the view-
point of stabilization of the recorded volume hologram. For
example, organic peroxides are easily decomposed by ultra-
violet ray irradiation, and thus it is preferable.

(iv) Sensitizing Pigment

[0075] As the sensitizing pigment used in the present
invention, a thiopyrilium salt-based pigment, a merocya-
nine-based pigment, a quinoline-based pigment, a styryl
quinoline-based pigment, a ketocoumarin-based pigment, a
thioxanthene-based pigment, a xanthenes-based pigment, an
oxonol-based pigment, a cyanine dye, a rhodamine dye, a
thiopyrylium salt-based pigment, a pyrylium ion-based pig-
ment, and a diphenyl iodonium ion-based pigment can be
presented as examples.

(b) Second Photosensitive Material

[0076] Next, the second photosensitive material used in
the present invention will be explained. As described above,
the second photosensitive material contains a cationically
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polymerizable compound, a radically polymerizable com-
pound, a photo radical polymerization initiator, and a cation
polymerization initiator.

[0077] Here, in the case of using such a second photosen-
sitive material, as the method of recording the volume
hologram in the volume hologram layer, a method of direct-
ing a light beam for exposing the photo radical polymeriza-
tion initiator such as a laser beam (first exposure), and then
directing a light beam of a wavelength different from that of
the laser beam for exposing the photo cation polymerization
initiator is used.

(1) Cationically Polymerizable Compound

[0078] As the cationically polymerizable compound, from
the viewpoint that polymerization of the radically polymer-
izable compound is carried out preferably in a composition
of a relatively low viscosity, those that are liquid in a room
temperature can be used preferably. As such a cationically
polymerizable compound, for example, diglycerol diether,
pentaerythritol polydiglycidyl ether, 1,4-bis(2,3-epoxy
propoxy perfluoro isopropyl) cyclohexane, sorbitol polygly-
cidyl ether, 1,6-hexane diol glycidyl ether, polyethylene
glycol diglycidyl ether, and phenyl glycidyl ether can be
presented.

(i1) Radically Polymerizable Compound

[0079] As the radically polymerizable compound, those
having at least one ethylenically unsaturated double bond in
a molecule are preferable. Moreover, the average refractive
index of the radically polymerizable compound used in the
present invention is preferably larger than the average
refractive index of the cationically polymerizable com-
pound, and it is particularly preferably larger by 0.02 or
more. This is due to formation of the volume hologram by
the refractive index difference between the racially polym-
erizable compound and the cationically polymerizable com-
pound. Therefore, in the case the average refractive index
difference is same as or smaller than the above-mentioned
value, the refractive index modulation is insufficient. As the
radically polymerizable compound used in the present
invention, for example, acrylamide, methacrylamide, sty-
rene, 2-bromostyrene, phenyl acrylate, 2-phenoxy ethyl
acrylate, 2,3-naphthalene dicarboxylic acid (acryloxy ethyl)
monoester, methyl phenoxy ethyl acrylate, nonyl phenoxy
ethyl acrylate, and p-acryloxy ethyl hydrogen phthalate can
be presented.

(iii) Photo Radical Polymerization Initiator

[0080] The photo radical polymerization initiator used in
the present invention is not particularly limited as long as it
can produce an active radical by the first exposure at the time
of recording the volume hologram so that the active radical
polymerizes the radically polymerizable compound. More-
over, a sensitizer commonly regarded as a light absorbing
component and an active radical generating compound or an
acid generating compound may be used in combination. As
such a sensitizer in the photo radical polymerization initia-
tor, although a colored compound such as a pigment is
frequently used for absorbing a visible laser beam, in the
case of providing a colorless transparent hologram, it is
preferable to use a cyanine-based pigment. Since the cya-
nine-based pigment is in general easily decomposed by a
light, the pigment in the hologram is decomposed so as not
to have absorption in a visible range by post-exposure in the
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present invention or being left for several hours to several
days under an interior light or sunbeam, and as a result, a
colorless transparent volume hologram can be obtained.

[0081] As the specific examples of the cyanine-based
pigment, anhydro-3,3'-dicarboxy methyl-9-ethyl-2,2'thiac-
arbocyanine betaine, anhydro-3-carboxy methyl-3',9'-di-
ethyl-2,2' thiacarbocyanine betaine, 3,3',9-triethyl-2,2'-thi-
acarbocyanine.iodate, 3,9-diethyl-3'-carboxy methyl-2,2'-
thiacarbocyanine.iodate, 3,3'9-triethyl-2,2'-(4,5,4',5'-
dibenzo) thiacarbocyanine.iodate, 2-[3-(3-ethyl-2-
benzothiazolydene)-1-propenyl]-6-[2-(3-ethyl-2-
benzothiazolidene) ethylidene imino]-3-ethyl-1,3,5-
thiadiazolium.iodate, 2-[[3-allyl-4-0x0-5-(3-n-propyl-5,6-
dimethyl-2-benzothiazol yliden)-ethylidene-2-
thiazolynylidene|methyl]3-ethyl-4,5-di phenyl
thiazolinium.iodate, 1,1',3,3,3',3'-hexamethyl-2,2'-indotri-
carbocyanine.iodate, 3,3'-diethyl-2,2'-thiatricarbocyanine.
perchlorate, anhydro-1-ethyl-4-methoxy-3'-carboxy methyl-
5'-chloro-2,2'-quinothia cyanine betaine, and anhydro-5,5'-
diphenyl-9-ethyl-3,3'-disulfopropyl oxacarbocyanine
hydroxide.triethyl amine salt can be presented. One kind or
a combination of plural kinds thereof can be used.

[0082] As the active radical generating compound, for
example, diaryl iodonium salts, or 2,4,6-substituted-1,3,5-
triazines can be presented. In the case high photosensitivity
is needed, it is particularly preferable to use diaryl iodonium
salts. Specific examples of the diaryl iodonium salts include
chlorides of diphenyl iodonium, 4,4'-dichloro diphenyl iodo-
nium, 4,4'-dimethoxy diphenyl iodonium, 4,4'-ditertiary
butyl diphenyl iodonium and 3,3'-dinitro diphenyl iodo-
nium, bromides, tetrafluoro borate, hexafluoro phosphate,
hexafluoro arsenate, hexafluoro antimonate, trifluoro meth-
ane sulfonate, and 9,10-dimethoxy anthracene-2-sulfonate.
Moreover, specific examples of the 2,4,6-substituted-1,3,5-
triazines include 2-methyl-4,6-bis(trichloro methyl)-1,3,5-
triazine, 2.4,6-tris(trichloro methyl)-1,3,5-triazine, 2-phe-
nyl-4,6-bis(trichloro methyl)-1,3,5-triazine, 2,4-bis
(trichloro  methyl)-6-(p-methoxy phenyl vinyl)-1,3,5-
triazine, and 2-(4'-methoxy-1'-naphthyl)-4,6-bis(trichloro
methyl)-1,3,5-triazine.

(iv) Photo Cation Polymerization Initiator

[0083] The photo cation polymerization initiator used in
the present invention is not particularly limited as long as it
is an initiator having a low sensitivity with respect to the first
exposure at the time of recording the volume hologram but
it is exposed by the post-exposure of directing a light beam
of' a wavelength different from that of the first exposure so
as to generate a Bronsted acid or a Lewis acid for polym-
erizing the cationically polymerizable compound. In par-
ticular, in the present invention it is particularly preferable to
use one not polymerizing the cationically polymerizable
compound during the first exposure. As such a photo cation
polymerization initiator, for example, diaryl iodonium salts,
triaryl sulfonium salts, and iron arene complex can be
presented. As a preferable example of the diaryl iodonium
salts, the iodoniums shown in the photo radical polymeriza-
tion initiator such as tetrafluoro borate, hexafluoro phos-
phate, hexafluoro arsenate, hexafluoro antimonate can be
presented. As a preferable example of the triaryl sulfonium
salts, triphenyl sulfonium, and 4-tertiary-butyl triphenyl
sulfonium can be presented.
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(2) Others

[0084] Since the volume hologram sheet to be embedded
of the present invention is used while being introduced into
a paper medium or being embedded in a card medium, the
thickness of the volume hologram layer used in the present
invention is preferably in a range of facilitating introduction
into the paper medium or embedding into the card medium
according to the substrate, and the like to be described later.
Specifically, it is preferably in a range of 0.1 pm to 50 um,
and it is particularly preferably in a range of 1 pm to 20 pm.

2. Substrate

[0085] The substrate used in the present invention is
disposed on only either one surface of the volume hologram
layer using an adhesion means.

[0086] Here, the substrate in the present invention denotes
those having the melting temperature higher than that of the
above-mentioned heating condition. This is because in the
case the melting temperature of the substrate is same as or
lower than the heating condition, introduction into the paper
medium or embedding into the card medium of the volume
hologram sheet to be embedded of the present invention
becomes difficult.

[0087] As a material for the substrate, specifically, resins
including polyester resins such as polyethylene, polypropyl-
ene, polyethylene fluoride, polyvinylidene fluoride, polyvi-
nyl chloride, polyvinylidene chloride, ethylene-vinyl alco-
hol copolymer, polyvinyl alcohol, polymethyl methacrylate,
polyether sulfone, polyether ether ketone, polyamide, tetra-
fluoroethyle-perfluoloalkyl vinyl ether copolymer, and poly-
ethylene terephthalate and plyimide resins can be presented.
In particular, it is preferable to use the polyester resins.
Furthermore, among the polyester resins, it is preferable to
use polyethylene terephthalate.

[0088] Since a substrate made of the above-mentioned
resins is used, at the time of producing a forgery prevention
paper, a card, and the like using the volume hologram sheet
to be embedded under a heating condition, a volume holo-
gram sheet to be embedded having a preferable mechanical
strength can be provided.

[0089] The substrate may use only one kind of the resin,
or it may use a mixture of plural kinds thereof.

[0090] The substrate used in the present invention may
have transparency, or it may not have transparency. More-
over, the substrate may be colored to the extent that the
volume hologram layer can be recognized visibly.

[0091] In the present invention, the substrate may include
an additive. As such an additive, those having a function of
improving the visibility of the optical image of the volume
hologram layer in the volume hologram sheet to be embed-
ded of the present invention and those having a function of
providing a design property to the volume hologram sheet to
be embedded of the present invention can be presented. As
such an additive, for example, coloring agents such as dyes
and pigments, ultraviolet ray absorbing agents and stabiliz-
ing agents for providing the weather resistance can be
presented. In the case the substrate includes an ultraviolet
ray absorbing agent, it can serve also as the ultraviolet ray
prevention layer to be described later. In the case the
substrate serves also as the ultraviolet ray prevention layer,
a substrate with the ultraviolet ray absorbing agent included
can be used.
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[0092] The thickness of the substrate used in the present
invention is preferably in a range capable of introducing the
thickness of the volume hologram sheet to be embedded of
the present invention into a paper medium or embedding the
same into a card according to the thickness of the volume
hologram layer, and the like. More specifically, it is prefer-
ably in a range of 2 pm to 50 um, and it is particularly
preferably in a range of 6 um to 25 um.

3. Adhesion Means

[0093] The adhesion means used in the present invention
is used for disposing the substrate on only one side surface
of the volume hologram layer.

[0094] Such an adhesion means is not particularly limited
as long as it can bond the volume hologram layer and the
substrate such that the peeling strength of the volume
hologram layer and the substrate is 25 gf/25 mm or more.
Specifically, an adhesive layer and an easy adhesion process
can be presented. Hereafter, the adhesive layer and the easy
adhesion process will be explained, respectively.

(1) Adhesive Layer

[0095] The adhesive layer used in the present invention is
formed between the volume hologram layer and the sub-
strate for adhesion such that the peeling strength of the
volume hologram layer and the substrate is 25 gf/25 mm or
more.

[0096] The adhesive used for the adhesive layer is not
particularly limited as long as the peeling strength of the
volume hologram layer and the substrate can be in the
above-mentioned range, but it is preferably a curable adhe-
sive. Here, the “curable adhesive” in the present invention
denotes the so-called thermosetting adhesives, energy line
curable adhesives, and the like to be cured by formation of
a mesh structure by cross-linking caused by chemical reac-
tion by the stimulus of heat or energy line (ultraviolet ray or
electron beam). Since the curable adhesive is used, a pref-
erable mechanical strength can be provided to the volume
hologram sheet to be embedded of the present invention at
the time of producing a forgery prevention paper, a card, and
the like under a heating condition.

[0097] In the present invention, as the curable adhesive,
both a photo setting adhesive and a thermosetting adhesive
can be used.

[0098] As a curable adhesive used in the present inven-
tion, in particular, it is preferable to use a thermosetting
adhesive. Moreover, as the thermosetting adhesive, it is
particularly preferable to use a solvent-based thermosetting
adhesive. Since the solvent-based thermosetting adhesive is
used, a preferable mechanical strength can be provided to
the volume hologram sheet to be embedded of the present
invention at the time of producing a forgery prevention
paper, a card, and the like under a heating condition.
[0099] The adhesive layer may include an ultraviolet ray
absorbing agent. In the case the adhesive layer includes an
ultraviolet ray absorbing agent, it can serve also as the
ultraviolet ray prevention layer to be described later.
[0100] The thickness of the adhesive layer is not particu-
larly limited as long as the bonding property can be realized
to the extent of having the peeling strength of the volume
hologram layer and the substrate of the predetermined value,
but it is preferably in a range of 1 pm to 10 pm. In the case
the film thickness of the adhesive layer is lower than the
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above-mentioned range, it is difficult to have the peeling
strength of the volume hologram layer and the substrate in
the predetermined range. Moreover, in the case the film
thickness of the adhesive layer exceeds the above-mentioned
range, since the film thickness of the volume hologram sheet
to be embedded of the present invention becomes too thick
so that surface ruggedness is conspicuous in the case of
being introduced into a paper medium or being embedded in
a card.

(2) Easy Adhesion Process

[0101] The easy adhesion process used in the present
invention is not particularly limited as long as the volume
hologram layer and the substrate can be bonded such that the
peeling strength of the volume hologram layer and the
substrate is 25 gf/25 mm or more. For example, physical
processes such as plasma process, corona discharge process,
glow discharge process and flame process, and chemical
processes using cromic acid, a silane coupling agent, and a
primer agent can be presented.

[0102] In the present invention, a chemical process using
a primer agent is particularly preferable. As the primer
agent, those processed at the time of the substrate film
production and those processed on the substrate film after
production are both preferable. As such a substrate film
processed with the primer agent, these commercially avail-
able can be used. Specifically, for example, a PET film with
an easy adhesive layer A4100™, T4100™ produced by
Toyobo Co., Ltd., a Teijin (registered trademark) Tetoron
(registered trademark) film HPE produced by Teijin DuPont
Films Japan Limited, Emblet (registered trademark) S,
PTM, PET produced by Unitika Limited, and an easy
adhesion material AC-X™, AC-L. ™, AC-W™ produced by
Panac Corporation, and the like can be presented. Moreover,
the primer agent for processing on the substrate film after
production may be a material adheres to the volume holo-
gram material. In particular, an acrylic resin material is
preferable, and furthermore, those including as the main
component a methacrylic resin such as polymethyl meth-
acrylate and as an additive a material having a low glass
transition point for improving adhesion properties are pref-
erable. Moreover, other than the acrylic resin, a mixture of
a polyurethane material and a curing agent can also be used
preferably. Thereby, a preferable mechanical strength can be
provided to the volume hologram sheet to be embedded of
the present invention at the time of producing a forgery
prevention paper, a card, and the like under a heating
condition.

[0103] In the case the primer agent is present as a layer in
the substrate film processed with the primer agent, the layer
thickness is preferably 1 um or less.

4. Combination of Volume Hologram Layer, Substrate and
Adhesion Means

[0104] The volume hologram sheet to be embedded of the
present invention is not particularly limited as long as, by
combining the above-mentioned volume hologram layer,
substrate and adhesion means, it has the predetermined film
thickness and the peeing strength of the volume hologram
layer and the substrate of 25 gf/25 mm or more. In the
present invention, as the combination of the volume holo-
gram layer, the substrate and the adhesion means, the
following combinations can be used preferably.
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[0105] As the combination of the volume hologram layer,
the substrate, and the adhesion means, one in which the main
component of the resin material used in the volume holo-
gram layer being an acrylic resin, the substrate made of a
polyester resin, and the adhesion means being an adhesive
layer, and the adhesive layer using a thermosetting adhesive
is preferable. Moreover, among the combinations, one in
which the main component of the resin material being a
polymethyl methacrylate-based resin material, the substrate
made of a polyethylene terephthalate-based resin, and the
adhesive layer using as the adhesive a solvent-based ther-
mosetting adhesive is more preferable. By making the
combination of the volume hologram layer, the substrate and
the adhesive layer as the above-mentioned combination, a
volume hologram sheet to be embedded having a preferable
mechanical strength can be provided at the time of produc-
ing a forgery prevention paper, a card, and the like under a
heating condition.

5. Other Members

[0106] The volume hologram sheet to be embedded of the
present invention is not particularly limited as long as the
volume hologram layer and the substrate are disposed using
the above-mentioned adhesion means, and thus a necessary
member may be added optionally. As such a member, for
example, a heat seal layer disposed on the outermost layer
of the volume hologram sheet of the present invention can
be presented.

[0107] Moreover, as needed, the volume hologram sheet
to be embedded of the present invention may be provided
with other layers such as a protection layer, a colored layer,
a magnetic printing layer, a fluorescent light emitting layer
including an ultraviolet ray light emitting layer and an
infrared ray light emitting layer, an optically variable ink
layer called OVI (optical variable ink) layer and/or a resin
layer, and/or a printing layer, a primer layer between the
layers of the layer configuration (except between the volume
hologram layer and the substrate) and/or the surface. In
particular, it is effective to dispose a colored layer on the
surface opposite to the surface in contact with the substrate
on the volume hologram layer.

[0108] Furthermore, as needed, the volume hologram
sheet to be embedded of the present invention may be
provided with an ultraviolet ray prevention layer at an
optional position on the side closer to the substrate with
respect to the volume hologram layer.

[0109] Hereafter, the heat seal layer, the colored layer and
the ultraviolet ray prevention layer will be explained.

(1) Heat Seal Layer

[0110] In the present invention, a heat seal layer may be
disposed on the outermost layer of the volume hologram
sheet.

[0111] Here, the heat seal layer is a heat sensitive adhesive
to be molten or softened at a predetermined temperature. For
example, in the case the volume hologram sheet to be
embedded of the present invention is a volume hologram
sheet for a thread, the heat seal layer is a heat sensitive
adhesive to be molten or softened at the temperature of the
drying zone of the paper producing machine used at the time
of producing a forgery prevention paper, and the like using
the volume hologram sheet for a thread. Moreover, for
example, in the case the volume hologram sheet to be
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embedded of the present invention is a volume hologram
sheet for a card, the heat seal layer is a heat sensitive
adhesive to be molten or softened at the temperature in the
press laminate process of the heat press.

[0112] As the heat seal layer, known heat sensitive adhe-
sives based on such as ionomer resins, polyester resins,
polyvinyl acetate resins, polyvinyl chloride resins, polyacry-
late resins, ethylene-vinyl acetate copolymer resins, and
polyvinyl alcohol resins can be used. The coating amount is
in general 0.1 g/m® to 10 g/m* (dry mass equivalent). The
heat seal layer may, as needed, include a blocking prevention
agent, a lubricant, a coloring agent, and a fluorescent light
emitting agent such as an ultraviolet ray light emitting agent
and an infrared ray light emitting agent. Moreover, the heat
seal layer may include an ultraviolet ray absorbing agent. In
the case the heat seal layer includes an ultraviolet ray
absorbing agent and it is disposed on the substrate side, it
can serve also as the ultraviolet ray prevention layer to be
described later.

[0113] As to the arrangement of the heat seal layer, the
heat seal layer may be disposed on the outermost layer of the
volume hologram sheet. For example, it may be disposed on
the volume hologram layer side of the volume hologram
sheet, it may be disposed on the substrate side of the volume
hologram sheet, or it may be disposed both thereof.

(2) Colored Layer

[0114] In the present invention, for example as shown in
FIG. 3, a colored layer 5 may be disposed on the surface on
the opposite side of the substrate 2 of the volume hologram
layer 1.

[0115] Unlike the surface relief hologram, since the vol-
ume hologram does not require a reflection layer of an
inorganic metal compound such as aluminum, effective
design can be enabled by introducing a colored layer as the
background of the hologram. According to the surface relief
hologram requiring a reflection layer of aluminum, silver
color of the aluminum is observed in any observation angle
and at the same time the relief hologram is observed in a
rainbow color in any angle. On the other hand, in the case
of superimposing for example a red colored layer onto the
volume hologram layer with a green volume hologram
recorded, unique expression of the red color of the colored
layer being observed in any observation angle and the green
hologram image observed at the same time only in a specific
observation direction can be enabled.

[0116] Moreover, in the case the volume hologram sheet to
be embedded of the present invention is a volume hologram
for a thread, design variation can be widened by, for
example, having the colored layer color being the basic color
of' the thread and coordinating the colored layer color and the
color applied on the surface after being introduced into the
paper. For example, a colored layer color of blue, and
printing on the shopping coupon surface of blue-based or a
cold color of a similar shade can be presented. Moreover, in
the case of a shopping coupon, by changing the thread color
according to the amount, it can be distinguished. In the case
of processing into a pamphlet, it can be distinguished for
each page by changing the thread color.

[0117] Similarly, in the case the volume hologram sheet to
be embedded of the present invention is a volume hologram
sheet for a card, design variation can be widened by having
the colored layer color being the basic color of the card and
coordinating the colored layer color and the color applied on



US 2017/0157971 Al

the card surface. For example, a colored layer color of blue,
and printing on the card surface of blue-based or a cold color
of a similar shade can be presented.

[0118] Moreover, the colored layer may be provided on
the entire surface of the substrate, or as a pattern. In the case
the colored layer is provided as a pattern, the following
unique expression can be enabled. For example, in the case
of superimposing a colored layer of a blue picture or letter
pattern on a volume hologram layer with a green volume
hologram recorded, the blue color pattern can be observed in
any angle. Then, only in a specific observation angle, the
green volume hologram is observed in a state superimposed
on the blue colored pattern. In this case, the picture of the
volume hologram may be in any positional relationship with
respect to the colored layer pattern.

[0119] The colored layer may be any one provided by a
known printing method and resistant to the introducing step
(paper producing step) or the step of being embedded into a
card medium.

(3) Ultraviolet Ray Prevention Layer

[0120] In the present invention, an ultraviolet ray preven-
tion layer may be disposed on the substrate side surface of
the volume hologram layer. The ultraviolet ray prevention
layer is provided for preventing deterioration of the color
and the image of the hologram image and the colored layer
with the lapse of time caused by being exposed to the
sunbeam or an illumination light source for a long time.
[0121] As to the arrangement of the ultraviolet ray pre-
vention layer, the ultraviolet ray prevention layer may be
disposed on the substrate side surface of the volume holo-
gram layer. In the case the substrate may include an ultra-
violet ray absorbing agent for serving also as an ultraviolet
ray prevention layer. In the case the adhesion means is an
adhesive layer, the adhesive layer may include an ultraviolet
ray absorbing agent for serving also as an ultraviolet ray
prevention layer. Moreover, in the case the ultraviolet ray
prevention layer is provided independently of the substrate
or the adhesive layer; as shown in FIG. 3, the ultraviolet ray
prevention layer 6 may be provided on the surface on the
side opposite to the volume hologram layer 1 of the substrate
2; as shown in FIG. 4, the ultraviolet ray prevention layer 6
may be provided between the volume hologram layer 1 and
the substrate 2; or although it is not shown in a figure, the
ultraviolet ray prevention layer may be provide both on the
surface on the side opposite to the volume hologram layer of
the substrate and between the volume hologram layer and
the substrate.

[0122] Also in the case the ultraviolet ray prevention layer
is provided between the volume hologram layer and the
substrate, sufficient adhesion force of the volume hologram
layer and the substrate is needed, and thus the peeling
strength of the volume hologram layer and the substrate
needs to be 25 gf/25 mm or more. That is, the peeling
strength of the volume hologram layer and the ultraviolet ray
prevention layer is 25 gf/25 mm or more, and the peeling
strength of the ultraviolet ray prevention layer and the
substrate is also 25 gf/25 mm or more.

[0123] As to the ultraviolet ray prevention ability required
to the volume hologram sheet of the present invention, the
total absorbance of the all layers on the substrate side with
respect to the volume hologram layer including the substrate
is preferably 0.5 or more at a 340 nm wavelength, and it is
particularly preferably 0.7 or more. If the absorbance of the
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all layers on the substrate side with respect to the volume
hologram layer including the substrate is low, at the time of
being exposed for a long time to the sunbeam or an illumi-
nation light source, the color and the image of the hologram
image and the colored layer may be extremely deteriorated.
[0124] The total absorbance of the all layers on the sub-
strate side with respect to the volume hologram layer
including the substrate can be measured as follows. That is,
first, the volume hologram layer is removed from the volume
hologram sheet. Then, the absorbance with a 340 nm wave-
length light beam incident in the film thickness direction to
the film including the substrate remaining at the time is
measured. The absorbance A is the value calculated by
A=-log (I'/T) with the premise that the incident light inten-
sity is [ and the light intensity transmitted through the film
is I'. The absorbance can be measured using for example a
microscope ultraviolet ray visible near-infrared spectropho-
tometer MSV-350™ produced by JASCO Corporation, or a
ultraviolet  visible  near-infrared  spectrophotometer
UV-3100PC™ produced by Shimadzu Corporation.

[0125] The ultraviolet ray prevention layer includes at
least an ultraviolet ray absorbing agent.

[0126] As the ultraviolet ray absorbing agent, for example,
an organic ultraviolet ray absorbing agent and an inorganic
ultraviolet ray absorbing agent can be presented. As
examples of the organic ultraviolet ray absorbing agent,
specifically, ultraviolet ray absorbing agents based on salicy-
lates, benzophenones, benzotriazoles, benzoates, substi-
tuted-acrylonitriles, nickel chelates, hindered amine-based
salicylic acids, hydroquinones, and triazines can be pre-
sented. Moreover, as the inorganic ultraviolet ray absorbing
agent, specifically, metal oxide fine particles of titanium
oxide, zinc oxide, cerium oxide, and the like can be used
widely.

[0127] Moreover, the ultraviolet ray absorbing agent may
be an ultraviolet ray absorbing resin with an ultraviolet ray
absorbing group bonded with a side chain. As the ultraviolet
ray absorbing group, those having a structure of the organic
ultraviolet ray absorbing agents and inorganic ultraviolet ray
absorbing agents can be presented.

[0128] As the ultraviolet ray absorbing agent, in particular,
an ultraviolet ray absorbing resin with an ultraviolet ray
absorbing group bonded with a side chain can be used
preferably. Since such an ultraviolet ray absorbing resin has
an ultraviolet absorbing component fixed in a resin, the
ultraviolet ray absorbing agent would not be transferred to
the volume hologram layer. Thereby, discoloration of the
hologram caused by the contact of the ultraviolet ray pre-
vention layer and the volume hologram layer can be pre-
vented for example. Moreover, the fixed ultraviolet ray
absorbing component would not bleed out for lowering the
ultraviolet ray absorbing ability.

[0129] Examples of such an ultraviolet ray absorbing resin
include a copolymer of methyl methacrylate and a benzo-
phenone-based ultraviolet ray absorbing agent (UVA635L™
produced by BASF Corp.), and a copolymer of methyl
methacrylate and a benzotriazole-based ultraviolet ray
absorbing agent (Vanaresin UVA-73A™ produced by Shin-
Nakamura Chemical Co., Ltd., PUVASOM-40™ produced
by Otsuka Chemical Co., Ltd., and NCI-700™, NCI900™
produced by Nikko Kaken Co., Ltd.). However, it is not
limited thereto.

[0130] Moreover, in order to obtain such an ultraviolet ray
prevention layer including an ultraviolet ray absorbing resin
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with an ultraviolet ray absorbing group bonded with a side
chain, the ultraviolet ray prevention layer may be formed by
preparing as the ultraviolet ray prevention material used for
formation of the ultraviolet ray prevention layer a compo-
sition including an ultraviolet ray absorbing monomer, a
monomer or an oligomer and a polymer polymerizable with
the ultraviolet ray absorbing monomer, and a polymerization
initiator for carrying out polymerization after application. At
the time, since the ultraviolet ray prevention material is a
curable material, as described above, it may be an adhesive
layer serving also as the ultraviolet ray prevention layer.
[0131] As the ultraviolet ray absorbing monomer, for
example, benzophenone-based ultraviolet ray absorbing
monomers having a polymerizable unsaturated bond, and
benzotriazole-based ultraviolet ray absorbing monomers
having a polymerizable unsaturated bond can be presented.
As the benzophenone-based ultraviolet ray absorbing mono-
mer having a polymerizable unsaturated bond, for example,
2-hydroxy-4-(methacryloyloxy ethoxy) benzophenone,
2-hydroxy-4-acryloyloxy  benzophenone, 2-hydroxy-4-
methacryloyloxy benzophenone, 2-hydroxy-4-(2-acryloy-
loxy) ethoxy benzophenone, and 2-hydroxy-4-(2-methacry-
loyloxy) ethoxy benzophenone can be presented. As the
benzotriazole-based ultraviolet ray absorbing monomer hav-
ing a polymerizable unsaturated bond, for example, (2-[2'-
hydroxy-5'-(methacryloyloxy) ethyl phenyl]-2H-benzotriaz-
ole, 2-[2'-hydroxy-5'-(acryloyloxy) phenyl] benzotriazole,
2-[2'-hydroxy-5'-(methacryloyloxy) phenyl] benzotriazole,
and 2-[2'-hydroxy-3'-t-butyl-5'-(methacryloyloxy) phenyl]
benzotriazole, 2-[2'-hydroxy-5-methyl-3-vinyl phenyl] ben-
zotriazole can be presented, however, it is not limited
thereto.

[0132] As the monomer or the oligomer and the polymer
polymerizable with the ultraviolet ray absorbing monomer,
acrylic acid and ester thereof, methacrylic acid and ester
thereof, acrylamide, methacrylamide, vinyl acetate, vinyl
sulfonic acid and salt thereof, methallyl sulfonic acid and
salt thereof, styrene sulfonic acid and salt thereof, and a
copolymer thereof can be presented.

[0133] Moreover, the ultraviolet ray prevention layer may
optionally include a binder resin. As the binder resin, for
example, acrylic resins such as polymethacrylic acid,
polymethacrylamide, polymethyl methacrylate, polyethyl
methacrylate, and polybutyl acrylate; vinyl resins such as
polyvinyl acetate, vinyl chloride-vinyl acetate copolymer,
polyvinyl alcohol and polyvinyl butylal; a mixture of one or
plural kinds of cellulose derivatives such as ethyl cellulose,
nitro cellulose and acetic acid cellulose, polyester resins,
polymethacrylate resins, polyvinyl chloride resins and sili-
cone resins, ionizing radiation curable resins reacted with an
ultraviolet ray, an electron beam, or the like, thermosetting
resins, and thermoplastic resins can be presented.

6. Volume Hologram Sheet to be Embedded

[0134] The volume hologram sheet to be embedded of the
present invention can be preferably introduced into a paper
medium or embedded into a card as long as the peeling
strength of the volume hologram layer and the substrate is 25
gt/25 mm or more.

[0135] Since the volume hologram sheet to be embedded
of the present invention is used while being introduced into
a paper medium or embedded in a card, the film thickness of
the volume hologram sheet to be embedded of the present
invention is not particularly limited as long as it can be
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introduced into a paper medium or embedded in a card,
however, it is preferably in a range of 10 um to 70 um, and
it is particularly preferably in a range of 20 um to 50 um. In
the case the thickness of the volume hologram sheet to be
embedded exceeds the above-mentioned range, an even film
thickness can hardly be provided at the time of being
introduced into a paper medium or embedded in a card. A
volume hologram sheet to be embedded with the film
thickness of the volume hologram sheet not satisfying the
above-mentioned range can hardly be formed.

[0136] The shape of the volume hologram sheet to be
embedded is not particularly limited as long as it is a shape
capable of being introduced into a paper medium or embed-
ded in a card by applying a necessary process so that it can
be selected optionally according to the application. In the
case the volume hologram sheet to be embedded is a volume
hologram sheet for a thread, as the shape of the volume
hologram sheet for a thread, specifically, slip-like, sheet-
like, and a shape with a lengthy sheet taken up like a roll can
be presented. Moreover, in the case the volume hologram
sheet to be embedded in a volume hologram sheet for a card,
the shape of the volume hologram sheet for a card may either
be leaf-like or lengthy.

B. Forgery Prevention Paper

[0137] The forgery prevention paper of the present inven-
tion is characterized by use of the above-mentioned “A.
Volume hologram sheet to be embedded”.

[0138] According to the present invention, since the vol-
ume hologram sheet to be embedded is employed, one
having high forgery prevention function can be provided
without problems at the time of production.

[0139] The forgery prevention paper of the present inven-
tion in general includes the volume hologram sheet and a
paper medium. Here, since the paper medium may be same
as that used for a common forgery prevention paper, expla-
nation is omitted here.

[0140] Moreover, since the production method of the
forgery prevention paper of the present invention may also
be same as a common production method for a forgery
prevention paper, explanation is omitted here.

[0141] As the application of the forgery prevention paper
of the present invention, for example, securities can be
presented.

C. Card

[0142] The card of the present invention is characterized
in that the volume hologram sheet to be embedded men-
tioned in the above-mentioned “A. Volume hologram sheet
to be embedded” is disposed between two sheets.

[0143] The card of the present invention will be explained
with reference to the drawings.

[0144] FIGS. 5A-5C are each a schematic diagram show-
ing an embodiment of the card of the present invention. FIG.
5A is a plan view viewed from the over sheet 125 side, FIG.
5B is a cross-sectional view taken on the line A-A of FIG.
5A, and FIG. 5C is a cross-sectional view taken on the line
B-B of FIG. 5(a). As shown in FIGS. 5A-5C, the card 20
comprises a four-layer laminate having an over sheet 124, a
core sheet 11a, a core sheet 115 and an over sheet 125. A
volume hologram sheet to be embedded 10 is disposed
between the core sheet 115 and the over sheet 126 on the
right downward corner of the card 20. The volume hologram
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layer 1 of the volume hologram sheet to be embedded 10 has
a hologram pattern. That is, letters “ABCD” in a row and a
star shape are the hologram pattern. Moreover, letters such
as the card name and card number are printed on the over
sheet 12a side surface of the core sheet 11a so as to form a
printing layer 13. Furthermore, a magnetic recording layer
14 is embedded on the over sheet 125 surface along the
longer side of the card 20.

[0145] Since the card of the present invention has the
above-mentioned volume hologram sheet to be embedded,
one having high forgery prevention function can be provided
without problems of bubbles and displacement at the time of
production. Moreover, according to the present invention,
since the volume hologram sheet to be embedded is embed-
ded inside the card, the volume hologram layer can
extremely hardly be separated alone so that the forgery
prevention effect can further be improved.

[0146] The card of the present invention may have the
volume hologram sheet to be embedded between two sheets
so that the other configurations may be same as common
cards. As the card of the present invention, for example, as
shown in FIGS. 5A-5C, one having the volume hologram
sheet to be embedded 10 disposed between the core sheet
115 and the over sheet 126 can be presented. The embodi-
ment shown in FIGS. 5A-5C is provided as a four-layer
laminate of the over sheet 124, the core sheet 11a, the core
sheet 115 and the over sheet 125 due to the reasons such as
for the accessible sheet thickness and the process of printing
so that the core sheet may be one if the circumstances allow.
Moreover, it is not always necessary to cover the front and
rear sides with the two over sheets so that one side over sheet
may be omitted.

[0147] Hereafter, configurations of the card of the present
invention other than the volume hologram sheet to be
embedded will be explained.

1. Core Sheet

[0148] A core sheet used in the present invention is in
general made of a plastic sheet. The core sheet includes
commonly a white opaque plastic sheet, but, it is not limited
thereto. As the plastic sheet constituting the core sheet, for
example, those using as the material polyesters such as
polyvinyl chloride, polyvinyl alcohol, polysulfone, and
polyethylene terephthalate, and plastics such as polyallylate,
polycarbonate, polyamide, polyimide, cellulose diacetate,
cellulose ftriacetate, polystyrene, acrylic, polypropylene,
polyethylene and polyolef in vinyl alcohol can be used. In
the case thermal resistance is required, an amorphous poly-
ester sheet, a sheet of a blended resin of an amorphous
polyester and polycarbonate can also be used.

[0149] Moreover, in the case the core sheet is opaque, for
example, a foil of metals such as aluminum and copper,
paper, resin, or a paper impregnated with latex can also be
used. These can be used alone or as a composite sheet of
optional plural kinds. Moreover, a composite sheet of these
sheets and the plastic sheet can also be used.

2. Over Sheet

[0150] The over sheet used in the present invention
includes in general a plastic sheet. The over sheet includes
commonly a colorless transparent plastic sheet, but, it is not
limited thereto. However, regardless of it is colored or
colorless, the over sheet is preferably transparent.
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[0151] The plastic sheet constituting the over sheet may be
same as the plastic sheet constituting the core sheet.

3. Information

[0152] In the present invention, information such as letters
such as the card name and the card number, and pictures may
be printed for forming a printing layer. Alternatively, the
information may be emboss-processed.

[0153] As shown in FIG. 5A, the printing layer 13 may be
formed on the surface of the over sheet 124 side of the core
sheet 11a, although it is not shown in a figure, it may be
formed; on the surface of the over sheet 125 side of the core
sheet 115, on the surface of the core sheet 11a, 115 side of
the over sheet 12a, 125, or on the surface opposite to the core
sheet 11a, 115 side of the over sheet 12a, 125b.

4. Magnetic Recording Layer

[0154] In the case the card of the present invention is a
magnetic card, a magnetic recording layer may be formed.
The magnetic recording layer may be same as the common
magnetic recording layer of a card.

5. Card

[0155] The thickness of the card of the present invention
differs depending on the materials of the core sheet and the
over sheet, but in general, it is about 10 pm to 5 mm. In the
case of the magnetic card, for having a card based on the ISO
standard, the card thickness is 0.76 mm. Moreover, in the
case of an ordinary card, for example, it is common to use
a four-layer configuration card (total thickness 0.76 mm)
prepared by using as the core sheet a 280 um thickness
opaque polyvinyl chloride (PVC) sheet and as the over sheet
a 100 um thickness transparent polyvinyl chloride (PVC)
sheet for superimposing the two core sheets with the over
sheet laminated each on both sides thereof so as to be
thermally pressed for lamination.

[0156] The card of the present invention may have various
sizes. The card of the present invention may have a planar
size of a common bank card or credit card. Specifically, it is
by about 54 mmxabout 86 mm by lengthwise and crosswise.
[0157] The production method of the card of the present
invention may be a method of disposing a volume hologram
sheet to be embedded between two sheets so that it may be
same as a common card production method. For example, a
card may be obtained by superimposing the over sheet, the
volume hologram sheet to be embedded and the core sheet,
applying press lamination by a predetermined temperature
and pressure condition for lamination and integration, and
punching out by a predetermined card size.

[0158] As the application of the card of the present inven-
tion, for example, an ID (identification) card, a cash card for
institutions such as a bank, a credit card, and an identity
document (student ID or employee ID) can be presented.
Moreover, as it is not in a card style, it may be used for
various certificates such as an examination admission ticket
and a passport for ID, a driver’s license, a card type
certificate; more specifically, those representing the qualifi-
cation and the grade of safety and hygiene like fire preven-
tion, disinfection or fire prevention.

[0159] The present invention is not limited to the embodi-
ments. The embodiments are examples, and any one having
the substantially same configuration of the technological
idea mentioned in the claims of the present invention for
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achieving the same effects is incorporated in the technologi-
cal range of the present invention.

EXAMPLES

[0160] Hereafter, the present invention will be explained
further specifically with reference to examples and com-
parative examples.

Example 1

[0161] A first laminate (mold releasing film/volume holo-
gram layer/mold releasing film) was produced by applying
a volume hologram recording material (volume hologram
layer material) prepared by the following composition with
gravure coating to have a 10 um dry film thickness onto a
PET film (produced by Toray Industries, Inc. LUMIRROR
(registered trademark) T-60, thickness 50 pm) (mold releas-
ing film), and laminating a PET film (produced by Tohcello,
Co. Ltd., “SP-PET™” thickness 50 um) onto the coated
surface. By recording a Lippman’s hologram on the first
laminate using a 514 nm wavelength laser beam, heating the
same at 100° C. for 10 minutes, removing one side mold
releasing film, and laminating an easy adhesion process PET
film (produced by Toyobo Co., Ltd., A4100™, thickness 50
um) as the substrate onto the rear side thereof at 80° C., a
lamination configuration of the substrate/volume hologram
layer/mold releasing film was provided.

<Volume Hologram Recording Material>

[0162] Epoxy group-containing acrylic resin: Blemmer-
CP-50M™ (produced by NOF Corporation) (mass
average molecular weight 10,000, epoxy equivalent
310 g/eq.): 17 mass parts

[0163] Polyvinyl acetate: Denka Saknohol SNOSH™
(produced by Denki Kagaku Kogyo Kabushiki Kaisha)
(polymerization degree 800): 17 mass parts

[0164] 1,6-hexane diol diglycidyl ether (Denacol
EX212™; produced by Nagase Chemtex corporation):
25 mass parts

[0165] Diphenoxy  ethanol fluorine  diacrylate
(BPEFA™; produced by Osaka Gas Chemicals Co.,
Ltd.): 35 mass parts

[0166] Diaryl iodonium salt (P12074™; produced by
Rhodia): 4 mass parts

[0167] 2,5-bis(4-diethyl amino benzylidene) cyclopen-
tanone: 1 mass part

[0168] Methyl isobutyl ketone: 100 mass parts
[0169] butanol: 100 mass parts
[0170] A volume hologram sheet was obtained by apply-

ing a fixation process of a hologram to the obtained lami-
nated configuration by a 2,500 mJ/cm? irradiation amount
utilizing a high pressure mercury lamp and removing the
mold releasing film. The peeling strength of the substrate
and the volume hologram layer of the volume hologram
sheet was 30 gf/25 mm.

[0171] The peeling strength and the respective peeling
strength in the following Examples and Comparative
Examples were measured based on the 180-degree peeling
test of JIS 20237. Specifically, it is a value of the peeling
strength between the substrate film and the volume holo-
gram layer measured at the time of attaching onto a polished
SUS substrate the volume hologram sheet cut out by a 25
mm width and a 150 mm length with a double side adhesive
tape attached on the substrate side, and peeling off the

Jun. &, 2017

substrate film by a 300 mm/minute tensile rate condition in
a state with the peeling operation carried out stably. As the
tensile tester, an Instron 5565™ type material tester was
used.

Example 2

[0172] By recording a Lippman’s hologram on the first
laminate of the Example 1 using a 514 nm wavelength laser
beam, heating the same at 100° C. for 10 minutes, applying
a fixation process of a hologram by a 2,500 mJ/cm? irradia-
tion amount utilizing a high pressure mercury lamp, tem-
porarily removing one side mold releasing film, and apply-
ing by a 3 um thickness an aliphatic ester-based
polyurethane adhesive of the following composition onto the
removed surface as a solvent-based thermosetting adhesive
layer, an adhesive layer was provided.

[0173] <Adhesive Layer Material>

[0174] Polyol component (produced by Mitsui Chemi-
cals, Inc. Takerakku (registered trademark) A-505): 30
mass parts

[0175] Isocyanate component (produced by Mitsui
Chemicals, Inc. Takenate (registered trademark) A-20):
2 mass parts

[0176] Solvent (ethyl acetate): 70 mass parts

[0177] On the coating surface as the substrate, a PET film
(produced by Toray Industries, Inc. LUMIRROR (registered
trademark) T-60, thickness 25 pm) was laminated in an
ordinary temperature for carrying out aging at 40° C. for 3
days. Thereafter, the other mold releasing film was removed
for obtaining a volume hologram sheet. The peeling strength
of the substrate and the volume hologram layer of the
volume hologram sheet was 1.4 kgf/25 mm.

Example 3

[0178] A volume hologram sheet was obtained in the same
manner as in the Example 1 except that an easy adhesion
process PET film (produced by Toyobo Co., Ltd., T4100™,
thickness 16 um) was used instead of the substrate of the
Example 1. The peeling strength of the substrate and the
volume hologram layer of the volume hologram sheet was
25 gf/25 mm.

Example 4

[0179] A volume hologram sheet was obtained in the same
manner as in the Example 1 except that an easy adhesion
process PET film (produced by Unitika Limited, Emblet
(registered trademark) PTM-12, thickness 12 um) was used
instead of the substrate of the Example 1. The peeling
strength of the substrate and the volume hologram layer of
the volume hologram sheet was 57 gf/25 mm.

Example 5

[0180] A volume hologram sheet was obtained in the same
manner as in the Example 1 except that a PET film (pro-
duced by Teijin DuPont Films Japan Limited, Teijin (regis-
tered trademark) Tetoron (registered trademark) film HPE-
16, thickness 16 um) with an easy adhesion process applied
at the time of the film production was used instead of the
substrate of the Example 1. The peeling strength of the
substrate and the volume hologram layer of the volume
hologram sheet was 154 gf/25 mm.
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Example 6

[0181] Instead of the substrate of the Example 1, a PET
substrate processed with a primer agent was used. A primer
agent process layer was produced by applying a material
having the following composition as an acrylic resin mate-
rial as the primer agent onto the corona processed surface of
a corona process PET film (produced by Toyobo Co., Ltd.,
E5102™, thickness 16 wm) by gravure coating so as to have
a 1 um dry film thickness.

<Primer Agent Material>

[0182] Polymethyl methacrylate (weight average
molecular weight 100,000): 97 mass parts
[0183] Solvent (methyl ethyl ketone/toluene/ethyl

acetate=2/1/1 (mass ratio)):60 mass parts
[0184] A volume hologram sheet was obtained in the same
manner as in the Example 1 using as the substrate the
obtained laminate of the PET film/primer agent process
layer. The peeling strength of the substrate and the volume
hologram layer of the volume hologram sheet was 27 gf/25
mm.

Comparative Example 1

[0185] A volume hologram sheet was obtained in the same
manner as in the Example 1 except that a PET film (pro-
duced by Toray Industries, Inc. LUMIRROR (registered
trademark) T-60, thickness 25 um) without application of the
easy adhesion process was used as the substrate of the
Example 1 instead of a film with the easy adhesion process
applied. The peeling strength of the substrate and the volume
hologram layer of the volume hologram sheet was 20 gf/25
mm.

Comparative Example 2

[0186] Instead of the adhesive layer of the Example 2, a
material having the following composition as a thermoplas-
tic material was applied onto an unprocessed PET film
(produced by Teijin DuPont Films Japan Limited, Teijin
(registered trademark) Tetoron (registered trademark) film
(G2-16, thickness 16 pm) by gravure coating to have a 4 um
dry film thickness.

<Adhesive Layer Material>

[0187] Polyester resin (Vylonal MD1985™; produced
by Toyobo Co., Ltd.): 100 mass parts
[0188] Solvent (water/isopropyl alcohol=1/1 (mass
ratio)): 100 mass parts
[0189] After having a fixation process of the hologram as
in the Example 2 using as the substrate the obtained laminate
of the PET film/adhesive layer, one side mold releasing film
was removed so that lamination is carried out at 120° C. onto
the removed surface with the adhesive layer adhered to the
volume hologram layer for having a lamination configura-
tion of substrate/volume hologram layer/mold releasing
film. Thereafter, the other mold releasing film was removed
so as to obtain a volume hologram sheet. The peeling
strength of the substrate and the volume hologram layer of
the volume hologram sheet was 22 gf/25 mm.

[Evaluation]

[0190] The volume hologram sheets obtained in the
Examples 1 to 6 and the Comparative Examples 1 and 2
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were slit-processed to a 2 mm width, and then their length
was drawn to 150% at 100° C. At the time of drawing,
Instron 5565™ type universal tester was used. In the
Examples 1 to 6, the hologram images were not disturbed.
Such a volume hologram sheet having the endurance with
respect to drawing at the time of heating can be used
preferably for a thread to be introduced into a paper. On the
other hand, in the comparative Examples 1 and 2, exfoliation
was generated in the volume hologram sheet, and thus the
mechanical strength with respect to the tensile stress and the
shear stress under a heating condition of the volume holo-
gram sheet was insufficient.

Example 7

[0191] Onto the volume hologram layer of the laminate of
the substrate (HPE-16)/volume hologram layer obtained in
the same manner as in the Example 5, an ink for a colored
layer of the following composition was applied with a
gravure coater for having a 2 um film thickness after drying.

<Coloring Resin Composition>

[0192] Vinyl chloride-vinyl acetate resin (Solbin C™
produced by Nisshin Chemical Industry Co., L.td.): 100
weight parts

[0193] Quinacridone-based red pigment: 80 weight
parts
[0194] Solvent (methyl ethyl ketone/toluene (weight

ratio 1/1): 100 weight parts

[0195] Since the red colored layer is provided, the red
color of the colored layer is observed from the all observa-
tion angles at the time of observation from the substrate side.
In the observation angle range with the hologram image of
the volume hologram observable, a green hologram image
was observed with the colored layer red color serving as the
background. Moreover, the peeling strength of the substrate
and the volume hologram layer of the volume hologram
sheet was 154 gf/25 mm.

Example 8

[0196] Onto the volume hologram layer of the laminate of
the substrate (PTM-12)/volume hologram layer obtained in
the same manner as in the Example 4, an ink for a colored
layer of the following composition was applied by a 5 mm
square pattern of an equal interval with a roll silk printer for
having a 0.5 pm film thickness after drying.

<Coloring Resin Composition>

[0197] Blue pigment-containing polyester-based resin
(JET-E1 440 Blue™: produced by Seiko Advance
Ltd.): 100 weight parts

[0198] Isocyanate curing agent (D curing Agent™: pro-
duced by Seiko Advance Ltd.): 5 weight parts

[0199] Solvent (T977™: produced by Seiko Advance
Ltd.): 30 weight parts

[0200] Since the blue colored layer is provided in a
pattern, the blue color of the colored layer is observed from
the all observation angles at the time of observation from the
substrate side. In the observation angle range with the
hologram image of the volume hologram observable, a
green hologram image was observed with the colored layer
blue color pattern serving as the background. Moreover, the
peeling strength of the substrate and the volume hologram
layer of the volume hologram sheet was 57 gf/25 mm.
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Moreover, since the isocyanate curing agent was used, the
heat resistance of the colored layer is improved.

Example 9

[0201] Cards were produced using the volume hologram
sheets obtained in the Examples 3 to 5 and the Comparative
Example 2.

[0202] The volume hologram sheets were cut out for a 10
mmx15 mm size. As shown in FIG. 6, as the core sheets 11a,
115, two pieces of a 0.28 mm thickness white polyvinyl
chloride resin sheets were prepared for disposing the volume
hologram sheet 10 on one side surface of the first core sheet
11a so as to be contacted therewith on the volume hologram
layer 1 side surface. Then, as the over sheets 12a, 125, two
pieces of 0.1 mm thickness transparent vinyl chloride resin
sheets were prepared for superimposing the all sheets in the
order shown in FIG. 6. That is, they were superimposed in
the order of the transparent over sheet 125, the white core
sheet 115, the white core sheet 11a with the volume holo-
gram sheet 10 disposed (they were disposed such that the
volume hologram sheet 10 side surface was contacted with
the white core sheet 115), and the transparent over sheet 12a.
The all sheets superimposed were heat-pressed in a 150° C.
temperature, 25 kg/cm® transfer pressure, and a 15 minute
pressurizing time condition. Thereafter, they were punched
out to a predetermined card size.

[0203] According to the cards using the volume hologram
sheets of the Examples 3 to 5, the volume hologram images
were not disturbed. On the other hand, in the case of using
the volume hologram sheet of the Comparative Example 2,
the volume hologram image was distorted. The distortion
was caused by bubbles between the PET film and the volume
hologram layer of the volume hologram sheet and displace-
ment of the PET film and the volume hologram layer at the
end face of the volume hologram sheet.

Example 10

[0204] An ultraviolet ray prevention material prepared by
the following composition was applied onto an easy adhe-
sion process PET film (produced by Unitika Ltd., Emblet
(registered trademark) PTM-12, thickness 12 pm) for having
a 1 um dry film thickness by gravure coating.

<Ultraviolet Ray Prevention Material>

[0205] Copolymer resin with an ultraviolet ray absorb-
ing group bonded with a side chain (produced by BASF
Corp., UVA-635L™): 100 weight parts

[0206] Solvent (methyl ethyl
(weight ratio)): 200 weight parts

[0207] Next, a volume hologram sheet was obtained by
providing a volume hologram layer in the same method as
in the Example 1 onto the coating surface of the ultraviolet
ray prevention material.

[0208] The peeling strength of the substrate and the vol-
ume hologram layer of the volume hologram sheet was 48
gt/25 mm.

[0209] Moreover, the volume hologram layer was
removed from the volume hologram sheet for measuring the
absorbance at the 340 nm wavelength using a ultraviolet
visible near-infrared spectrophotometer UV-3100PC™ pro-
duced by Shimadzu Corporation and it was found to be 1.3.

ketone/toluene=1/1
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Example 11

[0210] An ultraviolet ray prevention material prepared by
the following composition was applied onto an easy adhe-
sion process PET film (produced by Teijin DuPont Films
Japan Limited, Teijin (registered trademark) Tetoron (reg-
istered trademark) film HPE-16, thickness 16 pm) for having
a 2 um dry film thickness by gravure coating.

<Ultraviolet Ray Prevention Material>

[0211] Urethane acrylate (The Nippon Synthetic
Chemical Industry Co., Ltd. Shikoh (registered trade
mark) UV-7630B: 36 weight parts

[0212] Ultraviolet ray absorbing monomer (2-[2'-hy-
droxy-5'-(methacryloyloxy) ethyl phenyl]-2H-benzo-
triazole) (product name “RUVA-93™”  produced by
Otsuka Chemical Co., L.td.): 4 weight parts

[0213] Initiator (Irgacure 184™ produced by Ciba Spe-
cialty Chemicals K.K.): 1 weight part

[0214] Initiator (2,4,6-trimethyl benzoyl diphenyl phos-
phine oxide) (“Lucirin TPO™”, produced by BASF
Corp.): 0.3 weight part

[0215] Solvent (methyl ethyl ketone/toluene=1/1
(weight ratio)): 100 mass parts

[0216] Next, a volume hologram sheet was obtained by
providing a volume hologram layer on the coating surface of
the ultraviolet ray prevention material in the same manner as
in the Example 1. At the time of the fixation process of the
hologram using a high pressure mercury lamp, the ultravio-
let ray prevention layer made of the ultraviolet ray preven-
tion material was also cured using the high pressure mercury
lamp.

[0217] The peeling strength of the substrate and the vol-
ume hologram layer of the volume hologram sheet was 144
gt/25 mm.

[0218] The volume hologram layer was removed from the
volume hologram sheet for measuring the absorbance at the
340 nm wavelength and it was found to be 0.8.

Example 12

[0219] An adhesive layer serving also as an ultraviolet ray
prevention layer was formed on an unprocessed PET film
(produced by Toray Industries, Inc. LUMIRROR (registered
trademark) T-60, thickness 25 pm) by applying a composi-
tion prepared by the following composition to have a 2 pm
dry film thickness by gravure coating.

<Material for Adhesive Layer Serving Also as Ultraviolet
Ray Prevention Layer>

[0220] Main agent of the two component blending type
acrylic adhesive: acrylate copolymer resin solution
(produced by Soken Chemical & Engineering Co.,
Ltd., product name: SK-Dyne 2094™) (resin solid
component 25%): 8 weight parts

[0221] Curing agent of the two component blending
type acrylic adhesive: polyfunctional epoxy-based
cross-linking agent (produced by Soken Chemical &
Engineering Co., Ltd., product name: E-5XM™) (solid
component 5%): 0.02 weight part

[0222] Ultraviolet ray absorbing monomer (2-[2'-hy-
droxy-5'-(methacryloyloxy) ethyl phenyl]-2H-benzo-
triazole (product name “RUVA-93™” produced by
Otsuka Chemical Co., L.td.): 4 weight parts
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[0223] UV curable urethane acrylate oligomer (pro-
duced by The Nippon Synthetic Chemical Industry Co.,
Ltd., Shikoh (registered trademark) UV-3520T): 30
weight parts

[0224] Initiator (Irgacure 184™ produced by Ciba Spe-
cialty Chemicals K.K.): 1 weight part

[0225] Initiator (2,4,6-trimethyl benzoyl diphenyl phos-
phine oxide) (“Lucirin TPO™”, produced by BASF
Corp.): 0.3 weight part

[0226] Solvent (methyl ethyl ketone/toluene=1/1
(weight ratio)): 100 mass parts
[0227] Next, a volume hologram sheet was obtained by

providing a volume hologram layer on the coating surface of
the composition in the same manner as in the Example 1. At
the time of the fixation process of the hologram using a high
pressure mercury lamp, the adhesive layer serving also as
the ultraviolet ray prevention layer was also cured using the
high pressure mercury lamp.

[0228] The peeling strength of the substrate and the vol-
ume hologram layer of the volume hologram sheet was 42
gt/25 mm.

[0229] The volume hologram layer was removed from the
volume hologram sheet for measuring the absorbance at the
340 nm wavelength and it was found to be 0.9.

[Evaluation]

[0230] The volume hologram sheets obtained in the
Examples 9 to 11 were slit-processed to a 2 mm width, and
then their length was drawn to 150% at 100° C. Also in this
case, the hologram images were not disturbed. Moreover,
after a 100 hour light resistance test using Suntest XIS, ™
produced by Atlas Corp., hologram image deterioration was
not observed.
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REFERENCE SIGNS LIST
[0231] 1 volume hologram layer
[0232] 2 substrate
[0233] 3 adhesive layer
[0234] 5 colored layer
[0235] 6 ultraviolet ray prevention layer
[0236] 10 volume hologram sheet to be embedded
[0237] 11a, 115 core sheet
[0238] 12a, 126 over sheet
[0239] a easy adhesion process

1. A volume hologram sheet to be embedded comprising:

a volume hologram layer; and

a substrate disposed only on one side surface of the

volume hologram layer using an adhesion means,
wherein a peeling strength of the volume hologram layer
and the substrate is 25 gf/25 mm or more.

2. The volume hologram sheet to be embedded according
to claim 1, wherein a main component of a resin material
used in the volume hologram layer is an acrylic resin
material, and the substrate is made of a polyester resin.

3. The volume hologram sheet to be embedded according
to claim 1, wherein the adhesion means is an adhesive layer,
and an adhesive used for the adhesive layer is a curable
adhesive.

4. The volume hologram sheet to be embedded according
to claim 1, wherein the adhesion means is an easy adhesion
process, and the easy adhesion process is a chemical process
using a primer agent.

5. The volume hologram sheet to be embedded according
to claim 1, wherein the volume hologram sheet to be
embedded is a volume hologram sheet for a thread.

6. The volume hologram sheet to be embedded according
to claim 1, wherein the volume hologram sheet to be
embedded is a volume hologram sheet for a card.

7. A forgery prevention paper, wherein the volume holo-
gram sheet to be embedded according to claim 1 is used.

8. A card, wherein the volume hologram sheet to be
embedded according to claim 1 is disposed between two
sheets.



