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THERMALLY EXPANDABLE SHEET,
PRODUCTION METHOD FOR THERMALLY
EXPANDABLE SHEET, AND 2.5D IMAGE
FORMING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Japanese
Patent Application No. 2017-124656, filed on Jun. 26, 2017,
and Japanese Patent Application No. 2018-115542 filed on
Jun. 18, 2018, the entire disclosure of which is incorporated
by reference herein.

FIELD

[0002] This application relates generally to a thermally
expandable sheet foaming and expanding according to the
amount of heat absorbed, a method for producing the
thermally expandable sheet, and a 2.5D image forming
method.

BACKGROUND

[0003] In the related art, thermally expandable sheets in
which a thermally expansive layer containing a thermally
expandable material foaming and expanding according to
the amount of heat absorbed is formed on one side of a base
sheet are known. The thermally expansive layer can be
distended in part or in whole by forming a photothermal
conversion layer converting light to heat on the thermally
expandable sheet and irradiating the photothermal conver-
sion layer with light. Moreover, methods for forming a
shaped object having a three dimensional uneven surface on
the thermally expandable sheet by changing the shape of the
photothermal conversion layer are also known (see, for
example, Unexamined Japanese Patent Application Kokai
Publication Nos. S64-28660 and 2001-150812).

[0004] The texture (for example, glossy, non-glossy) of
the shaped object formed on the surface of thermally
expandable sheet varies depending on the material from
which the layer provided on the sheet surface is formed.
Therefore, when the texture of the shaped object is to be
varied throughout the whole sheet, sheets in which the layers
provided on the surface contain different materials must be
prepared and individually printed, or the whole sheet must
be subjected to secondary processing (for example, a glossy
treatment) to cause the texture of the surface to vary.
Moreover, a problem is that, when the texture of the shaped
object is to be varied in a portion of the sheet, that portion
must be subjected to secondary processing.

[0005] Therefore, there is a demand for a thermally
expandable sheet, a production method for the thermally
expandable sheet, and a 2.5D image forming method
whereby a shaped object having varying textures can be
formed by one sheet.

[0006] The present disclosure is made with the view of the
above situation, and an objective of the present disclosure is
to provide a thermally expandable sheet in which a shaped
object having varying textures can be formed, a production
method for the thermally expandable sheet, and a 2.5D
image forming method.

SUMMARY
[0007] A thermally expandable sheet includes:
[0008] a thermally expansive layer formed on one surface
of a base;
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[0009] a first ink receiving layer that is provided on the
thermally expansive layer for receiving ink;
[0010] a film provided on the first ink receiving layer; and
[0011] a second ink receiving layer that is provided on the
film for receiving ink
[0012] the first ink receiving layer being formed of a
material that provides a texture different from a texture
of the second ink receiving layer.

[0013] A thermally expandable sheet includes:

[0014] forming a thermally expansive layer on one surface
of a base; and

[0015] forming a first ink receiving layer on the thermally

expansive layer for receiving ink;
[0016]

[0017] forming a second ink receiving layer on the film for
receiving ink, wherein

[0018] the first ink receiving layer is formed using a
material that provides a texture different from a texture of
the second ink receiving layer.

[0019]

[0020] using a thermally expandable sheet comprising a
thermally expansive layer formed on one surface of a
base, a first ink receiving layer that is formed on the
thermally expansive layer for receiving ink, a film pro-
vided on the first ink receiving layer, and a second ink
receiving layer that is formed on the film for receiving
ink, the first ink receiving layer being formed of a material
that provides a texture different from a texture of the
second ink receiving layer;

providing a film on the first ink receiving layer; and

A 2.5D image forming method includes:

[0021] forming of a second image on the second ink
receiving layer;
[0022] removing at least a portion of the film and exposing

the first ink receiving layer;

[0023] forming of a first image on the first ink receiving
layer that is exposed;
[0024] forming of a first electromagnetic wave heat con-
version layer for converting electromagnetic waves to heat
on another surface of the base; and
[0025] irradiating of the first electromagnetic wave heat
conversion layer with electromagnetic waves thereby caus-
ing at least a portion of the thermally expansive layer to
distend, wherein

[0026] the film is removed such that a region where the

second image is printed or to be printed remains.

[0027] According to the present disclosure, a thermally
expandable sheet in which a shaped object having varying
textures can be formed, a production method for the ther-
mally expandable sheet, and a 2.5D image forming method
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] A more complete understanding of this application
can be obtained when the following detailed description is
considered in conjunction with the following drawings, in
which:

[0029] FIG. 1 is a cross-sectional view outlining the
thermally expandable sheet according to Embodiment 1;
[0030] FIGS. 2Ato 2D are cross-sectional views outlining
the production method for the thermally expandable sheet
according to Embodiment 1;
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[0031] FIG. 3 is a drawing outlining the laminating appa-
ratus used in the production of the thermally expandable
sheet according to Embodiment 1;

[0032] FIGS. 4A to 4C are drawings outlining the 2.5D
image forming system according to Embodiment 1;

[0033] FIG. 5 is a flowchart illustrating the 2.5D image
forming process according to Embodiment 1;

[0034] FIGS. 6Ato 6F are cross-sectional views schemati-
cally illustrating the 2.5D image forming method according
to Embodiment 1;

[0035] FIGS. 7A to 7C are plan views schematically
illustrating the 2.5D image forming method according to
Embodiment 1;

[0036] FIG. 8 is a flowchart illustrating the 2.5D image
forming process according to Embodiment 2;

[0037] FIGS. 9A to 9D are cross-sectional views sche-
matically illustrating the 2.5D image forming method
according to Embodiment 2;

[0038] FIGS. 10E to 10H are cross-sectional views sche-
matically illustrating the 2.5D image forming method
according to Embodiment 2; and

[0039] FIGS. 11A to 11D are plan views schematically
illustrating the 2.5D image forming method according to
Embodiment 2.

DETAILED DESCRIPTION

[0040] The thermally expandable sheet, the production
method for the thermally expandable sheet, and the 2.5D
image forming method according to embodiments of the
present disclosure will be described in detail below using the
drawings.

[0041] In this embodiment, a shaped object is expressed
on the front surface of a thermally expandable sheet 10 by
the bulging of a thermally expansive layer 12. In this
application, the term “shaped object” includes a wide range
of shapes such as simple shapes, geometrical shapes, char-
acters, and decorations. The term “decorations” refers to
objects that appeal to the aesthetic sense through visual
and/or tactile sensation. The term “shaped (or molded)” does
not simply refer to the forming of a shaped object, but should
be construed to also include concepts such as decorating and
ornamenting. The term “decorative shaped object” refers to
a shaped object formed as a result of decorating or orna-
menting.

[0042] The shaped object according to the present embodi-
ments uses as a reference a particular two-dimensional plane
(for example, the XY plane) within three-dimensional space,
and includes unevenness in a direction perpendicular (for
example, the Z-axis direction) to that plane. Such a shaped
object is an example of a three-dimensional (3D) image, but
to distinguish this shaped object from a three-dimensional
image produced using a so-called 3D printing technique, the
shaped object is called a 2.5-dimensional (2.5D) image or a
pseudo-three-dimensional (pseudo-3D) image. Furthermore,
the technique for producing the shaped object is an example
of a three-dimensional image printing technique, but to
distinguish this technique from a so-called 3D printer, the
technique is called a 2.5-dimensional (2.5D) printing tech-
nique or a pseudo-three-dimensional (pseudo-3D) printing
technique.
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Embodiment 1

[0043] As illustrated in FIG. 1, a thermally expandable
sheet 10 according to Embodiment 1 includes a base 11, a
thermally expansive layer 12, a first ink receiving layer 13,
a film 14, and a second ink receiving layer 15.

[0044] The base 11 is implemented as a sheet-like member
supporting the thermally expansive layer 12 and the like.
The thermally expansive layer 12 is formed on a first surface
(the front surface, the top surface in FIG. 1) of the base 11.
Paper such as high-quality paper, or a sheet (including films)
made from a resin such as polyethylene terephthalate (PET)
is used as the base 11. The base 11 is not limited to a sheet
made from PET, and a sheet formed by appropriately
selecting from materials such as conventionally used poly-
olefin resins such as polyethylene and polypropylene, poly-
ester resins, polyamide resins such as nylon, polyvinyl
chloride resins, and polyimide resins can be used. The base
11 has sufficient strength so that, when the thermally expan-
sive layer 12 distends in part or in whole due to foaming, the
opposite side of the base 11 (the underside illustrated in FIG.
1) does not bulge, and wrinkles, large undulations, and the
like do not form. Additionally, the base 11 has heat resis-
tance sufficient to resist the heating carried out to foam the
thermally expansive layer 12. Moreover, as described later,
an electromagnetic wave heat conversion layer used to cause
the thermally expansive layer 12 to distend is formed on the
other surface (the back surface, the bottom surface illus-
trated in FIG. 1) of the base 11. As such, when the base 11
is formed of a resin such as PET, an ink receiving layer for
facilitating the reception of the ink used as the electromag-
netic wave heat conversion layer may be further formed on
the other surface (the back surface, the bottom surface
illustrated in FIG. 1) of the base 11.

[0045] The thermally expansive layer 12 is formed on a
first surface (the top surface in FIG. 1) of the base 11. The
thermally expansive layer 12 is a layer that distends a
magnitude according to the heating temperature and the
heating time, and contains a plurality of thermally expand-
able materials (thermally expandable microcapsules, micro-
capsules) dispersed in a binder. While described in detail
later, in this embodiment, an electromagnetic wave heat
conversion layer (hereinafter also referred to simply as “heat
conversion layer”) converting electromagnetic waves to heat
is formed on the other surface (the back surface) of the base
11 and is irradiated with electromagnetic waves to cause the
regions where the electromagnetic wave heat conversion
layer is provided to generate heat. The electromagnetic wave
heat conversion layer is heated due to being irradiated with
electromagnetic waves and, as such, is also called a “heated
layer.” The thermally expansive layer 12 absorbs the heat
generated by the electromagnetic wave heat conversion
layer on the back surface of the thermally expandable sheet
10, foams, and distends such that the layer surface of the
thermally expansive layer 12 bulges, as least in part. Using
this feature, it is possible to selectively cause only a specific
region of the thermally expandable sheet 10 to distend to a
desired shape by adjusting the density and the shape of the
electromagnetic wave heat conversion layer.

[0046] A thermoplastic resin such as an ethylene-vinyl-
acetate polymer or an acrylic polymer is used as the binder
of the thermally expansive layer 12. The thermally expand-
able microcapsules contain propane, butane, or a similar low
boiling point volatile substance in thermoplastic resin shells.
The shells are formed of a thermoplastic resin such as, for



US 2018/0370092 Al

example, polystyrene, polyvinyl chloride, polyvinylidene
chloride, polyvinyl acetate, polyacrylic acid ester, polyacry-
lonitrile, polybutadiene, and copolymers thereof. The aver-
age particle size of the thermally expandable microcapsules
is about 5 to 50 um. When these microcapsules are heated to
the thermal expansion start temperature or higher, the poly-
mer shells that are made from the resin soften and the low
boiling point volatile substance encapsulated therein vapor-
izes. The pressure resulting from this vaporization causes the
capsules to distend. While dependent on the characteristics
of the microcapsules to be used, the microcapsules distend
to a size about five-times larger than that prior to distending.
Note that there is variance in the particle sizes of the
microcapsules and all of the microcapsules do not have the
same particle size. Also, the thermally expansive layer 12 is
white, for example.

[0047] The first ink receiving layer 13 is formed on the
thermally expansive layer 12. The first ink receiving layer 13
is a layer receiving and fixing ink used in a printing step,
such as ink of an inkjet printer. The first ink receiving layer
13 is formed using a known material according to the ink to
be used in the printing step. For example, when a water-
based ink is to be used, for layer types that use gaps to
receive the ink, the first ink receiving layer 13 is formed
using porous silica, alumina, or the like. In layer types that
use gaps to receive the ink, a so-called matte texture is
obtained and the forming coating thereof is white. In layer
types that swell to receive the ink, the first ink receiving
layer 13 is formed using a resin selected from, at least one
of, for example, a polyvinyl alcohol (PVA) resin, a polyester
resin, a polyurethane resin, an acrylic resin, or the like. In
layer types that swell to receive the ink, a so-called glossy
texture is obtained and the forming coating thereof is
substantially transparent. In this embodiment, in one
example, the first ink receiving layer 13 is formed of a
material providing a so-called matte (non-glossy) texture
and is formed of porous silica, for example. In this case, the
image formed on the first ink receiving layer 13 provides a
non-glossy matte texture. In the present disclosure, the PVA
resin contains polyvinyl alcohol, derivatives, and/or copo-
lymers thereof. Moreover, the same applies to polyester
resin, polyurethane resin, and acrylic resin.

[0048] The film 14 is formed on the first ink receiving
layer 13. As described in detail later, the film 14 is removed
by peeling off in part or in whole depending on the texture
required for the 2.5D image formed on the front side of the
thermally expandable sheet 10 and, as such, is peelably
adhered on the first ink receiving layer 13. The film 14 is
made from resin and is formed of a resin selected from, for
example, polyethylenes, polyvinyl alcohols, polypropyl-
enes, polyvinyl chlorides, polyamides, polyurethanes, poly-
esters, and copolymers thereof. In one example, the film 14
is formed of ethylene-vinyl alcohol copolymer. Note that the
film 14 is not limited to a single layer film, and may be a
laminate film having a plurality of layers.

[0049] The second ink receiving layer 15 is formed on the
film 14. Like the first ink receiving layer 13, the second ink
receiving layer 15 receives and fixes ink used in a printing
step, such as ink of an inkjet printer. The second ink
receiving layer 15 is formed using a general-purpose mate-
rial according to the ink to be used in the printing step. For
example, when a water-based ink is to be used, in layer types
that use gaps to receive the ink, the second ink receiving
layer 15 is formed using porous silica, alumina, or the like.
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In layer types that swell to receive the ink, the second ink
receiving layer 15 is formed using a resin selected from, for
example, a polyvinyl alcohol (PVA) resin, a polyester resin,
a polyurethane resin, an acrylic resin, and the like.

[0050] Particularly in this embodiment, the first ink
receiving layer 13 and the second ink receiving layer 15
must provide different textures and, therefore, the second ink
receiving layer 15 is formed of a material different from the
material of the first ink receiving layer 13. The first ink
receiving layer 13 and the second ink receiving layer 15 may
be formed of any material as long as the texture provided by
the material of the first ink receiving layer 13 is different
from the texture provided by the material of the second ink
receiving layer 15. For example, in this embodiment, when
the first ink receiving layer is formed of porous silica
providing a so-called matte texture, the second ink receiving
layer 15 is formed of PVA providing a so-called glossy
texture or the like. Note that other combinations and reverse
combinations are also possible. Particularly, since the sec-
ond ink receiving layer 15 is formed on the film 14 made
from resin, it is preferable that the layer type that swells to
receive the ink is used because such a configuration will lead
to improved adhesion between the second ink receiving
layer 15 and the film 14. Additionally, the ink can be dried
faster compared to the swelling layer type by using the gap
type layer such as porous silica to form the first ink receiving
layer 13. Accordingly, the time to dry the ink can be
shortened, the time required to transition from step S3 to
step S5 in FIG. 5 (described later) can be shortened, and the
transition from step S4 to S5 can be made smoothly.
[0051] By using materials providing different textures for
the first ink receiving layer 13 and the second ink receiving
layer 15, as described in detail later, it is possible to form
2.5D images of varying textures on the front side of the
thermally expandable sheet 10.

Production Method of Thermally Expandable Sheet
10

[0052] Next, the production method of the thermally
expandable sheet 10 will be described using FIGS. 2A to 2D
and FIG. 3.

[0053] First, sheet-like paper is prepared as the base 11.
For example, a roll of paper is used as the base 11. However,
the form of the paper is not limited to a roll in the production
method described hereinafter, and individual sheets may be
used.

[0054] Next, the binder including the thermoplastic resin
and the like is mixed with the thermally expandable material
(the thermally expandable microcapsules) to prepare a coat-
ing liquid for forming the thermally expansive layer 12.
Then, using a known coating device such as a bar coater, a
roll coater, or a spray coater, the coating liquid is applied on
a first surface (the top surface illustrated in FIG. 2A) of the
base 11. Next, the coated film is dried and, as illustrated in
FIG. 2A, the thermally expansive layer 12 is formed. Note
that, the application and the drying of the coating liquid may
be carried out a plurality of times in order to obtain the target
thickness of the thermally expansive layer 12.

[0055] Next, a coating liquid is prepared using the mate-
rial of the first ink receiving layer 13, such as porous silica.
Then, using a known coating device of a system such as a
bar coater, a roll coater, or a spray coater, this coating liquid
is applied on the thermally expansive layer 12. Note that, the
application and the drying of the coating liquid may be
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carried out a plurality of times in order to obtain the target
thickness of the first ink receiving layer 13. Next, the coated
film is dried and, as illustrated in FIG. 2B, the first ink
receiving layer 13 is formed.

[0056] Next, using the laminating apparatus 70 illustrated
in FIG. 3, the film 14 is affixed on the first ink receiving layer
13. As illustrated in FIG. 3, the laminating apparatus 70
includes input rollers 71, a heater roller 72, a roller 73, and
output rollers 74. While in a wound state, the base 11 on
which the thermally expansive layer 12 and the first ink
receiving layer 13 have been formed is placed at a feeding
position of the apparatus. The base 11 is transported toward
the input rollers 71. The base 11 passes between the pair of
input rollers 71 and is transported toward the heater roller 72
and the roller 73. The film 14 is fed to the heater roller 72.
When the film 14 is heated by the heater roller 72 and passes
between the heater roller 72 and the roller 73, pressure is
applied and the film 14 is peelably adhered to the base 11
(the first ink receiving layer 13). After the film 14 has been
adhered, the base 11 passes between the pair of output rollers
74, is transported, and wound up. Thus, the film 14 is affixed,
as illustrated in FIG. 2C.

[0057] Next, a coating liquid is prepared using the mate-
rial of the second ink receiving layer 15, such as a material
selected from PVA and the like. Here, in this embodiment,
the second ink receiving layer 15 is formed using a different
material than the first ink receiving layer 13. Then, using a
known coating device of a system such as a bar coater, a roll
coater, or a spray coater, this coating liquid is applied on the
film 14. Note that, the application and the drying of the
coating liquid may be carried out a plurality of times in order
to obtain the target thickness of the second ink receiving
layer 15. Next, the coated film is dried and, as illustrated in
FIG. 2D, the second ink receiving layer 15 is formed.
Additionally, when using the base 11 having a roll form,
cutting to a size suitable for the 2.5D image forming system
50 is performed.

[0058] Note that the present disclosure is not limited to
configurations in which the second ink receiving layer 15 is
formed using a coating liquid. For example, a film in which
the ink receiving layer 23 is formed in advance on the front
surface thereof may be used as the film 14. In this case, the
film 14 is affixed such that the pre-formed ink receiving
layer does not to face the first ink receiving layer 13 or, in
other words, such that the pre-formed ink receiving layer is
positioned on the top surface of the film 14, as illustrated in
FIG. 2D. As a result, the ink receiving layer pre-formed on
the film 14 can be used as the second ink receiving layer 15.
[0059] The thermally expandable sheet 10 is produced by
the steps described above.

2.5D Image Forming System

[0060] Next, a description will be given of the 2.5D image
forming system 50 that forms 2.5D images on the thermally
expandable sheet 10 of this embodiment. As illustrated in
FIGS. 4A t0 4C, the 2.5D image forming system 50 includes
a control unit 51, a printing unit 52, an expansion unit 53, a
display unit 54, a top plate 55, and a frame 60. FIG. 4A is
a front view of the 2.5D image forming system 50; FIG. 4B
is a plan view of the 2.5D image forming system 50 with the
top plate 55 closed; and FIG. 4C is a plan view of the 2.5D
image forming system 50 with the top plate 55 open. In
FIGS. 4A to 4C, the X-direction is the same as the horizontal
direction, the Y-direction is the same as a transport direction
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D in which the sheet is transported, and the Z-direction is the
same as the vertical direction. The X-direction, the Y-direc-
tion, and the Z-direction are orthogonal to each other.

[0061] The control unit 51, the printing unit 52, and the
expansion unit 53 are each mounted in the frame 60 as
illustrated in FIG. 4A. Specifically, the frame 60 includes a
pair of substantially rectangular sideboards 61 and a cou-
pling beam 62 provided between the sideboards 61. The top
plate 55 spans between upper portions of the sideboards 61.
The printing unit 52 and the expansion unit 53 are juxta-
posed in the X-direction on the coupling beam 62 that spans
between the sideboards 61, and the control unit 51 is fixed
below the coupling beam 62. The display unit 54 is embed-
ded in the top plate 55 to be flush with the top surface of the
top plate 55.

[0062] The control unit 51 includes a central processing
unit (CPU), read only memory (ROM), random access
memory (RAM), and the like, and controls the printing unit
52, the expansion unit 53, and the display unit 54.

[0063] The printing unit 52 is a printing device of an inkjet
system. As illustrated in FIG. 4C, the printing unit 52
includes an introducer 52a for introducing the thermally
expandable sheet 10, and a discharger 524 for discharging
the thermally expandable sheet 10. The printing unit 52
prints a designated image on the front surface or the back
surface of the thermally expandable sheet 10 loaded through
the introducer 524, and discharges the thermally expandable
sheet 10 on which the image has been printed through the
discharger 52b. Additionally, the printing unit 52 includes
color inks (cyan (C), magenta (M), and yellow (Y)) for
forming color ink layers 41 and 42 (described later), and
black ink (containing carbon black) for forming a back side
heat conversion layers (the electromagnetic wave heat con-
version layer) 44a and 44b. Note that the printing unit 52
may also include a black color ink free of carbon black as a
color ink for forming black or gray color in the color ink
layers 41 and 42.

[0064] The printing unit 52 acquires, from the control unit,
color image data presenting a color image (color ink layer)
to be printed on the front surface of the thermally expand-
able sheet 10, and prints the color images (color ink layers
41 and 42) using the color inks (cyan (C), magenta (M), and
yellow (Y)) on the basis of the color image data. Black or
gray color in the color ink layers 41 and 42 is formed by
blending the three CMY colors or is formed by using the
black color ink free of carbon black. Note that, in this
embodiment, a first color image (the first color ink layer 41)
is formed on the first ink receiving layer 13 on the basis of
first color image data. A second color image (the second
color ink layer 42) is formed on the second ink receiving
layer 15 on the basis of second color image data.

[0065] The printing unit 52 prints the back side heat
conversion layers 44a and 445 on the basis of back side
foaming data using the black ink. This back side foaming
data is data that indicates the portion of the back surface of
the thermally expandable sheet 10 to be foamed and caused
to distend. The black ink free of carbon black is an example
of a material that converts electromagnetic waves to heat.
The distension height of the thermally expansive layer 12
corresponds to the density of the black ink, and greater
densities lead to greater distension heights. As such, the
gradation is determined so that the density of the black ink
corresponds to the target height.
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[0066] The expansion unit 53 is an expansion device that
applies heat to the thermally expandable sheet 10 to cause
distension. As illustrated in FIG. 4C, the expansion unit 53
includes an introducer 53« for introducing the thermally
expandable sheet 10, and a discharger 534 for discharging
the thermally expandable sheet 10. The expansion unit 53
applies heat to the thermally expandable sheet 10 loaded
through the introducer 53a thereby causing the thermally
expandable sheet 10 to distend, and discharges the distended
thermally expandable sheet 10 through the discharger 5364.
An irradiator (not illustrated in the drawings) is provided in
the expansion unit 53. In one example, the irradiator is a
halogen lamp that emits, at the thermally expandable sheet
10, light (electromagnetic waves) in the near-infrared region
(750 to 1400 nm wavelength range), the visible light spec-
trum (380 to 750 nm wavelength range), or the intermediate
infrared region (1400 to 4000 nm wavelength range). When
the thermally expandable sheet 10, on which black ink
containing carbon black is printed, is irradiated with elec-
tromagnetic waves, the portions where the black ink is
printed convert the electromagnetic waves to heat more
efficiently than the portions where the black ink is not
printed. As such, the regions of the thermally expansive
layer 12 where the black ink is printed are primarily heated
and, as a result, the regions of the thermally expansive layer
12 where the black ink is printed distend. Note that the
irradiator is not limited to a halogen lamp and other con-
figurations may be used provided that it is possible to emit
electromagnetic waves. Moreover, the wavelengths of the
electromagnetic waves are not limited to the ranges
described above.

[0067] The display unit 54 is implemented as a touch
panel or the like. In the example illustrated in FIG. 4B, the
display unit 54 displays an image (the stars illustrated in
FIG. 4B) printed on the thermally expandable sheet 10 by
the printing unit 52.

[0068] Additionally, the display unit 54 displays operating
instructions or the like, so that the user can operate the 2.5D
image forming system 50 by touching the display unit 54.

2.5D Image Forming Processing

[0069] Next, an explanation will be given of the flow of
processing whereby a 2.5D image is formed on the thermally
expandable sheet 10 by the 2.5D image forming system 50,
while referencing the flowchart illustrated in FIG. 5, the
cross-sectional views of the thermally expandable sheet 10
illustrated in FIGS. 6A to 6F, and the plan views illustrated
in FIGS. 7A to 7C.

[0070] First, a user prepares a thermally expandable sheet
10 on which a 2.5D image has not been formed, and
designates the first color image data, the second color image
data, and the back side foaming data using the display unit
54. Then, the user inserts the thermally expandable sheet 10
into the printing unit 52 with the front surface facing
upward. The printing unit 52 prints the second color ink
layer 42 on the front side (the second ink receiving layer 15)
of the inserted thermally expandable sheet 10 (step S1).
Specifically, the printing unit 52 discharges the various cyan
(C), magenta (M), and yellow (Y) inks onto the front surface
of the thermally expandable sheet 10 in accordance with the
designated second color image data. As a result, the second
color ink layer 42 is formed on the second ink receiving
layer 15, as illustrated in FIG. 6A. FIG. 7A is a plan view
illustrating a state in which the second color ink layer 42 has
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been printed, and a cross-sectional view taken along line
A-A' illustrated in FIG. 7A corresponds to FIG. 6A. Note
that, in FIG. 6 A, both ends of the cross-sectional view taken
along line A-A' are omitted. As illustrated in FIG. 6A and
FIG. 7A, at the completion of step S1, the film 14 is provided
on the entire front surface of the thermally expandable sheet
10, and the second ink receiving layer 15 is present on the
front surface of the thermally expandable sheet 10.

[0071] Second, the user forms a notch 43 in the second ink
receiving layer 15 and the film 14 along a cutting line CL so
as to make it possible to, after peeling off the film 14, leave
only the region where the second color ink layer 42 is
formed, and the region near the periphery of the second
color ink layer 42, of the film 14 (step S2).

[0072] The notch 43 can be formed using a desired tool,
such as a knife. As a result, the notch 43 is formed in the
second ink receiving layer 15 and the film 14, as illustrated
in FIG. 6B. FIG. 7B is a plan view illustrating a state in
which the second color ink layer 42 has been printed, and a
cross-sectional view taken along line B-B' illustrated in FIG.
7B corresponds to FIG. 6B. Note that, in FIG. 6B, both ends
of'the cross-sectional view taken along line B-B' are omitted.
As illustrated in FIG. 6B and FIG. 7B, at the completion of
step S2, the film 14 is provided on the entire front surface of
the thermally expandable sheet 10, and the second ink
receiving layer 15 is present on the front surface of the
thermally expandable sheet 10. Furthermore, the notch 43 is
formed along the cutting line CL around the second color ink
layer 42.

[0073] Note that the cutting line CL is not limited to the
configuration illustrated in the drawings, and may be pro-
vided at any location, provided that the region where the
second color ink layer 42 is printed remains after removing
the film 14. In one example, it is possible to provide the
cutting line CL in the vicinity of the region where the first
color ink layer 41 is to be formed in step S4 (described later)
so that only the region where the first color ink layer 41 is
formed can be peeled off. Alternatively, the cutting line CL.
may be provided between the region where the first color ink
layer 41 is formed and the region where the second color ink
layer 42 is formed. In addition, the timing at which the notch
is formed in the film 14 is not limited to the examples
described in this embodiment. For example, it is possible to
form the notch 43 prior to printing the second color ink layer
42 or, in other words, it is possible to switch steps S1 and S2.
[0074] Furthermore, it is possible to insert the notch 43
when the thermally expandable sheet 10 is produced.
[0075] Moreover, the notch 43 may extend to the layers
below the film 14, namely the first ink receiving layer 13 and
the thermally expansive layer 12.

[0076] Thirdly, the user removes by peeling off the film 14
while leaving the region where the second color ink layer 42
is formed (step S3). As a result, the first ink receiving layer
13 is partially exposed, as illustrated in FIG. 6C.

[0077] Fourthly, the user inserts the thermally expandable
sheet 10, from which a portion of the film 14 has been
removed, into the printing unit 52 with the front side facing
upward. The printing unit 52 prints the first color ink layer
41 on the front surface (the first ink receiving layer 13) of the
inserted thermally expandable sheet 10 (step S4). Specifi-
cally, the printing unit 52 discharges the various cyan (C),
magenta (M), and yellow (Y) inks onto the front side of the
thermally expandable sheet 10 in accordance with the des-
ignated first color image data. As a result, the first color ink
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layer 41 is formed on the first ink receiving layer 13, as
illustrated in FIG. 6D. FIG. 7C is a plan view illustrating a
state in which the first color ink layer 41 has been printed,
and a cross-sectional view taken along line C-C' illustrated
in FIG. 7C corresponds to FIG. 6D. Note that, in FIG. 6D,
both ends of the cross-sectional view taken along line C-C'
are omitted. As illustrated in FIG. 7C, at the completion of
step S4, the film 14 is present only below the second color
ink layer 42, and the first ink receiving layer 13 is exposed
around the periphery of the second color ink layer 42.
Additionally, the first color ink layer 41 is formed on the first
ink receiving layer 13, as illustrated in the drawing.

[0078] Fifthly, the user inserts the thermally expandable
sheet 10, onto which the first color ink layer 41 and the
second color ink layer 42 have been printed, into the printing
unit 52 with the back side facing upward. The printing unit
52 prints heat conversion layers (the back side heat conver-
sion layers 44a and 44b) on the back side of the inserted
thermally expandable sheet 10 (step S5). The back side heat
conversion layers 44a and 445 are layers that are formed by
a black ink containing a material that converts electromag-
netic waves to heat, namely carbon black. The printing unit
52 discharges the black ink containing carbon black onto the
back side of the thermally expandable sheet 10 in accor-
dance with the designated back side foaming data. As a
result, the back side heat conversion layers 44a and 445 are
formed on the back surface of the base 11, as illustrated in
FIG. 6E. Note that the density of the black ink of the back
side heat conversion layers 44a and 445 can be increased to
cause the printed region to distend higher. Additionally, it is
possible to vary the density within the back side heat
conversion layers 44a and 445 so as to obtain a variety of
distension heights. In FIG. 6E, since the thermally expansive
layer 12 is distended in the region where the first color ink
layer 41 is formed, the back side heat conversion layer 44a
is formed on the back surface of the base 11 in a region
opposing at least a portion of the first color ink layer 41
across the base 11 and the thermally expansive layer 12.
Likewise, since the thermally expansive layer 12 is dis-
tended in the region where the second color ink layer 42 is
formed, the back side heat conversion layer 445 is formed on
the back surface of the base 11 in a region opposing at least
a portion of the second color ink layer 42 across the base 11
and the thermally expansive layer 12.

[0079] Sixthly, the user inserts the thermally expandable
sheet 10, onto which the back side heat conversion layers
44a and 44b have been printed, into the expansion unit 53
with the back side facing upward. The expansion unit 53
irradiates electromagnetic waves and heats the inserted
thermally expandable sheet 10 from the back side (step S6).
Specifically, the irradiator (not illustrated in the drawings) of
the expansion unit 53 irradiates the back side of the ther-
mally expandable sheet 10 with electromagnetic waves. The
back side heat conversion layers 44a and 445 printed on the
back surface of the thermally expandable sheet 10 absorb the
irradiated electromagnetic waves, thereby generating heat.
As a result, as illustrated in FIG. 6F, the region of the
thermally expandable sheet 10 where the back side heat
conversion layers 44a and 444 are printed foams and dis-
tends.

[0080] A 2.5D image is formed on the thermally expand-
able sheet 10 as a result of carrying out the procedures
described above.
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[0081] In this embodiment, materials providing different
textures are used for the second ink receiving layer 15
provided on the top surface of the film 14 and the first ink
receiving layer 13 provided on the bottom surface of the film
14, and at least a portion of the film 14 is removed by peeling
off to expose the first ink receiving layer 13. As a result, a
2.5D image providing varying textures can be formed on one
thermally expandable sheet 10. For example, in the example
illustrated in FIG. 7C, it is possible to configure the star
formed on the first ink receiving layer 13 as a 2.5D image
providing a matte texture and the star formed on the second
ink receiving layer 15 as a 2.5D image providing a glossy
texture.

Embodiment 2

[0082] Next, 2.5D image forming processing according to
Embodiment 2 will be described in detail below using the
drawings. The 2.5D image forming processing according to
Embodiment 2 differs from the 2.5D image forming pro-
cessing according to Embodiment 1 in that an electromag-
netic wave heat conversion layer is also formed on the front
surface of the thermally expandable sheet. The thermally
expandable sheet, the production method for the thermally
expandable sheet, and the 2.5D image forming system are
the same as described in Embodiment 1 and, as such,
detailed description thereof is forgone. Furthermore,
descriptions of constituents that are the same as those
described in Embodiment 1 are forgone.

2.5D Image Forming Processing

[0083] Next, an explanation will be given of the flow of
processing whereby a 2.5D image is formed on the thermally
expandable sheet 10 by the 2.5D image forming system 50,
while referencing the flowchart illustrated in FIG. 8, the
cross-sectional views of the thermally expandable sheet 10
illustrated in FIGS. 9A to 10H, and the plan views illustrated
in FIGS. 11A to 11D.

[0084] First, a user prepares a thermally expandable sheet
10 on which a 2.5D image has not been formed, and
designates the first color image data, the second color image
data, front side foaming data, and the back side foaming data
using the display unit 54. Then, the user inserts the thermally
expandable sheet 10 into the printing unit 52 with the front
side facing upward. The printing unit 52 prints heat conver-
sion layers (front side heat conversion layers 45a to 45¢) on
the front surface (on the second ink receiving layer 15) of the
inserted thermally expandable sheet 10 (step S21). The front
side heat conversion layers 45a to 45¢ are layers that are
formed by a black ink containing a material that converts
electromagnetic waves to heat, namely carbon black. The
printing unit 52 discharges the black ink containing carbon
black onto the front surface of the thermally expandable
sheet 10 in accordance with the designated front side foam-
ing data. As a result, the front side heat conversion layers
45a to 45¢ are formed on the second ink receiving layer 15,
as illustrated in FIG. 9A and FIG. 11A. As in Embodiment
1, to facilitate comprehension, in FIG. 9A, an example is
illustrated in which the front side heat conversion layers 454
and 456 are formed on the second ink receiving layer 15.
FIG. 11Ais a plan view illustrating a state in which the front
side heat conversion layers 45a to 45¢ have been printed,
and a cross-sectional view taken along line D-D' illustrated
in FIG. 11A corresponds to FIG. 9A. Note that, in FIG. 9A,
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both ends of the cross-sectional view taken along line D-D
are omitted. As illustrated in FIG. 9A and FIG. 11A, at the
completion of step S21, the film 14 is provided on the entire
front surface of the thermally expandable sheet 10, and the
second ink receiving layer 15 is present on the front surface
of the thermally expandable sheet 10.

[0085] Secondly, the user inserts the thermally expandable
sheet 10 onto which the front side heat conversion layers 454
to 45¢ have been printed into the expansion unit 53 with the
front side facing upward. The expansion unit 53 irradiates
electromagnetic waves and heats the inserted thermally
expandable sheet 10 from the front side (step S22). Specifi-
cally, the irradiator of the expansion unit 53 irradiates the
front side of the thermally expandable sheet 10 with elec-
tromagnetic waves. The front side heat conversion layers
45a to 45¢ printed on the front surface of the thermally
expandable sheet 10 absorb the irradiated electromagnetic
waves, thereby generating heat. As a result, as illustrated in
FIG. 9B, the regions of the thermally expandable sheet 10
where the front side heat conversion layers 454 to 45¢ are
printed rise and distend.

[0086] Thirdly, the user inserts the thermally expandable
sheet 10 into the printing unit 52 with the front side facing
upward. The printing unit 52 prints the second color ink
layer 46 on the front surface (on the second ink receiving
layer 15) of the inserted thermally expandable sheet 10 (step
S23). Specifically, the printing unit 52 discharges the various
cyan (C), magenta (M), and yellow (Y) inks onto the front
surface of the thermally expandable sheet 10 in accordance
with the designated second color image data. As a result, the
second color ink layer 46 is formed on the second ink
receiving layer 15, as illustrated in FIG. 9C. In this embodi-
ment, the second color ink layer 46 is formed only on the
front side heat conversion layer 45a4. Note that, at the
completion of step S23, the film 14 is provided on the entire
front surface of the thermally expandable sheet 10.

[0087] Fourthly, using a knife or the like, the user inserts
the notch 43 into the second ink receiving layer 15 and the
film 14 along the cutting line CL so as to make it possible
to, after peeling off the film 14, leave only the region where
the second color ink layer 46 is formed, and the region near
the periphery of the second color ink layer 42, of the film 14
(step S24). As a result, the notch 43 is formed in the second
ink receiving layer 15 and the film 14, as illustrated in FIG.
9D. FIG. 11B is a plan view illustrating a state in which the
second color ink layer 42 has been printed and the position
of the notch 43, and a cross-sectional view taken along line
E-E' illustrated in FIG. 11B corresponds to FIG. 9D. Note
that, in FIG. 9D, both ends of the cross-sectional view taken
along line E-E' are omitted. As illustrated in FIG. 9D, at the
completion of step S24, the film 14 is provided on the entire
front surface of the thermally expandable sheet 10, and the
second color ink layer 46 is present on the front surface of
the thermally expandable sheet 10.

[0088] Fifthly, the user removes by peeling off the film 14
while leaving the region where the second color ink layer 46
is formed (step S25). As a result, the first ink receiving layer
13 is exposed, with the exception of the region where the
second color ink layer 46 is formed, as illustrated in FIG.
10E. Note that the front side heat conversion layers 456 and
45¢ are removed together when the film 14 is peeled. FIG.
11C is a plan view illustrating a state after the film 14 has
been removed, and a cross-sectional view taken along line
F-F' illustrated in FIG. 11C corresponds to FIG. 10E. Note
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that, in FIG. 10E, both ends of the cross-sectional view taken
along line F-F' are omitted. As illustrated in FIG. 10E and
FIG. 11C, the thermally expansive layer 12 below the
regions where the front side heat conversion layers 4556 and
45¢ are provided is distended. Particularly, in FIG. 11C, the
regions where the front side heat conversion layers 4556 and
45¢ are provided are indicated by the dashed lines.

[0089] Sixthly, the user inserts the thermally expandable
sheet 10, from which a portion of the film 14 has been
removed, into the printing unit 52 with the front side facing
upward. The printing unit 52 prints first color ink layers 47a
and 475 on the front surface (on the first ink receiving layer
13) of the inserted thermally expandable sheet 10 (step S26).
Specifically, the printing unit 52 discharges the various cyan
(C), magenta (M), and yellow (Y) inks onto the front surface
of the thermally expandable sheet 10 in accordance with the
designated first color image data. As a result, the first color
ink layers 47a and 475 are formed on the first ink receiving
layer 13, as illustrated in FIG. 10F. FIG. 11D is a plan view
illustrating a state in which the first color ink layers 474 and
47h have been printed, and a cross-sectional view taken
along line G-G' illustrated in FIG. 11D corresponds to FIG.
10F. Note that, in FIG. 10F, both ends of the cross-sectional
view taken along line G-G' are omitted. As illustrated in FI1G.
10F, at the completion of step S26, the film 14 is present only
below the second color ink layer 46 and, as illustrated in the
drawing, the first color ink layers 47a and 475 are formed on
the first ink receiving layer 13. Note that the first color ink
layer 475 is formed in the distended region where the front
side heat conversion layer 456 was used. In this case,
especially when the thermally expansive layer 12 is white,
problems are encountered due to the heat conversion layers,
formed using carbon black-containing black ink, becoming
more prominent, or the color ink layer becoming dull in
color due to the black ink. However, in the present disclo-
sure, the front side heat conversion layers 456 can be
simultaneously removed when the film 14 is peeled. As a
result, a superior effect is obtained in that the ink used as the
front side heat conversion layer 456 can be prevented from
affecting the color of the first color ink layer 475.

[0090] Seventhly, the user inserts the thermally expand-
able sheet 10, onto which the first color ink layers 47a and
47b and the second color ink layer 46 have been printed, into
the printing unit 52 with the back side facing upward. The
printing unit 52 prints a heat conversion layer (the back side
heat conversion layer 48) on the surface side of the inserted
thermally expandable sheet 10 (step S27). The printing unit
52 discharges the black ink containing carbon black onto the
back surface of the thermally expandable sheet 10 in accor-
dance with the designated back side foaming data. As a
result, the back side heat conversion layer 48 is formed on
the back surface of the base 11, as illustrated in FIG. 10G.
In FIG. 10G, since the thermally expansive layer 12 is
distended in the region where the first color ink layer 47a is
formed, the back side heat conversion layer 48 is formed on
the back surface of the base 11 in a region opposing at least
a portion of the first color ink layer 47a across the base 11
and the thermally expansive layer 12.

[0091] Eighthly, the user inserts the thermally expandable
sheet 10, onto which the back side heat conversion layer 48
has been printed, into the expansion unit 53 with the back
side facing upward. The expansion unit 53 irradiates elec-
tromagnetic waves and heats the inserted thermally expand-
able sheet 10 from the back side (step S28). Specifically, the
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irradiator (not illustrated in the drawings) of the expansion
unit 53 irradiates the back side of the thermally expandable
sheet 10 with electromagnetic waves. The back side heat
conversion layer 48 printed on the back surface of the
thermally expandable sheet 10 absorbs the irradiated elec-
tromagnetic waves, thereby generating heat. As a result, as
illustrated in FIG. 10H, the region of the thermally expand-
able sheet 10 where the back side heat conversion layer 48
was printed rises and distends.

[0092] A 2.5D image is formed on the thermally expand-
able sheet 10 as a result of carrying out the procedures
described above.

[0093] In this embodiment, as in Embodiment 1, materials
providing different textures are used for the second ink
receiving layer 15 provided on the top surface of the film 14
and the first ink receiving layer 13 provided on the bottom
surface of the film 14, and at least a portion of the film 14
is peeled off. As a result, 2.5D images having varying
textures can be formed on one thermally expandable sheet
10. Moreover, in this embodiment, the front side heat
conversion layers 45a to 45¢ are formed on the second ink
receiving layer 15, which is provided on the film 14, thereby
making it possible to cause the front side of the thermally
expandable sheet 10 to foam and distend. Sharp shapes are
easier to recreate when foaming and distending using the
front side heat conversion layers 45a to 45¢ than when using
the back side heat conversion layer 48. Particularly, by
forming the front side heat conversion layers 456 and 45¢ in
the region of the film 14 that is to be peeled off, it is possible
to not leave the front side heat conversion layers 4556 and 45¢
after foaming and distending from the front side of the sheet.
Moreover, influences such as turbidity arising from the ink
used to form the heat conversion layers can be prevented,
and the first color ink layer 475 can be provided with a
desired color particularly a vivid color. Note that a configu-
ration is possible in which color ink layers are not formed,
similar to the region in which the front side heat conversion
layer 45¢ is formed.

[0094] In the embodiments described above, the back side
heat conversion layer 48 is printed at a position of the back
surface of the thermally expandable sheet 10 corresponding
to the first color ink layer 47a, but a configuration is possible
in which a heat conversion layer is formed on the first ink
receiving layer 13 and caused to distend prior to forming the
first color ink layer 47a. In such a configuration, as with the
foaming and distending using the front side heat conversion
layers 45a to 45¢, sharper shapes than when using the back
side heat conversion layer 48 can be recreated, and a matte
texture can be obtained.

[0095] This application is not limited to the embodiments
descried above and various modifications and uses are
possible. Moreover, the above-described embodiments can
be combined.

[0096] For example, in the embodiments described above,
an example of a configuration was described in which the
film was peeled from the regions other than where the
second color ink layers 42 and 46 were formed and the first
ink receiving layer 13 was exposed to express regions
having different textures within one thermally expandable
sheet 10. This application is not limited thereto, and con-
figurations are possible in which the thermally expandable
sheet 10 is used without peeling the film 14 off| or all of the
film 14 is peeled off to form a 2.5D image. When using
without peeling the film 14 off, in terms of the flowchart of
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Embodiment 1, the forming processing is carried out with
steps S2 to S4 omitted. Moreover, when peeling off all of the
film 14 and using, the forming processing is carried out with
steps S1 to S2 omitted. Additionally, in terms of the flow-
chart of Embodiment 2, steps S24 and S25 are omitted, for
example. By configuring in this manner, it is possible to
form different textures, for example, a 2.5D image providing
a glossy texture throughout or a 2.5D image providing a
matte texture throughout, throughout one thermally expand-
able sheet 10. Moreover, a benefit is obtained in that the need
to individually prepare thermally expandable sheets provid-
ing different textures is eliminated.

[0097] Inthe embodiments described above, the front side
foaming data and the back side foaming data can be appro-
priately modified in accordance with the shape of the 2.5D
image to be formed. The amount of heat during the elec-
tromagnetic wave irradiation varies depending on whether
the electromagnetic wave heat conversion layer was pro-
vided or the printing density (ink density) of the electro-
magnetic wave heat conversion layer. As such, when deter-
mining at least one or more of the front side foaming data or
the back side foaming data, the ink gradation (printing
density) of the electromagnetic wave heat conversion layer
and/or the region where the electromagnetic wave heat
conversion layer is formed are determined for at least two
regions to ensure that the distended shape of the thermally
expansive layer 12 is the desired shape of the 2.5D image
Specifically, the foaming data is determined by: i) forming
the electromagnetic wave heat conversion layer in one
region and not forming the electromagnetic wave heat
conversion layer in another region, ii) increasing the ink
density (printing density) in one region and reducing the ink
density in another region, or iii) a combination thereof.
Additionally, the determination of 1) to iii) is not limited to
cases where determining for two predetermined regions, and
it is possible to determine for three of more regions.

[0098] Additionally, in Embodiment 1 described above, a
configuration is described in which the film 14 is removed
after printing of the second color ink layer 42. However, the
present disclosure is not limited to this example. The peeling
off step may also be performed beforehand. In such a case,
step S1 is performed after performing steps S2 and S3
indicated in FIG. 5. Also, in the case in which the peeling off
steps (steps S2 and S3) are performed beforehand, the region
where the color image is printed in step S4 is exposed on the
first ink receiving layer prior to step S1. Therefore, the step
(step S1) in which the color image is printed on the second
ink receiving layer and the step (step S4) in which the color
image is printed on the first ink receiving layer may be
performed separately or may be performed at the same time.
When the step S1 and the step S4 are performed at the same
time, the color image printing step is preferably performed
one time. In such a case, the step (step S2) in which the film
is cut may be performed before the peeling-off step (step
S3), and the notch 43 can be inserted when the thermally
expandable sheet 10 is produced.

[0099] Likewise, in Embodiment 2, the step S24 and the
step S25 may performed prior to the step (step S23 indicated
in FIG. 8) in which the color image is printed on the second
ink receiving layer. In such a case, the step (step S23) in
which the color image is printed on the second ink receiving
layer and the step (step S26) in which the color image is
printed on the first ink receiving layer may be performed
separately or may be performed at the same time. When the
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step S23 and the step S26 are performed at the same time,
the color image printing step is preferably performed one
time. In such a case, the step (step S24) in which the film is
cut may be performed before the peeling-off step (step S25),
and the notch 43 can be inserted when the thermally expand-
able sheet 10 is produced.

[0100] Also, the positions where the front side heat con-
version layer, the back side heat conversion layer, and the
color ink layer are formed are not limited to the examples
given in the forgoing embodiments. Any position is accept-
able. In order to produce a desired shaped object, the front
side heat conversion layer, the back side heat conversion
layer, and the color ink layer may be used in any manner. For
example, in Embodiment 2 four different star-types of
shaped objects formed on a combination of the front side
heat conversion layer, the back side heat conversion layer,
and the color ink layer is described. However, the present
disclosure is not limited to this example. It is unnecessary
for these combinations to be used at the same time. It is
sufficient as long at least one combination is used. Also, the
combination of the front side heat conversion layer, the back
side heat conversion layer, and the color ink layer may be
changed as necessary. For example, a back side heat con-
version layer may be formed instead of the front side heat
conversion layer 454. In such a case, the color ink layer 46
can be provided on the second ink receiving layer 15.
Further, the back side heat conversion layer may be formed
opposing at least a portion of the front side heat conversion
layer 454, and the front side heat conversion layer 45a and
the back side heat conversion layer may be used to cause the
thermally expansive layer 12 to distend. Regarding the
regions formed by the color ink layers 47a and 4754, the front
side heat conversion layer and the back side heat conversion
layer may be used to cause the thermally expansive layer 12
to distend.

[0101] Also, in the flowchart illustrated in FIG. 5,
although the heat conversion layer is formed in step S5, and
then, in step S6, the thermally expansive layer is irradiated
with electromagnetic waves, step S6 does not need to be
performed immediately after step S5, that is, step S6 can be
performed after a passage of time. For example, at the very
least, the thermally expansive layer formed in step S5 that is
illustrated in FIG. 5 may be distributed and then step S6 can
be performed by the user. In such a case, the heat conversion
layer is formed on either the back surface of the base 11 or
the second ink receiving layer 15. In such a case, the peeling
off of the film 14 may be performed by the user. Alterna-
tively, a portion of the film 14 is peeled off and the heat
conversion layer may be formed on at least one of the first
ink receiving layer 13, the back surface of the base 11, or the
second ink receiving layer 15. Furthermore, in addition to
step S6, the user may also perform the step (step S4) in
which the color ink layer is formed. The same applies to
Embodiment 2.

[0102] The terms “front”, “back”, “top”, and “bottom” in
the aforementioned embodiments are used in order to sim-
plify the description, and are not intended limit the manner
in which the thermally expandable sheet 10 is used. There-
fore, the back side of the thermally expandable sheet 10 may
also be used as the front.

[0103] The materials of the various layers of the thermally
expandable sheet 10 described in the embodiments are
merely examples and should not be construed as limiting or
excluding the use of materials other than those described in
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the embodiments. Moreover, the thicknesses of the various
layers of the thermally expandable sheet 10 are exaggerated
for the sake of depiction and are not limited to the propor-
tions illustrated in the drawings.

[0104] The foregoing describes some example embodi-
ments for explanatory purposes. Although the foregoing
discussion has presented specific embodiments, persons
skilled in the art will recognize that changes may be made
in form and detail without departing from the broader spirit
and scope of the invention. Accordingly, the specification
and drawings are to be regarded in an illustrative rather than
a restrictive sense. This detailed description, therefore, is not
to be taken in a limiting sense, and the scope of the invention
is defined only by the included claims, along with the full
range of equivalents to which such claims are entitled.

What is claimed is:

1. A thermally expandable sheet, comprising:

a thermally expansive layer formed on one surface of a

base;

a first ink receiving layer that is provided on the thermally

expansive layer for receiving ink;

a film provided on the first ink receiving layer; and

a second ink receiving layer that is provided on the film

for receiving ink

the first ink receiving layer being formed of a material that

provides a texture different from a texture of the second
ink receiving layer.

2. The thermally expandable sheet according to claim 1,
wherein the second ink receiving layer is formed of a
material that provides a glossy texture.

3. The thermally expandable sheet according to claim 2,
wherein the first ink receiving layer is formed of a material
that provides a matte texture.

4. The thermally expandable sheet according to claim 1,
wherein

the film is made of a resin, and

the second ink receiving layer is a swellable ink receiving

layer having adhesiveness to the film.

5. The thermally expandable sheet according to claim 1,
wherein

the first ink receiving layer is exposed by removing the

film and the second ink receiving layer from a portion
of the one surface of the thermally expandable sheet,
and

a region other than the portion is where the second ink

receiving layer remains.

6. The thermally expandable sheet according to claim 1,
further comprising an electromagnetic wave heat conversion
layer on another surface of the base for converting electro-
magnetic waves to heat.

7. The thermally expandable sheet according to claim 1,
further comprising an electromagnetic wave heat conversion
layer on the first ink receiving layer or on the second ink
receiving layer.

8. A production method for a thermally expandable sheet,
comprising:

forming a thermally expansive layer on one surface of a

base; and

forming a first ink receiving layer on the thermally

expansive layer for receiving ink;

providing a film on the first ink receiving layer; and

forming a second ink receiving layer on the film for

receiving ink, wherein
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the first ink receiving layer is formed using a material that
provides a texture different from a texture of the second
ink receiving layer.

9. The production method according to claim 8, further
comprising forming the second ink receiving layer using a
material that provides a glossy texture.

10. A 2.5D image forming method, comprising:

using a thermally expandable sheet comprising a ther-

mally expansive layer formed on one surface of a base,
a first ink receiving layer that is formed on the ther-
mally expansive layer for receiving ink, a film provided
on the first ink receiving layer, and a second ink
receiving layer that is formed on the film for receiving
ink, the first ink receiving layer being formed of a
material that provides a texture different from a texture
of the second ink receiving layer;

forming of a second image on the second ink receiving

layer;

removing at least a portion of the film and exposing the

first ink receiving layer;

forming of a first image on the first ink receiving layer that

is exposed;

forming of a first electromagnetic wave heat conversion

layer for converting electromagnetic waves to heat on
another surface of the base; and

irradiating of the first electromagnetic wave heat conver-

sion layer with electromagnetic waves thereby causing

at least a portion of the thermally expansive layer to

distend, wherein

the film is removed such that a region where the second
image is printed or to be printed remains.

11. The 2.5D image forming method according to claim
10, further comprising:

forming of a second electromagnetic wave heat conver-

sion layer on the second ink receiving layer, prior to the
forming of the second image; and
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irradiating of the second electromagnetic wave heat con-
version layer with electromagnetic waves thereby caus-
ing at least a portion of the thermally expansive layer
to distend.

12. The 2.5D image forming method according to claim
10, wherein the first electromagnetic wave heat conversion
layer is formed at a position on the another surface of the
base corresponding to the first image.

13. The 2.5D image forming method according to claim
10, further comprising:

forming of a second electromagnetic wave heat conver-

sion layer for converting electromagnetic waves to heat
on the second ink receiving layer;

irradiating of the second electromagnetic wave heat con-

version layer with electromagnetic waves thereby caus-
ing at least a portion of the thermally expansive layer
to distend;

removing the second ink receiving layer and the film and

exposing the first ink receiving layer after a region
where the second electromagnetic wave heat conver-
sion layer has distended; and

forming of the first image on the first ink receiving layer

that is exposed.

14. The 2.5D image forming method according to claim
10, further comprising:

forming of a third electromagnetic wave heat conversion

layer for converting electromagnetic waves to heat on
the another surface of the base; and

irradiating of the third electromagnetic wave heat con-

version layer with electromagnetic waves thereby caus-
ing at least a portion of the thermally expansive layer
to distend.

15. The 2.5 image forming method according to claim 10,
wherein the forming of the first image and the forming of the
second image are performed at the same time after the
removing of the film.
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