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Description
Technical Field

[0001] The presentinvention relates to a printing meth-
od and a printing system.

Background Art

[0002] An inkjet offset printing method is described in
Patent Document 1. The method described in this pub-
lication includes a first step of printing a UV ink image on
a flat original sheet by using inkjet printing with a UV ink,
a second step of irradiating the UV ink image with UV or
an electron beam to bring the UV ink image to a semi-
dry state while the UV ink image is being printed or im-
mediately after the UV ink image is printed, a third step
of transferring the semi-dry UV ink image to an elastic
blanket surface, a fourth step of offset printing the trans-
ferred UV ink image from the elastic blanket to a printing
object, and a step of drying and fixing the UV ink image
formed by the offset printing.

Citation List
Patent Literature

[0003]
2006)

PTL 1: JP-A-2006-130725 (published May 25,

Summary of Invention
Technical Problem

[0004] In the foregoing conventional technique, the
second step of bringing the UV ink to a semi-dry state
immediately after the printing involves UV irradiation that
makes the ink viscosity 0.1to 300 PaS in terms of a stand-
ard UV ink viscosity at 25°C.

[0005] However, the printed image quality is limited in
the offset printing (pad printing) when the first step of
printing a UV ink image on a flat original sheet is per-
formed by multi-pass printing, and when the second step
is performed while printing the UV ink image.

[0006] The presentinventors diligently worked to find
the cause of this drawback, and identified the following
finding. In the technique described in Patent Document
1, the portion printed first is exposed to more UV light
than the subsequently printed portions when the print is
made in the multi-pass mode. Accordingly, the extent of
curing differs for each pass of the printed UV ink, and the
ink transfer characteristics vary greatly. The result is that
a stable, high-image-quality printing result cannot be ob-
tained.

[0007] Itis accordingly an object of the present inven-
tion to provide a printing method that enables a stable,
high-image-quality printing result to be obtained in offset
printing that uses a curable resin-containing ink such as
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a UV ink in multi-pass printing.
Solution to Problem

[0008] In order to solve the foregoing problem, a print-
ing method according to the present invention includes:

an applying step of applying a curable resin-contain-
ing ink onto a transfer sheet;

a heating and thickening step of heating the ink on
the transfer sheet to increase viscosity of the ink;

a transfer step of directly or indirectly transferring the
ink on the transfer sheet to a printing target; and

a curing step of curing the ink on the printing target.

[0009] With this configuration, a stable, high-image-
quality printing result can be obtained in digital printing
that uses a curable ink such as a UV ink in multi-pass
printing.

[0010] Further, with the foregoing configuration, a sta-
ble, high-image-quality printing result can be obtained in
offset printing that uses a curable ink such as a UV ink
in multi-pass printing or one-pass inkjet printing.

[0011] A printing system according to the present in-
vention includes:

applying means that applies a curable resin-contain-
ing ink onto a transfer sheet;

heating means that dries the ink on the transfer sheet
to increase viscosity of the ink;

transfer means that directly or indirectly transfers the
ink on the transfer sheet to a printing target; and
curing means that cures the ink on the printing target.

[0012] With this configuration, stable, high-image-
quality printing can be performed in offset printing that
uses a curable resin-containing ink such as a UV ink in
multi-pass printing. Further, stable, high-image-quality
printing can be performed more desirably when the ink
is a solvent-diluted UV ink.

[0013] Other objects, features, and advantages of the
present invention will be more clearly understood from
the following descriptions. The advantages of the present
invention will be apparent from the following descriptions
taken in conjunction with the accompanying drawings.

Advantageous Effects of Invention

[0014] An advantage of the present invention is that a
stable, high-image-quality printing result can be obtained
in offset printing that uses a curable resin-containing ink
such as a UV ink in multi-pass or one-pass inkjet printing.
Brief Description of Drawings

[0015]

[Fig. 1] FIG. 1 is a diagram schematically represent-
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ing a printing method according an embodiment of
the present invention.

[Fig. 2] FIG. 2 is a diagram schematically represent-
ing a printing method according another embodi-
ment of the present invention.

[Fig. 3] FIG. 3 is a diagram schematically represent-
ing a printing method according yet another embod-
iment of the present invention.

Description of Embodiments

[0016] Embodiments of the present invention are de-
scribed below in detail.

[0017] A printing method according to the present in-
vention includes an applying step of applying a curable
resin-containing ink onto a transfer sheet, a heating and
thickening step of heating the ink on the transfer sheet
to increase the viscosity of the ink, a transfer step of di-
rectly or indirectly transferring the ink on the transfer
sheet to a printing target, and a curing step of curing the
ink on the printing target.

[0018] In the present invention, the original sheet
(transfer sheet) is heated to bring the printed image (ink)
to a dry state on the original sheet. This is in contrast to
the related art in which the UV ink is brought to a semi-
dry state by irradiation, whereas the ink is heated to dry
in the present invention.

[0019] The mechanism by which the UV ink is partially
cured to achieve the semi-dry state by UV irradiation is
the crosslinking of monomer (resin formation). On the
other hand, the mechanism involved in the heating of an
original sheet is the evaporation of components other
than the curable resin, for example, such as a solvent,
and/or the thermal curing of the curable resin itself. With
this mechanism, the contents of components (e.g., sol-
vent) other than the curable resin do not differ greatly in
the portion printed first and the subsequently printed por-
tions, and become more uniform in these printed por-
tions. Accordingly, the efficiency at which components
(e.g., solvent) other than the curable resin are removed
by drying, and/or the extent of the thermal curing of the
curable resin itself in response to drying tend to be more
uniform in the first and the subsequent printed portions,
and the transfer characteristics become less variant. A
stable, high-image-quality printing result can thus be ob-
tained in printing (for example, pad printing) that uses a
curable resin-containing ink such as a UV ink in multi-
pass printing. The method according to the present in-
vention is also applicable to one-pass inkjet printing.
[0020] As used herein, "curable resin" refers to resins
that cure in response to external stimuli. For example,
the curable resin is a high-viscosity resin that contains a
monomer and/or an oligomer, and that cures under en-
ergy rays such as ultraviolet light (hereinafter, also re-
ferred to simply as "UV"). Specific examples include ul-
traviolet curable resins that cure upon exposure to ultra-
violet light, electron beam curable resins that cure upon
exposure to an electron beam, heat curable resins (such
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as epoxy resin) that cure under heat, and heat-dry cur-
able resins (such as a latex ink, and a solvent ink) that
cure by being dried. When using heat-dry curable resins
such as a latex ink and a solvent ink, the heating and
thickening step and the curing step (described later) may
be performed by heating the ink to dry.

[0021] Examples of the curable resin-containing inkin-
clude a solvent-diluted ink containing a curable resin and
a solvent. For example, when the curable resin-contain-
ing ink is an ink containing a high-viscosity UV curable
resin and a solvent, drying the ink by evaporating the
solvent in the heating and thickening step leaves the UV
curable resin and increases viscosity, and irradiation of
the ink with ultraviolet light in the curing step cures the
UV curable resin and thus the ink. Such an ink containing
a curable resin and a solvent makes it easier to perform
the heating and thickening step and the curing step.
[0022] The UV curable resin may be a cation polym-
erizable resin, a radical polymerizable resin, or a mixture
of these. The UV curable resin may have a viscosity as
may be decided according to the intended purpose, and
may be, for example, a low-viscosity or high-viscosity
monomer or oligomer. For example, the viscosity is 30
mPa-sec or more, preferably 40 mPa-sec or more, more
preferably 100 mPa-sec or more, and 200, 000 mPa-sec
or less, preferably 100,000 mPa-sec or less, more pref-
erably 1,000 mPa-sec or less.

[0023] The solvent may be appropriately decided ac-
cording to, for example, the type of the curable resin.
[0024] As a specific method of the applying step, any
method may be used that applies an ink onto a transfer
sheet, and, for example, an inkjet method may be used.
As an example, the applying step may be a step in which
a solvent-diluted ink of reduced viscosity for ejection
through an inkjet head is applied onto a transfer sheet.
[0025] Theink may have a viscosity as may be decided
according to the intended purpose. Preferably, the vis-
cosity is 3 mPa-sec to 40 mPa-sec, more preferably 20
mPa-sec or less at 25°C in the state before the heating
and thickening step. This is to make the ejection of the
ink through an inkjet head easier.

[0026] Preferably, the heating and thickening step
thickens the ink to a viscosity of preferably 30 mPa-sec
or more, more preferably 40 mPa-sec or more, and pref-
erably 100,000 mPa-sec or less, more preferably 10,000
mPa-sec or less. With these viscosity ranges, the ink can
have a form of a liquid or a paste with a sufficiently high
viscosity that does not cause bleeding, and that provides
adhesion preferable for transfer.

[0027] As a specific method of the heating and thick-
ening step, for example, the ink may be heated to dry
and increase viscosity by evaporating the water content
in the curable resin. For example, the heating and thick-
ening step is a step of heating the solvent-diluted ink to
evaporate the ink solvent and increase viscosity.
[0028] In the printing method according to the present
invention, the solvent content with respect to the total ink
amount when the ink contains a solvent may be appro-
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priately decided according to the intended purpose, and
is preferably 20 weight% to 95 weight%. With this range,
the drying can remove 80% of the solvent, and increase
the ink viscosity. The foregoing range is also preferable
from the standpoint of providing glossiness for the printed
surface.

[0029] Theinkcolorisnotlimited, and the inkmay have
ordinary colors, for example, such as Y (yellow), M (ma-
genta), C (cyan), and K (black), or various other colors,
including, for example, specific colors such as pale
shades of these ordinary colors, white, metallic, clear,
and combinations of these.

[0030] Various materials may be used for the transfer
sheet according to the intended purpose. Preferably, the
transfer sheet is made of an elastic material to make the
transfer easier when the printing target has a non-flat
surface such as a curved surface. More preferably, the
material of the transfer sheetis one that can deform along
the shape of the printing surface of the printing target.
More specifically, for example, a silicon rubber may pref-
erably be used as the material of the transfer sheet. Other
than silicon rubber, rubbers and elastomer resins such
as fluoro rubber, butyl rubber, chloroprene rubber, ure-
thane rubber, butadiene rubber, neoprene, and EPDM
may be used either alone, or in combination as a com-
posite material, as may be decided according to the in-
tended purpose. Further, fillers such as talc, metal oxide,
glass powder, resin powder, and fiber may be added to
vary the sheet elasticity or hardness. By using these ma-
terials, the inked surface of the transfer sheet can be
transferred to the printing target by being directly pressed
against the printing target in contact with the transfer
sheet. This makes it easier to perform the transfer step.
[0031] When the transfer sheet is disposable, the
transfer sheet may be made of a material that does not
restore its shape, instead of using a material, such as
rubber, thatreturns to the original shape when the applied
pressure is removed. Examples of such non-restoring
materials include thermoplastic thin resin films such as
a laminate film.

[0032] The hardness and the thickness of the transfer
sheetmay be appropriately varied according to the shape
of the printing target. For example, the transfer sheet
preferably has lower hardnesses and thinner thicknesses
as the shape of the printing target becomes more com-
plex. When the printing target is a flat plate, the transfer
sheet may have a form of a rubber plate.

[0033] When directly pressing the transfer sheet
against the printing target, it is preferable to apply pres-
sure from the opposite side from the inked surface with
a pressing member such as a pad (transfer means; here-
inafter, simply "pad") of a shape that can evenly apply
pressure. In this way, the ink can transfer under the force
of more evenly distributed pressure.

[0034] When a UV curable ink diluted with a solvent is
used, it is possible to use a method that transfers the ink
from the transfer sheet to a bracket, and prints the bracket
to a printing target. However, this may involve cooling of
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the ink when the warmed ink on the transfer sheet is
transferred to the bracket, and to the printing target. In
other words, there are cases where the ink transfer tem-
perature varies at the time of the transfer to the bracket
and the transfer to the printing target, and varies the
transfer rate. This can be preferably avoided by the direct
transfer from the transfer sheet to the printing target.
[0035] Inthe transfer step, the high-viscosity ink on the
transfer sheet is directly or indirectly transferred to the
printing target. The transfer from the transfer sheet to the
printing target may be direct or indirect in the transfer
step. However, the direct transfer is more preferable for
the reasons described above. Note that "direct transfer"
means directly pressing and contacting the transfer sheet
to the printing target, whereas "indirect transfer" involves
a transfer from the transfer sheet to an object such as a
bracket, and to the printing target. More than one such
object may be used. However, the number of objects
should preferably be as small as possible from the stand-
point of transfer rate.

[0036] The transfer step may be performed at room
temperature. However, for more stable transfer, the
transfer step may be performed under adjusted temper-
ature conditions such as by insulation or heating to pro-
vide a constant transfer environment or constant film flex-
ibility.

[0037] The transfer may be performed color by color,
or in full color, for example, by transferring a two-color,
four-color, or six-color printed image at once.

[0038] There is a viscosity gradient in the ink because
the drying of the ink proceeds from the surface in the
heating and thickening step performed before the trans-
fer step. Specifically, the viscosity of the ink is higher on
the side of the ink surface in contact with the transfer
sheet than on the ink applied surface side. Because of
the viscosity gradient, the ink is desirably transferred to
the transfer sheet.

[0039] In the curing step, the ink may be cured by ap-
propriately using a method as may be decided according
to the type of the ink. For example, when the ink is a UV
curable ink, the ink may be irradiated with UV with a UV
irradiator at UV wavelengths that can reach inside of the
ink.

Embodiment 1

[0040] An embodiment of the printing method accord-
ing to the present invention is described below with ref-
erence to FIG. 1. FIG. 1 is a diagram schematically rep-
resenting the printing method according to the present
embodiment.

[0041] The present embodiment will be described
through the case where the ink is a UV curable ink pre-
pared by diluting a UV curable resin with a solvent.
[0042] As illustrated in (a) of FIG. 1, an inkjet head
(applying means) 12 is used to apply the UV curable ink
onto a transfer sheet 10 of a material such as silicon
rubber on a flat plate (applying step). The transfer sheet
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10 is attached to a holder 14 to maintain flatness, and
improve operability.

[0043] Thereafter, aheater (heating means) 13 is used
to heat and dry the ink on the transfer sheet 10 by evap-
orating the solvent (heating and thickening step). Here,
the solvent is evaporated to adjust viscosity to such an
extent that the ink does not bleed, and maintains adhe-
sion sufficient to enable transfer. As a result, a tempo-
rarily cured printimage 11 is formed on the transfer sheet
10. Note that the term "temporary cure" is used to refer
to the state where the solvent has evaporated to increase
the viscosity of the ink.

[0044] The heater 13 may be realized by various
means, including, for example, a ceramic heater, a tung-
sten heater, a sheathed wire heater, a far infrared heater,
an IH heater, a hot-air heater, and combinations of these.
[0045] The heating temperature by the heater 13 is,
for example, preferably 40°C to 70°C for 5 seconds to 5
minutes, more preferably 1 minute or less.

[0046] For ease of ejection through the head, the vis-
cosity of the solvent-diluted UV curable ink in the present
embodiment is preferably 3 mPa-sec to 40 mPa-sec at
room temperature, more preferably 20 mPa-sec or less.
The heating and thickening step by the heater 13 may
thicken the ink to, for example, a viscosity of 30 mPa-sec
or more, more preferably 40 mPa-sec or more, and, for
example, 200,000 mPa-sec or less, more preferably
100,000 mPa-sec or less, further preferably 10,000
mPa-sec or less. With these viscosity ranges, the UV
curable ink can have a form of a liquid or a paste with a
sufficiently high viscosity that does not cause bleeding,
and that provides adhesion preferable for transfer.
[0047] Thereafter, the transfer sheet 10 is moved be-
tween a printing target 15 and a pad (transfer means)
16, as illustrated in (b) of FIG. 1. In the present embod-
iment, the printing target 15 is shown as a simple sphere.
However, the shape of the printing target used for printing
by the printing method according to the present invention
is not limited to this, and various shapes of printing target
may be used for printing.

[0048] As illustrated in (c) of FIG. 1, the pad 16 is
pressed in the direction of arrow A to bring the surface
(surface with the temporarily cured print image 11) of the
transfer sheet 10 into contact with the printing surface of
the printing target 15. This transfers the temporarily cured
print image 11 to the printing target 15 (transfer step).
[0049] The applied pressure flattens the temporarily
cured printimage 11. The drawback of inkjet printing us-
ing a UV curable ink, specifically the matting problem that
removes glossiness from surface can be overcome, and
a high glossy image can be obtained. If a matte look is
desired, a matte surface may be provided for the transfer
sheet 10.

[0050] The pad 16 is preferably made of an elastic ma-
terial, more preferably a material that can evenly apply
pressure to the target. Examples of possible materials
include a soft rubber, a hard rubber, a sponge, and a bag
filled with liquid, powder, or gas. It is also possible to use
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materials such as metal, pursuit, wood, and felt when the
transfer sheet has a form of a flat plate as in Embodiment
3 to be described later.

[0051] Thereafter, as illustrated in (d) of FIG. 1, a UV
irradiator (curing means) 17 is moved in the direction of
arrow B as the UV irradiator 17 irradiates the temporarily
cured print image 11 on the printing target 15 with ultra-
violetlightin the direction of arrow C. The irradiation cures
the whole temporarily cured printimage 11 on the printing
target 15 (curing step). The cure by the curing step will
be referred to as "permanent cure" to distinguish it from
the cure that increases viscosity in the heating and thick-
ening step.

[0052] Examples ofthe specific configuration of the UV
irradiator 17 include a UV-LED lamp, a metal halide lamp,
a black light, a sterilizing lamp, a xenon lamp, and com-
binations of these. The UV-LED wavelength may be, for
example, 350 nm to 410 nm.

[0053] For any subsequent printing, a cleaning sheet
18 is used to clean the transfer sheet 10, as illustrated
in (e) of FIG. 1. For example, the cleaning sheet 18 is
slid to wipe away any remaining ink, dust, and other ma-
terials from the transfer sheet 10 under the pressure of
the pad 16 pressed in the direction of arrow A. The trans-
fer sheet 10 and the pad 16 may be washed with the use
of an alcohol or the like.

[0054] An advantage of the present embodimentis the
ease of control of transfer rate. When a solvent-diluted
UV curable ink is used, the ink may be transferred from
the transfer sheet to a bracket, and to the printing target,
as noted above. However, this may involve cooling of the
ink when the warmed ink on the transfer sheet is trans-
ferred to the bracket, and to the printing target. It is there-
fore more preferable to directly transfer the ink from the
transfer sheet to the printing target as in the present em-
bodiment, because it can suppress a temperature drop
of the ink.

[0055] The present embodiment does not require fab-
rication of a printing plate, and can print on a variety of
curved surfaces in small volumes, both quickly and at
low cost. Further, because only a single transfer is re-
quired, less color misalignment and less bleeding occur
inthe transfer as compared to the conventional pad print-
ing that requires two transfers (the indirect transfer from
the transfer sheet to the printing target).

Embodiment 2

[0056] Another embodiment of the printing method ac-
cording to the present invention is described below with
reference to FIG. 2. For convenience of explanation,
members having the same functions as those described
in Embodiment 1 with reference to the accompanying
drawing are given the same reference numerals, and ex-
planations thereof will be omitted. The present embodi-
ment will be described by focusing on primarily differenc-
es from Embodiment 1.

[0057] As illustrated in (a) in FIG. 2, the inkjet head 12
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applies the UV curable ink onto the transfer sheet 10
fixed to maintain flatness with the holder 14 (applying
step).

[0058] Thereafter, the heater 13 heats the ink to dry
on the transfer sheet 10 by evaporating the solvent (heat-
ing and thickening step). As a result, the temporarily
cured print image 11 is formed on the transfer sheet 10.
[0059] As illustrated in (b) of FIG. 2, the printing target
15 is housed in a vacuum chamber (housing) 21. The
opening of the vacuum chamber 21 is then covered with
the transfer sheet 10 oriented to place the temporarily
cured printimage 11 inside the vacuum chamber 21. Spe-
cifically, the holder 14 is set at the end of the opening.
This seals the vacuum chamber 21. The vacuum cham-
ber 21 has an outlet 22.

[0060] Thereafter, as illustrated in (c) of FIG. 2, the air
inside the vacuum chamber 21 is released through the
outlet 22 to create a reduced pressure inside the vacuum
chamber 21. The reduced pressure bends the transfer
sheet 10 inward into the vacuum chamber. On the other
hand, the printing target 15 moves in the direction of ar-
row A, and contacts the transfer sheet 10. Upon contact,
the temporarily cured printimage 11 is transferred to the
printing target 15 (transfer step). Alternatively, the shape
of the vacuum chamber 21 may be adjusted in a manner
that allows the transfer sheet 10 to contact the printing
target 15 under the force of the air pressure applied to
the transfer sheet 10 from outside of the vacuum chamber
21.

[0061] As illustrated in (d) of FIG. 2, the UV irradiator
17 is then moved in the direction of arrow B as itirradiates
the temporarily cured printimage 11 on the printing target
15 with ultraviolet light in the direction of arrow C. The
irradiation cures the whole temporarily cured printimage
11 on the printing target 15 (curing step).

[0062] Foranysubsequentprinting, the cleaning sheet
18 is used to clean the transfer sheet 10, as illustrated
in (e) of FIG. 2

[0063] An advantage of the present embodimentis the
ease of control of transfer rate, as in Embodiment 1.
[0064] The present embodiment does not require fab-
rication of a printing plate, and can print on a variety of
curved surfaces in small volumes, both quickly and at
low cost. Further, because only a single transfer is re-
quired, less color misalignment and less bleeding occur
in the transfer as compared to the conventional pad print-
ing that requires two transfers (the indirect transfer from
the transfer sheet to the printing target).

[0065] The present embodiment enables a direct
transfer from the transfer sheet to the printing target with-
out using the pad. Further, the method makes it easier
to perform a transfer to a large-area printing target having
large irregularities. This is made possible by the use of
the atmospheric pressure, which makes it easier to more
evenly apply pressure.
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Embodiment 3

[0066] Yetanother embodiment of the printing method
according to the present invention is described below
with reference to FIG. 3. For convenience of explanation,
members having the same functions as those described
in Embodiment 1 with reference to the accompanying
drawing are given the same reference numerals, and ex-
planations thereof will be omitted. The present embodi-
ment will be described by focusing on primarily differenc-
es from Embodiment 1.

[0067] Unlike Embodiments 1 and 2, the present em-
bodiment involves the indirect transfer from a transfer
sheet 30 to the printing target 15. Specifically, the ink is
transferred from the transfer sheet 30 to the pad 16, and
to the printing target 15.

[0068] First, as illustrated in (a) of FIG. 3, the inkjet
head 12 is used to apply the UV curable ink onto the
transfer sheet 30 having a form of a plate (applying step).
Unlike the transfer sheets 10 of Embodiments 1 and 2,
the transfer sheet 30 has a form of a plate, and is not
elastic, and is non-deformable along the shape of the
printing target.

[0069] Thereafter, the heater 13 heats the ink to dry
on the transfer sheet 30 by evaporating the solvent (heat-
ing and thickening step). As a result, the temporarily
cured print image 11 is formed on the transfer sheet 30.
[0070] As illustrated in (b) of FIG. 3, the pad 16 is then
moved in the direction of arrow A, and pressed against
the temporarily cured printimage 11 on the transfer sheet
30. As aresult, the temporarily cured printimage 11 trans-
fers to the pad 16. FIG. 3, (c) depicts the state after the
first transfer.

[0071] Thereafter, asillustrated in (d) of FIG. 3, the pad
16 is pressed against the printing target 15 in contact
therewith to transfer the temporarily cured printimage 11
to the printing target 15 under the applied pressure. For
improved adhesion between the printing target 15 and
the pad 16, the ink may be heated before or after being
transferred to the pad 16.

[0072] Finally, as illustrated in (e) of FIG. 3, the UV
irradiator 17 is moved in the direction of arrow B as it
irradiates the temporarily cured print image 11 on the
printing target 15 with ultraviolet light in the direction of
arrow C. The irradiation cures the whole temporarily
cured print image 11 on the printing target 15 (curing
step).

Printing System

[0073] A printing system according to the present in-
vention includes applying means that applies a curable
resin-containing ink onto a transfer sheet, heating means
that dries the ink on the transfer sheet to increase vis-
cosity of the ink, transfer means that directly or indirectly
transfers the ink on the transfer sheet to a printing target,
and curing means that cures the ink on the printing target.
[0074] The inkjet head 12, the heater 13, the pad 16,
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and the UV irradiator 17 of Embodiment 1 are embodi-
ments of the applying means, the heating means, the
transfer means, and the curing means, respectively. That
is, an embodiment of the printing system according to
the present invention follows the descriptions of Embod-
iment 1 and FIG. 1.

Additional Remarks

[0075] As described above, an embodiment of the
printing method according to the present invention in-
cludes an applying step of applying a UV curable resin-
containing solvent-diluted ink onto the transfer sheet 10,
a heating and thickening step of heating the ink on the
transfer sheet 10 to increase viscosity of the ink, a trans-
fer step of directly transferring the ink on the transfer
sheet 10 to the printing target 15, and a curing step of
curing the ink on the printing target 15. In this way, a
stable, high-image-quality printing result can be obtained
in digital pad printing that uses a UV ink or the like in
multi-pass printing.

[0076] Further, because the UV curable ink contains a
solvent, the ink viscosity can be increased by drying the
ink and evaporating the solvent.

[0077] Preferably, the UV curable ink has a viscosity
of 3 mPa-sec to 40 mPa-sec at 25°C before the heating
and thickening step. In this way, the ink can be desirably
applied in the applying step without bleeding on the print-
ing target 15.

[0078] Preferably, the heating and thickening step
dries the ink by evaporating the solvent in the UV curable
ink. In this way, the ink viscosity can be easily increased
in the heating and thickening step.

[0079] Further, because the UV curable ink can be
cured by irradiation of UV light in the curing step, the
curing step can be easily performed by simply irradiating
UV light.

[0080] Preferably, the transfer step directly transfers
the ink by pressing the inked surface of the transfer sheet
10 against the printing target 15. The transfer rate can
easily be controlled according to this embodiment. Fur-
ther, because fabrication of a printing plate is not re-
quired, a variety of curved surfaces can be printed in
small volumes, both quickly and at low cost. Further, be-
cause only a single transfer is required, less color mis-
alignment and less bleeding occur in the transfer as com-
pared to the pad printing that requires two transfers. Pref-
erably, the transfer sheet 10 is pressed with the pad 16
from the opposite side of the inked surface. Efficient
transfer is possible by applying pressure with the pad 16.
[0081] Preferably, the transfer sheet 10 is deformable
along the shape of the printing surface of the printing
target 15. In this way, the printing target can be selected
from a variety of shapes.

[0082] The transfer sheet 10 is preferably a silicon-
based rubber, more preferably a silicon rubber. In this
way, the printing target 15 can be selected from a variety
of shapes.
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[0083] Preferably, the pad 16 has elasticity. The pad
16 is not limited to rubber, and may be of shapes or ma-
terials that can deform along the irregularities, and exert
certain pressure. For example, a balloon-like bag filled
with air or liquid, or a sponge may be used to apply pres-
sure for the transfer. In this way, the printing target can
be selected from a variety of shapes.

[0084] The transfer sheet 10 may have elasticity, and
the transfer step may include:

placing the transfer sheet 10 after the heating and
thickening step in the vacuum chamber 21 having
the outlet 22, or installing the transfer sheet 10 after
the heating and thickening step to cover an opening
of the vacuum chamber 21 when the vacuum cham-
ber 21 has an opening other than the outlet 22;
placing the printing target 15 inside the vacuum
chamber 21; and

sucking air inside the vacuum chamber 21 through
the outlet 22 to create a reduced pressure inside the
vacuum chamber 21, and contact and transfer the
transfer sheet 10 to the printing target 15.

[0085] This makes it easier to control the transfer rate.
Further, fabrication of a printing plate is not required, and
a variety of curved surfaces can be printed in small vol-
umes, both quickly and at low cost. Further, because only
a single transfer is required, less color misalignment and
less bleeding occur in the transfer as compared to the
pad printing thatrequires two transfers. Further, the direct
transfer from the transfer sheet 10 to the printing target
15 is possible without using the pad 16 of Embodiment
1. Further, it becomes easier to perform a transfer to a
large-area printing target having large irregularities. This
is made possible by the use of the atmospheric pressure,
which makes it easier to more evenly apply pressure.
[0086] The transfer step may be adapted to indirectly
transfer the ink from the transfer sheet 10 to the printing
target 15 by pressing the pad 16 against the transfer
sheet 10 after the heating and thickening step to transfer
theinktothe pad 16, and then pressing the pad 16 against
the printing target 15 to transfer the ink. By transferring
the ink to the pad 16, and to the printing target 15, a
stable, high-image-quality printing result can be obtained
in multi-pass inkjet digital pad printing.

[0087] An embodiment of the printing system accord-
ing to the present invention includes the inkjet head 12,
the heater 13, the pad 16, and the UV irradiator 17. In
this way, a stable, high-image-quality printing result can
be obtained in offset printing that uses a UV curable ink
in multi-pass printing.

[0088] As described above, itis preferable in the print-
ing method according to the present invention that the
ink contain the curable resin and a solvent.

[0089] With this configuration, the ink viscosity can be
increased by drying the ink and evaporating the solvent.
[0090] Itis preferable in the printing method according
to the present invention that the ink have a viscosity of 3
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mPa-sec to 40 mPa-sec at 25°C before the heating and
thickening step.

[0091] With this configuration, the ink can be desirably
applied in the applying step without bleeding on the print-
ing target.

[0092] Itis preferable in the printing method according
to the present invention that the heating and thickening
step dry the ink by evaporating the solvent in the ink.
[0093] With this configuration, the ink viscosity can be
easily increased in the heating and thickening step.
[0094] Itis preferable in the printing method according
to the present invention that the curable resin be a ultra-
violet curable resin, and that the curing step irradiate the
ink with UV light.

[0095] With this configuration, the curing step can be
easily performed by simply irradiating UV light.

[0096] Itis preferable in the printing method according
to the present invention that the transfer step directly
transfers the ink by pressing the inked surface of the
transfer sheet against the printing target.

[0097] With this configuration, the transfer rate can be
controlled more easily. Further, fabrication of a printing
plate is not required, and a variety of curved surfaces
can be printed in small volumes, both quickly and at low
cost. Further, because only a single transfer is required,
less color misalignment and less bleeding occur in the
transfer as compared to the pad printing that requires
two transfers.

[0098] Itis preferable in the printing method according
tothe presentinventionthatthe transfer sheetbe pressed
with a flexible pressing member, such as a pad, from the
opposite side of the inked surface.

[0099] With this configuration, the ink can be more ef-
ficiently transferred by the applied pressure of the press-
ing member, or the pad.

[0100] Itis preferable in the printing method according
to the present invention that the transfer sheet be de-
formable along the shape of the printing surface of the
printing target. Preferably, such deformation occurs at
room temperature or under applied heat.

[0101] With this configuration, the printing target can
be selected from a variety of shapes.

[0102] Itis preferable in the printing method according
to the presentinventionthatthe transfer sheet be a silicon
rubber that contains a silicon component.

[0103] With this configuration, the printing target can
be selected from a variety of shapes.

[0104] Itis preferable in the printing method according
to the present invention that the pad have elasticity. Pref-
erably, the pad also has flexibility.

[0105] With this configuration, the printing target can
be selected from a variety of shapes.

[0106] The printing method according to the present
invention may be adapted so that the transfer sheet has
elasticity, and that the transfer step includes:

placing the transfer sheet after the heating and thick-
ening step in a housing having an outlet, or installing
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the transfer sheet after the heating and thickening
step to cover a housing opening when the housing
has an opening other than the outlet;

placing the printing target inside the housing in ad-
vance; and

sucking air inside the housing through the outlet to
create a reduced pressure inside the housing, and
contact and transfer the transfer sheet to the printing
target.

[0107] Note that "elasticity" means flexibility, or elas-
ticity such as thermoplasticity at ordinary temperature or
under heat.

[0108] With this configuration, fabrication of a printing
plate is not required, and a variety of curved surfaces
can be printed in small volumes, both quickly and at low
cost. Further, because only a single transfer is required,
less color misalignment and less bleeding occur in the
transfer as compared to the pad printing that requires
two transfers. Further, the transfer method under re-
duced pressure makes it easier to perform a transfer to
a large-area printing target having large irregularities.
Thisis made possible by the use of the atmospheric pres-
sure, which makes it easier to more evenly apply pres-
sure.

[0109] The printing method according to the present
invention may be adapted so that the transfer step in-
cludes pressing a pad against the transfer sheet after the
heating and thickening step to transfer the ink to the pad;
and

pressing the pad against the printing target to indirectly
transfer the ink from the transfer sheet to the printing
target.

[0110] With this configuration, by transferring the ink
tothe pad, andtothe printing target, a stable, high-image-
quality printing result can be obtained in multi-pass digital
pad printing.

[0111] The present invention is not limited to the de-
scription of the embodiments above, but may be altered
in many ways within the scope of the claims. An embod-
iment based on a proper combination of technical means
disclosed in different embodiments is encompassed in
the technical scope of the present invention.

[0112] The embodiments and concrete examples of
implementation discussed in the foregoing detailed ex-
planation serve solely to illustrate the technical details of
the present invention, which should not be narrowly in-
terpreted within the limits of such embodiments and con-
crete examples, but rather may be applied in many var-
iations within the spirit of the present invention, provided
such variations do not exceed the scope of the patent
claims set forth below.

Industrial Applicability

[0113] The present invention is applicable to the field
of printing such as multi-pass printing.
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Reference Signs List

[0114]

10, 30:  Transfer sheet

11: Temporarily cured print image
12: Inkjet head (applying means)
13: Heater (heating means)

15: Printing target

16: Pad (pressing member, transfer means)
17: UV irradiator (curing means)
21: Vacuum chamber (housing)
22: Outlet

Claims

1. A printing method comprising:

an applying step of applying a curable resin-con-
taining ink onto a transfer sheet;

a heating and thickening step of heating the ink
on the transfer sheet to increase viscosity of the
ink;

a transfer step of directly or indirectly transfer-
ring the ink on the transfer sheet to a printing
target; and

a curing step of curing the ink on the printing
target.

The printing method according to claim 1, wherein
the ink contains a curable resin and a solvent.

The printing method according to claim 1, wherein
the ink has a viscosity of 3 mPa-sec to 40 mPa-sec
at 25°C before the heating and thickening step.

The printing method according to claim 2, wherein
the heating and thickening step evaporates the sol-
vent in the ink to dry the ink.

The printing method according to claim 1,

wherein the curable resin is a ultraviolet curable res-
in, and

wherein the curing step irradiates the ink with ultra-
violet light.

The printing method according to claim 1, wherein
the transfer step directly transfers the ink by pressing
the inked surface of the transfer sheet against the
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10.

1.

12.

13.

printing target.

The printing method according to claim 6, wherein
the transfer sheet is pressed with a pressing member
from the opposite side of the inked surface.

The printing method according to claim 6, wherein
the transfer sheet is deformable along a shape of a
printing surface of the printing target.

The printing method according to claim 8, wherein
the transfer sheet is a silicon rubber.

The printing method according to claim 7, wherein
the pressing member has elasticity.

The printing method according to claim 1,
wherein the transfer sheet has elasticity, and
wherein the transfer step includes:

placing the transfer sheet after the heating and
thickening step in a housing having an outlet, or
installing the transfer sheet after the heating and
thickening step to cover a housing opening when
the housing has an opening other than the outlet;
placing the printing target inside the housing in
advance; and

sucking air inside the housing through the outlet
to create areduced pressure inside the housing,
and contact and transfer the transfer sheet to
the printing target.

The printing method according to claim 1, wherein
the transfer step includes:

pressing a pressing member againstthe transfer
sheet after the heating and thickening step to
transfer the ink to the pressing member; and
pressing the pressing member against the print-
ing target to indirectly transfer the ink from the
transfer sheet to the printing target.

A printing system comprising:

applying means that applies a curable resin-
containing ink onto a transfer sheet;

heating means that heats the ink on the transfer
sheet to increase viscosity of the ink;

transfer means that directly or indirectly trans-
fers the ink on the transfer sheet to a printing
target; and

curing means that cures the ink on the printing
target.
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