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(54) INK, INKJET PRINTER, AND METHOD FOR PRINTING

(57) Provided is an ink which, when used in an inkjet
printer, can produce glossy and high-definition printed
images. The ink is prepared by adding n-hexane to a UV-
curable ink, which consists of a monomer, an oligomer,

a photopolymerization initiator, a sensitizer, a coloring
matter, and an additive and which exhibits a viscosity of
at least 30 mPa·sec (at 25°), so that the content of n-
hexane in the whole ink is adjusted to 75 wt% in order to
obtain an ink having a viscosity of 8 mPa·sec.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ink that is
used in an inkjet printer, the inkjet printer, and a method
for printing by which an image comprising an array of a
plurality of ink droplets is printed by spraying the ink drop-
lets from an inkjet head.

BACKGROUND ART

[0002] Solvent inks and UV (ultraviolet) curable inks
are examples of inks that are typically used in inkjet print-
ers. The solvent ink is primarily an ink in which a pigment
and a binder resin are dispersed in a volatile solvent. The
ink is sprayed from an inkjet head on the surface of a
medium (printing medium), and then the volatile solvent
in the ink is volatilized by using a heater that is arranged
beneath the printing medium. Consequently, the ink is
fixed on the surface of the printing medium leading to
printing of an image.
On the other hand, the UV (ultraviolet) curable ink con-
tains a pigment, an ultraviolet curable resin (monomer
or/and oligomer), polymerization initiator, etc. The UV ink
is sprayed from the inkjet head on the printing medium,
and then an ultraviolet light is irradiated by using an ul-
traviolet irradiation unit to cure the resin. Consequently,
the ink is fixed on the surface of the printing medium
leading to printing of an image.

[Conventional Art Documents]

[Patent Documents]

[0003] Patent Document 1: International Publication
No. 2004/094150

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] The solvent ink is advantages in that, because
the viscosity of the ink is low the ink spreads thinly on
the surface of the medium and the surface of the ink is
also flat, high-quality glossiness is obtained in the printed
image. However, there are disadvantages that because
the volatile organic solvent content is higher than 80 wt%
(percent by weight), the ink runs the moment it is depos-
ited on the printing medium, and therefore, a fine image
cannot be produced. Furthermore, it is necessary to use
vinyl chloride, rubber, or a special paper as a printing
medium so that the choice of the material of the printing
medium is limited.
The applicant has disclosed a technique for preventing
running of the ink in Patent Document 1. The inkjet printer
disclosed in this document includes a pre-heater that pre-
heats a supporting body, and a heater that quickly heats

the ink deposited on a platen (recording medium) ar-
ranged on the supporting body.
On the other hand, because the UV curable ink does not
contain VOC (volatile organic compound), it is echo-
friendly. Furthermore, the viscosity of the ink is high;
therefore, the ink does not spread easily so that a high-
definition image can be obtained. However, the high vis-
cosity of the ink causes a problem of clogging of the inkjet
head. As a measure to enable a stable discharge of the
ink from the inkjet head, the inkjet head is heated to re-
duce the viscosity of the ink being discharged. However,
upon deposition of the ink on the surface of the printing
medium, the temperature of the ink drops steeply leading
to a sudden increase in the viscosity of the ink. Therefore,
the ink sprayed from the inkjet head does not spread
easily, leading to formation of unevenness on the surface
of the ink. Furthermore, a UV lamp that is arranged inte-
grally with the inkjet head immediately irradiates a UV
light to cure the ink. Therefore, the unevenness is fixed
as it is formed, an image with a mat-finish is likely to form,
and hard strips are likely to form in a scanning direction
of the head. Reducing the viscosity of the ink by adding
an organic solvent to the UV curable ink, and thereby
reducing the unevenness of the surface of ink droplets
can be considered. However, there is a problem that the
ink droplets are likely to become thin and the UV sensi-
tivity of the droplets is likely to be lowered.
The present invention is made in view of the above dis-
cussion and it is an object of the present invention to
provide an ink, an inkjet printer, and a method for printing
by which a glossy and high-definition image having en-
hanced flatness without any unevenness can be printed.

MEANS FOR SOLVING THE PROBLEMS

[0005] To solve the above problems, the present in-
vention has following configuration.

(Configuration 1)

[0006] An ink having a viscosity greater than or equal
to 3 mPa·sec and less than or equal to 18 mPa·sec (at
25°C, which is the room temperature), and prepared by
adding a volatile organic solvent to a UV curable ink that
includes at least a pigment, an ultraviolet curable resin
curable by an ultraviolet light, and a photopolymerization
initiator, and has a viscosity of greater than or equal to
20 mPa·sec (at 25°C).

(Configuration 2)

[0007] In the ink according to Configuration 1, a con-
tent of the volatile organic solvent is greater than or equal
to 30 wt% and less than or equal to 90 wt%.

(Configuration 3)

[0008] In the ink according to Configuration 1, the vol-
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atile organic solvent is n-hexane.

(Configuration 4)

[0009] An inkjet printer including a supporting body that
supports a printing medium; an inkjet head that sprays
from a plurality of discharge ports an ink according to any
one of Configuration 1 to 3 causing ink droplets to be
deposited on a surface of the printing medium; a heating
unit that is arranged on at least one of a back side and
a font side of the printing medium, and that applies heat
to the ink droplets deposited on the surface of the printing
medium to remove the volatile organic solvent present
in the ink droplets by volatilization; and a UV irradiation
unit that irradiates the ink droplets on the surface of the
printing medium from which the volatile organic solvent
has been removed by volatilization with a UV light to cure
the ink droplets.

(Configuration 5)

[0010] A method for printing an image comprising an
array of a plurality of ink droplets on a surface of a printing
medium includes spraying an ink according to any one
of Claims 1 to 3 from a plurality of discharge ports of an
inkjet head and causing the ink droplets to be deposited
on the surface of the printing medium; applying heat to
the ink droplets deposited on the surface of the printing
medium with a heating unit arranged on at least one of
a back side and a front side of the printing medium to
remove the volatile organic solvent present in the ink by
volatilization; and irradiating the ink droplets with an ul-
traviolet light by a UV irradiation unit to cure and fix the
ink droplets on the surface of the printing medium.

ADVANTAGES OF THE INVENTION

[0011] Because a viscosity of an ink according to the
present invention is greater than or equal to 3 mPa·sec
and less than or equal to 18 mPa·sec, when used in an
inkjet printer the ink is sprayed smoothly from an inkjet
head without any clogging of the inkjet head. Further-
more, gentle unevenness of a surface of a plurality of ink
droplets deposited on a printing medium is flattened due
to removal of a volatile organic solvent by volatilization,
and a high-quality image with a high gloss can be ob-
tained by curing and fixing the ink with an ultraviolet light.
Furthermore, because an ultraviolet curable resin of high
viscosity of greater than or equal to 20 mPa·sec is used,
running of the ink is prevented by removing the volatile
organic solvent by volatilization with a heating unit, and
a high-definition image can be obtained. Moreover, be-
cause a thickness of the ink droplets that are deposited
is large, there is an advantage that the ink droplets exhibit
an excellent ultraviolet sensitivity.
A solvent ink, which is similar to the ink according to the
present invention in a viscosity thereof and presence of
an organic solvent, can be used for only printing on print-

ing mediums, such as, vinyl chloride, rubber, and special
papers meant for the solvent ink. However, the ink ac-
cording to the present invention can be used for printing
on a wide range of printing mediums, namely plastics,
such as, PET, PP, PC, acryl, metal, glass, etc.
[0012] In an inkjet printer according to the present in-
vention, the heating unit is arranged on at least one of a
back side and a front side of the printing medium. Con-
sequently, the volatile organic solvent present in the ink
droplets of the ink according to the present invention
mentioned above is removed by volatilization immediate-
ly upon their deposition on the printing medium, and
thereby the ink can be prevented from running. Further-
more, the surface of the ink droplets can be flattened by
removing the unevenness. The flattened ink droplets are
cured and fixed by a UV irradiation unit to obtain a glossy,
high-definition image.
[0013] In a method for printing according to the present
invention, the volatile organic solvent present in the ink
droplets is removed by volatilization by applying heat to
the ink droplets with the heating unit. Thereafter, the ink
droplets are irradiated with the ultraviolet light by the UV
irradiation unit to cure and fix them on a surface of the
printing medium. Consequently, the surfaces of the ink
droplets can be flattened, and a glossy, high-definition
image can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

FIG. 1 is a schematic top view of relevant parts of
an inkjet printer according to an embodiment of the
present invention.
FIG. 2 is a schematic side view of the inkjet printer
according to the embodiment of the present inven-
tion.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0015] Exemplary embodiments of an ink, an inkjet
printer, and a method for printing according to the present
invention are explained in detail below with reference to
the accompanying drawings.
Embodiments of the ink according to the present inven-
tion are explained first.

(Ink)

[0016] An ink according to an embodiment has a vis-
cosity of 10 mPa·sec at 25°C and it is prepared by adding
n-hexane of 60 wt% to 85 wt% having a viscosity of 0.32
(at 20°C) and a boiling point of 69°C to a UV curable ink
that contains monomer (55 wt% to 88 wt%) and oligomer
(0 wt% to 15 wt%), a photopolymerization initiator (6 wt%
to 13 wt%), a sensitizer (3 wt% to 30 wt%), a coloring
matter (pigment) (3 wt% to 6 wit%), and an additive (1
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wt% to 8 wt%; a dispersant, a leveling agent, and a po-
lymerization inhibitor), and that has a high viscosity of 30
mPa·sec to 300 mPa·sec (at 25°C).
For example, the ink having a viscosity of 8 mPa·sec can
be prepared by adding n-hexane to the UV curable ink
having a viscosity of approximately 30 mPa·sec (at 25°C)
such that a content of n-hexane in the whole ink is 75 wt%.
The monomer and oligomer are ultraviolet curable resins
that are cured by an ultraviolet light.
[0017] The ink is formed by using the UV curable ink
that contains monomer and/or oligomer, the photopoly-
merization initiator, the sensitizer, the coloring matter,
and the additive, and that has a viscosity greater than or
equal to 20 mPa·sec (at 25°C, which is the room temper-
ature). The viscosity of the ink is adjusted to greater than
or equal to 3 mPa·sec and less than or equal to 18
mPa·sec by suitably adjusting a content of the volatile
organic solvent. It is preferable that the viscosity of the
UV curable ink be greater than or equal to 20 mPa·sec
(at 25°C). However, it is more preferable that the viscosity
of the UV curable ink be 50 mPa·sec (at 25°C). If the
viscosity is less than 20 mPa·sec (at 25°C, the ink runs
heavily and quickly. If the viscosity is greater than or equal
to 20 mPa·sec (at 25°C) and less than 50 mPa·sec (at
25°C), the ink still runs; however, the running of the ink
is slower, and therefore, the fineness of the image is not
affected in the time it takes for the ink to be irradiated
with the ultraviolet light and cured. Furthermore, a high-
definition image can be obtained by controlling the dura-
tion of irradiation with the ultraviolet light. If the viscosity
is 50 mPa·sec (at 25°C), the running of the ink is not
noticeable. If the viscosity is 100 mPa·sec (at 25°C), the
running of the ink is almost absent and if the viscosity is
1000 mPa·sec (at 25°C), the running of the ink is totally
absent.
[0018] It is preferable that the content of the volatile
organic solvent be greater than or equal to 30 wt% and
less than or equal to 90 wt%. Furthermore, it is more
preferable that the content of the volatile organic solvent
be greater than or equal to 50 wt% and less than or equal
to 70 wt%.
Volatile organic solvents other than n-hexane can be
used. A volatile organic solvent, which has a contact an-
gle smaller than that of the UV curable ink, a viscosity of
less than or equal to 5 mPa·sec, more preferably, less
than or equal to 2 mPa·sec, and a boiling point of less
than or equal to 200°C, more preferably, less than or
equal to 160°C, can be suitably selected. Some of the
examples are isoparaffin hydrocarbons (Idemitsu Kosan
Co., Ltd: IP solvent 1016, IP solvent 1620, etc.), ketone,
such as, cyclohexanone, aromatic hydrocarbons, such
as, toluene and xylene, and esters, such as, dipropylene
glycol and mono-methyl ether acetate. Furthermore, the
volatile organic solvent need not be limited to one type,
i.e., a combination of a plurality of the volatile organic
solvents can be used.
[0019] The pigment, monomer and/or oligomer, and
photopolymerization initiator are not particularly limited.

Known pigments, monomers and/or oligomers, and pho-
topolymerization initiators can be suitably selected and
used. Furthermore, common sensitizers, and various ad-
ditives, such as, dispersants, leveling agents, and po-
lymerization inhibitors can be suitably selected and used.
[0020] The ink contains the volatile organic solvent,
and therefore, the viscosity of the ink at the room tem-
perature can be reduced. The volatile organic solvent
can be quickly removed by volatilization before UV curing
is performed. Therefore, an image with a high gloss and
a high-quality having enhanced flatness of the surface
of the ink droplets can be printed.
[0021] Embodiments of the inkjet printer and the meth-
od for printing according to the present invention are ex-
plained below. FIG. 1 is a schematic top view of relevant
parts of an inkjet printer according to an embodiment of
the present invention, and FIG. 2 is a schematic side view
of the inkjet printer.

(Inkjet Printer)

[0022] An inkjet printer 10 according to an embodiment
includes a platen (supporting body) 12 that supports a
medium (recording medium) 11; an inkjet head 13 that
sprays ink from a plurality of discharge ports and causes
ink droplets to be deposited on a surface of the recording
medium 11 while moving in an X direction (in a horizontal
direction of a sheet surface); a print heater (heating unit)
17 that is positioned on the back side of the recording
medium 11, that applies heat to the ink droplets deposited
on the surface of the recording medium 11, and removes
by volatilization the volatile organic solvent present in the
ink droplets; and a UV irradiation unit 16 that is arranged
frontward in a moving direction (Y direction) of the re-
cording medium 11, that irradiates the ultraviolet light on
the ink droplets on the surface of the recording medium
11 from which the volatile organic solvent is removed by
volatilization, and cures the ink droplets.
[0023] The inkjet head 13 sprays the ink droplets from
not shown nozzles that are arranged in a line at the bot-
tom thereof using a piezo method, etc. The inkjet head
13 is fixed to a unit mount 14, and is movable over a
guide rail 15 in the X direction by action of a not shown
moving unit. The moving unit includes an electric motor,
an electronic circuit for controlling the electric motor, etc.
[0024] The ink explained above is used in the inkjet
printer 10. That is, the ink having a viscosity of greater
than or equal to 3 mPa·sec and less than or equal to 18
mPa·sec, and prepared by adding the volatile organic
solvent to the UV curable ink that contains the pigment,
the ultraviolet curable resin curable by the ultraviolet light,
and the photopolymerization initiator, and that has a vis-
cosity of 20 mPa·sec (at 25°C) is used in the inkjet printer
10.
[0025] The recording medium 11 is supported by the
platen 12, and sandwiched between not shown pinch roll-
ers and not shown feed rollers. As the inkjet head 13
finishes scanning of the recording medium 11 from one
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end to the other end in the X direction while spraying the
ink, the recording medium 11 is conveyed in the Y direc-
tion by rotation of the rollers. The recording medium 11
can be of almost any material, for example, plastic, such
as, PET, PP, PC, and acrylic, metal, glass, vinyl chloride,
rubber, or a special paper meant for a solvent ink.
[0026] The print heater (heating unit) 17 is arranged
inside the platen and on the back side of the recording
medium 11. The print heater 17 applies heat to the ink
droplets deposited on the surface of the recording medi-
um 11 and removes by volatilization the volatile organic
solvent present in the ink droplets. An electrothermal
heater, an infrared heater, or an electromagnetic induc-
tion heater (IH) can be used as the print heater 17.
The platen is maintained at a constant temperature so
that the volatile organic solvent present in the ink is re-
moved by volatilization as the ink is sprayed and depos-
ited on the surface of the recording medium. It is prefer-
able to set a lower limit of a heating temperature of the
print heater to a temperature at which the volatile organic
solvent is sufficiently removed by volatilization before the
recording medium 11 is transferred to a position of the
UV irradiation unit. For example, the lower limit of the
heating temperature of the print heater is approximately
35°C. It is preferable to determine an upper limit of the
temperature from the perspective of safety towards the
human body based on an upper temperature limit of the
recording medium and increasing temperature of the
heater. For example, the upper limit is approximately
80°C.
The heating unit need not necessarily be arranged on
the back side of the recording medium. The heating unit
can be positioned on the front side or on both front and
back sides of the recording medium. When the heating
unit is to be arranged on the front side of the recording
medium, it can be positioned over the guide rail 15 sim-
ilarly as the inkjet head. Alternatively, the heating unit
can be fixedly set up frontward in the Y direction (in a
platen conveying direction) in a state of being separated
from the guide rail 15. In an alternative structure, when
the heating unit is to be arranged over the guide rail sim-
ilarly as the inkjet head and unidirectional printing is to
be performed, the heating unit needs to be arranged
backward in the moving direction of the inkjet head. In
greater detail, the heating unit is arranged on the left side
of the sheet surface of the inkjet head when the inkjet
head discharges the ink while moving on the right side
in the X direction. Furthermore, the heating unit is ar-
ranged on the right side of the sheet surface of the inkjet
head when the inkjet head discharges the ink while mov-
ing on the left side in the X direction. When bidirectional
printing is to be performed, the heating unit is arranged
frontward and backward in a moving direction of the inkjet
head, that is, on the right and left sides of the sheet sur-
face of the inkjet head.
[0027] The UV irradiation unit 16 has an inbuilt UVLED
(Ultra Violet Light Emitting Diode). The UV irradiation unit
16 is arranged on the unit mount 14 along with the inkjet

head 13, and frontward in the moving direction (Y direc-
tion) of the recording medium 11 relative to the inkjet
head 13, and is movable in the X direction by the action
of the not shown moving unit. When a conveyance roller
conveys the recording medium 11 after the ink droplets
are deposited thereon from the inkjet head 13, the UV
irradiation unit 16 irradiates the surface of the recording
medium 11 with the ultraviolet light to cure and fix the ink
droplets thereon.
A UVLED lamp can be most suitably used as the UV
irradiation unit 16, although not particularly limited there-
to. The UVLED lamp is advantageous in that an amount
of irradiation light can be freely adjusted by changing an
electric current or a light emission pulse width and
ON/OFF control is enabled; therefore, less power is con-
sumed. However, other lamps, such as, metal halide
lamp, xenon lamp, and high-pressure mercury can be
used as an amount of the ultraviolet light emitted from
these lamps can be varied by providing a shutter mech-
anism.
[0028] As described above, in the inkjet printer 10 ac-
cording to the present invention, the inkjet head 13 sprays
the ink according to the present invention on the surface
of the recording medium 11 that is supported on the plat-
en (supporting body) 12, the print heater, which is ar-
ranged on the back side of the recording medium, re-
moves by volatilization the volatile organic solvent
present in the ink droplets, thereafter, the UV irradiation
unit 16 irradiates the ultraviolet light to cure the UV ink
droplets and fixes them on the surface of the recording
medium 11, and as a result, an image that is formed of
an array of the UV ink droplets is printed on the surface
of the recording medium 11. According to the inkjet printer
of the present embodiment, because the surfaces of the
ink droplets formed on the recording medium 11 are flat,
a glossy image can be obtained, and because the ink
according to the present invention is used, no running of
the ink droplets occurs and a high-definition image can
be obtained.
[0029] In the inkjet printer according to the embodi-
ment, as an example, a case is explained in which the
inkjet head 13 and the UV irradiation unit 16 are fixed
together onto the unit mount. However, the present in-
vention is not to be thus limited. The UV irradiation unit
can be separated from the inkjet head and fixed onto a
separate guide rail that is positioned frontward in the Y
direction so as to be movable in the X direction. Alterna-
tively, by positioning the UV irradiation unit frontward in
the Y direction, the UV lamp can be fixedly set up across
the entire width of the platen in the X direction. A black
light, or a discharge tube, such as, a sterilization lamp
can be used as the UV lamp.

(Method for Printing)

[0030] An embodiment of a method for printing in which
the ink and the inkjet printer 10 according to the above
embodiments are used is explained below with reference
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to FIGS. 1 and 2.
In the method for printing according to the present em-
bodiment, printing is performed using the ink and the
inkjet printer according to the above embodiments. The
ink is sprayed from the discharge ports of the inkjet head
13 and the ink droplets are deposited on the surface of
the recording medium 11. The deposited ink droplets are
then heated by the heating unit, which is positioned on
the back side of the recording medium, to remove the
volatile organic solvent present in the ink droplets by vol-
atilization. Thereafter, the ink droplets are irradiated with
the ultraviolet light by the UV irradiation unit 16 and cured
and fixed on the surface of the recording medium 11.
Consequently, the image formed of an array of the ink
droplets is printed on the surface of the recording medium
11.
[0031] The ink according to the above embodiments
having a viscosity of approximately 4 mPa·sec is filled in
an inkjet head unit and the ink droplets are sprayed on
the recording medium while the inkjet head moves in the
X direction. In this case, because there is no risk of the
ink clogging the inkjet head, there is no need to specifi-
cally arrange a heating unit, such as, a heater, in the
inkjet head. Meanwhile, the viscosity of the ink when dis-
charged can be reduced by heating the inkjet head or
the ink with hot water.
[0032] The ink droplets sprayed on the recording me-
dium 11 are immediately heated by the print heater that
is positioned on the back side of the recording medium,
and that maintains the surface of the recording medium
at 40°C to 80°C, and removes the volatile organic solvent
by vaporization. Consequently, because the ink droplets
of the UV curable ink having a high viscosity of 30
mPa·sec are formed, running of the ink droplets is pre-
vented.
[0033] The recording medium 11 is conveyed in the Y
direction by the platen 12. The ink droplets on the surface
of the recording medium from which the volatile organic
solvent is removed by volatilization are irradiated with
the ultraviolet light by the UV irradiation unit 16, which is
arranged frontward in the Y direction of the recording
medium, and cured and fixed on the recording medium
11. Consequently, an image formed of an array of the
ink droplets is printed on the surface of the recording
medium 11.
[0034] The ink, the inkjet printer, and the method for
printing according to the present invention are explained
so far. However, the present invention is not limited to
these examples. Various modifications may be made
without departing from the spirit or scope of the general
inventive concept as defined by the accompanying
claims and their equivalents.

EXPLANATIONS OF LETTERS OR NUMERALS

[0035]

10 Inkjet printer

11 Recording medium
12 Platen
13 Inkjet head
14 Unit mount
15 Guide rail
16 UV irradiation unit
17 Print heater

Claims

1. An ink having a viscosity greater than or equal to 3
mPa·sec and less than or equal to 18 mPa·sec (at
25°C, which is the room temperature), and prepared
by adding a volatile organic solvent to a UV curable
ink that
includes at least a pigment, an ultraviolet curable
resin curable by an ultraviolet light, and a photopol-
ymerization initiator, and
has a viscosity of greater than or equal to 20 mPa·sec
(at 25°C).

2. The ink according to Claim 1, wherein a content of
the volatile organic solvent is greater than or equal
to 30 wt% and less than or equal to 90 wt%.

3. The ink according to Claim 1 or 2, wherein the volatile
organic solvent is n-hexane.

4. An inkjet printer comprising:

a supporting body that supports a printing me-
dium;
an inkjet head that sprays from a plurality of dis-
charge ports the ink according to any one of
Claims 1 to 3 causing ink droplets to be depos-
ited on a surface of the printing medium;
a heating unit that is arranged on at least one of
a back side and a font side of the printing medi-
um, and that applies heat to the ink droplets de-
posited on the surface of the printing medium to
remove the volatile organic solvent present in
the ink droplets by volatilization; and
a UV irradiation unit that irradiates the ink drop-
lets on the surface of the printing medium from
which the volatile organic solvent has been re-
moved by volatilization with a UV light to cure
the ink droplets.

5. A method for printing an image comprising an array
of a plurality of ink droplets on a surface of a printing
medium, the method comprising:

spraying the ink according to any one of Claims
1 to 3 from a plurality of discharge ports of an
inkjet head and causing the ink droplets to be
deposited on the surface of the printing medium;
applying heat to the ink droplets deposited on
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the surface of the printing medium with a heating
unit arranged on at least one of a back side and
a front side of the printing medium to remove
the volatile organic solvent present in the ink by
volatilization; and
irradiating the ink droplets with an ultraviolet light
by a UV irradiation unit to cure and fix the ink
droplets on the surface of the printing medium.
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