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CAN BODY MANUFACTURING METHOD,
PRINTING DEVICE, AND BEVERAGE CAN

TECHNICAL FIELD

[0001] The present invention relates to a can body manu-
facturing method, a printing device and a beverage can.

BACKGROUND ART

[0002] In Patent Document 1, there 1s disclosed an ultra-
violet curable size coat ink including 30-95 mass % resin
component and 5-50 mass % ultraviolet curable reactive dilu-

ent with a content of a color pigment component of 10 mass
% or less and has a tack value of 5-40 at normal temperatures.

CITATION LIST

Patent Literature

[0003] Patent Document 1: Japanese Patent Application
[Laid-Open Publication No. 2003-12974
SUMMARY OF INVENTION
Technical Problem

[0004] Inmany cases the can bodies used for beverage cans
are formed by metal, and when printing 1s performed on a can
body formed by metal 1n such a manner, the metal base exerts
an effect, to thereby decrease color saturation of a printed
image. Here, 1n some cases, a base layer 1s formed on a
circumierential surface of a can body to prevent decrease of
the color saturation; however, 1f the base layer 1s simply
formed, then, 1n turn, the metal base 1s hidden and 1t becomes
impossible to provide a design that takes advantage of the
metal base to the can body.

[0005] An object of the present invention 1s to increase a
range of design variations provided to a can body on which a
layer covering the metal base 1s formed.

SUMMARY OF INVENTION

[0006] A can body manufacturing method, the can body
being used for a beverage can, to which the present invention
1s applied, includes: forming a layer on an outer circumfier-
ential surface of the can body which 1s formed cylindrically
with a metal material and on the outer circum{ierential surface
of which a metal base appears, the layer covering the metal
base; and after forming the layer covering the metal base,
forming an 1mage on the outer circumierential surface of the
can body, wherein formation of the layer covering the metal
base 1s performed by an 1nkjet head having plural ink ejection
ports and capable of controlling whether or not an 1nk 1s
ejected for each of the plural 1nk ejection ports.

[0007] Here, the layer covering the metal base 1s formed on
part of the outer circumierential surface of the can body, and
the layer covering the metal base 1s formed to allow a portion
where the layer covering the metal base 1s formed and a
portion where the layer covering the metal base 1s not formed
to be adjacent each other in a circumierential direction of the
can body. In this case, 1t 1s possible to cause an 1mage having
luster and an 1mage having lower luster level than this image
to be adjacent each other 1n the circumiferential direction of
the can body, and thereby 1t 1s possible to increase a range of
design variations provided to the can body.
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[0008] Moreover, the layer covering the metal base 1is
formed on part of the outer circumierential surface of the can
body, and formation of the image 1s performed on both of a
portion where the layer covering the metal base 1s formed and
a portion where the layer covering the metal base 1s not
formed. In this case, 1t becomes possible to form an 1mage
having luster and an 1mage having lower luster level than this
image onto a single can body, and thereby it 1s possible to
increase a range of design variations provided to the can body.
[0009] Moreover, after the layer covering the metal base 1s
formed, an ink of a color same as the layer covering the metal
base 1s attached onto the layer covering the metal base, and
the attachment of the 1nk 1s performed after at least a surface
of the layer covering the metal base 1s cured. In this case, 1t 1s
possible to prevent the size of the layer covering the metal
base from becoming large as compared to the originally-
intended size.

[0010] Moreover, in a case where the present invention 1s
perceived as a printing device, the printing device to which
the present invention 1s applied performs printing on a can
body cylindrically formed with a metal material to be used for
a beverage can, and the printing device includes: a layer
forming unit that forms a layer on an outer circumierential
surface of the can body by use of an inkjet head having plural
ink ejection ports and capable of controlling whether ornotan
ink 1s ejected for each of the plural ink ejection ports, the layer
covering a metal base appearing on the outer circumierential
surface; and an image forming unit that forms an 1mage on the
outer circumierential surface of the can body after the layer 1s
formed by the layer forming unit.

[0011] Here, the layer forming unit forms the layer cover-
ing the metal base by use of an ultraviolet curable 1nk. In this
case, heating of 1nk 1s unnecessary, and therefore, energy
consumption can be reduced.

[0012] Moreover, plural inkjet heads for forming the layer
covering the metal base are provided. In this case, 1t 1s pos-
sible to make ink clogging of the inkjet heads less likely to
occur as compared to a case where a single inkjet head 1s used.

[0013] Moreover, 1in a case where the present invention 1s
perceived as a beverage can, the beverage can includes: a can
main body portion cylindrically formed with a metal mate-
rial; alayer formed on part of an outer circum{ierential surface
of the can main body portion to cover a metal base appearing
on the outer circumierential surface of the can main body
portion; and an 1image layer formed on the outer circumier-
ential surface of the can main body portion, wherein the layer
covering the metal base 1s formed to allow a portion where the
layer covering the metal base 1s formed and a portion where
the layer covering the metal base 1s not formed to be adjacent
each other 1n a circumferential direction of the can main body

portion.

Advantageous Effects of Invention

[0014] According to the present invention, it 1s possible to
increase a range of design variations provided to a can body
on which a layer covering the metal base 1s formed.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 1s a diagram 1n a case where an 1mage form-
ing system related to an exemplary embodiment 1s viewed
from above;

[0016] FIGS.2Ato 2E are diagrams showing an example of
a process carried out by the image forming system;
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[0017] FIGS.3A and 3B are diagrams showing white layers
formed by a printing device of the exemplary embodiment;
[0018] FIG.41sadiagram showing a white layer formed by
a conventional printing device;

[0019] FIG. S1sadiagram showing measurement results of
contact angles; and

[0020] FIG. 6 1s another diagram showing measurement
results of the contact angles.

DESCRIPTION OF EMBODIMENTS

[0021] Heremafter, an exemplary embodiment according
to the present invention will be described 1n detail with ref-
erence to attached drawings.

[0022] FIG. 1 1s a diagram 1n a case where an 1mage form-
ing system 100 related to an exemplary embodiment 1is
viewed from above.

[0023] The image forming system 100 in the exemplary
embodiment forms an 1mage onto a can body 10 used as a
beverage can (a can for beverage) based on digital image
information.

[0024] The image forming system 100 1s provided with a
printing device 200 that performs printing onto the can body
10 by use of an inkjet method. Moreover, there 1s also pro-
vided a paint coating device 300 that applies paint on the
surface of the can body 10 to form an overcoat layer.

[0025] Note that, in the paint coating device 300, an outer
circumierential surface of a coating roller 310 to be rotated 1s
brought into contact with an outer circumierential surface of
the can body 10 that 1s similarly rotated, to thereby perform
coating of paint onto the can body 10. Here, 1n the exemplary
embodiment, coating of the paint onto the can body 10 pre-
vents an image formed with an ultraviolet curable 1nk (to be
described later) from directly touching a mouth of a drinker of
a beverage. Moreover, 1n the exemplary embodiment, coating
of the paint protects the image formed on the surface of the
can body 10 and makes the image less likely to be peeled off
the can body 10.

[0026] Further, in the exemplary embodiment, a heating
device 400, which heats the can body 10 and bakes the paint
coated on the can body 10, 1s provided on a downstream side
of the paint coating device 300.

[0027] Note that, in FIG. 1, the printing device 200 1s shown
in a state being viewed from above. Moreover, the paint
coating device 300 and the heating device 400 are shown 1n a
state being viewed from a lateral side.

[0028] The printing device 200 receives the can body 10
conveyed from an upstream side at a predetermined receiving
position (a position indicated by the reference sign 1C in the
figure, hereinatter, referred to as “can body receiving position
1C” 1n some cases). Moreover, the printing device 200 dis-
charges the can body 10 on which the image has been formed
at a predetermined discharging position (a position indicated
by the reference sign 1D 1n the figure, hereinaftter, referred to
as “can body discharging position 11D’ 1n some cases). Then,
the can body 10 discharged at the can body discharging posi-
tion 1D 1s conveyed toward the paint coating device 300.
[0029] Moreover, the printing device 200 1s provided with a
rotating member 210 that 1s formed 1n a cylindrical-columnar
shape and 1s driven by a not-shown motor to be rotated 1n a
direction of an arrow shown in the figure.

[0030] Inaddition, the printing device 200 1s provided with
plural holding mechanisms 230 that are provided to be pro-
truded from an outer circumierential surface of the rotating
member 210 while being shifted from one another 1n a rotat-
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ing direction of the rotating member 210 and to receive the
can bodies 10 recerved at the can body receiving position 1C
and hold thereof. To additionally describe, the printing device
200 1s provided with the plural holding mechanisms 230 that
are arranged radially around the rotating member 210 to hold
the can bodies 10 conveyed from the upstream side.

[0031] Moreover, the printing device 200 1s provided with a
first inkjet head for white color 251 (hereinaftter, referred to as
“first white head 251”) functioning as a layer forming unit
that ejects an 1nk of the ultraviolet curable type and of white
color onto the outer circumierential surface of the can body
10 held by the holding mechanism 230 to form a white layer
on the outer circumferential surface of the can body 10.
[0032] Further, in the rotating direction of the rotating
member 210, a first irradiation lamp 261, which irradiates the
outer circumferential surface of the can body 10 held by the
holding mechanism 230 with ultraviolet rays, to thereby cure
the white layer formed by the first white head 251, 1s placed
on the downstream side of the first white head 251. Note that
the first irrradiation lamp 261 1s configured with plural LEDs
(Light Emitting Diodes).

[0033] Further, on the downstream side of the first 1irradia-
tion lamp 261, a second inkjet head for white color 252
(herematfter, referred to as “second white head 252”) 1s pro-
vided. The second white head 252 makes an ink of the ultra-
violet curable type and of white color adhere onto the white
layer formed by the first white head 251 to increase the
thickness of the white layer.

[0034] Moreover, on the downstream side of the second
white head 252, inkjet heads for four colors 242Y, 242M.,
242C and 242K that form images of yellow (YY), magenta (M),
cyan (C) and black (K) (heremafter, referred to as *“color
heads”) are provided. Here, the four color heads 242Y, 242M,
242C and 242K functioning as an image forming unit per-
forms 1mage formation on the can body 10 by use of the
ultraviolet curable 1nk.

[0035] Note that, in the exemplary embodiment, the inkjet
heads are provided in the order of yellow (Y), magenta (M),
cyan (C) and black (K); however, the order 1s merely an
example and the inkjet heads may be arranged in other orders.

[0036] Moreover, in the printing device 200 of the exem-

plary embodiment, a second 1rradiation lamp 262 1s provided
on the downstream side of the four color heads 242Y, 242M,

242C and 242K. The second irradiation lamp 262 irradiates
the outer circumierential surface of the can body 10 with the
ultraviolet rays, to thereby cure the white ink supplied from
the second white head 252 to the can body 10 and the 1mage
(1ink) formed on the can body 10 by the color heads 242Y,
242M, 242C and 242K. Note that, similar to the first irradia-
tion lamp 261, the second irradiation lamp 262 1s configured

with plural LEDs (Light Emitting Diodes).

[0037] In the exemplary embodiment, in this manner, cur-
ing of the white ink supplied to the can body 10 from the
second white head 252 and the image formed by the four color
heads 242Y, 242M, 242C and 242K 1s performed by use of the
second 1rradiation lamp 262. Incidentally, this mode 1s merely
an example, and the 1rradiation lamp may be provided on the
downstream side of the second white head 252 and on the
upstream side of the color heads 242Y, 242M, 242C and
242K. In this case, before performing image formation by the

color heads 242Y, 242M, 242C and 242K, curing of the white
ink supplied by the second white head 252 1s carried out.

[0038] Moreover, for example, 1t may be possible to pro-
vide 1rradiation lamps between the color heads 242Y, 242M,
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242C and 242K to perform irradiation of ultraviolet rays
every time each of the color heads 242Y, 242M, 242C and
242K performs image formation onto the can body 10.

[0039] Here, for the first white head 251, the second white
head 252 and the color heads 242Y, 242M, 242C and 242K,
those belonging to a category referred to as an on-demand
type can be adopted. Specifically, a piezo system that ejects
ink from a minute hole by a pressure generated by deforming
a piezoelectric element or a thermal system that ejects 1k
from a minute hole by a vapor pressure can be adopted. It 1s
possible to adopt another system belonging to a category
referred to as a continuous type, which ejects ink by an
electrical force or the like.

[0040] Next, to describe the holding mechanism 230, the

holding mechanisms 230 1s provided with a securing member
231 that 1s protruded from the outer circumiferential surface of
the rotating member 210 and arranged substantially horizon-
tally to be secured to the rotating member 210. Further, a
support cylinder (mandrel) 232, which 1s formed 1nto a cylin-
drical shape and inserted into the can body 10 to support the
can body 10, 1s provided. Note that, a through hole 232A
along the axial direction of the support cylinder 232 1s formed
in the support cylinder 232, and in the exemplary embodi-
ment, attachment or detachment of the can body 10 to or from
the support cylinder 232 1s carried out by creating a negative
pressure or applying a pressure within the through hole 232A.

[0041] Further, in the exemplary embodiment, inside the
securing member 231, there 1s provided a rotating mechanism
(not shown) that includes a motor or the like to rotate the
support cylinder 232 1n the circumierential direction. More-
over, 1n the exemplary embodiment, a grasp mechanism (not
shown) that grasps the status (the phase and the rotating angle
from the reference position) of the support cylinder 232 1s
provided. The grasp mechanism 1s configured with, for
example, a rotary encoder. Here, in the exemplary embodi-
ment, based on a grasping result from the grasp mechanism,
the ejection starting timing of the ink in each of the second
white head 252 and the color heads 242Y, 242M, 242C and
242K 1s controlled. This suppresses occurrence of displace-
ment 1n the 1mage formed on the can body 10.

[0042] Operations of the printing device 200 will be
described.
[0043] The printing device 200, first, receives the can body

10 conveyed from the upstream side at the can body receiving
position 1C. Specifically, the can body 10 1s conveyed to the
can body receiving position 1C by a not-shown can body
conveyance mechanism, and the support cylinder 232 1is
placed on standby at the can body recerving position 1C.
Then, suction of the can body 10 by the support cylinder 232
1s carried out. Specifically, the negative pressure 1s created 1n
the through hole 232A formed 1n the support cylinder 232,
and thereby suction of the can body 10 1s carried out. This
allows the support cylinder 232 to enter 1into the can body 10,
and the support cylinder 232 starts to hold the can body 10.

[0044] Note that the can body 10 in the exemplary embodi-
ment 1s formed into a cylindrical shape. Moreover, the can
body 10 1s formed of a metal material. Specifically, the can
body 10 1s formed of aluminum or an aluminum alloy. More-
over, the can body 10 1s formed by the Draw and Ironing (DI)
molding, and a barrel portion and a bottom portion are inte-
grated. Moreover, 1n the can body 10, a bottom portion 1s
formed at one end portion 1n the longitudinal direction (axial
direction), and the one end portion 1s 1n a closed state. On the
other hand, the other end portion of the can body 10 1s not
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closed and 1n an opened state. The support of the can body 10
by the support cylinder 232 1s carried out by insertion of the
support cylinder 232 into the mside of the can body 10 from
the opened side.

[0045] After support of the can body 10 by the support
cylinder 232 1s performed, rotation of the rotating member
210 1s carried out. This causes the can body 10 to move toward
the counterclockwise direction 1n FIG. 1. To additionally
describe, by performing rotation of the rotating member 210,
the movement of the support cylinder 232 1s carried out, and
the can body 10 1s moved 1n the counterclockwise direction in
the figure along with the movement of the support cylinder
232.

[0046] Moreover, 1n the exemplary embodiment, after sup-
port of the can body 10 by the support cylinder 232 1s per-
formed, rotation of the support cylinder 232 is started, and
thereby rotation of the can body 10 in the circumferential
direction 1s started (rotation of the can body 10). Note that, 1n
the exemplary embodiment, 1n a region positioned between
the can body receiving position 1C and the first white head
251, acceleration (increase of the number of revolutions) of
the support cylinder 232 1s performed, and the number of
revolutions of the support cylinder 232 reaches a predeter-

mined number of revolutions until the can body 10 arrives at
the first white head 251.

[0047] When the can body 10 arrives at the first white head
251, rotation of the rotating member 210 1s temporarily
stopped. Subsequently, from the first white head 251, the
white 1nk 1s ejected toward the can body 10 that 1s positioned
below and rotates at a predetermined speed, and thereby a
white layer 1s formed onto the outer circumierential surface of
the can body 10. Thereafter, in the exemplary embodiment,
rotation of the rotating member 210 1s restarted, and the can
body 10 reaches below the first irradiation lamp 261. Accord-
ingly, the outer circumiferential surface of the can body 10 1s
irradiated with the ultraviolet rays, and thereby the white
layer formed by the first white head 251 1s cured.

[0048] Note that, 1n the exemplary embodiment, rotation of
the rotating member 210 1s once stopped every time the can
body 10 arrives at each of the inkjet heads and each of the
irradiation lamps, and ejection of ink onto the can body 10 or
irradiation of the can body 10 with the ultraviolet rays are
finished, rotation of the rotating member 210 1s restarted.

[0049] Moreover, in the exemplary embodiment, ink 1s
ejected from above the can body 10 toward the can body 10.
In this case, the acting direction of gravity and the ejecting
direction of ink coincide with each other, and accordingly,
behavior of the ejected ink becomes stable, and 1t becomes
possible to control an arrival position of ink with more accu-
racy.

[0050] Note that, when the can body 10 1s successively
moved to the inkjet head positioned on the downstream side,
rotation of the support cylinder 232 may be once stopped, or
the number of revolutions of the support cylinder 232 may be
reduced. Moreover, the can body 10 may be moved while the
support cylinder 232 1s still rotated (while the number of
revolutions of the support cylinder 232 1s maintained).

[0051] Adter irradiation of the ultraviolet rays by the first
irradiation lamp 261 1s finished, 1n the exemplary embodi-
ment, the can body 10 1s once stopped below the second white
head 252, and white ink 1s ejected from the second white head
252 toward the outer circumierential surface of the can body
10. To additionally describe, in the exemplary embodiment,
to the white layer formed on the outer circumierential surface
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of the can body 10 by the first white head 251, the white 1nk
1s supplied again. This increases the thickness of the white

layer as compared to a case in which the white layer 1s formed
only by the first white head 251.

[0052] Thereafter, in the exemplary embodiment, the can
body 10 1s once stopped below each of the color heads con-
stituting the four color heads 242Y, 242M, 242C and 242K,
and 1mage formation onto the can body 10 is carried out.
Consequently, on the can body 10, an 1mage using the ink of
at least any one of yellow (Y), magenta (M), cyan (C) and
black (K) 1s formed. Thereafter, the can body 10 1s moved
below the second 1rradiation lamp 262, and the outer circum-
ferential surface of the can body 10 i1s irradiated with the
ultraviolet rays. Accordingly, the white ink supplied from the
second white head 252 and the color 1ink supplied from the
color heads 242Y, 242M., 242C and 242K are cured.

[0053] Thereatter, further rotation of the rotating member
210 1s carried out, and thereby the can body 10 arrives at the
can body discharge position 1D. Then, at the can body dis-
charge position 1D, air blowing into the through hole 232A
formed 1n the support cylinder 232 1s performed. This
increases the pressure inside the through hole 232A, and
accordingly, the can body 10 1s moved 1n a direction apart
from the support cylinder 232. By the movement of the can
body 10, the can body 10 1s disconnected from the support

cylinder 232.

[0054] Note that, 1n the exemplary embodiment, a single-
color 1nk 1s ejected from each of the first white head 251 and
the second white head 252, and each of the color heads 242Y,
242M, 242C and 242K provided to the printing device 200.
Accordingly, image formation onto the can body 10 1s carried
out by overprinting using plural inkjet heads. In this case,
registration of ejection positions of ink 1s required, and in the
exemplary embodiment, the registration 1s performed by the
following process.

[0055] First, in the exemplary embodiment, when ejection
of ink by the first white head 251 1s started, an output from a
rotary encoder 1s grasped by a not-shown controller, and
accordingly, a rotation angle of the can body 10 when 1nk
ejection by the first white head 251 1s started 1s grasped. Note
that, 1n this specification, hereinafter, the grasped rotation
angle 1s referred to as “reference angle”.

[0056] Thereatter, in the exemplary embodiment, the can
body 10 arrives at the second white head 252 and ejection of
ink by the second white head 252 1s started; at this time, an
output from the rotary encoder 1s grasped, and thereby the
rotation angle of the can body 10 1s also grasped. After that,
the controller subtracts the above-described reference angle
from the grasped rotation angle (hereinafter, referred to as
“orasped angle™), to thereby obtain an angle difference.

[0057] Thereafter, the controller starts reading, of the
image data stored in a not-shown page memory, from the
image data corresponding to the angle difference, and
sequentially supplies the read 1mage data to the second white
head 252. Consequently, in the exemplary embodiment,
occurrence of misregistration between the white layer formed
by the first white head 251 and the white layer formed by the
second white head 252 1s suppressed.

[0058] Note that, as the same 1s true for the case 1n which an
image 1s formed by the color heads 242Y, 242M, 242C and
242K, every time the can body 10 arrives at each of the color
heads 242Y, 242M, 242C and 242K, the reference angle 1s

subtracted from the grasped angle, to thereby obtain the angle
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difference. Then, the 1image data 1s supplied to each of the
color heads successively from 1mage data corresponding to
the angle difference.

[0059] Note that the registration of 1mages may be carried
out by, for example, every time the can body 10 arrives at each
of the inkjetheads, once arranging the can body 10 to have the
above-described reference angle, and then, of the image data,
successively supplying the image data corresponding to the
reference angle to the inkjet head.

[0060] FIGS.2Ato 2E are diagrams showing an example of
a process carried out by the image forming system 100.
[0061] In the exemplary embodiment, as described above,
or as shown 1n FIG. 2A, first, the white layers 90 are formed
on the surface of the can body 10 (can main body) by the first
white head 251. Next, as shown in FIG. 2B, irradiation of
ultraviolet rays by the first irradiation lamp 261 1s performed
and the white layers 90 are cured. Then, the can body 10
arrives at the second white head 252 and, as shown in FIG. 2C,
more white 1nk 1s placed on part of the white layers 90 formed
by the first white head 251. As a result, the thickness of part of
the white layers 90 1s increased.

[0062] Next, the can body 10 successively passes below the
color heads 242Y, 242M, 242C and 242K. As a result, as
shown 1n FIG. 2D, color ink 1s placed on the surface of the can
body 10 (on the metal base) and the white layers 90, to thereby
form color 1ink layers 91 as an example of an 1image layer.
Thereafter, coating of a paint 1s performed by the paint coat-
ing device 300 (refer to FIG. 1), and as shown in FIG. 2E, a
transparent paint 1s applied to the uppermost surface of the
can body 10. After that, heating by the heating device 400
(refer to FIG. 1) 1s performed, and thereby the paint 1s cured.
[0063] Here, with reference to FIG. 2E, the status of the
surface of the can body 10 will be described 1n detail. In the
printing device 200 of the exemplary embodiment, 6 types of
layer configurations (tones ) can be obtained. Specifically, the
layer configurations of the following (1) to (6) can be
obtained.

Layer configuration (1): only aluminum base (only metal
base)

Layer configuration (2): aluminum base+color 1nk layer 91

Layer configuration (3): aluminum base+single white layer
90

Layer configuration (4): aluminum base+double white layers
90

Layer configuration (35): aluminum base+single white layer
90+color 1ink layer 91

Layer configuration (6): aluminum base+double white layers
90+color 1nk layer 91

[0064] Here, in FIG. 2E, the above-described layer con-
figuration (1) 1s formed 1n the portion indicated by the refer-
ence sign 2A. Moreover, the layer configuration (2) 1s formed
in the portion indicated by the reference sign 2B. Further, the
layer configuration (3) 1s formed in the portion indicated by
the reference sign 2C. Moreover, the layer configuration (4) 1s
formed 1n the portion indicated by the reference sign 2D.
Moreover, the layer configuration (5) 1s formed 1n the portion
indicated by the reference sign 2E. Further, the layer configu-
ration (6) 1s formed 1n the portion 1indicated by the reference
sign 2F.

[0065] In the layer configuration (1) (the portion indicated
by the reference sign 2A), the metal base of the can body 10
1s 1n a visible state, and accordingly, in the portion of the layer
configuration (1), an outer appearance thereol has a state
having a metallic luster (metallic tone). To additionally
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describe, the outer appearance 1s silver and has a state having
a luster. Moreover, 1n the layer configuration (2) (the portion
indicated by the reference sign 2B), the metal base of the can
body 10 1s in a state being colored, and accordingly, the
portion of the layer configuration (2) has a state having color
and a metallic luster (colored metallic tone).

[0066] Moreover, 1nthe layer configuration (3) (the portion
indicated by the reference sign 2C), the metal base of the can
body 10 1s 1n the state being covered with the white layer, and
the luster arising from the metal base of the can body 10 1s
reduced. Moreover, 1n the layer configuration (4) (the portion
indicated by the reference sign 2D), the thickness of the white
layers 90 1s larger than that of the layer configuration (3), and
accordingly, the luster 1s further reduced as compared to the
portion of the layer configuration (3). Here, in the case where
two layer configurations, in which the thickness of the white
layers 90 1s different, are provided 1n this manner, 1t becomes
possible to form two regions having the same white color but
differing concentrations.

[0067] Moreover, 1nthe layer configuration (5) (the portion
indicated by the reference sign 2E), the color ink layer 91 1s
formed, and accordingly, the portion 1s formed in a state
having colors. Note that, 1n the layer configuration (35), since
the white layer 90 to cover the metal base of the can body 10
1s formed under the color ik layer 91, colors are vividly
produced. Moreover, 1n the layer configuration (6) (the por-
tion indicated by the reference sign 2F), the color ink layer 91
1s also formed, and accordingly, the portion 1s formed 1n a
state having colors. Note that, in the layer configuration (6),
the white layers 90 include two layers, and therefore, colors
are more vivid than in the layer configuration (5).

[0068] Note that, in the exemplary embodiment, the metal
base of the can body 10 1s covered with the white 1nk; how-
ever, the color of 1nk to cover the metal base of the can body
10 1s not limited to white, and ink of a different color may be
used.

[0069] Moreover, 1t 1s unnecessary to equalize the amount
of 1k ejected from the first white head 251 per unit time and
the amount of 1nk ejected from the second white head 252 per
unit time, and the amount of 1nk ejected from the first white
head 251 per unit time and the amount of ink ejected from the
second white head 252 per unit time may be different. For
example, 1f the second white head 252 1s provided 1n an
auxiliary manner, it 1s possible to reduce the amount of 1nk
ejected from the second white head 252 as compared to the
amount of 1nk ejected from the first white head 251.

[0070] FIGS. 3A and 3B are diagrams showing the white
layers 90 formed by the printing device 200 of the exemplary
embodiment. FIG. 4 1s a diagram showing a white layer 90
formed by a conventional printing device.

[0071] In the exemplary embodiment, as described above,
the first white head 251 and the second white head 252 are
configured with 1nkjet heads. Here, the first white head 251
and the second white head 252 will be described 1n detail by
taking the first white head 251 as an example.

[0072] The first white head 251 1s, as shown 1n FIG. 1,

arranged along the axial direction of the cylindrical can body
10. Further, the first white head 251 1s provided with plural
ink ejection ports 251 A arranged in the axial direction of the
can body 10. Further, in the first white head 251, it 1s possible
to control whether or not ejection of ink 1s performed for each
of the ik ejection ports 251A.

[0073] Consequently, in the exemplary embodiment, it
becomes possible to form the white layer 90 at arbitrary
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portions of the can body 10. For example, as shown 1n FIG.
3 A, 1t 1s possible to form plural white layers 90 1n the 1sland
states. Moreover, for example, as shown in FIG. 3B, it
becomes possible to form the white layer 90 on all the por-
tions of the outer circumierential surface of the can body 10
except for a specific region.

[0074] On the other hand, 1n the conventional process, 1n
general, 1nk 1s adhered to an outer circumierential surface of
a roll-like member, and the outer circumterential surface 1s
brought into contact with the outer circumierential surface of
the can body 10. In this case, as shown in FIG. 4, the white
layer 90 1s formed over the entire circumierence of the can
body 10.

[0075] To describe further, 1n the exemplary embodiment,
it 1s possible to form the white layer 90 at any position 1n the
circumierential direction and the axial direction of the can

body 10.

[0076] Consequently, 1n the exemplary embodiment, for
example, the white layer 90 and the portion where the white
layer 90 1s not formed and the metal base of the can body 10
appears can be adjacent each other in the circumierential
direction of the can body 10. To specifically describe with
reference to FIG. 3A, for example, the white layer 90 1ndi-
cated by the reference sign 3A and the portion where the
metal base appears indicated by the reference sign 3B can be
adjacent each other 1n the circumierential direction of the can
body 10.

[0077] Moreover, 1n a similar manner, the white layer 90
and the portion where the white layer 90 1s not formed and the
metal base of the can body 10 appears can be adjacent each
other 1n the axial direction of the can body 10. To specifically
describe with reference to FIG. 3A, the white layer 90 1ndi-
cated by the reference sign 3A and the portion where the
metal base appears indicated by the reference sign 3C can be
adjacent each other 1n the axial direction of the can body 10.

[0078] To describe further, in the case where the conven-
tional process 1s performed, as described above, the white
layer 90 1s formed over the entire circumierence of the can
body 10, and therefore, 1t becomes difficult to allow the layer
configuration 1n which the color ink 1s directly placed on the
metal base and the layer configuration 1n which the color 1nk
1s placed with the white layer interposed to coexist.

[0079] On the other hand, in the exemplary embodiment,
the white layer 90 can be formed on a part of the outer
circumierential surface of the can body 10, and therefore, 1t
becomes possible to allow the layer configuration in which
the color ink 1s directly placed on the metal base and the layer
configuration 1n which the color ink 1s placed with the white
layer interposed to coexist. In this case, as compared to the
case where the above-described conventional process 1s per-
formed, 1t becomes possible to increase the range of design
variations of the can body 10.

[0080] To additionally describe, 1n the process of the exem-
plary embodiment, for example, even 1n the case where an
image of the same color 1s to be formed, 1t 1s possible to form
two types of images, namely, an image having luster (a metal
tone 1mage) and an 1image having no luster (an 1mage of
excellent color production) onto a single can body 10.

[0081] Moreover, in the process of the exemplary embodi-
ment, as compared to the above-described conventional pro-
cess, energy consumption can be reduced. In the conventional
process, the white layer 90 1s formed by using an ink of
thermal cure type 1n many cases, and in this case, a process for
heating the can body 10 1s required. On the other hand, in the
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process of the exemplary embodiment, the white layer 90 1s
cured by irradiation of the ultravioletrays. Accordingly, in the
exemplary embodiment, the heating process 1s unnecessary,
and therefore the consumption energy 1s reduced. Moreover,
in the conventional process, a heating device 1s needed to heat
the can body 10; however, 1n the exemplary embodiment, the
heating device can be omitted. As a result, in the exemplary
embodiment, an occupancy area of the device 1s reduced as
compared to the conventional process.

[0082] Further, 1n the process of the exemplary embodi-
ment, 1t 1s possible to increase accuracy of registration
between the white layers 90 and the color ink layers 91. In the
exemplary embodiment, the white layers 90 and the color ink
layers 91 are formed while the can body 10 1s conveyed 1n a
single device (in the single printing device 200). To addition-
ally describe, 1n a single continuous process, the white layers
90 and the color 1nk layers 91 are formed. In such a case, i1t
becomes possible to suppress displacement of the can body
10, and therefore, 1t becomes possible to increase accuracy of
registration between the white layers 90 and the color 1nk
layers 91.

[0083] To describe further, 1n the exemplary embodiment,
the support cylinder 232 (refer to FIG. 1) that supports the can
body 10 when the white layers 90 are formed and the support
cylinder 232 that supports the can body 10 when the color 1nk
layers 91 are formed are the same. In such a case, displace-
ment of the can body 10 1s suppressed, and therefore, 1t 1s
possible to carry out registration between the white layers 90
and the color ink layers 91 accurately. Here, 1n a case where
the support cylinder 232 that supports the can body 10 when
the white layers 90 are formed and the support cylinder 232
that supports the can body 10 when the color ink layers 91 are
formed are different, accuracy of registration between the
white layers 90 and the color ink layers 91 i1s likely to be
decreased.

[0084] Moreover, in the exemplary embodiment, as
described above, after the layers of the white ink formed by
the first white head 251 are cured by the first irradiation lamp
261, supply of the white ink by the second white head 252 i1s
performed. To additionally describe, after the layers of the
white 1nk formed by the first white head 251 are cured by the
first 1irradiation lamp 261, the white 1nk, which 1s the same
color, 1s further adhered onto the layers of the white ink. This
suppresses occurrence of bleeding 1n the white layers 90 to be
formed. To additionally describe, bleeding of the white 1nk
beyond the oniginally-intended outline 1s suppressed.

[0085] Here, if the white 1nk 1s supplied from the second
white head 252 betore the white 1nk layers formed by the first
white head 251 are cured, the ink 1s likely to flow off 1n the
outward direction. In such a case, the white layers 90 are
formed 1nto a size larger than the intended size. On the other
hand, as in the exemplary embodiment, 1n the case where the
white 1nk layers formed by the first white head 251 are cured
betore the white 1nk 1s supplied by the second white head 252,
flow off of the ink to the outside 1s less likely to occur, and
accordingly, the size of the white layers 90 1s prevented from
becoming larger than the originally-intended size. Note that,
in curing the white 1nk layers, 1t 1s sufficient that the surfaces
of the ik layers are cured, and 1t 1s unnecessary to cure all of
the 1nk layers.

[0086] Moreover, in the exemplary embodiment, as

described above, by use of two inkjet heads, namely, the first
white head 251 and the second white head 252, the thickness
of the white layers 90 1s increased. Further, 1n the exemplary
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embodiment, by use of two inkjet heads, namely, the first
white head 251 and the second white head 252, clogging of
the inkjet heads 1s less likely to occur. Here, for example, even
in a case where only one white head 1s provided, by increasing
concentration or the like of pigments contained 1n the 1nk, 1t 1s
possible to obtain blocking capability which 1s same as 1n the
case of increasing the thickness of the white layers 90.

[0087] By the way, 1t the concentration of the pigment is
increased 1n this manner, clogging of the inkjet heads 1s apt to
occur. On the other hand, 1n the case where the two ikjet
heads are provided as 1n the exemplary embodiment, as com-
pared to the case where the only one inkjet head 1s provided,
it 1s possible to reduce concentration of the pigments, and
accordingly, clogging of the inkjet heads 1s less likely to
occur. Note that, even 1n the case where the only one inkjet
head 1s used, by two rotations of the can body 10, 1t 1s possible
to increase the thickness of the white layers 90 while sup-
pressing clogging of the head; however, 1n this case, bleeding
as described above (flow of the 1k to the outward direction)
1s likely to occur.

[0088] Note that, as shown 1n FIG. 1, in the exemplary
embodiment, the first irradiation lamp 261 1s placed on the
downstream side of the first white head 251, and when 1rra-
diation of the ultraviolet rays by the first irradiation lamp 261
1s performed, the can body 10 1s moved from the first white
head 251 to the first irradiation lamp 261. The placement
position of the first irradiation lamp 261 1s not limited to the
position shown 1n FIG. 1; for example, the first irradiation
lamp 261 may be provided beside the first white head 251 and
on the downstream side of the first white head 251 1n the
rotation direction of the support cylinder 232. In this case,
irradiation of the ultraviolet rays 1s performed immediately
after the white layers 90 are formed by the first white head
251, and the white layers 90 are cured. To additionally
describe, 1n this case, irradiation of the can body 10 with the
ultraviolet rays without moving the can body 10 to the down-
stream side.

[0089] Moreover, 1n the exemplary embodiment, as shown
in FIG. 1, description has been given of a mode 1n which the
first white head 251, the first irradiation lamp 261, the second
white head 252, the color heads 242Y, 242M, 242C and 242K
and the second irradiation lamp 262 have been radially
arranged around the rotating member 210. By the way, the
arrangement mode of these heads 1s not particularly limited;
cach head may be arranged so that, for example, each of the
heads are 1n parallel with one another and aligned along one
direction. In this case, 1n the course of linearly moving the can
body 10, image formation or the like onto the can body 10 1s
performed.

[0090] Moreover, 1n the above, description has been given
of the case 1n which one color head has been provided for each
of the colors. Specifically, in the exemplary embodiment, the
color heads 242Y, 242M, 242C and 242K for forming images
of yellow (Y), magenta (M), cyan (C) and black (K), respec-
tively, are provided, and a single color head 1s provided for
one color. Incidentally, this mode 1s merely an example, and
two or more color heads may be provided for one color.
Moreover, two or more color heads may be provided for each
of yellow (Y), magenta (M), cyan (C) and black (K), or, two
or more color heads may be provided only for a specific color.
In the case where two or more heads are provided in this way,
for example, 1t becomes possible to recoat with ink of the
same color, and to thicken the color of the recoated portion
(color production 1s further improved).



US 2016/0221708 Al

[0091] Moreover, in the exemplary embodiment, as
described above, after the layers of the white 1nk formed by
the first white head 251 are cured by the first irradiation lamp
261, the white ik 1s supplied onto this layer (hereimafter,
referred to as “white cured layer”) by the second white head
252. In the case of performing such a process, 1t 1s preferable
to make the surface tension of the white ink supplied from the
second white head 252 smaller than the surface tension of the
white cured layer.

[0092] In the case where the white ink 1s further supplied
onto the white cured layer, there 1s a possibility that the
supplied white ink 1s rejected and the white ink 1s less likely
to be placed on the white cured layer. If the surface tension 1s
decreased as described above, the white ink supplied from the
second white head 252 1s likely to be placed on the white
cured layer.

[0093] Moreover, 1t 1s preferable to set the surface tension
of the white ink such that the contact angle of the white 1nk
when the white ik 1s placed on the white cured layer by the
second white head 252 becomes not more than a certain value.
Here, 1f the contact angle becomes large, the white ik sup-
plied from the second white head 252 i1s likely to be rejected.

[0094] Here, the inventors made an investigation (experi-
ment 1) about relation between the contact angle of the white
ink supplied onto the white cured layer and a level of rejec-
tion, and found that the ink rejection was suppressed in the
case where the contact angle was not more than a certain
value. Moreover, for confirmation, an 1investigation (experi-
ment 2) was made about the contact angle of a black 1nk
supplied onto a later-described washed can and the level of
rejection.

[0095] Hereinatter, conditions of experiments and results
of experiments will be described.

Conditions of Experiment 1

[0096] (A) After supplying the white ink onto the white
cured layer, the white ink was irradiated with the ultraviolet
rays to cure the white ink. Thereaftter, status of the white ink
alter curing was confirmed by visual 1inspection, to confirm
whether the rejection occurred.

[0097] (B) Moreover, before the above-described curing by
the ultraviolet rays was performed, the contact angle of the
white ink placed on the white cured layer was measured. Note
that the measuring tool and the measuring method of the
contact angle are as follows:

[0098] Measuringinstrument...CA-A contact angle meter
manufactured by Kyowa Interface Science Co., LTD.

[0099] Measuring method. .. A droplethaving the diameter
of about 1.5 mm 1s prepared at a tip end a needle of a supplied
droplets regulator (injection cylinder). Then, the droplet 1s
transferred to the surface of a sample (surface of the white
cured layer), and the contact angle of the droplet 1s measured.

[0100] (C) Moreover, 5 conditions of white ink (Examples
1 to 3, Comparative examples 1 and 2) were prepared, the
contact angle of each of 5 conditions of white 1nk was mea-
sured, and further, the level of rejection was confirmed. More-
over, each of 5 conditions of the white ink, experiment was
carried out twice (N=2). Moreover, measurement of the con-
tact angle of the droplet was carried out at 3 locations (drop-
lets were attached to 3 locations), and an average of three
measured values was regarded as a measurement result. In
other words, 6 droplets were prepared for each of 5 conditions
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of the white 1nk, and the contact angle was measured for each
of the 6 droplets (the contact angles of 30 droplets 1n total
were measured).

Conditions of Experiment 2

[0101] (A) An edge of an opening portion of a can body
having been DI-molded as conventional manner was
trimmed, and a washed can was prepared by a conventional
washing process (hot-water washing, degreasing process,
water washing, chemical conversion coating process, water
washing, pure-water washing and drying). Similar to (A) 1n
conditions of experiment 1, after supplying black 1ink onto the
above-described washed can, the black ink was irradiated
with the ultraviolet rays to cure the black ink. Thereatter,
status of the black ink after curing was confirmed by visual
inspection, to confirm whether the rejection occurred. To
additionally describe, in the experiment using the black ink,
the black ink was not supplied onto the white cured layer, but
was supplied onto the can body directly. Then, the black 1nk
was 1rradiated with the ultraviolet rays to be cured, the status
of the black ink after curing was confirmed by visual inspec-
tion, and further, whether the rejection occurred was con-
firmed.

[0102] (B)Moreover, before the above-described curing by
the ultraviolet rays was performed, the contact angle of the
black ink placed on the washed can was measured. Note that
the measuring tool and the measuring method of the contact
angle are similar to (B) 1n conditions of experiment 1.
[0103] (C) Moreover, 5 conditions of washed can (Ex-
amples 4 to 6, Comparative examples 3 and 4) were prepared,
the contact angle of each of 5 conditions of washed can was
measured, and further, the level of rejection was confirmed.
The number of measurement 1s same as (C) in conditions of
experiment 1.

Results of Experiments

[0104] The results of experiment 1 are shown in FIG. 5.
Moreover, the results of experiment 2 are shown 1n FIG. 6.

[0105] Here,1in Example 1 of FIG. 5, the maximum value of
the contact angle was 22.0°, and 1n this case, rejection of the
white 1nk did not occur. Moreover, in Example 2, the maxi-
mum value of the contact angle was 25.0°, and 1n this case, of
the 6 droplets, rejection did not occur 1n some droplets, but
rejection occurred 1n some other droplets. However, the rejec-
tion was not the one causing the practical 1ssue. Further, in
Example 3, the maximum value of the contact angle was
28.0°, and rejection occurred 1n this case; however, the rejec-
tion was not the one causing the practical 1ssue.

[0106] On the other hand, as in Comparative examples 1
and 2, 1f the contact angle exceeded 28°, rejection began to
OCCUL.

[0107] Moreover, in Example 4 of FIG. 6, the maximum
value of the contact angle was 12.5°, and in this case, rejection
of the black ink did not occur. Moreover, in Example 3, the
maximum value of the contact angle was 15.0°, and 1in this
case, of the 6 droplets, rejection did not occur 1n some drop-
lets, but rejection occurred in some other droplets. However,
the rejection was not the one causing the practical issue.
Further, in Example 6, the maximum value of the contact
angle was 18.5°, and rejection occurred 1n this case; however,
the rejection was not the one causing the practical issue.

[0108] On the other hand, as 1n Comparative examples 3
and 4, 1f the contact angle exceeded 19°, rejection began to
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occur. Moreover, these results were substantially the same as
values 1n the ink of other colors.

[0109] In consideration of the above results, in the case
where the white 1nk 1s supplied onto the white cured layer,
rejection can be suppressed 1f the contact angle 1s not more
than 28°. Note that, the contact angle 1s preferably not more
than 25°, and more preferably not more than 22°. Moreover,
it 1s preferable that the contact angle 1s close to 0°, and the
lower limait value 1s 0°. Note that it 1s difficult to set the angle
to 0° 1n practice; for example, as shown 1n Example 1 1n FIG.
5, the smallest value of the contact angle (the lower limit value
of the contact angle) 1s, for example, 17°.

[0110] In a similar manner, 1n the case where the black 1nk
1s supplied onto the washed can, rejection can be suppressed
if the contact angle 1s not more than 19°. Note that, the contact
angle 1s preferably not more than 15°, and more preferably
not more than 13°. Moreover, 1t 1s preferable that the contact
angle 1s close to 0°, and the lower limit value 1s 0°. Note that
it 1s also difficult to set the angle to Win this case; for example,
as shown 1n Example 4 i FIG. 6, the smallest value of the
contact angle (the lower limit value of the contact angle) 1s,
for example, 9°.

REFERENCE SIGNS LIST

[0111] 10 Can body

[0112] 90 White layer

[0113] 91 Color ik layer

[0114] 200 Printing device

[0115] 242Y, 242M, 242C, 242K Color head
[0116] 251 First white head

[0117] 251A Ink ejection port

[0118] 252 Second white head

1. A can body manufacturing method, the can body being
used for a beverage can, the can body manufacturing method
comprising:

forming a layer on an outer circumierential surface of the

can body which 1s formed cylindrically with a metal

material and on the outer circumiterential surface of

which a metal base appears, the layer covering the metal
base; and
after forming the layer covering the metal base, forming an
image on the outer circumierential surface of the can
body,
wherein formation of the layer covering the metal base 1s
performed by an inkjet head having a plurality of 1nk
ejection ports and capable of controlling whether or not
an 1nk 1s ejected for each of the plurality of ink ejection
ports.
2. The can body manufacturing method according to claim
1, wherein

the layer covering the metal base 1s formed on part of the
outer circumierential surface of the can body, and
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the layer covering the metal base 1s formed to allow a
portion where the layer covering the metal base 1s
formed and a portion where the layer covering the metal
base 1s not formed to be adjacent each other 1n a circum-
ferential direction of the can body.

3. The can body manufacturing method according to claim

1, wherein

the layer covering the metal base 1s formed on part of the
outer circumierential surface of the can body, and

formation of the 1mage 1s performed on both of a portion
where the layer covering the metal base 1s formed and a
portion where the layer covering the metal base 1s not
formed.

4. The can body manufacturing method according to claim

1, wherein,

after the layer covering the metal base 1s formed, an ink of
a color same as the layer covering the metal base 1s
attached onto the layer covering the metal base, and

the attachment of the ink 1s performed after at least a
surface of the layer covering the metal base 1s cured.

5. A printing device that performs printing on a can body
cylindrically formed with a metal material to be used for a
beverage can, the printing device comprising;:

a layer forming unit that forms a layer on an outer circum-
ferential surface of the can body by use of an 1nkjet head
having a plurality of ink ejection ports and capable of
controlling whether or not an ink 1s ejected for each of
the plurality of ik ejection ports, the layer covering a
metal base appearing on the outer circumierential sur-
face; and

an 1mage forming unit that forms an 1mage on the outer
circumierential surface of the can body after the layer 1s
formed by the layer forming unit.

6. The printing device according to claim 5, wherein the
layer forming unit forms the layer covering the metal base by
use of an ultraviolet curable 1nk.

7. The printing device according to claim S, wherein a
plurality of inkjet heads for forming the layer covering the
metal base are provided.

8. A beverage can comprising;:

a can main body portion cylindrically formed with a metal

material;

a layer formed on part of an outer circumierential surface
of the can main body portion to cover a metal base
appearing on the outer circumfierential surface of the can
main body portion; and

an 1mage layer formed on the outer circumierential surface
of the can main body portion,

wherein the layer covering the metal base 1s formed to
allow a portion where the layer covering the metal base
1s formed and a portion where the layer covering the
metal base 1s not formed to be adjacent each other 1n a
circumierential direction of the can main body portion.
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