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(54) INKJET PRINTING APPARATUS AND INKJET PRINTING METHOD

(57) A process chamber 40 is arranged downstream
from an ejection head 21 that ejects ink to a recording
medium 9, and has an inlet 41 and an outlet 42 for passing
the recording medium 9 through the process chamber
40. An irradiator 70 irradiates the recording medium 9 in
the process chamber 40 with an ultraviolet ray. An inert
gas supplier 50 supplies an inert gas into the process
chamber 40. The ejection head 21 and the process cham-

ber 40 are accommodated in a casing 90. An air dis-
charge part 60 sucks atmosphere through an inlet-side
suction port 611 and an outlet-side suction port 631, and
discharges the sucked atmosphere to the outside of the
casing 90. The inlet-side suction port 611 is provided
upstream from the inlet 41. The outlet-side suction port
631 is provided downstream from the outlet 42.



EP 3 756 898 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a technique of
making a print on a recording surface of a recording me-
dium on the basis of an inkjet system.

Background Art

[0002] There is an inkjet printing apparatus that trans-
ports a strip-shaped recording medium and records an
image on a surface of the recording medium by ejecting
ink from multiple heads. In this type of inkjet printing ap-
paratus, ink to be cured in response to irradiation with an
active energy ray such as an ultraviolet ray or an electron
ray is used in some cases. In such cases, after the ink
is ejected to a recording surface of the recording medium,
ink adhering to the recording medium is irradiated with
active energy. This causes the ink to be cured and an
image to be printed on the recording medium. Curing the
ink through irradiation with the active energy ray is known
to inhibit curing of the ink as a result of influence of oxygen
around the ink. For curing the ink efficiently, an oxygen
concentration around the ink is desirably reduced by re-
placing an air layer on the surface of the recording me-
dium with an inert gas, for example.
[0003] A technique for such reduction in oxygen con-
centration on the surface of the recording medium is dis-
closed in Japanese Patent Application Laid-Open No.
2012-166539, for example. Japanese Patent Application
Laid-Open No. 2012-166539 discloses an active energy
ray irradiation apparatus including: a boundary layer
stripping part with a gas suction port for stripping off a
gas boundary layer in the vicinity of a surface of a medium
given an active energy ray curing type material; an inert
gas supplier that supplies an inert gas to the surface of
the medium after stripping of the gas boundary layer; a
layer flow securing section that secures a layer flow of
the inert gas on the surface of the medium; and an energy
ray irradiator that emits an active energy ray toward the
material applied surface of the medium through the layer
flow of the inert gas. Japanese Patent Application Laid-
Open No. 2012-166539 says that supplying the inert gas
after stripping of the gas boundary layer on the medium
allows reduction in oxygen concentration locally on the
medium, and this results in efficient curing of the active
energy ray curing type material.

Summary of Invention

[0004] The conventional technique causes a likelihood
that the inert gas supplied for ink curing will move from
an irradiation area of irradiation with the active energy
ray to an ejection area of ink ejection. Increase in inert
gas concentration in the ejection area causes relative
reduction in oxygen concentration, and this may cause
change in characteristic (wettability, for example) of the

ink. In the case of ultraviolet curing type ink, for example,
reduction in oxygen concentration reduces wettability.
This makes it difficult for the ink adhering to a recording
medium to spread over the recording medium sufficiently,
causing a risk of reduction in printing quality due to the
occurrence of a pin hole, for example.
[0005] An object of the present invention is to provide
a technique of alleviating reduction in printing quality in
a case of supplying an inert gas during implementation
of inkjet printing.
[0006] A first aspect is intended for an inkjet printing
apparatus that records an image by ejecting electromag-
netic curing type ink to a recording medium. The inkjet
printing apparatus includes a transport mechanism, an
ejection head, a process chamber, an irradiator, an inert
gas supplier, a casing, and an air discharge part. The
transport mechanism transports a recording medium
along a prescribed transport path. The ejection head
ejects the ink to the recording medium. The process
chamber arranged downstream from the ejection head
and having an inlet and an outlet for passing the recording
medium through the process chamber. The irradiator ir-
radiates the recording medium in the process chamber
with an electromagnetic wave. The inert gas supplier sup-
plies an inert gas into the process chamber. The casing
accommodates the ejection head and the process cham-
ber. The air discharge part has an inlet-side suction port,
an outlet-side suction port and an exhaust pipe. The inlet-
side suction port is provided upstream from the inlet of
the process chamber. The outlet-side suction port is pro-
vided downstream from the outlet of the process cham-
ber. The exhaust pipe guides atmosphere sucked
through the inlet-side suction port and the outlet-side suc-
tion port to the outside of the casing.
[0007] According to a second aspect, the inkjet printing
apparatus according to the first aspect further includes
an inlet-side partition wall connected to the inlet of the
process chamber and having a portion facing the trans-
port path. The inlet-side suction port is opened at a part
of the inlet-side partition wall toward the recording medi-
um.
[0008] According to a third aspect, in the inkjet printing
apparatus according to the second aspect, pressure loss
in the process chamber is greater than pressure loss in
first suction space surrounded by the inlet-side partition
wall.
[0009] According to a fourth aspect, the inkjet printing
apparatus according to any one of the first to third aspects
further includes an outlet-side partition wall connected to
the outlet of the process chamber and having a portion
facing the transport path. The outlet-side suction port is
opened at a part of the outlet-side partition wall toward
the transport path.
[0010] According to a fifth aspect, in the inkjet printing
apparatus according to the fourth aspect, pressure loss
in the process chamber is greater than pressure loss in
space surrounded by the outlet-side partition wall.
[0011] According to a sixth aspect, the inkjet printing
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apparatus according to any one of the first to fifth aspects
further includes a roller having a cylindrical outer periph-
eral surface on which the recording medium is wound.
The inert gas supplier supplies the inert gas toward the
roller.
[0012] According to a seventh aspect, in the inkjet
printing apparatus according to the sixth aspect, at least
one of the inlet-side suction port and the outlet-side suc-
tion port faces the outer peripheral surface of the roller.
[0013] According to an eighth aspect, in the inkjet print-
ing apparatus according to the sixth or seventh aspect,
the roller has a cooling mechanism of cooling the outer
peripheral surface.
[0014] According to a ninth aspect, in the inkjet printing
apparatus according to any one of the first to eighth as-
pects, the air discharge part discharges the atmosphere
per unit time of a larger amount than the amount of supply
of the inert gas per unit time by the inert gas supplier.
[0015] According to a tenth aspect, the inkjet printing
apparatus according to any one of the first to ninth as-
pects further includes an oximeter that measures an ox-
ygen concentration in the process chamber.
[0016] According to an eleventh aspect, the inkjet print-
ing apparatus according to the tenth aspect further in-
cludes a controller that controls the amount of discharge
of the atmosphere by the air discharge part in response
to output from the oximeter.
[0017] A twelfth aspect is intended for an inkjet printing
method of recording an image by ejecting electromag-
netic curing type ink to a recording medium. The method
includes (a) transporting a recording medium along a pre-
scribed transport path, (b) ejecting the ink to the recording
medium from an ejection head, (c) introducing the re-
cording medium into a process chamber arranged down-
stream from the ejection head through an inlet of the proc-
ess chamber, (d) irradiating the recording medium in the
process chamber with an electromagnetic wave, (e) sup-
plying an inert gas into the process chamber, (f) taking
the recording medium out of the process chamber
through an outlet of the process chamber and (g) sucking
atmosphere through each of an inlet-side suction port
provided upstream from the inlet of the process chamber
and an outlet-side suction port provided downstream
from the outlet of the process chamber, and discharging
the sucked atmosphere to the outside of a casing accom-
modating the ejection head and the process chamber.
[0018] The inkjet printing apparatus according of the
first aspect allows the inert gas flowing out through the
inlet and the outlet of the process chamber to be dis-
charged through the inlet-side suction port and the outlet-
side suction port to the outside of the casing. This sup-
presses change in characteristics of the ink adhering to
the recording medium to be caused by the move of the
inert gas flowing out from the process chamber toward
the ejection head and its vicinity upstream from the proc-
ess chamber. In this way, reduction in printing quality is
alleviated.
[0019] The inkjet printing apparatus according of the

second aspect allows the atmosphere in the inlet-side
partition wall connected to the inlet of the process cham-
ber to be sucked through the inlet-side suction port. This
allows the inert gas flowing out through the inlet to be
discharged effectively to the outside of the casing.
[0020] In the inkjet printing apparatus according to the
third aspect, making pressure loss in the process cham-
ber greater than pressure loss in the first suction space
makes it difficult for the inert gas in the process chamber
to flow out. Thus, the concentration of the inert gas in the
process chamber is increased easily. Further, a flow of
the atmosphere into the space in the inlet-side partition
wall is generated easily to achieve suction of the atmos-
phere favorably at the inlet-side suction port. This allows
the inert gas flowing out from the process chamber to be
sucked favorably.
[0021] The inkjet printing apparatus according of the
fourth aspect allows the atmosphere in the outlet-side
partition wall connected to the outlet of the process cham-
ber to be sucked through the outlet-side suction port. This
allows the inert gas flowing out through the outlet to be
discharged effectively to the outside of the casing.
[0022] In the inkjet printing apparatus according to the
fifth aspect, increasing pressure loss in the process
chamber makes it difficult for the inert gas in the process
chamber to flow out. This makes the concentration of the
inert gas in the process chamber easier to increase. Fur-
ther, a flow of the atmosphere into the space in the outlet-
side partition wall is generated easily to achieve suction
of the atmosphere favorably at the outlet-side suction
port. This allows the inert gas leaking from inside the
process chamber to be sucked favorably.
[0023] The inkjet printing apparatus according to the
sixth aspect allows application of tension on the recording
medium with the roller. Further, the inert gas is dis-
charged onto the recording medium wound on the roller.
Thus, the atmosphere on the recording medium is effec-
tively replaced by the inert gas.
[0024] The inkjet printing apparatus according to the
seventh aspect allows the inert gas exiting the outlet or
the inlet of the process chamber and flowing over the
roller to be sucked favorably.
[0025] The inkjet printing apparatus according to the
eighth aspect allows the recording medium on the roller
to be cooled effectively.
[0026] The inkjet printing apparatus according to the
ninth aspect allows the air discharge part to discharge
the atmosphere of a larger amount than the amount of
supply of the inert gas to be supplied to the process cham-
ber. This effectively suppresses the movement of the in-
ert gas flowing out from the process chamber toward the
ejection head and its vicinity.
[0027] In the inkjet printing apparatus according to the
tenth aspect, provision of the oximeter realizes detection
of an oxygen concentration in the process chamber.
[0028] In the inkjet printing apparatus according to the
eleventh aspect, the amount of discharge of the atmos-
phere by the air discharge part is controlled in response
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to an oxygen concentration in the process chamber. This
makes it possible to keep an oxygen concentration in the
process chamber at an appropriate value appropriate for
curing of the ink.
[0029] The inkjet printing method according of the
twelfth aspect allows the inert gas flowing out through
the inlet and the outlet of the process chamber to be
discharged through the inlet-side suction port and the
outlet-side suction port to the outside of the casing. This
suppresses change in characteristics of the ink adhering
to the recording medium to be caused by the move of
the inert gas flowing out from the process chamber to-
ward the ejection head and its vicinity upstream from the
process chamber. In this way, reduction in printing quality
is suppressed.

Brief Description of Drawings

[0030]

Fig. 1 schematically shows the configuration of an
inkjet printing apparatus according to a preferred em-
bodiment.
Fig. 2 is a vertical sectional view of an ejection head
and a support table.
Fig. 3 is a schematic side view showing a configu-
ration including an irradiator and its vicinity of the
inkjet printing apparatus.
Fig. 4 is a schematic front view showing a configu-
ration including the irradiator and its vicinity of the
inkjet printing apparatus.
Fig. 5 shows a configuration of electric connection
between a controller and each part in the inkjet print-
ing apparatus.

Description of Embodiments

[0031] A preferred embodiment of the present inven-
tion will be described below by referring to the accompa-
nying drawings. Constituting elements in the preferred
embodiment are described merely as examples, and the
scope of the present invention is not to be limited only to
these elements. In the drawings, the dimensions or quan-
tities of each part may be exaggerated or simplified as
necessary for ease of understanding.

<1. Preferred Embodiment>

[0032] Fig. 1 schematically shows the configuration of
an inkjet printing apparatus 1 according to the preferred
embodiment. The inkjet printing apparatus 1 records an
image on a recording surface of a strip-shaped recording
medium 9 (printing paper, for example) by ejecting drop-
lets of ink from a plurality of ejection heads 21 while trans-
porting the recording medium 9. Ultraviolet curable ink
to be cured by irradiation with an ultraviolet ray as an
electromagnetic wave is applicable to the ink used in the
inkjet printing apparatus 1. This ink can contain a curing

initiator as a component for facilitating curing, for exam-
ple.
[0033] The inkjet printing apparatus 1 includes a trans-
port mechanism 10, an image recording section 20, a
support unit 30, a process chamber 40, an inert gas sup-
plier 50, an air discharge part 60, an irradiator 70, and a
controller 80. All the parts (including the image recording
section 20 and the process chamber 40) except the con-
troller 80 are accommodated in a box-shaped casing 90.
[0034] The transport mechanism 10 is a mechanism
for transporting the recording medium 9 in a moving di-
rection conforming to a longitudinal direction of the re-
cording medium 9. The transport mechanism 10 includes
an unwinding section 11, a plurality of transport rollers
12, a chill roller 13, and a winding section 14. The trans-
port rollers 12 include a direction switching roller 121 and
a nip roller 122 described later. The recording medium 9
is unwound from the unwinding section 11 and transport-
ed along a transport path composed of the transport roll-
ers 12. Each of the transport rollers 12 rotates about a
horizontal axis to guide the recording medium 9 down-
stream of the moving direction. After the transport of the
recording medium 9, the recording medium 9 is collected
on the winding section 14. In this way, the recording me-
dium 9 is supported by the transport rollers 12, the chill
roller 13 and others arranged at prescribed positions to
be transported along a prescribed transport path TR1.
[0035] In the following description, a direction of mov-
ing the recording medium 9 along the transport path TR1
may simply be referred as a "moving direction." Being
downstream of this moving direction may simply be re-
ferred as "being downstream," and being upstream of
the moving direction may simply be called "being up-
stream." Further, a direction perpendicular to the moving
direction and parallel to the surface of the recording me-
dium 9 may be referred as a "width direction."
[0036] As shown in Fig. 1, after being unwound from
the unwinding section 11, the recording medium 9 first
passes through a cleaner 15. The cleaner 15 includes a
plurality of suction rollers 151 arranged proximately ver-
tically. The suction rollers 151 rotate while contacting a
recording surface 9a and a rear surface 9b of the record-
ing medium 9. Foreign matters adhering to the recording
surface 9a and the rear surface 9b of the recording me-
dium 9 are adsorbed on the suction rollers 151 and re-
moved. By doing so, the number of foreign matters ad-
hering to the recording medium 9 before printing is re-
duced. This reduces the occurrence of printing failure
such as rejection or exuding of ink due to foreign matters.
The cleaner 15 may be equipped with another system
(such as a suction mechanism) other than the suction
rollers 151.
[0037] After passing through the cleaner 15, the re-
cording medium 9 moves under the image recording sec-
tion 20 substantially horizontally in a direction in which
the ejection heads 21 are aligned. During the move, the
recording surface 9a of the recording medium 9 is pointed
upward (toward the ejection heads 21). The transport

5 6 



EP 3 756 898 A1

5

5

10

15

20

25

30

35

40

45

50

55

mechanism 10 includes the direction switching roller 121,
the chill roller 13, and the nip roller 122 arranged down-
stream of the moving direction from the image recording
section 20.
[0038] The nip roller 122 rotates actively at a constant
speed while contacting the recording surface 9a and the
rear surface 9b of the recording medium 9 and grasping
the recording medium 9. The transport mechanism 10
adjusts the rotation speed of the unwinding section 11
relative to the rotation speed of the nip roller 122. This
applies tension to the recording medium 9. As a result,
sags or creases of the recording medium 9 are reduced
during the transport.
[0039] The image recording section 20 is a mechanism
that ejects ultraviolet curing type ink to the recording me-
dium 9 transported by the transport mechanism 10. The
image recording section 20 of the preferred embodiment
includes four ejection heads 21. The four ejection heads
21 are aligned in the moving direction of the recording
medium 9. During printing, droplets of ink of each color
of C (cyan), M (magenta), Y (yellow), an K (black) are
ejected from the four ejection heads 21 respectively to-
ward the recording surface 9a of the recording medium
9. The droplets of each color ink become color compo-
nents of a color image. By doing so, the color image is
formed on the recording surface 9a of the recording me-
dium 9. A step of ejecting the ink from the ejection head
21 to the recording medium 9 is an example of an ink
ejection step.
[0040] The support unit 30 includes a plurality of sup-
port tables 31 aligned in the moving direction of the re-
cording medium 9. The four ejection heads 21 are each
attached to one of these support tables 31. In this way,
the four ejection heads 21 are supported and the posi-
tions of these heads relative to each other are fixed. Each
of the support tables 31 has a through hole 311 formed
at the center of the support table 31 A lower end of the
ejection head 21 is inserted into the through hole 311. In
this way, the lower surface of the ejection head 21 at-
tached to the support table 31 is caused to face the re-
cording surface 9a of the recording medium 9 without
being blocked by the support table 31.
[0041] Fig. 2 is a vertical sectional view of the ejection
head 21 and the support table 31. The lower surface of
each ejection head 21 is provided with a plurality of noz-
zles 211 for ejecting droplets of ink. The nozzles 211 are
aligned regularly in the width direction of the recording
medium 9 perpendicular to the moving direction of the
recording medium 9 in such a manner as to cover the
width of the recording medium 9 substantially entirely.
The ejection head 21 is fixed to the support table 31 while
the lower end of the ejection head 21 is fitted in the
through hole 311 of the support table 31. The lower sur-
face of the ejection head 21 is a nozzle surface 212 where
the nozzles 211 are formed.
[0042] As shown in Fig. 1, the direction switching roller
121 as a switcher is arranged downstream as viewed
from the image recording section 20. The direction

switching roller 121 rotates about a horizontal axis ex-
tending in the width direction while contacting the rear
surface 9b of the recording medium 9. This bends the
recording medium 9 to a direction opposing the recording
surface 9a. As a result, the moving direction of the re-
cording medium 9 is switched from a first direction (in the
preferred embodiment, a substantially horizontal direc-
tion) to a second direction (in the preferred embodiment,
a vertically downward direction).
[0043] The direction switching roller 121 contacts the
rear surface 9b of the recording medium 9. Thus, the
surface of the direction switching roller 121 is prevented
from contacting ink in an uncured state. This suppresses
reduction in the quality of an image on the recording me-
dium 9 to be caused by the contact with the direction
switching roller 121. A member for switching the moving
direction of the recording medium 9 is absent on a side
of the recording surface 9a of the recording medium 9.
[0044] Fig. 3 is a schematic side view showing a con-
figuration including the irradiator 70 and its vicinity of the
inkjet printing apparatus 1. Fig. 4 is a schematic front
view showing a configuration including the irradiator 70
and its vicinity of the inkjet printing apparatus 1.
[0045] As shown in Fig. 4, the chill roller 13 rotates
about a horizontal axis 131 extending in the width direc-
tion while contacting the rear surface 9b of the recording
medium 9. The horizontal axis 131 has one end connect-
ed to a motor 13M. Driving of the motor 13M rotates the
horizontal axis 131, thereby rotating the chill roller 13.
One side-wall 133 is provided at each of opposite sides
of the chill roller 13 in the width direction in such a manner
that the side-walls 133 face each other. The horizontal
axis 131 is rotatably supported by the two side-walls 133.
The chill roller 13 is arranged substantially vertically
above the process chamber 40 and the irradiator 70. The
chill roller 13 has an outer peripheral surface 13S. The
diameter of the outer peripheral surface 13S is greater
than the diameter of an outer peripheral surface of the
transport rollers 12.
[0046] Coolant 130 is stored inside the chill roller 13.
The Coolant 130 is circulated appropriately by a circulator
not shown in the drawings. By doing so, the surface of
the chill roller 13 is cooled to be maintained at a certain
temperature. The structure and the mechanism for stor-
ing and circulating the coolant 130 is a example of a cool-
ing mechanism of cooling the outer peripheral surface
13S of the chill roller 13.
[0047] The process chamber 40 is arranged down-
stream from the ejection head 21. In other words, the
process chamber 40 is arranged downstream from a po-
sition at which ink from the ejection head 21 adheres to
the recording medium 9. The process chamber 40 has
an inlet 41 and an outlet 42 for passing the recording
medium 9 through the process chamber 40. The inlet 41
is an opening for introducing the recording medium 9 into
process space 40R inside the process chamber 40. The
outlet 42 is an opening for taking the recording medium
9 out of the process space 40R.
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[0048] The process chamber 40 includes a first wall
43, a second wall 44, and a third wall 45. The first wall
43 forms an upstream side surface of the process space
40R. The second wall 44 forms a downstream side sur-
face of the process space 40R. The third wall 45 is a
plate-like member connecting the first wall 43 and the
second wall 44 and forming the bottom surface of the
process space 40R. Both ends of the first wall 43, the
second wall 44, and the third wall 45 in the width direction
are respectively connected to corresponding one of the
side-walls 133. Namely, the respective inward surfaces
of the two side-walls 133 form the side surfaces of the
process space 40R on the opposite sides in the width
direction.
[0049] The first wall 43 has a first facing surface 43S
facing the outer peripheral surface 13S of the chill roller
13 and curved along the outer peripheral surface 13S.
The first facing surface 43S and the outer peripheral sur-
face 13S form a first flow path 46a. The first flow path
46a has an upstream end functioning as the inlet 41.
[0050] The second wall 44 has a second facing surface
44S facing the outer peripheral surface 13S of the chill
roller 13 and curved along the outer peripheral surface
13S. The second facing surface 44S and the outer pe-
ripheral surface 13S form a second flow path 46b. The
second flow path 46b has a downstream end functioning
as the outlet 42.
[0051] The chill roller 13 is arranged on a top side op-
posite the third wall 45 in the process chamber 40. Name-
ly, the outer peripheral surface 13S of the chill roller 13
(more specifically, a part of the outer peripheral surface
13S caught between the first wall 43 and the second wall
44) forms the top surface of the process chamber 40. In
this way, the process chamber 40 is configured as sub-
stantially closed space except the inlet 41 and the outlet
42.
[0052] The side surfaces of the process chamber 40
on the opposite sides of the width direction are not always
required to be configured using the two side-walls 133.
For example, a side-wall standing from the third wall 45
toward the chill roller 13 and extending in the moving
direction may be provided on each of opposite external
sides of the transport path TR1 in the width direction.
[0053] An oximeter 47 is provided to the process space
40R. The oximeter 47 measures an oxygen concentra-
tion in the process space 40R, and outputs the measured
oxygen concentration to the controller 80. Measuring an
oxygen concentration in the process space 40R using
the oximeter 47 is not an absolute necessity. For exam-
ple, a mechanism of feeding out atmosphere from inside
the process space 40R to the outside through a prede-
termined hole may be provided, and an oximeter may be
provided on a path of the outgoing atmosphere. In this
case, an oxygen concentration in the process chamber
40 can be measured by measuring an oxygen concen-
tration in this atmosphere.
[0054] A step performed by the transport mechanism
10 of introducing the recording medium 9 into the process

chamber 40 through the inlet 41 is an example of an
incoming step. A step performed by the transport mech-
anism 10 of taking the recording medium 9 out of the
process chamber 40 through the outlet 42 is an example
of an outgoing step.
[0055] The inert gas supplier 50 supplies an inert gas
into the process chamber 40. More specifically, the inert
gas supplier 50 supplies nitrogen gas as the inert gas
toward the recording surface 9a of the recording medium
9 in the process chamber 40. As shown in Fig. 3, the inert
gas supplier 50 has a supply port 51 for supplying nitro-
gen gas toward the recording surface 9a of the recording
medium 9. A supply source 54 of nitrogen gas is con-
nected to the supply port 51 through a pipe 52 and an
open/close valve 53. Opening the open/close valve 53
feeds nitrogen gas from the supply source 54 toward the
supply port 51. Adjusting a degree of opening of the
open/close valve 53 allows adjustment of the pressure
of nitrogen gas supplied through the supply port 51. The
pressure of nitrogen gas supplied through the supply port
51 may be adjusted by a pressure adjusting mechanism
provided separately from the open/close valve 53. To
realize supply of nitrogen gas of a higher pressure, the
supply port 51 may be provided with an additional ejection
mechanism such as what is called an air knife. A step
implemented by the inert gas supplier 50 of supplying
the inert gas into the process chamber 40 is an example
of an inert gas supply step.
[0056] In the preferred embodiment, a tip portion of the
pipe 52 is provided inside the first wall 43 and the supply
port 51 is opened at the first facing surface 43S. Thus,
the inert gas supplied from the inert gas supplier 50 pass-
es through the first flow path 46a to move into the process
chamber 40. The inert gas is injected through the supply
port 51 toward the outer peripheral surface 13S of the
chill roller 13. This allows impinging of the inert gas on
the recording surface 9a of the recording medium 9 to
achieve efficient replacement of atmosphere on the re-
cording surface 9a with the inert gas.
[0057] The air discharge part 60 includes an inlet-side
suction unit 61, an outlet-side suction unit 63, and a fan
65 (see Fig. 1). The inlet-side suction unit 61 includes an
inlet-side suction port 611, an inlet-side partition wall 612,
and an exhaust pipe 613. The outlet-side suction unit 63
includes an outlet-side suction port 631, an outlet-side
partition wall 632, and an exhaust pipe 633.
[0058] The inlet-side suction port 611 is provided up-
stream from the inlet 41 of the process chamber 40. The
outlet-side suction port 631 is provided downstream from
the outlet 42 of the process chamber 40. The inlet-side
suction port 611 is connected to the exhaust pipe 613.
The outlet-side suction port 631 is connected to the ex-
haust pipe 633. The exhaust pipes 613 and 633 commu-
nicate with the outside of the casing 90 through the fan
65. The fan 65 generates flows of air from inside the
exhaust pipes 613 and 633 toward the outside of the
casing 90. The air discharge part 60 sucks atmosphere
around the recording medium 9 on the transport path
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TR1 through the inlet-side suction port 611 and the outlet-
side suction port 631 by the action of the fan 65. More
specifically, the inlet-side suction unit 61 sucks atmos-
phere between the outer peripheral surface 13S of the
chill roller 13 and the inlet-side partition wall 612, and the
outlet-side suction unit 63 sucks atmosphere between
the outer peripheral surface 13S and the outlet-side par-
tition wall 632. The atmosphere sucked through the inlet-
side suction port 611 and the outlet-side suction port 631
is guided to the outside of the casing 90 through the ex-
haust pipes 613 and 633, and then discharged. A step
implemented by the air discharge part 60 of sucking at-
mosphere around the recording medium 9 through the
inlet-side suction port 611 and the outlet-side suction port
631 and discharging the atmosphere to the outside of
the casing 90 is an example of an air discharge step.
Providing the fan 65 to the body of the inkjet printing
apparatus 1 is not an absolute necessity. For example,
the fan 65 may be omitted, and discharge end of each
of the exhaust pipes 613 and 633 may be configured to
be connected to a suction source outside the apparatus.
[0059] As shown in Fig. 3, the exhaust pipe 613 is con-
nected to a back surface of the inlet-side partition wall
612 (a surface on the opposite side of the transport path
TR1), and the exhaust pipe 633 is connected to a back
surface of the outlet-side partition wall 632. In the pre-
ferred embodiment, the exhaust pipe 613 is connected
to the inlet-side partition wall 612 at one position, as
shown in Fig. 4. Alternatively, a connection of the exhaust
pipe 613 may be divided into a plurality of branches to
connect the exhaust pipe 613 to the inlet-side partition
wall 612 at a plurality of positions differing in the width
direction, for example. This also applies to the exhaust
pipe 633.
[0060] The inlet-side partition wall 612 is a member
having a portion facing the recording surface 9a of the
recording medium 9 on the transport path TR1, in the
preferred embodiment, having a portion facing the outer
peripheral surface 13S of the chill roller 13. As shown in
Fig. 3, the inlet-side partition wall 612 is formed into a U-
shape with an opening pointed toward the outer periph-
eral surface 13S of the chill roller 13 in a sectional view
to form first suction space 61R inside the inlet-side par-
tition wall 612. The inlet-side suction port 611 is opened
at a part of the inlet-side partition wall 612 toward the
transport path TR1. In the preferred embodiment, the in-
let-side suction port 611 is formed at a surface of the
inlet-side partition wall 612 pointed toward the chill roller
13. The inlet-side partition wall 612 has a downstream
end connected to the inlet 41 of the process chamber 40,
namely, to an upstream end of the first wall 43. The inlet-
side partition wall 612 has an upstream end separated
by a predetermined distance from the chill roller 13 to
form an entrance 614 for entry of the recording medium
9 into the inlet-side suction unit 61. As shown in Fig. 4,
the size of the inlet-side partition wall 612 in the width
direction is substantially the same as the size of the chill
roller 13 in the width direction, for example.

[0061] A height from the outer peripheral surface 13S
of the chill roller 13 to the inlet-side suction port 611 is
greater than the height of the inlet 41 (a height from the
outer peripheral surface 13S to the first facing surface
43S). A height from the outer peripheral surface 13S to
the outlet-side suction port 631 is greater than the height
of the outlet 42 (a height from the outer peripheral surface
13S to the second facing surface 44S).
[0062] The outlet-side partition wall 632 is a member
having a portion facing the recording surface 9a of the
recording medium 9 on the transport path TR1, in the
preferred embodiment, having a portion facing the outer
peripheral surface 13S of the chill roller 13. As shown in
Fig. 3, the outlet-side partition wall 632 is formed into a
U-shape with an opening pointed toward the outer pe-
ripheral surface 13S of the chill roller 13 in a sectional
view to form second suction space 63R inside the outlet-
side partition wall 632. The outlet-side suction port 631
is opened at a part of the outlet-side partition wall 632
toward the transport path TR1. hi the preferred embodi-
ment, the outlet-side suction port 631 is formed at a sur-
face of the outlet-side partition wall 632 pointed toward
the chill roller 13. The outlet-side partition wall 632 has
an upstream end connected to the outlet 42 of the proc-
ess chamber 40, namely, to a downstream end of the
second wall 44. The outlet-side partition wall 632 has a
downstream end separated from the chill roller 13 to form
an exit 634 for discharge of the recording medium 9 from
the outlet-side suction unit 63. While not shown in the
drawings, like the inlet-side partition wall 612, the size of
the outlet-side partition wall 632 in the width direction is
substantially the same as the size of the chill roller 13 in
the width direction, for example.
[0063] The size of the inlet-side suction port 611 in the
width direction can be substantially the same as the size
of the inlet 41 in the width direct (in the preferred embod-
iment, a width between the two side-walls 133) (see Fig.
4), for example. This allows atmosphere containing the
inert gas flowing out through the inlet 41 from inside the
process chamber 40 to be sucked through the entirety
of the inlet 41 in the width direction. Likewise, the size of
the outlet-side suction port 631 in the width direction can
be substantially the same as the size of the outlet 42 in
the width direct (in the preferred embodiment, a width
between the two side-walls 133) (see Fig. 4), for example.
This allows atmosphere (containing the inert gas) flowing
out through the outlet 42 from inside the process chamber
40 to be sucked through the entirety of the outlet 42 in
the width direction.
[0064] The inlet-side suction port 611 is not necessarily
a single opening extending in the width direction. For
example, the inlet-side suction port 611 may be a plurality
of openings distributed to a plurality of positions in the
width direction. Likewise, the outlet-side suction port 631
is not necessarily a single opening extending in the width
direction. The outlet-side suction port 631 may be a plu-
rality of openings distributed to a plurality of positions in
the width direction.
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[0065] As long as the inlet-side partition wall 612 has
a portion facing the transport path TR1, the shape and
size of the inlet-side partition wall 612 are not particularly
limited. However, pressure loss in the process chamber
40 is preferably greater than pressure loss in the inlet-
side suction unit 61 (in the first suction space 61R sur-
rounded by the inlet-side partition wall 612). In this re-
gard, the height of the inlet 41 (an interval between the
outer peripheral surface 13S and the first facing surface
43S) may be set to be smaller than the height of the
entrance 614, for example. Alternatively, pressure loss
in the process chamber 40 may be increased by increas-
ing the size of the first flow path 46a or the second flow
path 46b in the moving direction. Making pressure loss
in the process chamber 40 greater than pressure loss in
the inlet-side suction unit 61 in this way makes it difficult
for the inert gas in the process chamber 40 to flow out.
This makes the concentration of the inert gas in the proc-
ess chamber 40 easier to increase. Further, a flow of
atmosphere into the space in the inlet-side partition wall
612 is generated easily to achieve a favorable suction of
the atmosphere through the inlet-side suction port 611.
This allows the inlet-side suction unit 61 to favorable suck
the inert gas flowing out from the process chamber 40
through the inlet 41.
[0066] As long as the outlet-side partition wall 632 has
a portion facing the transport path TR1, the shape and
size of the outlet-side partition wall 632 are not particu-
larly limited. However, like in the case of the inlet-side
partition wall 612, pressure loss in the process chamber
40 is preferably greater than pressure loss in the outlet-
side suction unit 63 (in the second suction space 63R
surrounded by the outlet-side partition wall 632). In this
regard, the height of the outlet 42 (an interval between
the outer peripheral surface 13S and the second facing
surface 44S) may be set to be smaller than the height of
the exit 634, for example. Making pressure loss in the
process chamber 40 greater than pressure loss in the
outlet-side suction unit 63 generates a flow of atmos-
phere into the second suction space 63R easily. This
achieves a favorable suction of the atmosphere through
the outlet-side suction port 631. This allows the outlet-
side suction unit 63 to favorable suck the inert gas flowing
out from the process chamber 40 through the outlet 42.
[0067] The irradiator 70 is arranged downstream from
the inert gas supplier 50 and substantially vertically below
the chill roller 13. The irradiator 70 is arranged directly
below the process chamber 40. The irradiator 70 per-
forms an irradiation process of emitting irradiating light
to the recording medium 9 supported by the chill roller
13. The irradiator 70 of the preferred embodiment in-
cludes a metal halide lamp 71 and a reflector 72. The
metal halide lamp 71 is a tubular light source extending
in the width direction.
[0068] Irradiating light emitted from the metal halide
lamp 71 contains an ultraviolet ray in a wavelength band
effective in curing ink ejected from the ejection head 21.
The irradiating light emitted from the metal halide lamp

71 has a light quantity sufficient for curing the ink com-
pletely. After implementation of the irradiation process
on the ink on the recording medium 9, the ink is cured to
fix the ink to the recording medium 9. As a result, an
image is recorded on the recording surface 9a of the re-
cording medium 9. A step performed by the irradiator 70
of irradiating the recording surface 9a of the recording
medium 9 with an ultraviolet ray in the process chamber
40 is an example of an irradiation step.
[0069] The third wall 45 of the process chamber 40 is
arranged between the irradiator 70 and the chill roller 13.
The third wall 45 is made of a material permitting ultra-
violet transmission. While materials of the first wall 43
and the second wall 44 are not particularly limited, the
first facing surface 43S and the second facing surface
44S are preferably made of rubber. In this case, in the
presence of a foreign matter adhering to the recording
surface 9a of the recording medium 9, the occurrence of
damage on the first facing surface 43S or the second
facing surface 44S due to hit by the foreign matter, or the
occurrence of damage on the recording medium 9 is re-
duced.
[0070] When the recording medium 9 passes through
the inert gas supplier 50, the recording medium 9 is trans-
ported while being cooled by the chill roller 13. The irra-
diator 70 performs the irradiation process on a part of the
recording medium 9 contacted to the chill roller 13. In this
case, temperature increase of the recording medium 9
caused by the irradiation process is suppressed. The re-
cording medium 9 is bent by the chill roller 13 to a direction
opposing the recording surface 9a to switch an advancing
direction of the recording medium 9. A switching angle
of the advancing direction determined by the chill roller
13 is preferably 180 degrees or more. In this case, the
recording medium 9 contacts the chill roller 13 for a longer
period of time to be cooled sufficiently. In this way, tem-
perature increase of the recording medium 9 caused by
the irradiation process is suppressed to a greater extent.
The recording medium 9 receives tension applied by the
chill roller 13. This reduces sags or creases of the re-
cording medium 9 to be caused by thermal expansion.
After the recording medium 9 passes through the irradi-
ator 70, the recording medium 9 passes through the
transport rollers 12 including the chill roller 13 and the
nip roller 122 to be collected on the winding section 14.
[0071] Fig. 5 shows a configuration of electric connec-
tion between the controller 80 and each part in the inkjet
printing apparatus 1. The controller 80 is configured using
a computer including an arithmetic processor 81 such as
a CPU, a memory 82 such as a RAM, and a storage 83
such as a hard disc drive. The controller 80 is electrically
connected to each of the unwinding section 11, the wind-
ing section 14, the four ejection heads 21, the oximeter
47, the open/close valve 53, the fan 65, the irradiator 70,
and the nip roller 122. The controller 80 reads a computer
program P from the storage 83 temporarily onto the mem-
ory 82, and the arithmetic processor 81 performs arith-
metic processing on the basis of the read computer pro-
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gram P, thereby controlling the motion of each of the
foregoing units. A printing process proceeds in the inkjet
printing apparatus 1 under this control.
[0072] The controller 80 is electrically connected to a
server 2 installed external to the inkjet printing apparatus
1. The server 2 stores image data D to be printed. During
implementation of the printing process, the recording me-
dium 9 is transported by the transport mechanism 10,
and the controller 80 reads the designated image data
D from the server 2 and ejects ink of each color from a
corresponding one of the ejection heads 21 on the basis
of the image data D. As a result, an image responsive to
the image data D is recorded on the recording surface
9a of the recording medium 9. The image data D may be
provided to the controller 80 without intervention of the
server 2.
[0073] The inkjet printing apparatus 1 allows the inert
gas flowing out through the inlet 41 and the outlet 42 of
the process chamber 40 to be discharged through the
inlet-side suction port 611 and the outlet-side suction port
631 to the outside of the casing 90. This suppresses
change in characteristics of ink such as wettability ad-
hering to the recording medium 9 to be caused by the
move of the inert gas flowing out from the process cham-
ber 40 toward the ejection head 21 and its vicinity up-
stream from the process chamber 40. In this way, reduc-
tion in printing quality is alleviated.
[0074] As shown in Fig. 3, with the inlet-side partition
wall 612 connected to the inlet 41, the inert gas flowing
out through the inlet 41 is allowed to be sucked favorably
through the inlet-side suction port 611 provided in the
inlet-side partition wall 612. Likewise, with the outlet-side
partition wall 632 connected to the outlet 42, the inert gas
flowing out through the outlet 42 is allowed to be sucked
favorably through the outlet-side suction port 631 provid-
ed in the outlet-side partition wall 632. These act to allow
the inert gas flowing out from the process chamber 40 to
be discharged effectively e, the outside of the casing 90.
[0075] The inlet-side suction port 611 and the outlet-
side suction port 631 face the outer peripheral surface
13S of the chill roller 13. This achieves a favorable suction
of the inert gas exiting the process chamber 40 through
the inlet 41 and the outlet 42 and flowing over the record-
ing surface 9a of the recording medium 9 through the
inlet-side suction port 611 and the outlet-side suction port
631.
[0076] The controller 80 controls the open/close valve
53 to control the amount of supply of the inert gas per
unit time to be supplied into the process chamber 40.
The controller 80 controls the fan 65 to control the amount
of discharge of atmosphere per unit time to be discharged
by the air discharge part 60. For example, the controller
80 may make the air discharge part 60 discharge atmos-
phere per unit time of a larger amount than the amount
of supply of the inert gas per unit time by the inert gas
supplier 50 by controlling the open/close valve 53 and
the fan 65. This allows the air discharge part 60 to dis-
charge atmosphere of a larger amount than the amount

of supply of the inert gas to be supplied to the process
chamber 40. By doing so, move of the inert gas flowing
out from the process chamber 40 through the inlet 41 or
the outlet 42 toward the ejection head 21 and its vicinity
of the image recording section 20 is suppressed effec-
tively.
[0077] The controller 80 may control the amount of dis-
charge of atmosphere per unit time by the air discharge
part 60 in response to output from the oximeter 47. If the
air discharge part 60 discharges too much atmosphere,
for example, more inert gas than necessary flows out
from the process chamber 40 to cause relative increase
in oxygen concentration in the process chamber 40. This
may cause influence on a curing rate of ink. In this regard,
if output from the oximeter 47 exceeds a predetermined
reference value, for example, the controller 80 may con-
trol the fan 65 in such a manner as to reduce a discharge
amount, for example. Conversely, if output from the ox-
imeter 47 falls below the predetermined reference value,
the controller 80 may control the fan 65 in such a manner
as to increase a discharge amount. In this way, the
amount of discharge of atmosphere by the air discharge
part 60 is controllable in response to an oxygen concen-
tration in the process chamber 40, making it possible to
keep an oxygen concentration in the process chamber
40 at a value appropriate for curing of ink. The controller
80 may further control the open/close valve 53 together
with the fan 65 in response to output from the oximeter 47.

<2. Modifications>

[0078] While the preferred embodiment has been de-
scribed hereinabove, the present invention is not limited
to the foregoing preferred embodiment but can be mod-
ified in various ways.
[0079] For example, the inkjet printing apparatus 1 de-
scribed above is to record an image on printing paper as
a recording medium. Alternatively, the inkjet printing ap-
paratus of the present invention may be configured to
record an image on a strip-shaped recording medium
other than paper generally used (a resin film, for exam-
ple).
[0080] In the foregoing preferred embodiment, nitro-
gen gas available at low cost is used as the inert gas
supplied from the supplier. Alternatively, the inert gas
may be a different type of gas such as helium or argon,
or a mixed gas of such gases. In the foregoing preferred
embodiment, an electromagnetic wave emitted from the
irradiator is an ultraviolet ray. Alternatively, the irradiator
may be configured to emit an electromagnetic wave other
than an ultraviolet ray.
[0081] In the foregoing preferred embodiment, the
transport mechanism 10 is a mechanism of a roll-to-roll
system. However, the transport mechanism of the
present invention is not limited to this system. For exam-
ple, the transport mechanism may be a mechanism of
an adsorption carrying method of adsorbing and trans-
porting a recoding medium using a belt wound around a
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pair of rollers and an adsorbing device provided to the
belt. If the adsorption carrying method is used for the
transport mechanism, a sheet-fed recording medium
may be used instead of a strip-shaped recording medium.
[0082] While the invention has been shown and de-
scribed in detail, the foregoing description is in all aspects
illustrative and does not limit the invention. It is therefore
understood that numerous modifications and variations
not shown can be devised without departing from the
scope of the invention. The components described in the
foregoing preferred embodiment and in the modifications
may be combined together or omitted, as appropriate,
without inconsistencies.

Claims

1. An inkjet printing apparatus (1) that records an image
by ejecting electromagnetic curing type ink to a re-
cording medium (9), comprising:

a transport mechanism (10) that transports a re-
cording medium (9) along a prescribed transport
path (TR1);
an ejection head that ejects said ink to said re-
cording medium (9);
a process chamber (40) arranged downstream
from said ejection head and having an inlet (41)
and an outlet (42) for passing said recording me-
dium (9) through said process chamber (40);
an irradiator (70) that irradiates said recording
medium (9) in said process chamber (40) with
an electromagnetic wave;
an inert gas supplier (50) that supplies an inert
gas into said process chamber (40);
a casing (90) accommodating said ejection head
and said process chamber (40); and
an air discharge part (60) including an inlet-side
suction port (611) provided upstream from said
inlet (41) of said process chamber (40), an out-
let-side suction port (631) provided downstream
from said outlet (42) of said process chamber
(40), and an exhaust pipe (613) for guiding at-
mosphere sucked through said inlet-side suc-
tion port (611) and said outlet-side suction port
(631) to the outside of said casing (90).

2. The inkjet printing apparatus (1) according to claim
1, further comprising:

an inlet-side partition wall (612) connected to
said inlet (41) of said process chamber (40) and
having a portion facing said transport path
(TR1), wherein
said inlet-side suction port (611) is opened at a
part of said inlet-side partition wall (612) toward
said recording medium (9).

3. The inkjet printing apparatus (1) according to claim
2, wherein
pressure loss in said process chamber (40) is greater
than pressure loss in first suction space (61R) sur-
rounded by said inlet-side partition wall (612).

4. The inkjet printing apparatus (1) according to any
one of claims 1 to 3, further comprising:

an outlet-side partition wall (632) connected to
said outlet (42) of said process chamber (40)
and having a portion facing said transport path
(TR1), wherein
said outlet-side suction port (631) is opened at
a part of said outlet-side partition wall (632) to-
ward said transport path (TR1).

5. The inkjet printing apparatus (1) according to claim
4, wherein
pressure loss in said process chamber (40) is greater
than pressure loss in space surrounded by said out-
let-side partition wall (632).

6. The inkjet printing apparatus (1) according to any
one of claims 1 to 5, further comprising:

a roller (13) having a cylindrical outer peripheral
surface (13S) on which said recording medium
(9) is wound, wherein
said inert gas supplier (50) supplies said inert
gas toward said roller.

7. The inkjet printing apparatus (1) according to claim
6, wherein
at least one of said inlet-side suction port (611) and
said outlet-side suction port (631) faces said outer
peripheral surface (13S) of said roller.

8. The inkjet printing apparatus (1) according to claim
6 or 7, wherein
said roller (13) has a cooling mechanism of cooling
said outer peripheral surface (13S).

9. The inkjet printing apparatus (1) according to any
one of claims 1 to 8, wherein
the air discharge part (60) discharges said atmos-
phere per unit time of a larger amount than the
amount of supply of said inert gas per unit time by
said inert gas supplier (50).

10. The inkjet printing apparatus (1) according to any
one of claims 1 to 9, further comprising:
an oximeter (47) that measures an oxygen concen-
tration in said process chamber (40).

11. The inkjet printing apparatus (1) according to claim
10, further comprising:
a controller (80) that controls the amount of dis-

17 18 



EP 3 756 898 A1

11

5

10

15

20

25

30

35

40

45

50

55

charge of said atmosphere by said air discharge part
(60) in response to output from said oximeter (47).

12. An inkjet printing method of recording an image by
ejecting electromagnetic curing type ink to a record-
ing medium (9), comprising:

(a) transporting a recording medium (9) along a
prescribed transport path (TR1);
(b) ejecting said ink to said recording medium
(9) from an ejection head;
(c) introducing said recording medium (9) into a
process chamber (40) arranged downstream
from said ejection head through an inlet (41) of
said process chamber (40);
(d) irradiating said recording medium (9) in said
process chamber (40) with an electromagnetic
wave;
(e) supplying an inert gas into said process
chamber (40);
(f) taking said recording medium (9) out of said
process chamber (40) through an outlet (42) of
said process chamber (40); and
(g) sucking atmosphere through each of an inlet-
side suction port (611) provided upstream from
said inlet (41) of said process chamber (40) and
an outlet-side suction port (631) provided down-
stream from said outlet (42) of said process
chamber (40), and discharging the sucked at-
mosphere to the outside of a casing (90) accom-
modating said ejection head and said process
chamber (40).
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