EP 4 094 950 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
30.11.2022 Bulletin 2022/48

(21) Application number: 22167149.8

(22) Date of filing: 07.04.2022

(11) EP 4 094 950 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
B41J 11/00 (2006-01) B41J 15/00 (2006.0)
B41J 2/21(2006.0)

(52) Cooperative Patent Classification (CPC):
B41J 11/0015; B41J 2/2132; B41J 15/00

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 26.05.2021 JP 2021088510

(71) Applicant: Ricoh Company, Ltd.
Tokyo 143-8555 (JP)

(72) Inventors:

* KONISHI, Yohsuke
Tokyo 143-8555 (JP)

* ISHIKAWA, Teiichiro
Tokyo 143-8555 (JP)

* SATOH, Toshiya
Tokyo 143-8555 (JP)

¢ TAKANO, Nanami
Tokyo 143-8555 (JP)

(74) Representative: J A Kemp LLP
80 Turnmill Street
London EC1M 5QU (GB)

(54)
METHOD

(57)  Aliquid discharge apparatus includes a convey-
or (2) configured to convey a substrate (10) in a convey-
ance direction; a resin layer applier (1) configured to ap-
ply aresin layer (30) containing a resin onto the substrate
(10) conveyed by the conveyor (2), a liquid discharger
(3) configured to discharge a liquid onto the resin layer
(30) to apply a droplet (31) onto the resin layer (30), an

LIQUID DISCHARGE APPARATUS, IMAGE FORMING APPARATUS, AND LIQUID DISCHARGE

acquirer (4, 4a) configured to acquire a physical property
of the resin layer (30), an adjuster (6) configured to adjust
the physical property of the resin layer (30), and circuitry
(5) configured to control the adjuster (6) to control the
physical property of the resin layer (30) according to the
physical property acquired by the acquirer (4, 4a).
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Description
BACKGROUND
Technical Field

[0001] An aspect of the present disclosure relates to a
liquid discharge apparatus, an image forming apparatus,
and a liquid discharge method.

Related Art

[0002] A liquid discharge apparatus applies (coats) a
resin layer containing a polyvinyl chloride resin or the like
containing a plasticizer on a substrate and discharges a
liquid such as ink to apply droplets on the resin layer.
Such liquid discharge apparatus includes an apparatus
thatforms animage on the substrate by a liquid discharge
method to manufacture a sheet-like wallpaper.

[0003] Further, the liquid discharging apparatus con-
trols an application amount of an aggregating agent ap-
plied onto the substrate such as a paper to adjust a di-
ameter of droplets discharged onto the resin layer con-
taining the aggregating agent or the like (see Japanese
Unexamined Patent Application Publication No.
2010-184479, for example).

[0004] However, the resin layer applied onto the sub-
strate changes its physical properties such as viscosity
according to a surrounding environment such as temper-
ature and humidity. Therefore, a state of spread of the
droplet applied onto the resin layer is changed according
to the physical properties of the resin layer. Thus, a state
ofthe droplets on the resin layer is not stable. Thus, qual-
ity of an image or the like formed on the resin layer may
not be stable.

SUMMARY

[0005] Itis anobjectof the embodiments of the present
disclosure to stabilize the state of the droplet applied on
the resin layer.

[0006] Inanaspectofthisdisclosure, aliquid discharge
apparatus includes a conveyor configured to convey a
substrate in a conveyance direction; a resin layer applier
configured to apply a resin layer containing a resin onto
the substrate conveyed by the conveyor, a liquid dis-
charger configured to discharge a liquid onto the resin
layer to apply a droplet onto the resin layer, an acquirer
configured to acquire a physical property of the resin lay-
er, an adjuster configured to adjust the physical property
of the resin layer, and circuitry configured to control the
adjuster to control the physical property of the resin layer
according to the physical property acquired by the ac-
quirer.

[0007] In another aspect of this disclosure, a liquid dis-
charge method includes conveying a substrate in a con-
veyance direction, applying aresin layer containing a res-
in onto the substrate; discharging a liquid onto the resin
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layer to apply a droplet onto the resin layer, acquiring a
physical property of the resin layer; adjusting the physical
property of the resin layer, and controlling the physical
property of the resin layer according to the physical prop-
erty acquired by the acquiring.

[0008] The liquid discharge apparatus according to the
embodiments of the present disclosure can stabilize the
state of the droplet applied on the resin layer.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0009] A more complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1 is a schematic side view of an overall config-
uration of an image forming apparatus according to
a first embodiment of the present disclosure;

FIG. 2 is a schematic side view of an example of
configuration of a resin layer applier and an adjuster
according to the first embodiment of the present dis-
closure;

FIG. 3 is a block diagram illustrating an example of
a hardware configuration of a controller;

FIG. 4 is a block diagram illustrating a functional con-
figuration example of the controller according to the
first embodiment of the present disclosure;

FIG. 5 is a side view of a droplet on a resin layer
having a low viscosity;

FIG. 6 is a side view of a droplet on a resin layer
having a high viscosity;

FIG. 7 is a schematic plan view of nozzle arrays in
a nozzle surface of a head;

FIG. 8 is a schematic plan view of the resin layer on
which an adjustment pattern including droplets ap-
plied onto the resin layer is formed;

FIG. 9 is a graph illustrating an example of the cor-
respondence (correlation) between the diameter of
the droplet applied on the resin layer and the viscos-
ity of the resin layer;

FIG. 10 is a flowchart illustrating an example of an
adjustment operation of the image forming appara-
tus according to the first embodiment;

FIG. 11 is a schematic cross-sectional side view of
an example of the image forming apparatus accord-
ing to a second embodiment of the present disclo-
sure;

FIG. 12 is a block diagram illustrating a functional
configuration example of the controller according to
the second embodiment of the present disclosure;
and

FIG. 13 is a flowchart illustrating an example of the
adjustment operation of the image forming appara-
tus according to the second embodiment of the
present disclosure.
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[0010] The accompanying drawings are intended to
depict embodiments of the present invention and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted. Also, identical or similar ref-
erence numerals designate identical or similar compo-
nents throughout the several views.

DETAILED DESCRIPTION

[0011] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.

[0012] Referring now to the drawings, embodiments of
the present disclosure are described below. As used
herein, the singular forms "a", "an", and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.

[0013] Embodiments of the present disclosure are de-
scribed in detail with reference to drawings. In the draw-
ings, the same components are denoted by the same
reference numerals, and redundant description is omit-
ted as appropriate.

[0014] Further, the embodiments described below are
some examples of a liquid discharge apparatus and an
image forming apparatus for embodying the technical
idea of the disclosure, and embodiments of the disclosure
are not limited to the embodiments described below.
[0015] The dimensions, materials, shapes, relative
configurations and the like of the components described
below are intended to be illustrative and not limiting of
the scope of the invention, unless otherwise specified.
The size, positional relationship, and the like of members
illustrated in the drawings may be magnified for clarity of
description.

[0016] Hereinafter, an image forming apparatus serv-
ing as a liquid discharge apparatus according to a first
embodiment of the present disclosure is described be-
low. Note that image formation, recording, printing, and
image printing in the terms of the embodiments are syn-
onymous.

[0017] Further, "liquid" discharged from a head is not
particularly limited as long as the liquid has a viscosity
and surface tension of degrees dischargeable from the
head. Preferably, the viscosity of the liquid is not greater
than 30 mPa-s under ordinary temperature and ordinary
pressure or by heating or cooling.

[0018] Examples of the liquid include a solution, a sus-
pension, or an emulsion that contains, for example, a
solvent, such as water or an organic solvent, a colorant,
such as dye or pigment, a functional material, such as a
polymerizable compound, a resin, or a surfactant, a bio-
compatible material, such as deoxyribonucleic acid
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(DNA), amino acid, protein, or calcium, or an edible ma-
terial, such as a natural colorant. The liquid can be used,
for example, in applications such as ink jet inks.

[0019] Theliquid discharger is a functional component
that discharges and jets a liquid from a nozzle. Examples
of an energy source for generating energy to discharge
liquid include a piezoelectric actuator (a laminated pie-
zoelectric element or a thin-film piezoelectric element),
a thermal actuator that employs a thermoelectric conver-
sion element, such as a thermal resistor, and an electro-
static actuator including a diaphragm and opposed elec-
trodes.

[First Embodiment]

(Overall Configuration of Example of Image Forming Ap-
paratus 100)

[0020] FIG. 1 is a schematic side view of an overall
configuration of an image forming apparatus 100 accord-
ing to a first embodiment of the present disclosure. As
illustrated in FIG. 1, the image forming apparatus 100
includes a resin layer applier 1, a conveyor 2, a liquid
discharger 3, areader 4, a controller 5, and an adjuster 6.
[0021] Theimage forming apparatus 100 drives aresin
layer applier 1 to apply a resin layer 30 (see FIG. 8) to a
substrate 10. The image forming apparatus 100 further
drives the liquid discharger 3 to discharges a liquid onto
the resin layer 30 applied onto the substrate 10 to apply
the liquid. The controller 5 of the image forming apparatus
100 controls the adjuster 6 to adjust physical properties
of the resin layer 30 according to a reading result of the
reader 4 that reads a pattern formed by the droplets ap-
plied on the resin layer 30.

[0022] For example, the image forming apparatus 100
applies droplets onto the resin layer 30 applied on the
substrate 10 to form an image to manufacture the sub-
strate 10 as a wallpaper. Material of the substrate 10 is
not particularly limited as long as the material has suitable
mechanical strength, heat resistance, and the like as a
substrate of a wallpaper. A common substrate such as
a paper and nonwoven fabric may be used as a wallpa-
per. More specifically, a natural paper, a plastic film, a
synthetic paper, non-woven fabric, cloth, wood, metal
thin-film and the like may be used as the substrate 10.
Thus, the material of the substrate 10 is selected accord-
ing to an application of the substrate 10.

[0023] The resin layer applier 1 applies (coats) a resin
layer 30 containing resin to at least one surface of a
smooth substrate 10 made of paper or non-woven fabric.
Vinyl chloride resin, acrylic resin or the like can be used
as theresin containedin theresin layer 30 to manufacture
the wallpaper. The resin layer 30 may contain a plasti-
cizer or may contain a plasticizer and a heating foaming
agent. The resin layer 30 is applied (coated) on the sub-
strate 10 in a state in which at least a vinyl chloride resin
contains a plasticizer.

[0024] The conveyor 2 includes a conveyance roller
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21, a preheat drum 22, and a heating drum 23. The con-
veyor 2 rotates each of the conveyance roller 21, the
preheat drum 22, and the heating drum 23.to convey the
substrate 10 stretched around the conveyance roller 21,
the preheat drum 22, and the heating drum 23 along the
predetermined conveyance direction 20. The conveyor
2 may further include other rollers or drums used for con-
veying the substrate 10.

[0025] The conveyor2includes a preheat drum 22 and
a heating drum 23 on a downstream of the resin layer
applier 1 in the conveyance direction 20 as indicated by
arrow in FIG. 1. Each of the preheat drum 22 and the
heating drum 23 includes a heater inside the preheat
drum 22 and the heating drum 23. Each of the preheat
drum 22 and the heating drum 23 use the heater to heat
the substrate 10 contacting an outer peripheral surface
of the preheat drum 22 and the heating drum 23 while
conveying the substrate 10.

[0026] The preheatdrum 22 preheats the substrate 10
applied (coated) with the resin layer 30. The heating drum
23 conveys a region of the substrate 10 applied (coated)
with the resin layer 30 to a position facing the liquid dis-
charger 3 while heating the substrate 10 to a substantially
constant temperature. The resin heated by the preheat
drum 22 and the heating drum 23 gels so that the resin
layer 30 is fixed on the substrate 10.

[0027] Although the preheat drum 22 and the heating
drum 23 are not essential components of the conveyor
2, the image forming apparatus 100 preferably includes
the heating drum 23 and the like to heat the resin layer
30 after applying (coating) the resin layer 30 on the sub-
strate 10 from a viewpoint of stably fixing the resin layer
30 on the substrate 10.

[0028] The image forming apparatus 100 includes the
liquid discharger 3 in a downstream of the resin layer
applier 1 in the conveyance direction 20. The liquid dis-
charger 3 discharge droplets onto the resin layer 30 of
the substrate 10 conveyed by the heating drum 23 to
apply droplets on the resin layer 30 after the resin layer
applier 1 applies the resin layer 30 on the substrate 10.
[0029] The liquid discharger 3 includes liquid dis-
charge heads 3A, 3B, 3C and 3D. Hereinafter, the "liquid
discharge head" is simply referred to as a "head". The
heads 3A, 3B, 3C and 3D are arrayed in parallel along
the conveyance direction 20 to sequentially discharge a
liquid toward the conveyed substrate 10.

[0030] Each of the heads 3A, 3B, 3C and 3D may dis-
charge liquid of the same color or liquid of different color.
For example, the heads 3A, 3B, 3C and 3D discharges
liquid of cyan, magenta, yellow, and black to form a full-
color image on the resin layer 30.

[0031] Theliquid discharged from the liquid discharger
3 is, for example, an oil-based ink having no curing re-
activity as a liquid. The oil-based ink contains at least an
oil-based component and a coloring agent, and may con-
tain a binder resin if necessary. The oil-based ink pref-
erably contains 80% by mass or more of an oil-based
component having a boiling point of 200°C or higher. The
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oil-based component of the oil-based ink preferably con-
tains ester oil as a main component.

[0032] The oil-based ink discharged from the liquid dis-
charger 3 contains an oil-based component and a color-
ing agent. From the viewpoint of maintaining good ink
fixing properties after image formation, a content of the
ester oil is preferably 30% by mass or more, more pref-
erably 50% by mass or more and 90% by mass or less.
The oil-based ink may contain 5% by mass or less of
water.

[0033] The reader 4 is an example of an acquirer to
acquire physical property information of the resin layer
30. For example, the reader 4 is an in-line sensor that
includes pixels such as a charge coupled device (CCD)
and a complementary metal oxide semiconductor
(CMQOS) in a line shape.

[0034] The reader 4 is disposed such that pixels are
arrayed in a direction substantially orthogonal to the con-
veyance direction 20. The reader 4 reads the pattern
formed on the resin layer 30 on the substrate 10 con-
veyed along the conveyance direction 20 to shoot a two-
dimensional pattern. However, the reader 4 is not limited
to the in-line sensor, and may include a two-dimensional
imaging element in which pixels such as the CCD and
the CMOS are two dimensionally arrayed.

[0035] Whenthereader4 readsthe physical properties
of the resin layer 30, the image forming apparatus 100
firstdrives the liquid discharger 3 to form a predetermined
adjustment pattern (predetermined pattern) on the resin
layer 30 to acquire the physical property information of
the resin layer 30. Then, the reader 4 reads the adjust-
ment pattern formed on the resin layer 30. The reader 4
is disposed downstream of the liquid discharger 3 in the
conveyance direction 20.

[0036] The adjustment pattern is, for example, a dot
pattern formed by droplets. The physical property of the
resin layer 30 to be acquired is viscosity, for example.
The droplets applied on the resin layer 30 spread differ-
ently according to the viscosity of the resin layer 30. Thus,
the reader 4 reads an image of a dot pattern formed by
the droplets and outputs a read image to the controller
5. In the following description, the viscosity of the resin
layer 30 is an example of the physical properties of the
resin layer 30.

[0037] The controller 5 controls a liquid discharge op-
eration by the liquid discharger 3, a conveyance opera-
tion of the substrate 10 by the conveyor 2, and an ad-
justment operation of the adjuster 6 based on viscosity
information of the resin layer 30.

[First Embodiment]

[Example of Configuration of Resin Layer Applier 1 And
Adjuster 6]

[0038] FIG. 2 is a schematic side view of an example
of configuration of the resin layer applier 1 and the ad-
juster 6 according to the first embodiment of the present
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disclosure.

[0039] The resin layer applier 1 includes a mixed liquid
storage 11, a stirrer 12, an application roller 13, and a
blade 14. A resin layer applier 1 coats the substrate 10
with the resin layer 30 formed from a mixed liquid 15 of
a resin and a diluent that dilutes the mixed liquid to
change arate of the resin contained in the resin layer 30.
Examples of the diluent include water, thinner, and or-
ganic solvent.

[0040] The mixed liquid storage 11 is a container to
store the mixed liquid 15. A vertically upper part of the
mixed liquid storage 11 is open to the atmosphere.
[0041] The stirrer 12 includes blades rotatably dis-
posed inside the mixed liquid storage 11. The stirrer 12
rotates and stirs the mixed liquid 15 stored in the mixed
liquid storage 11. Thus, the stirrer 12 stirs the mixed liquid
15 so that the ratio of the resin to the diluent is substan-
tially constant over the entire mixed liquid 15.

[0042] The substrate 10 is stretched around an outer
peripheral surface of the application roller 13. The appli-
cation roller 13 is immersible a part of the substrate 10
in the mixed liquid 15 through a vertically upper part of
the mixed liquid storage 11 opening to the atmosphere.
The substrate 10 is stretched around the applicationroller
13 as described above. The mixed liquid 15 is adhered
to an immersed region of the substrate 10 immersed in
the mixed liquid 15.

[0043] The blade 14 is disposed on a downstream of
the immersed region of the substrate 10 in the convey-
ance direction 20. A leading edge of the blade 14 is
brought into contact with the surface of the substrate 10
conveyed along the conveyance direction 20. Thus, the
blade 14 regulates a thickness of the mixed liquid 15
adhered onto the surface of the substrate 10 so that the
thickness of the mixed liquid 15 becomes substantially
constant. As a result, the mixed liquid 15 is applied onto
the surface of the substrate 10 at a substantially constant
thickness. Thus, the resin layer 30 made of the mixed
liquid 15 is applied (coated) on the substrate 10.

[0044] Examplesofmethods of applyingtheresinlayer
30 onto the substrate 10 by the resin layer applier 1 in-
cludes, but not limited to, a nozzle coating method, a die
coating method, a lip coating method, a comma coating
method, a gravure coating method, a rotary screen coat-
ing method, a reverse roll coating method, and the like
in addition to the methods described above.

[0045] The adjuster 6 includes a diluent tank 61, a dilu-
ent switch valve 62, a diluent supply nozzle 63, a resin
tank 64, a resin switch valve 65, and a resin supply nozzle
66. The adjuster 6 supplies at least one of a resin or a
diluent to the mixed liquid storage 11 to adjust the phys-
ical properties of the resin layer 30 applied to the sub-
strate 10. Any liquid may be used as the diluent as long
as the liquid is dilutable viscosity and other physical prop-
erties of the mixed liquid 15.

[0046] Thediluenttank 61 is a container to store a dilu-
ent. One end of the diluent supply nozzle 63 is connected
to the diluent tank 61 via the diluent switch valve 62. The
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diluent switch valve 62 is an electromagnetic valve
switchable in response to a control signal from the con-
troller 5. Another end of the diluent supply nozzle 63 is
coupled (connected) to the mixed liquid storage 11. The
diluent tank 61 and the mixed liquid storage 11 commu-
nicate with each other through a diluent supply nozzle 63.
[0047] Thediluenttank 61 isdisposed such thata liquid
level of the diluent stored in the diluent tank 61 is higher
than aliquid level of the mixed liquid 15 in the mixed liquid
storage 11 in a vertical direction. Therefore, the diluent
in the diluent tank 61 flows toward the mixed liquid stor-
age 11 by the water head pressure and is supplied to the
mixed liquid storage 11 in response to an opening of the
diluent switch valve 62. Supply of the diluent to the mixed
liquid storage 11 is stopped in response to a closing of
the diluent switch valve 62.

[0048] The resintank 64 is a container to store a liquid
resin. One end of the resin supply nozzle 66 is coupled
(connected) to the resin tank 64 via the resin switch valve
65. The resin switch valve 65 is an electromagnetic valve
switchable in response to a control signal from the con-
troller 5. Another end of the resin supply nozzle 66 is
coupled (connected) to the mixed liquid storage 11. The
resin tank 64 and the mixed liquid storage 11 communi-
cate with each other through a resin supply nozzle 66.
[0049] The resin tank 64 is disposed such that a liquid
level of the diluent stored in the diluent tank 61 is higher
than aliquid level of the mixed liquid 15 in the mixed liquid
storage 11 in a vertical direction. Therefore, the resin in
the resin tank 64 flows toward the mixed liquid storage
11 by the water head pressure and is supplied to the
mixed liquid storage 11 in response to an opening of the
resin switch valve 65. When the resin switch valve 65 is
closed, the supply of the resin to the mixed liquid storage
11 is stopped.

[0050] The supply ofthe diluent to the mixed liquid stor-
age 11 increase a rate of the diluent in the mixed liquid
15 in the mixed liquid storage 11. Thus, the viscosity of
the mixed liquid decreases, and the viscosity of the resin
layer 30 formed by the mixed liquid 15 decreases. The
supply of the resin to the mixed liquid storage 11 increase
arate of the resin in the mixed liquid 15 in the mixed liquid
storage 11. Thus, the viscosity of the mixed liquid 15
increases, and the viscosity of the resin layer 30 by the
mixed liquid 15 increases. Therefore, the adjuster 6 sup-
plies at least one of the diluent and the resin to the mixed
liquid storage 11 or stops the supply of at least one of
the diluent and the resin to the mixed liquid storage 11
inresponse to a control signal from the controller 5. Thus,
the adjuster 6 is adjustable the viscosity of the resin layer
30.

[0051] The image forming apparatus 100 according to
the first embodiment as described above illustrates a
configuration in which a head pressure is used to supply
the diluent and the resin to the substrate 10. However,
the image forming apparatus 100 according to the first
embodiment is not limited to the embodiment as de-
scribed above, and the image forming apparatus 100
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may use a pump or the like to supply the diluent and the
resin to the substrate 10.

[0052] A configuration of the adjuster 6 and a method
to adjust the physical properties of the liquid by the ad-
juster 6 are not limited to the configuration and the meth-
od as described with reference to FIG. 2. Any adjustment
method may be used as long as the physical properties
of the liquid are adjustable.

[Configuration of Controller 5]

[0053] FIG. 3isablockdiagramillustratingan example
of a hardware configuration of the controller 5.

[0054] The controller 5 includes a central processing
unit (CPU 101), a read only memory (ROM 102), a ran-
dom-access memory (RAM 103), a hard disk drive (HDD)
/ solid state drive (SSD) 104, and an interface (I/F 105).
The hard disk drive (HDD) / solid state drive (SSD) 104
is simply referred to as a "HDD/SSD 104". The above-
described elements are electrically connected (coupled)
viaa systembus B. The resin layer applier 1, the conveyor
2, the liquid discharger 3, the reader 4, the adjuster 6,
and the like are coupled (connected) to the system bus B.
[0055] The CPU 101 is a processor that uses the RAM
103 as a work area and executes programs stored in the
ROM 102. The HDD/SSD 104 is used as storage and
stores preset setting values. The CPU 101 may read in-
formation stored in the HDD/SSD 104 and use the infor-
mation to execute a program. The I/F 105 is an interface
to communicatively connecting the controller 5 and an
external device 7 such as a client personal computer
(PC).

[0056] FIG.4isablockdiagram illustrating a functional
configuration example of the controller 5 according to the
first embodiment of the present disclosure.

[0057] The controller 5 includes a resin layer applica-
tion controller 51, a conveyance controller 52, a dis-
charge controller 53, a physical property information ac-
quisition unit 54, an adjustment controller 55, and an in-
put-output unit 56. The CPU 101 illustrated in FIG. 3 ex-
ecutes a predetermined program or the like to realize the
above-described functions. The controller 5 may include
functions other than the functions as described above.
[0058] Theresinlayerapplication controller 51 controls
an operation of the resin layer applier 1. The conveyance
controller 52 controls an operation of the conveyor 2. The
discharge controller 53 controls an operation of the liquid
discharger 3. The adjustment controller 55 controls an
operation of the adjuster 6.

[0059] The physical property information acquisition
unit 54 performs image processing on a read image input
from the reader 4. The physical property information ac-
quisition unit 54 detects a diameter of the dropletincluded
in the adjustment pattern in the read image. Then, the
physical property information acquisition unit 54 refers
to a predetermined correspondence (correlation) be-
tween the diameter of the droplet and the viscosity of the
resin layer 30 to acquire the viscosity information of the
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resinlayer 30 based on the detected diameter of the drop-
let. The physical property information acquisition unit 54
outputs the physical property information to the adjust-
ment controller 55. The reader 4 may include functions
of the physical property information acquisition unit 54.

[0060] The adjustment controller 55 outputs a control
signal to control opening and closing of the diluent switch
valve 62 and the resin switch valve 65 in accordance with
the property information of the resin layer input from the
physical property information acquisition unit 54. The ad-
justment controller 55 controls the adjuster 6 to control
the supply of each of the diluent and the resin to the mixed
liquid storage 11 to adjust a viscosity of the resin layer 30.

[An Example of a Droplet on The Resin Layer 30]

[0061] FIG. 5 is a side view of a droplet 31 on a resin
layer 30a applied (coated) on the substrate 10. The resin
layer 30a has a low viscosity. In FIG. 5, the droplet 31 is
applied on the resin layer 30a applied (coated) on the
substrate 10.

[0062] FIG. 6 is a side view of a droplet 31 on a resin
layer 30b applied (coated) on the substrate 10. The resin
layer 30b has a viscosity higher than the viscosity of the
resin layer 30a. In FIG. 6, the droplet 31 is applied on the
resin layer 30b applied (coated) on the substrate 10.
[0063] Since the viscosity of the resin layer 30a is high-
er than the viscosity of the resin layer 30b so that a wet-
tability (hydrophilicity) of the resin layer 30a is higher than
a wettability (hydrophilicity) of the resin layer 30b. Thus,
a wet-spreadability of the droplets 31 on the resin layer
30a is larger than the wet-spreadability of the droplets
31 on the resin layer 30b. As a result, a diameter Da of
the droplet 31 on the resin layer 30a is larger than a di-
ameter Db of the droplet 31 on the resin layer 30b.

[Example of Adjustment Pattern]

[0064] FIGS. 7 and 8 illustrate an example of the ad-
justment pattern.

[0065] FIG. 7 is a schematic plan view of nozzle arrays
3Aa to 3Ad in a nozzle surface of the head 3A.

[0066] FIG. 7 illustrates the nozzle arrays 3Aa to 3Ad
formed in the nozzle surface of the head 3A. Each of the
nozzle arrays 3Aa to 3Ad includes multiple nozzles.
[0067] FIG.8isaschematic plan view of the resin layer
30 on which an adjustment pattern is formed. The head
3A discharges (applies) droplets 31 from the nozzles on
the resin layer 30 to form the adjustment pattern on the
resin layer 30.

[0068] FIG.8isa plan view of theresin layer 30 viewed
from an application surface of the droplets 31 of the resin
layer 30 onto which the droplets 31 are applied. The resin
layer 30 is applied onto the substrate 10 as described
above.

[0069] As illustrated in FIG. 7, the head 3A includes
nozzle arrays 3Aa to 3Ad. Each of the nozzle arrays 3Aa
to 3Ad includes the multiple nozzles from which the drop-
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lets 31 are discharged. The multiple nozzles are arrayed
in each of the nozzle arrays 3Aa to 3Ad in a direction
orthogonal to the conveyance direction 20. Although the
head 3A is illustrated as an example here, the heads 3A
to 3D in the liquid discharger 3 have the same configu-
ration. Thus, the head 3A in FIG. 7 may be any one of
the heads 3A to 3D.

[0070] As illustrated in FIG. 8, the adjustment pattern
32 includes a pattern 32a, a pattern 32b, a pattern 32c,
and a pattern 32d. The pattern 32a is formed by droplets
31 discharged from the nozzle array 3Aa. The pattern
32b is formed by droplets 31 discharged from the nozzle
array 3Ab. The pattern 32c is formed by droplets 31 dis-
charged from the nozzle array 3Ac. The pattern 32d is
formed by droplets 31 discharged from the nozzle array
3Ad.

[0071] The adjustment pattern 32 is a dot pattern ap-
plied on the resin layer 30 at intervals such that the drop-
lets 31 discharged from the nozzles included in each of
the nozzle arrays 3Aa to 3Ad do not coincide and unite
with each other.

[0072] The reader 4 reads the adjustment pattern 32
and outputs the read image to the controller 5. The phys-
ical property information acquisition unit 54 of the con-
troller 5 performs image processing on the read image
of the adjustment pattern 32 and detects the diameter of
the droplet 31 corresponding to one dotin the read image.
[0073] The physical property information acquisition
unit 54 may detect diameter information of a predeter-
mined droplet 31 among the multiples droplets 31 includ-
ed in the adjustment pattern 32. The physical property
information acquisition unit 54 may also detect an aver-
age value or the like of the diameter information of the
multiple droplets 31 as the diameter information of the
droplets 31. Thus, the physical property information ac-
quisition unit 54 detects a diameter of at least one of the
multiple droplets 31 in the adjustment pattern 32.

[Example of Correspondence (Correlation) Between Di-
ameter of Droplet 31 and Viscosity of Resin Layer 30]

[0074] FIG. 9 is a graph illustrating an example of the
correspondence (correlation) between the diameter of
the droplet 31 applied on the resin layer 30 and the vis-
cosity of the resin layer 30. In FIG. 9, a horizontal axis
represents the viscosity of the resin layer 30, and a ver-
tical axis represents the diameter of the droplet 31.
[0075] As the viscosity of the resin layer 30 increases,
the wettability of the resin layer 30 decreases, so that the
wet-spreadability of the droplets 31 applied on the resin
layer 30 decreases, and the diameter of the droplets 31
decreases.

[0076] The correspondence (correlation) illustrated in
FIG. 9 is stored in advance in the HDD/SSD 104 or the
like as a correspondence table. The physical property
information acquisition unit 54 refers to the correspond-
ence table stored in the HDD/SSD 104 based on the di-
ameter information of the detected droplet 31 to acquire
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the viscosity information of the resin layer 30.
[Operation Example of Image Forming Apparatus 100]

[0077] FIG. 10is a flowchart illustrating an example of
a viscosity adjustment operation of the resin layer 30 by
the image forming apparatus 100.

[0078] FIG. 10 illustrates an adjustment operation trig-
gered by starting the viscosity adjustment operation of
the resin layer 30 by the image forming apparatus 100.
A trigger of the viscosity adjustment operation may be
automatically triggered at a predetermined timing. A trig-
ger of the viscosity adjustment operation may also be
triggered in response to an operation input signal from
the user of the image forming apparatus 100 to the image
forming apparatus 100.

[0079] The image forming apparatus 100 can appro-
priately perform the operation illustrated in FIG. 10 ac-
cording to a usage, a usage environment, or the like of
the image forming apparatus 100. For example, the im-
age forming apparatus 100 may perform the operation
illustrated in FIG. 10 each time the image forming appa-
ratus 100 performs image formation. Alternatively, the
image forming apparatus 100 may also perform the op-
eration illustrated in FIG. 10 once in a predetermined
timing such as a start-up time of the image forming ap-
paratus 100.

[0080] First, the image forming apparatus 100 applies
(coats) the resin layer 30 on the substrate 10 by the resin
layer applier 1 in step S101.

[0081] Subsequently, the liquid discharger 3 of the im-
age forming apparatus 100 discharges the droplets 31
while the substrate 10 is conveyed by the conveyor 2 in
step S102. The image forming apparatus 100 applies the
droplets 31 onto the resin layer 30 applied (coated) onto
the substrate 10 to form a predetermined adjustment pat-
tern 32 on the resin layer 30. The adjustment pattern 32
is, for example, a dot pattern.

[0082] In step S103, the reader 4 of the image forming
apparatus 100 reads the adjustment pattern 32 formed
on the resin layer 30.

[0083] Subsequently, the controller 5 of the image
forming apparatus 100 performs image processing on
the read image of the adjustment pattern 32 by the reader
4 in step S104. The image forming apparatus 100 detects
the diameter of the droplet 31 included in the adjustment
pattern 32.

[0084] Subsequently, the image forming apparatus
100 determines whether the diameter of the detected
droplet 31 is within a target diameter range in step S105.
The target diameter range is an example of a predeter-
mined diameter range.

[0085] If the image forming apparatus 100 determines
that the diameter of the droplet 31 is within the target
diameterrange in step S105 (step S105, YES), the image
forming apparatus 100 ends the operation. On the other
hand, if the image forming apparatus 100 determines that
the diameter of the droplet 31 is not within the target
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diameter range (step S105, NO), the image forming ap-
paratus 100 determines whether the diameter of the
droplet 31 is below the target diameter range in step
S106.

[0086] If the image forming apparatus 100 determines
that the diameter of the droplet 31 is below the target
diameterrange in step S106 (step S106, YES), theimage
forming apparatus 100 supplies the diluent to the mixed
liquid storage 11 by the adjuster 6 to reduce the viscosity
of the mixed liquid 15 and reduce the viscosity of the
resin layer 30 in step S107.

[0087] If the image forming apparatus 100 determines
that the diameter of the droplet 31 is not below (above)
the target diameter range in step S106 (step S106, NO),
the image forming apparatus 100 supplies the resin to
the mixed liquid storage 11 by the adjuster 6 to increase
the viscosity of the mixed liquid 15 and increase the vis-
cosity of the resin layer 30 in step S108.

[0088] Inthe above way, the image forming apparatus
100 can adjust the viscosity of the resin layer 30.

[Operational Effect of Image Forming Apparatus 100]

[0089] Next, an operational effect of the image forming
apparatus 100 is described below.

[0090] A sheet-like wallpaper with excellent design is
used for the inner walls and ceilings of buildings.
[0091] To produce the wallpaper, a resin layer made
of a polyvinyl chloride resin containing a plasticizer is
applied (coated) on a noncombustible substrate such as
abase paper or a non-woven fabric. Then animage form-
ing apparatus forms an image on the resin layer by a
liquid discharge method.

[0092] However, a wettability of the resin layer 30
changes due to an influence of temperature and humidity
around an image forming apparatus.in a conventional
image forming apparatus. When the wettability of the res-
in layer is high, the droplets on the resin layer are easy
to spread. When the wettability of the resin layer is low,
the droplets on the resin layer are not easily spread. As
a result, a coverage of the droplets on the substrate dif-
fers according to temperature and humidity. In some cas-
es, quality of a formed image varies and becomes un-
stable.

[0093] To solve the above-described problem, an op-
erator may perform an operation such as adding a diluent
to theresinlayer while visually confirming quality ofimage
formed on the substrate. However, the above operation
increases work man-hours and may cause problems
such as variance in the image quality depending on the
operator who performs the work.

[0094] An image forming apparatus 100 according to
the first embodiment includes the conveyor 2 to convey
the substrate 10 in the conveyance direction 20, a resin
layer applier 1 to apply the resin layer 30 containing a
resin to the substrate 10, and a liquid discharger 3 to
discharge a liquid to apply droplets 31 on the resin layer
30. The image forming apparatus 100 includes the reader
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4 (er), the adjuster 6, and the controller 5. The reader 4
(acquirer) acquires the physical property information of
the resin layer 30. The adjuster 6 adjusts the viscosity
(physical property) of the resin layer 30. The controller 5
controls an adjustment operation of the adjuster 6.
[0095] For example, the resin layer applier 1 applies
the mixed liquid 15 onto the substrate 10 to apply the
resin layer 30 onto the substrate 10. The mixed liquid 15
is a mixture of a resin and a diluent. The diluent dilutes
the mixed liquid to change a rate of the resin contained
in the resin layer 30. The mixed liquid 15 is stored in the
mixed liquid storage 11. The adjuster 6 supplies at least
one of a resin and a diluent to a mixed liquid storage 11
to adjust the viscosity of the resin layer 30.

[0096] The liquid discharger 3 applies the droplets 31
onto the resin layer 30 to form the adjustment pattern 32
(predetermined pattern). The reader 4 acquires the vis-
cosity information of the resin layer 30 based on the ad-
justment pattern 32 formed on the resin layer 30.
[0097] With the above-described configuration, the im-
age forming apparatus 100 uses the adjuster 6 to adjust
the viscosity of the resin layer 30 based on the viscosity
information of the resin layer 30 acquired from the reading
result of the adjustment pattern 32 read by the reader 4
even when the viscosity of the resin layer 30 changes
due to changes in temperature and humidity around the
image forming apparatus 100. As a result, the image
forming apparatus 100 (liquid discharge apparatus) can
reduce a change in the viscosity of the resin layer 30 and
stabilize a state of the droplets 31 applied on the resin
layer 30.

[0098] The reader 4 in the image forming apparatus
100 according to the first embodiment acquires the vis-
cosity information of the resin layer 30 based on the di-
ameter of the droplet 31 included in the adjustment pat-
tern 32 formed on the resin layer 30. The reader 4 is
disposed in a downstream of the liquid discharger 3 in
the conveyance direction 20 so that the reader 4 acquires
the viscosity information in a downstream of the liquid
discharger 3 in the conveyance direction 20.

[0099] For example, the adjuster 6 supplies a resin to
the mixed liquid storage 11 to adjust the viscosity of the
resin layer 30 when the diameter of the droplet 31 is
above the target diameter range (predetermined diame-
ter range). Further, the adjuster 6 supplies a diluent to
the mixed liquid storage 11 to adjust the viscosity of the
resinlayer 30 when the diameter of the droplet 31 is below
the target diameter range (predetermined diameter
range).

[0100] The reader 4 acquires the viscosity information
of the resin layer 30 from the diameter of the droplet 31
applied (coated) on the resin layer 30 by the liquid dis-
charger 3. Thus, the image forming apparatus 100 can
further accurately acquire a change in the viscosity of the
resin layer 30 that affects a state of the droplets 31. As
a result, the image forming apparatus 100 (liquid dis-
charge apparatus) can reduce a change in the viscosity
of the resin layer 30 and stabilize a state of the droplets
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31 applied on the resin layer 30.

[0101] In the image forming apparatus 100 according
to the first embodiment, the resin layer 30 contains pol-
yvinyl chloride. As a result, the image forming apparatus
100 can easily apply (coats) the resin layer 30 onto the
substrate 10 so that the resin layer 30 is obtainable good
weather resistance, water resistance, or strength.
[0102] Theliquid discharged from the liquid discharger
3is anoil-based ink in the first embodiment of the present
disclosure. Thus, the image forming apparatus 100 ap-
plies the oil-based ink to the resin layer 30 in a heated
state to form an image. Therefore, the image forming
apparatus 100 can apply a liquid that produces good im-
age quality without forming a special receiving layer on
the substrate 10.

[0103] In the image forming apparatus 100 according
to the first embodiment, the viscosity of the resin layer
30 is used as an example of the physical property of the
resin layer 30. However, the physical property of the resin
layer 30 is not limited the viscosity and may be any other
physical properties. The image forming apparatus 100
acquires information of the resin layer 30 such as the
surface tension and the wettability of the resin layer 30.
The adjuster 6 of the image forming apparatus 100 may
also adjust the surface tension and the wettability of the
resin layer 30 based on the acquired result (information)
on the surface tension and the wettability of the resin
layer 30. In the above case as well, the image forming
apparatus 100 can reduce changes in surface tension
and wettability of the resin layer 30 and stabilize the state
of droplets 31 applied on the resin layer 30.

[0104] A dot pattern is illustrated as an example of the
adjustment pattern 32, and a method that acquires the
viscosity information of the liquid from the diameter of a
dot(droplet 31)isillustrated as an example of the physical
property information in the image forming apparatus 100
according to the first embodiment. However, the adjust-
ment pattern 32 and the physical property information
are not limited to the examples as described above.
[0105] The image forming apparatus 100 may appro-
priately changes the adjustment pattern 32 orinformation
detected from the adjustment pattern 32 according to us-
age or usage information of the image forming apparatus
100 as long as the reader 4 and the physical property
information acquisition unit 54 can acquire the physical
property information of the liquid.

[0106] When the image forming apparatus 100 can
monitor characteristics of the mixed liquid 15 with some
characteristic values, the image forming apparatus 100
may only control the characteristic values without detect-
ing the diameter of the droplet 31 to stabilize the image
quality after adjusting the physical properties based on
the diameter of the initial droplet 31. Examples of the
characteristic values include a load applied to the stirrer
12 and the physical properties of the mixed liquid 15.
Here, the higher the viscosity is, the larger the load ap-
plied to the stirrer 12 becomes. When the physical prop-
erty of the mixed liquid 15 is used as a characteristic
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value, the image forming apparatus 100 may include a
sensor to detect the physical property of the mixed liquid
15.

[Second Embodiment]

[0107] Next, animage forming apparatus 100a accord-
ing to a second embodiment of the present disclosure is
described below. The same components as those of the
first embodiment are denoted by the same reference nu-
merals, and redundant description thereof will be appro-
priately omitted.

[0108] FIG.11isaschematic cross-sectional side view
of an example of the image forming apparatus 100a ac-
cording to the second embodiment of the present disclo-
sure. As illustrated in FIG. 11, the image forming appa-
ratus 100a includes a viscometer 4a and a controller 5a.
[0109] The viscometer4ais an example of an acquirer
to acquire the viscosity information of the mixed liquid 15
stored in the mixed liquid storage 11. The method of
measuring the viscosity by the viscometer 4a is not par-
ticularly limited. Various measurement methods such as
a capillary viscometer, a falling ball viscometer or a ro-
tational viscometer may be used to measure the viscosity
of the mixed liquid 15 in the mixed liquid storage 11.
[0110] A lower portion of the viscometer 4ais in a state
of being immersed in the mixed liquid 15 stored in the
mixed liquid storage 11. The viscometer 4a outputs a
measurement result of the viscosity to the controller 5a.
[0111] FIG. 12is a block diagram illustrating an exam-
ple of the functional configuration of the controller 5a. As
illustrated in FIG. 12, the controller 5a includes a physical
property information acquisition unit 54a. The physical
property information acquisition unit 54a inputs the meas-
urement result of the viscosity from the viscometer 4a to
acquire the viscosity information of the resin layer 30.
The viscometer 4a measures the viscosity of the mixed
liquid 15 as described above.

[0112] The elements illustrated in FIG. 12 such as the
controller 5a, the physical property information acquisi-
tion unit 54a, the resin layer applier 1, the conveyor 2,
the liquid discharger 3, and the adjuster 6 have a similar
function, operate in a similar manner, and achieve a sim-
ilar result with the controller 5, the physical property in-
formation acquisition unit 54, the resin layer applier 1,
the conveyor 2, the liquid discharger 3, and the adjuster
6 as illustrated in FIG. 4, respectively.

[0113] FIG. 13 is a flowchart illustrating an example of
the adjustment operation of the image forming apparatus
100a.

[0114] FIG. 13 is a flowchart illustrating an example of
a viscosity adjustment operation of the resin layer 30 by
the image forming apparatus 100a as above-illustrated
FIG. 10

[0115] FIG. 13 illustrates an adjustment operation trig-
gered by starting the viscosity adjustment operation of
the resin layer 30 by the image forming apparatus 100a.
Here, a description of portions overlapping with FIG. 10
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is omitted. Conversely, a description of portions different
from FIG. 10 is mainly described below.

[0116] First, the image forming apparatus 100a meas-
ures the viscosity of the mixed liquid 15 stored in the
mixed liquid storage 11 by the viscometer 4a, and outputs
the measurement result to the controller 5a in step S131.
[0117] Next, the image forming apparatus 100a deter-
mines whether the measured viscosity of the mixed liquid
15 is within the target viscosity range in step S132. The
targeted viscosity range is an example of a predeter-
mined diameter range.

[0118] If the image forming apparatus 100a deter-
mines that the viscosity is within the target viscosity range
in step S132 (step S132, YES), the image forming appa-
ratus 100a ends the viscosity adjustment operation. On
the other hand, if the image forming apparatus 100a de-
termines that the viscosity is not within the target viscosity
range (step S132, NO), the image forming apparatus
100a determines whether the viscosity is above the target
viscosity range in step S133.

[0119] If the image forming apparatus 100 determines
that the viscosity of the mixed liquid 15 is above the target
viscosity range in step S106 (step S133, YES), the image
forming apparatus 100 supplies the diluent to the mixed
liquid storage 11 by the adjuster 6 to reduce the viscosity
of the mixed liquid 15 and reduce the viscosity of the
resin layer 30 in step S134.

[0120] If the image forming apparatus 100 determines
that the viscosity of the mixed liquid 15 is not above (be-
low) the target viscosity range in step S133 (step S133,
NO), the image forming apparatus 100 supplies the resin
to the mixed liquid storage 11 by the adjuster 6 toincrease
the viscosity of the mixed liquid 15 and increase the vis-
cosity of the resin layer 30 in step S135.

[0121] Inthe above way, the image forming apparatus
100a can adjust the viscosity of the resin layer 30.

[Operational Effect of Image Forming Apparatus 100a]

[0122] As described above, the viscometer 4a (er) ac-
quires viscosity (physical property) information of the
mixed liquid 15 stored in the mixed liquid storage 11 in
the image forming apparatus 100 according to the em-
bodiments of the present disclosure. The above-de-
scribed configuration can obtain effects same as de-
scribed in the first embodiment.

[0123] Although some embodiments have been de-
scribed above, embodiments of the present disclosure
are not limited to the above-described embodiments spe-
cifically disclosed. Various modifications and changes
are possible without departing from the scope of the
claims.

[0124] Inthe above-described embodiment, theimage
forming apparatuses 100 and 100a have been described
as an example of the liquid discharge apparatus. The
liquid discharge apparatus according to the present em-
bodiment is not limited to an image forming apparatus.
The above embodiments are applicable to any apparatus
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as long as the apparatus forms a pattern such as an
image on the resin layer 30 applied (coated) onto the
substrate 10 by a liquid discharge method.

[0125] The numbers such as ordinal numberand quan-
tity used in the description of the above embodiments
are all illustrative for the purpose of describing the tech-
nology of the embodiments of the present disclosure, and
the embodiments of the present disclosure are not limited
to the illustrative numbers. Further, a connection relation
between the components is exemplified for the purpose
of describing the technology of the embodiments of the
present disclosure, and the connection relation to enable
the functions of the present disclosure is not limited to
the connection relation as described above.

[0126] Further, the above-described embodiments in-
clude a liquid discharge method. For example, the liquid
discharge method includes a liquid discharge method us-
ing the image forming apparatus 100 (liquid discharge
apparatus). The image forming apparatus 100 (liquid dis-
charge apparatus) conveys the substrate 10 in a prede-
termined conveyance direction by the conveyor 2. The
image forming apparatus 100 drives the resin layer ap-
plier 1 to apply the resin layer 30 to the substrate 10. The
liquid discharger discharges the droplets 31 to apply the
droplets 31 onto the resin layer 30. The physical property
information acquisition unit 54 acquires the physical
property information of the resin layer 30. The adjuster
6 adjusts the physical properties of the resin layer 30
based on the acquired result (information) acquired by
the physical property information acquisition unit 54. The
controller controls the adjustment controller 55 to control
the adjuster 6 to control the adjustment operation. Such
aliquid discharge method can provide operational effects
equivalent to the operational effects of the above-de-
scribed image forming apparatuses 100.

[0127] Each function of the embodiments described
above such as the controller 5 can be implemented by
one processing circuit or a plurality of processing circuits.
Here, the term "processing circuit or circuitry" in the
present specification includes a programmed processor
to execute each function by software, such as a proces-
sor implemented by an electronic circuit, and devices,
such as an application specific integrated circuit (ASIC),
a digital signal processor (DSP), a field programmable
gate array (FPGA), and conventional circuit components
arranged to perform the recited functions.

[0128] Anyoneofthe above-described operations may
be performed in various other ways, for example, in an
order different from the one described above.

[0129] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present invention may be implemented as computer
software implemented by one or more networked
processing apparatuses. The processing apparatuses
include any suitably programmed apparatuses such as
ageneral purpose computer, a personal digital assistant,
a Wireless Application Protocol (WAP) or third-genera-
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tion (3G)-compliant mobile telephone, and so on.
[0130] Since the present invention can be implement-
ed as software, each and every aspect of the present
invention thus encompasses computer software imple-
mentable on a programmable device. The computer soft-
ware can be provided to the programmable device using
any conventional carrier medium (carrier means). The
carrier medium includes a transient carrier medium such
as an electrical, optical, microwave, acoustic or radio fre-
quency signal carrying the computer code.

[0131] An example of such a transient medium is a
Transmission  Control  Protocol/Internet  Protocol
(TCP/IP) signal carrying computer code over an IP net-
work, such as the Internet. The carrier medium may also
include a storage medium for storing processor readable
code such as a floppy disk, a hard disk, a compact disc
read-only memory (CD-ROM), a magnetic tape device,
or a solid state memory device.

Claims
1. Aliquid discharge apparatus comprising:

a conveyor (2) configured to convey a substrate
(10) in a conveyance direction;

a resin layer applier (1) configured to apply a
resin layer (30) containing a resin onto the sub-
strate (10) conveyed by the conveyor (2);

a liquid discharger (3) configured to discharge
aliquid onto theresin layer (30) to apply adroplet
(31) onto the resin layer (30);

an acquirer (4, 4a) configured to acquire a phys-
ical property of the resin layer (30);

an adjuster (6) configured to adjust the physical
property of the resin layer (30); and

circuitry (5) configured to control the adjuster (6)
to control the physical property of the resin layer
(30) according to the physical property acquired
by the acquirer (4, 4a).

2. Theliquid discharge apparatus according to claim 1,

wherein the liquid discharger (3) applies the
droplet (31) onto the resin layer (30) to form a
pattern on the resin layer (30), and

the acquirer (4, 4a) acquires the physical prop-
erty ofthe resin layer (30), and the physical prop-
erty oftheresin layer (30)is based on the pattern
formed on the resin layer (30).

3. Theliquid discharge apparatus according to claim 2,

wherein the acquirer (4, 4a) comprises a reader
(4) configured to read an image of the pattern,
and

the circuitry (5) is further configured to detect a
diameter ofthe dropletin theimage of the pattern
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on the resin layer (30) to acquire the physical
property.

4. Theliquid discharge apparatus according to claim 3,

wherein the resin layer applier (1) comprises a
mixed liquid storage (11) configured to store a
mixed liquid containing the resin and a diluent
that dilutes the mixed liquid to change a rate of
the resin in the resin layer (30),
theresinlayerapplier (1) applies the mixed liquid
(15) onto the substrate (10) to apply the resin
layer (30) onto the substrate (10), and

the adjuster (6) supplies at least one of the resin
and the diluent to the mixed liquid storage (11)
to adjust the physical property of the resin layer
(30).

5. Theliquid discharge apparatus according to claim 4,

wherein the adjuster (6) supplies the resin to the
mixed liquid storage (11) if the diameter of the
droplet is above a target diameter range; and
the adjuster (6) supplies the diluent to the mixed
liquid storage (11) if the diameter of the droplet
is below the target diameter range.

6. The liquid discharge apparatus according to claim 1,

wherein the resin layer applier (1) comprises a
mixed liquid storage (11) configured to store a
mixed liquid containing the resin and a diluent
that dilutes the mixed liquid to change a rate of
the resin in the resin layer (30),
theresinlayerapplier (1) applies the mixed liquid
(15) onto the substrate (10) to apply the resin
layer (30) onto the substrate (10), and

the acquirer (4, 4a) comprises a viscometer (4a)
configured to measure a viscosity of the mixed
liquid in the mixed liquid storage (11) to acquire
the viscosity of the mixed liquid (15) as the phys-
ical property.

7. Theliquid discharge apparatus according to claim 6,

wherein the adjuster (6) supplies the resin to the
mixed liquid storage (11) if the viscosity of the
mixed liquid (15) is below a target viscosity
range; and

the adjuster (6) supplies the diluent to the mixed
liquid storage (11) ) if the viscosity of the mixed
liquid (15) is above the target viscosity range.

8. Theliquid discharge apparatus according to any one
of claims 1 to 7,
wherein the resin of the resin layer (30) contains a
polyvinyl chloride resin.
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The liquid discharge apparatus according to any one
of claims 1 to 8,
wherein the liquid is an oil-based ink.

The liquid discharge apparatus according to any one
of claims 1 to 9,

wherein the physical property of the resin layer (30)
includes viscosity of the resin layer (30).

The liquid discharge apparatus according to any one
of claims 1 to 10,

wherein the physical property of the resin layer (30)
includes a surface tension of the resin layer (30).

The liquid discharge apparatus according to any one
of claims 1 to 11,

wherein the physical property of the resin layer (30)
includes a wettability of the resin layer (30).

An image forming apparatus comprising the liquid
discharge apparatus according to any one of claims
1to 12.

A liquid discharge method comprising:

conveying a substrate (10) in a conveyance di-
rection;

applying a resin layer (30) containing a resin on-
to the substrate (10);

discharging a liquid onto the resin layer (30) to
apply a droplet (31) onto the resin layer (30);
acquiring a physical property of the resin layer
(30);

adjusting the physical property of the resin layer
(30); and

controlling the physical property of the resin lay-
er (30) according to the physical property ac-
quired by the acquiring.

10

15

20

25

30

35

40

45

50

55

12

22



EP 4 094 950 A1

d3arddv
d3AVT NIS3H

—\

d31snrav

o\

d371041NOD

m\

| Ol

001

13



EP 4 094 950 A1

¢

Ol

0

a9

d371041NOD

G

14



EP 4 094 950 A1

J0IA3d
IVNAd41Xd

[~

H3IDYVHOSIA H3Addv
d3Isnrav y3avay A 4IAIANOD | |3, NISaM
w\ _\\\ m\ N\ —\
m\
4/1 ass/aaH VY Wo Nd9
6oL~ oL~ goL— 201~ oL~
H43ITIOHLINOD
m\

€ Ol

15



EP 4 094 950 A1

da1snrav

439dVvHOSIA aINOIT

LINN LNd1NO-1NdNI
96—
Y3ITT0HLINOD
LINIWLSNray
GG

1INN NOILISINDOV

NOILVNHOANI

ALHIdOYd TVOISAHd
vG—

d3TT0HLNOD FOHVHOSIA

m\

dOA3IANOD

gG—

d3T10HLINOD

N\

d3AlNddV 43AV1 NIS3Y

JONVAIANOD

1 Ll

d3T104LNOD NOIL

—\

-VOIlddVY ¥43AV1 NIS3H
16—

d37T04.INOD

d3av3d

m\

b Ol

Moo_

16



EP 4 094 950 A1

FIG. 3

\ /

G,

10~—7

Gl s
10—
FIG. 7
3Aa 3Ab 3Ac 3Ad 3A

l

C |
[
l

17



EP 4 094 950 A1

FIG. 8

31

|

LOOOOOOOOOOO

——32a\

0 0O 0O 0O 0O 0O 0O 0O 0 0o o0 O

—32b
-
O 0O 0O 0o 06O 0O o o o o o o

—32¢

OOOOOOOOOOOO’\—’32dJ 20

FIG. 9

DROPLET DIAMETER [ ¢ m]

®®T

VISCOSITY OF RESIN LAYER [mPas]

18



EP 4 094 950 A1

FIG. 10
( stAaRT )

v /8101
APPLY RESIN LAYER TO SUBSTRATE

/81 02
FORM ADJUSTMENT PATTERN

| //8103
READ ADJUSTMENT PATTERN IMAGE

| /8104

ACQUIRE DROPLET DIAMETER INFOR-
MATION IN ADJUSTMENT PATTERN

IS DROPLET DIAMETER

YES WITHIN TARGET DIAMETER

IS DROPLET
DIAMETER SMALLER THAN
TARGET DIAMETER
RANGE?

NO

3107 y 5108

SUPPLY DILUENT TO MIXED LIQUID SUPPLY RESIN TO MIXED LIQUID
STORAGE STORAGE

A 4

( en )

19



EP 4 094 950 A1

143Lsnrav

—_—— e —————

97

d371041NOD

e

G

\

L

Ol

BOO L

20



EP 4 094 950 A1

d31snrav

1INN LNdLNO-LNdNI
96—

d3T10H1LNOD

d394VHOSIA aindIn

INJANLSNrav

GG

1INN NOILISINDOV

NOILVINHOANI

Ald3d0dd TVIOISAH
m_\m\

m\

dOAJANOD

HITTOHLNOD IDHVHOSIA
£G—

d3TI0HLINOD

N\

d3lddv 43AV1 NIS3H

JONVAIANOD

6

d3T1041LNOD

_.\

YAddY ¥3IAVT NISTY
1G—

d34T1041NOD

d3L3NOJSIA

eG—

¢l Ol

m_\\

Mmoo_

21



EP 4 094 950 A1

FIG. 13

v /81 31
MEASURE VISCOSITY OF MIXED LIQUID

IS VISCOSITY WITHIN
TARGET VISCOSITY RANGE?

YES

IS VISCOSITY HIGHER
THAN TARGET VISCOSITY
RANGE?

_S134 v 5135

SUPPLY DILUENT TO MIXED LIQUID SUPPLY RESIN TO MIXED LIQUID
STORAGE STORAGE

A 4

( e )

22



10

15

20

25

30

35

40

45

50

55

EP 4 094 950 A1

Europdisches
Patentamt

Euvopean . | |
0> Patent Office EUROPEAN SEARCH REPORT Application Number

Office européen

des brevets EP 22 16 7149

[

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X EP 3 543 021 Al (RICOH CO LTD [JP]) 1-14 INV.
25 September 2019 (2019-09-25) B41J11/00
* paragraphs [0017], [0025], [0028], B41J15/00
[0029], [0030], [0052] - [0054]; figure B41J2/21
1 *
X US 10 525 727 B2 (OCE HOLDING BV [NL]) 1-14

7 January 2020 (2020-01-07)
* figure 1 *

X US 2014/232783 Al (DEL RIO JAIME FERNANDEZ | 1-14
[US] ET AL) 21 August 2014 (2014-08-21)
* figure 1 *

A US 2010/208021 Al (HORI HISAMITSU [JP]) 1-14
19 August 2010 (2010-08-19)
* the whole document *

TECHNICAL FIELDS
SEARCHED  (IPC)

B41J
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 9 August 2022 Cavia Del Olmo, D

CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application

document of the same category L : document cited for other reasons
A technological background s
O : non-written disclosure & : member of the same patent family, corresponding
P :intermediate document document

23




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 4 094 950 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 22 16 7149

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

09-08-2022
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 3543021 Al 25-09-2019 EP 3543021 A1 25-09-2019
JP 2019162777 A 26-09-2019
Us 2019283400 Al 19-09-2019
US 10525727 B2 07-01-2020 DE 102017101289 Al 26-07-2018
Us 2018207949 Al 26-07-2018
US 2014232783 Al 21-08-2014 CN 103958211 A 30-07-2014
EP 2763855 Al 13-08-2014
Us 2014232783 Al 21-08-2014
WO 2013050080 a1 11-04-2013
US 2010208021 Al 19-08-2010 JP 5152997 B2 27-02-2013
JP 2010184479 A 26-08-2010
Us 2010208021 Al 19-08-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

24



EP 4 094 950 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e JP 2010184479 A[0003]

25



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

