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(57) Amethodofmanufacturinga treatedmedium(2)
by performing a treatment on a medium (2) may be
provided, in which the medium (2) may be a paperboard
in which a coating layer including a binder is disposed on
a surface layer of the medium (2). The method may
include heating the medium (2), and applying ink to the

coating layer after the heating. The heating may include,
whenaheating temperature isX [°C] andaheating time is
Y [minutes], heating the medium (2) such that a relation-
ship of X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is
satisfied.
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Description

TECHNICAL FIELD

[0001] The disclosure herein describes technology relating to a method of manufacturing a treated medium, a
manufacturing apparatus, and a manufacturing system.

BACKGROUND ART

[0002] Japanese Patent Application Publication No. 2023‑39058 describes a pre-coating liquid to be applied to a
surface of a medium. It is described in the document that by applying this pre-coating liquid to the surface of the medium,
beadingof ink that is subsequently appliedon themediumcanbesuppressed.The term "beading" refers toaphenomenon
in which adjacent dots attract each other due to surface tension and agglomerate into beads when ink is fixed on the
medium.

DESCRIPTION

[0003] This document provides novel art that can suppress ink beading.
[0004] Amethod ofmanufacturing a treatedmedium (2) by performing a treatment on amedium (2) is disclosed herein.
The medium (2) may be a paperboard in which a coating layer comprising a binder is disposed on a surface layer of the
medium (2). Themethodmay include heating the medium (2), and applying ink to the coating layer after the heating. The
heatingmay include, when a heating temperature is X [°C] and a heating time is Y [minutes], heating themedium (2) such
that a relationship of X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is satisfied.
[0005] Whenasurfaceof amediumhasnumerousmicro irregularities, adjacent dots aremore likely to agglomerate and
thus beading is more likely to occur. In the manufacturing method described above, the medium is heated in the heating
process under the condition that satisfies the above relationship. In other words, in the above manufacturing method,
higher energy is applied to the medium in the heating process than in various treatments generally performed on the
medium. The surface layer of the medium comprises the coating layer containing the binder. Therefore, the heating
processsoftens thebinder contained in thecoating layerandmakes thesurfaceof thecoating layer flat andsmooth.Due to
this, when the ink is applied to the surface of the coating layer in the applying process, wettability of the ink is improved and
the ink can be applied uniformly to the surface of the coating layer. As a result, the above manufacturing method can be
considered as capable of suppressing ink beading.
[0006] Theheatingmay comprise heating themedium (2) such that a relationship of X ≤ 150 is satisfied, andwhen130 ≤
X ≤ 150, the medium (2) may be heated such that a relationship of Y < - 2X + 313 is further satisfied.
[0007] A surface free energy of the coating layer may be 47 mN/m or more.
[0008] The medium (2) may be constituted of a material such that, when the medium (2) is heated at 150°C for 60
minutes, the peak density Spd at a surface of the coating layer is reduced by 10% or more as compared with the peak
density Spd before the heating.
[0009] The medium (2) may be constituted of a material such that, when the medium (2) is heated at 150°C for 60
minutes, the peak density Spd at a surface of the coating layer is 600 mm‑2 or less.
[0010] The applying may comprise applying the ink to the coating layer by an inkjet method.
[0011] A manufacturing apparatus configured to manufacture a treated medium (2) by performing a treatment on a
medium (2) is also novel and useful. Themedium (2)may be a paperboard in which a coating layer comprising a binder is
disposed on a surface layer of themedium (2). Themanufacturing apparatus may include a heater configured to heat the
medium (2), and an applier configured to apply ink to the coating layer after themedium (2) has been heated by the heater.
The heater may heat the medium (2) such that, when a heating temperature is X [°C] and a heating time is Y [minutes], a
relationship of X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is satisfied.
[0012] The heater (30)may heat themedium (2) such that a relationship of X ≤ 150 is satisfied, andwhen 130 ≤X ≤ 150,
the heater (30) may heat the medium (2) such that a relationship of Y < ‑2X + 313 is further satisfied.
[0013] A surface free energy of the coating layer may be 47 mN/m or more.
[0014] The medium (2) may be constituted of a material such that, when the medium (2) is heated at 150°C for 60
minutes, thepeakdensitySpdat a surfaceof thecoating layerwhich is reducedby10%ormoreas comparedwith thepeak
density Spd before the medium (2) is heated.
[0015] The medium (2) may be constituted of a material such that, when the medium (2) is heated at 150°C for 60
minutes, the peak density Spd at a surface of the coating layer is 600 mm‑2 or less.
[0016] The applier (40) may apply the ink to the coating layer by an inkjet method.
[0017] Amanufacturing systemconfigured tomanufacture a treatedmedium (2) byperforminga treatment onamedium
(2) is also novel and useful. Themedium (2)may be a paperboard in which a coating layer comprising a binder is disposed
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on a surface layer of themedium (2). Themanufacturing systemmay include a heater configured to heat the medium (2),
and an applier configured to apply ink to the coating layer after themedium (2) has been heated by the heater. The heater
mayheat themedium (2) such that,whenaheating temperature isX [°C] andaheating time isY [minutes], a relationship of
X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is satisfied.
[0018] The heater (30)may heat themedium (2) such that a relationship of X ≤ 150 is satisfied, andwhen 130 ≤X ≤ 150,
the heater (30) may heat the medium (2) such that a relationship of Y < ‑2X + 313 is further satisfied.
[0019] A surface free energy of the coating layer may be 47 mN/m or more.
[0020] The medium (2) may be constituted of a material such that, when the medium (2) is heated at 150°C for 60
minutes, the peak density Spd at a surface of the coating layer is reduced by 10% or more as compared with the peak
density Spd before the medium (2) is heated.
[0021] The medium (2) may be constituted of a material such that, when the medium (2) is heated at 150°C for 60
minutes, the peak density Spd at a surface of the coating layer is 600 mm‑2 or less.
[0022] The applier (40) may apply the ink to the coating layer by an inkjet method.
[0023] FIG. 1 illustrates the configuration of a surface treatment system.
[0024] FIG. 2 illustrates a graph to describe a relationship between a heating temperature of a medium and a heating
time.
[0025] FIG. 3 illustrates a part of the graph of FIG. 2 in an enlarged form.
[0026] FIG. 4 illustratesagraph illustratinganexampleof a relationshipbetween theheating temperatureof themedium
and the heating time.

(Configuration of Surface Treatment System 10)

[0027] With reference to the drawings, a surface treatment system 10 of an embodiment will be described. As shown in
FIG. 1, the surface treatment system 10 comprises a heater 30 and an applier 40. The surface treatment system 10
manufactures a treatedmedium2 by heating themedium2 and then applying ink to themedium2. By heating themedium
2, surface properties of the medium 2 are modified and ink beading is suppressed. The heater 30 and the applier 40 are
used ina stateof beingplacedonafloor or a rack.However, in other embodiments, theheater 30and theapplier 40maybe
used in a state of being placed on a desk.
[0028] Thesurface treatment system10comprisesa feed tray 14, a feed roller 16, a conveyor 18, a feed-out tray 24, and
acontroller 26.Thecontroller 26 is communicably connected toeachunit/deviceof thesurface treatment system10.Thus,
the controller 26 can control each unit/device of the surface treatment system 10.
[0029] The feed tray 14 is detachably supported bya housing 31of the heater 30. The feed tray 14 supports themedia 2.
A user can take out the feed tray 14 to the outside of the housing 31 to stack the plurality ofmedia 2 in the feed tray 14. After
this, the surface treatment system10 is suppliedwith themedia 2by the feed tray14beingplacedback into thehousing31.
[0030] The feed roller 16 contacts the upper surface of the uppermost medium 2 among the media 2 supported on the
feed tray 14. The feed roller 16 is rotated by a conveyormotor.When the feed roller 16 rotates, the uppermostmedium2 is
fed from the feed tray 14.
[0031] The conveyor 18 is arranged to extend fromwithin the housing 31 of the heater 30 into a housing 41 of the applier
40. The conveyor 18 conveys the medium 2 fed through the feed roller 16 to the feed-out tray 24. The conveyor 18
comprises two first roller pairs 20 and two second roller pairs 22.
[0032] Eachof the twofirst roller pairs 20 isarranged in thehousing31of theheater 30.Eachof the twofirst roller pairs 20
comprises a first conveyor roller 20a and a first pinch roller 20b. Contact between the first conveyor roller 20a and the first
pinch roller 20b forms a nip 4. The two first roller pairs 20 are rotated by the conveyor motor. The two first roller pairs 20
rotate while nipping the media 2, to convey the media 2 from the feed roller 16 toward the second roller pairs 22. The
number and arrangement of the first roller pairs 20 are not particularly limited.
[0033] Each of the two second roller pairs 22 is disposedwithin the housing 41 of the applier 40. Each of the two second
roller pairs 22 comprises a second conveyor roller 22a and a second pinch roller 22b. Contact between the second
conveyor roller 22a and the second pinch roller 22b forms a nip 4. The two second roller pairs 22 are rotated by the
conveyormotor. The two second roller pairs 22 rotatewhile nipping themedia 2, to convey themedia 2 toward the feed-out
tray 24. The number and arrangement of the second roller pairs 22 are not particularly limited.
[0034] The feed-out tray 24 is disposed in the housing 41 of the applier 40. Themedia 2 are fed out from the conveyor 18
onto the feed-out tray 24. The feed-out tray 24 supports the media 2.
[0035] A conveyance path 100 is formed between the feed tray 14 and the feed-out tray 24. Themedium 2 is conveyed
on the conveyance path 100across the heater 30 to the applier 40. As themedium2passes through this conveyance path
100, the medium 2 is heated, and ink is subsequently applied to the medium 2.
[0036] The heater 30 comprises a heating portion 32 and a controller 34. The heating portion 32 is positioned above the
conveyance path 100. The heating portion 32 is composed of, for example, a dryer, a heat gun, an oven, and/or an IR
heater. The controller 34 controls the operation of the heating portion 32 based on commands from the controller 26. By
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controlling the heating portion 32, the controller 34 heats the medium 2 under a condition that satisfies a relationship
between a predetermined heating temperature and heating time. The condition will be described below. The specific
configuration of the heater 30 is not particularly limited. In this embodiment, the heating portion 32 is arranged above the
conveyance path 100, but the heating portion 32maybearranged below the conveyance path 100, or the heating portions
32may be disposed both above and below the conveyance path 100. The heating portion 32may be arranged so that the
conveyance path 100 passes through inside the heating portion 32.
[0037] The applier 40 is arranged downstreamof the heater 30 in the conveyance path 100. The applier 40 comprises a
head42andacontroller 44.Thehead42 isdisposedabove the conveyancepath100.Thehead42comprisesaplurality of
nozzles 42a. The controller 44 controls the operation of the head 42 based on commands from the controller 26. The
controller 44 controls piezoelectric elements, for example, corresponding to the respective nozzles 42a. By controlling the
piezoelectric element(s), for example, the controller 44 selectively ejects ink externally through each nozzle 42a using an
inkjet method. Thus, ink is selectively ejected from each of the nozzles 42a toward the medium 2 passing through the
conveyance path 100, and ink is applied on the surface of themedium 2. The specific configuration of the applier 40 is not
particularly limited.
[0038] The respective components of the surface treatment system 10 need not necessarily be located in the positions
shown in the figures. For example, the feed tray 14may bearranged outside the housing 31 of the heater 30, and the feed-
out tray 24may be arranged outside the housing 41 of the applier 40. The first roller pairs 20 and the second roller pairs 22
may also be arranged outside of the housing 31 and the housing 41, respectively.

(Media)

[0039] The medium 2 is a paperboard in which a coating layer is disposed on a surface layer of the medium 2. The
medium 2may be a white paperboard or a colored paperboard. Themedium 2 comprises a substrate and a coating layer.

(Substrate)

[0040] Thesubstrate is composed of papermaterial with pulp as a component. Thepapermaterialmay bemulti-layered
or single-layered. The thickness of the substrate is not particularly limited. The thickness is, for example, 0.2 mm or more
and 0.6 mm or less, or 0.3 mm or more and 0.5 mm or less. That is, the substrate of the medium 2 has a relatively large
thickness, and so-called plain paper and thin paper, for example, are not included in the substrate.

(Coating Layer)

[0041] The coating layer is disposed on the surface of the substrate. The coating layer is provided, for example, to add
smoothness and glossiness to the surface of a substrate composed of paper material. The coating layer is also provided,
for example, to improve barrier property against moisture and oil and durability of the medium 2. This allows the ink to be
laidwell on themedium2, suppresses unevenness of the ink, and improves the printability of themedium2. The thickness
of the coating layer is not particularly limited, but is, for example, 1µmormore and 20µmor less, or 3µmormore and 15
µm or less.
[0042] The coating layer contains a binder. The binder is not particularly limited, but may include, for example, styrene-
butadiene resins; acrylic resins suchas amethyl (meth)acrylate copolymer anda styrene‑(meth)acrylic copolymer; olefin-
unsaturated carboxylic acid copolymers such as ethylene‑(meth)acrylic copolymer; and natural polysaccharides such as
dextrin, mannan, chitosan, arabinogalactan, glycogen, inulin, pectin, hyaluronic acid, hydroxyethylated starch, oxidized
starch, etherified starch, phosphate-esterified starch, enzyme-modified starch, and modified starch obtained by flash-
drying these, and oligomers thereof, as well asmodified products thereof, and the like. One of these bindersmay be used
alone, or two or more may be used in combination.
[0043] The coating layermay contain pigments. The pigments are not particularly limited, and examples thereof include
inorganic pigments such as kaolin, clay, engineered kaolin, delaminated clay, calcined clay, ground calcium carbonate,
precipitated calcium carbonate, talc, titanium dioxide, barium sulfate, calcium sulfate, zinc oxide, silicic acid, silicates,
colloidal silica, and satin white; and organic pigments such as dense-type, hollow-type, or core-shell-type organic
pigments.
[0044] The coating layer may contain other component(s) such as adhesive, dispersant, thickener, water retention
agent, defoaming agent, waterproofing agent, colorant, surfactant, etc. Examples of the adhesive may include, for
example, proteins such as casein, soy protein, and synthetic proteins; starches such as oxidized starch, positive starch,
etherified starch such as urea phosphate esterified starch, hydroxyethyl etherified starch, and dextrin; cellulose deriva-
tives such as carboxymethyl cellulose, hydroxyethyl cellulose, and hydroxymethyl cellulose, and the like.
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(Surface Free Energy of Coating Layer)

[0045] After the medium 2 has undergone heat treatment by the heater 30 of the surface treatment system 10, ink is
applied on the surface of the coating layer. In order to improve thewettability and adhesion of the ink on the coating layer, it
is preferable that the surface free energy of the coating layer is large. The surface free energy of the coating layer is not
particularly limited, but may be, for example, 30 [mN/m] or more, 40 [mN/m] or more, 45 [mN/m] or more, 47 [mN/m] or
more, 50 [mN/m] or more.When the surface free energy of the coating layer satisfies the above value, ink beading can be
suitably suppressed by applying the art disclosed herein.
[0046] Themethodof controlling the surface freeenergy of the coating layer to theabovevalue is not particularly limited.
Examples of suchmethod include, for example,method of changing the contact angle by selecting the type of binder to be
contained; method of changing the contact angle by physically changing the surface microstructure; method of changing
the contact angle by introducing functional groups onto the surface throughphysicochemical treatment suchasheat, light,
electromagnetic waves, oxidation, reduction, etc.; and a method of changing the contact angle by changing surface
physical properties through incorporation of chemical component(s) such as a surface treatment agent such as surfactant
or a coupling agent. The surface free energy of the coating layer can be measured in accordance with JIS K6768:1999.

(Peak Density Spd of Coating Layer)

[0047] Spd indicates the number of peaks per unit area as defined in ISO 25178. The surface of the coating layer has a
higher smoothness than thesurfaceof thesubstrate.However, thesurfaceof thecoating layeralsohasmicrounevenness.
Therefore, if thenumberof peakscausedby theunevenness is large, inkappliedon thesurfaceof thecoating layer iseasily
guided to the valley portions that exist between the peaks, and beading is easily generated. In the art disclosed herein, the
Spd of the coating layer can be reduced by executing a heat treatment on the medium 2 by the heater 30 of the surface
treatment system10.Since the coating layer containsabinder, performing theheat treatment softens thebinder contained
in the coating layer and smoothes the surface of the coating layer. The coating layer of themedium 2may, for example, be
constituted of a material such that, when the medium 2 is heated at 150°C for 60 minutes, the Spd is reduced by 10% or
more as compared with the Spd before heating. Also, the coating layer of the medium 2 may be constituted of a material
such that, when themedium 2 is heated under the same condition, the Spd is 600 [mm‑2] or less.When themedium 2with
suchacoating layer is used, inkbeading canbe further suppressedbyapplying theart disclosedherein. It shouldbenoted,
however, that the art disclosed herein does not limit the Spd of the coating layer. The coating layer may be constituted not
only of a material such that, by heating as described above, the Spd is reduced from over 600 to 600 or less, but also of a
material such that the Spd is 600 or less in the state before heating.

(Thickness of Medium 2)

[0048] The thickness of the medium 2 is not particularly limited. The thickness of the medium 2 can be the sum of the
thickness of the substrate and the thickness of the coating layer. The thickness of themedium2 is, for example, 0.2mmor
more and 0.6 mm or less, or 0.3 mm or more and 0.5 mm or less. The thickness of the medium 2 can be measured in
accordance with JIS P 8118:2014.

(Basis Weight of Medium 2)

[0049] Thebasisweight of themedium2 isnot particularly limited. Forexample, thebasisweight is 100g/m2ormoreand
700 g/m2 or less, and 200 g/m2 or more and 600 g/m2 or less. The basis weight of the medium 2 can be measured in
accordance with JIS P 8124:2011.
[0050] The application of the medium 2 is not particularly limited. Examples of uses of the medium 2 include industrial
printing applications, general paper containers, and packaging paper. Examples of packaging objects include, for
example, food products, confectionery, daily sundries, textile products, tissues, wraps, pharmaceuticals, electronic
components, etc.
[0051] Commercially available products may be used as the medium 2. Examples of the commercially available
products include: for example, "OK BALL" series, "UF Coat" series, "Suncoat (registered trademark)" series, "MC BALL"
series, and "Sun Dia White N" series manufactured by Oji Materia Co.; "S-Pearl Card" series (registered trademark) and
"N-Pearl Deluxe" series (registered trademark), manufactured by Mitsubishi Paper Mills, Ltd.; "MARICOAT (registered
trademark)" series manufactured by Hokuetsu Corporation; and "JETSTAR (registered trademark)" series and "I-Best
(registered trademark) WF" series manufactured by Nippon Paper Industries Co.
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(Ink)

[0052] Ink is applied onto the coating layer of the medium 2 after the medium 2 is heated by the heater 30. The ink
includes, for example, a colorant, resin, and water.

(Colorant)

[0053] Examples of colorants include, for example, pigments and dyes that can be dispersed inwater bymeans of resin
dispersant or by self-dispersion. Examples of pigments include carbon black, inorganic pigments, and organic pigments.
Examples of carbon black include, for example, furnace black, lamp black, acetylene black, channel black, etc. Examples
of the inorganic pigments may include, for example, titanium dioxide, iron oxide-based inorganic pigments, and carbon-
black-based inorganic pigments. Examples of the organic pigments may include, for example, azo pigments, polycyclic
pigments, dye-lake pigments, nitro pigments, nitroso pigments, and aniline black, daylight fluorescent pigments. Example
of other pigments include, for example,C. I. PigmentBlack1, 6, 7,C. I. PigmentYellow1, 2, 3, 12, 13, 14, 15, 16, 17, 55, 73,
74, 75, 78, 83, 93, 94, 95, 97, 98, 114, 128, 129, 138, 150, 151, 154, 155, 180, 185, 194, C.I. Pigment Orange 31, 43, C.I.
Pigment Red 2, 3, 5, 6, 7, 12, 15, 16, 48, 48:1, 48:3, 53:1, 57, 57:1, 112, 122, 123, 139, 144, 146, 149, 150, 166, 168, 175,
176, 177, 178, 184, 185, 190, 202, 209, 221, 222, 224, 238, 254, C.I. Pigment Violet 19, 196, C.I. Pigment Blue 1, 2, 3, 15,
15:1, 15:2, 15:3, 15:4, 16, 22, 60,C.I. PigmentGreen 7, 36, and solid solutions of these pigments, etc. The inkmay contain
only the pigment or only the dye as its colorant. One of these colorants may be used alone, or two or more thereof may be
used in combination.

(Resin)

[0054] Examples of resin include, for example, acrylic resin, urethane resin, vinyl chloride resin, polyester resin, styrene
resin, polyolefin resin, vinyl acetate resin, vinyl chloride resin, butadiene resin, benzoguanamine resin, phenol resin,
silicone resin, epoxy resin, paraffin resin, fluorine resin, water-soluble resin, and copolymer resins thereof. One type of
resin as above may be used alone, or two or more thereof may be used in combination.
[0055] Examples of the resin may include resin particles. The resin particles may be incorporated, for example, in an
emulsion. The emulsion is, for example, composed of resin particles and water. The resin particles are not dissolved in
water, but are dispersed in water within a specific particle size range.

(Water)

[0056] Water may be, for example, ion-exchange water or pure water. The water content may be, for example, the
remainder excluding the other components.

(Other Components)

[0057] The ink may further contain a surfactant and a water-soluble organic solvent as other component(s).

(Surfactant)

[0058] Thesurfactant canbeselectedasdesiredbasedon the intendeduse.Examplesof thesurfactantmay include, for
example, anionic surfactants, nonionic surfactants, cationic surfactants, amphoteric surfactants, acetylenic glycol-based
surfactants, fluorinated surfactants, and silicone-based surfactants. The surfactant may be a single surfactant or a
combination of two or more surfactants from the above-list.

(Water-soluble Organic Solvent)

[0059] Examples of the water-soluble organic solvent may include, for example, alkyl alcohols having 1 to 4 carbon
atoms such asmethanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol and tert-butanol; alkylene glycols with
alkylene groups having 2 to 6 carbon atoms such as ethylene glycol, propylene glycol, butylene glycol, 1,2-butanediol,
triethylene glycol, 1,6-hexanediol, 1,2,6-hexanetriol, thiodiglycol, hexylene glycol, diethylene glycol; lower alkyl ethers of
alkylene glycols such as glycerin, ethylene glycol monomethyl (ormonoethyl, monopropyl, monobutyl) ethers, diethylene
glycol monomethyl (or monoethyl, monopropyl, monobutyl) ethers, triethylene glycol monomethyl (or monoethyl, mono-
propyl, monobutyl, monohexyl) ethers, tetraethylene glycol monomethyl (or monoethyl, monopropyl, monobutyl, mono-
hexyl) ethers, propylene glycol monomethyl (or monoethyl, monopropyl, monobutyl) ethers, dipropylene glycol mono-
methyl (or monoethyl, monopropyl, monobutyl) ethers, tripropylene glycol monomethyl (or monoethyl, monopropyl,
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monobutyl) ethers, and tetrapropylene glycol monomethyl (or monoethyl) ethers; N-methyl‑2-pyrrolidone, 2-pyrrolidone
and1,3-dimethyl‑2-imidazolidinone. Thewater-soluble organic solventmaybe a singlewater-soluble organic solvent or a
combination of two or more water-soluble organic solvents from the above list.
[0060] The ink may further comprise conventionally known additive(s) as needed. Examples of the additive(s) may
include, for example, pH adjusters, viscosity modifiers, and preservatives. Examples of the viscosity modifiers may
include, for example, polyvinyl alcohol, cellulose, and water-soluble resins.
[0061] The ink can be prepared, for example, by uniformly mixing the resin, colorant, the surfactant, water, and other
additive(s) if needed, by a publicly known method and then removing undissolved solids through a filter.

(Surface Treatment Method)

[0062] Next, a surface treatmentmethodwith the surface treatment system 10will be described. The surface treatment
method comprises a heating process and an application process. The heating process and the application process are
executed in this order. The controller 26 starts the steps, for example, in response to a process execution instruction being
input to thesurface treatment system10 fromanexternal.When theabove instruction is input, thecontroller 26controls the
units, such as the feed roller 16 and the conveyor 18, to convey the media 2 along the conveyance path 100.

(Heating Process)

[0063] In the heating process, the medium 2 is heated according to a condition that satisfies a predetermined heating
temperature and heating time. Said condition is a condition that satisfies the relationship of X≥70 and Y>‑0.04X+6.165
(whereY>0)when theheating temperature isX[°C]and theheating time isY[min]. FIGS.2and3 illustrategraphs that show
a relationship between the heating temperature and the heating time in the heating process. In FIGS. 2 and 3, the area
indicated by hatching is a range satisfying the above relationship. The controller 26 commands the heating temperature of
themedium2 to thecontroller 34basedon the inputprocessexecution instruction,while controlling theconveyingspeedof
the medium 2 passing through the conveyance path 100. For example, when the controller 26 sends a command to the
controller 34 to control the heating temperature of themedium 2 to 70°C, the controller 26 adjusts the conveying speed of
themedium2passing through the conveyance path 100 by controlling the operation of the first roller pair(s) 20, etc. so that
the heating time is about 202 seconds or longer. The upper limit of the heating temperature in the heating process is not
particularly limited, but may be 150°C or lower, for example. By setting the heating temperature to 150°C or lower,
discoloration of themedium2 due to the heating process can be suppressed, while still providing the effect of suppressing
beading.When theheating temperature is 130°Corhigher and150°Cor lower, theheating treatmentmaybeperformedso
that the relationship Y < ‑2X + 313 is further satisfied. In FIG. 4, the area indicated by hatching is a range that further
satisfies the above relationship. By adjusting the heating time to satisfy the above relationships, discoloration of the
medium 2 can be further suppressed. The heating time is, for example, a time from the time when the downstream end of
themedium2enters a section below the heating portion 32 to the timewhen thedownstreamendof themedium2exits the
sectionbelow theheatingportion32 in theprocessof transporting themedium2.Theprocessexecution instructionmaybe
an instruction specifying both the heating temperature and the heating time, or it may be an instruction specifying only one
of the heating temperature and the heating time.

(Application Process)

[0064] In the application step, ink is applied to a surface of a medium 2. The controller 44 controls the piezoelectric
elements corresponding to the respective nozzles 42a, for example, based on the commands from the controller 26. By
controlling said piezoelectric elements, for example, the controller 44 selectively ejects ink from each of the nozzles 42a
toward the medium 2 passing below the head 42. As a result, ink is deposited on the surface of the medium 2.
[0065] When there are numerous minute irregularities on the surface of the medium 2, adjacent dots are more likely to
agglomerate and thus beading is more likely to occur. In the above surface treatment method, in the heating process, the
medium 2 is heated under the condition that satisfies X≥70 and Y>‑0.04X+6.165 (where Y>0). In other words, in the
surface treatmentmethoddescribedabove,higher energy isapplied to themedium2 in theheatingprocess than invarious
treatments generally performed on the medium 2. Examples of the generally performed treatments include corona
treatment, plasma treatment, preheating, and ink drying. The surface layer of the medium 2 comprises a coating layer
containing a binder. Therefore, by implementing the heating process, the binder contained in the coating layer is softened
and the surfaceof the coating layer is smoothed. That is, themicro irregularities thatmayexist on the surfaceof the coating
layer are reduced. As a result, when ink is applied to the surface of the coating layer, the wettability of the ink is improved,
and the ink is applied more easily and evenly to the surface of the coating layer. As a result, the above-described surface
treatment method can be considered to be capable of suppressing ink beading.
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(Correspondence Relationships)

[0066] The heater 30 and the applier 40 are an example of "manufacturing apparatus configured to manufacture a
treatedmediumby performing a treatment on amedium". The surface treatment system10 is an example of "manufactur-
ing system configured to manufacture a treated medium by performing a treatment on a medium". The surface treatment
method is an example of "method of manufacturing a treated medium by performing a treatment on a medium".

[EXAMPLES]

[0067] Next, the art disclosed herein will be specifically described by means of examples and comparative examples.
However, the art disclosed herein is not limited in any way to these examples.

(Measurement of Peak Density Spd)

[0068] First, eachof themedia listed inTables1 to 4wasplacedonametal traywith the coating layer arrangedas the top
surface. The metal tray on which the medium was placed was placed in a DX402 dry oven manufactured by Yamato
ScientificCo,Ltd. andwasheatedat 150°C for 60minutes.Eachof themediumbeforeandafter heatingwascut intoa5cm
x 5 cm piece, and Spd was measured for each piece using a device VK-X1100 manufactured by Keyence Corporation
using a test method compliant with ISO 25178. The Spd of eachmedium after heating and a rate of change in Spd of each
medium before and after heating are shown in Tables 1 to 4, respectively.
[0069] The following describes the notation of each medium in Tables 1 to 4.

OK Ball (manufactured by Oji Materia Co., Ltd.; basis weight: 350 g/m2)
S Pearl Card (manufactured by Mitsubishi Paper Mills, Ltd., basis weight: 350 g/m2)
MARICOAT (Hokuetsu Corporation, basis weight: 350 g/m2)
Suncoat (manufactured by Oji Materia Co., Ltd.; basis weight: 350 g/m2)

(Preparation of Heated Samples)

[0070] For each example, themediumshown in Tables 1 to 4was placed on ametal traywith the coating layer arranged
as the top surface. The metal tray on which the medium was placed was placed in the DX402 dry oven manufactured by
Yamato Scientific Co, Ltd., and a heating treatment was performed on the medium with the heating time and heating
temperature shown in Tables 1 to 4. The medium was then cooled to room temperature and used as a heated sample. In
each example, the medium that had not been heat-treated was used as an unheated sample.
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(Evaluation of Media Discoloration)

[0071] For each example, the optical density of the heated sample and the optical density of the unheated sample were
measured using an eXact spectrophotometer manufactured by X-Rite, under the following conditions:
Light source: D50, viewing angle: 2°, density measured condition: M0, density status: status-T, density white reference:
absolute value
[0072] The optical density differenceΔEof the heated sample relative to the unheated sample was calculated based on
the CIEDE 2000 color difference formula. The calculated ΔE was evaluated for discoloration of the medium according to
the following criteria. The evaluation results are shown in Tables 1 to 4.

A: ΔE less than 1.0
B: ΔE equal to or greater than 1.0

(Evaluation of Image Quality Improvement Effect)

[0073] For each example, the heated and unheated samples were set in an MFC-J7500CDW printer manufactured by
Brother Industries, Ltd. Using ink A having the composition shown in Table 5, the volume ejected from the inkjet headwas
adjusted to 10 pL per pixel, andmultiple 10mm x 10mmpatch images were formed with a resolution of 600 dpi x 600 dpi.
Eachpatch imagewas formedwhile increasing theprint duty in 10% increments, andwhether or not beadingoccurredwas
visually confirmed. The print duty immediately before the print duty of the patch image in which beading was visually
confirmed was set as themaximum print duty. The print duty means a ratio of a cumulative area printed on the medium to
the area of the medium. A larger maximum print duty means that beading does not occur even if ink is applied more
densely. The notation "<70" in Examples 26 to 29 means that although beading occurs slightly in the patch image with a
print duty of 70%, the degree of beading is reduced compared to the patch image with a print duty of 70% in the unheated
sample. In each example, the difference between the maximum print duty of the heated sample and the maximum print
duty of the unheated sample was calculated, and image quality improvement effect was evaluated according to the
following criteria. Themaximumprint duty of theheatedandunheated samples in eachexample and theevaluation results
are shown in Tables 1 to 4. In Table 5, themagenta resin-dispersed pigment is a water dispersion of C.I. Pigment Red 122
containing a resin dispersant. The numerical values in the columns showing each component indicate the content of the
component in that column relative to the total amount of ink A, and the units are mass percentages.

A: Maximum print duty increased by 10% or more
B: Maximum print duty increased by more than 0% but less than 10%.
C: No change in maximum print duty

Table 5

Components Ink A

Magenta Resin-dispersed Pigment 5.0

Acrylic Resin 10.0

1,2-Hexanediol 5.0

Dipropylene Glycol Monomethyl Ether 2.0

Silicone-based Surfactant 0.5

Water Remainder

[0074] As shown in Tables 1 to 3, in Examples 1 to 29, themaximumprint duty increased by 10%ormore due to the heat
treatment. In other words, in Examples 1 to 29, the heat treatment resulted in a good image quality improvement effect.
[0075] In contrast, firstly, in Comparative Example 1, the heating temperature is lower than in each embodiment. In
Comparative Example 1, OK ball, which is also used in the examples, is used as the medium. However, because the
heating temperature is as lowas 60°C, the binder in the coating layer does not soften sufficiently even after heating for 180
minutes. Due to this, the surface of the coating layer is not smoothed easily even after the heat treatment is executed. As a
result, it can be assumed that the wettability of ink on the coating layer did not improve before and after the heat treatment
and therefore the image quality improvement effect was not demonstrated.
[0076] In Comparative Examples 2 to 6, although the heating temperature was 70°C or higher, as shown in FIG. 3, the
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relationship between the heating temperature and heating time in the heat treatment is outside the area indicated by
hatching. More precisely, in Comparative Examples 2 to 6, the heating time is shorter than in each of the examples where
the heating treatment was performed at the corresponding heating temperature. In Comparative Examples 2 to 6, even
though the heat treatment was executed at a sufficient heating temperature, the heating time was excessively short and
the temperature did not rise enough to soften the binder. Therefore, the surface of the coating layer is not smoothed easily
evenwhen the heat treatment is executed. It is presumed that the inkwettability on the coat layer did not improve before to
after the heat treatment, and therefore the image quality improvement effect was not obtained.
[0077] Next, comparison between each example shows that Examples 14, 17, and 20 to 23 resulted in a slightly lower
evaluation for discoloration of the medium compared to the other examples. The heat treatment in Example 14 was at
130°C for 60minutes, the heat treatment in Example 17was at 140°C for 50minutes, and the heat treatment in Examples
20 to23wasat 150°C for15minutesormore, respectively.That is, in theseexamples, the relationshipbetween theheating
temperatureandheating time in theheat treatment is outside thearea indicatedby thehatching inFIG.4.Moreprecisely, in
these examples, the heating time is longer than in each of the examples where the heating process was performed at the
correspondingheating temperature. It canbeconsidered that, in theseexamples, although the imagequality improvement
effectwas sufficiently demonstrated, the relatively long heating time relative to theheating temperaturemayhave resulted
in some discoloration of the medium. From these results, it was found that when the heat treatment is performed in a high
temperature zone, the imagequality improvement effect canbeobtainedwhile discolorationof themedia is suppressedby
performing the heat treatment for a moderate heating time.
[0078] In Examples 24 and 25, the heat treatment is performed under the same condition as in Examples 21 and 22,
respectively, except that the media type is different. The medium of Examples 21 and 22, "OK Ball", has a relatively large
surface free energy of 57.6 [mN/m]. The "OK Ball" has a relatively small Spd of 270.0 [mm‑2] after heating at 150°C for 60
minutes, and the Spd decreased by 28.2% compared to before heating. The medium of Examples 24 and 25, "S Pearl
Card", has a relatively large surface free energy of 47.6 [mN/m]. The "S Pearl Card" has a relatively small Spd of 522.3
[mm‑2] after heating at 150°C for 60 minutes, and the Spd decreased by 39.2% compared to before heating. Thus, in
Examples24and25,as inExamples21and22, thesurface freeenergyof thecoating layerof themedium is relatively large
and the wettability of the ink on the coating layer is relatively high. In addition, since the Spd after heat treatment was
suppressed to a suitably small value, local agglomeration of the ink was difficult to occur. As a result, it is considered that a
good image quality improvement effect was obtained. It was found that although the "S Pearl Card" has a very large Spd
value of about 859 before heating, the Spd decreased sufficiently by the heat treatment, and therefore beading was
suitably suppressed.
[0079] In Examples 26 and 27, the heat treatment is performed under the same condition as in Examples 21 and 22,
respectively, except that the type of the medium is different. The medium of Examples 26 and 27, "MARICOAT", has a
relatively small surface free energy of 44.1 [mN/m]. In addition, "MARICOAT" has a relatively large Spd of 631.8 [mm‑2]
after being heated at 150°C for 60 minutes, and the Spd decreased by only 7.8% compared to before heating. Thus, in
Examples 26 and 27, the surface free energy of the coating layer of themedium is relatively small and thewettability of the
ink on the coating layer is relatively low. Also, the Spd after heat treatment did not decrease significantly, thus the ink was
prone to localized agglomeration. These results show that a better image quality improvement can be obtained by using a
mediumwith a relatively large surface free energy andhavingSpd that becomes relatively small after heating. Specifically,
it can be seen that, by using a media with the surface free energy of 47 [mN/m] and Spd of 600 [mm‑2] or less after
undergoing heating at 150°C for 60minutes, a better imagequality improvement effect canbe achieved.Examples 28and
29 yielded results exhibiting similar effects as those of Examples 26 and 27.
[0080] Theaboveexamplesof thepresent disclosure havebeendescribed in detail, but theseareonly examples anddo
not limit thescopeof theclaims.Theart described in theclaims includesvariousvariationsandmodificationsof thespecific
examples illustrated above. Modifications of the above embodiments are listed below.
[0081] While the invention has been described in conjunction with various example structures outlined above and
illustrated in the figures, various alternatives, modifications, variations, improvements, and/or substantial equivalents,
whether knownor thatmaybepresently unforeseen,maybecomeapparent to thosehavingat least ordinary skill in the art.
Accordingly, the example embodiments of thedisclosure, as set forth above, are intended to be illustrative of the invention,
and not limiting the invention. Various changesmay bemadewithout departing from the spirit and scope of the disclosure.
Therefore, the disclosure is intended to embrace all known or later developed alternatives, modifications, variations,
improvements, and/or substantial equivalents. Some specific examples of potential alternatives, modifications, or
variations in the described invention are provided below:

(Modification 1)

[0082] In the above examples, themedium2 simply needs to have a coating layer on a surface of at least one side of the
substrate. For example, a coating layer may be provided on surfaces of both sides of the substrate.
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(Modification 2)

[0083] In the above-described embodiment, the surface treatment system 10 may include, instead of the feed tray 14,
the feed roller 16, and the feed-out tray 24, a roller that supports the medium 2 and a roller that winds up the medium 2. In
other words, the surface treatment system 10 may be a system employing a roll-to-roll configuration.

(Modification 3)

[0084] In the above embodiment, the heater 30 and the applier 40 were configured as separate components, but the
heater 30 and the applier 40 may be configured as a single unit.

(Modification 4)

[0085] In the above embodiment, the applier 40 applies ink to themedium 2 by an inkjet method, but the applier 40may
also apply ink to themedium 2 by, for example, a blade coating method, a roll coating method, a spray coatingmethod, or
the like.

(Modification 5)

[0086] In the above embodiment, the surface treatment system 10 may further comprise a drying device configured to
dry the ink discharged onto themedium2 passing through the conveyance path 100. The drying devicemay comprise, for
example, a dryer, heat gun, oven, IR heater, etc. Instead of providing a drying device, the ink may be left for a
predetermined period of time after the ink is deposited on the medium 2 in the surface treatment system 10 to evaporate
a predetermined amount of water-containing component(s) in the ink. That is, after the ink is applied to themedium2 in the
surface treatment system10, the inkon themedium2maybeallowed todrynaturallywithout usingadryingdevice. Inother
words, the surface treatment method may comprise a drying process after the application process.

(Modification 6)

[0087] In the embodiment described above, the surface treatment system 10 may further comprise a cooling device
configured to cool themedium2 that hasbeenheatedby theheater 30. Insteadof providingacooling device, themedium2
maybe left to be cooled for a predeterminedperiodof timeafter themedium2 is heated in the surface treatment system10.
That is, after heating themedium2 in the surface treatment system10, themedium2maybeallowed to naturally dissipate
heat without a cooling device. In other words, the surface treatment method may comprise a cooling process after the
heating process but before the application process.

(Modification 7)

[0088] In the above embodiment, the heating time of the medium 2 by the heater 30 may be a time in the process of
conveying themedium2, for example, that spans fromwhen thedownstreamendof themedium2enters thesectionbelow
theheatingportion32until theupstreamendof themedium2exits thesectionbelow theheatingportion32, ora timeduring
which the entiremedium 2 in the conveying direction is located in the section below the heating portion 32. Alternatively, it
can be a time during which the medium 2 is positioned inside the heater 30.

Claims

1. Amethod ofmanufacturing a treatedmedium (2) by performing a treatment on amedium (2), wherein themedium (2)
is a paperboard in which a coating layer comprising a binder is disposed on a surface layer of the medium (2), the
method comprising:

heating the medium (2); and
applying ink to the coating layer after the heating,
wherein
the heating comprises, when a heating temperature is X [°C] and a heating time is Y [minutes], heating the
medium (2) such that a relationship of X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is satisfied.

2. The method according to claim 1, wherein
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the heating comprises heating the medium (2) such that a relationship of X ≤ 150 is satisfied, and
when 130 ≤ X ≤ 150, the medium (2) is heated such that a relationship of Y < ‑2X + 313 is further satisfied.

3. The method according to claim 1 or 2, wherein a surface free energy of the coating layer is 47 mN/m or more.

4. Themethod according to any one of claims 1 to 3, wherein themedium (2) is constituted of amaterial such that, when
themedium (2) is heated at 150°C for 60minutes, the peak density Spd at a surface of the coating layer is reduced by
10% or more as compared with the peak density Spd before the heating.

5. Themethod according to any one of claims 1 to 4, wherein themedium (2) is constituted of amaterial such that, when
themedium (2) is heated at 150°C for 60minutes, the peak density Spd at a surface of the coating layer is 600mm‑2 or
less.

6. The method according to any one of claims 1 to 5, wherein
the applying comprises applying the ink to the coating layer by an inkjet method.

7. Amanufacturing apparatus (30, 40) configured to manufacture a treated medium (2) by performing a treatment on a
medium (2), wherein the medium (2) is a paperboard in which a coating layer comprising a binder is disposed on a
surface layer of the medium (2), the manufacturing apparatus comprising:

a heater (30) configured to heat the medium (2); and
an applier (40) configured to apply ink to the coating layer after the medium (2) has been heated by the heater,
wherein
the heater (30) heats the medium (2) such that, when a heating temperature is X [°C] and a heating time is Y
[minutes], a relationship of X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is satisfied.

8. The manufacturing apparatus (30, 40) according to claim 7, wherein

the heater (30) heats the medium (2) such that a relationship of X ≤ 150 is satisfied, and
when 130 ≤ X ≤ 150, the heater (30) heats the medium (2) such that a relationship of Y < ‑2X + 313 is further
satisfied.

9. Themanufacturingapparatus (30,40) according to claim7or8,whereinasurface freeenergyof thecoating layer is47
mN/m or more.

10. Themanufacturing apparatus (30, 40) according to any oneof claims 7 to 9,wherein themedium (2) is constituted of a
material such that, when the medium (2) is heated at 150°C for 60 minutes, the peak density Spd at a surface of the
coating layer which is reduced by 10% or more as compared with the peak density Spd before the medium (2) is
heated.

11. Themanufacturing apparatus (30, 40) according to any one of claims 7 to 10, wherein themedium (2) is constituted of
amaterial such that, when themedium (2) is heated at 150°C for 60minutes, the peak density Spd at a surface of the
coating layer is 600 mm‑2 or less.

12. Themanufacturingapparatus (30, 40) according toanyoneof claims7 to11,wherein theapplier (40) applies the ink to
the coating layer by an inkjet method.

13. Amanufacturing system (10) configured tomanufacture a treatedmedium (2) by performing a treatment onamedium
(2),wherein themedium (2) is apaperboard inwhicha coating layer comprisingabinder is disposedonasurface layer
of the medium (2),
the manufacturing system comprising:

a heater (30) configured to heat the medium (2); and
an applier (40) configured to apply ink to the coating layer after the medium (2) has been heated by the heater,
wherein
the heater (30) heats the medium (2) such that, when a heating temperature is X [°C] and a heating time is Y
[minutes], a relationship of X ≥ 70 and Y > ‑0.04X + 6.165 (where Y > 0) is satisfied.
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14. The manufacturing system (10) according to claim 13, wherein

the heater (30) heats the medium (2) such that a relationship of X ≤ 150 is satisfied, and
when 130 ≤ X ≤ 150, the heater (30) heats the medium (2) such that a relationship of Y < ‑2X + 313 is further
satisfied.

15. The manufacturing system (10) according to claim 13 or 14, wherein a surface free energy of the coating layer is 47
mN/m or more.

16. The manufacturing system (10) according to any one of claims 13 to 15, wherein the medium (2) is constituted of a
material such that, when the medium (2) is heated at 150°C for 60 minutes, the peak density Spd at a surface of the
coating layer is reduced by 10% or more as compared with the peak density Spd before the medium (2) is heated.

17. The manufacturing system (10) according to any one of claims 13 to 16, wherein the medium (2) is constituted of a
material such that, when the medium (2) is heated at 150°C for 60 minutes, the peak density Spd at a surface of the
coating layer is 600 mm‑2 or less.

18. Themanufacturing system (10) according to any one of claims 13 to 17, wherein the applier (40) applies the ink to the
coating layer by an inkjet method.
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