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ment, water, and a water-soluble organic solvent. The

treatment liquid contains a monovalent metal ion, water,
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Description

BACKGROUND

[0001] There is a case that ink-jet recording is performed using a treatment liquid that contains a polyvalent metal ion
such as a calcium ion (Ca2+) in order to increase an optical density (an OD value) of a recorded object (see JP 2002-79740
A and JP 2002-86707 A, for example). The polyvalent metal ion contained in the treatment liquid can cause a self-
dispersing pigment in a water-based ink to aggregate, resulting in increasing an optical density (an OD value) of the
recorded object.
[0002] However, in an ink-jet recording method using a conventional treatment liquid, a polyvalent metal ion in the
treatment liquid causes generation of insoluble salt, resulting in nozzle clogging in an ink-jet head or a blockage of a
flow path of the treatment liquid in an ink-jet recording apparatus.

SUMMARY

[0003] Hence, the present invention is intended to provide an ink set for ink jet recording, being capable of increasing
an optical density (an OD value) of a recorded object without causing the above-mentioned problems.
[0004] An ink set comprises: a water-based ink for ink jet recording; and a treatment liquid. The water-based ink
comprises a self-dispersing pigment obtained by modifying a pigment by a phosphate group (hereinafter, also referred
to as "phosphate group-modified self-dispersing pigment"), water, and a water-soluble organic solvent, and the treatment
liquid comprises a monovalent metal ion, water, and a water-soluble organic solvent.
[0005] An ink-jet recording apparatus comprises: an ink set storing portion; a treatment liquid applying unit; and an
ink-jet head. The ink set storing portion stores the above-mentioned ink set, a treatment liquid in the ink set is applied
to a recording medium by the treatment liquid applying unit, and a water-based ink in the ink set is ejected on the recording
medium from the ink-jet head.
[0006] An ink-jet recording method comprises: a treatment step of applying a treatment liquid to a recording medium;
and a recording step of performing recording by ejecting a water-based ink on the recording medium using an ink-jet
system. As the water-based ink, the water-based ink in the above-mentioned ink set is used, and as the treatment liquid,
the treatment liquid in the above-mentioned ink set is used.
[0007] In the ink set of the present invention, there is no risk of generating an insoluble salt, and an optical density
(an OD value) of a recorded object can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic perspective view showing an example of a configuration of the ink-jet recording apparatus.
[0009] FIGs. 2A and 2B are illustrations showing examples of recording by the ink-jet recording method, respectively.

DETAILED DESCRIPTION

[0010] As mentioned above, the ink set comprises a water-based ink for ink jet recording (hereinafter also merely
referred to as "water-based ink" or "ink") and a treatment liquid.
[0011] The water-based ink comprises a phosphate group-modified self-dispersing pigment, water, and a water-soluble
organic solvent. The phosphate group-modified self-dispersing pigment functions as a coloring agent, for example. The
phosphate group-modified self-dispersing pigment may be prepared by treating a pigment described below by a method
described in JP 2009-515007 A, for example. As the phosphate group-modified self-dispersing pigment, a commercially
available product may be used. The water-based ink may or may not contain a polymer pigment dispersant. In the case
where the water-based ink contains a polymer pigment dispersant, the amount of the polymer pigment dispersant to be
contained may be an amount by which a viscosity of the water-based ink is not influenced. Since the water-based ink
contains a self-dispersing pigment as mentioned above, the water-based ink does not have a problem in viscosity
increase caused by a polymer pigment dispersant and may be superior in ejection stability and storing stability.
[0012] Examples of a pigment that may be used as a raw material of the phosphate group-modified self-dispersing
pigment include carbon black, an inorganic pigment, and an organic pigment. Examples of the carbon black include
furnace black, lamp black, acetylene black, and channel black. Examples of the inorganic pigment include inorganic
pigments of titanium oxide, iron oxide, and carbon black. Examples of the organic pigment include: azo pigments such
as azo lake, an insoluble azo pigment, a condensed azo pigment, and a chelate azo pigment; polycyclic pigments such
as a phthalocyanine pigment, a perylene pigment, a perinone pigment, an anthraquinone pigment, a quinacridone
pigment, a dioxazine pigment, a thioindigo pigment, an isoindolinone pigment, and a quinophthalone pigment; dye lake
pigments such as a basic dye lake pigment and an acidic dye lake pigment; a nitro pigment; a nitroso pigment; and an
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aniline black daylight fluorescent pigment. Examples of the pigment other than these pigments include: C.I. Pigment
Black 1, 6, and 7; C.I. Pigment Yellow 1, 2, 3, 12, 13, 14, 15, 16, 17, 55, 78, 150, 151, 154, 180, 185, and 194; C.I.
Pigment Orange 31 and 43; C.I. Pigment Red 2, 3, 5, 6, 7, 12, 15, 16, 48, 48:1, 53:1, 57, 57:1, 112, 122, 123, 139, 144,
146, 149, 166, 168, 175, 176, 177, 178, 184, 185, 190, 202, 221, 222, 224, and 238; C.I. Pigment Violet 196; C.I. Pigment
Blue 1, 2, 3, 15, 15:1, 15:2, 15:3, 15:4, 16, 22, and 60; and C.I. Pigment Green 7 and 36. A commercially available
product that is suitable as the pigment that is a raw material of the phosphate group-modified self-dispersing pigment
may be, for example, carbon black such as "MA8" or "MA100" manufactured by Mitsubishi Chemical Corporation or
"Color Black FW200" manufactured by Evonik Degussa GmbH. The modification by a phosphate group may be performed
by treating these pigments by a conventional method.
[0013] The amount of solid content of the phosphate group-modified self-dispersing pigment to be added with respect
to the total amount of the water-base ink (the amount of solid content of pigment in the water-based ink) is not particularly
limited, and may be set suitably depending on a desired optical density or coloration, for example. The amount of solid
content of pigment in the water-based ink is, for example, in the range of 0.1 wt% to 20 wt%, 1 wt% to 10 wt%, and 2
wt% to 8 wt%.
[0014] The water-based ink may further contain, as a coloring agent, other pigments and dyes besides the phosphate
group-modified self-dispersing pigment.
[0015] The water used for the water-based ink may be ion-exchange water or purified water. The amount of the water
to be added with respect to the total amount of the water-based ink (the proportion of the water in the water-based ink)
is, for example, in the range of 10 wt% to 90 wt%, and 40 wt% to 80 wt%. The proportion of the water in the water-based
ink may be a balance of the other components, for example.
[0016] Examples of the water-soluble organic solvent used for the water-based ink include: a humectant that prevents
a water-based ink from drying at a nozzle tip portion of an ink-jet head; and a penetrant that adjusts a drying rate of a
water-based ink on a recording medium.
[0017] The humectant is not particularly limited, and examples thereof include lower alcohols such as methyl alcohol,
ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, and tert-butyl alcohol; amides such
as dimethylformamide and dimethylacetamide; ketone such as acetone; keto alcohol such as diacetone alcohol; ethers
such as tetrahydrofuran and dioxane; polyalcohols such as polyalkylene glycol, alkylene glycol, and glycerin; 2-pyrro-
lidone; N-methyl-2-pyrrolidone; and 1,3-dimethyl-2-imidazolidinone. Examples of the polyalkylene glycol include poly-
ethylene glycol and polypropylene glycol. Examples of the alkylene glycol include ethylene glycol, propylene glycol,
butylene glycol, diethylene glycol, triethylene glycol, dipropylene glycol, tripropylene glycol, thiodiglycol, and hexylene
glycol. These humectants may be used alone or in a combination of two or more of them. Out of these, the humectant
may be polyalcohol such as alkylene glycol or glycerin.
[0018] The amount of the humectant to be added with respect to the total amount of the water-based ink is, for example,
in the range of 0 wt% to 95 wt%, 5 wt% to 80 wt%, and 5 wt% to 50 wt%.
[0019] Examples of the penetrant include glycol ethers. Examples of the glycol ethers include ethylene glycol methyl
ether, ethylene glycol ethyl ether, ethylene glycol-n-propyl ether, diethylene glycol methyl ether, diethylene glycol ethyl
ether, diethylene glycol-n-propyl ether, diethylene glycol-n-butyl ether, diethylene glycol-n-hexyl ether, triethylene glycol
methyl ether, triethylene glycol ethyl ether, triethylene glycol-n-propyl ether, triethylene glycol-n-butyl ether, propylene
glycol methyl ether, propylene glycol ethyl ether, propylene glycol-n-propyl ether, propylene glycol-n-butyl ether, dipro-
pylene glycol methyl ether, dipropylene glycol ethyl ether, dipropylene glycol-n-propyl ether, dipropylene glycol-n-butyl
ether, tripropylene glycol methyl ether, tripropylene glycol ethyl ether, tripropylene glycol-n-propyl ether, and tripropylene
glycol-n-butyl ether. The penetrants may be used alone or in a combination of two or more of them.
[0020] The amount of the penetrant to be added with respect to the total amount of the water-based ink is, for example,
in the range of 0 wt% to 20 wt%, 0.1 wt% to 15 wt%, and 0.5 wt% to 10 wt%.
[0021] The water-based ink may further contain a conventionally known additive as required. Examples of the additive
include a surfactant, a pH adjuster, a viscosity modifier, a surface tension modifier, and a mildew proofing agent. Examples
of the viscosity modifier include polyvinyl alcohol, cellulose, and a water-soluble resin.
[0022] The water-based ink may be prepared by uniformly mixing a phosphate group-modified self-dispersing pigment,
water, a water-soluble organic solvent, and other components to be added as required by a conventionally known method,
and then removing precipitates with a filter or the like, for example.
[0023] The treatment liquid comprises water, a water-soluble organic solvent, and a monovalent metal ion.
[0024] The water used for the treatment liquid may be ion-exchange water or purified water. The amount of water to
be added with respect to the total amount of the treatment liquid may be a balance of the other components, for example.
[0025] As the water-soluble organic solvent used for the treatment liquid, a conventionally known water-soluble organic
solvent may be used. Examples of the water-soluble organic solvent include polyvalent alcohol, a derivative thereof,
alcohol, amide, ketone, keto alcohol, ether, a nitrogen-containing solvent, a sulfur-containing solvent, propylene carbon-
ate, ethylene carbonate, and 1,3-dimethyl-2-imidazolidinone. Examples of the polyvalent alcohol include glycerin, eth-
ylene glycol, triethylene glycol, polyethylene glycol, dipropylene glycol, tripropylene glycol, polypropylene glycol, trimeth-
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ylolpropane, 1,5-pentanediol, and 1,2,6-hexanetriol. Examples of the derivative of the polyvalent alcohol include ethylene
glycol methyl ether, ethylene glycol ethyl ether, ethylene glycol-n-propyl ether, ethylene glycol-n-butyl ether, diethylene
glycol methyl ether, diethylene glycol ethyl ether, diethylene glycol-n-propyl ether, diethylene glycol-n-butyl ether, dieth-
ylene glycol-n-hexyl ether, triethylene glycol methyl ether, triethylene glycol ethyl ether, triethylene glycol-n-propyl ether,
triethylene glycol-n-butyl ether, propylene glycol methyl ether, propylene glycol ethyl ether, propylene glycol-n-propyl
ether, propylene glycol-n-butyl ether, dipropylene glycol methyl ether, dipropylene glycol ethyl ether, dipropylene glycol-
n-propyl ether, dipropylene glycol-n-butyl ether, tripropylene glycol methyl ether, tripropylene glycol ethyl ether, tripro-
pylene glycol-n-propyl ether, and tripropylene glycol-n-butyl ether. Examples of the alcohol include methyl alcohol, ethyl
alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, isobutyl alcohol, tert-butyl alcohol, and
benzyl alcohol. Examples of the amide include dimethylformamide and dimethylacetamide. The ketone may be, for
example, acetone. The keto alcohol may be, for example, diacetone alcohol. Examples of the ether include tetrahydrofuran
and dioxane. Examples of the nitrogen-containing solvent include pyrrolidone, 2-pyrrolidone, N-methyl-2-pyrrolidone,
cyclohexyl pyrrolidone, and triethanolamine. Examples of the sulfur-containing solvent include thiodiethanol, thiodiglycol,
thiodiglycerol, sulfolane, and dimethyl sulfoxide. The amount of the water-soluble organic solvent to be added with
respect to the total amount of the treatment liquid is not particularly limited. These water-soluble organic solvents may
be used alone or in a combination of two or more of them.
[0026] The monovalent metal ion has a function to cause a phosphate group-modified self-dispersing pigment in the
water-based ink to aggregate when the water-based ink contacts with the treatment liquid on a recording medium.
Examples of the monovalent metal ion include a sodium ion, a potassium ion, and a lithium ion. The method for adding
the monovalent metal ion to the treatment liquid is not particularly limited, and, for example, the monovalent metal ion
may be added as a salt composed of the monovalent metal ion and an anion that is to be a counterion of the monovalent
metal ion. The anion is not particularly limited, and examples thereof include a chloride ion, a nitrate ion, a sulfate ion,
a bromide ion, an iodide ion, an acetate ion, an oxalate ion, a citrate ion, a benzoate ion, a lactate ion, and a chlorate
ion. Examples of the salt include sodium chloride, sodium nitrate, sodium sulfate, sodium bromide, sodium iodide, sodium
acetate, sodium citrate, potassium chloride, potassium nitrate, potassium sulfate, potassium bromide, potassium iodide,
potassium oxalate, potassium benzoate, lithium chloride, lithium nitrate, and lithium sulfate. The amount of the monovalent
metal ion to be added with respect to the total amount of the treatment liquid (the proportion of the monovalent metal
ion in the treatment liquid) is, for example, in the range of 0.5 wt% to 10 wt%, 0.5 wt% to 8 wt%, and 1.5 wt% to 8 wt%.
When the proportion of the monovalent metal ion in the treatment liquid is greater than 5 wt%, an effect of increasing
an optical density (an OD value) of a recorded object is the same as in the case where the proportion of the same is 5
wt%. Therefore, in view of the cost, the upper limit of the proportion of the monovalent metal ion in the treatment liquid
may be 5 wt%. In the ink set, a monovalent metal ion is used for the treatment liquid as substitute for a conventional
polyvalent metal ion such as a calcium ion or the like. Therefore, there is no risk of generating an insoluble salt. Further,
an optical density (an OD value) of a recorded object may be increased because a phosphate group-modified self-
dispersing pigment in the water-based ink is aggregated because of a monovalent metal ion.
[0027] The treatment liquid may or may not contain a coloring agent. In the case where the treatment liquid contains
a coloring agent, the amount of the coloring agent may be all amount by which a recorded image is not influenced.
[0028] The treatment liquid may further contain a conventionally known additive as required. Examples of the additive
include a surfactant, a pH adjuster, a viscosity modifier, a surface tension modifier, an antioxidant, and a mildew proofing
agent. Examples of the viscosity modifier include polyvinyl alcohol, cellulose, and a water-soluble resin.
[0029] The treatment liquid may be prepared by uniformly mixing water, a water-soluble organic solvent, a monovalent
metal ion, and other components to be added as required by a conventionally known method.
[0030] The ink set may be provided as an ink cartridge. For example, the ink cartridge includes an ink storing portion
and a treatment liquid storing portion. The ink storing portion stores the above-mentioned water-based ink, and the
treatment liquid storing portion stores the above-mentioned treatment liquid. The ink cartridge may further include a
portion for storing a water-based ink other than the above-mentioned water-based ink.
[0031] The ink cartridge may be an ink cartridge assembly obtained by assembling a water-based ink cartridge and
a treatment liquid cartridge which are formed individually, or may be an integrated ink cartridge obtained by integrating
the ink storing portion and the treatment liquid storing portion.
[0032] Next, the ink-jet recording apparatus and the ink-jet recording method are described.
[0033] The ink-jet recording method may be performed using, for example, the above-mentioned ink-jet recording
apparatus. The recording includes recording of letters; images; printing; and the like.
[0034] In the ink-jet recording apparatus, the ink-jet head may also serve as the treatment liquid applying unit. In the
treatment step of the ink-jet recording method, a treatment liquid may be applied to a recording medium by ejecting the
treatment liquid using an ink-jet system. The ink set that does not cause generation of an insoluble salt is used in the
ink-jet recording apparatus and the ink-jet recording method. Therefore, for example, when the treatment liquid is ejected
using the ink-jet head, the ink-jet head is prevented from nozzle clogging. In the ink-jet recording apparatus and the ink-
jet recording method, the treatment liquid may be applied by, for example, stamp coating, brush coating, or roller coating.
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In this case, an insoluble salt is not generated in the treatment liquid. Therefore, uneven coating caused by the insoluble
salt is prevented, it becomes possible to evenly coat the treatment liquid, and also, it becomes possible to prevent a
blockage of a flow path of a treatment liquid in an ink-jet recording apparatus.
[0035] The ink set that does not cause generation of an insoluble salt is used in the ink-jet recording apparatus.
Therefore, the ink-jet head may be an ink-jet head with a thermal ink-jet system. Similarly, in the ink-jet recording method,
the ink-jet system may be a thermal ink-jet system. In the thermal ink-jet system, the treatment liquid and the water-
based ink are ejected by foam pressure generated by heating the treatment liquid and the water-based ink. In the ink-
jet recording apparatus and the ink-jet recording method, for example, an ink-jet system such as an electrostatic suction
system or a piezo-element system may be employed as substitute for the thermal ink-jet system.
[0036] As shown in FIG. 1, an ink-jet recording apparatus 1 includes, as main components, an ink cartridge assembly
2, an ink-jet head 3 with a thermal ink-jet system, a head unit 4, a carriage 5, a drive unit 6, a platen roller 7, and a purge
unit 8.
[0037] The ink cartridge assembly 2 includes a treatment liquid cartridge 2a and four water-based ink cartridges 2b.
The treatment liquid cartridge 2a contains a treatment liquid in the above-mentioned ink set. The four water-based ink
cartridges 2b contain water-based inks of four colors, namely, yellow, magenta, cyan, and black, respectively. At least
one of the four water-based inks is a water-based ink in the above-mentioned ink set.
[0038] The head unit 4 is provided with the ink-jet head 3. The ink cartridge assembly 2 and the head unit 4 are
mounted on the carriage 5. The drive unit 6 reciprocates the carriage 5 in a straight line. As the drive unit 6, a conventionally
known drive unit may be used, for example (see JP 2008-246821 A, for example). The platen roller 7 extends in the
reciprocating direction of the carriage 5 and is arranged so as to face to the ink-jet head 3.
[0039] The recording medium (for example, recording paper) P is fed from a paper feeding cassette (not shown)
positioned on the side of or below the ink-jet recording apparatus 1. The recording medium P is introduced between the
ink-jet head 3 and the platen roller 7. Then, the treatment liquid is applied to (ejected on) the introduced recording medium
P from the ink-jet head 3.
[0040] The treatment liquid may be applied to the whole or a part of a record surface of the recording medium. When
the treatment liquid is applied to a part of a record surface of the recording medium, at least a part recorded with a water-
based ink in a record surface of the recording medium is a part to which the treatment liquid is applied. When the
treatment liquid is applied to a part of a record surface of the recording medium, the part to which the treatment liquid
is applied may be bigger than the part recorded with a water-based ink. For example, as shown in FIG. 2A, when a
character (X) is recorded on a recording medium P, the treatment liquid may be applied so that the part 30 to which the
treatment liquid is applied is formed with a line having a wider line width than the character. Further, as shown in FIG
2B, when a pattern is recorded on a recording medium P, the treatment liquid may be applied so that the part 40 to
which the treatment liquid is applied is bigger than the pattern.
[0041] Next, the water-based ink is ejected from the ink-jet head 3 on the treatment liquid that has been applied on
the recoding medium P. The time period between the ejection of the treatment liquid and that of the water-based ink is
not particularly limited, and the ejection of the water-based ink may be performed in the same operation as the ejection
of the treatment liquid.
[0042] The water-based ink may be ejected after the ejection of the treatment liquid as in the present example.
Accordingly, for example, efficiency of aggregating a phosphate group-modified self-dispersing pigment in the water-
based ink may be increased. Note here that the treatment liquid may be applied to a recording medium after the ejection
of the water-based ink.
[0043] The recorded recording paper P then is discharged from the ink-jet recording apparatus 1. In FIG. 1, a feeding
mechanism and a discharging mechanism of the recording medium P are not shown.
[0044] The purge unit 8 draws poor inks containing air bubbles and the like trapped inside the ink-jet head 3. As the
purge unit 8, a conventionally known purge unit may be used, for example (see JP 2008-246821 A, for examples).
[0045] On the platen roller 7 side of the purge unit 8, a wiper member 20 is provided adjacent to the purge unit 8. The
wiper member 20 has a spatula shape, and wipes a nozzle-formed surface of the ink-jet head 3 accompanying the
movement of the carriage 5. In FIG. 1, in order to prevent the treatment liquid and the water-based ink from drying, a
cap 18 covers a plurality of nozzles of the ink-jet head 3, which returns to the reset position after completion of the recording.
[0046] In the ink-jet recording apparatus 1 of the present example, the ink cartridge assembly 2 is mounted on one
carriage 5 together with the head unit 4. In the ink-jet recording apparatus, the respective cartridges of the ink cartridge
assembly 2 may be mounted on a carriage that is different from a cartridge on which the head unit 4 is mounted.
Alternatively, the respective cartridges of the ink cartridge assembly 2 may not be mounted on the carriage 5, but may
be arranged and fixed in the ink-jet recording apparatus. In such embodiment, for example, the respective cartridges of
the ink cartridge assembly 2 are connected to the head unit 4 mounted on the carriage 5 via a tube or the like, and the
treatment liquid and water-based inks are supplied to the head unit 4 from the respective cartridges of the ink cartridge
assembly 2.
[0047] In the apparatus shown in FIG. 1, a serial-type Ink Jet head is employed, but the ink-jet recording apparatus
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may be an apparatus in which a line-type ink jet head is employed.

EXAMPLES

[0048] Next, the examples are described together with the comparative examples. Note here that the present invention
is not limited by the following examples and comparative examples.

(Preparation of water-based ink)

[0049] Components except an aqueous dispersion of self-dispersing pigment in water-based ink composition (Table
1) were mixed uniformly, so that each ink solvent was obtained. Then the ink solvent was added to the aqueous dispersion
of a self-dispersing pigment, and they were mixed uniformly. Thereafter a mixture thus obtained was filtered with a
cellulose acetate membrane filter (with a pore size of 3.00 Pm) manufactured by Toyo Roshi Kaisha, Ltd. Thus, the
water-based inks for ink jet recording 1 to 3 were obtained.

(Preparation of treatment liquid)

[0050] Components in treatment liquid composition (Table 2) were mixed uniformly, so that treatment liquids 1 to 12
were obtained. In Table 2, "proportion of monovalent metal ion" is the amount (wt%) of monovalent metal ion to be added
with respect to the total amount of a treatment liquid assuming that a metal salt added to each treatment liquid is ionized
100%.
[0051]

[0052]

[Table 1]

Water-based ink

1 2 3

Aqueous dispersion of phosphate group-modified self-dispersing pigment (*1) 4.0 -- --

Aqueous dispersion of carboxylic group-modified self-dispersing pigment (*2) -- 4.0 --

Aqueous dispersion of sulfonate group-modified self-dispersing pigment (*3) -- -- 4.0

Glycerin 23.0 23.0 23.0

Dipropylene glycol-n-propyl ether 2.5 2.5 2.5

SUNNOL ® NL1430 (*4) 0.5 0.5 0.5

Water Balance Balance Balance

*1: The aqueous dispersion was prepared by the method described in JP 2009-515007 A, a number in table
represents a solid content of pigment.
*2: The aqueous dispersion was prepared by the method described in JP 2008-524400 A, a number in table
represents a solid content of pigment.
*3: The aqueous dispersion was prepared by the method described in JP 2008-524400 A, a number in table
represents a solid content of pigment.
*4: Sodium polyoxyethylene alkyl (C = 12, 13) ether sulfate (3E.O.), manufactured by Lion Corporation
Unit of amount to be added: wt%
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[Table 2]

Treatment liquid

1 2 3 4 5 6 7 8 9 10 11 12

Na2SO4 9.5 -- -- -- -- -- -- -- -- -- -- --

NaCl -- 14.0 -- -- -- -- -- -- -- -- -- --

NaNO3 -- -- -- 1.8 3.7 5.5 7.4 9.2 14.8 18.5 25.9 29.6

K2SO4 -- -- 6.5 -- -- -- -- -- -- -- -- --

Glycerin 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8

Triethylene glycol 12.5 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0

Water Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance

Proportion of monovalent 
metal ion

3.1 5.5 2.9 0.5 1.0 1.5 2.0 2.5 4.0 5.0 7.0 8.0

Unit of amount to be added: wt%
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[Examples 1 to 12 and Comparative Examples 1 to 4]

[0053] Ink sets were obtained by combining the water-based inks and the treatment liquids as summarized in Tables
3 to 5.
[0054] Optical densities (OD values) obtained in the examples and the comparative examples were measured and
evaluated by the following methods.

Optical density (OD value) evaluation

[0055] A treatment liquid in each of the ink sets of the examples and the comparative examples is spread evenly on
plain papers using a bar coater (with a Rod No. 8, manufactured by YASUDA SEIKI SEISAKUSHO, LTD.). As the plain
papers, Business (plain paper 1) and Recycled Supreme (plain paper 2) manufactured by XEROX Corporation, and
Laser Print (plain paper 3) manufactured by Hammer Mill were used.
[0056] A single patch of black was recorded on the plain papers with each of the water-based inks in the respective
ink sets of the examples and the comparative examples using a digital multi-function center DCP-385C on which an ink-
jet printer mounted, manufactured by Brother Industries, Ltd. at a resolution of 600dpi � 600dpi. Thus, evaluation samples
were produced. Optical densities (OD values) of each of the evaluation samples were measured by a spectrocolorimeter,
Spectrolino manufactured by GretagMacbeth (light source: D50, viewing angle: 2°, Filter: Status T) and evaluated ac-
cording to the following evaluation criteria. The measurement of the optical density (the OD value) was conducted three
times with respect to each plain paper.

Evaluation criteria 1 for optical density (OD value) evaluation

[0057]

A: The optical density (the OD value) was 1.2 or more.
C: The optical density (the OD value) was less than 1.2.

Evaluation criteria 2 for optical density (OD value) evaluation

[0058]

A: The increase in optical density (OD value) was 0.05 or more with respect to a control to which a treatment liquid
was not applied.
C: The increase in optical density (OD value) was less than 0.05 with respect to a control to which a treatment liquid
was not applied.

Comprehensive evaluation criteria for optical density (OD value) evaluation

[0059]

A: Both the evaluation results obtained by the evaluations according to the evaluation criteria 1 and 2 were A.
B: One of the evaluation results obtained by the evaluations according to the evaluation criteria 1 and 2 was A, and
the other evaluation result was C.
C: Both the evaluation results obtained by the evaluations according to the evaluation criteria 1 and 2 were C.

[0060] The water-based inks and the treatment liquids in the respective ink sets of Examples 1 to 12 and Comparative
Examples 1 to 4 and the evaluation results thereof are summarized in Tables 3 to 5. In Tables 3 to 5, the measurement
result of optical density (OD) of each of the plain papers is an average value of the results of three-time measurements,
and "average of three papers" means an average value of measurement results of the three papers, obtained by dividing
the sum of the average values (of three-time measurements) of the plane papers 1 to 3 by 3. Further, evaluations
according to the evaluation criteria 1 and 2 were conducted based on the "average of three papers".
[0061]
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[0062]

[0063]
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[0064] As summarized in Tables 3 and 4, the evaluation results in the optical density (OD value) evaluation were
favorable in Examples 1 to 12. In contrast, as summarized in Table 5, the evaluation results in the optical density (OD
value) evaluation was unfavorable in the ink sets of Comparative Examples 1 to 4, in which each water-based ink contains
a carboxylic group-modified self-dispersing pigment or a sulfonate group-modified self-dispersing pigment as substitute
for a phosphate group-modified self dispersing pigment.

Claims

1. An ink set, comprising:

a water-based ink for ink jet recording; and
a treatment liquid, wherein
the water-based ink comprises a phosphate group-modified self-dispersing pigment, water, and a water-soluble
organic solvent, and
the treatment liquid comprises a monovalent metal ion, water, and a water-soluble organic solvent.

2. The ink set according to claim 1, wherein
an amount of the monovalent metal ion to be added with respect to a total amount of the treatment liquid is in a
range of 0.5 wt% to 10 wt%.

3. An ink-jet recording apparatus, comprising:

an ink set storing portion;
a treatment liquid applying unit; and
an ink-jet head, wherein
the ink set storing portion stores the ink set according to claim 1 or 2,
a treatment liquid in the ink set is applied to a recording medium by the treatment liquid applying unit, and
a water-based ink in the ink set is ejected on the recording medium from the ink-jet head.

4. The ink-jet recording apparatus according to claim 3, wherein
the ink-jet head also serves as the treatment liquid applying unit.

5. The ink-jet recording apparatus according to claim 3 or 4, wherein
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the ink-jet head is an ink-jet head with a thermal ink-jet system.

6. An ink-jet recording method, comprising:

a treatment step of applying a treatment liquid to a recording medium, and
a recording step of performing recording by ejecting a water-based ink on the recording medium using an ink-
jet system, wherein
as the water-based ink, the water-based ink in the ink set according to claim 1 or 2 is used, and
as the treatment liquid, the treatment liquid in the ink set according to claim 1 or 2 is used.

7. The ink-jet recording method according to claim 6, wherein
in the treatment step, the treatment liquid is applied to the recording medium by ejecting the treatment liquid using
the ink-jet system.

8. The ink-jet recording method according to claim 6 or 7, wherein
the ink-jet system is a thermal ink-jet system.

9. The ink-jet recording method according to any one of claims 6 to 8, wherein
recording is performed on a part of the recording medium, to which a treatment liquid is applied, with the water-
based ink.
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