
- 1 - DESCRIPTION Title of Invention INK COMPOSITION FOR INKJET
RECORDING Technical Field [0001]      The present invention relates
to an aqueous ink composition for inkjet recording, the aqueous ink
composition containing a pigment, an anionic group-containing resin,
a humectant, and a basic compound, and in particular, to an aqueous
ink composition for inkjet recording, in which the incorporation of a
binder resin and an additional additive component in the aqueous ink
composition improves the gloss, scratch resistance, and rub
resistance of an image formed on a recording medium. Background Art
[0002]      In recent years, the image quality of printed images
formed by inkjet recording methods has been significantly improved.
Thus, inkjet recording methods have been increasingly employed in
consumer and industrial fields. In particular, in the consumer field,
inkjet recording methods with aqueous ink are mainly employed in
order to reduce environmental load.  - 2 -       Dyes have been
mainly used for inkjet recording with aqueous inks in the past. Also
in the consumer field, printed matter has recently been required to
have higher storage stability. Aqueous inks containing pigments,
serving as colorants, with excellent lightfastness and gas resistance
have been increasingly used. Properties, such as lightfastness and
gas resistance, are necessary not only for industrial applications,
but also for business documents required to have good storage
stability. Also in the field of compact printers for SOHO, inkjet
recording printers with aqueous inks for inkjet recording containing
pigments start to spread.       In the case of inks containing
pigments, pigments are required to be sufficiently and stably
dispersed in aqueous media, compared with inks containing dyes as
colorants. It is important to ensure the storage stability of inks.
In the case where images are formed with such inks on recording media
having receiving layers, when colorants are dyes, dyes dissolved in
inks penetrate into receiving layers. When colorants are pigments
dispersed in medium, pigments do not penetrate into receiving layers
but are deposited on surfaces of recording media. For inks containing
pigment colorants, color developability of colorants is different
from that of inks containing dyes, thus leading to a low print
density. For the reasons described above, the  - 3 -  fixability of
colorants is low. The rub resistance tends to be low. The
nonuniformity of surface properties due to the deposition of pigments
causes a reduction in gloss. Thus, aqueous inks containing pigment
colorants for inkjet recording are required to have satisfactory
dispersion properties, excellent ejection properties, good storage
stability, satisfactory gloss, good print density, and improved rub
resistance in order to provide a high-quality image-forming function.
In particular, in the case where an image is formed on specialized
high-gloss photo paper used to print a photographic image, it is very
important to ensure these properties. [0003] 



For- conventional-ink compositions, at least 1 hour after forming an
image, acceptable rub resistance is provided to some extent. However,
rub resistance immediately after recording is insufficient. In the
case of usual printed matter, for example, surfaces of images
immediately after printing may be damaged when sheets overlap one
another or when sheets are handled immediately after printing. It is
thus necessary to improve the rub resistance of the print surfaces.
[0004]      To meet the demands for aqueous inks containing pigment
colorants for inkjet recording, disclosed is an ink  - 4 -
composition containing a pigment and a pigment derivative which are
covered with a styrene-acrylic acid-based copolymer having a specific
composition, the ink composition having excellent storage stability
and providing satisfactory ejection stability, high gloss, and high
image density (see PTL 1). However, the rub resistance and the
scratch resistance of a printed image are not sufficient.       An
ink composition containing a pigment, a styreneacrylic-based binder
resin, and a wax is disclosed (see PTL 2). The use of the ink
composition results in printed matter having excellent rub resistance
and scratch resistance. Although the use of the binder resin and the
wax improves the rub resistance and the scratch resistance, the
scratch resistance immediately after printing is still insufficient.
Thus, for example, when a sheet immediately after printing overlaps
another sheet during or after printing, an image may be damaged.
Furthermore, the gloss of the image is not sufficient. Thus, further
improvement in image quality is required.       It is disclosed that
the use of an ink composition containing a pigment and two or more
waxes having different particle sizes results in printed matter
having high image density and gloss and results in excellent rub
resistance of a printed image (see PTL 3). A reduction in the gloss
properties of a printed image  - 5 - due to the addition of wax can
be inhibited by the use of the two or more waxes having different
particle sizes. In this case, the rub resistance can also be
improved. However, the inhibition of the reduction in gloss
properties is not adequate, and the scratch resistance immediately
after printing is still insufficient. [0005]      The development of
rub resistance immediately after printing by the addition of wax
depends on the drying rate of a film formed by the deposition of an
ink composition on a recording medium. In the case of a low drying
rate of the film, when a strong external force is locally applied to
an image, the wax is detached together with a colorant before
completely fixed to the recording medium, thereby-causing a
significant reduction in image quality. Thus, an ink composition that
provides improved scratch resistance immediately after printing is
required.      Disclosed is an aqueous pigment dispersion containing
a pigment, a (meth)acrylate resin, and a urethane resin, the urethane
resin being in the form of urethane resin particles having an average
dispersed particle size of 1 to 45 nm (see PTL 4). It would seem that
the aqueous pigment dispersion is excellent in storage stability and
can form a colored film having excellent lightfastness and rub
resistance. Disclosed is an aqueous pigment dispersion containing a
- 6 - 



styrene-acrylic-based monomer prepared by the copolymerization of a
styrene-based monomer, a (meth)acrylate-based monomer and
(meth)acrylic acid, an acid group-containing polyurethane, and a
water-soluble salt of aminosulfonic acid (see PTL 5). It would seem
that the aqueous pigment dispersion exhibits excellent rub resistance
and dispersion stability.      However, colored films formed from
these urethane resin-containing aqueous pigment dispersions do not
always have sufficient rub resistance immediately after forming the
films. Citation List Patent Literature [0006]      PTL 1: Japanese
Unexamined Patent Application Publication No. 2004-043791      PTL 2:
Japanese Unexamined Patent Application Publication No. 2000-517370
PTL 3: Japanese Unexamined Patent Application Publication No.
2007-277290      PTL 4: Japanese Unexamined Patent Application
Publication No. 2004-131586      PTL 5: Japanese Unexamined Patent
Application Publication No. 2005-336336 Summary of Invention  - 7 -
Technical Problem [0007]       It is an object of the present
invention to provide an aqueous ink composition for inkjet recording,
the aqueous ink composition having satisfactory dispersion properties
and ejection properties, excellent scratch resistance and rub
resistance, and high color developability and gloss. Solution to
Problem [0008]      To overcome the foregoing problems, the present
invention provides an aqueous ink composition for inkjet recording,
the aqueous ink composition containing a pigment (a), an anionic
group-containing resin (b), a humectant (c), a basic compound (d), a
water-dispersible urethane resin (e), and a polyolefin wax (f). 



[0009]      The aqueous ink composition for inkjet recording
according to the present invention contains the polyolefin wax. Thus,
the polyolefin wax is present on a colored film formed by the
deposition of the ink composition on a recording medium. Even if a
strong external force is applied to an image, protruding portions of
the polyolefin wax are deformed by the external force to spread on a
surface of the film, thereby suppressing abrasion; hence, it is
possible to provide printed matter having improved  - 8 - scratch
resistance and rub resistance of a printed image. Usually,
irregularities arisen from the polyolefin wax on the surface of the
recording medium cause a reduction in gloss. In the present
invention, however, the urethane resin serving as a binder resin
covers the irregularities on the surface of the recording medium to
smooth the irregularities, thus enabling improvement in gloss while
maintaining high scratch resistance and rub resistance.      The
urethane resin has satisfactory film formability. A difference in
height between the protruding polyolefin wax and a portion around the
wax is reduced owing to a urethane resin film, so that the
irregularities are smoothed. In this process, the wax is tightly
bonded to the surface of the recording medium. Thus, the rub
resistance is improved immediately after forming the film.
Advantageous Effects of Invention [0010]      An ink composition for
inkjet recording according to the present invention contains a
polyolefin wax (f) and a water-dispersible urethane resin (e) serving
as a binder resin. The binder resin covers irregularities of the
polyolefin wax (f) on a surface of a recording medium to smooth the
irregularities, thereby improving the gloss while maintaining the rub
resistance. [0011]  - 9 -       In the ink composition according to
the present invention, the water-dispersible urethane resin (e) has
excellent film formability and thus firmly holds the polyolefin wax
(f). In particular, a film formed on the surface of the recording
medium has a high drying rate immediately after printing, thus
improving the fixation of the polyolefin wax (f) for a short time and
resulting in printed matter having excellent scratch resistance and
rub resistance of an image immediately after printing. Therefore, the
ink composition can be used for various recording media, such as
recording media having low absorbability, and high-speed printing
applications. [0012]       The aqueous ink composition for inkjet
recording according to the present invention contains the
water-dispersible urethane resin (e) and the polyolefin wax (f) and
thus has satisfactory scratch resistance and rub resistance,
excellent color developability, and high gloss. Description of
Embodiments [0013]      An aqueous ink composition for inkjet
recording of the present invention contains a pigment (a), an anionic
group-containing resin (b), a humectant (c), a basic compound (d), a
water-dispersible urethane resin (e), and a polyolefin wax (f).  



- 10 -       Various raw materials used for the aqueous ink
composition for inkjet recording of the present invention will be
described in detail below. Furthermore, a method for producing the
aqueous ink composition for inkjet recording of the present invention
with the raw materials, the scope of application of the aqueous ink
composition for inkjet recording, and so forth will be sequentially
described in detail below. [0014] (Wax)      As the polyolefin wax
(f) used in the present invention, polyolefin waxes usually added to
paint in order to impart lubricity to a surface of a coating film may
be used separately or in combination as a mixture of two or more.
Polyolefin waxes are basically prepared by the polymerization of
monomers each containing 50% by mass or more olefinic hydrocarbon
serving as a main component. Polyolefin waxes include polyethylene
waxes, polypropylene waxes, and polybutylene waxes prepared by the
polymerization of single monomers, such as ethylene, propylene, and
butylene; and copolymers prepared from the monomers. Modified
polyolefin waxes may also be used which are modified products
prepared with copolymerization components other than olefinic
hydrocarbons and prepared by the introduction of various functional
groups, the concentration   of the copolymerization components being
less than 50% by mass with respect to the total amount of all monomer
constituents and serving as minor components. Examples of modified
polyolefin waxes include styrene-modified polyolefin waxes on which
styrene compounds and so forth serving as copolymerization components
are grafted; and acid-modified polyolefin waxes prepared by the
copolymerization of carboxylic acids, such as acrylic acid,
methacrylic acid, maleic acid, and fumaric acid. Oxidized polyolefin
waxes may also be used into which, for example, COOH and OH groups
are introduced by the oxidation of polyolefin waxes with air or
ozone. [0015]       The olefinic hydrocarbon, which serves as a main
component, for the preparation of the polyolefin wax (f) used in the
present invention preferably contains one or two or more compounds
selected from ethylene, propylene, and butylene; more preferably
ethylene alone, propylene alone, butylene alone, or ethylene and
either propylene or butylene; even more preferably ethylene alone,
propylene alone, butylene alone; and still more preferably ethylene
alone.       Preferably, the polyolefin wax (f) can be in the form of
particles each having a particle size, which varies depending on the
wax, in a coating film to be formed when  - 12 - the aqueous ink
composition is ejected and deposited on a recording surface. Thus,
the polyolefin wax used in the present invention is preferably an
emulsion wax that can provide a stable aqueous suspension and an
aqueous emulsion. To improve the rub resistance of a printed coating
film when the polyolefin wax (f) is added to the ink composition for
inkjet recording, the polyolefin wax (f) preferably has a
volume-average particle size of 40 to 1000 nm. A volume-average
particle size exceeding 40 nm easily provides the effect of rub
resistance. At a volume-average particle size of less than 1000 nm,
it is easily possible to inhibit a significant reduction in the gloss
of a printed coating film while providing the effect of rub
resistance.        In this specification, the particle size of the
polyolefin wax refers to a volume-average particle size measured by a
dynamic light scattering method. Specifically, the particle size
indicates a value obtained by diluting a wax particle dispersion to
200 to 10000 times with ion-exchanged water and performing



[0017]       The polyolefin wax (f) may be prepared by the
polymerization of polyolefin, pyrolysis of polyolefin for general
molding so as to reduce the molecular weight of the polyolefin, or
oxidation of the polyolefin. Alternatively, a commercially available
polyolefin wax may also be used. Specific examples thereof include
CHEMIPEARL series, such as CHEMIPEARL W900 (polyolefin wax, particle
size: 680 nm, softening point under an environmental law: 132C,
manufactured by Mitsui Chemicals, Inc.), AQUACER series, such as
AQUACER 552 (polyolefin wax, particle-size. 90-nm, melting point:
130C, manufactured by BYK Japan KK.), and FINEDIC series, such as
FineTex PE-140E (polyolefin wax, particle size: 100 nm, manufactured
by DIC Corporation). [0018]      A preferred amount of the polyolefin
wax (f) used in the present invention depends on the particle size of
the wax. In the case of the wax with a large particle size, even if a
small amount of the wax is added, the effect of the rub resistance is
easily provided. In the case of the wax with a small particle size,
it is necessary to add a large amount of the wax in order to provide
the effect of  - 14 - the rub resistance. [0019]       Regarding the
amount of the polyolefin wax (f) added, the value of (Cf x Of) is
preferably in the range of 3 to 100 and more preferably 5 to 100,
wherein Cf represents the polyolefin wax (f) content (percent by
mass) with respect to the total weight of the ink composition, and Df
represents the volume-average particle size (nm). When the value of
(Cf x Of) is 3 or more, the effect of the rub resistance is easily
provided. When the value of (Cf x Df) is 100 or less, the effect of
the rub resistance is provided without significant reductions in the
gloss of the printed coating film or ejection stability. [0020]
(Water-Dispersible Urethane Resin)      As the water-dispersible
urethane resin (e) used in the present invention, various
water-dispersible urethane resins that can be used as binder resins
for paints may be used. In particular, the water-dispersible urethane
resin (e) is preferably an anionic urethane resin prepared from an
organic polyisocyanate, at least one anionic group-containing polyol
selected from polyester polyols, polyether polyols, and polycarbonate
polyols each having a hydroxyl value of 10 to 350, and optionally a
polyamine and/or an additional active hydrogen-containing compound
having a  - 15 - molecular weight of 300 or less. [0021]
Examples of the organic polyisocyanate that may be used include
aromatic polyisocyanates, such as 4,4'- diphenylmethane diisocyanate,
2,4'-diphenylmethane diisocyanate, carbodiimide-modified
diphenylmethane diisocyanate, crude diphenylmethane diisocyanate,
phenylene diisocyanate, tolylene diisocyanate, and naphthalene
diisocyanate; and aliphatic polyisocyanates and polyisocyanates
containing alicyclic structures, such as hexamethylene diisocyanate,
lysine diisocyanate, cyclohexane diisocyanate, isophorone
diisocyanate, dicyclohexylmethane diisocyanate, xylylene
diisocyanate, and tetramethylxylylene diisocyanate Among-these
compounds, a non-yellowing aliphatic polyisocyanate is preferably
used. 



[0022]      As the anionic group-containing polyol, an anionic polyol
containing at least one selected from sulfo group-containing polyols
and carboxyl group-containing polyols may be used. [0023]
Examples of the carboxyl group-containing polyols that may be used
include 2,2'-dimethylolpropionic acid, 2,2'- dimethylolbutanoic acid,
2,2'-dimethylolbutyric acid, and 2,2'-dimethylolvaleric acid. Among
these compounds, 2,2'-  - 16 -  dimethylolpropionic acid is
preferably used. Furthermore, carboxyl group-containing polyester
polyols prepared by the reaction of the carboxyl group-containing
polyols and various polycarboxylic acids may be used. [0024]
Example of the sulfo group-containing polyols that may be used
include polyester polyols prepared by the reaction between
dicarboxylic acids, such as 5-sulfoisophthalic acid,
sulfoterephthalic acid, 4-sulfophthalic acid, and 5-[4-
sulfophenoxy]isophthalic acid, and salts thereof ; and
lowmolecular-weight polyols, such as ethylene glycol, diethylene
glycol, propylene glycol, dipropylene glycol, and 1,2-propanediol.
[0025]      As the water-dispersible urethane resin (e) used in the
present invention, a water-dispersible anionic urethane resin
prepared from an organic polyisocyanate and a polyol which has a
hydroxyl value of 10 to 350, which is selected from polyester
polyols, polyether polyols, and polycarbonate polyols, and which
contains at least one anionic group, is preferred. A
water-dispersible anionic urethane resin having an acid value of 20
to 100 with respect to the resin solid content is preferred in view
of the storage stability of ink. In particular, a water-dispersible
anionic urethane resin having an acid value of 20 to 60 with respect
to the  - 17 - resin solid content is more preferred. [0026]
The anionic urethane resin preferably has a weight-average molecular
weight of 20,000 to 100,000 and more preferably 30,000 to 60,000 from
the viewpoint of achieving a good balance between the ink ejection
properties and rub resistance of the anionic urethane resin. [0027]
Examples of the polyamine include diamines, such as ethylenediamine,
1,2-propanediamine, 1,6- hexamethylenediamine, piperazine,
2,5-dimethylpiperazine, isophorone diamine,
4,4'-dicyclohexylmethanediamine, 3,3'-
dimethy1-4,4'-dicyclohexylmethanediamine, and 1,4-
cyclohexanediamine; diamines each-having-one primary amino group and
one secondary amino group, such as Nhydroxymethylaminoethylamine,
N-hydroxyethylaminoethylamine, N-hydroxypropylaminopropylamine,
N-ethylaminoethylamine, and N-methylaminopropylamine; polyamines,
such as diethylenetriamine, dipropylenetriamine, and
triethylenetetramine; hydrazines, such as hydrazine, N,N'-
dimethylhydrazine, and 1,6-hexamethylenebishydrazine; dihydrazides,
such as succinic acid dihydrazide, adipic acid dihydrazide, glutaric
acid dihydrazide, sebacic acid dihydrazide, and isophthalic acid
dihydrazide; and semicarbazides, such as P-semicarbazidopropionic
acid  



- 18 - hydrazide, 3-semicarbazidopropyl carbazate, and
semicarbazido-3-semicarbazidomethy1-3,5,5- trimethylcyclohexane. They
may be used alone or in combination of two or more. [0028]
Examples of the additional active hydrogen-containing compound
include glycols, such as ethylene glycol, diethylene lycol,
triethylene glycol, propylene glycol, 1,3- propanediol,
1,3-butanediol, 1,4-butanedio1, hexamethylene glycol, saccharose,
methylene glycol, glycerol, and sorbitol; phenols, such as bisphenol
A, 4,4'- dihydroxydiphenyl, 4,4'-dihydroxydiphenyl ether, 4,4'-
dihydroxydiphenyl sulfone, hydrogenated bisphenol A, and
hydroquinone; and water. They may be used alone or in combination of
two or more. [0029]       The water-dispersible urethane resin (e)
used in the present invention is preferably in the range of 0.2% to
5% by mass with respect to the total amount of the ink composition.
That is, the water-dispersible urethane resin content Ce percent by
mass of the total weight of the ink composition is preferably in the
range of 0.2 to 5 and more preferably 0.5 to 2. A water-dispersible
urethane resin content Ce percent by mass of 0.2 or more easily
provides the effect of improving the gloss. A water-dispersible  - 19
- urethane resin content Ce percent by mass of 5 or less easily
provides the effect of improving the film formability. [0030]
(Pigment)       With respect to the pigment (a) used in an aqueous
pigment dispersion of the present invention, known organic pigments
and inorganic pigments may be used without limitation. They may be
used alone or in combination. Examples of the pigment include organic
pigments, such as quinacridone-based pigments,
quinacridonequinone-based pigments, dioxazine-based pigments,
phthalocyanine-based pigments, phthalonic acid-based pigments,
isoindolinonebased pigments, methine-azomethine-based pigments,
anthrapyrimidine based-pigments, anthanthrone-based pigments,
indanthrone-based pigments, flavanthrone-based pigments,
perylene-based pigments, diketopyrrolopyrrole-based pigments,
perinone-based pigments, quinophthalone-based pigments,
anthraquinone-based pigments, thioindigo-based pigments,
benzimidazolone-based pigments, azo lake-based pigments, insoluble
azo-based pigments, and condensed azo-based pigments; and inorganic
pigments, such as titanium dioxide, zinc oxide, iron oxide, chromium
oxide, iron black, cobalt blue, alumina white, iron oxide yellow,
viridian, zinc sulfide, lithopone, cadmium yellow, vermilion, cadmium
red, chrome yellow, molybdate orange, zinc chromate, strontium  - 20
- chromate, white carbon, clay, talc, ultramarine blue, precipitated
barium sulfate, baryta powder, calcium carbonate, white lead,
Prussian blue, manganese violet, carbon black, aluminum powder, and
pearl-based pigments. These pigments may be surface-treated to have
self-dispersing properties in an aqueous medium. [0031] (Humectant)
As the humectant (c) used in an aqueous ink of the present invention,
commonly known humectants suitable for inkjet recording may be used.
Examples of the humectant include polyhydric alcohols, such as
ethylene glycol, diethylene glycol, triethylene glycol, polyethylene
glycol, polypropylene glycol, and glycerol; polyhydric alcohol alkyl
ethers, such as ethylene glycol monoethyl ether, ethylene glycol
monobutyl ether, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, diethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, and propylene glycol monoethyl
ether; polyhydric alcohol aryl ethers, such as ethylene glycol



- 21 - methyl-2-pyrrolidone, N-hydroxyethy1-2-pyrrolidone, 1,3-
dimethylimidazolidinone, a-caprolactam, and y-butyrolactone; amides,
such as formamide, N-methylformamide, and N,Ndimethylformamide;
amines, such as monoethanolamine, diethanolamine, triethanolamine,
monomethylamine, diethylamine, and triethylamine; sulfur-containing
compounds, such as dimethyl sulfoxide, sulfolane, and thiodiethanol;
and propylene carbonate and ethylene carbonate. They may be used
alone or in combination of two or more thereof. [0032]        Among
these many humectants, a humectant having a high boiling point is
preferred in order to uniformly disperse the pigment and the resin
with a disperser. Preferred examples thereof include potyhydric
alcohols, such as ethylene glycol, propylene glycol, diethylene
glycol, dipropylene glycol, triethylene glycol, polyethylene glycol,
polypropylene glycol, glycerol, and polyethylene oxide adducts of
glycerol.      The amount of the humectant added varies depending on
a resin used in an aqueous ink and is preferably in the range of 10%
to 300% by mass and more preferably 30% to 200% by mass with respect
to the pigment. [0033] (Anionic Group-Containing Resin) The anionic
group-containing resin (b) used in the  - 22 - present invention has
the function of dispersing the pigment. The anionic group-containing
resin (b) capable of finely coating surfaces of pigment particles by,
for example, a production method described below is more preferably
used.       The anionic group-containing resin (b) used in the
present invention has an acid value of 60 to 300 mgKOH/g and
preferably 100 to 180 mgKOH/g in view of dispersibility and long-term
storage stability. An acid value of less than 60 may result in a
reduction in hydrophilicity to reduce the dispersion stability of the
pigment. An acid value exceeding 300 is more liable to cause the
aggregation of the pigment and may result in a reduction in the water
resistance of a printed article printed with the ink composition.
[0034]       The anionic group-containing resin (b) has a
mass-average molecular weight of 3000 to 50000, preferably 4000 to
40000, more preferably 5000 to 30000, and most preferably 5000 to
20000. The reason for a mass-average molecular weight of 3000 or more
is that a lower molecular weight results in better initial
dispersibility but a reduction in long-term storage stability, which
is prone to cause difficulty in maintaining the dispersion stability
of the pigment. A mass-average molecular weight exceeding 50000 is
prone to cause not only an increase in the viscosity of an  - 23 -
aqueous pigment dispersion but also a reduction in the ejection
properties of ink. In particular, it is possible to achieve the
stability and the ejection properties of the ink composition at a
mass-average molecular weight of 5000 to 20000. 



The anionic group-containing resin preferably has a glass transition
point of 90C to 150C and more preferably 100C to 150C. A glass
transition point of 90C or higher results in improvement in the
thermal stability of the aqueous ink. In the case where the aqueous
ink for inkjet recording produced from the aqueous pigment dispersion
is used for inkjet recording by a thermal jet method, the property
change such that ejection failure is caused by repeated-does -not
easily occur, which is preferred.      The glass transition point of
the anionic group-containing resin (b) in the present invention is a
calculated value obtained from glass transition points of
homopolymers of vinyl monomers constituting the resin on the basis of
the Fox equation. The glass transition points of the homopolymers are
described in "Introduction to Synthetic Resin for Coating", Kyozo
Kitaoka, first edition, 7th printing, December 10, 1984, pages 168
and 169. [0035]      The anionic group-containing resin (b) used in
the present invention is preferably a resin that may be water-  - 24
- dispersible by the neutralization of the anionic group and that is
capable of forming stable water-dispersible particles under the
action of a basic compound serving as a neutralizer without using a
dispersion stabilizer. [0036]       The anionic group-containing
resin (b) used in the present invention may be selected from, for
example, polyester resins, epoxy resins, urethane resins, and vinyl
copolymers, such as acrylic acid-based resins, maleic acid-based
resins, styrene-based resins, and polyvinyl acetate resins, which
contain functional groups, such as a carboxy group, a sulfo group,
and a phosphate group.       Among these resins, in particular, a
vinyl-based copolymer _prepared by the reaction of an anionic group
containing vinyl monomer component and a hydrophobic group-containing
vinyl monomer component is preferred. Examples of the anionic group
include functional groups, such as a carboxy group, a sulfo group,
and a phosphate group. A carboxy group-containing resin is preferred
because of its better dispersion stability and long-term storage
stability. [0037]      Examples of the carboxy group-containing vinyl
monomer component contained in the vinyl-based copolymer include
acrylic acid, methacrylic acid, itaconic acid, and crotonic acid.  -
25 -       Examples of the hydrophobic group-containing vinyl monomer
component used to prepare the vinyl-based copolymer by polymerization
include alkyl (meth)acrylates, such as methyl (meth)acrylate and
ethyl (meth)acrylate; allyl (meth)acrylates, such as phenyl
(meth)acrylate, benzyl (meth)acrylate, and phenylethyl
(meth)acrylate; unsaturated fatty acid amides, such as acrylamide,
methylacrylamide, methacrylamide, and maleamide; unsaturated
nitriles, such as acrylonitrilile and methacrylonitrile; unsaturated
ethers, such as ethyl vinyl ether and butyl vinyl ether; unsaturated
hydrocarbons, such as ethylene, propylene, 1-butene, 1- octene, and
vinylcyclohexane; unsaturated halogenated hydrocarbons, such as vinyl
chloride, vinylidene chloride, and tetrafluoroethylene; and styrene
based monomers, suchas styrene, amethylstyrene, and vinyltoluene.
[0038]      The vinyl-based copolymer is preferably a styrene-based
resin prepared from a styrene-based monomer serving as the
hydrophobic group-containing vinyl monomer component. With respect to
the amount of the styrene-based monomer, which is a hydrophobic
group-containing vinyl monomer, contained in the styrene-based resin,
the styrene-based monomer component content is 50% by mass or more
and preferably 70% by mass or more, and preferably 95% by mass or



- 26 - the styrene-based monomer component content of the copolymer
resin is 50% by mass or more, the hydrophobicity of the copolymer
resin is increased; hence, the pigment is more strongly coated with
the resin in an aqueous system, thereby improving the ejection
stability and achieving high print density. Furthermore, this is
effective in improving the durability of a printed coating film on a
recording medium. A styrene-based monomer component content exceeding
95% by mass results in a reduction in the proportion of the anionic
group-containing monomer component that contributes to dispersion.
This may reduce the dispersion stability and the long-term storage
stability in an aqueous system. [0039]        In particular, a
styrene acrylic based resin prepared from acrylic acid or methacrylic
acid serving as the anionic group-containing vinyl monomer is
preferably used as the styrene-based resin in view of the dispersion
stability and the long-term storage stability of the aqueous pigment
dispersion and ink composition for inkjet recording.      When the
styrene-acrylic-based resin, which is a copolymer resin, is prepared
from three or more vinyl monomer components including acrylic acid
and methacrylic acid that serve as the carboxy group-containing vinyl
monomers, the random copolymerizability is advantageously improved
during resin synthesis, thereby enhancing the  - 27 - uniformity of
the resin. [0040]       As the basic compound (d) that neutralizes
the anionic group of the anionic group-containing resin, inorganic
basic compounds and organic basic compounds may be used. Inorganic
basic compounds are more preferred because the basic strength is
easily adjusted. Examples of organic basic compounds include amines.
Common amines, such as methylamine, dimethylamine, trimethylamine,
ethylamine, diethylamine, triethylamine, diethanolamine, and
triethanolamine are exemplified. Amines may be used as they are
because they are generally liquid. Examples of inorganic basic
compounds include hydroxides of alkali metals, such as potassium and
sodium, and ammonium hydroxide. In particular, strongly basic
compounds are preferred because they are effective in neutralizing
the anionic group-containing resin to increase the dispersion
stability of the pigment. Specifically, hydroxides of alkali metals,
such as potassium hydroxide and sodium hydroxide, are preferred. Such
an inorganic basic compound is generally used in the form of an
aqueous solution with a concentration of about 20% to 50% by mass
from the viewpoint of, for example, improving miscibility. [0041] The
amount of the basic compound (d) added is set in  - 28 - such a
manner that the degree of neutralization of the anionic
group-containing resin is 50% or more and preferably 80% or more from
the viewpoint of improving the dispersion rate, the dispersion
stability, and the long-term storage stability in a water-soluble
solvent. The upper limit is not particularly limited. Substantially,
the upper limit is 200% or less and preferably 120% or less in order
to maintain the dispersion stability without gelation during
long-term storage. Before the basic compound (d) is dispersed
together with the pigment and the resin, the basic compound (d) is
preferably mixed, in one step, with other components to be contained
in the pigment dispersion, thereby preparing a dispersion. For
example, the dispersion may also be prepared by a plurality of steps
of, for example, mixing the anionic group-containing resin, water,
and the basic compound to form a resin solution and adding the resin
solution to another mixing component, such as the pigment. However,



surfaces of pigment particles. The term "the degree of
neutralization" refers to a value calculated from the expression
described below. [0042]  - 29 - [Math. 1] Degree of neutralization =
(((mass of basic compound) x 56.11 x 1000)/((acid value of resin) x
(equivalent of basic compound) x (amount of resin))) x 100 [0043]
As a method for producing the ink composition for inkjet recording
from the foregoing raw materials, a method may be employed in which
an aqueous pigment dispersion containing the pigment (a), the anionic
group-containing resin (b), the humectant (c), and the basic compound
(d) is prepared and then the ink composition for inkjet recording is
produced from the aqueous pigment dispersion. [0044] (Production of
Aqueous Pigment Dispersion)       To prepare the aqueous pigment
dispersion used for the ink composition for inkjet recording
according to the present invention, the pigment (a), the anionic
group-containing resin (b), and the humectant (c) may be dispersed in
the presence of the basic compound (d) with a commonly known
disperser. Examples of the disperser include ultrasonic homogenizers,
paint shakers, ball mills, roll mills, sand mills, sand grinders,
DINO-MILL, DISPERMAT, SC MILL, SPIKE MILL, and NANOMIZER. [0045] A
dispersion step may be performed by preparing a  - 30 - mixture
having the same composition as the aqueous pigment dispersion and
dispersing the pigment and the resin in the mixture with the
disperser to produce the aqueous pigment dispersion. To produce the
aqueous pigment dispersion having satisfactory dispersion properties,
a mixture containing the pigment, the anionic group-containing resin,
the humectant, and the basic compound is preferably subjected to a
kneading step, which is a pretreatment step, of producing a colored
mixture that is in the form of a solid at ordinary temperature before
the dispersion step.       Kneading is performed under high shearing
force in the kneading step, thereby pulverizing the pigment. The
anionic group-containing resin swollen by the addition of the
humectant and the basic compound is pressed against surfaces of the
pulverized particles, thereby allowing the coating of the pigment
surfaces to proceed. This results in the production of a colored
kneaded mixture in the form of a solid at ordinary temperature, the
mixture containing the uniformly dispersed pigment. In particular, in
the case where the anionic group-containing resin is a
styreneacrylic-based resin and where the proportion of the
styrene-based monomer in all constituent monomers is 50% by mass or
more, the resin has a very good affinity for the pigment, thus
resulting in a satisfactory coating of the pigment with the resin.
This improves the dispersion stability of the  - 31 - 



aqueous pigment dispersion, and gloss, durability and basic recording
properties on plain paper, such as water resistance, of a printed
image formed of an aqueous ink for inkjet recording prepared from the
aqueous pigment dispersion. Furthermore, the image recording density
is increased.       To satisfactorily perform the kneading step by
applying high shearing force to the mixture, the mixture to be
kneaded preferably has a solid content of 50% to 80% by mass and more
preferably 65% to 80% by mass. The proportion of the humectant added
in the kneading step is preferably 30% to 100% by mass with respect
to the pigment because it is possible to easily fuse the solid raw
materials together and apply a sufficient shearing force to the
mixture. The proportion of the resin used in the kneading step is
preferably 5% to 50% by mass with respect to the pigment because the
pigment surfaces are sufficiently coated with the resin and only a
small amount of the resin unadsorbed on the pigment is present in an
aqueous medium. [0046]       Examples of an apparatus used for the
kneading step include roll mills, Henschel mixers, pressure kneaders,
and planetary mixers. Apparatuses, such as Henschel mixers, pressure
kneaders, and planetary mixers, each equipped with an impeller and a
mixing tank that can be sealed are  - 32 - preferred because the
solid content can be maintained during kneading and because a kneaded
mixture in a satisfactory dispersion state is easily obtained. In
particular, a planetary mixer is preferred because the use of the
planetary mixer allows kneading treatment to be performed in a wide
viscosity range.        In the case where the kneading step is
performed before the dispersion step to disintegrate the pigment
particles in the kneading step into fine particles and where surfaces
of the disintegrated pigment particles are sufficiently coated, it is
possible to produce the aqueous pigment dispersion by adding an
aqueous medium to the solid colored kneaded mixture, mixing the
resulting mixture, and optionally stirring and diluting the mixture.
To achieve more satisfactory dispersion state in the aqueous
dispersion medium, the foregoing disperser may further be used. In
this case, the aqueous pigment dispersion having satisfactory
properties can be produced by dispersion treatment for a short time
because of the fine pigment particles and the satisfactory coating of
the pigment particles with the resin. [0047]      In some cases,
coarse particles that cannot be disintegrated are present and
aggregated particles occur in the aqueous pigment dispersion for
inkjet recording produced  - 33 - by the foregoing method because of,
for example, changes in the properties of the raw materials, such as
the pigment. The coarse particles may cause clogging of a nozzle of a
printer to reduce the ink ejection properties. Thus, the coarse
particles are preferably removed by a method, e.g., centrifugation or
filtration, after the preparation of the aqueous pigment dispersion
or the preparation of the ink. [0048] (Production of Ink Composition
for Inkjet Recording)       The ink composition may be produced by
adding the polyolefin wax and the water-dispersible urethane resin to
the aqueous pigment dispersion produced as described above and
diluting the resulting mixture with water and a water-soluble
solvent. The ink composition preferably has a pigment concentration
of about 1% to about 10% by mass. [0049]       The water-soluble
solvent with which the aqueous pigment dispersion is diluted
preferably contains a water-soluble organic solvent because the
water-soluble organic solvent contributes to the prevention of



The incorporation of a water-soluble organic solvent permeable to a
recording medium imparts permeability to the ink composition, which
is preferred. The permeability of the ink composition is a property
required to adjust the permeability of the ink composition to the
recording medium and adjust the dot size on the recording medium.
Examples of the water-soluble organic solvent having permeability
include lower alcohols, such as ethanol and isopropyl alcohol;
ethylene oxide adducts of alkyl alcohols, such as ethylene glycol
hexyl ether and diethylene glycol butyl ether; and propylene oxide
adducts of alkyl alcohols, such as propylene glycol propyl ether.
[0051]       The ink composition may further contain, for example, a
known additive in addition to the water-soluble solvent and the
kneaded mixture for the aqueous pigment dispersion. Examples of the
additive that may be contained include alkaline agents, pH modifying
agents, surfactants, preservatives, chelating agents, plasticizers,
antioxidants, and ultraviolet absorbers. [0052] (Method for Forming
Image)      Examples of an inkjet method that can be employed for the
aqueous ink composition for inkjet recording produced as described
above include, but are not particularly limited to,  - 35 - known
inkjet methods, such as continuous ejection methods (e.g., a charge
control method and a spray method) and dropon-demand methods (e.g., a
piezoelectric method, a thermal method, and an electrostatic
abstraction method). In the case where the aqueous ink composition
for inkjet recording is used in these inkjet methods, it is possible
to perform extremely stable ink ejection and provide satisfactory
gloss, scratch resistance, and rub resistance of a formed image.
EXAMPLES [0053] (Preparation of Aqueous Pigment Dispersion)      A
method for preparing an aqueous pigment dispersion used in the
present invention will be described in detail below. The terms "part"
and "%" indicate "part by mass" and "% by mass", respectively. Resins
A to C used in examples are described below.      Resin A: a resin
having a monomer composition ratio of styrene to acrylic acid to
methacrylic acid of 77/10/13 (mass ratio), a mass-average molecular
weight of 8800, an acid value of 153 mgKOH/g, a melting point of
155C, and a glass transition point (calculated value) of 104C.
Resin B: a resin having a monomer composition ratio of styrene to
acrylic acid to methacrylic acid of 77/10/13 (mass ratio), a
mass-average molecular weight of 11000, an acid value of 153 mgKOH/g,
a melting point of 160C, and a  - 36 - glass transition point
(calculated value) of 104C.       Resin C: a resin having a monomer
composition ratio of styrene to acrylic acid to methacrylic acid of
72/12/16 (mass ratio), a mass-average molecular weight of 9000, an
acid value of 185 mgKOH/g, a melting point of 155C, and a glass
transition point (calculated value) of 105C. 



The melting point used here indicates a temperature at which the
resin starts to melt, the temperature being observed when the melting
point of the resin is measured with, for example, a melting point
apparatus under normal pressure. [0054]       The following pigments
were used to prepare aqueous pigment dispersions for use in aqueous
ink compositions for inkjet recording in examples and comparative
examples. Cyan pigment: FASTOGEN BLUE 5310SD (manufactured by DIC
Corporation) Yellow pigment: Ink Jet Yellow 4GP (manufactured by
Clariant (Japan) K.K.) Magenta pigment: Cromophtal Jet Magenta DMQ
(manufactured by Ciba Japan K.K.) Black pigment: Mitsubishi Carbon
Black #2300 (manufactured by Mitsubishi Chemical Corporation) [0055]
Properties of polyolefin waxes used in the aqueous ink  - 37 -
compositions for inkjet recording in examples and comparative
examples are described below.      CHEMIPEARL W900: aqueous
dispersion of low-density polyethylene wax, volume-average particle
size: 680 nm, solid content: 40% by mass, softening point under
environmental law: 132C, density: 970 kg/m3, pH: 11, viscosity: 300
mPa.s, manufactured by Mitsui Chemicals, Inc.      AQUACER 552:
aqueous dispersion of high-density oxidized polyethylene wax,
volume-average particle size: 90 nm, solid content: 35% by mass,
melting point: 130C, pH: 9, viscosity: 25 mPa.s, manufactured by BYK
Japan KM.      PEM-17: aqueous dispersion of polyethylene wax,
volume-average particle size: 40 nm or less, solid content: 40% by
mass, melting point: 103C, viscosity: 170 mPa-s, manufactured by San
Nopco Ltd. [0056]      The following binder resins were used in the
ink compositions in examples and comparative examples. Polyurethane A
(aqueous dispersion):      Dispersion of a urethane resin (solid
content: 20%) neutralized with potassium hydroxide at a degree of
neutralization of 100%, the urethane resin having a monomer
composition ratio of isophorone diisocyanate to 2,2-
dimethylolpropionic acid to polyoxytetramethylene ether glycol of
30/10/60 (mass ratio), a mass-average molecular 



- 38 - weight of 42000, and an acid value of 41 mgKOH/g, and
polyoxytetramethylene ether glycol having a hydroxyl acid of 110.
Joncryl 67:       Dispersion of acrylic resin (solid content: 20%)
neutralized with potassium hydroxide at a degree of neutralization of
100%, the acrylic resin having a mass-average molecular weight of
12500, and an acid value of 213 mgKOH/g, manufactured by BASF. [0057]
(Preparation Example 1) Preparation of Aqueous Pigment Dispersion
with Cyan Pigment Resin C8 parts Cyan pigment27 parts Diethylene
glycol10 parts Aqueous solution of 30% by mass potassium hydroxide 5
parts       The foregoing raw materials were charged into a 50-L
planetary mixer PLM-V-50V (manufactured by Inoue Mfg., Inc). A jacket
was heated. Kneading was performed at low speed (number of rotations:
21 rotations/min, number of revolutions: 14 revolutions/min) until
the temperature of the contents reached 60C. After the temperature of
the contents reached 60C, kneading was switched to high speed (number
of rotations: 35 rotations/min, number of revolutions: 24
revolutions/min) and continued for 2 hours.  - 39 - Then a total of
100 parts of deionized water (ion-exchanged water) heated to 60C was
added to the kneaded mixture over a period of 2 hours, thereby
preparing a liquid mixture containing the resin and the pigment.
The liquid mixture was subjected to treatment with a bead mill (Nano
Mill NM-G2L, manufactured by Asada Iron Works Co., Ltd.) under
conditions described below.       Disperser: Nano Mill NM-G2L
(manufactured by Asada Iron Works Co., Ltd.) Bead diameter: 0.3 mm,
zirconia beads Amount of beads charged: 85% 



Cooling water temperature: 10C       Number of rotations: 2660
rotations/min (peripheral speed of disk: 12.5 m/sec) Liquid feed
rate: 200 g/10 seconds       The liquid mixture passed through the
bead mill was subjected to centrifugal treatment at 13000 G for 10
minutes and then filtration treatment with a filter having an
effective pore size of 0.5 m. The resulting filtered mixture was
diluted with deionized water to prepare an aqueous pigment dispersion
having a cyan pigment concentration of 15% by mass. [0058]
(Preparation Examples 2 to 4) Preparation of Aqueous Dispersions of
Black, Magenta, and Yellow Pigments  - 40 -      Aqueous dispersions
of color pigments were prepared as in Preparation Example 1, except
that raw materials and compositions, which are expressed in units of
parts by mass, described in Table I were used in place of the raw
materials and the composition used in Preparation Example 1. [0059]
[Table 1] (Table 1)  Preparation example 1 Preparation example 2
Preparation example 3 Preparation 



example 4 - Cyan pigment 27 - -  Black pigment - 23 - - Magenta
pigment - - 21 - Yellow pigment - 



- - 20 Resin A  7 - - Resin B - - 6 4 Resin C 8 - - - 30% KOH 



5 3 3 2 Humectant 10 15 9 13 Deionized water 160 134 127 105  [0060]
(Preparation of Aqueous Ink Composition for Inkjet Recording)
Aqueous color ink compositions for inkjet recording were prepared
from the aqueous color pigment dispersions prepared in Preparation
Examples 



1 to 4 so as to have compositions described in Tables 2 and
3.Here,the compositions described in Tables 2 and 3 are expressed in
units of parts by mass. The amounts of the binder resins and the
polyolefin waxes added are expressed in units of  - 41 - parts by
mass of solid.      Here, the term "balance" used for the amount of
deionized water added indicates that the amount of deionized water
added is adjusted in such a manner that the total parts by mass of
the raw materials is 100 parts by mass. [0061] (Example 1)
Triethylene glycol monobutyl ether5 parts 



(TEGmBE, manufactured by Tokyo Chemical Industry Co., Ltd.)
2-Pyrrolidinone (manufactured by BASF)8 parts Purified glycerol
(manufactured by Kao Corp.) 2 parts Surfynol 440 (nonionic
surfactant, manufactured by Air Products and Chemicals, Inc.)
(2,4,7,9Tetramethy1-5decyne-4-,7diol)0.5 parts 1,2-Hexanediol
(manufactured by Degussa)1 part Triethanolamine (manufactured by
Konishi Co., Ltd.) 0.8 parts MEGAFAC 444 (nonionic surfactant,
manufactured by DIC Corporation) (oxide adduct of
perfluoroalklylethylene)0.2 parts Polyurethane A0.5 parts (solid)
AQUACER 5521 part (solid) Deionized waterbalance  - 42 -       The
foregoing raw materials were charged into a 100-ml plastic bottle.
The resulting mixture was stirred for 1 hour. Then 20 parts of the
aqueous cyan pigment dispersion was added thereto. The mixture was
stirred for another 1 hour to prepare an aqueous cyan ink composition
for inkjet recording, the aqueous cyan ink composition having a
pigment concentration of 3% by mass. [0062] (Examples 2 to 9)
Aqueous color ink compositions for inkjet recording were prepared as
in Example 1, except that raw materials and compositions described in
Table 2 were used in place of the raw materials and the composition
used in Example 1. Thereby, aqueous cyan ink-compositions for ink-jet
recording were prepared in Examples 2 to 4. An aqueous yellow ink
composition for inkjet recording was prepared in Example 5. An
aqueous magenta ink composition for inkjet recording was prepared in
Example 6. Aqueous black ink compositions for inkjet recording were
prepared in Examples 7 to 9. 



- 43 - [0063] [Table 2] (Table 2)  Example 1 Example 2 Example 3
Example 4 Example 5 Example 6 Example 



7 Example 8 Example 9 Aqueous cyan pigment dispersion 20 20 20 20 _ -
- - - Aqueous yellow pigment dispersion _ 



- - - 20 - - - - Aqueous magenta pigment dispersion _ - - - - 20 -  -



Aqueous black pigment dispersion - - - - _ - 20 20 20 Polyurethane A
0.5 1 2 1 0.5 1 2 



1 1 CHEMIPEARL W900 - 0.05 0.005 0.05  0.02 0.005 0.2 - AQUACER 552 1
0.15 - - 0.5 



- 0.02 - 0.02 TEGmBE 5 5 5 5 5 5 5 5 5 2-Pyrrolidinone 8 8 8 8 



8 8 8 8 8 Glycerol 2 2 2 2 2 2 2 2 2 Surfynol 440 0.5 0.5 0.5 



0.5 0.5 0.5 0.5 0.5 0.5 1,2 Hexanediol 1 1 1 1 1 1 1 1 1
Triethanolamine 0.8 0.8 



0.8 0.8 0.8 0.8 0.8 0.8 0.8 MEGAFAC 444 0.2 0.2 0.2 0.2 0.2 0.2  0.2
0.2 0.2 Deionized water balance 



balance balance balance balance balance balance balance balance
[0064] (Comparative Examples 1 to 5)      Aqueous cyan ink
compositions for inkjet recording according to Comparative Examples 1
to 5 were prepared as in Example 1, except that raw materials and
compositions described in Table 3 were used.  - 44 - [0065] [Table 3]
(Table 3)  Comparative 



Example 1 Comparative Example 2 Comparative Example 3 Comparative
Example 4 20 Comparative Example 5 20 Aqueous cyan pigment dispersion
20 20 20   Polyurethane A 



- 1 - -  PEM-17 - - - 1 1 Joncry1-67 - - - - 1 CHEMIPEARL W900 



- - 0.05 0.05 0.05  TEGmBE 5 5 5 5 5 2-Pyrrolidinone 8 8 8 8 8
Glycerol 2 



2 2 2 2 Surfynol 440 0.5 0.5 0.5 0.5 0.5 1,2 Hexanediol 1 1 1 1 1
Triethanolamine 0.8 0.8 



0.8 0.8 0.8 MEGAFAC 444 0.2 0.2 0.2 0.2 0.2 Deionized water balance
balance balance balance balance  [0066] [Print Evaluation Test] Print
evaluation was performed with the ink 



compositions prepared in examples and comparative examples described
above. For the print evaluation, a solid pattern was printed on photo
paper (gloss) (HP Advanced Photo Paper, manufactured by
Hewlett-Packard Company), which is specialized inkjet print paper, at
a print duty of 100% with a commercially available thermal jet-type
inkjet printer (Photosmart D5360, manufactured by Hewlett-Packard
Company) to provide printed sheets for evaluation. [0067]  - 45 -
[Test Example 1] Evaluation of Gloss       Specular gloss at 20 (G20)
of each printed sheet for evaluation was measured with a gloss meter
(Micro-Haze-Plus, manufactured by BYK-Gardner). The measurement was
performed at three different measurement points for each printed
sheet, and the mean value was determined. The gloss was evaluated on
the basis of the calculated mean value according to evaluation
criteria described below. Table 4 illustrates the evaluation results.
C): G20 > 47.5  A: 40  G20 47.5 x: C20 



< 40   [0068]  [Test Example 2] Scratch Resistance-Immediately After
Printing       The scratch resistance of each printed sheet for
evaluation was evaluated. The printed portion of each printed sheet
was strongly rubbed with fingernails when 1 minute elapsed after
forming each printed sheet. In this test, the scratch resistance
immediately after printing was measured by visually evaluating the
degree of detachment of the colorant in a rubbed region of the
printed portion. Evaluation criteria are described below. Table 4
illustrates the evaluation results. C): No colorant is detached.  -
46 - A: The colorant is slightly detached. x: The colorant is almost
entirely detached to expose a surface of the specialized paper
serving as a recording medium. [0069] [Test Example 3] Scratch
Resistance After Lapse of 24 Hours       The printed portion of each
printed sheet was strongly rubbed with fingernails when 24 hours
elapsed after forming each printed sheet. In this test, the scratch
resistance after a lapse of 24 hours was measured by visually
evaluating the degree of detachment of the colorant in a rubbed
region of the printed portion. Evaluation criteria are described
below. Table 4 illustrates the evaluation results. 0: No colorant is
detached. A: The colorant is slightly detached. x: The colorant is
almost entirely detached to expose a surface of the specialized paper
serving as a recording medium. 



[0070] [Test Example 4] Rub Resistance      After a lapse of 24
hours, the printed portion of each printed sheet for evaluation was
rubbed 50 times of reciprocating motion against BEMCOT (manufactured
by Asahi Kasei Corp.) attached to a reciprocating rubber component of
- 47 -  a rubbing tester (RUBBING TESTER, manufactured by Taihei Rika
Kogyo Co., Ltd.) under a load of 500 g. Then the degree of detachment
of the colorant in a rubbed region of the printed portion was
visually evaluated. Evaluation criteria are described below. Table 4
illustrates the evaluation results. 0: No colorant is detached. A:
The colorant is slightly detached. x: The colorant is almost entirely
detached to expose a surface of the specialized paper serving as a
recording medium.   Comparative Example 5 -1 900  I  ir 



121  < X 0 0 Comparative Example 4  900   Is-I  Vt  < X 00
Comparative Example 3 



I I 900  I I I I x x 0 10 Comparative Example 2 I.     ' 0 



< < < Comparative Example 1 1 1 1 1 1 1 o  x 1 x x Example 9  I. 



1 I 300    1 En-  000  v Example 8  I.  Z.0  1 1  9E1-  < 0 



0 0 Example 7   9000  ZO0   : Z*9   0000   Example 6  ZO'0  



III  9EL  0000   Example 5 90  1 9'0 I  917  0000   



Example 4   R-Tri  III  1 ve 0 0 0 0 Example 3  1 on  'II  
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90 1 LI 1 ' 06 0 0 0 0  Polyurethane A  CHEMIPEARL W900  AQUACER 552
LL-W8c1 Joncry1-67  Cf (% by mass) x Of (nm)  SSOI Scratch resistance



immediately Scratch resistance after a lapse of 24 hours  Rub
resistance  - 49 -       In Table 4, the amounts of the binder resins
and the polyolefin waxes added are expressed in terms of solid
contents. [0072]       The printed sheets printed with the aqueous
ink compositions for inkjet recording, each aqueous ink composition
containing the water-dispersible urethane resin and the polyolefin
wax, prepared in Examples 1 to 7 had satisfactory gloss, scratch
resistance immediately after printing and after a lapse of 24 hours,
and rub resistance. The satisfactory properties were maintained
regardless of the type of pigment. Satisfactory scratch resistance,
rub resistance, and gloss were achieved in each color region with the
pigments corresponding to four basic colors.       Although the gloss
in Example 8 (Cf x Of = 1.8) and the rub resistance in Example 9 (Cf
x Of = 136) were reduced, they are practically satisfactory levels.
In Comparative Example 1, in which neither the water-dispersible
urethane resin nor the polyolefin wax was contained, although the
gloss was improved, the scratch resistance and the rub resistance
were extremely insufficient. As described in Comparative Example 2,
in the case where the aqueous ink composition for inkjet recording
did not contain a polyolefin wax but contained polyurethane A serving
as a water-dispersible urethane resin, the scratch  - 50 - resistance
and the rub resistance were better than those in Comparative Example
1 but were still insufficient.       In Comparative Example 3, in
which the polyolefin wax was contained but polyurethane A was not
contained, irregularities due to the polyolefin wax resulted in a
significant reduction in gloss. Furthermore, the scratch resistance
immediately after printing was extremely insufficient. In Comparative
Example 4, another type of polyolefin wax having a small particle
size was added to Comparative Example 3. In Comparative Example 5,
the resin other than the water-dispersible urethane resin was added
to Comparative Example 3. In both cases, the surface properties were
improved to increase the gloss. However, the scratch resistance
immediately after printing was not improved and was insufficient.
Industrial Applicability [0073]      An ink composition for inkjet
recording according to the present invention can serve as ink for
industrial and consumer jet printers and can be used to form an image
by printing, the image being excellent in gloss, scratch resistance,
and rub resistance. 



- 51 - CLAIMS [Claim 1]      An aqueous ink composition for inkjet
recording, comprising a pigment (a), an anionic group-containing
resin (b), a humectant (c), and a basic compound (d), wherein the
aqueous ink composition further contains a water-dispersible urethane
resin (e) and a polyolefin wax (f). [Claim 2]       The aqueous ink
composition for inkjet recording according to Claim 1, wherein the
polyolefin wax (f) is a wax or a mixture of two or more waxes,
wherein the wax and the two or more waxes are each produced by the
polymerization of a monomer mainly containing one or two or more
compounds selected from the group consisting of ethylene, propylene,
and butylene. [Claim 3]       The aqueous ink composition for inkjet
recording according to Claim 1, wherein the polyolefin wax (f) is a
wax or a mixture of two or more waxes, wherein the wax and the two or
more waxes are each selected from the group consisting of
polyethylene waxes, polypropylene waxes, polybutylene waxes, and
modifications thereof. [Claim 4]      The aqueous ink composition for
inkjet recording according to any one of Claims 1 to 3, wherein the
- 52 - polyolefin wax (f) has a volume-average particle size of 40 to
1000 nm. [Claim 5]      The aqueous ink composition for inkjet
recording according to any one of Claims 1 to 4, wherein the value of
(Cf x Df) is in the range of 3 to 100, wherein Cf represents the
polyolefin wax (f) content (percent by mass), and Df represents the
volume-average particle size (nm). [Claim 6]      The aqueous ink
composition for inkjet recording according to Claim 5, wherein the
water-dispersible urethane resin (e) content is in the range of 0.2%
to 5% by mass. [Claim 7]       The aqueous ink composition for inkjet
recording according to any one of Claims 1 to 6, wherein the
polyolefin wax (f) has a melting point of 80C or higher. [Claim 8] 



The aqueous ink composition for inkjet recording according to any one
of Claims 1 to 7, wherein the water-dispersible urethane resin (e) is
an anionic urethane resin prepared from an organic polyisocyanate, at
least one polyol selected from polyester polyols, polyether polyols,
and polycarbonate polyols each having a hydroxyl value of 10 to 350,
and optionally a polyamine and/or a polyol having a molecular weight
of 300 or less.  - 53 - [Claim 9]       The aqueous ink composition
for inkjet recording according to any one of Claims 1 to 8, wherein
the anionic group-containing resin (b) is a styrene-acrylic-based
resin having an acid value of 60 to 300 mgKOH/g and a weight-average
molecular weight of 3000 to 50000. 




