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(57) ABSTRACT

The present invention relates to a water-based ink that
contains pigment-containing polyester-based resin particles
A, pigment-free polyester-based resin particles B, an organic
solvent and water, in which a content of an organic solvent
C having a boiling point of not higher than 235° C. in a
whole amount of the organic solvent is not less than 90% by
mass. The water-based ink of the present invention can be
improved in rub fastness, solvent resistance and adhesion to
a non-water absorbing printing medium with good balance
therebetween, even when printed on the non-water absorb-
ing printing medium.

19 Claims, No Drawings
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1
AQUEOUS INK

FIELD OF THE INVENTION

2

On the other hand, in the water-based pigment inks, it has
been still required to improve their adhesion to a low-water
absorbing printing medium or a non-water absorbing print-
ing medium.

The present invention relates to a water-based ink and an 3 JP 2015-28114A (Patent Literature 1) discloses a water-
ink-jet printing method. based ink for ink-jet printing which is excellent in ejection
properties, and capable of forming printed characters or

BACKGROUND OF THE INVENTION images that are excellent in fixing properties onto a printing
medium and obtaining printed materials having excellent

In ink-jet printing methods, droplets of ink are directly !© gloss, and contains pigment particles and polyester resin
ejected onto a printing medium from very fine nozzles and P?mCleS, in which the pigment particles are constituted of a
allowed to adhere to the printing medium to form characters pigment and a polyester r esin. .
or images thereon. The ink-jet printing methods have JP 2014-5448A (Patent Literature 2) discloses a two-
become rapidly spread because of various advantages such s component aqueous ink set for ink-jet printing which is free
as easiness of full coloration, low cost, capability of using a gf cg_smrbar(llcg of plnmgld ((:ll}aractel(*ls or ﬁnage_:s sug:l; as
plain paper as the printing medium, non-contact with printed ceding and intercolor bleeding, and excellent in rub fast-

. ness immediately after printing, and includes a first ink that
characters or images, etc. . ? .
: . . contains a coloring material, a hydroxy group- and/or car-

In recent years, in order to impart good weathering b e .

X . . X 0Xy group-containing resin, and a water-soluble solvent
resistance and good water resistance to printed materials, an N . . .
ink containi . ‘ lorant has b tensivel and/or water, and a second ink that contains a vinylamine-
1nx con almgg.; apigmentas aco 01jan a.s een .ex eI}sn/g y based polymer, and a water-soluble solvent and/or water.
used. In addition, from the standpoint of improving ejection
stability and storage stability of ink, in order to stably SUMMARY OF THE INVENTION
compounding a pigment in a water-based ink, the technolo-
gies for enclosing the pigment in a polymer using a disper- 25 The present invention relates to a water-based ink that
sant capable of modifying a surface of the pigment, etc., contains pigment-containing polyester-based resin particles
have been developed. A, pigment-free polyester-based resin particles B, an organic

On the other hand, it has been required to print characters solvent and water, in which a content of an organic solvent
or images not only on a high-water absorbing printing  C having a boiling point of not higher than 235° C. in a
medium such as those printing media conventionally called 3¢ whole amount of the organic solvent is not less than 90% by
a plain paper and a copying paper, etc., but also on a printing mass.
medium for commercial printing purposes such as a low- DETAILED DESCRIPTION OF THE
water absorbing coated paper such as an offset coated paper

; . . INVENTION

or a non-water absorbing resin film such as a polyvinyl 5
chloride .resm film, a polypropylene resin film and a poly- For example, in the fields of foods and medical treatment,
ester resin film. .. . R

It is kn that when charact . inted an alcohol has been used for disinfection or sterilization in

15 knowi that wi c?n characlers or 1mages alie pnn.e .on some cases. On a resin film of a container, etc., used in these

the 1'0\)& -water ?bSO}‘blng. or non-water absorbing printing fields, not only package designs, but also product informa-
medium by the ink-jet printing methods, there tend to occur 44 tjon such as statements of efficacy, usage, best-before date,
problems such as prolonged drying time of the printed 1ot number, etc., have been usually printed. These printed
characters or images owing to slow absorption or no absorp- materials have been required to have good resistance to an
tion of liquid components of the ink into the printing alcohol.
medium, and deterioration in rub fastness thereof in an Even when characters or images are printed on a printing
initial stage of the printing. 45 medium using the inks described in the Patent Literatures 1

Hitherto, when printing characters or images on the and 2, it has also been required to further improve their
low-water absorbing or non-water absorbing printing resistance to a solvent such as an alcohol, etc.
medium, a solvent-based pigment ink using an organic The present invention relates to a water-based ink that can
solvent as a dispersing medium and a UV-curing ink have be improved in rub fastness, solvent resistance and adhesion
been mainly employed. This is because when using the 50 to a non-water absorbing printing medium with good bal-
aforementioned inks, there occurs such a phenomenon that ~ ance therebetween even when printed on the non-water
the organic solvent is penetrated into the low-water absorb-  absorbing printing medium, and an ink-jet printing method
ing or non-water absorbing printing medium and causes usgl/{g the ﬁiﬁe{l— based lf}k' bsorbing® dinth
swelling of the surface of the printing medium to thereby fix canwhile, the term “non-water absorbing " as used i the

K . o . . .55 present specification is a concept that is intended to include
the pigment in the printing medium, or a firm resin coating . .
. S . L . both of low-water absorbing properties and non-water
is formed on the printing medium after printing, so that it is . . . .

. . . . . absorbing properties, and it means that a water absorption of
possible to improve anti-bleeding properties and rub fastness the printi di it surfac thereof is not 1

£ these inks e printing medium per unit surface area thereof is not less

o : . ik o h than 0 g/m? and not more than 2.5 g/m? as measured under
. Howe.ver, these conventional inks tend to ave such a0 4y such a condition that a contact time between the printing
1I}exped16.:nce t'hat a large amount of the organic solvent is medium and pure water is 100 milliseconds.
diffused into air upon drying to cause adverse influence on That is, the present invention relates to the following
environments, or a radical initiator or a monomer used in the aspects [1] to [3].
UV-curing ink raises a risk concerning safety. For this [1] A water-based ink containing pigment-containing poly-
reason, at the present time, development of water-based 65 ester-based resin particles A, pigment-free polyester-based

pigment inks having a less burden on working environments
and natural environments has proceeded.

resin particles B, an organic solvent and water, in which a
content of an organic solvent C having a boiling point of not
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higher than 235° C. in a whole amount of the organic solvent
is not less than 90% by mass.

[2] A use of the water-based ink according to the aforemen-
tioned aspect [1] for printing characters or images on a

4

rub fastness, substrate-adhesion properties and solvent resis-
tance with good balance therebetween.

Moreover, since the content of the organic solvent C
having a boiling point of not higher than 235° C. in a whole

printing medium by an ink-jetting method, in which a water 5 amount of the organic solvent used in the water-based ink of
absorption of the printing medium per unit surface area the present invention is not less than 90% by mass, it is
thereof is not less than 0 g/m? and not more than 2.5 g/m? possible not only to soften the resins contained in the
as measured in a pure water contact time of 100 millisec- respective resin particles, but also to uniformly disperse
onds. these resins in the ink upon forming a film of the ink. For this
[3] An ink-jet printing method including the step of printing 10 reason, the resins can be improved in film-forming proper-
characters or images on a printing medium using the water- ties, so that it is possible to obtain a uniform film of the ink
based ink according to the aforementioned aspect [1], in which is excellent in solvent resistance and substrate-adhe-
which a water absorption of the printing medium per unit sion properties. In addition, it is considered that since the ink
surface area thereof is not less than 0 g/m* and not more than after forming the printed characters or images can be
2.5 g/m” as measured in a pure water contact time of 100 15 enhanced in drying properties, it is possible to reduce an
milliseconds. amount of the organic solvent remaining between the pig-
According to the present invention, there are provided a ment-containing polyester-based resin particles A and the
water-based ink that can be improved in rub fastness, solvent pigment-free polyester-based resin particles B, or between
resistance and adhesion to a non-water absorbing printing the printing medium and the printed characters or images
medium with good balance therebetween even when printed 20 formed by the pigment-containing polyester-based resin
on the non-water absorbing printing medium, and an ink-jet particles A and the pigment-free polyester-based resin par-
printing method using the water-based ink. ticles B, so that the uniform printed characters or images can
[Water-Based Ink] be formed on the printing medium. Thus, it is considered
The water-based ink of the present invention (hereinafter that as a result of forming a uniform film of the ink owing
also referred to merely as an “ink™) contains pigment- 25 to the use of the organic solvent and reducing an amount of
containing polyester-based resin particles A, pigment-free the organic solvent remaining in the film of the ink obtained
polyester-based resin particles B, an organic solvent and after drying, it is possible to more effectively exhibit the
water, in which a content of an organic solvent C having a respective properties of the aforementioned pigment-con-
boiling point of not higher than 235° C. in a whole amount taining polyester-based resin particles A and pigment-free
of the organic solvent is not less than 90% by mass. 30 polyester-based resin particles B. On the other hand, it is
In accordance with the present invention, the printed considered that when using an organic solvent having a
characters or images obtained by drying the water-based ink boiling point of higher than 235° C., there is such a large
on the non-water absorbing printing medium can be tendency that the organic solvent remains in the film of the
improved in rub fastness, solvent resistance to an alcohol, ink obtained after drying.
etc., and adhesion to the non-water absorbing printing 35  In consequence, it is considered that the water-based ink
medium (hereinafter also referred to merely as “substrate- according to the present invention can be more effectively
adhesion properties”) with good balance therebetween. The improved in the aforementioned rub fastness, substrate-
reason why the aforementioned advantageous effects can be adhesion properties and solvent resistance with good bal-
attained by the present invention is considered as follows, ance therebetween by the synergistic effect obtained by
though it is not necessarily clearly determined yet. 40 compounding all of the aforementioned pigment-containing
In the water-based ink according to the present invention, polyester-based resin particles A and pigment-free polyester-
it is considered that by using a polyester as a resin species based resin particles B as well as the aforementioned spe-
constituting the pigment-containing polyester-based resin cific organic solvent in the water-based ink.
particles A, it is possible to enhance affinity between the <Pigment-Containing Polyester-Based Resin Particles A>
printed characters or images obtained by drying the water- 45  The pigment-containing polyester-based resin particles A
based ink and the non-water absorbing printing medium, so contain a polyester PA.
that the printed characters or images can exhibit high The average particle size of the pigment-containing poly-
substrate-adhesion properties. In addition, it is considered ester-based resin particles A that are contained in the water-
that since the polyester is hardly swelled with alcohols such based ink of the present invention is preferably not less than
as ethanol and isopropyl alcohol, the resulting printed char- 50 40 nm, more preferably not less than 50 nm and even more
acters or images can exhibit excellent solvent resistance to preferably not less than 60 nm, and is also preferably not
the alcohols, etc. Furthermore, by using the polyester con- more than 200 nm, more preferably not more than 190 nm
tained in the pigment-free polyester-based resin particles B and even more preferably not more than 180 nm, from the
as a fixing resin in combination with the aforementioned viewpoint of enhancing optical density of the resulting
polyester, the pigment-containing polyester-based resin par- 55 water-based ink upon printing.
ticles A and the pigment-free polyester-based resin particles The average particle size of the pigment-containing poly-
B are compatibilized with each other on the printing ester-based resin particles A may be measured by the method
medium, so that it is possible to form the printed characters described in Examples below.
or images in which the polyesters contained in the pigment- In addition, from the viewpoint of improving substrate-
containing polyester-based resin particles A and the pig- 60 adhesion properties and ejection properties of the resulting
ment-free polyester-based resin particles B as the fixing ink, the content of the polyester PA in the resin contained in
resin are uniformly dispersed on the printed surface of the the pigment-containing polyester-based resin particles A is
printing medium. As a result, it is considered that since the preferably not less than 80% by mass and more preferably
pigment is coated and hidden with the polyesters contained not less than 90% by mass, and is also preferably not more
in the pigment-containing polyester-based resin particles A 65 than 100% by mass. The content of the polyester PA in the

and the pigment-free polyester-based resin particles B, the
resulting printed characters or images can be improved in

resin contained in the pigment-containing polyester-based
resin particles A is furthermore preferably 100% by mass.
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Also, from the same viewpoint as described above, the
content of the polyester PA in the water-based ink is pref-
erably not less than 1% by mass and more preferably not less
than 2% by mass, and is also preferably not more than 20%
by mass, more preferably not more than 10% by mass and
even more preferably not more than 5% by mass.

(Polyester PA)

The polyester PA may be produced by subjecting at least
an alcohol component and a carboxylic acid component to

6

The content of the alkyleneoxide adduct of bisphenol A in
the alcohol component as the raw material monomer of the
polyester PA is preferably not less than 50 mol %, more
preferably not less than 60 mol % and even more preferably
not less than 70 mol %, and is also preferably not more than
100 mol %, from the viewpoint of improving pigment-
dispersing properties, solvent resistance and substrate-adhe-
sion properties of the resulting water-based ink.

The alcohol component as the raw material monomer of

polycondensation. 19 the polyester PA may also contain the following alcohol

[Alcohol Component] compounds in addition to the alkyleneoxide adduct of bis-

The alcohol component as a raw material monomer from phenol A.
which a constitutional unit of the polyester PA is derived Examples of the alcohol compounds as the raw material
(hereinafter also referred to merely as a “raw material ; monomer of the polyester PA include ethylene glycol, pro-
monomer of the polyester PA”) preferably includes an pylene glycol (identical to “1,2-propanediol”), glycerin,
aromatic diol from the viewpoint of improving pigment- pentaerythritol, trimethylolpropane, hydrogenated bisphenol
dispersing properties, solvent resistance and substrate-adhe- A, sorbitol and alkylene (having not less than 2 and not more
sion properties of the resulting ink. than 4 carbon atoms) oxide adducts of these compounds

The aromatic diol is preferably an alkyleneoxide adduct 3¢ (average molar number of addition of the alkyleneoxide: not
of bisphenol A. less than 1 and not more than 16).

Meanwhile, the alkyleneoxide adduct of bisphenol A as These compounds as the alcohol component may be used
used in the present invention means a whole structure of a alone or in combination of any two or more thereof.
compound formed by adding an oxyalkylene group to 2,2- [Carboxylic Acid Component]
bis(4-hydroxyphenyl)propane. 25 The raw material monomer of the polyester PA also

Specific examples of the preferred alkyleneoxide adduct ~ includes the carboxylic acid component in addition to the
of bisphenol A include those compounds represented by the aforementioned alcohol component.
following general formula (I). Examples of the carboxylic acid component include car-

boxylic acids as well as anhydrides and alkyl (having not
30 less than 1 and not more than 3 carbon atoms) esters of these
o carboxylic acids, etc.
Specific examples of the preferred carboxylic acid com-
?H3 ponent include aromatic dicarboxylic acids, aliphatic dicar-
H—(OR‘y—OOC@—O—(RZO)y—H boxylic acids, alicyclic dicarboxylic acids and trivalent or
(le 35 higher-valent polycarboxylic acids. Among these carboxylic
: acids, from the viewpoint of improving reactivity of the
carboxylic acid component with the alcohol component as

In the general formula (I), OR! and RO are respectively well as from the viewpoint of improving substrate-adhesion
an oxyalkylene group, and are each independently prefer- properties and ejection properties of the resulting ink, more
ably an oxyalkylene group having not less than 1 and not 40 preferred are aromatic dicarboxylic acids and aliphatic
more than 4 carbon atoms and more preferably an oxyeth- dicarboxylic acids, and even more preferred are aliphatic
ylene group or an oxypropylene group. dicarboxylic acids.

The suffixes x and y each correspond to a molar number Examples of the preferred aromatic dicarboxylic acids
of addition of the alkyleneoxide, and are each independently include phthalic acid, isophthalic acid and terephthalic acid.
preferably not less than 1 and more preferably not less than 45 Of these aromatic dicarboxylic acids, more preferred is
2, and are also each independently preferably not more than terephthalic acid.

16, more preferably not more than 7, even more preferably Examples of the aliphatic dicarboxylic acids include
not more than 5 and further even more preferably not more unsaturated aliphatic dicarboxylic acids and saturated ali-
than 3. In addition, from the viewpoint of attaining good phatic dicarboxylic acids. Of these aliphatic dicarboxylic
reactivity with the carboxylic acid component, an average 50 acids, from the viewpoint of improving reactivity of the
value of a sum of x and y is preferably not less than 2. From carboxylic acid component with the alcohol component as
the same viewpoint as described above, the average value of well as from the viewpoint of improving substrate-adhesion
a sum of X and y is also preferably not more than 7, more properties and ejection properties of the resulting ink, pre-
preferably not more than 5 and even more preferably not ferred are unsaturated aliphatic dicarboxylic acids.

more than 3. 55 From the same viewpoint as described above, as the

Furthermore, the OR* groups in the number of x and the unsaturated aliphatic dicarboxylic acids, preferred are
RO groups in the number of y may be respectively the same fumaric acid and maleic acid, and more preferred is fumaric
or different from each other. From the viewpoints of improv- acid.
ing substrate-adhesion properties of the resulting ink, the Examples of the preferred saturated aliphatic dicarboxylic
R'O groups and the R*O groups are respectively preferably 60 acids include adipic acid and succinic acid that may be
identical to each other. These alkyleneoxide adducts of substituted with an alkyl group an/or an alkenyl group.
bisphenol A may be used alone or in combination of any two Examples of the preferred alicyclic dicarboxylic acids
or more thereof. Examples of the preferred alkyleneoxide include cyclohexanedicarboxylic acid, decalinedicarboxylic
adducts of bisphenol A include propyleneoxide adducts of acid and tetrahydrophthalic acid.
bisphenol A and ethyleneoxide adducts of bisphenol A. 65  Examples of the preferred trivalent or higher-valent poly-

Among these alkyleneoxide adducts of bisphenol A, more
preferred are propyleneoxide adducts of bisphenol A.

carboxylic acids include trimellitic acid and pyromellitic
acid.
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These compounds as the carboxylic acid component may
be used alone or in combination of any two or more thereof.

[Method for Producing Polyester PA]

The polyester PA may be produced by subjecting at least
the alcohol component and the carboxylic acid component to
polycondensation reaction. The suitable configurations and
contents of the alcohol component and carboxylic acid
component are the same as those described previously.

For example, the polyester PA may be produced by

8

preferably not more than 75,000, even more preferably not
more than 50,000 and further even more preferably not more
than 30,000 from the viewpoint of improving dispersion
stability of an aqueous dispersion of the pigment-containing
polyester-based resin particles A.

The softening point, glass transition temperature, acid
value and weight-average molecular weight (Mw) of the
polyester PA may be respectively measured by the methods
described in Examples below, and may also be respectively

subjegtmg .the aforementioned alcohol cor.nponent.and. car- 10 controlled to desired values by appropriately adjusting kinds
boxylic acid component to polycondensation reaction in an d di tios of th d as th
inert gas atmosphere at a temperature of not lower than 180° and compounding ratios o1 the monomers used as wetl s fe
C. and not higher than 250° C., if required, in the presence polycondensation reactlor.l cogdmons such as the reaction
of an esterification ¢ atalyst. tempfarature and the reaction time.

From the viewpoint of well controlling a particle size of 15 ® ]gm_ent) . . o .
the resulting polyester PA when using the polyester PA in the The. pigment used in the present invention 1s not particu-
form of resin particles, it is preferred that the polyester PA larly limited, and may be either an organic pigment or an
has a sharp molecular weight distribution, and the polycon- inorganic pigment and may also be used in the form of a
densation for production of the polyester PA is carried out in mixture thereof.
the presence of the esterification catalyst. 20 Examples of the organic pigment include at least one

Examples of the esterification catalyst include tin cata- pigment selected from the group consisting of condensed
lysts, titanium catalysts and metal compounds such as anti- polycyclic-based pigments such as anthraquinone-based
mony trioxide, zinc acetate and germanium dioxide. Among pigments, quinacridone-based pigments, indigo-based pig-
these esterification catalysts, from the viewpoint of improv- ments, dioxazine-based pigments, perylene-based pigments,
ing reaction efliciency of the esterification reaction upon 25 perinone-based pigments, isoindolinone-based pigments,
synthesis of the polyester, preferred are tin catalysts. Spe- isoindoline-based pigments, phthalocyanine-based pig-
cific examples of the preferred tin catalysts include dibutyl ments, quinophthalone-based pigments and diketopyrrolo-
tin oxide, tin (II) di(2-ethyl hexanoate) and salts of these pyrrole-based pigments, and azo-based pigments such as
compounds. Of these tin catalysts, tin (II) di(2-ethyl hexano- disazo-based pigments and condensed azo-based pigments.
ate) is more preferably used. 30 Of these organic pigments, from the viewpoint of improving

Also, if required, an esterification co-catalyst such as color reproducibility of the printed characters or images,
3,4,5-trihydroxybenzoic acid (identical to “gallic acid”’) may preferred is at least one pigment selected from the group
be further used in the polycondensation reaction. consisting of quinacridone-based pigments, azo-based pig-

In addition, a radical polymerization inhibitor such as ments and phthalocyanine-based pigments.
4-tert-butyl catechol and hydroquinone may also be used in 35  Specific examples of the quinacridone-based pigments
combination with the esterification catalyst or co-catalyst. include C.I. PR (Pigment Red) 122, PR 192, PR 202, PR 207

From the viewpoint of improving substrate-adhesion and PR 209, and C.I. PV (Pigment Violet) 19, etc. Of these
properties and ejection properties of the resulting ink, the quinacridone pigments, preferred is at least one pigment
softening point of the polyester PA is preferably not lower selected from the group consisting of C.I. PR 122 and C.I.
than 80° C., more preferably not lower than 85° C. and even 40 PV 19.
more preferably not lower than 90° C., and is also preferably Specific examples of the azo-based pigments include C.I.
not higher than 170° C., more preferably not higher than PY (Pigment Yellow) 74, PY 151, PY 154, PY 155, PY 180
145° C. and even more preferably not higher than 125° C. and PY 213, and C.I. PR (Pigment Red) 150, etc. Of these

From the viewpoint of improving substrate-adhesion azo pigments, preferred is at least one pigment selected from
properties and ejection properties of the resulting ink, the 45 the group consisting of C.I. PY 74, C.I. PY 154, C.I. PY 155
glass transition temperature (Tg) of the polyester PA is and C.I. PR 150.
preferably not lower than 50° C. and more preferably not Specific examples of the phthalocyanine-based pigments
lower than 55° C., and is also preferably not higher than 95° include C.I. PB (Pigment Blue) 15:1, PB 15:2, PB 15:3, PB
C., more preferably not higher than 90° C., even more 15:4, PB 15:5, PB 15:6 and PB 16; and PG (Pigment Green)
preferably not higher than 85° C. and further even more 50 7 and PG 36. Of these phthalocyanine pigments, preferred is
preferably not higher than 80° C. at least one pigment selected from the group consisting of

From the viewpoint of well controlling a particle size of C.I. PB 15:3 and C.I. PB 15:4.
the resin particles and improving substrate-adhesion prop- The organic pigment may also include a derivative of the
erties and ejection properties of the resulting ink, the acid organic pigment. The organic pigment derivative may be
value of the polyester PA is preferably not less than 5 55 produced by such a treatment in which a functional group
mgKOH/g, more preferably not less than 15 mgKOH/g and such as a hydroxy group, a carboxy group, a carbamoyl
even more preferably not less than 20 mgKOH/g, and is also group, a sulfo group, a sulfonamide group and a phthalim-
preferably not more than 40 mgKOH/g, more preferably not idomethyl group is bonded to the surface of the organic
more than 37 mgKOH/g and even more preferably not more pigment.
than 35 mgKOH/g. 60  Examples of the inorganic pigment include carbon blacks

In addition, the weight-average molecular weight (Mw) of and metal oxides such as alumina and titanium dioxide.
the polyester PA is preferably not less than 5,000, more These inorganic pigments may be treated with a conven-
preferably not less than 7,500, even more preferably not less tionally known hydrophobization agent such as a titanium
than 10,000 and further even more preferably not less than coupling agent, a silane coupling agent and a higher fatty
12,500 from the viewpoint of improving solvent resistance 65 acid metal salt.

of the printed characters or images obtained by drying the
ink, and is also preferably not more than 100,000, more

The carbon blacks are preferably used for black inks. The
carbon blacks may include furnace blacks, thermal lamp
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blacks, acetylene blacks and channel blacks, and may also
be in the form of surface-treated carbon blacks.

In addition, the content of the pigment in the water-based
ink is preferably not less than 1% by mass, more preferably

10

nia and various amines. Among these neutralizing agents,
preferred are sodium hydroxide, potassium hydroxide and
ammonia. In addition, the polyester PA may be previously
neutralized.

not less than 2% by mass and even more preferably notless s The equivalent (mol %) of the neutralizing agent used on
than 3% by mass, and is also preferably not more than 25% the basis of the acid group contained in the polyester PA is
by mass, more preferably not more than 10% by mass and preferably not less than 10 mol %, more preferably not less
even more preferably not more than 7% by mass, from the )21 20 mol % and even more preferably not less than 30
viewpoint Of enhancmg op tical density of the resulting mol %, and is also preferably not more than 300 mol %,
water-based ink upon printing. 10 o

. . more preferably not more than 200 mol % and even more

Furthermore, the mass ratio of the pigment to the poly- ferably not than 150 mol %. from the vi int of
ester PA [pigment/polyester PA] is preferably not less than preferably not more faan |50 mo’ o, from the viewpoint o
50/50, more preferably not less than 55/45 and even more improving dispersion stability of .the polyester PA in the
preferably not less than 60/40, and is also preferably not resulting m_k and an aqueous medlm;l. .
more than 90/10, more preferably not more than 85/15 and 15 Meanwhile, the equivalent (mol A’? of the neutrahz?ng
even more preferably not more than 80/20. agent used may be ca}culated according tp .the following

(Production of Pigment-Containing Polyester-Based formula. When the equivalent of the neutralizing agent used
Resin Particles A) is not more than 100 mol %, the equivalent of the neutral-

The pigment-containing polyester-based resin particles A izing agent used has the same meaning as the degree of
are preferab]y eiﬁcienﬂy produced in the form of an aqueous 20 neutralization of a resin to be treated. On the other hand,
dispersion thereof by the process including the following when the equivalent of the neutralizing agent used as
steps 1 and 2. calculated according to the following formula exceeds 100

Step 1: subjecting a mixture containing the pigment and mol %, it is meant that the neutralizing agent is present in an
the polyester PA as well as the organic solvent and water to  excessive amount relative to the acid group of the resin, and
dispersion treatment to obtain a dispersion of pigment- 25 in such a case, the degree of neutralization of the polyester
containing resin particles (a); and PA is regarded as being 100 mol %.

Step 2: removing the organic solvent from the dispersion
of the pigment-containing resin particles (a) obtained in the Equivalent (mol %) of neutralizing agent used—
step 1 to obtain an aqueous dispersion of the pigment- [{mass (g) of neutralizing agent added/equiva-
containing polyester-based resin particles A. 30 lent of neutralizing agent}/[{acid value of poly-

[Step 1] ester PA (mgKOH/g)xmass (g) of polyester

The step 1 is the step of subjecting a mixture containing PA}/(56x1,000)]}x100.
the pigment and the polyester PA as well as the organic The content of the pigment in the dispersion of the
solvent and water to dispersion treatment to obtain a dis- pigment-containing resin particles (a) obtained in the step 1
persion of pigment-containing resin particles (a). 35 is preferably not less than 5% by mass and more preferably

In the step 1, there is preferably used the method in which not less than 10% by mass, and is also preferably not more
the polyester PA is first dissolved in the organic solvent to than 50% by mass and more preferably not more than 40%
prepare an organic solvent solution of the polyester PA, and by mass.
then the pigment and water, if required, together with a The content of the organic solvent in the dispersion of the
neutralizing agent, a surfactant and the like, are added to and 40 pigment-containing resin particles (a) obtained in the step 1
mixed in the resulting organic solvent solution to obtain a is preferably not less than 10% by mass, and is also
dispersion of an oil-in-water type. The order of addition of preferably not more than 70% by mass and more preferably
the respective components to be added to the organic solvent not more than 50% by mass.
solution of the polyester PA is not particularly limited, and The content of the polyester PA in the dispersion of the
it is preferred that when using the neutralizing agent in the 45 pigment-containing resin particles (a) obtained in the step 1
step 1, the neutralizing agent, water and the pigment are is preferably not less than 2% by mass and more preferably
successively added in this order. not less than 3% by mass, and is also preferably not more

Furthermore, when mixing the pigment and the polyester than 40% by mass and more preferably not more than 20%
PA in the step 1, the mass ratio of the pigment to the by mass.
polyester PA [pigment/polyester PA] is preferably not less 50  The content of water in the dispersion of the pigment-
than 50/50, more preferably not less than 55/45 and even containing resin particles (a) obtained in the step 1 is
more preferably not less than 60/40, and is also preferably preferably not less than 10% by mass and more preferably
not more than 90/10, more preferably not more than 85/15 not less than 20% by mass, and is also preferably not more
and even more preferably not more than 80/20. than 70% by mass.

The organic solvent used for dissolving the polyester PA 55  The dispersing method used in the step 1 is not particu-
is not particularly limited. As the organic solvent, preferred larly limited. The pigment-containing resin particles (a) may
are ketones, ethers, esters and aliphatic alcohols having not be atomized into fine particles having a desired average
less than 1 and not more than 3 carbon atoms, more preferred particle size only by a substantial dispersion treatment.
are ketones, and even more preferred is methyl ethyl ketone. However, it is preferred that the mixture is first subjected to
When the polyester PA has been synthesized by the solution 60 preliminary dispersion treatment, and then to substantial
polymerization method, the solvent used in the solution dispersion treatment by applying a shear stress thereto so as
polymerization may be used as such in the step 1. to control the average particle size of the pigment-containing

In the case where the polyester PA is in the form of an resin particles (a) to a desired value.
anionic polymer, an anionic group contained in the polyester The temperature used in the dispersion treatment in the
PA may be neutralized using a neutralizing agent. Examples 65 step 1 is preferably not lower than 0° C., and is also

of the neutralizing agent include bases such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, ammo-

preferably not higher than 40° C. and more preferably not
higher than 25° C.
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The dispersing time in the step 1 is preferably not less
than 1 hour and more preferably not less than 2 hours, and
is also preferably not more than 30 hours and more prefer-
ably not more than 25 hours.

12

batch simple distillation device, a reduced pressure distilla-
tion device and a flush evaporator, a rotary distillation device
and a stirring evaporator.

The temperature of the dispersion of the pigment-con-

When subjecting the mixture containing the pigment and 5 taining resin particles (a) upon removing the organic solvent
the polyester PA as well as the organic solvent, the neutral- therefrom may be appropriately selected depending upon the
izing agent and water to the preliminary dispersion treat-  Xind of organic solvent used. The temperature of the dis-
ment, there may be used ordinary mixing and stirring persion of the pigment-containing resin particles (a) upon
devices such as anchor blades and disper blades. Of these removing the organic solvent thereforom under reduced pres-
devices. preferred are hich-speed strring mixers. 10 sure is preferably not lower than 20° C., more preferably not

> P 2h-sp 2 o
As a means for apnlving a shear stress o the mixture in lower than 2'5 C. and even more pr'eferably not lower than
ns Tor app ying 30° C., and is also preferably not higher than 80° C., more
the substantial dispersion treatment, there may be used, for . o
. X . preferably not higher than 70° C. and even more preferably
e).iample, kneading machlpes such as roll m]lls gnd kngafiers’i not higher than 65° C.
high-pressure homogemzers . such s MlCrOﬁ}lldlZer 15 The removal of the organic solvent from the dispersion is
(tradename) available from Microfluidics Corporation, and  preferably conducted such that the concentration of non-
media-type dispersers such as paint shakers and beads mills. volatile components (solid components) in the dispersion
Examples of the commercially available media-type dispers- obtained after removing the organic solvent therefrom is
ers include “Ultra Apex Mill” (tradename) available from preferably not less than 18% by mass, more preferably not
Kotobuki Industries Co., Ltd., and “Pico Mill” (tradename) 20 less than 20% by mass and even more preferably not less
available from Asada Iron Works Co., Ltd. These devices than 22% by mass, and is also preferably not more than 60%
may be used in combination of any two or more thereof. by mass, more preferably not more than 40% by mass and
Among these devices, the high-pressure homogenizers are even more preferably not more than 35% by mass.
preferably used from the viewpoint of reducing the particle In addition, for the purpose of removing coarse particles,
size of the pigment-containing resin particles (a). 25 etc., from the resulting dispersion, it is preferred that after

The more preferred dispersing method is such a methodin ~ further subjecting the dispersion obtained by removing the
which the mixture is subjected to the preliminary dispersion ~ Otganic solvent therefrom to centrifugal separation, a liquid
treatment using a disper or the like, followed by further layer portion thus separated from t'he dispersion is allo\yed
subjecting the resulting dispersion to the high-pressure dis- 10 pass through a filter, etc., to obtain the aqueous dispersion
persion treatment. The term “high-pressure dispersion” as 30 of the pigment-containng polyester-based resin particles A
used herein means that the dispersion treatment is conducted as an aqueous dispersion having passed through the filter,
under a pressure of not less than 20 MPa. etcl. . . . .

R . . . n the thus obtained aqueous dispersion of the pigment-

The pressure used in the aforementioned dispersion treat- - - . .

X containing polyester-based resin particles A, the pigment-
ment is preferably not less than 50 MPa, more preferably not containing polyester-based resin particles A as the solid
less than 100 MPa and even more preferably not less than components are dispersed in an aqueous medium containing
120 MPa, and is also preferably not more than 250 MPa and water as a main medium.
more preferably not more than 200 MPa, from the viewpoint The configuration of the pigment-containing polyester-
of reducing the particle size of the pigment-containing resin based resin particles A used in the present invention is not
particles (a) and enhancing dispersion treatment efficiency. 40 particularly limited, and the pigment-containing polyester-

[Step 2] based resin particles A may have any configuration as long

The step 2 is the step of removing the organic solvent as the particles are formed of at least the pigment and the
from the dispersion of the pigment-containing resin particles polyester PA. Examples of the configuration of the pigment-
(a) obtained in the step 1 to obtain an aqueous dispersion of containing polyester-based resin particles A include the
the pigment-containing polyester-based resin particles A. 45 particle configuration in which at least a part of the pigment

In the step 2, by removing the organic solvent from the is enclosed or encapsulated in the polyester PA, the particle
dispersion of the pigment-containing resin particles (a) configuration in which the pigment is dispersed in the
obtained in the step 1 by any conventionally known meth- polyester PA, the particle configuration in which at least a
ods, it is possible to obtain the aqueous dispersion of the part of the pigment is exposed onto a surface of the respec-
pigment-containing polyester-based resin particles A. The 50 tive pigment-containing polyester-based resin particles A, as
organic solvent is preferably substantially completely well as mixtures of these particle configurations. Among
removed from the thus obtained aqueous dispersion con- these configurations of the pigment-containing polyester-
taining the pigment-containing polyester-based resin par- based resin particles A, preferred is the particle configuration
ticles A. However, the residual organic solvent may be in which at least a part of the pigment is enclosed or
present in the aqueous dispersion unless the objects and 55 encapsulated in the polyester PA, in other words, the particle
advantageous effects of the present invention are adversely configuration in which at least a part of the pigment is coated
affected by the residual organic solvent. The content of the with the polyester PA.
residual organic solvent in aqueous dispersion of the pig- [Step 3]
ment-containing polyester-based resin particles A is prefer- From the viewpoint of suppressing putrefaction of the
ably not more than 0.1% by mass and more preferably not 60 aqueous dispersion of the pigment-containing polyester-
more than 0.01% by mass. based resin particles A, the step 3 is preferably further

In addition, if required, the dispersion of the pigment- conducted after completion of the step 2.
containing resin particles (a) obtained in the step 1 may be The step 3 is the step of mixing the aqueous dispersion of
subjected to heating and stirring treatments before removing the pigment-containing polyester-based resin particles A
the organic solvent therefrom by distillation. 65 obtained in the step 2 and at least one agent selected from the

Examples of the apparatus used for removing the organic
solvent include a thin film distillation apparatus such as a

group consisting of an antiseptic agent, a mildew-proof
agent and a sterilizing agent to obtain an aqueous dispersion
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that contains the at least one agent selected from the group
consisting of an antiseptic agent, a mildew-proof agent and
a sterilizing agent and the pigment-containing polyester-
based resin particles A.

14

and therefore have an ester structure, so that both the resins
exhibit a high compatibility to each other. For this reason, in
the drying step after impacting droplets of the ink onto a
printing medium, it is possible to obtain uniform printed

AS. the mixing method used in the step 3, 'there may be 5 characters or images. Thus, the resulting water-based ink can
mentioned, for example, such a method in which the afore-  pe improved in substrate-adhesion properties, rub fastness
mentioned aqueous dlspe.rsmn of thg plgmfznt-contalmng and solvent resistance.
polyester-based resin particles A is mixed with the at least (Production of Pigment-Free Polyester-Based Resin Par-
one agent selected from the group consisting of an antiseptic ticles B)
agent, a mildew-proof agent and a sterilizing agent at a 10 In addition. the bi o Ivester-based resi g

n addition, the pigment-free polyester-based resin par:

temperature of preferably not lower than 60° C. and more icles B b duced in the f N
preferably not lower than 65° C. while stirring. tl.c es B may be produced 1n The dorm o an aqueous
<Pigment-Free Polyester-Based Resin Particles B> d%sperspn thereof. i['he method of producing the aqueous

The pigment-free polyester-based resin particles B con- d}spersmn of the pigment-free polyester-based resin. par-
tain a polyester PB. 15 ticles B may be.the same as j[he method qf Vproducmg the

The average particle size of the pigment-free polyester- aqueous (.ilspers?on of the pigment-containing polyester-
based resin particles B is preferably not less than 5 nm and ~ based resin particles A. However, it is preferred that the
not more than 200 nm. By using such particles, it is possible aqueous dispersion of the pigment-free polyester-based resin
to obtain a water-based ink that is excellent in substrate- particles B is efliciently produced by the method of mixing
adhesion properties and ejection properties. The average 20 the polyester PB, an organic solvent, a neutralizing agent
particle size of the pigment-free polyester-based resin par- and water, and then removing the organic solvent from the
ticles B is more preferably not less than 10 nm, even more resulting mixture.
preferably not less than 50 nm and further even more As the organic solvent and neutralizing agent used in the
preferably not less than 80 nm from the viewpoint of  aforementioned method of producing the aqueous dispersion
improving ejection properties of the resulting ink, andis also 25 of the pigment-free polyester-based resin particles B, there
more preferably not more than _150 nm, even more prefer- may be used the same organic solvent and neutralizing agent
ably not more than 130 nm and furthe':r even more Preferab]y as used for producing the aqueous dispersion of the pigment-
not more than 120 nm from the viewpoint of improving  contining polyester-based resin particles A. The preferred
substrate-adhesmn properties O,f the .resultmg m_k' examples of the organic solvent and neutralizing agent used

Meanwhile, the average particle size of the pigment-free 30 ;) yhe 4 forementioned method are also the same as those
polyester-based resin particles B may be measured by the described above f ducti £ th i . £

- . escribed above for production of the aqueous dispersion o
method described in Examples below. he pi t-containi Ivester-based resi rticles A
(Polyester PB) the pigment-containing polyester-based resin particles A.
The polvester PB contai lecular chain obtained b In the aforementioned method, the order of mixing of the
e polyester PB contains a molecular chain obtained by . L
subjecting at least an alcohol component and a carboxylic 35 polyes'ter PB, the organic S,Olv.en,t’ the neutralizing agent and
acid component to polycondensation reaction. The specific Watgr Is as fcv)ll'ows. That is, it is more preferred. that after
examples and suitable examples of the alcohol component previously mixug the p.olyester PB and the orgarce SO]VEHF
and carboxylic acid component as the raw material mono- preferably after dissolving the polyester PB in the organic
mers of the polyester PB are respectively the same as those ~ solvent, the neutralizing gent is then added to the resulting
of the aforementioned alcohol component and carboxylic 40 mixture or solution, and while stirring the obtained reaction
acid component as the raw material monomers of the  solution, water is further added thereto.
polyester PA. The polyester PB and the polyester PA may be When mixing the polyester PB, the organic solvent, the
the same or different from each other. neutralizing agent and water, the method of mixing these

From the viewpoint of improving substrate-adhesion components may be the same mixing method as used in the
properties and ejection properties of the resulting ink, the 45 aforementioned method for producing the aqueous disper-
content of the polyester PB in the resin contained in the sion of the pigment-containing polyester-based resin par-
pigment-free polyester-based resin particles B is preferably ticles A. However, the aforementioned respective compo-
not less than 80% by mass and more preferably not less than nents are preferably mixed with each other only by stirring.
90% by mass, and is also preferably not more than 100% by From the viewpoint of improving substrate-adhesion
mass. The content of the polyester PB in the resin contained 50 properties and ejection properties of the resulting ink, the
in the pigment-free polyester-based resin particles B is softening point of the polyester PB is preferably not lower
furthermore preferably 100% by mass. than 90° C., more preferably not lower than 100° C. and

In addition, from the same viewpoint as described above, even more preferably not lower than 110° C., and is also
the content of the polyester PB in the water-based ink is preferably not higher than 170° C., more preferably not
preferably not less than 1% by mass, more preferably not 55 higher than 160° C., even more preferably not higher than
less than 2% by mass and even more preferably not less than 150° C. and further even more preferably not higher than
3% by mass, and is also preferably not more than 20% by 130° C.
mass, more preferably not more than 10% by mass and even From the viewpoint of improving substrate-adhesion
more preferably not more than 8% by mass. properties and ejection properties of the resulting ink, the

[Method for Producing Polyester PB] 60 glass transition temperature (Tg) of the polyester PB is

The polyester PB may also be produced by the same preferably not lower than 50° C. and more preferably not
method as described above for production of the polyester lower than 55° C., and is also preferably not higher than 95°
PA. C., more preferably not higher than 90° C., even more

In the water-based ink of the present invention, the resin preferably not higher than 85° C. and further even more
constituting the pigment-containing polyester-based resin 65 preferably not higher than 80° C. In addition, from the

particles A and the resin constituting the pigment-free poly-
ester-based resin particles B both are formed of a polyester

viewpoint of improving solvent resistance of the resulting
ink, the glass transition temperature (Tg) of the polyester PB
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is preferably not lower than 60° C., more preferably not
lower than 65° C. and even more preferably not lower than
70° C.

From the viewpoint of well controlling a particle size of

16

characters or images can be improved in substrate-adhesion
properties and solvent resistance.

In addition, the organic solvent is more preferably present
in a liquid state at a temperature of 25° C. When using the

the resin particles and improving rub fastness of the result- 5 organic solvent that is present in a liquid state at a tempera-
ing ink, the acid value of the polyester PB is preferably not ture of 25° C., the organic solvent is readily removed by
less than 5 mgKOH/g, more preferably not less than 15 evaporation from the water-based ink on the printing
mgKOH/g and even more preferably not less than 20 medium, so that the resulting printed characters or images
mgKOH/g, and is also preferably not more than 40 mgKOH/ hardly become sticky, and can be improved in substrate-
g, more preferably not more than 37 mgKOH/g and even 10 adhesion properties and solvent resistance.

more preferably not more than 35 mgKOH/g. The boiling point of the organic solvent C is preferably

In addition, the weight-average molecular weight (Mw) of not lower than 150° C., more preferably not lower than 165°
the polyester PB is preferably not less than 5,000, more C. and even more preferably not lower than 180° C. from the
preferably not less than 7,500, even more preferably not less viewpoint of improving adhesion of the printed characters or
than 10,000, further even more preferably not less than 15 images to a non-water absorbing printing medium, and is
12,500 and still further even more preferably not less than also preferably not higher than 225° C. from the viewpoint
20,000 from the viewpoint of improving solvent resistance of improving rub fastness, adhesion to a non-water absorb-
and substrate-adhesion properties of the printed characters ing printing medium and solvent resistance of the resulting
or images obtained by drying the ink, and is also preferably water-based ink.
not more than 150,000, more preferably not more than 20  (Organic Solvent C)

100,000, even more preferably not more than 75,000, further From the viewpoint of using the organic solvent in the
even more preferably not more than 50,000 and still further water-based ink, the organic solvent C may include polar
even more preferably not more than 30,000 from the view- solvents such as ethers, alcohols, esters, lactones, lactams,
point of improving storage stability of the resulting ink. amines and the like, and preferably ethers and alcohols as

The softening point, glass transition temperature, acid 25 compounds having a boiling point of not higher than 235° C.
value and weight-average molecular weight (Mw) of the Among these compounds, the preferred organic solvent C is
polyester PB may be respectively measured by the methods at last one compound selected from the group consisting of
described in Examples below, and may also be respectively diols having a boiling point of not higher than 235° C. and
controlled to desired values by appropriately adjusting kinds glycol ethers having a boiling point of not higher than 235°
and compounding ratios of the monomers used as well as the 30 C.
polycondensation reaction conditions such as the reaction As the diols, from the viewpoint of improving rub fast-
temperature and the reaction time. ness, substrate-adhesion properties and solvent resistance of

<Organic Solvent> the resulting water-based ink, preferred are aliphatic diols

The organic solvent used in the water-based ink of the having not less than 2 and not more than 6 carbon atoms
present invention contains an organic solvent C having a 35 which contain a hydroxy group that is bonded to the sec-
boiling point of not higher than 235° C. in an amount of not ondary carbon atom, more preferred are aliphatic diols
less than 90% by mass. having not less than 3 and not more than 5 carbon atoms

By incorporating such an organic solvent into the water- which contain a hydroxy group that is bonded to the sec-
based ink, it is possible to attain such an advantageous effect ondary carbon atom, and even more preferred are aliphatic
that the resulting water-based ink is enhanced in moisture 40 diols having 3 or 4 carbon atoms and containing a hydroxy
retentivity and exhibits stable ejection properties by sup- group that is bonded to the secondary carbon atom. Among
pressing clogging of nozzles. As the organic solvent, from these aliphatic diols, furthermore preferred is at least one
the viewpoint of using the organic solvent in the water-based compound selected from the group consisting of 1,2-pro-
ink, there may be mentioned polar solvents such as ethers, panediol (boiling point (b.p.): 187° C.), 1,2-butanediol (b.p.
alcohols, esters, lactones, lactams, amines and the like. 45 190° C.) and 1,3-butanediol (b.p. 207° C.).

The content of the organic solvent in the water-based ink Examples of the glycol ethers include ethylene glycol
is preferably not less than 30% by mass and more preferably monoethyl ether (b.p. 135° C.), ethylene glycol monobutyl
not less than 40% by mass on the basis of a total amount of ether (b.p. 171° C.), diethylene glycol monomethyl ether
water and the organic solvent from the viewpoint of improv- (b.p. 194° C.), diethylene glycol monopropyl ether, dieth-
ing wettability of the water-based ink to a printing medium, 50 ylene glycol monoisopropyl ether (b.p. 207° C.), diethylene
and is also preferably less than 50% by mass and more glycol monobutyl ether (b.p. 230° C.) and diethylene glycol
preferably not more than 45% by mass on the basis of a total monoisobutyl ether (b.p. 220° C.). Of these glycol ethers,
amount of water and the organic solvent from the viewpoint from the viewpoint of improving wettability of the resulting
of improving storage stability of the water-based ink. water-based ink to a printing medium as well as from the

As the organic solvent, the organic solvent C may be used 55 viewpoint of improving rub fastness, substrate-adhesion
in combination with the other organic solvents. The content properties and solvent resistance of the printed characters or
of the organic solvent C having a boiling point of not higher images obtained by drying the water-based ink, preferred is
than 235° C. in a whole amount of the organic solvent used at last one compound selected from the group consisting of
is preferably not less than 90% by mass, more preferably not diethylene glycol monobutyl ether and diethylene glycol
less than 95% by mass, even more preferably not less than 60 monoisobutyl ether, more preferred is diethylene glycol
99% by mass and further even more preferably 100% by monoisobutyl ether.
mass. When the content of the organic solvent C having a In addition, as the other solvent C, there may be men-
boiling point of not higher than 235° C. in a whole amount tioned y-butyrolactone, etc.
of the organic solvent used is not less than 90% by mass, the <Water>
organic solvent tends to hardly remain between the printing 65  As the water contained in the water-based ink of the

medium and the printed characters or images obtained by
drying the water-based ink, so that the resulting printed

present invention, preferred are pure water and ultrapure
water, such as ion-exchanged water and distilled water.
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The content of water in the water-based ink is preferably
not less than 45% by mass and more preferably not less than
47% by mass, and is also preferably not more than 75% by
mass and more preferably not more than 65% by mass, from

18

The content of the surfactant D in the water-based ink is
preferably not less than 0.05% by mass, more preferably not
less than 0.30% by mass and even more preferably not less
than 0.50% by mass, and is also preferably not more than

the viewpoint of reducing an amount of the organic solvent 5 5.00% by mass, more preferably not more than 1.50% by
used and improving ejection properties of the resulting mass and even more preferably not more than 1.00% by
water-based ink. mass.

<Surfactant D> The water-based ink of the present invention may also

In the water-based ink of the present invention, from the contain, in addition to the aforementioned respective com-
viewpoint of improving ejection stability of the resulting 10 ponents, any optional components such as a pH controller
water-based ink, it is preferred that a surfactant D is incor- such as amines, a chelating agent such as ethylenediamine
porated thereinto as a surface tension modifier. Examples of tetraacetic acid, a rust preventive and an antioxidant, etc., if
the surfactant D include a nonionic surfactant, an anionic required.
surfactant and a cationic surfactant, etc. Among these sur- <Process for Producing Water-Based Ink>
factants, preferred is a nonionic surfactant. As the surfactant 15 The water-based ink of the present invention may be
D, there may be used, for example, those surfactants that produced by mixing at least the aforementioned pigment-
may be usually used in the water-based ink. Examples of the containing polyester-based resin particles A, the aforemen-
surfactant D include commercially available surfactants. tioned pigment-free polyester-based resin particles B, the

The nonionic surfactant used in the present invention may aforementioned organic solvent and water, in which the
be any nonionic surfactant that can be suitably used in the 20 aforementioned pigment-containing polyester-based resin
water-based ink. Examples of the nonionic surfactant particles A and the aforementioned pigment-free polyester-
include a polyoxyalkylene alkyl ether-type surfactant, an based resin particles B are preferably mixed in the form of
acetylene glycol-based surfactant, a polyhydric alcohol-type an aqueous dispersion of the aforementioned pigment-con-
surfactant, a fatty acid alkanol amide, a silicone-based taining polyester-based resin particles A and an aqueous
surfactant and a fluorine-based surfactant. Among these 25 dispersion of the aforementioned pigment-free polyester-
nonionic surfactants, preferred is at least one surfactant based resin particles B, respectively.
selected from the group consisting of a polyoxyalkylene The aqueous dispersion of the aforementioned pigment-
alkyl ether-type surfactant, an acetylene glycol-based sur- containing polyester-based resin particles A and the aqueous
factant and a silicone-based surfactant; more preferred is at dispersion of the aforementioned pigment-free polyester-
least one surfactant selected from the group consisting of a 30 based resin particles B which both are used in the process for
surfactant in the form of an alkyleneoxide adduct of an producing the water-based ink of the present invention are
alcohol having not less than 8 and not more than 30 carbon more preferably aqueous dispersions obtained via the afore-
atoms, an acetylene glycol-based surfactant and a silicone- mentioned respective steps.
based surfactant; and even more preferred is a silicone-based Also, the water-based ink of the present invention may be
surfactant. 35 further mixed with the aforementioned respective optional

From the viewpoint of improving ejection stability of the components, if required, in addition to the aforementioned
resulting water-based ink as well as from the viewpoint of pigment-containing polyester-based resin particles A, the
improving rub fastness, substrate-adhesion properties and aforementioned pigment-free polyester-based resin particles
solvent resistance of the printed characters or images B, the aforementioned organic solvent and water.
obtained by drying the water-based ink, further even more 40  Furthermore, the process for producing the water-based
preferred is a combination of the surfactant in the form of an ink of the present invention may also include the step of
alkyleneoxide adduct of an alcohol having not less than 8 subjecting a mixed solution obtained by mixing these com-
and not more than 30 carbon atoms and the acetylene ponents to filtration treatment using a filter, etc., if required.
glycol-based surfactant. [Ink-Jet Printing Method]

The number of carbon atoms of the alcohol having not 45  The ink-jet printing method according to the present
less than 8 and not more than 30 carbon atoms is preferably invention is not particularly limited as long as the afore-
not less than 10 and more preferably not less than 12, and is mentioned water-based ink is used therein, and is preferably
also preferably not more than 24, more preferably not more carried out by further using the following method, because
than 22 and even more preferably not more than 20. the advantageous effects of the present invention can be

From the same viewpoint as described above, as the so further enhanced.
alkyleneoxide adduct of the alcohol, preferred are an ethyl- The ink-jet printing method according to the present
eneoxide adduct of the alcohol and an ethyleneoxide/pro- invention is such an ink-jet printing method including the
pyleneoxide adduct of the alcohol, and more preferred is an step of printing characters or images on a printing medium
ethyleneoxide adduct of the alcohol, i.e., a polyoxyethylene using the aforementioned water-based ink of the present
alkyl ether. 55 invention, in which the printing medium has a water absorp-

In addition, the silicone-based surfactant is preferably a tion of not less than 0 g/m* and not more than 2.5 g/m® per
polyether-modified silicone surfactant, more preferably an unit surface area thereof as measured in a pure water contact
alkylene glycol-modified polydimethylsiloxane, and even time of 100 milliseconds.
more preferably an alkylene glycol-modified polydimethyl- The water absorption of the printing medium used in the
siloxane containing at least one alkylene group selected 60 ink-jet printing method according to the present invention as
from the group consisting of an ethylene group and a measured under the condition that a contact time between
propylene group. Meanwhile, the molar number of addition the printing medium and pure water is 100 milliseconds is
of the alkylene group in the alkylene glycol is preferably not not less than 0 g/m? and not more than 2.5 g/m? per unit
less than 5, more preferably not less than 8 and even more surface area thereof. Examples of the printing medium
preferably not less than 10, and is also preferably not more 65 include at least one film selected from the group consisting

than 40, more preferably not more than 30 and even more
preferably not more than 20.

of a polyester film such as a polyethylene terephthalate film,
a polyvinyl chloride film, a polypropylene film, a polyeth-
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ylene film and a nylon film, etc. These films may be
subjected to surface treatments such as corona treatment,
etc., if required. Among these printing media, from the
viewpoint of improving substrate-adhesion properties of the
printed characters or images obtained by drying the ink,
preferred is a polyester film.

Examples of the generally available films include
“LUMIRROR (registered trademark) T60” (polyethylene
terephthalate; water absorption: 2.3 g/m?) available from

20

<1> A water-based ink containing pigment-containing poly-
ester-based resin particles A, pigment-free polyester-based
resin particles B, an organic solvent and water, in which a
content of an organic solvent C having a boiling point of not
higher than 235° C. in a whole amount of the organic solvent
is not less than 90% by mass.

<2> The water-based ink according to the aspect <1>,
wherein the pigment-containing polyester-based resin par-
ticles A contain a polyester PA that is obtained by subjecting

Toray Industries Inc., “PVC80B P” (polyvinyl chloride; 10 at least an alcohol comppnent and a carboxylic acid com-
water absorption: 1.4 g/m?) available from Lintec Corpora- ponent to polycondensation. .
tion, “KINATH KEE 70CA” (polyethylene) available from <3> The water-based ink accordmg‘ to the aspect <.2>’
Lintec Corporation, “YUPO SG90 PATI” (polypropylene) wherein the algohc.)l cpmponent Conta%ns an aromatlc. diol,
available from Lintec Corporation, and “BONYL RX” (ny- | Ialgiizle aromatic diol is an alkyleneoxide adduct of bisphe-
lon) availal?le from Kohjin F .ilm & Chemicals Cg., Ltd. 4> "'fhe water-based ink according to the aspect <3>,
Meanwhile, the aforementioned water absorption of the . : . .
" . . wherein the alkyleneoxide adduct of bisphenol A is a com-
Pnntlng medium may be measured by the method described pound represented by the following general formula (I):
in Examples below.
The ink-jet printing apparatus suitably used in the ink-jet 20
printing method of the present invention may be of either a )
thermal type or a piezoelectric type. In the ink-jet printing
method of the present invention, a piezoelectric type ink-jet (|:H3
printing apparatus is preferably used for printing characters H—(OR’)x—OOCOO—(RZO)y—H
or images on a printing medium using the aforementioned 25 éH
water-based ink. In the piezoelectric ink-jet printing method, :
the water-based ink hardly suffers from heating or evapo-
ration upon printing, so that it is possible to print characters wherein OR! and R?QO are respectively an oxyalkylene
or images without any damage to the aforementioned prop- group, and are preferably each independently an oxyalky-
erties of the water-based ink. 30 lene group having not less than 1 and not more than 4 carbon
In the ink-jet printing method of the present invention, atoms and more preferably an oxyethylene group or an
after heating the printing medium, characters or images can oxypropylene group;
be printed on the printing medium by an ink-jet printing x and y each correspond to a molar number of addition of
system using the aforementioned water-based ink. The heat- the alkyleneoxide, and are each independently preferably
ing temperature of the printing medium is preferably not 35 not less than 1 and more preferably not less than 2, and are
lower than 40° C. and more preferably not lower than 50° C. also each independently preferably not more than 16, more
from the viewpoint of improving substrate-adhesion prop- preferably not more than 7, even more preferably not more
erties of the printed characters or images, and is also than 5 and further even more preferably not more than 3, in
preferably not higher than 100° C., more preferably not which an average value of a sum of x and y is preferably not
higher than 80° C. and even more preferably not higher than 40 less than 2, and the average value of a sum of x and y is also
60° C. from the viewpoint of suppressing deterioration of the preferably not more than 7, more preferably not more than
printing medium and saving energy consumed. 5 and even more preferably not more than 3; and
In addition, from the viewpoint of promoting drying of the the OR! groups in the number of x and the R>O groups in
ink after printing characters or images on a printing medium, the number of y may be respectively the same or different
the printing medium may be heated after forming the printed 45 from each other, and the OR* groups and the R*O groups are
characters or images thereon. The heating temperature of the respectively preferably identical to each other.
printing medium thus printed is preferably not lower than <5> The water-based ink according to any one of the aspects
40° C. and more preferably not lower than 50° C. from the <2> to <4>, wherein a content of the alkyleneoxide adduct
viewpoint of improving substrate-adhesion properties of the of bisphenol A in the alcohol component is preferably not
printed characters or images, and is also preferably not 50 less than 50 mol %, more preferably not less than 60 mol %
higher than 100° C., more preferably not higher than 80° C. and even more preferably not less than 70 mol %, and is also
and even more preferably not higher than 60° C. from the preferably not more than 100 mol %.
viewpoint of suppressing deterioration of the printing <6> The water-based ink according to any one of the aspects
medium and saving energy consumed. <2> to <5>, wherein the carboxylic acid component is
The heating time of the printing medium printed is 55 preferably at least one compound selected from the group
preferably not less than 10 seconds, more preferably not less consisting of an unsaturated aliphatic dicarboxylic acid and
than 60 seconds and even more preferably not less than 120 a saturated aliphatic dicarboxylic acid, and more preferably
seconds from the viewpoint of promoting drying of the ink an unsaturated aliphatic dicarboxylic acid.
on the printing medium, and is also preferably not more than <7> The water-based ink according to any one of the aspects
300 seconds and more preferably not more than 200 seconds 60 <2> to <6>, wherein a content of the polyester PA in a resin
from the viewpoint of suppressing deterioration of the contained in the pigment-containing polyester-based resin
printing medium and saving energy consumed. particles A is preferably not less than 80% by mass and more
With respect to the aforementioned embodiments, the preferably not less than 90% by mass, and is also preferably
present invention further provides the following aspects <1> not more than 100% by mass, and is furthermore preferably
to <36> relating to the water-based ink, the process for 65 100% by mass.

producing the water-based ink, the ink-jet printing method,
and the use of the water-based ink.

<8> The water-based ink according to any one of the aspects
<2> to <7>, wherein a content of the polyester PA in the
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water-based ink is preferably not less than 1% by mass and
more preferably not less than 2% by mass, and is also
preferably not more than 20% by mass, more preferably not
more than 10% by mass and even more preferably not more
than 5% by mass.

<9> The water-based ink according to any one of the aspects
<I> to <8>, wherein a content of the pigment in the
water-based ink is preferably not less than 1% by mass, more
preferably not less than 2% by mass and even more prefer-

22

<15> The water-based ink according to any one of the
aspects <11> to <14>, wherein the alcohol component
includes at least one compound selected from the group
consisting of ethylene glycol, propylene glycol (identical to
“1,2-propanediol”), glycerin, pentaerythritol, trimethylol-
propane, hydrogenated bisphenol A, sorbitol and alkylene
(having not less than 2 and not more than 4 carbon atoms)
oxide adducts of these compounds (average molar number
of addition of the alkyleneoxide: not less than 1 and not

ably not less than 3% by mass, and is also preferably not 10 o han 16).
more than 25% by mass, more preferably not more than 10% <16> The water-based ink according to any one of the
by mass and even more preferably not more than 7% by aspects <11> to <15>, wherein the carboxylic acid compo-
[Mass. . . nent is preferably at least one compound selected from the
<10> The water-based mk according o any one of the group consisting of an aromatic dicarboxylic acid, an ali-
aspects <2> to <9>, wherein a mass ratio of the pigment to 15 hatic dicarboxvlic acid licvelic dicarboxvlic acid and
the polyester PA [pigment/polyester PA] is preferably not phatic QLearboxyne acld, an aCYCHe dIearboxyle acid an
less than 50/50, more preferably not less than 55/45 and a trivalent or higher-valent polycarboxylic acid, more pref-
even more preferably not less than 60/40, and is also erabl}r _at least one cc?mppund sel‘ecteq from the.grou.p
preferably not more than 90/10, more preferably not more CQnsmtlng Pf an aromatic dicarboxylic acid and an al¥phat1c
than 85/15 and even more preferably not more than 80/20. 20 dicarboxylic acid, and even more preferably an aliphatic
<11> The water-based ink according to any one of the dicarboxylic acid.
aspects <1> to <10>, wherein the pigment-free polyester- <17> The water-based ink according to any one of the
based resin particles B contain a polyester PB that is aspects <11> to <16>, wherein a content of the polyester PB
obtained by subjecting at least an alcohol component and a i @ resin contained in the pigment-free polyester-based
carboxylic acid component to polycondensation. 25 resin particles B is preferably not less than 80% by mass and
<12> The water-based ink according to the aspect <11>, ~ more preferably not less than 90% by mass, and is also
wherein the alcohol component as a raw material monomer preferably not more than 100% by mass.
from which a constitutional unit of the polyester PB is ~ <18> The water-based ink according to any one of the
derived contains an aromatic diol, and the aromatic diol is an aspects <11>to <17>, wherein a content of the polyester PB
alkyleneoxide adduct of bisphenol A. 30 in the water-based ink is preferably not less than 1% by
<13> The water-based ink according to the aspect <12>, mass, more preferably not less than 2% by mass and even
wherein the alkyleneoxide adduct of bisphenol A is a com- more preferably not less than 3% by mass, and is also
pound represented by the following general formula (I): preferably not more than 20% by mass, more preferably not
more than 10% by mass and even more preferably not more
35 than 8% by mass.
I} <19> The water-based ink according to any one of the
aspects <1> to <18>, wherein a content of the organic
?H3 solvent in the water-based ink is preferably not less than
H—(OR‘y—OOCOO—(RZO)y—H 30% by mass and more preferably not less than 40% by
éH~ 40 mass, and is also preferably less than 50% by mass and more
? preferably not more than 45% by mass, on the basis of a total
amount of water and the organic solvent.
wherein OR' and R®O are respectively an oxyalkylene <20> The water-based ink according to any one of the
group, and are preferably each independently an oxyalky- aspects <I> to <19>, wherein a content of the organic
lene group having not less than 1 and not more than 4 carbon 45 solvent C having a boiling point of not higher than 235° C.
atoms and more preferably an oxyethylene group or an in a whole amount of the organic solvent used is preferably
oxypropylene group; not less than 95% by mass, more preferably not less than
x and y each correspond to a molar number of addition of 99% by mass and even more preferably 100% by mass.
the alkyleneoxide, and are each independently preferably <21> The water-based ink according to any one of the
not less than 1 and more preferably not less than 2, and are 50 aspects <1> to <20>, wherein the organic solvent is prefer-
also each independently preferably not more than 16, more ably present in a liquid state at a temperature of 25° C.
preferably not more than 7, even more preferably not more <22> The water-based ink according to any one of the
than 5 and further even more preferably not more than 3, in aspects <I> to <21>, wherein the organic solvent C is
which an average value of a sum of x and y is preferably not preferably at least one compound selected from the group
less than 2, and the average value of a sum of x and y is also 55 consisting of diols having a boiling point of not higher than
preferably not more than 7, more preferably not more than 235° C. and glycol ethers having a boiling point of not
5 and even more preferably not more than 3; and higher than 235° C.
the OR! groups in the number of x and the R?O groups in <23> The water-based ink according to any one of the
the number of y may be respectively the same or different aspects <1> to <22>, wherein a boiling point of the organic
from each other, and the OR" groups and the R®0 groups are 60 solvent C is preferably not lower than 150° C., more
respectively preferably identical to each other. preferably not lower than 165° C. and even more preferably
<14> The water-based ink according to the aspect <12> or not lower than 180° C., and is also preferably not higher than
<13>, wherein a content of the alkyleneoxide adduct of 225° C.
bisphenol A in the alcohol component is preferably not less <24> The water-based ink according to any one of the
than 50 mol %, more preferably not less than 60 mol % and 65 aspects <1>to <23>, wherein the water is preferably at least

even more preferably not less than 70 mol %, and is also
preferably not more than 100 mol %.

one water selected from the group consisting of ion-ex-
changed water and distilled water.

Ningde Amperex Tech. Exhibit No. 2047

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2025-00432, U.S. Patent No. 11,575,148

Page 12 of 29



US 10,774,229 B2

23

<25> The water-based ink according to any one of the
aspects <1> to <24>, wherein a content of the water in the
water-based ink is preferably not less than 45% by mass and
more preferably not less than 47% by mass, and is also
preferably not more than 75% by mass and more preferably
not more than 65% by mass.

<26> The water-based ink according to any one of the
aspects <1> to <25>, wherein the water-based ink further
contains a surfactant D, and a content of the surfactant D in

24

<32> The process for producing the water-based ink,
according to the aspect <30> or <31>, wherein the aqueous
dispersion of the pigment-free polyester-based resin par-
ticles B is produced by mixing the polyester PB, an organic
solvent, a neutralizing agent and water, and then removing
the organic solvent from the resulting mixture.

<33> An ink-jet printing method including the step of
printing characters or images on a printing medium using the
water-based ink according to any one of the aspects <1> to

the water-based ink is preferably not less than 0.05% by 10 <29>, in which a water absorption of the printing medium
mass, more preferably not less than 0.30% by mass and even  per unit surface area thereof is not less than 0 g/m* and not
more preferably not less than 0.50% by mass, and is also  more than 2.5 g/m® as measured in a pure water contact time
preferably not more than 5.00% by mass, more preferably of 100 milliseconds.
not more than 1.50% by mass and even more preferably not <34> The ink-jet printing method according to the aspect
more than 1.00% by mass. 15 <33>, wherein the printing medium is preferably at least one
<27> The water-based ink according to the aspect <26>, film selected from the group consisting of a polyester film,
wherein the surfactant D is preferably a nonionic surfactant, a polyvinyl chloride film, a polypropylene film, a polyeth-
and the nonionic surfactant is preferably at least one sur- y]ene film and a ny]on film, and more preferab]y a po]yester
factant selected from the group consisting of a polyoxyalky- film.
lene alkyl ether-type surfactant, an acetylene glycol-based 20 <35> A use of the water-based ink according to any one of
surfactant and a silicone-based surfactant, more preferably the aspects <1>to <29> for printing characters or images on
at least one surfactant selected from the group consisting of a printing medium using an ink-jet printing apparatus, in
a surfactant in the form of an alkyleneoxide adduct of an which a water absorption of the printing medium per unit
alcohol having not less than 8 and not more than 30 carbon surface area thereof is not less than 0 g/m* and not more than
atoms, an acetylene glycol-based surfactant and a silicone- 25 2.5 g/m2 as measured in a pure water contact time of 100
based surfactant, and even more preferably a silicone-based milliseconds.
surfactant. <36> The use of the water-based ink, according to the aspect
<28> The water-based ink according to any one of the = <35> wherein the printing medium is preferably at least one
aspects <11>to <27>, wherein an acid value of the polyester film selected from the group consisting of a polyester film,
PB is preferably not less than 5 mgKOH/g, more preferably 30 a polyvinyl chloride film, a polypropylene film, a polyeth-
not less than 15 mgKOH/g and even more preferably not less y]ene film and a ny]on film, and more preferab]y a po]yester
than 20 mgKOH/g, and is also preferably not more than 40 film.
mgKOH/g, more preferably not more than 37 mgKOH/g and
even more preferably not more than 35 mgKOH/g. EXAMPLES
<29> The water-based ink according to any one of the 35
aspects <11> to <28>, wherein a weight-average molecular In the following Production Examples, Preparation
weight (Mw) of the polyester PB is preferably not less than Examples, Examples and Comparative Examples, various
5,000, more preferably not less than 7,500, even more properties and characteristics were measured and evaluated
preferably not less than 10,000, further even more preferably by the following methods.
not less than 12,500 and still further even more preferably 40  [Acid Value of Polyester]
not less than 20,000, and is also preferably not more than The acid value of the polyester was measured by the same
100,000, more preferably not more than 75,000, even more neutralization titration method as prescribed in J1S K 0070-
preferably not more than 50,000 and further even more 1992 except that a mixed solvent of ethanol and ether used
preferably not more than 30,000. in the method was replaced with a mixed solvent containing
<30> A process for producing the water-based ink according 45 acetone and toluene at a volume ratio [acetone:toluene] of
to any one of the aspects <1>to <29>, including the step of 1:1.
mixing the pigment-containing polyester-based resin par- [Softening Point of Polyester]
ticles A, the pigment-free polyester-based resin particles B, Using a flow tester “CFT-500D" available from Shimadzu
the organic solvent and water. Corporation, 1 g of a sample to be measured was extruded
<31> The process for producing the water-based ink, 50 through a nozzle having a die pore diameter of 1 mm and a
according to the aspect <30>, wherein the pigment-contain- length of 1 mm while heating the sample at a temperature
ing polyester-based resin particles A and the pigment-free rise rate of 6° C./minute and applying a load of 1.96 MPa
polyester-based resin particles B are preferably mixed in the thereto by a plunger. The softening point of the sample was
form of an aqueous dispersion of the pigment-containing determined as the temperature at which a half amount of the
polyester-based resin particles A and an aqueous dispersion 55 sample was flowed out when plotting a downward move-
of the pigment-free polyester-based resin particles B, respec- ment of the plunger of the flow tester relative to the
tively, in which the aqueous dispersion of the pigment- temperature.
containing polyester-based resin particles A is preferably [Glass Transition Temperature of Polyester]
produced by a process including the following steps 1 and 2: Using a differential scanning calorimeter “Pyris 6 DSC”
Step 1: subjecting a mixture containing the pigment and 60 (tradename) commercially available from PerkinElmer Co.,
the polyester PA as well as the organic solvent and water to Ltd., a sample to be measured was heated to 200° C. and
dispersion treatment to obtain a dispersion of pigment- then cooled from 200° C. to 0° C. at a temperature drop rate
containing resin particles (a); and of 10° C./minute, and thereafter heated again at a tempera-
Step 2: removing the organic solvent from the dispersion ture rise rate of 10° C./minute to prepare an endothermic
of the pigment-containing resin particles (a) obtained in the 65 characteristic curve thereof. The temperature at which an

step 1 to obtain the aqueous dispersion of the pigment-
containing polyester-based resin particles A.

extension of a baseline below an endothermic maximum
peak temperature on the curve was intersected with a
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tangential line having a maximum inclination of the curve in

the range of from a rise-up portion to an apex of the peak

was read as a glass transition temperature of the sample.
Meanwhile, in the case where the sample was in the form

26

[Solid Contents of Respective Dispersions, Respective
Aqueous Dispersions, Respective Concentrates, Solution of
Water-Insoluble Polymer R and Dispersion Treatment Prod-
uct]

of resin particles dispersed in an aqueous dispersion of the 3 Ten grams (10.0 g) of sodium sulfate dried to constant
resin particles, the aqueous dispersion was freeze-dried at weight in a desiccator were weighed and charged in a 30 mL
-10° C. for 9 hours using a freeze dryer “FDU-2100" polypropylene container (inner diameter: 40 mm; height: 30
available from Tokyo Rika Kikai Co., Ltd., and the thus mm), and 1.0 g of a sample to be measured was added to the
obtained freeze-dried product was used as the sample. container and mixed with the sodium sulfate to prepare a
[Weight-Average Molecular Weight (Mw) of Water-In- 19 mixture. Thereafter, the resulting mixture was weighed and
soluble Polymer R] maintained in the container at 105° C. for 2 hours to remove
The weight-average molecular weight (Mw) of the sample volatile components therefrom, and further allowed to stand
was measured by gel permeation chromatography using the in a desiccator for 15 minutes to measure a mass of the
following measuring apparatus and analytical columns and |, mixture after removing the volatile components therefrom.
further using an eluent prepared by dissolving phosphoric The value obtained by subtracting the mass of the sodium
acid and lithium bromide in N,N-dimethy] formamide such sulfate from the mass of the mixture after removing the
that concentrations of phosphoric acid and lithium bromide volatile components therefrom was regarded as a mass of
in the resulting solution were 60 mmol/L. and 50 mmol/L, solids in the sample obtained after removing the volatile
respectively. The weight-average molecular weight (Mw) of 20 components therefrom. The solid content (% by mass) of the
the sample was calculated on the basis of a calibration curve sample was calculated by dividing the mass of the solids by
previously prepared using several kinds of monodisperse the mass of the sample before removing the volatile com-
polystyrenes “TSKgel Standard Polystyrenes” (tradename; ponents therefrom.
type names: “A-5007, “A-2500”. “F-1” and “F-107) all [Average Particle Sizes of Pigment-Containing Polyester-
available from Tosoh Corporation. The sample was dis- 25 Based Resin Particles A, Pigment-Containing Resin Par-
solved in N,N-dimethy] formamide to prepare a solution of ticles Q, Pigment-Free Polyester-Based Resin Particles B,
the sample having a solid content of 0.3% by mass. and Pigment-Free Resin Particles in Aqueous Dispersion Y]
<Measuring Conditions> The respective particles were subjected to cumulant
Measuring apparatus: “HLC-8120GPC” available from analysis using a laser particle analyzing system “ELS-8000”
Tosoh Corporation 30 available from Otsuka Electrics Co., Ltd., to measure an
Analytical columns: “TSK-GEL, a-M”x2 available from average particle size thereof. The measurement was con-
Tosoh Corporation ducted at a temperature of 25° C., an angle between incident
Column temperature: 40° C. light and detector of 90° and a cumulative number of 100
Flow rate: 1 mL/min 55 times, and a refractive index of water (1.333) was input to
[Weight-Average Molecular Weights (Mw) of Polyester the analyzing system as a refractive index of the dispersing
PA and Polyester PB] medium. Further, the measurement was conducted by
(1) Preparation of Sample Solution adjusting the concentration of the dispersion to be measured
A resin to be measured was dissolved in chloroform to to 5x1073% by mass.
prepare a solution of the resin having a concentration of 0.5 49  [Water Absorption of Printing Medium as Measured in
/100 mL. The resultant solution was then subjected to Pure Water Contact Time of 100 Milliseconds]
filtration treatment by passing through a fluororesin filter Using an  automatic  scanning  absorptiometer
“FP-200” having a pore size of 2 um available from Sumi- “KM500win” available from Kumagai Riki Kogyo Co.,
tomo Electric Industries, Ltd., to remove insoluble compo- Ltd., the amount of pure water transferred to a printing
nents therefrom, thereby preparing a sample solution. 45 medium when contacting the printing medium with pure
(2) Measurement of Molecular Weight water for 100 milliseconds was measured at a temperature of
Tetrahydrofuran as an eluent was allowed to flow through ~ 23° C. and a relative humidity of 50%. The thus measured
the analytical columns at a flow rate of 1 mL/minute, and the ~ @mount of pure water transferred to the printing medium was
columns were stabilized in a thermostat at 40° C. One determined as a water absorption of the printing medium as
hundred microliters (100 pL) of the sample solution were ° measured in‘ a pure water contact time of 100 milliseconds.
injected into the columns to measure a molecular weight of Thf measuring con ditions are as follows.
the sample. The weight-average molecular weight of the Spiral Method .
sample was calculated on the basis of a calibration curve I()Zo ntact tlm.e (sec): 0.010-1.0
L o . itch (mm): 7
preylously prepared. The c.ahbratlon curve 01‘ the mo.lecular 55 Length Per Sampling (degree): 86.29
weight was prepared by using several kinds of monodisperse Start Radius (mm): 20
polystyrenes (monodisperse polystyrenes having weight- End Radius (mm): 60
average molecular weights (Mw) of 2.63x10%, 2.06x10* and Min Contact Time (ms): 10
1.02x10° all available from Tosoh Corporation as well as Max Cintact Time (ms): 1,000
monodisperse polystyrenes having weight-average molecu- s, Sampling Pattern (1-50): 50
lar weights (Mw) of 2.10x10°, 7.00x10° and 5.04x10* all Number of Sampling Points (>0): 19
available from GL. Sciences Inc., as reference standard “Square Head”
samples. Slit Span (mm): 1
Measuring Apparatus: “CO-8010" available from Tosoh Slit Width (mm): 5
Corporation 65  The details of the pigment, the aqueous dispersion Y of

Analytical Columns: “GMHXL” and “G3000HXL” both
available from Tosoh Corporation

the pigment-free resin particles (for Comparative Example),
the organic solvent C, the other organic solvents and the
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surfactant D used in the following Production Examples,
Preparation Examples, Examples and Comparative
Examples are as follows.
[Pigment]
Cyan pigment: PB 15:3 (copper phthalocyanine pigment)
available from Dainichiseika Color & Chemicals Mfg.
Co., Ltd.
Magenta pigment; PR122 (quinacridone-based pigment)
available from Dainichiseika Color & Chemicals Mfg.
Co., Ltd.
PR150 (azo-based pigment) available from Fuji Pig-
ment Co., Ltd.
Yellow pigment; PY155 (azo-based pigment) available
from Clariant Corporation
Black pigment; PB7 (carbon black) available from Cabot
Corporation
[Aqueous Dispersion Y of Pigment-Free Resin Particles]
Aqueous dispersion Y: Water-insoluble acrylic resin
emulsion “NeoCryl A-1127” (tradename; solid content:
44.0% by mass) available from DSM NeoResins, Inc.;
average particle size: 63.0 nm
[Organic Solvent C]
Diethylene glycol monobutyl ether; boiling point: 230° C.
iBDG: Diethylene glycol monoisobutyl ether; boiling
point: 220° C.
Propylene glycol; boiling point: 187° C.
1,2-Butanediol; boiling point: 190° C.
1,3-Butanediol; boiling point: 207° C.
[Other Organic Solvents]
Polyethylene glycol 200 (PEG200); boiling point: 250° C.
Glycerin; boiling point: 290° C.; available from Kao
Corporation
Meanwhile, the organic solvents C other than glycerin as
well as the other organic solvent are products available from
Wako Pure Chemical Industries, Ltd.
[Surfactant D]
Polyoxyethylene lauryl ether “EMULGEN 120” (trade-
name; nonionic surfactant) available from Kao Corpo-
ration

15

20

25

35

28
Propylene glycol (50% by mass) solution of an acetylene
glycol-based surfactant “SURFYNOL (registered
trademark) 104PG50” (tradename; nonionic surfactant)
available from Air Products & Chemicals, Inc.
Alkylene glycol-modified polydimethylsiloxane “KF-
60117 (tradename; nonionic surfactant) available from
Shin-Etsu Chemical Co., Ltd.

Production Examples 1 to 9 (Production of
Polyesters PA-1 and PA-2 and Polyesters PB-1 to
PA-8)

The respective raw material monomers (alcohol compo-
nent and carboxylic acid component) as well as the esteri-
fication catalyst and the esterification co-catalyst as shown
in Table 1 were formulated in amounts shown in Table 1, and
the resulting mixture was charged into a 10 L-capacity
four-necked flask equipped with a thermometer, a stirrer, a
falling type condenser and a nitrogen inlet tube. The con-
tents of the flask were reacted with each other in a mantle
heater in a nitrogen atmosphere at 210° C. for 10 hours.
Thereafter, the contents of the flask were reacted under a
pressure of -8.3 kPa (G) until a softening point of the
obtained reaction product reached the temperature shown in
Table 1, thereby obtaining the respective polyesters.

The kinds and amounts of the alcohol component and
carboxylic acid component compounded as the raw materi-
als as well as properties of the resulting polyesters, etc., are
shown in Table 1.

Meanwhile, in the present specification, although “PA-2”
and “PB-1” indicate the same polymer, the polymer was
expressed by “PA-2” in the case where it was used as the
resin in the below-mentioned pigment-containing polyester-
based resin particles, whereas the polymer was expressed by
“PB-1” in the case where it was used as the resin in the
below-mentioned pigment-free polyester-based resin par-
ticles.

TABLE 1
Production Example 1 Production Example 2 Production Example 3
Polyesters
PA-I PA-2, PB-1 PB-2
mole mole mole
g part(s)*! g part(s)*! g part(s)*!
Raw material Alcohol BPA-PO*? 3718 100 5740 100 3255 50
monomers component ~ BPA-EO*? — — — — — —
HBPA** — — — — 2232 50
1,2-Propanediol — — — — — —
Ethylene glycol — — — — — —
Trimethylolpropane — — — — — —
Carboxylic ~ Terephthalic acid — — 1633 60 2624 85
acid Fumaric acid 1282 104 571 30 324 15
component  Isophthalic acid — — — — — —
Adipic acid — — — — — —
Dodecenylsuccinic anhydride — — — — — —
Trimellitic anhydride — — 378 12 — —
Esterification Tin (II) di(2-ethyl hexanoate) [g] 25 40 40
catalyst
Esterification 3,4,5-Tetrahydroxybenzoic acid [g] 0.25 — —
co-catalyst
Properties of Softening point [° C.] 100.9 122 141
polyesters Glass transition temperature [ C.] 58.5 72 90
Acid value [mgKOH/g] 22.4 31 24
Weight-average molecular weight (Mw) 13700 20700 7500
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TABLE 1-continued
Production Example 4 Production Example 5 Production Example 6
Polyesters
PB-3 PB-4 PB-5
mole mole mole
g part(s)*! g part(s) *' g part(s)*"
Raw material Alcohol BPA-PO*? — — — — 3680 80
monomers component BPA-EO*? — — — — 808 20
HBPA** 2932 47 — — — —
1,2-Propanediol — — 761 100 — —
Ethylene glycol 596 37 — — — —
Trimethylolpropane 577 16 — — — —
Carboxylic  Terephthalic acid — — 1328 80 1228 74
acid Fumaric acid — — — — — —
component  Isophthalic acid 3970 92 — — —
Adipic acid — — — — — —
Dodecenylsuccinic anhydride — — — — — —
Trimellitic anhydride — — 77 4 — 16
Esterification Tin (II) di(2-ethyl hexanoate) [g] 40 30 15
catalyst
Esterification 3,4,5-Tetrahydroxybenzoic acid [g] — — —
co-catalyst
Properties of Softening point [¢ C.] 165 140 145
polyesters Glass transition temperature [° C.] 94 78 76
Acid value [mgKOH/g] 8 14.5 17.8
Weight-average molecular weight (Mw) 42000 66000 140000

Production Example 7 Production Example 8 Production Example 9

Polyesters
PB-6 PB-7 PB-8
mole mole mole
g part(s)*" g part(s)*! g part(s)*"
Raw material Alcohol BPA-PO*? 4600 100 1394 30 3220 70
monomers component ~ BPA-EO*3 — — 2816 70 1212 30
HBPA** — — — — —
1,2-Propanediol — — — — — —
Ethylene glycol — — — — — —
Trimethylolpropane — — — — — —
Carboxylic ~ Terephthalic acid 498 30 1036 62 863 52
acid Fumaric acid 464 40 — — — —
component  Isophthalic acid — — — — — —
Adipic acid 584 40 — — — —
Dodecenylsuccinic anhydride — 831 31 1066 40
Trimellitic anhydride — — 230 12 211 11
Esterification Tin (II) di(2-ethyl hexanoate) [g] 31 32 13
catalyst
Esterification 3,4,5-Tetrahydroxybenzoic acid [g] — — —
co-catalyst
Properties of Softening point [° C.] 111 117 116
polyesters Glass transition temperature [° C.] 51 61 54
Acid value [mgKOH/g] 18.7 18 19
‘Weight-average molecular weight (Mw) 64500 49300 92400
Note

*Mole part(s) of respective monomers based on 100 mole parts of a whole amount of the alcohol component.

*2Polyoxypropylene (2.2)-2,2-bis(4-hydroxyphenyl)propane
*Polyoxyethylene (2.2)-2,2-bis(d-hydroxyphenyl)propane
*#Hydrogenated bisphenol A: 2,2-Bis(4-hydroxycyclohexylypropane

Preparation Example 1 (Preparation of Aqueous
Dispersion A-I of Pigment-Containing
Polyester-Based Resin Particles A-1)

(1) Step 1:

In a 2 L-capacity container, 66.7 g of the polyester PA-1
was dissolved in 156.4 g of methyl ethyl ketone (MEK). The
resulting solution was mixed with 536 g of a SN sodium
hydroxide aqueous solution as a neutralizing agent and 430
g of ion-exchanged water such that the degree of neutral-
ization of the polyester PA-1 by sodium hydroxide on the
basis of the acid value of the polyester PA-1 was adjusted to
85 mol %. The resulting reaction solution was mixed while

55

60

stirring at a temperature of not lower than 10° C. and not
higher than 15° C. using a disper blade at 2,000 r/min for 15
minutes.

Then, 100 g of a cyan pigment was added to the reaction
solution, and the resulting mixture was mixed while stirring
at a temperature of not lower than 10° C. and not higher than
15° C. using a disper blade at 7,000 r/min for 2 hours.

The resulting preliminary dispersion was subjected to
filtration treatment by passing through a 150-mesh filter, and
then mixed and diluted with 36.1 g of ion-exchanged water.
The thus obtained diluted solution was subjected to disper-
sion treatment under a pressure of 150 MPa by passing
through a Microfluidizer “M-110EH-30XP” available from
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Microfluidics Corporation; a high-pressure homogenizer: 20
times, thereby obtaining a dispersion of pigment-containing
resin particles (a-1).

(2) Step 2:

32

pigment, thereby obtaining an aqueous dispersion A-Ill of
pigment-containing polyester-based resin particles A-3. The
average particle size of the pigment-containing polyester-
based resin particles A-3 was 164 nm.

A 2 L egg-plant shaped flask was charged with a whole 3
amount of the dispersion of the pigment-containing resin Preparation Example 4 (Preparation of Aqueous
particles (a-1) obtained in the step 1, and then ion-exchanged Dispersion A-IV of Pigment-Containing
water was added thereto such that a solid content of the Polyester-Based Resin Particles A-4)
dispersion was controlled to 16% by mass. The resulting
dispersion was maintained under a pressure of 0.09 MPa 10 The same procedu_re as in Preparation Examp]e 1 was
(abs) in a warm water bath adjusted at 32° C. for 3 hours repeated except that the pigment was replaced with a black
using a rotary distillation apparatus “Rotary Bvaporator  pigment, thereby obtaining an aqueous dispersion A-IV of
N-1000S” available from Tokyo Rikakikai Co., Ltd., oper- pigment-containing polyester-based resin particles A-4. The
ated at a rotating speed of 50 r/min to thereby remove the average particle size of the pigment-containing polyester-
organic solvent therefrom. Furthermore, the temperature of 15 1 (o470 particles A-4 was 120 nm.
the warm water bath was adjusted to 62° C., and the pressure
was reduced to 0.07 MPa (abs), and the reaction solution Preparation Example 5 (Preparation of Aqueous
was concentrated under this condition until a solid content of Dispersion A-V of Pigment-Containing
the reaction solution was increased to 25% by mass, thereby Polyester-Based Resin Particles A-5)
obtaining a concentrated solution. 20

The thus obtained concentrated solution was charged into The same procedure as in Preparation Example 1 was
a 500 mL angle rotor, and subjected to centrifugal separation  repeated except that the pigment was replaced with a
using a high-speed cooling centrifuge “himac CR22G” magenta pigment PR150, thereby obtaining an aqueous
(temperature set: 20° C.) available from Hitachi Koki Co.,  dispersion A-V of pigment-containing polyester-based resin
Ltd., at 3,660 r/min for 20 minutes. Thereafter, the resulting 25 particles A-5. The average particle size of the pigment-
liquid layer portion was subjected to filtration treatment by containing polyester-based resin particles A-5 was 161 nm.
passing through a membrane filter “Minisart” having a pore
size of 5 um available from Sartorius Inc., thereby obtaining Preparation Example 6 (Preparation of Aqueous
an aqueous dispersion of pigment-containing polyester- Dispersion A-VI of Pigment-Containing
based resin particles A-1. 30 Polyester-Based Resin Particles A-6)

(3) Step 3:

After measuring a solid content of the aqueous dispersion The same procedure as in Preparation Example 1 was
of the pigment-containing polyester-based polyester resin repeated except that the polyester PA-1 was replaced with
particles A-1 obtained in the step 2, ion-exchanged water the polyester PA-2, thereby obtaining an aqueous dispersion
was added thereto such that a solid content of the resulting 35 A-VI of pigment-containing po]yester—based resin partic]es
solution was controlled to 22% by mass. In addition, 0.76 g A-6. The average particle size of the pigment-containing
of “Ploxel (registered trademark) LV(S)” (antiseptic agent; polyester-based resin particles A-6 was 98 nm.
active ingredient content: 20%) available from LONZA
Japan K.K., was added to the obtained dispersion, followed Preparation Example 7 (Preparation of Aqueous
by stirring the resulting mixture at 70° C. for 2 hours. The 40 Dispersion A-VII of Pigment-Containing
obtained mixture was cooled to 25° C. and then subjected to Polyester-Based Resin Particles A-7)
filtration treatment by passing through the aforementioned
filter having a pore size of 5 um, and further ion-exchanged The same procedure as in Preparation Example 2 was
water was added to the resulting dispersion such that a solid repeated except that the polyester PA-1 was replaced with
content of the dispersion was controlled to 22.0% by mass, 45 the polyester PA-2, thereby obtaining an aqueous dispersion
thereby obtaining an aqueous dispersion A-I of the pigment- A-VII of pigment-containing polyester-based resin particles
containing polyester-based resin particles A-1. The average A-7. The average particle size of the pigment-containing
particle size of the pigment-containing polyester-based resin polyester-based resin particles A-7 was 128 nm.
particles A-1 was 113 nm.

50 Preparation Example 8 (Preparation of Aqueous
Preparation Example 2 (Preparation of Aqueous Dispersion A-VIII of Pigment-Containing
Dispersion A-1I of Pigment-Containing Polyester-Based Resin Particles A-8)
Polyester-Based Resin Particles A-2)
The same procedure as in Preparation Example 3 was

The same procedure as in Preparation Example 1 was 55 repeated except that the polyester PA-1 was replaced with
repeated except that the pigment was replaced with a the polyester PA-2, thereby obtaining an aqueous dispersion
magenta pigment PR122, thereby obtaining an aqueous A-VIII of pigment-containing polyester-based resin par-
dispersion A-II of pigment-containing polyester-based resin ticles A-8. The average particle size of the pigment-contain-
particles A-2. The average particle size of the pigment- ing polyester-based resin particles A-8 was 155 nm.
containing polyester-based resin particles A-2 was 139 nm. 60

Preparation Example 9 (Preparation of Aqueous
Preparation Example 3 (Preparation of Aqueous Dispersion A-IX of Pigment-Containing
Dispersion A-III of Pigment-Containing Polyester-Based Resin Particles A-9)
Polyester-Based Resin Particles A-3)
65  The same procedure as in Preparation Example 4 was

The same procedure as in Preparation Example 1 was
repeated except that the pigment was replaced with a yellow

repeated except that the polyester PA-1 was replaced with
the polyester PA-2, thereby obtaining an aqueous dispersion
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A-IX of pigment-containing polyester-based resin particles
A-9. The average particle size of the pigment-containing
polyester-based resin particles A-9 was 96 nm.

34

dropping funnel 1 was gradually added dropwise to the
reaction vessel over 3 hours. Next, the “dropping monomer
solution 2” in the dropping funnel 2 was gradually added
dropwise to the reaction vessel over 2 hours.

Preparation Example 10 (Preparation of Aqueous 5 After completion of the dropwise addition of the dropping
Dispersion A-X of Pigment-Containing monomer solutions 1 and 2, the resulting mixed solution in
Polyester-Based Resin Particles A-10) the reaction vessel was stirred at 77° C. for 0.5 hour. Then,
a polymerization initiator solution prepared by dissolving
The same procedure as in Preparation Example 5 was 0.6 part by mass of the aforementioned polymerization
repeated except that the polyester PA-1 was replaced with 10 initiator in 27.0 parts by mass of methyl ethyl ketone was
the polyester PA-2, thereby obtaining an aqueous dispersion added to the mixed solution, and the resulting reaction
A-X of pigment-containing polyester-based resin particles solution was aged at 77° C. for 1 hour while stirring.
A-10. The average particle size of the pigment-containing The aforementioned procedure including the preparation
polyester-based resin particles A-10 was 159 nm. and addition of the polymerization initiator solution and the
15 aging of the reaction solution was repeated five more times.

Production Example R (Production of Solution of
Water-Insoluble Polymer R)

The respective raw material monomers, the organic sol-
vent (methyl ethyl ketone) and the chain transfer agent
(2-mercaptoethanol) as shown in the column “Initially

Then, after maintaining the reaction solution in the reaction
vessel at 80° C. for 1 hour, methyl ethyl ketone was added
thereto, thereby obtaining a solution of a water-insoluble
polymer R (solid content: 40.8% by mass). The weight-
average molecular weight (Mw) of the thus obtained water-
insoluble polymer R was 52,700.

TABLE 2

Initially charged Dropping monomer Dropping monomer
monomer solution solution 1 solution 2
[part(s) by mass]  [part(s) by mass] [part(s) by mass]

Raw material Ionic monomer Methacrylic acid — 76.8 19.2
monomers Hydrophobic Styrene 264 211.2 26.4
monomer Styrene-based 18.0 162.0 —
macromer *!
Nonionic monomer  “M-40G™*2 15.0 120.0 15.0
Organic solvent Methyl ethyl ketone 10.5 115.5 84.0
Polymerization initiator “V-657%3 — 4.8 1.2
Chain transfer agent 2-Mercaptoethanol 0.08 0.59 0.17

Note

! “AS-6(S)” (active ingredient content: 50% by mass; number-average molecular weight: 6000) available from Toagosei Co., Ltd.
*ZMe'hoxy polyethylene glycol monomethacrylate (m = 4) “NK ESTER M-40G” available from Shin-Nakamura Chemical Co., Ltd.
*32,2'-Azobi3(2,4-dimethylvalemnitrile) available from Wako Pure Chemical Industries, Ltd.

Charged Monomer Solution” in Table 2 were charged into a

Preparation Example Q (Preparation of Aqueous

reaction vessel equipped with two dropping funnels 1 and 2 40 Dispersion X of Pigment-Containing Resin
and mixed with each other, and an inside atmosphere of the Particles Q)

reaction vessel was replaced with nitrogen gas, thereby

obtaining an “initially charged monomer solution”. (1) Step I:

On the other hand, the respective raw material monomers, ,;  The solution of the water-insoluble polymer R (solid
the organic solvent, the polymerization initiator “V-65" content: 40.8% by mass) obtained in Production Example R
(tradename) (2,2'-azobis(2,4-dimethylvaleronitrile) avail- was weighed in an amount of 157.6 g and mixed with 60.7
able from Wako Pure Chemical Industries, Ltd., and the g of methyl ethyl ketone (MEK), thereby obtaining an MEK
aforementioned chain transfer agent as shown in the column solution of the water-insoluble polymer R. The resulting
“Dropping Monomer Solution 17 in Table 2 were mixed 5o MEK solution of the water-insoluble polymer R was charged
with each other, thereby obtaining a “dropping monomer into a 2 L-capacity container, and while stirring the solution
solution 17. The resulting dropping monomer solution 1 was using a disper blade at 1,400 r/min, 446.9 g of ion-ex-
charged into the dropping funnel 1, and an inside atmo- changed water, 22.3 g of a SN sodium hydroxide aqueous
sphere of the dropping funnel 1 was replaced with nitrogen solution and 1.7 g of a 25% by mass ammonia aqueous
gas. 55 solution were added thereto such that the degree of neutral-

In addition, the respective raw material monomers, the ization of the water-insoluble polymer R by sodium hydrox-
aforementioned organic solvent, the aforementioned polym- ide on the basis of the acid value of the water-insoluble
erization initiator and the aforementioned chain transfer polymer R was adjusted to 78.8 mol % and the degree of
agent as shown in the column “Dropping Monomer Solution neutralization of the water-insoluble polymer R by ammonia
2” in Table 2 were mixed with each other, thereby obtaining 60 on the basis of the acid value of the water-insoluble polymer
a “dropping monomer solution 2”. The resulting dropping R was adjusted to 21.2 mol %. The resulting reaction
monomer solution 2 was charged into the dropping funnel 2, solution was stirred at 1,400 r/min for 15 minutes while
and an inside atmosphere of the dropping funnel 2 was cooling the solution in a water bath at 0° C.
replaced with nitrogen gas. Then, 150 g of a cyan pigment was added to the reaction

In a nitrogen atmosphere, the “initially charged monomer 65 solution, and the resulting mixture was stirred at 7,000 r/min

solution” in the reaction vessel was maintained at 77° C.
while stirring, and the “dropping monomer solution 17 in the

for 3 hours, followed by further adding 199.8 g of ion-
exchanged water thereto. The thus obtained pigment mixture
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was subjected to dispersion treatment under a pressure of
150 MPa by passing through a Microfluidizer “M-110EH-
30XP” available from Microfluidics Corporation 20 times,
thereby obtaining a dispersion treatment product (solid

36

group in the water-insoluble polymer R on the basis of a
carboxy group derived from a methacrylic acid in the
water-insoluble polymer R was 40 mol % (crosslinking rate:
40 mol %), followed by stirring the resulting mixture at 70°

content: 21.0% by mass). 5 C. for 2 hours. The obtained mixture was cooled to 25° C.
(2) Step II: and then subjected to filtration treatment by passing through
A2 L egg-plant shaped flask was charged with 1,000 gof  the aforementioned filter having a pore size of 5 um, and

the dispersion treatment product obtained in the step I, and further ion-exchanged water was added to the resulting
then 400 g of ion-exchanged water was added thereto, and  dispersion such that a solid content of the dispersion was
the resulting dispersion (solid content: 15.0% by mass) was 10 reduced to 22.0% by mass, thereby obtaining an aqueous
maintained under a pressure of 0.09 MPa (abs) in a warm  dispersion X of pigment-containing resin particles Q (cross-
water bath adjusted at 32° C. for 3 hours using a rotary  linking rate: 40 mol %). The average particle size of the
distillation apparatus “Rotary Evaporator N-1000S” avail- pigment-containing resin particles Q was 93.1 nm.

able from Tokyo Rikakikai Co., Ltd., operated at a rotating

speed of 50 r/min to thereby remove the organic solvent 15 Preparation Examples 11 to 18 (Production of

therefrom. Furthermore, the temperature of the warm water Aqueous Dispersions B-I to B-VIII of

bath was adjusted to 62° C., and the pressure was reduced to Pigment-Free Polyester-Based Resin Particles B)

0.07 MPa (abs), and the reaction solution was concentrated

under this condition until a solid content of the reaction A four-necked flask equipped with a nitrogen inlet tube, a

solution was increased to 25.0% by mass. 20 reflux condenser, a stirrer and a thermocouple was charged
The thus obtained concentrated solution was charged into with the polyester PB and methy] ethyl ketone as an organic

a 500 mL angle rotor, and subjected to centrifugal separation solvent in the kinds and formulation as shown in Table 3,

using a high-speed cooling centrifuge “himac CR22G” and the polyester PB was dissolved in methyl ethyl ketone

(temperature set: 20° C.) available from Hitachi Koki Co., at 25° C.

Ltd., at 7,000 r/min for 20 minutes. Thereafter, the resulting 25  Next, the resulting solution was mixed with a SN sodium

liquid layer portion was subjected to filtration treatment by hydroxide aqueous solution as a neutralizing agent, and the

passing through a membrane filter “Minisart” having a pore resulting mixture was further mixed with deionized water
size of 5 um available from Sartorius Inc., thereby obtaining while stirring, thereby obtaining a dispersion of resin par-

an aqueous dispersion of pigment-containing resin particles ticles (step 1).

Q. 30 While maintaining the resulting dispersion of the resin
(3) Step III: particles in the four-necked flask at 60° C. under stirring, an
Ton-exchanged water in an amount of 54.6 g was added to inside pressure of the flask was reduced to remove methyl

400 g of the aqueous dispersion of the pigment-containing ethyl ketone therefrom by distillation (step 2).

resin particles (q) obtained in the step II (cyan pigment: 68.6 After being cooled to room temperature, the obtained

g; water-insoluble polymer R: 29.4 g). In addition, 0.89 g of 35 dispersion was mixed with ion-exchanged water such that

“Ploxel (registered trademark) LV(S)” (antiseptic agent; the solid content of the dispersion was reduced to 40% by

active ingredient content: 20%) available from LONZA mass, and the resulting dispersion was subjected to filtration

Japan K.K., and 2.82 g of an epoxy crosslinking agent treatment by passing through a 200-mesh wire screen,

“DENACOL (registered trademark) EX321L” (tradename; thereby obtaining aqueous dispersions B-I to B-VIII con-

trimethylolpropane polyglycidyl ether; epoxy equivalent: 40 taining pigment-free polyester-based resin particles B-1 to

129) available from Nagase ChemteX Corp., were added to B-8, respectively. The properties of the thus obtained respec-

the obtained dispersion such that a content of a glycidyl tive aqueous dispersions are shown in Table 3.

TABLE 3

Preparation Preparation Preparation Preparation Preparation Preparation  Preparation  Preparation

Example 11 Example 12 Example 13 Example 14  Example 15  Example 16 Example 17 Example 18
Aqueous dispersions of B-I B-II B-III B-IV B-V B-VI B-VII B-VIIL
pigment-free
polyester-based resin
particles B
Pigment-free B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8
polyester-based resin
particles B
Polyester Kind PB-1 PB-2 PB-3 PB-4 PB-5 PB-6 PB-7 PB-8
PB Amount 200 200 200 200 200 200 200 200

added [g]

Methyl ethyl ketone [g] 200 200 200 200 200 200 200 200
5N sodium hydroxide 13.1 10.1 34 73 9.0 9.5 9.1 9.6
aqueous solution [g]
Ton-exchanged water [g] 457 460 457 453 451 451 451 450
Average particle size 115 107 86 120 97 96 87 83

[nm] £

Note

I Average particle size of pigment-free polyester-based resin particles B (measured by “ELS-8000”)
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Examples 1 to 82 and Comparative Examples 1 to
9 (Production of Water-Based Inks 1 to 15 and
Water-Based Inks 16 to 23)

The components in the respective compositions shown in
the following Tables 4 to 10 were mixed with each other. The
resulting mixed solution was subjected to filtration treatment
by passing through a membrane filter “Minisart” having a
pore size of 1.2 um available from Sartorius Inc., thereby

38

thereby obtaining a polyethylene terephthalate printed mate-
rial for evaluation of solvent resistance.

Ethanol aqueous solutions were prepared such that etha-
nol concentrations of the respective solutions were increased
at the intervals of 5% by mass in the range of from 10 to
100% by mass. The thus prepared ethanol aqueous solutions
were respectively impregnated into a Johnson’s cotton swab
available from Johnson & Johnson K.K., and the aforemen-
tioned polyethylene terephthalate printed material for evalu-

obtaining water-based inks 1 to 82 and water-based inks 83 10 . . K
10 91. ation of solvent resistance was rubbed with the cotton swab

The resulting water-based inks were evaluated by the by moving the cotton swab over the printed surface thereof
following methods. by 10 reciprocative motions while applying a load of 5 g to

[Rub Fastness] the cotton swab. The rubbing test was conducted to measure

The respective water-based inks obtained in the Examples | the ethanol concentration of the ethanol aqueous solution at
and Comparative Examples were loaded into an ink jet ~ which the printed surface suffered from no change during the
printer “IPSiQ GX 25007 available from Ricoh Company, test, and the solvent resistance of the water-based ink was
Ltd., from an ink injection port located on an upper portion evaluated according to the following evaluation ratings. The
ofa cyan print head O‘f‘ the printer thm?‘gh a silicone tube’.’ evaluation results are shown in Tables 4 to 10.

Using a software “Photoshop (registered trademark) . .
available from Adobe Systems Inc., solid image printing was 2° (Bvaluation Ratings) .
conducted on a polyethylene terephthalate (PET) film 5: No chgnge of the printed surface occurred at an ethanol
“LUMIRROR (registered trademark) T60 #75” (water  concentration of 100%.
absorption: 2.3 g/m?) available from Toray Industries Inc., 4: Change of the printed surface occurred at an ethanol
under such a condition that an amount of the ink ejected was concentration of not less than 70% and less than 100%.
14+2 g/lnz, to thereby prepare a solid image print pattern 25 3. Change of the printed surface occurred at an ethanol
(size: 204 mm in widthx275 mm in length) thereon. The concentration of not less than 50% and less than 70%.
solid image pattern-printed film was placed on a hot plate 2: Change of the printed surface occurred at an ethanol
heated to 60° C. for 3 minutes and then cooled to 25° C., concentration of not less than 30% and less than 50%.
thereby obtaining a polyethylene terephthalate printed mate- 1: Change of the printed surface occurred at an ethanol
rial for evaluation of rub fastness. The printed surface of the 39 concentration of less than 30%.
resulting printed material was rubbed with a cellulose non- The evaluation rating 4 or 5 shows that the water-based
woven fabric “BEMCOT. (r.eglstered trademark) MS-.H” ink had sufficient solvent resistance.
avatl_lable ﬁl;o.in Asa1hl. Kasei Flgerflé.llf., lahy S(z reciprocating [Substrate-Adhesion Properties]
motions while applying a load ol = kg thereto. . The polyethylene terephthalate printed material for evalu-

The damage' (flaws) on the printed surface after being 5 .., olf)' sgbstlzlte-adhes?on propeltj'ties was obtained by the
rubbed was visually observed to evaluate rub fastness hod 4 above for preparing the polvethylene
thereof according to the following evaluation ratings. The same method as use . preparing polyethy-el
larger the numerical value of the following evaluation rating, terephthalate printed material for evaluation of solvent resis-
the less the surface flaws on the printed surface and the more tance. . . .
excellent the rub fastness. The evaluation results are shown The substrate-adhesion properties of the water-based ink
in Tables 4 to 10. 40 were evaluated by a cross-cut adhesion test according to JIS

(Bvaluation Ratings) K 5400. More specifically, the printed surface of the poly-

5: Neither flaws on the printed surface nor deteriorationof ~ ethylene terephthalate printed material for evaluation of
gloss thereof were visually observed. substrate-adhesion properties was cut along 11 cut lines in

4: No flaws on the printed surface were visually observed, each of the longitudinal and lateral directions of the printed
but deterioration of gloss thereof was visually observed. 45 material by a cutter knife until a cut depth of the cutter knife

3: Some flaws on the printed surface were visually reached the base material of the printing medium to thereby
observed, but no exposure of the surface of the underlying form 100 crosscuts on the printed surface. Then, a Cello-
film occurred. phane tape was strongly attached onto a crosscut-formed

2: Delamination of the printed surface and exposure of the portion of the printed surface, and rapidly peeled off at a peel
surface of the underlying film occurred, and the area of the 50 angle of 45° from an edge of the attached tape to compare
surface of the underlying film exposed was less than 50% of the condition of the crosscuts with that before the test and
an area of the printed portion. thereby evaluate substrate-adhesion properties of the water-

1: Delamination of the printed surface and exposure of the based ink according to the following evaluation ratings. The
surface of the underlying film occurred, and the area of the evaluation results are shown in Tables 4 to 10.
surface of the underlying film exposed was not less than 55  (Evaluation Ratings)

50% of an area of the printed portion. 5: Not less than 90% of an entire area of the crosscut-

[Solvent (Ethanol) Resistance] formed portion remained without being peeled.

The water-based ink obtained in the respective Examples 4: Not less than 80% and less than 90% of an entire area
and Comparative Examples was loaded into an ink jet of the crosscut-formed portion remained without being
printer “IPSIO SG 2010L” equipped with a rubber heater 60 peeled.
available from Ricoh Company, Ltd., and solid image print- 3: Not less than 50% and less than 80% of an entire area
ing was conducted on a polyethylene terephthalate (PET) of the crosscut-formed portion remained without being
film “LUMIRROR (registered trademark) T60 #75” (water peeled.
absorption: 2.3 g/m?) available from Toray Industries Inc., 2: Less than 50% of an entire area of the crosscut-formed
which was previously heated to 60° C., and the resulting 65 portion remained without being peeled.

printed material with the solid image was placed on a hot
plate heated to 60° C. and dried thereon for 3 minutes,

The evaluation rating 4 or 5 shows that the water-based
ink had sufficient substrate-adhesion properties.
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TABLE 4
Example No.
Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
1 2 3 4 5 6 7 8
Water-based ink No.
1 2 3 4 5 6 7 8
Formulation of Pigment-containing Aqueous dispersion A-I 303 — — — 30.3 30.3 303
water-based ink*! polyester-based resin  Aqueous dispersion A-II — 303 — — — — — —
particles A*? Aqueous dispersion A-IIT — — 30.3 — — — — —
Aqueous dispersion A-IV — — 30.3 — — — —
Aqueous dispersion A-V/ — — — — 30.3 — — —
Pigment-free Aqueous dispersion B-I 12.5 12.5 125 12.5 12.5 — — 12.5
polyester-based resin  Aqueous dispersion B-II — — — — — 12.5 — —
particles B*? Aqueous dispersion B-IIT — — — — — 125 —
Organic solvent C iBDG*® 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0 30.0 300 270
1,2-Butanediol (b.p.: 191° C.) — — — — — — — —
1,3-Butanediol (b.p.: 203° C.) — — — — — — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — — — — 3.0
Formulation of Surfactant D “EMULGEN 120” — — — — — — —
water-based ink*! “SURFYNOL 104PG50™ — — — — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50 0.50 0.50  0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7 21.7 217 217
Content of organic solvent C in whole amount of 100 100 100 100 100 100 100 91
organic solvent [% by mass]
Properties of Rub fastness 5 5 5 5 5 4 3 4
water-based ink  Substrate-adhesion properties 5 5 5 5 5 4 5 4
Solvent resistance Ethanol concentration 100%  100%  100%  100%  100%  100%  100%  70%
Evaluation results 5 5 5 5 5 5 5 4
Example No.
Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
9 10 11 12 13 14 15 16
Water-based ink No.
9 10 11 12 13 14 15 16
Formulation of ~ Pigment-containing Aqueous dispersion A-I 30.3 30.3 30.3 30.3 303 417 30.3 30.3
water-based ink*! polyester-based resin  Aqueous dispersion A-II — — — — — — —
particles A*2 Aqueous dispersion A-IIT — — — — — — — —
Aqueous dispersion A-IV — — — — — — — —
Aqueous dispersion A-V — — — — — — — —
Pigment-free Aqueous dispersion B-I 12.5 17.5 17.5 17.5 17.5 12.1 17.5 17.5
polyester-based resin  Aqueous dispersion B-II — — — — — — —
particles B*? Aqueous dispersion B-IIT — — — — — — — —
Organic solvent C iBDG*? 5.0 5.0 5.0 2.0 2.0 2.0 10.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 25.0 25.0 33.0 325 350 20.0 20.0
1,2-Butanediol (b.p.: 191° C.) — 5.0 — — — — 10.0
1,3-Butanediol (b.p.: 203° C.) — — 5.0 — — — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — 0.5 — — —
Formulation of Surfactant D “EMULGEN 120~ 1.00 — — — — — — —
water-based ink*! “SURFYNOL 104PG50” 0.50 — — — — — — —
“KF6011” — 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 207 16.7 16.7 16.7 16.7 8.7 21.7 16.7
Content of organic solvent C in whole amount of 100 100 100 100 99 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 5 5 5 5 4 5 4 4
water-based ink  Substrate-adhesion properties 4 4 4 5 5 5 4 4
Solvent resistance Ethanol concentration 80% 100% 100% 100%  80%  100% 80% 80%
Evaluation results 4 5 5 N 4 5 4 4

Note

*IPercent (%) by mass based on a whole amount of water-based ink

*2Amount of aqueous dispersion compounded

*Diethylene glycol monoisobutyl ether
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TABLE 5
Example No.
Ex. Ex. Ex. Ex.
17 18 19 20
‘Water-based ink No.
17 18 19 20
Formulation of Pigment-containing Aqueous dispersion A-I 30.3 30.3 30.3 30.3
water-based ink*! polyester-based resin Aqueous dispersion A-II — — —
particles A*? Aqueous dispersion A-IIT — — —
Aqueous dispersion A-IV — — —
Aqueous dispersion A-V/ — — —
Pigment-free Aqueous dispersion B-IV 125 — —
polyester-based resin Aqueous dispersion B-V — 12.5 —
particles B*? Aqueous dispersion B-VI — — 12.5 —
Aqueous dispersion B-VII — — 12.5
Aqueous dispersion B-VIII —
Organic solvent C iBDG*® 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — —
1,3-Butanediol (b.p.: 203° C.) — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — —
Formulation of Surfactant D “EMULGEN 120 — — —
water-based ink*! “SURFYNOL 104PG50” — — —
“KF6011” 0.50 0.50 0.50 0.50
Others 1N NaOH 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of 100 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 4 5 5 4
water-based ink Substrate-adhesion properties 5 5 4 4
Solvent resistance Ethanol concentration 100% 100% 70% 70%
Evaluation results 5 5 4 4
Example No.
Ex. Ex. Ex. Ex.
21 22 23 24
‘Water-based ink No.
21 22 23 24
Formulation of Pigment-containing Aqueous dispersion A-I 30.3 — —
water-based ink*! polyester-based resin Aqueous dispersion A-II — 30.3 30.3 30.3
particles A*? Aqueous dispersion A-IIT — —
Aqueous dispersion A-IV — — —
Aqueous dispersion A-V/ — — —
Pigment-free Aqueous dispersion B-IV — 12.5 —
polyester-based resin Aqueous dispersion B-V/ — 12.5 —
particles B*? Aqueous dispersion B-VI — — 125
Aqueous dispersion B-VII — — —
Aqueous dispersion B-VIIL 12.5 —
Organic solvent C iBDG*? 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — — —
1,3-Butanediol (b.p.: 203° C.) — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — —
Formulation of Surfactant D “EMULGEN 120 — — —
water-based ink*! “SURFYNOL 104PG50” — — —
“KF6011” 0.50 0.50 0.50 0.50
Others 1N NaOH 0.01 0.01 0.01 0.01
Ion-exchanged water 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of 100 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 5 4 5 5
water-based ink Substrate-adhesion properties 5 5 5 4
Solvent resistance Ethanol concentration 70% 100% 100% 70%
Evaluation results 4 S 5 4
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TABLE 5-continued

Example No.
Ex. Ex. Ex. Ex. Ex. Ex. Ex.
25 26 27 28 29 30 31
‘Water-based ink No.
25 26 27 28 29 30 31
Formulation of Pigment-containing Aqueous dispersion A-I — — — — — — —
water-based ink*!  polyester-based resin  Aqueous dispersion A-II 303 30.3 — — — — —
particles A*2 Aqueous dispersion A-IIT — — 30.3 30.3 30.3 303 30.3
Aqueous dispersion A-IV — — — — — — —
Aqueous dispersion A-V/ — — — — — — —
Pigment-free Aqueous dispersion B-IV — — 12.5 — — — —
polyester-based resin ~ Aqueous dispersion B-V — — — 12.5 — — —
particles B*? Aqueous dispersion B-VI — — — — 125 — —
Aqueous dispersion B-VII 12.5 — — — — 125 —
Aqueous dispersion B-VIII — 125 — — — — 12.5
Organic solvent C iBDG*? 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — — — — — —
1,3-Butanediol (b.p.: 203° C.) — — — — — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — — — —
Formulation of Surfactant D “EMULGEN 120~ — — — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of 100 100 100 100 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 4 5 4 5 5 4 5
water-based ink Substrate-adhesion properties 4 5 5 5 4 4 5
Solvent resistance Ethanol concentration 70% 70% 100% 100% 70% 70% 70%
Evaluation results 4 4 5 5 4 4 4
Note
*IPercent (%) by mass based on a whole amount of water-based ink
*2Amount of aqueous dispersion compounded
*sDied)ylene glycol monoisobutyl ether
TABLE 6
Example No.
Ex. 32 Ex.33 Ex.34 Ex.35 Ex 36
Water-based ink No.
32 33 34 35 36
Formulation of Pigment-containing Aqueous dispersion A-I — — —
water-based ink*'  polyester-based resin  Aqueous dispersion A-II — — — —
particles A*? Aqueous dispersion A-IIT — — — —
Aqueous dispersion A-IV 30.3 30.3 30.3 30.3 30.3
Aqueous dispersion A-V — — — —
Pigment-free Aqueous dispersion B-IV 12.5 — — —
polyester-based resin  Aqueous dispersion B-V — 12.5 — — —
particles B*2 Aqueous dispersion B-VI — — 12.5 — —
Aqueous dispersion B-VII — — — 125 —
Aqueous dispersion B-VIIT — — — 12.5
Organic solvent C iBDG*3 5.0 5.0 5.0 5.0 5.0

(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — — —
1,3-Butanediol (b.p.: 203° C.) — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — —

Formulation of Surfactant D “EMULGEN 120~ — — — —
water-based ink*! “SURFYNOL 104PG50” — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50
Others 1N NaOH 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of organic solvent [% by mass] 100 100 100 100 100
Properties of Rub fastness 4 5 5 4 5
water-based ink Substrate-adhesion properties 5 5 4 4 5
Solvent resistance Ethanol concentration 100% 100% 70% 70% 70%
Evaluation results 5 5 4 4 4
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TABLE 6-continued

Example No.

Ex. 37 Ex. 38 Ex.39 Ex.40 Ex. 41
Water-based ink No.

37 38 39 40 41

Formulation of Pigment-containing Aqueous dispersion A-I — — — — —
water-based ink*!  polyester-based resin  Aqueous dispersion A-II — — — — —
particles A*? Aqueous dispersion A-IIT — — — — —

Aqueous dispersion A-IV — — — — —

Aqueous dispersion A-V/ 30.3 30.3 30.3 30.3 30.3

Pigment-free Aqueous dispersion B-IV 12.5 — — — —

polyester-based resin  Aqueous dispersion B-V — 12.5 — — —

particles B*? Aqueous dispersion B-VI — — 12.5 — —

Aqueous dispersion B-VII — — — 12.5 —

Aqueous dispersion B-VIII — — — — 12.5

Organic solvent C iBDG*? 5.0 5.0 5.0 5.0 5.0

(boiling point (b.p.): 220° C.)

Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0

1,2-Butanediol (b.p.: 191° C.) — — — — _

1,3-Butanediol (b.p.: 203° C.) — — — — _
Other organic solvents Diethylene glycol (b.p,: 244° C.) — — — — —

Formulation of Surfactant D “EMULGEN 120~ — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50
Others 1N NaOH 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of organic solvent [% by mass] 100 100 100 100 100
Properties of Rub fastness 4 5 5 4 5
water-based ink Substrate-adhesion properties 5 5 4 4 5
Solvent resistance Ethanol concentration 100% 100% 70% 70% 70%
Evaluation results 5 5 4 4 4
Note

*IPercent (%) by mass based on a whole amount of water-based ink
*2Amount of aqueous dispersion compounded

*sDieﬂ)ylene glycol monoisobutyl ether

TABLE 7
Example No.
BEx. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
42 43 44 45 46 47 48 49
Water-based ink No.
42 43 44 45 46 47 48 49
Formulation of  Pigment-containing Aqueous dispersion A-VI 30.3 — — — 30.3 303 303
water-based ink*! polyester-based resin  Aqueous dispersion A-VII — 303 — — — —
particles A*2 Aqueous dispersion A-VIIT — — 30.3 — — — —
Aqueous dispersion A-IX — — 30.3 — — —
Aqueous dispersion A-X — — — 30.3 — —
Pigment-free Aqueous dispersion B-I 12.5 12.5 12.5 12.5 12.5 — — 12.5
polyester-based resin  Aqueous dispersion B-II — — — — — 12.5 —
particles B*? Aqueous dispersion B-IIT — — — — — — 12.5
Organic solvent C iBDG*3 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0 30.0 300 27.0
1,2-Butanediol (b.p.: 191° C.) — — — — — — —
1,3-Butanediol (b.p.: 203° C.) — —

Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — — — 3.0
Formulation of Surfactant D “EMULGEN 120~ — — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50 0.50 0.50  0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7 21.7 217 217
Content of organic solvent C in whole amount of 100 100 100 100 100 100 100 91
organic solvent [% by mass]
Properties of Rub fastness 5 5 5 5 5 4 3 4
water-based ink  Substrate-adhesion properties 5 5 5 5 5 4 5 4
Solvent resistance Ethanol concentration 100% 100% 100% 100% 100% 100% 100%  70%
Evaluation results 5 5 5 5 5 5 5 4
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TABLE 7-continued
Example No.
Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
50 51 52 53 54 55 56 57
Water-based ink No.
50 51 52 53 54 55 56 57
Formulation of ~ Pigment-containing Aqueous dispersion A-VI 30.3 30.3 30.3 303 303 41.7 303 30.3
water-based ink*! polyester-based resin  Aqueous dispersion A-VII — — — — — — — —
particles A*? Aqueous dispersion A-VIII — — — — — —
Aqueous dispersion A-IX — — — — — —
Aqueous dispersion A-X — — — — —
Pigment-free Aqueous dispersion B-I 12.5 17.5 17.5 17.5 175 12.1 17.5 17.5
polyester-based resin  Aqueous dispersion B-II — — — —
particles B*? Aqueous dispersion B-IIT — — — — — — —
Organic solvent C iBDG*3 5.0 5.0 5.0 2.0 2.0 2.0 10.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 25.0 25.0 33.0 325 35.0 20.0 20.0
1,2-Butanediol (b.p.: 191° C.) 5.0 — — — 10.0
1,3-Butanediol (b.p.: 203° C.) — 5.0 — — — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — 0.5 — — —
Formulation of Surfactant D “EMULGEN 120~ 1.00 — — — — —
water-based ink*! “SURFYNOL 104PG50” 0.50 — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01  0.01 0.01 0.01 0.01
Ton-exchanged water 20.7 16.7 16.7 16.7 167 8.7 21.7 16.7
Content of organic solvent C in whole amount of 100 100 100 100 99 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 5 5 5 5 4 5 4 4
water-based ink  Substrate-adhesion properties 4 4 4 5 5 5 4 4
Solvent resistance Ethanol concentration 80% 100%  100%  100% 80%  100% 80% 80%
Evaluation results 4 5 5 5 4 5 4 4
Note
*IPercent (%) by mass based on a whole amount of water-based ink
*2Amount of aqueous dispersion compounded
*Diethylene glycol monoisobutyl ether
TABLE 8
Example No.
Ex. Ex. Ex. Ex.
58 59 60 61
Water-based ink No.
58 59 60 61
Formulation of Pigment-containing Aqueous dispersion A-VI 30.3 30.3 30.3 303
water-based ink*! polyester-based resin Aqueous dispersion A-VII — — —
particles A*? Aqueous dispersion A-VIII — — —
Aqueous dispersion A-IX — — —
Aqueous dispersion A-X — — —
Pigment-free Aqueous dispersion B-IV 12.5 — — —
polyester-based resin Aqueous dispersion B-V/ 12.5 — —
patticles B*? Aqueous dispersion B-VI — 12.5 —
Aqueous dispersion B-VII — — 12.5
Aqueous dispersion B-VIII — —
Organic solvent C iBDG*? 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — — —
1,3-Butanediol (b.p.: 203° C.) — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — —
Formulation of Surfactant D “EMULGEN 120" — — —
water-based ink*! “SURFYNOL 104PG50” — — —
“KF6011” 0.50 0.50 0.50 0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01
Ion-exchanged water 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of 100 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 4 5 5 4
water-based ink Substrate-adhesion properties 5 5 4 4
Solvent resistance Ethanol concentration 100% 100% 70% 70%
Evaluation results 5 5 4 4
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TABLE 8-continued
Example No.
Ex. Ex. Ex. Ex.
62 63 64 65
‘Water-based ink No.
62 63 64 65
Formulation of Pigment-containing Aqueous dispersion A-VI 30.3 — —
water-based ink*! polyester-based resin Aqueous dispersion A-VII — 30.3 30.3 30.3
particles A*2 Aqueous dispersion A-VIII — — —
Aqueous dispersion A-IX — — —
Aqueous dispersion A-X — — —
Pigment-free Aqueous dispersion B-IV — 12.5 —
polyester-based resin Aqueous dispersion B-V — — 12.5
patticles B*? Aqueous dispersion B-VI — — — 125
Aqueous dispersion B-VII — — —
Aqueous dispersion B-VIII 125 — —
Organic solvent C iBDG*? 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — —
1,3-Butanediol (b.p.: 203° C.) — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — —
Formulation of Surfactant D “EMULGEN 120 — — —
water-based ink*! “SURFYNOL 104PG50” — — —
“KF6011” 0.50 0.50 0.50 0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of 100 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 5 4 5 5
water-based ink Substrate-adhesion properties 5 5 5 4
Solvent resistance Ethanol concentration 70% 100% 100% 70%
Evaluation results 4 5 5 4
Example No.
Ex. Ex. Ex. Ex. Ex. Ex. Ex.
66 67 68 69 70 71 72
Water-based ink No.
66 67 68 69 70 71 72
Formulation of Pigment-containing Aqueous dispersion A-VI — — — —
water-based ink*!  polyester-based resin  Aqueous dispersion A-VII 30.3 30.3 — — — —
particles A*? Aqueous dispersion A-VIIT 30.3 30.3 303 30.3 30.3
Aqueous dispersion A-IX — — — — — —
Aqueous dispersion A-X — — — — — —
Pigment-free Aqueous dispersion B-IV — — 12.5 — — —
polyester-based resin  Aqueous dispersion B-V — — 12.5 — —
particles B*? Aqueous dispersion B-VI — — — — 12.5 — —
Aqueous dispersion B-VII 12.5 — — — 12.5 —
Aqueous dispersion B-VIIT — 12.5 — — — 12.5
Organic solvent C iBDG*® 5.0 5.0 5.0 5.0 5.0 5.0 5.0
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0 30.0 30.0
1,2-Butanediol (b.p.: 191° C.) — — — — — —
1,3-Butanediol (b.p.: 203° C.) — — — — —
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — —
Formulation of Surfactant D “EMULGEN 120~ — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Others 1N NaOH 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of 100 100 100 100 100 100 100
organic solvent [% by mass]
Properties of Rub fastness 4 5 4 5 5 4 5
water-based ink Substrate-adhesion properties 4 5 5 5 4 4 5
Solvent resistance Ethanol concentration 70% 70% 100% 100% 70% 70% 70%
Evaluation results 4 4 5 5 4 4 4

Note

*IPercent (%) by mass based on a whole amount of water-based ink

*2Amount of aqueous dispersion compounded
*3Die'hylene glycol monoisobutyl ether
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TABLE 9

Example No.

Ex.73 Ex.74 Ex.75 Ex.76 Ex 77
Water-based ink No.

73 74 75 76 77

Formulation of
water-based ink*!

Pigment-containing
polyester-based resin
particles A*?

Aqueous dispersion A-VI — — — — -
Aqueous dispersion A-VII — — — — _
Aqueous dispersion A-VIIT — — — — _
Aqueous dispersion A-IX 30.3 30.3 303 303 30.3
Aqueous dispersion A-X — — — — —

Pigment-free Aqueous dispersion B-IV 12.5 — — — —
polyester-based resin  Aqueous dispersion B-V — 12.5 — — —
particles B*? Aqueous dispersion B-VI — — 12.5 — —
Aqueous dispersion B-VII — — — 12.5 —
Aqueous dispersion B-VIII — — — — 12.5
Organic solvent C iBDG*® 5.0 5.0 5.0 5.0 5.0

(boiling point (b.p.): 220° C.)

Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0

1,2-Butanediol (b.p.: 191° C.) — — — — _

1,3-Butanediol (b.p.: 203° C.) — — — — _
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — —

Formulation of Surfactant D “EMULGEN 120~ — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of organic solvent [% by mass] 100 100 100 100 100
Properties of Rub fastness 4 5 5 4 5
water-based ink Substrate-adhesion properties 5 5 4 4 5
Solvent resistance Ethanol concentration 100%  100% 70% 70% 70%
Evaluation results 5 5 4 4 4
Example No.

Ex. 78 Ex. 79 Ex.8) Ex.81 Ex. 82
Water-based ink No.

78 79 80 81 82

Formulation of Pigment-containing Aqueous dispersion A-VI — — — — —
water-based ink*!  polyester-based resin  Aqueous dispersion A-VII — — — — —
particles A*? Aqueous dispersion A-VIIT — — — — —

Aqueous dispersion A-IX — — — — —

Aqueous dispersion A-X 30.3 30.3 30.3 30.3 30.3

Pigment-free Aqueous dispersion B-IV 12.5 — — — —

polyester-based resin ~ Aqueous dispersion B-V — 12.5 — — —

particles B*? Aqueous dispersion B-VI — — 12.5 — —

Aqueous dispersion B-VII — — — 12.5 —

Aqueous dispersion B-VIII — — — — 12.5

Organic solvent C iBDG*3 5.0 5.0 5.0 5.0 5.0

(boiling point (b.p.): 220° C.)

Propylene glycol (b.p.: 187° C.) 30.0 30.0 30.0 30.0 30.0

1,2-Butanediol (b.p.: 191° C.) — — — — _

1,3-Butanediol (b.p.: 203° C.) — — — — _
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — —

Formulation of Surfactant D “EMULGEN 120~ — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — —
“KF6011” 0.50 0.50 0.50 0.50 0.50
Others 1N NaOH 0.01 0.01 0.01 0.01 0.01
Ton-exchanged water 21.7 21.7 21.7 21.7 21.7
Content of organic solvent C in whole amount of organic solvent [% by mass] 100 100 100 100 100
Properties of Rub fastness 4 5 5 4 5
water-based ink Substrate-adhesion properties 5 5 4 4 5
Solvent resistance Ethanol concentration 100% 100% 70% 70% 70%
Evaluation results 5 5 4 4 4

Note
*IPercent (%) by mass based on a whole amount of water-based ink
*2Amount of aqueous dispersion compounded

*Diethylene glycol monoisobutyl ether
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TABLE 10

Comparative Example No.

Com. Com. Com. Com. Com.
Ex. 1 Ex. 2 Ex. 3 Ex.4 Ex. 5
Water-based ink No.

83 84 85 86 87

Formulation of ~ Pigment-containing Aqueous dispersion A-I 303 — — — 30.3
water-based ink*! polyester-based resin

particles A*?

Pigment-containing resin Aqueous dispersion X — 26.0 26.0 26.0 —

particles Q*?

Pigment-free polyester-based  Aqueous dispersion B-I — — 10.0 17.5 175

resin particles B*?

Pigment-free water-insoluble  Aqueous dispersion Y 9.1 9.1 — — —

acrylic resin particles*>

Organic solvent C iBDG*® 10.0 10.0 10.0 10.0 5.0

(boiling point (b.p.): 220° C.)

Propylene glycol (b.p.: 187° C.) 27.0 27.0 27.0 27.0 250
Other organic solvents Diethylene glycol (b.p.: 244° C.) — — — — 5.0

Glycerin (b.p.: 290° C.) — — — — _

PEG200**(b.p.: 250° C.) — — _ _ _

Formulation of  Surfactant D “EMULGEN 120~ — — — — —
water-based ink*! “SURFYNOL 104PG50” — — — — —
“KF6011” 0.50 0.50 0.50 0.50  0.50
Others 1IN NaOH 0.01 0.01 0.01 0.01 0.01
Ion-exchanged water 23.1 27.4 26.5 19.0 16.7
Content of organic solvent C in whole amount of 100 100 100 100 86
organic solvent [% by mass]
Properties of Rub fastness 5 5 5 5 5
water-based ink  Substrate-adhesion properties 3 5 4 4 3
Solvent resistance Ethanol concentration 50% 60% 50% 50%  70%
Evaluation results 3 3 3 3 4
Comparative Example No.
Com. Com. Com. Com.
Ex. 6 Ex. 7 Ex. 8 Ex. 9
Water-based ink No.
88 89 90 91
Formulation of Pigment-containing Aqueous dispersion A-I 303 30.3 30.3 30.3
water-based ink*!  polyester-based resin
particles A*?
Pigment-containing resin Aqueous dispersion X — — —
particles Q*?
Pigment-free polyester-based Aqueous dispersion B-I 17.5 17.5 17.5 17.5
resin particles B*?
Pigment-free water-insoluble Aqueous dispersion Y — — —
acrylic resin particles*?
Organic solvent C iBDG*3 5.0 5.0 5.0 —
(boiling point (b.p.): 220° C.)
Propylene glycol (b.p.: 187° C.) 25.0 25.0 —

Other organic solvents Diethylene glycol (b.p.: 244° C.) 30.0 — — 15.0

Glycerin (b.p.: 290° C.) 5.0 — 8.7
PEG200**(b.p.: 250° C.) — 5.0 —
Formulation of Surfactant D “EMULGEN 1207 — — 1.50
water-based ink*! “SURFYNOL 104PG50” — — 1.50
“KF6011” 0.50 0.50 0.50 —
Others 1IN NaOH 0.01 0.01 0.01 0.01
Ton-exchanged water 16.7 16.7 16.7 255
Content of organic solvent C in whole amount of 14 86 86 0
organic solvent [% by mass]
Properties of Rub fastness 1 3 3 1
water-based ink Substrate-adhesion properties 2 3 3 2
Solvent resistance Ethanol concentration 30% 30% 30% 30%
Evaluation results 2 2 2 2
Note

*!Percent (%) by mass based on a whole amount of water-based ink
*2Amount of aqueous dispersion compounded

*ZDie'hylene glycol monoisobutyl ether

**Polyethylene glycol 200

Ningde Amperex Tech. Exhibit No. 2047

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2025-00432, U.S. Patent No. 11,575,148

Page 28 of 29



US 10,774,229 B2

55
As apparently recognized from the evaluation results
shown in Tables 4 to 10, the water-based inks 1 to 82
obtained in Examples 1 to 82 according to the present
invention were improved in rub fastness, solvent resistance

56

subjecting at least an alcohol component and a carboxylic
acid component to polycondensation, in an amount of not
less than 80% by mass.

8. The water-based ink according to claim 7, wherein the

and substrate-adhesion properties of the resulting printed 5 alcohol component comprises an aromatic diol, and the
characters or images with good balance therebetween, as ~ aromatic diol is an alkyleneoxide adduct of bisphenol A.

compared to those water-based inks 83 to 91 obtained in 9b ThT. Water.goased ink according t? claim 7, wherein thg
. carboxylic acid component i1s at least one compoun

Comparative Examples 1 to 9. selected from the group consisting of an aromatic dicarbox-

INDUSTRIAL APPLICARILITY 10 ylic acid, an aliphatic dicarboxylic acid, an alicyclic dicar-

boxylic acid and a trivalent or higher-valent polycarboxylic

In accordance with the water-based ink and the ink-jet aClldﬁ The water-based ink according to claim 1, wherein a
printing method using the water-based ink according to the ¢ cont of the water in the water—ba%ed ink is not less than
present invention, even when printed on a non-water absorb- 45% by mass
ing printing, medium, it is possible to i.mprove rub fastness, 15 11. The water-based ink according to claim 1, wherein a
so.lvent resistance and'substrate-.adhesmn properties of the content of the organic solvent in the water-based ink is not
printed characters or images with good balance therebe- less than 30% by mass on the basis of a total amount of the
tween. water and the organic solvent.

12. An ink-jet printing method comprising the step of

The invention claimed is: 20 printing characters or images on a printing medium using the

1. A water-based ink comprising water-based ink according to claim 1, in which a water

pigment-containing polyester-based resin particles A, absorptlpn of the printing medium per unit surface area

pigment-free polyester-based resin particles B thereof is not less than 0 g/m? and not more than 2.5 g/m?

an organic solvent and ’ as measured in a pure water contact time of 100 millisec-

water, 25 onds. L . . .

in which a content of an organic solvent C having a 13. The ink-jet printing method according to claim 12,
boiling point of not lower than 150° C. and not wherein the printing medium is at least one film selected
higher than 235° C. in a whole amount of the organic from the group consisting of a polyester film, a polyvinyl
solvent is not less than 90% by mass chloride film, a polypropylene film, a polyethylene film and

2. The water-based ink according to claim 1, further 30 a Iﬁk’%{ﬂm' based ink i laim 4. wherei
comprising a surfactant D in an amount of not more than 5% - The water-based 1nk accordng to claim 4, wherein a
by mass. content of the polyester PA in the water-based ink is not less

0, 0,

3. The water-based ink according to claim 1, wherein the thalns I?hby massband dn.cr)ltkmore t(lilan 20/01 b.y nlmssh .
organic solvent C is at least one compound selected from the - he water-based 1k according to claim 1, wherein a
group consisting of a diol and a glycol ether. 35 content of the pigment in the water-based ink is not less than

4. The water-based ink according to claim 1, wherein a I‘V;;)yTrlrllass and élOt Elnorili than %15% by Ta.ss' 4. wherei
resin constituting the pigment-containing polyester-based - 1he W?ell: ased 1 acco; ng ;O N almp A, W .erema/
resin particles A comprises a polyester PA that is obtained by mass ratio of the pigment o the polyester [pigment
subjecting at least an alcohol component and a carboxylic polyester PA] is not less.than 50/5Qand not more than 90{10.
acid component to polycondensation, in an amount of not 40 17. The water-based ink ?ccordlng fo clalm.7, Wherem a
less than 80% by mass. content of the polyester PB in the water-based ink is not less

0, 0,

5. The water-based ink according to claim 4, wherein the than 1% by mass and not more thgn 20% b.y mass.
alcohol component comprises an aromatic diol, and the 18. The Water—basg d ink accprdmg to claim 1, \.Vheyem a
aromatic diol is an alkyleneoxide adduct of bisphenol A. content of the organic solvent in the water-based ink is not

6. The water-based ink according to claim 4, wherein the 45 1es§ than 30% by mass and less than 50% by mass, on the
carboxylic acid component is at least one compound basllgs %"fha total alr)nou(rilt.ﬁlf Waterdjand thel qrga;nc ;Olv.em'h
selected from the group consisting of an unsaturated ali- £ ) e]v)va}ter- 1as? ! acr(;or ng tolc aéglf W ﬁremt e
phatic dicarboxylic acid and a saturated aliphatic dicarbox- sur a.ctiant 1s at least one surfactant selected from the group
ylic acid. consisting of a polyoxyalkylene alkyl ether-type surfactant,

50 an acetylene glycol-based surfactant and a silicone-based

7. The water-based ink according to claim 1, wherein a
resin constituting the pigment-free polyester-based resin
particles B comprises a polyester PB that is obtained by

surfactant.
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