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DESCRIPTION

INK SET, IMAGE FORMING METHOD,
INK JET RECORDING MEfHOD,

INK CARTRIDGE, AND RECORDING UNIT

BACKGROUND éF THE INVENTION
Field of the Invention

The present invention relates to an ink set
having at least two inks havihg specific absorbance
characteristics, an image forming method, an ink jet
recording method, an ink cartridge and a recording unit.
Related Background Art

An ink jet recording method is for forming images
by applying ink droplets onto a recording medium, e.g.,

plain paper or dedicated glossy medium. These methods

- have been rapidly spreading because of reduced cost and

increased printing speed. Color ink jet recording

generally'forms images with inks of four basic colors,

three primary colors (yellow, magenta and cyan) and

black.

However, some users sometimes feel that images
produced with inks of these three or four colors are
not satisféctory in a recorded color region as image
quality of printed matter is advancing. In particular,
users who demand recorded images having a quality as

high as that of images produced by silver halide
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.photography or by a laser printer with pbwdered toner
are demanding recording systems capable of expressing a
wider color reproduction range. Under these situétions,
a number of proposalé have been madé for forming images

5 with ink colors such as red, green and blue, and
further orange, violet and so on in addition to the
three basic‘colors, i.e., three primary colors (yellow,
magenta and cyan). See, e.g., WO 99/05230 and Japanesé
Patent Application Laid-Open No. 2000-248217.

10 , Moreover, there are techniques focused on hue
angle are proposed for recording media surface-treated

'to be glossy to widen a color reproduction range
without deteriorating their gloss with a pigment ink
(see, e.g., WO 2002/100959 and Japanese Patent

15 Application Laid—Open'No. 2004-155826) .
These documents, héwevef, simply pro§ide a

' combination of inks containing coloring materials
suitable for the'objective hues, and are silent on
relationships between coloring materials on recording

20 media. Therefore, these techniques fail to attain a
high level beyond expressing colors which satisfy the
objects to some extent by, e.g., increasing an ink
amount to be applied onto a recording medium or
increasing’a coloring material content in an ink. With

25 a pigment usea as a coloring material, in particular,
it will be very difficult to keep ink reliability, with

respect to ejection stability, storage stability Qf the
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like, as coloring material content increases in an ink.

Therefore,.images with conventional ink sets, which
merely combine inks of different colors for objective
image colors, may nof be sufficientfy satisfactory in
some cases depending on-hues which these ink sets try
to express, compared to images produced by silver
halide photégraphy or by a laser printer with powdered
toner.

| An object of the present invention is to provide
an ink set which can produce images with color
developability undoubtedly higher than images produced
by a conventional pigment ink, and closer to images
produced by silver halide photography or output from a
laser printer, in particular, color developability in a
red color region, while keeping ink reliability.

Other objects are to provide an image forming

~method, ink jet recording method, ink cartridge and

recording unit in which the above ink set is used.

SUMMARY OF INVENTION

These objects can be achieved by the present
invention. The ink set of the present invention
comprises at least a first ink and a second ink,
wherein the first ink has a maximum absorption
wavelength in}a region of 450 nm or more and less than
500 nm and the second ink has a maximum absorption

wavelength in a region of 500 nm or more and 570 nm or
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less, and the ihklset has a B/A ratio of a minimum

absorbance B to a maximum absorbance A of 0.7 oi more

and 1.0 or less among absorbances of the first ink and

the second ink in tdtal in a region_of 450 nm or more
5 and 570 nm or less.

In a preferred embodiment of the ink set, the
first ink and the secénd ink each comprise a coloring
material containing a pigment; the first ink comprises
at least C.I. Pigment Red 149 as a coloring material

10 and the second ink comprises‘at least C.I. Pigment Réd
122 as a coloring material; or the second ink has a
maximum absorbance X in a région of 520 nm or more and
550 nm or léss and a maximum absorbance Y in a region
of 550 nm or more and 570 nm or less at a ratio Y/X of

15 0.9 or more and 1.0 or less.

The image forming»method as another aspect of the
present invention forms images at least by a first ink
and a second ink, wherein the first ink has a maximum
absorption~wavelength in a region of 450 nm or more and

20 less than 500 nm and the second ink has a maximum
absorption wavelength in a region of 500 nm or more and
570 nm or less, and the ink set has a B/A ratio of a
minimum absorbance B fo a maximum absorbance A of 0.7
or more and 1.0 or less among absorbances of the firsf

25 ink and the éecond ink in total in a region of 450 nm
or more and 570 nm or less.

The ink jet recording method as still another
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aspect of the present invention comprises ejecting ink

by an ink jet method to carry out recording on a
recording medium, wherein the ink constitutes the ink
set of the structure.described above. The ink
cartridge as still another aspect of the present
invention comprises an‘ink storage portion for storing
an ink, wherein the ink constitutes the ink set of the
structure described above. The recordiﬁg unit as still
ahother aspect of the present invention comprises an

ink storage portion for storing an ink and a recording

" head for ejecting an ink, wherein the ink constitutes

the ink set of the structure :‘described above.

The present invention can bring the following
advantages. The images formed with the ink set of the
present invention can have wider color developability
and color reproduction rénges, in particular color
reproduction range in the red color region, and better
gradation than those formed with a conventional ink set.

The present invention also provides an image-
forming method, ink jet récoiding method, ink cartridge
and recording unit in which the above-described ink set

is used.

BRIEF DESCRIPTION OF DRAWINGS
Figs. 1A, 1B and 1C describe summations of
absorbance of a first ink and that of a second ink;

Fig. 2 is an outlines of an ink cartridge;
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‘Fig. 3 is>a perspective view illustrating one
example of recording unit; and

fig. 4 compares an image formed an ink set
prepared in‘Examples.and that formeé with a

conventional ink set.

DESCRIPTION‘OF,THE PREFERRED EMBODIMENTS

The present invention is described below in
detail by the preferred embodiments. The inventors of
the present invention have foﬁnd, after having
extensively studied relationships of coloring materials
on a recording medium to solve the above problems,
combinations of inks which can give recorded matter
wide in color reproduction range, in particular that in
the red color region, and excellent in'gradation,
achieving the preéent in&entién. Specifically, the ink
set of the present invention comprises a first ink
having a maximum absorption wavelength in a region of
450 nm or more and less than 500 nm and a second ink
having a maximum absorption wavelength in a region of
500 nm or more and 570 nm or less. The advantage of .
the present invention is realized when the ink set has
a B/A ratio of a minimum absorbance B to a maximum
absorbance A of 0.7 or more and 1.0 or less among
absorbances of the first ink and the second ink in
total in a region of 450 nm or more and 570 nm or less.

Use of the ink set of the present invention
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'~ comprising a first and second inks, the former having a

maximum absorption wavelength in a regibn of 450 nm or
more and less than 500 nm and the latter of 500 nm or
more and 570 nm or léss, realizes iméges of wider color
reproduction range, in particular that in the red color
region, than images formed with a conventional ink set.
Tﬁe inventors of the present invention consider that
this advantage comes from the following phenomenon.
The ink set of the above structure can secure more
intensified interference of light after it is reflected
onto a recording medium than an ink set lacking a
maximum absorption wavelength in each region, to
improve colpr developability in a region of 450 nm or
more and 570 nm or less.

It is also considered that the following

advantages can be brought by setting a B/A ratio at 0.7

"or more and 1.0 or less where A is a maximum summed

absorbance of these inks and B is a minimum summed
ébsorbéncé of these inks, both in a region of 450 nm or
more and 570 nm or less. The ink set can improve
uniformity of light absorptioﬁ in an entire region of
450 nm or more and 570 nm or less to intensify light
interference. As the B/A ratio comes closer to 1.0,
the above effect is more noted, and so are the above-
described advéntage of . the present invention. At a
ratio below 0.7, on the other hand, the light

interference turns down, because of an excessive
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difference betwéen maximum summed absorbance A and
minimum summed absorbance B, to cause insufficient’
light development.

"Absorbances of the first ink and the second ink
in total" for the present invention is described below.
First, each of the first and second inks is diluted
with water to the same extent. Each of the diluted
inks is analyzed for an absorption spectrum by which
absorbahce at each wavelength is found, and-the
absorbance levels at differenf'wavelengths are added up
to find a summed absorption spectrum. The summed
absorption spectrum gives the maximum summed absorbance
A and minimum summed absorbance B, and hence B/A ratio
in a region of 450 nm or more and 570 nm or less.

There is a proportional relationship between ink
dilution rate and absorbénce.' It is therefore
important to set the same dilution rate for these inks,
when the absorbance ratio is found for the present
invention. This is to cancel out changed absorbance
resulting from dilution of each ink. A wavelength at
which absorbance attains a maximum is irrespective of
dilution rate, although the absorbance is changed in
proportion to the degree of dilution as described above.

A conventional ink set is then described by
taking as an éxample the ink set prepared in
Comparative Example 4, described later. The first ink

which constitutes the ink set of Comparative Example 4
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is diluted 1,000 times with pure water, to obtain an
absorption spectrum, shown in Figure 1A. Similarly,

the second ink for the ink set is diluted also 1,000
times with pufe watef, to obtain an—abSOrption spectrum
shown in Figure 1B. These spectrums of the first and
second inks are used to sum up the absorbance values at
each wavelehgth, to obtain the absorption spectrum with
the summed absorbance values,.shown in Figure 1C. The
summed absofbance spectrum shown in Figure 1C gives the
following values, wavelength-at which absorbance
attains a maximum: around 560 nm, maximum absorbance A:
2.40, wavelength at which ébsorbance attains a minimum:
around 450 nm, minimum absorbance B: 1.00, and B/A
ratio: 0.42 in a region of 450 nm or more and 570 nm or
less.

As discussed above; it is important in the
present invention to fully understand ink absorption
characteristics to realize colpr developability in the
red region as far as possible. Therefore, the present
invenfion tries to keep light absorption power more
uniform while taking .into consideration light
absorption balance in a region of 450 nm or more and
570 nm or less. In other words, the ink set of the
present invention can have a much higher color
developability capability in the red color region than
conventional ones, e.g., those which merely use an ink

containing C.I. Pigment Red 149 and another ink
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containing C.I..Pigment Red 122 to form color images,
and those which place no consideration_about.absorption
characteristics of each ink constituting the ink set
except specifying an‘absorption area of each ink in a
specific wavelength range (e.g., the one disclosed in
WO 2002/100959) .

As discussed above, ﬁhe present invention takes a
WaveAlength at which absorbance attains a maximum in a
region of 450 nm or more and 570 nm or less as a
standard for further improving color developability,
because light in this range is generally recognized as
red color and it is necéssary to maximize absorbance in
this range. The term "red color region" used in this.
specification corresponds to a hue angle (H°) value, in
the ab colorimetric system specified by CIE, from 0 to
80° and from 330 to 360°; |

The present invention, which uses the ink set
comprising at least two inks satisfying the above
structure, brings another advantage of forming images
of higher gradation than a method which uses a
conventional ink set.  Although not fully substantiated,
this conceivably comes from uniformized.absorption of
light in a region of 450 nm or more and 570 nm or less
with the result that there is no region of extremely
deviated lighf absorption power in the above range.
This, in turn, can minimize deviation of hue angle (H°)

occurring region by region of different ink density.
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Moreover, the present invention can realize a
much wider color reproduction range in the red color
region for images which it produces, when it uses a

coloring material containing a pigment for the ink set,

.than a conventional technique which uses an ink set

containing a conventional pigment. The inventors of
the present.invention have found that a color
reproduction range in each color region can bg notably
expanded, when the ink set according to the present
invention contains at least C;I. Pigment Red 149 as a
coloring material for the first ink and at least C.I.
Pigment Red 122 as a coloring material for the second
ink, compared to that of images formed with a
combination of inks each containing a conventional
pigment.

In particular, it is preferable for the present

- invention to use a second ink containing C.I. Pigment

Red 122 as a coloring material and set a Y/X ratio of
the ink at 0.9 or more and 1.0 or less where X is a
maximum absorbance in a region of 520 nm or more and
550 nﬁ or less and Y is a méximum absorbance in a
region of 550 nm or more and 570 nm or less. The ink
set can further improve color developability in the red
color region as oné of the objects of the present ~
invention, whén it comprises the second ink described
above. The inventors of the present invention consider

that the above advantage comes from the following
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_ phenomenon, which although not fully substantiated.
C.I. Pigment Red 122 has two absorption peaks in
a region of 380 nm or more and 780 nm or‘less; It is
found that C.I. Pigment Red 122 has bigment particles
5 finely divided under a strengthened dispersion
condition, which is accompanied by increased Y/X ratio.
It is also found that color developability improves as
they become finer. The inventors of the present
invention have attempted to strengthen dispersion
10 conditions by changing, e.g.,.dispersion methods by a
roll mill, beads mill and nanomizer, dispersion time
and circumferential velocity, types of media to Be
filled and kinds of pigment to find that excessive
dispersion of pigment particles tends to shift color
15 gradation to a blue colof region and deteriorate
dispersion stability. Tﬁéy haQe concluded, based on
these findings, that it is preferable to use C.I.
Pigment Red 122, which secures a Y/X ratio at 0.9 or
more and 1.0 or less for a second ink coloring material,
20 in order to reaiize an improved color developability in
the red color region and dispersion stability of
pigment.
Moreover, the inventors of the present invention
have found that it is preferable to keep the following
25 conditions, wﬁen a coloring material for the first ink
comprises at least C.I. Pigment Red 149 and coloring

material for the second ink comprises at least C.I.
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_ Pigment Red 122. It is particularly preferable to keep

a WM/WR ratié at 0.88 or more and 1.25 or less where WM
is a C.I. Pigment Red 122 content (mass%) in the secohd
ink and WR is a C.I. Pigment Red 145 content (mass%) in
the first ink. At a WM/WR ratio below 0.88, C.I.
Pigment Red 122 itself is required to have a fairly

high color developability in order to secure color

. developability in the red color region. As discussed

above, color developability of C.I. Pigment Red 122
itself can be enhanced to somé extent by finely
dividing the pigment particles. Nevertheless, it is
preferable to keep a WM/Wﬁ ratio at 0.88 or more in
consideration that diépersion stability of the
particles decreases as their size decreases. On the
other hand, color developability in the red color

region is not notably improved as a WM/WR ratio

"~ increases beyond 1.25, as compared to that at a ratio

below 1.25. It is preferable to keep a ratio at 1.25
or less, because increasing a coloring material content
in the ink beyond necessity is undesirable in
consideration of reliability or the like with respect
to ink jet charécteristics or the like.

Another preferred embodiment of the present
invention contains C.I. Pigment Red 149 in a first ink
preferably at'3.0 mass% or more and 5.0 mass% or less,
with respect to the total mass .of the ink. Keeping the

content in the above range can realize excellent color
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~ developability, even when the ink application amount is

low. C.I. Pigment Red 149 has a higher color
developability than other common organic pigﬁents, and
may exert advepse effects on ink stérage stability and
the like while contributing to improvement of color
developability to a limited extent, when it is

confained af above 5.0 mass%. At below 3 mass%, on the
other hand, in order to secure sufficient color
developability, the ink will be injected onto a
recording medium in a quantity.which may cause problems,

e.g., deteriorated fixation, even though it has a

_higher color developability than other common organic

pigments.

Still another preferred embodiment of the present
invention contains C.I. Pigment Red 122 in a second ink
at 2.6 mass% or more, pfeferably 3.7 mass% or more as
lower limit, and 6.3 mass$%$ or less, preferably 4.4
mass% or less as upper limit, all percentages by mass
with respéct’to the total mass of the ink. |

The inventors of the present invention have
further investigated to observe improved gloss of
images formed with the ink which constitutes the ink
set of the present invention on a recording medium
having an ink receiving layer mainly compo#ed of an
inorganic pigﬁent. It is another advantage brought'by
use of the coloring material, described above. They

attribute the above advantage to the following
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phenomenon.

For example, C.I.. Pigment Red 149, which can be
suitably used for the present invention, has a
characteristic of ha&ing a higher aésorption intensity
in a H° range of 30 or more and .80 or less, the most
important range for forming a red color region oh'a
recording medium, than other coloring materials.
Therefore, an ink containing C.I. Pigment Red 149 as a
coloring material can provide images of sufficient
color developability in the above H® range even in a
reduced ink application amount, and hence in a reduced
quantity.of the coloring material on a recording medium.
Pigment particles generally agglomerate each other on a
glossy recording medium to randomly scatter light,
which is one of the causes for deteriorated gloss of
the images. It is therefore eonsidered that the ink
which constitutes the ink set of the present invention
provides more glossy images than a conventional ink,
because it contains C.I. Pigment Red 149 of high color
developability capability.

(Ink Set)

It is essential for the ink set of the present

invention to comprise at least two inks, first and

second, the former having a maximum absorption

wavelength in a region of 450 nm or more and less than
500 nm and the latter having a maximum absorption

wavelength in a region of 500 nm or more and 570 nm or
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less. It is aléo essential to have a B/A ratio of 0.7
or more and 1.0 or less where A is a maximum summed
absorbance of these inks and B is a minimum summed
absorbance of these inks, both in a-region of 450 nm or
more and 570 nm or less. These first and second inks
may be similar to known ones in structure or an other
ink for use for a combination of these inks except for
the above-described essential features. An aqueous ink,
known for its ink jet recording characteristics, is a
particularly preferable embodiment of the ink which
constitutes the ink set of the present invention. Each
component to be used for producing each ink which
conétitutes the ink set of the present invention is
described below.

(Coloring materials)

Each coloring matérial for each ink which
constitutes the ink set of the present invention is
described. There are various inks, e.g., those with a
pigment to which an anionic dye or anionic group is
chemically bound on the surface, dissolved or dispersed

in an aqueous medium; or those with a pigment as a

‘coloring material and anionic dispersing agent in an

aqueous medium. Any of these inks can be used for the
present inbention. However, an ink type containing a
pigment as a'coloring material to constitute the ink
set is particularly preferable, because it helps

notably exhibit the advantages of the present invention.
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In other words,.a pigment, although inferior to a dye
in color developability, can fully bring ouf color
developability of a coloring material for images, when
it constitutes the iﬁk set of the piesent invention, as
discussed earlier. Pigments useful for the present
invention include common pigménts, microencapsulated
pigments, colored resin, and so on. A coloring
material is contained in each ink which constitutes the
ihkvéet of the present invention preferably at 2.0
mass% or more and 6.0 mass% 6r less with respect to the
total mass of the ink in consideration of ink

reliability, image color developability and so on.

These coloring materials are described below in detail.

(Pigments)

The ink set of the present invention is premised
on comprising a coloring matefial having a maximum
absorption'wavelength in a region of 450 nm or more and
less than 500 nm and another coloring material having a
maximum absorption wavelength in a region of 500 nm or
more and 570 nm or less at least in respective first
and second inks which constitute the ink set. This
structure allows the ink to have a maximum absorption
wavelength in the region specified for the present
invention. The pigments useful for the present
invention and.having a maximum absorption wavelength in
a region of 450 nm or more and less than 500 nm include

C.I. Pigment Red 149, and C.I. Pigment Orange 34 and 71.
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Those having a ﬁaximum absorption wavelength in a
region of 500 nm or more and 570 nm or less include C.TI.
Pigment Red 122 and.177, and Pigment Violet 19.

Coloring maferials which can be used for an ink,
except the above, for constituting the ink set of the
present invention or for use in combination with the

coloring maferial described above are not limited. The

- pigment for the present invention may be selected from

carbon black, organic pigments and the like, described
below.
(Carbon black)

Carbon black pigments can be selected from

furnace black, lamp black, acetylene black, channel

black and so on.
Specifically, they include Raven: 1170,
1190ULTRA-II, 1200, 1250, 1255, 1500, 2000, 3500, 5000,

- 5250, 5750 and 7000 (all by Columbia); Black Pearls L,

Regal: 330R, 400R and 660R, Mogul L, Monarch: 700, 800,
880, 900, 1000, 1100, 1300 and 1400, and Valcan XC-72R
(all by Cabot); Color Black; FWl, FW2, FW2V, FW18,
FWw200, 8150,.8160 and S$170, Printex: 35, U, V, 140U and
140V, and Special Black: 4, 4A, 5 and 6 (all by
Degussa); and No. 25, No. 33, No. 40, No. 47, No. 52,
No. 900, Ng. 2300, MCF-88, MA600, MA7, MA8 and MA1l00
(all by Mitsubishi Chemical).

Carbon black pigments useful for the present

invention are not limited above, and known ones can be
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~used. Moreover, fine magnetic particles, e.g., those

of magnetite and ferrite, and titanium black may be
used as black pigments.

(Organic pigments)

Speéifically, organic pigments useful for the
present invention include:

Insoluble azo pigments; é.g., Toluidine Red,
Toluidine-Maroon, Hanza Yellow, Benzidine Yellow and
Pyraiolone Red; water-soluble azo pigments, e.qg.,
Ritohl Red, Heliobordeau, Pighent Scarlet and Permanent
Red 2B; vat dye derivatives, e.g., arizarine,
indanthrone and thioindigo maroon; phthalocyaﬁine—based
pigments, e.qg., Phthalocyanine Blue and Phthalocyanine
Green; quinacridone-based pigments, e.g., Quinacridone
Red and Quinacridone Magenta; perylene-based pigments,

e.g., Perylene Red and Perylene Scarlet; Isoindolinone-

" based pigments, e.g., Isoindolinone Yellow and

Isoindolinone Orange; Imidazolone-based pigments, e.g.,
Benzimidazolone Yellow, Benzimidazolone Orange and
Benzimidazolone Red; Pyranthrone-based pigments, e.g.,
Pyranthrone Red and Pyranthrone Orange; indigo-based
pigments, condensed azo pigments, indigo—baééd pigments,
Flavanthrone Yellow, Acyl Amide Yellow, Quinophthalone
Yellow, Nickel Azo Yellow, Copper Azomethyne Yellow,
Perinone Oranée, Anthrone orange, Dianthraquinonyl Red,
Dioxadine Violet, and so on.

Moreover, organic pigments in terms of Color
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‘Index (C.I.) number include:

C.I. Pigment Yellow: 12, 13, 14, 17, 20, 24, 74,
83, 86, 93, 109, 110, 117, 120, 125, 128, 137, 138, 147,
148, 151, 153, 154, 166, 168 and so gn;

C.I. Pigment Orange: 16, 36, 43, 51, 55, 59, 61;
71 and so on; ‘

C.I. éigment Red: 9, 48, 49, 52, 53, 57, 97, 122,
123, 149, 168, 175, 176, 177, 180, 192, 215, 216, 217,
220, 223, 224, 226, 227, 228, 238, 240 and so on}

C.I. Pigment Violet: 19; 23, 29, 30, 37, 40, 50
and so on; ‘

C.I. Pigment Blue: 15, 15:1, 15:3, 15:4, 15:6, 22,
60, 64 and so on;

C.I. Pigment Green: 7, 36 and so on; and

C.I. Pigment'Brown: 23, 25, 26 and so on.

Coloring materials for each ink which constitutes

“the ink set of the present invention are not limited to

the above, and can be selected from known onés, The
preferablé ink combination containing the above organic
pigments for widening color reproduction ranges other
than the red color region which the present invention
intends to expand is an yellow ink containing C.I.
Pigment Yellow 74, magenta ink containihg C.I. Pigment
Red 122, red ink containing C.I. Pigment Red 149, cyan
ink containiné C.I. Pigment blue 15:3, green ink
containing C.I. Pigment Green 7, and blue ink

containing C.I. Pigment violet 23. The above
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combination brings particularly excellent effects when

used to form images.

{Dispersing agenfs)

The above carbbn black and ordénic pigments, when
used for the present invention, are preferably
incorporated in combination with a dispersing agent.
The dispersing agent 1is preferably selécted from those
which can stably disperse the above coloring material
in an aqueous medium by the action of an anionic group.
It preferably has a weight—avérage molecular weight in
a region of 1,000 or more and 30,000 or less,
particularly preferably 3,000 or more and 15,000 or
less. |

Specifically, dispersing agents useful for the

present invention include styrene/acrylic acid

copolymer, styrene/acrylic acid/alkyl acrylate ester

- copolymer, styrene/maleic acid copolymer,

styrene/maleic acid/alkyl acrylate ester copolymer,
styrene/methacrylic acid copolymer, styrene/methacrylic
acid/alkyl acrylate ester copolymer, styrene/maleic
acid half ester copolymer, vinyl naphthalene/acrylic
acid copolymer, vinyl naphthalene/ﬁaleic acid copolymer
and styrene/maleic acid anhydride/maleic acid half
ester copoiymer or salts thereof.

(Self—dispersible pigments)

Each ink which constitutes the ink set of the

present invention can contain a so-called self-
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~dispersible pigment, as a coloring material. It has an

ionic (anionic) group bound to the surface, which
allows the pigment to be dispersed in an aqueous medium
without using dispersing agent. The;e pigments include
self-dispersible carbon black, for example. Carbon
black having. an anioni; group bound to. the surface,
i.e., anionic carbon black, is one example of self-
dispersible carbon black. |

(Fine colored particles/microencapsulated
pigments) |

Other pigments can be also used.as coloring
materials for each ink which constitutes the ink set of
the present invention. These include pigments
miéroéncapsulated with a polymer or the like, or fine
colored particles obtained by coating resin particles

with a coloring material. Microcapsules are inherently

~dispersible in an aqueous medium, but may be

incorporated in an ink in combination with a dispersing
agent, e.g-, that selegted from the ones described
above, to enhance dispersion stability. Fine, colored
particles, when used as a coloring material, are
preferably incorporated in the presence of an anionic
dispersing agent described above or the like.

(Dyes)

Each ink which constitutes the ink set of the
present invention can contain an anionic dye as a

coloring material. The anionic dyes useful for the
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~present inventidn include:
(Coloring materials for yellow ink)
C.I. Direct Yellow: 8, 11, 12, 27, 28, 33, 39, 44,
50, 58, 85, 86, 87, 88, 89, 99, 100; 110, 132 and so
5 on; _
C.I. Acid Yellow: 1, 3, 7, 11, 17, 23, 25, 29, 36,
38, 40, 42, 44, 76, 98, 99 and so on;
C.I. Reactive Yellow: 2, 3, 17, 25, 37, 42 and so
on; and
10 C.I. Food yellow: 3 and.so on;
(Coloring materials for red ink)
C. I. Direct Red: 2, 4, 9, 11, 20, 23, 24, 31, 39,
46, 62, 75, 79, 80, 83, 89, 95, 197, 201, 218, 220, 224,
225, 226, 227, 338, 339, 230 and so on;
15 C.I. Acid Red: 6, 8, 9, 13, 14, 18, 26, 27, 32,
35, 42, 51, 52, 80, 83, 87,"89, 92, 106, 114, 115, 133,
134, 145, 158, 198, 249, 265, 289 and so on; |
C.I. Reactive Red: 7, 12, 13, 15, 17, 20, 23, 24,
31, 42, 45, 46, 59 and so on; and
20 C.I. Food Red: 87, 92, 94 and so on;
(Coloring materials for blue ink)
C. I. Direct Blue: 1, 15, 22, 25, 41, 76, 77, 80,
86, 90, 98, 106, 108, 120, 158, 163, 168, 199, 226 and
so on;
25 c. I. Aéid Blue: 1, 7, 9, 15, 22, 23, 25, 29, 40,
43, 59, 62, 74, 78, 80, 90, 100, 102, 104, 117, 127,

138, 158, 161 and so on;
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. C.I. Reactive Blue: 4, 5, 7, 13, 14, 15, 18, 19,
21, 26, 27, 29, 32, 38, 40, 44, 100 and so on; and

(Coloring materials for black ink)

C. I. Direct Black: 17, 19, 22, 31, 32, 51, 62,
71, 74, 112, 113, 154, 168, 195 and so on;

C.I. Acid Black: 2, 48, 51, 52, 110, 115, 156 and
so on; and ‘

C.I. Food Black: 1, 2 and so on.

(Aqueoué Medium)

An ink which constituteé the ink set of the
present invention preferably contains a pigment and/or
dye, e.g., that described above, dispersed or dissolved
in an aqueous medium. The aqueous medium useful for
the present inventioﬁ preferably comprise water or
water and a water-soluble organic éolvent. |

Each ink which conétitufes the ink set of the
water-soluble organic solvent at 3.0 mass% or more and
50.0 mass$ or less with respect to the total mass of
the ink. Specifically, water-soluble organic solution
useful for the present invention include: alkanols of 1
to 4 carbon atoms, e.g., ethanol, isopropanol, n-
butanol, isobutanol, secondary butanol and tertiary
butanol; éérboxylic acid amides, e.g., N,N-
dimethylformaﬁide and N,N-dimethylacetoamide;
ketones, e.g., acetone, methylethylketone and 2-methyl-

2-hydroxypentan-4-one; cycloethers, e.g., ketoalcohol,
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_tetrahydrofuran and dioxane; polyhydric alcohols, e.g.,

glycerin, ethyleneglycol, diethyleneglycol,
triethyleneglycol, tetraethyleneglycol, 1,2-
propyleneglycol, 1,3—propyleneglycoi} 1,2-
butyleneglycol, 1,4-butyleneglycol, polyethyleneglycol,
1, 3-butanediol, 1,5-pentanediol, 1,2-hexanediol, 1,6-
hexanediol,ldithioglycol, 2-methyl-1, 3-propanediol,
1,2,6-hexanetriol, acetyleneglycol derivativé and
trimethylolpropane; alkyl ethers of polyhydric alcohol,
e.g., ethyleneglycolmonométhyi ether, |
ethyleneglycolmonoethyl ether,’
diethyleneglycolmonomethyl ether,
diethyleneglycolmonoethyl ether,
triethyleneglycolmonoethyl ether and
triethyleneglycolmonobutyl ether; heterocyclic

compounds, e.g., 2-pyrrolidone, N-methyl-2-pyrrolidone,

~1,3-dimethyl-2-imidazolidinone and N-methylmorpholine;

sulfur-containing compounds, e.g., dimethyl sulfoxide;
and urea and its derivative.

Water for the aqueous medium is preferably de-
ionized (ion-exchanged). Each ink which constitutes
the ink set of the preseﬁt invention is incorporated
with water preferably at 50.0 mass% or more and 90.0
mass$ or less with respect to the total mass of the 1ink,
in order to héve an adequate viscosity for stable
injection and, at the same time, to prevent clogging a£

the nozzle tip.
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Moreover, én ink which constitutes the ink set of

the present invention particularly preferably contains
an aqueous organic solvent‘working as a poor medium for
a pigment, when it is used as a col&ring material.
Such an ink will further improve color developability
capability of the pigment, becaﬁse it will accelerate
fixation of.the pigment as a coloring material in the
vicinity of recording medium surfaée.

A poor medium used in this specification is
defined as a water-soluble oréanic solvent which is low
in dispersion stability for pigment dispersion solution.
Specifically, the dispersion stability for the pigment
of the water-soluble organic solvents is tested as
described below. A pigment dispersion solution which

contains about 50 mass% of a water-soluble organic

solvent to be tested and pigment in a dispersed

condition is prepared. The obtained pigment dispersion

solution is allowed to stand af 60°C for 48 hqurs to
observe aVerage particle size of the pigment in the
dispersion. Then, the state of the pigment is
investigated before and after the storage of the
pigment dispersion solution. The solvent is defined as
a poor medium when it is larger than that of the
pigment diéper;ed in an aqueous solvent in whiéh the
water—solubléﬂorganic solvent to be tested is not

contained or contained to only & limited extent.

(Additives)
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Each ink wﬁich constitutes the ink set of the
present invention may be incorporated with one or more
additives, in addition to the components described
above. These-additives can be selecied from various
ones, e.g., surfactant, pH adjusting agent, chelating
agent, rust-proof agent, preservative, biocides, UV
absorber, viscoéity adjusting agent, defoaming agent
and water-soluble polymer.

(Surfactants)

Surfactants for the present invention may be
anionic surfactant, ampholytic surfactant, cationic
surfactant or nonionic surfactant. |

Specifically, anionic surfactants useful for the
present invention include alkyl_sulfocarbonate, o-
olefin sulfonate, polyoxyethylene alkyl ether acetate,‘

N-acylamino acid and salts thereof, N-acylmethyl

taurate, alkyl sulfate polyoxy alkyl ether sulfate,

élkyl sulfate polyoxyethylene alkyl ether phosphate,
rosin acid soap, castor oil sulfate, lauryl alcohol
sulfate, alkyl phenol type phosphoric ester, alkyl type
phosphoric ester, alkyl allyl sulfonate, diethyl
sulfosuccinate, diethylhexyl sulfosuccinate and dioctyl
sulfosuccinate.

| Specifically; cationic surfactants useful for the
present invenﬁion include 2-vinyl pyridine derivatives
and poly-4-vinyl pyridine derivativeé.

Specifically, ampholytic surfactants useful for
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~the present invéntion include lauryl diﬁethyl
aminocacetic acid betaine, 2-alkyl-N-carboxymethyl-N-
hydroxyethylimidazolinium betaine, coconut oil fatty
acid amide propyldiﬁethyl aminoaceti& acid betaine,
5 polyoctylpolyaminoethyl glycine, and other imidazoline
derivatives. |
Specifically, nonionic surfactants useful for the
present invention include:
efher—based ones, e.g.,

10 polyoxyethylenenonylphenylvether,
polyoxyethyleneoctylphenyl ether,
polyoxyethylenedodecylphenyl ether,
polyoxyethylenelauryl ethe;, polyoxyethyleneoleyl ether,
polyoxyethylene alkyl ether and polyoxyethyleneallyl

15 alkyl ether; ester-based ones, e.qg.,
polyoxyethyleneoleic acia, polyoxyethyleneoleic acid

~ester, polyoxyethylenedistearic acid ester, sorbitan
laurate, sorbitan monostearate, sorbitan monooleate,
sorbitan Sesqui oleate, polyoxyethyléne monooleate and

20 polyoxyethylene stearate; acetylene glycol-based ones,
e.g., 2,4,7,9-tetramethyl-5-decine-4,7-diol, 3,6-
dimethyl-4-octine-3, 6-diol and 3/5—dimethyl—l—hexin—3—
ol. The commercial product of the acetylene glycol
based surféctant is, for example, Acetylenol E100 by

25 Kawaken Fine Chemicals; and Surfynol 104, 82 and 465,
and Olfin STG by Nisshin Chemical Industry.

(PH adjusting agents)
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Any. pH adjﬁsting.agent may be used so long as it
can control an ink pH level in a specified range.
Specifically, pH adjusting agents useful for the
present invention include: alcohol éﬁine compounds,
e.g., diethanolamine, triethanolamine, isopropaﬁolamine
and trishydroxymethylaminomethane; alkali metal
hydroxides,Ae.g., lithium hydroxide and potassium
hydroxide; amménium hydroxide; and alkali metal
carbonates, e.g., lithium carbonate, sodium carbonate
and potassium carbonate.

(Preservatives and biocides)

Specifically, preservatives and biocides useful
for the present invention include: compounds based on
organic sulfur, ofganic nitrogen/sulfur, organohalogens,

haloallylsulfone, iodopropargyl, N-haloalkylthio,

benzthiazole, nitrile, pyridine, 8-oxyquinoline, .

 benzothiazole, isothiazoline, dithiol, pyridine oxide,

nitropropane, organic tin, phenol, quarternary ammonium
salts, triazine, thiadiazine, anilide, adamantane,
dithiocarbamate, brominated indanone,
benzylbrbmoacetate and inorganic salts.
Organohalogen-based compounds include
pentachlorophenol sodium, pyridine oxide-based
compounds include 2-pyridinethiol-1-oxide sodium, those
based on inorgaﬁic salts include sodium acetate
anhydride and isothiazoline-based compounds include

1,2-benzisothiazolin-3-one, 2-n-octyl-4-isothiazolin-3-
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~ one, 5—chloro—2;methyl—4—isothiazolin—3—one, 5—chioro—
2-methyl-4-isothiazolin-3-one magnesium chloride and 5-
chloro-2-methyl-4-isothiazolin-3-one calcium chloride.
Other preservatives and biocides inélude sorbic acid
5 sodium and benzoic acid sédium, e.g., Proxel GXL (S)
and Proxel XL-2 (S) by Avecia.

(Cheléting agents) .

Specifically, chelating agents useful for the
present invention include sodium citrate, sodium

10 ethylenediamine tetraacetate? sodium 2-nitrotriacetate,
sodium hydroxyethylethylenediamine triacetate, sodium
.diethylenetriamine pentaacetate and sodium uranyl
diacetate.

(Rust preventives)

15 . Specifically, rust preventives useful for the
present invention include acidic sulfites, sodium
thiosulfate, ammonium thioglycolate, diisopropyl
‘ammonium nitrite, pentaerythritol tetranitrite and
dicyclohexyl 'ammonium nitfite;

20 (UV absorbers)

Specifically, UV absorbers useful for the'present
invention include compounds which absorb ultraviolet
ray to emit fluorescence (so-called fluorescent
whitening égents). They are represented by those based

25 on benzophenoﬁe, benzotriazole, cinnamic acid, triazine,
stilbene and benzoxazole:

(Viscosity adjusting agents and defoaming agents)
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Viscosity‘adjusting agents include water-soluble
polymers, in addition to water-soluble organic solvents.
Specifically, they include polyvinyl alcohol, cellulose
derivative, polyamine and polyimine;

As for defoaming agents, fluorine- or silicone-
based compound is used, as required.

{(Ink éet types)

The ink set of the present invention comprises at
least two ink types which satisfy the conditions
specified by the present invention, and may contain any
other ink. All of the ink sets described below are
within the scope of the present invention, and are
referred to as the "ink sets.”

An ink set comprising a cyan, magenta, yellow and
black inks as the basic inks, and an ink selected from
the group consisting of fed, green and blue inks, each
stored in a cartridge.

An ink set comprising a cyan,vmagenta and yellow
inks as the basic inks, and an ink of another color,
integrated in a cartridge.

An ink set, wherein an ink tank is formed by an
ink cartridge with a head.

An ink set, whérein the ink tank comprises ink
cartridge iespectively detachable from a recording
device. ' |

a.
Type of an ink, other than the essential two ink

types used in combination for the ink set of the
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_ present invention, is not limited to the above, and any

variation can be adopted in a recording device or
cartridge.

(Ink jet recording method)

The ink set of the preseht invention produces
particularly good results when used for an ihk jet
recording méthod, in which an ink is ejected ffom an
orifice in accordance with a recording signal onto &
recording medium to form images thereon. One of the
preferred ink jet recording methods ejects an ink by
applying thermal energy to the ink onto a recording
medium to form images thereon.

(Ink cart;idge)

The ink set of the present invention is
preferably used with a plurality of the constituent
inks individually held By cartridges. One type of the
ink cartridges within the scope of the present
invention has an ink storage portion for each of the
inks for the ink set of the present invention. One
embodiment of the ink cartridge suitable for recording
with the ink set of the preseﬁt invention is
specifically described.

Figure 2 is a cross-sectional view outlining a
liquid—stofing container suitably used for an ink
cartridge for recording with the ink set of the present
invention. As illustrated, the liquid-storing

container (ink tank) is in communication with air via
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~the air communication port 112 on the top, and with an

ink supply port at the bottom. The liquid-storing
container contains a negative pressure generation
member-holding chamber 134 for holding a negative
pressure generation member and a liquid-holding chamber
136 essentially closed to store a liquid ink, separated
from each o£her by the partition wall 138. ' The
negative pressure generation member-holding chamber 134
and.liquid-holding chamber 136 are in communication

with each other only through the communication hole 140

and air inducing groove (air ihducing'passage) 150, the

former being provided in the partition wall 138 at near
the bottom of the liquid-storing container (ink tank)
and the latter being provided to accelerate drawing air
into the liquid-storing container during supply of
liquid. The liquid—storing container (ink tank), which
contains the negative pressure generation member-

holding chamber 134 for holding a negative pressure

.generatioh member, is provided on the upper wall with a

plurality of ribs integrated with the liquid-storing
container. These ribs project inwards to come into
contact with the negative pressure generation member
contained in the negative pressure generation member-—
holding chémber 134 in a compressed condition. They
form an air buffer chamber between the upper wall and
upper side of the negative pressure generation member.

The ink supply cylinder having the liquid supply
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_port 114 is provided with the compressing member 146,

which has a higher capillary force and physical
strength than the negative pressure generation member,
and comes into contact with the negé&ive pressure
generation member under pressure. In the embodiment
illustrated in Figure 2, the negative pressure
generation ﬁember—holding chamber 134 contains two
types of capillary force generation_type>negative
pressure genefation members, first member 132B and
second member 132A, made of polyolefin-based resin
(e.g., polyethylene) fibers. These members 132A and
132B are separated by the boundary layer 132C, whose
portion intersecting with the partition wall 138 is
positioned at above the upper side of the air inducing

groove (air inducing passage) 150, when the groove 150

is provided at the bottom of the liquid-storing

container. The liquid level L of the ink contained .in

the negative pressure generation member is above the
boundary iayer 132C, as illustrated.

(Recording unit)

The recording unit of the present invention is
brovided with the ink storage portion and ink jet head
described above, the former for holding each of a
plurality éf the inks which constitute the ink set of
the present invention and the latter ejecting each of
the inks. The head and ink cartridge are separated

from each other in the above structure, but may be
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_integrated with each other as illustrated in Figure 3.
Both of these structures are suitably used for the
present invention. Referring to Figure.3, the
recording unit 70 contains an ink s£grage portion (e.g.,

S5 ink absorber) for storing an ink. Each ink in the ink
absorber is ejected in droplets from the head 71
provided'wifh a plurality of orifices. The ink
absorber is preferably made of polyurethane or
polypropylene. The ink storage portion may be of a

10 structure with an ink bag having a spring or the like
inside while dispehsing with an ink absorber. The
member 72 is an air communication port, through which

the ink cartridge inside is in communication with air.

15 EXAMPLES
Hereinafter, the present invention will be
described more specifically by way of examples and
comparative examples. The present invention is not
limited td the following examples without departing
20 from the gist of the present invention. The terms
"part(s)" and "%" in the following description are on a
mass basis unless otherwise stated.
(Preparation of pigment dispersion solutions 1 to
9)
25 The pigment dispersion solutions 1 to 9 were
prepared by the following procedures, where a

dispersing agent was an aqueous solution of a
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_styrene/acrylic acid copolymer having an acid value of

200 and weight-average molecular weight of 10,000,
neutralized with a 1Q mass% aqueous solution of sodium
hydroxide. o

(Preparation of pigment dispersion solution 1
containing C.I. Pigment Red 122)

10 pafts of C.I. Pigment Red 122 as a pigment, 20
parts of a dispersing agent and 70 parts of ion
exchange water were mixed and dispersed by a batch type
vértical sand mill for 3 hours. The dispersion by
means of the sand mill was performed water-cooled under
the conditions including a zirconia bead diameter of
0.3 mm, a filling ratio in a pot of 70% and a
circumferential velocity 8 m/s. It was centrifugally
treated to remove the coarse particles, and then

filtered under pressure by a microfilter (Fuji film,

'pore size: 3.0 pum) to prepare the pigment dispersion

solution 1 containing the pigment at 10 mass$%.
Thebpigment dispersion solution 1 was diluted
4,000 times with pure water, and'analyzed for its
absorption spectrum by a spectrophotometer (Hitachi, U-
3300). It had a Y/X ratio of 0.91, where X is a
maximum absorbance in a region of 520 nm or more and
550 nm or iess and Y is a maximum absorbance in a
region of 550 nm or more and 570 nm or less.
(Preparation of pigmeht dispersion solution 2

containing C.I. Pigment Red 122)
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10 parts éf C.I. Pigment Red 122 as a pigment, 20
barts of a dispersing agent and 70 parts of ion
exchange water were mixéd and dispersed by a batch type
vertical sand mill for 5 hours. Thé-condition of
dispersion was the same as describéd in the preparation
of pigment dispersion solution 1 above. It was
centrifugaliy treated to remove the coarse particles,
and then filtered under pressure by a microfilter (Fuji
film, pore size: 3.0 pm) to prepare the pigment-
dispersion solution 2 containing the pigment at 10
mass%.

The pigment dispersion solution 2 was diluted
4,000 times with pure water, and analyzed for its
absorption spectrum by a spectrophotometer (Hitachi, U-
3300). It had a Y/X ratio of 0.96, where X is a
maximum absorbance in a region of 520 nm or more and
550 nﬁ or less and Y is a maximum absorbance in a
region of 550 nm or more and 570 nm or less.

(Préparation of pigment dispersion solution 3
containing C.I. Pigment Red 122)

10 parts of C.I. Pigment Red 122 as a pigment, 20
parts of a dispersing agent and 70 parts of ion
exchange water were mixed and dispersed by a batch type
vertical sénd mill for 1 hour. The condition of
dispersion was the same as described in the preparation
of pigment dispersion solution 1 above. It was

centrifugally treated to remove the coarse particles,
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and then filtered under pressure by a microfilter (Fuji
film, pore size: 3.0 pm) to prepare the pigment
dispersion solution 3 containihg the pigment at 10 °
masss%. —

The pigment dispersioﬁ solution 3 was diluted
4,000 times with pure water, and analyzed for its
absorption épeCtrum by a spectrophotometer (Hitachi, U-
3300). It had a Y/X ratio of 0.89, where X is a
maximum absorbance in a region of 520 nm or more and
550 nm or less and Y is a maximum absorbance in a
region of 550 nm or more and 570 nm or less.

(Preparation of pigment dispersion solution 4
coﬁtaining C.I. Pigment Red 122)

10 parts of C.I. Pigment Red 122 as a. pigment, 20
parts of a dispersing agent and 70 parts of ion
exchange water were mixed and dispersed by a batch type
vertical sand mill for 3 hours at a circumferential
velocity 2 times higher than that for preparation of
the.pigmént dispersion solution 1 and the other
céndition of dispersion was the same as described in
the preparation of pigment dispersion solution 1 above.
It was centrifugally treated to remove the coarsé
particles, and then filtered under pressure by a
microfiltér (Fuji film, pore size: 3.0 pm) to prepare
the pigment dispersion solution 4 containing the
pigment at 10 mass%.

The pigment dispersion solution 4 was diluted



WO 2006/095930 PCT/JP2006/305310

10

15

20

25

39

4,000 times with pure water, and analyzed for its

absorption spectrum by a spectrophotometer (Hitachi, U-
3300). It had a Y/X_ratio of 1.03, where X is a
maximum absorbance in a region of 550 nm or more and
550 nm or less and Y is a maximum absorbance in a
region of 550 nm or more and 570 nm or less.

(Prepération of pigment dispersion solution 5
containing C.I. Pigment Red 149)

lOvparts of C.I. -Pigment Red 149 as a pigment, 20
parts of a dispersing agent and 70 parts of ion
exchange water were mixed and disbersed by a batch type

vertical sand mill for 3 hours. The condition of

dispersion was the same as described in the preparation

- of pigment dispersion solution 1 above. It was

centrifugally treated to remove the coarse particles,
and then filtered under pressure by a microfilter (Fuji
film, pore size: 3.0 pm) to prepare the pigment
dispersion solution 5 containing the pigment at 10
masss.

(Preparation of pigment dispersion solution 6
containing C.I. Pigment Red 177)

10 parts of C.I. Pigment Red 177 as a pigment, 20
parts of a dispersing agent and 70 parts of ion
exchange wéter weré mixed and diépersed by a batch type
vertical sand mill for 3 hours. The condition of
dispérsion was the same as described in the preparation

of .pigment dispersion solution 1 above. It was
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- centrifugally treated to remove the coarse particles,

and then filtered under pressure by a microfilter (Fuji
film, pore size: 3.0 pum) to prepare the pigment
dispersion solutipn 6 containing thé pigment at 10
mass%.

(Preparation of pigment dispersion solution 7
containing é.I. Pigment Orange 71)

10 parts of C.I. Pigment Orange 71 as a pigment,
20 parts of a dispersing agent and 70 parts of ion
exchange water were mixed and dispersed by a batch type
vertical sand mill for 3 hours. The condition of
dispersion was the same as described in the preparation
of pigment dispersion solution 1 above. It was
centrifugally treated to remove the coarse particles,
and then filtered under pressure by a microfilter (Fuji
film, pore size: 3.0 um) to prepare the pigment
dispersion solution 7 containing the pigment at iO
mass%.

(Préparation of pigment dispersion solution 8
containing C.I. Pigment Violet 19)

10 parts of C.I. Pigment Violet 19 as a pigment,
20 parts of a dispersing agent and 70 parts of ion
exchange water were mixed and dispersed by a batch type
vertical sénd mill for 3 hours. The condition of
dispersion was the same as described in the preparation
of pigment dispersion solution 1 above. It was

centrifugally treated to remove the coarse particles,



WO 2006/095930 PCT/JP2006/305310

10

15

20

25

41

and then filtered under pressure by a microfilter (Fuji

film, pore size: 3.0 um) to prepare the pigment
dispersion solution 8 containing the pigment at 10
mass$%. -

(Preparation of pigment'dispersion solution 9
containing C.I. Pigment Yellow 74f

10 pafts of C.I. Pigment Yellow 74 as a pigment,
20 parts of a'dispersing agent and 70 parts'of.ion
exchange water were mixed gnd dispersed by a batch type
vertical sand mill for 3 hours. It was centrifugally
treated to remove the coarse particles, and then
filtered under pressure by a microfilter (Fuji film,
pore size: 3.0 pm) to prepare the pigment dispersion
solution 9 containing the pigment at 10 méss%.

(Determination of whether each aqueous organic
solvent serves as a poof medium or not)

The following test was conducted in order to

select the water-soluble organic solvent that acts as a

poor medium for the pigment in the above pigment

dispersion solution 1. Fiistly, the pigment dispersion

solution 1 haviﬁg a pigment concentration of 10 mass$%
was prepared. This pigment dispersion solution and
respective water-soluble organic solvents were used to
prepare a boor medium-determination dispersion solution
A and a poor medium-determination water dispersion
solution B according to the following compositions.

(Composition of poor medium-determination
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. dispersion solution)
[Determination dispersion solution A}

Pigment dispersion solution 1 (pigment

concentration of 10 mass%) 5 parts
5 Water-soluble organic solvent, given in Table 1
50 parts
Pure Qater ' 45 parts

[Determinatioh water dispersion solution B]
Pigment dispersion solution 1 (pigment
10 concentration of 10 mass$%) - 5 parts
Pure water ' 95 parts
‘(DeterMination method and results)
Next, 10 g of the respective determination
dispersion solution A and determination water

15 dispersion solution B prepared in the manner as
described above were placed in a transparent glass
sample bottle with caps, respectively. The sample
bottles were covered with the caps and sufficiently
stirred, followed by settling for 48 hours at 60°C.

20 After that, as measurement samples, the average
particle sizes of the pigments in the settled
dispersion solutions were measured using a fiber-optics
particle analyzer (product name: FPAR-1000; Otsuka
Electronicé Co., Ltd.). When the average particle size

25 of the pigments in the determination dispersion
solution A was larger than the average particle size of

the pigments in the determination water dispersion
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solution B, the water-soluble organic solvent contained
in the determination dispersion solution A at that time
was determined as a poor medium; whereas when the

average particle size of the pigments in the

‘determination dispersion solution A was equal to or

smaller than the average particle size of the pigments
in the dete£mination water dispersion solution B, the
water—soiuble organic solvent contained in the
determination dispersion solution A at that time was
not determined as a poor medium.

Table 1 shows results of the determination on
whether the respective water-soluble organic solvents
Serve as a poor medium or not, which are obtained by

measuring the average particle size in the manner as

described above. In Table 1, the case where an

increase in the particle size was found and the
rele?ant water-soluble organic solvent was determined
as a poor medium was indicated by "o" and the case
where an increase in the particie size was not found
and the relevant water-soluble organic solvent was not
determined as a poor medium was indicated by "x".
Determinations were carried out also for the
pigment dispersion solutions 2 to 9 to select a water-
soluble oréanic solvent that acts as a poor medium for
each pigment in the pigment dispersion solutions 2 to 9,
using the same determination method as for the pigment

dispersion solution 1. The obtained results are shown
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~in Table 1.
Table 1
Pigment dispersion solutions
1 2 3 4 [ 5 6 7 8 9
Glycerin
2-pyrrolidone o] o o o o) o o'l o o
fgifethyleng glycol o o o o o o o o o

(*1) An average molecular weight of 1,000.

(Preparation of inks)

Each mixture of the components given in Table 2
was sufficiently stirred and then filtered under
pressure by a microfilter (Fuji film, pore size: 1.0
pum) to prepare the inks 1 to 12. Each of the inks was
diluted 1,000 times with pure water, and analyzed for

its absorption spectrum by a spectrophotometer (Hitadhi,

. U-3300). The maximum absorption wavelengths of these

inks are also giVen in Table 2.
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(Inks.which constitute an ink set)’

The inks 1 to 12 were used to prepare the ink
séts of Examples 1 to 6 and Comparative Examples 1l to 6.
Theit combinations are given in Tabié 3. Absorbance
valges of the inks which constitute eacﬁ of thé ink
sets are summéd by the procedure described earlier to

find a maximum absorbance A and minimum absorbance B in -

a region of 450 nm or more and 570 nm or less and also

‘a B/A ratio from these A and B values. Moreover, .a

WM/WR ratio was also found, where WR is a content of
C.I. Pigment Red 149 in the first ink and WM is a
content of C.I. Pigment Red 122 in the second ink. The

results are given in Table 3.
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It is noted that the ink 2 which constitutes the

ink set of Example 3 has a larger B/A ratio,in spite of

its lower coloring'matérial content than the ink 1

which constitutes the ink set of Example 1, conceivably

. because of higher color developability.of the pigment

dispersion solution 2 contained in the ink 2 than the
pigment dispérsion solution 1 contained in the ink 1.
(Evaluation) .
(Preparation of images for evaluatidn)
Each ink which constitutes each of the ink sets

of Examples 1 to 6 and Comparative Examples 1 to 6 was

put in a liquid storing container (ink tank) of a

structure shown in Figure 2. Then, the liquid storing
container was mounted in an ink jet recording apparatus

(Canon, BJF-930) which ejects an ink by applying

thermal ehergy to the ink onto a recording medium to

"form images thereon at a black ink position and

photocyan ink position.

A 5 cm square solid imagevfor evaluation was
formed using each of the ink sets of Examples 1 to 6
and Comparative Examples 1 to 6, where an ink
application amount was changed from 20% duty to 200%
duty in .an increment of 20% duty. The ink application
amount on a recording medium is'described below (refer
to Figure 4). .For an image formed at an application
amount of 200% duty, inks constituting an ink set were

applied in a ratio of 1:1. For an image at another ink
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. application amount, ink application amount of each ink

was changed at intervals of 10% duty.

The output mode and recording media selected for
forming the evaluation images are déscribed below:

(Output mode)

Type of paper: Pro photo‘Paper

Print‘quality: Clear

Color control: Automatic

(Recording medium)

Professional Photo Paper PR-101 (Canon)

Super Photo Paper SG-101 (Canon)

IJ-RC-UF-120 (Canon)

(Evaluation of color developability)

Each evaluation image obtained above was measured
using Spectrolino manufactured By Gretag Macbeth for
the a* and b* wvalues in‘the CIE—épecified ab
colorimetric system. The obtained a* and b* values
were plotted on an XY coordinate system to find a color
space areé in an H° range from 0 to 80° and from 330 to
360°. Color developability was evaluated based on the
color space area of an evaluation image formed with the
ink set in Comparative Example 1 as 100%. The
evaluation standards for color developability is as
follows. fhe'evaluation results are shown in Table 4.

AA: Color space area is 120% or more based on
Comparative Example 1

A: Color space area is 100% or more and less than
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- 120% based on Comparative Example 1

B: Color space area is 90% or more and less than
100% based on Comparative Example 1

C: Color space area is less th;n 90% based on.
Comparative Example 1

(Evaluation of gradation)

Each évaluation image obtained above was visually
observed from a distance of éround 30 cm from the image
to evaluate its gradation relative to that of an
evaluation image formed with the ink set prepared in
Comparative Example 1. The evaluation standards, for
gradatién are as follows. The results are shown in
Table 4.

A: Tone is superior to that in Comparative
Example 1

B: Tone is equivalent to that in Comparative

' Example 1

C: Tone is inferior to that in Comparative

Example 1.
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~ Table 4
devefﬁﬁéﬁllity Gradation
1 AA . A
B " :
Example 3 AA A
4 A 5
5 a 5
6 a 5
1 = -
2 C o
Comparative 3 c 5
Example 4 5 -
5 B 5
6 B 5

(Evaluation of storage stébility)

The inks 1 to 12 prepared above were analyzed for
ink viscosity and pigmeﬁt avefage particle size.
Moreover, each of inks 1 to 12 was placed in a shot
bottle and the bottle was sealed and preserved in an
oven for 4 weeks at 60°C. Then, the shot bottle was
taken out. from the oven and ink viscosity and pigment
average particle size were measured, to determine
changes of these properties before and after the
storage at 60°C. The pigment average particle size was
determined‘by ELS-8000 manufactured by Otsuka
Electronics Cb., Ltd.

The ink 11 was found to increase in change of

pigment average particle size at a much higher rate of
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- 20% than the othérs.

The present invention is applied to, for example,
an ink set, ink cart;idge and recording unit which can
provide printed matters having imagé-with color

5 developability undoubtedly higher than images produced
by a conventional pigment ink, and closer to images
produced by‘silver halide photography or output from a
laser printer, color developability in particular in a

red .color region.

10

This application claims priority from Japanese
Patent Application No. 2005-069839 filed on March 11,

2005, which is hereby incorporated by reference herein.
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CLAIMS

1. An ink set cémprising at least a first ink
and a second ink, wherein

the first ink has a maximum ab;orption wavelength
in a region of 450 nm or more and less than 500 nm,

the second ink has a maximum absorption
wavelength ih a region of 500 nm or more and 570 nm or
less, and

the ink set has a B/A ratio of a minimum
absorbance B to a maximum absorbance A of 0.7 or more
and 1.0 or less among absorbances of the first ink and
the second ink in total in a region of 450 nm or more
and 570 nm or less.

2. The ink set according to claim 1, wherein the
first ink and the second ink each comprise a coloring
material containing a pigment.
| 3. The ink set according to claim 1, wherein the
first ink comprises at least C.I. Pigment Red 149 as a
coloring ﬁaterial and the second ink comprises at least
C.I. Pigment Red 122 as a coloring material.

4. The ink set according to claim 1, wherein the

'second ink has a maximum absorbance X in a region of

520 nm or more and 550 nm or less and a maximum

absorbancelY in a region of 550 nm or more and 570 nm

or less at a ratio Y/X of 0.9 or more and 1.0 or less.
5. An image forming method comprising forming

images at least by a first ink and a second ink,



WO 2006/095930 PCT/JP2006/305310

10

15

20

54

~wherein

the first ink has a maximum absorption wavelength
in a region of 450 nm or more and less than 500 nm,

the second ink has a maximum»ébsorption
wavelength in a region of 500 nm or more and 570 nm or
less, and

the iﬁk set has a B/A ratio of a minimum
absorbance B to a maximum abéorbance A of 0.7 or more
and 1.0 or less among absorbances of the first ink and
the second ink in total in a region of 450 nm or more
and 570 nm or less. |

6. An ink jet recording method comprising
ejecting an ink by an ink jet method to carry out
recording on a recording medium, wherein the ihk
comprises the ink constituting the ink set according to
claim 1.

7. An ink cartridge comprising an ink storage
poftion for storing an ink, wherein the ink comprises
the ink constituting the ink set according to claim 1.

8. A recording unit comprising an ink storage
portion for storing an ink and a recording head for
ejecting an ink, wherein the ink comprises the ink

constituting the ink set according to claim 1.
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