1 AQUEQUS | NK, | NK-JET RECORDI NG METHOD, | NK CARTRI DGE, RECORDI NG UNI T,
| NK- JET RECORDI NG APPARATUS AND | MAGE FORM NG METHOD 5 TECHNI CAL FI ELD Thi s
invention relates to an aqueous ink which ontains water, a water-sol uble

organi c solvent and a pignment. Specifically, it relates to an aqgueous ink
which is suitable for recording nmethods and a 10 recordi ng apparat us mnaki ng
use of an ink-jet nmethod, 1i.e., ink-jet recording nmethods (inage formng

met hods or recording nethods), and to an ink-jet recording methods, an ink
cartridge, a recoding unit, an ink-jet recordiqg %BParatus and an i mage
fornmi ng met hod which 15 AEREQEe 161K t eV Kolieb USEGORD INGAGKERODND ART
Conventionally, inks which contain pignments as colorants (pignment inks) are
known to forminmages 20 havi ngi¥ysdk TilsRFles SRECRD BYG W £F + r esi st ance or
light resistance. In recent years, various techniques have been proposed
for the purposes GNKWFHToREGY RN QrARRARMBAS| AND of @%QE@RM5NEEHEE§9 g such
i nks and, where color inmages are recorded such that areas having 25 colors
different from one another stand adjacent, nore effectively keeping col or

m xi ng (bleeding% from occurring at the boundary areas of respective-color
2 immges. O TECHNICAL FIELD

This invention relates to an aqueous ink which

contains water, a water-soluble organic solvent and a
pigment. Specifically, it relates to an agqueous 1ink
which 1is suitable for recording methods and a

10 recording apparatus making use of an ink-jet method,
i.e., ink-jet recording methods (image forming methods
or recording methods), and to an ink-jet recording
methods, an ink cartridge, a recoding unit, an ink-jet
recording apparatus and an image forming method which

15 make use of the aqueous ink.

BACKGROUND ART
Conventionally, 1inks which contain pigments as

colorants (pigment inks) are known to form images

20 having good fastness such as water resistance or light
resistance. In recent years, various techniques have
been proposed for the purposes of improving the print
density of images formed using such iﬁks and, where
color images are recorded such that areas having

25 colors different from one another stand adjacent, more
effectively keeping color mixing (bleeding)} from

occurring at the boundary areas of respective-color



For exanple, it is proposed to achieve significant inprovenent in inage
density by the use of an ink containing a self-dispersible carbon bl ack and
5 a specific salt (see, e.g., Japanese Pategt Application Laid-open No.
2000-198955) . A technique is also proposetl in which an ink-jet recording
ink which 1is a conposition containing a pignent, fine polymer particles, a
wat er - sol ubl e organi ¢ sol vent and water 10 and an aqueous sol ution
containing a polyvalent netal salt are adhered to a recording nedium and
the ink conposition is allowed to react with the aqueous polyval ent netal
salt solution téMe@en-hi gh grade inmages (see, e.g., Japanese Patent
Application 15 Lai d-open No. 2000-63719). In both of these techniques, the
pi gnent present in th&ornkxEgPle aldi dfelseP e e-0 s iofeedl y made to
floccul ate on the recording nmediumsurface to thereby_keeg t he pignment from
penetrating the Si€EGdiGrg theldiRirR (Dbt af h 1 hBgesd20ShhYi RY AhARuBRShPEher
density and to prevent bleeding. In addition, since in the pignment inks the
pi gnent i s nmade &o o GUta e Ui these b BF Py At Gnfarbre Eﬂ@ﬁﬁnﬁnfiends to
remai n'on the surface of the recording nedium In particular, where the
pi gnent ink 25 i5s Spesd i pra it 1 $RiyesS oh pl 4R R2P&P.r F2BPBFri ng may  occur
when the print surface is stroqgly scrat ched even gfter a sufficient time
has | apsed f r omAFA G O3 Ly TrRGH %Wur%@%%‘ﬁ%?gé e abotf CWRERYR oh®t hi ng
'S also proposed in which an ink-jet recording ink which
is a composition containing a pigment, fine polymer
particles, a water-soluble organic solvent and water
10 and an aqueous soluticn containing a polyvalent metal
salt are adhered to a recording medium, and the ink
composition is allowed to react with the aquecus
polyvalent metal salt solution to form high grade
images (see, e.g., Japanese Patent Application
15 Laid-open No. 2000-63719}. In both of these techniques,
the pigment present in the ink is in a dispersed state
and forcedly made to flocculate on the recording
medium surface to thereby keep the pigment from
penetrating the recording medium to obtain images
20  having a much higher density and to prevent bleeding.
In addition, since in the pigment inks the
pigment is made to flocculate on the recording medium,
the pigment tends to remain on the surface of the
recording medium. In particular, where the pigment ink
25 1s used to print images on plain paper, blurring may

occur when the print surface is strongly scratched,

even after a sufficient time has lapsed from printing,



witten with an aqueous ink marker on inmages after printing. That is,
pi gnment inks have a problemin that they have poor scratch and marker
resi stance. 5 Previously, sone efforts have been taken for the purpose of
i mprovi ng scratch resistance. For exanple, 3 it has been proposed that
scratch resistance can be inproved by adding a water-soluble enmulsion to a
sel f-di spersion type pignent ink (see, e.g., Japanese 10 Patent Applications
Lai d-open Nos. HO03-56573, 2001-3291.99 and 2001-329200). DI SCLOSURE OF THE
| NVENTI ON However, according to studies made by the present 15 inventors,
it has been found giatt il dhei apovey tembnagues whenaseacwherne tize recording
medi um surface can be covered with the coloring material (what is called
"area factor") wmmtthen iwisth faci @gticcoapankdmavkelh bhe iwalese adftamk
dropl ets, because pignent 20 particles are nade to flocculate on the
recordi ng nedipumntiric. mBdes tikgt pigrdret above hachnagoesbilae iguahatty of
ink applied that is necessary in order to achieve the sane inage density is
greater than thateyfhays gment sokstch ahdchaakeonvestlisamalcepi gnent is 25
di spersed with a polyneric dispersing agent or the like. In this regard,
t here has been room fPoe viiogwlogvenmme &f hethodhase absenatvakkablferi hhehi ch
inks 4 are made which highly penetrate the recording nmedium to ensure a
| arge area factmrrven atheimpnkvdnopberstch resistance. For example,

it has been proposed that scratch resistance can be

improved by adding a water-soluble emulsicn to a

self-dispersion type pigment ink (see, e.g., Japanese

10 Patent Applications Laid-open Nos. H03-56573,

2001-329199 and 2001-329200).

DISCLOSURE OF THE INVENTION
However, according to studies made by the present

15 inventors, it has been found that in the above
techniques the area where the recording medium surface
can be covered with the coloring material (what is
called "area factor") may be insufficient compared
with the volume of ink droplets, because pigment

20 particles are made to flocculate on the recording
medium. This means that in the above techniques the
quantity of ink applied that is necessary in order to
achieve the same image density is greater than that of
pigment inks in which a conventional pigment is

25 dispersed with a polymeric dispersing agent or the
like. In this regard, there has been room for

improvement. A method is also available in which inks



are small in volune.. However, where an ink is nmade highly penetrable, the
ink may cone to penetrate not 5 only the surface of the recording nmedi um but
also inside the recording nmedium thus making it unable to achieve
sufficient inmage density. The present invergors have searched for the

advant ages and di sadvant ages of individual 10 conventional inks and anal yzed
the characteristic features of the inmages thenselves. As a result, it has
turned out that, as the coloring material is present in the ink in a higher
concentration, the coloring material occurs in excess at the recording

nmedi um 15 surface, dot,s i.C re.forned are .visuall nore. non-ynjiform or,
penetrate insi de8TEnE2HECH dFﬁg%ﬁ§&¥ﬁnpeQé}E99%s ?,¥§$%F§%?%r$%§lﬁﬁterim

is wasted without articipating in color development. The present.inventors
have found that "t SHE4SE oG8 G The HHove TRhnI S prODIERE REY be
solved, and this enables.im gs supehiorvto ta se in con%gqggona cases to
be formed. The BFGbPEfe tﬁ@'ﬂ% 85t | AVERYEFS vé Found are <iown bel ow.
The present inVﬁnt'?n i S E%igﬁﬂ-aténgVi at Ie%§t one 05 %pg fohl wi ng 25
probl ens. (1) TREOPPEbPERETRAT . ST (HH Bipiert pr eRoRE P o TRelPhK i n a
di spersed state if &ﬁéCEdlﬁéggde Bp f%gccu ate on {he fecor ing medi um
surface, the ar88-Ywhéfe® &cordi redi %Rﬁf%ﬁ% PBrPbe 2overed with
inside the recording medium, thus making it unable to
achieve sufficient image density.
The present inventors have searched for the
advantages and disadvantages of individual
103 conventional inks and analyzed the characteristic
features of the images themselves. As a result, it has
turned out that, as the coloring material is present
in the ink in a higher concentration, the coloring
material occurs in excess at the recording medium
15 surface, dots which are formed are visually more
non-uniform, or, penetrate inside the recording medium,
as a result, the coloring material is wasted without
participating in color development.
The present inventors have found that at least
20 one of the above technical problems may be solved, and
this enables images superior to those in conventional
cases to be formed. The problems the present inventors
have found are shown below. The present invention is
aimed at solving at least one of the following
25 problems.
(1) The problem that, where the pigment present in

the ink in a dispersed state is forcedly made to



the coloring material (what is called "area factor"”) is insufficient
conpared with the volune of ink 5 droplets, and hence the ink nust be
applied in a large quantity in order to achieve the sanme i mage density.

(2) The problemthat, where the ink is madeshighly penetrable, the ink may
penetrate not only the surface of the recording nedium but al so inside the
recordi ng 10 nmedium thus making the coloring material unable to be
distributed at a high concentration on the surface of the recordi ng nmedi um
and in the vicinity thereof and neke it unable to achi eve high i mage

density. ACCOTd'E'i%'c}éulﬁ%eOQJne?tt m({bﬁf&h@%dlweﬁfpg e,15t1'1§ LpeRrovide,

In a pignent In an aqueous 1 n a surticlent arge area factor

even when using a.,s$mahl. %Qhkgxﬁﬁ %gY%ﬁ?§H¥f§éé Ggn 38@Q}éﬁag§?|ty 20

havi ng a hi gh prlnt density, as superior storage sta

Anot her obj ect ef,t he praseNtydyanti O@Ha}dglos @JPI’é@e"é‘Pe?qE?@’éér"?k made

to have superlor scratch resi st ance, wat er - so e po yner to

the aqueous ink_caons qu%g%ngs Ehggpqqqungesgm% ghgﬁkobject of the

pr esent i nvention is rovi an aqueous I nk as a sufficiently

o0e o Tt PUER SR i . ML e e g o
having the step,af,+aRRl YNGR 2 troecankﬁé\Qe el UM AD AEYEQUSehBkty .
(2) The problem that, where the ink is made highly
penetrable, the ink may penetrate not only the surface
of the recording medium but also inside the recording

10 medium, thus making the coloring material unable to be
distributed at a high concentration on the surface of
the recording medium and in the vicinity thereof and
make 1t unable to achieve high image density.

Accordingly, an object of the present invention

15 1is to provide, in a pigment ink, anlaqueous ink which
has a sufficiently large area factor even when using a
small quantity of ink droplets and can form images
having a high print density, and further has superior
storage stability.

20 Another object of the present invention is to
provide an agqueous ink made to have superior scratch
resistance, by adding a water-soluble polymer to the
aqueous 1nk constituted as mentioned above.

Still another object of the present invention is

25 to provide an aqueous ink which has a sufficiently
large area factor even when using a small quantity of

ink droplets and can form images having high print



containing a pignent and the step of applying to the recording nmediuma
reaction |iquid capable of 5 disrupting the state of dispersion of the
pignent in the aqueous ink upon contact with the aqueous ink (hereinafter
this method is often also called "two-liquid systen). A further object of
the present invention is to 10 provide an aqueous ink/reaction |liquid set,
an ink-jet recording nethod, an ink cartridge, a receding unit and an

i nk-j et recordi ng apparatus which make use of the aqueous ink constituted
as nentioned above. An additional object of the present inventionis 15 to

provi de an i magg.far miNg ARLhGd whi GhyLan &I &6) In& okeep, £o4 ofhai xi ng

(bl eedi ng) fron1 occurring at the boun ary areas of respective-col or inages

wher e col or g@éplgfwggggyagga 'ﬂgkd¥HfH méﬁf%ﬁrgﬁt H O 9NEL RNOL her

st and adjacent are recor a|n paper. The ove objects are
achi eved by the ppesent ngl %V?’ltg'n@htd e ithpd belov £ That1 | ng 2 agigeous i nk

according to an enbodlne the present 1nvention is an aqueous i nk whi ch

conprises at |eastopat By n@d%%nplaur@éaatyl&{ Matef g SOl b g 05 gani ¢ sol vents
and a coloring material’, wherein the coloring material is a pigment

containing & pi gAERY, @%b' ¢he hawng At dﬁ?&ér&o@ﬂ?ﬁ'%? 95Rspe bopded to a
surface of the plgnent particle directly or via another om c¢ group, and

the aqueous ink upon contact with the aqueous ink
(hereinafter this method is often also called
"two-liquid system").

A further object of the present invention is to

10 provide an aquecus ink/reaction liquid set, an ink-jet

recording method, an ink cartridge, a recoding unit
and an ink-jet recording apparatus which make use of
the aqueous ink constituted as mentioned above.

An additional object of the present invention is

15 to provide an image forming method which can
effectively keep color mixing (bleeding) from
occurring at the boundary areas of respective-color
images where color images in which areas having colors
different from one another stand adjacent are recorded

20 on plain paper.

The above objects are achieved by the present
invention described below. That is, an agueous ink
according to an embodiment of the present invention is
an aqueous ink which comprises at least water, a

25 plurality of water-soluble organic sclvents and a
coloring material, wherein the coloring material is a

pigment containing a pigment particle having at least



wherein the plurality of water-soluble organic solvents include a good
medi um or good nediuns for the 5 pignent and a poor nedi um or poor nedi uns
for the pignment, and wherein the poor nedium does not solvate perfectly or
substantially the pigment, and wherein the/ionic group undergoes perfectly
or substantially no ionic dissociation in the poor nmedium and wherein 10
a wat er-sol ubl e organi ¢ sol vent which shows the maxi nrum Ka val ue anong the
respective Ka values of the water-soluble organic solvents as determ ned by
the Bristow nethod is a poor nedium An aqueous ink according to another

embodi ment of  dpet h@n@eea%hlﬁ BERRIOR d S 3 SO0F Afe aSIISOUS B Tdmavt ch
conprises at least water, "a plurality of water-soluble organic solvents and

a coloring matephakicwheneird dche ohard nohdeHer i & omSc agPhGIENangont ai ni ng
a pignment particle having at | éast one ionic group bonded to a 20 surface

of the pignent paetikehetdier @alinalat Wick waiihedo BRI CogfomPe and wherein
the plurality of water-sol uble organic solvents include a good nmedi um or

good nmedi uns fogcthenpsgrael vakd 22 R MERMiIUNOF gReoImeRdinastborthbe
pi gnent, and wherein the poor 25 nmedi um does not sol vate perfectly or

substanti al ly tBegmph@mant, aapdoMediimm e i€ Eoumsnger goes perfectly
or substantially no ionic dissociation in 8 the poor nedium and wherein a
wat er - sol ubl e opgahied t,Sahventhemriich tshowsod heandximudpda vat uso avpbg t he
perfectly or substantially the pigment, and wherein
the ionic group undergoes perfectly or substantially
no ionic dissociation in the poor medium, and wherein
10 a water-soluble organic solvent which shows the
maximum Ka value among the respective Ka values of the
water-soluble organic solvents as determined by the
Bristow method is a poor medium.
An aqueous ink according to another embodiment of
15 the present invention is also an aqueous ink which
comprises at least water, a plurality of water-soluble
organic solvents and a coloring material, wherein the
coloring material is a pigment containing a pigment
particle having at least one ionic group bonded to a
20 surface of the pigment particle directly or via
another atomic group, and wherein the plurality of
water-soluble organic solvents include a good medium
or good mediums for the pigment and a poor medium or
poor mediums for the pigment, and wherein the poor
25 medium does not solvate perfectly or substantially the
pigment, and wherein the ionic group undergoes

perfectly or substantially no ionic dissociation in



respective Ka val ues of the water-soluble organic solvents as determ ned by
the Bristow nethod is a poor 5 nmedium and wherein the ink further contains
a water-soluble polyner which does not adsorb perfectly or substantially
to the pignent. An aqueous ink accordi ng t® another enbodi nent of the
present invention is an aqueous ink which is used 10 in an inmage formng
nmet hod having the step of applying an aqueous ink conprising a pignent to a
recording nediumand the step of applying a reaction liquid capable of
maki ng the state of dispersion of the pignent in the aqueous ink unstable

upon contact w thelpobhema@ueaus andk W idig, reGa ngs aedh um ongerekn the
aqueous ink constituted as descri bed above is used as the aqueous ink. An

i mge form ng mabhodnacganehnghicsaretdhefax iehodidrent19d fhengr esent
invention is an image 20 form ng method which perfornms recording by an

ink-jet recordiragpaethed @r Faneeed ¢MaEHEdidtbysd heousSeophanichl ack ink
and at | east one color ink, wherein the aqueous ink constituted as

descri bed abovesb3vesed as defte fliaek ik, crandvher®F mé thbar ikng pBoknage
25 conposed of an image forned by the black ink and an inmage fornmed by the

col or ink wg chmateuad] agenivhicd e ieAathOtiel , £ 5@ NgonSapesfarmed to apply
the black 9 ink to formthe imge and thereafter scanning is perfornmed to
apply the col or wanikrtgollh®lar ea whesre WwHiech does not adsorb perfectly
or substantially to the pigment.
An aqueous ink according to another embodiment of
the present invention is an aqueous ink which is used
10  in an image forming method having the step of applying
an aqueous 1ink comprising a pigment to a recording
medium and the step of applying a reaction liquid
capable of making the state of dispersion of the
pigment in the aqueous ink unstable upon contact with
15 the aqueous ink to the recording medium, wherein the
aqueous ink constituted as described above 1is used as
the aqueous ink.
An image forming method according to another
embodiment of the present invention is an image
20 forming method which performs recording by an ink-jet
recording method on a recording medium by the use of a
black ink and at least one color ink, wherein the
agueous ink constituted as described above is used as
the black ink, and wherein in forming an image
25 composed of an image formed by the black ink and an
image formed by the color ink which are adjacent to

each other, scanning is performed to apply the black



i mge has been forned by the precedent scanning. According to the present

i nvention, an aqueous 5 ink can be provided which, in a pignent ink, has a
sufficiently large area factor even when using a small quantity of ink
droplets and can forminages having high pgint density, and further has
superior storage stability. According to another enbodi nent of the 10
present invention, an aqueous ink can further be provided which has
superior scratch resistance in addition to the above effects. According to
still another enbodi nent of the present invention, an aqueous ink can be

provided which hag cSuldiniced livakR |alpe 1 ea FACE 05 ceNSinyphen using a
smal |l quantity of ink droplets and can form i nages having high print

density, also iBeaaysle@Mdd MMHIGh the QaELIOM At b denEapabh eypé rdi srEPti ng
the state of dispersion of the  pignment in the aqueous ink is fixed to a

recording 20 nmedidmeand & Mreafdamdde AqUROUSTd Bkid St apphhgdngQ the part
where the reaction’liquid has been applied, to forman inage. According to

the present inventionaccardifl-jet thecirdiske tretrhied iadh al 50 Deudseyi ded
whi ch can form high-grade inmages with a high print density 25 when using a

smal | quantity ahk Rlen iR Hrdwieledf WHiech Usen of Sughedd a8fKEOHSsi AK.
According to the present invention, an ink cartridge, a recoding unit and

an 10 ink-jet reg@idiirgtappdratdes Oadh tdddonl soebewpenvidedy whisghlake
use of such an aqueous ink: According to

quantity of ink droplets and can form images having
high print density, and further has superior storage
stability. According to another embodiment of the

10 present invention, an aqueous ink can further be
provided which has superior scratch resistance in
addition to the above effects. According to still
another embodiment of the present invention, an
aqueous 1ink can be provided which has a sufficiently

15 large area factor even when using a small quantity of
ink droplets and can form images having high print
density, also in a system in which a reaction liquid
capable of disrupting the state of dispersion of the
pigment in the aqueous ink is fixed to a recording

20 medium and thereafter the aqueous ink is applied to
the part where the reaction liquid has been applied,
to form an image. According to the present invention,
an ink-jet recording method can also be provided which
can form high-grade images with a high print density

25 when using a small quantity of ink, in virtue of the

use of such an aqueous ink. According to the present

invention, an ink cartridge, a recoding unit and an



the present invention, an image form ng nmethod can further be provided

whi ch can effectively keep color 5 m xing (bl eeding) fromoccurring at the
boundary areas of respective-color imges where color inmages in which
areas having colors different fromone anotheér stand adjacent are recorded
on plain paper. 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is .a vertical
section of a recording head. Fig. 2 is a vertical section of a recording
head. Fig. 3 is a perspective view of the external appearance of a
recording head in which the recording 15 head shown in Fig. 1 is set in

nul tiple node. Fh@-jéti %e@o@@ri%@ﬂégdpé&:a\ﬂ&awcﬁmv!m}arh%@% epr&fiddd
i nk-j et recording apparatus. Fig. is a vertical section of an ink
cartridge. FigwhBchSmakpenspeeti wicH em showdig amlexamur Aot
recording unit. Fig. 7 is a view show ng an exanple of the construction of
a recordi ng heatgheFpges8nits ia wdrew cst)owim g nedy e X en @fmé hieod comst r uct i on
of a recording head. 25 Fig. 9 is a view showi ng an exanple of the
construction of fartkear dengrioeddiedFiwihi 0 desn & Mavw sholw ngeam exbanpl e of
the 11 construction of a recording head. Fig. 11 is a view show ng an
exanpl e of tthe mérnayr yotlieen iofg)a fregoraicy thiead.at the boundary areas

of respective-color images where color images in which

areas having colors different from one another stand

adjacent are recorded on plain paper.

10 BRIEF DESCRIPTICN OF THE DRAWINGS
Fig. 1 is a vertical section of a recording head.
Fig. 2 1s a vertical section of a recording head.
Fig. 3 1s a perspective view of the external
appearance of a recording head in which the recording
15 head shown in Fig. 1 is set in multiple mode.
Fig. 4 is a perspective view showing an example
of an ink-jet recording apparatus.
Fig. 5 is a vertical section of an ink cartridge.
Fig. 6 is a perspective view showing an example
20 o©f a recording unit.
Fig. 7 is a view showing an example of the
construction of a recording head.
Fig. 8 is a view showing an example of the
construction of a recording head.
25 Fig. 9 1s a view showing an example of the
construction of a recording head.

Fig. 10 is a view showing an example of the



Fig. 12 is a view show ng an exanple of the 5 construction of a recording
head. Fig. 13 is a view showi ng an exanple of the construction of a
recordi ng head. Figs. 14A, 14B, 14C and 14DBFre views for diagrammatically
illustrating what happens to an ink 10 dropret when it inpacts on the
surface of a recording nedium Fig. 15 is a schematic sectional side

el evation showi ng an exanple of an ink-jet recording apparatus. 15 BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention is described bel ow
in greater detail by giving best nodes for practicing the present

i nvention. The poostmegtimand god¢amsdling itathe present 20 invention are
described first. Details for their definition are described |ater. Were a
pi gment contains a pFygentlpapt RcVéehavhryiag Bdasaniels onf cthYroup bonded
to a surface of the pignment particle directly or via other atomc group is
used as a 25 coFepphguraien SIf s ieacrdidyl yBiad or gani ¢ sol vent good in

di spersion stability of the pignent contained therein and a water-soluble
organi c poor in di spefdfonl2215spaliEMt oM ike a5 GEMP A Heldl t herein
are defined _as a good nediumand a poor, nediu respectively. Also, the

pi gnent and % he CpBELETHEFLGR Fivé JFRIPEELINBIMIOnshi p that the poor medium

does not sol vate
Fig. 13 is a view showing an example of the

construction of a recording head.
Figs. 14A, 14B, 14C and 14D are views for
diagrammatically illustrating what happens to an ink
10 droplet when it impacts on the surface of a recording
medium.
Fig. 15 is a schematic sectional side elevation

showing an example of an ink-jet recording apparatus.

15 BEST MODE FOR CARRYING OUTlTHE INVENTION
The present invention is described below in
greater detail by giving best modes for practicing the
present invention.
The poor medium and gocd medium in the present
20 invention are described first. Details for their
definition are described later. Where a pigment
contains a pigment particle having at least one iocnic
group bonded to a surface of the pigment particle
directly or via other atomic group is used as a
25 coloring material, a water-soluble organic solvent
good in dispersion stability of the pigment contained

therein and a water-soluble organic poor in dispersion



5 perfectly or substantially the pignent, and the ionic group undergoes
perfectly or substantially no ionic dissociation in the poor nmedium As a
characteristic feature of the present invention, taking note of
wat er - sol ubl e organic 10 solvents to be contained in the aqueous ink
together wth a pignent, water-soluble organic solvents having the
function to disperse the pignent are grouped into one show ng behavi or as
t he poor nedi um descri bed above and one show ng behavior as the good
medi um 15 Then, inasnmuch as such constitution is enployed, inages
effectively kepkthbamibheed g ecaqi daerobtadmed ned schene phaiknepdpéinedhi ch
has had various problens in inage formation perforned using conventi onal
aqueous inks, aerdaf gcbhiemeali dquenlis: igdo canedeuapt aéspdcnhiveh y20 hhso a
sufficiently |arge area factor even when the ink is applied in a snal
quantity of inktéeoplietrentamthd emablesod megesuthavang dugh print density to
be formed. Also, inasnuch as such an aqueous ink is used, increasing
printing speed, reilaitabushzipng hraecdrhdi ngp @5 reppanrat dss s andt cesl veéduct i on i n
costs inclusive of costs for consuner goods can be achi eved, and noreover
i mges forned caertiace lyuper isob Sftastiesisl y nuoh highent 13aniinae densicty can
be achi eved and hi gh-grade images can be formed. The present inventors have
found that suchroapkeddefrigsstss pearf doet lobten nealy s aadt havey aecoaplicshed t he
present invention.
dissociation in the poor medium.
As a characteristic feature of the present
invention, taking note of water-soluble organic
10 solvents to be contained in the aqueocus ink together
with a pigment, water-soluble organic solvents having
the function to disperse the pigment are grouped into
one showing behavior as the poor medium described
above and one showing behavior as the good medium.
15 Then, inasmuch as such constitution is employed,
images effectively kept from bleeding can be obtained
also on plain paper, which has had various problems in
image formation performed using conventional aqueous
inks, and further an agqueous ink can be obtained which
20 has a sufficiently large area factor even when the ink
is applied in a small guantity of ink droplets, and
enables images having high print density to be formed.
Also, inasmuch as such an aqueous 1ink is used,
increasing printing speed, miniaturizing recording
25 apparatus, and cost reduction in costs inclusive of

costs for consumer goods can be achieved, and moreover

images formed can have superior fastness, much higher



5 The aqueous ink according to the present invention is one which contains
at least water, a plurality of water-soluble organic solvents and a
coloring material, wherein the coloring material is a pignent containing a
pi gnent particle having at |east 10 one ionté group bonded to a surface of
the pignment particle directly or via.other atom c group, and the
wat er - sol ubl e organi ¢ sol vents include a good nedium or good nedi uns for
t he pigment and a poor nedium or poor nediuns for the pignent, where the
poor nedium 15 does not solvate perfectly or substantially the pignment, and
the ionic groupigader gees ingr fent Ihe afch isabsd antd ah i yhAgraeai ¢mdigssoci ati on
in the poor nmedium Wen such an aqueous ink is in the state of an ink; the
wat er, the wat efcas0lbéblfe radeghni Cheolpreries thaviveg t X theeveg ofislimmedi luant and
poor nediumfor the pignent, and the pignent are mxed in a stated
proportion, andstlvd ndireer sifofestabidn thye afbthenpd gnent hsveet ai ned.
[ Mechani sm of | nage Formation] Here, the nmechanismof imge formation in the
25 present i nvertdoompls sdestritedbtysaqitvi ngvamt exanpl e.  Wiere t he agueous
ink according to the present invention is applied onto a recording medi um
in 14 partigular, pld@he papecuvandnknegeEriarintBt tihersomt, it is
consi dered that very good inmage density and print grade can be brought about
for the reasons iayendtigtred belremv.which contains at least water, a
plurality of water—-soluble organic solvents and a
coloring material, wherein the coloring material is a
pigment containing a pigment particle having at least
10 one ionic group bonded to a surface of the pigment
particle directly or via other atomic group, and the
water-soluble organic solvents include a good medium
or good mediums for the pigment and a poor medium or
poor mediums for the pigment, where the poor medium
15 does not solvate perfectly or substantially the
pigment, and the ionic group undergoes perfectly or
substantially no ionic dissociation in the poor medium.
When such an aqueous ink is in the state of an ink,
the water, the water-soluble organic solvents having
20 the good medium and poor medium for the pigment, and
the pigment are mixed in a stated proportion, and the
dispersion stability of the pigment is retained.
[Mechanism of Image Formation]
Here, the mechanism of image formation in the
25 present invention is described by giving an example.

Where the agueous ink according to the present

invention is applied onto a recording medium, in



5 That is, as shown in Fig. 14A, where an ink droplet 1301 according to the
present inventionis applied to a recording nmedium 1300 as exenplified by

pl ain paper and an inage is printed thereon, immediately after the ink
i npacts on the recording 10 nmedium the propéortion of i) water in the ink,
ii) the good nedium and poor nediumfor the pignent and iii) the pignent

begins to change. More specifically, as shown in Figs. 14A and 14B, after
the ink droplet 1301 inpacts on the surface of the recordi ng nmedi um 1300,
15 the ink becone fixed to the recording medium As it becones fixed,

first, with evapanrahicon aof, the Mateipe aRQOKMABESURE3 Y A0 e b @, Ka
val ue anong the water-soluble organic solvents™in the ink diffuses in a

closely true-cirguliar hanedrtd hehatl Ghdiy Yg®dd thea2d aeg8k diyngnaedi um
surface, and an ink dot conmes to be formed. Figs. 14B, 14C and 14D are a

di agrammatic i blrysir a0 corcesNigib et aPPENSot Ochiberéakonst bl it
becones fixed after it inpact on the surface of the 25 recordi ng nmedi um
1300. Taki ng notkezsekdhewitde i nk dot extends in this case, it is considered
that the concentration of the poor mnmedi um beconmes higher at an 15 outer

periphery 1392 of therdat ak,the cortactirparig.ofl4a,nki i papeik as
conpared with that at a central part 1303 of the dot. As a result, the ink
dot diffuses iArheed i3l ya@fotdiend ecor chagp regkn invention is
applied to a recording medium 1300 as exemplified by
plain paper and an image is printed thereon,
immediately after the ink impacts on the recording
10 medium, the proportion of 1) water in the ink, 1ii) the
good medium and poor medium for the pigment and iii)
the pigment begins to change. More specifically, as
shown in Figs. 14A and 14B, after the ink droplet 1301
impacts on the surface of the recording medium 1300,
15 the ink become fixed to the recording medium. As it
becomes fixed, first, with evaporation of the water, a
poor medium 1307 having a high Ka wvalue among the
water-soluble organic solvents in the ink diffuses in
a closely true-circular shape in the vicinity of the
20 recording medium surface, and an ink dot comes to be
formed.

Figs. 14B, 14C and 14D are a diagrammatic
illustration concerning what happens to the ink until
it becomes fixed after it impact on the surface of the

25 recording medium 1300. Taking note of how the ink dot
extends in this case, it is considered that the

concentration of the poor medium becomes higher at an



5 surface in a closely true-circular shape, and, in the course of that

di ffusion, the concentration of the poor nedium 1307 increases abruptly
wWith respect to the pignent. As a result, at the outer periphery 1302 of
the penetrating liquid, the proportion of tlHe poor 10 nediumfor the pignent
i ncreases abruptly, and the poor nedium does not solvate substantially the
pi gmrent and the ionic group of the pignment undergoes substantially no
ionic dissociation in the water-soluble organic solvents. Hence, the

di spersion 15 of the pignment beconmes unstable to cause flocculation or

di spersi on breakytkler gertipReirpk 1dotb diff frusesion Ht teloselycddtieoLhf cad ar
bordering on the recording nediumsurface (see Fig. 4B), and it cones about

that the pigmenhkl1394nhshaps rpnakhectipairace waft i hevdtecar di nger2Oraedi um 1300,
so that it appears to be as if a bank of the pignment has been forned at the

outer edge portpgpt ofioBhefdehe bBtLhi Bsvayrethetdothef ithe deitgnent is
formed in a true-circular shape, and in this state becones fixed to the

recordi ng medi ugi sankaseinseBeFivdcial t14Q). thAle ticofbiny mddtwme, the dot
formati on of the pignent is conpleted, but the water-sol uble organic
sol vents and water f4366innat heokak yexpard diadidldry sttapevhided di 11 ushag
further. That is, also after the dot fornmation of the pignment has been
conpl eted, the cwatee-sdl thhe ddiddnisdcsgl wént canrtmateri IB06L ithé he 1 nk
diffuse in the vicinity of the recording nedi um
poor medium 1307 increases abruptly with respect to
the pigment. As a result, at the outer periphery 1302
of the penetrating liquid, the proportion of the poor
10 medium for the pigment increases abruptly, and the
poor medium does not solvate substantially the pigment
and the ionic group of the pigment undergoes
substantially no ionic dissociation in the
water-soluble organic solvents. Hence, the dispersion
15 of the pigment becomes unstable to cause flocculation
or dispersion break. Here, the ink dot diffuses with
closely true-circular bordering on the recording
medium surface (see Fig. 4B), and it comes about that
the pigment 1304 stays on the surface of the recording
20 medium 1300, so that it appears to be as if a bank of
the pigment has been formed at the outer edge portion
of the dot. In this way, the dot of the pigment is
formed in a true-circular shape, and in this state
becomes fixed to the recording medium surface (see Fig.
25 14C). At this point of time, the dot formation of the

pigment 1is completed, but the water-soluble organic

solvents and water 1306 in the ink expand radially



5 surface. Subsequently, because of evaporation and penetration of the

wat er - sol ubl e organic solvents at the central part 1303 rich in the good
medi um the pignment beconmes deposited at this part as well, so that a dot
1305 is forned. The image fornmed through 101the nethod as descri bed above
can have a sufficiently |arge area factor even when using a small quantity
of ink droplets, can have high inmage density and can have high grade while
bei ng kept from bl eeding. .[How to Distinguish Good Medi um and Poor Medi unj
15 Under the supposed nechani sm as stated above, the good medi um and poor

medi um used in LG 1 GRET, 4 INNENI LAY € degideds by, whetdwere Orepotashe state
of dispersion of the pignent can suitably be maintained. Accordingly,

where the good mediamidnd dheROY i SR 29 BEEnSBbREI 84N PREParing the
aqueous ink according to the present invention, it is preferable to observe

how much the digrensisonuial & fadihe b orentsused wstest abdbi zadrhand
sel ect themon the basis of the result obtained. Then, in relation to the

effect of the 25 pr esefudavientiman, vidien Pt gsent thaveatoraingveeaade various
studi es on standards of judgnment of the good nedium and poor medi umt hat

bring about % he sefffecte ,of stibsetienpnesemie danantdéPrevfisovat sul dndt hey have
found that a nethod for judgnent as described belowis effective. First, a
di spersi on sol utdeor tafattifg PO wadter-soluble organic solvents at
the central part 1303 rich in the good medium, the
pigment becomes deposited at this part as well, so
that a dot 1305 is formed. The image formed through
10 the method as described above can have a sufficiently
large area factor even when using a small quantity of
ink droplets, can have high image density and can have
high grade while being kept from bleeding.
[How to_Distinguish Good Medium and Poor Medium]
15 Under the supposed mechanism as stated above, the
good medium and poor medium used in the present
invention are decided by whether or not the state of
dispersion of the pigment can suitably be maintained.
Accordingly, where the good medium and the poor medium
20 are selected in preparing the aqueocus ink according to
the present invention, it is preferable to cbserve how
much the dispersion state of the pigment used 1is
stabilized, and select them on the basis of the result
obtained. Then, in relation to the effect of the
25 present invention, the present inventors have made
various studies on standards of judgment of the good

medium and poor medium that bring about the effect of



5 prepared which contains 50 mass% of each water-soluble organic solvent to
be judged and 45 mass% of water and also contains 5 mass% of the pignent to
be used in the ink. Then, the dispersion solution thus prepared is stored
at 60C for 48 hours, where one in which thel'd0 average particle size of the
pigment in the dispersion solution has cone |arger than the average
particle size of the pignent in a water dispersion solution containing 5
mass% of the pignment and 95 mass% of water is defined as the poor nmedium
and one in which 15 the average particle size of the pignment in the

di spersion sol uthenphasenet ighangedor hasaceseulsnldiery Msd hewgepd
medi um Specifically, it is judged in the foll ow ng way whether the

wat er - sol ubl e orgami & gehvel fdr beidigetht 20 idefcgnesl mediom 05 a poor
mediumfor a certain pignent. First, tw types of dispersion solutions,
di spersi on sol utifgechAi@k .t he certain pignent and water dispersion solution
B of the certain pignent, are prepared which each contain the water-soluble
organic 25 sol vent tpibetj udgeadspbirspensison usdlodt ich thie Ao jpingdrentis
di spersion solution having a conposition in which the water-soluble 18
organi ¢ sol vent prephe cjduddedtt ssdrtza reortidenidsdd onf ofachOwaassYsol el pi gnent
is in a concentration of 5 mass% and water is in a concentration of 45
mass. Water di spensindn sollotearon th b watdredliaperéd anass% of water and
also contains 5 mass% of the pigment to be used in the
ink. Then, the dispersion solution thus prepared 1is
stored at 60°C for 48 hours, where one in which the
10 average particle size of the pigment in the dispersion
solution has come larger than the average particle
size of the pigment in a water dispersion solution
containing 5 mass% of the pigment and 95 mass% of .
water 1s defined as the poor medium, and one in which
15 the average particle size of the pigment in the
dispersion solution has not changed or has come
smaller, as the good medium.
Specifically, it is judged in the following way
whether the water-soluble organic solvent to be used
20 1is a good medium or a poor medium for a certain
pigment. First, two types of dispersion solutions,
dispersion solution A of the certain pigment and water
dispersion solution B of the certain pigment, are
prepared which each contain the water-soluble organic
25 solvent to be judged.

Dispersion solution A: A pigment dispersion solution

having a composition in which the water-soluble



5 solution having a conposition in which the pignent is in a concentration
of 5 mass% and water is in a concentration of 95 mass% Next, the above

di spersion solution Ais stored at 60C for 48 hours, and thereafter cool ed
to 10 ordinary tenperature, and the averagelparticle size of the pignment in
the resultant dispersion solution Ais neasured with a fiber-optics
particle analyzer (trade nane: FPAR-1000; nmanufactured by O suka

El ectronics Co., Ltd.). Also, the above water dispersion solution 15 B is
not stored with heating, and in this state, the average particle size of

the pigment is peasuredswitlntt ke HderRpld css pal td déhand y2elohnothe sane
manner as in the above. Then, the val'ues of average particle size of the

respective pi gngpt §aisRst he nabeueydQtdisspernsiPresetdtd o foRngf WatBisss
di spersion solution B are deSignated as particle size (A) and particle size

(B), and based gndt heservalsuas, & hergeod medidina@ndis tiespor nmedi um are
di stingui shed according to the follow ng definitions. 25 - Poor nedi um

Wiere the parti ghee$i 28 spBlrsii®n a/eftidhan thevpadt i€l epsizeofB), the
wat er - sol ubl e organic solvent to be judged is defined as the poor nmedi um

19 - Good nedi ganuWiene hizhe nRard icdng ¢ 26l drY)in swiegual tiie, pi@hestralber than
the particle size (B), the water-soluble organic solvent to be judged is
defined as theipoar coedieiration of 5 mass% and water is in a
concentration of 95 mass%.
Next, the above dispersion solution A is stored
at 60°C for 48 hours, and thereafter cooled to
10 ordinary temperature, and the average particle size of
the pigment in the resultant dispersion solution A is
measured with a fiber-optics particle analyzer (trade
name: FPAR-1000; manufactured by Otsuka Electronics
Co., Ltd.). Also, the above water dispersion solution
15 B is not stored with heating, and in this state, the
average particle size of the pigment is measured with
the fiber-optics particle analyzer in the same manner
as in the above. Then, the values of average particle
size of the respective pigments in the above
20 dispersion solution A and water dispersion solution B
are designated as particle size (A) and particle size
(B), and based on these values, the good medium and
the poor medium are distinguished according to the
following definitions.
25 - Poor medium: Where the particle size (A) is larger
than the particle size (B), the water-soluble organic

solvent to be judged is defined as the pcor medium.



5 Using the good nedi um and poor nedi um having been judged in this way, the
ink constituted according to the present invention has been prepared. As a
result, it has been able to be confirmed that the good results as stated
previously are obtained. 10 [Definition of 1l vation and |onic Dissociation]
Next, explanation is given in regard to such a phenonenon that, as for the
pi gmrent and the poor nedium the poor nedi um does not solvate perfectly or
substantially the pignent and at | east one ionic group 15 attached to the
pi gnent particle surfaces directly or via another atom c group undergoes
perfectly or sub&bant maldiymo Wheniec disspairatcba snzehd Apodrs regiadimtdine
factor of dispersing pignment particles is electrostatic repulsion resulting
fromionic 20 dossemeafleanthien the piagremtlet ree 70 gt Pagticle surfaces of
which at least one ionic group is attached to directly or via other atomc:
group, the ionieageoupolubder gagsinionis® ldiesgodi @theon iaged nesli ded ameld t her eby
the pigment particles are charged electrostatically, 25 and the
el ectrostatic raputbeopobaor oediesul ting therefrom becones one factor of
di spersing the pignent particles in the medium One of indexes of such
ionic 20 di>ssociati ohsisgatheagopdgnbdice acd pyoyerwsknm dyaying e
medi um Wiere two electric charges gl and g2 having polarities different
from each ot herjuafdeepl acedhigt wepot & hsetl rdparan Pyl distdneecerdhng vedi um
havi ng a
J the present invention has been prepared. As a result,
it has been able to be confirmed that the good results
as stated previously are obtained.
10 [Definition of Solvation and Ionic Dissociation]
Next, explanation is given in regard to such a
phenomenon that, as for the pigment and the poor
medium, the poor medium does not solvate perfectly or
substantially the pigment and at least one ionic group
15 attached to the pigment particle surfaces directly or
via another atomic group undergoes perfectly or
substantially no ionic dissociation in the poor medium.
One factor of dispersing pigment particles is
electrostatic repulsion resulting from ionic
20 dissociation. In the pigment the pigment particle
surfaces of which at least one ionic group is attached
to directly or via other atomic group, the ionic group
undergoes ionic dissociation in a medium and thereby
the pigment particles are charged electrostatically,
25 and the electrostatic repulsion force resulting

therefrom becomes one factor of dispersing the pigment

particles in the medium. One of indexes of such ionic



5 relative dielectric constant yr with respect to a vacuumdielectric
constant yo, attracting force F acting on the two electric charges is known
to be represented by the follow ng expression (1). Expression (1) 10 F
4192 (1) z 4nce,c,r Here, it is consideredOthat the above equation (1) is
al so applicable to the ionic group attached to the pignment particle
surfaces. Wth increase in this attracting force F, the distance between
the ion and 15 its counter ion becones shorter, or ions nmutually conpletely
conme into an ionic bond, so that the electrostatic repulsion force weakens

because of a deagkeassaich oharge tauaitt ity of o PEYNBAE 1 RGr be €h€8n0kons
conpression of electric double |ayers, and the 20 di spersion of pignent

particles becongs unst abldgumlheWherentide cdase nherdhargead ef,- sakulkl,e or ganic
solvent having a small relative dielectric constant yr with respect to the

vacuum di el ect r hgveagsbanta e iless ubiethertdnt sf eppasesh dbatrtaeei plecednic
attracting force 25 between ions of the ionic group attached to the

pi gnent particl etsgpbacesdtnameasesy tdissiaante gr dbnpa Zhedofimt havphgmant
undergoes substantially no ionic dissociation in the water-soluble organic
sol vents, and theadiisRersidlidddn: ofcqigrant panticel essgeett act he

vacuum dielectric constant Yy, attracting force F

acting on the two electric charges is known to be

represented by the following expression (1).

Expression (1)

10 F=—21: _ (q)
dre &4r

Here, it is considered that the above equation

{1) 1s also applicable to the ilonic group attached to
the pigment particle surfaces. With increase in this
attracting force F, the distance between the ion and

15 1its counter ion becomes shorter, or ions mutually
completely come into an ionic bond, so that the
electrostatic repulsion force weakens because of a
decrease in charge quantity of pigment particles or
compression of electric double layers, and the

20 dispersion of pigment particles becomes unstable. Then,
in the case where a water-soluble organic solvent
having a small relative dielectric constant y, with
respect to the vacuum dielectric constant y; 1s used,
1t 1s apparent that the interionic attracting force

25 between ions of the ilonic group attached to the

pigment particle surfaces increases, the ionic group



el ectrostatic

explain the dispersibility of pignents only on the basis of the

repul sion force lowers. 5 However, it has been difficult

di ssociation of ionic groups with respect to the solvent. Accordingly
anot her factor that influences 10 the dispétsion of pignent particles
present inventors have taken note of the solvation of the pignment by
medi um The solvation referred to in the present invention is the affinity

of the sol vent

pi gment has, having affinity for the nedium Exanples

for the pignment, and depends on how many cites the 15

to

degree of

, as
, the
t he

of the sites having

affinity for themedicupimment nalddeyqd granspaitigl by susf asgisites to which

the 1ionic group does not stand attached. For exanple,

wher e groups having

ionic groups staidsidiahieth tin thee 2t gresitulpbs toeh£nsar fatesnat,a hi gh

density, the

pi gment particle surface sites having affinity for the

nmedi um

are exposed (uncoxere®) dispersimdillareat antgmdéhe peet uol aaydael vat ehthe
pigment with difficulty because of a cooperative effect resulting fro
25 influence of eSteertirodiardranceduei dro fdwece ondwegs oups w th which t
pi gnent particle surfaces are covered at a high density, resulting in
| owering of bhe 22 dHspewrsirhi liitt aef Hdee piigifentyl tast ¢ ey ksumedhe When t he

conbi nati on of

the water-soluble organic solvents with such a pignment

whi ch the disperkispersibility of pigments only on the basis of the

10

15

20

25

degree of dissociation of ionic groups with respect to
the solvent.

Accordingly, as another factor that influences
the dispersion of pigment particles, the present
inventors have taken note of the solvation of the
pigment by the medium. The solvation referred to in
the present invention is the affinity of the solvent
for the pigment, and depends on how many cites the
pigment has, having affinity for the medium. Examples
of the sites having affinity for the medium may
include pigment particle surface sites to which the
ionic group does not stand attached. For example,
where groups having ionic groups stand attached to the
pigment particle surfaces at a high density, the
pigment particle surface sites having affinity for the
medium are exposed (uncovered) in a small area, and
the medium may solvate the pigment with difficulty
because of a cooperative effect resulting from the
influence of steric hindrance due to the ionic groups
with which the pigment particle surfaces are covered

at a high density, resulting in a lowering of the

mt he
he
a

on



due to the electrostatic repulsion that comes from5 ionic dissociation of
the ionic group and the dispersion due to the solvation of the pignent by
the mediumdo not take place perfectly or substantially is applied to the
aqueous ink, inmages are forned by the nethog described previously. Hence,

i mages can be 10 obtai ned which have high print density and have
effectively been kept from bl eeding. An exanple of a nethod for judging that
a water-soluble organic solvent does not solvate perfectly or
substantially the pignent and the ionic 15 group of the pignment undergoes

perfectly or subshanli:alifmp dothfe disaralallon 44 phssumeler -sol uble

organi ¢ sol vents, e pignent 1s not dispersed Int

wat er - sol ubl e organi cygElVeRk: cohdiBBEILHPeT RelOWa el FdSin18 PP 1S
readied for use in the state Eﬁatlthe fbnic groupz%f t he pirgnment 1n which

the pignent contaiRNRG %ﬂ%%ﬂﬁ&ﬁqgﬁﬁhi_é%ﬂ"%@r%hf%h'@ﬁétdigﬁgrEPBhC group
bonded to a surface of the pignent particle directly or via another atomc

group has 25 undeegenre the (e draia (Higsad@tl &fon | fhac PEGRESt Fradaptabl e to
t he above conditions is available in the course of preparing the pignent,

such a pi gnent meyike BFsdesedidd dit die itbdhe desipoin@ phgnment di spersion

solution or ink in which the pignent is dispersed in the state the ionic

di ssoci ation hagitsaken iRirAGRie to the solvation of the pigment by the
medium do not take place perfectly or substantially 1is
applied to the aqueocus ink, images are formed by the
method described previcusly. Hence, images can be

10 obtained which have high print density and have
effectively been kept from bleeding.

An example of a method for judging that a
water-soluble organic solvent does not solvate
perfectly or substantially the pigment and the ionic

15 group of the pigment undergoes perfectly or
substantially no ionic dissociation in the
water-soluble organic solvents, that is, the pigment
is not dispersed in the water-soluble organic solvent,
is described below.

20 First, a pigment is readied for use in the state
that the ionic group of the pigment in which the
pigment containing a pigment particle having at least
one lonic group bonded to a surface of the pigment
particle directly or via another atomic group has

25 undergone no the ionic dissociation. If a pigment
adaptable to the above conditions is available in the

course of preparing the pigment, such a pigment may be



conponents ot her than the pignment, such as the nedium 5 are renoved by
washi ng, evaporation or the like to prepare a pignent kept in a solid state
in which the ionic group has undergone noZBoni ¢ dissociation.
Specifically, ultrafiltration or centrifugation and drying or the |ike
under reduced pressure and in a 10 hi gh-tenperature environnment are
effective. The pignent obtained may preferably be kept pulverized into a
powder by nmeans of a nortar or the like. Next, the pignment pulverized
product obtai netscab. désdri ded iapave: i fomagddel 4 opvatdéotisdi ypess odbnls
wat er - sol ubl e organic solvents in a concentration of 0.05 nmass% followed
by stirring forsdluwign & ik sinpohibthothti pegmthe c¢entiiBakirerdofin
wat er -sol ubl e organic solvents with a pignent in which clear solid-liquid
phase separati ahecatatisuate yidei 20dasseciathed hasakakeavailkalel,e. Such
conbination in which the solid-liquid phase separation has taken place may
be judged to bewmperantvhi cthar walten - sbéupigmentganuchsabvehe dees umpt
solvate perfectly or substantially the pignent and the ionic group of the
25 pignment Gndermgoesmerd@diy ywashsoubst amépakkyino ponitbe diigsodicati on in
the water-sol ubl e organic solvent, that is, one in which the pignment is not
di spersed in 2&raferavat epigotubl keptgani 8 solidnstaTe makehjlgdgriest nore
surely, the following may further be done. In order that a pignent not
bei ng ionic group has undergone no ionic dissociation.
Specifically, ultrafiltration or centrifugation and
drying or the like under reduced pressure and in a
10 high-temperature envircnment are effective. The
pigment obtained may preferably be kept pulverized
into a powder by means of a mortar or the like.
Next, the pigment pulverized product obtained as
described above 1s added to various types of
15 water-soluble organic solvents in a concentration of
0.05 mass%, followed by stirring for 1 hour. At this
point of time, the combination of water-soluble
organic solvents with a pigment in which clear
solid-liquid phase separation can visually be
20 ascertained is also available. Such combination in
which the solid-liquid phase separation has taken
place may be judged to be one in which a water-soluble
organic solvent does not solvate perfectly or
substantially the pigment and the ionic group of the
25 pigment undergoes perfectly or substantially no ionic

dissociation in the water-soluble organic solvent,

that is, one in which the pigment is not dispersed in



di spersed substantially in the water-soluble organic 5 solvent is allowed to
settle to a certain extent, a mxture of the pignent and the water-sol uble
organic solvent is left standing. Conditiond4dunder which it is |left

st andi ng depend on the viscosity and the |ike of the solvent, and as a
standard, may be ordinary 10 tenperature and 100 hours. Thereafter, 50 mass%
of the upper part of the liquid phase is gently collected, and the liquid
phase collected is filtered to renove coarse particles floating therein.

The pore size of tae Wagketiddiemmiuseddanitheasditdmati on may be determ ned 15
depending on the particle size of the pignent. As a standard, it may be

about 10 times the averagraRar tjuehgesitzecek tshe giignaitie i follheragyeois
di spersion. Thereafter, the concentration of the pignment contained in the

resultant filtratertaecober idatharat eni alrdeel veaptt 2@ idjingper sicn tsalngion) is
measured. As an exanple of nethods for neasuring the pignment concentration,
measur ement basediepeakeor Baea arits aAMal |iablehe Specét+sal blylet begarasur enent
is carried out in the following way. To a coloring material water 25
di sper si on sd ut isof viem twhisc la itlhevesdItar i st tiet erd ah csrtalispersedtj nawater in
a known concentration (Ck mass%, pure water is added in a stated quantity
to dilute the 25mikanmer cifn thestdtgembrdi lantd arhe ata terwhetebibeorabsorbance
at 550 nmis neasured. The neasured value of this absorbance is represented
by (ABS1). Next, sbheent is left standing. Conditions under which 1t is
left standing depend on the viscosity and the like of
the solvent, and as a standard, may be ordinary
10 temperature and 100 hours. Thereafter, 50 mass% of the
upper part of the liquid phase is gently collected,
and the liquid phase collected is filtered to remove
coarse particles floating therein. The pore size of a
microfilter used in the filtration may be determined
15 depending on the particle size of the pigment. As a
standard, it may be about 10 times the average
particle size of the pigment in the aqueous dispersion.
Thereafter, the concentration of the pigment contained
in the resultant filtrate (a coloring material solvent
20 dispersion solution) is measured.
As an example of methods for measuring the
pigment concentration, measurement based on absorbance
is available. Specifically, the measurement is carried
out 1in the following way. To a coloring material water
25 dispersion solution in which the coloring material is

dispersed in water in a known concentration (Ck mass$),

pure water is added 1n a stated quantity to dilute the



coloring material solvent dispersion solution on which 5 the concentration
is to be determned is diluted with pure water in the sanme dilution ratio
as the above, where the absorbance at 550 2E1is | i kewi se neasured. The
nmeasured val ue of this absorbance is represented by (ABS2). As a result,
the coloring material 10 concentration in the coloring material solvent

di spersion solution is calculated according to the follow ng expression
(2). Expression (2) Coloring material concentration in coloring material 15
sol vent dispersion solution (mass% = [Ck x (ABS2)]/(ABS2). Using the ratio
of the col oring fieatmern dln acoicdmd atilontion tiwet tol ovhegenaberi al sol vent

di spersion solution, determ ned as shown above, to the 20 initial coloring
mat eri al concentatsEAdRNCE G5 resSs %W nL s (e 3bov@- exdpiegasurethevad X@ure of
the coloring material and the water-soluble organic solvent, the coloring
mat eri al sol ventofditdper sibsppanentiagergpgesentedibnedrBE 1) eprigseht edhdy t he
follow ng expression (3). 25 Expression (3) Coloring nmaterial solvent

di sper si on per céftlage NG rateial| vl WP hedespars tohcefl FALPBNONNWESEHr i ng
material 26 solvent dispersion solution)/(initial coloring. materi al

concent rati oR)] BhelEPRIa fadar tios ore Be I erni hedcof ofithYRet BATAl

pure water in the same dilution ratio as the above,
where the absorbance at 550 nm is likewise measured.
The measured value of this absorbance is represented
by (ABSZ2). As a result, the coloring material
10 concentration in the coloring material solvent
dispersion solution is calculated according to the
following expression (2).
Expression (2}
Coloring material concentration in coloring material
15 solvent dispersion solution (mass$s) =
[Ck x (ABS2)]/(ABSZ2).

Using the ratio of the coloring material
concentration in the coloring material solvent
dispersion solution, determined as shown above, to the

20 initial coloring material concentration (0.05 mass% in
the above example) in the mixture of the coloring
material and the water-soluble organic solvent, the
coloring material solvent dispersion percentage (%) 1is
defined as represented by the following expression (3}.

25 Expression (3)

Coloring material solvent dispersion percentage (%) =

[ (coloring material concentration in coloring material



sol vent di spersion percentage determ ned as shown 5 above is as very smal
as 16 or less, preferably 10 or less, and nore preferably 5 or less, it may
be judged that the coloring material is not dispersed substantially in the
wat er - sol ubl e organic solvent. It is considfered that the water-sol uble
organi ¢ solvent 10 has not solvated perfectly or substantially the coloring
material and the ionic group of the pignent has undergone perfectly or
substantially no ionic dissociation in the water-soluble organic solvent.
An exanple of a method for judging that a pignment 15 is one that is not
sol vat ed perfectbyventsdbspantisiian o lly imnyat Eirmistal abl & losgang ¢ sol vent and
an exanple of a nethod for judging that the ionic group of the pignent
under goes perfemtkygronlsabsiantiraltliynd ixorlitd di ssociation in the
wat er - sol ubl e organi c solvents, 20 which are usable in addition to the
judgrment nethod descinbedgabdvep whkl ibhewtiestr ithed dedlcovingrimegteriasl to t he
exanpl e of the nethod for judging that a pignent is one that is not
sol vated perfesbllyeat subsgeaistical Ipernerd angt etetsatubted crgashaw25 sol vent,
j udgment nmay be made by neasuring how nuch a surfactant is adsorbed to the
pi gment. As desebpbbedispreviveuyl ypmatlle ssxtlentonflesd vat i ohe dapbndsl onr how 27
many cites the pigment has, having affinity for a mediumsuch as the
wat er - sol ubl e ohgasi casdl were. prefegaplye Said tewa, tie mandes Andged ze of
such sites
that the coloring material is not dispersed
substantially in the water-soluble organic solvent. It
1s considered that the water-soluble organic solvent
10 has not solvated perfectly or substantially the
coloring material and the ionic group of the pigment
has undergone perfectly or substantially no ionic
dissociation in the water-soluble organic solvent.
An example of a method for judging that a pigment
15 1is one that is not solvated perfectly or substantially
by a water-soluble organic solvent and an example of a
method for judging that the ionic group of the pigment
undergoes perfectly or substantially no ionic
dissociation in the water-soluble organic solvents,
20 which are usable in addition to the judgment method
described above, will be described below.
First, as to the example of the method for
judging that a pigment is one that is not solvated
perfectly or substantially by a water-soluble organic
25 solvent, judgment may be made by measuring how much a

surfactant is adsorbed to the pigment. As described

previously, the extent of solvation depends on how



correlates wth the adsorption level of the surfactant. 5 That is, in a

pi gnent the water-soluble organic solvent perfectly or substantially
solvate, the sites having the above affinity are in a |large nunber or in
| arge size, and also the adsorption of the &lrfactant is large. On the
contrary, in the pignent 10 the water-sol uble organic solvent does not
solvate perfectly or substantially, the sites having the above affinity
are in a small nunber or in a small size, and also the adsorption of the
surfactant is very small. The surfactant has such properties that, 15
dependi ng on itsanpncéhesathenpighensuhbace Heensicom fofinia ¥ i fgur da changes
greatly. Hence, the neasurenent of surface tension is considered to be an
ef fecti ve nmeansmedsumnsintexr sf aheeshitrat-isnd uindw muciartie sunferct antlt st and

adsorbed to the pignent. For exanple, when 20 conparing the surface tension

of an aqueous soiutbensa¢dntaini nfpea nsuntieacteamt sivea clertwin comeentrati on
with the surface tension of a liquid conmposed of a surfactant in the sane
concentration, @oprghehesi widh dére aidseopicern r deveh afid that e fidrant .

a

effective 25 concentration of the surfactant that contributes to a |owering
in the surfdce teasi oa,i ant he piigrmeait [thguingtecormsiuplheoribstantial |y equal

to that in the latter 28 |iquid where alnbst no surfactant is adsorbed to

the pigment. Heptéenthepegdefady Lansiuds tentise foramivalig quite af sebecones

equal to the latter liquid. On the _ _
having the above affinity are in a large number or in

a large size, and also the adsorption of the
surfactant is large. On the contrary, in the pigment

10 the water-soluble organic solvent does not solvate
perfectly or substantially, the sites having the above
affinity are in a small number or in a small size, and
also the adsorption of the surfactant is very small.

The surfactant has such properties that,

15 depending on its concentration, the surface tension of
a liquid changes greatly. Hence, the measurement of
surface tension is considered to be an effective means
as an index for estimating how much the surfactant
stand adsorbed to the pigment. For example, when

20 comparing the surface tension of an agqueous solution
containing a surfactant in a certain concentration
with the surface tension of a liquid composed of a
surfactant in the same concentration, a pigment in a
certain concentration and water, the effective

25 concentration of the surfactant that contributes to a
lowering in the surface tension in the former liquid

comes to be substantially equal to that in the latter



contrary, where the surfactant becones adsorbed to the 5 pignent in a |large
quantity, the effective concentration of the surfactant lowers in the
liquid containing the pignent, and hence the extent of a lowering in the
surface tension is smaller than that in tR& aqueous surfactant sol ution
containing no 10 pignent. That is, as long as the pignent has no effect of
remarkably |l owering the surface tension of the |iquid, the anmbunt of the
surfactant adsorbed to the pignment can be estinmated fromthe difference in
surface tension between the aqueous solution 15 containing a surfactant in a
certai n concentYihDid wingrethembsquhnd sampasednaf ia susfaticanhttd rtHde sane
concentration, a pignent in a certain concentration and water.
Specifically, aldmenid. cohposed die assufdact tamhsi@0 afdtiat éorand having the
surfactant in a concentration of 2 nmmol/kg (Liquid 1) and a liquid conposed
of the surfacthifyid plgoebtcandswatierland haei Agtitle durdudct.anOni tha
concentration of 2 mmol/kg and the pignment in a concentration of 5 nass%
(Liquid 2) are cobtpreparedeféer she enrthetsorf betamtes tadusreekarde o the
particular limtations as long as it is one capable of remarkably changing
the surfaceStensignent imqai dsrg® gdepéndiyngtor etfecdricentration. It may
preferably be one which may neke the liquid 1 have a surface tension of 50
m\/ m or | ess. Sperténicudtyonac§uthacsamtfaksennglowers in the liquid
containing the pigment, and hence the extent of a
lowering in the surface tension is smaller than that
in the aqueous surfactant solution containing no
10  pigment. That is, as long as the pigment has no effect
of remarkably lowering the surface tension of the
liquid, the amount of the surfactant adsorbed to the
pigment can be estimated from the difference in
surface tension between the aqueocus solution
15 containing a surfactant in a certain concentration and
the liquid composed of a surfactant in the same
concentration, a pigment in a certain concentration
and water.
Specifically, a liguid composed of a surfactant
20 and water and having the surfactant in a concentration
of 2 mmol/kg (Liquid 1) and a liquid composed of the
surfactant, a pigment and water and having the
surfactant in a concentration of Z mmol/kg and the
pigment in a concentration of 5 mass$% (Liquid 2) are
25 prepared first. On the surfactant, there are no

particular limitations as long as it is one capable of

remarkably changing the surface tension of liquids



a structure represented by the followng structural 5 fornmula (1) or
structural fornmula (2) is preferred: Structural formula (1) RO (CH2CH2Q H
(In the structural formula (1), R represents an alkyl group and n
represents an integer.) 10 Structural form#l% (2) CH Cl143 CH i -C=C

|-CH -CH-CH3 CH3-L;HU04 t1H 2 tIH2 CH2 UHZ HH (In the structural
formula (2), mand n each represents an integer.) In preparing the above
Liquid (2), where the 15 pignent is collected froman ink form it is
preferable to previously renove conponents other than the pignent by
ultrafiltrati ondepesenidi dngatsononsdntdaying.oritheal/i sectindeblyetaced
pressure and in a high-tenperature environnent. The reason therefore is 30

that, if the cospenenishohlerméhanthbel pggient, hasve exenplfisfdeed daysison
solvent, a surfactant, additives and so forth which are contained in the
ink, remain in & barge/quant iéys.t hBsecifi@pogsi bi butyathahtshekibg
conponents change the surface tension of the liquid or change the extent of
adsorption of thessouétetantepoesented by the following structural

5 formula (1) or structural formula (2) is preferred:

Structural formula (1)
R—0~CHyCHgO¥H

(In the structural formula (1), R represents an
alkyl group and n represents an integer.)

10 Structural formula (2)

CH ~ CHg CHg CHg
CHyCH—Cliy—~C=0-C-CHy~CH—CHy

0 0
b
CHg CHy

T

¥ o
H H

(In the structural formula (2), m and n each
represents an integer.)
In preparing the above Liquid (2), where the
15 pigment is collected from an ink form, it is
preferable to previously remove components other than
the pigment by ultrafiltration or centrifugation and
drying or the like under reduced pressure and in a

high-temperature environment. The reason therefore is



t he pignment and hence there is such a risk that no accurate judgnment
results are obtainable. It is preferable that the |iquid conposed of a

pi gnent 10 collected froman ink and water and having the pignment in a
concentration of 5 mass%is made up to have3& surface tension of 65 niN m or
nore. Liquid 1 and Liquid 2 prepared by the above procedure are
sufficiently stirred, and thereafter the 15 surface tension of each liquid
is neasured. Wiere the surface tension of the liquid 1 is represented by A
(mVVm and the surface tension of the liquid 2 by B (nm and when the
relationship oftBat, Aif t8e abfpopeefrer atierB thah <He pdigreatid sfded, it is
judged that 20 the surfactant is not adsorbed perfectly or substantially to

the pignent. Th@ﬂem?ﬂ!@hiédpbgn@ntsoilSIerﬂtudgaed;drffatlﬁtatm i et ves reel um such
as the water-soluble organic solvent does not solvate perfectly or

substantially. 26 KNexth ahiexaapke cohtiaheeretitodHeorijikjdgidmg thain 4 he ionic
group of the pignent has undergone perfectly or substantially no ionic
di ssoci ation i nlthge3gquawat e, sahehlee ier gapcs sSiddiventys tMdd dectdescri bed
bel ow. For exanple, such judgnent may be nade by neasuring el ectrophoresis
of particles orcbyporasusi agangka thpotsentfiaale tendiesre doniee grioppsd afr a
pi gnent undergo dissociation in the water-soluble organic solvent, the
change the extent of adsorption of the surfactant to
the pigment and hence there is such a risk that no
accurate judgment results are obtainable. It is
preferable that the liquid composed of a pigment
10 collected from an ink and water and having the pigment
in a concentration of 5 mass% is made up to have a
surface tension of 65 mN/m or more.
Liquid 1 and Liquid 2 prepared by the above
procedure are sufficiently stirred, and thereafter the
15 surface tension of each liquid is measured. Where the
surface tension of the liquid 1 is represented by A
(mN/m) and the surface tension of the liguid 2 by B
(mN/m) and when the relationship of B - A £ 10, and
preferably B — A < 5, is satisfied, it is judged that
20  the surfactant is not adsorbed perfectly or
substantially to the pigment. Then, such a pigment is
judged to be the pigment a medium such as the
water-soluble organic solvent does not solvate
perfectly or substantially.
25 Next, an example of the method for judging that

the ionic group of the pigment has undergone perfectly

or substantially no ionic dissociation in the



pi gment takes on electric charges, and hence their novenent in a particular
direction according to their polarity, i.e., what is called electrophoresis
takes 10 place in the presence of an electric field. Al so, the pignent
havi ng taken on el ectric charges, which caudes such el ectrophoresis, has a
certain or nore value in terns of an absolute value of zeta potential in
the water-soluble organic solvent. Conversely, a pignent 15 which, though
havi ng ionic groups, involves perfectly or substantially no novenent toward
a particular direction in the presence of an electric field, i.e., causes

perfectly or substantsglhy180.eLaal toRRARRSS wADNH Basdastyebyl mldy . val ue
internms of an absolute 20 valué of zeta potential is considered to take on

perfectly or subsiadkhmpl¥, nqueheshibmethaidss bel halde 15 @ dME groups
of the pignent undergo pertectly “or “substanfially no ionic dissoclation.

Specifically, a:pigfBsbh8tcadnsi Bk paRtaLNELRIN®y e aRhgment detdiluted with
a wat er-soluble organic solvent of various types. Wiere the ink containing

the pignent ispysedyigpnponents other than the pignent, 32 such as water
and a nedium are also inevitably contained in the dilute solution.

However, they have ajh@sé 1eniafd € becaupegiBati nkdesqgei luted to be in
a very low concentration, and it can be deened that 5 the mutual action

bet ween the wateissotubteonr gantbe wekeenrtopugsentorigarial go lewmass @l the
pignent 1Is
pigment takes on electric charges, and hence their
movement in a particular direction according to their
polarity, i.e., what is called electrophoresis takes
10 place in the presence of an electric field. Also, the
pigment having taken on electric charges, which causes
such electrophoresis, has a certain or more value in
terms of an absolute value of zeta potential in the
water-soluble organic solvent. Conversely, a pigment
15 which, though having ionic groups, involves perfectly
or substantially no movement toward a particular
direction in the presence of an electric field, i.e.,
causes perfectly or substantially no electrophoresis,
and has a (very) small value in terms of an absolute
20 value of zeta potential is considered to take on
perfectly or substantially no electric charges, that
is, the ionic groups of the pigment undergo perfectly
or substantially no ionic dissociation.
Specifically, a pigment or an ink containing the
25 pigment is diluted with a water-soluble organic
solvent of various types. Where the ink containing the

pigment is used, components other than the pigment,



predom nant. This dilute solution is nmeasured with an el ectron m croscope
type zeta potential neasurenent system 10 (trade nane: ZEECOM manufactured
by Mcrotec Nition). 1In the case where particles do not nove perfectly or
substantially in a particular direction whéd a voltage is applied thereto
and undergo perfectly or substantially no el ectrophoresis, or in the case
where 15 the absolute value of the zeta potential neasured is (very) small
it is judged that the ionic group of the pignment has undergone perfectly or
substantially no ionic dissociation. The aqueous ink according to the

present 20 invenidiomdrayaber congt ht beduas bReanyseonventiitemdly aqueous ink
containing a pignent, except that the water-soluble organic solvents are

specifically constdindediastiesaiited abouveiohr enspeceti cahky, hthe
aqueous ink according to the present invention, which 25 contains at | east
wat er, a pluraldlinosof waterfbebubéebeorgani ehsolivientis and uaeeblter ibeg
material, is firstly characterized in that the coloring nmaterial is a 33
pi gment contai Mimg avgptgneot pantécteabavhngaatl Leastin ore de@niced ghaup
bonded to a surface of the pignent particle directly or via another atomc
group, and Bhe thvatrertsal ubteionghatwesnl vast saitpeludd vatl d easfarmiee 5 good
medi um and at | east one poor nedi um whi ch have been distinguished by the
j udgnment net hoksabvatescprdeent in large excess and the pigment is
predominant.
This dilute solution is measured with an electron
microscope type zeta potential measurement system
10 (trade name: ZEECOM; manufactured by Microtec Niticn).
In the case where particles do not move perfectly cr
substantially in a particular direction when a voltage
is applied thereto and undergo perfectly or
substantially no electrophoresis, or in the case where
15 the absolute value of the zeta potential measured is
(very) small, it is judged that the ionic grcup of the
pigment has undergcne perfectly or substantially no
ionic dissociation.
The agqueous ink according to the present
20 1invention may be constituted as in any conventional
aqueous ink containing a pigment, except that the
water-soluble organic solvents are specifically
constituted as described above. More specifically, the
aqueous ink according tc the present invention, which
25 contains at least water, a plurality of water-soluble

organic solvents and a coloring material, is firstly

characterized in that the coloring material 1is a



above, where the poor medi um does not solvate perfectly or substantially
the pignent, and the ionic group undergoes perfectly or substantially no
ionic 10 dissociation in the poor nedium and a water-soluble organic

sol vent whi ch shows the maxi mum Ka val ue aggng the respective Ka val ues of
the water-sol uble organic solvents as determned by the Bristow nethod is
the poor nmedium As a result, the pignent in the ink can 15 have very
superior dispersion stability and at the same tine the ink can have a
sufficiently |large area factor even when using a small quantity of ink

dropl ets appl | % s at&%é’%rgirggrgﬁg%&rﬁén{\?\F?E%Etci‘é“k%in lai.njpaper. and

al so i mage for n can out a very good print "grade,

showing  high BI4AL; AEMS!ddougd Modalae: ol - Vehetasal ybl endt gaghessol vent] | n

the present invention, 1t°1s ‘essential that a water-solublé-organi c sol vent

show ng t he naxi ' t ect| K e f e
W ng g%ggg%%ﬂ%éfgra@%y§ S0HY, %ﬁofﬁégegkbﬁﬁc rbabuesof chi

wat er - sol ubl e ents,” contained Int aqueods i nk, is the poor

medi um 34  The, Ka. val e det € .%flcbé(o%ﬂ@réﬁéigh@ﬂu%t hed ks sdesgli bed

bel ow. This value is used as a nheasure shows the perneability of a
liquid intosa recor ding: ofresdiame Tbéé?]t SoﬁésﬁBb?fﬁ\eB%@th%!&hE%aifi'% an

exanple 5 the case of an ink. Wiere the perneability of an in

represented by gdis i dKs Nt dWed BT the ™udbR€nt method as described

above, where the poor medium does not solvate
perfectly or substantially the pigment, and the ionic
grdup undergoes perfectly or substantially no ionic
10 dissbéiatioﬁ in the poor medium, and a water-soluble
organic sclvent which shows the maximum Ka value among
the respective Ka values of the water-soluble organic
solvents as determined by the Bristow method is the
poor medium. As a result, the pigment in the ink can
15 have very superior dispersion stability and at the
same time the ink can have a sufficiently large area
factor even when using a small quantity of ink
droplets applied onto a recording medium, in
particular, plain paper, and also image formation can
20 be carried out with a very good print grade, showing
high print density.
[Ka Value of Water-scluble Organic Solvent]
In the present invention, it 1is essential that a
water-soluble organic sclvent showing the maximum Ka
25 wvalue among the respective Ka values of the
water-soluble organic solvents, contained in the

aqueous ink, is the poor medium.



penetration quantity V (nL/n2 = pm) of the ink into the recording nedium
after a |lapse of a stated tine t after ink droplets have been ejected is
represented by 10 the followi ng Bristow s equati on Expression (4).
Expression (4) V=Vr+Ka(t-tw)"2 (4) Alnost gkl the ink inmediately after
applied to a recording nediumis absorbed in the recording nmedium 15 at
uneven portions of its surface (rough portions of the recordi ng nedi um
surface), and hardly perneates the interior (in the depth direction) of the
recording medium A tinme for which this takes place is a contact tine

(tw, Jandthe quantiipeofkd e K ADROPELALLY NE 2O LOBEAETnd L IBA! Dst Ne

recording nediumat its uneven portions Is V.. tinme | apses beyond the

contact  time aldet fiheyinkbs. applied, Hléhf‘sr@§@c§déﬂga sk 8o LREcHNK

perneates the interior (in the dept irection) of the recording nediumin

a quantity 25 pgmpgtm@ eh@ewﬂ%&f peVEr 19 u%t ke ol ap%@gr%y@nd t he
contact tine, i.e., (t , hat the perneatlon quantity "V

i ncreases. The jayj§na %51150&%0Q3fééd¥hadec§%lféx9'@eﬁ‘}h% dbeapostigpref this
i ncrease, and takes a val ue corresponding to the rate” of perneation. In

addition, the Kavaldg ngy be iARasufed-a {He agmehﬂééwm Epraheshing
dynamc 5 perneability of liquid by the Bristow nethod .g., trade nane:

Dynani ¢ Perneabid itapd€sé€Ee® by the ink quantity V per 1 m°, the
penetration quantity V (mL/m* = pum) of the ink into the
recording medium after a lapse of a stated time t
after ink droplets have been ejected is represented by

10 the following Bristow's equation Expression (4).
Expression (4)
V =Vr+Kalt—w)"* (4)
Almost all the ink immediately after applied to a
recording medium is absorbed in the recording medium
15 at uneven portions of its surface (rough portions of
the recording medium surface), and hardly permeates
the interior (in the depth direction) of the recording
medium. A time for which this takes place is a contact
time (tw), and the quantity of the ink absorbed at the
20 contact time in the recording medium at 1ts uneven
portions is V.. When time lapses beyond the contact
time after the ink is applied to the recording medium,
the ink permeates the interior (in the depth
direction) of the recording medium in a quantity
25 proportional to the 1/2 power of a time lapsing beyond
the contact time, 1i.e., ((t - tw)”z, so that the

permeation guantity V increases. The Ka is a



manuf actured by Toyo Sei ki Sei saku-sho, Ltd.). In addition, the Ka value in
the present invention, neasured by the Bristow nethod, is a value 10
measured using, as a recording nedium plain paper (e.g., PB paper,

avail able from CANON | NC., used for copyi 8¢ nmachi nes or page printers
(laser beam printers) maki ng use of an el ectrophotographic system and for
printers making use of an ink-jet recording 15 system and PPC paper which
is paper for copying machines nmaking use of an el ectrophotographic systen).
Al so, as for a neasurenent environnment, an environnent in usual offices or

the like, e.g. ,pﬁ%swﬁ@mg 20€ffiei2hC andthunpdirty A0Bt @ HG@% is assuned.
20 Further, according to studies nmade by the present inventors, fromthe

vi ewpoi nt of i npiowéage | henquahkey aolralgaeordedeispages rigo the they red.e t he Ka
value in the ink may preferably be so controlled as to be less than 1.5

m / n2/ msecv2, anfl pdemdar vahue Irayadmitei i efeiabky 281be seycpatrolled as to
be fromO0.2 m/n2/ nsecl~2 or nore to less than 1.5 nm/n2/ nsecl 12. That is,

the ink may be mssoseondtwithednt hattitheeKa Yalueeiss ilmessiyirkaiicl. 5 36
m / m2/ msec" 2, where the solid-liquid phase separation takes place at an
early stageS n pdeneant et of of nkigpédebyathenBiritka owhenatéwaer diengs .vedi um and
hi gh-quality inages can be fornmed. 5 [Water-soluble Polyner] As stated in
t he above, whererdde pageenDynsmic Permeability Tester S,

manufactured by Toyo Seiki Seisaku-sho, Ltd.).

In addition, the Ka value in the present

invention, measured by the Bristow method, is a value

10 measured using, as a recording medium, plain paper
(e.g., PB paper, available from CANON INC., used for
copying machines or page printers (laser beam
printers) making use of an electrophotographic system
and for printers making use of an ink-jet recording

15 system, and PPC paper which is paper for copying
machines making use of an electrophotographic system).
Also, as for a measurement environment, an environment
in usual offices or the like, e.g., temperature 20°C
to 25°C and humidity 40% to 60%, is assumed.

20 Further, according to studies made by the present
inventors, from the viewpoint of improving the quality
of recorded images to be formed, the Ka value in the
ink may preferably be so controlled as to be less than
1.5 ml/m?/msec!?, and the Ka value may more preferably

25 be so controlled as to be from 0.2 ml/m*/msec'’? or more

to less than 1.5 ml/m‘/msec'’?’. That is, the ink may be

so constituted that the Ka value is less than 1.5



present in a large quantity on the surface of the recording nmedium
blurring may conme about when the print surface is strongly scratched, even
after 10 sufficient time | apses fromconpletion of printing, or print

bl urring may occur when sonmething is wittéd wth an aqueous ink marker on
i mages after printing. That is, pignment inks have a problemin that they
have poor scratch resistance and marker resistance. 15 In the aqueous ink
according to the present invention, the agueous ink constituted as

descri bed above may further be incorporated with a water-soluble polyner

which is not aqag/rnbﬁfﬁlse@w?c%mr theulshartiialdwi PpHdre paiERteidhi s

enabl es scratch 20 resistance to be inproved. e reason why such superior

scratch resi st anged piektaifted %&@I‘%igﬁégé iAastgtatedrbel ew. ke
wat er - sol ubl e polynmer contained in the ink has very small nutual action

with the pignginddyisd Wldtan siat fochPenNgr melibemi BKdI ﬁi%ﬁ—aﬂaﬁ'lii@% onto
the recordi ng nedi um and evaporation of water proceeds, whéreupon the

wat er - sol ubl e pelagey caantes stdhgedoundari es between pignent particles in
the 37 course of pignent flocculation, thus nutual binding force of

pi gnent pargicl es i ngueasesscAnd o gslllymethe pignent can nore firmy fix
to the recording nediumto increase the scratch resistance. 5 [Adsorption
of Water-sol ubl e Pol yeesthecd grente abherd) gedte usies bhghdetr pLesent

invention is
present in a large gquantity on the surface of the
recording medium, blurring may come about when the
print surface is strongly scratched, even after

10 sufficient time lapses from completion of printing, or
print blurring may occur when something is written
with an aqueous ink marker on images after printing.
That is, pigment inks have a probleﬁ in that they have
poor scratch resistance and marker resistance.

15 In the aqueous ink according to the present
invention, the aqueous ink constituted as described
above may further be incorporated with a water-soluble
polymer which is not adsorbed perfectly or
substantially on the pigment. This enables scratch

20 resistance to be improved. The reason why such
superior scratch resistance is obtained is considered
as stated below. The water-soluble polymer contained
in the ink has very small mutual action with the
pigment in a solution state. However, the ink is

25 applied onto the recording medium and evaporation of
water proceeds, whereupon the water-soluble polymer

enters the boundaries between pigment particles in the



characterized in that the poor nmedi um does not solvate perfectly or
substantially the pignent. The pignent is further characterized in that it
does not mutually act 10 also with the water-sol uble polynmer, nanely, the
wat er - sol ubl e polymer is not adsorbed subsBdntially to the pignent particle
surfaces. If the water-soluble polyner is adsorbed to the pignent particle
surfaces, the ionic groups present at the pignent particle 15 surfaces are
covered with the water-soluble polynmer. This makes it difficult to obtain
the effect of the present invention that flocculation of the pignent is
pronot ed by thegooe nedipigmnemd floconsadeord tbusamheat li dgeliper f or mance
greatly. Accordingly, the 20 water-soluble polyner in the present invention
may preferabl yfdeconef whiqghen's moat t adses bédctreathe . pi seat resnlthethak and
remains in a free polymer. As described previously, the nethod of measuring
how nuch the syrfamdrantcdecomes Adsoi beflikotoheh25rpegmeEntngpaetiicire tour f aces
is avail able as the nethod for judging that the poor medi um does not
solvate the pigmdasdstha tbratoet hedisasnaenet hod for judging 38 that
t he wat er-sol ubl e pol yner does not cone adsorbed to the pignment, a nethod
is availabl & i n whi chAdse risurdracet thanss ors @f ulahe agoepusrsobuPiigmesdht ai ni ng
a water-soluble polyner is conpared with the surface 5 tension of an
aqueous sol uti on contHienimigmeentwatsed siol ubte potyert, iavephghent iand wat er,
j udgi ng
characterized in that the poor medium does not solvate
perfectly or substantially the pigment. The pigment is
further characterized in that it does not mutually act
10 also with the water-soluble polymer, namely, the
water-soluble polymer is not adsorbed substantially to
the pigment particle surfaces. If the water—-soluble
polymer 1is adsorbed to the pigment particle surfaces,
the ionic groups present at the pigment particle
15 surfaces are covered with the water-soluble polymer.
This makes it difficult to obtain the effect of the
present invention that flocculation of the pigment is
promoted by the poor medium, and 1s considered to
affect image performance greatly. Accordingly, the
20 water-soluble polymer in the present invention may
preferably be one which is not adsorbed to the pigment
in the ink and remains in a free polymer.
As described previously, the method of measuring
how much the surfactant becomes adsorbed to the
25 pigment particle surfaces is available as the method

for judging that the poor medium does not solvate the

pigment. As in this method, as a method for judging



how nmuch the water-sol ubl e pol ymer stand adsorbed to the pignent.
Specifically, a liquid containing a water-soluble 10 polyner and water and
havi ng the wat er-sol uble polyner in a concentration of 0.1 mass% (Liquid
3), aliquid containing the water-soluble3pol yner, a pignent and water and
havi ng the water-soluble polynmer in a concentration of 0.1 mass% and the
pignment in a 15 concentration of 5 mass% (Liquid 4) and a liquid containing
a pignent and water and having the pignent in a concentration of 5.0 mass%
(Liquid 5) are prepared first. Liquid 3, Liquid 4 and Liquid 5 prepared by

the 20 above pricedie @ie-suibieheat byl shitr adesandt threeabkerplhe
surface tension of each liquid is neasured at ordinary tenperature (25C)

Where the surfaceciensi @neof, L aHbehdai ssrepaesaptedilywhichdyne/ cn, the
surface tension of Liquid 4 by D 25 (dyne/cn) and the surface tension of

Liquid 5 by E 4 gyfedeMenaién Wenahhgqgriebati e83hitpoaf cBnta€ningl@  and
preferably D- C<- 5 and the relationship of the 39 follow ng expression

(5) are satisfiwtettsdBulpLdged] yhbat isheompheedsal bl ehpokyirgl ces not
adsorbed perfectly or substantially to the pignent. Expression (5) 5 C<_
0.3 (5 E-€& tension of an aqueous solution containing a
water-soluble polymer, a pigment and water, judging
how much the water-soluble polymer stand adsorbed to
the pigment.
Specifically, a liquid containing a water-soluble
10 polymer and water and having the water-soluble polymer
in a concentration of 0.1 mass% (Liguid 3), a liquid
containing the water-soluble polymer, a pigment and
water and having the water-soluble polymer in a
concentration of 0.1 mass% and the pigment in a
15 concentration of 5 mass% (Liguid 4) and a liquid
containing a pigment and water and having the pigment
in a concentration of 5.0 mass% (Liquid 5) are
prepared first.
Liquid 3, Liquid 4 and Liquid 5 prepared by the
20 above procedure are sufficiently stirred, and
thereafter the surface tension of each liquid is
measured at ordinary temperature (25°C). Where the
surface tension of Liquid 3 is represented by C
(dyne/cm), the surface tension of Liquid 4 by D
25 (dyne/cm) and the surface tension of Liquid 5 by E
(dyne/cm), and when the relationship of D - C £ 10,

and preferably D - C £ 5, and the relationship of the



The surface tension neasured in the state the water-sol uble polyner is not
adsorbed perfectly to the pignent, nanely, the surface tension neasured in
the state the water-soluble polynmer does not affect any 10 change in
surface tension of the liquid is the surfac€ tension E of Liquid 5. Al so,
the surface tension neasured in the state the water-soluble polymer is
free in the agqueous solution, nanely, the surface tension neasured assum ng
a state in which adsorption 15 of the water-soluble polyner on the pignent
t he agqueous
sol ution is theslrdwices tesrsians Onf (SLi gquédsstiFhasd, t hé val gedgkdE - C
represents the |evel of change in surface tension fromthe start to 20
conpl etion of ttHwmtaddor ptdtomr-3nldohe rast ymeheisunbacedsendbedn neasured in
are mxed is the
surface tensioperifctilyyud subghent wal by - 5ol theeppamgmér in Liquid 4 is

is adsorbed to
free polymers in
t he aqueous solution. Although it is difficult to accurately find cut the

has reached saturation and free polyners are present in

the state that the pignment and the water-sol ubl e pol yner

considered to be 25 in two states, (1) a state in which it

the pigment andEx@essisiatelin which it is present as 40

details of the stateg (@) and (2) with respect to the total

mass of the

wat er - sol ubbe polyner—aggéﬁﬂﬁo Liqui@)4, it is 5 possible to estimte them
B

to a certain extent

10

15

20

25

The surface tension measured in the state the
water-soluble polymer is not adsorbed perfectly to the
pigment, namely, the surface tension measured in the
state the water-soluble polymer does not affect any
change in surface tension of the liquid is the surface
tension E of Liquid 5. Also, the surface tension
measured in the state the water-soluble polymer is
free in the aqueous soluticn, namely, the surface
tension measured assuming a state in which adscrption
of the water-soluble polymer on the pigment has
reached saturation and free polymers are present in
the aqueous sclution is the surface tension C of
Liquid 5. Thus, the value of E - C represents the
level of change in surface tension from the start to
completion of the adsorption.

In contrast, the surface tension measured in the
state that the pigment and the water-soluble polymer
are mixed i1s the surface tension D of Liquid 4. The
water-scluble polymer in Liquid 4 is considered to be
in two states, (1) a state in which i1t is adsorbed to

the pigment and (2) a state in which it is present as

rding to the above expression (5) . Thus, the val ue



of D- Crepresents the level of change in surface tension fromthe start
to conpletion of the adsorption, to which change the water-sol ubl e polyner
has 10 contri buted. For exanple, where the difference between the surface
tension D and the surface tension Cis smally, nanely, the value of (D -
O/(E - C shows a value of 0.3 or less, it is considered that the state of
the 15 surface tension D and the state of the surface tension C are very
close to each other, and the state of the surface tension Dis close to the
concentration of free polyners necessary for exhibiting the surface

i C. On he diff 20 b f
tension D and t eeii’é‘c%lapea T ehéc?agé?a%gg ﬁsargpyet%fﬁﬁﬂ‘%gﬁesﬁrl
O/(E - C h f f.th f
o 5 ot ARG O PGSR0 Pue IERLRL B e GRUEEC,
di fferent fron1 qp Oth ﬁ@d éLe g5rggng|geE d Bha% %gﬁ %5% d%f t he

né% E

surface tensi on e con ion’o ree p0| yners

necessary for §§B%3$ égf$éfé2§8§y%$955§3eg_ggdLEE%%?ldhwq%er-solubIe

pol ymer is adsor en t hé aqueous

i nk of the ﬁggiﬁgi(%ﬂﬁ@”ﬁéCghtfma?énghﬁgvﬂB ay SQQElh”EF%%%@ in an image

form ng net wo- | Tqui d sys € step of applyi ng an aqueous

I nk conprising 4 plAEY {0 @héegﬁégéngxﬁ?gbgﬁbn (5). Thus, the value

of D - C represents the level of change in surface
tension from the start to completion of the adsorption,
to which change the water-soluble polymer has

10 contributed.

For example, where the difference between the
surface tension D and the surface tension C is small,
namely, the value of (D - C)/(E - C) shows a value of
0.3 or less, it is considered that the state of the

15 surface tension D and the state of the surface tension
C are very close to each other, and the state of the
surface tension D is close to the concentration of
free polymers necessary for exhibiting the surface
tension C. On the contrary, where the difference

20 between the surface tension D and the surface tension
C is large, namely, the value of (D - C)/(E - C} shows
a value of more than 0.3, the state of the surface
tension D and the state of the surface tension C are
considered to be different from each other, and it is

25 considered that the state of the surface tension D
does not become the concentration of free polymers

necessary for exhibiting the surface tension C and the



and the step of applying a reaction |liquid capable of naking the state of
di spersion of the pignent in the aqueous ink upon contact with the agueous
ink to the 10 recording nmedium as conpared with cases in which inages are
formed by a conventional two-liquid systemdl the ink can have a sufficiently
| arge area factor even when using a small quantity of ink droplets and
i mges having high print density can be obtained. The reason 15 why the
effect as stated above is obtainable is considered as stated bel ow. The
conventional two-liquid systemis ainmed at obtaining i mages with high print
density by | eavidigems«cbhlolé ngopheri 8 atisbheedecor dhagpigtienm.sur f ace 20
| ayer portion in a larger quantity. Hence, an aqueous ink and a reaction
| i qui d are brought i ntlwvasantcacitd Sydtenglach ot her i medi ately before, or at
the sane tinme, the aqueous ink and the reaction liquid are applied to the
recordi ng nmedi um toWhempltgie dqedfs rieacteo OnthAceoeslenyl ynvansimhl iar ea
factor may result for a large quantity of ink droplets in sone cases.
However, as in udwd ppesemtadquwens i omk asédnenddn dmbfer énceiing mredhicded
bet ween applying the reaction liquid to the recording nmedium and appl ying
t he aqueou$ i nk;wanhker@bydrepsténe tanpogehhs shephef meadtyiiaw lanqui d are
present in a |arger anmount at a 5 place where the ink has penetrated in the
depth directi agwedus tiekfaempromindeaspifmeptport bomechbrh@g medium
and the step of applying a reaction liquid capable of
making the state of dispersion of the pigment in the
aqueous ink upon contact with the aqueous ink to the
10 recording medium, as compared with cases in which
images are formed by a conventional two-liquid system,
the ink can have a sufficiently large area factor even
when using a small quantity of ink droplets and images
having high print density can be obtained. The reason
15 why the effect as stated above is cobtainable 1is
considered as stated below.
The conventional two-liquid system is aimed at
obtaining images with high print density by leaving a
coloring material at the recording medium surface
20 layer portion in a larger quantity. Hence, an agqueous
ink and a reaction liquid are brought intc contact
with each other immediately before, or at the same
time, the aqueous ink and the reaction liquid are
applied to the recording medium, to complete the
25 reaction. Accordingly, a small area factor may result

for a large quantity of ink droplets in some cases.

However, as in the present invention, a time



recording nedium than at the surface portion of the recording nedium The
aqueous ink of the present invention is applied to the recording nedi um
standing 10 in this way, whereupon the phenonenon shown in Figs. 14A 14B
and 14C takes place before the pignent reacis wth the reactive conponent.
Thereafter, the remainder of a coloring material having penetrated in the
depth direction a little far fromthe surface portion of the 15 recording
mediumreacts rapidly with the reactive conponents present in a |large
guantity at the place where the ink has penetrated in the depth direction a

little Tar fromihecsuciace PoLianal JNS.JSealdling ngrdium kenes, the ink

has a sufficientlTy l'arge area factor at t ace portion of the

recordi ng medi um-lguglad ttoh‘%h(é()lr%rdéﬂ%i’?%teg&féc?ilurﬁ %A@pgfg{w eprﬁérati ng in

the depth direction of the recording um whereb ges having a high
print density cagbe abtainedn quhne e diantpd el agieoys ink not

falling 25 under the present invention s applied to a recording mnedium

it is very diffi - fiarm:f I f . i n rial.at the
y r%‘é'cttllbﬁ)l 1944 %Cr_feuéﬂ}e%%r& ifd he P&Eféf &“ﬁgﬁ?‘a@é@ a

desired positions, unless 43 the penetration rate of the uid mediumare
el aborately bal anged Whhet hed LioacwlAl inhdataaf therhgohgping material .

Hence, if such an aqueous ink not falling under the present invention is
applied, the 5 blieedi-Agrprevantiie Rar frordRnas NPYr f Qe Ipo FhEoh N MBlYe have

a small area factor, considering the |arge
recording medium, than at the surface portion of the
recording medium. The aqueous ink of the present
invention is applied to the recording medium standing
10 in this way, whereupon the phenomenon shown in Figs.
14A, 14B and 14C takes place before the pigment reacts
with the reactive component. Thereafter, the remainder
of a coloring material having penetrated in the depth
direction a little far from the surface portion of the
15 recording medium reacts rapidly with the reactive
components present in a large quantity at the place
where the ink has penetrated in the depth direction a
little far from the surface portion of the recording
medium. Hence, the ink has a sufficiently large area
20 factor at the surface portion of the recording medium,
and the coloring material is kept from penetrating in
the depth direction of the recording medium, whereby
images having a high print density can be obtained.
On the other hand, if an aqueocus ink not falling
25 under the present invention is applied to a recording
medium, it is very difficult to form flocculates of

the coloring material at the desired positions, unless



quantity of ink droplets, and images having high print density may be
unobt ai nabl e. <Water based ink> 10 In the aqueous ink according to the
present invention, it is essential that the water-soluble organic solvents
are constituted as descri bed above, in relagion to the pignent to be used.
Except for that, the ink may he constituted as in conventional inks. 15 The
aqueous nedium coloring material, water-soluble polynmer and other
conponents constituting the aqueous ink of the present invention are

descri bed bel ow. [Aqueous Mediun] The aqueous nedium constituting the

aqueous i nk ZQJQFE%%%H%§%§§ﬁFF%Q%$§§2$%%ngﬁﬁﬁ%ﬂgméaigﬁsggngd' The

aqueous nediumis m xe ven wat er - sol ubl e organic

I ts. Int fhy 0 1.0n, [ , t er-sol ub
sofvents. 'h %ﬁa@ogx%beﬂe%ldzrgﬂaa‘ge ¢y hsﬁﬁéeﬁl%éﬁ{iﬂé‘ébéné&?%e% €heSO! UDI €

organi ¢ sol vents ar into the good nedium poor nedi um

for the pigment., Hehg %Sef}%baIlb?‘SiH%ane,t her resy tsh g—:f%@é’&i‘sjﬂ%”ﬁé‘%’ It is

required that the wat'er-sol uble organic solvents ar 0 44 selected and

appropri atel y mxed fhaingdy 114astptdeengoody srdi 4 andabhe:paor taedi um are

interm xed and also the content ‘of each water-soluble organic solvent is
within the sangs (REGJIBEJIdhit NEe PEESENEnEMVENLL PN owarPr @Rar iRG kA 1 nk

The wat er-sol ubl e organic sol vents nmay
have a small area factor, considering the large
quantity of ink droplets, and images having high print
density may be unobtainable.
<Water based ink>
10 ' In the aqueous ink according to the present
invention, it 1s essential that the water-soluble
organic solvents are constituted as described above,
in relation to the pigment to be used. Except for that,
the ink may be constituted as in conventional inks.
15 The aqueous medium, coloring material, water-soluble
polymer and other components constituting the aqueous
ink of the present invention are described below.
[Agqueous Medium]
The aqueous medium constituting the aqueous ink
20 according to the present invention is described. The
aqueous medium i1s a mixed solvent of water and the
water~-soluble organic solvents. In the present
invention, as stated previously, the water-soluble
organic solvents are be grouped into the good medium
25 and the poor medium for the pigment. Then, on the
basis of the results of such judgment, it is required

that the water-soluble organic solvents are so



specifically include, e.g., alkyl alcohols having 1 to 4 carbon atons such
as net hyl al cohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol,

n- butyl al cohol, 10 sec-butyl alcohol and tert-butyl alcohol; am des such
as di net hyl formam de and di et hyl acet am de; 4ket ones or ket oal cohol s such as
acetone and di acetone al cohol; ethers such as tetrahydrofuran and di oxane;
pol yal kyl ene glycols such as pol yet hyl ene gl ycol and 15 pol ypropyl ene

gl ycol ; al kyl ene glycols whose al kyl ene groups have 2 to 6 carbon atons,
such as ethylene glycol, propylene glycol, butylene glycol,.triethylene

glycol, 1,2, 6-hexaheldd dnd tabeebglygotl yhaxykanenhadl ueollcard dhet hyl ene
glycol; lower alkyl ether 20 acetates such as polyethyl ene glycol nononethyl

et her aCetate;gcgﬂcy(iﬁd)idm|é)f\i@rtlaék%d)oﬂﬂﬁéﬁ&uﬁf apel yhyering xedl e@liol s, such
as et hyl ene glycol nononethyl (or ethyl) ether, diethylene glycol methyl (or
ethyl) ether andsd rites hybetengl y£obatbneaethykboubeehylragtkesp lareh t25
N- et hyl - 2- pyrrol i done, 2-pyrrolidone, and 1, 3-dinethyl-2-im dazolidi none.
Al so, as water,is deinlzedheatrengeaypercgffarsablin behaisptdesdbt Theeatane,no
particular limtations concerning the content of the water-soluble organic
solvents in5 theaueous tidk ackording to the present invention. It may
preferably be in the range of from3 nass%to 50 5 mass% based on the total
mass of the ink. Al sGhe haatavatsrlill ¢ her@oueousolinknbaympyef erably be in a
specifically include, e.g., alkyl alcohcls having 1 to
4 carbon atoms such as methyl alcohol, ethyl alcohol,
n-propyl alcchol, isopropyl alcohol, n-butyl alcohol,
10 sec-butyl alcohol and tert-butyl alcohol; amides such
as dimethylformamide and diethylacetamide; ketones or
ketoalccochols such as acetone and diacetone alcohol;
ethers such as tetrahydrofuran and diokane;
polyalkylene glycols such as polyethylene glycol and
15 polypropylene glycol; alkylene glycols whose alkylene
groups have 2 to 6 carbon atoms, such as ethylene
glycol, propylene glycol, butylene glycol, .triethylene
glycol, 1,2,6-hexanetriol, thicdiglycol, hexylene
glycol and diethylene glycecl; lower alkyl ether
20 acetates such as polyethylene glycol monomethyl ether
acetate; glycerol; lower alkyl ethers of polyhydric
alcohols, such as ethylene glycol moncmethyl (or ethyl)
ether, diethylene glycol methyl (or ethyl) ether and
triethylene glycol monomethyl (or ethyl) ether; and
25 N-methyl-2-pyrrolidone, 2-pyrrolidone, and

1,3-dimethyl-2-imidazolidinone. Also, as water,

deionized water may preferably be used.



content ranging from50 mass%to 95 mass% based on the total mass of the
ink. In a preferred enbodi nent of the present 10 invention, where the total
content (mass% of the good mnediumin the aqueous ink is represented by X,
and the total content (nmass% of the poor 4ediumin the ink by Y, the
types and contents of the water-soluble organic solvents constituting the
aqueous ink are so 15 controlled that the ratio of XY [total content
(mass% of the good nedium: total content (nmass% of the poor nediuni
cones to be within the range of from X Y = 10:5 or nore to 10: 30 or |ess,

preferably from X Y Fhdfk 0f m®reatoid0140 dimkessioandcopee r2Qnpr ef erably
fromX 'Y = 10:6 or nore to 10: 10 or | ess. In addition, the "ratio of XY =

10:5 or nore totAO: 3Ontentl @ssthaeansetrhabl¥bile 2rofaniey &dloyeik Orin ess when
X is 10. According to studies nade by the present 25 inventors, where the
good nedi um conthaéneduetuthénkagueoudingk tbs the @dedfege: canieartiod he laqueous
ink can have superior storage stability, but it is difficult 46 to achieve
hi gh print densmiy.pAbsSerabherbecofnt hee athege kdand rdre PYoodstediamont ai ned
in the aqueous ink is in a small content, high print density can be
achi eved, bWt thesayuesassdi ok thy haveli naskf iodi emte Srdt.or ddgeost &hiel i ty. For
such a problem the proportion of the good nediumto the poor nmediumin the
water in the aqueous ink may preferably be in a
content ranging from 50 mass% to 95 mass% based on the
total mass of the ink.
In a preferred embodiment of the present
10 invention, where the total content (mass$%) of the good
medium in the aqueous ink 1s represented by X, and the
total content (mass%) of the poor medium in the ink by
Y, the types and contents of the water-soluble ocrganic
solvents constituting the aqueous ink are so
15 controlled that the ratio of X:Y [total content
(mass%) of the good medium : total content (mass$%) of
the poor medium] comes to be within the range of from
XY = 10:5 or more to 10:30 or less, preferably from
X:Y = 10:5 or more to 10:10 or less, and more
20 preferably from X:Y = 10:6 or more to 10:10 or less.
In addition, the "ratio of ¥X:Y = 10:5 or more to 10:30
or less" means that Y is 5 or more tco 30 or less when
X is 10.
According to studies made by the present
25 inventors, where the good medium contained in the

aqueous 1ink 1s 1in a large content, the aqueous ink can

have superior storage stability, but it 1s difficult



wat er - sol ubl e organic solvents in the ink may be controlled as described
above, whereby both the ink storage stability and the high print density
can be 10 achi eved. Further, as described Qreviously, in the present
invention, the Ka value determ ned by the éristOM/nethod, which is a
measure showing the perneability into recording nediuns, is controlled in
deci di ng each wat er-sol ubl e organic solvent to be 15 incorporated in the
ink. This makes it possible to achieve the effect that has not been
unobtai nable, i.e., the effect that the ink has a sufficiently large area
factor even in @ sllevpdntgh yooing nkeds opy et Alsnd Weeresderiléi ze hi gh
print density. 20 [Coloring Material] The coloring material constituting the
aqueous ink acddrat Mpnd the gredapediwvepeiibaineddescrhbedqubeléw. As t he
coloring material constituting the aqueous ink of the present invention, a
pi gment 25 contid@ihiig o @ el papnten havghgeatntedsnséfig cprOnPE group
bonded to a surface of the pignent particle directly or via another atomc
group i s used. &higsedoptasthihi adeendst ok Pa8yfRTEl Leguifreienire no
particular Limtations thereon. The follow ng are _usable: a pignent

contai ning 4 pigrRimIpatitakd bl havi dfPr SUHBhporidPheMngtid PoRPer gtoup
attached by a diazg 5 coqglin%inethod to a surface of .the pignent particle,

a pigment cont ditifiit £ r £ c RS HR9PRGTEALUN in the

water-soluble organic solvents in the ink may be
controlled as described above, whereby both the ink
storage stability and the high print density can be

10 achieved. Further, as described previously, in the
present invention, the Ka value determined by the
Bristow method, which is a measure showing the
permeability into recording mediums, is controlled in
deciding each water-soluble organic solvent to be

15 incorporated in the ink. This makes it possible to
achieve the effect that has not been unobtainable,
i.e., the effect that the ink has a sufficiently large
area factor even in a small quantity of ink droplets
and can materialize high print density.

20 [Coloring Material]

The coloring material constituting the aqueous
ink according to the present invention is described
below. As the coloring material constituting the
équeous ink of the present invention, a pigment

25 containing a pigment particle having at least one
ionic group bonded to a surface of the pigment

particle directly or via another atomic group is used.



ionic group introduced by surface oxidation treatment such as treatnent

w th sodi um hypochl ori de or ozone treatnent in water to a surface of the
pi gnent 10 particle, and a pignment on which a di spersing agent having an
ionic group, a surfactant, a resin disper§{%g agent or the like has been
adsorbed. Any of these pignents may be used alone or in the formof a

m xture of two or nore types. 15 In particular, it is preferable to use a
pi gnent containing a pignent particle having at | east one selected from
t he group consisting of -COOML, -SOBML and -PO3H(M)2 (wherein M
represents a hydsogengagenthiancahkakiometisl fudf idmeshi tihegre @remgani c
ammoni unm) 20 having chem cally been bonded to directly or via another
atom ¢ group toparsurfdee oimihetppgseshergant. clfhe Falthwing eries
preferable to use those in_ which such another atom c group is an al kyl ene
group having 1usabig: car bbamansnsongadubsid tutte@msn 2 Pasisifddst itaitiew
phenyl ene group or a substituted or  unsubstituted naphthylene(g;oup. In the
case of a pi gngnfoEPALAANPAYIBEIpRGmMERN1FalEictire afdddyed GooNL, 41880 ampng
t he above ionic groups, having chemcally been bonded to directly or via
anot her atom c §PeRplhE @etéagf heeofULhE Csi et HIAUIMENE HAT gyl ©xhi bi t
water resistance relatively with ease, .and hence may nore 5 preferably be
used. Specificafl JIIPenfscanssipieferr 84 G s@3Fticle having an

ionic group introduced by surface oxidation treatment
such as treatment with sodium hypochloride or ozone
treatment in water to a surface of the pigment

10 particle, and a pigment on which a dispersing agent
having an ionic group, a surfactant, a resin
dispersing agent or the like has been adsorbed. Any of
these pigments may be used alone or in the form of a
mixture of two or more types.

15 In particular, it is preferable to use a pigment
containing a pigment particle having at least one
selected from the group consisting of -COOM1, -SO;M1
and -PO3H(M1), (wherein M1 represents a hydrogen atom,
an alkali metal, an ammonium or an organic ammonium}

20 having chemically been bonded to directly or via
another atomic group to a surface of the pigment
particle. Further, it is preferable to use those in
which such another atomic group is an alkylene group
having 1 to 12 carbon atoms, a substituted or

25 unsubstituted phenylene group or a substituted or
unsubstituted naphthylene group. In the case of a

pigment containing a pigment particle having -COOM1,



pi gnent containing a pignment particle having a - C6H4- 000ML group or a

- C6H3- (COOML) 2 group (wherein M represents a hydrogen atom an al kal
nmetal., an 10 amoni um or an organi ¢ ammoni um having been introduced to a
surface of the pigment. In particular, th&8one in which a - C6H3- (OOOML) 2
group has been introduced brings about preferable results in the
constitution of the present invention. 15 In regard to the anmount in which

t he above - C6H4- 000ML group or -C6H3-(COOML)2 is introduced to the pignent
particle surfaces, preferable results in the constitution of the present

i nvention are abpvogghtheoutbosteni ¢rhiec agmoeants of hani nodobémonapéy beenh 20
surface area of a pignent particle is larger. This is considered due to the
fact that as désodededo pliendousy yor helzxaenthef gbobmati gnovp theapi gnent by
t he wat er-sol uble organic solvents is reduced with an increase in ionic
groups, becausewffasterdfc Hindriageent 2zavtiche, | Lkema¥hexbibié wetparticul ar
limtations concerning the pignment usable in the aqueous ink according to
the 49 presentresdvedmriam, ramt argl nfwithbseass, epddehanet mp¥l BRrAay be
used. As a pignment used in black ink, carbon black is preferred. Any carbon
bl ack may bg usag fegas exenplidded by furnace bl ack, |anp bl ack, acetylene

bl ack or channel bl ack. SpecificaILy,.connerciallg
Specifically, 1t is alsc preferred to use a

pigment containing a pigment particle having
a -Ce¢H4—COOM1 group or a -CgH3— (COOM1), group (wherein
M1 represents a hydrogen atom, an alkali metal, an
10 ammonium or an organic ammonium) having been
introduced to a surface of the pigment. In particular,
the one in which a -C¢H3;-(COCM1), group has been
introduced brings about preferable results in the
constitution of the present invention.
15 In regard to the amount in which the
above -CgHs~COOM1 group or -CeH3;-(COOM1), is introduced
to the pigment particle surfaces, preferable results
in the constitution of the present invention are
brought out when the amount of introduction per unit
20 surface area of a pigment particle is larger. This is
considered due to the fact that as described
previously the extent of solvation of the pigment by
the water-soluble organic solvents is reduced with an
increase in ionic groups, because of steric hindrance
25 or the like.
There are no particular limitations concerning

the pigment usable in the aqueous ink according to the



avai | abl e products are usable which are exenplified by RAVEN 7000, RAVEN
5750, RAVEN 5250, RAVEN 5000 ULTRA, RAVEN 3500, RAVEN 2000, RAVEN 1500,
RAVEN 1250, RAVEN 10 1200, RAVEN 1190 ULTRA-I1, RAVEN 1170, and RAVEN 1255
(the foregoing are avail abl e from Col unbi aff °Car bon Japan Limted); BLACK
PEARLS L, REGAL 400R, REGAL 330R, REGAL 660R, MOGUL L, MONARCH 700, MONARCH
800, MONARCH 880, MONARCH 900, MONARCH 1000, MONARCH 1100, MONARCH 15 1300,
MONARCH 1400, MONARCH 2000, and VALCAN XC-72 (the foregoing are avail able
from Cabot Corp.); COLOR BLACK FWL, COLOR BLACK FW2, COLOR BLACK EWVV,
COLOR BLACK FVit8:s@UL ORI BEACKOF280¢ ety ORf BEACK eSES0,eNOOIEAR LBl ACK 5160,
COLOR BLACK 5170, PRINTEX 35, PRINTEX U, 20 PRI NTEX 140U, PRI NTEX 140V,

SPECI AL BLACK ébeBPECnaY bglexds, SPECI AL BLACK 4A, and SPECI AL BLACK 4
(the foregoing are avail able from Degussa CorE. ); and No. 25 No. 33, No. 40,
No. 47, No.52, No.900ANG ZBOIeNCRISE] 1NABHACk MK . MAB IoaRd PVALEO 15( t he
foregoing are 25 avail able from M tsubishi Chemcals, Inc.). Also wusable is
carbon bl ack prepafedrspecify yCHRRY Pbrckthay ppeseaedi ndénti on. However,
in the present 50 invention, exanples are by no neans limted to these,

and any convent$HaP+ T kAdwAY cAHBBACEI RER CHay LBEPUSEd CKASE LY e fIdi tion to
the carbon bl ack, magnetic fine articles of _m tite, ferrite_or the like
and 5 titani umBlack ﬂﬁycg?gBe%ebggéﬁ'ass%¢%+gh?ggféneﬁpmmeppéﬁgﬁﬁ particles

used in inks Otggéi ngetgﬁoducts are usable which are exemplified by

RAVEN 7000, RAVEN 5750, RAVEN 5250, RAVEN 5000 ULTRA,
RAVEN 3500, RAVEN 2000, RAVEN 1500, RAVEN 1250, RAVEN

10 1200, RAVEN 1190 ULTRA-II, RAVEN 1170, and RAVEN 1255
(the foregoing are available from Columbian Carbon
Japan Limited); BLACK PEARLS L, REGAL 400R, REGAL 330R,
REGAL 660R, MOGUL L, MONARCH 700, MONARCH 800, MONARCH
880, MONARCH 900, MONARCH 1000, MONARCH 1100, MONARCH

15 1300, MONARCH 1400, MONARCH 2000, and VALCAN XC-72
(the foregoing are available from Cabot Corp.); COLOR
BLACK FW1l, COLOR BLACK FWZ2, COLOR BLACK FW2V, COLOR
BLACK FW18, COLOR BLACK FW200, COLOR BLACK S150, COLOR
BLACK S160, COLOR BLACK S170, PRINTEX 35, PRINTEX U,

20 PRINTEX 140U, PRINTEX 140V, SPECIAL BLACK 6, SPECIAL
BLACK 5, SPECIAL BLACK 4A, and SPECIAL BLACK 4 (the
foregoing are available from Degussa Corp.); and No.25,
No.33, No.40, No.47, No.52, No.900, No.2300, MCF-88,
MA600, MA7, MA8, and MA100, (the foregoing are

25 available from Mitsubishi Chemicals, Inc.). Also
usable is carbon black prepared specially newly for

the present invention. However, in the present



bl ack i nk may include various types of organic pignment particles. Such
organi c pignents may include, e.g., insoluble azo pignents such as
Tol ui di ne Red, 10 Tol ui di ne maroon, Hanza | | ow, Benzi di ne Yell ow and
Pyrazol one Red; soluble azo pignents such Lithol Red, Helio Bordeaux,
Pi gment Scarlet and Permanent Red 2B; derivatives fromvat dyes, such as
alizarin, indanthrone and Thi oi ndi go maroon; phthai ocyani ne type 15
pi gnents such as Pht hal ocyani ne Bl ue and Pht hal ocyani ne Green; qui nacridone
type pignents such as Quinacridone Red and Quinacridone I\/aglent a; peryl ene
type pignents stitfersifer yesadPRed and Pe#r premeassatiadtedsdionddisSsfone type
pi gnents such as 20 Isoindolinone_Yell ow and I soi ndolinone O ange;
i m dazol one typE$i yrentensarhlasabBéiz KPRz 6REREN YABICHWT aFe RS MSPazol one
Orange and Benzj m dazol one _ Red,; %%r ant hr one tyg}e pi gnents such as
Pyrant hrone Red*l8fd PyrafdfhionB ©Pahfe; CanBoPn&LGs kv y PeImedéntisnes
condensati on azo t%/pe pi gnent's, thi oindigo t_%pe pi gnent.s,
di ket opyr r ol opy?3 bt eCtypeCpi GABAES I teF 4FaREREORE ¥ER dw X eAANS Ani de Yel | ow,
Qui nopht hal gne 51 Yel | ow, N'gckel o Yell ow, Copper . Azonethi ne Yell ow,
Peri none Or nge?l%?h?%nléléf ngey gﬁﬁﬁt E?a&ﬁ?ﬁoﬁ?l aR?&,acrLglP&%%zi ne
Violet. O course, without being |limted 0.t hese, ofher anic pignents
‘may al so be used. 5 #feg%?rb%rﬁ%%ﬁﬁ%ﬁt%s% ab?el?ﬁstﬂé ﬁFegéﬁP tf“ﬁventi on,
when shown by qgigéklgggxm g‘hh%lwggbggrious types of organic pigment
particles. Such organic pigments may include, e.qg.,
insoluble azo pigments such as Toluidine Red,
10 Toluidine maroon, Hanza Yellow, Benzidine Yellow and
Pyrazolone Red; soluble azo pigments such as Lithol
Red, Helio Bordeaux, Pigment Scarlet and Permanent Red
2B; derivatives from vat dyes, such as alizarin,
indanthrone and Thioindigo maroon; phthalocyanine type
15 pigments such as Phthalocyanine Blue and
Phthalocyanine Green; quinacridone type pigments such
as Quinacridone Red and Quinacridone Magenta; perylene
type pigments such as Perylene Red and Perylene
Scarlet; isoindolinone type pigments such as
20 Isoindolinone Yellow and Isoindolinone Orange;
imidazolone type pigments such as Benzimidazolone
Yellow, Benzimidazolone Orange and Benzimidazolone
Red; pyranthrone type pigments such as Pyranthrone Red
and Pyranthrone Orange; and indigo type pigments,
25 condensation azo type pigments, thioindigo type

pigments, diketopyrrolopyrrole type pigments,

Flavanthrone Yellow, Acyl Amide Yellow, Quinophthalone



may include, e.g., the followwng: C 1. Pignent Yellow 12, 13, 14, 17, 20,
24, 74, 83, 86, 93, 97, 109, 110, 117, 120, 125, 128, 137, 138, 147, 10
148, 150, 151, 153, 154, 166, 168, 180, 185; C I. Pignent Orange 16, 36, 43,
51, 55, 59, 61, 71 etc.; C1. Pignent Red29, 48, 49, 52, 53, 57, 97, 122,
123, 149, 168, 175, 176, 177, 180, 192, 215, 216, 217, 15 220, 223, 224,
226, 228, 238, 240, 251, 255, 272; C.I. Pignent Violet 19, 23, 29, 30, 37,
40, 50; CI. Pignent Blue 15, 15:1, 15:3, 15:4, 15:6, 22, 60, 64; C.|
Pigment Green 36; and 20 C. 1. Pignent Brown 23, 25, 26. In the present

invention, the ydment NByke Preferadl yoRe thppeeontenbtdfinkr g@nlcd, mass%to
15 mass% and particularly preferably from1l mass%to 10 nmass% based on

the total nmass @fridnd nkrag§e| VaAhehrsakul e ynesdndheadai eongol BbLE
pol ymer that may be added to the aqueous ink according to the present

invention is S5Zndieststdethdeldyletn the @hesent whvestt opeihfel imited
wat er - sol ubl e polyner is judged by the nethod described previously, in
respect of whetthertlidsd s didier adsgahed pegheatkymar albst &at uakldy to the
pigment. 5 Then, on the basis of the results of such judgnent, a
wat er - sol ubbe pol ynerhehicatyadrsi ngdi aasot beds el ¢ ecit | yhe present
invention, when shown by Color Index (C.I.) Number,
may include, e.g., the following:
C.I. Pigment Yellow 12, 13, 14, 17, 20, 24, 74, 83, 8o,
93, 97, 109, 110, 117, 120, 125, 128, 137, 138, 147,
10 148, 150, 151, 153, 154, 166, 168, 180, 185;
C.I. Pigment Orange 16, 36, 43, 51, 55, 59, o6l, 71
etc.;
C.I. Pigment Red 9, 48, 49, 52, 53, 57, 97, 122, 123,
149, 168, 175, 176, 177, 180, 192, 215, 216, 217,
15 220,223, 224, 226, 228, 238, 240, 251, 255, 272;
C.I. Pigment Violet 19, 23, 29, 30, 37, 40, 50;
C.I. Pigment Blue 15, 15:1, 15:3, 15:4, 15:6, 22, 60,
64;
C.I. Pigment Green 36; and
20 C.I. Pigment Brown 23, 25, 26.
In the present invention, the pigment may
preferably be in a content of from 0.1 mass% to 15
mass%, and particularly preferably from 1 mass% to 10
mass?¥, based on the total mass of the ink.
25 [Water-soluble Polymer]
The water-soluble polymer that may be added to

the aqueous ink according to the present inventiocn is



or substantially to the pignment nust be selected and appropriately mxed to
prepare the ink. The water-soluble polyner used in the present 10 invention
may preferably be an ionic polyner or nonionic polymer having a hydrophilic
group. The ionic polymer may preferably bé&Za homopol ymer conposed of an
ioni c nononer, or a copolynmer of a hydrophobic nononer and an ionic
nononmer. The nonionic polynmer preferably 15 is a honopol yner conposed of a
noni oni ¢ nononer, or a copolymer of a hydrophobic nononer and a nonionic
nononer. Also, in the present invention, these polyners may be used in
conbi nati on. These:-@iteed destéw bed rbedtmw dye ©drit nphsgpeci dhc ghioups of
nmononers. 20 (lonic Mononer) The ionic nononer nmay preferably be an anionic
mononer . Speci @ tysoldbaypd hghedei ach yigedabydsheneehaoddyl i ¢ aci d,
mal ei ¢ acid and styrenesul fonic acid. Any of these may be used alone or in
an appropri at e @ acoriEdgpreniofsiw dn nespetypes. whktheur s&, iisn nictte
present invention, exanples are by no neans limted to these. 53 (Nonionic
Mononer) The nadsonleedromentecthy spesubstahkyailmgl bdefheepggmepdl.yvi nyl
ether derivatives such as polyvinyl alcohol, polyvinyl pyrrolidone,
pol yacryl anbde,THempolgrvi yd et hy | o £t hee, reehiyusnplf etibpl Jjedhgemendnd a
pol yvi nyl butyl ether; polysaccharides such as

water-soluble polymer which is not adsorbed perfectly

or substantially to the pigment must be selected and

appropriately mixed to prepare the ink.

The water-soluble polymer used in the present

10 invention may preferably be an ionic polymer or
nonionic polymer having a hydrophilic group. The 1iocnic
polymer may preferably be a homopolymer composed of an
ionic monomer, or a copolymer of a hydrophobic monomer
and an ionic monomer. The nonionic polymer preferably

15 1is a homopolymer composed of a nonionic monomer, or a
copolymer of a hydrophobic monomer and a nonionic
monomer. Also, in the present invention, these
polymers may be used in combination. These are
described below by citing specific groups of monomers.

20 {(Ionic Monomer)

The ionic monomer may preferably be an anionic
monomer. Specifically, it may include acrylic acid,
methacrylic acid, maleic acid and styrenesulfonic acid.

Any of these may be used alone or in an appropriate

25 combination of two or more types. Of course, in the

present invention, examples are by no means limited to

these.



cellul ose, nmethyl cellul ose and ethyl oxyethyl cellulose; alginic acid

pol yhydri c al cohol esters; water-soluble urea resins; dextrin derivatives;
10 casein; polyvinyl ether conpounds; and golyalkylene oxi des such as

pol yet hyl ene oxi de and pol ypropyl ene oxi dé3 inclusive of a copol ymer of the
both. Any of these nmay be used alone or in an appropriate conbination of
two or nore types. O course, in the 15 present invention, exanples are by
no neans limted to these. (Hydrophobic Mononer) The hydrophobi ¢ nononer
may specifically include, e.g., styrene, vinyl naphthal ene, alkyl

met hacryl ates 20 sudhocas omstchMormetdacr yl at e; phenyl nethacryl ate, benzyl
met hacryl ate, 2-ethoxyethyl methacrylate, nethacrylonitrile,

2-tri met hyl si | oxyet hyllhengtcmaemyl atmenomng iy gialy | Spret hategl ayeinpludeyl

met hacryl ate, sorbyl nmethacrylate, alkyl acrylates such as nethyl acrylate;
25 phenyl acryleat®,, henydinck yéeher deryvenives| euch2arsr pedtyMingill oxyet hyl
acrylate, glycidyl acrylate, p-tolyl acrylate, and sorbyl acrylate. Any of
these 54 nmay b amul alpweyoinyh pppropidane, coabiasrivdarefdeswo or nore
types. O course, in the present invention, exanples are by no neans
limted to Phes®l{Poryhergthpl Thiehomt eposHrubyeé pohyrertiegord@iong to the

present invention may preferably be a honopol yner
polyvinyl butyl éther; polysaccharides such as

cellulose, methyl cellulose and ethyl oxyethyl
cellulose; alginic acid polyhydric alcohol esters;
water-soluble urea resins; dextrin derivatives;

10 casein; polyvinyl ether compounds; and polyalkylene
oxides such as polyethylene oxide and polypropylene
oxide, inclusive of a copolymer of the both. Any of
these may be used alone or in an appropriate |
combination of two or more types. Of course, 1in the

15 present invention, examples are by no means limited to
these.

(Hydrophobic Monomer)
The hydrophobic monomer may specifically include,
e.g., styrene, vinyl naphthalene, alkyl methacrylates

20 such as methyl methacrylate; phenyl methacrylate,
benzyl methacrylate, 2-ethoxyethyl methacrylate,
methacrylonitrile, 2-trimethylsiloxyethyl methacrylate,
glycidyl methacrylate, p-tolyl methacrylate, sorbyl
methacrylate, alkyl acrylates such as methyl acrylate;

25 phenyl acrylate, benzyl acrylate, acrylonitrile,
2-trimethylsiloxyethyl acrylate, glycidyl acrylate,

p—-tolyl acrylate, and sorbyl acrylate. Any of these



conposed of an ionic nononer, a honopol ymer conposed of a nonionic nononer,
a copol yner conposed of an ionic nononer and a hydrophobi ¢ nononer, or a 10
copol ymer conposed of a nonionic nononmer and a hydrophobi ¢ nononer, any of
whi ch may be used in conbination, or branéHed polyners as typified by block
copol yners, random copol yners and graft copolyners, or salts thereof may be
used. In addition, as specific 15 exanples of the salts, they may include
salts of alkali nmetals such as sodium [|ithium and potassium and anmoni um
salts, alkylamne salts and al kanol amine salts. Any of these may be used
al one or in anm@pprioprisd® oot nat | on @pptwproataocembypesioB0ofhewe t he
above copolyners are anionic, they may have acid values in the range of
from 100 to 500 amgre ttypscat OfF iqugiafe ,t hien acha ed srentrainpeef ecapl y be
wi thin 20% of the average acid value. By controlling the acid value within
t he above rangesxdrnel 8 gnentbamo 2beshabl ymbeedi spetbedei.n the ink. The
wat er - sol ubl e polyner may have a wei ght-average nol ecular weight in the
range of from55 1, 00®Iltyme30, 000, and nore preferably in the range of from
3,000 to 15,000, and also may preferably have a nol ecul ar wei ght
di stributioh MV Mh (Nize wadieghtscalwarlagepabytestl accoved ghg , tdvhthaunber - aver age
5 nol ecul ar weight) of 3 or Iess. Also, an ionic polynmer segnent may
pref erably haveonwseyht - Bveergeomohegupaeferably be a homopolymer
composed of an ionic monomer, a homopolymer composed
of a nonionic monomer, a copolymer composed of an
ionic monomer and a hydrophobic monomer, or a
10 copolymer composed of a nonionic monomer and a
hydrophobic monomer, any of which may be used in
combination, or branched polymers as typified by block
copolymers, random copolymers and graft copolymers, or
salts thereof may be used. In addition, as specific
15 examples of the salts, they may include salts of
alkali metals such as sodium, lithium and potassium,
and ammonium salts, alkylamine salts and alkanolamine
salts. Any of these may be used alone or in an
appropriate combination of two or more types.
20 Where the above copolymers are anionic, they may
have acid values in the range of from 100 to 500, and
the scattering of the acid value may preferably be
within 20% of the average acid value. By controlling
-the acid value within the above range, the pigment can
25 stably be dispersed in the ink.

The water-soluble polymer may have a

weight-average molecular weight in the range of from



weight (Mvy) in the range of from1,000 to 20,000, and nore preferably in
the range of from 3,000 to 20,000. Inasnuch as the content of the ionic

pol ymer segnent 10 in the water-soluble poh mer is controlled within the
above range, the ink can be kept from com hi ghly viscous and the pignment
can have di spersion stability; the both being achi evabl e together at high

|l evels. Also, if the water-soluble polynmer has a broad 15 nol ecul ar wei ght
distribution, the properties based on nolecular weight of the water-soluble
pol ymer descri bed above may be brought out with difficulty. Hence, the

wat er - sol ubl e BolGdfert e3P & eraist ynhiesy e0 e fehalp by M- Aot BeurandgePght
distribution. Such a 20 water-sol uble polynmer may preferably be incorporated
in the range off /@00 fussbst P&, sz dspased Brefekabligt BRVAads of the
ink. Further, the proportion of pontents.(nassza of the pignent and

wat er - sol ubl e TsBlaAvEra o eI HE T HeUt bk (W B RaitB) may 25 preferably be
from0.02 to 150. In the enbodinent in which the water-soluble polyner is
added to the adfeslisiaHerage o kgdeth atWebIhfat ¥Ri alPBPR§-aHeag0G8ous i nk

t hat can sinul taneously salisfy t hree performances, i.e., high print
density, DbPeedIHEGHH DI AL hi git sEP8f ch 4639 st I PPRE$EUI ar,
in order to inprove the scratch resjstance, 5 it is effectivg?to add t he

vat er - sol ubl e FEFARETE IMPY PIrYferiptant2 Y, YasIRhoMiCFAIENBOARE UL Rdwever, i f
the weight (Mw) in the range of from 1,000 to 20,000, and

more preferably in the range of from 3,000 to 20,000.
Inasmuch as the content of the ionic polymer segment

10 in the water-soluble polymer is controlled within the
above range, the ink can be kept from coming highly
viscous and the pigment can have dispersion stability;
the both being achievable together at high levels.
Also, if the water-soluble polymer has a broad

15 molecular weight distribu£ion, the properties based on
molecular weight of the water-soluble polymer
described above may be brought out with difficulty.
Hence, the water-soluble polymer may preferably have a
uniform molecular weight distribution. Such a

20 water-soluble polymer may preferably be incorporated
in the range of from 0.1 mass% to 5.0 mass% based on
the total mass of the ink. Further, the proportion of
contents (mass%) of the pigment and water-soluble
polymer contained in the ink (P/B ratio) may

25 preferably be from 0.02 to 150.

In the embodiment in which the water-soluble

polymer is added to the aqueous ink, it is aimed at



addi ti on anount of anionic polymers is increased, the dispersion of the
pignent in the ink comes to be unstable because of the salting-out effect
and the 10 pignent tends to floccul ate. The concept of the present invention
may be explained on the basis of a view oPfsalting-out. The salting-out is
a phenonmenon in which a solute hydrated to dissolve stably in a solution
decreases in its 15 solubility and the solute conmes to precipitate, because
ions are generated in a large quantity as a result of the addition of an
additional electrolyte to bring the hydration into inbal ance and hence
hydration wat eratier rehbriedy faonagthecssl itk that kcanhypdmatledneiouls 1y20
greater difficulty. The pignent dispersed in virtue of ionic groups 1is
hydrated by a |sagesfuarir¢y périatmanaoesecul es,i highherseltuteos idiyd st ands
di spersed stably. A salt of an anionic polyner is added to this solution,
wher eupon 25 hylrextd iong t mklesbpt ace, aksd bhaghhecirenshgereisted oshenInt he
pol ymer is dissolved and hence the water nolecules tend to come short. In
this case, the pwmttekcunbl eculesoB@erhydr dripmpuehetlps grenetaherdepsitaade: so
that the dispersion stability of the pignent decreases greatly. In
addi tion, the addiits onf ofctheeahpoaild potyrereri-godubdeg®odyasti ty! Bends to
adversely affect the 5 thickening and storage stability of the ink. Further,
it is known thataxdr Praseheer, of st keowni bhi Ehpobyier However, 1f the
addition amount of anionic polymers is increased, the
dispersion of the pigmeht in the ink comes to be
unstable because of the salting—-out effect and the
10 pigment tends to flocculate.
The concept of the present invention may be
explained on the basis of a view of salting-out. The
salting-out is a phenomenon in which a solute hydrated
to dissolve stably in a solution decreases in its
15 solubility and the solute comes to precipitate,
because ions are generated in a large quantity as a
result of the addition of an additional electrolyte to
bring the hydration into imbalance and hence hydration
water 1is removed from the solute that is hydrated with
20 greater difficulty.
The pigment dispersed in virtue of ionic groups
is hydrated by a large quantity of water molecules 1in
the solution and stands dispersed stably. A salt of an
anionic polymer is added to this solution, whereupon
25 hydration takes place also on the ions generated when

the polymer 1s dissolved and hence the water molecules

tend to come short. In this case, the water molecules



inthe ink in a large quantity nakes the ink greatly penetrable into the
recording medium resulting in a poor print grade. 10 As a result of
studi es made by the present inventors, th % have di scovered that the

noni oni ¢ pol yner, which has no ionic groug and is considered to |ess
contribute to the dispersion stability of the pignment, nmay be added to the
i nk, whereby an ink is 15 obtai ned which provides printing inproved in
scratch resi stance and nai ntai ns good di spersion stability of the pignent.
It has conme to light that, where only the nonionic polymer is added to the
ink, it is posdipienting athe tihegpehynerei dearkideder squahgitt yhehan in a case
20 in which only the anionic polyner is added, and further the scratch
resistance i s &rspénprovestabiHoweverf rherpgamgntodplcaedissg, dreatdy -been
found that, where only the nonionic polyner is used, the perfornmance is
poorer than in a casdn mdghitdpronlthe RAPEt soi onf ctpol gREPNLS BSéHMeThis is
because the ion concentration in the ink does not increase even if the

noni oni ¢ pol ymek i &fohaduapt i bni eegdeupe revadgedysaffest K89 nk, and the
flocculation of the pignment in virtue of the salting-out effect is not
pronot ed. AccordhHgfsning ane@ present PhRIBALLSH, Oft thEs 1eenfREGRATt hat t he
above three technical subjects can 5 be solved by using the anionic polyner
and the noni oni ¥t pb? YARAWE ntedhbihat PeRSCRRE Pbr B Bilkgic polymer

in the ink in a large quantity makes the ink greatly
penetrable into the recording medium, resulting in a
poor print grade.

10 As a result of studies made by the present
inventors, they have discovered that the nonicnic
polymer, which has no ionic group and is considered to
less contribute to the dispersion stability of the
pigment, may be added to the ink, whereby an ink is

15 obtained which provides printing improved in scratch
resistance and maintains good dispersion stability of
the pigment. It has come to light that, where only the
nonionic polymer is added to the ink, it is possible
to add the polymer in a larger quantity than in a case

20  in which only the anicnic polymer is added, and
further the scratch resistance is very improved.
However, in regard to bleeding, it has been found that,
where only the nonionic polymer is used, the
performance is poorer than in a case in which only the

25 anionic polymer is used. This is because the ion
concentration in the ink does not increase even 1if the

nonicnic polymer, which has no ionic group, is added



effective in pronoting the flocculation of the pignent, inproving the print
density and inhibiting bleeding, and the latter being effective in

i mproving the 10 scratch resistance. Thus, ter-sol uble polyners to be
added have functionally be separated. It hé been found also in actual

i mage evaluation that high print density, control of bleeding and high
scratch resistance can sinultaneously be satisfied where the 15 anionic

pol ymer and the nonionic polyner are used in conbination. The present
inventors presunme, as stated below, the reason why the high scratch

resi stance is tachibevaiike. and tiiee chwrseubitide apptheapionent an20 pi gment
ink to a recording nedium and thereafter the evaporation of water in the

i nk, the water vdaitulsl @f gdie skt e @priece hieal etls orcadsvebetedo t he
recordlng medi um surface, whereby flocculating force acts to strengthen
the floccul ation of PRECFCGMSRY. 25 AdorUiafging lewantimh contlat of the
pigment wth an external environment takes place, e.g., the print surface
i's strongly sc#é#%héhﬂﬁﬂi§6ﬁ%ﬁrﬁhﬁ;4@9%@|¥@%%ﬁEDeCQP%ﬁahnSaém@69§ FAR mar ker
on images, the scratch of the pignent fromthe recording nmediumsurface is
reduced, thois Oife SECVART Y 657 AN | 301 Pk oVl YRar %FgeF he¢o enhance the
flocculatlng force between 5 pignent particles to inprove the scratch

resi stance, i 090 dr% BreMehbte TYRER2EHN cobdf yRBFMSF BR1NM8ni ¢

effective in promoting the flocculation of ‘the pigment,
improving the print density and inhibiting bleeding,
and the latter being effective in improving the

10 scratch resistance. Thus, water-soluble polymers to be
added have functionally be separated. It has been
found also in actual image evaluation that high print
density, control of bleeding and high scratch
resistance can simultaneously be satisfied where the

15 anionic polymer and the nonionic polymer are used in
combination.

The present inventors presume, as stated below,
the reason why the high scratch resistance is
achievable. In the course of the application of a

20 pigment ink to a recording medium and thereafter the
evaporation of water in the ink, the water-soluble
polymers are precipitated or adsorbed to the recording
medium surface, whereby flocculating force acts to
strengthen the flocculation of the pigment.

25 Accordingly, even when contact of the pigment with an
external environment takes place, e.g., the print

surface 1s strongly scratched or something is written



nononer and a hydrophobi ¢ nononer, the copolyner of a nonionic nononer and
a hydrophobi c nononer or the like, which is considered to be able to
i ncrease the binding 10 force between pigggnt particles and enhance the

adsorbing force of the water-soluble poly Ps to the pi gment particle

surfaces. [ O her Conponents] Besides the conponents descri bed above, the 15
aqueous ink according to the present invention may use as ink conponents a
noi sture-retention conmpound such as urea, a urea derivative,
trinmethyl ol propane or trinmethylolethane in order to maintain noisture
retention. In twhieth i adecows stukenaekent Ponlweapoundheo ssgelclls ofrea, a
urea derivative or trinmethylol propane may commonly preferably be in a

cont ent rangi ngtie apa areent nesew e 20200 REE5Y, MaAd URpFELpAERergbl y from 3.0
mass% to 10.0 mass% based on the total mass of the ink. 25 Besides the
conponent s descisBeerdbovieus t hee aguebtb rAR1IAEAHFEI A§ LBPERESFr-esEht
invention may further be incorporated with various additives such as 60 a
surfactant, a pHRF us?eenhanegsther éleffiveting fascesdpitvecdgent, a

m | dew proofing agent, an antioxidant, a reduction-preventive agent, an
evapor at i on°acdel Ereftoreartl alehef at tRgrayenthes seratslr rasisianGSed in the

resent invention r ef er abl be a conpound havi a structure
P it f?%noge prefergble to ugg the copoq%mer of an ionic

monomer and a hydrophobic monomer, the copolymer of a
nonionic monomer and a hydrophobic monomer or the like,
which is considered to be able to increase the binding
10 force between pigment particles and enhance the
adsorbing force of the water-soluble polymers to the
pigment particle surfaces.
[Other Components]
Besides the compconents described above, the
15 aqueous ink according to the present invention may use
as ink components a moisture-retention compound such
as urea, a urea derivative, trimethylolpropane or
trimethylolethane in order to maintain moisture
retention. In the ink, the moisture-retention compound -
20 such as urea, a urea derivative or trimethylolpropane
may commonly preferably be in a content ranging from
0.1 mass® to 20.0 mass%, and more preferably from 3.0
mass% to 10.0 mass%, based on the total mass of the
ink.
25 Besides the components described above, the
aqueous 1ink according to the present invention may

further be incorporated with various additives such as



represented by the followng structural forrmula (1) or structural formula
(2). Structural formula (1) RO (CH2CH20On H 10 (In the structural formula
(1), Rrepresents an alkyl group and n represents an integer.) Structural
formula (2) IH3 IHOIH3 IH3 -CHQCHCH3 efs-CcH CcH2-CcGCc=C-C U | H2 2
OH2 bH2 HH15 (In the structural formula (2), mand n each represents an
integer.) <Color Ink> The inmage form ng nethod according to the present
invention is an ink-jet recording nmethod which 20 perfornms recording on

pl ai n paper by the use of a 61 black ink and at |east one color ink, and is
characterized i suEhactmntaqueoRd ddkusbast i euredtapredesdriviged agbove i s
used as the black ink, and when formng an i mage conposed of an image
fornmed by the ZBlkESRRt Ik agentan & mygede¢vrpedobynghageditor atnk which are

adj acent to each other, performng scanning for
antioxidant, a reduction-preventive agent, an

evaporation accelerator and a chelating agent.

5 The surfactant used in the present invention may
preferably be a compound having a structure
represented by the following structural formula (1) or
structural formula (2).

Structural formula (1)

R—0 -(CHZCHg())-n—H

10
(In the structural formula (1), R represents an
alkyl group and n represents an integer.)
Structural formula (2)
CHy  CHy  CHy  CHg
CH3— CH— CHZ—OI—C = O—(I:—CH?- CH— CH3
' 4+
B
CHo iﬂz
N 1o
H H
15 (In the structural formula {2), m and n each

represents an integer.)

<Color Ink>

The image forming method according to the present
invention is an ink-jet recording method which

20 performs recording on plain paper by the use of a



applying the black ink to formthe inmage and thereafter perform ng scanning
for applying the color ink to the area where the i mage has been forned by
the 10 precedent scanning is perforned. A % lor ink in the case where the
ink of the present invention is used in o ﬁy the black ink is described
here. In the image form ng nethod according to the present invention, any
of conventionally known 15 water base color inks for ink-jet recordi ng may
be wused. A coloring material of the color ink may include water-soluble
dyes. In particular, it is preferable to use a water-soluble dye having an
ani oni ¢ group aslackoinlelamd|azi hgagioape FReo&olok ofndhéscol or ink used in
t he present invention may appropriately be selected fromcyan, nagenta,

yel | ow, red, gr&enrapienized iorbhge. t%ﬁea@ﬂ?@ﬂssépﬁbl@n@%thﬁ\ﬁ%@san
anionic group, 25 used_ in the present invention, may be any of

wat er - sol ubl e ReCHYRRD peeet LedyesedndSr 686t PyaCHyesk/ | psiCedion COLOR

| NDEX, wi thout any particular 62 Jlimtations. Dyes not listed in COLOR

| NDEX may al so TRHEREEN | Hieet FeuParcdppéf éPapiyIgsé@rdrd thodé'® havi ng an
ani oni ¢ group, a sulfonic oup. _An

range of from 1k361¢]%§]’§%15k 1P Frads gé“aaﬁdfﬁifé?@?f&b’f 3%18936%{%81"& ?’g“gj edsls&; t |hﬁ
the ink. are adjacent to each other, performing scanning for_
applying the black ink to form the image and
thereafter performing scanning for applying the color
ink to the area where the image has been formed by the
10 precedent scanning is performed.

A color ink in the case where the ink of the
present invention 1s used in only the black ink is
described here. In the image forming method according
to the present invention, any of conventionally known

15 water base color inks for ink-jet recording may be
used.

A coloring material of the color ink may include
water-soluble dyes. In particular, it is preferable to
use a water-soluble dye having an anionic group as a

20 solubilizing group. The color of the color ink used in
the present invention may appropriately be selected
from cyan, magenta, yellow, red, green, blue and
orange.

The water-soluble dye having an anionic group,

25 used in the present invention, may be any of

water-soluble acid dyes, direct dyes and reactive dyes

listed in COLOR INDEX, without any particular



Specific dyes may include the followwng: CI. Drect Yellow 8, 11, 12, 27,
28, 33, 39, 44, 50, 58, 85, 86, 87, 88, 98, 100, 110; 10 C.1. Direct Red 2,
4, 9, 11, 20, 23, 24, 31, 39, 46, 62, 75, .49, 80, 83, 89, 95 197, 201,
218, 220, 224, 225, 226,227, 228, 230; C I. Direct Blue 1, 15, 22, 25, 41,
76, 77, 80, 86, 90, 98, 106, 108, 120, 158, 163, 168, 199, 226; 15 C.|
Acid Yellow 1, 3, 7, 11, 17, 23, 25, 29, 36, 38, 40, 42, 44, 76, 98, 99;
Cl. Acid Red 6, 8, 9, 13, 14, 18, 26, 27, 32, 35, 42, 51, 52, 80, 83, 87,
89, 92, 94, 106, 114, 115, 133, 134, 145, 158, 198(j 249D 265, 28?; and 20
C.l. Acid Bl ue limitaigions. Jyesqobhgisied 49 YALOKINDES may aygo 8o, 90,
100, 102, 104, /117, 127, 138, 158, . 161. The caloring nmaterial of the col or
ink may includ¥ B deékiﬁ@%ﬂﬁﬁHJQ&ﬂeﬁg%ﬁ%{éhky ’d FRR téa}?“?as"f'olIowing 1
to 3. These coloring materials, are ﬁreferable becaE?e theé exhibié ood
water resistanddVWREFRppr YT 0ITREPt eRofdi ng MBAFGRT 697 °¥P -Dye8¥ havi ng a
car boxyl group solubilizin roup.. 2. Ql-soluble_dyes. _3. Pignents.
5 There are no réh%ﬁﬁa:y??H??gt?%ngsggnéar%%ﬁgrapﬂg 81 TE8Mudl 8385és as
long as the% arfbt£§§§%1Igﬁgdpreferably from 1 mass$% to 5 mass%, in
the ink.
Specific dyes may include the following:
C.I. Direct Yellow 8, 11, 12, 27, 28, 33, 39, 44, 50,
58, 85, 86, 87, 88, 98, 100, 110;
10 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, 228, 230;
C.I. Direct Blue 1, 15, 22, 25, 41, 76, 77, 80, 86, 90,
98, 106, 108, 120, 158, 163, 168, 199, 226;
15 C.I. Acid Yellow 1, 3, 7, 11, 17, 23, 25, 29, 36, 38,
40, 42, 44, 76, 98, 99;
C.I. Acid Red 6, 8, 9, 13, 14, 18, 26, 27, 32, 35, 42,
51, 52, 80, 83, 87, 89, %2, 94, 106, 114, 115, 133,
134, 145, 158, 198, 249, 265, 289; and
20 C.I. Acid Blue 1, 7, 9, 15, 22, 23, 25, 29, 40, 43, 59,
62, 74, 78, 80, 90, 100, 102, 104, 117, 127, 138, 158,
lel.
The coloring material of the color ink may
include, besides the above water-soluble dyes, the
25 following 1 to 3. These coloring materials are

preferable because they exhibit good water resistance

when applied to the recording medium.



in COLOR I NDEX. There are also no particular Ilimtations even where they
are novel dyes not listed in COLOR |INDEX. Specifically, they may include
the 10 follow ng. Any of these dyes may beﬁgsed in the range of froml
mass%to 10 mass% and preferably froml ss%to 5 mass% in the ink. C I
Sol vent Yellow 1, 49, 62, 74, 79, 82, 83, 89, 90, 120, 121, 151, 153, 154;
15 C. 1. Solvent Red 25, 31, 86, 92, 97, 118, 132, 160, 186, 187, 219; and
C.I. Solvent Blue 33, 38, 42, 45, 53, 65, 67, 70, 104, 114, 115, 135. Were
a pigment is used as the coloring material 20 of the color ink, the pignent
may preferably e D¥fs NaSbitem FarRPAG fIHMWR ABs3sPOUROLARSEY and nore
preferably from2 mass%to 12 mass% based on the total mass of the ink.
The pignent usddA@H-or the color ink in the present invention nmay include
the 25 following. O course, in the present invention, exanples are by no
means limted to (HeseOPIRYfef¥es produced newly for the present invention
may al so be 64 _used, as a matter of course. CI. Pignent Yellow 1, 2, 3,
13, 16, 74, 83,°-178:9%ENLSpignent Red 5, 7, 12, 48(Ca), 48(Mi), 57(Ca), 112,

122; 5 C.I. _Pi gnent %Iue 1, 2, 3, 15:3, 16, 22; %?d . C. 1. Vat Blue 4, 6.
5 here 'are no particular limitations concerning

the oil-soluble dyes as long as they are those listed
in COLOR INDEX. There are also no particular
limitations even where they are novel dyes not listed
in COLOR INDEX. Specifically, they may include the

10  following. Any of these dyes may be used in the range
of from 1 mass% to 10 mass%, and preferably from 1
mass% to 5 mass%, in the ink.
C.I. Solvent Yellow 1, 49, 62, 74, 79, 82, 83, 89, 90,
120, 121, 151, 153, 154;

15 C.I. Solvent Red 25, 31, 86, 92, 97, 118, 132, 160,
186, 187, 219; and
C.I. Solvent Blue 33, 38, 42, 45, 53, 65, 67, 70, 104,
114, 115, 135.

Where a pigment is used as the coloring material

20 of the color ink, the pigment may preferably be in a
content ranging from 1 mass% to 20 mass%, and more
preferably from 2 mass% to 12 mass%, based on the
total mass of the ink. The pigment usable for the
color ink in the present invention may include the

25 following. Of course, in the present invention,
examples are by no means limited to these. Pigments

produced newly for the present invention may also be



In the case where the pignent is used as the coloring material of the color
ink, as for a dispersing agent used for dispersing the pignment in 10 the
ink, there are no particular Iimtations as . long as it is a water-sol uble
resin. it may preferably he one having we 6ht-average nol ecul ar wei ght in
the range of from1,000 to 30,000, and nore preferably in the range of
from3,000 to 15,000. 15 Such a dispersing agent may include bl ock

copol yners, random copolyners and graft copolyners, or salts of these,
conposed of two nononers (at |east one of which is a hydrophilic nononer)
sel ected from siSpdenés ﬁwaéﬁ@@é?f VERYNES; vinyl naphthal ene, vinyl 20
napht hal ene derivatives, aliphatic al cohol esters of et hyl eni c

unsat ur at ed caﬁbdkyﬁhgmﬁﬂﬁj eldqwlic Zacid, ! %cr%ﬁtc7QC|§3deﬂ¥3étives

mal eic acid, naleic acid derivatives, |tacon|c aci d |tacon|c aci d

derivatives, fGmdri @igBient fRefhrpc Aci d2ededitv&ailved s 08 i nyl (Gabt at &2/ vi nyl

pyrrolidone, acr I am de and derivatives thereof, and so forth. Natural
resins such ad2<sin, shellac and starch may al so preferably be 65 used.
These resins are soluble |n n a ueous solution _in which base has been

di ssol ved, andGarle FRHIRAOC resi fis. 1P hladtPti 64/ &RY of these
mater-soluble reS|ns na%gbe i a content ranging from5 0.1 masso to 5.0

mass% based on “-He tV6t&l ]ﬁﬁés'of the ink

In the case where the pigment is used as the
coloring material of the color ink, as for a
dispersing agent used for dispersing the pigment in

10 the ink, there are no particular limitations as long
as it is a water-soluble resin. It may preferably be
one having weight-average molecular weight in the
range of from 1,000 to 30,000, and more preferably in
the range of from 3,000 to 15,000.

15 Such a dispersing agent may include block
copolymers, random copolymers and graft copolymers, or
salts of these, composed of two monomers (at least one
of which 1is a hydrophilic monomer) selected from
styrene, styrene derivatives, vinyl naphthalene, vinyl

20 naphthalene derivatives, aliphatic alcochol esters of
o, p-ethylenic unsaturated carboxylic acids, acrylic
acid, acrylic acid derivatives, maleic acid, maleic
acid derivatives, itaconic acid, itaconic acid
derivatives, fumaric acid, fumaric acid derivatives,

25 wvinyl acetate, vinyl pyrrolidone, acryl amide and
derivatives thereof, and so forth. Natural resins such

as rosin, shellac and starch may also preferably be



The aqueous nmediumused in the color ink is water or a m xed sol vent of
wat er and a water-soluble organic solvent. As the water, it is preferable
to use 10 ion-exchanged water (deionized m%%er) rat her than normal water
contai ning various ions. As specific exanpl'és of the water-soluble organic
solvent, it may specifically include, e.g., alkyl alcohols having 1 to 4
carbon atons such as nethyl 15 al cohol, ethyl alcohol, n-propyl alcohol,

i sopropyl al cohol, n-butyl alcohol, sec-butyl alcohol and tert-butyl

al cohol ; am des such as di net hyl f or mam de nd di et hyl acet am de; ketones or
ket oal cohol s sttfhs & e HAP A STOMP Ht chhotn aERePES siichukEoBo

t et rahydr of uran and di oxane; pol yal kyl ene, gl ycols suc as pol yet hyl ene

gl ycol and pol yigt %meBSW%%%|?gSa? ?Peﬁég§¥§8895 AHOs@r&l kyl ene groups

have 2 to 6 carhon atons, such as ethyl ene glycol, propylepe | ycol

but yl ene gIycm%fk4i¥ﬁ?éxﬁﬁéég¥9%b??‘253L%ﬂéﬁ%%?%he$?¥o¥% F??B%iglycol
hexyl ene gl ycol and digethylene glycol; glycerol; |ower alkyl ethers of

pol yhydri c alcéﬁ%‘%¥_%%£ﬁp 5 E@ﬁ??%d@a§|§éan6% CﬁBﬁSHEtﬁ?P &Pgépﬁ§¥5 et her,
diethylene glycol. nethyl(or_ethyl) gther and triethylene glycol
nnnonpthyl(gr gfﬁ&f?a%ﬁhe§? %h@ %ﬁ%%fh9?§§gp9pr6 Fd&ﬁé?a §%S§rfglf&§ne, and
1,3-d|nethyl-23! dazolidinone. O 5 these water-sol uble organic solvents,
the foll ow ng dr *particularly preferred: polyhydric al cohols such

The aqueous medium used in the color ink is water
or a mixed solvent of water and a water-soluble
organic solvent. As the water, it 1is preferable to use

10 ion-exchanged water (deionized water) rather than
normal water containing various ions.

As specific examples of the water-soluble organic
solvent, it may specifically include, e.g., alkyl
alcohols having 1 to 4 carbon atoms such as methyl

15 alcohol, ethyl alcohol, n-propyl alcohol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol and
tert-butyl alcohol; amides such as dimethylformamide
and diethylacetamide; ketones or ketoalcohels such as
acetone and diacetone alcohol; ethers such as

20 tetrahydrofuran and dioxane; polyalkylene glycols such
as polyethylene glycol and polypropylene glycol;
alkylene glycols whose alkylene groups have 2 to 6
carbon atoms, such as ethylene glycol, propylene
glycol, butylene glycol, triethylene glycol,

25 1,2,6-hexanetriol, thiodiglycol, hexylene glycol and
diethylene glycol; glycerol; lower alkyl ethers of

polyhydric alcohols, such as ethylene glycol



as diethylene glycol, and |lower al kyl ethers of polyhydric alcohols, such
as ethylene glycol nononethyl (or ethyl) ether. 10 The water-sol ubl e organic
solvent in the color ink may preferably be in a content ranging from3
mass%to 50 mass% and nore preferably ran@ifng from3 nass%to 40 mass%
based on the total mass of the ink. Also, the water may preferably be in a
content ranging 15 from 10 mass% to 90 mass% and nore preferably rangi ng
from30 mass% to 80 nmass% based on the total mass of the ink. To the col or
ink(s) used in the present invention, besides the above conponents, a
surfactant, an thamtih§oant ngtlagentetiar andisehyienagegiyycand so forth may
optionally appropriately be added in order to nake up an ink having the
desired val ues métiphysdcadthpt ppetheesanfiPhysetchl18nepgitices of I nk] 25 The
bl ack ink and color ink(s) used in the present invention, conposed of the
constituents asnommsetrhpetoabevkylimy thref;eraatd yNtrawehpl epepyresltitahes?
enable themto be suitably ejected froman ink-jet recording head. Fromthe
vi ewpoi nt of the-perforindore, afde] edtdomefnpin-£hemidkzpetidiecordi ngfhead,
each ink may preferably be 1 to 15 nPa/s and 25 nNmor nore in 5 surface
t ensi on, an@ nurleegr ef&rabt yolukb be SonfPanscandlvabtalN fheo £60 lwNimgor nore in
surface tension. Al so,
are particularly preferred: polyhydric alcohols such
as diethylene glycol, and lower alkyl ethers of
polyhydric alcohols, such as ethylene glycol
monomethyl (or ethyl) ether,
10 The water-soluble organic solvent in the color
ink may preferably be in a content ranging from 3
mass% to 50 mass%, and more preferably ranging from 3
mass% to 40 mass%, based on the total mass of the ink.
Also, the water may preferably be in a content ranging
15 from 10 mass% to 90 mass%, and more preferably ranging
from 30 mass% to 80 mass$%, based on the total mass of
the ink.
To the color ink(s) used in the present invention,
besides the above components, a surfactant, an
20 anti-foaming agent, an antiseptic agent and so forth
may optionally appropriately be added in order to make
up an ink having the desired values of physical
properties.
(Physical Properties of Ink]
25 The black ink and color ink{s) used in the

present invention, composed of the constituents as

described above, may preferably have properties that



where the black ink and the color ink(s) are used in conbination, it is
further preferable that the surface tension of the color ink(s) is |ower
than the surface 10 tension of the black iqk. Specifically, it is
preferable that the black ink has a surfacé tension of from35 to 50 niVm
and the color ink(s) has/have a surface tension of from25 to 35 mMN'm
<Reaction Liquid> 15 The reaction liquid usable in the present invention
contains a reactive conmponent having the function to nake the dispersion
state of the coloring nmaterial in the ink unstable. The reactive conponent
|l overs the di spEradlh Eiebitetheofuthabeyl 81 eR§edo i ralepNal N¥Nd €€auses t he
coloring material to  flocculate when the ink in which the coloring materi al
i s di spersed orrFIEBIVEISH t hd HIUEIS PRIRMABY @ hethacPPBROHRANGRI ¢
groups comes into contact with the above reactive conmponent on the
recordi ng medi (M 9125 QRIdF EPBntNEkihg) EheTAFSpELEFoResCat 8361 tRE
coloring material in the ink unstable ans .t hat tE state of flocculation
or gelation is BrougtiabftY whenlthe Lrk0B8/SaAgdt P& P8n MO Guitd ar e
m xed on the recordin medj um As specific exa Ees of the reactive
conponent, git ?%%IEEEF%%?aIaEQI gr?iﬁrﬁg?fgg Vat, t§ gopfﬁ ﬁeﬁpgneya
'hiogf] and salts thenent)y LPWiphesy! 85 52t} 00l ¢ 5ompeunds, and, cati oni c
where the black ink and the color ink(s) are used in
combination, it is further preferable that the surface
tension of the color ink{(s) is lower than the surface
10  tension of the black ink. Specifically, it is
preferable that the black ink has a surface tension of
from 35 to 50 mN/m and the color ink(s) has/have a
surface tension of from 25 to 35 mN/m.
<Reaction Liquid>
15 The reaction liquid usable in the present
invention contains a reactive component having the
function to make the dispersion state of the coloring
material in the ink unstable. The reactive component
lowers the dispersion stability of the coloring
20 material and causes the coloring material to
flocculate when the ink in which the coloring material
is dispersed or dissolved in the aqueous medium by the
action of ionic groups comes into contact with the
above reactive component on the recording medium. In
25 additiocn, making the dispersion state of the coloring

material in the ink unstable means that the state of

flocculation or gelation is brought about when the ink



pol ymers. The reactive conponent is described below [Polyvalent-Mtal |on
and Salt thereof] The pol yval ent-netal ions nay specifically 10 i ncl ude,
e.g., divalent-netal ions such as Cat Cue+ +, Mgt+, Zn2+, Sr2+ and
Bat+, and trivalent-netal ions such as Alég Fe3+ Cr3+ and Y3+. To
incorporate the polyvalent-netal ions in the reaction liquid, a nethod is
available in which a salt of a polyvalent netal is 15 added to the reaction
liquid. The salt refers to netal salts constituted of the above

pol yval ent-nmetal jons and anions, bonded theretq, and nmust be soluble in

water. Preferr @@aiilbhs §aF ¥ nd HEu 1 Red 581 FLFRG On Fheraaeorelag Cl-, NO3
| Br , C103 , 5042 , C032 20 CH3COD- and HCOO . (I course, in the present
i nvention, ex 1¢¥'are by no neans linmted to these. In the present

invention, in view of the r ctivit f the. reaction |liquid
aqueous ink, the col &5 if r%ﬁﬁ%ﬁi%ﬁu?ﬁLFQ?mﬁe??ﬁﬁY%aﬂ?mﬁggeﬂt handl i ng

the 25 reactron I| urd h ol yval ent t i ons referably include
Cat+, My2', Sr2+ 1V§£ fihe lg%agﬁn gaEEFF¥éaEarly preferred.

Al so, as to t he i.0 S particu referred in view of
solubility ané’?§'%}qu W?gKﬁ l?%%c??% L 'ghgfﬁg% 6l yval ent-metal ions
Fzgsprgl;lgrﬁglrgl%?e}ngr]gechrgf]tr?gc%ﬁ€{%1f1£8n?:8m8c%un $5%.00 247008 Lopignmass or

polymers. The reactive component is described below.
[Polyvalent-Metal Ion and Salt thereof]
The polyvalent-metal ions may specifically

10 include, e.g., divalent-metal ions such as Ca%; Cu”,

Ni%', Mg®*, zZn?', sr?

* and Ba?*, and trivalent-metal ions

such as Al*", Fe™, cr® and Y. To incorporate the
polyvalent-metal ions in the reaction liquid, a method
is available in which a salt of a polyvalent metal is

15 added to the reaction liquid. The salt refers to metal
salts constituted of the above polyvalent-metal ions
and anions bonded thereto, and must be soluble in
water. Preferred anions for forming the salt may
include, e.g., Cl7, NO;,, I, Br , ClO;, S0,%7, CO05%,

20  CH3CO0 and HCOO . Of course, in the present invention,
examples are by no means limited to these. In the
present invention, 1in view of the reactivity of the
reaction liquid with the aqueous ink, the coloring
performance and further the readiness of handling the

25 reaction liquid, the polyvalent-metal ions may
preferably include Ca®*, Mg®*, sr?', al’ and Y’. Further,

ca’* is particularly preferred. Also, as to the anions,



mass% or nore to 5 mass% or |ess, based on the total mass of the reaction
liquid, taking into account the effect to be brought about by the present
invention. In particular, in order to sufficiently exhibiting the 10
function of making the dispersion state of 6She coloring material contained
in the aqueous ink -unstable and to achieve imge density at a high level,
the polyvalent-netal ions nay preferably be in a content of from2.0 mass%
or nore to 4.0 mass% or |ess 15 based on the total mass of the reaction
liquid. In addition, the content of the polyvalent-netal ions in the

reaction Iiqui FN@EHYiBe]loﬁ'ﬁfzQchmé@l%’opﬂ‘ﬁi%%reldomVQﬂ’Lew idfs £X0essi vey _
incorporation is usually unnecessary because, e.g., even if its content is
nore than 10 20ymmssdofdhenfuncti on of making the di spersion state of the
coloring material unstable is not expected to be enhanced. The reaction
| i quid may preferabl yircaHairedw: ieol bidqupd jatiesi ablandlbattnanspanents. |t
however, is 25 not always necessary that the reaction liquid is one show ng
no absorption imay herovtfstdbeyriegi On. aMovateapeeitf ifeakl y,. tdvemd«s% idr shows
absorption in the 70 visible region, it my be usable as |ong as such
absor pti on @doesnewd @b feCtmssbstant lakky bneagesre[ Readieraillyi fincn 1.0
Application Means] As nethods for applying the reaction liquid to 5 the
recordi ng nmedi umssbabr ngonet hodS mash%asrr akker, based on the total
mass of the reaction liquid, taking intoc account the
effect to be brought about by the present invention.
In particular, in order to sufficiently exhibiting the
10  function of making the dispersion state of the
coloring material contained in the agueous ink
unstable and to achieve image density at a high level,
the polyvalent-metal ions may preferably be in a
content of from 2.0 mass% or more to 4.0 mass% or less
15 Dbased on the total mass of the reaction liquid. In
addition, the content cf the polyvalent-metal ions in
the reaction liquid may be more than 10 mass%. However,
its excessive incorpeoration 1s usually unnecessary
because, e.g., even if its content is more than 10
20 mass%, the function of making the dispersion state of
the coloring material unstable is not expected to be
enhanced.
The reaction liquid may preferably contain no
coloring material and be transparent. It, however, 1is
25 not always necessary that the reaction liquid is one

showing no absorption in the visible region. More

specifically, even if it shows absorption in the



coating, bar coating and spray coating are available. A nmethod is also
available in which, using an ink-jet recording nethod as in the case of the
ink, the reaction liquid is adhered selectively to only inage 10 form ng
areas to which the ink is to be adhered and® the vicinities of the i mge
formng areas. As a result of studies nade by the present inventors on how
to apply the reaction liquid to the recording nedium they have reached
such a finding that the roller 15 coating is the best. This is because, even
where the reaction liquid is applied in a small quantity, the distribution
state of the reatsibbecoaponent itnneliebeviusihiley agt img rAecerdithg nedi um
surface |ayer portion is nore uniformthan that in other neans, and further
20 because i magebgoBPtigncdacbenstpatifectasubsitmg tiedd ofimagss-uni formity at
solid areas and al so strike-through after the ink has been applied. Were

i mages are forned usi 2kl emolidyld dRrBYs€ekicRatr8isImet hods are
avai l abl e for a nmeans by 25 which the reaction liquid and_the aqueous ink
are brought into cont®etMefiedeaknr okpetYsndt hBer EE8FHLRG LAEHLEME However ,
the present inventors have reached 71 such a conclusion that, in order to
obtain the ef f eERe BPCPREIpPeBEAL U nFEALIHF MSIE I IdbIdE P inftthod i s
the best in which the aqueous ink is applied to the recording nediumafter
fixing of the readEivd. | PaGi §o8TEBIt REYr 6BSRYT FPIFEdIdMTTas e gl et ed,

l1.e., ) . . . . . .
A method is also available in which, using an ink-jet

recording method as in the case of the ink, the
reaction liquid is adhered selectively to only image
10 forming areas to which the ink is to be adhered and
the vicinities of the image forming areas. As a result
of studies made by the present inventors on how to
apply the reaction liquid to the recording medium,
they have reached such a finding that the roller
15 coating is the best. This is because, even where the
reaction liquid is applied in a small quantity, the
distribution state of the reactive component in the
vicinity of the recording medium surface layer portion
is more uniform than that in other means, and further
20 because image quality can be superior as being free of
non-uniformity at solid areas and also strike-through
after the ink has been épplied.
Where images are formed using the two-liquid
system, various methods are available for a means by
25 which the reaction liquid and the aqueous ink are
brought into contact with each other on the recording

medium. However, the present inventors have reached



after the droplets of the reaction liquid have been absorbed into the
recording nmedium In addition, a time point at which the fixing is
conpleted refers to a tinme point at which the value of 10 Ka(t - tw) 112
represented by the Bristow s equation is I|ffger than the quantity of the
reaction liquid applied actually to the recording nedium This refers to a
time point at which the droplets of the reaction |iquid are absorbed into
the recording medium and 15 nmeans "t-second after” as calculated fromthe
Ka value according to the Bristow nethod and the quantity of the reaction

117 pref o abl SXFhat | FRBPUF TERbETRLy dft (AT cabiTora 1 o PAFBCE
recording mediumis from1.3 m,/nm2 /[.cosec '/'2 or, re to 6.0 m/nR/ nmsec' 12
or 1'ess, Jand nove prerSFEBEYL AOMERIG T AR S hor e F51B08 L
Tothod. A S0, 1 Her 85k Off FTA0Td Thiy THE I abIS" bE SRR T eat) hoatappl | catf on
From more than B8 KRB0t Bea TGRS o0 e 15 a0l (TORCLLRR. BROOPE of
ont ot 1§ ng % het pHyeT caCBPAER: TECGR (e et | oHE FFEdi Ul -Fhe rotati onal
speed of a ro"%ftggeghgnd%oplets of the reaction liquid have been
absorbed intec the recording medium.
In addition, a time point at which the fixing is
completed refers to a time point at which the value of
10 Kalt - ty)'”? represented by the Bristow's equation is
larger than the quantity of the reaction liquid
applied actually to the recording medium. This refers
to a time point at which the droplets of the reaction
liquid are absorbed into the recording medium, and
15 means “t-second after” as calculated from the Ka value
according to the Bristow method and the quantity of
the reaction liguid.
[Physical Properties and Application Amount of
Reaction Liguid]

20 It is preferable that the permeability of the

reaction liquid into recording medium is from 1.3 mi/m?

/2 /2

/msect or more to 6.0 ml/m?/msec?

or less, and
more preferably from 3.0 ml/m*/msec’’? or more to 6.0
ml/m?/msec'’? or less, in terms of the Ka value found

25 by the Bristow method. Also, the reaction liquid may

preferably be applied in a application amount cf from

0.5 g/m’ or more to 5 g/m’ or less, and more preferably



coating assenbly, the contact pressure of the roller wth the recording
medi um and so forth. <lInmage Form ng Method> The image form ng met hod
according to the present 10 invention is described bel ow by giving specific
exanpl es. The image form ng nmethod according to the present invention is an
i mage form ng nethod which perfornms recording by an ink-jet recording
systemon a recording nedium such as plain paper by the use of a 15 bl ack
ink and at | east one color ink, and is characterized in that the aqueous
ink constituted as described above is used as the black ink, and when

form ng an i mage conposed .of | mage f.or by, t-he | ack ink and an i mage
fornmed by the gﬁ%&é 01%r Q%&Q?Z%'%ﬁbcﬁxéggqhdzg%eﬁg ﬁ&séach ot her, scanning
for applying the black indfto formthe inage ié‘yer or med %agt:hereafter
scanning for applying t RECH G i it FTUTHE- £ LRt @ thaR i fHgdfitas been

ored by Uhe Blesedelt ORI ! SPSHESLIB: et igolEieds 20
S Carried out SO G oour i T MM Hae BEoPeRbARST REFFGS Bo2&niGPectfon |
orifice ling Bk for. ,ejectin bl ack ink therefrom .and ejection orifice
lines C, M3and ¥Fbrlejdein %%ﬁﬁ%ﬁ oﬁ??%ée%%cﬁlBSE%anR§£§ley§n (O
magenta (M an%éﬁ%ﬂﬁaNéggémbly, the contact pressure of the roller
with the recording medium, and so forth.
<Image Forming Method>
The image forming method according to the present
10 invention is described below by giving specific
examples. The image forming method according to the
present invention is an image forming method which
performs recording by an ink-jet recording system on a
recording medium such as plain paper by the use of a
15 Dblack ink and at least one color ink, and is
characterized in that the aqueous ink constituted as
described above i1s used as the black ink, and when
forming an image composed of an image formed by the
black ink and an image formed by the above color ink
20 which are adjacent to each other, scanning for
applying the black ink to form the image is performed,
and thereafter scanning for applying the coclor ink to
the area where the image has been formed by the
precedent scanning, is performed. Specific methods
25 therefore are described belcw.

Fig. 8 shows an example of a recording head used

when the image forming method according tc the present



respectively. In the image form ng nmethod of the present invention, where
full-color imges are formed, a recording head may preferably be used in
which the 10 inks are applied by use of a recording head in which an
ejection orifice line for ejecting a black imk therefromand an ejection
orifice lines for ejecting color ink therefromare placed to be shifted
fromeach other in a secondary scanning direction. Specifically, 15 for
exanple, in carrying out the imge form ng nethod by using the recording
head shown in Fig. 8, the whole area of the black ink ejection orifice line

s used when oply blagk uages acg Lormedy vhen Lyl zco grgg Tages, i th
es “ITdy

bl ack i nmages an ges h ernlxed 2 are or

preferably be sghg e %gat gt g obLack Lk uses eoafmeae( 4 bl ack i nk

ej ection orlflce I'né "and”t he’C, M col or n S use a ar b of the

col or ink e eCtéﬁ’BcQEhé gebhbﬁﬁsmlhgh%%‘% ﬁngh:cgheté‘&lcg?gae%e {Lh black

i mages and col or-i mage 57interm xed are escri ow 1 n

t det ai | : 8 gh f bl
the pre o Eég < Tﬁ 8% %n S)f‘a%ﬁeegéQDﬁg E‘ehe ej ection Orl?lcglga e B

t he present |nvent|on e recor |ng l'i ne Bk

for ejecting a ?Eggk £k, hetefr oand t t@@ rﬁp%}gylgg Lace lines C, Mand
(

Y for ejecting t ere t ree éo |nks cyan denta (M and

yel low (Y), respggﬁége£¥el§[rst, usi ng

In the image forming method of the present
invention, where full-color images are formed, a
recording head may preferably be used in which the

10 inks are applied by use of a recording head in which
an ejection orifice line for ejecting a black ink
therefrom and an ejection orifice lines for ejecting
color ink therefrom are placed to be shifted from each
other in a secondary scanning direction. Specifically,

15 for example, in carrying out the image forming method
by using the recording head shown in Fig. 8, the whole
area of the black ink ejection orifice line is used
when only black images are formed. When full-color
images with black images and color images intermixed

20 are formed, images may preferably be so formed that
ehe black ink uses a part a of the black ink ejection
orifice line and the C, M and Y color inks use a part
b of the color ink ejection orifice lines. The case in
which the images with black images and color images

25 intermixed are formed is described below in greater
detail.

Fig. 8 shows an example of a recording head



the part a of the black ink ejection orifice line, the printing head is
scanned in the horizontal direction in the drawing (the primry scanni ng
direction) to forma black inmage in one-pass printing on the 10 recording
medi um Next, the recording nmediumis transported by the distance a in the
vertical direction in the drawng (the secondary scanning direction),
where, in the course of the next primary scanning in the forward direction
in the printing head, 15 the part b of the color ink ejection orifice lines
is wused to forma color image in one-pass printing on the recording nmedium
inits image ar@aaboemed ahet heeskortmenvearti o .of Thiee relcacid ingk hejzect i on
orifice line. Here, the part a of the black ink ejection orifice 20 line is
form ng an i mgeasnthheenext iaheariTiice ilSina epedied d edtormg taheiamiges with
bl ack i mages and color images intermxed. Fig. 9 shows anot her exanple of a
recordi ng head iokabherefirbhe pmeSemhie iejeentiioon.odint wdwatl irseshowMiand 25
Fig. 9 as well, as in the case of Fig. 8, the black ink uses a part a of the
bl ack i nk ej ect ifoficar efjecé ingi néeard ridre tGred arwdl o ciolloy ohksyarse(@) part b
75 corresponding to the whole area of the color ink ejection orifice
i nes, formhg magthtasdie way a=ltlhe (AHove ddye dtmmgelky w tFH dsltackisimages
and color images intermxed. 5 Fig. 10 shows still another exanple of a
the part a of the black ink ejection corifice line, the
printing head is scanned in the horizontal direction
in the drawing (the primary scanning direction) to
form a black image in one-pass printing on the
10 recording medium. Next, the recording medium is
transported by the distance a in the vertical
direction in the drawing (the secondary scanning
direction), where, in the course of the next primary
scanning in the forward directicon in the printing head,
15 the part b of the color ink ejection orifice lines is
used to form a color image in one~pass printing on the
recording medium in its image area formed at the
former part a of the black ink ejection orifice line.
Here, the part a of the black ink ejection orifice
20 line is forming an image in the next area. This is
repeated to form the images with black images and
color images intermixed.
Fig. 9 shows another example of a recording head
usable in the present invention. In what is shown in
25 Fig. 9 as well, as in the case of Fig. 8, the black

ink uses a part a of the black ink ejection orifice

line and the C, M and Y color inks use a ﬁart b



recordi ng head usable in the present invention. In what is shown in Fig. 10
as well, as in the case of Fig. 8, the black ink uses a part a of the black
ink ejection orifice line and the C, Mand Y color inks 10 use a part b
corresponding to the whole area of the colr ink ejection orifice lines,
formng the images wth black images and col or inmages interm xed. Here, in
the recording head shown in Fig. 10, a distance for a paper feed a' for one
time is placed between the 15 part a of the black ink ejection orifice line
and the part b of the color ink ejection orifice lines. Hence, in the
recordi ng head thusespostiingt ed, the hbllewsrethatf ahie e ldif fierkence
corresponding to one-tine scanning in reciprocation is produced in excess
while 20 a bl ackjeotageni srfdinedlandst hdreafingr ia dcoleorsammgay iss furared.
Thus, the construction of the recording head shown in Fig. 10 is nore
advant ageous t halpovédetheonsbgast wanhoblild reagrd rgdhead showageas Fig. 9,
for keeping bl eeding fromoccurring between the black 25 i mage and the col or
imge. Fig. 11 shboasmskedl another exanple of a recording head usable in
the present invention. \WWere, 76 as in the recording head shown in Fig. 11,
a recording> head is ised 16 shoeh atblacknphkes) esbinpheoritf kce 1ine and
color ink ejection orifice lines are placed in alignnent in order in the
secondary scanni@agosddngeberdnusthéebliack hiempge sieatf iinsterftorated and
what is shown in Fig. 10 as well, as in the case of
Fig. 8, the black ink uses a part a of the black ink
ejection orifice line and the C, M and Y color inks
10 use a part b corresponding to the whole area of the
color ink ejection orifice lines, forming the images
with black images and color images intermixed. Here,
in the recording head shown in Fig. 10, a distance for
a paper feed a' for one time is placed between the
15 part a of the black ink ejection orifice line and the
part b of the color ink ejection orifice lines. Hence,
in the recording head thus constructed, it follows
that a time difference corresponding to one-time
scanning in reciprocation is produced in excess while
20 a black image is formed and thereafter a color image
is formed. Thus, the construction of the recording
head shown in Fig. 10 is more advantageous than the
construction of the recording head shown in Fig. 9,
for keeping bleeding from occurring between the black
25 1image and the color image.

Fig. 11 shows still another example of a

recording head usable in the present invention. Where,



thereafter the color inmage is fornmed in accordance w th the feed of paper.
Fig. 12 shows still another exanple of a recording head usable in the
present invention. In the 10 recording head shown in Fig. 12, color ink
ejection orifice lines are symmetrically pridvided in the primry scanning
direction in tw files for each cyan ink (Cl, C2), magenta ink (M, M) and
yellow ink (Y1, Y2), so that the ejection order of the color inks is 15
identical in both of the forward and backward directions in the primry
scanning. As a result, the inmages wth black inages and col or inages
interm xed canapeifiothedrénocading- HendcshornprinntFiimg rAnner .rddordilics case,
first, a part a of the black ink ejection 20 orifice line is used to form
t he bl ack i mageheaddishenedt he whdohdanploedi umk € Jjercansporded e t he
distance a in the secondary scanning direction, where, in the course of
nmovi ng in the batkeaadddcoéotri donkotjthé inexbrigiiceary necamiaengliacdde
printing head, a part b of the 25 color ink ejection orifice lines is used
to forma col oini ahgenmnanbnenpassepr iint ichg sreconelargrgradimyingredi um at t he
i mage area previously forned by the part 77 a of the black ink ejection
orifice ling whenetheonparheabdhickhembbacksi ik rejtedidmredrdrfd ce line is
formng an image in the next area. This is repeated to formthe inmages with
bl ack i mages andhevteftenagbe Boilpreimbgedis formed in accordance
with the feed of paper.
Fig. 12 shows still another example of a
recording head usable in the present invention. In the
10 recording head shown in Fig. 12, color ink ejection
orifice lines are symmetrically provided in the
primary scanning direction in two files for each cyan
ink (Cl1, C2), magenta ink (M1, MZ2) and yellow ink (Y1,
Y2), so that the ejection order of the color inks is
15 identical in both of the forward and backward
directions in the primary scanning. As a result, the
images with black images and cclor images intermixed
can be formed in a two-direction printing manner. In
this case, first, a part a of the black ink ejection
20 orifice line is used to form the black image, and then
the recording medium is transported by the distance a
in the secondary scanning direction, where, in the
course of moving in the backward direction of the next
primary scanning in the printing head, a part b of the
25 color ink ejection orifice lines 1is used to form a

color image in one-pass printing on the recording

medium at the image area previously formed by the part



Also in the recording head adapted to the both-direction printing as in
what is showmn in Fig. 12, as in the recording head described wth reference
to Fig. 10, the ink ejection orifice lines may be so 10 placed that a

di stance for a paper feed a' for one time 7% placed between the part a of
the black ink ejection orifice line and the part b of the color ink
ejection orifice lines (see Fig. 13), to provide a tine difference
corresponding to one-tine scanning in 15 reciprocation while the black i mge
is formed and thereafter the color inmage is forned, thus the recording

head is nore adyaptaggausliyckonsik WGlrd itdh &%%%&é%eﬁﬁﬂ@g &M egsurring
between the bl ack inage and the color inage. 20 The image form ng net hod

has been descri bgdtahBove. thit Hisick Maik erjaft towrsei thad 1heefosnms of the
recordi ng head usable in the imge form ng nethod according to the present

invention are byorfingaas ikiaet a6 trdd hese shoyw. | mHiigs.s &dpealdd Also,
the 25 nunber of passes differs depending on recording apparatus to be

used, and hencefbhe phintimagedss Wiy M1 d@ansnd g tetdt colbe DRegPass
printing. 78 Were the images with black i mages and col or inages interm xed
are forned oh platerpaper,. the aqueous ink according to the present
invention may be wused in the black ink. Wth such construction, it is 5
considered that, as shatediaboie, reherfiliogcileatd Griagrted to the
both-direction printing as in what is shown in Fig. 12,
as in the recording head described with reference to
Fig. 10, the ink ejection orifice lines may be so
10  placed that a distance for a paper feed a' for one
time is placed between the part a of the black ink
ejection orifice line and the part b of the color ink
ejection orifice lines (see Fig. 13), to provide a
time difference corresponding to one-time scanning in
15 reciprocation while the black image is formed and
thereafter the color image is formed, thus the
recording head i1s more advantageously constructed to
keep bleeding from occurring between the black image
and the color image.
20 The image forming method has been described above.
It is a matter of course that the forms of the
recording head usable in the image forming method
according to the present invention are by no means
limited to those shown in Figs. 8 to 13. Also, the
25 number of passes differs depending on recording

apparatus to be used, and hence the printing is by no

means limited to the one-pass printing.



break of dispersion of the pignment constituting the black ink on the paper
surface proceeds relatively fast, conpared with other inks. In the inmage
formng nethod in the present invention, the aqueous ink 10 according to
the present invention is used in the black8 nk and also the inmage fornmation
using the color ink is perfornmed after the imge formation using the black
ink. More preferably, the color ink is applied by scanning wth a del ay of
at | east one scanning 15 after application of the black ink by scanning.
Wth such construction, any blurring due to color mxture between the

black ink and the colyieddkeiloesnagss 06 bDAckhempgper asdr tacereven upon
contact with the color ink, whereby inmages kept effectively from bl eedi ng

can 20 be fornmednaddbseispeeinikeal bye tFhemabova goadneffheelrs taree obtained
only by providing a tinme difference between the image formation using the

bl ack ink and &heebi®genkosfBbEARNYSitBgthBepeekenti Nkveanttitoutmay eguiring a
nmet hod of performng nulti-pass printing 25 which takes a printing tine for

conpl eting the upednthnghthpodgh seannimptiiastcedconstirocaiphyraki iy of
times, or a nmethod which brings about |arge-sized 79 equipnent such that a
restorationSsystensidesegatnbel yaspeauirdddaboregacheoff lidredilaacion e and t he
color ink. The use of the aqueous ink according to the present invention
al so enabl es t herpagnefit di apeheibnkof5the pegaientethbincitantdtyi ran tHwe
recordi ng nmedium for the
black ink on the paper surface proceeds relatively
fast, compared with other inks. 1In the image forming
method in the present invention, the aqueocus ink
10 according to the present invention is used in the
black ink and also the image formation using the color
ink is performed after the image formation using the
black ink. More preferably, the color ink is applied
by scanning with a delay of at least one scanning
15 after application of the black ink by scanning. With
such consﬁruction, any blurring due to color mixture
between the black ink and the color ink does not occur
on the paper surface even upon contact with the color
ink, whereby images kept effectively from bleeding can
20 be formed. More specifically, the above good effects
are obtained only by providing a time ‘difference
between the image formation using the black ink and
the image formation using the color ink, without
requiring a method of performing multi-pass printing
25 which takes a printing time for completing the

printing through scanning carried out in a plurality

of times, or a method which brings about large-sized



reasons stated previously, and hence nmakes it possible to perform
hi gh-density printing in a smaller ink quantity than the ejection quantity
(dropl et volunme) of conventional inks. Mreover, since the printing can 10
be performed in a small ink quantity, costd%or image formation can be
reduced and the ink can be fixed in a shorter tinme than conventional inks.
Such effects can also be expected. <lnk-jet Recording Method, Recording
Unit, 15 Cartridge and Recordi ng Apparatus> An exanple of an ink-jet
recordi ng apparatus preferable in the present invention is described next.
First, an exanpteuppméhe soosSttheti enrettarnédcondisngtehedd isspshaweliyn Fi gs.
1 and 2 which is the nmain 20 constituent of an ink-jet recordi ng apparatus
which wutilizespheatdedefgy.e&ch. of theabdroks-isécindndhevicedorofirg.
recording head 13 along its ink channel, and Fig. 2 is a cross-sectional
view along the line AR iusdigf thHe Jdeecoesordkngcheaditd te trhde up by
bondi ng gl ass, 25 ceramc or plastic plates or the |like having channels
(nozzl e) 14 thrpugbewhi thveheipnkalsopassbdest ha rHgaeintg iel eentindubstrat e
menber 15. 80 The heating el ement substrate menber 15 is constituted of a
protective Payefolsehainedfbicsehtdgnonokhee resioridioy meddivde, fosi Itiheon
carbide or the like, electrodes 17-1 and 17-2 fornmed of alum num_ gold, 5
al umi num copperrad$oysosteahed| pkevigqurest i agdr singeomakes it possible
to perform high-density printing in a smaller ink
quantity than the ejection quantity (droplet volume)
of conventional inks. Moreover, since the printing can
10 be performed in a small ink quantity, costs for image
formation can be reduced and the ink can be fixed in a
shorter time than conventional inks. Such effects can
also be expected.
<Ink-jet Recording Method, Recording Unit,
15 Cartridge and Recording Apparatus>
An example of an ink-jet recording apparatus
preferable in the present invention is described next.
First, an example of the construction of a recording
head is shown in Figs. 1 and 2 which is the main
20 constituent of an ink-jet recording apparatus which
utilizes heat energy. Fig. 1 is a cross—-sectional view
of a recording head 13 along its ink channel, and Fig.
2 1s a cross-sectional view along the line A-B in Fig.
1. The recording head 13 is made up by bonding glass,
25 ceramic or plastic plates or the like having channels

(nozzle) 14 through which the ink is passed, to a

heating element substrate member 15.



| ayer 18 fornmed of a high-nelting material such as H B2, TaN or TaAl, a
heat accunul ating |ayer 19 fornmed of thermally oxidized silicon, alum num
oxide or the |ike, and a substrate 20 forgﬁ9 of a material having 10 good
heat di ssipation properties, such as silicon; alumnumor alumnumnitride.
Upon application of pul sewi se electric signals to the electrodes 17-1 and
17-2 of the recording head 13, heat is abruptly generated at the region
denoted by n 15 in the heating resistor substrate nenber 15, so that

bubbl es are generated in ink 21 comng into contact wth the surface of
this region. The pres8if en¢absnd pebeierd sHPESrateumeabREnildcds 23 and the
ink 21 is ejected through the nozzle 14 froman ejection orifice 20 22 in
the formof a nfpusbitRkedrep 24Pretecyivewdrdes Iedsidiary Gedi A e Fig.
3 shows external appearance of an exanple of a multi-head conprijising the
recordi ng headsO¥hewn FhllFPg. nifrafrangdd LiaPna e uiberiie Thike,

mul ti-head is 25_ prepared b¥ bondi ng_a _glass plate 27 having a _ multi-nozzle
26 to a heating®healr28e8i m'rar ang %Ha@ fioemad ot P B THOF PRI 81 Fig.
4 shows an gfaqgle of the ink-jet _recordin ﬁg@gratu in which such a
recordi ng head %%TéPP@d?OPHerF?é;OX,OFeﬁ’ ence Srurfer a6 H Ot B3R bl ade

Serving “as 2 wping IEMHEL, WNLGN TS L the T ol & £ Pl eyer one end
HfB2, TaN or TaAl, a heat accumulating layer 19 formed
of thermally oxidized silicon, aluminum oxide or the
like, and a substrate 20 formed of a material having

10 good heat dissipation properties, such as silicon,
aluminum or aluminum nitride.
Upon application of pulsewise electric signals to
the electrodes 17-1 and 17-2 of the recording head 13,
heat is abruptly generated at the region denoted by n
15 in the heating resistor substrate member 15, so that
bubbles are generated in ink 21 coming into contact
with the surface of this region. The pressure thus
produced thrusts out a meniscus 23 and the ink 21 is
ejected through the nozzle 14 from an ejection orifice
20 22 in the form of a minute ink drop 24 to fly toward a
recording medium 25.
Fig. 3 shows external appearance of an example of
a multi-head comprising the recording heads shown in
Fig. 1, arranged in a large number. This multi-head is
25 prepared by bonding a glass plate 27 having a
multi-nozzle 26 to a heating head 28 similar to what

is illustrated in Fig. 1.



retai ned by a bl ade-retaining nenber. The blade 61 is set at the position
adj acent to the region in which a recording head 65 nakes a record. Al so,
in the exanple shown in the drawing, the blade 61 is retained in such 10 a
formthat it projects to the course througflahich the recording head 65 is
noved. Reference nuneral 62 denotes a cap for the face of the ink ejection
orifices of the recording head 65, which is provided at the hone position
adj acent to the 15 blade 61, and is so constructed that it noves in the
direction perpendicular to the direction in which the recording head is
moved, and cones i nt Ficonthcthaws hant deahpte of thk epéctiednrecifridéeyg to
carry out capping. Also, reference nuneral 63 denotes an ink absorber 20
provi ded adj aceappavathe bhadeieh, sand asremotrheng dded anstiasl rest.ai ded in
such a formthat it projects to the course through which the recording head
65 is noved. TheJabdverpfarenee, noagred &addehodeserd 838 abnIGHIE  an
ejection restoration assenbly 64, where the blade 25 61 and the absorber 63
remove water, duStaandPsedfBeRRers r smiche lisnknejtdet ifeimordf ie face.

Ref erence nuneral 65 denotes the recording head 82 having an ejection

ener gy generat i 3" hebase Bnanej eBfsofi HRIEH e ar Sdartdiap N set opposite
to the ejection orifice face provided with ejection orifices, to carry out
recording. Ref eF@h&eNAdneY af @Eaﬁéﬁéﬁéélélggc&ﬁﬁﬁéﬁé ohnghPeRdenéLr éSor di ng

head 65 is nmounted so .y , : : .
set at the position adjacent to the region in which a

recording head 65 makes a record. Also, in the example
shown in the drawing, the blade 61 is retained in such
10 a form that it projects to the course through which
the recording head 65 is moved.
Reference numeral 62 denotes a cap for the face
of the ink ejection orifices of the recording head 65,
which is provided at the home position adjacent to the
15 ©blade 61, and is so constructed that it moves in the
direction perpendicular to the direction in which the
recording head is moved, and comes into contact with
the face of ink ejection orifices to carry out capping.
Blso, reference numeral 63 denotes an ink absorber
20 provided adjacent to the blade 61, and as in the blade
6l, is retained in such a form that it projects to the
course through which the recording head 65 is moved.
The above blade 61, cap 62 and absorber 63 constitute
an ejection restoration assembly 64, where the blade
25 61 and the absorber 63 remove water, dust and so forth
from the ink ejection orifice face.

Reference numeral 65 denotes the recording head



that the recording head 65 can be noved. The carriage 66 is slidably

associated with a guide shaft 67. Part
shown) with a belt 69 driven by a notor 68. Thus,
noved al ong a gui de shaft 67 and hence the

froma recording region to a region adjacent thereto. Reference nuneral 51

denotes a feeding part from which recording nediuns are inserted,

paper

orifice face ofha&hengrenoedengihoadnesgyanengiral imgogeess ¢ind egoating,

and 52,

15 feed roller driven by a notor (not shown) Wth such construction,
the recording mediumis fed to the position opposite to the ejection

di scharged to a paper delivery section provided with a 20 paper delivery

| n t hekaboveheonstpudingnimetdhamc gpte2ppostite te) ddid on

restoration assenbly 64 is withdrawing from the noving course of the

recordi ng head 85e@®héant Aelifieeofdicagpieaddes ws thereuesdd aro ditist s

position 25 after conpletion of recording,fand the blade 61 is projected to
13

roll er

t he novi ng cour§@e. CASTH PBSuFecorfandej e

53.

head 65 is 83 wped. In addition, when the cap 62 cones into contact

the ejectior orFRFEeaggcenolNipd FBEorEicRGREdd hegsl too dar mpitet aypi ng,

the cap 62 is noved in such a 5 max that it projects to the noving course of
e

t he

10

15

20

25

that the recording ad 65 can be moved. The carriage
66 1s slidably associated with a guide shaft 67. Part
of the carriage 66 is connected (not shown) with a
belt 69 driven by a motor 68. Thus, the carriage 66
can be moved along a guide shaft 67 and hence the
recording head 65 can be moved from a recording region
to a region adjacent thereto.

Reference numeral 51 denotes a feeding part from
which recording mediums are inserted, and 52, a paper
feed roller driven by a motor (not shown). With such
construction, the recording medium is fed to the
position opposite to the ejection orifice face of the
recording head 65, and with progress of recording,
discharged to a paper delivery section provided with a
paper delivery roller 53.

In the above construction, the cap 62 of the
ejection restoration assembly 64 is withdrawing from
the moving course of the recording head 65 when the
recording head 65 is returned to its home position
after completion of recording, and the blade 61 is
projected to the moving course. As a result, the

ejection orifice face of the recording head 65 is

DneBERf NBBerade 66f dEROtLSCEr di ng

with

of the carriage 66 is connected (not
the carriage 66 10 can be
82recording head 65 can be noved

a



recordi ng head. Wen the recording head 65 is noved fromits home position
to the position at which the recording is started, the cap 62 and the bl ade
61 are at the sanme position as the above position where the 10 ejection
orifice face is wiped. As a result, the ePection orifice face of the
recording head 65 is wped also at the tine of this novenent. The above
novenment of the recording head to its hone position is carried out at the
time of the 15 conpletion of recording or restoration of ejection, and
besi des, the recording head is noved to the home position adjacent to each
recordi ng regi onigdgi ven intervals while noving the recording region for
the purpose of recording, where the ejection orifice face 20 is wped in
accordance with this ImwelvEnticrki grvhén itha vépwishowinag antexaaptacdf an ink
cartridge that holds the ink fed to the recording head through an
i nk-f eedi ng menbeth he. ejactube. oHefece fefer eficthrumecalrdidadéssdes an i nk
hol der, e.g., an 25 ink bag, that holds the feeding ink. The top thereof is
provi ded with & %tiopperruy eatecapriufbetheAcapedle 1s( ROWeshdwn)suslly abe
inserted to this stopper 42 so that 84 the ink in the ink bag 40 can be fed
to the head® R&termtle huneralealsdeéfotbs BAVABForHEX Sehat ives used
ink. It is preferable for the ink holder to be  formed of a polyolefin,
particul arly pof§eeHylenelead- 5 Than i CORPAGINAt beffghPdieoRPHEE Wit h
i nk.

from its home position to the position at which the

recording 1is started, the cap 62 and the blade 61 are

at the same position as the above position where the

10 ejection orifice face is wiped. As a result, the

ejection orifice face of the recording head 65 1is

wiped also at the time of this movement.

The above movement of the recording head to its

home position is carried out at the time of the
15 completion of recording or restoration of ejection,
and besides, the recording head is moved to the home
position adjacent to each recording region at given
intervals while moving the recording region for the
purpose of recording, where the ejection orifice face
20 1s wiped in accordance with this movement.

Fig. 5 is a view showing an example of an ink
cartridge that holds the ink fed to the recording head
through an ink-feeding member, e.g., a tube. Here,
reference numeral 40 denotes an ink holder, e.g., an

25 1ink bag, that holds the feeding ink. The top thereof

is provided with a stopper 42 made of rubber. A needle

(not shown) may be inserted to this stopper 42 so that



The ink-jet recording apparatus used in the present invention is not
limted to the apparatus as described above in which the head and the ink
cartridge are separately provided, and is preferably 10 usable also in a
device in which these are integrally form8d as shown in Fig. 6. In Fig. 6,
reference nunmeral 70 denotes a recording unit, in which an ink holder with
ink held therein, e.g., an ink absorber, is placed. The recording unit is
so constructed that 15 the ink in such an ink absorber is ejected in the
form of ink droplets froma head 71 having a plurality of orifices. As a
materi al for tHheéd niknkabsortder , inpabyar € haae bayfpdeter &bkyhkedused. In

pl ace of the ink absorber, the recording unit may be so constructed 20 that
t he i nk hol der Refearenak magerat et haliéyopesvadedbswirbkratspti mgcen vielse | i ke.
Ref erence nuneral 72 denotes an air path opening through which the interior
of the cartridgsdd gomuditcatsed s fidrathlee atowspher enk Mhilderetordéng unit
70 is one used in place of the 25 recording head 65 shown in Fig. 4, and is
detachably noutzed afo a heo by +¢ hge, 6BarALprépedabbe lecampllens, am i nk-j et
recording 85 apparatus utilizing nechanical energy is described below The
i nk-j et rec8rdilig dpper adusingiinke nglanedhaantactenatgy 1Ry incl ude an
on-denmand ink-jet recording head which is provided wth a nozzle-forned 5
substrate having a pliealinty J6ft it eding #ppasyFes used in the

present invention is not limited to the apparatus as
described above in which the head and the ink
cartridge are separately provided, and is preferably
10 usable also in a device in which these are integrally
formed as shown in Fig. 6. In Fig. 6, reference
numeral 70 denotes a recording unit, in which an ink
holder with ink held therein, e.g., an ink absorber,
1s placed. The recording unit is so constructed that
15 the ink in such an ink absorber is ejected in the form
of ink droplets from a head 71 having a plurality of
orifices. As a material for the ink absorber,
polyurethane may preferably be used. 1In place of the
ink absorber, the recording unit may be so constructed
20  that the ink holder is an ink bag internally provided
with a spring or the like. Reference numeral 72
denotes an air path opening through which the interior
of the cartridge is communicated with the atmosphere.
This recording unit 70 is one used in place of the
25 recording head 65 shown in Fig. 4, and is detachably
mountable to the carriage 66.

A preferable example of an ink-jet recording



generati ng device conposed of a piezoelectric material and a conductive
mat erial, provided opposite to the nozzles, and an ink wth which the
surroundi ng of the pressure generating device is filled, and in which the
10 pressure generating device is nmade to uﬁéergo di spl acenent by an applied
voltage to eject mnute ink drops fromthe nozzles. An exanple of the
construction of the recording head, which is the main constituent of the
apparatus, is shown in Fig. 7. 15 The recording head is constituted of an
ink channel 80 communicating with an ink chamber (not shown), an orifice
plate 81 for ejagpdmitisnkut:bpteng mechandesilr edevglyums, deswiridestd ng pl at e
82 that causes a pressure to directly act on ink, a piezoelectric 20 device
83 that is joirnelaw. t Aibe Vink-dtdthgetendi8? apparasusadeilozinder go
di spl acenent according to electric signals, and a substrate 84 for
supporting andng¢hamgcahecrei@yceapl anelade aheowrbleagngg ipikatiet 82 and so
forth. 25 In Fig. 7, the ink channel 80 is fornmed froma photosensitive
resin or the |il&SoEMNY heeddifheeh ppapeo8ided wadd &f n@zrdralfodmed as
stainless steel or 86 nickel, and is provided with _an ejection orifice 85
formed by nBki nyPkes ot ee byavieadisa oPlBraet £uf 8£ ARG ZdE S pre$SiafF UrFhe
vibrating plate 82 is fornmed out of a netal filmof stainless steel,
ni ckel , titani FRHRTAHENS F¢%ECE aREMBOAPHNPY PeBiFiZORt SCedils mferial
pi ezoel ectric , . . .
and a conductive material, provided opposite to the
nozzles, and an ink with which the surrounding of the
pressure generating device is filled, and in which the
10 pressure generating device is made to undergo
displacement by an applied voltage to eject minute ink
drops from the nozzles. An example of the construction
of the recording head, which is the main constituent
of the apparatus, is shown in Fig. 7.
15 The recording head is constituted of an ink
channel 80 communicating with an ink chamber (not
shown), an orifice plate 81 for ejecting ink droplets
with desired volume, a vibrating plate 82 that causes
a pressure to directly act on ink, a piezoelectric
20 device 83 that is joined to this vibrating plate 82
and is made to undergo displacement according to
electric signals, and a substrate 84 for supporting
and fixing the orifice plate 81, the vibrating plate
82 and so forth.
25 In Fig. 7, the ink channel 80 is formed from a

photosensitive resin or the like, and the orifice

plate 81 is made of a metal such as stainless steel or



device 83 is fornmed of a dielectric material such as bariumtitanate or PZT
(Ph-Zr-Ti). The recordi ng head constituted as descri bed above operates as
follows: A pulsewi se voltage is applied to 10 the piezoelectric device 83
to produce a strain stress, the energy thégSproduced changes the form of
the vibrating plate jointed to the piezoelectric device 83, and the ink
inside the ink channel 80 is vertically pressed, so that ink droplets (not
shown) are ejected 15 fromthe ejection orifice 85 of the orifice plate 81
to make a record. Such a recording head is used in the state it is

i ncor por at ed i nhockhé,samg iskpjretvideecoridihngrapgactius: ascisthiovn 8, Fig. 4.

I ndi vidual parts of the ink-jet recording apparatus nay operate 20 in the
sane manner as Hdezwedbby mbbveg aEXAVPLES Hewegisnaff erledthe formsieny dnvention
will be described nore specifically by way of exanples, conparative
exanpl es and rebP&EeAtadexaipt esibHowendrplaset Ré predemmedngaytt icdn & s not
limted by the following exanples. In the follqmﬁn%_desprip;ion, unl ess

ot herw se st at edetapafils) cfapdampansspateed) mi SEL mdsistankin "amsss |
(Preparation of pigment dispersion solutions) [Preparation of pignment

di spersi on sol uﬂ-nésﬁrAﬁndlasglghéﬁ/ pegmlichénZ§isdaci dNfadigd@ed st ™BC to 5 a
solution of 5 g of concentrated hydrochloric acid

device 83 is formeddof a dielectric material such as
barium titanate or PZT (Pb-Zr-Ti).
The recording head constituted as described above
operates as follows: A pulsewise voltage is applied to
10 the piezoelectric device 83 to produce a strain stress,
the energy thus produced changes the form of the
vibrating plate jointed to the piezoelectric device 83,
and the ink inside the ink channel 80 is vertically
pressed, so that ink droplets (not shown) are ejected
15 from the ejection orifice 85 of the orifice plate 81
to make a record. Such a recording head is used in the
state it is incorporated into the same ink-jet
recording apparatus as shown in Fig. 4. Individual
parts of the ink-jet recording apparatus may operate
20 in the same manner as described above.
EXAMPLES
Hereinafter, the present invention will be
described more specifically by way of examples,
comparative examples and reference examples. However,
25 the present invention is not limited by the following
examples. In the following description, unless

otherwise stated, "part(s)" and "$%" mean “part(s) by



dissolved in 5.5 g of water. This solution was stirred in an ice bath to be
al ways nmai ntained at 10C or less and a solution of 1.8 g of sodiumnitrite
dissolved in 9 g of 5C water was added to this solution. After the 10
resulting solution was further stirred for 815 mnutes, 6 g of carbon bl ack
having a specific surface area of 220 nR/g and a DBP oil absorption of 105
m./ 100 g was added and m xed. Thereafter, the solution was stirred for
anot her 15 m nutes. The obtained slurry was 15 filtered with a paper filter
(trade nane: Standard Filter Paper No. 2, avail able from ADVANTEC), and

pi gnent parti clgssaergnd honeugbl’y washed with water. and dried in an oven
heated at 110C to prepare self-dispersion carbon black A 20 Water was

added to the obtai ned| malfahspet sédnpigashondbkpeksAohosplepabasa
di spersion solution having a pignment concentration of 10 mass% Wth the

above process, a pigierdpdtspessi oh sodmdéhondAsparvhbahsbhetion A]
sel f-di spersi on carbon black A (Pignent A) 25 having - CG#-COONa group
i ntroduced to the surfac®e @fof cardromdbackonasadidpeaseddidndt he Wdtetowas
obtained. The ionic group density of the prepared self 88 dispersion
carbon bl ack A awmsobeasanedf and pf wasc2nraprol hyRlrdahltore areasiul enent  of
the ionic group density, ion neter (manufactured by Toa DKK) was used to
measur e the sodilissdbnedonoeht bagi o iwatehe abbve Sopiugment wdsspéensired
solution A, and the obtained result
in an ice bath to be always maintained at 10°C or less
and a solution of 1.8 g of sodium nitrite dissolved in
9 g of 5°C water was added to this solution. After the
10 resulting solution was further stirred for 15 minutes,
6 g of carbon black having a specific surface area of
220 H@/g and a DBP oil absorption of 105 mL/100 g was
added and mixed. Thereafter, the solution was stirred
for another 15 minutes. The obtained slurry was
15 filtered with a paper filter (trade name: Standard
Filter Paper No. 2, available from ADVANTEC), and
pigment particles were thoroughly washed with water
and dried in an oven heated at 110°C to prepare
self-dispersion carbon black A.
20 Water was added to the obtained self-dispersion
carbon black A to prepare a dispersion solution having
a pigment concentration of 10 mass%. With the above
process, a pigment dispersion sclution A in which the
self-dispersion carbon black A (Pigment A)
25 having -CgH,~COONa group introduced to the surface of

carbon black was dispersed in the water was obtained.

The ionic group density of the prepared self-



was converted into the ionic group density of the self-dispersion carbon
bl ack A. [Preparation of pignent dispersion solution Bl 1.5 q of
4-am nophthalic acid was added to a 10 solution of 5 g of concentrated
hydrochl oric acid dissolved in 5.5 g of wdBer. This solution was stirred in
an ice bath to be always maintained at 10C or less and a solution of 1.8 g
of sodiumnitrite dissolved in 9 g of 5C water was added to this sol ution.
After the 15 resulting solution was further stirred for 15 mnutes, 6 g of
carbon bl ack having a specific surface area of 220 n2/g and a DBP oi
absorption of MiSpHy<lilh gcawdson adbedk ahdvas xedasThedeabndr itt ks 8okuti on
was stirred for another 15 mnutes. The obtained slurry was 20 filtered
with a paper fipnrcdr/nftratie nagemeStsandaictt kifl tiare Paperc Ngro@p awasiab) e
from ADVANTEC), and pignent particles were thoroughly washed with water
and dried in anwoveretveat Rt 4400 ¢d py epaaeDKEel Wadi spedsiton car bon bl ack
B. 25 Water was added to the obtained self-dispersion carbon black Bto
prepare a di sperssiirssdihg i opdhani hgn aopighehatéoncént thei éhogk 10 nass%
Wth the above 89 process, a pigment dispersion solution B in which the
sel f-di sper 8i orPlcErIdh bl K BLEP; gpbatie) Aavihg LsHIbLeoDR) Zeghalp
introduced to the surface of carbon black was dispersed in the water was 5
obt ai ned. was converted into the ionic group density of the
self-dispersion carbon black A.
[Preparation of pigment dispersion solution B]
1.5 g of 4-aminophthalic acid was added to a
10 solution of 5 g of concentrated hydrochloric acid
dissolved in 5.5 g of water. This solution was stirred
in an ice bath to be always maintained at 10°C or less
and a solution of 1.8 g of sodium nitrite dissolved in
9 g of 5°C water was added to this solution. After the
15 resulting solution was further stirred for 15 minutes,
6 g of carbon black having a specific surface area of
220 m°/g and a DBP oil absorption of 105 mL/100 g was
added and mixed. Thereafter, this solution was stirred
for another 15 minutes. The obtained slurry was
20 filtered with a paper filter (trade name: Standard
Filter Paper No. 2, available from ADVANTEC), and
pigment particles were thoroughly washed with water
and dried in an oven heated at 110°C to prepare
self-dispersion carbon black B.
25 Water was added to the obtained self-dispersion

carbon black B to prepare a dispersion solution having

a pigment concentration of 10 mass%. With the above



The ionic group density of the prepared self- dispersion carbon black B was
neasured in the sane manner as that of self-dispersion carbon black A and
it was 3.1 nol/m . 10 [Preparation of pignment dispersion solution CJ 1.55 ¢
of p-aninobenzoic acid was added a soluti &9 of 2.5 g of concentrated
hydrochloric-acid dissolved in 5.5 g of water. This solution was stirred

in an ice bath to be always nmaintained at 10C or |ess 15 and a sol ution of
0.9 g of sodiumnitrite dissolved in 9 g of 5C water was added to this
solution. After the resulting solution was further stirred for 15 m nutes,
9 g of carbon hreke hayviagpagspeci fispsusfianesaleaioh B220 nd/ighandhea DBP
oil absorption of 105 nL/100 g was 20 added and m xed . Thereafter, this
sol ution was stigreddiopennodhecatbom hlikek. BTH®igbhkaitn®&] sl urry was
filtered with a paper filter (trade nanme: Standard Filter Paper No. 2,

avai | abl e fr omhDBDVANT EC)¢H;an@O0NRgpeatopar L htkesuwede tohaheughinf anashed wit h
water 25 and dried in an oven heated at 110C to prepare self-dispersion
carbon bl ack Coftarbwasbbadedves thepebtaidned $aélef wditspemsison 90 car bon
black C to prepare a dispersion solution having a pignent concentration of
10 masso. Wbt h efeabede process, a pignent dispersion solution Cin which
the self-dispersion carbon black C (Pignent C) 5 having - C6H4- 000Na gr oup

i ntroduced to the surfrecelafic group density of the prepared self-

dispersion carbon black B was measured in the same
manner as that of self-dispersion carbon black A and
it was 3.1 pmol/m”.

10 [Preparation of pigment dispersion sclution C]

1.55 g of p-aminobenzoic acid was added a

solution of 2.5 g of concentrated hydrochloric acid
dissolved in 5.5 g of water. This solution was stirred
in an ice bath to be always maintained at 10°C or less

15 and a solution of 0.9 g of sodium nitrite dissolved in
9 g of 5°C water was added to this solution. After the
resulting sclution was further stirred for 15 minutes,
9 g of carbon black having a specific surface area of
220 m°/g and a DBP oil absorption of 105 mL/100 g was

20 added.and mixed . Thereafter, this solution was
stirred for another 15 minutes. The obtained slurry
was filtered with a paper filter (trade name: Standard
Filter Paper No. 2, available from ADVANTEC), and
pigment particles were thoroughly washed with water

25 and dried in an oven heated at 110°C to prepare
self-dispersion carbon black C.

Water was added to the obtained self-dispersion



carbon bl ack was dispersed in the water was obtained. The ionic group
density of the prepared self dispersion carbon black C was neasured in the
same manner as that of self-dispersion carbon black A and 10 it was 1.0

pi nol /m2. [Preparation of pignment dispersi@@ solution D] 0.7 g of

4-am nophthalic acid was added to a solution of 2.5 g of concentrated
hydrochloric acid dissolved in 5.5 g of water. This solution was stirred 15
in an ice bath to be always maintained at 10C or |less and a solution of 0.9
g of sodiumnitrite dissolved in 9 g of 5C water was added to this

sol ution. Aftercaheonrksatki igtsobutpemewas dispeher ost isaled: fcor HEB7imqut es
10 g of carbon black having a specific surface area of 20 220 nR/g and a DBP
oi | absorption afpig8ent/ t00cgnistiadded afdmwiseédd. Wheheaheerbowhi s
solution was stirred for another 15 minutes. The obtained slurry was
filtered with appapessiibteiglenaddianresisnanddud 10R |G ém Pdperh Ndie 2,
avai l abl e from ADVANTEC), and 25 pignment particles were thoroughly washed
with water andsetfedifpeanlovenanbanedlacklLoChignmndpdrle sel f-di spersion
carbon black D. 91 Water was added to the obtained sel f-dispersion carbon

bl ack D to prepa®elnddirSgorSiCohas drgtirondddiged i gt sebhreatehti on of

10 mass% Wth the above rocess, a pignent dispersion solution D in which
the 5 self-di speFRpBnbeéarboliabl déRPBrEPAgABNtthE) water was obtained.

The ionic group density of the prepared self-
dispersion carbon black C was measured in the same
manner as that of self-dispersion carbon black A and

10 it was 1.0 pmol/m’.

[Preparation of pigment dispersion solution D]

0.7 g of 4-aminophthalic acid was added to a
solution of 2.5 g of concentrated hydrochloric acid
dissolved in 5.5 g of water. This solution was stirred

15 1in an ice bath to be always maintained at 10°C or less
and a solution of 0.9 g of sodium nitrite dissolved in
9 g of 5°C water was added to this solution. After the
resulting solution was further stirred for 15 minutes,
10 g of carbon black having a specific surface area of

20 220 m’/g and a DBP oil absorption of 105 mL/100 g was
added and mixed. Thereafter, this solution was stirred
for another 15 minutes. The obtained slurry was
filtered with a paper filter (trade name: Standard
Filter Paper No. 2, available from ADVANTEC), and

25 pigment particles were thoroughly washed with water
and dried in an oven heated at 110°C to prepare

self-dispersion carbon black D.



havi ng - C6H3- (COONa) 2 group introduced to the surface of carbon bl ack was
di spersed in the water was obtained. The ionic group density of the
prepared self- 10 di spersion carbon black D was neasured in the sane nanner
as that of self-dispersion carbon black A ald it was 1.4 nol/n2. [Judgnent
on good nedi um poor medi um of water-soluble organic solvent] 15 The
foll ow ng experinment was conducted in order to select the water-soluble
organi ¢ solvent acting as the' good nedi um or poor medium for the pignent
contained in the above pignment dispersion solution. First, the pignent

di spersi on sol utions Watter Didmvidde@0ta sbei dbtonnedt seflfi0imnss%iwer e used
to prepare agueous solutions. These aqueous solutions and respective

wat er - sol ubl e orgupee BbhgknPstaepsecnsed to dippeyaions sloderticnudgremg

di spersion solution A and solvent-judgnent water dispersion solution B for
25 judgment on yopdgmedruappoentiwediom aécdldimagstto t Nethf sheombagen xi ng
ratios. [Mxing ratios of dispersion solutions for 92 judgnent on good
medi unt poor nedPLafes§ Sok vEAIDMEREgREAPCISSPEr Sicdnitdsnutl dm Ahicdadiei gnent
di spersion solution with solid content _concentration of 10 mass% 50 parts
5 each water-sethbrélspganiensepvern SHefF Oh (Palsment D)

having -C¢Hs~-(COONa), group introduced to the surface
of carbon black was dispersed in the water was
obtained.

The ionic group density of the prepared self-

10 dispersion carbon black D was measured in the same
manner as that of self-dispersion carbon black A and
it was 1.4 pmol/m’.

[Judgment on good medium/poor medium of
water-soluble organic solvent]

15 The following experiment was conducted in order
to select the water-soluble organic solvent acting as
the ‘good medium or poor medium for the pigment
contained in the above pigment dispersion sclution.
First, the pigment dispersion solutions A to D having

20 a solid content of 10 mass% were used to prepare
aqueous solutions. These aqueous solutions and
respective water-soluble organic solvents were used to
prepare solvent-judgment dispersion solution A and
solvent-judgment water dispersion solution B for

25 judgment on good medium/poor medium according to the
following mixing ratios.

[Mixing ratios of dispersion solutions for



50 parts (Solvent-judgnent water dispersion solution B) each pignent

di spersion solution with solid content concentration of 10 mass% 50 parts
10 pure water 50 parts Next, 10 g of the each dispersion solution A for

j udgnment on good nedi unf poor nedi um whi ch Wes prepared as described above
was put into a transparent glass sanple bottle with a cap, and the bottle
was closed 15 with the cap. Thereafter, its contents were thoroughly
stirred, and this was left standing for 48 hours in a 60C oven. Thereafter,
t he di spersion solution taken out of the 60C oven was used as a sanple for
measur enent, amliddreenvermgeopdrnédiemgpeerohetihem]20 pi gnent in the pi gnent
di spersion solution was neasured with a fiber-optics particle analyzer
(trade nane: FRARD00; ]} ndguéact di edebyiohsakauEient Ponics Co., Ltd.). The
val ue obtained was defined as the average particle size of the pignent in
di spersi on 25 soleathroignent j didgpensiopi gaent laveragld padtidclcendiend
measured w thout dilution). Meanwhile, water dispersion solution B for
Judgnent was notortoresrwiem 98 lhemebAg, and the average Partdadite size of
the pignent in this dispersion was neasured with a fiber-optics_ particle
anal yzer. TRen,' isR¢legarde¥osehebbgepganipapprilyratsisioyn Ansdlakdst 1j udgnment

di spersion solution 5 A and sol vent -j udgnent wat er dispersi%P souytion B,
parts

(Solvent-judgment water dispersion solution B)
each pigment dispersion solution with solid content
concentration of 10 mass$% 50 parts
10 + pure water 50 parts
Next, 10 g of the each dispersion solution A for
judgment on good medium/poor medium which was prepared
as described above was put into a transparent glass
sample bottle with a cap, and the bottle was closed
15 with the cap. Thereafter, its contents were thoroughly
stirred, and this was left standing for 48 hours in a
60°C oven. Thereafter, the dispersion solution taken
out of the 60°C oven was used as a sample for
measurement, and the average particle size of the
20 pigment in the pigment dispersion solution was
measured with a fiber-optics particle analyzer (trade
name: FPAR-1000; manufactured by Otsuka Electronics
Co., Ltd.). The value obtained was defined as the
average particle size of the pigment in dispersion
25 solution A for judgment (pigment average particle size
measured without dilution). Meanwhile, water

dispersion solution B for Judgment was not stored with



when the average particle size in dispersion solution A was |arger than
that in water dispersion solution B, the water-sol uble organic solvent was
judged to be a poor nmedium and when the average particle size in 10

di spersion solution A was equal to or smal Pér than that in water dispersion
solution B, .the water-soluble organic solvent was judged to be a good

medi um [ Measurenent of Ka Val ue on Water-soluble Organic Solvent] 15
First, to measure the Ka val ue of each water-soluble organic solvent, an
aqueous dye solution wth a dye concentration of 0.5 mass% having

conposi ti on showe thiel W, av@st s epae edge Sueht anlagueaus ofdy@es@lidimedrt i S used

in order to color a colorless 20 transparent sanple to nake it visible so
that the Ka valueclcian dieseass 1 yn neasunedsuvnatiewisal ublfe bdye o@rlicsPi gnent
Blue 199 0.5 part pure water 99.5 parts Next, using this aqueous 0.5 mass%
dye sol uti on 2paarnd ebehanal gresol Ulen organiegsod veot the beepegsured, each
of aqueous 20% sol ution of col ored water-soluble organic solvents having
t he conposi ti orpatoval ded Dxe 94in wasl peppar edgmaboveiageecison) s lnassd dye
solution .80 parts water-soluble organic solvent shown in Table 1 20 parts
5 Using as a ndasand ngp seampt € tdenaguevase20dmapsasion solution B,
when the average particle size in dispersion solution
A was larger than that in water dispersion solution B,
the water-soluble organic solvent was judged to be a
pocr medium, and when the average particle size in
10 dispersion solution A was equal to or smaller than
that in water dispersion solution B, the water-soluble
organic solvent was judged to be a good medium.
[Measurement of Ka Value on Water-soluble Organic
Solvent]
15 First, to measure the Ka value of each
water—-soluble organic solvent, an aqueous dye solution
with a dye concentration of 0.5 mass%, having
composition shown below, was prepared. Such an aqueous
dye solution is used in corder to color a colorless
20 transparent sample to make it visible so that the Ka
value can be easily measured.
water-soluble dye C.I. Pigment Blue 199 0.5 part
pure water 99.5 parts
Next, using this aqueous 0.5 mass?% dye solution
25 and each water-soluble organic solvent to be measured,

each of aqueous 20% solution of colored water-soluble

organic sclvents having the composition shown below



sol ution of each col ored water-soluble organic solvent, prepared as

descri bed above, the Ka value of the aqueous 20 masso sol ution of each

wat er - sol ubl e organi ¢ sol vent was neasured by the Bristow method 10 using a
dynam c perneability tester (trade nane: nam c Perneability Tester S;
manuf actured by Toyo Seiki Seisaku-sho, Ltd.). (Results of Judgnent and
Measurenent] In respect of the water-sol uble organic solvents 15 usable in
the ink, nmeasured as descri bed above, the results of judgnment on whet her
they were good nediuns or poor nediuns for Pignment dispersion solutions A
to D and the resulpsepiregasurenent of the Ka value in the aqueous 20%

sol ution of each water-sol uble organic 20 solvent are shown in Table 1. In
addi tion, synmbol sabove agideoxs §ndthessabligessapdtion good Svediasthsand poor
medi um respectively. Table 1 25 Pignment Ka val ue of Water-soluble organic
di spersi on 20 nass®besotobwplSoprgabhCsaPhveph sAoBNCiD {@elm dosec /2) 95
Pol yet hyl ene gl ycol 600 X X X X 0.17 dycerol 0 0 0 0 0.13
Trinethyl ol propane 0 0 0 0 0.19 5 [Judgnent on di spersi bi I4% Padft i gnent i n

5 Using as a measuring sample the aqueous 20 mass$%
solution of each colored water-soluble organic solvent,
prepared as described above, the Ka value of the
agqueous 20 mass% solution of each water-soluble
organic solvent was measured by the Bristow method

10 using a dynamic permeability tester (trade name:
Dynamic Permeability Tester S; manufactured by Toyo
Seiki Seisaku-sho, Ltd.).

[Results of Judgment and Measurement]
In respect of the water-soluble organic solvents

15 usable in the ink, measured as described above, the
results of judgment on whether they were good mediums
or poor mediums for Pigment dispersion solutions A to
D and the results of measurement of the Ka value in
the aqueous 20% solution of each water-soluble organic

20 solvent are shown in Table 1. 1In addition, symbols “0”
and “X” 1in the table stand for good medium and poor

medium, respectively.

Table 1
25
Pigment Ka value of
Water-soluble organic dispersion 20 mass%
solvent Solution solution

A B C D (ml?nﬁ?msec”z)



wat er - sol ubl e organic solvent] The foll ow ng experinment was nmade for judging
the conbination of the pignment and water-sol uble organic 10 solvents
constituting the aqueous ink according to %ge present invention, i.e. the
conbination in which a water-sol uble organi'c sol vent does not sol vate
perfectly or substantially the pignent and al so ionic groups at pignment
particle surfaces undergo perfectly 15 or substantially no ionic

di ssociation in the water-soluble organic solvent, that is, the

conbination in which the pignent is not substantiall di spersed in the

wat er - sol ubl e cﬁ%k%ﬁ%h%%@%%nglyﬁﬁltﬁ%onﬁihod(de%%riB%d previdoddl y, studies
were 20 nade on conbi nations of self-dispersion carbon blacks_ A to D and
the various wat@rY&Tbl e organic solveﬁis.C)SeW¥-dK§persioﬁ-é§rbon bl acks A
to D were each drjed i n oven heated at 110C. Thereafter, the resultant
sel f - di spersi O#M%Wg@ﬁﬁkgp%n?o D wert e&th 25 pbhdered By {feans of a
nortar or the like to prepare pulverized products. Then, these pignents
were each so dded to each er-sol uble organic-solven hbe O

measur ed, aS to be in a pignment concentration of 0.05 mass% followed by
stirring for about 1 hour. The m xtures obtained were observed to find
that, at this point‘?f tine, there was tge cgnbiEatLon of the 5 pignent and
wat er - sol ubl e or gani & SRt WhodESREERIPLSOFY dOFi §iTH Plhad8 separation was

able to be VISLﬁgéé%—soluble organic solvent]

The following experiment was made for judging the
combination cf the pigment and water-soluble organic
10 solvents constituting the aqueous ink according to the
present invention, i.e. the combination in which a
water-soluble organic solvent does not solvate
perfectly or substantially the pigment and alsoc iocnic
groups at pigment particle surfaces undergo perfectly
15 or substantially no ionic dissociation in the
water-soluble organic solvent, that is, the
combination in which the pigment is not substantially
dispersed in the water-soluble organic solvent.
By the method described previously, studies were
20 made on combinations of self-dispersion carbon blacks
A to D and the various water-soluble organic solvents.
Self-dispersion carbon blacks A to D were each dried
in an oven heated at 110°C. Thereafter, the resultant
self-dispersion carbon blacks A to D were each
25 powdered by means of a mortar or the like to prepare
pulverized products. Then, these pigments were each so

added to each water-soluble organic solvent to be



ascert ai ned.

organi ¢ sol vent does not

In such conmbi nation, it can be judged that the water-soluble
sol vate perfectly or substantially the pignment and

10 al so the ionic groups at pignent particle surfaces undergo perfectly or
substantially no ionic dissociation in t hé %wat er - sol ubl e organi c sol vent,

t hat

IS,
organi ¢ sol vent.
conbi nation in which the pignment was not
wat er - sol ubl e organic solvent. First, a mxture of each pignment and each
wat er - sol ubl e dregsiieedol aentowhi chnwar piebeatnedncan2gathionalsdyd s

allowed to stand at ordinary tenperature for about 100 hours. Thereafter,

t he pignment was not substantially dispersed
15 The foll ow ng neasurenent was further nmade to judge the
substantially dispersed in the

in the water-sol uble

50 mass% of thenapper fphlevwed bhestiguingphaseahastcdl bectred 3hd filtered

by the use of a filter of 1.2 pmin pore size. Then, in respect of the
resul tant filtraistyeeeobotd hgedaverfaPbasryghyént fdmgipémton adoltitison) ,
concentration of the <coloring material contained in the filtrate was

measur ed by t hePoietthodf deseei bedebel Bas Fheagambiioation athdheet hod

descri bed below is an exanple of nmethods for neasurenent. In the present
Exaript F8enfr NPy ALCREARSUPLAI PEAPRET 6P VETHe WESIS6T iHg
t he _net hod descri bed bel ow.

i nvention,
concentration in the 5 filtrate was neasured by
to a col ¥+hg huterd aph@rsperBrEAtdBRUtRSnaRe to be visually

First,

10

15

20

25

ascertained. In such combination, it can be judged
that the water-soluble organic solvent does not
solvate perfectly or substantially the pigment and
also the ionic groups at pigment particle surfaces
undergo perfectly or substantially no ionic
dissociation in the water-soluble organic soclvent,
that is, the pigment was not substantially dispersed
in the water-soluble organic solvent.

The following measurement was further made to
judge the combination in which the pigment was not
substantially dispersed in thé water-soluble organic
solvent. First, a mixture of each pigment and each

water-soluble organic solvent which were obtained in

the above was allowed to stand at ordinary temperature
for about 100 hours. Thereafter, 50 mass% of the upper

part of the liquid phase was collected and filtered by

the use of a filter of 1.2 um in pore size. Then, in

respect of the resultant filtrate (a coloring material

solvent dispersion solution), the concentration of the

coloring material contained in the filtrate was

measured by the method described below. In addition,

t he

Sfat eri al



which the coloring material was dispersed in water in a known concentration
(OCk mass%, pure water was added in a stated quantity to dilute it in a
stated dilution 10 ratio to prepare a nixtéae, and the absorbance of the

m xture at 550 nm was mneasured. The neasur value of this absorbance is
represented by (ABS1l) . Next, the coloring material solvent dispersion
solution (filtrate) whose coloring material concentration was 15 to be
determ ned was diluted with pure water in the sanme dilution ratio as the
above, where the absorbance at 550 nmwas |ikew se neasured. The neasured

val ue of this Hsdrddme deserebred dit bel bys (ABSgxampAs afr aegheds t he
coloring material concentration in the coloring 20 material sol vent

di spersi on sol UtGlomsmE1esteul at dd  tAec NG RN & oL RN E B0 ovk KFRXPF essi on
(2). Expression (2) Coloring material concentration in coloring materi al
sol vent di sper s1%6h B6I1R iR hessu ted 2Bhe Rt R (ABS2) ]/ (ABS2). Using the
ratio of the coloring material concentration in the,colorin% mat eri al

sol vent 98 di spersildf SGMRTIgH @3teFEak)ConetREkrhéANasni AREhe above, to
the initial coloring material concentration (concentration set initially:
0.05 mass% Pn tihe Hitve "axdMpR BYr¢% Pret e xaFBOST deRETAEREr PR Mat eri al
and 5 the water-soluble organjc solvent, a figpersion perienta%g, % of a
specific COIOHEﬁfﬁﬁnGQQEﬂ G Qring materia lspersion solution 1

which the coloring material was dispersed in water in
a known concentration (Ck mass%), pure water was added
in a stated quantity to dilute it in a stated dilution
10 ratio to prepare a mixture, and the absorbance of the
mixture at 550 nm was measured. The measured value of
this absorbance is represented by (ABS1l). Next, the
coloring material sclvent dispersion solution
(filtrate) whose coloring material concentration was
15 to be determined was diluted with pure water in the
same dilution ratio as the above, where the absorbance
at 550 nm was likewise measured. The measured value of
this absorbance is represented by (ABSZ2). As a result,
the coloring material concentration in the coloring
20 material solvent dispersion scolution was calculated
according to the following expression (2).
Expression (2)
Coloring material concentration in coloring material
solvent dispersion solution (mass%) =
25 [Ck x (ABS2)]1/(ABS2).
Using the ratio of the coloring material

concentration in the coloring material solvent



specific water-soluble organic solvent (hereinafter "coloring materi al

sol vent di spersion percentage") was defined as represented by the foll ow ng
expression (3). 10 Expression (3) Coloring material solvent dispersion
percentage (%9 _ [(coloring material concegtration in coloring materi al

sol vent dispersion solution)/(initial coloring material concentration)] x
100. 15 The values of the coloring material solvent dispersion percentage
whi ch were obtai ned by the above neasurenent and the results of visual
observation to ascertain the solid-liquid phase separation described above

are shown in Ta&h%@:@f&?"‘éoi ﬂ DtrEQeE" ?@EE%m’.‘i‘n £Q Qs nt B¢t abl e

refer to self-dispersion car s Ato hereil nafter gnents Ato
D). Table 2 235,¢nl Orﬂcglgthesoihgt_lgﬁt 8613£1n13| ﬁl?'tgr_sLQllV%BtncFe)'nQratlon
Wat er - sol ubl e organi’c sepa- dispersion nent sol vent ratlon percentage 30

(9 99 A Pol yeg&a/rk@é}?tgwm §99 Yﬁ§t%a§19 ygensl mdes8843 tRePalestcnyl ene
gl ycol 600 Yes 2. d ycerol

example) in the mixture of the coloring material and

5 the water-soluble organic solvent, a dispersion
percentage (%) of a specific coloring material in a
specific water-soluble organic solvent (hereinafter
"coloring material solvent dispersion percentage") was
defined as represented by the following expression (3).

10 Expression (3)

Coloring material solvent dispersion percentage (%) =
[ (coloring material concentration in coloring material
solvent dispersion solution)/(initial coloring
material concentration)] x 100.

15 The values of the coloring material solvent
dispersion percentage which were obtained by the above
measurement and the results of visual observation to
ascertain the sclid-liquid phase separation described
above are shown in Table 2 below. 1In addition,

20 Pigments A to D in the table refer to self-dispersion

carbon blacks A to D (hereinafter "Pigments A to D").

Table 2
25 Coloring
Solid= material
liquid solvent
Pig- Water-soluble organic sepa- dispersion
ment solvent ration percentage

30 (%)



5 C Pol yethyl ene glycol 600 No 18.2 dycerol No 99.4 D Polyethylene glyco
600 No 17.1 @ ycerol No 99.7 10 Fromthe results shown in the above Tabl e
2, it can be judged that, since the solid-liquid phase separation has
taken place in the conbination of Pignent9g and pol yet hyl ene gl ycol 600 and
t he 15 conbi nation of Pigment B and pol yet hyl ene glycol 600, this

wat er - sol ubl e organi ¢ sol vent does not solvate perfectly or substantially
the pignment and also the ionic groups of the pignment undergo perfectly or
substantially no ionic dissociation in the 20 water-sol ubl e organic sol vent,
that is, the pi@nment Hodl yaidty lsubstantdal 160@i sperSed in the daber-sol ubl e
organic solvent. In addition to the above judgnent, the judgnent that the
above pignent is oneGlUyateriasl not solvated 25 perfectly or 88bStantially by
t he wat er-sol ubl e organic solvent to be neasured and the judgnent that the
i oni c groups at Bthe pigmatthypand o leysuk fEtes 100Yegndergo pérfectly or
substantially no ionic dissociation in the water-soluble organic solvents
to be neasured were Glesisaetli vel y made by the net Nods descBpPbéd bel ow. 5
Specificallg,'acliquid cont ai ni ng a surfactant

Polyethylene glycol 600 No 18.2
Glycerol No 99.4
D Polyethylene glycol 600 No 17.1
Glycerol No 99.7

10
From the results shown in the above Table 2, it
can be judged that, since the solid-liguid phase
separation has taken place in the combination of
Pigment A and polyethylene glycol 600 and the
15 combination of Pigment B and polyethylene glycol 600,
this water-soluble organic solvent does not solvate
perfectly or substantially the pigment and also the
ionic groups of the pigment undergo perfectly or
substantially no ionic dissociation in the
20 water-socluble organic solvent, that is, the pigment 1is
not substantially dispersed in the water-soluble
organic solvent.
In addition to the above judgment, the judgment
that the above pigment 1s one that is not solvated
25 perfectly or substantially by the water-soluble
organic solvent to be measured and the judgment that

the lonic groups at the pigment particle surfaces



having a structure represented by the followng structural fornmula (1) or
structural fornmula (2) and water and having the surfactant in a
concentration of 2 mmol/kg (Liquid 1) and a |iquid conposed of the 10
surfactant, a pigment (any one of pigments!AGo D) and water and having the
surfactant in a concentration of 2 mml/kg and the pignent in a
concentration of 5 mass% (Liquid 2) were prepared first. To prepare Liquid
1 and Liquid 2, the respective conponents were 15 m xed, followed by
stirring at ordinary tenperature for about 30 mnutes. Structural formula
(1) RO -(CH 2Giddtjo uwdrféeatiheost subtuaaktitdiguna (bhidR represents an
20 al kyl group and n represents an integer.) Structural formula (2) 101
| CH3 CH8 CH3 HYTGHBoc G i@hr OC ah€& wate€Bsol CH eCNY¥gakiZ 2 1@dnt sU> Tn Tm H
H (In the structural fornula (2), mand n each represents an integer.) In
addition, the dbovecpsgredtseret nefpaeteveaghmabeathged hteo madtherdsso t hat t he
pi gnment concentration in the water becane 5 mass%to prepare |liquids, and
t he described below.
5 Specifically, a liquid containing a surfactant
having a structure represented by the following
structural formula (1) or structural formula (2) and
water and having the surfactant in a concentration of
2 mmol/kg (Liquid 1) and a liquid composed of the
10  surfactant, a pigment {(any one of pigments A to D) and
water and having the surfactant in a concentration of
2 mmol/kg and the pigment in a concentration of 5
mass% (Liquid 2) were prepared first. To prepare
Liquid 1 and Liquid 2, the respective components were
15 mixed, followed by stirring at ordinary temperature

for about 30 minutes.

Structural formula (1)
R—0~CHpCHpO¥=—H

(In the structural formula (1), R represents an
20  alkyl group and n represents an integer.)

Structural formula (2)



surface tension of each of the liquids at ordinary tenperature (25C) was
nmeasured. As a result, it was ascertained that, referring to all pignents A
to D, 10 their surface tensions were equa the surface tension (72 nNm
of water at ordinary tenperature and pig ts A to D thensel ves had no
effect of lowering the surface tension of liquid. The results of

measur enment of surface tension A 15 and surface tension B at ordinary
tenperature concerning the above Liquid 1 and Liquid 2, respectively, and
the difference "B - A" in surface tension between Liquid 2 and Liquid 1 are
shown in Table 3. 102 Table 3 Surfactant Lig. 1 Lig. 2 Pig- For- Surface
tension 5 nent nmula R n rrﬂHgABB{ZH rrf\vm)Hgm\Vﬁaﬁa(rn\vm A (1) C16H33 20 -

40. 013133 (1) io(i)sci%(ng;— 0 47. 9 465703(5 CH- 4 34.2 38.8 4.6 10 (2)
20,0 40,4 0.4 (1) Cores a0 - 47 Bas1 ;)'(52"1;-,';'23'1‘.384< 34.2 3.0 3.8
2532 .%512
S

Yoo Ya
H H

(In the structural formula (2), m and n each
represents an integer.)
In addition, the above pigments A to D were each
5 added to water so that the pigment concentration in
the water became 5 mass% to prepare ligquids, and the
surface tension of each of the liquids at ordinary
temperature (25°C) was measured. As a result, it was
ascertained that, referring to all pigments A to D,
10 their surface tensions were equal to the surface
tension (72 mN/m) of water at ordinary temperature and
pigments A to D themselves had no effect of lowering
the surface tension of liquid.
The results of measurement of surface tension A
15 and surface tension B at ordinary temperature
concerning the above Liquid 1 and Liquid 2,
respectively, and the difference “B - A” in surface
tension between Liquid 2 and Liquid 1 are shown 1in

Table 3.



(2) - - 10 37.039.3 2.3 (2) - - 30 42.7 45.0 2.3
------------------------------------------------------ C (1) Cl6H33 20 -

40.0 70.5 30.5 20 (1) Cl6H33 40 - 47.9 65.1 17.2 (2) - - 4 34.2 66.5 32.3
(2) - - 10 37.0 67.7 30.7 (2) - - 30 42. 788 2 15.5
------------------------------------------------------- 25 D (1) Cl6H33 20 -
40.0 69.6 29.6 (1) CI16H33 40 - 47.9 60.4 12.5 (2) - - 4 34.2 60.2 26.0
(2) - - 10 37.0 61.4 24.4 (2) - - 30 42.7 55.0 12.3 30 103 As is evident

fromthe results shown in Table 3, in pignent A and pignment B, the
difference "B - A" Dbetween the surfacefignsiopn A of Liquid 1 and the
surface tension B of Liquid 2 shows snaller values 5 than the cases of

pi gnent C and pignent D. This nmeans that, in pignent A and pignment B, the
effective concentrations of the surfactants that contribute to the

| onering of the surface tefSréacéfnthe |iqui dsbhiie lsubsi@nt?al ly equal

W t hout regard to the grgsence or 10 absence o§ tEe Eignents. That is, it is
judged that th 1gurfhRfants are not adsor bed CRpLe ubstantially to

pignent A and phgRentnBiaThug, it cgn myn B B-A
(N /m) (N /) (mN/m)

A (1) CigH3s 20 - 40.0 41.3 1.3

(1) CigHas 40 - 47.9 48.7 0.8

(2) - - 4 34.2 38.8 4.6

10 (2) - - 10 37.0 40.1 3.1

(2) - - 30 42.7 45.9 3.2

B (1) CieHss 20 - 40.0 40.4 0.4

(1) Ci6H33 40 - 47.9 48 .1 0.2

15 (2) - - 4 34.2 38.0 3.8

(2) - - 10 37.0 39.3 2.3

(2) - - 30 42 .7 45.0 2.3

C (1) CigH3s 20 - 40.0 70.5 30.5

20 (1) CieH33 40 - 47.9 65.1 17.2

(2) - - 4 34.2 66.5 32.3

(2) - - 10 37.0 67.7 30.7

(2) - - 30 42.7 58.2 15.5

25 D (1) CieH33 20 ~ 40.0 69.6 29.6

(1) CieHs3 40 - 47.9 60.4 12.5

(2) - - 4 34.2 60.2 26.0

(2) - - 10 37.0 6l.4 24 .4

(2) - - 30 42 .7 55.0 12.3

30




be judged that, for the reasons described previously, pignent A and pignent
B are not solvated perfectly or 15 substantially by the nmedium such as the
wat er - sol ubl e organi c sol vent. Subsequently, in respect of the pignments the
medi uns such as the above water-sol ubl e or c solvents do not solvate
perfectly or substantially, 20 the judgnment that the ionic groups of the

pi gnments undergo perfectly or substantially no ionic dissociation in the
wat er - sol ubl e organi c solvents was nmade in the followi ng way, which is
descri bed taking as an exanple the case of the above pignment B. 25
Specifically, first,Api geeaviBens £ooni theedewiutihs edchvrofiny diakoes 3,

wat er - sol ubl e organic solvents, as to be in a very |low concentration to
prepare eval uat ionpigaenti Juadsl. pAgmgnst Endahe ofl tftfegradidautiom, At is set to
a |evel that enables pignent particles to be sufficiently seen when a

m croscope typebgevaepotiat suk fregs feinwd onndt rfméntduishtl cedl ed ow i s used.
S5 In reference to the evaluation |iquids prepared as described above, it is
observed whet hepusfanet teRe10pabt Pél &d ddwe 4 FheWsaramaduler et i on when a
voltage is applied, using a mcroscope type zeta potential measurenent
system (t rad£ nafen ZREECORPE$0 chapdEEehdr &d 3y Midmsirde IN t iTdd)S, MERNEh can
actually observe the novenent of particles. Wiere the novenent of pignent
particles are aSBaftailReBlJMRB{r Azeng pigment B, the effective

concentrations of the surfactants that contribute to
the lowering of the surface tension of the ligquids are
substantially equal without regard to the presence or

10 absence of the pigments. That is, it 1s judged that
the surfactants are not adsorbed perfectly or
substantially to pigment A and pigment B. Thus, it can
be judged that, for the reasons described previously,
pigment A and pigment B are not solvated perfectly or

15 substantially by the medium such as the water-soluble
organic solvent.

Subsequently, in respect of the pigments the
mediums such as the above water-soluble organic
solvents do not solvate perfectly or substantially,

20 the judgment that the ionic groups of the pigments
undergo perfectly or substantially no ionic
dissociation in the water-soluble organic solvents was
made in the following way, which is described taking
as an example the case of the above pigment B.

25 Specifically, first, pigment B is so diluted with
each of various water-soluble organic solvents, as to

be in a very low concentration to prepare evaluation



potential is further neasured. In addition, in measuring the zeta
potential, the viscosity at 15 neasurenent tenperature and the value of the
dielectric constant of the water-soluble organic solvents to be used are
necessary, and hence these may pref erablyl exam ned or neasured in
advance. The results obtained by the above observation and 20 neasurenent
are shown in Table 4. 105 Table 4 Electro- Zeta Witer-soluble organic

sol vent phoresis potential 5 (nV) Polyethylene glycol 600 Not do. -

A ycerol Do. -29 10 As is evident from Table 4, clear el ectrophoresis is
ascertai ned i n ihguedal udtd on dtiandardek ngheseéi bitighycérolisasesd to a

wat er - sol ubl e organi c sol vent, whereas, in the evaluation |Iiquid naking use
of a water-sol ubteel otlyahi engbleenpignehtapapaliydelsylitendegl ycol 600 or the
15 I'i ke, no novenent of particles in a particular direction is ascertained
in the eval uationffiguentlandeent wban berjgdgedopieatt videe s i cl es under go
substantially no el ectrophoresis. That is, it can be judged that, in such a
wat er - sol ubl e @Yitisdl weasuzdnon iwsitghard pegnt tdred uheépgois used.
substantially no electrophoresis, the ionic groups at pignent B particle
surfaces un@ler gon peg ferengeofostibst analaptyon liquids prepared as

described above, it 1s observed whether or not the
particles move in a particular direction when a
voltage is applied, using a microscope type zeta
potential measurement system (trade name: ZEECOM;

10 manufactured by Microtec Nition), which can actually
observe the movement of particles. Where the movement
of pigment particles are ascertained, their zeta
potential is further measured. In addition, in
measuring the zeta potential, the viscosity at

15 measurement temperature and the value of the
dielectric constant of the water-soluble organic
solvents to be used are necessary, and hence these may
preferably be examined or measured in advance.

The results obtained by the above observation and

20 measurement are shown in Table 4.



no ionic dissociation in the water-soluble organic solvent, for the reasons

stated previously. 25 [Judgnent of Adsorption of Water-sol uble Polynmer on

Pigment] The followi ng experinent was made for judging the conbination of

the pignent and the water-soluble 106 pol y#r in the case where the

wat er - sol ubl e polynmer is added to the aqueous ink according to the present

invention, i.e., the conbination in which it can be judged that the

wat er - sol ubl e polynmer is not adsorbed 5 perfectly or substantially to the

pi gment particle surfaces. In addition, water-soluble polynmers used to

j udge how nuch the water-sol ubl e pol yn8ablard adsorbed to the pignment are

exanples. In the present invention, exanples are by no neans limted to the

foll owi ng 10 i he—udgrrentzarrmhethets o
Q

adsor pt i on tOomaé%fﬂé%%ﬁglgaSF%QXiéeégﬁ%bHQ threg 4y %sOfﬁ:ﬁgﬁﬁfép'Ub'e
pol ynmers: a st = — pol rr —and an
ethyl 15 ackyl ate-acrylic acid copol ynmer. The anionic pol yner s{mV}
styrene-acrylic acid copolyner and ethyl acrylate-acrylic acid copolyner,
had an average Blyethalere oflapolt 980, and had Axfeidht - aver age nol ecul ar
wei ght of about 10,000 in both the water-sol uble 20 pol yners. Specifically,
a liquid composedyeFrehch of the Do. -29

A o 6 a

10 As 1s evident from Table 4, clear electrophoresis
is ascertained in the evaluation liquid making use of
glycerol as a water-soluble organic solvent, whereas,
in the evaluation liquid making use of a water-soluble
organic solvent such as polyethylene glycol 600 or the

15 like, no movement of particles in a particular
direction is ascertained in the evaluation liquid, and
it can be judged that the particles undergo
substantially no electrophoresis. That is, it can be
judged that, in such a water-soluble organic solvent

20 in which the particles undergo substantially no
electrophoresis, the ionic groups at pigment B
particle surfaces undergo perfectly or substantially
no ionic dissociation in the water-soluble organic
solvent, for the reasons stated previously.

25 [Judgment of Adsorption of Water-soluble Polymer
on Pigment]

The following experiment was made for judging the

combination of the pigment and the water-soluble



above wat er-sol ubl e polyners and water and having the water-soluble polyner
in a concentration of 0.1 masse (Liquid 3), a liquid conposed of each of
t he above 25 water-sol uble polyners, a pigq@@t (any one of pignments B and
C) and water and having the water-soluble “polyner in a concentration of 0.1
mass' and the 107 pigment in a concentration of 5 mass% (Liquid 4) and a
| i qui d conposed of any one of the pignents and water and having the pignent
in a concentration of 5.0 mass% (Liquid 5) were prepared first. To prepare
Liquid 3, 5 Liquid 4 and Liquid 5, the resgective conponents were m xed,
foll oned by stiR?IABEAtIDrHIPaF§SeenpPerat bR WaberapediL3¢ Modumes. 15n
addition, the surface tensions of the above Liquid 5 were neasured at
ordi nary tenper2iif@ {25€)e aguacresink, aFEondsndotascbet &rs¢tthat all the
surface tensions were. equal] to the surface tension (72 nm{Y m of water at
ordinary tenpet@feeloBndt pf gnehts BPERUNECLABNEBI V8d Rad thGaefect of
| owering the surface, tension of ljquid.. T measurenent results of the
surface tension'¥99% gm%tsﬂ??aﬂ%k?éﬁ§?$HggﬁaPo Yiifhary SRARRE
respectively in the above Liquid 3 and.lLiquid 4, the difference "D - C' in
Gur face { ondi orP BEL Giebn LPRUF AP A=aA U= TP 51anH ERE alie GE D - O (E -
C) are shown Isr,]ul-c%abclgs S Ijhosadc;riatbilc?n,S water-soluble polymers used to
judge how much the water-soluble polymers are adsorbed
to the pigment are examples. In the present invention,
examples are by no means limited to the following
10 water-soluble polymers.
The judgment on whether or not adsorption took
place was made by selecting three types of
water-soluble polymers: a styrene-acrylic acid
copolymer, polyvinyl pyrrolidone, and an ethyl
15 acrylate-acrylic acid copolymer. The anionic polymers,
styrene-acrylic acid copolymer and ethyl
acrylate-acrylic acid copolymer, had an average acid
value of about 150, and had a weight-average molecular
weight of about 10,000 in both the water-soluble
20 polymers.
Specifically, a liquid composed cf each of the
above water-soluble polymers and water and having the
water-soluble polymer in a concentration of 0.1 mass%
{Liguid 3), a liguid composed of each of the above
25 water-soluble polymers, a pigment (any one of pigments

B and C) and water and having the water-soluble

polymer in a concentration of 0.1 mass% and the



Ligr 3 Liq. 4 Pig- Water-soluble Surface tension (D-C/ 5 nment polynmer CD
DDC(EEC (mMNm (mMVm (mMVm B Styrene-acrylic acid copolynmer 63.5 65.5
2.0 0.24 Polyvinyl 10 pyrrolidone 68.9 69.;69.3 0.10 Ethyl acryl ate=
acrylic acid copolyner 44.4 46.1 1.7 0.06
------------------------------------------------------ 15 C Styrene-acrylic
acid copolyner 63.5 71.0 7.5 0.90 Polyvinyl pyrrolidone 68.9 70.0 1.1 0.38
Et hyl acrylate= 20 acrylic acid copolyner 44.4 55.6 11.2 0.41 As is evident
fromthe results shown in Table 5, 25 values of (D- Q/(E - C) in pignent
B are as snal| B39MENS AP ReSSNCERILT afdaNs Gthat Marsef flekdive thriehtd ati ons
of the water-sol uble organic solvents that contribute to the |owering of
the surface tendir8HidofOrRESEAGGIfdS DY €TSust drite AII Bl 2R tHRR T r egar d
109 to the presence or abSﬁhce,of the pignents. That is, it can be judged
that the wat er - 8BFUBPE1BAgaREC PIEBIEIENTS & EHBICHdHr IR Pert €EtT35%

substantially (Liquid 5) were prepared first. To prepare Liquid 3,
5 Liquid 4 and Liquid 5, the respective components were
mixed, followed by stirring at ordinary temperature
for about 30 minutes. In addition, the surface
tensions of the above Liquid 5 were measured at
ordinary temperature (25°C). As a result, it was
10 ascertained that all the surface tensions were equal
to the surface tension (72 mN/m) of water at ordinary
temperature, and pigments B and C themselves had no
effect of lowering the surface tension of liquid.
The measurement results of the surface tension C
15 and surface tension D at ordinary temperature
respectively in the above Liquid 3 and Liquid 4, the
difference “D - C” in surface tension between Liquid 4
and Liquid 3 and the value of (D - C)/(E - C) are

shown in Table 5.



on pignent B. In addition, while being not shown in 5 Table 5, it has been
ascertained that a styrene-acrylic acid-hydroxyacrylate copol yner havi ng
bot h ani oni ¢ and noni oni ¢ conponents in ong 4l ecule (weight-average
nol ecul ar wei ght: 15,000; acid value: 160) also fulfill the above
conditions, and is not 10 perfectly or substantially adsorbed to pignment B.
[ Preparation of Inks] Exanples 1 to 9 The conponents shown in Table 6 bel ow
were m xed and thoroughly stirred, followed by pressure 15 filtration with
a mcro-filter of 3.0 min pore size aaéalie:_éble fromFuji Photo Film Co.,
Ltd.) to prepare inks of Exanples 1 t : re, the inks were so prepared
that the water-soluble organic solvents included a good nmedium 20 for the
pi gment in each 1nk and a poor nmedium florgfhat @iignend, the pignent and the
poor medi um hadPsyeh Waedetsohshies t haBut fecepoosnsedh um di d not(Dsal)vat e
perfectly of subst@antpalyyethe pignent aad the iomic graHos at (ERe)pi gment
particle surfaces underwent 25 perfectl subs rall ionic

oY e GV upr 8 gy

di ssociation in the poor nmedium and a wat or‘gani ¢ sol vent
showi ng the maxigrum (% 3 .1 he 110 respective Ka values of the
wat er - sol ubl e oré;;ni c@tg}g @%n?g}?ggl%et erm ned by the Bristow nethod was a
poor medi um

acid copolymer 63.5 65.5 2.0 0.24
Polyvinyl
10 pyrrolidone 68.9 69.2 0.3 0.10

Ethyl acrylate=

acrylic acid

copolymer 44 .4 46.1 1.7 0.06
15 C Styrene-acrylic

aclid copolymer 63.5 71.0 7.5 0.90

Polyvinyl

pyrrolidone 68.9 70.0 1.1 0.38

Ethyl acrylate=
20 acrylic acid

copolymer 44 .4 55.6 11.2 0.41

As 1is evident from the results shown in Table 5,
25 values of (D - C)/(E - C) in pigment B are as small as
0.3 or less. This means that the effective
concentrations of the water-soluble organic solvents
that contribute to the lowering of the surface tension

of the liquids are substantially equal without regard



Table 6 5 Exanple

Pi gnent di spersion B: 50.0 - 50.0 50.0 50.0 50.0 50.0 50.0 Pignent
di spersion C. 15 Pignment dispersion D0 dycerol: 5.05.07.07.05.05.0
5.0 5.0 10.0 20 PEG600: 15.0 15.0 3.5 3.519%.0 15.0 15.0 15.0 10.0
Tri nmet hyl ol propane: 25 ACETYLENOL E-100(*): 0.1 0.1 0.1 0.10.10.120.10.1

0.1 Styrene-acrylic acid copolyner: - 1.5 - - - - Polyvinyl pyrrolidone:

- -1.51.5- 1.5 Ethyl acrylate-acrylic acid copolyner: - 0.5 -
Ethyl acryl at e- hydr oxyacryl ate copol yner: - - - - - -1.5- 35 Pure water:

29.9 29.9 39.4 39.thd&Ae28nde 2dr 9aB8eAcE 709 thé)plqmem%tylengtghycol
et hyl ene oxi de adduct

10

15

20

25

it can be judged that the water-soluble organic
solvents are not adsorbed perfectly to substantially
on pigment B. In addition, while being not shown in
Table 5, 1t has been ascertained that a
styrene-acrylic acid-hydroxyacrylate copolymer having
both anionic and nconionic components in one molecule
{(weight-average molecular weight: 15,000; acid value:
160) also fulfill the above conditions, and is not
perfectly or substantially adsorbed to pigment B.

([Preparation of Inks]

Examples 1 to 9

The components shown in Table 6 below were mixed
and thoroughly stirred, followed by pressure
filtration with a micro-filter of 3.0 pum in pore size
{(available from Fuji Photo Film Co., Ltd.) to prepare
inks of Examples 1 to 9.

Here, the inks were so prepared that the
water-soluble organic sclvents included a good medium
for the pigment in each ink and a poor medium for that
pigment, the pigment and the poor medium had such
relationships that the poor medium did not solvate
perfectly or substantially the pigment and the ionic
groups at the pigment particle surfaces underwent
perfectly or substantially no ionic dissocociation in
the poor medium, and also a water-soluble organic

solvent showing the maximum Ka value among the

123456789 Pignment dispersion AA 10 50.0 - 50.0

30
0.5



40 (surfactant avail able from Kawaken Fine Chem cals Co., Ltd.) 111
Conparative Exanples 1 to 5 & Reference Exanple 1 The conponents shown in
Tabl e 7 bel ow were mi xed and thoroughly stirred, followed by pressure 5
filtration with a mcro-filter of 3.0 n1inlﬁé%e size (available fromFuji
Photo Film Co., Ltd.) to prepare inks of Conparative Exanples 1 to 5 and
Reference Exanple 1. 112 Table 7 Ref. Conparative Exanple Exanple 5 1 2

3451 Pignent dispersion A: - 50.0 - - - Pignent dispersion B: 10 - -
50.0 - 50.0 Pignent dispersion C 50.0 - - - 50.0 - Pignent dispersion D -
50.0 - - - - 1y<Gpeetrbie Ka0vslees. of 5the- wa0e@ -sPEGHIE: organic

solvents as determined by the Bristow method was a

poor medium.

Table 6
5
Example
1 2 3 4 5 6 7 8 9
Pigment dispersion A:
10 50.0 - 50.0
Pigment dispersion B:
- 50.0 - 50.0 50.0 50.0 50.0 50.0 50.0
Pigment dispersion C:
15 Pigment dispersion D:
Glycerol:
5.0 5.0 7.0 7.0 5.0 5.0 5.0 5.0 10.0
20 PEG600:
15.0 15.0 3.5 3.5 15.0 15.0 15.0 15.0 10.0
Trimethylolpropane:

25 ACETYLENOL E-100(*):

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Styrene-acrylic acid copolymer:

- — - - 1.5 - - - —
Polyvinyl pyrrolidone:

- - - - - 1.5 1.5 - 1.5
Ethyl acrylate-acrylic acid copolymer:

30

- 0.5 - 0.5
Ethyl acrylate-hydroxyacrylate copolymer:

35 Pure water:
29.9 29.9 39.4 39.4 28.4 28.4 27.9 28.4 27.9

(*): an acetylene glycol ethylene oxide adduct
40 (surfactant available from Kawaken Fine Chemicals Co.,

Ltd.)



15.0 15.0 10.0 10.0 15.0 10.0 20 Tri nethyl ol propane: - 7.0 7.0 - -
ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 0.1 0.1 Styrene-acrylic acid
copolymer: 25 - - - - - - Polyvinyl pyrrolgg ne: Ethyl acrylate-acrylic acid
copolynmer: 30 Ethyl acryl at e-hydroxyacryl copolynmer: Pure water: 29.9
29.9 27.9 27.9 34.9 29.9 113 (*): an acetylene glycol ethyl ene oxide adduct
(surfactant avail able from Kawaken Fine Chem cals Co., Ltd.) [lnspection of
| nk Whose Conposition I's Unknown] 5 Distinction of whether or not an ink
whose conposition is unknown (Solvent Inspecting Ink) is what is intended
for the present invémMoH aahvormielepyl the bse of the judgment methods
descri bed above. Methods for inspecting inks whose conpositions are 10
unknown are descri béeiraronge dperipieal |y, the type and content of

wat er - sol ubl e organi ¢ sol vent contained in Solvent_ Inspecting Ink is
identified first. FoMGaRreentsy| vt | hapbeblifg’I FrR1AN HEE8 WERnet hanol

in a 15 stated concentration is analgzed using GC/ M5 (trade
and thoroughly stirred, followed by pressure

5 filtration with a micro-filter of 3.0 pm in pore size
(available from Fuji Photo Film Co., Ltd.) to prepare
inks of Comparative Examples 1 to 5 and Reference

Example 1.



nanme: TRACE DSQ manufactured by ThernoQuest) to identify the type of the
wat er - sol ubl e organi c sol vent contained in Solvent Inspecting Ink. It is
further judged whether the water-soluble 0, organi ¢ solvent thus identified
is a good nediumor a poor nmedium In the d nmedi unf poor nedi um j udgnent
met hod descri bed previously, the dispersion is prepared in which the pignent
has been dispersed in the water-soluble organic solvent and water. |In order
25 to prepare such a dispersion froman ink, the pignment and the dispersing
agent nust be extracted fromthe ink. However, in such a case, the pignent
and the 114 dispersing agent may changgaﬁﬂepﬁBperties in the course of
extraction. Such a possibility can not be denied. To cope with this, the
present inventors tave 5 made various studies o good mediunm-poor Tedi um

j udgnent nethods which use an ink itself whose conposition iskafnknown and

in which the results obtained the I € istent with th t
obt ai ned by the good nedi uni poor Coiard o8 Ko d deg%%gﬁgg
previously. 5As a result, they havie found that the 4ol ow ng netthod is
preferable as a nethod for inspection. First, an ink dilute solution was
prepared in which 100 parts of the water-sol uble organic solvent 15 to be

i nspected was adtgtritod1&pashsaof an i nk whose

- - 50.0 - - -
Pigment dispersion B:
10 - - - 50.0 - 50.0
Pigment dispersion C:
50.0 - - - 50.0 -~
Pigment dispersion D:
- 50.0 - - - -
15
Glycerol:
5.0 5.0 5.0 5.0 - 10.0
PEG600:

15.0 15.0 10.0 10.0 15.0 10.0
20 Trimethylolpropane:
- - 7.0 7.0 - -
ACETYLENOL E-100(*):
0.1 0.1 0.1 0.1 0.1 0.1
Styrene-acrylic acid copolymer:
25 - - - - - -
Polyvinyl pyrrolidone:

Ethyl acrylate-acrylic acid copolymer:

30 Ethyl acrylate-hydroxyacrylate copolymer:

Pure water:

28.9 29.9 27.9 27.9 34.9 29.9




conposition was unknown. More specifically, an ink dilute solution was
prepared in which the content of the water-soluble organic solvent to be

i nspected canme to be about 50 nass% (hereinafter "sol vent inspecting 20

i nk") Next, the solvent inspecting ink was 1dt3ored w th heating at a
tenperature of 60C for 48 hours, and then the average particle size of the
pi gnrent contained therein was neasured with a fiber-optics particle

anal yzer (trade name: FPAR-1000; manufactured 25 by O suka El ectronics Co.,
Ltd.). Meanwhile, as a reference, an ink dilute solution for good

medi unt poor  medi+um | 4d giEAt y Wase P Epas Bdet AyMaheh ok@@eparicgmcal 115 water
was added to 100 parts of the ink whose conposition was unknown

(hereinafter "ipnspeeiéngnt nkvadihbte sobuwt kanakkn aichd eavierage qarticle
size of the pignment contained therein was neasured in the 5 state it was

not stored with,theating. Then, the good nmediunf poor nedi um judgnent was
made in accordance wth such a standard that the solvent is judged as a
poor nmedi um where thpIinyesageopasti The Whaeeneaspoed tival Us @M gnent

in the solvent inspecting ink is 10 |larger than the average particle size
nmeasured vabue of tihesplgoendni afthieethspecti agti Bk dinkutwhcesa ution, and
as a good nedi um where the pignent average particle size is equal or
smal l er. As to ¢deposksipnepar edknbwhheSaboee tEXamplees, indlSlrds)suid ng t hat
t hey were inks whose conposition was
what is intended for the present invention can be made
by the use of the judgment methods described above.
Methods for inspecting inks whose compositions are
10  unknown are described bkelow.
Specifically, the type and content of
water-soluble organic solvent contained in Solvent
Inspecting Ink is identified first. For example,
Solvent Inspecting Ink diluted with methanol in a
15 stated concentration is analyzed using GC/MS (trade
name: TRACE DSQ; manufactured by ThermoQuest) to
identify the type of the water-soluble organic solvent
contained in Solvent Inspecting Ink.
It is further judged whether the water-soluble
20 organic solvent thus identified is a good medium or a
poor medium. In the good medium/poor medium judgment
method described previously, the dispersion is
prepared in which the pigment has been dispersed in
the water-soluble organic solvent and water. In order
25 to prepare such a dispersion from an ink, the pigment

and the dispersing agent must be extracted from the

ink. However, in such a case, the pigment and the



unknown, it was inspected by the above nethod that the inks were what were
i ntended for the present invention. Here, description wll be nmade taking
as an exanple the case of the ink of Exanple 1. 20 Specifically, a sanple
prepared by dispensing the ink in Exanplelldand diluting it w th methanol
was used and anal yzed using -GC/MS (trade nane: TRACE DSQ rmanufactured by
ThernmoQuest). As a result, the presence of glycerol and pol yethyl ene gl ycol
600 was 25 ascertained. Next, to 100 parts of the ink in Exanple 1, an
equal ampunt 100 parts of each of the above two kinds of water-soluble

organi ¢ sol ventsi 416 Bei dd 6agémspesy ednvageadded rbpepi-aRar @nt Wheki nds of
sol vent inspecting inks, ﬁ%ere t he good nedi unf poor nmedi um judgnment was

made using the s@lventof nspeeséngoh Nkssuclvbs epspechii call ¥ant workbads of
i nspecting ink dilute 5 solutions having conposition as shown in Table 8

(indicated as sfdwvesd. i nspecting inks 1 and 2 in Table 8) were so prepared
that the water-sol uble organic solvents to be inspected were each in a
content of about 50roressSe hNeit,tlhihesetmer pretenediwvkhtheat hagelO at a
tenperature of 60C for 48 hours, and then the average particle size of
t heir pi gnedt s masde reasiced swhdhbea thbevedpineds upapbiot] ecaialnyzer (trade
nanme: FPAR-1000; nmanufactured by O suka Electronics Co., Ltd.). Meanwhile,
as a reference,jadgmaekt dhétuheddSwsbdtht iea for igaod teedifumhpeer nedi um
j udgment was
composition is unknown and in which the results
obtained thereby are consistent with the result
obtained by the good medium/poor medium judgment
10 method described previously. As a result, they have
found that the following method is preferable as a
method for inspection.
First, an ink dilute sclution was prepared in
which 100 parts of the water-soluble organic solvent
15 to be inspected was added to 100 parts of an ink whose
composition was unknown. More specifically, an ink
dilute solution was prepared in which the content of
the water-soluble organic solvent to be inspected came
to be about 50 mass% (hereinafter "soclvent inspecting
20 ink"). Next, the solvent inspecting ink was stored
with heating at a temperature of 60°C for 48 hours,
and then the average particle size of the pigment
contained therein was measured with a fiber-optics
particle analyzer (trade name: FPAR-1000; manufactured
25 Dby Otsuka Electronics Co., Ltd.). Meanwhile, as a

reference, an ink dilute solution for good medium/poor

medium judgment was prepared in which 100 parts of



prepared in which 100 parts of water was added to 100 parts of the ink in
Exanple 1 (hereinafter "inspecting ink dilute fluid"), and the average
particle size of the pignent contained therein was neasured in the 20 state
it was not stored with heating. Then, the ddé&d nedi unf poor nedi um j udgnent
was made in accordance wth such a standard that the solvent is judged as a
poor nedium where the average particle size neasured value of the pignent
in the solvent inspecting ink is 25 larger than the average particle size
measured value of the pignent in the inspecting ink dilute solution, and

as a good nedi upwheresshgapbanest 1auepagesldbe tpar inkl ehsisee is equal or
smal ler. Table 8 5 Conposition (parts) Solvent Solvent inspecting

i nspecting inkcdmpdKi®ibikw@s EXRABWE 1he109niB@erl0iGsyeeralng Kk -
Pol yet hyl ene gl ycol 600: - 100 The average particle size of the pignment in

each 15 inspecdingténkotit ubs SOl ubhanrheeaski-adeapadeseniched zeprgvi ousl y
and the average particle size of the pignent in each of the solvent

i nspecting i nkstHe aptlgRent havhbgibeantsberagewaist heheat-edg iat thd enperature
of 60C for 48 hours) were neasured. Then, the sol vent
5 state it was not stored with heating. Then, the good
medium/poor medium judgment Qas made in accordance
with such a standard that the solvent is judged as a
poor medium where the average particle size measured
value of the pigment in the solvent inspecting ink is

10 larger than the average particle size measured value
of the pigment in the inspecting ink dilute solution,
and as a good medium where the pigment average
particle size is equal or smaller.

As to the inks prepared in the above Examples,

15 assuming that they were inks whose composition was
unknown, it was inspected by the above method that the
inks were what were intended for the present invention.
Here, description will be made taking as an example
the case of the ink of Example 1.

20 Specifically, a sample prepared by dispensing the
ink in Example 1 and diluting it with methanol was
used and analyzed using GC/MS (trade name: TRACE DSQ;
manufactured by ThermoQuest). As a result, the
presence of glycerol and polyethylene glycol 600 was

25 ascertained. Next, to 100 parts of the ink in Example
1, an equal amount 100 parts of each of the above two

kinds of water-soluble organic solvents to be



20 was judged as a poor nedi um where the average particle size neasured

val ue of the pignent in each of the solvent inspecting inks 1 and 2 was

| arger than the average particle size of the pignent in the inspecting ink
dilute solution, and as a good medi um wher @ itche 25 pi gnent average particle
size was equal or smaller. The results of judgnent are shown in Table 9. In
addition, synbols "0" and "X" in the table stand for a good nedium and a
poor nedium respectively. Table 9 118 Measuring sanple Judgnment results
Sol vent inspecting ink 1 O Solvent inspecting ink 2 X 5 Inspecting ink

dilute sol ution;,ds spoun,tn Jabkg fe ﬁkrérga'r@ the ke & odalagd by the

good nedi unt poor dlun1judgnent nmet hod king 10 use of the sol vent

i nspecti ng inkslﬁ@ﬁ@é@?ﬁgb¥n95|U&h@QeaEh@CbBéh kRl Y e Plu{ used in
the solvent inspecting ink 1) was judged as a good nedium and the

pol yet hyl ene gl};&@ém@@@ &y§eﬁaa@ bgﬁnaoltM@ntsow@weqtnls@gadﬂlﬁ )irB& a poor
medium as in the results 15 of judgfient shown in Table 1, ere it was

ascertai nabl e tfigte tHgckesubh$1G0NEQRLNKALdENS £t War S %%r&_mgn O eEMBte Wi th
each other. Thus, fromthe actua i nk descri bed a it has been

ascert ai nablse t@@luti@ﬁs”ﬁéh@ﬂ OEomEQghﬁQoWhékh%hoh&eJW@HQ&ﬂ%QKHb|e 20
organi c solvent used in the ink is a good nediumor a

(indicated as solvent inspecting inks 1 and 2 in Table
8) were so prepared that the water-soluble organic
solvents to be inspected were each in a content of
about 50 mass%. Next, these were stored with heating

10 at a temperature of 60°C for 48 hours, and then thé
average particle size of their pigments was measured
with a fiber-optics particle analyzer (trade name:
FPAR-1000; manufactured by Otsuka Electronics Co.,
ILtd.). Meanwhile, as a reference, an ink dilute

15 solution for good medium/poor medium judgment was
prepared in which 100 parts of water was added to 100
parts of the ink in Example 1 (hereinafter "inspecting
ink dilute fluid"), and the average particle size of
the pigment contained therein was measured in the

20 state it was not stored with heating. Then, the good
medium/poor medium judgment was made in accordance
with such a standard that the solvent is judged as a
poor medium where the average particle size measured
value of the pigment in the solvent inspecting ink is

25 larger than the average particle size measured value
of the pigment in the inspecting ink dilute solution,

and as a good medium where the pigment average



poor nmediumfor the pignment in the ink is useful. Accordingly, it is deened
that the judgnent nethod naking use of the sanples obtained by diluting the
ink as described above is also effectively utilizable as 25 the good
medi uni poor nedi um judgnent nethod. [Eval ddti on] Using the inks of Exanples
1to 9, Conparative 119 Exanples 1 to 5 and Reference Exanple 1 each

eval uation was nmade on the following itens 1 to 5. The results of

eval uation are shown in Table 10. 1. Print Density (Usual Ink Quantity) 5
Using the inks of Exanples 1 to 9, Conparative Exanples 1 to 5 and

Ref erence Exanpberdiebehsizriatéqgali srwkinghlelraracters were printed,
having solid areas of 2 cmx 2 cm was produced setting an ejection
gquantity per ink dot within 30 ng 10% The 10 printings were stored for a
day and thereafter the print density of solid areas was neasured. To
measure the print density, a reflecti Grldenditoneter (trade nane: MACBETH

RD-918; manufactured by Macbeth) was used. Evaluatlon criteria of the print
density (usual -5—nk anti-y)—are shown—bel ow. _addi-tioen—in

- S LN EAY quullfl I.‘yl AT M\J DITTOVvVITrT

producing tHe printings, a nodified appara1A§©m90 +F W q%%ft%:vrding
sed a
Tl

apparatus BJS700 (manufactured by CANON | NC

on-demand type nulti-recording head in which 162 rgy s ap ied to
an ink in accordance with
Ink of Example 1: 100 100
10  Glycerol: 100 -
Polyethylene glycol 600: - 100

The average particle size of the pigment in each

15 inspecting ink dilute solution, measured as described
previously and the average particle size of the
pigment in each of the solvent inspecting inks 1 and 2
(having been storage with heating at a temperature of
60°C for 48 hours) were measured. Then, the sclvent

20 was judged as a poor medium where the average particle
size measured value of the pigment in each of the
solvent inspecting inks 1 and 2 was larger than the
average particle size of the pigment in the inspecting
ink dilute solution, and as a good medium where the

25 ©pigment average particle size was equal or smaller.
The results of judgment are shown in Tabkle 8. In
addition, symbols “O” and "“X” in the table stand for a
good medium and a poor medium, respectively.

Table 9



recording signals to eject the ink. As its printer driver, the default node
was chosen. Setting the conditions of the default node are as shown bel ow.
Type of paper: Plain paper. 25 Print quality: Standard. Color control:
Automatic. As recording nediuns, the foll omMBg copying. 120 sheets (1) to
(5) were used. (1) PPC paper PB Paper (available from CANON INC.). (2) PPC
paper SC250 (available from CANON INC.). (3) PPC paper 4024 (available from
Xerox Corp.). 5 (4) PPC paper PROABER BOND (avail abl e from Fox River Paper
Co.). (5) PPC paper for CANON (avail able from Noizidler Ltd.). Evaluation
criteria: 10 A: Print density on the five types of paper is 1.4 or nore on

the average, and print density on paper showng the towest —print density is
1.25 or nore. BleZihingled ybon the five types RfigrRREI deSsulitd or  nore on
the average, and prin ensi pap showi N tThe Towest print density

is less than 1.258.ver® fﬁ:gg g&ﬁ@liykop the five types ©f paper is |less
than 1.4 on the average Print Density (Small Ink Quantity) Printings

wer e produced igplthetSalvesgeiigig atnknz 20 the above exgept that an ejection
gquantity per ink dot

5 Inspecting ink dilute solution -

As shown in Table 9, also in the results obtained
by the good medium/poor medium judgment method making
10 use of the solvent inspecting inks obtained by
diluting an actual ink, the glycerol (used in the
solvent inspecting ink 1) was judged as a good medium,
and the polyethylene glycol 600 (used in the solvent
inspecting ink 2) as a poor medium, as in the results
15 of judgment shown in Table 1, where it was
ascertainable that the results concerning the two were
in agreement with each other. Thus, from the actual
ink described above, it has been ascertainable that
the method of judging whether the water-soluble
20 organic solvent used in the ink is a good medium or a
poor medium for the pigment in the ink is useful.
Accordingly, 1t is deemed that the judgment method
making use of the samples obtained by diluting the ink
as described above is also effectively utilizable as
25 the good medium/poor medium judgment method.
[Evaluation]

Using the inks of Examples 1 to 9, Comparative



was set within 24 ng 10% The print density was neasured to nake

eval uation according to the sane criteria as the above. 3. Storage
Stability 25 The inks of Exanples 1 to 9, Conparative Exanples 1 to 5 and
Ref erence Exanple | were each put into a ghat bottle, which was then
hermetically closed and 121 stored for 2 weeks in a 60C oven. Thereafter,
the state of the inks was observed. Evaluation criteria of the storage
stability are as shown below. Evaluation criteria: 5 A The pignent is
uniformy and stably dispersed in the ink. C The pignment is changed |like a

gel, or the UPPEEam AL pfrthe hpk hasecepect oxhgphikansearent, or the ink
apparently has thickened. 10 4. Bl eeding To nake eval uati on on bl eedi ng,

color inks (a gyamhpkenawhBORREE bRktaBdra1YBLIQY iiRlkihswar & o By epeped. The
conponents shown bel ow were m xed and thoroughly stirred, followed by

pressure filtratéomds yEtbyalgheionf bkbesnelin3i@ mabnepare size (available
fromFuji Photo FilmCo., Ltd.) to prepare the color inks. (Cyan Ink) C I
Direct Blue 199 3.5 partsin20p&hyceyoludualpankSQuantity)
5 Using the inks of Examples 1 to 9, Comparative
Examples 1 to 5 and Reference Example 1 each,
printings in which characters were printed, having
solid areas of 2 cm x 2 cm, was produced setting an
ejection quantity per ink dot within 30 ng * 10%. The
10 printings were stored for a day and thereafter the
print density of solid areas was measured. To measure
the print density, a reflection densitometer (trade
name: MACBETH RD-918; manufactured by Macbeth) was
used. Evaluation criteria of the print density (usual
15 ink gquantity) are as shown below.
In addition, in producing the printings, a
modified apparatus of an ink-jet recording apparatus
BJS700 (manufactured by CANON INC.) was used, having
an on-demand type multi-recording head in which heat
20 energy 1is applied to an ink in accordance with
recording signals to eject the ink. As its printer
driver, tﬁe default mode was chosen. Setting the
conditions of the default mode are as shown below.
Type of paper: Plain paper.
25 Print quality: Standard.
Color control: Automatic.

As recording mediums, the following copying



Di et hyl ene glycol 7.5 parts ACETYLENOL E-100 1.0 part Pure water 80.5
parts (Magenta Ink) 25 C.I. Acid Red 289 2.5 parts dycerol 7.5 parts

Di et hyl ene glycol 7.5 parts 122 ACETYLENOL E-100 1.0 part Pure water 81.5
parts (YellowlInk) C. 1. Direct Yellow 86 228 parts 5 Gycerol 7.5 parts

D et hyl ene glycol 7.5 parts ACETYLENOL E-100 1.0 part Pure water 81.5
parts Using the black inks of Exanples 1 to 9, 10 Conparative Exanples 1 to
5 and Reference Exanple 1 each and the col or inks obtained as descri bed
above, printings were produced in which inmages were so printed that solid

areas of bl ack sapdd=espectiye(scoloFrs (y&hl ow, nagenta and cyan) and solid
areas of 15 secondary colors (red, green and blue) of the respective colors

were adj acent t@ jorrp@aniger .pHheapdevedveollhbeedengmocaNONi ngcay .t he
borders between bl ack areas and respective-color areas was visually

observed. Eval uat) @pridmit as@r6 bl eedh hgagr€ asoshomnoROTREL OW. 1IN
addition, in producing the printings, the

(3) PPC paper 4024 (available from Xerox Corp.).

5 (4) PPC paper PROWBER BOND (available from Fox River

Paper Co.).

(5) PPC paper for CANON (availlable from Noizidler

Ltd.).

Evaluation criteria:

10 A: Print density on the five types of paper is 1.4 or
more on the average, and print density on paper
showing the lowest print density is 1.25 or more.

B: Print density on the five types of paper is 1.4 or
more on the average, and print density on paper

15 showing the lowest print density is less than 1.25.
C: Print density on the five types of paper is less
than 1.4 on the average.

2. Print Density (Small Ink Quantity)
Printings were produced in the same manner as in

20 the above except that an ejection quantity per ink dot
was set within 24 ng * 10%. The print density was
measured to make evaluation according to the same
criteria as the above.

3. Storage Stability

25 The inks of Examples 1 to 9, Comparative Examples

1l to 5 and Reference Example 1 were each put into a

shot bottle, which was then hermetically closed and



i nk-jet recording apparatus BJS700 (manufactured by CANON INC.) and PB
Paper (available from CANON INC.) were used. Evaluation criteria: 25 AA: No
bl eeding is seen at all. A Al nost no bleeding is seen. B: Bl eeding has
occurred, but at a level which is 123 substantially no problem C Bl eeding
has occurred to such an extent that borderlines between colors are unclear.
5. Scratch Resistance 5 Using the inks of Exanples 5 to 9 and Reference
Exanpl e 1 each, printings were produced in which black solid imges of 1
inch x 0.5 inch each and characters were printed. Silbon paper and a wei ght

f f .40 10,0/ th o | i d f th

b1 int | ngs. obt ai NGt SAntP bl & Kpapet "aRd oG LGN Buper 08P L CPlbbelcaga nst
h other. Thereaft i | b d_the weight wer d.t

i Sual |y obser vi < How et P S0N TS PREGESSCrai LD BT Can) CrANErer PG

thereof to whitg background preas; fvaluation arjlerla, on the scratch
resi stance are as shown below "I'n ddi'ti on, 7in producing the printings, the

i nk-jet recording manuf actured by CANON INC.) and
Super -whi t e Paper (??%%Qﬁ%g%%gdéégg%%?g2o avai l abl e from CANON I NC.) were

used. 5 A: The pigment is uniformly and stably dispersed in
the ink.
C: The pigment is changed like a gel, or the upper
part of the ink has come to be transparent, or the ink
apparently has thickened.
10 4. Bleeding

To make evaluation on bleeding, color inks (a
cyan ink, a magenta ink and a yellow ink) were
prepared. The components shown below were mixed and
thoroughly stirred, followed by pressure filtration

15 with a micro-filter of 3.0 pum in pore size (available

from Fuji Photo Film Co., Ltd.) to prepare the color

inks.
(Cyan Ink)
C.I. Direct Blue 199 3.5 parts
20 Glycerol 7.5 parts
Diethylene glycol 7.5 parts
ACETYLENOL E-100 1.0 part
Pure water 80.5 parts
(Magenta Ink)
25 C.I. Acid Red 289 2.5 parts
Glycerol 7.5 parts

Diethylene glycol 7.5 parts



Eval uation criteria: AA: Neither stain at white background areas nor scrape
at solid black areas is seen. A Stain at white background areas and scrapes
at 25 solid black areas are slightly seen. B: Stain at white background
areas and scrapes at solid black areas arg,somewhat seen. 124 C Stains at
whi t e background areas and.scrapes at solig bl ack areas are seen. Table 10
5 Bleed Rub= Print density Pri- Sec- Storage off |Ink quantity mary ondary
stabi- resist- Usual Small colors colors lity ance 10 . Exanple: 1 A A AA
AMA- 2 AAAMAMA- 3AAMAMA- 4 AAMAMA 155 AAAMAMAA 6

BRI AR BRR, O f A M AR 0 XM g 20

Pure water 8l.5 parts
{(Yellow Ink)
C.I. Direct Yellow 86 2.5 parts
5 Glycerol 7.5 parts
Diethylene glycol 7.5 parts
ACETYLENOL E-100 1.0 part
Pure water 81.5 parts

Using the black inks of Examples 1 to 9,

10 Comparative Examples 1 to 5 and Reference Example 1
each and the color inks obtained as described above,
printings were produced in which images were so
printed that solid areas of black and respective
colors {yellow, magenta and cyan) and solid areas of

15 secondary colors (red, green and blue) of the
respective colors were adjacent to one another. The
level of bleeding occurring at the borders between
black areas and respective-color areas was visually
observed. Evaluation criteria on bleeding are as shown

20 below. In addition, in producing the printings, the
ink-jet recording apparatus BJS700 (manufactured by
CANON INC.) and PB Paper (available from CANON INC.)
were used.

Evaluation criteria:

25 AA: No bleeding is seen at all.

A: Almost no bleeding 1is seen.

B: Bleeding has occurred, but at a level which is



2 AAAMAA- 3CCBBA-4CCBBA 255 ABAAAA- Reference
Exanple: 1 A A AA AA AB 125 (Evaluation of Images Obtained in Two-Iliquid
Systen) Using the black inks of Exanples 1 2 and Conparative Exanples 1
to 4 obtained as described above, evaluation was nade on the foll ow ng
itenms 1 5 and 2. The results of evaluation are shown in Table 11.

[ Preparation of Reaction Fluid] The conponents shown bel ow were m xed and
thoroughly stirred, followed by pressure filtration wth a mcro-filter of
3.0 pmin pore size (available 10 fromFuji Photo FilmCo., Ltd.) to prepare
reaction |iqui d3PegARSRLMY nPr BEEPLRBXahydrate) 15.0 mass%

Tri met hyl ol propane 25.0 mass% ACETYLENQL E-100 1.0 mass% 15 (acetyl ene

gl ycol et hyl ene ‘oxi @keaddngt hagvarrapred S muednalertHiert cHéat cal s Co.
Ltd.) Pure water 59.0 mass% %Eval uatiqQn] 1. Print Density 20 Using the inks
of Exanples 1 amPP@R4INESnBErUErYe COXSHT &5 Y aind the reaction |iquid

5. Scratch Resistance

5 Using the inks of Examples 5 to 9
and Reference Example 1 each,
printings were produced in which black solid images of
1 inch x 0.5 inch each and characters were printed.
Silbon paper and a weight (surface pressure of 40

10 g/cm’) thereon were placed on solid areas of the
printings obtained, and plain paper and Silbon paper
were rubbed against each other. Thereafter, Silbon
paper and the weight were removed to visually observe
how much the solid images stained or any transfer

15 thereof to white background areas. Evaluation criteria
on the scratch resistance are as shown below. In
addition, in producing the printings, the ink-jet
recording apparatus BJS700 (manufactured by CANON
INC.) and Super~-white Paper (trade name: SW-101;

20 available from CANON INC.) were used.

Evaluation criteria:
AA: Neither stain at white background areas nor scrape
at solid black areas 1s seen.
. A:; Stain at white background areas and scrapes at

25 solid black areas are slightly seen.

B: Stain at white background areas and scrapes at

solid black areas are somewhat seen.



obt ai ned as descri bed above, printings in which characters were printed,
having solid areas of 2 cmx 2 cm were produced. The printings were stored
for a 25 day and thereafter the print density of solid areas was neasured.
To neasure the print density, a reflectioiZdensitoneter (trade nane:
MACBETH RD-918; 126 manufactured by Macbeth) was used. Evaluation criteria
of the print density are as shown below. In addition, in producing the
printings, a nodified apparatus of an ink-jet recording apparatus 5 BJS700
(manuf actured by CANON I NC.) was used, having an on-demand type

mul ti -recordi ngheaadh ik Wit CGlih heat ba €REEFBMnHS a2BRki @@ dt @ caRpladK dth
accordance with recording signals to eject the ink, which was so nodified
as to have a nmegdiaid SMAdOk appPhyi Aget BeedQ reaction liquid to the recording
medi um by nmeans of a coating roller as shown in Fig. 15. To apply the
reaction liquid and each ink, the ink was so applied that the ejection
quantity per ink dot was within 30 ng 10% imediately after the reaction
l'iquid was 15 fixed to the recordi ng nedihira 14l so, to apply the reaction
liquid, the_speed of the roller and the contact pressure of the roller with

t he recordiﬁg i 1 s 2.4
g/m2. 20 As the pri ntgir. c_jlriéeré.the : < % chosen. 2tting the
n ri- ec- torage o
K guantity

conditions of the def : .
mary ondary stabi- resist-
Usual Small colors colors 1lity ance

10 , Example:

1 A A AR AR A -
2 A A AA AR A -
3 A A AR AR A -
4 A A AA AR A -
15 5 A A AA AR A A
6 A A AR AR A DA
7 A A AA AR A AR
8 A A AR AR A DA
9 A A AA AR Jiy BA
20 Comparative Example:
1 A A AR A A -
2 A A AR A A -
3 C C B B A -
4 C C B B A -
25 5 A B AR A A -

Reference Example:

1 A A AA AR A B




as shown bel ow. Type of paper: Plain paper. Print quality: Standard. 25
Col or control: Automatic. As recording nediuns, the foll ow ng copying
sheets (1) to (7) were used. 127 (1) PB Paper (available from CANON INC.).
(2) SC250 (available from CANON I NC.). (3) 1PRC paper 4200 (avail able from
Xerox Corp.). (4) PPC paper 4024 (available from Xerox Corp.). 5 (5)
Super-white Paper SW101 (available from CANON INC ). (6) Fox R ver PPC
paper PROWABER BOND (avail able from Fox River Paper Co.). (7) PPC paper
Hamer M| Jet (available from 10 International Paper Co.). Evaluation

criveria: AA PE‘JHl@?P éﬁyo?”lﬁé‘(geé'éﬂﬁté 888 oh %Belv\ézlthj yTor e on

t he average, print density on paper owmng the |l o |nt gbn5|ty |s

13 or nore. 15 A Ry dHq densi¥aop mﬁsfbfeiz&)éﬂ??;ggf 1Paper o Spfyom 1.4 o

nore to |l ess than 1.45 average, and prin ensity on paper shomnng
the lowest priniondenst {yelsxifgmd. 2540 4”Bb%al%e|de%% WRa g B Print

density on the five types of paper is from 1.4 or nore to less than 1.45
on the average, i, péefaliuQ@DéhtMagnmgaeeansm\@n %ltlr&@zln%v‘@%fen@'lnt
5 and 2. The results of evaluation are shown in Table 11.
[Preparation of Reaction Fluid]
The components shown below were mixed and
thoroughly stirred, followed by pressure filtration

with a micro-filter of 3.0 pm in pore size (available

10 from Fuji Photo Film Co., Ltd.) to prepare reaction

liguids.
* Magnesium nitrate (hexahydrate) 15.0 mass%
Trimethylolpropane 25.0 mass$
+ ACETYLENOL E-100 1.0 mass$
15 (acetylene glycol ethylene oxide adduct; available

from Kawaken Fine Chemicals Co., Ltd.)
Pure water 59.0 mass%
{Evaluation]
1. Print Density
20 Using the inks of Examples 1 and 2 and
Comparative Examples 1 to 4 and the reaction liquid
obtained as described above, printings in which
characters were printed, having solid areas of 2 cm x
2 cm, were produced. The printings were stored for a
25 day and thereafter the print density of solid areas
was measured. To measure the prant density, a

reflection densitometer (trade name: MACBETH RD-918;



density is less than 1.25. C Print density on the five types of paper is

|l ess than 1.4 on the average. 25 2. Bleeding Printings were produced using
the black inks in Exanples 1 and 2, Conparative Exanples 1 to 4, the 128
sanme color inks (a cyan ink, a magenta inklded a vyellow ink) as those
obt ai ned as descri bed above and the reaction liquid obtained as descri bed
above. On recording nediuns coated with the reaction liquid at a 5
application amount of 2.4 g/nR2, images were so printed that solid areas of
bl ack and respective colors (yellow, nagenta and cyan) and solid areas of

secondary col orgar{d bt e anth dbaten) ofat hescEeSPREA 1 YL COhOE S| verea
adj acent to one another. The 10 | evel of bleeding occurring at the borders

between bl ack of eafe g Hespactive- gobossasgasnwaslvksual |y observed.
Eval uation criteria on the bleeding are as shown below. In addition, the

printings were produgeddditiigomn ifdSpidkadeligreser gingrappar atus BIS700
(manufactured by CANON INC.) which was so nodified as to have a nechanism
for applying thedeficdd appdutids tofthe inkededi ngcoedinm Bypmeansisof the
coating roller as shown in Fig. 15, and PB Paper (avail able from CANON 20
INC.). Eval Gat ilr6 000 t erdraifactured by CANON INC.) was used, having
an on-demand type multi-recording head in which heat
enerqgy 1is applied to an ink in accordance with
recording signals to eject the ink, which was so
modified as to have a mechanism for applying the
10 reaction liquid to the recording medium by means of a
coating roller as shown in Fig. 15. To apply the
reaction liquid and each ink, the ink was so applied
that the ejection quantity per ink dot was within 30
ng = 10%, immediately after the reaction liquid was
15 fixed to the recording medium. Also, to apply the
reaction liquid, the speed of the roller and the
contact pressure of the roller with the recording
medium were so adjusted that its application amcunt
was 2.4 g/m®.
20 As the printer driver, the default mode was
chosen. Setting the conditions of the default mode are
as shown below.
Type of paper: Plain paper.
Print quality: Standard.
25 Color contreol: Automatic.

As recording mediums, the following copying

sheets (1) to (7} were used.



AA: No bleeding is seen at all. A A nost no bleeding is seen. B: Bl eeding
has occurred, but at a level of 25 substantially no problem C. Bl eeding
has occurred to such an extent that borderlines between colors are unclear.
129 Table 11 Bleed Print density Primarylédl ors Secondary colors 5
Example: 1 AA AA AA 2 AA AA AA Conparative Exanple: 1 AA AA A 10 2 AA AA
A 3AAMA 4 AA A 15 This application clains priorities from Japanese
Pat ent Application Nos. 2004-189906 filed on June 28, 2004, 2004-189910
filed on June 28, 2004 and 2004- 190554 filed on June 28, 2004, which are 20

i ncorporated hergi g® pdef I @NCEab 1801 r SLACMIOK. TR0 . aqueous i nk conpri sing
at least water, a plurality of water-soluble organic solvents and a
coloring materi@), sSC250 (available from CANON INC.).
(3) PPC paper 4200 (available from Xerox Corp.).
(4} PPC paper 4024 (available from Xerox Corp.).
5 (5) Super-white Paper SW-101 (available from CANON
INC.).
(6) Fox River PPC paper PROWBER BOND (available from
Fox River Paper Co.).
(7) PPC paper Hammer Mill Jet (available from
10 International Paper Co.).
Evaluation criteria:
AA: Print density on the five types of paper is 1.45
or more on the average, or print density on paper
showing the lowest print density is 1.3 or more.
15 A: Print density on the five types of paper is from
1.4 or more to less than 1.45 on the average, and
print density on paper showing the lowest print
density is from 1.25 or more to less than 1.3.
B: Print density on the five types of paper is from
20 1.4 or more to less than 1.45 on the average, and
print density on paper showing the lowest print
density is less than 1.25.
C: Print density on the five types of paper is less
than 1.4 on the average.
25 2. Bleeding
Printings were produced using the black inks in

Examples 1 and 2, Comparative Examples 1 to 4, the



wherein the coloring material is a pignment containing a pignent particle
having at |east one ionic group bonded to a surface of the pignent particle
directly or via another atomc group, and wherein the plurality of

wat er - sol ubl e organi ¢ sol vents include a gag® nedi um or good nedi uns for
the pignent and a poor nedi um or poor nediuns for the pignent, and wherein
t he poor nedi um does not solvate perfectly or substantially the pignent,

and wherein the ionic group undergoes perfectly or substantially no ionic

di ssociation in the poor nedium and wherein a water-soluble organic

sol vent whi ch shoys theo faxhRYM Kacyahuenaimong nalfas (-eSpeCtinte Ka val ues of
the plurality of water-soluble organic solvents as determned by the

Bristow method |s11he PeRI ABdiLHRL-2RdtWhekEl Bs WaeKe ithe Al eant ent
(mass% of the good nediumin the aqueous ink is represented by X, and the

total content (ymssPBaefibhe1pgqandnBaibinil bhe RGueawsd Hodve. epresented
by Y, the ratio of XY is 10:5 or nore to 10:30 or |ess, and wherein, where

the surface tensét@nr@ing hégui:lsceBhakni Rg td TWef aclatti and iwatier and the
concentration of the surfactant is 2 mmol/kg is represented by A (mM\'nm) and

the surfaces te@p@pﬂcgti@nlhﬁuhﬂtcamtaLmi@gnfheiﬁagégcwa@é,sa prgpeey and
wat er and the concentration of the surfactant is nmol / kg and t he

concentration ofhdbesplgieatehs bEfNMBISUki ankepreseitade 1B rd he pi gnent
satisfies the relationship of B - A < 10, and the surfactant has a structure

represented by theliol] ombggnstar uatueghnfhommd a&dll)d @read) ot ructural
formula (1) R-O 4CH2CH243nH wherein R represents a C 16 al kyl group and n is
20 or 40, 131 Stcocdargl cboomul dréd) GH2eGHANCH®1GH3 GH3:HE H CH2- C
| -CH2- H CH3
respective colors were adjacent to one another. The
10 level of bleeding occurring at the borders between
black areas and respective-color areas was visually
observed. Evaluation criteria on the bleeding are as
shown below.
In addition, the printings were produced using an
15 ink-jet recording apparatus BJS700 (manufactured by
CANON INC.) which was so modified as to have a
mechanism for applying the reaction liguid to the
recording medium by means of the cocating roller as
shown in Fig. 15, and PB Paper (available from CANON
20  INC.).
Evaluation criteria:
AA: No bleeding is seen at all.
A: Almost no bleeding is seen.
B: Bleeding has occurred, but at a level of
25 substantially no problem.

C: Bleeding has occurred to such an extent that

borderlines between colors are unclear.



OOCH2CH CH2 H HHwherein mand n each represent an integer and m#n
equals 4, 10 or 30. 2. The aqueous ink according to claiml, wherein the

pi gnent causes perfectly or substantially no el ectrophoresis in the poor
medium 3. The aqueous ink according to clai?®1 or 2, wherein the ionic
group is one selected fromthe group consisting of -COOML, -SO3ML and
-PO3H( ML) 2, wherein ML represents a hydrogen atom an alkali netal, an
anmoni um or an organi ¢ ammonium 4. The aqueous ink according to any one of
claims 1 to 3, wherein the other atomc group is one selected fromthe
group consisting of an al kyl ene grouprhgyengil to 12 carbon atons, a
substituted or unsubstituted phenyl ene group and a substituted or
unsubstituted napht hyl ene group. 5. The aqueous ink according to any one of
claims 1 to 4, wherein the Ka value determ ned by the Bri stow nmethod i s

|l ess than 1.5 ml/n2/ nmsecll2. 6. The aqueous ink agnsgling to any one of
clainms 1 to 5 wherein the Ka value determned by the Bristow nethod is 0.2
m / n2/ meeclY2 or noreprintTHenaqugousprirnkaaocendorg t Scanydang eblekai ms 1
to 6, wherein the content (mass% of the pignent is from0.1 mass%to 15
mass% based n thampotal mass of the ink. 132 8. The aqueous ink according
to any one of clains 1 to 7, wherein the content (nass% of the pignent is
from1l mass%to 1D nass% hased on the totakhZmass of the inkA 9. The aqueous
ink according to any one of clains 1 to 8, wherein the ink further contains
a water-sol uble polynmer; Bhe water-sol ubl eApol yner absor beBAperfectly not

or substantially not to the pignent. 10. The aqueous ink according to claim
9 wherein the wapepagekubke Epalmpier: has a ionic hydrophilic group.

1 AA AR A
10 2 AR AA A
3 A AA A
4 A AA A

15
This application claims priorities from Japanese
Patent Application Nos. 2004-189906 filed on June 28,
2004, 2004-189910 filed on June 28, 2004 and
2004-190554 filed on June 28, 2004, which are

20 incorporated hereintc by reference.



11. The aqueous ink according to claim9 or 10 wherein the water-sol uble

pol ymer has a nonionic hydrophilic group. 12. The aqueous ink according to
any one of claims 9 to 11, wherein the j contains a plurality of

wat er - sol ubl e pol ynmers. 13. The aqueous 1nk according to any one of clains 9
to 12, wherein the water-soluble polynmer is a water-soluble polyner forned
by copol yneri zing a nononer having a@thgﬁc hydrophilic group in the

nol ecul e and a nonomer having a nonionic ydrophilic group in the nol ecul e.
14. A aqueous ink which is used in an inmage form ng nmethod having the step

of applying an aqueous ink conprising i gment to recordin di um and
the step of applyi Ag upRdRk semprLg EF%%’E)&’BF@& %?luﬁ’ilﬂ W%tﬁ'éscg?tgge of

di sper si OBQg%ictsB cRis Qg At Did?inhe tergueous ink unstable upon contact with the
aqueous inkKto the recording I um’ wherein the aqueous ink is the aqueous

i nk accordi ng wherirytherelovingahaerna isla pigmeat contdnind apégmaft partickoheyimgsati nk and
a reaction liquid, which is used ip an_inage fornjigg .met hod havi ng the step
of applyi Kgstanedenie §TRUP; bordediop susiapgobths pimsst Pagcls diregldyPryiagnetBei um and

the step LN reaction liquid capable of nmaking the state of
dispersiog&gﬁpgk%bbggﬁent in the aqueous ink unstable upon contact with the

aqueous i nk towhefeén thephurdlitydf mexbrisoluble3d ganib esleens ifttudequeod snddikn bs t he
aqueous ink according to any one of clains 1 to 13. | 16. An imge form ng
met hod co@pPd BrdigmsHar the PpENR and o POYIREAIIMPT PROLHEEYNS Tpntke PiEmsnt.aPdg a
pigment to ar ' | UK i | Lenal i qui . capabl e
bt “aki ng the Soatet O Bk unAits nbl JolvRERCCAD of oS RAEHABOE it ey

unst abl e wpdn contact with the aqueous ink to the recording medium wherein

t he aqueous ink is the aqueous ink according to_any one of clains | to 13,
and wher ei n t havhgreapthejignip groupryndergogsperfeedepr substapidalbt navignic; digspeiatiersine ome

conpl et el ¥hef[;o)6?qledium, and

wherein a water-soluble organic solvent which shows the maximum Ka value among
the respective Ka values of the plurality of water-soluble organic solvents as determined by
the Bristow method is the poor medium, and

wherein, where the total content (mass%) of the good medium in the aqueous ink is
represented by X, and the total content (mass%) of the poor medium in the aqueous ink is
represented by Y, the ratio of X:Y is 10:5 or more to 10:30 or less, and

wherein, where the surface tension of a liquid containing a surfactant and water and
the concentration of the surfactant is 2 mmol/kg is represented by A (mN/m) and the surface
tension of a liquid containing the surfactant, a pigment and water and the concentration of
the surfactant is 2 mmol/kg and the concentration of the pigment is 5 mass% is represented
by B, the pigment satisfies the relationship of B - A < 10, and the surfactant has a structure

represented by the following structural formula (1) or (2)

Structural formula (1)

R—0-{CHyCH0)—H

wherein R represents a C,¢ alkyl group and n is 20 or 40,



to the recording nediumin the step (ii). 17. Use of the aqueous ink
according to any one of clains 1 to 13 for ink-jet recording. 18. An ink
jet recording nethod conprising the ste@3pf ej ecting an ink by ink-jet

met hod and perform ng recording on a recording nedium wherein the ink is
t he agueous 1ink according to any one of clains | to 13. 19. An ink-jet
recor di ng Lhed BaeQi¢ng to claim 18, wherein the recording nedium
satisfies the relationsHip that the water-soluble organic solvent which
shows the maximum Ka val ue anong the respective Ka values of the plurality
of water-soluble organic solvents as determ ned by the Bristow nethod is
the poor medium 20.cHy recoQligng umH cxnamising an i nk hol di ng nenber
cont ai ning an ink t&g;fﬂ n gnd a rdco%ding ead for ejecting an ink

therefrom wher EHa— i(}}lg-i(is—ﬁﬁ@-éi'qwfdyuéiﬂ-i-ﬁllﬂaaccor ding to any one of
clainms Ito 13. 21. An ink jdt recoridi ng apparatus conprising an ink hol di ng
menber containing an ink thkerein d a recording head for ejecting an ink
therefrom wherein the ink t he ueous i nk according to any one of
claims 1 to 13. 134 22. Anj hage rfm ng met hod whi ch perforns recordi ng by
an ink-jet recording nethodgy,a r di ng nmedi um by the use of a black ink
and at | east one col or ink, ereijn the aqueous i nk according to any one of
claims | to 13 is used as t¢; bl ac\g)_r i nk, and wherein in form ng an i mage
conposed of an inmage fornedryy theéﬁ!ack ink and an image formed by the
color ink which are adjacent*to each other, perform ng scanning for

applying the black .ink to formthe inmage and {hereafter rformng scanni ng
for applying t r@BInb?n‘fﬁRa‘ihoreP‘}"?éenéF‘%g"tW?éF’é& PRE Shal§és E‘ggr ﬁgen forned by
t he precedent scanning. 23. The image form ng nmethod according to claim?22,
wherein the color ink is applied by scanning with delay of at |east one
scanni ng after 2appl iHetdqueowfink hecobdiag fo dlaikn hywheseiarin pigment causes perfectly

or substantially no electrophoresis in the poor medium.

3. The aqueous ink according to claim 1 or 2, wherein the ionic group is one
selected from the group consisting of -COOM1, -SOsM1 and -PO3;H(M1),, wherein M1

represents a hydrogen atom, an alkali metal, an ammonium or an organic ammonium.

4. The aqueous ink according to any one of claims 1 to 3, wherein the other
atomic group is one selected from the group consisting of an alkylene group having 1 to 12
carbon atoms, a substituted or unsubstituted phenylene group and a substituted or

unsubstituted naphthylene group.

5. The aqueous ink according to any one of claims 1 to 4, wherein the Ka value

determined by the Bristow method is less than 1.5 ml/m*/msec'’.

6. The aqueous ink according to any one of claims 1 to 5, wherein the Ka value

determined by the Bristow method is 0.2 ml/m*/msec'”? or more.

7. The aqueous ink according to any one of claims 1 to 6, wherein the content

(mass%) of the pigment is from 0.1 mass% to 15 mass% based on the total mass of the ink.



24. The image form ng nmethod according to claim22 or 23, wherein the inks
applied by use of a recording head in which an ejection orifice |line

are

for ejecting a black ink therefrom and ejection orifice lines for
ej ecting color ink therefromare placed to be shifted fromeach other
secondary scan

8. The aqueous ink according to any one of claims 1 to 7, wherein the content

(mass%) of the pigment is from | mass% to 10 mass% based on the total mass of the ink.

9. The aqueous ink according to any one of claims 1 to 8, wherein the ink
further contains a water-soluble polymer; the water-soluble polymer absorbed perfectly not

or substantially not to the pigment.

10.  The aqueous ink according to claim 9 wherein the water-soluble polymer has

a ionic hydrophilic group.

11.  The aqueous ink according to claim 9 or 10 wherein the water-soluble

polymer has a nonionic hydrophilic group.

12.  The aqueous ink according to any one of claims 9 to 11, wherein the ink

contains a plurality of water-soluble polymers.

13.  The aqueous ink according to any one of claims 9 to 12, wherein the
water-soluble polymer is a water-soluble polymer formed by copolymerizing a monomer
having an ionic hydrophilic group in the molecule and a monomer having a nonionic

hydrophilic group in the molecule.

14. A aqueous ink which is used in an image forming method having the step of
applying an aqueous ink comprising a pigment to a recording medium and the step of
applying a reaction liquid capable of making the state of dispersion of the pigment in the
aqueous ink unstable upon contact with the aqueous ink to the recording medium,

wherein the aqueous ink is the aqueous ink according to any one of claims 1 to 13.

15. A set of an aqueous ink and a reaction liquid, which is used in an image
forming method having the step of applying an aqueous ink comprising a pigment to a
recording medium and the step of applying a reaction liquid capable of making the state of
dispersion of the pigment in the aqueous ink unstable upon contact with the aqueous ink to

the recording medium,

in

a



133

wherein the aqueous ink is the aqueous ink according to any one of claims 1 to 13.

16.  Animage forming method comprising the steps of:

(1) applying an aqueous ink comprising a pigment to a recording medium, and

(i)  applying a reaction liquid capable of making the state of dispersion of the
pigment in the aqueous ink unstable upon contact with the aqueous ink to the recording
medium,

wherein the aqueous ink is the aqueous ink according to any one of claims 1 to 13,
and

wherein the step (i) is carried out after the reaction liquid has come completely fixed

to the recording medium in the step (ii).

17.  Use of the aqueous ink according to any one of claims 1 to 13 for ink-jet

recording.

18.  An ink-jet recording method comprising the step of ejecting an ink by ink-jet
method and performing recording on a recording medium, wherein the ink is the aqueous

ink according to any one of claims 1 to 13.

19.  An ink-jet recording method according to claim 18, wherein the recording
medium satisfies the relationship that the water-soluble organic solvent which shows the
maximum Ka value among the respective Ka values of the plurality of water-soluble organic

solvents as determined by the Bristow method is the poor medium.

20. A recording unit comprising an ink holding member containing an ink
therein and a recording head for ejecting an ink therefrom, wherein the ink is the aqueous

ink according to any one of claims 1 to 13.

21.  An ink-jet recording apparatus comprising an ink holding member containing
an ink therein and a recording head for ejecting an ink therefrom, wherein the ink is the

aqueous ink according to any one of claims 1 to 13.
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22.  Animage forming method which performs recording by an ink-jet recording
method on a recording medium by the use of a black ink and at least one color ink,

wherein the aqueous ink according to any one of claims 1 to 13 is used as the black
ink, and

wherein in forming an image composed of an image formed by the black ink and an
image formed by the color ink which are adjacent to each other, performing scanning for
applying the black ink to form the image and thereafter performing scanning for applying

the color ink to the area where the image has been formed by the precedent scanning.

23.  The image forming method according to claim 22, wherein the color ink is
applied by scanning with delay of at least one scanning after application of the black ink by

scanning.

24.  The image forming method according to claim 22 or 23, wherein the inks are
applied by use of a recording head in which an ejection orifice line for e¢jecting a black ink
therefrom and an ejection orifice lines for ejecting color ink therefrom are placed to be

shifted from each other in a secondary scan.



