10009485W001 1 AQUEQUS I 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 This invention relates to an aqueous ink which contains
water, a water-soluble organic solvent and a pignent. Specifically, it
relates to an aqueous ink which is suitable for recording nmethods and a 10
repor di ng appar a8 248k¥WRY luse of an ink-jét method, i.e., ink-jet
recordi ng met hods (i mage form ng nethods  or recording nethods), and to an
ink-jet recording nethods, an ink cartridge, a receding unit, an ink-jet
recordi ng apparatus and an i mage form ng net hod which 15 nmake use of the
aqueous ink. BACKGROUND ART Conventionally, inks which contain pignents as
colorants (pigment inks)AAEEUHOMK t ol NIOGT AT NBligeGRRINGaMETHOgeod f ast ness
such as water resistance or light resistance. In recent years, various

t echni ques have been proposkétk fGREMED Pur poseSRBING nPR OV ng t he print
density of images fornmed using such inks and, where color inmages are
recorded such thdtikKarlgds RAVIRGI NG AR AT AP e MAGE ol BHENGnYEREPDst and
adj acent, nore effectively keeping color mxing (bleeding) from occurring
at the boundary areas of respective-color 2 inmages.

5 TECHNICAL FIELD
This invention relates toc an agueous ink which

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

10  recording apparatus making use cof an ink-jet method,
i.¢., 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 agueous ink.

BACKGROUND ART
Conventionally, inks which contain pigments as

colorants (pligment inks) are known to form images

20 having good fastness such as water resistance or light
resistance. 1In recent years, various techniques have
been proposed for the purposes of improving the print
density ¢f images formed using such iﬁks and, where
color images are reccorded 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 Patent Application Laid-open No.
2000-198955) . A technique is also proposed 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 conmposition is allowed to react with the agueous polyval ent netal
salt solution to form high grade inmages (see, e.g., Japanese Patent
Application 15 Lai d-open No. 2000-63719). In both of these techniques, the
pi gment present 'A9%Ke ink is in a dispersed state and forcedly nmade to
flocculate on the recordin glun1surface to thereby keep the pignment from
penetrating the recordPhg® %@HP rtd oBFaPﬁopﬁﬁ§%§1%R)QE§HQﬁf a nuch hi gher
density and to greve%t bI edln%_ %gdltlon ce in the ment inpks the
pi gnent i s madeSt-d" fHoEEH |?Wﬁﬂ?q ?ma g Y e Eh%n%ﬁ? ténds to
remain on the surface of the .recordi d um articul ere.the

pi gnent ink 25 P8 d8éd Pgﬁﬁﬁqﬁmﬁﬁhﬁﬁggﬁ Qﬁ?ﬁﬂgb Cﬂ{ﬁ?ﬁa?% mﬁa@ Ndoccur
when t he pruyt surface |s str%ngéé scrat che eve a sufficient tine

has | apsed fron1pFPﬁFﬁng, 34 it %MQMr(ﬁﬁfﬁﬁﬁﬁ% %%But when sonet hi ng

s Application Laid-open No. 2000-198955). A techniqgue is
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 agueous solution containing a polyvalent metal
salt are adhered to a recording medium, and the ink
composition is allowed to react with the agueous
polyvalent metal salt solution te 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 tc flocculate on the recording
medium surface to thereby keep the pigment from
penetrating the recording medium to obtain ilmages

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 is 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 nprovi ng scratch resistance. For exanple, it has been proposed that

scratch resistance can be inproved by addinhg a water-soluble emulsion to a

sel f-di spersion type pignment ink (see, e.g?, Japanese 10 Patent Applications

Lai d-open Nos. HO03-56573, 2001-329199 and 2001-329200). DI SCLOSURE OF THE
| NVENTI ON However, according to studies made by the present 15 inventors,
it has been found that in the above techniques the area where the recording
medi um surface can be covered with the coloring material (what is called
"area factor") ¥RyPHENE NRUREF NEnPaoRpEFedlOWt WhERe SHEI I sk
dropl ets, because pignent 20 particles are made to flaocculate on the
recording meditf t TR s hERNADt AFHEPHSt ABkaBaVESTe OANI GRS S R tuant ity of
ink applied that s necessary in order to achieve the sang inﬁge density is
greater than tHIE-oF11%ig itks RHIHER tht Bk 8 oR9BRt foRAPPHLEMERt THeT25
di spersed with ol.yneric dispersing agent or the |like. In this regard,
there has been 1o Tore THOF oVeRBRET A'HERRGHSTS P A9 abl & i n whi ch
inks 4 are_nade whi highly. penetrate_the recordi medium to ensure a
| arge area factor ev§QQMé§P¥%%’d?%%?e?g%orts Have' Blen"takeh 1o The
purpose of improving scratch resistance. For example,
it has been proposed that scratch resistance can be
improved by adding a water-soluble emulsion to a
self-dispersion type pigment ink (see, e.g., Japanese
10  Patent Applications Laid-open Nos. HO03-56573,

2001-329199 and 2001-328200).

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 cecnventional 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 volunme. However, where an ink is nade 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 inventors have searched for the
advant ages and di sadvant ages of individual 10 conventional inks and anal yzed
the characteristic features of the inages4thenselves. 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
medi um 15 surface, dots which are fornmed are visually nore non-uniform or,
penetrate inside the recording medium as a result, the coloring material
is wasted withotke e ehpaki RgIhAYcBEBRLYGE! bprerdte COTRE ST U} nvent or s
have found that at |east 20 one of the above technical problens may be
sol ved, and thi® @habres?ihafes 2uparf8Ftrs eREse Wercdierdiiaits cases to
be formed. The problens. the present inventors have found are shown bel ow.
The present inv@rftigt+s 1Ri VeHUEe  sHIfaeat Yease 8RelBK tRe™PEFI owi ng 25
problens. (1) The problemthat, where th igment present in the ink in a
di spersed stat @%%ﬂ%r%%%‘??r%%%' t B_{“B lpﬁog‘é‘gl' SC8SOF A eSS R ﬁﬁ’tmadi um
surface, the area vfiere,the, recording pediumisurfass gag, e Sovered 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
10 corventional inks and analyzed the characteristic
feztures cof the images themselves. As a result, it has
turned out that, as the coloring material is present
in the ink in a higher concentraticn, 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 coleoring 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 sclving at least cone of the fcllowing
25 prcblems.
(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 sane i mge density.
(2) The problemthat, where the ink is made highly penetrable, the ink may
penetrate not only the surface of the rec%%ding medi um but al so inside the
recordi ng 10 nmedium thus making the colori-ng 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. Accordingly, an object of the present invention 15 is to provide,
in a pignment ink, an aqueous ink which has a sufficiently |arge area factor
even when usingthC@%%@Feqganﬁhﬁyréﬁorﬁknér@ﬁﬁépg-éﬁdf@éﬁ f &thA iaveRfes
having a high print density, and further has superior storage stability. 20
Anot her obj ect %ﬁi%%et%?eéﬁﬁPrﬂhvgnW?éhumsSPéfaﬁﬁOQ@@ebﬁhC&dﬁ@éﬁ% i nade
to have superior scraich reS|stanc§ g addi n w?% er-soluble polynmer to
the aqueous inKM¢oRetPTlEedmakerati dHBE abdy alé @%%ifﬁﬁCQRﬁeﬁn of the
present invention s gh EFOVIde an aqu 8 % i nk |ch sufficiently
| arge area factb? EVRRThhehliEi BmﬁaEﬁﬁl E amtit yO l ets and can
form i mges haV|n pri de al so | an i e fornl nethod
having the °step %@P%gﬁfy?ﬁg P%nﬁe g@ gpﬁgmHéﬁl ﬁ]&ﬁpgggﬁkdélﬁ% rge
quantity in order Lo achieve the same image density.
(2) The problem that, where the ink is made highly
pernetrable, 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 it unable to achieve high image density.
Accordingly, an object of the present invention
15 is to provide, in a pigment ink, an agueous 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 inventicn is to
provide an aqueous ink made to have superior scratch
resistance, by adding a water-soluble polymer to the
agteous ink constituted as menticned 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
pi.gnent 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 cartrﬁ%ge, a recoding unit and an

i nk-j et recordi ng apparatus whi ch make use of the aqueous ink constituted
as nentioned above. An additional object of the present inventionis 15 to
provide an image form ng nethod which can effectively keep color m xing

(bl eeding) from occurring at the boundary areas of respective-color inages
where col or i medessibywhithcaiBagnhavipag cokoriag dicffrercedtavirgmtdiee anot her
stand adj acent are recorded 20 on plain paper. The above objects are

achi eved by theshiesehtaPPhVendi 6A deserPiednien@iluThan isgjueiisagiidous i nk
according to an enbodi nent of the present invention is _an aqueous ink which
conprises at | e@@ttabierd a PSIPROEaRNEy tHE waesr odolaplley idvpdi dhsvl vent s
and a coloring material, wherein the coloring material is a pignent
containing a pigHentdpagt MefeURadi K§a&t 1PBadtt 97 1 rénadticc Yr oup bonded to a

surface of the pjgnent particle directly or via another atom c group, and
S dlsruptlng the state of dispersion of the pigment” in

the agqueous ink upon contact with the agueous ink
(hereinafter this method 1s often also called
"two-liquid system”).

A further object of the present invention is to

10 provide an aqueous 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 aquecus ink constituted as menticned 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 aqueous 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 solvents 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 whi ch shows' the maxi num Ka val ue anong t he
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
enbodi nent of 15 the present invention is also an aqueous ink which
conprises at least water, a plurality of water-soluble organic solvents and
a col ori ng nat evnal jomhergroupheondetlotbng matérical ofs thepipgrErtntcont ai ni ng
a pignment particle having at |east one ionic group bonded to a 20 surface
of the pignent particle directly or via aapthker adbodicc ggrooyp, @t wherein
the plurality of water-soluble organic solvents include a good nmedi um or
good nedi uns f orhe reipighenplandlatpoot wadpumsedubgeoongediiuns for the

pi gnment, and wherein the poor 25 nmedi um does not solvate perfectly or
substantial |y t¥elvengsrehtcladd ahdpefdnteleuloritc dgedupedidersgdey Perfectly
or substantially no ionic dissociatigon in 8 the poor nedium and wherein a
wat er - sol ubPe PRt R venPoRhi BRASHBWE Tt ReCraiefiiimea fvdl Fd'eanong t he

pigment, and wherein the poor medium does not sclvate
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 1s a poor medium.
An aqueous ink according to another embodiment of
15 the present invention is also an agueous ink which
comprises at least water, a plurality of water-soluble
organic solvents and a colioring 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 sclvents 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
piagment, and wherein the ionic group undergoes

perfectly or substantially no icnic 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.- wat er-sol ubl e pol yner which does not adsorb perfectly or substantially
to the pignent. An aqueous ink according to another enbodi nent of the
present invention is an aqueous ink which is used 10 in an image formng
nmet hod having the step of applying an aque@us ink conprising a pignent to a
recording neciumand 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 with 15 the aqueous ink to the recordi ng nmedium wherein the
aqueous ink constituted as descri bed above is used as the aqueous ink. An
i mage form ng netdhoeoaccording, t andnehhee ineaboditrents odfubtlive qurassein
invention is an image 20 form ng nmethod which perforns recordin%lby an
ink-j et recor dingrart hodloh ahepeeorbEngamdaiimipy veHaeugaasty &hel ack i nk
and at |east one color ink, wherein the aqueous ink constituted as

descri bed abover§sresetvaskathalBeackti fke wadewherdiuplien Frsrafifg an i mage
25 conposed of an image forned by the black ink and an inmage fornmed by the
col or ink whi chPaFeRdf atendctdrMéngf Byhefe BEARhOHg Medhest fidr e dPar appl y
the black 9_ink to formthe i mage and thereafter scanning is perfornmed to
apply the col o§HK o #hd WresShWAelact hek further contains a

water-soluble polymer which 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 1s used
10 in an image forming method having the step of applying
an agueous ink comprising a pigment to a recocrding
mecium and the step of applying a reaction liquid
capable of making the state of dispersion of the
pigment in the aquecus ink unstable upon contact with
15 the aquecus ink to the recording medium, wherein the
aqueous ink constituted as described above is used as
the agqueous ink.
An image forming method according to ancther
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
aqueous ink constituted as described above is used as
the black ink, and wherein in forming an image
25 compesed of an image formed by the black ink and an
image formed by the coler ink which are adjacent to

each other, scanning is performed to apply the black



s

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 print density, and further has
superior storage stability. According to another enbodi nent of the 10
present invention, an aqueous ink can furtter 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
provi ded which has a sufficiently 15 | arge area factor even when using a
smal |l quantity of ink droplets and can form i nages having high print
density, also innh sgstfemm nhehiohge resctherdafqed saapalbie 0f di srupting
the state of dispersion of the pignment in the aqueous ink is fixed to a
recordi ng 20 nedéufroanddt her eabtier thike cadueousik i itheappidaeditiore thiee par t
where the reaction liquid has been applied, to forman image. According to
t he present invéntgenhasahepnkfpanededor diwyg pretdesierdars cdrsolioe. provi ded
whi ch can form hi gh-grade images with a high print density 25 when using a
smal | quantity of inkRAC¢Rrginpguecothehpreagbtofinggohian agiic AEIEIUE
According to the present invention, an ink cartridge, a receding unit and
an 10 ink-j®t teEofdnNnfcapparacias #RACkyi LN & 9 IEYr dvildediashd ch nake
use of such an aqueous ink: According to ,
sufficiently large area factor even when using a small
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
addiition to the above effects. According to still
another embodiment of the present invention, an
agquecus 1ink can be provided which has a sufficiently
15 large area factor even when using a small gquantity 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 guantity of ink, in virtue cof the

use of such an agueous 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 inages where color inmages in which
areas having colors different fromone another stand adjacent are recorded
on plain paper. 10 BRI EF DESCRI PTI ON OF TH& DRAWNGS Fig. 1 is a vertical
section of a recording head. Fig. 2 is a &rtical section of a recordi ng
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
multiple node. Fig. 4 is a perspective vi ew showi ng an exanple of an

i nk-jet recording apparatus. Fig. 5 is a vertical section of an ink
cartridge. Figilg ist ar%e%%éegl FEPIT 8W1ShEAnG tan leRamd & 2F Wt ded
recording unit i s a view showi ng an exanpl e of the constructlon of
a recording hea@l‘%ﬁg‘“a%e $59 Q?EeﬁP%HoﬁPn@qHﬁoeb?aﬁfﬁl e ofCEREALRENEPr ucti on

of a recordlng ead 25 Fig is.a view show ng an . exanp of the
construction oft r%%%?%?%gl%838tlﬁpg apoliig9g %PéﬁﬂgﬁbﬁFﬁ§K5%C§¥hnple of

the 11 <constru !ﬂg of, a recor is a V|%ee§homhp%_an

exanmpl e of the U%?lBﬁOBFgﬁg EbF iﬁanh§5$ECtlvely p co

5 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 on plain paper.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a vertical section of a recording head.
Fig. 2 is a vertical section of a recording head.
Fig. 3 1s a perspective view of the external
appearance of a recocrding head in which the recording
15 head shown in Fig. 1 is set in multiple meode.
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 of a recording unit.
Fig. 7 1is a view showing an example of the
construction of a recording head.
Fig. 8 1s a view showing an example of the
construction of a recording head.
25 Fig. 9 is 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 14D are views for diagrammatically
illustrating what happens to an ink 10 droplet when it inpacts on the
surface of a recording medium Fig. 15 is @ schematic sectional side
elevation showi ng an exanple of an ink-jet Trecording 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 poor nedium and good nediumin the present 20 invention are

descri bed first. Detailﬁ%for heir deanitE%QKfre described | ater. \Where a
pi gnent  cont ai A" ACPrGheRt Bir & EPECRE Yy ‘east one ionic group bonded

to a surface of the 'ﬁgeni paéticée dgéectlé Qr Vi a oﬁher t QQC group is
used as a 25 colorinQ} tertat® 3 WAE%r SRS hBPe Br §AATES01e good in
di spersion stabjiljty of.th gment. _cont.ai n herein and a wat er-sol ubl e
or gani ¢ poor inc%?%%g?éFﬁﬁglgk %tggfﬁfgg%gf%%ﬁgipignent contai ned therein
are defined as a googd fredjyimand g; Q%h%?hg%rﬁ %%%ﬁg}fe"%fl{-t}fed so, the
pi gmrent and the poor ‘medi um have such a  relationship that t poor medi um
does not Sokvatgonstruction of a recording head.
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
meciium.

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 good 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 ionic
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 orggpic sol vents having the
function to disperse the pignment are group into one show ng behavior as
t he poor nedium descri bed above and one show ng behavior as the good

medi um 15 Then, inasnmuch as such constitution is enployed, inages
effectively kept from bl eeding can be obtained also on plain paper, which
has had various problens in inage formation perforned using conventi onal
aqueous i nks, @deilitherfahhagnéeousninkoosnibedobthainesd whiehieXOited a
sufficiently Iarge area factor even when the ink is applied in a snal
quantity of inkagropiesd, maAdunenasdl as ppragesdiai ng SEIgE Hriety deddiscy to
be fornmed. Also, inasnuch as such an aqueous ink is used, increasing
printing speed, tif rpb@Tenki Apdr bber BPAG PSdapFabares Sushd acost reduction in
costs inclusive of costs for consumer goods can be achi eved, and noreover

i mges forned &ﬁ%@ﬁ&%néﬁb@rFB@tf§§?n§§§r HGER URY goes 1Dt iSmige fdensity can
be achi eved and hi gh- grade i nages can_be formed. The present i nventors have
found that Ssuddf ?%Hye@¥e%F§SEéﬁtbéléBt§Pﬁe&lg§ﬁ@tha@%‘ d&conmitshed t he

resent invention.
P group undergoes perfectly or substantially no ionic

dissociation in the poor medium.
As a characteristic feature of the present
invention, taking ncte of water-soluble organic

10 so.vents to be contained in the aqueous ink together
with a pigment, water-scluble organic solvents having
the function to disperse the pigment are grcuped into
one showing behavior as the poor medium described
above and one showing behavior as the good medium.

15 Then, inasmuch as such constituticon 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 agueous ink can be obtained which

20 has a sufficiently large area factor even when the ink
is applied in a small quantity of ink droplets, and
enables images having high print density to be formed.
Also, inasmuch as such an aqueous ink is used,
increasing printing speed, miniaturizing recording

25 apparatus, and cost reduction in costs inclusive of
costs for consumer goods can be achieved, and morecver

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 gment particle having at |east 10 one ionic group bonded to a surface of
the pignent particle directly or via other atom c group, and the

wat er - sol ubl e organi c solvents include a gobdl medium or good nedi uns for

t he pignment and a poor nedium or poor nediunms for the pignent, where the
poor medi um 15 does not solvate perfectly or substantially the pignent, and
the ionic group undergoes perfectly or substantially no ionic dissociation
in the poor nmedium Wen such an aqueous ink is in the state of an ink, the
wat er, the wat eimsgkeubkasdtgamian $ol vwelmtisviealisngl 207k +er gdodimegk sim and
poor nediumfor the pignent, and the pignent are mxed in a stated
proportion, andcehebedifopaesi.onTseabreseyptofinvhetpirgmbave §overdaitiedt

[ Mechani sm of | nage Formation] Here, the nmechanismof imge formation in the
25 present i nveAtidBnmiEgkges ediflsed shragi Wienghdm iexeahpland ez e t he aqueous
ink according to the present invention is applied onto a recording nmedi um
in 14 particul aFCopPaifhpapéhcand GSrades lad tpritht ed thereon, it is

consi dered that very good inmage density and print %rade can be brought about
for the reasons as s?%?eﬂqB%PBﬁLlnk according to the present

invention is one which contains at least water, a

plurality of water-scluble organic solvents and a
coloring material, wherein the coloring material is a
piament containing a pigment particle having at least
10 one lonic group bonded te 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 pcor 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 1n a stated propertion, 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 agqueocus 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 proportion of i) water in the ink,
ii) the good nedium and poor nediumfor the pignent and iii) the pignment

begins to change. Mre specifically, as shdwn in Figs.

14A and 14B,

after

the ink droplet 1301 inpacts on the surface of the recordi ng nmedi um 1300,

15 the ink beconme fixed to the recording nmedium As it

becones fi xe

d,

first, wth evaporation of the water, a poor nedium 1307 having a high Ka
val ue anong the water-soluble organic solvents in the ink diffuses in a
cl osely true-civaul arukdapeplainheavier pindy ofagdwe 200 recontedgthedeom,
surface, and an ink dot conmes to be formed. Figs. 14B, 14C and 14D are a
di agrammatic i1t ust rexiohdevadethahgvehst ghagpens geo dehe ditnk amat i |
becones fixed after it inpact on the surface of the 25 recordi ng nmedi um
1300. Taki ng ndtel i dowle heal nkedorouvghkteabsubniehi $heageasions €sconsi der ed
that the concentration of the poor nedium becones higher at an 15
periphery 1302 ®f=t4@ llowt the contact part of ink with paper, as

conmpared with that at a central part: 1303 of the dot.

As a result,

dot diffusés in theWiadi nidy &F $Ha% eboriditg hedi ushere an ink

droplet 1301 according to the present invention is

applied to a recording medium 1300 as exemplified by

plain paper and an image is printed thereon,

immediately after the ink i1mpacts on the reccrding

it

outer

t he i nk

10 mecium, the proportion of i) water in the ink, 1i) the

gocd 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,

poor medium 1307 having a high Ka value among the

a

water-soluble organic solvents in the ink diffuses in

a closely true-circular shape in the wvicinity of the

20 recording medium surface, and an ink dot comes to be

formed.

Figs. 14B, 14C and 14D are a diagrammatic

25

illustration concerning what happens to the ink until
it becomes fixed after it impact on the surface of the
recording medium 1300. Taking note of how the ink dot
extends in this case, it 1s considered that the

concentration of the poor medium becomes higher at an



k - ———

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
wi-th respect to the pignent. As a result, at the outer periphery 1302 of
the penetrating liquid, the proportion of the poor 10 nediumfor the pignent
i ncreases abruptly, and the poor nedium does not solvate substantially the
pigment and the ionic group of the pignmentoundergoes 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 spersion break. Here, the ink dot diffuses wwth closely true-circular
bordering on the recording nediumsurface (see Fig. 4B), and it cones about
that the pignentt #3¢kst@dysronl e sfirflacedot thethecapditagt2@amediodfm 1300
so that it appears to be as if a bank of the pignment has been forned at the
out er edge por tiirdn widfh tgwepaiot .ad nceipsredywithetdet et bheepitgagnt is
formed in a true-circular shape, and in this state becones fixed to the
recordi ng nedi gasuriHcke seshdridpt 25 A4 @) .reftultthi stippi mk ofioti ne, the dot
formation of the pignent is conpleted, but the water-soluble organic
sol vents and weatigifuls306 im tihe 7Vhkiexpand! raké attgoi8inghinkdidinf f usi ng
further. That is, also after the dot formation of the pignent has been
conpl et ed, %he sugiaare siol ubl elesgbini tresetventslandsharer 806 im the ink
diffuse in the vicinity of the recording nedi um
course of that diffusion, the concentration of the
pocr 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 mecium 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 dissocociation in the
water-soluble organic sclvents. Hence, the dispersion
15 of the pigment becomes unstable to cause flocculation
or dispersion break. Here, the ink dot diffuses with
clesely 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 is 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 fornmed. The inmage formed through 10 the nethod as descri bed above
can have a sufficiently l|arge area factor even when using a small quantity
of- ink droplets, can have high i mage densiltty and can have high grade while
bei ng kept from bl eeding. [How to Di stingui sh Good Medi um and Poor Medi um
15 Under the supposed nechani sm as stated above, the good medi um and poor
medi um used in the present invention are decided by whether or not the state
of dispersion of the pignment can suitably be maintained. Accordingly,
wher e t he good wrediaim ahtiu$ treg pbor thedi. unfi2dt ai , sel ect efiten pheparitng t he
aqueous ink according to the present invention, it is preferable to observe
how nuch the dicpersion sf atleeopi¢ghenpi garenbegsedompleseabi Itiheed, and
select themon the basis of the result obtained. Then, in relation to the
effect of the 2&mipreseniubhwenrganict helpeasenandnventear 4 3Wdve mede vari ous
studi es on standards of judgnent of the good medium and poor nedi um that
bring about thelwdf fédcifwse1rn the pieseatVi afesbheomecagdangeswdium hey have
found that a nethod for judgnent as described belowis effective. First, a
di spersi on Sol YR ®E- t Felgsiafaitt i because of evaporation and

penetration of the water-soluble corganic 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 aqueous ink according to
the present invention, it is preferable to observe how
much the dispersion state of the pigment used is
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 gocd

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 the 10 average particle size of the
pigment in the dispersion solution has cogg | arger than the average
particle size of the pignent in a water persion solution containing 5
mass% of the pignment and 95 mass% of water is defined as the poor nmedi um
and one in which 15 the average particle size of the pignent in the

di spersion sol ution has not changed or has cone snaller as the good

medi um Specifically, it is judged in the follomﬁng whet her the

wat er - sol ubl e d%}b‘arﬁ%e%‘?ﬂ“%/dﬁ‘fv%%tb%n usdef 2FGEEE go‘btéeﬁe}éﬁiﬂ?n Bruadpoor
medi um for a certain pi First, two types of djspersion solutions,

di sper si on SM|ﬁh%ﬁ1@\%ﬁgﬁﬁi %%Ft%?ﬁg%?%ﬁe%g éﬁﬁcﬁébgg E&#Qﬁeﬁ§|on sol ution
B of the certau%%ﬁ nent, are prepared which each contain the water-sol uble
organic 25 sol it o e judged. Dispersion solution A A pigment

di spersion sol ution vi.ng a conposition in whic wat er - sol ubl e 18
organic solvent to b Iﬁ& ed déégﬁﬁf%ﬁﬂuxﬁﬁqeﬂ?%n %fth%opﬁﬁgg tHe pignent

is in a congentration of ss2b . and, IS.inca_co cen %%Lgo %j 45
mass% Water ditpersit 6% }%tl%% B %\mgﬁ ﬁ?§p8r5|8ﬁ ©

organic sclvent to be judged and 4% mass% of water and
also contains 5 mass% of the pigment to be used in the
ink. Then, the dispersion solution thus prepared is
stcred at 60°C for 48 hours, where one in which the

10 avsrage particle size of the pigment in the dispersion
soluticon has come larger than the average particle
size of the pigment in a water dispersion solution
cortaining 5 mass% of the pigment and 95 mass% of .
water 1s defined as the poor medium, and cne in which

15 the average particle size of the pigment in the
dispersion scluticen has not changed or has come
smaller, as the good medium.

Specifically, it is judged in the following way

whether the water-scoluble organic solvent to be used

20 is a good medium or a poor medium for a certain
picment. First, two types of dispersiocn solutions,
dispersion solution A of the certain pigment and water
diszpersion 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 dispersicn 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 average particle size of the pignent in
the resultant dispersion solution Ais neasured with a fiber-optics
particle analyzer (trade nanme: FPAR-1000; lfanufactured by C 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 pignment is neasured with the fiber-optics particle analyzer in the sane
manner as in the above. Then, the values of average particle size of the
respective pigmergamiia sdievabovieo 20e dj speedi b8 $ol at concAnamd twaheo £

di spersion solution B are designated as particle size (A) and particle size
(B), and based Ih tdwese Vdlaigs)gmdret goopdinedi ammaadtreéheopoof fediagmszar e

di stingui shed according to the follow ng definitions. 25 - Poor nedi um
Where the partiaice wizer (1) 1% dargerenthanichecpaddi vhessi-ze (B), the

wat er - sol ubl e organic solvent to be judged is defined as the poor nedium
19 Good nedi uabwierd INRE PR | ePEULigR BA)A| sakgualiicpersiosmal | er than
the particle size (B), the water-soluble organic solvent to be judged is
defi ned a35th§qiﬁﬁ1qﬁﬁﬂqﬁﬁng a composition in which the pigment is

in a concentration of 5 mass% and water is in a
concentration of 95 mass%.
Next, the above dispersion sclution 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 scolution 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-cptics 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) 1is larger
than the particle size (B), the water-soluble organic

solvent toc be judged is defined as the poor 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

resul t,
previ ously are obtai ned.

Next ,

explanation is given in regard to su¢ch a phenonenon that,

it has been able to be confirned that the good results
10 [Definition of Solvation and lonic D ssociation]

as stated

as for the

plgnent and the poor nedium the poor nedi idm does not sol vate perfectly or

substantially the pignent and at
pi gment particle surfaces directly or

| east one ionic group 15 attached to the
via anot her atom c group under goes

perfectly or substantially no ionic dissociation in the poor nedium One

factor of dispersin rt|cI trostatl ul sion_resulting

fromionic 20 d‘i%ﬁgi ‘%gﬁ1“1n ﬁﬁepgéﬁeﬁ?r ﬁléﬂéﬁi %Qrt 2189484 Flces of

at | east Qne, | i.s attache to directly or via other atomc

the ioni°¢ gﬁ&ﬁ@- (ﬁﬁ?l?ﬁéﬁ:%ﬁ%s%%?%tl ﬁ ﬁhﬁ nediun1and t her eby
gnent partlcles char ed elect ost ca Iy % ﬁg g

el ectrostatic Papul’si ot et %Rﬁ?l%% % %8 gies'8n eFéEFér of

di spersi ng thea%_g?fgk)fﬂar <fl?§ in the nedlun1 Cne of indexes of such

whi ch
group,
t he pi

ionic 20 dissOCI $Fac |ng force actlng between ions in the
nmedi um Where two el gﬁ% ég% m% fmh%54§%lﬁé§fn§|££§£ent
fromeach other are p ac at “spots e apar di stance In medi um
having a judged in this way, the ink constituted accerding 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 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 undergces 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 icnic group

undergces 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 foll ow ng expression (1). Expression (1) 10 F=
glg2 2 (1) 4,re,sor Here, it is considered that the above equation (1) is
al so applicable to the ionic group attached to the pignent particle
surfaces. Wth increase in this attractinéoforce 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 decrease in charge quantity of pigment particles or
conpression of electric double layers, and the 20 di spersion of pignent
particles beconkEssamsiablen Themttrintihe taseewhetenyg hetercesoligilse organic
solvent having a snall relative dielectric constant Yr with respect to the
vacuum di el ect rirc ‘donstahturyo iWhaused;wa te isctapparenaredhat dt end nieri oni ¢
attracting force 25 between ions of the ionic group attached to the
pi gment parti cltersitd geekay hekeasésffepentohrengregp 2thest atike Pdigasht
under goes substantially no ionic dissociation in the water-soluble organic
sol vents, anc 3theskRtshetst bibd¥y BY PiygheRcepar incRededdam Haiag a
el ectrostatic repul sion force | owers.
5 relative dielectric constant y, with respect to a
vacuum dielectric constant y,, attracting force F
acting on the two electric charges is known to be
represented by the following expression (1).
Expression (1)
10 F=—2% (1)
dre, £,r
Here, it 1s considered that the above equation
(1) 1s also applicable to the ionic group attached to
the pigment particle surfaces. With increase in this
attracting force ¥, the distance between the ion and
15 its counter ion becomes shorter, o6r ions mutually
completely come into an icnic 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,

it is apparent that the interionic attracting force
25 between ions of the ionic group attached to the

pigment particle surfaces increases, the icnic group



5 However, it has been difficult to explain the dispersibility of pignments
only on the basis of the decree of dissociation of ionic groups wth
respect to the solvent. Accordingly, as another factor that influences 10
th di spersion of pignent particles, the present inventors have taken note
of the solvation of the pignment by the medi,um The solvation referred to in
the present invention is the affinity of t ¢ solvent for the pi gnment, and
depends on how rmany cites the 15 pignent has, having affinity for the
medi um Exanples of the sites having affinity for the nediummy include
pi gment particle surface sites to which the ionic group does not stand
attached. For exanple,  where graoups having i oni ¢ %roups stand attached to
the 20 pigment Phartie|Riguerhcesdardachi galatastiglivhéo gicgeent particle
surface sites having affinity for the nediumare exposed (uncovered) in a
smal | area, anddl1iFeCheet o hRyt88| YAt 8Tt ABLBPYReRTIRNLN FORMEXy ~ because
of a cooperative effect resultln? tron1%he,25 i nfl uence of steric hindrance
due to the ioni ¥ grioips? W ThSWArEh“¥ hal pPYABRE LpRALITCISd SSufige &€
covered at a high dens't%% resul&ing ig a IoTerin% of the 22
di spersibi lity oft the®pightnt LRI E4%Pr £8aAEd I CYRéR 't he conbi nation of the
wat er - sol ubl_e or gani solvents_w th such a. pLgne n which.the, di spersion
due to the gl ectrost O|"‘Tcevreerp'ullstr \(I)ldha? h%?eréoﬁb&??%ﬂ# €S eXpEam the
dispersibility of pigments only on the basis of the
decree of disscciation cof ionic groups with respect to
the solvent.
Accordingly, as another factor that influences
10  the dispersion of pigment particles, the present
inventors have taken note of the soivation 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
15 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
lonic group does not stand attached. For example,
where groups having ionic groups stand attached to the
20 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
25 influence of steric hindrance due tc the ionic groups

with which the pigment particle surfaces are covered

at a high density, resulting in a lowering of the
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5 ionic dissociation of the ionic group and the dispersion due to the

sol vation of the pignent by the nediumdo not take place perfectly or
substantially is applied to the aqueous ink, inages are forned by the

met hod descri bed previously. Hence, inmages can be 10 obtai ned which have
high print density and have effectively been kept from bl eeding. An exanple
of- a method for judging that a water-soluBEe organic sol vent does not
solvate perfectly or substantially the pignent and the ionic 15 group of

t he pi gment undergoes perfectly or substantially no ionic dissociation in
the water-soluble organic solvents, that is, the pignent is not dispersed
in the water-soluble organic solvent, is described below 20 First, a
pignment is readiethbdyilskiin ¢hetlst apegmehat &hesbopiresgmedp of the pi gnent
in which the pignment containing a pignent particle having at | east one

i oni c group bonded t dheersurtfeacromdfintdiel @i gnenthe partecteotiibbet byganivi a
anot her atom c group has 25 undergone no the ionic dissociation. If a

pi gnent adapt ashlerent s heldboveckoadpi¢oasti enavhiikbabléei disherséour se of
preparing the pignment, such a pigment may be 23 wused. If it is in the form
of a pigment di%erts? ohe solettbpsbatinkrepuhbien thetpicgmest firomdi spersed
in the state the ionic dissociation has taken place, conponents other than
t he pignentpfﬂkqp%g Q¢ﬁ§¢ﬁ%ﬁtﬁ@n of the ionic group and the

dispersion due to the solvation of the pigment by the
medium do nct take place perfectly or substantially is
applied to the aqueous ink, images are formed by the
method described previously. 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 crganic solvent does not solvate
perfectly or substantially the pigment and the ionic

15 group of the pigment undergoes perfectly or
substantially no ionic disscciaticn 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 1s 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 ionic 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



5 are renoved by washi ng, evaporation or the like to prepare a pignent kept
in asolid state in which the ionic group has undergone no ionic
di-ssociation. Specifically, ultrafiltration or centrifugation and drying
or the like under reduced pressure and in 10 hi gh-tenperature environnment
are effective. The pignent obtained may preferably be kept pulverized into
a '‘powder by neans of a nortar or the |like. Next, the pignent pulverized
product obtained as described above is added to various types of 15

wat er - sol ubl e organic solvents in a concentration of 0.05 nass% followed
by stirring for 1 hour._ At this. paint_of tipe, the copbination,of

wat er - sol ubl e 7 nié%&%érﬁsl%‘ic}heaf%%n%ﬂ?aiEﬁl%%ﬂbé%éa?rsém d-1i qui d
phase separation ]ag.visuall¥ be 20 asgeﬁéained i s al.so available.. Such
conbi nation in >Which”? het sbi K dili B0t a- phaSePLEpSPt iron HHEPLAEsh 1l ace may

be ] udged to be. gne. L uhich pongLen: soluble, corgani ¢ salvent, does not

sol vate perfectly or ~Substanti e pignen e€’io |c(6?oup of the

25 Pi.gment under goss BELL egLAY ofnIHDBhANLE ghiy no tenl ¢ dissqalatien in

t he wat er-sol ubl e 'organi ¢ Sol ven one’in ch the |gneﬁP i s not
Surely, the t oo aey Tor TR B donarFtarter T lE 4 HEGrat not
being dispersed-subst antialhyninktpe vat §r 89k ubLe ;L3R Gnich the
ionic group has undergone no ionic dissociation.
Specifically, ultrafiltration or centrifugation and
drying or the like under reduced pressure and in a
10 hich-temperature environment are effective. The
picment 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 is 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-socluble
organic scolvents 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



5 solvent is allowed to settle to a certain extent, a mxture of the

pi gmrent and the water-soluble organic solvent is |left standing. Conditions
under which it is left standing depend on the viscosity and the |ike of

the solvent, and as a standard, nmay be ordinary 10 tenperature and 100
hours. Thereafter, 50 nmass% of the upper papt of the liquid phase is gently
coltected, and the liquid phase collected is filtered to renove coarse
particles floating therein. The pore size of a mcrofilter used in the
filtration may be determ ned 15 depending on the particle size of the
pignent. As a standard, it may be about 10 tinmes the average particle size
of the pignent in the aqueous djspersion. T ere%fter, t he concentration of
the pigment cont@lheft§ _q?ib SuPtaRtLFi FPrutetta coloring materia

solvent 20 dispersio%c§olg&goq) iﬁﬂﬂ?aﬁyred. As, an gganglf of . net hods for
measuring the pignent CSW‘enﬂré¥¥%n, ﬁ%é%%r%ﬁﬁﬁ&yba 4 o éggﬁP%aﬂég IS
avai l able. Specifjcally, th asure I s.,carrjed. i h | ow ng
way. To a col or if;]ugr naetée/rk?eal&\)/\lg?'er u%*s%g{btsepllerscsr}ag{n %o‘?ﬁ?@%ﬁti ﬂoé\hﬁ%%ﬁ{ghe
coloring material;J I $p. I n. r.in Kk c trati (:
mass%, pure walegrﬁelrssdéacgdggjf?ﬁa}é&s a%gdl}dugﬁ?i ?g%@g glg(liﬁ éet é:%glgla‘(or mer

S o G St o Mty e cabeorbencs pLsma ey ed. The
coloring materi g|; §0|MeNie Ai1SPEL SR SOLHET PR ONa¥ALCR G 1uble organic
solvent is left standing. Conditions under which it is
left standing depend on the viscosity and the like of
the scolvent, 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
ccarse particles flcating 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 in 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 in a stated quantity to dilute the



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 nmis

| ikew se neasured. The neasured val ue of this absorbance is represented by
(ABS2) . As a result, the coloring material 10 concentration in the coloring
mat eri al solvent dispersion solution is calscul ated according to the
foll owi ng expression (2). Expression (2) Coloring material concentration in
coloring material 15 solvent dispersion solution (nmass% = (Ck X
(ABS2)]/(ABS2). Using the ratio of the coloring material concentration in
the coloring material solvent dispersion solution, determ ned as shown

above, to the Zg ini%ifﬁ CO§9§{€gt§2E§éF§#i%éggﬁg:é %%%ng %.?ﬁenass@6in t he

above exanpl e) fh the ™ xture®o

et er - sol ubl e orgagiga nol ventsshhe, gl fiogrmmtertal solueptadisparsion

percentage (% i er-ined as represen he OW hg expression (3).

25 Expression (3p 9919@15‘909@5&&&aissi’!e?é?@&egizéﬂ%ﬁi 9?113%2599” age (We_
((coloring material concentration in coforing nateria sol vent

di sper si on SOl Utd 0N} {4 ks £0! 061 0gn: B epLak GANCEATEALLOBH WhikG0. |1

regard to one in which"the coloring material™ solvent dispersion percentage

determ ned &s shoWh-oncentration is to be determined is diluted with
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 (ABS2}. As a result, the coloring material
10 corcentration in the coloring material sclvent
di:persion solution 1s calculated according to the
following expression (2).
Expression (2)
Coloring material concentration in coloring material
15 solvent dispersion solution (mass$%) =
{Ck = (ABS2)]/(RBS2).

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 ccloring
material and the water-scluble organic solvent, the
co.cring material solvent dispersion percentage (%) is
derined as represented by the following expression (3).

25 Expression (3}

Coloring material sclvent dispersion percentage (%) =

{ {coloring material concentration in coloring material



5 above is as very small as 16 or |ess, preferably 10 or |ess, and nore
preferably 5 or less, it nmay be judged that the coloring naterial is not
dispersed substantially in the water-soluble organic solvent. It is
considered that the water-soluble organic solvent 10 has not sol vated
perfectly or substantially the coloring n@%erlal and the ionic group of the
pignent has undergone perfectly or substantially no ionic dissociation in
t he wat er-sol ubl e organic solvent. An exanple of a nmethod for judging that a
pignent 15 is one that is not solvated perfectly or substantially by a

wat er - sol ubl e organi c solvent and an exanple of a nethod for judging that
the ionic group aof the me und oes rfeCtI ubstantially no

i oni ¢ di ssoci atd qq]t#&éb&ﬁ%ﬁ0%0$ El%PSZhielEb eﬁPiorlQQ which are
usable in addition to fh%géu nent me ggscrlbed above, wll be

descri bed bel of®'Fit'st hat B3 Ie t he nethod for judging that a

pignent is one that i.s not so ated perf C! tantlall b

wat er - sol ubl e organlér?§'§& nt", ékﬁﬁitgé E@n%eﬁig?FxﬁﬂhOM/nuch
a surfactant is a r bed n rlbe rev usly, t he
extent of solva |d%”leﬁgﬁs§a%% ﬁ %ggeﬁta r?heg 5 Has havi ng

5115 e e e 5?2??%%3?@%%’%?%5?&2lghéorS?.”oﬁe
level of the S%Qé%ﬁ%ﬂkinmre preferably 5 or less, it may be judged

that the cocloring material is not dispersed

substantially in the water-soluble organic solvent. It

is considered that the water-scluble organic solvent

10 has not solvated perfectly or substantially the

coloring material and the icnic 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 crganic sclvent 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-scluble corganic 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 1s one that is not solvated
perfectly or substantially by a water-soluble organic

25 solvent, Jjudgment may be made by measuring how much a
surfactant i1s adsorbed to the pigment. As described

previously, the extent of solvation depends on how



5 That is, in a pignent the water-sol uble organic solvent perfectly or
substantially solvate, the sites having the above affinity are in a large
nunber or in a large size, and al so the adsorption of the surfactant is

| arge. On the contrary, in the pignment 10 the water-sol uble organic sol vent
does not solvate perfectly or substantiale, the sites having the above
af'finity are in a small nunber or in a small size, and also the adsorption
of the surfactant is very snmall. The surfactant has such properties that, 15
depending on its concentration, the surface tension of a |iquid changes
greatly. Hence, the nmeasurenent of surface tension is considered to be an

Cosies” TR S PR ARAITL ar,

adsorbed to the plg aring

of an aqueous sql dﬁ%u&?@@'{ﬁ@%&éi’%@f&}gﬂofbgggnﬁ‘érgé ﬁ?”ce?fﬁra“o”

with the surface ensi on of a urd co surfac e sane

concentrati on, |hggre§g d nt t c:@rt;é a[ll ch {jl’ g{&gn @ngg%ﬁt glit %he

effective 25 concentratlon of the sur ant contri e3't6 a | oweri ng

i the surface dgnsion da &%feﬁgegdgbgpltqoncq%%ﬂ%éoecﬁélb:é&@@%beghy equal

to that in the latter 1 quid where alnbst no surfactant is adsor
the pigment. nee . d helr?%‘é;ﬁfrfméﬁﬁ‘sﬁl‘?@ Ricthesbonper obihgyid al so becones

equal to the latter liquid contrary, where the surfactant becones
adsorbed to theolvent perfectly or substantially solvate, the sites
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 sclvate
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 aqueous 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

lowaring in the surface tension in the former Iiquid

comes to be substantially equal to that in the latter



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 snmaller than that in the
aqueous surfactant solution containing no 10 pignent. That is, as |long as
the pignent has no effect of remarkably |gyering the surface tension of the
li'quid, the amount of the surfactant adsorbed to the pigment can be
estimated fromthe difference in surface tension between the aqueous
solution 15 containing a surfactant in a certain concentration and the

i quid conposed of a surfactant in the same concentration, a pignent in a

certain concentratl and er.. Specifi a.li of a
surfactant 20 g WﬂeEﬁQMﬁER§RQQ?h%u§ g%?ﬁnfs 305§ﬁ§p% gplon of 2
mol / k Liquid.l d a,liqguid.,comos of .the . surfactant i gnrent and
wat er gng hQV|ﬁbc%%éﬂ:suﬁFa tanﬁﬁ%ggﬁni5ﬁ§%ﬁf?ﬁT%6h(% Eh%ngW?%% gnd t he

prgment 10 2 CONGENLY Ai.on e Sy mssdh (L Al ¢ @lg&%e%%ggs%r.edo%'Eﬁé On

t he surfactant ere are no atIOHS as I'S one

capabl e of r ey mﬁycm@% J;fégegn{egs |00 adsa%ga 29, ¢dependi ng

on its concentration. -I't may preé era one may neke the Tiquid 1

have a surfgceé;gﬁghgp 1Pfy 5gaﬂa% %%£?§?10m‘gCé%kg@kh¥e a surfactant

haV|ng a stru represent ng structural
conzentration of the surfactant lowers in the liguid

containing the pigment, and hence the extent of a
lowz2ring in the surface tension is smaller than that
in the aqueous surfactant sclution containing no

10 pigment. That 1is, as long as the pigment has no effect
of remarkably lowering the surface tension of the
liguid, the amcunt of the surfactant adsorbed tc the
pigment can be estimated from the difference in
surface tension between the aqueous 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 liquid composed of a surfactant

20 and water and having the surfactant in a cbncentration
of 2 mmol/kg (Ligquid 1) and a liquid composed of the
surfactant, a pigment and water and having the
surfactant in a concentration of 2 mmol/kg and the
pigment in a concentraticn of 5 mass% (Ligquid 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



5 formula (1) or structural formula (2) is preferred: Structural fornula
(1) RO (CH2CH20 n H (In the structural fornmula (1), R represents an al vyl
group and n represents an integer.) 10 Structural formula (2) H3 H3 H3 H3
CH3-CHCH3- CGCC-CGCE,-CHCH3 00 -4-jBCH32H2CH rnTm HH(In
the structural formula (2), mand n each @%presents an integer.) In
preparing the above Liquid (2), where the 5 pignent is collected froman
ink form it is preferable to previously renpve conponents other than the
pigment by ultrafiltration or centrifugation and drying or the |ike under
reduced pressure and in a high-tenperature environnent. The reason
therefore is 30, tha if the coqgonen%s gther t an t he gigment1 ag
exenpl i fi ed by SETIVER %D SuF f arTant S AaPEr vekt didY BRESFoF thiwnPEh are
contained in the(;nﬁ?.éenain ina Iarge Sugniibﬁv there is a possibility
that such 5 corpdneit s EHAngd s fe St atdUt8ndi BRYGf “t ReTIPGG ¢ 1 %Change

the extent of adsorption, of thesurfgatent: 0 ) he, PLPERL2R¢ RgVegyt here
is such a risk that no
a c¢tructure represented by the following structural

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

Structural formula (1)

R—0~«CHgCH0¥=—H

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

10 Structural formula (2)

CHy  CHy  CHy  CH;
CHy—CH— CHy—~C= C-0-CHy - CH-CHy

O 0
b o
CHy CHsp
& 4
T h
H H

{In the structural formula (2), m and n each
represents an integer.)
In preparing the above Liguid (2), where the
15 pigment is collected from an ink form, it 1is
preferable to previcusly 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



accurate judgnent results are obtainable. It is preferable that the |liquid
conposed of a pignent 10 collected froman ink and water and havi ng the
pisgnent in a concentration of 5 nass%is nade up to have a surface tension
of 65 MV mor nore. Liquid 1 and Liquid 2 prepared by the above procedure
are sufficiently stirred, and thereafter tgg 15 surface tension of each
li-qguid 1s nmeasured. Where the surface tension of the liquid 1 is represented
by A (nWVm and the surface tension of the liquid 2 by B (nim 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 pignent. Then, K such a pignent is judged to pbe the pi%nent a nmedi um
such as the vwﬁ@ﬁteo}ﬁbW%eo?ééﬁ?%egBFv%E ©HokR2RotNEoPHIME  tpeffect | y or
substantially. 25 Next,.an exanple of the methad for judging.that the ionic
group of the|ﬂ?ﬁﬁWHf%é%e% r%oﬁ%lﬁﬁPFEC?l§urg?6§66§taﬁgﬁégﬁyeﬁoapgnic

di ssociation in the 3 ter-soluble organic splvents wll be described

bel ow. For exaipl&" c%ﬁ} gﬂ%ﬂtcﬁﬁ§abgeaaag gbenéﬁgﬂrfﬁﬁalglé@tﬁophoresis

f icl b ial. 5 i_oni f
oi gront under g0 TSSOLT A O | nERE. Wt Br CS3PUBY 6 Y gRARE SBFVent, 1 h
pi gment takgs o, BlGEIIE GhAKgEStnanduleReE LB on of the liquid or

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% 1s 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 cf the liquid 1 is represented by A
(mN/m) and the surface tension of the liquid 2 by B
{(mN/m} and when the relationship of B - A £ 10, and
preferably B — A £ 5, 1is 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 sclvent does not sclvate
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



novenent in a particular direction according to their polarity, i.e., what
is called electrophoresis takes 10 place in the presence of an electric
fi-eld. Also, the pignent having taken on electric charges, which causes
such el ectrophoresis, has a certain or nore value in terns of an absolute
val ue of zeta potential in the water-soluhle organic solvent. Conversely, a
pignment 15 whi ch, though having ionic grougé i nvol ves perfectly or
substantially no novenent toward a particular direction in the presence of
an electric field, i.e., causes perfectly or substantially no

el ectrophoresis, and has a (very) small value in terns of an absolute 20
val ue of zeta potential_is considered to take on _ perfectly or substantially
no el ectric chatdfedr IhkEL1le sOTgABICORPE VERGEpY ihL thRe PeyRERPCAnBELGY -
perfectly or substantially no jonic dissociatjon. Specifically, a pignent
or an ink contditi fg‘¥MeLe 255 PEYMEREINSO Hi PEY eBSWREASa PHRlEASESIGH e or gani ¢

sol vent of various t s. Wiere the ipk containjng the pignent is used,
conponent s othé?“?ﬁﬁ%gﬁm%r%?bﬁﬁﬂ%,p%ﬁtlgﬁﬁ? g5 t@?aéﬁélggnéﬁﬁﬁnl are al so

i nevi tably contq@ped.iﬁ the dilute solution. However, they have aln)st no

i nfluence becad¥® i'he'dnk is diluted to be in a very |ow concentration, and

it can be d§ened tha% 5 .the nutual action.between t@e mgter-soluble organi c
gt gy

sol , 7ent prasent in I'AFJE lbss Hitthhe i Yrehd™§ @obAf nant .

disscclation in the water-soluble organic solvent, the
pigment takes on electric charges, and hence their
movement in a particular direction according tc their
polarity, i.e., what is called electrophoresis takes
10 place in the presence of an electric field. Also, the
picment having taken on electric charges, which causes
such electrophoresis, has a certain or more value 1in
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 wvalue 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,



This dilute solution is neasured with an electron mcroscope type zeta
potentlal nmeasur enment system 10 (trade nane: ZEECOM manufactured by
M'cr ot ec Nition). In the case where particles do not nove perfectly or
substantially in a particular direction when a voltage is applied thereto
and undergo perfectly or substantially noszel ectrophoresis, or in the case
where 15 the absolute value of the zeta potential measured 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 invention may be constituted as in any conventional aqueous ink

tai ni t | vent
Cpeciiioall y coner rur el s Hoect hey Mover S ubr e caBePEFaBIPy. the
aqueous ink accoydiy ?1etoo ltrl[‘ech:]T G%%eﬂﬁté WENLL o, Wi gh 2o CO&E%( NS, @l | east

water, a plurallty of water or'gani ¢ sol vents and oring

material, is fingtle (RNBAC RN Gedd dadbat i he; 6ol 951 901 TRLAT 18 pbS a 33

pi gment contalnlng a pignment parti aving at least “one Tonic group

bonded to a surfface Qfrt heypigeine Parid el e diir g€t EynoheViideARAt RRLcat OM C
group, and the water-soluble organic sol vents include at [east one 5 gocd

medi um and at |t@RStuene: PRIt iMadi pr whd € he Raviga + SeeBo Bh Bt Enguyshed by the
j udgnment net hod as described above, where the poor medi um does not solvate
solvent present in large excess and the pigment is
predominant.
This dilute solution is measured with an electron

microscope type zeta potential measurement system

10 (traide name: ZEECOM; manufactured by Microtec Nition).
In -he 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 group of the
pigment has undergone perfectly or substantially no
ionic dissociation.

The aqueous ink according to the present

20 invention may be constituted as in any conventional
agueous 1ink containing a pigment, except that the
water-soluble organic solvents are specifically
constituted as described above. More specifically, the
aqueous 1ink according te 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 is a



perfectly or substantially the pignent, and the ionic group undergoes
perfectly or substantially no ionic 10 dissociation in the poor nedium and
a “wat er - sol ubl e organi c solvent which shows the maxi num Ka val ue anong the
respective Ka val ues of the water-soluble organic solvents as determ ned by
the Bristow nethod is the poor nedium Assa result, the pignent in the ink
can 15 have very superior dispersion stabiFity and at the sane tinme the ink
can have a sufficiently large area factor even when using a snall quantity
of ink droplets applied onto a recording nmedium in particular, plain
paper, and also inmage formation can 20 be carried out wwth a very good print
grade, showing _high print,density. [Ka Val ue_of .\ter-sol ubl ani c
dorvent] T n tnebr BURR CTMEFET BN 2 v Puc Bb s BRT A Tengr e nditeroaatubl e
organi c sol vent_show ng th xi.mum Ka,_ 25 yal ue anpng, the respective Ka

val ues of the wWiter:ds %b?%?u g%%?%e%oF9e%tg?rggﬁFaPﬁeﬁthpﬁﬁgen%queous i nk,

s the poor mediym.3d. Jhe ke yalye, deteipined by the Bristowmerhod is

descri bed bel o 1S value'i séd as a neasure t

permeabi lity C”wé%i%£%§¥$§f%°b§g£§58rQéﬂgengﬁdﬁﬂgpﬁﬁgi%tiie%%%?%ﬁ&?d bel ow

taki ng as an exanpl e e case ' of an iIn ere e perneability of an ink

i(fﬂ_/rﬁgrgsgnm%egf@%iéhﬁ%'Pﬁ]%@@%{ylé/a%roﬁre"Bookhﬁled%ﬂxe%%ho%a%ami ty Vv
been distinguished by the judgment method as described
ab:ve, where the poor medium does not solvate
pet fectly or substantially the pigment, and the ionic
gr:oup undergoes perfectly or substantially no icnic

10 dissééiatidh in the poor medium, and a water-soluble
orcanic solvent which shows the maximum Ka value among
the respective Ka values of the water-scluble 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 goocd print grade, showing
high print density.

[Ka Value of Water-soluble Organic Solvent]
In the present invention, it is essential that a
water-soluble organic solvent showing the maximum Ka

25 wvalue among the respective Ka values of the

water-soluble organic sclvents, contained in the

agueous 1ink, is the poor medium.



recording nediumafter a | apse of a stated tine t after ink droplets have
been ejected is represented by 10 the following Bristow s equation
Expression (4). Expression (4) V =Vr+Ka(t-tw)"2 (4) Alnpost all the ink

i medi ately after applied to a recording nediumis absorbed in the

recordi ng medium 15 at uneven portions of _its surface (rough portions of

t he recordi ng nedi um surface), and hardly gérneates the interior (in the
depth direction) of the recording nmedium A tine for which this takes pl ace
is a contact tine (tw), and the quantity of the ink absorbed at the 20
contact tinme in the recording nmediumat its uneven portions is Vr. Wen
tinme | apses beyond the contact. tinme after the ink is applied to the
recording medi um t &9 dié persatdat e Heined &Y okhe i Brinecdepehhodi iect i on)
of the recording nediumin a quantity 25 proportional to the 1/2 power of a
tinme lapsing b 1heré RehPHct e, value 1gtuseqdd® 22 weAswEe vhech
perneation quantity V.increases. The Ka_is a.35, proportional cqefficient of
the portion of ?Wﬁ%& e rRaEBcabhll takes a éHHéd06P£8360ﬁ8Fﬁ§dﬁggthe rate
of perneation. In additigon, the Ka value [}?a be , neasured with an Enstrurrent
for testing dyd¥c™® p abid 1957 D5 Y %lcbvil THELET i 2T oW nB¥ABE  Ee. g. |
trade nane: Dly_t m c Per”EPbéﬁ'EP{k.Te%?éreS’th manuf act urf9t$y0g0g8 ngl(kl

Seisaku-sho? _%_case O e permeabl
is represented by the ink quantity V per 1 m°, the
penetration guantity V (mL/m° = um) 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).
Exyression (4)
V=Vr+Kalt—mw)" (4)
Almost all the ink immediately after applied to a
recording medium i1s 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 (ty), and the guantity of the ink absorbed at the
20 contact time in the recording medium at its 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 gquantity
25 proportional to the 1/2 power of a time lapsing beyond

the contact time, i.e., (t - t,)'%, so that the

permeation quantity V increases. The Ka is a



In addition, the Ka value in the present invention, neasured by the Bristow
nmethod, is a value 10 neasured using, as a recordi ng nedium plain paper
(e.g., PB paper, available from CANON I NC., used for copying nachi nes or
page printers (laser beam printers) making use of an el ectrophot ographic
system and for printers neking use of an kak-jet recording 15 system and
PPC paper which is paper for copying machines nmaking use of an

el ectrophot ographic systen). Also, as for a neasurenent environnent, an
environment in usual offices or the like, e.g., tenperature 20C to 25C and
hum dity 40%to 60% is assunmed. 20 Further, according to studies nade by

th t t f th f i [ h lit f
reioféiie.”mgéivf%aﬁétslro&}%ﬂg?w%ﬁ%lvéée Q16 Fhet AB=PY R nty EpR8r er bl y be so

controlled as t.0 be Iess t ecll .the Ka éal ue may nore

preferably 25 B8 < cont racﬂcﬁe%aké%st% %%ﬁ?oﬁ?ﬁrﬁsﬁfjp )P Hs &1 FBe re to

| th 1.5 That tuted that
tﬁZSKa 32I ue S ]{ggﬂ? %“5 % Irﬁsd}l@ nthjzew e‘FaelSO Co)gls?ij ijl gw d Shase
separation grlﬁ% @ftl?gaxﬁa{rllé/tfﬁ t' ?thf’eg?%ﬁe gfq?h% penetration

into the recor um an igh-quali I mages ca ormed. 5

ler ol e ol o S e e Mol 0.
‘ trade name: Dynamic Permeability Tester S,
manufactured by Toyc 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
copylng machines or page printers (laser beamn
printers) making use of an electrophotographic system
and for printers making use of an ink-jet recording

15 system, and PPC paper which 1is 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 €0%, 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 controlied as toc be less than

1.5 ml/nﬁ/mseclm, and the Ka value may more preferably

25 be so controlled as to be from (0.2 ml/mz/msec“2 Or more
to less than 1.5 ml/m°/msec'’?. That is, the ink may be

so constituted that the Ka value 1s less than 1.5



recordi ng nmedium blurring may conme about when the print surface is
strongly scratched, even after 10 sufficient tine |apses from conpl etion of
printing, or print blurring may occur when sonmething is witten wth an
aqueous ink marker on inmages after printing. That is, pigment inks have a
problemin that they have poor scratch reﬁkstance and marker resistance. 15
In the aqueous ink according to the presen i nvention, the aqueous ink
constituted as described above nmay further be incorporated with a

wat er - sol ubl e polymer which is not adsorbed perfectly or substantially on
the pignent. This enables scratch 20 resistance to be inproved. The reason

why such superi.o crateh resistance is aobtai.ned js considered as stated
bel ow. The matéﬂdégﬁﬁﬁﬁé poIVﬁ@FQCG FaiSfdd A7l FHe e IRSSRAR SR | nut ua

action with th igment in a solutipn state., However, the ink.is 25 applied
onto the recor%%ﬁ}%ﬁE;QHﬁeﬂﬁi%&éﬁﬁf i DT l“a%ﬁ? 5?85@@d§? &Hzreupon t he
wat er - sol ubl e pol r...enters t boundari.es between pi nt. particles in
the 37" cour se O TTGHRT (1Tt I | oreS ST i Haimbe Rl o eh P ared 67

pi gnent particl.es increases, esult, the pignment can nore firmy fix
to the recordiﬁ?ﬁﬁgltﬁ% :?ei€§§éééé the scratch resistance. 5 [ Adsorption

of Water-solubl e Pol o _Pi t] i gment used in the present
i nvention i% characﬁggﬁfgd%qyaﬁyg %ﬂ%ﬁ%ﬁ@r medi um does not sol vate

As stated in the above, where the pigment is
present in a large quantity on the surface of the
recording medium, blurring may come about when the
print surface 1is strongly scratched, even after

10 sufficient time lapses from completion of printing, or
print blurring may occur when something is written
with an aquecus ink marker on images after printing.
That 1is, pigment inks have a probleﬁ in that they have
poor scratch resistance and marker resistance.

15 In the aquecus ink according to the present
invention, the aqueous 1ink 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 tc be improved. The reason why such
superior scratch resistance is obtained is considered
as stated below. The water-socluble polymer contained
in the ink has very small mutual action with the
pligment 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



perfectly or substantially the pignment. The pignent is further
characterized in that it does not nutually act 10 also with the

wdt er - sol ubl e pol ynmer, nanely, the water-soluble polyner is not adsorbed
substantially to the pignent particle surfaces. If the water-soluble

pol ymer is adsorbed to the pignment particl 7surfaces, the ionic groups
present at the pignent particle 15 surface$ 'are covered with the

wat er - sol ubl e polyner. This nmakes it difficult to obtain the effect of the
present invention that flocculation of the pignment is pronoted by the poor
medium and is considered to affect inmage performance greatly. Accordingly,
the 20 water-soluble polyner in the present invention my 5referab|y be one

whi ch is not ad%%%%%ﬁi? E%%W%anﬁ%?ch%aFﬁ%nrnEhHﬁdeéﬁﬁln 1PR1RG r ee

pol ymer. As des bed revious|y, t hod of neasurjng hom1 b
surfactant bec gr%%ﬂ“?%ttﬂ%IQBCgeﬁnéﬂFrﬁaF?Fcleagu?fﬁ%ﬁg 508i I abl e
as the nethod for |udgi t hat QO0L. e does not,.sol vat e :

bl grent . As in%?rgé 00, e o ﬁ%d£}r§rg (EbF ngesBuRg, MEHg i B0

wat er - sol ubl e poh%ner do s not c e adsor? to the pignent, a nmethod is
avail abl e in whith THe® s fa%%a Toh" Br 4 an aqueous sol ution containing a

water - sol ubke pol yer ;i g{@% %ﬁ""ﬁﬂ%ﬁ—s&ﬁgfg%&wﬁ@ 88, BlaRnpqucous

sol ution contai ni ng a “ st yner pi ghe dgi ng

how much the water- S%ﬁ%b@%d%@ﬁ@“ﬂséﬂfﬁH’éHE“Hf%%%ﬁ@ invention is

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-scoluble polymer, namely, the
water-soluble polymer is not adsorbed substantially to
the pigment particle surfaces. If the water-soluble
polymer 1s 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 te obtain the effect of the
present invention that flocculation of the pigment is
promoted by the poor medium, and is considered to
affect image performance greatly. Accordingly, the

20 water-soluble polymer in the present invention may
preferably be one which is not adsorbed tc 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



the pignment. Specifically, a liquid containing a water-soluble 10 pol yner
and water and having the water-soluble polyner in a concentration of 0.1
mass% (Liquid 3), a liquid containing the water-soluble polyner, a pignent
and water and having the water-soluble polymer in a concentration of 0.1
nmass% and the pigment in a 15 concentratioggof 5 mass% (Liquid 4) and a
liquid containing a pignent and water and ﬁaving 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 procedure are sufficiently stirred,
and thereafter the surface tension of each liquid is mneasured at ordinary

t t 2 : th f t ' f Liqupd 3 i ted b

G aynel cry OB SUNTAg Cores a1 LPELVECH B9°D D5 (8yRE) By CARB St e
f t [ f.Liquid 5 by E / .the r ' hi f D

e 10 and pr dFer Y Y © o SN e Ll P ot pior LhE 30 ¢

fol I ow i isfied, it is_judged that th -sol ubl
pol yror s not G bed S pErTEaLT v br SRt An PR S OE o O RE bl R

Expression (5) .p{2,G K0 (P)po Fnfer TN SHRLREES §PPL OPRIBaSYESd,! N the

state the
5 tension of an agueous 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-scluble polymer
in a concentration of 0.1 mass% (Liquid 3), a liquid
containing the water-scluble 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% {(Liquid 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.
Ligquid 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 < 190,

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



wat er - sol ubl e polyner is not adsorbed perfectly to the pignent, nanely, the
surface tension neasured in the state the water-soluble polyner does not
atfect any 10 change in surface tension of the liquid is the surface

tension E of Liquid 5. Also, the surface tension neasured in the state the
wat er -sol ubl e polynmer is free in the aquegqys solution, nanely, the surface
tensi on neasured assumng a state in which adsorption 15 of the

wat er - sol ubl e pol ymer on the pignment has reached saturation and free
polymers are present in the aqueous solution is the surface tension C of
Liquid 5. Thus, the value of E - Crepresents the |evel of change in

surfiace tensi on ol e Sharded 0,20 SPTRLELI on; oF Lhe agsqrpian.iln

contrast, the SUI’lf ace r{bznm on neasur S ment and

t he “ﬁter'50|“Q%%tPQﬁ@“Haté¥ﬁ%§ﬁ&%¥Eiﬁbi§ﬁb§“{§aﬁ88t§§§%gﬂgg of Liquid 4.

The water-soluble polynmer in Liquid 4 1s considere in two states,

(1) a state in .fg&%i%gﬁbo gﬁﬁki£ﬂ%%h@opﬂﬂgﬁﬂigﬁgﬂt(z) a state in which

it is present as 40 yners int aqueous solution. Although it is
difficult to agouraelyfing out the details of the states (1) and (2) with
respect to the total mass of the water-sol uble polyner added to Liquid 4,

it is 5 possible to %ﬁtigate themto a certain extent according to the
above expregsion (5) #sp3the vajge of D - Crepresents the |evel of
change in surface E-C

The surface tension measured in the state the
water-soluble polymer is not adscrbed perfectly to the
pigment, namely, the surface tension measured in the
state the water-soluble polymer does not affect any

10 change in surface tension of the ligquid 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 sclution, namely, the surface
tension measured assuming a state in which adsorption

15 of the water-soluble polymer on the pigment has
reached saturation and free polymers are present in
the aqueous solution 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

20 completion of the adsorption.

In contrast, the surface tension measured in the
state that the pigment and the water-soluble polymer
are mixed 1s the surface tension D of Liquid 4. The
water-soluble polymer in Liquid 4 is considered to be

25 in two states, (1) a state in which it is adsorbed to

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



tension fromthe start to conpletion of the adsorption, to which change the
wat er - sol ubl e polyner has 10 contri buted. For exanple, where the difference
bet ween the surface tension D and the surface tension Cis small, nanely,
the value of (D- CQ/(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, add the state of the surface
tension Dis close to the concentration of free polynmers necessary for
exhibiting the surface tension C On the contrary, where the difference 20
bet ween the surface tension D and the surface tension Cis |arge, nanely,
the value of (D- C/(E - C shows a value of nore than 0.3, the state of

the surface tenséiompdl andrshenstateaghebhe sunti@cent.ensi eRoGglr et is
considered to be different fromeach other, and it is 25 considered that the

state of the sutffatectensiona®-udaeslinofihdcome the demeentsr atfi atheof free
polymers necessary for exhibiting the surface tension C and the 41
wat er - sol ubl e potatees (5) astsor bed vothheeppgmento thEwacolkiaquind sSystfen] When
t he agqueous ink of the present invention is wused as an aqueous ink used in
an i mage form noheretdioer~50 e | pgliydesystda)l havilngutikle 45t éfp dfs appl yi ng
an aqueous ink conprising a pignent to a recording nedium and the step of
appl ying a peaqiohibleuid eapabbbeofhem to a certain extent

according to the above expression (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-scluble polymer has

10 cortributed.

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

do=s not become the concentration of free polymers

necessary for exhibiting the surface tension C and the



maki ng the state of dispersion of the pignent in the aqueous ink upon
contact with the aqueous ink to the 10 recording nmedium as conpared with
cases in which images are forned by a conventional two-liquid system the
ink can have a sufficiently large area factor even when using a snal
quantity of ink droplets and inages having hi gh print density can be
obt ai ned. The reason 15 why the effect as Stated above is obtainable is
consi dered as stated bel ow. The conventional two-liquid systemis ainmed at
obtaining images with high print density by leaving a coloring material at
the recording nmedi um surface 20 layer portion in a larger quantity. Hence,

Kk d b t act th h
ot her | madi al o9 bEr o7 Lo bp HP Ve sk ctPRECCL R SAGUSHAAE and tho

reaction liquid are ﬁP lied to,t €. rec rdlng medium to conplete the 25
reaction. Accordingly, §%ﬁ?f‘% or may result for a large quantity
of ink droplets in S%ﬂ%& g:e'a Jgg§yer ase | the gres |nv tlon atine
42 difference is pr de etween” app ylﬁ% th e S Bherth lPFSB 4o the
recordi ng nedlu y h u K, wh r Jgeactive nent s
in the reactlon |qU|dgar%&g?ésgni“;jllﬂ Sggﬁa%ge?na%gh at aj%nﬁf%sgﬂgﬁere

e, b pene st e 1 B ML G0 4 i frm e s
agueous ink comprising a pigment to a recording medium
and the step of applying a reaction ligquid 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
imzges 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 obtainable is
considered as stated below.

The conventicnal two-liquid system is aimed at
obtaining images with high print density by leaving a
coloring material at the recording medium surface

20 laver portion in a larger quantity. Hence, an aqueous
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 factof may result
for a large quantity of ink droplets in some cases.

However, as in the present invention, a time



recordi ng nmedium The aqueous ink of the present invention is applied to
the recordi ng nedium standing 10 in this way, whereupon the phenonenon shown
inm Figs. 14T., 14B and 14C takes place before the pignment reacts 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 wit#2the reactive conponents present
in alarge quantity at the place where the ink has penetrated in the depth
direction a little far fromthe surface portion of the recording nedium
Hence, the ink has a sufficiently large area 20 factor at the surface
portion of the recording nedium and the coloring material is kept from
penetrating in diheedeptd dirpcevodedf beheeescopdilyg ngedinemrewivdrielny | mages
having a high print density can be obtained. On the other hand, if an
aqueous ink notli@nldngo 2Beundeprehadpredénn Enveapipdying &hslied to a
recording medium it is very difficult to formflocculates of the coloring
material at theadésppediposi vhensbyurnkes§igs coppopendtr ani dherate of the
liquid nediumare elaborately balanced with the flocculation rate of the
col ori ng materiBacHeptel ifinidueheaRr 8§GBbUST| Ak LAFTS T alMoung @tder t he
present invention is applied, the 5 bl eeding-preventive performnce my

| ower, the i°nk Bb§TC hEyera EﬁﬁlPnﬁrﬁésfQéﬂﬁgFaESﬁsP@eﬁpﬁgd@H@hlarge

quantity of ianPEggéfég’aa?gt%ng%grh%¥gggtpgggu@%ggg portion of the
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.
14%, 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 1s 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, i1f an aqueous ink not failing
25 under the present invention is applied to a recording
medium, it is very difficult te form flocculates of

the coloring material at the desired positions, unless



density may be unobtai nabl e. <Water based ink> 10 In the aqueous ink
according to the present invention, it is essential that the water-sol uble
organi c solvents are constituted as described above, in relation to the

pi gnent to be used. Except for that, the ink may be constituted as in
conventional inks. 15 The aqueous nedi um %ﬁloring material, water-soluble
pol yner and ot her conponents constituting t'tte aqueous ink of the present
invention are described bel ow [Aqueous Mediunm The aqueous mnedi um
constituting the aqueous ink 20 according to the present invention is
described. The aqueous nediumis a m xed solvent of water and the

wat er - sol ubl e organic solvents. In the present . invention, as stated
previously, theRmtReneerabler srbanPé gB?véhH§l§r@e§éu@réﬁﬁed into the good
medi um 25 and the poor nedium for the pjgnment. Then, on the basis of the
results of suctf} LYk %n?%ﬁuWth gﬁﬁaﬁlPﬁgu%éFéPnséﬁﬁﬁléﬁbﬁ§§hic
solvents are so 44 selected and appropri at el i xed that at | east the good
medi um and the‘ﬁ%%?rh%%i%ﬁﬁ%fbafntgﬁ%ﬁ d %ﬁdyu%%s%pt%%u%%ﬂ§eﬁ9 of®Bach

t er - sol ubl ' I t, i ithip th . ified | h t
Fnvention, 5 preparihg tHeti RS FRESRAFer I SMGBTE JrodRP SoTVents may

specificallg i%Héggﬁnéaﬁkévgﬁgy%eaégg?gkﬁagggiHgyllgger, the ink may
have a small area factor, considering the large
quantity of ink droplets, and images having high print
density may be unobtainable.
<Water based ink>

190 In the agquecus ink according to the present
invention, 1t is essential that the water-soluble
organic solvents are constituted as described above,
in relation to the pigment to be used. FExcept 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.

[Aqueous Medium]
The aqueous medium constituting the aqueous ink

20 according to the present invention is described. The
aqueous medium is 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



4 carbon atons such as nethyl alcohol, ethyl alcohol, n-propyl alcohol,

i sopropyl al cohol, n-butyl alcohol, 10 sec-butyl alcohol and tert-butyl
alcohol ; am des such as dinethylfornmanm de and di et hyl acet am de; ketones 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; alkyleﬁ gl ycol s whose al kyl ene groups
have 2 to 6 carbon atons, such as ethylene glycol, propylene glycol,

butyl ene glycol,.triethylene glycol, 1,2,6-hexanetriol, thiodiglycol,

hexyl ene glycol and diethylene glycol; |ower alkyl ether 20 acetates such
as pol yet hyl ene gl ycol nononet hyl ether_ acetate; glycerol; |ower alkyl

ethers of pol yhiric-edl @ahorRPISRER2 hel ¥t RyKeAe tHRVcElt reRGTettA (or et hyl)
et her, diethylene_ghxggl met h Igor eth I% ther and, triethylene glycol :
monoret hyl (or &M )NeTHEP: 2_Hd-B] RPFEL HFFLSMp§FPol NEGHEL X8 | i done,

and 1, 3-dine thyl-2-imdazolidinone. S0, as ter, deionized water may
preferably be JQ%%? TR %%%F%ngr%gn%aﬁgiF?EﬁFé?gﬁPﬁﬂ?aPFgﬁglébﬁ%@ﬁﬁﬁ t he
content of the Mater-solug$e organi c SOLﬁﬁFt in _the agueo s.ink %ccording
to the present ihvEhtioh. It fﬁgﬁepﬁé?%P %ﬁiﬁ?i?P?h%r ahge o YFPOm 3 nmass%
to 50 5 nasg@bbased on th§htota% mass of the ink. Also, the water in the

aqueous i nk naﬁpiﬁ%ﬁEﬁQﬂﬂ e'i'i"a content rangi ng from50 mass%to 95

0,
mass% based on the The water-soluble organic solvents may

specifically include, e.g., alkyl alcohols having 1 to
4 carbon atoms such as methyl alcohol, ethyl alcchol,
n-propyl alcohol, isopropyl alcchol, n-butyl alcchol,

10  sec-butyl alcohcl and tert-butyl alcchol; amides such
as dimethylformamide and diethylacetamide; ketones or
ketoalcohols such as acetone and diacetone alcohol;
ethers such as tetrahydrofuran and diokane;
polyalkylene glyceols such as polyethylene glycol and

15 polypropylene glycol; alkylene glycols whose alkylene
groups have 2 to € carbon atoms, such as ethylene
glycol, propylene glycol, butylene glycol, .triethylene
glycol, 1,2,6-hexanetriol, thiodiglycocl, hexylene
glycol and diethylene glycol; lower alkyl ether

20 acetates such as polyethylene glycol monomethyl ether
acetate; glycerol; lower alkyl ethers of polyhydric
alcohols, such as ethylene glycol monomethyl (or ethyl)
ether, diethylene glycol methyl (or ethyl) ether and
triethylene glycol monomethyl {or ethyl) ether; and

25 N-methyl-Z-pyrrolidone, Z-pyrrolidone, and
1, 3-dimethyl-Z-imidazolidinone. Alsc, as water,

deionized water may preferably be used.



total mass of the ink. In a preferred enbodi nent of the present 10
where the total content (mass% of the good nediumin the
aqueous ink is represented by X, and the total content (mass% of the poor

i nventi on,

mediumin the ink by Y,

the types and contents of the water-soluble organic

sol vents constituting the aqueous ink are % 15 controlled that the ratio of
content (mass% of the good ne d"um : total content (mass%

t he poor nmediun] cones to be within the range of from XY = 10:5 or nore to

preferably from XY = 10:5 or nore to 10: 10 or |less, and

XY [total

10: 30 or | ess,

nore 20 preferably fromX Y = 10:6 or nore to 10:10 or less. In addit
the "ratio of XY = 10:5 or nore to 10; 30, or_less" neans that Y is 5
more to 30 or |ess wﬁ&@fﬁxﬁ%ﬁjﬁp Hﬁﬁﬁﬁ%ﬁ%@rt%1@%E@Fé§nﬁ38@n69rpﬁégpresent

25 inventors,

| arge content,
is difficult 46 to achi eve. hj t densit
hand t he good ﬁ@&?dﬁ?%%%?%lh%% ?ﬁg g

hi gh t densit b d, th
mout 1 ci ent 5 M Brage STaBITi By LFoF NSUER"A°pRObTERT ChE"Brdpart ith

wher e thq@good medi um contained_in the ,aquequs ink is
e Gefule

Al so, where on the ot

have

90 medl .t e pogr TeLum |1 £lE, Ve el 59 YL 19 .50 %ﬁ@ts

i nk may be

10

15

20

25

wat=r 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
invention, where the total content {mass%) of the good
mecium 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 organic
solvents constituting the aqueous ink are so
controlled that the ratio of X:Y [tetal content
(mass%) of the good medium : total content {(mass$%) of
the poor medium} comes to be within the range of from
X:¥ = 10:5 or more to 10:30 or less, preferably from
X:¥ = 10:5 or more to 10:10 or less, and more
preferably from X:Y = 10:6 or more to 10:10 or less.
In addition, the "ratio of X:Y = 10:5 or more tc 10:30
or less" means that Y is 5 or more tc 30 or less when
¥ is 190.

According to studies made by the present
inventors, where the good medium contained in the
aqueous ink is 1in a large content, the agqueous ink can

have superior storage stability, but it is difficult

lﬁ&uEBug%elﬁEe?§nﬁ IRVERdioTeontént |
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controll ed as descri bed above, whereby both the ink storage stability and
the high print density can be 10 achi eved. Further, as described previously,
in the present invention, the Ka value determ ned by the Bristow nethod,
which is a neasure showing the perneability into recording nediuns, is
controlled in deciding each water-sol ubl esgrganic solvent to be 15
incorporated in the ink. This nmakes it possible to achieve the effect that
has not been unobtainable, i.e., the effect that the ink has a sufficiently
| arge area factor even in a small quantity of ink droplets and can
materialize high print density. 20 [Coloring Material] The coloring materi al

constituting the agyeous . nk accordi ng to the present_invention is

descri bed bel gcﬁ agflshlt%vee c% %]? i%ﬁl%t%g?%}t%bnénﬁist%t i%e‘?%eon a%lﬁ%ous i nk of

t he present inventi nge 5 i ni ,gpen artjcle_having at

| east one ionf%ﬂﬁ?gggng%ﬁied Qépé.%%??%@egégg?ﬁ%g%igﬁe%?g SQP%PEFe directly

or via another ghomc gf Oéjpsri\e?li’sggnlféqt Aﬁi%lﬁggglfﬁgt;_tﬁéﬁs?}ggd?%}xoiie! S

fulfilled, there are no particular Iimtati eon. | oW ng are

usabl e: a bi ORI GARE LG 8,01 AENL, PAIL oh ey hAXYB0; n 8 peaRoURd having an

ionic group attac y a diazo 5 Coupling met to a surface of the
pi gment par i ¢l rfyPi G Ot a!E’Brn%Lﬁsfp'aggfﬂHbl@ﬁ,t'@{@ PRYbAG: A Tonic

group introduced by surface oxidation treatne

of the good medium to the poor medium 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 previocusly, in the
present inventicn, the Ka value determined by the
Bristow method, which is a measure showing the
permeability intc recording mediums, is controlled in
deciding each water-soluble crganic sclvent to be

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

20 [Coloring Material]

The coloring material constituting the agueous
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.



such as treatnent with sodi um hypochloride or ozone treatnent in water to a
surface of the pignent 10 particle, and a pignment on which a dispersing
agent having an ionic group, a surfactant, a resin dispersing agent or the
| i ke has been adsorbed. Any of these pignments may be used alone or in the
formof a mxture of two or nore types. 15_In particular, it is preferable
to use a pignent containing a pignment parti‘cle having at | east one

sel ected fromthe group consisting of -COOML, -SO3ML and -PO3H( M) 2
(wherein M represents a hydrogen atom an alkali netal, an amoni um or an
organi ¢ ammoni um) 20 having chem cally been bonded to directly or via
another atomc group to a surface of the pignent particle. Further, it is
preferable to Us®e tdBeas nthiwhi ehndubhoRnoshénlatékid, gibape @rannal kyl ene
group having 1 to 12 carbon atons, a substituted or 25 unsubstituted

phenyl ene gr oupPk - ECtdst + 1t At 6P1S URABEESPRE ut B nEpht AL RA2EBoup. In the
case of a plgnent containing a pignent particle having - COOVL, 48 anong
the above ioni GYHotps,2 kféWTH%nEh‘é?r?EéFPif“Be@nplBB‘ﬁaédptaétélcﬁgcthlayl&g vi a
anot her atomic grou surface of the ment particle, it may exhibit
wat er resistarte? %‘%Wsehi‘fv%\ﬁ“ﬁha%aéﬁnlﬁngrgéﬁcétgrﬁ§]hﬁﬁr &Y53pFefglabl y be

used Spect {1 cal Ly Lo TR @l89 preferied Lo Use . pigmen gontainine 2
a pilgment containing a pigment particle having an
ionic group introduced by surface oxidaticn treatment
such as treatment with sodium hypochloride or czone
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 -COOM1l, -S0;M1
and -PO3;H(M1), (wherein Ml 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,



a -06H4- OOOML group or a -C6H3-(COOM )2 group (wherein M represents a
hydrogen atom an alkali nmetal, an 10 anrr.oniumor an organi c anmmbni um
havi ng been introduced to a surface of the pignent. In particular, the one
in which a -C6H3-(COOML) 2 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 - Co6H4- COOVIL grouﬁgor -C6H3- (COOML) 2 is introduced
to the pignent particle surfaces, preferable results in the constitution of
the present invention are brought out when the anount of introduction per
unit 20 surface area of a pignent particle is larger. This is considered
due to the fact that as described  previously the extent of solvation of the
pi gment by théngiertisd| i ee o gaht coserRent savsngeghiend cailtty ®&eni ncrease
in ionic groups, because of steric hindrance 25 or the like. There are no
particul ar |inmtdeshsscoheer@fhy ¥ hélpi gpekbetisabPBirngtREPad@edus i nk
according to the 49 present invention, and any of those as_enunerated
bel ow may be useH.f3GE LhilgrentidBedyt i pebracket nkt ®aybsrhplask wader
preferred. Any carbon bl ack may be used, as 5 exenpljfied by furnace bl ack,

| anp bl ack, acét®A erie N ¥t dckidr 1 ehahingt L §2RC - SPBE| NPRGFI FRYcBivksr cial |y

avai |l abl e pgodlijcl;esfear(aetﬂu;a% eué/\(/%f:h are exenplified by

Specifically, it is alsoc preferred to use a
pigment containing a pigment particle having
a —ZgH;~COOM1 group or a -CgH;—-(COOM1), group (wherein
M1 represents a hydrogen atom, an alkali metal, an
10 ammonium or an organic ammonium} having been
introduced tc a surface of the pigment. In particular,
the one in which a -CgH3-{COOM1l), 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 —-CgHy—-COOM1 group or —-CgH;— (COOM1), is introduced
to the pigment particle surfaces, preferable results
in the constituticn 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 1n ionic groups, because of steric hindrance
25 or the like.
There are no particular limitations concerning

the pigment usable in the agueous ink acccrding to the



RAVEN 7000, RAVEN 5750, RAVEN 5250, RAVEN 5000 ULTRA, RA\EN 3500, RAVEN
2000, RAVEN 1500, RAVEN 1250, RAVEN 10 12(0, RAVEN 1190 ULTRA-11, RAVEN
1170, and RAVEN 1255 (the foregoing are avail able from Col unbi an Car bon
Japan Limted); BLACK PEARLS L, REGAL 400R, REGAL 330R, REGAL 660R, MOGUL
L, MONARCH 700, MONARCH 800, MONARCH 880, jMONARCH 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 FW, COLOR
BLACK FW2, COLOR BLACK FW2V, COLOR BLACK FWL8, COLOR BLACK FW200, COLOR
BLACK S150, COLOR BLACK 5160, COLOR BLACK 5170, PRINTEX 35, PRINTEX U, 20

PRI NTEX 140U, PR 14 PECI AL_BLACK 6 EC AL LACK 5, ECI AL BLACK
4A, and SPECIAﬁﬁﬁggéﬁ%4l%¥%%§l$§feé%&naggrgfaigpﬁgbﬁg F%ﬁFEEﬁﬁ%ga Corp.);

and No. 25, No. 40, , No. 52, No.900, No.2300, MCF-88, MA600,
MA7, MA8, and ﬂé%ﬁﬂ#bT?gebgg?gégfng are 25 available from M tsubi sh

Chemi cals, Inc.). Al g disghle.ds carhon, bhack,psapar ed,speckably newly for

the present invention. n the present 5 I nvention, exanples are

by no means |injtegbtpedhess, apdany,comventiopalLyknoya carbon black nay
be used. Also, in addition to the carbon black, magnetic fine particles of

DL ack pi grent. B arent par T ol o esa Bl AKe aeher e e VSSek Tk may
i nclude variousp1ypesopf cREAABI CHPREIRENtSpecifically, commercially
" available products 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 12(¢0, RAVEN 1190 ULTRA-II, RAVEN 1170, and RAVEN 1255
(the foregoing are available from Columbian Carbon
Japan Limited); BLACK PEARLS L, REGAL 400R, REGAL 33CR,
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, COLCR BLACK FWZ, COLOR BLACK FW2V, COLOR
BLACK FW1l8, COLOR BLACK FWZ00, CCLOR BLACK S150, COLOR
BLACK S$160, COLOR BLACK S170, PRINTEX 35, PRINTEX U,

20 PRINTEX 1400, 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, MAB, and MA100, (the foregoing are

25 available from Mitsubishi Chemiqals, Inc.). Also

usable is carbon black prepared specially newly for

the present invention. However, in the present



particles. Such organic pignents may include, e.g., insDi uble azo pignents
such as Tol ui di ne Red, 10 Tol ui di ne maroon, Hanza Yel |l ow, Benzi di ne Yell ow
and Pyrazol one Red; soluble azo pignents such as Lithol Red, Helio

Bor deaux, Pignment Scarlet and Permanent Red 2B; derivatives fromvat dyes,
such as alizarin, indanthrone and Thi oi ndkgo maroon; phthal ocyani ne type 15
pi'gnments such as Pht hal ocyani ne Bl ue and Pht hal ocyani ne Green; qui nacri done
type pignents such as Quinacridone Red and Qui nacridone Magenta; peryl ene
type pignents such as Peryl ene Red and Peryl ene Scarlet; isoindolinone type
pi gments such as 20 Isoindolinone Yellow and Isoindolinone O ange;

| m dazol one tyne, pigent s sugh, ps; Benzi g dazohone, Yeld pwy Benzhidazol one

Orange and Benzim pyrant ht one type pignents suach as

Pyrant hr one Red,cangh PUANIKONS: &Y 8n0ero @A g0p1 ABE REYTBA! Bsed?

condensation azo type pignents, t ndi go type piqnments,

di ket opyrr ol opyrol e LYReiPiHENt S, « b aVanbhs opea Ye! | a¥gndeyL Aghde Yellow,
Qui nopht hal one 51 'Yellow, Ni ckel Azo Yellow, Copper Azofethine Yell ow,

Perinone Orangega Anthirane, Omaae. « Piant b agui sopy| ciRed; i xk@ngdnBi oxazi ne
Violet. O course, without being limted to these, other organic pignments

may al so besused.t ik OrHaniks Pi SNBASe Ul €a Nat BeaprepefinentNvent i on
when shown by Color Index (C.I.) Nunber, may include, e.g., the follow ng:
Pigment particles used in inks other than the

black ink may include various types of organic pigment
particles. Such organic pigments may include, e.g.,
ins>luble azo pigments such as Toluidine Red,

10 Toluidine maroon, Hanza Yellow, Benzidine Yellow and
Pyrazolone Red; scluble 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 pligments such as Perylene Red and Perylene
Scarlet; iscoindolinone type pigments such as

20 Iscindolinone Yellow and Iscindolinone 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, diketopyrroleopyrrole type pigments,

Flavanthrone Yellow, Acyl Amide Yellow, Quinophthalone



C.l. Pignent Yellow 12, 13, 14, 17, 20, 24, 74, 83, 86, 93, 97, 109, 110,
117, 120, 125, 128, 137, 138, 147, 10 145, 150, 151, 153, 154, 166, 168,
180, 185; C.I. Pignment Orange 16, 36, 43, 51, 55, 59, 61, 71 etc.; CI
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, g§6 228, 238, 240, 251, 255, 272
C’'l. Pignent Violet 19, 23, 29, 30, 37, 40 50; C. 1. Pignent Blue 15, 15:1,
15: 3, 15:4, 15:6, 22, 60, 64; CI. Pigment Geen 36; and 20 C.I. Plgnent'
Brown 23, 25, 26. In the present invention, the pignent may preferably be
in a content of fromO0.1 nmass%to 15 nass% and particularly preferably

f 1 % W I

[QQ?Lr-2§f3b|é OQVﬁgE] e gz%%??go#g§VéopaP9%gf %Eé§eb§e&§8gd to the
k b I

The oresent [ ogaibhd fotifafi §§ﬁ§éfuﬁve@fa% Dslaﬂ&ger%ﬁgnﬁf R¥hod

descri bed prev'a%s'moé&{gp@gélrﬁ whet hetu 1o | S, 0L, adsorbed) pRrLegt |y or

substantlally to the plgne e res Such

judgment, a - valerasalubl & pol Vo mcgeg egean@%og@@@! B@rﬁg@a'. or

substantial ly to t pi ‘gment ~ nust e se
5 The organic pigments usable in the 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, 86,
93, 97, 109, 110, 117, 120, 125, 128, 137, 138, 147,
10 14¢, 150, 151, 153, 154, 166, 168, 180, 185;
C.1. Pigment Crange l6, 36, 43, 51, 55, 59, 61, 71
etc.;
C.I. Pigment Red 9, 48, 49, 52, 53, 57, 97, 122, 123,
149, 168, 175, 17¢, 177, 180, 1%z, 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, &0,
64;
C.T. 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 invention is



appropriately mxed to prepare the ink. The water-sol ubl e polynmer used in
the present 10 invention nay preferably be an ionic polyner or nonionic
p6l ymer having a hydrophilic group. The ionic polyner nmay preferably be a
honmopol ymer conposed of an ionic nonomer, or a copolyner of a hydrophobic
nononer and an ionic nononer. The nonlonlgzpolyner preferably 15 is a
_honopol yner conposed of a nonionic nononer, or a copolyner of a hydrophobic
nononer and a nonionic nononer. Also, in t he present invention, these

pol ymers nmay be used in conbination. These are described bel ow by citing
specific groups of nononers. 20 (lonic Mnoner) The ionic nDnoner may

preferably be mery. ecifig II nc de acrylic
i acuﬁf é? 3% Il tylﬂ‘ftei‘oi/oll1

acid, nethacry elc aC| yrenesu AT c aC| Any of these

may be used a|Qﬂﬁ?qrédl&ﬁﬁ@ﬂgeﬁﬁﬁéﬁtfsz ug?es a?ttgg o] RRATe] or nore types.

O course, |n the presen y no neans limted to

these. 53 (Nonidanlys Mhnamery: dher poni eni coPaoneE TRY:ARSCH Ll 68l bkl ncl ude.

e.g., ponV|nyI rlvatlves yvi nyl pol yvi nyl

oo done, PaLR A o sk B o e o kg ot e
cellulose apd ethy], Byl lpasis of the results of such judgment, a
water-soluble polymer which is not adsorbed perfectly
or substantially tc 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
norionic polymer having a hydrophilic group. The ionic
polymer may preferably be a homopeolymer composed of an
ionic monomer, or a copolymer of a hydrophobic monomer
and an ionic monomer. The nonionic polymer preferably

15 is a homopolymer compesed of a nonionic monomer, or a
copolymer of a hydrophcbic 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 {Tonic Monomer)

The ionic monomer may preferably be an anionic
monomer. Specifically, 1t 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 meore types. Of course, in the

present invention, examples are by no means limited to

these.



cel | ul ose; alglnlc acid polyhydrlc al cohol esters; water-soluble urea
resins; dextrin derivatives; 10 casein; polyvinyl ether conpounds; and

pol yal kyl ene oxi des such as polyethylene oxi de and pol ypropyl ene oxi de,

i nclusive of a copolyner of the both. Any of these may 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 |imted to these. (Hydrophobic
Mononer) The hydrophobi ¢ nmononer nmay specifically include, e.g., styrene,
vi nyl napht hal ene, al kyl methacrylates 20 such as nethyl nmethacryl ate;
phenyl nethacrylate benzyl met hacryl ate, 2-ethoxyethyl nethacryl ate,

nmet hacrylonitrile, I hyl nmethacrylate, glycidyl
nmet hacryl ate, p- tonI ?ﬁég% ?%rg%%sgrbyl nethacrylate al kyl acryl at es

such as net hyl acryl%ﬁg “%%ﬁﬁgnghFﬁﬁﬁ%h?5ﬁgﬁy ate ffgg?%iuthfﬁé lonitrile,

2-trimet hyl sil oxyethyl "acry glyci acrylate, and

sorbyl acryl at% nygﬁlr%he SRA Uk ndBYadE; Ysef, &l 0ne Ar 45N 899998&&‘“9

conbi nati on of types. O course, in the pres i nvention,

exanpl es are b%lQQ*ﬁgan%d%¥9t5§ht Ef@@fﬁoﬁgblggprgcrglgﬁgdgater sol ubl e
pol ymer according to thé esent 1 nvention nay preferably be a honopol yner
conposed of san JAniw PNy 18 HDPO| YIBfv COPPOSERy1 ether and

polyvinyl butyl ether; polysaccharides such as

cellulose, methyl cellulose and ethyl oxyethyl

cellulose; alginic acid polyhydric alcohol esters;

watar-soluble urea resins; dextrin derivatives;

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

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

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

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

25 phenyl acrylate, benzyl acrylate, acrylonitrile,
Z2-trimethylsiloxyethyl acrylate, glycidyl acrylate,

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



of a noni oni c nononer, a copolymnmer conposed of an ionic nononer and a

hydr ophobi ¢ nononer, or a 10 copol yner conposed of a nonionic nononer and a
hydr ophobi ¢ nononmer, any of which may be used in conbination, or branched
polymers as typified by block copolynmers, random copol ynmers and graft
copolynmers, or salts thereof may be used. cl,n addition, as specific 15
exanpl es of the salts, they may include salts of alkali netals such as
sodium lithiumand potassium and ammoni um salts, alkylanine salts and

al kanol am ne salts. Any of these nay be used alone or in an appropriate
conbi nation of two or nore types. 20 Where the above copol yners are anionic,
they may have aciggyalu%f in the raqge of from 100 to 500, ,and tge
scattering of e HSAT G Y P eFRr 3 OBE 2 hE t APAC 2896 0Pt RE LY8r age
acid value. By controllin th%facid val ue wi.thin the above ran t he

pi gnent can 25 Stablly’ Be’ i Sper sed 1 e hiE e iRE SRR SO OeI|lb’ol ymer nay
have a wei ght 'e}\/agr{rpg]%es ar%esc%%q{%%éé;% in hh?%ﬁ?%%%%ef rom55 1,000 to

30, 000, and nor er e range o to 15,000, and al so
may preferably have SPoTQH%% | ar wei ght distribution Mv Mh ( Mwr
I"a '

wei ght - aver age nol ec r-“wei ght, M: nunber-average 5 nol ecular weight) of 3

O bR 52 g (oA, BRI SR R LA 2 gt - average
present inventicn may preferably be a homopolymer
corposed of an ionic monomer, a homopolymer composed
of a nonionic moncmer, a copolymer composed of an
ionic monomer and a hydrophobic monomer, or a

10 copolymer composed of a noniconic monomer and a
hydrophobic menomer, 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,
anc¢ ammonium salts, alkylamine salts and alkanolamine
salts. Any of these may be used alcone 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 contrelling
‘the acid value within the above range, the pigment can

25 stably be dispersed in the ink.

The water-scluble pclymer may have a

weight-average molecular weight in the range of from



nore preferably in the range of from 3,000 to 20,000. |Inasnmuch as the
content of the ionic polynmer segnent 10 in the water-soluble polyner

controlled within the above range, the ink can be kept fromcom ng h
vi scous and the pignent can have dispersion stability; the both bein

achi evabl e together at high |evels.

a*broad 15 nol ecul ar weight distribution, the properties based on np
wei ght of the water-sol uble polymer described above nay be brought o

difficulty.

Hence, the water-sol uble polyner nay preferably have a

nol ecul ar wei ght distribution. Such a 20 water-sol ubl e pol yner may

pref erably be LaGRPYALSt odh Uy ANE BLCLIPBD, L Tocett (0,5 Ogres

based on the tdtal nmass df

Ion O cont

I'n wh

(msson of L he g grenioand yeterossl uble 4ol ey seotaped,ipelgeair

rati o) may 25 preferd

y be from0.02 to

wat er - sol ubl e ﬂgydegyég:%éﬁggﬁz&fggfgb§g&$ﬁq§wy@§,(M%:is aimed at 56
nk t I mu

mat eri al i zi ng an aqueous

at can s taneously satisfy three

performances, iwe§.ghiigh Riddindensityr wdlged ngn ! nl%%é'kogveeagehi 9
scratch resistance. In particular, in order to inprove the scratch
resistance, 55 idolistAfdeGlid im0 a3 tdhe wad er - soldipl e polopes pdl @net ar ge
quantity, as known in the art. However, if the addition anount of an
polymers is inegeased. Mdie preferably have weight-average molecular

10

15

20

25

weight (Mw} in the range of from 1,000 to 20,000, and
mor= preferably in the range of from 3,000 te 2G,000.
Inasmuch as the content of the ionic polymer segment
in the water-scluble polymer is contrclled 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
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
water-soluble peclymer 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
preferably be frem 0.02 to 150.

In the embodiment in which the water-soluble

polymer is added to the aqueocus ink, it is aimed at
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di spersion of the pigment in the ink cones to be wunstable 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 of
salting-out. The salting-out is a phenonenon in which a solute hydrated to
di ssolve stably in a solution decreases inggts 15 solubility and the solute
cones 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 water is renoved fromthe solute that is
hydrated w th 20 greater difficulty. The pignent dispersed in virtue of

i oni ¢ groups d by alar OIﬂ%entrttyhof wat er . # cul es

sol ution and sF? §ﬁ%¥1 51D Ft ﬁanaﬁr%H aBSP?ﬁ%V is added
to thi | ut I

ggnerefezomzeh%%' %ﬂgéﬁ§ﬁ%%*|s ﬁ%ﬂ&@ and%%egcgfgﬂ &g gpd% gekgfes tend
to come short. phi t{li %;tcf%r‘rﬁ&g é‘foﬁ["ata%{d anffrl? %8§a?3h Pe\éQEQEéHg el Neppi gment

are deprived, so that I'spersion’ st the pi gnent decreases

greatly. In addjtiqn.,the additigo, of,th ﬁP?B'v%”'t%eooéé/f(FEch'Pe@zé@ér%@el ty of

guantity tends to a verser affect the 5 i ckening and storage st
the ink. Fugthear, ;d tdknomn {halqd hﬁué’r&é@@ﬁes@iuwé pRLOREE RAl ¥mer in

the ink in a large quantity nakes the ink greatly
large guantity, as known in the art. However, 1if the

addition amount of anionic polymers is increased, the
disvnersion of the pigment 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 sclute 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 is removed from the sclute that is hydrated with

20 greater difficulty.

The pigment dispersed in virtue of ionic groups
is hydrated by a large quantity of water molecules in
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 is dissolved and hence the water molecules

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



penetrable into the recording nedium resulting in a poor print grade. 10
As a result of studies nade by the present inventors, they have di scovered
that the nonionic polyner, which has no ionic group and is considered to

| ess contribute to the dispersion stability of the pignent, nay be added to
the ink, whereby an ink is 15 obtai ned whigh provides printing i nproved in
scratch resi stance and.maintai ns good di spersion stability of the pignent.
It has conme to light that, where only the nonionic polynmer is added to the
ink, it is possible to add the polyner in a larger quantity than in a case
20 in which only the anionic polynmer is added, and further the scratch

resistance i s j - ro..A t o_hl Ln it has been
found that, _mﬁg%%1%%F§P¥ﬁ%fﬁ€' onf%i%%%gﬁéggfigﬂbeﬁg ?ﬁ%t gg?fornance_is
poorer than ing iidh WA Oy dhecied AQOhC BOLYARLCLSqusadyyThis i
because the ion oncentration 1nthe ink does not I ncrease even if~ the

noni oni ¢ pol yner, whirgh.Ras tA8n, Ofine HRURidrS Addad 58, 40 L Neo1 pkerand the
flocculation of the pignent in "virtue of the salting-out effect 1s not

promot ed. Accori@dj ngldarddn dibg drepeidndoventi®perid1hagrrbeenchaund that the
above three technical subjects can 5 be solved by using the anionic polyner

and the nongonitG iPUNTRIG idhd QY najd ot ab NiBi £ proerelei gk . effeethae, in
pronoting the floccul ation of the pignent,
it is known that the presence ©f the anionic polymer
in the ink in a large gquantity makes the ink greatly
pen=trable into the recording medium, resulting in a
pocr print grade.

10 As a result of studies made by the present
invantors, they have discovered that the nonionic
polymer, which has no ionic group and is ccnsidered 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 tc light that, where only the
noniconic 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 aniconic polymer is used. This is because the ion

concentration in the 1nk does not increase even if the

nonionic polymer, which has no ionic group, is added



inproving the print density and inhibiting bleeding, and the |atter being
effective in inproving the 10 scratch resistance. Thus, water-sol uble
polymers to be added have functionally be separated. It has been found

al so in actual image evaluation that high print density, control of

bl eedi ng and high scratch resistance can ?gnultaneously be satisfied where
the 15 anionic polynmer and the nonionic polyner are used in conbination.
The present inventors presunme, 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 nediumand thereafter the evaporation of water

|0 the ink. theomtersql Ul Bal RS- are pLeclpl LAl od; giogdsgrbed to the

recordi ng nediumsurface, occ Ing force

t he flocculati%qéggétg%;yﬁgngglt#ﬁgégﬁﬁfégfg%g,igv&gawgggﬁggg&gct of the

pigment with an "external environ kes pl ace, e print surface

is strongly SCfatCheﬂcebfaqgﬁngUQni%HMiH%%%ﬁﬁ9iﬁMé4}thaQ§?QH§si”k mar ker

on i mges, the scratch o i gment fromthe recording medi umsurface is

reauced, thus the SGALLD LS SHANCE,d & 1PFOY el ol o d%%i@c@é‘hégﬁe the

flocculating force between 5 pignent particles to inprove t scratc
resistance, g '%e'%dﬁyéaIﬂyﬁdgfﬂﬁ‘%ﬁé)éﬁ%bﬁiEfﬁ%&?ﬁéﬁfﬁn@ftﬁ@ ronic nonomer

and a hydrophobi ¢ nonomer,” t he copol yner of a

nonionic polymer in combination; the former being
effective in promoting the flecculation 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
add-=d 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 noniconic 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-scluble
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 1is strongly scratched or scmething is written



noni oni ¢ nononer and a hydrophobi ¢ nononmer or the like, which is considered
to be able to increase the binding 10 force between pignent particles and
enhance the adsorbing force of the water-soluble polyners to the pignment
particle surfaces. [ her Conponents] Besides the conponents described
above, the 15 aqueous ink according to the present invention may use as ink
conponents a noi sture-retention conpound suél as urea, a urea derivative,
trimethyl ol propane or trinethylolethane in order to maintain noisture
retention. In the ink, the noisture-retention conmpound 20 such as urea, a
urea derivative or trimethylol propane may comonly preferably be in a
content ranging from 0.1 mass%to 20.0 nass% and nore preferably from3.0
mass% to 10. 0 nasis% drasegionis hienk orarkemssnofmafes, i hke 25rBeshded t he
conponent s descri bed above, the aqueous ink according to the present

i nvention may ftire hergnsen i ncorpotlae exe whréinarinedsuaddirigess s6ch as 60 a
surfactant, a pH adjuster, a rust preventive, an antiseptic agent, a

m | dew- pr oof i ng ayermedarthsntfloxi garetcla reduetfbacpt8venProgcdgentl an
evaporation accel erator and a chelating agent. 5 The surfactant used in the
present inventi Girdfy tprafemags ytihe bleorpbuhdntalPrgeabstraeture

represented by the follow ng structural fornmula (1) or )
5" pigment particles to i1mprove the scratch resistance,

it is more preferable toc use the copolymer of an ionic
monomer and a hydrophobic monomer, the copolymer of a
nonicnic meonomer 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 components described above, the
15 aqueous ink according to the present invention may use
as ink components a molsture-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
agqueous ink according to the present invention may

further be incorporated with various additives such as



structural fornmula (2). Structural fornmula (1) RO (CH2CH20n H 10 (In the
structural fornmula (1), R represents an alkyl group and n represents an
ihteger.) Structural formula (2) ICH3 CH3 ' CHO' CHgq CH3-CH CHz
'r-CCi-CH2-CHCH3 o O HRRCHR2 OHZOHZ Tn Tm HH15 (In the structural
formula (2), mand n each represents an igpeger.) <Color |Ink> The inmage
form ng nethod according to the present invention is an ink-jet recording
met hod which 20 perforns recording on plain paper by the use of a 61 black
ink and at | east one color ink, and is characterized in that the aqueous
ink constituted as descri bed above is used as the black ink, and when

form ng an | mage conmosed.of A TR, Jorred, by he,p pLpek,Lnk gnd an i mge

formed by the color i‘ch are acent to each’ o effornlng

scanning for  applydg sthe,flack d %ic?exf:%f%f‘fné "BgEnANdan

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-«CH9CHgO}H

10
{In the structural formula (l), R represents an
alkyl group and n represents an integer.)
Structural formula (2)
CHy  (Hy  CHy  CH
CHg— H— CHg—l.i}—-C = C-?"CH‘Z -CH~ CH3
Q 0
’C‘\ A~
H 2 (I:HQ
CHog CHyg
I T
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



thereafter perform ng scanning for applying the color ink to the area where
the i mage has been fornmed by the 10 precedent scanning is performed. A color
ihk in the case where the ink of the present invention is used in only the
black ink is described here. In the inmage form ng nethod according to the
present invention, any of conventionally kgpwn 15 water base col or inks for

i nk-jet recording may be wused. A coloring material of the color ink may

i nclude water-soluble dyes. In particular, it is preferable to wuse a

wat er - sol ubl e dye having an anionic group as a 20 solubilizing group. The
color of the color ink used in the present invention may appropriately be

sel ected frongﬁyaq:Jggg%ﬂ&gTﬂyqéég% i To P g&@gnlnglrﬁnﬁhe porange The

mater-soluble ye havi ng an ani oni ¢ group, resent

i nventi on, S I ngd.reactive
dyes Ilsted |n %&%W ]ﬁ%ﬂfjb&aﬁ%a& L?et?%ﬁl%ﬁg {égﬁlgtg)f?gtelao%g’ Dyes
not 1isted in CRLOR NI B alS0she H5ethe |10 RAK! LAK) AhnaPLEERM abl y used

are those having an anionic group, e.g., a sulfonic group. Any of these
dyes may be useddndhed angeOf-damdd nmssip 511%9g@3§§{ﬁ1e§”9yp’&ﬁfeer ably

from1l mass%to 5 mass% in the ink. Specific dyeS may include t
followng: 5 plack ink and an image formed by the color ink whlch
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. 1In the image forming method according
to the present inventicn, any of conventicnalily known

1% water base c¢olor inks for ink-jet recording may be
used.

A coloring material of the color ink may include
water-soluble dyes. In particular, 1t 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, vyellow, 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



Cl.
98, 100, 110; 10 C|I
75, 79, 80, 83, 89, 95, 197, 201, 218, 220, 224,
C.I. Drect Blue 1, 15, 22, 25, 41, 76, 77, 80, 86, 90,
158, 163, 168, 199, 226; 15 C.I. Acid Yellgw 1, 3, 7, 11,
36, 38, 40, 42, 44, 76, 98, 99; C|
32, 35, 42,
158, 198, 249, 265, 289; and 20 C |
40, 43, 59, 62, 74, 78, 80, 90, 100, 102,
The col oring ng&a&kgklggsthe

wat er - sol ubl e dyes, the

104, 117, 127,

lowmng 1 to These co

Direct Yellow 8, 11, 12, 27, 28, 33, 39, 44, 50, 58,
Direct Red 2, 4, 9, 11, 20, 23, 24, 31, 39, 46, 62,
225, 226,227, 228, 230;

98, 106, 108, 120,

51, 52, 80, 83, 87, 89, 92, 94, 106, 114, 115, 133,
Acid Blue 1, 7, 9, 15, 22, 23, 25, 29,

85, 86, 87, 88,

17, 23, 25, 29,

Acid Red 6, 8, 9, 13, 14, 18, 26, 27,

134, 145,

138, 158, 161.

g@g%otnklmd i pckuder fim&eﬁaﬁg%l%%ove

oring

terials are

preferable beceesesteeey @PéythkE19999r“ﬁb§éfé§§F§gaﬂgéd when tappld ed to the

recordi ng medi um havi ng a car boxy

roup as a solubilizing

B culmar,

group. 2. O |'ﬁgbgﬁbea@y%%lod3cI@ﬂ&ﬁwtﬁ}gﬁ T@?@%E%ﬁ%fE)#FHJ

limtations concerni ng
in COLER LNBEX. dlher e-ar @ahseda Pad GHmRfe of from 1 mass?

i sted

the oil-sol ubl'e dyes as long as t are those

5 10 mass%, and preferably 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, 119;

10 C.I. Direct Red 2, 4, 9, 11, 20, 23, 24, 31, 39, A4e,
62, 75, 79, 80, 83, 89, 95, 197, 201, 218, 220, 224,
225, 226,227, 228, 230;
C.I. Direct Blue 1, 15, 22z, 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.1. 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, 249, 265, 289; and

20 C.I. Acid Blue 1, 7, 9, 15, 22, 23, 25, 29, 40, 43, 59,
62, 74, 78, 80, %0, 100, 102, 104, 117, 127, 138, 158,
l6l.

The coloring material of the color ink may

include, bkesides the above water-scluble dyes, the

25 following 1 to 3. These coloring materials are

preferable because they exhibit good water resistance

when applied to the recording medium.



limtations even where they are novel dyes not listed in COLOR | NDEX.
Specifically, they may include the 10 follow ng. Any of these dyes nay be

used in the range of from1l nass%to 10 mass% and preferably from1l nass%

to 5 mss% inthe 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. Were a pignent is used as the coloring material
20 of the color ink, the pignent may preferably be in a content ranging
from1l mass%to 20 mass% and nore preferably from2 mass%to 12 mass%
based on the total mass of the ink. The pignment usable for the color ink
in the present §nvaffis %Wi%c@ O¥he ‘gﬁo‘fIBI PEWRNGOLEP1E6GREE, in the
present invention, exanples are by no neans limted to these. Pignents
produced new y $%6t*Hhe present invention may al so be 64 used, as a matter
of course. C .,  Pignent Yellow 1, 2, 3, 13, 16, 74, 83, 128; C 1. Pignent
Red 5, 7, 12, 48( T’%l(‘(f%e; ®R¥m), 112, 122 5 C.1. Pignent Blue 1, 2,
3, 15:3, 16, 223; alp.d mecr:it'ls' Vat Blue 4, 6. In the case where the pignent is
used as the - 7 :

5 There are no particular limitations concerning
the oil-scluble dyes as long as they are those listed
in COLOR INDEX. There are also no particular
limitaticns 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.1. Solvent Yellow 1, 49, o2, 74, 79, 82, 83, 89, 90,
120, 121, 151, 1353, 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, 4%, 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,
exemples are by no means limited to these. Pigments

prcduced newly for the present invention may also be



coloring material of the color ink, as for a dispersing agent used for

di spersing the pignent in 10 the ink, there are no particular limtations as
long as it is a water-soluble resin. It may preferably be one having

wei ght - average nol ecul ar weight in the range of from1,000 to 30,000, and
nore preferably in the range of from 3,00Q,to 15,000. 15 Such a dispersing
agent may include block copolyners, random copol yners and graft copol yners,
or salts of these, conposed of two nononers (at |east one of which is a
hydr ophi |l i ¢ nononer) selected fromstyrene, styrene derivatives, vinyl
napht hal ene, vinyl 20 naphthal ene derivatives, aliphatic al cohol esters of

a, p-ethyl eni c unsaturated car oxyI c_acids, acryllc acid, acrylic acid
derivatives, mal%it 48 & ML OheF? H%?rvatlves itaconic acid, itaconic

id deri f I
Seetate. vimyl G ar?ﬁ%éait R o b and Lo {Lééf‘?ééiﬁﬁhiigﬁ” and so
forth. hbtural(fg§| 9§t &Sy’ ?SIQ ﬁaelu%ccg_d lﬁg@fbtnag7?&§9 p5§%e;ably

be 65 wused. These res ns are solfUbl'é i'n'an aqu dus’s i on whi ¢
base has been q{ ol ved, and are alkali-soluble resins. In addition, any of
these water-sol'uble resins may be in a content ranging from5 0.1 massy to

5.0 mass% baseg- on tﬂ%ﬁéﬁ@'gﬂ?@ﬁpfthﬁ, i?kB,ng, agggogﬁdmedi umused in
the color ink is er
C.I. Vat Blue 4, 6.
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 is a hydrophilic monomer) selected from
styrene, styrene derivatives, vinyl naphthalene, wvinyl

20 narhthalene derivatives, aliphatic alcohol esters of
o, B-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 wviryl acetate, vinyl pyrrolidone, acryl amide and
derivatives therecof, and so forth. Natural resins such

as rosin, shellac and starch may also preferably be



or a m xed solvent of water and a water-soluble orcanic solvent. As the
water, it is preferable to use 10 ion-exchanged water (deionized water)

rat her than normal water containing various ions. As specific exanples of

t he water-soluble organic solvent, it may specifically include, e.g., alkyl
al cohol s having 1 to 4 carbon atons such asnethyl 15 al cohol, ethyl

al-cohol , n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl

al cohol and tert-butyl alcohol; am des such as di nethyl formanm de and

di et hyl acet am de; ketones or ketoal cohols such as acetone and di acetone

al cohol ; ethers such as 20 tetrahydrofuran and di oxane; polyalkylene glycols

Whose al kyl ene Wronps Make e Ko Gonut st SieneauSathy Fan it cor
grgp%lﬁgiangl¥f€# w$#%% 8? % aﬁe?%%éﬁégé%iigﬁgg%%nd’aﬁ@hylene gl ycol ;
ol ycer ol 1 ouer, Bl SLIGH R ofcoPALYMVEL L €18l ool S, oUsk gestiyicne
ether and trletg¥d%% s@iﬁgfé rrOPREEﬁQ yl6ar ﬁtgy Ln%%%%rr %%qnﬁaz&i

N- net hyl - 2- pyrr I done; and” i none.
O o nose vater pokable nomg&%ga& eq! B tall ¢ %wt%q B8 R thiul arl y

g
preferred: | yhydric a Tcg ol s suc |et yl ene glycoal, and | ower al kyl
et hers of ink.

The agqueous medium used in the color ink is water
or a mixed solvent of water and a water-soluble
corcanic solvent. As the water, it is 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 alcoheol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol and
tert-butyl alcochol; amides such as dimethylformamide
and diethylacetamide; ketones or ketocalcohols 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
glvcol, butylene glycol, triethylene glycol,

25 1,7,6-hexanetriol, thiodiglycocl, hexylene glycol and
diethylene glycol; glycerol; lowgr alkyl ethers of

po.yhydric alcohols, such as ethylene glycol



pol yhydric al cohols, such as ethylene glycol nononethyl(or ethyl) ether. 10
The wat er-sol uble organic solvent in the color ink may preferably be in a
content ranging from3 mass%to 50 nass% and nore 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
nore preferably ranging from 30 mass%to 8% mass% based on the total mass
of the ink. To the color ink(s) used in the present invention, besides the
above conponents, a surfactant, an 20 anti-foam ng agent, an antiseptic
agent and so forth may optionally appropriately be added in order to nake
up an ink having the desired val ues of physical properties. [Physical
Properties of ImkjorstiThe(dt ackhyhk ahldetol dretbhik{sheugégcbh the present

i nvention, conposed of the constituents as described above, may preferably
have propertiesnetiatl 67r enabl b ehkertandetsuethplynej edvedlf rom an ink-j et
recordi ng head. Fromthe viewpoint of the performance of ejection fromthe
i nk-j et recordifRpdedhyeaeh £aRYLhay tpest erdsl yWeethyb-45pyiPapsidage?s
mMVVmor nore in 5 surface tension, and nore preferably 1 to 5 nmPa/s and 25
MV mto 50 mV m oty ot denaurdadel t endiBAthAL sérimpfareliAenBRgek PRk and

the color ink(s) are used in . _
5 " these water-soluble organic solvents, the following

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 20 mass$%, and mcore preferably ranging
frem 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 corder 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



conbination, it is further preferable that the surface ten5|on of t he col or
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
m\ m and the col or ink(s) has/have a surface tension of from25 to 35 nim
<Reaction Liquid> 15 The reaction liquid uggble in the present invention
contains a reactive conponent having the function to make the dispersion
state of the coloring material in the ink unstable. The reactive conmponent
| owers 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_di,s oIved | h u diu y .t he actl n of i onic
groups comnes |rﬁna%d%tth %helgl 9%8? ng E]B fE8np8He %oH “he

recording medi ym gpdgg%aﬁggl(&' O IR meqJ&%ﬁa{g@t@f0&3@&9;8@%9&

coloring materia ein uns neans e sStat OoCcCul ation

or gelation is b oucli. ahout, ahen, éhfnkn5 0B8;candathe reactian b gyid are

m xed on the recor medi um specific exanp es’o reactlve

component, it i%é‘ﬁﬁf etal §a£‘f>51§'xﬂpé’%téﬁa' ak, n&/HP'oBEVgJo%t et al
ions and salts thereo ow nol ecul ar cationic COﬁpOUﬂ , cationic
high pol ymers.gihe,deacdh ¥YLok OMPRACRL rk SpHesEeELBeY BelkoWs npa/s and
25 mN/m toe 50 mN/m or more in surface tension. Also,
where the black ink and the coler 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 cclor ink(s) has/have a
surface tension of from 25 to 35 mN/m.
<Reaction Ligquid>
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 addition, making the dispersion state of the ccloring
material in the ink unstable means that the state of

flocculation or gelation is brought about when the ink



[ Pol yval ent-Metal lon and Salt thereof] The pol yval ent-netal ions may
specifically 10 include, e.g., divalent-netal ions such as Cat+, Cue+, N i2
,* Mgt +, Zn2+, Sr2+ and Bat+, and trivalent-nmetal ions such as Al3+, Fe3+,
Cr3+ and Y3+. To incorporate the polyvalent-netal ions in the reaction
liquid, a method is available in which a gglt of a polyvalent netal is 15
added to the reaction liquid. The salt refers to netal salts constituted of
t he above polyvalent-netal ions and ani ons bonded thereto, and nust be
soluble in water. Preferred anions for formng the salt may include, e . g
, Cl-, NO3, | , Br, C103, 5042 , C032 , 20 CH3000 and HCOO . O course,

in the present Jnyenid oflacexampl £, ai e, by RexiRany Lhi Ledotatpese. In the

present invention, 1h view o0 eactivit reaction uid with
the aqueous ink,.{hg,coloring performance and further the readi ness of
handling the 25 reaction liquid, the polyvalent-netal ions may preferably

include Cat+, Mt+, ﬁ%zﬁpeﬁg%ﬁ@“$£%§£ﬂ%§téﬁﬁthe(%ﬁécﬁﬁv@aééﬁﬁHﬁéﬁky

preferred. Al so, as to the anions, NO3- is particularly preferred in

vi ew of sol ubi liitt Yna @chSudOrdral Nnsdhesr eagt hopthbquig, the
pol yval ent-netal ions may preferably be in a content of fromO0.01 nass% or

S more to 18 mass%ei1desmettdid 1®6e Prefesabbytheenbi) ) mass%or nore to 5
mass% or | ess, based on the total nmss of the reaction liquid, taking into
account the low-molecular cationic compounds, and cationic high
pelymers. The reactive component is described below.
[Polyvalent-Metal Ion and Salt thereof]
The polyvalent-metal ions may specifically

2+

10 include, e.g., divalent-metal ions such as ca’’, cu®,

2 2+

Ni®, Mg ', znt

, 3r*" and Ba®’, and trivalent-metal ions
such as Al*, ®e’, 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 ponded thereto, and must be soluble in
water. Preferred anions for forming the salt may
include, e.g., C17, NOs°, 17, Br, ClOs, S0,°7, CO5°,

20 CH3COO and HCOO . Of course, in the present invention,
examples are by no means limited to these. In the
present invention, in view of the reactivity of the
reaction ligquid with the aqueous ink, the coloring
performance and further the readiness of handling the

25 reaction liquid, the polyvalent-metal ions may

2+

preferably include Ca’’, Mg®, sr®*, Al’ and Y’. Further,

ca® is particularly preferred. Also, as to the anions,



effect to be brought about by the present invention. |In particular, in
order to sufficiently exhibiting the 10 furction of making the dispersion
state of the <coloring material contained in the aqueous ink unstable and
to achieve inmage density at a high level, the polyvalent-netal ions may
preferably be in a content of from2.0 nass% or nore to 4.0 mass% or | ess
15 based on the total mass of the reaction5¥1quid. In addition, the content
of the polyvalent-netal ions in the reaction liquid my be nore than 10
mass% However, its excessive incorporation is usually unnecessary

because, e.g., even if its content is nore than 10 20 mass% the function of
meki ng the dispersion state of the coloring material unstable is not
expected to be NénhafcedrtTeelegdst iveedamged my jprefer apbjukbhitivn no
coloring material and be transparent. It, however, is 25 not always
necessary that #he $eaE®rbA-1iquid is one showing no absorption in the
visible region. More specifically, even if it shows absorption in the 70
visible region, it nel? bdsEbiet &3 | bhgidad: stef Pabysepensnrgéed AeSaf f ect
substantially i nmages. %Reaction Liqui d Application Means] As nethods for
appl yi ng the r &8t i BRefFHaPAYL 8BS 50t ReCPBESPH R EATUM - LodtaSigP Bt hods
such as roller coatjng, bar cgating and spray coatin%,are avail able. A
method is al’so BYEFI &8I Vi KEHAFCRY USPRg aRY ARXfefreterably from 1.0

mass% or more to 5 mass% or less, 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 sufficientiy exhibiting the
10 furction of making the dispersion state of the
coloring material contained in the aqueous 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 of the polyvalent-metal ions in
the reaction liquid may be more than 10 mass%. However,
its excessive incorperation is usually unnecessary
because, e.g., even if its content is more than 10
20 mass%, the function of making the dispersion state of
the colering material unstable is not expected to be
enhanced.
The reaction liquid may preferably contain no
coloring material and be transparent. It, however, is
25 not always necessary that the reaction liquid is one
showing no absorption in the visible regicn. More

spacifically, even 1f it shows absorption in the



recording nethod as in the case of the ink, the reaction liquid is adhered
selectively to only image 10 form ng areas to which the ink is to be
adhered and the vicinities of the inage formng areas. As a result of
studi es made by the present inventors on howto apply the reaction liquid
to the recording nedium they have reacheqosuch a finding that the roller
15 coating is the best. This is because, even where the reaction liquidis
applied in a snmall quantity, the distribution state of the reactive
conponent in the vicinity of the recording nmedium surface |ayer portion is
nore uniformthan that in other nmeans, and further 20 because inmage quality
can be superior_as, being free of non-gnifor ity at solid areas and al so
strike-through V%ﬁ%%fetﬁ%g?ﬂﬂ'hég B8&n ﬁpBF?E&? el InEgesH f or med
using the two-liquid _syst var i ous .net hod re _avail able for a means by
25 which the ré%%??%%t+¥ﬁu$§%3naokh§§£88£oﬁgg?ﬁ?nﬁﬁéﬁﬁﬁoﬁﬁﬁgeﬁnto cont act

wi th each other on theg recordi t he Fresent i nventors

. nelium, However,
have reached_?l sych e%ﬁﬁﬁﬁ%gﬁgﬁ%?mﬁbp}?F%ﬁ%@? ¥%a85 ain the effect of
t he present |nventlpqﬁyg%gﬁﬁgﬂgrégpl%ﬁ%gyﬂi h@@elf?%% $P£$;%q8?dt ich the

aqueous ink is applied - recor iuna _ 8 reaction
L 00 2 L0t heeopkohpa, fedkum e Begt RETREELSMs by p AL ANS
medi um coating, bar coating and spray coating are available.
A method is also available in which, using an ink-jet
recording method as in the case of the ink, the
rezction liquid 1s 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 liguid 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 soclid areas and also strike-through
afrer the ink has been épplied.
Where images are formed using the two-liguid
system, various methods are available for a means by
25 which the reaction liquid and the aquecus ink are
brought into contact with each other on the recording

me-iium. However, the present inventors have reached



In addition, a tinme point at which the fixing is conpleted refers to a tine
point at which the value of 10 Ka(t - tw) 112 represented by the Bristow s
eQuation is larger than the quantity of the reaction |liquid applied
actually to the recording nedium This refers to a tine point at which the
droplets of the reaction liquid are absorbged into the recording nmedium and
15 neans "t-second after” as calculated fromthe Ka value according to the
Bri stow method and the quantity of the reaction liquid. [Physical
Properties and Application Anount of Reaction Liquid] 20 It is preferable
that the perneability of the reaction liquid into recording nediumis from

1.3 nl/ 2/ 2 6,0 I m 2/ [ 2 l
pr ef er aBT y f Pﬁerﬁc% or n‘gselizgrilghagtn%?rleoggg% % ﬁﬁﬁﬁﬁ%ﬁé%@ %Egg%el ess,
in terns of the gbvakggfgqg? |n9%0%h§ Ica?éﬂgkgggﬁgg O?%%%hobhe reaction

liquid may prefer i'on ano rom: 0°5 g/ n2

or nore to 5 g/ f%ﬁn{ﬁ gfg&g ly lefg gg&et%h%ﬁez 0 g/n2

to 3.0 g/ n2 or %n ad Ion, noun appll |on o] reaction

['qui d may apprpr @&ﬁ{@/@@% ugfegrby xefegtase' thR9:Lhe  pRyshgal,ar oper ties

of the reaction 5 I quid, e rotatlona ed of aro use in a

coating assgnbly, EHEEEEHBfHEné"ﬁeéﬂbﬁ H&stBQeﬁOEbﬁble%th the . recordlng
medi um and so forth.

after the droplets of the reaction liguid have been
absorbed into the recording medium.
In addition, a time point at which the fixing is
completed refers to a time point at which the value of
i0 Ka(t - tw)l/2 represented by the Bristow's equation is
larger than the quantity of the reaction liquid
applied actually to the reccrding 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 guantity of
the reaction liquid.
[Physical Properties and Application Amount of
Reaction Liquid]
20 It is preferable that the permeability of the

reaction liquid into recording medium is from 1.3 mL/m”

-1/2 -1/2

?/msec or more to 6.0 mL/m */msec or less, and

-1/2

more preferably from 3.0 mL/m™*/msec or more to 6.0

2 or less, in terms of the Ka value found

mL/m */msec
25 by the Bristow method. Also, the reaction ligquid may
preferably be applied in a application amount of from

0.9 g/m” or more to 5 g/m® or less, and more preferably



B o o A e

<l mage Form ng Met hod> The image form ng nethod according to the present 10
invention is described bel ow by giving specific exanples. The inmage form ng
nmet hod according to the present invention is an inmage form ng nmethod which
perforns recording by an ink-jet recording systemon a recording nmedi um
such as plain paper by the use of a 15 blagk ink and at |east one col or 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 nage conposed of an
imge fornmed by the black ink and an image fornmed by the above col or ink

20 which are adjacent to each other, scanning for applying the black ink to

formthe image is perforned nd thereafter. scanni ng.for applying the col or
ink to the ar eéarQXﬁé[}oer? @%%%egh%/smbgce% f‘oor r%/g“bfrg&gsﬁr'ecedent scanni ng,
is performed. Specific ne ds._ 25 therefore are described below, Fig. S
shows an exanpl e of aI%r é:_ié]{c?!r}L |lr?gn’he%ah Ugec n%\hoefn ?%%f%%% JE\mf‘loroﬁ\rq%gpernet hod

according to e presenty 3. A entLen s earei sdout s thecpegor ding head

has, as shown'in ( , an ejecti ( ice or ~"ejecting a bl ack
koL o g S o o8 Sl chi v BBl (R eescling ther et rom
In the imags fqmﬂdﬁhﬁnﬁﬂgxké%aﬁfghéﬁe§§@éd of a roller used in a
coating assembly, 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 i1s an image forming method which
performs recording by an ink-jet recording system on a
recording medium such as pilain paper by the use of a
15 black ink and at least one color ink, and is
characterized in that the aqueous ink constituted as
described above is 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 tc each other, scanning for
applying the black ink to form the image is performed,
and thereafter scanning for applying the colcor ink to
the area where the image has been formed by the
precedent scanning, is performed. Specific methods
25 therefore are described below.
Fig. 8 shows an example of a recording head used

when the image forming method according to the present



i nvention, where full-color inmages are forned, 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 therefromare placed
to be shifted fromeach other in a secondgry scanni ng direction.
Specifically, 15 for exanple, in carrying dt the i mge formng nethod by
using the recording head showmn in Fig. 8, the whole area of the black ink
ejection orifice line is used . when only black i mages are fornmed. Wen
full-color imges with black images and col or imges interm xed 20 are
formed, imges may preferably be so fornmed that the black ink uses a part a
of the bl ack |m@%ﬁQQﬁQQnﬂscﬁ¢¥¥b%dl?%E and'@ e rhdisad ondf | Aks use a
part b of the color ink_ ejection orifice lines. The_case in _which the

i mages with bl hedes” Hhd S0l 3 FHAGEECRECT hi &FRi kéBSaP& £6Fmed i s
described below in reater det aj | shows an exar | e of .a.recording

head 74 usabl &35 5t kK | TR n¥?%ﬁe§ﬁﬂ@ r 8E6r 87 RGTHERd O ThAL Ehe
o) ection orif ggu{%sggcf@f%d%e fp p ea b3¥1 HGFREFBFT REERT 681631 or i nks
part 2 of 1fe Hiagk ThiHeeltb e%%é’%“? 2 I heR PRk Bty head 1 o scanmed
inthehonzmm%a%gugé&
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 cut 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-ceclor
images with black images and color images intermixed
20 are formed, images may preferably be so formed that
?he 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



in the drawing (the primary scanning direction) to forma black inage in
one-pass printing on the 10 recordi ng nedium Next, the recording nmediumis
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 direction in the pri,nting head, 15 the part b of the
color ink ejection orifice lines is used 4 forma col or i mage i n one-pass
printing on the recording nediumin its inmage area fornmed at the fornmer
part a of the black ink ejection orifice line. Here, the part a of the

bl ack ink ejection orifice 20 line is formng an inmage in the next area.
This is repeated to formthe images wth bl ack i mages and  col or inmages

i nternm xed. Fi ¢:58Pkholls Ehot REFSBXanplEeBE1alr ecH®i FYCHEAENI UBERHe in the
present invention. In what is showm_in 25 Fi as well, as in_the case of
Fig. 8 the b|éﬁ@i?ﬁ?u%é%c%%ﬁar?rébeet%énﬁlgkk%PﬁkEéﬁééﬂPSnaohhq li-ie
and the C, Mand Y color_inks us art b 75 corresponding to the ol e
area of the colWt¥i er%f%%@ioﬂn§r€?$0%3?FEég? POFAAG ﬁﬁn@ ecsah%aﬁgc as

10 shove St [T bBTher Exarsy oL a8 PrBcbraFRg-neas ok 85 fiee oasent
Invention. kn what 19 HROVLLNEL 90y 10y RS PELL RS vER L NerERSE, Ofising

the part a of the black ink ejection orifice 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 direction in the printing head,

15 the part b of the color ink ejection orifice lines 1is
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 inven;ion. In what is shown in

25 Fiqg. 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 part b



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 whol e
area of the color ink ejection orifice lines, formng the inages wth

bl ack i mages and col or images interm xed. Here, in the recording head shown
in Fig. 10, a distance for a paper feed a' _for one tine is placed between

the 15 part a of the black ink ejection ori’Pice line and the part b of the

color ink ejection orifice lines. Hence, in the recording head thus
constructed, it follows that a tine difference corresponding to one-tine
scanning in reciprocation is produced in excess while 20 a black inmage is
formed and thereafter a color image is fornmed. Thus, the construction of
the recordi ng dnaEEOWH G TP gthaovhelepreeadointhgesadorhankt he
construction of the recording head shown in Fig, 9, for keeping bl eeding
from occurri ng PEWEE thel bl ekl DB s maferahbdt he Ebfofalfagey Fisgthel shows
still another exanple of a recording head usable in the present invention.

Wiere, 76 as iaP¥e Yo gRS nehh shoéthki imepgs 48d §olgEoiBRAGS head is
used in which a black_in¥ ejection orifice Iline and color ink ejection

orifice lines éﬂ;ﬁﬂ *in alignment in order in the secondary scanning 5

s Tormed i B acoor darcd ik RHEHE 2o i e Sarmbie of 5° 0107 1MRO8
recording 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, 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 image and the color image.

Fig. 11 shows still another example of a

recording head usable in the present invention. Where,



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 provided in the primry scanning
direction in tw files for each cyan ink (O, C2), magenta ink (M, M) and
yellowink (Y1, Y2), so that the ejectionygrder of the color inks is 15
identical in both of the forward and backward directions in the primary
scanning. As a result, the inmages with black inages and col or inages
interm xed 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 bl ack i nage,_and then ecoy ding dium.i s..transported by t.he
di stance a irl%%el%e%%ndg?égg%%%ﬁihga i?gg Po%h aﬁgre?ﬁrnatﬁgc gg%?@é of

moving in the t}gec% Qb@% &f#éoxgg%htgebﬂﬁék 1 Rl HRLECI nQiAg ;i the

printing head, ar color 'ink ejection orificelines is used

to forma color; | mage i 0, poe- PARS.PELPILAILPR £l RE 1§GRLAING didyn at the
? t 77 ao t% K

i mge area previously forned by the par e black 1 €] ection

orificeline, WiehINfondRElid OlabhesRlank Lokogleel! auaonlfioe tine 1s

formng an image in the next area. This Is repeate rmthe inmages with

bl ack | mages, angh colofoh moes B1khaker fhyedisAkeskn Fbfickeeaiding head
adapted to the both-direction printing as in what is showm in Fig. 12,
thereafter the color image is 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 (Cl, C2), magenta ink (M1, M2) 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 color 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 1is 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 coler ink ejection orifice lines is used to form a
color image in one-pass printing on the recording

medium at the image area previously formed by the part



as in the recording head described wth reference to FIC 10, the ink
ejection orifice lines may be so 10 placed that a distance for a paper feed
a* for one tine 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 tine difference corresponding to one-tine scanning
in 15 reciprocation while the black image i's formed and thereafter the
color image is fornmed, thus the recording head is nore advantageously
constructed to keep bleeding fromoccurring between the black image and
the color inmage. 20 The inage form ng nmethod has been described above. It

| rage formng. ré?%%deh%ﬂa%?a{?nbn o b ReL PR BBt T Arotnen AR b o noans.

i 11 ers dapend SO 1@E oo o8 L2 Esparbs BLora ThE agéﬁlcsnﬁb Hencs Phe pri it 109
bl ack | mages. AP EOIT ThakAeSF ot Sy RS agékearsgneﬁ%gvfﬁéfﬁteggiséggg?ﬁe
Pk Wt h such Lt CrhRSe Bl PEN Lol BXE hBRg Tl colRE e 0 e

floccul atiom or; ggf@%%éﬁ di spersion of the pignent constituting the black
ink on the paper surface proceeds relatively

Also in the recording head adapted to the
both-direction printing as in what is shown in Fig. 12,
as in the recording head described with reference to
Fic. 10, the ink ejection orifice lines may be so

10 plsced that a distance for a paper feed a' for one
tine 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 is 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

meins limited to the one-pass printing.



fast, conpared with other inks. In the image formng nethod in the present
i nvention, the aqueous ink 10 according to the present invention is used in
the black ink and also the inage formation using the color ink is
perfornmed after the imge formation using the black ink. Mre preferably,
the color ink is applied by scanning with,g delay 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 color ink
does not occur on the paper surface even upon contact with the color ink,
wher eby i mages kept effectively from bl eeding can 20 be forned. Mre

specifically, the aboye go effects ar q%%gined only by proyiding a tine
di fference ~between %%@i f%ﬂ%ﬁﬁﬁdﬁ“ﬁ%i QﬁnﬁTﬁ%ﬁ% ?%ﬂ %ﬁ%orthe i mge
formati on using. the chQr in¥ %Atpou re uirin%@a net hod of gerforning

mul ti-pass printSHy 25 WH dh 1 3ked @ %??%? ng t F heFoP2B5MmI &fFng t he
printing through _scanni carried.out _in_a plurality. of tinmes, or,a nethod
whi ch brings agao%%ecfuasr g&iaz‘ge%oﬁm%qﬁ?p%%tpgﬁg B hé?vgn%égpopgtyi 8% system

s separately avided foreach phthe lackdnicand Lhe seloryink, The use

of the aqueous 1Nk accor 0 present” Tnvention al S0 &habl es” t he
PLorent 1 n L1 Ol Bk rAID SLTLCLED dopet e RO g g um o the
hi gh-density mﬂfgiﬁmbfrhfkﬁgggiéﬁ bPKene pigment constituting the
black ink on the paper surface proceeds relatively
fast, compared with other inks. In the image forming
methoed in the present invention, the aquecus ink
10 according to the present invention is used in the
black ink and alsc the image formation using the color
ink i1s 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 applicaticon 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 gcod 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



gquantity than the ejection quantity (droplet volunme) of conventional inks.
Mor eover, since the printing can 10 be perforned in a small ink quantity,
cbsts for image formation can be reduced and the ink can be fixed in a
shorter tine than conventional inks. Such effects can also be expected.
<Ink-jet Recording Method, Recording Unit, 5415 Cartridge and Recording
Appar at us> An exanple of an ink-jet recording apparatus preferable in the
present invention is described next. First, an exanple 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. 1is a cr%§%isectH9Q§£ VieﬁétOf a rfgorging heag 13.along it% L nk
channel , and Fié@lgyﬁ% a é?bé%-sec?i%%% Uf hPa|8Ha the'Pi REPATB F%yFig.

1. The recordi he. 31 L.9ng.gla ceram.c. pl astic
pl ates or the ||(EF%%¥%ﬁ%5%H%%%§|§P n%ggpg§glhg%h?%ﬁgﬁgﬁhggzgkhéggﬁk i's

passed, to a_healing,gl euent, Subst rake JIRIbEY, 1580, Jhe heaking el ement

substrate nenber 15 i's constitute a protective lTayer f ormed of
silicon oxide,.sild . Nt r jlic [ 0L, i ke, I r odes
17-1 and 17-2 Ea o o T d‘?ﬂ%ﬁgfﬁmgﬁﬁn?é%%%%lﬁ gﬁl 5080t the I ke,
a heating resi tOr-qnfhere 48; & 0L e, Oénatlh‘égPé%%BE‘LH@C’H@B%{@%%U‘EH@S

Hf B2, TaN or TaAl, a heat accumul ating |ayer 19 forne

reasons stated previously, and hence makes 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 guantity, 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 Unitg,
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 c¢f a recocrding
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-sectioconal view alcng the line A-B in Fig.
1. The recording head 13 is made up by bonding glass,

25 ceramic or plastic plates cr the like having channels
(nozzle) 14 through which the ink is passed, to a

hezting element substrate member 15.



of thermally oxidized silicon, alum numoxide or the |ike, and a substrate
20 formed of a material having 10 good heat dissipation properties, such as
stlicon, alumnumor alum numnitride. Upon application of pul sew se
electric signals to the electrodes 17-1 and 17-2 of the recording head 13,
heat is abruptly generated at the region dg@oted by n 15 in the heating

resi stor substrate nenber 15, so that bubbl'es are generated in ink 21
comng into contact wth the surface of this region. The pressure thus
produced thrusts out a neniscus 23 and the ink 21 is ejected through the
nozzle 14 froman ejection orifice 20 22 in the formof a mnute ink drop 24

Lo Ly Lover g a1 eoqed RO RAN B3 3 Shive Sxtgpal appear ance o ar
arranoed 0 ¢ \ebgs nbet o, Lichept 5,20 prebaed by b0ndLng 2
a5 USRS I haBhaE G hovS.ony e el uhe et
e ence niteial, &5, 0610 ep 2 DLa%E o M35y AL ABRTOTRG, WATCh 1o

Pg ?hg' fggi' gﬁt ?Jnlﬁ‘i;;ﬁqcnﬁﬁ—a@c%peﬁ he, phads, 6d,Ls; 3 R8T athbheiRGSLELR LAY acent
layer 18 formed of a high-melting material such as
HfB?, TaN or TaAl, a heat accumulating layer 19 formed
of chermally oxidized silicen, aluminum oxide or the
lik2, and a substrate 20 formed of a material having

10 gocid heat dissipation properties, such as silicon,
aluninum or aluminum nitride.
Upcn application of pulsewise electric signals to
the electrodes 17-1 and 17-2 of the recording head 13,
heat 1s abruptly generated at the region dencted 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 ccmprising the recording heads shown in
Fig. 1, arranged in a large number. This multi-head 1s
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.



recordi ng head 65 nmakes a record. Also, in the exanple shcwn in the

drawi ng, the blade 61 is retained in such 10 a formthat it projects to the
course through which 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 honme posiition adjacent to the 15 bl ade
61, and is so constructed that it noves in the direction perpendicular to
the direction in which the recording head is noved, and cones into contact
with the face of ink ejection orifices to carry out capping. Also,
reference nuneral 63 denotes an ink absorber 20 provided adjacent to the

bl ade 61, and as in Hh bh?d@h 64, aﬁse%ﬁéﬁi”egf'Ehéuﬁﬁkdjggr@%%%%%lgg' The

projects to the cour'se throu Wwhi'Cch recordlng 'S ove

above bl ade 61,é§§9¥%gugrg 2Q§g glgugg ?OQ@E'&Hﬁﬁgf%% (§§§églfg§tor tion

assenbly 64, wh an he "absor 3T envve Wa ust

and so forth fyomthe ok, Jiﬁe% Anmethhi ge fagerRefenance ;65

denotes the recording head avi ng an ej ection energy genera |n§;neans

and ejects ink,to, t@gaigﬁOﬁghggrneghg?psgg ORPeSit & 4,0, td1e 5 ej ection

orifice face prOV|ded efection orifices, to carry out recording.
Ref erence mgrrer@gm@@l@@@?tsﬁeaeﬁdcelfrwﬁ%hoaswal %*&gtt*l%z{a ‘g head 65 is

nounted so that the recording head 65 can be nove The carriage 66 is
slidably associpgtegdi Mghoa guhigashabta®finBafkbmber. The blade 61 is
set at the position adjacent to the region in which a
recording head 65 makes a record. Also, in the example
shcwn in the drawing, the blade 61 is retained in such
10 a torm 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 1s 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.
Also, reference numeral 63 denotes an ink absorber
20 provided adjacent to the blade 61, and as in the blade
61, is retalined 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



of the carriage 66 is connected (not shown) with a belt 69 driven by a

not or 68. Thus, the carriage 66 10 can be noved al ong a guide shaft 67 and
hence the recording head 65 can be noved froma recording region to a
regi on adj acent thereto. Reference nuneral 51 denotes a feeding part from
whi ch recordi ng nediuns are inserted, and %%, a paper 15 feed roller driven
by a nmotor (not shown). Wth such construction, the recording nediumis 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 20 paper delivery roller 53. In the above
construction, the %ﬁg 62 of the ejection restoration assenbly 64 is

wi thdrawi ng fr oV ihe FovFhgc coor seNBFIY heSPeEsFdNAgMRERE 65rerGtive

recording head 65 is returned tqQ.its home posjition 25 after conpletion of
recording, and e B a eGﬁe?%rgb?%jﬁﬁgéHmfﬁe h8PRBILhG %8uF§§ﬁpAs a result,
Wi
Tl

the ejection orifice face.of the recordin ead, 65 i.s 83 p(,d. In
addi t1 o, vhen - Ch¥ G EONES TS BBAYALES UAER EAECE]8Bt PG rce face
2 5 vy that | {OBrof CEr ot THE FSVIRY dOtree e CRETEFetof b AGPHERD. vien
the recor di ag head: 69,1 So/1oyRten” (R LL3DOTRGPRRLYT 83 19 LARRRY Hon a
that the recording head 65 can be moved. The carriage
66 is slidably associated with a guide shaft 67. Part
of the carriage 66 1s connected (not shown) with a
belt 69 driven by a motor 68. Thus, the carriage 66
10 car 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
15 feed roller driven by a motor (not shown). With such
construction, the recording medium is fed to the
position opposite to the ejection corifice face of the
recording head 65, and with progress of recording,
discharged to a paper delivery section provided with a
20 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
25 after completion of recording, and the blade 61 is

projected to the moving course. As a result, the

ejaction orifice face of the recording head 65 is



recording is started, the cap 62 and the blade 61 are at the sanme 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 is w ped al so
at the time of this novenent. The above novenent of the recording head to
its honme position is carried out at the t%ge of the 15 conpl etion of
recording or restoration of ejection, and besides, the recording head is
noved to the hone position adjacent to each recording region at given
intervals while noving the recording region for the purpose of recording,
where the ejection orifice face 20 is wped in accordance with this
novenent. Fig. 5 is_a view show ng an exanple of an ink cartridge that

hol ds the ink fBP4d the recordi ng head through an ink-feeding nmenber,
e.g., a tube. Here, _reference nuneral 40 denotes an ink, holder, e.g., an 25
ink bag, that hol ds tHe 3Rdiing i MCPrHd] PR Her 6™ F slpr oV WFih a
stopper 42 made .of rybber, need| e, _(not shomné na% be inserte t8 this
stopper 42 so tHdt! 1€ (RETCT P hET FrkEpag 96 EAR becPedind fRe%head.

Ref rence nunera{ 44 denot es an absor ber that recg'ves use. ! .ink. ht is
preferabl e for the 9 e ol dtt to B "For et 57Pa %of?o?@??ﬂ,lBaFPF ufarly

i et ocsr oY AP ot e UABE Th Thet! bribeghtor hoBheFonti E Mot 1imited to
the apparatus %%carding head. When the recording head 65 is moved

from its home position to the position at which the

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

at the same position as the above position where the

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

ejecticn orifice face of the recording head 65 is

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 restoraticon of ejection,
and besides, the recording head is moved to the home
position adjacent to each recording region at given
intervals while moving the reccrding region for the
purpose of recording, where the ejection orifice face

20 1is wiped 1n 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 ink 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



descri bed 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
imtegrally formed as shown in Fig. 6. In Fig. 6, reference nuneral 70
denotes a recording unit, in which an ink holder with ink held therein,
e.g., an ink absorber, is placed. The recgrding unit is so constructed that
15 the ink in such an ink absorber is ejec &d in the form of ink droplets
froma head 71 having a plurality of orifices. As a material for the ink
absorber, polyurethane may preferably be used. In place of the ink
absorber, the recording unit may be so constructed 20 that the ink holder is
an ink bag internal|ly provided wth a spring or the |like. Reference nuneral
72 denotes an d1% IHf hbpei® ngnk heddighO weighbenhéepnter tbe heRdihe cartridge
is communicated with the atnosphere. This recording unit 70 is one used in
pl ace of the 23§ HeAER 65% S hdMPTRS FRY. 2BBSCRRETT $hadt XZERFFBIMES

rount abl e o the SPLINE0S S0 Brsterat e pxammle of, an, Lnkci et pecording
mic ot ot abord O Hbatt viki SR YTRF b01 RO of tH AT NGy EPATPOrHATS oet rat e
by o700l actr P Mrbriae G B0 cOREcTT Db fur SRTATE AP4Ui 4BY opposi te to the
The ink-jet recording apparatus used in the
present invention is not limited tc 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,
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 from a head 71 having a plurality of
orifices. As a material for the ink absorber,
polyurethane may preferably be used. In 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 6% shown in Fig. 4, and is detachably
mountable to the carriage 66.

A preferable example of an ink-jet recording



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 displacenent by an applied voltage to eject mnute ink drops from
t he nozzles. An exanple of the construction of the recording head, which is
the main constituent of the apparatus, isgghown in Fig. 7. 15 The recording
heéad is constituted of an ink channel 80 conmmunicating wth an ink chanber
(not shown), an orifice plate 81 for ejecting ink droplets wth desired
volune, 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

cubstrate 84 1 O CUSOrT Fhg. A T 1T hChe br FPrEdYp &t SoBL" IPRE Vi b

substrate 84 fo i'Xi Ag the or] the vibrating

plate 82 and $0.fQfthy5 'lf'e& Jecc;ﬂ%ﬁd Dsshannels 80c L 2: £ opgred from a
ific

phot osensitive resin or the I|ke and the or p ate 81l 1s de of a

netal such as sfaiinlpss:Stasd & r§§y Dﬂ)@f@&e é‘ﬂdohsdgﬁ@ﬁbd%k‘ﬂﬂ Eh an
ejection orifice 85 formed by making a hole by nmeans of electrofornlng or

pressing. The vidyatding pHade B2its {orpedvodtdof; an Aehak zf kbl moehest ai nl ess
steel, nickel, titaniumor the 5 like, and a highly resilient resin. The

pi ezoel ectrisc  diavie B3 Hav {194 edp Dhr @1 di ¢l @€t hbezMBESr habrewehiras barium

titanate or PZT (Pb-2Zr-Ti).
generating device composed of a piezoelectric material
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

iO pressure generating device is made to undergo

displacement by an applied voltage tc eject minute ink
drops from the nozzles. An example of the construction
of the recording head, which is the main constituent
of the apparatus, 1is 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



The recording head constituted as descri bed above operates as follows: A
pul sewi se voltage is applied to 10 the piezoelectric device 83 to produce a
skrain stress, the energy thus produced changes the formof the vibrating
plate jointed to the piezoelectric device 83, and the ink inside the ink
channel 80 is vertically pressed, so thatg%ﬂk droplets (not shown) are
ej-ected 15 fromthe ejection orifice 85 of e orifice plate 81 to nake a
record. Such a recording head is used in the state it is incorporated into
the sanme ink-jet recording apparatus as shown in Fig. 4. Individual parts
of the ink-jet recording apparatus may operate 20 in the sanme manner as

descri bed above. , EXAMPLES Fbrelnafter the present invention wll_ be

descri bed nore @b%&?ircﬁpgylﬁypﬁéylgﬁ e¥a | 88 IS A e &t es and
ref erence exanp Howeverk 25 taﬁ ent invent'gﬁ1is nq%%llnlted by the
meMgwa%@meﬂmaﬂ dESCPEgiFof o S st at ed,
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Al 1.55 g of p-a e 20| id s added.at 5C.tq 5 .a solutlon of. 5 g of
concent r at ed hfﬂ?g%ﬂ g iC 8 %adp §8Fv &SSP 5“%%52% SR E St T on
Vas stlrred in %Pelcgngaghh h?% %E@?¥leﬁ%'%%%3%9d ?Belgge%%ehec ric
device 83 1is formed of 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 i1s 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 1s 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



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 15 mnutes, 6 g of carbon black having a specific surface area of 220
n2/g and a DBP oil absorption of 105 nL/100 g was added and m xed.
Thereafter, the solution was stirred for anot her 15 m nutes. The obt ai ned
sleurry was 15 filtered with a paper filter (trade name: Standard Filter
Paper No. 2, available from ADVANTEC), and pignment particles were

t horoughly washed with water, and dried in an oven heated at 110C to
prepare self-dispersion carbon black A 20 Water was added to the obtained
sel f-di spersion _cayrbon black A ,to prepare a dispersion solution having a
pi gnent concent3iti orff T0P7a&s% Wth the above process, a pignent

di spersion solutioncggé%awn h the _self-dispersion carbon b{ack ﬁ (Pi gnent
A) 25 having - CoHd- it Thid batBIT o hePShr fate o U CedpBon bl ack
broparod seli 88 di SGarH SATBOR BAEIETR waeomeaatred o BRATP Rl 2. 6
proLi e, Ln e neasu el f (gl BLE SOUR, SERULY cahBl DBLECC o,
0, 25018, 5 PR ShsPersl g eobu Lo by SO IE SR BLOBSLIRL s,
A. 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
10 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 o0il absorption of 105 mL/100 g was
added and mixed. Thereafter, the soluticn 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 pilgment dispersion solution A in which the
self-dispersion carbon black A (Pigment A)
25 having -CgH4—COCONa group introduced to the surface of
carbon black was dispersed in the water was obtained.

The ionic group density of the prepared self-



[ Preparation of pignment dispersion solution B] 1.5 g of 4-am nophthalic
acid was added to a 10 solution of 5 g of concentrated hydrochloric acid
dtssolved in 5.5 g of water. This solution was stirred in an ice bath to be
al ways mai ntained at 10C or less and a solution of 1.8 g of sodiumnitrite
dissolved in 9 g of 5C water was added togkhis solution. After the 15
resulting solution was further stirred for 15 mnutes, 6 g of carbon bl ack
having a specific surface area of 22C nR/g and a DBP oil absorption of 105
m./ 100 g was added and m xed. Thereafter, this solution was stirred for
anot her 15 mnutes. The obtained slurry was 20 filtered with a paper filter

(trade nanme: Standard . Filter., Pape hﬁ. 2, availabledfron1AD ANTEC ,6and
pi gnent particl ‘ﬁ%ﬁ%}?Quﬁ?ﬁEﬁﬁgba%% ¢a YT N Garere an8“8r% d"PR &n oven
heated at 110C to epar | f-di spersion c n black B. 25 ter,
ndded to the ol HAH celh- BhEpEEest TERtboi Bk B 1o BFeRar eas1ts:
di spersion sol utd,ory, Navi ng. o, PAGEPLy cOPCADL T Akkon, o KA ARas% Wth the
above 89 proess, a pigne i sperston solution i nCwhrch ot e

self-di spersi ofLanban (lack, B b gURLo e f1ayhbdon RHSLLCORDAIZ oroup

i ntroduced to e surface of carbon Ispersed I'n the water was 5

obtai ned. The ;ﬁ[}j&‘ed—gf% 16y 9b14PeoRT&PaLRd 88LT opdLRBLS @R ,G]r bon
sured int

bl ack B was ne e same
was converted into the ionic group density of the

self-dispersion carbon black A.
[Preparation cof 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 soluticon 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-dispersiocn
carbon black B to prepare a dispersion solution having

a pigment concentration of 10 mass%. With the above



manner as that of self-dispersion carbon black A and it was 3.1 nol/n2. 10
[ Preparation of pignent dispersion solution C] 1.55 g of p-am nobenzoic
aeid 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
al ways mai ntained at 10C or less 15 and a §§Iution of 0.9 g of sodium
ni«trite dissolved in 9 g of 5C water was ded to this solution. After the
resulting solution was further stirred for 15 mnutes, 9 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 20 added and m xed . Thereafter, this solution was stirred for
anot her 15 m nutes. The obtained slurry was filtered wth a paper filter
(trade name: StRERIEFIS: A I REF Paper RBS 3108y APLABLENT PomPaABYAGTES S and

pi gment particles were thoroughl with water 25 and dried in an oven

washe
heated at 110C % prépiersy IfQ%FQB%rggﬁﬁkcﬁrBgﬁg@PEEkBé. Wat er was added

to the obtaineglsejf-di erihﬁg 98 carbon.blacﬁﬁc t,0 preﬁare a _di spersion

sol uti on havi ng'®'a- "5 gremt:” Bt 7 a1 P ot T16°HHSES FY RSt RETEEGTe

process, a pignment dispersjon solution Cin which the_ _self-dispersion

carbon bl ack C(PgﬁﬁﬁgﬁgWBi%F%a@?ﬁgd}%ﬁﬁﬁ§%frﬁﬁ SPSupaititr §85ced to the

surface of cang? blqgk was dispersed in the water was obtained. The ionic
. qglned.

group denS|Py ot the pr epared self

The ionic 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 solution C]

1.55 g of p-amincbenzoic acid was added a
sclution of 2.5 g ¢of concentrated hydrochloric acid
dissclved 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 solution 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



di spersion carbon black C was neasured in the sane nmanner as that of

sel f-di spersion carbon black A and 10 it was 1.0 nol/nR2. [Preparation of
pkgnent dispersion solution DI 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 5 e bath to be al ways mai ntai ned
at- 10C or less and a solution of 0.9 g of 'sodiumnitrite dissolved in 9 ¢
of 5C water was added to this solution. After the resulting solution was
further stirred for 15 mnutes, 10 g of carbon black having a specific
surface area of 20 220 n2/g and a DBP oil absorption of 105 nL/100 g was
added and m xed. Thereafter, this solution was stirred for another 15

m nutes. The obfained BL&FfyCwaS PEFPREFed ALERSESP&PesUHE Miaddy nane:
Standard Filter Paper No. 2, available fr ADVANTEC) , and. 25 pi gnment
particles were ?h%F%H%%Fycﬂﬁgﬁﬁarﬁffﬂnmﬁﬁe H]Qﬁésérie 1R BReodeRVAeat ed at
obt ai ned S| 1 - GPEHEPST on Gt BBRBI GURDBEE0OPr Sp4Fe 1 ndls pdr SO TSGR | on
DL ament i Sper ST ohCSaf b ba BT ROGRI B TAG: § SERPTARSpGrSi on car bon bl ack D
(Pgment D) havi ng,  COHS-( 000NR).2 01 L egess 4.0 hfie Syfaoe opf carbon
carpbon black was dispersed in the water was obtained.
The icnic group density of the prepared self-
dispersion carben black C was measured in the same
manner as that of self-dispersion carbon black A and
10 it was 1.0 umol/m®.
[Preparation of pigment dispersion sclution D]
0.7 g of 4-amincphthalic 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 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.



obtained. The ionic group density of the prepared self- 10 dispersion carbon
bl ack D was neasured in the sanme nmariner as that of self-dispersion carbon
bkack A and it was 1.4 nmol/m . [Judgnment on good mnedi unf poor nedi um of

wat er - sol ubl e organi c solvent] 15 The foll ow ng experinment was conducted in
order to select the water-soluble organicgﬁflvent acting as the good
medi um or poor nediumfor the pignent contained in the above pignent

di spersion solution. First, the pignent dispersion solutions Ato D having
20 a solid content of 10 mass% were used to prepare aqueous sol utions.
These aqueous sol utions and respective water-soluble organic solvents were
used to prepare sol vent-judgnment dispersjion solution A and, _

sol vent - j udgment maté@a%@%d%?%i%ﬁd%glE?iBQeBOPB?lQdeﬁ@&ﬁéﬁﬂsBﬁrééSH

medi uni poor nediunlaccgigggggto the following mxing ratios. [Mxing ratios

of dispersion s6fEPPBn 200 RYGRERE Bn GSEE Pedilum Pl Are iy

(ol vent | vcaent o, spof oL anceRLULLen, AL SACh BLATEn, opgLoign, 3o uton

vt er - <ol ubl e ofgani ¢, soLvent, shown; LPTRRLG L3RRS s SRhen ddoment

5 self-dispersion carbon black D (Pigment D)
having -CgHs;~ (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 sclvent]

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 solution.
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 sclvent-judgment dispersion sclution A and
solvent-judgment water dispersion soluticn B for

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

[Mixing ratios of dispersion solutions for



each pignent 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 judgnment on good medi unf poor nedi um which was prepared as
descri bed 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 |eft sta% ing for 48 hours in a 60C oven.
Thereafter, the dispersion solution taken out of the 60C oven was used as a
sanpl e for nmeasurenent, and the average particle size of the 20 pignment in
t he pignent dispersion solution was neasured with a fiber-optics particle
anal yzer (trade nanme: FPAR-1000; npnufactured by OQtsuka El ectronics Co.,
Ltd.). The val UGB &] ROURFHEIMACP hee @i @Rhge particle size of the
pigment in dispersion 25 solution A for judgnent (pigpent average particle
size measured WYHEHEGIHRYR) L RS ‘?IPe?OJ;\)éTE%SH ‘gysper sion solution B
for Judgnent was noﬁhstored W th 93 heatinﬁLP and thg avegaae a%ti%Ie si ze
of the pignment  i5% Thifs HidHerdt T TRs et bW VB FPHEF- GBREESR
particle analyzer. Then, inre @I to_the average particle.sizes _in
sol vent - j udgne i LTt i sooft;a{ %A and sol vent -j udgrrngt p\%t%ér
di spersion solution,B, _.when the average particle size in dispersio
sol ution Aswas ﬁﬁ%ﬁﬂwﬁﬁﬁﬁ1%?%§%f%1%é.%? %i%%é?%?§n558Wﬂt%8n ?ie 1
50 parts
(Solvent-judgment water dispersicn solution B)
each pigment dispersion soluticn with solid content
concentration of 10 mass% 50 parts
16 - pure water 90 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



t he wat er-sol ubl e organic solvent was judged to be a pocr nedium and when
the average particle size in 10 dispersion solution A was equal to or
simaller than that in water dispersion solution B, the water-soluble
organi ¢ solvent was judged to be a good nedium [ Measurenent of Ka Val ue on
Wat er-sol uble Organic Solvent] 15 First, ©8 neasure the Ka val ue of each
wat er - sol ubl e organi c sol vent, an aqueous dye solution wth a dye
concentration of 0.5 nmass% having conposition shown bel ow, was prepared.
Such an aqueous dye solution is used in order to color a colorless 20
transparent sanple to make it visible so that the Ka value can be easily

nmeasur ed. Wate%é%ﬂiﬂ&ﬁEéhﬁféhé-a&@ﬁ@@@tgﬁkﬂ@c1895925 P& kthePWigmaater 99.5
parts Next, using this aqueous 0.5 nass% dye sol ution 25 and each

wat er - sol ubl e angariics sl yentsion beaseasuseded faeh af rageeoyptd@ sol ution
of col ored water-soluble organic solvents having the conposition shown

bel ow 94 was pepar€Etk a@bbyes aguadiesm 0. nespodyeo sohet i oaradd parts
wat er - sol ubl e organi ¢ sol vent shown in Table 1 20 parts 5 Using as a
measuri ng sanplge e aguedtss 20n nasS9%nsof utlgnanef déapbredbor @dlution
wat er - sol ubl e organi c sol vent, prepared as descri bed above, the Ka val ue of
t he 5 A and solvent-judgment water dispersion 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 sclution B, the water-soluble
organic solvent was judged to be a good medium.
[Measurement of Ka Value on Water-soluble Organic
Solvent]
i5 First, to measure the Ka value of each
water-soluble organic sclvent, 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 order to cclor a colorless
20 transparent sample to make it visibkle so that the Ka
value can be easily measured.
water—-soluble dye C.T. Pigment Blue 199 0.5 part
pure water 99.5 parts
Next, using this agqueous 0.5 mass% dye solution
25 and each water-soluble organic solvent to be measured,

each of agueous 20% solution cf colored water-scluble

organic solvents having the composition shown below



aqueous 20 mass% sol uti on of each water-sol ubl e organic sol vent was neasured
by the Bristow nethod 10 using a dynam c perneability tester (trade nane:
Dynami ¢ Perneability Tester S; manufactured by Toyo Seiki Seisaku-sho,
Ltd.). [Results of Judgnent and Measurenent] In respect of the water-soluble
organi c solvents 15 usable in the ink, neasured as descri bed above, the
résults of judgnment on whether they were good nediuns or poor nediuns for

Pi gment di spersion solutions Ato D and the results of neasurenment of the
Ka value in the aqueous 20% sol ution of each water-sol uble organic 20
solvent are shown in Table 1. In addition, synbols "0" and "X" in the table
stand for good ﬂgglﬁg%gggegoor medi um respectively. Table 1 25 Pignent Ka
val ue of Water-sol e organi c dispersion 20 mass% sol vent Sol ution

élm ution ABCD é%véﬂ &gﬁééuélé 3 1%555%’05%@ Q}éhﬁ@%oﬂ' ycol iﬁpgaa?%t)% X X 0.17
ycerol 0 0 0 O 0.13 Trinethyl ol propane 19 5 [Judgnent on
di spersibility 0fw9t899§élhﬁle organic solvent shown in Table 1
20 parts
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
agueous 20 mass% solution of each water-soluble
orcanic sclvent was measured by the Bristow method
| 10 using a dynamic permeability tester (trade name:
Dyramic Permeability Tester S; manufactured by Toyo
Seikil 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 peoor mediums for Pigment dispersion solutions A to
D and the results of measurement of the Ka wvalue in
the aquecus 20% sclution of each water-soluble organic
20 solvent are shown in Table 1. In addition, symbols “0O”
and “X” 1in the table stand for good medium and pcor

medium, respectively.

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

A~ B C D (ml/m*/msec '?)



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 the present invention, i.e. the
conbination in which a water-sol uble organic solvent does not sol vate
perfectly or substantially the pignent andogl 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

conmbi nation in which the pignment is not substantially dispersed in the

wat er - sol ubl e organi c solvent. By the nethod described previously, studies
were 20 nmade qﬂip%ﬁ%iFgﬂ@ lﬁ$ofeg?od5§pe@§io& cakbon bl agkss A to D and

t he various water-sol uble orgahic solvents. Self-dispersion carbon blacks A
to D were each @grjedojn an oven heatednat HlOC, Theyeaftery the resul tant
sel f-di spersion carbon blacks A to D were each 25 powdered by neans of a
nortar or the IjkendihpPrepsr&pansl veri zed produets. gThen, these pi gnents
were each so adced to each water-soluble organic solvent to be 96

nmeasured, as to be in a pignent concentration of 0.05 nass% followed by
stirring for about I hour. The m Xtures obtal ned were observed to find
that, at thes point of tine, there was the conbination of the 5 pignent and
wat er - sol ubl e organi ¢ sol vent whose clear solid-liquid phase separation was
able to be visually [Judgment on dispersibility of pigment in

wataer-soluble organic solvent]
The following experiment was made for judging the
conbination of the pigment and water-scluble organic
10 solvents constituting the agqueous 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 ionic
groups at pigment particle surfaces undergc perfectly
15 or substantially no icnic disscociation 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 previocusly, 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

adced to each water-soluble organic solvent to be



ascert ai ned.

organi ¢ sol vent does not
10 also the ionic groups at pignent particle surfaces
di ssoci ation in the water-sol uble organic sol vent,
in the water-soluble

substantially no ionic
t he pignent was not substantiallygdi spersed

t hat

is,

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

organi c solvent. 15 The foll ow ng neasurenent was further nade to |judge the

conbi nation in which the pignment was not
wat er - sol ubl e organic solvent. First, a mxture of each pignent and each

wat er - sol ubl e organi c sol vent which were obtained in 20 the above was

alloved 1o st angh.aly arfl nas Vi d SDEL ALY 61 ghok: A00KE. 400, bops o Thereal ter

50 mass% of the upper ‘part
by the use of @ ddd ! efoDiowded? 1T 401 PPL Gy SESE: 20BER. 11 Roukespegl of the

resultant filtrate (‘a coloring

ase was collected an

eri al vent i spersion solution),

Concentrat'on‘Hl%ﬁﬁ%eé“&ﬂ%dfﬁb@3&§féa&b§@9€@ﬁn€9 EBth%hBt|t %t%hW%S
nmeasured by the nmethod described below. In addition, 97 the netho

described bel ow i anexal ¢ @ fethiogs né OfofBRSHEERBNLE LAt he present

invention, exanples are by no neans limted thereto. The coloring materi al

substantially dispersed in the

iltered

t he

concentratign igidrntd did tWat€r vasLaBasus ega Ryt Bel tehhodndescrilked bel ow.
to a coloring material dispersion solution in

First,

10

15

20

25

solid-liquid phase separation was able to be visually
ascartained. 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
und=rgo perfectly or substantially no ionic
dissociation in the water-scluble organic solvent,
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 liguid 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 colering material
solvent dispersion solution), the concentration of the
coloring material contained in the filtrate was

measured by the method described below. In addition,



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

m xture at 550 nm was neasured. The nmeasured value of this absorbance is
represented by (ABSl). Next, the coloringgsaterial 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
value of this absorbance is represented by (ABS2) . As a result, the

coloring material. cancentration.in,the coloring 20 material sol] vent
di spersi on soI& Foﬁ@&§§9%a éﬁﬁgﬁgﬁikgéégf |Shga o theY %I?g 'ﬁ§L8§5ression

2). Ex i l.ar | teri al i j . | ori terial
Sol vent a1 sper S0dn TS EB rinoddy "o oob e (AT hesS e ng t he
rati o of the cg&grk@gngp%%@d% l%ﬁ% trzgégiégbln the coloring materia

sol vent 98 dispersion sol ution determined as in the above, to

the initial coloringhgatc%rlid%lir1 '%é%gﬂ“ﬁﬂ(an&éﬂ¥¥§%%%@tiﬁntﬁ§t initially:

0.05 masso in the above exanple) in the mxXxture of e coloring materi al
and 5 the wat er30l4hle QIO L55U Y 8Y -t e HSPSES! QB PEHEGNLAY8W (Y of a

specific coloring material in a

: First, to a coloring material dispersion solution in
which the coloring material was dispersed in water in
a known concentration (Ck mass%), pure water was added
in a4 stated quantity to dilute it in a stated dilution

10 ratio to prepare a mixture, and the absorbance cf the
mixture at 550 nm was measured. The measured value of
this absorbance is represented by (ABS1). Next, the
coloring material solvent 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 (ABSZ). As a result,
the coloring material concentration in the coloring

20 material solvent dispersion solution was calculated
according to the following expression (2).
Expression (2)
Coloring material concentration in coloring material
solvent dispersion solution (mass%) =

25 [Ck x (ABS2)]/(RBSZ).

Using the ratic of the coloring material

concentration in the coloring material solvent



specific water-soluble organic solvent (hereinafter "coloring material

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 concentration in coloring materi al

sol vent dispersion solution)/(initial colomigng material concentration)] x
100. 15 The values of the coloring material solvent dispersion percentage
whi ch were obtained by the above neasurenent and the results of visual
observation to ascertain the solid-liquid phase separation described above
are shown in Table 2 below. In addition, 20 Pignents Ato Din the table

refer to self-dispesss ol £31HONCR! @EKﬁtf\aE@RP Ghecehnaklbens Rigmepts A to
D'). Table 2 25 Coloring Solid= materi al I quid solvent Pig-

Wat er - sol ubl e oflgané C Sepehe dispeisi ofolfeahgSAbYert alatbarcpenceniage 30
(%9 99 A Polyethylene glycol 600 Yes 2.8 G ycerol No 88.3 B Polyethyl ene
glycol 600 Yes 2znhcdhiye®tDbnNoeB5iditially: 0.05 mass% in the above
example) 1n the mixture of the coloring material and
5 the water-soluble organic sclvent, a dispersion
percentage (%) of a specific coloring material in a
spezific water-soluble organic solvent (hereinafter
"ccloring material solvent dispersion percentage™) was
defined as represented by the following expression (3).
10  Exrression (3)
Coloring material solvent dispersion percentage (%) =
[ {coloring material concentration in colering material
solvent dispersicn solution)/{initial coloring
material concentration)]j 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 solid-ligquid phase separation described
above are shown in Table 2 below. In 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

A

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
separation has

2, it can be judged that, since the solid-liquid phase

taken place in the conbination of Pignent A and pol yet hyl ene gl ycol

t he 15 conbinati on of Pignent B and pol yet gyl ene gl ycol

600,

this

600 and

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 pignment is not substantially dispersed in the water-soluble

t the

organi c solvent.; In qgﬂi I o4 Vegjgdgnment,,. t he judg t tha
above pi gnent igxone t é%%?ﬂ&%ot 2%}€g€ed6®g5 per?ﬁ%ﬁly or sgggtantially by
the water-sol ubl e organic g9l vent to be neasured gnd the judgment that the'

ionic groups at the pignent particle surfaces 100 undergo perfectly or

substantially ng ionig] @aspcd @ i oDy o theowat er vgal ubl e organpi c sol vents
described below. 5

to be measured were respectively nade by the nethods

Specifically, a liquighganta ning a surfactant No 85 .4
) C 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, 1t

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 dissocilation in the

20 water-soluble organic sclvent, that is,

the pigment is

not substantially dispersed in the water-soluble

organic solvent.

In additicn to the above judgment,

the judgment

that the above pigment 1is one that is not sclvated

25 perfectly or substantially by the water-soluble

organic solvent to be measured and the judgment that

the ionic 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 nnol/kg (Liquid 1) and a |iquid conposed of the 10
surfactant, a pignment (any one of pignments Ato D) and water and having the
surfactant in a concentration of 2 mml/kgpand 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 (CH2CH20),, H (In the structural formula (1), R represents an 20

al kyl group and,fukeps eseptecany | Begebslaftibetyr ab fopmula (2) 101 118 (C
H ITH3 A CCHs-CHCH2-" -CEC j-CH2-~H-CH3 O L) ti1H2 Cl 2 CH2 CH2 a a HH

(In the structualsdoram] én (2, teapdtareaehublephesantis apleiegerd In
addi tion, the above pignents Ato D were each
be measured were respectively made by the methods
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
Liguid 1 and Liquid 2, the respective components were
15 mixed, followed by stirring at crdinary temperature

for about 30 minutes.

Structural formula (1)
R—0+«CHpCHgO¥-H

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

Structural formula (2)



5 added to water so that the pignent concentration in the mater becane 5
mass% to prepare liquids, and the surface tension of each of the |iquids at
ordinary tenperature (25C) was neasured. As a result, it was ascertained
that, referring to all pignents Ato D, 10 their surface tensions were equal
to the surface tension (72 mN'nm) of water gt ordinary tenperature and
prgments A to D thensel ves had no effect o% 'owering the surface tension of
liquid. The results of nmeasurenment 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 showmn in Table 3. 102 Table 3 Surfactant Lig. 1
Lig. 2 Pig- For- Surface ten3|on 5 nenu ula Rn n&n ABBA (nNm (nVm
(mMVm A (1) C16H33 20 - 0 4163 9.3 €16 40 - 47.9 48.7 0.8 (2) -

49423808 46 12 c&-—cﬁg—%—e_ 0. tad B 0,42 105,937

40.0 40.4 0.4 |

0
e
CHyg CHy
%%1 i%b

{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 liquids, 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 in

Tahle 3.



(1) Cl6H33 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
F e C (1) Cl6H33 20 -

40.0 70.5 30.5 20 (1) C16H33 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
s 25 D (1) C16H33 20 -
40.0 69.6 29.6 (1) CL6H33 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 pignent B, the
difference "B - A" between the surfaﬁi Einsbon A of Liquid 1 and the
surface tension B of Liquid 2 shows snaffef values 5 than the cases of
pigment C and. pigment D. This neans that, in pignment A and pignment B, the
effective concentrations—of the surfactantsthat—contributeto—the—

I owering of the surface tensifurtdnt he |iquids.igr.el subdt@anti ally equa

wi thout regard to the presence or 10 absence of the pignments. That is, it is

j udged t hat Pig- For- Surface tension

5 ment mula R n_ m+n A B B-A
(N /m) (mN/m) (ral/m}

A (1) Ciglia 20 - 40.0 41.3 1.3

(1) Ci16Hs3 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) CieHas 20 - 40.0 40.4 0.4

(1) CieHz3 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) CieHss 20 - 40.0 7C.5 30.5

20 (1) CigHss 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) CieHas 20 - 40.0 69.06 29.6

(1) C1eHas 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




the surfactants are not adsorbed perfectly or substantially to pignment A
and pigment B. Thus, it can be judged that, for the reasons descri bed

previ ously, pignent A and pignment B are not solvated perfectly or 15
substantially by the nedium such as the water-soluble organic solvent.
Subsequently, in respect of the pignments tq%3 medi uns such as the above

wat er - sol ubl e organic solvents do not solvate perfectly or substantially,
20 the judgnent that the ionic groups of the pigments undergo perfectly or
substantially no ionic dissociation in the water-soluble organic solvents
was nmade in the follow ng way, which is described taking as an exanple the
case of the above pignent B. 25 Specifically, first, pignent B is so diluted
with each of vari o8 wat e?V 56t ubl BT SRgaRFcredlvent 8hoyl &8 TBBlEn3a very

| ow concentration to prepare evaluation 104 liquids. As a standard of the
dilution, it istBet1PBRL £eFRf PhIAPCBRabt DB aﬁéﬁﬁrﬁaf:ﬁicﬁesT o be

sufficiently seen when m croscope, type zeta potenti gl neasuring instrunent
ment i oned bel o ?Emﬁ?%dghESSTﬁ ?%geF%ﬁgéoPoktﬁg L%QPaatﬂoﬁngi&b@ds pr epar ed

as described above, it is observe het her jor. not the .particles nove in a
particul ar diré@f?g%cﬁh%%n%?Q%l aﬁg ﬁgqﬁb I?e8?0ﬂ§iﬁ8aélEFcW8§886e type zeta
potent ol TeasueIenl 2YLEI ({208 RRE! cZEREOM oA 1o 2t el
that, 1n pigment A and pigment B, the effective
concentrations of the surfactants that contribute to
the lowering of the surface tensicn of the liquids are
sukstantially equal without regard to the presence or
10 absence of the pigments. That is, it is 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 sclvated 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 icnic
dissociation in the water-soluble organic sclvents 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-scluble organic sclvents, as to

be in a very low concentration to prepare evaluation



observe the novenent of particles. Were the novenent of pignent particles
are ascertained, their zeta 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 henﬁ?4these may preferably be

exam ned or neasured in advance. The resul obt ai ned by the above
observation and 20 neasurenent are shown in Table 4. 105 Table 4 El ectro-
Zeta Water-soluble organic solvent phoresis potential 5 (mV) Polyethyl ene
gl ycol 600 Not do. - Gycerol Do. -29 10 As is evident from Table 4, clear
el ectrophoresis_is ascertained in the evaluation |iquid making use of
glycerol as a wet@®t1Sdf ubfte Sorgait@ bl Venthe vivkkeasOn - i htt ke 8941 tidt fon

| i qui d maki ng use of wat er-sol ubl e organi c_sol vent such as pol yet hyl ene
gl ycol 600 or t#%VeHSQW??e?n %?ﬁ%vBhﬁﬁ?n fPRAFE-F ?éstpngg particul ar
direction is asce Eained fn the evaluation liquid, and it can be judged
that the particiibs: tntieh gbY STBRt¥REN afl J-REOSFEEEr GEher €616, That is, it

can be judged tha in, such a maten-s%Iubleto%%gﬂhﬁniggvgg 20.in which the

t
particles underifo- SHbsthnfiFaphyLag tnstrumen ow 15 used.

5 1In reference to the evaluation liquids prepared as
described above, 1t 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 marufactured 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.



el ectrophoresis, the ionic groups at pignment B particle surfaces undergo
perfectly or substantially no ionic dissociation in the water-soluble
organic solvent, for the reasons stated previously. 25 [Judgnent of
Adsorption of Water-soluble Polynmer on Pignent] The foll ow ng experinment
was made for judging the conbination of tgﬁﬁﬁlgnent and the water-soluble
106 polyner in the case where the water- |l 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 water-sol uble polyner is not adsorbed 5
perfectly or substantially to the pignment particle surfaces. In addition,
wat er - sol ubl e polyners used to judge how_nuch the water-sol uble polyners
are adsorbed to the pignment are exanplé?lq i t he present invention,
exanples are by no neans |limted to the follow ng 10 water-sol ubl e polyners.

The j udgnent oﬁ‘ﬁﬁ‘fﬁé?‘ﬁr‘ﬁﬁt'ﬁdsorbfloﬁ_T66k“‘TE?EEEFEETTﬁ§§£3j7“§éTecting
three types of paeterssphybtecpghyier solaeslyr engrractydi L a?cﬁ:e | yner,,
pol yvinyl pyrrolidone, and an ethyl 15 acrylate-acrylic aci C%RP ymer. The

ani oni c polyners, styrene-acrylic acid copolyner and et hyl
acryl ate-acryli oly ad average a al ue of about 150,
and had a meigH% @% g%ﬁggﬂ%lggﬁng @@?ght of abo&{qid¥b00 in both the

wat er - sol ubl e Glycerol 59

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

15 1like, no movement of particles in a particular
direction is ascertained in the evaluation liquid, and
it can be judged that the particles undergo
sutbstantially no electrophoresis. That is, it can be
judged that, in such a water-soluble crganic 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 feollowing experiment was made for judging the

combination of the pigment and the water-soluble



20 polyners. Specifically, a liquid conmposed of each of the above
wat er - sol ubl e polyners and water and having the waver-soluble polyner in a
concentration of 0.1 mass% (Liquid 3), a liquid conposed of each of the
above 25 water-soluble polyners, a pignent .(any one of pignents B and O
and water and having the water-soluble po er in a concentration of 0.1
mass% and the 107 pignment in a concentration of 5 nmasso (Liquid 4) and a
| i qui d conposed of any one of the pignments and water and havi ng the pignment
in a concentration of 5.0 mass% (Liquid 5) were prepared first. To prepare
Liquid 3, 5 Liquid 4 and Liquid 5, the respective conmponents were m xed,
fol |l owed by stirr#n at, or inarg tenperature for aboEt io mnutes. .In
addi tion, the U+ NS onS?eF YRerabbbe YREGFASSWele moasliFdd iat
ordi nary tenperatur 25C). As a result, it s 10 ascertained that all the
sur f ace tension§&§éféé%q f 9 Th? éﬁ%f%ﬁﬁo¥§ﬁ§goﬁo(ggenﬁFﬁfEGﬁ wat er at
ordinary tenperature, and, pignepnts B and C thensel ves had no __effect of
| overing the suftace 1@¥hsibn® of F?au?ﬁﬁb%ﬂﬁthgﬁsbpeﬁgﬁFﬁré§uF€§ t he
surface tension C 1 nd. surface, tension at _ordinary tenperature
respectivelyir?%%@agggﬁglﬁ%ﬁn%F%egnﬁog?ag%dpﬂ?y?ﬁﬁ 1éiPP§r§9€83qﬁq C' in
surface tensgio Liquid. 4 { qui nd. a of (D - O/(E -
O are Sho%ﬂ i'};}@%é{’}fﬁi%_éﬂ Lo drafPdatiguid Brand;LhenvabueQla
surfaces. In addition, water-soluble polymers used to
jucge how much the water-scluble 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
copeolymer, 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 poiymers.
Specifically, a ligquid composed of 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 liquid 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



108 Table 5 Lig. 3 Liqg. 4 Pig- water soluble Surface ten5|on (D-C)/ 5 ment
polymer CDDC(E-CQ (mMNm (nmVm (mMVYm B Styrene-acrylic acid copol yner
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
B i e e 15 C Styrene-acrylic
acid copolyner 63.5 71.0 7.5 0.90 PonV|nyI pyrrolldone 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 small as 0.3 or less. This neans that the effective concentrations
of the water-soluble organic solve€£ t hat cgntrlbut to tgﬁﬂ merlng of

t

the surface tersiBHFNorY 2 FPRUFAST AFECRuBst AntPaFFy (BHHE 4¢ Pegard

109 liquid composed cof any one of the pigments and water
and having the pigment in a concentration of 5.0 mass$%
(Liquid 5) were prepared first. To prepare Liguid 3,

5 Liguid 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 liguid.

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.



to the presence or absence of the pignents. That is, it can be judged that
the water-soluble organic solvents are not adsorbed perfectly to
substantially on pignent B. In addition, while being not shown in 5 TablLe
5, it has been ascertained that a styrene-acrylic acid-hydroxyacryl ate
copol yner having both anionic and nonioni g ggonponents in one nol ecul e

(wei ght - 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
pignent B. [Preparation of Inks] Exanples 1 to 9 The conponents shown in
Table 6 bel ow were m xed and thoroughly stirred, foll owed by pressure 15
filtration with a mcro-filter of 3.0 q%%ﬂ pere size (available fromFuji
Photo Film Co., Ltd.) to prepare inks'o Exanples 1to 9. Here, the inks
were so prepared that the water-soluble organic solvents included a good
medi um 20 for the pignent in each ink L&t al podrigredi um for that pignent,

t he pignent andPidre pooremesriwbhad sudhriatationsiops that t heQuéor/ medi um
di d not sol vat éneiper fretienr subst antially the pPgnent &€ t he (Eofiic

groups at the pignment particle surfacesuMQQQrwewhmﬁﬁﬂper&@@@dw or
substantially no ionic dissociation in th poor nedium and also a

wat er - sol ubl e organi Gt pRsyEM csPPW:Ng the nmaxi num Ka val ue anong the 110

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

acid 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 is evident from the results shown in Table 5,
25 wvalues 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 crganic solvents
that contribute to the lowering of the surface tension

of the liquids are substantially equal without regard



respective Ka values of the water-soluble organic solvents as determ ned by
the Bristow nethod was a poor nedium Table 6 5 Exanple 1 2 3 4567 89
Prgment dispersion A: 10 50.0 - 50.0 Pignment dispersion B: 50.0 - 50.0 50.0
50.0 50.0 50.0 50.0 Pignment dispersion C. 15 Pigment dispersion D

G ycerol: 5.05.07.07.05.05.05.05.0933 0 20 PEG00: 15.0 15.0 3.5
3.5 15.0 15.0 15.0 15.0 10.0 Tri et hyl ol propane: 25 ACETYLENCL E-100(*):
0.10.1210.1210.10.10.10.120.20.12 styrene-acrylic acid copolyner: 1.5 - -
- - Polyvinyl pyrrolidone: 30 - - - - - 1.5 1.5 - 1.5 Ethyl
acrylate-acrylic acid copolyner: 0.5 - 0.5 Ethyl acryl ate-hydroxyacryl ate

copol ymer: - - Eo-tﬁe-pfegéééé or absence of the pigments. That is,

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
5 Table 5, it has been ascertained that a
styrene-acrylic acid-hydroxyacrylate copolymer having
both anionic and nonionic components in one molecule
(weight-average molecular weight: 15,000 acid value:
160) also fulfill the above conditions, and is not
1¢ 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
15 filtration with a micro-filter of 3.0 pm in pore size
(available from Fuji Photo Film Co., Ltd.} to prepare
inks of Examples 1 tec 9.
Here, the inks were so prepared that the
water-soluble corganic solvents included a good medium
20 for the pigment in each ink and a poor medium for that
pigment, the pigment and the poor medium had such
reiationships that the poor medium did not solwvate
perfectly cor substantially the pigment and the ionic
groups at the pigment particle surfaces underwent
25 perfectly or substantially nc ionic dissociation in
th: poor medium, and also a water-soluble organic

s¢.vent showing the maximum Ka value among the



35 Pure water: 29.9 29.9 39.4 39.4 28.4 28.4 27.9 28.4 27.9 ( ): an

acetyl ene glycol ethylene oxide adduct 40 (surfactant avail able from Kawaken
Fine Chemcals Co., Ltd.) 111 Conparative Exanples 1 to 5 & Reference
Exanpl e 1 The conponents shown in Table 7 bel ow were m xed and thoroughly
stirred, followed by pressure 5 fiItration1 ith a mcro-filter of 3.0 min
pere size (available fromFuji Photo FilmCo., Ltd.) to prepare inks of
Conparative Exanples 1 to 5 and Reference Exanple 1. 112 Table 7 Ref.
Conparative Exanple Exanple 51 2 3 45 1 Pignent dispersion A: 50.0 - - -
Pi gnment dispersion B: 10 - - - 50.0 - 50.0 Pignent dispersion C 50.0 - - -

50.0 - Pi t di J D - 50.0 - - - - 15
' grren réé%gggigg Ka vafues of the water-soluble organic

solvents as determined by the Bristow method was a

poor medium.

Table ©
5
Example
1 2z 3 4 5 6 7 8 9
Pigment dispersion A:
10 50.0 - 50.0
Picment dispersicn B:
- 50.0 - 50.0 50.0 50.0 50.0 50.0 50.0
Picment 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 ~ - - -
Poclyvinyl pyrrolidone:
- - - - - 1.5 1.5 - 1.5
Ethyl acrylate-acrylic acid copolymer:
- - - - - - 0.5 - 0.5
Ethyl acrylate-hydroxyacrylate copclymer:

30

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 Xawaken Fine Chemicals Co.,

Ltd.)



d ycerol: 5.0 5.0 5.0 5.0 - 10.0 PEGO00: 15.0 15.0 10.0 10.0 15.0 10.0 20
Tri met hyl oi propane: - 7.0 7.0 - - ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 0.1
0.1 Styrene-acrylic acid copolyner: 25 - - - - - - Polyvinyl pyrrolidone:
Et hyl acrylate-acrylic acid copolyner: 30 Ethyl acryl ate-hydroxyacrylate
copol ymer: Pure water: 29.9 29.9 27.9 27.9,34.9 29.9 113 (*): an acetylene
gtycol ethylene oxide adduct (surfactant avail able from Kawaken Fi ne
Chemicals Co., Ltd.) [Inspection of Ink Wiose Conposition Is Unknown] 5
Di stinction of whether or not an ink whose conposition is unknown (Sol vent
| nspecting Ink) is what is intended for the present invention can be nade
by the use of the j nment met hads descri ove. Methods for inspecting
i nks whose conp05|t| %ﬁ%g%ﬁ?:ﬁ%ﬁﬂﬁﬁ ﬁ a%r?bed bel ow. Specifically,

the type and conten%égerg%géﬂE§§%§%gelorganlc sol vent contained in Sol vent

The components shown in Table 7 below were mixed
and thoroughly stirred, followed by pressure
5 filtration with a micre-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.



I nspecting Ink is identified first. For exanple, Solvent |Inspecting Ink
diluted with methanol in a 15 stated concentration is analyzed using GC/ M5
(trade nanme: TRACE DSQ manufactured by ThernmoQuest) to identify the type
of the water-soluble organic solvent contained in Solvent |nspecting Ink.
It is further judged whether the water-solpple 20 organic solvent thus
i'dentified is a good nmediumor a poor nmedium In the good nedi uni poor

medi um j udgnent et hod described previously, the dispersion is prepared in
whi ch the pignment has been dispersed in the water-sol uble organic sol vent
and water. In order 25 to prepare such a dispersion froman ink, the

pi gnrent and t he di spersing agent nust 2@k§¢ttﬁcted fromthe ink. However,
in such a case, the pignment and the 114 ®®¥iSpersing agent may change in
properties in the course of extraction. Such a possibility can not be
denied. To cope wth this, the present inventors have 5 made vari ous

st udi es on good nedi um poor nmedi um judgnent net hods which usian ink itself
whose conposition is unknown andcbipiiGhet Beanfasul ts obt ai pedtibereby are
consistent with the result obtained by tThe good medi uf poor Tedi um j udgnent
10 net hod described previously. Bs a uItT_Lhey;havengound_ﬂhaL_the
followng nmethod is preferable as a nethod for inspection.

Pigment dispersion A:

- - 5¢.0 - - -
Pigment dispersicn 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.¢ 15.0 10.0 10.0 15.0 10.0
20  Trimethylolpropane:
- - 7.0 7.0 - -
ACETYLENOL E-100(*}:
g.1 0.1 0.1 0.1 0.1 G.1
Styrene-acrylic acid copolymer:
25 -~ - - - - -
Polyvinyl pyrrclidone:

Ethyl acrylate-acrylic acid copeclymer:

30 Ethyl acrylate-hydroxyacrylate copolymer:

Pure water:

25.9 29,9 27.% 27.9 34.9 29.9




First, an ink dilute solution was prepared in which 100 parts of the
wat er - sol ubl e organic solvent 15 to be inspected was added to 100 parts of
an i nk whose conposition was unknown. Mre specifically, an ink dilute
solution was prepared in which the content of the water-soluble organic
solvent to be inspected cane to be about 50 .nass% (hereinafter "sol vent
i hspecting 20 ink") Next, the sol vent inspééﬁing ink was stored wth
heating at a tenperature of 60C for 48 hours, and then the average particle
size of the pignent contained therein was neasured with a fiber-optics
particle analyzer (trade nane: FPAR-1000; manufactured 25 by O suka
El ectronics Co., Ltd.). Meanwhile, as a_ reference, an ink dilute solution
for good nedi unf Polor AMedieihY | egnehY CRAsCpREPERBIORASRhAEKUEG0 parts of 115
wat er was added to 100 parts of _the ink whose _conpgsition was unknown
(hereinafter "i h3pettchgntnkvadirbie $6P0t Kawakpn dige kdeaiicialge (articl e
size of the pignent contained therein was neasured in the 5 state it was
not stored wt 'H%aking. Then, the good mediuni poor nedi um judgnent was
made i n accordance ith such a s%agdgrd that the sqlvent is }Hgged as a

i

pocr medi um wher e t hel &% agePar 8Po8enEaERPEd tLrR) dé T i gnent

in the solvent inspecting ink is 10 Jarger than the avera particle size
measured vaPue of ﬁﬁ%ﬁ %%h?niﬂ%tﬁéeﬁﬂgﬁeEFiﬁakiﬁ? &Pﬁug§c§61ution, and

as a good nEdngg%%ggf%EQE Pégggg%oagqugﬁvent Inspecting Ink) is

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 sclvent 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 sclvent
contained in Solvent Inspecting Ink.

It is further judged whether the water-soluble

20 organic sclvent thus identified is a good medium cr 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 sclvent 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



particle size is equal or smaller. As to the inks prepared in the above
Exanpl es, 15 assuming that they were inks whose conposition was unknown,

it was inspected by the above nethod that the inks we
for the present invention. Here, description wll be
exanple the case of the ink of Exanple 1. 20 Specifica

re what were intended
made taking as an
|1y, a sanple prepared

by di spensing the ink in Exanple 1 and dildding it with nethanol was used

and anal yzed using GC/ M5 (trade nane: TRACE DSQ manu
ThernoQuest) . As a result, the presence of glycerol

gl ycol 600 was 25 ascertained. Next, to 100 parts of t
an equal anpunt 100 parts of each of the above two Ki
or gani ¢ sol ventdi $ze el 1d 629 ¢mis paey edhaage atdedrepepté

factured by

and pol yet hyl ene

he ink in Exanple 1,
nds of water-soluble
par ent wheki nds of

sol vent inspecting inks, where the good nedi uni’poor nedi um judgnent was
made using the &olvEntof eplebr ¢ o nkSuchver espethil clay | yantwotkbads of
i nspecting ink dilute 5 solutions having conposition as shown in Table 8

(i ndi cated as sHVft- i nspecting inks 1 and 2 in Table
that the water-soluble organic solvents to be inspect
content of about 5FIeE¥% "Neixt  ChhesethRreresenbdiay
tenperature_of 60C for 48 hours, and then the _average

8) were so prepared
ed were each in a
EAtREEL PAFS10 at a

particle size of

their pigmefts WY MEastred SWEhea 7 bePodpirdsUB4APPPE| Bedhtlyzer (trade

nane: . . . .
judgment methods which use an ink itsel

f whose

corposition is unknown and in which the results

obtained thereby are consistent with the result

obtained by the good medium/poor medium judgment

10 metnod described previously. As a result, they have

found that the fcollowing method is preferakle as a

method for inspection.

First, an ink dilute solution was

prepared in

which 100 parts of the water-scoluble organic sclvent

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 "solvent inspecting

20 ink"). Next, the solvent inspecting in

k 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-10C0; manufactured

25 by Ctsuka Electronics Co., Ltd.). Meanwhile, as a

reference, an ink dilute sclution for good medium/poor

medium judgment was prepared in which 100 parts of



FPAR- 1000; manufactured by O suka Electronics Co., Ltd.). Meanwhile, as a
reference, an ink dilute 15 solution for good nedi unf poor nedi um judgnent
was 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 é&éﬁ medi um poor nedi um j udgnent
was nade in accordance wth such a standard that the solvent is judged as a
poor nedi um where the average particle size nmeasured value of the pignent
in the solvent inspecting ink is 25 |larger than the average particle size
nmeasured value of the pignent in the inspecting ink dilute solution, and
as a good nedi umiwkereas hedpednent 1aVepages12e? tpar tngl ehsisge is equal or
smaller. Table 8 5 Conposition (parts) Solvent Solvent inspectin

i nspecting inkcanpokiDionkwas EREppre lhergonadoeri(iaspesitding -

Pol yet hyl ene gl ycol 600:_ - 100 The average particle size of the pignent in
each 15 inspectiHgte nkobitide sorugNenlbfea¥aradeapadédedicbed zepradvi ousl y

and the average particle size of the , ,
the pigment contained therein was measured in the

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 1is judged as a
pocr 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 gocd medium where the pigment average
particle size 1is 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 <f 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 glycercl and polyethylene glycol €00 was

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

kirnds of water-scluble crganic solvents to be



pi gnent in each of the solvent inspecting inks 1 and 2 (having been storage
with heating at a tenperature of 60C for 48 hours) were neasured. Then, the
sol vent 20 was judged as a poor nedium where the average particle size
measured val ue of the pignment in each of the solvent inspecting inks 1 and
2 was larger than the average particle size of the pignment in the
i nspecting ink dilute solution, and as a ddéd nedi um where the 25 pignent
average particle size was equal or snmaller. The results of judgnment are
shown in Table 9. In addition, synbols "0" and "X" in the table stand for a
good nedi um and a poor nedium respectively. Table 9 118 Measuring sanple
Judgnent results Solvent inspecting ink 1 0 Solvent inspecting ink 2 X 5
| nspecting i nk Thépeetsd| wdsoadddd shopmeparFabke findlssofi salhentesul ts
obtained by the good nedi unf poor nedi um judgnent method making 10 use of
t he sol vent i nspesreagl ngksniobt avhedebyhdi bavdngedn uadpwalr imekliuthe gl ycer ol
(used in the solvent inspecting ink 1) was judged as a good nedium and
t he pol yet hyl enti@fngent @09 padedushnghehsobveérenti popeeKitngd nkikd). as a
poor nedium as in the results_ 15 of judgnment shown in Table 1, where it
was ascertai nabi@r¢ hape¢hbleashVt steencePrArngit haspre bidde 1nkn dgidenent
wth each other. Thus, fromthe actual ,
solutions having composition as shown in Table 8
(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 ceontent of
about 50 mass%. Next, these were stored with heating
10 at a temperature of 60°C for 48 hours, and then the
average particle size of their pigments was measured
with a fiber-optics particle analyzer {trade name:
FPAR-1000; manufactured by Otsuka Electronics Co.,
Ltd.). 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
va_.ue 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



i nk described above, it has been ascertainable that the nmethod of judging
whet her the water-soluble 20 organic solvent used in the ink is a good
nediumor a poor nediumfor the pigment in the ink is useful. Accordingly,
it is deened that the judgnment nethod meking use of the sanpl es obtained by
diluting the ink as described above is alsgo effectively utilizable as 25

t he good nedi unf poor nedi um j udgnent met hod- 17 [ Eval uati on] Using the inks of
Exanples 1 to 9, Conparative 119 Exanples 1 to 5 and Reference Exanple 1
each, evaluation was made 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 Exanpbartiiebehsizeriateagsli aArweinehlemar acters were printed

having solid areas of 2 cmx 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 neasured. To
nmeasure the print density, a refl ecti dtbdénd t onet er (trade nanme: MACBETH
RD- 918; manufactured by Macbeth) was used. Evaluation criteria of the print
density (uswgal T57Tn uantity) ar SS ' b3 i
producing the printings, a nodified apparat (&%

i ng
appar at us inspecting inspecting
ink 1 ink 2
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 sclvent inspecting inks 1 and 2
(having been storage with heating at a temperature of
60°C for 48 hours) were measured. Then, the soclvent

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 Table 9. 1In
addition, symbols “0” and "“X” in the table stand for a
good medium and a poor medium, respectively.

Table 9



BJS700 (manufactured by CANON INC.) was used, having an on-demand type

mul ti-recording head in which heat 20 energy is applied to an ink in
accordance with 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 below. Type of paper: Plain paper. 25 Print quality: Standard.

Col or control: Automatic. As recording nedidffis, the followi ng copying 120
shuts (1) to (5) were used. (1) PPC paper PB Paper (avail able from CANON
INC.). (2) PPC paper SC250 (available from CANON INC.). (3) PPC paper 4024
(avail able from Xerox Corp.). 5 (4) PPC paper PROABER BOND (avail able from
Fox River Paper Co.). (5) PPC paper for CANON (avail able from Noi zidl er
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 show ng the

| owest print déesisturlingg 152® 1 nore. B: Print dénsiomgnén nesailfisve types of
paper is 1.4 or nore on the average, and print density on paper 15 show ng
the | owest primoldEisi thrsredtedeg thdh 4.25. C Print dénsity on the five

types of paper is less than 1.4 on the average.
Solvent inspecting ink 2 X

5 Inspecting ink dilute sclution -

As shown in Table 9, also in the results obtailned
by the gecod medium/poor medium judgment method making
10 use of the solvent inspecting inks obtained by
dilating an actual ink, the glycerol (used in the
scelvent 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, 1t 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
pocr medium for the pigment in the ink is useful.
Accordingly, it is deemed that the judgment method
making use of the samples obtained by diluting the ink
as described above 1s also effectively utilizable as
25 the good medium/poor medium judgment method.
[Evaluation]

Using the inks of Examples 1 to 9, Comparative



2. Print Density (Small Ink Quantity) Printings were produced in the sane
manner as in 20 the above except that an ejection quantity per ink dot 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

i nks of Exanples 1 to 9, Conparative Exanples 1 to 5 and Reference Exanple
1 were each put into a shot bottle, whi ch Ma$ t hen hernetically cl osed 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
bel ow. Evaluation criteria: 5 A: The pignent is uniformy and stably
dispersed in the ink. C  The pignent is changed Ilke a gel, or the upper
part of the |nkEﬁa@pé@ﬁe1t§Obé gnan&edrarnceot @@ lienk sisiarent |y has

t hi ckened. 10 4. Bl eeding To make eval uati on _qn bl eeding, color inks (a
cyan ink, a mag8REauARkCENHAE JeHFoR" HKE Wwerd OWdishartéds Thd T onpordst s
shown belom/mere m xed and thoroughly stirred, followed by pressure
filtration 15 mf?ﬁuétﬁleﬁoeVP#FéFlSP 316 ﬁPPW”péPe ﬁ?&?( ailable from

Fuji Photo Film Co. Ltd } repare the iol i nks.
Print D nsity (Usual Ink Quantity)

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 pr:ntings were stored for a day and thereafter the
pr:nt 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 1ink quantity) are as shown below.

In addition, in producing the printings, a
modified apparatus of an ink-jet recording apparatus
BJ37C0 {manufactured by CANON INC.) was used, having
an on-demand type multi-recording head in which heat

20 energy is applied to an ink in accordance with
recording signals to eject the ink. As 1ts printer
driver, tﬂe default mode was chosen. Setting the
conditions of the default mode are as shown below.
Type of paper: Plain paper.

25 Print gquality: Standard.

Color control: Automatic.

As recording mediums, the following copying



(Cyan Ink) C. 1. Direct Blue 199 3.5 parts 20 Gycerol 7.5 parts D ethylene
glycol 7.5 parts ACETYLENOL E-100 1.0 part Pure water 80.5 parts (Mgenta
Ink) 25 C. 1. Acid Red 289 2.5 parts dycerol 7.5 parts Diethylene glycol
7.5 parts 122 ACETYLENOL E-100 1.0 part Pure water 81.5 parts (Yellow
Ink) C.I. Direct Yellow 86 2.5 parts 5 d S rol 7.5 parts Diethylene
glycol 7.5 parts ACETYLENOL E-100 1.0 par Pure water 81.5 parts Using
the black inks of Exanples 1 to 9, 10 Conparative Exanples 1 to 5 and

Ref erence Exanple 1 each and the col or inks obtained as descri bed above,
printings were produced in which imges were so printed that solid areas of
bl ack and respective g@lors g%ellomg ma gnta and cyan) and solid areas of
15 secondary coll6i &S rkl, ‘e )a%%f%|%%¥ of the respective colors were

adj acent to”one gnqpfier, . The | eyel of bl eeding_ogeurrigg gt sthe borders
(2) PPC paper SC250 {(available from CANON INC.).
{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 (available from Neoizidler
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

1 to 5 and Reference Example 1 were each put into a

shot bottle, which was then hermetically closed and



bl ack areas and respective-color areas was visually observed. Eval uation
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. Eval uation
criteria: 25 AA: No bleeding is seen at all. A A npbst no bleeding is seen.
B Bl eedi ng has occurred, but at a |level whiixh is 123 substantially no
problem C. Bl eeding has occurred to such an extent that borderlines

bet ween colors are unclear. 5. Scratch Resistance 5 Using the inks of
Exanples 1 to 9, Conparative Exanples 1 to 5 and Reference Exanple 1 each
printings were produced in which black solid images of 1 inch x 0.5 inch

each and charactesscMergrppi pheds isl |ab@®°@a%%rerﬁndTﬁe‘6@iaglﬂEr$3lﬂHeace
pressure of 40 10 g/cnR) thereon were placed on solid areas of the

printings obtaigegicapd phai inRapREsangsSirlBen papaluavers kwbbediagajmst
each other. Thereafter, Silbon paper and the weight were renoved to

visual | y observene hovorugh thebsokicd breges staiWiedhedrowany transfer 15
thereof to white background areas. Evaluation criteria on the scratch

resistance are as showalbetown tpitaddition, in producing the printings, the
el et 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 con 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 pm in pore size (availlable

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 glycoel 1.5 parts
ACETYLENCL E-100 1.0 part
Pure water 8§0.5 parts
(Magenta Ink)
25 C.I. Acid Red 289 2.5 parts
Glycerol 7.5 parts

Diethylene glycol 7.5 parts



e s

recordi ng apparatus BJS700 (rmanufactured by CANON I NC.) and Super-white
Paper (trade nane: SW101l; 20 available from CANON I NC.) were used.

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 aréZg8onmewhat seen. 124 C. Stains at
whi te background areas and scrapes at solid black 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 AA
A-2AAAMAMA- SAAAMAMA- 4 AAMAMA 1I55AAAMAMAA 6AA

AA AA A AA 7 AAEALENOIA BVLOB A A AA AA A AA 1.0 part

Pure water 8l.5 parts
(Yellow Ink}

C.I. Direct Yellow 8¢ 2.5 parts

5 Glycerol 7.5 parts

Diethylene glycol 7.5 parts

ACETYLENOL E-100 1.0 part
Pur: water 81.5 parts

Using the plack 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 1n which images were so
printed that solid areas of black and respective
celers (yellow, magenta and cyan) and sclid 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 is seen.

B: Bleeding has occurred, but at a level which is



A A AA AA AAA 20 Conparative Exanple: 1 AAAMAA- 2 AAAAAA-3C
BBA-4CCBBA 255 ABAAAA- Reference Exanple: 1 A AAAAAAB
125 (Evaluation of Images Obtained in Two-liquid Systen) Using the black
i nks of Exanples 1 and 2 and Conparative Exanples 1 to 4 obtained as
descri bed above, evaluation was nmade on the following items 1 5 and 2. The
results of evaluation are shown in Table 1123 [Preparation of Reaction
Fl uid] The conponents shown bel ow were m xed and thoroughly stirred,
foll owed by pressure filtration wth a mcro-filter of 3.0 pmin pore size
(avail able 10 from Fuji Photo FilmCo., Ltd.) to prepare reaction |iquids.
Magnesi um nitrate (hexahydrate) 15.0 mass% Trinet hyl ol propane 25.0 mass%
ACETYLENOL E- 100:4:10amess% 15n¢ apetipl eme gl ycol et hyl ene oxi de adduct;
avai l abl e from Kawaken Fine Chemicals Co., Ltd.) Pure water 59.0 nmass%
[ Eval uati on] C: Bleeding has occurred to such an extent that
borderlines between colors are unclear.
5. Scratch Resistance
5 Using the inks of Examples 1 to 9, Comparative
Examples 1 to 5 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 BJST700 (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 soiid black areas are slightly seen.

B: Stain at white background areas and scrapes at

soilid black areas are somewhat seen.



1. Print Density 20 Using the inks of Exanples 1 and 2 and Conparative
Exanples 1 to 4 and the reaction |liquid obtained 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
reflection densitoneter (trade nane: NACBEﬁQ%I}918; 126 marufactured by
Macbet h) 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 (rmanufactured by CANON I NC.) was used,
havi ng an on-demand type nulti-recording head in which heat energy is
applied to an ihk $reheeortanket @i PACkpEeBREi AgesisgRrars SCF agssctatt he i nk,
whi ch was so nodified as to have a nmechani smfor applying the 10 reaction
liquid to the riRbidiPlrRrEdRER?By2hBaAESBr 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% i medi ately
after the reaction liquid was 15 fixed&;q{the recording medium Also, to
apply the reaction liquid, the speed of? e Yl 1er and the contact
pressure of sthe roller with the recording nediumwere so adjusted that its

appl i cati on anount Bleed Rub=
Print density Pri- Sec-— Storage off
Ink guantity mary ondary stabi- resist-
Usual Small colors colors lity ance

10 . Example:
1

2
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was 2.4 g/nm2. 20 As the printer driver, the default node was chosen.
Setting the conditions of the default node are as shown bel ow. Type of
paper: Plain paper. Print quality: Standard. 25 Color control: Autonmatic.
As recording nediuns, the follow ng copying sheets (1) to (7) were used.
127 (1) PB Paper (available from CANON INC.). (2) SC250 (avail able from
CANON INC. ). (3) PPC paper 4200 (avail abl elffrcom Xerox Corp.). (4) PPC paper
4024 (available from Xerox Corp.). 5 (5) Super-white Paper SW101 (avail abl e
from CANON INC. ). (6) Fox River PPC paper PROABER BOND (avail able from Fox
Ri ver Paper Co.). (7) PPC paper Hamer M 1| Jet (available from 10
International Paper Co.). Evaluation criteria: AA: Print density on the five
types of paper {Bviléb-iof &Dremefet hebayenage inoMwprliigudenSiisytear) paper
showi ng the | owest print density is 1.3 or nore. 15 A: Print density on the
five types of paper Usidqgorhe Ib¥z0k imke 6 Erasplibhanllaéd dGnatkle average,
and print density on paper showing the |owest print density is from1l. 25
or nore to | esCdmaardt Bve Examples 1 to 4 cobtained as described

above, evaluation was made on the following items 1
5 and 2. The results of evaluation are shown in Table 11.
[Preparation of Reaction Fluid]
The components shown below were mixed and
theoroughly stirred, followed by pressure filtration

with a micro-filter of 3.0 pum in pore size (available

10  frem Fuji Phote Film Co., Ltd.) to prepare reaction

liquids.

+ Magnesium nitrate (hexahydrate) 15.0 mass%
Trimethylolpropane 25.0 mass%
ACETYLENOL E-100 1.0 masss

15 {acetylene glycol ethylene oxide adduct; available

from Kawaken Fine Chemicals Co., Ltd.)
Pure water 59.0 mass%
[Evaluaticn]
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 ¢f solid areas
was measured. To measure the print density, a

reflection densitometer (trade name: MACBETH RD-918;



B: Print density on the five types of paper is from 20 1.4 or nore to |ess
than 1.45 on the average, and print density on paper show ng the | owest
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 Exanples 1 and 2, Conparative Exanples 1
te 4, the 128 sane color inks (a cyan ink,1%f nagenta ink and a yellow ink)
as those obtained as descri bed above and the reaction liquid obtained as
descri bed above. On recording mediuns coated with the reaction liquid at a
5 application amount of 2.4 g/nR, inmages were so printed that solid areas
of black and respective colors (yellow, magenta and cyan) and solid areas
of secondary cokonsactrededgbgeaahdtbl ugpsofisehle Eespeetive colidesiwere
adj acent to one another. The 10 | evel of bleeding occurring at the borders
between bl ack af eale apdinespersiivy- eokorsasbaynwds lvivsual |y observed.
Eval uation criteria on the bleeding are as shown below. In addition, the
printings were produbeddddihgonn insprakupényr éer diragtapganrattus BJS700
(manufactured by CANON INC.) which was so nodified as to have a nechanism
for applying theodkated odPPrEarEst 8ft RE 1p&cordi hg Crediing MParzHsf t he
coating roller as .
5 BJS700 {(manufactured by CANCN INC.) was used, having
an on-demand type multi-reccrding head in which heat
energy 1s appiled to an ink in accordance with
recording signals toc eject the ink, which was so
modified as to have a mechanism for applying the

10  rexzction liquid to the recording medium by means of a
coating roller as shown in Fig. 15. To apply the
reaction liguid and each ink, the ink was so applied
that the eijection guantity 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 amount
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 control: Automatic.

As recording mediums, the following copying

sheets (1) to {(7) were used.



shown in Fig. 15, and PB Paper (available from CANON 20 INC. ). Evaluation
criteria: AA: No bleeding is seen at all. A Al nost no bleeding is seen. B:
Bl eedi ng has occurred, but at a |level of 25 substantially no problem C

Bl eedi ng has occurred to such an extent that borderlines between colors are
uncl ear. 129 Table 11 Bleed Print densitﬁ grinary col ors Secondary col ors
5+-Exanple: 1 AA AA AA 2 AA AA AA Conpara Fve Exanple: 1 AAAAA 10 2 AA
AA A 3AAMA 4 AA A 15 This application clains 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 incor&orated hereinto by reference. 130
(1) PB Paper (availablé from CANON INC.}.

(2) 8C250 (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 sheowing the leowest 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

Exampies 1 and 2, Comparative Examples 1 to 4, the



CLAIMS 1. An aqueous ink conprising at |east water, a plurality of

wat er - sol ubl e organic solvents and a coloring material, 5 wherein the
coloring material is a pigment containing a pignment particle having at

| east one ionic group bonded to a surface of the pignent particle directly
or via another atomi c group, and wherein the plurality of water-soluble
organi c 10 solvents include a good nediun1é?8good medi uns for the pignent
and a poor medi um or poor nediunms for the pignment, and wherein the poor
medi um does not solvate perfectly or substantially the pignent, and 15
wherein the ionic group undergoes perfectly or substantially no ionic

di ssociation in the poor nmedium and wherein a water-sol uble organic

sol vent which stowsceher nexkfrund Kavyyal bekamdngaghetrespéceinveaka 20 val ues
of the plurality of water-soluble organic solvents as determ ned by the

Bri st ow et hod ¥l ke ippbrasethene btahecdqasodssrakbadcebaivegarel claim 1,
wherein, where the total content (mass% of the good nmediumin 25 the,
aqueous i nk i s TEprevarien bylaiiangPtaeneot af e8ACEAPSEma®sYy -of Ofhe poor

medi umin the aqueous ink is represented,bg Y, the ratio of XY is 10:5 or
more 131 recording mediums coated with the reaction liquid at a

5 application amount of 2.4 g/nf, images were so printed
that solid areas of bklack and respective colors
(yellow, magenta and cvan) and solid areas of
secondary colors (red, green and blue) of the
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 liquid to the
recording medium by means c¢f the coating roiler as
shown in Fig. 15, and PB Paper (available from CANON

20  INC.).

Evaluation criteria:
AA: No bleeding is seen at all.
A: Almest 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.



to "' _0:30 or less. 3. The aqueous ink according to claiml1l or 2, wherein,
where the surface tension of a liquid containing a surfactant and water and
having the 5 concentration of the surfactant of 2 mmol/kg is represented by
A (mM\Vm and the surface tension of a Iliquid containing the surfactant, a
pi gmrent and water and having the concentration of the surfactant of 2
mol / kg and the concentration of the pigmerntz%f 5 10 mass% is represented by
B, the relationship of B- A 10 is satisfied. 4. The aqueous ink according
to claim3, wherein the surfactant has a structure represented by the
follow ng structural formula (I) 15 Structural fornmula (1) R O (CH2CH2W H
wherein R represents an al kyl group and n represents an integer. 5. The
aqueous ink according to claim3, whef&he 2D the surfactant has a structure
represented by the followi ng structural formula (2): Structural formula (2)
132 IH3 IH3 ICH3 IH3 CH3-CH CH2-G--C= CG' -CH2-CHCH3 1H2 22 UHZ HH

Bleed

Print density Primary colors Secondary colors

5 Exemple:
1 AA AA AA
2 AR AR
Comparative Example:

1 AR AA A

10 2 AR AR A
3 A AR A
4 A AL A

15
This application claims pricorities 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.



wherein mand n each represent an integer. 6. The aqueous ink according to
any one of clains 1 to 5 wherein the pignment causes perfectly or 5
substantially no el ectrophoresis in the poor nedium 7. The aqueous ink
according to any one of claims 1 to 6, wherein the ionic group is one
selected from the group consisting of -COOML, -SO3ML and -PO3H( M) 2,
wherein M represents a hydrogen atom an aPBKali netal, 10 an anmoni um or an
organi ¢ ammoni um 8. The aqueous ink according to any one of clains 1 to 7,
wherein the other atomc group is one selected fromthe group consisting of
an al kyl ene group having 1 to 12 carbon atons, a substituted or
unsubstituted 15 phenyl ene group and a substituted or unsubstituted
napht hyl ene group. 9. The aqueous ink a€iéldisng to any one of clains 1 to
8, wherein the Ka value determned by the Bristow nethod is less than 1.5
m /n2/ nsecli 2. 20 10.. The agueous iimk acegrdiqig atanleane eiter)aans 1 to
9, wherein the Ka value determned by the 133 Bristow nethod is 0.2

m / n2/ msec" 2 orploral 1. oTheaaguesasubhk acgondicngoflocany enel ¢f clans 1
to 10, wherein the content (mass% of The pignent is from0.1 mass%to 15
mass% based on c@loted troatrmbs of the ink. 12. The aqueous ink according

to any one of «clainms 1 to 11, wherein the content (mass% of the
5 wherein the coloring material is a pigment

containing a pigment particle having at least cne
ionic group bonded to a surface of the pigment
particle directly or via another atomic group, and
wherein the plurality of water-soluble organic
10 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 medium does not solvate
perfectly or substantially the pigment, and
15 wherein the ionic group undergcoes perfectly or
substantially no ionic dissociation in the poor medium,
and
wherein a water-soluble organic solvent which
shows the maximum Ka value among the respective Ka
20  wvalues of the plurality of water-soluble organic
solvents as determined by the Bristcow method is the
poor medium.
2. The aqueous ink according to claim 1, wherein,
where the total content (mass%) of the good medium in
25 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



pigment is from1l mass%to 10 nass% based on the total mass of the ink. 10
13. An aqueous ink conprising at |east water, a plurality of water-soluble
organi c solvents and a coloring material, wherein the coloring material is
a pignment containing a pignent particle having at | east one 15 ionic group
bonded to a surface of the pignent particle directly or via another atomc
group, and; wherein the plurality of watet3dol uble organic solvents

i ncl ude a good nmedi um or good nediuns for the pignment and a poor nedi um or
poor nediunms for the 20 pignent, and wherein the poor nedi um does not
solvate perfectly or substantially the pignent, and wherein the ionic
group undergoes perfectly or substantially no ionic dissociation in the poor
medi um 25 andonhidreith ar wetss - sol ubl e organi ¢ sol vent which shows the
maxi nrum Ka val ue anong the respective Ka 134 values of the plurality of

wat er - sol ubl e organi®c g8kveAusoas detkeadiovad ing tive Brdigt ow dethod is the
poor nedium and wherein the ink further contains a water-soluble 5 polymner
whi ch does not WHdsGr petiact |§hersusibat amiai oy b ehéigitgdent. 14. The

aqueous ink according to claim13, _
containing a surfactant and water and having the

5 concentration of the surfactant of 2 mmol/kg is
represented by A {(mN/m) and the surface tension of a
liguid containing the surfactant, a pigment and water
and having the concentration of the surfactant of 2
mmel/kg and the concentration of the pigment cof 5

10 mass% is represented by B, the relationship of B - A <
10 is satisfied.
4. The aquecus ink accerding to claim 3, wherein
the surfactant has a structure represented by the
following structural feormula (1):

15 Structural formula (1)
R—0-+CHyCHoO)-H

wherein R represents an alkyl group and n
represents an integer.
5. The aqueous ink acceording to claim 3, wherein
20 the surfactant has a structure represented by the
following structural formula (2):

Structural formula (2)



wherein the water-soluble polymer has a ionic hydrophilic group. 10 15. The
aqueous ink according to claim13 or 14, wherein the water-sol uble polyner
has a nonionic hydrophilic group. 16. The aqueous ink according to any one
of clains 13 to 15, wherein the ink contains a plurality 15 of

wat er - sol ubl e polyners. 17. The aqueous ink _according to any one of clains
18 to 16, wherein the water-sol uble polyneﬁ3?s a wat er-sol ubl e pol yner
formed by copolymerizing a nononer having an ionic hydrophilic group in the
20 nol ecul e and a nononer having a nonionic hydrophilic group in the

nmol ecul e. 18. A aqueous ink which is used in an image form ng nethod having
the step of applying an aqueous ink conprising a pignent to a recording

medi um and the 25 step of . applyi are |on qui d capabl e of naking the
state of dispersion of thg'dignent'dint Saqu i nk unst abl e upon cont act
with the aqueous inke _Cnggthn@ mhereln t he aqueous ink
is the aqueous i nk ac or i ng any one Ialns to 17. 19. A set of an
aqueous ink and a reaction |IQUIA} 5 mh;ch is used in an imge formng

met hod having the step of appl yHag an 4queous ink conprising a pignent to
a recording nediumand the step ' pppl%ihg a

CH 9 CHg

TR

1 T
H H

wherein m and n each represent an integer.
6. The aqueous 1ink according to any one of claims
1 to 5, wherein the pigment causes perfectly or
5 substantially no electrophoresis in the poor medium.
7. The aQueous ink according to any one of claims
1 to 6, wherein the ionic group is one selected from
the group consisting of -COOM1, -SC;M1 and -POsH(M1),,
wherein M1 represents a hydrogen atom, an alkali metal,
10 an ammonium or an organic ammonium.
8. The aquecus ink accerding to any one of claims
1 to 7, wherein the other atomic group is one selected
from the group censisting of an alkylene group having
1 to 12 carbon atoms, a substituted or unsubstituted
15 phenylene group and a substituted or unsubstituted
naphthylene group.
9. The aqueous ink according to any one of claims
1 to 8, wherein the Ka value determined by the Bfistow
method is less than 1.5 ml/m’/msec'’?.
20 10. The agueous ink according te any one of

claims 1 to 9, wherein the Ka value determined by the



reaction |liquid capable of making the state of dispersion of the pignent in
t he aqueous ink unstable 10 upcn contact with the aqueous ink to the
recording nedium wherein the aqueous ink is the aqueous ink according to
any one of clainms 1 to 17. 20. An inmage form ng nethod conprising the steps
15 of: (i) applying an aqueous ink conprising a pignent to a recording
medi um and (ii) applying a reaction |iquid3capable of making the state of
di spersion of the pignent in the aqueous 20 ink unstabl e upon contact with
t he aqueous ink to the recording nmedium wherein the aqueous ink is the
aqueous ink according to any one of clainms 1 or 18, and wherein the step
(i) is carried out after the 25 reaction liquid has becone conpletely fixed
to the recordimg mash umethodhesstep fiih?/RdecTheomauesss i nk according to
any one of 136 <clains 1 to 18, which is used for ink-jet recording. 22. An
i nk-j et recordi ng nethod Themagueiang thek stepding)tectamnyg anei ok by ink-j et
nmet hod, wherein the ink is the aqueous ink according to any one of clains
51 to 18. 23. Amimk kard¢ridgewcenpinsthg anntpkthdindissg) menber cont ai ni ng
an ink therein, wherein the ink is
of che pigment is from 0.1 mass% to 15 mass$% based on
5. the total mass of the ink.
12. The aqueous ink according to any one of
claims 1 to 11, wherein the content {(mass%) of the
pigment 1s from 1 mass®% to 10 mass% based on the total
mass of the ink.
10 13. An aqueous ink comprising 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
15 ionic group bonded te a 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 pcor mediums for the
20 pigment, and
wherein the poor medium does not sclvate
perfectly or substantially the pigment, and
wherein the lonic group undergoes perfectly or
substantially no ionic disscciation in the poor medium,
25 and

wherein a water-soluble organic solvent which

shows the maximum Ka value among the respective Ka



t he aqueous ink according to any one of clains 1 to 18. 24. A recording unit
conprising an ink holding 10 nenber 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 clainms 1 or 18. 25. An ink-jet recording
apparatus conprising an ink hol ding nenber,_ containing an ink therein and a
15 recordi ng head for ejecting an ink theré@ﬁbnl wherein the ink is the
agqueous ink according to any one of <clainms 1 to 18. 26. An inmage forning
met hod which perfornms recording by an ink-jet recording nethod on a 20
recordi ng nmedium by the use of a black ink and at |east one col or ink,
wherein the aqueous ink according to claim21 is used as the black ink, and
wherein in fornihblah Phabec cohpdlddtaf Canvriage SO2SH6sy FEPaERA S he bl ack ink
and an imge forned by the _color ink which are adjacent to each other,
scanning is pet®bramestds appl§rrheesl BYk thak BEd stoMmustd 9thdge W87  and
thereafter scanning is perforned to apply the <color ink to the area where
the i mage has DN f1BF ﬂm'b?gghe precedent scanning. 27. The inmage form ng
met hod according to claim 5

scanning with a del Eﬁl%It%§é§? gﬁgkgéégﬁFﬁgkgﬁpépgab%ﬁgpégéi$gﬁg t he

bl ack i nk b% S%%Qf%ﬂgr which does not adsorb perfectly or
substantially to the pigment.

14. The aqueocus ink according to claim 13,
wherein the water-soluble polymer has a ionic
hydrophilic group.

10 15. The aquecus ink according to claim 13 or 14,
wherein the water-soluble polymer has a nonicnic
hydrophilic group.

16. The agueous ink according to any one of
claims 13 to 15, wherein the ink contains a plurality

15 .of water-soluble polymers.

17. The aqueous ink according to any one of
claims 13 to 16, wherein the water-soluble polymer is
a water-soluble polymer formed by copolymerizing a
monomer having an ionic hydrophilic group in the

20 meclecule and a monomer having a nonicnic hydrophilic
group in the molecule.

18. A agueous 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

25 step of applying a reaction liquid capable of making
the state of dispersion ¢f the pigment in the agueous

ink unstable upon contact with the aquecus ink to the



28. The image form ng nethod according to claim 26 )r 27, wherein the inks
are applied by use of a 10 rec)rding head in which an ejection orifice |line
for ejecting a black ink therefromand an ejection orifice Ilines for
ejecting color ink therefromare placed to be shifted fromeach other in a
secondary scanning direction. 15 29. An aqueous ink conprising water, a
pturality of water-soluble organic solventgdand a coloring naterial,
wherein the plurality of water-soluble, organic solvents include a good
medi um or good nediuns for the 20 pignment and a poor medi um or poor nedi uns
for the pignment, and wherein a water-sol uble organic solvent which shows
t he maxi nrum Ka val ue anong the respective Ka values of the plurality of
wat er - sol ubl e arggamidi®b wedient s as determ ned by the Bristow nethod is the
poor medi um and wherein the poor nedium penetrates into the 138 recording
medi um ahead of the vWJoodk medilem amdetthe polor 1s nelde uapeonst eskf | occul ati on
of the pignent present in the good nediumat the surface side of the
recordi ng mediaggording to any one of claims 1 to 17.
19. A set of an aqueous ink and a reaction liquid,
5 which is used in an image forming method having the
step of applying an agueous 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 agueous ink unstable
10 upcna contact with the agqueous ink to the recording
medium,
wherein the aqueocus ink is the aqueous ink
according to any one of claims 1 to 17.
20. An image forming method comprising the steps
15 of:
(i) applying an agueous ink comprising a pigment
to a recording medium, and
(ii) applying a reaction liquid capable of making
the state of dispersion of the pigment in the aqueous
20  ink unstable upon contact with the agqueous ink to the
recording medium,
wherein the aqueous ink is the aqueous ink
according to any one of claims 1 or 18, and
wherein the step (i) 1s carried out after the
25 reaction liquid has become completely fixed to the

recording medium 1n the step (11).

21. The aqueous ink according tc any one of
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claims 1 to 18, which 1s used for ink-jet recording.

22. An ink-jet recording method comprising the
step of ejecting an ink by ink-jet method, wherein the
ink is the aqueous ink according to any one of claims
1 to 18.

23. An 1ink cartridge comprising an ink holding
memper containing an ink therein, wherein the ink is
the aqueous ink according to any one of claims 1 to 18.

24, A recording unit comprising an ink holding
menber containing an ink therein and a receording head
for ejecting an ink therefrom, wherein the ink is the
aqueous ink according to any cne of claims 1 or 18.

25. 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 cone of
claims 1 to 18.

26. An image 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 aqueocus ink according to claim 21 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, scanning

is performed tc apply the black ink to form the image
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and thereafter scanning is performed to apply the
color ink to the area where the image has been formed
by ~he precedent scanning.

27. The image forming method according to claim
26, wherein the color ink is applied by scanning with
a d=2lay of at least one scanning after application of
the black ink by scanning.

28. The image forming method according to claim
26 »>r 27, wherein the inks are applied by use of a
recHrrding head in which an ejecticn orifice line for
eje-ting a black ink therefrom and an ejection orifice
linas for ejecting color ink therefrom are placed to
be shifted from each other in a secondary scanning
directicn.

29. An aqueous ink comprising water, a plurality
of water-scoluble organic solvents and a coloring
material,

wherein the plurality of water-soluble, organic
solvents include a good medium or good mediums for the
pigment and a pcor medium or poor mediums for the
plgment, 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 the poor medium penetrates into the
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recording medium ahead of the good medium and the poor
mec um promotes flocculation of the pigment present in

the good medium at the surface side of the recording

med .um.



