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1 10009484W001 DESCRI PTI ON AQUEQUS | NK, | NK SET, AND | MAGE- FORM NG METHOD
TECHNI CAL FIELD 5 This invention relates to an aqueous ink which contains a
wat er-i nsol uble coloring material, and an ink set having the same. Mre
particularly, it relates to an aqueous ink which is preferable in an
ink-jet recording processes, and to an_i mage-form ng thod 10 i ch make
use of the aqueous ink. BACKGROUND ART1CbnventionaIIyg%pg%éaﬂWdﬁicontain a
wat er -i nsol ubl e coloring material such as pignments as 15 col orants (pi gnment

i nks) are known to give images having good fastness such as water
resistance or light-resistance. In recent years, various techniques are
proposed for the purpose of nore inproving the image density of inmages
formed using such inks. 20 For exanpllE&ESES HiEH osed i n Japanese Patent
Appl i cation Laid-open No. 2000-198955, it is proposed to achieve nmuch nore
Chproverent in | magaOHBRUFt yNBy THE SESe BRDarhnk- KORY AN HETEOD

sel f-di spersion type carbon black and a specific salt. As also disclosed in
25 Japanese Patent Application Laid-open No. 2000-63719, a technique is
proposed in which an ink-jet recording ink which is a conposition
containing a p?éﬁéHE?A¥iﬁtEéD pol ymer particles, a water-soluble organic

sol vent anq5 wat er and,an_agueous sol ution containing a polyval ent

This inventiocon relates to an agquéous ink which
contains a water-inscluble cecloring material, and an ink
set having the same. More particularly, it relates to
an aqueous ink which is preferable in an ink-jet
recording processes, and to an image-forming method

10  whi:h make use of the aquecus ink.

BACXGROUND ART
Conventicnally, inks which contain a
watar-insoluble colcoring material such as pigments as

15 colorantg (pigment inks) are known to give images having
geod fastness such as water resistance or
light-resistance. In recent years, varicus techniques
are proposed for the purpose of more improving the image
density of images formed using such inks.

20 For example, as disclosed in Japanese Patent
Application Laid-open No. 2000-198955, it is proposed to
achieve much more improvement in image density by the
use of an ink contalning a self-dispersion type carbon
black and a specific salt. As alsc disclosed in

25 Japanese Patent Application Laid-open No. 2000-63719, a
technique is proposed in which an ink-jet reccording ink

which 1s a composition containing a pigment, fine



netal salt are caused to adhere to a recording nmedium and the ink
conposition is allowed to react with the 5 aqueous pol yvalent netal salt
solution to formimages having a high grade. In these techniques, in both
cases, the pignent present in the ink in a dispersed state is forcedly
made to floccul ate on the recording nedi%n1 surface to thereby keep the
pi'gnment from perneating into 10 the recordi ng nedium to obtain inages
having a nuch higher density. DI SCLOSURE OF THE | NVENTI ON According to
studi es made by the present inventors, 15 it has been found that in the
above techniques the area where the recording nedium surface can be covered
with the coloring material (what is called "area factor") may cone

i nsufficient cowpared WeEhichesvobuidter—SARUBAEpPEESNIBeaLY¥BIEI §RENt
particles are made to 20 fl occulate on the recording nedium This neans that
in the above WadhAi GUes ahhadyasHei 6918t 10RK CPHtBENAPEI ReBOlYHAL SRS
necessary in order to achieve the sane image density conmes |arger than that
of pignent ink&Stalwsddh 24ScEAVEREI SRaRIpFGRert ?srﬂFgﬁgﬂQQdmﬁgﬁHma

pol ynmeric 25 di spersin gent or the like. .In this regard, there has been
room for inprodéfettie %n%eFHEBOﬁ§téP§0lévé##&ﬁﬁ tPnt FEhw?ﬁEstQ?e made

hi ghly perngable into tgﬁ,3 recording neﬁ%unkéo ensur e g | arge area factor
even when ¥ nk 3GV OOHAVELENSNBRIE A oParE. SAIWEVER, HRhéPEMar™PARS i s made
hi ghly penetra t he ink.may cone ated, not .onl t the rface of

the recording %é%ﬁ@ﬁi@uplgpb rade. %rggese tecgnlqueg,aln ot%ucases,

the pigment present in the ink in a dispersed state is

for redly made to flocculate on the recording medium

surface to thereby keep the pigment from permeating into
10 the recording medium, to obtain images having a much

higher density.

DISCLOSURE OF TEE INVENTION
According to studies made by the present inventors,

15 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
come insufficient compared with the volume of ink
droplets, because pigment particles are made to

20 flcocculate on the recording medium. This means that in
the above techniques the guantity of ink to be applied
that i1s necessary in order to achieve the same image
density comes larger than that of pigment inks in which
a conventional pigment is dispersed with a polymeric

25 dispersing agent or the like. In this regard, there has
been room for improvement. A method is also available

in which inks are made highly permeable into the



5 in the depth direction of the recording nedium to nmake it unable to
achieve a sufficient inmage density. The present inventors have searched for
advant ages and di sadvant ages of individual conventional inks to analyze
characteristic features of imges thenselves. 10 As the result, it has
turned out that, as the coloring material is present in the ink in a higher
concentration, the coloring material is nore present in excess at the
recordi ng medi um surface, dots are formed which are visually nore

non-uni formin shape, or, in the interior 15 of the recording nedium the
coloring material comes nore wasted w thout participating in color

devel opnrent. The present inventors have foHnd t hat by solving at | east one
of the above t &G CH DM EG FEGES Scén aﬁgeféFﬁgdf%ﬁﬁgﬁ %F@nsﬁ &fior to
t hose in conventional %p cases. TheHFr bleqs t he ﬁresent i nventors have
found are showd“b& W %%%ﬁﬁ?ﬁkéhﬁ elCiofSis Ho"EEFve YPEIFedlt 1 Bhe of
the foll owi ng probleps.. . The problem that, .where the pignent present in
the ink in a cﬁssﬁ"ear ee&”ég[ e H% eftgra@ggl’y tﬁlﬁdéntkomfalyoé:gﬂlleaggmfggg t he

recordi ng nedi %nétstgflg/f%t t rrget %fu(}%a\'(\{%efo% ttﬁ)1% I ﬁ%fggﬁ?%r e%é%i.g{:rpl[ %ﬁrtf agecan be

covered with the " co ing erial” (what is ca ) ‘may be 4

i nsuf i ci ent, coppared pidh, the valiure 0f ik droplats, - and.hepse Lhe i nk

nmust be applied in a l'arge quantity in to achieve the'sane I nage

ST 2 T8 BONSTAI U e ki TSNS pereabl e
The present inventors have searched for advantages
and disadvantages of individual conventional inks to
analyze characteristic features of images themselves.

10 A4s the result, it has turned out that, as the coloring
material is present in the ink in a higher concentration,
the coloring material 1s more present in excess at the
recording medium surface, dots are formed which are
visually more non-uniform in shape, or, in the interior

15 of the recording medium, the coloring material comes
more wasted without participating in color development.

The present inventors have found that by solving
at least cne of the above technical problems, images can
be formed which are supericr to those in conventional

20 cases. The problems the present inventors have found
are shown below. The present invention is to solve at
least one of the feollowing problems.

(1} The problem that, where the pigment present in the
ink in a dispersed state is forcedly made to flocculate

25 on the recording medium surface, the area where the
recording medium surface can be covered with the

coloring material (what is called "area factor") may be



surface of the recording nmediumbut also in the depth direction of the
recording medium to make the coloring material unable to be distributed at
a high concentration in the vicinity of the surface of the 10 recording
medi um and make it unable to achieve a high imge density. Accordingly, an

obj ect of the present inventionis to pupvide, in an aqueous ink, an ink
which has a sufficiently large area factor even in a small ink 15 dropl et

guantity and can obtain inages having a high inage density, and further has
a superior storage stability. Another object of the present invention is to
provide an ink set which has, in formng inmages by the 20 use of inks with

different colors, a sufficiently large area factor even in a small ink

d

| _
dropl et quanti ty*SUf fqLlenth&qnried 8n 1t £H6r &M-U861 6ts 1nkaR P46 Eht ai n

i mages having a high imge density, and can .further relieve the, difference
in density beti¥h XA §%§nc}n5<en\ﬁe°’ltl aﬁé’ﬁéﬁéec}nbét WESHCCARERS I 41 | |
anot her obj ect of thﬁﬁpre ent inyention i,s to provide an ink set which has
a sufficiently 3%Fge “fFa S&en FRI% STREPSYnk dropl et quantity,

magee. whi ch ar vl [ BaFHERAT DA (Gen " Eafor 6o By UsPnGPtRe iRk Kot
const i1t edas SSRGS, SIRbUUE: L M0 LGaLTLgIoLeY Bevig the step
surface of the recording medium but also in the depth
direction of the recording medium, to make the coloring
matarial unable to be distributed at a high
concentration in the vicinity of the surface of the
10 recording medium and make it unable to achieve a high
image density.
Accordingly, an cbject of the present invention is
to provide, in an aquecus ink, an ink which has a
sufficiently large area factor even in a small ink
15 droplet quantity and can obtain images having a high
image density, and further has a superior storage
stability.
Another object of the present inventicn is to
provide an ink set which has, in forming images by the
20 use of inks with different colors, a sufficiéntly large
area factor even in a small ink droplet quantity in all
the inks with different colors, can also obtain images
having a high image density, and can further relieve the
difference in density between colors and be well
25 balanced between colors.
A still another cbject of the present invention is

to provide an ink set which has a sufficiently large



coloring material to a recording nmediumand the step of applying a reaction
| i qui d capabl e of naking the state of dispersion of the water-insoluble
coloring material 10 in the aqueous ink unstable upon contact with the
aqueous ink to the recording nmedium (hereinafter this process is often also
called "two-liquid systenf). A still another object of the present invention
is to provide an inmage-form ng nethod ich can effectively 15 keep col or
m xture (bl eed) fromoccurring at boundary areas of respective-color inages
where color images in which areas having colors different from one another
stand adj acent are recorded on plain paper. The above objects are achieved
by the present 20 invention described below That _is, a c¥§n i nk according

to the presentaFﬁ@eﬁfFﬁﬁri§V§nc%§naiﬁ@?&%ea“#ndraﬁl?ﬁkqgép EVinﬁanur ki nds
bl ack ik | WHEGh CBAGHT HRCGSpFFEasTar [oalt [URPEr SoK535nabB- FABol ubl -
col o ng et o . o] g Blur oLy of Bt e solybl e guasncyapl vent s having
ﬁg?e?igﬁ?rcﬂg?gy é&%zg %{Hg%%hggﬁeiﬁék£EEFO%%%%k}%QE%brgkfgg%Egﬁbggre to 3.0
or Les5, peste A SnatespLhe catal peolk el JRR, Shtheggogs medt um
(mass% of thea&%ﬂ@i@%dg%nkqueous ink containing a water—-insoluble
coloring material to a recording medium and the step of
applying a reaction liquid capable of making the state
of dispersion of the water-inscluble coloring material
10  in the aquecus ink unstable upon contact with the
aguacus ink to the recording medium (hereinafter this
process is often also called "two-liquid system").
A still another object of the present invention is
to provide an image-forming method which can effectively
15 keep color mixture {(bleed) from occurring at 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.
The above objects are achieved by the present
20 invention described below. That is, a cyan ink
according to the present invention is a cyan ink used in
an ink set having four kinds of aquecus inks consisting
of a cyan ink, a magenta ink, a yellow ink and a black
ink in which each ink comprises at least water, a
25 water-insoluble coloring material, and a plurality of

water—-soluble organic solvents having a good medium or

good mediums for the water-insoluble coloring material



based on the total mass of the cyan ink, and a water-soluble organic

sal vent whi ch shows the maxi num Ka 10 value anong the respective Ka val ues
of " the plurality of water-soluble organic solvents as deternined by the
Bristow nmethod is the poor nmedium A magenta ink according to the present
invention is a magenta ink used in an |%k set having four kinds of 15
aqueous inks consisting of a cyan ink, a®mgenta ink, a yellow ink and a

bl ack ink in which each ink conprises at |east water, a water-insoluble
coloring material, and a plurality of water-sol uble organic sol vents havi ng
a good nedium or good nediuns for the water-insoluble 20 coloring materi al
and a poor nedi um poor nediuns for the water-insoluble coloring material,
characterized PAG Bh&POTt MEJRHA] 6TBRPAZ M§diuBm 695 bPenpre to 3.0 or | ess,
where A2 denotes the total content (mass% of the good 25 nedi um based on
the total massYefefnéNFRGERLE FRRCZABIBPAGEKORES Fﬁ@rﬁ6F§F168ﬁtéHt (mass%
of the poor nedium based on the total mass of the magenta ink, and a 7

wat er - sol ubl e GPSanlc sol vent whi ch shows the maxi mum Ka value anong t he

respective Ka val ues t he ity ter-sol ubl e _or ic solvents as
det er ni ned by the FB?t ﬁgtﬁbagléstﬁgoﬁﬁg %ﬁQ&IWﬁFe5 tR e | & gﬁﬁs’
according t

d k
havi ng fourgkl nds r(%1? i |?r;%§sn;t¢1}§§ %%B%fs%/?lh%er\é\{f Q“ac%% (;’fﬂ tn gl Cﬁsita i nk,
a yellowink %@%L%mbhg%e ok kReMiLEN1eRGR T Bl EROPLLSESink and B,

den»tes the total content (mass%) of the poor medium
bas:d on the total mass of the cyan ink, and a
watar-soluble organic solvent which shows the maximum Ka
10 wvalie among the respective Ka wvalues of the plurality of
watar-soluble organic solvents as determined by the
Bristow method is the poor medium.
A magenta ink according to the present inventicn
is a magenta ink used in an ink set having four kinds of
15 agueous inks consisting of a cyan ink, a magenta ink, a
vellow ink and a black ink in which each ink comprises
at least water, a water-insoluble coloring material, and
a pluraiity of water-soluble organic solvents having a
good medium or good mediums for the water-insocluble
20 coloring material and a pcor medium poor mediums for the
water-insoluble coloring material, characterized in
that;
the ratic B:;/A; is from 0.5 or more to 3.0 or less,
where A, denotes the total conteht (mass%) of the goecd
25 medium based on the total mass of the magenta ink and B;
dernctes the total content (mass%) of the poor medium

based on the total mass of the magenta ink, and a



at |l east water, a water-insoluble coloring material, and 10 a plurality of
wat er - sol ubl e organi c sol vents having a good nedi um or good nediuns for the
wat er -i nsol ubl e coloring material and a poor nedi umor poor nediuns for

the water-insoluble coloring material, characterized in that; 15 the ratio
B3/A3 is fromO0.5 or nore to 3.0 or |ess where A3 denotes the total

content (mass% of the good nediunlbaseg on the total mass of the yell ow
ink and B3 denotes the total content (mass% of the poor nedium based on
the total mass of the yellow ink, and a 20 water-sol ubl e organic sol vent

whi ch shows the maxi num Ka val ue anong the respective Ka val ues of the
plurality of water-sol uble or%ﬁnLc sol.vents gg et rnineg bé the Bristow
method i s the PESELTERLARLCABIPRRKS Ak 1YEREr HPAG t SPPHE prEsBAT - HTeRtti on i s
25 a black ink used in an ink set hayi.n our kinds aqf _aqueous.i.nks

consi sting of aaiyéhaWHW9'§hﬁa§€ﬁP CF&W% a Y§ﬁP§® P%ktgﬁdpiuﬁﬁééﬁyiﬁé in
whi ch each ink conprises at | east ter, a water-insaluble coloring
material, and wg%ﬁFUFﬁﬁﬁﬁseoPrﬁgpéF-5§?3§Pgsoﬁéaﬁpgeggﬁggﬁt%yhggﬁng a good
medi um or goong§QE%H§ f %O?hgsw§%%r-5%§o%% H% _coloripg material and a poor
medi um or poor “medi uns Tor the wat &= nsolubl e coloring material,

characterizgd in thiygﬁgﬁ%wrg kﬁ€§?6§éib§ gpoghg.gggéeﬁgr nggngignogsless,

where A4 denotes the't al""conte Mass medi um based on t he
total mass of %h%QQH%ﬁkih@ku%%% B4 an ink set having four kinds of

agqueous 1inks consisting of a cyan ink, a magenta ink, a
vellow ink and a black ink in which each ink ccmprises
at least water, a water-insoluble coloring material, and

10 a plurality of water-soluble organic solvents having a
good medium or good mediums for the water-insoluble
coloring material and a poor medium or poor mediums for
the water-insoluble coloring material, characterized in
that;

15 the ratio B3/A; is from 0.5 or more to 3.0 or less,
where A; denotes the total content (mass%) of the good
medium based on the total mass of the yellow ink and B;
denotes the total contént {mass%) of the poor medium
based on the total mass of the yellow ink, and a

20 water-soluble organic sclvent 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.

A black ink according to the present invention is

25 a black ink used in an ink set having four kinds of
agueous inks consisting of a cyan ink, a magenta ink, a

yellow ink and a black ink in which each ink comprises



10 denotes the total content (mass% of the poor nedium based on the total
mass of the black ink, and a water-soluble organic solvent which shows the
maXi nrum Ka val ue anong the respective Ka values of the plurality of
wat er - sol ubl e organi c solvents as determ ned by the 15 Bristow nethod is the
poor nmedium Such an ink set according tq the present invention is
characterized by having four kinds of aqueous inks conprising of the cyan
ink constituted as described above, the magenta ink constituted as
descri bed above, 20 the yellow ink constituted as descri bed above, and the
black ink constituted as described above. The ink set according to the
present invention is also characterized by being used in an inage- fornlng
met hod havi ng e '$8&p @@t§§p|@lﬁét§§_é&§@ H?anQOégrééﬁsPﬁFGFﬂﬁ rt BB nk
set to a recordin nedlun1and t he ﬁﬁ 3f ag élng reaction I|gU|d
capabl e of nakiEng e lisyatd @@tEFS§8 6N © LEpEPLIERTEF NEKENG 2
wat er -i nsol ubl e col ori ng materi al t.he a ueo i nk. unstable on cont act
Wth the aqueodSanRergime™ Bens: BAg TRt CAR Frage: " RBERLHE Lot hod
according to the present t5 i.nvention is _an |§a§ ornln% %E t.hod |ch forns
an image conpé%@‘r&PgaWalﬁﬁﬁg' afed By EnBegr @kOFnEOQ d gﬁupﬁa 8"f or ned
by the coIog | El aa% agygﬁen% t.o _.each g% r hn% Ehe ng set
constituted as S@PI 201 h&%&gﬁgrlz i ghaF §j ggﬁﬁﬁl%g flor
appl yi ng the bhﬁﬁ#ﬂlnk to formthe
the ratio Bys/A; is from 0.5 or more to 3.0 or less,
where A; denotes the total content (mass%) of the good
medium based on the total mass of the black ink and By
10 derotes the total content (mass%) of the poor medium
based on the total mass of the black ink, and a
water-soluble organic solvent wnich shows the maximum Ka
value amcng the respective Ka values of the plurality of
water-soluble organic sclvents as determined by the
15 Bristow method is the poor medium.
Such an ink set according to the present invention
i1s characterized by having four kinds of aqueous inks
comprising of the cyan ink cocnstituted as described
above, the magenta ink constituted as described above,
20 the yellow ink constituted as described above, and the
black ink constituted as described above.
The ink set according to the present invention is
also characterized by being used in an image-forming
method having the step of applying an agueous ink
25 constituting the ink set to a recording medium and the

step of applying a reaction liquid capable of making the

state of dissclution or dispersion of the



i mge and thereafter scanning for applying at |east one-color color ink to
an_area adjacent to that inage are performed to formthe inmage. According
to the present invention, an ink can be 15 provided which has a
sufficiently large area factor even in a small ink droplet quantity and can
obtain i mges having a high i mge density, and further has a superior
storage stability. Also, according to andther formof the working of the
present invention, an ink set can be 20 provided which has, in formng

i mges by the use of inks wth different colors, a sufficiently large area
factor even in a small ink droplet quantity in all the inks wth different

colors, can also obtain i es having a high iimage density, and can further
Felieve the 25 W TETERA T c ety Beliesr 1601 of's “aAd HBEEREI Ml anced

between colors. Still. al so, accaording .t nother form of the working of the
present inventi'BF "3 A0PIHES C@a%lﬁg'5%8v@§E§CWﬁi&ﬁ%h£§ ghfufficiently

| arge area factor. even in smal | ink droplet quantity, can also obtain
i mges havi ng éxﬁ%ﬁ%]fﬁhﬁgxgéﬁgity, and can fur-her obtain inages which are

wel | bal anced between 5 .cal ors, S| [ -Liqui y e ink
set constituted as g%%é%?%%ﬁ%gggégg b%gpﬁgrggggéggaﬁnggtghaaﬁéggébgforn1of
t he wor ki ngeof i esent_ i.nyv ion, rlgmagefor o n be

provi ded wh?ch%égéﬁgﬁ ec:%§£1§'éiepigb &P’nlxﬁ&ﬁg qgggﬁ%?ﬁ%n%churring at

10osoundary = ST T FHISE R S SRS CSLOLLATRRER. L of
an image formed by the color ink which are adjacent to
each other, using the ink set constituted as described
above, characterized in that;

10 - scanning for applying the black ink to form the
image and thereafter scanning for applying at least
one-color color ink tc an area adjacent to that image
are performed to form the image.

According to the present invention, an ink can be

15 provided which has a sufficiently large area factor even
in a small ink dreoplet quantity and can obtain images
having a high image density, and further has a superior
storage stability. Also, according to another form of
the working of the present invention, an ink set can be

20 provided which has, in forming images by the use of inks
with different colors, a sufficiently large area factor
even in a small ink droplet quantity in all the inks
with different colors, can also obtain images having a
high image density, and can further relieve the

25 difference in density between coleors and be well
balanced between colors. Still also, according to

another form of the working of the present invention, an
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anot her stand adjacent are recorded on plain paper. BRI EF DESCRI PTI ON OF
THE DRAWNGS 15 Fig. 1 is a schematic sectional side elevation show ng an
exanpl e of an ink-jet recording apparatus. Fig. 2 is a front view of a
reaction liquid residual-quantity indication of the ink-jet recording
apparatus shown in Fig. 1. 20 Fig. 3 is a _schematic sectional side elevation
showi ng how the ink-jet recording apparaﬂ@s shown in Fig. 1 is replenished

with a reaction liquid. Fig. 4 illustrates an exanple of the construction

of a recording head. 25 Fig. 5 illustrates an exanple of the construction

of a recording head. Fig. 6 illustrates an exanple of the construction 11

of a recording head. Fig. 7 illustrates an exanple of the construction of a
recordi ng headinki getgcanl bet paresdad erarpl Basf at hefédRsERGEYI SATIS of a
recording head. Fig. 9 illustrates an exanple of the construction of a

recordi ng head2rFirgdaE0ARL £UBN 10CafBaildDlaKed¥PBWSLf RN AYr afffitical |y
illustrating how an ink droplet of the 10 aqueous ink of the present

i nvention becoRBSOwREHAD AESIPRpREVéadon PRENsiPREEedBPSatYecBRdi R nedi um
Fig. 10A shcws how the_ ink dropl et sgands before it inpacts; Fig. 10P, how
it is i mediat éUF BPfePPre RadiPAfactedcIFRge well balanced betwden

5 «c¢olors, by using in the two-ligquid system the ink set
constituted as described above. Further, according to
another form of the working of the present invention, an
imaye~forming method can be provided which can
effactively keep color mixture (bleed) from occurring at

10 boundary areas of respective-cclor images where color
images in which areas having colors different from one

ancther stand adjacent are recorded on plain paper.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a schematic sectional side elevation
showing an example of an ink-jet recording apparatus.
Fig. 2 is a front view of a reaction liquid
residual-quantity indication of the ink-jet recording
apparatus shown in Fig. 1.
20 Fig. 3 is a schematic sectional side elevaticn
showing how the ink-jet recording apparatus shown in Fig.
1 is replenished with a reaction liquid.
Fig. 4 illustrates an example of the censtruction
of a recording head.
25 Fig. 5 illustrates an example of the construction
of a recording head.

Fig. 6 illustrates an example of the construction



10C, how a dot is being forned; and Fig. 10C, how a dot 15 havi ng been
formed is. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention is
descri bed belowin greater detail by giving best nodes for practicing the
20 present invention. The poor nedium and good nediumin the present
invention are described first. Details for their definition are described
|ater. Wthout regard to how to dispersdlthe water-insoluble coloring
material used 25 as a coloring material, a water-sol uble organic sol vent

gi ving good di spersion stability of the water-insoluble coloring materi al
in the water-soluble organic solvents %12 is defined as the good nedi um
and one giving bad dispersion stability, the poor nedium A characteristic
feature of the cddquecesandkindadesddi ng to the present invention is that,
taking note 5 of water-soluble organic solvents to be incorporated in an
aqueous ink toget her Fwgt-h 7a IMdteitrahss| abl exedPori A§ that epnarruction

wat er - sol ubl e organic solvents having the function to nake the

wat er - i nsol ubl @fcal G Hdeticaid - di ssol ved or di spersed are grouped into
one showi ng 10 behavi or. as the above poor mediumfor the water-insoluble
coloring material andi6ne8shdviifgr2b8RadPofXaEPtReCAbbRE §OBATHBELLATf or t he
sane, and the ratio of the poor nediumto the good nediumin the aqueous
ink (B/A vaPuelti st 6556 Né@%s to be within 15 a specific range, to

ign th ink. A .
design the aqueous %Eg. 9Sgllustrates an example of the constructicn

of a recording head.
Figs 10A, 10B, 10C and 10D are views for

diagrammatically illustrating how an ink droplet of the
10 aqueous ink of the present invention becomes when it has

impacted on the surface of a recording medium. Fig. 10A

shcws how the ink droplet stands before it impacts; Fig.

10F, how it is immediately after it has impacted; Fig.

10C, how a dot 1s being formed; and Fig. 10C, how a dot

15 having been formed is.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described below in

greater detail by giving best modes for practicing the
20 present invention.

The poor medium and good medium in the present
invention are described first. Details for their
definition are described later. Without regard to how
to disperse the water-insoluble coloring material used

25 as a coloring material, a water-soluble organic solvent
giving good dispersion stability of the water-insoluble

coloring material in the water-soluble crganic solvents



anot her characteristic feature of the aqueous ink according to the present
invention is that, besides naking the water-soluble organic solvents
constituted in the above specific nanner, a water-soluble organic 20
sol vent which shows the maxi mum Ka val ue (how to neasure is described
| ater) anmong the respective Ka values of __the plurality of water-soluble
organic solvents as deternined by the Bri¥st ow method is the poor nedium As
the result, the dispersion stability of the 25 water-insoluble coloring
material in the ink can be very good, and at the same tine the aqueous ink
can be obtained which has a sufficiently large area factor even 13 in a
smal | ink droplet quantity and can obtain inmages having a high imge
density when pdisntledisgdaasecdediongd wedivmy RRJparei 84Vars PRdi n paper, and
further has a superior storage stability. It has also been found that 5 the
use of such andd§WEF§sornRtBFLAGS YmaitkedPePfeBE8iBuch that printing speed
can be made hi gher, recording@ apgaratus can be nade conpact, cost reduction
inclusive of that fO8rCE3RSGRBEL§66HsRARUBE AehfBFe8IUGRAS nbREOVer i mages
formed can enjoy a syperior fixability and can 10, achjeve nu%g hi gher i mage
density, enabl FrG FOLREt ion THE pﬁﬁ&ﬁpéréagepﬁéﬁﬁs?s[ﬁ@éﬁan?@ BF {'hGe
For mat i on] re,. th% ngch§§%§n1of ina%e fgrna ion ig t he Eresegt i nvention
is described by giVi-tg ah - &xafpléI I3 “Wikr &°t'hé 58p Gus"FRkPaceE Fdi A§ to the
present invention I3 3RPLigd QL3 §¢RRALNG TEILYM, b pRar LLgul8n, on
mat-2rial, water-soluble organic solvents having the
fun:ztion to make the water-insocoluble coloring material
dissolved or dispersed are grouped into one showing
10 behavior as the above poor medium for the
wataer-insoluble coloring material and one showing
behavior as the above good medium for the same, and the
ratio of the poor medium to the good medium in the
aqueous ink (B/A value) is so controlled as to be within
15 a specific range, to design the aquecus ink. Also,
another characteristic feature of the aqueocus ink
according to the present invention is that, besides
making the water-soluble organic sclvents constituted in
the above specific manner, a water-soluble crganic
20 solvent which shows the maximum Ka value (how Lo measure
is described later) among the respective Ka values of
the plurality of water-soluble organic solvents as
determined by the Bristow method is the poor medium.
As the result, the dispersion stability of the
25 water-insoluble coloring material in the ink can be very

good, and at the same time the aqueous ink can be

obtained which has a sufficiently large area factor even



pl ain paper and inmages are printed thereon, it is considered that very good
i mge density and print grade can be brought for the reasons as stated

bel ow. 20 That is, as shown in Fig. 10A, where an ink droplet 1301
according to the present invention is applied to a recording medium 1300 as
exenplified by plain paper and an i nage §5 printed thereon, the ink

i npacts on the recordi ng nedi um fromthe’nonent of 25 which the ratio of i)
the water in the ink, ii) the good mnedium and poor nediumfor the

wat er-i nsol uble coloring material and iii) the water-insoluble coloring
material 14 conmes to change. Mre specifically, as showmn in Figs. 10B and
| OC, after the ink droplet 1301 has inpacted to the surface of the
recor di ng medi ifn 1380211 hink ik ekoherudntiddy tad He 't edordiThg T Im  As it
beconmes fixed, 5 first, with evaporation of the water, a poor nedium 1307
having a hi gh F@Vva e BHdhgl e \@RRTL o e RHgER®E OTs6t VERITdHd he i nk
diffuses in a closely true-circular shape in the vicinity of the recording
medi um sur f aceT S Weombar B W $thl & gdoth e diahf havahy B W K 421%e, and

10 an ink dot cones to be forned, as. so considered. Figs. | to D are
di agrammati c i FPRSEHAE | DHOHRIE hovi it he' | hk Eic ﬁésa&ﬁpi%eﬁp'%§§néo%gaﬁixed

ft it h ' ted t f f 1 cor di [ 1300. To tak

ot o of how t HERF L BoPE eRiende | FOTTTS" cHup, b1 10 5 o Gorfth Her et that ¢ he
concentration of th goor fediun1 bqunes Q#gher atjﬁ outer(g%g'qpery 1302
of the dot at °thé g% b RO RCIPTT i i Wi T i dhp et 9 Han THAT S %

apparatus can be made compact, cost reduction inclusive

of that for consumer goods can be achieved, and moreover
images formed can enjoy a superior fixability and can

10 achieve much higher image density, enabling formation of
high-grade images.

[Mechanism of Tmage Formation]
Here, the mechanism of image formation in the
present inventiocn is described by giving an example.

15 Where the aqueous ink according to the present invention
is applied onto a recording medium, in particular, on
plain paper and images are printed thereon, it is
considered that very good image density and print grade
can bhe brought for the reasons as stated below,.

20 That is, as shown in Fig. 10A, where an ink
droplet 1301 according to the present invention is
applied to a recording medium 1300 as exemplified by
plain paper and an image 1s printed thereon, the ink
impacts on the recording medium, from the moment of

25 which the ratio of i) the water in the ink, ii) the good
medium and poor medium for the water-inscluble coloring

material and iii) the water-insoluble coloring material



e

central part 1303 of the dot. As the result, the ink dot diffuses in the

vicinity of the recording nedium 20 surface in a closely true-circular

shape, and, in the course of that diffusion, the concentration of the poor

medi um 1307 becones abruptly higher with respect to the water-insoluble

coloring material. As this occurs, the gﬁsper5|on of the water-insoluble

coloring material 25 becones abruptly unstiable to cause floccul ation or

di spersion break of the water-insoluble coloring material. Here, the ink

dot diffuses while formng its 15 closely true-circul ar edge shape on the

recordi ng nmedium surface (see Fig. 10B), and it cones about that the

wat er -i nsol uble coloring material, 1304, stays on the surface of t he

recordi ng medi GRRESOGC S&ATWE: |Moé%n%86%15£0?¥léfb%%ks%ﬁw$h%n Figs.

wat er -i nsol ubl e colorjn naterlal has geen f g % %he out er ge portion
oPdb

of the dot. InUEhps 'tﬁgtﬁﬁt tHh ﬂé?@ éscémB?Fﬁgg hiteri al
2 o 10 A ks cloul a shape. ad i t@%’dﬁg@et@@ 166 Tk BFRPESpol nt
s conpi et ed: Bt Ehé itsr tr%%@%ﬁl&%éwéﬁﬁi £ B R st ahtetat 614906 T n the
the dot foriat fon g PHE W @EAmAEIIrE GOl hRG L it Bredl Maid tBeadt”
conpl et ed, theh"‘@l i %0' ybl.e par %ri' % aﬁm%'néert‘%%l %91%‘9’%%%%%860&@ hhe 1 nk

cone to diffusein VICInIt cor medirum-sarf
solvents in the ink diffuses in a closely true-circular

shape in the vicinity of the recording medium surface as
compared with a good medium having a low Ka value, and
10 an ink dot comes to be formed, as so considered.

Figs. 10B tc 10D are diagrammatic illustration of
how the ink becomes until it has come fixed after it has
impacted on the surface of the recording medium 1300,

To take note of how the ink dot extends in this case, it

15 is considered that the concentration of the poor medium
becomes higher at an cuter periphery 1302 of the dot at
the part of contact of ink with paper, than that at a
central part 1303 of the dot. As the resuit, the ink
dot diffuses in the vicinity of the recording medium

20 surface in a closely true-circular shape, and, in the
course of that diffusion, the concentration of the poor
medium 1307 becomes abruptly higher with respect to the
water-insoluble coloring material. As this occurs, the
dispersion of the water-insoluble coloring material

25 becomes abruptly unstable to cause flocculation or
dispersion break of the water-insoluble colering

material. Here, the ink dot diffuses while forming its



Subsequently thereto, because of evaporation and 20 perneation of the

wat er - sol ubl e organic solvents at the central part 1303 rich in the good
medi um the water-insoluble coloring material beconmes deposited at this
part as well, so that a dot 1305 is fornmed (see Fig. 100). The inmage forned
t hrough the process as descri bed 25 above can have a sufficiently |large area
factor even in a small ink dropl et quanﬂﬁty, can have a high inmage density
and can have a high grade as having been kept 16 from bleed. [How to

Di stingui sh Good Medi um and Poor Medium Under the supposed nechani sm as
stated above, the good nedi um and poor mediumused in the present 5

i nvention are decided by whether or not the state of dispersion of the

wat er - i nsol ubl eleskdyi hgumatérical acardgsubtiabeyobethai neapredngi mediuBy t he
relationship with the water-insoluble coloring material or a dispersing
agent t her ef or suAéeecediligky Fiaher 8Bt heagdod tnedingm akauiothAé pBer nedi um
are selected in preparing the agqueous ink according to the present

i nvention, it W§tﬁﬁéﬂ§ﬁQgP@let§Oé@§éﬂ9emﬁéﬁﬂhﬁéh %ﬁ84st5FéYéfoai§b@rsion of
the water-insoluble coloring material used is_stable, and select themon
the basis of tRErEesal Pfobfai AEGOrPheA, Me5 URdérOPheSPefReFontt 6OFRE ef f ect
of the present invention, the gresent i nventors havTﬁnade various. studies

on the standar@§ of Fu@@ﬁ@nffoF ?h€a§8661ﬁ§8#Hﬁﬁeaﬁ8 boRdnBaretehat bring
the effect of the present —inventign fs theresult, they haye found that a

In this way, the dot of the water-insoluble coloring
material is formed in a true-circular shape, and in this
state becomes fixed to the recording medium surface, as

10  sc considered {see Fig. 10C). At this point of time,
the formation of the dot of the water-inscluble coloring
material is completed, but the water-soluble organic
solvents and water 1306 in the ink come to extend
radially while diffusing further. That is, also after

15 the dot formation of the water-insoluble ccloring
material has been completed, the water-soluble organic
solvents and water 1306 in the ink come to diffuse in
the vicinity of the recording medium surface.
Subsequently thereto, because of evaporation and

20 permeation of the water-soluble organic solvents at the
central part 1303 rich in the good medium, the
water-inscluble coloring material becomes deposited at
this part as well, so that a dot 1305 is formed (see Fig.
10D) . The image formed through the process as described

25 above can have a sufficiently large area factor even in
a small ink droplet gquantity, can have a high image

density and can have a high grade as having been kept



20 of judgnment as described belowis effective. First, a dispersion
solution of the water-insoluble coloring material is prepared which
coht ai ns 50 nass% of each water-sol uble organic solvent to be judged and 45
mass% of water and al so contains 5 25 mass% of the water-insol uble coloring
material to be wused in the ink. Then, the dispersion solution thus
prepared is stored at 60C for. 48 hours, wiere one in 17 which the aver age
particle size of the water-insoluble <coloring material in the dispersion
solution has cone |larger than the average particle size of the
wat er-i nsol ubl e coloring material in a water dispersion 5 solution
containing 5 mass% of the water-insoluble coloring material and 95 mass% of
wat er is definédcasblere.poor medium and one in which the average particle
size of the water-insoluble coloring material in the dispersion solution
has remai ned the sangHer hasPésrengtossnappertiedsuphangobacheledinimbt at ed
nore specifically, whether or not the water-soluble organic solvent to be
used stands a good HedPtntBE StERESCd BashranedfunffdF2beeerParsr the
wat er-insoluble coloring material is judged in the 15 follow ng way. First,
two types of diF&pEr FCOAELPHE BAST MEFLHEr §F8A <BI GEFoRTASBF Tt he certain
wat er-insoluble colaqring material and t di spersion, sol ution of the
certain wat r-FH§6P&BP8_%6ﬁopﬁﬁé%ﬁgt§yi§%egﬁérpp pHP%dthﬁthﬂ gath contain
the mater-solu%h%p%& %ghco%okﬁgn%a %r—%%sgﬁuhﬂggggloring material can
suitably be maintained, i.e., by the relationship with
the water-insoluble coloring material or a dispersing
agent therefor. Accordingly, where the good medium and
10 the poor medium are selected in preparing the aqueocus
ink according to the present invention, it is preferable
to observe how much the state c¢f dispersion of the
water-insoluble coloring material used is stable, and
select them on the basis of the result obtained. Then,
15 under the relation to the effect of the present
invention, the present inventors have made various
studies on the standards of judgment of the good medium
and poor medium that bring the effect of the present
invention. As the result, they have found that a method
20 of judgment as described below is effective.
First, a dispersion solution of the
water-insoluble colering material is prepared which
contains 50 mass% of each water-socluble organic solvent
to be judged and 45 mass% of water and alsc contains 5
25 mass% of the water-insoluble coloring material to be

used in the ink. Then, the dispersion solution thus

prepared is stored at 60°C for 48 hours, where one in



Di spersion solution A: A water-insoluble coloring material dispersion

sol ution having a conposition in which the water-soluble organic solvent to
be judged is in a concentration of 50 mass% the water-insoluble 25
coloring material is in a concentration, or the water-insoluble coloring
material and a substance contributing to dispersion of the sane are in a -
18 concentration in total anount, of 5 ness%and the water is in a
concentration of 45 mass% Water dispersion solution B: A water dispersion
solution having a conposition in which the water-insoluble 5 coloring
material is in a concentration, or the water-insoluble coloring materi al
and a substance contributing to dispersion of the sane are in a
concentration iwhitdt dheampignagcoPad thaEs%sdng e thgt eatersingoduble
concentration of 95 mass% 10 Next, the above Dispersion solution Ais
stored at 60CFVUCURNGRET l@dd ithdheafiéPregsdrad spd UsAdinnday CCB¥per at ur e,
and the average particle size of the water-insoluble coloring material in
the resultant ‘BIEEE $ilew SAUEYGTAS Pardasdfedidet kfatfitber - optics 15
particle analyzer (trade nanme: FPAR-1000; manufactured by Q suka

El ectronics Co.W@YRthnsoausye (e FHd\e "REEEr 2 ldilspér YRR s GLEPESR 1B s not

stored with_heating,, in the .state _of which the average .particle size of the
wat er - nsol bl SEOIHhG HEFETAIT i A Fed Wt Hodo30 PRperDdRt | oo
particle analyzer, in the sane nne the, above. Then, the values of

aver age parti ClCéDls(i%'Ié'lgO]dnatstﬁe‘ElarTLa an 9%Smasso O water 1s der%lne% as

the poor medium, and one in which the average particle

siz= of the water-inscluble coloring material in the

disperéion solution has remained the same or has come
10 smaller, as the good medium.

Stated more specifically, whether or not the
water-soluble organic solvent to be used stands a good
meciium or stands a poor medium for a certain
water-insoluble coloring material is judged in the

15 following way. First, two types of dispersion solutions,
dispersion solution A of the certain water-inscluble
coloring material and water dispersion solution B of the
certain water-inscluble coloring material are prepared
which each contain the water-soluble organic solvent to

20  be judged.

Dispersion solution A: A water-insoluble coloring
material dispersion sclution having a composition in
which the water-soluble organic solvent to be judged 1is
in a concentration of 50 mass%, the water-insoluble

25 coloring material is in a concentration, or the
water-insoluble coloring material and a substance

contributing to dispersion of the same are in a



respective water-insoluble coloring materials in the above D spersion
solution A and Water dispersion solution B are designated as particle
dianeter (A and 25 particle dianeter (B), where these values are applied to
the follow ng definitions to distinguish the good medium and the poor
medi um 19 Poor nedium Were the partljle size (A) is larger than the
particle size (B), the water-soluble org solvent to be judged is
defined as the poor medium - Good nmedium Where the particle size (A is
equal to 5 the particle dianmeter (B) or the particle dianmeter (A) has cone
smaller than the particle diameter (B), the water-soluble organic solvent
to be judged is defined as the good nedium Using the good nedi um and poor
medi um havi ng EééﬁenIGat&@@ednlﬁoﬁﬁﬁsaﬁéyntth@flﬁkmééﬁstﬁﬂﬁtéaeaﬁééﬁalng to
the present invention has been prep areg the result, it ha: been able
to make sure tR&t thé ﬁSBGeP§§GFﬂ§“a§ PaW@éSﬁreV|ously are obtained. [Ka
Val ue of Water-sol uble anlc Sohvg h % resent inven g
besi des maki ng"ehHEL ﬂé@@? SePULEE HFgaRi B° 3IV§ 6ﬁEFFFb98dSP “EhB above
specific nanneé a water-sol ubl e or anlg ﬁ v nt s@omnng &BE maxi num Ka
val ue anong th avéQSe@tF@@pR§l5éPBe Fithe ﬁ?uWﬁler FOUAPEF- sol ubl e
organi ¢ sol yents.as .20 de%ernl %S_ the Brlst%m/nethod |3the poor medi um
o]

In such a tasé&’ lo énﬁegﬁ gg FoPrErTSA 48" d8&cH'Bed above can be

brought out. water—-insoluble coloring material and a substance
contributing tec dispersion of the same are in a
conzentration in total amount, of 5 mass% and the water
is in a concentration of 95 mass%.

10 Next, the above Dispersion solution A is stored at
60°C for 48 hours, and thereafter cooled to ordinary
temperature, and the average particle size of the
water—-insoluble coloring material in the resultant
Dispersion solution A is measured with a fiber-optics

15 particle analyzer (trade name: FPAR-1000; manufactured
by Otsuka Electronics Co., Ltd.). Also, the above Water
dispersion solution B is not stored with heating, in the
state of which the average particle size of the
water-insoluble coloring material is measured with a

20 fiber-optics particle analyzer in the same manner as the
above. Then, the values of average particle size of the
respective water-insoluble coloring materials in the
above Dispersion solution A and Water dispersion
solution B are designated as particle diameter (A) and

25 particle diameter (B), where these values are applied to
the following definitions to distinguish the good medium

and the poor medium.



The Ka val ue determ ned by the Bristow nethod is described here. This val ue
is used as a neasure which 25 shows the perneability of a liquid into a
recording medium This is described below taking the case of an ink. Were
the penetrability of an ink is represented 20 by the ink quantity V per 1
ng, the perneation quantity V (nmL nZ = n}d of the ink into the recording
medium after a |lapse of a stated tine t Fter ink dropl ets have been
ejected is represented by the follow ng Bristow s 5 equation Expression (1).
Expression (1) V=Vr + Ka (t - tw' 2 . The ink imediately after it has
been applied to a recording nediumis alnost all absorbed in the recording
10 nedi um at uneven portions of its surface (roughness portions of the
recordi ng nmedi um ZRRF Zeed1uand' it Ehds e 15310 1€ Lot edt)i it g9t eri or
(in the depth directio;)ﬁof_ the recording nmedium The tinme for which this
takes place is & Coit dartime® (139, (Rind ®ife YA SJuait iURL O q9d i hk
absorbed at the contact tinme jn the , recording nediumat its pneven portions
is Vr. Then, t#eIVHK"c © b8 the ({eéﬁnfég A9 SR ne ‘been

TRCer for (in the Gopt T TGET [ DK b1t B FAT rechrtiaty Modi GmAThat ¢ uant ty
oy SPOrLLOnal; £ 04144 DL gore heond e CanLel il o Lo e
is a CoeffiCienﬁagfc£ﬁéu§%éing(¥hgﬁu%he particle diameter (B), the
water-soluble organic solvent to be judged is defined as
the good medium.
Using the good medium and poor medium having been

10 Jjudged in this way, the ink constituted acéording to the
present invention has been prepared. As the result, it
has been able to make sure that the good results as
stated previcusly are cbtained.

[Ka Value of Water-scluble Organic Solvent]

15 In the present invention, besides making the
water-soluble organic solvents constituted in the above
specific manner, a water-soluble organic solvent showing
the maximum Ka value among the respective Ka values of
the plurality of water-soluble organic solvents as

20 determined by the Bristow method is the poor medium. In
such a case, the mechanism of image formation as
described above can be brought out.

The Ka value determined by the Bristow method is
described here. This value is used as a measure which

25 shows the permeability of a liquid into a recording

~medium. This is described below taking the case of an

ink. Where the penetrability of an ink is represented



portion of this increase, and takes a value 25 corresponding to the rate of
perneation. Incidentally, the Ka value may be nmeasured with an instrunent
for testing dynamic perneability of liquid by the Bristow 21 nethod (e.g.,

Dynami c Perneability Tester S, trade nanme; manufactured

by Toyo Sei ki

Sei saku-sho, Ltd.). Incidentally, the Ka %ﬁlue in the present invention,
nmeasured by the Bristow nethod, is a value 5 neasured using as a recordlng
medi um t he plain paper (e.g., PB paper, available from CANON I NC., used for

cop--zing nmachines or page printers (laser beam printers)

naking use of an

el ect r ophot ogr aphi c systen1and for printers maki ng use of an ink- jet

recordi ng system C a ich zpa er for co
maki ng use of “&h dfﬂbﬁﬂﬁ?@' NM% g@$sBer%§a

environment, an_envirgnnment in usual offlces or the |ike,

i ng _nmachi nes

as u‘ﬂ‘éﬁ%‘ﬁ% ty

tenperature 20C t@2FC andhuff dbhy 2086 Bto6©@§|%e%%¥@h%$e®edﬁ%m[Cblor

I h K
aaucous. i ki & T o % a?éi&“ RS ek BSeE cllte

of this 20 behaV|ore%%¥t nk can ave a su

Alop 1SN g

shows behavi or ,different. ffqm %tes%fnt%%“@“%%”% ﬁ%ﬁ%ésa'r%%o @ account

C|ent

area actor even

in a small éi qgﬁﬂka%xo nq 1Gan achi eve fornatlon of i mages havi ng
|ty, an

a high |nage d
that may occurzuhen dimges ,in which areas having colors

V =V, + Kal(t - t,) 7.

ect of keeping the bleed fromoccurring

The ink immediately after it has been applied toc a

recording medium is almost all absorbed in

the recording

10 mecium at uneven portions of its surface (roughness

portions of the recording medium surface),

little permeated into the interior (in the

and stands

depth

direction) of the recording medium. The time for which

this takes place is the contact time {t,):

and the

15 guantity of the ink absorbed at the contact time in the

recording medium at its uneven porticns is

Vy. Then,

the ink ccomes beyond the contact time after it has been

applied to the recording medium, where the

ink is

permeated into the interior {(in the depth direction} of

20 the recording medium in its quantity proportional to the

time having come beyond the contact time, i.e., tc the

1/2 power of (t - t,), so that the'permeation quantity V

increases. The Ka 1s a coefficient of proportion of the

portion of this increase, and takes a wvalue

25 corresponding to the rate of permeation. Incidentally,

the Ka value may be measured with an instrument for

testing dynamic permeability of liquid by the Bristow



25 different fromone another stand adjacent are recorded on plain paper.
The present inventors have further judged that, 22 where images are forned
using a plurality of aqueous inks, images having a nore superior color

bal ance can be provided when all the aqueous inks fulfill the above
canditions, i.e., the ratio (B/A) of the_ poor nediumto 5 good nedi um for

t he wat er-insol uble coloring materi al in?ithe ink and the condition that a
wat er - sol ubl e organic sol vent show ng the maxi mnum Ka val ue is the poor
medium Incidentally, inmges having good col or bal ance or images having
poor col or bal ance are specifically neant 10 to ce inages as shown bel ow.
For exanple, if the conditions for the aqueous ink are not fulfilled even in
respect of onl pedhedcdeoes -whénnamageBeaneabot bty UebngrasS, pfuadei nymef
aqueous inks, images may inevitably be formed which nmake an inpression that
they | ook partimpnifagrospy b¥caase 8akylt hatsane-ebPorlhds)a | ower image
density than the other calors. In the gresent i nvention, such a phenonenon
is called the one thaBChesPiaésYi mhgesiahasing pooF e dPBPSHaF ance. Al so,
wher e i mages having ,secondary color are forned using an aqueous_ink 20

sati sfying thel8gratirensMeestRe BYuedtsBrnR-6Y TRENCHr es8nt TAYRRti on and
an aqueous ink not satisfying the conditions for the agueopus ink of the

present i nvent M6R;UTEReUS40H808S RnkSSEFLRGi RgILHRE EBﬁde%ﬁsp?B?rt he

aqueous ink of the present inventio ways hol it 25 col gqring materi al
in the vicinity®ofi‘th BoRPPsCe 8Faﬂﬁégae ¥PofOLARoh! e ?P 590" kO8

cop7ing machines or page printers {(laser beam printers)
making use of an electrophotographic system and for
printers making use of an ink-jet recording system, and

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

15 [Color Balance]

The agqueous ink according to the present invention,
when the aqueous ink is fixed to a recording medium, in
particular, plain paper, shows behavior different from
that of conventional agqueous inks. On account of this

20  behavicr, the ink can have a sufficiently large area
factor even in a small ink droplet quantity and can
achieve formation of images having a high image density,
and the effect of keeping the bleed from occurring that
may occur when images in which areas having colors

25 different from cne another stand adjacent are recorded
on plain paper.

The present inventors have further judged that,



recording medium On the-.other hand, in the case of the aqueous ink not
satisfying the conditions for the 23 aqueous ink of the present invention,
the position in the recording nedi umwere the coloring material is
present changes depending on the order of application of each ink to be
applied to the recording nedium and 5 hence colors can not be presented
which are always identical. In the presént invention, such a phenonenon is
al so called the one that provides imges having poor col r bal ance.
Incidentally, this phenonenon conmes about remarkably when a plurality of
inks are applied to 10 a recording nmedium by the use of a recording head

i ke that showg in Fig. 4, 5 or. 6. From.t he viﬁmgohn% as .stated above, the
present i nvent'ofSchaPaorsr Aed FrEges HStRY & Bruratity Sf 294G88ds i nks al
t he aqueous inks.of which have.15 fulfilled the above conditions, i.e., the
ratio (B/A) of e BBBPCRedrunTEo g8aaSadPaiT Por CORET wARLFL RS GRUDNS

| ori ial i, h i.nk d the. di_t i Qr - sol ubl
o1 gani 6 sol ven® EHOMFHG L RS, Rash il “RACTHT b ARoRG b tr BEpeaPl 16 Ka val Ueq

of the pIurali%%ﬁégFg%nggtﬁnésolg Egggéggz%gﬁiglgﬁg?ﬁeLéngemggghmnggiun1

Then, a nonitor as’beén "¢ondu e'co ance of "1 mages

formed. As ghe gesuliasthe. s Lubtil Lieat of sbheyabous) sonditjops has yade it

able to obtainaTresu e colo ance of ITmages-i’s certainly be

i nproved. However, ;$@MBnEXaRLNeesdRaven PRLRL §d,, QUL LBAY FHLL BeL | TRr Overent

IS required.
solvent showing the maximum Ka value is the poor medium.

Incidentally, images having good color balance or

imajyes having poor color balance are specifically meant

10 to »ne images as shown below. For example, if the
conditions for the aqueous ink are nct fulfilled even in
respect of only one color when images are formed using a
plurality of aguecus inks, images may inevitably be
formed which make an impression that they look partly

15 glecomy because only that one color has a lower image
density than the other colors. 1In the present inventioq,
such a phenomenon is called the one that provides images
having poor color balance. Alsc, where images having
secondary color are formed using an aqueous ink

20 satisfying the conditions for the aquecus ink of the
present invention and an aqueous ink not satisfying the
conditions for the aqueous ink of the present invention,
the aqueous ink satisfying the conditions for the
aqueous ink of the present invention alwayé holds its

25 coloring material in the vicinity of the surface of the
recording medium. On the other hand, in the case of the

aqueous ink not satisfying the conditions for the



Accordingly, at an aimto further inprove the 24 col or bal ance of inmages,
the present inventors put studies forward taking note of color
characteristics of each color. As the result, it has turned out that

i mages obtained using a yellow ink have so high a 5 brightness that in sone
cases their inmage density is visually 5§E§3d not to be higher than that of

i mages obtai ned using inks having other “hues. Accordingly, the present

i nventors have reached a conclusion that it is preferable to nore inprove
the col or bal ance of images 10 by nore inproving the brightness of images
obtained wusing a yellow ink than that of images obtained using inks having
ot her hues. Mre specifically, they have  discovered that the above probl em
can be sol ved wWHEROUYSH ing pfagheobseraks h888NRAER | FHEe®CALE1PBr MBd using a
15 plurality of aqueous inks, the conditions that the ratio, (B/A) of the
poor medi um t o ‘GGod erEICRSr Brdihg “hersr HPRsEPUBIréRNEolM8rPhd2rat&rial in the
aqueous ink is m[thin£$-specific rgnge and ﬁlso g matgr-soiuble_orga iC

sol vent showi n§EREMraslFRNERa CRENE 1 8FoRE thE 269FEsPecPPRELRA VA UBS of

Br st ow met hod SP€T CRE 0P mBBPnear 60f GFi FRERr aAd. "arote She (ime, in
i nk tituti t he i t other than th I i nk, wh
The Tl Tow Bg BT BaSIOR (Vs 25 Lt PEPEBH -Ane6°A QBRUELETRe (otal |

content (mass%. of , .goqd i based he total nmss_ of the agueous ink
and B denotes ﬁﬁgjféggﬁ'cgﬁgeﬁﬂé( §%§%§Po#n%%%El%%Uiﬂ%$h a phenomenon

is also called the one that provides images having poor

col>r balance. Incidentally, this phenomenon comes
abo1t remarkably when a plurality of inks are applied to

10 a r=cording medium by the use of a recording head like
tha: shown in Fig. 4, 5 or 6.

From the viewpoint as stated above, the present
inventors have formed images using a plurality of
aqueous inks all the aquecus inks of which have

15 fulfilled the above conditions, i.e., the ratio (B/R) of
the poor medium to good medium for the water-insoluble
coloring material in the agueous ink and the condition
that a water-soluble organic solvent showing the maximum
Ka value among the respective Ka wvalues of the plurality

20 of water-soluble organic sclvents is the poor medium.
Then, a monitor test has been conducted on the color
balance of images fcormed. As the result, the
fulfillment of the above conditions has made it able to
obtain a result that the color balance of images is

25 certainly be improved. However, some examinees have
pointed out that further improvement is required.

Accordingly, at an aim to further improve the



25 Dbased on the total mass of the aqueous ink, and A3 denotes the total
cantent (mass% of good nedi um based on the total mass of the yellow ink
and B3 denotes the total content (nmass% of poor nedi um based on the total
5 mass of the yellow ink. (B3/A3)/(B/A) > 1 (V) Incidentally, images have
been fornmed using the ink set having fulfilled the above conditions, and
the sanme nonitor test as the above has bGeen conducted to 10 obtain the
result that all the exam nees have sensed that the inages have a superior
col or balance. [Two-Liquid System Next, the present inventors have nade
studies also on a systemin which inages are forned using i) an 15 aqueous
ink containing a mat%r-insolu | e colorlnﬂ naterigl.and %i% a_reaction
|iquid capabl e 6t raRFhg FheCtstBEES5r &' SpBFSPEATof "YRBEEOPoP g materi al
in the aqueoustipk up%nrconta t with t@e agueous inﬁ gh reing&tgr
"two-1iquid syStamf® 36784¢CR §EIRFeRPIEnal tROCFi GURG2SYEEam 5% Rf ended
to obtain imges with,ahioh. i pmge denslty, by, leaving & gol gring material
at the recordi ng nmedi"um surface T ayer pbr%lon i n"afarger quah%ity. Hence,

an aqueous ink . g%esao%%ggkggnugﬁﬂéigaﬁéﬁé?ﬁg§gPﬁgggg05803583t wi th each 25

ot her immedi at él'y before, or at aqueous ink and the

reaction 1 gui ¢,areAeRL! €at0 itNEonkeeatdbngntRdi Yk gboGALRLEt got he

reaction. t
visually sensed not to be higher than that of images

obtained using inks having other hues. Accordingly, the
present inventors have reached a conclusion that it is
preferable to more improve the coler balance of images

10 by more improving the brightness of images obtained
using a yellow ink than that of images obtained using
inks having other hues. More specifically, they have
discovered that the above problem can be solved when, in
all aqueous inks used when images are formed using a

15  plurality of aqueous inks, the conditions that the ratio
(B/A) of the poor medium to good medium for the
water-insoluble coloring material in the agueous ink is
within a specific range and also a water-soluble organic
solvent showing the maximum Ka value among the

20 respective Ka values of the plurality of water-soluble
organic solvents as determined by the Bristow method is
the poor medium are fulfilled, and, at the same time, in
any aqueous ink constituting the ink set other than the
vellow ink, when the following expression (V) is

25 satisfied, where A denotes the total content (mass$%) of
good medium based on the total mass of the aqueous ink

and B denotes the total content (mass%) of poor medium



result, an unsatisfactory area factor nmay conme, considering the volune of

i nk droplets. However, as in the present invention, the agqueous ink of the
present invention is applied to a recording 5 nediumafter the reaction
liquid has been fixed to the recording nmedium where the ink can have a
sufficiently large area factor even in a small ink droplet quantity and

al so i mages having a high i mage density @h be obtained. The reason
therefor is unclear, and the 10 present inventors presune it as stated
below. Atime lag is provided while the reaction liquid is applied to the
recordi ng medium and thereafter the aqueous ink is applied. This nmakes the
reactive conponent of the reaction liquid nore present at a 15 little
interior placedased e 4y ftade lpowsisor loftthehaqueesor divkg aadi @ém t han at
the surface portion of the recording nmedium The aqueous ink of the present
invention is api§iicd®a &hend atedorcdintgiredmamsst andi Bgoidn meghivg Raped

wher eupon t he phenonenon shown in Figs. 10A to 20 10C takes place before the
reaction of thé“lW&F@ﬁlﬁﬁgomﬁﬁﬁbcﬁb¢gﬁiﬁ@lﬁﬁﬁe#P¥IaﬂﬁtﬁBt%@“?%%%t?@%
conponent takes place. Thereafter, the remainder of a coloring nmateri al
havi ng per neat é®n I8 &t hMadistdc CloRCOFUEES MBa EES6R PRPICAFY MRS t he
reactive 25_conponent_present. in g large quantity in the recording mnedium
surface por?iofaat® i4fs Psi¥iidi?*having come down in the depth direction a
LL£$;§é Hence, mhlle(%Q?Abqk“%&U @g%_a sufficiently k@gge area factor at the

Incidentally, images have been formed using the
ink set having fulfilled the above conditions, and the
same monitor test as the above has been conducted to

10 obtain the result that all the examinees have sensed
that the images have a superior color balance.

[Two-Liquid System]

Next, the present inventors have made studies also
on a system in which images are formed using 1) an

15 aqueous ink containing a water-insoluble coloring
material and iil) a reacticn liquid capable of making the
state of dispersion of the ccloring material in the
aqueous 1ink upon contact with the aqueous ink
(hereinafter "two-liquid system").

20 Such a conventional two-liquid system is intended
to obtain images with a high image density by leaving a
celoring material at the recording medium surface layer
portion in a larger quantity. Hence, an agueous ink and
a reaction liquid are brought into contact with each

25 other immediately before, or at the same time, the
aqueous ink and the reaction liquid are applied to the

recording medium, to complete the reaction. As the



portion of the recording nedium and inasnmuch as the coloring material is
kept fromits perneation in the depth direction of the recording medi um

i mges having a 5 high inmage density can be obtai ned, as so presuned. On
the other hand, it has turned out that, if an aqueous ink not falling under
the present invention is applied to a r%&prding medium it is very
difficult to formflocculates of the coloring material at the desired 10
positions, unless the rate of pernmeation of the liquid nediumare

el aborately bal anced with the rate of flocculation of the coloring
material, and hence, if such an aqueous ink not falling under the present
invention is applied, the bleedgﬁéfventive performance 15 may | ower, and

i mages havi ng IR /i ﬁ&géné@ﬁéi Cﬁ§§yb§r?§ngﬁpﬁpﬁaﬁﬁé.FFKﬁueous_Ink] I n
o adueous [k cecording Lo, (e Bresent . hmiention, (s essential ihal
deseri bed above, [0 telaien Lo Lhe.yel sroinspluble. coboring Materigl o be
Respect ve  COTATSN! SyeoTLL 19, Le Sucaus ik el i present 2
Consti LUt g e PS8 accardl nd 0 e PEERET (e 00l o
recording medium, where the ink can have a sufficiently
large area factor even in a small ink droplet quantity
and alsoc images having a high image density can be
obtaiined. The reascn therefor is unclear, and the
10 present inventors presume it as stated below.

A time lag is provided while the reaction liquid
is applied te the recording medium and thereafter the
aqueous ink is applied. This makes the reactive
component of the reaction liquid more present at a

15 little interior place from the surface 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 in
this way, whereupon the phenomenon shown in Figs. 10A to

20  10C takes place before the reaction of the
water—-insoluble coloring material with the reactive
component takes place. Thereafter, the remainder of a
coloring material having permeated in the depth
direction causes reaction rapidly with the reactive

25 compeonent present in a large quantity in the recording

medium surface portion at its position having come down

in the depth direction a little. Hence, while the ink



wat er - sol ubl e organic solvents. In the present invention, the water-soluble
organi c solvents are 5 distinguished to be grouped into the good nedi um and
the poor nedium for the water-insoluble coloring material. Then, on the
basis of the results of such judgnment, it 1is required that the

wat er - sol ubl e organic solvents are so selected and appropriately m xed t hat
at | east the 10 goad nedi um and t he poorzﬁ%diun1nay m xedly be present and
al so the content of each water-soluble organic solvent nay conme within the
range specified in the present invention and that a water-sol uble organic
so-vent which shows the maxi mum Ka val ue anong the 15 respective Ka val ues
of the plurality of water-soluble organic solvents as determ ned by the

Bri st ow met hod hesy 2 Fe1fifhe isodrl vndditan areapiasars effe thek surtaice al so
required in the present invention that the content of the water-soluble
organi ¢ sol vente®lisidp cortheoes®nchay, meolitHe P&C dDBSARYCE REOMG. 5 or nore
to 3.0 or less, where A denotes the total content (mass% of the good

medi um based G HENDIE aRHSd 3 M@ tadEeBud tSnkeaRgaB 1@8ndtedhet he tot al
content (mass% of the poor, nmedi um based on B the tqtal nass of  the aqueous
ink. 25 The wat®EdbIUHEE diGamc €6 V&S IRy Tepeer™ i dBPLF S héVdds, 2. g.
al kyl al cohpols having I to, 4 .carbon ato such as nethyl al cohol, ethyl

2l conol, 26° nJprbbyIna% S s G0y CHEGRGE, A bey PERFEBRG!

sec-butyl o conol ang, et ol pEaol ATLORLSUENBE (LT BY gy
aqueous ink not falling under the present invention is
aprlied to a recording medium, it is very difficult to
form flocculates of the coloring material at the desired
10 positions, unless the rate of permeation of the liquid
mecium are elaborately balanced with the rate of
flocculation of the ccloring material, and hence, if
such an aqueous ink not falling under the present
invention is applied, the bleed-preventive performance
15 may lower, and images having a high image density may be
unobtainable.
[Aqueous Ink]
In the aqueous ink according to the present
invention, it is essential that the water-scluble
20 organic solvents in ink components are constituted as
described above, in relation te the water-insoluble
coloring material to be used. Except for it, the ink
may be constituted as in conventional inks. Respective
components constituting the aqueous ink of the present
25 invention are described below.
- Aqueous Medium -

The aqueocus medium constituting the aqueous ink



ket oal cohol s such as acetone and di acetone al cohol; 5 ethers such as

t et rahydrof uran and di oxane; polyal kyl ene glycols such as pol yethyl ene

gl ycol and pol ypropyl ene glycol; alkylene glycols whose al kyl ene groups
have 2 to 6 cirbon atons, such as ethylene glycol, propylene glycol,
but yl ene glycol, triethylene glycol, 10 1, 2, 6-hexanetriol, thiodiglycol,
hexyl ene glycol and diethylene glycol; l<%er alkyl ether acetates such as
pol yet hyl ene gl ycol nononet hyl ether acetate; glycerol; |ower alkyl ethers
of pol yhydric al cohols, such as ethylene glycol nonomethyl (or -ethyl)

et her, diethylene 15 glycol nethyl (or ethyl) ether and triethyl ene glycol
nononet hyl (or -ethyl) ether; and N-nethyl-2-pyrrolidone, 2-pyrrolidone, and
1, 3-di net hyl - 2-daridakold dicndiie: Alesnt agivehd iwat drs, desicomnibeeld heatesr may
preferably be used. In a preferred enbodi nent of the present invention, 20
it is preferabl®a ruenuy exstivuhe goodiingd walawdtt e Wwder medi (ear e

m xedly present and are so selected that a water-soluble organic solvent

whi ch shows t hevated TR uKe valgi ifayps Pearie .podn e Bifsand further, the
ratio B/Ais fromO0.5 or nore to 1.0 or less, and nore 25 preferably the
val ue of B/ A i ssFFgMiRTe diamtaqto SPIgbler dessiianserleertderndtes the tot al
content (mass% of  the good nedium based on the total nass of the aqueous
30 ink and”B d&nbt e guihRedbt komEPetrediny e 3o asd i Wedingm®bEsed on
the total mass of the agueous ink. According to detailed studies nade by the
present i nventRfte: ‘ngﬂ%‘”t Hi‘”gcﬁt? redisn idomiaiHéd G i neg e e 1al -

Then, on the basis of the results of such judgment, it
is reguired that the water-soluble organic solvents are
so selected and appropriately mixed that at least the

10  gocd medium and the poor medium may mixedly be present
anc also the content of each water-scluble organic
solvent may come within the range specified in the
present invention and that a water-scluble organic
so_vent which shows the maximum Ka value among the

15 respective Ka values of the plurality of water-soluble
organic solvents as determined by the Bristow method may
be the poor medium, to prepare the ink. It is also
required in the present invention that the content of
the water-soluble organic solvents is so controlled that,

20 the ratio B/A is from 0.5 or more to 3.0 or less, where
A denotes the total content (mass%) of the good medium
based on the total mass of the aqueous ink and B denoctes
the total content (mass%) of the poor medium based on
the total mass of the agqueous ink.

25 The water-soluble organic solvents may
specifically include, e.g., alkyl alcohols having 1 to 4

carben atoms such as methyl alcohol, ethyl alcchol,



5ink is in a large content, the aqueous ink can have a superior storage
stability. However, especially where the recording nediumis plain paper,
it"is difficult to achieve a high inmge density. Al so, where on the
contrary the good medi um contained in an aqueous ink is 10 in a snal
content, the aqueous ink, though capable _of achieving a high imge density,
may have an insufficient storage stabil?@&. To cope with this, the ratio of
the poor nmediumto the good nmediumin the water-soluble organic solvents in
15 the ink is controlled as described above. This enabl es achi evenent of
both the storage stability of the aqueous 1ink and the high inmage density.
Further, as described previously, in deciding each water-soluble_organic
sol vent to be PrEsOpolatddoh Ry he SPRECPYReadaPhielof NrhELZS RACPAPLe
determ ned by the Bristow_ nmethod, which is a neasure_representing the
penetrability SEGHRLYAt §1cebedr 8NAg CRESIGREY Li §166RPL 61 PB4ICThFECENEBI es
achi evenent of the effect that the ink can have a _sutfkciently | arge area
factor even i n3dTsraMLHoERapS g 6pPetl lfGaRY I By CaABIdPS0KEEANER Piage density
can be nateri%:ize : $£th has been unabl e té achieve in &he E@st. 31
Descri bed her e Ked@PHé& & PHAShES BEEWSER ERE FafFEtBPR 8f “Phelpoor nedi um
to the good._nmediumin on aqueous.ink and_the ratio B/ A of the poor medi um
to the “good mEHTUIRS HOR T SEORETEOr Y 4adeans Fic*SPEonSPT FALRNGeRH | nk
set. lnCIdentaHﬁyzgﬁges%% 21 %olyethylene glycol and polypropylene

glycel; alkylene glycols whose alkylene groups have 2 to

6 carbon atoms, such as ethylene glyccl, propylene

glycol, butylene glycol, triethylene glycol,

10 1,2,6-hexanetriol, thiodiglycol, hexylene glycol and
diethyiene glyccl; lower alkyl ether acetates such as
polyethylene glycel monomethyl ether acetate; glycerol;
lower alkyl ethers of polyhydric alcohols, such as
ethylene glycol monomethyl (or -ethyl) ether, diethylene

15 glycol methyl{or ethyl) ether and triethylene glycol
monomethyl {or -ethyl) ether; and N-methyli-2-pyrrolidone,
2-pyrrolidone, and 1,3-dimethyl-Z2-imidazolidinone. Also,
as the water, deionized water may preferably be used.

In a preferred embcdiment of the present invention,

20 it 1s preferable that at least the good medium and the
poor medium are mixedly present and are so selected that
a water-soluble organic solvent which shows the maximum
Ka value may be the poor medium, and further, the ratio
B/A is from 0.5 or more to 1.0 or less, and more

25 preferably the value of B/A is from 0.6 or more to 1.0

or less, where A denotes the total content (mass%! of

the good medium based on the total mass cof the aqueous



cyan ink-is represented by B1/Al, the BfIAin a magenta ink by B2/ A2, the
B/Ain a yellowink by B3/A3, and the B/Ain a black ink by B4/ A4. Here, in
eaCh aqueous ink, it Ls preferable to satisfy the follow ng expressions.

10 - Can ink: 0.6 <- (B1/A1)/(B/A) < 1.8 (1) - Mgenta ink: 0.6 <_
(B2/A2)/ (B/A) < 1.8 (Il1) - Yellowink: 15 0.6 < (B3/A3)/(B/A) < 1.8 (I111)

- Black ink: 0.6 <_(B4/A4)/(B/A < 1.8 ﬁQ@ Incidentally, the B/Ain the
above expressions (I) to (1V) each is neant to be the mass ratio B/ A of the
20 poor nmediumto the good nmedi umwhich are contained in any aqueous ink
constituting the ink set, other than the aqueous ink concerned. That is, it
is preferable to satisfy the foregoing in respect of any aqueous i nk
constituting tHhek sdsét degrchers tiign tohe lageasesti rkazs sdordethedpobpy each
of the above expressions (I) to (1V), it is particularly preferable that
the val ue 0.6 #fedivg Haskdhnest tsicdd avedbErsiss of. Thel Rogigesofinkhe above 32
expressions (lI) to (1V), it is particularly preferable that. the value 1.8
of the rightnost sidéceerpénd §o1dstapdpphefidagsomaifighbtotBeuBreseride by
the present inventors, fromthe viewoint of nore inproving the 5 quality
of recorded i nBgES TG UFe RS, NSRS TR FOTHHRE NEGUEBUST ARVRRYS

preferably Qe so controlled as to be )
ink is 1n a large content, the aguecus ink can have a

superior storage stability. However, especially where
the recording medium is plain paper, it is difficult to
achieve a high image density. Also, where on the
contrary the good medium contained in an aquecus ink 1is
10 in a small content, the aqueous ink, though capable of
achieving a high image density, may have an insufficient
stcrage stability.
To cope with this, the ratio of the poor medium to
the good medium in the water-soluble organic solvents in
15 the ink 1is controlled as described above. This enables
achievement of both the storage stability of the agueous
ink and the high image density. Further, as described
previously, in deciding each water-soluble organic
solvent to be incorporated in the ink, the value of the
20 Ka value determined by the Bristow method, which is a
measure representing the penetrability of ink into
recording mediums, is controlled. This enables
achievement of the effect that the ink can have a
sufficiently large area factor even in a small ink
25 droplet gquantity and alsc a high image density can be
materialized, which has been unable to achieve in the

past.



| ess than 1.5 niLn2nsec-112, and nmay nore preferably be so :=trolled as to
be fromO0.2 nLn2 -nmsec-1/2 or nore to Less than 1.5 nln? nsec-1/2. That is,
the ink may 10 be so constituted that its Ka value is less than 1.5
nmLrn2nmsec- 112, where the solid-liquid phase separation takes place at an
early stage in the course that the ink bheconmes perneated into the recording
medium to enable formation of high-quaﬁﬁty i mges with much | ess bleed. 15
There are no particular limtations on the content of the water-soluble
organi c solvents in the aqueous ink according to the present invention. It
may preferably be in the range of from3 mass%to 50 mass% and nore
preferably in the range of from 10 mass% to 35 mass% 20 based on the total
mass of the ink. Al s@¢sthebadtBerenist hecagubatsonnkipeepretertlbey be in a
content (mass% ranging from50 mass%to 95 nass% based on the total nass
of the ink. Inrﬁﬁéoagdéo% thR Reesr alieﬁgutnot@héhgr@@@ﬁtméglumvéﬁt PBA, a case
in which the total content (nmass% the poor nediun(s) is 4 mass% or nore
based on the t@ﬂ&ﬁouﬁa§§koﬁn?héh?n%atéoaﬁéa Rbr ENpr BPEFr BELHEnFPhENGi ew 1
33 point of achi eV| n% both the hi %h i mge density and the storage
stability of tR&%nRE Ilpml dnafsglp 8F6PABLE . OFhAE PRESt 6PRI cont ent (mass%
of the poor_nedi ums) 37.5 ss%or |ess, and nore ref)erably from5
mass%to 5 20 MREs tH§§88 B8R thE £6fal MESLIHITH tﬁP i nsol ubl e

Coloring Nhter%%gn ink is represented by B;/A;, the B/A in a magenta

ink by B;/A;, the B/A in a yellow ink by Bi/Aj;, and the
B/A in a black ink by Bs/A,;. Here, in each aqueous ink,

it Ls preferable to satisfy the following expressions.

10 - Cvan ink:
0.6 £ (By/Ay)/(B/B) < 1.8 (I)
- Magenta ink:
0.6 S (B:/R;)/{B/A) < 1.8 (IT)
- Yellow ink:
15 0.6 £ (Bs/A3)/(B/A) < 1.8 (IIT)
- Black ink:
0.6 £ (By/A4)/(B/R) < 1.8 (IV)

Incidentally, the B/A in the above expressions (I)

to (IV) each is meant to be the mass ratio B/A of the

20 poor medium to the good medium which are contained in
any aqueous ink constituting the ink set, other than the
aqueous ink concerned. That is, it is preferable to
satisfy the foregoing in respect of any aguecus ink
constituting the ink set, other than the aqueous ink

25 concerned. In each of the above expressions {(I) to (IV),
it is particularly preferable that the value 0.6 of the

leftmost side member is 0.7. In each of the above



The wat er-insoluble coloring material constituting the aqueous ink
according to the present invention is described. As the water-insol uble
coloring material 10 constituting the aqueous ink according to the present
invention, any material may be used without regard to how it is dispersed.
IR particular, it is especially prefera%le to use a pignment. The pi gnment
may specifically be, e.g., a pignment of at is called a 15 resin

di spersion type (a resin dispersion type pignent) or a pignment of a
surfactant dispersion type, making use of a dispersing agent or a
surfactant. Al so usable are a mcrocapsule type pignent, in which the
dispersibility of a pignment itself is inproved so as to be de

di spersi bl e w FREUESFSE (;Hytﬂiéﬁgbsiﬁﬁ &éeﬁﬁrgﬂcPﬁérRViEég%ﬁrﬁﬁgﬁent of
what is called sel f-di spersi.on typ (a.sel f-dispersion e . pi nt), in
Which hydr ophi 76" grEuTe IHave Bedh THET S4G0SA°FH: 8 Ere BRgbent-Spar o cl &
surface portions, and further a nodi.fied pi nt _in_25 i organi c, groups
contai ning a high po?§ﬁ§59§faﬁ8006ﬁéﬁﬂch|§g§§ﬁaédm?§etﬁ§ %Pﬁn%ﬁ?sﬁgFticle
surfaces (a pal ynmer.-haond self-dispersi.on type pignent). . rse, 34
any of these pfgnéﬁﬁ?%ﬁ*ffépghgkﬁnVﬁﬁgpﬁéﬁﬁep¥opor§i%8 Féf&%%néggbe used in

combi nat i one | ngl.deqAldey - Jhe et qraipsolubke Golackng. puker Lah L. phe

present invention is”oné in which t wat er - i nsol ubl € colo6ri ng materi al

such as the ab resi i j [ , <Selfsdi i p
pi gnent or po|3%§?f§§%ﬁ%%!ggﬁé?ﬁﬁgﬁg%ggéﬁbg pg%pFSWSEPQ&%@QEa 2@ LePee

less than 1.5 mL-m™-msec™?, and may more preferably be

- -1/2
so -~ontrolled as to be from 0.2 mL'm? +msec*? or more

/2

to less than 1.5 mL-m° 'msec’ That is, the ink may

10 be so0 constituted that its Ka value is less than 1.5

2

mL-m rmsect/?

, where the sclid-liquid phase separation
tak=ss place at an early stage in the course that the ink
becomes permeated into the recording medium, to enable
formation of high-quality images with much less bleed.

15 There are no particular limitations on the content
of the water-soluble organic solvents in the aqueous ink
according to the present invention. It may preferably
be in the range of from 3 mass% to 50 mass%, and more
preferably in the range of from 10 mass% to 35 mass%,

20 based on the total mass of the ink. Also, the water in
the aqueous ink may preferably be in a content {(mass%)
ranging from 50 mass% to 95 mass$% based on the total
mass of the ink.

In the aqueous ink according to the present

25 invention, a case in which the total content {(mass%) of

the poor medium(s) is 4 mass% or more based on the total

mass of the ink is also more preferred from the view



stand di spersed in an aqueous nedium That is, needless to say, the good
medi um and poor nedium for the 10 water-insoluble coloring material in the
present invention refer to the good medi um and poor nediumfor the resin
di spersion type pignent, self-dispersion type pignment, polyner-bonded

se] f-di spersion type pignment or the, Ii5§. The wat er-insol ubl e coloring

mat erial usable 15 in the present invention is described below In the
present invention, the water-insoluble coloring material may preferably be
in a content (mass% of fromO0.1 mass%to 15.0 mass% and nore preferably
from1.0 mass%to 10.0 mass% based on the total mass of 20 the ink.
(Pignment) There are no particular limtatjions on the pignment wusable in the

aqueous i nk acBgrafngftachhevpnesenth Fhgehivbnimage anysstytApdeths
enuner at ed bel ow may be 5 used. As a pignent used in black ink, carbon
black is pref éFPéaéeAﬁffaéé}%H BﬁaERengg}gbe Used HSLRFIGFIRE 35 by
furnace bl ack, | an | ack cetylen | ack,or channel bl ack, Stated
Cpeort ool 1y chamorBeaftyaleebhLENE TnaShall o nPRe hanPuren Wil af obs
exenplified by VEN 7090b VEN 5750, RAVEN 5250, . RAVEN 3%00 ULJF@6 RAVEN
3500, 5 RAVEN 2000, "BAVENCT5665 RAVEN 1958, PRAVENFA2H0L " BRVEN"21190

Col unbi an Car boR JARAA: LURTCBa)" CREACK PEAREGIL T RERAL ABOR, REGAL 330R
REGAL 660R, - Water-insoluble Coloring Material -
The water-insoluble coloring material constituting
the aqueous ink according to the present invention is
described. As the water-insoluble coloring material
10 constituting the agqueocus ink according to the present
invantion, any material may be used without regard to
how it is dispersed. In particular, it is especially
preferable to use a pigment. The pigment may
spezifically be, e.g., a pigment of what is called a

15 resin dispersion type {a resin dispersion type pigment)
or a pigment of a surfactant dispersion type, making use
of a dispersing agent or a surfactant. Alsc usable are
a microcapsule type pigment, in which the dispersibility
of a pigment itself is improved so as to be made

20 dispersible without use of any dispersing agent or the
like, a pigment of what is called a self-dispersion type
{a self-dispersion type pigment), in which hydrophilic
groups have been intreoduced into the pigment particle
surface portions, and further a modified pigment in

25 which organic groups containing a high polymer stand

chemically bonded to the pigment particle surfaces (a

polymer-bonded self-dispersion type pigment). Of course,



MOGUL L, MONARCH 700, MONARCH 800, MONARCH 880, MONARCH 10 900, MONARCH
1000, MONARCH 1100, MONARCH 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 FW20O0,
COLOR BLACK 5150, COLOR BLACK S160, COLQ§415 BLACK 5170, PRI NTEX 35, PRI NTEX
U PRINTEX V, PRINTEX 143U, PRI NTEX 140V, SPECI AL BLACK 6, SPECI AL BLACK 5,
SPECI AL BLACK 4A, and SPECI AL BLACK 4 (the foregoing are available from
Degussa Corp.); and No. 25, No.33, No.40, No.47, No.52, No.900, No.2300,

MCF- 88, MA600, MA7, MA8, 20 and MA100, (the foregoing are available from

M t subi shi ChenicaHf Inc.). Also usa%le i s _carbon black prepared

speci al |y new Vot HdG5 e QAT S Hve AEde - SHdweve NS HarfRe Hifesent

i nvention, exanples are by no.neans Jimted, .to these, and any
conventionalIyq%ﬁﬂﬁf%%Wb%Wﬂ%FﬁtWS 55 BEUSEF 1A s0, without |imitation
to the carbon bl ack, . magnetic.fine particles_of netite, .ferrite or the
[ Tke and £ Cani um bi A5k HE) 4148 b Hedd 54 3 SPALR 56 COpCuHt | P gent
partlcle§ US?dIﬁghéﬂygi %Hpqﬂm§q%§324¥% fﬁ?@ﬁ%fo%kiga¥>%n€%u%%iv rg@g§ types
of organic pignen par ticles. GEl an organic plgneﬁ% may i nclude,” e.g., 5

) | ubl i QnEnt. L ui.di . Lui di i
| asolubl ¢ 250 RLATROLSSHGES oGt o e IR getenz
Li t hol Red, He@é%ig3

derivatives from vat Q{di%gge,@%si&f %galp?%e:nﬁﬁ’ i%%gafﬁﬁh&%%%gyiogeqﬁ%

pigment or polymer-bonded self-dispersion type pigment
stand dispersed in an aqueous medium. That is, needless
to say, the good medium and poor medium for the

10 water-insoluble coleoring material in the present
invention refer to the good medium and poor medium for
the resin dispersion type pigment, self-dispersion type
pioament, polymer-bonded self-dispersion type pigment or
the like. The water-inscluble coloring material usable

15 in the present invention is described below.

In the present invention, the water-inscluble
coloring material may preferably be in a content (mass%)
of from 0.1 mass% to 15.0 mass%, and more preferably
from 1.0 mass% to 10.0 mass%, based on the total mass of

20 the 1nk.

{Pigment)

There are no particular limitations on the pigment
usable in the aqueous ink according to the present
invention, and any of those as enumerated below may be

25 used.
As a pigment used in black ink, carbon black is

preferred. Any carben black may be used, as exemplified



10 and Thi oi ndi go maroon; phthal ocyani ne type pignents such as

Pht hal ocyani ne Bl ue and Pht hal ocyani ne Green; qui nacridone type pignents
such as Quinacridone Red and Quinacridone Magenta; perylene type pignents
such as Perylene Red and Peryl ene Scarlet; isoindolinone type 15 pignents
such as | soi ndolinone Yell ow and Isoindolggone Orange; i m dazol one type

pi gments such as Benzi m dazol one Yel |l ow,  Benzi m dazol one Orange and
Benzi m dazol one Red; pyranthrone type pignments such as Pyranthrone Red and
Pyrant hrone Orange; and indigo type 20 pignents, condensation azo type

pi gnents, thioindigo type pignments, diketopyrrolopyrrole type pignents,

FLavantnyone Yellow sl Amde Yeliow, Qu noptihejone vellon Mskel, Ao
Oy anthr aquinony, Feg, 25,40 oo M e Seuise gt ot on
doabl 111N, PLesglle 37, Lgel orpien, oy Colgs dendCind, |,
1T, 20, 26, gl ISty 0%, Wiod gty Ry 199
2. 95, 57, %7, it 2q8Y Hllao0t, oA B IR Rl D
10 22C, 223, 2244 5828;,7RR811 238vAd01 1781 artPRavdfe 1 81€- {the foregoing

are avallable from Columbian Carbon Japan Limited);

BLACK PEARLS L, REGAL 400R, REGAL 330R, REGAL 660R,

MOGUL L, MONARCH 700, MONARCH 800, MONARCH 880, MONARCH

10 900, MONARCH 1000, MONARCH 1100, MONARCH 1300, MONARCH
1400, MONARCH 2000, and VALCAN XC-7Z (the foregoing are
available from Cabot Corp.); COLOR BLACK FW1l, COLCR
BLACK FWZ, COLOR BLACK FWZ2V, COLCR BLACK FW18, COLOR
BLACK FW200, COLOR BLACK 5150, COLOR BLACK $1¢0, COLOR

15 BLACK S170, PRINTEX 35, PRINTEX U, PRINTEX V, 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.z25, No.33, No.40,
No.47, No.52, No.900, No.2300, MC¥-88, MA600, MA7, MAS,

20 and MA100, {the foregoing are available from Mitsubishi
Chemicals, Inc.). Also usable is carbon black prepared
specially newly for the present invention. However, in
the present invention, examples are by no means limited
to these, and any conventionally known carbon black may

25  be used. Also, without limitation to the carbon black,
magnetic fine particles of magnetite, ferrite or the

like and titanium black may also be used as a black



C.l. Pignent Violet 19, 23, 29, 30, 37, 40, 50, etc:. ; C/1. Pignent Blue
15, 15:1, 15:3, 15:4, 15:6, 22, 60, 64, etc.; 15 C.I. Pignent Geen 7, 36,
etc.; and C. 1. Pignent Brown 23, 25, 26, etc. (Resin dispersion type

pi gnent) As nentioned previously, a resin dispersion type pignent naking
use of a dispersing agent nmay be used as %0 the water-insoluble coloring
mat eri al usable in the aqueous ink accord% g to the present invention. In
this case, a compound such as a surfactant or a resin dispersing agent is
required which is used to disperse such hydrophobic pignments as those
enuner at ed above. 25 The surfactant may preferably be an anionic surfactant
or a nonionic surfactant. The anionic surfactant may specifically include,
e.g., fatty aC|RF%W?n%aJts al kyl sulfuric ester salts, aIkbeenzene

sul f onat es, alkylnaphthalene sul fo ates dj aIkyI suI osu s,

al kyl phosphori ¢ est er’ <EI¥Y- Padpifi PFbH1 ondensat i on

duct 5 I th Jk If t d b tityted
ferivatives of NRoLE. Fharmbmn e v“&f%'éoefsin@fmoaﬁs a” S“ )

nel e, o B 'ysfczf;%e: SRS A kg Ier fngpfaﬂégy@%;'e%'-f
pol yoxyet hylenc, sot BIAAD 128 LY; GRLAS cudiPl 4P XIV& LS kY AT 18R e

maroon, Hanza Yellow, Benzidine Yellow and Pyrazolone
Red; soluble azo pigments such as Lithol Red, Helio
Bordeaux, Pigment Scarlet and Permanent Red 2B;
derivatives from vat dyes, such as alizarin, indanthrone

10  ana Thioindige maroon; phthalccyanine type pigments such
as Phthalocyanine Blue and Phthalocyanine Green;
gquinacridone type pigments such as Quinacridone Red and
Qu: nacridone Magenta; perylene type pigments such as
Perylene Red and Perylene Scarlet; isoindolinone type

15 pigments such as Isoindolinone Yellow and Isoindolinone
Orange; 1midazolone type pigments such as
Benzimidazoleone Yellow, Benzimidazolone Orange and
Benzimidazolone Red; pyranthrone type pigments such as
Pyranthrone Red and Pyranthrone Orange; and indigc type

20 pigments, condensation azo type pigments, thioindigo
type pigments, diketopyrrolopyrrole type pigments,
Flavanthrone Yellow, Acyl Amide Yellow, Quinophthalone
Yellow, Nickel Azo Yellow, Copper Azomethine Yellow,
Perinone Orange, Anthrone Orange, Dianthraquinonyl Red,

25 and Dioxazine Viglet. Of course, without limitation Lo
these, other organic pigments may also be used.

The organic pigments usable in the present



ox\ et hyl ene oxypropyl ene bl ock polyners, and substituted derivatives of
these. The resin dispersing agent may include bl ock 15 copol yners, random
copolyners and graft copolynmers, or salts of these, conposed of at |east
two nononers (at |east one of which is a hydrophilic nononer) sel ected
fromstyrene, styrene derivatives, vinyl naphthal ene, vinyl naphthal ene
derivatives, aliphatic alcohol esters 20 ®f a, G3-ethyl enically unsaturated
carboxylic acids, acrylic acid, acrylic acid derivatives, maleic acid,
mal ei c acid derivatives, itaconic acid, itaconic acid derivatives, fumaric
acid, fumaric acid derivatives, vinyl acetate, vinyl alcohol, vinyl
pyrrolidone, acryl 25 am de, acryl am de derivatives, and so forth. Further,
any of the bl ockneapol ymerghamdshamndany copoby mMerdexmaiC be. ) usedbémn, may
conbi nation. 39 (M crocapsule type pignent) As nentioned previously, as the
wat er - i nsol ubl eincohde | ng. gat ethal foukabbegdn t he aqueous ink according to
the present invention, a mcrocapsule type pignent may 5 be used which
conpri ses a water-i rndol ubfegroetor Vel ovralter ilad, coht eld/ wi 2k, atd or'grani 3 hi gh
polymer to nmake the former into mcrocapsules. As nethods of coating the
wat er - i nsol ubl eBeol 98i ng/ mat@?i al 1Wi thltheldtgamT hizfh DblyneiBt oleffect
m cr oencapsul ati on, available are a 10 chem cal production nethod, a
physi cal prdéduct#®n hePhot>1: al physlebchrf cal othet Hod akthba ¢fethani ca
production ne,-hod. Stated specifically, available are interfacial
C.I. Pigment QOrange "16, 36, 43, 51, 55, 59, €1, 71,
etc.;
C.I. Pigment Red 9, 48, 49, 52, 53, 57, 97, 122,
12z, 149, 168, 175, 176, 177, 180, 192, 215, 216, 217,
10 220, 223, 224, 226, 228, 238, 240, 251, 255, 272, etc.;
C.I. Pigment Violet 19, 23, 29, 30, 37, 40, 50,
etie,.;
C.I. Pigment Blue 15, 15:1, 15:3, 15:4, 15:6, 22,
60, 64, etc.;
15 C.I. Pigment Green 7, 36, etc.; and
C.I. Pigment Brown 23, 25, 26, etc.
(Resin dispersion type pigment)
As mentioned previcusly, a resin dispersion type
pigment making use of a dispersing agent may be used as
20 the water-insoluble coloring material usable in the
aqueous ink according to the present invention. In this
case, a compound such as a surfactant or a resin
dispersing agent is required which is used to disperse
such hydrophobic pigments as those enumerated above.
25 The surfactant may preferably be an anionic

surfactant or a nonionic surfactant. The anionic

surfactant may specifically include, e.g., fatty acid



pol ymeri zation, in-situ polynerization, subnmerged curing coating,
coacervation (phase separation), subnerged 15 drying, nelt dispersion
cooling, air suspension coating, spray drying, acid precipitation, phase
inversion enmulsification, and so forth. The organic high polyner used as a
material constituting a wall film subst e of mcrocapsules my 20
specifically include, e.g., polyamde, p?ﬁ@urethane, pol yester, pol yurea,
epoxy resins, polycarbonate, urea resins, nelan ne resins, phenol resins,
pol ysaccarides, gelatin, gum arabic, dextran, casein, protein, natural
rubber, carboxy pol ynet hyl ene, polyvinyl alcohol, 25 polyvinyl pyrrolidone,

pol yvi nyl acetate polyvuég chl ori de, ponV|nyI|dene chl ori de, cellul ose,
et hyl cel | ul os17 |G Mt Teela s e L koo QRRﬁWRyethy

cellul ose, cellul ose acetate, polyethylene, rene nmers or
copol yners of a%LFlyWrba to¥S r?e]t]ﬂg]d'lff)\ﬁ trc}}/ %&%ﬁ%’é’r @@gﬁﬂ%rs of
acryl ates or acr | at es, r thacryllc aC| acrylate or 5
met hacryl at e cdﬁ Ct Qﬁ%ﬁ%ﬂl i%ﬂ Qggh c!Lta?cld copol yners,

bessua, | apan ac'%tﬁ%—ﬁ%%%@fdag%?d%c“r% it ?lﬁim ot B o
t hese, pref %rrggoftr(gx%é&w IaQ]n(S\PJ]O%L}/lr@IISlJ]% tneq: %%l]to a% oopl c group such

as a carboxyll oni ¢ aC| a noni oni c

organi ¢ high pgolymer, Ry, s CrJ%E%ﬂéé’éf"%ﬁé%% Tﬂe1n88£$ﬁ&@y' al cohol,

pol yet hyl ene gl'ycol nononet ha
sur factant may also specifically include, e.g.,

polyoxyethylene alkyl ethers, polyoxyethylene alkyl
phenyl ethers, polyoxyethylene fatty esters, sorbkitan

10 fatty esters, polyoxyethylene sorbitan fatty esters,
polyoxyethylene alkylamines, glycerol fatty esters,
oxvethylene oxypropylene block polymers, and substituted
derivatives of these.

The resin dispersing agent may include block

15 copolymers, random copolymers and graft copolymers, or
salts of these, composed of at least two monomers (at
least one of which is a hydrephilic monomer) selected
from styrene, styrene derivatives, vinyl naphthalene,
vinyl naphthalene derivatives, aliphatic alcohol esters

20  of ao,pP-ethylenically unsaturated carboxylic acids,
acrylic acid, acrylic acid derivatives, maleic acid,
maleic acid derivatives, itaconic acid, itaconic acid
derivatives, fumaric acid, fumaric acid derivatives,
vinyl acetate, vinyl alcohol, vinyl pyrrolidone, acryl

25 amide, acryl amide derivatives, and so forth. Further,
any of the block copolymers and random copolymers may be

used in combination.



pol ypropyl ene gl ycol nononethacryl ate, 15 net hoxypol yet hyl ene gl ycol

nmopnonet hacryl ate, or polynmers or copolyners of these, and cationic

ri ng- opened polynmers of 2-oxazoline. In particular, conpletely saponified

products of polyvinyl alcohol are especially preferred as having properties

that they are | ow 20 water-sol uble, and rggdily sol uble in hot water but

sparingly soluble in cold water. Where the " phase inversion or the acid

precipitation is used as the nethod for mcro-encapsulation, an anionic

organi ¢ high polymer is 25 used as the organic high polyner constituting a

wal | filmsubstance of m crocapsul es. The phase inversion is a nethod in

which a 41 conposite of an ani onic organjic high pol ynmer having

sel f-dispersibility of'sere®RPsEdei WREtRIIRERE)a col oring material such as

a self-dispersible organic [ nt or, a self-dispersion type carbon bl ack,
Foed b

or a 5 mxture of a dP?IﬁE; RV SUtH s & f"%"ies%"e]rrﬁ%%ﬂc?r gani c
Bnoni ¢ or gani SO R BREROTS REF 1 STBEALE alh ar or AT 6- Sof Yert pHALES ara
vater 1 put Ik e groem sl yent Bhsse. o1 LG A0 U8o0 Gupl very phase
ool sbers on.. (hage, bNE Shanc el o gely o oeh demtal 1 the
the organic SOlﬁgpérPgﬁsgoépgd with an organic high polymer to make the
former into microcapsules. As methods of ccating the
water-insoluble coloring material with the organic high
polymer to effect microencapsulaticon, available are a
10 chemical production method, a physical production method,
a physicochemical method and a mechanical proeduction
me-hod. Stated specifically, available are interfacial
polymerization, in-situ polymerization, submerged curing
coating, coacervation (phase separation), submerged
15 drying, melt dispersion cooling, air suspension coating,
spray drying, acid precipitation, phase inversion
emulsification, and so forth.
The organic high pelymer used as a material
constituting a wall film substance of microcapsules may
20 specifically include, e.g., polyamide, polyurethane,
polyester, polyurea, epoxy resins, polycarbonate, urea
resins, melamine resins, phenol resins, pclysaccarides,
gelatin, gum arabic, dextran, casein, protein, natural
rubber, carboxy polymethylene, polyvinyl alcohol,
25 polyvinyl pyrrelidone, polyvinyl acetate, polyvinyl
chleride, polyvinylidene chleride, cellulose, ethyl

cellulose, methyl cellulose, nitrocellulose,



15 wat er-sol ubl e organic solvents and additives used in the ink. In
particular, fromthe viewpoint of an advantage that a dispersion for an ink
cah directly be produced, it is preferable to m x an aqueous nedi um of the
ink. The acid precipitation is a nmethod in which a 20 water-containing cake
i S. obtained by a process conprising the step of neutralizing with a basic
conpound part or the whol e of anionic grolps of an organic high pol yner

whi ch contains anionic groups, followed by kneading in an aqueous medi um
together with 25 a coloring material such as a self-dispersible organic

pi gnent or a self-dispersion type carbon black and the step of making the
kneaded product neutralized or acidic 42 by adjusting its pHwth an acidic

conmpound, to pigtigtiaites hee bnilorde, gralup:leord aaw teg: egr ganiye thvdlenegol ymer
to make it adhere to the pignent, and then the water-containing cake is

made i nto m cr qoapsitlesy, Sooemesd @i ngppEEntmeors tdfe asolle ofort he ani oni ¢
groups W th a basic conpound. This acid precipitation nethod enables
production of aretEnon tlaiaticd enrapsulze etk rgneme which dar fliate and
contains the pignent in a large quantity. 10 The organi c solvent used in
effecting the mecracenodpsyl atdan las e sertiiven Whov e gl aspedidticcald y
include, e.g., alkyl alcohols such as nethanol, ethanol, prcpanol and

but anol ; ar %natm%tmxo@%m%lm-@% Yersle,aqaal it andegilasityldst er s

such as nethyl acetate, 15 ethyl acetate and butyl acetate; chlorinated
acid copcolymers, styrene-maleic acid copolymers, sodium

alginate, fatty acids, paraffin, beeswax, Jjapan wax,
hardened beef tallow, carnauba wax, and albumin. Of
these, preferred are organic high pelymers having an

10  anionic group such as a carboxylic acid group or a
sul fonic acid group. Alsc, a noniocnic crganic high
polymer may specifically include, e.g., polyvinyl
aleohol, polyethylene glycol moncmethacrylate,
po.ypropylene glycol monomethacrylate,

15 methoxypolyethylene glycol monomethacrylate, or polymers
or copolymers of these, and cationic ring-opened
polymers of 2-oxazoline. In particular, completely
saponified preducts of pelyvinyl alcohol are especially
preferred as having properties that they are low

20 water-soluble, and readily scluble in hot water but
sparingly soluble in cold water.

Where the phase inversion or the acid
precipitation is used as the method for
micro—encépsulation, an anionic organic high polymer is

25 used as the organic high polymer constituting a wall
. film substance of microcapsules.

The phase inversion is a method in which a



hydr ocar bons such as chl orof orm and et hyl ene dichloride; ketones such as
acetone and nethyl isobutyl ketone; ethers such as tetrahydrofuran and

di oxane; and cellosolves such as nethyl cellosolve and butyl 20 cell osol ve.
Incidentally, the mcrocapsul es prepared by the above nethods nay be first
separated fromany of these organic soliggts by centrifugation, filtration
or the |like and then subjecting the m crocapsules thus 25 separated to
stirring and re-dispersion together with water and a necessary solvent so
as to be made into the desired m crocapsule type pignment. The m crocapsul e
43 type pignment obtained by the nethods as descri bed above nmay preferably
have an average particle dianmeter of from 50 -1mto 180 M (Self-dispersion

type pi gnent) SAEGEMSG dHed Thradvi Bus frgééllt%@%ﬁét &L YSS1 t]i]tﬁ‘lvechol oring

mat eri al usabl e |n the aquequs ink according.to the present i nvention, a
sel f - dlsper5|o§? Q%kﬁh %ﬁ$W qﬁi 6ved in

dlsper5|b|I|ty the pi gnment itself so as t.o i sper. |bIe mtthout use 10
of any di spersi®y Wﬁk Tt 3D i @ §%¥Fféf é?gt nt may

preferably be a p| nt tot nment partlcle surfac of mhlch a
hydr ophi | i ¢ gr%]Lﬁﬂ ts Thehit %q—%%@eeﬁsoloﬂﬂed'pﬁ e Cr[b]cip gjia\ﬁka Sthér atonic

group. For Ie, reffrabh¥1us%ple at'iose %1 |n mhlch the hydrophilic
group intro uc a7 the plgnen (%aftlét surfacé portlons is selected
fromthe

self—dlsper51ble organic pigment or a self-dispersion
type carbon black, a curing agent and an anionic organic
hich polymer, is used as an organic solvent phase, and
water is put into the organic solvent phase or the

10  organic solvent phase is put into water to effect
micro-encapsulation while effecting self-dispersion
(phase inversion emulsification). Incidentally, in the
rhase inversion method, the microcapsules may also be
produced by mixing in the organic sclvent phase the

15 water-scluble organic solvents and additives used in the
ink. In particular, from the viewpoiet of an advantage
that a dispersion for an ink can directly be produced,
it is preferable to mix an aqueous medium of the ink.

The acid precipitation is a method in which a

20 water-containing cake is obtained by a process
comprising the step of neutralizing with a basic
compound part or the whole of anionic groups of an
organic high polymer which contains anicnic groups,
followed by kneading in an agqueous medium together with

25 a coloring material such as a self-dispersible organic
pigment or a self-dispersion type carbon black and the

step of making the kneaded product neutralized or acidic



group consisting of -COOML, -SO3ML and -PO3H(ML)2 (wherein M represents a
hydrogen atom an alkali nmetal, an amonium or an organi ¢ anmoni unj.
Further, 20 preferably usable are those in which the above other atomic
group is an al kyl ene group having 1 to 12 carbon atons, a substituted or
unsubstituted phenyl ene group or a substjtuted or unsubstituted naphthyl ene
group. Besides these, also preferably usabte are surface 25

oxi dation-treated self-dispersion type pignents obtained by a nmethod in

whi ch carbon black is oxidation-treated wth sodi um hypochloride, a nethod
in which carbon black 44 is oxidized by subnerged ozone treatnent, and a
method in which carbon black particle surfaces are nodified by carrying
out ozone treatterrdBH: ¥eridat Rt Weldt gt it Aiski @AY t99 an oxi di zi ng
agent. 5 (Pol yner-bonded sel f-dispersion type pignent) As nentioned
previously, as R¥e Watletts dd6t i ol BTy FratEmadii UL iS5 e aqueous
ink according to . the present invention, a polyner-bonded self-dispersion
tyke pignment nePbEtsdd i h Hag i rtg\}%d”iqlf‘%'diaé'ﬁgr@ed} Itﬁ’(ey of the
pignent itself so as to be dispersibjeﬁﬁ%ihout use of an i spersi ng agent

or the like. A¥tHe PUHyhEr-Borded set fitfispe'si St Ty Pt Yot is
G oup. havi ng 15 CHa cai 146 BEH Sohdutt 184 e 1 et et 1% e aces

directiy o via,puner &1 oM ¢ roup, ANl 3:SAPRLYIED; ¢8f 58 Fephgamonomer
enables production of an anionic micro-encapsulated
pigment which is fine and contains the pigment in a
large quantity.

10 The organic sclvent used in effecting the
micro~encapsulation as described above may specifically
include, e.qg., alkyl alcohols such as methanol, ethanol,
propancl and butanol; aromatic hydrocarbons such as
ber.zole, tcluol and xylol; esters such as methyl acetate,

15 ethyl acetate and butyl acetate; chlorinated
hydrocarbons such as chlorcform and ethylene dichloride;
ke-ones such as acetone and methyl isobutyl ketone;
ethers such as tetrahydrcfuran and dioxane; and
cellosolves such as methyl cellosclve and butyl

20 cellosolve. '

Incidentally, the microcapsules prepared by the
above methods may be first separated from any of these
organic solvents by centrifugation, filtration or the
like and then subjecting the microcapsules thus

25 separated to stirring and re-dispersion together with

water and a necessary solvent so as to be made into the

desired microcapsule type pigment. The microcapsule



because the copol ynerization ratio of the ionic nononmer to the hydrophobic
nmononmer which is materials for 20 form ng a copol yner used when surfaces are
nodi fied can appropriately be changed, and this enabl es appropriate
adj ustmrent of the hydrophilicity of the pignent having been
surface-nodified. Also, the types of the ionic nononmer and hydrophobic
nononer to be used and the 25 conbinati o®f the both can appropriately be
changed, and hence this can al so provide the pignent particle surfaces
Wi th various properties. 45 Functional Goup The functional group of
t he- pol yner - bonded sel f-di spersion type pignment has chem cally been bonded
to the pignent particle surfaces directly or via other 5 atom c group. The
functional group/pes wingndrotr olstonistdd Wy Nghamatgaly & grdeaue: dpddeneact i on
with a copolyner as described |later. The type of the functional group is
selected in relmdy grdemblundidanaln agretyyd he aopdley rErardzoleds .o fTakiong
account of the fact 10 that the pignent is one dispersed in an aqueous
medium the reéattimnofl@heniuncti onal group with the copol yner nmay
preferably be reaction which fornms a |inkage not causative of hydrolysis,
e.g., an am de |i nkageelFordisgsrs iemd tvigee fugmetitonal group nmay be an ami no
group and 15 the copol ynmer may be nade to hold a carboxyl group, whereby
t he copol ymer can be Astroduiced:d mirevilvesdivgmest thsameitelre 1swcfladd eporti ons
via an am de group. Alternatively, the functional group may be a carboxyl
coloring material usable in the aqueous ink according to
the present invention, a self-dispersion type pigment
may be used which has been improved in dispersibility of
the pigment itself so as to be dispersible without use
10 of any dispersing agent or the like. The
sel f-dispersion type pigment may preferably be a pigment
to the pigment particle surfaces of which a hydrophilic
group has chemically been bonded directly or via other
atomic group. For example, preferably usable are those
15 in which the hydrophilic group introduced into the
pigment particle surface portions is selected from the
group consisting of -COOM1, -S0OsM1 and -PO;H (M1),
(wherein M1 represents a hydrogen atom, an alkali metal,
an ammonium or an organic ammonium}. Further,
20 preferably usable are those in which the above other
atomic group is an alkylene group having 1 to 12 carbon
atoms, a substituted or unsubstituted phenylene group or
a substituted or unsubstituted naphthylene group.
Besides these, also preferably usable are surface
25 oxidation-treated self-dispersion type pigments obtained
by a method in which carbon black is oxidation-treated

with sodium hypochloride, a method in which carbon black



group and the copolynmer may be nmade to hold an am no 20 group, whereby, |ike
t he above, the copolynmer can also be introduced into the pignment particle
surface portions via an am de group. Here, the functional group having
chem cally been bonded to the pignent particle surfaces may directly be 25
bonded to the pignent particle surfaces Of , MRy be bonded to the pignent
particle surfaces via other atom c group. "However, where a copol yner havi ng
a relatively large 46 nolecular weight is to be introduced into the pignent
particle surface portions, it is preferable for the functional group to be
introduced into the pignent particle surface portions via other atomc

group in 5 order to aypid. an tual steric hindrance of copol yners.
I nci dental |y, thére*s %Z%%aBér?? ?EQeéi?ﬁ?%ﬁi?ﬁ@??W@n%UC$P theredihi ¢

roup as long as it . is a polyvalent. elenent or an organi ¢ group. wever,
?or Itohe reasgnsms‘t}}%&%la %%6}\)/%{1a}éfﬂ‘?baﬁ’%ml%]r%aﬁlﬁpﬁ‘%%‘?gd%%? "8‘?%?%%310
exanpl e ma ref er abl be used fromthe viewpoint, of ontrolling the
ot onee of Ihetfhntt ot oroant Frbt ot shtha St fre ot PR e
di val ent organic_.residual.group may,specifically include, e.qg., alkylene
groups and gryl%%%dggﬁﬁ%sw%%%e%gl%ﬁ%dbr%ﬂ%)ég%EFgﬁaied nor e sgecificglly,

Py, Lt rarPl e Y S B! se P BLURI I Al G dfedigact W N

am nophenyl one i ntroduc

am nopheny! ( 2-sul Toelfy et { ofgy gﬁ%é&lﬂ/} & AIHETEN e PANEd £l g ur face
portions, and thereafter the amn

coloring material usable in the aqueous ink according to
the present invention, a polymer-bended self-dispersion
tyre pigment may be used which has been improved in

10 dispersibkility of the pigment itself so as to be
dispersible without use of any dispersing agent or the
like. As the polymer-bonded self-dispersion type
pigment, it is preferable to use cne containing a
reaction product of i) a functional group having

15 chemically been bonded to the pigment particle surfaces
directly or via other atomic group and ii) a copolymer
of ‘an ionic monomer and a hydrophcbkbic menomer. This is
because the copolymerization ratio of the ionic monomer
to the hydrophobic monomer which is materials for

20 forming a copolymer used when surfaces are modified can
appropriately be changed, and this enables appropriate
adjustment of the hydrophilicity of the pigment having
been surface-modified. Also, the types of the ionic
monomer and hydrophobic monomer to be used and the

25 combination of the both can appropriately be changed,
and hence this can also provide the pigment particle

surfaces with various properties.



20 group of pentaethyl enehexanmine is allowed to react with the

am . nophenyl ( 2- sul foet hyl ) sul fone group to introduce the am no group as a
functional group. In this case, the anmino group is chenically bonded to the
pigment particle surfaces via an atom c group containing the 25

phenyl (2-sul foethyl) group. O course, thg:present invention is by no nmeans
limted to this. Copolyner 47 The copol yner of an ionic nononer and a

hydr ophobi ¢ nononmer nay preferably be, e.g., an anionic copolymer having
anionicity or a cationic copolynmer having cationicity. 5 The anionic

copol ymer may include e. g., a copolynmer of a hydrophobic nononer and an
ani oni ¢ nononer, %gfr of . The hydrophobi ¢ nononer may
specifically |nclude i? BHE vi nyl naphthalene aIkyI nmet hacryl at es

10 such as nethyl nethacr late en Iat ben t hacryl ate,
2- et hoxyet hyl net hacr % TE?QC %}1 Bt tor%ct %ﬂnﬁqr%xyet hyl
nmet hacryl at e, thacr | at e t ol nethacr e, S9r

5 ?ff 9¥S@Ta 1&¢TY ed% %E t as o ééfﬁ¥[ﬁ1 l%%nd

met hacryl at e, acr es s acry Ate: enyI acry ate,

benzyl acrylate a€ﬂ¥l§?§ﬁéﬂ{gﬁﬁféaé érgﬂg@g %‘89§§53ﬁ3fqﬁ2 gl yci dyl

acryl ate, p- tof 1 “Acr sor acry anlonlc nmononer

may speC|f|%@IIg éﬂ %?ouﬁ 91&m§%@ﬂdﬂiod§¥ roﬁﬁtﬁéchﬁ"% o3cid, and maleic

acid. O course present invention is oneans [imted to these
constltutlng an organic group by the reaction with a

Eau IéC

copolymer as described later. The type of the
furctional group is selected in relation to a functioconal
group the copolymer heolds. Taking account of the fact
10 that the pigment is one dispersed in an agueous medium,
the reaction of the functional group with the copolymer
may preferably be reaction which forms a linkage not
causative of hydreclysis, e.g., an amide linkage. For
this end, the functional group may be an amino group and
15 the copolymer may be made to hold a carboxyl group,
whereby the copolymer can be introduced into the pigment
particle surface portions via an amide group.
BAlternatively, the functional group may be a carboxyl
group and the copolymer may be made to hold an amino
20  group, Qhereby, like the above, the copolymer can also
be introduced into the pigment particle surface portions
via an amide group.
Here, the functional group having chemically been
bonded to the pigment particle surfaces may directly be
25 bonded to the pigment particle surfaces or may be bonded
to the pigment particle surfaces via other atomic group.

However, where a copolymer having a relatively large



exanpl es. The anionic copolynmer of the anionic nononmer and hydrophobic
nononer is conposed of at |east two nononers, which are any one sel ected
fromthe above hydrophobic 25 nononers and at |east one selected fromthe
above anionic nononmers. The anionic copolynmer may include bl ock

copol yners, random copol yners and graft qﬂ?olyners, 48 or salts of these.
Such an ani oni ¢ copol yner may preferably one having acid value in the range
of from 100 to 500, and nmy preferably be one in which the scattering of
the 5 acid value is within 20% of average acid value. If it has an acid

val ue hi gher than the above range, the pignent particle surfaces may cone
so highly hydrophilic that, the water and solvent jn ink may remain on

pi gnent parti é‘lf)cglesq}%#%éféejéﬂterlsprQ%tki%gl,msr@dt Y& L PHIEETSt ance and

mar ker resi stance nmay, be brought out. | ate . on the recor inq%ne%ﬁunlafter
printing. 1f ofPdHe ‘otthet't Y- San Heild WA 1@5&7& Hart¥he above

by ament Ty ComRuBiSRAFSed T AL HE 15 | Th T H P (1YY e ent al |y, the
sal{ o the anioni o copoL Y. TRy D08 9RO ALARL LRl Such s
oo SR 15, S5 AN R HIESE. 0. RS O Sl

Incidentally, there are no particular limitations on

such other atomic group as long as it is a polyvalent

element or an organic group. However, for the reasons

stated above, a divalent organic residual group for

10 example may preferably be used from the viewpoint of
cortrolling the distance of the functional group from
the pigment particle surfaces. The divalent organic
residual group may specifically include, e.g., alkylene
groups and arylene groups (phenylene group).

15 Stated more specifically, for example, in Examples
given layer, a pigment is allowed to react with
aminophenyl (2-sulfoethyl)sulfone to introduce the
aminophenyl (2-sulfoethyl}sulfone group into the pigment
particle surface portions, and thereafter the amino

20 group of pentaethylenehexamine is allowed to react with
the amincphenyl (2-sulfoethyl)sulfone group to introduce
the amino group as a functional group. In this case,
the amino group is chemically bonded to the pigment
particle surfaces via an atomic group containing the

25 phenyl (2-sulfoethyl) group. Of course, the present
invention 1s by no means limited to this.

Copolymer



Next, the cationic copolynmer may include, e.g., a copolyner of a

hydr ophobi ¢ nmononer and a cationic nononer, or a salt thereof. 25 As the
hydr ophobi ¢ nononer, the nononers exenplified above nay be used. Also, the
cationic nononer may specifically include, e.g., allyamne, 49
di.ret hyl am noet hyl nethacryl ate, diethylam noethyl nethacryl ate,
tertiary-butyl am noethyl acrylate, dinet%@laninoethyl acryl ate,

di et hyl am noet hyl acrylate, dimethyl am nopropyl nethacryl am de,

N-vi nyl carazol e, 5 nmethacrylam de, acrylam de, and di nethyl acrylam de. O
course, the present invention is by no neans |limted to this. The anionic
copol yner of the cationic nononer and hydrophobi c nononer is conposed of at
| east two nonomers, THE Wiksh varee” any aone sl e aoegreromnch@ above

hydr ophobi ¢ nononers and at | east one selected fromthe above cationic
mononers. The dafdeRlCRbpINHENS e Y i e albl o die .c Gpdl -ymer’s arrigidsn

copol yners and graft copalyners, or salts of these. 15 Such a cationic
copol yner nmay pretekarty GHe Lh Rk Hy i e daliucadtl AHe amee 81 F rom 100 to
500, and nmay preferably be one in which the scattering of the am ne value
is within 20% of2'aVed defe- A ifel Wal ue. The anine value refers to the val ue

represented_20 correspondingly to the acid value, by the nunber of
mlligrams of KOH | 1 BT (5P YIET) TGYY JEGHES, Fndidedtal |y, the

salt of the abogghéfﬁﬁégué% a hydrophobic monomer and an anicnic

monomer, or a salt thereof.

The hydrophobic monomer may specifically include,

e.¢., styrene, vinyl naphthalene, alkyl methacrylates

10  such as methyl methacrylate; phenyl methacrylate, benzyl
methacrylate, Z2-ethoxyethyl methacrylate,
methacrylonitrile, Z2-trimethylsiloxyethyl methacrylate,
glvecidyl methacrylate, p-tolyl methacrylate, sorbyl
methacrylate, alkyl acrylates such as methyl acrylate;

15 phenyl acrylate, benzyl acrylate, acrylonitrile,
Z2-trimethylsiloxyethyl acrylate, glycidyl acrylate,
p-telyl acrylate, and sorbyl acrylate. Also, the
anionic monomer may specifically include, e.g., acrylic
acid, methacrylic acid, and maleic acid. Of course, thé

20 present invention is by no means limited to these
examples.

The anicnic copelymer of the anionic monomer and
hydrophobic monomer is composed of at least two monomers,
which are any one selected from the above hydrophobic

25 mcnomers and at least one selected from the above
anionic monomers., The anionic copolymer may include

block copolymers, random copolymers and graft copolymers,



copolymer may include acetate, hydrochloric acid and nitrate. Any of these
may be used alone or in 25 appropriate conbination of two or nore types. The
anronic or cationic copolynmer described above nay have wei ght-average

nol ecul ar weight (Mv) in the 50 range of from 1,000 to 20,000, and nore
preferably in the range of from 3,000 to 20,000. Also, the cationic

copol ymer segnment may preferably have a pdfydi spersity Mw M1 (Mw

wei ght - aver age nol ecul ar wei ght, M 5 nunber-average nol ecul ar weight) of 3
or less. Such an anionic or cationic copolyner may be in a content, in the
ink, of from5 mass% or nore to 40 mass% or |ess based on the mass of the
pi gnent particles surface-nodified with the copolynmer. Also, if the 10

copol yner has aot asgktpobydilspeesity, the copol yner has a broad nol ecul ar
wei ght distribution, so that the properties described above, based on

nmol ecul ar wei ght of W& copa i Gresorsel yorcou gty aute ikinabldi foniecul ty.

Hence, it is nore preferable for the copolynmer to have a 15 uniform

mol ecul ar wei ghtadieg radid i ol vA HetHod Binddf v rg t Hed pigreht, Bndraki ng
an organic group bonded chemcally to the pignent particle surfaces is
descri bed bel o akPrgl ¢ Feb baskee ofneaktboi®h ddke st e Wt QisdBle here may
be any nethod usually 20 used, w thout any particular limtations, as |ong
as it is a-metheHli VAWRE chS YWhth B pett (b%/ FIHATORF L Yroubie of ITpilgnent

article surfaces or functional groups introduced into pignent particle
gurface portion%ast%% acl valuegniéggr than the apove ré%é£, thé)

pioment particle surfaces may come so highly hydrophilic
that the water and solvent in ink may remain on pigment
particle surfaces after printing, so that scratch

10 resistance and marker resistance may be brought out late
on the recording medium after printing. If on the other
hand it has an acid value lower than the above range,
the pigment particle surfaces may come so0 low
hydrophilic that the pigment may come dispersed in the

15 ink with difficulty.

Incidentally, the salt of the anionic copolymer
may include salts of alkali metals such as sodium,
lithium and potassium, and besides ammonium salts,
alkylamine salts and alkanolamine salts. Any of these

20 may be used alone or in appropriate combination of two
Oor more types.

Next, the cationic copclymer may include, e.g., a
copolymer of a hydrophcbic monomer and a cationic
monomer, or a salt thereof.

25 As the hydrophobic moncmer, the monomers
exemplified above may be used. Also, the cationic

monomer may specifically include, e.g., allyamine,



copol ymer conposed of the ionic nononer and the 25 hydrophobi c nononer is
conmbi ned with these functional groups to nmake the copol yner bonded
chémcally to the pignment particle surfaces. 51 As specific exanples of
such a met hod, usable are nethods shown bel ow. Usable are a nethod in which
pol yethyleneimne is introduced into particle surface portions of the

pi gnent such as carbon black, and the 5 é%bolyner conposed of the ionic
nononer and hydrophobi ¢ nmononer, having an amino group, is conbined with
term nal functional groups by diazoniumreaction, and a nethod in which a
copol ymer having an am no group and a carboxyl group in the nolecule is
conbi ned with partlcle 10 surfaces of the pignment such as carbon bl ack by

di azoni um r eactdigie thor qm%ﬁ9§t@éﬂh@@§ha§139§¢@aldé?éﬁﬁﬂémlﬁ§eép§élosed in WO
01/51566 Al. In the above nethods, where, for exanple, the anionic

copol yner is cFﬁﬁﬁhﬁﬂqﬁ}ﬂﬂﬁndéﬁfﬁdaﬁﬁét@&ﬁﬂéﬁlnfﬁtBW&cﬁcﬁéﬁﬁl €re surfaces, it

follows that the follomﬁng three steps are jnvolved. - rst steg The step

of adding an &hTHIPHERACREo &M PdE!f GReT ﬁ&éﬂlPﬂp§§S§ B6TYarHEN

bl ack by dlazonlunlre ctioon. 20 - Sec nd S e he ste f addi

polvet iy enet mis o phdabeen ??@é}% téflE’h’gcééra&S’E%bl ok
reated w rd ste ste i_n Qpo r o

the hydropRobi™® ’|5ﬁiéﬂﬁﬂH6§B %v%ﬁ %§y§o§§l 1RG0 S

course, the present invention is by no means limited to
this.

The anionic copolymer of the cationic monomer and
hydrophcbic monomer is composed of at least two monomers,

10 which are any cne selected from the above hydrophobkic
moromers and at least one selected from the above
cationic monomers. The caticnic copolymer may include
block copolymers, random copolymers and graft copolymers,
or salts of these.

15 Such a cationic ceopolymer may preferably one
having amine value in the range of from 100 to 500, and
may preferably be one in which the scattering of the
amine value 1is within 20% of average amine value. The
amine value refers to the value represented

20 correspondingly to the acid value, by the number of
milligrams of KCH in neutralization of 1 g of sample.

Incidentally, the salt of the above cationic
copolymer may include acetate, hydrochloric acid and
nitrate. Any of these may bes used alone or in

25 appropriate combination of two or more types.

The anionic or cationic copolymer described above

may have weight-average molecular weight (Mw) in the



25 groups. In the second step, the phenyl (2-sulfoethyl)sulfone group bonded
chemcally to 52 carbon black particle surfaces is allowed to react with

t he ami no group of the APSES, whereby the amino group is introduced as the
functional group bonded chemcally to the carbon black particle surfaces.
Then, in the third 5 step, for exanple, part of carboxyl groups the ionic
nononmer noi eties of the copol yner have i Uallowed to react with the anino
group to forman am de |inkage, whereby the copolyner can be introduced
into the carbon black particle surface portions via an atom c group 10

whi ch contains the phenyl (2-sul foethyl) group, which is a residual group of
the APSES, and a residual group of the PEHA In the above nethods, where,
for exanple, thenveapifohirercépBPPnep 8. BRBM aafl pobenaeales2bhe &arbon 15
bl ack particle surfaces, it follows that the following two steps are

i nvol ved. - Fi £be spage Phefspap3oPO8dEPNg0anl0. Also, the cationic
anlnophenyl(z sul foet hyl )sul fone group (APSES) to carbon_ bl ack by diazonium
reacti on. - coptdndest EFIMTRE BR¥pPEE ﬁF?Qébﬂ Rgvenad BepsryRBEILtYt he
hydrophoblc nonomner and cati oni c nononer. gn the first step, the sulfone
group is introdidty (He: tH@lgﬁﬁcPVSHﬁgegWS BcﬂéﬁaeﬂeéﬁgﬁTc Pfy to the carbon

bl ack particle surfaces. Then n e _secon for 5 exa art of
ani no groups tREY ’8ﬁr€vﬁ6ﬁ8ﬁewohﬁF8 ?Eswelggt St P8 M& &

anionic or cationic copolymer may be in a content, in
the ink, of from 5 mass% or more to 40 mass% or less
bas=d on the mass of the pigment particles
surface-modified with the copolymer. Also, if the

10 copolymer has a large polydispersity, the copolymer has
a broad molecular weight distribution, so that the
precperties described above, based on molecular weight of
the copclymer may be brought out with difficulty. Hence,
it is more preferable for the copolymer tc have a

15 uniform molecular weight distributicn.

A method of modifying the pigment by making an
organic group bonded chemically to the pigment particle
surfaces 1s described below taking the case cof carbon
black. The method usable here may be any method usually

20 used, without any particular limitations, as long as it
is a method in which, in respect of functional groups of
pigment particle surfaces or functional groups
introduced into pigment particle surface portions, the
copolymer composed of the ionic monomer and the

25 hydrophobic monomer is combined with these functicnal
groups to make the copolymer bonded chemically to the

pigment particle surfaces.



of the copolyner have is allowed to react with the sulfone group

(nucl eophilic substitution), whereby the 53 copol yner can be introduced
into the carbon black particle surface portions via an atonic group which
contai ns the phenyl (2-sul foethyl) group, which is a residual group of the
ARSES. 5 - Other Conponents Besides the conmponents described above, the
aqueous ink according to the present invedtion nay make use of, as an ink
conponent, a noisture-retentive solid mater such as urea, a urea
derivative, 10 trimethyl ol propane or trinmethylol ethane in order to nmaintain
noi sture retention. In the aqueous ink, the. npisture-retentive solid
matter such as urea, a urea derivative or trinethylol propane may commonly
preferably be in a éensertifangengmpiem 0flsmabsé netROdO mask¥: abeand
nore preferably from3.0 mass% to 10.0 mass% based on the total nass of

t he ink. Besi desthive scompomees cdes cYEdlede abowea méehodqleowsi¢ink accor di ng
to the present invention may further optionally be incorporated with
various 20 add|ptq1v@§hs’d@wea§ualesl}rsf aetardncgdpinae) vstréicla pustace
preventive, an antiseptic a a m | dew proofing agent an antioxidant, a
reduct i on- pr evEsti VeNggext £ Pl@Wﬁﬁ&ré@ﬁBna§c€éﬁgpﬁtSﬂaéﬁd anghéPat i ng
agent. To the aquequs ink accordln%,to the present 25 invention, a nonionic
surfact ant fay GPeflerss) FoBRosdded® |t|1?eor18’é‘rlct BORERELoR S PYEEEPRERFon

and. i nprove ej ection , , ,
monomer, having an amino group, is combined with

terminal functional groups by diazonium reaction, and a
method in which a copelymer having an amino group and a
carboxyl group in the meclecule is combined with particle

10 surfaces of the pigment such as carbon black by
diazonium reaction. Cf these methods, a typical example
is disclosed in WO 01/51566 Al.

In the above methods, where, for example, the
anionic copolymer is chemically bonded to the carbon

15 Dblack particle surfaces, it follows that the following
three steps are involved.

- First step: The step of adding an
aminophenyl (Z-sulfoethyl)sulfone group (APSES) to carbon
black by diazonium reaction.

20 - Second step: The step of adding polyethyleneimine or
pentaethylenehexamine (PEHA) to the carbon black treated
with APSES.

- Third step: The step of attaching the copolymer of the
hydrophobic monomer and ionic monomer having carboxyl

25 groups.

In the second step, the

phenyl {2-sulfoethyl)sulfone grodp bonded chemically to



performance. Such a nonionic surfactant may 54 specifically include, e.qg.,
a conpound having a structure represented by any of the follow ng
structural formulae (1) to (4). Structural fornmula (1) R0 12CH2 H 5 (In
the structural fornmula (1), R represents an alkyl grozp and n represents an
integer.) Structural formula (2) .. DOOtCOCH)%.F .F CHT R4 LO 11 10 (In
the structural formula (2), R represents5dn alkyl group and n represents an
integer.) Structural fornmula (3) Cl11 H CH2 CH2 O4. "H20 R (In the
structural fornmula (3), R represents a hydrogen 15 atomor an al kyl group
and mand n represent each an integer.) Structural formula (4) 55 CH3 CH3
CFI3 CH3 CH3-gHCH2- -GCCCCH2 d'"Fr-C113 OO0 ,H41 2 C 12 ~H2
carpbon black particle surfaces is allowed to react with
the amino group of the APSES, whereby the amino group is
introduced as the functiocnal group bonded chemically to
the carbon black particle surfaces. Then, in the third
5 step, for example, part of carboxyl groups the ionic
monomer moieties of the copolymer have is allowed to
react with the aminc group to form an amide linkage,
whereby the copelymer can be introduced into the carbon
black particle surface portions via an atomic group
10 which contains the phenyl (Z2-sulfoethyl) group, which is
a residual group of the APSES, and a residual group of
the PEHA.
In the above methods, where, for example, the
cationic copolymer is chemically bonded to the carbon
15 Dblack particle surfaces, it follows that the following
two steps are involved.
- First step: The step of adding an
aminophenyl (2-sulfoethyl)sulfcone group (APSES) to carbon
black by diazonium reacticn.
20 - Second step: The step of attaching the copolymer of
the hydrophobic monomer and cationic monomer.
In the first step, the sulfone group 1s introduced
as the functional group bonded chemically to the carbon
black particle surfaces. Then, in the second step, for
25 example, part of amino groups the ionic monomer moieties

of the copolymer have 1s allowed to react with the

sulfone group (nucleophilic substitution}), whereby the



OHH(In the structural fornmula (4), mand n represent each an integer.)
In the structural formula (1), R may preferably be 5 a straight-chain or
branched al kyl group having 8 to 21 carbon atons, and n may preferably be
an integer of 5to 40. A mxture of two or nore kinds of conpounds having
di-fferent values of R and/or n may al so gﬁ used. In the structural fornula
(2), Rmy preferably be 10 a straight-chain or branched al kyl group havi ng
8 to 21 carbon atons, and n may preferably be an integer of 5 to 40. A

m xture of two or nore kinds of conpounds having different values of R
and/or n may al so be used. In the structural fornmula (3), mmy preferably
be 15 an integer of 1 to 10, and n an integer of 1 to 10. Incidentally, m
represents theCABRbENEST CaR BEhyneredusRedentni Ehe aparhorHel agkber of a
propyl ene oxi de unit to formany of a block copolyner, an alternating
copol ymer and B2Fhh@dm EBBERGREPOTALANRL litd oF %gﬁmb? 20°WBr e kfiads of

conmpounds having differenpt val ues of and/or n may al so, be used. = WI 56
In the structqupﬁﬁépﬁque(Hg?nﬁﬁﬁgysghé?%Féﬁiy $E°URN VhtegerSot 1 to 10,

and n an integer of, 1.to 10. A_ m xt f two or nore kinds of conpounds
havi ng differ@ﬁ?“9396e§r8PpnP£ng%8rHﬁgﬁgy al so be used. 5 The conpound

having the §tructure_rsgﬁg%eeéggoggnts _

Besides the components described above, the
aqueous ink according to the present invention may make
use of, as an ink component, a moisture-retentive sclid
mat-er such as urea, a urea derivative,

10 trimethylolpropane or trimethylolethane in order to
maintain meisture retention. In the agquecus ink, the
molsture-retentive solid matter such as urea, a urea
derivative or trimethylclpropane may commonly preferably
be (n a content ranging from 0.1 mass% to 20.0 mass%,

15 and more preferably from 3.0 mass% to 10.0 mass%, based
on the total mass of the ink.

Besides the components described above, the
agueous ink according to the present invention may
further optionally be incorporated with various

20 additives such as a surfactant, a pH adjuster, a rust
preventive, an antiseptic agent, a mildew-proofing agent,
an anticxidant, a reduction-preventive agent, an
evaporation accelerator and a chelating agent.

To the aqueous ink according to the present

25 invention, a nonionic surfactant may preferably be added

" in order to control surface tension and-.improve ejection

performance. Such a ncnionic surfactant may



any of the above structural formulae (1) to (4) may be contained in the ink
in an anount ranging fromO0.05 mass%to 5 nass% and nore preferably from
0.1 mass%to 2 nass% based on the total mass of the ink. 10 - Physi cal
Properties of Ink The aqueous ink used in the present invention, conposed
of. the constituents as descri bed above, gﬁy preferably have properties that
enable the ink to be well ejected from i nk-jet recording head. Fromthe
15 viewpoi nt of the performance of ejection fromthe ink-jet recording
head, the ink may preferably be, as its properties, e.g., 1 to 15 nPas in
viscosity and 25 nmN'm (dyne/cn) or nore in surface tension, and nore
preferably 1 to 5 nPas in viscosity and 25 to 50 nN m 20, (dyne/cn) or nore
in surface ten8PBRIIIFREAYt iBARIEAGuUI 8} IThe? r eBEPPORA | hUi @ uBabl e in the
present invention contains a reactive conponent which npkes the state of
di spersion of Fh&"EbHOFI AGPRACERFEM PH #RE PRKTDS tiRstaBIRed o LRBKEE #he
coloring material f occ?lgte. ghg reactive conponent |owers the dispersion
stability of tREW&EEr {thsbPublfe-col oring material and causes the 57

col oring nater%gl‘tg flgcgulati mh?p the ink in which the water-insoluble
col oring mat er P4F 'st4has APSPBF8ed™ or dissolved in the aqueous nedi um by

the action of hydrophilic groups,congs ihto contact with the reaction 5
liquid on the rec%uﬁ& lIu @gﬂz{jﬁ}-ﬂﬁm the state of
di spersion of the®cbl or g tefiéﬁ!in S ¢

5
(In the structural formula (1), R represents an alkyl
group and n represents an integer.)
Structural formula (2)

10 (In the structural formula (2), R represents an alkyl

group and n represents an integer.)

Structural formula (3)

CHgy
H~CH, CHy O)Eeéncﬁz 0)—R

(In the structural formula (3), R represents a hydrogen
15 atom or an alkyl group and m and n represent each an
integer.)

Structural formula (4)



i nk unstable nmeans that a state of flocculation or gelation is brought
about when the ink and the reaction |iquid have m xed. 10 The reactive
conponent may specifically include, e.g., netal salts (in particular,

pol yval ent-netal ions and salts thereof), |ow nolecular cationic conmpounds,
and cationic high polymers. The reactive_.conponent is described below 15
(Pol yval ent-Metal lon and Salt thereof) % e polyval ent-netal ion may
specifically include, e.g., divalent-netal ions such as Cat+, Cue , Nit+,
Myt +, Zn2+, Sr 2+ and Bat+, and trivalent-nmetal ions such as Al3+, Fe 3+,
Cr3+ and Y3+. As a nethod of incorporating the 20 polyvalent-nmetal ion in
the reaction liquid, a nethod is available in which a salt of a polyval ent
metal is added to theCHgactloﬁlﬂqu|ﬂ31The GHht refers to a netal salt
constituted of the abo e polyv Ient- ta |%E nd an anion bonded to the
former ion, and Cjgerred anion for formng
the salt may |nclude e. g , , , SM42 , (C032-

CH30OO and HCOO . O course e pres |nvent|on is 58 by no means
limted to this. In the prese nven }f in view of the reactivity of the
reaction liquid with the aque <2 i nk, amecolorlng performance and further
the readiness to handle the r Pf on b the 5 pol yval ent-netal ion may
preferably be Cat , Mgt+, Sr2° 13+ |2 Y3' Further, Ca 2+ is
particularly preferred. Also,Qas to the anion, NO3 is particularly

preferred in 1 o
H H

(In the structural feormula (4), m and n represent each
an lnteger.)
In the structural formula (1), R may preferably be
5 a s=traight-chain or branched alkyl group having 8 to 21
carbon atoms, and n may preferably be an integer of 5 to
40. A mixture of two or mere kinds of compounds having
different values of R and/or n may also be used.
In the structural formula (2), R may preferably be
10  a straight-chain or branched alkyl group having 8 to 21
carbon atoms, and n may preferably be an integer of 5 to
40. A mixture of two or more kinds of compounds having
different values of R and/or n may also be used.
In the structural formula (3), m may preferably be
15 an integer of 1 to 10, and n an integer of 1 to 10.
incidentally, m represents the number of an ethylene
oxide unit, and n the number of a propylene oxide unit,
to form any of a block copolymer, an alternating
copolymer and a-random copolymer. A mixture of two or
20 more kinds of compounds having different values of m

and/or n may also be used.
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vie', of solubility and so forth. In the reaction liquid, the

pal yval ent-netal ion 10 may preferably be in a content of fromO0.01 mass%
or nor- to 10 mass% or less, and nore preferably from1.0 mass%or nore to
5 mass% or |ess, based on the total mass of the reaction liquid, taking
account of the effoct to be brought by t present invention. In 15
particular, in order to sufficiently bri out the function to nmake the
state of dispersion of the water-insoluble coloring material contained in
the aqueous ink unstable and in order to achieve image density at a high

| evel , the polyval ent-netal ion nay 20 preferably be in a content of from

2.0 nmass% or nore to ﬁg mass% or % basgd on the total mass of the
reaction |iquid. Incitfe §I§§ruFﬁ€r€ ntEATUSR fRer ﬁoW?VapéﬁﬁeﬁépéV PBn in

t he reactlon l'i quid may be n 10 mass% ,However, s i ncarporation in
excess is Ggh éngsgfyqzkcéﬁgen &8lgiPtejen P¢ t§o gﬁteﬂ% is
nore than 10 mas.s theéf ctlon to nﬁﬂg the tate ofd ger5|on of the

wat er - i nsol ubl & Qﬁ% Cefital"5g ﬁgﬁaﬁl “PEPRYE éxb@ t8d to be

h d. Th I d f I i al
ano bt 1 anspare =T Hovevar o B %J%§|éa%§9E§EESQ§FyC° Rk The Teact o
liquid is oge 5 showing %%ﬁgga%aphggqu thiesyiaLblecreghone Mocs oy

specifically, even if it s Fon~1n e-vrsrble

one show ng ab%ﬁﬁg%ﬁg?H&“dﬂ%%e é%ﬂﬁd%ur%ﬁgk%QmﬁiaEOQQ agSYGh @asoLRtion

does substantia
centained in the ink in an amount ranging from 0.0G5

mass% to 5 mass%, and more preferably from 0.1 mass%$ to
2 mass%, based on the total mass of the ink.
10 - Physical Properties of Ink -

The agqueous ink used in the present invention,
conmposed of the constituents as described above, may
preferably have properties that enable the ink to be
well ejected from an ink-jet recording head. From the

15 viewpoint of the performance of ejection from the
ink-jet recording head, the ink may preferably be, as
its properties, e.g., 1 to 15 mPa+s in viscosity and 25
mN/m (dyne/cm) or more in surface tension, and more
preferably 1 to 5 mPa*s in viscosity and 25 to 50 mN/m
20 (dyne/cm) or more in surface tension.

[Reaction Liquid]

The reaction liguid usable in the present
invention contains a reactive component which makes the
state of dispersion of the coloring material in the ink

25 unstable or makes the coloring material flocculate. The
reactive component lowers the dispersion stability of

the water-insoluble coloring material and causes the
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affect imges. 10 (Reaction Liquid Application Means) As nethods for
applying the reaction liquid to the

recordi ng nmedium coating nmethods such

as roller coating, bar coating and spray coating are available. A nethod is

al so available in which, using an ink-jet recording 15 process as in the

case of the ink, the reaction liquid is nmade to adhere selectively to only
i mage form ng
the image form ng areas. As a result of studies made by the present
inventors on how to apply the reaction 20 liquid to the recording medi um
t hey have cone to have a view that the roller coating is the best. This is
even where the reaction Iiguid is applied in a small quantity,

because,

state of di stricBdeirendofathReiateset
recordi ng 25 medi um surface |layer portion is nore uniformthan that

areas to which the ink is>/o adhere and the vicinities

vecevapbhenbennthfeivkcini vhiek the
in

of

ot her neans, . ahBef WAtREr1peeauSeci rrgerqudl Mpyetanlbetasdpedispeasesei ng
free of non-uniformty at solid areas 60 and also strike-through after the
i nk has been appl ifégsoliefhénsyEeerfACWAI BRI HEgEY hRe feEhRRd @8ing two

| i qui ds,

vari ous nmethods are available for a neans b whi ch the reaction

Y. .
liquid and t heliYARORAE 1BFodgREPFNEEMSSc Rt At Rt elthl of her T8ACH han

recordi ng
liquid an

d

di
he

they are liqui

liquidis

10

15

20

25

m For exanple, :
ki35 £rBhgRE CPAES TEOREE Emw ¢ 1

t he

a nethod is avajl able in which the reaction
%%%ﬁm%h%@rﬁ%I? state

dpon the regonding, Sedi ym BL 8, 7BLhod [ocupigh the fgaction

ink unstable means that a state of flocculation or
gelation is brought about when the ink and the reaction
liguid have mixed.

The reactive component may specifically include,
e.g., metal salts (in particular, polyvalent-metal ions
and salts thereof), low-molecular cationic compounds,
and cationic high polymers. The reactive component is
des:ribed below.

(Polyvalent-Metal Ion and Salt thereof)}

The pclyvalent-metal ion may specifically include,

2+

2+ Ni2+, Mg?*,

e.g., divalent-metal ions such as Ca‘", cu™,

“* and Ba*', and trivalent-metal ions such as Al

Zn°’, Sr
Fe®, Cr’ and Y*'. As a method of incorporating the
polyvalent-metal icon in the reaction liquid, a method is
available in which a salt of a polyvalent metal is added
to the reaction liquid. The salt refers to a metal salt
constituted of the above pelyvalent-metal ion and an
anion bonded to the fdrmer ion, and must be soluble in
water. A preferred anion for forming the salt may
include, e.g., Cl7, NOs, I, Br, ClC;, SC/7, CO:,

CH;COO™ and HCOO . Of course, the present invention is



10 brought into contact with the ink after the fixing of the former to the
recordi ng medi um has been conpleted, i.e., after droplets of the reaction
| i qui d have been absorbed into the recording nedium In the course the
two-1iquid system has been studied, the present 15 inventors have reached a
conclusion that, in order to secure a high i mge density and at the sane
time achieve a sufficient area factor evn in a small ink dropl et

gquantity, the nethod is best in which the ink is applied to the recording
medi um after the fixing of the reaction 20 liquid to the recordi ng nmedi um
has been conpleted. Incidentally, the point of time where the fixing has
been conpleted is neant by _the point of time where the value of Ka(t - tw)
112 represent eBYbyCt heaBpi $iBwEsd Eubhisn dilverpriens st yiian bedone

| arger than the 25 quantity of the reaction |iquid applied actually to the
recordi ng nedi&ﬁ]VTﬁWsOfst%ﬁaﬁ€3691VhEYp6fn?h%ff@@ﬁﬁloﬂhéiﬁuiﬁeWHF%plets of
the reaction liquid have been 61 absorbed into the recording nedium and is
meant to be aft€r2flugedsndnbs EHFchPaPEH"E rBRT { AEKBCT af e g%EBF%an to

the Bristow nethod and.the quantity.of the reaction_ . liquid, 5 (Physical
Properties of RB&cEF8 lE?ﬁﬁiHoahangkﬁpEbﬁaF?ﬁﬁt%ﬁ%u%%ﬁu#ﬁe FB%ction 1iquid

may preferably h ve enetrabi.lity into recordin di.umof. from1.3 nLm
2'm ec-llg:k’)orp ﬁgaiSH Tﬁehﬁinffn EcPiF5ep7P Esg?ngﬁd’ fe 10 pref erabl y

from3.0 nLnQ”E?&_EE%.%ﬁ+ﬁn%%rE%e9}0Cgbnhs particularly preferred.
Also, as to the anion, NOs; is particularly preferred in
view of solubility and so forth.
In the reaction liquid, the polyvalent-metal ion

10 may preferably be in a content of from 0.0l mass% or
mor—= to 10 mass% or less, and more preferably from 1.0
mass% or more to 5 mass% or less, based on the total
mass of the reaction liguid, taking account of the
eff=act to be brought by the present invention. In

15 particular, in order to sufficiently bring out the
function to make the state of dispersion of the
water—-insocluble coloring material contained in the
aqueous ink unstable and in order to achieve image
density at a high level, the polyvalent-metal ion may

20 preferably be in a content of from 2.0 mass% or more to
4.0 mass% or less based on the total mass of the
reaction liquid. Incidentally, the content of the
polyvalent-metal icn in the reaction liquid may be more
than 10 mass%. However, its incorporation in excess is

25 usually unnecessary because, e.g., even if its content
is more than 10 mass%, the function to make the state of

dispersion of the water-inscluble coloring material



2m ec-1/2 or
reaction |iqui

| ess, as the Ka value found by the Bristow nethod. Al so, the
d may preferably be applied in an application anount of from

0.5 g/m2 or nore to 5 g/n2 or less, and nore preferably fromnore 15 than

2.0 g/nm2 to 3.
the reaction

properties, from1 nPas or nore to 100
from4 nPas or

(dyne/cnm) or

O g/nm2 or less. Wiere a roller coating nmethod is used to apply
liquid, the reaction quuLg may preferably be, as its

s or less, and nore preferably
nore to 40 20 nmPas or less, in viscosity and from 15 ni' m
nore to 45 n'm (dyne/cm or less in surface tension. This is

preferable fromthe viewoint of coating stability. Incidentally, the

application anount of the reaction |iqui

may appropriately be adjusted by

d
25 control | i ngiERk2bh§stealOprepertted bf PReSPRHEEdn liquid, the
rotational speed of fhroller used jn a, coating_assenbly, the pressure of
e

contact of the rol
i nk-j et nethod ig
may al so pref eF8bPyIBMa5S

B2rCHF EHOR hbL Febd b h P e iR AP ¢ Forth. Wiere an

dt ly th ti liquid, th ti l'iquid
JIIBGTTREE P L BRORT L ESISRT B nas GPYRIFE 1 0515 nPas 5

or less in viscogit¥ and from?2
Iaw

(dyne/cm) or |

888 M ElE AR R AN E o Ot ol Ol B S 2 FRe Vi ewpoi nt

of e per for mange; f 281 S6LLOR: LLom Aha,cegpding head,, | ngidentally, the

reaction |iqu
in order that
t he areas wher

10

15

20

25

S reac a specifi agueous’ i nk. Hence,

%BSCE?E‘SMPQ, L Lguf d; £ APES AL PARL, AL PLaces il ferent from
region, it may be one showing absorption in the visible
reg:ion as long as such abscrption does substantially not
affect images.

(Reaction Liguid Application Means)

As methods for applying the reaction liquid to the
recording medium, coating methods such as roller coating,
bar coating and spray coating are available. A method
is also available in which, using an ink-jet recording
process as in the case of the ink, the reacticn liquid
is made to adhere selectively to only image forming
areas to which the ink 1s to adhere 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 come to have a
view that the rcller coating is the best. This is
because, even where the reaction liquid is applied in a
small quantity, the state of distribution of the
reactive component in the vicinity of the recording
medium surface layer portion is more uniform than that
in other means, .and further because image quality can be

superior as being free of non-uniformity at solid areas
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imges are to be recorded by a specific aqueous ink, the surface tension of
the reaction liquid nay preferably be made |arge as |long as the reaction
li'quid can be ejected 15 fromthe recordi ng head, and nade | arger than the
surface tension of the aqueous ink for which the state of dispersion of the
wat er-i nsolubl e coloring material is to e made unstable by the reaction
liquid. [Ink Set] 20 The aqueous i nk of t e present invention nmay

preferably be used in an ink set in which four kinds of aqueous inks
consisting of a cyan ink, a magenta ink, a yellowink and a black ink are
conbined. It may further be used in an ink set which 25 is used in an

i mge-form ng nethod having the step of app Lying an aqueous ink
constituting t R AR SSef tarHCrRBTO8EBp s capplGi hgkahrEaBERBNaPPLRE- capabl e
of making the 63 state of dispersion of the mater-lnsoluble col oring
material in the aquedlsPRKSURSERDER PSR CcHREERT WM EhiCFRed aHﬁé%ﬁstW%k In
this case, re preferr

i d t t Kk t
further haV|nglﬂﬂglggregéﬁﬁ8ﬁs|W&GP&gggﬁégngaﬁﬂﬁé&?nSO%Ra égﬁPésgﬁne
di ft | ubl I h Kk
e Shr e e e 1 EREFLARCCE RGBT il ke FOSRRE PHS o
may be of any f ar m_shown ow, as as a 8§§ra it are set in

conbi nat i on: ngntgfgnﬁﬂgg eécﬁaﬁ Pﬁflﬁ&e 8F Fhk %ngoW§gﬁPﬂ;e Sf an ink
tank having a %& %&I%re I%é@ﬂ %h Eag %lﬁgﬁﬁehQn wﬂgch the reaction

liguid and the ink are brcught into contact with each

oth=r in the state they are liguid on the recording
medium, or a method in which the reaction liquid is

10  broaght into contact with the ink after the fixing of
the former to the recording medium has been completed,
i.e., after droplets of the reaction liquid have been
absorbed intc the recording medium. In the course the
two-liquid system has been studied, the present

15 inventors have reached a conclusion that, in order to
secure a high image density and at the same time achieve
a sufficient area factor even in a small ink droplet
quantity, the method is kest in which the ink is applied
to the recording medium after the fixing of the reaction

20  liguid to the recording medium has been completed.

Incidentally, the point of time where the fixing

has been completed is meant by the point of time where
the value of Ka{t - t,) ' represented by the Bristow's
equation given previously has become larger than the

25 quantity of the reaction liquid applied actually to the
recording medium. This is meant by the point of time

where the droplets of the reaction liquid have been



therein a cyan ink, a magenta ink, a yellow ink and a black ink are set
integral, or such an ink tank to which 15 a head is attached; or an ink set
constituted of an ink tank having a structure in which tanks each hol di ng
therein a cyan ink, a nagenta ink and a yellowink are set integral, or
such an ink tank to which a head is attzﬁhed; or an ink set having a
structure in which 20 individual tanks each holding therein the above inks
are set up detachably froma recording apparatus. In any case in the
present invention, the characteristics of an ink alone of the present
invention are specified relatively to other inks to be used (in a recording
25 apparatus or _as an ink tan . gout limtation to the ;e fornms shown
above, the ink3bSCIRE( B@thtQﬁyreﬁﬁé FP@dmﬁgﬂHWf6ﬂnd[Fﬁkm?@PtR§€oP8|ng
Met hod, Recordi Unit, Cartridge Recordin aratus], .Fig. 1
E%s Syt

shows an exanpPé “6f &S ﬁ?ﬁ?e?s @é&FH ﬁ&eéaﬁﬁamaFﬁg 48 eRAGEPEILEEL i onal
si de el evation, i nk- ecor di,n pparatus enpl oys a seri.al type
i nk-j et recordFﬁb b?s?@ﬁftgﬁh 5@ ?nggaﬁn Yhe 6%1 ng gﬁe@?aFgéancassette
16 having a shget fg d"tray 17 from which a recording nmedi um (hereinafter

al so "recordin ) 19 is to be fed and a neans for applying the 10
reaction I|gU|d the eet f?eggtra tlgs t?e integral ly forned,

a drive neans for 6 asﬁﬁé cor I'ng headR?%%Fb?%c%$$9l?na? e direction
(primry scan@k@glggkg%alg%buk%lIing at right angles with the

The reaction liquid may preferably have a
pen:trability into recording medium of from 1.3 mL-m’

1/2

Zimeec” or more to 6.0 mL-m™? -msec *?

or less, and more

-1/2

10 preferably from 3.0 nL-m - msec or more to 6.0 mLm

“emeec™® or less, as the Ka value found by the Bristow
metiod. Also, the reaction liquid may preferably be
applied in an application amcunt of from 0.5 g/nﬁ or
mors to 5 g/nﬁ or less, and more preferably from more

15 than 2.0 g/m® to 3.0 g/m® or less.

Where a roller coating method is used to apply the

‘reaction liquid, the reaction liquid may preferably be,
as 1its properties, from 1 mPa-s or more to 100 mPa-s or
less, and more preferably from 4 mPa+*s or more to 40

20 mPa-'s or less, in viscosity and from 15 mN/m (dyne/cm)
or more to 45 mN/m (dyne/cm) or less in surface tension.
This is preferable from the viewpoint of coating
stapility. Incidentally, the application amount of the
reaction liquid may appropriately be adjusted by

25 controlling the ph&sical properties of the reaction

liguid, the rotational speed cof a roller used in a

coating assembly, the pressure of contact of the roller



direction of transport of the recording sheet (secondary 15 scanning
direction), and a control neans which controls the drive of these
constituents. The recording head 1 is nounted to a carriage 2 in such a way
that its side on which ink ejection orifices are fornmed is directed to the
pi.aten 11 side. Not shown 20 in the drawing, the recording head 1 has the
ink ejection orifices, a plurality of eléettricity-heat converters (e.g.,
heating el enents) for heating ink fluid, and a substrate which supports the
converters. Incidentally, the recording head 1 has an ink cartridge 25
which is nounted to the interior of the carriage provided above the
recordi ng head. The carria carries the recordinghhead 1, and 65 can

e .2
reci procal |y b&lhovedeaF8rgrinBdglrde 8hattd 9° ERFeRding in parallel in the
width direction of the recordipg.sheet 19. Al so, %Qe recordiﬁg head 1 is
driven in synchroni Z42F#5% @t AP ﬁéeFe%?E?%%a}sh%%% e BPREYt WS carri age,
and ejects ink erQLets on the tF‘ecordigg shget 19 to foLn1ina%£s. Tge sheet
feed cassette T8 r4C8etadHaBYr e PFoAFEHEIPRCOFATNG BBBaf bt tsPT ihf haBbdy .
Recordi ng sheets 195ar Shelrd ig aegihgron thg sheet feed ﬁraﬁ 17_in_the
sheet feed casS&tt 8516 518 APCIh&SPr mb 8F 5HAE? Fe8li NG the uppefinit sheet
is broight.intg pressure. caontac mﬁt? she feed rqller 30 by a_spring
13 whi oh preso8d TRE shBolSFe8a-tVay 17 " divar d" L i {IHERE™ o8 FoFFer 10
'Sf]ager ol ler whighshs nFHbSHAALY Akl Y o5eTLELT ¢4l 8l ERC LT S §L 98T Semt pnal
is preferable from the viewpoint of the performance of
ejextion from the recording head. Incidentally, the
reaction liquid must be reacted with only a specific
10 aqgqu=ous ink. Hence, in order that the reaction liquid
does not blot at places different from the areas where
imajes are to be recorded by a specific aqueous ink, the
surZace tension of the reaction liquid may preferably be
made large as long as the reaction liquid can be ejected
15 from the recording head, and made larger than the
surface tension of the agqueous ink for which the state
of dispersion cof the water-insoluble coloring material
is to be made unstable by the reaction liquid.
[Ink Set])
20 The aqueous ink of the present invention may
preferably be used in an ink set in which four kinds of
aqueous inks consisting of a cyan ink, a magenta ink, a
yellow ink and a black ink are ccmbined.
It may further be used in an ink set which
25 is used in an image-forming method having the step of

applying an aquecus ink constituting the ink set and the

steo of applying a reaction liquid capable of making the



15 and is rotatingly driven by a notor (not shown). It feeds only the
upper nost sheet (recording sheet 19) by the aid of separation claws (not
shown). The recording sheet 19 separated and fed is transported along a
transport face of the sheet feed 20 cassette 16 and a transport face of a
sheet guide 27 by a large-dianeter internediate roller 12 and a

smal | -di aneter coating roller 6 kept in 5§essure contact wth it. These
transport faces are forned of faces which are so curved as to draw
concentric arcs with 25 respect to the internediate roller 12. Hence, the
recordi ng sheet 19, having passed these transport faces, cones reversed in
respect of its transport direction. 66 Mre specifically, the side of the
recordi ng sheettafeonf dhpphrside Phabes wrberoibeopuhhe edoiatesydownvar d
until it reaches the internediate roller 12 after it is transported from
the sheet feed™gfayla?, ‘Butheopddepyssinkcenspwate Wrerordihgcheatt’i de) at
the point of time where it faces the recording head 1. Thus, the printing
si de of the retoPdPAgceheet Nkt walys FakesCatimarld tife @ HANY degfetafs i nk-j et
recordi ng apparatus. A reaction liquid coating neans has a replenishing 10
tank 22 which PEPPROPRHEATIAGI et ARk shBkt 1F el cadsehiee NABI BRI Rerves to
feed a reaction ILguid iS, aa inteinediate roller 12 rotatgbly supported in
the state 1ts BeripRBr&FIdifs G8B2PEepaft F§kiAtetsedFatehettank 22, and a

coating roller .6 which is so, disposed as to be 15 parallel to th
nter modi ate rBEPEFT12°8natT bhpobat gbr oot Lubfe ‘2o PEEfng ratridf in

the aqueous ink unstable.
Incidentally, the ink set referred to in the

present invention may be of any form shown below, as

10  lony as a plurality of inks are set in combination. For
example, it may include an ink set constituted of an ink
tank having a structure in which tanks each holding
therein a c¢yan ink, a magenta ink, a yellow ink and a
black ink are set integral, or such an ink tank to which

15 a head is attached; or an ink set constituted of an ink
tank having a structure in which tanks each holding
therein a cyan ink, a magenta ink and a yellcow ink are
set integral, or such an ink tank to which a head is
attached; or an ink set having a structure in which

20 individual tanks each holding therein the above inks are
set up detachably from a recording apparatus. In any
case, in the present invention, the characteristics of
an ink alone of the present invention are specified
relatively to other inks to be used (in a recording

25 apparatus or as an ink tank). Without limitation to
the.;e forms shown above, the ink set may be of any

mod. . fied form.
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in contact with, and in the sane direction as, the internediate roller 12.
Al,so, the coating roller 6 is so disposed that its peripheral surface cones
into contact with, and in parallel to, the feed roller 13 for 20
transporting the recording sheet 19. Thus, when the recording sheet 19 is
transported, the internediate roller 12 and the coating roller 6 are
rotated as the internediate roller 12 is rotated. As the result, the
reaction liquid 15 is fed by the feed roller 13 to the 25 peripheral surface
of the coating roller 6, and further the recording sheet 19 held between
the coating roller 6 and the internediate roller 12 is evenly coated on its
67 printing side wwth the reaction. liquid 15 b& the coating roller 6. In
this ink-jet recordi ng &pp&rafiascrdirfoletiady sRegpEg peolindéd in the

repl enishing tank 22. This float 5 14 is a substance having a snaller
specific gravit ﬁqﬁ%?QQTh@”pe§@§rdﬁtlﬁ&ﬁpﬁdi§9 SRESERGHEd on the |iquid
surface of the reac%Lon Iigﬁjd 15. Thus, ,the residugL.g antit d.of . he
reaction |iquid contdirdi'ng rHE"Pealt FFa RSfpBheAl 184N FFstaFPybBIseen from
t he out si de thr.ough 10 residual -quanti ty.i.ndicati.on w.ndow.21 Leh is a
transparent nemb r?%%%f 2 Fﬁéer%ég §e¥55983 I§&u§nF9Fya$%8PCQ?¢%%S as
viewed fromits f . T i d - i i.ndi cation_ha i ndi cation
show ng thgsdeéfgégg#‘fgﬁgg%ﬁégé%% &g%?g%ygﬁplp&% %e%ggﬁg% ?V%gid, which is

provi ded al ong i'hh(e—jreetsil%%r'aq%%msiytsXe}nr)dia%@t o W Qg%\grding head 1, a

sheet feed cassette 16 having a sheet feed tray 17 from

whizh a recording medium {(hereinafter also "recording
sheat") 19 is to be fed and a means for applying the

10 reaction liquid, the sheet feed tray and the means being
intagrally formed, a drive means for moving the
recording head reciprocally in the direction {primary
scanning direction) falling_at right angles with the
directicn of transport of the recording sheet (secondary

15 scanning direction), and a control means which controls
the drive cf these constituents.

The recording head 1 is mounted to a carriage 2 in
such a way that its side on which ink ejection orifices
are formed is directed to the platen 11 side. Not shown

20 in the drawing, the recording head 1 has the ink
ejection crifices, a plurality of electricity-heat
converters (e.g., heating elements) for heating ink
fluid, and a substrate which supports the converters.
Incidentally, the recording head 1 has an ink cartridge

25 which is mounted to the interior of the carriage
provided above the recording head.

The carriage 2 carries the recording head 1, and
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21 in its lengthwi se direction. In the drawing, a case in which the liquid
surface or the float 14 cones to the position indicated as "Full" shows a
state of being full. 20 On the other hand, a case in which the |iquid
surface or the float 14 is at the position indicated as "Add" shows that
the reaction liquid is running short. Thgg, it is seen at a glance that the
reaction liquid 15 decreases |litt:le by Fittle and the reaction |liquid may
be 25 repl eni shed when the float 14 has |owered to the "Add" |ine. The
reaction liquid 15 may be replenished by a 68 nethod in which, as shown in
Fig. 3, in the state the sheet feed cassette 16 has been drawn out of the
ink-jet recording apparatus_main body, the tip of an injection_ tool 23 is
inserted in ancfhj é@?ﬂ@ﬁ%ﬁéﬂib’n@ezwoge@oﬁ%@ﬂguE‘é@l efider ebpEFSnBnber with a
cut made therein, to inject the reaction liquid into the replenishing tank
22. Thus, the F&EGPELRG %He@?rﬁé@?ingeEﬁecﬂégEﬁ ALERCTEHR PRak®®on 11 quid

pinch rofler 8ZCREBHLPA Arestule- comritn tHeer e THEhd S (+ dfspor ted 1o s
recording part,, _where.the ink_is.applied f he_ recordi head 1. The
recording Sheel 165 cdlaid " HEGELAPT APBAF it heenhneP - 4S* heler FBEt above i s
19 dell ver et 0P et B Betel LB L Lo DR pRUndunkont 1
recording sheet 19 to form images. The sheet feed
cassette 16 is detachable from the recording apparatus
main body. Recording sheets 19 are held in a pile on
the sheet feed tray 17 in the sheet feed cassette 16.
10 At —he time of sheet feeding, the uppermost sheet is
broight into pressure contact with a sheet feed roller
10 by a spring 18 which presses the sheet feed tray 17
upwird. This sheet feed roller 10 is a roller which is
substantially semicircular in its cross-sectional shape,
15 and is rotatingly driven by a motor {not shown}. It
feeds only the uppermost sheet (recording sheet 19) by
the aid of separation claws (not shown).
The recording sheet 19 separated and fed is
transported along a transport face of the sheet feed
20 cassette 16 and a transport face of a sheet guide 27 by
a large-diameter intermediate roller 12 and a
small-diameter coating roller 6 kept in pressure ccntact
with it. These transport faces are formed of faces
which are so curved as to draw concentric arcs with
25 respect to the intermediate roller 12. Hence, the
recording sheet 19, having passed these transport faces,

comes reversed in respect of 1ts transport direction.



Where the reaction liquid is applied by a roller or the like, especially
the reaction liquid may be nmade 20 to have a higher viscosity than the
viscosity of the ink. This is preferable because the ink can effectively be
made unstabl e even when the reaction liquid is applied in a small quantity
and al so i mages of recorded materials cgg wel | be fixed. Stated nore
specifically, 25 where the reaction liqu has a high viscosity, polyvalent
nmetal ions can nore readily remain in the vicinity of the surface of the
recording nmedium and 69 hence the reaction liquid can readily react with
the ink. It is preferable that the ink reacts with the reaction liquid and
thereafter the coloring material conponents in the ink remain in the
vicinity of th¥osarsaeelbiceahbys Fleof Hitige hehenyeoped eng hehewl ek 2 set ubl e
organic solvents, water and so forth come immedi ately perneated into the
recor di ng nedi 4 CRaftf§, LERGCSoRTH- TP et PT SRERA af 3 ORS t RETHT @centil

i medi ately. Hence, fromthe  viewpoint of the fixability of |jmges of
recorded 10 materiafshefitie mreprererantel for thettedttibntfiquid to

have a | ower vjscosity, In_the case when the, reactjon |liquid is applied by
aroller or thEr?PRBP¥Fﬁ@ f?%ﬁc??%nsm?%ﬁn%F%%ytiﬁ%fL?aBWWtrﬁﬁ%@%.9$scosity

oL of O 3 Pe0 81 IBLE.10 100, TRRR Ol £o2y 800, IOTE 18, pref st apl . from
oaction |1 aul g ot LRkeLOhe B esental rerLon M08 AR
side of the recording sheet always faces toward the
outside of the ink-jet recording apparatus.
A reaction liquid coating means has a replenishing
10 tank 22 which is provided inside the sheet feed cassette
16 and serves to feed a reaction liguid 15, an
intermediate roller 12 rotatably supported in the state
its peripheral surface is partly immersed in the tank 22,
and a ccating roller 6 which is so disposed as to be
15 parallel to the intermediate roller 12 and is rotatable
in contact with, and in the same direction as, the
intermediate roller 12. Also, the coating roller 6 is
so disposed that its peripheral surface comes into
contact with, and in parallel to, the feed roller 13 for
20 transporting the recording sheet 19. Thus, when the
recording sheet 19 is transported, the intermediate
roller 12 and the coating roller 6 are rotated as the
intermediate roller 12 is rotated. As the resuli, the
reaction liquid 15 is fed by the feed roller 13 to the
25 peripheral surface of the coating roller 6, and further
the recording sheet 19 held between the ccating roller 6

and the intermediate recller 12 is evenly coated on its



[ 1 mage- Form ng Met hod] 20 The i nmage-form ng nethod according to the present
ipvention is described bel ow by giving specific exanples. The image-form ng
nmet hod according to the present invention is an inmage-form ng nmethod which
perfornms recording by an ink-jet recording systemon a recording 25 nedi um
such as plain paper by the use of a black_ink and at |east one-color
aqueous color ink, and is characterized n that the aqueous ink of the
present 70 invention as described above is used as the black ink, and, in
form ng an i mage conposed of an image forned by the black ink and an inmage
formed by the above color ink which are adjacent to each other, scanning
whi ch applies 5 the black ink is performed to formthe i mage and thereafter
scanni ng whi chrapptieg shdecolohr Fhk roatchecn alkauivhele bhethengeahibisd been
formed is performed. Specific nmethods therefor are described below Fig. 4
shows an exanpfelefrafrecording head used 10 when the inmge-forning nethod
according to the present _invention is carried out. The recordi ng head has,
as shown in Fig. 4,lante}ection)ofi Feerdime BRFGHE e ihipat bihdké i nk

t herefrom and gjection, rifice lines for ejecting therefromthree color
inks of cyan 355¢CPrOWAgRAt & (WS ahtPyelt oY) Lot espect iNEISy L1909 he

i mge-form ng thod of the present. invention, mhere,%ull-color i gﬁs are
formed, a <¥ecordifg®hddd® @C%r%?8+%%|§ PRALsRY TRE Wt th IR bFAcK Thk

ejection orifigg I108.100,81 85hL09; 5N REAEKINK on the liquid surface

of the reaction liquid 15. Thus, the residual quantity
0of ©he reaction liquid containing the reactive component
can visually be seen from the outside through a

10 residual-guantity indication window 21 which is a
transparent member.

Fig., 2 illustrates a residual-quantity indication
as viewed from its front. The residual-quantity
indication has an indication showing the degree of

15 residual quantity cf the reaction ligquid, which 1is
provided along the residual-quantity indication window
21 in its lengthwise direction. In the drawing, a case
in which the liquid surface or the float 14 comes to the
position indicated as "Full" shows a state of being full.

20 On the other hand, a case in which the liquid surface or
the float 14 is at the position indicated as "Add" shows
that the reaction liquid is running short. Thus, it is
seen at a glance that the reaction liquid 15 decreases
little by little and the reaction liquid may be

25 replenished when the flcoat 14 has lowered to the "Add"
line.

The reacticon liguid 15 may be replenished by a



20 therefromand the color ink ejection orifice lines for ejecting color

i nks therefromare so disposed as to be shifted in the secondary scanning
direction. Stated specifically, for exanple, in form ng i nages by using
the recording head shown in Fig. 4, the whole area of 25 the black ink
ej.ection orifice line is used when only | ack images are forned. Wen
full-col or i mges having black imges aé color images m xedly are forned,
imges 71 may preferably be so fornmed that the black ink uses a part, a of
the black ink ejection orifice line and the C, Mand Y color inks use a
part b of the color ink ejection orifice |ines. The case in which the

i mges 5 havin ack .i mrages_and co| or inages m xed| e forned . is

descri bed beloaﬁ?hoaré&tgglﬁgfaﬁﬁ.S Py Ashofls dn égagé?esB?tﬁ FB&ordi ng

head bl inth t i ti Th di head_h th jecti

orifice Iine BR'PGF SFBELIHI AUbFack NAR T6CTNAFErFoRt “afib (A ofcoFon
orifice lines for ehgctin therefromt ree cghor i nks _of _cyan %ﬁ% magent a
(M and yelloﬁFEQf,lP@sS%@PF@@P?.mﬁ%PS © Msingetﬁéppgrtag fle “Bl ack i nk

ej ection Orifi%%ohig%fi%higg%%ﬁéhggnhgﬁdinﬁ%c%ﬁgﬂnggeEQPégg hori zont al

direction in the draw ng ri'mary scanni ng rec 9 to forma bl ack

di rection in t 15 Scafint o forma
medtam i S (7 anboarCad byt RS th ianes BefeBndZthod ehE hankoleeb B LR Ne

grawing (the seconday seannigcibactiiia Wiebernbn LRgfOURRyl Rahipr ward
irection of the"next primary scanning i1 n the printing
22.
Thus, the recording sheet having been coated with

the reaction liguid is thereafter sent by a stated

10 amount by a main transport rclier 7 and a pinch roller 8
kept 1in pressure contact therewith, and 1s transported
to a1 recording part, where the ink is applied from the
recording head 1. The recording sheet 19 fed and
image-printed in the manner as described above is

15 delivery-transported by a delivery roller 3 and a spur 4
kept in pressure contact therewith and stacked on an
output tray 5.

Where the reaction liquid is applied by a roller

or the like, especially the reaction liquid may be made

20 to have a higher viscosity than the viscosity of the ink.
This is preferable because the ink can effectively be
made unstable even when the reaction ligquid is applied
in a small quantity and also images of recorded
materials can well be fixed. Stated more specifically,

25 where the reaction liquid has a high viscosity,
pelyvalent metal ions caﬁ more readily remain in the

vicinity of the surface of the recording medium, and



head, the part b of the color ink ejection orifice lines is used to forma
caolor image in one-pass printing on the recording nmediumin its inmage area
formed at the former part a of the black ink ejection orifice line. 25
Here, the part a of the black ink ejection orifice line is formng an inage
INn the next area. This is repeated to f t he i mages havi ng bl ack i mages
and color images 72 mxedly. Fig. 5 shows anot her exanple of a recording
head wusable in the present invention. In what is shown in Fig. 5 as well,
li ke the case of Fig. 4, the black ink 5 uses a part a of the black ink
ejection orifice line and the C, Mand Y color inks use a part b
corresponding to_ the,whol e area qf. the col or i@ﬁ_e'ecti n arifice lines,

to formin the S a$ Ytre ab @%%%ﬁ%hﬁ@? | 5§25 Hekh e§@hq
o Tmaces Tdly Ag.6.0, 06 s 1 LS00t Shamle o1 3, fetor

head ble i n the *pf .

I?ﬁe ?ﬁg c:s;an EL%:a%d_gﬁiern k?nk%g 385,84 aartta oflthe blacktink

ej ection orifice e an %heag% M an $ colof % NKs “Usé acggppngn S
corresponding 19 t.q .t heyy g %ékrﬂ% %%et@ﬁgﬁﬁh%grk%ktﬂbe%hkﬁgc rb%iggge'i”es1

to formthe i mages havi ng i mages and col i mgesS m xedly. , in

t he recordi [0 N = a.dis i n er feed rate
a' for oneggiE§£9%§$a£2ﬁbgﬁéﬁkgppggeogﬁﬁhgggﬁgcE%%ﬁéegjg%??oﬁggo orifice

line and the pald) Rrofs the e And 2% 8c8¢hi @BneOh ke 2t ENSS peliRiBG@eqdl N the
recordi ng head thus '

into the recording medium, namely, the solid-liquid
separation takes place immediately. Hence, from the
viewpoint of the fixability of images cf recorded

10 mat=erials, it 1s more preferable for the reaction liquid
to nave a lower viscosity. In the case when the
rea:tion liquid is applied by a roller or the like, the
reaction liquid may preferably have a viscosity of from
3 mPa*s or more to 100 mPa-s or less, and more

15 preferably from 5 mPa*s or more to 60 mPa*s or less.
Incidentally, the viscosity of the reaction liquid or
ink in the present invention may be measured in an
environment of 25°C by a conventional method.

[Image-Forming Method]

290 The image~forming method according to the present
invention is described below by giving specific examples.
The image-forming method according to the present
inventicon is an image-forming method which performs
recording by an ink-jet recording system on a recording

25 medium such as plain paper by the use of a black ink and

at least one-color aqueous color ink, and is

characterized in that the aqueous ink of the present



constructed, it follows that a tinme |lag corresponding to one-tinme scanning
iQ reciprocation is produced in excess while a black inmage is forned and
thereafter a color 25 inmage is fornmed. Thus, in the recording head shown in
Fig. 6, it has nore advantageous construction than the recording head
construction shown in Fig. 5, for the 7 keeni ng of bl eeding fromoccurring
between the black imge and the color inmage. Fig. 7 shows still another
exanple of a recording hear usable in the present invention. Were, as in
the 5 recording head shown in Fig. 7, a recording head is used in which a
bl ack ink ejection orifice line and color ink ejection orifice lines are

di sposed in alignnent in order in the secondary scanning directjion, the

bl ack image i f§FstO% o Hrdt R eferaterl T HE<DITT adelask 18 % or med in
ecording. heat gt ot HTHD i GBS | BRI ER.O A S i oad
ot ovi ded i n i e BrEKEFy SearHiAG s BT et T Y (6 FEE (6 @ac Eyan
ST o A SR T Tl
enabl o5 20 bot WG ¥ ST oH b M Rg S R G i The g6l haiihg | bl ack

i mages and col pr. i gBges, el Vo Lk A1) G358 H1d o1k PAIE @ Qfnd he bl ack
ink ejection orifice I'ine
area where the image has been formed is performed.
Specific methods therefor are described below.
Fig. 4 shows an example of a recording head used
10  when the image-forming method according to the present
invention is carried out. The recording head has, as
shown in Fig. 4, an ejection corifice line Bk for
ejecting a black ink therefrom, and ejection orifice
lines for ejecting therefrom three color inks of cyan
15 (C), magenta (M) and yellow (Y), respectively.
In the image-forming method of the present
invention, where full-cclor images are formed, a
recording head may preferably be used in which the black
ink ejecticn orifice line for ejecting the black ink
20 therefrom and the color ink ejection orifice lines for
ejecting color inks therefrom are so disposed as to be
shifted in the secondary scanning direction. Stated
specifically, for example, in forming images by using
the recording head shown in Fig. 4, the whole area of
25 the black ink ejection orifice line is used when only
black images are formed. When full-color images having

black images and color images mixedly are formed, images



is used to forma black imge, and then the recording nediumis transported
by the distance a in the secondary 25 scanning direction, where, in the
course in backward direction of the next primary scanning in the printing
head, a part b of the color ink ejection orifice lines 74 is used to forma
cqolor image in one-pass printing on the Eecording mediumin its inmage area
formed at the fornmer part a of the braci ink ejection orifice line. Here,
the part a of the black ink ejection orifice line 5 is formng an inage in
the next area. This is repeated to formthe i mages having bl ack i mages and
color images mxedly. In the recording head adapted to the both-direction

DD 2 DS LB SO U £10;. B 10,000, | ke, the, recording head
i sposed (hal g, o stance e kepl byp paper, fed rale w, (or one tigm,
Lhe color 4k S, cheptien.orifiee lines (sea o 0). toprode a time o
5 formed and Lherepl) ok, | Bceo) ofal e L8 Lo, thus migthe s

20 from ocgur rlilg\?ﬁgﬁt%gg%t %@éé%%e %ﬁnl%&% c%r?i;?édleyi/ %-;Jﬂﬁed

i mge-fornmng ne _ een deéscri above. cours orns of the
recording head; usgbleripefNBeiow in greater detail.

I'ig. 4 shows an example of a recording head usable
in the present invention. The recording head has the
ejection orifice line Bk for ejecting a black ink

10 therefrom, and the ejection orifice lines for ejecting
therefrom three color inks of cyan (C), magenta (M) and
yvellow (Y), respectively. First, using the part a of
the black ink ejection orifice line, the printing head
is scanned in the horizontal direction in the drawing

15 (the primary scanning direction) to form a black image
in cone-pass printing on the recording medium. Next, the
recording medium is transported by the distance a in the
vertical direction in the drawing (the secondary
scanning adirection), where, in the course in forward

20 direction of the next primary scanning in the printing
head, the part b of the color ink ejection orifice lines
is used to form a color image in one-pass printing on
the recording medium in its image area formed at the
former part a of the black ink ejection orifice line.

25 Here, the part a of the black ink ejection orifice line
is forming an image in the next area. This is repeated

to “orm the images having black images and color images



i mge-form ng nethod according to the present invention 25 are by no neans
limted to those showmn in Figs. 4 to 9. Al so, the nunber of pass differs
dependi ng on recording apparatus to be used, and hence the printing is by
no 75 neans limted to the one-pass printing. The inmage-form ng nethod
meki ng use of the ink set having the reaction liquid as described above is
enbodied to have: 5 (i) the step of applﬂ?ng onto the recording nmedium a
reaction |iquid capable of making the state of dispersion of the

wat er-i nsol ubl e coloring material unstable in an aqueous ink constituting
the ink set; and (ii) the step of applying the aqueous ink 10 constituting
the ink set, onto the recording nediumto which the reaction |iquid has
been fixed. Reméréday.Medi um As the recordi ng nedi um on which inmages are
formed wusing the ink set of the present invention, any 15 recordi ng nmedi um
may be used as | ong &39it 5i shawsreeide hgenadp len oh ahiebordingkhezdappl i ed
to perform recording. In particular, in the present invention, preferably
used are pl ai nugapeer, 1an8hg pPeesratngNFEEEUAT - ha\it M dh gt $heast Bhe side
thereof a coating |ayer 20_which receives the aqueous ink. O course, the
present invenfitfn PsaBy"Rélmeanse Rt 683E0CfhFs9- The FoeoPdral #BHI um
havi ng a coatin%player whi ch receivis Ehe aqueous . ink may . include a
recordi ng medi UREShavPAGToR af FEEsPLBRE iNdeciRekésh @rebifeng-Payapd

the C, M and Y color inks use a part b corresponding to
the whole area of the color ink ejection orifice lines,
to form in the same way as the above the images having
black images and color images mixedly.

10 Fig. 6 shows still another example of a recording
head usable in the present invention. In what is shown
in Fig. 6 as well, like the case of Fig. 4, the black
ink uses a paft a of the black ink ejection corifice line
and the C, M and Y cclor inks use a part b corresponding

15 to the whole area of the color ink ejection orifice
lines, to form the images having black images and color
images mixedly. Here, in the récording head shown in
Fig. 6, a distance is kept by a paper feed rate a' for
one time, between the part a of the black ink ejection

20 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 lag corresponding to
one-time scanning in reciprocation is produced in excess
while a black image is formed and thereafter a cclor

25 image is formed. Thus, in the recording head shown in
Fig. 6, it has more advantageous construction than the

recording head construction shown in Fig. 5, for the



25 whi ch receives the aqueous ink, containing at |east a hydrophilic

pal ymer and/or an inorganic porous body. Wuere inmages are forned on such a
recordi ng medium an 76 especially good effect is brought out. As the
recording medium having a coating |layer which receives the aqueous i nk,
there are a great variety of medi uns acc @plng to, e.g., the state of
surface, the thickness of the coating 5 Iayer the size of pores in which
the aqueous ink is to be absorbed, the difference in materials constituting
such an ink absorbing |ayer, and further the type of a base paper. For
exanple, it may include strongly glossy paper or glossy film having a high

surface gl ossiness; ht | paper | ossy p whose

sur - ace gIOSS|ﬁ§§§lW§SC§]%ﬁ oIF@ 8§C%6F%Pﬁg%8ngﬁ8 t%?kggaﬁﬁtted
paper, having no Ioss nd trﬁ§F coated paper, having a coating layer in a
smal | quantity? G omredi diPESed in ink-j et recordlng is 15

I d d . F d r f
obt Z?h?nga?ﬁilge;”ﬁabﬁné”r ToPERLy SFadti %‘ﬁoﬁsﬁﬁiégsﬁé??ogréf%?gi’ﬁiiog?r salt
phot ogr aphi c JQUS%@HGQH%EE% rggg ng . §ggnt st aestheé prﬁgertles

(such as a cartrl € paper &°Canvas gl-oth eel and @ Japanese paper

feel) of bage pf%%hrrdl Adey HQJAVAr LG rqprgs%@tco@d‘ikfjlr %éEdpEBt 89%8”‘3

and further grap "¢ e ges or the like. conventi ona nown substance
may be used as; ¥9r0 'kﬂPl%%' g%ctEBBSB&E%H -Rg15R8 %98V80§8?tﬁﬂﬂ 25
| ayer of the recor |ng me includ

ejection orlflce llnes are disposed in alignment in

ordar in the secondary scanning direction, the black

imaje 1s first formed and thereafter the color image is
10 formed in accordance with the feed of paper.

Fig. 8 shows still another example of a recording
head usable in the present invention. 1In the recording
head shown in Fig. 8, cclor ink ejection orifice lines
are symmetrically provided in the primary scanning

15 direction, in two files for each c¢yan ink (Cl, C2},
magenta ink (M1, MZ) and yellow ink (Y1, YZ), so that
the forward direction and the backward direction in the
primary scanning are the same in the order of applying
the color inks. As the result, this enables

20 both-direction printing in forming the images having
black images and coler images mixedly. In this case,
first, a part a of the black ink ejection orifice line
is used to form a black image, and then the recording
medium is transported by the distance a in the secondary

25 scanning direction, where, in the course in backward
direction of the next primary scanning in the printing

head, a part b of the color ink ejection orifice lines
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starch, carboxynethyl cellul ose, nethyl cellul ose, hydroxyethyl cellul ose,
hydr oxypropyl cellulose, alginic 77 acid, gelatin, polyvinyl alcohol,
pol yvi nyl acetal, polyethylene oxide, sodium polyacrylate, cross-I|inked
pol yacrylic acid, polyvinyl nmethyl ether, polystyrene sulfonic acid,
guat ernary pol yvinyl pyridine, 5 polyacr¥hanide, pol yvi nyl pyrrolidone,
pol yam ne, aqueous urethane resins, water-soluble acrylic resins,
wat er - sol ubl e epoxy conpounds and water-sol ubl e polyesters. Also
appropriately usable are nodified products of the above polyners, as
exenplified by 10 ion-nodified products such as cation-nodified polyvinyl
al cohol and cati on- difi?d ﬁolyviggl E¥rrolidone. Further, the inorganic
porous body uséd t8°EohStiPated” tReCT nk"F88et Vi WCTRYRF BF1the"¥eldr di ng
medi um may in%éude silica geld.alunina zeolite andf oro#s glﬁﬁs. 15
EXAMPLES The pr85eRfCPniehei SR 8ddEct I Betf "BEF oW T 5?133 ef-detail by
gi vi ng Exanpl e Conparative I nd_Reference Exanple. The present
invention is b;bﬁger gﬁé iﬁf?gggbﬁi?ﬁg 01| owf hg' BRa ?gécﬁn%%%%'it is 20
- - - - . n n n 0 \J
beyond its gist, Ln FS }BQHOQ" ag d gcﬁigékoﬁnk f@é&é?] ?9%&(;{’1%8 by
wei ght unl ess particulariy” "noted. reparation rgnent sperston
Sol ution a I:;Lega%&:fﬁ?n%' Qg' EE'Jn%ﬁé éﬁr gparaLLen, of , bl agk piament, disspersion
sol ution) 0 parts’o arbon ack having a specific surface
to form the images having black images and color images
mixedly.
In the recording head adapted to the
both-direction printing as in what is shown in Fig. 8,
10 too, like the recording head described with reference to
Fig. 6, the ink ejection orifice lines may be so
disposed that a distance is kept by a paper feed rate a'
for one time, between the part a of the black ink
ejection orifice line and the part b of the ceclor ink
15  ejection orifice lines {see Fig. 9), to provide a time
lag corresponding to one-time scanning in reciprocation
while the black image is formed and thereafter the color
image is formed, thus making the recording head have
morse advantageous constructicn for the keeping of bleed
20 from occurring between the black image and the color
image.
The image-forming method has been described above.
Of course, the forms of the recording head usable in the
image-forming method according to the present invention
25 are by no means limited to those shown in Figs. 4 to 9.
Also, the number of pass differs depending on recording

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



area of 210 nR/g and a DBP oil absorption of 74 m -100 g, 78 20 parts of an
agueous solution of a styrene-acrylic acid copolyner having an acid val ue
of 200 and a weight-average nol ecul ar wei ght of 10,000 and having been
neutralized with an agqueous 10 nmass% sodi um 5 hydroxi de sol ution and 70
parts of ion-exchanged water were m xed,c-followed by dispersion for 3 hours
by means of a batch type vertical sand mll. The dispersion solution

obtai ned was centrifuged to renove coarse particles, and thereafter put to
pressure filtration 10 using a mcro-filter of 3.0 min pore size (available
fromFuji Photo Film Co., Ltd. ) to prepare a resin dispersion type black

pi gnent. Further d to the resin dispersion type black

pi gment t hus d%?%?ﬁe lml?%§d€%p§? ?%epT%ft%$l?El?£e fornmer so as to be in

a 15 pignent concent atlon of 0 nassW

are a dIS |on solqglon
Thus, a bl ack pi grre %IJSD%(‘I:J%I sl okhowa ﬁbﬂ%l%seed § eparré]il 0
cyan pi gnent dh§9 ?ﬂesgégatggg 14 $ fgrég ég éﬁ“ﬁ% &(3#' Pi gnent Blue

15:3), 20 20 par an aquéous so yrene-acry |c acid
copol yner haV|ng§glgglgO of 200 and a melght aver age nol ecul ar wei ght
of 10, 000 havi ng been  neu ra ized with an aqueous 1096by wei ght sodi um

PydrOX|de sol ution apg 7Qh£a§%%905f ﬁg%ﬁﬁ?qgﬁg) éggggg ég¥ﬁm
ol l owed by di spersion for urs b ans type rtical sand
mll. The di spersboptisel uthQhgobsghRed YBSLERNLY I {N&e&é@e repove coarse
dispersion of the water-inscoluble coloring material
unstable in an aqueous ink constituting the ink set; and

{ii) the step of applying the aqueous ink

10  constituting the ink set, onto the recording medium to
whih the reacticn liguid has been fixed.

Recording Medium

As the recording medium on which images are formed
using the ink set of the present invention, any

15 recording medium may be used as long as it is a
recording medium on which an ink is applied to perform
recording. In particular, in the present inventiocn,
preferably used are plain paper, and a recoerding medium
having on at least one side thereof a coating layer

20 which receives the agueous ink. O0f course, the present
inventicn is by no means limited to this.

The recording medium having a coating layer which
receives the agqueous ink may include a recording medium
having on at least cne side thereof a coating layer

25 which receives the‘aqueous ink, containing at least a
hydrophilic polymer and/or an inorganic porous body.

Where images are formed on such a recording medium, an



79 particles, and thereafter put to pressure filtration wth a
m.cro-filter of 3.0 min pore size (available fromFuji Photo Film Co.,
Ltd.) to prepare a resin dispersion type cyan pignent. Further, water was
added 5 to the resin dispersion type cyan pignent thus obtained, to
di.sperse the latter in the fornmer so as gg be in a pignent concentration of
10 mass% to prepare a dispersion soluti'on. Thus, a cyan pignment dispersion
sol ution was obtained. 10 (Preparation of magenta pignment dispersion) 10
parts of a pignent (C. 1. Pignent Red 122), 20 parts of an aqueous sol ution
of a styrene-acrylic acid copolynmer having an acid value of 200 and a

wei ght - aver age nol ecul ar wei ght of 10,000 havi ng been 15 neutralized with an
aqueous 10 nas§@§§88P&ﬁVhQHngﬁégecgoFﬁtPBHUQ%H 78 parits Fe | GiW&E¥hged
wat er were m xed,, . foll owed by disEerskon for 3 Qours by neans of a batch
type vertical SEHG"R PRVLFHe dFSPELBPon¥BE Ut oA ohEEf ABBS WhlS cBHEF P Bged to

ti , d 20 th ft t filt ' ith
2 Cr oo 11 tero6t 5°0Ch Ancpdr BTSR e (AVArYaBI & TR EufFCPAbED FPI m Co.

vas added 1o CRe%r esTRC a1 Eper Bton ) BecmbBnt A" bTRNERE PRSI BOrarhelt o 25
g 20erse, {9 LILLEE! Drble.LarINT Lag:5 ko, Becknsf. BLOUEL sgpoeptistion o
di spersi on 80 be absorbed, the difference in materials constituting
such an ink absorbing layer, and further the type of a
bas2 paper. For example, it may include strongly gloésy
pap=r or glossy film, having a high surface glossiness;
10  slightly glossy paper or semi-glossy paper, whose
surface glossiness has been controlled by working cr the
like; matted paper, having nc gloss; and trace-coated
paper, having a ccating layer in a small quantity.
The recording medium used in ink-jet recording is
15 selected according to purposes. For example, used are
glossy paper for obtaining images having a glossy
feeling comparable to that of silver salt photographic
paper, and art paper making the most of aesthetic
properties (such as a cartridge paper feel, a canvas
20 cloth feel and a Japanese paper feel) of base paper in
order to favorite represent pictures, photographs, and
further graphic images or the like.
Any conventicnally known substance may be used as
the hydrophilic polymer constituting the above coating
25 layer of the recording medium. It may include, e.g.,‘
starch, carboxymethyl cellulcose, methyl cellulose,

hydroxyethyl cellulose, hydroxypropyl cellulose, alginic
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sol ution was obtained. (Preparation of yellow pignent dispersion) 10 parts
of a pignent (C. 1. Pignent Yellow 74), 20 parts of an aqueous solution of a
styrene-acrylic acid 5 copolyner having an acid value of 200 and a

wei ght - aver age nol ecul ar wei ght of 10,000 having been neutralized with an
aqueous 10 mass% hydr oxi de solution and %0 parts of ion-exchanged water
were m xed, followed by dispersion for 3 ’hour s by nmeans of a batch type 10

vertical sand mll. The dispersion solution obtained was centrifuged to
renmove coarse particles, and thereafter put to pressure filtration with a
mcro-filter of 3.0 min pore size (available fromFuji Photo Film Co.,

Ltd.) to prepare a resin dispersion type 15 yellow pignent. Further, water
was added to tﬁ@lﬁesgﬁlaaﬁgpepgﬂwmyéea%w@w pPehERE Y hudcobidi ned, to

di sperse the latter in the former so as to be in a pignent concentration of
10 mass% to pPeparehileBfspEidPonSS8LUR BRLYFRLE 2By eFFORA pi §iknd

di spersion 20 solution was ohtained. (Preparation of reaction |liquid) The
conmponent s shoRALBEFEW wer 8Chilx eBCAKYLI Y hoPBuGKL ye BEFFr eBO LY B YB9RE by
pressure filtration with . nicrg-filter o; 0,2 in sgre size (avail able
from25 Fuji PAYLOCRLFNPESY; BHAFTPET¥r BpayE 3+ eB¥f+On Fi quid.  Magnesi um
nitrate (hgéahéd ate 5.0 nass@ﬁ TrinEth¥IoI ropane 25,0 mass% 81
ACETYLENOL ‘EH P98 YR§SY Omlde, polyvinyl pyrrollidone, polyamine,

aguaous urethane resins, water-scluble acrylic resins,
water-soluble epoxy compounds and water-soluble
pclvesters. Also appropriately usable are modified
products of the above polymers, as exemplified by
10 dion-modified products such as cation-modified polyvinyl
alcohel and cation-modified polyvinyl pyrrcolidone.
Further, the inorganic peorous body used to constitute
the ink receiving layer of the recording medium may
include silica gel, alumina, zeolite, and porous glass.
15 EXAMPLES
The present invention is described below in
greater detail by giving Examples, Comparative Examples
and Reference Example. The present inventicn is by no
means limited by the following Examples unless it is
20 beyond its gist. In the following description,
"part(s)" and "%" are by weight unless particularly
noted.
[Preparation of Pigment Dispersion Solution and
Reaction Liquid]
25 (Preparation of black pigment dispersion solution}
10 parts of carbon black having a specific surface

area of 210 m?/g and a DBP oil absorption of 74 ml-100 g,
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(acetyl ene glycol ethylene oxide adduct; avail able from Kawaken Fi ne
Chem cals Co., Ltd.) Pure water balance 5 [Judgnent on Good Medi uni Poor
Medi um of Water-sol uble Organic Solvent] The foll owi ng experinent was
conducted in order to select the water-soluble organic solvent acting as
the goo3 nedium or poor nmediumfor the gignent contained in 10 the above
pi gnent di spersion solution. First, the Bove respective col or pignent

di spersion solutions having a solid content of 10 nass% were used to
prepare aqueous solutions. These aqueous solutions and respective

wat er - sol ubl e organi c sol vents were used to prepare 15 sol vent-judgnent

di spersion solution A and solvent- judgnent water dispersion solution B for
judgment on geddraEdsuftpasr aRBEPYM &eéBEdPRgCfoat AEYEBNEORAYL LI/ xi ng
rati o. Sol vent-judgnment di spersion solution A 20 each _col or pignent

di spersi on sol GFiteh SRPER YEGET BaVEBAt 8At 2EoAcBALat P6n2Bf 2B%nBss% 50 parts
each wat er-sol ubl.e. organi ¢ sol vent shown in_Table parts ,

Sol vent - udgneHt \ESH 8T eger BPoRCEIRar FonoBT 95 sAcRORbRBH Brykat

di spersi on sol ytion mﬁ%@ﬁzoli cont ent concentr?bion of 10 mass% 50 parts

pure water 50 paft's"§Y $EEN YT of "t AEEEPYPer 4i BASEEI GPFOHNA for | udgnent

on good medi um.poor fed umWRGR URS RHeRALEY of ion-exchanged water

were mixed, followed by dispersion for 3 hours by means
of a batch type vertical sand mill. The dispersion
solution obtained was centrifuged to remove coarse
particles, and thereafter put to pressure filtration

10 wusing a micro-filter of 3.0 pm in pore size (available
from Fuji Photo Film Co., Ltd.) to prepare a resin
dispersion type black pigment. Further, water was added
to the resin dispersion type black pigment thus obtained,
to disperse the latter in the former sc as tc be in a

15 pigment concentration of 10 mass%, to prepare a
dispersion scluticon. Thus, a black pigment dispersion
solution was obtained.

{Preparation of cyan pigment dispersion solution)
10 parts of a pigment (C.I. Pigment Blue 15:3), 20

20 parts of an aqueous solution of a styrene-acrylic acid
copolymer having an acid value of 200 and a
weight-average molecular weight of 10,000 having been
neutralized with an aqueous 10% by weight socdium
hydroxide solution and 70 parts of ion-exchanged water

25 were mixed, followed by dispersicon for 3 hours by means
of a batch type vertical sand mill. The dispersion

solution obtained was centrifuged to remove coarse
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as descri bed above was put into a transparent glass sanple bottle with a
cap, and the bottle was closed with 5 the cap. Thereafter, its contents were
thoroughly stirred, and this was |eft for 48 hours in a 60C oven.
Thereafter, the dispersion solution taken out of the 60C oven was used as a
sanpl e for neasurenent, and the average7§article size of the pignent in the
pi gnent 10 di spersion solution was neasured with a fiber-optics panicle
anal yzer (trade nanme: FPAR-1000; manufactured by O suka El ectronics Co.,
Ltd.). The value obtained was defined as the average particle size of the
pi gnent in dispersion solution A for Judgnent (pignent average 15 particle
size neasured w t hout diIutiong which was left for 48 hours at  60.
Meanwhi | e, wat BRTdispEFsi 6RY SBPUERSACE PBF JGdBRBREURasThotr&tdPBd with
heating, and the average particle size of the pignment in this_ dispersion
was neasured witthhaaf MBeroopiilésrpart Pclel®olBnBPy2eriag (avehéaabsve.
Then,in regard_to the.av ha e Eﬁrt%cle i% e i? solvent-jud%nent di spersi on
solution A and§bl Eﬁﬁ-? 8gﬁeﬁ‘ fat&r ' d ée?s BnPEoPatFont BS“WHen the
average particl,e size.in dispersion solut'on]ﬁ s larger than that in
wat er di spersi gﬁSESffﬁthgngﬁ,th ﬁéfa?Sp\%ﬁfngP-%sol Lb?@%?’ga%ﬁgtce%o"f%nqé@%% j udged
to be poor . nedium _a en.the average particle.size in dis sian
Sol Ut b A Shas Bl BroLHanr SPer R APe RV if: 81 88%t ol BRER 85 0t on
B, the water-sqluble arganig.selyent ;ywas,ju to.he the_ gped. ium
[ Measur enment o?OKdlvggﬁe%oE ﬁa?er-solﬁﬁ?e %xggﬁﬂé s8%aL e 988 lHEg
pigment concentraticn of 10 mass$, to prepare a
disversicn sclution. Thus, a cyan pigment dispersion
solution was obtained.
10 (Preparation of magenta pigment dispersion)
10 parts cf a pigment (C.I. Pigment Red 122), 20
parts of an aqueous solution of a styrene-acryiic acid
copolymer having an acid value of 200 and a
welight-average molecular weight of 10,000 having been
15 neutralized with an aqueous 10 mass% sodium hydroxide
sclution and 70 parts of ion-exchanged water were mixed,
followed by dispersion for 3 hours by means of a batch
type vertical sand mill. The dispersion solution
obtained was centrifuged to remove coarse particles, and
20 thereafter put to pressure filtration with a
micro-filter of 3.0 pm in pore size (available from Fuji
Photo Film Co., Ltd.) to prepare a resin dispersion type
magenta pigment. Further, water was added to the resin
dispersion type magenta pigment thus obtained, to
25 disperse the latter in the former so as to be in a
pigment concentration of 10 mass%, to prepare a

dispersion sclution. Thus, a magenta pigment dispersion
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Solvent] 5 First, to neasure the Ka value of each water-soluble organic

sael vent, an aqueous dye solution wth a dye concentration of 0.5 mass%
havi ng conposition shown bel ow was prepared. Such an aqueous dye sol ution
is used in order to color a colorless 10 transparent sanple to make it
visible so that the Ka value can be neaéﬁred w th ease. water-soluble dye
C.l. Pignent Blue 199 0.5 part pire wat 99.5 parts Next, using this
aqueous 0.5 nass% dye sol ution and 15 each wat er-sol ubl e organic solvent to
be neasured, each of aqueous 20% sol uti on of col ored water-sol uble organic
sol vents havi ng conposition shown bel ow were each prepared. above aqueous
0.5 mass% dye solution 80 parts. 20 water-soluble organic solvent shown in
Table 1 20 par#lutkphgias @ h@hRefi ng sanpl e the aqueous 20 mass% sol ution
of each col ored wat er-sol ubl e organi c solvent, prepared as described above,
each Ka val ue of the'DEeRRYERBIRN 2006 Kottt dit Bt Hacht Wi ETEFY! ubl e or gani ¢
sol vent was neasured. with a dypamc, perneapility tester (trad ane;

Dynami ¢ Perneabi | it y* &e@t’@is Sggn%rRﬂf‘g?:eﬁﬁ egc 84 BV Sehigv %’e‘ﬂga@ sho,
Ltd.), by the Bristow.nethod. RESU|£S of Judgnment and Measurenent] In
respect of thePRGtero5ofubfe sryantelsbtVent’s @ WBapt ¢ e thel tnk@citasur ed

as descrlb%g a?SESly%Q% having an acid value of 200 and a

welght-average molecular weight of 10,000 having been
neutralized with an aqueous 10 mass$% hydroxide solution
and 70 parts of ion-exchanged water were mixed, followed
by dispersion for 3 hours by means of a batch type
10  wvertical sand mill. The dispersion solution cbtained
was centrifuged to remove coarse particles, and
thereafter put to pressure filtration with a
micro~filter of 3.0 pum in pore size (available from Fuji
Photo Film Co., Ltd.} toc prepare a resin dispersion type
15 vellow pigment. Further, water was added to the resin
dispersion type yellow pigment thus obtained, to
disperse the latter in the former sc as to be in a
pigment concentration of 10 mass%, to prepare a
dispersion solution. Thus, a yellow pigment dispersion
20 solution was obtained.
(Preparation of reaction liquid)
The components shown below were mixed and
thoroughly stirred, followed by pressure filtration with
a micro-filter of 0.2 pm in pore size (available from
25 Fuji Phote Film Co., Ltd.) to prepare a reaction liquid.
Magnesium nitrate (hexahydrate) 15.0 mass$%

Trimethylolpropane 25.0 mass$%



5 results of judgnment on whether they were good nediuns or poor nediuns for
t he bl ack pignment dispersion solution, cyan pignment dispersion solution,
magent a pi gnent di spersion solution and yel | ow pi gnent dispersion solution
and the results of neasurement of the Ka value 10 in .he aqueous 20 nass%
sqQl ution of each water-soluble organic %qlvent are shomn in Table 1.
Incidentally, letter synbols "0" and "X"7in the table stand for good
medi um and poor nedium respectively. Table 1 15 Water-insoluble coloring
materials Ka value of M- aqueous Bl ack Cyan genta Yell ow 20 nass% 20 pi g-
pig- pig- pig- solution of nent nment nent nent water- dis- dis- dis- dis-
sol ubl e per- er-_per- organic sion sion sion sion solvent 25 (m .
11109. vater-sgpﬁbﬂ ENS&cER'  organic solvents: Qycerol 36-8 289 0. 13

Tr hyl ol pr n 1 Pol hyl gl | X X 0.17
i methylol p OQS gtylgng glyco? etg ggeyogf e ggﬁ%t?ogvailag&e rom

Kawaken Fine Chemicals Co., Ltd.)

Pure water balance
5 [Judgment on Good Medium/Poor Medium of

Water-soluble Crganic Solvent])

The following experiment was conducted in order to
sel=ct the water-soluble organic solvent acting as the
gecod medium cr poor medium for the pigment contained in

10 the above pigment dispersion sclution. First, the above
respective color pigment dispersicn sclutions having a
solid content of 10 mass% were used to prepare aguecus
soluations. These agqueous solutions and respective
water-scluble organic solvents were used to prepare

15 scolvent-judgment dispersion sclution A and solvent-
judgment water dispersion solution B for judgment on
good medium/poor medium according to the following
mixing ratio.

Solvent-judgment dispersion solution A

20 - each color pigment dispersion solution with solid
content concentration of 10 mass$ 50 parts

each water-soluble organic sclvent shown in Table 1
50 parts

Solvent-judgment water dispersion solution B

25 + each color pigment dispersion solution with solid
content concentration of 10 mass% 50 parts

+ pure water 50 parts
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35 [Preparation of Ink] 85 (Exanples 1 to 5) The conponents shown in Tabl es

were m xed and thoroughly stirred, foll owed by pressure

filtration with a micro-filter of 3.0 pmin pore size 5 (available from Fuj i
Photo Film Co., Ltd.) to prepare aqueous inks of Exanples 1 to 5.

I ncidental |y,

"B/A value" in Tables is the ratio B/ A where A denotes

t he

total content (mass% of the good medi unfBased on the each aqueous i nk and
B denotes the total content (mass% 10 of the poor nedi um based on the each
Tabl e 2: Exanple 1 Black Cyan Magenta Yellow Ink Ink Ink Ink
15 Bl ack pignment dispersion: 50.0 - - - Cyan pignent dispersion: 50.0
Magent a pi gment dispersion: - 50.0 - Yellow pignment dispersion: - - -
A ycerol: 25 14.0 1Begts. 05900f Polgedhypenalighysoluedon 7. D07. 0 15.0 15.0

aqueous i nk.

10

15

20

25

judgment on good medium/poor medium which was prepared
as described above was put into a transparent glass
sample bocttle with a cap, and the bottle was closed with
the cap. Thereafter, its contents were thoroughly
stirred, and this was left for 48 hours in a 60°C oven.
Thereafter, the dispersion sclution taken out of the
60°7 oven was used as a sample for measurement, and the
average particle size of the pigment in the pigment
dispersion sclution was measured with a fiber-optics
pariicle 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 solution A for Judgment (pigment average
particle size measured without dilution) which was left

for 48 hours at 60°. Meanwhile, water dispersion

50.0

solution B for Judgment was not stored with heating, and

the average particle size of the pigment in this
dispersion was measured with a fiber-optics particle
analyzer as in the above. Then,in regard to the average
particle size 1in solvent-judgment dispersion solution A
and solvent-judgment water dispersion solution B, when
the average particle size in dispersion sclution A was
larger than that in water dispersion solution B, the
water—-soluble organic solvent was judged to be poor
medium, and when the average particle size in dispersion

solution A was equal or smaller than that in water

20



ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 30 Pure water: Bal ance Bal ance Bal ance
Bal ance B/ A value: 0.50 0.54 3.00 3.00 35 (*): an acetylene glycol
ethyl ene oxi de adduct (surfactant avail able from Kawaken Fine Chemi cal s
Co., Ltd.) 86 Table 3: Exanple 2 Black Cyan Magenta Yellow Ink Ink Ink
Ink 5 Black pignent dispersion: 50.0 - - - Cyan pignment dispersion: 50.0 -
- 10 Magenta pignent dispersion: - 50.0 83YeIIowpigmant di spersion: - - -
50.0 dycerol: 15 7.0 10.0 10.0 10.0 Pol yethylene glycol 600: 13.0 10.0
12.0 9.0 ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1
dispersion solution B, the water-soluble organic solvent
was judged to be the good medium.
[Measurement of Ka Value on Water-soluble Organic
Solvent]
5 First, to measure the Ka value of each
watar-soluble organic solvent, an aqueous dye solution
with a dye concentraticon of 0.5 mass%, having
composition shown below was prepared. Such an agueous
dye solution is used in order to color a colorless
10 transparent sample to make it visible so that the Ka
val'le can be measured with ease.
witer-soluble dye C.I. Pigment Blue 199 0.5 part
pire water 99.5 parts
Next, using this aqueous 0.5 mass% dye solution and
15 each water-soluble organic solvent to be measured, each

of aqueous 20% solution of colored water-scoluble organic

solvents having ccmposition shown below were each

prepared.
above aqueous 0.5 mass% dye sclution 80 parts
20 + water-soluble organic solvent shown in Table 1

20 parts
Using as a measuring sample the aqueous 20 mass%
solution of each colored water-soluble organic solvent,
prepared as described above, each Ka wvalue of the
25 aquecous 20% solution of each water-soluble organic
solvent was measured with a dynamic permeability tester

(trade name: Dynamic Permeability Tester S; manufactured



20 Pure water: Bal ance Bal ance Bal ance Bal ance B/ A value: 1.86 1.00 1.20

0.90 25 (*): an acetylene glycol ethyl ene oxide adduct
avai |l abl e from Kawaken Fine Chem cals Co.,
Magenta Yellow Ink Ink Ink Ink

Bl ack Cyan
5.0 - - -

Cyan pi gnent di spersion:

50.

50.0 - 40 Yell ow pignent dispersion: -

12.0 Pol yet hyl ene gl ycol

0.1 0.10.12

10

15

20

25

30

35

(surfactant

Ltd.) Table 4: Exanple 3 30
Bl ack pi gnent dispersion: 35

0, - Magenta pignent dispersion:

83

- 50.0 dycerol: 10.0 10.0 10.0
600: 45 10.0 9.0 12.0 8.0 ACETYLENOL E-100(*):

0.1 Pure water: Bal ance Bal ance Bal ance Bal ance 87

by Toyo Seiki Seisaku-sho, Ltd.), by the Bristow method.

[Results of Judgment and Measurement]

In respect of the water-soluble organic solvents

usable in the ink, measured as described above, the

results of judgment on whether they were good mediums or

poor mediums for the black pigment dispersion solution,

cyan pigment dispersion solution, magenta pigment

dispersion solution and yellow pigment dispersion

solution and the results of measurement of the Ka value

in ~he agueous 20 mass% solution of each water-soluble

organic sclvent are shown in Table 1.

Incidentally,

let er symbols “0O” and “X” in the table stand for good

med.um and poor medium,

Table 1

respectively.

Water-insoluble

coloring materials

Black
p1g-
ment
dis-
per-
sion

Cyan
pig-
ment
dis-
per-
sion

Ma-
genta
pig-
ment
dis-
per-
sion

Yellow
Pirg-
ment
dis-
per-
sion

Ka wvalue of
agueous

20 mass%
solution of
water-
soluble
organic
solvent

Water-soluble
organic selvents:

Glycerol

Trimethylol-
prcpane 0
Polyethylene
glycol 600 X

(] -m”*

i/2
msec/)

0.13
0.19

0.17

[Preparation of

Ink]



B/ A val ue:

adduct

5: Exanple 4 10 Bl ack Cyan Magenta Yel | ow
di sper si on:
di.sper si on:
10.0 10.0 10.0 12.0 Pol yethyl ene gl ycol
ACETYLENOL E-100(*):

Bal ance

et hyl ene oxi de adduct
35 Ltd.)

Co. ,

1.00 0.90 1.20 0.67 5 (*): an acetylene glycol
(surfactant avail abl e from Kawaken Fi ne Chem cal s Co.,
50.0 - - - 15 Cyan pignment dispersion: 50.0 - -
- 50.0 - Yellow pignent dispgésion:

00: 10.0 9.0 12.0 9.0
0.1 0.10.10.12 Pure water:

B/A value: 30 1.00 0.90 1.20 0.75 (*):

{(Examples 1 to b5)

et hyl ene oxi de

Ltd.) Table

Ink Ink Ink Ink Black pignent
Magent a pi gnent
20 - - - 50.0 dycerol:

25

Bal ance Bal ance Bal ance.
an acetyl ene gl ycol
(surfactant avail able from Kawaken Fi ne Chem cal s

The components shown in Tabkles 2 to 6 below were

mixed and thoroughly stirred, followed by pressure

filtration with a micro-filter of 3.0 um in pore size

5 (available from Fuji Photo Film Co., Ltd.)

aqueous inks of Examples 1 to 5. Incidentally,

to prepare

IIB/A

value" 1in Tables 1is the ratio B/A where A denotes the

total content (mass%) of the good medium based on the
each aqueous ink and B denotes the total content (mass%)
10  of -he poor medium based on the each aquecus ink.
Table 2: Example 1
Black Cyan Magenta Yellow
Ink Ink Ink Ink
15
Black pigment dispersion:
50.0 - - -
Cyan pigment dispersion:
- 50.0 - -
20 Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
- - - 50.0
Glycerol:
25 14.0 13.0 5.0 5.0
Polyethylene glycol 600:
7.0 7.0 15.0 15.0
ACETYLENOL E-100(*):
0.1 0.1 0.1 0.1
30 Pure water:
Balance Balance Balance Balance
B/A value:
0.50 G.54 2.00 3.00
35

(*): an acetylene glycol ethylene oxide adduct

(surfactant available from Kawaken Fine Chemicals Co.,

ntd.)
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88 Table 6: Exanple 5 Black Cyan Magenta Yellow Ink Ink Ink Ink 5 Black
pigment dispersion: 50.0 - - - Cyan pignent dispersion: 50.0 - - 10 Magenta
pi gnent dispersion: - 50.0 - Yellow pignment dispersion: - - - 50.0

dycerol: 15 11.0 10.0 11.0 10.0 Polyethylene glycol 600: 9.0 9.0 12.0 12.0
ACEt' YLENOL E-100(*): 0.1 0.1 0.1 0.1 Zg Pure water: Bal ance Bal ance

Bal ance Bal ance B/A value: 0.82 0.90 1.6§ 1.20 25 (*): an acetyl ene gl ycol
et hyl ene oxi de adduct (surfactant avail able from Kawaken Fi ne Chemi cal s
Co., Ltd.) [Conparative Exanples 1 to 3 & Reference Exanple 1] 30 The
conponents shown in Tables 7 to 10 bel ow were

Table 3: Example 2

Black Cyan Magenta Yellow
Ink Ink Ink Ink

Black pigment dispersion:
50.0 - - -
Cyan plgment dispersion:

- 50.0 - -
10 Magenta pigment dispersicn:
- - 50.0 -
Yellow pigment dispersion:
: - - - 50.0
Glycercol:
15 7.0 10.0 10.0 10.0
Polyethylene glycol 600:
13.0 10.0 12.0 9.0
ACETYLENOL E-100(*}:
0.1 0.1 0.1 0.1

20 Pur= water:
Balance Balance Balance Balance

B/A value:
1.86 1.00 1.20 0.90
25
(*): an acetylene glycol ethylene oxide adduct
(surfactant available from Kawaken Fine Chemicals Co.,
Ltd.)
Table 4: Example 3
30
Black Cyan Magenta Yellow
Ink Ink Ink Ink

Black pigment dispersion:
35 50.0 - - -
Cyan pigment dispersion:

50.0 - -
Magenta pigment dispersion:
- - 50.0 -
40 Yellow pilgment dispersion:
- - - 50.0
Glycerol:
10.0 10.90 10.0 12.0
Polyethylene glycol 600:
45 10.0 9.0 12.0 8.0
ACETYLENCOL E-100(*):
0.1 0.1 0.1 0.1

Pure water:
Balance Balance Balance Balance



m xed and thoroughly stirred, followed by pressure filtration with a
m.cro-filter of 3.0 min pore size (available fromFuji Photo Film Co.,
Ltd.) to prepare aqueous inks of Conparative Exanples 1 to 3 and 35

Ref erence Exanple 1. Incidentally, "B/A value" in Tables is the ratio B/ A
where A denotes the total content (mass%, of the good nedi um based on the
total mass; of the each aqueous ink and denotes the total content
(mass% of the poor nedium based on the each 89 aqueous ink. Table 7:
Conparative Exanple 1 Black Cyan Magenta Yellow 5 Ink Ink Ink Ink Black
pi gnent dispersion: 50.0 - - - Cyan pignment dispersion: 10 - 50.0 - -
Magent a pi gnmeng/di spenskon: - 50.0 - Yel Low pignent dispersion: - - - 50.0
15 dycerol: 16.0 16.0 16.0 16.0 Pol yet hyl emeggl ycol 1699: 4.0p5¢% 5.0 6.0
ACElI YLENOL E-100(*): 20 0.1 0.1 0.1 0.1 Pure water:

5 (*1: an acetylene glycol ethylene oxide adduct
(surfactant available from Kawaken Fine Chemicals Co.,
Ltd.}

Table 5: Example 4

10 Black Cyan Magenta Yellow
Ink Ink Ink Ink

Black pigment dispersion:
50.0 - - -
15 Cyan pigment dispersiocn:

- 50.0 - -
Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
20 - - - 50.0
Glycerol:
10.0 10.0 10.0 12.0
Polvethylene glycol €00:
10.0 9.0 12.0 9.0
25 ACETYLENCL E~100(*):
0.1 0.1 0.1 0.1

Pure water:

Balance Balance Balance. Balance
B/A value:

30 1.00 0.90 1.2C .75

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

35 Ltd.)
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Bal ance Bal ance Bal ance Bal ance B/ A value: 0.25 0.31 0.31 0.38 25 (*): an
acetyl ene glycol ethylene oxide adduct (surfactant avail able from Kawaken
Fine Chemicals Co., Ltd.) 30 Table 8: Conparative Exanple 2 Bl ack Cyan
Magenta Yellow Ink Ink Ink Ink 35 Black pignment dispersion: 50.0 - - -
Cyan pignment dispersion: 50.0 - - 40 Magenta pignment dispersion: - 50.0 -
Yel | ow pi gnent dispersion: - - - 50.0 Gﬁ§cero|: 45 5.0 5.0 5.0 3.0

Pol yet hyl ene gl ycol 600: 16.0 16.0 17.0 18.0 90 ACETYLENOL E-100(*): 0.1
0.1 0.1 0.1 Pure water: Bal ance Bal ance Bal ance Bal ance

Table 6: Example 5

Black Cyan Magenta Yellow
Ink Ink Ink Ink

Black pigment dispersion:
50.0 - - -
Cyan pigment dispersicn:

- 50.0 - -
10 Magenta pigment dispersicn:
- - 50.0 -
Yellow pigment dispersion:
- - - 50.0
Gly:-erol:
15 11.0 10.0 11.0 10.0
Pclyethylene glycel 600:
9.0 9.0 12.0 12.0
ACETYLENOL E-100(*):
0.1 0.1 0.1 0.1

20 Pur: water:
Balance Balance Balance Balance

B/A value:
0.82 0.90 1.09 1.20

25

{*): an acetylene glycol ethylene oxide adduct

(surfactant available from Kawaken Fine Chemicals Co.,

Ltd.)

[Comparative Examples 1 to 3 & Reference Example 1]

30 The components shown in Tables 7 to 10 below were

mixed and thoroughly stirred, followed by pressure
filtration with a micro~filter of 3.0 um in pore size
(available from Fuji Photo Film Co., Ltd.) to prepare
aqueous inks of Comparative Examples 1 to 3 and

35 Reference Example 1. Incidentally, "B/A value” in
Tables is the ratio B/A where A denotes the total
content (mass%) of the gocd medium based on the total
mass of the each agqueous ink and B denotes the total

con-ent (mass%) ©f the poor medium based on the each



5 B/A value: 3.20 3.20 3.40 6.00 (*): an acetylene glycol ethylene oxide

adduct 10 (surfactant avail able from Kawaken Fine Chem cals Co., Ltd.)
Tabl e 9: Conparative Exanple 3 15 Bl ack Cyan Magenta Yellow Ink Ink Ink Ink
Bl ack pignent dispersion: 50.0 - - - 20 Cyan pignent dispersion: 50.0 - -
Magenta pi gnent dispersion: - 50.0 - Yellgw pi gnment dispersion: 25 - - -
50.0 dycerol: 9.0 8.0 - - Trinethylolpp pane 5.0 5.0 5.0 5.0 Pol yethyl ene

glycol 600: 30 7.0 7.0 15.0 15.0 ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 Pure
wat er: Bal ance Bal ance Bal ance Bal ance 35 B/ A value: 0.50 0.54 3.00 3.00
(*): an acetylene glycol ethylene oxide adduct 40 (surfactant available from

Kawaken Fi ne Chem cal s Co.,
aqueous 1nk.

Table 7: Comparative Example 1

Black Cyan Magenta Yellow
5 Ink Ink Ink Ink
Black pigment dispersion:
50.90 - - -
Cyan pigment dispersion:
10 - 50.0 - -
Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
- - - 50.0
15  Glyzerol:
16.0 16.0 16.0 16.0
Polvethylene glycol 600:
4,0 5.0 5.0 6.0

ACETYLENOL E-10G (*):
20 0.1 0.1 0.1 0.1
Pur= water:
Balance Balance Balance Balance

B/L value:
0.25 0.31 0.31 0.38
25
(*): an acetylene glycol ethylene oxide adduct
(surfactant available from Kawaken Fine Chemicals Co.,
Ltd.)
30
Table 8: Comparative Example 2
Black Cyan Magenta Yellow
Ink Ink Ink Ink
35

Black pigment dispersion:
50.0 - - -
Cyan pigment dispersion:

- 50.0 - -
40 Magenta pigment dispersion:
- - 5C.0 -
Yellow pigment dispersion:
- - - 50.0
Glycerol:
45 5.0 5.0 5.0 3.0

Polyethylene glycol 600:
16.0 16.0 17.0 18.0
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Ltd.) 91 Table 10: Reference Exanple 1 Bl ack Cyan Magenta Yellow Ink |Ink
Ink Ink 5 Black pignment dispersion: 50.0 - - - Cyan pignent dispersion:
50.0 - - 10 Magenta pignent dispersion: - 50.0 - Yel ow pignent dispersion:
- - -50.0 dycerol: 15 10.0 10.0 16.0 12.0 Pol yethyl ene glycol 600: 10.0
9.0 5.0 8.0 ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 20 Pure water: Bal ance
Bal ance Bal ance Bal ance B/ A value: 1.00°9.90 0.31 0.67 25 (*): an

acetyl ene glycol ethylene oxide adduct (surfactant avail able from Kawaken
Fine Chemcals Co., Ltd.) 30 [Evaluation 1: |Inmage Density]

ACETYLENCL E-100(*) :
0.1 0.1 0.1 0.1
Pure water:
Balance Balance Balance Balance
5 B/A wvalue:
3.20 3.20 3.40 6.00

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

Ltd.)

Table 9: Comparative Example 3

15 Black Cyan Magenta Yellow
Ink Ink ink Ink

Black pigment dispersion:
50.0 - - -
20 Cyan pigment dispersion:

= 50.90 - -
Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
25 - - - 50.0
Glycerol:
9.0 8.0 - -
Trimethylolpropane 5.0 2.0 5.0 5.0
Polyethylene glycol 600:
30 7.0 7.0 15.0 15.0
ACETYLENOL E-100(*}:
0.1 0.1 0.1 0.1

Pure water:
Balance Balance Balance Balance
35 B/A wvalue: '
0.50 0.54 3.00 3.00

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

Ltd.)
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Recorded naterlals wer e produced using the respective inks of Exanples 1 to
5, Conparative Exanples 1 to 3 and Reference Exanple 1, prepared as
déscribed above. Incidentally, in producing the recorded 35 naterials, an
nodi fi ed apparatus of an ink-jet recording apparatus PlIXUS 850i

(manuf actured by CANON INC.) was wused, having an on-denmand type

mul ti-recording head in which heat enera} is applied to an ink in
accordance wth recording signals to eject the ink. Stated 92

specifically, 2 cmx 2 cmsolid inmges were forned on recording nedi uns
shown bel ow to produce the recorded materials. The recorded materials
obtained were left for a day and thereafter their inage density was 5
measured. To neasure the Taklge densiafgrengefdzestilon 1 densitoneter (trade
nane: MACBETH RD-918 nanufactured by Macbet h) was used Eval uati on
criteria of t shownzHgt ow: eabEsuttsspisgval uation
are shown in Table 11. 10 As a prlﬂﬁgr drlve k. the de %u t nnggkmas chosen.
Setting conditions of the default mode—are as stiown —betow~ Typoof paper:

Plain paper. Prink gughbhy: dStpadares: 15 Color control: Automatic. As
recordi ng nmedi uns, used were the fgflowi ng sheets of.-plain paper. PPC sheet

PB Paper (avait h { ﬁ@hgnggbéfgadn PPC sheet SC250C (avail able from
CANON | NC.) . pekepts 50.0 - -

10 Magenta pigment dispersion:

- - 50.0 -
Yel.ow pigment dispersion:

- - - 50.0
Glycerol:

15 10.0 10.0 16.0 12.0

Polvethylene glycol 600:

10.0 9.0 5.0 8.0
ACETYLENOL E-100(*):

0.1 0.1 0.1 0.1

20 Pure water:
Balance Balance Balance Balance

B/A value:
1.00 0.90 0.31 0.67
25
(*): an acetylene glycol ethylene oxide adduct
(surfactant available from Xawaken Fine Chemicals Co.,
Ltd.)
30 [Evaluation 1: Image Density]

Recorded materials were produced using the

respective inks of Examples 1 to 5, Comparative Examples
1 to 3 and Reference Example 1, prepared as described
above. Incidentally, in producing the recorded

35 materials, an medified apparatus of an ink-jet recording
apparatus PIXUS 8501 (manufactured by CANON INC.} was
used, having an on-demand type multi-recording head in
which heat energy is applied to an ink in accordance

with recording signals to eject the ink. Stated



20 PPC sheet 4200 (available from Xerox Corp.). H gh-white sheet SW101
(available from CANON INC.). PPC sheet 4024 (available from Xerox Corp.).
(Evaluation criteria) A Sufficient image density is achievable on all types
25 of sheets, or sufficient inage density is not achievable on sonme types
of, sheets but no problemin practical use. B: Sufficient imge density is
not achi evabl e on some 93 types of sheebd. C Sufficient inmage density is
not achi evable on all types of sheets. [Evaluation 2: Storage Stability] 5
The inks of Exanples 1 to 5, Conparative Exanples 1 to 3 and Reference
Exanple 1 were each put into a shot bottle, which was then hernetically

cl osed and stored for 2 weeks in a 60C oven. Thereafter, how the inks

stood was obsespedifkwallgti dncor kt 2rim sblidfleistoeagectd Stabedidty are as
shown bel ow. The results of evaluation are shown in Table 11. (Evaluation
criteria) A Theccoflongngedatesi ahosnhahdsounid opndyuandist abkgordédpersed in
the ink. 15 B: The ink stands changed |ike a gel, or the upper part of the
i nk has come tmahspapeéat, Bre tireoriedppdraamitd e A it keried . Lgftval uat i on
3: Col or Bal ance] Recorded materials were produced using the 20 respective

i nks of Exanpl &ésT1at 8ag, amgnpapaenibe Exbipl esimage density was

5 measured. To measure the image density, a reflection
densitometer (trade name: MACBETH RD-918; manufactured
by Macbeth) was used. Evaluation criteria of the image
density are as shown below. The results of evaluation
are shown in Table 11.

10 As a printer driver, the default mode was chcsen.
Set-ing conditions of the default mode are as shown
below.

Typ= of paper: Plain paper.
Print quality: Standard.

15 Color control: Automatic.

As recording mediums, used were the following
sheets of plain paper.
PPC sheet PB Paper (available from CANON INC.).
PPC sheet SC250C (available from CANON INC.).

20 PPC sheet 4200 (available from Xerox Corp.).

High-white sheet SW-101 (available from CANON INC.).

PPC sheet 4024 (avallable from Xerox Corp.).
{Fvaluation criteria)

A: 3ufficient image density is achievable on all types

25 of sheets, or sufficient image density is not achievable
on some types of sheets but no problem in practical use.

B: Sufficient image density 1s not achievable on some



1 to 3 and Reference Exanple 1, prepared as descri bed

above.

I nci dental ly,

i n._producing the recorded materials, the sanme nodified apparatus of an
ink-jet recording apparatus Pl XUS 850i (manufactured by CANON 25 INC.) as
that in Evaluation 1 was used. Stated specifically, 2 cmx 2 cmsolid

i mages were fornmed changing gradations, qg t he recordi ng medi um PPC sheet

94 PB Paper (available from CANON | NC.) produce the

recor

ded materi al s.

The recorded materials obtained were left for a day and thereafter their
col or balance was visually observed. Evaluation criteria of the color 5
are shown in Table

bal ance are as shown bel ow. The results of eval uation
11. (Evaluation criteria) A Color balance is good. B:

Col or

bal ance is

somewhat | ost. CMRRT Cicoibsetsal ance is problenatic. Table 11 Inmage density

Storage stability Color Bk CMY Bk C MY bal ance 15

Exanpl e:

1LAAAAA

AAAB 2 AAN AR NAAR Ivgge; IRUSIL I8 AR &C@lezva/&lﬁ ATAIA A A A

25 5 AAAAA@‘yﬁ‘eéA‘& Scl_:?néparatlve Exanpl e:

[Evaluation 2: Storage S3tability]

5 The inks of Examples 1 to 5, Comparative Examples 1

to 3 and Reference Example 1 were each put into a shot

bottle, which was then hermetically closed and stored

for 2 weeks in a 60°C oven. Thereafter,

how the inks

stcod was observed. Evaluation criteria of the storage

10 stability are as shown belcw. The results of evaluation

are shown in Table 11.

(Evaluation criteria)

A: The coloring material stands uniformly and stably

dispersed in the ink.

15 B: The ink stands changed like a gel, or the upper part

of the ink has come transparent, or the ink apparently

has thickened.

[Evaluation 3: Color Balance]

Recorded materials were produced using the

20 respective inks of Examples 1 to 5, Comparative Examples

1 to 3 and Reference Example 1, prepared as described

above. Incidentally, in producing the re

corded

materials, the same modified apparatus of an ink-jet

recording apparatus PIXUS 8501 (manufactured by CANON

25 INC.) as that in Evaluation 1 was used.

Stated

specifically, 2 cm x 2 cm solid images were formed

changing gradations, on the recording medium PPC sheet
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1BBBBAAAAA 302AAAACCCCB 3BBBBAAAAB 35
Reference Exanple: 1 AABAAAAAC 40 Bk: Black, C Cyan, M Magenta,

Y: Yellow Incidentally, using the recorded materials obtained 95 in
Exanples 4 and 5, a nonitor test was conducted. As the result, nmany replied
that the recorded material obtained in Exanple 5 was superior in color

bal ance to the recorded material obtainéd in Exanple 4. 5 [Eval uation 4:

| mage Density in Two-liquid Systen] Recorded materials were produced using
the inks described in Exanple 1 and Reference Exanple 1 and using the
reaction liquid. Incidentally, in producing the recorded materials, an
nodi fi ed apparatus of an ink-jet 10 recordi ng apparatus BJS600 (rmanufactured
by CANON | NC. ) PEw@spesedavhavibdeadron- dBNEGNd [NGpe tol prodecer thag head in
:which heat energy is applied to an ink in accordance wth recording
signal s to ej ececoidednkateldadppar Braisredeidrd svihodid1edkisz inehave a
mechani sm f or applyin%,15 the reaction liquid to the recordi ng nedi um by
means of the e6ati agitolflcar aaslaghewd theFpgiter ShatesdcospecbriléaFky, the
reaction |iquid was applied to recording nmediuns shown bel ow, and, after
the reaction MPguVd se@re vf PRE68 TV6 heE Yebiot di oy fedi erk? @f chhs 20k 20

solid images were fornmed thereon using each i nk. ,
5 balance are as shown below. The results of evaluation

are shown in Table 11.
(Evaluation criteria)
A: Color balance is good.
B: Color balance is somewhat lost.

10 C: Color balance is problematic.

Table 11
Image density Storage stability Color
Bk C M Y Bk C M Y balance
15 Example:
1 A A A A A A A A B
2 A A A A A A A A B
20
3 A A A A A A A A B
4 A A A A A A A A A
25 5 A A A A A A A A A
Comparative Example:
1 B B B B A A A A A
30
2 A A A A C C C C B
3 B B B B Fay A A A B
35 Reference Example:
1 A A B A A A A A C

40 Bk: Black, C: Cyan, M: Magenta, Y: Yellow

Tncidentally, using the recorded materials obtained



Incidentally, the roller speed and the contact pressure of the roll on the
recordi ng mediumwere so controlled that the reaction liquid was in an
application amount of 2.4 g/nR2. The recorded materials obtai ned were |eft
for 25 a day and thereafter their imge density was neasured. To neasure
the image density, a reflection densitoneter (trade nanme: MACBETH RD- 918;
manuf actured by Macbeth) 96 was used. Eval uation criteria of the imge
density are as shown below. The results of evaluation are shown in Table
12. As a printer driver, the default node was chosen. 5 Setting conditions
of the default node are as shown below. Type of paper: Plain paper. Priit
quality: Standard. Color control: Automatic. 10 As recordi ng nedi uns, used
wer e the foll oviingxagivdess dofingl &i napaped LoPPCeshegasPBoPdpetefavais abl e

from CANON INC.). PPC sheet SC250C (available from CANON I NC.). PPC sheet
4200 (avai |l abl &her gmsxéitox medp replisdHtgriwhheershesdesvinpbgriatai | abl e
from CANON INC.). PPC sheet 4024 gavailable from Xerox Corp.). (Evaluation
criteria) A S@bfiénest Ipnkgargéfsict Yars SHERTévable 6Alar| beypese 6f sheets,

or sufficient image density is not _achievable 20 on sone types of sheets
but no probl em‘if PEESLCES] MaseriBl StffilePentni FEgePdendity is not

achi evabl e on sone . . . o
5 [Evaluation 4: Image Density in Two-liquid System]

Recorded materials were produced using the inks
described in Example 1 and Reference Example 1 and using
the reaction liquid. Incidentally, in producing the
recorded materials, an modified apparatus of an ink-jet

1C recording apparatus BJS600 (manufactured by CANON INC.)
was used, having an on-demand type multi-recording head
in which heat energy is applied to an ink in accordance
witn recording signals to eject the ink; the apparatus
being so modified as to have a mechanism for applying
15 the reaction liquid to the recording medium by means of
the coating roller as shown in Fig. 1. Stated
specifically, the reaction liquid was applied to
recording mediums shown below, and, after the reaction
ligquid came fixed to the recording mediums, 2 cm x 2 cm
20 solid images were formed thereon using each ink.
Incidentally, the roller speed and the contact preséure
of the roll on the recording medium were sc¢ controlled
that the reaction liquid was in an application amount of
2.4 g/m°. The recorded materials obtained were left for
25 a day and thereafter their image density was measured.
To measure the image density, a reflection densitometer

(trade name: MACBETH RD-918; manufactured by Macbeth)



types of sheets. C. Sufficient inage density is not achievable on all types
of sheets. 25 Further, using the inks described in Exanple 1 and Reference
Exanple 1 and using the reaction liquid, recorded materials were produced
in which 2 cmx 2 cm97 solid imges were fornmed changi ng gradations, on
the recording nmedi um PPC sheet PB Paper (available from CANON INC. ),
havi ng been coated with the reaction lig®ed. Incidentally, the recording
apparatus and the reaction 5 liquid coating conditions were the sane as
those in the foregoing. The recorded materials obtained were left for a
day and thereafter their color balance was visually observed. Eval uation
criteria of the color balance are as shown below. The results of eval uation

10 are shown i makahlsedl2. E¢Evakbabhoorsrétesi @ the Gabes bahance 4se good.
B: Col or bal ance is sonewhat lost. C. Color balance is problematic. 15

Tabl e 12 | mage adensictw: Gellary. Braskr&yabt Magentaa Yeht ovn batansieow20ifxanpl e:
1 AAAAB Reference Exanmple: 1 AACAC
Table 12.
As a printer driver, the default mode was chosen.
5 Setting conditions of the default mode are as shown
below.
Typs of paper: Plain paper.
Print quality: Standard.
Color contrel: Autcmatic.
10 As recording mediums, used were the following
sheets of plain paper.
PPC sheet PB Paper (available from CANON INC.).
PEC sheet SCZ50C (available from CANON INC.).
PPC sheet 4200 (available from Xerox Corp.).
15 High-white sheet’SW—lol (available from CANON INC.}.
PPC sheet 4024 (available from Xerox Corp.).
{Evaluation criteria)
A:; Sufficient image density is achievable on all types
of sheefs, or sufficient image density is not achievable
20 on some types of sheets but no problem in practical use.
B: Sufficient image density is not achievable on some
types of sheets.
C: Sufficient image density i1s not achievable on all
types of sheets.
25 Further, using the inks described in Example 1 and
Reference Example 1 and using the reaction liquid,

recorded materials were produced in which 2 cm x 2 cm



25 This application clains priorities from Japanese Patent Application No.
2Q04- 190495 filed on June 28, 30 2004 and Japanese Patent Application No.
2004- 190551 filed on June 28, 2004, the contents of which are incorporated
hereinto by reference. 98 CLAIMS 1. A cyan ink used in an ink set having
four kinds of aqueous inks consisting of a cyan ink, a nagenta ink, a
yellow ink and a black ink in which each3hk conprises 5 at |east water, a
wat er -i nsol ubl e coloring material, and a plurality of water-sol uble organic
solvents having a good nedi um or good nediuns for the water-insol uble
coloring material and a poor medi um or poor nediuns for the water-insoluble
coloring material, wherein; 10 the ratio B1/Al is from0.5 or nore to 3.0 or
| ess, where Alscdenbtigwdelse weatall caonetievhafigasgyyreflathengeodn fedi um based
on the total mass of the cyan ink and Bl denotes the total content (nass%
of the poor nediegmrdiagedeshi uhe Hlotshleerad® &hpeme (eyan labke dmdml5 a

wat er - sol ubl e organi c sol vent which shows the nmaximum Ka val ue anong the
respective Ka Va&N@s I§C . -t'he haplipdalicry shakgterissl (Hhice repganios dolovent-s as
determ ned by the Bristow nethod is the poor nmedium 20 2. The cyan ink
according to cl&@ThAEntaddivei ithien regdy ddgdesnpairak ueonsti thei Agachéornk set
other than the _ cyan ink, the A and B satisfies the follow ng expression
(1), where A déndtdd (e HECalCoPGRte S Wedsyy-hef SeRe as thosSe in the

foregoing. The recorded materials obtained were left
for a day and thereafter their color balance was
visually observed. Evaluation criteria of the color
balance are as shown below. The results of evaluation
10 are shown in Table 12.

(Evaluation criteria)
A: Zolor balance is gocod.
B: Zolor kalance is somewhat lost.
C: Color balance is problematic.

15
Table 12

Image density Color
Black Cyan  Magenta Yellow balance

20 Example:
1 A A A A B

Reference Example:
1 A A C A c
25

This applicaticon claims priorities from Japanese
Patent Application No. 2004-120495 filed on June 28,
30 2004 and Japanese Patent Application No. 2004-130551
filed on June 28, 2004, the contents of which are

incorporated hereinto by reference.



good nedi um based on the total mass of the aqueous ink 25 and B denotes the
total content (mass% of the poor nedium based on the total nmass of the
aqueous ink: 0.6 < (B1/ALl)/(B/A) < 1.8 (I). 99 3. The cyan ink according
toclaiml1 or 2, wherein in the cyan ink, the content (mass% of the poor
medium is 4 mass% or nore based on the taotal mass of the cyan ink. 5 4. A
magenta ink used in an ink set having fod ki nds of aqueous inks consisting
of a cyan ink, a magenta ink, a yellowink and a black ink in which each
ink conprises at |east water, a water-insoluble coloring 10 material, and a
plurality of water-soluble organic solvents having a good nmedi um or good
medi uns for the water-insoluble coloring material and a poor nedi um or
pocc mediuns for the water-insoluble col6RAIM§ naterial, wherein; 15 the
ratio B2/ A2 is fromO0.5 or nore to 3.0 or less, where A2 denotes the total
content (mass% of tlhe foBdannedkurFdAsed dh the Tof dlaVeRs BPUE helmdgent a
ink and B2 denates the tqotal content (mass% of the poor nedium based on
the total mass O3 AWENSgeRE CRKSLERd9004 Raf¥rlsoNtbl 8 BRgSAte sBKvent
whi ch shows t he xi mum Ka val ue %nnng_the,res ective Ka values of the
plurality of wét&ridOMuBinE Gngani &1861veREs 1as "I deterArRed By CPHBYBFFSt ow

met hod is the poor. nedium 25 5. The enta Lnk according to claim4
wher ei n E %t least water, a waterq? S0 ubhe coioring %aterga?, and

a plurality of water-soluble organic solvents having a
good medium or good mediums for the water-insoluble
coloring material and a poor medium or poocr mediums for
the water-insoluble ccloring material, wherein;

10 the ratio By/A; is from 0.5 or more to 3.0 or less,
where A; denotes the total content (mass%) of the good
medium based on the total mass of the cyan ink and B;
dernotes the total content (mass%) of the poor medium
based on the ﬁotal mass of the cyan ink; and

15 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.

20 2. The cyan ink according to claim 1, wherein in
any aqueous ink constituting the ink set other than the
cyan ink, the A and B satisfies the following expression
{1), where A denotes the total ccntent (mass$%) of the
goocd medium based on the total mass of the aquecus ink

25 and B denotes the total content (mass%) of the poor
medium based on the tctal mass of the aqueous ink:

0.6 £ (B:/A1}/{B/R) < 1.8 (I).
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in any aqueous ink constituting the ink set other than the magenta ink, the
A..and B satisfies the following 100 expression (I11), where A denotes the
total content (mass% of the good nmedi um based on the total mass of the
aqueous ink and B denotes the total content (mass% of the poor nedium
based on the total mass of the 5 aqueous gnk : 0.6 < (B2/A2)/(B/IA) < 1.8
(I'1r). 6. The nagenta ink according to clgin14 or 5, wherein in the magenta
i nk, the content (nass% of the 10 poor nmediumis 4 nass% or nore based on
the total mass of the magenta ink. 7. A yellowink used in an ink set
havi ng four kinds of aqueous inks consisting of a cyan ink, a 15 nagenta
ink, a yellow ink and a _black ink jn which each ink conprises at |east
wat er, a water-i nsoPubl B'®oF ¥R ngR X natePFAind arf @ pHural §¥ y2 ofvherein
wat er - sol ubl e orgaﬁjc sol vent s Bavin% a go?d neghun1or ood nedi yns for the
wat er - i nsol ubl é7c&16r FH§ mal'ér i AP CafG ZpboMAREF UnPor “BE BBBF Redidfs for
the water-insol,ubl.e col gring nategial, mhgheig' t?e ratio B3/A3 is fromO0.5
asnth o8 Ehe Fora ;

or nore to 3.0%Gr 1 BE85% Rhel8TA3 B3rfeRt ss%of the

good nediunlbaﬁgd on the total mass of the yellow ink and B3 25 denotes the
total content 6 $ss% of the poor nedium based on the total mass of the
yeIIOM/ink;5and a wat er-sol ubl e organi ¢ sol vent which shows the 101

4. A magenta ink used in an ink set having four
kinds of aqueous inks consisting c¢f a cyan ink, a
magenta ink, a yellow ink and a black ink in which each
ink comprises at least water, a water-insoluble coloring

10 material, and a plurality of water-soluble organic
solvents having a good medium or good mediums for the
wat=r-insoluble coloring material and a poor medium or
pecr mediums for the water-insoluble ceoloring material,
wherein;

15 the ratio B./A; is from 0.5 or more to 3.0 or less,
where A, denotes the total content (mass%) of the good
medium based on the total mass of the magenta ink and B;
denotes the total content (mass%) of the poor medium
based on the total mass of the magenta ink; and

20 a water-soluble organic solvent which shows the
maximum Ka value among the respective XKa values of the
plurality of water-soluble organic solvents as

determined by the Bristow method is the poor medium.

25 5. The magenta ink according to claim 4, wherein
in any aqueous ink constituting the ink set other than

the magenta ink, the A and B satisfies the following



maxi num Ka val ue anong the respective Ka values of the plurality of

wat er - sol ubl e organic solvents as determned by the Bristow nethod is the
poor nedium 5 8. The yellow ink according to claim7, wherein in any
aqueous ink constituting the ink set other than the yellowink, the A and B
satisfies the follow ng expression (III% where A denotes the total content
(mass% of the good nedi um based on the Qp mass of 10 the aqueous ink and
B denotes the total content (mass% of he poor nedi um based on the total
mass of the aqueous ink: 0.6 <_ (B3/A3)/(B/A) < 1.8 (I1l). 15 9. The yell ow
ink according to claim7 or 8 where in the yellow ink, the content (nmass%
of the poor nediumis 4 mass% or nore based on the total nass of the

yel | ow i nk. 20°%¥PreasppPack [lnk WEedcih dRnPhRSsERehboiag FouEenki nds of
aqueous inks consisting of a cyan ink, a magenta ink, a yellow ink and a
bl'ack ink in whlefséach® tHE EBﬁ‘BrF@@éuﬁtbP%%toﬂaP]@? t%t%tra@wn%& ubl e
coloring materjal, and a ralltésgf wat er - sol ubl e or%anlc 25 sol vents

havi ng a good aléﬁPSPuﬁoéa n2dfubsfBrtERetPRat 8F2 ) NSO Bl e EBRBFF hg
material and a poor nedi um or o] diuns. fo he wat er-insol ubl e col oring
mteri al 102" oBhePe RoOTnBorat RO BAPAAOT SERF ORPBR 6 BESuPE TE°3.0 of | ess.
where A4 denotes the total content (nmass% of the good nedium based on the
total mass df FHE“BHEcR"*nk and B4

0.6 £ (B2/R;)/{B/A) < 1.8 (IT}).

6. The magenta ink according to claim 4 or 5,
wherein in the magenta ink, the content (mass%) of the
10 poor medium is 4 mass% or more based on the total mass

of the magenta ink.

7. A yellow ink used in an ink set having four
kinds of aqueous inks consisting of a cyan ink, a
15 magenta ink, a yellow ink and a black ink in which each
ink comprises at least water, a water-insoluble coloring
material, and a plurality of water-soluble organic
solvents having a good medium or good mediums for the
water—-insoluble coloring material and a poor medium or
20 poor mediums for the water-insoluble coloring material,
wherein;
the ratio B3/A; is from 0.5 or more to 3.0 or less,
where A; denotes the total content (mass%) of the gcod
medium based on the total mass of the yellow ink and B;
25 denotes the total content (mass%) ¢f the poor medium
based on the total mass of the yellow ink; and

a water-scluble organic solvent which shows the



5 denotes the total content (mass% of the poor nedium based on the total
mass of the black ink; and a water-sol uble organic solvent which shows the
maxi nrum Ka val ue anong the respective Ka values of the plurality of

wat er - sol ubl e organi c solvents as 10 determ ned by the Bristow nethod is the
poor nmedium 11. The bl ack ink according_ tq claim10,wherein in any agueous
ink constituting the ink set other than e bl ack ink, the A and B
satisfies the followi ng 15 expression (1V), where A denotes the total

content (mass% of the good medi um based on the total mass of the aqueous
ink and B denotes the total content (mass% of the poor nmedi um based on the
total mass of the aqueous ink: 20 0.6 <- (B4/A4)/(B/A) < 1.8 (1V) 12. The
bl ack ink accofgi%iguito K&l diarhE0 agiongl thien regpe chiyek Kenka lwgér eitn thie t ot al
content (mass% of the poor nmedium.is_4 mass%.or nore based on the total
mass 25 of th@padktivmiel 1atex-yervbkei RRIas4E BRIARNLSK 2§et havi ng four
103 ki nds of agueous inks consisting of the cyan ink according to claiml1,
the magenta i nkSAEEBAISNG o t1SaifhisAov Rether aw ithe ReSsr BERG ™o claim 7
and the black ink according to claim10, wherein; 5 in any aqueous ink
constituting the ink set other than the yellowink, the A and B satisfies

the follow pg expressi ( where, A denotes the total content . (nass% of
a good medi tm based “on ?Hg g%%&PwnﬁEE %?C?ﬁélng 6 cPafn TP uerein IR

any agueous 1ink constituting the ink set other than the
yellow ink, the A and B satisfies the following
expression (III), where A denotes the total content
(mass%) of the gocd medium based on the total mass of

10 the agqueous ink and B denotes the total content (mass$)
of ~he poor medium based on the total mass of the
aqu=o0us ink:

0.6 £ (Bs/A3)/(B/A) < 1.8 (I11).

15 9. The yellow ink according to claim 7 or 8, where
in the yellow ink, the content (mass%) cf the poor
medium is 4 mass% or more based on the total mass of the

yellow ink.

20 10. A pblack ink used in an ink set having four
kinds of aqueous inks consisting of a cyan ink, a
magenta ink, a yellow ink and a black ink in which each
ink comprises at least water, a water-insoluble coloring
material, and a plurality of water-soluble organic

25 solvents having a good medium or good mediums for the
water-insoluble coloring material and a poor medium or

poor mediums for the water-insoluble coloring material,



aqueous ink and B denotes the total content (mass% of a 10 poor nedi um
based on the total nmass of the aqueous ink: (B3/A3) / (B/A) >1 M 14. An
ink set conprising the cyan ink according to any one of clains 1 to 3, the
magenta i nk according 15 to any one of clains 4 to 6, the yellow ink
according to any one of clainms 7 to 9 and claim 13 and the black ink
according to any one of claims 10 to 12. {3 The ink set according to claim
14, which is 20 used in an imge-form ng nethod having the step of

appl yi ng an aqueous ink constituting the ink set to a recording nedi um and
the step of applying a reaction |iquid capable of making the state of

di ssolution or dispersion of a water-insoluble coloring material in the 25
aqueous i nk unsthadee nupon contact with the aqueous ink to the recording
medi um 104 16. An inmage-form ng nethod nmeki ng use of the ink set according
to claimi15, which Has r@tic Fe/8t ey diraapdl i my tveer dact3.ch dd quasE,
capabl e of making the state of dissolution or dispersion 5 of the

wat er - i nsol ubl &heglcofiangenatesi aheuhstabl ecnbethe (Bepedusot nkheonsedt uti ng
the ink set to a recording nedium and (ii) the ste% of applyi n% t he
aqueous ink cakstiwutiasgd Ka ithe setatomelRe Pécbrgi Rgamédiitm 889 Bo whi ch
the reaction liquid has been fixed. 17. An inage-form ng nmethod which forns

an i mage conpSSERTSS he rade If GrREGT by BASPack Oiftnkhgngoan MRglgam

based on the total mass of the black ink; and

a water-soluble organic solvent which shows the
maximum Ka value among the respective Ka values of the
plurality of water-scluble organic solvents as

10 detarmined by the Bristow method is the poor medium.

11. The black ink according tc claim 10,wherein in
any aqueous ink constituting the ink set other than the
black ink, the A and B satisfies the following

15 expression (IV), where A denotes the total content
(mass%) of the good medium based on the total mass of
the aqueous ink and B denotes the total content [(mass%)
of the poor medium based on the total mass of the
aqueous ink:

20 0.6 < (By/A4)/(B/A) < 1.8 (IV)

12. The black ink according to claim 10 or 11, in
the black ink, wherein the total content (mass%) of the
poor medium is 4 mass% or more based on the total mass

25 of the black ink.

13. A yellow ink used in an ink set having four



formed by at |east one-color color ink which are 15 adjacent to each other,
using the ink set according to claim14 or 15, wherein; scanning for
applylng the black ink to formthe inage and thereafter scanning for
applying at |east one-color color ink to an area adjacent to that imge 20 .
are perforned to formthe image. 18. The |mage form ng nethod according to
claim 17, wherein the color ink is appli€¥by scanning with delay of at

| east one scanning after application of the black 25 ink by scanning. 19.
The i mage-form ng nmethod according to claim17 105 or 1.8, wherein the inks
are applied by the use of a recording head in which an ejection orifice
line for ejecting a black ink therefromand ejection orifice I|ines for

ej ecting col or knkds therefuamariepd asedt 1o ey B 5hiHd edydr dmleach other in
a secondary scanning direction. 20. A cyan ink used in a recording

appar at us whi chacderdsngd nagesl oyn the tUse rofgenteyamk rﬁkt;cca:dﬁagemca dlakimand

10 a yellow ink in which each ink conprises at |east water,

wat er - i nsol ubl e4 cotv? i Yyl Feit eFlilal acemiai enpltuy atliaiyrn of amvhttéYe solagi e rgr gani ¢
sol vents having a good nedi um or ood nediuns for the water-insoluble

col ori ng mat er i &FCORNDNA PootlHEdi Un origigoitimedi uns for the 15

wat er -i nsol uble coloring material, wherein; the ratio B1/Al is from0.5 or
more to 3.0%r |ess,iDiHer 2 REPShotRs FHE &gt b ritient ! (feaingotdie he good

than the yellow ink, the A and B satisfies the following

expression (V), where A denotes the total content

(mass%) of a good medium based on the total mass of the

agqueous ink and B denotes the total content (mass%) of a
10 pocr medium based on the total mass of the aquecus ink:

(B3/Aq) /(B/A) > 1 (V) .

14. An ink set comprising the cyan ink according

to any one of claims 1 to 3, the magenta ink according
15 to any one of claims 4 to 6, the yellow ink according to
any one of claims 7 to 9 and claim 13 and the black ink

according to any cne of claims 10 to 12.

15. The ink set according to claim 14, which is
20 used in an image-forming method having the step of
applying an agquecus ink constituting the ink set to a
recording medium and the step of applying a reaction
liquid capable of making the state of dissolution or
dispersion of a water-insoluble coloring material in the
25 aqueous ink unstable upon contact with the aqueous ink

to the recording medium.



medi um based on the total nmass of the cyan ink and Bl denotes the total
content (mass% of the poor nedium 20 based on the total nmass of the cyan
i nk; and a water-sol uble organic solvent which shows the naxi num Ka val ue
anong the respective Ka values of the plurality of water-sol uble organic
salvents as determined by the Bristow nethod is the poor nmedium 25 21. A
magenta ink used in a recording apparatuélO%Mich forms i mages by the use of
a cyan ink, a nagenta 106 ink and a yellow ink in which each ink conprises
at least water, a water-insoluble coloring material, and a plurality of
wat er - sol ubl e organi c sol vents having a good nedi um or good nedi uns for the
wat er-i nsoluble 5 coloring material and a poor nedium or poor nedi uns for
t he wat er-i nsol ubl e 1ol ofngmageetpaninghapehad NAKIREt 182 BREfARDESIRKOM 0.5
or nore to 3.0 or less, where A2 denotes the total content (rmass% of the
good medi um basdd IHFIHENDIE Teslst Jf0 -t b ilgéRSd i nk and B2 10 denotes
the total content (mass% of the poor nedium based on the total nass of the
magenta ink; and a watler=ROITR Br GHRIY 1EE Vit BRRICEH Shdwste  maxi num Ka
val ue anong the respective Ka values of the pJurality of water-soluble
or Gani ¢ 01 vent R 7S etk miod By TR Bi's COWTLHGET St hS o0 1 um
22. A yellow ink ed in a recordi apparatus _whi ch _for i mages t he
ise of "5 cyin k. HE i T TR GG IANE ot e 2Een ThiEhe
conprises at aqueous ink constituting the ink set to a recording
mecium; and

(ii) the step of applying the aqueous ink
constituting the ink set to the recording medium to

10 which the reaction liquid has been fixed.

17. An image-forming method which forms an image
composed of an image formed by a black ink and an image
formed by at least one-color color ink which are

15 adjacent to each other, using the ink set according to
claim 14 or 15, wherein;

scanning for applying the black ink to form the
image and thereafter scanning for applying at least
one-color celor ink to an area adjacent to that image

20 are performed to form the image.

18. The image-forming method according to claim 17,
wherein the coler ink is applied by scanning with delay
of at least one scanning after application of the black

25 ink by scanning.

19. The image-forming method according to claim 17



20 | east water, a water-insoluble coloring material, and a plurality of
wat er - sol ubl e organi c solvents having a good nedi umor good nediuns for the
wat er-insoluble coloring naterial and a poor nedium or poor nedi uns for
the water-insoluble coloring material, wherein; 25 the ratio B3/A3 is from
0.5 or nore to 3.0 or less, where A3 denotes the total content (nmass% of
the good nedium based on the total mass X8 the yellow ink and B3 ' 107
denotes the total content (nass% of the poor medium based on the total
mass of the yellow ink; and a water-sol uble organic solvent which shows the
maxi mum Ka val ue anong the respective Ka values of the 5 plurality of

wat er - sol ubl e organi c sol vents as determ ned by the Bristow nethod is the
poor medi um or 18, wherein the 1inks are applied by the use of a

recording head in which an ejection orifice line for

ejecting a black ink therefrom and ejection orifice

lin=s for ejecting color inks therefrom are placed to be
5 shifted from each other in a secondary scanning

diraction.

20. A cyan ink used in a recording apparatus which
forms images by the use of a cyan ink, a magenta ink and
10 a y=llow ink in which each ink comprises at least water,
a water-insoluble cecloring material, and a plurality of
water—-soluble organic solvents having a gcood medium or
goocd mediums for the water-insoluble coloring material
and a pcor medium or poor mediums for the
15 water-insoluble coloring material, wherein;
the ratio By/A; is from 0.5 or more to 3.0 or less,
where A; denotes the total content {(mass%) c¢f the good
medium based on the tctal mass of the cyan ink and B;
denotes the total content (mass%) of the poor medium
20 based on the total mass of the cyan ink; and
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.
25
21. A magenta ink used in a recording apparatus

which forms images by the use of a cyan ink, a magenta



10

15

20

25

106

ink and a yellow ink in which each ink comprises at
least water, a water-insoluble coloring material, and a
plurality of water-scoluble organic solvents having a
good medium or good mediums for the water-insoluble
coloring material and a poor medium or poor mediums for
the water-insoluble coloring material, wherein;

the ratio B,/A, is from 0.5 or more to 2.0 or less,
whe e A, denotes the total content {(mass%) of the good
medium based on the total mass of the magenta ink and B,
dennstes the total content (mass%) of the poor medium
bas=d on the total mass of the magenta ink; and

a water-soluble organic solvent which shows the
max imum Ka value among the respective Ka values of the
plurality of water-scluble crganic solvents as

determined by the Bristow method is the poor medium.

22. A yellow ink used in a recording apparatus
which forms images by the use of a cyan ink, a magenta
ink and a yellow ink in which each ink comprises at
least water, a water-insoluble coloring material, and a
plurality of water—sdluble organic solvents having a
good medium or good mediums for the water-insoluble
coloring material and a poor medium or poor mediums for
the water-inscluble coloring material, wherein;

the ratio Bi/A; is from 0.5 or more to 3.0 or less,
where A; denotes the tetal content (mass%) of the good

medium based on the total mass of the yellow ink and B,



¥

107

denotes the total content (mass%) of the poor medium
based on the total mass of the vyellow ink; and

a water-soluble organic solvent which shows the
maximum Ka value among the respective Ka values cf the
plurality of water-scluble organic solvents as

determined by the Bristow method is the poor medium.



