1 DESCRI PTI ON AQUEQUS | NK, I 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 ubl e 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 anlimage-form ng nmethod 10 whi ch make
use of the aqueous ink. BACKGROUND ART Conventionally, inks which contain a
wat er -i nsol ubl e coloring material such as pignments as 15 col orants (pi gnment
i nks) are known to give imges having good fastness such as water
resistance or |light-resistance. In recent years, various techniques are
proposed for the purpose of nore i nppRYCRYPThENI mage density of 1 nmages
formed using such inks. 20 For exanple, as disclosed in Japanese Patent

Appl i cation Laid-ogeyuddus 2000- 19805%T,i (AND DAGRFERMING a@TE®E much nore
i nprovenent in inmage density by the wuse of an ink containing a
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 i n WITECHNICAINKE]JREID recording ink which is a conposition
containing a pignent, fine 2 polyner particles, a water-soluble organic
solvent and water &id san racraaus e luttiesn teorhaianurguas Ao ky wal ierht

contains a water-insoluble coloring 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 which make use of the aqueous ink.

BACKGROUND ART
Conventionally, inks which contain a
water-insoluble coloring material such as pigments as

15 'colorant; (pigment inks) 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 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 containing a self-dispersion 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 1s a composition containing a pigment, fine



nmetal salt are caused to adhere to a recording nedium and the ink
conposition is allowed to react with the 5 aqueous pol yval ent 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 flocculate on the recording nedidim surface to thereby keep the
pi gnment from perneating into 10 the recording nedium to obtain imges
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 col gdngnemtgitalcliedata ive teaded ke f@etiar "Soliveynt cone
insufficient conpared with the volume of ink droplets, because pignent
particl es are water tan®Grf laapadat esauttien readradimaggredipohy vBilientreans t hat
in the above techniques the quantity of ink to be applied that is
necessary in aigtes]l tselachisyveddmedanre ddiege densitecoaaiesy Imadjem,t han t hat
of pigment inks in which a conventional pignment is dispersed with a
pol ymeric 25 dirspettst nghlagsmipayittien |ikeal lawddito regartd witterthehas been
roomfor inprovenent. A nmethod is also available in which inks are nade
hi ghly per seatd@ueai® pdley& larec anatiay sreldi o hut iens uree fodmarigegrsea f act or
even when ink droplets have a snmall volune. However, where an ink is nade
hi ghl y penetr abdeing he high neyadene perthessedeatoti@ms, atn thetlsuwdses, of
t he recordi ng nmedi um but al so

the pigment present in the ink in a dispersed state is

forcedly 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 THE 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 flocculate on the recording medium. This means that in
the above techniques the quantity of ink to be applied
that is 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 materihl 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 opnent . rHEwplesemedinrentorenshmee & duwdie atesbyfasdlon myeat wheast one
of the above technical problens, inages can be formed which are superior to
t hose in conventk chalp 2 cdses altmmaprlobicensne .heHpwevemt wheeat ensihéve
found are shown bel ow. The present invention is to solve at |east one of
the fol |l ow ng igr aidendh iqy Trengireiitlem ttet inkherey tdueinpmstatgdesent in
the ink in a dispersed state is forcedly made to flocculate 25 on the
recordi ng nedingh surface; the suraaherfe thee ressording meshiummisdr fade® can be
covered with the coloring material (what is called "area factor”) nmay be 4
i nsufficiedt conpdredapth direeatolame ofthiak ety gts medingh hdifc @alise i nk
must be applied in a large quantity in order to achieve the same inmge
density. (2) THe prajblea mahisirerae sufdigients e Hegiity .5 per neabl e,
the ink may cone perneated not only at the

The present inventors have searched for advantages

and disadvantages of individual conventional inks to
analyze characteristic features of images themselves.

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 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 one of the above technical problems, images can
be formed which are superior 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 following 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
recordi ng medium to nake 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 invention is to provide, 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 images by the 20 use of inks with
di fferent col atrssufaf istifdritcicemparddange tartdee fvadhote edfennkn darcgrimdts,i nk
droplet quantity in all the inks with different colors, can also obtain

i mages havi ngarad Hiegice nage iddnsiust, sndipran ddurirther rasdgeevmartia t ydiifif er ence
in density between colors and be well 25 bal anced between colors. A still
anot her obj ectowdet he mrdEsiente ithednmn lirmgd agroviyde an i nk set which has
a sufficiently large 5 area factor even in a snmall ink droplet quantity,

can al so obtai2) i mitpes phallegn & hlsitgh wihearge tdengintky i saméideamighdit her obt ai n
i mges which are well bal anced between colors, by using the ink set

constituted aspetessabbed Bhabove mdn cmd megerdadran mgp thmetrhlod ataviheg t he st ep
of applying an aqueous ink containing a water-insoluble

surface of the recording medium but 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 medium and make it unable to achieve a high
image density.

Accordingly, an object of the present invention is

to provide, in an aqueous 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 invention is to

provide an ink set which has, in forming images by the

20 use of inks with different colors, a sufficiently large
area factor even in a small ink droplet gquantity 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 object 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 quid 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 medium (hereinafter this process is often also
called "two-liquid system'). A still andiher object of the present invention
is to provide an inmage-form ng nmethod which can effectively 15 keep col or
m xture (bl eed) fromoccurring at boundary areas of respective-col or 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 presentyrZd festt iGmedascrd badhbeliow dkgll dis.qufyaly | iban accordi ng
to the present invention is a cyan ink used in an ink set having four kinds

of aqueous i nk$ LONHHINUmRe A HkAhd FK hiZHTBIRRYA ddts ity yYellPwdmk and a
black ink in which each ink conprises at |€ast water, a 25 water-insoluble

col ori ng mat erfigttshen st Plrlriddddos afhidtle sRuble erga baalaeant s havi ng
a good nmedi um or good nediunms for the water-insoluble coloring nmaterial 6

and a poor mediarped, rudiedy wrke fiork tdeer cwaisari-tuisel w elalvindy
material, characterized in that; the ratio B1/Al is fromO0.5 or nore to 3.0
or less, 5 wwsevdl denot esndde- fotming odtendd (Hessld tofe tdeegaodd  nedi um
based on the total mass of the cyan ink and Bl denotes the total content
(mass% of theageoyinmPdinimqueous 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-insoluble coloring material
10 in the aqueous ink unstable upon contact with the
aqueous 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 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
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

sol vent which shows the maxi nrum Ka 10 val ue anong the respective Ka val ues
of the plurality of water-soluble organic solvents as determ ned by the
Bristow nmethod is the poor nmedium A magenta ink according to the present
invention is a magenta ink used in an ighk set having four kinds of 15
aqueous inks consisting of a cyan ink, a nmagenta 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 solvents having
a good nedi um or good nedi uns for the water-insoluble 20 coloring materi al

and a poor ne%hgﬁbp@@bﬂnﬁgdi fqr % miRtieisl B9 Whlke coloring materia

characterized in that; the ratio /A2 is fromO0.5 or nore to 3.0 or Iess

where A2 denoh%%éyﬂidggﬂﬁbﬂé”BdTﬂfl ?a%%%kIQTlth%h%Q%@te%Q Z%edijym based on
the total nmass of the magenta ink and B2 denotes the total content (mass%

of the poor madig#n based on the total nmass of the magenta ink, and a 7
wat er - sol ubl e organi ¢ sol vent whi ch shows the naxi nrum Ka val ue anong t he

respective Ka val ueshef rbite piRYyAl ity Bfom VBIRIcSAldHR] & Organic sdlskgnts as
determ ned by the Bristow nethod is the poor nedium 5 A yellow ink

accordi ng 0 Ay esefbnbi¥enthentbsalacyftbAw iMksysedoEntna gokdset
having four kinds of aqueous inks consisting of a cyan ink, a nagenta ink,

a yellow i nk mant wn Haadd i01K e WHte eadds 91K teRMRFa$eS nk and B,
denotes the total content (mass%) of the poor medium
based on the total mass of the cyan ink, and a
water-soluble organic solvent which shows the maximum Ka

10 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 magenta ink according to the present invention
is a magenta ink used in an ink set having four kinds of

15 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 solvents having a
good medium or good mediums for the water-insoluble

20 coloring material and a poor medium poor mediums for the
water-insoluble coloring material, characterized in
that;

the ratio B,/A, is from 0.5 or more to 3.0 or less,
where A, denotes the total conteht (mass%) of the good

25 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 a



at least water, a water-insoluble coloring material, and 10 a plurality of
wat er - sol ubl e organi ¢ sol vents having a good nedi um or good nediuns for the
wat er-insoluble coloring material and a poor nedium or poor nedi uns for

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

content (mass% of the good nedium based on the total nmass 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 watar-solutile H@IIC ssalnvet srasrierRyy el adikim Bd st ow
met hod is the poor medium A black ink according to the present invention is

25 a bl ack ink;aused dubraf tHEK Sefpdravivey Ko Wa KidW S Oft heaGUeAUS ithKSf
consisting of a cyan ink, a magenta ink, a yellowink and a black ink in

whi ch each i nkyrprdseH & RlgdreastsoNbaiedits a valiernis@ldipye e oring
material, and a plurality of water-soluble organic solvents having a good

medi um or good e dendtod hies waieeroddisaldddlgn. col oring material and a poor
medi um or poor nediuns for 5 the water-insoluble coloring materi al,

characteriged in thatyelilhe riatki @ B&rM nigs tf AN fre@lenriavieatd.dh drs | ess,
where A4 denotes the total content (mass% of the good medium based on the
total nass of 4 helhlackiilkissw B4 an ink set having four kinds of
aqueous 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
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 Bs3/A; is from 0.5 or more to 3.0 or less,
where Aj 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 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.
A black ink according to the present invention is
25 a black ink used in an ink set having four kinds of
agqueous 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 num 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 medium Such an ink set according t® 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
bl ack ink constituted as descri bed above. The ink set according to the

present inventd®Ondsst alfechad agd s t-ziatkdudiel e usechd Mated Ege-draf M ng
met hod having the step of applying an aqueous ink 25 constituting the ink

set to a recorgligmrediumendvdher-sé b0 MY NEA Faaed i ddgu d
capabl e of making the state of dissolution or dispersion of the 9

wat er - i nsol ubl go&®|mgd Ngn et efddd hed 16 atpieaite Wik e tisiadillgupon cont act
with the agueous ink to the recording nmedium An imge-form ng nethod

according to theldprasematdridled on pSormddiage-dorgbd neeiihes wixeh forns
an image conposed of an image forned by the black ink and an inmage forned
by the col ér itike Wi todr atres@djilsbentol@riepaiatadtier],, usiawhdteriddd siet
constituted as described above, characterized in that; 10 scanning for

appl ying the btlagk; ink to formthe

the ratio By/RA4 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 denotes the total content (mass%) of the poor medium
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-soluble organic solvents as determined by the

15 Bristow method is the poor medium.

Such an ink set according to the present invention
is characterized by having four kinds of aqueous inks
comprising of the cyan ink constituted 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 aqueous ink

25 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 the



i mge and thereafter scanning for applying at |east one-color color ink to
an area adjacent to that inmage are perfornmed to formthe inmage. According
to the present invention, an ink can be 15 provided which has a
sufficiently large area factor even in a snmall ink droplet quantity and can
obtain images having a high i nage densi%y, and further has a superior
storage stability. Also, according to another formof the working of the
present invention, an ink set can be 20 provided which has, in formng

i mages by the use of inks wth different colors, a sufficiently |arge area

factor even in a small ink droplet quantity in all the inks wth different
col ors, can ahsrcbtiaigvliumgesdiading aatirglali nagehdensjusnusandkcan furt her
relieve the 25 difference in density between colors and be well bal anced

bet ween col or sunsStdle alsin @Ewoerat ng tho thaneicherodsorimloftd lhewor ki ng of t he
present invention, an 10 ink set can be provided which has a sufficiently
| arge area fastasrdiwren mediamsal | i nk droplet quantity, can also obtain
i mges having a high inmage density, and can further obtain i mages which are
wel | bal anced bet weem 5 neajeotfsyrriyiqusientdpadn atdoe riddimrgl itepuitthes ysesrntthe i nk
set constituted as described above. Further, according to another form of
t he worki n§ ofinventpraserd dmviemtdeorfomming megerddomiiingy netdred agan be
provi ded which can effectively keep color mxture (bleed) fromoccurring at
10 boundary argesyofcomspead | ve-aol oraderagesnathdre 0w drladkegdes and whi ch
areas having colors different from one
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 to 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 droplet 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 colors and be well

balanced between colors. Still also, according to

another form of the working of the present invention, an



anot her stand adjacent are recorded on plain paper. BRI EF DESCRI PTI ON OF
THE DRAWNGS 15 Fig. 1 is a schenmatic sectional side elevation show ng an
exanple 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 1® schematic sectional side elevation
showi ng how the ink-jet recording apparatus 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 fleadt Hag pé igAHSIIRE ehidth el &3t ithe@anstiayed on  of a
recording head. Fig. 8 illustrates an exanple of the construction 5 of a

recording heatirdd Faddd |y atres amLexanple afodike epRsitriusti oan of a
recordi ng head. Figs 10A, |1 0B, 10C and 10D are views for diagramuatically

illustrating howandik drieRlels adiiey alGiagueaisyd derfi the giesent
i nvention becones when it has inpacted on the surface of a recording nedium
Fig. 10A showsiwrt hptdik dreRled watiands ket idaliamaet Sethegn | OB, how

it is imediately after it has inpacted; Fig.

5 colors, by using in the two-liquid system the ink set
constituted as described above. Further, according to
another form of the working of the present invention, an
image~forming method can be provided which can
effectively keep color mixture (bleed) from occurring at

10 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.

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 elevation
showing how the ink-jet recording apparatus shown in Fig.
1 is replenished with a reaction liquid.
Fig. 4 illustrates an example of the construction
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 fornmed; and Fig. 10C, how a dot 15 having been
formed is. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention is
described below in 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 fldr their definition are described
| ater. Wthout regard to how to disperse the 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 nedium and
one giving badhf d speI®idmetakid.ity, the poor nedium A characteristic
feature of the aqgueous ink according to the present invention is that,
taking note 5 of watier.- Solidihetengasi ansekeaptle bd hée noospenatedn N an
aqueous ink together with a water-insoluble coloring material,
wat er - sol ubl e @ff gane-caal irenttseddavi ng the function to make the
wat er -i nsol ubl e coloring material dissolved or dispersed are grouped into
one showi ng 10 behaVigr. &s itlHesdharespaor exedipim odr thiee conaten<itisal ubl e
coloring material and one showi ng behavior as the above good nedium for the
sanme, and bhe off & irradfrdirg gemd.mediumto the good nmediumin the agueous
ink (B/A value) is so controlled as to be within 15 a specific range, to
desi gn the aqueous ifiki. A dd,lustrates an example of the construction

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 1t has

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

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

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

10C, how a dot is 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 organic 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 manner, a water-soluble organic 20

sol vent which shows the maxi rum Ka val ue (how to nmeasure is described
later) anobng the respective Ka val ues ofl4the plurality of water-soluble
organi c solvents as determned by the Bristow nethod 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 | i nk dropletdefiamd tas drite carodbedinum neges ormgingireg hagh i mage
density when printed on a recording nedium in particular, plain paper, and
further has a dbstpersiorn stiorlagkl by abihe tpeornt tmdvhisial so been found that 5 the
use of such an aqueous ink brings marked effects such that printing speed
can be made hi gher, & edorithaier gipar diasdwen dfe thedegmmectinkcost reducti on
inclusive of that for consunmer goods can be achieved, and noreover inages
formed can enjaycardiuperiortiie xapesenty wrcerbon Ol acHiave kinhirgies i mage
density, enabling formation of high-grade images. [Mechani sm of |nage

For mat i on] SHeref ‘Waiee Freedbiy ken @Ff I3 egeSTbrerts drP ive thcopnasdifd ifdvent i on
is described by giving an exanple. 15 Were the aqueous ink according to the

present i nvent?BrRAReoapplitiedtoFt oher rekldt o ritp et v o3 U ardalan i@y on

material, water-soluble organic solvents having the
function to make the water-insoluble coloring material
dissolved or dispersed are grouped into one showing

10 behavior as the above poor medium for the
water-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 aqueous ink. Also,
another characteristic feature of the aqueous ink
according to the present invention is that, besides
making the water-soluble organic solvents constituted in
the above specific manner, a water-soluble organic

20 solvent which shows the maximum Ka value (how to 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 imagel3s printed thereon, the ink

i npacts on the recording nedium fromthe nonent of 25 which the ratio of i)
the water in the ink, ii) the good medium and poor nediumfor the

wat er-i nsol uble coloring nmaterial and iii) the water-insoluble coloring
material 14 conmes to change. Mre specifically, as showm in Figs. 10B and

10C, after theid nk siadpl einkl 3¥bdias iqeaddiad taad tdae swtfadce iofaddie
recordi ng medi um 1300, the ink becone fixed to the recording nedium As it

becones fixed,hdring st ,hiwh hremgpataatd iy efhdrheniatterd on poatedmadiivg 1307
having a high Ka val ue anong the water-sol uble organic solvents in the ink
di ffuses in anddisely iry=diiraular, Ehape papdihe andcifninttheaf Hdse a ecor di ng
medi um surface as conpared with a good nedi um having a | ow Ka val ue, and
10 an ink dot sugmesidio die fayared,akais] isoy codsi Hesedlsbi heenlfiBuhd tBBtare
diagrammatic illustration of how the ink beconmes until it has come fixed
after it has thpacdedOrudie surdqaeeows ire hrdoeysdimag keediafek3G0. To t ake
note of how the ink dot extends in this case, it 15 is considered that the
concent rati on sfch hehqgoagrr iredingm s fessd nemn g herdeath igheout erequerdiphliery 1302
of the dot at the part of contact of ink with paper, than that at a
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 Image Formation]
Here, the mechanism of image formation in the
present invention 1s 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 be 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 is 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-insoluble coloring

material and i1ii) the water-insoluble coloring material



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-circul ar
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 I spersion of the water-insoluble
coloring material 25 becones abruptly unstable to cause floccul ation or
di spersion break of the water-insoluble coloring mterial. 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 ubl@med ard ncharageer | Morel3pécistiand 19n tbeshsunf aaeFafst. he
recordi ng medi um 1300, so that it comes 5 as if a bank of the
wat er - i nsol ubl ®Edrmat | G et fereml thehasm berroglortme3 Gl Hadre impeerteetiges porti on
of the dot. In this way, the dot of the water-insoluble coloring material
is formed i n ahe rrdiaacular Sapescanting Mddisum st3Hi(e bdconesk foemand o t he
recordi ng medi um surface, as 10 so considered (see Fig. 10C). At this point
of tinme, the firemhtiontlod tdmombinomfmadiemat &s- iins deabmescdiaedng nateri al
is conpleted, but the water-soluble organic solvents and water 1306 in the
ink come to& extiamk, rveiditalégapdrdtelai fdfudieg Walrdthera pidmat niesjiw sl3®Gf ter 15
the dot formation of the water-insoluble coloring material has been
conpl et ed, théhawiny -adiuph Karghic amsvlydites vtk wed@Elud30eigantie i nk
come to diffuse in the vicinity of the recording nedi um surface.

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 to 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 1is considered that the concentration of the poor medium
becomes higher at an outer 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 result, 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 Dbecomes abruptly unstable to cause flocculation or
dispersion break of the water-insoluble coloring

material. Here, the ink dot diffuses while forming its



Subsequently thereto, because of evaporation and 20 perneati on of the

wat er - sol ubl e organic solvents at the central part 1303 rich in the good
medium the water-insoluble coloring material beconmes deposited at this
part as well, so that a dot 1305 is fornmed (see Fig. 10D). The inmage forned
t hrough the process as described 25 abovies can have a sufficiently |arge area
factor even in a small ink droplet quantity, can have a high imge 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 mnmediumused in the present 5

i nvention are <eddded ddhNELAS HF e IHADH e 10l HRRRIIH L TR dnie

wat er -i nsol ubl e coloring material can ™ suitably be maintained,” i.e., by the

rel ationshi p Whraddre et eri-d nsiagipibl euepliar i d@tda! t¥Hatd tHesper si ng
agent therefor. Accordingly, where the good nmedi umand 10 the poor nedi um

are sel ected iynt¥epaddihdne @IueoUsy ndtedeaor dijtg t atfis prese
invention, it is preferable to observe how much the state of dispersion of

the water-insglpfde ot AHNG BRI mesBidind SLX@bl tanrd iseletted hem on
the basis of the result obtai ned. Then, 15 under the relation to the effect

of the presentasiiwentiak dhechHy esaidr4imMenhgls vle made neald@usl st udi es
on the standards of judgnment of the good nmedium and poor nediumthat bring

thehe:‘jf ect of Hdwe Hyasefdrmddventiton. ot ideepdrdtidheyr hawe daund that a
e ne 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 so considered (see Fig. 10C). At this point of time,
the formation of the dot of the water-insoluble 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 coloring
material has been completed, the water-soluble organic
solvents and water 1306 in the ink come to diffuse in
the vicinit? 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-insoluble 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 quantity, 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
contai 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, th& dispersion solution thus
prepared is stored at 60C for 48 hours, where one in 17 which the average
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

contai ning 5 massowfcdde water-insoluble coloring material and 95 nmass% of
water is defined as the poor nedium and one in which the average particle

size of the water-ingpluhle melarigig SRRIJRMII dhendisRer Meen uggl ution
has remai ned the same or has cone 10 smaller, as the good nedium Stated

nore specifically, wigidertid dAipdl meadtenrisl WY ewerganisbosel, veme t o be
used stands a good nediumor stands a poor nediumfor a certain _

wat er - i nsol ubl @6@! REd Nen Nt @pdr ised Ud@abdd ThecHS drddawi ng way. First,
two types of dispersion solutions, dispersion solution A of the certain
wat er - i nsolbubl £nveot Do Ngréredeatiddd angd wiadtete tliepeisi ahsdtdticonB of the

certain water-insoluble coloring material are prepared which each contain
t he wat er - sol ui] €por g Co ot ventator-iXsdru Lelgesiioring 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 aqueous
ink according to the present invention, it is preferable
to observe how much the state of 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 coloring material is prepared which
contains 50 mass% of each water-soluble organic solvent
to be judged and 45 mass% of water and also 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 tlo/ di spersion of the sane are in a 18
concentration in total anmount, of 5 mass% 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 SUbSF an%i&prﬂﬂé Rittd igyd GHHSRENS i Ay Ofo ft %é%e&?ﬁd%l@ble
concentration in total anmpbunt, of 5 nass% and the water is in a

concentration @1 95 iRsedee ik INedt , t Hhed iadymes iirS RRYISItObs Hal idiieA iS
stored at 60C for 48 hours, and thereafter cooled to ordinary tenperature,

and the aver agea pgst ith#h sitze Ofeddie pwtterclidsoladler aloring material in
the resultant Dispersion solution Ais nmeasured with a fiber-optics 15

particl e anal yzetfeftimstel wisinee: cFARARIP O t avainf act W echtdyy Aspekssion
El ectronics Co., Ltd.). Also, the above Water dispersion solution B is not
stored wth hesdilwgion ncdiieairsirad & afasdt oI tthe avaraage mslutkelee size of the
wat er -i nsol ubl e coloring material is neasured with a 20 fiber-optics
particl e anal yzefrorimd hentsaures meambro asnd st b owec e rThien, dd fimadalases of
average particle size of the

the poor medium, and one in which the average particle

size of the water-insoluble 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
medium 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-insoluble
coloring material and water dispersion solution B of the
certain water-insoluble 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 solution having a composition 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 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 nedium and the poor

medium 19 - Poor nedium Were the partcle size (A) is larger than the
particle size (B), the water-sol uble organic 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
smal ler than the particle diameter (B), the water-soluble organic solvent
to be judged isonsdntetst Bsn ihe-goold amgdintn dBiNgudde gootl tredivwemeand poor
medi um havi ng been 10 judged in this way, the ink constituted according to
the present iiwen i @nchasemhesat psrepaf etb ssdhe result, it has been able
to make sure that the good results as stated previously are obtained. [Ka
Val ue of Wat erWstodwibd esggaive Solwent] BI1RA lvatdre diaserdidomwsesitutonn
besi des maki ng the water-soluble organic solvents constituted in the above
speci fi c mannetavianged eromnsod st voror ganici dol vien twstem ingso Tliel eraxi num Ka
val ue anong the respective Ka values of the plurality of water-soluble
organi ¢ solbventeslasiey meteraheds byn tdecBrdcesttova ethodor sttidhe poor nedi um
In such a case, the nmechanism of inage formation as described above can be
brought out. water-insoluble coloring material and a substance
contributing to dispersion of the same are in a
concentration 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
n2, the perneation quantity V (nmbn2 = nmd9of the ink into the recording
medium after a |lapse of a stated tine t after ink droplets have been
ejected is represented by the follow ng Bristow s 5 equation Expression (1).
Expression (1) V= Vr + Ka (t - tw) 112. The ink imediately after it has
been applied to a recording nediumis alnost all absorbed in the recording

10 nedi um at unepesr paedions WﬁetéStﬁ@r%é@%ﬁéI@U@bﬂésﬁApoiéipﬁﬁg@f t he
recordi ng nmedi um surface), and stands ittle perneated into the interior

(in the depth tHaneehéoparoiclbesieeo(B)j notiediarer THel ibe dogambéch this
takes place is the contact tinme (tw); and the 15 quantity of the ink

absorbed at theotoshactotbaejudgédeisr@editeddasethanmaedr ihsdimeyen portions
is Vr. Then, the ink comes beyond the contact tine after it has been
applied to the-recoddinagiordi Wnerehehe phetickeisizpermpaiededinsd the
interior (in the depth direction) of 20 the recording mediumin its quantity
proportiond tohéhpartiokehdvamgteoneBpeyonthé heacointbetdiameter. @A) to the
1/2 power of (t - tw), so that the perneation quantity V increases. The Ka
is a coefficiehasotopeopmaiiien bhathehe 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 judged in this way, the ink constituted according to the
present invention has been prepared. As the result, it
has been able to make sure that the good results as
stated previously are obtained.

[Ka Value of Water-soluble 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
pernmeation. Incidentally, the Ka value nay be neasured with an instrunent
for testing dynamic perneability of liquid by the Bristow 21 nethod (e.g.,
Dynam c Perneability Tester S, trade name; nanufactured by Toyo Seik

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

copyi ng machi nes or page printers (laser beamprinters)

maki ng use of an

el ectrophot ographi c systemand for printers nmaking use of an ink-jet
recordi ng systgmtand 10 PR Waney Wech ing, paper pkemnegepyhnguaBehipes
maki ng use of ‘an el ectrophot ographic system. Al so, as measurenent

environment, ap gayijroneRy bR WAk paf fhees t8e Lbeoklkfy nehing 9.

tenperature 20C

25C and humdity 40%to 60%is estimated. 15 [ Col or

Bal ance] The afifteotiSa | THOHAC O di N dted heiny esemtdmvieri iduopl sMemake
aqueous ink is fixed to a recording nedium in particular, plain paper,
shows behavi orbelid fej@rted riom rdgeds @it @drivetieontd 1 laguaap B iksow '@ account
of this 20 behavior, the ink can have a sufficiently large area factor even
in a small 5 nkeguapl @ Tp@rdddyorandlican achi eve formati on of images having
a high imge density, and the effect of keeping the bleed from occurring

that may occuExphesmsiamgel) i n which areas having col ors

V =V, + Ka(t - t,)2.

The ink immediately after it has been applied to a

recording medium is almost all absorbed in the recording

10 medium at uneven portions of its surface (roughness

portions of the recording medium surface),

and stands

little permeated into the interior (in the depth

direction) of the recording medium. The time for which

this takes place is the contact time (ty);

and the

15

20

25

quantity of the ink absorbed at the contact time in the
recording medium at its uneven portions is Vy. Then,
the ink comes 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
the recording medium in its quantity proportional to the
time having come beyond the contact time, i.e., to the
1/2 power of (t - ty), so that the‘permeation quantity V
increases. The Ka is a coefficient of proportion of the
portion of this increase, and takes a value
corresponding to the réte 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 inages 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
conditions, i.e., the ratio (B/A) of thepoor nediumto 5 good nedi um for
the water-insoluble coloring material in the ink and the condition that a
wat er - sol ubl e organic sol vent show ng the maxi num 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 be inages as shown bel ow.

For exanple, ifedfigcandd ! onendrfc IHERAUSOUS ) M A& Ot tldd Ipk even in

respect of only one color when images are formed using a plurality of

aqueous i nks, pdRgesctyed NOYITAR Ysdisi fRrinRoMEI] MRke, jan i npression that
they | ook partly 15 gl oony because only that one color has a | ower inmage

density than the ot hg{cicmis.1y,N tHe K esaie 11V eMd PreseitCh a phenonmenon
is called the one that provides inmages having poor color bal ance. Al so,

wher e inages hayddgk i SECaNEEYr&D 9y e Hiordldy Usdtb@n afueaus ik 20
satisfying the conditions for the aqueous ink of the present invention and

an aqueous 5 Nkpewiusad 193 yhditad e r &t idPngedQim tie ggluﬁquspai;fd@ of the
present invention, the aqueous ink satisfying the conditions for the

aqueous ink of (& he. presesipényenta OIaisl svafrsonh al KON tNC 25 s driidyg nat eri al
in the vicinity of the surface of the
copying 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 BRalance]

The aqueous 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 aqueous inks. On account of this

20 Dbehavior, the ink can have a sufficiently large area
factor even in a small ink droplet guantity 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 one 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 mediumwhere the coloring material is

present changes depending on the order of application of each ink to be
applied to the recording nedium and 5 H&hce col ors can not be presented
which are always identical. In the present invention, such a phenonenon is
al so called the one that provides imges havi ng poor col or 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

like that showrid et are Foed WM G Wi1RWRAIRY, 3F HRplRfhabove, the
present inventors have forned i mages using a plurality of “‘aqueous inks al

the aqueous i nkskOf Mhdes hame nkp £ Wdid |ehdhie above condidi@nsar &, the

ratio (B/A) of the poor nediumto good nediumfor the water-insoluble

col oring mat erp@dvided Mhaflugous Hke uebdhe mendidlifan 1 tat sbowvat er-sol ubl e
organi ¢ sol vent showi ng the maxi num Ka val ue anong the respective Ka val ues

of the pluralidon@l: Mnyyatiere SOt e ariganiEy/ S0l ighdhenddaim redi um
Then, a nonitor test has been conducted on the col or balance of inmages

formed. Asst hegd®sulddidmerod Wid ldamnt-iofsdihg labava ovand tians ikds irade it
able to obtain a result that the col or bal ance of inmages is 25 certainly be

i nproved. IJOWEM% ,irsiorenexand neesd el el thtedianidr tstufly tdeyaripr ovenent
5 e e solvent showing the maximum Ka value is the poor medium.
Incidentally, images having good color balance or
images having poor color balance are specifically meant
10 to be images as shown below. For example, if the
conditions for the aqueous ink are not fulfilled even in
respect of only one color when images are formed using a
plurality of aqueous inks, images may inevitably be
formed which make an impression that they look partly
15 gloomy 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. Also, where images having
secondary color are formed using an aqueous ink
20 satisfying the conditions for the aqueous 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 image density is visually sZnsed 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 inmages
obtained wusing a yellow ink than that of images obtained using inks having

ot her hues. Myguéspesi fneabf ythé hevedwve iriscomst edHdatod e grbome probl em
can be sol ved en, in all aqueous inks used when inages are fornmed using a

15 plurality ofh&Qteessd i Smednen oashid itans ddpdr ihe matd®ia B/A) of the
poor nediumto good nediumfor the water-insoluble coloring material in the

aqueous ink ispragdit ncleaspesi dégei@ge @mndied SO e e ©raSel H tei i gafhi ¢
sol vent show ng the maxi nrum Ka val ue anong the 20 respective Ka val ues of
the plurality edchwedek -Sol kbl @op Diganis tSod viesdSrdisngated amedarhy t he
Bristow nmethod is the poor mediumare fulfilled, and, at the sane tine, in
any aqueous i nkegofstdIats Ngah heot rike Sete odritesd tdtaicit here yeldaps | nk, when
the foll ow ng expression (V) is 25 satisfied, where A denotes the total
content (mass%Wdeitigobd mMedithm passdndn inventdioal, mash ef pheeacagueous i nk
and B denotes the total content (mass% of poor nedi um
is also called the one that provides images having poor
color balance. Incidentally, this phenomenon comes
about remarkably when a plurality of inks are applied to
10 a recording medium by the use of a recording head like
that 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 aqueous inks of which have
15 fulfilled the above conditions, i.e., the ratio (B/A) of
the poor medium to good medium for the water-insoluble
coloring material in the aqueous ink and the condition
that a water-soluble organic solvent showing the maximum
Ka value among the respective Ka values of the plurality
20 of water-soluble organic solvents is the poor medium.
Then, a monitor test has been conducted on the color
balance of images formed. 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
content (mass% of good nedi um based on the total mass of the yellow ink
and B3 denotes the total content (masso) of poor medi um based on the total
5 mass of the yellow ink. (B3/A3) / (B/A) > 1 (V) Incidentally, imges have
been fornmed using the ink set having fu4illed the above conditions, and
the sanme nonitor test as the above has been 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 inmages are forned using i) an 15 aqueous

i nk cont ai ni Nge@l JRLES T SOl bl BnL@d OF i1 gradLirialimathddys ddteaction
| i qui d capabl e of making the state of dispersion of the coloring nmaterial

in the aqueoustidiked PR acdk Wd mdthe Srueous: idhar{deneidafderor
“two-liquid systent). 20 Such a conventional two-liquid systemis intended

to obtain i magescivi¢dler hi @y ithegecdensi,t ¥ thyalseavirigda ougok@ricng nmat eri al
at the recording mediumsurface layer portion in a |arger quantity. Hence,

an aqueous i nkimdges obteatiedmndimyisl psel oW oughthd vd s aitgcta wi th each 25
other imedi ately before, or at the sane tine, the aqueous ink and the

reaction | isquildlr gleteppd i €eht ol heome ecasal ngharedi 1B gd ey etis t he
reaction. As the 26

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 color 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 aqueous 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
yellow ink, when the following expression (V) is

25 satisfied, where A denotes the total confent (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 l|arge area factor even in2 small ink droplet quantity and
al so i mages having a high image density can 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 medi um and thereafter the aqueous ink is applied. This nmakes the

reactive comone &f e vagal hRd iduithdIRidyesatk,atardl 15 little
interior place fromthe surface portion of the recording nedium than at

the surface poididitPftHdiaotrBCc U G te@Hay8s ) ThE aRPYRdifi Haddre present
invention is applied to the recording nediumstanding in this way,

wher eupon t he gherurenaih s hy id¥ RiHes .yehQvd 0. rd0 SHIC H,akesopkacenbef ore the
reaction of the water-insoluble coloring material with the reactive

conponent t akesotd Aceuntidier egidys) tde geymindgumibase £ ArPrHg twiLri al
havi ng perneated in the depth direction causes reaction rapidly with the

reactive 25 CQﬂQQ@QﬂEtﬁﬁ@%@ﬂldﬁ]fhﬂﬁfge quantity in the recording nedium
surface portion at its position having cone down in the depth direction a

little. Hence, whileB;he;)nks2y) has a sufficiently (varge area factor at the
surface
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 i) an

15 aqueous ink containing a water-insoluble coloring
material and ii) a reaction liquid capable of making the
state of dispersion of the coloring material in the
aqueous ink 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
coloring material at the recording medium surface layer
portion in a larger quantity. Hence, an aqueous 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 recordi ng nedi um

i mges having a 5 high inmage density can be obtai ned, as so presunmed. On the
other hand, it has turned out that, if an aqueous ink not falling under the
present invention is applied to a recorZing nedium it is very difficult to
formflocculates of the coloring material at the desired 10 positions,

unl ess the rate of perneation 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

bl eed- prevent ixneser,f maES thids Mt d I8WeIne AT dHRIGS yhavdnzg @ hi gh i mage
density may be unobtai nable. [Aqueous Ink] In the aqueous ink according to
the present idniitdeding ttHes wsise icd ithatdddpa ewat.er - sol ubl e 20 organic
solvents in ink conponents are constituted as described above, in relation

to the water-insol ubloeveal, 0N NTRIRS iptlese@ tba nvead idmyceple bofueblis the ink
may be constituted as in conventional inks. Respective conponents
constituting tihe asueois dridsait therdteisent LS gplvent iten Ane destnigbed

bel ow. - Aqueous Medium The aqueous nedi um constituting the aqueous ink 28
accordi ng 60 thhedjpireseited MteNti-t Sordasicriikethaieien Theaagueouharedi umi s

a m xed solvent of water and the
recording medium, where the ink can have a sufficiently
large area factor even in a small ink droplet quantity
and also images having a high image density can be
obtained. The reason therefor is unclear, and the
10 present inventors presume it as stated below.

A time lag is provided while the reaction liquid
is applied to the recording medium and thereafter the
aqueous 1ink is applied. This makes the reactive
component of the reaction liquid more present at a

15 1little 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 component 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 s&fected and appropriately m xed that
at least the 10 good nedi um and the poor nedium may m xedly be present and
al so the content of each water-soluble organic solvent nay cone within the
range specified in the present invention and that a water-sol uble organic
sol vent whi ch shows the maxi mum Ka val ue anong the 15 respective Ka val ues

of the pluralifysof ¥afeicsolib) elarfdat€a SPd Vst satascdetQimisesd by the
Bristow method nmay be the poor nedium to prepare the ink. It is also

required in theopfeSendt i tientd obrd ey @i @ontemd Ofasrhlen wed ethesol ubl e
organic solvents is so controlled that, 20 the ratio BFAis fromO0.5 or nore

to 3.0 or |esscoWhelgy riatkeniod esid heepot £t o ot £ Nbe knstsOn ofn titee good
medi um based on the total mass of the aqueous ink and B denotes the total

content (nass%epththerdootomesi urhdaseth odind heedoim] iMsgeOfhdiEenqoqueous

i nk. 25 The water-sol ubl e organic solvents may specifically include, e.g.,
al kyl al coltol shhahi hgade t dedsicarbom lod osist Siicdd Asased hyibred wodd] , et hyl

al cohol, 29 n-propyl alcohol, isopropyl alcohol, n-butyl alcohol,

sec-butyl al cohol amnoh tttd -dtiliendt redmebhalt, teas desrrsatclows thdiuyetinylfror mani de

and di net hyl acet am de; ket ones or
aqueous ink not falling under the present invention 1is
applied 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
medium are elaborately balanced 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 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-soluble
20 organic solvents in ink components are constituted as
described above, in relation to 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 aqueous medium constituting the aqueous ink



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

t et rahydr of uran and di oxane; pol yal kyl ene glycols such as pol yet hyl ene

gl ycol and pol ypropyl ene glycol; alkylene glycols whose al kyl ene groups
have 2 to 6 carbon atons, such as ethylene glycol, propylene glycol,

butyl ene glycol, triethylene glycol, 10 28 2, 6- hexanetriol, thiodiglycol,
hexyl ene glycol and diethylene glycol; |ower 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

mononet hyl ( or A&y in e therinand Mgt il oyt old dane.r s pyreal | done, - and

1, 3-di met hyl - 2-1 m dazol i di none.” Al so as the water, deionized water may

preferably be tged, qldbigs REcd 81 eds m&&&@olﬁeﬁﬂ‘%ﬂorm driyed on, 20
it is preferable that at | east the good medi um and the poor nedlun1are

m xedly presenga - &6 Buste S&*?@rﬁf@ ddBientss Watgr thel g eaigani ¢ sol vent
whi ch shows the maxi num Ka val ue may be the poor nedium and further, the

ratio B/Ais {femdidn orei®reatorlsdgsld Qﬁﬁ;ar@ﬂd dWreerdds i erably the
value of B/Ais from0.6 or nore to 1.0 | ess, where A denotes the total

cont ent (n&ﬁs%ﬁl§ﬁlnéﬁﬁ%mﬁkaéﬁﬁBlﬁﬂéﬁﬁ%ﬂiiﬁtéfﬁhé(ﬁéﬂdfﬁé&h&ﬁ difte wopieous
30 ink and B denotes the total content (mass% of the poor nedium based on

the total nmassp@br thed AGHEOEST | ke WACEOF-di b T et @1 &6k 154 ugkitesrde by the
pr esent |nventors where the good nedi um contained in an aqueous

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

10 good medium and the poor medium may mixedly be present
and also the content of each water-soluble organic
solvent may come within the range specified in the
present invention and that a water-soluble organic
solvent 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 denotes
the total content (mass%) of the poor medium based on
the total mass of the aqueous ink.

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

carbon atoms such as methyl alcohol, ethyl alcohol,



5ink is in a large content, the aqueous ink can have a superior storage

stability. However,
it isdifficult to

especially where the recording nediumis plain paper,
achieve a high inmage density. Al so, where on the

contrary the good medi um contained in an aqueous ink is 10 in a snal

content,

t he aqueous ink, though capabl &%f achieving a high i mge density,

may have an insufficient storage stability. To cope with this, the ratio of

t he poor

medi umto

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 d
solvent to be incorporated in the ink, 'the value of the 20 Ka val ue
determ ned by ddwe-i3rd st W dBRid10GndMHeGtt bntdy ]l RIPWA ;T epfieeentsurd the

ink into recording nediuns, is controlled. This enables
achi everrent ofdiner18f I Rfimdntiale el idiknetary lhaea atni Yf fdeticerlsl il arge area

penetrability of

f act or
can be

eFHidA

ARHAYS i odrdbpiaciadidet 2ac h-waten- $Qldabloa ,or gani ¢

even in a small ink 25 droplet quantity and al so a high i mage density
mat er ilad i ZEh ol £ hsutas eervdtial eidd dAcdieavad rlidadolpast . 31

Descri bed here is the relationship between the ratio B/ A of the poor nedi um
to the good megihbnd nswtie aaquats idro fantr kd atiioxaBleA @oltld kydemearedi um

to the

set.

good nediumin a different-col or aqueous ink 5 constituting an ink

I nci dent adlycolthesB A dh @olyethylene glycol and polypropylene

10

15

20

25

glycol; alkylene glycols whose alkylene groups have 2 to
6 carbon atoms, such as ethylene glycol, propylene
glycol, butylene glycol, triethylene glycol,

1,2, 6-hexanetriol, thiodiglycol, hexylene glycol and
diethylene glycol; lower alkyl ether acetates such as
polyethylene glycol monomethyl ether acetate; glycerol;
lower alkyl ethers of polyhydric alcohols, such as
ethylene glycol monomethyl (or -ethyl) ether, diethylene
glycol methyl (or ethyl) ether and triethylene glycol
monomethyl (or —-ethyl) ether; and N-methyl-2-pyrrolidone,
2-pyrrolidone, and 1,3-dimethyl-2-imidazolidinone. Also,
as the water, deionized water may preferably be used.

In a preferred embodiment of the present invention,
it is preferable that at least the good medium and the
poor medium are mixedly present and are so selected that
a water—soiuble 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
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 of the aqueous



cyan ink is represented by B1/Al, the BfAin 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 is preferable to satisfy the follow ng expressions.

10 - Cyan ink: 0.6 < (B1/Al)/(B/A) < 1.8 (I) - Mgenta ink: 0.6 <-

(B2/A2)/ (B/IA) < 1.8 (I1) - Yellowink: 3tb 0.6 <- (B3/A3)/(B/A) < 1.8 (II1)
- Black ink: 0.6 < (B4/A4)/(B/A) <1.8 (IV) Incidentally, the BIAin 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 jirfk a9@f iBSfdeddie d aRgQidit )i RIRSRECT (1Rfs VY FIUeRUHIIIK
constituting the ink set, other than the aqueous ink 25 concerned. In each

of the above exriessireied lon tthd t\Mtal ifadss drardhec Waidanprighier abl e t hat
the value 0.6 of the Ileftnost side nenber is 0.7. In each of the above 32

expressions (1) to @cWording $dPadtagulear lsy ugnefse makiee byt hak pheseakue 1.8
of the rightnost side nmenber is 1.5. Further, according to studies nade by

the present iinventterss, fWiepd hehe/ i @D i0in BYTE 4 MY OUM G ke ogisal ity
of recorded images to be formed, the Ka value in the aqueous ink may
pr ef er abl ysbe istk ciontinpld ddhrage tapriieent, the aqueous 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 aqueous ink is
10 in a small content, the aqueous ink, though capable of
achieving a high image density, may have an insufficient
storage 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 is controlled as described above. This enables
achievement of both the storage stability of the aqueous
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 quantity and also a high image density can be
materialized, which has been unable to achieve in the

past.



|l ess than 1.5 niLn2nsecl/2, and may nore preferably be so controlled as to
be fromO0.2 nLn2 nsec-1/2 or nore to less than 1.5 nLn2 nsec-112. That is,
the ink may 10 be so constituted that its Ka value is less than 1.5 nLnR
nsec-112, where the solid-liquid phase separation takes place at an early
stage in the course that the ink beconesl perneated into the recording
medium to enable formation of high-quality imges with nuch | 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 nmass% and nore

preferably in the rargerabed okl irpes¥ e 132 iFASHYp 2@thasedtor the total
mass of the ink. Also, the water in the aqueous ink may preferably be in a

content (mass%atIANYNG A re@ FJImeediiem > MRS Ydrsedddnnt e tefal mass
of the ink. In the aqueous ink according to the present 25 invention, a case

in which the taphadowdntntarddegssrafio Hy REOEHEHIGH Seditindt HERISH Or nore
based on the total nass of the ink is also nore preferred fromthe view 33

poi nt of achi eydd rhatiunt hey hi ghi fife@ge denrsidy ap@kdke irgt orage stability of
the ink. It is also preferable that the total content (mass% of the poor
medi un(s) bs cohsimmssrar estsk sd noneipeatenabl ytheomy/s aass%to 5 20
mass, based on the total mass of the ink. - Wter-insoluble Coloring
Material The ayadreriniinsiol wape exdrardd@ e, €01 Al t1oomBAA tid i aignagenta

ink by B;/A;, the B/A in a yellow ink by B3/A;3, and the

B/A in a black ink by B4/A;. Here, in each aqueous ink,

it is preferable to satisfy the following expressions.

10 - Cyan ink:

0.6 < (By/A;)/(B/A) < 1.8 (I)

Magenta ink:

0.6 £ (By/A;)/(B/A) < 1.8 (IT)
- Yellow ink:

15 0.6 < (Bs/A3)/(B/A) < 1.8 (IIT)
- Black ink:

0.6 < (By/Ry)/(B/A) < 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 aqueous 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



t he aqueous ink according to the present invention is described. As the
wat er -i nsol ubl e coloring material 10 constituting the aqueous ink according
to the present invention, any material may be used without regard to how
it is dispersed. In particular, it is especially preferable to use a

pi gment. The pignent may specifically b&32e.g., a pignent of what is called
a 15 resin dispersion type (a resin dispersion type pignent) or a pignent
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 pignent itself is inproved so as to be nade 20

di spersi bl e widhoutds dissh Of (BN GRAT,SING a0 ridlcdiRe 1y ide fe-dp1gment  of
what is called a self-dispersion type (a self-dispersion type pignent), in
whi ch hydrophidi£: tHOuRS [ravie, doean thet nadeetJthta dhenepicgirents parg.icle
surface portions, and further a nodified pignment in 25 which organi c groups

containing a hi gh pahyrelerst andoreher ¢al sy uenrdedae bye thicgpalsepar ti cl e
surfaces (a polyner-bonded sel f-di spersion type pignent). O course, 34

any of these pigreitsrdli ffementhd vildwpdmnesr aloradiiaRaiciiion rane be used in
conmbi nation. Incidentally, the water-insoluble coloring material in the

present i ngentddl itSy e ddrdieah imiyesd MALRY -fidvediblterec Horiangidratrer i al
such as the above resin dispersion type pignent, self-dispersion type

pi gnent or polyheradorsled st fmadl sheyRieb Iy e gt railad «8 spensed in
an aqueous nedium That is, needless

less than 1.5 mL-m?-msec™*/?

, and may more preferably be

so controlled 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 so constituted that its Ka value is less than 1.5

mL-m? -msec/?

, where the solid-liquid phase separation
takes 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 1nvention, 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



to say, the good nedium and poor nediumfor the 10 water-insol uble coloring
material in the present invention refer to the good nedi um and poor nedi um
for the resin dispersion type pignent, self-dispersion type pignent,

pol ymer - bonded sel f-di spersion type pignment or the like. The

wat er -i nsol ubl e coloring nmaterial usable3d5 in the present invention is
descri bed 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 from 1.0 mass%to 10.0 nass% . based on the total
mass of 20 the ink. (Pignent) There are no particular limtations on the

pi grent.  usablig,idt tde Aglieayind o@patidlingy! Audde Rissenty divend on, and

any of those as enunerated bel ow may be 25 used. As a plgnent used in bl ack

i nk, C?rbonlﬂéﬂé%dié é%éﬁfﬁfﬁ?’of“ﬁh&@ﬁh@” @kaﬁg H@Xobﬁr%§@gab§§
exenpllfled 35 by Turnace bl ack, lanmp black, acetylene b ack or channel

bl ack. Stated gpacidicaldial cammd el adnllayssag/)aldiatﬂ @&)usabl e
whi ch are exenplified by RAVEN 7000, RAVEN 5750, EN 5250 RAVEN 5000

ULTRA, RAVEN 3500, o RAVEN 2000; RAEMNMKR0G r FAVEN 112 50 orRAVEN sk20G, o RAVEN
1190 ULTRA-11, RAVEN 1170, and RAVEN 1255 (the foregoing are available from

Col unbi an @arbmﬁa?m pdBdedn tiAGENEARSS lor REEAL AOOR REGAL 330R,
REGAL 660R, ~MOGUL L, MONARCH 700, MONARCH 800, MONARCH 880, MONARCH

- 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 aqueous ink according to the present
invention, any material may be used without regard to
how it is dispersed. 1In particular, it is especially
preferable to use a pigment. The pigment may
specifically 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. Also 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 introduced 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,



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 FWL, COLOR BLACK FW2, COLOR BLACK FwW2V, COLOR BLACK FW8, COLOR
BLACK FW200, COLOR BLACK S150, COLOR BLACK 5160, COLOR 15 BLACK 5170,

PRI NTEX 35, PRINTEX U, PRINTEX V, PRINTE¢ 140U, 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
avai l able from M tsubishi Chemcals, Inc.). Al so usable is carbon bl ack

prepared specjall for r ver rvein the
éy Jt NG eéfgﬁﬁ PIEFUrd Irntéﬂ% ﬂé% %e of

present invention, exanp y no neans ese, and any

conventional | yy l% Qj@%é@)ﬁr@%&% Usad. oA so WI thout limtation
| ack magn

to the carbon b tic fine particles of nagnetlte ferrite or the

i ke and titani um bligel JERaA1S0 ROLISERAS BRiaEh SColkigment . i gment
particles used in inks other tHan the black ink may includevarious types

of organic pi giey; Pari oifs o RUEh N RFGAN & pléJrH’r{E RYHIRH ude e.9.. 5
i nsol ubl e azo pignents such as Tol uidine Red, Toluidine nmaroon, Hanza

Yel | ow, Benrzi djies YeldQyw @k %Hl@iﬂr@‘%nat@dlals@d@{ & AZY PR s such as
Lithol Red, Helio Bordeaux, Pignment Scarlet and Permanent Red 2B;

derlvatlves frﬁggiﬁﬂdfgﬁﬁasfgﬂﬂty5%éﬁlgﬁgﬂﬂ] ddndan e i), anghelhi oi ndi go
mar oon; pht hal ocyani ne 'type pignents such
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 coloring material in the present
invention refer to the good medium and poor medium for
the resin dispersion type pigment, self-dispersion type
pigment, polymer-bonded self-dispersion type pigment or
the like. The water-insoluble coloring material 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 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 ink.

(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 carbon black may be used, as exemplified



as Pht hal ocyani ne Bl ue and Pht hal ocyani ne G een; quinacridone 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 |soindolinone O ange; im dazolone type

pi gnents such as Benzi m dazol one Yel | ow§5 Benzi m dazol one Orange and
Benzi m dazol one Red; pyranthrone type pignents such as Pyranthrone Red and
Pyrant hrone Orange; and indigo type 20 pignents, condensation azo type

pi gnents, thioindigo type pignents, diketopyrrolopyrrole type pignents,

Fl avant hrone Yell ow, Acyl Am de Yellow, Quinophthalone Yellow N ckel Azo

Yel | ow, CopperpAzoimidide et Ol amPasiftane LQangenAB Ao Oatdhel
Di ant hr aqui nonyl Red, 25 and Di oxazi ne Violet. course, without limtation

to these, ot @Ia@}fgaﬂitﬁtlé!dg@@@t_ifm)élalﬁocbﬁﬁm@%@dalI:?eanég@@erpi gnent s
usable in the present 37 invention, when shown by Color Index (C.1.)

Nurmber, may imcddigless eak ,uddisld ot o Ngie Glempliignesd bXelfoveEN 2700108, 14,
17, 20, 24, 74, 83, 86, 93, 97, 109, 110, 117, 120, 125, 128, 137, 138,
147, 5 148, IROVENS]S5ASRAVEM, 566, HB&N I8N0 185 Rt RAVEN 3500 ,gnent
Orange 16, 36, 43, 51, 55, 59, 61, 71, etc.; C1. Pignent Red 9, 48, 49,
52, 53, 575 97RAVEN,200@3,RAVEN I%®), IRA/ENM 750, 7 RAVERD, 120, REEN 216, 217,

10 220, 223, 224, 226, 228, 238, 240, 251, 255, 272, etc.; C. 1. Pignent
Violet 19, 23,1290 BOIRBYIIABAWNY 1170, and RAVEN 1255 (the foregoing
are available from Columbian Carbon Japan Limited);
BLACK PEARLS 1, 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-72 (the foregoing are
available from Cabot Corp.); COLOR BLACK FW1l, COLOR
BLACK FWZ2, COLOR BLACK FW2V, COLOR BLACK FW18, COLOR
BLACK FW200, COLOR BLACK S150, COLOR BLACK S160, COLOR
15 BLACK S170, PRINTEX 35, PRINTEX U, PRINTEX V, PRINTEX
140U, PRINTEX 140V, SPECIAL BLACK 6, SPECIAL BLACK 5,
SPECIAL BLACK 4A, and SPECIAL BLACK 4 (the foregoing are
available from Degussa Corp.); and No.25, No.33, No.40,
No.47, No.52, No.900, No.2300, MCF-88, MA600, MA7, 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 alsc be used as a black



etc.; CI. Pignent Blue 15, 15:1, 15:3, 15:4, 15:6, 22, 60, 64, etc.; 15
Cl. Pigment Geen 7, 36, etc.; and C I. Pignment Brown 23, 25, 26, etc.
(Resin dispersion type pignment) As mentioned previously, a resin dispersion
type pignment meking use of a dispersing agent may be used as 20 the
wat er -i nsol ubl e coloring material usable3%n the aqueous ink according to the
present invention. In this case, a conpound such as a surfactant or a resin
di spersing agent is required which is used to disperse such hydrophobic
pi gnents as those enunerated above. 25 The surfactant may preferably be an
anionic surfactant or a nonionic surfactant. The anionic surfactant may
specifically ipmjnedet;;. e.g., fatty acid 38 salts, alkyl sulfuric ester
salts, alkyl benzene sulfonates, alkyl naphthal ene sul fonates, dialkyl
sul f osucci nat es, al ki queosphoritc dstseussal tisy imepletthalreidsal ftdwi ¢ aci d
formalin condensation products, 5 polyoxyethylene alkylsul furic ester salts,
and substi t utetaderivatnaesintludeses rikhes nogrpemial ougdract aitgment al so
specifically include, e.g., polyoxyethylene alkyl ethers, polyoxyethylene
al kyl phenyl piheislepol yoyoyetany lcaganfiat Py Jeendr siaysangilude, 16 -fatty
esters, polyoxyethﬁ¢ene sorbitan fatty esters, pol yoxyethyl ene al kyl am nes,
gl ycerol fattylesebille a%gabhyhentes oygt opy| el blivek Frsly a1 ichime
substituted
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 and Thioindigo maroon; phthalocyanine type pigments such
as Phthalocyanine Blue and Phthalocyanine Green;
quinacridone type pigments such as Quinacridone Red and
Quinacridone Magenta; perylene type pigments such as
Perylene Red and Perylene Scarlet; isoindolinone type
15 pigments such as Isoindolinone Yellow and Isoindolinone
Orange; imidazolone type pigments such as
Benzimidazolone Yellow, Benzimidazolone Orange and
Benzimidazolone Red; pyranthrone type pigments such as
Pyranthrone Red and Pyranthrone Orange; and indigo type
20 pigments, condensation azo type pigments, thioindigo
type pigments, diketopyrrolopyrrole type pigments,
Flavanthrone Yellow, Acyl Amide Yellow, Qﬁinophthalone
Yellow, Nickel Azo Yellow, Copper Azomethine Yellow,
Perinone Orange, Anthrone Orange, Dianthraquinonyl Red,
25 and Dioxazine Violet. Of course, without limitation to

these, other organic pigments may also be used.

The organic pigments usable in the present



derivatives of these. The resin dispersing agent may include bl ock 15

copol yners, random copol yners and graft copol yners, or salts of these,
conposed of at |least two nononers (at |east one of which is a hydrophilic
nononer) selected fromstyrene, styrene derivatives, vinyl naphthal ene,

vi nyl napht hal ene derivatives, aliphati 8%l cohol esters 20 of

a, 3-ethylenically unsaturated carboxylic acids, acrylic acid, acrylic acid
derivatives, maleic acid, nmaleic acid derivatives, itaconic acid, itaconic
acid derivatives, fumaric acid, fumaric acid derivatives, vinyl acetate,
vinyl al cohol, vinyl pyrrolidone, acryl 25 am de, acryl am de derivatives,

and so forth. jrirdiielon, amerPfsHdig Moo 1eapalngsr sicand )r apg@acopRlymer s
may be wused in conbination. 39 (M crocapsule type pignent) As nentioned

previously, asitdmd@t & 4 Nsalnblm]11erlierg:ng material usable in the aqueous
ink according to the present invention, a mcrocapsule type pigment may 5
be used which conprd.ses m giire! dsewhizg ad,oniag 1 atey,i a4,copted3yth an
organi ¢ high polynmer to make the fornmer into mcrocapsules. As methods of
coating the vggers3,nsol uble,caliar, mg matleyd,al128,t hxdhe 1@ mani3s,higly,
polymer to effect m croencapsul ati on, available are a 10 chem cal production
met hod, a physi4¢s:l WoOAUcilion3tst Ndd, Ise@hyldssoatsdy cas,mestdwnd and a
mechani cal production nethod. Stated specifically, available are
interfacial pol yner.ilzatligmenth-Geidrigepd 6,neyd,zadt3,org1,sldrersed &€ur ig
etc.;
C.I. Pigment Red 9, 48, 49, 52, 53, 57, 97, 122,
123, 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,
etc.;
C.I. Pigment Blue 15, 15:1, 15:3, 15:4, 15:6, 22,
60, 064, etc.;
15 C.I. Pigment Green 7, 36, etc.; and
C.I. Pigment Brown 23, 25, 26, etc.
(Resin dispersion type pigment)
As mentioned previously, 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



coating, coacervation (phase separation), subnerged 15 drying, nelt

di spersion cooling, air suspension coating, spray drying, acid

preci pitation, phase inversion enulsification, and so forth. The organic
hi gh pol yner used as a material constituting a wall film substance of

m crocapsul es may 20 specifically incluk, e.g., polyanm de, polyurethane,
pol yester, pol yurea, epoxy resins, polycarbonate, urea resins, nelam ne
resins, phenol resins, polysaccarides, gelatin, gum arabic, dextran,
casein, protein, natural rubber, carboxy pol ynethyl ene, polyvinyl alcohol,
25 pol yvinyl pyrrolidone, polyvinyl acetate, polyvinyl chloride,

pol yvi nyl i deneschl r ifge, caldiuhose @it saeld,uiase: Hmide cel | ul ose,
nitrocel l ul ose, 40 hydroxyethyl cellul ose, cellul ose acetate, polyethylene,

pol ystyrene, polViBHS, GORGIIHERIH ] & WdlF@iat 8Bt e Myic acid,
pol ymers or copol yners of acrylates or nethacrylates, acrylic or

met hacryl i c acd@t esdyd @itres td's 5 JMB g H R ORI tWrerss 1154, yrene-acrylic or
met hacrylic acid copolyners, styrene-maleic acid copolynmers, sodium

al gi nate, fattya@eirdsleanaffdiic keeisnaporaApan sdxienridengd-dakeft 4,al | ow,
carnauba wax, and albumn. O these, preferred are organic high polyners

havi ng an 30 afb Dyh:eyHTopersdcil Jas] sulcrhiax Wdteraaad gy, owndr a  sul fonic
acid group. Also, a nonionic organic high polyner nmay specifically include,
e.g., polyvinysubst coliodd ot peithiwene glttenle nomasehbadoyliat e,

pol ypropyl ene gl ycol nononet hacryl at e,

surfactant may also specifically include, e.g.,
polyoxyethylene alkyl ethers, polyoxyethylene alkyl
phenyl ethers, polyoxyethylene fatty esters, sorbitan

10 fatty esters, polyoxyethylene sorbitan fatty esters,
polyoxyethylene alkylamines, glycerol fatty esters,
oxyethylene 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 hydrophilic monomer) selected
from styrene, styrene derivatives, vinyl naphthalene,
vinyl naphthalene derivatives, aliphatic alcohol esters

20 of a,B-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 1in combination.



15 net hoxypol yet hyl ene gl ycol nononet hacryl ate, or polyners or copol yners
of these, and cationic ring-opened polyners of 2-oxazoline. In particular,
conpletely saponified products of polyvinyl alcohol are especially
preferred as having properties that they are | ow 20 wat er-sol ubl e, and
readily soluble in hot water but sparingPy soluble in cold water. Wiere the
phase inversion or the acid precipitation is used as the nethod for
m cro- encapsul ati on, an anionic organic high polyner is 25 used as the
organi ¢ high polynmer constituting a wall filmsubstance of m crocapsul es.
The phase inversion is a method in which a 41 conposite of an anionic
organi ¢ hi gh pol ymer (Mividigapsel d -disperisjrddtty or solubility in water and
a coloring material such as a self-dispersible organic pignent or a
sel f-di spersi on typeA<andmoni ditext kpreori @l yyi xdurteheofweet eaol iardaigiliet er i al
such as a self-dispersible organic pignent or a self-dispersion type
carbon bl ack, eotoring mgeatiahdusabbai onitthergamecus himgh potgmmeing isoused
as an organi c solvent phase, and water is put into the organic sol vent
phase or the l1thergassensoireatt pbasea isipubcapsol evat gre tol gfidectmay
m cr o-encapsul ation while effecting self-dispersion (phase inversion
emul si ficatd onpe theeddeniahl gompnisde a phaser+invesbilohe net hoding he
m crocapsul es may al so be produced by mxing in the organic solvent phase
the 15 wat er - sohubleabdr gaatedseol vens erghmddi biglespakgder nte heake the
former into microcapsules. As methods of coating the
water-insoluble coloring material with the organic high
polymer to effect microencapsulation, available are a
10 chemical production method, a physical production method,
a physicochemical method and a mechanical production
method. 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 polymer 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, polysaccarides,
gelatin, gum arabic, dextran, casein, protein, natural
rubber, carboxy polymethylene, polyvinyl alcohol,
25 polyvinyl pyrrolidone, polyvinyl acetate, polyvinyl
chloride, polyvinylidene chloride, cellulose, ethyl

cellulose, methyl cellulose, nitrocellulose,



ink. In particular, fromthe viewpoint of an advantage that a di spersion
for an ink can directly be produced, it is preferable to m x an aqueous

medi um of the ink. The acid precipitation is a nmethod in which a 20

wat er - cont ai ni ng cake i s obtained by a process
neutralizing wth a basic

conprising the step of

an organi c high polynmer which contains anionic groups, followed by

kneadi ng in an aqueous nedi umtogether with 25 a coloring materi al
sel f-di spersi bl e organic

the step of making the kneaded product neutralized or acidic 42 by
adj usting its mpHindive @y laciadile lcomounrd. 1 U1osepreeitRitiegt @dlie tanilemes

group-contai ning organic high polynmer to make it adhere to the pignent,
then the wategfolomtaidiid)g mikend s rMadedpdlomEy edapsidyas s neutral i zing
part or the whole of the anionic groups
preci pi tati on ottty leinakd ceisd proadugid ron of cipdEn@MsC df G ydrtass Wmat ed

pi gnent which is fine and contains the pignent in a large quantity. 10 The

or gani ¢ sol ventetirsed ylatefS ecddamgl idheor metrhaendags Ha@td-arad adescod bed
above may specifically include, e.g., alkyl alcohols such as nethanol,

et hanol , propesdlaand dne armpql varearmst | - ymadreocanbans: suc methadoenzal e

toluol and xylol; esters such as nethyl acetate, 15 ethyl acetate and butyl

acet at e; chl oragiat etbpdipdreacsr bonsrene-imass ichlagricf arapcandnestshy |sersium

di chl ori de;

10

15

20

25

alginate, fatty acids, paraffin, beeswax, japan wax,
hardened beef tallow, carnauba wax, and albumin. Of
these, preferred are organic high polymers having an
anionic group such as a carboxylic acid group or a
sulfonic acid group. Also, a nonionic organic high
polymer may specifically include, e.g., polyvinyl
alcohol, polyethylene glycol monomethacrylate,
polypropylene glycol monomethacrylate,
methoxypolyethylene glycol monomethacrylate, or polymers
or copolymers of these, and cationic ring-opened
polymers of 2-oxazoline. In particular, completely
saponified products of polyvinyl alcohol are especially
preferred as having properties that they are low
water-soluble, and readily soluble in hot water but
sparingly soluble in cold water.

Where the phase inversion or the acid
precipitation is used as the method for
micro-encapsulation, an anionic organic high polymer is
used as the organic high polymer constituting a wall
film substance of microcapsules.

The phase inversion is a method in which a

conpound partd®r the whol e of anionic groups of

such as a
pi gnent or a self-dispersion type carbon black and

wi th a basic conpound. This acid



ket ones such as acetone and net hyl isobutyl ketone; ethers such as
tetrahydrof uran and di oxane; and cell osolves such as nethyl cell osol ve and
butyl 20 cellosolve. Incidentally, the mcrocapsul es prepared by the above
met hods may be first separated fromany of these organic solvents by
centrifugation, filtration or the |iked4nd then subjecting the

m crocapsul es thus 25 separated to stirring and re-di spersion together with
wat er and a necessary solvent so as to be nade into the desired

m crocapsul e type pignment. The m crocapsule 43 type pignment obtained by the
met hods as descri bed above may preferably have an average particle dianeter
of from 50 nmdpcE3denmf ESeldmiding e sigaim ity be gl greinerS hasingnt i oned

previously, as the water-insoluble <coloring material usable in the aqueous
i nk accor di ng g« £ tdiesgerresiéntl iitvent isalubd 19elf 1di speexi emd ype pignment  may
be used which has been inproved in dispersibility of the pignment itself so
as to be di spergliddimgurntat@rti alsesubth afs anypedifsgdrspeng iddentorgrantilte | i ke. The
sel f-di spersion type pignment nmay preferably be a pignment to the pignent
particl e surf goiegneoft whi ch s lfydrigpleidsion dgrypep dzadochétiacd,| yprbeen bonded
directly or via other atomc group. For exanple, preferably usable are
t hose 15 i A wmictturee diydr aphlidningmedeniktlr coutedis @t o t he pi gnent
particle surface portions is selected fromthe group consisting of -COOML,
-SBML and - PGBH(IMJizpersible organic pigment or a self-dispersion
type carbon black, a curing agent and an anionic organic
high 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
phase inversion method, the microcapsules may also be
produced by mixing in the organic solvent phase the
15 water-soluble organic solvents and additives used in the
ink. In particular, from the viewpoint 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 anionic groups,
followed by kneading in an aqueous 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



(wherein M represents a hydrogen atom an alkali netal, an ammonium or an
organi ¢ ammonium . Further, 20 preferably usable are those in which the
above other atomc group is an al kylene group having 1 to 12 carbon atons,
a substituted or unsubstituted phenyl ene group or a substituted or

unsubsti tuted napht hyl ene group. Besi dest4 hese, al so preferably usable are
surface 25 oxidation-treated self-dispersion type pignents obtained by a
met hod in which carbon black is oxidation-treated w th sodium hypochl ori de,
a nmethod in which carbon black 44 is oxidized by submerged ozone treatnent,
and a nmethod in which carbon black particle surfaces are nodified by
carrying out qrpneijfufatientanpd thetreait elcitbld r@mptundgXxitdati on with an
oxi di zing agent. 5 (Polymner-bonded sel f-di spersion type pignent) As
nentioned previmisipitas tthe watieminspduy-eontelioningg orefeericalhigabl e in

t he aqueous ink according to the present invention, a pol yner-bonded

sel f - di spersi giol ynepe 4 grakd imyadie s ad WhieC b i@ igemndmiteed Hen 10

di spersibility of the pignent itself so as to be dispersible wthout use of
any di spersi ngvaigettcartdiieing idake Ass tiaiepalntre mikondec ss8lds divsper si on
type pignent, it is preferable to use one containing a reaction product of
i) a funct bonalewgroiip Niavg meprtS caherhecatHol e thended drna d ke quipgment
particle surfaces directly or via other atomc group and ii) a copol yner
of an ionic nonortera drek i yahmephobi ¢ Thhsoaeid Phesipstabécausmethhd
copol yneri zation ratio of the ionic nononer

enables production of an anionic micro-encapsulated

pigment which is fine and contains the pigment in a

large quantity.

10 The organic solvent used in effecting the
micro-encapsulation as described above may specifically
include, e.g., alkyl alcohols such as methanol, ethanol,
propanol and butanol; aromatic hydrocarbons such as
benzole, toluol and xylol; esters such as methyl acetate,

15 ethyl acetate and butyl acetate; chlorinated
hydrocarbons such as chloroform and ethylene dichloride;
ketones such as acetone and methyl isobutyl ketone;
ethers such as tetrahydrofuran and dioxane; and
cellosolves such as methyl cellosolve 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



to the hydrophobi c nononmer which is materials for 20 form ng a copol yner
used when surfaces are nodified can appropriately be changed, and this
enabl es appropriate adjustnent of the hydrophilicity of the pignment having
been surface-nodified. Also, the types of the ionic nononmer and hydrophobic
nmononmer to be used and the 25 conbinati oh3of the both can appropriately be
changed, and hence this can also provide the pignent particle surfaces
with various properties. 45 Functional Goup The functional group of the
pol ymer - bonded sel f-dispersion type pignent has chem cally been bonded to
the pignment particle surfaces directly or via other 5 atom c group. The

functional graupd piafteritorobtConsdd thif it atH@RN i HHribed keawact i on
with a copolynmer as described later. The type of the functional group is

sel ected in relat iprefaraplpnetional awheye therttiene Wikindteldsf Fakimg
account of the fact 10 that the pignent is one dispersed in an agueous
medi um the rsaacim aro afsd henfuncti onal group with the copol yner may
preferably be reaction which forms a |inkage not causative of hydrolysis,
e.g., an amde |inkag@gelfraisgdissi endyehe fqueeitijonal group may be an am no
group and 15 the copol yner nmay be nade to hold a carboxyl group, whereby
t he copol yber can bé\d marddiweedt iprey itches 1pi,graentthep arattieal-eé nswludde porti ons
via an ami de group. Alternatively, the functional group may be a carboxyl
group and t he woopot ymermateyr el e te dwolttham@maws 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
self-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, -SO3M1 and -PO3H(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 pfeferably 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



20 group, whereby, |like the above, the copolyner can also be introduced
into the pignent particle surface portions via an am de group. Here, the
functional group having chemically been bonded to the pignment particle
surfaces may directly be 25 bonded to the pignment particle surfaces or may
be bonded to the pignent particle surfack$ via other atom c group. However,
where a copol ynmer having a relatively large 46 nolecular weight is to be
introduced into the pignment particle surface portions, it is preferable for
the functional group to be introduced into the pignment particle surface
portions via other atomc group in 5 order to avoid any nutual steric

hi ndrance of copobyitkised Bncdwandeddy,oddres e wsernentpardnd W afetliod t ati ons
on such other atomc group as long as it is a polyvalent elenent or an

or gani ¢ group. itdovevet ,cd dsont el & dasonst i st e fdmae, are diodl £irdd arygani ¢
residual group for 10 exanple may preferably be used fromthe vi ewpoint of
control ling thearthgiranceutofoidree firedtingsral giduhdrent t ¢ hengkigmentetparticl e
surfaces. The divalent organic residual group nmay specifically include,

e.g., alkyl eneoxpd®tujpsn andtlaryh emei @i oips {gpdreny| ene group). 15 Stated nore
specifically, for exanple, in Exanples given layer, a pignent is allowed to
react wthb5 am nophe(Bd (BrestHbaretdry | 9esifl fdireperos gt riogiec o tdweent )
am nophenyl (2-sul foet hyl )sul fone group into the pignment particle surface
portions, and theredis enernthicoraad r 20 @rolup cfs pere aettert-emetelxdriiane i s
allowed to react with
coloring material usable in the aqueous ink according to
the present invention, a polymer-bonded self-dispersion
type pigment may be used which has been improved in
10 dispersibility 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 one 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 hydrophobic monomer. 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.



t he am nophenyl ( 2-sul f oet hyl ) sul fone group to introduce the am no group as
a functional group. In this case, the amno group is chemcally bonded to
the pignment particle surfaces via an atom c group containing the 25

phenyl (2-sul foethyl) group. O course, the present invention is by no means
limted to this. Copolymer 47 The copolyner of an ionic nononer and a

hydr ophobi ¢ nononmer may preferably be, e.g., an anionic copol yner having
anionicity or a cationic copolymer having cationicity. 5 The anionic
copolymer may include, e.g., a copolyner of a hydrophobic nononer and an
anionic nononer, or a salt thereof. The hydrophobi c nonomer may

specifically includeyn&i®nalSiodgRe. vinyl naphthal ene, al kyl nethacryl ates
10 such as nethyl nethacrylate; phenyl methacrylate, benzyl nmethacrylate,

2-et hoxyet hyl net haemyd at gyt BHNAGRNIdE ithe, peteTethyleid oxyet hyl

met hacryl ate, glycidyl nethacrylat'e, p-tolyl nethacrylate, sorbyl

nmet hacryl ate, &dkyldassytat®s spHsd gigmmithHa fdndratail 1kp ihanorgy | at e,
benzyl acrylate, acrylonitrile,” 2-trinethylsiloxyethyl "acrylate, glycidyl

acrylate, p-t@bythaGsydmdes Sk SOrdyduekddAtE rsIgy dherianL nononer
may specifically include, e.g., acrylic acid, nethacrylic acid, and naleic

acid. O coursgrohfe Fows esanle ifivetticpall grbypnesmeass fbirm ted to these
exanpl es.

constituting an organic group by the reaction with a
copolymer as described later. The type of the
functional group is selected in relation to a functional
group the copolymer holds. Taking account of the fact

10 that the pigment is one dispersed in an aqueous medium,
the reaction of the functional group with the copolymer
may preferably be reaction which forms a linkage not
causative of hydrolysis, 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.
Alternatively, the functional group may be a carboxyl
group and the copolymer may be made to hold an amino

20  group, whereby, 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 Dbonded 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



The ani oni c copol ymer of the anionic nononer and hydrophobic nononer is
conposed of at |east two nononers, which are any one selected fromthe
above hydrophobic 25 nononers and at | east one selected fromthe above
ani oni ¢ nononers. The ani oni c copol yner may include block copol yners,
random copol yners and graft copol yners, 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 mmy 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 higher
than the above range, the pignent particle surfaces may conme so highly
hydrophilic trfedte dile madegiighand sSsajovérat iint rodka ey iherRitheO i igingment
particle surfaces after printing, so that scratch 10 resi stance and narker
resi stance maypdre ibrleughir fade Ipaire io0mi3,t He riec rdifeg aiddl forafther printing.
If on the other hand it has an acid value | ower than the above range, the
pi gment parti duncirdredesyroay dandes d ntowduaedr dphid ithet Retgrishe pi gnent may
conme dispersed inthe 15 ink with difficulty. Incidentally, the salt of the
ani oni ¢ copol yaartiaiey sndciame malttionsf valakalthearetaadesnisucircap sodi um
l'i thi um and potassium and besi des ammonium salts, al kylamne salts and
al kanol am he satdex: tAnyawiid hese MREumEy Henisedialdrenay ah aperlopraat e
conbi nation of two or nore types. Next, the cationic copolyner may include,
e.g., a 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
controlling 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 aminophenyl (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 is by no means limited to this.

Copolymer



copol ymer of a hydrophobi c nonomer and a cationic nonomer, or a salt
thereof. 25 As the hydrophobi ¢ nononer, the nononers exenplified above may
be used. Also, the cationic nononer may specifically include, e.g.,

al l yam ne, 49 dinethyl am noet hyl nethacryl ate, diethylam noet hyl

met hacryl ate, tertiary-butyl am noethyl d&tylate, dinethylam noethyl

acryl ate, diethylam noethyl acrylate, dinethylam nopropyl nethacrylam de,
N-vi nyl carazol e, 5 methacrylam de, acrylam de, and di nethyl acrylam de. O
course, the present invention is by no neans |limted to this. The anionic
copol ynmer of the cationic nmononer and hydrophobic nononer is conposed of at

| east two monomers, Thi0 ceplodmare odnnonensel aehedelr amdt ke above
hydr ophobi ¢ nononers and at | east one selected fromthe above cationic

mononers. The lpaidaplicbicopeinsier My ipledfddeablyl tek eapal,yrer sinicandom
copolynmers and graft copolyners, or salts of these. 15 Such a cationic
copol ynmer may queflemadd yhaoneng kandiongl @nivnewa uatiiortile doardemnefr from 100 to
500, and nmay preferably be one in which the scattering of the am ne value
is wWthin 20%lafviaverage caniadiec w.al ue. The amine value refers to the val ue
represented 20 correspondingly to the acid value, by the nunber of
mlligranmsSof KOH i Threewnianizatdopo lgmel gagf isadplkde, e<l.gei,dentally, the
salt of the above cationic copolynmer may include acetate, hydrochloric acid
and copolymer of a hydrophobic monomer and an anionic
monomer, or a salt thereof.
The hydrophobic monomer may specifically include,
e.g., styrene, vinyl naphthalene, alkyl methacrylates
10 such as methyl methacrylate; phenyl methacrylate, benzyl
methacrylate, 2-ethoxyethyl methacrylate,
methacrylonitrile, 2-trimethylsiloxyethyl methacrylate,
glycidyl methacrylate, p-tolyl methacrylate, sorbyl
methacrylate, alkyl acrylates such as methyl acrylate;
15 phenyl acrylate, benzyl acrylate, acrylonitrile,
2-trimethylsiloxyethyl acrylate, glycidyl acrylate,
p-tolyl 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 anionic copolymer of the anionic monomer and
hydrophobic monomer is composed of at least two monomers,
which are any one selected from the above hydrophobic

25 monomers and at least one selected from the above

anionic monomers. The anionic copolymer may include

block copolymers, random copolymers and graft copolymers,



nitrate. Any of these may be used alone or in 25 appropriate conbi nation of
two or nore types. The anionic or cationic copolyner described above may
have wei ght - average nol ecul ar weight (My) in the 50 range of from 1,000 to
20, 000, and nore preferably in the range of from 3,000 to 20,000. Al so, the
cationic copolyner segnent may preferabd®y have a pol ydispersity Mv VMn (Mw
wei ght - aver age nol ecul ar wei ght, WMh: 5 nunber-average nol ecul ar weight) of 3
or less. Such an anionic or cationic copolynmer 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 gment particles surface-nodified with the copolynmer. Also, if the 10

copol yner has gl a4 pes pof yehspersity, the copolynmer has a broad nol ecul ar
wei ght distribution, so that the properties described above, based on

nol ecul ar wei ght of sudre Lopo yTerIc MRypIemyOught refavddl diddd cul ty.

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

nol ecul ar wei ghdvthgtatbatvonie A methodrafgamnsl fidg 10@ b ghEnt 4na maki ng
an organi c group bonded chemically to the pignment particle surfaces is

descri bed bel omay akiefetdiel gase ode cia bani cibl @k, sdder apihgdo fiseid e here may
be any nethod usually 20 used, without any particular limtations, as |ong

as it is @& meibpd valwki ©f, withiespertodfafamneds anedd gvoups. ofI £ pitgment
particle surfaces or functional groups introduced into pignment particle
surface portionss aheactdpehyaerhigmposethoftideabhond: crangonerhand t he
pigment 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 so 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 copolymer may include, e.g., a
copolymer of a hydrophobic monomer and a cationic
monomer, or a salt thereof.

25 As the hydrophobic monomer, the monomers

exemplified above may be used. Also, the cationic

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



25 hydrophobi c nonomer is conbined with these functional groups to make the
copol yner bonded chemcally to the pignment particle surfaces. 51 As

speci fic exanples of such a nethod, usable are nethods shown bel ow. Usabl e
are a nethod in which polyethyleneimne is introduced into particle surface
portions of the pignment such as carbon M@ack, and the 5 copol yner conposed
of the ionic nononer and hydrophobic nononer, having an am no group, isS
conbined with termnal functional groups by diazoniumreaction, and a

met hod in which a copol ymer having an am no group and a carboxyl group in
the nolecule is conmbined with particle 10 surfaces of the pignent such as

carbon bl ack hyipgirazom uBdEact itnddrynase Mmheds.amd dodirgal exanple is
di sclosed in V[¥%1Hg§566 Al. I'n the abJQE nmet hods, mhé}e, fogﬁgkanple, t he

ani oni ¢ copol yp@rhdsrherd cald pt honded o drlie fARAaN ak& 1klack particle

surfaces, it follows that the following™ three steps are involved. - First

step: The st epDfic @i o161 bt nephenyld 2-udaatminsuifane anaun  APSES)

to carbon black by ‘diazoniumTrTeaction. 20 - Second step: The step of adding

pol yet hyl enei r@ﬂﬁeﬂiyl&ﬂﬁc@gﬁcﬁwpﬁﬁé@myﬁdﬂﬂ%miﬂﬁﬂ%WM@,b| ack
treated with APSES. . - Third step: The step of attaching the copol ynmer of
the hydr ophobh&t HERMOPELm BN, | Q8 E1 AT M2 B\ iRk tEAF 10 By 1280 i OUPS £
course, the present invention is by no means limited to
this.
The anionic copolymer of the cationic monomer and
hydrophobic monomer is composed of at least two monomers,
10 which are any one selected from the above hydrophobic
monomers and at least one selected from the above
cationic monomers. The cationic copolymer may include
block copolymers, random copolymers and graft copolymers,
or salts of these.
15 Such a cationic copolymer 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 is 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 KOH 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 be 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



In the second step, the phenyl (2-sulfoethyl)sulfone group bonded chemcally
to 52 carbon black particle surfaces is allowed to react wth the amno
group of the APSES, whereby the amino group is introduced as the functional
group bonded chenically to the carbon black particle surfaces. Then, in the
third 5 step, for exanple, part of carb&{yl groups the ionic nononer

noi eti es of the copolyner have is allowed to react with the amno group to
forman am de |inkage, whereby the copolynmer can be introduced into the
carbon black particle surface portions via an atom c group 10 which
contai ns the phenyl (2-sul foethyl) group, which is a residual group of the

APSES, and a resigdualr grerp 19hoot ke BBHAO Ol N shierabeve reethadsy where, for
exanple, the cationic copolyner is chemcally bonded to the carbon 15

bl ack particl epsurhagRs ofi ttrbal Bowsot kat 2heoal | RVEHY thaocstepsiare

involved. - First step: The step of adding an _ _
am nophenyl ( 2-i19achY Iskspichenaagr g feARBES) na@eCar ben ydklkspek shy ydi azoni um
reaction. 20 - Second step: The step of attaching the copolynmer of = the

hydrophobi c mpower @nd GRLIGORI-GvERRGREN 1R ullRe hichightSt ep.: the sul fone
group is introduced as the functional group bonded chemcally to the carbon

bl ack partpcl ensiwdracesrafRemolicrullle saQmd)Stagp.3 ber 1858 sexappte, apart of
am no groups the ionic nononer noieties of the copolyner have is allowed to
react with thenionic or cationic copolymer may be in a content, in
the ink, of from 5 mass$% or more to 40 mass% or less
based 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
properties described above, based on molecular weight of
the copolymer may be brought out with difficulty. Hence,
it is more preferable for the copolymer to have a
15 uniform molecular weight distribution.

A method of modifying the pigment by making an
organic group bonded chemically to the pigment particle
surfaces is described below taking the case of 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 functional
groups to make the copolymer bonded chemically to the

pigment particle surfaces.



sul fone group (nucleophilic substitution), whereby the 53 copol yner can be

i ntroduced into the carbon black particle surface portions via an atomc

group which contains the phenyl (2-sul foethyl) group, which is a

resi dual

group of the APSES. 5 - O her Conponents Besides the conponents descri bed

the aqueous ink according to theppresent invention may nake use of,
nk conmponent, a noisture-retentive solid natter such as urea, a urea
ive, 10 trinmethylol propane or trinethylolethane in order to nmaintai
e retention. In the aqueous ink, the- noisture-retentive solid matter
such as urea, a urea derivative or trinethylol propane may comonly

preferably be in apcontenl; fanghlgfleme? L RS $ % ned, 0 uiasi% ate and

above,

as an i
deri vat
noi st ur

nore pr
t he ink.
to the

prevent
reducti
agent .

eferably from3.0 mass%to 10.0 mass% based on the tota

Bes'%%ﬁik&%s%9&9&P%ﬁh§wﬂesggbg§g abave, mkRRogaqHeRHs chnk according

mass of

present invention may further optionally be incorporated with

various 20 addidiwas JuGle @8t S faghaitucd BRRAIZSHE01Aa S ce
ive, an antiseptic agent, a m | dew proofing agent, an antioxidant,

on- pr ewﬂl\&lﬁwtm@@dﬁr\@ﬁorﬁdm%sa@@t%@t&ra@@d ghchelating

To the "aqueous ink according to the present 25 invention,

a nonionic

sur f act ant smaycdy&f @i o addeds dHe ardiglc ey CanﬁW}fc&%hm% on and

i nprove

ej ection performance. Such a nonionic surfactant nmay
monomer, having an amino group, 1s combined with

terminal functional groups by diazonium reaction,

and a

method in which a copolymer having an amino group and a

carboxyl group in the molecule is combined with particle

10 surfaces of the pigment such as carbon black by

diazonium reaction. Of 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 (2-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 group bonded chemically to

n

a



54 specifically include, e.g., a conpound having a structure represented
by any of the following structural formulae (1) to (4). Structural formula
(1) R- 0.1':12 Hz 5 (In the structural formula (1), R represents an al kyl
group and n represents an integer.) Structural formula (2) R- 4 H2 . 10 (In
the structural fornmula (2), R representssan alkyl group and n represents an
integer.) Structural fornmula (3) Cu3 - 14-CH 9 "40 ~, R 2CH20 HD """ H2, (In
the structural forrmula (3), R represents a hydrogen 15 atom or an al kyl
group and mand n represent each an integer.) Structural forrmula (4) 55

CH3 CH3 C-13 CH3 CH3_ li-CH2i-C CGC-CH3-Alel: C-13 tDtH2 "2 112 CH2

0 HH carbon black particle surfaces is allowed to react with
the amino group of the APSES, whereby the amino group is
introduced as the functional 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 amino group to form an amide linkage,
whereby the copolymer can be introduced into the carbon
black particle surface portions via an atomic group

10 which contains the phenyl (2-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 black particle surfaces, it follows that the following
two steps are involved.
- First step: The step of adding an
aminophenyl (2-sulfoethyl)sulfone group (APSES) to carbon
black by diazonium reaction.

20 - Second step: The step of attaching the copolymer of
the hydrophobic monomer and cationic monomer.

In the first step, the sulfone group is 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 is allowed to react with the

sulfone group (nucleophilic substitution), whereby the



(In the structural formula (4), mand n represent each an integer.) In the
structural fornmula (1), R my 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 compounds having different
values of R and/or n may al so be used. 158 the structural formula (2), R may
preferably be 10 a straight-chain or branched al kyl group having 8 to 21
carbon atons, and n may preferably be an integer of 5 to 40. A mxture of
two or nore kinds of conpounds having different values of R and/or n may

al so be used. In the structural formula (3), mnmay preferably be 15 an

integer of 1 topkdyrahd darabd NregdydRied i@ cl@ne lRGHERNALIK M represents
t he nunber of an ethylene oxide unit, and n the nunber of a propyl ene oxide

unit, to formpamidfe adiRde GRRUNBY vidhaal bebhald EougoR@lier and a
random copol yner. A m xture of two or 20 nore kinds of conmpounds having

di fferent val uemtefin® t&f@d/mfermmwsaﬂ%e&wlse%ro@@, kb ilpe 18t uCt ur al
formula (4), mmy preferably be an integer of to 10, and n an integer of

1 to 10. A nmpddirdmaaf druorofimate kipsks .of conpounds having different
val ues of mand/or n may al so be used. 5 The conpound having the structure

represented by any-obtihke a@eyensttyct-ural forrmulae (1) to (4) may be
contained in the ink in an amount ranging from0.05 mass%to 5 mass% and
more preferably froBe@iHams$® tt@mponents described above, the

aqueous ink according to the present invention may make

use of, as an ink component, a moisture-retentive solid

matter such as urea, a urea derivative,

10 trimethylolpropane or trimethylolethane in order to
maintain moisture retention. In the aqueous ink, the
moisture-retentive solid matter such as urea, a urea
derivative or trimethylolpropane may commonly preferably
be in 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
aqueous 1ink according to the present invention may
further optionally be incorporated with wvarious

20 additives such as a surfactant, a pH adjuster, a rust
preventive, an antiseptic agent, a mildew-proofing agent,
an antioxidant, 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 nonionic surfactant may



2 mass% based on the total mass of the ink. 10 - Physical Properties of Ink
The aqueous ink used in the present invention, conposed of the constituents
as descri bed above, may preferably have properties that enable the ink to
be well ejected froman ink-jet recording head. Fromthe 15 vi ewpoi nt of
the performance of ejection fromthe irk4jet recording head, the ink may
preferably be, as its properties, e.g., 1 to 15 nPas in viscosity and 25
m\V m (dyne/cm or nore in surface tension, and nore preferably 1 to 5 nPas
in viscosity and 25 to 50 mMNVm 20 (dyne/cm or nore in surface tension.

[ Reaction Liquid] The reaction liquid usable in the present invention

contains a reagldVer COMPOReHc WHLh dakes 4 heonhaie wividigrersion of the
coloring material in theink 25 unstable or nmakes the coloring material

floccul ate. The rf@actd e Grmaien Bf\@{y‘s dhecrl spansdwhptabiddiwr0of the
wat er -i nsol ubl e coloring material and causes the 57 coloring material to
floccul ate whefptherddk(in whi ey . the water-insol uble coloring nateri al
stands di spersed or dissolved in the aqueous medi um by the action of

hydrophi |l i c grotpsctaores fodnueontiact with the reaction 5 liquid on the
recording nedium Incidentally, to make the state of dispersion of the

coloring materialgin t I prupyt ablra.grpang i tate of flocculation or
gel ation is brough -&b@ WEQTIZ Egdzm

n liquid have m xed.

i1

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)
CHg
H"(CHz CH2 O)E(éHC H2 O)‘ﬁ" 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)



10 The reactive conponent may specifically include, e.g., netal salts (in
particul ar, polyvalent-netal ions and salts thereof), |ow nolecular
cationic conmpounds, and cationic high polyners. The reactive conponent is
descri bed bel ow. 15 (Pol yvalent-Metal lon and Salt thereof) The

pol yval ent-netal ion may specifically irnd ude, e.g., divalent-netal ions
such as Cat+, Cue+, Nit+, Mt+, Zn2+, Sr2+ and Ba2', and trival ent-netal
ions such as A13+, Fe3+, 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 polyvalent netal is added to the reaction liquid. The salt
refers to a netal sal& constlt ted ﬁ%uthe E@ﬁfe pol yval ent-netal ion and an

ani on bonded to the f r iorg, %nd 8 be uble in 25 water. A preferred

anion for form ng C%% t1 '—CWCH?—&: NO3 -f |-, Br, C1G3-,
5042-, C032-, and r the ﬁ*esent invention is 58 by
no neans limted to this. In tthe prqunt invention, in view of the

reactivity of the reaction Ilggad wi R the aqueous ink, the coloring
performance and further the gIHESGH o handle the reaction liquid, the 5
pol yval ent-metal ion may preferably bk Cat+, Mt+, Sr2+ A 3+ and Y3+.
Further, Ca2+ is particul arlyq:lf{ ferr@Hg Al so, as to the anion, NO3 is
partlcularly preferred in vi of sojubility and so forth. In the reaction
l'iquid, the polyvalent-netal hn 10.gay preferably be in a content of from
0.01 nmass% or In o
H H
(In the structural formula (4), m and n represent each
an integer.)
In the structural formula (1), R may preferably be
5 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 (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.



nore to 10 mass% or |ess, and nore preferably from1.0 nmass%or nore to 5
mass% or | ess, based on the total mass of the reaction |liquid, taking
account of the effect to be brought by the present invention. In 15
particular, in order to sufficiently bring out the function to nake the
state of dispersion of the water-insolubde coloring material contained in
the aqueous ink unstable and in order to achieve imge density at a high
| evel, the polyvalent-netal ion may 20 preferably be in a content of from
2.0 mass%or nore to 4.0 mass% or | ess based on the total nmass of the
reaction liquid. Incidentally, the content of the polyvalent-netal ion in

the reaction liquid mpyrRe smiethiian Formas(4higway ey idre fiete®IRORt i on in
excess is 25 usually unnecessary because, e.g., even if its content is

nore than 10 r@sstatddeer famct ian 1® nake o he sitrateyeaf ofdilspey sioon of the
wat er -i nsol ubl e coloring materi al 59 unstable is not expected to be

enhanced. The meaghiiornot it by efiafddlyf cuMAiuhdi heoaly | ng materi al
and be transparent. It, however, is not always necessary that the reaction

liquid is one <51Sfl@mmg \m)lwetﬁafﬂatm afhd fort he maysidllss negiuyed Mre
specifically, even if it shows absorption in the visible region, it may be
one show n§ absor pt iTre idonigeaind $idbtieg reg ot ras targ rap reuen tals arpt | on
does substantially not affect inmages. 10 (Reaction Liquid Application
Means) As net hadg édDrtlapphyory dthencteactl dotndgaad tlg thwe (4) may be

contained in the ink in an amount ranging from 0.05

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 aqueous ink used in the present invention,
composed 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
mMN/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 liquid 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



recordi ng nmedium coating nmethods such as roller coating, bar coating and
spray coating are available. A nmethod is also avail able in which, using an
ink-jet recording 15 process as in the case of the ink, the reaction liquid
is made to adhere selectively to only image form ng areas to which the ink
is to adhere and the vicinities of the 3Tmge formng areas. As a result of
studi es nade by the present inventors on howto apply the reaction 20
liquid to the recording nedium they have cone to have a view that the
roller 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

conponent in té’t‘?ld’ﬂﬁh{"rﬁa}/té%flélhecd et % 20 IR WResSUfiage Layeh portion
is nore uniformthan that 1in other neans,.and further because inage quality

can be superii{e as e NhddRHIE ANMH Qﬂ[améﬂﬁa’slt S afiegelq and al so
strike-through after the ink has been applied. In the systemin which images

are formed usidg dWdsol+&uids, tW@rdcﬁ}é?odgﬂtMSnﬁf}?y aval |t iedf o a neans by
whi ch the reaction I|qU|d and the ink are brought into 5 contact with each

other on the rnegodr i 0 pd-QfomedX i &, canh tiRithad d15 t@avaideabite drh whi ch
the reaction I|qU|d and e ink are brought into contact wth each other

in the state theyuad Gbrﬁltﬂ'ué tredb tdieng el idinlg IReddemta0ly@ @Bt hedei N whi ch
the reaction liquid is 10 brought into contact with the ink after the fixing

of the fornertie® dthecs esordi $ige b hashdeas] €Oy elathridl. e.n tafd er
droplets of the reaction |iquid have been
ink unstable means that a state of flocculation or
gelation is brought about when the ink and the reaction
liquid have mixed.
10 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
described below.
15 (Polyvalent-Metal Ion and Salt thereof)
The polyvalent-metal ion may specifically include,

e.g., divalent-metal ions such as Ca®", cu®, Ni*", Mg®,

2+

7zn?*, Sr®" and Ba®*, and trivalent-metal ions such as Al1%",

3+ 3+

Fe**, Cr’ and Y*. As a method of incorporating the

20 polyvalent-metal ion 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 polyvalent-metal ion and an
anion bonded to the férmer ion, and must be soluble in

25 water. A preferred anion for forming the salt may

include, e.g., Cl7, NO;°, I, Br,, Clos, S0, CoO5%,

CH5COO and HCOO . Of course, the present invention is



absorbed into the recording medium In the course the two-liquid system has
been studi ed, the present 15 inventors have reached a conclusion that, in
order to secure a high inage density and at the same tine achieve a
sufficient area factor even in a small ink droplet quantity, the nmethod is
best in which the ink is applied to the&gecording nediumafter the fixing
of the reaction 20 liquid to the recordi ng medi um has been conpl et ed.
Incidentally, the point of time where the fixing has been conpleted is
meant by the point of tinme where the value of Ka(t - t') 112 represented by
the Bristow s equation given previously has becone |arger than the 25

quantity of the neacidas I1guitkaRR] ited Act ual kyet priBentr eaoediAgnedi UM
This is neant by the point of tine where the droplets of the reaction

l'iquid have begh Hilky absaithed d4Ht0 iR rEcad nedmdidim) @nd 4 syirgant to be
after t-second as calculated fromthe Ka val ue according o the Bristow

net hod and t hecrianhidduPfidihe trRaEdIdYidd Pa ko B dredl flrarerties of
Reaction Liquid and Application Amount) The reaction liquid may preferably

have a penetrghd l4dadindgs necoidie red waeft fgrom ikpd drlerdmsec_1/2 or
nore to 6.0 nLn2nsec-1/2 or |less, and nore 10 preferably from 3.0

nmLn2nsec- 152 0fo IXpF£L d16t Gud M- 181 1B §6relficd 051 ) ass.c4S, tig? Kasyl ue found
by the Bristow nethod. Al so, the reaction liquid may preferably be applied
in an applicatApti anaunt’.of rliremed, 4 nBsoparticularly preferred.
Also, as to the anion, NO3 1s 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 0.01 mass% or
more 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 liquid, taking account of the
effect 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-insoluble 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 ion in the reaction liquid may be more
than 10 mass%. However, its incorporation in excess 1is
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-insoluble coloring material



nore to 5 g/n2 or less, and nore preferably fromnore 15 than 2.0 g/n2 to
3.0 g/n2 or less. Wiere a roller coating nethod is used to apply the
reaction liquid, the reaction liquid nay preferably be, as its properties,
from1l nPas or nore to 100 nmPas or |ess, and nore preferably from4 nPas or
nore to 40 20 nPas or less, in viscosityand from 15 nN m (dyne/cm or nore
to 45 mM\Y m (dyne/cm) or less in surface tension. This is preferable from
the viewpoint of coating stability. Incidentally, the application anmunt of
the reaction liquid nay appropriately be adjusted by 25 controlling the
physi cal properties of the reaction |iquid, the rotational speed of a

roller used i mmsta0at 1iRY RIS IRA6t ddhe Presewhanekdcont act of the rol ler 62
with the recording nmedium and so forth. Wiere an ink-jet nmethod is used to

apply the reactionThieqtedcttibBe neaetdomak lﬂe@e'i‘ﬁ)él?' eenprehenably be, as
its properties, from1l nPas or nore to 15 as 5 or [ess in viscosity and

from 25 mV m (gyineficry nefcdmrg drel 2@ eVamspiureitcn) 1ef hessven, susf ace
tension. This is preferable fromthe viewpoint of the perfornmance of

ej ection fromrdte diecordimgdieady Ineitdemaldepcttibe lieadtd ag longui d nust be
reacted with only a specific 10 aqueous ink. Hence, in order that the
reaction | bquighowlaes motaddotptatorpliacesadidifdngrt degdmnt.neMareas where

i mges are to be recorded by a specific aqueous ink, the surface tension of
t he reaction |dpu kel Ipr,efearablif e smdes ladrsgepadonoig ahet e siedet | on

liquid can be ejected
region, it may be one showing absorption in the visible
region as long as such absorption does substantially not
affect images.
10 (Reaction Liquid 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

15 process as in the case of the ink, the reaction liquid
is made to adhere selectively to only image forming
areas to which the ink is 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

20  liquid to the recording medium, they have come to have a
view that the roller 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 1in the vicinity of the recording

25 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



15 fromthe recordi ng head, and nmade | arger than the surface tension of the
aqueous ink for which the state of dispersion of the water-insol uble
coloring material 1is to be made unstable by the reaction liquid. [Ink Set]
20 The aqueous ink of the present invention nmay preferably be used in an
ink set in which four kinds of aqueous 6thks consisting of a cyan ink, a
magenta ink, a yellowink and a black ink are conbined. It nmay further be
used in an ink set which 25 is used in an i mge-form ng nmethod having the
step of applying an aqueous ink constituting the ink set and the step of
applying a reaction liquid capable of making the 63 state of dispersion of

the water -i nsaddblL £olard ing: -tRtRidila fitert R caduWgokn d Hedinsippllieupon
contact with the aqueous ink. In this case, it is a nore preferred

enbodi ment that the jipnknselsyisk eane f wriker ihaverg arke o rikactisahg itgai d
capabl e of making the state of dispersion of the water-insoluble coloring

material in thepagusousmdidadnsdtadds dmcidentialdly fide d meset beferred to
in the present Invention may be of any form shown below, as 10 long as a

plurality of iwlkiscrarthes eteddt icnmiiniidmnd-athe examp®s bhloumit iindldude an
ink set constituted of an ink tank having a structure in which tanks each
hol di ng t Ber eddhteacty ani imksach MRgedt aon ke aalddiwig Medingn.a Fblrack ink
are set integral, or such an ink tank to which 15 a head is attached; or an
ink set constid¢xdmsleof amdtittod is available in which the reaction
liquid and the ink are brought into contact with each
other in the state they are liquid on the recording
medium, or a method in which the reaction liquid is
10 brought 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 into 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 best in which the ink is applied
to the recording medium after the fixing of the reaction
20  liquid 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 - tw)l/2 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



tank having a structure in which tanks each holding therein a cyan ink, a
magenta ink and a yellow 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 hol ding therein the above inks are set up detachably froma
recordi ng apparatus. In any case, in thel 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) Wthout limtation to these forns shown above, the ink set may be
of any nodified form 64 [Ink-jet Recording Method, Recording Unit,
Cartridge, andiddtkdert iRRGORMHANGARRAIdGSedHigh, Bnshaws maangxample of an
ink-jet recording apparatus as a schematic sectional side elevation. This

5 ink-jet recylidyy RIS LM 1QYS A 3B Mrdim e Kahkgjlele HRCATH MG
system and has a recording head 1, a sheet feed cassette 16 having a sheet
feed tray 17 fy®mheMBglstoow ecatddgmedinendereitiaiderhl seadtgeny di ng
sheet") 19 is to be fed and a neans for applying the 10 reaction |liquid, the
sheet feed trayiqndithe neans being integrally forned, a drive neans for
nmoving the recording head reciprocally in the direction (primary scanning
di rection) 5falling atPhysihialamgloge wiiteds tdfe Re@ictéehn aiqafidt sadsport of the
recordi ng sheet (secondary 15 scanning direction), and a control neans which
controls the AppNMecatfidrhedseowonsti tuents.

The reaction liquid may preferably have a

penetrability into recording medium of from 1.3 mL-m"

1/2 /2

2 - -2 -
‘msec or more to 6.0 mL'm ‘-msec*? or less, and more

1/2

10 preferably from 3.0 mL-m-msec? or more to 6.0 mL-m

2 .msec~1/2

or less, as the Ka value found by the Bristow
method. Also, the reaction liquid may preferably be
applied in an application amount of from 0.5 g/m° or
more to 5 g/m’ 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 its 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
stability. Incidentally, the application amount of the
reaction liquid may appropriately be adjusted by

25 controlling the ph&sical properties of the reaction

liquid, the rotational speed of a roller used in a

coating assembly, the pressure of contact of the roller



The recording head 1 is nmounted to a carriage 2 in such a way that its side
on which ink ejection orifices are fornmed is directed to the platen 11
side. Not shown 20 in the drawing, the recording head 1 has the ink
ejection orifices, a plurality of electricity-heat converters (e.g.,
heating el enents) for heating ink fluid2and 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
recording head. The carriage 2 carries the recording head 1, and 65 can
reci procally be noved along two guide shafts 9 extending in parallel in the

wi dth directiqmaf dhe ré&ﬁ%’iq{qlgneﬂlecﬁ{, 19d A Goddpe recording head 1 is
driven in synchronization with the reciprocal novenent 5 of this carriage,

and ej ects ink drophgfseonf Nex-rReondichgasheet; st @ Leppmy/ weges. The sheet
feed cassette 16 is detachable Pron1the recordi ng apparatus main body.

Recordi ng sheetsctS & e_Lih%{iCH,i e RidR:tAbn tl*l@;{u%*&xe@r{ayf eadd e fehkdil it he
sheet feed cassette 16. 10 At the tine of sheet feeding, the uppernost sheet

is brought inMo ML §ePH@cles) tirch Shegt feed mderto 4G ypaa spring
18 which presses the sheet feed tray 17 wupward. This sheet feed roller 10

is arolles wiehdss substaid iy arkPrr@d O &N /i (dyeh A c@9s -sxeeddrenal
shape, 15 and is rotatingly driven by a notor (not shown). It feeds only

t he uppernost shess N ACOId) ) Gheadr IVsPhYin the mick afersERal at rpAscl ans
(not shown).
is preferable from the viewpoint of the performance of
ejection from the recording head. Incidentally, the
reaction liquid must be reacted with only a specific

10 aqueous ink. Hence, in order that the reaction liquid
does not blot at places different from the areas where
images are to be recorded by a specific aqueous ink, the
surface 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 aqueous ink for which the state
of dispersion of 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 combined.

It may further be used in an ink set which

25 is used in an image-~-forming method having the step of

applying an aqueous ink constituting the ink set and the

step of applying a reaction liquid capable of making the



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 snall-dianmeter coating
roller 6 kept in pressure contact wth it. These transport faces are forned
of faces which are so curved as to drawXoncentric arcs with 25 respect to
the internediate roller 12. Hence, the recording sheet 19, having passed
these transport faces, cones reversed in respect of its transport

direction. 66 Mre specifically, the side of the recording sheet 19 on

whi ch side inmages are to be printed faces downward until it reaches the

i nternedi ate raldtey o2 dfdmirdilon f tuhanspekired nkoamillke cshegtinfeeed tray 17,

but comes to 5 face upward (recording head side) at the point of tinme where
it faces the meaerdialg ikeathel aqliauwss tilgk pinistibibng upote cohttdee weedr di ng
sheet always faces toward the outside of the ink-jet recording apparatus. A
reaction |iquitheeajicugsrearks haa ahdepkteneshingisll hank Z2efbirebdi s
provi ded inside the sheet feed cassette 16 and serves to feed a reaction
liquid 15, an enbudmed atetr abeerink? seat dtsaling Supportrethavinghehst ate its
peri pheral surface is partly imersed in the tank 22, and a coating roller
6 which is5so misypmsed lagytial kagHp garc] melking tthe isttagraredi ate rol ler 12
and is rotatable in contact with, and in the sane direction as, the
i ntermedi at e rdildperrsizn Alfsdhe ha teoatiimsp Il lleercoB orsings matiespedednt hat its
peri pheral surface cones into
the aqueous ink unstable.
Incidentally, the ink set referred to in the
present invention may be of any form shown below, as
10 long 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 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 holding
therein a cyan ink, a magenta ink and a yellow 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

these forms shown above, the ink set may be of any

modified form.



contact with, and in parallel to, the feed roller 13 for 20 transporting the
recordi ng 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 peri@heral 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
with the reaction liquid 15 by the coating roller 6. In this ink-jet
recordi ng apparatus, a float 14 is also provided in the replenishing tank

22. This float 5 14 B, ja fUbsiance hay Mg 1S Mald &I SRRFITHG gravity than
the reaction liquid 15, and floats on the liquid surface of the reaction

liquid 15. Thu@arEPﬁd?§§iQM@Jlﬁmﬁjgﬁt&bcégdi Aﬁﬁﬁ%éﬁﬁbinUid cont ai ni ng
the reactive conponen can visually be seen Tromthe outside through a 10

residual -quantity indigati ShMNAW St sard 1di-anspareMrdmmper. Fig.
2 illustrates a residual-quantity indication as viewed fromits front. The

resi dual - quant 4pya rd fds cas i Hns bRsmai ¢ Nk €@t boA1 SHPNE NE d-her fegr eehals 15
residual quantity of the reaction liquid, which is provided along the

resi dual - quant i hy-§ &€ £atboA1 MG NEWarLdus Nerp Boy £ngt Swd 581 diyeetion. In the
drawing, a case in which the Tiquid surface or the float 14 cones to the
position indicahrdijas r&EUbLAisHoNssBers] aded Ohabeh ngeddtdling head 1, a
sheet feed cassette 16 having a sheet feed tray 17 from
which a recording medium (hereinafter also "recording
sheet”) 18 is to be fed and a means for applying the
10 reaction liquid, the sheet feed tray and the means being
| integrally formed, a drive means for moving the
recording head reciprocally in the direction (primary
scanning direction) falling at right angles with the
direction of transport of the recording sheet (secondary
15 scanning direction), and a control means which controls
the drive of 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 orifices, 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



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 repl eni shed
when the float 14 has lowered to the "Adg¥® |line. 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 an
injection opening 20 5 constituted of a rubber nmenber with a cut nade

therein, 10 ioieGiedfiss okl O bisial A0k AR il Shig gk 22

Thus, the recordi ng sheet having been coated with ~the reaction liquid is

thereafter sendydynd i alehadh BOUNL Bhad WRith @SR dn 'K 1181 7 and a
pinch roller 8 kept in pressure contact therewith, and is transported to a

recordi ng partyedhiifhd hehddk 19, appkibedtheomtheqihgcaedung head 1. The
recordi ng sheet 19 fed and inmage-printed in the nmannér as described above is

15 deliver y—”@f‘fapé}{tf‘rd_%@hf@ﬂiié@d%ﬂ Q8 theanth @ Hifa ¥ md@iterth
pressure contact therewith and stacked on an output tray 5. Were the

reaction |isquigishapptd et dye 2 41 |€fectd e drdietespaciald y the reaction
liquid may be made 20 to have a higher viscosity than the viscosity of the
i nk. 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 the time of sheet feeding, the uppermost sheet is
brought into pressure contact with a sheet feed roller
10 by a spring 18 which presses the sheet feed tray 17
upward. 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 1is
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 contact
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 its transport direction.



This is preferable because the ink can effectively be nmade unstable even
when the reaction liquid is applied in a small quantity and al so i mages of
recorded materials can well be fixed. Stated nore specifically, 25 where
the reaction liquid has a high viscosity, polyvalent netal ions can nore
readily remain in the vicinity of the sarface of the recording nedium and
69 hence the reaction liquid can readily react wwth the ink. It is
preferable that the ink reacts with the reaction liquid and thereafter the
coloring material conmponents in the ink remain in the vicinity of the
surface of the 5 recording nmedium where the water-sol uble organic

sol vents, wat eforanc s iffardal 1ggne hemsedicatog! theenreeaired ng Bheetthe 9r egor di ng

medi um nanely, the solid-liquid separation takes place i medi ately. Hence,
fromthe viewpgidi sofdd hendfgesakidd tty @l ipragesdoff aceeoddetwk@dmaneriilal s, it
is nore preferable for the reaction liquid to have a |lower viscosity. In
t he case when ittheeaddact itdre liirguirthedd aapplricdd by 12 rditear iar itshe | i ke, the
reaction liquid my preferably have a viscosity of from 3 nPa-s or nore to
100 nPas or | esssnspud trant ef ridhn prhef ehadelty flercoimtrayPds ,obutcernies 60 nmPas or
|l ess. Incidentally, the viscosity of the reaction liquid or ink in the
present i n¥entfiaare mpwdrel nessuored ion harad enven)orrerntheofpcdASCE lyf & ime
conventional nethod. [Inage-Form ng Method] 20 The i mage-form ng net hod
accordi ng to tWer esentacamnvam immradrslides dreiased .belTbwshythevbngnspegi fic
exanpl es.
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 liquid 15, an
intermediate roller 12 rotatably supported in the state
its peripheral surface is partly immersed in the tank 22,
and a coating 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 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 intermediate roller 12 is evenly coated on its



The i mage-form ng nmethod according to the present invention is an

i mge-form ng nethod which perfornms recording by an ink-jet recording
systemon a recording 25 nedi um such as plain paper by the use of a bl ack
ink and at |east one-col or aqueous color ink, and is characterized in that
t he aqueous ink of the present 70 invergjon as described above is used as
the black ink, and, in formng an i mage conposed of an imge forned by the
bl ack ink and an i nage formed by the above color ink which are adjacent to
each other, scanning which applies 5 the black ink is perfornmed to formthe
i mge and thereafter scanning which applies the color ink to the area

where the im Q@ en Jorgmy, i1 Perdied, 1;9R6¢ fisc theds. Lherefor are
descri bed belgﬁfL |éﬁf4 se%ms an exaan% of a ﬁé ordingkﬁga usé% f when

t he i mage-for Eﬂﬂgﬁ?%ﬁOd according to the present invention is carried out.
The recording head has, as shown in Fig. 4, an ejection orifice line Bk for

ej ecting a black ink. theref ;om_-and . i ik | i ne jsecti ng
therefromthree colgp ?ﬁﬁ% &?W% %ﬁ I%%ﬁ%%f%%ngggﬁfg%gﬁy §n§l§gﬁlg® ?%),

respectively. Jisd ha-dymaer fi0f Mg rihaed ofi dhe Riesent thaveribge, where
full-color images are fornmed, a recording head may preferably be used in

which the Bl acks ik £j8Hdth @ iddwigd iDesdon & egdng ittheyhagks ithsn 20
therefromand the color ink ejection orifice lines for ejecting color inks

therefrom are g dispasiesh asidwide s, shidd ed datd ke seeoNdaj S GRS
direction. Stated
of the reaction liquid 15. Thus, the residual quantity
of the reaction liquid containing the reactive component
can visually be seen from the outside through a
10 residual-quantity 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 of the reaction liquid, which is
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 float 14 has lowered to the "Add"

line.

The reaction liquid 15 may be replenished by a



specifically, for exanple, in formng i mages by using the recordi ng head
shown in Fig. 4, the whole area of 25 the black ink ejection orifice line is
used when only black imges are forned. When full-col or i nages having

bl ack i mages and col or images m xedly are formed, inmages 71 may preferably
be so forned that the black ink uses a @&art 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 lines. The case in which the inages 5 having bl ack i nages
and color images mxedly are forned is described below in greater detail
Fig. 4 shows an exanple of a recording head usable in the present

i nvention. Thepdeeen dingvihead, has dhaun eiectien orifi cend ineadBk dg e ecting
a black ink 10 therefrom and the ejection orifice lines for ejecting

therefrom thregh&ot ofeddiksa D ety  Glas BESNt @AM AN oy dHOW ARD et
respectively. First, using the part a of the black ink ejection orifice

line, the printédgrdeag apsassamnathim sy horha ot@lo didrectd et od he
drawing 15 (the primary scanning direction) to forma black imge in
one-pass print{sgl o3t e {LSOF € giMTesh Ui jdNexion tdenig ozl ng mediumis
transported by the distance a in the vertical direction in the drawing (the

secondary scansoéngtittiesdi 6n)a Wiser hémbdie Oth S dut friddrthe 29idj recti on
of the next primary scanning in the printing head, the part b of the color

ink ejection ofbfiggetinele rSadisEsh tDid@wldn Bn€S! Te | M@Y= s 10Yey PESISk
printing on tgg recording mediumin its image area formed at the
Thus, the recording sheet having been coated with
the reaction liquid is thereafter sent by a stated
10 amount by a main transport roller 7 and a pinch roller 8
kept in pressure contact therewith, and is transported
to a 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 liquid 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,

polyvalent metal ions can more readily remain in the

vicinity of the surface of the recording medium, and



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 inmage in the next area.
This is repeated to formthe i mages having bl ack i mages and col or i nages 72
m xedly. Fig. 5 shows another exanple of a recording head wusable in the
present invention. In what is showmn in &g. 5 as well, like 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 whole area
of the color ink ejection orifice lines, to formin the same way as the
above the images having black inmages and color inmages mxedly. 10 Fig. 6

shows still angtiier exanplecelod {egerdi dg, i upaplect nibe pREsent.

I nventi on. is showmm 1n Fig. 6 as wel e case Fig. 4, the

bllack ink USG?tal§%£ePeP£b1Qetl%€Ci§hé ”fn]-?h?&éé@é‘ v@fﬁﬁ'ﬁ?e'fé‘&'ct?&@ the C
M and Y color inks use a part b corresponding 15 to the whole area of the

color ink ejeciigniQrihliCenettNLBert Ond OEM & PELY MROEST PRV A RSkt & mages
and color inages mxedly. Here, in the recording head shown'in Fig. 6, a

di stance is keph @Heal@}apﬁém£§ﬁdlﬁa£@e%léﬂﬁltfr@fttﬁ@ ' spetaeen £ henpart a
of the black ink ejection 20 orifice line and the part b of the color ink

P 2 LERcLANSy ienag, neLbe feopielacsean s ogaesl (e, L
i's produced i nsgx¢esss, Wiht&raahhask FoRGE tSmd OffREd PaEe I eshdLFe@ cOl OF

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

10 materials, it is more preferable for the reaction liquid
to have a lower viscosity. In the case when the
reaction liquid is applied by a roller or the like, the
reaction liquid may preferably have a viscosity of from
3 mPars or more toc 100 mPa-s or less, and more

15 preferably from 5 mPa*s or more to 60 mPars 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]

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

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



25 image is formed. Thus, in the recording head shown in Fig. 6, it has
nor e advant ageous construction than the recording head construction shown
in Fig. 5, for the 73 keeping of bleeding fromoccurring between the bl ack
i mge and the color imge. Fig. 7 shows still another exanple of a recording
head usable in the present invention. Wiére, as in the 5 recording head
shown in Fig. 7, a recording head is used in which a black ink ejection
orifice line and color ink ejection orifice |ines are disposed in alignnent
in order in the secondary scanning direction, the black imge is first
formed and thereafter the color image is 10 formed in accordance with the

feed of paper jnGkgtri8nshawgestiribeanabbet e¢xafgpke 95 anees@rdknénkhead
usable in the present invention. In the recording head shown in Flg 8,

col or ink eJe%huonlarﬁbkﬁﬁnbl@ﬁslma@% %bﬁﬁ%%éacék|an&ﬁxgéeﬁokﬂeahg yprimary
scanning 15 direction, in two | es 'for each cyan ink , magenta ink

(M, M) and x%blgwabmklhklanMZAn sfabBatorhbe B?rwaédagbﬁQCEbmaramﬂkthe
backward direction in the primry scanning are the sane in the order of

appl ying thegqler aireksdjAsehite tbestlh, othks, eB@Bhﬁingothbh dppeekison
printing in formng the i nages having black images and col or inages

mxedly. 19 thihe gasek ihik' Sk perfaried 8b thembkaek imaleehagtion orifice
line is used to forma black inage, and then the recording mnediumis

transported byhHdieaditstrageanaing Whe cheeppdaey Zbeseanvirngndi kecthen, where,
in the course in backward
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 orifice 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-color images are formed, a
recording head may preferably be used in which the black
ink ejection 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



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 color imge in
one-pass printing on the recording nediumin its inage area forned at the
former part a of the black ink ejection orifice line. Here, the part a of
the black ink ejection orifice line 5 isiformng an image in the next area.
This is repeated to formthe inmages having bl ack i mages and col or i nages

m xedly. In the recording head adapted to the both-direction printing as in
what is showmn 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 i s Pt A PARETe & AR A enaltOTHANG TP etiagen L he part a

of the black i ejectionorifice line and the part of the color ink 15
ej ection or i figed INeS (58P Il Ik 13 QWIS il 110 (60 regpendi ng to

one-tinme scanning in reciprocation i"le the black 1mage is formed an

thereafter the eolPry ddmae iirkd U d, Jaftys yRid ngd heigeargi ng head have
nor e advant ageous. construction for the keeping of bleed 20 from occurring

bet ween the bladcdimoe and dhe iGRI0r ThEREEseThe |ARER- EAENfggEBE hod has
been descri bed "above. O course, the fornms of the recording head usable in

the imagesforfayigidmined aeeRfddi nGd ¢die AMRSRY rliRkeeNt) (2T ANRPY Nno
nmeans limted to those shown in Figs. 4 to.9. "Also, the nunber of pass
di ffers dependiN®Hdrrdiget Bdlbw in greater detail.

Fig. 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
yellow (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 one-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 direction), 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 form the images having black images and color images



apparatus to be used, and hence the printing is by no 75 neans limted to
the one-pass printing. The image-form ng nethod maki ng use of the ink set
having the reaction |iquid as described above is enbodied to have: 5 (i)
the step of applying onto the recording medium a reaction |liquid capable of
maki ng the state of dispersion of the Wdter-insoluble coloring materi al
unstable in an aqueous ink constituting the ink set; and (ii) the step of
appl yi ng the aqueous ink 10 constituting the ink set, onto the recording
mediumto which the reaction liquid has been fixed. Recording Medium As the
recordi ng medi um on which inages are forned wusing the ink set of the
present inventhigmdyny 15 recording nedium may be used as long as it is a
recordi ng medi um on which an ink is applied to perform recording. In

particular, in the prigsemt shwentbndtherPebaipabl hrusesdeabedilnri mepaper, and
a recording nmedium having on at |east one side thereof a coating |ayer 20

‘whi ch recei vesudd1el @gueaise igtesddt Cotiesfidde phesBAt ikN¥BBWNhOANI s by no
nmeans limted to this. The recordi ng nedium having a coating |ayer which

receives the aoueous dkydmay, iNHdidthea d8eOIgH M gredi, urBhhalidtk dmiat | east
one side thereof a coating |ayer 25 which receives the aqueous ink,

cont ai ni ngsat dsasta pattyd ephidHes HiolaMTem lard/ct iavh i01arfgadd C ipey eusl body.
Where i mages are formed on such a recordi ng nmedium an

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 orifice line
and the C, M and Y color inks use a part b corresponding

15 to the whole area of the color ink ejection orifice
lines, to form the images haviﬁg black images and color
images mixedly. Here, in the rgcording 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 color

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



76 especially good effect is brought out. As the recording medium having a
coating | ayer which receives the aqueous ink, there are a great variety of
medi ums according to, e.g., the state of surface, the thickness of the
coating 5 layer, the size of pores in which the aqueous ink is to be
absorbed, the difference in materials coh$tituting such an ink absorbing

| ayer, and further the type of a base paper. For exanple, it may include
strongly gl ossy paper or glossy film having a high surface gl ossiness; 10
slightly gl ossy paper or sem -gl ossy paper, whose surface glossiness has
been controlled by working or the |I|ike; matted paper, having no gl oss; and

trace-coated papeing havimpead toat fingn l@yeirting sawdderguard idyacklhe
recording mediumused in ink-jet recording is 15 selected according to
pur poses. For awadgepland ustesl @sror ginessy. paper for obtaining i mages having a
gl ossy feeling conparable to that of silver salt photographic paper, and
art paper nmaking the&iwst7 cdhaestdtetlilc armprdpar tdxesnylsucdf as r&ccardinicdge
paper feel, a canvas 20 cloth feel and a Japanese paper feel) of base paper
in order to flawaditealbpresetniie pprdsrmes,ipaitgraphstheard abuinhéhegr aphic
i mages or the like. Any conventionally known substance may be used as the
hydr ophi | i & potyoerd conshedadt simgwt hen abioye toad i recoRbit@yeradfis hesed
recording medium It may include, e.g., starch, carboxynethyl cellul ose,
met hyl cel | ul ose,whhyliraxykadly| inkl ¢ 18 osieon hydr Dxkyprbpy ael |adlase,irsf gi nic
77
ejection orifice lines are disposed in alignment in
order in the secondary scanning direction, the black
image is 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. In the recording
head shown in Fig. 8, color ink ejection orifice lines
are symmetrically provided in the primary scanning
15 direction, in two files for each cyan ink (Cl, C2),
magenta ink (M1, MZ) and yellow ink (Y1, Y2), 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 Dboth-direction printing in forming the images having
black images and color 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



acid, gelatin, polyvinyl alcohol, polyvinyl acetal, polyethylene oxide,
sodi um pol yacryl ate, cross-linked polyacrylic acid, polyvinyl nethyl ether,
pol ystyrene sulfonic acid, quaternary polyvinyl pyridine, 5 polyacrylan de,
pol yvi nyl pyrrolidone, polyam ne, aqueous urethane resins, water-soluble
acrylic resins, water-soluble epoxy conpbunds and wat er-sol ubl e
pol yesters. Al so appropriately usable are nodified products of the above
polymers, as exenplified by 10 ion-nodified products such as cation-nodified
pol yvi nyl al cohol and cation-nodified polyvinyl pyrrolidone. Further, the
i norgani ¢ porous body used to constitute the ink receiving |ayer of the
recordi ng nmedi isnusyd taciade sidoloar getggeal imorss ~ e el ntaidy Ear ous
gl ass. 15 EXAMPLES The present invention is described belowin greater
detail by givitige Exaopt@isyg Gueghiaumat i el tBxame gs amsrud Refrerdence theanpl e. The
present invention is by no neans limted by the follow ng Exanpl es unl ess
it is 20 beyonflormsr gostt d moff hend dblavk nghldespratpitdromri fipse tig)e'. and are
by wei ght unless particularly noted. [Preparation of Pignment D spersion
Sol uti on and IReeetiOre lpawi d @5 tHx epbact | ok of ) dattaickn phginfeinte diisper si on
solution) 10 parts of carbon black having a specific surface area of 210
n2/ g and a SDBPL®i foabbny pitn crmafe 74n Mtha 0texf, an8a .20 Thasst 9 sofreprasgdeous
solution of a styrene-acrylic
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 color 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
more advantageous construction 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 thé 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



acid copol ynmer having an acid value of 200 and a weight-average nol ecul ar
wei ght of 10,000 and having been neutralized with an aqueous 10 nmass%
sodi um 5 hydroxi de solution and 70 parts of ion-exchanged water were m xed,
foll owed by dispersion for 3 hours by nmeans of a batch type vertical sand
mll. The dispersion solution obtainedMas centrifuged to renove coarse
particles, and thereafter put to pressure filtration 10 using a mcro-filter
of 3.0 pmin pore size (available fromFuji Photo FilmCo., Ltd.) to
prepare a resin dispersion type black pignent. Further, water was added to
the resin dispersion type black pignment thus obtained, to disperse the

latter in thefQen 0 @3 to ke Bn2-bask gramtigenecentration of 10 mass%
to prepare a dispersion solution. Thus, a black pignent dispersion

sol ution was obtai nete (RMagRarati@ngofcenan RbGABAL udksper ghenisel ykikon) 10
parts of a pignent (C. 1. Pignent Blue 15:3), 20 0 parts of an aqueous

sol ution of anstwirene-hcmdact iasl d i @ApLlaRle shavivegl amoael d sval ue of 200
and a wei ght -average nol ecul ar wei ght of 10,000 having been neutralized

wi th an aqueousickfbddy tweirghte :sodi um hydr oxi de solution and 70 parts of
i on- exchanged water 25 were m xed, followed by dispersion for 3 hours by
means of 8 batch type weértistap sdandppilllingThetdi sper skeenrdsakhuinedd uabt ai ned
was centrifuged to renove coarse 79 particles, and thereafter put to
pressure filtratdeart it N iguiid rragfadltee o fofmak iGigprahien speate sifze (avail abl e
dispersion of the water-insoluble coloring material
unstable in an aqueous ink constituting the ink set; and

(11) the step of applying the aqueous ink

10 constituting the ink set, onto the recording medium to
which the reaction liquid 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 invention,
preferably used are plain paper, and a recording medium
having on at least one side thereof a coating layer

20 which receives the aqueous ink. Of course, the present
invention is by no means limited to this.

The recording medium having a coating layer which
receives the aqueous 1ink may include a recording medium
having on at least one 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



from Fuj i
pi gnent .
pi gnent thus obtai ned,

Thus,

Photo Film Co., Ltd.) to prepare a resin dispersion type cyan
Further, water was added 5 to the resin dispersion type cyan
to disperse the latter in the former so as to be in
a pignment concentration of 10 mass% to prepare a dispersion solution.

a cyan pignent dispersion solutiohewas obtained. 10 (Preparation of
magent a pi gnent di spersion) 10 parts of a pignent (C. I

Pi gnent Red 122),

20

parts of an aqueous solution of a styrene-acrylic acid copolyner having an

acid value of 200 and a weight-average nol ecul ar wei ght of 10,000 having
been 15 neutralized with an aqueous 10 mass% sodi um hydr oxi de

70 parts of i afsEXSANDRdyYGd esf eFe 18 XSehugrtoldipwed pby tdies peSiraAnfor 3
hours by neans of a batch™ type vertical sand mll.

sol uti on and

The di spersion sol ution

obtai ned was GROAT ik Uf%@irﬁc% & POy el kPaA S P & Gfecaifks 2thd hefeadder put

to pressure filtration wt

(avail abl e frommikyjthe Phodoe Fil g ot ,vdd bty tOFf Pi@PAIRs aad@stdi il sfer sion
magenta pignent. Further, water was added to the resin dispersion

type

a mcro-filter of 3.0 pmin pore size

type magenta péggenttiidust obé abhesirtocb the peiisekidies | @t tigfe idbdthiend or mer
so as to be in a pignent concentration of 10 nmass% to prepare a

di spersi on 5sol usyen, dheissize nagepdeePi gremmich spies dQredis St utd ab was

obtai ned. (Preparation of yellow pignent dispersion) 10 parts of a pignent

(C.1.

Pi gnent

10

15

20

25

el hloyorded, 26he difference in materials constituting
such an ink absorbing layer, and further the type of a
base paper. For example, it may include strongly glossy
paper or glossy film, having a high surface glossiness;
slightly glossy paper or semi-glossy paper, whose
surface glossiness has been controlled by working or the
like; matted paper, having no gloss; and trace-coated
paper, having a coating layer in a small quantity.

The recording medium used in ink-jet recording is
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
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 conventionally known substance may be used as
the hydrophilic polymer constituting the above coating
layer of the recording medium. It may include, e.g.,'
starch, carboxymethyl cellulose, methyl cellulose,

hydroxyethyl cellulose, hydroxypropyl cellulose, alginic



parts of an aqueous solution of a styrene-acrylic acid 5 copolynmer ha
an acid value of 200 and a wei ght-average nol ecul ar wei ght of 10,000 havi ng
been neutralized with an aqueous 10 mass% hydr oxi de solution and 70
of ion-exchanged water were m xed, followed by dispersion for 3 hours
means of a batch type 10 vertical sand ri1l. The di spersion sol ution

obtained was centrifuged to renove coarse particles, and thereafter

pressure filtration with a mcro-filter of 3.0 min pore size (avail able

from Fuji

Photo Film Co., Ltd.) to prepare a resin dispersion type 15

yel | ow pi gnent. Further, water was added to the resin dispersion type
yel  ow pi gment,difnis cféq[aadi'}?,_dpdlcyviq{(}ﬂp%ﬂ%ﬁdl% l@teiid e dar,mer so

be in a pignent concentration of 1

mass% to prepare a dispersion

sol ution. Thusoryatel)iewigimem, HEPans Il vRG Seltd, i ok oms-1akfi@idned.
(Preparation of reaction |iquid) The conponents shown bel ow were m xed
t horoughl y stigdeghcd@lilowrd Dy dgyiessiel iddHat ichaM,t bolaystvalrd i | ter of
0.2 min pore size (available from25 Fuji Photo FilmCo., Ltd.) to prepare
a reaction |i gidfoniMagnesd urgud tdater  hexaRyidnat gy risiiharass %
Trimet hyl ol propane 25.0 mass% 81 ACETYLENCL EH 1.0 nass% (acetyl ene gl ycol
et hyl ene 0%i dep@ghtedty] aviald alpEl frongl kanwaksn ddig Granialrse ,Co., Ltd
Pure water bal ance

10

15

20

25

aqueous urethane resins, water-soluble acrylic resins,
water-soluble epoxy compounds and water-soluble
polyesters. Also appropriately usable are modified
products of the above polymers, as exemplified by

ion-modified products such as cation-modified polyvinyl

. alcohol and cation-modified polyvinyl pyrrolidone.

Further, the inorganic porous body used to constitute
the ink receiving layer of the recording medium may
include silica gel, alumina, zeolite, and porous glass.
EXAMPLES

The present invention is described below in
greater detail by giving Examples, Comparative Examples
and Reference Example. The present invention is by no
means limited by the followiﬁg Examples unless it 1is
beyond its gist. In the following description,
"part(s)" and "%" are by weight unless particularly
noted.

[Preparation of Pigment Dispersion Solution and
Reaction Liquid]

(Preparation of black pigment dispersion solution)

10 parts of carbon black having a specific surface

area of 210 m°/g and a DBP oil ébsorption of 74 ml-100 g,

Vi ng

parts
by

put to

as to

and

-)



5 [Judgnment on Good Medi unf Poor Medi um of WaAter-sol uble O ganic Sol vent]
The foll ow ng experinent was conducted in order to select the water-sol uble
organi ¢ solvent acting as the good nedium or poor medium for the pignent
contained in 10 the above pignent dispersion solution. First, the above
respective col or pignent dispersion solut ons having a solid content of 10
mass% were used to prepare aqueous solutions. These aqueous sol utions and
respective water-soluble organic solvents were used to prepare 15

sol vent -j udgnent di spersion solution A and sol vent- judgnent water

di spersion solution B for judgnent on good mnedi unf poor nedi um according to

the follow ng 20Mipd g It ize aSplecriy Joldaiient off spestsSihesaldityiion A 20 each
col or pigment dispersion solution with solid content concentration of 10

nmass% 50 part saciehcdopEtelers dlaitiey eirgaiviel sellventoSipme 4l table 1 50 parts
Sol vent -j udgnent water dispersion solution B 25 each col or pi gnent

di spersi on solwgigitt witdrasg intblaxontaantwedieprentfy atd, a0 OfankD Hasisdy 50 parts
pure water 50 parts 82 Next, 10 g of the dispersion solution A for judgment
on good nedi urbdgaom et ain add ohl e sarpreeparceds  1ds ndescy idwetiabove was put
into a transparent glass sanple bottle with a cap, and the bottle was
closed with 5 hjraaple Thelneafdrerand t/0 ganttentcst vierre-dxtwdraougid 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 using 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 so as to be in a
15 pigment concentration of 10 mass®%, to prepare a
dispersion solution. 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 sodium
hydroxide solution and 70 parts of ion-exchanged water
25 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



stirred, and this was left for 48 hours in a 60C oven. Thereafter, the
di spersion solution taken out of the 60C oven was used as a sanple for

measur enent ,

and the average parti

cle size of the pignment in the pignent 10

di spersion solution was neasured with a fiber-optics particle analyzer
(trade name; FPAR-1000; nanufactured by %tsuka El ectronics Co., Ltd.). The
val ue obtained was defined as the average particle size of the pignent in
di spersion solution A for Judgnent (pignent average 15 particle size
measured wi thout dilution) which was left for 48 hours at 60. Meanwhil e,

wat er di spersion

solution B for Judgnent was not stored with heating, and

t he average paaitcld es,zergf thee qaifgrentputn tohipgesdiugperfdildmatdsonnmeasur ed
with a fiber-optics particle 20 analyzer as in the above. Then,in regard to

t he average

measure the K& adifpgseddle laditar sél dhe

sol ution

10

15

20

25

parth d enisize-fiid teol went3-.jougdgmemt pdireperzieon asalidbbde A and
sol vent -j udgnent water dispersion solution B, when the average particle
si ze in di sperfsiash BoliutBhetoa Ridgn Jaar,gditd.Hara ipaeparenat eesdinsper si on
solution B, the 25 water-sol ubl e organic solvent was judged to be poor
medi um and wWEBRYES @vertaie paan dlgnsnte | AudtBper svehersofat added was
equal or smaller than that in water 83 dispersion solution B, the

wat er - sol ubl e 6T gadyf 5ol ehtsPagsst Jrudgasd tay ave pilgmegdodhmsdiolppained,

[ Measurenment of Ka Val ue on Water-sol ubl e Cﬂgfnic Solvent] 5 First, to

pigment concentration
dispersion solution.
solution was obtained.

(Preparation of

i 8s@lsvémt Peadtagueous dye

of 10 mass%, to prepare a

Thus, a cyan pigment dispersion

magenta pigment dispersion)

10 parts of a pigment (C.I. Pigment Red 122), 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 mass% sodium hydroxide

solution 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

thereafter put to pressure filtration with a

micro-filter of 3.0 pum in pore size (available from Fuji

Photo Film Co., Ltd.)

magenta pigment. Furt

to prepare a resin dispersion type

her, water was added to the resin

dispersion type magenta pigment thus obtained, to

disperse the latter in the former so as to be in a

pigment concentration

dispersion solution.

of 10 mass%, to prepare a

Thus, a magenta pigment dispersion



with a dye concentration of 0.5 mass% having conposition shown bel ow was
prepared. Such an aqueous dye solution is used in order to color a
colorless 10 transparent sanple to nmake it visible so that the Ka value can
be neasured with ease. water-soluble dye C.I. Pignent Blue 199 0.5 part

pure water 99.5 parts Next, using thissgaqueous 0.5 mass% dye sol ution and
15 each water-sol uble organic solvent to be neasured, each of aqueous 20%
solution of colored water-soluble organic solvents having conposition shown
bel ow were each prepared. above aqueous 0.5 mass% dye solution 80 parts 20
wat er - sol ubl e organi c sol vent shown in Table 1 20 parts Using as a

measuri ng sanplg t-henagieowds,+2Q naass% sol ution of each col ored
wat er - sol ubl e organi ¢ sol vent, prepared as descri bed above, each Ka val ue

of the 25 aqueous 2Q%r%9%‘fbit9689|5fe§@m‘6@tﬁﬁgl?x@hﬁbh%ﬁégé%ﬁ) sol vent was

measured with a dynam c perneability tester trade nane: Dynam c

Pernmeabi lity Tester 1§ paeRul 3¢t ur edgBéntbycToyopSehkht Sebsaky- b9, £bd.), by
the Bristow nethod. [Results of Judgment and Measdrenent] In respect of the

wat er - sol ubl e arganicr $0 Wiepusushhe il biFe ol Bky repasucedias desari bed
above, the 5 results of judgnment on whether they were good nedi uns or poor

medi uns fog tkeddiask PirgrEMy drspeis ealsel il ono aepar pi gment di spersion
sol uti on, magenta pignent

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 vertical sand mill. The dispersion solution obtained
was centrifuged to remove coarse particles, and
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

15 vyellow pigment. Further, water was added to the resin
dispersion type yellow pigment thus obtained, to
disperse the latter in the former so 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 liguid)
The components shown below were mixed.and

thoroughly stirred, followed by pressure filtration with
a micro-filter of 0.2 um in pore size (available from

25 Fuji Photo Film Co., Ltd.) to prepare a reaction liquid.
Magnesium nitrate (hexahydrate) 15.0 mass%

Trimethylolpropane 25.0 mass%



di spersion solution and yel |l ow pi gnent dispersion solution and the results
of measurenent of the Ka value 10 in the aqueous 20 mass% sol uti on of each
wat er -sol ubl e organic solvent are shown in Table 1. Incidentally, letter
synbols "0" and "X" in the table stand for good nedium and poor nedi um
respectively. Table 1 1s Water-insolublgl coloring materials Ka val ue of

Ma- aqueous Bl ack Cyan genta Yell ow 20 nass% 20 pig- pig- pig- pig- solution
of nment ment nent nent water- dis- dis- dis- dis- soluble per- per- per-
per- organic sion sion sion sion solvent 25 (m,- Water-sol uble nsecl/2)
organic solvents: Gycerol 30 00 0 0 0.123 Trinethylol propane 0 0 0 O

0.19 Pol yet hyd@me ginolpf00 X X X X 0.17 35 [Preparation of ydyls 85

(acetylene glycol ethylene oxide adduct; available from
Kawaken Fine Chemicals Co., Ltd.)
Pure water balance
5 [Judgment on Good Medium/Poor Medium of
Water-soluble Organic Solvent]

The following experiment was conducted in order to
select the water-soluble organic solvent acting as the
good medium or poor medium for the pigment contained in

10 the above pigment dispersion solution. First, the above
respective color pigment dispersion solutions having a
solid content of 10 mass% were used to prepare aqueous
solutions. These aqueous solutions and respective
water-soluble organic solvents were used to prepare

15 solvent-judgment dispersion solution 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 solvent 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



(Examples 1 to 5) ° The conmponents shown in Tables 2 to 6 bel ow were nixed
and thoroughly stirred, followed by pressure filtration with a mcro-filter
of 3.0 pmin pore size 5 (available fromFuji Photo FilmCo., Ltd.) to
prepare aqueous inks of Exanples 1 to 5. Incidentally, "B/A value" in
Tables is the ratio B/ A where A denotes &he total content (nmass% of the
good nedi um based on the each aqueous ink and B denotes the total content
(mass% 10 of the poor nedium based on the each aqueous ink. Table 2:
Exanpl e 1 Bl ack Cyan Magenta Yellow Ink Ink Ink Ink 15 Bl ack pignent
di spersion: 50.0 - - - Cyan pignent dispersion: 50.0 - - 20 Magenta pi gnent
di spersion: - 50.0 Nexfgl |10V PigieiHe disRNSiOH solutid0.20 £4d ycerol : 25
14.0 13.0 5.0 5.0 Polyethylene glycol 600: 7.0 7.0 15.0 15.0 ACETYLENCL
E-100(*): 0.1 {udgrsrit Grl gciH Mwd uvpior medium which was prepared
as described above was put into a transparent glass
sample bottle with a cap, and the bottle was closed with
5 the cap. Thereafter, its contents were thoroughly
stirred, and this was left for 48 hours in a 60°C oven.
Thereafter, the dispersion solution taken out of the
60°C oven was used as a sample for measurement, and the
average particle size of the pigment in the pigment
10 dispersion solution was measured with a fiber-optics
particle analyzer (trade name: FPAR-1000; manufactured
by Otsuka Electronics Co., Ltd.). The value obtained
was defined as the average particle size of the pigment
in dispersion solution A for Judgment (pigment average
15 particle size measured without dilution) which was left
for 48 hours at 60°. Meanwhile, water dispersion
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
20 analyzer as in the above. Then,in regard to the average
particle size in solvent-judgment dispersion solution A
and solvent-judgment water dispersion solution B, when
the average particle size in dispersion solution A was
larger than that in water dispersion solution B, the
25 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



Bal ance Bal ance Bal ance Bal ance B/ A value: 0.50 0.54 3.00 3.00 35 (*): an
acetyl ene glycol ethylene oxide adduct (surfactant avail able from Kawaken
Fine Chemcals Co., Ltd.) 86 Table 3: Exanple 2 Black Cyan Magenta Yel | ow

Ink I'nk Ink Ink 5 Black pignent dispersion: 50.0 - - - Cyan pignent
di spersion: 50.0 - - 10 Magenta pignent g spersion: - 50.0 - Yell ow pi gnent
di spersion: - - - 50.0 dycerol: 15 7.0 10.0 10.0 10.0 Polyethylene glyco

600: 13.0 10.0 12.0 9.0 ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 20 Pure
wat er : Bal ance Bal ance Bal ance Bal ance B/ A val ue:

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
water-soluble organic solvent, an aqueous dye solution
with a dye concentration 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
value can be measured with ease.
- water-soluble dye C.I. Pigment Blue 199 0.5 part
+ pure water 99.5 parts
Next, using this aqueous 0.5 mass$% dye solution and
15 each water-soluble organic solvent to be measured, each
of aqueous 20% solution of colored water-soluble organic

solvents having composition shown below were each

prepared.
above aqueous 0.5 mass% dye solution 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 value of the
25 aqueous 20% solution of each water-soluble organic
solvent was measured with a dynamic permeability tester

(trade name: Dynamic Permeability Tester S; manufactured



1.86 1.00 1.20 0.90 25 (*): an acetylene glycol ethylene oxide adduct

(surfactant avail able from Kawakeq Fi ne Chemi cals Co., Ltd.) Table 4:
Exanple 3 30 Black Cyan Magenta Yellow Ink Ink Ink Ink Black pigment

di spersion: 35 50.0 - - - Cyan pignent dispersion: 50.0 - - Magenta pi gnent
di spersion: - 50.0 - 40 Yell ow pi gnent @idspersion: - - - 50.0 dycerol:

10.0 10.0 10.0 12.0 Pol yethyl ene glycol 600: 45 10.0 9.0 12.0 8.0
ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 Pure water: Bal ance Bal ance Bal ance
Bal ance 87 B/ A value: 1.00 0.90 1.20 0.67 5 (*): an acetylene glycol

et hyl ene oxi de adduct

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
5 results of judgment on whether they were good mediums or
poor mediums for the black pigment dispersion solution,
cyan pilgment dispersion solution, magenta pigment
dispersion solution and yellow pigment dispersion
solution and the results of measurement of the Ka value
10 in the aqueous 20 mass% solution of each water-soluble
organic solvent are shown in Table 1. Incidentally,
letter symbols “0” and “X” in the table stand for good

medium and poor medium, respectively.

Table 1
15
Water-insoluble
coloring materials Ka value of
Ma- agueous
Black Cyan genta Yellow 20 mass%
20 pig- pig- pig- pig- solution of
ment ment ment ment water-
dis- dis- dis- dis- soluble
per- per- per- per-— organic
sion sion sion sion solvent
25 (ml m*-
Water-soluble msec”z)
organic solvents:
Glycerol
30 0 O 0 0 0.13
Trimethylol-
propane O O O O 0.19
Polyethyleéene '
glycol 600 X X X X 0.17
35

[Preparation of Ink]



(surfactant avail abl e from Kawaken Fine Chemcals Co., Ltd.) Table 5:
Exanpl e 4 10 Bl ack Cyan Magenta Yellow Ink Ink Ink Ink Black pignent
di spersi on:
di sper si on:
10.0 10.0 10.0 12.0 Pol yethyl ene glycolgs600: 10.0 9.0 12.0 9.0 25
ACETYLENOL E-100(*): O.

Bal ance

50.0 - - -
- 50.0 - Ye

B/ A val ue: 30

et hyl ene oxi de adduct

Co.

15 Cyan pignent dispersion: 50.0 - - Magenta pi gnent
| I ow pi gment dispersion: 20 - - - 50.0 dycerol:

10.1210.10.1 Pure water: Bal ance Bal ance Bal ance
1.00 0.90 1.20 0.75 (*): an acetylene glycol
(surfactant avail able from Kawaken Fi ne Chem cal s

35 Ltd.) 88 Table 6: Exanple 5 Black Cyan Magenta Yel | ow
(Examples 1 to 5) ‘

10

15

20

25

30

35

The components shown in Tables 2 to 6 below were

mixed and

thoroughly stirred, followed by pressure

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

(available from Fuji Photo Film Co., Ltd.) to prepare

aqueous inks of Examples 1 to 5. Incidentally, "B/A

value" in

Tables is 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%)

of the poor medium based on the each aqueous ink.

Table 2: Example 1

Black Cyan Magenta Yellow
Ink Ink Ink Ink
Black pigment dispersion:
50.0 - - -
Cyan pigment dispersion:
- 50.0 - -
Magenta pigment dispersion:
= - 50.0 -
Yellow pigment dispersion:
- - - 50.0
Glycerol:
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

Pure water:

B/A value:

Balance Balance Balance Balance

0.50 0.54 3.00 3.00

(*): an acetylene glycol ethylene oxide adduct

(surfactant available from Kawaken Fine Chemicals Co.,

Ltd.)



Ink I'nk Ink Ink 5 Black pignment dispersion: 50.0 - - - Cyan pignent

di spersion: 50.0 - - 10 Magenta pignent dispersion: - 50.0 - Yell ow pi gnent
di spersion: - - - 50.0 dycerol: 15 11.0 10.0 11.0 10.0 Pol yethyl ene
glycol 600: 9.0 9.0 12.0 12.0 ACETYLENOL E-100(*): 0.1 0.1 0.1 0.1 20 Pure
wat er: Bal ance Bal ance Bal ance Bal ance 8# A value: 0.82 0.90 1.09 1.20 25
(*): an acetylene glycol ethylene oxide adduct (surfactant avail able from
Kawaken Fine Chem cals Co., Ltd.) [Conparative Exanples 1 to 3 & Reference
Exanple 1] 30 The conponents shown in Tables 7 to 10 bel ow were m xed and
thoroughly stirred, followed by pressure filtration with a mcro-filter of
3.0 min pore size (availablesbrengFuckampotozFilmCo., Ltd.) to prepare

Black Cyan Magenta Yellow
Ink Ink Ink Ink

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

- 50.0 -~ -
10 Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
- - - 50.0
Glycerol:
15 7.0 10.0 10.0 10.0
Polyethylene glycol 600:
13.0 10.0 12.0 5.0
ACETYLENOL E-100(*):
0.1 0.1 0.1 0.1

20 Pure 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 pigment dispersion:
- - - 50.0
Glycerol:
10.0 10.0 10.0 12.0
Polyethylene glycol 600:
45 10.0 9.0 12.0 8.0
ACETYLENOL E-100(*):
0.1 0.1 0.1 0.1

Pure water:
Balance Balance Balance Balance



aqueous inks of Conparative Exanples 1 to 3 and 35 Reference Exanple 1.

I ncidental |y,

t ot al

"B/ A val ue" in

Tables is the ratio B/ A where A denotes the
content (mass% of the good nmedi um based on the total
each aqueous ink and B denotes the total

mass of the
content (mass% of the poor

medi um

based on the each 89 aqueous ink. Tabl87/: Conparative Exanple 1 Bl ack Cyan

Magenta Yellow 5 Ink Ink Ink Ink
pi gnent di spersion:
Yel | ow pi gnent di spersion: - - -
Pol yet hyl ene
0.1 0.1 Pure

0.31 0.38

10

15

20

25

30

35

Bl ack pignent dispersion: 50.0 - - - Cyan
10 - 50.0 - - Magenta pignment dispersion: - 50.0 -
50.0 15 Gycerol: 16.0 16.0 16.0 16.0
| ycol 600: 4.0 5.0 5.0 6.0 ACETYLENOL E-100(*): 20 0.1 0.1

&alussdl ance Bal ance Bal ance Bal ance B/ A val ue: 0.25 0.31
1.00 0.90 1.20 0.67

(*): an acetylene glycol ethylene oxide adduct

(surfactant available from Kawaken Fine Chemicals Co.,

Ltd.)
Table 5: Example 4

Black Cyan Magenta Yellow

Ink Ink Ink Ink
Black pigment dispersion:

50.0 - - -
Cyan pigment dispersion:

- 50.0 - -
Magenta pigment dispersion:

- - 50.0 -
Yellow pigment dispersion:

- - - 50.0
Glycerol:

10.0 10.0 10.0 12.0
Polyethylene glycol 600:

10.0 9.0 12.0 9.0
ACETYLENOL E-100(*):

0.1 0.1 0.1 0.1
Pure water:

Balance Balance Balance. Balance
B/A value:

1.00 0.90 1.20 0.75

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

Ltd.)



25 (*): an acetylene glycol ethylene oxide adduct (surfactant avail able
from Kawaken Fine Chemcals Co., Ltd.) 30 Table 8: Conparative Exanple 2

Bl ack Cyan Magenta Yellow Ink Ink Ink Ink 35 Black pignment dispersion:
50.0 - - - Cyan pignent dispersion: 50.0 - - 40 Magenta pignment dispersion:

- 50.0 - Yellow pignent dispersion: - - 8850.0 dycerol: 45 5.05.0 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 5 B/ A value: 3.20
3.20 3.40 6.00 (*): an acetylene glycol ethyl ene oxi de adduct

Table 6: Example 5

Black Cyan Magenta Yellow
Ink Ink Ink Ink

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

50.0 - -
10 Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
- - - 50.0
Glycerol:
15 11.0 10.0 11.0 10.0
Polyethylene glycol 600:
5.0 9.0 12.0 12.0
ACETYLENOL E-100(*) :
0.1 0.1 0.1 0.1

20 Pure 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 pm 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 good medium based on the total
mass of the each aqueous ink and B denotes the total

content (mass$%) of the poor medium based on the each



10 (surfactant avail able from Kawaken Fi ne Chem cals Co.,

Ltd.) Table 9:

Conparative Exanple 3 15 Black Cyan Magenta Yellow Ink Ink Ink Ink Black

pi gnent dispersion: 50.0 - - - 20 Cyan pignent dispersion: 50.0 - - Magenta
pi gment dispersion: - 50.0 - Yellow pignent dispersion: 25 - - - 50.0

G ycerol: 9.0 8.0 - - Trinethylol propanes®.0 5.0 5.0 5.0 Pol yet hyl 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 cals Co.,
agueous ink.

Table 7: Comparative Example 1

Ltd.) 91 Table 10: Reference Exanple 1

Black Cyan Magenta Yellow
5 Ink Ink Ink Ink
Black pigment dispersion:
50.0 - - -
Cyan pigment dispersion:
10 - 50.0 - -
Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
- - - 50.0
15 Glycerol:
16.0 16.0 16.0 16.0
Polyethylene glycol 600:
4.0 5.0 5.0 6.0
ACETYLENOL E-100(*):
20 0.1 0.1 0.1 0.1
Pure water:
Balance Balance Balance Balance
B/A 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:
- - 50.0 -
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



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 O - Yellow pignent dispersion: - - - 50.0 dycerol: 15 10.0 10.0 16.0

12.0 Pol yethylene 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

0.90 0.31 0.67 25 (*): an acetylene glycol ethylene oxide adduct

(surfactant avail able from Kawaken Fine Chemicals Co., Ltd.) 30 [Evaluation

1: Image Density] Recorded materials were produced using the respective

i nks of Exanples 1 to 5, Cbnparatlve Exanples 1 to 3 and Reference Exanple

1, prepared a@CHEYEENPEJE-100 (*) :

Pure water:

0.1 0.1 0.1 0.1

Balance Balance Balance Balance
5 B/A value:

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:

- 50.0 - -
Magenta pigment dispersion:
- - 50.0 -
Yellow pigment dispersion:
25 - - - 50.0
Glycerol:
9.0 8.0 - -
Trimethylolpropane 5.0 5.0 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 value: '

0.50 0.54 3.00 3.00

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

Ltd.)



above. Incidentally, in producing the recorded 35 materials, an nodified
apparatus of an ink-jet recording apparatus PIXUS 850i (manufactured by
CANON I NC.) was wused, having an on-denmand type multi-recording head in

whi ch heat energy is applied to an ink in accordance w th recording signals
to eject the ink. Stated 92 specifically, 2 cmx 2 cmsolid images were
formed on recordi ng nmedi uns shown bel ow to produce the recorded materials.
The recorded materials obtained were left for a day and thereafter their

i mge density was 5 neasured. To nmeasure the image density, a reflection
densitonmeter (trade nanme: MACBETH RD-918; manufactured by Macbeth) was
used. Evaluation criterigphcthe. |ggggregg@sgk¥mﬁg@ as shown bel ow. The
results of evaluation are shown in Table 11. 10 As a printer driver, the
default npode was chosen. Setting conditions Qf the default npde are as
shown below. Type of paper: Plai BliggFer. Mt unQQ%ntaStéfrﬁﬂaerW 15 Col or
control: Automatic. As recording metiuns, Uded were | dikhg sheets of
pl ai n pape?. PPC sheet PB Paper (available from CANON INC.). PPC sheet
SC250C (avaHa§ﬂ4§krﬂﬁﬁm9ﬂmj$;39§§§lon20 PPC sheet 4200 (avail able from Xerox
Corp.). Hi gh-white sheet SW 101 (éVhﬂ]able from CANON I NC. ). "PPC sheet 4024
(avail abl e fr driaXeRbomeayp dispersion:

50.0 - -
10 Magenta pigment dispersion:
- -~ 50.0 -
Yellow pigment dispersion:
- - - 50.0
Glycerol:
15 10.0 10.0 16.0 12.0
Polyethylene 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 Kawaken 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 modified 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



(Evaluation criteria) A: Sufficient image density is achievable on all types
25 of sheets, or sufficient imge density is not achievable on sone types
of sheets but no problemin practical use. B: Sufficient inmge density is
not achi evable on sone 93 types of sheets. C. Sufficient inage density is
not achievable on all types of sheets. dsEvaluation 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 observed. Evaluation criteria of the storage 10 stability are as

shown bel ow. T eecr dpnafchd uatd Qi %rletdsp%\g%‘elsn WE lsta)bjtﬂ“ d(§Y1a| uation

criteria) A e co ori N erial “stands uni I'spersed in

th k. 15 B, d t f th
ein t I ﬁig@l}%@ Hek& %&?rod%rce g, unRe! l%%f:jval of the

i nk has cone transpar apparentl Ras ¢ hi ckened. uation

3: Color Bal a'?r%ﬂzleﬁ%cl%rde%@%@%b?héd‘éﬁé@eFEQ?HCSEtH hgd hbe.29cEespective

i nks of Exanples 1 nparative and erence Exanpl e

1, prepared asfcgesacrd Ca eereéﬂce;rd tald ¥mal Q{e%%ceyng]atshe recor ded
e apparatus

naterlals t he same anin
5 measured. To measure the image den51ty, 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 chosen.
Setting conditions of the default mode are as shown
below.

Type 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 (available from Xerox Corp.).
(Evaluation criteria)

A: Sufficient 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 is not achievable on some



recordi ng apparatus PI XUS 850i (rmanufactured by CANON 25 INC.) as that in
Evaluation 1 was used. Stated specifically, 2 cmx 2 cmsolid imges were
formed changing gradations, on the recordi ng medium PPC sheet 94 PB Paper
(avail able from CANON INC.) to produce the recorded nmaterials. The recorded
materials obtained were left for a day #nd thereafter their col or bal ance
was visually observed. Evaluation criteria of the color 5 bal ance are as
shown bel ow. The results of evaluation are shown in Table 11. (Eval uation
criteria) A Color balance is good. B: Color balance is somewhat |lost. 10
C. Col or balance is problenatic Tabl e 11 I mage density Storage stability
Color Bk C My §, ance 15 Exanple: 1 AAAAAAAAB 2AAAA
AAAAB 20 3°A A A A A A A AB 4AAAAAAAAA 255AAAAAAAA

A Conpar ati ve: BRI & hiB HBFP RBA A A B 2ARAALH @16 B

types of sheets.
[Evaluation 2: Storage Stability]

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
stood was observed. Evaluation criteria of the storage

10 stability are as shown below. 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. 1Incidentally, in producing the recorded
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



3 BBBBAAAAB 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, many replied that the recorded naterial obtained in Exanple 5
was superior in color balance to the reggrded material obtained in Exanple
4. 5 [Evaluation 4: Image 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 nodified apparatus of an ink-jet 10 recordi ng apparatus BJS600

(manuf actured by gg%@'i K%ilﬁ%a%&q cﬁmmnfm@n 0pg, g?@@gcéy

mul ti-recording h t energy Is app ied to an In

accor dance i tBobeqondhfesignal s fif SEUrdde itk e apRaralds  being so

nodi fied as to have a nechanismfor applying 15 the reaction liquid to the

recording mediygvby1gRaNSo0Ta UG SAATLASLERLLEE BfcsROMDILR Fhdande Staled
specifically, the reaction I1quid was applied to recordi ng nedi uns shown

bel ow, and, af ;g5 {hguheagt beBerbbqui d ANt tfioied A0 dihey recand g 1wadi uns,
2 cmx 2 cm20 solid inmages were forned thereon using each ink.

Incidental ly, bheahekl gkespReedhand bBEoKONtE RIASSH &f fvdigatield on the
recording mediumwere so controlled that the reaction liquid was in an
application amggst sBbwn 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 A 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

Incidentally, using the recorded materials obtained



2.4 g/n2. The recorded materials obtained were left for 25 a day and
thereafter their imge density was neasured. To neasure the inage density,
a reflection densitometer (trade nane: MACBETH RD-918; nanufactured by
Macbet h) 96 was used. Evaluation criteria of the imge density are as
shown bel ow. The results of evaluation age shown in Table 12. As a printer
driver, the default nbde was chosen. 5 Setting conditions of the default
node are as shown below. Type of paper: Plain paper. Print quality:
Standard. Color control: Automatic. 10 As recordi ng nedi unms, used were the
follow ng sheets of plain paper. PPC sheet PB Paper (avail able from CANON

INC.). PPC sheet : ' l e f - QQNQ% N P t 00

(avai) | abl e ffg%?)?exr%o %r é@;/aadlgyb’_l-l{%gkﬂo |tt e s egett 9@% fﬁ““%é:\s}% 'ab#% from

CANON INC.) . 2RC Sheek: 4004, ( XA ahl & FOMXPTOX Q01 hrat doFical uat i on
uf ficient e I

criteria) A I mag sity is achievable on all types of sheets,

or suf fi ci ent dpge,glensi g 120ty Agh YAl & 0,20 P SONE Hates ofe sheet s

but no problemin practica B: Sufficient 1inmage density Is not

achi evabl e on goee L YRR HatshBehs orftaiSHid iG] eltarigmoe density is not

achievable on all types of sheets.
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

10 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
with 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
liquid 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 so 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)



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 formed changi ng gradati ons, on the

recordi ng nmedi um PPC sheet PB Paper (available from CANON INC. ), having
been coated with the reaction liquid. Ilogcidentally, the recording apparatus
and the reaction 5 liquid coating conditions were the sane as those in the
foregoi ng. 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 Tabl ¢.12., (val waLigneerhteriply & ofolpt halancschs; goodyoB: Col or

bal ance i s somewhat 1 ost. ance is proble e 12

| mage density lQr..,Bl a ello I Ropheinl AAA
A B Referencggg§gﬁ%?EFﬁﬁkﬁﬁx gp%?%§§%2t¥H+£ %%%??%g%?%ngg E?ns pr%%rities
from Japanese p_Ratenty Application No. 2004-190495 filed on June 28,

As a printer driver, the default mode was chosen.
5 Setting conditions of the default mode are as shown
below.
Type of paper: Plain paper.
Print quality: Standard.
Color control: Automatic.
10 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.).
PPC sheet 4200 (available from Xerox Corp.).
15 High-white sheetISW—lol {available from CANON INC.).
PPC sheet 4024 (available from Xerox Corp.).
(Evaluation criteria)
A: Sufficient image density is achievable on all types
of shee£s, 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 is 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



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. An ink set having four kinds of aqueous inks conprising a cyan
ink, a magenta ink, a yellow ink and a black ink in which each aqueous ink
conprises at |east water, a water-insolggble coloring material, and a
plurality of water-sol uble organic solvents having a good nediumor good
medi unms for the water-insoluble coloring material and a poor nedium or poor
medi uns for the water-insoluble coloring material, wherein; in the cyan
ink, the ratio B1/Al is fromO0.5 or nore to 3.0 or |less, where Al denotes
the total con o 9 £t d i b : e t mass of the
cyan ink and %Egageggégé%t%grﬁoggf%%gnggﬁgg#ggsgagggggghg’p%gr%hgdiun1 based

on the total %%%r@ﬂﬁér%ﬁﬁ;ﬁxm Ipipks s%%%tatPﬁ‘g’%%ge'S?EHQE?cﬁgﬂga?ir%mso' vent

;
whi ch shows t he maxi val ue anong sgectlve val ues of the

plural ity of cagRr 186lybl a00ankectoltentsy as dletaer-aedoyl he Bt ow

nmet hod i s the poor um and 1I'n the magenta in the ratio s from

0.5 or more 493 Anen1hgss cnthereARidenates Liest ahal chenkeateiamssd  of

the good medi um based on“the total mass”of the nmagenta ink B2 denotes
the total sontient;; (33 % ngf lcto%il%q%s RdicurhRased.0n st %ﬁofset al, gges of the

magenta ink; and a water-soluble organic solvent which shows the maxi num Ka
val ue anong t helesnegt.i venka, ¥abugsqohat 881 Rl 87 8btA¥ndd 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: Color balance is good.
B: Color balance 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 application claims priorities from Japanese
Patent Application No. 2004-190495 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.



wat er - sol ubl e organi c solvents as determ ned by the Bristow nethod is the
poor nmedium and in the yellowink, the ratio B3/A3 is fromO0.5 or nore to
3.0 or less, where A3 denotes the total content (mass% of the good nedi um
based on the total mass of the yellow ink and B3 denotes the total content
(mass% of the poor nedium based on t A8 total mass of the yell ow i nk; and a
99 water-soluble organic sol vent which shows the maxi num Ka val ue anong
the respective Ka val ues of the plurabChtysof water-soluble organic solvents
as determned by the Bristow nethod is the poor nedium and in the black
ink, the ratio B4/A4 is fromO0.5 or nore to 3.0 or |less, where A4 denotes

the total ctonted iHRsEH hadfinghecgeodinedi ¥m basesuondihe total mass of the
bl ack ink and B4 denotes the total content (mass%_ of the poor nedi um
based on tFERGIHNhESSYG A& bPaBRIPRKD &Rl a2 ek ekewolittblandigani ¢

sol vent whigcly,shows sthe,JTexi munnKa ,value; ﬁvggmgpfs%se%cltéav% Ka val ues of
I 8 eterm ne

the plurality of water-soluble organic solvents as by the
Bristow mettrd is wadtermpdosotedilemcoheriog| oategi @kprassionslyddlity (1V) are

satisfied i respect. of. any aqueous.ink constituting the ink set, other
than the a%{t]e"b%tsﬂ?_rﬁ? 1&133 ge%@&%l\fhg%vﬁnaﬁn%?\éjsng he f%?églme%ourﬂ &ht (mass%
of the googbsrdidinaas edronHeh@atetak nBasebl 6f céher BgaRus+ik etdeer than

t he aqueous ink concerned and B denotes the total content (mass% of the
poor medi unPIRASREBHN 19E POCH] MREIEMEf fPRet By UERRRT 1 Hks Dt HEre t han t he

aqueous ingoféggﬁng§¥erial, wherein;

in the cyan ink, 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 cyan ink and
B; denotes the total content (mass%) of the poor medium
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, and

in the magenta ink, the ratio Bi/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 a
water-soluble organic solvent which shows the maximum Ka
value among the respective Ka values of the plurality of
water-soluble organic solvents as determined by the Bristow
method is the poor medium, and

in the yellow ink, 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 content (mass%) of the poor

medium based on the total masg of the yellow ink; and a



0.6 = (B1/A1l)/(B/A) < 1.8 : (1), 0.6 = (B2/A2)/(B/A) < 1.8 : (Il), 0.6 =
(B3/A3)/(B/A) < 1.8 : (Ill) and 0.6 = (B4/A4) |/ (B/A) <1.8: (IV) . 2. The
ink set according to claiml1, wherein in the cyan ink, the content (nass%
of the poor nediumis 4 mass% or nore based on the total mass of the cyan
ink. 3. The ink set according to clainP? or 2, wherein in the nmagenta ink,
the content (mass% of the poor nediumis 4 mass% or nore based on the

total nasswafed-hwiagentagankc 3@0vedt Whechnkhsed elee anghtingui Kaany one of
claimse 1 to 3, where in the yellow ink, the content (mass% of the poor
medi um i s YR THE SABE r’%}eerﬁs??é&téﬁet Ké YBlurs nasstief RHraVdiy &f i nk. 5. The

i nk set a%&%ltﬁl%n%r%%l%f sohdeABs1ak0dbretinddenPl@ck Bkt Jpherein
the total content (nass% “of the poor rredl umis 4 mass% or nore based on

the total megwdfis tte ipcegk medkumg. amde i nk set according to any one of
claine 1 to 5, 1n""h:§hr e| ac'& anz‘ agﬂgogg}:l nkg onstl qr(%%l ng ghgrlrgg set ot he_r

than the yellow'in ‘B sat Fes t é‘fLoI OW ng expressmn (V)
(B3/A3)/ (Btd)3 > b 1(e\é.)s Thellee p, nReset e @ar a1t @catenangmaksehains 1 to
6, which |s used in an jmage-form ng pethod having the step of applying an

aqueous | k" c'oHs1IAAUN Mg e SRR B £8°at Ot 2t dPUP G et i R tiE* step of

appl yi ng aaﬁc?aé%,t ieRokiQUtte capabl oofermkingddie 1t alie Qo seakyhi on or
di spersion of a water-insoluble coloring material in the aqueous ink

unst abl e upd¥edom ddte wiatlelt mesgqedotisei hkach imke; raedrali ng

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

the following expressions (I) to (IV) are satisfied in
respect of any aqueous ink constituting the ink set, other
than the agqueous ink concerned, where A denotes the total
content (mass%) of the good medium based on the total mass
of the aqueous ink other than the aqueous ink concerned and
B denotes the total content (mass%) of the poor medium
based on the total mass of the aqueous ink other than the

aqueous ink concerned:

0.6 = (B./A,)/(B/A) < 1.8 : (I), 0.6 = (By/A;)/(B/A) <
1.8 : (II), 0.6 = (B3/A;)/(B/A) < 1.8 : (III) and 0.6 =
(Ba/By)/ (B/A) < 1.8 : (IV).
2. The ink set according to claim 1, wherein in the cyan

ink, the content (mass%) of the poor medium is 4 mass% or

more based on the total mass of the cyan ink.

3. The ink set according to claim 1 or 2, wherein in the
magenta ink, the content (mass%) of the poor medium is 4

mass% or more based on the total mass of the magenta ink.



medium 8. An image-form ng nethod making use of the ink set according to
any one of clainms 1 to 7, which has: (i) the step of applying the reaction

| i quid capable of making the state of dissolution or dispersion of the

wat er -i nsol ubl e coloring material unstable in the aqueous ink constituting
the ink set to a recording nmedium anggiii) the step of applying the aqueous
ink constituting the ink set to the recording nediumto which the reaction

i quid has been fixeg. 101 9. An inmge-form ng method which forns an inmage
composed o an'Fmags FBFnBECBYCARBI RRkCFHICHn P il i Gfmed by at | east

one-col or yaeler ihnlgh@h?@mla_weiaﬁi agrat céox @ach(dey), ofUsineg gdag i nk set
according to any one of claims 1 to 8, wherein; scanning for applying the
bl ack i nk MeSIU8Y St KeMPAEGeOT aRar e hereed tet Brardwitsg fMerssaedl Fheg at | east
one-col or ., 6qlQr ;ipk to an area adjacent to that image are performed to
formthe i'mage. 10. The image-form ng nmethod according to claim9, wherein
the color ink is applied by scanning with delay of at |east one scanning

after appldcation of the black i.nk by scanning. . 11. .The i nmage-form ng
met hod accor di 1Got 378 At SCCRREIBPnto (RO (G o & L4381 dd WY “rhe use of a

recordi ng digacliakk WakGhwasrejacthentotificsmddme fisL)eddf nhea bl ack ink
therefrom and ejection orifice lines for ejecting color inks therefromare
pl aced t o B®SHeFLEd fifofh BaER*0PReFCTH Pased on the total mass of

the black ink.

6. The ink set according to any one of claims 1 to 5,
wherein in any aqueous 1inks constituting the ink set other
than the yellow ink, the A and B satisfies the following

expression (V): (B3/A3)/(B/A) > 1 : (V).

7. The ink set according to any one of claims 1 to 6,
which is used in an image-forming method having the step of
applying an agqueous ink constituting the ink set to a
recording medium and the step of applying a reaction liguid
capable of making the state of dissolution or dispersion of
a water-insoluble coloring material in the agqueous ink
unstable upon contact with the agueous ink to the recording

medium.

8. An image-forming method making use of the ink set
according to any one of claims 1 to 7, which has:

(i) the step of applying the reaction liquid capable
of making the state of dissclution or dispersion of the
water-insoluble coloring material unstable in the aqueous
ink constituting the ink set to a recording medium; and

(ii) the step of applying the aqueous ink constituting
the ink set to the recording medium to which the reaction

liquid has been fixed.



a secondary scanning direction.
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9. 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 adjacent to each other,
using the ink set according to any one of claims 1 to 8,
wherein;

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

to form the image.

10. The image-forming method according to claim 9, wherein
the color ink is applied by scanning with delay of at least
one scanning after application of the black ink by

scanning.

11. The image-forming method according to claim 9, wherein
the inks are applied by the use of a recording head in
which an ejection orifice line for ejecting a black ink
therefrom and ejection orifice lines for ejecting color
inks therefrom are placed to be shifted from each other in

a secondary scanning direction.





