1 DESCRI PTI ON AQUEQUS PI GVENT DI SPERSI ON LI QUI D AND | NK- JET RECORDI NG | NK
5 TECHNI CAL FI ELD [0001] The present invention relates to a production

nmet hod of an aqueous pignent dispersion liquid using a violet pignent, and
to an ink jet recording ink including, as a mnain conponent, the aqueous

pi gnent dispersion liquid produced by the production 10 method of the
aqueous pignent dispersion |liquid. BACKGROUND ART [0002] Aqueous inks have
beconme the major ink for ink jet rdddSC@RIYIODNe ot her than an 15 industri al
use because the danger of fire and toxicity such as nutagenicity, which are
peculiar to oil-based inks, can be reduced. In aqueous inks, dyes have been
used as coloring agents because stability is high, nozzle clogging is

reduced, . col QT%@ i § i AN _quﬁlg DRIDING: g h hi gh
i mge qual i t% S pog(s?)?ﬁa%.N E%mve$$l®3§/%pﬁggve t err ob etrirgﬁg‘ po](‘v)Nr]Kwat er
resi stance and light fastness. In particular, with an 20 increase of the

case where a printed matter is used outdoors for industrial use or indoors
for long-term ornanmental purposes, excellent water resistance and |ight
fastness are required for picturdECHNIGARFELRn ink jet recording ink
[0003] In order to solve this problem the conversion fromdyes to pignents
has been RBOaLtively perforned. However, in pignment inks, nozzle clogging
is likely to occur due to 2 the aggregation/sedi nentation of pignments

al though excel | eple MBiRE inkBSticH RAER 168 Produ@hbn ncBRUNE SR ag@DuPBigticRect ed.
Therefore, the nethod has been investigated, which disperses
dispersion liquid using a violet pigment, and to an ink-jet recording ink including, as a

main component, the aqueous pigment dispersion liquid produced by the production

10 method of the aqueous pigment dispersion liquid.

BACKGROUND ART
[0002]
Aqueous inks have become the major ink for ink-jet recording use other than an
15  indusirial use because the danger of fire and toxicity such as mutagenicity, which are
peculiar to oil-based inks, can be reduced. In aqueous inks, dyes have been used as
coloring agents because stability is high, nozzle clogging is reduced, color-developing
properties is favorable, and printing with high image quality is possible. However, dyes
have the problems of poor water resistance and light fastness. In particular, with an
20 increase of the case where a printed matter is used outdoors for industrial use or indoors
for long-term ornamental purposes, excellent water resistance and light fastness are
required for pictures formed of an ink-jet recording ink.
[0003]
In ofder.to solve this problem, the conversion from dyes to‘pigments has been

25  actively performed. However, in pigment inks, nozzle clogging is likely to occur due to



pi gnents in an aqueous nedi um by using pol yner-based di spersing agents so as
to obtain favorable dispersion stability and favorabl e di schargi ng
properties during ink jet 5 recording. In particular, in recent years,

i nvestigations have been perfornmed, which use inks having a color tone such
~as red or violet in addition to the 4 cd ored inks of black, cyan, magenta,
and yel |l ow, thereby i ngreasin he col or,.zone of a printed inage

obt ai ni ng 1 2B&5e? Ségwantloﬂé’%ijwsi glthou @chpg’rtéf‘fat?réa%ﬁtﬂ?"r‘?gmﬁ%gf or tone
other than the 10 conventional basic 4 colors, which is called a speci al

col or, an fasmessranibs eppactasy nddereiaghi ththmethed hak ferarinyestigatgd, wlaich dispeves t he
wat er resistance and |ight fastness of pictures fornmed of an ink jet

recordi ng pigkents @0 a4 hqidood eiedium onesind pdlimecblsed disparemglagents asastwch speci al
colors. Also, C. 1. pignent 15 violet 23 is a violet pigment which is

excel | ent 652&&%%@@@&1%?6}9!0%13]8{199%4 fa%ra%[éddiédhgfg‘in% papiresqurididklifer e are
the reports of i1nk jet recording inks which uses C1. pignent violét 23
(see p%t enljtecrgferences 1 and 2). In the case where the aforenentioned

pi gment” i s GLEE& n an i nk jet ink, inportance is attached to high stability
whi ch is enough to nmpintain an average particle 20 dianeter and the
viscosity of pi JRORTUCHETINEICSEE Yhats BIVSeigatipng hayebegup ‘Hmegﬂwéﬁk Uk | ong
time particularly even under high-tenperature conditions of 50C or nore. In
part i cul arhavirign tdler tons suchwae res onikolein additiondo thy 4 eolpred finksrod blasy, ¢ey@ing an
ink jet printer of a thermal jet recording system the aforenentioned

hi gh- t enpenhagaits afd ¢sltsw didreby atRiNihg the cobor zBRSEMN pritited igape\aad obiafifg | -

pi gnent violet 23, an anionic group-containing resin, which 25 is favorably
used as a £r90ebR Aorriblctofl PHAERIE Belifh 8UBIA Wnkldiferdfiinpased v esin,
is 3 easily elimnate romthe pignment Surfdce i n conparison wth other

P Omenie. oy aioul SaskSh sl SR AR oo BRSS SoRon' EmTE SRR o7 Do 1

which uses pigments so as to improve the water resistance and light fastness of pictures
formed of an ink-jet recording ink.
[0004]
Violet is one of the color tones used as such special colors. Also, C.I. pigment
15  violet 23 is a violet pigment which is excellent in color-developing I_)roperties and light
fastness, and there are the reports of ink-jet recording inks which uses C.I. pigment violet
23 (see patent references 1 and 2).
In the case where the aforementioned pigment is used in an ink-jet ink,
importance is attached to high stability which is enough to maintain an average particle
20  diameter and the viscosity of pigment particles dispersed in the liquid of an ink for a long
) time particularly even under high-temperature conditions of 50°C or more. In particular,
in the case where ink-jet recording is performed by using an ink-jet printer of a thermal
jet recording system, the aforementioned hi gh—teﬁperaMe preservation stability is
essential. However, in C.I. pigment violet 23, an anionic group-containing resin, which

25  is favorably used as a dispersing resin, for example a styrene-acrylic acid-based resin, is



references 1 and 2, sufficient stability cannot always be obtained. In the

nmet hods described in the patent reference 1, C 1. pignent violet 23 is 5
di spersed by using a styrene-(nmeth)acrylic acid-based water-soluble resin as
a dispersing agent. Dispersion is perforned by using a sand m ||, but there

i s no kneadi ng step followed by the di Spersion. Therefore, resi n- coating of
the pi gnent ace o pignent_ viplet 23, fro ich resins are easily
el i m nat edeaﬁ ﬁIﬂ?’r‘%}eJﬁr‘%‘nﬁ%‘?m Ptcﬂuyfa%@rqﬂ&?m&aon ‘XHE] %EP%?P Bs Heleasily
el imnated. Thus, sufficient dispersion-stability 10 cannot be ensured.

Al so, the ptierrecordingrinlprodaced hycthe swthads desuibed inthe afreroentiohed patavfueous

pi gnment dispersion liquid which uses a kneading step, and an apparatus and a
di sper si onreférenpts d anb 2cdufficienisstatilady lcandc blvwdyis bepbraghedt | on nmet hod. I n
addition, C 1. pignment violet 23 1is also exenplified as a usabl e pi gnent,
and a styrene- a%%é&eﬁﬁﬂ@d&%ﬁﬁ@d fnagé gatbﬁtreﬁ?&ceq &3 AghesiioletBYRVEr, NO

exanple is dlsclosed on the productio an aqueous pirgment di spersion

l'i quid SI nent. viol et ven h.a en L

el - babed g B3 u%&%%%m-@s%ﬁﬁcwgﬁ FR-hER Fd AR A b sieace of
Cl. pignent violet 23,in rison with ofher gnent t he specific

i nvest i gat fSHL i IMSOREFIER i3 pRr . ;PY Pﬁll}gérsﬁli“%/mﬂlé%é‘ﬁ)ﬁ@fedéfl@ eqding#¢P per f or med.
Accordingly, regarding a production 20 method of an aqueous pignent

di sper si onfolloged &y theadispersibmr | Theseforee sasimepating pf thelpegmendlsedadeant G r aw
materials, the optim zation of conposition, and the investigation of step

condi t i onspigfrenidblepgs, ffﬁfnﬁrwﬂuchﬁhﬁﬁ@élerees11ytélﬁnﬁat&@ besaelypisadueipidn method is
not sufficient for suffici ently fulfilling long-termpreservation stability

at a high M t &gt hgugh ¢ i3 N 23 has a
favorabl e éFlg “C?aésﬁtdﬁ%%llsegmlg%esef@%lérﬁiéﬂo%\gen??{oﬁa ;():}egguc %Er)\nrrélPL&% a resin
was no abI e ttol?“ dhy attach to the pignent 4 surface of C. 1. pignent
violet %3, catng I\%Efwrposmbletoforman |nkjet recording i nk having

favorabl e di sper SI on stability. Therefore, aggregation frequently occurs
during Also, the patent reference 2 discloses a production method of an aqueous

—

pigment dispersion liquid which uses a kneading step, and an apparatus and a dispersion
liquid which are suitable for this production method. In addition, C.I pigment violet 23
is also exemplified as a usable pigment, and a styrene-acrylic acid-based resin is used as

15 aresin. However, no example is disclosed on the production of an aqueous pigment
dispersion liquid using C.I. pigment violet 23. Even though a styrene-acrylic
acid-based resin is extremely easily eliminated from the pigment surface of C.I. pigment
violet 23 in comparison with other pigments, the specific investigation, in which this
particularity is considered, is not performed. Accordingly, regarding a production

20 method of an aqueous pigment dispersion liquid, particularly a kneading step, the
selection of raw materials, the optimization of composition, and the iﬁvestigation of step
conditions are not performed. Therefore, the disclosed production method is not
sufficient for sufficiently fulfilling long-term preservation stability at a high temperature.

In this way, even though C.I. pigment violet 23 has a favorable light fastness, in

25  the conventional production method, a resin was not able to rigidly attach to the pigment



stable long-term preservation at high tenperatures, and sufficient

di scharging stability, preservation stability, and a luster were not able
to be obtained particularly when an ink 5 was used for printing and inage
formation using thermal jet recording. [Patent Reference 1] Japanese
Unexam ned Patent Application, First PuBlication No. 2004-217765 [ Patent

Ref erence 2].Ja se Unexam ned Patent . | i,catipn, First Publj.cation No.
2004. 14331510 0 G Vet Sy BRATE O %%ﬁﬁef&rﬁ%ﬁﬁk'ﬁwﬂﬁi% ent
invention is to provide a production method of an,Z agueous pignent,

di sper si orhavingfavorable disgemiopstabiléty.c olTeerefophiagrepaioandeagueethi oqcprsdriag 15
resi stance, |ight fastness, and col or-devel opi ng properties, and which

si mul t aneadtetly lomxhedn presdroatipntae hiphstm@peératuirgs, aid huffidiedteligobaaing seshilbyd a hi gh
| uster. bjects of the present invention are also to provide an ink jet
recording ﬁr@é&wdﬁ%htstaﬁﬂitﬁ%a addltdriberk 8bt abl €W HRAnd IVariblI SR, WherSal fnRbl e for

an ink-jet recording printer using a thermal jet print system and a
producti on neth of. an i di sper si |igui d that can be 20
used for the l;bs?(ggour |%ﬁg%?%ﬁlﬁaé%ifﬁl%g&.Hqégéﬁgﬁg%aip%g%egﬂwgﬁvent ors have f
performed their_inpvestigation jn full nsiderati on _of the aforenentioned
backgr oundPalgRtR eeHcs Hgﬁam%Upawiga B %Eas&éi@ﬁcﬁ% trt
invention. In the case where C. 1. pignment violet 23, a styrene-acrylic

aci d- base2028-2dGpoY yner, an al kali metal hydroxide, water, and a wetting
agent are used, these 5 constituent materials are mxed at the ratios

Wi thi n spePhfehCRéRREES2] Japshebd BReintinedPiteat Ashlichiork Feedhublicaiigh Mb.sper si on
steps under specific conditions, it is possible to produce an
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DISCLOSURE OF INVENTION
[0005]
An object of the present invention is to provide a production method of an
aqueous pigment dispersion liquid having a purple color, which is excellent in water
15  resistance, light fastness, and color-developing properties, and which simultaneously
exhibits long-term stability at high temperatures and a high luster. Objects of the
present invention are also to provide an ink-jet recording ink, particularly an ink-jet
recording ink which is suitable for an ink-jet recording printer using a thermal jet print
system, and a production method of an aqueous pigment dispersion liquid that can be
20 used for the production of the ink.
[0006]
The present inventors have f performed their investigation in full consideration
of the aforementioned background, and then found tﬁe following and completed the
present invention, In the case where C.I. pigment violet 23, a styrene-acrylic acid-based

25  copolymer, an alkali metal hydroxide, water, and a wetting agent are used, these



aqueous pignment dispersion liquid having favorable dispersion stability even
when C. 1. pignment violet 23, in which styrene-acrylic acid-based copol yners
are easily elimnated 5 fromthe pignment surface, is used. In other words,

t he present invention provides a production nmethod of an aqueous pi gnent

di spersion liquid including: a kneading3step of kneading a mxture

including C. I. pignent violet 23 (a), a.styrene-acrylic acid-based

P ! ,
copol yner {oBstitentynaerialyaneqnixed aidhe Fatigs wikurbgpgcitigkanges, andrihen agsibipgied,
hydr oxi de(c), water (d), and a wetting 10 agent (e), thereby producing a
col ored, kndadatingrenddispersion sidpauntics sreciconnditiops, df is pdsssipe tsproduedan col or ed,
kneaded material in an aqueous nedium by using a dispersing nmachine with

medi a, wheigksustpigmemsBsperdidmoliqifid hiving favadabiesdivpekdibmstabiliangenafhe@. (LR to 0. 45
in the kneading step, the mass ratio of (d) / (a) is within a range of 0.04

to 0.42 1 ;?igﬁgntfdiéélégm ki fspér&%@?ﬁ%&c?@bﬁ%\ﬁgopcﬁzﬂfﬁ%e Sﬁ&ﬂg%ﬁnﬁﬁhté’d SCOSil ty

of materi ob i Sperse r e dispérsion step. In
addi ti %2 ntIrhe resentt iuﬁ%enti on.provides an ink jet recording ink including,
as a rai mrUBMSORBMENt HE%% (85Es pi gnent di spersion 1iquid produced by the
af orenmenti oned production nethod of the aqueous pigment dispersion |iquid.
In the present ilReEE™oFds, thedressnigaventiva provides appdugionmpdhadhelan ng st ep”
mean the 20 time froma point in time when the kneading step is started to
a poi nt i rqueoss pigraenthidptrsicaf ligudinehtdinge aknemliiggien ofknehding@lmipsee. [ 0007]
According to the present invention, because C. |. pignment violet 23, which

is excel liafuding d. T9NEmERSHNESS3 @,ca FRAE-a 8N hQRIbALIRLPEK Il &) wilfaised as
a pignent and each 25 of pignent particles is favorably coated with resins,

oS G0 AN NE DS TSN A0e Tl LB e 9
color-deve Rl B BB busang & oslord! Beaded TiteRal: Qe b YisH oo step of -
dispersing the colored, kneaded material in an aqueous medium by using a dispersing
machine with media, wherein the mass ratio of (b) / (a) is within a range of 0.15 to 0.45
in the kneading step, the mass ratio of (d) / (a) is within a range of 0.04 to 0.42 in the first
half of the kneading step, and the change in viscosity of materials to be dispersed is 10%
15 or lower in the dispersion step.
In addition, the present invention provides an ink-jet recording ink including, as
a main component, the aqueous pigment dispersion liquid produced by the
aforementioned production method of the aqueous pigment dispersion liquid.
In the present invention, the words “the first half of the kneading step” mean the
20 time from a point in time when the kneading step is started to a point in time when half
of the entire kneading time has elapsed.
[0007]
According to the present invention, because C. L. pigment violet 23, which is
excellent in light fastness and color-d:eveloping properties, is used as a pigment and each

25  of pigment particles is favorably coated with resins, it is possible to produce an aqueous



| ong-term stability at high tenperatures and a high luster. Al so, by using
this aqueous pignent dispersion liquid, it is possible to produce an ink
jet recording ink, particularly 5 an ink jet recording ink which is suitable
for an ink jet recording printer using a thernmal jet print system BEST
MODE FOR CARRYI NG OQUT THE | NVENTION [0@08] 10 A production nethod of an
aqueous pignment dispersjon |iquid of the present invention includes, at
first, a kpiemgnidjspsrden bauid hawas agueplarolot maichis pxenllent io water TBSIgARGSt  vi ol et
23 (a) a styrene-acrylic acid-based copolyner (b) with an acid value of 50
to 300 nuylkghtfapineas) aad kalot-dewd @ingypenties end syhichsimahtar(ed)isly @rbiibs wet t i ng
agent (e). In addition, the kneading conditions are optimally adjusted for

C. I. pigneg teﬂrpét@aﬂn%?at stbhheipahnidanda %gfﬁlsfeat |&15@fby(tﬁlng/ th{stAquesusW thin a

range of 0.15 to 0.45 andthe mass ratio (a) wthin a range of
gf thg Opio th &1%]3%{ i ﬁ%ux? sp%f s@{é}l% ﬂﬁg %&Qﬁrﬁ Qﬁ%}aﬂ(}r ushi ng

styren G .acid- bas 0 roceed SI mJIIaneousI ext errely
of ficiont g1 mkéﬁde%or@agaﬁ%a’ﬁlﬁ RHANEE @@Eﬂet PPt R R P E B therG ¢ gidly
adsorbed to the pignent 20 surface, is fornmed. Because the rat| o of resin /
pi gnent i s]eh]ptmt@tiﬂﬁat ely adjusted in the present invention, the coloring
power of C. |. pignent violet 23 is favorably mai ntained, and the pignment
surface is sufficiently coated with the resins. Also, the preservation

stability of an aqueous pignent dispersion liquid is not deteriorated due to

the surplus resins gsgedone: FOR @EARRYEUGIUPAWME NOYENTEORI gment in an
aqueous nedium 25 Furthermore, in the present invention, the ratio of water

[ pignent j éhe kneading step is 7 defined so as to reduce the addition
anount of Q«Jr other than the water which is required to forman aqueous

solution-of an a kall met al gdrom de, and the,vi sgos j ust rrent of the
kneadedd mat eri al® PLHEIGN Hetha Pgi’lh%‘ﬂlewscmg@eﬁféjﬂ‘fﬂeﬁijo%% pgesent

invention includes, at first, a kneading step of kneading a mixture including C. I. pigment
violef 23 (a), a styrene-acrylic acid-based copolymer (b) with an acid value of 50 to 300
mgKOH/g, an alkali metal hydroxide (c), water (d), and a wetting agent (¢). In addition,
the kneading conditions are optimally adjusted for C. I. pigment violet 23 such that the

15 mass ratio of (b) / (a) is within a range of 0.15 to 0.45 and the mass ratio of (d) / (a) is
within a range of 0.04 to 0.42 in the first half of the kneading step. Thereby, the
crushing of the pigment and the coating of the crushed pigment surface with
styrene-acrylic acid-based copolymers proceed simultaneously and extremely efficiently,
and a colored, kneaded material, in which the resin is rigidly adsorbed to the pigment

20  surface, is formed. Because the ratio of resin / pigment is appropriately adjusted in fche
present invention, the coloring power of C. I. pigment violet 23 is favorably maintained,
and the pigment surface is sufficiently coated with the resins. Also, the preservation

stability of an aqueous pigment dispersion liquid is not deteriorated due to the surplus

resins exceeding the adsorption power of the pigment in an aqueous medium.

25  Furthermore, in the present invention, the ratio of water / pigment in the kneading step is



result, a strong shearing force can be generated, and rigid adsorption of a
styrene-acrylic 5 aci d-based copolyner to the pignent surface can be

achi eved. Therefore, the colored, kneaded material can be dispersed in an
aqueous nedium by a dispersing machine with nedia, and can be converted
into an aqueous pignment dispersion liguid containing the pignment particles
each of which are coated with the resins. 10 [00Q9] Furtherppre, ina -
pr oduct i ondsfiner 6a 2sto Aucedhe addition gnewt of vaiss pties thapiteg atephichie present

i nvention, the change in viscosity of the materials to be dispersed is 10%
or | ower fequirtibtodbepen aiwaous selptionNiban alkai wiewpkydroxide,sind phd wis@eity or ned
under the condition of the small change in viscosity, a styrene-acrylic

aci d- basedadep@kyitiithe Whed Matridbis atksaly pedointed wieh 8 wettatageht. CAda pi gnent
violet 23 in the kneading step, is never elimnated again fromthe pignent

R e R e e MR T s G .

cause the aggregation of pigments, and never deteriorate di spersion

Crabi1 i1y, apead oRelBer BulB e Mg G be SHREL nner val | of a nozzl e,
and never becone the cause 20 of ink-discharging failure. As the reasons
why suppr essi ng Theeefereathgecolaredsikaeasisid myaterial E@%’Q)ﬂglspf@w@rmiaﬁ agARoOUS gieslpER si on
step is inmportant, as described previously, there are the facts that

st yr ene- ackyh tspasing nirebiad witpokyiaparsl can de easvertyd élto ah nqieeds pigonant he sur f ace
of C. I. pignent violet 23 and that the stably adsorbed amount is not

enough. ThggsRhabeliqdd c@ﬁﬁaﬁ%@ﬂhetplf%né‘iﬂ%&qfcw eIHEIT WiSclP Sl RRRB Yvitdtht € the

bl endi ng amount of "'the resins i s extrenely reduced fromthe beginning,
when t he elleis-n%nati on of the copolyner in the dispersion step proceeds so as
to generate e change in viscosity of materials to be dispersed of nore

t han 1100% EOE)OEJ]S consi dered that the anount of resins remaining on the

Furthermore, in a production method of an aqueous pigment dispersion liquid of
the present invention, the change in viscosity of the materials to be dispersed is 10% or
lower in the dispersion step. When the dispersion step is performed under the condition
of the small change in viscosity, a styrene-acrylic acid-based copolymer, which has

15 adsorbed to the surface of C. I. pigment violet 23 in the kneading step, is never
eliminated again from the pigment surface, and is never dissolved or dispersed in an
aqueous medium as a resin which does not accompany the pigment. Accordingly, these
resins never cause the aggregation of pigments, and never deteriorate dispersion stability.
Also, these resins never adsorb to the inner wall of a nozzle, and never become the cause

20 of ink-discharging failure.

As the reasons why suppressing the change in viscosity to 10% or lower in the
dispersion step is important, as described previously, there are the facts that
styrene-acrylic acid-based copolymers are easily eliminated from the surface of C. L.
pigment violet 23 and that the stably adsorbed amount is not enough. Therefore,

25  although the kneading step is performed while the blending amount of the resins is



surface of C. |. pignent violet 23, which was originally in a small anount,
is reduced and 5 that the surface cannot be coated stably. Al so, the use of
t he production nethod including the aforenenti oned kneadi ng and di spersing
steps produces an extrenely significant effect particularly on the

hi gh-tenperature preservation stability8of C. |. pignent violet 23.
Therefore, an ink jet recording ink prepared fromthe aqueous pignent 10

di spersi orﬁxr:rﬁ@amre@c@é dromths\peginaings whehihs elisweaiion,ob thecqopelymesihi®s i s
favorably used for an ink jet recording printer using a thermal jet print
system [ Gig®@}sidmstep proockds 56 antongenmbiatk thé change pr eiseosity iof wedriatstp bet i s
preferable that the mass ratio of water (d) / C |. pignent violet 23 (a)

be wi thin cﬁsfﬁe?b@ﬂl@fﬁﬁar@t;h@ﬁl@%, & ié€orisTlientAtth@Mhey/amddnt ot €estrisirethaiidslonble al so
t he whol e of the kneading step since a prepared ink jet recording ink has

mich favorgphe &@Esﬁl | gﬁ{ AbKE 83 %ﬁéﬂv&?ﬁ%ﬁ?@ @PA Jt 'élb’am&ﬂnﬁ% PJd‘&Qé&PJﬂ[dO”

met hod of an agueo ment di'Spersion e presen I'nventi on,
the mass ratio of .the styrene-acrylic acid-based copolynmer (b) / C 1.

pi gmen \}ﬁ?}ltg S%C?%mﬁﬁ%?%%égy'ratio of water (d) / C. |. pignent
violet 23 (a) are defined 20 within the specified ranges. In addition, it is
preferabl e that Alse theass of did modiction ancthgskinglnding demaforeayentionsd kneaging nent
violet 23 (a) be defined within a range of 0.15 to 0.60 since

hi gh- t enpemdidispersingasps padduoes &t adttetriclyysigdifitdie effadt-pagticutaelyamdhag i nk
produced from the aqueous pignent dispersion liquid is further inproved. In

a_product igsn-fRideafune hraBraf e adbilil Gent pidhneRevisieens| i quid of the present
25 invention, it is preferable that the s‘rtJyrene- acrylic acid-based copol yner
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for an ink-jet recording printer using a thermal jet print system.

[0010]

In a production method of the present invention, it is preferable that the mass
ratio of water (d) / C. 1. pigment violet 23 (a) be within a range of 0.04 to 0.42 in not only

15  the first half but also the whole of the kneading step since a prepared ink-jet recording
ink has much favorable high-temperature preservation stability.

In a production method of an aqueous pigment dispersion liquid of the present
invention, the mass ratio of the styrene-acrylic acid-based copolymer (b) / C. L. pigment
violet 23 (a) and the mass ratio of water (d) / C. I. pigment violet 23 (a) are defined

20  within the specified ranges. In addition, it is preferable that the mass ratio of the
wetting agent (e) / C. L. pigment violet 23 (a) be defined within a range of 0.15 to 0.60
since high-temperature preservation stability of the ink-jet recording ink produced from
the aqueous pigment dispersion liquid is further improved.

In a production method of an aqueous pigment dispersion liquid of the present

25  invention, it is preferable that the styrene-acrylic acid-based copolymer (b) has a



and the discharging property of the ink jet recording ink produced fromthe
aqueous 5 pignent dispersion liquid are inproved. [0011] Also, in the

di spersion step followi ng the kneading step, it is preferable that the
nunber of coarse particles with a particle dianeter of 1 pmor nore be 15
mllion to 1 billion pieces/nL after tBe dispersion step because

hi gh-tenperature preservation 10 stability of the ink jet recording ink
produced HBMRS Prsed gvseme W@ﬂé@ﬂ @SRl mprsrn thegtad Aot fy A a7 MORGAEK, ed.
[0012] A production nethod of an aqueous pignent dispersion liquid of the
present iumitennd amweight bvates: mblecilacaeighipfH08p tpAeiirheqguse theodispeasion kneaded
material in the formof 15 a solid and the follow ng di spersion step using
a medi a digeisiofghdmaBbREpigmsat d§Rftdmiduid, mdlthdéispasies sabilityg@pergepar at i on
step. In the kneading step, the surfaces of pignent particles in an

aggr egat i offq %ﬁ@&i&}@fgt%%%ﬁggéf@y Bl il Fe@grsd?rf%r ﬁr?kitpﬁ%&l%le@'fr%lstﬁg aqEBRe! ymers,

and the crushing o gregate procee I spersion step,

pignen%s are f%%;her.cqﬂfLﬁteL%mdis ersed so as to produce fine dispersed

pi gnent 2@ PFBFEAPESION WK EC VERTYFF ugal separation step, the coarse
particle conponents which cannot be sufficiently dispersed in the
dispersiodog]ép are renoved so that the average dispersion particle

di anet er thereof can be further decreased. Al so, by perform ng the
centrifugal sepailsd,imthealipersidnhstertiofipwing the kstadmg step, itss pppdersblbitlet the pr oduce
an aqueous pignent dispersion liquid which is used to prepare an 25 ink jet

recor di ng nuftbeL¥LRIat@ ParticlesWeities pirdsle ianaer of 1 @hlor hawé BE$S million to 1 o
col or-devel oping 10 properties, a luster, long-termpreservation stability

S S SR SLAE ol RSBl hdet (P cont
10 stability of the ink-jet recording ink produced from the aqueous pigment dispersion liquid
is further improved.
[0012]
A production method of an aqueous pigment dispersion liqui‘d of the present
invention includes the kneading step preparing a colored, kneaded material in the form of
15  asolid and the following dispersion step using a media dispersing machine, and
preferably includes a centrifugal separation step. In the kneading step, the surfaces of
pigment particles in an aggregation state are coated with styrene-acrylic acid-based
copolymers, and the crushing of the aggregate proceeds. In the dispersion step,
pigments are further completely dispersed s0 as to produce fine dispersed pigment
20 particles. Inthe centrifugal separation step, the coarse particle components which
cannot be sufficiently dispersed in the dispersion step are removed so that the average
dispersion particle diameter thereof can be further decreased. |
Also, by performing the centrifugal separation after the dispersion step, it is

possible to produce an aqueous pigment dispersion liquid which is used to prepare an

25  ink-jet recording ink excellent in water resistance, light fastness, color-developing



1. Kneading Step 5 In the kneading step, kneading is perforned while a
shearing force is given to the mxture including the clayey m xture fornmed
by C. I. pignent violet 23 (a), a styrene-acrylic acid-based copolyner (b),
an al kali netal hydroxide (c), water (d), and wetting agent (e) as main
conponents. In order to apply a strongl8hearing force for both favorably
perform ng the_crushin% of the pignent and the resin-coating of the 10

pi gment s PrERgEiEs, 2 fustes, Ipng-tArmy pressaiation stabidity #f ackigh temperaiicodnska t he ni xture
needs to be appropriately adjusted according to the type of a pignent.

Fur t her nordéscharginghpeopertys e flereinafiegthé amtentt o€ eavhséepriatlesribéd.t he

styrene-acrylic acid-based copolyner (b) / C 1. pignent violet 23 (a) and
the mass magi3g of water (d) / C |. pignent violet 23 (a) are defined
within the specified ranges. In particular, in the case where C. 1. pignent

violet 23ii : as a pigment, the ratio of a pigment and water needs to
be defi nec}.ﬁn%%u??tﬁg specified range so as to rigidly attach the

W
styreng-acrylic_aci d-based copol r.to the ment surf.ace. Mre .
pr ef ergbly, them%&&eﬁfmﬁﬁwgﬁnﬁﬂﬁ%mdﬂﬁ Oﬁg%ﬁ??%a&&glﬁ?m??gl ©ned
within the specified range. Furthernore, in order that both the crushing of
the pi gnﬁhﬁmmwetm;éudlegﬁwqbwmghmfom@dby@?rrérmg@amtfva@l@t33a&abraab| y proceed
by a strong 20 sheering force provided by a kneading nachine, it is

i npor t ant stygergtedcryi dehbbdasat copadimeh®), antajitadinaetbbiseitdoidn@)ewatenn(d), and t he
styrene-acrylic acid-based copol yner and the wei ght average nol ecul ar

wel ght Wi il den P fihRCohRRERts BYnRAALas BhAY a'ienk HRALRGraL AR Vi th the

af orenmenti one ions, the crushing proceeds favorably; and the

MR T Nt S R
From tfhe. FIEREREGEe] AETAHL HE- e UL FRioST 4 TIEUCArERYa ek neaded and
solid material in an aqueous nedium Therefore, even in the process of
di sper si ngpproprigtolyiadjustedemderding to the type of a pigment. Furthermore, in the present
invention, the mass ratio of the styrene-acrylic acid-based copolymer (b) / C. L. pigment
violet 23 (a) and the mass ratio of water (d) / C. I. pigment violet 23 (a) are defined
within the specified ranges. In particular, in the case where C. I. pigment violet 23 is
15  used as a pigment, the ratio of a pigment and water needs to be defined within the
specified range so as to rigidly attach the styrene-acrylic acid-based copolymer to the
pigment surface. More preferably, the ratio of the pigment and the wetting agent is
defined within the specified range. Furthermore, in order that both the crushing of the
pigment and the resin-coating of the pigment surface favorably proceed by a strong
20 sheering force provided by a kneading machine, it is important to define the ratio of the
styrene-based monomer unit in the styrene-acrylic acid-based copolymer and the weight
average molecular weight within the specified range.
By performing the kneading step with thé a.foremgntiqned conditions, the

crushing proceeds favorably, and the microparticulation proceeds. Also, the

25  styrene-acrylic acid-based copolymer is rigidly adsorbed to the pigment surface in the



material, the coating condition of each pignment conposing the col ored,
kneaded and 5 solid material is maintained. [0014] In the kneadi ng step of
a production nmethod of the present invention, the mass ratio of the
styrene-acrylic acid-based copol yner (%? [/ C. 1. pignent violet 23 (a) is
within a range of 0.15 to 0.45 as descrllbed above. Wen the ratio is | ower
than the 10 lgwer linit of this range, the resin content is insufficient so
the coati #@egﬁng FeP-pi thejrgsing W%@EW?‘ R SRR T LT %rﬁgmgﬁroelpwgatgagr egation
anong the pignents is likely to occur. Also, the problemtends to occur, in
whi ch a | dymetheipigment surfacegh thehstep aﬁﬂlsmlpgthercemcg iknepded eng eadid matgripls
formed and a printed matter is produced. Also, when the ratio is higher

t han t he uppeaqudons medfum.hi SThemstigre, evichén fieqgibe@ssof dinsbréing theculid, knsadedi ch

col or-developing 15 is insufficient, and the dispersion stability is

det eri or at@ferial NBe REMMHDcoRfitbR 8F E&RI Plorhént cBfPbEhAHleYcolRd, kheadd Ehai mum f or

coating pignents, and Che percentagé of the resins that ‘remain in an
aqueoug pi nt . di spersion lLiquid w thout attaching to the pignent surface
is pre er&g@%‘e\ﬁl@fﬁdmd@%?ﬁﬁgh as possible, and the value of (b) / (a) is
preferabl% 0.15 to 0.35. In particular, the value of (b) /(a) is very

i npor t ant QgVﬂfavorably mai nt ai ni ng 20 hi gh-tenperature preservation
stability in consideration of the use as an ink-jet recording ink using a
thermal jet primteywealing She obh keiductivet methpy df dripdeseiichvéngiops thé sraapl y used
in such a way that a neutralization percentage is within a range of 80 to
120% | n trhicofubs styredbeiryllivacidided tapolahert(Be/ @) Kpigmanetialet By dayaxi de (c) and
water (d) to the mxture of the kneading 25 step I1s performed by adding the
aqueous sQitih RRrdl AHASY0 BY: s Bl HbBREIX. dw\k%tgg%a]% i#oweRlilRlthe Wi L wat er

honpgeneous abi'lity 1S extrene y good The anount of water
(d) i ?Oadjl(gjv%éreildmi% of H'uf:[ r@n%ée, ttﬁ]eere%%%nt%g% i CI)HS%E‘IC(igT‘Pt S(/) t]:geac)oajtigg of tilg Iplnglrnen’i is

likely to be insufficient and the aggregation among the pigments is likely to occur,  Also,

the problem tends to occur, in which a luster is not enough when an ink-jet recording
_composition is formed and a printed matter is produced. Also, when the ratio is higher
than the upper limit of this range, the problems tend to occur, in which color-developing
15 isinsufficient, and the dispersion stability is deteriorated. The amount of the resin is
preferably kept to a minimum for coating pigments, and the percentage of the resins that
remain in an aqueous pigment dispersion liquid without attaching to the pigment surface
is preferably lowered as much as possible, and the value of (b) / () is preferably 0.15 to
0.35. In particular, the value of (b) / (a) is very important for favorably maintaining
20  high-temperature preservation stability in consideration of the use as an ink-jet recording
ink using a thermal jet print system.
The alkali metal hydroxide (¢) is preferably used in such a way that a
neutralization percentage is within a range of 80 to 120%. In this case, when the
addition of the alkali metal hydroxide (¢) and water (d) to the mixture of the kneading

25  step is performed by adding the aqueous solution produced by preliminarily diluting an




a range of 0.04 to 0.42 in the first half of the kneading step, and the
kneading is 5 preferably performed within a range of 0.05 to 0.03, and nore
preferably within a range of 0.05 to 0.20. Wen the nass ratio is | ower
than 0.04, an alkali is not sufficiently dissolved, and the resins remain
in a solid formw thout being neutralizéd and do not interact with the

pi gnent. Al so, when the mass ratio is higher than 0.42, a decrease in the
vi scosity @kﬂ-H@hkﬁﬁﬁkm%ﬁ%%@%ﬁ$¥ﬂ“WﬁﬁﬁﬂﬂWﬂséﬁHQQGQUFPﬂC|ent shearing force is
not applied 10 to the kneaded material in the kneading step. Also, the
styrene- acf0lbl aci d-based copolyner is likely to be renoved into water,
and tends not to be efficiently adsorbed to the surface of C 1. pignent

violet 23. In paTid shdat of Warh (d)headilieadiiRg tRaakiagfratidef (d§ 0ROy Within S
reduced fromthe beginning of the kneading, the addition anount of water

has a sign f uce the

addi tion a%dgﬁé‘@*f &/fzg@gtrﬂ'zg} ﬁi ]:gl;\ﬂ{fﬁ%e llujzifr&rlth)%l %{eﬁégﬁa@ég&aﬂl@gm t he aqueous
sol utiq | kal.i tal dr oxi Vi SCOS stnent of the
kneaded{] ek’ qur%q? pertt é gﬁ&é?}o nP’§7d’35’39 el}%rF#‘?b%%‘éA BPEY agent
(e). In the (Eresent |nvent| on, the words "the first half of the kneadi ng
step” meanofh@S 1p29.i nWhen fhe mass gatin isilowerithen (Adranaliali is pot swélicient]y e

kneadi ng tine has el apsed, and the adjustnent of (d) / (a) during this tine

i s inport adissolvdd, arsi he edshisabineintihatsolid fortn ¢ithobeingaientraizeé dndild hon t he
aforenentioned range for 2 hours after the start of the kneading, and it is

nore pref emabh@ vithahe pibinent. ( 81558 thé ﬁ-.la@seﬂuwls RioRerahdrPM@L, £fecfbalbint 0 0. 15
for 1 hour after the start of the kneadi ng. Wien an aqueous pi gment

di spersi ongLi e E%ﬂtgl i ﬂ%e 89&’1%2 ial ?ccﬁ%eaﬁg]uasﬁg"ﬁ gnt Sthgg‘iﬂ,g%{gfg% h&ﬁ‘%’bpast hal f

kneadi ng by gra ng wat er per
e kOB PR B TR, BB 2
it is preferable to reduce the addition amount of water so that the nmass
ratio i s wiapklymer is likely to be removed into water, and tends not to be efficiently adsorbed to
the surface of C. I. pigment violet 23. In particular, when the blending amount of the
copolymer is reduced from the beginning of the kneading, the addition amount of water
has a significant effect.
15 Therefore, it is preferable to reduce the addition amount of water other than the
amount required to form the aqueous solution of an alkali metal hydroxide, and the
viscosity adjustment of the kneaded material is preferably performed mainly by using the
wetting agent (e).
In the present invention, the words “the first half of the kneading step” mean the
20 time till a point in time when half of the entire kneading time has elapsed, and the
adjustment of (d) / (a) during this time is important. It is preferable that (d) / (a) be
maintained within the aforementioned rénge for 2 hours after the start of the kneading,
and it is more preferable that (d) / (a) be maintained within a range of 0.06 to 0.15 for 1

hour after the start of the kneading. When an aqueous pigment dispersion liquid is

25  produced, in the kneading step, promoting the kneading by gradually adding water is



the aforenentioned range of 0.04 to 0.42 during the entire kneading step
because the 5 resins are rigidly adsorbed to the pignent surface. By doing
so, the coating of the pignent with resins which are useful for securing
stability, i.e. the styrene-acrylic acid-based copol ynmer sufficiently
proceeds, and the resins are rigidly adsbrbed to the pigment surface of C

. pignent violet. [001'6%1& 10 The ampunt of the wetting agent (e) is
pr ef er abl yussailyBeréormed in Higtlast half phthe kngading step, a@lﬁéhwmﬁlwga%@%@ vaker/, c. 1.

pigment violet 23 (a) is within a range of 0.15 to 0.6. Wen the ratio is
| ower t hanistmbespeoifieally defirtedof Hbtviesery imrthe case véheradt pigaeht is1C. hepigment vtiblet
pignment and the resin is not sufficient, and so the crushing of the pignment

cake and t3m it i§ priférable @ rddD&: Rk 48EAbn SMOHACS WS bottRat e Mbdsfrhgoitstwitin
proceed. Also, when the ratio is 15 higher than the upper limt of this

range, thepy E&?&EE&%PQ% Ira.fl/qgg Ot‘@-ﬁﬁ“?&&g‘?@‘&ﬁﬁé e afl:rlllgre ﬂ%ﬁ&iﬁgﬁfé ’beg?ﬁ.lqe fhe® ufficient

shearing force 1's no t he SO Ccru g e pi gnent
tends to be difficult to proceed., [0017] .As par at ys used f.qr the

kneadi ng STF%‘B,Sar&%‘gﬁﬁdWE%’cfPﬁ}ée eefeS‘ﬂafaP% gl%f 35@8 S%H%Foaémgﬁf aﬁ ng bl ade
can be used. Anong them a press kneader, a henschel mxer, and a planetary
m xer, whimBmeshseiiaresinis whichpre usafuldon seeugng stebitigy, beabe stysane-agrdicer abl e, and
noreover, a kneadi ng apparatus, in which a stirring blade can rotate and

revol ve, isid-pisell eopdiyer RefviegBniratdeds, sad aliplesias huftaigddlly alsebedie tBe pr ess
kneader and a planetary mxer, and the latter is particularly preferable in

that the gpphkfeRtEc/bSCaSHihehBHbRR 1S 25 broad and that the kneading
tenperature can be decreased to a low tenperature. 14 |In order to

suffici entllgg @bt ain the effect of kneading by a planetary m xer, the
foll ow ng %1 itions are required in the case where a planetary m xer has a
volunme of 20 to 100 L: a_ rotation frequency of 20 to 40 rp a revqglution
frequelr%y of 7 tjaieggiquﬁmf the wetting agent (e) is préferably adjusted so that the mass ratio

of the wetting agent (e) / C. L. pigment violet 23 (a) is within a range of 0.15 to 0.6.
When the ratio is lower than the lower limit of this range, the interaction between the
pigment and the resin is not sufficient, and so the crushing of the pigment cake and the
coating of the pigment surface tend to be difficult to proceed. Also, when the ratio is
15 higher than the upper limit of this range, the viscosity of the kneaded material is
decreased, and a sufficient shearing force is not given to the pigment, and so crushing of
the pigment tends to be difficult to proceed.
[0017]
As an apparatus used for the kneading step, a known kneading device with a roll
20 orastirring blade can be used. Among them, a press kneader, a henschel mixer, and a
planetary mixer, which have a stirring tank and a stirring blade, afe preferable, and
moreover, a kneading apparatus, in which a stirring blade can rotate and revolve, is
preferable. Representative examples thereof include a press kneader and a planetary
mixer, and the latter is particularly preferable in thélt the applicable viscosity region is

25  broad and that the kneading temperature can be decreased to a low temperature.



and a kneading tinme of 300 m nor nore, and preferably 340 mnor nore. In the
case 5 where a planetary m xer has a volune of 50 L, a rotation frequency of
30 to 40 rpmand a revolution frequency of 20 to 30 rpmare preferable.
Depending on the size of a planetary m xer, an optimal range of a frequency
can be appropriately set within the afbtenentioned range as long as a
circunferential velocity |s, alnost, the sane, Alsp, a range of, 70 to 120C,
preferably a rar{ﬁé’f‘fﬂft%@mgeﬁ%@%fﬂﬁégﬁQ%P‘?aéil’écpya?splén%yt%#& ure
condition. Wien the kneading is perfornmed at a | ower tenperature than the

t enper at ur@llpwingscondiions arceequiteid am thefcaschwheresi planstady trhxeriag awntlumesofl20kel y to
be insufficient. Wen the kneading is perfornmed at a higher tenperature

than the tempernatus@tis@igquent6f 20RCAVIHES atrbwluiin Bequeséynof Btol Ikghy to be
caused by heat. [0018] %Su sequently, as a dilution operation which is a

post {1 at gt ioRbieE (KRSAUDSin SBEL o pRASLEL AL fe ot ned

kneaded mater| a slowrate so as to the pignent content to a

range qQf 10,to 4 ss% dependi on appropriate vi scpsi for

i Sper 3 ng HIE AIPASCHEL BTG e VORTRGE Op g BOPERO BRERSBEY B 21040 X &t nge of
20 to 30 mass%is nore preferable. The addition rate of water during

di | ution imwvelytien froquenenph2Giody pandye pesfergblgos Dependingomthe sizgiohaas an
increasing rate of the mass ratio of water / pignment. 1In contrast, the rate
of addi ng pladesaryinfixé¢then spEaaliragestfafrdqgeeityQRR berppropriatelysset witharthe i ncr easi ng
rate of the mass ratio of water/pignment, and is preferably much | ower than
during di | afbieRn{ibRid MY 1ORLEAH diRRm BMhiidl Geldify & dlkhbkiGRe OREE. ATARS, 2
according to need, an organic solvent, a 25 preservative agent, a foam

| nhi bi tor . and.@ @9h40agLa0. AGNLCARSPE ARIEd] BIB GRS oThi s di | Uti on

operation nmay | ust b€ pérTorme e m Xing [ re apparatus used
for kneading, or may be perforned after transferring to another vessel. In
addi t116n, tPRIppraturg BANGiTe t%ﬁ%ﬂp"fg@ ésa?ngtgelﬁye%%i?é Ao¥ EIDETHER? HARLE i n
order for the dilution

temperature range, the interaction of the resin and the pigment is likely to be insufficient.

When the kneading is performed at a higher temperature than the temperature range, the
decomposition of a resin is likely to be caused by heat. |
[0018]

15 Subsequently, as a dilution operation which is a post treatment after kneading,
water is prefefably added to the obtained kneaded material at a slow rate so as to adjust
the pigment content to a range of 10 to 40 mass% depending on an appropriate viscosity
for a dispersing machine used in the dispersion step, and particularly, a range of 20 to 30
mass% is more preferable. The addition rate of water during dilution is usuvally within a

20 range of 0.005 /min to 0.2 /min as an increasing rate of the mass ratio of water / pigment.
In contrast, the rate of adding water in the kneading step is 0.002 /min or less as an
increasing rate of the mass ratio of water/pigment, and is preferably much lower than
during dﬂﬁtion (let-down) operation.

During the dilution operation, according to need, an organic solvent, a

25  preservative agent, a foam inhibitor, and an antifoaming agent can be added together.



operation to snoothly proceed, the solid content of the col ored, kneaded
material is 5 preferably within a range of 50 to 80 mass% Wen the solid
content exceeds 80 mass% a long tine tends to be required for the dilution
operation after kneading. Wen the solid content is |ower than 50 nass% a
strong shearing force tends to hardly &&cur during kneading. It is
preferable_to sw.tch over fromthe k eadlng ste dis erS|n step

af ter vi scbeisdluian apgrafiqnaganipst brepeafarmed dhthe i R RN T

[0019] 2. Dispersing Step The mixture obtained in this way is dlspersed in
an aqueousforsataging gr may g parfomnesialies inansipminkitn anathartverssti dn adfidioabiy is
pronoting the dispersion of the pignent, C |. pignment violet 23. The point
in this stpgssibtée ohpbropriarbsionthide badrofitlam. deskeds @gdet TorftAy diladdre i nteracti on
between the resins and the pignent so that the resins, which coat the

pigment su ﬁe"i‘&tf‘onb&ﬂ sﬁfoBQxyPﬂoEée%r ffeldoRl coé’tlé@ttcﬁ’ 'thé‘éd?@l’e@queé&é@ thiigrifliigment

surface. e pl gn”ent ace, fromwhich the resins are el m nat ed, is

wih L f°65@b§ BB pLa by IR "L P08 iR 20g ont o

stability In, artlcul ar, the resins_ are ea5|ly elimna étEd frogm 20 the

pi gnent suPAHCe adpnghime tends ivbareavited & thesdilution oppiation gite ganong the
pignents is likely to proceed at a high tenperature region. In order to
prevent thB8den thasdideoktentidilogershapi0 mhss?s taystrong skwariyg forcatinds relsedly

copol ymer is adsorbed to the pignment as rigidly as possible, and after

achi evi ng gectt adfigy knfe@dihk NIt GOR@ISAKIO to $ikdh deBfBRMtthe BndidBigateiorthéeli sper sed
in an aqueous nediumin such a 25 m | d dispersing step that the coating

condi tion Hﬁ?é}%ggé LRV Gtho 1#5 dd;{thé il etg{ ﬁ%igto iy rﬁPQ% 3PRES! On

condi tion, I'S ne essary on ne be perfornmed such that
the c 0029\“ scosity is basi cal I y 10% or lower in the dispersion step.
When t ere[ ho change in viscosity in the dispersing step, the

2. Dispersing Step
The mixture obtained in this way is dispersed in an aqueous medium by using a
dispersing machine with media, thereby promoting the dispersion of the pigment, C. I.
pigment violet 23. The point in this step is that excessive dispersion decreases
15  favorable interaction between the resins and the pigment so that the resins, which coat
the pigment surfttce by strong interaction, are eliminated from the pigment surface. The
pigment surface, from which the resins are eliminated, is likely to form an aggregate with
other pigments and to cause an aggregation with the passage of time, thereby having an
adverse effect on dispersion stability. In particular, the resins are easily eliminated from
20  the pigment surface of C. I. pigment violet 23, and the aggregation among the pigments
is likely to proceed at Et high temperature region.
In order to prevent these, in the kneading step, the styrene-acrylic acid-based
copolymer is adsorbed to the pigment as rigidly as possible, and after achieving a stable
coating condition, this pigme;nt is preferably dispersed in an aqueous medium in such a

- 25  mild dispersing step that the coating condition is not destroyed.



followi ng are believed: although the mcroparticulation of dispersed
particles proceeds, 5 the resins are rarely elimnated fromthe pignent
surface, and there is no change in the anount of the resins which are
present in the dispersion liquid and adsorb to the pignents. For exanpl e,
it is preferable to set dispersion condi@ions so that the solid colored,

kneaded material_copposedq.of fhe.pigments,. which are mcroparticul ated and
Coated w th t ho I1OUGRL BigHahi P oS iy eproes bR re Rt no
step, are just 10 untangl ed to each of the constituent pignent particles in
t he di spertoibegpesioamped gk that the dhengssia viseositycis dasieallyai 0o phlowee imtgeous
dispersion liquid after the end of the dispersing step, they can be renoved

i n the cendispdrsigmbtes.epdhat ilere StmerhaMesinwikcbsity ihalie dispezsingatep)j thees from
whi ch resins have been elimnated, aggregation is |ikely to occur, and the

preservati f%ﬂoﬁrir%t&ré bleved: difiSuRPie AMSroPhSiRERBOPBS dibstiicd Jadidi@l RbéREat ed.
When 15 such pigne

nt particles are produced once, they can no 1 onger be

renoved i e. centrifugal ratl o tep. Al tho first i r sed,
ucn prgnalt MR Sl RO A U Rkt A8 B P o RN he
preservation stability of the aqueous pignent, dispersiqon |iquid. In

parti cul ardmeyue gtide resyes whysh aparesnt instg% BT léﬂldcﬁHFliaﬁﬂ?rI%f“bﬁ’e t enper at ur e
preservation, it is inpossible to be used in an ink jet recordinghfrinter
using 20 pigmhess.maForexampl, ittis preéarahie t4 @02BperFion conditiens sectbairthe sélidd t he

di spersing step, particles with a particle dianmeter of 1 mmor nore

(her ei naf t@lored@Geddddathtasal ompssedndilid sikRehts awkich aef Bicadaticttatdinied wi thin
a range of 150 mllion to 1 billion pieces/nL, and nore preferably within a

range of 250 %Eﬂhﬂgle ili%ﬂlsél%'nthe Q&ﬂikf@ﬁ@c@\%@ﬁ%ﬁ&%s 0%1%2(5%&@3@??%3&?1&9 step is

per fornmed under rtron in the stro rce is set
s 1 gt el sodfon e B Rbn Bedeot s BBt g o850 BT on”aue
to the elimnation of the aforenentioned resins is likely to occur.
coarse particles remain in the aqueous dispersion liquid after the end of the dispersing
step, they can be removed in the centrifugal separation step. Meanwhile, for
microparticles from which resins have been eliminated, aggregation is likely to occur,
and the preservation stability of the aqueous dispersion liquid is deteriorated. When
15 such pigment particles are produced once, they can no longer be removed in the
centrifugal separation step. Although firstly dispersed, such pigment particles aggregate
 as time goes on, and deteriorate jthe preservation stability of the agueous pigment
dispersion liquid. In particular, because the aggregation is accelerated during high
temperature preservation, it is impossible to be used in an ink-jet recording printer using
20  athermal jet print system.
[0020]
For these reasons, in the dispersing step, particles with a particle diameter of 1
mm or more (hereinafter, described as coarse particles) are preferably contained within a

range of 150 million to 1 billion pieces/mL, and more preferably within a range of 250

25  million to 1 billion pieces/mL. When the dispersing step is performed under the



On the other hand, when there are coarse particles exceeding the upper limt
of the 5 aforenentioned range, there are too nmany coarse particles, and the
di scharging property and a luster tend to be deteriorated. However, from
the vi ewpoint of securing the dispersion stability, it is rather
unpreferable to strongly crush coarse pbfticles so as to extrenely reduce

t he nunber of  coars articles. refera that, i.n the dispersing
step, the FAPEHIPAR i e FepmEherng %r‘%ﬁéﬁﬁter hsctigsraitg, e fRy56t 80 [59Ef or med  as
rarely as 10 possible so as to just untangle the solid kneaded material, and
t hat the ribatthehwyberodicearse patlt:iec isdlgssethan the hewerdimif of the afwamentiangd|
separation step. The viscosity of the dispersion liquid in the dispersing
step is i nanggaggrepdtivn dut hietheedintinativhl ofthd orhientiorddadsihs Briikehetopicgurent
surface by the extrene dispersion, is dissolved in the |iquid phase.

Ther ef or e, o thd Gthd}9aRS SN thBlhrd é'b%:s‘é &‘f‘es'e&cé‘c‘dﬁfg%é g?éfl’m(it semease in

Vi sc05|ty) |s controlled to 10% or I'n the di'spersing step. Wile

Vi SCOSIt nt on t he nt conten t he aft er

i sper & nH QiR b et o RustT Ry, R bialt P IR GRS e

pi grrent content is 10 mass% and nore preferably 5.0 nPas or |ower in. the
case wher eendfdugergigachio begtatainrated. oHdowgvsofrom e Yl@WH‘@m’E PSR of coar se
particles and the viscosity of the dispersion liquid after 20 the di spersing
step, it idispposen Hhklityitestathenepefeeatde toittongly adsh dversdipsriglasisons ka qui d when
an ink jet recording ink is finally prepared. [0021] This dispersion is

usual Iy pesdef@Bteaiceahd RIABEAIEoLsE paeeledf BidmeRbible D, il he dijpenpgr ature
i's not particul arIy limted. Specifically, in the case wher e t he

1 t i
;;Pflotplrjrgglsq wth a 8 @Eﬁggﬂﬁ%%m&ﬂl%&ﬁ?gout §@ cﬁelo% Pﬁoﬂ%&iﬁ?{r% ﬁnnégsperi od
(0] mn an I'e er a 1.S, ea (0] aln a coarse
o ti dbe” bl B R iriehels fe shd tteﬁ%%mﬁeﬁalean cSEMBPIE B8R er oi ng

machi ne with_nedi a whi ch is used in the djspersion
particles are removed in the centrifugal separation step.

The viscosity of the dispersion liquid in the dispersing step is increased when
the resin, which is eliminated from the pigment surface by the extreme dispersion, is
dissolved in the liquid phase. Therefore, it is necessary that the change in viscosity

15  (increase in viscosity) is controlled to 10% or lower in the dispersing step. While
viscosity is dependent on the pigment content, the viscosity after the dispersing step is
preferably 5.0 mPa-s or lower in the case where the pigment content is 10 mass%, and
more preferably 5.0 mPa-s or lower in the case where the pigment content is 20 mass%.
By using the number of coarse particles and the viscosity of the dispersion liquid after

20  the dispersing step, it is possible to estimate the stability of the dispersion liquid when an
ink-jet recording ink is finally prepared.

[0021]

This dispersion is usually performed at a temperature range of 0 to 50°C, but the

temperature is not particularly limited. Specifically, in the case where the continuation

25  type beads mill is used and where the dispersion is performed with a packing ratio of



step include a sand mll, a paint shaker, a ball mlIl, a sand grinder,
DYNO-M LL, 5 DI SPERVAT, a SCmll, a spike mll, an agitator mll, and a pin
mll. The increase in viscosity in the dispersion step can occur due to the
evaporation of a solvent. However, usually in a dispersing machine with
medi a, the dispersion region, where nmetia, i.e. dispersing nedia, and
materials to be dispersed coexist, has a quasi-sealed structyre other than
a supply poEt §hwolz for gasiainge pssiod of Triep anigr and prefepably Hio 4 0ipdf 1S&99 0t hat
there is little evaporation of the solvent. Therefore, it is basically
unnecessaragbttio acoarse gaticlelventent wishingh¢ afovdnsantishedradge to t he evaporati on of
the solvent. In the present invention, nedia neans a material such as
beads, which coagagipleswiftaltispoisaid @hehitOwhik n@mpekisR ik ised & B Ippesiong machi ne
and crushes them and may be called dispersing nedia. 15 [0022] 3.

Oent 1 i f ugakeriapRRah AT i1, BShir? SHHEO 2 S I Kiod (RS BYN0-NEr t he

af orenent i oned step, ining coarse parti ¢les ¢an be rediced, and it

i s possi bl i n,an .aqueous .pi gnent, di spersion |i.quid which can

pr oduc anﬁﬁ'up%% %%@Wﬁgﬁpl '%EF&%@“S’P@%EW&@?@ %ﬂl t is preferable
that the content of coarse particles wth _a particle dianmeter of 1 mor
nore be adj ust edednareasgiin visepsityiie thesdispersion stemean qogur die 1o dereeyanoiiotent

di spersion |liquid after the centrifugal separation step. The centrifugal
separ at i orofaepeant. orHovegveheisugibrif ardispdrsing madimyeith medil, theatisperdiergal
separation apparatus, and can be perfornmed by appropriately setting optinal

condi t i onsrepiohRert RRAEONE di%ﬁfb%@heﬁa,%ﬂd&ﬁét&ﬁeﬂﬁio hedisRrald cdexis0Rss 4 0 30000
C, atenperature of 10 to 70 C, and a tine period of 2 to 10 min. Al so, 19

the centri 8 - af d erfar ep o a
filtrati oncIus gg%aﬁggﬁﬁ e e&s@éegg}gdﬁaategrugp %%drp‘} 41%%31[@ %éﬁp’)tar g@%%gérgtléwe
ety iy %&igg%ﬁgqtfigg i @@'elﬂgp%&tgggq%gng{i%?fgfhe‘%é SRS Bhkican§ ! @ after the

unnecessary to consider the increase in viscosity due to the evaporation of the solvent.

In the present invention, media means a material such as beads, which coexists
with materials to be dispersed in a dispersing machine and crushes them, and may be
called dispersing media.

15 [0022]
3. Centrifugal Separation

By performing centrifugal separation after the aforementioned step, the
remaining coarse particles can be reduced, and it is possible to obtain an aqueous
pigment dispersion liquid which can produce an ink with excellent dispersing properties.

20 It is preferable that the content of coarse particles with a particle diameter of 1 um or
more be adjusted to 10 million pieces/mL. or lower in the aqueous pigment dispersion
liquid after the centrifugal separation step. The centrifugal separation operation may be
performed in a conventional centrifugal separation apparatus, and can be performed by
appropriately setting optimal conditions within the conditions of a centrifugal force of

25 5000 to 30000 G, a temperature of 10 to 70 °C, and a time period of 2 to 10 min.  Also,



20 mass% 5 Even if coarse particles remain in an aqueous pignment dispersion
liquid after the dispersion step, not using such strong di spersion
condition that may cause elimnation of the resin adsorbed to the pignent,
they can be efficiently renoved using the centrifugal separation step.
[0023] 10 The aqueous pigment dispersibh liquid, which is obtained in the

af orenmenti gpned . way, usually ing¢ludes, finel i spersed pi.gne articles
with an aveF&gen FPRRUOR ORTFEY A MBY bﬁﬁgﬁ?‘%'fgdeﬁgﬁﬁedg}hd ‘ggoﬁ""%tr%é‘l’n ¥eRor di ng
ink can be prepared using this aqueous pignent dispersion liquid by a
convent i onedn heatsedafter[thocetrifugal separaiiorastersr , Thegqugmentwonigntinithe obigimadi n t he
production process of the aforenentioned aqueous pignment dispersion |iquid
i's descri bgieods pigmemt digperfiowviiqlie biték3hé egntrififghiciRparation peg isgprtfetidpd10 ® t he
present invention, is excellent in color-devel oping properties and |ight
fast ness, fngh.is, excellent as a pigment for ink jet which assists the basic
4 colors of black, cyan, magenta, and yellow. The 20 particle dianeter of C

| . pignent viol 23, which is an average particle di,ameter .. obt ai nged by the
obser v i on w t (-ERabst TpidsORaRi g SaPat pasicr URREN AR et L R,

nore preferably 100 nmor, | ess. Wen, the particle dianeter exceeds 200 run,
the di schHPRFTHER PeBFwt u§ing puchstiong dispersiansppditipn thatmay capseghgnpatingiet 23
is deteriorated. [0025] 25 A styrene-acrylic acid-based copol ymer (b) used
in the prehentsin aserbed tntle@igment] thadepein Eeseffonstly teusved weing ther @ntrifugal
styrene-based nononmer and at |east one of acrylic acid and nethacrylic
acid, and fpghesmsty, i ncludes all of a styrene-based mononer, acrylic acid,
and nethacrylic acid. In the conmposition ratio of the constituent

[0023]

10 The aqueous pigment dispersion liquid, which is obtained in the aforementioned
way, usually includes finely dispersed pigment particles with an average particle
diameter of about 100 nm, and an ink-jet recording ink can be prepared using this
aqueous pigment dispersion liquid by a conventional method.

[0024]

15 Hereinafter, each raw material used in the production process of the
aforementioned aqueous pigment dispersion liquid is described.

C. . pigment violet 23 (a), which is a pigment used in the present invention, is
excellent in color-developing properties and light fastness, and is excellent as a pigment
for ink-jet which assists the basic 4 colors of black, cyan, magenta, and yellow. The

20  particle diameter of C. 1. pigment violet 23, which is an average particle diameter
obtained by the observation with electron microscope, is preferably 200 nm or less, and
more preferably 100 nm or less, When the particle diameter exceeds 200 nm, the
discharging property of an ink containing the C. 1. pigment violet 23 is deteriorated.
[0025]

25 A styrene-acrylic acid-based copolymer (b) used in the present invention



nononers of the styrene-acrylic acid-based copolyner, the ratio of a -
styrene-based 5 nononer unit to the total anmount of all the nononer units is
preferably 60 mass% or nore, and nore preferably within a range of 60 to 90
mass% In particular, the sumof a styrene-based nononer unit, an acrylic
acid nononer unit, and a nethacrylic acd nononmer unit is preferably 95
mass% or npre in the total amount of all the nononer _units. 10 _Wen the
anount of isBdss. v soRstiieEEMOoRPMTTe? StFTRE-bpsed raopamer 198 2blgasiere of acrylie
affinity of the styrene-acrylic acid-based copolyner (b) to C. [|. pignent

vi ol et 23 fc) and methakiylip atid, el praferetly tichdes alhnfia stiyspetbasaimencadr) i ty t ends
to be deteriorated. Also, in the obtained ink jet recording ink, recording

properti esadrPlidadid,and nARRtylicactd, Keh Yhd @nRsitidatredd oF thé eshstiardt t he
i mage-recording density tends to be |lowered. Al so, the water 15 resistance

is likel | QL f : ~ nomer
RN L e et e e S i

aci d- based copol yner b) .in an a ous medi um i.s .det eriar ated nd t he
G Sper o onpRaBe gt e ol R pERaTahE mCgiet iy 1SPrefet BT A ¢ no
aqueous pignent dispersion liquid tend to be deteriorated, Al so, the
printing smagshpnd moreprgieraldy pathines wngoebe®w 0hmasdo. c ds@atiisulas thoeumglieous

pi gnent 20 dispersion liquid is used for an ink jet recording ink. As a
st yr ene- basgenabadenonomdr unitj ahaceditsdcid mbesméhenits iyd @ netlacrywiciacid aci d- based
copol ymer used in the present invention, a known conpound can be used.

Exanpl es t hgh&Rbr ddiCk Pegerdblyd skt t/srance T 2 1881 ShYRBE all dMbANh&! YT ene,
(3-net hyl styrene, 2, 4-di nmet hyl styrene, a-ethyl styrene, a-butylstyrene, or

a- hexyl styre 25 a hal ogenat ed styrene such as 4-chl orostyrene,

€,
3-chl or ostlilnrlgghe, or 3-bronostyrene; 21 3-nitrostyrene; 4-nethoxystyrene;

and vipnyltol uene.__ Anpong these_styrene-based nononers, .an aJ kyl styrenpe
mononetl i s pref eWhSH {he agqugt off Sﬁ“@?ﬁé?@%%%“ﬂﬂ%ttﬁ%}@@ﬁ%ﬁ%y used.

the affinity of the styrene-acrylic acid-based copolymer (b) to C. I. pigment violet 23 (a)
is likely to be insufficient, and dispersion stability tends to be deteriorated. Also, in the
obtained ink-jet recording ink, recording properties to a plain paper is likely to be
deteriorated, and the image-recording density tends to be lowered. Also, the water

15  resistance is likely to be deteriorated. When the amount of a styrene-based monomer
unit is higher than 90 mass%, the solubility of the styrene-acrylic acid-based copolymer
(b) in an aqueous medium is deteriorated, and the dispersion property and the dispersion
stability of the pigment in the aqueous pigment dispersion liquid tend to be deteriorated.
Also, the printing stability tends to be deteriorated in the case where the aqueous pigment

20  dispersion liquid is used for an ink-jet recording ink.

As a styrene-based monomer unit which constitutes the styrene-acrylic
acid-based copolymer used in the present invention, a known compound can be used.
Examples thereof include an alkylstyrene such as styrene, a-methylstyrene,
B-methylstyrene, 2,4-dimethylstyrene, a~ethylstyrene, a-butylstyrene, or a-hexylstyrene;

25  ahalogenated styrene such as 4-chlorostyrene, 3-chlorostyrene, or 3-bromostyrene;



[0026] 5 The acid value of the styrene-acrylic acid-based copol yner (b)
used in an aqueous pignment dispersion liquid of the present invention is 50
to 300. When the acid value is |ower than 50, a hydrophilic property is
deteriorated, and the dispersion stability of the pignent, C . pignment
violet 23, tends to be deteriorated. Medhwhile, when the acid value is

hi gher thap 300, coagul ation of the pi ment s is likely to occur, and the 10
wat er resi SPEMSETERE: ﬁ’éeté?’fyﬁ{yéﬂlenﬂqgm%ﬁq‘dﬁl?ced by using the ink tends to be
deteriorated. The acid value is preferably within a range of 60 to 250, and
nore preferably Amphg these styrengdazstl manomer @o alksdstyiens mgnomer ig predergblyi s

represented by the nunber of ng of potassium hydroxide required to

neutral i zeusd, Al aktyefpmoaniner B tdstpdfdrablausainpl e of 1 g, and the unit
thereof is nmgKOH/ g. 15 It is preferable that acrylic acid and nethacrylic
acid be us?gzgﬁ constituent nononers in the styrene-acrylic acid-based
copol yner (b) since random copol ynerization characteristics are inproved at

the ti of a resin synthesi and t | St e i e the
solubi 1ty of 1 ity RUAESRe 9 Ras s ol Shbi el it a8
copolynmer (b) may contain a nqner, .ot her than a.styrene-based noner, an
acrylic ac@%{eowglae%ﬁm&w 1quid of the PRgsERiHnYEntiop ds 9@4& abl ‘Hgafl ese
monomers. The content of this nmononmer is lower than 5 mass% as a_conponent
armount . Exvalyd dowdrehaod0, iarydumgphil{criropertyds yeievorasade agl tha dispersionrsgsbihity
(meth)acrylate, ethyl (nmeth)acrylate, n-propyl (nmeth)acrylate, isopropyl 25

(et h) acr ybfahe pighrelat) i1, plaiidnd it vhafefds 9aR-dettrivkatédre tVaevhilegivBen ther t - but yl
(meth)acrylate, 22 2-nethylbutyl (nmeth)acrylate, 2-ethylbutyl

) R o U ok ST
(et ) AT YL BiestIBREY b B A H e P DB T ol ushiEthE hBENdST5 Be aferiDRA

The acid value is preferably within a range of 60 to 250, and more preferably within a

range of 70 to 200. Herein, an acid value is represented by the number of mg of

potassium hydroxide required to neutralize an acid component included in a sample of 1

g, and the unit thereof is mgK OH/g.

15 It is preferable that acrylic acid and methacrylic acid be used as constituent
monomers in the styrene-acrylic acid-based copolymer (b) since random
copolymerization characteristics are improved at the time of a resin synthesis, and there
is the effect to improve the solubility of the resins.

[0027]

20 The styrene-acrylic acid-based copolymer (b) may contain a monomer other
than a styrene-based monomer, an acrylic acid, and a methacrylic acid, which is
polymerizable with these monomers. The content of this monomer is lower than 5
mass% as a component amount. Examples thereof include (meth)acrylic esters such as
methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl

25  (meth)acrylate, n-butyl (meth)acrylate, sec-butyl (meth)acrylate, tert-butyl (meth)acrylate,



(meth)acrylate; (nmeth)acrylic ester derivatives such as 2-ethoxyet hyl
acrylate, 5 3-ethoxypropyl acrylate, 2-ethoxybutyl acrylate, 3-ethoxybutyl
acrylate, dinethylam noethyl (meth)acrylate, hydroxyethyl (neth)acrylate,
hydr oxypropyl (nmeth)acrylate, hydroxybutyl (neth)acryl ate,

et hyl -a- (hydroxynet hyl ) acrylate, or n22hyl-a-(hydroxynethyl) acryl ate;
aryl (nmeth)acrylic esters and aral kyl (neth)acrylic esters such as phenyl
(et h) acr yE-at@gylb@mlz(ymeﬂ(lmw)f@.@rqth)d eyl gnethlaeryate t3apkthybuydémathiacrylntst e;
pol yhydri c al cohol such as diethylene glycol, triethylene glycol,

pol yet hyl eng-ditnytlbutyd (meichylatel pdaity gheticrMateahekylmethymetitacr yl i c esters
of polyhydric phenol; and dial kyl nmaleic ester such as dinethyl naleate or

di et hyl [ ded
| et hy milﬂl t%g&ﬁq[eécﬁ%i}“eth)%ryla‘%} hgétgyg%eg@)‘aagywé%‘éty‘i"ﬁﬂ@ﬂl‘i?ic?yl&t@,%r%n?ﬂ €d as

nonomer un 15" The yl'i'c acird-based copol yner (b) used

in the presge inyention.has.. the weight avera | ecul ar ight within a
range of 6,&'6?8%”?%%& %,(Bjﬁgl.)mf#éc %ﬁr&ﬁ{wgﬁl\?aF%gleas%g?tggfﬁeﬁ}yll aﬂ? 13%1’ is preferably
within a range of 7,500 to 30,000, and nore referably within a range of
7,500 td 1%¢ eypwﬂmcmge»%p@ﬁwbmé@a@féatﬁnﬁ-@g%wwlmyw, is |ower than
6,000, the long-termpreservation stability of the dispersion |iquid 20
tends to bdind¢waminoehgd nedth)acybate, hydiogyshgly(nteth)airslaee, pdranypropyl

m croparticulate C. |I. pignent violet 23 in the beginning. Al so,

sedi ment at fn@dth e, he dRXGbiE Uq;h@ﬂﬁ criyge, agG1-89aY8RRyREthyGactylat®)icgnent  vi ol et
23. Wen the V\ylgi ght g@er aget?m ecu)laar?'v\eig%rg gfyt hey]?tyzgne-yacryl iC

act d- bas ech EOPOIUIES LRy e e MR, 4R PADIA PRI LARORIA HotD) CREMBIIL ot

recordi ng I nk; are rom the aqueous pig
l'iquid usi

IREERE]: RUCHEEEATRER S Rt e MO B e

10 (meth)acrylate; polyhydric alcohol such as diethylene glycol, triethylene glycol,
polyethylene glycol, glycerin, or bisphenol A; and mono(meth)acrylic esters of
polyhydric phenol; and dialkyl maleic ester such as dimethyl maleate or diethyl maleate.
One, or two or more of these monomers can be added as monomer units.
[0028] |

15 The styrene-acrylic acid-based copolymer (b) used in the present invention has
the weight average molecular weight within a range of 6,000 to 40,000. The weight
average molecular weight is preferably within a range of 7,500 to 30,000, and more
preferably within a range of 7,500 to 12,000, When the weight average molecular
weight is lower than 6,000, the long-term preservation stability of the dispersion liquid

20  tends to be deteriorated although it is easy to disperse and microparticulate C. I. pigment
violet 23 in the beginning.  Also, sedimentation tends to occur due to the aggregation of
C. I. pigment violet 23.

When the weight average molecular weight of the styrene-acrylic acid-based

copolymer (b) exceeds 40,000, the viscosity of the ink-jet recording ink, which is

25  prepared from the aqueous pigment dispersion liquid using the styrene-acrylic acid-based



The styrene-acrylic acid-based copolyner (b) used in the present invention
may 5 be any of a random copol yner, a bl ock copol yner, and a graft

copolymer. An exanple of a graft copolynmer is a graft copolynmer in which
pol ystyrene or the copol yner of styrene_and a nonionic nononer, which is
copol yneri zable with styrene, forns a stdmor a branch and a copol yner of

acrylic acid or nethacrylic aci nd, anot her. ..oon r. . inclydi ng styrene
forns a st E‘PHO&H‘%{ (bﬂé% ?ea%a‘%[ij%gﬁéh%g%ls&@ﬂgg iogﬂ'gd%ifng%ﬁg?eyner 10 (b)
may be the m xture of the aforenentioned copolynmer and a random copol yner.
[0030] In éﬁ%‘éf@“@éus pi gnent dispersion liquid of the present invention, the
content of the styrene-acrylic acid-based copol yner (b) per 100 parts by
mass of C. [402%9pignment violet 23 (a) is 15 to 45 parts by mass as descri bed
previously, and preferably 20 to 40 15 parts by mass. Wen the content of

the styrene-acrylh€siffenelmbasie dcidRydmpblyind: (b)Susel aVM@E g&d’ééﬂt idvenpigh nfayDy

mass, the dispersion stability of the aqueous pignent dispersion liquid i s'

deteri of at i i i.n wher e
o ok ot B anPth RSSO HERUBUONIE HFRSHOL AR WiTERRE TN S
liquid We the content of the styrene-acryljc acid-hased copol yner (b
by oobds 4n0hn A CoROMEEEls 1 fal CopVELBOTIGh Bl F BT Gk U GOrP GERE B ne. i aie
tends to be too high. In particular, in C 1I. pi@bglnent violet 23 (a), the

resins ar est@epse ryd 8 npaionistraehotesivhible isogakyimerizable aad, staere, forsd geBorty  of
the ink is likely to be increased. Therefore, the content of the

st yr ene- acs ytanch aata doffudpaer afapoiliyeid drsngitiatwicdid, ahd enotherimanmonieequi red to
coat the pignent surface. [00311 25 An alkali netal hydroxide (c) used in

the presentolute/ieof REHLE3Id? 6% BraRe] | Tt Btend AGyRCASL BEQURBPAYERE ng

styrene-acrylic "acl d-based copol yner, softens the resins in the
step Sﬁ%)astof ess..of th ith the resins,

and i npr o(})é PPh g 'I? %ﬁ%t?}.gef %g%%ege?]lﬁgég of PP W@%i%ﬁ@ﬁ%ﬁéﬁﬁ%\é\ﬁyﬁ Th the
resins. Ex[aor(w)'%]es of
In an aqueous pigment dispersion liquid of the present invention, the content of
the styrene-acrylic acid-based copolymer (b) per 100 parts by mass of C. I. pigment
violet 23 (a) is 15 to 45 parts by mass as described previously, and preferably 20 to 40
15  parts by mass. When the content of the styrene-acrylic acid-based copolymer (b) is
lower than 15 parts by mass, the dispersion stability of the aqueous pigment dispersion
liquid is deteriorated, and rub resistance tends to be deteriorated in the case where an
ink-jet recording ink is prepared by using the aqueous pigment dispersion liquid. When
the content of the styrene-acrylic acid-based copolymer (b) exceeds 45 parts by mass, the
20 viscosity of the ink-jet recording ink tends to be too high. In particular, in C. L. pigment
violet 23 (a), the resins are easily eliminated from the pigment surface, and the viscosity
of the ink is likely to be increaséd. Therefore, the content of the styrene-acrylic
acid-based copolymer is preferably the minimum required to coat the pigment surface.

[0031]

25 An alkali metal hydroxide (c) used in the present invention neutralizes a part of



the al kali netal hydroxide include sodi um hydroxi de, potassi um hydroxi de,
and lithium5 hydroxi de, and potassium hydroxide is particularly preferable.
The addition amount of the alkali netal hydroxide (c) is preferably
adjusted so that the neutralization percentage is 80%to 120% on the basis
of the acid value of the styrene-acryli é4aci d- based copol ymer (b). The
neutralizat,i rcent e is pref rab t 0, be 80% or _ higher. i.n terns of
10 the. | noiEEEIRERPOT e apar ST ASPAERcq SRR SR O BHE HEC i (il

di spersion stabl lity, and the preservation stability. Al so, the

neut r al | zaknegdingesiereiotasde facdite dhegogting Pensessias thepigmipniowidh thegomns. and t er s of
the prevention of gelation during |ong-term preservation and the water

r esi st anceimyfrotdsethp disptreidn patpeetiespf doum eubetycoated vgitt the résitls.  Emamnples pf esent
invention, the neutralization percentage neans the value which 15 indicates

the per cenﬂﬁgm(aﬁlnﬁmmoﬁla@ﬁaﬁudegodm akadide, BB adiuh WoRxiddearrisatin n

conparison with the arount required to neutral fze all the car boxyl groups in
the styre I al

Fol | ow o Beiart 8 e SRR R ar R RS a R0 T A0 E SR Yb R g o
conpound ( 00 s Val.u ui val ent of Basic
Conpound) g'zﬂlﬁ@?]ﬁ?et )ﬁé‘é’?#@ )S)BIA&%@OAJ @fg?ﬂtﬁ Snﬁqt@glﬁﬁf'ﬂqno??r?@lt%d used
in the present invention, is preferable to use ion-exchanged water or
water in wisigfe tohE20%mou the l‘@ﬂlS:Oﬁﬁl@raCtd wduchelshperene-agutiedciddbasee  same | evel
as in ion-exchanged water. 25 The content of water (d) in an aqueous pignment

di sper si oncdpgolthet (. the present 25 invention is preferably 3 to 50 nass%
and nore preferably 5 to 40 mass% Wen the content is |ower than the | ower

e R BB SO arbl LS o gl ont o
10 the improvement of the dispersion rate in an aqueous medium, the dispersion stability,
and the preservation stability. Also, the neutralization percentage is preferably set to be
120% or lower in terms of the prevention of gelation during long-term preservation and
the water resistance of the printed matter produced by using the ink.
In the present invention, the neutralization percentage means the value which
15  indicates the percentage (how many times) of the alkali metal hydroxide added in
comparison with the amount required to neutralize all the carboxyl groups in the
styrene-acrylic acid-based copolymer, and is calculated by the following equation.
[0032]
Neutralization Percentage (%) = ((Mass of basic compound (g) x 56 x 1000) /
20 (Acid Value of Resin x Equivalent of Basic Compound) x Amount of Resin (g))) x 100
[0033]
In a production method used in the present invention, it is preferable to use
ion-exchanged water or water in which the amount of impurities has been reduced to the

same level as in ion-exchanged water.

25 The content of water (d) in an aqueous pigment dispersion liquid of the present



tends to be deteriorated. 5 [0034] As a wetting agent (e) used in the
present invention, known conventional wetting agents can be used, and
exanpl es thereof include polyols such as glycerin, ethylene glycol,

di et hyl ene glycol, triethylene glycol, tetraethylene glycol, polyethylene
gl ycol, propylene glycol, dipropylene g?@col, pol ypr opyl ene gl ycol,

1, 3-propanedi qQl, .10 1, 4-bytanediol, 1,5-pentanedio 6- hexa o)
T3, B hoxationis DR HyP o ot i TR ToRRras 3 940 BarTo | aTBE s uch as
2-pyrrolidone, N-nethyl-2-pyrrolidone, e-caprolactam _and . ]

1, 3- di met hsanieRt BdeweT apm e lwesliniiehe digpryenion disgiderdsgh badyffidenoi nt s so
that they are not evaporated in the kneading step; and the stable condition
of the kneWiienthestoafeni excoadsrthaipmed linBe theddisperdomstebiitwetthe digpagientiqusl
essentially apart of the ink jet 15 recording ink, there is no need for

removi ng akh@®totbleteigagddg step, and it is possible to directly transfer
fromthe dispersing step to the follow ng step. [0035] In order to produce

an ink 4 et bgﬁ:ordi ng aqueous ink by using the aqueous pignment dispersion
liquid prorguce]d by using the aforenentioned raw materials, the 20

af orenenti oned agueous, pi gnent. di spersion liquid is appropriately diluted
with an aqueou WPGWS@%‘E‘HTQSH%F% CQFesﬁm\RgYeﬁ%ﬁﬁﬁgﬁ’ conyentional i nk j et
recording ink prepared froman aqueous pignment di si)e_rsi on liquid for an

i nk-j et i nksttingagentotantbesfseds.and expnplaetherepf tickidezolsiods syckpeglyptnn.2 to 10
mass% so as to obtain sufficient inmage density and to secure the dispersion

stabi | ity ahyledregldedi péicthiviRic gRoolp aidihiydémselicol tbeadtilenc?@ycdll pdlsetipyledeer abl e
that a wetting agent be bl ended in the agqueous nmedi um which dilutes the

iscost 1y I SRR G R B ES, PPN P R ot um
are t q% 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,2,6-hexanetriol, trimethylolpropane, or
pentaerythritol; lactams such as 2-pyrrolidone, N-methyl-2-pyrrolidone, éncaprolactam;
and 1,3-dimethylimidazolidine. These wetting agents have high boiling points so that
they are not evaporated in the kneading step, and the stable condition of the kneading
step is maintained. Besides, since a wetting agent is essentially a part of the ink-jet
15 recording ink, there is no need for removing after the kneading step, and it is possible to
directly transfer from the dispersing step to the following step.
[0035]
In order to produce an ink-jet recording aqueous ink by using the aqueous
pigment dispersion liquid produced by using the aforementioned raw materials, the
20  aforementioned aqueous pigment dispersion liquid is appropriately diluted with an
aqueous medium such as Water or a wetting agent,
In the ink-jet recording ink prepared from an aqueous pigment dispersion liquid
for an ink-jet ink, the amount of C. 1. pigment violet 23 is preferably 2 to 10 mass% so as

to obtain sufficient image density and to secure the dispersion stability of the dispersion

25  particles in the ink.



sane as the aforenentioned ones used to di sperse the col ored, kneaded
material for the 5 agueous pignent dispersion liquid. The content of a
wetting agent for the purpose of dry-prevention is preferably 3 to 50 mass%
in an ink. [0036] Also, in the case where an ink jet recording ink is
prepared, a penetrant can be added for2Ghe purpose of the inprovenent of
perneability to a,record#gg medi um and the, 10, adjustnent of, t he, dot

di aneter on a r d¢Breistpbladhrtimyvettng agind be blendediim e rausous mefdivgevhichower

al cohol such as ethanol or isopropanol; an ethyl ene oxi de-adduct of

al kyl al cohdilutestbtr agizors higinenedigpeysion lipeid pince ithentributedite tityyprementginy col  but yl
.ether; and a propyl ene oxi de-adduct of al kyl al cohol such as propyl ene

gl ycol progydosRy BdjustmEhg an&@éﬁsﬁﬂhdj@fsu@nﬂe@tms_ dfShgicgicaiedbdiuth £3 tHeo 10
mass% in an ink. 15 [00371 In the case where an ink jet recording ink is

pr epar ed, s%nﬁe%ﬁﬁ&éfﬂf%he%ﬁ@n&%fﬁg d&d 1o id?!sggfsg fle éo‘i’or@:ﬂhq&&%ﬁdé: 2 1 A G 1.&1!;1 es of

i nk such as surface tension. ese surfactants are  use one or

conbi nation of 2.or .e. Also, .in gonsideration of th ol ubi it

Sabi 1oty By helRt e iy PSR! B BEnRe bRl R PR e s
preferably 20 within a range of 7 to 20, In the case where a surfactant is
added, t heldriduevention risefarablysd prifmegbbipadiinki n  a range of 0.001 to 1
mass% nore preferably a range of 0.001 to 0.5 mass% and particularly

pr ef er abl yj0836Jange of 0.01 to 0.2 mass% When the addition anount of a
surfactant is | ess than 0.001 mass% the effect of the addition of a

surfactant cannoiishen 2 QA *heetn iMARA rddBRliREhklb pRpaRBUberRYERER bk MaSS%

the problemof blurring of the 27 image tends to occur. T0038] In the case

where an ipi.d 8l tﬁgﬁlﬂﬁgéer& tﬁ&lfnﬂrgve%e%@ af ﬁ«gml%Xbiﬂ’Bj 3% @&raﬂiﬁqﬂ&ﬁm‘n and the

10 adjustment of the dot diameter on a recording medium. Examples of a penetrant
include a lower alcohol such as ethanol or isopropanol; an ethylene oxide-adduct of
alkylalcohol such as ethylene glycol hexyl ether or diethylene glycol butyl ether; and a
propylene oxide-adduct of alkylalcohol such as propylene glycol propyl ether. The
content of a penetrant is preferably 0.01 to 10 mass% in an ink.

15 [0037]

In the case where an ink-jet recording ink is prepared, a surfactant can be added
in order to adjust the properties of ink such as surface tension. These surfactants are
used alone or in combination of 2 or more.  Also, in consideration of the solubility
stability of a surfactant, HLB (Hydrophile-Lipophile Balance) thereof is preferably

20  within a range of 7 to 20.

In the case where a surfactant is added, the addition amount is preferably within
a range of 0.001 to 1 mass%, more preferably a range of 0.001 to 0.5 mass%, and
particularly preferably a range of 0.01 to 0.2 mass%. When the addition amount of a
surfactant is less than 0.001 mass%, the effect of the addition of a surfactant cannot be

25 obtained. When the addition amount exceeds 1 mass%, the problem of blurring of the



pi gment dispersion liquid for an ink jet, an antiseptic agent, a viscosity
nodifier, a pH 5 noderator, a chelating agent, a plasticizer, an
antioxidant, and an ultraviol et absorber can be added according to need. In
the case where an ink-jet recording ink is prepared, coarse particles becone
the cause of nozzle clogging and the defkrioration of other inmage
properties, and therefore, after the preparation of an ink, coarse
particl es F#ge BROd5 QFFEH by centrifugal 10 separation or a filtration
process. This ink jet recording ink can be preferably used as an ink for ink
jet recordi®8g8] The ink jet systemto be used is not particularly linited,
and exanpl es thereof include known ones including continuous injection-type
systems such as Iathedage whie adlisk-f¢ raeondingidk ingrepyied byysingrancaquenispr ay type
system and on-demand systens such as a 15 piezo system a thermal system

or an el eciERsiatierdl HAAA F2in TH8)&En ABAMCLDERE vistodis mAfiBGea gl € t hat

the ink is used I1n printers using a thernal jet recording system

EXAMPL [ rei nafter, e._pres I t ri bed
T dot i1 HipdoER sPRRBM BshE it PRt BF AU INE IS AN it REHHEERET POS
Exanpl es, .and %rrpardai%;ve Eaarrpl es, "part" and "% represent "part by mass"
and " massoke addedacsprdingionssdt hesi s Exanple 1> 28 In the reactor including a
stirrer, a dropping device, and a reflux device, 100 parts of methyl ethyl
ket one was addedp tEndsaivhemgennisidy sedording ik inpeeppredf earsedaiticlestgcomeact or
while stirring. While keeping nitrogen atnosphere in the reactor, heating
was per f ahereghist of ieizdlogmagixid @k Ayleriketion of otsrinidge Brogehgesimded sol ution

of 77 parts of
therefore, after the preparation of an ink, coarse particles may be removed by centrifugal
10 separation or 2 filtration process.
This ink-jet recording ink can be preferably used as an ink for ink-jet recording,
The ink-jet system to be used is not particularly limited, and examples thereof include
known ones including continuous injection-type systems such as an electric
charge-controlling type system or a spray type system; and on-demand systems such as a

15  piezo system, a thermal system, or an electrostatic attraction system. Among these, it is

preferable that the ink is used in printers using a thermal ink-jet recording system.

EXAMPLE
[0039]
20 Hereinafter, the present invention is further described in detail with reference to
Examples,
In the following Synthesis Examples, Examples, and Comparative Examples,
“part” and “%” represent “part by mass” and “mass%”.
[0040]

25  <Synthesis Example 1>



5 styrene, 10 parts of acrylic acid, 13 parts of nethacrylic acid, and 8
parts of the polynerization catalyst (produced by Wake Pure Chem cal

| ndustries, Ltd. / "V-59") was added dropwi se fromthe dropping device for
2 hours. Fromthe mddle of dropping, tenperature of the reaction system
was kept at 75C. After the end of dropp8ng, the reaction was kept at the
sane tenperature for 25 10 hours., In the mddle of the reaction, while
checki ng the cofathegeacter ipeluging arshiyer, geiranming devieenandyrefive deyise. 108 cat al yst
was added appropriately. After the end of the reaction, cooling was

per f or med,pagts df methiy) éthgl kepdnekeasodedyand attrhgdn substtution vedstpaifarmérkein thol ut i on
of the styrene-acrylic acid-based copolyner (A-1) with a solid content of

50%  whi GBact@idiessiran. OMWailgkedpis niftbenSdmbitRraiarthi¢ teactog hdathpses
copolymer (A-1) has an 15 acid value of 152 ngKOH g and a wei ght average

nmol ecul ar ' f ﬁ'&’ﬁ tﬂgﬁ?élt n I Ated BURIRKIPP7 t ght
aver age ndﬁiégggﬁ%drt%vfgl g 1?1@1|:th éa a u%ﬂeﬁd;ﬁezggﬁéﬁ%ges Ur ggl B;’ a W&I
Per meat.i on, Chr ot ogr aphy).. net and Is converted t he | ecul ar wei ght
o ol 95t OIS, (0 et e S UiCTrithr d PRGY e TESTyRY i SRR A ikorent . 20 vas
per f or med bi{bﬂillJSi ng the follow ng ap&ar atuses and conditions. "
Sol ut i on- feRERAFahemertalyst (PrwAucedyhst Wake Bre (Grepeigal Ijustriss, Ltdyt “oV-Fhp e@sor
S1L-6B Detector: RID-6A 25 These are manufactured by Shimzu Corporation. 29
Dat a pr oc eddédhdropwist fmmnethe Siraptiiy] devilext far 8 hatrisonF{oma thefraidtlerofdirdppi@y st em
I nstrunments Corporation). Colum: G.-R400 (a guard colum) + G.-R440 +
GL- RAS0 + 1&hpd4RBNT cheRaeidtysysteha®hs képpem el Co., Ltd.)
After the end of dropping, the reaction was kept at the same temperature for 25
10 hours. Inthe middle of the reaction, while checking the consumption of the raw
materials, the polymerization catalyst was added appropriately. After the end of the
reaction, cooling was performed, and methyl ethyl ketone was added so as to obtain the
solution of the styrene-acrylic acid-based copolymer (A-1) with a solid content of 50%,
which contains anionic groups. The styrene—acrylib acid-based copolymer (A-1) has an
15 acid value of 152 mgKOH/g and a weight average molecular weight of 11500.
[0041]
In the present invention, a weight average molecular weight is a value which is
measured by a GPC (Gel Permeation Chromatography) method and is converted to the
molecular weight of polystyrene used as a standard material. Herein, the measurement
20 was performed by using the following apparatuses and conditions.
Solution-sending pump: LC -9A
System controller: SLC-6B
Auto injector: S1L-6B
Detector: RID-6A

25 These are manufactured by Shimazu Corporation.



5 Elution solvent: THE Elution flowrate: 2 m/mn Colum tenperature: 35C
[0042] <Synthesis Exanple 2> 10 In Synthesis Exanple 1, 77 parts of styrene,

10 parts of acrylic acid, and 13 parts of methacrylic acid were repl aced

with 73 parts of styrene, 10 parts of acrylic acid, and 15 parts of

nmet hacrylic acid, and then, the pol yrrer39zati on was perfornmed so as to

o L 1 oL R S G PSSR et AR

<Exanpl e 1> <Preparation of Aqueous Pignent D spersion Liquid>

St yr ene- adr§ifumentcCerppeatien)- copol ymer (A-1) 150 parts C. |. pignent viol et
23 (a) 500 parts 20 (Hostaperm Violet RL Spec. produced by

Cd ari ant ( Japan) Kokimn:85INRROO ds guardchipdm) i Gle-Radgl etoGh-Rei0ut GhrREIOM. part s
Di et hyl ene glycol 260 parts The m xture of the aforenenti oned conposition

was prepargdapdHades Chehiddi€o. Altg@pet ary m xer (manufactured by |noue
Manuf act uri ng ., Ltd. / PLMV-SOQ/), and 25 kneaded at a rotation

frequegcy of 35 .rﬁﬁpl ution frequency of 24 rpm for 360 30 mn.
Af ter g | apse ofEﬁlgg;n%BﬁIFEE‘he m xture was col |l ected together in the shape of

a rod, and kneadin S kept _as.is. During kneading, the consuned current
val ue was 6 to %g‘m%@,te%rﬂiﬂ% i ncrease and decrease were repeated
depending on the rotational period. This was due to the follow ng reason.
The ni xture was Colwamiesuleraurigi 37 Can extremnel y

[0042]
<Synthesis Example 2>

10 In Synthesis Example 1, 77 parts of styrene, 10 parts of acrylic acid, and 13
parts of methacrylic acid were replaced with 73 parts of styrene, 10 parts of acrylic acid,
and 15 parts of methacrylic acid, and then, the polymerization was performed so as to
obtain the styrene-acrylic acid-based copolymer (A-2) with a weight average molecular
weight of 8800 and an acid value of 184 mgKOH/g.

15 [0043]
<Example 1>

<Preparation of Aqueous Pigment Dispersion Liquid>

Styrene-acrylic acid-based copolymer (A-1) 150 parts

C. I pigment violet 23 (a) 500 parts
20 (Hostaperm Violet RL Spec. produced by Clariant(Japan)K.K.)

8 N Potassium hydroxide aqueous solution 67.1 parts

Diethylene glycol 260 parts

The mixture of the aforementioned composition was prepared and added in the
planetary mixer (manufactured by Inove Manufacturing Co., Ltd. / PLM-V-50V), and

25  kneaded at a rotation frequency of 35 rpm and a revolution frequency of 24 rpm, for 360



5 high viscosity so that it was not distributed uniformy. Therefore,
whenever the stirring blade sheared the m xture periodically, a strong
force was applied thereto. After a |lapse of 360 mn, as a |et-down
operation, water was added at an average rate of about 0.015 /mn, which is
an increasing rate of a water/pigment m#ss ratio, so as to obtain the

uniformmxture with a pj nt content of 29.3 ss% 10, The obt ai ned

m xt ure wABint réﬁ‘@f'e‘#%péﬁ#%l%t%q@il%g@wﬁ?ﬁtegﬁ%ae&gﬁ@nf%1% Hé“oglre added
therein. |on-exchanged water 1162 parts Diethylene glycol 220 parts Then,
t he ni xt urasd kntrding waskephad isr mDyring keehding thecossumed eigrembvalng wpsné bl 15

t hrough the beads mll (Nano MI|l NM G 2L produced by Asada |Iron Wrks. Co.

Ltd.), anchpses amd gpeticesdeahd dedreaspeavead tepeated d@Redinglonaheptigtivhhiqrerijodr i od of
2.5 mn, thereby obtaining the dispersed material. Subsequently, this

di sper sed | @l B30 t NELE QRARUOMS) SBNLSd #8REn jation
appar at us %%ﬁ% epro ucgg fqﬁgﬁ)&san E%g%i nki C%. Lt c} 2 L \e/o une), and
20 the.centrif.ugal separation s._conti nyousl y rfornmed at a.tenperature of
25C wi oh JRELYIIER T s nor radpha gty (dhus g isar S ST i n,

t hereby obtaining the ,aqueous pignent dispersion |jiquid with a pignent
content ofblade sheared tho auixturepsrindn Ya?ﬁ%gf%e%ﬁépﬂb‘%r@?rﬁ%s as in Exanple 1
were used except for adding the operation 31 in Exanple 1, in which 15

parts of ion-exdfangdapseval 260 mér, @s adeteldwatoparatiapseatef was sdsled 80an avieragaf t er
the start of kneading, and 35 parts of water were further added at a | apse

B0, ASSRERLONS AL il g st e Sogt o0/
aqueous piguFA 1L RS Ak ekl Akt }M.gtxﬂénﬁcontent of 29.3 mass%.
10 The obtained mixture was transferred into a stainless drum, and the following
are added therein.
Ion-exchanged Watef 1162 parts
Diethylene glycol 220 parts
Then, the mixture, which was uniformly mixed with a stirring motor, passed
15 through the beads mill (Nano Mill NM-G-2L produced by Asada Iron Works. Co. Ltd.),
and was dispersed at a temperature of 20°C for a detention period of 2.5 min, thereby
obtaining the dispersed material.
Subsequently, this dispersed material passed through the continuous centrifugal
separation apparatus (FH-600S produced by Kokusan Enshinki Co. Ltd., 2 L volume), and
20  the centrifugal separation was continuously performed at a temperature of 25°C with a
centrifugal force of 18900 G for a detention period of 10 min, thereby obtaining the
aqueous pigment dispersion liquid with a pigment content of 14.8%.
[0044]

<Example 2>

25 The same operations as in Example 1 were used except for adding the operation



5 pignment content of 14.5% was obtai ned. <Exanple 3> The sane operations as
in Exanple | were used except for using the styrene-acrylic acid-based
copolymer (A-2) instead of the styrene-acrylic acid-based copolyner (A-1).
Then, the aqueous pignment dispersion liquid with a pignment content 10 of
14. 7% was obt ai ned. <Exanple 4> The sam® operations as in Exanple 1 were

used except for addi.ng the operation jn anple 1, in which 205,7 rts of
i on- excharBédemgicet W\E‘ihé‘g’a]di @ mnr@ck%tggﬁaﬂ%wﬁﬁ e aamiaont fa PGt ° be
kneadi ng (before let-down) at a rate of no nore than 0.002 15 /mn which is

an i ncr eaghinpfieaths srt of ingeding ping e wertras waienviets futheradded at algneegtfd 80pi gnent
dispersion liquid with a pignent content of 14.4% was obtained. <Exanple 5>

The sane apéraiiniiscfas letrddmed mph eatd ofved ottstdn 8002 phif whick ivdaiginargasing
detention tine of 2.5 mn into 0.8 mn. Then, the aqueous pignent

di spersio (e 0 g5 I nt %{ém'é % I wh <Exanpl e
6> The saggﬂeodgg r‘gatt(?i‘(/)%gmg%@%seggﬁp ITQE{%’%?@GSE% exct:{? eépl)\t?ﬁ?‘rgrt%}lti gﬁgﬁg’flﬁhga a
detenti.on _.ti of 2 in,into,4.0.mn. Then, the aqueous pignent

di sper 8i oPFP icanWE%f;ﬁﬁ{Biwmaﬂteghtent of 14.5% was obt ai ned. 25 [0045]
32 <Conparative Exanple 1> The sane operations as in Exanple 1 were used
except for< .8 parts of potassi um hydroxi de (granul at ed,

manuf actured by Kanto Chemical Co., Inc.) instead of 67.1 parts of an 8 N
pot assi um hydr oxXlildesamqwperatosaisun Fsampled iudraased extepyfokasingthe

styrene-acrylic acid-based copolymer (A-2) instead of the styrene-acrylic acid-based
copolymer (A-1). Then,. the aqueous pigment dispersion liquid with a pigment content
10 of 14.7% was obtained.
<Example 4>
The same operations as in Example 1 were used except for adding the operation
in Example 1, in which 205.7 parts of ion-exchanged water were added during 180 to
360 min from the start of the kneading (before let-down) at a rate of no more than 0.002
15  /min which is an increasing rate of a water/pigment mass ratio. Then, the aqueous
pigment dispersion liquid with a pigment content of 14.4% was obtained.
<Example 5>
The same operations as in Example 1 were used except for changing a detention
time of 2.5 min into 0.8 min. Then, the aqueous pigment dispersion liquid with a
20  pigment content of 14.5% was obtained.
<Example 6>
The same operations as in Example 1 were used except for changing a detention
time of 2.5 min into 4.0 min. Then, the aqueous pigment dispersion liquid with a
pigment contenf of 14.5% was obtained.

25 [0045]



5 Chemcal Co., Inc.). Then, the aqueous pignent dispersion liquid with a
pi gnent content of 14.8% was obtai ned. <Conparative Exanple 2> The sane
operations as in Exanple 1 were used except for adding the operation in
Exanpl e 1, in which 205.7 parts of ion-exchanged water were added during O
to 120 10 nmin after the start of the kKReading at a rate of |less than 0.002

/mn which {s an increasing rate of a water/pignment mass ratio. Then, the
aqueous piﬁ?élﬂﬁar%f’r@%a&p%%i quid with a pignent content of 14.4% was

obt ai ned. <Conpar ative Exanple 3> The sane operations as in Exanple 1 were
used except for Thhauye aperatietstagin Esampled wergwsedexchpt foeasng 238 pags o2. 5 ni n

into 0.2 mn. Then, the aqueous pignent dispersion |liquid with a pignent

cont ent ofpolabsiGid hyasoxidd @iraiethted Compakairédisy Exanllemical The Isaymsepdofit i ons
as in Exanple | were used except for changing a detention tinme in the beads

m i1 of 2.67 Mhdsio?hR SN Potdbdlam HHERxideGuRH SIMEOR (AR ThCtHed B IEIRN 20

liquid with a pignment content of 14.6% was obtai ned. Regardi hg the

aval nabed PTG TAE  of 1wRgigur bR CRe o d e BB B R S o

33 The sGPREReol riga R RERIEE: natori 8l . whi ch vas prepared in the knead) ng
step, was diluted, and the change in viscosity in the dispersing step was
measur ed fiCompandive\ixaopdi T+ es at the start and the end of the dispersing
step. In the neasurenent, TV-22 was used, and the viscosity of a sanple of
3 nL was neasur qlie yitelebpdrigors@Rdh Ekanple Afwete used except for adding the operation
in Example 1, in which 205.7 parts of ion-exchanged water were added during 0 to 120
10 min after the start of the kneading at a rate of less than 0.002 /min which is an increasing
rate of a water/pigment mass ratio. Then, the aqueous pigment dispersion liquid with a
pigment content of 14.4% was obtained.
<Comparative Example 3>
The same operations as in Example 1 were used except for changing a detention
15 time in the beads mill of 2.5 min into 0.2 min. Then, the aqueous pigment dispersion
liquid with a pigment content of 14.6% was obtained.
<Comparative Example 4>
The same operations as in Example 1 were used except for changing a detention
time in the beads mill of 2.5 min into 6.0 min. Then, the aqueous pigment dispersion
20 liquid with a pigment content of 14.6% was obtained.
Regarding the aforementioned Examples and Comparative Examples, the
properties were evaluated by using the following evaluation methods.
[0046]

A. Measurement for evaluation of Dispersing Step Conditions

25  <Evaluation of Viscosity>



5 rotation frequency of 100 rpm and a tenperature of 25C. B.

Char acterization of Agueous Pignent Dispersion Liquid <Quantitative

Det erm nati on of Coarse Particles> The aqueous pignment dispersion |iquid,

whi ch was obtained in the Exanples and Conparative Exanples, was diluted by
100 tines, and passed through a particl®@ size 10 anal yzer AccuSi zer 780 APS

manuf actured by Particle Sizing, Systens rporation. _Then, the nunber of
coarse particl edbaselH @lﬁéﬂilﬂﬁﬁ‘é&%ﬂ%ﬁ@%m viasprepargdgpdhedreadiog sty at ed,

and converted to the nunber of particles in the liquid of 1 nL, before
di | uti on. waskdguted sandrtberelringe weviscosity i theelispafsing sttthwasiinepuresi fngm sheep and t he
-centrifugal separation step. 15 [0047] <Eval uation of Di spersion Property>

The parti ciRodtie Rt Sard Al thBend b telispeRngierd. hdn PegfERUEM R, TTNE22qUeoUs
pi gment di spersion |iquids obtained i n Exanpl es and Conparati ve Exanpl es

Were meask g ' | ARk ay @Q‘% rticle
di anet er s%‘\&/\é/g(ragengq %gﬁ#&?}%ﬁ%ﬁé‘%ﬂ crot %née%g%d\l{'@g%%r olg%ce Og% Leeds &
Northrup Co.) as the icle diameters of aqueous di spersion |iquids.
The vi gco§?@€‘%§9\%}e@°¥£€£®r@ﬁl %Pt% a@gﬁ@eﬁf}nagf%ﬁ type vi sconeter (TVE-20L
pr oduced la/ TOKI VEC | NCQf) . [0048] C._Evaluation of Properties of Ink-Jet
Recor di ng B flaragtrization offrqugpusolficmiescRispepiog IiwWderty / Luster> 34 The ink
jet recording inks were prepared by using the aqueous pignent dispersion
| i qui ds obiangdtiveDEeaninhten anCoLeaPaticiesve Exanpl es, according to the
foll ow ng conposition. Aqueous pignment dispersion liquid 5.52 parts
The aqueous pigment dispersion liquid, which was obtained in the Examples and
Comparative Examples, was diluted by 100 times, and passed through a particle size
10 analyzer AccuSizer 780 APS manufactured by Particle Sizing Systems Corporation.
Then, the number of coarse particles with a particle diameter of 1 um or more was
calculated, and converted to the number of particles in the liquid of 1 mL before dilution.
The measurements were performed after the dispersing step and the centrifugal
separation step.
15 [0047]
<Evaluation of Dispersion Property>
The particle diameters and the viscosities of the pigments in the aqueous
pigment dispersion liquids obtained in Examples and Comparative Examples were
measured. Regarding a particle diameter, the volume average particle diameters were
20  measured by using “Microtrac UPA 150" {produced by Leeds & Northrup Co.) as the
particle diameters of the aqueous dispersion liquids. The viscosities were measured at
25°C by using E type viscometer (TVE-20L produced by TOKIMEC INC.).
[0048]
C. Evaluation of Properties of Ink-Jet Recording Ink

25  <Evaluation of Discharging Property / Luster>



5 2-Pyrrolidinone 1.60 parts Triethylene glycol nonobutyl ether 1.60 parts
Surfynol 440 (manufactured by N ssin Chem cal Industry Co., Ltd.) 0.10 parts
G ycerine 0.60 parts 1on-exchanged water 10.58 parts 10 The prepared ink
was | oaded into the position of the black cartridge in the ink jet printer
EM 930C (manuf actured by Sei ko Epson Cddporation), and the recording wth a
i mge density of_ 95% was pefforped by using the Premi um d ossy Photo Paper
(produced by Seit%?)I%EBFFCMWS’E?)WQ@T%‘%%E%P%fl"r?dqu‘EQﬂsd?ﬂﬁm en, the
luster of the obtained image was measured by using "mcro-TRI-gl oss”

( pr oduced dispemsion lgnidimhtgined)ip Examplesiand £ ompagaivatExaniples ggoeorgingto the
Consequently, it was confirmed that the inks prepared fromthe aqueous

pi gment  dbikpeihgicompbdition.ds of all Exanpl es and Conparative Exanples coul d
formthe favorable inage for the luster neasurenent, and showed the
favorabl e di SChQIq[ﬂE&QéR%%H&%VdE%ersﬁ&ﬁ d 20 <Eval uation of s5taRility> The

i nks prepared in the evaluation of luster were left at rest ‘for 12 weeks
under .the tenpegrg@ture.condition of 90C, the change in particle di aneter

bef or esand afte?'}%ﬁr'éoé “at rest was investi gated, and \?iaﬁs pélstgd as a
baronmeter of stability. In fhe present invention, anong pignments which are
col orants excel Irrélﬁ‘lhyfqli‘eﬁb}icelrmoﬁ@mﬂ§ﬂ?fance and i ght faiﬁﬁé’@@? C I.

pi gnent violet 23 was used, which is particularly 35 excellent in |ight

f ast ness, and t Rerfyenldd0(msighcnmsd baddissin€heingdal Iidustrn€es Lid.) t hdO paitht ed

i mges were favorable in all Exanples and Conparative Exanples. [Table 1] 36

Glycerine 0.60 parts
lon-exchanged water 10.58 parts
10 The prepared ink was loaded into the position of the black cartridge in the

ink-jet printer EM-930C (manufactured by Seiko Epson Corporation), and the recording
with a image density of 95% was performed by using the Premium Glossy Photo Paper
(produced by Seiko Epson Corporation) as a recording medium. Then, the luster of the
obtained image was measured by using “micro-TRI-gloss” (produced by BYK-Gardner)
15  asa Gloss value at an angle of 20°. |
Consequently, it was confirmed that the inks prepared from the aqueous pigment
dispersion liquids of all Examples and Comparative Examples could form the favorable
image for the luster measurement, and showed the favorable discharging property.
[0049]
20  <Evaluation of Stability>
The inks prepared in the evaluation of luster were left at rest for 12 weeks under
the temperature condition of 90°C, the change in particle diameter before and after
leaving at rest was investigated, and was used as a barometer of stability.
In the present invention, among pigments which are colorants excellent in water

25  resistance and light fastness, C. L. pigment violet 23 was used, which is particularly
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excglent in light fastness, and the water resistance and the light fastness of the printed

images were favorable in all Examples and Comparative Examples.

[Table 1]
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As shown in Table 1, the aqueous pignment dispersion |iquids produced by the
production nmethods of Exanples | to 6 rarely have coarse particles with a
particle diameter of 1 gmor nore, andd’have fine particles with a vol une
average p rh%ﬁle 5 dianeter of about 100 nm in which the aforenentioned
producti o 0 hods includes the dispersion step of dispersing the m xture
including C. |I. pignment violet 23 (a), the styrene-acrylic acid-based
copol yner (b) wiAsshawnae Table 4l the agheddo pigmedt disperriopiligyids peoduged by thenet al
hydr oxi de (c), water (d), and the wetting agent (e), thereby producing an
aqueous pipgodittionl nwierds oOBxbamples dto ngelyltavk peash paticdeepitha pattictdh t he
kneadi ng was 10 performed under the conditions of the mass ratio of (b) /

(a) rangi ngah&end0: Jm o thde, 4nd h8RAREDSarBIES Wi hivelBhe 4kbtade faftlcls angi ng from
0.04 to 0.42 in the first half of the kneading step. Also, the ink jet

ecor 0500 e AP P BB PR R Doyt ™

dispersion step of dispersing the mixture including C. I. pigment violet 23 (a), the
styrene-acrylic acid-based copolymer (b) with an acid value of 50 to 300 mgKOH/g, the
alkali metal hydroxide (c), water (d), and the wetting agent (e), thereby producing an
aqueous pigment dispersion liquid; and the kneading step in which the kneading was

10 performed under the conditions of the mass ratio of (b) / (a) ranging from 0.15 to 0.45
and the mass ratio of (d) / (&) ranging from 0.04 to 0.42 in the first half of the kneading
step.  Also, the ink-jet recording inks containing the aqueous pigment dispersion liquid
as a main component have the favorable stability during the high-temperature
preservation and the small rate of change in particle diameter in comparison with

15  Comparative Examples.

In Example 4, since water was added in the second half of the kneading step, the
shear force during the kneading was slightly lowered, and therefore, the rate of change in
particle diameter during high-temperature preservation was high.

In Example 6, since the dispersion period was elongated to 4 min, the viscosity

20  of the aqueous pigment dispersion liquid was increased due to the elimination of the
resing as the dispersion period was elongated although the number of coarse particles
after the dispersing step was maintained to the small number. It was found that the rate
of change in particle diameter during high-temperature preservation was higher than
those of the inks produced in Examples 1 to 3, and the thermal stability during

25  high-temperature preservation was slightly deteriorated.



preservation and the small rate of change in particle dianmeter in conparison
with 15 Conparative Exanples. In Exanple 4, since water was added in the
second half of the kneading step, the shear force during the kneading was
slightly I owered, and therefore, the rate of change in particle dianeter
during high-tenperature preservation waX hi gh. In Exanple 6, since the

di spersi on per| d_was el ongated to.4 mn, the viscosit he .aqueous
pi gnent di spersi Bﬁxwa{‘?l%m%@di%rdé%@bowo &R oréqnieﬁ]tq.,égllglﬁ t he

resins as the dispersion period was el ongated although the nunber of coarse

parti cl es nuatheepf cdaesediagrdessifiey thordigperning sien Wesmoidarreased pemywhend nunber . It

was found that the rate of change in particle dianmeter during

hi gh- t enpangihtairedps ¢reamalévehayes oftiepdh e rin Bramplet ) dsechangd ineviscokisy prtheluced in
Exanples | to 3, and the thermal stability during 25 hi gh-tenperature

preservat 's@%’) WaSmShiaglbly tffé%%&f RYAL Bfdreb rr?%rodu@m@% WRotk pigmehi ch the
0 0.8 he nunb

di spersion period was shortene t r of coarse particles

a1 Svo AT B Rl mfﬁ"anaﬁticli e o O TELRGAE e “olep

was mnai nt aj ned to the | ower | evel , thereby producjng th aqueous pignent 5
di sper si ort q’ﬁedﬂﬁﬂa%’]leﬁltt%é edarardinghs e ikes i &rfFYQ?Pl@eﬁ-?S&fﬁéE’@td %nd smal |
viscosity to those in Exanples | to 3. Accordingly, the inage with a

f avor abl e fhuseder Ip&ubmipled, tHedmeading step Beapptierntsd under thaeadivalgndy ep was
perfornmed under the equivalently favorable kneading conditions to those in

Exanpl e 1.favdietiekasadingaoaditiohs tdihost inExagiptal. PRidrefdreasensifi tietdisrekidrp one
third of those in Exanples 1 to 3, the nunber of coarse 10 particles was not

i ncr eased, eﬁewae?%&&ugga' &1& Ll %Pﬁfogt e g 1 {03, %ﬂ&%&bg&mé&mer ature

preservatl on to ot npl'es was obtained.” Rat her e di spersion
U PRI TN TR A R
temperature preservation to other Examples was obtained. Rather, as the dispersion
period was short, the elimination of the resins rarely occurred, and the change in
viscosity during the dispersing step was extremely low.
[0051]

15 In contrast, in Comparative Example 1 in which the mass ratio of (d) / (a) was
lower than the aforementioned range, the crush of the pigments in the kneading step was
insufficient, the content of coarse particles was high, and the luster of the image was
extremely low when the ink-jet recording ink was formed. In addition, since the
covering of the pigments with the copolymers were insufficient, the high-temperature

20 preservation stability was poor. In Comparative Example 2 in which the mass ratio of
(d) / (a) exceeded the aforementioned range in the first half of the entire kneading period,
the crush of the pigments did not proceed due to the insufficient shear force in the
kneading step, and the coarse particles could not be microparticulated even after the
dispersing step. In addition, the large number of the coarse particles remained even

25  after the centrifugal separation step. In addition, since the shearing force was



[00511 15 In contrast, in Conparative Exanple 1 in which the mass ratio of
(d) / (a) was |lower than the aforenentioned range, the crush of the
pignents in the kneading step was insufficient, the content of coarse
particles was high, and the luster of the imge was extrenely |ow when the
ink jet recording ink was formed. In addition, since the covering of the

pi gnents with.the,cqpol rs were insufficgient, the high- rature 20

pr eser vat "SHHLGEHI &F%&)gﬁ?atﬁ? ﬁo"éﬁ‘ﬁﬁﬁf D PiEments was g‘%&ﬁ?ﬁgﬁ“@ ﬁ“et he mass
ratio of (d) / (a) exceeded the aforenentioned range in the first half of

t he enti r dughnigaperiyrpsiabidityy was peorqlthewghutot thdeskiprbat Somperativ Expedeed due
to the insufficient shear force in the kneading step, and the coarse

particleslcould not be mcroparticulated even after the dispersing step. In
addition, the |arge nunber of the coarse particles remai ned even 25 after

the centrifugal Iﬁeeﬁsgaiaﬁe@ﬁﬁérﬁ@e 4118 vafeh the AlkperBioAGRibAYaS BRARARG thor ce was
39 insufficient in the kneading step, the covering of the prgnents was

i nsuffici . -he i gh- . .abi.| j. I ough not to

the. ext end o B3SRBS M el SRR P T T e
di spersion_period was, el ongated, the 5 [nitjal properties of the aqueous

pi gnent  di &% Hﬁ"’f}sifa‘mddth%eti‘%f%%ﬁp cliongs inpastid dlamsitevashiel Phgm®ef ound ¢ hat
the rate of change in particle dianeter was high when the ink jet recording
i nk pr odudaidjet sicaglingiak prpdvoed uding theragienus dispeaisibniémiip wes preserdedat thdhe  hi gh
tenperature, and the stability was deteriorated. In Conparative Exanple 3 in

whi ch t he hiibstp@beratufe, Rad teckstaal sraetggloyatad) O Ith €@thardthve Bxamplad inof coar se
particles was 10 hard to be perforned, and the luster was | owered when the

| mge was é‘ferg&{@g disgﬂlf*r@io ABA §vaf ekitently %ﬁbﬂeﬂe&‘ﬂh&&xﬁd{}%}]m& HR1RfwAd) /

(a) excee orenentioned range I n the secon alt of 'the entire
€rad D Rot B pERE R e Bl et U A\ gt much rore
In Example 4 in which in which the mass ratio of (d) / (a) exceeded the
aforementioned range in the second half of the entire kneading period, each of the
properties were deteriorated, but much more favorable properties than in Comparative

Examples | and 2 were maintained. On the basis of these results, it was found that the

15  adjustment of (d) / (2) in the first half of the kneading period was particularly important.

INDUSTRIAL APPLICABILITY
According to the present invention, it is possible to produce an aqueous pigment
dispersion liquid having a purple color, which is excellent in water resistance, light
20  fastness, and color-developing properties, and which simultaneously exhibits long-term
stability at high temperatures and a high luster.  Also, by using this aqueous pigment
dispersion liquid, it is possible to produce an ink-jet recording ink, particularly an ink-jet
recording ink which is suitable for an ink-jet recording printer using a thermal jet print

system. Therefore, the present invention is industrially useful.



Examples | and 2 were maintained. On the basis of these results, it was
found that the 15 adjustnent of (d) / (a) in the first half of the kneading .
period was particularly inportant. | NDUSTRI AL APPLI CABI LI TY According to
the present invention, it is possible to produce an aqueous pigment

di spersion liquid having a purple col ord0 which is excellent in water

resi stance, |ight 20 fastness, and c?gggﬁﬂfveloping properties, and which

si mul t aneously exhibits long-term s y at high tenperatures and a high
| uster. Also, by using this aqueous pignment dispersion liquid, it is
possible to produce an ink jet recording ink, particularly an ink jet
recording ink which is suitable for an ink-jet recording printer using a
thermal j et pri & prodysioametideodnoaqueoisiigmesidpiersionléntid,aonipgisingdustri al |y
useful. 40 CLAIM5S 1. A production nethod of an aqueous pignment dispersion

liquid, conprisi@eadinkReRaF Rikadtngh RiknlrBFatidig & Mpidiei® vigkahading C 1.

pigment violet 23 (a), a b5 styrene-acrylic acid-based copol ymer (b) with an

acid val ue 5 300. an..al-kal i t.al ' er (d),
and a \%et tl %neagcéﬂ?c ?Cé(?bé@ﬁg;é@?mﬁ @a&’é{ﬁ?\a& aeg{%‘éﬁ%?@ag t%)lggggh&%@%i al; and
a di spersign_step of di (sing the col ored, kneade terial, in agueous
medi um by ﬂilg%hﬁaetal Im%%ﬁgﬁwﬁ%@ﬁ@ﬁwqﬁﬁ%%ﬁe& &‘aﬁg?rgghpﬁﬁu?lﬁg A& G at i o
of (b) / (a) is within a range of 0.15 to 0.45 in the kneading step, the
mass rat i dmeddeddat¢rialagndi s within a range of 0.04 to 0.42 in the first half
of the kneading step, and the change in viscosity of materials to be

di spersed is 10%dpetsivtesiep of difpersith hpeobral) kodalpd nkberidl infarpaqadoiat i on net hod
of an aqueous pignment dispersion liquid according to

medium by using a dispersing machine with media, wherein
10 the mass ratio of (b) / (a) is within a range of 0.15 to (.45 in the kneading step,
the mass ratio of (d) / (a) is within a range of 0.04 to 0.42 in the first half of the
kneading step, and

the change in viscosity of materials to be dispersed is 10% or lower in the

dispersion step.

15
2. A production method of an aqueous pigment dispersion liquid according to
claim 1, wherein the mass ratio of (d) / (a) is within a range of 0.04 to (.42 during the
entire kneading step.

20 3. A production method of an aqueous pigment dispersion liquid according to

claim 1, wherein the mass ratio of (e) / (a) is within a range of 0.15 to 0.60.

4. A production method of an aqueous pigment dispersion liquid according to
claim 1, wherein the styrene-acrylic acid-based copolymer (b) has a styrene-based

25  monomer unit of 60 mass% or more in the total amount of all the monomer units and a



claim1l1, wherein the mass ratio of (d) / (a) is within a range of 0.04 to
0.42 during the entire kneading step. 20 3. A production nmethod of an
aqueous pignment dispersion liquid according to claiml1l, wherein the nass
ratio of (e) / (a) is within a range of 0.15 to 0.60. 4. A production nethod
of an aqueous pignent dispersion quui&laccording to claim1l, wherein the
styrene-acryl.ic_aci d-based co b) a styrene-based 25 nononer unit
of 60 mas 0%?aWﬁW%”Pﬁﬁ?ﬁ@IF@E§+X§ﬁg@&?4g@ﬁ§|| the nonomer units and a 41
wei ght average nol ecul ar wei ght of 6000 to 40000. 5. A production nethod of
an aqueous pignment dispersion liquid according to claim1, further
conprising a centrifugal separation step in which a centrifugal separation

5 is perforned dfpreductior mifitlswkofsanaquedus pignent Aispersiudiduahacsetdimgitoof an
aqueous pignment dispersion liquid according to claim1l, wherein the nunber
of coarse chantll elrehSr YorhPridn PR béth@alkcpiation step inlwhith Qrcefi@ifezal bépaldhnm | | i on
to |l billion pieces/nL after the dispersion step. 10 7. An ink jet recording
i nk cogprisi L R; t, the aqueous pignment dispersion liquid:-
producgg 5§ﬁ%#k§n%?8§ﬂgpégﬁﬁﬁgpﬁgggbf t he aqueous pignent dispersion |iquid
according to any one of claims 1 to 6. 15 8. An ink jet recording ink

according to claim7, wherein the ink jet recording ink is used for an

ink-jet recording printer using a thermal jet print system
6. A'production method of an aqueous pigment dispersion liquid according to

claim 1, wherein the number of coarse particles with a particle diameter of 1 pm or more

is 150 million to 1 billion pieces/mL after the dispersion step.

10
7. An ink-jet recording ink comprising, as a main component, the aqueous pigment
dispersion liquid produced by the production method of the aqueous pigment dispersion
liquid according to any one of claims 1 to 6.

15 8. An ink-jet recording ink according to claim 7, wherein the ink-jet recording ink

is used for an ink-jet recording printer using a thermal jet print system.





