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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 nethod of an
aqueous pignment dispersion liquid using a violet
pigment, and to an ink jet recording ink including, as
a main conponent, the aqueous pignent dispersion
liquid produced by the ' 10 nethod of the
aqueous pi gnent dispersﬁgﬁgﬁﬁgg?@EqBACKGROUND ART

[ 0002] Aqueous inks have becone the major ink for ink
jet recording use other than an 15 industrial use
because the danger of fire and toxicity such as
mAQIFEQUS RIGMENT M SRERSIGN ALIQUAD ANDINK-BEE REGORBING INK
can be reduced. In aqueous inks, dyes have been used as
coloring agents because stability is high, nozzle

cl ogging is reduced, color-devel oping properties is
favorabl e, and printin ' lghd-page quality is
possi bl e. However, dyegEeﬁgﬁgggﬁ obl enms of poor

wat er resistance and |light fastness. In particular,
08k an 20 increase of the case where a printed matter
is used outdoors for industrial use or indoors for

| ong- The presérmanventioh radatePOIsrod@tion nhethdd vkineiqueous pigment
resi stance and |ight fastness are required for

tpisithiiRil Spfth ol Bignibh il 1f 86 Billelfbobidig i BUAMIAE as o
tQ pignents _has been, 25 actively, perforned wevey , .
i FRRES (RACUS DI PBeR Copstouep Hnd pradhged by B fcuigien
to 2 the aggregation/sedi nentation of pignents
metthadofdhe aqueons pigmentdispersiesligtidnce and |ight fast ness

can be expected. Therefore, the nethod has been
i nvestigated, which disperses

BACKGROUND ART
[0002]

Aqueous inks have become the major ink for ink-jet recording use other than an
industrial 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
increase of the case where a printed matter is used outdoors for industrial use or indoors
for long-term oramental purposes, excellent water resistance and light fastness are
required for pictures formed of an ink-jet recording ink.

[0003]
In order to solve this problem, the conversion from dyes to‘pi gments has been

actively performed. However, in pigment inks, nozzle clogging is likely to occur due to
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pi gnents in an aqueous mnedi um by using pol ynmer - 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 nvesti gations have been perfagrnmed, which use inks
having a color tone such as red or violet in addition
the apBe gt mdedireshtativosof pignntcdthoayla Bxcellemoedtéeresistatice and light
yel l ow, thereby increasing the color zone of a printed

n VR s I QRiah di
FR0S, A e CRpA, o102 B AR 0 Bl FRLAAEL, Gfich disperes
convent.i onal basic .4 cpl or.s ich is.called a special
GBS 10 A7 Aayedits et By P bR agRaso A8
as to inprove the water resistance and |light fastness
eitaipifavarable dispensioncstabilitand favorable dischargingpropenties fonugiink-jet
Violet is one of the color tones used as such speci al
Redi. Al so, C 1. pignent 15 violet 23 is a violet
pi gmrent which is excellent in col or-devel opi ng

20 N ol SRS AR, which e
BB B b T o R A e el

ink jet ink, inportance is attached to high stability
mhagenite, iand geltowg therebynmicreasing thercokor zongyef opritted ireageXtd obtaining
di aneter and the viscosity of pignment particles

SEBRAbRED drteprofuitichl!i Theref@, repirding’a cdldrabk dthéfhan the
particul arly ‘even under hi gh-tenperature conditions of

0] 1 articul [ e r ek j
oA DRLe 4 BBy WofHif Saer adphed bR e By i erls gt
thermal jet recording system the aforenentioned )
whigh usesRigments s aplodEwroverthe water rgsistancy andslightfastpess of pictures
However, in C. |. pignent violet 23, an anionic
foraed of aninkijel meprdingiink. whi ch 25 is favorably used as
a dispersing resin, for exanple a styrene-acrylic

p&r based resin, is 3 easily elimnated fromthe
@ieg nt surface in conparison with other pignments. In

e e oA B BB 1.

violet 23 is a violet pigment which is excellent in color-developing properties and light

fastness, and there are the reports of ink-jet recording inks which uses C.1. 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
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-wﬁpemme preservation stability is
essential. However, in C.I. pigment violet 23, an anionic group-containing resin, which

is favorably used as a dispersing resin, for example a styrene-acrylic acid-based resin, is
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references 1 and 2, sufficient stability cannot al ways
be obtained. In the nmethods described in the patent
reference 1, C 1. pignment violet 23 is 5 dispersed by
using a styrene-(neth)acrylic acid-based water-sol uble
resin as a dispersing agent. Pispersion is perforned
by using a sand mll, but there is no kneadi ng step
tasllly efimdndeed from the pigatent surfacd recoziiirison wéthiother pigneigs. ofln an
the pignment surface of C.1. pignment violet 23, from

g . . Li . | .
B e SR RAE pRoad by T B el B e aforefninftted patent
el.i m nated., -Thus, . suffi.cj ent dispersion-stability 10
FET RS et e s Bty pbn bt Yo Bhutiel e
di scl oses a production method of an aqueous _ pi gnent )
di sper ki tbeymethpds desonibed intbe patentmetenericad , Stlepigmentiviglet 23 is
apparatus and a dispersion liquid which are suitable

didperbdd Iy wimclal @t?téﬁ@-(ﬁtﬂ)&tﬁ#'lid feidiaketl ivaiter-soluble ki@ Atdispersing

violet 23 is also exenplified as a usable pignent, an

yr 2 r : .
Factlh " BRESShS berrStEled VAR o' 34 Byl bl 8 Bpoofling scp
Byt BhomanFEhieP S tig il i et slbce of 1
styrene-acrylic acid-based resin is extrenely easily
pigmentiviblet 23, foom twhichpiesine ate easity elirinefed @rimarity, grmotrigidly
violet 23 in conparison with other pignments, the

Piresthiet CarldnMe fesir abd QRily ElimiatedD tTRUS, suffRidnk QispérsionystdbHlity
consi dered, is not perforned. Accordingly, regarding a

E oduction 20 net hod of an aqgueous pignent dispersion

%ﬁﬂ ,mﬁﬁ? lcularly a kneading step, the selection of

raw materials, the optimzation of conposition, and the

i nvest Alsat the patent refasence guhispleses A produtiopmethod fob prragneous
Therefore, the disclosed production nmethod is not
pighfentdiepersibo tiqeidiwhich esrt laknéadidg step,agd lanagpdretusand a dispersion
preservation stability at a high tenperature. In this

g &t gxgggt'ih thjs BloATERn tbBbE! %I%Eﬁ%aﬁgg?%%ﬁﬁﬁﬂ Bolet 23

I'n the conventi on

RS HET BB, Gy RS S S el et

was inpossible to forman ink jet recording ink having
4 tosi. alilaovedies perexamppleds distlosadyon thp prasiuctien ofapaqueeits pigment
frequently occurs during
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
method of an aqueous pigment dispersion liquid, particularly a kneading step, the
selection of raw materials, the optimization of composition, and the investigation 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

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



10

15

20

25

stable long-term preservation at high tenperatures, and
sufficient discharging stability, preservation

stability, and a luster were not able to be obtained
particularly when an ink 5 was used for printing and

i mage formation using thermal 4 et recordi ng. [ Patent

Ref erence 1] Japanese Unexam ned Patent Application,

garfase off U pigmentorioldo23, afd tavdd iFip6ssillead forn aRdhlejet necordihg ink
Japanese Unexam ned Patent Application, First

Kaviilg fa0drable d&emio%%%ﬂ%?%ﬁer&fbr&'ﬁ@egﬁm%ehﬂ&/ 5OElrd Maring

[ 0005] An objéct of the"present i'nvention is to provide

Broduction net hod . agueous pj nt di.spersion i...
ol Rt Rrs B A o P eReR S o) B S bl My,
water 15 resistance, |ight fastness, and . )
nresesyatigastabdity, #gd glusier-were ot ahleitoba Ataised.partieiadly, when an ink
exhibits long-termstability at high tenperatures and a

Waoised fisttprintingand irh spedfbrrhdtion 1pirgstherinal fet esvording.ar e al so
to provide an ink jet recording ink, particularly an

(PRlent Rbfercne 1 fopfieat he RhERd PRt by for, Frs M K4,
gﬂ)g gﬁgducti on net hod of an aqueous pi gnent
b@ﬂ nliquid that can be 20 used for the

roduct+on of the ink. [00.06! The present inventors
ﬁ’atpgt Referanto? iapandse Une; Patant Applicatiény [First Publication No.
consi deration of the aforenentioned background, and
100am 4Busmd the follow ng and conpleted the present
invention. In the case where C.|I. pignent violet 23, a

styrene-acrylic acid-based 25 copol yner, an al kal i
nmet al hydroxi de, water, and a wetting agent are used,

W thin speci fic ratyseroute REtNPERBNCcred 1o
kneadi ng and di spersion steps under specific
[6608]i ti ons, it is possible to produce an

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
resistance, light fastness, and color-developing pfOperti&s, 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
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.L pigment violet 23, a styrene-acrylic acid-based

copolymer, an alkali metal hydroxide, water, and a wetting agent are used, these
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aqueous pignment dispersion |iquid having favorable

di spersion stability even when C. 1. pignent violet 23,

in which styrene-acrylic acid-based copol yners are

easily elimnated 5 fromthe pignment surface, is used.

In other words, the present igvention provides a

production nmethod of an aqueous pignent dispersion
donstitventimattrials ag: mixed arthe ratips stithin syfecificaaniesgardl thenarersabjected
including C. |I. pignment violet 23 (a), a

DN aid Abpersiah s ng@&ﬁﬁf’ SRR deEi'hoﬁP)lt 1‘§"pb§’s1ﬁ@ to froidtce an

val ue ot 50 to 300 an al kal |

drOX| de ) wat er and.a ti.n 1
BB iR bR sRetbladtitity ?%ﬁfﬁ*%% hiyten CL
dlsper3|on step of dlsperstng_the col ored, kneaded |
pigment vaolet 23, imwhinhstaeneearylinaciq-baser sgpel ymiersase sasily eliminated
machi ne with nedia, wherein the mass ratio of (b) / (a)
ﬁ@n\&dﬁiﬁﬂeﬂﬂfﬁg@i@ﬁmﬂ, 15 to 0.45 in the kneading
st ep, mass ratio of (d) / (a) is within a range of

0.04 1g og}eflgvohﬂi Eﬂéfyédeﬁﬁihveﬂh%b %&s@}rﬁ&@%@%&ﬁ&@@fm

and t he change n Viscosity o rraterl

S et e S R
recor di ng i nk includi ngi) a mai n conponent, the

including €. pi pigwent Woleh2¥ ),astyieneractylie addrcbeﬁbdcgopolymcr (b) with an

af orenentioned production method of the aqueous pignent
i RBESHOID tb'%ﬂ':ﬁ*%Kd)Hlé R alkaf et Hyﬂi«tﬁ:idd(é)nwafeh @c%@%@@wctting
i me

“"the first half of the kneadi ng step” nean the

a0 SRR meoucibE T ploR kRad BRKEE aid Flipbes R lper

i me ha el aps [0007] According to the present
41 @é@aga . ma%eryf BhaAqUEP LR raedipm by, ysinge digpersing
excellent in light fastness and col or-devel opi ng

machirer witle medias wherth the neaspratioed(b){a)) is adthin 2 fange of 0.15 to 0.45
pi grent parti cles is favorably coated with resins, it

Eﬁli&%ﬁ%aw n otlle|0urp °?§|(%%%%W§w@@ Ogjﬁft@;@;@ﬁ%efm
’%‘Tfo"?r Sading AP and 5 Bhanel 18 REEHEy P ettty o be BsreRielts 10%

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
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

exceller’ in light fastness and color-developing properties, is used as a pigment and each

of pigment particles is favorably coated with resins, it is possible to produce an aqueous
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long-termstability at high tenperatures and a high
luster. Also, by using this agueous 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 recorging printer using a
thermal jet print system BEST MODE FOR CARRYlI NG OUT
pigtnentispbisicoNiquid Bavdhg 4 Qurblecodely whichris exdeliont infwater resistance,
aqueous pignment dispersion |iquid of the present
R B0 ahd GO BSvel g BbReries, o SRRH MmBRAEBoRy exij

a a styrene-acrylic acid-hased .copolyper .(b).with an
15881976 S AP R el n 15582 1ARe, byt thob oleons
hydroxide (c), water (d), and a wetting agent (e). In
rigraentidispersiarHiquidh dtigipegsible tuiprodusesandnk-)efge¢arding ynk, particularly
adjusted for C. I. pignment violet 23 such that the 15
aiEifle-jat aédoeding ikowhich (Puitable bt i ifik-Jetrédd@€ing ipridtet Bsing a thermal
0.45 and the mass ratio of (d) / (a) is wthin a range
: 0.42 in the first half of the kneading step.
J%ﬁg?%géﬁéﬁhe crushing of the pignment and the coating

of the crushed pignent surface with styrene-acrylic
.aci d- based copol yners proceed simultaneously and

extrenely efficiently, and a colored, kneaded

mat eri al , BESWNMOBDE FERICGARRYING QYT dHE BNEBNIEAONt o t he

pi gment 20 surface, is fornmed. Because the ratio of
[0es8]n/ pignent is appropriately adjusted in the

present invention, the coloring power of C 1. pignment

vi ol et I S ' [ . e i

ur t 2B o EhaE bl T BB Eens RS ARG SR gresent
Jthe preservation stabi]ity of an aqueous pignent )
igyenyer dckides, & dirst, ¢ ﬁn%ngaépaf kaeading migturesinglyding C. I. pigment
surplus resins exceeding the adsorption power of the
violgrasn(a), iarstyrenaagrelic acidbdsedreopal $mier (H) vdthnaor seid walue b£50 to 300
present invention, the ratio of water / pignment in the

Hyg) an Sl1GH @ta]ﬁytﬁ'&fihé‘ﬁc?, WwiterPQ), ld0d 'aGHtERg hgt (¢ 1 iI% addition,

addi tion anount of ‘water other than the water  whi
BB bR EBENE AL ol AL BB
hass satio of (b) / (3 is withi & range o .13 10 0.43 and the tgss 10 of () (8 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
surface, is formed. Because the ratio of resin / pigment is appropriately adjusted in the

present invention, the coloring power of C. [ 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.

Furthermore, in the present invention, the ratio of water / pigment in the kneading step is
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result, a strong shearing force can be generated, and
rigid adsorption of a styrene-acrylic 5 acid-based
copol ymer to the pignent surface can be achi eved.
Therefore, the colored, kneaded material can be

di spersed in an aqueous nedi um by a dispersing machine
with nedia, and can be converted into an aqueous
defiasi 54 as Wi ek thosdditich drilowe® 0f Whiet Sifiet than EHeowBteF which is
particles each of which are coated with the resins. 10

e ¢
Ao Rl AERGTRG R Bt Y L 1ﬁ%®?ﬁ§ﬂp€ 30 e viscosity
t t.h ft. S
|nven |o glgcdcq%gg n ePLlr}Fw S o ﬂvag{tﬁ{g'@p%tp %A 2

Vhen the di spersion step is perforned under the
resui A stromg shearing foremednl begeaengtedj anduigid edsarptiorsof a styrene-acrylic
styrene-acrylic acid-based copol ymer, which has 15

R{EPisee do dﬁdlyﬁ&etofthlé pigeRnOdurface tan W @RRREJ.Vi ol et 23 in
i

the kneading step, 1S never elim nat ed again fromthe

o e 08 cofipéd e o S oottt BT RN ot

t he pignent. Accordingly, these reS| never cause, t he
by dlisRraTing maghing withonedia, aad san é@@nvmimt@ f gqueous pigment

di spersion stability. Also, these resins never adsorb

dispetsien liquié containingthe gigneent panic]am eachef evhitieare roatet evith the

cause 20 of ink-discharging failure. As the reasons

pabjys suppressi ng the change in viscosity to 10% or | ower

in the dispersion step is inportant, as described

@@@ﬁiously, there are the facts that styrene-acrylic
-based copolynmers are easily elimnated fromthe

surface of C. I. pignment violet 23 and that the stably

adsor Fagthermaratinjaprediction seghed ofise aguesus pigmens dispersion liquid of

the kneading step is performed while the bl ending

therpresént bfvehtien, tesclndge # Ascosity vt materiatiode dispemetie10% or
begi nni ng, vvhen the elimnation of the copolyner in the

| n Vi sco ??%?s t%ﬁ]gerﬁ&é @érﬁ;r&n?&mre condition
q?fgl;%qlﬁtlhéféag Ofn?]%gc%gl d atstgfar%net-gc?y C acui1 1i)ased co I}I'Irl]lsél', which has
adsorbed to the surface of C. I. pigment violet 23 in the kneading step, is never
climinated 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 deteriozate dispersion stability.
Also, these resins never adsorb to the inner wall.of a nozzle, and never become the cause
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,

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



10

15

20

25

surface of C. |. pignment 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 dispersing ste produces an extrenely
significant effect particularly on the

eXteciely RRESEErbmahd b%@mg,twm thd @lhinhtion 6f thecopolymer in the
pi gnment violet 23. ere

ore, an ink jet recording ink

BpaRRh S Lo S AN R R Wb R B AR B

favorab) y used or, an ink jet recordin rinter ysjng
digperpre) ¢ or]eéhanplrd%ﬂt w@p@ﬁmf tht the ampuat J@aaéqumng on the
met hod of the present invention, it is preferable that
surfeee WEES], pigihént vodlet/ 23, swhichdyas/originally ip i gmaH temaunt, ¢ red®ed and
(a) be within a range of 0.04 to 0.42 in not only 15
tabfhelslufide daghdt Haloalig@biyre Whol e of the kneading step

since a prepared ink jet recording ink has nuch

favor ahl e, hi gh-tenperat ure eservation stability. .kn a.
or oduRBP e ek P B e B Sl i e HrE8metidhcd Khedling
-liquid of the present invention, the mass ratio of the
and dispaseing steps produessanisxtrenely simifjount effast particularly on the
pignent violet 23 (a) and the mass ratio of water (d)
high@Gemperatarg@presdrvation subility of @), Lyigmetetfvigleck320 within tie
specified ranges. In addition, it is preferable that

the Mgse inQ i0f Eﬂﬁ% i -

pi gnent Vilfogef,ggu%]e?g%%o e ﬁe:l"rkiingg W t rlﬁﬁaeaéquag%%éeplg?je%t. 15
to 0.60. since high-ienperature preservati tabili
disPerFigR HEFiE FTORuopay 6 FIgrermRipnesH BRI tPR opRthed s T used
pi gnent dispersion liquid is further inproved. In a
forrapduieiet tasording puintef using atheooaldetiriptreysterdi sper si on

liquid of the present 25 invention, it is preferable

[6018] the styrene-acrylic acid-based copolymer (b) has a
9 styrene-based nononer unit of 60 mass% or nore in

h _ . ;
L. Bl B o e S A

o I P 1 GRS R R A oy

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. L. pigment violet 23 (a) are defined
within tl.e specified ranges. In addition, it is preferable that the mass ratio of the
wetting agent (e) / C. I. 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 é production method of an aqueous pigment dispersion liquid of the present

invention, it is preferable that the styrene-acrylic acid-based copolymer (b) has a
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and the discharging property of the ink-jet recording

i nk produced fromthe agqueous 5 pignent dispersion
liquid are inmproved. [0011] Also, in the dispersion
step followi ng the kneading step, it is preferable that
the nunber of coarse particgﬁs with a particle

di aneter of 1 mor nore be 15 mllion to 1 billion

sﬂfgieas%eaﬂméédn@ér nROFE0 TRRE% 02 thoré RPthE esaliRount of all thekmonomer
|

gh-tenperature preservation 10 stability of the in

Lot T i . . ' . . '
wiflopRSG Bt bl mRIGHE Syt S HORE G F06D BB R Rspersion
produg}ion nmet hod of anp aque?ys_pignﬁnt_dispersiqn
PIopeity of e egyrous pigrasnt Aispersion diauid, ankihg dlispersion stplayiprgperty
step preparing a colored, kneaded material in the form
araf the dischargingipopanty dfitiee fkijétavemding idpprodiced fsére phemjuagus
a medi a di spersing machine, and preferably includes a

i; rad i p. In the kneadi ng step, the
pfggir%hf &Eﬁ@ﬁ?nﬁ R ¢ {fptovede

faces o Igment particles in an aggregation state
[®rg] coated with styrene-acrylic acid-based copolyners,
rll the crushing of the aggregate proceeds. In the
di spersion step, pignents are further conp| etel
di speflsedinghe dispersiop stsg dellowing thedinspding steppit g&wﬁ%[eraé:tbe that the
particles. In the centrifugal separation step, the

neaberse cparsé partieles ovith dle daimeter of AmObr Mere be 15 million to 1
sufficiently dispersed in the dispersion step are

. i . _
SNECsARL, 02 (ob BBpehiBhaRp belhSE izhl BiRpBAhl pieeryarion
erformng.the centrifugal, separatjon after, the, .. T
siEhotdhe ficipErseordine ik Birousrd R e BrbuEhionent smssrion liid
_pignment dispersion liquid which is used to prepare an
isAartherimprsvedecor di ng i nk excellent in water resistance,
i ght fastness, color-devel oping 10 properties, a

[ougfer, long-termpreservation stability at a high
tenperature, and a discharging property. Hereinafter,

the Cﬂlfa}c?d%ﬁgﬁ m%ﬂJ%H of afi Qqﬁe%u.g ﬁ%&[e'np &gpersi[ogcfquﬁid of the present
invention includes the kneading step preparing a colored, kneaded material in the form of
a solid 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 so as to produce fine dispersed pigment
particles. In the 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

ink-jet recording ink excellent in water resistance, light fastness, color-developing
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1. Kneading Step 5 In the kneadi ng step, kneading is
perfornmed while a shearing force is given to the

m xture including the clayey m xture forned by C |
pi gment violet 23 (a), a styrene-acrylic acid-based
copol ymer (b), an alkali metgh hydroxide (c), water
(d), and wetting agent (e) as main conponents. In
pRpéties, adustep lohgtefh pRIBervatisAtatiltyfa® ﬁ%@gﬁf@ﬁpeﬁﬁh& and a

favorably performng the CI‘UShI ng of e pigment and

OB PRSP, | Boflontl 0o RhENF L SHD Bty |5

gﬁs to be appropriately adjusted according to the
[O?"‘j of a pignent. Furthernore, in the present

i nvention, the mass ratio of the styrene-acrylic

1. KneddingStep copolymer (b) / C. 1. pigment violet 23 (a)
and the mass ratio of water (d) / C 1. pignent violet

23 ( ajh tR¢ Rnsh@irigesh, kilddditigs pbr€orsieaGiiileassHeanie forcd 1 f:igven to

particular, in the case ere C. 1I. plgrrent vi ol et

St e oy B e B o it R 2 TG
SO astorl idly attach the styrene-acrylic acid based
StET9p P 26id-HoRR CqoHFRAT(O) BR ALKEL meta by e BTEer (dhend
rati o of the pi gnent and the wetting agent is defined
weltin iapertt ii€) a5 meain icomgomtentsy e In brdet toeapply @ stronp sheardng folcet for
both the crushing of the pignent and the resin-coating

Sl T L e e L
o S e oy 8 8005228

copol ymer and the weight average nol ecul ar wei ght
apprepriately Rdjusiod ecgarding tathgdypemyf apigmentni Hyrthermore,dn therpgesent

step with the aforenentioned conditions, the crushing

inRettRe e thay eatiPbfithe R’gfknéia&yﬂb abidrbaséd é‘dﬂo@ﬁm&r(b) / C. 1, pigment

proceeds. Al so, the 25 styrene-acrylic acid- base

W‘f’%"?ﬂﬁ%&neg s i ?@%ﬁf 757 8 rfioR IE Bl bicRefindd
withiithe s e@%&&e‘é‘;&v&?ﬂr@@ﬁg“ % bt of Brgmaeh s S i
and soI id material in an aqueous medl um Therefore

used @a = ipigniend, the catiesof agfigmléntpad siatey nedds to bidgfinedwithiadhe

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
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 the aforemenﬁqned conditions, the
crushing proceeds favorably, and the microperticulation proceeds. Also, the

styrene-acrylic acid-based copolymer is rigidly adsorbed to the pigment surface in the
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material, the coating condition of each pignent

conposi ng the col ored, kneaded and 5 solid material is

mai ntai ned. [0014] In the kneading step of a

production nethod of the present invention, the nmass

rati 0 of the styrene-acrylic]acid-based copol yner (b) /

C. |I. pignent violet 23 (a)'is wthin a range of 0.15
kneading4tepas Thenche tesihsatinckecoatVhepigrhent satface drs rdrelwetiminated

than the 10 lower limt of this range, the resin
fr6RthePignient b Baet i e _o?%is?gﬁingctﬁé £616red! ktddBe PAMHSRIH material

is |TKely to be insufficient and the aggregation anong
.the piagnents is likely to occuf. Al so, ..the prable
sl B | ThGhiocs, 28 b pooting l DRaibn i, kpeeded

I nk | et reqord&;&_ conposition is fornmed and a printed
m&r&n@tﬂlq epaping gerdstion ¢f eseh pigment eamapasing the reloradg ed and

than the upper linmt of this range, the problens tend
sdlwl mstetial is toaintdihedy col or - devel opi ng 15 is insufficient,

and the dispersion stability is deteriorated. The

Hpqunt of the resinis preferably kept to a m ni num

or- coating pignents, and the percentage of the resins

that _r in.in an ueouys pi nt. di spersion |iqui

£ oG ERGAE R oF A MRt BrRhad ARk BreSend Ipteateh g ass
| onered as nmuch as possible, and the value of (b) / (a)
ratig of thef styrams-gerplia agd+besedxopslymen (4G, L.cpigment vivlet 23(a) &

of (b) /(a) is very inportant for favorably naintaining

wiRinti @hgd 6NPES &f 0148 aPd@cHbEdboOE SWABH tHelritid [ lower than the
consideration of the use as an ink-jet recording ink

e P of S e el Aot Y0 i ERE e Bbdr et P pigment s

,neigtralj zation percentage js within a range of 80 to
likety tp e insyihicientandthe agprreation amongithe pgmentsis kikely kupecur.  Also,
netal hydroxide (c) and water (d) to the m xture of the

thee pectdém ¢endS te bequr,iis whdsH lusterlismyt embaigh gvHeh an dnjfed ording
sol ution produced by prelimnarily diluting an 12

ot o BRGS0 A i o i
th%? %.}ﬁ:isl.ltp%gr ﬁﬁjn“i%f ttbr}g }antgg,ethg%?oﬁlerm?sttiegd t%f oc{:gx), 11:{ wfn%}q ciorcér-developing
is insufficient, 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 ]iquid.\ANithout attaching to the pigment surface
is preferably lowered as much as possible, and the value of (b) / (a) is preferably 0.15 to
0.35. In particular, the value of (b) / (a) is very important for favorably maintaining
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 (c) 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 (c) and water (d) to the mixture of the kneading

step is performed by adding the aqueous solution produced by preliminarily diluting an
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a range of 0.04 to 0.42 in the first half of the
kneadi ng step, and the kneading is 5 preferably
performed within a range of 0.05 to 0.30, and nore
preferably within a range of 0.05 to 0.20. Wen the
mass ratio is lower than 0.04, an alkali is not
sufficiently dissolved, and the resins remain in a
solid formw thout being neuf?alized and do not
interact with the pigment. A sp, when the mass ratio is
ﬁﬂ‘aﬁé‘f‘&t"ﬁ’éﬁ hympgeney Foukabliey 5 extrpimely godh ty of the
kneaded material occurs, and a sufficient shearing

13t i s not applied 10 to the kneaded material in the
kneadi ng step. Al so, the styrene-acrylic acid-based
copol y'Hes amaeunt pkwiter (dpisiadjustedranchdhat theanasaratio of é)d (a)énwishin
not to be efficiently adsorbed to the surface of C 1.
RirgTFR RE 004 @ 642 2Bthe First PAF bf the/kivadinpleiep, dnll ehenemithgia
amount of the copolyner is reduced fromthe begi nning

i - hit ter ..has. a

Phretlrifly boieaiHed Gtk 2 raBEdo 0. o2 g ﬁ{fsorerggrg oLy Winfh o range

rgnif nt effect. 15 Therefore,

r L] e t - .
ShOR 0 D20, P I HRTRID Ol Bl o€ o Bl AR bifiency

L kal i, nmetal hydroxi,de, and the ,viscosity adjustnent
s Shies, B Qi crmnarmoein g = R0 rgn witioR SO PR Rest Hod oA gt
by using the, wetting agent (e). In_the present .
iipterapftwilh-the pigaefbr dJso; the meass 1Ep fis kigher than Pi2ag fergease in
step"” nean the 20 tinme till a point in time when half
dlfie titvesignafithekieadaidiaterial oomrd) asd ehdficient sheanidg fdres is not applied
adjustrment of (d) / (a) during this tine is inportant.

d thie knétided RiattBhEinticlinebdig dtef. 2)AIRS theMiyrBAeRAchid A0idtiasdl
the aforenenti oned range Tor 2 hours after the start of

tggfol &381ikdy to &r}ﬁ.ml){red'iﬁto%&, 16k 861 6 bk laﬁltc%eﬁ?} ai\éso('lj'%li to

Intained wthin a range of 0.06 to 0.15 fo

AR Ao oL B e e R

Seentieiarentstors Be ety Srb Resadbu B oBhlon Gavuiaf weer

of the kneadi ng step, and the addition anount of water

ihgs pognifput effecdal | y defined. However, in the case where

a pignent is C |. pignent violet 23, it is preferable

t o r edUberefoles itadipheferabie tamalund the hdditibreameumt bhwhtet dtherrtiamsthe
ratio is within

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 (€).

In the present invention, the words “the first half of the kneading step” mean the
time tll a point in time when half of the entire kneading time has elapsed, and the
adjustment of (d) / (a) during this time i3 important. It is preferable that (d) / (a) be
maintained within the aforementioned range 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

produced, in the kneading step, promoting the kneading by gradually adding water is
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the aforenenti oned range of 0.04 to 0.42 during the
entire kneadi ng step because the 5 resins are rigidly
adsorbed to the pignment surface. By doing so, the
coating of the pignment with resins which are useful
for securing stability, i.e. jphe styrene-acrylic

aci d- based copol yner sufficiently proceeds, and the

usml?r rfofrfed indhéllayt Wﬂ@@ﬁﬁaﬂmg%&ﬁ D alditigh hawantdf water
C. I. pignent violet. [0016] 10 The anount of the

i ORI UG, P, 58 B8 ol P p Tt 1) plfent viole

i,olet 23.(a) is within.a range of 0.15 to 0.6. Wen ., _.
24 ribisiose fest)°|rs<59@r: the pdiOAATIQNAL P watmw@lﬁtfgﬁmw Ehigds within
the interaction between the pignent and the resin is
theaiforsmiefificried Tangeanfd. Gdato tld duringlthementivé khéweliny sferebacausekthe
and the coating of the pignent surface tend to be

rédirdsfabE iy AsBrbeg §Pthe it SRR, ¢ BY dodlg 0, e chatiky GhRe

than the upper I'irmt Of this range, "the Vviscosity of

the kneaded material | decreased. .and a.sufficient..

pletien} PG TPopCRReh o psefy G REr BRI 8 S i
crushing of the pignment tends to be difficult to

agid-hasedropplyoey putisieatly arasaeds: end the sesinsgre rigidlydsathed ¢o the
step, a known kneading device with aroll 20 or a

pigiment surfacbbfiCel. pigméne visdetd. Anong them a press

kneader, a henschel m xer, and a planetary m xer,

oMksh have a stirring tank and a stirring bl ade, are

[ f . ;
prefterable, and noreover, a kneading apparatus, in

whi ch stirri bl ade can rqtate.a revol ye, .i .
ot e oT B otitop the-sias Pt o) rprp stohiy i 5 tahthg mpss ratio
ress kneader and a planetary mxer, and the latter is

opthe twettingagent (e} £Cel. pigneent miolét2B (ahie vahin a canigk of 0.15 to 0.6.

vi scosity region is 25 broad and that the kneadi ng

WIRHRES fAitidi€lowri tHaf (BelpRAiRAt Jfahia rire, he iierastiot Batwdéh the

In order to sufficiently obtain the effect of kneading

oiRhfs BUEEE KA Pol Slmeinl el oo R kB B e PBRe R ke and e
vol une of 20 to 100 L; rotation frequency of, 20 to . .
copting ok the-pigrace) suxfmritem@ghfedq ulfito pracgedo Alsps When the ratio is

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
or a stirring 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, are 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 that the applicable viscosity region is

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

ot i &
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and a kneading tinme of 300 m nor nore, and preferably

340 minor nore. In the case 5 where a planetary m xer

has a volunme of 50 L, a rotation frequency of 30 to 40
rpmand a revolution frequency of 20 to 30 rpmare
preferabl e. Depending on the gize of a planetary

m xer, an optimal range of a frequency can be

appr opi bRlefloysusfidientiyt dbitdin theceffeaf off lei¥adihg BY ahldrREa? nilker, the
long as a circunferential velocity is alnbst the sane.

594t Fond Ao tealited e e el PR pREREs £olile of 20

condjition., 6 Wien the kneading is perforned at a | gwer

tg L0k aratiation; freqyencyeof 04a 48 ram, @ Eevolitiga fregrency of 7 to 30 rpm,
interaction of the resin and the pignent is likely to

ahé akneadidg time of 300 ireor mbre, knprafengbly S4pmid or meck, atin the case
hi gher tenperature than the tenperature range, the

L S e
HRECPRB LR | Riute b 0 LG Lol PRUERLFEOON 40 pm and e
which is a post.treatnent after kneadi ng,.. water .is
TR S R T e g s LR T
slowrate so as to adjust the pignent content to a
plaastasy mixet,GntaptinGl rengs of 8 Speuricy gawbe appropiatelysetavishin the
viscosity for a dispersing machine used in the

affireentioned range Rs lobigths ARirting Mrértlal velacityp Gnsdt thsabie. 3Qlso, a

mass%is nore preferable. The addition rate of water
e PR LK ety g o oo ol Rl 0

rati o of ter / _pignent. .ln_contrast, the rate of
teqpRATHYre senditionn nﬁrelsaﬁaﬂ@gés qrated .%@E)W%tmwm@aﬂ the
as an increasing rate of the mass ratio of

tamperatiye rgngs) the iatedaction pf thieaesithnd the pigrhentids likdimto be insufficient.
during dilution (let-down) operation. During the

Whdnthb 1@%&&%&%9%&%@&&@3’&&&@& fbthﬂamlhl %’[éi’lg&'rﬁurehi Rrdure range, the

solvent, a reservative agen and _

an antifoam ng.a t .can be added together. 15 This
da‘fqﬂenqslﬂﬁm&féﬁgﬁl?mwﬁf&“ﬁg g?a%rrred in the mxing
tank of the apparatus used for kneading, or may be
[MH8] ormed after transferring to another vessel. In
addition, it is possible to appropriately conbine both

of t hEiibseQhidhly, dsh dilidh operatibi&hibhl ish ipost treatment after kneading,

water is prefeﬁbly 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 usually within a
range of 0.005 /min to 0.2 /min as an increasing rate of the mass ratio of water / pigment.
In contr .st, 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 dilution (let-down) operation.

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

preservative agent, a foam inhibitor, and an antifoaming agent can be added together.
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operation to snoothly proceed, the solid content of the
col ored, kneaded material is 5 preferably within a
range of 50 to 80 nass% Wen the solid content exceeds
80 mass% a long tine tends to be required for the

di lution operation after kneag§y ng. Wen tie solid
content is |lower than 50 nass a strong shearing force

T8 @iduticd dpRfation ngﬁstrbegiéﬁbﬂﬂe&ﬁ@ ining tainkiof the ap apparaius | used

preferabletos h ovéer fromthe kneadlng step

fgﬁl ?’Ff??%lﬁ n%nééf%ﬁ%%ﬁ@%&ﬁﬁsgegﬁg %OJHFM g?sgél the addition, it is

ersing Step The m xture obtained in thls way
FGF%J&@ e apprrpriaiely sqmbdinsbatiof Bempy Alsa, ipyorder for éfppedlmtwg

machine wth nedia, thereby pronoting the di spersion of

dpbratiph gneméothl§. prbceed the selid contsnlt of the olofdrl; kneddet material is
thls step is that exceSS|ve dlsper3|on decreases 15

ﬁhk,ﬁb]h t

pl grre SO t 1at t e rg?PnS Coat fa)%téﬂtengGEdS 80
Sur Stro |ntera.Ct| e ellmnat m
A5 e ongirpé,foBas tp g ¢ T tb@fsﬂilfrge%om%qﬂ %ﬁrkn AdiRE

resins are elimnated, is likely to form an aggregate
Whehtie sokdconténd ielomer thad S0onmsa¥se staonghgarinmforcatends to hardly
t he passage of tine, thereby having an adverse effect

RBurcieRY rkﬁeaﬁn%st abisl préférabldtoRfiich @)Uh@&omftﬁhekﬂeﬁ&ing%te@rt@ the
eaS|Iy elimnated from 20 the pignment surface of

SHrRAEH e A6/ BB SRR R B S0y e

on. In order to prevent these, in the kneadlng
[Q@ﬂﬂ the styrene-acrylic acid-based copolyner is
adsorbed to the pignent as rigidly as possible, and
altispershgh$teyi ng a stable coating condition, this
pignent IS preferably di spersed in an aqueous medi umin

Suer BRH i }Sff?pln ordﬁHe 0 Sdmmbyusmga

condltlon I'S not estroyed. |eve

diPefite Phinvwila fRg o Bebysp waﬁn&@%ﬁf@%{ont@%wm@t C.L

in viscosity is basically 10%or |ower in the
pigragvinlet23s t dibe poing in thissstep isshatexesssinig dispersipnsieersasoy

in the dispersing step, the
favorable interaction between the resins and the pigment so that the resins, which coat
the pigment surface 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
the pigment surface of C. 1. pigment violet 23, and the aggregation among the pigments
is likely to proceed at a 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 pigment is preferably dispersed in an aqueous medium in such a

mild dispersing step that the coating condition is not destroyed.
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foll ow ng are believed: although the m croparticul ation
of dispersed particles proceeds, 5 the resins are
rarely elimnated fromthe pignment surface, and there
is no change in the anount of the resins which are
present in the dispersion |iqgud and adsorb to the

pi gnents. For exanple, it is preferable to set

di spensi fd t i Lesd A .
e by OR 58 gl Rhol s S dperion et

rcroparticul at.ed an coated w t.h,the LNS t he
G F pPErEI CPALA HE oot ipbid R T g Bver e
ust 10 untangled to each of the constituent pignent
%@ersnm Hep.i nWhertheresis aoshargedn ¥jscositydn thef dispensing step, the
particles remain in the aqueous dispersion liquid after
follewRgdrdbeliched: Gilthpeststhe ethicrdpaficulai®ty oftdispebRd ipardeteadrodeeds,

the centrifugal separation step. Meanwhile, for
] ' £ ramwhi ' Jm ed,:
L o8 Bl BB B R oS, MEPIRCR TR i the
stabiljty of the aqueous djspersion ljquid is
st} pighi rins %slh ﬂf@rgsaehmaﬁ@mﬁsl%hav@weé agsqzb to the

produced once, they can no |onger be renpoved in the
pigments.f Ufpxlexsmple; #iis prefezabipto skt disparsibn Conditibns so that the solid
di spersed, such pignment particles aggregate as tine

@RS, Rleaded thef&ia ChiRpaded of Bk ;ﬁ%ﬁ&ﬁé,‘kﬁﬁib@ BreShidRipattionld¥éd and

t he aqueous pignent “dispersionh Tiquid. In particular,
becaus he agqregatiQon is acecel erated.dunring..hi gh .
BERR R Y BBy R bihGieh i S bf e Pt S e Just
inan ink jet recording printer using 20 a thermal jet
Witangleddg eachraf thoomslituent pighenicparticlesin she dippersing step.  Evenif
di spersing step, particles with a particle dianmeter of

cbarsgBurticlefertain fie ttRidqaéde disperivnrliquaiafte the@idss the dispersing
particles) are preferably contained within a range of

O, L AN Qi . bly
Bt P i B B ' SlcIN R Sefoign (), TMicBnAC.36F
pi eces/ L. When,the .di spersing,step.is perfornpe nder
rpigeoparticles S TE$in verbe%%l@wgﬁgaaﬁwmgs X1 qegur,
set or the dispersing tinme is set so long that the
and tiecpresetvation stabiltp of thelageedus dispersiontaquid iseletevioeated.i nWhen
of the aforenentioned range, aggregation due to the

sBH Ef?ﬁﬁ-&ﬂ PatiQEs 4ré PrfuReLOmR! tHe 8sh ACRNREr BeSrelioved ih the

occur,
centrifuzal separation step. Although firstly dispersed, such pigment particles aggregate

as time goes on, and deteriorate the preservation stability of the aqueous 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
a thermal 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

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



5

On the other hand, when there are coarse particles
exceeding the upper limt of the 5 aforenentioned
range, there are too many coarse particles, and the

di scharging property and a luster tend to be
deteriorated. However, fromt vi ewpoi nt of securing
the dispersion stability, it 1s rather unpreferable to

SHORRH TR OISR 00 8 st 00 o
b e B B TR s

as 10 possible so as to just untangle the solid kneaded
moge; eg@tgationdlue tha thetehisninatiomi of ithraforearentiongsinesing [sdikely to occur.
renoved in the centrifugal separation step. The

Oh SeUthdrhatd, wite HirSRES &afse pattftis@xteérdidpohe hgfe?n&hiﬂefthe

step is increased when the'resin, which is m nat ed
fromthe pignment surface by the extrenme dispersion, is

4P shbaeRrAen heft s RO s bosmpebigiEF atd R Yiehfing froperty
necessary that the change in viscosity 15 (increase in
andclaster tend fosbecdseriasatedd Howewsw, foom theveewpeint psecuring the

di spersing step. Wiile viscosity is dependent on the

dispgrston stalsilitypiitis rathive urpRCepsblé 1o afongly driish cbasdegasiold so as to

step is preferably 5.0 nPas or lower in the case where

. . | .
é. Snﬁn}gas or @%ng@g%rndft%ﬁég%g%géfé 'e?lg?st%e pI éﬁe{tﬁt’%gﬁtdéﬂ)tmmg
[ 0 %, . [ t.h f tjcl

sy e anetisalalioh OF b RIS AR foumshing o pestprined Syaiehess

di spersing step, it is possible to estimte the

10  possiblelsotay toojust indanglethe selidkndadedindterial and that theiceineining coarse
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recording ink is finally prepared. [0021] This

PRESAEY drk Rindved B Hitl deMtriFegdl 9&paRioalstep. t enperature range
of 0 to 50C, but the tenperature is not particularly

limted. Specifigcall,y. In the. case ere t . s

cont | bR B iloeralhn dfid i AEing Mo s preesed rhen
di spersion is performed with a packing ratio of 18
the sasin, Bibichds gliminated fram thepiggenstriaes by the extrenge dispersipagis
preferably 2 to 4 min, it is easy to obtain a coarse
dissolvied Eﬁtheoiqnm(}sham.t HTheréfore, Rfioneessaty thattle chirge.in viscosity

Exanpl es of a dispersing machine with nmedia which is
(HREELsd Th Vikosit IO E8rithdfdd 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
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

type beads mill is used and where the dispersion is performed with a packing ratio of
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step include a sand mll, a paint shaker, a bail mll,
a sand grinder, DYNOMLL, 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 splvent. However, usually
in a dispersing machine with dia, the dispersion

' r di.a. i.e. di.spersin i o e
SR B o190 Rl i o d B3, A RRe Ry 236 4 i jp sy o
structure other than a supply _ port and a di scharge
ohpip a cpawse pagicle content s ¢ gfosementioned 1ange. t here is
little evaporation of the solvent. Therefore, it is

basi cdixamnplesvfacdisgeadiyg inacldoa aitt efedidwhichdy eseddn the dispersion

viscosity due to the evaporation of the solvent. In
- B ' L@ shilid a2 BARMS i h
%@?ggﬁﬁé\hﬁ?c d%%lg’%ﬂsaiﬂs{ W t Ha?r'ﬁt erial sy gblg:Ds‘%Ig?se I|"n

' r.si ng.machi ne. and,crushes them .and may be
Bt TT. 0 8 Filgn ol B 7o Seeion il Aot e i o
Separation By performng centrifugal separation after
t he afDrednemedednaiscesitpn thendisparsiomstap oap eesur duee to the evaporation
particles can be reduced, and it is possible to obtain

& RUALUTowe\@rRRball nRediSietding mdehife With Hhedia fhddiSsbidsion

an ink with excellent dispersing properties. 20 It is

By bt TndiE o, el ey 18 0 7 kil dshist has
ml]ion pieces/nL or lower_ in the agueous pignment .
GHaginsealed structurepther than & suppheperband ¢ dischars r akteggfore, it can be

step. The centrifugal separation operation may be

Imedietadt thetthere islittlerewapdratiorodf the sdlvérftu g@herefops ritisibasically
apparatus, and can be performed by appropriately
oo o porRler BRIE G BBty S 8511 Repdrh@itFofibe ohvent
of 10tq 70 C and a tine,period of 2.to,10 .mn. .S0 .
Yo "t i elpresan FyenBost R cans o giatarinl sty P, Whid soexists
perforned repeat edlé/. Also, a filtration step can be

with thatetialsrto e dispersed irf aidispersiog avaghing and eaghesthem pangmayt be

content in the obtained aqueous pignent dispersion
dalled ddperbingmddie centrifugal separation step is

preferably 10 to

[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.
It is preferable that the content of coarse particles with a particle diameter of 1 ym 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

5000 to 30000 G, a temperature of 10 to 70 °C, and a time period of 2 to 10 min. Also,
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20 mass% 5 'Even if coarse particles remain in an
aqueous pignent dispersion liquid after the dispersion
step, not using such strong dispersion condition that
may cause elimnation of the resin adsorbed to the

pi gment, they can be efficieTgly renoved using the
centrifugal separation step.”[0023] 10 The aqueous

98 TSRl SO sy St S AF Aol {ton e
BT o LRl AP P LR o T o

prepared using this aqueous pignment dispersion liquid
aqugouns pigmentrdispansion liguidadter the oexthifugibseperation afepds prefeaghily 10 to

raw material used in the production process of the
20f@EspeNnt i oned aqueous pignent dispersion liquid is

described. C. I. pignment violet 23 (a), which is a

pi gmeat  used [Nt resent invention. s ..excellent. i
Cot or EveaE Blagre e b ERRRL D aorhi SR Rierpled i BB Tor, g e the
excellent as a pignment for ink jet, which assists the .
dispersien gtep.oiah usingrsueh sfrgng disparsionvgdition that mery cause¢liminggon of
20 particle dianmeter of C. |. pignment violet 23, which
thesesim adsoered ge thapiginehte thdy aak beefficiebtip rerrovedyusinpethe centrifugal
observation with el ectron mcroscope, is preferably 200
. s, and nore preferably 100 rimor |ess. Wen
S@%ﬁgﬁ?ﬁ’u e di anmeter exceeds 200 nm the discharging
@g erty of an ink containing the C. |. pignent violet
[ s deteriorated. [0025] 25 A styrene-acrylic
aci d-based copolyner (b) used in the present invention
20 i The aquesys pigmentdispersiemliquid, el is, obsained inghe afosemeentioned
nononmer and at | east one of acrylic acid and
wip sadlyyihtled@cfinbly aiRfersédepiSman! partidléy witie an avdragt patticle

styrene-based nononer, acrylic¢ acid, and nmethacrylic

aiftlefhr of oot 06 RAP RS id AR-EARERARE il Ean R b perb® Dling this

aqueous pigment dispersion liquid by a conventional method.

[0024]

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

C. L pigment violet 23 (), 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
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]

A styrene-acrylic acid-based copolymer (b) used in the present invention
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nononers of the styrene-acrylic acid-based copol yner,
the ratio of a styrene-based 5 nononer unit to the
total amount of all the nononer units is preferably 60
mass% or nore, and nore preferably within a range of
60 to 90 mass% In particul ary, the sumof a
styrene-based nononer unit, gﬂ acrylic acid nononer

s, B0 08 RGHLLE a 35che RSRBR e dnd et goe g pric
oS eSS s S PR S 53R ok s e o

affinity of the styrene-acrylic acid-based copol yner
aétylic acidGandimetpaeryinacidi olngthe 2@mpasjtion ratib ok tHeyconstithent
insufficient, and dispersion stability tends to be

n%b&kfs%"f%cﬁ&yreﬁlaé lic @cfdtﬁse@wpﬁ}ﬁfé, the katlo®df & sﬁﬁ‘éhﬁb&%

i nk, recordihg properties to a plrain paper is I1kely to

be deterjorated, and. t ,mage-recordi ng nsi.ty. teng

e Gomet Rkt BA LA e e P Ebmaier QUi RRUERRY 40 pBRYG o
to be deteriorated. Wen the amount of a styrene-based
mepe; énd more preferablytwighie p rangsof 60 tnBE anss%.h elnsprrtienlan the sum of a
of the styrene-acrylic acid-based copolymer (b) in an

sEfhRMaSed Moo wnid 8h 8ryé adi@ thondfer i€ afld ARREthARIC acid
property and the disperSion stability of the pignent

rSjs i.g
rigplpF wR G erR O Rl PR I o ehobt St e Brgmger
deteriorated in the case where the aqueous pignent 20
persion liquid is used for an ink jet recording ink.
As a styrene-based nononmer unit which constitutes the
st yr eendlieyirhount af tigk-styremesbazed alopomer usie s lowet then 60 mass%,
present invention, a known conpound can be used.

ARGt L28G ARAE SBeaL oGP, C i i 230
T AR R By R e 08

4-chl orostyrene, 3-chlorostyrene, or 3-bronostyrene; 21
oBtaivied indsjey resnadinglinkpteaonding properties taracplainppperds likels to be

Anmong t hese styrene-based nononers, an al kyl styrene

JERAGIRY, ARl tRE Bhese Rl drdinisRasityead PoPe) bR BRAMO ANEE thei water
nost preferably Used.

resistance is likely to be deteriorated. When the amount of a styrene-based monomer
unit i 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
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;

a halogenated styrene such as 4-chlorostyrene, 3-chlorostyrene, or 3-bromostyrene;
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[0026] 5 The acid value of the styrene-acrylic

aci d- based copol yner (b) used in an aqueous pignment
di spersion liquid of the present invention is 50 to
300. When the acid value is |lower than 50, a
hydrophilic property is deterjorated, and the

di spersion stability of the™pignent, C 1. pignent

Is s%}reﬁ@"- ﬁ&?ﬁﬁ t,,ﬁ:h,»l' d. Meanwhile, wh
3%/1&@5 acl d%‘zﬁﬂ% S |§ﬁg§ t atgr"%%ﬁ coagzl alti gn of etnhe

[ i s, likel d .
oot < s tagsecshetis st HOmPER, ALY R osEien s rpErably

ink tends to be deteriorated. The acid value is
ugeds find & btyrengimadriomen is mogi @referably used.250, and nore
preferably within a range of 70 to 200. Herein, an
[6026] val ue is represented by the nunmber of ng of
pot assi um hydroxi de required to neutralize an acid

et odfe bl VP bne Sutpe BN o bhse oo @Rt (5 i o en

acid and nmethacrylic acid be used as_constituent .
agnogspigEenhdispersion Jiguideof the present inventionis 54 te 486 yWien the acid
(b) since random copol ynerization characteristics are
valup isleedr tian SBea hydrepldlic propesy is deyeriobsted,sand alfeddispeesion stability
is the effect to inprove the solubility of the resins.

of &Q%Y%neﬁocigﬁﬁ%%ﬁaﬁf b5 gérﬂdk &g‘ﬁ&&éﬁ@éﬁé. C&Eégléeggﬁé wieh the

may “cont al n noner o a styrene _ _
SFBVRE P 4,5t ok 5, RS e s 1 60
this nmononmer is lower than 5 nass%rs a conponent

wates oesistares af tHequintesdbmettdr producediby using Hhedok yands tacke dateriorated.
such as nethyl (neth)acrylate, ethyl (neth)acrylate,

. (] h) ﬂq - 1 W;i .
TE? Eéulta f;?ﬂ u? rreE h) acr WS?’?& ?ggggﬂt@@}ﬂ %%ﬁ%%ﬁf%%ﬁy thin a

S TR AT

3-net hyl buty] (nmeth)acrylate, 1, 3-dinethyl butyl,
p@ﬁ@mﬁy@mg@qlg@d{tg meitralize pa aid campongnt ygaluded in a sample of |
(nmeth)acrylate, 2-ethylhexyl (neth)acrylate, heptyl
g( arelithg awit tHeedof is mgK@IH/get h) acryl ate, or nonyl

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]

The styrene-acrylic acid-based copolymer (b) may contain a monomer other
than a styrene-based monomer, an acrylic acid, and & methacrylic acid, which is
polymerizable with these monomers. The content of this monomer is lower than §
mass% ¢s a component amount. Examples thereof include (meth)acrylic esters such as

methy! (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl

(meth)acrylate, n-butyl (meth)acrylate, sec-butyl (meth)acrylate, tert-butyl (meth)acrylate,
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(nmeth)acrylate; (meth)acrylic ester derivatives such as
2-et hoxyethyl acrylate, 5 3-ethoxypropyl acryl ate,

2- et hoxybutyl acrylate, 3-ethoxybutyl acryl ate,

di met hyl am noet hyl (neth)acryl ate, hydroxyet hyl

(et h)acryl ate, hydroxypropyl.. (nmeth)acryl ate,

hydr oxybutyl (neth)acryl ate, %t hyl - a- (hydr oxynet hyl )

ZetublBn (PP ERYRE.2 By R Tacaten T Eecti Ty Biafiperyiae
such ‘as phenyl (meth)acrylate, benzyl (meth)acrylate,
lé-dm»gl&etnrhéneth)@mu PRy (methacrylade eyl (methiperylats,

such as diethylene glycol, triethylene glycol,

2rahyibédyy (reod)arylee) hepyflmeth)atrylate, bitglaestidkcrilate g nonyl

nono(net h)acrylic esters of polyhydric phenol; and

G R B P I St
its. 028 15 T

oo R Ay e, e B AR cigks SR BT &Baten 1 he
present invention has the weight average nol ecul ar

dunéthylamimdethiyb (acthjavgdates hydr@ethyb (méthpiofylats/ ey draxygidpyl

average nol ecul ar weight is preferably within a range

(%féthgacw%t Rycﬁexﬁ%gﬂ (@%Egl%&?ﬂﬁte, ahﬁt@mm&d;guééea%r od aRDee

,500 to 12,700 e weight aver | ar

oL o ot BB R g s R P i
deteriorated although it is easy to disperse and
eptersrsupihas pheny bimetnacnylate, bguayh (methjasrdate oor phenylpidiyl

begi nni ng. Al so, sedinmentation tends to occur due to

(inbih)Regategpdlveydrifalcdbol suchRk @iveiylenel gy, tAsthyMhe plychle

wei ght average nol ecul ar wei ght of the styrene-acrylic

PEe{Ey RS Rfvoo L BRRSHEN ephelt] 2 BHE bR B IRC AT, o7,
AL B Pk S B e
i ncreased, and the discharging stability of the ink

Qreparstwoomr mpore o thes¢ monomers ch)b@8dded as monomer units.
[0028] |

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
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. 1. 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

prepared from the aqueous pigment dispersion liquid using the styrene-acrylic acid-based
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The styrene-acrylic acid-based copolyner (b) used in
the present invention may 5 be any of a random
copol yrmer, a bl ock copol yner, and a graft copol ymer. An
exanple of a graft copolynmer is a graft copolyner in
whi ch pol ystyrene or the copojyner of styrene and a
noni oni ¢ nononer, which is copol ynerizable with
copylyiee (b)f rifiltreased] @id thé disehabsing stabitifelofthe ikoledieto bef
acrylic acid or nethacrylic acid, and another nonomner

i Lhg styrene forms a stemor a branch. The
%@@#@%@gacrylic aci d- based copol yner 10 (b) nay be the

L xture of the aforenmentioned copol yner and a random

lymer. [0030] In an aqueous pignment di spersion

liquid of the present invention, the content of the
st yr efftheatyrgd-acrplkic abid-based copglpingné) ugdd) inphe preféht prvehtion may
by mass of C. |. pignent violet 23 (a) is 15 to 45

Hggﬁ %fQ)faﬂ&%%c@t%lﬁﬁ&% bidek c%o%&uwa ﬁ?g%osggﬁgﬁgbu example

o 40 15 parts by’ nass. en the co

yrene-acrylic acid-based copolynmer (b) is ,lower tha
oFe il Pt S o T ot 8 Bt Rlvebng S e By’
aqueous pignment dispersion liquid is deteriorated, and
styrene axi asnonieric mongaer, avhich ig eopolymerizable wiih stytengafosms a stem or
where an ink jet recording ink is prepared by using the
ebtaehUumdRl @pelyimediof BeyEE 8¢id bt ahetheleryib @bid, idtParoehies @iinofer

the styrene-acrylic acid-based copol yner (b) exceeds 45

_ . ° . o . .

Rabae Rt f Seneth afbSRES e RindhiSobilE kB based sqpolymer
C |I.. pigment viaglet 23 (a), the resins are easily

@) Whﬁﬂ%@oﬂlﬁt‘gﬁﬁ% the afprgmentionsd copelymerarf 4 Fadomyepelymer.

of the ink is likely to be increased. Therefore, the

[6o3t]ent of the styrene-acrylic acid-based copolyner is
preferably the mninmumrequired to coat the pignent

surfa naree | g%-'én ; :8h Lot tqE! X{rden HeS@fttent
in thgﬁg?géent Plvenﬁﬁo rﬁéﬁ?ﬂ{aﬁ?i@&%iﬁrt of&g%l theten of
cid grou of. t.he styrene-acryli.c acid-based .

R BTesar Y e pidchised sqpolianer ) R 1P Zars RE A of Gl piemgnt

as to facilitate the coating process of the pi %mant

wpler23 (apisr stord$, pasta by maspwg@mqu@rdvlg@y, and preferably 20 to 40
properties of the pignent coated with the resins.

pane bp hss. 0f 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 concent of the styrene-acrylic acid-based copolymer (b) exceeds 45 parts by mass, the
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]

An alkali metal hydroxide (c) used in the present invention neutralizes a part of
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the al kali netal hydrOX| de i ncl ude sodi um hydr oxi de,
pot assi um hydroxi de, and lithium5 hydroxi de, and

pot assi um hydroxide is particularly preferable. The
addi ti on amount of the alkali nmetal hydroxide (c) is
preferably adjusted so that tfe neutralization
percentage is 80%to 120% on the basis of the acid

tiehdié gidupk € thetsyyremeactplivddid-bakd dopelyedr, s6RdmB! théRsing i the
The neutral i zation percentage is pre rably set to be

HRAAEE 5th A5 o A e hairk b0 bFTHE AR wil b Bins, and
stablllty and the preservation stabjlity. Al so,

IHPEAves rthezdgsmorbmmaagthp PR eoies W@éhe Tesinge ﬁmks of
or lower in ternms of the prevention of gelation during
thealiali eretel hydroaidednslode sodiim hpdroside gpotassiis hydroxidefantiihium
printed matter produced by using the ink. In the

HYFoxedE, ah ﬁ&ﬁis'ilﬁﬁh &%ﬁldé‘i&‘%drﬁbﬁl bﬂ?erﬂﬁéce'['ﬁ@%lﬁ@ﬁﬂﬁount of

the val ue Which I ndi cates the percent age (how many

it R i #ﬁsﬂ i AERTHEb A0 B ol gagiop percentage

the carboxyl groups in the styrene-acrylic_ acid-based
i 8Q'61t9 A20%6 ebgsw:af tbala@ldé@l“ﬁ)ﬂffh?estlﬂ‘éllﬂ -giay higacidbasadon.
[0032] Neutralization Percentage (% ((Mass of basic
copolyaiencb)(g) x 56 x 1000) / 20 (Acid VaI ue of Resin x
Equi val ent of BaS| ¢ Conpound) x Ampunt of Re5| n(g))) X

100 303 ShlafoR AR oA o8 bei800d BENBETE Mems of

i nvention, I On- exc ang

wat er | e ampunt of urities, hgs begen
%Rre&e%utp}ﬁ’ﬂl GeBiortiiA M0 HH B edhieihe AP RRIOB sability,
25 The content of water (d) in an aqueous p| gnent
add sheepresepvationgtabilityf  Alse, the esetralization percentageds preferably set to be
preferably 3 to 50 mass% and nore preferably 5 to 40
m%&{omwé@m tbrAEs oﬁﬂé‘?&%ntio‘ﬂ Jf %\Qﬁﬁoﬁ fadind fbﬁFJt&ﬁ?ﬁrekér%ﬂon and

t he drﬁ prevention e fect tends to be insufficien
o Bt ishiRet e RS et SRRl ot e gk

In the present invention, the neutralization percentage means the value which

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) /
(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
sarne level as in ion-exchanged water.

The content of water (d) in an aqueous pigment dispersion liquid of the present
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tends to be deteriorated. 5 [0034] As a wetting agent

(e) used in the present invention, known conventiona
wetting agents can be used, and exanpl es thereof

i ncl ude polyols such as glycerin, ethylene glycol,

di et hyl ene glycol, triethylene glycol, tetraethylene

gl ycol, pol yethylene glycol, propylene glycol,

irtlle A XM |pesTerablyy> @l 50 BedsYR hﬁ@ﬂo@é‘ fdratﬂg I5.to 40 mass%. When the
1, 3- propanedlol 10 1, 4- but anedi ol pent anedi ol ,

c&ntght ?f&%f—‘ﬁ{ hr | fww?erﬁ.flﬁ%pﬁqﬁ& u ven{ltgﬂ g@ clwénﬁ%w A Hicient.

or pentaery ch as pyrro I done,

net hyl - 2- pynr ql i done, a | act am .
“?Eeg ?@% krfels Shsrupabrimitihe awmisw&ﬂ%@ﬁ% dispgesion liquid
hi gh boiling points so that they are not evaporated in
tenlde tokireadetiérivgatsd.ep; and the stable condition of the
kneading step is naintained. Besides, since a wetting
[Goggnt is essentially a part of the ink jet 15 recording
ink, there is no need for renoving after t he kneadi ng

t d it d tly. f f

i pepSi e eﬁﬁfei B kR egT Sveion ”%gﬁ? coryediona
to produce an ink j recordi ng aqueous ink usi ng
VieHingageris can qugdemd axamples $hezeof ingludeipqly el aucércﬂsm}ycenn,

using the aforenentioned raw materials, the

ethiylehe gB0bl, aiettylarudpiod, tHettiRné gljrbslpwtﬁemylehe glylcdl Eﬁlyethylene

appropriately diluted with an aqueous nedi um suc
elfeb brciiele B, ARl %i(&%ﬁ%*ﬂa%g%n% B aRpabiol
1 bl yeqa%%e@é‘ SRS e Y pfPeopace, or

i mage denS|ty and to secure the dispersion stability of
perigerythsipedy lsétems sach geak-pyredlone,Nmiethyllpyradidone, s-caprolactam;
preferable that a wetting agent be blended in the

afP U S i D RIHRVHAIRE dTRddE RettinphgBhty BR¢Shiph 8EBIE points so that
di spersion liquid since it contributes to

i ARl n e BB S e R R g kneading

step is maintained. Besides, since a wetting agent is essentially a part of the ink-jet

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
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. I, 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

particles in the ink.



10

15

20

25

sanme as the aforenentioned ones used to di sperse the

col ored, kneaded material for the 5 aqueous pignent

di spersion liquid. The content of a wetting agent for

t he purpose of dry-prevention is preferably 3 to 50
mass% i n an ink. [0036] Also,d n the case where an ink

jet recording ink is prepareé% a penetrant can be

addedf; ' ; :
per oLt ProE B R Al AAR BEPIRIATR e Bluegys medium which
dj ust rent of .t he dot dianeter .on recor di medi um,.

e Tpeatequs piggmens dispetSiq iguid nce ¥ somrbies K -mkysttioe

et hanol or isopropanol; an ethyl ene oxide-adduct of

vigepsityadivstentsansrdensityadiystmant. gBremples of {he agupeys medium are the
di et hyl ene gl ycol butyl ether; and a propyl ene

sanie detheddbrsinetdionet loyibthsed i Hispersdtha Solored) kheaded glaveartil for the

propyl ether. The content of a penetrant is preferably

% L R: ' vABRE
s i BB R, | e chpeh Nl e 93 R o
b dded . d t dj the, ti f ink h
S el S BRIl L0, 00 T

or in conbination of 2 or nore. Also, in consideration
[@836]he solubility stability of a surfactant, HLB
(Hydrophi | e-Li pophil e Bal ance) thereof is preferably 20

Wi t hi Algh, ke Radef wilert @n lk-jet RechilitngCiak & & penetrant can be
surfactant is added, the addition anmount 1s preferably

P the Ty B89 O e jtiphinbuieds Ot ATk & roryiE Bibatuut and the
preferably a range of 0.01 to 0.2 nmass% Wen the

gnbaf tdiametes on g geqosding medium.| Bxamples0in prpetrant
mass% the effect of the addition of a surfactant

includeod loer alooldl tsacnexckthafbb or isbysropahdl;tancthydeneuoxtidesadduerisd
I mass% the problemof blurring of the 27 inmage tends

apﬁrll(eﬂfdgfd% ﬁue%%rg ggﬂy%é)?@ L%is)fbﬁlg 657 g%g%rﬁdg&ﬂykﬂg glyE4] BRI QtrEd o
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.

[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 alope or in combination of 2 or more. Also, in consideration of the solubility
stability of a surfactant, HLB (Hydrophile-Lipophile Balance) thereof is preferably
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

obtained. When the addition amount exceeds 1 mass%, the problem of blurring of the
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pi gment di spersion I|qU|d for an ink jet, an antiseptic

agent, a viscosity nodifier, a pH5 noderator, a

chel ati ng agent, a pIasticizer, an antioxi dant, and an

ul traviol et absorber can be added according to need.

In the case where an ink-jet opecording ink is prepared,

_coarse particles becone the cause of nozzle cl ogging
tbhds td@k&Lri or ati on of other image properties, and

therefore, after the preparation of an ink, coarse

[ icles may be renoved by centrifugal 10 separation

or filtration process. This ink jet recording i nk can

be pr rany used as an ink far {nk j ecar di ng

The .frk F gpsesyiare An ink-sbreganding gk wcnremﬁard Lxmlasm}aqueous

limted, and exanples t hereof include known ones

pigmdntrdispgsion thigixid forian inkijet; an antisepiieagent taeiscosity modifien e pH

el ectric charge controlling type systemor a spray type

niodetafit] a Gtk gmai&% SHERiAaS, And dipulBa®fet absorber can
system a the tem or an electrostatic

at ctio S Armng these, it is preferable that
b? Ci% gmﬁ)si% %31 printers using a thermal ink jet

recor di ng system EXAMPLE [0039] 20 Hereinafter, the
pr es el the asserwhess an inkrigt repesei i pepared; caemse partigles hecome

reference to Exanples. In the follow ng Synthesis

tievange efnozzs 2lugghey, andrilie daenivratidn ofthor dmpgeproperties, dnd
and O’d represent "~ part by mass and "mass% . [0040]

TERERMATE BRI ok bl ARLERY gl fy it

rts of ket one was added and nitrogen
ﬁ“ﬁfl{%’sp '"é%g?orned in the reactor while
strrrrng VWi | e keeprng ni trogen atnosphere in the

r eact Bhis indejet recgrding inkiren bo preserably used assn inktfoninkdetirpdording,
ket one, and then, the m xed solution of 77 parts of
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
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]
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]

<Synthesis Example 1>
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5 styrene, 10 parts of acrylic acid, 13 parts of

nmet hacrylic acid, and 8 parts of the polynerization
catal yst (produced by Wako Pure Chem cal |ndustries,
Ltd. / "V-59") was added dropw se fromthe dropping
device for 2 hours. Fromthepgiddle of dropping,
tenperature of the reaction systemwas kept at 75C

Al t er [nl the rbbr HclsHing R stider, 4 bﬁp{:ﬁg%w@s A reflpk dédicd, 160

same tenperature for 25 10 hours. In the nmiddle of the

PR ARy YRR S ot s SROBUBLAGh Wb Bertefhod in the

appro tlately After the end of the _reaction, coolinhg
r yéil Ihile keepipg niTasen afaqsphere ip the1gamer. Beatiag was

to obtaln the solution of the styrene-acrylic
pertorchell ds exfluxapethylnsthyl késchp, asidtthena theahixdd solotiembf B7 parGoaf
V\/nl ch cont ai ns anionic groups. The styrene-acrylic

g?t@g ﬂf’d&rﬂﬁ 52
anggg&%?!gﬁiy gfgrage nol ecul a%mvveq?g%tﬁdﬁ?egt{léoo.
004 In t o« >
ﬁlm iR ol 75 Gk bt kol R e e, T36 / Vs wes
Per meat i on Chromat ography) nethod and is converted
a‘idydtdmmmfremha droppingrdevise @d r diremutbe middle of dropping,
standard material. Herein, the neasurenent 20 was

tepepetaingd tHereationGystba Wil KeppatPg°@ppar at uses and
condi tions. Solution-sending punp: LC -9A System

%?Bt_ g%héﬁhq_ ﬁ%e g gp@g 'réﬂtcﬁ %ﬁ%kefﬂgh( &8 sﬁﬁ: SthN¥rature for 25

Cor po ion 29 Data proc softvvare SLC4 I
o8 Lot UM A hereatinpu S Hhe CORSIREHAR 1T raw
Corporatl on). CoI um: G.-R400 (a guard col urm) +

n?:oeriﬁlsﬂthg polymeReBtion-caiilyRAc3dd¢dappeopriatdly.t aAfier thihend ofithe
react.ic,m, cct>oh:n)g 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-acrylic acid-based ;:opolymer (A-1) has an
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
was performed by using the following apparatuses and conditions.

Soluﬁon—sendjng pump: LC -9A

System controller: SLC-6B

Auto injector: S11.-6B

Detector: RID-6A

These are manufactured by Shimazu Corporation.
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5 Elution solvent: THE Elution flowrate: 2 mfmn

Col umm tenperature: 35C [0042] <Synthesis Exanple 2>
10 In Synthesis Exanple 1, 77 parts of styrene, 10
parts of acrylic acid, and 13 parts of tnethacrylic
acid were replaced with 73 p29's of styrene, 10 parts
of acrylic acid, and 15 parts of nethacrylic acid, and
t hen,Dath prasessymesaifrarée:Bic480H data Stations(dnanofasturedby Binterhn
the styrene-acrylic acid-based copolynmer (A-2) with a
In‘é@ﬁrﬁéﬁts%?io?ﬁﬁ; | ecul ar weight of 8800 and an acid
val ue of 184 C]—I/g 15 [0043] <Exanple 1>

<Pre og -
Styr SrdinbP) F-."%‘O;b‘é‘%%%%?ds{é%?” SRR ARy S8 i Reoom
nt violet 23 (a) 500 parts 20 (Host aperm
(Mdﬁlbé(tl'ﬁﬁEm;gb“dmcﬁlr% Eded by O ariant (Japan)K. K.) 8 N
Pot assi um hydr oxi de aqueous solution 67.1 parts
D et lugmesadtemtoTHR60 parts The mixture of the
af orenenti oned conposition was prepared and added in

the mhaneh @% nuf actured by | noue
Manuf acturlﬁ%‘ / PLMV-50V), and 25 kneaded

at a fqtation fr of 35 rpmand a revol ution
frequéﬁ%rwm Jempera 'nsgg%r 360 30 nmin. After a |apse of
20 mn, the mxture was collected together in the shape
[0982h rod, and kneadi ng was kept as is. During
kneadlng, t he consuned current value was 6 to 12
WS&Eﬂﬁqaléﬁﬁ i ncrease and decrease were repeated
depending on the rotational period. This was due to

the RIS RilBs EEABIY, 7 bt b opais LAt bl 3

an ex

—(D

parts of ‘nethacrylic acid were replaced with 73 paris 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.
[0043]
<Example 1>
<Preparation of Aqueous Pigment Dispersion Liquid>
Styrene-acrylic acid-based copolymer (A-1) 150 parts
C. L. pigment violet 23 (a) 500 parts
(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 composiﬁon was prepared and added in the
planetary mixer (manufactured by Inoue Manufacturing Co., Ltd. / PLM-V-50V), and

kneaded at a rotation frequency of 35 rpm and a revolution frequency of 24 rpm, for 360
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5 high viscosity so that it was not distributed
uniformy. Therefore, whenever the stirring bl ade
sheared the mi xture periodically, a strong force was
applied thereto. After a | apse of 360 nmn, as a

| et -down operation, water wagyadded at an average rate
of about 0.015 /mn, which is an increasing rate of a

mpat @(ﬂd?'a%@bfﬁﬁiﬁn{@éhﬁxﬁﬁ@w&swlfe&e@%gﬁﬁbrw&e% f'E‘rod,
m xture wth a pignent content of 29.3 Tass%

sof HiedIEE b Righ o™ it Ouibed eﬁ@sﬂva%‘%‘w 12

water 1162 parts Diethyl ene gl ycol 220 parts Then,
amapgEe, rapslmﬁlecrem g daﬁ@a%mw&rs repegtedid ﬁe@dms on thegptatipnah geriod.
not or, passed 15 through the beads m Il (Nano MII
Thv/vas ate forthel fslaviby rodsata TheanixWbe kas a Gemisblid with andexttemely
vvas di spersed at a tenperature of  20C for a detenti on

ter| n?fsﬁglqgé@d’%ent Iy, 'S lgglfog%g’rse %u?t%!h aﬁi passed
bla%eps?sm%qee PERGS é@ﬁ%aﬂ&e”‘ iy BRL e,

Ltd., 2 L voI ume), and 20 the centrifugal separation
was obfbnruariapa@sif)%Q anifoasradet-dawmopezatinay, sater avasfaddsiaitwh average
a centrifugal force of 18900 G for a detention period

raf®f of BBo ¥ 0001 5t /AEH Bblich B & ifibregsitid Rite GEMAED filass Tatio, so as
di spersion liquid with a pignent content o 14 8 0

E@ f.bg “TE%W@S@J%%%@ w@g&hpﬁn%ggg%tg@eorﬁ ﬁ S6%r at| on 31

in rrpl e 1, |n V\/nl ch 15 parts of ion- exchanged

wer e é?aﬂﬁip infpa stginkess orn, Qqﬁiéh% ng
of knead| ng, and 35 parts of water were further added
aratddedlthasia, of 180 to 360 min (before let-down) at a
rate of no nore than 0.002 /mn which is an increasing

ratelgﬁ_e g & whiegmENt mass ratio.. Then, the)ggpgeys
pi gment |sp rsion liquid with a

Diethylene glycol 220 parts

Then, the mixture, which was uniformly mixed with a stirring motor, passed
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 cenfrifugal
separation apparatus (H-600S produced by Kokusan Enshinki Co. Ltd., 2 L volume), and
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>

The same operations as in Example 1 were used except for adding the operation
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5 pignent content of 14.5% was obtai ned. <Exanple 3>
The sanme operations as in Exanple 1 were used except
for using the styrene-acrylic acid-based copol yner
(A-2) instead of the styrene-acrylic acid-based
copolymer (A-1). Then, the agyeous pignent dispersion
liquid with a pignment content 10 of 14. 7% was

ik aaple d, inAAieHms ?mﬂs%ﬂbﬁ-egaﬁﬁ%apﬁatat weresadded kte fap@naTioeo 180
1 were used except for adding the operation in anmpl e

i o A o ol B el Rt R B e e of 180

kneadj n before | et-down), at a rate o Q r,e than )
teg PRI Befort IrvlAaR Ao na cacds g 0z Bma iich is ab increasing
wat er/ pi gment mass ratio. Then, the aqueous pignment

raik sfpewaicopiginent isswatio. aTheng theraiqueonstpégmendfdispérsion lpsd with a
obt ai ned. <Exanple 5> The sane operations as in

p,‘?@ﬂpé@méquqsy@@gsmm for changing a detention
i of 225 mn into 0.8 mn. Then, the aqueous pignment

me

i spersion liquid with a 20 pignment content of 14.5%
<aﬁ§£§[6§%i ned. <Exanple 6> The sanme operations as in
Exanpl e 1 were used except for changing a detention
time bhe sanm operations as in Example 1 weeused sxoept feroisingdhe nent
di spersion liquid wwth a pignment content of 14.5% was

styivheiaomtic a2fd-4eRdSdpoBaner ¢ADytastedd ofehéstgrenk aciytic oid-based

same operations as in Exanple 1 were used except for
B p : QL
cOpAerdd D, TR, 80 panRRhEBINE QResih Hyia iRy pRRREH content
7 parts.qof an 8 N potassi um hydroxi de aqueous
°€H'ﬂo‘€’i%€ﬁ°§’%‘ﬁ€actured by Kant o

<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
/min which 1s 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
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.

[0045]
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5 Chemcal Co., Inc.). Then, the aqueous pignent

di spersion liquid with a pignent content of 14.8% was
obt ai ned. <Conparative Exanple 2> The sane operations
as in Exanple | were used except for adding the
operation in Exanple 1, in gfich 205.7 parts of

i on- exchanged water were added during O to 120 10 mn

<@boparativeeEsdmple 18f t he kneading at a rate of |ess than
0.002 /mn Whl ch is an increasing rate of a

B e Bty AR g o
Obtsﬁtllil?ﬁd! <ﬁor&5ar @F@ﬁ Ez@m&%r%l!?se‘é g;@e%ﬁg?@cﬁgﬁ%a{m mstead of

detention 15 tine in the beads mll of 2.5 mn into
601 pants of anThNrpotashiomahydeeride mllgmmlmcm;{muﬁmmd bpuKanto
with a pignent content of 14.6% was obt ai ned.
CH@REE[@(L‘@t n¢9. ETaEM e dnediiepigmem ddprisidn H’cﬁlﬁd asithi dpigment
Exanpl e 1 wére used except for changing a detention
of 25 mninto 6.0 mn. Then,

°‘i”h‘{ef‘?858“e§2§‘”%ﬁe%§n§ﬁ ‘di spersion 20 liquid with a

‘g grment content of 14.6% was obtai ned. Regarding the
<pBpEAtyR Exgmerle Zanpl es and Conparative Exanples, the
properties were evaluated by using the foll ow ng

eval UBlie sameropetatidns af il Ek@npleAl whizasod exaeept fdradding the operation
eval uation of Dispersing Step Conditions 25

'ﬁ@vlﬁéh %?%Mdﬁoﬁigxchﬂiged bAwER| B durin r% 0to 120

knea materi a was prepared 1 n the kneadi

Sté‘%@}@ﬂ@ g{.@tﬁ nd the c ?“rsgﬁfﬂpﬁ) f/ﬁ“ﬁﬁl Qtilgghéqcreasmg

the start and the end of the di spersing step. In the
ratpeefa walenipigment,mass ratigys Theagithe aaueous pigment dispergiopfliquid with 2
sanple of 3 m, was nmeasured under the conditions of 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
time in tae 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 mijll of 2.5 min into 6.0 min. Then, the aqueous pigment dispersion
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

<Evaluation of Viscosity>
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5 rotation frequency of 100 rpm and a tenperature of

25C. B. Characterization of Aqueous Pignent Di spersion
Liquid <Quantitative Determ nation of Coarse

Particl es> The aqueous pignent dispersion |iquid, which
was obtained in the Exanpl esggnd Conparative Exanpl es,
was diluted by 100 tines, and passed through a particle
SlZE*IMbsﬁﬁawbkﬁ&%ﬁﬁ&ﬁﬁﬁéﬁﬁﬁﬁﬁQﬂﬂa§wﬁ§ el i 8¢ Kh¥ading step,

Particle Sizing Systens Corporation. ~Then, the nunber
|
u

. 1 e ' . ' [ r
wt iR 350 B e ekl oS Wsferfiod P mlurbd B e
partjcles in the Jiqujd of | nl before_dilution. The
vikebitios 8 b8 G-\ RBAIe 814 o he pATTEE See. 1 U ERasREmETo fV-22
and the centrifugal separation step. 15 [0047]
weinsetl midi the vistosity af asample ofi3apb may meaheed ander theeconditions of a
di aneters and the viscosities of the pignents in the

' ' j LFhfascobt ai ned in
rogigﬁpl geﬂgggiﬁﬂb rpth 38 %%Egeréihfl%tdg e!

Conpar ati ve anpl es were neasured.

arding..a particle._dia r, the.volunme average
B;@M“ﬁgpﬁﬁg@@}%’ F@%@%&?‘bﬁl using "M crotrac
UPA 150" (produced by Leeds & Northrup Co.) as the
<Quarditative Ditermination offCoarse Patficdastis di spersion |i qui ds.
The viscosities were neasured at 25C by using E type

Vi scortetuedus\figmBont c@s“p@fbimﬂﬁt%lﬁ?d/, Wi W obtidged in {h@@%ainglses and

C. Eval uati oaof Properties of Ink-Jet Recording Ink

SRR £ il WS B HRE! 4 pondi St f ez

K Bl PR A e s o A5 e RS
conposi ti on. Aqueous pignment di .siper'si on liquid 5.52

Tleay, the number of coarse particles with a particle diameter of 1 pm 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.
[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
measured by using “Microtrac UPA 150" (produced by Leeds & Northrup Co.) as the
particle diameters of the agueous 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 (nk

<Evaluation of Discharging Property / Luster>
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5 2-Pyrrolidinone 1.60 parts Triethylene glycol
nmonobutyl ether 1.60 parts Surfynol 440 (manufactured
by Ni ssin Chemical Industry Co., Ltd.) 0.10 parts

G ycerine 0.60 parts 1on-exchanged water 10.58 parts
10 The prepared ink was | oadgg into the position of the
bl ack cartridge in the ink jet printer EM 930C

( manuflecinkqerdedordingiinies vaas prepaiedbyrusingathy aquseds pigment

recording with a image density of 95% was perfornmed by

d%‘%*ff}gﬂ HEa OB ER AR el U] CompRalive RARBIE SEcdting to the

fo he.luster of the obtained inage was neasured by using
e 8:!855 (produced by BYK-Gardner) 15 as a

d oss value at an angle of 20. Consequently, it was

conf i Aquasus pigmenhdisperiion fiquidar ed from t he aqueb§dparts

pi gnment dispersion |iquids of all Exanples and

Compaz-piirykdibyml es could formthe favorable 1,5@3@@
for the luster neasurenent, and showed the favorable

di sc 20 <Eval uati on

St abrﬁ&yﬂgﬁé%{ﬁé%&bé%are in the evaluati ogf 69]3&“5
luster were left at rest for 12 weeks under _th

t enpetEbFeL 440 Magnufachred by dissin Gheraicaligdustyy Goy Lﬂd& .10 parts

di anmeter before and after |I|eaving at rest was
i nves@lygedired, and was used as a baroneter of S.6ébpdrtsty.
In the present invention, among pignents which are

col orlgﬁlegm%%%gl“@{& in water 25 resistance ang, g}gﬂ{s

f ast ness pI gment vi ol et 23 vvas used, whic

v er THAcPRAbed il kdonaed ste df: s 88 Eﬁcﬁ?mﬁm‘éﬁ
inkeyel st ENESI0CLmapubeturcd by SeElﬁ?EB'soiscé‘rSﬂm%S)p 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)
as a 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]
<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

resistancs and light fastness, C. 1. pigment violei 23 was used, which is particularly
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As shown in Table 1, the aqueous pignment dispersion
|'i qui ds produced by the production nethods of Exanples

1mt 6 rangly have |coarse|partic¢leg with particle
%dga ter 1 pm@r §Drg, e §1a\ge f&nekpakt | & €s with
"@v‘-'v | une average particle|5 diageter of apbout 100 nm

‘gE-:Mhl chgt he afgrenent| onpd rodluct{i on net hofls | ncl udes

dis ;%%bon step of d ersiing [the & XLur e
g acl 3 %D( 3@( S

udidB BES . |pTgnBnf “v| &1 et™ 23V (a$,| &he™ | &
styrlene=# l'ic |aci|d-bpsed copollyngr (jb) with an acid
varge of 50 To 300 MOgROA (g, the —alkar Tal hydr oxi de
(B),| wat &%(d), |and Lhewetti ent, (&)} =t hey eby
oduci n ﬁn aquBou¥ pﬁ:g‘rﬁﬂ %i gerﬁioﬁ | Squicd] and
tge kneadrrg step in which the kneading was [10
p'grgorrrea under [the—condi frons of gne mass 1 Aatl E of (b)
) rog 0154t 0.0 ands thg mask 4 ati o of
8 | éﬁ%agg neSf|r 8m & :)zl:tgo.azdﬁn The=f| &5t hal f
ot tfh fi¢ge®i ng | stlep. Al so, |[the ink jlet recording inks
c@nt aini Mg Lhe aquepus| pi gient _dispergionriquid as a
i n lrrp have| t he favorablle gtability during the
hggh- .Errp E‘e @reg-erga igon gmd;trm sthel B rdt e of
cBan [ e (di apet er ¢onparijson with |15
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shear force during the kneading was slightly | owered,
and therefore, the rate of change in particle dlaneter
during high-tenperature preservation was high. In
Exanpl e 6, since the dispersion period was el ongated to
4 mn, the viscosity 20 of t3he aqueous pigment

di spersion liquid was increased due to the elimnation
UKSO he resins as the dispersion period was el ongated
al though the nunber of coarse particles after the

%ipfe%%n BOPRRNEF, o el bl R O e Rl y e

ing high-te erature preser ation was higher, than
@@Ddﬂe‘gﬁés ¢f£ \E& particlesaitiyg partigle
thermal st abi I|ty dur| ng 25 h| gh tenperature
djametee of & tunoor meee, ahd bvel fnegattivlésowitt #doluife averagEpartiolee

5 in which the dispersion period mas shortened to 0.8

dﬁlﬂ%ter'bb BbdUHTBE hrrin WAL IR DBfenicn gnethods includes the

di spersing step was not |ncreaseg SO rru
mai nt ai ped .t,o the sane.l evel others
agperinf SR pf glorriing B8 iy Toefiing ¥ Lokigesiviol 7 Briee

to the |ower |evel, thereby producing the aqueous
styregeraetylis amdd;aaectcmlmm(bﬁwuhm acidyaligoif FAlte 300 mekiRkllg, the
particle dianeter and small viscosity to those in

alkxla mieteg hydrokideJc), Aace 5@) afd the viditéng dpRfie(e)) théteBy producmg an

favorabl e | uster coul formed I n Exanpl e 5,

o
a#“@%s?%eﬁﬁwﬁtfﬁ%v%ﬁén Bl %ﬂ%@%eﬁf‘%ﬂ@%%p%@% wes
er ef or even t th dlsper3|on ri od was_short ened
p@ Bl Updérthe eanditiensat the masgiQel O 1@ sangingofrom, Rk todk45
coarse 10 particles was not increased, and the
arehihe vaseratiodif §p)et(a) mngingdinm 010¢ tol04R mytﬁei fiybt half of the kneading
tenperature preservation to other Exanples was

st@lgt aAl%S Che B fafecoriing s Qén“tﬂﬁ[ng'tﬁ?é‘ aquetd u]?lgm\éﬁﬁdlmlbm liquid

|mnat|on of theresms rarely occ and

an e InOP Sha?' B@;ﬁfg&&@n%ﬂ&avﬁ&shng %teg

Exanple 1in which the mass ratio of (d) / (a) was
presemationad theamall site afehapgsiadpartile diametes in eempartson (ith
pi gnents in the kneadi ng step was

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
of the aqueous pigment dispersion liquid was increased due to the elimination of the
resins 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

high-temperature preservation was slightly deteriorated.
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insufficient, the content of coarse particles was high,
and the luster of the imge was extrenely |ow when the
ink jet recording ink was forned In addition, since the
covering of the pignments with the copolyners were
insufficient, the high-tenpergture 20 preservation
stability was poor. In Conparative Exanple 2 in which

the nhsBxdradle § iR whiditthe dis ioﬂiﬁ@ﬁ@dj% §Htened to 0.8 min, the
af orenenti oned range In the first halt of the entire

o PERE AR PRl aP0E Pt Bl P Bt S i anc

knea_dj&gt%[ step, and the coarse_particles could not  be

maintaigpciorthe same leyekasdhe atbersy  {mExample Sethgichangstia yisepsity in the
addition, the | arge nunber of the coarse particles

step venis nedinteived to’the ddwerrletdlghereby protiugiag tieaaeadsi pigmsitep.
In addition, since the shearing force was 39

, g With hel ddGivaRaad shdil : AT ]|
d% Sgrrgfi;o%tlfg was t'llﬁls? u%?ll cl eﬂ?, an?‘aﬁ%g &lﬁfﬁg}%fxgnper atﬁé?&esw o
stabilit or,al t hough.not to the_extent. o
RS PRI Bk AXoIBEt} e eyt & FEpImHIF bter popld be
whi ch the dispersion period was el ongated, the 5
formiedi aln Bxample 6; the kotadimgstepwes perforingdwnderdhe pauivalently
l'iquid were not deteriorated. However, it was found
tdvaadbld BRadiag RoaditicRoaRoderin FREdhbieI 16 dhareitre] evan st thie Wikpersion
when the ink jet recording ink produced using the
. i P e At t .

RERHS HEREL 5 B bt Bt R PREERRE ARG T hhe rippeP bEdbarse
Conpar at i ve, Exanpl e in which_ the_dispersion, peri.od
PS8 ¥as BREInGTea¥ gy b cqviNelepidligRprsion talilify Qging high
particles was 10 hard to be perfornmed, and the |uster
tempperhiameepresgrvsition to¢ bther Begyepleswas citminet. Rathérxasthk dispersion
which in which the mass ratio of (d) / (a) exceeded the

» | I .
Pl S o IR ARAR T b RS EA0Y o0BMlod?ind 6 ARYE
deteripr.ated, ,.but .nuch nore favqgrable properties than
ViSO g fi dispessitiasien ¥as expemdly {8 e i nt ai ned. On
the basis of these results, it was found that the 15
adj usfd®hl of (d) / (a) in the first half of the
kneadi ng period was particularly inportant. |NDUSTRI AL
APPLI \g¥ntrkskYin 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
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

after the centrifugal separation step. In addition, since the shearing force was
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According to the present invention, it is possible to
produce an aqueous pignent dispersion |iquid having a
purple color, which is excellent in water resistance,
light 20 fastness, and col or-devel oping properties, and
whi ch sinul taneously exhibits long-term stability at
hi gh tenperatures and a hi gh3zguster. Al so, by using
thi s aqueous pignment dispersion liquid, it is possible
insoffiefentlincthe Rneaditlg steyt, thecsoredingnof the signyeats wadinsuffigieat) and the
ink jet recording ink which is suitable for an ink-jet
{ H I
e T w09 IR STl et T CormyS b SB Example
useful. 40 CLAIMS 1. A production nmethod of an aqueous
pi gment dispersion liquid, conprising: a kneading step
of kneading a mxture including C. |. pignent violet 23
(a), InCanparstiverxample # i whichdhddispeasion petigdrwas ¢longated, the
an acid value of 50 to 300 ngKOH g, an alkali netal
infityd pRopefties € the Albdis ;(i@:ant@ﬁ@eﬁidﬁﬂicﬁﬁd‘ﬁlem detefibrated.

t hereby producing a colored, ~ kneaded material; and a

: (o £ i . )
HRWRIG AR 08T PG Bl i By WS B hen the
.machine wth nedia,, wherein 10 the mass _ratjo of (Db)
inkzjpt m@mngmp@dmﬁ%tﬁe aqueop,dispersion MqpKlewasrs at the
step, the mass ratio of (d) / (a) is within a range of
high Geimperatlred 2nd the tstability mms detatibratet]. t e Comperntive Example,3 in
and the change in viscosity of materials to be

, c 0 . : .

B e e B b o 8e pEes was
| ibguj d_agcording to, claim1l ereip the nmass.ratio of

bt pE Rt e i e S i et B SBoS MR 4R e
entire kneading step. 20 3. A production nmethod of an

aqueddExemplechin whichén whish the massratio 05¢d)i/ (@) exeeeded the
aforementioned range in the second half of the entire kneading period, each of the

1

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

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
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 therma! jet print

system. Therefore, the present invention is industrially useful.
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claim1l1l, wherein the mass ratio of (e) / (a) is within
a range of 0.15 to 0.60. 4. A production nethod of an
aqueous pignent dispersion |iquid according to claim
1, wherein the styrene-acrylic acid-based copol ynmer (b)
has a styrene-based 25 nonomgg unit of 60 mass% or nore
in the total anmpbunt of all the nonomer units and a 41
wei ght average nol ecul ar weLgamfSof 6000 to 40000. 5. A
producti on nethod of an aqueous pignent dispersion
liquid according to claim1, further conprising a
centrifugal separation step in which a centrifuga
separation ,51is rformed after the di spersipon step.,
15, A fPEiiction merHotias an arieghs pigmest disprrsig idutth comptsing:
liquid according to claim1, wherein the nunber of
coar sekneadingstepofikinedding pmitturs ipcludingd. dr pighent violet 23 (a), a

nore is 150 mllion to 1 billion pieces/nL after the

stéeaaES1ie Acidtkabed ddpolymeTb) With b heifl SaRIEGFB0 tb BH0 mgKOH/g, an
conprisSing, as a main conponent, the aqueous pignment

S omn Liquid oduced, by the pr Ctyl { 0
oRHE RERT g e Bl R B s o2 B E ety bR golorec
one of clains 1 to 6. 15 8 An ink jet recording ink
kngadedt mptegiak @0d| ai m 7, wherein the ink jet recording ink
is used for an ink-jet recording printer using a
t her nadiispersion step lof dispérsing 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% or lower in the

dispersion step.

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 0.42 during the

entire kneading step.

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

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

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

monomer unit of 60 mass% or more in the total amount of all the monomer units and a
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weight average molecular weight of 6000 to 40000.

5. A production method of an aqueous pigment dispersion liquid according to
claim 1, further comprising a centrifugal separation step in which a centrifugal separation

is performed afier the dispersion step.

6. A production method of an aqueous pigment dispersion liquid according to
claim 1, wherein the number of coarse particies with a particle diameter of 1 pm or more

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

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.

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.



