- 1 - DESCRIPTION Title of Invention: PIGVENT D SPERSI ON, WATER- BASED
Pl GVENT DI SPERSI ON LI QUI D, AND | NKJET RECORDI NG | NK AND METHOD FOR
PRODUCI NG WATER- BASED PI GVENT DI SPERSI ON LI QUI D Technical Field

[ 0001] The present invention relgtes to a pignent dispersion
using a yellow pignent for ink, a water-based pignent dispersion

| i qui d obtai ned by di spersing the pignent dispersion in a water-based
medi um and a net hod for produci ng the water-based pi gnent dispersion
liquid, and an inkjet recording ink containing the water-based

pi gnent dispersion liquid as a muEscRUAT@ENt . Background Art [0002]
Wat er - based i nk can reduce the risk of fire and the toxicity such as
mut ageniTittle athilotvearteiqr:obl ens of oil -based i nk. Therefore,

wat er - based i nk has been widely used in inkjet recording applications
ot her t HRAGMENIUATIRBRANN i GERTRMSBASED P YSMENTe rD IS Tk IetQUID,
recordi %i nk that uses a pignment has an advantage of providing
excel | e | GRITETe REGGHEAG Hole YD METHGHe FSIRyRRADUGINGOWATER -
sufficiently pulverized, - 2 - droplets cannot be stably discharged
and the P&St%% RfCM G 5L SR Ryl Qo I% not inproved. It is also
difficult to stably hold pulverized pignent particles, which poses a
| ar ge probl em such as cl oggi ng of nozzl es caused by aggregati on and
precipitation of the pjgment. The precipitation due to the

aggr egatioNbcdhe ilghent poses a serious problemin that the yield
gand qual | &’013“3 decreased in the production process of a water-based
“pignent dispersion liquid, which is an internedi ate of ink. To
address such- pro a. in [ a _pignment is. di.spersed in a
wat er - based % i %%%%P%glg%%ogg%lr F\éﬁai%lségertga%t pﬁgrs“el%eglgpersmn

i nvesti : [+ r T [ t. .t [ se a

pi gnent gﬁsts]i g o Iy\ﬁgwp(ﬁl n%(r?#g tgjlrsplt-:-ngrks’a?‘iﬂt qA’saoecét ?ﬁasﬁ%%ﬁg@rti cles
have a sit 41 cl-e.. S g Y j .qn of the
pi gment Q%‘E?rﬂeﬁoﬂ;ﬁﬂg %l?ln%c;%n par%%c%%lsﬁ%%ﬁggk%o?ﬁ%%ﬁyel | ow

pi gnent s1ihpd g X Gl |LRfa dd9Ha JRE I BNRE . anH s mdtthds if ficult to
produce a wat er-based pignent dispersion liquid and a water-based

i nkj et rAcendiing ithe hhale s X Galdnitt |didHe /8rSARRAE, and an
di spersibility, and dispersion stability by using limted types of

pi gnent sSinj@i03ecording ink containing the water-based pigment

dispersion liquid as a main component.
Background Art
{“4 [0002]

Water-based ink can reduce the risk of fire and the
toxicity such as mutagenicity, which are-problems of oil-
based ink. Therefore, water-based ink has been widely used
in inkjet recording applications other than industrial
applications.

A water-based inkjet recording ink that uses a pigment
has an advantage of providing excellent light resistance.

However, if the pigment is not sufficiently pulverized,



In view of the foregoing, the applicants of the present invention
previ ously proposed a water-based pignent dispersion liquid

contai ning Pignent Yellow 155, whichis a - 3 -

bi s-acet oacetal | ylide pignent, disperaed using a styrene-acrylic acid
copol yner as a dispersant (PTL 1). ~ "The wat er - based pi gnent

di spersion liquid produced in PTL 1 has excell ent col or devel opnent
and |ight resistance, which are strong points of Pignment Yellow 155.
However, when the water-based pignent dispersion liquid is used for
an i nkj etrdgikedhatamrrdod @ damne m@@@%@a@ragﬂawe M Rd JFOWmages
viscosity, the pignment is not always sufficiently dispersed and the
preci pi teat ien feauzed Ry mggriegatdvesd .of TthesphypBnaidaitaytster age
cannot be sufficiently suppressed. In addition, to neet a recent
demand fsaradlivghrogldo s livieager egiu aldigime nerq giavral ieflte st, 0 wipdalh topsefs & | m
phot os, pignent particles need to be dispersed so as to have a

smal | er lpards glmlsliere sufthe raf arle@gdtimer e fhaw dzders aastseandpydenand f or
addr essi ng the above-descri bed probl ens. The applicants have

si gni f i cagdegatdduc edd pyr gerigditpittian of ddesed dmendggr €gati on of a

pi gment and have significantly inproved the dispersion stability of

t he wat @rSsasdd adiigre ftuaditspdhsi aodpdaddiong of dihel rdEmsan®AseE Ag a
specific structure_in a kneading step of a pignent to prepare a

pi gnent SETEHRISs iRFPRMFTE B Tt Sicd ?Fé"et e edico lrco s Yard s slecheassd i d
Form at roomtenperature and then by di spersing the pignment

(di sper sitdh §F PURUETEIEs SF IrEHUMY PefErteto PBRER PIIHGREver , si nce

Finely SHPESTSMER S iid Rl oA e arare [Fe8] Tod@nor | n an
for further (RprOUERGS RECY! BEEoGF For ROHCHRGes by FFhchy BPRBEFSi ng
Publ | oot =550 Fs0 tat e bR S ea A e A Rt o

P obl om CH e 1 96 by The A saeran To00d] S UE B BBy et or Ehe

present iNvERA;QN 1S dp APEde 3 YaldhRWWLELPATAY, B ggsggﬁne.ric

di spersion liquid that includes pignment particles di'spe wth a

si gni fi ARt SRl ls PIHACHA @it ahali Nas eseRl lenrinadiispersiiene
stability, that causes |ess precipitation even at |ow viscosity, and

that proevizesdd ¢o Fess Wi d eedicsReSisA iofuitthd pidgRGtaFor BRI N
conponent of inkjet recording ink.
long time. In particular, there are not many yellow
é;{ pigments having excellent light resistance. Thus, it is
difficult to produce a water-based pigment dispersion liquid
and a water-based inkjet recording ink that have excellent
light resistance, dispersibility, and dispersion stability
by using limited types of pigments.
[0003]
In view of the foregoing, the applicants of the present

invention previously proposed a water-based pigment

dispersion liquid containing Pigment Yellow 155, which is a



Means for Solving the Problens [0005] As a result of eager study
conducted to solve the above-described problens, the inventors of the
present invention have found that, by suppressing so-called bridging
aggregation in which a resin bridges pignment particles to cause the
aggregation of the pignment particles particularly - 5 - in a

di spersion step or a step of drying ink, the dispersibility of the
pignment is further inproved, which is effective for inproving gloss.
The applicants have thought of realizing pignment dispersion that

SUppr s §8iSs 1 tifd g 101 ARG L Gl dnih D etaRgTe R GITRIMN: AT iGhasne th a
resin, by efficiently coating, in advance, the surface of the

bi sacet cagetiald Wdide qu@BAte Widd A Eitgganemacr pdtic 13ci d copol yner
resin. That is, the applicants have studied addition effects of

vari ous addi Theesiategabdised phemenat digpefrstiba piigueat psvaltiaed wnt h
the resin in a kneading stage of mxing the pignent and the resin
and, at RTHe Isdrmes taxmslleante cdidd rdwack tdpeneeftf ectds lafghthereaddittances on
downst ream processes and properties of final ink products. As a
resul t, wehpptd cintanchape ftoumd thhignenvh éfe ldovadétsy| eHewglhgrol
surfactant is used as the additive, a pignment dispersion that

provi desiirgH-ht sipdresiiaded) rirmhegitoshi spat herpriddivciet 1 savg diavieor
conpl eted the present invention. The present invention provides
a pi gner doHpPIGET titgh WRtcmaeds o heols @acst digfichag@nakdipdvatnce,
produced by kneading a m xture containing a bis-acetoacetallylide

pi gment {3 VP Qriehe-AtG AL A d- TPl yerRYS)su i isdsnE Igonpound

i (0) TR £ P A OIS ST m b RS et £

%?g?ggk;%g&%ﬁh?fgﬁ%ﬁgfl e %%P?L%yégiaé?!%%Eﬁ?cfgné?9¥%d%pressed.
In addition, to meet a recent demand for high-gloss image
quality equivalent to quality of film photos, pigment
particles need to be dispersed so as to have a smaller
particle size. Therefore, there has been a strong demand
for addressing the above-described problems.

The applicants have significantly reduced the

gw, precipitation caused by aggregation of a pigment and have

- significantly improved the dispersion stability of the
water-based pigment dispersion by adding a diol compound
having a specific structure in a kneading step of a pigment
to prepare a pigment dispersion which contains the diol
compound and is in a solid form at room temperature and then
by dispersing the pigment dispersion in a water-based medium
(refer to PTL 2). However, since Yellow 155 ig a pigment

whose particles are not easily dispersed finely and pigments



(in the formula, RlL, R2, R3, and R4 each independently represent a

I inear or branched al kyl group having 1 to 8 carbon atons in its main
chain, and mand n each i ndependently represent an integer of 0 to 20
and do not represent 0 at the sane tine) and/or a surfactant conposed
of a m xture containing a conpound Fegfésented by general fornula (2)
bel ow [0007] [Chem 2] -4ITr 00 HIIl ( 2 ) (in the formula, Rl, RZ2,
R3, and R4 each independently represent a |inear or branched al kyl
group having 1 to 8 carbon atons in its nmain chain) and - 7 - a

pol yoxy e rinty leAldiey ushes & Rfdete rgrouprhaski2 tt @b redmndon
atons and/or an ether conpound represented by general fornula (3)
bel ow [ HABlod G&Rid3 higher gloss, there has been a demand for
further improving the gloss of formed images by finely
dispersing a pigment.
PTL 1: Japanese Unexamined Patent Application
Publication No. 2005-060419
PTL 2: Japanese Unexamined Patent Application
C Publication No. 2007-254735
Disclosure of Invention
Problems to be Solved by the Invention
[0004]
An object of the present invention is to provide a
vellow water-based pigment dispersion liquid that includes
pigment particles dispersed with a significantly small
particle size, that has excellent dispersion stability, that
causes less precipitation even at low viscosity, and that
ij\ provides high gloss when the dispersion liquid is used as a
) main component of inkjet recording ink.

Means for Solving the Problems

[0005]

As a result of eager study conducted to solve the
above-described problems, the inventors of the present
invention have found that, by suppressing so-called bridging
aggregation in which a resin bridges pigment particles to

cause the aggregation of the pigment particles particularly



(3) (g represents an integer of 1 to 30 and R5 represents a linear
or branched al kyl group having 7 to 11 carbon atons); the kneadi ng
aid (e) has an HLB value of 8 to 12; the mass ratio (e)/(a) of the
kneading aid (e) to the bisacetoacetallylide pigment (a) is 0.5/100
to 7/100; and the acid val ue of the'sﬁyfene-acrylic acid copol yner
(b) is 145 to 175. [0009] The present invention also provides a
nmet hod for produci ng a water-based pignent dispersion |iquid, the

met hod i ncludi ng a kneadi ng step of kneading a m xture containing a

bi s- acetigacetaldpdidePigmntod @) s tdﬁ%&%f@fé;’)ﬂﬂ]& agid copol ymer

(b), a basic conmpound (c), a hunectant (d) a kneadlng aid (e) to

prepar e & y<gnEini Iciapes tHien piljnehhd S d Fwa-SRld dofddidied, MOGMh is
tenperature; - 8 - and a dispersion step of dispersing the pignent

conposi taffiedtivee adrerinased mediiogs whehei appheckneadhageattdoght
contains a surfactant conposed of a conpound represented by general

f or mul a ofl)rdzel ioan r{dd @l mdrEhemspHr RidR2 tHa tHeUEh} G2 5) Athe CHZ-dgHg
-0)-H (in the formula, Rl, R2, R3, and R4 each independently

r epr esemggrddateiam dre thresnt hsdmaEky Ipagrtoup erawing: b tres8rcadhon at ons
inits main chain, and mand n each independently represent an

i nt eger ftfigiently smbtdachotin epheges, Che surdasmeh ithe) brd/ or a
surfactant conposed of a m xture containing a conpound represented by

gener al ¥GHAACEED LW dsw Jigment wdffdma sjtyrene-acrylic acid

{Mj copolymer resin. That is, the applicants have studied
addition effects of various additives regarding the coating
of the pigment surface with the regin in a kneading stage of
mixing the pigment and the resin and, at the same time, have
confirmed the effects of the additives on downstream
processes and properties of final ink products. As a result,
the applicants have found that, when an acetylene glycol
surfactant is used as the additive, -a pigment dispersion
that provides high dispersibility and gloss can be produced,

{w? and have completed the present invention.

- The present invention provides a pigment composition
which is in a solid form at room temperature, produced by
kneading a mixture containing a bis-acetoacetallylide
pigment (a), a styrene-acrylic acid copolymer (b), a basic
compound (c¢), a humectant (d), and a kneading aid (e),
wherein the kneading aid (e) contains a surfactant composed
of a compound represented by general formula (1) below

[0006]



-9 - -j lirir j R-GCG=CCR (1)1 OIl HH( 2 ) (in the formula,
R1, R2, R3, and R4 each independently represent a |linear or branched
al kyl group having 1 to 8 carbon atons in its main chain) and a

pol yoxyet hyl ene al kyl ether whose al kyl group has 12 to 14 carbon
atons and/or an ether conpound represented by general fornula (3)

bel ow [0012] [Chem 6] R5 O0-ECH2CH2OVH (q represents an integer of
1 to 30 and R5 represents a linear or branched al kyl group having 7
to 11 carbon atons); the kneading aid (e) has an HLB value of 8 to
12; the massnratjio (e)/(a) of the kneading aid (e) to the

bi sacet oacetal l ylide pignment (a) is 0.5/100 to 7/100; and the acid
val ue of the styrene-acrylic aC|d copol yner (b) used in the kneadi ng
step is 145 to 175. s

I .
R—C—C=C—C—R"

I |
HfO—CHg—CHg O OfCHQ—CHQ —O}HH
1m

(1)

{&} (in the formula, R1, R2, R3, and R4 each independently
represent a linear or branched alkyl group having 1 to 8
carbon atoms in its main chain, and m and n each
independently represent an integer of 0 to 20 and do not
represent 0 at the same time) and/or a surfactant composed
of a mixture containing a compound represented by general

formula (2) below

[0007]
[Chem. 2]
D | |
I % _ _1
R~§~C:C—?—R
? ?
H H
(2)

(in the formula, R1, R2, R3, and R4 each independently
represent a linear or branched alkyl group having 1 to 8

carbon atoms in its main chain) and



[ 0013] The present invention also provides an inkjet recording - 10
- ink containing the water-based pignent dispersion |iquid described
above as a nmain conponent. In the pignment dispersion of the
present invention, when the bis- aceto&cetallylide pi gnent (a), the
styrene-acrylic acid copolyner (b) e basic conpound (c), and the
hunectant (d) are kneaded with each other to prepare a pignent
di spersion which is in a solid format roomtenperature and i s used
for a water-based pignent dispersion liquid for inkjet recording, an
acet yl eng diinentyurfiagicantl iavidithed siREd 10 kst Weldce mard 1HLB valsue
is added as the kneadlng aid (e) in the predeternmned anmount range.
Ther ef oreyrddie e RindSWf ace is wetted due to the surfactant, and
the adsorption of the styrene-acrylic acid copolynmer onto the pignent
sur f ace apr eperdy qumgeesds . rdpreadditdOmy kydrdgialg faggidgat (30n Hedioneen
pi gment particles does not occur in the production of the pignent
di spersil@derid thus a pignent di spersion that can be significantly
easily dispersed in a water-based nedium can be prepared. Advantages
[0014] [Chem.THd pi gment di spersion of the present invention is
easily handl ed as a solid pigment dispersion containing a
bi s-acetoacetal | ylide pignent in a high concentration or a nodified
pi gnent. By dispersing the pigment dispersion alone or the pignent
di spersi oA QLQ@EBQHMQ%EQQ agents in a water-based nmedium a
ment di spersion |liquid can be easily produced. The
| ~ pi gnent di spersion liquid of the present invention
produced t hrough a kneadi ng step of preparing the pignent dispersion
and a step of dispersing the pignenL qlsper3|on in a water-based
medi um has excel |l ent dispersion sta B ity with I'ess aggregation and
pi gnent precipitation in the water-based nedi um because the size of

pi gnent rid (il % cr.es s%%_f(arg)dﬁ t heC Slérof ages R%f rteE%e%%rtl cles are
h

properly oated a reS|n recordi ng coﬁ%alnlng t he

vat er - %%aﬂ*l gﬂe'ﬁr qi Q{}lll 'ﬁ&{bess 5 I-n (CoRpORAl Q@la%.toms ) ;

excellent sSpersion s egat1 on and pl gnment

preci pi tiald ahddn e avxa; e<re b%?a"sd aHP(ﬂLlﬂ“\}a!lK;% e swactoermbasc%% agent

di spersion liquid and prOV|des excel T'ent gloss and 11 ght’ resi stance.

Best Modetiof (@ar/d)nsOuthd hendaaieny i:0m [Q01%)o the bikach of
components of the pigment dispersion according to the present

i nventi creemddcdtew 1Ba ifay thiefmeds crd)bad in sjatod lto A/100; and the
bi s-acet oacetal | ylide pignent used in the present invention has a
st ruct ursireepragsented dhe genaraale faarmllia )1idregensmir f@nmilsa 165)
bel ow. [0016] [Chem 7]

{jﬁ to 175.

[0009]

The present invention also provides a method for
producing a water-based pigment dispersion liquid, the
method including a kneading step of kneading a mixture
containing a bis-acetoacetallylide pigment (a), a styrene-
acrylic acid copolymer (b), a basic compound (c), a
humectant (d), and a kneading aid (e) to prepare a pigment

composition which is in a solid form at room temperature;



- 12 - O [0017] [Chem 8] (5) (inthe fornula, Ro

i ndependently represents CH3, OCH3, 002115, d, Br, NO2, or OO000H3; m
is 0to 3; X and Y each independently represent H CH3, OCH3, or d;
and Z represents CH3, O0H3, or C.) - 13 - Exanples of the pignment
represented by the general formula (4f or general fornula (5) include
C.I. Pignment Yellow 155, C I. Pignment Yellow 16, and C I. Pignent

Yel | ow 98. In particular, C 1. Pignment Yellow 155 represented by
chem cal fornula (6) belowis suitable in terns of col or

devel opahid id aiaptdilcabidddy of dispersing the pigment composition
in a water-based medium, wherein the kneading aid (e)
contains a surfactant composed of a compound represented by

general formula (1) below

[0010]
[Chem. 4]
Rl R?.
. 30 | )
{ R—?—CEC—?— R*
Hf0—-~-(:‘Hz~—-—CH2 0 OfCHZ—CH2 ——O}H
1m 1

(1)

(in the formula, R1, R2, R3, and R4 each independently
represent a linear or branched alkyl group having 1 to 8
carbon atoms in its main chain, and m and n each
independently represent an integer of 0 to 20 and do not
{ﬂa represent 0 at the same time) and/or
- a surfactant composed of a mixture containing'a compound
represented by general formula (2) below
[0011]

[Chem. 5]



[0018] [Chem 9] N H3CO- CH CO-NH NHC 0- CH COCH3 (6

R! R’
RS—(lj——CEC—C—R4
o o
b b

(2)
(in the formula, R1, R2, R3, and R4 each independently

§M3 represent a linear or branched alkyl group having 1 to 8

carbon atoms in its main chain) and a polyoxyethylene alkyl

ether whose alkyl group has 12 to 14 carbon atoms and/or an

ether compound represented by general formula (3) below
[0012]
[Chem. 6]

R}

O{CHQCHQO)(I—H

(g represents an integer of 1 to 30 and R5 represents a

Y

~

linear or branched alkyl group having 7 to 11 carbon atoms) ;

the kneading aid (e) has an HLB value of 8 to 12; the mass

ratio (e)/(a) of the kneading aid (e) to the bis-

acetoacetallylide pigment (a) is 0.5/100 to 7/100; and the

acid value of the styrene-acrylic acid copolymer (b) used in
the kneading step is 145 to 175.

[0013]

The present invention also provides an inkjet recording



The average particle size of the pignment neasured by el ectron

m croscopi ¢ observation is preferably 200 nmor |ess and nore
preferably 150 nmor less. If the particle size is nore than 200 nm
hi gh gl oss is not achi eved and the dischargeability of ink is often
adversely affected. Herein, the aveTéU% particle size of a pignent is
obt ai ned by neasuring the sizes of 100 pignment particles in a ngjor
axis direction and by averaging the sizes. [0019] - 14 - A
styrene-acrylic acid copolyner (b) used in the present invention

cont ai nsirad dfasti AR WHN 6 IFRNI0MIRSs RN G i3kl G idgedard/ afiquid

met hacrylic acid and preferably contains all of a styrene nononer,
acryl i c Redhia dRNRAGY|ld éade Gonlgdbrdig .nmononmer conposition of the
styrene-acrylic acid copolyner (b), the ratio of the anpbunt of a
styrene nonomer thei bigekati desberthent ofakhanpusteat ahl-efononer
units is preferably 60% or nore by mass, nore preferably GO to 90% by
mass, andefrurdheeoipr-efcartalsioe tAQ Ityd iRYodhynmrass . (al)n  péret istylrene -t he
ratio of the total anpbunt of a styrene nmononmer unit, an acrylic acid
nmonomer amiylicardid medrdemen cldci dhrmerec wonpoueldaticve teomd hibe
total anmount of all nononer units is preferably 95% or nore by nass.
In the dasediisarte e astey kareadast yiitd: scich copsity mer pisparsed for a
wat er - based pi gnent dispersion liquid for inkjet recording according
to the priegEmt  HFaRIoPthad ichsthfr die fgrm &itn r#Amar ge anount
f 60% or nore by mass_relative to the total anount of all_nononer

units, tYRERSGFESYAReRThVGr 58P df¥orhdadmtto Rasedi nts GERes Siech
is rich_i,n hydrophobic conponents and thus od dispersibility of the
b grent TAHE S Hel R DA R G ACoT IFBEn6R Yot R EESERE
i nventiqn, .the copolyner strongly adso onta the surface of the
b1 5 ac QBT A AR GRamETaRe F P LU oI Fowtigs.
Conpar e i_th the .case where.the copal yner is used.for _other - 15 -
oi gnent oA digien el B o1 Y Srer vt e S i vl
mai nt ai ngd, NG g, Pidhafe Gl 90e SRR AN, 19,001 or mor e
by mass, “excellert tecdrding characteri'stics for 5ﬁaln paper and high
recor di %rck%{}sé ofs JPTHRA J A e dghievad ising an Jd nid;ef
recording in Sg%aiﬁ% fromthe f@r-base pi grrent dﬁSp rgion *
i qui d. ddpadaidd Aheditgh Walflede htanee Bogddift ¢ddeldgrs apd
formed images is provided. en the ratio of the styrene nmonomer unit
is 60 tad%in,mss.dHerf aafdidydr @ dditeHny (ERRredt! Wairk 120l
copolymer (b) for a water-based nedium can be nmaintained and the
di sper sidudd tnorardtdisper e mahiddilon off ane giementn dikfersion
wat er - based pignent dispersion liquid can be inproved. As a result,
ghen t hercbpdluarer digymesed diepeats iidik|jtdiatr ecor engs iignk,f igeed 1y
ischarge stability and printing stability can be achieved. [0020]
The aci cdcasllye difsparsest yire e -vwedrep e sgci checipol yzer be( Iprepsedd.n t he
wat er - based pignent dispersion liquid of the present invention is 145
to 175 rgkEHtggashen the acid value is nore than 145 ngKOH g,
sufficient hydrophilicity is achieved. Therefore, when an inkjet
recordi NP4tk i s produced, the reaggregation of a pignment in the
conposition is not easily caused and stable dispersibility can be
achi eved. Whéhet RAJBENF (aFBerFdcress thE&nPIPSSRKOAVERtLiREB &8pol yner

has an appr.opriate hydrophilicity. Therefore, the
égéil§ handled aé)a so i&/pigment dispersion containing a

bis-acetoacetallylide pigment in a high concentration or a
modified pigment. By dispersing the pigment dispersion

alone or the pigment dispersion and other coloring agents in



- 16 - adsorption onto the pignent surface, which is basically

hydr ophobi c, is favorably maintained without being inpaired. In
addition, when an ink is produced and an image is forned on a
recordi ng medium high water resistance of ink-printed matter is al so
mai nt ai ned. The styrene-acrylitc Heid copolynmer (b) used in the
present invention has a styrene nononer unit and an acrylic acid
nmononmer unit or a nethacrylic acid nononer unit. A publicly known
conpound can be used as the styrene nononer unit that constitutes the
styr ene-agHd:C RESH GRRAWTER (RreEHRBAESD iQnnte GPRIUNGH ncl ude
al kyl styrenes such as styrene, a-nethylstyréené, P-nethylstyrene, 2, 4-
di met hyistouien@earaiRt Rwsstiyr erequrdaut yrstywaner-Badeahgxyhshyr ene;
hal ogenat ed styrenes such as 4-chl orostyrene, 3-chlorostyrene, and

3- br onostiyeniesi cand i3uiiid 0TS thitee e on the k@S ioy eieduard through

vi nyl t ol uene. Anong these styrene nononers, an al kyl styrene
nononmer a kreefierglstepudd pargbaar istgy redree pignemr dispeosti opr ehelr abl y
used. [0021] The styrene-acrylic acid copolynmer (b) may contain

ot her nwrerers tthapegaridge ghal ygmiendd diispe rshienstiyr enerarmerotreised
acrylic acid, and nmethacrylic acid. The total anmpunt of the nononers
ot her t madittre hatsy rearve Immdmeld spearsyilare sdeild, 1 idnyd wilvd detsisacryl i c
acid is preferably less - 17 - than 5% by mass. Exanples of the
monomer AEaERE 10Fe tAch EXAATERIES PR Pad- arsaay 111 fdteh Padeyl-eeecet hyl
Ameth)acrylate, n-propyl (neth)acrylate, isopropyl (meth)acrylate,
REGAUESe thee £ EHsrIeREC e

‘n-but yl MEFELR) EWRR A RATAIE L oo i cased
(meth)acrylate, 2-nethylbutyl (neth)acrylate, 2-ethyl butyl ,
(neth)a@ﬁé . SRR Ut VA et &€, PE%&%#Q%FR%W%&?Pth a
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and ar al o dIEEVALA RLS S SnDhan dIIPRRANUAL o dinedla
(nmeth)acryl ate, and phenyl ethyl (nmeth)acryl ate; nono(neth)acryl ates
of pol yhyidiHe r@sehelneaand pol yhydric phenol's such as diethyl ene

gl ycol, triethylene glycol, polyethylene glycol, glycerin, and

bi sphendedk Mtk dicd kdrialeptes deh Bs/«didieihyl nal eate and

diethyl naleate. One or nore of these nononers can be added as
pononer [amsdnents. [0022] The wei ght - average nol ecul ar wei ght of the
styrene- - 18 - acrylic acid copolynmer (b) used in the present

i nvention i sEprcéf efaboypbned@st of46he0®igmene prepersbby Zc65060dtiog
30,000, and further preferably 7,500 to 14,000. If the weight-average
mol ecul d&o wdighmraserdtesigivdriia@ 000,1 triw fer tiuwitédresi Zesofridiesheamrsed
particles at the initial stage at which a water-based pignment

di sper sid®tailgui & dstecrigacstaadivilydgepionsad, uset thetBBaPragedE
the pignment with the copolynmer tends to becone insufficient and

preci pi tEVOH ¥@hdes ¢ stEHct Ve tifrfseatad bys afrermadulfot lgc Hideve
sufficient gloss. | f the weight-average nol ecul ar wei ght of the
st yr ene-AcrSARSE e i fPEBPG yimer R9)°%'s nore than 40, 000, the viscosity
of an inkjet recording ink prepared froma water-based pi gnent

di sper si %q]quid cont ai ni ng such a copolyner is easily increased and
t he discﬁg&g& sﬁability of the ink tends to decrease.



[ 0023] The styrene-acrylic acid copolynmer (b) used in the
present invention nmay be a random copol yner, a bl ock copolyner, or a
graft copolyner. An exanple of the graft copolyner is a graft
copol ymer having a stemor branch constituted by polystyrene or a
copol ynmer of styrene and a noni oni ¢ mohomer that can be copol yneri zed
with styrene and a branch or stemconstituted by a copol ymer of
acrylic acid, nethacrylic acid, and a nononer containing styrene. The
- 19 - styrene-acrylic acid copolyner (b) may be a m xture of the
above-described copol ymer and a random copg| yner. [0024] In the
pi gnment disperﬁgﬁh of the present inventiRp, the mass ratio (b)/(a)
of the styrene;acrylic acid copolyner (b) tothe
bi s- acet oaggtghl yl i de pignent (a) is prefe 10/100 to 40 /100 and
particul ar eferably 18/ 100 to 25/100. e mass ratio (b)/(a)
is less thal—10/100, the dispersion stabil rty“when a water-based
pi gnent dispersion liquid is produced is decreased. In addition, when
an inkjet regording ink is prodyced using the water-based pignent
di spersion |i oRy t he rubbi ng resistanc&c?ends to decrease. If the
he viscosity of an inkjet
NIdli scharge stgbility tends to
decrease. In ntain i'gh-t enper ature storage
stability thg ¢gequired/for use of | jet type inkjet
~ecording inks, it is inportant to set“the ratio (b)/(a) in the
‘above-descri bed range. [0025] The styrene-acrylic acid copol yner
(b) is used together with a basic conpound (c) to neutrali(fe its
acrylic acid sites. The basic conpound (c) softens a resin in the
kneadingﬂ§tep and causes a coating process of a pignment with the
resin tosnoothly proceed. In addition, the basic - 20 - conpound
(c) inprﬁ%ﬁ§ the dispersibility of the pignment coated with the resin
in a water- Ased medi um Ei ther of inorganic basic conpounds or
organic I npounds can be used as the basic conpound (c).
Exanpl es of the organi c basic conmpound include am nes such as
nmet hyl am ne, di net hyl am ne, trinethylam ne, ethylanjne, diethylam ne,
and triethylanﬁg@; and al cohol am nes such as tri &ghanol am ne,

di et hanol am ne, “and net hyl di et hanol am ne. Exanpl es t he i norganic
basi ¢ conpgung~i ncl ude hydroxi des of alkali netals as potassium
and sodi u l: bonates of alkali netals such as po um and sodi um
car bonat es~af~al kal i ne-earth netals such as cal ci um™grid barium and

ammoni um hydr oxi de. In particular, when a water{based pignment
di spersi on INqud is produced fromthe pignment disggmsion of the
-esent invent¥gn and furthernore when/an inkjet~meﬁording ink is
gLoduced fromthe water-bag pi gngpt~di spersion |iquid, the alkal
met al hydBoxid N To 0 ®= ' I
di spersibility, st|prage st eﬁﬂtp proper| ies!of i nkj et
printers, and)wate&r resistance of prints. The a kal tp netal hydroxi de
such as pot assi um hydroxiéle, sodi um hydroxi de, or 1ithium hydroxide
anong the basic conmpounds contributes to a decrease in the viscosity
of the water-based pignment dispersion liquid and is preferablysused
in ternms of discharge stability of inkjet recording inks. In

articular, potassium hydroxide is_. - 21 - preferred,
P (ain t@le 6}fomnula,y Ry 1ndependently represents CH;, OCH;, OC;Hs,

ed Gz terns of

Cl, Br, NO,, or COOCH;; m 18 0 to 3; X and Y each
independently represent H, CH;, OCH;, or Cl; and Z represents

CH,;, OCH;, or Cl.)



The al kali netal hydroxide is preferably used in the formof an
aqueous sol ution. The anount of al kali netal hydroxi de added is based
on the acid value of the styrene-acrylic acid copolyner (b), and the
al kali metal hydroxide is preferably added so that the neutralization
ratio is 80 to 120% A neutralizatiomtatio of 80%or nore is
preferred in terns of an inprovenent in the dispersing rate of the
pi gnment dispersion in a water-based nmedi um when the wat er - based
pi gnent dispersion liquid is produced fromthe pignment dispersion,
the di spaisigIeStabidrd % iQnddte reahelsdhased i FRNGGHsRar $9hula
liquid, and storage stability. Furthernore, a neutralization ratio of
120% or (8sor yeieafAar redniul 4 s iefcltiir Rr.aventiggref veehati ass,
during long-term storage of the water-based pignent dispersion |iquid
or the ikj.etrirgeardiveg ik 1and ardde avat e ilge®ingt araq of 9@r.i nt's
produced with the ink. In the present invention, the
neutralizati an patitdcudaa, pertenPagecot vhélawoust okpakkahtedebsl
hydr oxi de added rel ative to the anount of al kali netal hydroxide
requi r edhteonirgsit rfalrinrd aal (6 ) c doellony igr cugsall e He steymenefacoylorc aci d
copolymer (b). The neutralization ratio is calculated fromformula
bel ow. [BoEGlcHaHIH.tyljand dxrabiNddor-al i zation ratio (%9 = ((Mss of
basi ¢ conmpound (g) x 56 x 1000)/(Acid val ue of resin x Equival ent of
basi c cofd¥id x Amount of resin (g))) x 100 [0027] A kneadi ng
éﬁd (e) contain%d in the pignment dispersion of the present invention
nd usedGB¥%-hélnet hod for producing the water-based pi gment
di spersion liquid of the present invention contains a surfactant

conposed ,of cety e glycol compound and/ or achant Hgonposed
of a nix#g?%éggﬁta

i "
conpound. The kneaagxgg)%%%gn:n%(égk%éo @ and an et her

{ speci fic range.
That is, the kneading aid (e) contains a surfactant conposed of a
conpound represent ed, by general fornmula (1) bel owN 0028] [Chem 10]
RR2 31l RGC=.-CGGRII\ 1'\11

N

| I
H;CCO—CH—C O—NH@NH—C O—CH—COCH;

»

gw? The average particle size of the pigment measured by
electron microscopic observation is preferably 200 nm or
less and more preferably 150 nm or less. If the particle
size is more than 200 nm, high gloss is not achieved and the
dischargeability of ink is often adversely affected. Herein,
the average particle size of a pigment is obtained by
measuring the sizes of 100 pigment particles in a major axis
direction and by averaging the sizes.

[0019]



O-CHi -CH1L )00 CH,-CHI -0 Htn, n (1) (in the fornmula, Rl, R2, R3, and
R4 each i ndependently represent a linear or branched al kyl group
having 1 to 8 - 23 - carbon atons in its main chain, and mand n
each independently represent an integer of 0 to 20 and do not
represent 0 at the sane tine) and/or ¢ sur f act ant conposed of a
m xture containing a conpound represented by general fornmula (2)
bel ow [0029] [Chem 11] RR2 114 WC-CEC-CGR (ry i
Il (2) (in the fornmula, Rl, R2, R3, and R4 each independently
represent a hi Begi-cae-Beagehedaalkykoghoypehraybnguletioid egebon atons
inits main chain) and a pol yoxyethyl ene” al kyl ether whose al kyl
group hasrek2rito itAreGariRon irids i ¢/tor <l tetth &t e RIROWidsh o esint ed
by general fornula (3) bel ow [ 0030]

acrylic acid and/or methacrylic acid and preferably contains

all of a styrene monomer, acrylic acid, and methacrylic acid.
In the monomer composition of the styrene-acrylic acid
copolymer (b), the ratio of the amount of a styrene monomer

unit relative to the total amount of all monomer units is

i&f preferably 60% or more by mass, more preferably 60 to 90% by
mass, and further preferably 70 to 90% by mass. In
particular, the ratio of the total amount of a styrene
monomer unit, an acrylic acid monomer unit, and a
methacrylic acid monomer unit relative to the total amount
of all monomer units is preferably 95% or more by mass.

In the case where the styrene-acrylic acid copolymer
(b) used for a water-based pigment dispersion liquid for
inkjet recording according to the present invention has a

{M? styrene monomer unit in a large amount of 60% or more by

) mass relative to the total amount of all monomer units, the

copolymer favorably adsorbs onto the pigment surface which

is rich in hydrophobic components and thus good
dispersibility of the pigment can be maintained. 1In the
production method of the present invention, the copolymer
strongly adsorbs onto the surface of the bis-

acetoacetallylide pigment, in particular, Pigment Yellow 155.

Compared with the case where the copolymer is used for other



[Chem 12] R5 O-(-CH2CH20)1 H - 24 - (g represents an integer of 1
to 30 and R5 represents a linear or branched al kyl group having 7 to
11 carbon atons). The kneading aid (e) has an HLB value of 8 to 12.
The kneading aid (e) is preferably the surfactant conposed of the

m xture contai ning the conpound rep?ég%ﬁted by the general fornula
(2) below [0031] [Chem 13] RR2 ,140( 2 ) (inthe formula, R1,

R2, R3, and R4 each independently represent a l|linear or branched

al kyl group having 1 to 8 carbon atons in its main chain) and the

pol yoxyefilmleene aldedbiet kerspahese ialikyl «dreunchas pltigit4ceanber
atons and/or
maintained. When the ratio of the styrene monomer unit is
60% or more by mass, excellent recording characteristics for
plain paper and high recording density of formed images can
be achieved using an inkjet recording ink obtained from the

water-based pigment dispersion liquid. In addition, high

water resistance of printed letters and formed images is

®

provided. When the ratio of the styrene monomer unit is 60
to 90% by mass, good affinity of the styrene-acrylic acid
copolymer (b) for a water-based medium can be maintained and
the dispersibility and dispersion stability of a pigment in
the water-based pigment dispersion liquid can be improved.
As a result, when the copolymer is used for an inkjet
recording ink, good discharge stability and printing
stability can be achieved.

[0020]

{W, The acid value of the styrene-acrylic acid copolymer

| (b) used in the water-based pigment dispersion liquid of the
present invention is 145 to 175 mgKOH/g. When the acid
value is more than 145 mgKOH/g, sufficient hydrophilicity is
achieved. Therefore, when an inkjet recording ink is
produced, the reaggregation of a pigment in the composition
is not easily caused and stable dispersibility can be
achieved. When the acid value is less than 175 mgKOH/g, the

copolymer has an appropriate hydrophilicity. Therefore, the



the ether conpound represented by the general formula (3) bel ow

[0032] [Chem 14] - 25 - (3) (g represents an integer of 1 to 30
and R5 represents a linear or branched al kyl group having 7 to 11

carbon atons). In the acetyl ene glycol conmpounds represented by
the general formula (1) [0033] [Che'm1 5] RRR2 3114 H(0-CH2-CIL )00

( CH2-CH2-0 (in the formula, Rl, R2, R3, and R4 each independently
represent a linear or branched al kyl group having 1 to 8 carbon atons
inits main chain, and mand n each represent an integer of 0 to 20

and do nRisdr@RfiRseMHntd ahd ha @RI IduMace, which is basically
hydrophobic, is favorably maintained without being impaired.
In addition, when an ink is produced and an image is formed
on a recording medium, high water resistance of ink-printed
matter is also maintained.

The styrene-acrylic acid copolymer (b) used in the
present invention has a styrene monomer unit and an acrylic

éwﬁ acid monomer unit or a methacrylic acid monomer unit. A
publicly known compound can be used as the styrene monomer
unit that constitutes the styrene-acrylic acid copolymer (b).
Examples of the compound include alkylstyrenes such as
styrene, a-methylstyrene, B-methylstyrene, 2,4-
dimethylstyrene, a-ethylstyrene, a-butylstyrene, and a-
hexylstyrene; halogenated styrenes such as 4-chlorostyrene,
3-chlorostyrene, and 3-bromostyrene; and 3-nitrostyrene, 4-
methoxystyrene, and vinyltoluene.

(T Among these styrene monomers, an alkylstyrene monomer
is preferably used and a styrene monomer is most preferably
used.

[0021]

The styrene-acrylic acid copolymer (b) may contain
other monomers that can be polymerized with the styrene
monomer, acrylic acid, and methacrylic acid. The total
amount of the monomers other than the styrene monomer,

acrylic acid, and the methacrylic acid is preferably less



and represented by the general fornula (2) [0034] [Chem 16] - 26 -
RR2 314 -CCECCGRO (2) (inthe formula, Rl, R2, R3, and R4 each
i ndependently represent a linear or branched al kyl group having 1 to
8 carbon atons in its main chain), the nunber of carbon atons in the
mai n chain of an al kyl group repreSéhY%d‘by Rl, R2, R3, and R4 is
preferably 1 to 6 and nore preferably 1 to 4. Particularly
preferably, RL and R2 each represent a nethyl group and R3 and R4
each independently represent one selected fromthe group consisting

of a metdhuh @ROWR: nRlkLt hika@pOUR, o PhOPMbNnEReHPina1hEEY! group, and
an isobutyl group. Mst preferably, Rl and R2 each represent a nethyl

group ancheft®)ardyR4 tRaCRucePEES ety | (aelul ¥lorgnawr., kRngnand n of
the general formula (1), the total of m+ n is preferably 10 or |ess,

nmor e pr ehetahlae wlend, ess prang 1f unldher) sprefierall ¥ sépabpless. [ 0035]
In particular, when mand n each represent 0, the acetyl ene glycol

sur f act dmte tig proasdrited |y bulte 1gemertdl) afcanialta , ( Eec-duthé acet yl ene
gl ycol compound represented by the general forrmula (2). Herein, the
conpoundnmieshisedydste, +te2T-bugwilf dotedmm) aicrytllad ef, oRrmeft ha Livixtydr e

cont ai ni ng the pol yoxyet hyl ene al kyl ether whose al kyl group has 12
to 14 cdmsdd)@caiys age t Re edihiydbudyrp dmned ) egradeteed 3byethy Lpgngdal

formula (3) bel ow .
(meth)acrylate, 1,3-dimethylbutyl (meth)acrylate, pentyl

it} (meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate,
and nonyl (meth)acrylate; (meth)acrylate derivatives such as
2-ethoxyethyl acrylate, 3-ethoxypropyl acrylate, 2-
ethoxybutyl acrylate, 3-ethoxybutyl acrylate,
dimethylaminoethyl (meth)acrylate, hydroxyethyl
(meth)acrylate, hydroxypropyl (meth)acrylate, hydroxybutyl
(meth)acrylate, ethyl-oa- (hydroxymethyl) acrylate, and
methyl-a- (hydroxymethyl) acrylate; aryl (meth)acrylates and
{”\ aralkyl (meth)acrylates such as phenyl (meth)acrylate,
benzyl (meth)acrylate, and phenylethyl (meth)acrylate;
mono (meth)acrylates of polyhydric alcohols and polyhydric
phenols such as diethylene glycol, triethylene glycol,
polyethylene glycol, glycerin, and bisphenol A; and dialkyl
maleates such as dimethyl maleate and diethyl maleate. One
or more of these monomers can be added as monomer components.
[0022]

The weight-average molecular weight of the styrene-



[0036] [Chem 17] R5 O ECH2C1-120H (3) (q represents an integer of
1 to 30 and RE represents a |inear or branched al kyl group having 7
to 11 carbon atons). Even in the formof such a mxture, the

acetyl ene gl ycol conpound represented by the general fornula (2) and
t hese et her conpounds forminternolect¥ af association and function as
a surfactant substantially having an ethyl ene oxide chain, which has
an affinity for water, |ike the acetylene glycol surfactant. In
particular, it is advantageous to use such a m xture as a surfactant

to reduGatihe isGesiddpARheUr fBcaideNsiP R Jridfcent invdhtion is
particul ar, when the acetyl ene glycol conpound represented by the

gener al drarfada1(2)s oo used,4 03 3w ,f adrantp eFiesad, of, 53 omivd e 000,
cont ai ni ng the pol yoxyet hyl ene al kyl et her whose al kyl group has 12
to 14 carhbrwatiine gd/farddiss et lsro camaymnd o.epresentedebyhthe
general formula (3) is - 28 - preferably used as the kneading aid

(e). aveltgyacetlyd@ia g lwaighhtc anpdwsd represemosd mhet pargandrea
formula (2) is particularly preferably used in the formof a

sur f act atzec arfpobiebasfseal maxttird ed tat e poliyroaletstplgenetalwkyilcheteher
whose al kyl group has 12 to 14 carbon atons. [0037] The

pol yoxy etaif reria sk yd 1 gatendy diksopss sl dky 11 igroogh isad ormeady 14 egariBon
atons is_an ether of polyoxyethylene and an al kyl al cohol having 12
to 14 calsssieafashs PWr dfher sis1ak iy atthdheooiamapdx yetthy |thse camelymer

iicondary al cohol. whose al kyl group has 12 to 14 carbon atons, and
ore prdfSd3hINP Lo Hdprdsatit e b iFeidridd HermieadsT)Evel ow

0038 Chem 18
[ ] [occur. rthermore, it is difficult to achieve sufficient

gloss.

If the weight-average molecular weight of the styrene-
acrylic acid copolymer (b) is more than 40,000, the
viscosity of an inkjet recording ink prepared from a water-
based pigment dispersion liquid containing such a copolymer
is easily increased and the discharge stability of the ink
tends to decrease.

éiy [0023]

- The styrene-acrylic acid copolymer (b) used in the
present invention may be a random copolymer, a block
copolymer, or a graft copolymer. An example of the graft
copolymer is a graft copolymer having a stem or branch
constituted by polystyrene or a copolymer of styrene and a
nonionic monomer that can be copolymerized with styrene and
a branch or stem constituted by a copolymer of acrylic acid,

methacrylic acid, and a monomer containing styrene. The



cH, - (cH2)x(0-12):--cH3 o(cH2cH o ( 7 ) (in the fornmula, x +y is a
positive integer of 9 to 11 and p represents an integer of 2 to 30).
Herein, p preferably represents an integer of 2 to 20. The
conpound represented by the general faormula (3) below [0039] [Chem
19] O EOH2CH201 H ( 3 ) (¢ repréééH1§'an integer of 1 to 30 and R5
represents a linear or branched al kyl group having 7 to 11 carbon
atons) is nore preferably pol yoxyet hyl ene nonyl phenyl ether and g
preferably represents an integer of 1 to 20. When t he acetyl ene

?ggg{ %%?Pﬂ‘é%‘éd acepnagenicad Rpphemaengyl mber Bl 8 tmikthekowrl @840]
above-described copolymer and a random copolymer.
[0024]

In the pigment dispersion of the present invention, the
mass ratio (b)/(a) of the styrene-acrylic acid copolymer (b)
to the bis-acetoacetallylide pigment (a) is preferably
10/100 to 40 /100 and particularly preferably 18/100 to

{if 25/100. If the mass ratio (b)/(a) is less than 10/100, the
dispersion stability when a water-based pigment dispersion
liquid is produced is decreased. In addition, when an
inkjet recording ink is produced using the water-based
pigment dispersion liquid, the rubbing resistance tends to
decrease. If the mass ratio (b)/(a) is more than 40/100,
the viscosity of an inkjet recording ink is increased and
the discharge stability tends to decrease. In particular,
to maintain good high-temperature storage stability that is

{jg required for use of thermal jet type inkjet recording inks,

o it is important to set the ratio (b)/(a) in the above-
described range.

[0025]

The styrene-acrylic acid copolymer (b) is used together
with a basic compound (c) to neutralize its acrylic acid
sites. The basic compound (c) softens a resin in the
kneading step and causes a coating process of a pigment with

the resin to smoothly proceed. In addition, the basic



RR 3l R-CGCCE-CCR4 11 CO0 H13 (2) (in the formula, Rl, R2, R3,
and R4 each independently represent a linear or branched al kyl group
having 1 to 8 carbon atons in its main chain) is used together with

t he above-descri bed et her conpound, the mxing ratio of ether
conpound/ acet yl ene gl ycol conpound (e%oié preferably 80/100 or |ess
by mass. In the present invention, when such a mxture is used, the
total anmount of the ether conmpound and the conpound represented by
the general fornmula (1) is - 30 - defined as the anmount of kneadi ng

aid (e) cdfAtd (c) ihprfveRstral |di@>?fetﬂsﬁ|b%lqit§/p%ﬂ€3it@1@ Y SR,

particles have a property of aggregation. However, the kneading aid
(e) useddatedheripeser! rdeRMentinoR suitlalip setprevesnt hegwehéabbtity
of the particle surface of the bisacetoacetallylide pignent (a) in

t he kneaddidigasiiep bagia sehmpduhdsmoanddgaeiild balses chepadadspicaanbefl a
resin onto the particle surface. The resin that has coated the

parti cl erssur faacehef Halse cpicgmpatunpr dvent sSExkhepaggr efathenobgameen

pi gnent particles and thus fine particles of the pignment can be

st abi | i Zed iandadipsperds edidlmdgaeerines suckbes mepdytlamtiig, t he
kneading aid (e) adsorbs onto the pignent surface onto which the
resin deegetdtylagsaeh. triime thard agiigei f ie¢antliapinedude ethy laggnegasingn
caused when nol ecul ar chains of the resin bridge portions of

di f f er e 1SitGYERM 1SSt i9g10e 2dGohade STERES WhiCEh ashé rieshangdasinst
dsorb. _, To properly produce the effects of the kneading aid (e),

‘the kned&distd3&id areReneéds s Hhdigthars Leaine i nEX28peesf PE FhRge.
In the present .inyention, the surfactant used i.n the _kneading aid_has
. hydr oBfOHEETEGT oG e R Ry JERIBIE BSFECS R s SHBPecume s e

HLB (hydr ophi | el i hi.l e bal . t bal t
FHGEC I AR MO L

such as potassium and sodium; carbonates of alkaline-earth
metals such as calcium and barium; and ammonium hydroxide.
In particular, when a water-based pigment dispersion

liquid is produced from the pigment dispersion of the
present invention and furthermore when an inkjet recording
ink is produced from the water-based pigment dispersion

{%7 liquid, the alkali metal hydroxides and alcohol amines are
suitably used in terms of dispersibility, storage stability,
decap properties of inkjet printers, and water resistance of
prints. The alkali metal hydroxide such as potassium
hydroxide, sodium hydroxide, or lithium hydroxide among the
basic compounds contributes to a decrease in the viscosity
of the water-based pigment dispersion liquid and is
preferably used in terms of discharge stability of inkjet

recording inks. In particular, potassium hydroxide is



- 31 - whichis utilized in the field of surfactants. The HLB has a
value of 0 to 20, and a higher HLB val ue neans hi gher hydrophilicity.
In the present invention, an HLB val ue defined by Giffin's equation
below is used. [Giffin's equation] [0042] [Math. 2] HLB = 20 x
(total forrmula weight of hydrophilit ?p]orTi on/ nol ecul ar wei ght) [0043]
For exanple, in the case of a surfactant (Surfynol 420 manufactured
by N ssin Chemi cal Industry Co., Ltd.) that is an ethyl ene oxide (20
mass% adduct of 1,4-diisobutyl-1,4- dinethylbutynediol, an ethyl ene
oxi de pg;rteif_@}r%ey,ves as a hydrophilic portion and the HLB value is 20
x 20/100 = 4. In the case of a surfactant (Surfynol 465 manufactured
by Ni ssin ChemkcahkhndusbeylOaydrbkddy tBapreseanpeyhybeaeinxtde (65
mass% adduct, the HLB value is 20 x 65/100 = 13, An HLB val ue
of a m Xamme dfs aa wefglthied soiertags .of ThHeBamaliieso6f aakhl compoaent s.
The mai n mechani smfor achieving the dispersion stability of the
pi gnent hyiddoxtilke latezdi ng date(delon sheepulisi o loausdd thy stemrete-
hi ndrance of polymer chains of a resin |layer that has adsorbed onto
t he pi grentylsier feagel dapodduietr dip) (elaect thst atlike lie peitsilohycdawsedeby
an electric - 32 - charge of carboxy anions of the resin that has
adsor bed § Prefansitlyi edldero srakdradudinea nepdiallilziang ome eagrios s 80
properly work, the HLB value of the surfactant used in the kneadi n(g
aid (e) freddd %0 BeR8UEEA12ZARYONSTPEEPePADP)*806r MABEelanErEESErERaN
1. If the HLB value is |less than 8, the hydrophilicity is
insuf fi cifeCI™Ph&fefdr MRRPMET Y HE KhEa 1§ S&iSd "Pe F o8y Gfabiiy
adsorbs anto the .pignent surface, the dispersihility of the pignment
vt oP MG RFRIR IRy 3 HRSCBRSr MRS HE SRy SRS YRSRE  han
12, the hydrophilicity..is goad, hut t.he .adsorhing proper onto th
o1 grrent B RGL SriSiiis GRS HR A Re L (HG AT o Drodutld FEBE bheBigned
dispersion, the dispersion stability of the water-based
pigment dispersion liquid, and storage stability.
Furthermore, a neutralization ratio of 120% or less is
preferred in terms of the prevention of gelation during
long-term storage of the water-based pigment dispersion
liquid or the inkjet recording ink and the water resistance

of prints produced with the ink.

™

In the present invention, the neutralization ratio is a
percentage of the amount of alkali metal hydroxide added
relative to the amount of alkali metal hydroxide required to
neutralize all carboxy groups in the styrene-acrylic acid
copolymer (b). The neutralization ratio is calculated from
formula below.

[0026]

[Math. 1]



Regardi ng the anpunt of kneading aid (e) added, the mass ratio

(e)/ (a) of the kneading aid (e) to the bisacetoacetallylide pignment
(a) is 0.5/100 to 7/100 and preferably 0.5/100 to 6/100. If the
anount is less than the lower limt of_ this range, the addition
effects of the kneading aid (e) tend 4% De not produced. If the
anount is nore than the upper limt of this range, the concentration
of the kneading aid (e) is increased. Therefore, conpetitive
adsorption of the resin and the kneading aid (e) onto the

bi s- aceteanataliddids piagRNt()a) | S(MeauseF RRA d RemdsRPt (9N <0k 6
the resin tends to be hindered. The kneading aid (e) is a compound
conposed afodohe (suifdiactante sFedieliied xi RguReapeasest bA¥est teApetna
m xture containing - 33 - the surfactant specified in the present

i nvent i on Arlourithe fcase iwheige )tyhe kioeading aid (e) is the m xture, the
kneading aid (e) may contain a snmall anmount of organic solvent and
the |ikeloG2v]addition to the surfactant specified in the present
invention. In this case, the above-described conpound that is
speci fi ed asRakngetiing eddpdrentovbatiapdedni hhehpikmendi dgspedsf{eh in
the present invention is contained as a main conponent in an anount
of 70% &f rdree Oxesrads iavenicesad yssGoior thsr aeppnodadeor However,
even in the case where the anobunt is |ess than 70% by mass, the

ef f ect s BPPAE N ddentwatipvehEises demsat Cddineed 189 [ldngiss ofhghe
surfactants specified in the present invention are contained in the
neadi n@TEEN ) TEIHAR (IR GRESE Patiud e tamt raregeradfants to the
bi s- acet oacet.al | yli.de pi gnent is 0.5/100 to 7/100. [0045]

o) RS G Lo D A Y S0 P Ao e ESTRHG B 8T 8
in the pr.esent invent.ian include Surfynol 44Q (ethylene oxide (4
550y THICE Sof SRR St LA Sy b SERGT) 20 A hher
manuf act yr Ni ssiLn ical _lndystry_Co. : Surfynol CT211
(nixturé%ggg%gﬁ%ingﬁi05§%§g%§§saéa ?es YasPan hig %alue 18
1,4-dii3£§¥§ -1, 4-dj met hyl but ynedi ol and 43% by mass of et her
conpound "0 Jﬁ%é%ngg%?'alcohol whose al kyl group has 12 to 14 carbon
atons and po yet.hy e =10, f b |, S$1 m ca
ndust Ty o T4 e R e B Y R R g 0%
by mass mpbsid Ui $oRMmpvhAvdigrRidaydud yedicdle and s43% .0y mass of
pol yoxyet hyl ene nonyl phenyl ether, HLB = 10, manufactured by Nissin
Chem calpdimgustry Co., Ltd.). These conmercially avail abl e
surfactant products mainly contain the above-described conpound or

m xture [@»2w]surfactant, and thus can be directly used as the
kneadi ng aid. The total anmpbunt of conpounds serving as the
ggove-dGEEEMbediHurfactants in the surfactant product is preferably
0% or nore by mass and nore preferably 80% or nore by mass. [0046]
A publicly known hunmectant can ke used as a hunectant (d) contained
in the pignent dispersign of the present invention. Exanples of the
hunect ant (d) incIuddbp?LydEa3sﬁGhRﬁs gl ycerin, ethylene glycol,

di et hyl enes gl ycol , i etthyl ene Ql, tetraethyl ene glycol,
polyethyﬁéﬁg_dﬁgﬁﬁfﬁibrl yl ene g#%gghf_ﬁﬁﬁyﬁfégﬂhene glycol, 1, 3-
propanedi ol , 1, 4-butanediol, 1,5-pentanediol, 1,6-hexanediol,

1, 2, 6-hexanetriol, trinethylol propane, and pentaerythritol; |actans
such as 2-pyrrolidone, N nethyl-2-pyrrolidone, and s-caprolactam and
1,3-dineth¥lbnidazolidine. Anong them diethyl ene glycol is
preferred. éince such a hunectant (d) has a high boiling point, the
hunect ant (d) does not volatilize in the kneading step and kneadi ng

Cond'tIQQ%.%%% fbf%%Ié, R1, R2, R3, and R4 each independently

represent a linear or branched alkyl group having 1 to 8



stably mai ntained. Furthernore, since the hunmectant (d) is
intrinsically part of the conposition of an inkjet recording ink, the
hunmect ant (d) does not need to be distilled off when a water-based

pi gnent dispersion liquid or an inkjet_recording ink is produced.
Thus, an inkjet recording ink can bé‘%%sily pr oduced. The

wat er - based pi gnent dispersion liquid of the present invention can be
produced by di spersing the above-descri bed pignent dispersion in

wat er or a water-based nmedi um nai nly conposed of water. Exanples of
the vat ehrsed oRd UM NG ule _EeH randrd W Xhdr & egrtai ning wat er
and a hunectant. The m xture can be prepared in consideration of the
vapor i zatidepepicRienti nepedeci: ah tihe dyereetrant ton sthanwater nbased

pi gnent dispersion liquid, viscosity, and the like. The concentration
of the plegiferderitn ot ke waieercalas ed mai) gBrRid/ ot Spefigifar thingUicdmp®sed
preferably 1 to 30% by mass and nore preferably 10 to 20% by mass in
order t @fachimewe urieglroprtiaritnimg dersintopuand repireisentetdh®y general

di schargeability of an inkjet recording ink to be produced. The
i nkj et rfegorndiang 2)nkedfowt he present invention can be produced by
suitably adding, in addition to the water-based nedium publicly
known add2%Mes such as a hunectant, a penetrant, an antiseptic, a
fungicide, a surfactant, an antifoam ng agent, an antioxidant, and an
ul t ravi d%emabddrdber to the water-based pignment dispersion |iquid and
by - 36 - adjusting .the pignent concentration and viscosity. [0047]
%A/nethod f o producitig the pignent di spersion and a nethod for

produci ngs t he wat er -based pi gnent dispersion |iquid according to the
present T nvgntron wijl "how be described in detail. The pi gnent

di spersi on ¢an be prwduced by the follow ng nethod, for exanple. A
nmet hod for Eioducin | the pignent dispersion of the present invention
i ncl udes a knheadi ng “‘step of kneading a m xture containing a

bi s-acet oacetal | ylide pignent (a), a styrene-acrylic acid copol yner
(b), a basic compound (c), a humectant (d), and a kneading aid (e) to
prepare a pignﬁnt conposition that is in a solid format room

t enper at ur e; and a di spersion step of dispersing the pignment
conposition in a water-based nedium The kneading aid (e) contains a
surfact gnty GeEPEsRA%k a2 RAOMROUNG 3N ERLSS @At @d By igla%gre%efn@w a (1)
bel ow [0048] [Chem 21] RIR2 3I'l, HO CH2 CH2 )00 (CHi -CH2-0"H - 37
- (in thedrgattaa RineB2 B brandnRé eakiy 1l rdeppnderting nepwesent a
| i near or branched al kyl group haying 1 to 8 carbon atons in its main
chai n, andbvmardomedeh itephesentchann)ntzeger of 0 to 20 and do not
represent 0 at the sanme tinme) and/or

{ﬂ. a polyoxyethylene alkyl ether whose alkyl group has 12 to 14

carbon atoms and/or
an ether compound represented by general formula (3) below
[0030]

[Chem. 12]
RS

cJ{CHQCHZ())q—H

(3)



a surfactant conposed of a m xture containing a conpound represented
by general formula (2) below [0049] [Chem 22] RIR2 3114 0 (2) (in
the formula, RlL, R2, R3, and R4 each independentl y represent a linear
or branched al kyl group haying 1 to carbon atons in its main chain)
and a pol yoxyet hyl ene al kyl et her wmd%% al kyl group has 12 to 14
carbon atons or an ether conpound represented by general formula (3)
bel ow [0050] [Chem 23] - 38 - R5 (3)

(g represents an integer of 1 to 30 and R5 represents a
linear or branched alkyl group having 7 to 11 carbon atoms) .
The kneading aid (e) has an HLB value of 8 to 12.
The kneading aid (e) is preferably the surfactant
composed of the mixture containing the compound represented

by the general formula (2) below

[0031]
C [Chem. 13]
R! R’
R3—(|3—CEC~(IJ— rR?
5
B b

(2)

(in the formula, R1, R2, R3, and R4 each independently
represent a linear or branched alkyl group having 1 to 8

o carbon atomg in its main chain) and

the polyoxyethylene alkyl ether whose alkyl group has 12 to

14 carbon atoms and/or

the ether compound represented by the general formula (3)

below

[0032]

[Chem. 14]



(q represents an integer of 1 to 30 and R5 represents a |inear or
branched al kyl group having 7 to 11 carbon atons). The kneading aid
(e) has an HLB value of 8 to 12. The nass ratio (e)/(a) of the
kneading aid (e) to the bisacetoacetallylide pignment (a) is 0.5/100
to 7/100. The acid value of the styTé%%-hcrylic acid copolynmer (b)
used in the kneading step is 145 to 175. [0051] I n the kneadi ng
step of the nethod for producing a pignent dispersion, when the

m xture containing a bisacetoacetal lylide pignent (a), a
styrene-acctylic acid copolyner (b), a basic conpound (c), a hunectant
(d), and B kneading aid (e) is kneaded, the kneading aid (e)

functionsjas a dispersion aid of the bis-acetoacetallylide pignent
(a) duriea‘df?rngaq’Hz(g}qoﬁerl y causes the coating of the surface of
U

t he bis- acetallylide pignent (a) with the styrene-acrylic acid
copol ymer~b) and the dispersion of the pignent (a). It is
inportant to efficiently performuniformmxing of the pignent and
resin and disintegration of the pigh@nt - 39 - by performng
kneadi ng using the kneading aid (e) as a dispersion aid in a state in
whi ch the solid content is high and thus a high shearing force is
exert ed. (Byepassiemicusiny ikreadimeLa U dep 36f apidgRentrepaesieicesai n such
a state_in the presence of the resin, a sufficient shearing force is
exer t ed ld@eple o argnehecomlE Wngader Jay ite 7pitgmidat chabgn atoms) .
aggregated state is efficiently disintegrated. The styrene-acrylic
acid copol ynéP EBf BR&tYh&BSsHOYFRA Ga@PPBnﬁﬁtéﬁPr?ﬁ@nEﬁgi%YCB%ﬁound
(c), and the hunectant (d) is expanded on the surface of the pignent
t hat ha§H&edR &gFﬁwgﬁréﬁéd into fine particles. Thus, the particle
interfa&soﬁg t he bi sacetoacetal lylide pignent (a) can be efficiently
coated wi't ghe styrene-acrylic acid copolynmer (b). [0052]

Regardiﬁ% t he qgﬁunt of hunmectant (d) used in the kneadi ng step of

t he net O&EFBF produci ng a wat er-based pi gnent dispersion |iquid of
the present invention, the mass ratio (d)/(a) of the hunectant (d) to
t he bisacetoacetalIyIid&}pignentR%a)Ais preferably 16/100 to 35/100.
If the mass ratio (d) (%? ]s_¢es &?an 16/ 100, the pigment particles
tend to not gather s 'YHET mtty durtng kneadi ng and the efficiency of
kneadi ng farmeddm,-tige f or m af-Heaydercm|asiby-gecreases. |If the
mass ratio (d)/(a) is e than 35/ 100, the m xflure easily becones a
liquid state or a state close to such a liquid state during kneadi ng,
and the - 40 - styrene-acrylic acid copolyner (b) tends to shift to
a liquid phase. Therefore, the pignent surface is sonetines not
sufficientl(yl coated with the copol yner. Furthernore, the mass ratio
~d)/(a) is nore than 35/100, the pignent particles easily shift to
he liquid phase and it becones harder to apply sufficient stress to
t he pi gnemt thas farmedal,t R1t,h&2kn@&adi mgdopar abictn indegendend 1for m
which is intended in the present invention, sonetinmes cannot be

ef fi ci emelpyepenitoemddnepire cophinamnehesngd kofl greupaheyifd) L( &p Bs
slightly changed in accordance with kneadi ng tenperature. In general,
a snal | ERTRPBURT OB HEmddsa e ind chied iy, e iy &d 2ad i gheh reppersndr e.
However, the ratio (d)/(a) within the above-described range can be
enpl oyed™ A& SIS RIL Kné&diRg ahenpler a0k &ePaR§enk Chedt tE&USARE any
problenéﬂks 53] When the styrene-acrylic acid copolyner (b) is
suffici present on the surface of the bisacetoacetallylide

pi gnment (a) so.as to coa he ppgnent, a sufficient
precipitatioﬁpguﬁﬁpggﬁ?ﬂgeéfggckﬂ?sgﬁﬁﬁFﬁiegoﬁT?g? 58) i nkj et
recordiﬁ%ogqﬁ is produced and sufficient gloss of inmages is achieved
after the ink is printed. However, if the anmpbunt of styrene-acrylic
aci d coqg%%gng%Q) is excessively high and thus the styrene-acrylic



- 41 - viscosity of ink easily increases and the dischargeability of
the ink tends to decrease. The mass ratio (b)/(a) of the
styrene-acrylic acid copolyner (b) to the bis-acetoacetallylide
pignent (a) is preferably 10/100 to 40/100. By setting the anount of
styrene-acrylic acid copolyner (b) addfed in this range, the

di sintegration of the pignent efficiently proceeds. Furthernore, when
t he wat er- based pignent dispersion liquid is produced, an increase in
the viscosity of the dispersion liquid and a decrease in the

di schargeabigiity of gn inkjet recording ink that are caused by
presence of jan excessive pignent that has not adsorbed onto the

pi gnent Ri—& -wate€—basal medi um are prevented. [0054] When an

al kali netall hydroxi le is used as the basic compound (c), the alkal
nmet al hydroﬁ?de is nprmal ly used in the formof an aqueous sol ution.
Her ei n, t he manount water is preferably mnimzed. The ratio of the
anmount of water relative to the anount of pignment is preferably 15%
or less by mass and nore preferably 8% or |l ess by mass. In the
present invention, the viscosity of the water-based dispersion liquid
is preferabby | ess than 4.0 nPa.s and nore preferably less than 3.5
nPa.s at roomtenperature. Wien the viscosity of the water-based

pi gment dispersion liquid is in such a |ow viscosity range, an inkjet
recor di ign ke fogmulahaRing R s & i @nenR4dicscharigeleppadgnitsd veasi | y
Aproduced fromthe water-based_pignent_ dispersion |iquid. [0055]

The nmet REPTGENS Gdudingg fa WWatBPrASed agikgrie A O¥iPs févdinen 1 itquitd of
the present invention includes a kneading_ ste f kneadi ng a hi gh
solid cEEAN RS & e dritamiiiiy “Loprs - addfo &M PP &@r%oé‘wéﬁgméa) ,
a styrene-acrylic acid.copal yner .(b),, a basic_conpoun C a
hunectaﬁfl?%fyngﬁ@'§hﬁﬂéh&&%§na@&&?é)?I§W@ Fﬁ@rﬁﬁﬁﬁgﬁg'gwégérsﬁgn
produced by _t t.hod _i ncl udi-ng -t he kneadi ng_step i.s_dispersed in a
et er - baged T m Co TREORIAs Y vater bt B enehe T aRirarons 1

l'i quid. . ' t r-epar.i_ng [ t
disperm%%{t¥%%2§%$?55%§%%§%gy?s%%Tg%ﬁ?&%l%aﬁgbﬁ%%%e%ﬁgget ge§P%%ure
kneaded 4 j he, fOr £ qui f.oli-quid, at | east
part ofggﬁm?ﬁgrggﬁﬁr%Iggﬁgé%§¥%i;%ﬁq%?%§§%?QggLg%g#%ﬁe t)gggéily

di ffusegdilc@ ddh & ddilWind AR RO ARG $ RRlcrsdf Gheuent by
present on the pignent surfacé and the codating tends to be not

suffici ety aelgyed drogiie grodgir & beithd seRiect edd ankneadiurg1i s
inaliquid form the m xture containing the pignent and the resinis
not kneageshpundeesa pirgheshBayi ngif ahaerandatherdpsesergrathethel the
pi gnment becones insufficient. Consequently, the effects of the
present grougntanh R3sucil &3 @agéc regsesentt ke dissduafyIpanouel.esInfmt he
pi.gnment and prevention of - 43 - precipitation, tend to be not
producecdirss ni ft éhec gseantadr & caemwdtzer(-1has edhepitgirerit odi sper i s | i qui d
is produced by only dispersing a pignent in liquid, which has been
convent irorefldnplger flér wed.less, moke effeifeiredmlyy épenf demskneadi ng, the
solid content of a col ored kneaded material during kneading is

pr ef er afiWrthent PreEdRuaP ivads oand afsr-e preferably 70 to 80% by nass.

If the solid . content is in this range, the dilution and di spersion of
the mi xtl¥%5ln a wat er - based medi um snoot hly proceed after the

conpl eti on of kneadin and hi gh gIoas and stability are achi eved as

shown in Exaﬁﬁl@@rﬁﬁﬂgéﬁﬁpawaﬁ vB BREnpI 880 FePRESEBFI 8/ cbitent i s

th 0% b I ti tends to.b ired f h
G110t § RS Ay S PR A o T SECREr (5 et RSB | al
transferfoirrgnutlhe (li eadegjchrrataecr italleinse sllov(\jloalnd tmh%u%i Rer sieor% ggg
becomes ONUNIf or _|s€?en5%3io ppgéyé pr5§1§h1| pﬁgf Euf I"Ci ent
gl oss and,d Qugrtenm Al sRansi @) StablLihy pLE BOhp6aRk!YsaGRbgvEd-a! T



- 44 - sufficient gloss and long-termdi spersion stability are not
easi |y achi eved. The solid content nmentioned in the present
invention is the ratio of the total mass of the pignent (a) and the
styrene-acrylic acid copolyner (b) relative to the total mass of al
conponents. [ 0056] Bef or e starTi%%)kneading, a styrene-acrylic
acid copolymer (b), a basic conmpound (c), a hunmectant (d), and a
kneading aid (e) can be added to a powdery bi sacetoacetal lylide
pignent (a) to prepare a m xture. However, a bis-acetoacetallylide
pi gment (@f 2Grd ROVWESY Felril @Fe waali%the Aot taapehyMehe(b) are
preferably m xed in advance to prepare a m xed powder. A basic
conpoungdi§oxye thyTeeicant kiyd) ot FHkReAGIIMRG1algGo(1®) hawhiiehtar es

ot her essential conmponents, are added to the m xed powder and then
kneadi ngardopr eftemablop shar tete rThenpoeade rreprelenakldy bpr aniedes a
strong shearing force that is effective for kneading a solid

mat er i algendradx doptmerlef (@)sibeyilosr net hod is a nmethod in which a solid
m xture i s kneaded using a typical container such as a |arge nortar
or bow @& lof stone or netal together with a |arge pestle or
pounder. In particular, in the case of production in a small anount,
a nortarlCeih.alpdst| e can be used instead of the foregoing. Even in

such a meghod, a solid colored kneaded material - 45 - having good
reproduciBility in ternms of its characteristics can be prepared
Aecause tHe~di {%g@gyggkg ¢f the pignent and the coating of the
épignent Hce with the flesin are made to reach a | evel of al nost

conpl ete dr ati on by perform ng kneading for 30 mi nutes or |onger.
In the case where tenperature is precisely controlled or a | arge
anount of kneaded material is prepa{]ggl,n a kneader equipped with a
roll or an inpeller or a publicly k kneader can be used. In
particul ar, r re_kne r,. a nschel, m xer,. and_a pl anetary

m xer eé%LIF%g%ﬁ%%%% %nhffﬁ%gegéﬁﬁHgngoaéoi@ﬁe ar T8 geﬁgg grgbly
used. Fur; SypoT Y I o] ' I can rotat r IS
suitablg?' %picgfk&%ﬁhp%gg%&#wguﬁﬁcggﬁggh é’ ?ngfu&g ga%%ggsg¥ghg?'

kneader @ng, g Plapetayh HeXeherPaPhARRlaY Trtel et ARNL gﬂkg&hy

preferred because it can cover a w der range of V|3823|ty and can

per f or MJRRRAINY r2lpd@uel demeidlliRnetla Rlanehar Y2y %86 thede

pl anetary Kneader, which is a'general term of kneaders having two or
nore i MealHear $dpfureRndisin Stit=af@diplcanet RN atheneandfl Fehction
referred to as "planetary mxer"). [0057] Particles of the

bi s- acetapacetaldfdd e tpi QiEdtard(@)a Mt Hevind dmi aclcprpenestidd ¢hein,
m xture prepared by adding the conponents in the kneadi ng step

coal escevhiicthh heac Rrotafdari tityodghr e est,ydmhe- atky kbice tgltietiec gpglyier
b) from2 to 20 mnutes after the initiation of kneading. The

aggr egatsugrfacta4® .- pneperabtylproceéedsssadvhAntagheus to use such a
bi s-acet oacetal l ylide pignent (a) becones a ball-shaped or rod-shaped
aggr egatedxtByreaddi /g srd aateadi vy aiedluce) thehe isioms iteqandegurdrcehi s
aggregation is shortened and thus nore efficient kneading is

per f or mé@nsion ofhdmki-he conmponents become a |unp, the total apparent
vol une i ncluding the vol une of piggeggegomder before m xi ng

si gni fi cant | yPr BatEaSUL8Lablien6d ylene glycol compound

represented by the general formula (2) is used, a surfactant
composed of a mixture containing the polyoxyethylene alkyl
ether whose alkyl group has 12 to 14 carbon atoms and/or the

ether compound represented by the general formula (3) is



Since the styrene-acrylic acid copolymer (b) is neutralized with the
basi ¢ conmpound (c), the tenperature increases due to the heat of
neutralization. By controlling the tenperature in the above-descri bed
preferred range using the heat, the electric power required for the
kneadi ng can be econom zed. TO %ﬁoberly knead t he thus-obtai ned
| unp containing the bis-acetoacetallylide pignent (a), it is
inportant that the lunp is a mxture in a solid state at room
tenperature and the |lunp can be expanded by applying a sufficient

shear i ng, f6R YIS} G kReadry kddadihgy Mg Ut in a solid state is
excessi vely hard,” the kneader may be damaged or the hue or gl oss may

be adversel ytatf aetedidue ?dea@ dempbunti @BpeEsphgaBNLY PRt Cl es.
Therefore, to properly perform kneading efficiently, the anmount of
each of ddiereanronenils added d padid deadiyngrafrepabs yoreker abl yheet
in the above-described range. - 47 - [0058] To achi eve a

pref err st atfe a muMfiacitarite catlgidsede cforpanentsehedabe thel unp so
that a sufficient shearing force is exerted on the solid mxture in
t he kneadilngpxsteghy lpmef erlahily ettheer odipenendtky logreupt has tilke to 14

bi sacetoacetal |l ylide pignment (a) are not added to the

bi sacet s@¢drcal |addmge pi gnent (a) at one tine, but are added thereto
i n stages. The kneading tine is not particularly limted, but is
preferabld3¥12 to 6 hours and nore preferably 0.5 to 3 hours. If the
4«neading tine is shorter than 0.2_hours, the coating of the pignent
(surface wit hThRePPéYPHYEERYSCRS Békiet cEBAYI Whege ngifﬁegkﬁéﬁd Ag
time is _|onger. than 6 hours, the productivity may be decreased and

the destrudtd dit FPHIE FTGFEN ey EIisE &5 RRHYEXYis i d eRGe 38Ag an

| 0ss. 5 he thus-aqhtai ned pi gment di spersion is col ored
Eneadeq[a%giygl i%cqq?-ga *\"I:H!%’éJ T%%‘r r'ﬁloat“r %I(ﬂgﬁb[oé‘nﬁg::pﬁ%ur ?:re r‘?:}’aibgy an
Co LR SR AN A0 0002 AEn0GRY SilyAe

Pr epar ai ool dna Plamnt dsner slogof e resent dent) an. the

nunber ution neader cand be suit set i n-“the range

in whic iyygg' #ﬂgyé c er | the m xture
IS gene?ﬁ?gﬁiggygh -%%¥%§E%g§.lng.lzy&&HTE% %%fgggggbroduced by
using thgdawgading aid (e) of the present invention are believed to
be achi eved because the effects produced fromthe surfactant used as
t he kneaghag .aiigjare significantly large conpared with effects
produced from ot her surfactants. The effects of the present invention
are beligygd{t@hgg_s L he—t-higi.combi nati on between the

bi s-acet oacetal I'yl'i deé pignent (a) and the kneading aid (e) used in
the present applicatkgg_éﬁ:gﬁgs%h?ed i n Conparative Exanpl es. Thus,
he effects of the pre§ent-invepiion are not produced when Pigment
Yel | ow 185, which has a different basic chem cal structure and

different surface properties, is enployed. THis can be
expl ai ned by considering the peculiar surface properties of the
bi s-acet oacetal | ylide pignent (a). That is, the bis-acetoacetallylide

pi gment (@@ Ghe diemyla.aronaty d S isngesidsver ipdrder @id Saficdéd bends,
and it is believed that it-it interaction and hydrogen bonds play a
cert ai n B JIPLSFEHS it i @ISh Hetindéh 3Me r BSFAR1BNdPt RESHEEARAY,
whi ch causes a strong total action between the resin and the pignment.
Ther ef o EPHIRETRF && 19 IHe Ineadingai d (e) achi eved by coating

e, 2, 9T BT BEREHLAN LIE. LSBTt ST D ESBR1 7570

below

[0039]



[0060] - 49 - In the dispersion step of the nethod for
produci ng a wat er-based pi gnent dispersion |liquid of the present
invention, by mxing the solid colored kneaded material that is the
pi gnent di spersion produced in the kneading step in water or a

wat er - based nedi um mai nl'y contai ni ng 4ter, a pi gnent di spersion
liquid can be easily produced. Herein, the col ored kneaded materi al
can be di spersed while being m xed with other coloring materials such
as a dye. By mixing such a coloring naterial, the color can be
changed [idMs gregni sh yel l ow or reddish yellow. The surface of the
bi s-acetoacetal | ylide pignent (a) is sufficiently coated with the
styrene-akrylic acid copolyner (b) having a hydrophilicity increased

by the adg~ion of the basic conpound (c). The coating process
proper | ee%] Wditid2Yhekneadi ng aid (e) of the present

appl i cat gs a dispersion aid, and thus a pignment conposition is
pr epar ed. erefore, by mxing the pignent conposition with a

wat er - based nmedi um a wat er - based pi gnent dispersion |iquid can be
easily produced. In particular, a wa8er-based pi gnent dispersion
liquid with uniformy fine pignent particles can be produced w thout
usi ng a (typiecalessingrern dingparesi od fadle 3. aTide RFi xiepg ewerit st he

wat er - based nmedi um may be perfornmed using a typical mxer equipped
wi t h an liimsaly @r dygrgheckiaddtlagrourohasyadpl’e tot Bd waxibeyg agpmise
{?erfornad directly in the above-described kneader such as a planetary
- 50 - fix@CTreTRF dGeddr AToror e Spicg AeRy ibhefyd ehtisrobld fed
di spersion liquid is preferably 1 to 30% by mass when the di spersion

li qui d IPEFESTHRY tEIFESRESF &L dntedgreCtr dcdditdly ink. If the
concentration is less than 1% by_nass, the printing density when the
Gl spersi on | THGRACPE BEBATRGREaH Y AR eCoPBEBRYI REPFRRSTERTSPY ot Be
insufficient. -If_the coqgﬁn%;gyion is nmore than 30% by mass, the

vi scosi 1 e FEEEWE v An&ed¥%d and ease of handling tends to
degrade.%kg% 1] When the col ored kneaded material that is the
pi gnent dispersion is mxed with the water-based nediumto disperse
t he colqugnkn ed material in the water-based nmedium a publicly
known di spersing ‘machine may be used to achi eve better dispersion or
I nprove proggctivit 2In particular, it is effective to introduce a
step of perfjorm ng drspersion with a dispersing machine that uses a
medi um sRishCasCaE Gedt—Rihen conmponents other than water are added in

t he dispersﬂpn step,l such a di spersing machi ne can be used to achi eve
uni form con entratiéﬁ of the components in the |iquid. Exanples of

t he di spersifthg machithe that uses a nediumand is used in %Pe
gfspersion step include a sand mll, a paint shaker, a b& mll, a
sand grinder, Dyno-MII|, Dispermat, SC MII|, Spike MII, Agitator
M1, andrPitim [forrkddwev®],, &2 ,d&Scr isneld Rabeeeh tinelepleaplenft 1y

di spersing a pignent wwth a - 51 - dispersing machine is not

necessardprepenfioardd et vy fpregeited midytli groughdéaviing di $peBsi ng
machine is used, the dispersion needs to be finished within 10

m nut es CRYPATs FhaatserigblHE S imgiighedadind hils S1sgich toee the rpWakdnthehe
detachnent of the resin on the pignent surface caused by excessive
di sper siFGRVaNTETF atded s FeMRREHChe the I¥&d Ndn reld odicdp&rtsiedn
step, the col ored kneaded material prepared in the kneading step is
pr ef er a1 RASASH 255 ViR & Ki%th MRS HEd e d SBdiSHRPE L4d POt 00he

viscosity i.n a suitable viscosity range of the.dispe sing ngchine.
The vi sE8si3Fa SpMersabip FBAUBEASEHE 15 IPACSoBy 11888, Such

di he m.Xj d of -b iumin th
Cogarol g LAs M ng et o of Lhe ueter-ased mthum L nthe, o
medi um Ry, he MXee WL L2610 O BN Bl P LTE Ak NG §9))01&d



- 52 - recording ink by suitably adding the additional conponents
descri bed bel ow and further adjusting the viscosity and pi gnent
concentration. Such a dispersion liquid can also be directly used as
an inkjet recording ink. A wat er - based pi gnent dispersion liquid
havi ng a hi gh pi gnent concentration ch be used as a storage raw
material for obtaining an inkjet recording ink. Herein, the

wat er - based pignent dispersion liquidis stored as an internedi ate
for producing an ink, and, when an ink is required, water, publicly
known i nie fGORRONEN e AR PGB HisReRSION )i qui ds, and dyes are
added to the internediate to produce an’inkjet recording ink. [0062]

I n the progsant invention, to reduce the nunber of coarse particles in
the dispersion liquid, a centrifugation step or a filtration step may
be perfornedIaf kehoatsatongastepledisppeskonskepremBy pertoenesg the
step of renoving such coarse particles, the discharge can be

st abi | i zedrecand gdrhvpentyberf elggreassd opar t Howesethathenpacadghgsaigan
be reduced. [0063] When an inkjet recording ink is produced from
t he wat ele)basedl pirgrret pdiesyeerts iiorvenitdwnd sofi tiehd ypriesewtreisnvéet i on,
an inkjet recording ink can be produced by further diluting the

wat er - barsdd afiigimant ofi $her gisort ldlguisgirfacs3 of wilieh bd swat er - based

medi um The wat er-based nmedi um used to dilute the water-based pignent
di sper sidsie Haaqstd Prafisteamipgmestt digns 1@ e desdibacakse JUch a
humectant contributes to the prevention of drying and the adjustnent
‘of vi scHSIitl HFTEencedEacatiidrtiar the Mg tiesordi fg TeskR PRECsane
hunectant as that _used in the kpeadi ng step of preparing the pignent
di sper si é?ﬁtﬂ€1ﬁéﬁﬂ¥fﬁ§epreggﬁtrﬁ? PnghefnBaeonrehedofiehe
hunmectant in the ink is preferablly 3 to 50% by mass. When an

i nkj et PSS SHEASE 5 o&%ﬁéé&ggeﬁéngFFX' éaﬁ%ﬁeaﬁaaggaF&Oanrove
t he per bility.nto.a re m or..control_ .t he dot ?Eée on

the T ecORUTg AU ERAREL 0T “Che Beliot 8t PPREGAES! Sie

| cohol s . t i |5 - |5 et hyl id
ol ool Dyph AR5l WAl N0 Laspropy b alsolioly el ulee oxide
di et hyl ene 9“&9@'img5¥kaﬁ£&gt;tﬂgdkaégaghgn i6xide adduebs Sheal kKb
al cohol s such as propyl ene glycol propy t her. e content of the

penet r and; o it & urHs deS 1@ ekl 90l el nl QUY RS Sdasorb. YHER an
inkjet recording ink is produced, a surfactant can be added to adjust

i Nk propeft iGgyrsuth 3% 1ISUeare d engl ARgrERR tSWH 2etarly Wik can be

added for such a purpose is not particularly limted, and may be the

sanme as mleddlfzar eMa 0t hdes Wefsde! i da@dedras onke Jenaadiregeaird

(e) during kneadi ng. Exanples of the surfactant include - 54 -

ani oni ¢ signfeartt qretrs,i dlenisanife ey foattcanths che athieo e isukbaet ants, and
photeric surfactants. Anmong them anionic surfactants and nonionic

surfact aat=ordr.e preferably used. Additive conponents for inkjet

recording ink, such as an antiseptic, a fungicide, an antifoam ng

agent, an aflbi pxiogamtly @wddageultthreavdidestt abshrider mgadiond uridefe) |

optionally added, and the anount of water-based nmedi umand the

pi gment tEendaeaddtidom isr d eddjngsided toaAheaenam VéBy vad ugatiar abased

pi gnent dispersion liquid is produced by a nethod in which the

col or ed SBFEAdeF FeeiSi-al ITRstBPr BERFGTRRI XBUSIFhoRhetBR sPeFEREORA8E e,

with a water-based nediumto which the_various _additive conponents

have bedi?S&dded, " e dimg &S &66r di iy Frme iy Co@pi~adtic 4% Pom t he
dlSperS%%%ggﬁﬁga%C portion in its molecule. The HLB (hydrophile-
lipophile balance) represents a balance between a

hydrophilic portion and a hydrophobic portion of a molecule,



The wat er - based pi gnent dispersion liquid and the inkjet recording
ink of the present invention are stable even if being heated and
provide high stability, causing |less precipitation of pignments that
easily precipitate, even in a |lowviscosity medium An inage forned
by an inkjet recording nethod using‘t%k Tnkjet recording ink of the
present invention provides high gloss and has high quality with
excellent |ight resistance and col or devel opnent, which are intrinsic
to Pignent Yellow 155. EXAMPLES [0064] - 55 - The present

i nventi Qi |1 New ke fdi tihercdesardibed d Rudet@idagkasedras FxanRLSS.
In Synthetic Exanples, Exanples, and Conparative Exanpl es bel ow,
"part” anda1%e rEPresRN20, Paidd by g 26 uRY mEBES" higher
respectively. <Synthetic Exanple 1> Into a reaction vessel

equi ppedthywirtdpha Inickery;,. aTdr eppi pgeddht, ianenaieaf hHXHUBI 213480 parts
of nmethyl ethyl ketone was inserted, and the reaction vessel was

pur ged wiafimad rgg@rififder' sstdguatngon Hed dwenpenatedr.e was i ncr eased
while a nitrogen atnosphere was nmaintained in the reaction vessel to
bring a IGefiafixins'tsategrueft imetlhyl et hyl ket one. Subsequently, a m xed
solution of 77 parts of styrene, 10 parts of acrylic acid, 13 parts
of met ha®9#2lc acid, and 8 parts of polynerization catal yst ("V-59"
manuf act ured by Wako Pure Chem cal Industries, Ltd.) was dropped from
the dropplatdtumilt for 2 hours. Fromthe niddl e of the dropping
operation, the tenperature of the reaction systemwas kept at 80C.
After tHREEGR%ts dirodrlt KeTardFpiveg Ive ot HoRroPhd li€act i on was
caused to proceed at the sane . tenperature for 25 hours. In the mddle
of thelﬂﬁﬁi%QH{%Q%ﬁngﬁ%dﬁﬁﬁﬁﬁﬁ of the raw materials was confirned
and a pquggéization catal yst was suitably added. After the

conpl et o the reaction, nethyl ethyl ketone was distilled off
under reduce ressur -.56. - _and _the_resultant solid.wa ul verized
"o a styrehSraciolPioacil EBSoryRer SEASTS honbEr o THe RErRovafad
was 152 t ' -aVver. I I ig S 0

R R it A T o e

i nventi [ ; GRQ4gsl rHmgat4.

chronatgg}éﬁh fE%%%EBg an3&$§“§¥§§vu§' asedcgﬁlgﬁé%%%%ggﬁgﬁldéﬁght
of pol ysi:Wans 14Rad R31id 1 eT8l NGR 1TSS IANGR pHIR IMRASW RN MRS

conducted using the
hydrophilic portion and the HLB value is 20 x 20/100 = 4. In

the case of a surfactant (Surfynol 465 manufactured by
{”i Nissin Chemical Industry Co., Ltd.) that is an ethylene
oxide (65 mass%) adduct, the HLB wvalue is 20 x 65/100 = 13.

An HLB value of a mixture is a weighted average of HLB
values of all components.

The main mechanism for achieving the dispersion
stability of the pigment with the kneading aid (e) is
repulsion caused by steric hindrance of polymer chains of a
resin layer that has adsorbed onto the pigment surface. In

addition, electrostatic repulsion caused by an electric



equi prent bel ow under the conditions bel ow Liquid-supplying punp:
LC-9A Systemcontroller: SLC-6B Autoinjector: S1L-6B Detector: RID 6A
t he above units being manufactured by SH MADZU CORPORATI ON Dat a
processi ng software: Sic480l1 Data Station (manufactured by SYSTEM

| NSTRUVMENTS Co., Ltd.) Colum: GL- R4G® (Guard Col urm) + GL-R440 +

G- R450 + GLR40OM (manufactured by Hitachi Chem cal Conpany, Ltd.)
Elution solvent: THF Elution flowrate: 2 m/mn Col um tenperature:
35C [0065] <Synthetic Exanple 2> A styrene-acrylic acid

copol ymemh (A2 RS st hesiized By adiustisng thgtr @ast hasoeerdi fkons
of the production - 57°- nmethod of Synthetic Exanple 1. In the

styrene=3@myliigiaci.d eepRhXEBEuCA 2) st HPE1 COIRYShebRANT &th gr@g)erly
nmononer units was styrene/acrylic acid/ methacrylic acid = 75/11/14
(by massprkt,heheeinght vavekagE mbleeculdactvanghiseds 11106, khbadaeabd
val ue was 172 ngKOH g, and the glass transition tenperature was 108C.
<Synt hetiicd Beanpleed3d>to be A sbyrnenendcryl peedeirdbigpsl premoiA- 3hdwas
synt hesi zed by adjusting the reaction conditions of the production
net hod dfesSyrthlaet i1d .Exafptkee IHLBnvéheesiyr éaes achyhi &, ache copol yner
(A-3), the conposition ratio of nononmer units was styrene/acrylic

aci d/ netiyalsophiid igdity =s82h8utd ichpnrassTheratonei ghvervef agee

mol ecul ar wei ght was 11200, the acid value was 121 ngKOH g, and the
gl ass t F&ESIGNGN adehper atf@veradd yi@georbs onto the pigment surface,

{:f the dispersibility of the pigment in water is not
significantly improved. If the HLB value is more than 12,
the hydrophilicity is good, but the adsorbing property onto
the pigment surface tends to degrade.

[0044]

Regarding the amount of kneading aid (e) added, the
mass ratio (e)/(a) of the kneading aid (e) to the bis-
acetoacetallylide pigment (a) is 0.5/100 to 7/100 and
preferably 0.5/100 to 6/100. If the amount is less than the

{f, lower limit of this range, the addition effects of the

kneading aid (e) tend to be not produced. If the amount is

more than the upper limit of this range, the concentration
of the kneading aid (e) is increased. Therefore,

competitive adsorption of the resin and the kneading aid (e)

onto the bis-acetoacetallylide pigment (a) is caused, and

the adsorption of the resin tends to be hindered. The
kneading aid (e) is a compound composed of the surfactant

specified in the present invention or a mixture containing



<Synt hetic Exanple 4> A styrene-acrylic acid copolyner (A-4) was
synt hesi zed by adjusting the reaction conditions of the production
nmet hod of Synthetic Exanple 1. In the styrene-acrylic acid copol yner
(A-4), the conmposition ratio of nmononer units was styrene/acrylic

aci d/ methacrylic acid = 80/9/11 (by mids), the weight-average

nmol ecul ar wei ght was 11400, the acid value was 135 ngKOH g, and the
glass transition tenperature was 107C. <Synthetic Exanple 5> - 58 -
A styrene-acrylic acid copolymer (A-5) was synthesized by adjusting

t he reagtjon GaRdddr@ns e itfhe Priedyeld %e@%tnrﬁoq.nq);en%i%hhet rg Exanple

In the styrene-acrylic acid copolymer (A-5), the conposition ratio

of NDNO MR s el RiHeS-aNah S HRRBIMRC Ild G ACiid relhagrythire agind knéé/da%ﬂ
(by mass), the weight-average nol ecul ar wei ght was 11500, the acid

val ue wasidl 7@ )msOHc@dntanch hen@lias sirduaitsidii ot gheiiRe kat e tWasdl09C.
[ 0066] <Exanple 1> Pignent Yellow 155 (I nk Jet Yellow 4GP

manuf acttireed ilke ,Cliar is@iti)ti 0@ opartes sSinfaeftanac ryleicd faeidd iaopblky mer
(acid value 155) (A-1): 100 parts Diethylene glycol: 155 parts

Sur f ynolpr@E2It: itsepdriics: .8NIagukoascpstasshannhydeodedersoédt i on
(solid content = 34% by mass): 45.6 parts The conponents above
ver e i ns@nmpeding fheffati sorsgerci figdh g 50 kogliyeecampomexsr cORLRLBEA
manuf act ured by | NOUE MANUFACTURI NG CO., LTD.) in which the

t enper ati@y éhgadknesgtingt aGGC (#id kn&ddi I}nge\ﬁ@@tstl@ﬁ@@@l@m asrotation
ate of 59 rpmand at a revolution rate of 22 rpm After three

iin nut es CAHE 1HiSe Fre 2adgridy SOEPANSG 41y 6d- BIMREnEh e 7 OFheTnieEgr BY

was contlnuous%y kneaded for 120 minutes to obtain a pigment .
mass and preferably 80% or more by mass. However, even in

the case where the amount is less than 70% by mass, the
effects of the present invention can be produced as long as
the surfactants specified in the present invention are
contained in the kneading aid (e) so that the mass ratio of
all the surfactants to the bis-acetoacetallylide pigment (a)
is 0.5/100 to 7/100.

[0045]

{M% Examples of the surfactant that can be used as the
kneading aid (e) in the present invention include Surfynol
440 (ethylene oxide (40 mass%) adduct of 1,4-diisobutyl-1,4-
dimethylbutynediol, HLB = 8, manufactured by Nissin Chemical
Industry Co., Ltd.), Surfynol CT211 (mixture containing 40%
by mass of 1,4-diisobutyl-1,4-dimethylbutynediol and 43% by
mass of ether compound of secondary alcohol whose alkyl
group has 12 to 14 carbon atoms and polyoxyethylene, HLB =

10, manufactured by Nissin Chemical Industry Co., Ltd.), and



- 59 - dispersion (solid colored kneaded material). During the
kneadi ng for 120 m nutes, the power consunption was repeatedly

i ncreased and decreased in a range of 5 to 15 anperes in accordance
with the rotation period of an inpeller. This is because, since the
mxture is a semsolid having an extr¥hety high viscosity and thus is
not uniformy distributed inside the reaction vessel, a |large force
is exerted on the inpeller every tinme the inpeller shears the m xture
periodical ly. After 120 m nutes, 1600 parts of ion-exchanged

wat er vas, ghadialily added dhereie ofiofi o howr %gs%ats@abft he 4pi gnent

di spersion was liquefied. As a result, Ta uniformy dispersed mxture
havi ng & ipiHRIHy 1CaneertinRitN Wit 2 di ¥1bvnRas swes, aRlsal Bed. [0067]
The resultant mxture was transferred to a stainless drum and 360
parts ofpdlgR:&ealigiger Wairsi prey18Q tpart s mofs di abhy keme rakyeekanws
added thereto. The m xture was dispersed using a bead mll (Nano I
NM G- 2L Nisrsifrachenecally TASARA yRAS WORKS.. )CO., LTD.) at a tenperature
of 25C for a residence tine of 1.67 mnutes to obtain a water-based
pi gnent di spfhskencbimgeirdially avSubabiaentikfacR8860 paotiacoé maenly
di spersion liquid was continuously subjected to centrifugation using
a cont i meousigeriths falnpy o-4e600S besh woapoumed dry mK@KUSANaGoa, Ltd., -
60 - volune: 2 L) with a centrifugal force of 18900 G at a

t enper atSwrE st agBC fagd &hussicgende diime cailyl Zseidh aise $heo kobegiinga

at er - based pi gnent di spersion having a pignment concentration of

.15. 2% by@ifassThe totglr pRerRbref gAMPARNEE FEEVLEENgS| BRehakhPvg- a

pi gnment concentration of 4% by nass was produced using the obtained

vat er - h&SEFFRGTe MUrdeSFerdison N it Fuaddctine tc BFPEHNERt 45bel ow,
Aqueous pi nt _dispersion liquid: 5.52 parts 2-Pyrrolidinone: 1.60
parts TF&?&%&P&H@’ WV%éFTHEHEbEPyﬂaﬁﬁhQP@'f@%@ §E%F§Iﬂ%g¥y@8ﬁeoﬁlycol
sur f act ant gg;f nol 440 (manufactured by Ni ssin Chem cal |ndustry

1

Co., LtdI=e ¢ ar'ts Aycerin: 0.60 parts |on-exchanged wat er
about 1luﬂﬁﬁﬁs [ 00681 <Exanple 2>

A publicly known humectant can be used as a humectant

(d) contained in the pigment dispersion of the present
invention. Examples of the humectant (d) include polyols
such as glycerin, ethylene glycol, diethylene glycol,

ijf triethylene glycol, tetraethylene glycol, polyethylene
glycol, propylene glycol, polypropylene glycol, 1,3-
propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
1,2,6-hexanetriol, trimethylolpropane, and pentaerythritol;
lactams such as 2-pyrrolidone, N-methyl-2-pyrrolidone, and
g-caprolactam; and 1,3-dimethylimidazolidine. Among them,
diethylene glycol is preferred. Since such a humectant (d)
has a high boiling point, the humectant (d) does not

volatilize in the kneading step and kneading conditions are



A wat er - based pi gnent dispersion liquid was produced as in Exanmple 1,
except that the amount of Surfynol CT211 added was changed from 15
parts (3% of pignent) to 5 parts (1% of pignent). An inkjet recording
i nk having a pignent concentration of_ 4% by nass was prepared from

t he wat er - based pi gnent di spersion 1i:t|5.1i‘d as in Exanple 1. <Exanple
3> A wat er-based pignent dispersion liquid was produced as - 61 - in
Exanpl e 1, except that the anmount of Surfynol CT211 added was changed
from 15 parts to 30 parts (6% of pignent). An inkjet recording ink
havi ng & RigNEMa 1GRRGeRI at FARcAE-AZRY BRSSeVBfePhEREEEINET 08) the
wat er - based pi gnent dispersion liquid as in Exanple 1. <kExanple 4>

A wat er -hasec RiHEAL PRSIt |dfipdd iWasPFddeed nas elth rExamaliegl,
except that the styrene-acrylic acid copolyner (A-2) having an amg
val ue ofink/2 tmas HisR¢ tais! 6@ Hodhect WeRldetachyl g saGind eciop@lty mer
(A-1) having an acid value of 155 and the anmount of 8N aqueous

pot assi wndiy dr et -Seladd @igheeld dicprirerdiiors 134%iky orass) iwkSet
changed from45.6 parts to 50.6 parts. An inkjet recording ink having
a pi gnertecconrtieny riatk drs gfrotBbdeyd .maSbusasapr épRjed feonrtheg ink

wat er - based pi gnent dispersion liquid as in Exanple 1. <Exanple 5>

A wat er deasdrt piagmEnt icsheresi.on |iquid was produced as in Exanple 1,
except that Surfynol 440 was used instead of Surfynol CT211. An

i nkj et recor@hagvwhikrhhased riphgnendiepasenrnalianidf 049%4hg mass was
éa«a:epar ed fromthe water-based pignent dispersion |iquid as in Exanple
1. [oo6gresmuhpiiwegion can g drrshsed pivg e edissper ihen aboy@i-d
was produced as in Exanple 1, except that the anmount of

styr ene- eSS RS h@IgMents S LSRG SN (BT s ocEGEd PPSEM 100
Concent METOR G by R Sad preted FraMPtRE 8t BPEbRSEETpi grent
di sper Siboa.nselci (%nuei&uams iinncl%xcfaenmaece]f a?q%(aé_mr)r!i%{tﬁ?ce containing water
and a humectant. The mixture can be prepared in
consideration of the vaporization-preventing effect of the
humectant on the water-based pigment dispersion liquid,
viscosity, and the like. The concentration of the pigment
in the water-based pigment dispersion liquid is preferably 1

S to 30% by mass and more preferably 10 to 20% by mass in

order to achieve high printing density and maintain the
dischargeability of an inkjet recording ink to be produced.
The inkjet recording ink of the present invention can
be produced by suitably adding, in addition to the water-
based medium, publicly known additives such as a humectant,
a penetrant, an antiseptic, a fungicide, a surfactant, an
antifoaming agent, an antioxidant, and an ultraviolet

absorber to the water-based pigment dispersion liquid and by



A wat er - based pi gnent dispersion liquid was produced as in Exanmple 1,
except that the amount of diethylene glycol was changed from 155
parts to 115 parts. An inkjet recording ink having a pignent
concentration of 4% by nass was prepared fromthe water-based pignent
di spersion liquid as in Exanple 1. <Béarple 8> A wat er - based

pi gment dispersion |iquid was produced as in Exanple 1, except that

t he anount of diethylene glycol was changed from 155 parts to 140
parts. An inkjet recording ink having a pignment concentration of 4%
by mass 8% -RLSRALEL biomhe wakentbasednPLamen dbspersion | igui d
as in Exanple 1. <Exa A wat er - based pi gnent “di spersion

| i qui d wag4produced as |n Exanple 1, except that the anount of

di et hyl ene gl ycol was changed from 155 parts to 194 parts. An inkjet
recording i nk havhbd 8opi gABALcCAYCERET B 9N Of A A8pbYs 1BS SaM@sa
prepared fromthe water-based pignment dispersion I|qU|d as in Exanple
1. - OGdethebxd@epl @rbdecing thAewabeerbdseddpbgarehtddspeeskannl i qui d
was produced as in Exanple 1, except that Surfynol CT211 was changed
t o Surfynolui@rittordinke teaneapresentAdnvekjcebnr @tdidnog bek havi ng
a pignent concentration of 4% by mass was prepared fromthe

wat er - based rpbgaenn diesperdsi on liquid as in Exanple 1. [0070]

<Conpar ative Exanple 1> A wat er - based pi gnent dispersion liquid
was producedThe PhIERARpHesperexerptanrhbe Boogared by dherbpyleneng
glycol was used instead of 15 parts of Surfynol CT211. An inkjet
recor di AGHRR waSTprEpaPde -f r brmne eotat oF - BEREdC prg nEhe H%%%%m%lon
liquid as in Exanple 1. <Conparative Exanples 2 to 6>
mater-bgéé@eﬁgdﬁﬁnPfdF?ﬁe@§?§ﬁnF|&@W&nﬁé§npﬂ6668§83a§ kﬁeﬁﬁéﬁﬁlétﬁp
except t %@.as shown i.n Table 1, 15 parts_of Surfynol 2
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Sl e 3), 45 Rt s ST Surtynol 498 ( Gomparati e Exarp

, a basic
compound (c¢), a humectant (d), and a kneading aid (e) to
prepare a pigment composition that is in a solid form at
room temperature; and a dispersion step of dispersing the
pigment composition in a water-based medium. The kneading

aid (e) contains a surfactant composed of a compound

g“% represented by general formula (1) below
N [0048]
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4), 15 parts of Surfynol CT221 (Conparative Exanple 5), or 15 parts
of Surfynol CT231 (Conparative Exanple 6) was used instead of 15
parts of Surfynol CT211 in Exanple 1. An inkjet recording ink having
a pignent concentration of 4% was prgyared fromthe water-based

pi gment dispersion liquid. - 64 - - 37 -

(in the formula, R1, R2, R3, and R4 each independently
represent a linear or branched alkyl group having 1 to 8

- carbon atoms in its main chain, and m and n each represent
an integer of 0 to 20 and do not represent 0 at the same
time) and/or
a surfactant composed of a mixture containing a compound

represented by general formula (2) below

[0049]
[Chem. 22]
R! R’
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(in the formula, R1, R2, R3, and R4 each independently
gwu represent a linear or branched alkyl group having 1 to 8
| carbon atoms in its main chain) and a polyoxyethylene alkyl
ether whose alkyl group has 12 to 14 carbon atoms or an
ether compound represented by general formula (3) below
[0050]

[Chem. 23]



The conpositions of Surfynol 104, Surfynol 420, Surfynol 465,
Surfynol CT221, and Surfynol CT231 (each manufactured by N ssin
Chem cal Industry Co., Ltd.) are described bel ow Surfynol 104
(1, 4-diisobutyl-1, 4-di net hyl butynediol, HLB = 4) Surfynol 420
(ethyl ene oxide (20 mass% adduct of 38 4

di i sobutyl-1, 4-di net hyl butynedi ol, HLB = 4) Surfynol 465
(ethyl ene oxide (65 mass% adduct of 1, 4-
di i sobutyl-1, 4-di et hyl butynedi ol , HLB = 13) Surfynol CT221

(m xture containing 20% by mass of 1, 4-
di i sobut yR- 1, 4- di et hyl but ynedi ol and 63% by mass of ether conpound
of second al cohol whose al kyl group has 11 to 15 carbon atons and
cné?%ﬁﬁkgﬁﬁé%rfi Surfynol CT231 (nixture containing 6%
4- diisobutyl-1, 4-dinet hyl butynedi ol and 33% by mass of
et her conpelnd of secondary al cohol whose al kyl group has 11 to 15
carbon atons and pol yoxyet hyl ene, HLB = 14) [0071] <Conparative
Exanpl e 7> A wat er - based pi gng) di spersion |iquid was produced
as in Exanple 1, except that the styrene-acrylic acid copol yner (A-3)
was used instead of the styrene-acrylic acid copolynmer (A-1) and the
anount dfd 8Npagseods pot assiegerhydr dxitde 39okuti 84 (spkedentrt ent =
34% by mass) was changed from45.6 - 65 - parts to 35.6 parts. An
i nkj et rd@eedi oy brkenghedngliygi gren bendagt atirodlofazbpbyarans) was
gfarepared fromthe water-based pignent dispersion liquid as in Exanple
1. <Conp&eatigedirgnplie gs) has AnwELSr vBA¥EdOpi §neRt 18- spBRS| Bss
liquid was ,produced as in_Exanple 1, except that the styrene-acrylic
acid copdityirer S A- ) @ds thsedeAsiogddasr (ke SOy lrbRePasrylic acid

I A1 h t of 8N t [ hydr oxi de |,
col ut | O CEE oA R AP FRERy s nds SChaRoLd 1/ GRPAS. BpaATid o
39.7 ts.. An_nkjet di i.nk havi i t trati f
49 by 8L a8 TpraFd SFrAPLRY NSt 8F 2HaSEH P Bitent Pdi SpERSEOnCES
liquid %@eﬁ%i%?a@QE _%S_éggnQ%rﬁggve Exampl e 9> A wat er - based

|

pi gnent spérsi on Fiqui d was produced as in Exanple 1, except that
t he styQ%%%iqcrylic aci d copol yner

In the kneading step of the method for producing a
pigment dispersion, when the mixture containing a bis-
acetoacetallylide pigment (a), a styrene-acrylic acid

{iﬁ copolymer (b), a basic compound (c), a humectant (d), and a
» kneading aid (e) is kneaded, the kneading aid (e) functions
as a dispersion aid of the bis-acetoacetallylide pigment (a)
during kneading and properly causes the coating of the
surface of the bis-acetoacetallylide pigment (a) with the
styrene-acrylic acid copolymer (b) and the dispersion of the
pigment (a).
It is important to efficiently perform uniform mixing

of the pigment and resin and disintegration of the pigment



(A-5) was used instead of the styrene-acrylic acid copolynmer (A-1)
and the amount of 8N aqueous potassi um hydroxi de solution (solid
content = 34% by nmass) was changed from45.6 parts to 54.1 parts. An
i nkj et recording ink having a pignment concentration of 4% by mass was
prepared fromthe water-based pi gnent3%¥ispersion liquid as in Exanple
1. <Conparative Exanple 10> A wat er - based pi gnent di spersion

| i quid was produced as in Exanple 1, except that the anpunt of
Surfynol CT211 added mas changed from 15 parts (3% of pignent) to 45

parts (%é? ?erfox@rﬁn tr%)gy LfASJll’ignlﬂh%t KRG AN G sighK Havisng

pi gment centratlon of 41 mass was prepared fromthe mater-based

pi gnent fdigRarsian dilduif Asddt M ch tHeomeanLRl i ceramle hkin
A wat er - based pi gnent dispersion liquid was produced as in Exanpl é 1,

except that Suid Woli ol hkaasnaloraddad idkdpeampl esf. coAtiAkbebly
recordi ng ink having a pignment concentration of 41 by mass was

pr epar eckrig=piride iaingy drasedmirgmertdiciper Simkddhw ¢tasd AnbExarpl e
1. [0072] <Reference Exanple 1> A wat er - based pi gnent di spersion
i qui d wasgereduced s iredbmgne eul f iexeent dheatriPiggfeniceYdlsl ow 185
was used instead of Pignment Yellow 155. An inkjet recording ink

havi ng & mgreshtore driee mticatuiren fofomd % hynamsiss wasl [hep arigtheftonnt e
wat er - based pi gnent dispersion liquid as in Exanple 1. <Reference
Exanpl e aggregateAl wiedre bas e fpicgrevitl vlidspemdieiraltiegui dThasspyoduced
-as in Reference Exanple 1, except that the amount of Surfynol CT211
{a,dded Wes ISHdrfy e 1% mpmymrrt s(tlo thagahes. smeliley efuer ECoM@itRd i nk
haV|ng a plggfnt concentratlon of 4% by mass was prepared fromthe

wat er - e OB sian ﬁrﬁhtdleaémﬂwom@%r difde iex &pPeded PRe

mater-ba ed ment di spersi,on I|qU|ds nd |nk1et i 67 - recording
i nks pr é&ﬁ%? 4&? %@ AP rREEE into

eval uat el [ acs e wis t@ﬁeegak St

acetoacetallylide pigment (a) can be efficiently coated with
the styrene-acrylic acid copolymer (b).
[0052]
Regarding the amount of humectant (d) used in the

kneading step of the method for producing a water-based

{W1 pigment dispersion liquid of the present invention, the mass
ratio (d)/(a) of the humectant (d) to the bis-
acetoacetallylide pigment (a) is preferably 16/100 to 35/100.
If the mass ratio (d)/(a) is less than 16/100, the pigment
particles tend to not gather sufficiently during kneading
and the efficiency of kneading performed in the form of
powder easily decreases. If the mass ratio (d)/(a) is more
than 35/100, the mixture easily becomes a liquid state or a

state close to such a liquid state during kneading, and the



[ 0073] <Eval uation of dispersibility> The particle size of

di spersed particles, viscosity, and precipitation property of each of
t he obt ai ned wat er-based pi gnent dispersion |iquids were neasured to
eval uate dispersibility and |long-term di spersion stability.

<Measur emrent of particle size and vi stbsity> After each of the
wat er - based pi gnent dispersion |iquids produced in Exanpl es and
Conparative Exanples was diluted 1000 tines, the particle size of

di spersed particles in the water-based pignment dispersion |iquid was

measur e, -1, '\éccrr ”ca cQ%AJc%% gg%’i“ (@Gt Yl %%smé;o'—%?‘igt&t@o%t hrup

Conpany) . FEFEIH e vo ume- a e particle size o i spersed

particles :?%%lé' edras Lherpar the! &8t Of 9f§9§r§§d BRLtigbes in
t he mater(%ﬁ' plgnenF dfspe¥5|on |§ﬁ§ £ he V|s%05|ty was

nmeasur echctt AFE iUSietd 190 dealtee whitsC @Mt %p(ﬂi%e%OL rapthashored by
Toki nmec, Inc.). <Measurenent of precipitation property > The
preci pi ttald ax gy aperily WY @valivateadeashbel 13eyws.ookaeheobighenicnkj et

i nks having a pignment concentration of 4% by mass and produced in
Exanpl epaand depat=atiilye dbdanpltes the 68 quivaphsiser athdi Atabi@ontesgl ass
vial at 25C for 2 weeks. The vial was turned upside down after the

st or age hedilepr eci pigpdtyl erufdnitod ertre sttatetsemtwa s heb pegweditt. hr Bagh vi sual
inspection. In this nethod that can be used to neasure precipitation
proper t yasulit hitdle evesidiingi toperelrd cav dinuat isod igas oper, f olred iLs
-accordance with the criteria below. Precipitation property: IargeWhen
.a gl ass Wit@ndes tir fée Pysiseatdémventienat Fauinidme solapngivehe
partlcles to a wall surface is significant. Precipitation property:
medi um - W%nggsfqr%d i sTher ﬁEHW)B@l gengswaf the m2Edehment of

pi gment icles to a wall surface 1S recogni zed. PreC|p|tat|on
proper t ﬁﬁn is Skﬂﬁ§¥%¥’§¢§§§ aft P& OH eu&§| kGSRALIGhe
attachnent of npi nent artlcle surface i E

recogn el THHL <e5 HSBFGALof &1 RRFOLSF BBP ARRGOF nROMSER AT Ba Fbn

of gl oss> JR = f.t.h o ord|n |nks haV£ a nment

concent it % @cﬁr /oa%y%q?g ?H\?F& P61 nEENRRG o Q%d %ﬁﬁgaramve

Pr it 'e?‘°'< i S0 PRy G RO SO EBRE AT R Lo Eged
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[0053]

{Wg When the styrene-acrylic acid copolymer (b) is
sufficiently present on the surface of the bis-
acetoacetallylide pigment (a) so as to coat the pigment, a
sufficient precipitation-suppressing effect is achieved
after an inkjet recording ink is produced and sufficient
gloss of images is achieved after the ink is printed.
However, if the amount of styrene-acrylic acid copolymer (b)
is excessively high and thus the styrene-acrylic acid

copolymer (b) diffuses into a water-based medium, the



- 69 - medium1l. The gl oss of the recorded i mages was neasured as a
gl oss value at 200 using "Mcro-TRI -d oss" (manufactured by

BYK- Gardner). Furthernore, the sane eval uati on was perforned using
Photo Gall ery d ossy Paper (manufactured by d ynpus Corporation) as a
recording medium 2 to obtain a gl oss %44l ue. When the inmages

havi ng an i mage density of 50% and 95% on the recording nedium1l
respectively have a gl oss value of 30 or nore and 60 or nore, the
inkjet recording ink is eval uated as good and can be practically used
wi t hout - ~ t j nage. i g_]._@r; i j f; :95% on
t he recg?%lycr?glﬂgd%?ml %?%qd}l 0SS va%\uélesno &h%?gi%%gl%? hebﬁr}klj%t
recordi g igie ISVt ed, ag &xceld ent. When the inmages having an

i mge density of 50% and 95% on the recordi ng medi um 2 respectively
have a gl ossTwal wasaf ra@ier (APYgagnNdr7Oner sihi-enet BeriNki-ebcigcordi ng
ink is evaluated as good and can be practically used w thout any
probl eme Aridie (grages Hhyigig -arkdimge t3ansiltiyieof iz@#ntnd a95%son
the recording medium 2 respectively have a gloss value of 60 or nore
and 75 qrafmmbliyhed/lgetta aoondiong Bpksestevgl vatedmasnexeel | ent .

[ 0075] <Eval uation of |ong-termdispersion stability> Each of
t he i nkjsstyressoradimg iicnks ipy adypedgmniar BXanpldeedanc Chriparahioee the
Exanpl es and used for the evaluation of - 70 - gloss was left to

st and atdiAd@Hagrg weeks. tAe hrmyenn affe cigniiy- precagesparticl e
(si,ze bet ween before and after standing was neasured and used as an
i ndi cat drurithesmmgsid i then\idie amtiarciesss il danies tp gritsiceire ioinz d 1i0g11804
or less, the inkjet recording ink is evaluated as good. 55010 CD CN
c 0 -- e PrsweEd, a0 IinEealse in the viscosity of the dispersion

liguid and a decrease in the dischargeability of an inkjet
recording ink that are caused by presence of an excessive
pigment that has not adsorbed onto the pigment in a water-
based médium are prevented.
[0054]

When an alkali metal hydroxide is used as the basic
compound (c¢), the alkali metal hydroxide is normally used in

the form of an agqueous solution. Herein, the amount of

& 4
% ;

water is preferably minimized. The ratio of the amount of
water relative to the amount of pigment is preferably 15% or
less by mass and more preferably 8% or less by mass. In the
present invention, the wviscosity of the water-based
dispersion liquid is preferably less than 4.0 mPa-s and more
preferably less than 3.5 mPa-s at room temperature. When
the viscosity of the water-based pigment dispersion liquid

is in such a low viscosity range, an inkjet recording ink
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having a sufficient discharge speed is easily produced from
the water-based pigment dispersion liquid.
[0055]

The method for producing a water-based pigment
dispersion liquid of the present invention includes a
kneading step of kneading a high solid content mixture
containing a bis-acetoacetallylide pigment (a), a styrene-
acrylic acid copolymer (b), a basic compound (c), a
humectant (d), and a kneading aid (e), and the pigment
dispersion produced by the method including the kneading
step is dispersed in a water-based medium to produce a
water-based pigment dispersion liquid.

In the kneading step of preparing the pigment
dispersion, the solid content is preferably high so that the
mixture kneaded is not in the form of liquid. In the form
of liquid, at least part of or the entire styrene-acrylic
acid copolymer (b) easily diffuses into the liquid, and the
copolymer is not sufficiently present on the pigment surface
and the coating tends to be not sufficiently achieved. If
the mixture being subjected to kneading is in a ligquid form,
the mixture containing the pigment and the resin is not
kneaded under a high shearing force and the disintegration
of the pigment becomes insufficient. Consequently, the
effects of the present invention, such as a decrease in the

size of particles of the pigment and prevention of
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precipitation, tend to be not produced as in the case where
a water-based pigment dispersion liquid is produced by only
dispersing a pigment in liquid, which has been
conventionally performed.

To efficiently perform kneading, the solid content of a
colored kneaded material during kneading is preferably 70 to
90% by mass and more preferably 70 to 80% by mass. If the
solid content is in this range, the dilution and dispersion
of the mixture in a water-based medium smoothly proceed
after the completion of kneading, and high gloss and
stability are achieved as shown in Examples and Comparative
Examples. If the solid content is more than 90% by mass, a
long time tends to be required for the dilution and
dispersion after kneading. Furthermore, the material
transfer in the kneaded material is slow and the dispersion
easily becomes nonuniform. This tends to pose a problem in
that sufficient gloss and long-term dispersion stability are
not easily achieved. If the solid content is less than 70%
by mass, it is difficult to exert a strong shearing force
during kneading. As a result, the disintegration of the
pigment and the coating of the pigment surface with the
styrene-acrylic acid copolymer (b) do not sufficiently
proceed, and a decrease in the size of particles of the
pigment and dispersion become insufficient to cause

precipitation. This also tends to pose a problem in that
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sufficient gloss and long-term dispersion stability are not
easily achieved.

The solid content mentioned in the present invention is
the ratio of the total mass of the pigment (a) and the
styrene-acrylic acid copolymer (b) relative to the total
mass of all components.

[0056]

Before starting kneading, a styrene-acrylic acid
copolymer (b), a basic compound (c), a humectant (d), and a
kneading aid (e) can be added to a powdery bis-
acetoacetallylide pigment (a) to prepare a mixture. However,
a bis-acetoacetallylide pigment (a) and a powdery styrene-
acrylic acid copolymer (b) are preferably mixed in advance
to prepare a mixed powder. A basic compound (c), a
humectant (d), and a kneading aid (e), which are other
essential components, are added to the mixed powder and then
kneading is preferably started. The kneader preferably
provides a strong shearing force that is effective for
kneading a solid material. An example of a simple method is
a method in which a solid mixture is kneaded using a typical
container such as a large mortar or bowl made of stone or
metal together with a large pestle or pounder. In
particular, in the case of production in a small amount, a
mortar and a pestle can be used instead of the foregoing.

Even in such a method, a solid colored kneaded material
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having good reproducibility in terms of its characteristics
can be prepared because the disintegration of the pigment
and the coating of the pigment surface with the resin are
made to reach a level of almost complete saturation by
performing kneading for 30 minutes or longer. 1In the case
where temperature is precisely controlled or a large amount
of kneaded material is prepared, a kneader equipped with a
roll or an impeller or a publicly known kneader can be used.
In particular, a pressure kneader, a Henschel mixer, and a
planetary mixer each including a mixing tank and an impeller
are preferably used. Furthermore, a kneader whose impeller
can rotate and revolve is suitable. Typical examples of
such a kneader include a pressure kneader and a planetary
mixer. A planetary mixer is particularly preferred because
it can cover a wider range of viscosity and can perform
kneading at lower temperature. The planetary mixer is a
planetary kneader, which is a general term of kneaders
having two or more impellers that conduct sun-and-planet
motion (hereinafter referred to as "planetary mixer").
[0057]

Particles of the bis-acetoacetallylide pigment (a)
which is a main component of the mixture prepared by adding
the components in the kneading step coalesce with each other
through the styrene-acrylic acid copolymer (b) from 2 to 20

minutes after the initiation of kneading. The aggregation
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preferably proceeds so that the bis-acetoacetallylide
pigment (a) becomes a ball-shaped or rod-shaped aggregate.
By adding the kneading aid (e), the time required for this
aggregation is shortened and thus more efficient kneading is
performed.

When the components become a lump, the total apparent
volume including the volume of pigment powder before mixing
iif significantly reduces to about 60%.

Since the styrene-acrylic acid copolymer (b) is
neutralized with the basic compound (c), the temperature
increases due to the heat of neutralization. By controlling
the temperature in the above-described preferred range using
the heat, the electric power required for the kneading can
be economized.

To properly knead the thus-obtained lump containing the
bis-acetoacetallylide pigment (a), it is important that the

7 lump is a mixture in a solid state at room temperature and
the lump can be expanded by applying a sufficient shearing
force using a kneader. If the mixture in a solid state is
excessively hard, the kneader may be damaged or the hue or
gloss may be adversely affected due to the destruction of
pigment particles.

Therefore, to properly perform kneading efficiently,
the amount of each of the components added in the kneading

step is preferably set in the above-described range.
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[0058]

To achieve a preferred state in which the additive
components become a lump so that a sufficient shearing force
is exerted on the solid mixture in the kneading step,
preferably, the components other than the bis-
acetoacetallylide pigment (a) are not added to the bis-
acetoacetallylide pigment (a) at one time, but are added
thereto in stages.

The kneading time is not particularly limited, but is
preferably 0.2 to 6 hours and more preferably 0.5 to 3 hours.
If the kneading time is shorter than 0.2 hours, the coating
of the pigment surface with the resin tends to be not
completed. If the kneading time is longer than 6 hours, the
productivity may be decreased and the destruction of the
pigment may cause a change in the hue and gloss.

[0059]

The thus-obtained pigment dispersion is a colored
kneaded material in a solid form at room temperature, and is
convenient for long-term storage and handling as a
microcapsule-type modified pigment whose surface is coated
with a resin.

In the preparation of the pigment dispersion of the present
invention, the number of revolution of the kneader can be
suitably set in the range in which a strong shearing force

that can properly knead the mixture is generated during
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kneading.

The effects produced by using the kneading aid (e) of
the present invention are believed to be achieved because
the effects produced from the surfactant used as the
kneading aid are significantly large compared with effects
produced from other surfactants. The effects of the present
invention are believed to be specific to the combination

between the bis-acetoacetallylide pigment (a) and the

kneading aid (e) used in the present application as
described in Comparative Examples. Thus, the effects of the
present invention are not produced when Pigment Yellow 185,
which has a different basic chemical structure and different
surface properties, is employed.

This can be explained by considering the peculiar
surface properties of the bis-acetoacetallylide pigment (a).
That is, the bis-acetoacetallylide pigment (a) is rich in

o~ aromatic rings, ester bonds, and amide bonds, and it is
believed that mn-m interaction and hydrogen bonds play a
certain role in the interaction between the resin and the
pigment, which causes a strong total action between the
resin and the pigment. Therefore, the effects of the
kneading aid (e) achieved by coating the pigment surface
with the resin in the kneading step are also believed to be
significantly produced.

[0060]
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In the dispersion step of the method for producing a
water-based pigment dispersion liquid of the present
invention, by mixing the solid colored kneaded material that
is the pigment dispersion produced in the kneading step in
water or a water-based medium mainly containing water, a
pigment dispersion liquid can be easily produced. Herein,
the colored kneaded material can be dispersed while being
mixed with other coloring materials such as a dye. By
mixing such a coloring material, the color can be changed
into greenish yellow or reddish yellow. The surface of the
big-acetoacetallylide pigment (a) is sufficiently coated
with the styrene-acrylic acid copolymer (b) having a
hydrophilicity increased by the addition of the basic
compound (c). The coating process properly proceeds using
the kneading aid (e) of the present application as a
dispersion aid, and thus a pigment composition is prepared.
Therefore, by mixing the pigment composition with a water-
based medium, a water-based pigment dispersion liquid can be
easily produced. In particular, a water-based pigment
dispersion liquid with uniformly fine pigment particles can
be produced without using a typical pigment dispersing
machine. The mixing with the water-based medium may be
performed using a typical mixer equipped with an impeller
and a mixing tank. For example, the mixing may be performed

directly in the above-described kneader such as a planetary
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mixer. The concentration of the pigment in the thus-
obtained dispersion liquid is preferably 1 to 30% by mass
when the dispersion ligquid is assumed to be used as an
inkjet recording ink. If the concentration is less than 1%
by mass, the printing density when the dispersion liquid is
used for an inkjet recording ink tends to be insufficient.
If the concentration is more than 30% by mass, the viscosity
is excessively increased and ease of handling tends to
degrade.

[0061]

When the colored kneaded material that is the pigment
dispersion is mixed with the water-based medium to disperse
the colored kneaded material in the water-based medium, a
publicly known dispersing machine may be used to achieve
better dispersion or improve productivity. In particular,
it is effective to introduce a step of performing dispersion
with a dispersing machine that uses a medium such as a bead.
When components other than water are added in the dispersion
step, such a dispersing machine can be used to achieve
uniform concentration of the components in the liquid.
Examples of the dispersing machine that uses a medium and is
used in the dispersion step include a sand mill, a paint
shaker, a ball mill, a sand grinder, Dyno-Mill, Dispermat,
SC Mill, Spike Mill, Agitator Mill, and Pinmill. However,

as described above, the step of dispersing a pigment with a
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dispersing machine is not necessarily performed in the
present invention. When the dispersing machine is used, the
dispersion needs to be finished within 10 minutes and is
preferably finished within 5 minutes to prevent the
detachment of the resin on the pigment surface caused by
excessive dispersion. When the dispersing machine is used
in the dispersion step, the colored kneaded material
prepared in the kneading step is preferably mixed and
diluted with a water-based medium to adjust the viscosity in
a suitable viscosity range of the dispersing machine. The
viscosity is preferably reduced to 15 mPa-s or less.
Regarding the mixing method of the water-based medium
in the dispersion step, the colored kneaded material and the
water-based medium may be mixed with each other at one time
or the colored kneaded material may be mixed with the water-
based medium in stages under stirring. By employing the
latter method, a water-based pigment dispersion liquid
having better dispersibility can be produced more
efficiently. The temperature during the mixing is not
particularly limited, but is suitably 5 to 70°C. The
concentration of the pigment in the water-based pigment
dispersion liquid produced at the completion of the
dispersion step is preferably 10 to 20% by mass. A
dispersion liquid produced so as to have a pigment

concentration of about 1 to 7% is used as an inkjet
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recording ink by suitably adding the additional components
described below and further adjusting the viscosity and
pigment concentration. Such a dispersion liquid can also be
directly used as an inkjet recording ink.

A water-based pigment dispersion liquid having a high
pigment concentration can be used as a storage raw material

for obtaining an inkjet recording ink. Herein, the water-

T

{,«m

based pigment dispersion liquid is stored as an intermediate
for producing an ink, and, when an ink is required, water,
publicly known ink components, other pigment dispersion
liquids, and dyes are added to the intermediate to produce
an inkjet recording ink.

[0062]

In the present invention, to reduce the number of
coarse particles in the dispersion liquid, a centrifugation
step or a filtration step may be performed after a second
{Mi step (dispersion step). By performing the step of removing
| such coarse particles, the discharge can be stabilized and
the number of coarse particles that impair gloss can be
reduced.

[0063]

When an inkjet recording ink is produced from the
water-based pigment dispersion liquid of the present
invention, an inkjet recording ink can be produced by

further diluting the water-based pigment dispersion liquid
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with a water-based medium. The water-based medium used to
dilute the water-based pigment dispersion liquid preferably
contains a humectant because such a humectant contributes to
the prevention of drying and the adjustment of viscosity and
concentration in the inkjet recording ink. The same
humectant as that used in the kneading step of preparing the
pigment dispersion can be used. To prevent drying, the
content of the humectant in the ink is preferably 3 to 50%
by mass.

When an inkjet recording ink is produced, a penetrant
can be added to improve the permeability into a recording
medium or control the dot size on the recording medium.
Examples of the penetrant include lower alcohols such as
ethanol and isopropyl alcohol; ethylene oxide adducts of
alkyl alcohols such as ethylene glycol hexyl ether and
diethylene glycol butyl ether; and propylene oxide adducts
of alkyl alcohols such as propylene glycol propyl ether.

The content of the penetrant in the ink is preferably 0.01
to 10% by mass.

When an inkjet recording ink is produced, a surfactant
can be added to adjust ink properties such as surface
tension. The surfactant that can be added for such a
purpose 1s not particularly limited, and may be the same as
or different from the surfactant added as the kneading aid

(e) during kneading. Examples of the surfactant include



Medi um Large a62-1 Large Vol une- average particle size (nn) 61 L9
99 301, 99 r 96

anionic surfactants, nonionic surfactants, cationic
surfactants, and amphoteric surfactants. Among them,
anionic surfactants and nonionic surfactants are preferably
used. Additive components for inkjet recording ink, such as
an antiseptic, a fungicide, an antifoaming agent, an
antioxidant, and an ultraviolet absorber may be further
optionally added, and the amount of water-based medium and
§i7 the pigment concentration are adjusted. Alternatively, a
water-based pigment dispersion liquid is produced by a
method in which the colored kneaded material is directly
mixed, in the dispersion step, with a water-based medium to
which the various additive components have been added, and
an inkjet recording ink may be produced from the dispersion
liquid.

The water-based pigment dispersion liquid and the
inkjet recording ink of the present invention are stable

even if being heated and provide high stability, causing

M"%\
3
,';

less precipitation of pigments that easily precipitate, even
in a low-viscosity medium. An image formed by an inkjet
recording method using the inkjet recording ink of the
present invention provides high gloss and has high quality
with excellent light resistance and color development, which
are intrinsic to Pigment Yellow 155.

EXAMPLES

[0064]
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The present invention will now be further described in
detail based on Examples.
In Synthetic Examples, Examples, and Comparative Examples
below, "part" and "%" represent "part by mass" and "% by
mass", respectively.
<Synthetic Example 1>

Into a reaction vessel equipped with a mixer, a
dropping unit, and a reflux unit, 100 parts of methyl ethyl
ketone was inserted, and the reaction vessel was purged with
nitrogen under stirring. The temperature was increased
while a nitrogen atmosphere was maintained in the reaction
vessel to bring a reflux state of methyl ethyl ketone.
Subsequently, a mixed solution of 77 parts of styrene, 10
parts of acrylic acid, 13 parts of methacrylic acid, and 8
parts of polymerization catalyst ("V-59" manufactured by
Wako Pure Chemical Industries, Ltd.) was dropped from the
dropping unit for 2 hours. From the middle of the dropping
operation, the temperature of the reaction system was kept
at 80°C.
After the completion of the dropping operation, the reaction
was caused to proceed at the same temperature for 25 hours.
In the middle of the reaction, the consumption of the raw
materials was confirmed and a polymerization catalyst was
suitably added. After the completion of the reaction,

methyl ethyl ketone was distilled off under reduced pressure
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and the resultant solid was pulverized into a styrene-
acrylic acid copolymer (A-1l) powder. The acid value was 152
mgKOH/g and the weight-average molecular weight was 11000.
Note that the weight-average molecular weight in the
present invention is a value measured by a GPC (gel
permeation chromatography) method and is a value based on
the molecular weight of polystyrene used as a reference
gﬁQ substance. The measurement was conducted using the
equipment below under the conditions below.
Liquid-supplying pump: LC-9A
System controller: SLC-6B
Autoinjector: S1L-6B
Detector: RID-6A
the above units being manufactured by SHIMADZU CORPORATION
Data processing software: Sic480II Data Station
(manufactured by SYSTEM INSTRUMENTS Co., Ltd.)
. Column: GL-R400 (Guard Column) + GL-R440 + GL-R450 + GL-
; R400M (manufactured by Hitachi Chemical Company, Ltd.)
Elution solvent: THF
Elution flow rate: 2 ml/min
Column temperature: 35°C
[0065]
<Synthetic Example 2>
A styrene-acrylic acid copolymer (A-2) was synthesized

by adjusting the reaction conditions of the production
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method of Synthetic Example 1. In the styrene-acrylic acid
copolymer (A-2), the composition ratio of monomer units was
styrene/acrylic acid/methacrylic acid = 75/11/14 (by mass),
the weight-average molecular weight was 11100, the acid
value was 172 mgKOH/g, and the glass transition temperature
was 108¢°cC.
<Synthetic Example 3>

A styrene-acrylic acid copolymer (A-3) was synthesized
by adjusting the reaction conditions of the production
method of Synthetic Example 1. In the styrene-acrylic acid
copolymer (A-3), the composition ratio of monomer units was
styrene/acrylic acid/methacrylic acid = 82/8/10 (by mass),
the weight-average molecular weight was 11200, the acid
value was 121 mgKOH/g, and the glass transition temperature
was 109°C.
<Synthetic Example 4$

A styrene-acrylic acid copolymer (A-4) was synthesized
by adjusting the reaction conditions of the production
method of Synthetic Example 1. In the styrene-acrylic acid
copolymer (A-4), the composition ratio of monomer units was
styrene/acrylic acid/methacrylic acid = 80/9/11 (by mass),
the weight-average molecular weight was 11400, the acid
value was 135 mgKOH/g, and the glass transition temperature
was 107°C.

<Synthetic Example 5>



relative to pignent) 03 03 03 03 & CE X 038 ¥ 2 X

(074

A styrene-acrylic acid copolymer (A-5) was synthesized
by adjusting the reaction conditions of the production
method of Synthetic Example 1. In the styrene-acrylic acid
copolymer (A-5), the composition ratio of monomer units was
styrene/acrylic acid/methacrylic acid = 75/11/14 (by mass),
the weight-average molecular weight was 11500, the acid
value was 172 mgKOH/g, and the glass transition temperature
was 109°C.

[0066]

<Example 1>

Pigment Yellow 155 (Ink Jet Yellow 4GP manufactured by
Clariant): 500 parts

Styrene-acrylic acid copolymer (acid value 155) (A-1): 100
parts

Diethylene glycol: 155 parts

Surfynol CT211l: 15 parts

8N aqueous potassium hydroxide solution (solid content = 34%
by mass): 45.6 parts

The components above were inserted, in that order, into
a 50 L planetary mixer (PLM-50 manufactured by INOUE
MANUFACTURING CO., LTD.) in which the temperature was kept
at 60°C and kneading was started at a rotation rate of 59
rpm and at a revolution rate of 22 rpm. After three minutes,
the mixture aggregated into a rod-like shape. The mixture

was continuously kneaded for 120 minutes to obtain a pigment
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dispersion (solid colored kneaded material). During the
kneading for 120 minutes, the power consumption was
repeatedly increased and decreased in a range of 5 to 15
amperes in accordance with the rotation period of an
impeller. This is because, since the mixture is a semisolid
having an extremely high viscosity and thus is not uniformly
distributed inside the reaction vessel, a large force is
exerted on the impeller every time the impeller shears the
mixture periodically.

After 120 minutes, 1600 parts of ion-exchanged water
was gradually added thereto for 4 hours so that the pigment
dispersion was liquefied. As a result, a uniformly
dispersed mixture having a pigment concentration of 25.1% by
mass was obtained.

[0067]

The resultant mixture was transferred to a stainless
drum, and 360 parts of ion-exchanged water and 180 parts of
diethylene glycol were added thereto. The mixture was
dispersed using a bead mill (Nano Mill NM-G-2L manufactured
by ASADA IRON WORKS. CO., LTD.) at a temperature of 25°C for
a residence time of 1.67 minutes to obtain a water-based
pigment dispersion liquid.

Subsequently, 2080 parts of the dispersion liquid was
continuously subjected to centrifugation using a continuous

centrifuge (H-600S manufactured by KOKUSAN Co., Ltd.,
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volume: 2 L) with a centrifugal force of 18900 G at a
temperature of 35°C for a residence time of 12 minutes to
obtain a water-based pigment dispersion having a pigment
concentration of 15.2% by mass.

Furthermore, an inkjet recording ink having a pigment
concentration of 4% by mass was produced using the obtained
water-based pigment dispersion liquid and the components

below.

Agueous pigment dispersion liquid: 5.52 parts
2-Pyrrolidinone: 1.60 parts
Triethylene glycol monobutyl ether: 1.60 parts
Acetylene glycol surfactant, Surfynol 440 (manufactured
by Nissin Chemical Industry Co., Ltd.): 0.10 parts
Glycerin: 0.60 parts
Ion-exchanged water: about 11 parts
[0068]

<Example 2>

f‘ H
E ’

A water-based pigment dispersion liquid was produced as
in Example 1, except that the amount of Surfynol CT211 added
was changed from 15 parts (3% of pigment) to 5 parts (1% of
pigment). An inkjet recording ink having a pigment
concentration of 4% by mass was prepared from the water-
based pigment dispersion liquid as in Example 1.
<Example 3>

A water-based pigment dispersion liquid was produced as
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in Example 1, except that the amount of Surfynol CT211 added
was changed from 15 parts to 30 parts (6% of pigment). An
inkjet recording ink having a pigment concentration of 4% by
mass was prepared from the water-based pigment dispersion
liguid as in Example 1.
<Example 4>
A water-based pigment dispersion ligquid was produced as
ii} in Example 1, except that the styrene-acrylic acid copolymer
(A-2) having an acid value of 172 was used instead of the
styrene-acrylic acid copolymer (A-1) having an acid value of
155 and the amount of 8N aqueous potassium hydroxide
solution (solid content = 34% by mass) was changed from 45.6
parts to 50.6 parts. An inkjet recording ink having a
pigment concentration of 4% by mass was prepared from the
water-based pigment dispersion liquid as in Example 1.
<Example 5>

A water-based pigment dispersion liquid was produced as

Y

in Example 1, except that Surfynol 440 was used instead of
Surfynol CT211l. An inkjet recording ink having a pigment
concentration of 4% by mass was prepared from the water-
based pigment dispersion liquid as in Example 1.
[0069]
<Example 6>

A water-based pigment dispersion liquid was produced as

in Example 1, except that the amount of styrene-acrylic acid
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copolymer (A-1) was changed from 100 parts to 150 parts. An
inkjet recording ink having a pigment concentration of 4% by
mass was prepared from the water-based pigment dispersion
liquid as in Example 1.
<Example 7>

A water-based pigment dispersion liquid was produced as
in Example 1, except that the amount of diethylene glycol
was changed from 155 parts to 115 parts. An inkjet
recording ink having a pigment concentration of 4% by mass
was prepared from the water-based pigment dispersion liquid
as in Example 1.
<Example 8>

A water-based pigment dispersion liquid was produced as
in Example 1, except that the amount of diethylene glycol
was changed from 155 parts to 140 parts. An inkjet
recording ink having a pigment concentration of 4% by mass
was prepared from the water-based pigment dispersion liquid
as in Example 1.
<Example 9>

A water-based pigment dispersion liquid was produced as
in Example 1, except that the amount of diethylene glycol
was changed from 155 parts to 194 parts. An inkjet
recording ink having a pigment concentration of 4% by mass
was prepared from the water-based pigment dispersion liquid

as in Example 1.
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<Example 10>

A water-based pigment dispersion liquid was produced as
in Example 1, except that Surfynol CT211 was changed to
Surfynol CT111l in the same amount. An inkjet recording ink
haVing a pigment concentration of 4% by mass was prepared
from the water-based pigment dispersion liquid as in Example
1.
[0070]
<Comparative Example 1>

A water-based pigment dispersion liquid was produced as
in Example 1, except that 40 parts of dipropylene glycol was
used instead of 15 parts of Surfynol CT211. An inkjet
recording ink was prepared from the water-based pigment
dispersion liquid as in Example 1.
<Comparative Examples 2 to 6>

A water-based pigment dispersion liquid was produced as
in Example 1, except that, as shown in Table 1, 15 parts of
Surfynol 104 (Comparative Example 2), 15 parts of Surfynol
420 (Comparative Example 3), 15 parts of Surfynol 465
(Comparative Example 4), 15 parts of Surfynol CT221
(Comparative Example 5), or 15 parts of Surfynol CT231
(Comparative Example 6) was used instead of 15 parts of
Surfynol CT211 in Example 1. An inkjet recording ink having
a pigment concentration of 4% was prepared from the water-

based pigment dispersion liquid.
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The compositions of Surfynol 104, Surfynol 420,
Surfynol 465, Surfynol CT221, and Surfynol CT231 (each
manufactured by Nissin Chemical Industry Co., Ltd.) are
described below.

Surfynol 104 (1,4-diisobutyl-1,4-dimethylbutynediol,
HLB = 4)

Surfynol 420 (ethylene oxide (20 mass%) adduct of 1,4-

éii diisobutyl-1,4-dimethylbutynediol, HLB = 4)

Surfynol 465 (ethylene oxide (65 mass%) adduct of 1,4-
diisobutyl-1,4-dimethylbutynediol, HLB = 13)

Surfynol CT221 (mixture containing 20% by mass of 1,4-
diisobutyl-1,4-dimethylbutynediol and 63% by mass of ether
compound of secondary alcohol whose alkyl group has 11 to 15
carbon atoms and polyoxyethylene, HLB = 13)

Surfynol CT231 (mixture containing 6% by mass of 1,4-
diisobutyl-1,4-dimethylbutynediol and 33% by mass of ether

compound of secondary alcohol whose alkyl group has 11 to 15

7
!
;

carbon atoms and polyoxyethylene, HLB = 14)
[0071]
<Comparative Example 7>

A water-based pigment dispersion liquid was produced as
in Example 1, except that the styrene-acrylic acid copolymer
(A-3) was used instead of the styrene-acrylic acid copolymer
(A-1) and the amount of 8N aqueous potassium hydroxide

solution (solid content = 34% by mass) was changed from 45.6
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parts to 35.6 parts. An inkjet recording ink having a
pigment concentration of 4% by mass was prepared from the
water-based pigment dispersion liquid as in Example 1.
<Comparative Example 8>

A water-based pigment dispersion ligquid was produced as
in Example 1, except that the styrene-acrylic acid copolymer
(A-4) was used instead of the styrene-acrylic acid copolymer
(A-1) and the amount of 8N agueous potassium hydroxide
gsolution (solid content = 34% by mass) was changed from 45.6
parts to 39.7 parts. An inkjet recording ink having a
pigment concentration of 4% by mass was prepared from the
water-based pigment dispersion liquid as in Example 1.
<Comparative Example 9>

A water-based pigment dispersion liquid was produced as
in Example 1, except that the styrene-acrylic acid copolymer
(A-5) was used instead of the styrene-acrylic acid copolymer
(A-1) and the amount of 8N aqueous potassium hydroxide
solution (solid content = 34% by mass) was changed from 45.6
parts to 54.1 parts. An inkjet recording ink having a
pigment concentration of 4% by mass was prepared from the
water-based pigment dispersion liquid as in Example 1.
<Comparative Example 10>

A water-based pigment dispersion liquid was produced as
in Example 1, except that the amount of Surfynol CT211 added

was changed from 15 parts (3% of pigment) to 45 parts (9% of
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pigment). An inkjet recording ink having a pigment
concentration of 4% by mass was prepared from the water-
based pigment dispersion liquid as in Example 1.
<Comparative Example 11>

A water-based pigment dispersion liquid was produced as
in Example 1, except that Surfynol CT211 was not added in

Example 1. An inkjet recording ink having a pigment

concentration of 4% by mass was prepared from the water-
based pigment dispersion liquid as in Example 1.
[0072]
<Reference Example 1>

A water-based pigment dispersion liquid was produced as
in Example 1, except that Pigment Yellow 185 was used
instead of Pigment Yellow 155. An inkjet recording ink
having a pigment concentration of 4% by mass was prepared
from the water-based pigment dispersion liquid as in Example
o v
-
<Reference Example 2>

A water-based pigment dispersion liquid was produced as
in Reference Example 1, except that the amount of Surfynol
CT211 added was changed from 15 parts to 0 parts. An inkjet
recording ink having a pigment concentration of 4% by mass
was prepared from the water-based pigment dispersion liquid
as in Reference Example 1.

The water-based pigment dispersion liquids and inkjet
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recording inks produced in Examples and Comparative Examples
above were evaluated in accordance with the evaluation items
and evaluation methods below.

[0073]

<Evaluation of dispersibilitys>

The particle size of dispersed particles, viscosity,
and precipitation property of each of the obtained water-
based pigment dispersion liquids were measured to evaluate
dispersibility and long-term dispersion stability.
<Measurement of particle size and viscositys>

After each of the water-based pigment dispersion
liquids produced in Examples and Comparative Examples was
diluted 1000 times, the particle size of dispersed particles
in the water-based pigment dispersion liquid was measured
with "Microtrac UPA150" (manufactured by Leeds & Northrup
Company) . Herein, the volume-average particle size of
dispersed particles was measured as the particle size of
dispersed particles in the water-based pigment dispersion
liquid.

The viscosity was measured at 25°C using an E-type
viscometer (TVE-20L manufactured by Tokimec, Inc.).
<Measurement of precipitation property >

The precipitation property was evaluated as follows.
Each of the inkjet inks having a pigment concentration of 4%

by mass and produced in Examples and Comparative Examples
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was stored in a 10 mL glass vial at 25°C for 2 weeks. The
vial was turned upside down after the storage and
precipitation onto the bottom was observed through visual
inspection. In this method that can be used to measure
precipitation property with high sensitivity, the evaluation
was performed in accordance with the criteria below.
Precipitation property: large --- When a glass vial is
turned upside down, the attachment of pigment particles to a
wall surface is significant.
Precipitation property: medium --- When a glass vial is
turned upside down, the attachment of pigment particles to a
wall surface is recognized.
Precipitation property: small :-- When a glass vial is
turned upside down, the attachment of pigment particles to a
wall surface is hardly recognized.
[0074]
<Evaluation of inkjet recording ink>
<Evaluation of gloss>

Each of the inkjet recording inks having a pigment
concentration of 4% by mass and produced in Examples and
Comparative Examples was provided to the black cartridge
position of Inkjet Printer EM-930C (manufactured by SEIKO
EPSON CORPORATION) . Images having an image density of 50%
and 95% were recorded on Premium Glossy Photo Paper

(manufactured by SEIKO EPSON CORPORATION) as a recording
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[ 0077] As is clear from Table 1, the water-based pignment

di spersion liquids in Exanples 1 to 10 have a small vol une-average

particle size and good precipitation property in the vial test. In

the inkjet recording inks produced fr@&m+he wat er-based pi gnent

di spersion liquids, the particle size does not increase even after

the long-term storage at 70C. When an imge is forned using each of

the inks, higher gloss is achieved conpared with gloss in Conparative

Exanpl es. cetylene glycol surfactants whose HLE value is
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preci pitation incréases and gl oss degrades.
gloss value.
When the images having an image density of 50% and 95%
{iﬁ on the recording medium 1 respectively have a gloss value of
30 or more and 60 or more, the inkjet recording ink is
evaluated as good and can be practically used without any
problem. When the image having an image density of 95% on
the recording medium 1 has a gloss value of 70 or more, the
inkjet recording ink is evaluated as excellent. When the
images having an image density of 50% and 95% on the
recording medium 2 respectively have a gloss value of 50 or

more and 70 or more, the inkjet recording ink is evaluated

as good and can be practically used without any problem.

Fmﬁxﬁ

When the images having an image density of 50% and 95% on
the recording medium 2 respectively have a gloss value of 60
or more and 75 or more, the inkjet recording ink is
evaluated as excellent.
[0075]
<Evaluation of long-term dispersion stability>

Each of the inkjet recording inks produced in Examples

and Comparative Examples and used for the evaluation of
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pi gnment (a), a styrene-acrylic acid copolynmer (b), a basic conpound
(c), a hunectant (d), and a kneading aid (e), wherein the
kneading aid (e) contains a surfactant conposed of a conpound
g@presented by general formula (1) below RIR2 3114
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O ECH2CH20)g H (3) (g represents an integer of 1 to 30 and R5
represents a linear or branched al kyl group having 7 to 11 carbon
atons); the kneading aid (e) has an HLB value of 8 to 12; the mass
ratio (e)/(a) of the kneading aid (e) to the bisacetoacetallylide
pigment (a) is 0.5/100 to 7/100; and %t2he acid val ue of the
styrene-acrylic acid copolynmer (b) is 145 to 175. [Caim?2] - 76 -
The pignment conposition according to aiml, wherein Rl, R2, R3, and
R4 in the general formula (1) each independently represent a |inear
or branﬁhed Zlkyl group having 1 to 4 carbon atons in its nmain chain,
and m a ach independently represent an integer of 0 to 10 and do
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The pi gnent osition accor aim wher ei eadi ng

ai d (e)4ent alRs thensupt aﬁ?ﬁﬁﬂét CPOPasEsLHQf 1 hRe %ié&ﬁé@dc%@' fhag
t he conpound represented by the general fornula (2) below R R2 31114

R - G CEGrueeR-BBsed pigment dispersion liquids, the particle size

does not increase even after the long-term storage at 70°C.

When an image is formed using each of the inks, higher gloss
is achieved compared with gloss in Comparative Examples.

If acetylene glycol surfactants whose HLB value is
outside the range of 8 to 12 are used, the amount of
precipitation increases in the vial test and gloss degrades
(Comparative Examples 2 to 6). The range of the acid value
of the styrene-acrylic acid copolymer (b) (Comparative
Examples 7 to 9) and the range of the mass ratio (e)/(a) of
the kneading aid (e) to the bis-acetoacet pigment

(Comparative Examples 10 and 11) specified in the present

¢ 3

invention are important. It is clear that, if such ranges
are outside the ranges specified in the present invention,
the amount of precipitation increases and gloss degrades.
Furthermore, an effect of the kneading aid (e) on C.T.
Pigment Yellow 185 was confirmed. However, even if kneading
is performed with the kneading aid (e) used in the present
invention, a decrease in the amount of precipitation or an

increase in gloss was not confirmed. It was found that the



(2) (inthe fornula, Rl, R2, R3, and R4 each independently represent
a linear or branched al kyl group having 1 to 8 - 77 - carbon atons
inits main chain) and the pol yoxyethyl ene al kyl ether whose al kyl
group has 12 to 14 carbon atons and/or the ether conpound represented
by the general fornula (3) below RS- 73(-3 ) (q represents an
integer of 1 to 30 and R5 represents a linear or branched al kyl group
having 7 to 11 carbon atons). [C aim 5] The pi gnment conposition
according to any one of C ai ns 1 to 4, wherein the pol yoxyet hyl ene

g:c k)lc/)loI §t zﬁ&%ﬁgmf has 12 to 14 ca(rsgjg éﬁat?%nsé’lrlg’ugl tsth

to 14 C%ﬁ%ﬁ%ﬂl%?@%cﬂcjéﬂdnfﬂ Plgment Yellow 155 (Reference Examples

1 and 2).

It was confirmed that the inkjet recording inks
described in Examples and Comparative Examples had good
dischargeability in preparing full-page printed samples for
gloss measurement.

{i? Industrial Applicability
[0078]

The water-based pigment dispersion liquid obtained by
dispersing the pigment composition of the present invention
in a water-based medium is used as a main component of
inkjet recording ink. The inkjet recording ink contains a
significantly small number of coarse particles and has
excellent dispersion stability, and a high-gloss image can

be formed using the ink.



The pignent conposition according to Claimb5, wherein the

pol yoxyet hyl ene al kyl ether whose al kyl group has 12 to 14 carbon
atons is a conpound represented by general formula (4) below - 78 -
CH3-(cH2) x-r-(OH2) y- CH3 o ( CH7 CH70 (4) (in the fornula, X +y is
a positive integer of 9 to 11 and p ri@pr-esents an integer of 2 to
30). [Caim7] The pignment conposition according to any one of
Clains 1 to 6, wherein the conpound represented by the general
formula (3) below RS o (cH2cmo (3) (q represents an integer of 1
to 30 and R5 represents a |inear or_hr hed al kyl group having 7 to
11 carbon atons) is pol yoxyet hyl ené phenyl ether. [C ai m 8]

[Claim 1]

A pigment composition which is in a solid form at room
temperature, produced by kneading a mixture containing a
bis-acetoacetallylide pigment (a), a styrene-acrylic acid
copolymer (b), a basic compound (c), a humectant (d), and a
kneading aid (e),

gj} wherein the kneading aid (e) contains a surfactant

composed of a compound represented by general formula (1)

below
30 I )
R——(|J~—CEC—C|1—R4
H-LO—CH,—CH,—}O QfCHQ——CHg—o}nH
m

(1)
(in the formula, R1, R2, R3, and R4 each independently
{%7 represent a linear or branched alkyl group having 1 to 8
| carbon atoms in its main chain, and m and n each
independently represent an integer of 0 to 20 and do not
represent 0 at the same time), and/or a surfactant composed
of a mixture containing a compound represented by general

formula (2) below



The pignent conposition according to any one of Clains 1 to 7,
wherein the bis-acetoacetallylide pignment (a) is CI. Pignment Yellow
155. [d ai m9] The pignment conposition according to any one of
Clains 1 to 8, wherein the nass ratio (b)/(a) of the styrene-acrylic
acid copolymer (b) to the bis-acetocaceallylide - 79 - pignent is
10/ 100 to 40/100, and the mass ratio (d)/(a) of the humectant (d) to
t he bi s-acetoacetallylide pignent (a) is 16/100 to 35/100. [d aim 10]
The pigment conposition according to any one of Cainms 1 to 9,
wherein the pignent conposition which is in a solid format room

t enperat urefhas a sdfid content of 70 to 90% by mass. [C aim 11]

A wat er frased EgﬁEQ% gidspersion |iquid produced by dispersing the

pi gment conposi fion jaccording to any one of Clains 1 to 10 in a

mater-basedcnedlunlCECIa|n112] An inkjet recording ink
conpri si ng thhe waterkbased pignent di spersion |iquid according to
Claimll as mai n é%nponent. [ aim13] A met hod for producing

a wat er-based pignment dispersion liquid, the nethod conprising a
kneadi ng step of kneading a m xture containing a

bi s-acetoacetal lylide pignent (a), a styrene-acrylic acid copol yner
(b), a basic co %d (c), a hunmectant (d), and a kneading aid (e) to
prepare a pignment conposition which is in a solid format room

t enper at ULt RNGE AnRi1SPersl,0R St e Ofard RIS 1infER pRindeRL Y _
éz;;onposmlon in a water-based nedi um wherein the kneadlng aid (e) is
a

a . represent a linear or branched alkyl group having 1 to 8
carbon atoms in its main chain) and
a polyoxyethylene alkyl ether whose alkyl group has 12 to 14

carbon atoms and/or

an ether compound represented by general formula (3) below

R5

O{CHQCHZO)(I—H

(3)

(g represents an integer of 1 to 30 and R5 represents a
linear or branched alkyl group having 7 to 11 carbon atoms) ;
the kneading aid (e) has an HLB value of 8 to 12; the mass
ratio (e)/(a) of the kneading aid (e) to the bis-
acetoacetallylide pigment (a) is 0.5/100 to 7/100; and the
acid value of the styrene-acrylic acid copolymer (b) is 145
to 175.

[Claim 2]



- 80 - surfactant conposed of a conpound represented by general
formula (1) below RIR2 3 R C CEC-C R4 H (0-CH2- CH11-0( CH2-CH2H - (
1) (in the formula, RlL, R2, R3, and R4 each independently represent a
Iinear or branched al kyl group having 1 to 8 carbon atons in its main
chain, and mand n each i ndependentd y76 epresent an integer of 0 to 20
and do not represent 0 at the sane tine) and/or a surfactant conposed
of a m xture containing a conpound represented by general fornula (2)
below RR2 -;114 011l (2) (inthe fornula, RlL, R2, R3, and R4 each
independentlﬁgrepresent a linear or branched al kyl group having 1 to

8 carbon ato |H19W§nﬁaFﬁmEﬁ§FE}OQnBCS°66F9BX§%tﬁ}?éﬁe alW?Fr%%%er

whose al kyl group has 12 taq 14 carbon a or .an et her conpound
repr esefited 5@ PRA Fr A 3@ Forfurd" §)"€ach

independently represent a linear or branched alkyl group
having 1 to 4 carbon atoms in its main chain, and m and n
each independently represent an integer of 0 to 10 and do
not represent 0 at the same time.

[Claim 3]

{?? The pigment composition according to Claim 2, wherein
R1 and R2 in the general formula (1) each represent a methyl
group, R3 and R4 each represent an isobutyl group, and m and
n each independently represent an integer of 0 to 6 and do
not represent 0 at the same time.

[Claim 4]
The pigment composition according to Claim 1, wherein
the kneading aid (e) contains the surfactant composed of the

mixture containing the compound represented by the general

émn formula (2) below
- R! R?

I I )

R3——(|3— ‘zc——(ls—- R
¢
H H

(2)

(in the formula, R1, R2, R3, and R4 each independently

represent a linear or branched alkyl group having 1 to 8



-8l - RS (3) (g represents an integer of 1 to 30 and R5
represents a linear or branched al kyl group having 7 to 11 carbon
atons); the kneading aid (e) has an HLB value of 8 to 12; the mass
ratio (e)/(a) of the kneading aid (e) to the bisacetoacetallylide
pigment (a) is 0.5/100 to 7/100; and the-acid value of the
styrene-acrylic acid copolynmer (b) used in the kneading step is 145
to 175. [d aim 14] The nmethod for producing a water-based

pi gnent dispersion liquid according to Claim 13, wherein the

sur f act ant (e) contains a surfactant ;onposed of a m xture containing

the comsGdRPT éﬁro&serhfb& rrula(2) below R R2 114

e (2 th | h de d I

repr eser#hea% eec#‘yﬁ%é’ra? I’?éRé‘Yéi I?)Flhe&r %‘;?sﬁa\?l I nugp%n 1% %o
14 carbon atoms and/or

the ether compound represented by the general formula (3)

below
RS

(){CH;CHg()%H

O
(3)
(g represents an integer of 1 to 30 and R5 represents a
linear or branched alkyl group having 7 to 11 carbon atoms) .
[Claim 5]
The pigment composition according to any one of Claims
1 to 4, wherein the polyoxyethylene alkyl ether whose alkyl
group has 12 to 14 carbon atoms is an ether of
polyoxyethylene and a secondary alcohol whose alkyl group
éj% has 12 to 14 carbon atoms.

[Claim 6]

The pigment composition according to Claim 5, wherein
the polyoxyethylene alkyl ether whose alkyl group has 12 to
14 carbon atoms is a compound represented by general formula

(4) below



- 82 - carbon atons in its main chain) and the pol yoxyethyl ene al kyl
et her whose al kyl group has 12 to 14 carbon atons and/or the conpound
represented by the general formula (3) below O0-ECH2CH2(Aii (3) (q
represents an integer of 1 to 30 and R5 represents a |inear or
branched al kyl group having 7 to 11- ¢ci@ bon atons). [C ai m 15]

The nethod for producing a water-based pignent dispersion liquid
according to Claim13 or 14, wherein the bis-acetoacetallylide
pignent is C 1. Pi grrent Yel | ow 155. [d ai m 16] The net hod for

produci n spersion liquid according to any
one of iﬁé\@filgj‘t E@"gﬁgﬁ *’Ih the kneading step, the mass ratio
(b)/(a) of the styrehe;acrylic aC|d copol yner (b) to the

bi sacet oacetal | yli de()pg—gﬁé;ﬂ H s 10/ 100 to 40/ 100, and the nmass
ratio (d)/(a) of the hurrectant ’d) to the bisacetoacetallylide

pigment (a) is 16/100 to 35/100. [C aim 17] The met hod for
produci ng a wat er-based pi gnent di sfoér sion |iquid according to any
one of Clainms 13 to 16, - 83 - wherein the pignent conposition which

is in aqeigd ‘%%'Pm%tlar ogm,t Z:H%r at g‘b‘%lt&%%e 191klgd CORt 9Nt 50h 17Qn}0

90% by mass [Caim1l i nkj recording i'nk conprising, as a

mai n co % Qie,seglt\gata@lr -iPReed Picgnent.digper sion |iquid produced by
t he nethod for producing a water-based pignment dispersion liquid

accordi ng1aenC7ai ms 13 to 17.

The pigment composition according to any one of Claims
1 to 6, wherein the compound represented by the general

formula (3) below

R5
O{CHICHQO)(I—H

(3)
(g represents an integer of 1 to 30 and R5 represents a
linear or branched alkyl group having 7 to 11 carbon atoms)
€Wm is polyoxyethylene nonylphenyl ether.

[Claim 8]

The pigment composition according to any one of Claims
1 to 7, wherein the bis-acetoacetallylide pigment (a) is C.I.
Pigment Yellow 155.
[Claim 9]

The pigment composition according to any one of Claims
1 to 8, wherein the mass ratio (b)/(a) of the styrene-

acrylic acid copolymer (b) to the bis-acetoacetallylide



pigment is 10/100 to 40/100, and the mass ratio (d)/(a) of
the humectant (d) to the bis-acetoacetallylide pigment (a)
is 16/100 to 35/100.

[Claim 10]

The pigment composition according to any one of Claims
1 to 9, wherein the pigment composition which is in a solid
form at room temperature has a solid content of 70 to 90% by
mass.

[Claim 11]

A water-based pigment dispersion liquid produced by
dispersing the pigment composition according to any one of
Claims 1 to 10 in a water-based medium.

[Claim 12]

An inkjet recording ink comprising the water-based
pigment dispersion liquid according to Claim 11 as a main
component.

[Claim 13]

A method for producing a water-based pigment dispersion
liquid, the method comprising a kneading step of kneading a
mixture containing a bis-acetoacetallylide pigment (a), a
styrene-acrylic acid copolymer (b), a basic compound (c), a
humectant (d), and a kneading aid (e) to prepare a pigment
composition which is in a solid form at room temperature;
and a dispersion step of dispersing the pigment composition

in a water-based medium, wherein the kneading aid (e) is a



surfactant composed of a compound represented by general

formula (1) below

R R
R—C—C=C—C—R"
H-LO—CH,—CH, Ié) (I)fCHg—CHg—o}nH
(1)
{i} (in the formula, R1l, R2, R3, and R4 each independently

represent a linear or branched alkyl group having 1 to 8
carbon atoms in its main chain, and m and n each
independently represent an integer of 0 to 20 and do not
represent 0 at the same time) and/or

a surfactant composed of a mixture containing a compound

represented by general formula (2) below

]

R1 R®
s b
R'—(I',‘—C:C—(‘)—R
O 0

C i B

(2)

(in the formula, R1l, R2, R3, and R4 each independently
represent a linear or branched alkyl group having 1 to 8
carbon atoms in its main chain) and a polyoxyethylene alkyl
ether whose alkyl group has 12 to 14 carbon atoms or an

ether compound represented by general formula (3) below



(')-(—CH;CHQO%——H

(3)

(g represents an integer of 1 to 30 and R5 represents a
linear or branched alkyl group having 7 to 11 carbon atoms) ;
the kneading aid (e) has an HLB value of 8 to 12; the mass
ratio (e)/(a) of the kneading aid (e) to the bis-
acetoacetallylide pigment (a) is 0.5/100 to 7/100; and the
acid value of the styrene-acrylic acid copolymer (b) used in
the kneading step is 145 to 175.
[Claim 14]

The method for producing a water-based pigment
dispersion liquid according to Claim 13, wherein the
surfactant (e) contains a surfactant composed of a mixture

containing the compound represented by the general formula

(2) below
R! R’
| | ;
R3-~(]3—~C = c——-(|3~— R
i i
H H

(2)

(in the formula, R1, R2, R3, and R4 each independently

represent a linear or branched alkyl group having 1 to 8



™

@

carbon atoms in its main chain) and the polyoxyethylene
alkyl ether whose alkyl group has 12 to 14 carbon atoms
and/or the compound represented by the general formula (3)
below

(){CHQCHQO)(I—H

(3)
(g represents an integer of 1 to 30 and R5 represents a
linear or branched alkyl group having 7 to 11 carbon atoms) .
[Claim 15]

The method for producing a water-based pigment
dispersion liquid according to Claim 13 or 14, wherein the
bis-acetoacetallylide pigment is C.I. Pigment Yellow 155.
[Claim 16]

The method for producing a water-based pigment
dispersion liquid according to any one of Claims 13 to 15,
wherein, in the kneading step, the mass ratio (b)/(a) of the
styrene-acrylic acid copolymer (b) to the bis-
acetoacetallylide pigment (a) is 10/100 to 40/100, and the
mass ratio (d)/(a) of the humectant (d) to the bis-
acetoacetallylide pigment (a) is 16/100 to 35/100.

[Claim 17]
The method for producing a water-based pigment

dispersion liquid according to any one of Claims 13 to 16,



£,

wherein the pigment composition which is in a solid form at
room temperature has a solid content of 70 to 90% by mass.
[Claim 18]

An inkjet recording ink comprising, as a main component,
a water-based pigment dispersion liquid produced by the
method for producing a water-based pigment dispersion liquid

according to Claims 13 to 17.



