1 DESCRI PTI ON AQUEQUS PI GVENT LI QUI D DI SPERSI ON AND | NK- JET RECORDI NG | NK,
AND PRODUCTI ON METHOD OF AQUEQUS PI GVENT LI QUI D DI SPERSI ON 5 TECHNI CAL
FIELD [0001] The present invention relates to an aqueous pignent |iquid

di spersion using C. 1. pignent green 36, and to an ink jet recording ink
usi ng the aqueous pignment liquid 10 di spersion. BACKGROUND ART [0002] Ink

j et recordi ng aqueous inks have becone the major ink for ink-jet recording
15 use other than an industrial use because the danger of fire and toxicity
such as nutagenicity, which are pecDES@RIRTGONI | - based i nks, can be reduced.
I n such aqueous inks, dyes have been used as coloring agents because
stability is high, nozzle clogging is reduced, color-devel opi ng property is
favorabl e, and printing wth high inage quality i s possible. However, dyes
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dyes to pignents has been actively carried out. Pi nt _inks are ex ect ed to
have excol | entANDRIDVCEQN MEEHGR @H AGHEOUSIGMENT BIQUIR DISPERS!

nozzl e cl ogging occurs due to the 25 aggregatlon/preC|pltatlon of plgnents.
For this feason, various nethods have been 2 investigated, which use
pol ynmer - based di spersants to disperse mcroparticul ated
TECHNICAL FIELD
[0001]
The present invention relates to an aqueous pigment Jiquid dispersion using C. I.

pigment green 36, and to an ink-jet recording ink using the aqueous pigment liquid

10 dispersion.

BACKGROUND ART
[0002]
Ink-jet recording aqueous inls have become the major ink for ink-jet recording
15  use other than an industrial use because the danger of fire and toxicity such as
mutagenicity, which are peculiar to oil-based inks, can be reduced.

In such aqueous inks, dyes hé‘ve been used as coloring agents because stability is
high, nozzle clogging is reduced, color-developing property is favorable, and printing
withlhigh imagg quality is possible, However, dyes have the problems of poor water

20  resistance and light fastness.

[0003]

In order to solve these problems, the conversion of coloring agents from dyes to -
pigments has been actively carried out.  Pigment inks are expected to have excellent
water resistance and light fastness, but the problem of nozzle clogging accurs due to the

25  aggregation/precipitation of pigments.  For this reason, various methods have been



pignents in an aqueous nedium In order to carry out nulticolor printing
using these pignents as coloring agents, all of the 4 colored inks, i.e.
bl ack, cyan, magenta, and yellow, have to fulfill, in addition Sto

col or-devel opi ng property, good dispersion stability, discharging property,
and preservation stability. Therefore, the selection of a pignment that is
appropriate for each color, the conbination of a pignment and a pol yner

di spersant which can favorably and stably disperse each pignent, and a
product i on mivestikatt, winchysegolsnaibgsedidispeisenis th disrepengcopartiulatsd ng t he

af orenenti oned conbi nati on have been considered in detail. However, there
are nunerousrm¥ﬂﬁ%iﬂgnﬂmga@nhQﬁ@Qrresponding to each color, and the details
of a dispersion nmethod to be used vary according to respective pignents.
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in addition to the 4 colored inks of black; clyan,_ magenta, and yel | ow.

Mor eover, St hecdlerkdgvelpping popelity; gogr dspention sighdlittyadischprsing mepsirtyeadd i n which a

| ot of colors fulfill, in addition to good col or-devel opi ng property, good

di sper si on spahédvidon.sta@ilBghar ging 20 property, luster of an inmage, and

preservation stability. Wien the 3 colors of red, green, and violet are -

conmbi ned with the ! ' ' Je] L kool an i mage
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havi ng extrenely enlargetd color Zzon goo reproducti’on can be
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both ideal color-developing 3 zone and the aforenentioned ink jet adequacy,
and to use tHsprgershpigmeat, and 3 proguaipngrethod of an aqueous pigment liquid dispersion

10 using the aforementioned combination have been considered in detail. However, there
are numerous types of pigmcnts corresponding to each color, and the details of a
dispersion methed to be used vary according to respective pigments. Therefore, the
optimal ink-jet recording inks for all colors are not necessarily obtained so far.

[0004]

15‘ In recent years, the attempts have been carried out, in which color reproduction
of a printed image is improved by using inks having color tones such as red, green, and
violet, in'laddition to the 4 colored inks of black, cyan, magenta, and yellow. Moreover,
the ink-jet recording pigment inks have been desired, in which a lot of colors fulfill, in
addition fo good color-developing property, good dispersion stability, discharging

20 property, luster of an image, and prcscrvaﬁ(m stability.

When the 3 colors of red, green, and violet are combined with the
aforementioned basic 4 colors, it is found that an image having extremely enlarged color
zone and good color reproduction can be formed by using pigments having preferable
color-developing zone (see Patent Reference 1).

25 However, it was difficult to select pigments having both ideal color-developing



i nk-jet recording inks sinultaneously having dispersibility, discharging
property, and preservation stability. [0005] 5 Regarding green color for
exanpl e, the investigation has been carried out on the special ink jet
recording ink for formation of a color filter pattern as an ink-jet
recording ink that uses a green pignent. However, alnost all of
conventional inks for formation of a color filter pattern are organic
sol vent -based inks. In the case where the formation of a color filter
pattern is carri Si i j . [ i n : i al, . ink-q et
printer 10 i ongﬁggp}%fﬁgcgg F@%&lﬁggkjfjg%tdg ‘%gi’gn&c:g)e#sﬁ? 7 lgrcn%gr?%% éralsgto g)%gﬁer ating
time of product,ion tacilitjeﬁ. Fbwzven, in ong r to be widely used for a
consumer i nkinkget ieqrding ks similiapgouslyhavipg digpers @ﬂm Mleshasging PR, ARt t | y
respond to printing request as needed and to provide a stable printed inmage
even after | pmgervaiomsmbaser vation in an ink container. The tenperature
range of an environnment in which the ink -j et recording ink is used by a 15
consuner is wide. fpbggjefore, in order that these ideal operations are
performed by an inexpensive consuner ink-jet printer, the ink jet recording
i nks have.to kee . [ LR RY . St I ' operty.
5 P e?afé:lé%%genf&'lﬁ‘}ﬁﬁa demﬁﬁé Mﬁ@@@?é@ b%kf&é}ﬂ%cﬂbdignﬁ{e perty

In recent” years, or l'ong-teérimstab col or - devel opnent of
a printed image, has increased. reover,. as, t case where,printed matter
s Phdustr i oMl BB E Sl RESRIRAE 8 28loun e OHeR A Rb THAELREEn; | nk
jet recording pignment inks has sinultaneously been demanded. In addition,
when inks ar mkdhaiastsecrean thgmens.e dHoweven almesk alf of connentienhl ihlestfor fopmatiinng,
preservation stability at high tenperature is essential. As described
above, the defmedlsr filek phtteen prep@hic sevemfbassakiakna s tHeease wherd the forkmation der t o
fulfill the aforenentioned dentrrds, extensive studies are needed on 25 the
sel ection of of, GiGERR pefRE s cakrfe® oSELGE IR BcoriMOhNIB spdist AL RAMnd 0 be
conbi ned 4 St)ﬁaerewi t%, bt he o;gti mal0 cosf?rr%f)lsi ior?ovvkllen t e Sgi spers%n nis used,

and the ) OdHlCa;[n'- Aconditioned factory is operated according to operating time of production

g
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facilities, Hdwcver, in order to be widely used for a consumer ink-jet printer, the ink-jet
recording inks need to directly respond to printing request as needed and to provide' a
stable printed image even after long-term preservation in an ink container.  The
tempcfaturc rangé of an environment in which the ink-jet recording ink is used by 2
15 consumer is wide. Therefore, in order that these ideal operations are performed by an
inexpensive consumer ink-jet printer, the ink-jet recording inks have to keep very good
dispefsibilitj and stable discharging property.
In recent years, the demand for long-term stability of color-development of a
printed image has increased. Moreover, as the case where printed matter is industrially
20  used outside has increased, good hight fastness of .ink-j et recording pigment inks has
simultaneously been demanded.  In addition, when inks are expected 10 be used as an
ink for thermal jet recording, preservation stability at high temperature is essential.  As
described above, the demands for the properties of inks have been strict.
In order to fulfill the aforementioned deméands, extensive studies are needed on

25 the selection of & green pigment, the selection of a polymer dispersant to be combined



met hod that uses the conposition. In addition, the nunber of types of green
pignent is very small in conparison wth basic 4 colors, Therefore, by
using a small nunber of green pignents, all of the S necessary properties
of consuner ink jet recording inks should be realized such as |ight

fast ness, col or-devel opi ng property, and dispersion stability. However, the
study for inproving the basic properties of the ink-jet recording ink that
uses a green pigment is not sufficient,4and currently, the same levels of

di spersi bili a reservation.stabili as_ those of j1nks that use basic 4
colors are rfb%/rewgg'l "z%‘ﬂ"ﬁ“ﬁ COMBOSIHAn Vagn tﬁ%@é?c&?aﬁbls oRgd: ?‘HJa cag)éigt?tlofo a green
pi gnent. [0006 In addition to pignment green 7, C. |. pignent green 36 is

of ten used asethodythatises hiegampesiiar vari ous uses. Of these, C. 1. pignent
green 36 has so good color-developing property and |ight fastness that it

can be used as a dwhdditidr, tHeatumbtbofHppr 0 greefipiginenpis geliinatlie eomg@biseont ai ns a
| ot of brom ne atons and has a high specific gravity. Therefore, C |I.

pi gment gr eegiB3adiSs L8 YThReBILH Qﬁﬁ%i gnimn&nﬂér GF%&% ﬁg{[ﬁcﬁ&, ASof tHEET Y|

difficult to maintalin dispersion wt OW VI SCOSI IS typical in an

ink jet recording. ink..Mrtreover, .the aggregation of,.the.pi gnent rticles
s 11 kel y t GRSt ProBegjes &%8%158?‘%’;} Tt Etording inks g‘é’&%‘#ﬁ 11%?%5“55 a3 BR ¢ e
adsorption of polyner dispersants to 20 the pignment surface and to perform
the stabili Zastess clordie¥yieping BioperDs apddispessiorestpiliy aHewever,thogpdy fppr

exanple, there is the report on the nethod of coating C. |. pignent green 36
wi th the copelpyomngstht badic poptitienof thsinkgsteatordihg ndinin nesstagrechtpigreaneisnononer s
of 65 to 85 nol%at a nononer ratio, acrylate nononers of 5 to 15 nol% and

met hacryl at et suffiBRANBEScRfentt]) thedarie 16VRIs%f disPersOTRERY RERAMEEN Mbilifyas) et
recordi ng i nk having good 5 i ght fastness and dispersibility (seé Patent

Reference 2) g {dQW5N& that Wbk 43 4 Bork &k not realized in the ink-jet recording ink that uses

10 agreen pigment.

[0006]

In addition fo pigment green 7, C. . pigment green 36 is often used as a green
pigment for various uses.  Of these, C. L. pigment green 36 has so good |
color-developing property and light fﬁstness that it can be used as a color filter. -

15 However, C. 1. pigment green 36 contains a lot of bromine atoms and has a high specific
gravity. Therefore, C. I, pigment green 36 is likely to precipitate in a liquid, and it is
very difficult to maintain dilspersion with a low viscosity that is typical in an ink-jet
recording ink. Moreover, the aggregation of the pigment particles is likely to occur.
For good dispersion, it is essential to perform the adsorption of polymer dispersants to

20  the pigment surface and to perform the stabilization of dispersion due to steric hindrance.

(0007] |

For example, thérc is the report on the method of coating C. 1. pigment green 36
with the copolymers that comain, as essential components, styrene monomers of 65 to 85
mol% at a monomer ratio, acrylate monomers of 5 to 15 mol%, and methacrylate

25  monomers of 10 to 20 mol%, to thereby produce an ink-jet recording ink having goad



recordi ng ink produced by the aforenmenti oned nethod, the nol ecul ar wei ght of
the used resins is high, and the resins are used at the al nbst sane
guantity as that of the pignents in order to stably disperse C. |. pignent
green 36. Because the quantity of the used S resins is not reduced
sufficiently, the discharging property in a high-tenperature environnent
and the stable discharge after long-term¢reservation are not sufficient

al though the initial dispersibility is good. Mreover, there is the _

di scl osur e oflightfesthesk ambdipmesiibilionseePardnt Bhfe@ncd 2). piHpwentr, inghemk-j&6 i s used
as a green pignent within a 6 colored ink set and the styrene-acrylic 10

acid type COPéb!o%dﬁ%r“nk‘Médﬁc&i Wth€ 6ol dfeniBhcdithetRdd, e rélEeudd: el of @S usd

di spersant resi see Patent” Reference 1). However, the pignhent is not

only by t o Ssah et RS ye SEEPLRR iy bt ORGSR WaP B R

quantity of the resins used for the stabilizatjion of the  pi nt di spersion
is large, anddPHer Pafgly GenskeiG Rﬁﬁmﬁ"‘@ﬁcﬁ%3%-ha@e“&1‘%‘%@“aﬁ"‘g’é’gﬁ?s\’ lated to
15 the coating of the pignent is present in an aqueous nedium Therefore,

t he di schar giresgns ipnapeduced suffidentlygthe denipegiag propertnin aloghvtempemnue t he

| ong-term preservation stability during preservation are not particularly

sufficient. Myiesvent addiBE Qabls disBRrgt 5t REp@mOfredeRRALI b Kre 6t sulffifent N Whi ch C.
|. pignent green 36 is used as a pignent, the copolyners with a weight

aver age nol egﬁ%ﬁ%wﬂﬁg{@%&&@}fyﬁg&@nd an acid value of 325, which are

made of styr acry acl acrylate, are used as a dispersant,
and the ratio of t di spersant, t he resin.is reduced to . 1.4.5 (see
Pat ent Reference 3)°F Gx'g €18 %ﬂ?ﬁ%ﬁﬂﬁ@&&fa@dﬁ%f‘}%ﬂmﬁoﬂ 1Wﬁ‘8h%t Bé’lg"g“&bol yners
are dissolved with potassium is prepared in the production of the ink, and
C. 1. pignesreeyAeehnsedas & gtk pigmepigvitiin & heo get apfl the syrencppbief ore, the
resins are not 25 sufficiently attached to the pignment surface, and the
exi st enc@fof atideypeaspslymeisseit] anadletwlatreighitef il RO EE nsod avadispetsan resivat e t he
preservation stability during high-tenperature

(see Patent Reference 1).  However, the pigment is not strongly coated with the resins

because the ink composition is produced only by the dispersion using a dispersing

machine with a media. The quantity of the resins used for the stabilization of the

pigment dispersion 15 large, and the large quantity of resins that are not directly related to

15 the coating of the pigment is present in an aqueous medium. Therefore, the discharging
property in a high-temperature environment and the long-term preservation stability
during preservation are not partidularly sufficient,
Moreover, there is the disclosure of the ink-jet ink in which C. L. pigment green
36 is used as a pigment, the copolymers with a weight average molecular weight of
20 11,000 and an acid value of 325, which are made of styrene/methacrylic acid/butyl

acrylate, are used as 2 dispersant, and the ratio of the dispersant to the resin is reduced to

1:4.5 (see Patent Reference 3). However, the aqueous solution, in which the

copolymers are dissolved with potassium, is prepared in the production of the ink, and C.

1. pigment green 36 is dispersed in the aqueous solution.  Therefore, the resins are not

25  sufficiently attached to the pigment surface, and the existence of the resins dissolved in



preservation. In addition, there is the report on the aqueous pignent

di spersion in which water-soluble phthal ocyani ne derivatives adsorb to the
surface of the pignent particles of 5 C |. pignent green 36, to thereby

i nprove the dispersibility of the pignment and reduce the quantity of the
added acrylic water-soluble resin solution such that the mass ratio of the
acrylic water-soluble solution to the pignent is reduced to about 1/10 (see
Patent Reference 4). However, the water-~sol uble phthal ocyani ne derivatives

are very likgl to,.elute jnto the dispersion,. and caus he rioration
of the Iong-ﬁgﬁﬁrﬂwg@fwﬁcﬁ’ O?ge %‘F Qbels{)rls?tipntfpa’b{lﬁ%g‘é’h‘%e%ggrg{c&%%g}r{? di sper si on
together with the resin conponent originally dissolved in the dispersion
[0008] As dP€8TY488H- above, the several known documents disclose the aqueous
pignment |iquid dispersion and the ink jet recording ink that use C.. 1.

pi gment green 36 dsaddigomelerd s thendepornat thelagudods pigmadidispersontthevhiolk set of
the basic 4 col ors because the pignent green 36 has good col or-devel opi ng

property andwhiegHinilephiifsSyanine WEN @ ivesadsdrb t@ihd FHce OF BRPigdkent Pakclds & gh
specific gravity and 1s liKely to precipitate. Therefore, 1n order that the

Ploment of eog, BBigkehabl 6, 1L ABSLIBhib0: RLRMLG SAIPoRRORSTk ERcES those

of the bdasic or ary ueous pignent

i quid dispersion and the_ jnk-jet 20 recqrding jnk by usi di fferent
conposi tion g‘ﬁﬂ“ﬁﬁ‘&fi%‘i‘? ﬁdeg@gﬂgc W?@ﬁf‘ﬁl’i‘ﬁgéesﬁfsol‘w@nﬁ%@itﬁa‘%% IR & L n order
to particularly inprove the discharging stability and preservation

stability i ntha atiyhbwatenpeluble solutierieitheomament is ieduded t¢ alpot 1A (see Batsutr ongl y
coat. the surface of C |. pignent green 36 with the required m ni nrum
resins, to tRefefdaye $)edutiowtvie, tHeiaatet-solullSplithalbfi@nine derivdatidtesspovere tikely

di spersed in an aqueous nedium Regarding the ink jet 7 recording Ink
di scl osed i Ny dige HhOHRBRPERACHIRIR Me B RIRDGST thelbi-ah pRYSvARES Of
10 stability of the agueous pigment dispersion together with the resin component originally
dissolved in the dispersion.
f0008]
As described above, the several known documents disclose the aqueous pigment
liquid dispersion and the ink-jet recording ink that use C. I. pigment green 36 as a green
15  ink that should be added in the ink set of the basic 4 colors because the pigment green 36
has good color-developing property and light fastness. However, C. I. pigment green 36
has a high specific gravity and is likely to precipitate, Thercforé, in order that the
pigment green 36 is stably dispersed to obtain the same properties as those of the basic 4
colors, it is necessary to prepare the aqueous pigment liquid dispersion and the ink-jet
20 recording ink by using different composition and production steps from those of the basic
4 colors.
In order to particularly improve thé discharging stability and preservation
stability in a high-temperatire environment, it is important to strongly coat the surface of

C. I. pigment green 36 with the required minimum resins, to thereby reduce the quantity

25  ofthe resins dissolved or dispersed in an aqueous medium. Regarding the ink-jet



di spersant and additives are used to aimat the inprovenent of dispersion
stabi'lity, but these Patent References are not necessarily focused on the
case where C. |. pignment green 36 is used. Asa result, the ink jet
recording ink of green color has never had 5 dispersion stability and
preservation stability that are as sufficient as those of inks of the other
basic colors. In particular, the aqueous 7pignment |iquid dispersion and the
ink-jet recording ink, which have practically sufficient dispersion
stability andcpdimpdnl disclosed us thakidrementidned PagerhiRgfed¢neay) dreatatiows tgpaasér vat i on,
have never been obtained. [Patent Reference 1 ] 10 Japanese Unexam ned

Patent Appl i gigbdr@Rt arfd ddaftivEiRb Wcald 8ith Mohe idYPdveRRABSA seRanaMLilRebher ence 21
Japanese Unexam ned Patent Application, First Publication No. 2000-186244

[ Patent Refe anes 1Lhed- P | J I irs

Publ i cati on %&%ﬁ%&%@@@@% a?igﬂﬁé%t@%aﬁ@g E@?%rgghé@o%fé ‘%gépfsgé%é’ﬁﬂﬁ%ﬁam ned

Pat ent Application, First Public ti,%rJENo. 200Q- 303014 qgg{ngLOSU OF

| NVENTI ON PREBETEMEIS e BE ASE AU, By In-fet 1erRzaNeanet greeny pS NEYeMfect of the
present invention is to provide an aqueous pignment liquid dispersion which
achi eves ®excdikpasion stalsifityrani presevatiuinl stabilitatidt dre agsufSeirmtas dwee ofanksof the
stability, and high luster of a printed i mage; and enables the color zone to
be enl arged amer bakRRole@. Olln pEROOSUGE h?noappigﬁmhmﬁ;m/merﬁhmd!tmqnl_c-ﬁ

recordi ng nmethod when it is used for 25 the production of an ink jet

recording i n}%c&‘ﬂ}ﬂgﬂﬂk,%}g{h%gc gl%t%ally g&f_ﬁ%ﬁt‘sﬂﬁﬁﬁio&x%tﬂpﬁ [a(imﬁ jc?e%ati% the

present invention-is’'to provife an | et recording ving a green
color, in whi .dispersjon stabhility, dischargin ropert
stgbr}hty d?a%ng lgﬂgg-tcmperature préservation, avegnevgr boeen btamg )

[Patent Reference 1]

10 Japanese Unexamined Patent Application, First Publication No. 2001-354886
[Patent Reference 2}
Japanese Unexamined Patent Application, First Publication No. 2000-186244
[Patent Reference 3)
Japanese Unexamined Patent Application, First Publication No. 2002-088290
15 [Patent Reference 4]

Japanese Unexarmined Patent Application, First Publication Ne. 2000-303014

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
20 [0009]

An object of the present invention is to provide an aqueous pigment liguid
dispersion which achieves excellent dispersion stability and long-term preservation
stability, and high Juster of a printed image; and. enables the color zone to be enlarged and
the color ;cproductit)n to be improved in an ink-jet recording method when it is used for

25  the production of an ink-jet recording ink having‘ a green color.



and long-term preservation stability are good, the printed i mage fornmed by
the ink has good light fastness and luster, and a nulticol or i mage havi ng
good col or reproduction can 5 be forned by using the ink in conbination with
other ink jet recording. inks having. different colors. In addition, another
obj ect of the present invention is to provide a production nethod of the
aqueous pignent liquid dispersion for ink jet recording. 10 MEANS TO SOLVE
THE PROBLEMS [0010] The present i nventor’s have intensively performed their
investigation in arder to eth afore nti gned ob nd, t hen found
that the afor erren&@ﬁ'@&er g?fngE%r? pr%%’?v"évc?nﬁ ﬁé?ﬁ’lﬂw 5@“?‘% X' conponent s,
a green pignent haV|ng speC|f|ed structure and a 15 styrene-acrylic acid
type copol ynescomgingink hevies & green eqlergnrehighedispessien dahiplyehischamging prppes¥ent
invention. In other words, the present invention provides an aqueous pignent
liquid di spaﬁcbloﬁgt-xcmlcptmemnmgstalﬁnylarc guogba prigted imag8 Gorfre)l by dhe ink has
styrene-acrylic acid type copolyner (b); a basic conmpound (c); and a

wet'ting agen@oc(djl)ghtmﬁxﬁﬁ'aﬂd‘lﬂférs&ﬁﬁ%ﬂﬁn&%ﬂﬂnhgﬂ 19 %ob’@é‘olgﬁcﬁz%ﬁﬁét%m%én (b)
has an acid val ue of 120 to 240, a wei ght avefage nol ecul ar Wwei ght of 6, 000

Lo 0 D00 RSSO RERS AR R 3y e RIS R b 05

acid type coplyner (b) to the C. I. pignent green 36 (a) is within a range
from 0. 15 toddtepsntcoloso11] 25 An aqueous pignment |iquid dispersion of the
present invention includes the 9 pigment green 36 having good Iight-

fastness and the slnydéinienzoothks abjert dicthe prseent tpyeitiomss to fravidegpiodectpeci f i ed
conposi tion and properties. Therefore, the dispersibility is good, and the

initial di spgiefioadf frfahhehe pigrrEiqid dispeestén RARljes8@Iding Al SO, the
styrene-acrylic
10 MEANS TO SOLVE THE PROBLEMS
[0010]
The present inventors have imntensively performed their investigation in order to
solve the aforementioned objects, and then found that the aforementioned objects can be
solved by using, as main components, a green pigment having specified structure and a
15  styrene-acrylic acid type copolymer within the specified ranges, and completed the
present mvention.
In other words, the present invention pfovidcé an aqueous pigmcnf liquid
dispersion, comprising: C. I. pigment green 36 (2); a styrene-acrylic acid type copolymer
(b); a basic compound (¢); and a wetting agent (d), wherein the styrcnc-acrflic acid type
20 copolymer (b) has an acid value of 120 to 240, a weight average molecular weight of
6,000 to 40,000, and styrene-based monomer units of 60 mass% or more in the total of
all the monomer ugits, and the mass ratio (b)/(a) of the styrene acrylic acid type
copolymer (b) to the C. I. pigment green 36 (a) is within a range from 0.15 to 0.25.
- [0011]

25 An aqueous pigment liquid dispersion of the present.invention includes the



acid type copolyners, which are blended within the specified mass ratio to
the pignment 5 green 36, coat the pignment surface, and the quantity of the
resins that are detached from the pignent is extrenely snmall. Therefore,
the dispersion stability is good, and nozzle clogging does not occur, the
viscosity is low, and the discharging property is good. In addition, the
preservation stability during high-tenperature preservation is good.

Mor eover, the present invention provides-”an ink-jet recording ink

a0l o o Speh eEh BRR TR PR rL e g A e b AP TR AR R bR

excellent in dispersion . stability, discharging property, and |ong-term

pr eser vat i onhavingghe prepitied sempesitipnendipropertisini Hifrelon. W dibpesldity isrdeod.et
recording inks having different colors so as to constitute an ink set which
can form a nudthe mittal dispergion parviclegliapeta icoitemelyegpradid u dtisoothe stybenkeracadidi ti on,
the present invention provides a production nethod of an aqueous pi gnent

l'iquid di spesgd §e cGRIRRS vEch Ae KRAAH Withis HRRpESifidkNBALI A B (1 pifHER
i ncl udi ng C# I%Eicgmsnt I'gr ee%. 3633 (a), a sltyr eﬁe-lécryl ié acid tﬁ;%&g copol yner

(b), a basic t A). o ing a
colored k eaﬁ%gnn%;ép é&rﬂtla‘:(}%}l Qﬁ'ﬁ&ggd%e\é\%}edrté?%hﬁg%g I}geggc%%@géag?%egtg‘{hggﬁgo ored
kneaded m xtuyre,in an agueous diym by 2 sing a djspersin chipe with
medi a, wher ef§ Plﬂ?@"“é’csfl"gﬁégléiéﬁi ci‘llé?é‘?fﬂret '&53‘%%‘6’899‘?@'%’ ’Elg?oqgég?%?z?ci d

val ue of 120 to 240, a weight average nol ecul ar wei ght of 6,000 to 40,000,
and st yr ene- baggog demaoteccun iteisspsitOs loams 894 e disohazeing propertyt isigadd oflnal | t he

nonomer units, and the mass ratio (b)/(a) of the styrene acrylic acid type

copol yner ( bddifich, tHe@réservhtionPirghiig dugheleph-&ongegtude pradeiviion id gsenge from 0. 15
to 0.25 in the kneading step. 25 According to an aqueous pignment |iquid

di spersion of the Mf)ﬁ%@é}}th presit: ixgemmtliec{n:}?%&t s aaiimlﬁme,c&u(nggﬁg%dgﬁprﬁm Las

pi gnent green 36 (a) can be coate the Tesins requi red
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di spersibi]ity An irxk—jct recording ink of the present invention is excellent in dispersion
stability, discharging property, and long-term preservation stability, and is used in
combination with other ink-jet recording inks having different colors so as to constitute
an ink set which can form a multicolor image having good color reproduction.

15 In addition, the present invention provides a production method of an aqueous
pigment liquid disi;ersion, comprising: a kneading step of kneading a mixture including
C. 1. pigment green‘36u(a), a styrene-acrylic acid t);pc copolymer (b), a basic compound
(c), and a wetting agent (d), thereby producing a colored kneaded mixture; and a
dispersion step of dispersing the colored chaded mixture in an agueous medinm by

20 using a dispersing machine with media, wherein the styrene-acrylic acid type copolymer
{b) has an acid value of 120 to 240, a weight average molecular weight of 6,000 to
40,000, and styrene-based monomer units of 60 mass% or more in the total of all the
monomer units, and the mass ratio (b)/(a) of the styrene acrylic acid type copolymer (b)

to the C. 1. pigment green 36 (a) is within a range from 0.15 to 0.25 in the kneading‘step.

25 According o an aqueous pigment liquid dispersion of the present invention, the



and long-term preservation stability of the aqueous pignent liquid

di spersion can be 5 achieved. EFFECT OF THE | NVENTI ON [0012] An agueous

pi gnent |iquid dispersion of the present invention include, within 10 the
specified ratios, the conbination of C. '|I. pignent green 36 (a) and the
styrene-acrylic acid type copolynmer (b) having the above specified nononer
conposition, acid value, and nolecular weight. Therefore, the

di spersibility and Iong-tern1preservatioﬂostabiIity are good. Moreover, an

ink jet recording.in ich i ncl udes aqueous, pi n | i qui d. di spersion
as a main corﬁ%ﬂ%ﬁts‘flﬁ‘fﬁ\g@Soﬂalgﬂ?e%ﬁﬁ?ﬁé;@ fﬁ(}‘gﬁeﬁowﬁ) wgﬁg”ﬁti‘rtg‘? rﬁglf’f ?V,ﬂe and 15

| ong-term preservation stability. In addition, the printed inmage formed by
usi ng the i nikequigd minigehm Quantity tagertit gAdso; sayantly oRhe dispersadresingthaharg i col or
i mge having good color reproduction can be formed by using the ink in
conbi nati on Wetdohealt fogn therpigrhei chepoediced largebks Thawdforg, tHe fdodrdespersitilitpr s. 1 n
addition, the ink can be preferably used for an ink-jet recording device

using 20 a tafﬂ@'i(f}@'.-teﬂr@bﬁ@ﬁétﬁmsmehﬁpef@yaqa%bmigmaﬁcmqﬁatdisggsﬁﬁtcme of an

aqueous pignment Ti1quid dispersion "according to the prese Invention, it is
possi bl e t.0 pr@dggf t he af orenenti oned aqueous pignment |iquid dispersion
and ink jet rE86¥Yng i nk that have the good properties. 25 BEST MODE FOR
CARRYI NG QUT THE | NVENTION 11 [0013] The pignent used in the present
invention is C. |I. pignent green 36 (a) (hereinafter, naybe abbreviated to
“pignment green 36".). In the structure thereof, all the hydrogen atons of
benzene rings of copper phthal cEjERCHOFIEIERINVENTIANt ed by 5 bromi ne atons,
and sonme of the brom ne atons (30 nol % or | ess) maybe substituted by
[0012] '
An agueous pigment liquid dispersion of the present invention include, within
10 the specified ratios, the combination of C. I. pigment green 36.(a) and the styrene-acrylic
acid type copolymer (b) having the above specified monomer composition, acid value,
and molecular weight. Therefore, the dispersibility and long-term preservation stability
are good. Moreover, an ink-jet recording ink, which includes the aqueous pigment
liquid dispersion as a main component, has good discharging property, dispersibility, and
15  long-term preservation stability. In addition, the printed image formed by using the ink
has good luster and light fastness. Furthenmore, a multicolor image having good color
reproduction can be formed by using the ink in combination with other ink-jet recording
inks having different colors.
In addition, the ink can be preferably used for an ink-jet recording device using
20 athermal jet system.
Also, by using a production method of an aqueous pigment Jiquid dispersion

according to the present invention, it is possible to produce the aforementioned aqueous

pigment liquid dispersion and ink-jet recording ink that have the good properties,

25 BEST MODE FOR CARRYING OUT THE INVENTION



chlorine atons. Regarding the particle dianmeter of C. I. pignment green 36
(A), the volune average particle dianeter thereof obtained by observation
with an electron mcroscope is preferably 150 or | ess. The particle

di aneter that exceeds |1SO run may adversely affect 10 the filtration
property of a pignent liquid dispersion and the discharging property and

| uster of an ink obtained by the pignent |iquid dispersion. The pignment
green 36 that is a pignment with high spékific gravity is likely to
precipitate in liquid and difficult to be dispersed stably. For good

di spersion, it is ﬂ%ﬁdrtant to performthe stable adsorption of the resins
to the pignment surface and to performthe stabilization of dispersion due to
15 steric hi ndr anckhe gigmérnseddna she, presetrintdndon 0. 1. mjpmaentigreen3éde)i red t o coat
the pignment surface is defined by RIP, the mninumquantity of the resins

tends to be gieﬁéihﬁt@alxﬁagrbetabﬂevihﬂamq Fiigmend gfRAYENY. | JRAe PhEHRMhePETANSE the
pi gnent green 36 (a) has high specific gravity. 1n addition, the surface of

T RS B A M R

resins, and Sin I'n an’agueods “pi-gnmen

di spersion so as to cause the, deteriorations of dispersiop stability,
di schar gi hg PioBpRE 319ms. d someefdht Rioming Baas (el arles) way BC. sugpﬁfétw@#we, t he
maxi mum quantity of the usable resins is also nmuch snmaller than that for a
convent i onal cldpgmeatems.For the pignent green 36 (a) that is difficult to be
stably di spersed, the excess quantity of resins is conventionally 25 added

in order to iWprOVEQegdfdﬁgﬁmbﬂﬂclﬁﬁﬁﬂﬁﬁMfCTh@Igzﬂeﬁt giaen 36@sRtheWbliniche det ached
12 resins are increased in an aqueous nedi um and the preservation stability

|
deteri orates nggggg, & Mﬁﬁghgﬁwobui&wbg o@géﬂﬁi{?ﬁivﬂﬂl & eldcifn mi&me%eugreen 36

a\{)era
(a) tends to be e excess detached resins I n an aque

Coat od i th PRETTLYGH TR n PGB ARTES DR pediRa S0 Sty elledh
optimal E(? ng%c%fltr;ti%% pgc%scfty Eaia :tz ipi%m(elnot) I/ic;l(u{ijl di(s);crs:[ic?nean%tt er c?igfha?g%gy Iln'iogen%rcaing type
luster of an ink obtained by the pigment liquid dispersion. The pigment green 36 that is
a pigment with high specific gravity is likely to precipitate in liquid and difficult to be
dispersed stably. For good dispersion, it is important to perform the stable adsorption of
the resins to the pigment surface and to perfmm the stabilization of dispersion due to
15 steric hindrance.
In this case, when the resin quantity required to coat the pigment surface is
defined b-y R/P, the minimum quantity of the resins tends to be much smaller than that for
a conventional pigment because the pigment green 36 (a) has high specific gravity. In
addition, the surface of pigment green 36 (a) tends to be difficult to be adsorbed by
20 excess resins, and the excess resins are released in an aqueous pigment liquid dispersion
so as to cause the deteriorations of dispersion stability, discharging property, and
long-term preservation stability. Therefore, the max'imum quantity of the usable resins
is also much smaller than that for a conventional pigment.  For the pigment green 36 (a)

that is difficult 1o be stably dispersed, the excess quantity of resins is conventionally

25  added in order to improve dispersion property. That is the reason why the detached



copolynmer (b) to the pignment green 36 (a), which inparts the best properties
to the aqueous pignent liquid dispersion and the ink-jet recording ink that
use the pignent green 36 (a), is nuch narrower than that of a conventional
pi gnent. [0014] 10 Moreover, the iron content is preferably 40 ppmor |ess
in the pigment green 36 (a) used in the present invention. Iron is
contained in the pignent green 36 (a) a§ inpurity, and the quantity

t hereof can be determ ned by | CP em ssi & spectr al analysis The iron

cont ent thatrcs?ﬁ%ca?e?gﬁreﬂ&dqﬂﬁﬁgﬁfegﬁé d&l&ﬁﬁrﬁ%n& e ;?% Xr?été %Eéﬁblla'tcg' es of

pr oduced aqueous pr gnment I spersion cor Ing ink

15 d. Th
o cont antLbE Sa(HPG BREERY R FpRsiot ol e 'Spers"’”ieﬁa@fsp%ataﬁwﬁ%%ﬁnmtor )

| ess. The pi grrent green 36 (a) contains magnem umand silicon as inpurities,
and the redydbs exscwidetankedosrineingg aqrespemeding. pdeisfaredie spHaceaighfesi um
content is preferably 70 ppmor less, and nore preferably 50 ppmor |ess.

The silicon pigménegiceh 36 (o) &fres @lbe\osted wﬁﬂﬂmpaq@rcdhﬁﬁﬁuunaqnﬁnﬁ@rcé r@ief er ably 45
ppmor less. Although the reason why the existence of these inpurities

affects the Asoaf RS8{ RtdrBhablaapd bf Lh(ymggs rgtli@(b?/gdg of ffe s{ﬁ&ﬁraféfylﬂg atilkyges not

cl ear, the f oW ng reason can consid tal i nmpur i ties gener at e

T oo, bl S ey ﬁ&%ﬁbﬁ@ Sk '@%@eﬁ%ﬂﬁég@ﬁt@hiszénﬁi gnent

| i qui d di spersion and the |nk recording ink that contain the pignent
green 36 13 2qpeops plesat %éﬁswﬁﬂn E@nweq rgcqrilipg Rk thef vgets pigseest e
intrinsically. The acid washing is preferably performed in order to reduce
i ron, nagnegreem36 (a o midhindomwenthamthaieaf ai conventiopl giperent.gr een 36 (a). In
particular, the washing with a hydrochloric acid aqueous solution is
preferred. This agid4pashi ng can be perforned by 5 adding an acid solution
to the pignent particles of the pignent green 36 (a) or the

10 Moreover, the iron content is preferably 40 ppm or less in the pigment green 36
(a) used in the present invention. Iron is contained in the pigment green 36 (a) as an
impurity, and the quantity thereof can be determined by ICP emission spectral analysis.
The iron content that exceeds 40 ppm deteriorates the preservation stabilities of produced
aqueous pigment liquid dispersion and ink-jet recording ink containing the aqueous

15  pigment liquid dispersion as & main component. The iron content is preferably 35 ppm
or less, and more p;eferably 30 ppm or less.

The pigment green 36 (2) contains magnesium and silicon as impurities, and the
reduction of the contents thereof is preferred.  The magnesium content is preferably 70
ppm or less, and more preferably 50 ppm or less.  The silicon content is preferably SO

20  ppm or less, and more preferably 45 ppm or less.

Although the reason why the existence of these impurities affects the
preservation stability of the ink-jet recording ink is not clear, the following reason can be
~ considered. Metal impunties generate metal ions in the mk which cause the generation
of precipitates and the deterioration of the fecovery property of clogging in the aqueous

25  pigment liquid dispersion and the ink-jet recording ink that contain the pigment green 36



aqueous suspension of the pignment particles. Wen the press-cake is prepared
in the production step of the pignent green 36 (a), the acid washing may be
performed by directly adding an acid solution therein. [0015] 10 The
styrene-acrylic acid copolyner (b) used in the present invention includes,
as structural nononers, at |east a styrene-based nononer unit and a nononer
unit that contains an unsaturated aIipha}ic carboxylic acid having a

radi cal polynerizable double bond. O the various possibilities, copolyners

containing a ;  af: ; Qfri ic acid and
g @? Whﬁﬁ%l%?%ﬂﬁr%%?ﬁ éﬁfékel)" Rk teriBhite Binkhll.

met hacrylic aclfd are copolyners containing a 15 styrene,
acrylic acid and hacrylic. acid ar articud.arl esi.rabl e. Reqgarding the
conposition of the ﬁBWe“(ast‘ﬁJBgr‘FsH‘Fé{?ﬁyp If%’ CLHCIBSB‘%IC{/EPEXF@%CW@“HP%%#WOn of
the styrene-based nononer conponent in the total of all the nononer
conponent s i sawgilicensenised inshepigment g5ecarblakb| yn potislyste sashingwithpp
particul ar, the conbined total of the styrene-based nononer conponent, the
acrylic acid hyinsciricaoripapsnk solateh it pef@dmeThiacidiwashiag cah begredioened by
conponent is preferably at |east 95 nmass% wi thin the total of all the

MONOMEr  COTPORAHeSHn ABRCBNSBN td e Efgﬂeﬁﬂ@r@&ésydfiﬂ& %g;h@ht(‘gs&ﬁlsa Boréle the

present invention contains a high concentration the styrene-based nononer
unit equival t_l.eas . TSS9 t hgnt.otal i b runits,
t he copol yrreraecf&é(ﬂ}s?g}]%’s? n#@@%ﬁ%%?ﬁ% Raﬁgcﬁﬁyd?dglﬁﬁg}% pég%icginéelﬁkﬁgﬁgg@g and is
able to favorably maintain 25 the dis i bili f these pignents. The
af or ement i oneRfORRFLIGP BIEP StthF PrEmenbgrgen %@ittwol‘il‘x'?s Fwwzbﬁigftgnﬁqdﬁhyngl y
adsorb particularly to the pignent green 36 (a) so as to coat it. In
conpari son widifectipeddizsan mgs tiondhareisi ns are used for other pignents,
extrenely stable dispersibility is maintained after the |ong-term storage
at high tenperaturg0olish contrast, if the proportion of the styrene-based
nononer conponent is less 5 than 60 mass% then the affinity of the
styrene-agyylic acighe QRak%iBiic 6B chfdiymer(b) used in the present invention includes, as

structural monomers, at least a styrene-based monomer unit and 2 monomer unit that

contains an unsafurated aliphatic carboxylic acid having a radical polymerizable double

bond. Of the various possibilities, copolymers containing a styrene monomer and at

least one of acrylic acid and methacrylic acid are preferred, and copolymers containing a

15  styrene, acrylic acid and methacrylic acid are particularly desirable. Regarding the

composition of the monomers constituting the copolymer, the proportion of the

styrene-based monorner component in the total of all the monormer components is 60

mass% or more, and preferably 90 mass% or less. In particular, the combined total of

the styrene-based monomer component, the acrylic acid monomer component, and the

20  methacrylic acid monomer component is preferably at least 95 mass% within the total of

all the monomer components. Because the styrene-acrylic acid copolymer of the

present mvention contains a high concentration of the styrene-based monomer unit

equivalent to at least 60 mass% of the total of all the monomer units, the copolymer

adsorbs favorably to the hydrophobic pigment surfaces, and is able to favorably maintain

25  the dispersibility of these pigments. The aforementioned adsorption is strong, and the



pi gnent green 36 (a) tends to be inadequate, and the dispersion stability
tends to deteriorate. Also, in the obtained ink jet recording ink, the
recording property to a plain paper tends to deteriorate, the

i mge-recording density tends to be | owered, and the water resistance
property is also prone to deterioration. Mreover, if the proportion of the
10 styrene-based nononer conponent excee 90 mass% then the solubility of
the styrene-acrylic acid copolyner (b) in agqueous nedia deteriorates, the

di spersi bi | 1 tqiQf vdrPStroplyddBHb 'khianyimeg%uﬂaugmm Mo £4its RE4$. Olh

solution and the resSulting dispersion” sta ity tend to deteriorate, and

when t he pignent dispersihon solution IS us i ] I [,di i nk,
the printing ST Vﬂf eﬁ?sgd”}ﬁfeo _ITYS 8%‘-‘5’@?4 %rr §ﬁefbﬁ§mh‘iig e%ﬁ%@? s{%ﬁlg acid
val ue of the styrene-acrylic acid type copolyner (b) used in an aqueous

pi gment | i qui YSRErshibyes maingmnedide thég@ﬂttelphﬁ@ﬁg‘? HriughdemPERNEE- 2 range from
120 to 240 ngKOH g. When the acid value is less than 120 ngKOH g,

hydr ophi li city becdmesntrabtpifithe mropbrtidreofdhes gymesé-based mebdmen opmpbnerih & Igisgent s
tends to deteriorate. Meanwhile, when 20 the acid value is nore than 240

ngKOH g, the RED6EMALHR thedfthd dT8niB} SEBNtPrehd adyloNgid &poﬁz‘ﬁﬁﬂq_b) t@Qd] t he water
resi stance of an ink-printed matt'er tends to deteriorate. The acid value is

nore preferabl. it o} icularly
preferably wbél%?%ntgp‘%egr?gg)g %t%%ﬂ%%eﬁ?%%%%%%ﬁ& tﬂ 9 teeﬁg§ IE’il)cr ylic acid
type copolyner (b) is preferably.used .in conbination 25 with acrylic acid
and met hacryl "e@g’Q%ﬂtﬂ S%&%ﬁ%{nc%ﬁwgmggsa@% éhetrﬁ‘é’rﬁ?l%ﬁ’ioaPW Waplalf st he
backbone structure is broken to cause the effect of inproving the solubility
of the resi mapetAgnds tedstereaietethe mngautronding denistty tanfitie bedowared, gndthe mater
styrene-acrylic acid type copolynmer used in the present invention, a known
conpound can rbsstage groperigHl@prénetthdetendraiine | Mdercaver,df thy batpyrienef gwch as
styrene, a-nethylstyrene, p-nethylstyrene,
10 styrene-based monomer component exceeds 90 mass’s, then the solubility of the
styrene-acrylic acid copolymer (b) in aqueous media deteriorates, the dispersibility of the
pigment within the aqueous pigment dispersion solution and the resulting dispersion
stability tend to deteriorate, and when the pigment dispersion solution is used in an
ink-jet recording ink, the printing stability is also prone to deterioration.
15 (0016]
The acid value of the styrene-acrylic acid type copolymer (b) used in an aqueous
pigment ‘liquid dispersion of the present invention is within a rarigc from 120 to 240
mgKOH/g.  When the acid value is less than 120 mgKOHF/g, hydrophilicity becomes
low, and the dispersion stability of the pigments tends to deteriorate. Meanwhile, when
20  the acid value is more than 240 mgKOH/g, the aggregation of the pigments is prone to
occur, and the water resistance of an ink-printed matter tends to deteriorate. The acid
value 1s more preferably within a range from 160 to 200 mgKOH/g, and particularly
preferably within a range from 175 to 190 mgKOH/g.

The styrene-acrylic acid type copolymer (b) is preferably used in combination

25 with acrylic acid and methacrylic acid as component monomers because the regularity of



2, 4-di net hyl styrene, a-ethylstyrene, a-butylstyrene, or a-hexylstyrene; a
hal ogenated styrene such as 4-chl orostyrene, 3-chlorostyrene, or
3-bronostyrene; 3-nltrostyrene; 4-nmethoxystyrene; and vinyltol uene. Anong

t hese styrene-based nononers, anal kyl styrene nononmer is preferably 10 used,
and a styrene nononmer is nost preferably used. [0017] The styrene-acrylic
acid type copolyner (b) may contain a nnqgner other than a styrene-based
nononer, an acrylic acid, and a nmethacryl'fc acid, which is polynerizable

with these [ fe j ] e r 15 than
5 mass% as %g‘gﬁ%‘ébﬁ"é‘ﬁg@‘g‘iﬁr% lﬁgimgégén%{e §1§ %gﬁgTbl§H@F? esrofl%gm%’gﬁégyl iC
esters such as nethyl (neth)acrylate, ethyl (neth)acrylate, n-propyl

(met h) acryl atf®™8 sopropyl (neth)acrylate, n-butyl '(nmeth)acrylate,

sec-butyl (nmeth)acrylate, tert-butyl (meth)acrylate, 2-nethylbutyl
(neth)acryl ate, 2-4% hylybuepased memhingrunit whieh canstiaddsyhaniyrgne-dondickicrdyne at e,

1, 3-di nethyl butyl (meth)acrylate, pentyl (neth)acrylate, hexyl

(met h) acryl akegpolpferdsed imthdrgresent ivEduonackniowatedmpbent gah bemeddn) Exaniplag e, octyl

(meth)acrylate, or nonyl (neth)acrylate, (nmeth)acrylic ester derivatives
such as 2zet ~1E r wa € ybut yl
acryl ate, S3- et %’%’E’lﬁ"l{dﬁ ﬁgc %fjg%né:’sﬁchdafs E@@%{%I gﬂ‘li/ért\h et Iy+éP%%t -lgﬁég{’at e,

hydr oxyet hyl (et h)a | at e, _hydr oxypro net h)acryl at e dr oxybut yl
(et h) acryl a?é‘?fl@f: &i}é‘?‘{cth}‘é’ ﬁ%&"h‘f‘}?’)“%bﬁif}(ﬁa?fe@'h‘?}‘ryﬁ e n nab SN

met hyl - a- (hydroxynmet hyl ) acrylate; aryl (meth)acrylic esters and aral kyl
(met h) acryl i €tylepe seahtasdschiqresiyraes, prebloyastyrens: o) bropoatyesnepEpisspstyrene;
(meth)acrylate, or phenylethyl (meth)acrylate; polyhydric al cohol such as

di et hyl ene gWymahoxyktytentandenglighwmol , pol yet hyl ene gl ycol, glycerin, or
bi sphenol A; and nono(neth)acrylic esters of polyhydric phenol; and dial kyl

mal ei c ester such Amoflh MRt WredtbRa! BofSmal, eyl ERbRAkGontr Sfefe@lyt WO OF
nore of these nononers can be added as nonomer comnponents.
10 used, and a styrene monomer is most preferably used.
[0017]
The styrene-acrylic acid type copolymer (b) may contain a monomer other than
a styrene-based monomer, an acrylic acid, and a methacrylic acid, which is
polymerizable with these monomers. The contént of this monomer is preferably lower
15  than 5 mass% as a component quantity. Examples thereof include (meth)acrylic esters
- such as methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl
(meth)acrylate, n-butyl (meth)acrylate, sec-butyl (mcth)ac.rylate, tert-butyl (meth)acrylate,
2-methylbutyl (meth)acrylate, 2-ethylbutyl (meth)acrylate, 3-methylbutyl (meth)acrylate,
1,3-dimethylbutyl (meth)acrylate, pentyl (mcfh)acrylate, hexy! (meth)acrylate,
20  2-ethylhexyl (meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate, or nbnyl
(meth)acrylate, (meth)acrylic ester derivatives such as 2-ethoxyethy) acrylate,
-3-ethoxypropyl acrylate, 2-cthox$'buw] acrylate, 3-ethoxybutyl acrylate,
dimethylaminoethyl (meth)acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, hydroxybutyl (meth)acrylate, ethyl-a-(hydroxymethyl) acrylate, or

25  methyl-a-(hydroxymethyl) acrylate; aryl (meth)acrylic esteys and aralkyl (meth)acrylic



[ 0013] The styrene-acrylic acid type copolyner (b) used in the present

i nvention has the weight average nol ecul ar weight wthin a range from 6, 000
to 40,000. The wei ght average nol ecular weight is preferably within a range
from 7,500 to 30,000, and nore 10 preferably within a range from 10,000 to
14,000. Wen the weight average nol ecular weight is |ower than 6,000, the
long-term storage stability of the liqui dédi spersion tends to deteriorate
although it is easy to perfor % SIO and mcropeirtlcul ation of the
pi gnent gr eeﬁst%spca»as.phemenﬁ%m “‘né?ﬂ arethlpsrglatss erphspylatvhn tends to
occur due to the aggregation of the pignents, and there is a problemin
that suffici émeth)assiate; polyhgdmprdledhebsuch 5s diaﬂltybne gleoal stratyletoglyeolachi eved.
When the wei ght average nol ecul ar wei ght of the styrene-acrylic acid type

copol yner (b}ao@é&%%gl@olog%enhha bYdpBERS At Hnd}ﬁoﬁdﬂﬂcﬂhyﬂér)ﬂl@tcstﬁﬁ%@r ding i nk,
which is prepared from t he aqueous pi gnent |iquid dispersion using the

Styr ene- 86Ty Al XRE aSORBI MRS LRl eui Y5 8 a%@&ed,etgﬂms e, the

di schargi ng 3 | nds ora s e ge

resin mcropar |cles eﬁ} inhibit the f||tr§£|on of the Eéer3|on, are
likely to°oc&me, Ortye pomorer] these fopopaers £ar be 4dd ?W?W&HBBW r (b) used in
the present invention may be any of a random copol yner, a bl ock copol yner,
and a graft copol y[#i8] An exanple 25 of a graft copolyner is a graft

copol ymer in which polystyrene or the copolyner of 17 styrene and a

noni oni ¢ nononer, Yk fftehSaceARAIBHd copblysrer(H) Rseélliy t@Resehidfivention Bisqhe or  a
branch and a copolyner of acrylic acid or nmethacrylic acid, and another

e . LS PR Dt a0 s g
copolymer and, 8, 1 AnSIlh SR T8l aterably AARA a range from 7,500 to 30,000, and more
10 preferably within a range from 10,000 to 14,000. When the weight average molecular
weight is lower than 6,000, the long-term storage stability of the liquid dispersion tends
to deteriorate although it is easy to perform the dispersion and microparticulation of the
pigment green 36 (a) in the beginning,  Also, the precipitation tends to occur due to the
a;ggrcgation of the pigments, and there is a problem in that sufficient luster of a printed
IS matter tends not to be achieved.

When the weight average molecular weight of the styrene-acrylic acid type
copolymer (b) exceeds 40,000, the viscosity of the ink-jet recording ink, which is
prepared from the aqueous pigment liquid dispersion using the styrene-acrylic acid type
copolymer (b), tends to increase, Therefor;, the discharging stability of the ink tends to

20  deteriorate, or the gel-like resin microparticles, which inhibit the filtration of the
dispersion, are likely to occur.

[0019]

The styrene-acrylic acid type copolymer (b) used in the present invention may

be any of a random copolymer, a block copolymer, and a grafi copolymer. An example

25  of a graft copolymer is a graft copolymer in which polystyrene or the copolymer of



I n an aqueous pignent liquid dispersion of the present invention, the nmass
ratio (b)/(a) between the styrene-acrylic acid type copolyner (b) and the
pi gnent green 36 (a) is within a range fromO0.15 to 0.25. Wen the content
of the styrene-acrylic acid type copolymer (b) is low and the nmass ratio
(b)/(a) is lower than 0.15, the coating of the 10 pignent surface of the

pi gnment green 36 (a) is insufficient, theypignment dispersionis
insufficient, and the rub resistance and luster of a printed matter tend to
deteriorate ktyrenbend £aqsonieneomer, whikh jsebpolgmerigibhgwitinbtyiese, former sein by usi ng
t he aqueous pignent liquid dispersion. Wien the content of the

styrene-acr ygibtpaﬁapm é%)%lyﬁ&%féé?ﬁfc aﬁia)orinﬁem:cg)mclwq, arldMRoRBSRohd& 0 (b)/ (a)

exceeds 0. 25, e solid détached Tesins are li'kely to precipitate into 15

t he aqueous pi nt ligqud dispersion, sandwthe filtrati roperty. of\the
l'iquid di spe?’!‘?ﬁ@eﬁlg Sg‘ﬁgl%?ﬂlénsaqit af %lgrr?BChpr ?&8?@?“3?‘“ ea?lﬁlz eec% Oly%m (fb)
deteriorate. The optimal value of the nmass ratio (b)/(a) varies depending
on the conbi Y beHs mixtursef the afrementioned @rafceopolymer anrba randain GORAYBE: used.
However, the pignment green 36 has a high specific gravity because of

cont ai ni nf§ brom ng082@ns, and the surface area thereof is snaller than those
of other 20 pignents when conpared at the sane mass. Therefore, the optinal

range of the mass Infglabgeohd hiphdt lighidCdiaReesh dfhspRldnt MotnRE, he nag M@ | son
wi th other pignents. In addition, ~although the reason is not clear, the

0 o SRR SR LIRS o1 11

consideratio e specitrc gravi
mass ratio (p)/(a) becopes extr |y narrow. The pignent green 36 is totally
254 11 er ent BIHU BERES SARGhIHOO Sn’ M oriaRba B e Ay pE DS
Moreover, the effect of 18 the mass ratio (b)/(a) on dispersion stability
and preser vatdpolynear £ lowyandghe massuhtia (by(2) ioawyer band) pd.abeeagsing ofithet abi ity
at a high tenperature, tends to be significantly large in conparison with
ot her pi gorenpigmehONXhde ofheThigmeitpiend6dayiy inseffiaieht theyeman dishsrsiesi is(b) is
used in the coexistence wth the

insufficient, and the rub resistance and luster of a printed matter tend to deteriorate in the

case where an ink-jet recording ink is prepared by using the aqueous pigment liquid

dispersion. When the content of the styrene-acrylic acid type copolymer (b) is high and

the mass ratio (b)/(a) exceeds 0.25, the solid detached resins are likely to precipitate into

15  the aqueous pigment liquid dispersion, and the filiration property of the liquid dispersion

and the discharging property of the ink tend to deteriorate. The optimal value of the

mass ratio (b)/(a) varies depending on the combinations of the pigment to be used and the

resinto be used. However, the pigment green 36 has a high specific gravity because of

containing bromine atoms, and the surface area thereof is smallér than those of other

20  pigments when compared at the same mass.  Therefore, the optimal range of the mass

ratio (b)/(a) is changed to small values in comparison with other pigments. In addition,

although the reason is not clear, the upper limit of the optimal range is an extremely

small value even in consideration of the specific gravity.  As a result, the optimal range

of the mass ratio (b)/(a) becomes extremely narrow.  The pigment green 36 is fotalty

25 different from other pigments in terms of these characteristics. Moreaver, the effect of



basi ¢ conpound (c) in order to neutralize the acrylic acid part thereof. The
basi¢c conmpound (c) softens the resins in the kneading step so as to
facilitate the coating process of the pignment with the resins, and inproves
the dispersibility of the pignent coated with the resins in an aqueous

medi um As the basic conmpound (c), any of an 10 inorganic basic conpound and
an organi ¢ basic conpound can be used. Exagples of an organic basic
conmpound i ncl ude am nes such as net hyl am n€, di nethyl am ne, tinethylam ne,

et hyl am ne, di I W= L 'Qg%g 1 ethangl am :

di et hanol am neﬂ,? ¢ %ﬁ%%ﬁg?@?/@ir&gtdﬁfg%rgﬁgﬁaﬁ:w %9 np &{;gﬁ@%ﬂ@@%@%@ basi c
conmpound include the hydroxi des.of alkali netals such, as t assi um.and

sodi um the caPHoiEREESGratOg Séﬂ%iléy pt @Bé&eg‘pﬁ%ﬁ%é@dﬁ& B%Ségﬁﬁ?a&ﬁﬂi%@dpum t he
carbonates of alkali earth netals, etc. such as calciumand barium and
ammoni um hydr eringenasonrwigeothdroigments. al kal i metal  hydr oxi des and

al cohol am nes are preferred in terns of dispersibility preservation

stability, the decapmipp property of an ink jet printer, and the water
resistance of a printed mtter when a kneaded pi gnment dispersion used in

the presenk inventi L oIl ; I; hiaui d
di sper si onT,5 and fur?ﬁ%%tﬁaeﬁplmnrkﬁf%‘%&lyéggg& ng r?b&?@u&gﬁﬁfg%{)ﬁgggﬁggﬁhéﬂéj
conmpounds, al kal.i -net al droxj des as .typified by .potassium..hydroxide,
sodi um hydr oxiPa¥e C%IHBOWE i‘ﬁﬁ{dﬁy‘iﬁﬁwﬁf‘&l@g@&mﬁ’ﬁﬁ’é PRIty LA 1 ho
viscosity of an aqueous pignent |iquid dispersion, and are Er eferred in
terns of the ceinpews(g) softens thpresing jn the kngednglstapae ap kcfaeititatighe paating n
particul ar, potassium hydroxide is 25 preferred. Mreover, the alkali netal
hydr oxi de is preebarafhhepipment with thnreamsiend snfh@vesshe dispasibilind theggmerdi t i on
gquantity thereof is preferably adjusted so that the neutralization

percentage i s cuhtbdivith Te rBEEINfah ARRBAYmEAuR30%s okt B3R cBRpbEdQE), kikeofaal d val ue
of the styrene-acrylic acid type copolyner (b). The neutralization

Per cent 2080l S Ll ARloRBhul S B Aallh B8P0l chPECREA! B ofun

i mpr ovenen di sperston rate i an agueou 'um when an eous

i gment . . . . ‘ . .
Prg organic basic compound include amines such as methylamine, dimethylamine,

trimethylamine, ethylamine, diethylamine, and triethylamine; and triethanolamine,
diethanolamine, and methyldiethanolamine, Examples of an inorganic basic compound
include the hydroxides of alkali metals such as potassium and sodium; the carbonates of

15  alkali metals such as potassium and sodium; the carbonates of alkali earth metals, etc.
such as calcium and barium,; and emmeonium hydroxide. In particular, alkali metal
ﬁydroxides and: alcoholamines are prcfcn‘ed in terms of dispersibility preservation
stability, the decapping property of an ink-jet printer, and the water resistance of a printed
matter when a kneaded pigment dispersion used in the present invention is applied to

20  prepare an agqueous pigment liquid dispersion, and further an ink-jet recording ink.
Amaong these basic compounds, alkali metal hydroxides as typified by potassium
hydroxide, sodium hydroxide, and lithium hydroxide contribute the decrease in the
viscosity of en aqueous pigment liquid dispersion, and are preferred in terms of the
discharging stability of an ink-jet recording ink. In particular, potassium hydroxide is

25 preferred.  Moreover, the alkali metal hydroxide is preferably used in an aqueous



| i quid dispersion is produced using a kneaded pignent dispersion, and the

di spersion stability and the preservation stability of an agueous pignent
liquid dispersion. Also, the neutralization percentage is preferably set to
be 130% or lower in terns of the reduction of the quantity of the resins
which is detached fromthe pigment surface, and 10 exists in the ink while
bei ng di spersed or solved therein; and thegprevention of gelation during

| ong-term preservation; and the water resistance of a printed matter
produced by slitiap, tiskthe additiomquahety pheesefig prefevablyt adjustedt soahat ¢hetneatralzatidron

per cent age neans the value which indicates the percentage (how many tines)

of a basic COPa@ Lifighe @ RRIn aRaf R TRAL 8®R 150%9bh thettadls aP@Bhéil vaueaphe ed to
neutralize al he Tcar boxyl groups in the styrene-acrylic acid type

copol ymer (b) i zation percentage is cal cul ated by
the follow n&ty’én“g%a rﬁ@%%i@wtp%gg a@g&\@lere pot assi um hydr oxi de is used as a
basi ¢ conpound. [0022] Neutral i zati on, Per a ss. of Basi

Conpound (g) x 56 xlheTsywalizatiopergeatage i ag %e@lbﬁ 39cy ""Qﬁ’intl ty
of Basic Conmpound x Quantity of Resin (g))) x 100 [0023] As the wetting

agent (d) fsetheiimptovempntes thetdisparsmntrate i arkayuesuscusdien wheman aguseustyiigngenigent s
can be used, and exanpl es thereof include polyols such as glycerin, 25

et hyl ene gl ycmlmd disgérbmhwomcy@@émg iﬂ&ﬁ%ﬁl?ﬂﬁﬁt@lsp@ﬁion idtthegikhrydiene
gl ycol, polyethylene 20 glycol, propylene glycol dlpropylene gl ycol,

PP ey ok AR s I
N I S ATy R A Tt ok and
| | reduction of the quantity of the resins which is detached from the pigment surface, and
10 exists in the ink while being dispersed or solved therein; and the prevention of gelation
during long-term preservation; and the water resistance of a printed matter produced by
using the ink.
In the present invention, the neutralization percentage means the value which
indicates the percentage (how many times) of a basic compound added in comparison
15  with the quantity required to neutralize all the carboxyl groups in the styrene-acrylic acid
type copolymer (b). For example, the neutralization percentage is calculated by the
following equation in the case where potas-sium hydroxidc is used as a basic co:npbund.
[0022]
Neutralization Percentage (%) = ((Mass of Basic Compound (g) x 56 = 1,000) /
20 (Acid Value of Resin x Equivalent Quantity of Basic Compound x Quantity of Resin
(£))) x 100
[0023]
As the wetting agent (d) used in the present invention, known conventional

wetling agents can be used, and examples thereof include polyols such as glycerin,

25  ethylene glycol, diethylene glycol, triethylene glycol, tetracthylene glycol, polyethylene



An exanpl e of a production nmethod of an aqueous pignment |iquid dispersion of
the present invention is a nethod including a kneading step of kneadi ng a

m xture including C. 1. pignment green 36 (a), a styrene-acrylic acid type
copolynmer (b), a basic conmpound (c), and a wetting agent (d), thereby
produci ng a col ored kneaded mi xture; 10 and a dispersion step of dispersing
the solid colored kneaded m xture in an aggieous mnedium In this nethod, the
styrene-acrylic acid type copolyner (b) has styrene-based nononer units of

60 mass% or mg'iﬁg% l-oﬁpgﬁen& gleaih,p ﬁ%@&ieﬂé El?c&f?ﬁh@iﬂ%épyﬂ'éﬂe%ﬁrc@ﬂ@,3%ﬂﬁiﬁ%ﬂiol,um ts

cont ai ni ng an urated C carboxylic acid containi'ng a radical

pol yneri zabl e .d | e .bond, | n addi ti t he (st ne-acryli.c acid type
copol ynmer (b) lhtggﬁmﬁnogﬁ,%gfrﬁa@gqohé,%Qé@@?qlbl,%ﬁgme ?{‘8&%}@?5@?*0&{5@?!"5&@‘

nol ecul ar wei ght of 6,000 to 40,000. In_the aforenentioned steps, the nass
ratio (b)/(a) Pentaerythnial, lactarms schas Royrelidpneyfanethsbdonyyiolidonens-caroladampi gent
green 36 (a) is set within a range fromO0.15 to 0.25. [0025] The
styrene-acryl iand dSidimethpbmedapdidyneer (b) nmakes it possible to produce an 20
aqueous pignment liquid dispersion with good dispersibility to an extent

Wi t hout uskng the @pi ng step in the aforenentioned production mnethod.
Also, it is possible to obtain an ink jet recording ink having high luster
after printing. Ho [ acndil) er t i - f r | ¥ and
ctticiontly wih tnaheruepRehptiuibuiifiod oty BuIREh B MIIAGE GlichRE o

di spersibility and to produce an_ink |et 5 recording ink having extrenely
excel | ent | ondbREFSFNHIEARION 133 ‘Bﬁmg‘i%q‘i}’{g}ﬁ%aﬁ?ﬁﬂ"m @E‘Efe?@%’ﬂgré itis
preferable to use the production nethod including the kneadi ng step of
kneadi ng a mismaluding Gcll pigiment grest 3fr(@he-shieangtacayliaetid tepepepalpper (Pirabagin) , t he
pi gnent green 36 (a), and a basic conmpound (c), thereby producing a solid
col ored kneadegmpaindt(t), end awetihpagdtt &) ethaiebypateingd caldredRiciadmixage;col or ed
kneaded m xture 1 n an aqueous 5 neditun. Wien an aqueous pignent liquid

di spersi ongi s opf PHNEES oH 2P B &iffersing the solid colored kneaded mixture in an aqueous

medium. In this method, the styrene-acrylic acid type copolymer (b) has styrene-based
monomer units of 60 mass¥% or more in the total of all the monomer units and monomer
units containing an unsaturated aliphatic carboxylic acid containing a radical
polymerizable double bond. In addition, the styrene-acrylic acid type copolymer (b) has
15 anacid value of 120 to 240 and a weight average molecular weight of 6,000 to 40,000.
In the aforementioned steps, the mass ratio (b)/(2) of the styrene acrylic acid type
copolymer (b) to the pigment green 36 (a) is set within a range from 0.15 to 0.25,
[0025]
The styrene-acrylic acid type copolymer (b) makes it possible to produce an
20  aqueous pigment liquid dispersion with good dispersibility to an extent without using the
kneading step in the aforementioned production method.  Also, it is possible to obtain
an ink-jet recording ink having high luster after printing.
However, in order to coat the ﬁigmcnt surface strongly and efficiently with the
resins of the smaller quantity so as to improve dispersibility and to produce an ink-jet

25  recording ink having extremely excellent long-term preservation stability at high



af orenenti oned production nethod, the preservation stability of the ink jet
recording ink that includes the aqueous pignent liquid dispersion as a nain
conponent is further inproved at high tenperature. Al so, when the nass
ratio (b)/(a) of the styrene-acrylic acid type copolyner (b) to the pignent
green 36 (a) is set wwthin a range fromO0.15 to 10 0.25 in the kneadi ng
step, the grinding of the pignents during,{he kneading and the coating of
the pignment surface with the resins proce% very well, and the quantity of
the styrene- i 1o I I : i : L--@m t he
pi gnent, and gcr ST Sgglrsg’é%fx’%@eg‘?‘g%é?{ﬁa?“& g%@éﬁi&gg&l‘%%tg? gﬁ%?ﬁlgﬁieebﬁr?obl ens
of discharging property due ,to the nozzle clogging, which is caused by the
deposi tion of EPW@WHB’P‘W%WI"QWS& Sf)ﬁ@""l@ryﬁ‘ﬁ ﬁé‘ldq.g% q%PBLVth&’)ﬁg‘“ZElg@Fmar e
preferably prevented and difficult to occur. [0026] An aqueous pignent

| i qui d di sper gieom36{a); dud agrasis eompéund ée)t thorebp pretduciag b yolid eobdredliomaded
triethanolamne. In the production nethod of the aqueous pignment liquid

di spersion, t pighhanl @oURGerkitn RegbRdigRknd the Laigrd knsadedmixtivstin igadieaisng t he
di spersion 20 and agitating. In the production nethod of the aqueous pignent

l'i quid dispersj h i ﬂﬁ@cfi , 3 {ng step is
pref erabl ygpeﬁﬂg%dq&}ﬁ%%ﬁﬂgggoﬁpwgpﬁa 0 gﬁ%ﬁ%&fgpﬁ‘)&rﬁﬁdﬁ% h‘ipncl uded in
knoaded m xt LB RAORRIOC RO bb e om b RGO G Bkaftar apie

di spersed in an aqueous nedium to thereby produce the aqueous pignment
liquid 25 di spatsckydes theaqyeoumpmentbinyididispersion ds 8 niagmcomponen iofurthete aqueous
pi gnment |iquid dispersion of the present invention, the respective steps of

t he parti cul airhpropsdedt dighhérmpqpatoduchlsonwhet the thasd fadd (8)s) of desstirbe-dengiadi ng
step are described hereinafter. 5 (a) Kneading Step

acid type copolymer (b} to the pigment green 36 (a) is set within a range from 0.15 to

10 0.25 in the kneading step, the grinding of the pigments during the kneading and the
coating of the pigment surface with the resins proceed very well, and the quantity of the
styrene-acrylic acid type copolymers (B), which are detached from the pigment, and are
dispersed or dissolved, decreases.  Therefore, the problems of discharging property due
to the nozzle clogging, which is caused by the deposition of the copolymers ontb the

15  inner wall of the nozzle, are preferably prevented and difficult to occur.

[0026]

An aqueous pigment li(iuid dispersion of the present invention preferably
includes triethanolamine. In the production method of the aqueous pigment liquid
dispersion, triethanolamine is preferably included in the mixture during the dispersion

20 and agitating. In the production method of the aqueous pigment liquid dispersion that
includes the kneading step, the kneading step is preferably performed such that
triethanolamine is preferably included in the mixture dwing the kneading step, to thereby
produce the colored kneaded mixture; and then the colored kneaded mixture is preferably
dispersed in an aqueous medium, to thereby produce the aqueous pigment liquid

25 dispersion.



In the kneadi ng step used in produci ng an aqueous pignment |iquid dispersion
of . the present invention, the mxture is kneaded, which includes the

pi gnent green 36 (a); a styrene-acrylic acid type copolynmer (b) that has
styrene-based nonomer units of 60 mass% or nore, an acid value of 120 to
240 ngKOH/ g, and a wei ght average nol ecul ar 10 wei ght of 6,000 to 40, 000;

t he basic conmpound (c), and the wetting agent (d). In the kneading step, the
carboxyl groups within the styrene-acryli@2acid type copolyner (b) are
neutralized by the QEFic conmpound (c), causing an inprovenent in the

di spersibility. Furt 37hnre, t he copol yner al so undergoes swel ling and
surface softening under the influence of the wetting agent (d), leading to
the formati on of a simvggthelBodugtign méthed of the aqueouspigmenti hqyidtdispersipaifyheer and
the pignent green 36 (a). This mxture is a solid at normal tenperatures,

but has an exiraemlivventieh) the regRetiveteds of the phrtiedaklirefer addgos method0C to
100C, and therefore a |large shearing force can be applied to the mxture

during kneadi . i {Ql to be ground into fine
particles, anﬂgﬁgﬁgﬁg%%@Q?%Qﬁﬁgkﬁgﬁg%?%ggggﬁ%ﬁgﬁggsurfaces generated as a
result of the % rinding to be strongly coated with the styrene-acrylic
acid type op&?gﬁngPﬁﬁp thereby enabling the production of a stable fine
di spersion within water. [0028] In the kneading step, the addition of the
basi ¢ conpound (c) bribie kimadingstep nepd ingrodicipg jin aguggesspigment digyidaispersionyef i ¢
acid type copolynmer (b) to adopt a swollen state. 25 As a result, the

copol yner cantheereseht ianediontthamix>dirp & ialcaded, whish ichudeathe piRdneenmt groen 38 @R% 23
transition point. Mdreover, as a result, there is no need to add a

hi gh-sol ubi | E%xe’i@la‘é E_aciew%ﬁm%cﬂbf%m DAs RrdnB DA HRI unifif shecause

this removes the necéssity Tor a Step subsequent |y renove the sol vent
(o110 09 kgl g R B8 AL GHOE Mg OHRR QPR GR8h o e e
10 weight of 6,000 to 40,000; the basic compound (¢); and the wetting agent (d).

In the kneading step, the carboxyl groups within the styrene-acrylic acid type
copolymer (b) are neutralized by the basic compound (c), causing an improvement in the
dispersibility. Furthermore, the copolymer also undergoes swelling and surface
softening under the influence of the wetting agent (d), leading to the formation of a single

15 lump of a mixture containing the copolymer and the pigment green 36 ().  This mixture
is a solid at normal temperatures, but has an extremely high viscosity at the kneading
tcmpcrat:.llre of 50°C to 100°C, and therefore a large shcariﬁg force can be applied to the
mixture during kneading, enabling the pigment green 36 (a) to be ground into fine
particles, and enabling the newly formed pigment surfaces generated as a result of the

20  grinding to be strongly coated with the styrene-acrylic acid type copolymer (b), thereby
enabling the production of a stable fine dispersion within water. |

[0028]

In the kneading step, the addition of the basic compound (c) and the wetting
agent (d) causes the styrene-acrylic acid type copolymer (b) to adopt a swollen state,

25 Asa result, the copolymer can be softened at a temperature that 1s far below the glass



the present invention, roll mlls such as two-roll mlls or three-roll mlls
can be used. However, with kneading using such roll mlls, the quantity of
resin used tends to be |large because the kneaded m xture nust be conbi ned
as a single lunp fromthe initial stages of kneading. In order to enable
the solid content ratio during kneading to be maintained 10 wthin a

speci fied range, and enable a stable sheaRfng force to be applied to the
colored kneaded m xture fromthe start to the end of the kneadjng. step,

cl osed syst ens2BHIONGEH P{g”%\% e reph thegsiy nﬁéeﬁﬁst@&dddégkﬂh(% ﬂ%@%‘é‘f’ﬁfs are
preferred, as they enable suppression of volatilization of the wetting
agent and t he cigakke.of Biseoluipg thefcopolymer diadbecause Wing eemdvas the nedesdyfomastepfot at i ng
tank, an agitating tank lid, and a uniaxial or nmultiaxial 15 agitating bl ade
is preferred. sfieqiRn@¥ RnitRe BRMsolvert fBllowiap kidadinpOihe pfdduéth@tyﬁmgib@és. of
agitating bl ades, "although in order to achieve a nore favorabl e kneadi ng
action, the use of Obﬁ‘% or nore agitating blades is preferred. If a kneadi ng
device with this ty%e f construction is used, then following production of
t he col ored kneade ] xture for an aquequs pignent di.spersion solutio 20
via the kngadi ng s%@cwﬁﬁﬁéﬁﬂwd@ﬂ P‘é“&@g%ﬂ“ﬁﬁ‘ls%@g?‘léﬁﬂﬁlgdlsﬁ%‘ﬂ??ﬁe
kneadi ng device, but rather the kneaded m xture can be directly diluted in

t he sanme agi t #eiptepentdnkentiommoll oalis weh agfiwoapl enitlooy thiesirell milisiuan paigeidal

di spersion or to continue the dispersion for the production of the aqueous
pi gment | i qui Hodiesgewih Ritcading aBiak eschadll iillss tHeyguentay oftevinwsed tendsuebe nschel
m xer, pressurized kneader, 25 Banbury m xer or planetary m xer, and of

these, a plangtapie ik adécﬁrﬁﬁﬁtiﬂ: fried %rclo}ﬁb%d ﬁg%&@@yﬁﬁp frbmRh SRR ALY e g1 Xer

refers to a planetary-type kneadi ng device, e generic termused

for kneadi ng appar at us uib pped with an.aqgitating, bl ade that sweeps. qut a
bl anet ary ot PHRERREs APe ey frableafi A S bR b o K de Ba P PR ind
production_ process of the present jnvention, kneading is_perfornmed on a
col ored kh@ad™§ind specified Bngt and eepbleas sables @fg}gefﬁ{cca%ge whliedjotherabrids o

hi gh solid fraction concentration, and the
kneaded mixture from the start to the end of the kneading step, closed systems or

kneading devices that can be used as closed systems are preferred, as they enable
sxlppfession of volatilization of the wetting agent and the like. The use of a kneading
device that includes an agitating tank, an agitating tank lid, and 2 uniaxial or multiaxial
15  agitating blade is preferred,  There are no particular restﬁctions on the nunber of
agitating blades, although in order to achieve a more favorable kneading action, the use
of two or more agitating blades is preferred.
If a kneading device with this type of construction is vsed, then following
production of the colored kneaded mixture for an aqueous pigment dispersion solution
20 viathe kneading step, the kneaded mixture need not be removed from the kneading
device, but rather the kneaded mixture can be directly diluted in the same agitating tank,
and can be agitated to initiate the initial dispersion or to continue the dispersion for the
production of the aqueous pigment liquid dispersion.
Examples of this type of device include 2 Henschel mixer, pressurized kneader,

25  Banbury mixer or planetary mixer, and of these, a planetary mixer is particularly



vi scosity varies over a wi de range as the kneadi ng progresses, depending on
the state of the kneaded m xture. Planetary m xers are particularly suited
to coping with a wide range of viscosities fromlow viscosity to high
viscosity, and all of the operations from the commencenent of kneading to
t he dispersion step including the diluting follow ng 10 the kneadi ng can be
performed consecutively wthin the sane a%ar atus. Moreover, addition of
the wetting agent is conparatively sinplef’distillation under reduced

pressure is possifple, and regul ati.op, o | Lt : ring
force during t%ﬁsérak%éaéipgﬁnqw?f %Blef }sclfé?gfoa{ R 1%‘?@13‘!;@ %p%%éd}{@}glc?%’g%g 3{@\%& y
perform ng the kneadi ng S}eﬁgt o.the diluti nigkegs descr | bed&g}%l'S. above, anionic
hydr ophi | i ¢ gREwMES ' e for acagingappratys pHpRed suihpnagatng Hade Jhat sweqps) ¢ hat
coat the pignent surface in the capsular state can be gradually aligned
toward the swontoplagtitary megoe tessafterithe mawh plapetkeyapixeigs uked).c dpshd modstiane. I n
addition, it is possible to realize the coating state of the pignent green

36 (a) which basedQftheyradehtihvertionheleattiridib pafame@eh b ¥olbRdkRcAREAKANEEdI UM
20 [0030] In the kneading step, water nmay be appropriately added in addition

n . . St . . ¢ d.
In the produchii il +hraR s g o i RERR ALkt ERTRALAGN BaRFE; O 0)
d...Al so, the bas c) is

t he basic conmppund (c) is referably use i.,c conpound
br'of er abl . s SHEEH VRRescisr& TS aey 9% KBRS dogPaoe gh TR s floe. t he
quantity required to neutralize all the carboxyl groups 25 in the
styrene-acryl the knecadtd myipaire: o Blangtarrmixeys are gapiadarlylsnitedto agping withpivident
| iquid dispersion of the present invention, the nmass ratio (b)/(a) of the
styrene-acryl rehgaef dsdogities tomnddwy wistosity Xo high viseosy,gind all ofithe@perdfor(sdorsi S 5
preferably within a range fromO0.15 to 0.25. The addition of the total
quantity of tRh@ commencement of kneading to the dispersion step including the diluting following
10  the kneading can be performed consecutively within the same apparatus.  Moreover,
addition of the wetting agent is comparatively simple, distillation under reduced pressure
1s possible, and regulation of the viscosity and the shearing force during the kneading
step is relatively simple.
By consecutively performing the kneading step to the diluting as described
15  above, anionic hydrophilic groups within the styrene-acrylic acid type copolymers (b)
that coat the pigment surface in the capsular state can be gradually aligned toward the
surrounding aqueous medium while keeping the capsular siatc. In addition, 1t is
possible to realize the coating state of the pigment green 36 (a) which has good stability
and wetting property to an aqueous medium.
20 [0030]
In the kneading step, water may be appropriately added in addition to the
wetting agent (d) according to need while the kneading is performed. In the production
method of the present invention, the aqueous solution of the basic compound (¢) is

preferably used.  Also, the basic compound (c) is preferably used at the quantity that

25  comesponds to 0.8 to 1.2 times the quantity required to neutralize all the carboxyl groups



styrene-acrylic acid type copolyner (b), which is required to coat the
surface of the pignent green 36 (a) in the kneadi ng step, enables the
adsorption of the styrene-acrylic acid type copolyner to the pignent
surface to proceed strongly and uniformy. Also, the adjustnment of the nmass
ratio (b)/(a) to 0.15 or nore enables the entire surface of 10 pignent green
36 to be coated. Meanwhile, the adjustnengsof the mass ratio (b)/(a) to
0.25 or less can reduce the styrene-acrylic acid type copol yner conponent
that is det aphésgrde-pigientd type thbam¢olus pi gnent |iquid di spersion and
ink-jet recording 1nk and causes the deterioration of discharging property
and preservation stglifhity. Regarding the quantity of the wetting agent (d)
in the kneadi ng ste[p, t]he mass 15 ratio (d) /(a) is preferably set within a
range fromO0.15 to 0.30. Wien the guani.ity.of .the wetting agent (d).exceeds
the tipper linit of"ERAIYSHYMBRAY lﬁgldachipg ‘qnnOftﬂllueeprﬁficQ{ WV@?“’P%& mg%f‘%ﬁ'%i ent
shearing force cannot be applied to the m xture because of the reduction in
the solid coftvéntof thysemenerendisaaidityse wpolymer (3t the giemgahereen36 (a3 ispel ow t he
lower limt of the range and is added in the mxture, it becones difficult
that the sl i prefeopabbpwithins ramge {260 0.08 &d0.25.t HTheadbitioh hets tital quastitk oéthdi ng st ep
so as to forma single lunp of mxture that is appropriate for kneadi ng.

After all, thaﬁ&n&-&fﬁmﬁaﬁ@@g@e@blﬁﬁ@(b)% Bich 4 debyGike@nb co @RS dufice dfqlice becones

difficult to be applied. As"a result, there is the tendency that the pignent

green 36 is djifficult t [ . i cLantl he._.ni nt, surf are
difficult to B‘émcgtﬁéeflb%ﬁglﬁq?ﬂé‘%g‘?@%‘%%-%ﬁ%rléﬁ ‘?{%a‘%%ﬁ’&’e{’;g}p ce%%wﬁ@ﬁ . and
the uniformsolid colored 25 kneaded m. xture for an ilnk jet. recordjing ink
cannot be obt SFGEEE comlymey to e PLBRGHSWEHIS FoRIOsEE st hindumierplye pAlsed in the
kneadi ng step, water, or water and the wetting agent are preferably added to
prepare the |ihgailjustmicrt ofitee masshratin(b)/é pr O pF prmerevengld essthe gntire surfase of ol | owi ng
di spersion step. In the preparation of the liquid mxture, in order not to
generate i(he gigaemgriadiopabt tedials, Mdanhilg el Ahather bothg frasdiatib gb)Ba)teduce

the viscosity by performng the agitation while adding water, or water and
the 0.25 or less can reduce the styrene-acrylic acid type copolymer component that is
detached and present in the aqueous pigment liquid dispersion and ink-jet recording ink
and causes the deterioration of discharging property and preservation stability.
Regarding the quantity of the wetting agent (d) in the kncading step, the mass
15 ratio (d) / (a) is preferably set within a range from 0.15 to 0.30.  'When the quantity of
the wetting agent (d) exceeds thg upper limit of the range and is added in the mixture, the
sufficient shearing force cannot be applied to the mixture becanse of the reduction in the
solid content. When the quantity of the wetting agent (d) is below the lower limit of the
range and is added in the mixture, it becomes difficult that the solid components are
20  fused with each others in the kneading step so as to form a single lump of mixture that is
appropriate for kneading.  After all, there is the tendency that the sufficient shearing
force becomes difficult to be applied.  As a result, there is the tendency that the pigment
green 36 is difficult to be ground sufficiently, the pigment surfaces are difficult to be

adsorbed by the styrcnc-#crylic acid type copolymers, and the uniform solid colored

25  kneaded mixture for an ink-jet recording ink cannot be obtained.



wetting agent in the solid colored kneaded m xture. At this tinme, a kneadi ng
device that includes an agitating tank and an agitating blade is preferably
used because the solid colored kneaded mi xture in the agitating tank after
the conpletion of the kneading step can be directly Iiquefied and dil uted.
10 By using the aforenentioned kneading step, the styrene-acrylic acid type
copol yners can be strongly attached to thf surface of C. [|. pignent green
36, and the pignment surface can be coate&iefficiently. Meanwhi l e, in the

et hod that does nf nd AGhUHG G ARLAHRRYLAAR LA kSR waRS T P oS

t he aqueous pignent |1 qui I Spersio ISpersio vice using a
media, the resins are not, attached to the i gnent, surface stropgly and
efficiently, YAH %@n‘&&'ﬁ@ﬁg pgent grqpaqf@rgbl&&g%e?iitg p?e@pretlheeh@éﬁmmeayl& sed to
prepare the |iquid dispersion. [0032) (b) Dispersion Step The colored
kneaded ni xt uapprépsiateaviscasiticlonthegolinwing digpespien epn [pohapreramationsf de ligpd was
subjected to the kneading step, is a solid kneaded m xture at room

tenperature. niktreia ogdes ROYS igotrat the aghregatedppticlek, kiepdfeaabia vstgradaallyor i nk
jet ink is diluted wwthin an aqueous nedium and then subjected to the

di sper si ons t r gat (BAL visé&iiﬁfé?@ﬁ@fg&%«%’?%&ﬁ@n v RS WABTB etk A 1Rk

Sispfrsion fgr |3k jet 1n fhe Il uted p:gmentsb ch were
. : i 1 . . N S
nead ng. ot ep"E5Pa Eeb By HSsPtERRRB el s kS Rt Mt BBl ko ¢ o

the 27 dispersion treatnent, the aggregati ons are rel eased, and the
particle di anagldesom agitatingdankand ep aexating biade & nrelernblycusedrhggause therspdidef or e,
the ink-jet properties such as the discharge stability, the dispersibility
and the pri ntcoend kteadedhmiddere irnthe egiedingiaak after the koqplttioneafshalinegding kiep s
prepared. I n the production nethod of the present invention, the 5 pignent

green 36 (a),cawgecahyc&g,m@ﬁmnd\/gimﬁﬁn the col ored kneaded m xture for
ink-jet ink ‘ '

10 By using the aforementioned kneading step, the styrene-acrylic acid type

copolymers can be strongly attached to the surface of C. I. pigment green 36, and the
pigment surface can be coated efficiently,. Meanwhile, in the method that does not
include the aforementioned kneading step and prepares the aqueous pigment liquid
dispersion only by a dispersion device using a media, the resins are not attached to the
15 pigment surface strongly and efficiently, and consequenily, a large quantity of the resins
are used to prepare the liguid dispersion.
[0032]
{b) Dispersion Step
The colored kneaded mixture for an aqueous pigment dispersion solution, which
20 was subjected to the kneading step, is a solid kneaded mixture at room temperature. In
the dispersion step, the colored kneaded mixture for ink-jet ink is diluted within an
aqueous medium, and then subjected to the dispersion treatment, to thereby produce an
aqueous pigment liquid dispersion for mk-jet ink. By subjecting the diluted pigments,
whuch were finely ground and coated with styrene-acrylic acid copolymer (b) in the

25  kneading step so as to form soft aggregates present in an aqueous medium, to the



to be used in thé dispersion step, has already been ground finely during the
kneadi ng step and then coated with the styrene-acrylic acid copolynmer (b)
that functions as the dispersant, and consequently exhibits favorable

di spersibility within water-. As a result, the pignment green (a) can be
readily dispersed within an aqueous nediumin a short 10 period of tine,

whi ch inproves the production efficiency. Accordingly, an unnecessarily

| onger period of the dispersion step is a@?ually undesi rabl e. For exanpl e,
in the case of, a nano mll, which represents one, type.o eads !, a

di spersi on ti AiSPGFLoD §8at§‘§E‘oW8§g$"8ga§‘°B? ﬂﬁfégﬁSF‘g a&ﬁf%w@ﬂ&lﬁgwge& ‘{féhedi sper si on
time is shorter than this dispersion time range, then renpval of aggregated
particl es tendispersediparticlesbagsiressemalle. i ﬁbwe@m,%g: inkyiet popeitich 8wl apthe
aggregation and precipitation of the pignent. In contrast, if the

di spersi on st gRchasgeeabiliy, TRodikseesibilityl A teyaint dumirg dan beignpadd@d evhen sper si on
time range, then the styrene-acrylic acid copolyner (b) adsorbed to the

pi gment surfagﬁt.jgﬂéﬁ&d}@i#g@%ﬁ@a@&nqg%@ oh&tiaﬁmtq&dko@me ?sgﬁﬁﬁ%gon fRani ng

the coating o pl g ace econes I nconpl ete, tends 'to cause

[0033]  Irot nePmRLBEe: 3 Graicn's Bt apBisaie Pdn R spRgmp urelnf iRy

obt ai ned fol |l ow ng conpletion of the dispersion step, the quantity of the
pi gment gr eentods: ysed injtge dispassien ste, paplraainbeenrgaeind finelyAusing ghedege P and
is even nore preferably from10 to 20 25 mass% If the quantity of the

pi gment gr eenambthémgoated widsthe slymene-aciyis séid cogodymdrifs) BB fusaions agthe of t he i nk
jet recording ink produced fromthe aqueous pignent liquid dispersion for

an ink-jet inkshonds ah@c&%cr%ﬂ&ﬁ@f%i@1fax%?£bl@di§ﬁe&§i§iii§§¢igﬁﬂ watRgeadensiity may
|

be unattainable. In'contrast, if the quantity ‘excee 5 mass% then the
0 Sper s on SR Ry LS PRSIED MRS R FUGONE RPN L
pi gment gig enpgr?od(o?)tim%?grh%g ir\xlz\ni:rtogesttﬂee production efficiency. Accordingly, an
| unnecessarily longer period of the dispersion step is actually undesirable. For example,
in the case of 2 nano mill, which represents one type of beads mill, a dispersion time of
30 secondsto 3 ininutes is sufficient. If the dispersion time is shorter than this
dispersion time range, then removal of aggregated pél’tic]cs tends to be incorﬁplcte,

15  increasing the likelihood of aggregation and precipitation of the pigment. In contrast, if
the dispersion step is performed for a time that exceeds the above dispersion time range,
then the st};rcne—acrylic acid copolymer (b)'adsorl'acd to the pigment surface during the
kneading step is more likely to detach, meaning the coating of the pigment surface
becomes incomplete, which tends to cause é deterioration in the stability after being

20 adjusted to ink formation. |

[0033]

In the aqueous pigment liquid dispersion for ink-jet recording obtained
following completion of the dispersion step, the quantity of the pigment green 36 (a) is
preferably within a range from S to 25 mass%, and is even more preferably from 10 to 20

25 mass%. If the quantity of the pigment green 36 (a) is less than 5 mass%, then the



styrene-acrylic acid copolyner (b) preferably has an average particle

di aneter of not nore than 100 nm In the present invention, the aqueous
mediumrefers to water, or a liquid medium that contains water and the
wetting agent as the main conponents. The wetting agent 10 used in the

di spersion step can be the same conpound as that used during kneadi ng.

[ 0034] Conventional devices can be enpl oy@¥ as the di spersing machine to be
used during the dispersion step. Devices such as a planetary m xer used in
the af or ementd el thicinlis gecorHNLINK Profucedhsere YrecRquEqys PrEgraa! g%‘%s where a
nore powerful 15 dispersing action is required, machines that use nedia,
such as a pai dispestiorkfer an bkdjkt ink kdnds torzeninadeiphats, ad & sdtisfactorbiarsige tensity nay sand
will, sand grinder, dyno mll, dispermat, SCmll, spike mll or agitator

mll may be useghankyaRIEE RRbAasEXPHP Y Bmitf exdbdp o5 Hiabds, RGthogispertibat do not
use medi a include an ultrasoni c honogeni zer, a hi gh-pressure honogeni zer,

nanom zer, a (] I e I oh- Yol r mechine. Any
one of the Zogglﬁg@e()\fgﬁ[cspﬁ@%‘%?%mﬁ%%ﬁP%‘%@uiﬁgﬁ%&tﬁ&g{e&?l%ﬁ%ﬁ%fﬁ%r ggie(q)%%élqnati on
of two or re different chj nes may be used. he apove, dispersing
nmachi nes that 8 Oﬁle@nara&exﬁsﬂbe@mp&mwtaﬁcsrpg@ﬁgﬁf viththe and are
consequently preferred. Follow ng dispersion, if required, the

concent r at i onstgfent-herylli spdeapotymeniy) rveferablydes eaveyaga gatitinlg diraneterof nothe
aqueous nedium 25 [0035] 29 Depending on a type of dispersing nmachine,
bef ore perf or gofghihR0Ginsper sion (main di spersion) with a dispersing

machi ne, an aqueous nediumis preferably added in the col ored kneaded

mxture after the Wpgadhngnshelss BERTED: hohboYRd: R R NLAR bl | O

to thereby prelimnaril’y adjust an apptopriate viscosity for process of
e S e AF A end b U S RO TR o B
10 used in the dispersion step can be the same compound as that used during km:ading.'

[0034]

Conventional devices can be employed as the dispersing machine to be used
during the diSpe;-sion step. Devices such as a planetary mixer used in the
aforementioned kneading can also be employed. In those cases where a more powerful

15  dispersing action is required, machines that use media, such as a paint shaker, ball mill,
nano mill, attritor, basket mill, sand mill, sand grinder, dyno mull, dispermat, SC mill,
spike mill or agitator mill may be used. Furthermore, éxamples of dispersing machines
that do not use media include an ultrasonic homogenizer, a high-pressure homogenizer,
nanomizer, a dissolver, disper, ol high-speed blade dispersing machine. Any one of the

20  above dispersing machines may be used alone, or a combination of two or more different
machines may be used. Of the above, dispersing machines that use media exhibit a
powerful dispersing action, and are consequently preferred. Following dispersion, if
required, the concentration of the dispersion may be adjusted by adding more of the

aqueous medium.

25 [0035]



referred to as a viscosity-adjusted m xture.). For exanple, when a sand m |
is used, the follow ng processes are preferred. the mxture is diluted to
have a solid content within a range from 10 to 40 nmass% the viscosity is
preferably adjusted to be within a range from several tens to several
hundreds 10 npasec, and then, the mxture is transferred into a sand m |
and subjected to the dispersion. An aqueggs medi um for the dilution of the
col ored kneaded mi xture may contain a wetting agent in terns of the needs

of the drying preveption.of a us. . pi nt .l i-qui i i - an ink
jet recording ink aﬁap"t“ﬁgl%\ﬂ“s%&@eﬂtﬁd%ggﬁsﬁ t“rgrae%ﬁing’abﬁrﬁ?ﬁng%@%thgﬁgg%glgﬁgon
process. Regarding. the, quantity thereof, the total quantity of th tting
agent for the (@RI dispawionhithndlisnersing machigemd AAREqys epril i pieerably pidedded

m xture is preferably within a range from3 to 50 mass% and nore
preferably fr omdldred kixadekabaure aftexthedopeabug stpp eameaded, fdloivdd ty spengash f or
an ink jet recording ink. Wen the total quantity is below 3 mass% the

drying pr eVeanilQﬁhE%Hﬁ%b} slreﬁﬁli%aﬁhbﬁjdsﬂﬁpiﬁp&@ﬂrﬁf&viscm oP e pRtRedsQff dlle

guantity exceeds mass% the dispersion’stability of the [iquid dispersion
tends to deterg . | 1. [ [ t he
col ored kﬁeag %sﬁérﬁ{lxggm ha-rggl%f: ﬁe%é#]&?ﬁ %q.]etglt’m#%ﬁlﬁjicr% lcljii:%j ﬁ ﬁ éﬂcqu,é CF ﬁﬁgadg‘g{é"?{’{“" ﬂ%ig 1 ﬁ%’ n an
aqueous nediumto be used for the dilution thereof may be the sane or
different. [0&HeFediossaviscositiradiusiedFIXaEIar ation Step 30 It is inportant
that the dispersion obtained via the process described above is subjected to
centrifugal separ at Forexamhler whan o sandwilhis userd ¢he foewisg ppaessecdre prefamst: exi st
wi t hin the agueous pignent dispersion solution. By performng a centrifugal
separ ation fohieawixfge BaiRtedtts Bive@fsolid orthing péthin DyangeSrérh P todTimpgsepdeat i on of
t he aqueous di spersion, those coarse particles that exhibit
viscosity is preferably adjusted to be within a range from several tens to several bundreds
10 mPa-sec, and then, the mixture is transferred 1nto 2 sand mill and subjected to the
dispersion.
An aqueous medium for the dilution of the colored kneaded mixture may
contain a wetting agent in terms of the needs of the drying prevention of an aqueous
pigment liquid dispersion for an ink-jet recording ink and the viscosity adjustment duxing
15 the dispersion process. Regarding the quantity thereof, the total quantity of the wetting
agent for the dilution and the wetting agent within the colored kneaded mixture is
preferably within a range from 3 to 50 mass%, and more preferablj/ from 5 to 40 mass%
in an aqueous pigment liquid dispersion for an ink-jet recording ink. When the total
quantity is below 3 mass%, the drying prevention effect tends to be insufficient. When
20  the total quantity exceeds 50 mass%, the dispersion stability of the liquid dispersion
tends to deteriorate. The wetting agent to be used in the production of the colored
kneaded mixture for an ink-jet ink and the wetting agent within an aqueous medium to be
used for the dilution thereof may be the same or different.

[0036]

25  {c) Centrifugal Separation Step



unsati sfactory dispersibility can be renoved. The centrifugal separation can
be perforned under conditions of at |east 10,000 G for at |east 3 m nutes,
and is preferably perforned at 15,000 to 21,000 O for a period of 5 to 15
m nutes. By performng this coarse particle renoval step,
precipitatiowd thin the aqueous pignment dispersion 10 solution that has
under gone the renoval step can be suppreSSﬁF significantly. [0037] An ink
jet recording ink of the present |nvent|on can be prepared by nornal

00 HLad i he AR AP TR e kit Phafie SOk SGALE IRRhANBNR s MNen an

ink jet recording i n IsTpr epar e aqueous pi gnent
di spersi on of e present enti on, he treat ments ddl i Ves Ilsted
within (i) to S(L'ilgingdlS‘éFW SW%BHL?IﬁbYa‘E?E’(?P’H’&ﬁ%C\%P?W R qsﬁ]i{atf'%‘rstrml ation

and properties to be inproved. 0038] (i) The wetting agent (d) described
above may be awikid therqoeas@igment gispegsion salWoni nk.  For t he purpose of
preventing drying, the wetting agent (d) content within the ink is 20

preferably wi thin apBynaRmhing Mcéntiitigalsep@stdh folloWRZWmpletion 4 hediepdrast nay
be added to inprove the penetration of the ink |nto the recording nedium

ggge: ?gg!t afsﬁclt%ﬁ)e%%t mﬂia?ﬁ%ﬁ% gqﬁscgc%ﬂlg‘% é&hano Iagt?ﬁ(%?ﬁ %L‘ Ealhgohol
cther 31 “and HREA “oéﬁéwg@@ﬁ@m%ﬁ%@% 3 n%»fﬁga?%' g a1 ves
of al kyl alcohols such as propylene glycol propyl ether. The penetrant
content wi t hi rperfeemedirndes copdisions afaAt Jeagl HKH0A (gfor ahlgest # minytes, and is gref@ablyms s v
> 10040] performed at 15,000 to 21,000 G for a period of S to 15 minutes. By performing this
coarse particle removal step, precipitation within the aqueous pigment dispersion
10 solution that has undergone the removal step can be suppressed significantly.
[0037]
An ink-jet recording ink of the present invention can be prepared by normal
methods using the aqueous pigment liquid dispersion described above.
When an ink-jet recording ink is prepared using the agueous pigment liqud
15  dispersion of the present invention, the treatments and additives listed within (i) to (iv)
below can be used in accordance with the ink formulation and properties to be improved.
© [0038]
(i) - The wetting agent (d) described above may be added to prevent drying of the ink.
For the purpose of preventing drying, the wetting agent (d) content within the ink is
20  preferably within a range from 3 to 50 mass%.
[0039]
(ii) A penetrant may be added to improve the penetration of the ink into the
recording medium and regulate the dot diameter on the recording medium.

Examples of the penetrant include lower alcohols such as ethano] and isopropyl

25  alcobol, ethylene oxide additives of alkyl alcohols such as ethylene glycol hexyl ether



(tii) I'n order to adjust the ink properties such as surface tension, a
surfactant may also be added. There are no particular restrictions on the
possi bl e surfactants to be used for the above purpose, and exanpl es thereof
include all manner of anionic surfactants, nonionic surfactants, cationic
surfactants and anphoteric surfactants- O these, anionic 10 surfactants
and nonionic surfactants are preferred. [0Q41] Exanples of anionic
surfactants include al kyl benzenesul fonates,” al kyl phenyl sul f onat es,

al kyl napht hal epeasy t f. B : f i gher
fatty acid est%lr%s#éﬂféﬁ%o@%og #&%e?’g%gk)%g{ep é@%@?é@@%\ﬁp g ?&t‘u‘ﬁogtﬁ lgglflcgnag

sul fonates of 15 r]i gh(ir ﬂl cohol, et hers, higher al kyl sul fosucci nates,

pol yoxyet hyl enOB{ f8F ENERORNBIOPY! B oxy| at es, pol yoxyet hyl ene al kyl et her

sul fates, al kyl phosphates and pol yoxyet hyl ene al kyl ether phosphates.

Speci fi c exanpl es ofThepesatraniviontentcwithin thedelaistpscfembly (wdthin a range from 0.01 to 10
dodecyl benzenesul f onat es, i sopropyl napht hal enesul f onat es,

nonobut yl phenylhpenol nonosul f onat es, nonobut yl bi phenyl sul f onat es and

di but yl phenyl phenol di sul fonates. 20 [0042) Exanpl es of nonionic surfactants
i ncl ude polgyoxyet hyl[m al kyl ethers, polyoxyethyl ene al kyl phenyl ethers,
pol yoxyet hyl ene fatty aéi d esters, sorbitan fatty acid esters,

pol yoxyet hyl eng..sorhitan fat.t cid esters, polyoxyethyl ene sprbitol fatty
acid esters, (S‘F)yce BP%FEIW;‘?J‘%‘&% 1”3&?5@”&9"5 ﬁ%‘ﬁ%%‘s}@lﬁéﬁ‘%‘?@’ @T")}@@%ﬁm?yat ty
acid esters, polyglycerol 25 fatty acid esters, sucrose fatty acid esters,
pol yoxyet hy!| errdscaieidddedyi ndsre asopy pariadaryesirrdioppon the ppspitde sutagianigaabe ysed t v
acid al kyl ol am des, al kyl al kanol am des, acetyl ene glycol, oxyethyl ene

adduct s of acefbyihenbow premise,and exuatplesttherbafimclalejatiohanped offanmnid sarfactayits; c ol
bl ock copolyners. O these, pol yoxyethyl ene nonyl phenyl et her,

pol yoxyet hyl engnidpfd stkRARY, |cafddiesurfaBiahty axdy fhphtteiReudadasy | Rk, AlohRY |

pol yoxyet hyl ene al kyl ethers, 5 pol yoxyethylene fatty acid esters, sorbitan

fatly aci dest@rs. , AobVAOR VSRS ROkR I Alkred.

[(0041]

Examples of anionic surfactants include alkylbenzenesulfonates,
alkylphenylsulfonates, alkylnaphthalenesulfonates, salts of higher fatty acids, sulfates of
higher fatty acid esters, sulfonates of higher fatty acid esters, sulfates and sulfonates of

15 higher alcohol ethers, higher alkylsulfosuccinates, polyoxyethylene alky) ether
. carboxylates, polyoxyethylene alkyl ether sulfates, alkyl phosphates and polyoxyethylene
alkyl ether phosphates.  Specific examples of these anionic surfactants include
dodecylbenzenesulfonates, isopropylnaphthalenesulfonates, monobutylphenylphenol
monosulfonates, monobutylbiphenylsulfonates and dibutylphenylphenol disulfonates,
20 [0042)

Examples of nonionic surfactants include polyoxyethylene alkyl ethers,
polyoxyethylene alkylpheny! ethers, polyoxyethylene fatty acid esters, sorbitan fatty acid
esters, polyoxyethylcﬁe sorbitan fatty acid esters, polyoxyethylene sorbitol fatty acid
esters, glycerol fatty acid esters, polyoxyethylene glycerol fatty acid esters, polyglycerol

25 fatty acid esters, sucrose fatty acid esters, polyoxyethylene alkylamines, polyoxyethylene



fatty acid esters, fatty acid al kyl ol am des, acetyl ene glycol, oxyethylene
adducts of acetylene glycol and pol yet hyl ene gl ycol pol ypropyl ene gl ycol
bl ock copolyners are preferred. [0043] 10 Exanples of other surfactants
that may be used include silicone-based surfactants such as pol ysil oxane
oxyet hyl ene adducts; fluorine-based surfactants such as perf.luoroal kyl
carboxyl ates, perfluoroal kyl sul fonates ang,oxyet hyl ene perfl uoroal kyl

et hers; and biosurfactants such as spicrispolic acid, rhamolipid and

l'ysol eci thin. thRese] SkAEAEPAER AMBNoIRAIdYS @mtyﬁélkmlma@n@aetmneigrycm, xtures

containing two or 15 nofe different surfactants. Furthernore, considering

(1 yar ophi 1 o- orgapitceBi fesishf glyBflng pRGRBURLCEY AT poly b Bricne 59l o 7 1

20. In those cases ere a rfactant is added, th uantjty added is
preferably w ©Hck caplgmee f@g %: B@l‘”’tyéth!lcﬁﬁg%“y&i’hé@@ﬁa%rpéiyﬁ?‘%&%{ﬁl y from
0.001 to 0.5 mass% 20 and is nost preferably from0.01 to 0.2 nmass%
relative to t loetyiphtnyl ethen pelyofyetiiydene didecyiphenyl ethew polydtyethylent hikybuhdract ant
is less than 0.001 mass% then the effects of the surfactant tend to be

difficult 50 @BlygiyethyMiRTRBSacid estde sObAR] fatty a6 6@EESpONY Jlend fdeditaRr obl ens
such as image bleeding are nore likely. [0044] 25 (iv) If required,

b e VLSS gl SRARL (M el PN 31 SUERPHIIIREI S, 9,
I ML IENG C SAE MRENC E NES TGS
preferred.
[0043]
10 : Examples of other surfactants that may be used include silicone-based
surfactanis such as polysiloxane oxyethylene adducts; fluorine-based surfactants such as
perfluoroalkyl cm'bogylates, perfluoroalkyl sulfonates and oxyethylene perfluoroalkyl
ethers; and biosurfactants such as spicrispolic acid, rhamnolipid and lysolecithin.
These surfactants may be used either alone, or in mixtures containing two or
15 more different surfactants.
Furthermore, considering the solution stability of the surfactant, the surfactant
HLB (Hydrophile-Lipophile Balance) value is preferably within a range from 7 to 20.
1;1 those cases where a surfactant is added, the quantity added is preferably
within a range from 0.001 to 1 mass%, even more preferably from 0.001 to 0.5 mass%,
20  and is most preferably from 0.01 to 0.2 mass% relative to the entire mass of the ink. If
the quantity of the surfactant is less than 0.001 mass%, then the effects of the surfactant
tend to be difficult to obtain, whereas if the quantity exceeds 1 mass%, then problems
such as ymage bleeding are more likely.
(0044)

25 (iv) If required, preservatives, viscosity regulators, pH regulators, chelating agents,



In the foll ow ng Synthesis Exanpl es, Exanples, and Conparative Exanpl es,
"part" and "% represent "part by nmass" and "mass%, respectively. [0046]
10 <Synthesis Exanple 1> In the reactor including an agitating device, a
droppi ng device, and a reflux device, 100 parts of nethyl ethyl ketone was
added, and nitrogen substitution was perfornmed in the reactor while
agitating. Wiile keeping nitrogen atnosph&¥e in the reactor, heating was
performed to reflux nethyl ethyl ketone, and then, the m xed 15 sol ution of
74 pans of st pleglisezers antioxidagts ghd Wirayiplebabserbars ang thedpe mayrlsederddsdy| i ¢ aci d,
and 8 parts of the polynerization catal yst (manufactured by Wako Pure
Chem cal Industries, Ltd-/ "V-59") was added dropw se fromthe dropping
device for 2 hours. Fromthe mddle of dropping, tenperature of the

reacti on systemwas kept at 80C AftergXAmreespl eti on of dropping, the
reaction was kept at the sane tenperature 20 for 25 hours. In the mddle of
the reaction, Wﬂi'jﬁ,{gﬁCki ng the consunption of the raw materials, the

pol ymeri zati on cat Pys was added appropriately. After the conpletion of
the reaction, the mixtur s cool ed and .agdded Wt t hyl.. et hyl ketone, so
as to obtan the SUTCINHER it PeHat BEBIRAS Maﬂe&yﬂ?gﬁﬁ? | W EHEIEAS 1
acid type copolyner (A-1). wth a solid content of 50% This

styrene-acryl Examadésd type copol yner (A-1) has an acid 25 value of 185
ngKOH g and a wei ght average nol ecul ar wei ght of 10,200. 34 [0047] In the
present invention, IgheoDéwing Rentages Fiingises] Branieg iid Comparstive Bxaipiegh 1S
nmeasured by a GPC (CGel Perneation Chromatography) nmethod and is converted to
the nol ecul a« i, QNbos 0 S S o5t : terial. Herein,

t he neasurene taWe vvaé %eg?@%@éng#@ﬁ%i ﬁjg;d?ﬁaeﬁ(% ]l%%\ne‘ﬁl%]ggpar at uses and
conditions. Soluti cw(-)fﬁndi ng punp: LC 9A

10 <Synthesis Exarnple 1>
In the reactor including an agitating device, a dropping device, and a reflux
device, 100 parts of methyl ethyl ketone was added, and nitrogen substitution was
performed in the reactor while agitating. While keeping nitrogen atmosphere in the
reactor, heating was performed to reflux methyl ethyl ketone, and then, the mixed
15 solution of 74 parts of styrene, 11 parts of acrylic acid, 15 parts of methacrylic acid, and
8 parts of the polymerization catalyst (manufactured by Wako Pure Chemical Industries,
Ltd. /“V-59") was added drdpwise from the dropping device for 2 hows, From the
middle of dropping, temperature of the reaction system was kept at 80°C.
After the completion of dropping, the reaction was kept at the same temperature
20  for 2S5 hours. In the rmddle of the reaction, while checking the consumption of the raw
matenals, the polymerization catalyst was added appropriately.  After the completion of
the reaction, the mixture was cooled and added with methyl ethyl ketone, 50 as to obtain
the solution of the anionic group-containing styrene-acrylic acid type copolymer (A-1)
with a solid content 0of 50%.  This styrene-acrylic acid type copolymer (A-1) has an acid

25  value of 185 mgKOH/g and a weight average molecular weight of 10,200.



System controller: SLGC-6B Auto injector: SIL-6B Detector: R D 6A 10 These -
are manufactured by Shinmazu Corporation. Data processing software: Sic480l |
data station (manufactured by System |Instrunments Corporation). Colum:

G- R400 (a guard colum) + G.-R440 + G.-R450 + G- RAOOM (rmanufactured by
Hitachi Chem cal Co., Ltd.) 15 Elution solvent: THF Elution flowrate: 2
mMJnn Colum tenperature: 35C [0048] I? accordance with the production
met hod of Synthesis Exanple 1, the 20 fol dt’)vm ng styrene-acrylic acid

copol ynmers were syn@ﬁgﬁi zed by adjusting the types and quantities of the
mononers and the reacti‘on conditions. <Synthesis Exanple 2> The
styrene-acrylic acid type copol yner - was synt hesi zed,. which has. the
conposition ratio ofth eWBh’g Oyt YVEIE av%‘f"%?@ﬂ@/’@é‘r‘ﬂ’lggt ‘%EV@PWB’&E&? ylic
acid = 25 77/10/13 (mass _ratio), a weight average nol ecul ar wei ght of

12, 000, and amecaniedl by GBC (GelFsrmaation egraphgy methed iapd Bxanyriried 8xthahe
styrene-acrylic acid type copolyner (A-3) was synthesized, which has the

composi ti on r gfolcpulaf whight TROEAHTend Niddsus @fstantatd enuedrat r Yildreinatht eheaidagmt vl i C
acid 5 77/10/13 (mass ratio), a weight average nol ecul ar wei ght of 7,600,

and an aci g vl Ut fimed B ulil ¥ dlowing apparatuses and conditions.
| Solution-sending pump: LC-9A
System. controller: SLC-6B
Auto injector: S1L-6B
Detector; RID-6A
10 These are manufactured by Shumazu Corporation.
Data processing software: Sic4801I data station (manufactured by System
Instruments Corporation).
Column: GL-R400 (a guard column) + GL-R440 + GL-R450 + GL-R400M
(menufactured by Hitachi Chemical Co., Ltd.) |
15 Elution solvent: THF
Elution flow rate: 2 ml)min
Column temperature: 35°C
[0048]
In accordance with the production method of Synthesis Example 1, the
20  following styrene-acrylic acid copolymers were synthesized by adjusting the types and
quantities of the monomers and the reaction conditions.
<Synthesis Example 2>
The styrene-ﬁcry]ic acid type copolymer (A-2) was synthesized, which has the
composition ratio of the monomer units of styrene/acrylic acid/methacrylic acid =

25 77/10/13 (mass ratio), a weight average molecular weight of 12,000, and an acid value of



<Synt hesi s Exanpl e 4> The styrene-acrylic acid type copolyner (A-4) was
synt hesi zed, which has the conposition ratio of the nononmer units of
styrene/acrylic acid/ nethacrylic acid = 10 77/10/13 (mass ratio), a weight
aver age nol ecul ar wei ght of 20,000, and an acid value of 152 ngKOH g.
<Synt hesi s Exanpl e 5> The styrene-acrylic acid type copolyner (A-5) was
synt hesi zed, which has the conposition raig o of the nononmer units of
styrene/ net hyl nethacrylate/acrylic 15 acid/ nethacrylic acid = 50/27/10/13

(mass ratio),
val ue of 151 ngKOL-1/g.

B2uwesIgDH/aver age nol ecul ar wei ght of 12,000, and an acid

copol yner (A- 6;)3 31§Eg51{.1§1§|3;ed, whi ch has the conposition ratio of th
c

nononer units of styrene/

ratio),

152 nmgKOH g.
(A-7) was synthesized, which has the conposition_ratio of the nononer
of styrene/ acrspmnesiion miewt Medrgnomer a@psd)fstyga;e/pqr/y@gpqg/qqlmgghp a¢l3), a
wei ght average nol ecul ar wei ght of 45,000, and an acid value of 36 152

nmgKOH/ g.

parts

5 (obtained in Synthesis Exanple 1) Pignent green 36 700 parts

10

15

20

25

152 mpKOH/g.
<Synthesis Example 4>

The styrene-actylic acid type copolymer (A-4) was synthesized, which has the
composition ratio of the monomer units of styrene/acrylic acid/methacrylic acid = _
77/10/13 (mass ratio), a weight average molecular weight of 20,000, and an acid value of
152 mgKOH/g.
<Synthesis Example 5>

The styrene-acrylic acid type copolymer (A-5) was synthesized, which has'the
composition ratio of the monomer units of styrene/methyl methacrylate/acrylic
acid/methacrylic acid = 50/27/10/13 (mass ratio), a weight average molecular weight of
12,000, and an acid value of 151 mgKOH/g.
<Synthesis Example 6>

The styrene-acrylic acid type copolymer (A-6) was synthesized, which has the
composition ratio of the monomer ‘units of styrene/acrylic acid/methacrylic acid =
77/10/13 (mass ratin), a weight average molecular weight of 4,900, and an acid value of
152 mgKOH/g.
<Synthesis Example 7>

The styrene-acyylic acid type copolymer (A-7) was synthesized, which has the
composition ratio of the monomer units of styrene/acrylic acid/methacrylic acid =

77/10/13 (mass ratio), a weight average molecular weight of 45,000, and an acid value of

<Synt hesi s Exanpl e 6> The styrene-acrylic acid type

e

rylic acid/nethacrylic acid = 20 77/10/13 (nass

o 90 o SR My e S OB A B

ner
units
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(manufactured by DI C Corporation; quantities of inpurities: 130 ppmof M,
80 . ppmof Si, and 100 ppm of Fe) 8 N Potassi um hydroxi de aqueous sol ution
76 parts 10 Diethylene glycol 155 parts The m xture of the aforenentioned
conponents was prepared and added in the planetary m xer with a capacity of
50 L (manufactured by | noue Manufacturing Co., Ltd. / PLMV-50V) which was
kept at 60C. Then, the kneadi ng began at &6rotational frequency of 59 rpm
and an orbital freguency of 22 rpm After a |lapse of 5 minutes, the 15

m xt ure was adé?—é’@gt@é}’& and t he kneadi ng was continued for 240 m nutes.
During the kneading, the consuned current value for 240 mnutes was 2 to 8
anpere, and the infl0d8se and decrease were repeated dependi ng on the
rotational period of the agitating blade. After a | apse of 240 m nutes,
1,000 parts o%ﬁrﬁ were added as a |l et-down 20 operation, to thereby
obtain the uniformmxture with a pignment content of 35.2 mass% The

obt ai ned m xture wag,,| It i,n{x\ess drum Th 11 parts of
i on- exchanged vvater§g%%§%§%ﬁ%é§€ypgfcg%@gﬁ%§ﬁehe gl ycol Werz@% ed thereto,
and the mxture wa uniforg1 m xed using the agitating notor. This m xture
was di spersed usi né’bﬁ‘ﬂ?dlﬁ‘é Hﬁh‘?ﬁsl X factured by Asada Lon Wrks. Co.
Ltd. / Nano MIIl 25 NM G 2L) at a tenperature of 21 Cwth a residence tine
of 50 seconds, to tRigmebigrdh3éobtain the di spersion. Subsed®@parisy, this

di spersi on was subjected to the continuous centrifugal separation using the
conti nuous centrif ugadnufsefugddalyl IDIC apiparabbsJuintiiesibBiadpuritet: DYO ppto ksfisignso
Enshinki Co. Ltd. / H600S, a capacity of 2 L) at a tenperature of 27C with
a 5 centrifug f @IQC f and a residence tinme of 12 m nutes. Then,
t he agueous g#%lnggg%&@sl%%&sriggﬁpﬁth t he pignment content of 15.0% was

obt ai ned.

8 N Potassium hydroxide aqueous solution 76 parts
10 Diethylene glycol 155 parts
The mixture of the aforementioned components was prepared and added in the
planetary mixer with a capacity of 50 L (manufactured by Inoue Manufacturing Co., Ltd.
/ PLM-V-50V) which was kept at 60°C.  Then, the kneading began at a rotational
frequency of 59 rpm and an orbital frequency of 22 ypm.  After a lapse of 5 minutes, the
15  mixture was aggregated, and the kneading was continued for 240 minutes. During the
kneading, the consumed current value for 240 minutes was 2 to 8 ampere, and the
increase and decrease wei'e repeated depending on the rotational ;.aeriod of the agitating
blade.
After a lapse of 240 minutes, 1,000 parts of water were added as a let-down
20  operation, to thereby obtain the uniforim mixture with a pigment content of 35.2 mass%.
The obtained mixture was transferred into a stainless drom.  Then, 1211 parts
of ion-exchanged water and 368 parts of diethylene glycol were added thereto, and the
mixture was uniforrnly mixed using the agitating motor.  This mixture was dispersed
using the beads mill (manufactured by Asada Iron Works. Co. Ltd. / Nano Mill

25 NM-G-2L) at a temperature of 21°C with a residence time of 50 seconds, to thereby



[ 00501 - <Exanple 2> Styrene-acrylic acid type copolynmer (A-2) 136 parts 10

(obtained in Synthesis Exanple 2) Pignent green 36 680 parts (manufactured
by DI C Corporation; quantities of inmpurities: 130 ppmof My, 80 ppmof Si,

and 100 ppm of Fe) 8 N Potassi um hydroxi de aqueous solution 61 parts 15

Di et hyl ene glycol 158 parts The m xture of the aforenmenti oned conponents was
prepared and added in the planetary m xer,ywth a capacity of 50 L

(manuf actured by | noue Manufacturing Co., ﬂMd / PLM V-50V) which was kept

at 60C. Then, . i egan at a rotational frequency of 59 rpm and an
orbital freque%ﬁc}énﬁ@g%&eﬁ%p After a | apse of 8 mnutes, the 20 m xture was

aggregated, and the eadi s..continued f.or 240. M nutes. r.tkng, t he
kneadi ng, the consur#é‘@s“igﬂfe&g’n 1%?35@‘%‘?’33538(3?}?%{&‘8%ng’guoélstcgﬂﬁbgabere, and
the increase and decrease were repeated depending on the rotational period
of the agitati fRparaBpmesing thacentinaeusheatrifigat sepamben apparis (BaREACreh Y ni xt ur e
was a semsolid with an extrenely high viscosity so that it was not

di stributed unKblusah ¥nshiiké Cef bide; Huoéhevapac2y of D) agi teaiperatprddideC shithar ed
the m xture periodically, a strong force was applied thereto. 38 After a

| apse of 249 ”?}c‘ih%ﬁfﬁ%a)} frc 0001 RIS amae@@m@rfc.eweeofqd%ﬁut@é The lthBous

operation, to there obtain'the unitformmxture with a pignent content of
33.6 mass% The obtained mxture. was. transf i tai nl ess drum
Then, 1008 parP’gme@fﬁsi%ﬁ}o&%lﬁhﬁﬁgmi%)rn gﬁ%@g&gﬁgmﬁgidi et hyl ene gl ycol
were added thereto, and the 5 m xture was uniformy m xed using the

agi tating notor. Thil80WIxt ure was di spersed wusing the beads ml|
(manuf actured by Asada Iron Wirrks. Co. Ltd. | Nano MII

<Example 2>
Styrene-acrylic acid type copolymér (A-2) . 136 parts
10 (obtained in Synthesis Example 2)
Pigment green 36 680 parts

(manufactured by DIC Corporation; quantities of impurities: 130 ppm of Mg, 80
ppm of 81, and 100 ppm of Fe)
8 N Potassium hydroxide agqueous solution 61 parts
15 Dicthylene glycol 158 parts
The mixture of the aforementioned components was pre._parcd and éddcd in the
planetary mixer with a capacity of 50 L (manufactured by Inoue Manufacturing Co., Ltd.
* / PLM-V-50V) which was kept at 60°C. Then, the kneading began at a rotational
frequency of 59 1pm and an orbital frequency of 22 ipm.  After a lapse of 8 minutes, the
20 mixture was aggregated, and the kneading was continued for 240 minutes. During the
kneading, the consumed current value for 240 minutes was 2 to 6 amécre, and the
increase and decrease were repeated depending on the rotational period of the agitating
blade. This was due to the following reason. The mixture was a semisolid with an
extremely high viscosity so that it was not distributed uniformly. Thevefore, whenever

25  the agitating blade sheared the mixture periodically, a strong force was applied thereto,




NM G 2L) at a tenperature of 15C with a residence tinme of 2.5 mnutes, to
thereby obtain the dispersion. Subsequently, this dispersion was subjected
to the continuous centrifugal 10 separation using the continuous

centrifugal separation apparatus (nmanufactured by Kokusan Enshinki Co. Ltd. -
/ H 6005, a capacity of 2 L) at a tenperature of 19Cwith a centrifugal
force of 18,900 G and a residence tine of3%12 minutes. Then, the aqueous

pi gnent di spersion th the ment. c nt of,15. 0% wa bt aj ned. [ 0051]
s el o 9o Sty e A4 TERer U0 RSP Hiler Yot Sitedan i v

(obtained in Synthesis Exanple 2) Pignment green 36 680 parts (manufactured
by DI C Cor poregeration, tq dizenetiytabtain e uniferor inpias withaqigment oentens of 896 mees%ppm of
Si, and 100 ppm of Fe) 8 N Potassi um hydroxi de agqueous sol ution 76 parts

Di et hyl ene gl ycol k3 op@ires miftae wistiadsterraf intdestaflessadrens | Dhedl 1008 manent s
was prepared, and the subsequent operations were perfor med in the same

T v o RSP R A O S R g

operatlon as_in Exang ? 2 were,perf gﬂother th the cenent of 136
parts of the BPPHB A piformi mixed ‘P% BiByHRP- ( )I]“WufehW SHiEfts 5 of
the styrene-acrylic acid type copol yner obt ai ned in_ Synthesis Exarrpl e
3, to therebyusﬁlﬂtth¢heqdhEllléﬁB@@f%W"éﬂb?ﬁadﬁﬁ@bgf%k%ﬁovﬁ@HNfﬁ*éngant cont ent

of 15.0%
NM-G-2L) at a temperature of 15°C with a residence time of 2.5 minutes, to thereby

obtain the dispersion.
Subsequently, this dispersion was subjected to the continuous centrifugal
10 separation using the continuous centrifugal separation apparatus (manufactured by
Kokusan Enshinki Co. Ltd. / H-6008, a capacity of 2 L) at a temperature of 19°C with a
centrifugal force of 18,900 G and a residence time of 12 minutes.  Then, the aqueous
pigment dispersion with the pigment content of 15.0% was obtained.
[0051]
15 <Example 3>
Styrene-acrylic acid type copolymer (A-2) 168 parts
(obtained in Synthesis Example 2)
Pigment green 36 680 paﬁs
(manufactured by DIC Corporation; quantities of impurities: 130 ppm of Mg, 80
20 ppm of 8i, and 100 ppm of Fe)
8 N Potassium hydroxide aqueous solution 76 parts
Diethylene glycol 143 parts
The mixture of the aforementioned components was prepared, and the
subsequent operations were performed in the same manner as Example 2, to thereby

25 obtain the aqueous pigment dispersion with the pigment content of 15.1%.



[ 0053] <Exanple 5> The sane operations as in Exanple 2 were perforned ot her
than the 10 repl acenent of 136 parts of the styrene-acrylic acid type
copolymer (A-2) with 136 parts of the styrene-acrylic acid type copol yner
(A-4) obtained in Synthesis Exanple 4, to thereby obtain the aqueous

pi gment dispersion with the pignment content of 15.1 % (0054] <Conparative
Exanpl e 1> 15 The sanme operations as in Exggple 2 were perforned other than
the replacenent of 136 parts of the styrene-acrylic acid type copol yner
(A-2) with 136 parts[goef) the styrene-acrylic acid type copolyner (A-5)
obtained in Synthesis Exanple 5, to thereby obtain the aqueous pignent

di spersi on “ﬁthﬁﬁﬁblhﬂnEnt content of 15.3% (0055] 20 <Conparative
Exanpl e 2> Styrene-acrylic acid type copolynmer (A-2) 204 parts (obtained in

Synt hesi s Exanmpl e 2)_Pi gnment green 36,680 rts nuf act ured by DI C

Cor por at i on; quantitT@ﬁ%‘F@ﬁ%ﬂﬂ’?ﬁ i | B’Fﬁeﬁ%"% erg@n of Si, and
100 ppmof Fe) 40 8 N Potassium hydroxide aqueous solution 92 parts

Di et hyl ene gl yteplacament phtispartsipbthaisrapeaceyiic apd tyrseptsmen @nddwi Afoneesat s

was prepared, and the subsequent operations were perforned in the sane
manner as BExanpf the Syrene-atidyBe adid typb cajaliamer (AFY obtained irs SyritlpsirExathpliEtesi on

with the pignent content of 14.9% (0056]
thereby obtain the aqueous pigment dispersion with the pigment content of 15.0%.
(0053]
<Example 5>
The same operations as in Example 2 were performed other than the
10 replacement of 136 parts of the styrene-acrylic acid type copolymer (A-2) with 136 parts
of the styrene-acrylic acid type copolymer (A-4) obtained in Synthesis Example 4, to
thereby obtain the aqueous pigment dispersion with the pigment content of 15.1%.
(0054]
<Cormparative Example 1>
15 The same operations as in Example 2 were performed other than the
replacement of 136 parts of the styrene-acrylic acid type copolymer (A-2) with 136 parts
of the styrene-acrylic acid type copolymer (A-5) obtained in Synthesis Example 5, to
thereby obtain the aqueous pigment dispersion with the pigment content of 15.3%.
[0055]
20 <Comparative Example 2>
Styrene-acrylic acid type copolymer (A-2) 204 parts
(obtained in Synthesis Example 2)
Pigment green 36 680 parts

(manufactured by DIC Corporation; quantities of impurities: 130 ppm of Mg, 80

25 ppm of Si, and 100 ppm of Fe)



<Conpar ative Exanple 3> Styrene-acrylic acid type copolyner (A-2) 68 parts
(obtained in Synthesis Exanple 2) 10 Pignent green 36 680 parts

(manuf actured by DI C Corporation; quantities of inpurities: 130 ppm of M,
80 ppmof Si, and 100 ppm of Fe) 8 N Potassi um hydroxi de aqueous sol uti on
31 parts Diethylene glycol 188 parts 15 The m xture of the aforenentioned
conponents was prepared, and the subsequenti operations were perfornmed in the
same nanner as Exanple 2, to thereby obtain the aqueous pignent dispersion
with the pignment coBdNePatassfuniitydesadd 080p sola@ampar at i ve Ex&aphas 4> 20 The
same operations as in Exanple 2 were performed other than the replacenent

of 136 parts of thepDgdmyl @1@?—1 yelylic acid type copol ymer (A12§pssth 136 parts
of the styrene-acrylic acid type copol yrmer (A— 6) obtained in I%ynt hesi s

Exanple 6, to ther h the
pi gment content of Tﬁy’%‘@&’@ 88‘%3?0 %gélﬁ%o ??%S%xiﬁpﬁgéégqnwg The sane
operations as i e 2 were f or,me ot her than the r nt of 136
Parte of & he: SUaHEt RTINS WEE TP T8 S GRO BRIEA 28 PR T P BAnBERt s of
the styrene-acrylic acid type copolyner (A-7) obtained in 5¥(nt hesi s Exarrpl e
7, to thebfebybtab the aquehes pigmenidisppistpmravith the pigement content efH4t%%e pi gnent
content of 14.8% 5 (0059] <Conparative Exanple 6>

(0056]

<Comparative Example 3> -
Styrene-acrylic acid type copolymer (A-2) 68 parts
{obtained in Synthesis Example 2)
10 Pigment green 36 680 parts
(marufactured by DIC Corporation; quantities of impurities: 130 ppm of Mg, 80

ppm of Si, and 100 ppm of Fe)

8 N Potassium hydroxide aqueous solution 31 parts
Diethylene glycol 188 parts
15 The mixture of the aforementioned components was prepared, and the

subsequent operations were performed in the same manner as Example 2, to thereby
obtain the aqueous pigment dispcrsion with the pigment content of 14.9%.
[0057]
<Comparative Example 4>
20 The same operations as in Example 2 were performed other than the
replacement of 136 parts of the styrene-acrylic acid type copolymer (A-2) with 136 parts
of the styrene-acrylic acid type copolymer {A-6) obtained in Synthesis Exémple 6, to
thereby obtain the aqueous pigment dispersion with the pigment content of 14.7%.
[0058]

25  <Comparative Example 5>



The sane operations as in Exanple 2 were perfornmed other than the

repl acenent of 680 parts of the pignment green 36 (manufactured by DI C
Corporation) wth 660 parts of the pignment green 7 (manufactured by D C
Corporation), to thereby 10 obtain the aqueous pignent dispersion with the
pi gnent content of 14.8% [0060] <Conparative Exanple 7> The sane
operations as in Exanple 2 were perforned gther than the replacenent of 680
parts of the pignent green 36 (nmanufactured by DI C Corporation) 15 with 660

parts of the pigmentryplatge Z&réﬂéﬁ@h&{iﬁﬁxﬂﬁaﬁﬁMe@b&f&a{ca%ﬂ@%ﬁ@ﬂ)he to thereby
obtain the aqueous pignent dispersion with the pignent content of 14.8%

Exanpl es ar o Rau koL ratey Bt B S BRESS AP Sla SR TR LA ARERE BigaE

of Aqueous Pignent Liquid Ospersion sin, / i ght Aesin Conposition Acid
Val ue Pi gnent ‘K\f@%ﬂ&n‘!’?‘dMI BRUERPOIHHML (‘317# NPX%Y“AWW%’“G%‘F@‘R@IP@?“I@B?S eni o
Mol ecul ar Met hod Weight Exanple 1 74/0/11/15 185 0.20 10200 Pi gnment G een
Kneadi ng 36 Bhkempy ebt@n 7R Qjhd@ss pRrmdapdispeetiond vixbtheRiigmentcoterdofi 1 K8¥%adi ng 36

Exanple 3 7710110/13 152 0.25 11900 Pignent G een Kneading 36 Exanple 4
77/0/10/ 13 5152 020 T6d%9)Pi gnent G een Kneadi ng

<Comparative Example 6>
The same operations as in Example 2 were performed other than the
replacemeﬂt of 680 parts of the pigment green 36 (manufactured by DIC Corporation)
with 660 parts of the pigment green 7 (manufactured by DIC Corporation), to thereby
10 obtain the aqueous pigment dispersion with the pigment content of 14.8%.
[0060]
<Comparative Example 7>
The same operations as in Example 2 were performed other than the
replacement of 680 parts of the pigment green 36 (manufactured by DIC Corporation)
15 with 660 parts of the pigment blue 76 (manufactured by DIC Corporation), to thereby
obtain the aqueous pigment dispersion with the pigment content of 14.8%.
[0061]
The compositions of the aforementioned Examples and Comparative Examples
are shown in Table 1.
20 [0062]

[Table 1]



36 Exanple 5 77/0/10/13 152 0.20 20000 Pigment G een Kneadi ng Conparative

Pi gnent Green Exanple |

50/27/10/13 151 0.20 72000 36 Kneadi ng Conparative

77/ 0/ 10/ 13 152 0.30 11900 Pi gnent G een Kneadi ng Exanple 2 36 Conparative

77/0/10/13 152 0.10 11900 Pi

gnent G een Kneading Exanple 3 36 Pignent G een

Conparative 77/0/10113 152 0.20 4900 36 Exanple 4 Kneading Conparative
77/0/10/13 152 0.20 45000 Pignent G een Kpeading Exanple 5 36 Conparative
77/ 0110/ 13 152 0.20 11900 Pi gnent G een Kneading Exanple 6 7 Conparative

77/0/10/13 152 _0.20 11900 Pignent Blue Kneading FExanple 7 76 [0063] The
aqueous pignent liquitd di spersi ons, (r:r)\botsi?ln@teA%uelou@ Lhe %{Ji?&serrrgg\nt i oned Exanples
and Conpar at{i ve Exanpl es were eval tat ed usi-ng e folTowng evaluation S
items. The obtained fesultsS are $hown 1nfTe tgfel 2l  wei@P64] <Eval uafion of
Particle Dianeter (EYateiaComgnitiaf | Dicgyaduesi 03? L OPET Avgrpge 'I'herg,%gkeoqjsPrqjhugﬂeht
liquid di qufrsi ons obt &MEAMA t hdmgOBEEC y\igadsxpiileed gnd nmpar afghode
Exanpl es wene-diluted by 1 000t/ t-h—1-on—ex ; x.d—t—he—ﬁfﬁ
vol ume averaﬁg%mg@g;i 1 e fiapmters theseol wgse npasmped |Riemmoder ¢ em%?t bre
(25C) wusing "Mcrot i(ac UPA 150" | (manuf a¢t ured by Leeds |& N3fthriup Co.).|The
obt ai ned i

Example 2 7901013 152 0.20 1900 | PEMRLON | pncnding

Example 3 77/0/10/13 152 0.25 11900 P'g’““;; Green | K neading

Example 4 TN/ 152 0.20 7600 |7 ‘3’“";‘; Green | ¥ neading

Example 5 701013 152 0.20 20000 | PERDEOCN | Roeading

- .

Comparative Pigment Green .

Example 1 507271013 151 0.20 12000 36 Kneading

Comparative Pigment Green - .

Example 2 70013 152 030 11900 16 Kneading

Cé’;“ﬁf:;?f;"’ 77011013 152 0.10 1900 | F ‘3"“"2:5@““ Kneading

Comparative 190110113 152 0.20 4900 Pigment Green Kneadi

Example 4 0 3 ' 36 eading

Comparative i Pi'grnént Greea .

Example 5 7740110113 152 0.20 45000 36 Kneading

Cﬁ’;’;&“ﬁ;’;“ 77003 152 0.20 nisg | PEMOROMEn | gncaging

C;:;f:;‘l’f;" 77/0N0/13 152 0.20 1900 | Pig’““:;;'m“" Kneading

[0063]

The aqueous pigment liquid dispersions obtained in the aforementioned

Examples and Comparative Examples were evaluated using the following evaluation

items,

[0064]

The obtaimed results are shown in Table 2,

<Evaluation of Particle Diameter (Evaluation of Dispersion Property)>

The aqueous pigment liquid dispersions obtained in the respective Examples and

Comparative Examples were diluted by 1,000 times with ion-exchanged water, and the



vol une average particle dianmeters were regarded as the particle dianeters of
the respective aqueous pignment |iquid dispersions. Al so, the viscosities of
the liquid 5 dispersions were neasured at 25C using E type visconeter
(TVE-20L manufactured by TOKIMEC INC). [0065] <Quantitative Determ nation
of Coarse Particles> The aqueous pignent |iquid dispersions obtained in the
respective Exanples and 10 Conparative EX |l es were diluted by 100 tines
wi th ion-exchanged water, and passed through a particle size analyzer

AccuSi zer 780 QRS TAIMLACHHEEY damefé?srthbr@&ﬁvék ﬁeaﬁred%t%&ﬁr&n@efaﬁee gdseop-

Then, the concentration o#) coarse particles with a particle” dianmeter of 0.5

oi grent 11 qui d APEnepestie GEA G ardfarRaE Bl Poblup TR Ry My o0

Property> The aqueous I|qU| d dispersion obtajned in respegctive anpl es and
Conpar ative EXalipeayeigshparitle dempleruee seearded agihe astic crdimeters of Phage
(manuf actured by Pall Corporation, NXA), which was made of pol ypropyl ene

and had a di amedspectioé aguebugpipmant lizlﬂidrdi)spe)'sﬁmpeAhb,uheviaMit'ms phtheligiid500 g per
m nute. The total quantity of the used aqueous liquid dispersion was 12 kg.

I n accordange \Ms?élmbﬁ@w@z%%cﬁ@ar@d attdgeC ﬁﬁﬁg‘Ettyp'éﬂn!cBmefehﬁf\fE onl, fah&fadtiRd by the
filtration, the Tollow ng eval uati ons were given. Good: the case where the

reduction in t%@%%ﬁ@ée was 20%or less and the filtration was per f or med
snoothly 25 No ase where the reduction in the flow rate exceeded
20 % and was 44 40% 8 | ess No good: the case where the reduction in the
flow rate exceeded 4@9 6]

<Quantitative Determination of Coarse Particles>
The aquecus pigment liquid dispersions obtained in the respective Examples and
10 Comparative Examples were diluted by 100 times with ion-exchanged water, and passed
through a particle size anatyzer AccuSizer 780 APS manufactured by Particle Sizing
Systems Corporation. Then, the concentration of coarse particles with a particle
diameter of 0.5 pum or more was calculated. Herein, the concentration is based on the
équeous pigment liquid dispersion before the dilution.
15 [0066)
<Filtration Préperty>
The aqueous liquid dispersion obtained in respective Examples and Comparative
Examples continuously passed .through a filter cartridge (manufactured by Pall
Corporation, NXA), which was made of polyproﬁylene and had a diameter of 0.5 pm, at |
20  room temperature and a rate of 500 g per minute.  The total quantity of the used
aqueous liquid dispersion was 12 kg. In accordance with the degree of the reduction in
the flow rate due to the filtration, the following evaluations were given.
Good: the case where the reduction in the flow rate was 20% or less and the
filtration was performed smoothly

25 No bad: the case where the reduction in the flow rate exceeded 20 % and was



[0067) <Preservation Stability of Ink-jet Recording Ink>5 The ink -] et
recording inks were prepared using the aqueous pignent liquid dispersions
obtained in respective Exanples and Conparative Exanples, according to the
foll ow ng conposition. Aqueous pignment |iquid dispersion 2.67 parts
2-Pyrrolidinone 1.60 pans 10 Triethyl ene glycol nonobutyl ether 1.60 parts
Surfynol440 0. 10 parts (manufactured by MAssin Chem cal Industry Co., Ltd.)
G ycerine 0.60 parts 1on-exchanged water 13.44 parts 15 The inks prepared
as described #8 lesere diluted by 200 tinmes with ion-exchanged water, and
the vol une average particle dianeters thereof were neasured at room
tenperature (25C) uBbpgod: Mecaast where idhedizfitn (nhaflbweite tadeded d0dads &
Northrup Co.). The obtained vol unme average particle dianeters were regarded
as the initial par([ﬂogﬂe di aneters. 20 Subsequently, each of the inks was
added in a glass vial, and preserved in a thernostat at 60C for 35 days.
Then, the sane,particl i.anet.er sur eme as described above was
performed to égfciFWa??{gstgﬂﬁﬁyioﬁg('m?@f‘ﬁ?gQ{lﬁ?er heating, and the particle
di anmeter change rate was defined as follows. Particle dianmeter change rate
(% = (parficle di akbsak-jgrecordinginks wgrepreparadiuging theagyapusipgreengpawdt er) /
initial particle dianmeter x 100 45 1In the test, the existence or
nonexi st ence dispthnaggaiaghinaespactivedxbinplee dndQompastale Fdamples, ashordingtmy occur
in the ink preserved for 35 days. ‘

the following composition.

Aqueous pigment liquid dispersion 2.67 parts
2-Pyrrolidinone _ 1.60 parts
10 Triethylene glycol monobutyl ether 1.60 parts
Surfynol 440 0.10 parts

(mamfactured by Nissin Chemical Industry Co., Ltd.)

Glycerine 0.60 parts
Ion-exchanged water . ' 13.44 parts
15 The inks prepared as described above were diluted by 200 times with

ion—cxchariged water, and the volume average particle diameters thereof were measured
at room tcmpcraiure (25°C) using “Microtrac UPA 150" (manufactured by Leeds &
Northrup Co.). The obtained velume average particle diameters were regarded as the
initial particle diameters.

20 Subsequently, each of the inks was added in a glass vial, and preserved jn a
thermostat at 60°C for 35 days. Then, the same particle diameter measurement as
described above was performed to obtain the particle diameter afier heating, and the
particle diameter change rate was defined as follows.

Particle diameter change rate (%) = (particle diameter after heating — inttial

25 particle diameter) / initial particle diameter x 100



[ 0068] <Di scharging Property of Ink-jet Recording Ink> 5 The aforenentioned
ink was | oaded into the position of the black cartridge in the ink jet
printer EM 930C (rmanufactured by Sei ko Epson Corporation), and the adequacy
for the ink-jet recording, i.e. the ink-discharging property, was eval uated
by performng the continuous printing with image density of 100% on 80% of
the area of AO size paper. The evaluation 4§ the discharging property was as
foll ows. 10 Good: The discharging failure was not observed during the

conti nuous pri nti ng.In tidotesfothe exiTtanceais nonaxedtdncy ofthe nggzedarekwati coofamagli hyg
direction or the irregularity of the printing density was confirmed during

the conti nUoUS vigidl BhécROwbicRRB9 hocF ki Gcprifervtgordsalsggrent | oned i nk was
| oaded into the position of the black cartridge in the ink jet printer

EM 930C (manuf act ur e@ @1 Sei ko Epson Corporation), and the recordings wth
an i mage density of goto 100% (in increments of 5% were performed using

the Prem um G gssy Photo Pape manuf act ur.ed by Sei ko Epson Corporation) as
a recording nﬁﬁlsﬁbﬁrglﬁﬁgi’ﬂpml’l@}:]“fﬁ‘ﬁtgﬁfec?}gmﬁﬂ%bt ai ned i mage was neasur ed
using "mcro-TRI-gl oss” 20 (manufactured by BYK-Gardner) as a d oss val ue at
an angl e of520. The Thewiforementicabdiimkwras hdaded into thapgutioneef shablagk cadtriges mdle
regarded as the luster. [0070] [Table 2] 46 Dispersibility of Agueous

Ik 6t Record g ThEe LI regs QAT Ty BTty on BTl E B S enre Yo"
Viscosity Concepifahi-fR rd&bflindg AehShk-discharging property, was evaluated by performing
the continuous printing with image density of 100% on 80% of the area of A0 size paper.
The evaluation of the discharging property was as follows.
10 Good: The discharging failure was not observed during the continuous printing.
No good: The abnormality of the ink-discharging direction or the nregularity of
the printing density was confirmed during the continuous printing.
[0069]
<Luster>
15 The eforementioned ink was loaded into the position of the black cartridge in the
ink-jet printer EM-930C (manufactured by Seiko Epson Corporation), and the recordings
with an image density of 40% to 100% (in increments of 5%) were performed using the
Premium Glossy Phota Paper (manufactured by Seiko Epson Corporation) as a recording
medium. Then, the luster of the obtained image was measured using “micro-TRI-gloss™
20 {manufactured by BYK-Gardner) as a Gloss value at an angle of 20°. The maximum
value within the image recording range was regarded as the luster.

[0070]

[Table 2]



Particle of Liquid of Coarse p~Y Change of Discharging D anmeter D spersion
Particle Rate after Aggregates Property Luster (nm (nPa s) (10' /nl)
Heating Heafter ating NO Exanple 1 77 3.4 1 Good 0O No Good 102 Exanple 2
80 3,3 5 Good I No Good 125 Exanple 3 84 3.2 18 No Bad 2 No Good 118
Exanple4 82 3.0 7 Good 1 No Good 107 Exanple5 82 3.7 9 Good I No Good 103
Conparative 156 4,2 5 Good 5 No Good 75 46xanple | Conparative % 4,0 6 No
Good 4 No Good 110 Exanple 2 Conparative 110 2.9 39 Good 13 No Good 65

1090 .9 0 O o N

Exanpl e 3 Comparattve—Examte4—162-2-82Goqgd—2NoGood—6 Conparattye
Exanpl e 5|95 5.8 4 Ghopkrshblity Naghos Gged 3¢ Conyakradyaice Sl || Sis@argigProperts | 569
Good 52 Yeds No Gogd 22 GewRiraioye Exanpl e 552 ljceReasine iy Goddmga®elives | No
Good 21 Particl
o .| Filwation | FANEE | pyience
Particle | Viscosity | Concenwation | propeyty | Diemeter of
Diamet of Liguid of Coarss Change Agercgstes Discharging Laster
l:n )cr Dispersion Parvicle Rate after gg;ﬁfr Property
n (mPe-s) (107 mL) Healing | o
o cating
(%)

Example | 77 34 1 Gooed 0 No Good 102

Example 2 80 33 5 Goad l No Good 125

Example 3 84 32 18 Na Bad 2 No Good 118

Example 4 82 3.0 7 Gaad 1 No Good 107

Example 5 82 3.7 9 (Good 1 No Good 103

Comparative

Example | 156 42 5 Good 5 No Good 75

Comparative :

Example 2 96 40 6 No Good 4 No Good 110

Comparative

Example 3 110 2.9 39 Good 13 No Good 65

Comperative

Example 4 102 28 2 Good 2 Ne Good 63

Comperative

Example 5 93 58 4 Good 12 No No Good &

Comparative

Example 6 352 1.5 569 | Good 52 Yes No Goaod 22

‘Coruparative |

Example 7 552 4.6 355 No Good 165 Yes No Good 21

[0071]

As is obvious from Tables | and 2, in the aqueous pigment liquid dispersions of
Examples 1 to 5, both of the initial dispersion particle diameter and the concentration of
5 coarse particleé showed small values, and the filtration property was also good.
Moreover, the ink-jet recording inks prepared using these aqueous pigment liquid
dispersions showed the small particle diameter change rate after heating and good

high-temperature preservation stability, and it was found that these ink-jet rccording inks



[0071] . As is obvious fromTables | and 2, in.the aqueous pignment |iquid

di spersions of Exanples 1 to 5, both of the initial dispersion particle

di aneter and the concentration of S coarse particles showed small val ues,
and the filtration property was al so good. Moreover, the ink jet recording
i nks prepared using these aqueous pignment |iquid dispersions showed the
smal | particle dianeter change rate after ggeati ng and good high-tenperature
preservation stability, and it was found that these ink jet recording inks
47 were appr ogert approprinte fanan mk-j¢tatcordnpdaiaegisthgwi themakjengysent. hdieal | et
system The ink-discharging property was good, and the luster of the forned
i mge was hi ghpk- hg Bropérfy WiEpodd WRa W 1RitEoT ke fobHial itha@é SRERZHON Of
Conparative EEang?gﬂ¥Q %ﬁraﬁgghaﬁieahuantity of the styrege-bag%a nononer

conmponent within th ; 2 | i i.ql I he
initial dispersion %g?ﬁy%ﬁgﬁgg@{%?é ]ﬁ %%%}tglqﬁ%lgﬁ %@@ﬁf%@%@%@ﬁyégﬁéql?iand
the luster of the forned i.m was reduced. In the aqueous pignment liquid
di spersi on of YR ‘ﬁ‘i?é“%?g |SEyrene; SWI‘WE’FP“W]@"%‘?'&%‘(W“}HV fage nol ecul ar
wei ght of the styrene-acrylic acid type copolynmer was low, the initial

di sper si on Sparstyireieeactiligrreiddypecopdiimeiowvassenadly theiiwiiadhspyrsiomplatticlexhamettre | ust er
was reduced. 10 In the aqueous pignment |iquid dispersion of Conparative

Exanple S in woildhot besuifdiglily smallemdde sthagduhaforned ighige wasrddugld, (e
di scharging property of the ink jet recording ink prepared using it was not

good, and the ahg%itdFPithﬁI;ﬁt mlgmég}%eﬁ@éﬁcanﬁﬁ%ﬁg Exhitipig44h Wh%zth? gﬁgptam or

preservation st y was' re and therefore, the partic

change ratio _after heating.increased. n t.ne_aquegus pi nt..liquid
i aper si on of “COAELPAET e taighar B35 encamnli Rt HFRYR RV HTEW v b
styrene-acryli¢c acid type copolyner, / the pignent green 36 exceeded the
upper |imit ofisprsiondaiticAismsersouldmat by fr“[fﬁ%?fiqﬁrfmﬁﬁoﬁi’é‘rﬂ?‘i/l“%ﬁgwﬁﬂied%@d, and
there was a risk of nozzle cl og‘?i_ng when the ink jet recording ink was
prepar ed. 10eadntticlagpedus pigment liquid dispersion of Comparative Example 5 in which the weight

average molecular weight was high, the discharging propeity of the ink-jet recording ink
prepared using it was not good, and the luster was significantly reduced. In addition,
the preservation stability was reduced, and therefore, the particle diameter change ratio
after heating increased.

15 In the aqueous pigment liquid dispersion of Comparative Example 2 in which
the ratjo of the styrene-acrylic acid type copolymer / the pigment green 36 exceeded the
upper limit of the defined range, the filiration property was not good, and there was a risk
of nozzle clogging when the ink-jet recording ink was prepared. Meanwhile, in the
aqueous pigment liquid dispersion of Comparative Example 3 in which the ratio was

20 below the lower limit of the defined range, the kneading step did not proceed well, and
both of the initial dispersion particle diameter and the concentration of coarse particles
became large. The particle diameter change rate after heating increased, and the
preservation stability deteriorated.

In Comparative Examples 6 and 7 in which the aqueous pigment liquid

25  dispersions were prepared using the pigment blue 76 and the pigment green 7 that is the



aqueous pignment liquid dispersion of Conparative Exanple 3 in which the
ratio was 20 below the lower Iimt of the defined range, the kneadi ng step
did not proceed well, and both of the initial dispersion particle dianeter
and the concentration of coarse particles becane |large. The particle

di aneter change rate after heating increased, and the preservation
stability deteriorated. In Conparative Exagples 6 and 7 in which the aqueous
pignent liquid 25 di spersions were prepared using the pignment blue 76 and
t he pignent greane greepipmiest ds tiee plgmers areen 6 ghe pigimgnerbuld ot befigplygrendd igr een
36, the pignments could not be finely ground in the kneadi ng step, and both

of the initial yigREdRd %)’BﬁdB&ﬁbft]ﬂiiﬁffﬁtcﬁgpeﬁmlfﬂhﬁlc dign&enddakd on of coarse
particles becane |arge. Al'so, the discharging property was not good. The

6 To072) 1 Gonerri R piFichRRt tePaHRR | ARPARbRALPEEROTEN "

ink-jet recording, inks were prepared using the pignment green 36 in which
the inpuriti es 8o hiThePrRSeTVEIQREPRENSYES VERRPCEH CORPATISMVITNE HIEBHEHEESY f ect s
of the dispersibility, discharging 10 property, and preservation stability
wer e investbgafiéd. Rel ated Exanpl es are described hereinafter. <Preparation
Exanple 1> In 1000 parts of the hydrochloric and agueous sol uti on whose
concentration was agpwsted to 0.5 weight% 100 parts of the press-cake
containing the pignent green 36 15 with a pignent average primary particle

0 areter 1 80,01 bl OH Bl Bl WER SRt pe L el 2011
SR RIS A Y AN T el
filtrated Cakebigtmocﬁt were reduced, and the improvement effects of the dispersibility, discharging
10 property, and preservation stability were investigated. Related Examples are described
hereinafter.
<Preparation Example 1>
In 1000 parts of the hydrochtoric acid aqueous solution whose concentration
was adjusted to 0.5 weight%, 100 parts of the press-cake containing the pigment green 36
15 with a pigment average primary particle diameter of 50 am (which contains the pigment
used in Example 1 at a solid content of 40 weight%, the solid containing 130 ppm of Mg,
80 ppm of Si, and 100 ppm of F e) was dispersed, agitated at 70°C for 1 hour, and then
filtrated, Tﬁcreaftcr, 1000 paits of warm water was poured onto the filtrated cake, to
thei'eby wash inorganic ions present on the pigment swface. Thereafter, the press-cake
20  was taken out and dried in the dryer of 90°C to 100°C for 24 hours, to thereby obtain the
pigment green 36 (B-1) in which magnesium, silicon, and iron were reduced to 43 ppm,
40 ppm, and 28 ppn, respectively.
[0073]

<Preparation Example 2>

25 The same operations as in Preparation Example 1 were performed other than the



t hereby wash inorganic ions present on the pignent surface. Thereafter, the
press-cake 20 was taken out and dried in the dryer of 90C to 100C for 24
hours, to thereby obtain the pignent green 36 (B-1) in which magnesi um
silicon, and iron were reduced to 43 ppm 40 ppm and 28 ppm respectively.
[0073] <Preparation Exanple 2> 25 The same operations as in Preparation
Exanple 1 were perforned other than the 494 repl acenent of the hydrochloric
aci d aqueous solution with the concentratio% of 0.5 weight%wth the

hyd hl ori I [ o ; i : haht % t
ydrochloric aQ%Hfac@%ﬁt%%he%%mcmgg\s%%%éaﬁ% SRt ChncRiuafion WDNT % L0

t her eby obtain e pignent green magnesi um silicon, and

iron were reduced.to 4 3 m.and 19 respectively. 5

<Pr eparati on Eﬂ;’i‘%‘% ‘Y%ﬁ‘ tggﬁi%ggd%&r@gaﬁpequaﬁﬁg%hg B}T C\Rﬁ‘feé{'t;xuof(ﬂgzpar ts of
the press-cake that is the -sanme as that used in Preparation Exanple | was
di spersed, agi wighttoato thrychyfabtain thepigment grsen 86 &2} in which maeneyinay glgmnem}d 1000
parts of warm water was poured onto. the filtrated cake, to thereby try to

wash i nor gani cifof MRrdfeds@itio dMppre30ppgiyend 1 Spirhaespectiley eafter, 10 the
press-cake was taken out and dried in the dryer of 90C to 100C for 24 hours,

to therebycobtgj | pg-green 36 (B-3) that contains a nagnesium
cont ent of ?Lzokg'b"%?tang“gif%ﬁcon content of 80 ppm and an iron content of 100

G sper si on usi ng.t peltddABe o Brgedtn s e B0 eie R BEPire e LM f uga
separati on apparatus were perforned_under the sane condition as in Exanple
| other than t kéme esghacsesintrerararion Esampls 1rasidigpersedy aeitatedpt dB1{ fozd hodled in
Exanple 1 with 700 parts of the pignent green 36 (B-1) prepared in

and then filtrated. Thereafter, 1000 parts of warm water was poured onto. the filtrated

cake, to thereby try to wash inorganic ions present on the pigment surface. Thereafter,
10 the press-cake was taken out and dried in the dryer of 90°C to 100°C for 24 hours, to

thereby obtain the pigment green 36 (B-3) that contains a magnesium content of 120 ppm,

a silicon content of 80 ppm, and an iron content of 100 ppm.

(0074]

<Example 6>
IS5 The kneading using the planetary mixer, the dispersion using the beads mill, and

the separation using the centrifugal separation apparatus were performed under the same

condition as in Example 1 other than ﬂle replacement of 700 parts of the pigment green

36 used in Example 1 with 700 parts of the pigment green 36 (B-1) prepared in

Preparation Example 1, to thereby obtain the aqueous pigment dispersion with the
20  pigment content of 15.1%,

<Example 7>

The kneading using the planetary mixer, the dispersion using the beads mill, and
the separation using the centrifugal separation apparatus were performed under the same

condition as in Example 1 other than the replacement of 700 parts of the pigment green

25 36 used in Example 1 with 700 parts of the pigment green 36 (B-2) prepared in



Preparati on Exanple 1, to thereby obtain the aqueous pignment dispersion with
the 20 pignment content of 15.1% <Exanple 7> The kneadi ng using the

pl anetary m xer, the dispersion using the beads mll, and the separation
using the centrifugal separation apparatus were perfornmed under the sane
condition as in Exanple | other than the replacenent of 700 parts of the

pi gment green 25 36 used in Exanple 1 vm'tPO?OO parts of the pignent green
36 (B-2) prepared in 50 Preparation Exanple 2, to thereby obtain the
aqueous pi gmenpredhraHis BiMiplaD 1h theh®y obta@MBe hq ot §ipinedishersidpwitbkanpl e 8>
The kneadi ng using the planetary m xer, the dispersion using the beads mll,
and 5 the separat.i I tfe centrifugal separation apparatus were

per f or med undeﬁxgﬂc@?@g@i@@&l I'tion as in Exanple 1 other than the

repl acenent of 700 parts of the pigment green 36 used in Exanple 1 with 700
parts of the pfﬁ’ﬁ%?ﬁeé?een 36 (B-3) prepared in Preparation Exanple 3, to

t hereby obtain the aqueous pignment dispersion with the pignent content of
15.1% 10 The conposTheikonading usingthaplensaymikenthd dSpemioh @sing thede@dsamidl, anidown
in Table 1 with the conposition of Exanple 1 as Reference Exanple. [0075]

[ Tabl e 3] Resi the Qépafitiog Aing hedi¥Rinifudal StabidtiA afisOierEh@rRMed QhdefaraRHS
Pi gnent Liquid D spersion Wi ght |\79 S Fe esin Conposition Acid Val ue

Aver age Washin : 2 n ecul ar
Pignent inin ‘Ig)rlll gﬁﬁéﬁw&%ﬁﬁﬁ ‘8@%@#@2{1@ b%pémngh{cgk%’]ﬁﬂa% &%@t E%Q h

36 used in Example 1 with 700 parts of the pigment green 36 (B-3) prepared in

Preparation Example 3, to thereby obtain the agqueous pigment dispersion with the

pigment content of 15.1%.

10 The compositions of the aforementioned Examples 6 to 8 are shown in Table 1

with the composition of Example 1 as Reference Example.

[0075]
[Table 3]
Resin of Aqueous Pigment Liquid Dispersion Pigment of Aquecus Pigment Liquid Dispersion
. Mg Si Fe
| Weight
Resin Composition | Acid Value | Average Washing of Cn;\r:ent Co?éem Co;:cnt
SUMMA/AAMA | (mgKOH/g) M‘Ic‘),l:iv;\; lla.r Pigment Pigment | Pigment | Pigment
(ppm) | (ppm) {ppm)
' Pigment Green 36
Example 6 74/0/11/15 185 10200 Washed with 0.5 N 43 40 28
Hydrochioric Acid
Pigment Green 36
Example 7 T/ S 185 10200 Washed with 2 N 44 30 19
Hydrachloric Acid
Pigment Green 36
Example & TI0/IAS 185 10200 Washed with Water 120 70 100
Reference Unwashed Pigment
Example 14/0/11/15 185 10200 Grees 36 130 80 100
I 15 [0076]

Moreover, the aqueous pigment liquid dispersions and ink-jet recording inks



( mm (Dom Pignment Green 36 Exanple 6 74/0/11/15 185 10200 Washed with
0.5 N 43 40 2B Hydrochloric Acid Pignent Geen 36 Exanple 7 77/0/11/15 185
10200 Washed with 2 N 44 30 19 Hydrochloric Acid Exanple 8 77/0/11/15 185
10200 Pignment Green 36 120 70 100 Washed with Water Reference 74/0/11/15
185 10200 Unwashed Pi gnent 130 80 100 Exanple Green 36 is [0076] Moreover,
t he aqueous pignent |iquid dispersions andsijnk jet recording inks 51
obtained in the aforementi oned Exanples 6 to 8 and Reference Exanple were
eval uat ed usi nbtaided if tielafoxementivaedBxisnplékieto dind iReéalence Eukimple areee shabaredi n
Table 4. <Evaluation of Particle Dianeter (Evaluation of Di spersion

Property) > The yyab Wi A2 Rl L | THOHIRAGERIS ad ot TAbRCRSI ties of the
aqueous 5 pignent "1 quid dispersions were neasured using the sane nethods as

t hose perfornmedd EX S i - | to 7.
<Preservation CS%EXEH“??%’&T?Fﬁﬁcmﬁﬁ%ﬁétc@%ﬁgﬁﬁgéﬁfﬁﬁ&fﬁg?ll[gﬁkﬁ’ﬁgt recordi ng inks
wer e prepared using I’F'{Qﬁe %&Eegus pi grr_e?tqil i%ui g.wb&ip%?sg%sz}e%n ﬂ%?;qﬁégr;gd I n
Exanples 6 to 8 and ¥ EHe aVarsgspaTiele GEBIPE ! ng
conposition. Herein, in the ink jet recording inks used for the evaluation,

the severer$S cqiphdnt bpsd dispersisat were mehnuréd ysintglthe shnfef reetbodsess thase péréormed in
properties anong Exanples 6 to 8 and
. Examples ! to 5 and Comparative Examples 1 to 7.
<Preservation Stability of Ink-jet Recording Ink>
The ink-jet recording inks were prepared using the aqueous pigment liquid
dispersions obtained in Examples 6 to 8 and Reference Example, according to the
10 following composition.
Herein, in the ink-jet recording inks used for the evaluation, the severer
conditions were set to clarify the differences in the propertics among Examples 6 to 8 and
Reference Example. Thgt is, the pigment concentration was set to about 4 mass% that
was 2 times higher than those in the ink-jet recording inks used in Examples 1 to S and
15 Comparative Examples 1 1o 7, and the ink-jet recording inks were prepared using the
respective aqueous pigment liquid dispersions in Examples 6 to 8 and Reference

Eﬁample, according to the following composition that allows the aggregate of the

pigments to easily occur.

Aqueous pigment liquid dispersion 5.34 parts
20 2-Pyrrolidinone 1.60 parts
Triethylene glycol monobutyl ether 1.60 parts
Surfynal 440 | 0.10 parts

(manufactured by Nissin Chemical Industry Co., Ltd.)
Glycenne ' 0.60 parts

25 Ion-exchanged water _ 10.77 pas




Ref erence Exanple. That is, the pignent concentration was set to about 4
mass% that was 2 tinmes higher than those in the ink jet recording inks used
in Exanples 1 to 5 and 15 Conparative Exanples 1 to 7, and the ink-jet
recording inks were prepared using the respective aqueous pignent liquid

di spersions in Exanples 6 to 8 and Reference Exanple, according to the
foll ow ng conposition that allows the aggrggate of the pignents to easily
occur. Aqueous pignment |iquid dispersion 5.34 parts 20 2-Pyrrolidinone 1.60

parts Triethyl ene gikiaks prepoediisdes@ibbe abolve Brpdilral byQ00ftinmlwidd0 0. 10
parts (manufactured by N ssin Chem cal Industry Co., Ltd.) dycerine 0.60

parts 25 |on- Qgégﬂ%g%gﬁ{e?ran&&cz{}h ¥ dve eg@%%rﬁag aﬂi‘e&r%@ﬁefﬁge%ag]@éf“ bed

above were dilu I'mes w vvater and the vol ume

ticle d t t h
“Mcrotrac UEZaﬁr@e*nat?rﬁa%%ﬁae&s&%?ﬁw EURE TR Groonipr A8 LSRRG o

vol ume average particle dianeters were regarded as the initial 5 particle

di aneters. Sub&equehhs ghtaigedtyoleme @magcrmglcmam@@rﬁ agre nsgadesd asdke ipltel under
the severer conditions of 80C and 49 days. Then, the same particle dianeter
measur ement 5 as partiele didnixests above was performed to obtain the particle

di aneter after heating, and the particle dianmeter change rate was

cal cul at ed using th;&@édlﬁm;geacﬁ%wa{ellmwé%eﬂaafﬂac 18ss YA TRde2 iheBakge rate

(particle diameter ter Ing - Itnitial particte dianeter) / 1nitial
D e O ATCL St ansls A5 ThEE (PR AR hahRBSNAL RS 8T 1N

aggregate was
described ahove was performed to obtain the particle diameter after heating, and the
particle diameter change rate was calculated using the following equation.
10 Particle diameter change rate (%) = (pﬁticlc dameter after heating — initial
particle diameter) / initial particle diameter x 100
In the test, the existence or nonexistence of the aggregate was confirmed by
visual check, but the existence of the aggregate could not be confirmed in respective
Examples and Comparative Examples.
15 [0077]
<Discharging Property of Ink-jet Recording Ink>
The aforementioned ink was loaded into the position of the black cartridge in the
ink-jet printer EM-930C (manufactured by Seiko Epson Corporation), and the adequacy
for the ink-jet recording, i.e. the ink-discharging property during printing, was evaluated
20 by performing the continuous printing with image density of 100% on 80% of the area of
AQ size paper.  The evaluation of the discharging property was as follows.
Good: The discharging failure was not observed during the continuous printing,
and the good image was formed.

No good: The abnormality of the ink-discharging direction or the irregularity of

25  the printing density was confinned during the continuous printing.



vi sual check, but the existence of the aggregate could not be confirnmed in
respective Exanples and Conparative Exanples. 15 [0077] <Di scharging
Property of Ink jet Recording Ink> The aforenentioned ink was | oaded into
the position of the black cartridge in the ink jet printer EM 930C

(manuf actured by Sei ko Epson Corporation), and the adequacy for the ink-jet
recording, i.e. the ink-discharging proper¢y during printing, was eval uated
20 by perform ng the continuous printing with i nmage density of 100% on 80%
of the area of AO j{)gﬁp}paper. The eval uation of the discharging property
was as follows. Good: The discharging failure was not observed during the
conti nuous prig,%'%]s&g) and the good i mage was forned. No good: The
abnornmality of e 1 nk-discharging direction or the irregularity of 25 the

printing density was,copfirnmed durin he contjnuous printing. 53. [.0Q78]
<Luster> The afor eﬁ@ﬁ?&Sﬂ%ﬂ“‘PWﬁJ’\'}\gé‘% E?ﬁg‘ﬁﬁnfoﬁb%l:"fsﬁ?“d)&}fetql%% Cﬁ‘f'mqg?éna'ieack
cartridge in the ink jet printer EM930C (manufactured by Sei ko Epson

Cor por ati on), iakdettpriater EMoPHChgransiagiured by eikodensonl Eagporajion) authe rasorigss (i n
increnents. of 5% were perforned using the PICTORI CO PHOTO GALLERY A.OSSY
PAPER ( manusf acwidh tlinidge @bnattp of40%0s pid%atin divyermentsofrsétionadd pgfomned ustng theen,
the luster of the obtained i mage was neasured using "mcro-TRI - gl oss”
(manuf act ur ed RS I The

maxi num val ue I\k)]\ntggbl\ﬂgctgﬁfe I rragré@“ %e%ﬁgﬁgsﬁr%% Rav\g%anrafe%gglr:%eb? %lgmg%o t he

luster. [0079] Cm{:gr%{?clm% aﬂl recording medium. Then, the luster of the obtained image was

measured using “micro-TRI~gloss” {(manufactured by BYK-Gardner) as a Gloss value at

an angle of 20°.  The maximum value within the image recording range was regarded as

10 the Juster.
[0079]
[Table 4]
. . . High-temperature . .
Dispersibility of Aqueous Pigment Preservation Stability of Discharging Property / Image
Liquid Dispersions . - Qualiry
Ink-jet Recording Ink
g.:?;:::r Viscosity of Liquid | Particle Diameter Change | Discharging Luster
)(n.m) Dispersion {mPas} | Rate after Heating (36) Property (PICTORICO)
Example 6 75 2.9 7 Good n
Example 7 77 34 6 Good 72
Exemple 8 87 3.2 33 Good 63
Reference ‘
Example n” 34 40 Good 64
[0080]
15 As is obvious from Examples 6 to 8 and Reference Example, even in the ink-jet

recording ink with the pigment green 36 concentration of about 4%, the high-temperature

presevvation stability was extremely high when the pigment green 36 had an iron content



Hi gh-tenperature Dispersibility of Aqueous Pignent Preservation n

Di scharging Property / Inmage Liquid Dispersions Ink - Stability Ink of
Quality 1Ink jet t Recording Particle Viscosity of Liquid Particle D aneter
Change Discharging Luster Dianeter Dispersion (nmPa s) Rate after Heating
(34) Property (PICTORICO (nnm) Exanmple 6 75 2.9 7 Good 71 Exanple 7 77 3.4
6 Good 72 Exanple 8 87 3.2 33 Good 65 Reference 77 3.4 40 Good 64 Exanple
[0080] 15 As is obvious from Exanples 6 8 8 and Reference Exanpl e, even in

the ink-jet r rding,i.nk i th. i [een necen i on. of. about
4% the hi gh-togﬁggg%(%rléesg pl\lﬁmé’tsaglrcélgﬁ id%nlglgfeg%ﬁcg]i Fig’v\ngg" agg W@%ﬁgﬁoﬁ?‘bﬁ&%ten t he
pi gment green 36 had an iron .content 54 of 40 ppmor less. In particular,
the ink jet rdEdtarHgs ﬁﬂwm&gﬂépﬁsweprﬁna?@él%ﬂt ¥ R fhat the magpasaim eRItsRy a
thermal jet system In addition, it was found that the magnesi um content

and t he sili cenddwsileon comern wereprefezdblyy7078pnp pnlegsrand 86 ppamt 166, rpgpettoelyl ess,
respectively. 55 CLAIMS I. An aqueous pignent |iquid dispersion,

conprising: C. |. pignent green 36 (a); a styrene-acrylic acid type
copolynmer (b); a basic 5 conpound (c); and a wetting agent (d), wherein



the styrene-acrylic acid type copolymer (b) has an acid value of 120 to 240,
a weight average nol ecul ar wei ght of 6,000 to 40,000, and styrene-based
nmonomer units of 60 nmass%or nore in the total of all the mononer units,
and the mass ratio (b)/(a) of the styrene acrylic acid type copolyner (b) to
the C. 1. 10 pignent green 36 (a) is wwthin a range fromO0.15 to 0.25. 2.
An aqueous pignment |iquid dispersion accorging to claim1, wherein the
styrene-acrylic acid type copolyner (b) has the styrene-based nonomer units,
acrylic acid nmononer units, and nethacrgiapyg@ci d nononmer units, in which
the sum of these 15 nononer units are at 95 mass% or nore in the total of

all the nononer units constituting the styrene-acrylic acid type copol yner
(b). 3. An aqueous pignent |iquid dispersion according to claim1, wherein
an iron content within the C 1. pignment green BBhéa) is 40 ppmor less. 20
4. An aqueous bignen%nﬁﬁﬁ&?ﬁ”ﬂpgﬁéﬂgﬁgﬁPﬁé Br FHHRYSES: ¢l ai m 3, wherein an
magnesi um content within the C. |I. pignment green 36 (a) is 70 ppmor |ess,
and a silicon cont ehtl. pigmsft gogem36r(a); esiyrenacrylic And fpasopdypergbiatbasic qui d

di spersion according to claim1 or 2, wherein the . 56 volune average

particle digrreg@ﬁpdgﬁdw?m@a%m@@gﬁg‘(ﬂ),gjhggqh 36 (a) is 150 rimor |ess. 6.
An inlc-jet recording ink conprising, as a main conponent, the agueous

pignent liquid dis i g 3 j . j i

recordi ng ink accorﬁlﬁéngtyﬁgc g‘ﬁiﬁ%&%@?@#@%&@ h:%%’l gf‘%‘?"%%%@fl |Oﬁé 2?‘?13}3

used for an ink jet recording device usin ermal jet system 8. A

production met w%ﬁbefve%ge &ﬁhég]ﬂéwﬁgbﬁﬁtoopg‘hgﬁ)’w%iagnr‘ggyéef‘%'h?%aH}PBPF%F WY 10 a

kneadi ng step of kneading a m xture including C. |. pignent green 36 (a), a
of 60 mass% or more in the total of all the monomer units, and

the mass ratio (b)/(a) of the styrene acrylic acid type copolymer (b) to the C. L.

10  pigment green 36 (a) is within a range from 0.15 to 0.25.

2 An aq{.leous pigment liquid dispersion according to claim 1, wherein the
styrene-acrylic acid type copolymer (b) has the styrene-based monomer units, acrylic
gcid monomer units, and methacrylic acid monomer units, in which the sum of these

15  monomer units are at 95 mass% or more in the total of all the monomer units constituting

the styrene-acrylic acid type copolymer (b).

3. An aqueous pigment liquid dispersion according to claim 1, wherein an iron
content within the C. 1. pigment green 36 (a) is-40 ppm or less.

20
4, An aqueous pigment liquid dispersion according to claim 3, wherein an
magnesium confent wifhin the C. L. pigment green 36 (a) is 70 ppm or less, and a silicon

content 1s 50 ppm or less.

25 5. An aqueous pigment liquid dispersion according to claim 1 or 2, wherein the



styrene-acrylic acid type copolyner (b), a basic conmpound (c), and a wetting
agent (d), thereby producing a colored kneaded m xture; and a di spersion
step of dispersing the colored kneaded m xture in an aqueous mnedi um by
using a dispersing machine with nedia, wherein 15 the styrene-acrylic acid
type copolynmer (b) has an acid value of 120 to 240, a weight average

nol ecul ar wei ght of 6,000 to 40,000, and sk&rene-based nononer units of 60
mass% or nore in the total of all the nmononer units, and the nass ratio
(b)/ (a) of theveslumeaneageqraytidlediamedr 6fthe Ccb pigmenegre¢rtds (apistihé nf orless. pi gnent
green 36 (a) is within a range fromO0.15 to 0.25 in the kneading step. 20 9.
A production nmethod of an aqueous pignment |iquid dispersion according to
claim8, wherein the mass ratio (d) / (a) of the wetting agent (d) to the C

|. pigment gregen 36 .S W Ehin fr . ' . di ng
step. 25 10. Ag‘pr odu%'g ?%(Hﬂr%%%%%l 8 é’ﬁ‘%gig‘ﬁ%oaﬁg%a?%‘r}r@“né&?‘qﬁ‘?&h@?‘ég@éﬁ@%ﬁ
according to 57 claim@8 of 9, fin-they conprising, follow ng the dispersion
step, a centri AR plsB"é’ﬁ‘aPa%qofﬁéng@t%molfmﬁerform' ng centrifugal separation at
15,000 to 21,000 G 11. A production nethod of an aqueous pignent liquid

di spersion according to S claim8, wherein the C. |. pignment green 36 (a)
is subjected to a washi ng step.
7. An ink-jet recording ink according to claim 6, wherein the ink-jet recording ink

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

8. A production method of en aqueous pigment liquid dispersion, comprising:

10 a kneading step of kneading a mixture including C. I. pigment green 36 (a), a
styrene-acrylic acid type copolymer (b), a basic corripound {c), and a wetting agent (d),
thereby producing a colored kneaded mixture; and

a dispersion step of dispersing the colored kneaded mixture in an aqueous’
medivm by using a dispersing machine With medial, wherein

15 the styrene-acrylic acid type copolymer (b) bas an acid value of 120 to 240, 2
weight average molecular weight of 6,000 to 40,000, and styrene-based monomer units
of 60 mass% or fnbre in the total of all the monomer ﬁnits, and

the mass ratio (b)/(a) of the styrene acrylic acid type copolymer (b) to the C. L.
pigment green 36 (a) is within a range from 0.15 to 0.25 in the kneading step.

20
9. A production method of an aqueous pigment liquid dispersion according to
claim 8, wherein the mass ratio (d) / (a) of the wetting agent (d) to the C. T pigment

green 36 () is within & range from 0.15 to 0.30 in the kneading step.

! 25 10, A production method of an aqueous pigment liquid dispersion according to



57

claim 8 or 9, further comprising, following the dispersion step, a centrifugal separation

step of performing centrifugal separation at 15,000 to 21,000 G.

11, A production method of an aqueous pigment liquid dispersion according to

claim 8, wherein the C. I. pigment green 36 (a) is subjected to a washing step.



