1 DESCRI PTI ON PROCESS FOR PRODUCI NG AQUEQUS PI GVENT LI QUI D DI SPERSI ON AND

| NK- JET RECORDI NG | NK 5 TECHNI CAL FI ELD [0001] The present invention
relates to a production process that yields an aqueous pignent |iquid

di spersion which contains a pignment, a resin, a wetting agent and a basic

10 conpound, and is ideal for preparing;an i nk jet recording ink. BACKGROUND
ART [0002] In the fields of pr| nti ng |nks and coating materi al s,
consideration of the need to more envi ronnent al | y friendly
products has resulted in w despr eg&\fﬁéﬁ@gﬁﬁg ation and application of
materials in which the main raw material organic solvents have been

repl aced with water, nanely a shift to aqueous materials. In this shift to
aqueous materials, techniques for dispersing a pigment within a water-based
medi um  anBROGEISHER PRODIUCINGAQUEOUS PIIMBNTSLIQUILYPISRER SION AN per i od
of time are extrenely 20 inportant. A variety of different dispersants and
di spersion processes have beenNpIg ReINacijrevi ng this type of stable
pi gnent dispersion solution. Particularly in the case of inks used within

ink-jet. recording, the required quality levels, including the fineness of
t he dlébersed particle size and the fact t hat the di spersed state nust be
able to be nmai ntained for extended ri ods under all manner of 25

envi ronnental conditions, are extk ycﬁéﬁgﬁﬁpng, and achi evi ng t hese

|l evels of 2 quality is extrenely difficult. Usually, a stable pignent
di spersi on sol utliddh i s ideally

The present invention relates to a production process that yields an aqueous
pigment liquid dispersion which contains a pigment, a resin, a wetting agent and a basic

10 compound, and is ideal for preparing an ink-jet recording ink.

BACKGROUND ART
[0002]
In the fields of printing inks and coating materials, consideration of the need to
15  move towards more environmentally friendly products has resulted in widespread
investigation and application of materials in which the main raw material organic
solvents have been replaced with water, namely a shift to aqueous materials. In this shift
to aqueous materials, techniques for dispersing a pigment within a water-based medium,
and then stably maintaining that dispersion over an extended period of time are extremely
20  important. A variety of different dispersants and dispersion processes have been
proposed for achieving this type of stable pigment dispersion solution.
Particularly in the case of inks used within ink-jet recording, the required quality
levels, including the fineness of the dispersed particle size and the fact that the dispersed
state must be able to be maintained for extended periods under all manner of

25  environmental conditions, are extremely demanding, and achieving these levels of



achi eved by conducting the dispersion using the dispersant that is nost
suitable for the pignment being used. Printers used for aqueous ink jet
recordi ng have a nozzl e capping nechanismto prevent nozzle cl oggi ng caused
by evaporation of the water contained in 5 ink. Anongst such printers,
mechani sns that enploy a single cap unit to protect a plurality of nozzles
of different colors are frequently app?ied, and in many printers, avoiding
contact between different inks within the cap unit is inpossible.

Fur t her moquality ibexteamdy difficuli. SUhallgea stabiz pasndnodispéreionaoluoius icideailys are al so
positioned close together, a dispersant nust be selected that is also
capabl e afchRveyVePEdrdictiniktht ARPEGRhtUsG th\diSpekéhnt! fiat Athdst Hhitdd fpthecondi ti on,
caused by contact and mXxing of the different inks. For exanple, in those
cases wher I,QRI J: r t.oni i r ed in
separateqﬁﬁﬁggt?P%ﬁ§E$eﬂg®?§éﬁépﬁgggg¥@sg%ﬂ%ﬁ&@%ﬂgkﬁggéé?@%ﬁgfﬁ%ﬁ in the
di spersion stabilit as a result of caontact and m xing of the inks within
the cap URf @lﬁ@d@@fevea@%le@ﬂsg}r&cawé FVARPTAYRR ofshe Hiates cppiRined & or
printing, at the mninum the 4 colors of black, cyan, magenta and yel | ow
ar e r équiinkdAmoopstisuer prmjenshmedenisinethat gmploy ashge capmynibtapretset sant f or each
color ink in such a manner that the m xing properties of each ink within
the cap yhligrd nbakedof differesiddorsl eredtdguently dpplied pindfig bl ribergevel op a
process that enables a single common dispersant to function favorably for

; . ) : ‘ and
ngrﬁztssoa‘é’hfg@gz&n‘t’a%ﬁ)ét%e@l{ %fff%fet%mngg RARLLAL ¢ g‘;d? {sUirfpssitld” ﬁﬁﬁ%—ﬁﬁ% es, an

properties. For reason, ynmer “resi n-based di Spersants
(e, 2 R e oSSR bl 9 GRSl RaB LR L0
recordi ng, and exanpl es of favorable polynmer resin-based dispersants
i ncl ude eEsant m&%g eleeted that is alsoicapablpefl prepuntipgenls fropefigaonie 3 I n a
styrene-acrylic acid copolyner, it is thought that the benzene ring derived
10 unstably dispersed condition, caused by contact and mixing of the different inks. For
example, in those cases where an anionic dispersant and a cationic dispersant are used in
separate inks, it is relatively easy to conceive of a deterioration in the dispersion stability
as a result of contact and mixing of the inks within the cap unit.
[0003]
15 In ink-jet recording that assumes full color printing, at the minimum, the 4 colors
of black, cyan, magenta and yellow are required. Considering the complexity of
selecting a dispersant for each color ink in such a manner that the mixing properties of
each ink within the cap unit are taken into consideration, it is preferable to develop a
process that enables a single common dispersant to function favorably for pigments with
20  vastly different chemical structures, surface states, and various other properties. For this
reason, polymer resin-based dispersants that can be used with a comparatively large
variety of pigments are widely used as the pigments for aqueous pigment liquid
dispersions for ink-jet recording, and examples of favorable polymer resin-based

dispersants include various styrene-acrylic acid type copolymers.

25 [0004]



fromthe styrene binds to an adsorption site on the pignent, whereas the
carboxyl group derived fromthe acrylic acid devel ops a negative charge by
jonization within the aqueous dispersion nedium causing repul sion between
the dispersed particles that maintains the 5 di spersed state. Accordingly,
these styrene-acrylic acid copolyners fynction effectively when the pignent
surface i s hydrophobic, but in those cases where the pignent surface is

hydr ophi | i b ) t rb to th t surf d th
Chrboxyl o oupBadCRPRER A A SoRIERE Bt (hogshiastity DR U e e i

achi eving dispersion wthin the aqueous nedium 10 [0005] Synthetic

pi gment s i FRM dhfestyrenerbingds tosdmadsemtion gite en H@pasfnmtgyhvr@a%@p@ XELIOUe
synt hesi s sol vent medi um such as pht hal ocyani ne pignents and condensed
pol ycycl i dleryed)frent the acnytic pcigrdentlspsy mgatise cledgaby unizatios yithiethe aqeoliv ent
medi um containing water as the main conponent, such as azo-type pignments

and | ake pyigERRbEmeSRADE RN eplisiba b@tv@ééﬁ@ﬁéd@ﬁé?&é&l%ﬁ&é& bl b itaRR tHé ganic
sol vent rredl um pigment’s synthesi zed within a  synthesis solvent nedium

and. ot ronduab Bl AfeaFRpl, gﬂg@gg&@ D S Eop B o MU O LC,

is typicall ed. as the colo t f he, bl ack i nk pper phthal ocyani ne
pi gnent i swg%’stgapg%n%éuri%r:& Top l% faet inyhgseicases “él“e%&lﬁaéﬂm%ﬁ‘ér fagedtrent |
which is a condensed 20 polycyclic pignment, is used as the colorant for the
magent a i nivdrephilicathermzengpengdagswnt adspeb taslexpigmentrurfaot ancihe caboxylhe yel | ow
ink. O these pignents, the carbon black, the copper phthal ocyani ne pi gnent

and the quirbas hdsdeRemphtiAE e db@bﬁﬁyn&friislﬂﬂ|andW@ff@é1Mﬁh@lchléﬂh§@ﬁs@érsxowﬂereaS
the azo-type pignment, which is synthesized within a synthesis sol vent

medi um co [ e mai n conponent, has a strongly hydrophilic
surface. %ﬁf,&gé%?%ﬂﬁ% g%o%nht he azo-type pignent used for the yellow ink,

adsor pti on of Eﬁas ﬂtyrene 4 acrylic acid copol ymer does not occur so
favoraltg)ly as f PHe” ot her col ored pi gnents. As

Synthetic pigments include pigments synthesized using an organic solvent as the
synthesis solvent medium, such as phthalocyanine pigments and condensed polycyclic
pigments, and pigments synthesized within a synthesis solvent medium containing water
as the main component, such as azo-type pigments and lake pigments. Compared with

15  pigments synthesized within an organic solvent medium, pigments synthesized within a
synthesis solvent medium containing water as the main component tend to exhibit lower
hydrophobicity and stronger hydrophilicity. In inks for ink-jet recording, a carbon black
is typically used as the colorant for the black ink, a copper phthalocyanine pigment is
used as the colorant for the cyan ink, a quinacridone pigment, which is a condensed

20 polycyclic pigment, is used as the colorant for the magenta ink, and an azo-type pigment
is used as the colorant for the yellow ink. Of these pigments, the carbon black, the
copper phthalocyanine pigment and the quinacridone pigment have strongly hydrophobic
surfaces, whereas the azo-type pigment, which is synthesized within a synthesis solvent
medium containing water as the main component, has a strongly hydrophilic surface.

25  Accordingly, for the azo-type pigment used for the yellow ink, adsorption of the styrene-



a result, dispersion of the pignment beconmes difficult to achieve, and it is
t hought that because the quantity of dispersant not adsorbed to the pignent
i ncreases, dispersant that has dissolved within the dispersion nmedium

Wi t hout adsorbing to the pignent, or 5 dispersant that exists in a mcellar
state, can function as an internmedi ary that causes aggregation of dispersed
pi gnent particles. Accordingly, the di épersi on of these types of pignents ~
in agueous nedia still presents significant problens. Furthernore, many
azo-t ype girgneatidcapohyinirtdoponst detgtsod fivasabiy as for Theothemdadored pignyents, v

pi gnents capabl e of satisfying all the properties required of an ink-jet

recor di Nga rebflt,i ddpersFH-dY tBS pighieht be‘caﬁk@eﬁ'ﬁeulpﬁlaemew RAd iGE iRMRhS@hur ati on and
color intensity, is not partlcul arly large, and the devel opmeént of yell ow

i nks that I ifficult
and very é?ssé@%”@ﬁhﬁgpfﬁfﬁ%%tﬁ%“ 2o Rebefth o< ARG TRERETS: fipersind
styrene- yllc nmer ., or t,e IL h t tunct ons as the dispersant,
and inv vaﬁ“@#naﬁ éP@F@H prbgigioshe PiReEk O ct ed

di sper sant have beconme 15 extrenely |nportant [0006] On the other hand,

t her e Sar edispessant thehexnisis osa minellamssate)dan dundhien gsian adermediane that causes pi grent
using a surface treatnent. Exanples of these surface treatnents include

rosin treatdpatién ofdisfersddigmént aitithidt AxosrdiiglyTehy digisursiva bl ihesd fyped sfent .
Even a pigment surface 20 that is highly hy rophl lic can be converted to a

hydr 0Dhob St REeBhAEN St resbRS & .*ﬁraﬁ% &t ments. However, if such

power f ul sper sl energy as eqU|re irnely disperse the plgnent to
the primary p cle size |evel | t hen,.th additives, may. detach
from t he pr gnetrETRoRcBany SStRe BieABals R Ibiteo0D Pt AR o TR BSBPF e nal
hydrophilic surface state of the pig nent Furthernpre, it is thought that

the exi styshow pigmenss seneble ofsatsiying ell the prapertins requised ofaminkdetgeccrdingr i ety of
probl ens, including inhibiting binding 5 between the benzene ring within

t he sklyr enk-sack yé light dastskss aptir yore( cladnhatsiwaratiog ard tolor intensity, is not

particularly large, and the development of yellow inks that are capable of satisfying all of
these properties is so difficult and very desirable. As a result, structural selection of the
styrene-acrylic acid copolymer or the like that functions as the dispersant, and
investigation of dispersion processes that employ the selected dispersant have become

15  extremely important.

[0006]

On the other hand, there are also techniques for improving the surface state of the
pigment using a surface treatment. Examples of these surface treatments include rosin
treatment, surfactant treatment and pigment derivative treatment. Even a pigment surface

20  that is highly hydrophilic can be converted to a hydrophobic surface state using these
surface treatments. However, if such powerful dispersion energy as required to finely
disperse the pigment to the primary particle size level is applied, then these additives may
detach from the pigment surface, causing the surface to return to the original hydrophilic
surface state of the pigment. Furthermore, it is thought that the existence of detached

25  surface treatment agent can cause a variety of problems, including inhibiting binding



adsorption site, and increasing the quantity of the pol yner resin-based

di spersant that is either dissolved or exists in a mcellar state within
the dispersion nedium resulting in insufficient dispersion. As a result,
in those cases where dispersion stability is 5 particularly inportant, the
addition of additives that inprove the gurface state is not necessarily the
nost appropriate nethod. |If possible, acChieving a favorabl e di spersion
state without using these additives would he preferable. [0007] Generally,
di sper si ngbeéW?ﬁngth%g?naﬁm Hing wathipte shrenscsrylissacihsnppmpersad thepigment 0 ener gy
to the aggregated pignent particles to break down the aggregates to fine
parti cl es,adsenption iésy avd insieagingttke guanpity afthe polymec tesinpbased dspesarft sl isof , and
t horoughly wet, the resulting fine pignent particles, thereby ensuring a

stabl e di spigesdiesdleddadrexishain a0arslaGlate Withir B8O disPersid@m@@ih Ofesulting in
Conventionally, one sinple process that is widely used for dispersing a

pi gment wi i OifcRn &S’;%;?QHE. KEQ'rl{sﬁﬂt' @tﬁos@%‘a&é&.&l{eﬁ’@&i &Eioﬂ%&%ﬁﬁfist hat 15
i nvol ves m xing any ‘of a variety b Ispersion media, pignents and
di spersants, .and, then conduct.in i,spersion treatnent. within a beads
i Bover G vt e s e BBt bF ST B ovi ng t he
di spersion stability of aqueous pignment |iquid dispersions, by adopting a
treat nent pacesasly themea @mr@r@t@@@gpds Hawssiblg, dcbrayeng & faypribieedispergom
“di spersant and pignment mxture' having a higher solid fraction, thereby
finely 20 ditspathsungiidihess giditivies wiould be @efehabldé.er period of time, as well as
accelerating the wetting action of the dispersant on the pignent surface.
An exanpl e of tﬁ@b@gtreat ment process is a production process that includes
a pretreatnment kneadi ng, wherein a mxture containing the pignent and the
di spersant and the | kg. i.s kneaded 1Q forma solid-state 195,58 1 solid- state
m xture, and thi %neﬁ'lb’a ISRCTSINgA MEMERt Wity 4 gacdiiip Leqyings applymg ETEe o - i on
medi um 25 An exanpl e of a production process including this type of
pr et r et negeTRTeAkE #RgroRatRdgdsment nagticlesdp Gegak dowmdhe peRTEERIRSSIOHINE PITHSIRS, of
charging a two-roll mlling apparatus with a

and then causing the dispersant to act upon the surface of, and thoroughly wet, the

resulting fine pigment particles, thereby ensuring a stable dispersion state that does not
undergo re-aggregation. Conventionally, one simple process that is widely used for
dispersing a pigment within an aqueous medium is a batch treatment process that

15  involves mixing any of a variety of dispersion media, pigments and dispersants, and then
conducting a dispersion treatment within a beads mill. However, attempts are also being
conducted for further improving the dispersion stability of aqueous pigment liquid
dispersions, by adopting a treatment process in which a greater shearing force is applied
to a “dispersant and pigment mixture’ having a higher solid fraction, thereby finely

20  dispersing the pigment within a shorter period of time, as well as accelerating the wetting
action of the dispersant on the pigment surface. An example of this treatment process is
a production process that includes a pretreatment kneading, wherein a mixture containing
the pigment and the dispersant and the like is kneaded to form a solid-state or semisolid-
state mixture, and this kneaded mixture is then dispersed within the dispersion medium.

25  Anexample of a production process including this type of pretreatment kneading process



pi gmrent and a pol yner dispersant, mlling the mxture to generate a

di spersion of the pignent, the polyner dispersant and di et hyl ene glycol,
and then dispersing the resulting dispersion within an aqueous carrier
medi um (see Patent Reference 1). Furthernore, a 5 process is also known in
whi ch ion-exchanged water and butyl carbitol are added to a solid chip with
a solid fraction of 88% produced by cofiducting kneadi ng using a two-roll )
mll, and the resulting mxture is then mxed in a high-speed mll and then

di sper sedis ayirddessnthat inalndesithé btepsefchRatieni tikefdll millieg 2Ppardt@ORBha 10 By using
t hese processes, the dispersibility of the pignment can be inproved.

Hovever, fesensRda ﬁs&ﬁaémspr&sﬁhehﬁmhgmim %a;e}%@ah&#)lersmn' fthe Produced

by kneading at a high tenperature to soften t resin, the solvent nmedium

evapor at e esulting in a dramatic i.ncrease | he,soli.d fraction. The
cnoaded rinpghicé golibrfbr st AR AR, ool i €S ime s e
subsequent, | i quefaction step as.a room 15 tenperature solid. Accordingly,
t he aqued?/&PeREen WihinanAquescarrich sednwnsee Patent Reterenceh). drprhgemersva| oped

i ncreased hardness as a result of cooling, and the resulting m xture nmnust
then e cumeess tsedsakooavnunivlochiohiegohabgedaiater sndbuty bdarkitdl are adkledwa 4 hi n a

di spersion device. However in this step, a high shearing force is not

convent i ogadililchipapih & §6lid Radtidl of BBRAMHEELCEH B YbRducBRg khdRidgRafefwE-dilr e and
t he agueous nedium are sinply m xed 20 together and stirred to generate a

uni form . I Y . hwaui d form fol |l ow ng
the forma ?%l‘r%ﬁ(glfhet égﬁgng?g%%é%%nﬁe%qm@n @*ﬁ%ﬁ%ﬁﬁﬁggﬁ k@ﬂvﬁsipg e{phe solid
kneaded m@ure C n.g&ﬁcgnver gfd to liquid m xture of uniformstate is an
i mpor t ant WRaSAnd milkEsee Wﬁb‘s freBefrous pignent |iquid dispersion with
favorable properties. In practice, the formation of the liquid state

affects signifl08@8ltly to the initial 25 dispersion particle size, the degree
of suppression of large particles, and the long-term 7 dispersion

stabilo ty. HovByeding thefvgotésessatie\dispehitiligafihapighbnt daa berimpasedhas not been

However, because a kneaded mixture formed using a two-roll mill is produced by
kneading at a high temperature to soften the resin, the solvent medium evaporates,
resulting in a dramatic increase in the solid fraction. The kneaded mixture is cooled
following kneading, and is supplied to the subsequent liquefaction step as a room

15  temperature solid. Accordingly, the aqueous medium is added to the kneaded mixture,
which has developed increased hardness as a result of cooling, and the resulting mixture
must then be converted to a uniform liquid that is suitable for use within a dispersion
device. However in this step, a high shearing force is not conventionally applied to the
kneaded mixture, and the kneaded mixture and the aqueous medium are simply mixed

20  together and stirred to generate a uniform mixture. However, during the conversion to a
liquid form following the formation of the solid kneaded mixture, the degree to which the
solid kneaded mixture can be converted to a liquid mixture of uniform state is an
important factor in achieving an aqueous pigment liquid dispersion with favorable
properties. In practice, the formation of the liquid state affects significantly to the initial

25  dispersion particle size, the degree of suppression of large particles, and the long-term



investigated to any great degree. [0009] For exanple, the production
process disclosed in Patent Reference 1 is a 5 production process in which a
pretreated kneaded m xture nade by using a two-roll mlling apparatus is

m xed with an aqueous al kali solution of potassium hydroxide as a
neutralizing agent to forman aqueous pignent |iquid dispersion. In this
process, the kneaded m xture containing the pignent and the resin is

di spersed withi.n the aqueous alkali.solutjon, while the base is _consunmed by
neutr | 2 PR SRR O Eresehr v GRtOTAIY (BS PRGTaRaS o PRECa ASBMTHES ont et
bet ween the kneaded m xture and the aqueous al kali solution occurs at the
surf ace ofinvestighied seiany grextdegeee. there is a difference in both the quantity
of base present and the pH when the surface portions of the |unps of the
kneaded m xt ur €[0009int act t he aqueous al kali sol ution, and when the interior
portions of the kneaded m xture contact the aqueous alkali solution. In

this product i ONpeASRBR, iielproduckiBR Yitibed delobSIPRCARIbARPT AN particle

fromthe kneaded m xt sperses w thin the agueous nedi um di spersion

occurs mMth the. resin adsorbed to t i nt. surface, but if the pH of the
i sper < orPREHTRPTARs S RHER S aletienfed s UeH Mic ik HAFE by filhe oyS 37 Pt esi
conponent that either, dissolves within the dispersion nmediumor exists in a
mi cel | ar sHHlBE apRaratBis mixed yathiangduepus alkabisghian of petasswn hydipxids@p dase.
These resin conponents are unable to 20 exist stably within the dispersion
medi um as fiduerapring agém tafomcarnquansgigneemdgoabdispersionf In thisnpeoqasg nent
particles, and are consequently di sadvantageous in terns of achieving

favorabl e dicad&l mibreThaRidin &e%‘é@ﬁerﬁ@n@ﬂfe@@ﬂﬂ% dﬁﬁz‘ﬁe@r%-wiﬁﬁﬁm B&R. the
production process disclosed in Patent Reference is a produé]tl on process

R T e e e T L
oot o Wl poresin. hoduse the contady Detweeh the kneaded mixfure and the aquebus afkali $opution "
occurs at the surface of the kneaded mixture, there is a difference in both the quantity of
base present and the pH when the surface portions of the lumps of the kneaded mixture
contact the aqueous alkali solution, and when the interior portions of the kneaded mixture
contact the aqueous alkali solution. In this production process, it is thought that when a
15  fine pigment particle from the kneaded mixture disperses within the aqueous medium,
dispersion occurs with the resin adsorbed to the pigment surface, but if the pH of the
dispersion medium is too high at this point, then the quantity of the resin component that
either dissolves within the dispersion medium or exists in a micellar state, without
adsorbing to the pigment surface, may increase. These resin components are unable to
20  exist stably within the dispersion medium as the pH falls and can cause re-aggregation of
fine pigment particles, and are consequently disadvantageous in terms of achieving
favorable dispersion stability over an extended period.
Furthermore, the production process disclosed in Patent Reference 2 is a

production process in which a pigment, a dimethylaminoethanol-neutralized aqueous

25  resin solution, and butyl carbitol are kneaded together using a two-roll mill, and the



di met hyl am noet hanol and butyl carbitol using a high-speed m xer. The solid
fraction concentration of the solid chip obtained fromthe kneadi ng using
the two-roll mll is wunavoidably high, and noreover, this production
process al so involves adding the solid 5 chip directly to the dispersion
medi um for m xing. During m xing, because a high shearing force is not
inparted to the m xture, |oosening i ndidi dual fine pi gment particles from
the solid chipis inefficient, meaning it is difficult to achieve a uniform
l'iquid nrestiting chiptis thentdivpughd withai a mbedagadius tylutibn theaih@gy N conponent t hat
ei ther dissolves within the dispersion nmediumor exists in a mcellar state

al so t endginiéthylavainRadEnol Wal Gltyl H?&Eitélﬁxsin%oa ﬂkﬁ-@ﬁéeﬁinﬁﬂer. [BR1RLid faeishe ot her
hand, processes are also known in which a nixture containing not only a

Cubj oot oty RERgishd f Atk IBRRH nofihe Rieaindnsilufe FAPRIBMLS S aded

mxture wwth a r.sol.id 15 fraction that is re readily, di spersed, and
water is %ﬁldgg@ﬁgg@&n@mcgeqﬁ%tt TR PIRARSE 3ISAdRY V‘E?cﬂﬁlfi}“lgdgﬁ?"l{dhereby
producing a liquid-state mxture (see Patent Reference 3). In this type of
pr oduct i ophipdireettysto thediapersion medives for mikerg. Dungiminingabedanse alhigher sant i s
neutral i zed by the basic conpound, even dispersion within the dispersion

medi um Vmbkﬁiﬁrhl%ﬁﬁ@e Rlot HAFHrRE fo heMMRRIr€ AGosLRInA Y GBSl RRJitventPartRldsesul t, a
base need not be added to 20 the dispersion nedium the quantity of resin

conponent gaj tHeLq il g@%‘e’;g@fﬁgﬁhbﬁéﬁ@g it i hﬁﬁS&lﬂoOd%B{E%Q%‘ﬁmeﬁn W'Bhi'a‘ n a

mcellar state s r spersion stabilrty can e | nproved.

Mo , _1.n thagsi wh t he pj t di | | [ t,.
aqueous YR 1bi TR e sty ShEerumcomRamse fareiiiebtisntviiaitin s eq

that includes the step 9 of liquefying the solid or sem solid kneaded
m xt ure biheckispersian mediumear enistsdn agnigeliar statesalel tepdstatinereasy, whishiineity e (see
Pat ent Reference 4).

10 dispersion.

[0010]

On the other hand, processes are also known in which a mixture containing not
only a resin, a pigment and a wetting agent, but also a basic compound, is subjected to
kneading at a lower temperature, thereby forming a kneaded mixture with a lower solid

15  fraction that is more readily dispersed, and water is then added to this mixture while
kneading s continued, thereby producing a liquid-state mixture (see Patent Reference 3).
In this type of production process, because the resin that functions as the dispersant is
neutralized by the basic compound, even dispersion within the dispersion medium which
does not contain a base can be achieved easily. As aresult, a base need not be added to

20  the dispersion medium, the quantity of resin component either dissolved within the
dispersion medium or within a micellar state is reduced, and the dispersion stability can
be improved.

Moreover, in those cases where the pigment used is a yellow pigment, an aqueous

yellow pigment dispersion solution production process may be used that includes the step



The processes for produci ng agueous pignent |iquid dispersions disclosed in
the above Patent References 3 and 4 use a kneadi ng apparatus that includes
a stirring tank 5 and a stirring blade, and offer the advantage that

| i quefaction can be achieved by sinply adding the agueous nmediumto the
kneaded m xture within the stirring tank and inparting a powerful shearing
force to the mxture. Controlling the |iquefaction conditions is also
relatively sinple. These. productiqn processes, are extrenely usefu] for

appl i cati o lmeéﬂgﬁ%ﬁﬁghd o spAnsakidikngaded gnighire By, P?r&e@%mﬁm@@nﬁm‘i@ and
exhibit 10 remarkable effects in terns of reducing the occurrence of coarse
parti cl es,adding watpr tovhagpixtuted seti Rapet Refarerwealdi | i ty of the aqueous pi gment
liquid dispersion and the ink jet recording ink. However, when applied to

pi gments that HEheeprofesyesiBaprodutihgaquedusipighirabligiid Wispetdns discRE&t e
pi gnents, although the properties of the resulting dispersion and ink can

be i nprov f . i i

D oL P" OV boRE B RUBRGCAPEYE R ARERRARNE Nl SRRAPAORRIAR
o e R b o o8 ST BT RERS S STETS RBLRLBEL R e oes
in the above references, ensuring that the adsorption of the resin to the
pi gment s uaddingethe aquacys medvihiojthe kneaded anetuie witlys theastirring taskaadni ng 20
favorabl e dispersion stability for the resulting aqueous pignment |iquid

di sper si onmpAging a peearhiil shdaniagdonee td the npik@ine NConttdiing sheiguefabionvet ti ng agent
and the basic conpound using a powerful shearing force nust be conducted as

a pretreat é&%ﬂfﬁgnyﬁsﬁw lativB§ sli&l@u.efmeécg lfr?nﬂduc‘ﬁbﬁ B_rdc@sgle@ hiehexWakRly Refhl ?or}[’\Bt ting

agent are m xe _ tﬁe sol'i d kneade xture'is also very iI'nportant.
the. di sperBRFtea i piacle i e PR B mmel shice B g oo FhBllGea mxt ure.
the 10 conpatibility of the kneaded m xture and the water during the
| i quef ¥t i §Maskable affgpts 1p deramsiob redqusing the peoHE eRgeeot| coaise padicles rangtimprovine s
considerable tine, resulting in a
the dispersion stability of the aqueous pigment liquid dispersion and the ink-jet recording
ink. However, when applied to pigments that have only weak surface hydrophobicity
such as azo-type pigments, although the properties of the resulting dispersion and ink can
be improved beyond those observed for other conventional production processes, the
15  effects observed are still not entirely satisfactory, and the dispersion stability over
extended periods remains inadequate, meaning further improvements are still required.
[0011]
In the processes disclosed in the above references, ensuring that the adsorption of
the resin to the pigment surface occurs smoothly is extremely important in obtaining
20  favorable dispersion stability for the resulting aqueous pigment liquid dispersion. Asa
result, kneading the pigment, the resin, the wetting agent and the basic compound using a
powerful shearing force must be conducted as a pretreatment. However, the liquefaction
step in which water and a wetting agent are mixed with the solid kneaded mixture is also

very important. Furthermore, depending on the particular combination of the pigment

25  and the dispersant, and the solid fraction concentration of the kneaded mixture, the



reduction in the production efficiency. Particularly in the case of azo-type
pignments and the like with a hydrophilic pignment surface, the dispersion
stability over time of the 5 resulting pignment dispersion solution renains .
unsati sfactory, and further inprovenments are needed to reduce the quantity
of the resin conponent either dissolved within the dispersion nmedium or
within a micellar state. However, currknt investigations of the

| i quefaction step are not entirely satisfactory. [Patent Reference 1] 10

Japanese ddnmasbilinest the kesided\piixtufadndee whief 8drifgubt ligaéfactionNtep gy 06- 157954
[ Patent Reference 2] Japanese Unexam ned Patent Application, First

Publ i cat i Qe 2R84 £HGE T e, Unexam ned Pat ent
Applicati on,rm%t?’st%b%&iﬁgg ?eg%%f%&?(g%ge‘js%gois1ab3%gﬂrﬁpgbt§§1§1?g:5!5; erence 4]

Japanese Upexam.ned Pat ent licat}o First. . Publication No. 2005-060411

D) S0t ooUrE GLOT R P o e 5RienEE RNeypt i St e S EmeBR a1 s to
provi de a_  process for producing an _ aqueous pignment |iquid dispersion that
exhi bi t s the Hkgywith @ dwdropailicpigaent sniscee theidispessiop stabiliysvestize of Hs e

di spersion state to be maintained over an extended period, can be used wth

al | ménneesuitingappmentsdispeksomsudutanuemams aosatisfagtony taed ifedtiser imprbveamwntoe used
particularly favorably for the production of ink jet recording inks that use

an azo-t Ypeneded tdkeBAde b bHariy bf b k@i dontlRmBMAiner Avvddiwiiuga e ements. 11
[0013] As a result of focusing their investigations on the process of m xing

2 Kneadedy g ACL AP kPR, 6580 Lk Bhe b Ll B g0 tYPe

pi gnent , yrene-acr

liquefaction step are not entirely satisfactory.

[Patent Reference 1]

10 Japanese Unexamined Patent Application, First Publication No. Hei 06-157954
[Patent Reference 2]
Japanese Unexamined Patent Application, First Publication No. 2001-081390
[Patent Reference 3]
Japanese Unexamined Patent Application, First Publication No. 2005-060431

15 [Patent Reference 4]

Japanese Unexamined Patent Application, First Publication No. 2005-060411

DISCLOSURE OF INVENTION
[0012]

20 An object of the present invention is to provide a process for producing an
aqueous pigment liquid dispersion that exhibits a high degree of production efficiency,
enables a stable dispersion state to be maintained over an extended period, can be used
with all manner of agueous inks and aqueous coating materials, and can be used
particularly favorably for the production of ink-jet recording inks that use an azo-type

25  pigment with particularly demanding quality requirements.



acid copolynmer (b), a basic conpound (c) and a wetting agent (dl) with an
aqueous 5 nedi um containing water and a wetting agent as the nmain
conponents, thereby conducting a |iquefaction, the inventors of the present
i nvention discovered that, in the |I|iquefaction step, rather than m xing the
kneaded m xture with only water, initia}{ng the Iliquefaction by mxing the
kneaded m xture with both water and a wetting agent enabled the subsequent
|l i quefaction to proceed nore efficiently, enabling the formation of a nore
10 favorabl e adﬁgﬁﬂs pigment |iquid dispersion, and they were therefore able
to conplete the present invention. In other words, the present invention
provi des a pr ocAss rdsolt of faxsing tlgpininvesygemens onghepeeessldaf quikohgdi lspadesli on t hat
is formed by mxing a solid kneaded m xture including a pignent (a)

cont ai ni Nomdire ivclédinga Pignydde (DicoiRiHing Mamly GE AR~ THE Eign‘fen@,(&l‘ fyremnadryner (b),
15 a basic conpound (c) and a wetting agent” (dl) wth an aqueous nedi um the

¢ compound (c) | . .
Cont i ni ncheie e indt G 34952 EbirBButl €F af o GRALLALER AR I BROHT. | oo ng

of the 5sol i d,kneaded .m xture, .thereb r(;l;ene ating a | igui d state, wherein
the tothal WELHE Goptayping paterapd p st (A§35C DAHPTRONERSS, thF"ieEYIef action step
is within a range from0.5 to 40 mass% of the solid kneaded m xture at 20
t he poi nt emdiefing aliquefactibngthe invientoes ofché present epvention didchvierasithat; inther esent
invention also provides an ink jet recording ink that contains, as the main

conponent , li@RfRELE 6t¢p, rath@thah nhikiigithe haaped mibatrepyi@tomi¢advads| ivgtiatinhpeheabove
process for produci ng an aqueous pignment liquid dispersion. [0014] 12 Air

and noi st uyg : ‘ | QF : i i eve
Favor b o TueRAR0 By blikRAdhY AR BRINC G G Sucrdd o e Bont chaBfed BV
pi gnent  sur

di sper santt&lle ];s'ﬁcsfgﬂlée%g gg‘téer}g?t{%{n&g%%fﬁgé;%gec ‘%‘?ﬁﬁg%g%%%%%&@g@\ﬁ% P’f\%gﬁ’f‘? on, it
is thought that the wetting agent (dl) initially
10" favorable aqueous pigment liquid dispersion, and they were therefore able to complete
the present invention.
In other words, the present invention provides a process for producing an aqueous
pigment liquid dispersion that is formed by mixing a solid kneaded mixture including a
pigment (a) containing mainly an azo-type pigment, a styrene-acrylic acid copolymer (b),
15  abasic compound (c) and a wetting agent (d}) with an aqueous medium, the process
including a liquefaction step of adding an aqueous medium containing water (e) and a
wetting agent (d2) while continuing the kneading of the solid kneaded mixture, thereby
generating a liquid state, wherein the total quantity of the wetting agent (d2) added in the
liquefaction step is within a range from 0.5 to 40 mass% of the solid kneaded mixture at
20  the point of initiation of the liquefaction step.
In addition, the present invention also provides an ink-jet recording ink that
contains, as the main component, an aqueous pigment liquid dispersion produced using

the above process for producing an aqueous pigment liquid dispersion.

[0014]



r
5 perforns the role of wetting the pignent surface. As the kneadi ng
progresses, the pignent and the styrene-acrylic acid copolyner are crushed
under the effect of powerful shearing forces, and the newly formed pignment
surfaces are also wet by the wetting agent, and subsequently coated with
the styrene-acrylic acid copolynmer. The following |iquefaction step is
t hought to usually proceed in the mani2r descri bed bel ow. Nanely, 10 as the
| i quefaction step of adding water progresses, the wetting agent (dl) that

wetted the pPAGEHAmSIHufSsRNAER tgkﬁgﬂe@n@slﬁﬁc@s,%ﬂ&jﬂ‘@d@i‘to RAyé he kneaded
m xture lunp is gradually convertéd to individual pignent particles in

whi ch th ' | st -acrvlihe ackd copolynmer. It is
thought  THAEESesr T BRERAIHY bR B BRO AR ) TP eBBYCE that,
the final structure,. the bepnzene ring derived fromthe styrene 15 binds to
the pi gné¥H acaeﬁgks‘rté% bigeneat gitace @@%’cwatfqdn\@th the diipgrant  Inghrorase of thee
carboxyl group derived fromthe acrylic acid devel ops a negative charge by
i oni zat i éneaded hiixtutehd thapresonn smvertibn, m is twughtribatrthpwesingagemt(dbanitialHg

di spersed particles that naintains the dispersed state. [0015] 20 In the

case of porfaas th NSO witihf i ﬂ%ﬁdéﬂ@ﬁﬁhde@ AN HERAdadY progssekfthe he
| i qguefaction step is not suitably controlled, then it is thought that

f avor abl e; ' . i ' i gnent
oy bo_| RIEHERPARY RS e defific o] CRAIART e Gyl SndaiRfe AR of okl OTEN
only water fromthe oputset, then the styrepe-acrylic cid copol yner that
s adoo Stsatingae attE e eed RiebY et i Hlsofte B e, bR PE B8t 1 o
likely to detach fromthe pigment surface and disperse within the water.
However , andsubssqugndncamedyith He sirend-angylzapaid cqpodymern Theifellowiggef acti on step,

the water dilution of the wetting agent (dl) used for wetting the pignent
surface figesfaeida sspdwtivugknahkially priveed dode ngnef desbitbeditgiowt Namefyace by the

styrene-acrylic acid copolyner during the |iquefaction step to proceed
favog@bl Y the liquefaction step of adding water progresses, the wetting agent (d1) that wetted the
pigment surface becomes diluted with the water, and the kneaded mixture lump is
gradually converted to individual pigment particles in which the surface is coated with
the styrene-acrylic acid copolymer. It is thought that the styrene-acrylic acid copolymer
(b) functions such that, in the final structure, the benzene ring derived from the styrene

15  binds to the pigment adsorption site, thereby coating the pigment, whereas the carboxyl
group derived from the acrylic acid develops a negative charge by ionization within the
aqueous medium, causing repulsion between the dispersed particles that maintains the
dispersed state.

[0015]

20 In the case of an azo pigment with a hydrophilic pigment surface, if the
liquefaction step is not suitably controlled, then it is thought that favorable adsorption of
the styrene-acrylic acid copolymer to the pigment may be inhibited. For example, if the
liquefaction step is conducted using only water from the outset, then the styrene-acrylic

acid copolymer that has adsorbed weakly to the weakly hydrophobic pigment surface is

25  more likely to detach from the pigment surface and disperse within the water. However,



5 Furthernore, in the liquefaction step, by adding the water (e) and the
wetting agent (d2) to the kneaded m xture as needed, the pignment particles
t hat have been converted to fine particles and then coated with the resin
can be dispersed within the aqueous nedium At this time, it is thought
that the resin carboxyl groups positionegd close to the interface between

t he aqueous nedi um and t he di spersed pignent surface 10 have a negative

charge, thereby stabilizing the pi nt. parti.cle dispersion. .In der to
obtain an r@qﬁ%‘{)ﬁ%ﬂ%&ﬁﬁ’@ﬁ?ng pesar ﬁﬁbj?rg%gﬁ-l uSFRCtipR FeR.pe vatst dﬂpg%gtgtL%n
stability, the conditions should be set so that the ionization of the
car boxyl ~ gwestips agesv(d veed for avettingethe pigmgaesurface prapgednstowdydenablingithet he

di spersed pignment surface proceeds favorably. In the initial stage of the

| i quef act i gpating bfiyhle pigrmieht Rarfidecbywhe styrehelachid atideopblyhienduridgthegent (d2) has
little effect of liquefaction on the solid or semsolid state of the kneaded

m xture. | %&?ﬁﬁfmgt%ﬁ%g%%&mvg;aﬂ ient liquefaction, applying a shearing
sol1d kne

force to t ed mxture while the kneading is continued in the

presen of a certain quanti.t f.water.is particular i pportant. Applying
D bovert ul' shearirtigmgrecti B atfcof ey bk ik s s Btel b BE Welhe o |
formati on between the resin carboxyl groups and 20 the basic conpound, and
shoul d havagent@2bforthe knegded mx@mwegﬁb the mgmentypagiclesdhaidiaye beggr oups

beari ng a negative charge. [0016] By using the production process of the
present i ncoameitaito fare pagicdasumdphgneated witlothie desith epebiesdisgrersednwviden diet ai ned
that has a fine dispersed particle size, favorable 25 dispersion stability

over ext erﬂ@ép@%&d&ﬂﬁ ANRis RS e ghtRdt tﬁéf%sin%%ox??érouﬁﬁi&ﬁiﬁleédf _
colorant within an ink jet recording rnk, even when uSing a kneaded m xture

o e A SRR o AR TS,
[0017] 10 have a negative charge, thereby stabilizing the pigment particle dispersion. In order to
obtain an aqueous pigment liquid dispersion with superior dispersion stability, the
conditions should be set so that the ionization of the carboxyl groups near the interface
between the aqueous medium and the dispersed pigment surface proceeds favorably.
In the initial stage of the liquefaction, simply adding the water (e) and the wetting
15  agent (d2) has little effect of liquefaction on the solid or semisolid state of the kneaded
mixture. In order to ensure an efficient liquefaction, applying a shearing force to the
solid kneaded mixture while the kneading is continued in the presence of a certain
quantity of water is particularly important. Applying a powerful shearing force by
continuing kneading accelerates the salt formation between the resin carboxyl groups and
20  the basic compound, and should have the effect of increasing the quantity of carboxyl
groups bearing a negative charge.
{0016}
By using the production process of the present invention, an aqueous pigment

liquid dispersion can be obtained that has a fine dispersed particle size, favorable

25  dispersion stability over extended periods, and properties that are ideal for use as a



In the present invention, the term"liquefaction" describes the operations
from mxing the water (e) and the wetting agent (d2) with the solid kneaded
m xture containing the pignent, the resin, the wetting agent (dl) and the .
basi ¢ conmpound (c), through until the solid fraction of the mxture is

| owered, and a fluid substance with a 10 uniformliquid state is obtained.
The solid kneaded mixture prepared inlthe kneading step is converted to
liquid formvia this |liquefaction step, and undergoes a reduction in

Vi SCosi t yolotaat withinsmask fat recoadihginko svesitweigentdsirig 4 imeatstemituvetfrvam whithi t i on of
t he aqueous nedium containing water and the wetting agent as the main
componenis aqledud FRnRAPAANA disheRAE At obldhbabld GHR 1igELObNshh drly Kafiep of
addi ng an aqueous nmedi um contal ni ng water 15 and a wetting agen¥ whi |l e
continuing the kneadi ng of the solid kneaded m xture, thereby producing a
liquid mxture that has fluidity. Mire specifically, in the present

i nvention, the point where addition of the agueous nediumto the solid
kneaded mi xture i s BENE MR FORCARRYING QYT HAE JVENTON | quef acti on step
initiation. The point where the mass of the aqueous nedi um added is equal
to th® nass of0AE solid kneaded mi xture at the point of 20 |liquefaction
step initiation is deened to be the end of the liquefaction step. The nass

of the kneadafth@ipidseritndintibhah® irft"lighethdtivne Uagetibedthe opbratibnd fréhi on is the
total mass containing not only the pignent, the styrene-acrylic acid

COPOl Y e i AL S APAU AL AL a2 Bl ASoRIRRLadk miplt 2 20 those

subst ances a . urposes viscosity of the
e e At o 8 SRl B B RERRAD8 o
description of specifics of the present invention is provided below Each
of the r&hrowghtuntil thessolid &uction oftthe pixsureos loovergt, and s Slugt subkangs wiskat i nventi on
5 is described below, followed by a description of the sequence of the
produ@t i amifgfrok@Ré state is obtained. The solid kneaded mixture prepared in the kneading
step is converted to liquid form via this liquefaction step, and undergoes a reduction in
viscosity via a viscosity regulation step that involves further addition of the aqueous
medium containing water and the wetting agent as the main components. In the present
invention, the liquefaction step is a step of adding an aqueous medium containing water
15  and a wetting agent while continuing the kneading of the solid kneaded mixture, thereby
producing a liquid mixture that has fluidity. More specifically, in the present invention,
the point where addition of the aqueous medium to the solid kneaded mixture is initiated
is defined as the point of liquefaction step initiation. The point where the mass of the
aqueous medium added is equal to the mass of the solid kneaded mixture at the point of
20  liquefaction step initiation is deemed to be the end of the liquefaction step. The mass of
the kneaded mixture at the point of liquefaction step initiation 1s the total mass containing
not only the pigment, the styrene-acrylic acid copolymer, the basic compound and the
wetting agent (d1), but also those substances added for purposes such as regulating the

viscosity of the kneaded mixture in those steps between the start of the kneading step and

25  the initiation of the liquefaction step.



of the present invention. [0019] The wetting agent (dl) and the wetting
agent (d2) used in the solid kneaded m xture of the present invention nmay
be any organic solvent on the condition that it 10 remains within the

pi gment di spersion solution even after evaporation of the noisture content,
prevents the aggregation of fine pignen}sparticles to which the resin has
adsorbed, and is soluble in water. By using these types of wetting agents,
whi ch are conmonly enpl oyed as components w thin conventional aqueous

pi gnent | i quid K@iépersions and ink jet recording inks, the wetting agents
need not be renoved in |ater 15 steps. Specific exanples of wetting agents
that may be used nmare ﬂmﬂecb&sydp&omet&pe@iﬁcs of the presént intenyibe meprgiided| |

di et hyl ene glycol, triethylene glycol, tetraethylene glycol, polyethylene
gl ycol , prisgwvene gl ycol, dipropyl ene glycol, polypropylene glycol, 1, 3-
propanedi ol , 1, 4-butanediol, 1,5-pentanediol, 1,6-hexanediol,

1, 2, 6- hexanetri i @'H aﬁg i | I C

al cohol al kyl eltﬁ“) Cgrosftdééu%ﬁ}lggée%lgél?e ;q/’P e edgﬁ&%ﬁs%%gé{)%? ?fesglﬁﬁ}e{{g,ﬁ%h
tetraethyl ene al . no t hyl et her and .propyl ene | ycol nonoet hyl et her,
pol yhydYi c‘ngicg’h%ﬁg%]PW ﬁgﬁ@%)y Créigloé‘tqg@?ee% “iﬂcﬁé’gﬁle% Eﬁgﬂceét her and
et hyl ene gltycol monobenzyl ether, |actans such as 2-pyrrolidone,

N- et hyl - 20fghe prgsend diventioni c- capr ol actam and 1, 3-di net hyl i m dazol i di none.
[0020] 16 The wetting agent (dl) and wetting agent (d2) nay al so use

arbitrary m xtu0esolof the organi c conpounds described above, and the sane
organi ¢ solvent nmay be used for both the wetting agent (dl) and the wetting

neadi ng. © he wir g ae T ont e A e o) L BRI M ade
R o L O T MR
APt operi at reerrfa(i)r{s vst/i?hei\n %l;tea;;igmg;t ci[i?p%rsion solution even after evaporation of the moisture

content, prevents the aggregation of fine pigment particles to which the resin has

adsorbed, and is soluble in water. By using these types of wetting agents, which are

commonly employed as components within conventional aqueous pigment liquid

dispersions and ink-jet recording inks, the wetting agents need not be removed in later

15  steps. Specific examples of wetting agents that may be used include polyols such as
glycerol, ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene glycol,
polyethylene glycol, propylene glycol, dipropylene glycol, polypropylene glycol, 1,3-

1,2

2 1=

propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol 6-hexanetriol,
trimethylolpropane and pentaerythritol, polyhydric alcohol alkyl ethers such as

20  diethylene glycol monobutyl ether, tetraethylene glycol monomethyl ether and propylene
glycol monoethy! ether, polyhydric alcohol aryl ethers such as ethylene glycol
monophenyl ether and ethylene glycol monobenzyl ether, lactams such as 2-pyrrolidone,

N-methyl-2-pyrrolidone and g-caprolactam, and 1,3-dimethylimidazolidinone.

[0020]



pi gment di spersion solution during Iiquefaction of the kneaded m xture
shoul d be selected, although using the sane wetting agent for both the
wetting agent (dl) contained wthin the kneaded m xture and the wetting
agent (d2) used during the liquefaction step 10 is particularly preferred,
as it favorably pronotes snooth resin adsorption to the pignent particle
surface during |iquefaction, suppressd8 the aggregation of fine pignment
particles, and tends to reduce the quantity of free resin conponents that
are not adsor T&e wening agengd pandweting egentad) nvigtdliongse agdthrymaiknuesofei t her a
si ngl e compound or a conbination of two or 15 nore different conpounds.

Pol yhydr ige Gp&0 ebﬁﬁélhf;ah g@éb\‘i%e@?tkﬂv@haﬂ%é b4tk dr%gbu% solvElff m¥Pbdhdeli'fby and a

hi gh surface™t ensi on, are also liquid at om tenperat'ure are preferred,

and gl ycel uch_as diet e | ycol an i ethyl ene glyco re .
art ol ey REER e &) SHine yEiRe 1800 ) B PHELE et BE Retipey cor i s
nost preferred as the wetting agent (dl ), as it i s capable of nmaintaining a
state duPBei (thased Ayringlmeadiag, the wetingagentd 82 isgdemtinp bquafagsienoi e, and i f
di et hyl ene glycol is used as the wetting agent (dl), then diethylene glycol
i s préf ekatddgd alismraismdefselected enwlixd basisgpfadettter {tat2h give®dd vettingafifpties of t he
pi gnment (a) that contains mainly an azo-type pignent include conventional
azo-type apd q@éﬁﬁn%ﬂ@c@'lﬂﬁ%ﬁi&,%@&@%ﬁ%&ﬁt iRt 9 4PpropRfe FHINE Batedst thhre 25 mai n
conponent. Regardl ess of which pignen ype is used, using a wetting agent
with 17 ¢ I ] feact | t el. onpatibility
pet ween PHiieatisgait sblifoh dind BUEREbh AR I AT P BA £ETI
stages of the |ligquefaction than usjn only. ter, meanin he |iquefaction
of the séfieefedAlAREN HHng the sarpe wetddestie b?mtgthew’e%?geag@laﬁowﬁss me.
Furthernore, for the reasons descri bed above, an aqueous pignment 5 |iquid
di sper si ovithm the koegsled inxtupe apkthe wettingagetyd ddbased dedng thediquetatiorestep operti es
of the pignent such as the hydrophilicity of

10 is particularly preferred, as it favorably promotes smooth resin adsorption to the pigment

particle surface during liquefaction, suppresses the aggregation of fine pigment particles,
and tends to reduce the quantity of free resin components that are not adsorbed to a
pigment surface.
Each wetting agent may use either a single compound or a combination of two or
15 more different compounds. Polyhydric alcohols that have a high boiling point, low
volatility and a high surface tension, and are also liquid at room temperature are preferred,
and glycols such as diethylene glycol and triethylene glycol are particularly desirable. Of
the various possibilities, diethylene glycol is most preferred as the wetting agent (d1), as
it is capable of maintaining a state during kneading that is most suited to pigment
20  dispersion, and if diethylene glycol is used as the wetting agent (d1), then diethylene
glycol is preferably also used for the wetting agent (d2).
[0021]
Examples of the pigment (a) that contains mainly an azo-type pigment include
conventional azo-type pigments and pigments containing an azo-type pigment as the

25 main component. Regardiess of which pigment type is used, using a wetting agent with



hydr ophobicity or the Iike, which have a |large effect on the pignment
dispersibility, are determned by a variety of conditions during the
synthesis step for the pignment crude and the pigmentation step. For
exanpl e, organic pignments that have been synthesized in 10 water during the
pi gment synthesis step, or in those cases where the synthesis sol vent
includes a plurality of conponents, organic pignments that have been

synt hesi zed in an .organic solvent nmediumin which water represents the
conmponent e ater during Hiediquetaction gep yieklsdettergompatipility betvegr the agperusphobi ci ty
and have hydrophilic surface properties. Wat is described here as the
synt hesi s medipmranddhakmeaded maare duying ¢heaingtiah sth gessifalyeliqite faogion hesi wsingand
organi c pignments obtained via a plurality of synthesis steps are al so
included. diigwatki| memig the Nigueta@ddii 6f thé SHIRINEneh&AdHi Knite PXdtiebdsi withidaophi i c
properties even 1f only one step of the synthetic process uses a synthesis

Solvent ¢ gub syl fitinfieehin e, 5L MESR ROLYRALLGON LALDLAGS PRERR @S the

mai n conponent, ese cases, a dranatic e expected by
enpl oying the,productia rocess of .the present jnvention. For 20 the

pr oductﬁnonhqqé‘ég’éﬂﬁrs‘&ﬂtwla}g’@e'a%‘d?@?erﬁ?%ﬁ’?§%%‘?ﬁdlai ning an azo bond typically
exhi bit weak hydrophobicity and tend to have hydrophilic surface
properties. Exahid ssfage propeties of thepigment guehadsrthehydrephiboitidof ncl ude azo | ake
pi gnents, insoluble nonoazo pignents, diallylide pignents,

bi sacet oaclgtdaspHobitéty o gieliktes whibhstaze pYdrag offevd en pheopigihent disfedsibidiph aftol
pi gnents, naphthol AS pignents, benzi m dazol one pignents and di sazo 25

condensed i . P kSt 0022]
Eampl o o GTEMEY FYATRY BPeRldiE iR, BERDhReR fop B pRLtrutPang (100
Yellow 61, ,C. 1. Pignment Yellow 62, C. 1. Pignent.Yellow 100, .C.I. Pignment
Yol | ow 13hE Prgmentglieg slom’ Tos Brasmile.earic PIEtTR sy Preivueissized it Ohr grrent
Yel low 183, C. I. 5 Pigment Yellow 190, C. |. Pignment Yellow 191, C.|. Pignent
Yel | owtO191water during the gigseant syyihgsisgteryor inghese qpesrehare thelsysthesiosolvent| .
Pi gment Yellow 209, C. 1. Pignent Yellow

includes a plurality of components, organic pigments that have been synthesized in an

organic solvent medium in which water represents the component with the highest
compositional ratio, exhibit weak hydrophobicity and have hydrophilic surface properties.
What is described here as the synthesis step need not necessarily be a single stage

15 synthesis, and organic pigments obtained via a plurality of synthesis steps are also
included. The surface of the organic pigment tends to exhibit hydrophilic properties even
if only one step of the synthetic process uses a synthesis solvent that is either water or a
synthesis solvent containing water as the main component, and in these cases, a dramatic
effect can be expected by employing the production process of the present invention. For

20  the production reasons outlined above, pigments containing an azo bond typically exhibit
weak hydrophobicity and tend to have hydrophilic surface properties. Examples of
pigments that contain an azo bond include azo lake pigments, insoluble monoazo
pigments, diallylide pigments, bisacetoacetanilide pigments, disazopyrazolone pigments,
B-naphthol pigments, naphthol AS pigments, benzimidazolone pigments and disazo

25  condensed pigments. Examples of these pigments are listed below.



209:1 and C.I. Pignent Yellow 212; (3-naphthol pignments such as C 1. Pignment
Red 49, C 1. Pignent Red 49:1, C.I. Pignent Red 49:2, CI. Pignent Red
49:3, CI. Pigment Red 50:1, C 1. Pigment Red 51, C. I. Pignent Red 53, C I.
Pigment Red 53:1, CI. Pignent 10 Red 53:3, C. I. Pignment Red 68, C. 1.

Pi gmrent O ange 17 Cl. Pigment Orange 17:1 and C 1. Pigment Orange 46;

0- oxynapht hoi ¢ aci d- based pi gments such8as C. 1. Pigment Red 48:1, C. 1.
Pigment Red 48:2, CI. Pignent Red 48:3, C. I. Pignent Red 48:4, C 1. Pignment
Red 48:5, C. 1. [Oﬁzg]‘rent Red 52:1, C.I. Pignent Red 52:2, C|. Pignent Red
57:1, CI. Pignment Red 58:2, CI. Pigment Red 58:4, C.I. Pignent Red 63:1,

C 1. Pigment Red 'e@of:iz‘él& Oqlgﬁkﬁwudg%&ﬂzoﬁ '_sﬂ@i‘?gc'?eﬂtgﬁ% ot and

C. . Pignent Red napht h AS pignments suc gnen ed 151,

5 ament "R aioRS, é’f%lgﬂegﬁ%m%%@ﬁ?’%ﬁ%?afeelowdoarréﬁ qeosion1ag

napht hal enesul foni ¢ aci d- based pignments such as_C. rrent Yel | ow 104,

C. 1. Pi gnkrt Pemgayclioy 162, C.L BigmenYolew 68, Cd. i’lgmnng w83 66, C 1.
Pigment Red 67, 20 C. 1. Pignent Red 273 and C.1. Pignent Red 274. [0023]
Exanpl &s BfgIﬁens‘&fbﬂld!wd90{,tﬁlbéﬁgmgitgtf‘aﬂou519m€lluﬂ'gn@nt Yelingriebtl, ¥dl Pigmett C. | .
Pignent Yellow 2, C 1. Pignent Yellow 3, CI. Pignent Yellow 5, C . Pignent

Yel | ow 6, Yeﬂ‘m{z zoElgm%mé(ﬁlst&w“ﬂibﬁ €.1l pi é%eawenoa’abbm@ gmént Yel[dwgment
Yel | ow 60 Pi gn'en 19  Yel |l ow’ 65, . Pi gn'ent YellTow 73, C.1. Pigment

Yl I ow 7420981 pod GoPERen Ll G2 3:p-neptiio s‘;?,*ef‘e”m Ba PaPiament keq & Pba%.”S rent

Yel l ow 130, C. I. Pl gnent Yel | ow 160, C.|. Pi gnent YeI | ow 167, C.|. Pignent
Yel | ow 2081 bgmenPRghé%ﬂ Ol Rigment Radd9e, IC I Pigment Red48iiy €6 Pignent Regl es of
diallylide pigments include C. 1. Pignent Yellow 12, C|. Pignment Yellow 13,

C. 1. Pi gmet, ¢) PigvedtRedS Il, C.IPP{pmeont R¥é ISB,C(\l\/I.JPKgméhtIRedFBBQIrE(IlI. Pighémw 55,
C.|. Pigment Yellow 63, CI. Pigment Yellow 81, C . Pignment Yellow 83, C .
Pl gMef§  Red 53:3, C.I. Pigment Red 68, C.I. Pigment Orange 17, C.I. Pigment Orange 17:1 and
C.1. Pigment Orange 46; B-oxynaphthoic acid-based pigments such as C.1. Pigment Red
48:1, C.I. Pigment Red 48:2, C 1. Pigment Red 48:3, C.I. Pigment Red 48:4, C.I. Pigment
Red 48:5, C.1. Pigment Red 52:1, C 1. Pigment Red 52:2, C.I. Pigment Red 57:1, C.L
Pigment Red 58:2, C I. Pigment Red 58:4, C.I. Pigment Red 63:1, C.1. Pigment Red 63:2,
15 C.1. Pigment Red 64, C.I. Pigment Red 64:1 and C.I. Pigment Red 200; naphthol AS
pigments such as C.1. Pigment Red 151, C.I. Pigment Red 211, C.I. Pigment Red 237,
C.I. Pigment Red 239, C.I. Pigment Red 240, C.1. Pigment Red 243 and C.I. Pigment
Red 247; and naphthalenesulfonic acid-based pigments such as C.I. Pigment Yellow 104,
C.1. Pigment Orange 19, C.I. Pigment Red 60, C.I. Pigment Red 66, C.I. Pigment Red 67,
20  C.I. Pigment Red 273 and C.L. Pigment Red 274.
[0023]
Examples of insoluble monoazo pigments include C.1. Pigment Yellow 1, C.I.

Pigment Yellow 2, C.1. Pigment Yellow 3, C.1. Pigment Yellow 5, C.I. Pigment Yellow 6,

C.I. Pigment Yellow 10, C.I. Pigment Yellow 49, C.I. Pigment Yellow 60, C 1. Pigment



Yellow 87, C.I. Pignent Yellow 90, C. 1. Pignent Yellow 106, C I. Pignent
Yellow 113, C.I. Pignent Yellow 114, CI. Pignent Yellow 121, C |. Pignent
Yel l ow 124, C.1. 10 Pigment Yellow 126, C. 1. Pignent Yellow 127, C.I.
Pignment Yellow 136, C I. Pignment Yellow 152, C. 1. Pignment Yellow 170, C.I.
Pigment Yellow 171, CI. Pignment Yell 0Wq 172, C. I. Pignent Yellow 174, C. 1.
Pi gnent Yel | ow 176, C. 1. Pignent Yellow 188, C. I. Pignent Orange 15 C.I.

Pi gment Oran 16 and ment Orange 44, [0024 15 Exanpl es _of

bi sacet oac%% ﬁf del 5 ‘@ﬁ%ﬁt‘@? THi&el @gmenlbﬁ@ﬂe}’{tm Hi Bigmegt Yellow 75p; gnent
Yel |l ow 155, C. 1. Pignment Yellow 198 and C. 1. Pignent Yellow 212. Exanpl es of

di sazopyr a2l Rigmenti Yetorw 87,i(hEFugreerE. Yellowi 2frenk Pigneeng & elldw 1¢1) C.1. Hgopesint
Orange 34, C. 1. Pignment Red 37, C. I. Pignent Red 38, C. 1. Pignent Red 41 and

C.I. Pignmenéidsedid il Z%n&ﬁmlbwsmf Ca- B@ﬁi&hhvbnmgaer@& Pip@bhtdeellow -
Pigment Orange 2, C. 1. Pignent Oange 55 C . Pigment Red 1, C. 1. Pignent

Red 3, C I gﬁq?lralgg [ féﬁﬁh | es of

napht hol @ngﬁ%eﬁfggﬁﬂggg%%h PFBEH (B?gncﬁgl P I ghe %@Egd 25 5,

Cl. Pi grrent nent Red 8, . L. Pignment Red
10, C 1% 20 pe%f?éréﬂl%fodlﬂﬁld&wgmfﬂtwwﬁ K Pieene Yl il Plagients: . 1
Pignent Red 14, C. | gnent Red 15, C 1. Pignent Red 16, C |. Pignment Red
17, C. 1. Plejlami3fed Plgmerct Yellowp] 4hPigreent Xellow, 17, CHi Brgswent Below 33, C. | .
Pigment Red 23, C.I. Pigment Red 31, C. I. Pignent Red 32, C. 1. Pignent Red

95, C.|. RCgneiginehieYelloh263 @ I..PifiingrevdiloResll  T1¥ Pigmdnt YéllB’i:vgm;‘@t.I. R%ﬁheiaﬁ& Cl.
Pignent Red 136, C.I. Pignent Red 146, C |I. Pignent Red 147, C.|. Pignent

SRR S AR R R e
Pi grent C.1. Pigment Yellow 114, C.1. Pigment Yellow 121, C.I. Pigment Yellow 124, C.L
10 Pigment Yellow 126, C.I. Pigment Yellow 127, C.I. Pigment Yellow 136, C.1. Pigment
Yellow 152, C.I. Pigment Yellow 170, C.I. Pigment Yellow 171, C.I. Pigment Yellow
172, C.I. Pigment Yellow 174, C.I1. Pigment Yellow 176, C.1. Pigment Yellow 188, C.I.
Pigment Orange 15, C.1. Pigment Orange 16 and C.I. Pigment Orange 44.
[0024]
15 Examples of bisacetoacetanilide pigments include C.I. Pigment Yellow 16, C.L
Pigment Yellow 155, C.I. Pigment Yellow 198 and C.I. Pigment Yellow 212.
Examples of disazopyrazolone pigments include C.1. Pigment Orange 13, C.1.
Pigment Orange 34, C.I. Pigment Red 37, C.I. Pigment Red 38, C.I. Pigment Red 41 and
C.1. Pigment Red 111.
20 Examples of B-naphthol pigments include C.I. Pigment Orange 2, C.1. Pigment
Orange S, C.1. Pigment Red 1, C.1. Pigment Red 3, C.I. Pigment Red 4 and C.I. Pigment
Red 6.
[0025]
Examples of naphthol AS pigments include C.1. Pigment Red 2, C.I. Pigment Red

25 5, C.I Pigment Red 7, C.I. Pigment Red 8, C.I. Pigment Red 9, C.I. Pigment Red 10, C.I.



Red 210, C I. Pigment Red 212, C. 1. Pignent Red 213, C.|I. Pignent Red 222,
C.l. Pignment Red 223, C I. Pignent Red 238, C.I. Pignent Red 245, C I.
Pigment Red 253, 10 C I. Pignment Red 256, C. I. Pignment Red 258, C. 1. Pigment
Red 261, C. I. Pigment Red 266, C. 1. Pignent Red 267, C I. Pignment Red 268,
Cl. Pigment Red 269, C. 1. Pignent Oange 22, C.I. Pignent Orange 24, C.I|.
Pi gment Orange 38, C.I. Pignment Violet?013, C.I. Pigment Violet 25, CI.
Pigment Violet 44, C. 1. Pignment Violet 50 and C. 1. Pignment Blue 25. 15
(0026] PBErigmetRedf11bENzPign@azREDIE (. Pignérs RedqBUOE. Bigmlent R MBI Yel | ow
120, CI. Pignent Yellow 151, CI. Pignent Yellow 154, C I. Pignment Yellow

175, C. | .piBheirey 15Yel]l : I}‘%ﬁé’h{t I | nt Yel |l ow
194, C. 1. l I gnent lcsrggggl\ggpgﬁp}{%&}é CIf‘ii:')g nt 5@%8’2@%%%8‘*&1{%‘? ggrre%rg3 Or ange

62, C.I. apgen./2 I i nt 20 LR yaC . Pi Red 175,
Cl. Pi g&@%ﬁ%@i&d%sggc? ’Ig?“eﬁfcré?%i (%g?‘gf’é%‘?%ﬁ;hlééw Brgimspe REBReL ona ¢ 1
Pignent Vi.olet 32. [0027] Exanples. of . disazo condensed pignents include

C. 1. Pi grragfreny&eddds 9d. Pigment Resl Yhdnt PigmengRed 12,1 Pi rd N, Cdw 95,
Cl. Pignment Yellow 128, C I. Pigment 25 Yellow 166, C. |I. Pigment Orange 31,
C. | . PBi giegimerR®ad142, CC. RigmPntgReeint36REd. RigfhentReéd 145, C. PPigmat Redd4214, C. | .
Pignent Red 220, C.I. Pignent Red 221, CI. Pignent Red 242, C.|. Pignent

Red 248 and pigrhent Ried 188! C RabgmRbmt RddOGASE 1. %hﬁk&m{mﬁpwmdpi gment s
e

descri bed above, the production process of 5 present invention is

TR S T Mo O R S
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excel |l en

Pigment Red 223, C.I. Pigment Red 238, C.I. Pigment Red 245, C.I. Pigment Red 253,
10 C.I. Pigment Red 256, C.I. Pigment Red 258, C.1. Pigment Red 261, C.I. Pigment Red
266, C.1. Pigment Red 267, C.1. Pigment Red 268, C.1. Pigment Red 269, C.1. Pigment
Orange 22, C.I. Pigment Orange 24, C.I. Pigment Orange 38, C.I. Pigment Violet 13, C.1.
Pigment Violet 25, C.1. Pigment Violet 44, C 1. Pigment Violet 50 and C.I. Pigment Blue
25,
15 [0026]
Examples of benzimidazolone pigments include C.I. Pigment Yellow 120, CI.
Pigment Yellow 151, C.I. Pigment Yellow 154, C.I. Pigment Yellow 175, C.I. Pigment
Yellow 180, C.I. Pigment Yellow 181, C.I. Pigment Yellow 194, C.I. Pigment Orange 36,
C.I. Pigment Orange 60, C.I. Pigment Orange 62, C.I. Pigment Orange 72, C.I. Pigment
20 Red 171, C.I. Pigment Red 175, C.I. Pigment Red 176, C.I. Pigment Red 185, C.I.
Pigment Red 208 and C.I. Pigment Violet 32.
[0027)
Examples of disazo condensed pigments include C.1. Pigment Yellow 93, C.L
Pigment Yellow 94, C.I. Pigment Yellow 95, C.I. Pigment Yellow 128, C.I. Pigment

25  Yellow 166, C.I. Pigment Orange 31, C.I Pigment Red 144, C.1. Pigment Red 166, C.L



and coloring tone, and a high degree of chroma saturation and print density,
and consequently hol ds consi derable prom se as one of the few yel |l ow

pi gnents capabl e of 10 satisfying the nany properties required for a yell ow
ink for ink-jet recording. However, C. I. Pignment Yellow 155 is al so known
as a pignment that is extremely difficul$;to disperse stably within an
aqueous nedium neaning as yet, no ink jet recording inks that use C |

Pi gment Yel.l ow 155 e _avai | abl o) .cial products. Accordipgly, the
devel opne lgwnéieda%e@s%%ﬁﬁgﬁ?@ i- dg@ﬁg%dﬁit%altplﬁ%@ %6‘?%4%% gment
Yel  ow 155 15 and al so exhi bits excellent dispersion stability has been nuch
anti ci pat gl Pigmemdgedi8 andy.bFagmentyBed263ci d copol yner (b) used in the
present invention includes, as structural nononers, at |east a
styrene-based ngf28er and a nononer that contains an unsaturated aliphatic
carboxylic acid having a radical polynerizable double bond. O the 20

various possi bid)fﬂlb%-qgﬁm MIEpRnfeRRiRESHYE 2B WeG6a iR cegsgtfhﬁé | east

one of acrylic acid and nethacrylic acid are preferred, and co yners
containin Styr .acrylic aeid.and nethacrylic acid as.structura
rononer’s - EseBk R Bgfulafly Ael A VT RER b e A RdRABARIE  ¢ om 60
to 90 mass% of the styrene-based nononer unit relative to the total of al

t he nononetdeshibsia pattisulagly rogankable effgots swhen the pigmentis kdnRigment Ygllewand a

met hacrylic acid nononmer unit are preferred. The proportion of the styrene

22 based HindhkrPigmert YedloswErd yrelde ppnted éemb khat exliibit exeelleatigght fasarss’0 t o 90
mass% In particular, the conbined total of the styrene-based nononer

conmponent , afidh@lgtbh& aﬁ&h%igbmg%mffcﬁ@maﬁﬁmﬁ%dtd?ﬁn dBidngcand i ¢ acid
nononer conponent 1s preferably at |east 95 mass%within the total of all

the monomeLonSQUBARPAYS oBREANAR: bRyl XGSABTL oSy Ik OBRRKISE, (0) o

the presen on contal ns a concentr 0 e yrene- based
alent to at | east the total oQf all the npbnomer

ini 5,10 ¢ %%iéfg&lﬂ %W&&W%Sﬂ%&%%ﬂ%ﬁogﬁﬁl A iIB B HOHEvERr 1 aces
of cotor edC.I. Pigment Yellow 155 is also known as a pigment that is extremely difficult to
disperse stably within an aqueous medium, meaning as yet, no ink-jet recording inks that
use C.I. Pigment Yellow 155 are available as commercial products. Accordingly, the
development of an aqueous pigment liquid dispersion that uses C.I. Pigment Yellow 155
15  and also exhibits excellent dispersion stability has been much anticipated.

[0029]

The styrene-acrylic acid copolymer (b) used in the present invention includes, as
structural monomers, at least a styrene-based monomer and a monomer that contains an
unsaturated aliphatic carboxylic acid having a radical polymerizable double bond. Of the

20  various possibilities, copolymers containing a styrene monomer and at least one of
acrylic acid and methacrylic acid are preferred, and copolymers containing a styrene,
acrylic acid and methacrylic acid as structural monomers are particularly desirable.
Furthermore, resins containing from 60 to 90 mass% of the styrene-based monomer unit

relative to the total of all the monomer components, as well as an acrylic acid monomer

25  unit and a methacrylic acid monomer unit are preferred. The proportion of the styrene-



pi gnents other than the yell ow azo-type pignent used in the present
invention, and is able to favorably maintain the dispersibility of these

ot her pigments. The fact could be 10 very neani ngful that the present
invention is al so capable of achieving a simlarly favorable |evel of

di spersibility for the types of azo-type pignments w dely used as yel |l ow

pi gments even nore significant. In coMZast, if the proportion of the
styrene-based nononer conponent is |ess than 60 mass% then the affinity of

the styr engedoidher i i evaropoteyEferabll) withih atriificcfidm F03800ma8s%! ages havi ng
a hydrophobi c surface becones 15 i nadequate, which neans the pignment surface

IS nore I t
ot eri or att ot neicmE AR ol ot the Ryteipbibed Whoplel Bophitnt Mt herytiCadd
properties on | ai n f sul t recar di i nk end to
et or | or dnetondcApoRdlahd festfac il %crﬁaﬁlﬁnwaﬁf g etian Brergfabatteee vt er
resi stance propertl es of the ink are also prone to deterioration. Moreover,
if the pr¥pBrsyowitain tbm@teﬂtog‘?aléﬁ@mmrmmmmszo%m@ﬂ@mrmmbc 90
mass% then the solubility of the styrene-acrylic acid copolynmer (b) in
aqueods il @pobiner i(by fithspretdne irdiesi@r Sonkihd 4 yighkoddeatrptignefithe wiytenen t he
aqueous pignent |iquid dispersion and the resulting dispersion stability

tend to dg&d nBhéth&: urﬁ‘t"éﬂiﬁlmf‘t&iﬁea@t w&a&wdbm%rt&hp@faipdhe&ﬁ&ﬁm&uﬂﬁsed in an
ink jet recording ink e printing stability is also prone to

deterior r ylic acid
copol yrre(r%% %}5 u’ég%f q%gjo Bll,]fa%éra&y s‘g‘?ciéfdfﬁéﬁ%cﬁ" 6‘6}' rfsaﬁ%gooﬁggb)r%nt liquid

di spersion according to th(i: present invention is preferably within a range
from 50 tRIEBEYS they yellpWeazatyRE Righewirused in 18 preseniinRBtoRRAM g, t hen
the hydrophilicity of the copol ynmer weakens, and the dispersion stability 5
of the piabhetotfaveeaily mainteliattbe disparsibility of theset athertpigménts. hEhafactcauldber exceeds
300 ngKOH g, then the pignment is nore likely to undergo aggregation, and

the wat ervery gishifi dgmmapﬂae PrdsBitafventiBA s ASPEhPaIRE o BEHIBiAPE sinilkarkends to
deteriorate. Aci unber s

favorable level of dispersibility for the types of azo-type pigments widely used as yellow

pigments even more significant. In contrast, if the proportion of the styrene-based
monomer component is less than 60 mass%, then the affinity of the styrene-acrylic acid
copolymer (b) for typical pigment surfaces having a hydrophobic surface becomes

15  inadequate, which means the pigment surface is more difficult to coat with the resin, and
tends to result in a deterioration in the dispersion stability. Furthermore, the recording
properties on plain paper of the resulting ink-jet recording ink tend to deteriorate, with a
decrease in the image recording density, and the water resistance properties of the ink are
also prone to deterioration. Moreover, if the proportion of the styrene-based monomer

20  component exceeds 90 mass%, then the solubility of the styrene-acrylic acid copolymer
(b) in aqueous media deteriorates, the dispersibility of the pigment within the aqueous
pigment liquid dispersion 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.

25 [0030]



within a range from 120 to 240 ngKOH g are particularly desirable. Known
conpounds nmay be used as the styrene-based nononer unit that 10 constitutes
the styrene-acrylic acid copolynmer (b) used in the present invention.
Exanpl es include styrene, al kylstyrenes such as a-net hyl styrene,
(3-net hyl styrene, 2,4- dinethylstyrene, frethylstyrene, a- butyl styrene and
a- hexyl styrene, hal ogenated styrenes s%ch as 4-chl orostyrene,
3-chlorostyrene_and_3-bronostyrene, as well as 3- nitrostyrene,

4- et hoxyst yr enEhezsid yamberad) ene-gerghic a¢id sepalyyieeihd upediadhapiceesefes, t he
use of an al kyl styrene nmononer is preferred, and the use of styrene nononer
i s parti cyradiomgissaquabliepiginetalijuid dispersipy necrediag ty theresehdingepgoinyisrer (b) of
the present invention can be obtained by copolynerization of the

st yr ene- basefrdWNQMBIn a faige B6HYI0 1© 3DOIKEKOAQTEF tiRNid MEnBQ iRENREA i ¢ acid
nmononer, and using a conbirnation of acrylic acid and nethacrylic acid 1is
preferred. f LS I r pldty
Guri ng.  naPSOHEBE e HyatdshicRy B e ¥3pRinds Wil MRdRP RlskHRoR SARMY ' 2,

t he resin, ich results ip npre favorable storage stabilit and tends to
yield @ pi¢h ?\PISHIBEb@Péﬁ OrASSSBIOAtE o b taBty e aféff Py %rsexcezeals%f)@osz] In
addition to the styrene-based nononer, the acrylic acid nononmer and the

met hacr yl i mgBOHig therothepigméns ismprediehnmrundergoaggegaiipy lapdthe wasyr used in the
present invention may al so i nclude other conventional nononmers that are

capabl e of resigEfE06 prihtdl CaRPpriRIed48inzAhe Mk téhds he debavRtd K &8 niBeREr S.
Exanpl es of these other nononers include acrylate esters and nethacryl ate

esters such:, g Y, B! @gtd]ﬂ ?F%'h | - propyl acryl ate,
i sopropyl C‘!f;}lél?l?/Ialaq:tglt'eé,]e ﬁngrggtzglt@ggg ? ate, gs?éc- u@)f/l%ﬁf}ég%s)%ag{&e’ tert-butyl

I 2- I I | 1, 3:di hyl I I . I I
g?ry ate, et hIXm?vlertl ¥om§‘§ | ds%a%’be lisgd gsl trggtst en%gga)éed fon mg} it that Y 2T ate,

10 constitutes the styrene-acrylic acid copolymer (b) used in the present invention.
Examples include styrene, alkylstyrenes such as a-methylstyrene, B-methylstyrene, 2 4~
dimethylstyrene, a-ethylstyrene, a-butylstyrene and a-hexylstyrene, halogenated
styrenes such as 4-chlorostyrene, 3-chlorostyrene and 3-bromostyrene, as well as 3-
nitrostyrene, 4-methoxystyrene and vinyltoluene.

15 Of these styrene-based monomers, the use of an alkylstyrene monomer is
preferred, and the use of styrene monomer is particularly desirable.

[06031]
The styrene-acrylic acid copolymer (b) of the present invention can be obtained
by copolymerization of the styrene-based monomer, the acrylic acid monomer and the

20  methacrylic acid monomer, and using a combination of acrylic acid and methacrylic acid
is preferred. The reason for this preference is that the copolymerizability during the resin
synthesis improves, thereby improving the uniformity of the resin, which results in more
favorable storage stability, and tends to yield a pigment dispersion solution of finer

particles.



et hyl hexyl acrylate, octyl acrylate, ethyl nethacrylate, n-butyl

met hacrylate, 2 10 net hyl butyl nmethacrylate, pentyl nethacrylate, heptyl

nmet hacryl ate and nonyl nethacrylate; acrylate ester derivatives and

met hacryl ate ester derivatives such as 3- ethoxypropyl acrylate,

3- et hoxybutyl acrylate, dinethylam noethyl acrylate, 2- hydroxyet hyl

acryl ate, 2-hydroxybutyl acrylate, etR§l-a-(hydroxynethyl) acryl ate, :
di mret hyl am noet hyl net hacryl ate, hydroxyethyl nethacryl ate and hydroxypropyl
15 net hacryl af@32pryl acrylates and aral kyl acrylates such as phenyl
acrylate, benzyl acrylate, phenylethyl acrylate and phenyl et hyl

nmet hacryl at e; Iﬂrg{ﬂgﬁ&{ I € R Lyl f. pol yhydric
al cohol s such as di etﬁyﬁ%ﬁg&gﬁ%%ﬁﬁﬂi et %F%%gﬁé é+l§i/co n,%ﬁ{gg yde'ﬁ?w ene

gl ycol, glycerol and bi sphenol A; dialkyl.mleates such. as.di nethyl nualeate
and di et FRhacRilic 261 manaat i e styzeraspdic aﬂ@@ﬁ‘&ﬁa@r‘%‘rﬂwﬁé’f%ﬁ%‘d ei ther 20
al one, or in conbinations of two or nore different nonomer conponents.

[ 0033] Typicaudn oy glye inchadei aker eenventiona arpnomersstbar dre cagsbledefoindergoing
styrene-acrylic acid copolynmer (b), and exanples include nethods in which

t he pél yowdlyatdization eathitheabovieshree rbusined. iBxainpks P €Red 6thedimoAomers
pol ynmeri zation catal yst, including solution 25 pol ynerization, suspension

pol ymer i %ﬁﬁdd&r&c@gﬂe Bithds aﬁ@hiegfgehgﬁéz :ké_%g}g TR Qﬁeﬂa%m{.]@smgéyz of the

pol ymeri zati on tal yst 1 nclude 2, 4-di net hyl val eronitrile),

2,2'- azobi,sisohutyronitrile, .1,1'-3azobis(c hexane-|-carbgnitrile),
benzoy! - JEBSVAS TPBRY A IRs, SortaataRn at Al AE NG 5w ies Fpd Relflirer e
quantity used of this catalyst is preferably wthin a range fromO0.1 to
10. 0 nas &tBtyk aceylaigndratyy ltadylgenviate. d . 3-dimegmdnty aceylake; beny] asmlatgye- nol ecul ar
wei ght of the styrene-acrylic acid copolymer (b) wused in the present

i nvent i oethiythepylekeylatb) octyliachilate, @thyd npthatrydate, h-B@t9! methacryld) 2-and is even

nore preferably from 7,500 to 30,000. O these, values within a range from
7,50890  methylbutyl methacrylate, pentyl methacrylate, heptyl methacrylate and nonyl
methacrylate; acrylate ester derivatives and methacrylate ester derivatives such as 3-
ethoxypropy! acrylate, 3-ethoxybutyl acrylate, dimethylaminoethyl acrylate, 2-
hydroxyethyl acrylate, 2-hydroxybutyl acrylate, ethyl-a-(hydroxymethyl) acrylate,
dimethylaminoethy! methacrylate, hydroxyethyl methacrylate and hydroxypropy!l
15 methacrylate; aryl acrylates and aralky! acrylates such as phenyl acrylate, benzyl acrylate,
phenylethyl acrylate and phenylethyl methacrylate; monoacrylate esters or
monomethacrylate esters of polyhydric alcohols such as diethylene glycol, triethylene
glycol, polyethylene glycol, glycerol and bisphenol A; dialkyl maleates such as dimethyl
maleate and diethyl maleate; and vinyl acetate. These monomers may be used either
20  alone, or in combinations of two or more different monomer components.
[0033]
Typical polymerization methods can be used for producing the styrene-acrylic
acid copolymer (b), and examples include methods in which the polymerization reaction

is conducted in the presence of a polymerization catalyst, including solution

25  polymerization, suspension polymerization and bulk polymerization methods. Examples



to 15,000 are particularly desirable. If the weight average nol ecul ar wei ght
is less than 10 7,500, then the long-termstorage stability of the aqueous
pignent liquid dispersion tends to deteriorate, and precipitation caused by
aggregation of the pignment nmay al so occur. If the weight average nol ecul ar
wei ght of the styrene-acrylic acid copoé mer (b) exceeds 50,000, then the
resin nol ecul es becone overly | ong, whi i npedes the adsorption of the

nmol ecul es to the pignent surface. Furthernore, the effects of resin

nol ecul es 9f{he palymenzation cagdhysh insduder2o2 1agebig dnédimethydyaleropitiiled Ze¥se, causi ng
an increase in the viscosity of the aqueous pignent liquid dispersion, and
i ncr easi ngazohwsisobitgtaniteide) 10f-azajgs(eyjabéxane-dfcatboaitrie) tenpoyd peraxigeadibuglles. | n
this description, the weight average nol ecul ar weight refers to the val ue
nmeasur ed gﬁdrﬂﬂd@aﬁﬁ_jﬁiltﬁrg}%ro%em‘td, and fHerREmitY Gk@PHBthisTeataad is prfefably S
reference 20 agai nst the nol ecular wei ght val ues of polystyrene standards.
The neasur nt, J I o i us and conditi ons.
Feed punp:‘%g*%([')} uﬂgﬁgﬁ%ﬁl&‘{ftﬁdbﬁﬂﬂégsnép g& eﬁ#‘é@%@%ﬁﬂﬁ%‘% Cor por at i on,
System contr ol I[%r' product nanme "SI L-6B" manufactured by Shimadzu

Cor poration, 25 Raﬂo-i njector: product name "SI L-6B" manufactured by

Shi madzu Corporation, 26 Detector: product nanme "Rl D-6A" manufactured by
Shi madzu Cor por ‘Beé weighDanesagermoeleadanmweiglafaf Wear siyrepe-aciybic acidieepdlginen@d11 Dat a
Station" manufactured by SystemInstrunents Co., Ltd., Columms: product
nanmes " GL- iéA0n {l@yrésdnriakentivh'is preféchbliR4dhin 4 range fidAb 9,500 fo 50,068, a4 3OM', al |
manuf actured by Hitachi Chemi cal Co., Ltd., Eluting solvent: THF, Elution

rate: 2 m Lthnore pfdttidBR FGHBH0BLYBE006O6f these, values within a range from 7,500

to 15,000 are particularly desirable. If the weight average molecular weight is less than
10 7,500, then the long-term storage stability of the aqueous pigment liquid dispersion tends
to deteriorate, and precipitation caused by aggregation of the pigment may also occur. If
the weight average molecular weight of the styrene-acrylic acid copolymer (b) exceeds
50,000, then the resin molecules become overly long, which impedes the adsorption of
the molecules to the pigment surface. Furthermore, the effects of resin molecules that are
15  not adsorbed to the pigment tend to increase, causing an increase in the viscosity of the
aqueous pigment liquid dispersion, and increasing the likelihood of aggregation of the
fine pigment particles.
In this description, the weight average molecular weight refers to the value
measured using a GPC (gel permeation chromatography) method, which is referenced
20 against the molecular weight values of polystyrene standards.
The measurement is conducted using the following apparatus and conditions.
Feed pump: product name "LC-9A" manufactured by Shimadzu Corporation,
System controller: product name "SIL-6B" manufactured by Shimadzu
Corporation,

25 Auto-injector: product name "SIL-6B" manufactured by Shimadzu Corporation,



[ 0035] 10 The glass transition point of the styrene-acrylic acid copol yner
(b) is preferably at least 90C, and is even nore preferably within a range
from 100 to 150C. In the kneading treatnment used for generating the fine
pi gment particles, the shear applied to the kneaded m xture causes the

m xture to heat up, resulting in arise in tenperature. At this tine, if
the glass transition point is |less thai® 90C, then the kneaded ni xture
softens, and 15 it tends to becone difficult to inpart a satisfactory |evel

of shear to t NBetd t8PridubidnhCRID-6A ThenShatiRASYSBHiMhd A @&Fdraﬁ@ﬂm ymer (D)
used in the present Invention may be either a fandom copolymer or a grafted

copol ymer . "iﬂ%?lhgfocgis gk%ﬁ%ai’% é%qug%%é/ sollrt%t.&'?) 3%"“&%9&8&%%? s in

whi ch either yren yrene an noni oni c onmer
capabl e § und meri zation mnth styrene functions as the 20
trunk or 3ﬁ?“b @% gg é copol ymer, whereas a copol yner of the other
nonomer s |nclud|ng acrylic acid, nethacrylic acid and styrene functions as

the branches drolumnsiipreduct namesc§JoR$H@ fgualieolermy) entGla®MD! ¢ "&di-R438pol yer
(b) may also be a mxture of this type of grafted copolynmer and a random

copol yner+ "GDIBPM7 all hianofad@fed sy, Rigathi @hémral ©O¢, Beyyl i ¢ acid portions
within the copolyner, the styrene acrylic acid copolyner (b) is used in
conbi nati on V\ngmtl%& |~gﬂeonpound (c). The basic conpound (c) softens the
resin during the I ng st’ep, snoothes the process of coating the pignent

with the resi and oves the dispersibility of the resin 5 coated
pi gnment wit hi :FIP ?&Zdﬁfémnﬁbdl um Exanpl es of conpounds that can be used as
the basic conpound (c) include both inorganic basic conpounds and organic
basi ¢ conpourf@¥ummtempareref5¥r.gani ¢ basi c conpounds include methyl ani ne,

di met hyl am ne, trinethylam ne, ethylam ne, dethylamne, triethylam ne,

tri et hanol am r{eo35}d| et hanol am ne and net hyl di et hanol am ne. Exanpl es of
i nor gani ¢ basi ¢ conpounds

10 The glass transition point of the styrene-acrylic acid copolymer (b} is preferably
at least 90°C, and 1s even more preferably within a range from 100 to 150°C. In the
kneading treatment used for generating the fine pigment particles, the shear applied to the
kneaded mixture causes the mixture to heat up, resuiting in a rise in temperature. At this
time, if the glass transition point is less than 90°C, then the kneaded mixture softens, and

15  ittends to become difficult to impart a satisfactory level of shear to the pigment particles.

The styrene-acrylic acid copolymer (b) used in the present invention may be
etther a random copolymer or a grafted copolymer. Examples of the grafted copolymer
include grafted copolymers in which either polystyrene or a copolymer of styrene and a
nonionic monomer capable of undergoing copolymerization with styrene functions as the

20 trunk or the branches of the copolymer, whereas a copolymer of the other monomers
including acrylic acid, methacrylic acid and styrene functions as the branches or trunk of
the copolymer. The styrene-acrylic acid copolymer (b) may also be a mixture of this
type of grafied copolymer and a random copolymer.

[0036]



10 include the hydroxides of alkali nmetals such as potassi um and sodium the
carbonates of alkali netals such as potassium and sodi um the carbonates of
al kaline earth nmetals such as cal ciumand barium and anmoni um hydroxi de.

O these, alkali netal hydroxides and alcohol amines are preferred in terns
of factors such as the dispersibility, sjorage stability and printed item
wat er resi stance when the pi gnent di spersion solution of the 15 present

invention is converted to ueouys ment dISp rsion and then to
an ink jet c@r"dﬁi?{do Pﬁ‘k“a’éF thPé&g 00{;&? rEBﬁ*Pp‘B&'PEH@‘Z €9po %P‘?Ea?hie SHEETST

hydr oxi des, mhlch are strongly basic conpounds téplfled by potassium

hydr oxi de, acsyjifi asig espoborerdb) imded inj qombimatiep aviththe basic epmpotndt(e). t Ehea

reduction in the viscosity of the aqueous pignment |iquid dispersion, and

are ther efigus dongloand @ sofledsaherresinf during thd ledadingstepl ahbdthéstheprdcbs 20
resulting ink jet recording ink. Furthernore, the basic groups need not

necessari | é’oaﬁﬁg el ﬁﬂ%ﬁ%ﬁlwﬁm l?ale¥ i ahg %ﬁﬁ.i@g&ﬁl‘:& thigRh rskﬁiﬁ%@?@tﬁ]@ésm‘?nd

conbi nati ons o rreta r oxi and anot her conmpound may
al so be used, Furth conblnatl rality of different alkali
et al - Rydr Geiegadta RUS useeaf Heftip, SxemileR af F°‘H%?‘§ﬁd U G o5

pot assi um hydroxide is particularly desirable. 25 0037% 28 The quantity
added of tthe bpysrempmddahinciudsy bpth ipprgpric hpsig cempeynds and orgaaic hapis
neutralization ratio of the total carboxyl group acid nunber for the

st yr ene- accophponndg i Bxangdeodforgani€ basié somioundasiclude Hetlaylamimeant i ti es t hat
yield a neutralization ratio within a range from80%to 120% are even nore

desi rabl e. gibfattyManipk etﬁ%‘ri&hylﬂi{ﬁl@tétﬁﬂamiﬂéedéﬂ@%%h@%éﬁ&laﬁﬁné HiétRarloFarfine,
numer i cal val ué expressed by the fornmula shovvn bel ow. © Neutralization ratio

We/? ght equﬁﬁtg%é‘?wl i b f@ﬁ@@%&g%{&e& fes dég’i(l)‘%é?‘a? ;"r‘%?"sli‘?fﬁp‘?"?‘ldghgunber ”

quantity of t ebS|c rrpougjcéll is such that the neutralization ratio is
less tHhn Be drgradsgsiia ll.%ﬁ‘rtaléﬁuqlwé possHumAnd spdivay th cahanates & r esi n
tends to be

alkali metals such as potassium and sodium, the carbonates of alkaline earth metals such

as calcium and barium, and ammonium hydroxide. Of these, alkali metal hydroxides and
alcohol amines are preferred in terms of factors such as the dispersibility, storage
stability and printed item water resistance when the pigment dispersion solution of the

15  present invention is converted to an aqueous pigment liquid dispersion and then to an
ink-jet recording ink. Of these basic compounds (c), alkali metal hydroxides, which are
strongly basic compounds typified by potassium hydroxide, sodium hydroxide and
lithium hydroxide, contribute to a reduction in the viscosity of the aqueous pigment
liquid dispersion, and are therefore preferred in terms of the discharge stability of the

20  resulting ink-jet recording ink. Furthermore, the basic groups need not necessarily be
limited solely to these alkali metal hydroxides, and combinations of an alkali metal
hydroxide and another basic compound may also be used. Furthermore, combinations of
a plurality of different alkali metal hydroxides can also be used. Of these alkali metal
hydroxides, potassium hydroxide is particularly desirable.

25 [0037]



10 i nadequat e, neaning the repul sive forces between the fine pignent
particles are insufficient, which |eads to particle aggregation. |If the
gquantity of the basic conpound (c) yields a neutralization ratio that
exceeds 120% then the quantity of resin that is not adsorbed to the
surface of the fine pignent particles increases, which can cause an )
increase in the viscosity of the aqueod8 pignent |iquid dispersion, as well
as re 15 aggregation of the dispersed particles. A nmixture of an al kal

met al hydr oxi d€hageamity addedoé thedrapiowompoayd @P&@rb@ﬂb‘@pﬁ;ﬁi{:@@t&&hm&f t he pH
of the aqueous pignment |liquid dispersionis |low, then ionization of the

b | |
carboxyl gegEhgatinCytis {)f g@iotﬁf;%gl%ﬁx%({l %I%HP atidSutbe PR e 1?]{1% %H?h@@%lﬁ' cles

tends to becone 20 uns n aggregatl on. ras if the

pH is over, JStyrene ac |ic,aci di ssol ves
nor e readl?élpl g‘htma S‘g % r‘i%firﬁa‘i“ﬁm ypl@an ﬁ%}cﬁ%ﬂgtﬁo %"ﬁ% nrzlsAS| n
conponent eit er di ssol ved vm thin the di SPGI’SI on nmediumor within

mcel | ar S&F "8 33 £20%0 s qven mpse desirabler i thej presenhisyentism, Fbggr egatl on. The
pH of the aqueous pignment |iquid dispersion is preferably within a range

f r om 85t ondutraliastibntrago [+ Menerical veduecenprdssed tyothk doradilbyhawppbaipwi at e sel ecti on
of the resin acid nunber, the nature of the basic conpound (c), and the

tral t 0
neutralizati 0nN@fi’t’i‘él&atu{np%%](A)%ers%hﬁ%lb e%ﬁlﬁxge(gﬂbgg% Stghﬁ%gggﬁﬁ sin

i nvention |ncludes a kneadi ng 'step of 5 prepa
t hat contai, pi aining mainly an_ azo pe pignment, the
styrene- agfl I“P’E‘ ﬁrc’f H’gﬁb?ﬂ‘%‘%ﬁ’m@ ;’35"{ FRMPIEA X BRYHOE TERR @3/ the wetting

agent (dl); a liquefaction step of mxing water and a wetti ng agent with the
solid kneadedIfithxquangtypofathabasic compduad Ke)aa stichghattthpneutabivatinn rgemisr at i ng a
uniformliquid mxture; if necessary a dispersion step of dispersing the
l'iquid m Kksithgn 50%2thed @heRHZatiéh HFRHEE BiTboA Grdups REMAP M TYsif tond$ &P 1Y

regul ati on step of addi ng an aqueous nedi'umto the
10 inadequate, meaning the repulsive forces between the fine pigment particles are
insufficient, which leads to particle aggregation. If the quantity of the basic compound
(c) yields a neutralization ratio that exceeds 120%, then the quantity of resin that is not
adsorbed to the surface of the fine pigment particles increases, which can cause an
increase in the viscosity of the aqueous pigment liquid dispersion, as well as re-
15  aggregation of the dispersed particles. A mixture of an alkali metal hydroxide and an
amine compound may also be used.
[0038]
If the pH of the aqueous pigment liquid dispersion is low, then ionization of the
carboxyl groups occurs less readily, and the dispersion of the particles tends to become
20  unstable, resulting in aggregation. In contrast, if the pH is overly high, then the styrene-
acrylic acid copolymer (b) dissolves more readily in the dispersion medium, and the
quantity of the resin component either dissolved within the dispersion medium or within
a micellar state increases, which increases the likelihood of aggregation. The pH of the

aqueous pigment liquid dispersion is preferably within a range from 8 to 11, and the pH



liquid mxture to adjust the viscosity of the liquid mxture to a val ue that
is appropriate for the dispersion device being used. There are no
particular restrictions on the kneading step used in produci ng an agueous
pi gment |iquid dispersion of the present invention, provided the step is
capable 15 of preparing a solid kneadeg, m xture that contains the pignent
(a) containing mainly an azo-type pignent, the styrene-acrylic acid

copol ynmer (b), the basic conpound (c) and the wetting agent (dl). The solid
kneaded mivalugreanibs rpgudated by appropawa selaction aftksresingicrd number, the natueg ofithe | udes

t he basic conpound (c) mxed with the pignent (a) containing mainly an
azo-type phagiteninpotiid (9] andahenanrayizationaatisl copol yner (b) and the wetting
agent 20 (dl), and producing the solid kneaded m xture by kneading a m xture
t hat i ncl udes t@@3gpasic conmpound (c) fromthe initial stages of the
kneading step is particularly preferred. By including the basic conpound

duri h di.ng. h boxyl . ithin th
Sty ene. aoryl | ol OREURGiBI st PEne Bieseiiertny Bty > Fhdivep €ompound
(c), causing an inprovenent in the dispersibility. Furthernore, the
copol yrer BFRBINE soiddpgasied naxawe thagcoytains the pigaend ()i contaiyng mamly ame

i nfluence of the wetting agent (dl), 30 leading to the formation of a

si ngl e | ungzoetpeapiginehy the steneactyhgatitl eopadpakyirthabaki¢ benpqindr@rand(thy t hat
contains mainly an azo-type pignment. This mxture is a solid at nornal

t enper at ur@giing der 481); @ﬂg@éfﬁdtﬁiﬁ%'tép dTnGiRing! wat@SdnidYa Wéttih Bodnd @AM tRdsolid
tenperature of 50C to 100C, and therefore a |arge shearing force can be

ar ted tgbe s e A0 KARATRS, | NN S BEATR )

cont ai ni ng mai nl'y "an ype pignmen ( Iciently*into fine
asul ¢ of TREAIG: 1 ASTRETY 8 PRI SSTOHIGAPeRULE B oK OIS HORBIFORE aci d
copolyner (b) and the wetting agent (dl), thereby enabling the production
of a stlabl medinmeand Fpecasbary a ascobibnregalation stgp of BHAE an aqueous medium to the
liquid mixture to adjust the viscosity of the liquid mixture to a value that is appropriate
for the dispersion device being used.
There are no particular restrictions on the kneading step used in producing an
aqueous pigment liquid dispersion of the present invention, provided the step is capable
15  of preparing a solid kneaded mixture that contains the pigment (a) containing mainly an
azo-type pigment, the styrene-acrylic acid copolymer (b), the basic compound (c) and the
wetting agent (d1). The solid kneaded mixture is preferably prepared by kneading a
mixture that includes the basic compound {c) mixed with the pigment (a) containing
mainly an azo-type pigment, the styrene-acrylic acid copolymer (b) and the wetting agent
20 (dl), and producing the solid kneaded mixture by kneading a mixture that includes the
basic compound (c) from the initial stages of the kneading step is particularly preferred.
By including the basic compound (c) during the kneading step, the carboxyl groups
within the styrene-acrylic acid copolymer (b) are neutralized by the basic compound (c),

causing an improvement in the dispersibility. Furthermore, the copolymer also

25  undergoes swelling and surface softening under the influence of the wetting agent (d1),



In the kneadi ng step, the addition of the basic conpound (c) and the wetting
agent (dl) causes the styrene-acrylic acid copolyner (b) to adopt a swollen
state. As a result, the copolynmer can be softened at a tenperature that is.
far below the glass transition point. Mreover, as a result, there is no
need to add a high-solubility solvent capable of 15 dissolving the

copol yner, and because this renoves tBA@ necessity for a step to

subsequently renove the solvent follow ng kneadi ng, the productivity

i I Oves leadivg (6 el frfAIneTa sirtdld Rmpl 1 ixtiie chmsmdadnstasdlyRecindithe pr esent

invention can be set to any value that enables the kneading to be

conduct eq: azct)a-é':p Yrhs . i nparted
to the p?l nee?l%&ﬁtqﬁéﬁéerg?/jﬁgﬁﬁjelﬁl%l sp gp%ﬁeﬁhg%gﬁg%%fnéeﬁ?%pﬂg{]?r?rgtﬁlljre is
preferably kneadeq ip a state that exhibits a certain degree af hardness,
whi ch int%%ﬂeﬁaé“fSi"%ﬂ-‘hEassaé'lfixHe‘&‘Sh’t alevs%&%,at%kﬂ%@mw?wrpm?éoﬁ Fange from
50 to 80 nmass% |If the solid content ratio is |ess than 50 mass% then the

kneaded m6A0)ard themeforefatlarga Bhkating foree van wlinipaviedl tothe skiraure datugpt be i npart ed
to the pignent, whereas if the solid content ratio exceeds 80 nass% then

when t [ : ' m xt ure,
| que’ET(VthEfl e(?gm%ég%agggé H{% 1(3)fl ?tgglﬁ(a)adf) g@@?%“@%%%‘% hﬁg? iég‘én\?m&% ﬁ?%%tqﬁ‘g kneaded
m xture varies thr hout . t he kneadi ng ste s the solvent evaporates, even
't 5 ke SBIcHG A FAE Battsies ind s aing Heney S BimeLPiegen SheR BECen o
content ratio referred to here represents the solid content ratio_ at the
poi nt of a3 afesulhof & goindingdo e pifigiratly ovet by thefstyrpre-perebeiecdd sopalymer (byhe
resin/pignent ratio within the kneaded m xture of the present invention nmay
be sel echmiithasvettrsy agedt (db)) tharebypemabléagthe protiuttiomota stabigdink dsperdich0 to 2/ 1.
This ratio is even nore preferably within a range from1/10 to 1/2. [0041]

10 The kpeadiwsaeAPparatus used in the kneading step may use any conventi onal
apparatus that 1s capable of kneading a m xture having a high viscosity and

a hi 961 solid [0040]

In the kneading step, the addition of the basic compound (c) and the wetting agent
(d1) causes the styrene-acrylic acid copolymer (b) to adopt a swollen state. As a result,
the copolymer can be softened at a temperature that is far below the glass transition point.
Moreover, as a result, there is no need to add a high-solubility solvent capable of
15  dissolving the copolymer, and because this removes the necessity for a step to
subsequently remove the solvent following kneading, the productivity improves.
The solid content ratio within the kneaded mixture of the present invention can be
set to any value that enables the kneading to be conducted. In order to enable a
satisfactory level of shear to be imparted to the pigment, thereby finely dispersing the
20  pigment, the mixture is preferably kneaded in a state that exhibits a certain degree of
hardness, which in terms of the solid content ratio, is preferably within a range from 50
to 80 mass%. If the solid content ratio is less than 50 mass%, then the kneaded mixture
is soft, and the required level of shear cannot be imparted to the pigment, whereas if the

solid content ratio exceeds 80 mass%, then when water and a wetting agent are added to



content ratio. Roll mlls such as two-roll mlls or three-roll mlls in

whi ch the kneading 1is conducted within an open system may be used, but with
kneadi ng using such roll mlls, because the kneaded m xture nust be
conbined as a single lunmp fromthe initial stages of 15 kneading, the
quantity of resin used tends to be largg In order to enable the solid
content ratio during kneading to be maintained within a specified range,

and enabl e, a stable earing . force to be inparted to the kneaded m xture
fromthe slf‘ﬁ’re?y%6kPF?é‘%aﬁQ}XB‘FchIQBef%R‘i‘Fé‘a‘?ﬁCH@‘egg’Zé? ?Elgseeiﬂ’hgfg’@‘@%mﬁ? kneadi ng
devices that can be converted to closed systens are preferred, as they
enabl e suppithinsshokneafled mixturel vazias thopughbut the kneadingnsiengethe selFertrayapdrates,i ke.
The use of a kneading device that includes a stirring tank, a stirring tank
lid, and @ebif fkiealingrapparatus athin a Séaldd sys@mbik agkel, bat the edied scient FiiRr € are no
particular restrictions on the nunber of stirring blades, although in order
to achiev I L i t Of . nor e
stirring Erlea es tlgge%?g@gr&?keﬁpg?@ﬁg&%%ég%iﬁgﬁgg I cet%lﬁgttiiq@tﬁépe of
construyction i.s..use hen, f.oll owi ng 25 production process of the col ored
kneade m@&qﬁfa&tlf”bﬁg‘ﬁﬁ‘&a‘iﬁglﬂ@xﬁ\rﬁmnt liquid 32 dispersion via the

kneadi ng step is possible. Nanely, the kneaded m xture need not be renoved
from the kneadi Ff i¢sin/psgmensuatio withisrthemeadedimaxtureafithe prgsenyénventiemmae si npl y
added directly to the sane stirring tank to dilute the kneaded m xture, then
the m xt urige seberedler dosied, bt ib preferable withen a rirge donst/4d0es 2af THierakibguef acti on
step with stirring, and an 5 aqueous nedi um contai ning water and the wetting

agent as _tél%n%r@p%fémﬂg%ﬂi}ﬁnS@&g@q}mﬁ‘@ﬂ@%tlf?z.the mxture to enable the
| i quefaction step to proceed. Exanples of this type of device include a

Henschel m xer, g% ssurized kneader, Banbury m xer or planetary m xer, and
of these, a pl a[rq ry mxer is particularly desirable. A planetary m xer
refers to a planetary-type kneadi ng devjce,. and is the 10 generic term used

for knadi ng apphfkieadingdppaps uisdin the kneading sigppnayuseapy coav@bipalout a
pl anetary notion (hereafter, the name planetary mxer is used). In the
product i onapgparatusshat is capable of kneading a mixture having a high viscosity and a high solid
content ratio. Roll mills such as two-roll mills or three-roll mills in which the kneading
is conducted within an open system may be used, but with kneading using such roll mills,
because the kneaded mixture must be combined as a single lump from the initial stages of
15 kneading, the quantity of resin used tends to be large. In order to enable the solid content
ratio during kneading to be maintained within a specified range, and enable a stable
shearing force to be imparted to the kneaded mixture from the start to the end of the
kneading step, closed systems or kneading devices that can be converted to closed
systems are preferred, as they enable suppression of volatilization of the wetting agent
20  and the like. The use of a kneading device that includes a stirring tank, a stirring tank lid,
and a uniaxial or multiaxial stirring blade is preferred. There are no particular
restrictions on the number of stirring blades, although in order to achieve a more
favorable kneading action, the use of two or more stirring blades is preferred.

If 2 kneading device with this type of construction is used, then foillowing

25  production process of the colored kneaded mixture for an aqueous pigment liquid



of the present invention, kneading is perfornmed on a col ored kneadi ng

m xture that contains a pignment and a resin and has a high solid fraction
concentration, and the viscosity varies over a wi de range as the kneading .
progresses, depending on the state of 15 the kneaded mi xture. Planetary

m xers are particularly suited to coping wwth a wide range of viscosities
froml|ow viscosity to high viscosity,3&nd all of the operations from the
commencenent of kneading, through to the liquefaction step and the viscosity

regul at i didp&sion vissthd neddioteOld poseitsle INamely, the kaeuded adigiresed @otibd vel y
within the sane apparatus. Mreover, addition of the wetting agent is

conpar at féfﬁd%dsﬁowpihﬁ,kn%mg dvide, %ﬂge@ﬁgagétaﬂﬂ%ﬁgggggﬁuﬁ Be sitafipssi bl e,

and regul ation of the viscosity an sheari ng uring the kneadi ng

ol anot ar PRIFRATEEY odhf B ety O Ofue i Rriodh et tpen Ble By Bk

portion, and the rotational axis is _not housed inside the stirring tank,

whi ch i scafesapsed tp ingteaterhedpitiph sagen of thg liauefastinnyden with shdingaand ant at i ng

cl eaning. 25 [0042] 33 The liquefaction step in the process for producing
an agbeoasuepugnedinm ¢comaiming imapeenad die wertng siiengad the hinén porep@rhtsicaudati on is a
step in which water and a wetting agent are mxed with the solid kneaded

m xture pARERS R hixnkb &%Pe‘ih@ﬁq;%éfﬁﬁionk%&@?i/oceécﬁ“@” ng the solid fraction
and producing a fluid substance with a uniformliquid state. 5 In the

weter (o) andEiPisbrlRg e ARG R TudeCe BRI RSBl aRRReECn on,
t he aquequ mediumrefers to a i

) gi d nmedi.um t hat, contains water (e) and
the wet t PABPULY BHEETLL P %WW@@H% Hhese. ¢ Planetary BRI GURMTIPHATYr ocess of the

present invention, conducting the kneading and the liquefaction of the
kneaded desutblee A plasetaiymgixer refars moaplanstary ey phkikddingdaviveandiisther ef erred, but
this type of consecutive operation is not an absol ute necessity.

Eg (ra 5 “ﬁ g t”géri%rictté]ﬂl 1528 F6H 10 dIRE ki ar A0s EqiPeatvath Litring blade that awedpa®iut #n st ep
planetary motion (hereafter, the name planetary mixer is used). In the production process
of the present invention, kneading is performed on a colored kneading mixture that
contains a pigment and a resin and has a high solid fraction concentration, and the
viscosity varies over a wide range as the kneading progresses, depending on the state of

15  the kneaded mixture. Planetary mixers are particularly suvited to coping with a wide
range of viscosities from low viscosity to high viscosity, and all of the operations from
the commencement of kneading, through to the liquefaction step and the viscosity
regulation step using an aqueous medium can be conducted consecutively within the
same apparatus. Moreover, addition of the wetting agent is comparatively simple,

20  distillation under reduced pressure is possible, and regulation of the viscosity and the
shearing force during the kneading step is relatively simple. Furthermore, in the stirring
bar of a typical planetary mixer, the rotational axis is separate from the stirring tank
portion, and the rotational axis is not housed inside the stirring tank, which is ideal in

terms of preventing contamination and facilitating cleaning.

25 [0042]



necessarily be conducted using the sane nethod as that enployed during the
kneadi ng step, and the kneadi ng net hod and/ or kneadi ng apparatus nay be
altered to facilitate the addition of the agqueous nmedi um For exanple, an
open system such as a roll mll, 15 pressurized kneader or Banbury m xer
that has no stirring tank may be used. ecifically, follow ng conpletion
of the kneading but prior to renoval of 1he kneaded m xture, an agueous
medi um may be added tq initiate the liquefaction of the kneaded ni xture, and
the m xture canlheliguefrstipn siop adtherecess tr produeing anggueqns pigraens ligsidysed to
add an additional quantity of the aqueous nedium However, conducting the
| i quef act i dispestiepaccadingrivedic prasent ihoinkiondswystehim Whieh vatay asd apyettirg aggnt he
same apparatus, enables a dramatic inprovenent in the productivity.

Accor di ngl ate niik&l WRE tiRf solil&nadded aiRiié prepsred NEddiknsadifietes ahdrlp) udi ng a
stirring tank, a stirring tank lid, and a uniaxial or nultiaxial stirring

bl ade is pr , bﬁﬁf;lﬁ t ) I Sl Lo 3] 34 In
the |i que1Icol gg{eﬁg%ﬁ%tsgg?%%ﬁﬁe orﬁ?léa?é)%gpﬁlosﬁ&é teﬁgi%%ﬁ?lg%ﬁié%udéggf% xture
decreases with th ddition of the aquegus i u the extrenely |arge
Shear i n.f or ce Ingan AR sn bR ARt A 3900 KEeled Rk e RE T, BHS e by
that shearing force decrease, and the product is converted to a uniform

| i qui d t hawatex(e) bid thefwasiing agenb(d2p arctadded. nkl the presengemventipe.ghe aqueonsier t o
ensure that the liquefaction step proceeds snoothly, resulting in the

ef ficient pedidmcefedntond liguid Aedtunithat eotitalndivifet () and ke wetdhg hgame af thehe
wetting agent (d2) during the initial stages of the liquefaction step,

namel y dur i dolpoRbfdo WOBHRILLG prdedss gftﬂeﬁ%éeﬁﬂ?%&mncémgtﬁﬂg@w e of the

kneaded m xture e aqueous nmediumis sti 15 par arly

e a1 orkRaeR e R RREh o Che kheRleT Rkl h ERATE cofrPRbs Pl Run orm

liquid m xture with favorable fluidity is usually obtained once a quantity
of t helGquiEeaimentds PigiRTEash butthistypa of cansacutive ompatinags opioin ahselute necessity.

Furthermore, the kneading operation conducted during the liquefaction step need not
necessarily be conducted using the same method as that employed during the kneading
step, and the kneading method and/or kneading apparatus may be altered to facilitate the
addition of the aqueous medium. For example, an open system such as a roll mill,

15  pressurized kneader or Banbury mixer that has no stirring tank may be used. Specifically,
following completion of the kneading but prior to removal of the kneaded mixture, an
aqueous medium may be added to initiate the liquefaction of the kneaded mixture, and
the mixture can then be removed, and a different apparatus can be used to add an
additional quantity of the aqueous medium. However, conducting the liquefaction step

20 immediately following the kneading step, using the same apparatus, enables a dramatic
improvement in the productivity. Accordingly, the use of the aforementioned kneading
device including a stirring tank, a stirring tank lid, and a uniaxial or multiaxial stirring
blade is preferred, and the use of a planetary mixer is ideal.

[0043]



mass of the solid kneaded m xture has been added, although this quantity
varies depending on the solid content ratio within the kneaded m xture. In
the present invention, 15 the |iquefaction step is deened to have finished .
when a quantity of the aqueous nedium has been added that is equal to the
mass of the solid kneaded m xture at the point of |iquefaction step
initiation, where addition of the aquébus mediumis started. In the present
invention, the total quantity of the wetting agent (d2) added during this

li quefaction # g liggefattdredtd) by theisbhd fragtidnadtake {olidkneadediixfte MaSs% of the
solid kneaded 20 m xture at the point of |iquefaction step initiation. This

quantity g : koL % and is
Toet pr ofereBl§ R HeRdRR IR dusHis o, AERGGGHES Trpe Heaile THEE 50
preferably add during.,the initial stages of e, liguefaction step, and
Phe ent i EEneCiiehwine keading snd feited! ergefion soped BY phatbiiains PrstdedeaBr i or 1o
t he point where 60 nass% of the total quantity of the aqueous nediumto be
25 addedaefbithe peodukieisicprested de k onifermebquid thap edhbitaeidity Regnegswermalt he entire
guantity of the 35 wetting agent (d2) is even nore preferably added prior
to the peanjerasies.elnddrderas 2beueé that the ligoéfatticnsmey proyeedt sinbethhyq uesaltimgrirdi um has
been added. [0044] Provided the total quantity added of the wetting agent

is at | eqpleffReienRSAIAISH of M EnifonPRuid mitRGRIGR aggﬂfouro@t@wethﬁg Rgdrpt Of

| iquefaction step Initiration, the effects of adding the wettfng agent tend

to be realszed sati.sf.actoril Further nore rovided the total, quantity
added of ﬁﬁ% éuWég &]f’ﬁjélfnggséarﬁes © ﬂ'ﬁ&quﬁtgi;téoq %%Pn “5‘6‘3%‘@’86}%? © stt%%ess% e(iﬂe’dﬁﬁneaded

m xture at_the  point of liquefaction step initiation, the quantity of water
added i ss@lidtacsign vgthae thgmyixturgabthe kpeadsh magireanddhe aqueopnmedium isgilups
within the styrene-acrylic acid resin proceeds 10 favorably, thereby

r educi nghigheis lpaktiehlanlg doporftarg Jhe gattingragedt (42 girpreferpblytaddedfom theipoiner nore, a
guantity within this range al so neans that an unnecessarily large quantity

of the WethitRGioAdeHe lighefefiodged to the aqueous pigment |iquid dispersion,
which is

In the liquefaction step, a uniform liquid mixture with favorable fluidity is usually
obtained once a quantity of the aqueous medium equivalent to at least 60 mass% of the
mass of the solid kneaded mixture has been added, although this quantity varies
depending on the solid content ratio within the kneaded mixture. In the present invention,

15  the liquefaction step is deemed to have finished when a quantity of the aqueous medium
has been added that is equal to the mass of the solid kneaded mixture at the point of
liquefaction step initiation, where addition of the aqueous medium is started. In the
present invention, the total quantity of the wetting agent (d2) added during this
liquefaction step is preferably within a range from 0.5 to 40 mass% of the solid kneaded

20  mixture at the point of liquefaction step initiation. This quantity is even more preferably
within a range from 1 to 30 mass%, and is most preferably from 5 to 25 mass%.
Moreover, this wetting agent (d2) is preferably added during the initial stages of the
liquefaction step, and the entire quantity of the wetting agent (d2) is preferably added
prior to the point where 60 mass% of the total quantity of the aqueous medium to be

25  added during the liquefaction step has been added. Moreover, the entire quantity of the



preferred in terns of the ink design properties in |ater steps. In the

| i qguefaction step, including a certain quantity of the main conponent water
fromthe initial stages ensures 15 that the reduction in the viscosity
proceeds nore snmoothly. In order to limt the total quantity of the wetting
agent (d2) while ensuring that the |liquefaction step proceeds efficiently,
the proportion of the wetting agent (d2) within the aqueous nediumused in
the |iquefact.ion st i.s preferably wthin a.range from30 to 70 nass% and
is even rm‘?’%“m%P@%?&dl‘%e‘f‘ﬁndﬂ?f&@f?fsfa 2ded DEioAdhG BRI Bere A8 SRS T wet 1 ng
agent (d2) and water 20 need not be constant throughout the |iquefacti on
step, but thejotyauanttyrod theaaseons medivimhap heenasided.dance with the state of the
kneaded m xture. In the initial stages of the |iquefaction step, because

t he kneaded m x[0044] i s not particularly conpatible with the water, the ratio
of the wetting agent (d2) is preferably set sonewhat higher, and then once

the quantity of b ALe me@%ﬁ ] r I t he
rati o of the mafgrg\roﬁ%glih;:tg#azggﬁﬁy g%&egg)jfuste E%H%%Hég é%h@ﬁ%?&&e“a-rs@%%?ﬂ}en t he

present_ i nv ion, m.xjng the wettin nt (d2).and the er, et,her in
advance, asr?ﬁgﬁ(ﬂﬁweg&&?‘hﬁg?ﬁge Hi”ﬁ'% B#lé‘ﬂﬁga%gﬂn ﬁ%ﬁé%ﬂgn%hfetﬁﬁ\e? %Fé&gg illfd as
it enables favorable uniformty to be achieved nore quickly follow ng

addi ti on owetfipg ageittanddo bauenlized satisfactosilnofwtherorenprovided dheotdl aramsitep, t he
aqueous nedi um may be added 5 continuously in small quantities while the
kneadi ng oddded ef thelwattikgageded not miows than 40 nassh iofi teckolidknesded mixeleyat thdre
aqueous nedi um may be added to the kneaded m xture in two or nore

consecut i ie,iRaifaiasfactieash tekiffont he (iNRRH 8HwhleX hdded iSRo BRistRR, hued
during the addition of the aqueous medium or alternatively, the kneading

may be halted. and t-hen.fol | ow ch. addi.tion of th oLlS ium
enoadi g oredtins AREalPEO S B BaE AR s Hasrally A FRT et
uniformy. In order to obtain th& esired fine pigment particles with the
resi n ¥hsofapegbly: hereby seduomng hadike 0@99@“@%&%@@%@%@%@%{634 n a uniform

state while the liquefaction of
Furthermore, a quantity within this range also means that an unnecessarily large quantity

of the wetting agent is not added to the aqueous pigment liquid dispersion, which is
preferred in terms of the ink design properties in later steps. In the liquefaction step,
including a certain quantity of the main component water from the initial stages ensures

15  that the reduction in the viscosity proceeds more smoothly. In order to limit the total
quantity of the wetting agent (d2) while ensuring that the liquefaction step proceeds
efficiently, the proportion of the wetting agent (d2) within the aqueous medium used in
the liquefaction step is preferably within a range from 30 to 70 mass%, and is even more
preferably from 40 to 60 mass%. The ratio between the wetting agent (d2) and water

20  need not be constant throughout the liquefaction step, but may be altered appropriately in
accordance with the state of the kneaded mixture. In the initial stages of the liquefaction
step, because the kneaded mixture is not particularly compatible with the water, the ratio
of the wetting agent (d2) is preferably set somewhat higher, and then once the quantity of
water relative to the kneaded mixture has increased, the ratio of the water is preferably

25  adjusted to a higher value.



t he kneaded m xture gradually proceeds. In other words, when perform ng

| i qguefaction of the kneaded m xture, rather than placing the kneaded

m xture in a large quantity of the 15 aqueous nedi um and t hen conducti ng
stirring and dispersion, it is inportant that the aqueous nediumis added
gradually to the kneaded m xture, and a high shearing force is applied
while the entire systemis naintained 3% a uniformstate, t hereby allow ng
the |liquefaction to proceed gradually. [0045] 20 In the liquefaction step
of the presentlnitheprsend mvesiio) enixingehawwetting ggany édt) apd Me wadr together inar e added
together, or an aqueous nediumthat contains both the wetting agent (d2)

and wat eradvan@dgiePthedding HR tiRbré AdarPdifiBbus(Hediudng pHdéiRid, B eRgbl@dded

t hroughout the entire liquefaction step, but reducing the addition of the

wetting cert.aln, .- LIV j been added
to the Sgﬁ?@%&fé@g%ﬁmﬁf@tbﬁer%yxe? ﬁ@@éteﬂué@&}’ %@ﬁg@'%&f%ﬂ;&%ﬁ%@?@% of wat er
within the mxtyre, rather enabl es adsorption of the resin 37 to the
surface oPeqiH@- g‘.ir“&h%‘mm%d?f]?erLlF‘E@?aFBO‘b?t%éé‘?jaWP@ ’F’S&‘BFHBPXIPC 3¢ded; geal tining
at which the addition of the wetting agent should be reduced, and the

addi t iSon continuanslytioisewll quantzies sdile thskueading of thersolid kiergled miktwes Based
proportion of water varies depending on the kneaded m xture, although the

tim ng ofcontihgeds vhlteghatiRly, B adeédis fditdn anytheadiabiothokndadbd drig@ssnwi t h
whi ch the kneaded m xture is wetted by the added aqueous nedium and the

compat i bi kiqtof fitfre bORARHE Y4ithBE it It dT the ¥enel AR B ] eSconfifidd cul arly
I'n 'Whi ch-surfaces to whi ch Be

in the case of azo pigments, _ nzene rings can
numer ous SREd o BR AU GeguEs of disryp i abatin et ReyBasaRrEn of ¢ he
aqueous 10 nediumto the solid kneaded m xture during the |iquefaction of
t he kneadcwd théndollpwingsdach pdditiereofthe egupousmerium, kaeadigmef the oiistiurgmey t he
initial stages of the liquefaction step, the aqueous nmediumis preferably
added 0gr asburatdymencet hainaké cheanixture usifstdyn renains in a
In order to obtain the desired fine pigment particles with the resin adsorbed
thereto, the entire system is preferably kept in a uniform state while the liquefaction of
the kneaded mixture gradually proceeds. In other words, when performing liquefaction
of the kneaded mixture, rather than placing the kneaded mixture in a large quantity of the
15 aqueous medium and then conducting stirring and dispersion, it is important that the
aqueous medium is added gradually to the kneaded mixture, and a high shearing force is
applied while the entire system is maintained in a uniform state, thereby allowing the
liquefaction to proceed gradually.
[0045]
20 In the liquefaction step of the present invention, either the wetting agent (d2) and
water are added together, or an aqueous medium that contains both the wetting agent (d2)
and water is added. Both the wetting agent (d2) and water may be added throughout the
entire liquefaction step, but reducing the addition of the wetting agent when a certain

quantity of the aqueous medium has been added to the solid kneaded mixture, thereby

25  increasing the quantity of water within the mixture, rather enables adsorption of the resin



uniformstate during the |liquefaction of the kneaded m xture and the
formation of the aqueous pignent |iquid dispersion. 15 [0046] Additional
aqueous nediumis then added to the uniformliquid mxture formed in the

| i quefaction step to regulate the viscosity and the solid fraction. The
l'iquid mxture obtained by mXxing the sgjid kneaded m xture prepared in the
kneadi ng step of the present invention wth an aqueous nedi um and t hen
conpleting the 20 ljiquefaction step still, contains, coarse rti.cles with
particle stloig’s“{r ?°¥§ﬂelp‘$rﬁ?r5 Partiglesiip praseed mare, H@éblﬂoﬁaﬁeé‘é‘g‘i%?“&’eﬁter ni nabl e
by nmeasurenent using a Laser Doppler particle size analyzer. In the

di sper si onwkich the addgtinn of dhe wettxﬂgragcrmsg@uléb@ resugedh ddd thechdditipnghen switched
enabling the dispersion stability of the agueous pignent |iquid dispersion
to be furtiean aqghequseveliym aostaidmsaninerehded ppepdrosmnbigatsticdtied ddpeidaigsinon st ep
is desirable. 25 [0047] 38 By conducting the di spersion step described

bel ow._t herwk Beddelh nRLARS bith ApTHE Andify SR dHEN BAibBe Sbilinéd dn Helbsis of

di spersibility and the print density can be inproved en an 1 nk-jet

recording ipnk is .prepa .. Th i nt. (a nt.ai ni.ng_ mai nl n _azo;type
o grents o spss L SRR b niare B Rtk B P oo B dimaast 1§
kneaded m xture 5_and the aqueous nedi um has al ready been ground finely
during t heth gemartiiliyof gheppeonsyapdipmay by thgknpadedanikiufe.ene- acryl i ¢ aci d
copolymer (b) that functions as the dispersant, and consequently exhibits
favor abl e di spePastibilhily 1n the chierpfiaat pigmeAs, m wiish korfadeh @ whightatzené aings
containing mainly an azo-type pignent can be readily dispersed within an

aqueous  nglireaRilyhdSorbhied FevPRid Rifa6Es thiwHich MbGY1 'Fﬂaab@uﬁﬁaésbﬂ) fgoduction
efficiency. 10 ACcordingly, a dispersion step thal iS conducted over a

the case opotierhih BuiiRpRF SRR Y bheoh PR e MP R R bRy

di spersion time of 30.seconds to 3 mnutes_ is sufficient. |If the dispersion
P 10 medium to the solid kneaded mixture IZ{Iuring the hiquefaction otj the kneaded mixture P

within the aqueous medium, and particularly in the initial stages of the liquefaction step,
the aqueous medium is preferably added gradually so that the entire system remains in a
uniform state during the liquefaction of the kneaded mixture and the formation of the
aqueous pigment liquid dispersion.
15 [0046]
Additional aqueous medium is then added to the uniform liquid mixture formed
in the liquefaction step to regulate the viscosity and the solid fraction.
The liquid mixture obtained by mixing the solid kneaded mixture prepared in the
kneading step of the present invention with an aqueous medium and then completing the
20 liquefaction step still contains coarse particles with particle sizes that fall into a particle
size range not readily determinable by measurement using a Laser Doppler particle size
analyzer. In the dispersion step, these coarse particles are crushed and classified,
enabling the dispersion stability of the aqueous pigment liquid dispersion to be further
improved, and consequently performing such a dispersion step is desirable.

25 [0047]



time is shorter than this dispersion tine range, then renoval of aggregated
particles tends to be inconplete, increasing the |ikelihood of aggregation
and precipitation of the 15 pignment. In contrast, if the dispersion step is-
conducted for a tine that exceeds the above dispersion tinme range, then the
styrene-acrylic acid copolymer (b) adsorbed to the pignment surface during
the kneading step is nore likely to detach, neaning the coating of the '
pi gnent surface becones inconplete, which tends to cause a deterioration in
the stabilit\By condhetingabe dispersion step destkibed belowptheank-jedprapertessiith as n t hose
cases where crushing 20 of the pignent during the kneading step has

progr esseRe fisstatgdNability e AispBRILHIIQANE HRDrinfB¥nsRS caibé ifiProR8d Wheh ¥n [ 0048]
In the aqueous pignent 1iquid dispersion for ink jet recordi ng obtained

fol | owi ng.. |.ef] [ ' : 1N C he pi gnment
(a) cont glllkn ng& 8?;41 {}ﬁ){}kg%p%ggrggb?p % p1 ‘g@f&ﬁ?“tﬁ‘i‘n‘%’g@gwﬁ"}y&"%{’ in a range
from5 to.25 ss% and is. even..nore .39 referably from 10 to 20 mass% |If
the quantiEe Al FpraieghibindEs A MR tormed fom te sol kisadpdmityttant | s

| ess than 5 mass% then the coloring of the ink jet recording ink produced
f r om Bhe aad theaguegusgnediem|hag)aliready ibegregronadhfingdy during the kneading ktependis t o be

i nadequate, and a satisfactory imge density nmay be unattai nable. In

cont r ast ,thérf coated vattotha Btyrdne-RxylRedil cdpolyams ¥b) thitdundtivns di thealispleantst abi l ity
of the pignent within the aqueous pignent |iquid dispersion for an ink jet

| nk tendgny Qo&%&ﬁnittlgrei‘ﬁﬁits Fé%z%l-a'?;‘ferdr}géegsibiili& whtfinWar .mw’sﬁ@gglé ﬁ%ﬁfeﬂp' €

di spersi on stabi over an exte period, the pignent ont ai ni ng

mai nly an .azo-type pignent and coated with t tyrene-acrylic acid

copol y meta e aRiy gh resb e SoTepLrRe taob e dbkscy BRE ¥ adiBEer whi ch
is 10 neasured using a Laser Doppler particle size distribution analyzer, of
not ror e Nagéym F0dshashperipddf simea wbichgmppaves thel psodncainp eficigiynot nore than 160
nmis even nore desirable. The wetting agent used in the dispersion step

can 16 t heceniingly,enfisperdorastep that isusadhcted over a longer period than is necessary is

actually undesirable. For example, in the case of a nano mill, which represents one type
of beads mill, a dispersion time of 30 seconds to 3 minutes is sufficient. If the dispersion
time is shorter than this dispersion time range, then removal of aggregated particles tends
to be incomplete, increasing the likelihood of aggregation and precipitation of the
15  pigment. In contrast, if the dispersion step is conducted for a time that exceeds the above
dispersion time range, then the styrene-acrylic acid copolymer (b) adsorbed 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 a deterioration in the
stability in the case where the ink is prepared. As a result, in those cases where crushing
20  of the pigment during the kneading step has progressed favorably, the dispersion step
may be omitted entirely.
[0048]
In the aqueous pigment liquid dispersion for ink-jet recording obtained following
completion of the dispersion step, the quantity of the pigment (2) containing mainly an

25  azo-type pigment is preferably within a range from 5 to 25 mass%, and is even more



during kneadi ng. [0049] 15 Conventional devices can be enpl oyed as the

di spersing machi ne used during the dispersion step. In those cases where a
nore powerful dispersing action is required, machines that use media, such
as a paint shaker, ball mll, nano mll, pico mll, attritor, basket mll,
sand mll, sand grinder, dyno mll, dispgrmat, SC mll, spike mll or
agitator mll can be used. 20 Exanples of the nedia include conventi onal
medi a such a | ass, ceram cs, , hetal oxides and plastics, and the
size of t h@efﬁévgabafrﬁayl e ?Qerp@%%df Q@e Q\@B‘é‘é@f thepipmRBY (@b Fntailg el af

di spersing machines that do not use nedia include an ultrasonic

honpgeni zeazo-typ¢ pigmestis ledstthansomiassYyabesthe oolefihg of thdiislpgat s¢conding ink

hi gh- pressure honogeni zer, nanom zer, Genus PY or altim zer, which achieve

di sper si onprétiacedfRone thel dtjnsdis fignhemdiqaRI dspera6h Mran il ikt @ndy18 beaused to
col lide a?phl gh pressurd(gi};1 (f%glo vgr O‘Mdl sper or ﬁfgh speed bl ade

di sper si ng;, e ion of a
speci al stl rri h{é ?nd(’jﬁ‘éa%g%gﬁ)% E’é@&ddeﬁﬂwﬁh%ﬁﬁfi\%%mmcf‘ﬁ%ﬁ%ﬁ‘ ci%ﬁéaw tron

or honopy xer ar the wWhi hi,.eve di spersion by, utilizing the shearing
force that q“*\S‘EE’u"r’@e?/dﬁ@E 1135579, ﬁlj‘t‘}%ﬁe disRersign Fﬁg@%ﬂp@eﬁg"i’%‘”@]@ Bet veen a
rotor and a stator. Any 5 one of the above di spersing nmachines may be used
al one, or aueovapigaentdrauid disprssion forramrink-ghtfinketeads tordesrionase. Faghdymoresad. OF

t he above, dispersing machines that use nedia exhibit a powerful dispersing

action, angrmas 6f esusegfeotable disgision siabiliobveowh Bendbidseeind] e pignient eui r ed,
the concentration of the dispersion my be adjusted by adding nore of the

Lot Ao e gty sl L Se AR Iar P b,
al though | nop% yql(laerr (f)) preﬁarabFI‘y fas f%"% i"umn::sae e?arg%tplar%gzieoé}ameter, which is

10  measured using a Laser Doppler particle size distribution analyzer, of not more than 300
nm, and an average particle diameter of not more than 160 nm is even more desirable.
The wetting agent used in the dispersion step can be the same compound as that used
during kneading.

[0049]

15 Conventional devices can be employed as the dispersing machine used during the
dispersion step. In those cases where a more powerful dispersing action is required,
machines that use media, such as a paint shaker, ball mill, nano mill, pico mill, attritor,
basket mill, sand mill, sand grinder, dyne mill, dispermat, SC mill, spike mill or agitator
mill can be used.

20 Examples of the media include conventional media such as glass, ceramics,
metals, metal oxides and plastics, and the size of the media may be selected as needed.
Furthermore, examples of dispersing machines that do not use media include an
ultrasonic homogenizer, which uses ultrasonic waves to effect dispersion, a high-pressure

homogenizer, nanomizer, Genus PY or altimizer, which achieve dispersion via the

25  impact forces generated when droplets are caused to collide at high pressure, a dissolver,



coarse particles, it is inportant that the di spersion obtained via the
process described above is subjected to centrifugal separation, thereby
renovi ng those coarse particles that 15 exist within the aqueous pignent

|l iquid dispersion. By performng a centrifugal separation follow ng

conpl etion of the dispersion step and(Preparation of the aqueous

di spersi on, those coarse particles thatd exhibit unsatisfactory

di spersibility can be renoved. The centrifugal separation can be conducted

under condisger onhighfspadd bledsdisgddsifg thathih®wiith Acbasie dispaisivi s hightspetd
preferably 20 conducted at 15,000 to 21,000 G for a period of 5 to 15

monutes. Byaflkekspdd sfiHin%l ﬁlgdl}?%;ﬁfa? gg@r%iIﬁihleTbg'ifmeégﬁﬁﬂgleH&&%a%Lﬁ i on

wi t hi n the aqueous” pi gnent si oh that nder gohe the renoval

step can be suppress ignifticantly..[0051 he. aguequs .pi gnent |iquid

i Sher o off ISR REP gt Fie et Binud pishrrop by bR e dhepiifie fFECtnt

i nvention can be used for various applications such as aqueous printing inks
41 and aRfguGsheadhe ligyjd passes thaough ajnarmow gamberwernamolor 2ad astrtaro Alve as an
ink-jet recording ink. The conposition of, and method used for preparing

t hese 3 nkeneafthecaimve dgpemingmarhmesmay be npddalomn oy @ ndbmbinatior ofgsasort i ons and
nmet hods. An ink jet recording ink of the present invention can be prepared

by nor mal mofe diEbieRCHadhALI ndy 1 (A6 COY thebEVE Aispbrsiidi iHaifR Shat ue& nidgmcr i bed
above. Wien an ink jet recording ink is prepared using the aqueous pigment

i Sted wi TR ¢ PRReeRl dlspisRia3RRaY, shE MR bugt oAU O R, T S

accordance with the ink formulatiaon. [0052] 10 (i), The wetting _ agent (dl)
descri beddIgRsERD, QW%MDFW%F@Q/E&@GGWP%@W&X breadivsted bypfdinthe pur pose
of preventing drying, the wetting agent content within the ink is
pr ef er abl moseiaftheragueowsyediimom 3 to 50 nmass%
10 [0050]
Classification of the coarse particles can be conducted using a technique such as
centrifugal separation or filtering, although in order to achieve efficient separation of the
coarse particles, it is important that the dispersion obtained via the process described
above is subjected to centrifugal separation, thereby removing those coarse particles that
15  exist within the aqueous pigment liquid dispersion.
By performing a centrifugal separation following completion of the dispersion
step and preparation of the aqueous dispersion, those coarse particles that exhibit
unsatisfactory dispersibility can be removed. The centrifugal separation can be
conducted under conditions of at least 10,000 G for at least 3 minutes, and is preferably
20  conducted at 15,000 to 21,000 G for a period of 5 to 15 minutes. By performing this
coarse particle removal step, precipitation within the aqueous pigment liquid dispersion
that has undergone the removal step can be suppressed significantly.
[0051]

The aqueous pigment liquid dispersion obtained using the production process of

25  the present invention can be used for various applications such as aqueous printing inks



[0053] (ii) A penetrant may be added to inprove the penetration of the ink
into the recording 15 nedium and regul ate the dot dianeter on the recording
medi um Exanpl es of the penetrant include | ower al cohols such as ethanol and
i sopropyl al cohol, ethylene oxide additives of al kyl alcohols such as

et hyl ene gl ycol hexyl ether and diethy gne gl ycol butyl ether, and

propyl ene oxi de additives of al kyl al cohols such as propylene glycol propyl
et her. ZOE;Qe penetrant content within the ink is preferahly within a range
from 0.01 3 agheousseating majgHals. Itas pagylagy guited te ype avarmnk-Iagcarfiios We used
as a penetrant. There are no particular restrictions on the surfactant, and
exanpl es i Pl apdwoaition r@&,mmdnneigochuﬂedrfbmprspmﬁadhami@;s ahg@ coattng wategals may
surfactants, cationic surfactants and anphoteric surfactants. O these,

ani oni ¢ saiflag taviehitiondd coapbsfibs and elleddant s are preferred. [0055]
Exanpl es of anionic surfactants include al kyl benzenesul fonates, 5

oyl Pheny) =yl ABRR b B AR o SRl 11

acids, sulfates y aci sters, s s of “higher fatty
acid esters, sulfates and sul fonates .qf,. hi gher al.cqhol ethers, higher

a6 kyl o f JREHbaT e he BAVSPOR PR BAwd disestsiddrsriDd PBYS y | at os,

pol yoxyet hyl ene al kyl ether sulfates, alkyl phosphates and pol yoxyet hyl ene
al kyl ether pho¥pamteink-jspeeprding iak anprepaednsing deaquetusmigmnentidiust ant s

i ncl ude 10 dodecyl benzenesul f onates, i sopropyl napht hal enesul f onat es,
monobut yl pligrydigheinhe prevemdsudntionahe seatienghut widitipeciyteswitharatte giiignd

di but yl phenyl phenol disul fonates. [0056] Exanples of nonionic surfactants

include polgyfy st Byh&dgo ahfittve RiNRE $n accordance with the ink formulation.

[0052]

10 (1)  The wetting agent (d1) described above may be added to prevent drying of the ink.
For the purpose of preventing drying, the wetting agent content within the ink is
preferably within a range from 3 to 50 mass%.

[0053]

(i) A penetrant may be added to improve the penetration of the ink into the recording

15 medium and regulate the dot diameter on the recording medium.

Examples of the penetrant include lower alcohols such as ethanol and isopropyl
alcohol, ethylene oxide additives of alkyl alcohols such as ethylene glycol hexyl ether
and diethylene glycol butyl ether, and propylene oxide additives of alkyl alcohols such as
propylene glycol propy! ether.

20 The penetrant content within the ink is preferably within a range from 0.01 to 10
mass%s.

[0054]

Furthermore, a surfactant may also be used as a penetrant. There are no particular

restrictions on the surfactant, and examples include all manner of anionic surfactants,



pol yoxyet hyl ene al kyl phenyl ethers, pol yoxyethylene fatty acid esters,
sorbitan fatty acid 15 esters, polyoxyethylene sorbitan fatty acid esters,
pol yoxyet hyl ene sorbitol fatty acid esters, glycerol fatty acid esters, :
pol yoxyet hyl ene gl ycerol fatty acid esters, polyglycerol fatty acid esters,
sucrose fatty acid esters, polyoxyethyl ene al kyl am nes, pol yoxyethyl ene
fatty acid am des, fatty aC|d al kyl ol &4 des, al kyl al kanol anmi des, acetyl ene"
gl ycol , oxyethylene adduct s of acetylene glycol and pol yet hyl ene gl ycol

pol ypr opylbﬁmﬁlcgm@thnta Qatibsie kur€apahy i snphcferichaffactame] O@xest itloaie
nonylphenyl ether polyoxyethylene octyl phenyl ether, polyoxyethylene

dodecyl plg#: sor%ﬁtnm&glé’%ﬁ%{aﬂﬁla‘?@ﬁe@ml et hers, poI yoxyet hyl ene fatty

acid esters atty aci ers, polyoxyethylene sorbitan fatty
acid esters s X acid al kyI ol am des, acetyl ene glycol, oxyethyl ene adducts
of acetyl ene@f& ol and pol yet hyl ene gl ycol pol ypropyl ene glycol bl ock
copolyners are 25 preferred. 43 [0057] Exanples of other surfactants that
may be used i kxpwples of anipwissutfapias inghudp atkyfoeazengsfonatsspol ysi | oxane

oxyet hyl ene adducts; fluorine-based surfactants such as perfl uoroal kyl

car boiyl aﬂ@mhemdsdlfumares,adlk};lha;ﬂnﬂaﬁmaﬂﬁmammdamwiglydré‘at@ padd, suifatesadtky| 5

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

l'ysol eci h{pher faft) @81 34t %T&ﬁfe‘é oFEigh&efaH? sad%st%&egulﬁk&%d s@ffohdlesBfxt ur es
cont ai ni ng tvvo or nore fferent surfactants. Furthernore, considering the

{rydr opniTaeer el efters Q%hﬁ G i, SRR el D ange from 7 to
or of or abFYORRXREh POl erpigens Sy (e suittes SGL B DOYEHORD BRETGIegS y 11 om
0.001 to 0.5 mass% and is nost preferably from0.01 to 0.2 mass%rel ative
to the entkyt ethempgwsplfatash @pecikic exdmplaeof theseranianye sifactaptsduelidet ant i s | ess
t han 0.001 nass% then the effects of the surfactant tend
10 dodecylbenzenesulfonates, isopropylnaphthalenesulfonates, monobutylphenylphenol
monosulfonates, monobutylbiphenylsulfonates and dibutylphenylphenol disulfonates.
[0056]
Examples of nonionic surfactants include polyoxyethylene alkyl ethers,
polyoxyethylene alkylphenyl ethers, polyoxyethylene fatty acid esters, sorbitan fatty acid
15  esters, polyoxyethylene sorbitan fatty acid esters, polyoxyethylene sorbitol fatty acid
esters, glycerol fatty acid esters, polyoxyethylene glycerol fatty acid esters, polyglycerol
fatty acid esters, sucrose fatty acid esters, polyoxyethylene alkylamines, polyoxyethylene
fatty acid amides, fatty acid alkylolamides, alkyl alkanolamides, acetylene glycol,
oxyethylene adducts of acetylene glycol and polyethylene glycol polypropylene glycol
20  block copolymers. Of these, polyoxyethylene nonylphenyl ether, polyoxyethylene
octylphenyl ether, polyoxyethylene dodecylphenyl ether, polyoxyethylene alkyl ethers,
polyoxyethylene fatty acid esters, sorbitan fatty acid esters, polyoxyethylene sorbitan
fatty acid esters, fatty acid alkylolamides, acetylene glycol, oxyethylene adducts of

acetylene glycol and polyethylene glycol polypropylene glycol block copolymers are

25  preferred.



to be difficult to obtain, whereas if the quantity exceeds 1 mass% then
probl enms such as 15 inage bleeding are nore likely. [0058] (iii) If
required, preservatives, viscosity regulators, pH regulators, chelating
agents, plasticizers, antioxidants and ultraviolet absorbers and the |ike
may al so be added. 20 EXAMPLES [0059] #\ nore detailed description of the
present invention is presented below using a series of Exanples, but the
present inventign is in no way |imted by Exanples described below In the
description of [88ﬁ]owi ng Exanpl es, unless stated otherwi se, the units 44
"parts" represent "parts by mass". The acrylic acid copolynmer used in
Exanpl es and Qotapaples ofiathdsurfpdtarys that mey be used includd silicone-1Btsyd eurfactantsy| i ¢
acid copolymer A: a copolyner in which the nononer conposition is

r epr esent egich¥s pslyiloxage oxyretiptdeqddadtst fluokitbasddysutfactasds duch 267/ 10/ 13 (mass
5 ratio), having an acid nunber of 153 to 156 ngKOH g, and a wei ght average

nmol ecul ar ép%g e 05 LAl I To 1N} S '%Fgﬂm del FRHA lifyer si ons
pr epar ed ipn ocﬁpoﬁlncg blgé(g?r&tp?s[eg aﬁgma rr%ar at%i%\y/emgg np ees e\/%r elgoé?ésper sed
usi ng medi a di spersion, and.the resultin 0 colored dispersions were then
val Lateq T A BTGNS S UBaPIeFRRole o e SEHER Par ¢l o
Di aneter) Follow ng conpletion of the Imisguef action step, the aqueous pignent
liquid di spersThase srrdacianis way belused eathpieaipre, @ BpBPEIIEH CONMBINEHEOOEMALE | ng
col ored dispersion was diluted 2,500 tinmes with ion-exchanged water, and
t he parti cliffegnzairficantsi buti on and 15 vol une average particle di ameter were
t hen neasured using a Laser Doppler particle size
Furthermore, considering the solution stability of the surfactant, the surfactant
HLB (Hydrophile-Lipophile Balance) value is preferably within a range from 7 to 20.
10 In 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%, and 1s
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 | mass%, then problems such as
15  image bleeding are more likely.
[0058]

(iii)  If required, preservatives, viscosity regulators, pH regulators, chelating agents,

plasticizers, antioxidants and ultraviolet absorbers and the like may also be added.

20 EXAMPLES
[0059]
A more detailed description of the present invention is presented below using a
series of Examples, but the present invention is in no way limited by Examples described

below. Inthe description of following Examples, unless stated otherwise, the units



di stribution anal yzer (NANOTRAC UPA- EX 150, manufactured by N kkiso Co.,
Ltd.). (D spersion Stability) The aqueous pignment |iquid dispersion was
subjected to a nedia dispersion and a centrifugal separation treatnent, and
the resulting col ored dispersion was then sealed 20 inside a borosilicate
glass collection vial and left to stand for 2 weeks at 70C. The volune )
average particle dianeter after being #tft to stand was then neasured usi ng
the same nethod as that described for the initial volume average particle
di anet er . "paRs't tepessentr'panty byt nast. The esylidarié cogudymertusgdin Exanplds mgl i nk i s
formul ated using the colored dispersion, the volune average particle

di amet er opmp#ativéExdriled Ba9HcHBed Bowas 45 al so measured in the same
manner after being left to stand for 6 weeks at 60C, and the result was

conpared with (o] V. i i Ze NI-of b eavi ng peri od.
[ 0061] (Exarrplge n\é%c%ax{dﬁéoﬁg&ln{%ﬁ‘qf hgbﬁ%ﬁ%ﬁwﬁ%& glr?gnv\#hg%%row was pl aced
i nside a planetary m xer M50 with a capacity of 50 liters (manufactured
by 1 noue RPRIFLOR S {%esea?g bz:tsaxryr}e} %Cﬁalﬁa%%?et Tl acflﬁféwaiyf% gnassd to
60C, and the m xture was kneaded at hi gh speed (rotational speed: 59 rpm
orbital syagielhaviog apagid nubbepef 153 tofl 56 mgkidiigeamd aweight aveaagednclepday ner A
(acid nunber: 153 ngKOH/ g) 10 500 parts of Ink Jet Yellow 4G VP2532 (C. 1.
Pi gment Ygbightvoft6H)0. (nmanufactured by Cariant Japan K K ) 54 parts of a 34
mass% aqueous sol ution of potassium hydroxide (neutralization ratio: 80%
170 parts of diggkfy! ene glycol 15 When kneading was started, the electrical
current value rose to a value within a range from10 to 15 A and this

electrical cur et s Sahist ligh LR rsidns repared S ol ing Examples and

Comparative Examples were dispersed using a media dispersion, and the resulting
10 colored dispersions were then evaluated for the following properties.
(Initial Volume Average Particle Diameter)

Following completion of the liquefaction step, the aqueous pigment liquid
dispersion was subjected to a media dispersion, and the resulting colored dispersion was
diluted 2,500 times with ion-exchanged water, and the particle size distribution and

15 volume average particle diameter were then measured using a Laser Doppler particle size
distribution analyzer NANOTRAC UPA-EX150, manufactured by Nikkiso Co., Ltd.).
(Dispersion Stability)
The aqueous pigment liquid dispersion was subjected to a media dispersion and a
centrifugal separation treatment, and the resulting colored dispersion was then sealed
20  inside a borosilicate glass collection vial and left to stand for 2 weeks at 70°C. The
volume average particle diameter after being left to stand was then measured using the
same method as that described for the initial volume average particle diameter.
Furthermore in those cases where the ink-jet recording ink is formulated using the

colored dispersion, the volume average particle diameter of the ink-jet recording ink was



time to a value within a range from7 to 10 A. This state was naintai ned for
two hours to conplete the kneadi ng step. Subsequently, a 50 nmass% aqueous
solution of diethylene glycol in ion-exchanged water was added in portions
of 20 parts per addition. This 20 operation was repeated 18 tinmes to all ow
the liquefaction to proceed. The intervgd between the additions was set to
40 m nutes between the first and second additions, to 40 m nutes between
the second and third additions, and for the remaining additions, was set to
the tine t"éﬁé’e‘ﬁeﬁfsBWdtlﬂgleaﬁﬁ‘@dn%fﬁlﬁé beme et smstand for &rwgeks aLOY Ly awd theo spr ead
through the entire kneaded m xture to forma uniformstate. The tinme taken
from t he trasuldwastcongmiaed with thehvoburgd avevageqraptide siee pobr tohtke katving addod.i on was
40 minutes. At this point, the kneaded m xture was in a paste-like form
Fol | owi ng the gdgét)i on of 360 parts of the 50% aqueous sol ution of

di et hyl ene gl ycol across eighteen separate additions in this manner, 1,020
parts of i éﬁﬁ%ﬁﬂnged wat er was added, yielding a yell ow aqueous 5 pi gnent
m xed sol utton" A “The 90% vol unme average particle dianeter of the thus
obt ai ned aqueou i gment . i xed sol ution s, 251 nm the .average particle

di amet &r vas 14 BIKE HHA ORI sPAYT DE HoEHIIARedAnsidha RASCTEY THEE o6
[0062] Diethylene glycol and ion-exchanged water were then added to the

obt ai ned 1RLMei0 with agapasity oppQ hitans (manufattured by Inpue Masifarguring=Cé.obwhi)l at i on
shown bel ow, and the mxture was treated with a beads mll. 2,000 parts of

the yel | owhefHdRQUSMPerERRNvastaiRE t6 60, iafd tHd mikfurd Hfab kn&ddedahiBl kse@ 9l ycol
720 parts of ion-exchanged water 15 - Beads MII| Treatnent Conditions

LDE( ZP)er Si quﬁ?ﬂapgﬁeewmm, lolrbiu%p%%h: ﬁd%%ﬁf actured by Asada Iron Wrks Co.,
150 parts of the styrene-acrylic acid copolymer A (acid number: 153 mgKOH/g)
10 500 parts of Ink Jet Yellow 4G VP2532 (C.1. Pigment Yellow 155)
(manufactured by Clariant Japan K K.}
54 parts of a 34 mass% aqueous solution of potassium hydroxide
(neutralization ratio: 80%)
170 parts of diethylene glycol
15 When kneading was started, the electrical current value rose to a value within a
range from 10 to 15 A, and this electrical current value then gradually decreased over
time to a value within a range from 7 to 10 A. This state was maintained for two hours to
complete the kneading step. Subsequently, a 50 mass% aqueous solution of diethylene
glycol in ion-exchanged water was added in portions of 20 parts per addition. This
20  operation was repeated 18 times to allow the liquefaction to proceed. The interval
between the additions was set to 40 minutes between the first and second additions, to 40
minutes between the second and third additions, and for the remaining additions, was set

to the time taken for the added aqueous solution of diethylene glycol to spread through

the entire kneaded mixture to form a uniform state. The time taken from the third



Beads 4: 0.3 mmzirconia beads Beads fill quantity: 85% 20 Tenperature of
cooling water: 10C Rate of revolution: 2,660 revolutions/mnute (Disc
circunferential speed: 12.5 m's) Feed quantity: 200g/10 seconds 47

Follow ng circul atory treatnent under the above conditions for 1.5 hours,
the liquid passing through the beads mll was recovered. The recovered

di spersed liquid was then subjected t‘B5 a centrifugal separation at a

maxi mrum of 13,000 G for 10 mnutes, vyielding a yell ow aqueous pi gnent

| i quid di addticsi through v tdmﬁaﬁmﬁthgésmaﬂﬁiﬁohevadi4amﬁneues.5A0ﬂ1isLﬁc5nnl:heand a

pi gnent concentration of 15 mass% The yel | ow aqueous pignent |iquid

di sper si OkneAddtbrmixt@ktwasn & padellike ford. RS/ the Qdditios bfisc@pAtalfesk sil i cate
gl ass coll ectl on vial. The average particle dianmeter after this |eaving

peri od Wa§0° %Fqlhg&fsg‘idlﬂﬁy@ge %ﬁgo%%kclsg%ﬁ&gﬁ éi%nﬁé Q&EBHEnJ 1h%’i's d

dlspersmn oW I n recording was prepared with the
|nkforrmlat|o bel ow. arts of t owa eous ment |iquid
di sper si offaer g‘o&% gfonze’ﬁglii?&? VERSTOYRS aggecbg}e[ltimsp ?@Pﬂﬁ%‘ge gl ycol
monobutyl ether 30 parts of glycerol 15 5 parts of SURFYNCOL 440
( manufiact pigmdntsypixad solptionide {The it CHumi eutragd pastigle dsaweteranfithe tis
i on- exchanged water The viscosity of the yellowink A was 2.5 nPas, and the
aver age pebtiined squecuspiginent mixed iSidtionmwad Dl | thewvérafe parriale digmdtedwasnsi de a
silicate glass collection vial and left to stand

143 nm, and the solid fraction concentration was 29 mass%.

[0062]
Diethylene glycol and ion-exchanged water were then added to the obtained
10  yellow aqueous pigment mixed solution A using the formulation shown below, and the
mixture was treated with a beads mill.
2,000 parts of the yellow aqueous pigment mixed solution A
87 parts of diethylene glycol
720 parts of ion-exchanged water
15 - Beads Mill Treatment Conditions
Dispersion machine: Nano mill NM-G2L (manufactured by Asada Iron Works
Co., Ltd.)
Beads ¢: 0.3 mm zirconia beads
Beads fill quantity: 85%
20 Temperature of cooling water: 10°C
Rate of revolution: 2,660 revolutions/minute
(Disc circumferential speed: 12.5 m/s)

Feed quantity: 200 g/10 seconds



20 for 6 weeks at 60C. The viscosity after this |eaving period was 2.6 nPas,
and the volune average particle dianeter was 144 nm 40 g of the yellow ink
A was placed in the black cartridge of a conmercially available ink-jet
printer EM 930C (manufactured by Sei ko Epson Corporation), and printing was
conducted. Solid printing was conductedgzat A4 size until the ink was 48
conpl etely consuned, and favorable printing properties were obtained, with
no patchy ink _coverage. (0064 Conpar ative Exanple 1) 5 Using . the sane

bl end of raw rré:togp?"&gsm%‘fatt%ttzea@é‘&‘ PB%G?-}F'OQMEQQ 1dons fop hdwnrgthenas
commenced using the sanme apparatus under the same conditions. 200 g of ion-
exchanged liggidgpassing thriegh @G%@@St@lk\h@ ra¢ovethde Theseenydredrdispersed Diqnid e
aqueous solution of diethylene glycol, in the sane manner as that descri bed
f or Exanpltenlsubjebted to atcentyifdgab sipatxtion bhe maditinirh 60$3 00 Gsfok 10 tidfted)i Nut es
between the first and second 10 additions, to 40 m nutes between the second

dthird it ; ; t | ki , : th
oLl e e pndl A, BRI e Bl
ithin.th J, Xt . unlike Ex le 1, { bited 1 tivel
0t T 0 s SR el TSGR

kneaded m xture devel oped a dry state, and when the sixth addition was nade,
the | unp 1Buiskdispessien i wasdas el standrfor2uveskp po k¥ inside a wealedsiligase glasms,
formng a state that appeared 1like a mxture of sand and pebbles. Fromthis
poi nt, a fedlédih vidlv Thaddérbgopaticlie dédhdi@raf@r tis leh @ig pUGHRRGS I SNRher were
made, but the sand-li ke kneaded m xture was unable to be liquefied in the
initial stagesghgyhe |iquefaction step. In this manner, the solid kneaded
m xture prepargd |r1 Conparative Exanple 1 as 20 unable to be liquefied in

the Tnitial stagcs fe yelSw aqlbts Hiamet 1ighidRispareion s 4 yefdw okt A Bt ket

10  recording was prepared with the ink formulation shown below.
266 parts of the yellow aqueous pigment liquid dispersion A
80 parts of 2-pyrrolidinone
80 parts of triethylene glycol monobutyl ether
30 parts of glycerol
15 5 parts of SURFYNOL 440 (manufactured by Air Products and Chemicals Inc.)
539 parts of ion-exchanged water
The viscosity of the yellow ink A was 2.5 mPa's, and the average particle
diameter was 152 nm.
The yellow ink A was sealed inside a silicate glass collection vial and left to stand
20  for 6 weeks at 60°C. The viscosity after this leaving period was 2.6 mPa's, and the
volume average particle diameter was 144 nm.
40 g of the yellow ink A was placed in the black cartridge of a commercially
available ink-jet printer EM-930C (manufactured by Seiko Epson Corporation), and

printing was conducted. Solid printing was conducted at A4 size until the ink was



coul d not be produced. Mreover, by using an additional wetting agent and
addi tional ion-exchanged water, a m xture with the solid content ratio used
in the dispersion step was able to be prepared, but the m xture was not a-
uniformfluid substance, with large coarse particles clearly visible within
the m xture, and even if this m xture was subjected 25 to the treatnment of .
the dispersion step, it was clear that 4§n|y an aqueous pignent |iquid 49

di spersion with nunerous | arge coarse particles and poor dispersion

st abi | i ty completel eonspmedpaeldavdroble plintihgpropetties tveredshtminad, mathend feathyt he
production process of the present invention is 5 particularly effective for
pi gnent s (iﬂ)c(ﬁ@{?ﬁig@j ning mainly an azo-type pignent, Reference Exanples
relating to the I'iquefaction step for typical pignments of the other three
colors are pr ﬁ(%q ed bel ow for the purposes of conparison. In these

Ref er ence Exang es; a styrene-acrylic acid copolyner B with the sanme
nonomner coEpositi,on as the styrene- acrylic acid copolyner A but with an
aver age ndleERAHVGEXgARIed? 12 000 was al so used. 10 Styrene-acrylic acid
copolynmer B: a resin in which the nononer conposition is represented by:
styrenéd / acrylUsingibe dare hiené af rapt ingtetials ds thav d¢stobadfor Faampleat, kogadingavi ng

an acid nunber of 153 to 156 ngKOH g, and a wei ght average nol ecul ar wei ght

of 12, 00Gvas(cBah@hearesinpheBhfe dppatiudMagRniia sbing Refiditions. EHI0NGofdofli nacri done
Pigment A mxture with the conposition shown bel ow was kneaded using the

o, PSRl U SR A AR eSO il e L 7O
(manat bt oD BEPATEHS SCP i GGAER SHABE S (it (e TeH Rt 1. The
interval between the additions was set to 40 minutes between the first and second
10 additions, to 40 minutes between the second and third additions, and for the fourth
addition onwards, was set to the time taken for the added ion-exchanged water to be
incorporated uniformly within the mixture. Unlike Example 1, the water exhibited
comparatively poor compatibility, and after the fourth addition, the surface of the
kneaded mixture developed a dry state, and when the sixth addition was made, the lump
15  of'the solid kneaded mixture broke into smaller portions, forming a state that appeared
like a mixture of sand and pebbles. From this point, a further five additions of 20 parts of
ion-exchanged water were made, but the sand-like kneaded mixture was unable to be
liquefied in the initial stages of the liquefaction step.
In this manner, the solid kneaded mixture prepared in Comparative Example 1 as
20  unable to be liquefied in the initial stages of the liquefaction step, and a uniform mixture
could not be produced. Moreover, by using an additional wetting agent and additional
ion-exchanged water, a mixture with the solid content ratio used in the dispersion step
was able to be prepared, but the mixture was not a uniform fluid substance, with large

coarse particles clearly visible within the mixture, and even if this mixture was subjected

25 to the treatment of the dispersion step, it was clear that only an aqueous pigment liquid



37.5 parts of phthalimdonethylated 3, 10-di chl oroqui nacri done (average
nunber of phthalim donethyl groups per nolecule: 1.4) 33.7 parts of a 34
mass% aqueous sol ution of potassium hydroxide (neutralization ratio: 100%
25 270 parts of diethylene glycol 50 The raw materials were conbi ned and
kneadi ng was started, and the maxi mum geectrical current value at this point
Wwas 17 A Three hours after commenci ng kneading, |iquefaction was conducted
by addi ng jon-exchanged water in portions of 20 parts per. . addition. The
nt erval  SIPRISI Wi HamERons Bree chetsegrislca gogr disbesriosabily cord Bre (i e 5
taken for the added ion-exchanged water to spread through the entire kneaded
m xture t®rodusedn a uniformstate. A total of 18 additions were made. The
time taken fromthe point of liquefaction initiation through to conpletion
of the 18th adddesspn was 130 minutes. At this point, the kneaded m xture
was in a paste-like form Subsequently, a further 570 parts of
i on- exchanged lelel I b 4l j Lot . thereby
YR bler YPderAcHiadte N A mﬁ?ﬁﬁlﬁé@tﬁo@@%ﬂﬁ@ ?_rerS%ﬁgﬁ%%k}?% urro

10 yi el ding a magent a aqueous pi gne sol ut

average partic Laneter of the thus .obtai ned aquequs pi gnen i xed

o ut o aicdlafly e}t BV B plimela) itiaiBiRl B aP AES R MR RefEHRIRE e
solid fraction concentration was, 34 mass% . [ 0066] Di et hyl ene glycol and

i on- excharkgempigstelatinpgtodhe Havefagtivastapdor typicabpignisats of the orhefcthies caloieous

pi gnent m xed solution, and the m xture was di spersed with a beads m |

usi ng t he asapresentadchelovoifis ths pidposss o esmparized. frothekeRefetencd ExdmpBef) apart s of

t he magenta aqueous pignent m xed solution 1 2.8 parts of diethylene glycol

1384. 7 parghgerRfadr@it: R34 SdBAABth tROsanR! MeNd& Bhipobitidh Qs helsiRaddrent under
t he above conditions for 0.5 hours, the

acrylic acid copolymer A but with an average molecular weight of 12,000 was also used.
10 Styrene-acrylic acid copolymer B: a resin in which the monomer composition is
represented by: styrene / acrylic acid / methacrylic acid = 77/10/13 (mass ratio), having
an acid number of 153 10 156 mgKOH/g, and a weight average molecular weight of
12,000.
(Reference Example 1)
15 Magenta Dispersion using a Quinacridone Pigment
A mixture with the composition shown below was kneaded using the same
apparatus and the same conditions as those described for Example 1.
75 parts of the styrene-acrylic acid copolymer B (acid number: 153 mgKOH/g)
462.5 parts of FASTOGEN SUPER MAGENTA RTS (C.I Pigment Red 122)
20  (manufactured by Dainippon Ink and Chemicals, Incorporated)
37.5 parts of phthalimidomethylated 3,10-dichloroquinacridone
(average number of phthalimidomethy! groups per molecule: 1.4)
33.7 parts of a 34 mass% aqueous solution of potassium hydroxide
(neutralization ratio: 100%)

25 270 parts of diethylene glycol



i quid passing through the beads m || was recovered. The recovered dispersed
liquid was then subjected to a centrifugal separation in the same manner as
that described for Exanple 1, yielding a magenta aqueous pignent liquid

di spersion with a volune average particle dianeter of 138 nun and a pignent
concentration of 15 mass% Wen the 25 _pagenta di spersion was subjected to a
di spersion stability test in the sane fMnner as 51 Exanple 1, the vol une
average particle dianmeter after |eaving at high tenperature was 140 nm

W th the excepThemwiatesjplsawéragombined end knwadnygevasstapied nmmitthé imguindudi sper si on
A wused in Exanple 1 wth the above nagenta aqueous pignent |iquid

di sper si oglecichE@eihevalie zit'illﬁs beint Wak17 Al THREORHrd ShtedmbicdBRpSMesfingld t he
sanme fornmulation as in Exanple 1. The viscosity of the magenta ink was 2.4

nPas, and; 4 enta ink
was seal ed%@%‘%@é%sﬁgﬁl cgfgﬁ) §18§Ier{gﬂa?g§&n&éﬁegﬁl ojrgorf Oimﬁs nd for 6
weeks at 6 Vi sco after this | eavi riod was 2 6 nPas, and the
10 vol une® ‘g“&é‘i’%hghep'éfeﬁ' ﬁﬁléetaé]ﬁl 10as o we-%%hﬁwe d gatgr "f"ﬁéetrfﬁé%ttuael nk |
was placed in the black cartr| dge of a commercially available ink-jet
printed Etakemb tisaddet aat-enchanged vBderito spsadthr@ghgbe entirokneaded anixpiré tot i ng was

conducted. Solid printing was conducted at A4 size until the ink was

conpl et el Yoraongnifoech stae dAftambsBly iditidns Weddmad® PEld s taleh groabthaipafd, W th
no patchy 15 ink coverage. [0067] (Reference Exanple 2) Cyan Dispersion

using a ngﬂﬂ]g Iﬁg‘%’l rgﬁat%ngtﬂﬁg'lghﬁf g@r{éélgtﬁ@ (Ynf‘thxé; }ﬁtﬁ%ﬁlﬁ@gﬂ%s%%nﬁ&%&“ﬂe' oW

was pl ace sane capacity of 50

liters ( "Hhis' {)(%ﬁtt %Heeic%egaled mixfite was in a paste-like form. Subsequently, a further 570

parts of ion-exchanged water was added over 8 separate addition repetitions, thereby
10  yielding a magenta aqueous pigment mixed solution 1. The 90% volume average particle
diameter of the thus obtained aqueous pigment mixed solution was 251 nm, the average
particle diameter was 143 nm, and the solid fraction concentration was 34 mass%.
[0066]
Diethylene glycol and ion-exchanged water were then added to the obtained
15  magenta aqueous pigment mixed solution, and the mixture was dispersed with a beads
mill using the same conditions as those described for Example 1.
1,800 parts of the magenta aqueous pigment mixed solution 1
2.8 parts of diethylene glycol
1384.7 parts of ion-exchanged water
20 Following circulatory treatment under the above conditions for 0.5 hours, the
liquid passing through the beads mill was recovered. The recovered dispersed lignid was
then subjected to a centrifugal separation in the same manner as that described for
Example 1, yielding a magenta aqueous pigment liquid dispersion with a volume average
particle diameter of 138 nm and a pigment concentration of 15 mass%. When the

25  magenta dispersion was subjected to a dispersion stability test in the same manner as



Manuf acturing Co., Ltd.) as that used in Exanple 1 and Conparative Exanple
1, and was then kneaded under the sanme conditions as those described for
Exanple 1 and Conparative Exanple 1. 150 parts of the styrene-acrylic acid
copolymer A (acid nunber: 153 ngKOH/ g) 25 500 parts of FASTOGEN BLUE TGR
(C. 1. Pignent Blue 15:3) 52 (nanufactgﬁed by Dai ni ppon I nk and Chem cal s,

i ncorporated) 67.5 parts of a 34 nmass% aqueous sol uti on of potassium

hydr oxi de neut i zation ratio: 10099 200 parts, of djethylene glycol 5 The
raw nat er iFd‘g’glp%eL %mﬁmﬁéﬂﬂéﬁﬂp?{ﬁé&ﬂl t%aaéfgéie&?”cnéd‘,t ﬂ%ﬁd@@ﬂ@aﬁﬁ%’%m

el ectrical current value at this point was 15 A Two hours after conmencing
kneadi ng, 140inguef acti on was conduct ed by addi ng i on-exchanged water in
portions of 20 parts per addition, in the same manner as the |iquefaction
step used in CoWphedaidxeeptonfptsiacing thehellowtaguscls phghye diquidiispreiiod Aons  of

i on- exchanged water was set to the tine taken for 10 the added ion-exchanged
water to ; ol 1 ; i state.
A total ol D e e e T R S R ofid Bean. 4ol

| i quef acti. nfi niti tiondjt hr ough to coiﬁgl etionvﬁf tlhte 18t h ddipﬁ(ée n was 120
m nut 8. AR ARSI ETCREding was Risparyd 4 e Pl faEmylAian Bl £ or m
Subsequently, a further 640 parts of ion-exchanged water was added over 10
separate addi t il vispaty of thamagema inkyyasi 54 ke prdthe velume araspasig nent

m xed solution 2. The 90% vol unme average particle dianmeter of the thus

obt ai ned alpmeaeswg Hidemb. mi xed sol ution was 226 run, the volune average
particle dianmeter was 132 nm and the solid fraction concentration was 37

mass% [0068] 3R diRhiVheRAs %aléPhnsidfd silRAePIEE BBRHMATA and R0 shaa added

to the obtained cyan

for 6 weeks at 60°C. The viscosity after this leaving period was 2.6 mPa-s, and the
10  volume average particle diameter was 146 nm.

40 g of the magenta ink 1 was placed in the black cartridge of a commercially
available ink-jet printer EM-930C (manufactured by Seiko Epson Corporation), and
printing was conducted. Solid printing was conducted at A4 size until the ink was
completely consumed, and favorable printing properties were obtained, with no patchy

15  ink coverage.
[0067]
(Reference Example 2)
Cyan Dispersion using a Phthalocyanine Pigment
A mixture with the composition shown below was placed inside the same
20  planetary mixer PLM-50 with a capacity of 50 liters (manufactured by Inoue
Manufacturing Co., Ltd.) as that used in Example 1 and Comparative Example 1, and
was then kneaded under the same conditions as those described for Example 1 and
Comparative Example 1.
150 parts of the styrene-acrylic acid copolymer A (acid number: 153 mgKOH/g)

25 500 parts of FASTOGEN BLUE TGR (C.1. Pigment Blue 15:3)



aqueous pignment m xed solution, and the m xture was dispersed with a beads
mll using the sane conditions as those described for Exanple 1. 1,800
parts of the cyan aqueous pignent m xed solution 2 195 parts of diethyl ene
gl ycol 25 1,196 parts of ion-exchanged water 53 Follow ng circul atory
treatment under the above conditions for 0.1 hours, the |iquid passing

t hrough the beads nmill was recovered. ¥he recovered di spersed |iquid was
then subjected to a centrifugal separation in the sane manner as that

described for (nanafiehgedby DalighoRdnidany/Sheraidale dnsopbawe)t | i qui d di spersion
with a volunme average 5 particle dianeter of 108 nm and a pi gnent

concent rati on @f s e BSPI4 miliefadiibus HIRRAGTEARAs LA the cyan

aqueous pignment [Tquid dispersionh was neasur Inth same nanner as
Exampl e 1, the, vol .aver.ag rticle dianmeter after |eaving at high
tenperature was® tﬁ%ﬁ%ﬂ?n@&)ng}(ﬁ e cyan aqueous pignment |iquid dispersion, a
cyan ink for ink-jet 10 recording was prepared with the ink formulation
shown bel ow. 129935‘&‘13@‘1&?\‘113’3%%9@% agueous pignent liquid dispersion 2 80
parts of 2-pyrrolidinone 80 parts of triethylene glycol nonobutyl ether 30
parts %f gl yceFld ragométepals werodonstiRidvidd kné¢dding wan staaed, and dhdomaxiimunPr oduct s
and Chemcals Inc.) 658 parts of ion-exchanged water The viscosity of the

cyan i nk ¥edridal QuitfiaSalR tHidFoiHOk B AY IhadRubddfidr eh@metdtABRhEIdiNES 101 nm
The cyan ink was sealed inside a silicate glass collection vial and left to

zt ?n?rp;g,r li%%gacﬁﬂfgﬁ@% F?Jl?r&élcgggy aﬁgﬁlg\ﬂ)ﬁ‘-&?&%ged%étg{ intp%-i't?onls %?ﬂ) Bgrt?]%r' od was
addition, in the same manner as the liquefaction step used in Comparative Example 1.
The interval between the additions of ion-exchanged water was set to the time taken for
10 the added ion-exchanged water to spread through the entire kneaded mixture to form a
uniform state. A total of 18 additions were made. The time taken from the point of
liquefaction initiation through to completion of the 18th addition was 120 minutes. At
this point, the kneaded mixture was in a paste-like form. Subsequently, a further 640
parts of ion-exchanged water was added over 10 separate addition repetitions, thereby
15  vyielding a cyan aqueous pigment mixed solution 2. The 90% volume average particle
diameter of the thus obtained aqueous pigment mixed solution was 226 nm, the volume
average particle diameter was 132 nm, and the solid fraction concentration was 37
mass%.
[0068]
20 Diethylene glycol and ion-exchanged water were then added to the obtained cyan
aqueous pigment mixed solution, and the mixture was dispersed with a beads mill using
the same conditions as those described for Example 1.
1,800 parts of the cyan aqueous pigment mixed solution 2
195 parts of diethylene glycol

25 1,196 parts of ion-exchanged water



average particle diameter was 105 nm 40 g of the cyan ink 2 was placed in
the black cartridge of a commercially available ink-jet printer EM930C
(manuf actured by Sei ko Epson Corporation), and printing was conducted.
Solid printing was conducted at A4 size until the ink was 54 conpletely
consuned, and favorable printing properdsi es were obtained, with no patchy
ink coverage. [0069] (Reference Exarrpl e 3) 5 Black D sperS| on using a

Car bon Bl ack PIF%QEM A.m ture with the conpositi O‘ﬁ sh%ym %ow was kneaded
usi ng the samefOHPY %‘Gﬁ‘%t{eﬁ@"% & v fandidonsfge R 1 houess hsed 1 or
Exanple 1 and Conparative Exanple 1. 150 parts of the styrene-acrylic acid
copol yner liquidgaissing thypegh the bgadsgwitiwag)recoveradp @ heaecoyerst didpeesad lighid v@sr bon

Bl ack #960 (rmanufactured by M tsubishi Chem cal Corporation) 67.5 parts of a
34 mass% alipmesabiRcedliohicomrifiigabsdpasision i thy dhmy int@ner(3qhdtrdebdribatiifen rati o:
100% 340 parts of diethylene glycol 15 The raw materials were conbi ned and

Kk di : hi

ot was TR iRt A Pl Pden i U ?;ﬁ‘?‘r?éfw“*ﬁ?‘aﬂ%?‘a??f‘% ® v
d dhb h d (e t

it on, PRty e SRR A8 ShiBe fondhaien OB Ze R Bsfpar at i ve

Exanpl e 1 The interval between the additions of ion-exchanged water was
set to t halisperston siabalityrod thexyan pguenys sigmess ligwid ispgeeon masineassresdn édigd t hr ough
the entire kneaded m xture to forma wuniformstate. A total of 18 additions
wer e made sarhbenannersastExaepld t,ahe volempavetagoparticle diameter after leaving at high

temperature was 105 nm.
Using the cyan aqueous pigment liquid dispersion, a cyan ink for ink-jet
10 recording was prepared with the ink formulation shown below.
147 parts of the cyan aqueous pigment liquid dispersion 2
80 parts of 2-pyrrolidinone
80 parts of triethylene glycol monobutyl ether
30 parts of glycerol
15 5 parts of SURFYNOL 440 (manufactured by Air Products and Chemicals Inc.)
658 parts of ion-exchanged water
The viscosity of the cyan ink was 2.0 mPa-s, and the volume average particle
diameter was 101 nm.
The cyan ink was sealed inside a silicate glass collection vial and left to stand for
20 6 weeks at 60°C. The viscosity after this leaving period was 2.1 mPa-s, and the volume
average particle diameter was 105 nm.
40 g of the cyan ink 2 was placed in the black cartridge of a commercially
available ink-jet printer EM-930C (manufactured by Seiko Epson Corporation), and

printing was conducted. Solid printing was conducted at A4 size until the ink was



|l iquefaction initiation through to conpletion of the 18th addition was 160
mnutes. At this point, the kneaded m xture was in a paste-like form
Subsequently, a further 840 parts of ion-exchanged water was added over 14-
separate addition repetitions, thereby 25 yielding a black aqueous pignment

m xed solution 3. The 90% vol une average particle 55 dianmeter of the thus
obt ai ned aqueous pignent mi xed sol uti oA4was 120 nm the vol une average
particle diameter was 75 nm and the solid fraction concentration was 30
mass% [ GomPletely ed3yinedieand|fyapiblaprntiny prepetienged obaiisgd, witheotpaeshyadded to

t he obtained black 5 aqueous pignment m xed solution, and the m xture was

di spersediw doRegheads mll using the same conditions as those described
for Exanple 1. 2,000 parts of the black aqueous pignment m xed solution 165
parts of diethgkﬁgg gl ycol 805 parts of ion-exchanged water 10 Fol | owi ng
circulatory treatnent under the above conditions for 1.25 hours, the Iliquid
passi ng through the beads m |l was recovered. The recovered dispersed liquid
was t hen(Refpieaes Bxampie d) cent rifugal separation in the same manner as that
described for Exanple 1, yielding a black aqueous pignment |iquid dispersion
3a with aBlackddisgpesiopusing e CarbdindleckePigoien69 nm and a pi gnent concentration
of 15 mass% Wen the bl ack 15 aqueous pignent |iquid dispersion 3a was

subj ected to aAdhﬁd@lﬁé&iiQMnéEé‘ﬂ_ﬁbédiﬁdh%%Helbv&h«%kﬁe%ﬂ@dﬁﬁﬂ%ﬁfesﬁﬁleaa”m e 1,
t he vol une average particle dianmeter after leaving at hig t enperature was

(et POl GE RTUERToR PIRSL el S EABRRR Oihd Colb@Etye, L 20' 126

parts of the bllgaiCk aqueous pignment liquid dispersion 3a 80 parts of
2- pyrrol i dFHORE *-

150 parts of the styrene-acrylic acid copolymer A (acid number: 153 mgKOH/g)
10 500 parts of Mitsubishi Carbon Black #960
(manufactured by Mitsubishi Chemical Corporation)
67.5 parts of a 34 mass% aqueous solution of potassium hydroxide
(neutralization ratio: 100%)
340 parts of diethylene glycol
15 The raw materials were combined and kneading was started, and the maximum
electrical current value at this point was 18 A. Two hours after commencing kneading,
liquefaction was conducted by adding ion-exchanged water in portions of 20 parts per
addition, in the same manner as the liquefaction step used in Comparative Example 1.
The interval between the additions of ion-exchanged water was set to the time taken for
20 the added ton-exchanged water to spread through the entire kneaded mixture to form a
uniform state. A total of 18 additions were made. The time taken from the point of
liquefaction initiation through to completion of the 18th addition was 160 minutes. At
this point, the kneaded mixture was in a paste-like form. Subsequently, a further 840
parts of ion-exchanged water was added over 14 separate addition repetitions, thereby

25  vyielding a black aqueous pigment mixed solution 3. The 90% volume average particle



80 parts of triethylene glycol nonobutyl ether 30 parts of glycerol 5 parts
of SURFYNCL 440 (manufactured by Air Products and Chemcals Inc.) 25 679
parts of ion-exchanged water 56 The viscosity of the black ink was 2.1
nmPas, and the volune average particle dianeter was 60 nm The bl ack i nk was
sealed inside a silicate glass collectign vial and left to stand for 6
weeks at 60C. The viscosity following this |eaving period was 2.1 nPas, and

the 5 vol ave e icle dianeter was .64 n f the black ink was
pl aced i n%etﬁqoﬁ.ﬁ Q’S‘FP fa gaﬂ\“eoém@w&“é‘fq%?“% ‘?%alg')l Ognny, the ]‘“gf‘mﬁrl nt er
EM 930C (rmanuf actured by Sei ko_Epson Corporation), and printin

conduct ed.avesage Barpieleiaragieniaas tomauandshe a@hdmacgiozl@onemuﬁtwwas A mnasé’/

conpl etely consuned, and favorable printing properties were obtained, with

no patchy 10 ﬂﬂ&ﬂnoverage. [0071] As described above, for the magenta
gui nacri done-based pignent, the cyan phthal ocyani ne-based pignment, and the

bl'ack carbon b'ﬁ@ﬂﬁy@n@%ﬁ)&bl aﬂcﬁﬁﬁreﬂa{a%ged wgﬁﬁmfém&ma&&ataﬁlmxﬁéfma&w' ng

the liquefaction step of the solid kneaded m xture, 15 which contains the

Phe ot i Aioss MR Pk el ok BR ARy sty “ewffé BrafiBet e () "

formation of a uniformfluid substance that is suitable for the dispersion
step. By é%ga@mﬁ\ﬂmmse%m%é%ﬁg edvier Exaprled; on step, an aqueous pi gnment
liquid dispersion with extrenely favorable dispersion stability can be

prepar ed. AccorZfgiayts of thei ldadvdqiemis gigraentinhizegsaddotes 20 for produci ng an
aqueous pignent |iquid dispersion according to the present invention
exhi bits parti qebpatty of@iethgttnefglywet s for yell ow azo-type pignents.
805 parts of ion-exchanged water
10 Following circulatory treatment under the above conditions for 1.25 hours, the
liquid passing through the beads mill was recovered. The recovered dispersed liquid was
then subjected to a centrifugal separation in the same manner as that described for
Example 1, yielding a black aqueous pigment liquid dispersion 3a with an average
particle diameter of 69 nm and a pigment concentration of 15 mass%. When the black
15  aqueous pigment liquid dispersion 3a was subjected to a dispersion stability test in the
same manner as Example 1, the volume average particle diameter after leaving at high
temperature was 72 nm.
Using the black aqueous pigment liquid dispersion, a black ink 3 for ink-jet
recording was prepared with the ink formulation shown below.
20 126 parts of the black aqueous pigment liquid dispersion 3a
80 parts of 2-pyrrolidinone
80 parts of triethylene glycol monobutyl ether
30 parts of glycerol
5 parts of SURFYNOL 440 (manufactured by Air Products and Chemicals Inc.)

25 679 parts of ion-exchanged water



By enpl oying the production process of the present invention as a process
for producing a yell ow agueous pignent |iquid dispersion that uses a

pi gnent (a) containing mainly an azo-type pignent, an aqueous pignent
liquid dispersion with a favorable |evel 25 of dispersion stability that is
simlar to that observed for the other _basic colors can be 57 prepared,
even if the sane styrene-acrylic acid é@)pol ynmer (b) is used as the

di spersant resin, neaning a favorable ink set can be fornmed. The production
process of theThe eisamsity of thecddkank enab/lanPi-¢) and deaddumeravdrageepdriclbe

di spersed within a conparatively short period of tinme. The aqueous pignent
l'iquid di glapktrasa@dhai ned using the production 5 process of the present
invention is able to maintain a stable dispersion state over an extended

peri od, even i jet r di 1Dk ) X i hi
favorable r e\(l:\lgggllﬂ%é?gl}( ﬁ)aé%? ?lggh]\%%dgr? S%@C%ﬁetéésg?zﬁhg&igp %ﬁ‘ﬁ@?‘ !.ﬁeggt% S&“ﬁﬁk}g 1. A
process for producing_an aqueous pignent |iquid dispersion that is formed by
m xi ng a 8oierks athae fheviseqnity folinwing dhinlpauing pgriediwvas 3)l mbBris.amdithey mainly an
azo-type 5 pignent, a styrene-acrylic acid copolynmer (b), a basic conpound
(c) antl avolaintiangrag@paiticle didnetaviwds Ammaqueous nmedi um said process
conprising a liquefaction step of adding water (e) and a wetting agent (d2)

while conti nUiMgBPﬁﬁqﬂMifﬂtwﬁbﬁlaﬁéﬂﬁl%é‘ﬁl@ﬁg@#gmgéto%%onﬁﬂ%iﬁ%y generating a

liquid state, wherein 10 a total quantity of e wetting agent” (d2) added in
neaded e LBt VP PonERE e bY o Brbdh CPROERGD dpdp. 2. A
process for produci ng an _aqlf.epu_s ipi gmarét | i qui d di spersiaon according to
clai m 15PEntngEaseopdygied. \wealid prting sres conpctedat Adaiss ungl thednk #1358 d kneaded
m xture froman initial
completely consumed, and favorable printing properties were obtained, with no patchy
10  ink coverage.
[0071]
As described above, for the magenta quinacridone-based pigment, the cyan
phthalocyanine-based pigment, and the black carbon black pigment, favorable
liquefaction can be achieved during the liquefaction step of the solid kneaded mixture,
15  which contains the pigment, the styrene-acrylic acid copolymer (b), the basic compound
(¢) and the wetting agent (d1), simply by adding water, and this enables the formation of
a uniform fluid substance that is suitable for the dispersion step. By subsequently
conducting the dispersion step, an aqueous pigment liquid dispersion with extremely
favorable dispersion stability can be prepared. Accordingly, it is evident that the process
20 for producing an aqueous pigment liquid dispersion according to the present invention
exhibits particularly marked effects for yellow azo-type pigments.
By employing the production process of the present invention as a process for
producing a yellow aqueous pigment liquid dispersion that uses a pigment (a) containing

mainly an azo-type pigment, an aqueous pigment liquid dispersion with a favorable level

25  of dispersion stability that is similar to that observed for the other basic colors can be



stage of said |iquefaction step. 3. A process for produci ng an agueous

pi gnment |iquid dispersion according to claim 1, wherein the basic conpound
(c) is an alkali nmetal hydroxide. 20 4. A process for produci ng an agueous
pi gnent |iquid dispersion according to any one of clains 1 to 3, wherein
the wetting agent (dl) within the solid5¥neaded m xture and the wetting
agent (d2) added in the liquefaction stép are identical. 59 5. A process
for producing an aqueous pignent |iquid dispersion_according to any one of
claims 1 tWeppreduexeinifthesane shwens-Agryligacid copplymes(b) ipwied gy the dispgrsabhol . 6. A
process for producing an aqueous pignent |iquid dispersion according to
claim 5 Sesiphmewiing a fayopably inkdet eandiedommadd. i Bhedireduryibr peocgbsyefche prigsens
process for produci ng an aqueous pignent |iquid dispersion according to any

one of cl aint@ntibntenables iedkmheadeditiRnAE B Beydi§pepded Wittlin b SofaphratiVelgRBst Yel | ow
155. 10 8. A process for produci ng an aqueous pignment di spersion according

to any on Al BTk 4 P 1 i | ymer (b)
is a resiﬁ'J é@fﬁéﬂgh acf%ﬁ%uﬁﬁﬁgﬁéﬁ# P&ﬂgﬂﬁ%%%ggﬁ?@%%¥ébgP%ﬁggﬁﬁgﬁg a wei ght
aver ag nnlecula% wei ght within.a gaﬁge from7 PO. to.50,000, 15 said resin
Compr | 91 ngPPaEs PF e TPV SRR ADIG A mainigto aéfaf? S YSPEETION FRRAYET a0 unit and a
met hacrylic acid nononer unit, and conprising the styrene-based nononer

unit at 60extended pered Syeehen ysediag ap iajebreserfiingink) arskalsg ¢xbilyjisdaegrable
conponents. 9. A process for produci ng an aqueous pignment |iquid dispersion
accordi ng iecordirg propétfleSwhathebentsd in £prdtened total of the styrene-based
nmononmer unit, the acrylic acid nononer unit and the nethacrylic acid
nonomer unit is at |east 95 mass% of a conmbined total of all nononer
conponent s.



60 10. A process for produci ng an aqueous pignment |iquid dispersion
according to any one of clains Ito 3, wherein a glass transition point of
the styrene-acrylic acid copolyner (b) is at least 90C. 5 11. A process for
produci ng an aqueous pignment |iquid dispersion according to any one of
claims 1 to 3, wherein a quantity of the basic conpound (c) within the _
kneaded mixture is sufficient that aYeutralization ratio of an acid nunber
of the styrene-acrylic acid copolyner is at |least 50% and 10 a pH of the
aqueous pignment liquid dispersion i €hIM8Bn a range from8 to 11. 12. A
process for produci ng an aqueous pignent |iquid dispersion according to any
one of clainms | to 3, wherein a solid content ratio of the kneaded m xture
iswithin a range fromb50 to 80 nass% 15 13. A process for producing an
aqueous Q[gneqi

i qui ' ' di . : . i to 3,
wherein a masg P gotc?%é tﬁf)?‘loﬁ B‘?Q@ %Q?%ﬁﬁgﬁlgléﬁ%nﬁe@éggxﬁrg@grt %It 5%{0%g bijrt he
styrene-acrylic iid copolyner (b) . and the pi nt (a) containing mainly the
azo- t ypén‘ﬁf%??‘%i@ewoeg AR TUES FRRS G %Pﬁgﬂeﬁbgggf"ﬁ?é!")gz‘éa‘ﬂ (ANARLOTTHRE j et
recording ink conprising, as a main conponent, an aqueous pignment |iquid
di spedsi angpensduspreneracnydic abid copelymes(b) o basicoapmpionnd £e) and asvaitingagpmbnt
liquid dispersion according to any one of clains Ito 3.

(d1) with an aqueous medium,
said process comprising a liquefaction step of adding water (e) and a wetting
agent (d2) while continuing kneading of the solid kneaded mixture, thereby generating a
liquid state, wherein
10 a total quantity of the wetting agent (d2) added in the liquefaction step is within a

range from 0.5 to 40 mass% of the solid kneaded mixture at a point of initiation of the

liquefaction step.

2. A process for producing an aqueous pigment liquid dispersion according to claim
15 1, wherein the wetting agent (d2) is added to the solid kneaded mixture from an initial

stage of said liquefaction step.

3. A process for producing an aqueous pigment liquid dispersion according to claim
1, wherein the basic compound (c) is an alkali metal hydroxide.

20
4, A process for producing an aqueous pigment liquid dispersion according to any
one of claims 1 to 3, wherein the wetting agent (d1) within the solid kneaded mixture and

the wetting agent (d2) added in the liquefaction step are identical.
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5. A process for producing an aqueous pigment liquid dispersion according to any

one of claims 1 to 3, wherein said wetting agent {d2) is a polyhydric alcohol.

6. A process for producing an aqueous pigment liquid dispersion according to claim

5, wherein the polyhydric alcohol is diethylene glycol.

7. A process for producing an aqueous pigment liquid dispersion according to any

one of claims 1 to 3, wherein the azo-type pigment is C.1. Pigment Yellow 155.

8. A process for producing an aqueous pigment dispersion according to any one of
claims 1 to 3, wherein

the styrene-acrylic acid copolymer (b) is a resin having an acid number within a
range from 50 to 300 and a weight average molecular weight within a range from 7,500
to 50,000,

said resin comprising a styrene-based monomer unit, an acrylic acid monomer
unit and a methacrylic acid monomer unit, and comprising the styrene-based monomer

unit at 60 to 90 mass% relative to a combined total of all monomer components.

9. A process for producing an aqueous pigment liquid dispersion according to claim
8, wherein a combined total of the styrene-based monomer unit, the acrylic acid
monomer unit and the methacrylic acid monomer unit is at least 35 mass% of a combined

total of all monomer components.
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10. A process for producing an aqueous pigment liquid dispersion according to any
one of claims 1 to 3, wherein a glass transition point of the styrene-acrylic acid

copolymer (b) is at least 90°C.

11. A process for producing an aqueous pigment liquid dispersion according to any
one of claims 1 to 3, wherein

a quantity of the basic compound (¢) within the kneaded mixture is sufficient that
a neutralization ratio of an acid number of the styrene-acrylic acid copolymer is at least
50%, and

a pH of the aqueous pigment liquid dispersion is within a range from 8 to 11.

12. A process for producing an aqueous pigment liquid dispersion according to any
one of claims 1 to 3, wherein a solid content ratio of the kneaded mixture is within a

range from 50 to 80 mass%.

13. A process for producing an aqueous pigment liquid dispersion according to any
one of claims 1 to 3, wherein a mass ratio (b) / (a) within the kneaded mixture between
the styrene-acrylic acid copolymer (b) and the pigment (a) containing mainly the azo-

type pigment is within a range from 1/10 to 2/1.

14.  An ink-jet recording ink comprising, as a main component, an aqueous pigment
liquid dispersion produced using the process for producing an aqueous pigment liquid

dispersion according to any one of claims I to 3.



