1 [DESCRI PTION] [TITLE OF I NVENTI ON] PI GVENT DI SPERSI ON AND AQUEQUS

I NK FOR I NKJET RECORDI NG 5[ Techni cal Field] [0001] The present
invention relates to an aqueous ink for ink jet recording in which a
pignent is used as a color nmaterial. 10 [Background Art] [0002]
Conventionally, dye inks that use a dye for the color material have
been used for the aqueous inks fofDESKRIEHIONdcordi ng. There are

numer ous advant ages associated with the dye inks in that they exhibit
excel l ent storage stability, hiTTdLE OF 0gVENTIODEZI e of an 15ink jet
printer, and the printed matter obtained therefromis excellent in
terns of gl oP§GMINTEYASPERBRIN ANIS2YBRORBSNIOFOR MK TOR ECORIING
dye, such as the poor weather resistance, which nmakes it i npossible
to store the printed nmatter for a long tine, and inferior water

resi stance and |ight resistance have been pointed out. Accordingly,
in recent _years, ous inks for inkjet recording using a pignent

t hat hiB%?Emﬁﬁégﬁﬂ nt 20 weat her resistance, water resistance and

| i ght resistance (hereafter, abbreviated as an aqueous pignment i nk)
have been devell®8éH. [0003] An aqueous pignment ink is usually
a pignment dispersion prepared by honogeneously di spersing pignment
particl es i n abfhapesoninveotiverdatsutolanaguents itk for ik 2breboddinginvhitihe
recording, forms an ink filmcontaining the pignent particles on a 2
recor di ngpigBRhtiusédBRALcHIbahhteMalof the material recorded by the
aqueous pignment ink largely depends on the col or devel opnent and

gl oss of the pignent particles thenselves in this ink film and thus
there has been a problemin that the col or devel opi ng properties and
gl oss, properties of the recorded portion are inpaired due to the
diffugg r %4§€PP8§A6@ 5 light by the pignent particles in the ink
film when a recording nedium such as a glossy paper, in which a
recordi ng surfE982] s snoot hed is used. Moreover, there have al so been
probl ems of insufficient fixation with respect to the recording

medi um and pooCoswmiitudly; dyt wka tmbusefa dyedof thermelbrinredered havenbesd aistd fom,
ink jet printing is different fromthe usual printing nmethod, and the
10 pri nti thy aplicvds tksifer @RAeltedRdinpy THe abam@hfguasdvaflagts Asddidted with
printer head. The discharge systemincludes a piezo systemand a

t her mal sm%hgmnﬂsran hRe e ek Rt eﬁ&’eﬁfeﬁf@tofa e Babilige Hhifly cl%'g '&YeenézEFc d'tf%

inside the ndzzle is boiled with a heater constituted of the hea

ele S i in 4 rinter. head. to.di scharge the. ink dropl.ets,
2 probt enfiitaniter e e oBH el B8RP ok TR KGN H et QPR e
heater poytion due to the rapid 15.tepgperatyre change inside the
nozzl e so"PWEYCTt ﬁ@“ldiséaf’ad“?g?gﬁﬁg‘in%ﬁ%ﬁgﬁit € é%‘glffs SEORIFRRthERi | ur e)
during the prolonged printing process. Therefore, the ejection

st abi | i t yresistanees svhidympkesdt itepossible tp stere hepaintedanatter for a long time, and

inferior water resistance and light resistance have been pointed out. Accordingly, in
recent years, aqueous inks for inkjet recording using a pigment that exhibits excellent
20  weather resistance, water resistance and light resistance (hereafter, abbreviated as an
aqueous pigment ink) have been developed.
[0003]
An aqueous pigment ink is usually a pigment dispersion prepared by
homogeneously dispersing pigment particles in an agueous solvent such as water, and

25  following the recording, forms an ink film containing the pigment particles on a



[0004] Currently, a water-based pignent ink that contains a resin
conponent in order to 20 inprove the fixation onto the recording

medi um and the gl oss has been studi ed, and an aqueous ink for inkjet
recordi ng to whi ch aqueous pol yur et haneZ has been added is knovvn as an
ink to satlsdy t he_physical properties to some_ extent.

speci f i cafeegrdingymedinmetinage gaglity 9t thequsterial serosdad bygthg aweﬁoyapwh@k
that is forned by having an acetyl ene glycol type hydrophobic diol
known as hrgaly flerpadsion theeoknyalavelaprient apd ghosx pf thg pigment pattiziesithgn@bres
diol as raw materials (for exanple, refer to Patent Docunent 1), an
i nk conpo#i thisdnk fitrh, andl thukghede Has bedr problzai i thatitbe edlor developing properties
ur et hane-nodi fi ed polyester resin (for exanple, refer to Patent

Docunent 2jg4 IQMréﬁbrhE%ﬁHé%&éif&eﬂ %rtfo(ﬁraré ﬂﬁ]bﬁfed%b o ﬂﬁghﬁ%tr@ﬂé&ﬁﬂ oft
sel f-di spersing pignent and a pol yurethane di spersing elenent (for

JREg e e
O e e R BE R 8 1S 5 S b

recordi ng nedi um In addition, the ink corrp05| tion for inkjet
printing Hedlmsnfdnsuiiigentdination pitksespedt 1p il Jeeingrmsedinmiant opioseratch
ej ection stability and poor abrasion properties of the obtained
print ed nesstaned of thadorded idgésnk conposition for inkjet printing
described in Patent Docunment 3 had a problemof inferior ejection

stability. In add@d e inkyeeptiRite id difftpd@ ROSLtheNexA PrnAl MRHRAL and the
Applicati on, First Publication %o Hei 06-279718 ity Pat ent

Docu t P

15 Nob 2 tf‘%@%@%*ls%ﬁﬁ@‘%déﬁfdﬁ%ﬁ%%ﬁ?ﬂ@“ B PRl e 0, URERRE
Translatlon No. 05- 515289 of the PCT rn P bllcatlon

[ Sumary SIS RSRAESA Piesh SYSIGR ART & Serprbr a%d@%@fmﬁ SyStéipy
problems to be solved by the present |nvent|on and thus the aobj ct

t her eof | Bartignlas éw%j@eaak Hyidedhanozzle is bpilediwith aheater epngtitiged o

capabl e of stably discharging ink droplets even during the prolonged
printing ¢ewnertsgpravidadia theydirger Ipad e disclofrgeathe frde dmabpletsd a pyablemmparisasdn i s
al so capable of obtaining a printed i mage that exhibits excellent
weat her rgai $plehomenbmkdii httgation 660U Rlthd Bt tpaRich deI0 the dapid t O
Probl en] 5[ 0006] The present inventors have di scovered that the

abov ergTenfohiaReB R RThGaHHR @iozzle so that the liquid is no longer discharged (discharge

failure) during the prolonged printing process. Therefore, the ejection stability is also
required for the ink to be used.

[0004]

Currently, a water-based pigment ink that contains a resin component in order to

20  improve the fixation onto the recording medium and the gloss has been studied, and an

aqueous ink for inkjet recording to which aqueous polyurethane has been added is known
as an ink to satisfy the physical properties to some extent. More specifically, an inkjet
recording liquid containing a polyurethane that is formed by having an acetylene glycol
type hydrophobic diol known as a surface active agent and a carboxyl group-containing

25  diol as raw materials (for example, refer to Patent Document 1), an ink composition for



sol ved by using a carboxyl group-containing polyurethane which is
desi gned so that carboxyl groups are honpgeneously introduced within
the polyner chain of the polyurethane. 10In terns of the carboxyl
group introduction, the conventional cd boxyl group- containing

pol yur et hanes have not been controlled in any way, and carboxyl
groups ar Bkich REBHIE contaipipg da seethpnennadifind pplypsferrasin fos csHapls, TeRT iR st
cases. Al t hough a bl ock type urethane ol i gonmer has been

di scl osedPatantFeamtentd) andan ink cottpesitibh dertinkjeprévingicontainicgaselél t he
ol i goner segnent and the positions of the carboxyl 15 groups have not
been i dendispérsitlg plginedddhd & polyurdthiane dispeBhgadeteait $fop dsyne€trbfen & Patent
di spersing el enent which is synthesized through an adduct form

consti t ut pecghe@ 3l Hawl 1RERKRGRA2I Ni ng di ol s including the carboxyl
group-containing diol and a diisocyanate conpound has been discl osed

i n Patent Docu . e 1S40 i.ptl an met h far
synt hesgi Zi ng tﬁgwg‘é%ut&e%étnﬁe&ofgf’gdglﬁ‘ﬂesgﬁbe%h%?’%Feé{s}@ﬁ?mig?{@grhag Ps
have determ ped fhat. the carboxyl groups which are randonmy, X
't 0ducoBropIFa: o BicHgh B8S E@Pﬁ%léasgr R TN Pﬁﬁlﬂ%@ﬁ@@ﬂf@g@l»
In the case of random polynerization, the anmpunt of carboxyl groups

i nt r oduceepepiadevaema gloseapansnwanisedias arrpeordiol seadivn. Ehaddificiutheigkt he
pol ymeri zati on beconmes 25 heterogeneous. Especially when a

pol yner i zedmpositjmdorakjdt pridesg deserib&bindatend Docurhenm|2 Hakleprot et o€ imifidrior
wei ght of the polyurethane to be obtained to a |ow |l evel, since the

amount  of gjb@ionQgubiIegt a6 @ pBerabrasisOpBBeries oSfle bBfhirRa PhinRAM AR ddhe
chain reduces in theory, sone nolecul ar chains nay be produced with

o S, or 1 BB bR e eI RY Rl s AP BRI o .

ext ent ofipﬁ%_gro hh#é%la%ﬁplyn advance, since a portion of the nol ecul ar

chain of B4 ur et hane becones insoluble in water, the
degree of solubility partially reduces. Mreover, portions of =

i socyanat e gr obgientdiesument bydppangse pexaminedPatentrAnplicption, FHist Bhlication
during polynerization to form an unnecessary gel conponent in water,
t her eby i NorBedlonj%h& nol ecul ar wei ght beyond expectation or

di sabling the 10 cross-|linked carboxyl 'coup to function as a

wat er - di sper si Patefttdduineat DJagarRed Unatitnih &l Batbites pistictiors FirstPubliction
reduces with respect to the anmount of raw material nononer added. In
addi tjson {9, %]d@)qsﬁogb}gnonena, the present inventors have al so

di scovered that the ink ejection stability and the printing

suitability ar i der.abl v, Lnpai red b hese..pheno 0008]
That 15, the prABBIORATBR TRl Rl TS RAR RA SR R Bpdg et
cont ai ns ter, ueous polyner and a pignent as essenti al
conponentéy‘?er%ﬁﬂ’%mcéqﬁoﬁ he af orenenti oned aqueous polyner is a

car boxyl group-contai ni ng pol yurethane which is fornmed by reacting a
di ol conmpound (C) and a reaction product, which is mainly 20 conposed
of a conpound represented by general formula (1) and prepared by
reacti ng @usimdryofinventichj( A) havi ng one or two carboxyl groups wthin
each nolecule with a diisocyanate conpound (B) and which al so has a
reactigon fmeexcaPromémyl ated by (Formula 1) within a range from 0. 95
to 1.10, or by reacting the aforenentioned reaction product, the diol
conmpound (C) awéogx} di i socyanate group (D). 25[0009]

The problems to be solved by the present invention and thus the object thereof is
to provide an aqueous ink for ink jet recording which is capable of stably discharging ink

droplets even during the prolonged printing process in the inkjet printer of a thermal



6 [Chemical Formula 1] OCN -RL NHCO R2 -OCNH -R3 --NCO I'I'1l 0 (1)
[0010] (In general fornula (1), Rl and R3 represent parti al
structures of the diisocyanate 5 conpound (B) from which the
i socyanate group has been excluded, andt Rl and R3 may be the sane or
may be different; and R2 represents a partial structure of the
af or enent $X5t8% 2@l éy als,eapabisef ohtaining p gnisd dmage thajexbibits sxgellegt wassher
wi thin each nol ecul e and from which the hydroxyl group has been
excl uded) resisGtg, jin p@fiEglar, spratch resifRamet i on i ndex = (reaction rate of
I socyanate group) x [(nunber of noles of diisocyanate conmpound (B))/
(nunber of noles of diol conpound (AD] (Forrmula 1) [0012] 15In
addition, the present invention provides an aqueous ink for inkjet
recor di ngrddi@ion 18 Ph¥i1&RY by using the pignent dispersion described
above. [0513] Further, the present invention provides a nethod
for p@pducing ﬁﬁogﬂueous pol ymer, which is a nethod for producing an
aqueous polyner 1o be used in a pignent 20 di spersion that contains
wat er, the aqugpus polynmer and a pignent as _essential ,conmponents, the
met hod i ncl udi HG® BreSTE VGFtOF%%‘tei‘ﬁﬁg&era Hrat %ﬁ%@tﬁﬁalemneﬁpﬂéﬁan&ﬂ@sr
two carboxyl groups wi thin each nolecule with a diisocyanate conpound
(B) and tsivadnest vsing a prasbexsd graupreoataining pplyirethang evhich islesigrast soghat
i ndex as cal cul ated by (Formul a

carboxyl groups are homogeneously introduced within the polymer chain of the

polyurethane.

10 In terms of the carboxyl group introduction, the conventional carboxyl group-
containing polyurethanes have not been controlled in any way, and carboxyl groups are
randomly introduced within the polyurethane chain in most cases.

Although a block type urethane oligomer has been disclosed in Patent Document
1, the object thereof is to control the oligomer segment and the positions of the carboxyl

15  groups have not been identified. In addition, although an aqueous polyurethane
dispersing element which is synthesized through an adduct form constituted of acid
group-containing diols including the carboxyl group-containing diol and a diisocyanate
compound has been disclosed in Patent Document 3 , there is no description on the
method for synthesizing the adduct form.

20 [0007]

The present inventors have determined that the carboxyl groups which are
randomly introduced in this manner seriously affect the discharge properties.

In the case of random polymerization, the amount of carboxyl groups introduced
in several locations within the molecular chain during the polymerization becomes

25  heterogeneous. Especially when a polymerization process is designed so as to control the



7 1) falls within a range fromO0.95 to 1.10, thereby producing a
reaction product which is mainly conposed of a conpound represented
by general forrmula (1), followed by a step of reacting the

af orenenti oned reaction product and a di ol conpound (C) or the

af orement i oned reactlon product t he_di ol . conmpound, (C

and a
di i socyan@plecyepwgightyt ths polyvesthanerie ke ehirined fova fow teve eﬂefamoumb@f
-R2 -OCCN H -NCO II11 00 (1) [0015] (In general formula (1), RL and R3
r epr esent infraduded|cagtorplcgranpsspen ke fdreach deongkadarechhtn wdnges imthepB) sémeom
whi ch the isocyanate group has been excluded, and RI and R3 may be

the sanme @bledulyr etk higbepioducsddvilZns eabese rgt@pan@adﬁceal Irsdtheroworde,
of the aforenentioned diol conpound (A) having one or two carboxyl

groups Wi &2hne 8@ GthoiRt SGHvEnA8Sh1 h B k& Be Eieadd §' HERMhinSd BY Bred@sin

been excluded). [0016] 15[ Eg. 2 React | on I ndex = (reaction rate
( B) I) / %%u ergteg{ Id{agsi)hhicntg corrp’ou i5 p%)ﬁ)l ‘%H fég‘? Xnﬁ)?e%‘;% S%RSPE%
e oSt s Sl L, e o) B
capabl e of stabl di schargi ng ink droplets even durlng t he prol onged
printi ng Jseecess Mqorgoveg, portions of isocyanate groups and carboxyl groups cause a
crosslinking reaction during polymerization to form an unnecessary gel component in
water, thereby increasing the molecular weight beyond expectation or disabling the
10  cross-linked carboxyl group to function as a water-dispersion stabilizing group, and thus
the water solubility reduces with respect to the amount of raw material monomer added.
In addition to these phenomena, the present inventors have also discovered that the ink
ejection stability and the printing suitability are considerably impaired by these
phenomena.
15 [0008]

That is, the present invention provides a pigment dispersion that contains water,
an aqueous polymer and a pigment as essential components, and in which the
aforementioned aqueous polymer is a carboxyl group-containing polyurethane which is
formed by reacting a diol compound (C) and a reaction product, which is mainly

20  composed of a compound represented by general formula (1) and prepared by reacting a
diol compound (A) having one or two carboxyl groups within each molecule with a
diisocyanate compound (B) and which also has a reaction index as calculated by
(Formula 1) within a range from 0.95 to 1.10, or by reacting the aforementioned reaction
product, the diol compound (C) and a diisocyanate group (D).

25 [0009]



the inkjet printer of a thermal system is capable of form ng an
image with no streak, irregularity or ink bleeding, and is al so
capabl e of obtaining a printed inmage that exhibits excell ent weat her
resistance, in particular, scratch resittance. The di scharge
properties in t her n1are particularly favorable especially
5 when the mei@ﬂ% 9@&%&@3 Bdilecul ar wei ght of the aforenentioned

car boxyl group-containing polyurethane is within the range from

10, 000 to 50, 000. vrthernore, t he, ej ection stabibity i S superior
when t he a@@N/a-l-crrR e\ QienrenR ored 3 R eu-p—]}.@@@ ni ng
pol yurethane is from20 to 70(jngKOH g. The Rt orenenti oned di o
compound (A) to be used is prgferably 10 dimethyl ol propionic acid or
di et hyl ol but anoi ¢ aci d since the carboxyl “groups can be introd%ﬁpd
al nost entirely in accordance with the charged anount thereof.

[ Description o&vgggodinents] [0018] 15 (Pignent dispersion Aqueous
pol ymer (carbo roup- cont ai ni ng pol yur et hane) ) The aqueous
polymer used in the present invention is a carboxyl grou? contalnlng
pol yur et hane wip&ansral pgrRadlb R PahBt rapsessnicragiial e \diigpryapate
reaction product, which is mainly conposed of a conpound rqpresgnted
by gerfer atomhprumd (B) froin windh greapenyenkt®d graupdes beep exchided, and i and &’ (uely
having one or two carboxyl groups within 20 each nolecule with a

di i socyankd ﬂhe@@ﬁ@@ﬂﬂﬁy(bB)ilf&’tdml\m&mz fbfQedif s partihbaiches of thdex as
calculated by (Formula 1) within a range fromO0.95 to 1.10, or by

reacting SAED 55;1%1, QO8G0 gg;mmﬂ O
and a di |£sfg€e>rllgé;rl1§t6e grglup (Duhﬁﬁﬁ%%\i?n aé:hem' cal Forxgbgo %%N R1

NHCO - R2 m%\‘ul chtﬂé%;?c@o%& J%%%g]#ﬁéelf&g ‘fdedfeactl on index =

(reaction Pat e |socyanate es of 5
di i socyanat e c&g? nd (B))/ (nunber of noles of diol conpound (A))]
(Formula 1) [O ?]u

10 [Eq.1]
Reaction index = (reaction rate of isocyanate group) X [(number of moles of
diisocyanate compound (B))/ (number of moles of diol compound (A))]
(Formula 1)
[0012]
15 In addition, the present invention provides an aqueous ink for inkjet recording
that is formed by using the pigment dispersion described above.
[0013]
Further, the present invention provides a method for producing an aqueous
polymer, which is a method for producing an agqueous polymer to be used in a pigment
20  dispersion that contains water, the aqueous polymer and a pigment as essential
components, the method including a step of reacting a diol compound (A) having one or
two carboxyl groups within each molecule with a diisocyanate compound (B) and

terminating the reaction at the point where the reaction index as calculated by (Formula



In general forrmula (1), R and R3 represent partial structures of the
di i socyanate conpound (B) from which the isocyanate group has been
excluded, and le and R3 may 10 be the sanme or may be different; and
R2 represents a partial structure of thWe aforenentioned diol conpound
(A) having one or two carboxyl groups w thin each nol ecule and from
whi ch t he%{@aﬂﬁ Biiin @Fﬂ@%ﬁﬁ@s‘{%ghl é&dh%@dpr.od[l@og areactianprodyctorhieh is
di ol conpound (A) used in the present invention and having one 15 or
t wo car bomypinlycaupssediof A compaurid mplessniddeby garerall foresie(13, folvaedbyla bigp
the reaction between pol yhydric al cohols and pol ybasic acid

anhydr i desf readtthgthdyfdecnantioled@hetichCirdsuct Uda dfol LompeidBIC)ydrahé act i ¢
acid, 2,2-dinethylol propionic acid, 2,2-dinethylol butanoic acid and

2, 2- di met gkt Aibisd £adfdnbro&iARE 8] 0 B bGh YOF
2 5 i et e BpAd Salfinbrodi 1. 5 ComBBIC il # QTR A: LREHIOF
these,5 2,2- 20 Ogi Hﬁt hyl ol propi onic acid or 2, 2-dinethyl ol butanoic
acid i's prefer[’ c]i ue to the availability thereof. [0023] 10

Exanpl es of the dii,s anat e_conpound (B) used in the present
i nvention incl @@%?ﬁ%gpﬁé%i i socyanat e conpounds such as

hexanet hyl ene diisocyanate and 2, 2, 4- trimethyl hexanet hyl ene
di i socyanat e, alicycliﬁ di i socyanat e conpounds such %S i sophor one
di i socyandD¥E, Nrydroged 't-ec[\]HG(DerreRDé:rs@@ _—

4, 4- cycl ohexyl net hane 5 diiso¢lyanate, aronafji c aliphatic diisocyanate
conmpounds such as xylylene dif{pocyanate angntetranethyl xyl ene
di i socyanate, and aromatic dilsocyanate cornpounds such as tolyl gﬂe
di i socyanat e and phenyl net hane dii socyanate. O these, aliphati
di i socyanat e cmnds or alicyclic diisocyanate conpounds are
preferred in v f the Iight fastness (unlikely fading and
di scoloration) of the 10 printed ipages. [0024] In the aforepentioned
general for nul gngeeralfprrya (RaRaped By espsssgp strpgtnres of therdiiseayanate
represented by: [0025] 15[ Chemical Fornula 4] [0026]

10 compound (B) from which the isocyanate group has been excluded, and R! and R? may

be the same or may be different; and R” represents a partial structure of the
aforementioned diol compound (A) having one or two carboxyl groups within each
molecule and from which the hydroxyl group has been excluded).
[0016]
15 [Eq.2]
Reaction index = (reaction rate of isocyanate group) x [(number of moles of
diisocyanate compound (B))/ (number of moles of diol compound (A))]

(Formula 1)

20  [Advantageous Effects of Invention]
[0017]
According to the present invention, an aqueous ink for ink jet recording which is

capable of stably discharging ink droplets even during the prolonged printing process in



C H3 11 -H2C CH2- [0027] In addition, in the
aforenentioned general formula (1), R2 is preferably a partial
5structure represented by: [0028] [Chem cal Fornula 5]

8

the inkjet printer of a thermal system, is capable of forming an ilﬁage with no streak,
irregularity or ink bleeding, and is also capable of obtaining a printed image that exhibits
excellent weather resistance, in particular, scratch resistance.
The discharge properties in a thermal system are particularly favorable especially
5  when the weight average molecular weight of the aforementioned carboxyl group-
containing polyurethane fs within the range from 10,000 to 50,000.
Furthermore, the ejection stability is superior when the acid value of the
aforementioned carboxyl group-containing polyurethane is from 20 to 70 mgKOH/g.
The aforementioned diol compound (A) to be used is preferably
10 dimethylolpropionic acid or dimethylolbutanoic acid since the carboxyl groups can be

introduced almost entirely in accordance with the charged amount thereof.

[Description of Embodiments]

[0018]

15  (Pigment dispersion Aqueous polymer (carboxyl group-containing polyurethane))

The aqueous polymer used in the present invention is a carboxyl group-
containing polyurethane which is formed by reacting a diol compound (C) and a reaction
product, which is mainly composed of a compound represented by general formula (1)
and prepared by reacting a diol compound (A) having one or two carboxyl groups within

20  each molecule with a diisocyanate compound (B) and which also has a reaction index as
calculated by (Formula 1) within a range from 0.95 to 1.10, or by reacting the
aforementioned reaction product, the diol compound (C) and a diisocyanate group (D).

[0019]

[Chemical Formula 3]



H20 CH3 CCH2 COCH H20 02H5 C -CH2 COCOH

10

15

20

QCN R NH(lIJo—RZ—o%:NH——R?’——-NCO

O O
M

[0020]
[Eq. 3]

Reaction index = (reaction rate of isocyanate group) * [(number of moles of
diisocyanate compound (B))/ (number of moles of diol compound {A))]

(Formula 1)

[0021]

In general formula (1), R' and R? represent partial structures of the diisocyanate
compound (B) from which the isocyanate groﬁp has been excluded, and R' and R® may
be the same or may be different; and R® represents a partial structure of the
aforementioned diol compound (A) having one or two carboxyl groups within each
molecule and from which the hydroxyl group has been excluded).

[0022]

Examples of the diol compound (A) used in the present invention and having one
or two carboxyl groups within each molecule include esters obtained by the reaction
between polyhydric alcohols and polybasic acid anhydrides, and dihydroxyalkanoic acids
such as 2,2-dimethylollactic acid, 2,2-dimethylolpropionic acid, 2,2-dimethylolbutanoic
acid and 2,2-dimethylolvaleric acid. Examples of preferred compounds include 2,2-
dimethylolpropionic acid and 2,2-dimethylolbutanoic acid. Of these, 2,2-
dimethylolpropionic acid or 2,2-dimethylolbutanoic acid is preferred due to the
availability thereof.

[0023]



or [ 0029] 10[ 0030] In the present invention, the reaction
i ndex expressed by (Fornula 1) refers to an index which becones 1.0
when a product is obtained by reacting the isocyanate group of

di i socyanate conpound (B) with the hydildxyl group of diol conpound
(A) at a nolar_ratio of 1:1. In other words, when the reaction index
i s | ess than OE®Snplgs phthgdiispeyarate cernpagd(By sspshtia thepresast ipaprtian include
conpound (B) and diol conpound (A) remain and consequently react with
a di ol coadiphaticd dastdgahatacdnyuinds buehi as iesdmqihylond disospmmatespd 2633~ and

t hus carboxyl groups cannot be honpbgeneously introduced into

pol yur et hgigsthfRetahR8i8R  diisdeyafaR dalicvbiRndiiseeymartohpduhdiiinh @xceeds

1.10, the crosslinking reaction between the isocyanate group and the
Cor oy, SR SRS IS B 3 e
obtain the, & oAt O R YR R iR 3k BRBOEs A G A AL ERR b ate
and tetramethylxylene diisocyanate, and aromatic diisocyanate compounds such as
tolylene diisocyanate and phenylmethane diisocyanate.
Of these, aliphatic diisocyanate compounds or alicyclic diisocyanate compounds
are preferred in view of the light fastness (unlikely fading and discoloration) of the
10 printed images.
[0024]
In the aforementioned general formula (1), R' and R? are preferably partial
structures represented by:
[0025]
15 [Chemical Formula 4]

[0026]




product (1)), which is mainly conposed of a compound represented by
the aforenenti oned general fornula (1) and prepared by reacting the
af orenenti oned di ol conpound (A) with the aforenentioned diisocyanate
conpound (B) and which al so has a reacfllon i ndex as expressed by
(Formula 1) within a range fromO0.95 to 1.10, for exanple, 10 the
af orenmenti oned di/ ound (A) and jr enenti oned dii socyanate
conpound (B) are/added sol vent y active hydrogen and the

‘ teHerarntQj ned wi phim—=a range from60 to
80C to all ow the\reactipn to proceed.\\Exanpfes of preferred solvents

herei n include di'stT ethers of gl ycel—cdfpounds, Aliesters,
Nmet hyl pyrrol i done, dinethyl formam de, ketones, dioxane, acetic acid
esters and 15 ha| ogenated aronati c compounds. The reaction

product (1) cdiibe obt ai ned by nonitoring the hydroxyl value of a
reactive solution sy _the quantitative value of the isocyanate group
during the reactio herm nating the reaction at a point where the
reaction rate rea Rrtain |evel, that is, at a point where the
reaction index exyressed Ry &FatTa 1) falls within the range from
200.95 to 1.10. In\terns/of the nethod to termnate the reaction,
since it is necessarytd allow the isocyanate group to further react
with the diol conpound afterwards, it is preferable to adopt a nethod
in which the r plon tenperature is reduced to a tenperature where

i socyanate substantially does not react, for exanple, 30C or |ess.

Here, the quanij VeV I up2 .
dot of i ned by TSRt e Wfordhelitfeh SAKATRUREELR, B3ReBN apprge
the ispcyanate group cqntent), and the 13 reaction rate of the

i socy atgnﬁ%ﬁﬁgﬁ%ﬁﬁn%a%galculated from the val ue derived by dividing
- the quantitative value of the isocyanate group in the reaction
product with tK®28lLiantitative val ue of the isocyanate group prior to
the reaction. More specifically, the reaction rate of the isocyanate
group can be diflenicalddroylatshe formul a shown bel ow. 5[ 0032] [Eq. 4]
(Reaction rate of the isocyanate group) = 1 - (quantitative val ue of
t he i socyanate group i@k%he reaction product)/ (qu jtative val ue of

the isocyanate group piidr to the reaction). 10[003F%] ™ Wth
respect to the aforenentioned crosslinlcing reacti qn between the

i socyanat e_qQr o C@,ndt e ca xyl group—itpi g alse.posgibhle tg
specul at e fromwc:hanges in the 4acid val ue bengg:e an aft?’rm% he
reaction of the diisocyanate conmpound (B) with the|diol conpound (A).
15[ 0034] More spesiHhcal ly, the nmolar ratio befoween the

af orenenti oned diol co t%%ﬁd (A) and% he aforenenti onegpdi i socyanat e
conmpound (B) is Breferably at least within the range from1l:1.7 to
1:2.2, and is [P82%fi cularly preferably 1:2. Wen the nolar ratio is

| ess than 1.7, the content of the compound represented by general
formida (1) ref@gdes, the 20 nonoi socyanate conponent in the reaction
product (1) increases, and the ratio at which the carboxyl groups are

introduced to fiRe PRy ISINADE theFAbIH indOEEBRERS b TRk 1SERE B%n

the water sol ubiHPy in sone cases. In addition, when the nolar ratio

exceeds %na%%@_ﬁch%lggée{gést ﬁé WA aPrd FREKHURife LR RIUDY thPsoBRE e oup of

excessi ve,

diisocyanate compound (B) with the hydroxyl group of diol compound (A) at a molar

ratio of 1:1. In other words, when the reaction index is less than 0.95, a large amounts of
15  unreacted diisocyanate compound (B) and diol compound (A) remain and consequently

react with a diol compound added in the following step in the same system, and thus

carboxyl groups cannot be homogeneously introduced into polyurethane. On the other



crosslinldng reaction between the isocyanate group and the carboxyl
group easy to 25 proceed. 14 [0035] The content of the conpound
included in the aforenentioned reaction product (1) and represented
by the aforementioned general formula (2) is preferably at |east 80%
or nore, and is particularly preferably 90%or nore, in ternms of

sol i d conbens whopge repgdion l@‘%;ﬁteéﬁ‘fedéfl I0hthecorpsbuking reaetionfeaiween thae

af orenenti oned reaction product (1) and represented by the

af or enent isoceaagemeupsindf tbe narbaxyl Zyovpsprbeesds tohfarm&094s-linked stelictat®s, in
ot her words, that a | arge anpunt of nobnoi socyanate conponent is
present i thetdt® red@Riig the waked dolgbilityl donsaiRehblyne rati o at which the

car boxyl groups are introduced to the pol yurethane term nal

i ncr eases, the(/@lgy reducing the water solubility in sonme cases.

10[ 0036] en the aforenentioned reaction product (1) is left
standing for a.lo ti . he_crosslinlcing reaction between t.he

i socyagr"]at e gro O@% otoﬁgdn&QPESWPDQF%%B{:@P%@Q%E%ISWF‘%ﬁﬁ‘i‘ greaction
cross-1linked polynmer, Therefore, it is preferable to swiftly perform
the next BYOgpct (éﬁawﬁicé,lsméméx@qua%f REUNPYHdgepRESRed: hyethe

af orenenti oned reaction product (1) and the diol 15 conpound (C) or

t he react aforenpentipeechganeal &rovdmEn and nrspared dytreasting thedafotementienadi divl
conmpound (C) and the diisocyanate conpound (D). [0037] It is
desi r abl ecdrhpduridi{a) ekithl the afspanuntionéd diisdchatccripptind B aridiehich also has a
af orenenti oned reaction product (1) be a conpound that does not

i ncl ude areaafdimibx & SipPessddBy (FHIEMBIRKG wAfhiPh RS IfM 095301 108for Eﬁaﬁnple,

car boxyl groups are hofrogenedusly intfoduced within the polymer chain
of pojaur I ' r L '

corpoiihd, A el ol S0 fdPh A bilnbind fspdiia@otdbung
accordance, wth e printing suitabili of t desited ink. For,
el o (e Pt Se P ap B 50 Bl yiogn end fhe e oo soon i
preferable that a certain |evel of softness is provided to the
aqueous 2mapiainedeyithis agangesfsem 69rteBRTE tarllovathsiresstion &y preteadn dixatples of
pol yet her polyol and polyester 15 polyol. In addition, since the

ur et hane prefedredisblvents thieeinc mchidx diallgi ethersoafigyioh comgpmoldy,diettdraié- used
in the present invention tends to increase the filmhardness in the

printed nﬁibtﬂrzi@holiﬂoﬂ”b? dﬁﬁétﬁ%lﬂﬁﬂmanii&e, i letdtesf @6dde Cacefic B efteidianl
u

conpound w a high nol ecul ar weight for the sake of reduci ng the

anounts théig%tngf%ﬂ%r&ﬂﬁﬂwwd ach 5 nol ecul e. However, because the

i nk di'schar properties are adversely affected when the nol ecul ar
wei ght is too high, the I | ar ,weight .of the diol, conpound {C) .is
preferably wi tﬂl%r ?Fonrgﬁg‘éc?ibocﬁ‘}lkﬁﬁlbgb“eg, ?mmgﬁ%"r@r%?’@?é{ 0y @
within a range from500 to 2,500, qn the basis of the nunmber average
mol ecul arreggiigrrolutiqeos thermantitave,valwe et the dsosyrnataograwr furing iae gactipmand
the present invention is nmeasured by gel perneation 10 chromatography
and r epr eseninetingtheacasticy ot 3 peintwhepaitheacactionmateueachad d certain &fvieh that is,
abbrevi ated as M unl ess stated ot herw se). Exanpl es of these

di ol conpginsint(vlherd the lredteion ddee skpresded by Rormiah Y efaie fvifhéd thelrange from
pol yhydr oxy pol ycar bonate, pol yhydroxy pol yacetal, pol yhydroxy

pol yagy yl @ . i h
Dol y %})Ir oe?%g ;0 P%{)y ?Yhfgfs'rg%( pr @F%%B S%fﬂ;giﬁ? RN ALK necessary to

allow the isocyanate group to further react with the diol compound afterwards, it is

preferable to adopt a method in which the reaction temperature is reduced to a

temperature where isocyanate substantially does not react, for example, 30°C or less.
Here, the quantitative value of the isocyanate group can be determined by the

25  method described in ISO14896 (test method for the isocyanate group content), and the



15 pol yet her polyol and pol yhydroxy pol ycarbonate are preferred. Only
one type of these diol conpounds may be reacted al one or several

ki nds thereof may be m xed and reacted. In addition, other than
t he af orenenti oned hi gh nol ecul ar wei gh8 di ol conpound, a | ow

nmol ecul ar wei ght di o] conpound nmay be copbi ned where appropriate, .for
he  sake TACU T 71760 (S APPISEr A s ol Ao oy (. Wl dariied B dpyicing
the |ike. Exanples thereof 20include ethylene glycol, diethylene

gl ycol , pthepphetifativg vabes of the pooyapatsrasoup ngbe readticoh produp avithcthe |

1, 3-propanediol and 1, 4-butanediol. [0038] In addition, as the

di i socyanaqianticaivp eulud of D, isddyanalé poup peivateethe eenetomdslowsgdcificallgshd he
af orenenti oned diisocyanate conpound (B) can be used where

appr opr i afefetickPlafthe isdyanate gréitlf daie deer@iRUbyGhORIRUINBoREBRIowEAN
be used in the present invention’'if necessary. the chain

el ongaf i ng agewo:,,br such cases, for exanple, at |east one of diols,
such as ethylene gtycol, propylene glycol, 1,4-butanediol,

1, 6- hexan&%{gk, 1, 9-nonanedi ol , 1,4- bis(f3-hydroxyethoxy)benzene,
1,4-cyclo edi ol and xylyl ene glycol, and diam nes, 5 such as

et hyl enedi am ne, propyl enedi am ne, xylyl enedi am ne, )

i sophor onedi anfRsaction zte ofdhe iorvarisimenm) el higvantiwtys valueef theriseeyanate
4, 4' di am nodi cycl ohexyl net hane, can be used. [0040] In order to allow
t he r eact gronp liretheeeattivh praduct)Ejupantitativedvat earfith®isogyrandie rovplprict o thed
the di ol conmpound (C) or the reaction between the aforenenti oned
reacti on Raeihigt, the diol conpound (C) and the diisocyanate conpound
(D), a known nmethod nay be adopt ed. When t he af orenmenti oned
reactjgon produgfyzff) is reacted with the diol conpound (Q), it is
possi bl e to cause the reaction by mxing and stirring the

af orement i oned reactl oduct. (1) and. the diaol compound .(C) in a
Solvent . o  FhEEREL iR BB Eehdd P ok PRofion RETRE estosane
(1), the diol ¢ ound (C)and the_ diisqcyanate conpound (D) are .
Feacted, @HED and 46 ¥ eereuPribisalromopsifig o BrecHipErmomCh#Igs i BRiaRlY
the af orenentioned reaction product (1) to react wth the diol
conpound Yabye bafpreandialienthe aeastion of therdgisoeyanate obmpennd @) wdththg tlisd e of

t he di ol conmpound 20 (C) and the diisocyanate conpound (D) and the

af or ement ¢opmeaind €A%t i on product (1) may be mixed and stirred in a
solvent to allow the reaction to proceed. Further, it is also

possifa e to fU{OTOB@I add the diol conmpound (C) once again for the sake
of increasing the nol ecul ar weight or the Iike. Mor e

specifically, I 1 rri [ | nder _th
condi i on of 243 EEPRER EmBRE R biilen e RATERBRIGReg U Fimpelfoa
active hydro for 10 to 20 hours. 17 In h cases,. a _known, .

Ur et hanat @0 291 sloremsatignsd dioEyApleompapd (e areteipbat ffg8ipithin the
Thereafter, the obtained m xture of the carboxyl group-containing

pol yur et HaHES rm 1769 §2.and & Resheulasiprenalyy i R Vo theanqiesto s less

inversion fromthe oil phase to the water phase using water and a
basi ¢ subthbmhdethefcohtentvsithb yompeursiabpresentedisyogemieral forandbil ) reduces, the

20  monoisocyanate component in the reaction product (1) increases, and the ratio at which
the carboxyl groups are introduced to the polyurethane terminal increases, thereby
reducing the water solubility in some cases. In addition, when the molar ratio exceeds
2.2, the amount of the diisocyanate compound (B) becomes excessive, which makes the
crosslinking reaction between the isocyanate group and the carboxyl group easy to

25  proceed.



5 preparing a carboxyl group-containing polyurethane serving as an
aqueous pol yner. Exanpl es of the basic substance used in the
phase inversion include organic am nes such as ammoni a, et hyl am ne,
trimethylam ne, triethylamne, triisopidépyl am ne, tributylam ne,

tri et hanol am ne, N nethyl di et hanol am ne, N-phenyl di et hanol am ne,
monoet hanol ani H935Hi met hy! et hanol ani ne, di et hyl et hanol ani ne,

nor phol i ne, N 10 net hyl nor phol i ne and 2-am no- 2-et hyl - 1- propanol ,

al kal i met al s $he bordent|of the apmpopod asdidedimtic afodmentiorsd dedction gemaluct (1)
al kal i compounds such as sodi um hydroxi de and potassi um hydr oxi de.
Al t hough #iterepresetitéd by tHehoremshorid RehancRrrsRq1) 8 phcferabBr 4t ildsd §0% Yr
limted and can be determ ned appropriately in accordance with the

physi cal fioRpghd Irituld azlﬁj%;f/ﬁi%%%gg%tﬂé,%@érﬁis@f@glicﬁgérﬁéﬁt.emﬁﬁhe

t he basi c substance 1Is used 1 n an anount t IS required

to neutralize 70.t0 130% of acj,d val ue of the polyuret e.
[ooasp 1 s PR pstah e inehitha U el Gomem et KB iR A e

pol yur et hane obtajned in this nner ve an_acid value of 20 to 70
mgKOH g sWE"éelitﬁ‘gLE Promestons EGPWE n?ng (3bisgess shanedP Yadtindisatesir
for inkjet recording is favorable, and the quality of printed

mat eri al , otbeworsls, thite lergeaameinnt eSinoneisesyanaie sempenenhisorésguioindhg waction
In addition, the weight average nol ecul ar wei ght of the

af or enent prodect (puhd el ratie atxphich tecdarboxgl grolysiare tlteoimcediopthe pelyatethane
from 10,000 to 50,000, and nore preferably from 20,000 to 50, 000
(Not e t haferrhi¥al #Rteafds, ¥R ISR 8RS Water WEILBTNky insohfaRdsesent 25
invention is nmeasured by gel permeation chrongtography and

repreggnt ed ase 6]38 pol ystyrene equi val ent val ue, and hereafter
abbrevi ated as M%v nl ess stated otherw se). When Mvis | ess than

10, 000, the pi nt, fixation onfo the recordin i um ecane
poor and 1 e’ s R dhe sebEsPlatel Sact i nae | el o e ke, the
deteriorated. On the other hand, when Mv exceeds 50, 000, the

vi scosi t yeresslinkmggeastian batwagn e isogyarate group and itheearbexyd geuproaegds to
increase and the ejection stability may decline. [0042] An
aqueous phirmresrogseligad pdlyinamThbefaeribmpréfegbEup sedftly performg the next step,
pol yuret hane that is used in the present invention fornms an aqueous

di sper si Ofhat i§1® alletithe keactbrz Bet@ber the adb@emtsordi $RRtSh Produst (Y Siethalial
| ess than 50 nm When the particle size is 50 nmor 10 |arger,

di spefssi Ofbrindauiil(C) ¥ BE rdddfioR BLGRYS il FhERhAMhAERA i
unsa?llr sfactngéy, e(m%l rtﬁercar Boxy gr oup- cont afl?él’}.ll ng po ggfoedtuﬁ%rﬁlg drlr%lly be
precipitated fr he, Lnk..to cause cogat. when ink is discharged
for a |on‘§°"%ﬁ°ﬂﬁé‘8@%‘?ﬂ?ﬁgs°p°ﬁ?#ﬁF%mB @g‘n be nmeasured through a
known centrifugal sedimentation nmethod, a |aser diffraction nethod
(l'ight scatter aﬂmst hod), an ESA 15 nethod, a capillary nethod, an
el ectron mcroscopi¢c nethod, or the like. The neasurement by the
M crotrack UPAtisdasirable that grepdioltompoand yhiei be reagytd wish ghet afpremgntienddod
is preferred.

reaction product (1) be a compound that does not include a carboxyl group, for the sake

20 of designing so that the carboxyl groups are homogeneously introduced within the
polymer chain of polyurethane. There are no other particular limitations on the
compound, and the compound can be selected appropriately in accordance with the
printing suitability of the desired ink. For example, when the scratch resistance is desired
in particular, it is preferable that a certain level of softness is provided to the aqueous

25  polymer to be used, preferred examples thereof include polyether polyol and polyester



[ 0043] Al though the amount of the aforenentioned carboxyl

group-cont ai ni ng 20 pol yuret hane added in the pignent dispersion of
the present invention differs depending on the pignent mxing rati o,
it is preferably from20 to 200 parts By mass, and nore preferably
from30 to 70 parts by nass with respect to 100 parts by mass of the
pi gment . Pipeleilnpdditighaincgdbriurgthane bapd wishia the,garpeysyl graypetontadeig di ng,
the quality of printed material such as the scratch resistance
reduces i polytwethanoused iofthet preseat trvemtbont fendsetd incrase shrebfplayhardness in the
group-cont ai ni ng pol yuret hane added is small, whereas the ejection

st abi | i t yprivited fAlatemay todsecdbitaifed, fit it peef@rablensd ugdildid] ¢Enpamd vithgehigh0044]
(Pignment) 5The aforenentioned aqueous pol yner can al so be

char act er g euly wteht Rirhd e ¥¢ F‘édh@i!ﬁg 1 SHER: o8 LRRR0E bbhd Withindgh
ejection stability "W thout being advérsely affected by the type of

pi gmeryg s. amol f [ n ed f . [ [

G Spers: JOTAHR, Soviteh BEcltsd (R R ai4GRTed fopBliEE R B0u L HERE) wh

sul fate, titani um oxi.de, yell.ow |ead, red oxide, chronm um oxjde.and
car bon bl w}oqswﬁr%r%gbtﬁ%ﬁ@-lﬁééé@ rﬁp&ﬁ%'ﬁ{gf?lghbowgwiﬁgmsa is

pi gnents, disazo-based pignments, ght hal ocyani ne- based pi_g)rirnent S,

i soi ndol i prefasabde withinthe menge feing 480 tnd 00 sad myirg psierably within a range from
gui nacri done- based pi gnments, perinone-based pignents and

benzi m daZ workesdtaer thebagivenftils: nubhtes av@agemoicsulanweizht (éete that dreanuarber
may be m xed for use. [0045] 15As a black pignent, it is preferable
to use cagReipelhde&kiarsEiBhias the FroRame invedtdn is naaburbd BS kel Re@EMticaNe

bl ack and channel bl ack, titanium bl acks, or the |ike which exhibits

'ezﬁﬁelhiéf%?ﬂéi’)&a”é%a?ﬁ%%ggp@g? ca: d?)% g?ﬁ%%‘?%,%ﬁ}@% %@?ﬁgﬁ ? ?rg%ﬂ%ri mary
| y 1 . . . 0 ’ d | , h . V\Ih h b
cui taniy et SERIEERRA IS oo 1o bl ow

Exanpl es of cyan pignents include C. I, Pignent Blue 1, C |. Pignent
Blue 2, C |. Pragnplps offhese diol qompounds (ndrtluds pptyester pelyol, polsietiesaelyol,
Blue 15:1, C. |. Pignent Blue 15:3, C |I. Pignent Blue 15:4, C 1I.

Pi gnent BbalghyiBoxy(polycarbimbe polyBydrex pokyacktd, palyho:8i priparrylBleue 60.
polyhydroxy polyester amide and polyhydroxy polythioether. Of these, polyester polyol,
15  polyether polyol and polyhydroxy polycarbonate are preferred. Only one type of these
diol compounds may be reacted alone or several kinds thereof may be mixed and reacted.
In addition, other than the aforementioned high molecular weight diol compound,
a low molecular weight diol compound may be combined where appropriate, for the sake
of adjusting the film hardness in the printed material or the like. Examples thereof
20  include ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, 1,2-
propanediol, 1,3-propanediol and 1,4-butanediol.
[0038]
In addition, as the diisocyanate compound (D), the diisocyanate compounds used
as the aforementioned diisocyanate compound (B) can be used where appropriate.

25 [0039]



20 [0047] Exanpl es of magenta pignents include C. [|. Pignent
Red 5, C |I. Pignent Red 7, C. |I. Pignent Red 12, C. |. Pigment Red
48, C. 1. Pignent Red 48:1, C. |. Pignent Red 57, C. |I. Pignent Red
112, C. |. Pignment Red 122, C |. Pi gmiﬁt Red 123, C. |. Pi gment 5
Red 146, C. |._Pignment Red 168, C. |I. gnent, Red 184, C. 1. Pignent
Red 202 and c. Fyrthen; a¢hain elongativg aggnt c[ae@sefed in the pregeptinvestion fperessay.
pi gnents include C. |I. Pignent Yellow 1, C |. Pignent Yellow 2, C

| . Pi gmends Y dhein @dongating agd@it gmerch cysds) fowesample at Ileasnbrqrrﬁrdﬁolxeshblow
13, C. 10 1. Pignent Yellow 14, C. |I. Pignment Yellow 16, C 1.

Pi gment Yethylene gl§colCpropyleRe gl}EGI, 1 ¥ebutanedios, 1,6-hekanefioy medrhonégletioy 1744,
C. I. Pignent Yellow 75, C |I. Pignent Yel I ow 83, C. I|I. Pignent

Yel | ow 93b1s@—h§dro yeg{&ijeXEéﬂePW4 cloﬁexal.nedlgl &Hﬁ[}tlylé/ﬁé él?é%lgild $tamines,

Pi gment Yel 'ow 98, Pigment Yel low 1 . Pighent Yellow

L5 arF AT o Nl i
o 0 b B 22 L0 D S e LS

preferably within the range froml to 500 nm and nore preferably
wi t hi n t hesedange from 20 to 200 nm In addition, the particle size of
pi gnents after being dispersed 20 in a nmediumis preferably within
the range fronidD80i o 300 nm and nore preferably within the range
from50 to 150 nm The primary particle size of pignments can be

nmeasur ed usi nglmAdrded t8 GllbAThTRERSTRRReerPthe Bforéfemibhed Blachth pRUEAGT 1)
through gas or a solute, an air circulation nmethod, an X-ray snall

angl e gscabl&hl b %sﬁl{a&shd(ggo}% tjeéé‘f%n bzbﬁeealtﬂé*?@%elﬁ&%géd I%aa{oa oduct

foll ow ng di sper sion®can measured throu cen
sedi nent a met hod iffraction net
et hod) . Lo el RB D it gRa s freap %8@0%@ B TRIRSER B o
nmet hod, or_the Ilke. [0050] (Water) 5The water used in the present
i nventi onadr?&?dbe consi sted of water alone or may be a m xed sol vent
of water and a water-sol uble organic solvent that is conpatible with
wat er . Exanpl e¥heh thaaforeaentionasi nedtiongrodust €1)doteaetnd withdhaidiel kehpovad
such as the acetone, nethyl ethyl ketone, nmethyl butyl ketone and
met hyl i s@)yityd pdesiblene caddeahd fasti@lihmaingeidéhifihg tiRtdieeflentioned
2- propanol, 2-nethyl-1-propanol, 1-butanol and 2-

15  reaction product (1) and the diol compound (C) in a solvent.

In addition, when the aforementioned reaction product (1), the diol compound
(C)and the diisocyanate compound (D) are reacted, the diisocyanate compound (D) may
be added after allowing the aforementioned reaction product (1) to react with the diol
compound (C) while mixing and stirring in a solvent, or a mixture of the diol compound

20 (C) and the diisocyanate compound (D) and the aforementioned reaction product (1) may

be mixed and stirred in a solvent to allow the reaction to proceed. Further, it is also
possible to further add the diol compound (C) once again for the sake of increasing the
molecular weight or the like.

More specifically, the reaction is carried out, for example, under the condition of

25 60 to 110°C in the aforementioned solvent with no active hydrogen for 10 to 20 hours.



10 nmet hoxyet hanol ; ethers such as tetrahydrofuran, 1,4-di oxane and
1, 2- di met hoxyet hane; and am des such as di nethyl f or mam de and

N- et hyl pyrrolidone, and it is particularly preferable to use a
conmpound sel ected fromthe group consi 4%i ng of ketones having 3 to 6
carbon atonms and al cohols having 1 to 5 carbgn atons. [0051] 15

(Ot her colpBichsases. Regwn yrsthapatedreately sl syple pssdibutyltin dilaugitemay bpased.
car boxyl group-containing pol yurethane used in the present invention
has a cap#béresfiarothdiobtainedenigtigerefithe catboxylegrolye corggiding| polhyeiretbare and an
pi gment dispersing resin, or a resin (hereafter abbreviated as a
resin foropagitedlvedi gpduasly anjlerabéscdpinay évetirh fieadhasil phase to the water
gener al - pur pose pi gnent dispersant can al so be used in conbination.

Al ternat i ¥Rlo¥ usil vidter MRy a®hsi0 sPRtdte S FoASwd ﬁfme%b@entvffa%vﬁlbﬁlefe%%i ns

are used Tn conbination, the order to add the carboxy

gr oup-g£ont ai ni ret hane an he, resin _for.pigment dispersion
sed’ 15 nbRbRuREs Bb ShelRRenBifiak ASLIRTIRe S AR B U BEOEIST
accordance with the purpose. Fqr exanple, th i gment di spersion of
the present inﬁéﬂpp%§0€ﬁ?@§a%1%au F 435drg; %a%?epgﬂgﬁ%wp pflige prganic
car boxyl group-containing polyurethane can be directly 25 diluted.
with a sofmings sephcsesunoms cthylimine, timeginAamingalrigthylrenine, tiiiseyropylamine,
group-contai ning 22 pol yurethane used in the present invention nmay
be added aftuelaaindstricthanolamipee M-mdthyhethamdareine id+phenyifiiethanolamine,

di spersed with a general - purpose resin for pignment dispersion, to
prepar e t hRnodtHARMmiAE SRRy RhAbladife, Ri@RABhard B Mel ABrphbARSAN- 5As

t he general - purpose resin for pignment di spersion, an aqueous resin

suitafy e i ] ' ' ' e.
Pret o oo SuyRRARACH M b AIRDS P GloRd, EATE My Such B S0

pol yvi nyl pyrrolidones, acryl.ic resinps,.such as,acrylic .acid-acryl at
botor copbigimbim A5 ufentingrer s ldtinembaResiie o e Bt Bt o
copol yners, styrene- nethacrylic acid copolymers, styrene-methacrylic
aci d- acr yPYessiEg hudrogidso Afiheieh ﬂlﬁ@nm?@ﬁbe asiesubylanesusefds natr vl i ¢
aci d copol yners and styrene-a-nethyl styrene-acrylic acid-acrylate

est er coppdrticdady ligited endcarplbecdeteragnal apppariatedy & acstrylrareewitiathei physical
anhydri de copol yners, vinyl napht hal ene-acrylic acid copol yners, and
the salt s%@iaeﬁibesﬁma@mamﬁ gi‘@ﬁi-&&ltai@f@ﬁblg&ﬁetﬁﬁnet, e asieRabsdze iDisually
formng the aforenentioned salt of the 15 copol yner include al kali
met al {hy is : i i: t i i nd

T i o R UR AR 15 A (ALRMiAST BAIDIROMES R OF R
propyl am ng iﬁﬁ@-ﬁr opyl arni ne, di propyl am ne, butyl am ne,

i sobut yl a%ﬂ%r, et hanol ami ne, di ethanol am ne, am nonet hyl pr opanol
and norpholine, The anount of conpound used for formng these salts
is preferably [9(965] to or nore than the 20 neutralization equival ent
of the aforenentioned copol yner. These aqueous resins may be
used al one or Wagprsterahiethabtheeasbonyl gramp-oentaining pojpwethatecotsaified in this
shoul d be noted that the form of the aqueous resin used herein is not
parti cul amhiyndrhavd adacddalomyf Bete70 mpHOH/g oot SHeadjection Blability of the
copolynmer, or the like. [0053] 23

20  prepared aqueous ink for inkjet recording is favorable, and the quality of printed material,
such as the scratch resistance, also becomes favorable.
In addition, the weight average molecular weight of the aforementioned carboxyl
group-containing polyurethane is preferably from 10,000 to 50,000, and more preferably
from 20,000 to 50,000 (Note that the weight average molecular weight in the present

25  invention is measured by gel permeation chromatography and represented as a



Especially when preparing the aqueous ink for inkjet recording, the
Mv of the aforenmentioned resin for pignment dispersion is preferably
within the range from 6,000 to 20,000 in order to suppress the
cogation in the heater portion and to Btain an aqueous ink
exhrbrtrng excel l ent, ejection stabiljity. Wen the Mv s 6,000 o

| ess, t hePRIyEpEns poHvalentvabie prdheealics a@ersglateﬁras Déy u@l@swveéethemse)
reduced On the other hand, when the Mwv exceeds 20,000, the viscosity
of aqueougﬂbnmﬁwénhgsﬂmnﬂﬁ@ﬂ&a@eP@n@naﬁsﬁkthH@ﬂ@peusﬁngn&ﬁéhhhMWy
tends to decline. Moreover, the cogation in the heater portion
beconmes wbdcamegidr amd/theeciarsh rasiftander theoprirtedishdpgs ifag bdiderfiaragel. On
failure of ink droplets fromthe nozzle end in an inkjet printer of a

thermal sypgtogar hdfd, JRAIMw exceedfBE oamahw&@ ab 2Bk es: N
for prgnent di spersion added is preferably 1fto 10 parts y mass and

nor e 100 parts by
nmass o eJae gl%:r?éd r'i{1 é) mlgg n?cg%atsgl on, ezcng%ﬂis%{} gfgd %e
af orenentl oned n for pignent d| spersion is pref erably from50 to
300 ngKOH g. g@%@LS] Especi al |y when preparing the aqueous ink for
inkjet recording, it is preferable to use the salt of a

styr ene- (et h) A8egreqs pelyanes ppaprtaddiom thewarnxyl gronpepntaingte palyuniene

i mproving the dispersion stability and the like. Wen it is prepared
t hr ough t thet indeéd indhe pfesértt énvehitiore foemts ian mgukona dispengiong (Thie partizhe drenofithe
pol yuret hane to an aqueous dispersion, 20 which is obtained by

di sper si ngn@owy asj]mtlom i piefefibly Rso@4@ 50 amM Wieh BR paside Qe B 50 nm or
styrene(neth)acrylic acid copolynmer, the ink discharge properties

becong,

resist ancﬁféc %’ ﬁ%@%t?l%rlg% &{tg%é%iewa% &ﬁgh%%d @%ﬂf‘%{ ’cs)agltaar ni ng
the pi gment ersion of. th r sent i nventi.on i

parti cul a‘f‘alrv)xly? gt‘t“@&‘mmﬂ% e@éﬁc%leatqg%%é]de Bito 83%fipl e,

t he pignment .24 dispersion of fhe present i nvention prepared by
dlsper5|ﬂ§%§“ﬁtﬁﬁﬁnﬁmﬂﬁ digghasgedtor plongnimgueous sol vent that contains
water with the aforenenti oned carboxyl group-containing polyurethane
can be direct | Hewi thetpadiold sive eandisl meastiredribrougle d kngwa nentrifigal

Al ternatively, the carboxyl group-containing polyurethane used in the
present isedandntstionraythbe, aldske diffraaidnane@od slighd séatietiggiiethod), SREISA ng

el ement, which is dispersed with a general -purpose resin for pignent

di spefssi ORethb@!d QRGP IRA, S:P&E%Hﬁidx&s'&oﬁtﬁln&éﬁé?@} Wi, gnsol vent

if necessary, to prepare thé pi grrent di spersion of t e present

i nvention for di

o1 grent o, mparians 67 o POMRATEA MREH AP B e Qo R Stdiring
ul trasoni ¢ ho zer, a high-pressure honogeni zer, a paint shaker,
a ball rri‘l’ﬂF"-tl]-1 §D$ *”ﬁfltl a sand nill, a sand gri nder, a dyno mll,

di spermat, an SC mll, a nanom zer, or the |like can be used. [0058]
(Aqueous ink fl®43hkjet recording) 15The aqueous ink for inkj et
recordi ng of the present invention can be prepared by diluting the
pi gment di sperAlthoughfth¢ maoymited drt aforewentionsd cartidxylhadoap-contamingiqueous
sol vent that contains water, and adding thereto a drying suppressor,

a pengf r aplyurethafd Akled 34l heldipBentidispeRFASSRARY preb&f) dRlention differs depending
on the pigment mixing ratio, it is preferably from 20 to 200 parts by mass, and more
preferably from 30 to 70 parts by mass with respect to 100 parts by mass of the pigment.
Especially when used as an aqueous ink for inkjet recording, the quality of printed

material such as the scratch resistance reduces if the amount of the aforementioned



20The dryi ng suppressor provides an effect to suppress the drying of
t he aqueous ink for inkjet recording at the port of the injection
nozzl e of an inkjet printer head. A water-soluble organic sol vent
havi ng a boiling point which is equal 118 or higher than the boiling
poi nt of water .is usually used. . Exanples of the, .

wat er - sol EAFPEX EFaipreoniaining pelvursshane sddedkis smal, whergasdhg piggtion stability of
25suppressor include polyhydric al cohols such as ethyl ene glycol,

di et hyl eninkghgseddcline #3heanmpentiadiehis tog lacgd. and gl ycerin, pyrrolidones
such as N-nethyl -2-pyrrolidone and 2- pyrrolidone, am des, dinethyl
sul f oxi de and [(oddflazol i di none. When the solvent is water, the anmount
of the dry suppressor used is preferably within the range from1l to
150 partsaﬁbhgﬁgespect to 100 parts of water. 5[0060] The penetrant
is used soO as to facilitate the aqueous ink for inlcjet recording,

which ¢s jett - | f i nkj et ' head and
At actvd ont o 30t SRRAGHRhEL e Ehe ASRE: O AR SRl b bR "
penot 1t cGE Y RS PO A THIon SabT T o BEIHAdvERY ebodied by

include inmages wth | ess_bl eeding can be obtai ned. _Exanpl es of
t he penet thgiypasfadements.hExgmpleeaf the pignnitowset feon nreparnglatigmentalispersion
al cohol s such as ethylene glycol, 1, 2,6-hexanetriol, thiodiglycol,

hexyl ene wikciude lincagahic pigtieptsemneh ad arnim sudfatd, deedlisatfatastitasintredwdds, gtllewad
hexanedi ol , glycol ethers such as propylene glycol laurate, |ow alkyl

et her s of 1cp@| r¥dyLide Cchada RO b2dS HEd cABortbIatin henaifong il pighbts

ether and triethylene glycol nonoethyl ether, |ow al cohols Such as

et han i : . r ﬂﬁﬂﬁ? '
glycoﬁiN- %@?Bé%ﬁ§%1 %ﬁ§h§%¥%?%%%&h éﬁgﬁéanlc SO Sgn gqé%gﬂﬁ%s
propyl ene, gl ycol derivatives.,.. These.can be used al one or, by, mi xin
P’ or - ol e bR PR G oA RS et A T e e BRnerSy o
favorabl e perneability can be achieved at_ tines. 20[0061] . For
the sake BATIN@AF-basedpiZments gpd benzinidazolprg-based piamantss sThepdpigrentsmayase
tension, a certain anobunt of surface active agent nay be added to the
"~ aqueous i wdedfabmeionkjaytbernaixed firnge.of the present invention. The
surface active agent is not particularly limted and may be sel ected
appropriately fooaf) the known surface active agents including

25ani oni ¢ surface active agent such as allcyl benzenesul fonate and

hi ghers fatty agkd phkipfomendSit RGHER 'fetwsﬁ oﬁ‘%%abysesu%ﬁ%'gﬁ-rexédé%&?

pol yoxyet hyl eneal kyl éethers and pol yoxyet hyl ene tatty aci sters,

act i ve aqSEh SRS SRR SR, EMATRANS B PG DRER e

be used b . xi ng. two, or nmore types thereof. 5Exanpl es of other
additiveséﬁgh@ﬁ h%ﬁ??@%ﬁi@E@PgéﬁﬁﬁﬁUﬁﬁﬁF'agents and chel ating agents
for preventi ng[OtOQﬁe] cl oggi ng of nozzles. [0062]

o

Furthermore, among the typical organic pigments for the three primary colors, i.e.,
20  cyan, magenta and yellow, the pigments which can be suitably used in the present
invention are listed below.
Examples of cyan pigments include C. I. Pigment Blue 1, C. I. Pigment Blue 2, C.
I. Pigment Blue 3, C. I. Pigment Blue 15, C. I. Pigment Blue 15:1, C. I. Pigment Blue
15:3, C. L. Pigment Blue 15:4, C. I. Pigment Blue 16, C. I. Pigment Blue 22 and C. I.

25  Pigment Blue 60.



When coarse particles are present in the aqueous ink for inkjet
recordi ng, they cause the clogging of ink jet nozzle in an inkjet
printer. Therefore, it is preferable to 10renove the coarse particles
by centrifugal separation, filtration, 20r the like, follow ng the

di spersion treatnent. [0063] The aqueous ink for inkjet
recording of tH®4 Blesent invention obtnined in this manner exhibits
superior ink storage stability and excellent discharge properties
fromthe 15 i nExjumplemofmhgentd pigmentskinaudeCi InPrmedne Red SaGdl. PhgméntRed 7,
filmformed on top of a recording nedium by using the above ink

exhi bi ts @i pirigresieRedab, den Pidiverd REdBOSSI. Reprivétl Reaa868X cel. IPefthent Red
scratch resistance. [Exanples 20[0064] The present invention

Hovever, Thoed Erien) & F12 QT IER 18 P2 EL L Pl R WEPCe L Fiemsnt

ot 1 1 tgaf T Pt IO e PO R R el CoR Pl Bl o nd 1.

fol | ow ng_Synt h§s| S gxanpl es, 25 Exanpl es and Conparative Exanples
are both ipl 27 [0065] <Quantitative determ nation of

i socyanate group> 0.1 g of a sanple solution was added and

di ssol ved in 4004B] of a di methyl f ormam de solution of 0.01 N

di -n-butyl am ne, and quantitative determ nation 5 was then carried
out through thExampits of yellati gipments imdluderCMi Pignnt®ehiénadl CshPigmeén of
0.01 N hydrochloric acid while using bronophenol blue as an

i ndi cat or yell@986¢, F@ig&ﬂéﬂtWIbW% dﬂqﬁg@neattmmvmz eirdp; Fﬂieﬁ?‘?eliox@l@ ef

a sanple solution was diluted with 10 of met hyl’ ethyl ketone and

(e 80, 3B kel o g sy s (1 S
vas Lnen Gahyod B pN SO 0o MR Lol Lagy SR, £l 0Bt P s
C. I. Pigment Yellow 93, C. L. Pigment Yellow 95, C. 1. Pigment Yellow 97, C. L.
Pigment Yellow 98, C. 1. Pigment Yellow 109, C. I. Pigment Yellow 114, C. L. Pigment
Yellow 128, C. L. Pigment Yellow 129, C. L. Pigment Yellow 138, C. L. Pigment Yellow
15 151, C. L Pigment Yellow 154 and C. I. Pigment Yellow 155.

[0049]

In terms of the particle size of the aforementioned pigments, the primary particle
size is preferably within the range from 1 to 500 nm, and more preferably within the
range from 20 to 200 nm. In addition, the particle size of pigments after being dispersed

20  in a medium is preferably within the range from 10 to 300 nm, and more preferably
within the range from 50 to 150 nm. The primary particle size of pigments can be
measured using an electron microscope, or by an adsorption method through gas or a
solute, an air circulation method, an X-ray small angle scattering method, or the like.

The pigment particle size following dispersion can be measured through a known



usi ng phenol phthal ein as an indicator. [0067] 15(Determ nation of

pi gment particle size in aqueous ink for inkjet recording) After
diluting a sanple ink by 1,000-fold due to the addition of water,
particle size of the pigrment dispersed2iln the sanple ink was neasured
using a particle size analyzer ("Mcrotrack UPA 150" manufactured by
Leeds & Neytmfugpl sedimentgtipmangthod adeser diffrastipnmnethed dicht sqatprngimsthodpfan
reaction product (1-1)) A four-necked flask fitted with a

t her nomet EBA method,raraapillagy mietbodgaeneleattamt mictiseointhethoclpot thadike.ube was
charged with 482 g of nmethyl ethyl ketone (hereafter, abbreviated as
MEK), 134 g of [ab50®t hyl ol propi onic acid (hereafter, abbreviated as
DVMPA) and 348 g of tolylene diisocyanate to allow the reaction to
proceed um}g{r)an at nrosphere of nitrogen at 2570C for 1.5 hours,

t hereby yrel gl ng a reaction product (1-1). The quantitative val ue of

28 thecisocyan i.:n.4he reaction product (1-1 8.73, and
t he rgsact ion i ﬁ]"ggxw%egg E#. 15@%6. Erfﬁ?gbriveg%lpﬁ%g? gor&%%qf\é\v@%gr Z(I%Eﬁrﬁrﬂg@f S
of reactipn pr.oduc 1- 5A four-necked flask fitted with a. .

t her momet ??gﬁxeﬁj %‘HEYE‘&‘F 93 )é(%fﬁ%‘% water-gplubleonganicspivent ghb s somnatible wighs
charged with 660 g of MEK, 134 of DMPA and 524 of 4,4-

cycl ohexywgtsr.-hBramplies gﬂbymr@ogw&@amgsqlvaﬁbn@ lesratoneg sudpasnhg t o
allow the reaction to proceed under an atnosphere of nitrogen at 70C
for 1.5 hagetene, tethybbiyhketbreti, ngtieyl betgtkétome gdadlethy! icdbuRyl kelone; alcohols
gquantitative value of the isocyanate group in the reaction 10 product

(1-2) wasgifeh23melitthol, ReahsROIHrOFnbN daKe 15% -%'cg:f)%?ol, [ BRERb] sndyant hesi s

Exanpl e 3> (Synthesis of reaction produc A four-necked

flaskydfit | 1 t i r, 4.&: 4 i nd
a cooﬂ ngﬁ&%gﬁg%@é’h%e V\na{g&\e@ﬁ%’%’%ﬁ lo%ﬂ'@é %ﬁggz.é%}sgﬁ]g%%g, g
of 15 isophprone diisocyanat | PDL) to all t he.reactian.to proceed
under an g‘?‘ﬁ%@@ﬁﬁ% ﬁ%%ﬁ%@d%@@ﬁag%ﬁﬁ&ém?h@débgﬁ R?ftgi“gqr 9
a reaction product (1-3). The cluanti tative value of the isocyanate

group i n PieEraata ussit gomnoyed s¢lected framcthe gBwp capsistingeolketnes bavirg3lex6

was 0.977. [0071]
carbon atoms and alcohols having 1 to 5 carbon atoms.

[0051]

15  (Other components: Resin for pigment dispersion)

Since the carboxyl group-containing polyurethane used in the present invention
has a capacity to disperse pigments, it may be used alone as a pigment dispersing resin,
or a resin (hereafter abbreviated as a resin for pigment dispersion) which have been used
as a general-purpose pigment dispersant can also be used in combination. Alternatively,

20 it may also be used as a vehicle. When the resins are used in combination, the order to
add the carboxyl group-containing polyurethane and the resin for pigment dispersion
used is not particularly limited and can be changed appropriately in accordance with the
purpose. For example, the pigment dispersion of the present invention prepared by
dispersing a pigment with the carboxyl group-containing polyurethane can be directly

25  diluted with a solvent and used as an ink. Alternatively the carboxyl group-containing



20 <Synt hesis Exanple 4> (Synthesis of reaction product (1-4)) A
four-necked flask fitted with a thernoneter, a stirrer, a nitrogen
inlet tube and a cooling tube was charged with 592 g of MEK, 147 g of
DMPA and 444 g of INNto allow the rea@ion to proceed under an
atmosphere of nitrogen at 70C for 2.5 hours, thereby y| elding a

react i on PPladstiang ysed in thepregams Fvention way bapddedsfterwards orpigment
group 25in the reaction product (1-4) was 5.82, and the reaction

i ndex wasdikp@siBg eled@nf, 0 is<dByperded svith fgmaml«@uﬂa‘esc{ fegint foepigment
reaction product (1-5)) A four-necked flask fitted with a

t her momet @isperdiof folpt&fare the Pidrh@y dspeRiodto esHidinvef@s. i Ng tube was
char ged vm'tﬂ 622 g of MEK, 134 ¢ OF DVPA and 488 g of IPDI to 5 allow
the reaction tg)dggrceed under an atnosphere of nitrogen at 70C for 2
hours, thereby yieltding a reaction product (1-5). The quantitative
val ue of the i apat e rou e_react i.on roduct

and thé; reacti ?‘?( E%g)eﬁm %E)Blﬁfﬂe nL SRS P%’tqn\f@uéi)ﬁtr%%%fﬂéﬁa%le fox
Exanmpl e 1> nt hesi s of, reacti on product (conparison 1-

f our - nec k@@ﬁrssswm%@smwﬁg glemeat irdaearable. Bre&rrqdreéamms ﬁhqrequ@ﬂude
inlet tube and a cooling tube was charged with 290 g of MEK, 67 g of
DVPA and pogvigybalcelmiy, pelyviiylpwrolidengseamylioresine sthcmaewlmmdeiracayiate

at nosphere of nitrogen at 70C for 1 hour, thereby yielding a reaction
product (esxrrapolyarers] stiencHoeyliguasihg fuhiay styverkerydic acldecopsenend)atygene-
group in the reaction product (conmparison 1-1) was 4.49, and the

reaction megaXryiiescii*Bpdietherd, S9ehk- ﬁ&ﬁﬁﬁi@adﬂﬁcém SRS BpSARR), © 2>

(Synthesis of rfeaction product “(conparison 1-2 A four- necked
flaskyqfit t t d
(lesly .'ng%r?ﬁgé“aﬁgﬁzﬁQﬁg%@a%@sé&m&wstzif% S Bl
of | PDI tog hlowthe reactio rocee r an at nosphere of

i tr ogen SHERERAOFIE SBUp B, ARFEByRYIPEI APADMER SRemepRaRtct

(comparison 1-2). The quantitative val ue of the i socyanate group in

the react “BWIHADeRROLYMRts inylnaphthalerpyacsric apidiqopolmeers.iaad teesalts @ﬁthese
i ndex was 1.140. [0075]
aqueous resins.

Examples of the compounds for forming the aforementioned salt of the
15 copolymer include alkali metal hydroxides such as sodium hydroxide, potassium
hydroxide and lithium hydroxide, diethylamine, ammonia, ethylamine, triethylamine,
propylamine, isopropylamine, dipropylamine, butylamine, isobutylamine,
triethanolamine, diethanolamine, aminomethylpropanol and morpholine. The amount of
compound used for forming these salts is preferably equal to or more than the
20  neutralization equivalent of the aforementioned copolymer.
These aqueous resins may be used alone or may be used by mixing two or more
types thereof. It should be noted that the form of the aqueous resin used herein is not
particularly limited and may be a random copolymer, a block copolymer, or the like.

[0053]



30 The physical property values of the aforenentioned reaction
products (1-1) to (1- 5) and (conparison 1-1) to (conparison 1-2) are
i ndicated in Table 1. [0076] [Table 1] Table 1 Reaction product
Quantitative value of isocyanate group2Before the reaction
Quantitative value, of isocyanate group after the reaction Reaction
rate of i socyaksResiadlysihsnieyanpe thepayeeysdnk fordakietreqordinggthedwpitherog
2.00 0.998 1-2 12.75 6.50 0.490 2.00 0.980

aforementioned resin for pigment dispersion is preferably within the range from 6,000 to

20,000 in order to suppress the cogation in the heater portion and to obtain an aqueous
ink exhibiting excellent ejection stability. When the Mw is 6,000 or less, the dispersion
5  stability of aqueous ink per se may be reduced. On the other hand, when the Mw

exceeds 20,000, the viscosity of aqueous ink tends to increase and also the dispersion
stability tends to decline. Moreover, the cogation in the heater portion becomes worse
and may become a factor for causing the discharge failure of ink droplets from the nozzle
end in an inkjet printer of a thermal system.

10 [0054]

The amount of the aforementioned resin for pigment dispersion added is
preferably 1 to 100 parts by mass and more preferably 2 to 70 parts by mass, with respect
to 100 parts by mass of the pigment. In addition, the acid value of the aforementioned
resin for pigment dispersion is preferably from 50 to 300 mgKOH/g.

15 [0055]

Especially when preparing the aqueous ink for inkjet recording, it is preferable to
use the salt of a styrene-(meth)acrylic acid copolymer from the viewpoint of further
improving the dispersion stability and the like, When it is prepared through the addition
of the aforementioned carboxyl group-containing polyurethane to an aqueous dispersion,

20  which is obtained by dispersing a pigment in water in advance with the salt of a styrene-
(meth)acrylic acid copolymer, the ink discharge properties become excellent, and also
print images exhibiting superior scratch resistance can be obtained.

[0056]

The method for obtaining the pigment dispersion of the present invention is not

25  particularly limited, and a known method can be adopted. For example, the pigment



1-3 14.20 6.53 0.540 1.81 0.977 1-4 14.20 5.82 0.590 1.81 1.068 1-5
18.00 8.17 0.450 2.20 0.990 Conparison 1-1 7.24 4.49 0.380 2.00

10

15

20

25

24

dispersion of the present invention prepared by dispersing a pigment in water or in an
aqueous solvent that contains water with the aforementioned carboxyl group-containing
polyurethane can be directly diluted with a solvent and used as an ink. Alternatively, the
carboxyl group-containing polyurethane used in the present invention may be added
afterwards to a pigment dispersing element, which is dispersed with a general-purpose
resin for pigment dispersion, followed by the concentration adjustment with a solvent if
necessary, to prepare the pigment dispersion of the present invention.

[0057]

As a stirring/dispersing device for dispersing pigments, for example, various
known dispersers such as an ultrasonic homogenizer, a high-pressure homogenizer, a
paint shaker, a ball mill, a roll mill, a sand mill, a sand grinder, a dyno mill, dispermat, an
SC mill, a nanomizer, or the like can be used.

[0058]

(Aqueous ink for inkjet recording)

The aqueous ink for inkjet recording of the present invention can be prepared by
diluting the pigment dispersion of the present invention with water or an aqueous solvent
that contains water, and adding thereto a drying suppressor, a penetrant, or other
additives if necessary.

[0059]

The drying suppressor provides an effect to suppress the drying of the aqueous
ink for inkjet recording at the port of the injection nozzle of an inkjet printer head. A
water-soluble organic solvent having a boiling point which is equal to or higher than the
boiling point of water is usually used.

Examples of the water-soluble organic solvent that can be used as a drying

suppressor include polyhydric alcohols such as ethylene glycol, diethylene glycol,



0. 760 Conparison 1-2 7.24 3.11 0.570 2.00 1.140 5 * Val ues
calculated by the fornula: ((nunmber of noles of diisocyanate conpound
(B))/ (nunber of noles of diol conmpound (A))) are shown. [0077]

<Synt hesi s Exanple 6> (Synthesis of cahoxyl group-containing

pol yur et hane A). 10A four-necked flask fitted with a thernoneter, a
stirrer, polyethylseslyrel and glyasenpiarodidesss suplyat Npaethals2-piaplidoneand -
243 g of the reaction product (1-1) obtained in Synthesis Exanple

1, 243 g opympdidphesanides; dineethyll selfeyide yodimidaralidincan. MWheofth&&dvanOid water,
group equivalent: 173), 0.001 g of dibutyltin dilaurate (hereafter,
abbr evi at # agfoublEdih¢ d8nshpprb3sey uedd iVpteférabB withih tierah @aGbmANot 130 parts

proceed under an atnosphere of nitrogen at 80C 15 for 16 hours, and

t he reaCt{vﬁHré‘!%%cttt ?Uogﬁﬂiﬁ%ﬂ%t&d by adding 5 g of nethanol, thereby
yi el ding an MEK solution of a carboxyl group-containing polyurethane

A havi(?ng an a(r:rLdii) p]al ue of 38 and a wei ght average nol ecul ar wei ght of
12,000 in ter 8 t he pol ystyrene equi val ent val ue. The obtai ned

solution was neutralized with sodi ym hydroxide in the sane nolar
anount as the Iﬁ%?@@&%a?ﬁd 597as m/%&}ht%?ﬁéhq%emfs?f?rﬁw@meefﬁd%

enul sification was conducted by the addition of water. MEK was then
el i mi nat ewhish is jetted omethe inkeiebnerizlenfdarinkjetdwintet hsad sndiattach¢dintoned by
the addition of water to forman 31 aqueous solution with a solid
cont ent ofec@fdgrasdidmoto paetate Tie theteeordingsmbditmo rDwets tholier dfagsenaththt,
transparent, and the particle size was | ess than 50 nm [0078]

<Synt hesi g fiRBW HIvert fapidly E@l%n%téafint@%!ié?&wﬂdh@r 1RERuRORcaidel Rthterials that
pol yuret hane' B) 5A four-necked flask fitted with a thernoneter, a

SUITTRY . fchiab iRGSRR it ©ls SufEn P08 be obtained.

Examples of the penetrant used in the present invention include polyhydric
alcohols such as ethylene glycol, 1, 2,6-hexanetriol, thiodiglycol, hexylene glycol and
diethylene glycol, diols such as pentanediol and hexanediol, glycol ethers such as
propylene glycol laurate, low alkyl ethers of polyhydric alcohols such as diethylene

15  glycol ethyl ether and triethylene glycol monoethyl ether, low alcohols such as ethanol
and isopropyl alcohol, glycol ethers such as diethylene glycol-N- butyl ether, and water-
soluble organic solvents such as propylene glycol derivatives. These can be used alone
or by mixing two or more types thereof. By mixing two or more types for use, more
favorable permeability can be achieved at times.

20 [0061]

For the sake of adjusting the physical properties such as the ink surface tension, a
certain amount of surface active agent may be added to the aqueous ink for inkjet
recording of the present invention. The surface active agent is not particularly limited
and may be selected appropriately from the known surface active agents including

25  anionic surface active agent such as alkylbenzenesulfonate and higher fatty acid salts,



a cooling tube was charged with 330 g of the reaction product (1-2)
obtained in Synthesis Exanple 2, 260 g of

pol y(oxyt et ranet hyl ene) gl ycol having an Wnh of 1,000 (OH group

equi valent. 112), 0.001 g of DBTDL and2860 g of MEK to allow the
reaction to proceed under an atnosphere of nitrogen at 80C for 16
hours, anBoRifgicsutiase asHvaagenisash 2ppelzpricthilangalkyl efhers agd polyoxyethylene
nmet hanol , thereby yielding a carboxyl group-containing pol yurethane B
havi ng anfadtyiagdid/estars aofl o88r eattbnamsubdacofct5e agefs afhampldteriinedface sitive
solution was neutralized with sodi um hydroxide in the sane nol ar
anmount asagdnes. Cltrsgadfaeactiie HentvEibe asd AdldiR Rkas be héﬁdlﬁ\l/fé&h%g two or
emul sification was conducted by the addition of water. K was then
el imnate ent renoval under reduced pressure, 15 followed
by the ad%o??%?@%?éf\%n?li:’:er to forman aqueous solution with a solid

conte of 20% SS....1he.agueous sal uti s. col or and
Cranepar ont - abaRnREs ShoTRSaiRS s gRek sh B bietRls 35 fidarty
<Synt hesi s EXS%nPI e 8>, (St}/lntégesj sp;%f car boxyl group-contai ni ng

pol yur et h3$fBISCPT PIERERYR DA ORBMEOL 89729 tted With a thernoneter, a
stirrer, a nitrogen inlet tube and a cooling tube was charged with
296 g of the rEM¥L] on product (1-3) obtained in Synthesis Exanple 3,
225 g of pol y(oxytetranethyl ene)glycol having an Mh of 1,000 (OH
group equi val eMfhentbaise pfitioRE ag: mésebBhDhe an@odShkdopinkjdElecondingd, oy
the reaction to proceed under an atnosphere of nitrogen at 80C for 16

hours, anéhl&@ﬁler&@g?gﬁﬁ%)éfiﬁ@%thﬁﬁﬂe £ar RS PRher Therfael, fds greger%e to

met hanol , thereby yielding a carboxyl droup-containing

pol yuyset h | . AC] e of d :

Ot ai 1o Tt BEHRR ARAR o KRlfed sofa st P Hie dRoniE e
same nol ap. amun a%tge charged anmount of DMPA, and the phase

i nver si on“ &IPS RN was conducted by the addition of water. MEK
was then elimnated by the solvent renoval under reduced pressure, 5
foll oned by thE088Hi tion of water to form an aqueous solution with a
solid content of 20% based on nmass. The aqueous sol ution was

col orl ess and Thaagpreueink fomindjet teeopling ofthe psserd imaentibe sbtained n this nm
[ 0080] <Synthesis Exanple 9> (Synthesis of carboxyl group-containing
pol yur et hmagnddexHiBAs Eietionkkestagd agilifyl dntl eAcoMehhdiscHaReY FrOpRtE from the

stirrer, a nitrogen inlet tube and a cooling tube was charged with
296 f r i ; = is ' t j e 4,
225 oot ImaTciERe of P BIGH et hedt aRPURIRE Aich R Aok S ERERfe
roup equivalent: 112 . 00.1 f . .DBTDL and 0.q of Kto allow
Phe Foac PERRFLEypdtghs Antcm s Bbihemerl ordtnrt Sufbssgol %0 16

hours, and t@e reaction was then 15 term nated by adding 5 g of

net hanol , SXCREFHE SFARNLFAFARFCa car boxyl group- cont ai ni ng pol yur et hane D
having an acid value of 41 and an Mwv of 30,000. The obtained resin
solution was neutralized with sodi um hydroxide in the sane nol ar
anount as the charged anount of DMPA, and the phase inversion

emul si fi c@dxanmlesps conducted by the addition of water. MEK was then
elimnated by the sol vent renpoval under reduced pressure, 20 foll owed
by t g additi omogy) water to forman aqueous solution with a solid
content of 20% based on mass. The aqueous sol ution was col orl ess and

transparent, aggl SR PR ELPwL BEddBibddAR Ul NWURPulHE 2 series of

Examples. However, these Examples are provided for specifically explaining the present
invention, and the embodiments of the present invention are not limited thereto.
Further, the terms “parts™ and “%” used in the following Synthesis Examples,

25  Examples and Comparative Examples are both based on mass.



[ 0081] <Synthesis Exanple 10> (Synthesis of carboxyl group-containing
pol yur et hane E) 33 A four-necked flask fitted with a
thernoneter, a stirrer, a nitrogen inlet tube and a cooling tube was
charged with 330 g of the reaction pro@tct (1-2) obtained in

Synt hesi s Exanple 2, 169 g of polyester polyol having an Mh of 650
(OH group equi éht: 173), 0.001 g of DBTDL and 170 g of MEK to
allow the reaction to proceed under an 5 atnbosphere of nitrogen at
80C for 28Qhantitstjveadetbriniientionat isooyanatesgrotygn t ermi nated by adding 5 g
of methanol, thereby yielding a carboxyl group-containing

pol yur et hane Eghavéfiisagiplésdlftiontdaeaddbd 4¢d aisblodd iMa0ahl &Q 000. The
obt ai ned resin solution was neutralized with sodi um hydrOX| de in the

ver o onC AR ER R AR AT ??‘Ialﬁhf A%“f‘ﬂﬁ%n BrPgp iy
or e i e, WOEB ARt RS IrT PO BrigR rop B el Bhion of 001

solution with a ,soli d content, of 20% based on nass. The agueous
sol ut i on Wewdeshlaricacid while vsing sromaphenol bine asisa indiatote| e si ze was
| ess than 50 nm [0082] 15 <Synthesis Exanple 11> (Synthesis of
car boxyl groupfi®é6} ai ni ng pol yur et hane F) A four-necked flask
fitted with a thernoneter, a stirrer, a nitrogen inlet tube and a
cool i ng t uQeamhAstiveldetagrihdtionfof 243 vglue t he reaction product (1-1)
obtained in Synthesis Exanple 1,270 g of

pol y(oxytetrang Y
Gau vl ent - 175) Vo DorEl %@ﬁ%@o{%ﬂﬁéﬂz‘%ﬁéh%%@%%ﬂﬁy?”%m fud then

react i(P n %é)dte 8§ ﬁﬁg I%Qd Hln‘fbeﬁ’l{ ﬁf;n&%{g&%ﬂ%{l ofhiufhd &g%olg‘g)ﬁlengr 10

hour s, e Feactl on Was ermna y ad

met hanol er ie .2 _car.boxy] ontai ni.n oI t hane F
havi ng aanE\aH) 2 % a’&fq‘?gl Eﬂﬁ’ﬁegﬁmﬁ%&nﬁ 019 ? en??@@é@ﬁh&%é tE"m n

sol uti on was neut ra[ ized with sodium hydroxide in the sanme nol ar
anount asheualizatondgeptignatha wethanesolugied of Ad M) patessivm\hydixide while
emul sification was conducted by the addition 25 of water. MEK was

t hen el i nusiag plebnbiphtiadeis at seimdicatmroval under reduced pressure, 34
foll owed by the addition of water to form an aqueous solution with a
solid content m@peZP% based on mass. The aqueous sol ution was
colorless and transparent, and the particle size was |ess than 50

rim 08 j

ar OEpiSSoE@%I. i %%@iﬁénﬁﬁﬁm el %lﬁ* gl %q?%b%éﬁ e
tube was. ohar gRBCLEITinE ssafEly infg L AR Su o9 FyBt Bl 1 o
Synt hesi s Exarrtgl e 1 667 g of. pol y(oxytetranet hyl ene) gl ycoI pol yest er
pol yol hatizeef tha Pignesf dispersesl indhe saoaplp inkgwas meashred usEME 4 particle izgf

| PDI, 0.001 g of DBTDL and 680 g of MEK 10 to allow the reaction to
proceed umm@zeaﬁ‘l\&cm@plhé}?é& bﬁO”mm@gﬁmeéby%@isf&ermmGo& and t he
reaction was then term nated by adding 5 g of nethanol, thereby

yiel ding a carfpogg] group-containing polyurethane G having an acid
val ue of 17 and an Mwv of 38,000. The obtained resin solution was

neut rgj i zeghithds mﬂ'[ﬂmbgweﬁe%ﬁea&eﬁgem c(Tof)gr amount as the

charged anount of DWPA ase In | sification

A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 482 g of methyl ethyl ketone (hereafter, abbreviated as
MEK), 134 g of dimethylolpropionic acid (hereafter, abbreviated as DMPA) and 348 g of
tolylene diisocyanate to allow the reaction to proceed under an atmosphere of nitrogen at

25  70°C for 1.5 hours, thereby yielding a reaction product (1-1). The quantitative value of



15 was conducted by the addition of water. MEK was then elim nated by
t he sol vent renoval under reduced pressure, followed by the addition
of water to form an aqueous solution with a solid content of 20%
based on nass. The aqueous sol ution wa&8a transparent solution with a
fluorescent color, and the particle size was 80 nm [0084] 20

<Synt hesi thepsoshpnaie group insthetrercsips petdusk(ilbbxyas &7 bapd therreadtioniedex was
pol yur et hane H) A four-necked flask fitted with a thernoneter, a
stirrer, @9%8trogen inlet tube and a cooling tube was charged with
268 g of the reaction product (1-3) obtained in Synthesis Exanple 3,
45 g of pol yprmogbene glycol having an M of 400 (OH group

equi valent: 281), 7.2 g of ethylene glycol, 0.001 g of DBTDL and 320

i Trogen ST BBC S le R (PR PR ORI IR S then

ni trogen at” 80C for was t hen

term nated by I.n of thanol .. there el ding a carboxyl

gr ouptggont ai ni %39 6%3?%@%#%?%%@@%@*7%%@ %Fog@ ,&R%né‘? ARty
of 30, 000. qu oht ai ne&ﬁ;esi n solution was neutralized with sodi um
hydr oxi de? Pplingdule ves chsrasd Va0t & asMEe 18R & YdMBATIMI261E B, and
t he phase inversion enulsification was conducted 5 by the addition of
wat er .  MERYOhehexylmsthaak iditseryarate fhereafier, sbbreaiatedrasRMDIun ddowrtbel teaciion
pressure, followed by the addition of water to form an aqueous

sol uti on wigrbcead aadérdncamnd grhiereodf n20Spenas 0°O for Medkourd, higerélsiuelding a
solution was colorless and transparent, and the particle size was

l'ess t hanealidAprol ROPRD). 1Phe HiBEioE SaleX )%FHJe%éEX&a@%ﬁB%?ﬁﬁ rQElfction

car boxyl group-contai ni hg polyurethane | foufr-necked flask
fitt Wi r Lrer. ' ninlet tube and a
cool ieﬂ)g t%ﬁég&&ggﬁgﬁ’a&ggésg’ %ﬁggﬁﬁ{lgﬁgﬁg}‘ﬁ&ép%ﬁti on product (1-5)
obtained in Sﬁ@{oﬁ is Exanple 5, 450 g of

pol y(oxytetra @fene)gl ycol having an Mh of 2,000 (OH group

equi valent. 56), 0.001 g of DBTDL and 450 g of MEK to allow the
reacti on Toynhestdiample dn femthasisaf eastine prodset @) ogen at 80C for 16
hours, and the reaction was then term nated by adding 5 g of

met hanol , t herAbguyneeketl figskdfittealrvoitx y thegmomptee, ardtizteniangtrpgenyintee titbaaad |
having an acid value of 28 and an Mwv of 40, 000. The obtai ned resin
sol ution N@@oliﬁ@@ﬁﬁe&b&sl&ﬂrgﬂﬂtvﬁﬂﬂ%\%ﬂfm Q47 gefiDMPRendalR sl ar
anount as the charged anount of A, and the phase i nversion

emul sisf i cat : Lt :
Then 5 1 o soptEisRRAHE o ANy BRelcon o6 loRted Lt on Mefbsfite of
foll owed by the Lt of ter t.o forman.aqueou utkjon with a
sol 10 cortlinbdta e e udis, Bl o SASIAIERIT (3 FhSuatilatv?
colorless and trapsparent, and the particle size was | ess than 50 nm
[ 0086] 3@%%%%83%%%}%%@@% reaaemprodust (1-8y wap 853 sansk the zeastiey |
gr oup- cont ai ni ng pol yuret hane HJ) A four-necked flask fitted
with a thiaderowes @P77.a stirrer, a nitrogen inlet tube and a cooling
tube was charged with 266 g of HM, 67 g of DMPA, 325 g of pol yester

pol yol 5 havi n@oar] vh of 650 (OH group equivalent: 173), 0.001 g of
DBTDL and 646 g of MEK to allow the reaction to proceed under an

at nogpher esywihdlistEaafle & (HAGdsRor 1R8N pRduct (1-4)
A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 592 g of MEK, 147 g of DMPA and 444 g of IPDI to
allow the reaction to proceed under an atmosphere of nitrogen at 70°C for 2.5 hours,

thereby yielding a reaction product (1-4). The quantitative value of the isocyanate group

25  inthe reaction product (1-4) was 5.82, and the reaction index was 1.068.



and the reaction was then term nated by adding 15 g of

et hyl enedi am ne as a chain el ongating agent, thereby yielding a

car boxyl group-containing pol yurethane HJ having an acid val ue of 45
and an Mwv of 80,000. The obtained resi89solution was neutralized 10
wi th sodi um hydroxide in the sane nolar amount as the charged anount
of DMPA, and t H978hase inversion enulsification was conducted by the
addition of water. MEK was then elimnated by the sol vent renoval
under r eddSpdhgrisiSsampe 5P (Byohaesis dfjredcion poetiuet dr5)pf water to form an
aqueous solution with a solid content of 20% based on mass. The

aqueous sol ut i grfotipflecked iy fittdd With & Hedinonrtd, 4 iRrep A hitr6Eeh iBilet QubsRA
200 nm 15[ 0087] <Conparative Synthesis Exanple 4> (Synthesis of

car boxy! . SESRRGER! RMLNGROkNKEES BANRIEK 1954 g of DYPHOMT ABCKSARD B K

fitted with a thernoneter, a stirr antr et tub

cool i t s _charged with 105 g_of |1PDl. .6 of 172 ¢
of MRt o35 AT FTRRES Prokedd wier a wPiosehert nfbe Bt G dpp bkl

ni t rogen t@zéoc,fgirE 4 hours, thereb ielding a urethane oligomer IL
A four-ne yiciding gaeaching peschileh- The qgagiatiyspjaluepy the,isggyanate group
pol y(oxytetranet hyl ene) gl ycol having an Mh of 650 (OH group

equi val eninthe rptiopdactdl-$) Wap S/, ambithe Tepctjon indeEmas 8.9901 ow t he
reaction to proceed under an atnosphere of nitrogen at 80C for 6
hours, thereby[0f78] ding a urethane 25 oligoner 12. 948 g of the

af orenenti oned urethane oligomer 12 solution was charged 37 with 344
g of uret bap@pHaiidOSRthdsis Lomlé WES ésmrb&ﬂohgrﬂhﬁ%gﬁpb&%iﬁrl-

at nrosphere of nitrogen at 80C for hours, and the reaction was then

term il ed by ﬁqu cie@p k fg@eﬁ\%ﬁﬁg theh?lgﬁlg@( &’ %ﬁegiaqgtrgge(ﬁiéﬁgﬁ%le gﬁd

gr oup-cont ai ni ng pol yurethan avi ng an acid vdlue o

Mv of 12, 000... The obt ai,ned .resi ol pgi S utral i Wi

S0dt um by PSR e RSeer e MR 1 o IME SR it BP9
DVWPA, and the phase inversion enulsification was conducted by the
addi ti on dlowithedgactipite nrgseadiaderin #mesphate pinitmeensa| 7p&q forr legwaﬂhereby
under reduced pressure, followed by the addition of water to form an
aqueous sykldingmreattidn modwdt (ebnuymanisem-10f TROghdmitaive valuews she duyanate
aqueous solution had a m|lky white color, and the particle size was
100 nm  18b0p &Bthe FéRHPA ATV cONPANRSI 1S1 E¥ADUS aad tHeadHRThEexOkas
car boxyl group-containing pol yurethane HL) A four-necked flask
fittedg Wghg@ thermoneter, a stirrer, a nitrogen inlet tube and a
cooling tube was charged with 222 g of 'PDT, 330 g of

pol y(oxyt etran‘@uyﬁnene)gl ycol 15 having an M of 650 (OH group

equi valent: 17 d 0.001 g of DBTDL to allow the reaction to
proceed under an . atgosphere of nitrogen at 100C for 2 hours. .
‘Subsequent$gmpaptiy %fnt%rwﬁ%ﬁaﬂ%%b (Ypnshesiord reastian prasugidgompatisondn?l) he
reaction to proceed under an atnosphere of nitrogen at 80C for 16
hours, and t heArfeurendcked fagk fittedrwithea tHemmomedteha stidicr, mgniBogendfilet tube and
met hanol , thereby yielding a carboxyl group-containing polyurethane
H L 20 hayéoudingnutscial chatged with 200 gefivadk, W godf THIPAOA 2DRe sHIPBI fed
resin solution was neutralized with sodi um hydroxide in the sane

ol arppanDaity &S rédtfios hs’éﬁﬁ@&dﬂﬂiﬁb‘f‘én ﬁno%\@efé@fﬁpggém 705838 4 MYk, ST on

enul sification was conducted by the ad on of water. MEK was t'hen

The adai (g oo P angr KBg o RN GRRBloh S5 s ROARRG il e ™

content of 20% based.on 25 nass. The aquequs ut i ha m | ky
Wbt o col SRSTRHIR 2ot 1 e oot hpag o -2) 35 § bgoy the reactidn
<Conparative Synthesis Exanple 6> (Synthesis of carboxyl

gr oup- conPdehwaylpdd.yur et hane HM A four-necked flask fitted with a

thernoneter, a stirrer, a nitrogen inlet tube and
[0075]



5 a cooling tube was charged with 579 g of the reaction product
(conparison 1-1) obtained in Conparative Synthesis Exanple 1, 357 ¢
of pol y(oxytetranet hyl ene)gl ycol having an Mh of 650 (OH group

equi valent: 173), 0.001 g of DBTDL and3@57 g of MEK to allow the
reaction to proceed under an atnosphere of nitrogen at 80C for 16
hours, and theTheplysicehpipperty walnesafiths afareseenbpnedivgretipngredusts (1-1) to (1-
nmet hanol , thereby yielding a carboxyl 10 group-containing

pol yur et h@rendHedmparisond - Brio &xintpaviabni -2 fredbdiaatdd anTalle of 32, 000. The
obt ai ned resin solution was neutralized with sodi umhydroxide in the
same nol ar anmofgoyeps the charged amount of DVPA, and the phase

i nversion enul sification was conducted by the addition of water. MEK
was t hen elinigg5§g”by t he sol vent renpoval under reduced pressure,
foll owed by the addi'tion of water to form an aqueous solution 15 with

a_ sol i d _Aﬂﬁélent of &Q&{&l&%@g Gn_ ffﬁm“ _'vIbhﬁc gfquec jﬁeaﬂ%éfﬁlml‘cél+ii criICh;@g* % eaction

m | Ky wh kegtios @rbaat || isafatdcho@ b@addile | € hs@yabate 2@ WiShe 150 isddfatite erfuf 90 index

<Conpar ative Synt Hawdien Exanpl e 7erefunt hesis of | car hoxyl
r . e ATy o v BT e 10490 T (200,

gr oup- CoffAar it Ng—qs € Tae T INE 5z U T OUT —RECKEH, T aSH gt

a thernofiefer, a gjukfrer, a nitrogen I nr et _tube| afd a coglisng t

was charged with 57920g of the reaéfd on product (&#pari sqursil-2) T.068
Obt a.l ned k'iﬂ Conmnar 48'90\11\ Svunt honct o SE\IQW“I o 2 2 0-450 nf 220 .99
Col’dpaﬂﬁbﬂ 1HTA| ?7‘24 VET Oy T e STy AP C— 25 99 0‘330 O 300 0.760

pol y( oxy[r@hf.A0REMY7efTe) gt yCOttrayhiig_am v of 65657 O T JGjb 1.140
equiva ent: 173), 0.001 g of DBTDL and 357 g of MEK to allow the

reaction to proceed under an atnosphere of nitrogen at 80C for 16

hours, and thex 23 f.68ALNAd B 3nd %5%)%3{'&?(@. Bt IPMe?ngiﬁgﬂgngte%Bmpound

nmet hanol , thereby yielding a“car group-contain

pol yureth H N hawi ng a id valu fn 41 and an Mwv of 42,000. The
obt ai ned @?i(ﬂu@'\%?rtﬁfinb‘ﬁeﬁsﬁ éi&’FP&PP@E@)WFﬁﬁ%‘S‘&n um hydroxide in the
sanme nol ar anount_as the charged anount of DMPA, and the phase

i nversi on emul ¥077kati on was conduct ed by the addition of water. MK
was then elimnated by the solvent renoval 5 under reduced pressure,
fol | owed ynthesisdiramplod> (Fynilesisrof carbbuylrgroup-sepigoing potiumthare Aj t h a
solid content of 20% based on mass. The aqueous solution had a m | ky
whi t e0col or, aAdolrecked flaskl fittediviich MirmOeer, . stik@f) Aitrodexdnlet ®1bd and O
(Adj ust nent of aqueous pignment dispersing elenent (a)) 6 parts of a
met hyl et fdoling e aQlhdide@Rvit 24860¢the FBIRGT pXRL] 1 TS bR lih SyRthtd
copol yrer hetl)vi %g a soli dggontent ? SOgA)(Withban agi {jﬁval ug of {%tg s
and a wei r 9Ge ] f 5%
ot asst RS 28 e SRR stk lenlpie piidy iR di85h TR rdp
pht hal ocyani ne- b L gment .." Fast ogen (regi stered tradem Bl ue
TaR (eGP o by S1G OBy iy SRl S, GReu st Sy e
charged and mxed in a 250 nL plastic bottle. (Here, the copper

pht hal ocy23i ;hef MEKe abloyibareaghon torrapepsd underian avapsphera dfamitregenrat §0°%C
charged in an anount so as to achieve a ratio of 30% by nass with
respddt tfor { iboysgnErthe reacticr was thén temainacsd-wodddling g 06 micthahol, tHeesby%
pot assi um hydroxi de aqueous sol ution was charged in an amount so as
to neutr alitlamotMeMBR Gitbn\ElartRkylt @euﬁ-esmammgnﬂe@ﬁ%m% AhgviBlagifacid
was charged in an anount necessary for naking the non-volatile

cont ent Fh&- ' L: Ol QEr r LV,

m xed |i 3‘&‘3‘1 mjg%llﬁgpvgélgﬁéﬁ F %"ge g‘ﬁjﬁour s%b\%gghﬁ 0?%’2?@1?‘ tgonsd‘i)’ tlh%ﬁ(ély S%%e
(using zirconia, beads.havi.n iameter of 0.5 . _Fol l.owi ng, t.h

(i Spers; GRINPIRRE Paids FroUanFosIBGoT AbH R LeREvh sodiim Vi i e
t herefrom was evaporated using an evaporator 25 to distill off methyl
et hyl ket8Rs meiagamemt anthe chaized amenntof RMPAnand thegphpsesayrusiani on

! Th

20  emulsification was conducted by the addition of water. MEK was then eliminated by the

solvent removal under reduced pressure, followed by the addition of water to form an



40 (8,200 G 30 mnutes) to renove coarse particles, followed by the
addition of pure water to adjust the non-volatile content, thereby
yi el di ng an aqueous pignent dispersing elenent (a) with a

non-vol atile content of 20% The parti8le size of the obtained

pi gnent di spersing el ement was 110 nm 5[ 0092] The aqueous

pi gment  degiserssoletian witk asolidgongend of Bu@/odzqe@omsmgsﬂ (ihe@questus selation was
car boxyl group-containing pol yurethane A obtained in Synthesis
Exanpl e 6colerless ané transpdremt]jand thecparticla size mada tese thantsd dnne f ol | owi ng
conposition, followed by the filtration using a filter with a pore
size of 6 pm gd@ﬁspby preparing an aqueous ink for inkjet 10
recording (a-A) of a thermal systemw th a pignent concentration of

4% [ 0093LsnaHaalis, M 0a90(s pﬂﬁ&%&'c&%oﬁ%ﬁ%ﬁﬁ-c&ﬁ%ﬁ:&ﬂpoﬁ{éﬁwous

car boxyl group- cont al n| ng yur et han

Triethyl ene gl rts. 152-pyrrol.idi na

parts “d yceri nx%ogr B%?%F(gﬂg%ﬁ'ﬁ%‘i{; tﬁﬁ%"%ﬁﬁﬁﬁ?&@t%}r‘é JCI W%BHJ??&&ECI
and Chemcals,Inc.) 0.3 parts Water 23.4 parts [0094] 20 <Exarrp| es 2
to 9> AqueeRrlingiRle wag Chafaﬁdémh 330 af thg reastipy prestuete(l13) opiginedip Syathess
by conducting the sane operation as that described in Exanple 1 with
t he excepEkampleBa260 g nEpadz(bxytetramethytenelpliecot having s Myr aflipgd ot groupg
pol yur et hane sol ution A added in Exanple 1, the aqueous carboxyl

gr oup- congaiivilerd: PIa)y0I0GT HanDBIBIVANdRE Soft MEK okilldivel rdabtidy wipresded
25 Exanples 7 to 14 were used in the sane amount. 41 [0095] <Exanple
10> (Ad] UgddeR B ahospRdES BF Aitide OB E0°E (SPE6 ﬁbd}g aﬁhﬁl'@f’éﬁct(dﬁ)\)zas eParts

of a methyl ethyl ketone solution of benzyl met hacryl at e- net hacrylic
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Magenta RG' (nmanufactured by DI C Corporation) and 20.0 parts of water
were char sbicavamortalized itpswiivm byfigsidedn Histsaive molaesraourt pthe charged
qui nacri done- based pignent 10 was charged in 10 parts, the resin was
char ged i amamtafDMPA sandahe phasa dhvieesien emulatficationd waOordycted by the 4ddition
respect to the pignent in terns of the non-volatile content, the 5%

pot assi UNpyAEONEE REH-BON 8liH Rlatdd tYh¥esivél 26866k uBd@Fedired Bfesﬁﬁ‘e as
to neutralize the acid value of the resin by 100% and the water was

char ged | RuBRed 89 MY sdRfsS o%avgagf/erfts} Rl Igtglepgs b RlRh sbifa ERdERE O
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20% based on mass. The aqueous solution was colorless and transparent, and the particle
size was less than 50 nm.

[0079]
<Synthesis Example 8> (Synthesis of carboxyl group-containing polyurethane C)

20 A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 296 g of the reaction product (1-3) obtained in Synthesis
Example 3, 225 g of poly({oxytetramethylene)glycol having an Mn of 1,000 (OH group
equivalent: 112), 0.001 g of DBTDL and 230 g of MEK to allow the reaction to proceed
under an atmosphere of nitrogen at 80°C for 16 hours, and the reaction was then

25  terminated by adding 5 g of methanol, thereby yielding a carboxyl group-containing



15The m xed liquid was dispersed for 2 hours with a paint conditioner
(using zirconia beads having a dianeter of 0.5 nmm). Follow ng the

di spersion, the |iquid obtained by renoving the zirconia beads

t herefrom was evaporated using an evap@gator to distill off nethyl

et hyl ketone, and was then subjected to a centrifugal separation
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t her mal sisotig ith a pignent concentration of 6% [0097] 5Agqueous .
pi gment  dF&BSRLSA NG 1BRSs agpgops solubian was pelodesssnd Fapwpyant, and the particle
group-cont ai ni ng pol yuret hane solution A3.8 parts Triethylene glycol
nmonobut y| sigg wes sOthem b0 anR- pyrrol i di none4. 0 parts dycerinl.5 parts
10Surfynol 440 (manufactured by Air Products and Chemicals Inc.) 0.3

parts Water13. Q0poyts [0098] <Exanples 11 and 12> Aqueous inks for
i nkj et recording (b-B) and (b-C) were prepared by conducting 15t he

fﬁgf, Ofﬁ;?%%%ﬁbg]&%ﬁla%ﬂﬂe 0 3Gtk dftafBoRPIdrSup-Cothinthol B BHASR HPN

10 A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 296 g of the reaction product (1-4) obtained in Synthesis
Example 4, 225 g of poly(oxytetramethylene)glycol having an Mn of 1,000 (OH group
equivalent: 112), 0.001 g of DBTDL and 230 g of MEK to allow the reaction to proceed
under an atmosphere of nitrogen at 80°C for 16 hours, and the reaction was then

15  terminated by adding 5 g of methanol, thereby yielding a carboxyl group-containing
polyurethane D having an acid value of 41 and an Mw of 30,000. The obtained resin
solution was neutralized with sodium hydroxide in the same molar amount as the charged
amount of DMPA, and the phase inversion emulsification was conducted by the addition
of water. MEK was then eliminated by the solvent removal under reduced pressure,

20  followed by the addition of water to form an aqueous solution with a solid content of
20% based on mass. The aqueous solution was colorless and transparent, and the particle
size was less than 50 nm.

[0081]

<Synthesis Example 10> (Synthesis of carboxyl group-containing polyurethane E)



aqueous carboxyl group-containing pol yurethane solution A added in
Exanpl e 10, the aqueous carboxyl group-containing polyurethane
solutions B and C obtained in Synthesis Exanples 7 and 8 were used in
the sane anount. [0099] 20 <Exanpl e 1333( Adjustnent of aqueous

pi gment di spersing elenment (c)) 10 parts of an MEK sol ution of
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s wi 0 POE B PRI I TR ELe SRR, APl Bl oftid Bobiiandple
content, the 5% potassium i aqueo sol ution s charged.in
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a pai nt claviig amarid v{lus b2 ad aoMivaohHEHeB0. HEhel dbtpiseddiesimsbtionfwad. 5
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with the follow ng conposition, followed by the filtration using a
filter wimassa Themgquenussclution was pplotipssrandyrapsnepsnt, ang theparticle sirs wasiess
for inkjet recording (c) of a thermal system [0100] Aqueous pi gnent
di spersi nhaebérant (c)13.0 parts 20Tri et hyl ene gl ycol nonobutyl
ether4.0 parts 2-pyrrolidinone4.0 parts Gycerinl.5 parts Surfyno
440 (nanufactugggz y Air Products and Chemicals Inc.) 0.3 parts
Wat er 27. 2 parts 25[0101] 44

15  <Synthesis Example 11> (Synthesis of carboxyl group-containing polyurethane F)

A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 243 g of the reaction product (1-1) obtained in Synthesis
Example 1, 270 g of poly(oxytetramethylene)glycol having an Mn of 650 (OH group
equivalent: 173), 0.001 g of DBTDL and 270 g of MEK to allow the reaction to proceed

20  under an atmosphere of nitrogen at 80°C for 10 hours, and the reaction was then

terminated by adding 5 g of methanol, thereby yielding a carboxyl group-containing
polyurethane F having an acid value of 36 and an Mw of 9,000. The obtained resin
solution was neutralized with sodium hydroxide in the same molar amount as the charged
amount of DMPA, and the phase inversion emulsification was conducted by the addition

25  of water. MEK was then eliminated by the solvent removal under reduced pressure,



<Exanpl e 14> An aqueous pignment dispersing elenent d was
obt ai ned by conducting the same operation as that described in
Exanple 13 with the exception that, instead of the MEK sol ution of
t he carboxyl group-containing pol yuret B4ne A obtained in Synthesis

Exanple 5.6, t K sgl.utipon of the carboxyl group-contajnin
ol yur ot Pl Byl wERGT OIGHiPHo4PEn i AHAOLS TR WARA SPHA FaTdent ofe
amount. The particle size of the obtained pi%nent di spersi ng el enent
was 120 n#9%maseipnemass. Tk affesous sRiuden ivas eplatless and frangpareni.and thipdsiicle
using this aqueous pignment dispersing elenment d and conducting the
sane m xi sige opeleat than S8sint. hat descri bed in Exanpl e 13. 10[ 0102]
<Conparative Exanples 1 to 5> Aqueous inks for inkjet recording
(a-HJ) to (a-[do®s]were prepared by conducting the same operation as
t hat described in anple 1 with the exception that, instead of the
aqueo o = WAy t Ut | {n 15
queous Caghiis BtLile §ONI AR BALKIL t%@%ﬁo&ﬁ&ﬂﬁnﬁ;{&g@ﬁgﬂgﬁﬁ

Exanple 1, e aqueous carboxyl group-co ng po

solutions HJ H N obt ai ned i arative Synthesis, Exam 3t
7 were used inhtofﬂ'él'@%%@é ﬂ?ﬁ@i}ﬂ?@f‘fﬁ@ © %&r%sgﬁf?& EEIBErPgeéﬁgJE%%”be and
eval uation crjterja> [Q104] 20(lnkjet recording test (print density .
and gl oss@ ¢eRling)ybewasshasgedyat dhoget B reastian perdyetdil nlg obtainadninNiypiiesis
sanple ink using a thermal inkjet printer BJ F300 (manufactured by
Canon | ncExamhpledadéeg of pdlpfoxptttramethylean)giveal yaiyester pelybl aying)an Mn of
equi pped with a bubble jet (registered trademark) recordi ng head

(BC- 30E, 7aob{@Htgéeteduivalennds)) 1903 § o8 [PIAL, 01091 iedf DBRDE tand 680 g & MEK
970CXi 25 (manufactured by Hewl ett-Packard Devel opnment Conpany, L.P.,
her eafif er of o the SeacfoR® prﬂéeeﬁ'imﬁé’%bﬁl{}w@&ﬂﬁﬂﬁeﬁ)at 8 09! tdr hl% hours,
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vas used I? 88,000. The obtained resin solution was neutralized with sodium hydroxide in the same

molar amount as the charged amount of DMPA, and the phase inversion emulsification
15  was conducted by the addition of water. MEK was then eliminated by the solvent
removal under reduced pressure, followed by the addition of water to form an aqueous
solution with a solid content of 20% based on mass. The aqueous solution was a
transparent solution with a fluorescent color, and the particle size was 80 nm.
[0084]
20  <Synthesis Example 13> (Synthesis of carboxyl group-containing polyurethane H)
A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 268 g of the reaction product (1-3) obtained in Synthesis
Example 3, 45 g of polypropylene glycol having an Mn of 400 (OH group equivalent:
281), 7.2 g of ethylene glycol, 0.001 g of DBTDL and 320 g of MEK to allow the

25  reaction to proceed under an atmosphere of nitrogen at 80°C for 16 hours, and the



an inkjet paper. [0105] (Ej ection stability) A solid imge was
continuously printed on the plain paper. The ejection stability 10
was determned in a manner such that the nore . the nunber of pieces of
paper printed by the continuous printif§ (i.e., the nunber of pieces
of paper which can be printed with no defective inmage caused by the
di schar gerepetianuwes then tepmainateddy adding o of methaneldthgeeby sicdding nearbonsled
on the follow ng three stages of criteria. A- 300 or nore pieces of
print ed papep-céhBinirddiblpirethese Hrhanimgenaed Yahssoft aamd 20 Mwi f GO H00f The
printed paper C. Less than 100 pieces of printed paper [0106] (Print

density) dbtgiabd thsinRURIoNBFasRichithledd Gt diund kj@bxidepethe same nidl ok
i mge density was 20 neasured at 5 points in each sanple using a

print deng i j ( J.Sd

manut act UPe B RO GNP SEHhé bt iR GtuMRURIR S cdiiifed
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Print denéfugedgressuss, follopysd by thesaddition; qfﬁvat@réﬁégw appqueops sutRgywithag
|l ess than 2.5 C. Print density of less than 2.0 [0107] (Measurenent
of i mage wylidsonieat ofc)0% bassdlondndsradbe ageops salutiah was ¢dhaldss kpdtransaprent,
and the gloss of the color imge was neasured with a measuring angle
of 20 deogarglake padiioly sideewdsdes tharoSEnmet er (nmanuf actured by

BYK- Gardner) as a gl oss val ue neasuring device. The nmeasurenments were

made at 3 poi,nmggp each sanple, and the average of these
measurenents was cal cul ated as the gloss value. The larger the
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A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and

P

a cooling tube was charged with 293 g of the reaction product (1-5) obtained in Synthesis
Example 5, 450 g of poly(oxytetramethylene)gltycol having an Mn of 2,000 (OH group
equivalent: 56), 0.001 g of DBTDL and 450 g of MEK to allow the reaction to _proceed

15  under an atmosphere of nitrogen at 80°C for 16 hours, and the reaction was then
terminated by adding 5 g of methanol, thereby yielding a carboxyl group-containing
polyurethane I having an acid value of 28 and an Mw of 40,000. The obtained resin
solution was neutralized with sodium hydroxide in the same molar amount as the charged
amount of DMPA, and the phase inversion emulsification was conducted by the addition

20  of water. MEK was then eliminated by the solvent removal under reduced pressure,
followed by the addition of water to form an aqueous solution with a solid content of
20% based on mass. The aqueous solution was colorless and transparent, and the particle
size was less than 50 nm.

[0086]



A. G oss value of 40 or nore B: doss value of 30 or nore C. d oss
val ue of 20 or nore and |l ess than 30 D: d oss val ue of

| ess than 10 15[ 0108] (Scratch resistance) A solid i mge was
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9sa T71 FerophpRive St Erame s SrmihestNar ol e aoBaBitts  wer o
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L e1-0 with sodium hydroxide in the same molar amount as the charged amount of DMPA, and
the phase inversion emulsification was conducted by the addition of water. MEK was
then eliminated by the solvent removal under reduced pressure, followed by the addition
of water to form an aqueous solution with a solid content of 20% based on mass. The
aqueous solution had a milky white color, and the particle size was 200 nm.

15 [0087]
<Comparative Synthesis Example 4> (Synthesis of carboxyl group-containing
polyurethane H-K)

A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and

a cooling tube was charged with 105 g of IPDI, 67 g of DMPA and 172 g of MEX to

20  allow the reaction to proceed under an atmosphere of nitrogen at 70°C for 4 hours,
thereby yielding a urethane oligomer I1. A four-necked flask was charged with 117 g of
IPDI, 357 g of poly(oxytetramethylene)glycol having an Mn of 650 (OH group
equivalent: 173), 0.001 g of DBTDL and 474 g of MEX to allow the reaction to proceed

under an atmosphere of nitrogen at 80°C for 6 hours, thereby yielding a urethane

25  oligomer I2. 948 g of the aforementioned urethane oligomer 12 solution was charged



[0111] [Table 2] 48 Table 2 Nanme of aqueous ink Carboxyl
group-cont ai ni ng pol yuret hane Di scharge properties Scratch resistance
G oss Storage stability Nanmeof reaction product Reaction index of
reaction product Property of aqueous s@ffution Acid val ue Eval uation

with 344 g of urethane oligomer I1 to allow the reaction to proceed under an atmosphere
of nitrogen at 80°C for 10 hours, and the reaction was then terminated by adding 5 g of
methanol, thereby yielding a carboxyl group-containing polyurethane H-K having an
acid value of 45 and an Mw of 12,000. The obtained resin solution was neutralized with
5  sodium hydroxide in the same molar amount as the charged amount of DMPA, and the
phase inversion emulsification was conducted by the addition of water. MEK was then
eliminated by the solvent removal under reduced pressure, followed by the addition of
water to form an aqueous solution with a solid content of 20% based on mass. The
aqueous solution had a milky white color, and the particle size was 100 nm.
10 [0088]
<Comparative Synthesis Example 5> (Synthesis of carboxyl group-containing
polyurethane H-L)
A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 222 g of IPDI, 330 g of poly(oxytetramethylene)glycol
15  having an Mn of 650 (OH group equivalent: 173) and 0.001 g of DBTDL to allow the
reaction to proceed under an atmosphere of nitrogen at 100°C for 2 hours. Subsequently,
67 g of DMPA and 620 g of MEK were charged to allow the reaction to proceed under
an atmosphere of nitrogen at 80°C for 16 hours, and the reaction was then terminated by
adding 5 g of methanol, thereby yielding a carboxyl group-containing polyurethane H-L
20  having an acid value of 45 and an Mw of 50,000. The obtained resin solution was
neutralized with sodium hydroxide in the same molar amount as the charged amount of
DMPA, and the phase inversion emulsification was conducted by the addition of water.
MEKXK was then eliminated by the solvent removal under reduced pressure, followed by
the addition of water to form an aqueous solution with a solid content of 20% based on

25 mass. The aqueous solution had a milky white color, and the particle size was 150 nm.
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[0089]

<Comparative Synthesis Example 6> (Synthesis of carboxyl group-containing
polyurethane H-M)

A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 579 g of the reaction product (comparison 1-1) obtained
in Comparative Synthesis Example 1, 357 g of poly(oxytetramethylene)glycol having an
Mn of 650 (OH group equivalent: 173), 0.001 g of DBTDL and 357 g of MEK to allow
the reaction to proceed under an atmosphere of nitrogen at 80°C for 16 hours, and the
reaction was then terminated by adding 5 g of methanol, thereby yielding a carboxyl

group-containing polyurethane H-M having an acid value of 45 and an Mw of 32,000.

. The obtained resin solution was neutralized with sodium hydroxide in the same molar

amount as the charged amount of DMPA, and the phase inversion emulsification was
conducted by the addition of water. MEK was then eliminated by the solvent removal
under reduced pressure, followed by the addition of water to form an aqueous solution
with a solid content of 20% based on mass. The aqueous solution had a milky white
color, and the particle size was 150 nm.

[0090]
<Comparative Synthesis Example 7> (Synthesis of carboxyl group-containing
polyurethane H-N)

A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 579 g of the reaction product (comparison 1-2) obtained
in Comparative Synthesis Example 2, 357 g of poly(oxytetramethylene)glycol having an
Mn of 650 (OH group equivalent: 173), 0.001 g of DBTDL and 357 g of MEK to allow
the reaction to proceed under an atmosphere of nitrogen at 80°C for 16 hours, and the

reaction was then terminated by adding 5 g of methanol, thereby yielding a carboxyl
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group-containing polyurethane H-N having an acid value of 41 and an Mw of 42,000.

The obtained resin solution was neutralized with sodium hydroxide in the same molar
amount as the charged amount of DMPA, and the phase inversion emulsification was
conducted by the addition of water. MEK was then eliminated by the solvent removal
under reduced pressure, followed by the addition of water to form an aqueous solution
with a solid content of 20% based on mass. The aqueous solution had a milky white
color, and the particle size was 200 nm.

[0091]
<Example 1>
(Adjustment of aqueous pigment dispersing element (a))

6 parts of a methyl ethyl ketone solution of benzyl methacrylate-methacrylic acid
copolymer having a solid content of 50% (with an acid value of 100 and a weight
average molecular weight of 20,000), 6.0 parts of a 5% potassium hydroxide aqueous
solution, 10 parts of a phthalocyanine-based pigment “Fastogen (registered trademark)
Blue TGR” (manufactured by DIC Corporation) and 23.8 parts of water were charged
and mixed in a 250 mL plastic bottle. (Here, the copper phthalocyanine-based pigment
was charged in 10 parts, the resin was charged in an amount so as to achieve a ratio of
30% by mass with respect to the pigment in terms of the non-volatile content, the 5%
potassium hydroxide aqueous solution was charged in an amount so as to neutralize the
acid value of the resin by 100% and the water was charged in an amount necessary for
making the non-volatile content of the mixed liguid to become 30%, respectively.)

The mixed liquid was dispersed for 2 hours with a paint conditioner (using
zirconia beads having a diameter of 0.5 mm). Following the dispersion, the liquid
obtained by removing the zirconia beads therefrom was evaporated using an evaporator

to distill off methyl] ethyl ketone, and was then subjected to a centrifugal separation
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(8,200 G, 30 minutes) to remove coarse particles, followed by the addition of pure water
to adjust the non-volatile content, thereby yielding an aqueous pigment dispersing
element (a) with a non-volatile content of 20%. The particle size of the obtained pigment
dispersing element was 110 nm.

[0092]

The aqueous pigment dispersing element (a) and the aqueous solution of the
carboxyl group-containing polyurethane A obtained in Synthesis Example 6 were used
and adjusted in accordance with the following composition, followed by the filtration
using a filter with a pore size of 6 um, thereby preparing an aqueous ink for inkjet

recording (a-A) of a thermal system with a pigment concentration of 4%.

[0093]

Aqueous pigment dispersing element (a) 13.0 parts
Aqueous carboxyl group-containing polyurethane solution A 3.8 parts
Triethylene glycol monobutyl ether 4.0 parts
2-pyrrolidinone 4.0 parts
Glycerin 1.5 parts

Surfynol 440 (manufactured by Air Products and Chemicals Inc.) 0.3 parts
Water 23.4 parts
[0094]
<Examples 2 to 9>
Aqueous inks for inkjet recording (a-B) to (a-I) were prepared by conducting the
same operation as that described in Example 1 with the exception that, instead of the
aqueous carboxyl group-containing polyurethane solution A added in Example 1, the
aqueous carboxyl group-containing polyurethane solutions B to I obtained in Synthesis

Examples 7 to 14 were used in the same amount.
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[0095]

<Example 10>
(Adjustment of aqueous pigment dispersing element (b))

10 parts of a methyl ethyl ketone solution of benzyl methacrylate-methacrylic
acid copolymer having a solid content of 50% (with an acid value of 100 and a weight
average molecular weight of 20,000), 10.0 parts of a 5% potassium hydroxide aqueous
solution, 10 parts of a quinacridone-based pigment “Fastogen (registered trademark)
Super Magenta RG” (manufactured by DIC Corporation) and 20.0 parts of water were
charged and mixed in a 250 mL plastic bottle. (Here, the quinacridone-based pigment
was charged in 10 parts, the resin was charged in an amount so as to achieve a ratio of
50% by mass with respect to the pigment in terms of the non-volatile content, the 5%
potassium hydroxide aqueous solution was charged in an amount so as to neutralize the
acid value of the resin by 100% and the water was charged in an amount necessary for
making the non-volatile content of the mixed liquid to become 30%, respectively.)

The mixed liguid was dispersed for 2 hours with a paint conditioner (using
zirconia beads having a diameter of 0.5 mm). Following the dispersion, the liquid
obtained by removing the zirconia beads therefrom was evaporated using an evaporator
to distill off methyl ethyl ketone, and was then subjected to a centrifugal separation
(8,200 G, 30 minutes) to remove coarse particles, followed by the addition of pure water
to adjust the non-volatile content, thereby yielding an aqueous pigment dispersing
element (b) with a non-volatile content of 20%. The particle size of the obtained pigment
dispersing element was 120 nm.

[0096]

The aqueous pigment dispersing element (b) and the aqueous solution of the

carboxyl group-containing polyurethane A obtained in Synthesis Example 6 were used
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and adjusted in accordance with the following composition, followed by the filtration
using a filter with a pore size of 6 um, thereby preparing an aqueous ink for inkjet

recording (b-A) of a thermal system with a pigment concentration of 6%.

[0097]
5 Aqueous pigment dispersing element (b) 22.5 parts
Aqueous carboxyl group-containing polyurethane solution A 3.8 parts
Triethylene glycol monobutyl ether 4.0 parts
2-pyrrolidinone 4.0 parts
Glycerin 1.5 parts
10 Surfynol 440 (manufactured by Air Products and Chemicals Inc.) 0.3 parts
Water 13.9 parts
[0098]

<Examples 11 and 12>
Aqueous inks for inkjet recording (b-B) and (b-C) were prepared by conducting
15  the same operation as that described in Example 10 with the exception that, instead of the
aqueous carboxyl group-containing polyurethane solution A added in Example 10, the
aqueous carboxyl group-containing polyurethane solutions B and C obtained in Synthesis
Examples 7 and 8 were used in the same amount.
[0099]
20  <Example 13>
(Adjustment of aqueous pigment dispersing element (c))
10 parts of an MEK solution of the carboxyl group-containing polyurethane A,
4.0 parts of a 5% potassium hydroxide agueous solution, 10 parts of a phthalocyanine-
based pigment “Fastogen (registered trademark) Blue TGR™ (manufactured by DIC

25  Corporation) and 26.8 parts of water were charged and mixed in a 250 mL plastic bottle.
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(Here, the copper phthalocyanine-based pigment was charged in 10 parts, the resin was

charged in an amount so as to achieve a ratio of 50% by mass with respect to the pigment
in terms of the non-volatile content, the 5% potassium hydroxide aqueous solution was
charged in an amount so as to neutralize the acid value of the resin by 100% and the
water was charged in an amount necessary for making the non-volatile content of the
mixed liquid to become 30%, respectively.)

The mixed liquid was dispersed for 2 hours with a paint conditioner (using
zirconia beads having a diameter of 0.5 mm). Following the dispersion, the liquid
obtained by removing the zirconia beads therefrom was evaporated using an evaporator
to distill off methyl ethyl ketone, and was then subjected to a centrifugal separation
(8,200 G, 30 minutes) to remove coarse particles, followed by the addition of pure water
to adjust the non-volatile content, thereby yielding an aqueous pigment dispersing
element (c) with a non-volatile content of 20%. The particle size of the obtained pigment
dispersing element was 110 nm.

The aqueous pigment dispersing element (c) was used and adjusted in accordance
with the following composition, followed by the filtration using a filter with a pore size

of 6 um, thereby preparing an aqueous ink for inkjet recording (c) of a thermal system.

[0100]

Aqueous pigment dispersing element (c) 13.0 parts
Triethylene glycol monobutyl ether 4.0 parts
2-pyrrolidinone 4.0 parts
Glycerin 1.5 parts

Surfynol 440 (manufactured by Air Products and Chemicals Inc.) 0.3 parts

Water 27.2 parts

[0101]
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<Example 14>

An aqueous pigment dispersing element d was obtained by conducting the same
operation as that described in Example 13 with the exception that, instead of the MEK
solution of the carboxyl group-containing polyurethane A obtained in Synthesis Example

5 6, the MEK solution of the carboxyl group-containing polyurethane C obtained in
Synthesis Example 8 was used in the same amount. The particle size of the obtained
pigment dispersing element was 120 nm. An aqueous ink for inkjet recording (d) was
prepared by using this aqueous pigment dispersing element d and conducting the same
mixing operation as that described in Exampie 13.

10 [0102]
<Comparative Examples 1 to 5>

Aqueous inks for inkjet recording (a-H-J) to (a-H-N) were prepared by
conducting the same operation as that described in Example 1 with the exception that,
instead of the aqueous carboxyl group-containing polyurethane solution A added in

15  Example 1, the aqueous carboxyl group-containing polyurethane solutions H-J to H-N
obtained in Comparative Synthesis Examples 3 to 7 were used in the same amount,

[0103]
<Performance test and evaluation criteria>

[0104]

20  (Inkjet recording test (print density and gloss value))

Drawing was conducted on a recording medium with a sample ink using a
thermal inkjet printer BJ F300 (manufactured by Canon Inc., hereafter referred to as an
evaluation machine A) equipped with a bubble jet (registered trademark) recording head
(BC-30E, manufactured by Canon Inc.) or a thermal inkjet printer DJ 970CXi

25  (manufactured by Hewlett-Packard Development Company, L.P., hereafter referred to as
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an evaluation machine B), and the ejection stability test, the print density test, the gloss
value test, and the scratch resistance test were conducted.
As a recording medium, “Canon PB paper” manufactured by Canon Inc. or
“Xerox 4024” manufactured by Fuji Xerox Co., Ltd. was used as a plain paper, and
5  “Premium Glossy Photo Paper” manufactured by Seiko Epson Corporation was used as
an inkjet paper.
[0105]
(Ejection stability)
A solid image was continuously printed on the plain paper. The ejection stability
10  was determined in a manner such that the more the number of pieces of paper printed by
the continuous printing (i.e., the number of pieces of paper which can be printed with no
defective image caused by the discharge failure or the like), the better, and was evaluated
based on the following three stages of criteria.
A: 300 or more pieces of printed paper
15 B: 100 pieces or more and less than 300 pieces of printed paper
C: Less than 100 pieces of printed paper
[0106]
(Print density)
A solid image was printed on the inkjet paper, and the color image density was
20  measured at 5 points in each sample using a print density measuring device (GRETAG
(registered trademark) D196 manufactured by GretagMacbeth Corporation), and the
average of these measurements was calculated as the print density. The larger the
average value, the better the print density, and the print density was evaluated based on
the following three stages of criteria.

25 A: Print density of 2.5 or more
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B: Print density of 2.0 or more and less than 2.5

C: Print density of less than 2.0

[0107]

(Measurement of image gloss value)

A solid image was printed on the inkjet paper, and the gloss of the color image
was measured with a measuring angle of 20 degrees using the haze gloss meter
(manufactured by BYK-Gardner) as a gloss value measuring device. The measurements
were made at 3 points in each sample, and the average of these measurements was
calculated as the gloss value. The larger the average value, the better the gloss, and the
gloss value was evaluated based on the following four stages of criteria.

A: Gloss value of 40 or more

B: Gloss value of 30 or more

C: Gloss value of 20 or more and less than 30

D: Gloss value of less than 10

[0108]

(Scratch resistance)

A solid image was printed on the inkjet paper and was rubbed 5 times with a load
of 200 g using a Gakushin-type rubbing tester while using the plain paper as a filler paper
cord. The gloss values of the printed papers were measured before and after the test.
The smaller the rate of change in the gloss value, the better the scratch resistance, and the
scratch resistance was e.valuated based on the following four stages of criteria.

A: Rate of gloss change of less than 5%

B: Rate of gloss change of 5% or more and less than 10%

C: Rate of gloss change of 10% or more and less than 15%

D: Rate of gloss change of 15% or more
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Conmp. Ex.
5 (a-H
[0109]
(Storage stability of ink for inkjet recording)
The viscosity of the ink for inkjet recording when stored at 70°C for 7 days was
measured, and those exhibited a rate of change with respect to the initial viscosity of less
5  than 5% were evaluated as “A”, those exhibited the rate of change of 5% or more and
less than 10% were evaluated as “B”, and those exhibited the rate of change of 10% or
more were evaluated as “C”. Note that the viscosity measurements were conducted using
the RE-550 viscometer (manufactured by Toki Sangyo Co., Ltd.).
[0110]
10 The performance test results of the aqueous pigment dispersing element and the
aqueous ink for inkjet recording of the present invention are summarized and shown in
the table.
[0111]

[Table 2]
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From the results shown in Table 2, it is apparent that the aqueous ink for inkjet

recording of the present invention that uses a carboxyl group-containing polyurethane

5  exhibits excellent storage stability and ejection stability, and the materials obtained by

inkjet printing are superior in terms of gloss and exhibit high levels of color image

density and scratch resistance. Especially in Examples 1 to 4 and 9 to 12 where the

molecular weight of the carboxyl group-containing polyurethane was within the range

from 10,000 to 50,000 and also the acid value was within the range from 20 to 70, the

10 ejection stability and the gloss value were remarkably superior, which resulted in the

printing of 300 or more pieces of paper and the gloss value or 40 or more.

In Example 5, although the scratch resistance was excellent due to the high

molecular weight of 60,000, the discharge properties were somewhat deteriorated.

Further, in Example 6, although the discharge properties were favorable due to the low



[Claim1l] A pignent dispersion conprising, as essential conponents:
5wat er; an aqueous pol yner; and a pignment, wherein the aqueous

pol ymer is a carboxyl group-containing polyurethane which is forned
by reacting a diol conpound (C) and a ﬂgaction product, which is

mainly 10 _c sed. of und represented b ral fornul a, (1)
and pr epam?ge% PN&E@‘E Pﬁ%’ﬁgﬁgﬁ%fm@%&ﬁﬁ Cg RS ﬁ%gﬁegﬁé’ﬂ%r' ol?l E{‘%Blple Pe
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and whi c hp%ﬂglg sizaavas §0aup and someviak lagge dug tothalowvadsd valpe therpby slightly
within a range from0.95 to 1.10, or by reacting the reaction

product , irhpaidagthe dincharga gropeitican urhe] indowypias che saratoh (djstance was
15[ Chemical Forrmula 1] OCN -RL NHCO -R2 -OCN H -R3 -NCO lill 00 (1)
wher ei n RborfswhaRBosrchpcanse rif thediiph adid stluect ures of the diisocyanate
conpound (B) from which the isocyanate group has been excl uded, and
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The pignent di spersion according to Claim1, wherein a weight average
nol ecul ar Wigtedhg regetiarHadeavavloy, Whetsap Comperating Hyampleyiuwas dnegxamiple
within a range from 10, 000 to 50, 000.

where the reaction index was high, although the ejection stability was remarkably poor in

10  this case.



10[ d ai m 3] The pignent di spersion according to Claim1l or 2,
wherein an acid val ue of the carboxyl group-containing pol yurethane
is from20 to 70 ngKOH g. [C ai m 4] 15The pi gnent di spersion
according to any one of lainms 1 to 3, 3%herein the diol conpound (A)

i s dimethylol propionic acid or dineiaﬁlﬁhgwtanoic acid. [Caimb5]

An aqueous ink for inkjet recording AT s £ or med by using the

pi gnent 20 dispersion of any one of Clains 1 to 4. [C aim6] A
met hod for produci ng an aqueous polymer, which is a method for
produci ng an aqueous polyner to be used in a pignment dispersion that
cont ai ns [(aimr 1] t he aqueous 25 pol ymer and a pignent as essenti al
conponents, 52 the nethod conpri sing: reacting a diol conpound
(A) having oneAgfigiem disbeBotydonfirditas as\edsbntial eaapordatsecul e with a

di i socyanate conpound (B) and term nating the reaction at the point
where @ reacti ghf-ndex as calculated by (Fornula 1) falls within a
range fromO0.95 to 5 1.10, thereby producing a reaction product which
is mainly conp f compound represented by general forrmula (1);
fol |l oned by %E&gg%ﬁﬁo%mgﬁgn eaction product and a diol conpound
(©, or the reaction product, the diol conpound (C) and a

di i socyanate gfB¥®B). [Chenical Fornula 2] OCN-RL NHOO - R2- OCNHR 3
-NCO Il 00 Lg%l)_ wherein Rl and R3 represent parti al
structures of wheredithe agyeenapelyosnisagabqxs) soupreonfaining pelpwicthany whiche
group has been excluded, and RI and R3 may be the sane or nmay be

di f f er entis farmikd by reactingz dielsoagmmhg (@) k4 teadtiosi product,rwhiok istrhgindi ol
conmpound (A) having one or two 15 carboxyl groups within each

ol ecly e @ipdse®@BT Ydrfipoundgephésinedtly gHnetPiAmIDEs AnEHehd@EY reacting a
diol compound (A) having one or two carboxyl groups within each molecule with a
diisocyanate compound (B) and which also has a reaction index as calculated by
(Formula 1) within a range from 0.95 to 1.10, or by reacting the reaction product, the diol
compound (C) and a diisocyanate group (D):

15 [Chemical Formula 1]

QCN R NH(HSO—Rz—O%NH——Rs——NCO

)
© M)

wherein R! and R? represent partial structures of the diisocyanate compound (B)
from which the isocyanate group has been excluded, and R' and R? may be the same or
may be different; and

20 R? represents a partial structure of the diol compound (A) having one or two
carboxyl groups within each molecule and from which the hydroxyl group has been

excluded).

[Eq. 1]



[ Eq. 2] Reaction index = (reaction rate of isocyanate group) x
[ (nunber of noles of diisocyanate conpound (B))/ (nunmber of noles of
di ol conpound (A))] 20(Formula 1) 51

Reaction index = (reaction rate of isocyanate group) x [(number of moles of
diisocyanate compound (B))/ (number of moles of diol compound (A))]

(Formula 1)

5 [Claim 2]
The pigment dispersion according to Claim 1, wherein a weight average
molecular weight of the carboxyl group-containing polyurethane is within a range from

10,000 to 50,000.

10 [Claim 3]
The pigment dispersion according to Claim 1 or 2, wherein an acid value of the

carboxyl group-containing polyurethane is from 20 to 70 mgKOH/g.

[Claim 4]
15 The pigment dispersion according to any one of Claims 1 to 3, wherein the diol

compound (A) is dimethylolpropionic acid or dimethylolbutanoic acid.

[Claim 5]
An aqueous ink for inkjet recording which is formed by using the pigment

20  dispersion of any one of Claims 1 to 4.

[Claim 6]
A method for producing an aqueous polymer, which is a method for producing an
aqueous polymer to be used in a pigment dispersion that contains water, the aqueous

25  polymer and a pigment as essential components,
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the method comprising:

reacting a diol compound (A) having one or two carboxyl groups within each
molecule with a diisocyanate compound (B) and terminating the reaction at the point
where a reaction index as calculated by (Formula 1) falls within a range from 0.95 to
1.10, thereby producing a reaction product which is mainly composed of a compound
represented by general formula (1); followed by

reacting the reaction product and a diol compound (C), or the reaction product,
the diol compound (C) and a diisocyanate group (D).

[Chemical Formula 2]

ocN—R‘fNHgo—RE—O%NH——R?’———NCO

O
© ey

wherein R! and R? represent partial structures of the diisocyanate compound B)
from which the isocyanate group has been excluded, and R! and R? may be the same or
may be different; and

R? represents a partial structure of the diol compound {A) having one or two
carboxyl groups within each molecule and from which the hydroxyl group has been
excluded).

[Eg. 2]

Reaction index = (reaction rate of isocyanate group) x [(number of moles of

diisocyanate compound (B))/ (number of moles of diol compound (A))]

(Formula 1)



