| [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 dyg for the color material have
been used for the aqueous inks for ink jet recording. There are

numer ous advant ages associ at ed wi (RESERIPAYEN] nks in that they exhibit
excel l ent storage stability, hardly clog the nozzle of an 15 ink jet
printer, and the printed natte[THBEFOREIVENSI@N} om i s excellent in
terns of gl oss. However, their disadvantages originating fromthe
dye, such as PHEMEdT DISPFRSEONIAND AGIIEOUSWNKFORANEIET RECORINBIH| e
to store the printed matter for a long tine, and inferior water

resi stance and |ight resistance have been pointed out. Accordingly,
in recent years, aqueous inks for inkjet recording using a pignent
that exfli biteshRed eldignt 20 weather resistance, water resistance and

| i ght resistance (hereafter, abbreviated as an aqueous pignment i nk)
have been devel g@g. [ 0003] An aqueous pignment ink is usually
a pignment dispersion prepared by honogeneously dispersing pignment
particles in a . : wangd. 25 foll ow t he
recordi ng, for mﬁ}%ﬁgﬁ%ﬁimﬁ%%\éﬂgg%ﬁg %E%%%éu%lgﬁge%?){ifarn%%ﬂe%ﬁeﬁﬁm B ‘%‘% 2
recordi ng nedium | e ality of the material recorded by the
aqueous pi B‘%‘ﬁﬁlﬁﬁagraﬁgﬂéwn&?\égﬁds 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

di ffusgorefpraé"égfpww] 5 light by the pignent particles in the ink
film when a recording nedium such as a glossy paper, in which a
recordi ng surfaf803]ls snoothed is used. Moreover, there have al so been
probl enms of insufficient fixation with respect to the recording

medi um and poorCewertiaally,elyt sika tieat usefa dyledorf the oelor inatedal havd teendskidtfoon,
ink jet printing is different fromthe usual printing nmethod, and the
10 pri nti nhe pqeoessiks forddjetetadinhy THers ateaiugichgisatdvintiges assovidtbdwith
printer head. The di scharge systemincludes a piezo systemand a

ther mal sygka inkdi thet théyedhiit sxyeleatBtorage NabikityChirdly clogitiCizEB @ hilK
inside the nozzle is boiled wth a heater constituted of the heat

el enenis PmRYitPashel And R fRintdAlRiiteP SRFnEPiHdicRORAS GcellBR id kbS!S,
a problemarises in that "a phenonenon known as cogation occurs in the

heat or Por el SRl A Bl ER R s RN NI e
dur 09, ¢ e BB ANGRARLALf A RRSS Sord HERBLOH Spnbife £188 b ns

stability TS al'sd require e use

inferior water resistance and light resistance have been pointed out. Accordingly, in
recent years, agueous 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 aqueous solvent such as water, and

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



Currently, a water-based pignent ink that contains a resin conmponent
in order to 20 inprove the fixation onto the recording nedium and the
gl oss has been studied, and an aqueous ink for inkjet recording to
whi ch aqueous pol yuret hane has been added is known as an ink to
satisfy the physical properties to sonme2extent. Mre specifically, an
i nkj et recordi Uld containjn ret that is fo

v ng an- Stecromenediry 1585 Gelbit i BRet e Sy b anads P
active agent and a carboxyl_ group-containing 25 djol as ram/naterlals
(for exanpllagely denspds ¢n the telat d%@a%ﬂftanﬂ)g loss pif the RigmsRRASti¢lPsFRemsspives 3
inkjet printing containing an urethane-nodified polyester resin (for
exanpl e, r & s ink fipatand thusdharerastbegy a peoblennin that kh olevaloring prgperties
inkjet printing containing a self-dispersing pignment and a

pol yur et hamed gdiosyyeomsirtiey of flemecrddd mortionae ameired dué torthe diffass efiection of
Docunent 3) have been known. 5However, the inkjet recording liquid
descri bsd ilight?gtteapighent pretidlestn Brdnlafips oltleamredording sedinm, ghohss a glossy
properties, scratch resistance, or the |ike of the printed material,

especi al | y putin vhithQSEYorBAR Slirfade 3s iH5RthedSs Gsell e SMtEHvag tH@éihaHﬁ\aIsbf&een
addi tion, the i nk conposition for inkjet printing described in Patent

Docurent 2 FB%‘I‘enEH BRI fkR{RWIR reSieRCth i YeSdrdink Wit PEcratph
abr asi on propert| es of the obtained printed materral, and t 10 1 nk

conpositio descri bed in Patent Docunent 3 had a
problen1of%$E?£$%§¢hgﬁg§%§gﬁ#%?ablI Pat ent Docunent 1:

oo arorie s e C%td“%‘?ef&?aéﬁ%%eﬁ%‘ e, e
Documodl: AR FasEtS A ?@ﬁs&ﬁ%sg%oo“ 03%@%@5@%% isibeger

I nt ernati onal Pub | cation Summry f venti 20 [T chnl cal
Probl enj [@b?é%’l}mcu es apig ef@épgaﬁ%ﬁﬂhﬂq

i nvention and thus, the obj ect thereof is to provide an aqueous

for ink jepattieelas & ?ﬁgﬂlﬁmkclﬁmd%ﬂv@a@a%wb@ﬂedswabweaﬂ?rsc@nﬁwp%gf ﬁhﬁlaeat
droplets even during the prolonged printing process in the ink jet
printer of elmehtsprayidedin theqriater headdo idischargothe inkadsprletsfa problammiriae in
printed i mage that exhibits excellent weather resistance, in

par ti cul ar thase phnotmen@skmstvanras epgdtidolonturnin thehdaten pbrioh dbé Gﬂhsi.apiihe
present inventors have discovered that the above-nenti oned problem
can bel5 temperature change inside the nozzle so that the liquid is no longer discharged (discharge

failure) during the prolonged printing process. Therefore, the cjectioﬁ 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 carboxyl group- containing

pol yur et hanes have not been controlled3 n any way, and car boxyl
groups are.randaon.y introduced wthin_th ol yuret hane chajn i n nost
cases. inkiqt PREHE FOLtARIRE 40 Y @W@‘iltﬁa‘ﬁgﬁﬁ?#@g &t &‘Pfa?é‘mﬂgléﬁ eter 10

di scl osed in Patent Docunent /1, the object thereaof is to control the
ol i goner sEByFAocHment2)cand saink eompogition fr inldetpsieiing aontaipipgpselirave not
been identified. In addition, although an agueous pol yurethane

di sper si ngdispasing pigwsnandiagpodyprathane idispersing clrmgnt Gor inslengetrefen fnRatent
constituted of acid group-containing diols including the carboxyl

gr oup- cont Bociment d) ldve baeh Ienoskini socyanat e conpound has been di scl osed
in Patent Docunent 3 , there is no description on the nethod for

synt hess zi ng t hHo@ektbriGhe InkjettecdingQidhid described hePfiere DooimemMv eadar s
have determ ned that the carboxyl groups which are randomy

i nt r oducedpioblehldfinfHONE6ssTRpeRits, sérabdhf re6étaridd CordhSBIRATTER: (RIBIIBHALESA,
In the case of random pol ynerization, the amount of carboxyl groups

i ntroduc ededp@ciﬁl%)’ﬁﬁ&i a él@%??%%’ﬁ%a%&é&' ad atr&%rcﬁﬁé fedhAl 1 Bddiflor e i t he

po: ynmeri zation beconmes” 25 erogeneous. Especially when a

wei ght Lf%ﬂh@%@?@ﬁfmﬁr ST R BRSO Pauch D SAREE) P%iﬁef’?@%.gﬁtﬁf’%el iy
t . .

amount of BLINERG SR RO PURRRR! oF, (8L AR ONRARLCRU AL

chain reduces in sone no I~ chal ns nma

no car poxyl .group..ntroduced.. lLn ot her s, «even lithe a nt of
o ot BB g ket e BB RBE SR e P TR of ¢ e
extent of hydrophilicity.in advance, since a portion of the nol ecular
chain of t mﬁ%ﬁ&ﬂﬁ%ﬂm%ﬂﬁyurethane becones insoluble in water, the
degree of solubility partially reduces. Myreover, portiaons of =

i socyanate gr ou‘%ﬁerﬁﬁc@aﬁ%dkwa@%ﬂﬁﬁwaﬁ%ﬁéﬁ atipmeiFingt Pubdieatiosn
during polynerization to forman unnecessary gel conponent in water,
t hereby i ngTDeH@iQﬁgWP'ﬁbg mol ecul ar wei ght beyond expectation or

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

wat er - di sper si ofetgit Blochmeit 2gJapawese Unerathitidal Batenh A pplidagion, Faistibiblication
reduces with respect to the amount of raw material nononer added. In
addi ti th tNoi2ed80pInonena, the present inventors have al so

di scovered that the ink ejection stability and the printing

suitability arepfanBodehaki3yPibiRdd Rfadye THASIRIRNG 00831515280 bORRPLT
That is, the present invention provides a pignment dispersion that

cont ai ns Wekéhationdl IRBHEMBs Pol ymer and a pignent as essentia
conponents, and in which the aforenentioned 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 conpoHﬁﬁ%é BFﬁﬁahﬁﬂ%by general formula (1) and prepared by

reacting a onpoun A) having one or two carboxyl groups wthin
each ec Wi di.i socyanate conpound (B) and which also has a
reactﬁgL iﬁ%@@nﬁéggik@ﬂlated by (Formula 1) within a range from 0. 95
to 1.10, or bydhggﬁting t he af orenenti oned reaction product, the diol
compound (C) a di i socyanate group (D).

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



25[0009] 6 [Chemical Fornmula 1] OC N-R 1 NHCO -R2 -OCN HNCO |11l 00
(1) [0010] (In general formula (1), and R3 represent parti al
structures of the diisocyanate 5 conpound (B) from which the

i socyanat e group has been excluded, and RI and R3 may be the sanme or
may be different; and R2 represents a phrtial structure of the

e B e STER 05 A ERL B RS

excluded). [0011] ,10[ Eq., 1] Reaction index = (reaction rate of
i socyanat eTeistaes, ixpqrticiiarpicratelt regislanes. of di | socyanate conpound (B))/
(nunber of noles of diol conpound (A))] (Formula 1) [0012] 15In
addition, the present invention provides an aqueous ink for inkjet
recording that is formed by using the pignment dispersion described
above. [ 00{Slution to PFablanler, t he present invention provides a nethod
for producing an aqueous polyner, which is a nmethod for producing an
aqueouss5 pol ymer [(0o6pe used in a pignment 20 di spersion that contains
water, the aqueous polynmer and a pignment as essential conponents, the
net hod i ncl udi NYheprEéc@PinOéntbBda{d disboRerdd Blat Hhe AbSAHeiDhedFrébIRS @A Be O
solved by using a carboxyl group-containing polyurethane which is designed so that
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



two carboxyl groups within each nolecule with a diisocyanate conpoynd
(B) and termnating the reaction at the point where the reaction

I ndex as calculated by (Formula 7 1) falls within a range from 0. 95
to 1.10, thereby producing a reaction product which is mainly
conposed of a conpound represented by deneral formula (1), followed

by a step of .reacting the aforenentioned reaction product and a diol
o mound ( PR phat gt BEdo PogtPeias BHIBteh Sie tiagount of
compound (C) and a diisocyanate group (D). 5[0014] [Chem _cal Fornmula
2] OCNRL Niorverd sepr ek erqupeperse forgach ane mejeeriar chiip refupesin fhepiys pame
(1), R and R3 represent partial structures of the diisocyanate 10
conpound ( Bplerrlenehaiisapaytbearedieed withne cagbeybsteus ifedncedx &1 efierdvordnd
|l e and R3 may be the sanme or may be different; and le represents a
partial st ewotfthe apbuntiof raw weterielhormed tadbeodhargedirodetmiming) b avedivgingne
or two carboxyl groups within each nolecule and from which the

hydr oxy$ gtheeptehiast Hydwphitixity indsdddnce,| s @lpottfombd thedholecular chddg aftheon

i ndex = (reaction rate of isocyanate group) x [(nunber of noles of

di i socyanapigaigedpslyethai®) DecothBinhdiblOn Wik thedbgide 6f soh MRS pardaily®) ) |
(Formula 1) 20 [ Advantageous Effects of Invention] [0017]

Accordi ng feauddd e MITE&NBE oltiBHER ik a.na?e:Fx@ SRH SarbB¥y1 § Bitisd £1
recordi ng vvhlilch I's capa%loe of slt(gzgl y |s%1éargi ng 1n &lpopl ets even

during the.gLRhong echehbd Mirind PoRiRGEADn Y 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 carboxy! 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]



Sthe 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
resi stance, in particular, scratch resistance. The di scharge
properties in a thermal systemare partdcularly favorable especially
5 when the weig average cul ar wei ght of the aforenentioned

car boxyl group-E%ﬁ?ﬁ?ﬂ?ﬁﬁmgghﬁurethane is wthin the range from

10, 000 to 50, 000. Furthernore, the ejection stability is superior
when the acjd lue o he . a nti®ned_car boxyl oup-.cant.ai ni ng
pol yur et hanb@ﬁ?m_mb){ﬁf\ﬁﬁé%‘? THO G e s oredNGs

conpound (A) to be used is preHerany 10 diﬂethylolpropionic acid or
di et hyl ol but anoi ¢ aci d si nce Phe car boxyl {(groups can be introduced
al nost entirely in accordance with the charged anount thereof. (1)

[ Description of Enbodi nents] [0018] 15 (Pignment di spersion Aqueous
pol ymer (car boxydo1gy oup-contai ni ng pol yur et hane)) The aqueous
pol ymer used in the present invention is a carboxyl group-containing
pol yur et hane Whiis BehdpalfEitBA (IR DA RE kdiflesBnifiatiial SRURALGE thddiisBBfinate
reaction product, which is mainly conposed of a conmpound represented

by genesal farsmhzn] ﬁ))maaaﬁcm@ %&ﬁﬂat@%:c{]uﬁ%é b eﬁclq{iée?fé WW éﬁaﬁr)

havi ng one or” two carboxyl groups wthin 20 each no

cal oul at e ByRRar Eftal B cBRAAMILER BehReited plybORLARMERICT 0
NI B R L P R s )
ndox = (r BEHg R oE 8PP Beeymktier o pesn Sehfder of mol es of

di i socyanat e co%(fﬁnd (B))/ (nunber of noles of diol conmpound (A))]

—

10 [Eg.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 aqueous 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



(Formula 1) [0021] In general formula (1), R and B.3 represent
partial structures of the diisocyanate conpound (B) from which the
i socyanate group has been excluded, and RI and R3 may 10 be the sane
or may be different; and R2 represents a partial structure of the
af orement i oned di ol conpound (A) havind one or two carboxyl groups

W thin eac lecule and fro i the hydroxyl group has, been . .
oxcl uded) . [ B59F drg Bl f A bl motre i Da i wiaen is
present invenption and having one 15 or two carboxyl groups within
each ol ecleElY ¢RORAgE! ¥l popnd wpreecniod byt gracrakipannla l)b@le%ﬁlé’é%by a step
pol yhydric al cohols and pol ybasic_aci d anhydrides, and

di hydr oxyaPfgessing thecafersmentéoned seaption prpdust agd adipkesmpouad (@, or the

2, 2-di met hyl ol propionic acid, 2,2-dinethylol butanoic acid and

2, 2- di met hyforimeatienddgeartipg proéxetnibe é®l cimpnuafl €C) and achispeyamads giong (Ide
2,2- dinmethylol propionic acid and 2, 2-di net hyl ol butanoic acid. O

t hese, 2,2- 20 @it hyl ol propi onic acid or 2, 2-di met hyl ol but anoi c
acid is preferred due to the availability thereof. [0023] 10
Exanpl es of the[Gheins@atFaiadejconpound (B) used in the present

i nvention include aliphatic diisocyanate conpounds such as
hexanet hyl ene dii socyanate and 2,2,4m&trinethylhexanethylene

di i socyanat icyclid dij nngg SUCHy3AS i rone
dii socyanat@,cﬁ!/dr ogeﬁgt ed I%?ene%i IS te a%d T‘?@@

4, 4-cycl ohexyl met hane 5 dii sogyanate, aro ic aliphatic diisocyanate
conpounds such as xyl yl ene diisocyanate an&/tetranet hyl xyl ene

dl i socyanate, and aronmatic diisocyanate compounds such as tonF@ne
di i socyanat e ag@sgﬂenylnethane di i socyanate. O these, aliphatic

di i socyanate c nds or alicyclic diisocyanate conmpounds are
preferred in view of the light fastness (unlikely fading and

di scol orati on) @& genseal fgmyls ()& apdBgeepresery padtipl Strichures Ogﬁhﬁdélﬁwwf’(%ed

general formula (1), RI and R3 are preferably partial structures
r epr esktht eepnijyoun: m 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 = (teaction 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.



15[ Chem cal Formula 4] [0026] C H3 -0-cH2-0- , 11 -H2C
CH2- [0027]

10

15

20

8

the inkjet printer of a thermal system, is capable of forming an i:ﬁage with no streak,
irregularity or ink bleeding, and is also capable of obtaining a printed image that exhibits
excellent weather resistance, in particular, scratch resistancé.

The discharge properties in a thermal system are particularly favorable especially
when the weight average molecular weight of the aforementioned carboxyl group-
containing polyurethane i-s 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
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]

(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
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]



In addition, in the aforenmentioned general formula (1), R2 is
preferably a partial 5structure represented by: [0028] [Chem cal
Formul a 5] [ 0029] 10[ 0030] In the present invention, the
reaction i ndex expressed by (Formula 1) refers to an index which
becomes 1 0 when a product is obtained 9oy reacting the isocyanate
group of diisocyanate conpound (B) with the hydroxyl group of diol

conpound ( a_ ol gy1_rati 1:1.21n qt wor wh e
reaction iﬁ@QNs | es thaN'(%l. , ahargbﬁﬁhﬂﬁ_gﬁﬁ_ﬁ\q@ct ed
di i socyanat e conpound (B) and Wi ol conmpound! (A) rermain and
consequently react with a di oM~conpound adfi@d in the foll ow ng step
in the sane system and thus carboxyl groups cannot be honogenébusly
i ntroduced into pol yurethane. On the other 12 hand, when the
reaction i ndex EXé@eds 1.10, the crosslinking reaction between the

i socyanate group and the carboxyl group proceeds to formcross-1linked
struct ur es{Eq. Bereby reducing the water solubility considerably.

[ 0031] 5In order to obtain the reaction product (hereafter,

abbrevi at ed as Redcfatinden=plegetiifilrate bF Jsocyahit€ Brous) FHnihberePmphaed of a
conpound represented by the aforenentioned general fornula (1) and
prepar esl byiidoepmbleR8mbbendBy) erikater ongeles bdiolRmpBui Y W th the

af orenenti oned dii socyanat e conpound (B) and whi ch al so"has a
reaction index as expressed by (Fornmula 1) within a rgpaﬁnég m 0. 95
to 1.10, for exanple, 10 the aforenentioned diol conpound (A) and the
af orenent i oned bﬁﬁocyanate conpound (B) are added in a solvent with
no active hydrogen-and the resulting reaction solution is maintained

within a range from to.8 0 W the reactjon to proceed.
Bcanpl es of b PR BERYRADsRhERUR TR et oEbf BFGepate
gl ycol conpounds i gsters, Nmethyl pyrrolidone, dingethylfor L,de,

et ones.  rRATRd (LB Sigt e BorEplY b b Wah U AR AR ey
conpounds. The reaction produci (1) can be obtained by

moni t ot ngb% e SHpIPIIRY bedifferent And R eearesenisea pastialsiraeiursof thee
quantitative value of the isocyanate group during the reaction and

t er mi nat i ngforcmentiensddidd sompoundddy) havingrenreoritie carberstl igtmips withinegelched a
certain level, that is, at a point where the reaction index expressed
by ( For mul molepule ahd Somivhi¢hithe hgdnozyl @rovpriasb&d@xdsded. 1. 10. In terns
of the nmethod to termnate the reaction, since it is necessary to

all ow the isocy@2@]e group to further react with the diol conpound
afterwards, it is preferable to adopt a method in which the reaction
tenperature is Eeeipladftie dol compound (A) used in the present invention and having one

15  ortwo 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-dimethylolbutanoie acid. Of these, 2,2-

20  dimethylolpropionic acid or 2,2-dimethylolbutanoic acid is preferred due to the
availability thereof.

[0023]



tenperature where i socyanate substantially does not react, for
exanple, 30C or less. Here, the quantitative value of the isocyanate
group can be determ ned by the 25 nethod described in 1S014896 (test
nmet hod for the isocyanate group content), and the 13 reaction rate
of the isocyanate group can be cal cul al®d fromthe val ue derived by
di viding the quantitatiy al ue of the i anate_group .in the .
reaction produck AR GiiEe dinsERes ool LT It e PRSGLIESLIaR igriuds,
prior to the reaction. Mre specifically, the regction rate of the

i socyanat e2ptlipdiseRyasate femppRds Suchap hefAmatilens IS BRAE B ot
5[0032] [Eq, 4 &Feactlon rate of the isocyanate group) =1 -
(quant i t at frireethdheramgthylene dilspsyapaieatlicygiiadiisosyauats sompayads §1¢h 98 oduct ) /.
(quantitative value of the isocyanate group prior to the reaction).
10[ 0033] isophorgneadiisesygrate, hydrogerstel yldensrdiisonyenhte anskb4-cydlchenylmethane
reacti on between the isocyanate group and the carboxyl group, it is
al so poSsi Blimcyamarepaonbit difhniicditloayanete compbinds auchds xpllyleae fooymmatend
after the reaction of the diisocyanate conpound (B) with the diol
conmpound ( Ayd tefrxhétid4}lene diisodfanhgte sand @rdrdiz dilyocyhdiee dopipdundsafutipas

bet ween the aforenentioned di ol conpound (A) and the aforenentioned
di i socyanaispylemRYREAndtBind sheRyit{etaad iisoByark@ast W thin the range
from1l:1.7 to 1:2.2, and is particularly preferably 1:2. Wen the
mlar ratio is bfgé?éi;aﬁphahcﬁisac%a@@m&mw or'ahiEychie ARQIPshatLRRRR AR

by general fornu educes, "t he 20 "nonoil socyanat e conponent in

the react | g PG e of (CT 97 TERcs 8P sy e BlscdBl BB e

car boxyl groups are introduce ane termn

increagﬁs, tﬁﬁéegépreducing the water solubility in some cases. In
addi ti oh, WHER ol ar ratio exceeds 2.2, the anount of the

df i socyanat e COQ@?#Qd (B) becones excessive, which nakes the
crosslinking re n between the isocyanate group and the carboxyl
group easy to 25 proceed. . 14 [ 0035 The cantent of the g¢qnpound
included in th wfewrl@}?é&ewéct]pmﬂa&)oﬂfﬂwl?f}egﬁ r i)bPae'gént ed
by the aforenentioned general formula (1) is preferably at |east 80%
or nore, affEcfesyaPEsEEAddYty preferably 90% or nore, in terms of
solid content. Wen the 5 content of the conpound included in the

af orement i oned [083&k i on product (1) and represented by the

af orenenti oned general fornmula (1) is less than 80% it indicates, in
ot her Words, thpthemidahFgenudadjunt of nonoi socyanate conponent is
present in the reaction product (1), and the ratio at which the

car boxyl groups[oags] i ntroduced to the pol yurethane term na

i ncreases, thereby reducing the water solubility in sonme cases.

HsC
s H,C

HsC
CH,
CHs




10[ 0036] When the aforenmenti oned reaction product (1) is left
standing for a long time, the crosslinking reaction between the

i socyanate group and the carboxyl group proceeds to forma
cross-1linked polynmer. Therefore, it is preferable to swiftly perform
the next step, that is, to allow the réacti on between the

af orenenti oned reaction product (1) and_the diol 15 conpound (C) or
the reaction betw d—TEagti on product, the diol
conmpound (C) and ﬁe di Ny [ 0037] It is
desirabl e that T i mpoL 6 with the

af orenenti oned r ey ound that does not

i ncl ude a car boxyl : desi gnemg so that the
car boxyl groups are honogeneously introduced within the polynmer chain
of polyurethmuuﬂjjThere are no other particular limtations on the
conpound, and the™gonpound can be sel ected appropriately in
accordance with thepniing suitability of the desired ink. For
exanpl e, when the N\ resistance is desired in particular, it is
preferable that aertai n\}evel~pf softness is provided to the
aqueous 25 polyner\to be used, preferred exanples thereof include
pol yet her pol yol and—pelyester 15 polyol. In addition, since the

ur et hane bond within the carboxyl group-containing polyurethane used
in the present hﬁ¥ ntion tends to increase the filmhardness in the
printed nmateri & be obtained, it is preferable to use a diol
conpound with a_ high nol ecul ar weight for .the sake_qgf reducing the
amount of - ur ot HERECHGRGN fheAfeRmERiaRos erRsral duTrala %\Bgv%vrﬁfeﬁé&mg?éﬁ@lhe
i nk di scharge properties are adversely affected when the nol ecul ar
wei ght s stewtuse gpresemied B6| ecul ar wei ght of the diol conpound (C) is
preferably within the range from 400 to 3,000, and nore preferably
wi thin a range [0P3%h 500 to 2,500, on the basis of the number average
nol ecul ar wei ght (Note that the nunber average nol ecul ar weight in

t he present i nvigbemiral Famibagur ed by gel perneation 10 chromat ography
and represented as a pol ystyrene equi val ent val ue, and hereafter
abbreviated as M unle stated ot herw se). B | es of these
di ol compounds (C) inclyu pol yester polyol, polyether polyol,

pol yhydr oxy polycarbon4te, pol yhydr oxy polyacetal,rpolyhydroxy

pol yacryl at.e.—po| rhydgxy—paty ani~ee—aHgC porydy-a+aXy,

pol yt hi oet her. O t hesd, pol yester polyol, 15 pol yether pol yol and
pol yhydr oxy pol ycarbongte are preferred. Only one kype of these diol
conpounds nay be react gDa@kpne or seygral kinds t et nay be m xed
and reacted. In addi tion, other than the aforenentioned hi'gh

nol ecul ar meiggba%jol conpound, a | ow nol ecul ar wei ght di ol conpound
may be conbi ne ére appropriate, for the sake of adjusting the film
hardnegf in thﬁQB l,nted material or the like. Exanples thereof 20

i ncl ude” et hyl e %hycol, di et hyl ene gl ycol, propyl ene gl ycol

di propyl ene glycol, 1,2- propanediol, 1, 3-propan $io an
1, 4- but anedi ol .I%[%S’]BHF HVERaP g FRactian in ngp:regsﬁg 4 f@“@o‘r)ﬁ%ﬁﬁﬁd" D) ,
t he diisocyanate, conpounds used as the aforenentioned

di i socyana®édercwhishbereres) Ocuhanserodnstiswhtained by peasing the isocyampig@aulp of

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



16 Further, a chain elongating agent can be used in the present
invention if necessary. As the chain elongating agent in such cases,
for exanple, at |east one of diols, such as ethylene glycol,

propyl ene glycol, 1,4-butanediol, 1,6-hexanediol, 1,9-nonanediol,
1, 4- bis(j 3-hydroxyet hoxy) benzene, 1, 442ycl ohexanedi ol and xyl yl ene
glycol, and djam nes, 5 such as ethyl enedi am ne, propyl enedi am ne,
xyl yl enedi gﬁ‘i“iné"fge? g’ﬁﬁ?ﬂﬁl% PamCREs 141%4&‘-3 CERS: FARER PPEEhERe,

t ol yl enedi am ne and 4, 4' di am _nodi cycl ohexyl net hane, can be used.
[0040] | n édeanategrenp agd therrarhoxglarpumpresediiodfomn erossinkedshegtesa d
reaction product (1) 10 and the diol compound (C) or the reaction
bet ween t héhegdhyredvemgithareater solubility pogsidstaldst., t he di ol conpound (O
and the diisocyanate conpound (D), a known nethod may be adopt ed.
When t he af orenf®Bipned reaction product (1) is reacted with the diol
conmpound (C), it is possible to cause the reaction by m xi ng and
stirring the afbreg®nd bbadhd Rasiagirodust (eediia] aHbidviadihstateadtion!
conmpound (C) in a solvent I n addition, when the aforenentioned

reaction ?Bﬂﬂﬁ@tt(lﬁ,lﬁrhicﬁ hendhiglcompssea v cédpdind réfh&eficd Bpmsanat e

conpound ) are reacted, the diisocyanate conmpound (D) nmay be added
The i ol canmanhiSy B @aREPOm AN e Prbutl op G ot dbrgdabBasdany 11
and the af SPARRRETA) RARBRURAbiicHk Sfhor i ol BRI AR AR AT
posei bre. ¢ Beplith Rl st 7 by BB Etngt b5 gl Rt

of incrgasi,ng.the | ecul ar wei or .the Jike., . Mor e

opect T 10ar i tirgentingd tioffontfoutd LA e i atoretiniopsr isocvenifaiorappund
condi tion 25 60.to 110C in, the afqrenentioped solvent with no .
active hydHokEhaddsd %quhsenwth&aﬁgtwe L © peauleiag regetiqigiphntion is
uret hanat ed catal yst such as dibutyltin dilaurate may be used.

Ther eaf t er ;natrﬁ%nes%{/@mem frony @0 ta80th o dlemiibg yaactipnda prasesd: xampdes of
pol yur et hane and an organi ¢ sol vent gradually undergoes a phase

i nver si on prefamediselvents hespinducluds diglleylwethers of plrpokbcomyionndsndicssersaNd a
basi ¢ substance, followed by the solvent renoval, thereby 5 preparing
a car boxyl| mgthylpy:robdinej dimethylfoimyeamide, Neafenes aliaxang aerticanidagtsescansd

pol yner. Exanpl es of the basic substance used in the phase

i nver si®n haictended atogeai: compounds. such as ammoni a, et hyl am ne,
trimethylam ne, triethylamne, triisopropylamne, tributylam ne,

tri et hanol ami nem%&@bh%:kﬁ@ﬁdnm'&rﬁbfﬁaedmywﬁﬂé Bk homekANahR of a

nonoet hanol am ne, di net hyl et hanol am ne, di et hyl et hanol am ne,

mor phol i nepeaMivelBIniBh BYhEBHRHRKIvE 2180 8 B2 ?s%dﬁaat% RSPl ReQPRAREH and

al kali metals such as lithium potassium and sodium and inorganic

al kal i com%%&@anﬁgg gefaeg%%agi Wi %Q%q& gsctﬁ;ﬂqatg%aeﬁeﬁi ADRGERX 118 5

is,
Al t hough the anp Si ¢ substance used is not particularly

a5 A SR S I b
o neutd ol PIRTe B criEmb e it oo e TeSFhen ey Brsidamey o °

[ 0041]

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 1SO14896 (test method for the isocyanate group content), and the



It is preferable that the carboxyl group-containing polyurethane
obtained in this manner have an acid value of 20 to 70 ngKOH g si nce
the ejection stability of the 20 prepared aqueous ink for inkjet
recording is favorable, and the quality of printed material, such as
the scratch resistance, also becomes fa¥orable. In addition, the

wei ght average no] ecul ar wei ght of the aforenentioned carboxyl .. ...
gr oup- cont Eﬁaﬁt‘i“??grat?cﬂ%y‘lﬁlé?"ﬁ FTOURL (50 é’rcglﬁ d m%y%g@%@eé%yé@@@mg
and nore preferaply fr m%O,QOO to 50,000 (Note that the weight

aver age noiSEURBFatEVaRE of Hedspeysaiesaonp B 4hs raactior PEMuptsvitig ur ed by
gel perneation chromatography and represented as_a 18 pol ystyrene
equi val ent questitaiive ¥aide pidhe pevanats gmup prigt tedhexsaiiony Mase epesifigelisy the

ot herwi se). Wen Mvis |ess than 10,000, the pignment fixation onto

t he recor dicagtiongdiewdthedsocyamitngopmen baddietthimed by the dormudssshowabelowof

the printed i mages nmay be deteriorated. On the other hand, when Mw
exceeds5 50, 000, [00B2] vi scosity of the prepared aqueous ink for 5 inlet
recording may increase and the ejection stability may decline. [0042]
An aqueous[pUdyner prepared fromthe carboxyl group-containing

pol yuret hane that is used in the present invention fornms an aqueous
di spersi on. The@rRasonGhtS of thé BsoRFarkRGrefH COU qRAntiRRHE valle bSthPIseéyRhaR! ¥
| ess than 50 nm Wen the particle sizé'is 58 nmor 10 | arger,

di sper si on | b O SatflieSRRES : :

rnsati sfac%&@@%%g%fﬁin%g%cgﬁy gr otgdg-con? g?ir%ilﬁgg%og%??t%nﬁg%y be
pr eci pi tat%?ctfoﬁﬁ’m the ink to cause cogation when ink is discharged
for along tine.” Here, the particle size can be neasured through a
known f;dantri fug@énagdi mentati on nethod, a laser diffraction nethod
(light“scatteri thod), an ESA 15 nethod, a capillary nethod, an
electron mcro iC hod, .or the |}ke. The neasurenent Dby the

M orot rack UPA FABEPRREN Cemsrapmns coilnkiee Rgi SR g9 oo
is preferred. [a'gg43] Al t hough the_ amount. of the aforenentioned |

car boxyl oFSUR2RGIRE SHRMHY SEuPHbIsploPosble tospgedats Fombanges ipihe acid

di spersion of the present invention differs depending on the pignent
M Xi ng ratv%l,wbqfoqeéntba%qréheathonp&he@gsqcam@wmd&bvﬂﬁstbf; dighd ror e
preferably from30 to 70 parts by mass with respect to 100 parts by
mass of theomioyn@M). Especial |y when used as an aqueous ink for

i nkj et recording, the quality of printed material such as the scratch
resi sténce redu€@¥]if the amount of the aforenentioned

More specifically, the molar ratio between the aforementioned diol compound

(A) and the aforementioned diisocyanate compound (B) is preferably at least within the
range from 1:1.7 to 1:2.2, and is particularly preferably 1:2. When the molar ratio is less
than 1.7, the content of the compound represented by general formula (1) reduces, the

20  monoisccyanate 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.



19 carboxyl group-containing pol yurethane added is small, whereas the
ejection stability of ink may decline if the anount added is too

| arge. [0044] (Pignent) 5The af orenenti oned aqueous pol yner can al so
be characterized by exhibiting excellent pignment dispersibility and
ej ection stability wi t hout being adverddly affected by the type of

pi gnents. . nﬂkgg of the pignents used for preparing a pignent
dlsperS|on i ncl norganic pi gnments such as barium sul fate, Iead
sul fate, titani um oxide, ellom/Iead red 85%%)’ chrom um oxi de_ an
carbon bl ack, ahPheomiEnt AbHE compemdindwdsdinthe THRPIHACRFeREoBproduct (1)
pi gnents, dlsazo based pi gnents, phthal ocyani ne-based pi gnents,

i soi ndol i n@nda@@@aermcbwzﬁ gformmtlamdr&en@als%anw Ghdnpreferably at least 80% or
qui riacri done-based pi gnents, perinone-based pignments and

benzi m daz oloon end)fasadicpl@mfsrabl}?%%’ueorpmgmn temeafsdid cosient. Vomahor
may be m xed for use. [0045] 15As a black pignent, it is preferable
to use Sar bartedilofiticoppoimdisciiidediadies dibramkntidnadrpeablicaopeodue €l whéne

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

excel I ent  hdpidibnte @By fHoalistEmanitibnBd Sdhehil ﬁirmglar(@yw@ less {HAB 4644, it indicates, in
Furtherrmre anong the typical organic pignents for the three primry

colors, . Giher %Qrd@%lﬁ&ba 1638 Sftbodnt R Eho&iﬁisb%at& E&nﬁ&n@ﬁﬁé‘ presdip il AR

suitalbly used in t present invention are |ist'ed bel ow
Bl e 2, . PR a0 & G ogbory R e Fduckd ke .8°%M?£ﬁgt
pi grent B (58! méegé@“be%ﬁ#&@?%m%s@ﬁ%ﬂf?ﬂ%@% Bistont Bl ue 60,

20 [oo%] gﬁéﬁwpl es of magenta pignents include C. 1. Pignent
Pi

Red 5, "C. 1. Red 7, C. 1. Pignent Red 12, C I ) Pi gnent Red
48, C. 1. P R C. | 7 t Re
112, ¢ i, 'p.grgTE nﬁ}rhe R Sainnel reag Ghiaduchad 1 st 5 silgg e, dhe

Red 146, C 1. gnment, Red 168, C. |. Pignment Red 184, C. |. Pignment
Red 202 an8foss m}cmgpp@ﬁ%petwp@ 1be 1spgyanate group and the carboxyl group proceeds to

form a cross-linked polymer. Therefore, it is preferable to swiftly perform the next step,
that is, to allow the reaction between the aforementioned reaction product (1) and the diol
15  compound (C) or the reaction between the aforementioned reaction product, the diol
compound (C) and the diisocyanate compound (D).
[0037]
It is desirable that the diol compound (C) to be reacted with the aforementioned
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 softmess is provided to the aqueous

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



[ 0048;] Exanpl es of yellow pignents include C. |I. Pignent Yellow

1, C |I. Pignent Yellow 2, C I. Pignent Yellow 3, C. 1. Pignent
Yellow 12, C. |I. Pignent Yellow 13, C. 10 |I. Pignent Yellow 14, C 1.
Pigment Yellow 16, C. |I. Pignment Yellow 17, C. |. Pignent Yellow 73,
C. |. Pignent Yellow 74, C. 1. Pignenti¥ellow 75, C |. Pignent

Yellow 83, C I. Pignent Yellow 93, C. 1|, Pignent Yellow 95 C 1.

Pi gnent YeP‘PqES% é‘??‘icgfm’l: singg Wrurrthage onslyvighin the cayboxyl; eraupsgontalning,y 109,
C |I. Pignent Yellow 114, C. |. Pigment Yellow 128, C. |. Pignment

Yel | ow 129polynrefhanepysgeisnihe yeesensipvemtinn tendsito inopegepdhe filre brdpss Butbe,
|. Pigment Yellow 154 and C. L Pignment Yellow 155. [0049] In terns of
t he parti chented materal tpfhe obieinedribia prasereble fi upsardial comheundrvithea high
particle size is preferably within the range from1 to 500 nm and
nor e pr ef emaleylanweiphirfot the saleng eeduriogti@OmomnP@firethanelbonddithinicach t he
particle size of pignents after being dispersed 20 in a nediumis
pref er abl ymoleblile.nHoWevdraigeusk tigni Qistior @GRofertiss afewllvemnele affecédtwhdl y
within the range from50 to 150 rim The primary particle size of

pi gnent's Cae mBediR@ Selgheis4sd Righ,ahe RbREHIEOReihtGf @il omPbuddy CR R
adsorption nmethod through gas or a solute, an air circulation mnethod,

an X-ray skl SEEHhE! KO 400000, B EBR drifkbly WARiRh SHRE:

particle s?gzée ?ﬁlﬁ)ﬁ*ﬂng 1(%]ihgép’)ersi on can be measuﬂrred tlﬁr ogglﬁ gignom

21 centri ml di : | i ffF l

(l'ight sca%t er izhiggh%ﬁgg?%‘é glj;\{h m&*tEl %%%éea%&%%%%lwe%mrr@tg Itﬁ%g?gglﬂmber

el ectron nicroscopic t the li [: 0 t wat er

used in th%veﬁaﬁg?éoﬁécqﬁgﬁ%?%nﬁ%ﬁ?p é{ng %’%&ngfglg'gas‘d*egﬁtggﬁea g‘ﬁlgmor may

be a m xed ,sol vent of ter and a er - sol ubl rgani c,.sol vent that

's contfie | prema e RS ese iR e PR Sina® s ent s b B

sol vent include ketqnes such a he acetone, nethyl ethyl ketone,

met hyl  but $abreedat ﬁﬂ&“ﬁﬁ%?ds?éwgll ket one; al cohols such as

met hanol , ethanol, 2-propangl, 2-nethyl-1-propanol, 1-butanol and 2-

10 met hoxyet handamplsiad these diohcomapopads () jretusie pelypster polyob polyetiseralyr,

1, 2-di net hoxyet hane; and am des such as di net hyl f or mram de and

N- et hy| pypelpisidasyeolyeatbonate,ipolybadnoky polawdetal,mo kY polyesrylete, a

conmpound sel ected fromthe group consisting of ketones having 3 to 6

car bon at opaylgridxyl polyestesarhisie amdpdyhycrdyaititnethéro M thes€) @6 Iyestdispolyol,

(Gt her conmponents: Resin for pignment dispersion) Si nce the

car boxys gpslygther polyal midisplyigtyosy eblyesrbonatede prefdrfed. Dnisanttyperofeltst on

has a capacity to disperse pignents, it may be used alone as a

pi gment  di giBEdckigdBndsafiybe Rhctél A6 ot séViedl @fds @ieradlp a0 b a4i0sll A8 réacted.

resin for pignment dispersion) which have been used as a . .

%Ie{‘ eral t pur IOOS SinRHSEBA otk RS tBLATbreRR At GHed B @%nélé&ﬂ%r'vfbi@@ i) BithpoRfd,
ernatively,

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 it may al so be used as a vehicle. Wen the resins are used in
conmbi nation, the order to add the carboxyl group-containing

pol yuret hane and the resin for pignent dispersion used is not
particularly Iimted and can be changed appropriately in accordance
with the purpose. For exanple, the pigdent dispersion of the present

i nvention prepaged by dispersing a pi nt wi.th the carbox

gr oup- cont ai ni ngu'%%ﬁr’ﬁfg@tnlé {l}%na%gt %P”?&Bf? g‘?ﬂfi’ﬁeﬁttlgﬁer%%?ﬁn&ce“ary
sol vent and used as.an i.nk. Alternatively the carpoxyl

gr oup- cont ASARRHALElongaling poentin fuch pages, f%e)f%a ‘i;ra‘égéﬂf’m‘r pilsliples PR #ay
be added afterwards to a pignent dispersing elenent, which is

di sper sed ﬁﬁhvhnaglgeﬁewapylmﬁgiwé Isdebutancrisd, I6-geranediol &8monansdiol,lgh-
prepare the pignment dispersion of the present invention. [0052] 5As

t he gener abis(fihysdosxyethesylherizene, pideryslobextinediol aidaylylen ghgok eubdinmiics,
suitable for preparing a pignent dispersing elenent is favorable.
Preferrgd exhmpkthyichéiiaeing, progylemddiamirey ¥ylplehedidrainb dbephoronediamine, 4,4'-
pol yvi nyl pyrrol i dones, acrylic resins such as acrylic acid-acrylate
ester copo HMfmﬁcﬁiplﬁhylﬁﬁﬂﬂn@%IYlbhﬁldnﬁﬁé Al 4rghamds didyyloRNSmehate] eanaei d
copol yners, styrene- nethacrylic acid copolyners, styrene-nethacrylic
aci d-acryl gieg, ester copolyners, 10 styrene-a-nethylstyrene-acrylic
acid copol ymers and styrene-a-nethyl styrene-acrylic acid-acrylate
ester copol yner 048] yr ene- mal ei ¢ aci d copol yners, styrene-naleic
anhydri de copol yner's, vinylnaphthal ene-acrylic acid copolyners, and

the salts of thgseiaqueRss ﬂ{e%?dfcﬂ&% %ﬁz@é%@ﬁfo?é doiGn | ca uggﬁ)d{"g

form ng the aforenenti oned sa copor yer

i bl hy BbEF BT l%mﬁéﬂ?#ﬁé B el B SR “%”ﬁonﬁ?e%?th{’ﬂe%ﬁ?%,
A T EE R Tk e——

and nor phol i ne.. The anount of conpound used for formng these salts
is prefer aB‘FC&P €'é‘qual to or rmre than the 20 neutralization equival ent
of the aforenentioned copoly These aqueous resins nmay be
used al one or nwebsw@&emwlwdaeﬁglmowt i isreafqdlewith the disd pompqund
shoul d be noted that the formof the aqueous resin used herein is not
parti cul ar (Q), itispassibiledn dause thelseaction bnoidring apltipring the afopdmenkioned
copolyner, or the like. [0053] 23 Especially when preparing the
aqueou$s i nkeattiom produjeefl) aed the diah gompdrmd KE) mfa sobentaf or enent i oned resin
for pignment dispersion is preferably within the range from6,000 to
20, 000 i n or derIntaddBicpprissthé doreppffidiedRedction prodhedl)ethe @il kor@porddd t o
obtai n an aqueous ink exhibiting excellent ejection stability. Wen

the Mv is @)aetdthediibR§anatd denpdusP@)eedRadted tiRdtilsbépinstt cAHHRAHTD) filky
per se rray@fo)e reduced§ On theﬁéot her)satﬁand when the%nMN exceeds%gyo 000,

the viscospd yided aﬁ&%@%ﬁ' t%%ﬁﬁ%n&&d'r%ﬁ@ﬁﬁl%dﬁa‘ﬂlﬁb $Qct Wih the diol

di spersion stabl |ty tends to decline. Moreover, the cogation in the
heat er pori .
heat et PO B BRCIEIONSS AR PR SATE ol 0 e SRV
pri nt ©20 of (@ aﬂH %e'?fso )Ac(mate 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 cartied 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[ 0054] The amount of the aforenentioned resin for pignment

di spersion added is preferably 1 to 100 parts by mass and nore
preferably 2 to 70 parts by nass, with respect to 100 parts by nass
of the pignent. In addition, the acid value of the aforenentioned
resin for pigment dispersion is preferably fromb50 to 300 ngKCH g.
15[ 0055] Especjally when preparing the aqueoys ink for inkjet

recor di ng, ir%uc §2555-@<0PWB B\geﬂ?agaf@g gatglp{gt sucl gs dafputyliin dilaurate may Be used.
styrene-(neth)acrylic acid copolynmer fromthe viewoint of further

i mprovi ng Theregfies fhe ebiainedmipmeiof the sadoxyl @rqupreontaimieg palyurethansraag an ed
through the addition of the aforenmentioned carboxyl group-containing
pol yur et hapganig seljenigrasivelly ehdsrsoesa phase d@ersion dioni the ol phasa éeithip water
~dispersing a pignment in water in advance with the salt of a

st yr ene( nephasausiyg wetenandh cejpchbstece, folevddiy the setvemt pengvalpthercby es
becone excellent, and also print images exhibiting superior scratch
resi st afic eprpititpea @kioXyhgrtup-E&dGHihg polyurethane sef¥ifg it wdedudholiiedi Ni ng
t he pi gment dispersion of the present invention is not 25

particularly |iBkdngfles GFEL BhsicROMFantBhRA G HRPLAR iR FEcluliOsrgmianp! e,
the pignment 24 dispersion of the present invention prepared by

di sper si ng.a:Ri | t s e e ; : ai.ns
aﬁgb SFRRE atnfholiB! éetgylcar 2?(1;%?: b Sri SR INRRE, rogflgﬁlﬂie

water with af orenent 1 on roup-contai ni ng poly t hahe

N ternat i vayyt it Nl BALHAR N APl Bnclanipe,
i i be. 5 aft. d i i i

sy T TR T T R )

O sper B oSSR lnd e Cons Rt otk on, SCL ot e i B sl vent

i nvention. [0057] stiryjng/dispersing device for_ dispersjing

pi gment s, PYRSSEIRLARS) SQUIUgL ARGiRETERpIC HPUREF suehgs serkim Jxdrgpide and
ul trasoni ¢ honpgeni zer, a hi gh-pressure honogeni zer, a paint shaker,
a bal | ni | Potagiumphydroniqs. Alghogglnthegmopnt of theahagic substrnes used itato il |
dispermat, an SC mll, a nanom zer, or the |ike can be used. [0058]
(Aqueous i paetigwarly irkitest andsew belistenninsippproptatelys a¢ookianes withibeghysical
recording of the present invention can be prepared by diluting the
pi gment di ppopersiesoof thd carbmxypgresgnintaining polyorethane, thesdsersubstanaa isaguaiyu s
sol vent that contains water, and adding thereto a drying suppressor,
a penels antsed i arodrh@mt datlistrequéred tdf nengaleaIory 130% 058k adid Vhke @ sHeng
suppressor provides an effect to suppress the drying of the aqueous

polyurethane.

[0041]

It is preferable that the carboxyl group-containing polyurethane obtained in this
manner have an acid value of 20 to 70 mgKOH/g since the ejection stability of the

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



ink for inkjet recording at the port of the injection nozzle of an

i nkj et printer head. A water-soluble organic solvent having a boiling
point which is equal to or higher than the boiling point of water is
usual | y used. Exanpl es of the water-sol uble organic

sol vent that can be used as a drying 2%8suppressor include pol yhydric
al cohol s such ,as et hyl en | ycol. . diethyl ene gl I 25 | yet hyl.ene
gl yool - andPEyRERs fangle gt sRd bereaflen oSyt e Wi wiless Rl ctgmaisel g
2- pyrrolidgne, amides, di hyl sul foxi de and | m dazgl i di pone. \Wen
Che 2ol ventvhea Midbiess Pl Sl e igrmenk FHOR CBERF BSQTHnE JRwHu ay
preferably within the range from1 to 150 parts with respect to 100
parts of wheme popbshihe spaichesistapeeaf thespripechimagesagay be detarioratedat@n t he
aqueous ink for inkjet recording, which is jetted fromthe ink jet
nozzl e of ¢ other hand, phien M exeseds SA0§0 the sistasity ofithe peeparsd egulong)ink for
medi um to penetrate into the recording nedium Due to the use of a
penet r afit , inkiet asposimpsmsepinceeate and phecdjsctipe stebitiat sy devline.t he recor di ng
medi um recorded materials that 10 include inages with | ess bl eedi ng
can be obt ai ned[0042] Exanpl es of the penetrant used in the present

i nvention include polyhydric alcohols such as ethylene glycol, 1,

2, 6- hexanet ri ol AntaGhedds BolyHer prepreedyii thellavory ?Bﬂ)-gdn@éiﬂﬁé BAowuBthues! |
di ol s such as pentanedi ol and hexanedi ol, glycol ethers such as

propyl ene glysQked iﬂl{ﬁ@ﬁlﬁsen{ m%rai%ﬁ?fémﬁtah%aéeo% dRALMBY ?rﬁecpa?ﬁei@éil?é SF the

such as diethylene 15 ‘glycol ethyl ether "and triethylene glyco

P00 L B B P Oyt s r
Vot e 501 Ul eGSR e MG S SP hEDEPaRln s by

m xi ng two o re types. for use, nmore favorah rmeabi.lity can be
Rhi oved aPSPPRE BT BRBiyE PolLrethRg iy Teeeu st o He kg HIe

physi cal properties such as the _ink surface tension, a certain anount
of surfacec%éfl?r\‘/}?ﬁea‘b’é’gtls 338&56“&%"3?-% aqueous ink for inkjet
recording of the present_ invention. The surface active agent is not
particul arly | iHeeede anticleaize san buneasieed thippelbplnormedepttfiyash t he known
surface active agents including 25 anionic surface active agent such
as al kyl besedinesationonethes, ataserdiftactiornt methyd Hightiscstiering methgl) rrEShi ¢
surface active agents such as pol yoxyet hyl eneal kyl ethers and

pol yoxyet hykthnd, f apillarsametiod sinelestrommitrogehpic negdiodoorithe Bker fiee active
agents and anphoteric surface active agents. These surface active
agent s canmessutsheat By thiedMivrotreUbPA inseghehyeplsying a Gwinnge ligitrseatieyipg s

t hereof. 5Exanpl es of other additives include antiseptics, antifungal
agent s andmeihel & pre@regent s for preventing the cloggi ng of nozzles.

[ 0062]

[0043]
Although the amount of the aforementioned carboxyl group-containing
20  polyurethane added in the pigment dispersion of the present invention 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



Whep 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 10 renove the coarse
particles by centrifugal separation, filtration, or the liKke,
following the dispersion treatnent. [0083] The aqueous ink for
inkjet recording of the present invention obtained in this nmanner
exhl bi o S GEEPBOE RO N atne A gein el iberoen fhe afe Rty of
properties,fromthe 15 .ink jet nozzle of an inkjet printer head, and
the-ink fi H%W%’r‘i‘r‘é’ﬂﬂ%‘gtﬁ%ﬁl%ﬂt df«'é@é?fdiawg- medi um by using the above
ink exhibits high |evels of density and gloss as well as excellent
scratch resi st al¥884] [ Exanpl es] 20[ 0064] The present invention
will be described in detail below using a series of Exanples.
However, t (fgmemdkanpl es are provided for specifically explaining the
present invention, and the enbodi nents of the present invention are
not |indted theTletaiorementidred aqidoas patymer capalsd de clemabterdded bg exhibiting he
foll owi ng Synt hesis Exanpl es, 25 Exanpl es and Conparative Exanpl es
are bot h baselen pigirasdispeesibilifO68 ejes ottt vidoutifiny Mvasdly affe@éd by
I socyanate group> 0.1 g of a sanple solution was added and

di ssol ved {ng /R oFbigoiends, Fixamples t fe HiEAnHtis&Plod bfgﬁ&iﬂéf a ﬁgﬁént'}iispgrsi n

di -n-butylamne, and quantitative determ nation was t'hen carfie

out thr ougﬂlcfuheiﬂafg&g@ié&ﬂ% fl{&htaé Bﬁgﬁiﬁﬁ‘faﬂ ﬁgdﬁfl . 2R Gakd! LR Of

0.01 N hydrochloritT e usl ronopheno ue as an

i ndi cator. . : LV ] j aci d > 1.0 g of

a sanple Slgh’}? ?%%m%?éﬁ%}ﬂ%@tggl d\%l %E%B(;Hgﬁ%# %ﬁ@%%%&gﬁé&and

ten 10,added and. di ssolved k.n 40 m, of a m sol vent aof .tol uene and

et hanb (P%}’%&?{Bﬁse%ﬁﬁgﬁ% él%a??%ﬁed%n?ﬂﬁsaRﬁﬁggﬁﬁaﬁgeg’é’fe&pﬁ%ﬂﬁon was

then carrigd, Ult thl’(%ﬂ%ht e .. . . o .
1soindoline-based pigments, dioxazine-based pigments, quinacridone-based pigments,

perinone-based pigments and benzimidazolone-based pigments. These pigments may be
used alone or may be mixed for use.
[0045]

15 As a black pigment, it is preferable to use carbon blacks such as furnace black,
lamp black, acetylene black and channel black, titanium blacks, or the like which exhibits
excellent light resistance and high hiding power.

[0046]
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. 1. Pigment Blue 2, C.
L. Pigment Blue 3, C. I. Pigment Blue 15, C. I. Pigment Blue 15:1, C. L. Pigment Blue
15:3, C. L. Pigment Blue 15:4, C. 1. Pigment Blue 16, C, 1. Pigment Blue 22 and C. I.

25  Pigment Blue 60.



neutralization titgation with a nmethanol solution of 0.1 N potassium
hydr oxi de whil e using phenol phthal ein as an indicator. [0067] 15
(Determ nation of pignment particle size in aqueous ink for ink] et
recording) After diluting a sanple ink by 1,000-fold due to the
addition of water, particle size of th&0pigment dispersed in the
sanpl e i nk was @g?tred using a particle size analyzer ("Mcrotrack
UPA 150" nmanufa d by Leeds & Northrup Co.). [0068] 20 <Synthesis
Exanpl e 1> (Synthesi.s of react|on t (1-1)) A four-necked flask
fitted with a tAEEARIFEaRagenia pigmen rmqaf el Digeot Raded G bbaemaeng Red 7,
cool i ng tube was charged with 482 g of nethyl ethyl ketone

(her eaf t er C. hibigraspt 8@3&2,4%, Ir\mg;pﬁnti"gd@ 611 BigmentBedoASoh. pl Fipwentdicd
(hereafter, abbreviated as DMPA) and 348 g of tolylene diisocyanate
to al | ow t B G.daRigiont Red 132 oS deBigmenidedal22a€C nib BigmentR et 123, Cr b Gégment
2570C for 1.5 hours, thereby yielding a reaction product (1-1). The
quanti t&t i Red 146,k I.dfigmaft Retid 68,40 d\Rigmere Rpxld@p, C.i1. PipmenicRedtad0@nand C. L
product (1-1) was 8.73, and the reaction index was 0.998. [0069]

<Synt hesi spPigsaapiled19(Synt hesi s of reaction product (1-2)) 5A
four-necked flask fitted with a thernoneter, a stirrer, a nitrogen
inlet tube and mo glollng t ube was charged vmth 660 g of MEK, 134 g of
DVMPA and 524 g of cycl ohexyl net hane di i socyanate (hereafter

abbrevi ated as é:tl%épgen éreﬁ&v%ighﬁwtstﬁ@u E@qth 94016?9'1 fntn

at nosphere of ni t 70Cor ours ere y yiel dl

e o e e

e 16+ oG A T s P R

SULTIer o 98e0 el dule A e ool DG fubs: Y SALAS
C. I Pigment Yellow 93, C. L. Pigment Yellow 95, C. I. Pigment Yellow 97, C. L
Pigment Yellow 98, C. L. Pigment Yellow 109, C, I. Pigment Yellow 114, C. L Pigment
Yellow 128, C. 1. Pigment Yellow 129, C. I. 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  inamedium 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



15 isophogrone diisocyanate (IPDl) to allow the reaction to proceed
under an atnosphere of nitrogen at 70C for 2 hours, thereby vyielding
a reaction product (1-3). The quantitative value of the isocyanate
group in the reaction product (1-3) was 6.53, and the reaction index
was 0.977. [0071] 20 <Synthesis Exanpl 14> (Synthesis of reaction
product (1-4 A four-necked flask fitted with a thernonmeter, a
BT rer | aceebPagoRtimsaton Meeoddese: AuBHSHAp method (g seatar someliphas
592 g of MELC, 147 g of DWMPA and 444 g of IPD to al]low the reaction
t o pr oceedE8fidesthed 2 sepiiary mathodptn ¢lpetyosgrirosgopirgusthes opBetikar s,
thereby yielding a reaction product (1-4). The quantitative val ue of
the i socyanate B08Up 25 in the reaction product (1-4) was 5.82, and
the reaction index was 1.068. 29 [0072] <Synthesis Exanple 5>

( Synt hesi s(Water)eacti on product (1-5)) A four-necked flask fitted
with a thernometer, a stirrer, a nitrogen inlet tube and a cooling

tube was char gethenvithr 622 ingthe prebdfinviBdonOn & bedbdstad of W8 Dorfor iy t 0
5 allow the reaction to proceed under an atnosphere of nitrogen at

70C for 2 boutrixedlsiReRIRf watelfd 8 9raftr-56186Tk banik seREG hd: Is Rinpathle with
guantitative value of the isocyanate group 1n the reaction product

1-5) was , I j : rati ve
Synthes: o astaR SRV Herp: At ety e Lot R 0 )

10A four-n } i s SL L

nitrogen i %ﬁ%ﬁbﬁgtﬁl}%@g&#&} %a‘&gg%\lmu'%l %%gﬁ%&ﬁgﬁghg{reéhggm@& lkt%l @5"5‘3”8”1‘6‘%h°1\§EK,
67 of DVRA.and 222 f1P0l _to all,ow react i Q _pr ed under
an gt m)sphs’eurc']él “or°ni ?Ig%tgannog? "prE?DPL —%ethﬂa-gro?ﬂlgl,g%y@og g a
reacti roduct .(co rison 1-1 h ugntitative | ye of the

| ooy aflh: g istiaRog BRSSPt Rt | otipine 86 LA G elhane
and the reaction index was_150.760. [0074] < arative Synthesjs
Exanpl e 2>ARd ??esgg}é%%gﬁ@a Py %Qﬁ}‘&fr]w@ay ”p#lﬂgr@narzhz)yapammﬂaﬂy
four-necked flask fitted with a thernmoneter, a stirrer, a nitrogen

i nl et tubePrfable o6 p AYPAIE solaeted Famgheierain epnpistingofdfetanes igving?3 19 fof

Dh/ LPA and 222 g of IPD to
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 carboxy!l 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 allow the reaction to,proceed under an atnosphere of nitrogen at
70C for 6 hours, thereby yielding a reaction product (conparison
1-2). The quantitative value of the isocyanate group in the reaction
product (conparison 1-2) was 3.11, and the reaction index was 1.140.
[0075] 30 The physical property val uef2of the aforenentioned

o251 00 PNl R B LSSPBI bl R °°"

product Quantitatiye val ye of .jsocyanate group before the, reaction
Quantitati Jovpigelegent Wﬁ%@r wfetel-pHROTeRR fERigREAtt | on

I
rate of isocyanate group NCOf OH* Reaction index 1-1 17.43 8.73 0.499
2. 00 0. 998 dispersion, to prepare the pigment dispersion of the present invention.

[0052]

5 As the general-purpose resin for pigment dispersion, an aqueous resin suitable for
preparing a pigment dispersing element is favorable. Preferred examples thereof include
polyvinyl alcohols, polyvinylpyrrolidones, acrylic resins such as acrylic acid-acrylate
ester copolymers, styrene-acrylic resins such as styrene-acrylic acid copolymers, styrene-
methacrylic acid copolymers, styrene-methacrylic acid-acrylate ester copo]ymérs,

10 styrene-a-methylstyrene-acrylic acid copolymers and styrene-a-methylstyrene-acrylic
acid-acrylate ester copolymers, styrene-maleic acid copolymers, styrene-maleic
anhydride copolymers, vinylnaphthalene-acrylic acid copolymers, and the salts of these
aqueous resins.

Examples of the compounds for forming the aforementioned salt of the

15  copolymer include alkali metal hydroxides such as sodium hydroxide, potassium
hydrozide 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  neuafralization 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]



12.75 6.50 0.490 2.00 0.980 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 0.450 220
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15
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25

23
Especially when preparing the agueous ink for inkjet recording, the Mw of the

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 agueous
ink exhibiting excellent ejection stability. When the Mw is 6,000 or less, the dispersion
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.

[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.

[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,
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.

[C056]

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

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



0.990 Conparison 1-1 724 4.49 0.380 2.00 0.760 Conparison 1-2 724
3.11 0.570 2.00 1.140 5 * Val ues cal cul ated by the fornul a:
((nunber of noles of diisocyanate conpound (B))/ (nunber of noles of
di ol compound (A))) are shown. [0077] <Synthesis Exanple 6>

(Synt hesi s of carboxyl group-containing4pol yurethane A) 10A

f our - necked, fl ask fi .t h t herno [..a sti.rrer,. a _nitrogen
oi'et ¢ ube dperR ob b pfent in ol MERIR Alperdh L pbiBlom Bl HLARRT
product (1-1) obtained in Synthesis anple 1,.24 of -
Doy oyt 6 PSRBT VRSO EAR D PR TipahPisrigae QP ehg-containing
equivalent: 173), 0.00Q1 o] | butyltin dilaurate (hereafter, .

abbr evi at e8° e@ama)nobéﬂgre?lw& f@r“ﬂm@qlwnm%weg Aeary gk Altgmatisly, the
proceed under an atnosphere of nitrogen at 80C 15 for, 16 hours, and
t he react i 6#bows gtonpsoniainingnelaiethane aged inghepresept intestion maly beadede by
yi el ding an MEK sol ution of a carboxyl group-containing polyurethane
A havi n§ anfterwadls o pigmsht dgpesaing demmit gitticlnis dispgrsedwite g gtreralyaingse  of
12,000 in terns of the polystyrene equival ent value. The obtai ned
sol ut i on wesinferpigment féspemicnhicdloded by theadoneentiaticnradilstnenavith asblaent if
amount as the charged anmount of DMPA, and the phase inversion 20
enul si fi cahécsanato mepaeltic@ibnisnt Hidgersiohtl bf the Prefdnt Wavketion, MEK was t hen

elimnated by the solvent renoval under reduced pressure, followed by
t.he addition ofgoggier to forman

As a stirring/dispersing device for dispersing pigments, for example, various

10  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)

15 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}

20 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

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



31 aqueous solution with a solid content of 20% based on nmass. The
aqueous sol ution was colorless and transparent, and the particle size
was | ess than 50 urn. [0078] <Synthesis Exanple 7> (Synthesis of

car boxyl group-contai ni ng pol yurethane B) 5A four-necked flask fitted
with a thernometer, a stirrer, a nitrogen inlet tube and a cooling

t ube was charged with 330 of, the reaction product (1-2) obtained in
Synt hesi s PolxFHpYlgnexly endggqas?enaoww@s%%eéﬁ?%ﬁrme@ah§tywelﬂonﬁ5&4 g an
M of 1,000 (OH group_equivalent: 112), 0.001 g of DBTDL and 260 g of
MEK to al | pvaralidens, amedes.ghmeybnubexidelandigudazglidiaenes SWkaarthe sofvent isvesgasn
at 80C for 16 hours, and the reaction was then 10 term nated by

addi ng 5 gthefamepntedithesl dry suppresbyr vpeddk giefryatdy wathbohy tange Hop-ldod 6@ parisng
pol yur et hane B having an acid value of 33 and an Mwv of 50, 000. The
obt ai ned rweithnespedi & 100rpaviesef watat.r al i zed with sodi um hydroxide in the
sanme nol ar anount as the charged anount of DMPA, and the phase

i nversi®on enul sighgajat i on was conducted by the addition of water. MK
was then elimnated by the solvent renpoval under reduced pressure, 15

fol l owed by ther@czigéh&&a(ihﬂisqfsed%t@rto i1t e AGuedAY BRYST BRjetet @B th a
solid content of 20% based on nmass. The aquéous sol uti on was

col orl ess :  ARSPES . i S 50 nm
[ 0079] <Synt ]éltéalrjg Exanlg e lglgjé?%@i%tﬁhoggfls ftiggﬁeﬁg?%ﬁ%%ﬁ%?%%gi ni ng

pol yureth . - I i i I

Cri Trer 2o fngadianidib pRREAR Il S ccrinb Bl e S R TR Sntfin
296 g of the reactipn product (1-3) ohtained in nt hesi.s,Exan ,
225 o oot ERab Pty Rl g Mot fipt e BESiE AR et
group gguiy ng: 112 0.001,.g of DBIDL gnd 230 g of MEK to all ow
the re ti@ﬁ“ﬁ%%ﬁ@%ﬁlqﬁﬁﬁgw‘g@ Ei‘?ﬂgf?ﬁ}?ae of nitrogen at 80C for 16
hours, and the reaction was then 25 term nated by adding 5 g .of

met hanol , t her es10d thegpenetrant s i1 the prsseit apispieryinsiyde ppiyhydric

pol yuret hane C having an acid value of 41 and an Mv of 30,000. The
obt ai ned r#deehelssyrhyes ethylenesalyrolitly 2bihesaneiiol.ihisdiglvigph hextleas ekyeol #ndt he
sane nol ar anount as the charged anount of DMPA, and the phase

i nver si on disthylehé lyeali diolswach aspantansdied ahd/hexanedieldgly¢od atheds suehtasr . VEK
was then elimnated by the solvent renoval under reduced pressure, 5
fol | owed bpyropylencogiykial lanrate lowalkelrethers dfgrolphadriasjoatmissusivhadiethylend t h a
solid content of 20% based on mass. The aqueous sol ution was

col orl BBs glpeblethyh&baraad trietiichetdiopRbiidetiyd ether tow\ElSoHohkSstich fvdthdp0l Nm
[ 0080] <Synthesis Exanple 9> (Synthesis of carboxyl group-containing
pol yur et hagf ifpropyl aleohol, 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 afkylbenzenesulfonate and higher fatty acid salts,



10 A four-necked flask fitted with a thernonmeter, a stirrer, a
nitrogen inlet tube and a cooling tube was charged with 296 g of the
reaction product (1-4) obtained in Synthesis Exanple 4, 225 g of

pol y(oxyt etramet hyl ene) gl ycol having an Mh of 1,000 (OH group

equi valent: 112), 0.001 g of DBTDL and2830 g of MEK to allow the
reaction to proceed under an atnosphere of nitrogen at 80C for 1

hour s, and PRGN SIRSF GRIVRAORA 8FFh 78 PolyprYeiafenialiyl stheos @gpelygxmihy ene
nmet hanol , thereb i el di ng a carboxyl group-containing polyurethane D
havi ng an & stees, gpd athergationin syface Actiyg agents andpmnnbigicsr sadece adivs
solution was neutralized wth sodium hydroxide in the sane nol ar
anount as ®egmishEesetrappantive sgentrabe gsed aldne op aiske yspd by Bibdpg two or
enul sification was conducted by the addition of water. MEK was then
el i mi nat ednieye tyipes thedeoent renoval under reduced pressure, 20 foll owed
by the addition of water to forman aqueous solution with a solid
content 5of 20% Easeplenof otiies addifit includecmtsepaibyy bntifnyuh sgenied and ks stirgnd
transparent, and the particle size was |less than 50 inn. [0081]

<Synt hesi s afpsdifRl frekéliting B dlb@siSofdbzAey, boxyl group- cont ai ni ng

pol yur et hane E) 33 A four-necked flask fitted with a

t hermoneter, a gﬂ%ﬁjer, a nitrogen inlet tube and a cooling tube was
charged with 330 g of the reaction product (1-2) obtained in

R s S ey gt SR M A,
oo "So R B B R B
Ol R 19, B BB AU SR ALEATR: i

obt ai ned rgsin.solution was neutralized with sodi um hydroxide in the
same nol ar “SRTHAR EEAE char ged amount of DMPA, and the phase

i nversion emul sification was conducted by the addition of water. 10
MEK was t hen el (096%kt ed by the solvent renoval under reduced
pressure, followed by the addition of water to forman aqueous

sol ution with aThotqugousdnk &ntinki¢t rempedingefibe presant inyentiumeobigineddn this
solution was colorless and transparent, and the particle size was

| ess t han SRnmarexkibigfipedd inlSstntage stalslitpeadpkesllentdifcBynge heperienfrom the
car boxyl group-containing pol yurethane F) A four-necked flask
fittedl t mkjettrverlaofim mkjet pristen ieadrand therink filny Eormied be topt aflagempding
cooling tube was charged with 243 g of the reaction product (1-1)

obt ai ned i mefinai hyesdie th avgve énklexBitiits Gighflevels of density and gloss as well as

pol y(oxyt el ranet hyl ene) gl ycol having an Wnh of 650 (COH group

equi val ent axchiléit sci@tch Psighneé, DBTDL and 270 g of MEK to all ow the
reaction to proceed 20 under an atnosphere of nitrogen at 80C for 10
hours, and the reaction was then term nated by adding 5 g of

nmet hanol , thereby yielding a carboxyl group-containing pol yurethane F
havi ng anmgg&ﬂlxﬁﬁue of 36 and an Mwv of 9,000. The obtained resin

sol ution < heutT sl i 7ed with sodi um hydroxi de in the sane nol ar
amount ,as the c&gggfd amount of DMPA, and the phase inversion
enulsi? cation conducted by the addition 25 of water. MEK was

t hen el i m nated t he sol vent . val.. under reduced, pressure 34
fol | owed by t hJﬁ%m%wvmnw@?%cﬂbﬁmSlﬁtaaﬁa BUSTEATOFYY with a
solid content of 20% based on nmass. The aqueous sol uti on was

col orl ess Exdmples Hopgven thesa Framples aa provided foy specifipally|cgplainingdbe proserin
[ 0083]

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.



5 <Synthesis Exanple 12> (Synthesis of carboxyl group-containing

pol yur et hane G A four-necked flask fitted with a thernoneter, a
stirrer, a nitrogen inlet tube and a cooling tube was charged with
243 g of the reaction product (1-1) obtained in Synthesis Exanple 1,
667 g of pol y(oxytetranethyl ene)gl ycol 2pol yester pol yol having an Wh
of 2,000 (OH groug equi valent: 56), 12.3 g of 1PDI, 0.001 g of DBTDL
and 680 g of VERO%2] to all ow the reaction to proceed under an

at mosphere of nitrogen at 80C for 16 hours, and the reaction was then
t er m nat ed<QyﬂIm@1Vﬁ§e®ngmmomﬁtlmma¥6 growPeby yi el di ng a car boxyl
group-cont ai ni ng pol yuret hane G having an acid value of 17 and an Mw
of 38, 000. The &bgaifassinplesolntisoway ddded avalsdisselyed &l 4Gmbofd t h sodi um
hydroxi de in the same nolar anount as the charged anmount of DWMPA, and
t he phase dimethydfonnareidd kslufiorcalt(.0iN Eonwas/ading wad qebniyativh detarddhdtioan

of water. MEK was then elimnated by the sol vent renoval under

reduceds pr @asthee carfied h@\WRduglytht Aeutadidition @fraBén Witk € mektnbl¥oRidA of 0.01
aqueous solution with a solid content of 20% based on mass. The

agueous SONLl{nyU&hwﬁéaﬁd%@%ﬁﬁéﬁfb&m@ﬁéﬂbﬁbﬁ&gd\h{ﬂﬁdﬁa{o}Uoresce”t col or,
and the particle size was 84] 20 <Synthesis Exanple 13>
(Synthesis of c @Xyl gr oup- cont ai ni ng pol yur et hane H) A
four-necked flask fitted with a thernonmeter, a stirrer, a nitrogen

inlet tube ged with 268 g of the reaction
pr oduct (1<§5} ’%ﬁ“ﬁ’?ﬁéﬂg tg)tﬁ f\r%gigrvs anple 3,45 g of pol ypropyl ene

i hylene g 3203050661%5’1%&%%&0” Wl G oty Ko i e
nour s, inceddia ankgerlga i f R4 AL B o Fﬁrfqtiélée&g%yf?awaﬁran@?@ %f

nmet hanol , thereby y| el di ng a carboxyl group cont ai nj ur et hane H
havi ng an Bethanalzi7i3d. avd quantiigfiyedateppingfionpa ‘B’g L}ﬂédher esin
solution was neutralized wth sodi um hydr oxr de in the sane nol ar
amount as RewEradration dtratiorouith a grethanelsolugiprlof b Nawsassiurhydroxidgiwhile

emul sification was conducted 5 by the addition of water. MEK was then
el i m nat edudiyg phieeclpbthegleint asme mslickorunder reduced pressure, foll owed by
the addition of water to form an aqueous solution with a solid
content of 20%[668Hd on nmass. The aqueous sol ution was col orl ess and
transparent, and the particle size was |less than 50 nm [0085] 10

<Synt hesi s(Dexaiatiod 4Ppiphyid faesdlesigd in@gidoax ik for iakie: eedtmgni ng
pol yur et hane 1) A tour-necked flask fitted with a thernoneter, a

stirrer, a nitrogamiluith®h sdiileirk 16009%1&&&9@&@%&&@&5@@&&69%1@
293 ¢ of the reaction product (1- obt ai ned i n Synt hesis Exanpl e

o7 oup Soui a1 %ﬁrtt@ﬁé*'@t%é%%tam?*%ﬁ%%%* BER R o t e
hour <. ancEPRESCRRmiadt 104 130" BRTIRRIE 6 Rl RRER TR0y 1 0

met hanol , there@g iﬁl el ding a car boxyI gr oup- cont ai ni ng poI yur et hane |
having an acid ? e of 28 and an Mv of 40, 000. The obtained resin
sol uti eutraliz t h, sodi hdrord Ln the sane nol ar
arrount%;s%?@ﬁ’é §ﬂ8¥f§t’m8?51 Hse i nver sion

emul sification was conduct ed by the addi t| on 20_of wat er. MEK was
then el i m nat ed® BSurmgekeddlagle fitted with o hermeraeter, p simered niogesinles tube and
foll owed by the addition of water to form an aqueous solution with a
sol i d cont @poling Wteowas sbardedwithd82g offimethylatisd istone(herdatier, akhseviated as

colorless and transparent, and the particle size was | ess than 50 nm
[ 0086] 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



36 <Conparative Synthesis Exanple 3> (Synt,hesis of carboxyl

gr oup- cont ai ni ng pol yuret hane HJ) A four-necked flask fitted
with a thennoneter, a stirrer, a nitrogen inlet tube and a cooling
tube was charged with 266 g of 1PDI, 67 g of DWPA, 325 g of polyester
pol yol 5 having an Mh of 650 (OH group28quivalent: 173), 0.001 g of
DESTDL and 646 of MEK to.allow the regction t roceed under an

at mospher e RSFSORYEASHERUR T thprsastipn pI‘Eﬂ"ﬁBaF ]é,waa ﬁdﬂ’t %!—51 tﬁ%?@?q%nﬂiﬁé‘swﬁsh en
term nated by adding 15 g of ethylenediam ne as a chain elongating
agent, thepé’é§- yi el ding a carboxyl group-containing polyurethane HJ.
having an acid value of 45 and an Mv of 80, 000. The obtained resin
sol ution was nelf%%l i zed 10 with sodi um hydroxide in the same nol ar-
anount as the charged anount of DMPA, and the phase inversion

enul si fi catBprthesssEaonplk 2t Eynthygsis bfreadion prasuctof-20at er. MEK was t hen
elimnated by the solvent renoval under reduced pressure, followed by
t he addfti on of Avaireieckal flask dittad with deksimometetita stifteria ltroge:s ilét Gube and
content of 20% based on mass. The aqueous solution had a mlky white

col or, andatbslingaitid Wwischeige® with 566 8 Qf MBK, 134 QRS TIMPAandsras bie4-
Synt hesi s Exanple 4> (Synthesis of carboxyl group-containing

pol yur et haggidkelyImethane SidoRiiinaRRqheshet aﬁsﬂerfa%efdtaeﬁgwmﬁ t@dﬁgﬁgggéﬁﬁﬁ, :

a stirrer, a nitrogen inlet”tube and a cooling tube was ¢

10 e A8 V08 L i
TS0 2 A A e S 6 e

havi ng,an M .of royp equivalent: 1 0.001 g of DBTDL and
474 g & I\/E’i?d{l?f(g'??g\(ﬁo?ﬁg’ apgﬁbetrg%c}t}oggl F&@@ég)‘zgmder an at nosphere of -
nitrogen at 80C_f 6 hours, thereby yielding a urethane 25 oli goner
12. 948 g of th Ogé]oremanti oned urethane oligoner 12 solution was
charged 37 with 344 g of urethane oligoner Ii to allow the reaction
to proceed<drikssisrampledrs(Spathasipef reaction geadugi(1890C for 10 hours, and -
the reaction was then term nated by adding 5 g of nethanol, thereby

yi el di ng a car b&gur-ngekskflask fitted with g thesmonieter, lastinenia Kittogen indet Sbeand d
val ue of 45 and an Mwv of 12, 000. The obtai ned resin solution was

neut r al i zedconling teheswadichangbd with £921 g of MEK; d 43 grof Dt & andiddgof as t he
charged anount of DMPA, and the phase inversion enulsification was
conduci®d byplidienealiidodyanate (PDetd allow Miskesmion tdyeoceet uAildrah @thdzphdrber - . -
sol vent renoval under reduced pressure, followed by the addition of
water to fpidhaatdqtE 54 1DatstheRby Yeldinga feattich ppedice(1t3)0The Qltarkiamee
on mass. The aqueous solution had a mlky white color, and the
particle siZge ¥@Be £0aRMRe oAb GYBRB ke cEOIPREARL(V.S) WiI¥ 5% 3he tHradmabe 5>
(Synt hesi s of carboxyl group-containing polyurethane HL) A
four - neckegqf) askobrited with a thernoneter, a stirrer, a nitrogen
inlet tube and a cooling tube was charged with 222 g of IPD, 330 g
of poly(oxytetragpf;hyl ene)glycol 15 having an Mh of 650 (OH group
equi val ent : 173@ arJd 0.001 g of DBTDL to allow the reaction to

pr oceeg. undgr .an. at nns re of nitrogen at .1 or 2 hours.
Subsquoent]g%m%?ls?xﬁjp%ﬁgﬂ%e ?frrﬁ&ﬁfmﬁ}@ﬁu%gﬁébcharged to allow the
reaction to proceed under at posphere of nitrqgen at 80C for 16
hour s, and t he AdaRiegrrdfrSk fiffehith A thormomeh ¢ SdHeh Agio2E fic? ube and
met hanol , thereby yielding a carboxyl_ aroup-containing polyurethane
HL 20 havap@llaaﬁa&?iws\?hﬂra%dwﬁlwgﬁﬁh&&w gpf By Rypand PRI tred

resin solution was neutralized with sodi um hydroxide in the same

mol ar anpudovathe repstiemiormgectedimsieon an afmospiR Oéﬁﬁogen@t HR&sfer 2.Ahewssi on
enul sification was conducted by the addition of water. MEK was then
el i m nat edthbyeby fielding a/reattionguodiat (1e4)d he geatitaite pales sfthe jsofyanhte\wemhpby

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



25 mass. The aqueous solution had a mlky white color, and the
particle size was 150 nm 38 [0089] <Conparative Synthesis Exanple
6> (Synt hesis of carboxyl group-containing polyurethane HM A
four-necked flask fitted with a thernonmeter, a stirrer, a nitrogen
inlet tube and 5 a cooling tube was ch&%ged with 579 g of the
reaction produchg%gorrpari son 1-1) obtained in Conparative Synthesis
Exanple 1,357 ¢ :bol y(oxytetranet hyl ene) gl ycol having an Mh of 650
(OH group equivalent: 173), 0.001 of DBTDL and 357 g of MEK to

al | ow t he Fgmtbqhseﬁrﬁxa@m&%’c@aaﬂm% reggiionprasdupies® of nitrogen at 80C
for 16 hours, and the reaction was then term nated by adding 5 g of
met hanol , t her eByfoyiusckiddiipsk fitted with pithet@ogeiey p-stiven, anitiogen iniet tube and
pol yur et hane H M havi ng an acid val ue of 45 and an Mwv of 32,000. The
obt ai ned r esoolingdthet wasrchmzsd with 6821 iof BMEK) 184 g6 DMBA. 43¢ ¢PDDid he
sanme nol ar anount as the charged anount of DMPA, and the phase

i nversi®n eallai tefreautibn @rprocead anded ue k@xbspherd Bnigekdh tat P0PCAbr 2BbwEE, MEK
was then elimnated by the solvent renoval under reduced pressure,
fol  oned binetdd§ yrglig & RRAcHIn pEARE (1LS). TR GhaflitARY 9AUS oSBL WobPRark Srotipt N
a solid content of 20% based on nmass. The aqueous sol ution 'had a

m | ky whit ; - i ' : . 090]
CComparat i ey ar faaR e Bl gl i rBor i W 0

gr oup- cont ai ni ”@O?ﬂ' yur et hane HN) 20A four-necked flask fitted with
a thernoneter, stirrer, a nitrogen inlet tube and a cooling tube

h ith 57 f. th t.i t.. i 1-2
3@? aﬁ(:n?&???ﬁ%ﬁ%ﬁ‘#‘?ﬁgﬁ@@%ﬁ?ﬁ%@%ﬁ?‘@?&%ﬁ%ﬁ ?%BGSZOIE% (Spartson1-1)
(0] (0] etrane en cO Vi an (0] rou
o et S A RSk AP i e . s fiimrca ngroder BIRt e and

reaction to proceed under an atnosphere _of nitrogen at_ 80C for 16
hour s, and® EHUEEuheSHE CHERSHREN PHbH of MR, A €cd DE Adel 727 SOPHH o

met hanol , thereby yielding a carboxyl 39 group-containing

pol yur et hatlEoVHhRT¢astiomht papread efley an aimogphezs ofaiigossn aMip°Etfor Dhogtherghie
obt ai ned resin solution was neutralized with sodi um hydroxide in the
sane nol ar yigitingn resgion ipeodubiz(copeparisom il). The Prepitativerrchluerd tirhiaswyanate

i nversion enul sification was conducted by the addition of water. MEl(
was then egionp insthe teabijort predied (commphrisoarivl)abasE.4Mmaiel the edctidndexessur e,
foll owed by the addition of water to form an aqueous solution with a
solid tHntemed.of 20% based on mass. The aqueous sol ution had a m | ky
white color, and the particle size was 200 nm [0091] <Exanple 1> 10
(Adj ust ment of @gmgous pignent dispersing element (a)) 6 parts of a
nmet hyl et hyl ketone solution of benzyl nethacryl ate-nethacrylic acid

<Comparative Synthesis Example 2> (Synthesis of reaction product (comparison 1-2))

A four-necked flask fitted with a thermometer, a stirrer, a nitrogen inlet tube and
a cooling tube was charged with 290 g of MEK, 67 g of DMPA. and 222 g of IPDI to
20  allow the reaction to proceed under an atmosphere of nitrogen at 70°C for 6 hours,
thereby yielding a reaction product (comparison 1-2), The quantitative value of the
isocyanate group in the reaction product (comparison 1-2) was 3.11, and the reaction
index was 1.140.

[0075]



copol ymer having a solid content of 50% (with an acid value of 100
and a wei ght average nol ecul ar wei ght of 20,000), 6.0 parts of a 5%
pot assi um hydr oxi de aqueous solution, 10 parts of a

pht hal ocyani ne- based pi gnment "Fastogen (regi stered trademark) 15 Bl ue
TGR' (manufactured by DI C Corporation)3@nd 23.8 parts of water were

charged and m x i.n a 250 nL plastj¢c bottle, (Here, the coppe

pht hal ocyani ne- ﬁ%@ﬂ'%%‘é‘?@?ﬁé‘%#&ﬁ%@@@%@@“ apqckion P‘H@u“rt'g@i‘{? bk
charged in_an anount, so_as to achjeve a ratio of, 30% by mass with
respect to}and (perapasisen i-1) todeompasiron he) asrndieated inTablednt ent, the 5%
pot assi um hydr oxi de aqueous sol ution was charged in an anmount so as
to neutralize tlW8780 acid val ue of the resin by 100% and the water
was charged in an anmount necessary for naking the non-volatile
content of the [fiakled]}l i quid to become 30% respectively.) The
m xed liquid was di spersed for 2 hours with a paint conditioner
(using zi &bl a bea@smmwﬂnigf a_difdmete vapf of), 5 [vjetion ot | [OWOIPG* | Fretion
di sper si op = PRENT g EBEraTHEY 4y VATHSOR HiE B he| PHPESHIPal beads| ™™

t her ef r onTwAS _evapq n’a%ed usrng an gea/apor ator Zo[d® di St u.ogorr m%h‘l
et hyl ket ;%—and—\._ : .ég—t—han—s-ub;-ee-t-éb_l-o_a_cam_r_ A0 at i A0 40
(8,200 G [Sp—mmut t::w:ggtu renove LWMiby ﬁ—
addi ti on p¥spur ey {o ad] ust [f8e non- vol afifm@sccont enf220 Ther
yi el di ng agfﬁﬁwgu.. H-grent—di sp%—ﬁ-ﬁg—el—e#em—%g—w% =2 370
non- vol at FFe-conternt of 20%—The partrcre-size of the obtarned
pi gnent” di spersing elenent was 110 nm 5[ 0092] The aqueous

caf ooyt o7 oup c3RESH R B RS ARBRFf  Ehel fp

Exampl e 6 used and, adj.ysted in rdance with the foll ow ng
conposi tio ,WB‘P}I@%@H}S}FS hgm#?qni‘ﬂﬂa’cl‘?g‘%%fﬁ V-filter with a pore
size of 6 pm tfagr%by prepari ng an aqueous ink for inkjet 10
recording (a-A) f7la” t her mal systemw th a pignment concentration of
4% [0093] Aqueous pignent dispersing el enment (a)l1l3.0 parts Agqueous
car boxyl gFomthesisdxampledy (Spnthestseatisarbexy @renprentangngpivrethane A
Triethyl ene gl ycol nonobutyl ether4.0 parts 152-pyrrolidi none4.0
parts @& ycerin A f®rpacked flask filjerowitna hetmemettn o stimrerda pigrogénr infet bive end
and Chemcals Inc.) 0.3 parts Water 23.4 parts [0094] 20 <Exanples 2
to 9> Aquememmling kubefvas chavk¢dewith 2430 olf the reaatidd) product €i-1))obtaimed ip Seypthesicl
by conducting the

Example 1, 243 g of poly(oxytetramethylene)glycol having an Mn of 650 (OH group

equivalent: 173), 0.001 g of dibutyltin dilaurate (hereafter, abbreviated as DBTDL) and
243 g of MEK to allow the reaction to proceed under an atmosphere of nitrogen at 80°C

15  for 16 hours, and the reaction was then terminated by adding 5 g of methanol, thereby
yielding an MEK solution of a carboxyl group-containing polyurethane A having an acid
value of 38 and a weight average molecular weight of 12,000 in terms of the polystyrene
equivalent value. The obtained solution was neutralized with sodium hydroxide in the
same molar amount as the charged amount of DMPA, and the phase inversion

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



same operation as that described in Exgnple 1 with the exception
that, instead of the aqueous carboxyl group-containing pol yurethane
solution A added in Exanple 1, the aqueous carboxyl group-containing
pol yur et hane solutions Bto | obtained in Synthesis 25 Exanples 7 to
14 were used in the sane anbunt. 41 [BD95] <Exanple 10> ( Adj ust nent
of aqueous pi gnent dispersi ng el errent%}b)) 10 parts of a nethyl ethyl
ket one sol a{UcBis soution yyith a soli Rereentoh 2@ bated o mass.c The aﬂ&?@%@‘gé@w&?
having a solid content of 50% (with an acid value of 100 and a wei ght
aver age noP@edssaandisingparenss argchopryticle sige paplesstharn§0 BmM5% pot assi um
hydr oxi de aqueous sol ution, 10 parts of a qui nacri done-based pignent
"Fast ogen (regi$0&led trademark) Super Magenta RU' (manufactured by
DI C Corporation) and 20.0 parts of water were charged and mxed in a
250 L pl asSymthdsistBxlample(Ha(Senthédicofpaiboraylrgreipremtridegipglingataie B0 was
charged in 10 parts, the resin was charged in an anobunt so as to

achi eves a rat i 0AGhurafetkddyflRGaedvvith 2 lIREREGELeS, @ sHRE, PhiGERE inlebtube bt
of the non-volatile content, the 5% potassi um hydroxi de agueous

sol Ut on VagodHig hikdsthaRa RN B30 £ Bt 8 ri:RudeybAR (115) dnddih Srifbdie

of the resin by 100% and the water was charged in an ‘anount necCessary
300 ' especr ity 3 Opechie oA R e R MMetAE sr b0 (RERCR,
- Fol | oo Rd 12} $Y07E, e d BRI AR RO BB Bl

G St 11 of PRTEE STRoRi CHearesth & oG Tels HEh G LF LEPEt Y8 e

par i cl b erSiFGHEN ok g oL efienan ik bp bl e o0R0! S TSE e

non-vol atile content, thereby, yielding an agueous pignment dispersing
el enent ( byolyiteians B Bavingamacid welegei3smnd gr Mot 50:@@- gfa}etob@u@dﬁsgve of
the obtained pignment dispersing element was 120 nm [0096] The
aqueous pi ¢phEien wasspetralizedywith spdivin hydrpxida dn th saraeymelsnsmewit as the shayged
the 25 carboxyl group-containing pol yurethane A obtained in Synthesis
Exanpl e 6 swount aSBMPA) 2ndthd phaleustession emulsificatiarvee condubted by tecddtitinh ng
conposition, followed by the filtration using a filter with a pore
size of 6 qiwattrh&TERWap tlepatinigtalbyahe sdvent terdovhiamdendefhesed preste]i Ng
(b-A) of a thermal systemw th a pignment concentration of 6% [0097]
15 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.

[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



5Aqueous pi gnent dispersing elenment (b)22.5 parts Agueous car boxyl
group-cont ai ni ng pol yuret hane solution A3.8 parts Triethylene glycol
nonobutyi ether4.0 parts 2-pyrrolidinone4.0 parts G ycerinl.5 parts
10Surfynol 440 (manufactured by Air Products and Chemicals Inc.) 0.3
parts Water13.9 parts [0098] <Exanpl es321 and 12> Aqueous inks for

inkjet recordin b- and (h,QC). we repar.ed uct.i n 5 .the
sane operaPP]g'Hregr?S"? ifevigen b dhup ﬁ@k&%ﬁﬁ@w@f@‘ﬁﬁ&t B PR
that, instead of the aquequs_carboxyl group-containing polyurethane
sol uti on Aseiytieywasnertraligsd svithgodiupdiydenyids s thesame malar gmeuntas dha derged g
pol yuret hane solutions B and C obtained in Synthesis Exanples 7 and 8
were used amoutef DMRA avd tha phajoipvgpior emakifisatnovasTendysigd hyithe addition
aqueous pi gnment dispersing elenment (c)) 10 parts of an MEK

sol uti on obf whier. ddEKowas! they aimpngted bythe isolyens oéryomab uidensedicedprGsweay t s
of a 5% pot assi um hydr oxi de aqueous solution, 10 parts of a

pht hal ofy afollveded H¢ thepidditiontof Wates toofpan afl a@@oad @iwidntwithcessbia lkpntBitwE

TGR" (manufactured by DI C 25 Corporation) and 26.8 parts of water

wer e char gegvaistdinitsbs] ThéageOusHolutigh &ak tsloas bhEiransfadedtHaidehe pdhbele
copper phthal ocyani ne-based pi gnment was charged in 10 parts, the
resin was g¢hat@ersd Mafso agount so as to achieve a ratio of 50% by
mass with respect to the pignent in ternms of the non-volatile
content, the 5%gpeg@assi um hydroxi de aqueous sol ution was charged in
an anount so as to neutralize the acid value of the resin by 100% and

0 o A SR B e
e mecuel ) o DAk oA T 550, e AR ©
EREGEE R S EIPT R R R

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 MEX 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)



10 to distill off nmethyl ethyl ketone, and was then subjected to a
centrifugal separation (8,200 G 30 minutes) to renove coarse
particles, followed by the addition of pure water to adjust the
non-vol atile content, thereby yielding an agqueous pi gnent di spersing
el enment (c) with a non-volatile conteng3zof 20% The particle size of
t he obt ai ned pisgrrent di spersing el ement was 110 nm 15The aqueous

pi gnent di sper sfhdgpraiegkadritask Gjteduah a theomemetern djstimereainitagerciolst tien end
with the foll owi ng conposition, followed by the filtration using a
filter w taceolipgtwesiasehagedwiin3a feof thb yeapti@parodunt)(1a2) odtpireadiis Siymtkedior
inkjet recording (c) of a thermal system [0100] Aqueous pi gnent

di sper si ngEedmgtedf 160¢) dfpoleptar icdya? Bdvihg thinsf & 5Q (O gtouprygailvateit 173),
ether4.0 parts 2-pyrrolidinone4.0 parts Aycerinl.5 parts Surfynol

440 (manuf @agbug efDBYDA andR70 gWE MEIR AfkiloRemE fakion! 10 Grocedd whdBRd S
Wat er 27. 2 parts 25[0101] 44 <Exanple 14> - An aqueous pi gnent

di sper s ngaﬁiogmé% ofthit¥Eien APSRCTBLL oS BIUAHRE rtid \RasSBOBARRLEE bPn as
that described in Exanple 13 with the exception that, iInstead of the

' synt hesr 2 & BFmEBty tore ) ARG K RlcRl o RR M S Al orbn B B o€
(o) wasdpr%é&gﬁfi%gﬂgﬁﬁ?ﬁwaﬁﬁ?@@dﬁiﬂﬁmin@ﬂ@rmfoafﬂgaaéﬁé%ggegﬁﬁmgo ]
T B, AL 5 R S R e

recording (a-HJ) to [a,—H-N?J wer e prepared by conducting the sane
oper at1%bn MK wag thepelinipgied by theselyapfiremaval upder peducasbasessiteoteliowed by
instead of the_aqueous carboxyl group-containing polyurethane

sol uti on Ahgaddton of waerrta forpl an apuequssolitiorewith aselidheniant of 20% based on
group-cont ai ni ng pol yurethane solutions INto H N obtained in
Conpar at i vimasSy Thh egicsutsolutjpnews Solodest ang trensparedt, amd thé particlewiza nas fxss
[ 0103]

than 50 nm.
[0082]
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 ¥ 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,



<Performance test and evaluation criteria> [0104] 20 (Inkjet,
recording test (print density and gl oss value)) Drawi ng was conducted
on a recording nediumw th a sanple ink using a thernmal inkjet
printer BJ F300 (rmanufactured by Canon Inc., hereafter referred to as
an eval uation machi ne A) equi pped with34 bubble jet (registered
trademar k) _r.ecordi d C- 30 manuf actured b non.lnc.) or. a
her mar 1 nkgies by AR n s e TR At AGHesh S PR S ar o
Devel opnment ( rrpa(ﬂ%/i L.P hereaft(fr, referred to as 45 an eval uation
machi ne B) ?Ogﬁm iajsec Lhe puspBRoftion Was gelorles andramspargrtngnd the parti¢le
t he gl oss value test, and the scratch resistance test were conduct ed.
As a recor@izﬂg‘aﬁ{?ﬁ@ﬁiilmwnon PB paper"” manufactured by Canon Inc. or
"Xerox 4024" manufactured by Fuji Xerox Co., Ltd. was used as a plain
paper, and 5 "Pi@§Lim d ossy Photo Paper" manufactured by Sei ko Epson
Corporation was used as an inlcj et paper. [0105] (Ej ection

st abi | i 5y) <Bymsthé¢siExampie] wa@yathedis ofvattokyl groupadoadhining pdlgupthaneGpaper .
The ejection stability 10 was determ ned in a manner such that the
nore the nunber AgbupheeResflRk fiad aithprthdbotheRy, alsfitres @Rittopyd et Pl il ng
(i.e., the nunber of pieces of paper which can be printed with no

defective hRBAMOAERLS ekl RitHi228 BIFEAR rbatib pRAMS (1-1Pobthiked in SyAfesis
better, and was eval uat ed based on the follow ng three stages of

criteria. Ayma0Q 1955%5%@(%§%e%%ﬂ§%ﬁ%§g?P@@stéﬂa%lyo}ﬁﬁgﬁé %818&1 il

nore and less than 3 eces _ _ C Less t
e o ORGP 2t e A, D
10 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 G having an acid value of 17 and an Mw of
38,000. The obtained resin solution was neutralized with sedium 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



20 neasured at 5 points in each sanple using a prigt density

measuri ng device (GRETAG (registered trademark) D196 nmanufactured by
G et agMacbet h Corporation), and the average of these neasurenents was
calculated as the print density. The larger the average val ue, the
better the print density, and the prins5density was eval uated based
on the follow ng three stages of criterja. 25A  Print density of 2.5
or more 4@6@0@4551@@&@%41%@@&@% % oygethanghdherehycyiglding agaiyogyl
Print density of |less than 2.0 [0107] (Measurenent of image gl oss
val ue) 5A Felp-gontanig priEretians Heeving apteidivialie of 7 apsban Mard 30880.gThe s
of the color inage was neasured with a neasuring angle of 20 degrees
usi ng t he ¢hizivedpesinsoltiorwag meamtralized vatheddiug Idroxideria therspma snodarginesst
val ue neasuring device. The neasurenents were nmade at 3 points in
each sanpl s thacdrgddeansmuer cfMBA, idiehepimamverivarimisifrationwes doatieded s
the gl oss value. The |l arger the average value, the better the gl oss,

and t hes 10bythe gaddiied oewiters MNE ks e liasetediy thdilidt tepnvagmbeur
stages of criteria. A. G oss value of 40 or nore B: G oss

val ue of 3QdRfed PrsSurk; folB&iby\ae ARitIn o Waddr th RS ARHudo8Ss Sl widla
D: doss value of less than 10 15[0108] (Scratch resistance

) A
sol i d | Mag&WRSykd J1266; Bed Ak} |
with a |l oa 1of %30 g ugél ng a Ga?scu‘gﬁ%%-typesorﬁﬂggge%gcélg%ggrgn%ﬁsgﬁém’
usi ng the 1 . | per cord. The gl oss val ues of the
printed pa;g}éi?g@ @@glﬁggg&@ggg%%f%g%ﬂand after the test. 20 The

smal | er the ragﬁ ﬁg‘ change in the gloss value, the better the scratch
resi stance, an 9 é scratch resistance was eval uated based on the

foll ownhg four stages of criteria. ,A._ Rate of gl oss change of _|ess
Lhan 56 B <PEESEEmBIed g IR oT BHPBR) S RO LRImE s ¢
Rat e of gl oss change of 10% or nore and | ess than 15% .

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

a cooling tube was charged with 293 g of the reaction product (1-5) obtained in Synthesis
Example 5, 450 g of poly(oxytetramethylene)glycol having an Mn of 2,000 (OH group
equivalent: 56), 0.001 g of BBTDL and 450 g of MEXK 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]



25D;. Rate of gloss change of 15%or nore 47 [0109] (Storage .
stability of ink for inkjet recording) The viscosity of the ink
for inkjet recording when stored at 70C for 7 days was neasured, and
those exhibited a rate of change with respect to the initial
viscosity of less 5 than 5% were eval udfed as "A", those exhibited

the rate of ~chan 0, % O Nor l.ess tham 1Q% were eval uated as
‘B, and « FSORRRRRChei B RRE SIS iBotd A GoRiE T«
eval uated as, "C'. I\gt that the viscosity neasurenents were conducted
using the REYESH20 Yefdeter (manufactured by Told Sangyo Co., Ltd.).
[0110] 10The performance test results of the aqueous pignen
di spersing el enBripuapegked fask fitted vith p therngmeten ja;sgirres é@%ﬁwﬁ%rﬂb@w&d
present invention are summarized and shown in the table. [0111]
[ Tabl e 2] asgeolingiphesvas changed with2668 008 DInG7 & cBPYEA132§ ol polyestar aglyol
pol yur et hane Di scharge properties Scratch resistance

5  having an Mn of 650 (OH group equivalent: 173), 0.001 g of DBTDL and 646 g of MEK

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 15 g of ethylenediamine as a chain
elongating agent, thereby yielding a carboxyl group-containing polyurethane H-J having
an acid value of 45 and an Mw of 80,000. The obtained resin solution was neutralized

10 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, 2 stirrer, a nifrogen inlet tube and

a cooling tube was charged with 105 g of IPDI, 67 g of DMPA and 172 g of MEK 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
IPD], 357 g of poly(oxytetramethylene)glycol having an Mn of 650 (OH group
equivalent: 173), 0.001 g of DBTDL and 474 g of MEXK to allow the reaction to proceed
under an atmosphere of nitrogen at 80°C for 6 hours, thereby yielding a urethane

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



G oss Storage stability Nameof reaction product Reactign index of
reaction product Property of aqueous solution H Evaluation machine A
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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 aquecus 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.
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

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 stitrer, 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 pasticle 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 (&) 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 pm, thereby preparing an aqueous ink for inkjet
recording (a-A) of a thermal system with a pigment concentraﬁon 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 40 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

5 acid copolymer having a solid content of 50% (with an acid value of 100 and 2 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

10  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.)

15 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

20  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 agueous pigment dispersing element (b) and the aqueous solution of the

25  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 pm, 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 aqueous 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

5  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

10 to distill off methyl ethyl ketone, and was then subjected fo a cenfrifugal 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.

15 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
20 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

25 [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
6, the MEX 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.

[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
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]

(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

{manufactured by Hewlett-Packard Development Company, L.P., hereafter referred to as
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an evaluation machine B), and the gjection stability test, the print density test, the gloss

value test, and the scratch resistance test were conducted.
As arecording 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 namber 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 dgnsity of less than 2.0
[0107]
(Measurement of image gloss value)

5 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
caleulated as the gloss value. The larger the average value, the better the gloss, and the

. 10 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

15 [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.

20  The smaller the rate of change in the gloss value, the better the scratch resistance, and the
scrafch 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%

25 D: Rate of gloss change of 15% or more
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[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 aqueouns 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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[0112]

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

gjection 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
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[Scope of claims for patent]
[Claim I]

50

A method for producing an aqueons polymer, which is a method for producing an
aqueous polymer to be used in a pigment dispersion that contains water, the aqueons
polymer and a pigment as essential components,

the method comprising; .

reacting a diol compound (A) baving one or two carboxyl gronps within each
molecnle with a diisocyanate compound (B), thereby producing a reaction product which
has a reaction index as calculated by (Formula 1) within a range from 0.95 to 1,10, and is
mainly composed of a compound represented by general formula (1); fol‘lowed 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 1}

OCN-—-R"—*NHICIJO ——R-E—o<":NH:——R3:-——Nco

O
© )

wherein R! and R® represent partial structures of the diisocyanate compound (B)
fram which the isocyanate group has been excluded, and R? and R® méy 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).

[Eq. 1}

Rezction index = (reaction rate of isocyanate group) X [(zumber of moles of
diisocyanate compound (B))/ (number of moles of diol compound (A))]

(Formula 1)
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{Claim 2]. .
The method for producing an aqueous polymer according to Claim 1, wherein an

acid value of the aqueous polymer is from 20 to 70 nigKOH/g.

[Claim 3]
The method for producing an aqueons polymer according to Claim 1 or 2,
wherein the aqueous polymer is used in a pigment dispersion for an aqueous ink for

inkjet recording,



