CFO 18004 WO - 1 DI SPERSI BLE COLORANT AND METHOD FOR PRODUCI NG THE SAME
AND AQUEQUS | NK, I NK TANK, I NK JET RECORDER, | NK JET RECORDI NG METHOD AND
| NKJET RECORDED | MAGE USI NG THE SAME G TECHNI CAL FI ELD The present
invention relates to a dispersible colorant and a nethod for producing the
sane, and an cGERuaed®4nkofor ink jet recerdi-ng, an ink jet 10 recorder, an
ink jet recording nmethod and an inkjet recorded imge using the sane.
BACKGROUND ART Ink jet recording adopts a varying working 15 principle to
produce inages, letters or the like by ejecting fine ink droplets from
nozzles onto a recording nedium (paper or the like) . It has been rapidly
spreading i n varbpgpEREEAS.E QOUJHEANT ANVantEages, FORY.PRODWITNGEREE | ow

noi se, capacity of 20 easily producing nmulti-color images, high flexibility
of the recorded SpMEt,era) ARPUAEdEZeldpne NG iTEaK onINKOIETeBREEARDER,
particular, the full-color jet recording techniques w-th an aqueous ink
have recently mide JEheREKGDRRINGOYESSOD aMND clavK higlv RECPRBEOcEeMAdE i - col or
i mges which are by no neans inferior t'o those by the conventional printing
met hod or photography. It has beeNSiN§elYEperd¥ating into - 2 the
ful'l-color imge recording area, because of its

TECHNICAL FIELD
The present invention relates to a dispersible
colorant and a method for producing the same, and an
aqueous ink for ink jet recording, an ink jet
10 recorder, an ink jet recording method and an inkjef

recorded image using the same.

BACKGROUND ART
Ink jet recording adopts a varying working

15 principle to produce images, letters or the like by
ejecting fine ink droplets from nozzles onto a
recording medium (paper or the like). It has been
rapidly spreading in various areas for their
advantages, e.g., high speed, low noise, capacity of

20 easily producing multi-color images, high flexibility
of the recorded patterns, and development/fixation
not needed. 1In particular, the full-color jet
recording techniques with an aqueous ink have
recently made remarkable progress, and can now

25 produce multi-color images which are by no means
inferior to those by the conventional printing method

or photography. It has been widely penetrating into



capacity for producing inmages at a |lower cost than the conventi onal
printing nmethod or photography, when the nunber of copies is limted. 5 The
ink jet recorder and recording nethod with an aqueous ink have been
inmproving to satisfy the requirenments fopr i_nproved recording
characteristics, e.g., higher speed, finer inmages and full-color inmages.
In general, the ink jet recording ink for an 10 ink jet recorder is required
to satisfy the following characteristics; (1) the inages are of high

resol ution and high density, free of bleeding or fogging, (2) the ink is

el ect ed v thouty bepngr drbsd, Atnddie nozgl e elds L Prevelll &1 9801 pg ther e

whi |l e 15 keepi g~ good e eCt response an i nk~can be wel |
fixed on paper 4).:1heci . i ur,able (4 , i t to

weat her, mater?%éa%%kg F?Eg%?%gﬁgng$ ?ﬂ%g?%gégsaaﬁ%“?%%ﬁf%§¢oﬁﬁgﬁtended
periods. Especigl!¥ontBKtiBaall HHAerhGNHeth¥8d 020 giaftl S Ya g, PRR¥hdes
printing of high inmage-quality "when printed even on plain prlnflng paper

such as copy PRBehuibBeleb®y JRfH S eflsW { i Belecent increase in printing
speed. Colorants for ink jet recording with an aqueous 25 ink are nmainly

conposed ofs a dye orrie giekt jeYatrerro s kil dyesohayvagbeer o M ythised for
their handleability and col or devel oping capacity. Mre 3 recently,
however, essenanabtiyewaterinkndadwblleeeroinpantsngpitgmerdtsi s fiy phei cul ar
have been requirements for improved recording characteristics,
e.g., higher speed, finer images and full-color
iméges. In general, the ink jet recording ink for an
10 ink jet recorder is required to satisfy the following
characteristics; (1) the images are of high
resolution and high density, free of bleeding or
fogging, (2) the ink is ejected without being dried
at the nozzle ends to prevent clogging there while
15 keeping good eject response and stability, (3) the
ink can be well fixed on paper, (4) the images are
highly durable (i.e., resistant to weather, water or
the like), and (5) the images are stable for extended
periods. Especially, ink that is dried and fixed
20 rapidly and provides printing of high image-quality
when printed even on plain printing paper such as
copy paper is being required with a recent increase
in printing speed.
Colorants for ink jet recording with an aqueous
25 ink are mainly composed of a dye or pigment. Water-

soluble dyes have been mainly used for their

handleability and color developing capacity. More



extensi vely devel oped for aqueous inks which can realize higher weather and
wat er resistance of the 5 images produced by ink jet recording. For a water-
i nsol ubl e colorant, pignent in particular, to be used for aqueous inks for
ink jet printing, it should be stably disspersible in water. H gh di spersion
stability of water-insoluble colorants has been 10 generally achieved with
the aid of a surfactant or polyneric dispersant (hereinafter referred to as
di spersing resin) - The other nethods for obtaining dispersion stability of
wat er -i nsol ubl e colorants include, chem cal nodification of their surfaces

(e 0., 15 JapangseoRRignt RRIJGA! | O8sLAkdPIGN Mo Hth 492480k 0 the

other hand, a mcrocapsiule type pignent, i.e.; pignment coated with a resin,

has been proposed)feafits, JARMESES Pafeph ANRLIGH | Otk d&i doGen Nos.
H8- 183920 and 2003-%47?0)%?épanese Patgnf Application Laig 20 Open No.

2003- 34770 di scheseessida13qupoHS] Shs@eEskoR qufodd NehkSOhREBH Ral i cl es
which is polynerized in the presence of vinyl nononer, after it is :

i ncorporated W £badjwatl &righisolwdd €heel ahdntva téirs pssesk AncanoFquenus nedi um
with the aid of a 25 dispersant, wherein it exhibits dispersion stability
when the di $per spayebeppodur« Sper ekt e twateerord syl ul#er cal vaaetr- and,
when the vinyl nononer is - 4 polynerized only in the presence of the
di spersant, thénsedubtliengdlaimnt acksgsealyi lint pdramubascussede thed "t he
di spersion of water-insoluble colorant can
for aqueous inks for ink jet printing, it should be
stably dispersible in water. High dispersion
stability of water-inscluble colorants has been
10 generally achieved with the aid of a“surfactant or
polymeric dispersant (hereinafter referred to as
dispersing resin). The other methodé forlobtaining
dispersion stability of water-insoluble colorants
include chemical modification of their surfaces (es.g.,
15 Japanese Patent Application Laid-Open No. H10-195360).
On the other hand, a microcapsule type pigment, i.e.,
pigment coated with a resin, has been proposed (e.g.,
Japanese Patent Application Laid-Open Nos. H8-183920
and 2003-34770). Japanese Patent Application Laid-
20 Open No. 2003-34770 discloses “an aqueous dispersion
of fine, colored particles which is polymerized in
the presence of vinyl monomer, after it is
incorporated with a water-insoluble colorant
dispersed in an aqueous medium with the aid of a
25 dispersant, wherein it exhibits dispersion stability

when the dispersant helps to disperse the water-

insoluble colorant, and, when the vinyl monomer is



be prepared by enul sion polynerization in a high 5 yield w thout causing
aggl oneration of the fine, dispersed, coated particles of pignent, because
affinity of the dispersant for the vinyl nononer and polyner thereof is not
so high with the result that it is separgted fromthe pignent particle
surfaces to 10 a limted extent and the polynerization proceeds on the

di spersant - adsor bed pignent particle surfaces.” The inventor discusses that
an ink for ink jet recording was obtained, which is excellent in

di spersion stability and printing characteristics, 15 shomﬁng little

talli I d |l ent t t t d t chi
' respect ive ot°FK e%ii%%@ t%é‘l&g I oSt h e et O oh Thbee
Lechn dues. DougYeL. <63RI0L ANAKS 1 2AKLSLYadLanetslon Al a&i%&xss.?.d storage
stability for exten e i ods™ S1 Nl aneous y an I cien he

i nventors of tfg,pr e%ﬁ@t dllgé)%r}:tdé% C&Pshgﬁérf-'iﬂfsol%b‘i@ %&Iﬁréigg%gnhave a

functional group at a ensity on the surface to be stably dispersed

in an ink. Inbéhgréga\f@at RN mPI PEEHUHE S yitBIrG R a¥S@ 2 1Pl YHEGhC di spersant
and the procedure disclosed by - 5 Japanese Pat ent Appllcatlon Lai d- Open

No. HB8-183%20 ywhidhwtisBdua lREidtoadflpingramntion A easd ngiasjd val ue of
the resin for Increased dispersion stability sonetinmes fails to secure ink
storage stabil diyptesed, exioartdedl grert bdiesbefapigment,s secanpani ed by
affinity of the dispersant for the vinyl monomer and
polymer thereof is not so high with the result that
it is separated from the pigment particle surfaces to
10 a limited extent and the polymerization proceeds on
the dispersant-adsorbed pigment particle surfaces.”
The inventor discusses that an ink for ink jet
recording was obtained, which is excellent in
dispersion stability and printing characteristics,
15 showing little metallic gloss, and excellent in

resistance to water, light and scratching

irrespective of the paper type.

DISCLOSURE OF THE INVENTION

20 These techniques, however, cannot always
satisfy dispersion stability and storage stability
for extended periods simultaneously and sufficiently.
The inventors of the present invention consider that
a colorant should have a functional group at a high

25 density on the surface to be stably dispersed in an
ink. In the conventional procedures which use a

polymeric dispersant and the procedure disclosed by



i ncreased hydrophilicity of the resin and tends to cause desorption of the
resin fromthe colorant with a lapse of tine. On the other hand, surface
nodi fication of a water-insoluble colorant by 10 chem cal procedure

di scl osed by Japanese Patent Application_Laid-Open No. H10-195360 invol ves
probl ens. For exanple, the nodifiable f unet i onal groups and their density
are limted. Direct chemcal nodification, in particular when the 15
colorant is an organic pignment, nmay bond the hydrophilic group 12 to the

pi gnent nol ecul es, which are originally water-insoluble and crystallized,
to transformtheminto_the hydrophilic, pignment nol ecules 13, w@i@h are
separ at ed fror3RRASFF gF ARPTHi 1 P ekl €5OP8s Noni H&akiy hange t he

hue, a phenongnon known as pignment exfoliation (refer to. FIGS., 6A and 6B)
Therefore, th lnl?m\}%ﬁ?ié‘nﬁﬁsq‘t“é&ﬂﬁ sPHPBCRbL fOCY AR opett o

suffictentl y FEfAgTyet PRcr saenh, requl (eUpnlsoa28 Lol A oty ol of L he
0 { y i

present invention provi de "a “di'spersible colorant s cien hin

di spersion stabill hawi; sgharadi o] r esi_R, :Ganpon froma
col orant and g%%%%%¥T%$ 9§§9%n gﬁ perf@%s § ég 5?%& %%gﬂﬁﬁggﬁgngg%nvolved
in the cogveniionalichepbriguas: ddcdss@notes gblefbatlenayide a method

for sinply producing the sane. The ot her objects are to provide an
aqueous i nk conhatehbedt hgdexslillentit @i spetbkblkeseal emanttdids to

cause desorption of the resin from the colorant with
a lapse of time. On the other hand, surface
modification of a water;insoluble colorant by

10 chemical procedure disclosed by Japanese Patent
Application Laid-Open No. H10-195360 involves
problems. For example, the modifiable functional
groups and their density are limited. Direct
chemical modification, in particular when the

15 colorant is an organic pigment, may bond the
hydrophilic group 12 to the pigment molecules, which
are originally water-insoluble and crystallized, to
transform them into the hydrophilic pigment molecules
13, which are separated from the original pigment

20 molecules to significantly change the hue, a
phenomenon known as pigment exfoliation (refer to
FIGS. 6A and 6B). Therefore, these conventional
fechniques are not fully developed to sufficiently
satisfy the recent requirements.

25 It is an object of the present invention to
provide a dispersible colorant sufficiently high in

dispersion stability, showing no separation of a



ink jet recording, ink tank, ink jet recorder, ink jet recording nethod and
i nkj et recorded i mages. The inventors of the present invention have 10

devel oped, after having extensively studied to solve the above problens, a
novel , dispersible colorant having a novel shape which can keep high

di spersion stability essentially in the absence of a surfactant or

pol yneric dispersant, and the resin conponent 15 first adsorbed on the
colorant to secure storage stability for extended periods. They have al so
devel oped an aqueous ink for ink jet recording having sufficient ejection

stability and g%% ﬁ;?%%%og%} bahk%ﬁafOéatggﬁkgtghgfgﬁ%ggg?pfégoses, and
giving 20 prin i e i by

[ ti t he di i_bl I th in. i fi Ly..th

obj acts of 1 ne prebaRE EERaRT g can BnEcRPE, e B S RE T Sy theans. L

fA. di spersi bl e Eﬂle%%%e%%%ﬂafﬂ ’@e&ﬁ?@ﬁéé?t 185i$”81n8*&%re€keao*ﬂefeé€sw pseudo
ine particles having a snaller size an the colorant, wherelin the

col orant and B%B%E@be%'Hé%HdBf¥%¥‘§1ﬂﬁiy pr%du%iﬁ@‘ﬂﬁ%“%§ﬁ@le'P@éofant
conprising a colorant and chargeabl e resin pseudo fine particles having a

smal l er size thaRerhepgRlMane WS 818vadp! Hhakidieowd 1dme particles are
distributed on and fix to the 5 colorant. 3. The di spersible col orant
according to lcentz2indhicchtHwmieacslrénte Huppkireidll granipodensi Eyrof not
ink jet recording, ink tank, ink jet recorder, ink
jet recording method and inkjet recorded images.
The inventors of the preéent invention have
10 developed, after having extensively studied to solve
the above problems, a novel, dispersible colorant
having a novel shape which can keep high dispersion
stability essentially in the absence of a surfactant
or polymeric dispersant, and the resin component
15 first adsorbed on the colorant to secure storage
stability for extended periods. They have also
developed an aqueous ink for ink jet recording having
sufficient ejection stability and dispersion
stability for ink jet recording purposes, and giving
20 printed matter of high image quality and durability
by incorporating the dispersible colorant therein.
More specifically, the objects of the present
invention can be achieved by the following means.
1. A dispersible colorant comprising a colorant
25 and chargeable resin pseudo fine particles having a
smaller size than the colorant, wherein the colorant

and particles fix to each other.



| ess than 250

col orant according to any of
and/ n2 or |ess.
wherein a copol ynmer conponent conposi ng_ tne
a glass transition tenperature of not |ess than -40C and not
1to 5,
particles contain a copol ymer of

particles has

15 nore than 60C. 6. The dispersible colorant according to any of
wherein the chargeabl e resin pseudo fine
nononer comnponents containing at | east one type of hydrophobic nonomer 20

d at | t t d 7. The. di bl I t
According 1o 6. wheh-eith THETHa BARoB RO & RG 8t UG

prmol s/ g and | ess than 1000 pnols/g. 4. The dispersible

pol yror i zabl o2 heg 0} 4e AR L0 BTA b o 155 %L?thégg.t?gelr BT o ant

according o Gl for RSLELRANS Y AORODLE TNGYEL CONLAIS, Al cheast a

10 1 to 3 which has a surface energy of 70
5. The di spersible colorant according to any of 1 to 4,
chargeabl e resin pseudo fine

(meth)acrylic es conpoun sper si nt according to
8, wherein ther hﬁ’ﬁéO?QQ'Eh%l%n%fl’% SO A DSt 8l bRaghdone x apewad sel ect ed
fromthe group consisting of benzyl nethacrylate and nethyl nethacrylate. 5

10. The di spersbbbeagel orant according to any of 6 to 9, wherein the
hydr ophi I i ¢ nononmer contains at |east an anionic nononer. 11. The
di spersi bl e col orant3 actios diibgpeesible colorant according to 1 or 2

10

15

20

25

which has a surface functional group density of not
less than 250 pmols/g and less than 1000 umols/g.

4. The dispersible colorant according to any of

1 to 3 which has a surface energy of 70 mJ/m®* or less.

5. The dispersible colorant according to any of
1 to 4, wherein a copolymer component composing the
chargeable resin pseudo fine particles has a glass
transition temperature of not less than -40°C and not
more than 60°C.

6. The dispersible colorant according to any of
1 to 5, wherein the chargeable resin pseudo fine
particles contain a copolymer of monomer components
containing at least one type of hydrophobic monomer
and at least one type of hydrophilic monomer.

7. The dispersible colorant according to 6,
wherein the hydrophobic monomer contains at least a
monomer having a methyl group at the a position and a

radically polymerizable, unsaturated double bond.

8. The dispersible colorant according to 6 or 7,

wherein the hydrophobic monomer contains at least a

(meth)acrylic ester compound.



wherein the ani onic nononer contains at |east one 10 conpound sel ected from

the group consisting of acrylic acid, nethacrylic acid and p-styrene

sul fonate salts. 12. The colorant according to any of 6 to 9, wherein at

| east a cationic nononer is contained as _15 the hydrophilic nononer. 13. A

met hod for producing a dispersible col or &nt’, conprising the step of

conducting an aqueous deposition polynerization process of a radically

pol ymeri zabl e nononer in an aqueous 20 di spersion of a water-insoluble

col orant using an aqueous radical-polynerization initiator to integrate

the water-insolube colorant with chargeable resin pseudo fine particles.

14. A nmethod for producThg diarsperidils €2 ednbrareCrddngritséi g t he steps

of (1) conducting an aqueous, deposition polynerization process of a

radi cal ly polyﬂ%gFﬁéBIE ﬁo%w o %.Caﬁﬂg8@§r-C@“Qﬁ%ﬂiﬂ%ﬁ(%@%?taone

wat er -i nsol ubl e _col or n%eﬁggi n._aqueous radical -pal ynerization initiator
|

to integrate tHEPRATEr- . éf% of Bfit IRPPR A gD reki ReNp¥dudo
fine partlclesmegﬁgcgyﬁgkep%ﬁhjy g, gfﬂgEﬁgggb}g%%. The net hod for

t
produci ng a di spersirbfée  <colorant  ac i ng or" 14, wherein the aqueous

di spersion of the wajer ppsobuhle cohrantoisrafe 0H8RHS rnePled 1y
contai ning a pignent disperse th
of 6 to 9, wherein the hydrophilic monomer contains
at least an anionic moriomer.

11. The dispersible colorant according to 10,
wherein the anionic monomer contains at leas£ one

10 compound selected from the group consisting of
acrylic acid, methacrylic acid and p-styrene
sulfonate salts.

12. The colorant according to any of 6 to 9,
wherein at least a cationic monomer is contained as

15 the hydrophilic monomer.

13. A method for producing a dispersible
colorant, comprising the step of conducting an
aqueous deposition polymerization process of a
radically polymerizable monomer in an aqueous

20 dispersion of a water-insoluble colorant using an
aqueous radical-polymerization initiator to integrate
the water-insolube colorant with chargeable resin
pseudo fine particles.

14. A method for producing a dispersible

25 colorant, comprising the steps of (1) conducting an
aqueous deposition polymerization process of a

radically polymerizable polymer in an adqueous



10 a pol yneric dispersant having an acid value of not |ess than 100 and not
nore than 250. 16. The nethod for producing a dispersible colorant
according to 15, wherein the dispersant is a copolyner of nononer
conponents containing at |east 15 one typs of nmononer selected fromthe
group consisting of acrylic acid, and nethacrylic acid and a styrene
nmononmer. 17. The nmethod for producing a dispersible colorant according to
15 or 16, wherein the aqueous 20 radical-polynerization initiator is
anionic or anpholytic. 18. The nethod for producing a dispersible colorant

according to 13 or 14, wherein the aqueous Eispersion of the
vat er - i nsol ubl S-ERFHFARE PE &n WA HGUEIRIEBL Bt F8ACESRa YT P £Pi gnent

than 150 and MCRBPE PRGN C30 DOl R0 A8 A8 RBERGA ST T G AB RS
di i bl di t in_th .
radh ool - pol ymar  SetT BACE R CH AL T S TORF P BFD SAMGATES E23H0 The

met hod for progducifg #;dkspersiitlgscologant according to any of 13 to 19,
wherein the radically polgnerlzéb e nononmer conponent is dropped in the

pol ymeri zatj on systeﬁz)ZQErEQ?igthgg fHofoeduci ng a dispersible 10
col orant according to any of 13 to 20, wherein the

15. The method for producing a dispersible
colorant according to 13 or 14, wherein the aqueous
dispersion of the water-insoluble colorant is an
aqueous solution containing a pigment dispersed wiﬁh

10 a polymeric dispersant having an acid value of not
less than 100 and not more than 250.

16. The method for producing a dispersible
colorant according to 15, wherein the dispersant is a
copolymer of monomer components containing at least

15 one type of monomer selected from the group
consisting of acrylic acid, and methacrylic acid and
a styrene monomer,

17. The method for producing a dispersible

colorant according to 15 or 16, wherein the aqueous
20 radical-polymerization initiator is anionic or
ampholytic.

18. The method for producing a dispersible
colorant according to 13 or 14, wherein the aqueous
dispersion of the water-insoluble colorant is an

25 aqueous solution containing a pigment dispersed with
a polymeric dispersant having an amine value of not

less than 150 and not more than 300.



radi cal |y pol yneri zabl e nononer conponent contains at |east one type of
hydr ophobi ¢ nononmer and at | east one type of hydrophilic nmononmer. 22. The
nmet hod for producing a dispersible 15 colorant according to any of 13 to
21, wherein the radical-polynerization ipitiator is an aqueous azo- based
pol ymeri zation initiator. 23. A dispersi col orant produced by the nethod
according to any of 13 to 22. 20 24. An aqueous ink containing the

di spersible colorant according to any of 1 to 12 and 23. 25. An aqueous i nk
containing a dispersible colorant conprising a colorant and chargeabl e

resin pseudo fine particles having a smaller size than the 25, col orant,
wherein the col orant! And'parfethes fiox %Odé’éb]fp%t%eg}saﬁﬂsép Sast one type

f self-di i bl in fi ti ddi tional | tained. - 11
6. “The. aqueous | Rk aECORGRRG T 35 Hher W ACERG FoS ACBHGRont v ch

constitutes th o-fhne, . r b] e. icl the resjn conponent
whi ch constitﬁ?@ggggepgpgﬁgﬁggngﬁga y%@lgﬁgéé?figig%gf§?BV% %kresin fine
particles contgj glggkgqerization product of a m xture containing at | east

one type of conmon nonmer conponent. 27. The aqueous ink according to 26,
wherein the resin coponedtpwhhel eRNStiddHRsiRy deaskpereiphQ type of the

pseudo-fine, chargeable particles and the resin conponent which constitutes
the at |east of@lorant according to any of 13 to 19, wherein the
radically polymerizable monomer component is dropped
in the polymerization system.

21. The method for producing a dispersible

10 colorant according to any of 13 to 20, wherein the
radically polymerizable monomer component contains at
least one type of hydrophobic monomer and at least
one type of hydrophilic monomer.

22. The method for producing a dispersible

15 colorant according to any of 13 to 21, wherein the
radical-polymerization initiator is an aqueous azo-
based polymerization initiator.

23. A dispersible colorant produced by the
method according to any of 13 to 22.

20 24. An aqueous ink containing the dispersible
colorant according to any of 1 to 12 and 23.

25. An aqueous ink containing a dispersible
colorant comprising a colorant and chargeable resin
pseudo fine particles having a smaller size than the

25  colorant, wherein the colorant‘and particles fix to
each other, and at least one type of self-dispersible

resin fine particles are additionally contained.



type of self-dispersible resin fine particles contain a polynerization
product of a m xture containing at |east one type of comon nononer
conmponent. 15 28. An aqueous ink containing a dispersible colorant
conprising a colorant and negtively charpﬁﬁble resin pseudo fine particles
having a smaller size than the col orant erein the colorant and the
particles fix to each other, and the 20 di spersible col orant has an average
surface zeta potential of not Iess than -80 nV and not nore than -15 nV in
an aqueous medi um whi ch conpose the aqueous ink and a surface zeta
potential distributig less than . 50 in ter of thﬁésta dard devi ati on.

25 29. An aqueous i TX%H%J%HH@OHsdI PG LRYI bPant  cBRFEEETg a

"1 “ana | er eé‘ﬁg%%%ﬁefﬁgp‘)ii%i%ﬁv% Ror BT R T orihieSRRACEFane 1O

particles fix %@ §§§ th Iéﬂ%6§hgh% gg%@; nDreqﬁﬁﬁghaverage

surface zeta not ess an + 5 +60 nVv

in an aqueous &%g E'ﬂ’c%é%ht%%”%‘{selseéé‘ﬁe oRGUEGHE ok aNndk -2y Sud Ace zet a
potential dist ution | ess than 50 In te the standard devi ati on.

30. The aggeouses Nk Eﬁﬁ@rﬁla&&ﬂcﬂeas"\}’c&ﬁtiﬂntg %ﬁyn%@ﬂrz%ﬂérhepﬁ@c’d@é@m
whi ch conposes the 10 dispersible colorant is a pignent, and the ratio of

the total resigfcompoRentrs corthe piggeat 1&aesi bhpl FRIY Of &bdtndy mass) of
not less than 0.3
monomer component.
27. The aqueous ink according to 26, wherein
the resin component which constitutes at least one

10 type of the pseudo-fine, chargeable particles and the
resin component which constitutes the at least one
type of self-dispersible resin fine particles contain
a polymerization product of a mixture containing at
least one type of common monomer component.

15 28. An aqueous ink containing a dispersible
colorant comprising a colorant and negtively
chargeable resin pseudo fine particles having a
smaller size than the colorant, wherein the colorant
and the particles fix to each other, and the

20 dispersible colorant has an average surface zeta
potential of not less than -80 mV and not more than
-15 mV in an aqueous medium which compose the aqueous
ink and a surface zeta potential distribution of less
than 50 in terms of the standard deviation.

25 29. An aqueous ink containing a dispersible
colorant comprising a colorant and pseudo-fine,

positively chargeable particles of resin having a



and not nore than 4.0. 31. An ink tank which contains the aqueous ink 15
according to any of 24 to 30. 32. An ink jet recorder for form ng inages
with the ink according to any of 24 to 30. 33. An ink jet recording nethod
for formng images with the aqueous ink §§c9rding to any of 24 to 20 30 by
an ink jet recorder. 34. An inmage fornmed by ink jet recording with the
aqueous ink according to any of 24 to 30 using an ink jet recorder. The
present invention provides a dispersible 25 colorant which is sufficiently
high in dispersion stability with a functional group on the surface at a

' surface a

high d i , ) i -.13 d sh
0t o tondenci ot €8 8158 Shatt Ortie el ShaPRee MhETP il do 5, SOl GESRD et hod

for sinply p&QQ&C£ﬂQ %QthE QE{SE Ietgoéggﬁngth Qe Qﬁ§§e@geinvention al so

provi des a 5 dispersibfée colorant having other advdntages, e.g., fast

dryin ropertj 3 r r ol LU L esi cratching on
yrng prop éif%?é??siﬂﬁg %%Q%af}g%]?ﬁgé h Mﬁ*ﬁgﬁe St AeE 10§ g

the recording medium an exc ejecting c acteristics exhibited in
an ink jet resor8gtialOo®t ndt otdes edyantagemvofaddestt shersi bhen col orant

of the present invention are high color- devel oping properties and stable
servi ceabi I5i ty+60 @V hhghnt ageebhwsn mediedi whikd l@mgdssangee The
aqueous ink and a surface zeta potential distribution
of less than 50 in terms of the standard deviation.

30. The aqueous ink according to any of 24 to
29, wherein the colorant which composes the

10 dispersible colorant is a pigment, and the ratio of
the total resin components to the pigment
(resin/pigment or B/P by mass) of not less than 0.3
and not more than 4.0.

31. An ink tank which contains the aqueous ink

15 according to any of 24 to 30.

32. An ink jet recorder for forming images with
the ink according to any of 24 to 30.

33. An ink jet fecording method for forming
images with the aqueous ink according to any of 24 to

20 30 by an ink jet recorder.

34. An image formed by ink jet recording with
the aqueous ink according to any of 24 to 30 using an
ink jet recorder.

The present invention provides a dispersible

25 colorant which is sufficiently high in dispersion
stability with a functional group on the surface at a

high density, carries a resin component on the



present invention also provides a nethod for sinply 15 producing the

di spersible colorant, which is still another advantage of the present

i nvention. The present invention also provides an aqueous ink highly gl ossy
on a glossy recording nmedium highly resjstant to scratching on a gl ossy
recording 20 nmedium and excellent in §Td¥§g§ stability for extended
periods, which are still other advantages of the present invention. The
present invention provides an aqueous ink having sufficient ejection
stability and dispersion 25 stability for ink jet recording purposes, and
giving printed matter of high image quality and durability by incorporating
the di spersi bl @1EBRERaART: §&CMSH, [1tlke baRdgRsy ploasRarahlPRkEEamk, ink

jet recorder, ink jet recording nethod and inkjet recorded i m using the
aqueous i nk. S5CBRIE rﬁE@éRl?ﬂi&@k§91?EP AP NESTSESA 10BN Ty

schematical ly illﬁstrategéPe .basiq%§$ uctuie ofta di spersi bl e col orant of
the present iRVBAPFORINGIVENGLIRET %%aﬁ? °F88i'r pseudo fine particles

attached thereto. 1QF cﬁrggegkggng%ﬁﬁgg% g%%gngrggﬁhggy%trates a

representative step of the ne e present” rnvention. FIG 3

R T T R Bt ke ey
fast drying properties on the recording medium, high
resistance to scratching on the recording medium, and
excellent ejecting characteristics exhibited in an
ink jet recorder.

10 | Still other advantages of the dispersible
colorant of the present invention are high color-
developing properties and stable serviceability in a
high to medium or medium to low pH range. The
present invention also provides a method for simply

15 producing the dispersible colorant, which is still
another advantage of the present invention.

The present invention also provides an aqueous
ink highly glossy on a glossy recording medium,
highly resistant to scratching on a glossy recording

20 medium, and excellent in storage stability for
extended periods, which are still other advantages of
the present invention.

The present invention provides an aqueous ink
having sufficient ejection stability and dispersion

25 stability for ink jet recording purposes, and giving
printed matter of high image quality and durability

by incorporating the dispersible colorant therein,



to a colorant for the nethod of the present invention. FIG 4 shows the
enl arged chargeabl e resin pseudo fine particles for the present invention,
viewed fromthe interface in which they fix to the 20 colorant. FIG 5
shows the enlarged interface in which the pseudo-fine, chargeable particle
of resin fix to the colorant for the pres®nt invention. FIGS. 6A and 6B
schematically show the pignent 25 detachnent phenonenon occurring when an
organic pignent is nodified with a hydrophilic group as shown in Japanese
Pat ent Application Laid-Open No. H10 15 - 195360. FIGS. 7A, 7B and 7C
schematically show agglonerated conditions of a dispersible colorant on a
recordi ng nmediamd &1 85SPHrMUDEFORICARRY| NG OUT1iTKE jeNVENTtONIGhe pnésent
invention will be described in nore detail by the enbodi ments considered to
be the best rﬂﬂés.recrﬁédﬂ@grrmedﬂmr%mcﬂ)lbn@egr FRCONGRH IMRgHi 85109
specification neans the colorant which is dispersible in water or agueous

i nk medi um esseh®i AARGORE R - absence of surfactants or pol yneric

di spersants, i.e., self-dispersible colorant. A first node of the present
invention is a 15 dispersible colorant conprising a col orant and

chargeabl e 5resyir pReHia kit RA 1! fitn BRRGEIBS Ne

FIGS. 1A and 1B schematically illustrate the
basic structure of a dispersible colorant of the
present invention having the chargeable resin pseudo
fine particles attached thereto.

10 Each 6f FIGS. 2A, 2B, 2C and 2D illustrates a
representative step of the method of the present
invention.

FIG. 3 schematically illustrates a step for
formation of the chargeable resin pseudo fine

15 particles and another step for fixing these particles
to a colorant for the method of the present invention.

FIG. 4 shows the enlarged chargeable resin
pseudo fine particles for the present invention,
viewed from the interface in which they fix to the

20 colorant.

FIG. 5 shows the enlarged inferface in which
the pseudo-fine, chargeable particle of resin fix to
the colorant for the present invention.

FIGS. 6A and 6B schematically show the pigment

25 detachment phenomenon occurring when an organic
pigment is modified with a hydrophilic group as shown

in Japanese Patent Application Laid-Open No. H10-



colorant has the particles fixed thereto. FIGS. 1A and 1B schematically
illustrate the colorant 1 to which the particles 2 fix the feature of the
present 20 invention. FIG 1B schematically illustrates the chargeable
resin pseudo fine particles 2 fix to the |l orant 1 surface while being
partly fused at the portion 2'. The colorant is provided with a charge
given by 25 the chargeable resin pseudo fine particles fixing to its
surface to becone dispersible in water or aqueous ink mediuns. Thus, the
di spersible colorant is - 16 produced. At the sanme tine, it exhibits high
adhesion to a rding medium due to the presence of the resin conponent
fixing toits %@%& €. Moreover, the dispersible colorant of the present

i nvention 5 exhibits_high or stability for extended periods, because
t he chargeabl e resi anggud?tzh %ggpﬁpai ?ﬁeé%%%bc?g?tyhé ol orant surface,
not by nere physi cal dsorption.of. the rgsin,conpanent, which is, the
feature of the%&i;%ﬁ%ﬁaﬁ%dCSPBH£%}QQSt% %rgééﬁ 9ﬁﬁb¥ﬁeﬁ??85?%§r§“}arely
separ at ed fromgﬂy%égggfg ‘o gq%nphargeable resin pseudo fine particles for
t he present invention con tTEute™ resin agglonerate in which the resin

conponents are strongly aggl onerated with each other, preferably having many
15 physical crosslinks inside (resin agglonerate is conposed of a resin

conponent st ablpy gy et FOR! BARRNOMNG Qdut | PREPENENESON Whi ch may be
aggl oner at ed
The present invention will be described in more
detail by the embodiments éonsidered to be the best
modes. The term “dispersible colorant” used in this
10 specification meaﬁs the colorant which is dispersible
in water or aqueous ink medium essentially in the
absence of surfactants or polymeric dispersants, i.e.,
self-dispersible colorant.
A first mode of the present invention is a
15 dispersible colorant comprising a colorant and
chargeable resin pseudo fine particles, wherein the
colorant has the particles fixed thereto. FIGS. 1A
and 1B schematically illustrate the colorant 1 to
which the particles 2 fix the feature of the present
20 invention. FIG. 1B schematically illustrates the
chargeable resin pseudo fine particles 2 fix to the
colorant 1 surface while being partly fused at the
portion 2'.
The colorant is provided with a charge given by
25 the chargeable resin pseudo fine particles fixing to

its surface to become dispersible in water or aqueous

ink mediums. Thus, the dispersible colorant is



into still fine particles) The chargeable resin pseudo fine particles wll
be described in detail 20 later. The chargeable resin pseudo fine particles
fix to the colorant for the present invention by strong interactions
between them This is considered to be achieved by the follow ng
phenomenon. FIG 4 25 schematically showsl@he enlarged interface at which

t he pseudo-fine, chargeable particles cone into contact with the col orant.
It should be noted first - 17 that the chargeable resin pseudo fine
particles are forned by a pol yner, conposed of varying nononer unit

conposi tions, entw ned with each other. The polyner |ocally takes
di versified sterteducedin Ahethat sAMgcd iM% mitth ¢xbibabsr AGh and hence has
surface energy widely distributed |ocally. The col orant and pol yne are

firmy bound t3R22hoBt her & 6@é4q13ﬂwu%r%e%emr du§u1t1°ad'€1‘?erié1f%$%§ced81ferm ned
by the chenlcalhand surface strqﬁtég co nC| e vmtl} each her (dark 10
circles in FIG 9) FFhete “RFEL M %139 oF OsitF8s SURL AR ch MHSELEF nei de

th each oth th h 0 . de
that the parti EPeedt PROFEIERE So1SPAANC o 't HRBePERPET Ly ??%ﬁls considere
| nteractions aceRiflipg hackhe MeanntodB,Liveqt kan. JFachely ! hey ghaggeatl e

resin pseudo fine artIC ners Stron eracted
with each OtheBeEnggn@hE' @ﬂ@égﬁﬁénf@¥§hcﬁgeudo fine partlcles

fixing to the colorant surface, not by mere physical

adsorption of the resin component, which is the

feature of the dispersible colorant of the present
10 invention, are rarely separated from the surface.

The chargeable resin pseudo fine particles for
the present invention constitute a resin agglomerate
in which the resin components are strongly
agglomerated with each other, preferably having many

15 physical crosslinks inside (resin agglomerate is
composed of a resin component stably present in the
form of fine particles, which may be agglomerated
into still fine particles). The chargeable resin
pseudo fine particles will be described in detail

20 later.

The chargeable resin pseudo fine particles fix
to the colorant for the present invention by strong
interactions between them. This is considered to be
achieved by the following phenomenon. FIG. 4

25 schematically shows the enlarged interface at which
the pseudo-fine, chargeable particles come into

contact with the colorant. It should be noted first



crosslinks. This prevents the particles frombeing 20 separated fromthe
colorant or the resin conponent having a hydrophilic group and from bei ng
continuously eluted out of the particle, even when the particle contains
many hydrophilic groups. By contrast, a.col orant prepared by encapsul ati on
25 (disclosed by, e.g., Japanese Patent plication Laid-Open No.

H8- 183920) may not al ways exhibit sufficient storage stability for extended
periods, - 18 because. a highly hydrophilic resin cannot be strongly bound
to the colorant. The chargeabl e resin pseudo fine particles fixing to the
colorant for t dIS ersj bl e cglorant 5 ofl%£% gresent ntlon brings
anot her advant ¢ ncrandes %Seéqa%9sﬁﬁq 88 89 pHot ogy of

the fixat Th d fi f h th h
on' the par 11 ol EERE ; G S CBP VAR GRRASVor S o T H Bt Fg%%%ii‘erra WSk T, t he

10 di sper si bl ¢. 6l tlatnt S4r7 age ol Ay, chatoedinlp ofier RS he
oran

di spersi bl e col resén i'mvention has a or pho Iggy yIMhlch its

surface is chey g;ﬁﬁgkétfam%%lw Sl engr @ X REDIi o dy Aber

di spersion st an the one coated wth 15 a resin representatively
di scl osed By Japanesge P@&fatanepplalrf@tné}rbéad&ls QPeprhee E3hB3920, even when

its resin conponent has a lower substantial acid or anine value. In
general , organiidgl gngnssrapatiedsaldddlliyzedThe colorant and polymer
are firmly bound to each other locally where their
surface energies, determined by the chemical and
surface structure, coincide with each other (dark
10 circles in FIG. 4). There are aAplurality of sites
at which they coincide with each other in the
interface (the sites 10 in FIG. 4). It is considered
that the particles fix to the colorant at these sites
by strong interactions according to the present
15 invention.

Each of the chargeable resin pseudo fine
particles is composed of polymers strongly interacted
with each other to conditionally form physical
crosslinks. This prevents the particles from being

20 separated from the colorant or the resin component
having a hydrophilic group and from being
continuously eluted out of the particle, even when
the particle contains many hydrophilic groups. By
contrast, a colorant prepared by encapsulation

25 (disclosed by, e.g., Japanese Patent Application
Laid-Open No. H8-183920) may not always exhibit

sufficient storage stability for extended periods,



20 (becom ng pignents) when their col or-developing colorant nolecules are
crystallized by strong interactions. Wien an organic pignment is used as the
colorant for the dispersible colorant of the present invention, the
chargeabl e resin pseudo fine particles 25 fix to the pignment particle over
several colorant nolecules therein, as wn in FIG 5, because there
plural interaction sites in the interface between the - 19 pseudo-fine,
chargeabl e particle and colorant, as discussed earlier. Therefore, the
"pignent detachment” (illustrated in FIGS. 6A and 6B) caused by the
colorant locally beconing,h¥yrophilic should 5 not occur in the present
invention. It P&cprerepabiehly thydrPRR Hhif cIBRaReFRIEL Y Hee cOF BPRAL YL hat
the chargeable resin pseudo fine particles are kept smaller than the

di sper sed pign%ﬂ?néaFPiEﬁSSQQﬁorq fyer than the colorant nolecules, to

produce the 10 dispeysible colorant conprising,the. highl .di.spersible
pi gment wi t hout des?ﬁgii%5afﬁ§aéiﬁn§ﬁFlQnRE§ Osf?ﬁ%tﬁ?étlfﬂgghondition of

the char geabl ectegh) poevda. dde A tEol egnc! LiLog dig idhe eoborgpt | n the

15 present inven can be sinply confirnme OW Nng procedure

Vol Ving SeRasat Ll WhEBCHY Sy dss bk InkBeabiisle S A0t A5 08T ANt to

be confirmed i's separa rom ot her water- conmponent s~ (i ncl udi ng
wat er - sol ubl e §gsiBhsREESPUCi M 20 @PFABK QFeddBOUS dinghi8hsd Phgy! Brt he

second st age,
the fixation. The increased specific surface area
helps appear the charge on the particles to the
colorant surface very efficiently. As a result, the
10 dispersible colorant surface is highly.charged. In
other words, the dispersible colorant of the present
invention has a morphology by which its surface is
charged more efficiently and highly, and exhibits
higher dispersion stability than the one coated with
15 a resin representatively disclosed by Japanese Patent
Application Laid-Open No. H8-183920, even when its
resin component has a lower substantial acid or amine
value.
In general, organic pigments are insolubilized
20 (becoming pigments) when their color-developing
colorant molecules are crystallized by strong
interactions. When an organic pigment is used as the
colorant for the dispersible colorant of the present
invention, the chargeable resin pseudo fine particles
25 fix to the pigment particle over several colorant

molecules therein, as shown in FIG. 5, because there

plural interaction sites in the interface between the



t he colorant and water-insol uble resin conponent are separated fromthe
precipitate produced in the first stage. In the third stage, the weakly
adsorbed resin conponent and dispersible colorant to which the 25
chargeabl e resin pseudo fine particles fix are separated, to quantitatively
anal yze the resin conponent in the supér%%tant sol ution produced in the -
20 third stage, and to conpare the precipitate produced in the second
stage with those produced in the third stage. This procedure can confirm
the conditions wunder which the chargeable resin pseudo fine 5 particles fix
to the colorant. Mre specifically, the condition can be confirmed by the
fol | owi ng procederde-fams nichargsplpee BHRspacdicomnDEhoranprepared in such
a way as to be dispersed with a colorant in around 10% by nmass 10 of the
total solid coRi&RVSSEY Saent¥$¥ ugdiNgrefeBeedthgt "PAIOWEY pm for 60 i nut es

So1i150 ae t holPORERTERSE) 4oLV EOFabRrsel THCS MR S (PRLoorargs

mmates’in ¢ neYsERenioatnu vhEe L koSl Bl Lo nEBREL i ng
inutes in thélssbind st G IR ate”"eontai

quant ity oft pulgt Gt ha Tt r e ko eRl e IS Pt ebdE Fam 20

for 90 m nut esyifnt B, (JHguh & A9FgndAE heSwhid RG1 ¥R PLAALCLRANt i Ning the
colorant, settled as the

chargeable resin pseudo fine particles are kept
smaller than the dispersed pigment particles but
larger than the colorant molecules, to produce the

10 dispersible colorant comprising the highly |
dispersible pigment without destroying the pigment
crystal structure.

The condition of the chargeable resin pseudo

fine particles “fixing” to the colorant in the

15 present invention can be simply confirmed by the
following procedure involving separation with three
stages. In the first stage, the colorant to be
confirmed is separated from other water-soluble
components {(including water-soluble resin) present in

20 an ink or aqueous dispersion. In the second stage,
the colorant and water-insoluble resin component are
separated from the precipitate produced in the first
stage. In the third stage, the weakly adsorbed resin
component and dispersible colorant to which the

25 chargeable resin pseudo fine particles fix are

separated, to quantitatively analyze the resin

component in the supernatant solution produced in the
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conponents. The second stage is
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25

confirmed by the following procedures. An ink or
water dispersion (20 g) is prepared in such a way as
to be dispersed with a colorant in around 10% by mass
of the total solid content, and centrifugally treated
at 12,000 rpm for 60 minutes in the first stage. The
resulting precipitate containing the colorant,
settled as the lower layer, 1is redispersed in almost
3 times larger quantity of pure water, and
centrifugally treated at 80,000 rpm for 90 minutes in
the second stage. Then, the resulting precipitate
containing the colorant, settled as the lower layér,
is redispersed in 3 times larger quantity of pure
water, and centrifugally treated again at 80,000 rpm
for 90 minutes in the third stage. The resulting
precipitate containing the colorant, settled as the
lower layer, is collected from the system. The
precipitate produced in the second and third stage is
dried under a vacuum at 30°C for 18 hours and
observed by a scanning electron microscope at a
magnification of 50,000, where each sample is

prepared to contain about 0.5 g of the solids. When

he
e
he

it
cally,
eous



separate the colorant and resin conponent fixing thereto fromthe other
resin conponent (s) adsorbed on 25 the colorant. The third stage is to
confirmthat the resin conponent fixing to the colorant is not separated
fromthe colorant. It is needless to say - 22 that any procedure which can
satisfy the object of each stage nmay be 4sed, whether it is known or new y
devel oped. It may involve nore than or less than three stages. 5 A second
node of the present invention is a dispersible colorant which is by itself
di spersible wth the chargeable resin pseudo fine particles 2 fixing to
the water-insoluble colorant 1. As discussed earlier, the dispersible

col orant of thehaodpspseribilevantiorans sel phapspedsity drave epluralcan be
stably dispersed in water and aqueous_ink essentially in the absence of
surfactants orfipel HABELELESs e sutklaThaddePRairates dnidir@ghentrocedure
wi ||l be described_|later. The dispersjble , 15 colorant ,of the present

i nvention can dr&hense a%ﬁtﬁ%ﬁﬁ h%+§ﬁ€?iErapgﬁgpgdﬁiﬁjHﬁogﬁﬁ?n esin
conponent or surfagctant,, i ch may be separated from the colorant.over |ong
peri ods and ha%n%eghlrgrsg%ﬁgnﬁﬁ¥% f% 0 %%%%?édmpgggﬂﬁﬁq¥7e Bl'otant 20

di spersion.: As.a & , I i ble ant. _aof _ _the e i pyention
gi ves anotﬁ%r %%Viﬁ?gég Fgg%agaggﬁéé%gé,p?%%?éaggggfFggggﬁg%ggdgéfgggof

conponents ot hgp t BaRoLhetdi SPELSIRIE CUM @M half of the upper

supernatant layer produced in the third stage is
slowly collected from the system and dried at 60°C
for 8 hours, to determine the solid content from the

10 weight difference before and after drying. When it
is less than 1%, it is judged that no resin pseudo
fine particles are separated from dispersible
colorant and that these particles fix to the colorant.

The separation condition described above is a

15 preferable example, but any procedure can be employed
to judge whether or not the colorant is the
dispersible one of the present invention, so long as
it satisfies the object of the separation in three
stages. More specifically, the first stage is to

20 separate a colorant present in an ink or aqueous
dispersion and resin components adsorbed thereon from
water-soluble components. The second stage is to
separate the colorant and resin component fixing
thereto from the other resin component (s) adsorbed on

25 the colorant. The third stage is to confirm that the
resin component fixing to the colorant is not

separated from the colorant. It is needless to say



Therefore, the aqueous ink incorporated wth the 25 di spersible col orant of
the present invention can secure sufficiently high printing concentration
even on an ink-perneable recording nedium e.g., plain - 23 - printing
paper. Self-dispersibility of the dispersible colorant of the present

i nvention can be confirnmed by, e.g., tﬁe2¥oTIomjng procedure. The ink or
aqueous 5 di spersion dispersed with the colorant is diluted 10 tinmes thinly
with pure water, and concentrated to the original concentration by an
ultrafilter having a cut-off nolecular weight of 50,000. The concentrated
solution is centrifugally treated at 12,000 rpmfor 2 10 hours, and the
resul tant prectbptagayi prosiddtiediaheh £adi spéisdy itheueleiagtepf The
colorant is judged to be self-dispersible, when the precipitate is well

redi spersed. VAeFReftagendy kg wrednerhethedi dferisekRRiyn baTj BaYed by
taking into 15 consideration the follqﬁﬁn obsegvations; uni fQrm di spersion

is visually obS8V§eaPeAo plEciEivt A 357e BPE®I 8Bs8F v S t@% he sol uti on

is allowed to étand for 1 to 2 hours, or precipitate, if any, can be

di spersed by | FGREPy SEAFKSHg the sol ution, and the 20 dispersed particle

di anet er, d§t erm nedAbgegé;Han}n%dgl i@ttﬁ(ﬁgﬁggéﬂg, i-th%e%gctiié%gsiyal ess as

| arge as the original dianmeter before t treat nen cribed earlier

fs Bref ggzper si bl g;epksam e QfolidieaRf BRRDEN BY¥eRY QR NASF a4 3p88s3Bgei fiC

with the chargeable resin pseudo fine particles 2
fixing to the water-insoluble colorant 1. As
discussed earlier, the dispersible colorant of the

10 present invention is self-dispersible, i.e., it can
be stably dispersed in water and aqueous ink
essentially in the absence of surfactants or
polymeric dispersants. The definition and judgment
procedure will be described later. The dispersible

15 colorant of the present invention can dispense
without any polymeric dispersant, another resin
component or surfactant, which may be separated from
the colorant over long periods and has been
traditionally incorporated to stabilize colorant

20 dispersion. As a result, the dispersible colorant of
the present invention gives another advantage to
aqueous 1ink, increased freedom of design of
components other than the dispersible colorant.
Therefore, the aqueous ink incorporated with the

25 dispersible colorant of the present invention can
secure sufficiently high printing concentration even

on an ink-permeable recording medium, e.g., plain
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vast area. The nore preferable results can be produced when

resin pseudo fine particl§§ massively fix to the col orant
particularly preferable that

iformy distributed. It is
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corporated with the dispersible colorant of the present

toueg to ke  asitryhng wAtareeerdidih et tatedSteoneel vably
resulting fromthe foll ow ng nechani sm

original concentration by an ultrafilter having a
cut-off molecular weight of 50,000. The concentrated
solution is centrifugally treated at 12,000 rpm for 2
hours, and the resultant precipitate is collected and
redispersed in pure water. The colorant is judged to
be self-dispersible, when the precipitate is well
redispersed. Whether or not they are well
redispersed may be judged by taking into
consideration the following observations; uniform
dispersion is visually observed, no precipitate is
notably observed after the solution is allowed to
stand for 1 to 2 hours, or precipitate, if any, can
be dispersed by lightly shaking the solution, and the
dispersed particle diameter, determined by dynamic
light scattering, is 2 times or less as large as the
original diameter before the treatment.

As described earlier, the dispersible colorant
of the present invention has a large specific surface
area caused by the chargeable resin pseudo fine
particles fixing to the colorant, and realizes

excellent storage stability by being massively



whi ch, however, is not fully substantiated. The dispersible colorant is
dispersed in an ink with the - 25 chargeable resin pseudo fine particles
fixing to the colorant surface, as discussed earlier. Wen the ink reaches
a recording nmedium the solvent in the in? is absorbed in fine pores on the
medi um (voi ds between 5 cellul ose fibers A The case of pl ai n paper, or fine
pores in the receiving layer in the case of coated or glossy paper) by the
capill ary phenonmenon. Then, the dispersible colorant of the present
invention forms a nunber of fine interspaces in the area where the 10

col orant conmes |nto contact w th each other and charg%%ggﬁ%resin pseudo
fine particl esCAPEISN 18 MRE YR EtrRBEGRed, [REsBPEENE TG 3RS mor phol ogi cal
characteristic. Therefore, .the in§ sol,vent sent bet%ggn t he.col or ant

particles is qiFORNY Sab€0} B0 FHOT8CEHe P EBor Mg A TAv Y RS Bapi |1 ary
phenomenon. ~ The agtequs, d i, of ; Lhe present, iinyeiy] o, exhi DLLS o ore

preferable fas ryi-ng cha cs when i iI'S" I hcorpor a

di spersi bl e cohg&g_tHgi'duhﬁﬁgorﬁmggggg I%%yﬁﬁg psqudq fine particles

uniformy 20 distributed on the sur ‘ervation supports the

above mechami sp,her fastr Of ¥pPOfe riBe disRe! HHY & o4 £F 8R1 0f st-he present
i nvention preferably has a surface functional group density of not |ess than

250 prol s/ g, apgaresErddiancad®d 3:H8€ BHOLS/GriDie Piefenabl yanat |ess than
290 pnols/g, and |l ess than 900 pnols/g. It may have
preferably distributed uniformly. Still more
preferably, the colorant surface is exposed between
these particles. These morphologies can be confirmed
10 by a transmission or scanning electron microscope.
In other words, the microscopic observation can
confirm whether or not these particles are apart from
each other at a certain distance, or the colorant
surface is exposed between these particles. These
15 particles may be locally closer to each other or
fused with each other in some cases. However, it is
self-evident for the industry concerned that these
particles fix to the colorant, when they are apart
from each other at a certain distance or the colorant
20 surface is exposed between these particles as a whole,
and these conditions are distributed.

Moreover, the aqueous ink incorporated with the
dispersible colorant of the present invention is
found to be fast drying on a recording medium,

25 conceivably resulting from the following mechanism,

which, however, is not fully substantiated. The

dispersible colorant is dispersed in an ink with the



deteriorated storage stability for extended periods - 26 at a |ower
density. At a fairly higher density, on the other hand, it may be difficult
to secure a high printing concentration, because of excessive dispersion
stability and hence perneability into thﬁglfecording medi um The surface
functional group density is nore preferably in a range fromnot |ess than
350 pnols/g and | ess than 800 pnols/g with carbon black as the col orant,
because carbon bl ack has a higher specific gravity to need higher 10

di spersion stability and higher black concentration on a recording nmedium

is f d. Th f f ti | d ' det ' by,

g, - the f ol PBW AR GeaiunS RARRHT nELRE SRRFERGIE® darbhi CP o REgH i vel y
h d. Th 5 _di i Ik t ' t di i bl

Coforant i of POLSHSRET AORY et it HSnE PR SRR 3, ottt (Rl Pt -

and cent rifugabLychegabedqalor A% Yk d PG Obnd BoMEenthe f esul i

Ce. : is .
precipitate is collected an sper in pure water, a its go solid

concentration jgsdebebmined e therdk Yonoeh8ehBad um & J &l sheF$8dn
precipitate is weighed and then incorporated with a known quantity of

sodi um hydy ogealtanberatfdbehhe M Xthis echSeSbifr pa@ it0 pd¥EPArert ene
di spersion, which is centrifugally 25 treated at 80,000 rpmfor 2 hours. The
supernatant spbytkoini $heeirgiesdviang 1ayeat ed which daske N f hydsbed! ori ¢ aci d

for neutralization to determ ne the

glossy paper) by the capillary phenomenon. Then, the
dispersible colorant of the present invention forms a
number of fine interspaces in the.area where the

10 colorant comes into contact with each other and
chargeable resin pseudo fine particles are uniformly
distributed, resulting from its morphological
characteristic. Therefore, the ink solvent present
between the colorant particles is quickly absorbed in

15 the recording medium by the capillary phenomenon.
The aqueous ink of the present invention exhibits
more preferable fast-drying characteristics when it
is incorporated with dispersible colorant having the
chargeable resin pseudo fine particles uniformly

20 distributed on the surface. This observation
supports the above mechanism for fast drying.

The dispersible colorant of the present
invention preferably has a surface functional group
density of not less than 250 umols/g, and less than

25 1,000 pmols/g, more preferably not less than
290 umols/g, and less than 900 umols/g. It may have

deteriorated storage stability for extended periods



- 27 surface functional group density (nols/g-colorant) by subtracting the
known sodi um hydrogen carbonate quantity fromthe quantity for
neutralization. Wien the dispersible colorant is charged with a cationic 5
group as a polar group, the surface fungt%gngl group density is determ ned
in a simlar manner except that hydrochloric acid and sodi um hydrogen
carbonate are replaced by sodi um hydroxide (NaOH) and anmoni um chl ori de,
respectively. 10 The di spersible colorant having a surface energy of 70
mi/nm2 or less is one of the preferred enbodinents of the present invention.

The inventors of the present .invention have found that the  dispersible
col orant can S%Eu?e183§6u99§?%§&ni5ﬁ-EB{%ﬁﬁ%¥$%¥9§?Fc§Q&§%¥¥edﬁ?ding

di wh t | ed .t . f . in the ab . A
Col or aht havi nba BUPFECABKEr g HREDPS FhL SREALs 61 SRS HOT n2 ey pr ovent
th I t froe ' t t i nk di 20
bocause of excBEBNB Ry SPRRR T 150! PRa- 0P Shlr SriSte ool or ant surf ace.

and. the recor dgdopags orf LAmSIOOLP! dnd HLAGe MEARUE e dhtedchpage my

be insufficiently resistant to water, conceivably resulti rom strong
hydrophi l'i ¢ ty-8EotR8 néd dIBRAY ST Al Rl oF A0 §Mﬁ&@§@na\¢hlgcﬂmt:@uses
is

redi spersion of the colorant on the recordi ng nmedium after
aggl oner at ed, wbgBithe iismagerd oxPOB&Ely 28 a range from not less

than 350 uymols/g and less than 800 umols/g with
carbon black as the colorant, because carbon black
has a higher specific gravity to need hiéher

10 dispersion stability and higher black concentration
on a recording medium is favored. The surface
functional group density may be determined by, e.g.,
the following procedure, when the dispersible
colorant is negatively charged. The aqueous

15 dispersion or ink incorporated with the dispersible
colorant is diluted with an excessive quantity of
hydrochloric acid (HCl), and centrifugally treated at
20,000 rpm for 1 hour. The resulting precipitate is
collected and redispersed in pure water, and its |

20 solid concentration is determined by the drying
method. The redispersed precipitate is weighed and
then incorporated with a known quantity of sodium
hydrogen carbonate. The mixture is stirred to
prepare the dispersion, which is centrifugally

25 treated at 80,000 rpm for 2 hours. The supernatant

solution is weighed, and titrated with 0.1 N

hydrochloric acid for neutralization to determine the



to water or aqueous marker pens. Surface energy of the dispersible colorant
of the present invention can be controlled by any of surface charge of the
col orant, functional group structure, and chem cal 5 and surface structure
of the chargeable resin pseudo fine part% Ies fixing to the col orant.
Moreover, the chenical and surface structure of the chargeable resin
pseudo fine particles can be controlled by any of polynerization initiators
and mononer conponents 10 for the particle synthesis process. "Surface
energy"” in this specification nmeans free energy at the interface between
materials, and depends on chem cal structure of the interface. A nmaterial
of higher surf&88&fass FANEiRRel werPEBl 815 1dvd ¥t I pFel aF R thaber .

Sur f ace ener gy o the dISp rsi bl e col orant efined as the val ue
det ermi ned by ﬁH é??ﬁ#%ﬂ%?oﬁpgﬁﬁm b%ﬁ%QQﬁP ?@;@%P?Eﬁe Measur enent

System More SBB%IE %aH o | hes dg%%&gbg §. féﬁﬁ%%% ng . gqﬁhggldlng

time of 20 the |sp e ¢or'bF afl SO

stationary phagg @qsyéﬁesﬁ&@r&@mgages &h%llfe%b tﬂoé\a&éwtzioﬁilg:t[‘ﬁ

novi ng phase. onent _for th ol orant o

present inwgent t;QBu‘ﬁd lds be &&P&f' §8dup, Z%hgo's‘i’fﬁﬁceThﬁJ&@Jc%ﬁQE WRoeh | 5 one
conponent for di spersible colorant of the present invention is -
described. It a@hstietyariys koverein8aWiy, dewahfpett manner except that
hydrochloric acid and sodium hydrogen carbonate are
replaced by sodium hydroxide (NaOH) and ammonium
chloride, respectively.

10 The dispersible colorant having a surface
energy of 70 mJ/m’ or less is one of the preferred
embodiments of the present invention. The inventors
of the present invention have found that the
dispersible colorant can secure adequate fixation

15 characteristics on a recording medium, when
controlled to have a surface energy in the above
range. A colorant having a surface energy notably in
excess of 70 mJ/m® may prevent the colorant from
being smoothly separated from the aqueous ink medium

20 . because of excessive hydrophilicity of the
dispersible colorant surface, and the recorded image
from smoothly drying. Moreover, the dried image may
be insufficiently resistant to water, conceivably
resulting from strong hydrophilicity of the

25 dispersible colorant surface, which causes

redispersion of the colorant on the recording medium

after it is agglomerated, when the image is exposed



colorant. However, it is preferably of a hydrophobic dye, inorganic

pi gnent, organic pignent, nmetallic colloid, or colored resin powder which
is insoluble 5 in water and can be stably dlspersed in water in the
presence of a dispersant. It preferably has a particle diameter of 0.01 to
0.5 pm (10 to 500 nm when dispersed,'hﬁ%% preferably 0.03 to 0.3 pm (30 to
300 nm) The dispersible colorant of the present 10 invention dispersed to
have a particle dianmeter in the above range serves as a preferable

di spersible colorant for aqueous inks, because such colorant gives high
coloring capacity and hi gh weather resistance of inages. The dispersed

di ameter is tHeo 18atakubPant e aydnaielfe¥ nPaed - bySdyharec eniegity fattering.
The inorganic plgnents useful for. the colorant include carbon, bl ack,
titani um oxi dethei AespAred PLleziGRland e, OfrFBSnPrﬁﬁﬁﬁQD&Qﬁ?n%&%ﬂ1ﬁﬁﬁlOX|de
20 silicon dioxide, Faollnl nDntnD |Ilog|te rium sul f ate,

cal ci um car borfa eS°8 FP&&eda Otatif tffFed:! arﬂ@h 3§1Hé red, nolybdenum
red, chrone verfék?h%n,f@%ég¥%E;icgfgﬁguﬁ¥§EE%WFlea%n fgﬁ) g&lyellow

cadmlnnyeIImN yerrow'i ron oxi Fow e romtnnOX|de

I

bl ue, ul tramarine
manganese V'Olﬁinecﬁg§kﬁdWé¥‘¥1£HHb #,C8he colorant. Moreover, the

chemical and surface structure of the chargeable

resin pseudo fine particles can be controlled by any

of polymerization initiators and monomer components
10 for the particle synthesis process.

“Surface energy” in this specification means
free energy at the interface between materials, and
depends on chemical structure of the interface. A
material of higher surface energy is more wettable

15 and compatible with water. Surface energy of the
dispersible colorant is defined as the value
determined by an inverse gas chromatograph, supplied
by Surface Measurement System. More specifically, it
is determined by extrapolating gas holding time of

20 the dispersible colorant, solidified into powder, as
the stationary phase and that of orgaﬁic gas of
different polarity as the moving phase.

Next, each component for the dispersible
colorant of the present invention will be described.

25 Colorant

The colorant which is one component for the

dispersible colorant of the present invention is



The organic pignents useful for the present invention include those based
on azo, azonethine, 5 polyazo, phthal ocyani ne, quinacridone, anthraquinone,
i ndi go, thioindigo, quinophthal one, benzim dazol one, isoindoline and

i soi ndol i none. The organic, water-insoluble colorants useful for the
present inventin include hydrophobic dyes?® 10 e.g., those based on azo,
ant hr aqui none, indi go, phthal ocyani ne, carbonyl, quinonei m ne, nethine,
quinoline and nitro. O these, dispersed dyes are particularly preferable.
Char geabl e Resin Pseudo Fine Particles 15 The chargeabl e resin pseudo fine
particles which is another conponent for the dispersible colorant of the
present inventfeacaibedefi Atdmay de fame kigghoneranewdly aier\la-fslcPPm a

sufficiently high polynerization degree, having a small ersed unit 20
(di spersed di afedeFrpnitn \Aﬁ?é’lev@érr iifk)1$ PuREeRAPhEy OLf |axhc §¢rheli6r ant .
ranner or °{I§éa$ gPIer&@ orgtated PrRE HEr oSS “féﬁeaiz%éig%ée‘ﬁgi. "
PZ?.“‘S"CL'WBﬁnEﬁ%t 8 Ry Ret o e PREEEE it o f‘#é‘?éiﬂ&?s

Fo each of for . © &hétgﬁ%ﬁ Ot st REyYEREEY MaBPenedh (BT SRRERs: Koy tBEY pe

confirmed by’pfegencteh%f_focl | ¥4 pgrREAEEAUf £. THREEE1Y has a
particle diameter of 0.01 to 0.5 ym (10 to 500 nm)
when dispersed, more preferably 0.03 to 0.3 um (30 to
300 nm). The dispersible colorant of the present

10 invention dispersed to have a particle diameter in
the above range serves as a preferable dispersible
colorant for aqueous inks, because such colorant
gives high coloring capacity and high weather
resistance of images. The dispersed diameter is the

15 cumulant average determined by dynamic light
scattering.

The inorganic pigments useful for the colorant
include carbon black, titanium oxide, zinc white,
Zinc oxide, Tripon, iron oxide, aluminum oxide,

20 silicon dioxide, Kaolinite, montmorillonite, talc,
barium sulfate, calcium carbonate, silica, alumina,
cadmium red, iron oxide red, molybdenum red, chrome
vermillion, molybdate orange, yellow lead, chromium
yellow, cadmium yellow, yellow iron oxide, titanium

25 yellow, chromium oxide, Pyridian, cobalt green,
titanium cobalt dgreen, cobalt chromium green, deep

blue, ultramarine blue, Prussian blue, cobalt blue,



conponent which constitutes the pseudo-fine, 5 chargeable particles is

esti mated beforehand by a known anal ytical procedure, and a |linear polyner
havi ng the sane chem cal structure (or nonomer unit conposition) is

synt hesi zed by solution polynerization. Then, the chargeable resin pseudo
10 fine particles and the polymer are iTmtsed in an organic solvent as a
good solvent for the polyner to conpare their solubility. The chargeabl e
resin pseudo fine particles are judged to be crosslinked inside when they
have a | ower solubility than the 15 polynmer. Another preferred enbodi nent is
t hose having a cunul ant average dianeter of not |less than 10 nm and not
nmore than 200 e¢afulpen blups meagansbsie violdynagPbalitgmialkedt tardng. The
particles nore 20 preferably have a pol ydi sperse i ndex of the dispersed

di ameter kept ®t“%ess than 0.2, viewed fromstorage stability of the

di spersi bl e col orant_for extended erlods %ﬁﬁ %lzat on of the finely

di sper sed colorantgﬂ?t?ﬁgiﬁ}ﬁapﬁg PES Yore PEsERE PESSRPeNti on may

not be achleved mhe t he. dlig egb articles have an average. di anet er of
nore than 200 ?%ﬁ% ign,oRg ?ﬁer HdRXSHYr 8%t AAR 70 22CMGTIHEER2 ot her

hand, the @‘“E§f§9z8haéﬂ%ﬂg'%qyﬁﬂfh&sﬁyﬂgnaEkﬁﬁﬁB%r“éH‘ﬁ%JEQ%HQ%e or esent

aver age di ane ess’t rin e édvan age

i nvention, beCEHéfgébe¥hE@@w@idﬁﬁfd&dﬁ%ﬁﬁﬂhﬁf@ﬁe, benzimidazolone,

isoindoline and isoindolinone.
The organic, water-insoluble colorants useful
for the present inventin include hydrophobic dyes,
10 e.g., those based on azo, anthraquinone, indigo,
phthalocyanine, carbonyl, quinoneimine, methine,
quinoline and nitro. Of these, dispersed dyes are
particularly preferable.
Chargeable Resin Pseudo Fine Particles
15 The chargeable resin pseudo fine particles
which is another component for the dispersible
colorant of the present invention are defined as a
fine agglomerate of a resin of a sufficiently high
polymerization degree, having a small dispersed unit
20 (dispersed diameter) in water (or ink) in which they
fix to the colorant. The fine agglomerate is
morphologically close to a sphere in a pseudo manner
or in the form of agglomerated fine particles
(chargeable resin pseudo fine particles) having a
25 uniform size in a certain range. The resin component
for the chargeable resin pseudo fine particles are

preferably composed of particles physically or



5 nor phol ogy of chargeable resin pseudo fine particles and the resin is
nore easily dissolved in water. The dispersed particles having an average
di aneter of not |less than 10 nm and not nore than 200 nm can efficiently
realize stable dispersion of the colorant 10 brought by the chargeable
resin pseudo fine particles fixing to thélcolorant, because they are
smal l er than the colorant particles. The above preferred enbodi nents are
valid when the dianmeter of dispersed chargeable resin pseudo fine particles
cannot be 15 neasured. In this case, the dianmeter may be determ ned by

el ectron m croscopi c observation. The preferred dianeter range is

consi dered to teemheaddne cras stlhekddveooeachosdhieher eiWhe tWean dihencbl or ant
is of an organic pignent, it 20 is particularly preferable that the

di spersed chatlgegbieer egios sgsiakird f t peepaht pthes lvare ki ceantiageddi anet er
in the above range, and, at the sane tinme, smaller than that of the

di spersed pi gne¥it ané- | &hgerf ey inat PEPCERBT@i-spéRed SEdi™r ant nol ecul es,

25 because the structurally very stabpl e and hi ghl i spersible col orant can
be obt ai ned WhEAMPRBSBL &, _\&i%§E§%%Eu§SFi§gﬁe@gé“é§T M’ char geabl e
oni zed 1 dhot FRREPCGRYdp BT ST HiebascREAmane e e S A SR T2d1 Sper si bl e
by the_chargeaplblhy anMghiera t 15:5-L634E, PRRHIG Ml L She)Re 2" e
having the same chemical structure (or monomer unit
composition) is synthesized by solution
polymerization. Then, the chargeable resin pseudo
10 fine particles and the polymer are immersed in an
organic solvent as a good solvent for the polymer to
compare their solubility. The chargeable resin
pseudo fine particles are judged to be crosslinked
inside when they have a lower solubility than the
15 polymer.

Another preferred embodiment is those having a
cumulant average diameter of not less than 10 nm and
not more than 200 nm, when it is measurable by
dynamic light scattering. The particles more

20 preferably have a polydisperse index of the dispersed
diameter kept at less than 0.2, viewed from storage
stability of the dispersible colorant for extended
periods. Stabilization of the finely dispersed
colorant as the primary object of the present

25 invention may not be achieved when the dispersed
particles have an average diameter of more than 200

nm or a polydisperse index more than 0.2. On the



be confirnmed by one of the foll ow ng known nethods; neasurenent of the zeta
potential on the particle surface, potentionetric titration to determ ne
functional group density, described later, 10 confirnmation of dependence of
the dispersion stability of the chargeable resin pseudo fine particles on
the electrolyte concentration after the~ aqueous dispersion of the particles
is incorporated wth an electrolyte, and analysis of the chem cal 15
structure of the chargeable resin pseudo fine particles to confirm whether
an ionic functional group is present or not. The resin conponent for the
chargeabl e resin pseudo fine particles is not limted, and may be 20

sel ected from atherathardd, drheydiapeirsepolopmsdanzlbmpoendl reeudee pol yreric
conpound newl y devel oped for the present invention. Those_useful for the
resi n conponentifier B igtlaenkavaienenog Vierddricdiameyerclessy tddéy acryl i c,
pol yester, pol yurethane and 25 pol yurea resin, and pol ysacchari des and

pol ypept i des. pnnﬂhﬂFﬂtdF%F,bﬁgp9n§P§ éﬁﬁaéﬁﬁﬁﬁ?H%EstﬁﬁvpﬁﬁsﬁntradicalIy
pol yneri zabl e unsat yr.at ed .bond, in which - 34 rylic, styrene/acrylic
resins are clas&i'f ,OQﬂfpe?ﬁ%?grggﬁy 6§%ﬁmﬁééﬁﬁ§él¥ﬁ%9t&¥n%83pbeneraIIy
used and easi rocessed to i functians o uda-fi.nga,
char geabl e %arb%%ﬁ%%ﬁ‘éiﬁﬁéfn%ﬁ%%%ggb%§V§ﬁﬁggl#ﬁ&?%§$|59§§|§%§&%3§b5%

unsaturated bond { hereinad{er; Lehereedalsd13S dissolved in water. The

dispersed particles having an average diameter of not
less than 10 nm and not mofe than 200 nm can
efficiently realize stable dispersion of the colorant
10 broughf by the chargeable resin pseudo fine particles
fixing to the colorant, because they are smaller than
the colorant particles. The above preferred
embodiments are valid when the diameter of dispersed
chargeable resin pseudo fine particles cannot be
15 measured. In this case, the diameter may be
determined by electron microscopic observation. The
preferred diameter range is considered to be the same
as the above or close thereto.
When the colorant is of an organic pigment, it
20 is particularly preferable that the dispersed
chargeable resin pseudo fine particles have an
average diameter in the above range, and, at the same
time, smaller than that of the dispersed pigment and
larger than that of the dispersed colorant molecules,
25 because the structurally very stable and highly
dispersible colorant can be obtained when these

conditions are satisfied.



radi cal ly pol ynerizabl e nononers or sinply nononers) preferably used for
the present invention include hydrophobic nononers, such as (neth)acrylic
esters, 10 e.g., nethyl acrylate, ethyl acrylate, i sopropyl acryl ate,

n- propyl acrylate, n-butyl acrylate, t- Qﬂ% acryl ate, benzyl acrylate,

met hyl nethacrylate, ethyl methacrylate,”tsopropyl nethacrylate, n-propyl
nmet hacryl ate, n-butyl nmethacrylate, iso-butyl 15 nethacrylate, t-butyl

nmet hacryl ate, tridecyl nethacrylate and benzyl nethacrylate; styrene-based
nononers, e.g., styrene, a-nethylstyrene, o- nethylstyrene, mnethylstyrene,
p- nethylstyrene and p-tert-butylstyrene; |tacon|c acid esters, e.g., 20
benzyl “itaconate; nel&§ cCheraea 9§r§aﬁ§kf g FR¥ hiyhe Hﬁ?é&@é’ fumaric acid
esters, e.g., dinet fumarat e; a acr Ionlhr|le netahcr onltrlle and
vinyl acetate. l&ﬁ%n%mloanrﬁg TR PRGIRIEG RETES 1af oty o

hydrophilic no s arz referabl used
Y

p ¥ i TRNoNer s an anlonlc
group, such as ?ﬁsjééonﬁ ﬁﬁé) ardb&H i 29497 8, &S dum’atﬁ'lﬁf %@?‘
met hacrylic ac% %eig? Eg%&%ﬁﬁe byt ré’ﬂléfggébq’l&tgf. (hrey]} 1?

i sopropyl acryTa icacid, “ fumaric a ereof; those

T S o6 gigen 0 st acens el et Rl oceyl o o
sul fonate, bupyl ashyhamede pldanase end dosablvikenafwn aldthods;
measurement of the zeta potential on the particle
surface, potentiometric titration to determine
functional group density, described later,

10 confirmation df dependence of the dispersion
stability of the chargeable resin pseudo fine
particles on the electrolyte concentration after the
aqueous dispersion of the particles is incorporated
with an electrolyte, and analysis of the chemical

15 structure of the chargeable resin pseudo fine
particles to confirm whether an ionic functional
group is present or not.

The resin component for the chargeable resin
pseudo fine particles is not limited, and may be

20 selected from any natural or synthetic polymeric
compound, and the polymeric compound newly developed
for the present invention. Those useful for the
resin component for the present invention include
acrylic, styrene/acrylic, polyester, polyurethane and

25 polyurea resin, and polysaccharides and polypeptides.
In particular, polymers and copolymers having a

radically polymerizable unsaturated bond, into which



t hose havi ng phosphonic acid group, e.g., nethacrylic acid-2-ethyl
phosphonate and acrylic acid-2-ethyl 10 phosphonate. O these, acrylic acid
and nethacrylic acid are nore preferable. Those nonomers having a cationic
group include those having primary anino3group, e.g., amnoethyl acrylate,
am nopropyl acryl ate, am de nethacryl ate,”15 am noet hyl nethacryl ate,

am nopropyl nethacrylate; those having secondary am no group, e.g.,

met hyl am noet hyl acryl ate, nmethyl am nopropyl acrylate, ethylam noethyl
acryl ate, ethylam nopropyl acrylate, nethylam noethyl nethacrylate,

met hyl am nopropyl 20 nethacryl aie, ethyl am noethyl nethacryl ate and

et hyl ami nopr opgFr et RacSyHYAede 13Hoswl havrR§iner Bitsr wLlatg hblgfoupree. g.

di et hyl am noet hyl. acryl at g, i et hyl anj noet hyl acryl ate,

Gi ot hyl am nopPBBseEaRtsy Ises S aHiRUp oty Pt Lpsused

di met hyl am noet hyl nethacryl at e, dief hyl.am. ngethyl . .net hacrylate,
dinethylaninop?géyﬁaﬁéﬁﬁééy %ﬁ%?%%déod?%?ﬁ?Paﬁ@ﬁﬁﬁ%ﬁRﬁ %ét#ggrylate; t hose
having - 36 (q ar, nnqﬁl , . | oride salt of
dinethylan?noe#%%ﬁé@tﬁép%ﬁcryEgﬁigégﬁgoPgaglgé%%'of

dimethy) amigioet hyl mophy! nBRLRRELY itk s Oradecadhy p@flymerizable

di met hyl am noet hyl benzyl acryl ate, chloride salt 5 of .

di met hyl am noethxkkaratle ddiaer yhateinandeH Meferridlazel gs. Those falling

into the category of nonionic, hydrophilic nonomers include conpounds

having both  radically polymerizable monomers or simply monomers)
preferably used for the present invention include
hydrophobic monomers, such as (meth)acrylic esters,

10 e.g., methyl acrylaté, ethyl acrylate, isopropyl
acrylate, n-propyl acrylate, n-butyl acrylate, t-
butyl acrylate, benzyl acrylate, methyl methacrylate,
ethyl methacrylate, isopropyl methacrylate, n-propyl
methacrylate, n-butyl methacrylate, iso-butyl

15 methacrylate, t-butyl methacrylate, tridecyl
methacrylate and benzyl methacrylate; styfene—based
monomers, e.g., styrene, a-methylstyrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene and
p-tert-butylstyrene; itaconic acid esters, e.g.,

20 Dbenzyl itaconate; maleic acid esters, e.g., dimethyl
maleate; fumaric acid esters, e.g., dimethyl
fumarate; and acrylonitrile, metahcrylonitrile and
vinyl acetate.

The following compounds falling into the

25 category of hydrophilic monomers are also preferably

used; monomers having an anionic group, such as those

having carboxylic group, e.g., acrylic acid,



radi cal ly pol ynerizable, unsaturated bond and 10 hydroxyl group, which shows
strong hydrophilicity. They include hydroxynethyl (neth)acrylate,
hydr oxyet hyl (rmeth)acrylate and hydroxypropyl (neth)acrylate. O her known
or new oligoners and nacronononers of various types can be used without 15
any limtation. Use of a crosslinkable TrofonEr is still another preferred
enbodi nent. These nononers include divinyl benzene, allyl (nmeth)acrylate
and et hyl enebi sacryl am de. O her known or new 20 crosslinkabl e nonomers of
various types can be used. Various characteristics of the dispersible
col orant and chargeabl e resin pseudo fine particles can be adequately
control | ed by BehbasEy ldf B&MfrrdFlF?‘h@niaﬁr afefer thaqryligpacafd 25
copol ynmeri zation rati o of _the nononer mhkch cqonstitutes the chargeable

d
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of sulfonate, methacrylic acid-2-ethyl sulfonate,
butylacrylamide sulfonate and a salt thereof; and
those having phosphonic acid group, e.g., methacrylic
acid-2-ethyl phosphonate and acrylic acid-2-ethyl
10 phosphonate. Of these, acryiic acid and methacrylic
acid are more preferable.
Those monomers having a cationic group include
those having primary amino group, e.g., aminoethyl
acrylate, aminopropyl acrylate, amide methacrylate,
15 aminoethyl methacrylate, aminopropyl methacrylate;
those having secondary amino group, e.g.,
methylaminoethyl acrylate, methylaminopropyl acrylate,
ethylaminoethyl acrylate, ethylaminopropyl acrylate,
methylaminoethyl methacrylate, methylaminopropyl
20 methacrylate, ethylaminoethyl methacrylate and
ethylaminopropyl methacrylate; those having tertiary
amino group, e.g., dimethylaminoethyl acrylate,
diethylaminoethyl acrylate, dimethylaminopropyl
acrylate, diethylaminopropyl acrylate,
25 dimethylaminoethyl methacrylate, diethylaminoethyl
methacrylate, dimethylaminopropyl methacrylate and

diethylaminopropyl methacrylate; those having



10 hydrophilic nmonomer provides good norphology controllability and

di spersion stability. Therefore, incorporation of these nononers

si mul t aneously can give the chargeable resin pseudo fine particles which
can exhibit good fixation to the col orant,and good 15 di spersion stability.
The chargeabl e resin pseudo fine particl%g to be fixed each other to the

di spersi bl e colorant and/or colorant for the present invention can have one
or nore additional functions by adequately selecting the nononmer type and
its 20 copolynerization ratio for the resin conmponent which satisfies one
or nore functions, in addition to those described, above, For exagple, one of

the preferred SHBGAERETYs ATRISLHR YEQUP: offe Iryp& U ophbbi 8 tnononer
which 25 h : | . t. th it d j call
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radi cal ly pol ynerizabl e”5 nononer having a nethyl group at the a position is

used for the char geallte: i fbeshyThenk yir avethaeleid©edj | 4hy ¥$ngansi der ed
to result from depol ynerization o¥ the resin, conposed of a radically

pol yneri zabl e amAadeRiclkayvi ng a nmethyl group 10 at the a position, at high

t enperatures to prevent

Those falling into the category of nonionic,
hydrophilic monomers include compounds having both
radically polymerizable, unsaturated bond and

10 hydroxyl group, which shows strong‘hydrophilicity.
They include hydroxymethyl (meth)acrylate,
hydroxyethyl (meth)acrylate and hydroxypropyl
(meth)acrylate. Other known or new oligomers and
macromonomers of various types can be used without

15 any limitation.

Use of a crosslinkable monomer is still another
preferred embodiment. These monomers include divinyl
benzene, allyl (meth)acrylate and
methylenebisagrylamide. Other known or new

20 crosslinkable monomers of various types can be used.

Various characteristics of the dispersible
colorant and chargeable resin pseudo fine particles
can be adequately controlled by a number of
controlling parameters, e.g., type and

25 copolymerization ratio of the monomer which

constitutes the chargeable resin pseudo fine

particles, and type and concentration of a
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one type of hydrophobic monomer gives the particles
with good adhesion to the colorant and thermal
stability, and use of at least one type of
hydrophilic monomer provides good morpholegy
controllability and dispersion stability. Therefore,
incorporation of these monomers simultaneously can
give the chargeable resin pseudo fine particles which
can exhibit good fixation to the colorant and good
dispersion stability. The chargeable resin pseudo
fine particles to be fixed each other to the
dispersible colorant and/or colorant for the present
invention can have one or more additional functions
by adequately selecting the monomer type and its
copolymerization ratio for the resin component which
satisfies one or more functions in addition to those
described above.

For example, one of the preferred embodiments
uses at least one type of hydrophobic monomer which
has a methyl group at the a position and a radically
polymerizable, unsaturated double bond. The aqueous

ink composed of the dispersible colorant with the

by



nmononer whi ch constitutes the particles. The copolymer conponent for the
particles is preferably controlled to have a glass transition tenperature
of 15 not |ess than -40C and not nore than 60C, nore preferably not |ess
than -30C and not nore than 55C, still_ e preferably not |less than -25C
and not nore than 53C, which is another preferred enbodinent. |In order to
produce these particles, a nononer known 20 to give a honopol yner having a
| ow gl ass transition tenperature is selected fromthe preferable nononers
descri bed above. A conbination of n-butyl acrylate and acrylic acid in an

d t tio_ i f the, f d.enbodi nent f t.he
component | A J8SEHBE AT GRS SR Gret At YRALGCHRT AdOTaLd y17 cChici d i n
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For exanple, it was deter alyzer The 5
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containing the copolynmer conponent having a glass fransition tenperature

of not |ess thashoMQE RAGiRGt ST HPRNGFOGT atMREe Nt didm psth the

adj acent colorant 10 on a recording nmediumto forma strong, colored film
due to excel | emsedli Formakienghehayeediles i sdrtécdest. heThehampeallerl r esi n pseudo
fine particles. Therefore,
ejectability is considered to result from
depolymerization of the resin, composed of a
radically polymerizable monomer having a methyl group
10 at the a position, at high temperatures to prevent
the resin from sticking to the inside of the ejection
port when the ink is exposed to heat energy, although
this concept is not fully substantiated yet.
Another preferred embodiment uses the
15 hydrophobic monomer which contains at least an alkyl
ester of acrylic or methacrylic acid (hereinafter
referred to as alkyl ester of (meth)acrylic acid).
An alkyl ester of (meth)acrylic acid is highly
adhesive to a colorant and highly copolymerizable
20 with the hydrophilic monomer component, and hence
gives favorable effects to the chargeabie resin
pseudo fine particles, e.g., uniform surface
characteristics and uniform fixation to the colorant.
Of the preferable hydrophobic monomers, benzyl
25 methacrylate and methyl methacrylate are more

preferable, and it is particularly preferable to

incorporate at least one of them, because they have,



t he di spersible colorant of the above conposition gives an image of high
resi stance to scratching, even 15 when it is forned on a gl ossy recording
medi um which is disadvantageous viewed fromresi stance of the inmage to

scratching. The aqueous ink incorporated th the dispersible colorant of
the present invention 20 containing the c§%olyner conponent having a gl ass
transition tenperature in the above range gives an inage highly resistant
to scratching, even when it is formed on a recording nedium at tenperatures
not different nmuch fromroomtenperature. The reason is 25 not clear, but

the inventors of t .pr.esent i nventjon onsider the_foll owing nechani sm
e ul'aeet Ot anti crgi G dro e opSHe, S0MY Gngnm fRtP B 1851 |
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The chargeable’resin pseudo fine particles have a |lower glass transition

t enper at ur es 10 cbhan g Jreasdis€dp aRe 1 cWMaaN hialte e secust éhitit 8ol Be~ di spersible
colorant present in an aqueous nediumto form an aqueous ink. Therefore,
these particl eget@l optty hddpddety.fil m maki ng and adhesi on
As described earlier, characteristics of the
chargeable resin pseudo fine particles fixing to the
dispersible colorant of the present invention and/or
10 colorant therefor can be controlled by adequately
selecting the type and copolymerization ratio of the
monomer which constitutes the particles. The
copolymer component for the particles is preferably
controlled to have a glass transition temperature of
15 not less than -40°C and not more than 60°C, more
preferably not less than -30°C and not more than 55°C,
still more preferably not less than -25°C and not

more than 53°C, which is another preferred embodiment.

In order to produce these particles, a monomer known

20 to give a homopolymer having a low glass transition
temperature is selected from the preferable monomers
described above. A combination of n-butyl acrylate
and acrylic acid in an adequate ratio is one of the
preferred embodiments of the monomer component. A

25 combination of ethyl methacrylate and methacrylic
acid in an adequate ratio is another preferred

embodiment of the monomer component. The glass



characteristics when they are on a recording nedium 15 The inventors of
the present invention have found that these particles can suitably exhibit
these characteristics when their glass transition tenperature is in a
range fromnot |ess than -30C and not nore than 55C, nore preferably not
| ess than 20 -25C and not nore than 53C %%d"produce still nmore favorable
results when the resin conponent for these particles contains at |east one
type of hydrophilic nonomer. A conposition with an anionic nononer as the
25 hydrophilic nonomer is another preferred enbodi ment for the chargeable
resin pseudo fine particles conposed of a copolyner of at |east one type of
- 42 hydrophobfranfbhérer tampaitatesetobnbheyphagueali® os iR cPABHERer. In
particul ar, incorporatiqn _of an anionic nononmer can introduce re anionic
groups into thiNBhBRRGEASIES &hth PRedBberPABeFabY didL e et 5atence is al so
an effective practice for .contro urf?ce functional1gngqg density
€

] he .
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medi um pH r ange, T6"AE _ contains 1"oni"C ngnonet. “ani‘oni ¢ nononer
usef ul forsiheaﬂéﬁgég% wﬂﬁﬁﬂﬁéFﬁbéérEBEd'%H‘BQQ’i§94ﬁ“$kﬁﬁpt shas a
functional group to be anionic in water. The particularly preferable ones
include acrylic acidphe dispersible colorant containing the

copolymer component having a glass transition

temperature of not less than -40°C and not more than
60°C is made into a film with the adjacent colorant
10 on a recording medium to form a strong, colored film,
due to excellent film-making characteristics of the
chargeable resin pseudo fine particles. Therefore,
the dispersible colorant of the above composition
gives an image of high resistance to scratching, even
15 when it is formed on a glossy recording medium, which
is disadvantageous viewed from resistance of the
image to scratching.
The aqueous ink incorporated with the
dispersible colorant of the present invention
20 containing the copolymer component having a glass
transition temperature in the above range gives an
image highly resistant to scratching, even when it is
formed on a recording medium at temperatures not
different much from room temperature. The reason is
25 not clear, but the inventors of the present invention
consider the following mechanism. The glass

transition temperature of a resin determined by



15 nethacrylic acid, p-styrene sulfonate and a salt thereof viewed from
their copol ynerization capacity wth another nononer conponent, common
avai lability and anionic strength. Wen the above conposition further

contains at 20 |east a cationic nononer the hydrophilic nononmer, the
di spersi bl e colorant can exhibit higher persion stability in a nediumto
| ow pH range. Such a conposition, therefore, is still another preferred

enbodi ment. The cationi c nononmer useful 25 for the present invention is not
limted, so long as it has a functional group to be cationic in water. O
the radically g%énerizable nononers cifed, above, - 43 those having a
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characteristic dispersible colorant conprising a colorant and chargeabl e

resin pseudo fhag:paibsches crhaddg: poerdl tRE aizpetlambide-snbprsant,
wherein the colorant and particles are fixed to each other. The nethod of

\%_OdlﬁC! ng the gfspresphbectdl dmmdntboarcendi prgsia hie peseednvention,
e e water at least in the portion around the ionic

functional group. The chargeable resin pseudo fine
particles have é lower glass transition temperature

10 than the measured one, when they constitute the
dispersible colorant present in an aqueous medium to
form an aqueous ink. Therefore, these particles can
exhibit their film-making and adhesion
characteristics when they are on a recording medium.

15 The inventors of the present invention have found
that these particles can suitably exhibit these
characteristics when their glass transition
temperature is in a range from not less than -30°C
and not more than 55°C, more preferably not less than

20 -25°C and not mbre than 53°C, and produce still more

favorable results when the resin component for these
particles contains at least one type of hydrophilic
monomer.
A composition with an anionic monomer as the
25 hydrophilic monomer is another preferred embodiment
for the chargeable resin pseudo fine particles

composed of a copolymer of at least one type of



preferably conducted in the present invention will be described below The
inventors of the present invention have found that the dispersible col orant
havi ng the above 20 characteristics can be very sinply produced by aqueous
deposition pol ynerization process carried,out under the follow ng
conditions. First, a water-insoluble colorant is dispersed in the presence
of a dispersant to prepare an aqueous 25 solution dispersed with the
colorant. Then, a radically polynerizable nonomer is polynerized in the
presence of a radical-polynerization initiator in the - 44 aqueous

di spersion by aqgyeo eposi tion ol ynerization process to_fix chargeabl e
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preferred characteristics described above by the aqueous deposition

pol yneri zatj onhpheeess, amdid exn ef fe@ehivevpracthechrdactentsbitial the
present invention of fixing to the colorant. The preferred 15 enbodi nents
of the above pthdusuirdaetfint-widha begrdapcaehed tielaw te debabkant

surface at a desired level, as discussed earlier.

The dispersible colorant can exhibit higher

dispersion stability in a high to medium pH range,

10 when it contains an anionic monomer.

The anionic monomer useful for the present
invention is not limited, so long as it has a
functional group to be anionic in water. The
particularly preferable ones include acrylic acid,

15 methacrylic acid, p-styrene sulfonate and a salt
thereof viewed from their copolymerization capacity
with another monomer component, common availability
and anionic strength.

When the above composition further contains at

20 least a cationic monomer as the hydrophilic monomer,
the dispersible colorant can exhibit higher
dispersion stability in a medium to low pH range.
Such a composition, therefore, is still another
preferred embodiment. The cationic monomer useful

25 for the present invention is not limited, so long as
it has a functional group to be cationic in water.

Of the radically polymerizable monomers cited above,



Di spersion of the Water-insoluble Colorant First, the water-insoluble
colorant, selected fromthose cited as the preferable ones for the 20
present invention, is dispersed in the presence of dispersant to prepare an
aqueous di spersion. The dispersant for_ d %persing the colorant in an
aqueous solution is not limted, and may De ionic or nonionic. It is
however preferable to use a polynerlc 25 di spersant or water-sol uble
pol ynmeric conpound to Kkeep dispersion stability in the subsequent
pol ynmeri zati on step. The particularly preferable one - 45 is a radically
pol yneri zabl e [ suff10|entI¥ ubl e, i mater and to be

e
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hydr ophobi ¢ nononer used in the sequent polynerization step as the
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resin pseudo fine particles to the <colorant in that step. The nethod for
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serving as the 15 dispersant for the present invention is not limted. For

exanpl e, it caoahebpr ddueed thy a easlongna absonkey ah&wiawh aietlood cfgroup
wi t h anot her pol ynerizabl e

compositing with a colorant. The inventors of the
present invention have invented, after having
extensively studied, a method for simply producing

10 the characteristic dispersible colorant comprising a
colorant and chargeable resin pseudo fine particles
having a smaller size than the colorant, wherein the
colorant and particles are fixed to each other. The
method of producing the dispersible colorant

15 according to the present invention, which is
preferably conducted in the present invention will be
described below.

The inventors of the present invention have

found that the dispersible colorant having the above

20 characteristics can be very simply produced by
aqueous deposition polymerization process carried out
under the following conditions.

First, a water-insoluble colorant is dispersed in

the presence of a dispersant to prepare an agueous

25 solution dispersed with the colorant. Then, a

radically polymerizable monomer is polymerized in the

presence of a radical-polymerization initiator in the



nononer in a non-reactive solvent in the presence or absence of a catal yst.
It is found that good results 20 can be produced by a dispersant of a
styrene/ acryl - based pol yneric conmpound produced by pol ynerization of the
above-descri bed nononmer having an ionic g %;P and styrene nononer as the
essential conponents, or acryl-based polé ric conpound having an ionic
group 25 produced by pol ynerization of the nononer having an 1ionic group
and (neth)acrylic acid ester-based nononmer of not |ess than 5 carbon atons
as the - 46 essential conponents. It is preferable to use an anionic

di spersant when the dispersible cal orant havin% an anionic group is to be

I
produced, and ﬁqu89§5e9§§M?Qﬁﬁ9%gb% 24t PBHP ¢ d§PEFI Br°™honi oni ¢ 5 di sper sant
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di spersant having an ac ue of” not | than 1 and not nore than 250,

or a catiomc ﬁbigﬁléﬁ%at]ﬁ)rh%yf@@eéﬁ aphpeivalsuedf Mirdess1£hansin0d and
not nore than 300. In the presence of a dispersant having an acid or am ne

val ue bel ow t hpsahdve fiargegart helebar grabhearesial isguckepdro¢ pgr thel es may
not be process and uniformly distributed, fixing to the
colorant. The dispersible colorant shows excellent
dispersion stability by itself. Thé chargeable resin
10 pseudo fine particles can be easily controlled to
have the preferred characteristics described above by
the aqueous deposition polymerization process, while
well achieving the characteristic of the present
invention of fixing to the colorant. The preferred
15 embodiments of the above production method will be
described below in detail.
Dispersion of the Water-insoluble Colorant
First, the water—insoluble colorant, selected
from those cited as the preferable ones for the
20 present invention, is dispersed in the presence of
dispersant to prepare an aqueous dispersion. The
dispersant for dispersing the colorant in an agueous
solution is not limited, and may be ionic or nonionic.
It is however preferable to use a polymeric
25 dispersant or water-soluble polymeric compound to

keep dispersion stability in the subsequent

polymerization step. The particularly preferable one



kept well dispersed, because the hydrophobic nononmer 20 is nore conpatible
with the dispersant than with the colorant in the subsequent aqueous
deposition polynerization process, as a result of which the dispersant is
separated fromthe colorant surface befo t he chargeabl e resin pseudo fine

particles fix 25 to the colorant. In the sence of a dispersant having an
acid or am ne val ue beyond the above range, on the other hand, fixation of
the chargeable resin - 47 pseudo fine particles to the col orant surface may
be retarded, because it is excessively strong in volune- displacing effect

or static repulsion on.the _colorant surface. Wen an _anionjc dispersant is
to be used, 5 1% Bré?gﬂgﬁl Yh&?%%ﬂ?ﬁ&??bg?oﬁﬁn8§th¥Q%ﬁQnﬂ% group, Vviewed
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the dispersed dianeter of the dispersibleée colorant produced. Therefore, it

isl preferably Esrt RehglewH@aNge, moNbe¥edatr @mecaliar id¥pepaci ty of the
cotorant, interface. Still more preferably, it has at least
one type of the hydrophobic monomer used in the
subsequent polymerization step as the cons£ituent
10 unit, because it can accelerate fixation of the
chargeable resin pseudo fine particles to the
colorant in that step.
The method for producing a polymeric dispersant
or water-soluble polymeric compound serving as the
15 dispersant for the present invention is not limited.
For example, it can be produced by reacting a monomer
having an ionic group with another polymerizable
monomer in a non-reactive solvent in the presence or
absence of a catalyst. It is found that good results
20 can be produced by a dispersant of a styrene/acryl-
based polymeric compound produced by polymerization
of the above-described monomer having an ionic group
and styrene monomer as the essential components, or
acryl-based polymeric compound having an ionic group
25 produced by polymerization of the monomer having an
ionic group and (meth)acrylic acid ester-based

monomer of not less than 5 carbon atoms as the



20 weat her resistance of the image, and its dispersion stability. The

wat er -i nsol ubl e col orant for the present invention preferably has a

di spersed particle size <close to the nonodi sperse distribution. In general,
25 the dispersible colorant with the char eable resin pseudo fine partlcles
fixing to the colorant generally tends t Phave a particle dianeter - 48
distribution narrower than that in the agqueous dispersion to be treated in
t he pol ynerization step shown in FIG 2B, although basically depending on
the latter distribution. It is inmportant to narrow the 5 colorant particle
di ameter distribution, viewed from securely inducing fixation of the

char geabl e r es¢ASepséado COMRONATES ¢| det tioS tm?éeﬁ%rébgﬁt tey Uset éTo-

aggl oneration. The inventors of the present _ inventiaqn have found that use
of the coIoran?nhﬁvﬂﬁgdﬁ?H?ﬁﬁﬂ%Rh%ﬁ%ﬁs%h?n§é§P8Fﬂ}Qi?(ﬁo RE30i ves the

di spersi ble co] orant of excell.ent dispersi Stabﬁﬁ{ D'ff rent

anal ytical pro @H&P85a§|ﬁ§¥¥qkﬁ)ﬁ¥ﬁﬁ pé?tgelgedpé *4i 8per sed

colorant. In 1$&§art|cular anlccg%?nent Bartlcles are rarely spheri cal .

In this speciffe3br ﬁanﬁhguﬁﬁﬁ cT "2 ur aietel PSP &Fr &% %ﬁ%@ By the average
e P YH IR A TR SR L oot Lo
anal ysi s. cationic group is to be produced.

When fixation of the chargeable resin pseudo
fine particles to the colorant is to be accelerated
in the aqueous deposition polymerization process and,

10 at the same time, dispersion stability of the
colorant is to be kept in the polymerization step, it
is a preferred embodiment to use an anionic
dispersant having an acid value of not less than 100
and not more than 250, or a cationic dispersant

15 having an amine value of not less than 150 and not
more than 300. In the presence of a dispersant
having an acid or amine value below the above range,
the chargeable resin pseudo fine particles may not be
kept well dispersed, because the hydrophobic monomer

20 is more compatible with the dispersant than with the
colorant in the subsequent aqueous deposition
polymerization process, as a result of which the
dispersant is separated from the colorant surface
before the chargeable resin pseudo %ine particles fix

25 to the colorant. In the presence of a dispersant

having an acid or amine value beyond the above range,

on the other hand, fixation of the chargeable resin



The met hod of dispersing a water-insoluble colorant in water is not

limted, so long as it is selected fromthose capable of stably dispersing
a colorant in water under the conditions described 25 earlier in the
presence of the dispersant also describeghearlier. It may be known or newy
devel oped for the present invention. Wien a water - 49 insoluble colorant is
a pignent, a polyneric dispersant is incorporated generally suitably at not
| ess than 10% and not nore than 130% by mass based on the pignment. 5 The
wat er -i nsol ubl e colorant for the present invention is preferably not

| f-di i bl it .all traol _ch terdsti f . th
G sper s bl ¢ coPSTAD pORuERF By THC S8obECuEELATREY Sikhded alednBbar ment
f duci | i A i T t
(i spor i ng Mot HOd FaeUy RS en TC | KOt 0o oot T {od ™ <00t ang s i 1

is comonly ugedpfigeihbe sHs@anty @8&%%@@&%&%%!‘5@@ £B988anksi Ng a
di spersing machine, e.g., paint shaker, sand 15 mll, agitator mll,

three-roll mlbupEatBe |Wken ali @hiriyeiss W EsHOFBERRI 286 tR LB ;used, _
m crof |l ui di zer, nanom zer or nmultimzer, or ultrasonic dispersing nachine.

Radi cal - Polsyneitzpriede rab ity dios 28rhbeyladirealp pod yies | 2atibatd'c igridugmt or
for the present inventionis not limted, solong as it is a

viewed from not retarding fixation of the chargeable

resin pseudo fine particles to the colorant.

In the step for dispersing a water-insoluble
colorant to prepare the aqueous dispersion, the
10 colorant preferably has a diameter of not less than
0.01 pym and not more than 0.5 pum (not less than
10 nm and not more than 500 nm), particularly

preferably not less than 0.03 um and not more than
0.3 pm (not less than 30 nm and not more than 300 nm),
15 after being dispersed. The dispersed diameter in
this step is greatly reflected in the dispersed
diameter of the dispersible colorant produced.
Therefore, it is preferably in the above range,
viewed from coloring capacity of the colorant,
20 weather resistance of the image, and its dispersion
stability.

The water-insoluble colorant for the present
invention preferably has a dispersed particle size
close to the monodisperse distribution. In general,

25 the dispersible colorant with the chargeable resin
pseudo fine particles fixing to the colorant

generally tends to have a particle diameter



common wat er -sol ubl e radi cal -pol yneri zation initiator. The specific
exanpl es of water-soluble radical- polynerization initiators include

persul fates and 25 water-sol uble azo conmpounds. It nay be a redox initiator
conposed of a conbination of a water- sol yphl e radi cal - pol yneri zati on
initiator and reducing - 50 agent. Mre Specifically, the optinum
conbination is designed and used in consideration of characteristics of
the col orant, dispersant and nononer described above. It is preferably
selected fromthose giving a 5 polynerization initiator residue which has

t he sane polarlt¥ s'gn.as t he surface, char cégnistics of the dispersible
col or ant produ@éﬁ.r?b CHORRAFE TRV sthap| &fadd 1Y dG REECYHSing a neutra

or anionic polynerization initiator,residu when a water, 10 insaqluble
ol orant havi g BRCERESR st TeeFEabet Shsh eyt S et P Elkce ¢ he

surface char geoiBLe s e el y. o SLALLAE! o dilodis Prherabl xoseheghed, from

those giving a neu cationic p rization initiator ue, when a

di spersible 15;eeLer anlsthaWg &ncationi & ghgdPrhitt @berrducege Use of
a wat er-sol ubl e azo conpound as a radical -polynerization initiator

(hereinafter reflerbed taras cople@usmazerbased diaditGan, PRl ¥wBHI Z2bon
initiator) is another preferred 20 enbodi nent of the present invention.

Azo-based radsealhrealynBrduzain®nfinatiahobs, thecldih MgeAueoussianes, are
t hose conpounds having at | east one azo
pseudo fine particles to the colorant by hetero-
agglomeration. The inventors of the present
invention have found that use of the colorant having
10 a polydisperse index of 0.25 or less gives the
dispersible colorant of excellent dispersion
stability.

Different analytical procedures give a varying
particle diameter of a dispersed colorant. In

15 particular, organic pigment particles are rarely
spherical. 1In this specification, the particle
diameter is represented by the average particle size
and polydisperse index, measured by dynamic light
scattering (analyzer: Otsuka Electronics ELS-8000)

20 and determined by the cumulant analysis.

The method of dispersing a water—-insoluble
colorant in water is not limited, so long as it is
selected from those capable of stably dispersing a
colorant in water under the conditions described

25 earlier in the presence of the dispersant also

described earlier. It may be known or newly

developed for the present invention. When a water-



group, where the azo group portion is deconposed by heat (or light) to
generate the radicals, thereby 25 initiating polynerization. An aqueous
radi cal - pol yneri zation initiator causes pH reduction in the
pol ynmeri zation systemto a | ower extent_

azo- based

persul f at e,

particles resulting
an azo-based radi cal

t he present

qgui nacri done- based_p

conver si on.

formula (1):

t hese plgnents

P.R 192,

t he preferable p|g

R o

10

15

20

25

reacts than a

a
and hence nore efficiently %%trols generation of coarse
fromdeteriorated dispersibility of the system Use
-pol yneri zation initiator for 5 the polynerization for
invention with a specific organic pignent, in particular a

i gnent, since the water-insoluble colorant reduces the
unr eact ed nnnoh%?°#8936u§Q%94ﬁntFﬁﬁy%EPPQQ?PGn EnPIERESCa sufficient

10 ;Therefore, it is a part larly preferable
qui nacri done- bﬁ%éaeﬁﬁﬁ nth Shald1GP ?ﬁ%%ﬁa
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of
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df ™22
%%ﬁe R R 206, P.R 207 and P.R 209. P.R 122 as one of
ﬁe rlfor the present invention is represented by the

general forgrula (1), 7hahghebl-Rasdidi® &1 625HtClRr 3 RhedSht R4 Re,

invention is preferably not self-dispersible, because
it allows to control characteristics of the
dispersible colorant produced by the above-described
preferred embodiment for producing the chargeable
resin pseudo fine particles.

The colorant dispersing method for the present
invention is not limited, so long as it is commonly
used for the colofant, and may be selected from those
using a dispersing machine, e.g., paint shaker, sand
mill, agitator mill, three-roll mill or the 1like,
high-pressure homogenizer, e.g., microfluidizer,
nanomizer or multimizer, or ultrasonic dispersing
machine.

Radical-Polymerization Initiator
The radical-polymerization initiator for the

present invention is not limited, so long as it is a

common water-soluble radical-polymerization initiator.

The specific examples of water-soluble radical-
polymerization initiators include persulfates and
water-soluble azo compounds. It may be a redox
initiator composed of a combination of a water-

soluble radical-polymerization initiator and reducing



and R' are each H 20 The azo-based radical -polynerization initiators - 52
preferable for the present invention include those comonly used for
enul si on pol ynerization or the like. Mreover, they may be newl y devel oped

ones for enul

am di nopr opane{8sRgaLsE 1A

acid)) (all su
azo- based rad
carboxylic aci

car boxyet hyl ) a

t hose descrd be
chargeabl e res

of

such an in

10
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20

25

sion polynerization. Mre sgecifically, they 5 include VA-080
(2,2' -azobis(2-nethyl -f-(1, 1- - 20 -

bi s(hydr oxynet hyl ) - 2- hydr oxyet hyl ) propi onam de)), VA- 086

(2,2 -azobi s(2-met hyl - N- (2- hydr oxyet hyl ) - propi onam de)), VA-057

(2,2 -azobis(2-(N-(2- carboxyethyl)am di no) propane)), VA-058 (2,2' 10
azobis(2-(3,4,5,6-tetrahydropyrimdin-2- yl)propane)di hydrochl ori de),
(2, 2' - azobi s(2ag9ent(2-KNoarogpediiidcallvi debel pRE2mum combination 1is
yl ) propane) di hydrochl ori de), V-50, (2, 2'-azobis(2-

lied by Wako . Pure Chemical Industries). Of
BE a0 et 221 oh PRFEFator &7 ea TS bt 6 ChAYERy

VA- 060
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article surface is a ytic

ftiator “is still another preferre
dispersible colorant produced. For example, it is

selected from those giving a neutral or anionic
polymerization initiator residue, when a water-
inéoluble colorant having an anionic group is to be
produced. This can produce the surface charge more
efficiently. Similarly, it is preferably selected
from those giving a neutral or cationic
polymerization initiator residue, when a dispersible
colorant having a cationic group is to be produced.
Use of a water-soluble azo compound as a
radical-polymerization initiator (hereinafter
referred to as aqueous azo-based radical-
polymerization initiator) is another preferred
embodiment of the present invention. Azo-based
radical-polymerization initiators, including agqueous
ones, are those compounds having at least one azo
group, where the azo group pdrtion is decomposed by
heat (or light) to generate the radicals, thereby
initiating polymerization. An aqueous azo-based
radical-polymerization initiator causes pH reduction

in the polymerization system to a lower extent as it

esi n . . yti . I spersible
col orant exhi bbb R 1980d; i2m dh SPERE 90 rehall |dhtaéfraQ¥t?ér§sM9§ B kaRge.

Use



enbodi ment of the present invention. - 53 - Radically Polynerizabl e Mononer
The radically polynerizable nononer for the nethod of the present invention
beconmes a conponent which constitutes the chargeable resin pseudo fine 5
particles after undergoing the aqueous geggsition pol ymeri zati on process
described earlier. It may be adequately | ected in consideration of the
characteristics of the chargeable resin pseudo fine particles and

di spersible colorant to be produced, as 10 discussed earlier for the
essentially water-insoluble fine resin particles. The radically

pol yneri zabl e nonomer for the pres invention is not Ilnlted I may be

known or nemﬁyr%%QEPOEEén Eq&@ﬁﬁ%l B%rtPBH PERFRe MOAS | ht b?b%@% Y15 Next,
the preferred enbE ients wi | | scribed for the agqueous g osition
pol yneri zat i on“°Ptb §sg§§%§%ﬁ%ﬁpf% SOAFREs PATTY TRS cHer gbable  resin

do f I h h h h f
01 ho present T30 HUEALLGRS 11 SO BEanAEve g0t Ihat VT Kby dltme

R “8% LhmaE%de% d“%ﬁ‘?@&‘i?‘ﬁ@mﬁmg‘ﬂ% A&, HHQY‘%EJ:G?MZA to 2D

schematically rflustrate the = process thi's process e process is

consi dered 4 o EH&%bi?m%Q% fa‘ﬂﬂcﬁw f9r StRBSpheke? %R%H%P&i“&ntﬁﬁtﬁ' gpersible
colorant. First, a colorant 1 1is dlspersed i n an aqueous solution in the
presence of a glpé@@fi@nbr%atrﬁdorpep@ﬁ@nthelﬁqpa@ticular a
quinacridone-based pigment, since the water-insoluble
colorant reduces the unreacted monomer residue after
polymerization and secures a sufficient conversion.
10 Therefore, it is a particularly preferable embodiment.

A quinacridone-based pigment has a structure

represented by the general formula (1):

RIL g 0 R
RIO N RZ
RY N R3

R 0 H o p

More specifically, these pigments include P.V.
(Pigment violet) 19, P.R. (Pigment Red) 122, P.R. 192,

15 P.R. 202, P.R. 206, P.R. 207 and P.R. 209. P.R. 122
as one of the preferable pigments for the present
invention is represented by the general formula (1),
wherein R? and R® are each CH;, and R!, R®, R*, R%, R
and R'" are each H.

20 The azo-based radical-polymerization initiators



- 54 dispersion (FIG 2A) D spersion of the colorant 1

is s

tabilized in

the presence of the adsorbed dispersant 3, the adsorption being thermally
in equilibrium Next, the aqueous di spersion prepared 5 above is heated
with stirring, to which a nononmer conpo t 4 is added together with, e.g.,
an aqueous radical-polynerization initiator 5 (FIG 2B) The
deconposed under heating to release the radicals thereby accelerating the
reactions 10 between the hydrophobi c nonomer dissolved in trace quantities
in the aqueous phase and the water-soluble nononmer present i

h . FIG 3 henatjcal Iy il l ustrat t ; .pol
Tonomer 4 Lo fGGHELTBICOfd LIS qTAfRrs bl £VRBF6PAni TS

nonomer 4 reaction described above oceeds
Dol yor i zat | orcGFEREY RS TE f ormBRERTo

initiator 5is

n the aqueous

ynerization of the
%4§%3t €. As the

Ii. Y f
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becores a pregipiLatey BALLLMALAAL Allpo, oLy Ol oL agueous, phase. The 20
cles ar

separ ated ol i goner parfi not su crent

dispersion stability,

and are conbi negy ¥ {8neeN ynlidielad od O MdMe Shacgeabhe resivhfpseudo fine

particles 2. These fine particles 2 undergo hetero- aggloneration with the
hydr ophobi ¢ suffategeolatg 2 x,al 'oranébi 8 ( 2 hReByaous- @i spersion as nucl ei,

and the resin conponent which constitutes the pseudo-fi

ne,

char geabl e

particles 2 isbbs(bndkyxgaeaiBdd -an-lijrexpdthyl)propionamide)), VA-

086 (2,2’ -azobis(2-methyl-N-(2-hydroxyethyl) -

propionamide)), VA-057 (2,2'-azobis(2~(N
carboxyethyl)amidino)propane)), VA-058 (

10 azobis(2-(3,4,5,6-tetrahydropyrimidin-2-

-(2-
2,2 -

yl)propane)dihydrochloride), VA-060 (2,2’-azobis(2-

(1-(2-hydroxyethyl)-2-imidazolin-2-

yl)propane)dihydrochloride), V-50 (2,2’-azobis(2-

amidinopropane)dihydrochloride) and V-501 (4,4’'-
15 azobis(4-cyanopentanoic acid)) (all supplied by Wako
Pure Chemical Industries). Of aqueous azo-based

radical-polymerization initiators, an initiator

having carboxylic acid group and amino group,

VA-057 (2,2'-azobis(2-(N-(2-

e-g.,

20 carboxyethyl)amidino)propane)), brings another

advantage in addition to those described above. The

initiator residue bound to the pseudo-fi

ne,

chargeable resin particle surface is ampholytic and

gives the dispersible colorant exhibiting good

25 dispersion stability over a wide pH range.

such an initiator is still another prefe

embodiment of the present invention.
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surface of the colorant 1 by the hydrophobic interactions, while the

pol yneri zation reaction is proceeding wthin the chargeable resin pseudo
fine particles 2. As a result, these fine particles 2 are 5 transforned
into a nore energy-stabl e norphol ogy m@i%g increasing the adsorption sites.
At the sane tine, physical crosslinks are fornmed to a high extent wthin
the chargeable resin pseudo fine particles 2, wth the result that the fine
particles 2 are 10 solidified after reaching the norphology in which they
are adsorbed nost stably. The colorant 1, on the other hand, is stabilized,

as the chargeable, resin eudo fine particles 2 are fixed thereto,

al | owi ng the nggéngiﬂ gﬁiﬁmﬁif%éh%goﬁoPBmgéparate 15 fromthe surface
FIG 4 schematically,.jllustrat i botq_sides q%£ the interf ce het ween t he
chargeabl e resin pséﬂ%% r?PﬁEag Pt P e 55 ed BBBVECAnd “folotant 1. As
shown, the ch e _resi i :LCl i e

aggl oner at es g@g?ﬁghrggfﬁqgﬁﬁﬁﬁégﬁ{ £§$§ﬂ§&?§d?%%%F%%%W%dﬁgﬁé%ﬁﬁhﬁts 9-1
and_hydr ophobi gn; BAN@EES it - the TBEYrBEELALDIIAN s habr EbHLI NG Lo
cause a distribution of local surface energy, and there are a number of
adsor ption ssi t ggriQcak swifale 2uddiet o sHET 8 QRRIBGL ALbEesiwht h that of

the colorant. FIG 5 schematically 1lluStrates the enlarged - 56 interface
in which part pblyherfiseuderd ip¥ocess described earlier. It may be

adequately selected in consideration of the
characteristics of the chargeable resin pseudo fine
particles and dispersible colorant to be produced, as

10 discussed earlier for the essentially water-insoluble
fine resin particles. The radically polymerizable
monomer for the present invention is not limited. It
may be known or newly developed.
Aqueous Deposition polymerization process

15 Next, the preferred embodiments will be
described for the aqueous deposition polymerization
process as a step for synthesizing the chargeable
resin pseudo fine particles and fixing them to the
colorant, which is the feature of the present

20 invention. It should be understood that the present
invention is not limited by the embodiments described
below. FIGS. 2A to 2D schematically illustrate the
process flow of this process. The process is
considered to comprise the following steps for

25 producing the dispersible colorant. First, a
colorant 1 is dispersed in an aqueous solution in the

presence of a dispersant 3 to prepare the aqueous



chargeabl e particle of resin 11 fixes to part of the <colorant particle |a.
The pseudo-fine, chargeable particle of resin 11 adsorbs the adsorption
site 10 5 showmn in FIG 4 at the interface to fix to the <colorant stably in
a norphol ogy which depends on the surfacg, shape of the colorant part la. As
described earlier, the polynerization proceeds within the pseudo-fine,
chargeabl e particle of resin also during 10 this step, and the particle is
fixed to the colorant after reaching the norphol ogy in which they are

adsor bed nost stably. The dispersible colorant of the conposition described

above can be ec?f%ﬂ;érs%ﬁdl{%% bm%)hes%i}heeﬂf {8 G r2Dhe LR1NG HYSE em 15

with the chargeabl e resin pseudo fine p iI'cl'es sufriciently charged on the

surface to be sl {ealh 3RELy bl ridieyr A6€naRaLE LHAMARARNIder by the

static repulsive force while they are adsor on an fix to the col orant

by hetero-aggl @repatsantt 8 ,ba R0 aa&éﬂ?ﬂwndbé&hlgb%@fmweiﬁol or ant
particle surfaces. As a result, they take the preferred norphol ogy

described earléghilibeipal.ynrekzat ithie conthdhonsi ypey sdepe pdidith ey
characteristics of the polynerization initiator, 25 dispersant and nononer.
Exanpl es of5 t hebocvadibi beatear evirtdacst t Onrirgpetat whd:chnad nmememéhan 100C,
preferably not | ess than 40C and not nore than 80C, - 57 reaction tinme: 1
hour or nore, pempeneblty dndts |aabded thogeBhavuws thnd endt. noae 2¢a@o88 hours,
and stirring radical-polymerization initiator 5 (FIG. 2B). The
initiator 5 is decomposed under heating to release
the radicals thereby accelerating the reactions
10 between the hydrophobic monomer dissolved in trace
quantities in the aqueous phase and the water-soluble
monomer present in the agueous phase.
FIG. 3 schematically illustrates a step from
polymerization of the monomer 4 to production of a
15 dispersible colorant 6 (FIG. 2C). As the monomer 4
reaction described above proceeds, a oligomer 7
formed by polymerization of the monomer component
becomes insoluble in water and becomes a precipitate
8 after separating out of the aqueous phase. The
20 separated oligomer particles are not sufficient in
dispersion stability, and are combined with each
other to form the chargeable resin pseudo fine
particles 2. These fine particles 2 undergo hetero-
agglomeration with the hydrophobic surfaces of the
25 colorant in the aqueous dispersion as nuclei, and the

resin component which constitutes the pseudo-fine,

chargeable particles 2 is strongly adsorbed on the



rate: not less than 50 rpmand not nore than 500 rpm preferably not |ess
than 150 rpm and not nore than 5 400 rpm In the above process, in
particul ar when the chargeable resin pseudo fine particles are to be
produced by pol ynerization of a nononer cgnponent containing at |east one
type of hydrophobic nononer 10 and at |ea ? oOne type of hydrophilic nononer,
the nononmer conponent is preferably dropped in an aqueous dispersion of a
wat er -i nsol ubl e col orant, incorporated beforehand with an aqueous radi cal -
pol yneri zation initiator. O otherw se, the nononer 15 conponent and aqueous
radi cal - pol ymerization initiator are dropped_ in_an aqueous dispersion of
wat er - i nsol ubl 8uEspseamf dihfuldakrBrRFyloPYsépar &vdlspPhalieh is still a
preferred enbodi nent. \Wen a _nononers m xture ,is conposed of dissimlar
monomers, 20 elBteTRYELGRTubiE bhorR? sPAAd™MRYFAAGHHiIAT E9RRbHRPsIS it is
preferable to keeggé@g copal.yneri zation_rati f the nononers_at a constant

|
to uniformy pPbdul lpﬁbﬂﬁgh*%dt faf 358?8%}§gﬁ$ﬁﬁﬂﬂﬁﬁ@?&ﬂeflﬁgrticIeg
Wien the nononggrrgltiétllérsej.s 'A@ngr %%r{{%f‘@, '1?}1598. £3 Bok)% iZadd of gystemin
y € poly r

excess of the quantity  consufe ol yReri zatio eaéf!on fn"a“certain
e "ualeh | LA TRAe 2URLECSpLLSLL oL R RLUER 450 | v 1o L
case, the resyhthagichalgeatle f8si Adpsepdqoh RA A i WteShe same
time, physical crosslinks are formed to a high extent
within the chargeable resin pseudo fine particles 2,
with the result that the fine particles 2 are
10 solidified after reaching the morpholbgy in which
they are adsorbed most stably. The colorant 1, on
the other hand, is stabilized, as the chargeable
resin pseudo fine particles 2 are fixed thereto,
allowing the dispersant adsorbed thereon to separate
15 from the surface.

FIG. 4 schematically illustrates both sides of
the interface between the chargeable resin pseudo
fine particles 2 formed above and colorant 1. As
shown, the chargeable resin pseudo fine particles 2

20 which are the agglomerates of the resin component
have a hydrophilic monomer units 9-1 and hydrophobic
monomer units 9-2. They are arbitrarily distributing
to cause a distribution of local surface energy, and
there are a number of adsorption sites 10 at which

25 their surface energy coincides with that of the

colorant.

FIG. 5 schematically illustrates the enlarged



may have significantly uneven characteristics. Sone 5 of these particles, in
particul ar those containing the hydrophilic nononer conponent at a high
proportion, may not fix to the colorant surface. Mreover, the resin
conponent containing the hydrophilic qpqgge[ conponent at a high proportion
10 may not even separate out due to its high hydrophilicity to remain as a
wat er-sol ubl e resin conponent in the systemw thout formng the chargeable
resin pseudo fine particles. On the other hand, the hydrophobic/hydrophilic
nmonomer 15 copol ynerization ratio can be kept at a constant to wuniformy

formthe chargeabl e_resin pseuydo fine rticles of a desired
copol yneri zat i bh-¢LER6S %ﬁeW% Fﬁﬁﬁbﬁgf tRRpBRgHEor < dMepped in an aqueous

di i f - | ubl e .cgl i ni 0

G Sperst on of ueleensol bl o 0T Pt coniali 6. an 20 Seouse Lo
ani ont ¢ ones, & Eoraﬁ‘Eriéhg%i%Cl' d and rﬁteﬂ éﬂd&—.?ﬁﬁlg; HE%S%%%QL'EE. partly
unstable to agg?onerate, ependi ng - on characteristic of "8 7H6 yreric

di spersant worki ng; 2pet 8 rdirsRENSE B LRLOFBBt thbt aHS o2 pR1i€SiErS £6: efhodi nent
of the present 1nvention to incorporate an anionic nononer in the formof a

sodi um or pot agwbkm $8l F16.59 Af tiefe i {intSrPULS b 784, dd wWHdler to avoid
t he above problem The above process for formng the chargeable resin
pseudo fine patdietentfbxahdt drd he métshology which depends on the
surface shape of the colorant part la. As described
earlier, the polymerization proceeds within the
pseudo-fine, chargeable particle of resin also during
10 this step, and the particle is fixed to the éolorant
after reaching the morphology in which they are
adsorbed most stably. The dispersible colorant of
the composition described above can be easily
produced by these steps (FIG. 2D). In the system
15 with the chargeable resin pseudo fine particles
sufficiently charged on the surface to be self-
dispersible, they are apart from each other by the
static repulsive force while they are adsorbed on and
fix to the colorant by hetero-agglomeration to be
20 uniformly distributed on the colorant particle
surfaces. As a result, they take the preferred
morphology described earlier.
The polymerization conditions vary depending on
characteristics of the polymerization initiator,
25 dispersant and monomer. Examples of the conditions
are reaction temperature: not more than 100°C,

preferably not less than 40°C and not more than 80°C,



5 insoluble colorant is preferably followed by a purification treatnent step
to produce the aqueous ink containing the colorant. It is inportant for
produci ng the dispersible colorant of high storage stability for extended
periods to purify the m xture 10 contaipig? unreacted pol yneri zation

nt,

initiator, nononer conponent or dispersa

or water-soluble resin

conponent or chargeable resin pseudo fine particles which fail to fix to

t he colorant. The
used. Purification
preferred enbodi ne
pseudo fine paf®ft

control parane% r

t,
FagncSars n ' A eRF rBAT S e o RSP e

surface can be %ggp

purification step nay be selected fromthose comonly 15
by centrifugal separation or wultrafiltration is a
The _di sper,sible colorant_w th t@ﬁicharge ble resin

%i'™HyF t oSt he col orant

codueed. oy PRlOvh 00, t DE_gbaye stens, hecause. negy

re wWel'l contro N~ ani oni’c nononer

| ncorporat ed {patgal bz Ml «lipessi ohnstall ity mdd, RAA cbar roke Steps

for t he present |1 nvention can secure a

surtace uncti ona

gr oup

density and thgreby rBbaly dictpersd Onchshabbbi byl ahd e wigpes siRhg col orant,
even when the “anionic nononer is used in a relatively small - 60 quantity.
Therefore, o hegsgostgps can enhance dispersion stability of the chargeable
resin pseudo fine particles wthout deteriorating storage stability of the
di spersi bl e col orantIfiothextbnded proqeess, odisn particular when the

chargeable resin pseudo fine particles are to be

produced by polymerization of a monomer component

containing at least one type of hydrophobic monomer

10 and at least one type of hydrophilic monomer, the

monomer component is preferably dropped in an aqueous

dispersion of a water-insoluble colorant,

incorporated beforehand with an aqueous radical-

polymerization initiator. Or otherwise, the monomer

15 component and aqueous radical-polymerization

initiator are dropped in an aqueous dispersion of

water-insoluble colorant simultaneously or separately,

which is still a preferred embodiment. When a

monomers mixture is composed of dissimilar monomers,

20 e.g., hydrophobic monomers and hydrophilic monomers,

it is preferable to keep the copolymerization ratio

of the monomers at a constant to uniformly produce

the desired chargeable resin pseudo fine: particles.

When the monomer mixture is incorporated in the

25 polymerization system in excess of the quantity

consumed by the polymerization reaction in a certain

time, a specific monomer may be preferentially



The inventors of the present invention assune that the inproved di spersion

stability of the dispersible colorant results fromthe foll ow ng

mechani snms, which, however, are not fully 10 substantiated. Wile the

chargeabl e resin pseudo fine particles qéf being forned fromthe oligoners
e

separating out during the polynerization p, initiated by the radicals

generated in water, the oligoners containing the conponent derived fromthe
15 ani oni ¢ nononer at a higher content are preferentially oriented to the
aqueous phase side, i.e., to the vicinity of the chargeable resin pseudo
fine particles. This condition is kept after the £ chargeable resin pseudo
fine particl esPPi¥mepieRe 2¢adoingt drie t OtRaFt heh1€Hndente @k ¥ ¢ hbzafi oni ¢
group derived fron1tgg %nionic nononer component on the Gi{uface of the

di spersi bl e copbFantt REMSTe IROME HveRt FERSHARg 40 GO &H35fa | arge

i fi f AS It the_ di i ble col orant 25 produced b
The et hod of THe PPesbht o iiidit e Tho: B RRFTiGed 1 LRaT PLPSquant | 1)

of the ani oni .. Jongyer oaRanent, 1 6l,a, Aguegus ik The. paueous,nk of the

present inventio char erized by containing i'spersi bl'e col orant
O e ShoAgE AMESep RN ® ot b SO sl s
based on the hydrophilic monomer component at a high
proportion, may not fix to the colorant surface.
Moreover, the resin component containing the
hydrophilic monomer component at a high proportion
10 may not even separate out due to its high
hydrophilicity to remain as a water-soluble resin
component in the system without forming the
chargeable resin pseudo fine particles. On the other
hand, the hydrophobic/hydrophilic monomer
15 copolymerization ratio can be kept at a constant to
uniformly form the chargeable resin pseudo fine
particles of a desired copolymerization ratio, when
the monomer component is dropped in an aqueous
dispersion of water-insoluble colorant containing an
20 aqueous radical-polymerization initiator.
Some hydrophilic monomers, in particular
anionic ones, e.g., acrylic acid and methacrylic acid,
may become partly unstable to agglomerate, depending
on characteristic of a polymeric dispersant working
25 to disperse a colorant. It is a preferred embodiment
of the present invention to incorporate an anionic

monomer in the form of a sodium or potassium salt



the ink, preferably not |less than 0.3% and not nore than 15% by weight. It
is preferable for the aqueous nediumfor the ink to contain water or

wat er - sol ubl e 10 organi c solvent, as required. The ink nay be i ncorporated
with a penetrant to accelerate its penetration into a recording nmedium a
preservative or an antifungal agent. The di spersible colorant of the
present 15 invention contains the chargeabfe-resin pseudo fine particles 2
fixing to the colorant 1 surface (FIGS. 1A and 1B) while it is present in
the ink. Therefore, the colorant particle attaches to a recordi ng nmedi-um
or to an adjacent particle on the nediumvia the 20 chargeabl e resin pseudo
fine particles fixing to its surface. Therefore, the inmage produced with
the aqueous iakteft tiheipr eseritrd hiveed; ohnshoded e Hwhig thesaboart to
scratching. One of the nore preferred enbodinents is the aqueous ink which
has, in additipbhoRdeme t he above characteristics, the self-dispersible fine
resin particles present therein. This permts the ink to produce highly

gl ossy i mages on a giR®s§oove2prres@isemichi kprmingokhal Ghagidsakkst with a
common  wat er-insol ubl e col or.ant nt.. Nbre1¥?referably, t he ink

has the chargeéﬁ?é?r@§?ﬁ$¥% _1R$%€i$$$%? FEdDOAET | %gw?BeFﬁe col orant
The monomer® coMBORGADI6T CLHS Tt i b okt SR 2884 TS SIshe?Y component of ¢ he
particles (B) purification treatment step to produce the aqueous
ink containing the colorant. It is important for
producing the dispersible colorant of high storage
stability for extended periods to purify the mixture
10 containing unreacted polymerization initiator,
monomer component or dispersant, or water-soluble
resin component or chargeable resin pseudo fine
particles which fail to fix to the colorant. The
purification step may be selected from those commonly
15 used. Purification by centrifugal separation or
ultrafiltration is a preferred embodiment.

The dispersible colorant with the chargeable
resin pseudo fine particles containing a desired
copolymer fixing to the colorant surface can be

20 produced by employing the above steps, because many
control parameters are well controlled. When an
anionic monomer is incorporated to realize high
dispersion stability, in particular, the steps for
the present invention can secure a high surface

25 functional group density and thereby high dispersion

stability for the dispersible colorant, even when the

anionic monomer is used in a relatively small



have at | east one type of common nononmer conponent. Such ink conposition
wll greatly inprove scratching 10 resistance of the inage on a gl ossy
recordi ng medi um because the particles (A fixing to the col orant and
particles (B) are nore conpatible with each other to increase ink

adhesi veness. The dispersible colorant of "the present 15 invention has an
average surface zeta potential of not |less than -80 nV and not nore than
-20 mV in the aqueous nedium which constitutes the aqueous ink, in
particular when it contains an anionic group, and not |ess than +10 nV and

t th +60_nV, wh [t 2 t ai tioni . Th I
retarred  enbOURRENES. TRECKERGHR | HIERan havs ERBOPPIAncStor age.

Stability for gxtgaded perods ) whonokt sy disberalble colorant basea surface

zeta potential 7in Oove range: I'spersi-bl’é “col oran aving a 25

surface zeta petant Laliiale nal | £9804PA0e 10 WY Ahg NAlofBLe (han 410 m/ may

fail to exhibit Tts”inherent ( I'spersion stability the actions of an
- 63 aqueous gedpymy ket tHHW dNspBesaBueoUS lidba réPsekibalent

di spersion stability for extended ®periods. On the other hand, the
di spersi bl &5 coperanids.having a surface zeta potential less than -80 nV or 5
nore than +60 nV may cause the image the ink gives insufficient in water
resi stance, althoughThbeihmknthas exteihenprstenagensaltiidd yasdilet erm
"zeta (c) potential” used in this
that the improved dispersion stability of the
dispersible colorant results from the following
mechanisms, which, however, are not fully
10 substantiated. While the chargeable resin pseudo
fine particles are being formed from the oligomers
separating out during the polymerization step,
initiated by the radicals generated in water, the
oligomers containing the component derived from the
15 anionic monomer‘at a higher content are
preferentially oriented to the aqueous phase side,
i.e., to the vicinity of the chargeable resin pseudo
fine particles. This condition is kept after the
chargeable resin pseudo fine particles fix to the
20 colorant to further concentrate the anionic grodup
derived from the anionic monomer component on the
surface of the dispersible colorant of the present
invention having structurally a large specific
surface area. As a result, the dispersible colorant
25 produced by the method of the present invention can

be stabilized by a smaller quantity of the anionic

monomer component.



specification, sonetinmes referred to as interfacial 10 dynam c potenti al,
nmeans potential produced in an interface between a solid and liquid in
relative notion while they are in contact with each other. It is used to
anal yze surface conditions of a solid present in a liquid. In the

el ectrically double 15 layer produced in solid/liquid interface, a
stationary phase (or adsorbed phase) is on the solid side, where the
stationary phase and solid surface are charged with ions of the opposite
charge. Wen a solid and liquid are in relative notion, the 20 stationary
phase noves with the solid. Therefore, it wIll be the potential between the
stationary phds®1eQ4FfARE and the inside of the solution that actually

governs the notion, and is referre t% t he zetai otenti.al . ,The zeta
potential may be positq EIYTO%E LBFalitv %ﬁéﬁﬁﬁﬁqﬂg ER3FGE o St he

tati h . . -1 | .ubl | At i bl i d i
an i nik the ConGrERY pat ert BY & et Separs: Bupeds VR ke R Rer and
stably di sper sqd.byi bh8 2863 PORRAL al Lyl Col agagh. cThekefore, the zeta

potential is a property of signifticance spersion stability and

storage stabilidyoPAneN i0Ki% GOMUAIH G &d Wab Bhal ngokublRcologant for ink
jet recording. Mreover, the absolute value of the zeta potential itself

greatly affectshghspersi aadshalti nidne tigad 208 Bi/Steliltid Wndesd abso an
i nport ant paraneter.

the ink, preferably not less than 0.3% and not more
than 15% by weight. It is preferable for the aqueous
medium for the ink to contain water or water-soluble

10 organic solvent, as required. The ink may be
incorporated with a penetrant to accelerate its
penetration into a recording medium, a preservative
or an antifungal agent.

The dispersible colorant of the present

15 invention contains the chargeable resin pseudo fine
particles 2 fixing to the colorant 1 surface (FIGS.
1A and 1B) while it i1s present in the ink. Therefore,
the colorant particle attaches to a recording medium
or to an adjacent particle on the medium via the

20 chargeable resin pseudo fine particles fixing to its
surface. Therefore, the image produced with the
aqueous ink of the present invention should be highly
resistant to scratching. One of the more preferred
embodiments is the aqueous ink which has, in addition

25 to the above characteristics, the self-dispersible
fine resin particles present therein. This permits

the ink to produce highly glossy images on a glossy



10 In a dispersion systemin which colloidal dispersions of different zeta
potentials are present, in particular, there is generally an attractive
force working between a di spersion of a higher potential and another

di spersion of a |lower potential to 15 agglonerate them even when they have
the sane sign (positive or negative) of potential. This phenonmenon is
known as hetero-aggloneration. In other words, the dispersible colorant of
the present invention having a uniform absolute value of zeta potential 20
exhibits its effect of stabilizing dispersion in the ink of the present

i nvention. The inventors .of t.he resent inyenti have found that the
di spersibl e c%?aﬁaﬁf gﬁﬁﬁﬁaﬁﬁwﬂ&%ﬁafﬁ¥eﬂf¥gﬁcgﬁﬁim%éitQKFO%%gprable
effect of stabilizin i-spersi en_25 its.zet otential distribution
is less than 56g?§r‘?8%%§%3141é9% a%%gfded vrauﬁﬁiéﬁéim§ﬂ¥ﬁ% aver age

level. - 65 T ‘Ee%%&%b&%e”cﬁf;inﬁgé‘;%ﬁ QEQEBHE'}ge%’MV@@%'%}] gQQQHBi ons,

e.g., dielectric consta concentration, o queous nedi um

in which the g¢ohgraat-tisRNesent risy £ the B MAH a0y other 5
col | oi dal dispersion. Therefore, the zeta potential should be discussed for

its absol ute vaﬁgﬁea@,%l@ stirrdutd O0n "BasHl edende) shecsidhe cAndhki ons of
medi um in which the colorant is dispersed. The zeta potential of the

di spersi bl e colakanwhietredm atieausndier nkofpynkea tdetfertheesabyialesnmon
procedure. The

(A) and the monomer component of the particles (B)
have at least one type of common monomer component.
Such ink composition will greatly improve scratching

10 resistance of the image on a glossy recording medium,
because the particles (A) fixing to the colorant and
particles (B) are more compatible with each other to
increase ink adhesiveness.

The dispersible colorant of the present

15 invention has an average surface zeta potential of
not less than -80 mV and not more than -20 mV in the
aqueous medium which constitutes the aqueous ink, in
particular when it containsvan anionic group, and not
less than +10 mV and not more than +60 mV when it

20 contains a cationic group. These are also preferred
embodiments. The aqueous ink can have excellent
storage stability for extended periods, when its
dispersible colorant has a surface zeta potential in
the above range. The dispersible colorant having a

25 surface zeta potential of not less than -15 mV and

not more than +10 mV may fail to exhibit its inherent

high dispersion stability by the actions of an



zeta potential was determned for the present invention by an analyzer
(Mcrotech N tchion ZEECOVM), where an aqueous m xed sol vent for the aqueous
ink incorporated with the colorant at an adequate 15 dilution ratio was put
in a constant electrical field to observe novenent of the dispersed
particles (of the dispersible colorant”itnthe present invention) and
determ ne the novenent velocity of the particles by image processing. 20
However, it should be noted that the zeta potential may not be determ ned
by the anal ytical procedure described above for an ink containing a
specific electrolyte at a high concentration even in an aqueous mnedi um of
the same conpo3f¥feHS Beddyse dfeblelRr@sipvEhg ROy MISeditocdhductivity of
the nmedium In such a,case, the zeta potential of the dispersible colorant

can be det er ni HBEUAFLEF SPte HARGUZ PR AP LAPES6L tY's Tore 8P 1S Rave a pH | eve
clectrolyte toPBToTaR THE KBGVEHAE JAA 1550 ConPar RS Rl ety S e at a
1L 9h concent sl gtycand Sel o bas, deptgased sl wage Siav by
ised as the corBEant oy R Had e R e R Bt BsPule the |
pignent in a spegicfiic kit ad wdther ressnseanpanent t¥foddie the ink
has excellent storage stability.
The term “zeta ({) potential” used in this
specification, sometimes referred to as interfacial
10 dynamic potential, means potential produced in an
interface between a solid and liquid in relative
motion while they are in contact with each other. It
is used to analyze surface conditions of a solid
present in a liquid. In the electrically double
15 layer produced in a solid/liquid interface, a
stationary phase (or adsorbed phase) is on the solid
side, where the stationary phase and solid surface
are charged with ions of the opposite charge. When a
solid and liquid are in relative motion, the
20 stationary phase moves with the solid. Therefore, it
will be the potential between the stationary phase
surface and the inside of the solution that actually
governs the motion, and is referred to as the zeta
potential. The zeta potential may be positive or
25 negative depending on charge of the stationary phase.
When a water-insoluble colorant is stably dispersed

in an ink, the colorant particles are kept separated



chargeabl e resin pseudo fine particles, or resin/pignent ratio (B/P ratio)
of not less than 0.3 and not nore than 4.0 by nmass for inproved scratching
15 resistance of the inage formed by the aqueous ink. Keeping the B/P ratio
at not less than 0.3 can enhance adhesivgness bet ween the col orant
particles and between col orant particles and recordi ng nedium and hence
enhance resi stance of the image to 20 scratching. In particular, the aqueous
ink incorporated with the dispersible colorant can exhibit its filmmaking
capacity nore efficiently, when the copolymer conponent for the chargeable
resin pseudo fine particles fixing to the colorant has a 25 gl ass
transition tenﬁéPQtﬁP@hopﬁﬂﬁrl%%g ?Héﬁly4§€Sp§ﬁ§Qan¥nﬁ¥@tﬁ%ﬁaGOC as

described earlier, and t enhance, scr tchi resi stance of the image
on - 67 a gl 088 Baper © okt 'y F T GrRD e I PrEaEPy TR By 4 0, the

i nk may be SUf%I%Ien V.l SCous e detegiorated

ejectability, Bﬁﬁﬁlcd1ar %) OP%E%YePgrE&SP&gﬁsEHNB?e Ver, such an 5 ink
may not secure gsuLial el g‘_f%gflﬂ@gsgh;ﬂoskgﬁggeacoﬁmfafetfhgﬁggbvm hi gh

resin ratio to erlor eve 1 ng orant on a

recordi ng @?d'HBht%%%@d&Jé*%%@%fliﬁEbQub@etQ%r@%&%t %ﬁﬂgﬁn fsapt |ess than

0.3 and not nore than 4.0 can 10 give the aqueous I nk Itaneously
exhibits excekbeblrgsgiat ching resistance and ejectability in ink jet
recorders. The resin mass described above

Moreover, the absolute value of the zeta
potential itself greatly affects dispersion stability,
and its distribution is also an important parameter.

10 In a dispersion system in which colloidal dispersions
of different zeta potentials are present, in
particular, there is generally an attractive force
working between a dispersion of a higher potential
and another dispersion of a lower potential to

15 agglomerate them even when they have the same sign
(positive or negative) of potential. This phenomenon
is known as hetero-agglomeration. In other words,
the dispersible colorant of the present invention
having a uniform absolute value of zeta potential

20 exhibits its effect of stabilizing dispersion in the
ink of the present invention. The inventors of the
present invention have found that the dispersible
colorant of the present invention exhibits the
desirable effect of stabilizing the dispersion when

25 its zeta potential distribution is less than 50 in
terms of the standard deviation around the average

level.



means the total quantity of the chargeable resin pseudo fine particles, and
may i nclude another resin 15 conponent which is clearly observed to be
strongly adsorbed on the pignment surface. However, it does not include a
wat er - sol ubl e resin conmponent which is gg%ily separated fromthe pignent.
The B/P ratio can be generally determ ne y 20 differenti al
thernogravinetric analysis, and was determ ned by an anal yzer (METTLER,

TGA/ SDTA851) for the present invention. Mre specifically, the dispersible
colorant of the present invention or aqueous ink incorporated therewith for
ink jet 25 recording was centrifugally treated at 80,000 rpmfor, 2 hours,
dried, wei ghed and hE¥ edetd ROkEDtdgen VatipsphePending Py yadh<¥ive wei ght

change of each of - 68 the pigment and resin conponents before and after
its deconposi EPBALLERPEr atti, 4&ﬁi§ﬁ?€hct58n§FpnFaﬂHﬁ IR FRtEr i ned

Recorded I mage 5 The in% e of t{e resent invent.ion.recqrded on a recording
medi um wi t h t hE°BGGBEGE SRR of° PARERAP RIS f i“ﬁ&(ﬁbo&é?ed with the
di i bl f. - i b i tiQn . by th
i et recor dar TORREE e d TR AT, TTTRR Fac SHA Sased i Bk PEReE Y 1

et ey o BOMGH R L 20 St PO B OBl o
should be discussed for its absolute value and
distribution measured under specific conditions of
medium in which the colorant is dispersed. The zeta
potential of the dispersible colorant in an aqueous

10 ink may be determined by a common procedure. The
zeta potential was determined for the present
invention by an analyzer (Microtech Nitchion ZEECOM),
where an aqueous mixed solvent for the aqueous ink
incorporated with the colorant at an adequate

15 dilution ratio was put in a constant electrical field
to observe movement of the dispersed particles (of
the dispersible colorant in the present invention)
and determine the movement velocity of the particles
by image processing.

20 However, it should be noted that the zeta
potential may not be determined by the analytical
procedure described above for an ink containing a
specific electrolyte at a high concentration even in
an aqueous medium of the same composition, because of

25 excessively high electroconductivity of the medium.
In such a case, the zeta potential of the dispersible

colorant can be determined after the aqueous medium



invention includes functions by its characteristic 15 shapes, shown in
FIGS. 7A, 7B and 7C, for producing the inkjet recorded i mage of the present
invention. O these functions, those shown in FIGS. 7B and 7C are nore
preferabl e, and appear simultaneously in e_ actual recording. The function
shown in FIG 7A 20 tends to appear where the aqueous ink described above

is further incorporated with the self-dispersible resin fine particles B,
to produce the highly glossy image on a recording medi um 14, where the
chargeable resin pseudo fine particles or self-dispersible fine 25 resin

ticl B | at th ned th i I 't' bet th
R l%??’ihé?ggiﬁFsﬂsgpf?e Bhifbogybe;vocn the
ticl 2 b I t b I fi
par ol 2 Spen) oghieTs, U S 681 LT ANELE B8

for the recorgfg ?unc t%ftQ!Qﬁ @frﬁichhﬂg £§§¥étﬁﬂﬁeac§ gf§y,7c shows

anot her preferre where the Tratio e colorant "surface to

whi ch the charggabhénsr %%1' @m&d&lyt@eagaat he@s cfdrfeérﬁtp@@j:@ﬁsegnao
partly allow aggl oneration of the colorant particles thenselves while

real i zing tshe fupaki 86 $hew detfd4sed0s¥BrabbGstaGiililtust r dtdsever,
aggl oneration of the <colorant particles in the ink by which an imge is

fornmed on a retordanghewdi umprdres@ statrager epualdildrty bigf Wweespihg thar geabl e
resin pseudo fine particles (represented by arrows 15 in the figure) is
bal anced colorant at a zeta potential in the range for the
present invention.
When a pigment is used as the colorant, it is a
10 preferred embodiment to incorporate the pigment in a
specific ratio to the resin component of the
chargeable resin pseudo fine particles, or
resin/pigment ratio (B/P ratio) of not less than 0.3
and not more than 4.0 by mass for improved scratching
15 resistance of the image formed by the aqueous ink.
Keeping the B/P ratio at not less than 0.3 can
enhance adhesiveness between the colorant particles
and between colorant particles and recording medium,
and hence enhance resistance of the image to
20 scratching. 1In particular, the aqueous ink
incorporated with the dispersible colorant can
exhibit its film-making capacity more efficiently,

when the copolymer component for the chargeable resin

pseudo fine particles fixing to the colorant has a

25 glass transition temperature of not less than -40°C

and not more than 60°C, as described earlier, and

further enhance scratching resistance of the image on



15 with aggloneration force of the colorant particles in the aggl oneration
process to control the aggloneration. Such control enables controlling of

i mge density and ink bl eeding through col orant aggloneration control on
recordi ng nmedium 20 |Inmage Recording Meth and Recorder The dispersible
col orant and aqueous ink incorporated therewith, both of the present

i nvention, exhibit excellent characteristics when used in an ink-jet head
and stored in an ink tank. The ink is 25 also useful for filling ink. The
present invention exhibits particularly excel | ent characteristics when

used in a record| hea and re rder th ubbl t(r) type
T%ﬁgy'gb 2&; 9%8 Q? %1f antfﬁ

recordi ng met hod? Fesent At ve struc?u |ng principle are

preferably based gnqihes basi c PLNERR! Ry hacly IC}br#Lﬁ(oé?ﬁgeahsNg%

4,723,129 and 5 Thi's principfe’is app an on-demand or

cont i nuous typg. whblleS RAMHAFI @t ¥ reblaelldv @ jehann apptedi 10 an on- demand
type, where at |least one driving signal is transnltted o0 an el ectrot her nal

converter placgdritA ca1RAsi#d10ni gRT § 88P2RGRHA LS caph rEdwfr a2 shaetagnd
i quid passage by which the ink is held to rapidly heat the ink to a

t enper at ur & beyardmatyhéroticd eali ee bouififng i kanpanaigy elei et gpnvechasebei ng
sufficiently generating heat to cause filmboiling on the heated recording
head surface, wift ihehexesidivdbythaght reshmbbladsi arteo fdebediomatke i nk
correspondi ng
color-developing capacity of the colorant on a
recording medium. Keeping the B/P ratio in the above
range of not less than 0.3 and not more than 4.0 can
10 give the aqueous ink which simultaneously exhibits
excellent scratching resistance and ejectability in
ink jet recorders. The resin mass described above
means the total quantity of the chargeable resin
pseudo fine particles, and may include another resin
15 component which is clearly observed to be strongly
adsorbed on the pigment surface. However, it does
not include a water-soluble resin component which is
easily separated from the pigment.
The B/P ratio can be generally determined by
20 differential thermogravimetric analysis, and was
determined by an analyzer (METTLER, TGA/SDTA851) for
the present invention. More specifically, the
dispersible colorant of the present invention or
aqueous ink incorporated therewith for ink jet
25 recording was centrifugally treated at 80,000 rpm for

2 hours, dried, weighed and heated in a nitrogen

atmosphere or air to observe weight change of each of



to the signal. The ink is ejected through a ejection port by the actions of
t he bubbl es growing and contracting to format |east one droplet. The

pul sed signal is nore preferable, because it can inmediately 20 and
adequately cause grow h and contract of_tgg _bubbl es to achi eve ink eject of
hi gh response. USP 4,463, 359 and 4, 345, 2 di scl ose the preferable pul sed
signals. The recording can be perfornmed nore effectively under the
conditions disclosed by U S. 25 Patent No. 4,313, 124 describes the
tenperature rising rate on the heat-working surface in the head. The
preferable head structures include - 71 conbinatiqns of ejectjon rts,

Pl Ut passagash PLEBERToATE iR gt ampBRPRGS, derieeaquty ShbET 285

el ectrot hermal ,converters as discloéed by tge a?pvgkt#§P1§Pﬁcif'cations.
The present inventiBRSIS s BRFFRE T Ge FRCT LPVGd (8 Wih TRE Romponent s
positi oned on . t-working surface, as disclosed by U S. Patent
No. 4, 558, 333 %$§4§§gé?g6g%%“lt is also effective in another structure with

plural 2 eIecﬁéegpgéaahngﬁﬁyerters sharing one or nore 10 common ink
ej ection ports and their o ejection ports, as disclosed by Japanese

Patent Applg cation 42 difRge BNE. theIp ®e Dhbehtibhnedomeidecsd di ng
head, which covers a |length corresponding to the maxi num w dth over which
the recorder canrpeeddéaglmddingesyitRythaveaqacowsbiingd iofh oiea plurality of

recordi ng heads di sclosed by the above specifications
present invention incorporated with the dispersible
colorant of the above-described composition is
produced by the ink jet recorder, described later.

10 The recording medium used for the present invention
is not limited, so long as it allows production of an
image thereon by ink jet recording.

The dispersible colorant of the present
invention includes functions by its characteristic

15 shapes, shown in FIGS. 7A, 7B and 7C, for producing
the inkjet recorded image of the present invention.
Of these functions, those shown in FIGS. 7B and 7C
are more preferable, and appear simultaneously in the
actual recording. The function shown in FIG. 7A

20 tends to appear where the aqueous ink described above
is further incorporated with the self-dispersible
resin fine particles B, to produce the highly glossy
image on a recording medium 14, where the chargeable
resin pseudo fine particles or self-dispersible fine

25 resin particles B accumulate on the medium to

smoothen irregularities between the colorant

particles. In FIG. 7B, the chargeable resin pseudo



to cover the required length, or may be of such a structure that they are
assenbl ed in one body. The present invention helps these types exhibit the
20 above-described effect nore efficiently. The present invention is al so
effective when fixed to an exchangeabl e &?Ip type recording head body in
which it can be electrically connected to body to supply ink thereform
and also to a cartridge 25 type in which it is integrally nounted on the
recording head itself. The present invention can exhibit its effect nore
efficiently, when provided, - 72 as one conponent to the recordi ng head,
with a recovery unit or another auxiliary means, which is still another
advant age of t%bn%rE%éﬁ#cﬂﬁ@e%nRﬁﬁsembr%eEﬁéépfF8§H§ﬁ3%¢%%% i ncl ude

cappi ng, cleanln 5 and press r|2| ucin ans el ectr ot her mal

converter or %E?nHeBFFﬁd pﬁ%m? ARFyUS éhﬁthjH§§ﬁs conprising a

mbi nat i ft d mbi nat fth d
prel i i nary Sj%%?eﬁ%as BV ESTAS 2 SPBTE! LenoRl Lhsandaviers e

nwention W 11oke fesrhied ikadpisy MELAT Lo Ewglé%safgt ARATI VE

EXAMPLES, whic no neans resen Invent i on varlatlons

e R B e Pk e gty
otherwi se statggiio of the colorant surface to which the chargeable

resin pseudo fine particles fix is decreased to
partly allow agglomeration of the colorant particles
themselves while realizing the function shown in FIG.

10 7B. FIG. 7C illustrates agglomeration of the
colorant particles in the ink by which an image is
formed on a recording medium, where static repulsion
between the chargeable resin pseudo fine particles
(represented by arrows 15 in the figure) is balanced

15 with agglomeration force of the colorant particles in
the agglomeration process to control the
agglomeration. Such control enables controlling of
image density and ink bleeding through colorant
agglomeration control on recording medium.

20 Image Recording Method and Recorder

The dispersible colorant and aqueous ink

incorporated therewith, both of the present invention,
exhibit excellent characteristics when used in an
ink-jet head and stored in an ink tank. The ink is

25 also useful for filling ink. The present invention
exhibits particularly excellent characteristics when

used in a recérding head and recorder of the Bubble



EXAMPLE 1 A recording ink 1 was prepared by the following 20 procedure in
EXAMPLE 1. First, a mxed solution having a conposition of 10 parts of
carbon black, 6 parts of glycerin, 10 parts of a styrene/acrylic

resi n-based di spersant and 74 parts of ng r was prepared as a pignment

di spersion solution 1 by 25 treating these conponents by a sand m || (Kaneda
Scientific) with 0.6 mmdi aneter zirconia beads at 1,500 rpmfor 5 hours to
di sperse the pignent, where - 73 the pot was filled with a filling rate of
70% The carbon black was Bl ack Pearls 880 (hereinafter referred to as
BP880) supplied fromUS s Cabot Co. The styrene/acrylic resin-based

di spersant had’at® RS BRGIE/ENGneEhPrd -of 70/ 30, nol ecul ar wei ght (M)

f 8,000 and acid f 170, |t | uti db
Ctir7ing the di sper Uit CYBGETRBENHR WSl AR pBtasEPERATIr oxi de i 1 an

anount equi val ﬁ?inw?&%s@i gbr?%a/ée ﬁé%%%gae%hgﬁlgﬁke%‘géii@gpp-iggl?@ﬁgs’

di spersion solUtion rse € plgnent” par

having an ave&i‘gélgkéﬁe&?gﬁ.@!tﬂh%éngi RALEL er4.,07f239,812‘§"| Q&ﬁyﬂ?'@()‘ji?@@f S€

index of 0.16. Next, the follow ng m xed sprutlon_mas sl ow ) 5 droppeq in
100 parts of thgipi grBRALiHILPEISIHpl $O4BIEORCL AW UhRI&kdAdCaLl Yy stirring

at 70Cin a nitrogen atnosphere for polynerization continued for 5 hours.
The m xed sol utbanieaopisi $6¢eb. 5Iparitss girticularly effective when

applied to an on-demand type, where at least one
driving signal is transmitted to an electrothermal
converter placed in a position corresponding to each

10 of a sheet aﬁd liquid passage by which the ink is
‘held to rapidly heat the ink to a temperature beyond
the nucleate boiling temperature, the converter being
sufficiently generating heat to cause film boiling on
the heated recording head surface, with the result

15 that the bubbles are formed in the ink corresponding
to the signal. The ink is ejected through a ejection
port by the actions of the bubbles growing and
contracting to form at least one droplet. The pulsed
signal is more preferable, because it can immediately

20 and adequately cause growth and contract of the
bubbles to achieve ink eject of high response. USP
4,463,359 and 4,345,262 disclose the preferable
pulsed signals. The recording can be performed more
effectively under the conditions disclosed by U.S.

25 Patent No. 4,313,124 describes the temperature rising
fate on the heat-working surface in the head.

The preferable head structures include



met hyl net hacryl at e,

hydr oxi de, 0.05 parts of potassium persulfate and 20 parts of water.

resulting dispersion solution was diluted by 10 tinmes with water,

centrifugally
aggl oner at es.

treated at 5,000 rpm for 10.7 m nutes to renove the

It was further 25 centrifﬁga}ly purified at 12,500 rpmfor 2

hours to produce the precipitate as the dispersible colorant 1. The

di spersible colorant 1 dispersed in water -

at 12,000 rpm

wat er and dried to be_ anal yze

for 60 mnutes. The resulting precipitate was redispers
scannin

The

and

74 and centrifugally purified

ed

el.ectr.on m croscope (JCEL

0.5 parts of acrylic acid, 0.12 20 parts of potassium

in

by a
Hi ght ech, JSM 89BByRatigns lﬁ%%?ﬁ&?BnPBFggw,éG@PH R3S 3PS@érved that the
di spersi bl e cok$rant 1 coggrﬁled fi?e Ees'n ﬁarticles ficgn%dto t he carbon
bl ack surface. \ThBS28I Sfart S ordparedtPntofhds ERAVEAES he?

observed in

th £ t lagi The f i
(e sae, Tenngs oke ERALIEY ol ok ant, TBCPRALoN B M, Thee T Obko T
by a nenbraneykpl

recordi ng ink

spersible colo

5
1 con?alnlng the colorant 1 at 4% 15 dycerin 7 parts

g

bR R tSi Afs . 2-Thdp HOSIEh £ PERFENRE o0 i PrEpas e the

Di et hyl ene gl yepke2tBaEt Sn alrdtRibYhpe RiERARB ! dAMPSneESt Yl €NOl EH
(Trade nanme: Kawaken Fine Chemcals) 0.2 parts

10

15

20

25

positioned on the curved heat-working surface, as
disclosed by U.S. Patent No. 4,558,333 or 4,459, 600.
It is also effective in another structure with plural
2 electrothermal converters sharing one or more
common ink ejectioﬁ ports and their own ejection

ports, as disclosed by Japanese Patent Application

Laid-Open No. 859-123670. A full-line type recording

head, which covers a length corresponding to the
maximum width over which the recorder can produce
images, may have a combination of a plurality of
recording heads disclosed by the above specifications
to cover the required length, or may be of such a
structure that they are assembled in one body. The
present invention helps these types exhibit the
above—described effect more efficiently.

The present invention is also effective when
fixed to an exchangeable chip type recording head
body in which it can be electrically connected to the
body to supply ink thereform, and also to a cartridge
type in which it is integrally mounted on the
recording head itself. The present invention can

exhibit its effect more efficiently, when provided,

| tered



20 Ilon-exchanged water Bal ance EXAMPLE 2 The follow ng m xed sol uti on was
slowy dropped in 100 parts of the pignent dispersion solution 1 prepared
in EXAMPLE 1 with electrically stirring at 25 70C in a nitrogen atnosphere
for polynerization continued for 8 hours-,The m xed solution conprised 5.7
parts of styrene, 0.3 parts of acrylic acid, 0.07 - 75 parts of potassium
hydr oxi de, 0.05 parts of potassium persulfate and 20 parts of water. The
pol ymeri zation mxture was centrifugally purified in the sane manner as in
EXAMPLE 1 to prepare a dispersible colorant 2. 5 A recording ink 2
cont ai ni ng the_dispersible col.or 2 at 4% was t he sane manner

ae i BXAVPLE o7, SBRAMAECITHE To1 FBGi R ohien ts i Tor heS 81'owly dr opped
10 i n 100 part 5.0, Lhe RGN, OL5REASLORSAIULLAN oo L ePgf ety § FXAVPLE 1
y Stirr - a n or

with electrica ing at It rogen “at nospher e

pol ym‘v‘”Za“O“FtEQQtia%%éPrac@vQRHé§e de ciiex e 30l it | pRyERPEpSed 5.7
0.3 parts 15 ac 0

parts of nmethyl nethacryl ate, of rylic acid, 0.0/ parts of

pot assi um hydr gyirde s R Q% i It $, ofheskassicumaRersdpd At @, aptegdlipgrts of
water. The polynerization mxture was centrifugally purified in"the sanme

manner as ifn EXANMPREeksux iof eqr 6r ai ddapensg hle@ireo! o batt Bot Re rhhe
pol yneri zation was carried out in the sane
converter or another heating device, preliminary
heating means comprising a combination of these
devices, and a combination of these devices for a
preliminary eject mode which is not for recording.
10 EXAMPLES
The present invention will be described in more
detail by EXAMPLES and COMPARATIVE EXAMPLES, which by
no means limit the present invention, and variations
may be made so long as within the scope of the
15 present invention. In EXAMPLES and COMPARATIVE
EXAMPLES, “part(s)” and “%” are by mass unless
otherwise stated.
EXAMPLE 1
A recording ink 1 was prepared by the following
20 proceduré in EXAMPLE 1. First,'a mixed solution
having a composition of 10 parts of carbon black, 6
parts of glycerin, 10 parts of a styrene/acrylic
resin-based dispersant and 74 parts of water was
prepared as a pigment dispersion solution 1 by
25 treating these components by a sand mill (Kaneda

Scientific) with 0.6 mm~-diameter zirconia beads at

1,500 rpm for 5 hours to disperse the pigment, where



manner as in EXAMPLE 1, except that 100 parts of the pignent dispersion
solution 1 was replaced by 100 parts of a 2% aqueous sol ution of potassium
hydroxi de, in an amount equivalent to the styrene/acrylic resin 25 based

di spersant used in EXAMPLE 1 and the pol rizati on m xture was

centrifugally purified in the sanme manner”as in EXAMPLE 1, except at 20, 000
rpom- 76 for 1 hour, to prepare the fine resin particles Bl. A recording
ink 3 containing the dispersible colorant 3 and fine resin particles Bl at
4 and 1.2% respectively, was prepared in the same nmanner as in 5 EXAMPLE
1. EXAMPLE 4 The follow ng m xed solution was slowy dropped in 100 parts
of the pignenttiaf speFsras faildedbiith p?e%h%%élngnr&ﬁl\/ﬂé MO%itphe
cont i nued 1 or EAHRRRSDIRRE. Aol St S Conp s dAC L 19 HEhTE of benzyl
rehacrylate, b fopRh,of b Bolale o Bar ba el il gocld. 007
Phe same mannel agtPEcERAREE 1 o Sy Eheb o 4G T SR o AP U e
was cont i ed TRRC VB0 At en tenort sh TR P e Cr e AR na o
the carbon bl aghwsupageoolutad®rLefdisesdi t8aprthose 1t was an
aqueous solution prepared by stirring the dispersant
together with water and potassium hydroxide in an
amount equivalent to the acid value at 80°C. The
10 resulting pigment dispersion solution 1 was stably
dispersed with the pigment particles, having an
average dispersed particle diameter of 98 nm and
polydisperse index of 0.16.
Next, the following mixed solution was slowly
15 dropped in 100 parts of the pigment dispersion
solution 1 with electrically stirring at 70°C in a
nitrogen atmosphere for polymerization continued for
5 hours. The mixed solution comprised 5.5 parts of
methyl methacrylate, 0.5 parts of acrylic acid, 0.12
20 parts of potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
dispersion solution was diluted by 10 times with
water, and centrifugally treated at 5,000 rpm for 10
minutes to remove the agglomerates. It was further
25 centrifugally purified at 12,500 rpm for 2 hours to

produce the precipitate as the dispersible colorant 1.

The dispersible colorant 1 dispersed in water



observed in EXAMPLE 1. The polynerization was carried out in the sane
as in EXAMPLE 3 for preparing the fine resin 25 particles Bl by
repl acing 100 parts of the pignment dispersion solution 1 for EXAMPLE 1, to

manner

prepare the

respectively, was
The foll owi ng m xed solution was sl owy dropped

fine resin particles B2. The recording ink 4 - 77 containing
the di spersible colorant 4 and fine resin’4particles B2 at 4 and 1.2%

prepared in the sanme manner as in EXAMPLE 1. EXAMPLE 5 5
in 100 parts of the pignent

di spersion solution 1 prepared in EXAMPLE 1 with electrically stirring at
50C in a nitrogen atnosphere for polynerization continued for 5 hours. The
m xed sol uti ome@npensEd frgad lpamur bf1eat - aér P04t &pm. DT paPts of

pot assium persulfate, the sane nols of sodiumthiosulfate as potassium
persul fate and™®®Upgsts Brewatsr! ting Hﬁﬂ%&ﬁ%?%ﬁ?iUﬁSnF?F&ﬁQQMﬁ?d

centrifugally

di spersible co

manner

P

rified in  the sane nner as i MPLE 1 tp prepare a 15
B 4RSS, ok DG e SBRAVERD Binds SrAlSed Thithe. same

et n par 1 ol 6 FPRERY TR bbOBr abk SBhPFhee. S BhTe Mo b Fhstd t han-

t hose 20 0Q§er
di spersible c

1

10
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25
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%%gg%?igégﬁ% Ede £y regerdi @%eéb%%%h”it%%t L

Yo Was~ prepafed in saime manner as i n EXAMPLE

dispersible colorant 1 comprised fine resin particles

fixing to the carbon black surface. The colorants

prepared in other EXAMPLES were observed in the same

manner to confirm the colorant morphologies.

The following composition was incorporated with

the dispersible colorant 1, and filtered by a

membrane filter (pore size: 2.5 um) under pressure to

prepare the recording ink 1 containing the colorant 1

at 4%.

e Glycerin 7 parts
e Diethylene glycol 5 parts
e Trimethylol propane 7 parts

e Acetylenol EH (Trade name: Kawaken Fine Chemicals)

0.2 parts

e Ton-exchanged water Balance

EXAMPLE 2

The following mixed solution was slowly dropped

in 100 parts of the pigment dispersion solution 1

prepared in EXAMPLE 1 with electrically stirring at

70°C in a nitrogen atmosphere for polymerization

continued for 8 hours. The mixed solution comprised

5.7 parts of styrene, 0.3 parts of acrylic acid, 0.07



EXAMPLE 6 The followi ng m xed solution was slowy dropped 25 in 100 parts
of the pignent dispersion solution 1 prepared in EXAMPLE 1 with
electrically stirring at 70Cin a nitrogen atnosphere for polynerization -
78 continued for 5 hours. The m xed solution conprised 17.2 parts of
methyl nethacrylate, 0.8 parts of sodiun?p-3tyrenesul fonate, 0.05 parts of
potassium persulfate and 20 parts of water. The polynerization 5 m xture
was centrifugally purified in the same manner as in EXAMPLE 1 to prepare a
di spersible colorant 6. A recording ink 6 containing the dispersible
colorant 6 at 4% was prepared in the same manner as in EXAMPLE 1. 10
EXAVPLE 7 A reparlisngfi leotasgisimrieydredipy t Re Oolnagwi hoef ppotadgium n
EXAMPLE 7. First, a_m xed solution having a conposition of 10 parts of
carbon bl ack, Berghddatsf agidcelt iparte parwatsr.a The polymerization
styrene/ di net hyl am noet hyl acryl ate copol yner-hased cationic di spersant and
74 parts of walertWgs WﬁFbﬁé?E%F%.u%ag&gnéHFl§P§ﬁbﬂé} S oP UTF o226y

i h d mll (Kaned Sci ific Co. ith 0.6
s di anster 21 PoonPa AN o6 T EBB=FBnrr o BN o O ShePbe r he
prament. “wher g Uhe. gl ves ff 14 S M3, 61 LLLG £l 011 70% 01 JGrtar bon

bl ack was the sane “as

styrene/ di met hyl ggi peet fud ﬁ?ﬁﬂ%@é& in the same manner as in EXAMPLE
1.
EXAMPLE 3

The following mixed solution was slowly dropped

10 in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at
70°C in a nitrogen atmosphere for polymerization
continued for 6 hours. The mixed solution comprised
5.7 parts of methyl methacrylate, 0.3 parts of

15 acrylic acid, 0.07 parts of potassium hydroxide, 0.05
parts of potassium persulfate and 20 parts of water.
The polymerization mixture was centrifugally purified
in the same manner as in EXAMPLE 1 to prepare a
dispersible qolorant 3.

20 The polymerization was carried out in the same
manner as in EXAMPLE 1, except that 100 parts of the
pigment dispersion solution 1 was replaced by 100
parts of a 2% aqueous solution of potassium hydroxide,
in an amount equivalent to the styrene/acrylic resin-

25 Dbased dispersant used in EXAMPLE 1 and the
polymerization mixture was centrifugally purified in

the same manner as in EXAMPLE 1, except at 20,000 rpm



copol yner - based cationic dispersant had a 25 copol yneri zation ratio of

70/ 30, Mwv of 8,000 and am ne value of 170. It was an aqueous sol ution
prepared by stirring the dispersant together with - 79 water and acetic
acid in a quantity slightly in excess of that required for the above am ne
value at 80C. The resulting pignent dispéfsion solution 2 was stably

di spersed with the pignent particles, having 5 an average di spersed particle
di aneter of 105 nm and pol ydi sperse index of 0.18. Next, the follow ng

m xed solution was slowly dropped in 90 parts of the pignent dispersion
solution 2 with electrically stirring at 55C in a 10 nitrogen atnosphere for
pol yneri zati onfeonii heed ,f dro Irepars. the faneed esdlrutpart tohpsi Béd 4. 2
parts of benzyl nethacrylate, 1.8 parts of dinmethylam noethyl acrylate,
0.3 parts of V-50 (VRkbePardiggedindald Jonfuairieg) thRdAAGHSHIIPHE water.
The resulting 15 _dispersion solution was diluted 10 tinmes with water, and
centrifugal |y EPégredtars Rigbot Ipen FOFLIROPATHICESS (B rdhotedRflel - 23,

aggl onerates. It was further centrifugally putified at 12,500 rpmfor 2
hours Lo prodBEEPFREBEdd pi T3k dOBEPAT As plr S5 S JPANEST, 250 1R

recordi ng ka EX%B%;§ qing the dispersible colorant 7 at 4% was prepared,
wher e the col oran was filtered and conpounded with the conposition in
the same manngg g1 EXAMPLE 1. EXAMPLE 8

The following mixed solution was slowly dropped
in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at
10 70°C in a nitrogen atmosphere for polymerization
continued for 6 hours. The mixed solution comprised
4.5 parts of benzyl methacrylate, 1.2 parts of butyl
acrylate, 0.3 parts of acrylic acid, 0.07 parts of
potassium hydroxide, 0.05 parts of potassium
15 persulfate and 20 parts of water. The polymerization
mixture was centrifugally purified in the same manner
as in EXAMPLE 1 to prepare a dispersible colorant 4.
The dispersible colorant 4 was analyzed in the
same manner as in EXAMPLE 1. It was confirmed that
20 it also comprised the fine resin particles fixing to
the carbon black surface, but more fused than those
observed in EXAMPLE 1.
The polymerization was carried out in the same
manner as in EXAMPLE 3 for preparing the fine resin
25 particles Bl by replacing 100 parts of the pigment
dispersion solution 1 for EXAMPLE 1, to prepare the

fine resin particles B2. The recording ink 4



25 A recording ink 8 was prepared by the followng procedure in EXAMPLE 8.
First, a mxed solution having a conposition of 10 parts of Pignent Bl ue
(PB) - 80 15:13 (Clariant Co.) as a colorant, 6 parts of glycerin, 10
parts of a styrene/acrylic acid-based dispersant and 74 parts of water was
prepared as a pignent dispersion solutioh/3 by treating these 5 conponents

by a sand m || (Kaneda Scientific Co.) wth 0.6 nmdianeter zirconia beads
at 1,500 rpmfor 5 hours to disperse the pignent, where the pot was filled
with a filling rate of 70% The styrene/acrylic acid-based dispersant had a

10 copol ynerization ratio of 70/30, Mwv of 8,000 and acid value of 170. The
resulting pi gnemttdispegsittie dsicipd o Bewasletrablty 4ddissperieate webhinhe

pi gnent particles, having an average di spersed particle dianmeter of 108 nm
and pol ydi spergarthdégsoB20.at4.4 1BrdNekt 2% heebpelviivieg i x2S sol uti on was
slowy dropped in 100 parts of the pignent dispersion solution 3 with
electrically seTePar§dain7ddg fame flanpgEnaat ibs FXEME Ifforl pol yneri zati on
for 5 hours. The nixeg solution conprised 5.7 parts of nethyl 20

met hacryl at e, %X%MB&Ft of acrylic acid, 0.07 parts of potassium hydroxide,
0.05 parts

f ] . f .and, 20 f . -Th | {1
di Speroi on %S0l Ui on VAS EPFOBHG"H0 HATES Sa TR 4R ovaS BAG N CI TR |y
treated at 5,000 {B Q40 JB &S, 2onbRe" GTRYE AN AAH RIBL G g |t vas

further
prepared in EXAMPLE 1 with electrically stirring at

50°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised

10 6 parts of butyl acrylate, 0.05 parts of potassium
persulfate, the same mols of sodium thiosulfate as
potassium persulfate and 20 parts of water. The
polymerization mixture was centrifugally purified in
the same manner as in EXAMPLE 1 to prepare a

15 dispersible colorant 5.

The dispersible colorant 5 was analyzed in the
same manner as in EXAMPLE 1. It was confirmed that
it also comprised the fine resin particles fixing to
the carbon black surface, but more fused than those

20 observed in EXAMPLE 1. A recording ink 5 containing
the dispersible colorant 5 at 4% was prepared in the
same manner as in EXAMPLE 1.

EXAMPLE 6

The following mixed solution was slowly dropped

25 in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at

70°C in a nitrogen atmosphere for polymerization



centrifugally purified at 12,500 rpmfor 2 hours to produce the precipitate
as a dispersible colorant 8. - 81 The recording ink 8 containing the

di spersible colorant 8 at 3.5% was prepared, where the colorant 8 was
filtered and conpounded with the conposition in the same manner as in
EXAMPLE 1. 5 EXAMPLE 9 A recording ink 9 s~ prepared by the follow ng
procedure in EXAMPLE 9. First, a m xed solution having a conposition of 10
parts of Pignent Yellow (PY) 180 (Clariant Co.) as the colorant, 6 parts of
10 glycerin, 10 parts of a styrene/acrylic acid-based dispersant and 74
parts of water was prepared as a pignment dispersion solution 4 by treating
t hese conponesestbyuadsing B hoytanedheSciiemd fse}ubioh come miraadl anmet er
zirconia beads at 1,500 rpmfor 5 15 hours to disperse the pignment, where
the pot was flTtédPartr aff meithyg mgehacrybeaseThd - SsPrdie/@Erylic

aci d- based di spersant had a copalynerization ratio of 70/30, Mw of 8,000
and acid val O%%“T?ETS?Héeﬂiﬁﬁi'QRFEﬁgn%nP5dP§5§PQQ§1Rﬂf%ﬁﬁ%ﬁmon 4 was

tably di d w he _pi t tigl havi ' d
parti bl e i antErCbFe E95aRM A0k B i Sher SEoF ndolia! POLYBe INGAL L The
foll ow ' . spl uti I d.in _10 t h ' t
(i spor S on 25 b BEbn Ao o atactat £ THEEH EPpHg R nd A ogen

atmosphere for, ok yMBringdte0n Y PrdOMFS 2 dispersible colorant 6.

A recording ink 6 containing the dispersible colorant
6 at 4% was prepared in the same manner as in EXAMPLE
1.

10 EXAMPLE 7

A recording ink 7 was prepared by the following

procedure in EXAMPLE 7. First, a mixed solution
having a composition of 10 parts of carbon black, 6
parts of glycerin, 10 parts of a

15 styrene/dimethylaminocethyl acrqute copolymer-based
cationic dispersant and 74 parts of water was
prepared as a pigment dispersion solution 2 by
treating these components by a sand mill (Kaneda
Scientific Co.) with 0.6 mm-diameter zirconia beads

20 at 1,500 rpm for 5 hours to disperse the pigment,
where the pot was filled with a filling rate of 70%.
The carbon black was the same as that for EXAMPLE 1
(BP880). The styrene/dimethylaminoethyl acrylate
copolymer-based cationic dispersant had a

25 copolymerization ratio of 70/30, Mw of 8,000 and
amine value of 170. It was an aqueous solution

prepared by stirring the dispersant together with



The m xed solution conprised 5.7 parts of nethyl - 82 nethacrylate, 0.3
parts of acrylic acid, 0.07 parts of potassium hydroxide, 0.05 parts of

pot assium persulfate and 20 parts of water. The resulting dispersion
solution was diluted 10 tinmes with water, and centrifugally treated at
5,000 rpmfor 10 mnutes to renove the‘aﬂglﬁnerates. It was further
centrifugally purified at 12,500 rpmfor 2 hours to produce the precipitate
as a dispersible colorant 9. The recording ink 9 containing the dispersible
10 colorant 9 at 3.5% was prepared, where the colorant 9 was filtered and
conpounded with the conposition in the same manner as in EXAMPLE 1. EXAMPLE
10 A recordi ngWRhRr1@NfhS GRterara@idyinphd g9 andiito hl ProtEdife i n EXAMPLE
10. First, a mxed solution having a.c nBos'tion of 10 parts of Pignent

Red (PR) 122 (E&rp&S8p&d 4ihaF i tard %8.)‘1 & FPATt Aarke BapHPt &lof
glycerin, 10 parts of a styrene/acrylic acid-based, dispersant and 74 parts
of 20 water maéoggepéméﬂ %%gﬁfEFBHeﬁﬂqm%ﬂﬂﬁ@ﬁ%ﬁpg%¥9Pi6ﬁl§tHﬂPt &t ¥ ng

t hese conponen%ggg&¥?g;?ﬁ%%g%%r&geﬁggﬁe ?gbﬁgggi(Qr¥iéfe9.6hggﬁgianféer

zirconi a beads™at 0T ars Sperse plgnentz e t he
R e 1 LA J
acid value ofpglgdigyéﬂggnﬁﬁ&@g gkgpene .di spersi on
Next, the following mixed solution was slowly
dropped in 90 parts pf the pigment dispersion
solution 2 with electrically stirring at 55°C in a
10 nitrogen atmosphere for polymerization continued for
7 hours. The mixed solution comprised 4.2 parts of
benzyl methacrylate, 1.8 parts of dimethylaminoethyl
acrylate, 0.3 parts of V-50 (Wako Pure Chemical
Industries) and 20 parts of water. The resulting
15 dispersion solution was diluted 10 times with water,
and centrifugally treated at 5,000 rpm for 10 minutes
to remove the agglomerates. It was further
centrifugally purified at 12,500 rpm for 2 hours to
produce the precipitate as a dispersible colorant 7.
20 A recording ink.7 containing the dispersible colorant
7 at 4% was prepared, where the colorant 7 was
filtered and compounded with the composition in the
same manner as in EXAMPLE 1.
EXAMPLE 8
25 A recording ink 8 was prepared by the following
procedure in EXAMPLE 8. First, a mixed solution

having a composition of 10 parts of Pigment Blue (PB)



- 83 solution 5 was stably dispersed with the pignent particles, having an
average dispersed particle dianeter of 96 nm and pol ydi sperse i ndex of

0.13. Next, the followi ng m xed solution was slowly 5 dropped in 100 parts
of the pignment dispersion solution 5 wth electrically stirring at 70Cin a
nitrogen atnosphere for polynerization fo805-hours. The m xed sol ution
conprised 5.7 parts of nethyl nethacrylate, 0.3 parts of acrylic acid, 0.07
parts 10 of potassium hydroxide, 0.05 parts of VA-057 (Wako Pure Chem cal

I ndustries) and 20 parts of water. The resulting dispersion solution was
diluted 10 tinmes wth water, and centrifugally treated at 5,000 rpm for 10
m nutes to renbdbelBhdCdggliamer dies) &% masolbramtthdr peantsidfigal |y purified
at 12,500 rpmfor 2 hours to produce the precipitate as a dispersible

col orant 10. ThHéyreedndi A inkrd®d ebnaabhiyngnerecdivdper sibl@-baskdrant 10 at
3.5% was prepared, where the colorant 20 10 was filtered and conpounded
with the conpodiepPsasant e shhePFRhfePiayatfIEXAVPIIT P X@r st éri stics of

Di spersi bl e Col grants The di spersible col oran repared in each of EXAMPLES
1 10 10 vas anBRgBH by RS TR GURRPLEEL98 debd (HEF Ll FeSHeasur 6 | ts

properti es.q The  LOSUELS 4f 914801 Ri T3P Raheds W8 St AP FEESFNCE Mode of

with 0.6 mm-diameter zirconia beads at 1,500 rpm for
5 hours to disperse the pigment, where the pot was
filled with a filling rate of 70%. The
styrene/acrylic acid-based dispersant had a

10 copolymerization ratio of 70/30, Mw of 8,000 and acid
value of 170. The resulting pigment dispersion
solution 3 was stably dispersed with the pigment
particles, having an average dispersed particle
diameter of 108 nm and polydisperse index of 0.14.

15 Next, the following mixed solution was slowly
dropped in 100 parts of the pigment dispersion
solution 3 with electrically stirring at 70°C in a
nitrogen atmosphere for polymerization for 5 hours.
The mixed solution comprised 5.7 parts of methyl

20 methacrylate, 0.3 parts of acrylic acid, 0.07 parts
of potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
dispersion solution was diluted 10 times with water,
and centrifugally treated at 5,000 rpm for 10 minutes

25 to remove the agglomerates. It was further
centrifugally purified at 12,500 rpm for 2 hours to

produce the precipitate as a dispersible colorant 8.



Each di spersible colorant was dispersed in water and dried to be anal yzed
by a scanning electron mcroscope (JOEL Hi ghtech, JSM 6700) at a
magni fi cati on of 50,000. Conditions and 5 characteristics of the fine resin
particles fixing to the colorant were eval uated according to the follow ng
standards: Conditions of the Fine Resin Pafticles Fixing to the ColorantO
Fi xation of the fine resin 10 particles to the colorant is confirmed. x :
Fixation of the fine resin particles to the colorant is not confirnmed.
Presence Mode of the Fine Resin Particles O Resin fine particles are
observed to be 15 uniformy distributed. x : Resin fine particles are
observed to beThaneeepindigicstimnkpud edontainihpgx the disntoilhe unevenly.

Di spersion Stability 20 A 5% aqueous di spersion of each dispersible

col orant was dFP&e&anto & iates’ 3@% hpsir erapesed, awipe orident fat egans the

original concentratiqgn ey ltrafilter having a cut-off polecular weight

, an
of 50,000. Th¥2&ohdeteriaed bl cPToARESdcHALH hgalI3mReSt Fiqhed at 12, 000
rpmfor 2 hour

redi sper sed in%Bﬁ?gg“%gggﬁﬁi$%ég€g?%ngg&gégabﬁsﬁgfI;OLngﬁsgdaQﬁether - 85
t he particl§s g@hﬁpggggprniy di spersed, and anal yzed
A recording ink 9 was prepared by the following

procedure in EXAMPLE 9. First, a mixed solution
having a composition of 10 parts Qf Pigment Yellow
(PY) 180 (Clariant Co.) as the colorant, 6 parts of

10 glycerin, 10 parts of a styrene/acrylic acid-based
dispersant and 74 parts of water was prepared as a
pigment dispersion solution 4 by treating these
components by a sand mill (Kaneda Scientific) with
0.6 mm-diameter zirconia beads at 1,500 rpm for 5

15 hours to disperse the pigment, where the pot was
filled with a filling rate of 70%. The
styrene/acrylic acid-based dispersant had a
copolymerization ratio of 70/30, Mw of 8,000 and acid
value of 170. The resulting pigment dispersion

20 solution 4 was stably dispersed with the pigment
particles, having an average dispersed particle
diameter of 126 nm and polydisperse index of 0.16.

Next, the following mixed solution was slowly

dropped in 100 parts of the pigment dispersion

25 solution 4 with electrically stirring at 70°C in a
nitrogen atmosphere for polymerization for 5 hours.

The mixed solution comprised 5.7 parts of methyl
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articles fixing to the colorant was anal yzed by an
to remove the agglomerates. It was further

centrifugally purified at 12,500 rpm for 2 hours to
produce the precipitate as a dispersible.colorant 9.

The recording ink 9 containing the dispersible
colorant 9 at 3.5% was prepared, where the colorant 9
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXABMPLE 10

A recording ink 10 was prepared by the
following procedure in EXAMPLE 10. First, a mixed
solution having a composition of 10 parts of Pigment
Red (PR) 122 (Ciba Specialty Chemicals Co.) as a
colorant, 6 parts of glycerin, 10 parts of a
styrene/acrylic acid-based dispersant and 74 parts of
water was prepared as a pigment dispersion solution 5
by treating these components by a sand mill (Kaneda
Scientific) with 0.6 mm-diameter zirconia beads at
1,500 rpm for 5 hours to disperse the pigment, where
the pot was filled with a filling rate of 70%. The
styrene/acrylic acid-based dispersant had a
copolymerization ratio of 70/30, Mw of 8,000 and acid

value of 170. The resulting pigment dispersion



anal yzer (METTLER- TOLEDO s DSC822e),

where the dried dispersible colorant

sanpl e was heated at 5 0.5C/ m nute. Surface Functional Goup Density The

surface functi
determ ned by

di spersible 10 colorant was diluted with

onal group density of each dispersible colorant was
the follow ng procedure. Tgﬁ aqueous di spersion of the
excessive quantity of

hydrochloric acid (HO ), and centrifugally treated at 20,000 rpmfor
hour. The resulting precipitate was redispersed in pure water, and its

solid concentration was determ ned. The redi spersed 15 precipitate was

1
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|un1hydro nmoni um | ori de
§HEE%§%nE@eM@Eh electrically stirring at 70°C in a

nitrogen atmosphere for polymerization for 5 hours.
The mixed solution comprised 5.7 parts of methy;
methacrylate, 0.3 parts of acrylic acid, 0.07 parts
of potassium hydroxide, 0.05 parts of VA-057 (Wako
Pure Chemical Industries) and 20 parts of water. The
resulting dispersion solution was diluted 10 times
with water, and centrifugally treated at 5,000 rpm
for 10 minutes to remove the agglomerates. It was
further centrifugally purified at 12,500 rpm for 2
hours to produce the precipitate as a dispersible
colorant 10.

The recording ink 10 containing the dispersible
colorant 10 at 3.5% was prepared, where the colorant
10 was filtered and compounded with the composition
in the same manner as in EXAMPLE 1.

Characteristics of Dispersible Colorants

The dispersible colorant prepared in each of
EXAMPLES 1 to 10 was analyzed by the procedures
described below to measure its properties. The
results are given in Table 1.

Fixation and Presence Mode of Fine Resin Particles



The dried and crushed dispersed colorant was 5 put in a columm and anal yzed
by the inverse gas chromatography (Surface Measurenent Systen), where
hexane, heptane, pentane, chloroform ethanol or acetone was used as the
probe gas. Surface energy was determ ned by extrapolating gas holding tine
of 10 the dispersible colorant with each pfobe gas. Conposition and
evaluation results of the ink prepared in each of EXAMPLES 1 to 8 are shown
in Table 1, where MVA: nethyl nethacrylate, AAc: acrylic acid, St:
styrene, BzMA: benzyl nethacrylate, BA: 15 butyl acrylate, NaSS: sodi um
p-styrenesul fonate, DMAEA: di net hyl am noet hyl acryl ate, KPS: potassium
persul fate and NaTS:Eaoli dispkiresidl faateolomyat udabodiPpessdd aésn f or Aqueous
Ink for Ink Jet Recording, and Evaluation Results 20 The inks were
eval uat ed for YAERE agWardcked i sk dae bynahEzedl Powieng GToEddlir es. The i mage
was produced with each ink on a recording. .nmedi um by_an iﬂg | et recorder
(Canon's BJ 5600FCtZRG TGRS THEEFNHGS Rey AW @609 br 2bpi cal 25
density (OD), sharpness, .scrat hgggabgsis an mar ker, resi stance, storage
e~ ah

stability at nBFAA! Hﬁ%ﬁﬁﬂ%ﬂ _ ject? ﬁggégB?lﬁpf: The results are -
RCRGUE RN G R g T i S BRI T
the colorant were evaluated according to the
following standards:

Conditions of the Fine Resin Particles Fixing

to the ColorantO : Fixation of the fine resin
10 particles to the colorant is confirmed.
x : Fixation of the fine resin particles to the
colorant is not confirmed.
Presence Mode of the Fine Resin Particles
O : Resin fine particles are observed to be
15 uniformly distributed.

x : Resin fine particles are observed to be
unevenly distributed or to fix to the colorant
unevenly.

Dispersion Stability

20 A 5% aqueous dispersion of each dispersible
colorant was diluted 10 times with pure water, and
concentrated to the original concentration by an
ultrafilter having a cut-off molecular weight of
50,000. The concentrated solution was centrifugally

25 treated at 12,000 rpm for 2 hours, and the resultant
precipitate was collected and redispersed in pure

water. The colorant was visually observed whether



5 TGA/ SDTA851) and calculated for the dried ink. Surface Zeta (5) Potenti al
The di spersible colorant prepared in each EXAMPLE was dil uted around
100,000 times in the aqueous solvent used in EXAMPLE 1, free of the 10

di spersible colorant and fine resin particles, and potential on the cel
stationary surface was neasured by an an&ﬁyzer (Mcrotech Nitchion ZEECI»@
for 100 particles. The average potential and standard deviation with the
100 particles are 15 reported. Optical Density (OD) Optical density (OD) was
determned for the black text inmage recorded with each recording ink on a
Canon's PPC paper and allowed to stand for 1 day. 20 The inks were eval uated
accor di ng to thbef phirdiicigs sterrlantsfoexndgptifspensva i rdngrapatgdeidn
EXAMPLE 8, which was eval uated for cyan OD in place of black OD and rated
"A' when it wabyneynpess tliaght. gcaiteringe topdon fiom lwksthaanthes. 25 B:
Image OD is not |less _than 0.8 and | ess than 1.3.. C Imge ODis less than
0.8. - 89 - ScPar&RrA§ REamAtiee"aheli FABESWERE é@rsa?’(c%]%dl%rgf?rré§ Wheh

si | bon paper on mhlc pressur cn? was applie visual ly
observe i mage 9FdifdrR m WEF29%£95Fe § AEEG (iqmyﬁ%llomnng
st andar ds.

5 evaluated according to the following standards.

O : The above conditions are satisfied.

x : The above conditions are not satisfied.
Storage Stability for Extended Periods

Storage stability for extended periods was

10 visually observed after the aqueous dispersion of
each colorant put in a closed glass bottle was
allowed to stand at 60°C for 1 month. It was
evaluated according to the following standards.

A: No agglomeration or precipitation of the

15 solids is observed.

B: Precipitation of the solids is observed to
some extent, but the solution is returned back to the
original dispersed condition when shaken slightly.

C: Agglomeration or precipitation of the solids

20 is observed, and the solution is not returned back to -
the original dispersed condition when shaken slightly.
Average Particle Size

Each dispersible colorant was analyzed by
dynamic light scattering (analyzer: Otsuka

25 Electronics ELS-8000) and the average particle

diameter was represented by the cumulant average.

Glass Transition Temperature: Tg (°C)



A:. Scratching causes no image di sturbance or stain on the blank portion. B:
Scrat chi ng causes i nmage di sturbances or stain on the blank portion, but not
to a bothering 10 extent. C. Scratching causes significant inmge

di sturbances or stain on the blank portiogg Mar ker Resi stance. The inage was
traced once by a fluorescent, 15 yellow harking pen (ZEBRA's OPTEX) to
visually observe inmage disturbances, and evaluated according to the
foll owi ng standards. A: Traci ng causes no i nage disturbance. B: Tracing
causes imge disturbances to only a 20 limted extent, little staining the
pen edge. C. Tracing_causes significant inmge disturbances, colorjng the
pen edge. Storage Stu®FF| F?aflgrltE)&rbrFoeé%P t98s gtfoF%e HngiTe3 3" or

ext ended peri ods Pas 25 VisuaII¥ ogﬁerveg after each in sagp#e gut in a
closed glass bBEEFEHES JIPOMEY 9 SPantOAPTABEM" A% it aY 478 P 2 nont h.
It was eval uat r di 5 - e_f i st rd A, D

aggl onerati on %ga%§égfpﬂ@%Fpgﬁﬂ%fT@ﬁ%basglﬁég%??ggdsgﬁggﬁé Epenggggitation

of the solids g?§§g§§@§¥§;ﬁhl5&;&@ES§%EE@twaguqm%ﬂ§?§q§tis returned back to

the original erse t1on when aken ‘sl
5 0.5°C/minute.

Surface Functional Group Density
The surface functional group density of each

dispersible colorant was determined by the following
procedure. The aqueous dispersion of the dispersible

10 colorant was diluted with an excessive quantity of
hydrochloric acid (HCl), and centrifugally treated at
20,000 rpm for 1 hour. The resulting precipitate was
redispersed in pure water, and its solid
concentration was determined. The redispersed

15 precipitate was weighed and then incorporated with a
known quantity of sodium hydrogen carbonate, and
stirred and then centrifugally treated at 80,000 rpm
for 2 hours. The supernatant solution was weighed,
and titrated with 0.1 N hydrochloric acid for

20 neutralization to determine the surface functional
group density by subtracting the known sodium
hydrogen carbonate quantity and blank value with pure
water from the quantity for neutralization. When the
dispersible colorant was known to have a cationic

25 group as a polar group, the surface functional group
density was determined in a similar manner except

that hydrochloric acid and sodium hydrogen carbonate



C. Aggloneration or precipitation of the solids is observed, and the ink is
not returned back to the original dispersed condition when shaken slightly.
10 Ejection stability A specific black text was recorded on the total of
100 sheets to evaluate ejection stabili1y8?y_ visual ly observing the first
and | ast recorded sheet according to the tollow ng standards: 15 A: No

| ine, uneven image or the like is observed, and no inmage difference is
observed between the first and | ast sheet. B: The imge can be produced

wi t hout problens, although one or nore |ines, or uneven or tw sted 20

i mages are observed slightly. C The inma is.deterjorated significantly, or
e ol B o niare R  Hted Bus na et wh R BaFrAfe. dNaeieqnd, Slppnopn

EXAMPLES 1 to 10 gﬁoguced gpod_gesu ts, indicating 25 that it was stably
di spersed, as ShbWhiFH’ TASCESCEHe Yecording i nk prepared in each EXAMPLE

also exhibite I ording characteristics, - 91 although the one
prepared in E*%ﬁgfégé ?%%gr orated wth the dispersible colorant 5 having a

lower surface functypnaly9eQuUBREERSIUIhAN K] OYEFsEd BOUGRHER! Wdk the ink
was slightly inferior to the 5 others in storage stability for extended

periods and epget i ANaStANiund Yanc_iisaﬁélp}g@eﬁnb}a@h%_ dnwaeyedghsom
scratching resistance, the recording ink prepared in
chromatography (Surface Measurement System), where
hexane, heptane, pentane, chloroform, ethanol or
acetone was used as the probe gas. Surface energy
was determined by extrapolating gas holding time of

10 fhe dispersible colorant with each probe gas.
Composition and evaluation results of the ink
prepared in each of EXAMPLES 1 to 8 are shown in
Table 1, where MMA: methyl methacrylate, AAc: acrylic
acid, St: styrene, BzMA: benzyl methacrylate, BA:

15 Dbutyl acrylate, NaSS: sodium p-styrenesulfonate,
DMAEA: dimethylaminoethyl acrylate, KPS: potassium
persulfate and NaTS: sodium thiosulfate.

Evaluation Procedures for Aqueous Ink for Ink Jet
Recording, and Evaluation Results

20 The inks were evaluated for their
characteristics by the following procedures. The
image was produced with each ink on a recording
medium by an ink jet recorder (Canon’s BJ S600), and
evaluated. The image was evaluated for optical

25 density (OD), sharpness, scratching resistance,
marker resistance, storage stability at normal

temperature and ejection stability. The results are



EXAMPLE 3 incorporated further with the fine, self- dispersible resin
particles B exhibited higher 10 resistance than the recording ink 1,
al t hough the dispersible colorant was synthesized fromthe sane nonomner
species for these colorants. - 92 Table 1. Properties of the dispersible
colorants | to 10, and their evaluation r&ults Di spersi ble Dispersible
Di spersible D spersible D spersible D spersible D spersible D spersib
Di spersible Dispersible colorant | colorant 2 colorant 3 colorant 4
colorant 5 colorant 6 colorant 7 colorant 8 colorant 9 colorant 10 Col orant
BP880 BP880 8P880 BP880 BP880 BP880 BP890 PB15:3 PY180 PR122 Acid val ue
Cationic of 17®9i4¢0 inoTapde1?Z0 170 (amine 170 170 170 dispersant val ue
170) Starting MVA St MVA BzVA ANA BzVA MVA MVA_MVA nmononer AAc AAc AAc BBAcC
BA NaSS DMVAEA BgRinApigmentp Y 5n&s8 $B4P7IAtd0)7 2 4.2 5.7 5.7 57 ch
Ogiiing 0.5 0.3 0.3,10.3 6.0.8 1.8 0.3 0.3 0.3, Total noner, 6 6 6 6 18 6
6 6 6 content Pol yngtsz%/ Ft FehiiRPERPS 1655 RBSRETBIRPE 150 KPS KPS
VA-057 initiaer Chseryed.resullf RO0 QrRiR03@pdY esence mude of

5 TGA/SDTA851) and calculated for the dried ink.

Surface Zeta ({) Potential
The dispersible colorant prepared in each
EXAMPLE was diluted around 100,000 times in the
aqueous solvent used in EXAMPLE 1, free of the
10 dispersible colorant and fine resin particles, and &
potential on the cell’s stationary surface was
measured by an analyzer (Microtech Nitchion ZEECOM)
for 100 particles. The average potential and
standard deviation with the 100 particles are
15 reported.
Optical Density (OD)
Optical density (OD) was determined for the
black text image recorded with each recording ink on
a Canon’s PPC paper and allowed to stand for 1 day.
20 The inks were evaluated according to the following
standards, except for the ink prepared in EXAMPLE 8,
which was evaluated for cyan OD in place of black OD
and rated “A” when it was not less than 1.0.
A: Image OD is not less than 1.3.

25 B: Image OD is not less than 0.8 and less than

C: Image OD is less than 0.8.



resin particles D spersion stability OOOOOOOOOO Average

di spersed particle 126 118 123 134 121 135 130 121 141 101 di aneter

Tg [C 105 110 105 30 -15 115 95 105 105 105 Surface functional group 370

290 342 321 87 274 272 286 292 261 densité9 [ prol sfg] Surface energy 45.8
71

40.2 45.2 32.7 22.5 46.5 38.5 43.7 46.8 4

for AAAABAAAAA-extended periods MVA: nethyl nethacryl ate,
acrylic acid, St: styrene BzMA: benzyl nethacrylate, BA: butyl acrylate,
NaTS: sodiumthiosulfate NaSS: sodi um p-styrenesul fonate 5 DVAEA:
di met hyl am noet hyl acrylate - 93 Table 2: Properties of the recording inks
Ito 10, and thécratebdndi Methakareeristic eval uation results

10

15

20

25

The image was scratched 5 times with silbon
paper on which a pressure of 40 g/cm’® was applied to
visually observe image disturbances, and evaluated
according to the following standards.

A: Scratching causes no image disturbance or
stain on the blank portion.

B: Scratching causes image disturbances or
stain on the blank portion, but not to a bothering
extent.

C: Scratching causes significant image
disturbances or stain on the blank portion
Marker Resistance.

The image was traced once by a fluorescent,
yellow marking pen (ZEBRA’s OPTEX) to visually
observe image disturbances, and evaluated according
to the following standards.

A: Tracing causes no image disturbance.

B: Tracing causes image disturbances to only a
limited extent, little staining the pen edge.

C: Tracing causes significant image
disturbances, coloring the pen edge.

Storage Stability for Extended Periods

Storage stability for extended periods was
visually observed after each ink sample put in a
closed glass bottle was allowed to stand at room

temperature for 1 month. It was evaluated according

(nm

“[m/m] Storage stability

AAC:



Recor di ng Recordi ng Recordi ng Recordi ng Recordi ng Recordi ng Recording
Recordi ng Recording Recording ink I ink 2 ink 3 ink 4 ink 5ink 6 ink 7 ink
8 ink 9ink 10 D spersiblel 23456 7 89 10 colorant Starling MVA St
MVA BzMA MVA BzMA MVA MVA MVA  nononer AAc. AAc AAC BBAc BA NaSS DVAEA AAc
AAc AAc species Presence node of the Tife DO 0OO0ODO0000O0O0 resin
particles Fine resin MVA BzMA particles B- - AAc BA- - - - - - AAc Tg['(
105 110 105 30 -15 115 95 105 105 105 esin&pi ent (B/P) 0.2 0.2 0.5 0.5 0.4
0.80.40.30.40.3 ratiol; potential -30 -25 -28 -26 -12 -31 18 -28 -30
-26 [nV] Standard deviation 35 37 35 38 25 33 42 32 28 25 of{ potential
Surface eneriP 45n® #plrowing srandards 46.5 38.5 43.7 46.8 44.1 [m)/ ]
| mage . . .
A: No agglomeration or precipitation of the
solids is observed.
B: Precipitation of the solids is observed to
5 some extent, but the ink is returned back to the
original dispersed condition when shaken slightly.
C: Agglomeration or precipitation of the solids
is observed, and the ink is not returned back to the
original dispersed condition when shaken slightly.
10 Ejection stability
A specific black text was recorded on the total
of 100 sheets to evaluate ejection stability by
visually observing the first and last recorded sheet
according to the following standards:
15 A: No line, uneven image or the like is
observed, and no image difference is observed between
the first and last sheet.
B: The image can be produced without problems,
although one or more lines, or uneven or twisted
20 images are observed slightly.
C: The image is deteriorated significantly, or
printing is impossible.
The dispersible colorant prepared in each of
EXAMPLES 1 to 10 produced good results, indicating
25 that it was stably dispersed, as shown in Table 1.
The recording ink prepared in each EXAMPLE also

exhibited excellent recording characteristics,



optical AAAAAAAAAAGC density (OD) Scratching BBAAAAAAAA
resi stance Marker A A AAAAAAAA resistance Storage stability for A
AAABAAAAAextended periods Ejection AAAABABAAAStability
MVA: net hyl nethacrylate, AAc: acrylic acid, St: styrene BzMA: benzyl
nethacryl ate, BA: butyl acrylate NaSS: soditum p-styrenesul fonate 5 DVAEA:

di met hyl am ncet hyl acrylate EXAMPLE 11 The foll ow ng m xed sol uti on was
slowy dropped - 94 in 100 parts of the pignment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at 70C in a nitrogen

at nosphere for polynerization continued for 5 hours. The m xed sol ution
conprised 5 4. QgtbQNg§(ﬁh%u®¢%n@remaﬂzdp&ﬂt§XﬂMHﬁ&H%xy@@ﬁyporﬁéﬁﬁacryIate
0.3 parts of acrylic acid, 0.07 parts _of potassium hydroxide, 0.05 parts of
pot assi um pery&%@aﬁ@eaﬂi%Rﬁ{ﬁ&?%eoFoﬁﬁFéPt e t 2 ngOWBEsper si on

solution was diluted 10 tinmes with water,
surface functional group density and lower (

potential in the ink was slightly inferior to the

5 others in storage stability for extended periods and
ejection stability, as shown in Table 2. Viewed from
scratching resistance, the recording ink prepared in
EXAMPLE 3 incorporated further with the fine, self-
dispersible resin particles B exhibited higher

10 resistance than the recording ink 1, although the
dispersible colorant was synthesized from the same

monomer species for these colorants.



10 and centrifugally treated at 5,000 rpmfor 10 mnutes to renove the

aggl onerates. It was further centrifugally purified at 12,500 rpmfor 2
hours to produce the precipitate as a dispersible colorant 11. The
recording ink 11 containing the dispersible 15 colorant 11 at 4% was
prepared, where the colorant 11 was fiTtefed and conpounded with the
conposition in the sanme manner as in EXAMPLE 1. EXAMPLE 12 The fol |l ow ng

m xed solution was slowy dropped 20 in 100 parts of the pigment dispersion
solution 1 prepared in EXAMPLE 1 with electrically stirring at 70Cin a

ni trogen at nosphere for EOl ynmerization continued for 5 hours. The m xed

sol uti on conpr 128e¢Proputiss offhedisperpitle codqrantpk th\){and nsit pelpptionspslit ¢ 2. 4 parts of 25

acrylic acid, [0.6 PBEkSoidDlspeRdoapeaibl Wbtk ispeerchbispeﬂﬁJlBis&rsQl_ Di@&@@m,
persul fate and_20 piga#drast | glorawedi elprant 3 | chiarent 4 | extotadt B jegkapnti pblyrameyt| dolgrant 4 | plaramyd potoratt 8| Wa's
- 95 centrifudabrkny] PRERO T BRSO i (BPEhe BPESAE BREIINEPBP38OS | (BRSO [ LLEPYIROt joPRIR2epar e
a dispersible é@l"é‘l@anltolz. A rtla7((:)ordi7r3g inll7<0 1p gon 6(3"?'1‘I° g 7t0he c{iospierlsi bl e
e .
colorant 12 agispgfs%twasz p'eH&r ed " wher'® tihe o of'&n vaﬂ:?m)\vaé 5 1fi'l% efr €&’ ahd
conpounded Wit RE TOMPOST TT O 1 1T [TH&A [Sane nmer —as_ | n_ EXAVPCE T, EXAMPLE
. 1 . B 4 A IMA
13 The fol | owi |mgromer k&Y ol i iy sisowl yeadr pified| JEME, 104, bar ¥ of “Hite
pi gnment di sper|s®@dff solution 1110 prpllﬁﬁﬁ'de n EXAMPLE 1 with glectrically
; ; Monomter 45
stirring at - 55 57 5.7 17.2 42 5.7 57 5.7
charging | 4% 03 03 1.2 6 08 18 03 03 0.3
ratio 03
Total
monomer 6 6 6 6 6 18 6 6 6 6
content
Polymeriza|
tion KPS KPS KPS KPS |KPS/NaTS| KPS V-50 KPS KPS | VA-057
initiator
Observed) o o o o o o o o o o
Presence
mode of
the fine o o) o) o) o) o) o] o) o) o)
resin
particles
Dispersion
Stability o) o) o) o] o) o) o) o) o) o)
Average
dispersed
particle | 126 118 123 134 121 135 130 121 141 101
diameter
{nm]
Tg°C) | 105 110 105 30 -15 115 95 105 105 105
Surface
functional
group 370 290 342 321 87 274 272 286 292 261
density
[umols/g]
Surface
energy | 45.8 402 452 327 225 46.5 385 437 46.3 4.1
[mJ/m’]
Storage
stability
for A A A A B A A A A A
extended
periods

MMA: methyl methacrylate, AAc: acrylic acid, St: styrene
BzMA: benzyl methacrylate, BA: butyl acrylate, NaTS: sodium thiosulfate
NaSS: sodium p-styrenesulfonate

5 DMAEA: dimethylaminoethyl acrylate



70C in a nitrogen atnosphere for polynerization continued for 5 hours. The
m xed sol ution conprised 5.7 parts of benzyl nethacrylate, 0.3 parts of

M hacrylic acid, 0.07 parts of potassium hydroxide, 15 0.01 parts of

pot assi um persul fate and 20 parts of watgr. The resulting polynerization
m xture was centrifugally purified in the"same manner as in EXAMPLE 1 to
produce the precipitate as the dispersible colorant 13. The recording ink
13 20 containing the dispersible colorant 13 at 4% was prepared, where the
colorant 13 was filtered and conpounded with the conposition in the sanme
manner as in EXAMPLE 1. EXAMPLE 14 25 The foll ow ng m xed sol uti on was

sl ow y dr opped™™'§ et oprergding ks K& P RrlERtinegieetratisT HriovBI St i on 1 prepared

in EXAMPLE 1 wth e RE6hidg l@(ﬁ}[dihgyke&)tdlni Rdedtighg [Rdcording Eording{Hecoldife | RecoRliing R&9dgdR| Recording
at nosphere forl_poly lzatitkdn | wentli itked frbf |7 ik@uy sik "Theinkd xedk %n
conprised 10 B@FW%@! ofi nmet hyl {mef hgcryl dtes 8/ part$s of acrylijc gsaci dy 1{9
f ALy L PR PN TR Ie Wi a Y~ PPN (RS ~ IOty RN [P | I D TP POt Iy ;)
parts (0] pOt aSostunrgl Yy Gt O -GE€ o0 S i potasStHumperSttate—aha 2A0]
parts of water o2 MMas bl tStcng W?ynBJAl Zlatgaon m:%t JrBéWN\ElsMPé/éntMMi‘u;gWy
. . . . C N
purified in thessene Hannhet*°ag MY BEXAMPLE 1 tp "Pr odiRFe |t A& or &8F pj t¥fe| as a
di spersible colfsrmnt 14.| A recordijng ink 14 gontaining|the di speriible| 10
o .
col orant 14 at i e{Nas oPrepy ed, yheregthe gol prant |14, wasqfill tgred gnd
conpounded W th &ihe|l conppsitign In
particles
Fine resin MMA B;I\:A )
particles B ) B AAc AAc ) ) ) )
Tgl°c} | 105 110 105 30 -15 115 95 105 105 105
Resin/pigm|
ent (B/P) 0.2 0.2 0.5 0.5 04 0.8 0.4 0.3 0.4 0.3
ratio )
G potentiall 5, 25 28 26 12 31 18 28 30 26
[mV]
Standard
dez‘fgm 35 37 35 38 25 33 42 32 28 25
potential
Surface
energy 458 40.2 452 327 225 46.5 385 43.7 46.8 44.1
[mJ/m’] v
Image
optical
density A A A A A A A A A A
(0D)
Scratching
resistance B B A A A A A A A A
Marker |, A A A A A A A A A
resistance
Storage
stability
for A A A A B A A A A A
extended
periods
Ejection
stability A A A A B A B A A A

MMA: methyl methacrylate, AAc: acrylic acid, St: styrene
BzMA: benzyl methacrylate, BA: butyl acrylate
NaSS: sodium p-styrenesulfonate

5  DMAEA: dimethylaminoethyl acrylate

EXAMPLE 11

The following mixed solution was slowly dropped



the sane manner as in EXAMPLE 1. EXAMPLE 15 The foll ow ng m xed sol uti on was
slowy dropped 15 in 100 parts of the pignment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at 70C in a nitrogen

at nrosphere for polynerization continued % r 5 hours. The m xed sol ution
conprised 4.5 parts of benzyl nmethacrylate, 1.2 parts of butyl 20 acryl ate,
0.3 parts of acrylic acid, 0.07 parts of potassi um hydroxide, 0.05 parts of
pot assium persul fate and 20 parts of water. The resulting polynerization
m xture was centrifugally purified in the same nanner as in EXAMPLE 1 to
prepare a 25 dlspir%ible colo aq% 15, The pol.ynerization was,carried out in
the same mannel A8V RAEEAVSLE Ghe eREEBENLhEL SPEF SHaT SHFULRED- 197  pi gnent

di i | uti 1 1 .Of 2% | uti f
p0t a5 um hydr BPHAZAN Lih SRR lul's Ae LSS SR 1% reney SEPRI A6 resim-
based di spersa h°¢56d in MPLE 1 the OIXnE£izaé§in 5 _m xt.ure was

centrifugal |y 2 ry fted?i At 589§¥n§9W1 et 8stPh MB@%%EaEﬁ%%pF at 20, 000
rpmfor 1 hourcgheinﬁre_ Pa S tcé(;ﬁléwg.reﬁm dﬂg&&a%%iu%%orﬁc{og@géii%@@ ink 15

cont ai ni ng the dispersi orant 15 an Ine resin parti B3 at 4%
and 10 19. 29 ﬂ??@eﬁb&%%|XxfW@@yﬁéﬁ@ar§949nprQf§Qﬂ?Iﬁﬁﬂﬂ§§ye@ﬁyun EXAMPLE

1. Properties of Recording Inks and Their Eval uation

methacrylate, 0.3 parts of acrylic acid, 0.07 parts
of potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
dispersion solution was diluted 10 times with water,

10 and centrifugally treated at 5,000 rpm for 10 minutes
to remove the agglomerates. It was further
centrifugally purified at 12,500 rpm for 2 hours to
produce the precipitate as a dispersible colorant 11.
The recording ink 11 containing the dispersible

15 colorant 11 at 4% was prepared, where the colorant 11
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXAMPLE 12

The following mixed solution was slowly dropped

20 in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring af
70°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised
45.6 parts of ethyl methacrylate, 2.4 parts of

25 acrylic acid, 0.6 parts of potassium hydroxide, 0.1
parts of potassium persulfate and 20 parts of water.

The resulting polymerization mixture was



Resul ts The dispersible colorant prepared in each of 15 EXAMPLES 11 to 15
was observed by various procedures and analyzed for its properties in the
same nmanner as in EXAMPLES 1 to 10. The results are given in Table 3,
where St: styrene, HEMA: hydroxyet hyl nethgcrylate, AAc: acrylic acid, EMA
et hyl nethacrylate, MAc: 20 nethacrylic“a% d, BzMA: benzyl nethacryl ate,
MVA:  nethyl nethacrylate, BA: butyl acrylate and KPS: potassium
persul fate. The recording characteristics of the recording ink prepared in
each of EXAMPLES 11 to 15 were also 25 evaluated for the itens covered by
those prepared in EXAMPLES 1 to 10, Moreover, they were evaluated for the
fol | owi ng addi £FBRaMLfeedrid P ehbiadt &P §hec samgs ManRREaS Qifick Dryi ng
Capacity The i e s produced with egach ink.in the . same ner_as in
EXAVPLES 1 to BOAVEME Shrtd SHRPBYE 52 a0t PRESS HGHE HIRREARFL f -t B recor di ng
was conpl eted, _to_eval uat pgf ink for.stain according.tp the. follow ng
standards. A ESSORETAA yHo W «FA TS BAZEr VOE S SHh LRKCROPERBY. 10 B
The bl ank portikgn_is ,staj eq¥i i %y, Si o] %e for
recognizing_th%glgktéﬁsaéé %é?g% ér¥9§%§ g?%tur é%%ﬂgédP IQ%E portion is
clearly staine¢ijitered and compounded with the composition in the
same manner as in EXAMPLE 1.
EXAMPLE 13
The following mixed solution was slowly dropped
in 100 parts of the pigment dispersion solution 1
10 prepared in EXAMPLE 1 with electrically stirring at
70°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised
5.7 parts of benzyl methacrylate, 0.3 parts of
Mthacrylic acid, 0.07 parts of potassium hydroxide,
15 0.01 parts of potassium persulfate and 20 parts of
water. The resulting polymerization mixture was
centrifugally purified in the same manner as in
EXAMPLE 1 to produce the precipitate as the
dispersible colorant 13. The recording ink 13
20 containing the dispersible colorant 13 at 4% was
prepared, where the colorant 13 was filtered and
compounded with the composition in the same manner as
in EXAMPLE 1.
EXAMPLE 14
25 The following mixed solution was slowly dropped

in 100 parts of the pigment dispersion solution 1

prepared in EXAMPLE 1 with electrically stirring at



Wat er Resistance 15 The recording mediumprinted wwth the black text inage
in the sane manner as in EXAMPLES 1 to 10 was slanted at 45 fromthe

hori zontal plane with the recorded side up, onto which 1 nL of water was
dropped froma height of 20 cmfroma syringe, to 20 observe extent of

bl eeding of the inmage. Its water resistalée-was eval uated according to the
followng standards. A Essentially no bleeding of the image is observed.
25 B; Bleeding of the image is observed slightly, but essentially no trace
is observed on the blank portion. - 99 C A color bleeds out of the inmge
to | eave traces on the blank portion. The results are given in Table 4.
Tabl e 4 summar 7988 fheacarnfasigdromntipoopleeteeforS paridmeal 2etion resul ts of
the ink prepared in each of EXAMPLES 11 to 15. As shown in Table 4, good
resul ts were obsatvadgiedyiar eachonnR; cbhei niakRg sledtutiiomesonpESFpEr at ed
with the self-dispersible colorant. However, the ink 10 prepared in EXAVPLE
13 contai ned tRE Pedits nf thete¥l mg§hemevdatfy oh RaELDi gheACTYdifce nore

than the others and _distributed_|ess uniform Eac recqrdi ng .i nk
exhi bi ted excoPCdRt rechmATy ChaPALAssioR diugtedar Ot A8 BAE TS &Har ed in

5 potassium persulfate and 20 parts of water. The
resulting polymerization mixture was centrifugally
purified in the same manner as in EXAMPLE 1 to
produce the precipitate as a dispersible colorant 14.
A recording ink 14 containing the dispersible

10 colorant 14 at 4% was prepared, where the colorant 14
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXAMPLE 15
The following mixed solution was slowly dropped
15 in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at
70°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised
4.5 parts of benzyl methacrylate, 1.2 parts of butyl
20 acrylate, 0.3 parts of acrylic acid, 0.07 parts of
potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
polymerization mixture was centrifugally purified in
the same manner as in EXAMPLE 1 to prepare a
25 dispersible colorant 15.
The polymerization was carried out in the same

manner as in EXAMPLE 1, except that 100 parts of the



15 EXAMPLE 11 having a higher surface energy than the others was slightly
inferior to the others in quick drying capacity and water resistance. The
ink prepared in EXAMPLE 13 with fine resin particles distributed |ess
uniformy than the others was 20 slightly_inferior to the others in inmge
density, quick drying capacity and ejeEt?zn"stability. The ink prepared in
EXAMPLE 14 having a higher surface functional group density was inferior to
the others slightly in marker resistance and, nore notably, in 25 water

resi stance, although sufficient inmage density and ejection stability are
obtai ned. On the other _ hand, the one prepared in EXAMPLE 15 having a hi gher
- 100 B/ P ratP&9MRRA FHSPAITr? waRlaFight Ly Wast &i9ka¢ed ®relBPhers in

ej ection stabilit¥, becausg it sonetinmes caused tw sted, i es during the
Chitial stagePBFLE Bt 2and AGIFSPectoLBESPH A, RS V4B JYSTPELERt| ng

fromincreased,vi scosit f the.inﬁ tg de%griorate Qgﬁgonsg.to high;speed
eject. Table 3?“c8ﬁp891 X §3ﬂﬁy% %B rFPe &t St i p T5YbiE E6P6fants I

to 15, and thepr  gyaliatiyn JasullsgDh apekaibhg I SRR SIB) g, Dshetsphl e

Di spersi bl e Di spersi ol or ant olorant” 14

colorant 15 Colokant %B@%&P@@Pf@&’ﬁ@ﬁéﬁ%@f@%@%ﬁcme valMe RbnhEQ 170
170 170 170 dispersant Starting nonomer EMA EMA BzMA MVA BzMA H speci es
AAc MAc AAC AAgsAAe EXAMPLE 1, except at 20,000 rpm for 1 hour, to
prepare the fine resin particles B3.
A recording ink 15 containing the dispersible
colorant 15 and fine resin particles B3 at 4% and
10 19.2%, respectively, was prepared in the same manner
as in EXAMPLE 1.
Properties of Recording Inks and Their Evaluation
Results
The dispersible colorant prepared in each of
15 EXAMPLES 11 to 15 was observed by various procedures
and analyzed for its properties in the same manner as
in EXAMPLES 1 to 10. The results are given in Table
3, where St: styrene, HEMA: hydroxyethyl methacrylate,
AAc: acrylic acid, EMA: ethyl methacrylate, MAc:
20 methacrylic acid, BzMA: benzyl methacrylate, MMA:
methyl methacrylate, BA: butyl acrylate and KPS:
- potassium persulfate.
The recording characteristics of the recording
ink prepared in each of EXAMPLES 11 to 15 were also
25 evaluated for the items covered by those prepared in
EXAMPLES 1 to 10. Moreover, they were evaluated for

the following additional recording characteristic



Mononer 4.28 45.6 5.7 10 4.5 1.2 charging ratio 10.3 2 2.4 0.3 8 0.3 Total
nmononmer 6 48 6 18 6 content Polynerization KPS KPS KPS KPS KPS initiator
Observed results 0 0 0 0 O Presence node of the fine resin 0 0 x 0 O
particles Dispersion OOOOO stability Fine resin BA particles B - - - -
BzMA AAc Average dispersed particle 1229870 320 152 134 dianeter [nn] Tg
[C] 60 45 108 102 30 Surface functional group 275 302 180 1086 321 density
[ prel s/ g] Surface energy 82.7 47.2 45.5 92.5 32.7 [ml/m] Storage stability
for extended AAA A A periods St: styrene, HEMA: hydroxyet hyl
met hacryl ate, AAc: acrylic acid, KPS: potassium persulfate
items.
Quick Drying Capacity
The image was produced with each ink in the
same manner as in EXAMPLES 1 to 10, and scratched by
5 a finger one minute after the recording was completed,
to evaluate the ink for stain according to the
following standards.
A: Essentially no stain is observed on the
blank portion.
10 B: The blank portion is stained slightly, but
causing no problem for recognizing the letters.
C: The letters are disturbed, and blank portion
is clearly stained.
Water Resistance
15 The recording medium printed with the black
text image in the same manner as in EXAMPLES 1 to 10
was slanted at 45° from the horizontal plane with the
recorded side up, onto which 1 mL of water was
dropped from a height of 20 cm from a syringe, to
20 observe extent of bleeding of the image. Its water
resistance was evaluated according to the following
standards.
A: Essentially no bleeding of the image is
observed.
25 B: Bleeding of the image is observed slightly,

but essentially no trace is observed on the blank

portion.



10 EMA: et hyl nethacrylate, MAc: nethacrylic acid, BzMA: bcnzyl nethacryl ate
MVA; net hyl nethacrylate and BA: butyl acrylate - 101 Table 4: Properties
of the recording inks 11 to 15, and their recording characteristic
eval uation results Recording ink Recording ink Recording ink Recording ink
Recording ink 11 12 13 14 15 Dispersibte221-12 13 14 15 colorant Starting
St EMA BzMA MVA BzMA nononmer HEMA MAc AAc AAc BA species AAc AAc Fine
resin BzMA particles B- - - - BA AAc Presence node of the fine resin 0 O
x 0 0 particles Tg [C] 60 45 108 102 30 Resin/pigment (B/P) ratio 0.3 1.5
1.2 0.4 5.1 t; potential -27 -26 -27 -90 -26 [nV] Standard deviation of C
33 32 72 45 38 pote@ti Al cBhofratd eddmotuonaf 2HE6 30@gE8EX L85 BR21 group
density [pnol s/ g]
traces on the blank portion.
The results are given in Table 4.
Table 4 summarizes the composition, properties
5 and evaluation results of the ink prepared in each of
EXAMPLES 11 to 15.
As shown in Table 4, good results were observed
with each ink, confirming that it was incorporated
with the self-dispersible colorant. However, the ink
10 prepared in EXAMPLE 13 contained the resin particles
agglomerating on the pigment surface more than the
others and distributed less uniformly. Each
recording ink exhibited excellent recording
characteristics. However, the one prepared in
15 EXAMPLE 11 having a higher surface energy than the
others was slightly inferior to the others in quick
drying capacity and water resistance. The ink
prepared in EXAMPLE 13 with fine resin particles
distributed less uniformly than the others was
20 slightly inferior to the others in image density,
quick drying capacity and ejection stability. The
ink prepared in EXAMPLE 14 having a higher surface
functional group density was inferior to the others
slightly in marker resistance and, more notably, in
25 water resistance, although sufficient image density

and ejection stability are obtained. On the other

hand, the one prepared in EXAMPLE 15 having a higher



Surface energy [md/ne] 82.7 47.2 45.5 92.5 32.7 |Image optical AABAB
density (OD) Scratching A A ABA resistance Marker A A AB A resistance
Storage stability for extended A AB A B periods Quick drying B ABAA
capacity Water A A ACA resistance Ejection AAB A C stability St:
styrene, HEMA: hydroxyet hyl nethacryl at‘e,lo,QAc‘: acrylic acid EVA: et hyl

nmet hacryl ate, MAc: nethacrylic acid, BzMA: benzyl nethacrylate MVA nethyl
nmet hacryl ate and BA: butyl acrylate 5 - 102 - COVWPARATI VE EXAMPLE 1 A
conparative ink 1 containing a pignent at 4% was prepared in the sane
manner as in EXAVPLE 1, where the dispersion solution 1 prepared in EXAMPLE
1 5 was used f &b Fatgigridmn the ebhpasatipve slhlghtly obsEeveari §0t he sane

manner as in EXAMPLE 1, showed, no.fine resin particles fast fixing to the
col or ant . he others in ejection stability, because 1t

sometimes caused twisted images during the initial
stage of eject and high-speed recording, conceivably
5 resulting from increased viscosity of the ink to

deteriorate response to high-speed eject.

Table 3: Compositions and properties of the dispersible colorants 11 to 15, and their evaluation results

Dispersible Dispersible Dispersible Dispersible Dispersible
colorant 11 colorant 12 colorant 13 colorant 14 colorant 15
Colorant BP880 BP880 BP880 BP880 BP3880
Acid value of 170 170 170 170 170
dispersant
Starting monomer HEMA EMA BzMA MMA BzMA
species AAc MAc AAc AAc AAc
Monomer 1 456 57 10 -
charging ratio 0 3 24 03 8 0'3
Total monomer 6 48 6 18 P
content
Polymerization KPS KPS KPS KPS KPS
initiator
Observed results o} o} o] o] (o}
Presence mode of
the fine resin o} o} x (o} (o}
particles
Dispersion
stability © © © © ©
Fine resin ) R ) ) Bg\KA
particles B AAc
Average
dispersed particle 122 170 320 152 134
diameter [nm}
Tg [°C] 60 45 108 102 30
Surface
functional group 275 302 180 1086 321
density [pmols/g]
Surface energy
[mJ/n?) 82.7 472 45.5 92.5 32.7
Storage stability
for extended A A A A A
periods

St: styrene, HEMA: hydroxyethyl methacrylate, AAc: acrylic acid, KPS: potassium persulfate
10 EMA: ethyl methacrylate, MAc: methacrylic acid, BZMA: benzyl methacrylate

MMA: methyl methacrylate and BA: butyl acrylate



COMPARATI VE EXAMPLE 2 A conparative ink 2 was prepared in the sane 10 manner
as in EXAMPLE 1, except that a surface-treated, self-dispersible carbon

bl ack (Cabot's Cabojet 200) was incorporated at a 4% solid content and the
fine resin particles Bl prepared in EXAMPLE 3 were incorporated at 1.6%
The conparative ink 2, 15 observed in the&Glarme nanner as in EXAMPLE 1,
showed the fine resin particles fixing to the colorant in places. However,
distribution of fixation of these particles was not uniform and sone

aggl onerated with each other. 20 The col orant prepared in each of
COMPARATI VE EXAMPLES 1 and 2 was observed by various procedures and

anal yzed for i TablegrRopetict pfehs reponding fnks 14 tort® amdpliein espordipg chajagterifEX AfyRitipiGestitst 0 15. The

resul ts are giver T - TaukE aiy ink! ToRebotng i | M Recomitg 5 PREcdrdhg il |E REddratlf ink
COVPARATI VE 2% EXAMPLES 1 and 2 was epgal uat ed in the sanm nanher as i1
EXAMPLES 9 to|TIhipedte FESUTts ar¢ grven in Iablf 6. - 103 The c?Iorart
prepared in e¢chc@&mCCNPARAT\VE EXANPLES |1 and® 2 wds ob¥erved by Vari dus
pr ocedur es Bfadngyzeld fost its proBQXTTes I e gang, pannef aszMa n
EXAMPLES 1 to|13mondive riesulEMAare giygn inl Ta 5 5. . conpar aBave
recording ink|prepsatsed jn eM¥h off COVPARATIVE EXAMPLES 1 and| 2 wifs |
eval uated in tlhepesape manner as|in EXAVPLES 9 to 13. The resul t 8&e |gi ven
in Table 6. particles B - - - - o2
Presence mode
of the fine resin O O X (o] O
particles
Tg [°C) 60 45 108 102 30
Resin/pigment
(B/P) ratio 0.3 1.5 1.2 0.4 5.1
{ potential § R § ] R
[mV] 27 26 27 90 26
Standard
deviation of 33 32 72 45 38
potential
Surface
functional
group density 275 302 180 1086 321
[umols/g]
Surface energy 82.7 472 455 925 32.7
[mJ/m?)
Image optical
density (OD) A A B A B
Scratching
resistance A A A B A
Marker
resistance A A A B A
Storage stability
for extended A A B A B
periods
Quick drying .B A B A A
capacity
Water
resistance A A A € A
Ejection
stability A A B A ¢

St: styrene, HEMA: hydroxyethyl methacrylate, AAc: acrylic acid
EMA: ethyl methacrylate, MAc: methacrylic acid, BzZMA: benzyl methacrylate

MMA: methyl methacrylate and BA: butyl acrylate



The ink prepared in each of COMPARATI VE 10 EXAMPLES 1 and 2 was observed to
be significantly inferior to the ink of the present invention prepared in
each EXAMPLE, in particular in inmage density, storage stability for
extended periods and ejection stability. The one prepared i n COMPARATI VE
EXAMPLE 2 15 was significantly inferior” t'P4He ink of the present invention
in scratching resistance, water resistance and quick drying capacity,
because the colorant, although self-dispersible, failed to allow the fine
resin particles to sufficiently fix thereto. - 104 Table 5: Properties of
the colorants prepared in COVPARATI VE EXAMPLES | and 2, and their eval uation
resul ts COVPARAPMYRRETANE EAAMEMPARATI VE EXAMPLE 2  Col orant BP880
Caboj et 200 Acid val ue of dispersant 170 Gbserved results x x Presence

mode of the fine resPnCRREPERTAYY e Bibbhel sFontaLanPli fy B BRe: mat r 25 n
particles B - MVA AAc Average dj spersed particle 98 ' ter [nn] Tg
[C] - 105 SurV&ée%?r?&ﬁ%‘i]afngg%ﬁpsag‘ﬁsm%as[rﬁﬂéﬁg)éwgbgf ¢e energy
[mo/m ] ) where the dispersion solution 1 prepared in EXAMPLE 1
5 was used for the pigment. The comparative ink 1,
observed in the same manner as in EXAMPLE 1, showed
no fine resin particles fast fixing to the colorant.
COMPARATIVE EXAMPLE 2
A comparative ink 2 was prepared in the same
10 manner as in EXAMPLE 1, except that a surface-treated,
self-dispersible carbon black (Cabot’s Cabojet 200)
was incorporated at a 4% solid content and the fine
resin particles Bl prepared in EXAMPLE 3 were
incorporated at 1.6%. The comparative ink 2,
15 observed in the same manner as in EXAMPLE 1, showed
the fine resin particles fixing to the colorant in
places. However, distribution of fixation of these
particles was not uniform, and some agglomerated with
each other.
20 The colorant prepared in each of COMPARATIVE
EXAMPLES 1 and 2 was observed by various procedures
and analyzed for its properties in the_same manner as
in EXAMPLES 1 to 15. The results are given in Table
5. The recording ink prepared in each of COMPARATIVE
25 EXAMPLES 1 and 2 was evaluated in the same manner as
in EXAMPLES 9 to 15. The results are given in Table
6.



Storage stability for extended C C periods BzMA: benzyl nethacrylate and
AAc: acrylic acid 5 Table 6: Properties of the recording inks prepared in
conparative ink I and 2, and their recording characteristic evaluation
results Conparative ink I Conparative ink 2 Col orant COVPARATI VE EXAMPLE |
COVPARATI VE EXAMPLE 2 (bserved results *93 Presence node of the fine resin

particles - - Fine resin particles B- MVA AAc Tg [C] - 105 Resin/pignment
(B/P) ratio -- 0.4 i; potential [nmV] - -25 Standard devi ati on of ~
potential - 37 Surface functional group density [nols/g] - 270 Surface
energy [mi/nmR2] - - Inmage optical density (OD) C C Scratching resistance B B

Mar ker resistance BThe Stotagenst aieparned cin esa@ndefl COMPABATIIYES Qui ck
drying capacity B C Water resistance C C Ejection stability CC BzMA
benzyl net hacrIgX%MBLEﬁdlAA@d Zcmas colgervedl1by various procedures

and analyzed for its properties in the same manner as
in EXAMPLES 1 to 13. The results are given in Table

5 5. The comparative recording ink prepared in each of
COMPARATIVE EXAMPLES 1 and 2 was evaluated in the
same manner as in EXAMPLES 9 to 13. The results are
given in Table 6.

The ink prepared in each of COMPARATIVE

10 EXAMPLES 1 and 2 was observed to be significantly
inferior to the ink of the present invention prepared
in each EXAMPLE, in particular in image density,
storage stability for extended periods and ejection
stability. The one prepared in COMPARATIVE EXAMPLE 2

15 was significantly inferior to the ink of the present
invention in scratching resistance, water resistance
and quick drying capacity, because the colorant,
although self-dispersible, failed to allow the fine

resin particles to sufficiently fix thereto.



Mor eover,
additionally

the recording inks prepared in
eval uated by the foll ow ng procedures,

and t he

EXAMPLES 1 to 4, 6, 12 and 15 were
results are

given in Table 7. Solid patches (5 cm5 square) were produced with the black

i nk prepared

n

each of EXAVMPLES on a g
(Canon's PR-101) by the recorder used for
the i nage density,

P§§y_paper

he above eval uati ons,
scrat ching resistance and gl oss on the gl ossy paper.

for ink jet

| mage density on the gl ossy paper The i nage was observed one day after

recordi ng
to observe

10
it

was produced for optical density (OD), and evaluated according to the
fol | ow ng st andaredSkrophties bNfBegBloiB freparddGit COMPRARATINVABEXAMBLES 1 5ndB; anll iEigRal@dni S 1. 7

or nore and legstthan 2.3. C Image ODis less than 1.7. Scratching
Resi stance on|d ossy Paper The i na§eMiRATEMEEXAMAGR] § COMBARATIYHEXMPDION
paper on which a preseadost of 40 g/cn? waspradopl i ed tq 20 viCswai2bly obserjve
whet her the i nageAunaansd niggedt of f|, and evatuated acgording to-the foll ow ng
standards. A e oviBEerebufis | 1 ttl]e scrapedsoff, and|the Dblank portion
remai Ns essent]m aledeiee pidadbitic@aesinB.| 1HE | NAQJE 1S scraged off, but af Teast 90%
25 of the printed i mageicks renmaining. C. The image ijs significantly scriaped
off. |Image Gjoss Dafrsiod Asiliiynage was vi sually observied for gloss, and
. . . MMA
Fine resin particles B - AAc
Averag? dispersed particle 98 102
diameter [nm]
Tg [°C] - 105
Surface functional group density 270
[umols/g] )
Surface energy [mJ/m?] - -
Storage stability for extended C C
periods
BzMA: benzyl methacrylate and AAc: acrylic acid
5 Table 6: Properties of the recording inks prepared in comparative ink 1 and 2, and their recording

characteristic evaluation results

Comparative ink 1 Comparative ink 2
Colorant COMPARATIVE EXAMPLE 1 COMPARATIVE EXAMPLE 2
Observed results x X
Presence mode of the fine resin ) )
particles
Fine resin particles B - MAX?
Tg [°C] - 105
Resin/pigment (B/P) ratio -- 0.4
€ potential [mV] - -25
Standard deviation of £ potential - 37
Surface functional group density
[umols/g] - 270
Surface energy [mJ/m?} - -
Image optical density (OD) C C
Scratching resistance B B
Marker resistance B C
Storage stability for extended
periods c c
Quick drying capacity B C
Water resistance C C
Ejection stability C C

BzMA: benzyl methacrylate and AAc: acrylic acid



eval uated according to the follow ng standards. A: The image is essentially
as glossy as the blank portion. 5 B: The inmage is sufficiently gl ossy,

al though showing nore irregular reflection than the blank portion. C The
image is not glossy, and shows little iy reflection. 10 The ink prepared
in EXAMPLE 2 containing styrene and that prepared in EXAMPLE 15 having a

hi gher B/ P ratio gave the inage slightly lower in imge density on the

gl ossy paper than the others <containing a nethacrylic acid ester-based
nmononer. 15 The ink prepared in EXAVPLES 4, 12 and 15 having a |ower Tg

val ue, and the one p&ggg ggrlngﬁgmg3$% %ggnigkgl éﬂg%édr§hre5|n

particles B gave the fore exc n~scratchi'ng tesistance on the

gl ossy paper. XAé%ﬁﬁgTqu§)74 C@np9§|%hgn 5a§gE 3B§ﬁ%£§5n8&l he recording

i nks prepared I n LES 17t o 1 eir evaluation

resul ts EXAVPLE,EXAMRISS BANPLE EXPBLEREXAVRIR AN ESRIAVREE 12 3 4 6
12 15 Dispersible 1 6 12 15 colorant Fine resin MVA BzMA BzMA

particles B - &é%u@%s arreBAglei McTEplle] 7105551Q dlGfa t3¢hdd 5(95c20
5 square) were produced with the black ink prepared in
each of EXAMPLES on a glossy paper for ink jet
recording (Canon’s PR¥101) by the recorder used for
the above evaluations, to observe the image density,
scratching resistance and gloss on the glossy paper.
10 Image density on the glossy paper
The image was observed one day after it was
produced for optical density (OD), and evaluated
according to the following standards.
A: Image OD is not less than 2.3.
15 B: Image OD is 1.7 or more and less than 2.3.
C: Image OD is less than 1.7.
Scratching Resistance on Glossy Paper
The image was scratched 5 times with silbon
paper on which a pressure of 40 g/cm’ was applied to
20 wvisually observe whether the image was scraped off,
and evaluated according to the following standards.
A: The image is little scraped off, and the
blank portion remains essentially stainless.
B: The image is scraped off, but at least 90%
25 of the printed image is remaining.
C: The image is significantly scraped off.

Image Gloss



Resin/pignme nt (B/P) ratio 0.2 .0.2 0.5 0.5 0.8 1.5 5.1 Inmage density on A
BBABAB the glossy paper Scratching resistance on B B A ABAAthe
gl ossy paper Gdoss AB A A A AB BzMA: benzyl nethacrylate and AAc:
acrylic acid |NDUSTRI AL FI ELD OF APPLLC%@%?N_S The present invention

provi des a dispersible colorant sufficiéntly high in dispersion stability,
showi ng no separation froma colorant of resin conponent and stable for
extended periods, and a nethod for sinply producing the same. The present
10 invention al so provides an aqueous ink containing the excellent,

di spersi ble col oran ink tank, ink.et .recarder, ink j recordi ng net hod

t t
and inkjet recorded FhatfaRdCAHBChE SRR & S%¥V?ﬂe§8#2§éﬁPs’iﬁVé tion is

to provide theegéfgg£sibl%a% #égnt&55géc%éh§§w£%§ l%é%ﬁg%%%pg capacity on

a recording nedium 8t A Sano advant ag I sperstbré col orant

hi gh in scratching rzg_siﬁ%ﬁggﬁa%%sgsr ecarding, | g%gr lgtsis!}Jg Ahqther

advantage is to provide di spersible nt hi'gh 1 n ej ect
characteristicgihfk portion.

5 B: The image is sufficiently glossy, although
showing more irreqular reflection than the blank
portion.

C: The image is not glossy, and shows little
light reflection.

10 The ink prepared in EXAMPLE 2 containing
styrene and that prepared in EXAMPLE 15 having a
higher B/P ratio gave the image slightly lower in
image density on the glossy paper than the others
containing a methacrylic acid ester-based monomer.

15 The ink prepared in EXAMPLES 4, 12 and 15 having.a
lower Tg value, and the one prepared in EXAMPLE 3
containing the fine resin particles B gave the image

more excellent in scratching resistance on the glossy

paper.



an ink jet recorder. Still another advantage is to provide the dispersible
col orant excellent in color- developing capacity on a recordi ng nmedi um
Still 5 another advantage is to provide the dispersible colorant stably
serviceable in a high to nediumpH range or mediumto |ow pH range. The
met hod of the present invention can sinply’produce the dispersible

col orant having the above advantages. Still another 10 advantage is to
provi de the aqueous recording ink which can give a highly glossy i mge on a
gl ossy recording nedium Still another advantage is to provide the aqueous
recording ink %isﬁ &) dofiPisitidnl d§r9rreﬁszs%mﬂgcorﬁﬁah@5r@m@m Eim:&k%% 128605 3419
medium 15 Sti k r@gg@&eém@ﬁwantage I's to provid e aqueous recording ink
excellent in SItorage Sit>eBIPLE T X ANDILE @Xmmetixl&ﬂmﬂdﬁ(mm. AMPCE PEMBMPLE | A
di spersible col orant ponprising 2 cql orant (and4chargeabl e{ rest n pseuslo fii ne
particles havimspasivisral | er $ize, than the dol ojant|, where|n the ¢olqrant 5
and particl es [ icxlonny =ach ot her,” wherein the chardeable resin pseudo fine
particles cont@gf. &, Fopolymer of nonoggk qorf@¥Aent s cont ai ni ng at Bpast
one type of hydp.apbad| c monomer -and |at sheast tiype- of | hydrophil
mononer, and wWaekeih-he—hydiophobid 10 nodonet< } Irer
havi ng a net hy|_Tediup alt®the alosilti 8% and a3 adjcalty pol yherizalife
unsat ur at ed do|Rstwpignend. o 02 0.5 0.5 0.8 15 5.1
nt (B/P) ratio
Image
density on A B B A B A B
the glossy
paper
Scratching
resistance on B B A A B A A
the glossy
paper
Gloss A B A A A A B

BzMA: benzyl methacrylate and AAc: acrylic acid
INDUSTRIAL FIELD OF APPLICATION

5 The present invention provides a dispersible
colorant sufficiently high in dispersion stability,
showing no separation from a colorant of resin
component and stable for extended periods, and a
method for simply producing the same. The present

10 invention also provides an aqueous ink containing the
excellent, dispersible colorant, ink tank, ink jet
recorder, ink jet recording method and inkjet
recorded images. Another advantage of the present
invention is to provide the dispersible colorant

15 excellent in quick drying capacity on a recording
medium. Still another advantage is the dispersible
colorant high in scratching resistance on a recording

medium. Still another advantage is to provide the



2. The dispersible colorant according to claim 15 1 which has a surface
functional group density of not |less than 250 pnols/g and | ess than 1000
prol s/ g. 3. The dispersible colorant according to claim1 or 2 which has a
surface energy of 70 md/nR2 or less. 20 4. The dispersible col orant
according to any one of clains 1 to 3,-wi&ein a copol ymer conponent
conposi ng the chargeable resin pseudo fine particles has a glass transition
tenperature of not |ess than 25 40C and not nore than 60C. 5. The

di spersible colorant according to any - 110 one of clains 1 to 4, wherein

t he hydrophobi c nononmer contains at |east a (neth)acrylic ester conpound.

6. The di sper sidilspecdidrlantcatevadinyigh dmaiemedt 5chaheceem itstd deydimophobi ¢
nononer contains at |east one conpound selected fromthe group consisting
of benzyl netkaciykatietarceeerdgk - ne$hattypavéher, atheanfiaper s6bke col or ant
according to any 10 one of clainms 1 to 6, wherein the_ hydrophilic nononer
contai ns at |e®Jovaflaaditmi¢lspaseples cotipradilsprrceblentolisr &Alctor di ng
to claim 7, wherein the anioni ¢ nononer contajns at | east ope,_ 15 conmpound

sel ected from OFY GFRIPEITRPREThY 8P FcrPGE B Y, et HBer yPFELaci d and
0oL Ion S Lt SlitindaqdE CRLORRN, BREOLAL G Lol ydue of ol al e
colorant stably serviceable in a high to medium pH
range or medium to low pH range. The method of the
present invention can simply produce the dispersible
colorant having the above advantages. Still another
10 advantage is to provide the aqueous recording ink
which can give a highly glossy image on a glossy
recording medium. Still another advantage is to
provide the aqueous recording ink excellent in
scratching resistance on a glossy recording medium.
15 Still another advantage is to provide the aqueous
recording ink excellent in storage stability for

extended periods.



contai ned as the hydrophilic nmononmer. 10. A nethod for producing a

di spersible colorant, conprising the step of conducting an 25 aqueous
deposition polynerization process of a radically polynerizable nononer in an
aqueous di spersion of a water-insoluble-céP8rant using an - 111 aqueous
radi cal - polynerization initiator to integrate the water-insoluble col orant
with chargeable resin pseudo fine particles. 5 11. The nmethod for producing
a dispersible colorant according to claim 10, wherein the aqueous

di spersion of water-insoluble colorant is an agqueous solution containing a
pi gment dispersed with a polyneric di spelédiS having an acid val ue of not

| ess 10 than 100 and not nore than 250. 12. The nethod for producing a

di spersi bl e col orant lacdordisigeroiblai prlipramiercme¥ haingi gpecdamalts a

copol ymer of nononer conponents 15 containing_at |east one type of nononer
sel ected from tQﬁHZﬁQ%gg%BHE?SFPﬁjWﬁP%ﬁﬁ@ﬁi%l%%iH?rﬁﬁ&¥%iré%¥§W?ca acid

and 2 rene TGl 19, e R 9 o) SERRCT 1A, 10RO For B8

col or ant accorm%ﬂf_ | arm _ WHeT '€ _
For produci ng & Brbporer breeds 8a) Sm hcor i ng TACEr AT wherein the
aqueous  di spersiipny Ol b e YRS IR P! € £O! 95 ARE N8 sARontain a
copolymer of monomer components containing at least
one type of hydrophobic monomer and at least one type
of hydrophilic monomer, and wherein the hydrophobic
10 monomer contains at least a monomer having a methyl

group at the o position and a radically polymerizable,

unsaturated double bond.

2. The dispersible colorant according to claim
15 1 which has a surface functional group density of

not less than 250 umols/g and less than 1000 umols/g.

3. The dispersible colorant according to claim
1 or 2 which has a surface energy of 70 mJ/m® or less.
20
4. The dispersible colorant according to any
one of claims 1 to 3, wherein a copolymer component
composing the chargeable resin pseudo fine particles
has a glass transition temperature of not less than -

25 40°C and not more than 60°C.

5. The dispersible colorant according to any



aqueous sol ution containing a pignment dispersed with - 112 a polyneric

di spersant having an am ne value of not |ess than 150 and not nore than
300. 15. The method for producing a dispersible 5 colorant according to
claim 14, wherein the aqueous radical-polyh®r+zation initiator is cationic
or anpholytic. 16. The nethod for producing a dispersible 10 col orant
according to any one of clains 10 to 15, wherein the radically

pol ymeri zabl e nononer conponent s dropped in the polynerization system

17. The method for producing a dispersible 15 colorant according to any one
of clainms 10 toobe, ofwheraimst hetoadi cahleyeiol yier i lzadt ephobdre moremeEanent
contains at | east one type of hydrophobi c nononer and at |east one type of
hydr ophi | i ¢ noneeetaire 138t Ipeshethdmetdy) aoratluiet ngs e di spapsiusice  col or ant
according to any one of clainms 10 to 17, wherein the radical-polynerization
initiator is an aqueous azo-based polynerization initiator. 25 19. A

di spersi bl e col orant produced, by the, thod accordi ng to. any,_one_of clains
10 to 18. - 113 20. R gﬁﬁ_e&}syf?erﬁé%% T af ARG (e A <Pt Bl 50 EbRSFant
according tQBan%,OW%é¥efﬁaﬁgg %y&?o%h%%qcl%bnomer contains at least

one compound selected from the group consisting of

benzyl methacrylate and methyl methacrylate.

7. The dispersible colorant according to any
10 one of claims 1 to 6, wherein the hydrophilic monomer

contains at least an anionic monomer.

8. The dispersible colorant according to claim
7, wherein the anionic monomer contains at least one
15 compound selected from the group consisting of
acrylic acid, methacrylic acid and p-styrene

sulfonate salts.

9. The colorant according to any one of claims
20 1 to 6, wherein at least a cationic monomer 1is

contained as the hydrophilic monomer.

10. A method for producing a dispersible

colorant, comprising the step of conducting an

25 aqueous deposition polymerization process of a
radically polymerizable monomer in an agqueous

dispersion of a water-insoluble colorant using an
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aqueous radical-polymerization initiator to integrate
the water-insoluble colorant with chargeable resin

pseudo fine particles.

11. The method for producing a dispersible
colorant according to claim 10, wherein the aqueous
dispersion of water-insoluble colorant is an aqueous
solution containing a pigment dispersed with a
polymeric dispersant having an acid value of not less

than 100 and not more than 250.

12. The method for producing a dispersible
colorant according to claim 11, wherein the
dispersant is a copolymer of monomer components
containing at least one type of monomer selected from
the group consisting of acrylic acid, and methacrylic

acid and a styrene monomer.

13. The method for producing a dispersible
colorant according to claim 11 or 12, wherein the
aqueous radical-polymerization initiator is anionic

or ampholytic.

14. The method for producing a dispersible
colorant according to claim 10, wherein the aqueous
dispersion of the water-insoluble colorant is an

aqueous solution containing a pigment dispersed with
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a polymeric dispersant having an amine value of not

less than 150 and not more than 300.

15. The method for producing a dispersible
colorant according to claim 14, wherein the aqueous
radical-polymerization initiator is cationic or

ampholytic.

16. The method for producing a dispersible
colorant according to any one of claims 10 to 15,
wherein the radically polymerizable monomer component

is dropped in the polymerization system.

17. The method for producing a dispersible
colorant according to any one of claims 10 to 16,
wherein the radically polymerizable monomer component
contains at least one type of hydrophobic monomer and

at least one type of hydrophilic monomer.

18. The method for producing a dispersible
colorant according to any one of claims 10 to 17,
wherein the radical-polymerization initiator is an

agqueous azo-based polymerization initiator.

19, A dispersible colorant produced by the

method according to any one of claims 10 to 18.



- 113 -

20. An aqueous ink containing the dispersible

colorant according to any one of claims 1 to 9 and 19.



