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20 easily produci ng nmujtineoh@r id@mges, high
flexibility of the recorged patterns, and

devel opnent/fixation not needed. In particular, the
full-color jet recording techniques with an aqueous
i niedmyvecar ecent,by made remar kabl e progress, and can

now
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

recorder, an ink jet recording method and an inkjet

recorded image using the same.

BACKGROUND ART

Ink jet recording adopts a varying working
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
easily producing multi-color images, high flexibility
of the recorded patterns, and development/fixation
not needed. In particular, the full-color jet
recording techniques with an aqueous ink have
recently made remarkable progress, and can now
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
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25 produce multi-color imges which are by no neans
inferior to those by the conventional printing nethod
or photography. It has been wi dely penetrating into 2
the full-color imge recording area, because of its
capacity for producing i mages-at. a | ower cost than
the conventional printing nethod or photography, when
the nunber of copies. is limted. 5 The ink jet
recorder and recording nethod with an aqueous ink
have been inproving to satisfy the requirenments for

i NProv ecording characteristics €. g.,. i r .
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at the nozzle ends to prevent clogging there while 15
keepi ng Tgrodirek ete tr esponse mrechdt abebirtyng( Je tied with
ink can be well fixed on paper, (4) the imges are
higghlyqaeeabl énki have resest anproy inwgattrersatwas 8y dbhe
the like), and (5) the inmages are stable for extended
pere GHLr s pEe| oy INpkoYd@t FEsoddiled dHRFIXedrpotLics,

(DI, and provides, printing, of Rioh LI fuali Ly
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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
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
fapidly 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

ink are mainly composed of a dye or pigment. Water-
soluble dyes have been mainly used for their

handleability and color developing capacity. More
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sol ubl e dyes have been mainly used for their

handl eabi ity and col or devel opi ng capacity. Mre 3
recently, however, essentially water-insoluble
colorants, pignents in particular, have been

extensi vely devel oped for aquepus inks which can
realize higher weather and water resistance of the 5
i mages produced by ink jet

i nsol ubl e col orant, pi

gnment

recordi ng. For a water-
in particular, to be used

for aqueous inks for ink jet printing, it should be
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di spersion stability of water-insol uble colorants
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15 Japanese Patent Application Laid-COpen No.
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pigment, i.e., pigment coated with a resin, has been

pr opésedble. §oloRpane8egRenéntl tAg ¥ ththbarlaitd- @rerised
Nos. H8-183920 = and 2000-34770). Japanese Patent
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or an sperse

In an aqueous ne

um w
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stability "when the dispersant hel ps to disperse the

t (hereinafter referred to as

wapelymeric dispersan

dispersing resin).

The other methods for obtaining

dispersion stability of water-insoluble colorants

include chemical modification of their surfaces (e.g.,

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 2000-34770). Japanese Patent Application Laid-

Open No. 2000-34770 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

dispersant, wherein it exhibits dispersion stability

when the dispersant helps to disperse the water-

insoluble colorant,

and,

when the vinyl monomer is
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i nsol ubl e col orant, and, when the vinyl nononmer is
pol ynerized only in the presence of the dispersant,
the resulting latex lacks stability,” and di scusses
that "the dispersion of water-insoluble colorant can
be prepared by emul sion polyngrization in a high 5
yield wi thout causing aggl oneration of the fine,

di spersed, coated particles of pignent, because
affinity of the dispersant for the vinyl nononer and
pol ymer thereof is not so high with the result that

d_f. h f
1P TR E6RoxPat Hhd PR’ haPyABR S5t 1015 1) bReea ok
the, ol sper pant ;adsqrlied, plgeot RarLing)e a%é A3 lsses

The T nvento |scusses at an
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di spersion stability and printing characteristics
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resi stance to water, |ight and scratching
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I NVENTI ON 20 These techni ques, however, cannot always

salispyrdedpersiadredtabrtityeand fsagagm st dbétauye

for extended periods, sinultaneously and sufficiently.
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a co] orant shoul d have a functional group at a hi %
lgnt at

deﬁﬁ%JrYI?eBn PRE QU flate’?b Be SEah ¥ képté?%eﬁle?ﬂ

In th t d
oty mbe: SRR R R BheBS b BT TS By gess to
Japangse At e SRP!I£81EAD bBh Y ORaN N0 085 1839285 on

144
.

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,
showing little metallic gloss, and excellent in
resistance to water, light and scratching

irrespective of the paper type.

DISCLOSURE OF THE INVENTION

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
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
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whi ch uses a resin-coated pignment, increasing acid
value of the resin for increased dispersion stability
sonmetines fails to secure ink storage stability for 5
ext ended periods, because it is acconpani ed by

i ncreased hydrophilicity of _the_resin and tends to
cause desorption of the resin fromthe colorant with
a lapse of time. On the other hand, surface

nodi fication of a water-insoluble colorant by 10
chenical procedure disclosed by Japanese Patent

Aﬁggéﬁggé) &@égicﬁggll o HLO5 ﬁ?gg %°|%FS 183920

or ~exanp e modi unctlona
9LAURS, aukd hei r.densido, e i higd, Dhrect,sghen caly
nodi fication, in particular the 15 colorant™is an

ORGANIL Pf Ot rBBY @@Fjﬂﬁ@&engaoﬁﬂbbeéﬂdHWBﬂ@bi@lty
the pigment nol ecules, which are originally

WeloRlet 1184 Ubé@lén@ocrs)éiilﬂﬂré | zed, sterageandfapm ibentor
into the hydrophilic pigment nol ecules 13, which are
separaatddd fpomibhe , okiegienad e pi gmeat a2@omplagciddsby o
significantly change the hue, a phenonenon known as
piigmerda exd ohydrioph i(riefigry tof FheSreAnamhdBjends to
Therefore, these conventional  techniques are not
fmawsezj@%qs@ﬁ@alp@ U fihg epesin §59rﬂsft>het r?é”r%%%? with

t 25 It bj h
| Rerih b aRoy B TSP Bi e 31 ob g2
Suff@; chentLy hi gh i disper sign gg@b'c'o'fovr £0o%,ng o
]a I on O reS| n COfT'pOI’]GI’]%l roma CO orant and

staf® Lot pﬁzskéei%% Rerdofss oy 89 Viapa e PsobLRES
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
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
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.

It is an object of the present invention to

provide a dispersible colorant sufficiently high in

dispersion stability, showing no separation of a
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the conventional techniques. It is another object to
provide a nethod for sinply producing the sanme. The 5
ot her objects are to provide an aqueous ink

contai ning the excellent, dispersible colorant for
ink jet recording, ink tank,_ %nk_jet recorder, ink
jet recording nethod and inkjet recorded i nages. The
inventors of the present invention have 10 devel oped,
after having extensively studied to solve the above
probl enms, a novel, dispersible colorant having a

196l #13BE AR SaKeon. 1 SR HLoRar an. o L

p L G~di r.s@ant resin Qhent; LSt -
agégg%égg%nbgﬁgo?%lgp%ﬁ$9%%fg cgﬁé E?%?gge st'a ?¥|t§ n
f arm EXLERGEH L REHGdS: e HIeYhaY e af 805 sdeughared AMyect to
aqueous 1 nk for ink jet recording having sufficient
ej2ed+ Die Shakkkhioy and: di sREIL§I pRodsicakid idhe foEmé DK The
jet recording purposes, and giving 20 printed matter
ofoftigh obagetrgualrnd yanskkduidbi bt ywquepuancaripor ati ng
the di spersible colorant therein. Mre specifically,

t heoobg ol sgofthehe xpreesken £, | dvepkiren bdan dyel achnevédr
by the follow ng neans. 1. A dispersible colorant
conpf i $ehgracesidérgnt 1k Badkchangedite Tt FiPBEeudnk
fine particles having a snaller size tha (%he

col ¥ aht COMAPEi RYHEE o aht < I &hd rﬁ&ﬂﬁ'@@q sTfi%efo

each other. - 7 . A di rsible colorant_conprisin
a col or gﬁ}e Jaﬁﬁ\éegﬁgfaeégglsgcaee;?%e%%réudénffﬁﬁceélg;g} Itk}alc‘f es
Bﬁ%#g?%?geavagﬁ%éf“ﬂ%%fH@nekggn%@¢yfynstdgﬁg§'Qoasolve

the above problems, a novel, dispersible colorant

it

having a novel shape which can keep high dispersion
stability essentially in the absence of a surfactant
or polymeric dispersant, and the resin component
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
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
and chargeable resin pseudo fine particles having a
smaller size than the colorant, wherein the colorant

and particles fix to each other.
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of the particles are distributed on and fix to the 5
colorant. 3. The dispersible colorant according to 1
or 2 which has a surface functional group density of
not |ess than 250 pnols/g and | ess than 1000 pnol s/ g.
4. The dispersible colorant_agcarding to any of 10 1
to 3 which has a surface energy of 70 mJ/n2 or | ess.
5. The dispersible colorant according to any of 1 to
4, wherein a copol yner conponent conposing the
chargeabl e resin pseudo fine particles has a gl ass

tranSItbon L&y ré%%£8+%2c§|%raﬁ%ﬁ#éﬁ%oi4gg agddg¥orant

15 nore than Sper si or an

aceyf ddl'ngr Qa8NY% Qfesﬂ'l t@“eﬁidg\hﬁi‘%bnptal}ec argeabl ng a
ooP o

resin pseudo 11 ne partl C es contaln a copol yner

MARIEl. £OAPoRERhE n GofY aldl figa Rt , | east-cane d )@Puﬁéllty
hydr ophobi ¢ nononer 20 and at | east one type of

hydr o [ h£r fDBOBRN ark dihe: dilspeesi bine ¢ aT@btto the
according to 6, wherein the hydrophobic nonomer

calamsntat | east a nononer having a nethyl group at

the a position and a radically polynmerizabl e,

unsat ur 3t.ed doubl epboadb 125 R 1cHwndi spepsdbhg to 1 or 2

col orant according to 6 or 7, wherein the hydrophobic
Rvnt ai AT @qeea@%n%tl?%ﬂ»hpé@w idenesiley of not

STPTer® ha P oREurol oL S AR AL
T L A SRR s o

benzyl ‘et €~ and et acry
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 « 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.
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5 10. The dispersible colorant according to any of 6
to 9, wherein the hydrophilic nononmer contains at

| east an anionic nmononmer. 11. The di spersible col orant
according to 10, wherein the anionic nonomer contains
at least one 10 conpound sel gcted fromthe group
consisting of acrylic acid, nethacrylic acid and
p-styrene sulfonate salts. 12. The col orant according
to any of 6 to 9, wherein at |east a cationic nonomer
Is contained as 15 the hydrophilic nmononer. 13. A

et hod Kor LEdYELAg 8 sdhaper sl il gy cploraltng to

conpr|S|ng conduct

ﬂ%%%éiﬁn ﬁ@lﬁgﬁ S?H655b95888ﬁ§r0Eo%taf%§‘%ﬂlbbast one

neriza I n an aqueous 20 di spersion of

\Mgéﬁpé@§Q|Hﬁh%dﬁédﬂﬁﬁﬁmU@héggQBupa@%%%Q%tlng of benzyl
radi cal - pol ymerization initiator to integrate the

waietha 089l ube eoldmthw thechacggablte .resin  pseudo
fine particles. 14. A nethod for producing a

di spersildl e P&e cdliepanmts,ildeampre sdngnt hecsbepdsngf tol)any
conducting an aqueous deposition polynerization
protesstof 9a whadiesil | yheohydepphablie pyinawaT i¢erpains
aqueous di spersion of a water-insoluble col orant using
enﬁtah%@éﬁsaﬂaﬁqﬁﬂn%ﬁﬂW%%@W%ét|on initiator to

t t t t bI i
char geabi e DSF e SERIS AL e b FLEL 8 RAd 189 5P 10
p%&éyéngl ﬁéﬁg RTQdyet - r&énoﬂjg?_ methad for, produci ng,a

di sper Si
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
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 agqueous
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
colorant, comprising the steps of (1) conducting an
aqueous deposition polymerization process of a

radically polymerizable polymer in an aqueous
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colorant according to 13 or 14, wherein the aqueous

di spersion of the water-insoluble colorant is an
aqueous sol ution containing a pignment dispersed with
10 a polyneric dispersant having an acid val ue of not

| ess than 100 and not nore thgn_250. 16. The method
for producing a dispersible colorant according to 15,
wherein the dispersant is a copolyner of nononer
conponents containing at |east 15 one type of nononer
selected fromthe group consisting of acrylic acid,
and nethacryli¢ acid and . a styrene noner,. 17. The
ngﬂﬁﬁf?§ﬁo%r8 uéi&f%f?ﬂ%ﬁﬁﬁé%%ﬁ% ngp&ﬁﬂﬁ et df Hg
to 15 or 16, ,wherein .the aqueous 20.. .

 RABA ot YL P2 L1 Ar i € iy gro integrate
ROl VAL £: - Lo The Aot £08 - PLOAWCIRG, Ry HlisRer ot B &
col or an accoralng to 13 or 14, erein the aqueous

dispelsd opi RF phe twalieds i ngeyubl e colorant is an 25
aqueous sol ution containing a pignment dispersed with

a pol ymgnic glispeysagt thavigiodarctam ne val ue of not

| ess than 150 and not nore than 300. - 10 19. The

met hod fidr. prosducéhfoa dicspearsidl@lingobkodaspeascdridi ng
to 18, wherein the aqueous radical-polynerization

i midliatontigccaridoma ©» lanpholyti whexe2gn ke aguAeds
for producing a dispersible colorant according to any
ofd 1P e BsS 10N Rtetdich UMeS LT AAFLAMPY SpAIYRFFZabt 8 an

nmonomer n i r . . .
aéﬁggugogggu%Q%ns%ékggfggng a pigment dispersed with

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

less than 150 and not more than 300.
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in the polynerization system 21. The nethod for
produci ng a dispersible 10 colorant according to any
of 13 to 20, wherein the radically polynerizable
nonomer conponent contains at |east one type of

hydr ophobi ¢ nmononer and at lepst_ one type of

hydr ophi li ¢ nononer. 22. The nethod for producing a

di spersible 15 colorant according to any of 13 to 21,
wherein the radical-polynmerization initiator is an
aqueous azo- based polynerization initiator. 23. A

di spersi.hl e ¢ol ora roduced by the nethod accqordi ng
Lo hny ot 1356 530heB 3P Hrihetie i gareain iy

t ' si. bl rant, acc [ t ny. o 12
aﬁgagéfggt.ggﬁgéﬁﬁg%ﬁgggnﬁgtoﬁﬁgkﬁgﬁg%gghfgg%?%$%le
Col 4 8041 COBRYIRING, B COM OLANE 5 AREChar geabl g, [esbp
pseudo fine particles having a smaller size than the
2% msweboyant, wherein the colorant and particles fix
to each other, and at |east one type of

sel f - di sper sTid emekésidn ffdme fredidc chgsaatdespersible
additionally contained. - 11 26. The aqueous ink
acooldragtt ec2brditrey eim ahg o€sild congdnhemthanhéth the
constitutes the pseudo-fine, chargeable particles and
t ead s hlyoppénatr whilehe Benstpruces et i@adropped
one type of self-dispersible 5 resin fine particles

cott at e aPPONFEriZHt 1 &m PYBEEE: of a mixture

cont i 1. siaLegstyane dype Slycomn, TRANEL o1
\ME%E%Pant 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
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.

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

resin fine particles are additionally contained.
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~which c

the resin conponent which constitutes at |east one 10
type of the pseudo-fine, chargeable particles and the
resin component which constitutes the at |east one
type of self-dispersible resin fine particles contain
a polynerization product of_ajfi xture containing at

| east one type of common nononer conponent. 15 28. An
aqueous ink containing a dispersible colorant
conprising a colorant and negtively chargeable resin
pseudo fine particles having a smaller size than the
col or ant,, [ ol. 1. he, partd cl '
to enchZrner c s ereS2c M Shee SR baCsPorant it Al
ARG SUAT BEGARISh £ PRLEBR! 3lorQft MOt €SEENAR BB -Fine,
nv and not nore"than -15 nV in an aqueous medi um

Wi AP DS e phlte iaguesusndi Bkeaned sa s Wdmsen&8t awhich
potential distribution of less than 50 in terns of

t keorsd ahdat d sdewieatd tonl e 25t 29neAn vagueniiSsseé Nk-dispersible
contai ning a dispersible colorant conprising a

colesriant fand peevda:féheconpasint iaveglold wiwr geabien product
particles of resin having a - 12 smaller size than

t Il colBEght rewlserdiain ed cabtorgatst @t theoparfi cphagion
fix to each other, and the dispersible colorant has

amm At agecsliPrace zeta potential of not |ess than

110 V.95 ko TR oL S0, IV B aayaous

POUAEL ek SR lchent R B0 o o

ta gy &F 2Aet @s2HoWnek&l Nchhe geiratambihes and the
conposes 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.

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
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.

29. An aqueous ink containing a dispersible

colorant comprising a colorant and pseudo-fine,

positively chargeable particles of resin having a
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10 dispersible colorant is a pignent, and the ratio of
the total resin conponents to the pignment
(resin/pigment or B/P by mass) of not less than 0.3
and not nore than 4.0. 31. An ink tank which contains
the aqueous ink 15 accord[ng%%o_any of 24 to 30. 32.
An ink jet recorder for form images with the ink
according to any of 24 to 30. 33. An ink jet recording
nmet hod for formng imges with the aqueous ink
according to any of 24 to 20 30 by an ink jet

e e Shieonsrata B rer o i Son S4%S Shrorane
[ i nk_j der. The, toi ti

o304 ShEChEL eSS TG IERER, "

S@?Qﬁ%ég“ﬁfehkgﬁo&% I spersion stabilit

ith a
f GAct onat ~of olip 6N t he 'sUT face” at - a hi g éﬁ??t@?ta

JdE £a{ €5ENnERMRQIENt oIy, then - 13 o nSUHACEN R than

c
shows little tendency of separation from the surface,

ang @lnso P oxhdagua ot hedifieh ShiBhy copfiRAucd nghd he
di spersi bl e colorant. The present invention al so

praepicdess ai bk daapersishief cod of@ns pavieng iGflhefistribution
advant ages, e.g., fast drying properties on the

r edorldisgy neanhub) hingltemesict ante toasdeatdchiawgi@anion.
the recording nmedium and excellent ejecting
char act édi-stiis axhedHSednkn agreoihikng etor asor @dr 2410:0

Still other advantages of the dispersible
9, wherein the colorant which composes the

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
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
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
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
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colorant of the present invention are high color-
devel opi ng properties and stable serviceability in a
high to mediumor nediumto | ow pH range. The present
i nvention also provides a nethod for sinply 15
produci ng the dispersible coligrant, which is stil

anot her advant age of the present invention. The
present invention also provides an aqueous ink highly
gl ossy on a glossy recording nmedium highly resistant
to scratching on a glossy recording 20 nedium and

exeelderd ddy STL,HB@ge 18tabid ity d ok cyextrended REMi S From

which are still other advantages of~ -the present

| RRentsiEadde Bhasanisd Prenti@ds PAOMEEEs AT AGUENNS Ly
ink having sufficient ejection stability and
dbspersiiony 29estabipkinsi flar d¢skofehtr.ecordi ng

pur poses, and giving printed matter of high image

qual i t yTaed ptharsdmi t | t gveby ionc erlpor aprogidhe a

di spersible colorant therein, - 14 and al so provides
adllispensinkl e aklpeantedurdery ¢hRerj edvegdadfisg -9/
nmet hod and. i nkj et recaorded i mage using  the aqueous _ .

i AR.S 5 BRI EFI DESERFPTIGN O THES DRAWPNES 'l &St anfloh
1B sch naticatly ill%§trate t he . basic structure of a

dir%é%-adv%eb coPoP e WS e O'pr BRENE SRt D vy 2nd
RS L e g PR e L e SR L Al chidan

I lilustyat ese @crhepresentative step of the nmethod of
the priesent invention.

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

The present invention also provides an agqueous
ink highly glossy on a glossy recording medium,
highly resistant to scratching on a glossy recording
medium, and excellent in storage stability for
extended periods, which are still other advantages of
the present invention.

The present invention provides an agqueous ink
having sufficient ejection stability and dispersion
stability for ink jet recording purposes, and giving
printed matter of high image quality and durability

by incorporating the dispersible colorant therein,
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FIG 3 schematically illustrates a step for formation
of the chargeable resin pseudo fine 15 particles and
anot her step for fixing these particles to a col orant
for the nethod of the present invention. FIG 4 shows
the enl arged chargeabl e resim 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,
chargeabl e particle of resin fix to the colorant for

t t d_6B.sch ticall .

IS SRR LR D AT 1
t t

s gt T

Appld Gatio8, Lai diOpen No. HLO - 15 105360.  FIGS 7A,

7B and 7C schematically show aggl onerated conditions
of a dispersible colorant on a recording nmedium 5
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The present

i MBRIFAF oPE S RE PHE Otle £t i THE DRAWDNES detail by the
enbodi nents considered to be the best nbdes. The term
"di sper sili%e cb} oradt 1Buseliemattiial 19 $péoistiredtd drhe
means, the col orant which is dispersible in water or
aqifstis $’h¥<uﬁEHir8mO§s§erﬁll%H’¢lglsﬁﬁl?h@OlahfsﬁhibeOf)fthe

surfactants or C. dIS er sa ts, i
s LHet RV BN lgﬁrgpémpg he ¢ argeable resin pseudo
fine particles attached thereto.

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

in Japanese Patent Application Laid-Open No. H10-
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A first node of the present inventionis a 15
di spersi bl e colorant conprising a col orant and
chargeabl e resin pseudo fine particles, wherein the
colorant has the particles fixed thereto. FIGS. 1A

and 1B schematically iIIustLais the colorant 1 to
which the particles 2 fix the feature of the present
20 invention. FIG 2B schematically illustrates the

chargeabl e resin pseudo fine particles 2 fix to the
colorant 1 surface while being partly fused at the
por %gg 2'. The colorant is provided with a charge
gi've 9' 25 the chargeabl e resin pseudo fine

particl esdd xing {95 L%y SHETACEFQ PRCINR disRprsi bl e

in water "or  aquebus

g;ag@eiéﬂngkstga! @o‘?ﬂ:fig%foﬁslgf. Br aquced-s A}, LE-$8 nt on

it exhibits adhesi on to a recordi ng ne

due to-bheipgeserca®f the resin conponent fixing to
its surface. Moreover, the dispersible colorant of

the present invention 5 exhibits high storage

stability for extended periods, because the
cEEYRaBOBEr ESORN QARRIMING | OETpaHE ANSENTION NG to the
colorant surface, not by nere physical adsorption of

t he resithedmponent, iwviesH isn thellf bat descofiltge in more
dgigers'ble col orant of the present 10 invention, are

r

S35 ep¥r aed FIRAAYHRNEr FRBE 1denRe cHareabhe best
S0 Boou LasPaticles ol Lhp pLeRe Loyention,
CUPORERE Sa i Br WAL Ve RIILBTBLANRT itk ©PENuPLBeEs 101

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
dispersible colorant comprising a colorant and
chargeable resin pseudo fine particles, whefein 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
invention. FIG. 2B 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
the chargeable resin pseudo fine particles fixing to

its surface to become dispersible in water or aqueous

ink mediums. Thus, the dispersible colorant is
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15 physical crosslinks inside (resin agglonerate is
conposed of a resin conponent stably present in the
formof fine particles, which nay be aggl onerat ed
into still fine particles) The chargeable resin
pseudo fine particles will be;described in detail 20
| ater. The chargeable resin pseudo fine particles fix
to the colorant for the present invention by strong
interactions between them This is considered to be
achi eved by the foll ow ng phenonenon. FIG 4 25

h i call h h [, d.interf whi ch
CELPIRLLER! e g Enl et Lk ehiges i
i th ot l.d b ' -
coniged Lo e S0 anam; oS IRULALS SoLgE [Lpsoce o

arghe f AL OBA BYnBoRQTeE S £OGPESEd +Qf NAIYI NG, MRAOPEL ver,
unit conpositions, entwined”wi th each other. The

palyeredispeesli by et akaiso ghver skf kad %trrelécérﬂf eih{PehREon
interface 5 with the colorant, and hence has surface
erexlgyb i wé delighdisstoridns edt hocaliky. fHre emi@m@@@m/ﬁ@diods,
polymer are firmy bound to each other locally ere
t e causer fheecbneggiagsl e deeeim pegudl thienehpartakles
and surface structure, coincide with each other (dark
10F 1k ed e80j RhpI o lPrapHer 2usfaca  pingtalldyt ynefesphgsical
at ich they coincide with each other in the,
i rﬁ%?cf%@él?fl@%si D95+ BPRPORPR Yt Wl dynkF dEREd

he_ particles .fix to.the colorant at.these sites
i%%ﬁéuge SELLRLEH 4 e§51ﬁfgiéalpg%ﬂﬂa%ﬁe% GtPigsent

t
by Frong Interactions accor
"Bﬁ%@ﬁ@fon, 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
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
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
schematically shows the enlarged interface at which
the pseudo-fine, chargeable particles come into

contact with the colorant. It should be noted first
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Each of the chargeable resin pseudo fine particles is
conposed of polyners strongly interacted wth each
other to conditionally form physical crosslinks. This
prevents the particles from being 20 separated from
the colorant or the resin co nent having a
hydrophilic group and from being continuously el uted
out of the particle, even when the particle contains
many hydrophilic groups. By contrast, a col orant
prepared by encapsul ation 25 (disclosed by, e.qg.,

T N s
RPN 17 Pogeh BTt B 2T anary " 2B0und (EAGReT unie

C%'o?r&j'écfgitir £sChangeabley r&ﬁhﬁ Psendghine D@thi |otq§/mser

fixi to the colorant for the dispersible coloran

ofi Sl 1Py e6LRE i AY &Rl OrF e d ngsranehber iadvant age-Of face
I ncreased specific surface area by the norphol ogy of

t d tfH xei ¢ oo 1 dhanitncreas etk spech i s Cc ssufhaee careayy

hel ps appear the charge on the particles to the

coligtaalny <ustacburedy lefdalient IThe Asohoresul apdt p® 1ner
di spersi bl e colorant surface is highly charged. In

otther Mwormby Phandi $serssi®l ectlofbr gﬁt:aéfl}’t Presem i

invention has a norphol ogy by which jts surface is
cﬁé%rg%%c%?%eéﬂﬂieéi'erﬁqtiﬁgﬁjd’){%‘?glﬂl’thén& %514 sand

15T nEFERFEbaRY ati Vel YO i bUoaony Fpiestiar

Palient . APphT §261.0% )Lai drRen o 18;183920¢ euen thant
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
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
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
(disclosed by, e.g., Japanese Patent Application

Laid-Open No. H8-183920) may not always exhibit

sufficient storage stability for extended periods,
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resin conponent has a.lower substantial acid or am ne
value. I n general, organic pignents are insolubilized
20 (becom ng pignents) when their col or-devel opi ng
colorant nol ecules are crystallized by strong
interactions. Wien an orgam agignent is used as the
colorant for the dispersible colorant of the present

i nvention, the chargeable resin pseudo fine particles
25 fix to the pignment particle over several col orant
nol ecul es therein, as shown in FIG 5, because there

pbébahslentaefkﬂﬁﬁhpp ﬁkﬁ%@)gﬂlﬂ the rasenfaga ket \'M?éerb th&ng1y

- 19 pseudo-fi ne, argeabl e particle and col orant,
aboudids cies sete easl beantTheref ore, the "pi gnent
detachnment” (illustrated in FIGS. 6A and 6B) caused

by the Tokoranrtrdemdal¢ yrbedonpsg udadriiht | parshelksd 5
not occur in the present invention. It is preferable
wEtKiag drgdiie pPyreantad athelvol dfapershstle wlorant
char%eable resin pseudo fine particles are kept

shal L& HREPehe dN¥BBLIEE pilgmas @a@t:h@re@ ntage of

| arger thap the col orant | ecul es, ﬁroduce the 10
oFEpEraT %%EF%JrgﬁF SO A ThebKi Bheymorphology of

h dest th ' t
SF§§$§ﬁ| CE)r%ure %ﬁcg%tﬁ ?gnre¥|n c%%?égggrgrea
'Rshp P r fine Eﬂ%t el &% "ﬁﬂ% eﬁgrtiglbﬁe ol arant

in t present i nvent’i on can sinply confirned by
t belofr@dtovﬂmﬂf@cﬁéceé@?e el vd vl gepatat h 0RcWhtiR | the

three stages. In the rst stage, the colorant to "be
dispersible colorant surface is highly charged. 1In
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
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
(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
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
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confirmed is separated from ot her water-sol uble
conponents (including water-soluble resin) present in
20 an ink or aqueous dispersion. In the second stage,
the col orant and water-insol uble resin conponent are
separated fromthe precipitategproduced in the first
stage. In the third stage, the weakly adsorbed resin
conmponent and di spersible colorant to which the 25
chargeabl e resin pseudo fine particles fix are
separated, to quantitatively analyze the resin

c tein.th t LUt Lo r [t
CUBANEIL £ Re g@%@;ﬁd@r@o@%ﬁew% Ao educsd A} the

ird sfa npare the precip

prodicedse i nebe i28condnghage, W t hefhosg; graduced in
the third stage. This procedure can confirmthe
cerdiddiansnunden 1Whisair 4 thed char geabl. e enesind fEFEUdRaused
fine 5 particles fix to the colorant. Mre
specittheatbyorohe danditliproeaombeag agafropied iy dieuld
foll owi ng procedures. An ink or water dispersion (20
gldts peepar &t ithesgote semaylagentaobe dispéssedediatable
a colorant in around 10% by mass 10 of the total solid
cohitidhtan apagesac iFigRan 'y as ehbedcodrrantoddmatpni ior
60 mnutes . in the first stage. The resulting
pﬁéarpq%%%ecsr%?&innipﬁgeﬁ% bherAAEL L Cdert I de e

I [ di s d i I 3 ti. I
a8 Shralr sH R B e d o BaRR Y w85
at; B 00 LM £k 9 18 AL €Sb Pl sSeGn rt%hcg&?e the

Then,” the resulting precipitate containin .
coliypdits i 58kt bed asdhe-dmyerskayeine ihggradi spersed

in 3 tinmes larger quantity of pure
dispersible pigment without destroying the pigment
crystal structure.

The condition of the chargeable resin pseudo
fine particles “fixing” to the colorant in the
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
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
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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water, and centrifugally treated again at 80,000 rpm
20 for 90 mnutes in the third stage. The resulting
precipitate containing the colorant, settled as the

| ower layer, is collected fromthe system The
precipitate produced in the. sggond and third stage is
dried under a vacuumat 30'C for 18 hours and 25
observed by a scanning el ectron m croscope at a
magni fi cati on of 50,000, where each sanple is
prepared to contain about 0.5 g of the solids. Vhen -

RIS %E*lda 0 Sk PO B Tosprgoed
Secol}g1 S§é£§ %Egﬁ§hﬁh@ﬁeghﬁggaF%OQﬁggﬁfegn ?héhﬁhlrd

and t stag ave t m|"ar nmor phol o
thendd. 5TﬁiéL@9§QeHU@étd&hrégﬁﬁlPﬁeEQ@ Bdﬁaltlons
partlcles fix to the colorant. Mreover, about half
ofurideer uppeeh su@erommaﬂa_ageresmdm%dldm theethird
stage is slowy collected fromthe systemand dried
atpa80CG c¥es 8ikodios,thte deierannhe the solid content
fromthe 10 weight difference before and after drying.
When it Mare |seectRasaldy i tths ¢emidetiphatcano beesin
pseudo, fine particles are separated from di spersible
cAIVHahtm AR OV h&D St Héblel pak R cPESCRIXTES 1 hé Tt olidf ok .

Th t ditjon d bed ab 15
oo CoRRARre, af? ”%if’%?'ss%aaﬁ‘f@%!% ooy opay 22

.t%. qﬁge ¥%§E99r or Ahgofgkgk%ng ound 10° bg mass

dlsper3| one o f eSent I hventi SO
'%f*ﬂﬂ@ft@ﬁalh%dy%dxﬁoﬁ%eﬁbe §ﬁﬁa@@ﬂﬂ¥lfﬁb&fi?etreated

stages. Mre specifically, the first stage |
at 12,000 rpm for 60 minutes in the flrst stage. The
resulting precipitate containing the colorant,
settled as the lower layer, 1s 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
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20 separate a colorant present in an ink or aqueous

di spersion and resin conponents adsorbed thereon from
wat er - sol ubl e conponents. The second stage is to
separate the colorant and resin conponent fiXxing
thereto fromthe other resin gpnponent(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

eq S&g%ﬁefﬁﬁgg usqd, et her %&ek%eﬁ”%‘“ kfa[yaé”neﬁ’%dral

devel op i'nvol've fnore an or |ess

LR SEA8E5-18sAc$ecang 1od ea%%l bthe-pLese rftif>i WEM L 0K

Is a dispersible colorant whi s by itse

dissper$¢d) eanW tRet Re-Ldras geabb epregiiBepsewda Hd N€econd

particles 2 fixing to the water-insoluble colorant 1.

Asindlitsclsgdedtegel iherve tites di Spel sibhe reblodraant, ofhéheit

10 present invention is self-dispersible, i.e., it can

bel st abdlgedi shetsé&dtha ramirerpaaddagienaspankicles f£ix to

essentially in the absence of surfactants or

poiaesd bodaBper sSMArSOVEYe dafduHi thahf apll Fhegmpper

procedure wi |l be described |l ater. The dispersible 15

colBramabinEhé ayedsdhiodyvent +Bntean teigseidege is

wi t hout any ?ol nmeric di spersant, another resin o

conpuhknt Cot LeGrractiafT Wit cﬁyﬁﬁ?mbéngeﬁéﬂﬁde@tfr%%c

t over. | | od ng ?

ESE) g0k OVSL LN BET) 00550008 BeRLcny g e

di.zpesist 08i £ A8 ran@SWd sotdeadiisper sir-bbe ol pr amtnedf 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

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
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
the colorant. The third stage is to confirm that the

resin component fixing to the colorant is not

separated from the colorant. It 1is needless to say
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the present invention gives another advantage to
aqueous ink, increased freedom of design of

conmponents ot her than the dispersible colorant.
Therefore, the aqueous ink incorporated with the 25

di spersi bl e colorant of the present invention can
secure sufficiently high printing concentration even
on an ink-permneable recording nmedium e.g., plain - 23
printing paper. Self-dispersibility of the dispersible
colorant of the present invention can be confirned

by, -e. fal.l-aw Q u : [ o] ¢! 0

S e kB serSed Wi Th The Earbran T a9 tes 1o
tienes tRMy Wb hpRULE et Fhc BRd-coRCent nataoh torthgy 1y
original concentration by an ultrafilter having a

cdleveffogrd ecul @rmiei 8RkoQflyedhdIR0. c A 6engents atrfth
solution is centrifugally treated at 12,000 rpmfor 2
léhhew sstamnelst he resultant precipitate is collected
and redispersed in pure water. The colorant is judged
to be selstcdirshersildl ef when ndesPrieci pyeateons ivweld
redi spersed. Wiether or not they are well redispersed
ey e YU B9 LeaRindg Wik @ 155 chrisiderdti shigprrsible
follow ng observations; unjform dispersion is,
viwémFgl It;b%b%léﬁgaf"bﬁ& gt i B3E AP s FLRGt AR bbkefvéd
after. the solution,is allo o stand for, 1 to 2
ot g b o esed Ao € art B S e et s&F by
li ki - S [ : | S
Qidys shiaking, § e sqlyd iens,apd; phe 20,4 & tn
pariélt c SQ Lg(?a_met er, determ nedp%y %iynam C Ir"lség;rﬁ% <
seAdRIMNgint8n2ibnMaSs el £58i3ckai8eeas the., 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
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
dispersion. As a result, the dispersible colorant of
the present invention gives another advantage to
aqueous ink, increased freedom of design of
components other than the dispersible colorant.
Therefore, the aqueous ink incorporated with the
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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original dianmeter before the treatnent. As descri bed
earlier, the dispersible colorant of the present
invention has a |l arge specific surface 25 area caused
by the chargeable resin pseudo fine particles fixing
to the colorant, and realizes)zexcellent storage
stability by being massively 24 _ charged on the vast
area. The nore preferable results can be produced
when the chargeable resin pseudo fine particles
massively fix to the colorant while being uniformy
digstird bt @doabb i s 5 particularly preferable that
these particles are apart fromeach other at a

certai nsdiist-aficepe a8do i PR eheAdIphdi $15hOHESE1e colorant
uniformy. Still nore preferably, the col orant

swiff agee | Srexpased nhetveieim ddeseepabhifereed Heses.g.,
nor phol ogi es can be confirnmed 10 by a transm ssion or
scarmi gl ebechgop roicerddssope . Thd nirokt her agudsust he

m croscopi c observation can confirm whether or not

t Ko ar i pol €4 saeda sgsartl §lr obhe eaehooahnér iat &iluted 10
certain distance, or the colorant surface is exposed
bet\ich EheReYpyititcPade THEsR! 158 pdr EPErCes it e to the

I I 1. oser to,each other or sed.wi th each, other

| R EhoEhorBrEaEn Ot Y A el ERET bkt T ime S

' t r t hat. ese rthel es.fix to th
o e e i I e PR bR hEnePRaE i raced
C 4 di st an r.t l.or syrf ace 4 S
bovptn Thess partreieg b el ftn E0usHE 23R 000 HARRSPE: 2
condidd onsnar endi sksiutett Meeoyetatbhe saqueous-t8K ang

i ncorporated with the
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
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di spersible colorant of the present invention is
found to be fast drying on a recordi ng nedium 25
conceivably resulting fromthe foll ow ng nechani sm
whi ch, however, is not fully substantiated. The

di spersible colorant is dispergsed 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
ink is absorbed in fine pores on the nedium (voids
betveestd &6l LHEOSR fd hersa | n iie £a5e BLoRLalb RAPEr,
or fine pores in the receiving |layer in the case of

coridl 105 cghoBsY pRRRRIJedYWhEE €RBI ldhariyenoea9nn
Then, the dispersible colorant of the present

| meentdonf fnenpaat inldemaisivetyi Mier spactse idoldeant
area where the 10 col orant conmes into contact with

eadh 1ot hee i magdund Hamydabl @i sesihupseudolti nes particl es
are uniform distributed, -resulting fromits
nmm@gl@é{y phgfsctadristilkat Theeskoar tiele hkare
sol vent present _between the colorant particles is

q@iRAdYy abBr BaGh R U 1 et r2cerdiAg imsdistA e + nend
il h . T i nk_of _.th t
R b B PR BRIy LN S SHEOR ) MKl yn D ReSen

dﬁ?@%&? .§§lcﬁhﬁm%%léraﬁ§ '”9958 r%%e lggbd.between
i TRAG TRESER

di'spersi bl e” col'orant "havi ng argeabl™e resin

peeid: fhaet pankiscl egnunid ddph 204t 8&T LAYt d o ermed |

surface. This observation supports”the above
meghani s ohibastordion ngeandhegdespersidy enicot®sadbe .

of the present invention preferably has a surface

f Unctetdmat gpodp, the microscopic observation can
confirm whether or not these particles afe apart from
each other at a certain distance, or the colorant
surface 1s exposed between these particles. These
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
surface 1is 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,
conceivably resulting from the following mechanism,

which, however, is not fully substantiated. The

dispersible colorant is dispersed in an ink with the
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density of not |less than 250 pnols/g, and | ess than

25 1,000 pnols/g, nore preferably not |ess than 290
prol s/ g, and | ess than 900 pnols/g. It may have
deteriorated storage stability for extended periods -
26 at a lower density. At_ajkairly higher density, on
the other hand, it may be difficult to secure a high
printing concentration, because of excessive

di spersion stability and hence perneability into the 5
recording medium The surface functional group

d
Eﬂgkgégb é?sfﬁeég%ggé ﬁanaé%gﬂ?*ci%gnkggap ¥ the
C%%Qa*i’l'tﬁ%raéaéé‘e go 8&@%5SQ%PaéJéxelngborW@éﬁCEhe ink

a higher specific gravity to need higher 1

d'r%B%‘h%'sorh stabb Fitt gandahgher: e askl ¢eneenkr %‘hleorlnk is
on a recording nmediumis favored. The surface

f upebirpeal of ofipndepsirey Ry the deieluhngdobys ®eFween
the follow ng procedure, when the dispersible
cakdlanitoses Miggat $ viehy tbkarcges: ofhep bgueopspd®s, or fine
di spersion or ink incorporated with the dispersible
cobaeantin sthit | ieediVing anvecdssivee qgoanti pyf sfoated or

hydrochl oric aC|d (HC1), and centrifugally treated at
201066 % RARDF) 1bfhoE|Pe TRE idiY i FREPPBENB - at G1PE, Che

SO RS S PoRREL " R AL o QP B o
”Et E‘n%del e fedi SESE;E% BIEG! R taéhe réﬂ,’S' %%g» A4
t hen |ncorpora?ed W 8 known qua y of

hydnogen carhonat e, Theomostyr 6, 4sn Séé&ﬁegth%r rarn%pare
the dispersion, which is centrifugally

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

deteriorated storage stability for extended periods
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25 treated at 80,000 rpmfor 2 hours. The supernat ant
solution is weighed, and titrated with 0.1 N
hydrochloric acid for neutralization to determ ne the

Z | surface functional group density

(rmol s/ g-colorant) by subtractdng the known sodi um

hydr ogen carbonate quantity fromthe quantity for
neutralization. When the dispersible colorant is
charged with a cationic 5 group as a polar group, the
surface functional group density is determned in a

si | ar, nRopen-axeeRt that 4 @Hyffflﬁféﬁeﬁcﬁgde%y, on
sodi um hydrogen carbonate are replaced by sodi um
hygreooxddee £ NaORdy, and aEpriaingi ehkenide td espactd vel Migh
10 The di spersible colorant having a surface energy

Ofp rAith i G2 Of cb8% T aits. e 9dchlisepbel et sive

enbodi ments of the present invention. The inventors

ofd itdpee g Esent thbvdrittivorahdviee ioandetchataktilei ty into the
di spersi bl e col orant can secure adequate fixation 15
chamarteingt nediom.a Féeosdinipeediwnstiheal group
controlled to have a surface energy in the above

r SRS Ly cbPomane WRATREaLEYrtBce dRedsy A9t hess

70 / @ h I
S S B AL o
20 ' ilici f
20, bocauee, oL Xoo ey MLORR L EELL AT ior b

f drying. ¢ - - ied i
b;ﬁﬁngﬁﬁghxr rs%'e@lfll\@rzﬁpé(gite(;tﬂg dideed 1 pge, may

. I'ently resistant to water, conceivably
restd td g HROMLSYiaNG: ysh@phi bheit y1efc it heorddentration

di spersi bl e col orant surface, which causes

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
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
solid concentration is determined by the drying
method. The redispersed precipitate is weighed and
then incorporated with a known quant@ty of sodium
hydrogen carbonate. The mixture is stirred to
prepare the dispersion, which is centrifugally
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
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redi spersion of the colorant on the recording nmedi um
after it is agglonerated, when the inmage i s exposed -
28 to water or aqueous marker pens. Surface energy of
the di spersible colorant of the present invention can
be controlled by any of surfage charge of the
colorant, functional group structure, and chem cal 5
and surface structure of the chargeable resin pseudo
fine particles fixing to the colorant. Mreover, the
chem cal and surface structure of the chargeable

(RS Dog IO ELEARAT il 62 58R5PECENY [P DYoLy by

yherTzatron 1nit n onen

f %&%&&%@@ﬁ%ckﬁe&m@hﬁ?i So®f Qﬁeﬁ§dr'a§1gérnf ACESHSE gy

in this specrfication nmeans free“energy at the

| nfenface, betwreR BRI Seyandr depends 1ok €6l calhen
structure of the interface. A material of higher

suHacel §per §ybils Ml weit abkechhraged eargiata btetwohhc
water. Surface energy of the dispersible colorant is
defioned as dhpovaluegraet er thaedubnfaar ilhwertseomgas group
chr omat ogr aph, supplied by Surface Measurenent
Syirem t Woit e dpéeirfiigwd yini & simidetrem@ntedr byxcept that
extrapol ating gas holding tinme of 20 the dispersible

col it EmEn LeBLFdPic 41l oS pehHBr hYETOgehe G ERPBARPY AT

R Toi R BRAer Rbid ORLeR dURSEer chopgg ot

SLBELSLELS SBRLAA Ol Lhe present | wention 1 be
conponent, £ Qi §B€rsible 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
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
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
dispersible colorant surface, which causes

redispersion of the colorant on the recording medium

after it is agglomerated, when the image is exposed
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di spersible colorant of the present invention is - 29
described. It may be any known or newly devel oped

col orant. However, it is preferably of a hydrophobic
dye, inorganic pignment, organic pignment, netallic
colloid, or colored resin po r_which is insoluble 5
in water and can be stably dispersed in water in the
presence of a dispersant. It preferably has a

particle dianmeter of 0.01 to 0.5 pm (10 to 500 nm

when di spersed, nore preferably 0.03 to 0.3 pm (30 to
300 nm). The dispersible colorant of the_present 10
AT 4 EpBTSER o TRV BaReT ol SUGF Ae: BRERY OF
t above ran erves e a L.sper.si -
Cgﬁg?a %s?%rsggléo&éﬁ%égﬁe 8f Eﬁé ?E%ﬁgbglﬁﬁVéﬁfﬁon can

r-agu because or ant

gibVeeSC&QPOQ?EiQV 10 GAPact Ly, ARG BI gRWER! RET the

resi stance o mades. ‘The di spersed diareter is the 15

cwpl &phnaverage tdeseimaesupysdynarueel,i @gd chemical
scattering. The inorganic pignents useful for the

col0f agt r fhael ydeweanbon bf atke thhageumlexidesizipseudo
white, Zinc oxide, Tripon, iron oxide, alum num

oxides ROrsikilesn MixaxigletoKabki nbfleramint nidpidelcorsint e, the
talc, bariumsulfate, calciumcarbonate, silica,
alaimemacalcadd smuofed;e i $onuekilde pPéd theplflsderraw ked,
chrome verm|llion, nolybdate orange, yellow I%%g,

CHFOR BinP S§ELCOW L@ diA Ut §ef F o2y 81 GRTTToh B¢ deY any

gL 2o el ow SN 9Xg8, AL Ga0iL.
OPEQ: PhCp HIAMRII ARl UEs BrURslan blue, cobalt

“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
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
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.
Colorant

The colorant which is one component for the

dispersible colorant of the present invention is
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- 30 cerul ean blue, manganese violet, cobalt violet
and m ca. The organic pignents useful for the present
i nvention include those based on azo, azonethine, 5
pol yazo, phthal ocyani ne, qui nacri done, anthraqui none,
i ndi go, thioindigo, quinophtha ane, benzi m dazol one,
i soi ndol i ne and i soi ndol i none. The organic,

wat er -i nsol ubl e col orants useful for the present

i nventin include hydrophobic dyes, 10 e.g., those
based on azo, anthraqui none, indigo, phthal ocyanine,

based on azo, anthr | pht! |
P o= s por <A ages “2re L (A T E I R ST €

Changsan!e Ragin. Pseudg (Fijne Rardd €8sy 1arThe hydrophobic
chargeabl e resin pseudo fine particles” which is

apgfiher; LOPPOREeRt JfiQfndfte, dbspeRsEbbe gmeeltor andt of 11 Be
présent invention are defined as a fine agglonerate

ol A rEsi) 6F aocsufddLimniy bbgherpahyngriizatimsoluble
degree, having a small dispersed unit 20 (dispersed
diiameietdri andaten (or $tddlyndinhpelrstleyin fixteo thethe
colorant. The fine agglomerate is norphologically
clrossdnca spher diispar pseudo harmee feoabily tes foor m
of aggl onerated fine particles échargeable resj
psaudol ¢ 1 dedpareit@e 9t Havy hgta 95 Sumi™ o srr%eSSH jm)
certain range. The resin copponent f t.he char eagr
r 4151 pti rﬁe‘ﬁie_ A c?%%ggffgglb’r gf‘éb:‘?’abﬁ(ﬁ/ @bﬁp Je 3B o
oﬂﬂﬂ?rﬁﬁfleST@QyéE%%Qﬁ%fﬁié éﬂiorant of the present
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
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,
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
yellow, chromium oxide, Pyridian, cobalt green,

titanium cobalt green, cobalt chromium green, deep

blue, ultramarine blue, Prussian blue, cobalt blue,
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chemcally crosslinked to each other. Whether or not
they are crosslinked to each other can be confirned
by, e.g., the follow ng procedure. The resin

conmponent which constitutes the pseudo-fine, 5
chargeabl e particles is estingated beforehand by a
known anal ytical procedure, and a |inear polyner
havi ng the sanme chem cal structure (or nmonomer unit
conmposition) is synthesized by solution

pol yneri zation. Then, the chargeable resin pseudo 10
fine particles and the polyner are i rsed_i.n
ofF§ENI'ECXbIRENT’ a8259§868 s&\ﬁﬁﬁtfogggﬁz%pgﬁﬁ%gkt%ﬁd
conpare their solubility. The chargeable resin pseudo
f"i&%articles are judged to be crosslinked inside

when th%Xeh@?ﬁfﬁﬂg {gﬁthQib%%f&ﬂ“ﬂbfh€hé5pﬁggﬁm%7

Anot her preferre odi nent is those having a
cyml-ait; svel Reeudeampibee Hadwd besszbhan zbhaunang,

not nore than 200 nm when it is nmeasurabl e by

dyeaniLzd i ghttt seabteainige  Theupantt thesenprmt2ragquinone,
preferably have a pol ydi sperse i ndex of the dispersed
diiarster, keptoandiges tivamdpipihaylened beomistisragelone,
stability of the dispersible colorant for extended
pérsicadsio lstasi fndatiser nefo i HeORe nel y di sper sed

colorant as the primary object of the present 25

i nvent i 3R emERE FiotL Be %E?é@&l%%éwlt%e&af%é%éduseful

Do) s paiecRl 24913000 AUEl R0 LI, B0

okﬂ%{.PaPﬁoSéhBaQE@P%ﬁ?%Qu§ﬁa£9€9958u&%%%%,D%ﬁuﬁﬁgo,
phthalocyanine, carbonyl, quinoneimine, methine,
quinoline and nitro. Of these, dispersed dyes are
particularly preferable.
Chargeable Resin Pseudo Fine Particles

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
(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
uniform size in a certain range. The resin component
for the chargeable resin pseudo fine particles are

preferably composed of particles physically or
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fine particles having an average dianeter |ess than
10 nmmay not bring the advantage of the present

i nvention, because they cannot sufficiently keep 5
nor phol ogy of chargeabl e resin pseudo fine particles
and the resin is nore easily i ssolved in water. The
di spersed particles having an average di aneter of not
| ess than 10 nm and not nore than 200 nm can
efficiently realize stable dispersion of the col orant
10 brought by the chargeable resin pseudo fine

p .Gl I XJ , useyth
Sg%%hg;%%%ﬁ}5%%95&9Pk%%.%%(gégﬂ o@ﬁg$ WEBEée%r%r not

e colorant particles. The a

preter et enmhodi MeRLeane, vl dll $hgart ba diamet s Ofned

di spérsed chargeable resin pseudo fine particles
CBRNOL: ke 15-Heasyledw iy tdiSc&asee .t hendi agstier may
be” determ ned by electron m croscopic observation.
Thenporefrer redi dh anehert iranges i sheopsedelced itne be t he
same as the above or close thereto. Wen the col orant

i shefr ganlorgapd ct picdrentls igst20atesdphetiondharid by a
preferable that the dispersed chargeable resin pseudo
f kpeWFaralial ¥s1 fate Par cetibfged Bif afeténSaT (el ¥idve
r%n e, and, at the Eane time, smaller than that of the
d §?{é1n§edmp€? gPRRE SRETIGR et T RAhUFRatl Odf TigfPmer unit
dis er§§qicolgrant mol.ecul es, o 25 bgga%se t he

sEPIEAT A 1S ety SYABTE e fi 'ghi yOdPSp& s bl e

cal.ar, ; obt aj, ped nditi.ons :
R S AT
PrEESRNtp 4 HWEDE 5 0R Nl & HNGSEL {REABBI-Les il S SOiBan

Ig?éziic 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
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
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
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



10

15

20

25

functional group in an aqueous nedium preferably

sel f-di spersible by the chargeability. Whether the 5
resin pseudo fine particles are chargeabl e or not may
be confirned by one of the foll owi ng known net hods;
measurenent of the zeta potemi al on the particle
surface, potentionetric titration to determ ne
functional group density, described later, 10
confirmation of dependence of the dispersion
stability of the chargeable resin pseudo fine

PRLHG! 850 thee eb?%b%@s\étoe SPNESBL K AL QR Afit eﬁsé%&o

aqueous di spersion of "the particles Is incorporate

Wirti iy A Bl eict 108 Yh 8w 1 20 anal WSt $q6f di BRietham 6 s 18han
structure of the chargeable resin pseudo fine

pant ingdd es& ¢t meonh i AgwWietherd wim t 8gecoftuntld gdsent
group is present or not. The resin conponent for the

c harvgeetilon r e3¢ caupsetitie f igenpat t sefésciiemoty keep
limted, and may be 20 selected fromany natural or
syetpdd ko qiol ghreene rgecigeurice s Bmdrshedpolfyimer ikarticles
compound new y devel oped for, the present jinvention.

TRESk theefifs For LehBOorCeSaT tohpdheaf Ve tife 'HeRent The
invention(&nclude acr rene/ acr

lic, lic,
D6l ReIST=d pof St ELAan ST DS on Y BF 8 r Siame b oF not
pQ{eysSsaCtCrpaa}{ ! P&Snrﬁngn@lmny e%éfjeesthahnZB%r tn'mc%aa}{ '
poly poly ng a radically

ifers and copol yimer s havi

PRl Zabl ¢ pRsatyLated bond; ;i sREesWRCh ¢ B colorant

acrylic, .styrene/acrylic resins are classified, are
praferahl Yo pselds besause ddiey €adihepgenaalihdisgdrticles

and easily processed to design functions of the
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
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
is particularly preferable that the dispersed
chargeable resin pseudo fine particles have an
averagé 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,
because the structurally very stable and highly

dispersible colorant can be obtained when these

conditions are satisfied.
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pseudo-fi ne, chargeable particles. 5 The nononers
having a radically polynerizable unsaturated bond
(hereinafter referred to as radically polynerizable
nmononers or sinply nononers) preferably used for the
present invention include _hydraphobic nononmers, such
as (nmeth)acrylic esters, 10 e.g., nethyl acryl ate,
ethyl acrylate, isopropyl acrylate, n-propyl
acrylate, n-butyl acrylate, t- butyl acrylate, benzyl
acrylate, nethyl nethacrylate, ethyl nethacrylate,

[ , D= pE |
S boty! Thel Rt e € RAEBEREK s T I L et
tiHQE%E%ﬁﬁJE?%y{QBEe Lty ve st hachyl abgieantbnized

benzy acryl ate; styrene-based nononers, e.g.,

SkERhen.orar I yh st YheRe, QudmidihsdyniRNepreferably
m net hyl st yrene, p-nmnethyl styrene and

Pstert-diwpd 54 Vit B8ebyl taeonitavge db €5t eys, €hgthe20 the
benzyl itaconate; maleic acid esters, e.g., dine'thyl
mekedtre pfaindo | Cinei daestierles eage, cdangehylle or not may
fumarate, and acrylonitrile, netahcrylonitrile and
vbrylcaadetzned T¥eonesl Iodnitite corpbemaBdf §nOiviy mefipds
the 25 category of hydrophilic noponers are al so
pRERSIAANLN usel: Thengedds IR ah aRi 6htc Rfroupsle
such as those  having, carboxylic_grou .g.,.acrylic
adi'dffaceys P%?ﬂgéwgitc“acci ,tlé%?%ﬂi Ebag‘.e%,emmé/
ethacr.yl i c acj pr l..acry . L.sqp I
agﬁﬂ%ﬁ%SQ%go ?8u8p9%$%%€¥%U$%%gg%éégnggg¥§g|t
t hergofimd 0S8 BaviRgesitldand Co ACt e 9HIUBe 1 in

styrene sul fonate, 2-
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
structure of the chargeable resin pseudo fine
particles to confirm whether an ionic functional
group 1s present or not.

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

In particular, polymers and copolymers having a

radically polymerizable unsaturated bond, into which
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5 propyl acryl am de sul fonate, acrylic acid-2-ethyl

sul fonate, nethacrylic acid-2-ethyl sulfonate,

butyl acryl am de sul fonate and a salt thereof; and

t hose havi ng phosphonic acid group, e.g., nethacrylic
aci d- 2-et hyl phosphonat e andi3gcrylic acid-2-ethyl 10
phosphonate. O these, acrylic acid and nethacrylic
acid are nore preferable. Those nononers having a
cationic group include those having primary am no
group, e.g., amnoethyl acrylate, am nopropyl

acr .e, ] .at e, L 1 hoe [
e T e R S L

2§98?g§55ﬁygqﬁﬁ@rgééaugegthej“ﬂiﬂ'@@iQQﬁEEﬂlly used

rylate, am nopropyl acrylate, e&thylan noethyl
aghyl abei 18t are §9pH0RY REiYrat eunciebhyl a1 naes hyl

- met hacryl at'e, net hyl am nopropyl 20 mnet hacryl at e,

epBrLaw-Faeidy | ciet heaby kaipe ranic- 1@ hyl anmi nopr opy

met hacryl ate; those having tertiary am no group,

e.g., dihethphamencetthyyiagr gl abelicadilky hyd apnasaradle

acryl ate, dinethylam nopropyl acrylate,

direshylvadtrobropyd dbeyedne ftar dF e Ry R&mttosthyl

met hacryl at e, diethylaninoetﬁg{ nmet hacr yl at.e,

AFFEERA i rRpEIPST L RBPASC MATRS HRJOL SImply monomers)

di et hyl ami_nopr opyl et hacryl ate; those having - $

qB&E rerﬁﬂl]%/lyarﬁﬁ)g ufiPgr 33‘5 lgje-r.egs.é,n%hf‘layleéllglsoa 10 Pade

di met hyl.am n ﬁ % %yl lat e ,&bh riqs,%_ teQfars

dh?étrh hzf%ln(g:l{\ % %eg% yl S?rlgc{}%acryl(rgte, Qgﬁl I‘li e esa t

of g;’mtn%/‘%ﬁm noethyhbbenz e ey vhat o1 aghl, origlg, saby15

of "dirfet yl am noet ylbenzylkﬁéthacrglate; and V?ny?
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
methacrylate, t-butyl methacrylate, tridecyl
methacrylate and benzyl methacrylate; styrene—based
monomers, e.g., styrene, o-methylstyrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene and
p-tert-butylstyrene; itaconic acid esters, e.g.,
benzyl 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

category of hydrophilic monomers are also preferably

used; monomers having an anionic group, such as those

having carboxylic group, e.g., acrylic acid,
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i m dazol es. Those falling into the category of

noni oni ¢, hydrophilic nononers include conpounds
having both radically polynerizahle, unsaturated bond
and 10 hydroxyl group, which shows strong
hydrophilicity. They includeyhydroxymet hyl
(nmeth)acryl ate, hydroxyethyl ?neth)acrylate and

hydr oxypropyl (neth)acrylate. Qher known or new

ol i goners and rmacronononers of various types can be
used without 15 any limtation. Use of a

crosgélnkag nnno IS, still _anot her referred d,

o TiEhe L TneSe Tordher 8 Rcride  diniHin =Y benzaned:
alLylo (et h).aeryl at e and meyhyLenchisacrl am de. . 0 Ber

new CFOSS € nononers varil ous

LYRGRa£R8 BeiuSethd 2/adh PHS+RRALRGE, erﬂr?éééshé)\frlﬁ!j‘e

di‘'spersi bl e “colorant and chargeabl’e resin pseudd fine

paslii £bESc &N beyrasiesuasely , cemt il ds by enatapep —of

control ling paraneters, e.g., type and 25
copodbyyeatzgtlisan deats wl dbnkhe , mamayEri swdcid-2-ethyl
constitutes the chargeabl e resin pseudo fine
mﬂmlﬁbesteanmaqnﬁsEmbicoacédtﬁmauhykﬁsw&ﬁomate,

pol yneri zation initiator for polynerizing the nononer.
Us@lbf’lacéwééllﬂwﬁh %@h{)@@éaeoﬁn g emsht oiweer%é ofnd
hydr ophobi ¢ .mononer and at | east one type

hy e eBhi b@éflmms%@%weac%m%@fab%vfé fomeizﬁécgyllc

S rpe R A ot R R s LR S
phosphonate. Of these, acrylic 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,
aminoethyl methacrylate, aminopropyl methacrylate:;
those having secondary amino group, e.g.,
methylamincethyl acrylate, methylaminopropyl acrylate,
ethylaminoethyl acrylate, ethylaminopropyl acrylate,
methylamincethyl methacrylate, methylaminopropyl
methacrylate, ethylaminoethyl methacrylate and
ethylaminopropyl methacrylate; those having tertiary
amino group, e.g., dimethylaminoethyl acrylate,
diethylaminoethyl acrylate, dimethylaminopropyl
acrylate, diethylaminopropyl acrylate,
dimethylaminoethyl methacrylate, diethylaminoethyl
methacrylate, dimethylaminopropyl methacrylate and

diethylaminopropyl methacrylate; those having



10

15

20

25

one type of hydrophobi c nonomer gives the particles
W th good adhesion to the col orant and thernal
stability, and use of at |east one type of 10

hydr ophi i ¢ nmononer provi des good nor phol ogy

control lability and dispersiof stability. Therefore,

i ncorporation of these nononers sinultaneously can
gi ve the chargeabl e 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 particles i xed _each other tao t.h

| be f i
dﬂ&ﬁéﬁﬁQﬂ%Vc%m%gﬁﬁgmaﬁ&ﬂﬂpbd?o?ahtCP&P%%N?;ﬁ%%%n?L

: . SIS
P, 4088 08y o 6L onl .

gag%%@gﬁiﬁegthgg%ﬂgt} 1 trﬁ@tl‘igéﬂ}%gg@pmom&hsalt

I sf one or nctions I n ition to those

dgsCidikad RPoYRi nbak heXIBH A/l 0nerofi atthe Ritef@Fi@d salt
enbodi nents’ uses at l'east one type of hydrophobic
mpFo REmaMt gham2bobas vd beilyl geobpcaty ltdte a grosi vinnl
and a radically polynerizable, unsaturated doubl e
band.dakhel @gueous i nk conposed of the dispersible
colorant with the - 38 chargeable resin pseudo fine
particl§§Qﬁ%dﬁ@#lbnﬂhéﬂt@mdéﬁnﬁa¢@&OVér9fg@@@lonlcf
in particular_in thermal jnk jet

?é@%ﬁr&bﬁ'@,ﬁ%i BRNSIECSs tTHel 1R BYMPONS IR Ehir gyPoth

ISR PR ROl MR 22015, TONOTEY L) 12

charaean) & HAOLEC! i cHGALRE O¥edong) BSfAAALY: Loty .
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
any limitation.

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

constitutes the chargeable resin pseudo fine

particles, and type and concentration of a
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depol yneri zati on of the resin, conposed of a

radi cally pol ynmeri zabl e nononer having a methyl group
10 at the a position, at high tenperatures to prevent
the resin fromsticking to the inside of the ejection
port when the ink is exposed 4p heat energy, although
this concept is not fully substantiated yet. Another
preferred enbodi nent uses the 15 hydrophobi c nononer
whi ch contains at |east an al kyl ester of acrylic or

nmet hacrylic acid (hereinafter referred to as al kyl

L cr )

61%@%?% Cmégl &%ﬁ%?f £ Ag to a Cc Ig$%n?onomer'
am%éﬂéﬁﬂa eegeh¥ﬂehr%%%§b58@ artatthedaeﬂdﬂﬂﬂﬂr§e of
nononmer conponen and hence gives favorable effects
t o tdeo sihalh geahbeoirst lndseuddebhbneopar tiyges £ e. g.
uniform surface characteristics and uniform fixation
t dvtdwoslol bi antronCimdhes pretesdabfechydhepldnve for the
nmononers, benzyl 25 nethacrylate and nethyl
netttecyyilate aepeimpreseptef iadl parandlies iiss one of the
particularly preferable to incorporate at |east one
ofp%iéh@ubeééus@rﬁf@xmeemboegmenﬁ%ddpﬁemft Gt Heast

above functi f avar characteristics of givjn
hédt® r%%?%t%% Eyé‘rfdm Cﬂéh%p‘&?%ﬂ‘@?rt Slt"ﬁé é@a%%cjges

resi,n pseudo f artlcles ' the
dlsﬁgfs?%?g 0 oran "5 co%?%lﬁ?na ?ﬁ zﬂEQ%ﬁ%%}has

ﬂ)fﬂt ol ghy Q%Vee'c?P'é‘r? }?ﬁQQE' ble %;; esgf | bed
ea ler, aracterlstlcs of the chargedable resin

pﬁﬁ}&j@orﬁhﬂflﬁaﬁbr@nﬁﬁ: fhxb 0948 §BBd morphology
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
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di spersi bl e colorant of the present invention and/or
10 colorant therefor can be controlled by adequately
selecting the type and copol yneri zation ratio of the
nonomer whi ch constitutes the particles. The

copol ymer conponent for the.pagticles 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 nore preferably not |ess than -25C and not nore
t [ I nat erred .enbodi hent . n
or der 4 e Saaee tnoed Dl PLfecbeE i ner Khtom “dothe

t @ Qiohes e h@ggp%wergdwi%%gﬁéeggglftgﬁsgd SO ar in

tenperature is selected fr abl e '"nononer s

desesrnked 2bRVee tArerdiatd OnwRl cR- RYylde Acnyd al gk by

and acrylic acid in an adequate ratio’is one of the

préfeemreld enbodipenterofa tiwed PAOIET peaRRRNEE ab e 25

conmbi nation of ethyl nethacrylate and nethacrylic

agiothdrre mrh adéngate meathval | granpt her tpeeferg®@dition is

enbodi ment of the nononmer conponent. The glass - 40

t H&eSt tion teapehargealdfe therchalgeabl Bheesimp qusaudio

fine artjg!es can be determ ned by differentia

sEAMN TP tal bY i hit 6PTEAISRSS . tRoFeERAMITECR t was

det erni ned b n_analyzer (METTLER, DSC822e) The 5

ARGy S16 e 112 be°HeSCr 168 11 U8t af PTPRSEXAWLES, | The

di.sparsi Pl | orant _cont ai ni he, _copal yner

conponarit ﬁaé?ng&aqéfggg' fg%gg?%gnhaygn eratif e pt group
nal 18RS, d 13051 69Cnand gt 01 €04 H30,00GS SIRYP L LY

a filn1mﬁtﬂagﬁé a Facent Ggﬂgra%tg 2Beds ggiprevent
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
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
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
methacrylate and methyl methacrylate are more

preferable, and it is particularly preferable to

incorporate at least one of them, because they have,
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10 on a recording nediumto form a strong, col ored
film due to excellent filmmaking characteristics of
the chargeable resin pseudo fine particles.
Therefore, the dispersible colorant of the above
conposition gives an imge-ofghigh resistance to
scratching, even 15 when it is fornmed on a gl ossy
recordi ng medium which is disadvantageous vi ewed
fromresistance of the inmage to scratching. The
aqueous ink incorporated with the dispersible
CQlpram; £ Ioﬁh%opft%%}e]%bdxﬁé/ef‘&ﬁleﬂléﬁs‘fOVE%Q;’dIJJlee‘-é he
copol yner conponent having a glass transition
t IMeF At 1k 81 kR kRe oaqugvlevm@geegtvees@@,talnweam ghly
resistant to scratching, even when it is forned on a
I QO 1tk g Rl URbat: Heerred s dlaBsenebsidl e AUEs
fromroomtenperature. The reason is 25 not clear, but
t mitnvebesrs ®E &heeprdsenttieveindpons iobasicdéro are:
foll ow ng mechanism The glass transition tenperature
ofcentabihndetoesienedibyiclad hdsf pacentlicalt soakhming
calorinmeter analysis is in general that of the resin
i HeViFPRUNGoREPRIGEY and is known to be |ower with

the resi_n i ch gg abs rbed ter. In the. char ea Ie
resin pgeu ??ﬁ gd pﬁ?Fl %ﬁP%B%EfFF&Fé

A Dl P P U ol o

resin has a bsorbed

arpul theph anig 1 o fﬁHﬂ!é?a{hﬁ eygseEPe19Q%ﬁ9§ﬁyﬁeand/or

resin pseudo fine particle [ ower gl ass
tredisd th 00 taeperaturennllsd héBntB@l%@SWye%d&tﬁjaﬂ\QEQ

they constitute the
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
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
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
combination of ethyl methacrylate and methacrylic

acid in an adequate ratio is another preferred

embodiment of the monomer component. The glass
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di spersible colorant present in an aqueous nediumto
forman aqueous ink. Therefore, these particles can
exhibit their fil mmking and adhesi on characteristics
when they are on a recording nmedium 15 The inventors
of the present invention have4found that these
particles can suitably exhibit these characteristics
when their glass transition tenperature is in a range
fromnot |less than -30C and not nore than 55C, nore
preferably not |ess than 20 -25C and not nore than

S3Gapad: pradueepsdidt PRI 87 Eﬁ%o@ﬂgﬁﬁééﬁﬁgt§e§@ﬁnpseudo

the resin conponent for these particlees contains a
| eiste opertype «@f dwdriophiibie rniBRRMy A £08POSIL QN

wi th an anionic nononmer as the 25 hydrophilic nonomer

| s@nothey préferimed: @nbadaiesti s .f oFotrthe xeharlgeabl € was

resin pseudo fine particles conposed of a copol ymer

ofdeftereasedoby ypeawilyzd2 (METEHTobiRSGDADaRr afde

at |east one type of hydrophilic nononmer. In

pAt3EYVP &P, Wilddomsordg sehioed an asiterile onBRBMPEES .

i ntroduce nore anionic groups into the chargeable

resin p o § PRI FaPLliccI 3L O BRIt SCRBRAG NS %l e an

effective practice for controlling the surface

fLﬁﬁﬁ?%%%?ggFngQﬂﬁﬂﬁt§a8hn9h§ olfGtankt T2+ FACE at a

desj vel, di.scussed_earlier., . The di spersible
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ani oni ¢ nononer. The ani oni c nononer usefu or- The

praaseitrecording 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
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
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
not clear, but the inventors of the present invention

consider the following mechanism. The glass

transition temperature of a resin determined by
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invention is not limted, so long as it has a
functional group to be anionic in water. The

particul arly preferable ones include acrylic acid, 15
nmet hacrylic acid, p-styrene sulfonate and a salt
thereof viewed fromtheir copqgl ynerization capacity

W t h anot her nononer conponent, commobn availability
and ani oni c strength. Wen the above conposition
further contains at 20 |east a cationic nononer as

t he hydrophilic nonomer, the dispersible colorant can

KT MO SLARST RLOR AN, L 8 PRILATS 2 d OW

ion erefore, “i's st

ag%%%ﬁQQSR%EJ@r%?dtﬁgbgg%q§Pﬁj1E?qdfééHOEbﬁdqQQQﬂpr and

e présent invention 1s not linmted, so

| 919 13w trdase a1 buBet Lanal HOUPe§ onbeneaki aBic i n
water. O the radically polynerizable nononers cited

abewe rbedtdvat bose haviRg aheabieamilee grespnapseudo fine
suitably used. Synthesis of the Chargeabl e Resin
Peeauda FRigwe wiPachi cbes tanditteheilre Rl xapeoaibdea colorant
Col orant The chargeabl e resin pseudo fine particles

caf thdesynthesiregntyica, kidwh pEotedons aPsmEtRd,
and can be fixed to a colorant also by a known met hod

f oietegonposi eang wht Fhe EsIEriam . aw'éniin\fféﬁté@lcﬁ t he
present invention have invented, after havin

Xt ety st daled, 'S etfod oror Ty br BuaeRRg e
DR PEL SRR, 8 PR L o SRR ERR R e

havyig &é%é@&réhz%ntef}a%ié}? €04 91 aBhs el nitde
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.
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
-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

hydrophilic monomer is another preferred embodiment
for the chargeable resin pseudo fine particles

composed of a copolymer of at least one type of
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colorant and particles are fixed to each other. The
met hod of producing the dispersible colorant 15
according to the present invention, which is
preferably conducted in the present invention will be
descri bed bel ow. The inventorgyof the present

i nvention have found that the dispersible col orant
havi ng t he above 20 characteristics can be very
sinply produced by aqueous deposition polynerization
process carried out wunder the follow ng conditions.

Pt ro B0 481 €1 RASAIDI £ GOL Y 3L chs AlioPeysedoEn  the

ence I spersant to prepare an aqu 2

S dﬂif@?h§h§geh%ﬁ$mﬂff1tﬂﬁaﬁé%QiéﬁiarTh@%cék oration of
radi cally polynerizable nmononer 1s polynerized in the

presefeeont camoadintd -oh YIBE kaaticen ndditd | 24 06nk B RS ups
- 44 aqueous dispersion by aqueous deposition
palyer tzat con roreedess tosinxpekadgeahires restnipieddo and
fine particles to the colorant. The dispersible
calenemt 1pr epacedbye f hechgueopsadéposi tfon Sontrolling
pol ymeri zati on process conprises the chargeable resin
psietRioS AR CRaf N teon@hi @hodPe d8INSA- tif epar Bdebgothaant
process and_uniforni istributed, fixing to the_,
col'brant® ?ﬁeamQﬁﬁﬁ%é%I C¥Blor Rt ITGHES TXEePREAEST -

SIS RLARE L DYl ipeLty g el geate T oSt
L he;DLR St e ot o, i desers o pROLe .
welhe@cht evbRg alifes charagi ghi st kionemdhe present

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,
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
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
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,
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invention of fixing to the colorant. The preferred 15
enbodi nents of the above production nmethod wll be
descri bed below in detail. D spersion of the
Water-insoluble Colorant First, the water-insoluble
colorant, selected fromthosgscited 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 dispersing the
colorant in an aqueous solution is not limted, and

TR 00 nfl DOANEL . LLols DoNeLSr %{efab's to

use a poly spersa or vva er-so

PO YR s §1 §OBPOURE %akf@%ﬁésﬁgéiho%s%% Ly,

t he” subsequent polynerization ste he partlcu?arly

pred ef abl 8s088d- t42 1 d Ss@é@%ﬁakbyap@lonwarz@m e
nmononmer which is sufficiently soluble in water, and

to be |mhﬂwnhaw@@abmétthh@ﬁ@gﬁh@@|@[ﬁétoﬁaﬁmdﬂé% can
surface and in the polymerization step. Still nore

priet es pbt fesizehadbya &5 hyarophobiedsegment ndtiledd, and
provi des adsorption sites for a hydrophobic nonomer
atCamebodi figedplet a ianlerfame. a8l bymer kmpref enabhyd for
it has at | east  one type of the hydrophobic nononer
us%‘ﬂ“??ls%ﬁéngswlé§§q@erﬂ01r§b¥%/%rl ZEt§ ohnEeBpoas e the

constituent 10 n it, because it cgn accel erate
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polydresh - 0APRURE ;3T M )k ASi b DE 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
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
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 aqueous
solution dispersed with the colorant. Then, a

radically polymerizable monomer is polymerized in the

presence of a radical-polymerization initiator in the



15 di spersant for the present invention is not

limted. For exanple, it can be produced by reacting a
nmononmer having an ionic group wth another

pol ymeri zabl e nonomer in a non-reactive solvent in

t he presence or absence of_-agatalyst. It is found
that good results 20 can be produced by a di spersant

of a styrene/acryl- based polyneric conpound produced
by pol ynerization of the above-described nononer
having an ionic group and styrene nononer as the

i t -b . [
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dispeysant phepatreel dspeisi bjeecakodamios itavimg an
anionic group is to be produced, and a dispersant

hapad ngnear tastorwine pyraotgs Dreooprones Shdl sperspebbenesin
the di spersible colorant having a cationic group is

t PIRIGP ofilired Paveait g s«atwlzahcgf athe adisar geattere@shby the
pseudo fine particles to the colorant is to be

adte & 3% e A, MR G o L3 T e PBERE orf 1p6inHerS ZBRFoN
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oo i : R, non
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havi ng an am ne val ue of not |less than 150 and not

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
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
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
dispersant or water-soluble polymeric compound to

keep dispersion stability in the subsequent

polymerization step. The particularly preferable one
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nore than 300. In the presence of a dispersant having
an acid or am ne val ue bel ow the above range, the
chargeabl e resin pseudo fine particles may not be

kept wel | dispersed, because the hydrophobic nononer
20 is nmore conpatible with thgsdispersant than with
the colorant in the subsequent aqueous deposition

pol ynmeri zati on process, as a result of which the

di spersant is separated fromthe col orant surface

bef ore the chargeabl e resin pseudo fine particles fix

25 40, tP&d‘f%gﬁgf”%oﬂﬁnéPf s e%ﬁgﬁ{e &LS&?rf gnt

hav Ing an acl am-ne val u eyon ove range

OQMEPFl@iQﬁE%Pa@@i kﬂﬁ?ti@nwgge hea%@@&Q@Qﬂie é@ékﬂorated

471 seudo né particles to thé colorant surface may

beontfc?t@ﬁgegln@e%@l%ﬁ:dﬁt | SagKeessi velnfatd odi bn the
vol une- displacing effect or static -repulsion on the

cCHOT@hérisHEfage s \Wen &t ian ondee dpspeesamtl y,s 11© Res a
used, 5 it preferably has carboxyl group as t he

ar it cplgobiip, sewrewsd Wh Doh nptrorveétasdiauy dipxat bonsdkes
the chargeable resin pseudo fine particles to the
cof o amt hydnophebsteegndpmet spér siheg od watzerlasol ubl e
colorant to prepare the aqueous dispersion, the 10
colbranfapref ef Bbly ReFea Rfiahereplvf mét hPEs$t hpast

0.01 pm and not  no O 5 ~tm(not |ess than 10 nm
arfb“%o‘fy%r 8Irfl fi}gﬁ §’d§{ OBéFt el H‘F‘Iry U5 st ab fl‘

e FRRt R Ry nlﬁaa@n%efg"%ﬁ%ﬁr% i CO%%TFF”%
bei g di ?Q%ﬁ%@ ithe i S&’@Eé@@r@‘t@”‘%ﬁ%aﬂfbﬁ his shep

is greatly reflected in the di spersed
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
dispersant for the present invention is not limited.
For example, i1t 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 gdod resuits
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
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
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di aneter of the dispersible colorant produced.
Therefore, it is preferably in the above range,

viewed from col oring capacity of the colorant, 20

weat her resistance of the inmage, and its dispersion
stability. The water-insolublggcal orant for the
present invention preferably has a dispersed particle
size close to the nonodi sperse distribution. In
general, 25 the dispersible colorant with the
chargeabl e resin pseudo fine particles fixing to the

colgsant i 9enerAldad s 10 havg B Rantial ¢ APt

stribution narrower

Jiaes st ondt ahe: 4 Aatlen NLhBS RUMIRI 1AL | O SLERL

shown in FIG 2B, althoug asi cal ependi hg~ on

| atdeIngi shribbuldon: dtobs igpest aat 4,0.Nardow 1he 3
colora%? particle dié%é?%% distributﬁaanS%emed $r0n1

setisetysandutiavg ifg xatconiohithe rehyy geabien16sia

pseudo fine particles to the colorant by hetero- _

aghl oper agnonwhikhe i ent spsrefibike qorlesentt havenyi an

have found that use of the colorant having 10 a

pSta/eh pefsgronger oft®. 28 profussdgi ves the

di spersi bl e colorant of excellent dlsger3|on”

stabi | i tY!'bi ¥+ 8REAPTaRE] T AN pFERREUESeglve PREUdO

varyi rticle di ter of a dispersed colorant. In

1§Eﬁ%$??%gEéF}e§réﬁhﬁggii@ﬂgﬂfaﬁérﬂﬁcﬁék]%ﬁeﬁQ%ﬁ%ﬁyat?d

s ri,cal hi '%' t] the particle

PSS! polOgl Sapeel{ g 00 A o ana
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
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
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 fine particles fix
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
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and pol ydi sperse index, nmeasured by dynam c |ight
scattering (analyzer: Osuka El ectronics ELS-8000) 20
and determ ned by the cumul ant anal ysis. The net hod of
di spersing a water-insoluble colorant in water is not
limted, so long as it is selsected fromthose capable
of stably dispersing a colorant in water under the
condi tions described 25 earlier in the presence of the
di spersant also described earlier. It may be known or
new y developed for the present invention. Wen a

WﬁF@éudo4$idé“¥AH@h@lég|Qbamhéf%éQQEQH%nEuEﬁace may be
po

ynmeric dispersant is incorporated generally

suréablkyleat, nMcahessithary ek ROt yMBER Shan nl 39 ume -
by mass based on the pignent. 5 The water-insol uble

cotiosphbcliory tehef peesent stianmdentdiopul sipheber albley torant

sel f-di spersible, because it allows to contro

charateeei-st Wagnofan hanidhspeddisiples seoltor amt tpr bduaedd,

by the above-described preferred enbodi nent for

pr dHUBERG Sted Ehah @8 abPé PP lesd FOpBeado thisneanionic group,
articlgs. The col orant di spersing nethod for the

Sr‘éé%HF ChPEhtidh FECRGELPONfiet son| 8hgths ichargeable
FOPERTR st flnt aPapRr iRy minihe Yelgrafa e

from € using a

shaker, nghé5s.éﬂ'ﬂ§9iéf§ﬁérgkhﬁ %;U§ﬁ§%g££sglhhle

or the |like, high-pressure hoiogeniz
M ep0bkhndi 28 .pr HZRPET ERE %hd@gdér@fgﬁergﬁon, the

ul trasoni c di spersing machine.
colorant preferably has a diameter of not less than
0.01 pm and not more than 0.5 um (not less than
10 nm and not more than 500 nm), particularly
preferably not less than 0.03 pum and not more than
0.3 um (not less than 30 nm and not more than 300 nm),
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,
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,
the dispersible colorant with the chargeable resin

pseudo fine particles fixing to the colorant

generally tends to have a particle diameter
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Radi cal - Pol ynmeri zation Initiator 20 The

radi cal - pol ynerization initiator for the present
invention is not limted, so long as it is a conmon
wat er - sol ubl e radi cal - pol ynerization initiator. The
speci fic exanpl es of water-solggble radical -

pol ynmeri zation initiators include persulfates and 25
wat er - sol ubl e azo conpounds. It may be a redox
initiator conposed of a conbination of a water-

sol ubl e radi cal -pol yneri zation initiator and reducing

é@st@g%ﬂkldﬂﬂﬁé§98§ég %ﬂl%yt:éﬂ? QP Yy de?u ous

COITbI nation is desi gne used 1 n consi ron of

chai ggkekiish G 1 EP@a%@HOWN“bhéhﬁﬁﬁyﬁéPiZ§Bgo step
nonomer described above. It is preferably sel ecte

frohowhose I N@PR, alpdbyker izaliel 1nidépéMling on the
resi due which has the same polarity sign as the
sulédbterchasaotidrutsions oftthe idpspensithlte apd Orént the
produced. For exanple, it is selected fromthose
g|Q@h@rénﬁe@ﬁﬁﬂlQﬂeadl@me@erpdqgﬁnmhuﬂlam,|mLEWadofrom
resi due, when a water 10 insol uble col orant having an
an?%ﬁ?éeébfo&@qtécwgbElXErté@@c@df the scloaroprbliaceeshe

f ff larly, it
rETERBI § L LUBHLCEF PG y@$34%fé¥r@mt$%ré§p—

l. d
R O S o P R ok BB S i s to
be; prodused. nlise OuAqWahgk- sQluble - ?f@?gﬂg A8+v3ng

radi cal -polynerization initiator (herei
r ef eps eddti e prs RYUBNSx a3¢- based Jradicdl -gives the

pol ynmerization initiator) is another preferred
dispersible colorant of excellent dispersion
stability.

Different analytical procedures give a varying
particle diameter of a dispersed colorant. In
particular, organic pigment particles are rarely
spherical. In 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)
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 stébly dispersing a
colorant in water under the conditions described
earlier in the presence of the dispersant also

described earlier. It may be known or newly

developed for the present invention. When a water-—
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20 enbodi nent of the present invention. Azo-based

radi cal - pol ynerization initiators, including aqueous
ones, are those conpounds having at | east one azo
group, where the azo group portion is deconposed by
heat (or light) to generate the radicals, thereby 25
initiating polynerization. An aqueous azo-based

radi cal - pol ynmeri zation initiator causes pH reduction
in the polynerization systemto a |lower extent as it -
51 reacts than a persulfate, and hence nore

fif) I f I
LR T R ek R Tl
sysigBrdse: 05 anRAY cb@é@é’drﬁgh%@a‘m%) WIBId 281 {08t not

inititator for 5 the polynerization for “the present

I N\eeyy it 1 b aanﬁp%#lrﬁo@égﬁﬁhﬁ RXPEMy hdlss based on
particular a quinacridone-based pignment, 'since the

wathey -pingedwbl e  col orant reduces the unreacted

nmonomer residue after polynerization and secures a
suffici @hte comersioapli® lEhereforenti foirsthe present
particularly preferable enbodinment. A
quiYiEeT dohel bapee Gsinpieht hat gesfrddtamarsible, because

represented by the general fornmula (1): Mre
;aetuaf%lc%w yEot ﬁ@%rmlgr@feﬁéas:ﬁema Issy.of (Brgment

SHdra it CalRr s r et el o ths gbae dascaiped
glté*@epf@ée&ggg PGPS (DL NG PLeSenl o uspiion

represente e genera or rrul

a%ﬁ%%%@é@%% ek Rli1eB3, R4, R8, R and Ril
are each H 20 The azo-based radical - pol yneri zati on

initiat@he colorant dispersing method for the present
invention is not limited, so long as it is commonly
used for the colorant, and may be selected from those
using a dispersing machine, e.g., paint shaker, sand
mill, agitator mill, three-roll mill or the like,
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
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- 52 preferable for the present invention include
those comonly used for enul sion pol ynerization or
the like. Mreover, they may be newly devel oped ones
for enulsion polynerization. Mre specifically, they
5 include VA-080 (2,2'-azobis{@-nethyl-N(1,1-

bi s(hydr oxynet hyl ) - 2- hydr oxyet hyl ) propi onam de)), VA-
086 (2,2'-azobis(2-nethyl-N-(2-hydroxyethyl) -

propi onam de)), VA-057 (2,2'-azobis(2-(N(2-
carboxyethyl)anidino)propane)) VA-058 (2,2' 10

y%Spﬁgéane dr%ydg Fg?%ﬁgfppﬁkkgggb?éﬁam_ggb pion is

Vﬁéé&ﬁwgﬁoéﬁﬁtﬂﬁgh4§drEéE@PHéPaglon of cqﬁr gteristics
yl ) pr opane) di hydrochl oride), V-50 (2,2'-azo ?

ans i f1epr epanse paichy drioghd o5 i de) aﬁadm}egn%%r( s cAPoed

azobi s(4-cyanopentanoic acid)) (all supplied by Wako
Purbe>Ghenital i 4 ndusteired)ly e laspieadist agn- based giving
radi cal - pol ynerization initiators, an initiator
h@mhMW%ambakybﬂcLﬂmﬁiqﬁmmpraﬂddaﬂ1Whlgmomasex@e,same
VA-057 (2, 2' -azobis (2- (N (2 20

cmliﬂe*%%yﬁ}ﬁm disnd)pr opane3§e phingstancitercs of the

advant a addi.tion to those descri bed above. The

i SR $l?2§|GHQQ£iﬂﬁ1R¥P %%eﬂseu%%rf?ﬁémple' it is
"@%rel%e%?%%?iéers. PRI9 Gt Akt = ORI D eiing odt 2L
Sososyalre Lt NP M Dl 3G, JRR
eﬁbﬁﬂiﬁ@@le0&0&6@a@&93§ﬂﬁ1ﬁ@v§ﬂtéﬁﬂonlcs%roup 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 aqueous
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
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Radi cal |y Pol ynmeri zabl e Mononer The radically

pol yneri zabl e nononer for the nethod of the present
i nventi on becones a conponent which constitutes the
chargeabl e resin pseudo fine 5 particles after
under goi ng the aqueous deposition polymerization
process described earlier. It nmay be adequately

sel ected in consideration of the characteristics of
the chargeabl e resin pseudo fine particles and

di spersi bl e colorant to be produced, as 10 di scussed

egrdd &5 T of ﬁ Ly mghgrhé§OIUQ%e ehgﬁg&gptly

resin partlc e ra rcally polynerlza

bedﬁ%bI%eégﬁérb@ﬁﬂH'§@ £8abek Bé?éfgheétreQBthﬁg

known or new y devel oped. Aqueous Deposit

panomerdees k08 rpteeessi skhe Nexbi 1t ke raffef@{é eéiystem Use
enbodi ments will be described for the aqueous
defosiri | @nopbhyrer irzati@nl - podorses ianta &t epnfOiator for
synt hesi zi ng the chargeable resin pseudo fine

pahtd debymaditexilmg tfem tbet heeseoltoriantenwhoehwish a
the feature of the present 20 invention. It should be
um@c%@ PREANiFe raeent, iLAveatitdeulsamot linited

y the enpodi ments described below FIGS. 2A to 2D

s&’r@rﬁﬂ?% HEPper PRSI eﬁﬂégfﬂ%t pPoEESs theowaferhigsoluble

PRI e ST RRLCFar Splf%%’%%%ﬁereﬂ@tn?wﬁe%e@é%%f%ue after

d
co| dyfﬁgr1?gE§Bn anLUdMaPLs 1,08, ;%%ﬂ?ﬁ% conv%rélgg

aqueous solution I n t he presence o I Spersan

PITeRAEF d NE, agHequs g §4ltﬁb§@§@$j”bﬁé%é%agf% embodiment.
Di sper si on of the col orant

A quinacridone-based pigment has a structure

represented by the general formula (1):

R g 0O R
Rw N RZ
RY N R3
RO o pe

More specifically, these pigments include P.V.
(Pigment violet) 19, P.R. (Pigment Red) 122, P.R. 192,
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 Rl, R3, R4, RB, R*°
and R'" are each H.

The azo-based radical-polymerization initiators
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is stabilized in the presence of the adsorbed

di spersant 3, the adsorption being thermally in

equi librium Next, the aqueous di spersion prepared 5
above is heated with stirring, to which a nononer
conponent 4 is added togethergwi th, e.g., an aqueous
radi cal - pol ynerization initiator 5 (FIG 2B). The
initiator 5 is deconposed under heating to rel ease
the radicals thereby accelerating the reactions 10
bet ween t he hydrophobi ¢ nononer dissolved in trace

quUEpLELLes kN ddle Agueons.anase and g valer; 5ol UBle.

n
ONMer present aquéols phase.

schemmbheal Ly dd 1St rahgss ot %%flf%n%?fs?g{ YOR' bzatdhQn 1 5 ye

of the nonomer 4 to production o di spersible
calorent=8, (kEhey 23y ¥s L881p0RARR hed ER¢LE 0P

descri bed above proceeds, a oligomer formed by
potrywsizat porl yofe 1t iven tromwnerMeoapepest £ 10eCdnES they
insoluble in water and becones a precipitate 8 after
sebae hdlagVaot0 88X  the? ‘acpeonss phase.t HHe-NO( 5epar at ed

ol i goner particles are not sufficient in dispersion
stlabt (hygrognaediey Womdi medrokyhtbadh prstdierndoi fled in, VA-

1155 pl# CFEr 820 Lot B oi'o. 2aBgHomnea s i th-
BB RTSRRr g on e GObI &2 1 25n8 2PRE'S 1Ga - Capanent
LRGSR IS SR Lte, Pl ey
AL FE D B e g sk gt ens
vl)propane)dihydrochloride), VA-060 (2,2’ -azobis(2-
(1-(2-hydroxyethyl)-2-imidazolin-2-
vl)propane)dihydrochloride), V-50 (2,2'-azobis (2-
amidinopropane)dihydrochloride) and V-501 (4,4’-
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, e.g.,
VA-057 (2,2"'-azobis (2~ (N-(2-
carboxyethyl)amidino)propane)), brings another
advantage in addition to those described above. The
initiator residue bound to the pseudo-fine,
chargeable resin particle surface is ampholytic and
gives the dispersible colorant exhibiting good
dispersion stability over a wide pH range. Use of

such an initiator is still another preferred

embodiment of the present invention.
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proceeding within 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

whil e increasing the adsorption sites. At the sane
time, physical crosslinks aresforned 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 norphol ogy in which

they are adsorbed nost stably. The colorant 1, on the

otehes; andy b5 13kahidi gede ASnble chargeable resin

pseudo fine parti are fixed thereto, allowng

the di smfesafad@eé@we%otlweemméeﬁaﬁeﬁn%r 1%0{ o

the surface. FIG 4 Schematically illustrates _
sintash@fl othehientidsace: bet wesn ibhe wehangeabl ecéﬁ?bﬂent
pseudo fine particles 2 fornmed above and col orant 1.
Asthistiownonshe toltargeaibd echesypapieude Simep pandbclese

2 20 which are the agglonerates of the resin conponent
haa tal diyels ophitieirc unohoneeingi the9atjuamd hyde pphbbion
monomer units 9-2. They are arbitrarily distributing

t PARRT hzALdon BRADHS of dedealbedr feagd ever gyl t amay be

there are nunher of adsorption sites 10 at which 25
¢ TG F DY 0 SEIEF of or GRS APER tilat f Ehe

O Ao FL G B PENeBL OB LY LU S, o rine
PRHAC L1108, anBhRfigeall & PALLECE 80 &Y Thd 1, LLAGRHO o
part of the <colorant particle la. e pseud i e,
chergeabbed ecarlier 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
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
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
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
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particle of resin 11 adsorbs the adsorption site 10 5
shown in FIG 4 at the interface to fix to the

col orant stably in a norphol ogy which depends on the
surface shape of the colorant part |la. As described
earlier, the polynerization psoceeds within the
pseudo-fine, chargeable 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 adsorbed nost stably. The dispersible col orant of

t hei £08Peshhi 9r1desorbed bgreggil

produced by tﬁese s?ggs (Eﬁ%?%%b:ga?nsfhgﬁ§§§¥%ﬁﬁﬁipt 1
witdh ¢hebchargeahhne tiesigrPsende bicne npardd£d 8sed
sufficiently charged on the surface to be self-
didipepsibhet Bheyhar adparpt foameaaly ethkemdyl §hen
static repulsive force while they are adsorbed on and
fisaaqubl iheigol ordaktby thet erpreagyd otespeiren oo thee 2hred
uni formy distributed on the colorant particle

s AERs1 s ABegtedswitth tHeyr fake, t he phéfady reduonomer
ng%ggoloagtd sc¢ribed earlier. The polymerization

cOTITRPBRR v ar y SdEPSITE P Bathehavather iestd os F @@BEEOUS
| ' i i ni.tiat. 25, di t d
Bt €31 oPOL e e drditti Bhs At LA P 85cPi df Hempdh at urthe

; bl | han 40 d
PRl £ebPog 1HGe eI SIADNARE] nb8RIHD AN, 405 8.

not nore t reaction tine:

mie: piefesabl xh@%dfs&cémﬁa-@iﬁauFc%ea'}%anﬁéain&gée

than 30 hours, and stirring rate: not less t
r e tansle MOt h @D he diclhgm BO0: M ondt efiesabllyvdiotih essace

than 150 rpm and not nore than
quantities in the aqueous phase and the water-soluble
monomer present in the aqueous phase.

FIG. 3 schematically illustrates a step from
polymerization of the monomer 4 to production of a
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 agqueous phase. The
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
colorant in the aqueous dispersion as nuclei, and the

resin component which constitutes the pseudo-fine,

chargeable particles 2 is strongly adsorbed on the
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5 400 rpm In the above process, in particular when
the chargeable resin pseudo fine particles are to be
produced by pol ynerization of a monomer conponent
contai ning at | east one type of hydrophobic nononmer 10
and at |east one type of hydrgphilic nononer, the
nmononer conponent is preferably dropped in an aqueous
di spersion of a water-insoluble colorant,

i ncor porated beforehand with an aqueous radical -

pol yneri zation initiator. O otherw se, the nononmer 15

d cal
o pengnt 8 tﬁ‘%‘o%ﬁ%@#%gsn%qbﬁéous (1 E8kofiaric,
wei f o kSRl Uhlse Golorantnsi pul g/%{é%%%&’lv@ﬁ §SQ@E%%' %os

which is still a preferred enbodi nen

NOBOa®E 8 Ayt Wik H isn COMPOSRE rof a0 151y d 8 ﬂ@@@ﬁ%r%ane
20 e.g., hydrophobic nononers "and hydrophi |

nomnets lesi L .i sApr ef ereabl Bt t otkeep tthee partlcles 2 are
copol yneri zation ratio of the nononers at a constant
t ot bl $ 6PN chrigdicer mheedesirey cHargeabherpbsilngy
pseudo fine- particles. \Wen the mononer mixture is

| ot pBr AEd SRS it1e B pafl§ REPICARET ol 53t e nilexcesse

R A, SRR LSRR R,
I d | t t her
ool ERE0 L iy S el yoecy et oo g thecetper )

copsufedne! Q’e%t&'l% canee phiecigauddng o geabie

resin pseudo fine partlc ave S|gn|f|ca

uneyend eharacterdest i 6Sa cISORB %h%f 18R R | Bhedn ik
particul ar those contalnlng
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
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
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
their surface energy coincides with that of the

colorant.

FIG. 5 schematically illustrates the enlarged
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t he hydrophilic nonomer conponent at a high
proportion, may not fix to the col orant surface.

Mor eover, the resin conponent containing the

hydr ophi |l i ¢ nononer conponent at a high proportion 10
may not even separate out duesgo-its high
hydrophilicity to remain as a water-soluble resin
conmponent in the systemw thout form ng the

chargeabl e resin pseudo fine particles. On the other
hand, the hydrophobi c/ hydrophilic nonomer 15

C%g&ogfﬁéga&hourhri%gihg;rééggbgﬁ kgRt ﬁ@teu%oe%%{@m to

uni ormthe e resin pseudo Tine

parHd £f&€so 0k Badesidied CopplyNgr 17atkioRy ald G WPeBr the
t he nononer conponent is dropped in an aqueous
dispesséon phreaictle insol utle wobedant BNt ahRilde: A e
20 aqueous radi cal -polynerization initiator. Sone
hytrophe 1 é cofomerenrs,1 1 meastbsukae ariselp: 0fieSsite 10
e.g., acrylic acid and nethacrylic acid, may becone
pahtdwn uhst BEbGe tlo adgdgliluheinater fdepenidi g x dro the
characteristic of a polyneric dispersant working 25 to
di&persant ebrBlantln & MerphetepEr Had clnisedisrds oof the

t he esent_invention to incorporate an anionic .
OO O nS BREF Gtm Ore & SHaT B 0P2p6t Adei uftsAlascr Haed

after, i istHeutrqjizedw in.order to avoid .the above
e

pf%h'%%1rThe abbV %ﬁ%ﬁiﬁ%?%%? PoPieR St We- WHt gB2BI1 e

SRR SRRl E AL KRRt RIS S1-5 aring

PuHid catépn hheatRntoSten-1o psoducedt he agueolSiorant
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
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
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,
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,



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 contai ning unreacted polynerization initiator,
nonomer conponent or di spersant;, -or water-sol ubl e
resin conponent or chargeable resin pseudo fine
particles which fail to fix to the colorant. The
purification step may be selected fromthose commonly
15 used. Purification by centrifugal separation or
ul teakihthatdige § s1 anphef err i e
di spersi bl e colora%t ﬁﬁ?h%fhgggﬁg?ggggFQLa?e iﬁogséﬁ ]
fi beapakt hehess coi ahBtNglozededidre 0 COPOLY MBENHI XithG ring
to the colorant surface can be 20 produced by
enphogi: ngotthd eaboviehsheps, rbecause MBnymoeoNthah 500 rpm,
paraneters are well controlled. Wen an anionic
mopdaée red ivneortpokas edthenr 80 zeprhighnd dosprbgEONhan
stability, in particular, the steps for the present
i nY@Rt FBAR-can secure a high surface 25 functiona
group depsity and thereby high dispersion_ stabilit
for the 'SB%?SPIQ¥QxﬂEﬂ%ﬁﬁ?'e%@npﬂﬁ&#qqkﬁreWﬁ%miéhe
' y smal |l - uanti%%.
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theodt apansigbla: cod o5 anHNEOk ot W%déo;@ﬁéh?gsmﬁxgﬁer

i nventors of the present 1 nvéntion assune that the

i npndved diesper siron sypbi bift Yyefrddl 1ic 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
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,
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
polymerization system in excess of the quantity
consumed by the polymerization reaction in a certain

time, a specific monomer may be preferentially
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di spersible colorant results fromthe foll ow ng
nmechani snms, whi ch, however, are not fully 10

substanti ated. Wiile the chargeable resin pseudo fine
particles are being forned fromthe oligoners
separating out during the pol ygecization step,
initiated by the radicals generated in water, the

ol i goners contai ning the conponent derived fromthe 15
ani oni ¢ nononer at a higher content are

preferentially oriented to the aqueous phase side,

i-ﬁblyﬁ@r&E%dvh%%ﬁkg¥%gé%éh8tﬁ@?29§g§%95¥fgiB?Egﬁgqgzed

fi'ne particles. [ ndi tron

char geablger esidhdis eusloohi Pe s Rakhi Gl g d i X £, E}hgs 2Agase,

colorant to further concentrate the anionic grou

defheede § 6 0 hide @M 10N £ MBNOBBA nCHRANEN FORet BErticles
surface of the dispersible colorant of the present

i mveynt have haviyng fSitaarct Uy abhyvan! arge-spesiiseisyrf ageme
area. As a result, the dispersible colorant 25
produtlkespyprelé imgtdmd ofi phetpredent tihveatcontaaning
be stabilized by a snaller quantity of the anionic
nonerer Y2 6APBAAIC LOTINe AqEeBESNERKE Fie aguésls i nk

of the Fﬁesent inventiop. is racterized by

comF R .boPheﬁﬁﬁqﬁQEi IR EBFE EnCO SR | el B6Pe.

When & BLUIENoL> RS LT eGSR e e L e

T U S

ltmd ¢ pE€fevahl efirdthe 89HeQUE 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
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
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
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
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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 nedium a preservative

or an antifungal agent. The_dggpersible colorant of
the present 15 invention contalins the chargeable resin
pseudo fine particles 2 fixing to the colorant 1
surface (FIGS. 1A and 1B) while it is present in the
ink Therefore, the col orant particle attaches to a

n [ t.0 adj ace rtlcle n_t he
ne tﬁ%v?a %eHggt %ﬁb@% 1e9#e§|§ pse&ﬂ?f? % the"above
;xggégigﬁ.flxing toits surface. Therefore, the imge

produced with the aqueous ink of the present

i nventi ahshoyd 6o bgrBahlsy rdestStathgt PheCLALTND e
One of the nore preferred enbodinents is the aqueous

| nde svhi chsbade ifAnddid #ONc 2Est gikhegakeva-he water-
characteristics, the self-dispersible fine resin
pmﬂ$@l@blpresénmaﬂuﬂxsrprQEESabeymﬂdilddﬁﬂlwy &0
produce highly glossy imges on a glossy - 62 |

medh g 1 @RE S RN § necrtmedn y @tépltolpnmdumaaﬁhﬁnmmmeous
wat er -i nsol ubl e col orant, e.gqg. gnent. More
;N%ﬁ%r%%?QalPﬁéglMb9uﬁ9¥%€a@ﬁarg%%b+é LBEPH teseudp T

fine particl ( fixin o the colora self 5
e be FRreRiaet boe 19 chelofan s ann s theae
AR R 1 R e
h@%%@ﬁi$§§§tu9@%£aﬂga(gof9ﬁg?ﬂzgg mer Gamanent .
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
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
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
functional group density and thereby high dispersion
stability for the dispersible colorant, even when the

anionic monomer is used in a relatively small
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Such ink conposition will greatly inprove scratching
10 resistance of the imge on a gl ossy recording

medi um  because the particles (A) fixing to the
colorant and particles (B) are nore conpatible with
each other to increase ink-adhbesiveness. The

di spersi bl e colorant of the present 15 invention has
an average surface zeta potential of not |ess than
-80 nV and not nore than -20 nV in the aqueous nedi um
whi ch constitutes the aqueous ink, in particular when
| et 2t s aMmaRbeBire Jriotise aBdoRa! cakessihan, +10
m/ and not nore than +60 nV when it 20 contains a
catism £s goaupraBidsie: arefatse @H@B@é&ﬁheeﬁ@QQhUF@@%do
The aqueous ink can have excellent ‘storage stability

f ofirexteadedcpesi ods;havtendetsridirspens) bieo egher ant
has a surface zeta potential in the above range. The
disper sl brg eél ¢hantdimivé ngikles coloimoe 7808 extended
potential of not less than -15 nV and not nore than
-ffﬁﬁﬁwgﬁay fail to exhibit its inherent high

di spersion stabiljty by the actions of an - 63
aqugousT i%ﬂﬁe?EgﬁﬁtPﬁgqh?tﬁﬁ@%ﬂﬁéo&§vﬁﬁ%%ﬁn assume

o R B A B K e 1 B E o P ant
i O ; nt | than 80 mvV.or 5
nl ek £ PHLEAES1 BRL DU LON L AL, 2ok [ e 20 T3 86

| e 0l @0t | DHWRLST HOR $LaNCErcakihiough fhe ink
has excellent storage stability. The term™zeta (~)

peterstiatltiased.i nWhhis (specifd cgthpne $eBRY MRS udo

referred to as interfacial

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
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
colorant to further concentrate the anionic group
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
produced by the method of the present invention can
be stabilized by a smaller quantity of the anionic

monomer component.
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10 dynam c potential, neans 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_etectrically double 15

| ayer 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. Wen a

sol i nd Liguid are in relative notion, the 20
s?%%?%ﬁ%gy&b%ase noves with the solid. Therefore, it

wll be e gotential hetyeand ho-siahi obapypase ;
e t al Iy

9
surface and the 1 nsi of the solufion that actu

goves pgctbe ipal oy @k d snigheched g RS 48 Zet@)orant
potential. The zet'a potential "may be positive or 25

neged ¢ ¥ebdapandiveg omreharge tdméhe statisedarnyhase.
When a water-insoluble colorant is stably dispersed

i cahorakf,t hée dal drrendrpar st etiesoamma 1IKeptatsaepst at €ds-
64 fromeach other and stably dispersed by the zeta
potiedni Gt 16f anlde nool orane . tiTAer 806r by tweel ghet dbased on
potential is a property of significance for

diSpRr sRbn Brafianakl ande st bpage toeanid i3y ag arek nrose

Y B S L e
ial ¢ I f ff di ' tabi | i
oo el Sfet Ly BLASELS, ALaReSLon ALl s

é?%%@??%%h?g%%i“% systegyl 0-uhi chrhol | gidal, 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
invention contains the chargeable 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 recording medium
or to an adjacent particle on the medium via the
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 1s the aqueous ink which has, in addition
to the above characteristics, the self-dispersible

fine resin particles present therein. This permits

the ink to produce highly glossy images on a glossy
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of different zeta potentials are present, in

particular, there is generally an attractive force
wor ki ng between a di spersion of a higher potenti al

and anot her di spersion of a | ower potential to 15

aggl onerate them even when thgy have the sanme sign
(positive or negative) of potential. This phenonenon

is known as hetero-aggloneration. In other words, the
di spersible colorant of the present invention having

a uni form absol ute value of zeta potential 20 exhibits
it ct..Qf ~stahiljzi I,S i in | nk _of

R B ey B sentt o bty noentoraler Thet b esdien

i Rvend +opn Bayaheund, 1hat ot heodispers colygrant of
the present invent irtf)bnl%i%ﬁrilgltg ?hé pgéggélt%%l ebg;’faéc;ct
ofpisd &brabZi/ng thike idilspesSi OReWRBA rdedd S Z@EQin pseudo
potential distribution is less than 50 in terns of

t elrst apalat dcdewi ath)onf ax buadtbhehaversgerah €vehd se6F -
The zeta. gotential vari es dependi ng on vari ous
cohidipeopsble. ginadindeion rpertondeant(B)phpemsesal in the
concentration, of an aqueous nediumin which the
colfanthe5epReddmt MARRRAL | SORRensare of tthanyaothedes
5 col | oi dal], di spersion. Therefore, the zeta potenti al

shot AB2 BREcTOSEH S orCPTROABES| Gife B R BRECLes (B)
di,s Jéby{ignas asureq:under specific _conditions of

me

(UM T h Whrch (HE Colfor anf 8BRS BIduiRe FhecgRpRent -

POUsL B hokte SsnsShile oLatan! i AL AUERUE M

pateait 4 Bhnwas odeteydm ety d obnt RegRLeSENMrecording 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
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 contains an anionic group, and not
less than +10 mV and not more than +60 mV when it
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
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
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i nvention by an analyzer (Mcrotech N tchion ZEECOV,
where an aqueous m xed-sol vent for the aqueous ink

i ncorporated with the col orant at an adequate 15
dilution ratio was put in a constant electrical field
to observe novenment of the di gpersed particles (of
the dispersible colorant in the present invention)
and determ ne the novenent velocity of the particles
by i mage processing. 20 However, it should be noted
that the zeta potential may not be determ ned by the
anabyLbeal nRiaseduresdeseribed ahave foroan fnk o
containing a specific electrolyte at e
CONGSNAEFAL; QR VAL Mrs@anage%ﬁﬂgd'ﬂa? O%X{Qﬁdéane
conposi tion, because of 25 excessivéely hig

el eetioaenduchi ¥hey cthdhend®d) Uubhe HNsPUGR i®16A2SE10rant
the zeta potential of the dispersible colorant can be

dehevimged afitrdiaddezaguepusenredaimlesGd thisnt+gatad or
to have a pH | evel corresponding to that of the ink

i Mase byaner®\ my/ oray edavsagthle imelgectirtol yiekt gives
0.01 M_The above ink actually contains an

el EREREFyré et dmhivtebnEehi FaRR6R, @&id®uendsheoink
have decreased storage stability. However, it can
hZW%SiﬁﬁFS@i&@ﬁ(ﬁ?&ﬁ?%?a%FPP%9lEy~keeping t he

col orant_at a zeta potengfal in the range for the

present ?m%eﬁfF@n.Z@ﬁén( )piRgHERt 13l usédeds iphéhis
‘x%ﬁééﬂkicbkib%,QS6%£$E§£§rEggeggg diment, to . o facial
e'pig 'R a i 0 to The

i ncorporate th nent Specific ra

I &8y HaROBPPBRRN tafa It hanshas 9g8bbath S B ReEUA fiRe,y

particles, or
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
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
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
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
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resin/pignment 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 i nk.
Keeping the B/P ratio at not less than 0.3 can
enhance adhesi veness between the_col orant particles
and between colorant particles and recordi ng nmedi um
and hence enhance resi stance of the imge to 20
scratching. In particular, the aqueous ink

i ncorporated with the dispersible colorant can
exhit ity fi-haymaki g i re efficientl
mﬁgﬁg?hééégp%Fyﬁér cdﬂp%%gﬁ?gfg¥sgﬁébb%gﬁgga%?% ¥%§Fn

psssidont i ne par tigd %Iéi‘éﬁe,t?Tﬁ@?eFBE%r,a'Ethéjazseo 25

glass transition tenperature of not [ess 'than -4

ansb et el e ikhan H5G e asy dgsckiibed raafdd & , rapd

further enhance scratching resistance of the inmage on

- dispar gloasy tpaperi t Ataad BERotatieo s3iaghi fi€@anbhyan ink
exceeding 4.0, the ink may be sufficiently viscous as

a Gehotf 11 bnpave wWadteer+ onad bdbépectdbidartty, fon ink jet
particular for ink jet recorders. Mreover, such an 5

i MeFRYIHBY -secure sufficient i mage density, because

of the cessively high resin ratio to deteriorate

col or-d ?ﬂﬁ%ﬁ'céB&d@HﬁQﬁHQ?MW%%F%raﬁFt@ﬁ geta
T B Rt sy AR e s P bR a0 e Lity,

nge of ~not

10y 04 Ve 8 h&iemg&ﬂm i ghssi qul E%%%;Agﬁ f@‘@%?ﬁé%er.

excel l ent scratching resistance and eject
| i j£1d1eperdens. shhe-d&®sin pREsndesqnidped Bb9YEpersions

nmeans the total quantity of the chargeable resin
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
agglomerate them even when they have the same sign
(positive or negative) of potential. This phenomenon
is known as hetero-agglomeration. 1In other words,
the dispersible colorant of the present invention
having a uniform absolute value of zeta potential
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
its zeta potential distribution is less than 50 in
terms of the standard deviation around the average

level.,
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pseudo fine particles, and may include another resin
15 conponent which is clearly observed to be strongly
adsorbed on the pignment surface. However, it does not
i nclude a water-sol uble resin conponent which is
easily separated fromthe pi The B/ P ratio can
be generally determ ned by 2 dlfferentla

t hernogravinetric analysis, and was determ ned by an
anal yzer (METTLER, TGA/ SDTA851) for the present

i nventi on. Nbre specifically, the dispersible
coloran&,of t presen entLon 0] aq %eous in

i ncor pordffed rQﬁW?ﬂ Fé VAR 1%t 'Eehrdi RY N&§lou5

centr fu aIIy Lr at ed H 8 0 ur s,
dried, mg Yhed“add’ hé%%éféﬁé)g £$$%ggﬂt’a§hnsﬁhere oF

a'Jo&é’er?P%EYSnVVemean %%Olg; ®AGHuAT 168 ,iliNG, the

pi gnent and resin conmpo efore and after its

decompesiti 0§ beapenat urgid oy Wahehskhe BiRH aidP other
was det er m ned. Recor ded I mage 5 The inmage of the

preesiend i davent spa riséeer.dedheire fao e C ot itk Nnge ARdDWMaM t 15 1
t he aqueous ink of the present i nventi on i ncor por at ed
wishtou e lolé spéssublsed dulorand absohetabowddesotrd bed
conposition is produced by the ink jet recorder,

dekicyti hdout aver medGUTsel rucde i sige Aedii amcosed figens he
present invention is not limted, so long as it

ametﬂfesurbrb@uwmgh ShearroiawRyet t her 86APBY Siask: j dbe zeta

recordin sper3|ble oran he present

| AT bFE F nBFUBEE. FURGtT by F0SoERRFacrbrATa g eous
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
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.

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

colorant can be determined after the aqueous medium
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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 preferable, and appear sinultaneously in the
actual recording. The functiopn;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 gl ossy

I mage on a recordi ng nedium 14, where the chargeable

35 LR, LB S TSR 4 e
STV LAECO AL 5 BEEERGI B SUGAN, e

621 dding PRELT €Ley B phesenty Delyes Ut'u‘ﬁ adi-acant,

2
colorant particles fix sinultaneously to these

celeratnpashi shesc da frs me sthepe ecnttfdd BAOr and
the recorded i mage of high scratching resistance. 5

Fit@ndC shonmavandehare gyed est edafenctriatii,l iwher e Hhever,
ratio of the colorant surface to which the chargeabl e

r esi cgpseudvef improardd cdesrédgr bsadbedridgaseny tleeeping the
partly allow aggl onmeration of the col orant particles

t kensalaie’s ahi Pe 2edd iR R Ehelf dActhben ingimh for Frie

10 7B. FIG 7C il lustrates aggl onmeration of the

cHISSHNRT phRVPEFESTn the ink by which an inmge is

(010 S Lol Shny e oer e SLaLL g rep S s

(PRI LIS, 15 s LOELL ANl DAL <

| Bpecific 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
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
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 chafgeable resin
pseudo fine particles fixing to the colorant has a
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
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the aggl oneration process to control the

aggl oneration. Such control enables controlling of

i mage density and ink bl eedi ng through col orant

aggl oneration control on recording medium 20 |nage
Recordi ng Met hod and RecordergThe dispersible col orant
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

pre qiﬂ {)Vﬁgke‘%” gxhi b'é(fR partlgular ka‘iheadélgy”g

char S When ™ dsed T n a recor

ééi&ﬁl é hhe Bubbl € 5 705, JBLE@D %pec {ag PMscous as
od

repr esentative structure an

prd W%@l@ EbehBRf%f %@@M@@§€Qd°@ﬂ%‘&%a@ﬁ%&?“ Dﬁ' pl e
di sclosed in U S. Patent Nos 3,129 and 4’ 740, 796.

5 gdisipuilaei ghe iisilappdt cabkertie ran omodemaRd Orsuch an
continuous type. It is particularly effective when

apptk edatyonan eecdermandf fpeienherieaate |dastiope because
driving signal is transmtted to an el ectrothernal
convetherepraced vied 1a [posih t Feaisorrdspord ndeter éachte
10 of a sheet and liquid passage by which the ink is
hetdL @6~ @aﬁﬁépplﬁ@atv%wrﬁk ?% fheemseiatante dpeyend

LOFPUELEEL ALY, S LR LR SRS A Do
AT M

toyihe shanahuethe i Iéhﬂ:ﬁcg@ﬂkutﬂ%ra%msaw EEhEB¢es
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
component wnich 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
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
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
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port by the actions of the bubbles grow ng and
contracting to format |east one droplet. The pul sed
signal is nore preferable, because it can inmmediately
20 and adequately cause growth and contract of the
bubbl es to achieve ink eject gf high response. USP
4,463, 359 and 4, 345, 262 di scl ose the preferable
pul sed signals. The recording can be performed nore
effectively under the conditions disclosed by U S. 25
Patent No. 4,313, 124 describes the tenperature rising
r te on. t he_heat -working surface i head. The .
preﬁﬂgﬁﬁ@eﬂgaagﬂrﬁﬁﬁ eQOWngﬁgés %ﬁﬁo%%n%?%a?FEﬁg 1ts
EtEB %e#?é%%? PSSS%Q%%lﬁﬁth$q{ OrB/bgratlo

ang e to ?qu| pas and “elec Ter
CQNVLrd &f Symas @i scl osed by the above USP

speci fications. The present invention is also 5

effeaed tyedi nmagst ructure with the conponents

positioned on the curved heat-working surface, as

di scl oséthdyithh$e P&t ehle Naxe ZeD58i333nan oh, 451LH6AEd on

1t is also effective in another structure with plural

2 cel et bt hegnale ddomver 1 en st shariqug core iork nof et 16
conmon i nk ejection ports and their own ejection
pitissens dgngensded by Japanesseratdith Agpt i dhspensible
Lgéﬁ_;ﬁin No. S59-123670. A full-line type recording
REhCEoVEfs 3P T ENGERS EBRPESHGHATRRF ol Phel S

RGBT, S PSS G AT 25
r eG df&goﬁséﬁ %Qﬁ %B% %%%Vgaeée%f Sucﬁﬂéggﬁon

to cover t quil re engt
is not llmlted 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
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
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
resin particles B accumulate on the medium to
smoothen irreqularities between the colorant

particles. In FIG. 7B, the chargeable resin pseudo
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structure that they are assenbled in one body. The
present invention helps these types exhibit the 20
above-descri bed effect nore efficiently. The present
invention is also effective when fixed to an
exchangeabl e chip type recng%pg_head body in which
it can be electrically connected to the body to
supply ink thereform and also to a cartridge 25 type
in which it is integrally nounted on the recording
head itsel f. The present invention can exhibit its

ff ffi I d

bR EAR I TR o
t.h I II th

S e gty e .o B

Spegl, fﬂa%aé r% %ttfbc‘??gu' nel U%ﬁ@peﬁ" r?ﬁge"&%' 'bqiéd P for

pressuri zi élng eans, t her

CORKertLlo N ANoLASE B%amﬂﬁhcg@f&@@h@ﬁ%“ﬂ@éEHﬁbnce
heati ng means conpfising a conbination of these

deviccesiC aftbws cenbihatd @rofethegerdavicees f ofhé@re the
prelimnary eject node which is not for recording. 10

EXANVRICES fTheh@reséntantventri oncev t& beidésahidecthangeable
nore detail by EXAMPLES and COVPARATI VE EXAMPLES,

wiriesh royp s aipderefhB el paintt ithee present si deemsiaged ahel

vari ations . may be_nade so long_as within the scope of

t B8 L1 Yorakehit @ﬁ%ﬁfﬂﬁ&@tu% ESANFLESC8 @ TENP AR VEL oS

oFﬁ§%§§i3%£ %gfé Eéﬁbg €%Eyfunc l%%!% own in FIG.
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
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.
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
also useful for filling ink. The present invention
exhibits particularly excellent characteristics when

used in a recording head and recorder of the Bubble
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A recording ink 1 was prepared by the following 20
procedure in EXAMPLE 1. First, a m xed sol ution
having a conposition of 10 parts of carbon bl ack, 6
parts of glycerin, 10 parts of a styrene/acrylic
resin-based dispersant and 74 parts of water was
prepared as a pignment dispersion solution 1 by 25
treating these conponents by a sand m || (Kaneda
Scientific) wth 0.6 mmdi aneter zirconia beads at
1,500 rpmfor 5 hours to disperse the pignment, where -

73_ gﬂe ot was fiJled with filling rate of 70% The
cHdFy %? CkEREs ™ 155%1?%5??3'880 (herei nafter '
referre 0 uppl i iy : .o,

The sty?g%efgg?gﬁggg%%gFﬁgbggg&ﬂéﬁg%%ﬁég%faﬁgglg%5
CORQIYTRI £ 8 } ONp kG 01 / W 30 MBheeHkab MBI O rinciple

L

( of "8, 000 and acid val'ue of 170. It was an
agueQus s Ut hou , pr.eparecth bynsti.r ui, ng 3,he 9i spersanuo, 796.
together with water and potassi um hydroxi de in an
ampund ek oab eat 10 atdpd jacdlsll ¥ at deaat o80CemEhed 1dr
resulting pignent dispersion solution 1 was stably
dicsperiseows t hybhe plgmest pparticllesrlhawfhgcanve when
average dispersed particle dianmeter of 98 nm and

pelopdi sysbrise dRder 6T b, tNest , WRRESf 8ltl dWaTF med

sol ution was slowy 15 dropped in 100 parts of the
DRSS SPERSLOR S SGIARTBIE 35% R BPebLAGAITe tnal

SUH AL, L06CLA, 35 0L OReD, B TEBEIRLR S Bling co oot

SO SO LSE A P g BT DN TR
‘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
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
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.
Patent No. 4,313,124 describes the temperature rising
fate on the heat-working surface in the head.

The preferable head structures include
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20 parts of potassium hydroxide, 0.05 parts of
potassium persulfate and 20 parts of water. The
resulting dispersion solution was diluted by 10 tines
with water, and centrifugally treated at 5,000 rpm
for 10 minutes to renove the ﬁ?gLonerates. It was
further 25 centrifugally purified at 12,500 rpmfor 2
hours to produce the precipitate as the dispersible
colorant 1. The dispersible colorant 1 dispersed in
water - 74 and centrifugally purified at 12,000 rpm

. i . -Th ul ti iopi
o RIS B L SR L e gk STV

. ' : ) PE o
Seues; G e e S o SRR i e Lgane
0@%@é%¥bﬁﬁékm5ﬁecdﬂﬁgﬁﬁéf§!eagoﬁ@%@@o§e§gﬁg£&§@dabove

fine resin particles fixing to the carbon

swsmcHedhei eakevant.s Thieepeseh ohhehtE¥AVRIES 150
were observed in the same nmanner to confirmthe

celfiffeanit 1 mor phokogitesicthOrdheifthl kow repngosmost i on
was i ncorporated with the dispersible colorant 1, and
f idaserteido yd aonmsher anecféd tleea tporekdirzp:s 2rbang, as
under pressure to prepare the recording ink 1

cSHtSF IRt RE FolSor &fttent afo 404, 258, A3 e nd 74p9r €80 -

Di_et hyl en lycal 5 parts Tri et hyl ol propane, 7
pafrq% oS ,@fy‘?& éﬁ%FCEEHV@Tr%ea?ﬂ%ﬁﬁ?rKé\EéMLﬁi%erth plural

el 68l 820 £ Re 2rB" 12 A% £ OP5 P09 At er, Balance
common ink ejection.ports and their own ejection
ports, as disclosed by Japanese Patent Application
Laid-Open No. §59-123670. 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,



EXAMPLE 2 The follow ng m xed sol ution was sl owy
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

pol yneri zation 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 hydroxide,
0.05 parts of potassium persulfate and 20 parts of
wat er. The polynerization mxture was centrifugally

purd fd ed éc?}n%@ﬁeﬁ%”%&aé}fberre@éaéfggiﬁ%@ 1% a

prepare a dispersible colorant recdrding ink 2

Cori Al g &H?tdb%p%h%ﬂﬂé%(%ﬁﬁiﬁﬂéixgm@aﬁ@@Wﬁ§ich is
prepared 1n the sane manner as in MPLE 1. EXAMPLE

3 sthie f dddovhee A sfdtéPNeMaspgkewny: drppRedi od0
in 100 parts of the pignment dispersion solution 1
piess esbd i EXANPLE ,1 tidde el el ndeakhypdtig ,ridigeahing
70C in a nitrogen atnosphere for polynerization
camd mess$oriéihguress. Fhduei xednsshat i ed ecomrilsednal
5.7 parts of nmethyl nethacrylate, 0.3 parts of 15
acI IV L Be¥ doroan? thet 1Ft poy adsviirehy dried del ngrys
parts of potassium persulfate and 20 parts of water.
TRE Pot SAEPF 2861 GRTHBATUTRY vasCRBRE PREGGA 13F Pt Red
in, the same nner_ as .i.n EXAMPL Lo _prepare a
Aot o1 e B 8 S S0 e ol Y RaFT San e yab” 2

d
g CrrGéE]teH%ﬁrg%r%BStj%grtfs Oetr(ﬁrg{_‘@ﬂ 25 hBPRYWPLE dording.
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
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
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
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
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pi gment di spersion solution 1 was replaced by 100
parts of a 2% aqueous sol ution of potassium hydroxi de,
in an anount equivalent to the styrene/acrylic resin
25 based di spersant used in EXAMPLE 1 and the

pol ynmeri zation mxture was cepdrifugally purified in
the sane manner as in EXAMPLE 1, except at 20,000 rpm
- -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%

¢ 3 particl 2%
ERRRPLES T " EKWPLESA T 6 1 Gl nb KB caghut | D wd®
| | REa s Slutt i we

SRR TR cared T UL 1R L BTaer T oRl Ty

Stidfd M@t £ 40, 4088 sigm )@ s pgen atpRSPRere dot Cco.
pol ynmeri zation continued for 6 hours. The m xed

saind i oy €ONPY heed 1 id Al ShafcBeniberridiacmiat g,

1.2 parts of butyl acrylate, 0.3 parts of acrylic
adaho Dyfidr paatsoof raguatasst uhd hydy oxmbde,cul.dd5 wai dist

of potassium 15 persul fate and 20 parts of water. The
padMmerozad i 600 mindt waeldvasa beat o £f Udal.| y Ipuwialsi edh i n
the same manner as in EXAMPLE 1 to prepare a
disspea s H| otvlépantt vePamrRd dp g pek s KsEade dlher ahtse pagnt

analyzed in the sane manper as in EXAMPLE 1. |t, was
coMIF T t BAFD Pehar aﬁr@ ROWHT F S BE PHETHES e 2

PaLIASLES LEL00 L e carbon, B s surf g hut e
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
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 compriséd 5.5 parts of
methyl methacrylate, 0.5 parts of acrylic acid, 0.12
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
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
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The pol ynerization was carried out in the same nmanner
as in EXAMPLE 3 for preparing the fine resin 25
particles Bl by replacing 100 parts of the pignent

di spersion solution | for EXAMPLE 1, to prepare the
fine resin particles B2. Theypyecording ink 4 - 77
containing the dispersible colorant 4 and fine resin
particles B2 at 4 and 1.2% respectively, was

prepared in the sane manner as in EXAMPLE 1. EXAMPLE
5 5 The follow ng m xed solution was slow y dropped

in 100 part.s. of e pignent di i S tion
piagéalg&ﬁl%lrr% %@ﬁ\lﬁ‘jﬁ gu\%g?ﬁeéilde%{)re#%h(ﬁ 9 gk)l%r rfi%rfg%a(%

50C i ni g e : yieri zat L Qe
e P T b e L R T o884 °FF
6;parts of AMH Vhrachykat @ QD PAKY SHOf apal-ass Uy
persul fate, the sane nols of sodiumthiosulfate as
petassiriyn perstd$ abpeandozq, pairdist ®fhavgmM-6T®) at a
pol ynmeri zation m xture was centrifugally purified in

t hegsdfe cetninet @f bA, EXAVMPLEL] wtas priepareed that the

di spersible colorant 5. The dispersible colorant 5 was
analsyrets iiml ¢ heolgamp tmanmempast $ed EXAVPLESB 11 tpaesicles
confirmed that it also conprised the fine resin
paitiidise s d i Midgcasooph® legih o bf aek - suFraceclpgants
nore fused than those 20 observed in EXAMPLE 1. A

r BESRRATTS i ik SERBAt AXATTG ™Y HESTF sPBFSFBIFE' ddt or'nt S8Me
imag/%)ﬁmypité)gcegg E f Jcrjml rt%l'lteheco lsoarrgengarﬂg?ﬁh%ﬁolgq e%XANPLE

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

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.atmosphefe for polymerization
continued for 8 hours. The mixed solution comprised

5.7 parts of styrene, 0.3 parts of acrylic acid, 0.07
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The follow ng m xed solution was slowy dropped 25 in
100 parts of the pignment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at
70C in a nitrogen atnosphere for polynerization - 78
continued for 5 hours. The mixed solution conprised
17.2 parts of nethyl nethacrylate, 0.8 parts of

sodi um p-styrenesul fonate, 0.05=parts of potassium
persul fate and 20 parts of water. The polynerization 5
m xture was centrifugally purified in the same manner

i LE 1t  di Lbl | t 6. .
ABASST 0GP FR 6 SEB T gL The. O UpoPSriice dalis? Ghe = um
6 at 4% d in.th in EXANPLE .

1 PESGERGBL B AL BEGTdl Y | R v, PreBArEd By The-O”

(S0 BEteins A REALE TeiEir sty 0380, e

blackin Gzxapt.s of +g yoeihre 19 gaEbarafiraclolorant 2.
styrene/ di net hyl am noét hyl acryl ate copol yner - based

cal i erdi sgersanty avhtAipangstht Wak@eBile colorant
prepared as a pignment dispersion solution 2 by

t reatt dp thesepeepranehtisn byha samd niehhe(Karredan EXAMPLE

Scientific Co.) with 0.6 nmdianeter zirconi a beads 20
atl.1,500 rpmfor 5 hours to di sperse the pignent,

where t he got was filled with a filling rate of 70%

TR R on3 bl ack was the sane as that for EXAMPLE 1

BP880) .., The_ st yr ene/ di net hyl amj noet hyl I
Copol y m et R R AR et e oma & SX681Y 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 6 hours. The mixed solution comprised
5.7 parts of methyl 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 polymerization mixture was centrifugally purified
in the same manner as in EXAMPLE 1 to prepare a
dispersible colorant 3.

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-
based 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
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25 copol ynerization 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
wat er and acetic acid in a quantity slightly in

excess of that required for_ the above am ne val ue at
80C. The resulting pignent dispersion solution 2 was
stably dispersed with the pignment particles, having 5
an average di spersed particle dianmeter of 105 nm and
pol ydi sperse index of 0.18. Next, the follomﬁng m xed

| ut t. f t
S%&”Fe'r?f e R e ZPW?h Bhud Boaiicles B1.
t t 55
o e B Sy 2R B LN PSP 8. L0k s ible

S éﬁtd&rw Lh3ee %]eZ ﬂ@éith;%rt?é%%' plethacy ylae; oq,

parts o dlneth am noe acrylate, 0.3 parts

ofre\ép"&t{l\/%pyf’uwasdwa;;@*ed | pushel eSincanth e PagtSin

of water. The resulting 15 di spersion solution was
difxaerd, 101 ti mes with water, and centrifugally

treated at 5,000 rpmfor 10 mnutes to renove the
agrdirates. It was further centrifugally purified

at 12,500 rpmfor 2 hours to produce the precipitate

as a d|§b@TQQﬂkp%Dngranﬁeﬁ 2Ot keeovdbng lomk y7 dropped
contai ni ng the dispersible colorant 7 at 4% was

prepar®y, P%ﬁ%?eoﬁhénﬁﬂRﬁ%Wﬁnb A SPefis/ ey &P lankion 1

comBeunted 4 Bys 8PIPSSl L) o LR, L. e, nper 25

p%%p%r%gllegﬁgrégéhogk%%sphere 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
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
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
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
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procedure in EXAMPLE 8. First, a m xed solution
havi ng a conposition of 10 parts of Pignent Blue (PB)
- 80 15:13 (Cariant Co.) as a colorant, 6 parts of
glycerin, 10 parts of a styrene/acrylic acid-based
dlspersant and 74 parts of \Aﬁ}ﬁr_was prepared as a

pi gnent di spersion solution 3 by treating these 5
conmponents by a sand m |l (Kaneda Scientific Co.)
with 0.6 mmdianeter zirconia beads at 1,500 rpmfor
5 hours to disperse the pignent, where the pot was

filled w fill.iin rate of 70% The
S BER g1 EBCa bl LG SPOPSaRE Hag st foine resin

I f 30 f .8 0 and d
VTl tyloff %8 THE PollIi b bl ghERECArdgEna o e
Sl N, ype LAY Sionersed i U0 B RlgeN

ic vi'ng an average di Spersed particle
dlm@mog 108 nm and pol ydi sperse index of 0.14. 15
Next, the following mxed solution was slowy dropped

in 100 mard st®f Lohenpl gARRld dSPE Sb®Nwas§0kUbWAY JAropped
with electrically stirring at 70Cin a nitrogen

atinnsiph@reatos pd ywier igajnent f di. spb risduwrs .s o Iihel o xed
solution conprised 5.7 parts of nethyl 20

LR e At en BX3MFark sl of i dler glectadiod, 1 4. Gt ijparisg at
of pot assi um hydroxi de, 0.05 parts of potassium

per&Q fiax &2 andt 2Ogpar & Mok phe 169 . fThepoéynkriggtion

d erslonslutlon was dlluted 10 times wi.th water,
rbfe:mv?@ugam ¥ 18 ed at"S W?pﬁPiBFl?E} RofaTelss ed

25 Sy ETYE Ve SO AL 1o L e
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
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
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

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
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produce the precipitate as a dispersible colorant B. -
81 The recording ink 8 containing the dispersible
colorant 8 at 3.5% was prepared, where the colorant 8
was filtered and conpounded with the conposition in
the same manner as in EXANRLEB%.*S EXAMPLE 9 A
recording ink 9 was prepared the foll ow ng
procedure in EXAMPLE 9. First, a mixed solution
havi ng a conposition of 10 parts of Pignment Yellow
(PY) 180 (Cariant Co.) as the colorant, 6 parts of 10
gl ycerin, &O %r§s of a styrene/acrylic._acid-based

[ 7

f 615’1”}%‘3 of S?lﬁ% BP%H&H&P& gOmprised
DT SLEBLE BRAUNH B hen TR gy o
0. - ' [ i d 1 f -
O BT ATELgCHcE py beaso ol 300 1 B 4 oL

fidd.ed, Wibea hil biongdate 9F Q% rTheThe polymerization
.Styrene/acrylic acid-based di spersant had a

cepolyies | gati eBnratiifndd 1 ¥Q/ g0r iMueef & G0k aggmachénner
val ue of 170. The resulting pignment dispersion 20
selautirornE¥aMBsEstlaliloy phapersed witsharse lpigneniorant 6.
particles, having an average di spersed particle

difamet @vrofng26éniméambrpot yoisgetde ididmendi®ldbecolorant
Next, the follow ng m xed solution was slowy droE ed
i 1P 100 parvasoPrere yigieht tAPspersi SRR 5R %t i Bn QAMPLE
with electrically stirring at 70Cin a nitrogen
aﬂwosphere for polynerization for 5 hours. The m xed

s%bgﬁﬁQﬂECanrised 5.7 parts of methyl

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
styrene/dimethylaminoethyl acrylate 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
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/dimethylaminocethyl acrylate
copolymer-based cationic dispersant had a
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
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- 82 nethacrylate, 0.3 parts of acrylic acid, 0.07
parts of potassium hydroxide, 0.05 parts of potassium
persul fate and 20 parts of water. The resulting

di spersion solution was diluted 10 tines with water, 5
and centrifugally treated at 000 rpmfor 10 m nutes
to renove the agglonerates. It” was further
centrifugally purified at 1.2,500 rpmfor 2 hours to
produce the precipitate as a dispersible colorant 9.
The recording ink 9 containing the dispersible 10

I t 9,at 3,5% ) d h I 9
3%& A b R B oA odehadh T TP hoE Fofpastirigh Tth
t in .EXA E 1 .
O b TREAD Ree TS KF b} EhabhEs Sl e lue at

d in_EXANPLE 10.. Fi , i xed [

DB o aSan % Ghiih: ot Pl af B ehiBlon 2 wase
122 (3 paq Spsetably Ghem G So{PndnBSpartG1¥BNtha®ing
parts of glycerin, 10 parts of a styrene/acrylic

acird-besesydi gpepsaieansh rdi phs t 81 ahe28 rwatferl 0B and
prepared as a pignent dispersion solution 5 by

t pedtydigspdese componert L by8a sand nill (Kaneda
Scientific) wwth 0.6 mmdi aneter zirconia beads at

1, 500 r piesftor Ehéofieslow igigs el 4l piapnvaswaépa ly
the pot was filled with a filling rate of 70%.  The 25
stAFBRIActY| PR REITT-D e d b sprrBaRt Ragrgrsion

copol yneri zation ratio of 70/30, Mv of 8,000 and acid
vaAUL BEON 79, "TRE FeQART IR bt Ynehi rdigFeri oy © 88 @

nitrogen atmosphere for polymerization continued for
7 hours. The mixed solution comprised 4.2 parts of
benzyl methacrylate, 1.8 parts of dimethylaminocethyl
acrylate, 0.3 parts of V-50 (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 7.
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

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)
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solution 5 was stably dispersed with the pignment
particles, having an average di spersed particle

di aneter of 96 nm and pol ydi sperse i ndex of 0.13.

Next, the following mxed solution was slowly 5
dropped in 100 parts of the '@n@nt di spersion
solution 5 with electrically stirring at 70Cin a
nitrogen atnosphere for polynerization for 5 hours.
The m xed solution conprised 5.7 parts of nethyl

nmet hacryl ate, 0.3 parts of acrylic acid, 0.07 parts 10

°Eé§ﬁt§2¢#ﬁaﬁr“¥ab° bri eyt Saﬁagcz%taap%svéf R SBhe
SAhE ”&d'iﬁﬁéééﬁ%r?o%séalé’%?és a6k s Goot Fasesed

f | t

féhs#er I P8nd0 7 TR 4 6 308 OIDLALS %remr“?éz%? a
&r@nér& RflP%Fﬁ?s&B% %doemtpicsﬁtﬁf sgoer@am ggs tgl.@se

Iorant 10 e recording I nk 10 ntainin

d'c SR cridi s ﬁgl aranhdlOnatl 3(pihuas BeaRa ki Wheke)
the col orant 0 10 was flltered and conpounded with

t lve ttoMposituh edi anettlee Sainecomiaebeadsi RtEXAMRLE dpm for
Characteristics of Dispersible Colorants The

diSs persi Dl o cdl spams epridparetonantachhefre EXAVRLES das
to 10 was analyzed by the procedures 25 described
bélidwad webup efiidd ipbperts f THE- rEBaIts are

given in Table 1. Fixation and Presence de. of Fi ne
ROST IR 43 CFELLE 85 1ERITH sHLFRPBFENOINGHER was

d'%P%h%%%%fEatlon 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.
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
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
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.
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water and dried to be anal yzed by a scanning electron
m croscope (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 col orant were eval uated agccording to the

follow ng standards: Conditions of the Fine Resin
Particles Fixing to the Colorant O : Fixation of the
fine resin 10 particles to the colorant is confirned.
X : Fixation of the fine resin particles to the
cqQl.orant is not confirnmed. Presence t he Fi ne

: Nbge of
Redh PareFeray 47k ReiHi 3 HE DAr 7€) 84 SRS g%k ved
toc bfo a:1L ¢ UB! ];\ rry.%%d' StsrI bf'gggreé : nglen tfhI N&-olorant 8
C‘f,at 0 ‘De Lﬁ Edo or

particles are“cbserve uneven!'y-drstri

tQudd Xgofté!?@dcgbﬁr %§d{[‘f?d’ Q! i e[ BRET SLAM oA AP bAtY

20 A 5% aqueous di spersion of each dispersible

CAHf anfagadhbwt @d LG, tEyRepMeth pure water, and
concentrated to the original concentration by an

ulgxmfipitep having a cut-off nol ecul ar wei ght of
50, 000. The concentrated solution was centrifugally 25
tr eat ed Aatrd@; 090ngpimko® Fawowrsparet the tkReulficdiiowing
precipitate was collected and redispersed in pure
watercedheecohoEXAMRIES Vi sdaldst observeddwhetidrion 85
the particles were uniforn1¥ di spersed, and anal yzed
byrayhadi @ FPEROSIddtaTerd hgl@ oP@6RFi P RHETIRETT t%%llow
(PY) 180 (Clariant Co.) as the colorant, 6 parts of
glycerin, 10 parts ot 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
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
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
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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particle dianmeter was 2 tines or less as |large as the
original dianmeter before the treatnent. It was 5

eval uated according to the followi ng standards. O:
The above conditions are satisfied. x : The above
conditions are not satisfied Storage Stability for
Ext ended Peri ods Storage stabﬁ ity for extended
periods was 10 visually observed after the aqueous
di spersion of each colorant put in a closed gl ass
bottle was allowed to stand at 60C for 1 nonth. It

I d di h foll
ST B LTI s
f I
BOREE %@%&k@'cﬁﬁt Groglphleosel deisonn

0Be gh\{’feh@e é’ﬁa%@aba%so%@eﬁaegpdl 100 when1Shaken

y. C Aggloneration or preC|p|tat|on of th

saliisge r 0o SsObserved waandit hecsal ubi eAnes MAtth water,
returned back to the original dispersed condition

waenl stearkeni Stgghtly treaverdget Pay 000! ephi ZeFEaoh minutes
di spersi bl e col orant was anal yzed by dynam c |ight

stat tmmiane (ahal gzgrlon@rsaikas 25 H eca s ohiic§hELS- 8000)

and t he average particle dianmeter was represented by

t Fendumufug 1 avepagd fiad aals ¥2 an8Pt kA Torfpel dtQires to

T&gqﬁu- 8%1 d agsltran5|t|on te eraturl%é?fa{ﬁg]’r flne

r SHH UG R I BESFilRiinG 1D 2he? COF BPEAE

3% :3 lael yrzeecrOJ.(c'ivJI.ErTTL_Ii:'r%f g‘%%(rjltsalnln 22‘91)1(5 m%%%551ole
colorant 9 at 3.5% was prepared, where the chorant 9
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXAMPLE 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
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di spersible colorant sanple was heated at 5 0

.5C/ mnute . Surface Functional Goup Density The
surface functional group density of each dispersible
colorant was determ ned by the follow ng procedure.
The aqueous dispersion of the;dispersible 10 col orant
was diluted with an excessive quantity of

hydrochloric acid (HCl), and centrifugally treated at
20,000 rpmfor 1 hour. The resulting precipitate was
redi spersed in pure water, and its solid concentration

det ' d. Th di sp! d1l recipitate
vk el e e, The e spersed 13 guegl BLLALS dos,.
f ' d ; ' d i
O Eod o By 990 DTl o Bk e nd e,

8%1‘131%{ 8t o30bit g NP ﬁ@i%ﬁgperéedih@e&at@ﬂ Mid,

N hydrochl oric acid for neutralization to

det er m nrdthe swefagelbungly enaled HOURP: d8ASikY B owly
subtracting the known sodi um hydrogen carbonate

qurdppadand bbank avade M ¢ e ppf gmenat @i sfoears tdre
quantity for neutralization. When the dispersible
cdaraniomas kaown dledaviecal Tat sohreidy grouineds im a

pol ar group, the surface functional group density was

detier poaed pAMgSeheitsarf marpelyeREepatipRatior 5 hours.

WS TR 8 ed LSO T SR - { NBOER St dHRghY B

OO gy SESCY Vol £ FDRLOY TR T ) e
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
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5 put in a colum and anal yzed by the inverse gas
chromat ography (Surface Measurenent Systen), where
hexane, heptane, pentane, chloroform ethanol or
acetone was used as the probe gas. Surface energy was
determ ned by extrapol ati ng holding tinme of 10 the
di spersible colorant wth each probe gas. Conposition
and evaluation results of the ink prepared in each of
EXAMPLES 1 to 8 are shown in Table 1, where MVA:

nmet hyl nethacrylate, AAc: acrylic acid, St: styrene,
BzMA: benzyl pethacr te, BA_ 15 butyl ,acrylate, .
NSS SBBimLStet ShRLGl Faaa T g SSPEESEE in

di net hyl am, nget Qyl ryl.at .4 POt assi :

e S S R P L e PP 37 it on

Pracedurss forrAduepes (Jte T ofi fRKe2at lﬁwﬁma@ng

Eval uati on Results g%§The i nks were eval uated for

t heign i Thegacoar bst is5es 0no & hedrald ovbhg pracedur es.

The imge was produced with each ink on a recording
metiauradye ahst hksj etf recorfiene (Sandn' paBl 18600 , £ awiing to
eval uated. The i nage was eval uated for optical 25

démsi tgo (@D ntsarpness lserad chcngrdésigsttandde

mar ker resistance, storage stability at nornal

t Epperatin® ahandpaestsicon stability. The results are 88

given in Taple 2. Resin/pignent ratjo by mass (B/P
ratio) ﬁ@#%ﬁj?%ﬁiﬁ mégea%EFvéﬁfiﬁpd??FEFEﬁ?Faﬁ}Xlng

5] BB pnal K518 QETTLER TOLEDA B,
particles to the colorant is confirmed.

X : Fixation of the fine resin particles tb the
colorant is not confirmed.

Presence Mode of the Fine Resin Particles

O : Resin fine particles are observed to be
uniformly distributed.

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

Dispersion Stability

A 5% agueous 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
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
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Surface Zeta (~) Potential The di spersible col orant
prepared in each EXAMPLE was dil uted 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 e cell's stationary
surface was neasured by an anal yzer (M crotech

Ni tchion ZEECOV) for 100 particles. The average
potential and standard deviation with the 100
particles are 15 reported Optical Density (CI»

t | d
LBHS [SROELRLEbr tEd Sw 1 GRURLY cQorPPRGSIi B &haLyzed
PPC p d_all oned .
T 408 e QoA e eco i 03 €0 (He 1ol TORBG "
dfe 8YGRAL LON, 4010 | Dl DL eRar 6 dn %X’Q‘T“%C% Bas the

was eval uated for cyan In p ace

a'lﬁjrfcﬂﬁgl"é‘" W%%‘ér‘tbé/\?éré‘oﬁhée&%ebt&ﬁﬂérﬂto A Jdmge
Is"not |ess than 1. 25 B: Image OD is not |ess

t I'@.thu§t@adalf‘@$>&dlhﬂﬁ bc;l Bhe Cfol B@E n@D d tsah&ssdshan
0.8. - 89 Scratching Resistance The i nage was

scratched 5 trhresbetd sdbhddniopapereorsanhichiad.
pressure of 40 g/cnR was applied to visually observe
i mge disturtiancasovandoeviltuatrer draccotdisag itsd itdve.
foll ow ng standards. A: Scratching causes no i nage
distoEdaacetgplility for Extended™ Periods

Storage stability for extended periods was
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
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
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

Electronics ELS-8000) and the average particle

diameter was represented by the cumulant average.

Glass Transition Temperature: Tg (°C)
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stain on the blank portion. B: Scratching causes inmage
di sturbances or stain on the blank portion, but not
to a bothering 10 extent. C. Scratching causes
significant inmge disturbances or stain on the blank
portion Marker Resistance.- The iLnmage was traced once
by a fluorescent, 15 yellow marking pen (ZEBRA' s
OPTEX) to visually observe inage disturbances, and
eval uated according to the follow ng standards. A
Tracing causes no image di sturbance. B: Tracing causes

i mge dicgtwbang ?ﬁsieigﬂl é%p%?é%%?ltgg EXEeRlne resin

little staining e pen e aci ng causes

sgﬁvél@p@é FiRge g d:'oSth@aé‘@Eéraﬁ@ QNG A8, 28D by an
ge St or age Stablllty for Extended Peri ods Storage

staakilyiyr f oMEEXLERIEDIEDO O8lsDBa8 22285 , Viveleald Yehe dried

observed after each ink sanple put in a closed gl ass

batitd e masb bé | oned Ham tstsandp bt wasmheterykrat ure for 1

nmonth. It was eval uated according - 90 to the

f 61 .165W/mg. rettandar ds. A° No aggl ormerati on or

precipitation of the solids is observed. B:

Predi iR Gat FonchionRd $o19we Pensbsérved to 5 sonme

ext ent, ggyt the_ink i.s returned back tqQ the orEgina

di sper sédc St {3 0R RHER tdiAieen STPght fgnsety of each
A%%é%%?éﬁﬁf@ 851%@%%&“&5%Igetegmag%dsgf(¥%e following

procedure. The aquzous dispersion of the dispersible
colorant was diluted with an excessive quantity of
hydfochloric 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
precipitate was weighed and then incorporated with a
known gquantity 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
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
group as a polar group, the surface functional group
density was determined in a similar manner except

that hydrochloric¢ acid and sodium hydrogen carbonate
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I's observed, and the ink is not returned back to the
origi nal dispersed condition when shaken slightly. 10
Ejection stability A specific black text was recorded
on the total of 100 sheets to eval uate ejection
stability by visually observgng-the first and | ast
recorded sheet according to the foll ow ng standards:
15 A: No |ine, uneven image or the like is observed,
and no image difference is observed between the first
and | ast sheet. B: The i mage can be produced w t hout

F”Wg%@nﬁe%lQEE@QQghsﬁﬂfﬁ%ﬁrggg?Jﬂi tigﬁHQ#P$%8 .%rgonium

twi sted 20 I mages ‘are o slig e’ina

i a;}dpéﬁ{a@ya&@@pgcgpii‘fép%nt ly, or printing i s
I npossi bl e. The di spersible colorant prepared in each
ofSultxPLESet oty0 10 produced good results, indicating

25 that it was stably di spersed, as shown in Table 1.

The recdidi miried pndparedlied eAchpEXAMBLEAI®™Mnt was

exhi bited excellent recording characteristics, - 9i -

alRHoubh 2 hecdnanpragphrat | nz EXARPLES: i nvoz peeayed

wi th the dispersible colorant 5 having a | ower

SUTTHER FRREEPONal ( Yrotar defiepep rame towers Lot envhalre

bl i ep oLl Ly Lol e ot Lo Lhe S cpbersy o

S LAY, 88 SO A0 D B Rt LS anery

EXAMPLE B REAERCLAL R Mt heL e Whih fhe fdngyn§eline of
the 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:
butyl 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

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
density (OD), sharpness, scratching resistance,

marker resistance, storage stability at normal

Cemperature and ejection stability. The results are



di spersible resin particles B exhibited higher 10

resi stance than the recording ink 1, although the

di spersi bl e col orant was synthesized fromthe sane
nonomer species for these colorants. - 92 Table 1:
Properties of the dispersibleggolorants | to 10, and
their evaluation results .

Di spersi bl eDi spersi bl eDi spersi bl eDi spersi bl eDi sper si bl
eDi spersi bl eDi spersi bl eDi spersi bl eDi spersi bl eDi spersib
Ie col orant 1col orant 2col orant 3col orant 4col orant

col n ang ?col orant 8col orant 9col orant 10
J%%ﬁtgﬁ8gﬁgg§% P88OBP88OBP8808P88OBP880PBI5:3PY18O

o 1T 0 BN EO L R ok K190 57d B8 Gt Sant val ue
R VARt e i Ve e L A

Moo r551ﬁ@t@ﬁé5éﬁgl 4i 35. ﬁ@fﬂié@iﬁﬁﬁﬁb@gl 2
rati 00.50. 30. 30. 30. 81. 80. 30. 30. 3 Tot al

MATGAES BBAB6 1366661 cnl €nta Pebly feld zte dried ink.
t i onKPSKPSKPSKPSKPS/ NaTSKPSV- 50KPSKPSVA- 057 i ni ti at or

Ofher V2d&©0C: 0a0QQD residrisi £ esence

The dispersible colorant prepared in each
EXAMPLE was diluted around 100,000 times in the
aqueous.solvent used in EXAMPLE 1, free of the
dispersible colorant and fine resin particles, and C
potential on the cell’s statioﬁary surface was
measured by an analyzer (Microtech Nitchion ZEECOM)
for 100 particles. The average potential and
standard deviation with the 100 particles are
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.
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.

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

C: Image OD is less than 0.8.
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node of the fine0000000000 resin particles

Di sper si on00000000Q0 st abi lity Average dispersed
particl el126118123134121135130121141101 di aneter [nn]
Tg[ €] 10511010530- 1511595105105105 Surface functiona
group37029034232187274272286288261 density [nol s/ g]
Surface energy45. 840. 245. 232. 722. 546. 538. 543. 746. 844. 1
[mI/ n2] Storage stability for AAAABAAAAA extended

peri ods MVA: nethyl nethacrylate, AAc: acrylic acid,
St: styrene BzMA: benzyl nethacrylate, BA butyl

aog&ggghlg?T§ess%ddé+%éhl osul fate NaSS: sodium
p- styrenesul f onate DMAEA: di net hyl am noet hyl

acryl at&he 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
stéin 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 stairing 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




Table 2: Properties of the recording inks | to 10, and
their recording characteristic evaluation results
Recor di ngRecor di ngRecor di ngRecor di ngRecor di ngRecor di ng
Recor di ngRecor di ngRecor di ngRecordi ng ink 1ink 2ink

3i nk 4ink 5ink 6ink 7ink 8inkg8ink 10

Di spersi bl e17345678910 col or ant

St arti ngMWI ASt MVABzt v MAMVABzZ MAMVAMVAMVA

r AAc AAc AAc ABANaSSDVAEAAACAACAAC speccies ¢ PA
Presence node of the fine00O00000000 resin particles

Fi [ Bz MA, j AACBA AAC
TgF%j%§%1?§¥§530-1 ?%%%gégg? 5105 Resi n/ pi gm

ent (B/ P)A; 200284 Qdﬁ%fﬁ%ﬁgh4@r38ré@i§iﬁ§ﬂﬂ%n of the
pot enti al - 30- 25-28- 26- 12- 3118- 28- 30- 26 (nmV] Standard

- - deybat HeN353 6B3EIFRARIB42322825 of d potenti a

10
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25

B: Precipitation of the solids is observed to
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.
Ejection stability

A specific black.text was recorded on the toﬁal
of 100 sheets to evaluate ejection stability by
visually observing the first and last recorded sheet
aécording to the following standards:

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
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
that it was stably dispersed, as shown in Table 1.
The recording ink prepared in each EXAMPLE also

exhibited excellent recording characteristics,
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Sur face energy45. 840. 245. 232. 722. 546. 538. 543. 746. 844. 1
| mage optical densityAAAAAAAAAA ( QD)

Scr at chi ngBBAAAAAAAA resi stance Marker AAAAAAAAAA

resi stance Storage stability for AAAABAAAAA ext ended
periods E ection stabilityAAAGBABAAA MVA: net hyl

nmet hacryl ate, AAc: acrylic acid, St: styrene BzMA:
benzyl nethacrylate, BA: butyl acrylate NaSS:. sodi um
p-styrenesul fonate 5 DMAEA: di net hyl am noet hyl

acryl ate EXAMPLE 11 The follomﬁng m xed sol ution was

SlQF@HogngEﬁ% Qﬁgl%#ggéggdpq %D@%&%ﬁgﬁg'%ﬁgggﬁorated

di spersion solution repar éd

eliecthi| €Akl Wistddyd 1191 8l colBCant & HA¥ AgFNaak BRgRher e
for polynerization

surface functional group density and lower (
potential in the ink was slightly inferior to the
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
resistance than the recording ink 1, although the
dispersible colorant was synthesized from the same

monomer species for these colorants.




conti nued for 5 hours.
4.28 parts of styrene,

net hacryl at e,

of potassi um hydr oxi de,
persul fate and 20 parts of wa

The m xed sol ution conprised 5
1.42 parts of hydroxyethyl

0.05 parts of potassium
The resulting

0.3 parts of acrylic acid, 0.07 parts

di spersion solution was diluted 10 tines with water,
10 and centrifugally treated at 5,000 rpmfor 10
mnutes to renove the agglonerates. It was further
centrifugally purified at 12,500 rpmfor 2 hours to
pro uce theﬂgrec itate as a dispersible colorant 11.

he&" deBrgicH d'fpﬁRb"’ﬂ"m&th? QiR ﬁf“ﬂ'é” "di"*Sper si bl e 15

C()| ora [DlSp&Slblcatperél%ma&blﬁmﬁqﬂ;&ﬁBd¢rsxb&b®ﬁrﬁbleﬁ)h;€rsnEldlldlsmel"sﬂlﬂjlsp&ﬁblcDispersiblc
qfnﬂwmﬂwmwhmﬁﬁwmm¥WWMiﬂm%#Mm%meﬁwwm9mew
t SOl rBRE&O i BRS80 & BPYRO p-\BRRSHD [EBPES0 |- REAROD| BPE§D | PRIGS | PY180 | PRI22
cyd : i .
f ¢t gWing i ked, sol whi on yad skow y,.dr offiEE| 20 |nlépo 170
P ishSsang f the pi gnment dijsper §i on solutlanmﬂm prepare
| n sEANPLE 1wt h| gl ectiraaallly stirping gi, [ 4061 rfrﬂ\ MMA
nlse@QEnAa£WDspbe e or ﬁ%lyne?\za&ugn DNe@RT I pued Agg AAc
5 HEHEs—TFhe i xet—Sol-t+an{eonpri-Sed—45-6parts
et%1.“petﬁacryfhte,>2 4 parts of 257acry§¥c aéid, %ﬂ6 37
part#e df potiasst um Avdloxisde, 0.1 Parts'df | pdtadsi®m| 3
per?gkjate and620 parts of vater.| The|resulting
pOISIREHi 24t on °mi xt Ure |wab -| 95 cefftr|fdgally 6 6
PUGideigd TN he same mgnner @as 1Tn EXAVPEE 9 to
prepar e &PHi Sp@ssi bkrs ¢okesr grsNdid. «&s | ecor di kg 1| nkpsl2| va-o0s7
C Y YAP Ag-the dispersilble dolorant 12 at. 4% was
pi 8j8FEd, owher e t he ccollorant| 18 waso o o o o
Presence
mode of
thefine | O o o} o 0 o o} o o o}
resin
particles
Dispersion
ity | © o o o} 0 o o} 0 o o}
Average
dispersed
particle 126 118 123 134 121 135 130 121 141 101
diameter
fnm]
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
ecnergy | 458 40.2 452 327 25 46.5 385 43.7 46.8 44.1
{ml/im?]
Storage
stability
for A A A A B A A A A A
extended
periods

MMA: methyt methacrylate, AAc: acrylic acid, St: styrene
BzMA: benzyl methacrylate, BA: butyl acrylate, NaTS: sodium thiosulfate
NaS$: sodium p-styrenesulfonate

DMAEA: dimethylaminoethyl acrylate
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5 filtered and conpounded with the conposition in the
sane manner as in EXAMPLE 1. EXAMPLE 13 The fol | ow ng
m xed sol ution was slow y dropped
pi gment di spersion solution 1 10 prepared in EXAMPLE 1

with electrically stirring atgy

at nosphere for polynerization

in 100 parts of the

2 70C in a nitrogen
conti nued for 5 hours.

The m xed solution conprised 5.7 parts of benzyl

nmet hacryl at e,
part s of potassium hydroxi de,

0.3 parts of

M hacrylic acid, 0.07
15 0. 01 parts of

% um ersul fate a Bd d2
ropemes erecordm mks{to and their cordu&charactensnceval t'mlpn rfsult
resu ting po yIert zatron m xtur cen @ally
pur i fi G![d:pordh, Rh@dil& Mrdnlﬂlﬂ_ﬂ)@liﬁg aegordxr@ Rechrki| \PPfI_rEngl_Re'toﬂlmg Recording | Recording
produce thle lpiséi pj ifkt @ &4 1| ok sp®fs) bt goltb} gntnk? | ik 10
1@erbfe recar dizng ink 13 42Q cent@i ming the| s 9 10
di SERLS UI ecotorant I3 gt 4% wasr—prepared;—where—the
c phadma)t M8 wgd f | IN'EY ed sang m\onpd‘@gddigi%t hVihg MMA | MMA
AAC . c AT T AAc AAc AAc
comesiitionlin the sane fmnier _as| i1n E
E%%EE 14 25 The|fol |l owi ng {m xed| sol uti on was sljow y
dr @p on |106 parts of $hg pbgnent dispergi on o o
S)| (sﬂml cn 1 |prepared in EXANPLE 1l withjel ectiricallly
stHP¥fPagat - 961 70C in a Ai-trogkn-atiosphere fgr
. . . . B .
pofiynreri zatijon . CJrMWnuetﬁﬁ gr 7 hpurs. |The m xed ) .
s¢Ptiihn conprised 0 |past § of nethyl |methacryldte, 8
partscof wacriylne |aosd,] Lo9 [parst s| ofis pot @ssijums 105 105
hyebmpxt de, 0. 05 parts of 5 potassjum persulflate dnd 20
pa?“ggp)cf ORat ler 92 The 05 0.5 0.4 0.8 0.4 03 0.4 0.3
G potential) 5, 25 28 26 12 31 18 28 -30 26
[mY]
Stapdard
de:'t‘.‘zm 35 37 35 38 25 33 42 32 28 25
potential
Surface
energy 45.8 40.2 452 32.7 22.5 46.5 385 43.7 46.8 44.1
{mJ/m?}
Image
optical
density A A A A A A A A A A
(OD)
Scratching
resistance B B A A A A A A A A
Marker
resistance A A A A A A A A A A
Storage
stability
for A A A A B A A A A A
extended
periods
Ejection
ceability 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-styrenesuifonate
DMAEA: dimethylaminoethyl acrylate
EXAMPLE 11
The following mixed solution was slowly dropped
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resulting polynerization mxture was centrifugally
purified in the sane 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 preparegly where the colorant 14
was filtered and conpounded wth the conposition in
the same manner as in EXAMPLE 1. EXAMPLE 15 The
foll ow ng m xed solution was slowy dropped 15 in 100
parts of the pignent dispersion solution 1 prepared

Lﬁﬁ&é@@f@t\é‘ b eér}%gﬁg%ggrﬁéw SILBELIG B o fed B dy

nospheér e ynerization  continue

5> ks sredhenmexedi 5ol Ul | oN: GOAPEESSY 2413 R LS Bhg at
benzyl nethacrylate, 1.2 parts of butyl 20 acryl ate;

0. Byparits OfnACrybba atinfhs hdle chstprLV{nEQtiQ%%'i
hydroxi de, 0.05 parts of potassium persulfate an 0
pardmst Dfiusdt €br Bhewowasdl tiTrge potydesbzation Wordd Bsed
was centrifugally purified in the sane manner as in
EXANRS Bpdrte prepdaneen®b Ui $pepsichke ofolhgroardx isthhe
pol ynmeri zation was carried out in the sane nanner as

| MERMMPEFLateexfept mawts 100 parvséiof adiagl,- ®707 parts
pi gment di spersion solution 1 was replaced by 100

patt sSPOF2ES 2UFaGUEFRE B ut § of° oP2pEEasdi WA tfyaH BXP de

0 BUDE, S8 A L0 Ao slureneiactyLig st

ol 2 s SO DU LSS B0 S yacer,

hoifd d&ntrifugaily 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
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

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
acrylic acid, 0.6 parts of potassium hydroxide, 0.1

parts of potassium persulfate and 20 parts of water.

The resulting polymerization mixture was
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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 sane manner as in EXAMPLE 1.
Properties of Recording Inks d_ Their Eval uation
Results The di spersible col orant prepared in each of
15 EXAMPLES 11 to 15 was observed by vari ous
procedures and analyzed for its properties in the
same manner as in EXAMPLES 1 to 10. The results are
given i.n Table 3, w&ere St: styrene, HENA: :
h§8%@eﬁ%iﬁétﬂﬁ:§ﬁ &%, 10 ARE aeTyI FMETRE T, 2 EME

e L crylate, MAc: 20. net hacrylic gcid v4
ErUZ e hach yP PRI YT Reehae oI B
b%g@ojg¥ﬁ%a£§ka?9 %%%taf%%ﬁ?sng]B?%g@géﬁgi Tﬂ§lorant
récording tharactéristics o he recording 1In

preparedid n, £acheb EXAVPLAER: 1d tRelooWRyrrdl S ?8s

eval uated for the itens covered by those prepared in

EXANRIES d 410d 18omMerienwed , wihieytner eceyddiat &sh f of the
the followi ng additional recording characteristic - 98

i enm: mdanek Psying ICENERLE Yyl The i nage was produced

with each ink in the sane manner as in EXAMPLES 1 to
1exXrMLBctatched by 5 a finger one mnute after the
recordi ng was conpleted, to evaluate the ink for

stai n ad®6r dilg- el pfiemirsd Mg seandapdslowly 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 5 hours. The mixed solution comprised
5.7 parts of benzyl methacrylate, 0.3 parts of
Mthacrylic acid, 0.07 parts of potassium hydroxide,
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
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

The following mixed solution was slowly dropped
in 100 parts of the pigment dispersion solution 1

prepared in EXAMPLE 1 with electrically stirring at
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A: Essentially no stain is observed on the bl ank
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 ResLsQﬁpqg 15 The recording
medium printed with the black “text inmage in the sane
manner as in EXAMPLES 1 to 10 was slanted at 45 from
the horizontal plane with the recorded side up, onto
which 1 nL of water was dropped froma height of 20 cm
froma syringe, to 20 observe extent of bleeding of

t WO Crddge @ 1Tt HRERR 2EBESHNSHCe WS ROAYTatégation

di he-f ol | ow d A E iall.
GBI SlTRG 671 Ao hage | 35S0 Rad b0 Dbt 65 et elirp e
6"8l'eBlr g o o B
o EREE Def P MG Rl a by  PoRatRsggr sy tte

C 4 bl eeds 0 ' : gtr a
bﬁgﬁfhpagi?o%?g$ﬁeEfggﬁqé§%§Eﬁ8?%§%M?ﬁd%ébﬁgqﬁ?q%ggﬁg ot

4 siiE®e | Z@SpkheuaanResididmnm o PpePest beSwar<and The

eval uation results of the ink prepared in each of

EXARLES A4 polibe rAzashown mixTabkewds geod rieSuhasly

were observed wth each ink, confirmng that it was

i noorpbiededn the same manner as in EXAMPLE 1 to
produce the precipitate as a dispersible colorant 14.
A recording ink 14 containing the dispersible
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

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
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
dispersible colorant 15.

The polymerization was carried out in the same

manner as in EXAMPLE 1, except that 100 parts of the
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with the sel f-dispersible colorant. However, the ink

10 prepared in EXAMPLE 13 contained the resin

particles agglonerating on the pignent surface nore

than the others and distributed less uniformy. Each

recording ink exhibited exceldent 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

prepareqiin.EXANPLE 13 't@.fin resin p rtiggﬁg 100

diPFTBUL B FREESURTE GVt RANnTt HESorhér S Gts 20

slightly infexior the o S 1N i densi ty. .

QT ng EApaar A b SEEPBnod BB 1y i e
e oS f ic resin-

prigpared 8, EXAVELE VLA having apbi g

g 57
functional group ‘density was inferior to the others

shdafed Ydiﬁ%é@élsﬁ"c resd st ancex Andr.Emar @ Rotabl ymetNz8% ion
wat er resistance, although sufficient inmage density

and -6 eed | 9As stahbitldiitfin gt el pbparn€dedOid hthotdghe manner
hand, the one prepared in EXAMPLE 15 having a hi gher -
163 Bl EXAMPDEL han exduvemt het s20a8 08 irght | o nf ehoar, to
to the others in ejection stability, because it
sanetpaes thasédnewirstsidh i payescdesi BF-the initial

stage of eject and hi gh-speed recordi ng, conceivably 5
resul ti Ay FHEH A Hed edB8d Wi SUsidynbRIt hBej A spersible

SeLefA o121 e1L28009% L0 1 gy el el o faH &8

coL A e ahebT AR A AL EpBUBELION (LS g

iégylgﬁa@kAﬁggglqnant 12col orant 13col orant 14col orant
Properties of Recording Inks and Their Evaluation
Results

The dispersible colorant prepared in each of
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:
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
evaluated for the items covered by those prepared in
EXAMPLES 1 to 10. Moreover, they were evaluated for

the following additional recording characteristic




Col or ant BP880BP880BP880PP880BP880 Aci d val ue

of 170170170170170 di spersant Starting

nononmer FMEMABZMAVMMABZ | | A speci esH MACAACAACB A AAcAAC
Monomer 4. 2845. 65. 7104. 5 chargi ng ratiol. 422. 40. 380
0. 3.3 Total nononer 6486186 ¢ ent

Pol yrer i zat i onKPSKPSKPSKPSKPS 1 niti ator Cbserved
resul t sO0000 Presence node of the fine resi nOOX00
particl es Di spersi onO0000 stability Fine resinBzMA
particles B---BA AAc Average di spersed

particl el22170320152134 di aneter [nm
Tg[{"§"694510810230

Quick Drying Capacity

The image was produced with each ink in the
same manner as in EXAMPLES 1 to 10, and scratched by
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.

B: The Dblank 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

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
observe extent of bleeding of the image. Its water
resistance was evaluated according to the following
standards.

A: Essentially no bleeding of the image 1is
observed.

B: Bleeding of the image is observed slightly,
but essentially no trace is observed on the blank

portion.
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Surface functional group2753021 SO1086321 density
[mol s/ g] Surface energy 82.747.245.592.532.7 [mJ/ m ]
Storage stability for extendedAAAAA periods St:
styrene, HEMA: hydroxyet hyl nethacrylate, AAc: acrylic
acid, KPS: potassiun1persu|ja§§ 10 EMA: et hyl

nmet hacryl ate, MAc: nethacryliC acid, BzMA: benzyl

nmet hacryl ate MVA: net hyl nethacrylate and BA: butyl
acrylate - 101 Recording i nkRecordi ng i nkRecordi ng

I nkRecordi ng i nkRecording ink 1112131415

Di i bl 11213141 t .

S ar 1 not B R VRAB SR T are? TN RRAGRALEA L5R v
i MA | Fi i n---BA ticl BAAC

P B LI {3t LR 00Ro0 par thcl es. Tg

[ @004p. 14981023Q Resi oy pi gmeOL9,3Y. 51.20.45. 1

Table 4 summarizes the composition, properties
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
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
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
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
water resistance, although sufficient image density
and ejection stability are obtained. On the other

hand, the one prepared in EXAMPLE 15 having a higher



(B/P) ratio 5 potential -27-26-27-90-26 [nV] Standard
devi ati on of 3332724538 potential Surface

functional 2753021801086321 group density (nols/g]
Surface energy 82.747.245.592.532.7 [mJ/ nR] | mage
opti cal AABAB density (OD) Schatchi ngAAABA resi stance
Mar ker AAABA resi stance Storage stability for

ext endedAABAB periods Qui ck dryi ngBABAA capacity

"~ Wat er AAACA resi stance Ejecti onAABAC stability St:

10

styrene, HEMA: hydroxyet hyl nethacrylate, AAc: acrylic
_ y y y y
m%;% ratio than the others was slightly inferior to

the others in ejection stability, because it
sometimes caused twisted images during the initial
stage of eject and high-speed recording, conceivably
resulting from increased viscosity of the ink to

deteriorate response to high-speed eject.

Table 3: Compositions and properties of the dispersible colorants 1! to 15, and their evaluation results

Dispersible Dispersible Dispersible Dispersible Dispersible
colorant 11 colorant 12 colorant 13 colorant 4 colorant 15
Colorant BP3g0 BP880 BP880 BP880 BP880
Acid value of 170 170 170 170 170
dispersant
Starting monomer HFSI\t/IA EMA BzMA MMA BZBIXA
species . MAc AAc AAc
P AAc AAc
Monomer s 456 5.7 10 -
charging ratio : 24 03 8 '
ging 0.3 03
Total monomer 6 48 5 18 6
content
Polymerization KPS KPS KPS KPS KPS
initiator
Observed results o O O O Q
Presence mode of
the fine resin (o] o x (o] o]
particles
Dispersion o o o o o
stability
Fi . : BzMA
mne resin . _ . _ BA
particles B AAc
Average
dispersed particle 122 170 320 152 134
diameter [nm]
Tg [°C] 60 45 108 102 30
Surface
tunctional group 275 302 180 1086 321
density [umols/g]
Surface energy <
[mi/m) 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
EMA: ethyl methacrylate, MAc: methacrylic acid, BZMA: benzyl methacrylate

MMA: methyl methacrylate and BA: butyl acrylate
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eval uation results 5 -
corrparat|ve ink 1 containi ng a p| gnent at 4%
prepared in the sane manner as in EXAMPLE 1,

met hacryl
hacryl ate

o 13,

ate, MAc:

MVA: net hyl

102_

nmet hacrylic acid, BzMA

nmet hacryl ate and BA:
acrylate Table 4: Properties of the recording
and their recording characteristic
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EXAPRE 3 ﬂeré‘EiAﬁcor porated ai 1.8% The comparafive ;.
ik 5 bhsefyed—Ha—t-he—same—ranmer—as—n—EXAVPEE N
ghoRiedesint he fine resin particles fixinglto the BA
col R8¥igHe i n  pl aces.| However, |distributjon of fixati @ac
ofpdshA@SRde particles was not uni form and sone
agghoimereat ed Wi®h each &t her.| 20 ¥he cpl or &t o
repatiseesl i h each of |ICOVPARATIVE EXAMPLES 1 and 2 was
bsdig¥ét by varfPous |procélures an#B anal yzed?for lits 30
rggepitheds | i n e sanme mppner jas ji,n EXAMPLES 1 tlo 15
heBfferlig t § are given in Table 5 The fecordinglink
reptEnre\%@l i n eacty of ICOVWPARATI VE .27 90 26
m
Standard
deviation of § 33 32 72 45 38
potential
Surf:ace
functional 275 302 180 1086 321
group density
{umols/g]
Surface energy
(/] 82.7 47.2 45.5 92.5 32.7
Image optical
density (OD) A A B A B
Scratching A A A B A
resistance :
Marker A A A B A
resistance
Storage stability
for extended A A B A B
periods
Quick drying ' B A B A A
capacity
Water A A A C A
resistance
Ejection
stability A A B A ¢

St: styrene, HEMA: hydroxyethyl methacrylate, AAc: acrylic acid

EMA: ethy! methacrylate, MAc: methacrylic acid, BZMA: benzyl methacrylate

MMA: methy! methacrylate and BA: butyl acrylate
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25 EXAMPLES 1 and 2 was evaluated in the sane manner
as in EXAMPLES 9 to 15. The results are given in
Table 6. - 103 The colorant prepared in each of
COVPARATI VE EXAMPLES 1 and 2 was observed by various
procedures and anal yzed for,jts _properties in the
same manner as in EXAMPLES i 0 13. The results are
given in Table 5 5. The conparative recording ink
prepared in each of COVPARATI VE EXAMPLES 1 and 2 was
evaluated in the same manner as in EXAMPLES 9 to 13.

%!éi are n Table 6. The ink prepared in
gﬁﬁ§§{ ﬁ%@%%g lEXAMPLES 1 and 2 mas observed

to be s gnlflca rior. t ; o
presenthlnve |d%t%YepaEgdl ﬁﬂgﬁ%ﬂgﬁkg 1bﬁ%nt at 4%

PR/l gﬂldéaggafgd' mage jdensity. maﬁﬁ@%ag% Sitnatﬁxmmé of

exten eri ods and ejection stability. The one

pw&@&edth@ GOVBARATIVE SXAMPLEN 211D reass i Onid | CRAMPYE 1

inferior to the ink of the present "invention in

SG/ad Ghidy Fesi shanga.gm@iel st stanperaandequirgk 1,
dryi ng capacity, because the colorant, although
seldsdattwper shbkeae fsairdedndmnal| ew tine ENAMPLE ekj nshowed
particles to sufficiently fix thereto. - 104 Table 5:
Propefinesref inh@agdlior s sEppbpaie&d Nich "CONEXRATP YErant .
EXAMPLES | and 2, and their evaluation results
COMRR

VEV EXEKPLE HECEVPARATI VE EXAVPLE 2

Col or antBR880Cabol ¢1.200 Aci.i yal ue, of . gL 3P35 470

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,

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.

The colorant prepared in each of COMPARATIVE
EXAMPLES 1 and 2 was observed by various procedures
and analyzed for its properties in the same mannef as
in EXAMPLES 1 to 15. The results are given in Table
5. The recording ink prepared in each of COMPARATIVE
EXAMPLES 1 and 2 was evaluated in the same manner as
in EXAMPLES 9 to 15. The results are given in Table

6.
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Qbserved resul tsXX Presence node of the fine resin
particles Dispersion stabilityX0 Fine resin particles
B- MVA AAc Aver age di spersed particl e98102 di aneter

(nnj Tg [OCI-105 Surface functional group density270

[ prol s/ gj Surface energy [m/jigw]- Storage stability
for extendedC C 7 peri ods BZNA benzyl nethacryl ate
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

EXAPLE T CONPARRTTIE BERMLE S Ehebt oad resart ek Ve

R R YA L AT R R

'VEﬂ@OaAalyzed for its properties in the same manner as
in EXAMPLES 1 to 13. The results are given in Table
5. The comparative recording ink prepared in each of
COMPARATIVE EXAMPLES 1 and 2 was evaluatéd in the
same manner as in EXAMPLES 9 to 13. The results are
given in Table 6.

The ink.prepared in each of COMPARATIVE
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
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.



~ potenti al
potential -37 Surface

(11nol s/ g] Surface energy [rnd/rn2j--

[rnVj--25 Standard devi ati on of
group density -270
| mge opti cal

functi onal

~

density (OD)CC Scratching resistanceBB Marker
resi stanceBC St or age stabiLijjJOI ext ended CC peri ods

Qui ck dryi ng capacityBC Wt er
stabilityCC BzMA: benzyl
105 Moreover,

acrylic acid -
prepared in

resi stanceCC Ej ection
net hacryl ate and A. Ac:

t he recording inks
EXAMPLES 1 to 4, 6, 12 and 15 were

addiid 3: enRpttleyor ihe vadrarateghrbyh doveAROTIVDVK AgPLRE 0GR ALEGsir evaluation

andultshe

results are given in Table 7. Solid patches

(5_cm5 square) were

pt@dURat! VREKRMELEE |

| a0KPARNTIVE EXAMPLE 2

gr epar ed Coiranteach of | EXAMPLESPEN a gl oSSy paperCatoproo
iink  jAeiti valueeippetthidg (Canon' s PRo101) by tihe recorder
used T okservddh@uabove eval uati ons, to observe the 1page
CTHR &M mods e hre BEAT | T €STsTance and grogs on the
gl ossy paptdes | mrage density on the gllossy paper The
Image pgsasi@hksgiyed one day after 1t was | producedofor
aptical density (OD)| and eval uated MMA
Fine resin particlés B -
AAc
Averag; dispersed particle 98 102
diameter [nm]
Tg [°C] - 105
Surface functional group density i 270
fumols/g]
Surface energy [m)/m?] -
Storage stability for extended C C

periods

BzMA: benzyl methacrylate and AAc: acrylic acid

Table 6: Properties of the recording inks prepared in comparative ink | and 2, and their recording

characteristic evaluation results

Comparative ink 1

Comparative ink 2

Colorant COMPARATIVE EXAMPLE | COMPARATIVE EXAMPLE 2
Observed results X X
Presence mode of the fine resin . .
particles
. . . MMA
Fine resin particles B - AAc
Tg [°C] - 105
Resin/pigment (B/P) ratio -- 04
¢ potential [mV] - -25
Standard deviation of £ potential - 37
Surface functional group density
[pmols/e] 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 stabitity C C

BzMA: benzyl methacrylate and AAc: acrylic acid
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according to the follow ng standards. A: Inmage OD is
not less than 2.3. 15 B: Image ODis 1.7 or nore and
less than 2.3. C Inage ODis less than 1.7.

Scrat chi ng Resistance on d ossy Paper The inmage was
scratched 5 tinmes with silbon,gaper on which a
pressure of 40 g/cnR was applied to 20 visually
observe whet her the i mage was scraped off, and

eval uated according to the follow ng standards. A
The image is little scraped off, and the bl ank

portion remains es§%ntiall Iainlegs. B: Thec£ma eis
scraped '61SCBAL - at e dSICYTA" 251 BF St RESHATRed T mage

| SARIBLALNG (O e [pge s 3LOULI oAty psraped

nmege A 0ss - 6 i Mge was Vi sua

?g?f&yggtéerb ﬂ%?l%ﬁgﬁ%ﬁggggéaaygéyrgh o.f,he

oW ng st andards. ge Is essentially as

gl pssy18s bhe flank pertipne 9 .B sdhed MRGREHSs (5 cm
sufficiently glossy, although show ng nore irregular

refdiegt & pnwkhan grmelbteédkwipar thenblGcklhenk nBgephged in
not gl ossy, and shows little Ilight reflection. 10 The
i nkaph epér 8d AMPIEAMI B 2gtonbgi piapg r stonr enek andtt hat
prepared in EXAVPLE 15 having a higher B/P ratio gave
t hee¢ondengl i(@arion1oweR-LAl) i bwgéehdensiagradart heed for
gl ossy gaper than the others ' _
the” above evaluations, to observe the image density,
scratching resistance and gloss on the glossy paper.
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.
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
visually 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%
of the printed image is remaining.
C: The image is significantly scraped off.

Image Gloss
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containing a nethacrylic acid ester--based nmononer. 15
The ink prepared in EXAMPLES 4, 12 and 15 having a

| ower Tg value, and the one prepared in EXAVPLE 3
containing the fine resin particles B gave the inmage
nore excellent in scratching]kﬁ§L§tance on the gl ossy
paper. - 107 Table 7: Conpositions and properties of
the recording inks prepared in EXAMPLES | to 4, 6, 12
and 15, and their evaluation results

EXAMPL EEXAVPL EEXAVPL EEXAVPL EEXAVPL EEXAVPL EEXAVPLE

123461215 Dispersible cal orant 123461215 Fi ne
resin ff%ﬁ%%%W6§rf¢%ﬁ‘ ASCBRE BASAr ERAc 9loss, and

L e—
ONABBABAB 11 9] RS§% RAP&Ss A £ P9, Ee%il%tsw %S9 he
BBAABAA t he gl ossy~paper

blank portion.

B: The image is sufficiently glossy, although
showing more irregular reflection than the blank
portion.

C: The image is not glossy, and shows little
light reflection.

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.
The ink prepared in EXAMPLES 4, 12 and 15 havingla
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.



G 0ssABAAAAB BzMA: benzyl nethacryl ate and AAc:
acrylic acid |NDUSTRI AL FI ELD OF APPLI CATION 5 The
present invention provides a dispersible colorant
sufficiently high in dispersion stability, show ng no
separation froma colorant of;gesin conponent and
stable for extended periods, and a nethod for sinply
produci ng the sane. The present 10 invention al so
provi des an aqueous ink containing the excellent,

di spersible colorant, ink tank, ink jet recorder, ink
j etabe &Cormiitngs mreiriveties af ricaTkijisgitks prepeedin BRAMELARQ®S, 6, 12 and 15, and
Ang 'Wéﬂl“a‘ H(Fg,g_{_a of the present _invention is to

oo ﬁé“ﬁﬁpbﬁ’ cSPBE| EOHGHANE 4 dder Bt [

FEXAMPLE

Xﬁ”ﬁh? "

Pablly |ra|c nndi-m Q|||

II'CUI \" B0 Ll | ull\JLl
i st he| di gper si n 12 15

¢ol of ant| hi gh i .
g restspance oha recor gy jmedi-um St
dvantage is to|p™t de #%g -

i 108. dilspersi bl e ®24
£ lhi gh in|eject ¢hat¥

BA

cterighdics in an ink jel
recqgger. Stiod I Rnofiher

adygnt age 3ps tjo Iy OVir de,fhe
'ﬁaﬁkghple col orant eXx adev Uplng

cetent [T m colar-
capa@Ptayiolon & recor&f ng

me8? um| sOP11 |5 dfot her I3
advamkg@ge 15 to provi de

the di gpersiblle colofant
st|alelsyy mer vi geabl e ign a

hi to mediumpH;, r nge ,or
n€dﬁ§ﬁ¥%o | ow pH range. | The nethod of |[the prlesent

i UQR%P can—si (VA aYd
i can—si

bduce-the dispersible | colorant

Ty —

hay
adv,
Whi

Eﬁé "5!0

[ c;hp@ an

e above
i sBto
give a

advant
pr oW de
hi ghly

nges.

St
t het aql
gl ossy

ill ang
1eous r 6
i mage g

t her 10
cor®i ng
naglo

i Nk
Ssy

Gloss A B A A A A

BzMA: benzyl methacrylate and AAc: acrylic acid
INDUSTRIAL FIELD OF APPLICATION

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 agueous 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
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recording medium Still another advantage is to

provi de the aqueous recording ink excellent in

scratching resistance on a gl ossy recordi ng medium 15

Still another advantage is to provide the aqueous

recordi ng i nk excell ent in_§p@g9g§ stability for

ext ended periods. - 109 CLAI 1. A dispersible

col orant conprising a colorant and chargeable resin

pseudo fine particles having a snaller size than the

colorant, wherein the colorant 5 and particles fix to

each other 2. A dispersjble colorant conprisin

cofbPBAESLEAE ey %Fehﬁgglﬁnp§éﬁﬁaif?%%rﬁﬁF?Féﬁéécs in
nmal | er S|ze t e_col rant wher ei

plurarlgyj%6 gt the %5rtﬂ§$%£fa?80& §Fhﬁﬂﬁ%ﬁF%%eaha to

flﬁréQLBEet%gﬂ&¥%ﬁg §bl%h%oql %E“é&é%f?ggEalh color-

according to clai mhlch as a sur

f ugsté 083l densytyn A5 @Rl desrediban. 258
prol s/ g gﬁg@{ggg)thanylogo Pﬁocglgj'i? f%e dlspegsﬁéﬁe

cod oo ahk raccorditigyd oi anyo erevafde!@idndlsperdiphich
has a surface energy of 70 20 mMl/m 2 or less. 5. The

di spkosiblte stalldnante accoedbig tim anyhi@metof meHaims pH
to 4, 'Werein a copolyner conponent conposing the
chaageabbe resiinmpsewdbofi pE pamdec] eSH25 mshad gbasshe
transition tenperature of not |ess than - 40' C and not
motE€$RRE éorvention can simply produce the dispersible
colorant having the above advantages. Still another
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.
Still another advantage 1is to provide the aqueous

recording ink excellent in storage stability for

extended periods.
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- 110 6. The dispersible colorant according to any

one of clains 1 to 5, wherein the chargeable resin
pseudo fine particles contain a copol yner of nononer
conmponents containing at | east one type of 5

hydr ophobi ¢ nononer and at _| east _one type of

hydr ophilic nononer. 7. The di spersible col orant
according to claim 6, wherein the hydrophobi c nononer
contains at |east 10 a nononer having a nethyl group

at the a. position and a radically polynerizable,

unsat urated doubl e bond. 8.-;khg4li spersible col orant
according to claim 6 or 7, erei n the hydrophobic
mononer 1CoMY ai Nspdksidlel eadlo A detBet ¥hiG eSt&®1orant
conmpound. 9. The dispersible colorant accordi'ng to
Claidn cBarybgbeien ke MY QRNODE € nBORATRIL LMY ah 8$1 8l 2
| east one conpound sel ected fromthe group consisting
of szl benzyl zaethacr WHrat e-@ndraet hywheetdiacryfateo140@ant
The di spersible colorant according to any one of
cladrepsrtocyeswhdreite tdwcthydebphi.l i ¢ nononer

contains at |east an anionic nonomer. 25 11. The

di spersible colorant according to claim 10, wherein

t he aniqnic poner contains at |east one - 111
conpound ‘set 68t T FF ORMLEhED CorePREiAgnef @ colorant

acrylic acid thacrylic acid and p-styrene :

s Torsearubrpl® B3N Hadled of e R 1 ey

mgﬁéilgkaégge than the colorant, wherein a plurality
of the particles are distributed on and fix to the

colorant.

3. The dispersible colorant according to claim
1 or 2 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
one of claims 1 to 3 which has a surface energy of 70

mJ/m® or less.

5. The dispersible colorant according to any
one of claims 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.
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6 to 9, wherein at |east a cationic nononer is
contained as the hydrophilic nononer. 13. A nethod fog
produci ng a dispersible 10 colorant, conprising the
step of conducting an aqueous deposition
pol yneri zation process of a r%dically pol yneri zabl e
nononer in an agueous disﬁe#éioﬁ of a water-insoluble
col orant using an aqueous radical -polymnerization
initiator to integrate 15 the water-insol ubl e col orant
wi th chargeable resin pseudo fine particles. 14. A
nmet hod for producing a dispersible colorant,
conpri sifng e $tePSLEfPLE) COMIRRT ngCanr 86 Ngqico iy
deposi ti on, pol rization process _of a. radi |y :
DTt SRb Soty et 3 WA SatBoREe et sFegin
ter-ins I l.or.ant ' . an equs
R oo e P S TR TR B "o Bt of ppomomer
= | ub l:Qr: it rgeabl ifn 25
Eg%ﬁ{65 |§g pggpﬁgfggeﬂ%ﬁ%ﬁ(g§gggrgﬁiigém%ﬁzigroduct.
- idProd®eb Thermrihed foiq piedushBg andi spaisibte
col'orant according to claim 13 or 14, wherein the
aqueduspiel sper sbownefr wat er - i nsol ubl e col orant is an
aqueous sol ution containing a pignment dispersed with 5
a polyneric dispersant having an acid val ue of not
| ess than 100 and not nore than 250. 16. The net hod
for produciTie sddfspepditlee clot it aacesrdingg tto claim

claim15, wherein the 10 di spersant is a copol yner of
nﬁhom%eﬁ%hﬁoﬁgﬁt@YdrOphOblc monomer contains at least

a monomer having a methyl group at the o position and

a radically polymerizable, unsaturated double bond.

8. The dispersible colorant according to claim
6 or 7, wherein the hydrophobic monomer contains at

least a (meth)acrylic ester compound.

9. The dispersible colorant according to claim
8, wherein the hydrophobic monomer contains at least
one . compound selected from the group consisting of

benzyl methacrylate and methyl methacrylate.

10. The dispersible colorant according to any
one of claims 6 to 9, wherein the hydrophilic monomer

contains at least an anionic monomer.

11. The dispersible colorant according to claim

10, wherein the anionic monomer contains at least one



containing at | east one type of nononer selected from
the group consisting of acrylic acid, and nethacrylic
acid and a styrene nononer. 15 17. The nethod for
produci ng a dispersible colorant according to claim
15 or 16, wherein the aqueoys ;radical-polynerization
initiator is anionic or anpholytic. 20 18. The net hod
for producing a dispersible colorant according to
claim 13 or 14, wherein the aqueous dispersion of the
wat er -i nsol ubl e colorant is an aqueous sol ution

taini [ t di d ith | ymeri
i SPETESRT RabPHG San ilhe: Val G608P 55 1o 663 han
150 ' - th 300,.19. T t hod .f
m%ﬁfnl%g?éc jg;@ﬁgﬁ%%giﬁﬁigacégf85§n€9§&ﬁﬁ%ﬁ%g to

claimds,+wherein the aqueous radical-polynerization
iﬁ?%?gto? %2 cét?onic or anpholytic. 5 20. The net hod

. for producing a dispersible colorant according to any
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one of claims 13 to 19, wherein the radically

pol ymer i12ab|eh sroeDBE 260MRRNIHdinG €6 0ppedonR ¥ claims
pol ymeri zation system . 10 21. The nethod for

produci g ehdicsper sitblleeasbl ar aat iaadar diongpricr ahy one

of clainms 13 to 20, wherein the radically

potginet i 2adl @smbhendry cconpohbht meopti@irns at | east one
type of hydrophobi c nmononer and at |east one type of
hydrophil'ic monomer. 15 22. The nmethod for producing a
dISperSHE*eA.method for producing a dispersible
colorant, comprising the step of conducting an
aqueous deposition polymerization process of a
radically polymerizable monomer in an aqueous
dispersion of a water-insoluble colorant using an
aqueous radical-polymerization initiator to integrate
the water-insoluble colorant with chargeable resin

pseudo fine particles.

14. A method for producing a dispersible
colorant, comprising the steps of (1) conducting an
aqueous deposition polymerization process of a
radically polymerizable polymer in an aqueous
dispersion of a water-insoluble colorant using an
aqueous radical-polymerization initiator to integrate
the water-insoluble colorant with chargeable resin
pseudo fine particles; and

(2) purifying the product.
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col orant according to any one of clainms 13 to 21,
wherein the radical -polynerization initiator is an
aqueous azo-based polynerization initiator. 20 23. A
di spersi bl e col orant produced by the nethod according
to any one of clainms 13 to_2§::g4: An aqueous i nk
containing the dispersible é col orant according to
any one of claims 1 to 12 and 23. - 114 25. An
aqueous ink containing a dispersible colorant
conprising a colorant and chargeable resin pseudo

fi ticl havi| [ ' than.th .

(e pariy clgr, RS2 Lol sl as D e s
ther, d_at. | t 1 f | f-di '

COSR LA S22 P, e ves 2 301 sl spete e

Tog,SR4geus, R ACeRl 0, L T Ao MBS, an

Chanaeabl espankli e da f Ren el B gRRIRONEN L £l pith

constitutes the at |east one type of self-dl%per3|b e
resigo finerpar HichRs £00t ahAvangpahy Rz atd Oie psodHEE
of a mixture containing at |east one type of comon
mireseer titanpaiéntandl h@7.mdhe agueoe$d.nk according to
claim 26, wherein the resin conponent which
constitutes at |east one type of the pseudo-fine,

char geabl e articles and the resin conponent which
consti t Utes ﬁ@et%@tépdl dast rrdygpegop dispersible

sel f-dispersible resin fine . ,
coloragt according to cfa;m 15, 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.

17. The method for producing a dispersible
colorant according to claim 15 or 16, wherein the
aqueous radical-polymerization initiator is anionic

or ampholytic.

18. The method for producing a dispersible
colorant according to claim 13 or 14, wherein the
aqueous dispersion of the water-insoluble colorant is
an aqueous solution containing a pigment dispersed
with a polymeric dispersant having an amine value of

not less than 150 and not more than 300.

19. The method for producing.a dispersible



particles contain a polynerization product of a

m xture containing at | east one type of conmon

nononer conponent. 25 28. An aqueous ink containing a
di spersible colorant conprising a colorant and
negatively chargeable resin pseudo fine particles
having a - 115 snmaller size than the col orant,
wherein the colorant and the particles fix to each
other, and the dispersible colorant has an average
surface zeta potential of not less than -80 nV and
not more than 5 -15 nV in_an. aqueous nedi.um whi ch
OISR hem AEHEGURY I ik GhULR L0rf 426 Fta BO eREPEPUS
distribution,of |es t han. I rne. o st andar d
deﬁﬁéjt(fao%.gabgmﬁiﬁ%azaautelo%g %ﬁgtégﬁ?% nﬁDngéaaEgﬁ?%%érglgbl e
10, gifgicgonprising a colorant and pseudo-fi ne,
positively chargeable particles of resin having a
smal l er size than the colorant, wherein the col orant
and the particles fix to each other, and the '

5 di spersijy e Tod onanholas an Vel @gengutl ade peatsl ke
potential of not |less than +10 nV and not nore than
+66o v &t aacaguedusy nedi anmywbheh ofonplosessthg to 19,
aqueous ink and a surface zeta potential distribution
ofwhessinhbhes5@adi aaxkhy vflyne rstzamle dneeonari 6ampaoent
30. The aqueous ink according to any one of clainms 24

Ct ol 2 roperdi ANt & ¢ POt WRE CWEREH CCorpvse’™ - t he
di spersible colorant is a pignent, and the ratio of
the total resin conponents to the pignent

10 (resin/ Fglg.neﬂtle oﬁme%ﬁ%cpyfcl@sﬁgo&ﬁcgmg lae%ﬁstmpof’e
| colorant according to any one of claims 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.

15
22. The method for producing a dispersible
colorant according to any one of claims 13 to 21,
wherein the radical-polymerization initiator is an
aqueous azo-based polymerization initiator.
20

23. A dispersible colorant produced by the

method according to any one of claims 13 to 22.

24. An aqueous ink containing the dispersible
25 colorant according to any one of claims 1 to 12 and

23.



25 and not nore than 4.0. 31. An ink tank which
contains the aqueous ink - 116 according to any one
of clainms 24 to 30. 32. An ink jet recorder for
form ng images with the ink according to any one of
claims 24 to 30. 33. An ink %gg recordi ng nmet hod for
formng imges with the aqueous ink according to any
one of clainms 24 to 30 by an ink jet recorder. 34. An
i mge forned by ink jet recording with 10 the aqueous
i nk according to any one of clainms 24 to 30 using an
ink jet recorder. | , _ : .

25. An aqueous ink containing a dispersible
colorant comprising a colorant and chargeable resin
pseudo fine particles having a smaller size than the
colorant, wherein the colorant and particles fix to
each other, and at least one type of self-dispersible

resin fine particles are additionally contained.

. 26. The aqueous ink according to claim 25,
wherein the resin component which constitutes 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.

27. The aqueous ink according to claim 26,
wherein the resin component which constitutes at
least one 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.

28. An aqueous ink containing a dispersible
colorant comprising a colorant and negatively

chargeable resin pseudo fine particles having a
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smaller size than the colorant, wherein the colorant
and the particles fix to each other, and the
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 compoée the aqueous
ink and a surface zeta potential distribution of less

than 50 in terms of the standard deviation.

29. An aqueous ink containing a dispersible
colorant comprising a colorant and pseudo-fine,
positively chargeable particles of resin having a
smaller size than the colorant, wherein the colorant
and the particles fix to each other, and the
dispersible colorant has an average surface zeta
potential of not less than +10 mV and not more than
+60 mV in an aqueous medium which composes the
aqueous 1ink ahd a surface zeta potential distribution

of less than 50 in terms of the standard deviation.

30. The aqueous ink according to any one of
claims 24 to 29, wherein the colorant which composes
the 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 agqueous ink
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according to any one of claims 24 to 30.
32. An ink jet recorder for forming images with

the ink according to any one of claims 24 to 30.

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

claims 24 to 30 by an ink jet recorder.

34. An image formed by ink jet recording with
the aqueous ink according to any one of claims 24 to

30 using an ink jet recorder.




