CFO 18004 WO - 1 DI SPERSI BLE COLORANT AND METHOD FOR PRODUCI NG THE SAME
AND AQUEQUS | NK, I NK TANK, I NK JET RECORDER, | NK JET RECORDI NG METHOD AND
| NKJET RECORDED | MAGE USI NG THE SAME 5 TECHNI CAL FI ELD The present
invention relates to a dispersible colorant and a nethod for producing the
sanme, and an aqueous ink for ink jet recording, an ink jet 10 recorder, an
ink jet recordroglL®ebhodoand an inkjet retorded inmage using the sane.
BACKGROUND ART Ink jet recording adopts a varying working 15 principle to
produce inages, letters or the like by ejecting fine ink droplets from
nozzles onto a recording nedium (paper or the like) . It has been rapidly
spreading in various areas for their advantages, e.g., high speed, |ow

noi se, capacitypokpa®seasid Yodrodugr nanpuMETHe o NBgesyc hwghTfikexi bility
of the recorded patterns, and devel opnent/fixation not needed. In

particul ar, thesAnt) -zObORQUEDUS €0, di MK tERNK) QUER WETh RZCORPEFOUS | nk
have recently nade remarkabl e progress, and can now 25 produce mnulti-col or

i mges whi ch areNbyJDD REAORD ING eHTHOR AANMOSKK DTt RECORMEENtIMMGEE printing
met hod or photography. It has been widely penetrating into - 2 the
full-color imge recordi ng area, ' BECAUSErtE $AME

5
TECHNICAL FIELD
The present invention relates to a dispersible
colorant and a method for producing the same, and an
aqueous ink for ink jet recording, an ink jet
10 recorder, an ink jet recording method and an inkje£

recorded image using the same.

BACKGROUND ART
Ink jet recording adopts a varying working

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

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

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

or photography. It has been widely penetrating into



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

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

ej ected without being dried at the nozzle ends to prevent clogging there
whi |l e 15 keepi ng good eject response and stability, (3) the ink can be well
fixed on papethe(4hltlhedlagesna@ge rbtghbyngueatls (be€auseesistiast to

weat her, water or the like), and (5) the inmages are stable for extended
peri ods. Espechablkytyi Mot hatodscingedmangdsf iaxed 2bwapi dbytahdapr ovi des
printing of high image-quality when printed even on plain printing paper
such as copytpepecnivenidiang ¥ egulnedngi mkthodecentphioce@nsehyi nwpeinnt i ng
speed. Colorants for ink jet recording wth an aqueous 25 ink are nmainly
conposed of atlgenorbsigeEntcomieer 1ssdinbiteddyes have been mai nly used for
their handl eability and col or devel opi hg capacity recently,
however, essentiallyfatBk- Dﬁ&ﬂﬁﬁﬂ%?d%%l%?%n¥§COﬁﬁdﬁ@hF@ﬁhP?mﬁ%?%ular

have been
an aqueous ink have been improving to satisfy the

requirements for improved recording characteristics,
e.g., higher speed, finer images and full-color
imeges. In general, the ink jet recording ink for an

10 ink jet recorder is required to satisfy the following
characteristics; (1) the images are of high
resolution and high density, free of bleeding or
fogging, (2) the ink is ejected without being dried
at the nozzle ends to prevent clogging there while

15 keeping good eject response and stability, (3) the
ink can be well fixed on paper, (4) the images are
highly durable (i.e., resistant to weather, water or
the like), and (5) the images are stable for extended
periods. Especially, ink that is dried and fixed

20 rapidly and provides printing of high image-quality
when printed even on plain printing paper such as
copy paper is being required with a recent increase
in printing speed.

Colorants for ink jet recording with an aqueous

25 ink are mainly composed of a dye or pigment. Water-

soluble dyes have been mainly used for their

handleability and color developing capacity. More



extensi vely devel oped for aqueous inks which can realize higher weather and
wat er resistance of the 5 images produced by ink jet recording. For a water-
i nsol ubl e colorant, pignent in particular, to be used for aqueous inks for
ink jet printing, it should be stably dispersible in water. H gh di spersion
stability of water-insoluble colorants has been 10 generally achieved with
the aid of a surfactant or polyneric d spersant (hereinafter referred to as
di spersing resin). The other nethods for obtaining dispersion stability of
wat er -i nsol ubl e colorants include chem cal nodification of their surfaces
(e.g., 15 Japanese Patent Application Laid-Open No. H10-195360). On the

ot her hand, a mcrocapsule type pignent, i.e., pignent coated with a resin,
has been propesedntéyq. howkapaneses fan ent 1 Agphiatatri-amdalal OGpen Nos.
H8-183920 and 2000-34770). Japanese Patent Application Laid 20 Open No.
2000- 34770 di solosest’san pagureguss dispeastooulafr,f iheere dode@med particles
which is polynerized in the presence of vinyl nononer, after it is

i ncor por at ed ekthnaiwatler dawsvlamt@ Eofopgreoudi spdssethieh apaaqueous nmedi um
with the aid of a 25 dispersant, wherein it exhibits dispersion stability
when the di spEP3AAEeh&Iigdaro Vtﬁ%fdéﬁz@eatlﬁewwﬁ@ér resisgiamte ebl bhant, and,
when the vinyl nononer is - yneri zed only in the presence of the

di sper sant> %ﬁ@gﬁésBFQQ%fQQNQM:}%%k%egtéﬁpng%“g'angoé’§bd§§é§r that "the

di spersi on Ofl%gt?ﬁbhgsgol%f%f@'gé?g%eg% in particular, to be used

for agqueous inks for ink jet printing, it should be
stably dispersible in water. High dispersion
stability.of water-insoluble colorants has been

10 generally achieved with the aid of a surfactant or
polymeric dispersant (hereinafter referred to as
dispersing resin). The other methods for obtaining
dispersion stability of water-insoluble colorants
include chemical modification of their surfaces (e.g.,

15 Japanese Patent Application Laid-Open No. H10-195360).
On the other hand, a microcapsule type pigment, i.e.,
pigment coated with a resin, has been proposed (e.g.,
Japanese Patent Application Laid-Open Nos. H8-183920
and 2000-34770). Japanese Patent Application Laid-

20 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

25 dispersant, wherein it exhibits dispersion stability
when the dispersant helps to disperse the water-

insoluble colorant, and, when the vinyl monomer is



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

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

di spersion stability and printing characteristics, 15 showing little
metallic gloss, and excellent in resistance to water, |ight and scratching
irrespective of the paper type. DI SCLOSURE OF THE | NVENTI ON 20 These

t echni ques, hpwéyerrizathain by way stheapbirsby ndies pefr sitom 3t abekstyptand st orage
stability for extended periods sinultaneously and sufficiently. The
inventors of the pessdritinqventéonlaohksi dépbtidtty,d” cotdranscyheesd have a
functional group at a high 25 density on the surface to be stably di spersed
in an ink. Iﬁhﬁﬁe“@@ﬁVégﬁﬂﬁh%ﬁl%@o@édwﬁé§rwﬁm@ﬁﬂu§éha CObPYABEi €adi sper sant
and the procedure disclosed by - 5 Japanese Patent Application Laid-Open
No. H8- 183920Pewkirerarsss Ry reBihsteht B lpTGremat iR reas®ngid8id val ue of

th [ I. di ' tabilit onet i fails t i nk
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dispersed, coated particles of pigment, because
affinity of the dispersant for the vinyl monomer and
polymer thereof is not so high with the result that
it 1s separated from the pigment particle surfaces to

10 a limited extent and the polymerization proceeds on
the dispersant-adsorbed pigment particle surfaces.”
The inventor discusses that an ink for ink jet
recording was obtained, which is excellent in
dispersion stability and printing characteristics,

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

irrespective of the paper type.

DISCLOSURE OF THE INVENTION

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

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

polymeric dispersant and the procedure disclosed by



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

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

pi gnent nol ecul es, which are originally water-insoluble and crystallized,
to transformtheminto the hydrophilic pignment nolecules 13, which are
separated fromthe original pignent 20 nolecules to significantly change the
hue, a phenodepemdarovita zan pi pehi cexfioni driich Quesf efot OH8FLESS26A and 6B)
Therefore, these conventional techniques are not fully developed to
sufficiently widdhsfusashed reeeht-ceqiefdemanientas incyeaahngbpedd of the
present invention to provide a dispersible colorant sufficiently high in

di spersion st aBillde 2 dHni mS e §epataciressed aﬂxspeer%%PnSEéﬁﬁﬁﬁérYt froma

col orant and stable for ended peri ods soIV|n t he oble |nvolved
in the conveﬁtofrk?r%met%cﬁﬁ}r];iego PECHS Candther Vi & ts?%bEE)fLE\Yl Ta met hod

for sinply.praducin 5 oth objects are.t rOV|de an
aqueous in% Cgﬁ#alnlm33$£}€5%9|€88?usglg eHS|ﬁcc%%ﬁoran$ g

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

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

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

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

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

dispersion stability, showing no separation of a



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

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

di spersion stability essentially in the absence of a surfactant or

pol yneric di spersant, and the resin compdénent 15 first adsorbed on the
colorant to secure storage stability for extended periods. They have al so
devel oped an aqueous ink for ink jet recording having sufficient ejection
stability and dispersion stability for ink jet recordi ng purposes, and
giving 20 printed matter of high inmage quality and durability by

i ncor por at i ngreke ndicopgrsidiite Lodmrantolhepeitn andvmtelshbecfércal |y, the
objects of the present invention can be achieved by the follow ng neans. 1.
A di spersi bl ecgbeodast peoriprdsilnyg actvliopakbe P23 admerehargeabyedr @i n pseudo
fine particles having a snaller sjize than the col orant, wherein the
colorant andthgr coaveaicnal eaehndfHes. -1% 18, apodihsgerdibt et cbPor ant
conprising a col orant and .chargeabl e r?sin pseudo fi{ﬁgparticlef%having a

smal | er size PREY e &SI , T ohef PRLY BEQARSITY the™partttfes are
di stri but on, and f%} tqg the 5 col orant. 3.a The dk§ erfigle col or ant
accordi ng ftgﬁrZO\ﬂ%é§§fﬁﬁ?aﬁ%u?FggédFunguﬁ%%ﬁ d?odb density of not
containing the excellent, dispersible colorant for
ink jet recording, ink tank, ink jet recorder, ink
jet recording method and inkjet recorded images.
The inventors of the preSent invention have
10 developed, after having extensively studied to solve
the above problems, a novel, dispersible colorant
having a novel shape which can keep high dispersion
stability essentially in the absence of a surfactant
or polymeric dispersant, and the resin component
15 first adsorbed on the colorant to secure storage
stability for extended periods. They have also
developed an aqueous ink for ink jet recording having
sufficient ejection stability and dispersion
stability for ink jet recording purposes, and giving
20 printed matter of high image quality and durability
by incorporating the dispersible colorant therein.
More specifically, the objects of the present
invention can be achieved by the following means.
1. A dispersible colorant comprising a colorant
25 and chargeable resin pseudo fine particles having a

smaller size than the colorant, wherein the colorant

and particles fix to each other.



| ess than 250 }inols/g and | ess than 1000 unol s/g. 4. The dispersible
colorant according to any of 10 1 to 3 which has a surface energy of 70
ml/m2 or less. 5. The dispersible colorant according to any of 1 to 4,
wherein a copol ynmer conponent conposing the chargeable resin pseudo fine
particles has a glass transition tenperature of not |ess than -40C and not
15 nmore than 60C. 6. The dispersible colotant according to any of 1 to 5,
wherein the chargeabl e resin pseudo fine particles contain a copol yner of
nononer components containing at |east one type of hydrophobic nononer 20
and at | east one type of hydrophilic nmononer. 7. The dispersible col orant
according to 6, wherein the hydrophobi c nononmer contains at |east a
mononer having a nefhyP dricgermtiltle @obosantonompd iz inadi caplgrant

pol ymeri zabl e, unsaturated doubl e bond. 25 B. The dispersible col orant
according to @ngr charggady k¢ nrehenhpargpRoile amimnerCtont BRHS NGt A east a
(meth)acrylic ester conpound. - 8 9. The dispersible colorant _according to
8, wherein tK8AFophich: ctdRohBf E8ACERARS rat 11 ohePlESAPEHYd sel ect ed

[om e ST 0up £915! SLG, of BOIEX.  TeLag Y PLe, ang et byl rgbgect vl ate. 5
hydroph!lig nDQHEE!IﬁPPtainS at |l east an anionic nononer. 11. The
di spersible c6Corant according to 10,

3. The dispersible colorant according to 1 or 2
which has a surface functional group density of not
less than 250 pmols/g and less than 1000 pmols/g.

4. The dispersible colorant accérding to any of

10 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

15 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

20 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 o position and a
radically polymerizable, unsaturated double bond.

25 8. The dispersible colorant according to 6 or 7,

wherein the hydrophobic monomer contains at least a

(meth)acrylic ester compound.



wherein the ani onic nononer contains at |east one 10 conpound sel ected from
the group consisting of acrylic acid, nethacrylic acid and p-styrene
sul fonate salts. 12. The colorant according to any of 6 to 9, wherein at
| east a cationic nononer is contained as 15 the hydrophilic nononer. 13. A
met hod for producing a dispersible colorant, conprising the step of
conducting an aqueous deposition polyner§ zation process of a radically
pol ynmeri zabl e nononer in an aqueous 20 di spersion of a water-insoluble
col orant using an aqueous radical-polynerization initiator to integrate
the water-insolube colorant with chargeable resin pseudo fine particles.
14. A nethod for producing a dispersible 25 colorant, conprising the steps
of (1) conducting afi. dHeedlisdepoishie onopokyner hzabiron myr doess, of a
radi cal ly polynerizable polynmer in an aqueous - 9 dispersion of a
wat er - i nsol ublaegslior drite sy dgonnobaguaenemeddi T tpolyn@E | 2a8B6n oG ti at or
to integrate the water-insoluble colorant wth chargeable resin pseudo
fine particl esomRe™s (PH1exkedyf Mt FESpPTRTR .CAB TThNgephoBenay 1
produci ng a dispersible  colorant according to 13 or 14, wherein the aqueous
di spersi on ofmfﬁ Q&ﬂﬁﬁqﬁ%s%W%bWEtgg oP& 4L YR tqueous sol ution
ContalnanBa plgnen&oql%%%r%%%ﬁggghble colorant according to any
of 6 to 9, wherein the hydrophilic monomer contains
at least an anionic monomer.
11. The dispersible colorant according to 10,
wherein the anionic monomer contains at least one
10 compound selected from the group consisting of
acrylic acid, methacrylic acid and p-styrene
sulfonate salts.
12. The colorant according to any of 6 to 9,
wherein at least a cationic monomer is contained as
15 the hydrophilic monomer.
13. A method for producing a dispersible
colorant, comprising the step of conducting an
aqueous deposition polymerization process of a
radically polymerizable monomer in an aqueous
20 dispersion of a water-insoluble colorant using an
aqueous radical-polymerization initiator to integrate
the water-insolube colorant with chargeable resin
pseudo fine particles.
14. A method for producing a dispersible
25 colorant, comprising the steps of (1) conducting an

aqueous deposition polymerization process of a

radically polymerizable polymer in an aqueous



10 a pol yneric dispersant having an acid value of not |ess than 100 and not
nore than 250. 16. The method for producing a dispersible colorant
according to 15, wherein the dispersant is a copolyner of nononer
components containing at |east 15 one type of nononer selected fromthe
group consisting of acrylic acid, and nethacrylic acid and a styrene
nononer. 17. The nethod for producing a di spersible colorant according to
15 or 16, wherein the aqueous 20 radical-polynerization initiator is
anionic or anpholytic. 18. The nethod for producing a dispersible colorant
according to 13 or 14, wherein the aqueous dispersion of the

wat er -i nsol ubl e col orant is an 25 aqueous sol ution containing a pignment

di spersed wi t Hispepaliyorerat ai speesannshdwiodg ar omaet vakirgofinnot | ess
than 150 and not nore than 300. - 10 19. The nethod for producing a

di spersible eqlsram wtioralngol gmes i zafidosi nniHel aepeotig integrate

radi cal - pol ynerization initiator is cationic or anpholytic. 5 20. The

met hod for pr&86cHieg o tispetdbbfecoderarant’ iddsitrrgeeblanyesinis to 19,
wherein the radlcall ol nerlz bl e mononer conponent is dropped in the
pol yneri zat i oRS§PSP rgﬂ ERodaf6r produ0|ng a dispersible 10

col or ant qgcordlng tg an%£¥f§§%éc%gg mh e%n t he

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

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

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

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

17. The method for producing a dispersible

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

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

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

less than 150 and not more than 300.



radi cal |y pol yneri zabl e nononmer conponent contains at |east one type of
hydr ophobi ¢ nononmer and at | east one type of hydrophilic nmonomer. 22. The
met hod for producing a dispersible 15 colorant according to any of 13 to
21, wherein the radical-polynerization initiator is an agueous azo- based
pol ynmeri zation initiator. 23. A dispersible colorant produced by the nethod
according to any of 13 to 22. 20 24. An &gueous ink containing the

di spersible colorant according to any of 1 to 12 and 23. 25. An aqueous i nk
containing a dispersible colorant conprising a colorant and chargeabl e
resin pseudo fine particles having a snmaller size than the 25 col orant,
wherein the colorant and particles fix to each other, and at | east one type
of sel f-dispersiblel9reBha hmetdodartdclmsodreladdat doaaklns iddnt ai ned. - 11
26. The aqueous ink according to 25, wherein the resin conponent which
constitutes taelpsandoaiciassdinhatgehBl evpareiel éhaamfiud@isesi n conponent
which constitutes the at | east one type of self-dispersible 5 resin fine
particles confafhcalpeydiaTiatd bhopr daLEtater 4 smSaiwrdon®hi ning at | east

one type of co nl mononer conponent. 27. The aqueous ink according to 26,
wherein the #BBPR'¥SMSonent which constitutes at |east one 10 type of the

pseudo-fi , Chargeabl e_parti es d the ,resin conponent .whi ch constitutes
the at |edst one 25. CrRE" HEhey Ay prodd&Phg §O0RERETs MY S

colorant according to any of 13 to 19, wherein the
radically polymerizable monomer component is dropped
in the polymerization system.

21. The method for producing a dispersible

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

22. The method for producing a dispersible

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

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

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

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

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

resin fine particles are additionally contained.



type of self-dispersible resin fine particles contain a polynerization
product of a m xture containing at |east one type of comon nononer
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 colorant, wherein the colorant and the
particles fix to each other, and the 20 Eﬂsper5|ble col orant has an average
surface zeta potential of not Iess than -80 nV and not nore than -15 nV in
an aqueous medi um whi ch conpose the aqueous ink and a surface zeta
potential distribution of less than 50 in ternms of the standard devi ati on.
25 29. An aqueous ink containing a dispersible colorant conprising a

col orant and pseudo?$inéhe pagieurelynkhaegerdladpet P -es'hsfraigsi n having a
- 12 smaller size than the colorant, wherein the colorant and the
particles fixths é&éﬁnot%ﬁ*pora%ttw Bichi sparsliidhetesl bRanpskasiont idfer age
surface zeta ot ent | of not Jess t an +10 m and not nore than 5 +60 nV

in an aqueous“nedpt |éﬁ”ﬁ Ses?tte Sqﬁ@é&QWQﬂ@QﬁRP%.sﬂ?Fa e zeta
pot enti al dlstrlb tion Iess tg g o erns T% ndaEd gEV|at|on.
30. The aqueoti§™f %tggéﬁ?di f 53 éqmﬁé) % tthe 2dPorant
whi ch f

| ch COMpOSEes, E'ﬂﬁ 1 Q! er{tsiéfjjh 50858‘&3 %l /r%%man f‘&q g?gdgﬂtt' 00

the total Tesin conmponents e plgnen SI y mass) of
not less thans@. 3 pixture containing at least one type of common

monomer component.
27. The aqueous ink according to 26, wherein
the resin component which constitutes at least one

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

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

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

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

positively chargeable particles of resin having a



and not nore than 4.0. 31. An ink tank which contains the aqueous ink 15
according to any of 24 to 30. 32. An ink jet recorder for form ng inages
with the ink according to any of 24 to 30. 33. An ink jet recording nethod
for formng images with the aqueous ink according to any of 24 to 20 30 by
an ink jet recorder. 34. An inmage fornmed by ink jet recording with the
aqueous ink according to any of 24 to 30ldsing an ink jet recorder. The
present invention provides a dispersible 25 colorant which is sufficiently
high in dispersion stability with a functional group on the surface at a
hi gh density, carries a resin conponent on the - 13 surface and shows
little tendency of separation from the surface, and al so provides a nethod
for sinply psadutengstire dilsprer shbl eotokanant whehres jpt esieat cohweahicon al so
provi des a 5 di spersible colorant having ot her advantages, e.g., fast
dryi ng properthdstbe phe trieclorsli hgxnedi emchhicgther,esirsd anice t o scratching on
the recording nedium and excellent ejecting characteristics exhibited in
an ink jet rétepdesible Si@lorarhehagadaantagesast swefacepeesible col orant
of the present invention are high col or- devel oping properties and stable
servi ceabi | i t§oran&1adi g v Bfn bRaRedildm™o At Rt rBpge. tiRe

5 +60 mV in an aqueous medium which composes the
aqueous ink and a surface zeta potential distribution
of less than 50 in terms of the standard deviation.

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

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

31. An ink tank which contains the aqueous ink

15 according to any of 24 to 30.

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

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

20 30 by an ink jet recorder.

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

The present invention provides a dispersible

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

high density, carries a resin component on the



present invention also provides a nethod for sinply 15 producing the
di spersible colorant, which is still another advantage of the presen
i nvention. The present invention also provides an aqueous ink highly
on a glossy recording nmedium highly resistant to scratching on a gl
recording 20 medium and excellent in storage stability for extended
periods, which are still other advantages3of the present invention.

present invention provides an aqueous ink having sufficient ejection
stability and dispersion 25 stability for ink jet recordi ng purposes
giving printed matter of high image quality and durability by incorporating
the dispersible colorant therein, - 14 and also provides an ink tank
jet recorder, sumfacieetndecdraifgl et hedtandentkj etf recpadetdionadgecosi ng the

aqueous i nk.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. | A and 1B
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fast drying properties on the recording medium, high
resistance to scratching on the recording medium, and
excellent ejecting characteristics exhibited in an
ink jet recorder.

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 agueous
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 agueous 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,

cl es

in



to a colorant for the nethod of the present invention. FIG 4 shows the
enl arged chargeabl e resin pseudo fine particles for the present invention,
viewed fromthe interface in which they fix to the 20 colorant. FIG 5
shows the enlarged interface in which the pseudo-fine, chargeable particle
of resin fix to the colorant for the present invention. FIGS. 6A and 6B
schematical ly show the pignent 25 detachfent phenonenon occurring when an
organic pignent is nodified with a hydrophilic group as shown in Japanese
Pat ent Application Laid-Open No. H10 - 15 - 195360. FIGS. 7A, 7B and 7C
schematically show agglonerated conditions of a dispersible colorant on a
recordi ng medium 5 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present

i nvention wi | &anbeadescpirved das mor einketank, by ntkhe) asnboelc oedes, cansi dered to
be the best nopdes. The term "dispersible colorant” used in this 10

speci fi cati on) flbahs copding v odhhaef iBkdesparesivided | fnaaeersénJdaqueous
i nk medium essentially in the absence of surfactants or polyneric

di spersants, Fh@. aqu§eus. ditdpersible colorant. A first mode of the present
invention is a 15 dispersible colorant conprising a colorant and
chargeabl e resin pseudo fine particles, wherein the

5 BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

20 colorant.

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

FIGS. 6A and 6B schematically show the pigment

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

in Japanese Patent Application Laid-Open No. H10-



colorant has the particles fixed thereto. FIGS. 1A and 1B schematically
illustrate the colorant 1 to which the particles 2 fix the feature of the
present 20 invention. FIG 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 25 the chargeable resin pseudolbine particles fixing to its
surface to becone dispersible in water or aqueous ink nmediuns. Thus, the
di spersible colorant is - 16 produced. At the sanme tine, it exhibits high
adhesion to a recording nediumdue to the presence of the resin conponent
fixing to its surface. Mdireover, the dispersible colorant of the present
invention 5 exlissidcs. hi gh storage stability for extended periods, because
t he chargeable resin pseudo fine particles fixing to the colorant surface,
not by mere physi caFIGa&dsdPpt ildh axid t e sekematagpddentshawhi ch is the
feature of the dispersible colorant of the present 10 invention, are rarely
separ at ed fromdHema S R®. comiet éhapgedblee disar pEleldocPilrEapdr Gircl es for
the present invention constitute a resin agglonerate in which the resin
conponents ar & SGHGI Y AJHEdHBFRated with each other, preferably having many
15 physical crosslinks inside (resin agglonerate is conposed of a resin
conponent stably present in the formof fine particles, which my be

agglomerated ypor yopg FOR CARRYING OUT THE INVENTION
The present invention will be described in more
detail by the embodiments considered to be the best
modes. The term “dispersible colorant” used in this
10 specification means the colorant which is dispersible
in water or aqueous ink medium essentially in the
absence of surfactants or polymeric dispersants, i.e.,
self-dispersible colorant.
A first mode of the present invention is a
15 dispersible colorant comprising a colorant and
chargeable resin pseudo fine particles, wherein the
colorant has the particles fixed thereto. FIGS. 1A
and 1B schematically illustrate the colorant 1 to
which the particles 2 fix the feature of the present
20 invention. FIG. 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
25 the chargeable resin pseudo fine particles fixing to
its surface to become dispersible in water or aqueous

ink mediums. Thus, the dispersible colorant is



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

t he pseudo-fine, chargeable particles cod® imto contact with the colorant.
It should be noted first - 17 that the chargeable resin pseudo fine
particles are forned by a pol yner, conposed of varying nononer unit
conpositions, entwined with each other. The polyner |ocally takes
diversified structure in the interface 5 with the colorant, and hence has
surface energpnudietad di Sttr it eshthocaliing, The exdlidriard lahghpol ynmer are
firmy bound to each other locally where their surface energies, determ ned
by the cheni caldhewdiorsurd agersteoudimge mechiumidies wi® htkachretskarce dar k 10
circles in FIG 4) There are a plurality of sites at which they coincide

Wi th each ot héhea rasien ¢ompenané Etkeng ttexs uUtos | guFface4) Mprepgegonsi der ed
that the particles fix to the colorant at these sites by strong
interactions &CordHisREIDIbhe pPéseRnt1Df fshtheRSeERchNFENHO char geabl e

oA Peeus e Al icles. L3 compased o, ROl JIET S, BLEGHE Y4 Mg 20t o
because the chargeable resin pseudo fine particles
fixing to the colorant surface, not by mere physical
adsorption of the resin component, which is the
feature of the dispersible colorant of the present

10 invention, are rarely separated from the surface.

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

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

20 later.

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

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

contact with the colorant. It should be noted first



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

H8- 183920) mmy not al ways exhibit suffiéi/ent storage stability for extended
periods, - 18 because a highly hydrophilic resin cannot be strongly bound
to the colorant. The chargeable resin pseudo fine particles fixing to the
colorant for the dispersible colorant 5 of the present invention brings
anot her advant age of increased specific surface area by the norphol ogy of
the fixation. thhe ither edsathspetef ressor paeedar €a nchgbpst appear atrtke char ge
on the particles to the <colorant surface very efficiently. As a result, the
10 di spersi bl éocolesk v swdbgeetrs APGhRPyechafgedr¥imng onpeenasr d8itt he

di spersible colorant of the present 1invention has a norphol ogy by which its
surface is charges ifdranf feeiehbe] ahahhiegmfy,otd}ﬁjrexrﬁpfm tROL Yingher

di spersion stability than tnf,one cgatgd with 15 a resin re res%ntatively

di scl osed by 38F&ddse tILR@PP I EAPPoR LERCHGFen Not NRiBL 288858 CSeven when

its r?Siq?coﬁ?g%gggﬁggﬁ%ﬁ%%%xfr gﬁﬁsﬁ%ggéa a%pEgLP aggiggergglue. In
general, ofrga [ hs b d
widely distributed locally. The colorant and polymer
are firmly bound to each other locally where their
surface energies, determined by the chemical and
surface structure, coincide with each other (dark
10 circles in FIG. 4). There are avplurality of sites
at which they coincide with each other in the
interface (the sites 10 in FIG. 4). It is considered
that the particles fix to the colorant at these sites
by strong interactions according to the present
15 invention.

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

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

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

sufficient storage stability for extended periods,



20 (becom ng pignents) when their col or-devel oping colorant nolecul es are
crystallized by strong interactions. Wien an organic pignment is used as the
colorant for the dispersible colorant of the present invention, the
chargeabl e resin pseudo fine particles 25 fix to the pignment particle over
several colorant nolecules therein, as shown in FIG 5, because there
plural interaction sites in the interfack8between the - 19 pseudo-fine,
chargeabl e particle and colorant, as discussed earlier. Therefore, the
"pignent detachment” (illustrated in FIGS. 6A and 6B) caused by the
colorant locally becom ng hydrophilic should 5 not occur in the present
invention. It is preferable wth an organic pignment as the col orant that
t he char geabbecrasinapdedd ¥ imedpaphi tiesrase nkepnnaimabe estrhaglivhe

di spersed pignent particles but |arger than the col orant nol ecules, to
produce the 1bodhdpépsithlee asol@ramt - conpri sing the highly dlsper5|ble

pi gnment without destroying the pignent, crystal structure. The condition of
the chargeabl e re5|?h%s§hﬁégeﬁpﬁ§[ﬁ%%%QﬂRﬁﬁu¢@xfh§e PaTthE &R orant in the

15 present inyention can_be si o] the follow rocedure

i nvol vi ng sepgﬂéﬂPSnpﬁiﬁ?qrﬁ%%er%?%gggr Eﬁ ﬁésﬂﬁ%ﬁlgﬁ%g%OfgﬁgnEolorant to
be confir d |s ﬁepa&%ted frqp%ot 1on t?E'éoa%%t%er~ onent s (|@clud|ng
wat er - sol E 2 It IR Rk GF aqueous dlspe SroA° Pn the

second Stage’lncreased specific surface area by the morphology of
the fixation. The increased specific surface area
helps appear the charge on the particles to the
colorant surface very efficiently. As a result, the
10 dispersible colorant surface is highly charged. 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
15 a resin representatively disclosed by Japanese Patent
Application Laid-Open No. H8-183920, even when its
resin component has a lower substantial acid or amine
value.
In general, organic pigments are insolubilized
20 (becoming pigments) when their color-developing
colorant molecules are crystallized by strong
interactions. When an organic pigment is used as the
colorant for the dispersible colorant of the present
invention, the chargeable resin pseudo fine particles
25 fix to the pigment particle over several colorant
molecules therein, as shown in FIG. 5, because there

plural interaction sites in the interface between the



t he colorant and water-insol uble resin conponent are separated fromthe
precipitate produced in the first stage. In the third stage, the weakly
adsorbed resin conponent and dispersible colorant to which the 25
chargeabl e resin pseudo fine particles fix are separated, to quantitatively
anal yze the resin conponent in the supernatant solution produced in the -
20 third stage, and to conpare the precipitate produced in the second
stage with those produced in the third stage. This procedure can confirm
the conditions wunder which the chargeable resin pseudo fine 5 particles fix
to the colorant. Mrre specifically, the condition can be confirnmed by the
follow ng procedures. An ink or water dispersion (20 g) is prepared in such
a way as to pseddspérised whdrgexziol erpattinlar auwdd kP6byntrasss10 of the
total solid content, and centrifugally treated at 12,000 rpm for 60 m nutes
in the first diagess®hle cardsidn i ng el @i ¢ at eheolipagmiend t he col orant,
settled as the |ower |ayer, is redispersed in alnost 3 tines |arger
quantity of pdetaghient and 1B gemedugal FyGoredfedngd @) 008UFpM for 90
mnutes in the second stage. Then, the resylting precipitate containing

t he cplorant,bgeFP?e§Q%QHQR¥I%ﬂ%ﬁ?léy@??omﬂ§gr@m 5l ¢ nSBOEi fles | ar ger
uantLiy, of DULE el A% POl gl Ly Licated sgaln ol 80,000 om0,
col orant, Set&k%g eV %Q%anic pigment as the colorant that the
chargeable resin pseudo fine particles are kept
smaller than the dispersed pigment particles but
larger than the colorant molecules, to produce the
10 dispersible colorant comprising the highly
dispersible pigment without destroying the pigment
crystal structure.
The condition of the chargeable resin pseudo
fine particles “fixing” to the colorant in the
15 ©present invention can be simply confirmed by the
following procedure involving separation with three
stages. In the first stage, the colorant to be
confirmed is separated from other water-soluble
components (including water-soluble resin) present in
20 an ink or aqueous dispersion. In the second stage,
the colorant and water-insoluble resin component are
separated from the precipitate produced in the first
stage. In the third stage, the weakly adsorbed resin
component and dispersible colorant to which the
25 chargeable resin pseudo fine particles fix are
separated, to quantitatively analyze the resin

component in the supernatant solution produced in the



| ower layer, is collected fromthe system The precipitate produced in the
second and third stage is dried under a vacuum at 30C for 18 hours and 25
observed by a scanning electron mcroscope at a nagnification of 50, 000,
where each sanple is prepared to contain about 0.5 g of the solids. Wen -
21 the dispersible colorant is observed to have plural fine particles or
simlar agglonerates fixing to the surfafe- and the precipitate produced in
the second and third stage have the simlar norphology, then it 5 is judged
that the resin pseudo fine particles fix to the colorant. Mreover, about
hal f of the upper supernatant |ayer produced in the third stage is slowy
collected fromthe systemand dried at 60C for 8 hours, to determne the

solid content thiem tdeagd), wehght odicbhparce rhefore: apde at bepraayicea Wen it
is less than 1% it is judged that no resin pseudo fine particles are
separ at ed fromnditdpersidibred cot agantviand thhate tdhestupadt inl eaef itkitral t he
colorant. The separation condition described above is a 15 preferable
exanpl e, but amager.octuse rracddueaptapedontoruddge whstderionsnot the
colorant is the dispersible one of the present invention, so long as it
sati sfies theudlsieactwigfch hehgeparaoieak lien nafrige PsewdestiMere specifically,
the first stage is to 20 separate a colorant present in an ink or aqueous

di sper si on® an®arésid Conpbheh? st B8s6PBEF aer eon from wat er-sol ubl e

conponents. The second stage isS to
P More sﬁ%cigacally, the condition can be

confirmed by the following procedures. An ink or
water dispersion (20 g) 1is prepared in such a way as
to be dispersed with a colorant in around 10% by mass

10 of the total solid content, and centrifugally treated
at 12,000 rpm for 60 minutes in the first stage. The
resulting precipitate containing the colorant,
settled as the lower layer, is redispersed in almost
3 times larger quantity of pure water, and

15 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

20 for 90 minutes in the third stage. The resulting
precipitate containing the colorant, settled as the
lower layer, 1is 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

25 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



separate the colorant and resin conponent fixing thereto fromthe other
resin conponent (s) adsorbed on 25 the colorant. The third stage is to
confirmthat the resin conponent fixing to the colorant is not separated
fromthe colorant. It is needless to say - 22 that any procedure which can
satisfy the object of each stage nmay be used, whether it is known or newy
devel oped. It may involve nore than or-l1e38s-than three stages. 5 A second
node of the present invention is a dispersible colorant which is by itself
di spersible wth the chargeable resin pseudo fine particles 2 fixing to

t he water-insoluble colorant 1. As discussed earlier, the dispersible
colorant of the 10 present invention is self-dispersible, i.e., it can be
stably di sperseeé idispairerileng agUeodati ik odsseniddlty havehplaksénce of
surfactants or polyneric dispersants. The definition and judgnment procedure
will be descrifbeé IpatericIde drspemsilbireagtl armrtead Dixihe presémrt

i nvention can dispense w thout any polyneric dispersant, another resin
conponent or surffacteantandwtiledr pagchbeisepar arsglycain in heheobecamd over | ong
peri ods and has been traditionally incorporated to stabilize colorant 20

di spersion. Asng tddnd stage dhaper shBl 6 186l loramom@hot agypr 888/t lithventi on
gi ves anot her advantage to aqueous ink, increased freedog&of desi%% of

conmponent s° ot Aér JAFS He & shRfsFBPeNchISeHgm f1ine particles fix

the colorant. Moreover, about half of the upper
supernatant layer produced in the third stage is
slowly collected from the system and dried at 60°C
for 8 hours, to determine the solid content from the
10 weight difference before and after drying. When it
is less than 1%, it is judged that no resin pseudo
fine particles are separated from dispersible
colorant and that these particles fix to the colorant.
The separation condition described above is a
15 preferable example, but any procedure can be employed
to judge whether or not the colorant is the
dispersible one of the present invention, so long as
it satisfies the object of the separation in three
stages. More specifically, the first stage is to
20 separate a colorant present in an ink or aqueous
dispersion and resin components adsorbed thereon from
water-soluble components. The second stage is to
separate the colorant and resin component fixing
thereto from the other resin component(s) adsorbed on
25 the colorant. The third stage is to confirm that the
resin component fixing to the colorant is not

separated from the colorant. It is needless to say



Therefore, the aqueous ink incorporated wth the 25 di spersible col orant of

the present invention can secure sufficiently high printing concentration

even on an ink-perneable recording nedium e.g., plain - 23 - printing

paper. Self-dispersibility of the dispersible colorant of the present

i nvention can be confirned by, e.g., the follow ng procedure. The ink or

agqueous 5 di spersion dispersed with the ¢8lorant is diluted 10 tines thinly

with pure water, and concentrated to the original concentration by an

ultrafilter having a cut-off nolecular weight of 50,000. The concentrated

solution is centrifugally treated at 12,000 rpmfor 2 10 hours, and the

resultant precipitate is collected and redispersed in pure water. The

colorant is jtudgedahy pheceldirdi gpecki bhe, saters iyheclpe echbpetcat efi s wel |

redi spersed. Whether or not they are well redispersed nmay be judged by

taki ng i nto 15acbnsitdgeatiagh hdeusedl onhaghelseartvatd dusowundfonaw ldi sper si on

is visually observed, no precipitate is notably observed after the solution

is all owed todegean®efor Ett@ayIﬂﬂH@%V%rmﬁréctéﬁﬂapé ligfssamyharan be

di spersed by lightly shaking the solution, and the 20 di spersed particle

di aneter, det PAPRedUBPeHrnamic 1ight scattering, is 2 times or |ess as

| arge as the origipal dianeter betér the treafnment. As described earlier,
S

the di sperdibl e col’oraRtongs "ORE & R BPHYRAEFonKES t9Mhrige Jpecific

surface dispersible colorant which is by itself dispersible

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

10 present invention is self-dispersible, i.e., it can
be stably dispersed in water and aqueous 1ink
essentially in the absence of surfactants or
polymeric dispersants. The definition and judgment
procedure will be described later. The dispersible

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

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

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

on an ink-permeable recording medium, e.g., plain



25 area caused by the chargeable resin pseudo fine particles fixing to the
colorant, and realizes excellent storage stability by being nmassively - 24
charged on the vast area. The nore preferable results can be produced when
t he chargeable resin pseudo fine particles massively fix to the col orant
while being uniformy distributed. It is 5 particularly preferable that
these particles are apart fromeach othéd at a certain distance, and

preferably distributed uniformy. Still nore preferably, the col orant
surface i s exposed between these particles. These norphol ogi es can be
confirmed 10 by a transm ssion or scanning el ectron mcroscope. In other

words, the m croscopic observation can confirm whether or not these
particl es arepapattinfr gmpesach other at a certain distance, or the col orant
surface is exposed between these particles. These 15 particles may be

local ly closer to eaghfoflhepeasixidsiddy vipf htleacHlspras litd os ol @Ears.
However, it is self-evident for the industry concerned that these
particles fix%fothRe PFEASHENtINWRRRIPReG2Rr ECarantt 1 ¥ RAchCoBher at a
certain distan%%h%r the col orant 20 surf@ﬁe i S, exposed between these

particles as & P LoVHMP (HeReeCBhAi ti DAS APE FsPAYHEY. Moreover, the

aqueous | i ncarpar at ed th the. dispersible.calarant of.th r esent
inventionqgs %gﬁﬁésﬁgqng%gﬁr%?§iﬁé gntgergg&%ﬁﬁﬁfr%%i%ﬁ;uggacgﬁceivably

resul ting frog&h@% Eﬂﬂﬂ%@fWH@ﬁcﬁéPéSWhter, and concentrated to the

original concentration by an ultrafilter having a
cut-off molecular weight of 50,000. The concentrated
solution is centrifﬁgally treated at 12,000 rpm for 2
10 hours, and the resultant precipitate is collected and
redispersed in pure water. The colorant is judged to
be self-dispersible, when the precipitate is well
redispersed. Whether or not they are well
redispersed may be judged by taking into
15 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
20 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
25 area caused by the chargeable resin pseudo fine
particles fixing to the colorant, and realizes

excellent storage stability by being massively



whi ch, however, is not fully substantiated. The dispersible colorant is
dispersed in an ink with the - 25 chargeable resin pseudo fine particles
fixing to the colorant surface, as discussed earlier. Wen the ink reaches
a recording nmedium the solvent in the ink is absorbed in fine pores on the
medi um (voi ds between 5 cellul ose fibers in the case of plain paper, or fine
pores in the receiving layer in the caseZdf coated or gl ossy paper) by the
capill ary phenonmenon. Then, the dispersible colorant of the present
invention forms a nunber of fine interspaces in the area where the 10
colorant comes into contact with each other and chargeable resin pseudo
fine particles are uniformy distributed, resulting fromits norphol ogi cal
charact eri sti chakhgrdefar eth¢ heashk agelavenThpr esert prxefevegnle he col or ant
particles is quickly absorbed in 15 the recording medium by the capillary
phenonenon. THeswdueotsnipk protheepr edent tilreyerhhd vpeakhebires imor e
preferable fast-drying characteristics when it is incorporated with

di spersible c@&ﬂqgg ng2 ¥ heclekamgesulve Inesh Fx pseulibef creopamtt cl es
uniformy 20 distributed on the surface. This observatjon supports the
above nechani SH¥ & 319 dryt hgrmlvhdiditdddrdiete Jdi okint of the present

A Lo R S R e
290 prol s/ g, %%%éé*%&&@agaggookhggl%&gaIéefggﬁQaHfstance, and
preferably distributed uniformly. Still more
preferably, the colorant surface is exposed between
these particles. These morphologies can be confirmed
10 by a transmission or scanning electron microscope.
In other words, the microscopic observation can
confirm whether or not these particles are apart from
each other at a certain distance, or the colorant
surface is exposed between these particles. These
15 particles may be locally closer to each other or
fused with each other in some cases. However, it is
self-evident for the industry concerned that these
particles fix to the colorant, when they are apart
from each other at a certain distance or the colorant
20 surface is exposed between these particles as a whole,
and these conditions are distributed.

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

25 conceivably resulting from the following mechanism,
which, however, is not fully substantiated. The

dispersible colorant is dispersed in an ink with the



deteriorated storage stability for extended periods - 26 at a |ower
density. At a fairly higher density, on the other hand, it may be difficult
to secure a high printing concentration, because of excessive dispersion
stability and hence perneability into the 5 recording nedium The surface
functional group density is nore preferably in a range fromnot |ess than
350 pnols/g and | ess than 800 pnols/g wiZh —carbon bl ack as the col orant,
because carbon bl ack has a higher specific gravity to need higher 10
di spersion stability and higher black concentration on a recording nmedium
is favored. The surface functional group density may be determ ned by,
e.g., the follow ng procedure, when the dispersible colorant is negatively
charged. The abaegesbl® diesper spoaude Enkei peatparlaedtinkimgt he thspersi bl e
colorant is diluted with an excessive quantity of hydrochloric acid (HO),
and centri f ugabllp ramgatsert fwtce 2029001 spusted eardurer Théheasuihe ngnk
precipitate is collected and redispersed in pure water, and its 20 solid
concent r at i onTRECHESe A TR IR GenedyiRg thet Bed.verHe FediBpetBEd1s
precipitate is weighed and_, then incorgo&gted wi.th a known quantity of

|

sodi um hydr 0§BR °c&Eonidt f 1 TheP AF %8 uf esTiee t 7o b eplr BWERE

di i whi ch | rifugally 25 treat t, 80, 000 for 2 hours. Th
Gupernatant  SOTGEIBTG o VT ot AR CFEracta WA 0:APKE” hyt GeRFor o aci d

for neutralizg%&%g H91q§&§rﬁgg§i$§§g layer in the case of coated or

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

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

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

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

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

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

deteriorated storage stability for extended periods



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

col orant can secure adequate fixation 15 characteristics on a recording

medi um when atoat laWesd denhiave. a Sturd ateiehgr gyghent derabidve, emnge. A
colorant having a surface energy notably in excess of 70 m}/n2 may prevent
t he col orant themotheimd ambot ht ymagpherated ffiicorhtt Heo azreons Rnkigedi um 20
because of excessive hydrophilicity of the dispersible colorant surface,
and the recor 8dNtiage I oM Shabt Aty BEFRNGS Mor sove®SStRe dried i rage may
be insufficiently resistant tp water, conceivabl resulting fromstrong
hydr ophi |1 ¢i t IGPRE 5 i Lpet ST BI BhEoParat RaRTate: L i CRnERUSEE

redi spersion of. thecol qrant,on the. reeopdLng IRA YT, AT L[S 1S
aggl oner ated, ﬁﬁ@hcyhé;inage I's exposed - s g p

density is more preferably in a range from not less
than 350 pmols/g and less than 800 umols/g with
carbon black as the colorant, because carbon black
has a higher specific gravity to need higher

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

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

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

25 treated at 80,000 rpm for 2 hours. The supernatant
solution is weighed, and titrated with 0.1 N

hydrochloric acid for neutralization to determine the



to water or aqueous mnarker pens. Surface energy of the dispersible col orant
of the present invention can be controlled by any of surface charge of the
colorant, functional group structure, and chem cal 5 and surface structure
of the chargeable resin pseudo fine particles fixing to the col orant.
Moreover, the chem cal and surface structure of the chargeable resin
pseudo fine particles can be controlled By any of polynerization initiators
and nononer conponents 10 for the particle synthesis process. "Surface
energy"” in this specification means free energy at the interface between
materials, and depends on chem cal structure of the interface. A materi al
of higher surface energy is nore wettable 15 and conpatible with water.
Surface energpuffade fuhspeosabl groalpordntsiitsy defio hedgasoflbeavdl)udy
determ ned by an inverse gas chromatograph, supplied by Surface Measurenent
System Mre spedificaing, the khewdetsednuredyrexenaparhtnagegas hol di ng
time of 20 the dispersible colorant, solidified into powder, as the
stationary phagerdnd ¥ hiafomf thegairatddy dfor digylerahizpbiani-t yWASNt he
novi ng phase. Next, K each conponent for the dis ergible col orant .of the
present i nventiéh HifReHRl cFPE@&?ntzgiuﬂQﬁ THetRoRoFEMtOHiTh is one

conponent gor t he disperéégle col orant_.of the £res Q%Cknven ion is - 29

descri bed. >1t DAY A FONEW y eVt ol lonal group

density is determined in a similar manner except that
hydrochloric acid and sodium hydrogen carbonate are
replaced by sodium hydroxide (NaOH) and ammonium
chloride, respectively.

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

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

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

25 dispersible colorant surface, which causes
redispersion of the colorant on the recording medium

after it is agglomerated, when the image is exposed



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

pi gnment, organic pignent, netallic colloid, or colored resin powder which
is insoluble 5 in water and can be stably dispersed in water in the

presence of a dispersant. It preferably has a particle diameter of 0.01 to
0.5 pm (10 to 500 nm when dispersed, nore preferably 0.03 to 0.3 pm (30 to
300 nm) The dispersible colorant of the pgesent 10 invention dispersed to
have a particle dianmeter in the above range serves as a preferable

di spersible colorant for aqueous inks, because such colorant gives high
coloring capacity and high weather resistance of images. The dispersed
dianeter is the 15 cunul ant average determ ned by dynamc |ight scattering.

The inorgani ctpi @RS diseditheb0E R ke YPeie, ishadfide Cad bback,
titani um oxide, zinc white, Zinc oxide, Tripon, iron oxide, alum num oxide,

20 silicon di exiedeiidfaotd bl e, codotramit ldforiiee,piadent barveumisul fcatre,

cal cium carbonate, silica, alumna, cadmumred, iron oxide red, nolybdenum
red, chrone Yerriditimon, ledlybdang ofamsge,famed |dwmt@adofchhem um yel | ow,
cadm um yel l ow, yellow iron oxide, titanium 25 yellow, chrom um oxide,
Pyridi an, coba&lotlograadn, funechnpimlcobar @ledictwobal andhebamddedr een, deep
bl ue, ultranmarine blue, Prussian blue, cobalt blue, - 30 cerul ean bl ue,
nmanganese ¥i o sio@¢e vPbrectang of dhe chargeable resin pseudo

fine particles fixing to the colorant. Moreover, the

chemical and surface structure of the chargeable

resin pseudo fine particles can be controlled by any

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

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

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

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

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

25 Colorant

The colorant which is one component for the

dispersible colorant of the present invention is



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

i soi ndol i none. The organic, water-insoluble colorants useful for the
present inventin include hydrophobic dyes, 10 e.g., those based on azo,
ant hr aqui none, indi go, phthal ocyani ne,—caPbonyl, qui nonei m ne, nethine,
gquinoline and nitro. O these, dispersed dyes are particularly preferable.
Char geabl e Resin Pseudo Fine Particles 15 The chargeabl e resin pseudo fine
particles which is another conponent for the dispersible colorant of the
present invention are defined as a fine agglonerate of a resin of a
sufficiently Heghripeld.nefditzataywrbaegieeknbani ng acsityl ldedislpgsse@d unit 20
(di spersed dianeter) in water (or ink) in which they fix to the colorant.
The fine aggl omépabati.s Hewepyra odittal $ ypreédseabdyaodpherydmoph@seado
manner or in the formof agglonerated fine particles (chargeable resin
pseudo fine péireircha®)r Ivdvi e B9P8NEni PEERNIICz@idneeerfatalliafge. The

resin conponent . _fqr the chargeable resin pseudo fine particles are
preferably coffddeddef PFardq e ph§siBaPPydst WHLh chaniRaPLyPeross! i nked

to each ot erinvge%her or . not crosslinked to each other. can be

cont | 11ed® by "o g tER AN 611w g bABLEENE PoRTG T oot v AEer 4R EnS
presence of a dispersant. It preferably has a
particle diameter of 0.01 to 0.5 pym (10 to 500 nm)
when dispersed, more preferably 0.03 to 0.3 pm (30 to
300 nm). The dispersible colorant of the present

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

15 cumulant average determined by dynamic light
scattering.

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

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

25 vyellow, chromium oxide, Pyridian, cobalt green,
titanium cobalt green, cobalt chromium green, deep

blue, ultramarine blue, Prussian blue, cobalt blue,



conmponent which constitutes the pseudo-fine, 5 chargeable particles
esti mated beforehand by a known anal ytical procedure, and a |inear
havi ng the sane chem cal structure (or nonomer unit conposition) is

synt hesi zed by solution polynerization. Then, the chargeable resin pseudo
10 fine particles and the polynmer are imersed in an
good solvent for the polyner to
resin pseudo fine particles are judged to be crosslinked

have a | ower solubility than the 15 pol yner. Another preferred enbod
those having a cunulant average dianmeter of not |less than 10 nm and

nore than 200 nm when it

is

pol ymer

organi c solvent as a
conpare3@ heir solubility. The chargeabl e

i ment
not

is measurable by dynamc light scattering. The

particl es norec201paef biakl,y reavmree pol yioSper seobrdex wfoldie ahdper sed
di aneter kept at less than 0.2, viewed fromstorage stability of th
di spersible colozrant for extended periods. Stabilization of the fin

di spersed

e
ely

colorant as the primary object of the present 25 invention may

not be achi eved whéhe her@iBper pedmepdry iwgsuhaler ahhgyverggendi anet er of

nore than 200, nm or a pol ydi sperse index nore than 0.2. On the 32

hand, the di sheYeRHIERargeaANdE iddse pReddd Ofi AGCparZ AL Ha%i ng an

aver age dianeteL | ess tﬁag 10 nm may not,bring the advaq%a e of the present
At¥ ERA6C r

i nvention? bekd

10

15

20

25

82Phey YUt eArijaksdgone, anthrdquinone,
indigo, thioindigo, quinophthalone, benzimidazolone,
isoindoline and isoindolinone.

The organic, water-insoluble colorants useful
for the present inventin include hydrophobic dyes,
e.g., those based on azo, anthraquinone, indigo,
phthalocyanine, carbonyl, quinoneimine, methine,
quinoline and nitro. Of these, dispersed dyes are
particularly preferable.

Chargeable Resin Pseudo Fine Particles

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 1is
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 certailn range. The resin component

for the chargeable resin pseudo fine particles are

preferably composed of particles physically or

ot her

i nsi de when they

is



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

el ectron m croscopi c observation. The preferred dianeter range is
considered to be the sane as the above or close thereto. Wen the col orant

i s of an orgashempicgdnt ,cridssPOnksdpant eacharduheur ef eitaddresit hat Ade

di spersed chargeable resin pseudo fine particles have an average di aneter
in the above thagearand,rcatstiwkedneo ehmb, odimdd eran Ham ¢bhafiomethe

di spersed pignent and |arger than that of the dispersed col orant nol ecul es,
25 because thkYst euét-ur dilyy felyoiapl prageduinghl y Thei syegisi bl e col orant can

be obtai ned when these conditions are satisfied. - 33  The chargeabl e
particl es for CPREOpLESentl1Ghvert batate st Kdse Afeet V&R havi ng sone

ionized functjonal group in an aqueous nedi um  preferabl sel f-di spersible
by the ché?geﬁb?Fﬁ?ﬁ%hﬂkHQRﬁl?%%sSlFe§Fﬁlﬁ?§§ﬁb %%&F%@ %@cp¥saare

char geabl e Orkggann%%alytical procedure, and a linear polymer

having the same chemical structure (or monomer unit
composition) is synthesized by solution
polymerization. Then, the chargeable resin pseudo

10 fine particles and the polymer are immersed in an
organic solvent as a good solvent for the polymer to
compare their solubility. The chargeable resin
pseudo fine particles are judged to be crosslinked
inside when they have a lower solubility than the

15 polymer.

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

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

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

nm or a polydisperse index more than 0.2. On the



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

sel ected fromany natural or synthetic polyneric conpound, and the polyneric
compound new yptieveheped Hlg dheppreseantchianveblon. rdhdsepssetivl for the
resin conponent for the present invention include acrylic, styrene/acrylic,
pol yest er, polyneethane cdres 2bapohyureaarvesiage atichnpot gsatebar ttdes and

pol ypeptides. |In particular, polyners and copolyners having a radically
pol ymeri zabl ellnsat meat expthordingntbewhdyRrnt @ criyhée cpresgngne/ acrylic
resins are classified, are preferably used because they can be generally
used and easithyepidedssdecagestpave Gﬁ@ﬂot’}'nés%ﬁ‘flt%?een%%éulﬂ@epi ne,
chargeabl e particles. 5 The nononers_having a radically pol ynerizabl e
unsat ur at el bBRAPERECAN & FP7EFRAPEE £65d8 Pseudo fine particles

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

conditions are satisfied.



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

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

met hyl nethacrylate, ethyl nmethacrylate, isopropyl nethacrylate, n-propyl
nmet hacryl ate, n-butyl nethacrylate, iso-bdityl 15 nethacrylate, t-butyl

nmet hacryl ate, tridecyl nethacrylate and benzyl nethacrylate; styrene-based
nononers, e.g., Sstyrene, a-nethylstyrene, o- nethylstyrene, mnethylstyrene,
p- met hyl styrene and p-tert-butylstyrene; itaconic acid esters, e.g., 20
benzyl itaconate; maleic acid esters, e.g., dinethyl nmaleate; fumaric acid
esters, e.g., dinmetihy changeabér ardtacrldonidritee petakertyl onitrile and
vinyl acetate. The follow ng conpounds falling into the 25 category of

hydr ophi | i ¢ nbnoeetsoar eral ShqrefErabsylvasetdpvimgorers: havihhgedn ani oni ¢
group, such as those having carboxylic group, e.g., acrylic acid, - 35

met hacryl i ¢ atind¢tepoadnigecad din etthagayepusanediunpr qpig facalhlut e

i sopropyl acrylateitaconic acid, fumaric acid and a salt thereof; those
havi ng ~sul f of¢ éfadiargredplee Ry  the yeerbgsabidndte, ¥hsthegpyiiryl ani de
sul fonate, acrylic acid-2-ethyl sulfopate, nethacrylic acid-2-ethyl

y
sul fonate,? bEEFLRcPyPEACIE 1d1R fRMAt 2CaRE arSarfatisadule Ahgnot may

be confirmed by one of the following known methods;
measurement of the zeta potential on the particle
surface, potentiometric titration to determine
functional group density, described later,

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

15 structure of the chargeable resin pseudo fine
particles to confirm whether an ionic functional
group 1s present or not.

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

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

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

radically polymerizable unsaturated bond, into which



t hose havi ng phosphonic acid group, e.g., nethacrylic acid-2-ethyl
phosphonate and acrylic acid-2-ethyl 10 phosphonate. O these, acrylic acid
and nethacrylic acid are nore preferable. Those nononmers having a cationic
group include those having primary am no group, e.g., am noethyl acrylate,
am nopropyl acrylate, am de nethacrylate, 15 am noet hyl nethacryl ate,

am nopropyl methacrylate; those having 8écondary anino group, e.g.,

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

met hyl am nopropyl 20 net hacryl ate, ethyl am noet hyl nethacryl ate and

et hyl am nopropyl nethacrylate; those having tertiary am no group, e.dg.,

di met hyl am noathyll iger yitatrene et hWyianrasenbylarscrglageified, are

di et hyl am nopropyl acryl ate, diethylam nopropyl acrylate, 25

di met hyl am noBtRfFEradtyacrsahteecanaehyhari feet gene hattyl aeed

di met hyl am nopropyl nethacrylate and diethyl am nopropyl nethacryl ate; those
having - 36 @04t BARalY ARASFITRGrbapdealgn, TMTriues saft the

di et hyl am noet hyl net hyl acryl at e hl ori de salt of

di met hyl am noBERVFRSEHMI A IEEISHALE, PRRFGFIGS sal t  of

di met hyl arg noet hyl benzyl acryl ate, chl orjde_ sal of :
dinethylaﬁluxnhylEgg%ywoﬂgpéggry%ﬁ%ﬁgd% XY hﬁ%l§ﬁnfgéﬁﬂ%£ﬁz %%e falling

into the categuy Q- RUY 9 fq (RYALORRELEG TRIIUErS, [0g! yde conpounds
havi ng both

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

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

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

20 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

25 category of hydrophilic monomers are also preferably

used; monomers having an anionic group, such as those

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



radi cal ly pol ynerizabl e, unsaturated bond and 10 hydroxyl group, which shows
strong hydrophilicity. They include hydroxynethyl (meth)acrylate,

hydr oxyet hyl (rmeth)acrylate and hydroxypropyl (neth)acrylate. O her known
or new oligoners and nmacronononers of various types can be used without 15
any limtation. Use of a crosslinkable nononer is still another preferred
enbodi nent. These nononers include divinyb -benzene, allyl (meth)acrylate
and et hyl enebi sacryl am de. O her known or new 20 crosslinkabl e nononers of
various types can be used. Various characteristics of the dispersible

col orant and chargeabl e resin pseudo fine particles can be adequately
controlled by a nunber of controlling paraneters, e.g., type and 25

copol yneri zat menhratriyd iaf adied hronooeenwhi ekeidgorsthidant kit hecttar geabl e
resin pseudo fine particles, and type and concentration of a - 37

pol yneri zat i oprpivili @cary fagre pol yorr PRl hgachke ledreonerconUseaot da copol yner
conposed of at |east one type of hydrophobic nononer and at |east one type
of hydrophi | femgBAemaCisk|atd el $Rom tRergldve thersq Hea%lefiar geabl e resin
pseudo fine particles is one of the particularly preferred enbodi nents. Use
of at least 6HeIOPIE FCUR HBPABDI € - Honofsy IGNFesS Y hePpak i cfes with good

adhesi on to the cohoranh andher el stabi Ly, and usg of g feast one type

sulfonate, methacrylic acid-2-ethyl sulfonate,
butylacrylamide sulfonate and a salt thereof; and
those having phosphonic acid group, e.g., methacrylic
acid-2-ethyl phosphonate and acrylic acid-2-ethyl

10 phosphonate. Of these, 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,

15 aminoethyl methacrylate, aminopropyl methacrylate;
those having secondary amino group, e.g.,
methylaminoethyl acrylate, methylaminopropyl acrylate,
ethylaminoethyl acrylate, ethylaminopropyl acrylate,
methylaminoethyl methacrylate, methylaminopropyl

20 methacrylate, ethylaminoethyl methacrylate and
ethylaminopropyl methacrylate; those having tertiary
amino group, e.g., dimethylaminocethyl acrylate,
diethylaminoethyl acrylate, dimethylaminopropyl
acrylate, diethylaminopropyl acrylate,

25 dimethylaminocethyl methacrylate, diethylaminoethyl
methacrylate, dimethylaminopropyl methacrylate and

diethylaminopropyl methacrylate; those having



10 hydrophilic nmonomer provides good norphology controllability and

di spersion stability. Therefore, incorporation of these nononers

si mul taneously can give the chargeable resin pseudo fine particles which
can exhibit good fixation to the colorant and good 15 di spersion stability.
The chargeable resin pseudo fine particles to be fixed each other to the

di spersi bl e colorant and/or colorant fer3the present invention can have one
or nore additional functions by adequately selecting the nononmer type and
its 20 copolynerization ratio for the resin conmponent which satisfies one
or nore functions in addition to those described above. For exanple, one of
the preferred enbodi nents wuses at | east one type of hydrophobi c nononer

whi ch 25 hasqaametrhylr ygraowgporat urh herauppset igon atd car rédi saltyof

pol yneri zabl e, unsaturated doubl e bond. The aqueous ink conmposed of the

di spersi bl e cdimeahty lwintimadighy1B8thgharngeaBlad e, esiml psedeloséilheoparti cl es
fixing to the colorant has very good ejectability, in particular in

thermal ink jétimreé&ilcyrl@imigl,oemffm{m@}l@ﬂsmtehéaicmlwe,t herheridaepgyt when a
radi cal |y pol yneri zable 5 nmononer having_a nmethyl group at the a_position is
used for the EhafdBablhy FainesERy 1 Rezyhpreryd 2t et T1€g ?élgonsidered

Lo result drom. dpolyuerizalion ot ihe fesly sThosed. ofg iadically |
t enper at ur es tiI?ll I:a%\éﬁ%ts .

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

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

15 any limitation.

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

20 crosslinkable monomers of various types can be used.

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

25 copolymerization ratio of the monomer which

constitutes the chargeable resin pseudo fine

particles, and type and concentration of a



the resin fromsticking to the inside of the ejection port when the ink is
exposed to heat energy, although this concept is not fully substantiated
yet. Anot her preferred enbodi ment uses the 15 hydrophobi ¢ nonomer which
contains at |east an alkyl ester of acrylic or nethacrylic acid
(hereinafter referred to as al kyl ester of (meth)acrylic acid). An alkyl
ester of (nmeth)acrylic acid is highly “adiesive to a colorant and highly
copol yneri zable 20 with the hydrophilic nonomer conponent, and hence gives
favorable effects to the chargeable resin pseudo fine particles, e.g.,

uni form surface characteristics and uniformfixation to the colorant. O

t he preferabl e hydrophobi c nononers, benzyl 25 nethacrylate and net hyl

met hacryl at e apé ymerd zariefrer abi elasnd iflor ppaymiecutangy tpeefmmabier t o
incorporate at |east one of them because they have, - 39 in addition to
the above funEskord,  Sanabiecr chanpeced ofi @& Jfeaflvi dge hedper e4i st ance
and transparency to the chargeable resin _pseudo fine particles. As a
result, the dPYFERHNAE ¢ AREL 52BN AeRG Tt I paPei€fes has excel | ent

color evel op Mg canad o Aspdescri bed soull o charact eTystig of the
O, 1 SP°TLRIhaD ARULST 40,851 48 LS o1, o Be,Cp il ed by

particularly preferred embodiments. Use of at least
one type of hydrophobic monomer gives the particles
with good adhesion to the colorant and thermal
stability, and use of at least one type of

10 hydrophilic monomer provides good 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

15 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

20 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

25 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



nmononer whi ch constitutes the particles. The copolymer conponent for the
particles is preferably controlled to have a glass transition tenperature
of 15 not |ess than -40C and not nore than 60C, nore preferably not |ess
than -30C and not nore than 55C, still nore preferably not |ess than -25C
and not nore than 53C, which is another preferred enbodinent. |In order to
produce these particles, a nononer known3826 to give a honopol yner having a
| ow gl ass transition tenperature is selected fromthe preferable nononers
descri bed above. A conbination of n-butyl acrylate and acrylic acid in an
adequate ratio is one of the preferred enbodi nents of the nononer
conponent. A 25 conbination of ethyl nmethacrylate and nethacrylic acid in
an adequat e rehaogesbarotiesriprferdedf irabpdiremtl esf fiivel mpnooetheonponent .
The glass - 40 transition tenperature of the chargeable resin pseudo fine
particl es canchéodenér hiased oy didd@reneraprbidddmi g qa ok imeler apal ysis.
For exanple, it was_determ ned by an anal yzer (NMETTLER, DSC822e) The 5
anal ysi s mﬁIItb@rﬂéécﬂP$EdqQ1Rﬁﬁ%ﬁﬁlﬁﬁrEX£WPDE§JecﬂﬁaEﬁ%pb@%iEVe col or ant

contai ning the copol ymer conmpqnent havin | ass transition tenperature
of not |ess tﬁaﬁrmﬁgce§ﬁ§9¥ﬁ #ﬁﬁ% ?hﬁﬁdégéiﬂg B§1¥WQﬁ%F%P¥?In1mﬁth t he

adj acent colorant 10 on .a recording. mediumto forma strong, colored film
due to exg%lI@ﬁPOW?FnPﬁﬁﬁqﬁ;Qﬁﬁﬁ%@?érggPPBSaGf a(ﬂﬁﬁbEg%PelFesin pseudo

fine particle&Segh%B%f%M% chargeable particles. The improved

ejectability is considered to result from
depolymerization of the resin, composed of a
radically polymerizable monomer having a methyl group

10 at the a position, at high temperatures to prevent
the resin from sticking to the inside of the ejection
port when the ink is exposed to heat energy, although
this concept 1s not fully substantiated yet.

Another preferred embodiment uses the

15 hydrophobic monomer which contains at least an alkyl
ester of acrylic or methacrylic acid (hereinafter
referred to as alkyl ester of (meth)acrylic acid).
An alkyl ester of (meth)acrylic acid is highly
adhesive to a colorant and highly copolymerizable

20 with the hydrophilic monomer component, and hence
gives favorable effects to the chargeabie resin
pseudo fine particles, e.g., uniform surface
characteristics and uniform fixation to the colorant.

Of the preferable hydrophobic monomers, benzyl

25 methacrylate and methyl methacrylate are more

preferable, and it is particularly preferable to

incorporate at least one of them, because they have,



t he di spersible colorant of the above conposition gives an image of high
resi stance to scratching, even 15 when it is forned on a glossy recording
medi um which is disadvantageous viewed fromresistance of the inmage to
scratching. The aqueous ink incorporated with the dispersible colorant of
the present invention 20 containing the copolynmer conponent having a gl ass
transition tenperature in the above rangé®9girves an inage highly resistant
to scratching, even when it is formed on a recording nedium at tenperatures
not different nmuch fromroomtenperature. The reason is 25 not clear, but
the inventors of the present invention consider the follow ng nmechani sm
The glass transition tenperature of a resin determ ned by - 41

differential secaandigical aro neherahoakys$usdtsdms, geamevnbblbat of the resin
in adried condition, and is known to be lower with the resin which has
absor bed wat echalractes ichargeabf egi¥shg pseddadd et par andl es whi ch
constitute the dispersible colorant of the present invention, the resin has
absorbed wat 8 agsPag®cy nt® hehpoFhpsacaldend atien iseedof GaBei onal group.
The chargeable resin pseudo fine particles have a |lqwer glass transition
tenperature 102ChaS G médsd F Ikt whBh 9H§9€6§&9ﬁQLﬁé§??%PtdispersibIe

Chese par (1 ol G8PC T OXATHT =T hBRF CF AR NG arl hes BRoE oo o
developing capacity.

As described earlier, characteristics of the
chargeable resin pseudo fine particles fixing to the
dispersible colorant of the present invention and/or

10 colorant therefor can be controlled by adequately
selecting the type and copolymerization ratio of the
monomer which constitutes the particles. The
copolymer component for the particles is preferably
controlled to have a glass transition temperature of

15 not less than -40°C and not more than 60°C, more
preferably not less than -30°C and not more than 55°C,
still more preferably not less than -25°C and not
more than 53°C, which is another preferred embodiment.
In order to produce these particles, a monomer known

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

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

empbodiment of the monomer component. The glass



characteristics when they are on a recordi ng nedi um

15 The i nventors of

the present invention have found that these particles can suitably exhibit
these characteristics when their glass transition tenperature is in a

range fromnot |ess than -30C and not nore than 55C,

nore preferably not

| ess than 20 -25C and not nore than 53C, and produce still nore favorable

results when the resin conponent for the4é -particles

contains at | east one

type of hydrophilic nonomer. A conposition with an anionic nononmer as the

25 hydrophilic nonomer is another preferred enbodi ment

for the chargeabl e

resin pseudo fine particles conposed of a copolyner of at |east one type of
- 42 hydrophobi ¢ nononer and at | east one type of hydrophilic nononer. In
particul ar, i neanparatonon eafpe wat anéobifc timenoher b iat rediugepseneocani oni ¢
groups into the chargeable resin pseudo fine particles, and 5 hence is al so
an effective piaet peetfialecontaml bendetehaised doe diuntetenaliagr oup density
on the colorant surface at a desired |evel, as discussed earlier. The

di spersi bl e cékenadngcam lexhitetehi ghadysdisspeFsirosxeadid i tit ivaa high to
medi um pH range, 10 when it contains an ani oni c nononer. The ani oni ¢ nononer
useful for théepeegemed iyt i dmai¥zRst (MEALER, J6T0ngchs ithhas a

functi onal  aredp g be Ay ol e n vater, The , party oy

aéingiggerable ones

The dispersible colorant containing the

copolymer component having a glass transition

temperature of not less than -40°C and not more than

60°C is made into a film with the adjacent colorant

10 on a recording medium to form a strong,

colored film,

due to excellent film-making characteristics of the

chargeable resin pseudo fine particles.

Therefore,

the dispersible colorant of the above composition

gives an image of high resistance to scratching, even

15 when it is formed on a glossy recording

medium, which

is disadvantageous viewed from resistance of the

image to scratching.

The aqueous ink incorporated with

the

dispersible colorant of the present invention

20 containing the copolymer component having a glass

transition temperature in the above range gives an

image highly resistant to scratching, even when it is

formed on a recording medium at temperatures not

different much from room temperature. The reason is

25 not clear, but the inventors of the present invention

consider the following mechanism. The glass

transition temperature of a resin determined by



15 nethacrylic acid, p-styrene sulfonate and a salt thereof viewed from
their copol ynerization capacity wth another nononer conponent, common
avai lability and anionic strength. Wen the above conposition further
contains at 20 |east a cationic nononer as the hydrophilic nononer, the
di spersi bl e colorant can exhibit higher dispersion stability in a mediumto
| ow pH range. Such a conposition, therefbre, is still another preferred
enbodi ment. The cationi ¢ nononmer useful 25 for the present invention is not
limted, so long as it has a functional group to be cationic in water.
the radically polynerizable nononers cited above, - 43 those having a
cationic group are suitably used. Synthesis of the Chargeabl e Resin Pseudo
Fine Particlésfaadehhenn Bickainiong toa bofohetant afké yehar geable resi n pseudo
fine particles can 5 be synthesized by a known procedure or nethod, and
can be fixed genargdl bhafmt odl $hehbyreas kmown aethdedf eondidmposi téang with a
colorant. The inventors of the present invention have invented, after
havi ng ext ens$ vkngwst @i b¢, 1l@wast ot oFhei rpFyNpbdwdt M0 the
characteristic dispersible colorant conprising a colorant and chargeabl e
resin pseudo @bﬁ@rgai«it FEteL - hali hdea SiiIaP ¢ 28S8 AN PERE Ao ot |
wherein the colorant and.particles, are f%ﬁed to each ather. The  nethod of

produci ng °t hePdF SpEFEFbINEIEE &t 45 &R cbRai AgSPEthe 15t sk #Akent i on,

which i s of the present invention, the resin has absorbed
water at least in the portion around the ionic
functional group. The chargeable resin pseudo fine
particles have é lower glass transition temperature
10 than the measured one, when they constitute the
dispersible colorant present in an aqueous medium to
form an aqueous ink. Therefore, these particles can
exhibit their film-making and adhesion
characteristics when they are on a recording medium.
15 The inventors of the present invention have found
that these particles can suitably exhibit these
characteristics when their glass transition
temperature is in a range from not less than -30°C
and not more than 55°C, more preferably not less than
20 -25°C and not mére than 53°C, and produce still more
favorable results when the resin component for these
particles contains at least one type of hydrophilic
monomer.
A composition with an anionic monomer as the
25 hydrophilic monomer is another preferred embodiment
for the chargeable resin pseudo fine particles

composed of a copolymer of at least one type of



preferably conducted in the present invention will be described below The
inventors of the present invention have found that the dispersible col orant
havi ng the above 20 characteristics can be very sinply produced by aqueous
deposition polynerization process carried out wunder the follow ng
conditions. First, a water-insoluble colorant is dispersed in the presence
of a dispersant to prepare an aqueous -262sol ution dispersed with the
colorant. Then, a radically polynerizable nonomer is polynerized in the
presence of a radical-polynerization initiator in the - 44 aqueous

di spersi on by aqueous deposition polynerization process to fix chargeable
resin pseudo fine particles to the colorant. The dispersible col orant
prepared by thedagupaobs cdeposine Onandpatyirersravinen treeess conpri ses the
chargeabl e resin pseudo fine particles, which are also prepared by the
process and uhyflopphy ldicstmdrimned, flrxipart bt her, cohaoamor aithieordi sher si bl e
col orant shows excellent dispersion stability by itself. The chargeable
resin 10 pseudd BPRAENP&r MCFIWRE ks Bel BAEPHCEOMOLS |a8Hl @Bl C hayeupPhe
preferred characteristics descrjbed above by the aqueous, depositiaon

pol yner i zat i oh"pPot88s Chafided Pl Feathi BIPHEOL Ad "éh&ract 8F 1881 c2BF t he

resent invepntion of fixing to e colorant. The eferred 15 enbodi nents
P Cthe. above BrBARPof A Tt SH T e OV UBLEr B8 Bt o TR BEL LI

the surface functional group density on the colorant
surface at a desired level, as discussed earlier.
The dispersible colorant can exhibit higher
dispersion stability in a high to medium pH range,
10 when it contains an anionic monomer.
The anionic monomer useful for the present
invention is not limited, so long as it has a
functional group to be anionic in water. The
particularly preferable ones include acrylic acid,
15 methacrylic acid, p-styrene sulfonate and a salt
thereof viewed from their copolymerization capacity
with another monomer component, common availability
and anionic strength.
When the above composition further contains at
20 least a cationic monomer as the hydrophilic monomer,
the dispersible colorant can exhibit higher
dispersion stability in a medium to low pH range.
Such a composition, therefore, is still another
preferred embodiment. The cationic monomer useful
25 for the present invention is not limited, so long as
it has a functional group to be cationic in water.

Of the radically polymerizable monomers cited above,



Di spersion of the Water-insoluble Colorant First, the water-insoluble
colorant, selected fromthose cited as the preferable ones for the 20
present invention, is dispersed in the presence of dispersant to prepare an
aqueous di spersion. The dispersant for dispersing the colorant in an
aqueous solution is not limted, and may be ionic or nonionic. It is
however preferable to use a pol yneric 254di spersant or water-sol uble
pol ymeric conpound to Kkeep dispersion stability in the subsequent
pol ymeri zation step. The particularly preferable one - 45 is a radically
pol yneri zabl e nononer which is sufficiently soluble in water, and to be
incorporated onto the fine colorant particle surface and in the
pol ymeri zat i onhskephaStiind aroreet poeier gbbyp ktrehas: ia £ hy deopdobi ¢ segnent
whi ch provides adsorption sites for a hydrophobic nonomer at the oi
dropl et intefffatbesSts I nore Pnefeeably, Resimadsatudeasineone type of the
hydr ophobi ¢ nmononmer used in the subsequent polynerization step as the
constituent 1Baghiitclasecaisethiel cahlinatebar &ce of iCadtdantef the chargeabl e
resin pseudo fine particles to_the <colorant in that step. The nethod for
produci ng a pol yner F2edrEpERsaR e dre et P Bfabf énfoPyrdricl orffund
serving as th 15 di spersanpt. for the present invention is not limted. For
exanpl e, it cgﬁ Sénﬁﬁﬁﬁﬂéﬁﬁyﬂﬁyr%a PPRY RIAGRGMES Haldg an i 8Rfc group
Wi th anot her %%%yg%r%§§g&3to a colorant also by a known method for
compositing with a colorant. The inventors of the
present invention have invented, after having
extensively studied, a method for simply producing
10 the characteristic dispersible colorant comprising a
colorant and chargeable resin pseudo fine particles
having a smaller size than the colorant, wherein the
colorant and particles are fixed to each other. The
method of producing the dispersible colorant
15 according to the present invention, which is
preferably conducted in the present invention will be
described below.
The inventors of the present invention have
found that the dispersible colorant having the above
20 characteristics can be very simply produced by
aqueous deposition polymerization process carried out
under the following conditions.
First, a water-insoluble colorant is dispersed in
the presence of a dispersant to prepare an aqueous
25 solution dispersed with the colorant. Then, a

radically polymerizable monomer is polymerized in the

presence of a radical-polymerization initiator in the



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

di spersant when the di spersible colorant having an anionic group is to be
produced, and a dispersant having a cationic group or nonionic 5 dispersant
when t he di spergidaes cbl spans ibhavbygaguecats atemogiolpni s to be produced.
When fixation of the chargeable resin pseudo fine particles to the col orant
is to be accelpsrlamsrijiatibe nyacess depddix idrapaptypkei xasionpgescess and,
10 at the sanme time, dispersion stability of the <colorant is to be kept in
t he pol yneri zdtinen Epicles te &hpr epdioréd tenbddienshisroreselan ani onic

di spersant having an acid value of not |less than 100  and not nore than 250,
or a cationi c GlsPEHarRTAB2hadi RY RcafIEIH WHeRPShbioPess than 150 and

T e e B A AT REeS b B Slsher oAl havinggn seid or am e
not be pseudo fine particles, which are also prepared by the
process and uniformly distributed, fixing to the

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

polymerization step. The particularly preferable one



kept wel |l dispersed, because the hydrophobic nononer 20 is nore conpatible
with the dispersant than with the colorant in the subsequent aqueous
deposition polynerization process, as a result of which the dispersant is
separated fromthe colorant surface before the chargeable resin pseudo fine
particles fix 25 to the colorant. In the presence of a dispersant having an
acid or am ne val ue beyond the above rangé, - on the other hand, fixation of
the chargeable resin - 47 pseudo fine particles to the col orant surface may
be retarded, because it is excessively strong in volune- displacing effect
or static repulsion on the colorant surface. Wen an anionic dispersant is
to be used, 5 it preferably has carboxyl group as the anionic group, vVviewed
from not retard g fddkiata bhy opol hrechanppdablreonarest nvipsendosfi ne particl es
to the colorant. In the step for dispersing a water-insoluble colorant to
prepare the aguddus idirsipey s$ohubihe 110 wedleor,amtngried epablpchapoaadicalret er of
not less than 0.01 mand not nore than 0.5 gm (not |ess than 10 nm and not
more than 5000mBC toe thine appyorppéf @eatiiE fotsueksce handoin3 theand not
nore than 0.3 gm (not, | ess than 30 nmand not nore than 300 nm, 15 after
bei ng di sper s@LYMRE B ahErReBt BPanet bt L1 nPRPs Paeds 5P lfeat F yRR&f Rected i n

the dispersed._ djaneter. of the dispersible cal orant produced. .Therefore, it
is prefera%lyWXdﬁégi Qes?%ﬂaﬁ% ggﬁ F % §§ﬂ?ﬁ$%6pEéﬁﬁcFﬂ €6f the

col orant, for a hydrophobic monomer at the oil droplet

interface. Still more preferably, it has at least
one type of the hydrophobic monomer used in the
subsequent polymerization step as the constituent

10 unit, because it can accelerate fixation of the
chargeable resin pseudo fine particles to the
colorant in that step.

The method for producing a polymeric dispersant

or water-soluble polymeric compound serving as the

15 dispersant for the present invention is not limited.
For example, it can be produced by reacting a monomer
having an ionic group with another polymerizable
monomer in a non-reactive solvent in the presence or
absence of a catalyst. It is found that good results

20 can be produced by a dispersant of a styrene/acryl-
based polymeric compound produced by polymerization
of the above-described monomer having an ionic group
and styrene monomer as the essential components, or
acryl-based polymeric compound having an ionic group

25 produced by polymerization of the monomer having an
ionic group and (meth)acrylic acid ester-based

monomer of not less than 5 carbon atoms as the



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

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

di spersed particle size <close to the nonodi sperse distribution. In general,
25 the dispersible colorant with the chargeable resin pseudo fine particles
fixing to the colorant generally tends to have a particle dianeter - 48
distribution narrower than that in the affteous dispersion to be treated in
the polynerization step shown in FIG 2B, although basically depending on
the latter distribution. It is inportant to narrow the 5 colorant particle
di ameter distribution, viewed from securely inducing fixation of the
chargeabl e resin pseudo fine particles to the col orant by hetero-

aggl oner at i onesFhetimentaromdnt fie presentpréhgeabilen tlhavesd aund t hat use
of the colorant having 10 a pol ydi sperse index of 0.25 or |ess gives the

di spersi bl e conhdpanc ofl soesddhtwhiespehsi 4 spstrabilia yco Dh¥drt ent

anal ytical procedures give a varying particle dianeter_ of a _dispersed
colorant. In mévﬁaﬂuaﬁﬂ%ﬂloQ#%a%¥%UE|gﬁeﬁp B&r BrAexcete 2fefy spherical .
In this speC|f|cat|on t he artlcle di aneter is represented by the average
particle size léﬁﬁrﬁépﬁdrgbe%%% ?nﬂ%ﬁloﬁéﬁsﬁFQ@Pbﬁ) yHIM ¢t Fght  scattering

(anal yzerq O guka BLeCtr OGS EhS 8090) 20,310 J8te Ot pya hg cuml an

cationic group is to be produced.

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

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

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

20 1s 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

25 to the colorant. In the presence of a dispersant
having an acid or amine value beyond the above range,

on the other hand, fixation of the chargeable resin



The met hod of dispersing a water-insoluble colorant in water is not
limted, so long as it is selected fromthose capable of stably dispersing
a colorant in water under the conditions described 25 earlier in the
presence of the dispersant also described earlier. It my be known or newy
devel oped for the present invention. Wien a water - 99 insoluble col orant
is a pignment, a polyneric dispersant Ts4i/ncorporated generally suitably at
not |less than 10% and not nore than 130% by nmass based on the pignent. 5
The wat er-insol uble colorant for the present invention is preferably not
sel f-di spersible, because it allows to control characteristics of the
di spersi bl e col orant produced by the above-descri bed preferred enbodi nent
for produci ngpshedehdrigeatitar 1octesi hopsbade Hliarargarsucfese MAE bel or ant
di spersing nethod for the present invention is not limted, so_long as it
is commonly GSéarrsd t e cif aht, Lan8XFAY B Slel et enNd r b YRéSBS-usi ng a
di spersing nmachine, e.g., paint shaker, sand 15 mll, agitator mll,
three-rol I ni AfSBLHET | ,eC%i@ﬁ-ﬁF@géﬁréeﬁbﬁﬁﬁ%ﬁ?Z%W,t%?g??lorant
m crof | ui di zer nanoniﬁﬁr or_ mul timzer,.or ultr sonigidiifersing machi ne.
ri 5%

Radi cal - Pol yn8FFZ&%on REE &bre 2t he PaPBAPAPY yrreriZ&tT ot T hi ti at or

for the presept JAMRNLON, 182008 bBLLSd 20y 009 %6’ bnliSndc group,
viewed from not retarding fixation of the chargeable
resin pseudo fine particles to the colorant.

In the step for dispersing a water-insoluble
colorant to prepare the agqueous dispersion, the

10 colorant preferably has a diameter of not less than
0.01 pm and not more than 0.5 pm (not less than
10 nm and not more than 500 nm), particularly
preferably not less than 0.03 pm and not more than
0.3 pm (not less than 30 nm and not more than 300 nm),

15 after being dispersed. The dispersed diameter in
this step is greatly reflected in the dispersed
diameter of the dispersible colorant produced.
Therefore, it is preferably in the above range,
viewed from coloring capacity of the colorant,

20 weather resistance of the image, and its dispersion
stability.

The water-insoluble colorant for the present
invention preferably has a dispersed particle size
close to the monodisperse distribution. 1In general,

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

generally tends to have a particle diameter



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

persul fates and 25 water-sol uble azo conmpounds. It nay be a redox initiator
conposed of a conbination of a water- sol ubl e radical -pol ynerization
initiator and reducing - 50 agent. Mre specifically, the optinmum
conbination is designed and used in cengBderation of characteristics of
the col orant, dispersant and nononer described above. It is preferably
selected fromthose giving a 5 polynerization initiator residue which has
the sane polarity sign as the surface characteristics of the dispersible
col orant produced. For exanple, it is selected fromthose giving a neutral

or anionic pahy¥eeibuabinn dditbater thasi duet when e Wwagesodd i nsol ubl e

col orant having an anionic group is to be produced. This can produce the
surface chargeispeesieff it e | yreStadl anl yhd tpdlsympref esabby sekpcted from
those giving a neutral or cationic polynerization initiator residue, when a
di spersi bl e %bhowal dmaritIchavilbg althbughi bagriaud liys depdedpngdanetdhe Use of
a wat er-sol ubl e azo conmpound as a radical -pol ynerization initiator

(herei nafter lpétenr ed storidsuagorous] azbs baspdrraditcdlo npoinowerilzati on
initiator) is another preferred 20 enbodi nent of the present invention.

Azo- based 5 r agPéarapdl \retti Zat ¢ ofl alReteat dis tniditidithg ebeeedsfremes, are

t hose conpounds havi_ng at | east one azo _
securely inducing fixation of the chargeable resin

pseudo fine particles to the colorant by hetero-
agglomeration. The inventors of the present
invention have found that use of the colorant having

10 a polydisperse index of 0.25 or less gives the
dispersible colorant of excellent dispersion
stability.

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

15 particular, organic pigment particles are rarely
spherical. 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)

20 and determined by the cumulant analysis.

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

25 earlier in the presence of the dispersant also
described earlier. It may be known or newly

developed for the present invention. When a water-



group, where the azo group portion is deconposed by heat (or light) to
generate the radicals, thereby 25 initiating polynerization. An aqueous
azo-based radical-polynerization initiator causes pH reduction in the

pol yneri zation systemto a |l ower extent as it - 51 reacts than a

persul fate, and hence nore efficiently controls generation of coarse
particles resulting fromdeteriorated-dédSpersibility of the system Use of
an azo-based radical -pol ynerization initiator for 5 the polynerization for
the present invention with a specific organic pignent, in particular a

qui nacri done- based pi gnent, since the water-insoluble colorant reduces the
unreact ed nononer residue after polynerization and secures a sufficient
conversion. 1@nEhanefler esoldrastaipant pdyhamty, pr efer abbeienbodi ment. A

gui nacri done-based pignment has a structure represented by the general
formula (1): BikpdGaRt Ro MEZrpoaleRs gnkYaRBy Osii RdbMpr etspedi fi cal |y,
these pignents include P.V. (Pignent violet) 19, P.R (Pignent Red) 122,
P.R 192, 151pskR t202 MR ardenoP. Rorg0thamd B RPomaPsRbasz?2 an one of
the preferable pignents for the present invention is represented by the
general fornmuk&e( Pidmaiiferein R2 and RO are each CH3, and Rl, R3, R4, Re,

R10
The water-insoluble colorant for the present

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

10 resin pseudo fine particles.

The colorant dispersing method for the present
invention is not limited, so long as it is commonly
used for the colofant, and may be selected from those
using a dispersing machine, e.g., paint shaker, sand

15 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

20 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

25 water-soluble azo compounds. It may be a redox
initiator composed of a combination of a water-

soluble radical-polymerization initiator and reducing



and R' are each H 20 The azo-based radical -polynerization initiators - 52

preferable for the present invention include those comonly used for

enul si on pol ynerization or the like. Mreover, they may be newl y devel oped

ones for

(2,2 -azobis(2-nmethyl -N-(1, 1-
bi s( hydr oxynet hyl ) - 2- hydr oxyet hyl ) pr opirohéni-de)), VA- 086
(2, 2" -azobi s(2-net hyl - N- (2- hydroxyet hyl )- propi onani de)), VA-057

(2,2 -azobis(2-(N-(2- carboxyethyl)am di no) propane)), VA-058 (2,2' 10
azobis(2-(3,4,5,6-tetrahydropyri mdin-2- yl)propane)di hydrochl ori de),

(2,2 -azobis(2- (1-(2-hydroxyethyl)-2-im dazolin-2-

yl ) propane) di hgdnachl Boirdespevt-isli 2] Ry » azlobi sp2imum combination is
am di nopr opane) di hydrochl ori de) and V-501 (4,4

acid)) (all
azo- based [ :
carboxylic acPd §heupodimrani nodgepapsaatgand yRoErey 2descazbbids(2- (N- (2 20
carboxyethyl)anidino)?ropane)), brings another advantage in addition to

e

t hose descri b8@°¥6ov
resi

chargeablg&
colorant e
of such an
10
15
20
25

iBEHE%H%&ié%éﬁiéé @HgtQSEfBE%f%Hg¥%cteristics of the
dispersible colorant produced. For example, it is
selected from those giving a neutral or anionic
polymerization initiator residue, when a water-
insoluble colorant having an anionic group is to be
produced. This can produce the surface charge more
efficiently. Similarly, it is preferably selected
from those giving a neutral or cationic
polymerization initiator residue, when a dispersible
colorant having a cationic group is to be produced.
Use of a water-soluble azo compound as a

radical-polymerization initiator (hereinafter
referred to as aqueous azo-based radical-
polymerization initiator) is another preferred
embodiment of the present invention. Azo-based
radical-polymerization initiators, including agqueous
ones, are those compounds having at least one azo
group, where the azo group portion 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

enul si on pol ynerization. Mre specifically, they 5 include VA-080

VA- 060

: ) ' 15 azobi s(4-cyanopent anoi c
sdppliveddbypntbkose®ure Chesildalratndustef esharackeaqesads
radi cal -pol ynerization initiators, an initiator having

ItTHE AYRRSEARRIY resiatteHodk@™ & 4Re peetidodf fne,
t.icle f | hol.yt i d ' he di i bl
i BPUYHG “d6ett 25 ol SpeiSEah Srantiie yToveh A BBSpAFEnge, Use



enbodi nent of the present
The radically polynerizable nononer for the

i nvention. -

53 -
nmet hod of the present

Radi cal | y Pol yneri zabl e Mononer

i nvention

becones a conponent

particles after undergoing the aqueous deposition

descri bed earlier.

characteristics of the chargeable resin pseudo fine

whi ch constitutes the chargeable resin pseudo fine 5
pol ymeri zati on process
adequately selected in consideration of the
particles and

It may be

di spersible colorant to be produced,

as 10 di scussed earlier for the

essentially water-insoluble

fine resin particles.

The radically

invention is not

l'imted.

It

pol ymeri zabl e

nononer for the present

may be

known or newl y devel oped. Aqueous Deposition polynerization process 15 Next,

the preferredreabedi Fenrts Nipd rHe1 rdescr bbed Hearcd heo pguepEscdepesiyt i on
pol ynmeri zati on process as a step for synthesizing the chargeable resin

pseudo fine pabhiebas arcthdtaxi ngnt béncbarkke paealiorlasd , rabuthing the feature
of the present 20 invention. It should be understood that the present

i nvention is fAobml ideitteed dyattdd énbpdirrebtid idesceri btk desbam. FIGS 2A to 2D
schematically illustrate the process flow of this process. The process is
consi der ed t oodoapr kgetasdd| FaWt aglspepymesrl 228 ipoduel hgathe diogper si bl e
colorant. First, a _colorant 1 is dispersed in an aqueous solution in the
presence of atBpFsperlyanriFzatel ppreparethRePaqEesls invention with a

specific organic pigment, in particular a

quinacridone-based pigment, since the water-insoluble

colorant reduces the unreacted monomer residue after
polymerization and secures a sufficient conversion.

10 Therefore, it 1is a particularly preferable embodiment.

A quinacridone-based pigment has a structure

represented by the general formula (1):

R11 H 0O Rl
R10 N R2

R N R

R 0 Ho e

More specifically, these pigments include P.V.

(Pigment violet) 19, P.R. (Pigment Red) 122, P.R. 192,

15 P.R. 202, P.R. 206, P.R. 207 and P.R. 209. P.R. 122

as one of the preferable pigments for the present
(1),

, R8’ RIO

invention is represented by the general formula
wherein R? and R’ are each CH;, and Rl, R3, R’
and RY are each H.

20 The azo-based radical-polymerization initiators



- 54 dispersion (FIG 2A). Dispersion of the colorant 1 is stabilized in
the presence of the adsorbed dispersant 3, the adsorption being thermally
in equilibrium Next, the aqueous di spersion prepared 5 above is heated
with stirring, to which a nononmer conponent 4 is added together with, e.g.,
an aqueous radical-polynerization initiator 5 (FIG 2B). The initiator 5

i s deconposed under heating to rel ease- the-radicals thereby accelerating
the reactions 10 between the hydrophobi ¢ nonomer dissolved in trace
guantities in the aqueous phase and the water-soluble nononmer present in

t he agueous phase. FIG 3 schematically illustrates a step from

pol yneri zati on of the nononmer 4 to production of a 15 dispersible col orant

6 (FIG 20 .ppsrbhapTenamy thd egstbentdeseinRad abaye) paocerdse a ol i gomer
7 formed by polynerization of the nononmer conponent becones insoluble in

wat er and beceskfioall eGidu tBéL eBuabtien $epamadtighoubnobrt Recaqueaus
phase. The 20 separated oligonmer particles are not sufficient in dispersion

stability, andoareveanbitiedy wid{y leachewdt/hele vied dperdn dies chargeabl e resin
pseudo fine particles 2. These fine particles 2 undergo hetero-
aggl oner at i onemiiflls ithe pojddrmophbba tisar f déese ofpeheé fisaddlvor drtey n t he
aqueous di spersion as nuclei, and the resin conponent which constitutes the
pseudo-fi e, iBkabgdeabiPe GHtt {21 25-2zpbist(Zongitrvblddbr bedlon the - 55
bis(hydroxymethyl)-2-hydroxyethyl)propionamide)), VA-
086 (2,2’'-azobis(2-methyl-N-(2-hydroxyethyl)-
propionamide)), VA-057 (2,2'-azobis(2-(N-(2-
carboxyethyl)amidino)propane)), VA-058 (2,2'-

10 azobis(2-(3,4,5,6-tetrahydropyrimidin-2-
yl)propane)dihydrochloride), VA-060 (2,2'-azobis(2-
(1-(2-hydroxyethyl)~-2-imidazolin-2-
yl)propane)dihydrochloride), V-50 (2,2’-azobis(2-
amidinopropane)dihydrochloride) and V-501 (4,4’-

15 azobis (4-cyanopentanoic acid)) (all supplied by Wako
Pure Chemical Industries). Of aqueous azo-based
radical-polymerization initiators, an initiator
having carboxylic acid group and amino group, e.g.,
VA-057 (2,2’ —azobis(2-(N-(2-

20 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

25 dispersion stability over a wide pH range. Use of

such an initiator is still another preferred

embodiment of the present invention.



surface of the colorant 1 by the hydrophobic interactions, while the

pol yneri zation reaction is proceeding wthin the chargeable resin pseudo
fine particles 2. As a result, these fine particles 2 are 5 transforned
into a nore energy-stable norphology while increasing the adsorption sites.
At the sane tine, physical crosslinks are fornmed to a high extent wthin
t he chargeable resin pseudo fine partitles 2, wth the result that the fine
particles 2 are 10 solidified after reaching the norphology in which they
are adsorbed nost stably. The colorant 1, on the other hand, is stabilized,
as the chargeable resin pseudo fine particles 2 are fixed thereto,

all owi ng the di spersant adsorbed thereon to separate 15 fromthe surface.
FI G 4 schermaRadakhy liyl IPusltyrateiszditot & Modeseaf the interface between the
chargeabl e resin pseudo fine particles 2 forned above and colorant 1. As
shown, the char geablkeresincpddydedlivmes piazalh té emogome rwHicgh tdree t he

aggl onerates of the resin conponent have a hydrophilic nononmer units 9-1
and hydr ophobirethgenefethinseLent ThEGNELENaPEIGIES |8 @BPPRBOEIing to
cause a distribution of |ocal surface energ and there are a nunber of
adsor ption si VB3CROCRDSHMITH 5 tihRi ‘Fh%g?éggeeﬁ@rsglyi RIHERAeE WPt h that of

the col orant. Fch 5 schemati cal | illus;d:lates t he enAarged - 56 interface
in which 65rtp8F ﬂﬁéeﬁs _%iqﬂge golng e aqueous depdsition

polymerization process described earlier. It may be
adequately selected in consideration of the
characteristics of the chargeable resin pseudo fine
particles and dispersible colorant to be produced, as

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

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

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

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

presence of a dispersant 3 to prepare the aqueous



chargeabl e particle of resin 11 fixes to part of the <colorant particle |a.
The pseudo-fine, chargeable particle of resin 11 adsorbs the adsorption
site 10 5 showmn in FIG 4 at the interface to fix to the <colorant stably in
a nor phol ogy whi ch depends on the surface shape of the colorant part la. As
described earlier, the polynerization proceeds within the pseudo-fine,
chargeabl e particle of resin also during®410 this step, and the particle is
fixed to the colorant after reaching the norphology in which they are

adsor bed nost stably. The dispersible colorant of the conposition described
above can be easily produced by these steps (FIG 2D) . In the system 15
with the chargeable resin pseudo fine particles sufficiently charged on the
surface to bedsepbrsdiospeli®l €AY heyDisreaparh brfotmheactv laitmrt by t he
static repulsive force while they are adsorbed on and fix to the col orant
by het er o- agglanetabiidi aasl bien 2o0henpfesangediodt mhsutaeds @RbeHe col or ant
particle surfaces. As a result, they take the preferred _norphol ogy

descri bed ear i ePeTPRE Dol yridtd 2 FORPEHRBI LicdAY Y TeRebkbVidi Rg on
characteristics of .the polynerization initiator, 25 di.spersant and nononer.
Exanpl es of tREYCAI s  Nerd v &7 i R epelaPRPES 1vSt RISTRATHAn 100C,

f er abl t,less.than 40C, and, not. than 80C,. - 57 tion time: 1
our or i 6, “BPEEersol Aot RSk Phahr 6 Hours AMH Tbte AP ESERn 30 hours,

and stirring component 4 is added together with, e.g., an aqueous

radical-polymerization initiator 5 (FIG. 2B). The
initiator 5 is decomposed under heating to release
the radicals thereby accelerating the reactions

10 between the hydrophobic monomef dissolved in trace
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

15 dispersible colorant 6 (FIG. 2C). As the monomer 4
reaction described above proceeds, a oligomer 7
formed by polymerization of the monomer component
becomes insoluble in water and becomes a precipitate
8 after separating out of the aqueous phase. The

20 separated oligomer particles are not sufficient in
dispersion stability, and are combined with each
other to form the chargeable resin pseudo fine
particles 2. These fine particles 2 undergo hetero-
agglomeration with the hydrophobic surfaces of the

25 colorant in the aqueous dispersion as nuclei, and the
resin component which constitutes the pseudo-fine,

chargeable particles 2 is strongly adsorbed on the



rate: not less than 50 rpmand not nore than 500 rpm preferably not |ess
than 150 rpmand not nore than 5 400 rpm |In the above process, in
particul ar when the chargeable resin pseudo fine particles are to be
produced by pol ynerization of a nmononer conponent containing at |east one
type of hydrophobi c nononer 10 and at | east one type of hydrophilic nononer,
the nononmer conponent is preferably dropped in an aqueous dispersion of a
wat er -i nsol ubl e col orant, incorporated beforehand with an aqueous radi cal -
pol ynerization initiator. O otherw se, the nononmer 15 conponent and aqueous
radi cal - polynerization initiator are dropped in an aqueous dispersion of

wat er -i nsol ubl e col orant sinultaneously or separately, which is still a
preferred enbedirfani. dfherhea cobopaets lnoxt whe itsydxoiposiedcof di ssim | ar
nononers, 20 e.g., hydrophobi c nononers and hydrophilic nononers, it is

pref erabl e t oikéepatdte coopolwinel ¢ zaheopodamies 1 zaft iidre nemohees as a const ant
to uniformy produce the desired chargeable resin pseudo fine particles.
Wen the nonoREPceiegimde Wisthheokper ahadgealilife 125 iyl gerndoatioh systemin
excess of the quantlty consuned by the olynerlzatlon reaction in a certain
tine, a speC|P?é ChsAGTer - @Sb@|ﬁﬁﬁ%%%nt?B?F? 193 H&ﬂ%ﬁﬁ% Sedl ERAving the

ot her, h is pol ri after the forner S co sumed. In this
Chne " he ok oPPRTEIad oudHy ¢ BT R BeeBNY FID oo tpEa oS

while increasing the adsorption sites. At the same
time, physical crosslinks are formed to a high extent
within the chargeable resin pseudo fine particles 2,
with the result that the fine particles 2 are

10 solidified after reaching the morphology in which
they are adsorbed most stably. The colorant 1, on
the other hand, 1is stabilized, as the chargeable
resin pseudo fine particles 2 are fixed thereto,
allowing the dispersant adsorbed thereon to separate

15 from the surface.

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

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

25 their surface energy coincides with that of the
colorant.

FIG. 5 schematically illustrates the enlarged



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

copol yneri zation ratio, when the nononer conponent is dropped in an aqueous
di sper si on. of inatefacrsdlinublitel ol psant ofonhai piskgdan 2Zth@gueous

radi cal - pol ymerization initiator. Sonme hydrophilic nononmers, in particular
ani oni ¢ ones, ckaggeabdeylpartaici e anfl neshaciyl ifdxes d,o payt beCotkepartly
unstabl e to aggl onerate, depending on characteristic of a polyneric

di spersant workilagads paudiigpe? skaa chorpseudotiisea phefrgaaddlenbodi nent
of the present invention to incorporate an anionic nonomer in the formof a
sodi um or potﬁ§§ﬁ&ﬁﬂ§apﬁ-IQ§¥na$fe@dﬁPrp§ k&gt ralsozet 19m stEer 1Po avoid

t he above problem The above process.for formng the charqgable resin
pseudo fine péPPW8lé§'ﬁ%ﬁwuft{%t%%eméPEPIface to fix to the

colorant stably in a morphology which depends on the
surface shape of the colorant part la. As described
earlier, the polymerization proceeds within the
pseudo-fine, chargeable particle of resin also during

10 this step, and the particle is fixed to the éolorant
after reaching the morphology in which they are
adsorbed most stably. The dispersible colorant of
the composition described above can be easily
produced by these steps (FIG. 2D). 1In the system

15 with the chargeable resin pseudo fine particles
sufficiently charged on the surface to be self-
dispersible, they are apart from each other by the
static repulsive force while they are adsorbed on and
fix to the colorant by hetero-agglomeration to be

20 uniformly distributed on the colorant particle
surfaces. As a result, they take the preferred
morphology described earlier.

The polymerization conditions vary depending on

characteristics of the polymerization initiator,

25 dispersant and monomer. Examples of the conditions
are reaction temperature: not more than 100°C,

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



5 insoluble colorant is preferably followed by a purification treatnent step
to produce the agqueous 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 containi ng unreacted pol ynerization
initiator, nononer conponent or dispersant, or water-soluble resin
conponent or chargeable resin pseudo firne7 particles which fail to fix to
the colorant. The purification step nmay be selected fromthose comonly 15
used. Purification by centrifugal separation or wultrafiltrationis a
preferred enbodi nent. The di spersible colorant with the chargeable resin
pseudo fine particles containing a desired copolynmer fixing to the col orant
surface can bee2@tproduded byl emphoybngmblre , alpoes sstadply hetalisesnany
control paraneters are well controlled. Wien an anionic nononer is

i ncor por at ed tbanedl ihwaird gind digpemeiren toeabild thouis, pandi stiaringhe steps
for the present invention can secure a high surface 25 functional group
density and tmeteby Neitghl afispelanoh0 spabiamnc ypGtormare diapeb8Pbremeol or ant,
even when the anionic nononer is used in a relatively small - 60 quantity.
Therefore, th@§€ﬁ%ﬁﬁﬁiﬁxﬂp%n%%ﬁéethéps6§PSﬁ@$:ﬁ%ﬂnﬂ?ﬁym%¥etHéaéhargeable
resin psqu flne particles without deteriorating storage stability of the
di sper si bl c800r &R f or extended 5 peri ods.

In the above process, in particular when the
chargeable resin pseudo fine particles are to be
produced by polymerization of a monomer component
containing at least one type of hydrophobic monomer

10 and at least one type of hydrophilic monomer, the
monomer component is preferably dropped in an aqueous
dispersion of a water-insoluble colorant,
incorporated beforehand with an aqueous radical-
polymerization initiator. Or otherwise, the monomer

15 component and aqueous radical-polymerization
initiator are dropped in an aqueous dispersion of
water-insoluble colorant simultaneously or separately,
which is still a preferred embodiment. When a
monomers mixture is composed of dissimilar monomers,

20 e.g., hydrophobic monomers and hydrophilic monomers,
it is preferable to keep the copolymerization ratio
of the monomers at a constant to uniformly produce
the desired chargeable resin pseudo fine  particles.
When the monomer mixture is incorporated in the

25 polymerization system in excess of the quantity
consumed by the polymerization reaction in a certain

time, a specific monomer may be preferentially



The inventors of the present invention assune that the inproved di spersion
stability of the dispersible colorant results fromthe foll ow ng

mechani snms, which, however, are not fully 10 substantiated. Wile the
chargeabl e resin pseudo fine particles are being formed fromthe oligoners
separating out during the polynerization step, initiated by the radicals
generated in water, the oligoners contab#ing the conponent derived fromthe
15 ani oni ¢ nononer at a higher content are preferentially oriented to the
aqueous phase side, i.e., to the vicinity of the chargeable resin pseudo
fine particles. This condition is kept after the chargeable resin pseudo
fine particles fix to the 20 colorant to further concentrate the anionic
group deri vedofl yangrt zedanicat tngotbaeo t herpoméritcton ¢ heol guefaeedof the

di spersible colorant of the present invention having structurally a |arge
specific surhfiteratba fAsmer gsuhompetrhesdicopensidu e dol driait @5sr oduced by
the nmethod of the present invention can be stabilized by a smaller quantity
of the anioni Ehenrewet icehpdrergeablelrespgueseidnki e p@ubdasesnk of the
present invention is characterized by containing the dispersible col orant
descri bed abo®eY WA¥S &ipingneitanslysBBcVer chem st brahicstt Fame

i ncor porated narnal | at not J]ess .than 0.1% and not nore than.20% by wei ght
basedpon 5 o% g%es% particles, in parglcdﬁar g%ose contafhlng oDy 9

the hydrophilic monomer component at a high
proportion, may not fix to the colorant surface.

Moreover, the resin component containing the
hydrophilic monomer component at a high proportion

10 may not even separate out due to its high
hydrophilicity to remain as a water-soluble resin
component in the system without forming the
chargeable resin pseudo fine particles. On the other
hand, the hydrophobic/hydrophilic monomer

15 copolymerization ratio can be kept at a constant to
uniformly form the chargeable resin pseudo fine
particles of a desired copolymerization ratio, when
the monomer component is dropped in an aqueous
dispersion of water-insoluble colorant containing an

20 aqueous radical-polymerization initiator.

Some hydrophilic monomers, in particular
anionic ones, e.g., acrylic acid and methacrylic acid,
may become partly unstable to agglomerate, depending
on characteristic of a polymeric dispersant working

25 to disperse a colorant. It is a preferred embodiment
of the present invention to incorporate an anionic

monomer in the form of a sodium or potassium salt



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

wat er - sol ubl e 10 organi c solvent, as required. The ink nay be i ncorporated
with a penetrant to accelerate its penetration into a recording nmedium a
preservative or an antifungal agent. The di spersible colorant of the
present 15 invention contains the 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 recordi ng nmedi um
or to an adjacent particle on the nediumvia the 20 chargeabl e resin pseudo
fine particles fixing to its surface. Therefore, the inmage produced with

the aqueous hhkeof itha presentainyenti en shawld the H@hdytheesbstant to
scratching. One of the nore preferred enbodinents is the aqueous ink which

has, in additpesb2ent.0 the above characteristics, the self-dispersible fine
resin particles present therein. This permts the ink to produce highly

gl ossy i mages on a Thesspovebdrovedunfomhichmiagnohealdnadiddboalt with a
common water-insoluble colorant, e.g., pignent. More preferably, the ink
has the chargeablie pesiudpsieute pdrhacpast ifdixésnig Ao filké ngaterthe col or ant
and self 5 dispersible fine resin particles gB) resent in the ink, wherein
the nononer corpeAeitlcofcalifer paktiel pseferpb hﬁfﬁﬂéiﬁﬁﬁéﬂﬁY gonmponent of the

particles (B) . ,
purification treatment step to produce the aqueous

ink containing the colorant. It is important for
producing the dispersible colorant of high storage
stability for extended periods to purify the mixture
10 containing unreacted polymerization initiator,
monomer component or dispersant, or water-soluble
resin component or chargeable resin pseudo fine
particles which fail to fix to the colorant. The
purification step may be selected from those commonly
15 used. Purification by centrifugal separation or
ultrafiltration is a preferred embodiment.

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

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

25 functional group density and thereby high dispersion
stability for the dispersible colorant, even when the

anionic monomer is used in a relatively small



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

adhesi veness. The dispersible colorant of the present 15 invention has an
average surface zeta potential of not-1é8s-than -80 nV and not nore than
-20 mV in the aqueous nedium which constitutes the aqueous ink, in
particular when it contains an anionic group, and not |ess than +10 nV and
not nore than +60 nV when it 20 contains a cationic group. These are al so
preferred enbodi nents. The aqueous ink can have excellent storage
stability forgexhended peheedFondienthdése dtspersabl engeimyant has a surface
zeta potential in the above range. The dispersible colorant having a 25
surface zeta paseetrisdlonofstredti 1 esg dhanhel chaw gaab lenote bnepsbado+10 mvV may
fail to exhibit its inherent high dispersion stability by the actions of an
- 63 aqueous frieei partiesids imgthaut hdedgueouws tiimg oftorageaf fi ci ent

di spersion stability for extended periods. On the other hand, the

di spersi bl e céltePartityhafi e duspaceibdea opsramnital forsextnrAedso nv or 5
nore than +60 nV may cause the image the ink gives insufficient in water
resi stance> aPERB@G -the ink has excellent storage stability. The term

"zeta (c otential” used in this . .
(c) p The ?nventors of the present invention assume

that the improved dispersion stability of the
dispersible colorant results from the following
mechanisms, which, however, are not fully
10 substantiated. While the chargeable resin pseudo
fine particles are being formed from the oligomers
separating out during the polymerization step,
initiated by the radicals generated in water, the
oligomers containing the component derived from the
15 anionic monomer at a higher content are
preferentially oriented to the aqueous phase side,
i.e., to the vicinity of the chargeable resin pseudo
fine particles. This condition is kept after the
chargeable resin pseudo fine particles fix to the
20 colorant to further concentrate the anionic 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
25 produced by the method of the present invention can
be stabilized by a smaller quantity of the anionic

monomer component.



specification, sonetinmes referred to as interfacial 10 dynam c potenti al,
nmeans potential produced in an interface between a solid and liquid in
relative notion while they are in contact with each other. It 1is used to
anal yze surface conditions of a solid present in a liquid. In the

el ectrically double 15 | ayer produced in a solid/liquid interface, a
stationary phase (or adsorbed phase) is 6n the solid side, where the
stationary phase and solid surface are charged with ions of the opposite
charge. Wen a solid and liquid are in relative notion, the 20 stationary
phase noves with the solid. Therefore, it wIll be the potential between the
stationary phase surface and the inside of the solution that actually
governs the mpyuedusanchd s referred to as the zeta potential. The zeta
potential may be positive or 25 negative depending on charge of the
stationary phase. Wenagueater -imsabfibtiee cotosant iinvairahion dispersed in
an ink, the colorant particles are kept separated - 64 fromeach other and
stably di sper skd ray ttehrel zzet @y podehtiialngf thise diddmranibldhepéboret t he zeta
potential is a property of significance for dispersion stability and
storage st abi Hesygrabpegh ahkvs. coHien m nglaneateisi iseldubiar cdrerant for ink
jet recording. Mreover, the absolute value of the zeta otential itself
greatly af¥ect®ldirspdrsiidn k% abPFPEporashd noIrmdilsky idutioh 1858l so an

i mportant paraneter.
P P than 0.1% and not more than 20% by weight based on

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

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

The dispersible colorant of the present

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

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

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

the ink to produce highly glossy images on a glossy



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

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

di spersible colorant of the present invention exhibits the desirable
effect of stahieldizini)g wiieHdi spersinal MenizF iichsl tzetiatpos esbiabndi stri buti on
is less than 50 in ternms of the standard deviation around the average

| evel . - 65 Theezetimgudtudnte atoVaraes, dependi mg. guenvar i Misre condi ti ons,
e.g., dielectric constant, pH and salt concentration, of an aqueous nedi um
in which the peelferamtlyi,;s Presenk, hahi thei shelvgesdnke wiehimnpseuber 5
col | oi dal dispersion. Therefore, the zeta potential should be discussed for
its absol ute V¥dnge Pard1list ribut foR1AFasqr &deurierospelei 2nd 6AdIti ons of
medi umin which the colorant is dispersed. The zeta potential of the

di spersi bl® cELEPEHS i &ant MRfiebts 1 10PRRk Lrd P Soel HetRres ®Rl bY) &h€omon

r re. Th : i
procedure ?nk, wherein the monomer component of the particles

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

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

The dispersible colorant of the present

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

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

25 surface zeta potential of not less than -15 mV and
not more than +10 mV may fail to exhibit its inherent

high dispersion stability by the actions of an



zeta potential was determned for the present invention by an analyzer
(Mcrotech N tchion ZEECOVM), where an aqueous m xed sol vent for the aqueous
ink incorporated with the colorant at an adequate 15 dilution ratio was put
in a constant electrical field to observe novenent of the dispersed
particles (of the dispersible colorant in the present invention) and
determ ne the novenment velocity of the-pé&Bticles by inage processing. 20
However, it should be noted that the zeta potential may not be determ ned
by the anal ytical procedure described above for an ink containing a
specific electrolyte at a high concentration even in an aqueous nedi um of
the sanme conposition, because of 25 excessively high electroconductivity of

the medium hRuSYER #cCHSEn, thesaet angotanthal aefuddies dispessi bl e col orant
can be determned after the aqueous nmedium66 is treated to have a pH | evel

correspondi ngiheutfifaicieaft tdiespdiks ionuseaby lrieypoidiy et &edegi ng t he
electrolyte to 0.01 M The above ink actually <contains an electrolyte at a
hi gh concent r aeirawdsandOb térdtthe havendecteasédspeasadd establi drdyt
However, it can have inproved storage stability by keeping the colorant at
a zeta pot ent having eheumiiyes foetahpotpnésendt liemeerithiam. -YhenVaopi gnment is
used as the colorant, it is a 10 preferred enbodi nent to incorporate the
pi gment i a MeFecithiag rtfd anY gierecrBsPn tbenpsRan fgie thek gives
insufficient in water resistance, although the ink
has excellent storage stability.
The term “zeta ({) potential” usgd in this
specification, sometimes referred to as interfacial
10 dynamic potential, means potential produced in an
interface between a solid and liquid in relative
motion while they are in contact with each other. It
is used to analyze surface conditions of a solid
present in a liquid. In the electrically double
15 layer produced in a solid/liquid interface, a
stationary phase (or adsorbed phase) is on the solid
side, where the stationary phase and solid surface
are charged with ions of the opposite charge. When a
solid and liguid are in relative motion, the
20 stationary phase moves with the solid. Therefore, it
will be the potential between the stationary phase
surface and the inside of the solution that actually
governs the motion, and is referred to as the zeta
potential. The zeta potential may be positive or
25 negative depending on charge of the stationary phase.

When a water-insoluble colorant is stably dispersed

in an ink, the colorant particles are kept separated



chargeabl e resin pseudo fine particles, or resin/pignent ratio (B/P ratio)
of not less than 0.3 and not nore than 4.0 by nmass for inproved scratching
15 resistance of the inage formed by the aqueous ink. Keeping the B/P ratio
at not less than 0.3 can enhance adhesiveness between the col orant
particles and between colorant particles and recording nedium and hence
enhance resi stance of the inmage to 20 scbhatehing. In particular, the aqueous
ink incorporated with the dispersible colorant can exhibit its filmmaking
capacity nore efficiently, when the copol yner conponent for the chargeable
resin pseudo fine particles fixing to the colorant has a 25 gl ass
transition tenperature of not |less than -40C and not nore than 60C, as
descri bed ear ffirefn, camnth Jdtldhesin@nbaabeysdhabelisegl nesi shangetaf the i mage
on - 67 a glossy paper. At a BIRratio significantly exceeding 4.0, the

i nk may be supbitenéntlly ofi sdoriscasoranwhol Bhéoehave, dether izmtat ed
ejectability, in particular for ink jet recorders. Mreover, such an 5 ink
may not secur gosefftiigilents iarageodensit pf begaddd cagfca heoexcessi vel y hi gh
resin ratio to deteriorate color-developing capacity of the colorant on a
recor di ng nedddsPeksasimg talel Bl PYr andostRrele sl 1 tangenofNnéhkl ess than
0.3 and not nore than 4.0 can 10 give_the aqueous ink which sinultaneously
exhi bits ®xcEPPERLTSEYatH hGeF edP§PAREE Can@ - Gredttali ¥ t{knietnk j et

recorders. The resin nass descri bed above
recording.

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

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

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

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

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

level.



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

TGA/ SDTA851) for the present invention. Mre specifically, the dispersible
colorant of the present invention or aqueous ink incorporated therewith for
ink jet 25 recording was centrifugally treated at 80,000 rpmfor 2 hours,
dried, weighed and heated in a nitrogen atnosphere or air to observe wei ght
change of each of -TE8 zébe pogretiAnd desds doppnaenys obefverne and after
its deconposition tenperature, fromwhich the B/P ratio was determ ned.
Recor ded | mageobhdTheéonsage .af . t hedi i esent ci noesttiaot ,r gdbradedl salta recording
medi um wi th the aqueous ink of the present invention incorporated with the
di spersi bl e cohorantragfiarhe @bove- deseritbetieddmposint ivgnidls tpeoduced by the
ink jet recorder, described |ater. 10 The recordi ng nmedi umused for the
present inventPéarand Ast ANereRE, $bifbngsashiet salowsl Hh cdfugt PERest an

i mage thereon b{ ink jet recording. The dispersible colorant of the present
5 colloiddl dispersion. Therefore, the zeta potential

should be discussed for its absolute value and
distribution measured under specific conditions of
medium in which the colorant is dispersed. The zeta‘
potential of the dispersible colorant in an aqueous

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

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

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

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

colorant can be determined after the aqueous medium



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

is further incorporated with the self-di $persible resin fine particles B,
to produce the highly glossy image on a recording medi um 14, where the
chargeable resin pseudo fine particles or self-dispersible fine 25 resin
particles B accunulate on the nediumto snoothen irregularities between the
colorant particles. In FIG 7B, the chargeable resin pseudo - 69 fine
particles 2 phiesentedietdween hhecad] atledtevedolarmargspandiobesof ithat

simul taneously to these colorant particles, to forma strong colored film
for the recordedhiendgek ofn high byr aesloiviga exi stedieeing £he 7C shows

anot her preferred function, where the ratio of the colorant surface to

whi ch the chardesatir®lwtesiho pSeldoM-i néhpaprbprdiced 1k x@Gisuafbky eased to

partly all ow aggl oneration of the_colorant particles thenselves while

real i zi ng t he SPHELHh FhowheFRTRIEL 1678 TRYR GefeRbseFarss and

290l ore aton, o A1%o S0k MR <3 L Ahe Lk bl ch anpge 15
Lgf;gcgze“do e RAHA R Efmp £5FRECIERLEL LYo 1A P16 ¢ Op !, i LA Hl @) 1S
colorant at a zeta potential in the range for the
present invention.
When a pigment is used as the colorant, it is a

10 preferred embodiment to incorporate the pigment in a
specific ratio to the resin component of the
chargeable resin pseudo fine particles, or
resin/pigment ratio (B/P ratio) of not less than 0.3
and not more than 4.0 by mass for improved scratching

15 resistance of the image formed by the aqueous ink.
Keeping the B/P ratio at not less than 0.3 can
enhance adhesiveness between the colorant particles
and between colorant particles and recording medium,
and hence enhance resistance of the image to

20 scratching. In particular, the aqueous ink
incorporated with the dispersible colorant can
exhibit its film-making capacity more efficiently,
when the copolymer component for the chargeable resin
pseudo fine particles fixing to the colorant has a

25 glass transition temperature of not less than -40°C
and not more than 60°C, as described earlier, and

further enhance scratching resistance of the image on



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

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

i nvention, exhibit excellent characteri ét/ics when used in an ink-jet head
and stored in an ink tank. The ink is 25 also useful for filling ink. The
present invention exhibits particularly excellent characteristics when
used in a recording head and recorder of the Bubble - 70 - Jet(r) type
recordi ng nmethod. The representative structure and working principle are
preferably basedlossthedyesi c grti rcip/@ rdisol esgaiifidar8.1Pat ent Nos.
4,723,129 and 4,740,796. 5 This principle is applicable to an on-demand or
conti nuous typ&ceediing pgarti culhar Lpkefrpactiev s iciepplvediseoas @8- demand
type, where at least one driving signal is transmtted to an el ectrothernal
convert er pIaéethﬁeaHﬂxﬁ%Y%Hd%g?Fé@ﬁéﬁ@ﬁn@]ﬁ??ﬁﬁ%ﬂ%ﬁﬂofla sheet and

l'i quid passage by which the ipnk is held to rapidly heat the ink to a
t enper at ure bB?6¥&CU@ﬁé"ﬂU%qe%?§ B%FIFﬁ&oﬁéﬁﬁ§$aty%§?CFﬁﬁﬁcd% t@&" bei ng

fficient ting heat t £i.l m bai | | the heat ed di
head surfabo, R RCOhG Y ool 016 EHEE EHEBUBBIAE a0 F b RodCPROCRE i nk

Correspondingof the excessively high resin ratio to deteriorate
color-developing capacity of the colorant on a
recording medium. Keeping the B/P ratio in the above
range of not less than 0.3 and not more than 4.0 can

10 give the aqueous ink which simultaneously exhibits
excellent scratching resistance and ejectability in
ink jet recorders. The resin mass described above
means the total quantity of the chargeable resin
pseudo fine particles, and may include another resin

15 component which is clearly observed to be strongly
adsorbed on the pigment surface. However, it does
not include a water-soluble resin component which is
easily separated from the pigment.

The B/P ratio can be generally determined by

20 differential thermogravimetric analysis, and was
determined by an analyzer (METTLER, TGA/SDTA851) for
the present invention. More specifically, the
dispersible colorant of the present invention or
aqueous ink incorporated therewith for ink jet

25 recording was centrifugally treated at 80,000 rpm for
2 hours, dried, weighed and heated in a nitrogen

atmosphere or air to observe weight change of each of



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

pul sed signal is nore preferable, because it can inmediately 20 and
adequately cause grow h and contract of the bubbles to achieve ink eject of
hi gh response. USP 4, 463, 359 and 4, 345, 262 di scl ose the preferable pul sed
signals. The recording can be perforned fibre effectively under the
conditions disclosed by U S. 25 Patent No. 4,313,124 describes the
tenperature rising rate on the heat-working surface in the head. The
preferable head structures include - 71 conbinations of ejection ports,

|l iquid passages (linear or right angle to |liquid passages) and

el ectr ot her matheopigricearts ,aras 1k sth osetpbyethite dedere USRI spéceti datki ons.
The present invention is also 5 effective in a structure with the conponents
posi ti oned ondehemposidéd dredtempe ké hgrsur faos, wisi chditdod 084 bytiWoS. Pat ent
No. 4,558,333 or 4,459,600. It is also effective in another structure with
plural 2 el edapotréemaingshverters sharing one or nore 10 conmon i nk

ej ection ports and their own ejection ports, as disclosed by Japanese

Pat ent Appl i cBeFerdedaildagsen No. 559-123670. A full-line type recording

head, which covers | ength corresponding to the maxi mum wi dth over which
the recorder can pr %cégﬁgeiﬁﬁgéiﬁrﬁﬁﬁ%%HE AEBRHL AR TGV PRiral ity of

recording heags, di sl gsed by, 112 aboye §0eSl 63 M8 of the

present invention incorporated with the dispersible
colorant of the above-described composition 1is
produced by the ink jet recorder, described later.

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

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

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

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

25 resin particles B accumulate on the medium to
smoothen irregularities between the colorant

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



to cover the required length, or may be of such a structure that they are
assenbl ed in one body. The present invention helps these types exhibit the
20 above-described effect nore efficiently. The present invention is al so
effective when fixed to an 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 25 type in whi€ht?t-is integrally nounted on the
recording head itself. The present invention can exhibit its effect nore
efficiently, when provided, - 72 as one conponent to the recordi ng head,
with a recovery unit or another auxiliary means, which is still another
advant age of the present invention. More specifically, these include

cappi ng, cleahing paandcpresurpzdsgnorbéhdaennghreans;aedrect r ot her mal
converter or another heating device, prelimnary heating neans conprising a
conbi nati on ofoibeset gevitdeslesantia sombilhahieomsdfy ttheseheesi ces for a
prelimnary eject node which is not for recording. 10 EXAMPLES The present
i nvention w | ¢foberdascpriebéd dieswreo fHerami b 5§ rEXAVRIES zed TOMPARATI VE
EXAMPLES, which by no neans limt _the present invention, and variations
may be nade sbhfoRgcasdgict H1H@9t€f’1é3§c}6b‘é oﬁcif%cilér”&r ésee?ﬂts’%@%ﬁh on. In

EXAMPLES %pd COvVP, Tl VE EXAMPLES, art nd "0 are b g unl ess
ot her wi se 5t afed- 'C shows anot er p efe unctlon, wh t e

ratio of the colorant surface to which the chargeable
resin pseudo fine particles fix is decreased to
partly allow agglomeration of the colorant particles
themselves while realizing the function shown in FIG.
10 7B. FIG. 7C illustrates agglomeration of the
colorant particles in the ink by which an image is
formed on a recording medium, where static repulsion
between the chargeable resin pseudo fine particles
(represented by arrows 15 in the figure) is balanced
15 with agglomeration force of the colorant particles in
the agglomeration process to control the
agglomeration. Such control enables controlling of
image density and ink bleeding through colorant
agglomeration control on recording medium.
20 Image Recording Method and Recorder
The dispersible colorant and aqueous ink
incorporated therewith, both of the present invention,
exhibit excellent characteristics when used in an
ink-jet head and stored in an ink tank. The ink is
25 also useful for filling ink. The present invention
exhibits particularly excellent characteristics when

used in a recording head and recorder of the Bubble



EXAMPLE 1 A recording ink 1 was prepared by the following 20 procedure in

EXAMPLE 1. Fi

car bon bl ack,

rst, a mxed solution having a conposition of 10 parts
6 parts of glycerin, 10 parts of a styrene/acrylic

of

resi n-based di spersant and 74 parts of water was prepared as a pignent
di spersion solution 1 by 25 treating these conponents by a sand m ||
Scientific) with 0.6 mmdianeter zirconi &beads at 1,500 rpmfor 5 h

di sperse the

pi gnent, where - 73 the pot was filled with a filling r

70% The carbon black was Bl ack Pearls 880 (hereinafter referred to

BP880) suppl

ed fromUS s Cabot Co. The styrene/acrylic resin-based

di spersant had a 5 copol ynerization ratio of 70/30, nolecul ar wei ght
of 8,000 and aet® walpee micdr@ingt meadican aqueous sol ution prepared by

stirring the

di spersant together with water and potassi um hydroxi de

amount equi val ent tBhehecnekdepalade vt Bocicihee 19ndey@rtkiimg pi gnent
di spersion solution 1 was stabl di spersed with the pignent particle
havi ng an avBrageigilspersePirrereleydpameterrofthys b hadP T pBFY8ILED

i ndex of 0.16. Next, the faoll ow ng, m xed solutio slowy 5 0
100 parts of gﬁécﬁpﬁﬁﬁhﬂjhﬂéﬁ%rngEengo SFroﬁﬁﬂéérﬁfgléB rﬁc%l%ﬁi&$

at 70Cin5a
The m xed “sol
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25
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continuous type. It 1is particularly effective when
applied to an on-demand type, where at least one
driving signal is transmitted to an electrothermal
converter placed in a position corresponding to each

of a sheet and liquid passage by which the ink 1is

‘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

( Kaneda
ours to
ate of
as

(Mw)
in an

S,
erse
ped in
Tring
hour s.



met hyl net hacryl at e,

hydr oxi de, O.
resulting di

aggl oner at es.

05 parts of potassium persulfate and 20 parts of water.

The

spersion solution was diluted by 10 tinmes with water, and
centrifugally treated at 5,000 rpmfor 10 mnutes to renove the

It was further 25 centrifugally purified at 12,500 rpmfor 2

hours to produce the precipitate as the/dtli spersible colorant 1. The

di spersible colorant 1 dispersed in water -
at 12,000 rpmfor 60 m nutes.

wat er and dri

H ghtech, JSM 6700) at a 5 nmagnification of 50, 000.

74 and centrifugally purified
The resulting precipitate was redi spersed

ed to be anal yzed by a scanning electron m croscope (JCEL

0.5 parts of acrylic acid, 0.12 20 parts of potassium

in

It was observed that the

di spersi bl e cobobanttlocoenpri segedt nenr psrhsparitiiplies pdsxangst o t he car bon
bl ack surface. The colorants prepared in other EXAMPLES were observed in
the same mandéintarconf inrighthearel er ant lagrughkbolpeg ssyedD Jhé f ol | owi ng

conposition was incorporated with

by a nenbraneleictrethegorel siorveptsry) anded ssrlasxas &Y othprabave the

recording ink 1 containing the colorant 1 at 4%

15 dycerin 7 parts

Di et hyl ene gl Y&8l SBegarftisat 10 et DI PHEIPARe 1 RVEAHOT AcetddA Thol EH

(Trade naq;:
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Kawaken Fine Chem cal s 0. arts
e%%%ctQVe Qn a struct%re w%tg t%e components

positioned on the curved heat-working surface, as
disclosed by U.S. Patent No. 4,558,333 or 4,459,600.
It is also effective in another structure with plural
2 electrothermal converters sharing one or more
common ink ejection ports and their own ejection
ports, as disclosed by Japanese Patent Application
Laid-Open No. S59-123670. 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,

the dispersible colorant 1, and filtered



20 Ilon-exchanged water Bal ance EXAMPLE 2 The follow ng m xed sol uti on was
slowy dropped in 100 parts of the pignent dispersion solution 1 prepared
in EXAMPLE 1 with electrically stirring at 25 70C in a nitrogen atnosphere
for polynerization continued for 8 hours. The m xed solution conprised 5.7
parts of styrene, 0.3 parts of acrylic acid, 0.07 - 75 parts of potassium
hydr oxi de, 0.05 parts of potassium persiubkfate and 20 parts of water. The
pol ymeri zation mxture was centrifugally purified in the sane manner as in
EXAMPLE 1 to prepare a dispersible colorant 2. 5 A recording ink 2
containing the dispersible colorant 2 at 4% was prepared in the sane manner
as in EXAMPLE 1. EXAMPLE 3 The followi ng m xed sol ution was slowy dropped

10 in 100 parts ehe heonpament dbspresirercselivlg atedd, preparad in EXAMPLE 1
with electrically stirring at 70Cin a nitrogen atnosphere for
pol yneri zat i ofrecoaridynued f osr 6ahouher &heitiixad; sodahs pnwhanprised 5.7
parts of nmethyl nethacrylate, 0.3 parts of 15 acrylic acid, 0.07 parts of
pot assi um hydsdxilde an@tOter padvanbhgpotds shemppersanf atevantdi2@ .parts of
water. The polynerization mxture was centrifugally purified in the sane
manner as in HExARPISPeritfol ¢ bpdr ethedespacdiusiee catramt 3leanilbe
pol yneri zation was carried out in the sane
5 and pressurizing or inducing means, electrothermal
converter or another heating device, preliminary
heating means comprising a combination of these
devices, and a combination of these devices for a
preliminary eject mode which is not for recording.
10 EXAMPLES
The present invention will be described in more
detail by EXAMPLES and COMPARATIVE EXAMPLES, which by
no means limit the present invention, and variations
may be made so long as within the scope of the
15 present invention. In EXAMPLES and COMPARATIVE
EXAMPLES, “part(s)” and “%” are by mass unless
otherwise stated.
EXAMPLE 1
A recording ink 1 was prepared by the following
20 procedure in EXAMPLE 1. First,‘a mixed solution
having a composition of 10 parts of carbon black, 6
parts of glycerin, 10 parts of a styrene/acrylic
resin-based dispersant and 74 parts of water was
prepared as a pigment dispersion solution 1 by
25 treating these components by a sand mill (Kaneda

Scientific) with 0.6 mm-diameter zirconia beads at

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



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

di spersant used in EXAMPLE 1 and the polynerization m xture was
centrifugally purified in the sanme manner as in EXAMPLE 1, except at 20, 000
rpm76 for 1 hour, to prepare the fine 78sin particles BlL. A recording ink
3 containing the dispersible colorant 3 and fine resin particles Bl at 4
and 1.2% respectively, was prepared in the sane manner as in 5 EXAVPLE 1.
EXAMPLE 4 The follow ng m xed solution was slowy dropped in 100 parts of
the pignment dispersion solution 1 prepared in EXAMPLE 1 with electrically

stirring at 1@nhé0gdth waditiDpea @t apsahena 1figry poltwresi zabkon Tieent i nued
for 6 hours. The m xed solution conprised 4.5 parts of benzyl nethacryl ate,
1.2 parts of butrpon acradlatweas OB Bapar Peaefl sa@syl | thewcd haOt 87 parts of

pot assi um hydr oxi de, 0.05 parts of potassium 15 persul fate and 20 parts of
wat er. The polrgferirzat iton asi RP8BE) wasppdnted ffugad 1YS psir Chbetl Co.t he sane
manner as in EXAMPLE 1 to prepare a dispersible colorant 4. The dispersible
col orant 4 waShgnaltyzene achel icamesianbesess disREMPE hadl 8 was

confirnmed that 20 it also conprised the fine resin particles fixing to the
carbon bl atk S@PPdodemidatppe Fakéd Phar Okde molecular weight

(Mw) of 8,000 and acid wvalue of 170. It was an
aqueous solution prepared by stirring the dispersant
together with water and potassium hydroxide in an
amount equivalent to the acid value at 80°C. The
10 resulting pigment dispersion solution 1 was stably
dispersed with the pigment particles, having an
average dispersed particle diameter of 98 nm and
polydisperse index of 0.16.
Next, the following mixed solution was slowly
15 dropped in 100 parts of the pigment dispersion
solution 1 with electrically stirring at 70°C in a
nitrogen atmosphere for polymerization continued for
5 hours. The mixed solution compriséd 5.5 parts of
methyl methacrylate, 0.5 parts of acrylic acid, 0.12
20 parts of potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
dispersion solution was diluted by 10 times with
water, and centrifugally treated at 5,000 rpm for 10
minutes to remove the agglomerates. It was further
25 centrifugally purified at 12,500 rpm for 2 hours to
produce the precipitate as the dispersible colorant 1.

The dispersible colorant 1 dispersed in water



observed in EXAMPLE 1. The polynerization was carried out in the sane

manner

as in EXAMPLE 3 for preparing the fine resin 25 particles Bl by

repl acing 100 parts of the pignment dispersion solution 1 for EXAMPLE 1, to

prepare the

The foll ow ng m xed solution was sl owy dropped

fine resin particles B2. The recording 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
in 100 parts of the pignent

di spersion solution 1 prepared in EXAMPLE 1 with electrically stirring at
50C in a nitrogen atnosphere for polynerization continued for 5 hours. The
m xed sol ution conprised 10 6 parts of butyl acrylate, 0.05 parts of

pot assi um pensdl fcatne,rittheysahe poksfobdsadi urd,tddmsubfiaferas0 pot assi um
persul fate and 20 parts of water. The polynerization m xture was

centri fugal | ymponitfeised The tries slanmengrapnecipsthneEXadPuEdi spepsepare a 15
di spersible colorant 5. The dispersible colorant 5 was analyzed in the sane
manner as in EXAVRtEr].and diakedohPi PRednelatzed tbwlaoseanpinged the fine
resin particles fixing to the carbon_black surface, but nore fused than
those 20 obsePV&FHTPTEXENPLESAoPR (8EBRdHAGHTRCTS cbiiaphPRy athe

ol orant, 5 at 4@6¥B§OP688§regtin t he sanecﬁ%:ner @gein EXAMPLE

d
1

spersibl§ C
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magnil

ication o was observe at

dispersible colorant 1 comprised fine resin particles

fixing to the carbon black surface. The colorants

prepared in other EXAMPLES were observed in the same

manner to confirm the colorant morphologies.

The following composition was incorporated with

the dispersible colorant 1, and filtered by a

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

prepare the recording ink 1 containing the colorant 1

at 4%.

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

e Acetylenol EH (Trade name: Kawaken Fine Chemicals)

e Ton-

0.2 parts

exchanged water Balance

EXAMPLE 2

The following mixed solution was slowly dropped

in 100 parts of the pigment dispersion solution 1

prepared in EXAMPLE 1 with electrically stirring at

70°C in a nitrogen atmosphere for polymerization

continued for 8 hours. The mixed solution comprised

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



EXAMPLE 6 The follow ng m xed solution was slowy dropped 25 in 100 parts
of the pignent dispersion solution 1 prepared in EXAMPLE 1 with
electrically stirring at 70Cin a nitrogen atnosphere for polynerization -
78 continued for 5 hours. The m xed solution conprised 17.2 parts of

met hyl nethacrylate, 0.8 parts of sodium p-styrenesul fonate, 0.05 parts of
potassium persulfate and 20 parts of watier - The pol ynerization 5 m xture
was centrifugally purified in the same manner as in EXAMPLE 1 to prepare a
di spersible colorant 6. A recording ink 6 containing the dispersible
colorant 6 at 4% was prepared in the same manner as in EXAMPLE 1. 10
EXAMPLE 7 A recording ink 7 was prepared by the follow ng procedure in

EXAMPLE 7. Fi r5tnt 2 O %66k $95 UhnOR ydidMdite: 2 CaPash £+ 8noef pb@ aRafitsy of
carbon black, 6 parts of glycerin, 10 parts of a 15

styrene/ di net ydrayy Ineetdhydnaceyl pheteopd Widebasathe gadi phéeidhspensant and
74 parts of water was prepared as a pignent dispersion solution 2 by
treating theseiconponens bynarsdndaiilly gukanedsad Sei ehei BameComannsit h 0. 6
mm di aneter zirconia beads 20 at 1,500 rpmfor 5 hours to disperse the

pi gnent, whers time POAMNGE 1i Ebegrwipare & idisprers dbéeofol0¥antTie car bon
bl ack was the sane as that for EXAMPLE 1 (BP880) The

styrene/ di fret By |Izagawdthg | 1akr ¢| goataining the dlsper51ble colorant

2 at 4% was prepared in the same manner as in EXAMPLE
1.
EXAMPLE 3

The following mixed solution was slowly dropped

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

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

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

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

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



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

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

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

m xed solution was slowly dropped in 90 parts of the pignent dispersion
solution 2 with electrically stirring at 55C in a 10 nitrogen atnosphere for
pol yneri zation continued for 7 hours. The m xed solution conprised 4.2

parts of benzyk mehbaeryltad erdpSroaths @findi mRidH ayd Moethys Bacryl ate,
0.3 parts of V-50 (Wake Pure Chem cal Industries) and 20 parts of water.
The resulting 15 dispeesoedisgl utnkom vasntthlnied thet dimpewdibMater, and
centrifugally treated at 5,000 rpmfor 10 mnutes to renove the

aggl oner at es. cblowastf Br témet £ ceat réfugabhytpurlids 6l att 12, 500 tpawrfor 2
hours to produce the precipitate as a dispersible colorant 7. 20 A
recordi ng i nkr#spestdivieilig tves dPspeasieBl éncéher ame Mmanrne%, d/s1pr epar ed,
where the colorant 7 was filtered and conpounded with the conposition in
the sanme TanBEAMESE A -EXAMPLE 1. EXAMPLE 8

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

fine resin particles B2. The recording ink 4



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

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

10 copol ynerization ratio of 70/30, Mwv of 8,000 and acid value of 170. The
resulting pignment dispersion solution 3 was stably dispersed wth the

pi gment  partighesiniay R Byes fgebUbspelsednpard igl® fdhaneeshinof 108 nm
and pol ydi sperse index of 0.14. 15 Next, the follow ng m xed sol uti on was

slowy dropppdrtiicleG partst of 4@ Pl @Bepntedipgparisicn,, sehsition 3 wWth
electrically stirring at 70Cin a nitrogen atnosphere for polynerization
for 5 hours. pTFhpamexedrnsdihd i ameanpnnsedas. 1 np&XA8IKIE net hyl 20

nmet hacrylate, 0.3 parts of acrylic acid, 0.07 parts of potassi um hydroxi de,
0.05 parts of ERBMEEEI vm persul fate and 20 parts of water. The resulting

di spersion solution was diluted 10 times with water, and centrifugally
treated at> 5,000 rpRr¢ofoldomilng & v5l (s kekboe Vhe &dgidierdtaaedt was

further _ _ _ , ,
in 100 parts of the pigment dispersion solution 1

prepared in EXAMPLE 1 with electrically stirring at
50°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised

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

15 dispersible colorant 5.

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

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

EXAMPLE 6

The following mixed solution was slowly dropped

25 in 100 parts of the pigment dispersion solution 1

prepared in EXAMPLE 1 with electrically stirring at

70°C in a nitrogen atmosphere for polymerization



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

di spersible colorant 8 at 3.5% was prepared, where the colorant 8 was
filtered and conpounded with the conposition in the sanme manner as in
EXAMPLE 1. 5 EXAMPLE 9 A recording ink 9 was prepared by the foll ow ng
procedure in EXAMPLE 9. First, a m xed-s@Bution having a conposition of 10
parts of Pignment Yellow (PY) 180 (Clariant Co.) as the colorant, 6 parts of
10 glycerin, 10 parts of a styrene/acrylic acid-based dispersant and 74
parts of water was prepared as a pignment dispersion solution 4 by treating

these conponents by a sand mll (Kaneda Scientific) with 0.6 mmdianeter
zirconi a beadgoat: ih2Q0 figm § Aobrdd honesmiedi spargd dhec@hgresed where
the pot was filled with a filling rate of 70% The styrene/acrylic

aci d- based di §persanirtrad & meoppl ymethaatiyda tregt | ©. fpd 0L 30pfMv of 8, 000
and acid value of 170. The resulting pignent dispersion 20 solution 4 was
stably di sper sediwnt Ip-tstey pémyaent fopatei clled5 hmanitng @h petrageudi sper sed
particle dianmeter of 126 nm and pol ydi sperse index of 0.16. Next, the

fol | owi ng m xeerselldftaton apd 30 ompytsdedppedam 100ep@alsymedr i het pPgment

di spersion_ 25 solution 4 with electrically stirring at 70Cin a nitrogen
at nospher e f o 1FdIyiferiaat FOMC Fbf ugahdyr urified in the same manner

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

10 EXAMPLE 7

A recording ink 7 was prepared by the following

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

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

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

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

prepared by stirring the dispersant together with



The m xed solution conprised 5.7 parts of nethyl - 82 nethacrylate, 0.3
parts of acrylic acid, 0.07 parts of potassium hydroxide, 0.05 parts of
potassi um persulfate and 20 parts of water. The resulting dispersion
solution was diluted 10 tinmes with water, 5 and centrifugally treated at
5,000 rpmfor 10 mnutes to renove the agglonerates. It was further
centrifugally purified at 12,500 rpmfoer72 Rhours to produce the precipitate
as a dispersible colorant 9. The recording ink 9 containing the dispersible
10 colorant 9 at 3.5% was prepared, where the colorant 9 was filtered and
conpounded with the conposition in the same manner as in EXAMPLE 1. EXAMPLE
10 A recording ink 10 was prepared by the 15 foll ow ng procedure in EXAMPLE
10. First, a whxed as@ uidan haytng ancanposintiiay ofliddhpayt snof Pi gment

Red (PR) 122 (Ci ba Specialty Chemicals Co.) as a colorant, 6 parts of

gl ycerin, 10 partssofofa thsttyrenghaceyl forathd- based dimsjpee Saaluandt74 parts
of 20 water was prepared as a pignent dispersion solution 5 by treating

t hese conponefDSCby Bhsandsui ki ngKanege ntSadiespe f s cPpnwsbh uienm? dicaaret er
zirconia beads at 1,500 rpmfor 5 hours to disperse the pignent, where the
pot was fill edtallly gifsngnsrdratehothzoRliomeat IR riiebad/ abprying

aci d- based di spersant had a copol yneri zation ratio of 70/30, Mwv of 8,000 and
acid val i ofN12GCTRYE (BIRTT R pPgRERt G Sgematoir of 105 nm and

polydisperse index of 0.18.

Next, the following mixed solution was slowly
dropped in 90 parts of the pigment dispersion
solution 2 with electrically stirring at 55°C in a

10 nitrogen atmosphere for polymerization continued for
7 hours. The mixed solution comprised 4.2 parts of
benzyl methacrylate, 1.8 parts of dimethylaminoethyl
acrylate, 0.3 parts of V-50 (Wako Pure Chemical
Industries) and 20 parts of water. The resulting

15 dispersion solution was diluted 10 times with water,
and centrifugally treated at 5,000 rpm for 10 minutes
to remove the agglomerates. It was further
centrifugally purified at 12,500 rpm for 2 hours to
produce the precipitate as a dispersible colorant 7.

20 A recording inkA7 containing the dispersible colorant
7 at 4% was prepared, where the colorant 7 was
filtered and compounded with the composition in the
same manner as in EXAMPLE 1.

EXAMPLE 8

25 A recording ink 8 was prepared by the following

procedure in EXAMPLE 8. First, a mixed solution

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



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

0.13. Next, the followi ng m xed solution was slowly 5 dropped in 100 parts
of the pignment dispersion solution 5 with electrically stirring at 70Cin a
ni trogen atnosphere for polynerization for 5 hours. The m xed sol ution
conprised 5.7 parts of nethyl methacrylabe- 0.3 parts of acrylic acid, 0.07
parts 10 of potassium hydroxi de, 0.05 parts of VA-057 (Wake Pure Chem cal

I ndustries) and 20 parts of water. The resulting dispersion solution was
diluted 10 tinmes wth water, and centrifugally treated at 5,000 rpm for 10
mnutes to renove the agglonerates. It was 15 further centrifugally purified
at 12,500 rpmifsarl 2 (dlotrsai® Pooguee thecuracird t ab epasta difspersi bl e
colorant 10. The recording ink 10 containing the dispersible colorant 10 at
3. 5% was preparledeniher €1 @ heacobooéint s2¢rEhevaes-fylieredidnrbdasedpounded
with the conposition in the same manner as in EXAMPLE 1. Characteristics of
Di spersi bl e Coisramsamheand spér pabke odl ordrr praaparedpanedaels ef EXAMPLES
1 to 10 was anal yzed by the procedures 25 described below to neasure its
properties. TidgmessuldissrpeesgpueACldtTal & Py Risea't bndahiePeesence Mvde of

Fine Resin Particles - 84 , , o
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
styrene/acrylic acid-based dispersant had a

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

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

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

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

produce the precipitate as a dispersible colorant 8.



Each di spersible colorant was dispersed in water and dr

ied to be anal yzed

by a scanning electron mcroscope (JOEL Hi ghtech, JSM 6700) at a

magni fi cati on of 50,000. Conditions and 5 characteristic
particles fixing to the colorant were eval uated accordi
standards: Conditions of the Fine Resin Particles Fixing
Fi xation of the fine resin 10 particles g0 the col orant

Fixation of the fine resin particles to the colorant is
Presence Mbde of the Fine Resin Particles O : Resin fine
observed to be 15 uniformy distributed. x : Resin fine
observed to be unevenly distributed or to fix to the co

s of the fine resin
ng to the follow ng
to the ColorantO :
is confirmed. x :
not confirmed.
particles are
particles are
| orant unevenly.

Di spersion Stafil irky:-2Q iAP%@dueossnhsRehs @he0fyieasdy gispersi bl e

colorant was diluted 10 tinmes with pure watér, and conc

entrated to the

ori gi nal concestibatingn @ . 34 twasi prepahad, ngh reuttled f copbegdkan wei ght

of 50,000. The concentrated solution was centrifugally

25 treated at 12, 000

rpmfor 2 houwas d@idtidred esud t@mtpopndedpiwtiahe thgs colpest etdoandn

redi spersed in pure water. The colorant was visually ob
t he particl estiver samai fremrier dispensBYAMEME dnal yzed

5 EXAMPLE 9

served whet her - 85

A recording ink 9 was prepared by the following

procedure in EXAMPLE 9. First, a mixed solution

having a composition of 10 parts of Pigment Yellow

(PY) 180 (Clariant Co.) as the colorant,

6 parts of

10 glycerin, 10 parts of a styrene/acrylic acid-based

dispersant and 74 parts of water was prepared as a

pigment dispersion solution 4 by treating

these

components by a sand mill (Kaneda Scientific) with

0.6 mm-diameter zirconia beads at 1,500 rpm for 5

15 hours to disperse the pigment, where the pot was

filled with a filling rate of 70%. The

styrene/acrylic acid-based dispersant had

a

copolymerization ratio of 70/30, Mw of 8,000 and acid

value of 170. The resulting pigment dispersion

20 solution 4 was stably dispersed with the pigment

particles, having an average dispersed particle

diameter of 126 nm and polydisperse index

of 0.16.

Next, the following mixed soclution was slowly

dropped in 100 parts of the pigment dispersion

25 solution 4 with electrically stirring at 70°C in a

nitrogen atmosphere for polymerization for 5 hours.

The mixed solution comprised 5.7 parts of

methyl



by dynamic light scattering to confirmwhether the particle dianmeter was 2
times or less as large as the original diameter 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 Extended Periods Storage stability for extended
periods was 10 visually observed after BHhe-aqueous dispersion of each
colorant put in a closed glass bottle was allowed to stand at 60C for 1
nonth. It was evaluated according to the follow ng standards. A: No

aggl oneration or precipitation of the 15 solids is observed. B:
Precipitation of the solids is observed to sone extent, but the solution is
returned backnpkahhe yierigi nal 3dpapessed eendilticomahen shakepaskisghtly. C
Aggl oneration or precipitation of the solids 20 is observed, and the
solution is notf pettwsweidiackdtoxitlbe Or.i0g malrtd spersedassndint i on when
shaken slightly. Average Particle Size Each dispersible colorant was

anal yzed by dpnasulddtigghindcaltparng Ednalayzer. OhsukzQAbltE®Etronics
ELS-8000) and the average particle dianmeter was represented by the cunul ant
average. Jd asldspPeasian orpMewpenavasedifyted 10 goimes agsthr wasieti on

tenperature of the fine resin. particles fixinq)to the col orant was anal yzed
by an 5 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 9.
The recording ink 9 containing the dispersible
10 colorant 9 at 3.5% was prepared, where the colorant 9
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXAMPLE 10
A recording ink 10 was prepared by the
15 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
20 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
25 styrene/acrylic acid-based dispersant had a
copolymerization ratio of 70/30, Mw of 8,000 and acid

value of 170. The resulting pigment dispersion



anal yzer (METTLER- TOLEDO s DSC822e), where the dried dispersible colorant
sanpl e was heated at 5 0. 5C mnute . Surface Functional Goup Density The
surface functional group density of each dispersible colorant was
determined by the following procedure. The aqueous dispersion of the

di spersible 10 colorant was diluted with an excessive quantity of

hydrochl oric acid (HC1), and centrifugal By treated at 20,000 rpmfor 1
hour. The resulting precipitate was redispersed in pure water, and its
solid concentration was determ ned. The redi spersed 15 precipitate was

wei ghed and then incorporated wwth a known quantity of sodi um hydrogen
carbonate, and stirred and then centrifugally treated at 80,000 rpm for 2
hours. The supeimatiamt Ssolas i obabbhy désgheded andh ithratedoménnh 0.1 N
hydrochloric acid for 20 neutralization to determ ne the surface functional
group densit yPby td@Besactliaigl i heaRnoA a6 dsHedrsherpEat®bfat e quantity
and bl ank value with pure water fromthe quantity for neutralization. Wen
the di spersi BE@TEIS3r &t %%ann%ﬂﬂ P81H§9§9§Q%%|%ﬂﬁ%32% g@o&é as a pol ar

group, the surface functi density was_determ ned in S|n1Iar
mnner except' that iyt o Porti B e e aﬂ%HffaP&géVﬁscasﬂwfﬂax e
wer e repl y. d%ﬁp%%geléhe#ﬂg‘pargs g%:l%e %Q§% &{gpgpéféhde

respect ive

solution 5 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
10 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
15 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
20 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
25 described below to measure its properties. The
results are given in Table 1.

Fixation and Presence Mode of Fine Resin Particles



The dried and crushed dispersed colorant was 5 put in a columm and anal yzed
by the inverse gas chromatography (Surface Measurenent Systen), where
hexane, heptane, pentane, chloroform ethanol or acetone was used as the
probe gas. Surface energy was determ ned by extrapol ating gas holding tine
of 10 the dispersible colorant with each probe gas. Conposition and

eval uation results of the ink prepared 8a each of EXAMPLES 1 to 8 are shown
in Table 1, where MVA: nethyl nethacrylate, AAc: acrylic acid, St:

styrene, BzMA: benzyl nethacrylate, BA: 15 butyl acrylate, NaSS: sodi um
p-styrenesul fonate, DMAEA: di net hyl am noet hyl acryl ate, KPS: potassium
persul fate and NaTS: sodiumthiosul fate. Evaluation Procedures for Agueous

Ink for Ink Jet RecgrHi Agspand iBval uedlonafmeswhtsd28pEheddikis wer e
evaluated for their characteristics by the follow ng procedures. The inmage

was produced whthreachl idikieh a ¢ dsordhadyzeddoymabycamriinkgj et recorder
(Canon's BJ S600), and evaluated. The i nage was eval uated for optical 25
density (QOD), edbhatposssicuratcephe ngIOBSI Htightech,mafRer6T@8) saanee, storage
stability at normal tenperature and ejection stability. The results are -
88 - given i nnFgblid izatRexi rdhi goehbOrattondytiass @BAP ratio) The B/P ratio
was anal yzed by differential thernogravinetric analysis (METTLER- TOLEDG,
5 characteristics of the fine resin particles fixing to
the colorant were evaluated according to the
following standards:
Conditions of the Fine Resin Particles Fixing
to the ColorantO : Fixation of the fine resin
10 particles to the colorant is confirmed.
x : Fixation of the fine resin particles to the
colorant is not confirmed.
Presence Mode of the Fine Resin Particles
O : Resin fine particles are observed to be
15 uniformly distributed.
x : Resin fine particles are observed to be
unevenly distributed or to fix to the colorant
unevenly.
Dispersion Stability
20 A 5% aqueous dispersion of each dispersible
colorant was diluted 10 times with pure water, and
concentrated to the original concentration by an
ultrafilter having a cut-off molecular weight of
50,000. The concentrated solution was centrifugally
25 treated at 12,000 rpm for 2 hours, and the resultant

precipitate was collected and redispersed in pure

water. The colorant was visually observed whether



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

di spersible colorant and fine resin particles, and ¢ potential on the
cell's stationary surface was neasured by an analyzer (M crotech N tchion
ZEECOM) for 100 particles. The average pétential and standard devi ation
with the 100 particles are 15 reported. Optical Density (OD) Optical density
(OD) was determ ned for the black text image recorded with each recording
ink on a Canon's PPC paper and allowed to stand for 1 day. 20 The inks were
eval uated according to the following standards, except for the ink prepared

in EXAMPLE 8, thehiggh-twas) &y aleatednigoredan QR ddrd@ceanl hhagk-6a and

rated "A" when it was not less than 1.0. A: Inmage OD is not |esS than 1.3.
25 B: I nage OByl siymeimi®essidghensBa8tamnd ness tdw@fidm wh&thkmrageeOD i s | ess
than 0.8. - 89 - Scratching Resistance The inage was scratched 5 tinmes with

sil bon paper pamtiftleh di gmessur gasf 24@ igleand el apph s etlatkge wissudld y
observe image di sturbances, and evaluated 5 according to the foll ow ng
st andar ds. original diameter before the treatment. It was

5 evaluated according to the following standards.

O : The above conditions are satisfied.

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

Storage stability for extended periods was

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

A: No agglomeration or precipitation of the

15 solids is observed.

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

C: Agglomeration or precipitation of the solids

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

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

25 Electronics ELS-8000) and the average particle

diameter was represented by the cumulant average.

Glass Transition Temperature: Tg (°C)



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

di sturbances or stain on the blank portion Marker Resistance. The inmge was
traced once by a fluorescent, 15 yellow marking pen (ZEBRA s OPTEX) to
visually observe inage disturbances, anfteval uated according to the
foll owi ng standards. A: Tracing causes no i nage disturbance. B: Tracing
causes i mge disturbances to only a 20 limted extent, little staining the
pen edge. C. Tracing causes significant inmge disturbances, coloring the
pen edge. Storage Stability for Extended Periods Storage stability for

ext ended periods waSlag5 vraualiltiabsesmedrattee edchhenkfissnmtesiput in a

cl osed glass bottle was allowed to stand at room tenperature for 1 nonth.

It was eval uapedtacdersdimigcin®@Oteo tbet ke lbalindwiwey sirambardd. b aNo

aggl oneration or precipitation of the solids is observed. B: Precipitation
of the solidsahslyear @ETILER-EohEDEx e REC A i hevhekei sheetlfingd back to

the original dispersed condition when shaken sliqbtly.
dispersible colorant sample was heated at

5 0.5°C/minute.

Surface Functional Group Density
The surface functional group density of each

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

10 colorant was diluted with an excessive quantity of
hydrochloric acid (HC1l), and centrifugally treated at
20,000 rpm for 1 hour. The resulting precipitate was
redispersed in pure water, and its solid
concentration was determined. The redispersed

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

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

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

that hydrochloric acid and sodium hydrogen carbonate



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

| ine, uneven image or the like is obser%&d;- and no image difference is
observed between the first and | ast sheet. B: The imge can be produced

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

i mges are observed slightly. C The image is deteriorated significantly, or
printing is inpossible. The dispersible colorant prepared in each of

EXAMPLES 1 towdt@epregiicatb@oed &eadtihins hyididi:ciatd NONa@8) t BalH bimeas st abl y

di spersed, as shown in Table 1. The recording ink prepared in each EXAMPLE
al so exhi bit etllexdeld, enteseeot divagycharacteristics, - 91 although the one
prepared in EXAMPLE 5 incorporated w th the dispersible colorant 5 having a
| ower surfacéufrdmcts divedrqy oup density and lower ¢ potential in the ink
was slightly inferior to the 5 others in storage stability for extended
periods and ejecti Bhestabiad tand azrepoaf AnsPaBIse D co it fwam

scratching resistance, the recording i.nk prepared in
5 put 1in a column and ahalyzed by the inverse gas

chromatography (Surface Measurement System), where
hexane, heptane, pentane, chloroform, ethanol or
acetone was used as the probe gas. Surface energy
was determined by extrapolating gas holding time of

10 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:

15 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

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

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

temperature and ejection stability. The results are



EXAMPLE 3 incorporated further with the fine, self- dispersible resin
particles B exhibited higher 10 resistance than the recording ink 1,

al t hough the dispersible colorant was synthesized fromthe sane nononer
species for these colorants. - 92 Table |I: Properties of the dispersible
colorants | to 10, and their evaluation results D spersible D spersible

Di spersi bl e Dispersible D spersible Dispessi-ble D spersible Dispersible

Di spersible Dispersible colorant | colorant 2 colorant 3 colorant 4
colorant 5 colorant 6 colorant 7 colorant 8 colorant 9 colorant 10 Col orant
BP880 BP880 BP880 BP880 BP880 BP880 BP880 PBI5:3 PYI 80 PR122 Acid val ue
Cationic of 170 170 170 170 170 170 (am ne 170 170 170 di spersant val ue
170) StartinggwwgnsqdwmgﬁxgmthA BzMA MVA MVA MMA  nononer AAc AAc AAc BA
BA NaSS DVMAEA AAc AAc AAc species AAc Monomer 4.5 5.5 5.7 5.7 17.2 4.2 5.7

5.7 5.7 chrapgsengpd.dmeht3 th8id0b3 haBs8 (B/P GaxibB 0.3 Total nonomer 6
6 6 6 6 18 6 6 6 6 content Polyneriz tion KPS KPS KPS KPS KPSMaATS KPS V-50
KPS KPS VA-057 i niThat By POrserivedva® Qrx Oy 2@ ByOdOfdenmaasulaks Presence
rode of thermogravimetric analysis (METTLER-TOLEDO,
5 TGA/SDTA851) and calculated for the dried ink.
Surface Zeta ({) Potential
The dispersible colorant prepared in each

EXAMPLE was diluted around 100,000 times in the

aqueous»solvent used in EXAMPLE 1, free of the

10 dispersible colorant and fine resin particles, and (
potential on the cell’s stationary surface was
measured by an analyzer (Microtech Nitchion ZEECOM)
for 100 particles. The average potential and
standard deviation with the 100 particles are

15 reported.

Optical Density (OD)

Optical density (OD) was determined for the
black text image recorded with each recording ink on
a Canon’s PPC paper and allowed to stand for 1 day.

20 The inks were evaluated according to the following
standards, except for the ink prepared in EXAMPLE 8,
which was evaluated for cyan OD in place of black OD
and rated “A” when it was not less than 1.0.

A: Image OD is not less than 1.3.

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

1.3.

C: Image OD is less than 0.8.



the fine 000 0000O0O0O resin particles D spersion OOOO0OO0O00O0O
O stability Average dispersed particle 126 118 123 134 121 135 130 121 141
101 diameter [nm Tg[C] 105 110 105 30 -15 115 95 105 105 105 Surface
functional group 370 290 342 321 87 274 272 286 292 261 density [pnols/g]
Surface energy 45.8 40.2 45.2 32.7 22.5 46.5 38.5 43.7 46.8 44.1 [ m}/ nRl
Storage stability for A AAABAAA A% -extended periods MVA: nethyl
nmet hacryl ate, AAc: acrylic acid, Si: styrene BzMA: benzyl nethacryl ate, BA:
butyl acrylate, NaTS: sodiumthiosulfate NaSS: sodi um p-styrenesul fonate rJ
DMAEA: di net hyl am noet hyl acrylate - 93 Table 2: Properties of the
recording inks Ito 10, and their recording characteristic evaluation results
Scratching Resistance

The image was scratched 5 times with silbon
paper on which a pressure of 40 g/cm® was applied to
visually observe image disturbances, and evaluated

5 according to the following standards.

A: Scratching causes no image disturbance or
stain on the blank portion.

B: Scratching causes image disturbances or
stain on the blank portion, but not to a bothering

10 extent.

C: Scratching causes significant image
disturbances or stain on the blank portion
Marker Resistance.

The image was traced once by a fluorescent,

15 vyellow 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

20 limited extent, little staining the pen edge.

C: Tracing causes significant image
disturbances, coloring the pen edge.

Storage Stability for Extended Periods

Storage stability for extended periods was

25 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



Recor di ng Recordi ng Recordi ng Recordi ng Recordi ng Recordi ng Recording
Recordi ng Recording Recording ink I ink 2 ink 3 ink 4 ink 5ink 6 ink 7 ink
8ink 9ink 10 D spersiblel 23456 7 89 10 colorant Starting MVA St
MVA BzMA MVA BzMA MVA MVA MVA nononer AAc AAc AAc ABAAe BA NaSS DVAFA AAc
speci es Presence node of the fine 0 000000000 resin

AAc AAcC

particles

potenti al
[m/m]

Fine resin MVMA BzMA particlesSB - - AAc BA- - - - - - AAc Tg[(
105 110 105 30 -15 115 95 105 105 105 esin/pig ent (B/P) 0.2 0.2 0.5 0.5
0.4 0.80.40.30.40.3 ratio potential [MW] -30 -25 -28 -26 -12 -31 18
-28 -30 -26 Standard deviation 35 37 35 38 25 33 42 32 28 25 of C

Sur f ace

energy 45.8 40.2 45.2 32.7 22.5 46.5 38.5 43.7 46.8 44.1

| magéo the following standards.

10

15

20

25

A: No agglomeration or precipitation of the

solids 1s observed.

Precipitation of the solids is observed to

some extent, but the ink i1s 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 total

of 100 sheets to evaluate ejection stability by

visually observing the first and last recorded sheet

according 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,



optical AAAAAAAAAAC density (OD) Scratching BBAAAAAAAA
resistance Marker AAAAAAAAAA resistance Storage stability for A
AAABAAAAAextended periods Section AAAABABAAAS Stability
MVA: net hyl nethacrylate, AAc: acrylic acid, St: styrene BzMA: benzyl
met hacryl ate, BA: butyl acrylate NaSS: sodi um p-styrenesul fonate 5 DVAEA:
di met hyl am noet hyl acryl ate EXAMPLE 11-THé fol | owi ng m xed sol uti on was
slowy dropped - 94 in 100 parts of the pignment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at 70C in a nitrogen
at nosphere for polynerization continued for 5 hours. The m xed sol ution
conprised 5 4.28 parts of styrene, 1.42 parts of hydroxyethyl nethacrylate,
0.3 parts of agtyoughacits hd7ppaphsedofinpEXagsinan hydnosrgera®e@d parts of
pot assium persulfate and 20 parts of water. The resulting

with the dispersible colorant 5 having a lower

surface functional group density and lower (
potential in the ink was slightly inferior to the

5 others in storage stability for extended periods and
ejection stability, as shown in Table 2. Viewed from
scratching resistance, the recording ink prepared in
EXAMPLE 3 incorporated further with the fine, self-
dispersible resin particles B exhibited higher

10 resistance than the recording ink 1, although the
dispersible colorant was synthesized from the same

monomer species for these colorants.



di spersion solution was diluted 10 times 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 produce the
precipitate as a dispersible colorant 11. The recording ink 11 containing
the dispersible 15 colorant 11 at 4% was prepared, where the colorant 11
was filtered and conpounded with the cenpds+tion in the sanme manner as in
EXAMPLE 1. EXAMPLE 12 The followi ng m xed solution was slowy dropped 20 in
100 parts of the pignent dispersion solution 1 prepared in EXAMPLE 1 with
electrically stirring at 70C in a nitrogen atnosphere for polynerization
continued for 5 hours. The m xed solution conprised 45.6 parts of ethyl
net hacryl ate, nﬂeﬂm@akLSWQEma&ma&ﬁyhbmaamhdwmﬁmﬁap@rts of pota35|um

hydr OX| de 0 1 na + S N nar clll f ot and 20 Nnartac af wat ar The
| | = ers:ﬁfeDlsﬁé:snBl%bls ersn‘ﬁleﬁ{gembrég ersub']e er51l3]‘e1Dls ersnF?blsperSIbleD]T)ersnb BISPmITCh
resul ti ng po yIT?I'I % AuQ 1L Poll Wiorgnt rant 4 rang %}ﬁ c%llormrl écoo e
same nmanner asobdh | B3y BRssd | THPssPT| Cibed0 € Bpssdl SBQEOS Bbo T Fe@E gy sh2 P2
recordi ng i nkiadiZagebnNt ai Ni ng §he di|Spersji bl € col or Atkionic L2 at |4% was pr epar ed,
where the collorent| 120 was1™® fii Iverjed?and conpoundecmin tt h1the oonposi’a i pn in
the same mand@FF¥s in EXAMPLE 1. [EXAVELE 13| The {8¥I" ng i xedsolut] on
i X B . . .
was slowy dr ! MMA 106t parimga f °4iAe nNeMMAd| Sper $1MYA JoMMA | |[ORMA
y ng? e | oaacl T Ahe el pig NaSS | DMAEA | AAc | AAc | AAc
species AAc
Monomer| 5. 57 57 ‘1‘3 ] 172 | 42 5.7 5.7 57
ENE | o5 03 0.3 : 08 1.8 03 0.3 0.3
ratio 0.3
Total
monomer 6 6 6 6 6 18 6 6 6 6
content
Polymerizal
tion KPS KPS KPS KPS [KPS/NaTS} KPS V-50 KPS KPS VA-057
initiator
Observed} o o o o o o o o o
results
Presence
mode of
the fine O O O O O O O O O O
resin
particles
Dispersion
Stability e} e} o) o) o) o) 0 0 0 o)
Average
dispersed
particle 126 118 123 134 121 135 130 121 141 101
diameter
[nm}
Tg [°C] 105 110 105 30 -15 115 95 105 105 105
Surface
functional
group 370 290 342 321 87 274 272 286 292 261
density
[pmols/g]
Surface
energy 45.8 40.2 452 32.7 22,5 46.5 38.5 43.7 46.8 44.1
[mJ/m?]
Storage
stability
for A A A A B A A A A A
extended
periods

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

5 DMAEA: dimethylaminoethyl acrylate



10 prepared in EXAMPLE 1 with electrically stirring at 70Cin a nitrogen

at nosphere for polynerization continued for 5 hours. The m xed sol ution
conprised 5.7 parts of benzyl methacrylate, 0.3 parts of Mhacrylic acid,
0. 07 parts of potassium hydroxide, 15 0.01 parts of potassium persulfate and
20 parts of water. The resulting polynerization mxture was centrifugally
purified in the sanme manner as in EXAMPRE 1 to produce the precipitate as
the dispersible colorant 13. The recording ink 13 20 containing the

di spersible colorant 13 at 4% was prepared, where the colorant 13 was
filtered and conmpounded with the conposition in the sanme manner as in
EXAMPLE 1. EXAMPLE 14 25 The followi ng m xed solution was slowy dropped in
100 parts of hh&k@h@@&ﬂknﬂ&ﬁ@ﬂﬁ$b®ﬂm&ﬂhH&Mﬂﬁm&mm@f&@ﬁ%ﬁdm&n EXAMPLE 1 with

electrically stirr'ng a 7RC1h A-LHagen t mospher e for
; ) din rdjng{ Recordi d ding| Recording | Regordi
pol yneri zati gn cor‘n‘ffkl'ﬁ &°kf’2‘ogr h%u°f,?$;"g‘i‘?]§” H ,&'d 5G] 'f‘% Ofl LB s Sletly 1010
parts of met hyl.Jmrhacryrate, rts of acrylic aC|a I 9parts| of
] 3 dgj 6 Ul 8 % fo
pot assi um hydrwoxinde, 0.352parts of 5" pat assi um’pef s Ifdte arld 20 |part s| of
wat er. The rlesuibd | RE,PP! Wen i al 1|oFMAi Xt ur el Was, ,%gkflfMg@IIMMAunMgied in
the same mannébias| imc EKAMRLE ad g Hr odutle [ hessp( eeimpil t ake |asra (dispef si bl e
colorant 14. A feporditgTnk—Agontarning the dispersibleib—cotorant 14
at 4% was prepated, whefe the col grant |14
the fine o) o) o) o) o) o) o) o) o) o)
resin
particles
Fine resin B ) MMA Bg\:A )
particles B AAc AAc N ) . ) i
Teg[°C] | 105 110 105 30 -15 115 95 105 105 105
Resin/pigm|
ent(B/P) | 02 02 0.5 0.5 0.4 08 04 03 0.4 03
ratio
Gpotential} 34 25 28 26 12 31 18 28 30 26
[mV]
Standard
de;?EO" 35 37 35 38 25 33 42 32 28 25
potential
Surface
energy | 458 40.2 452 327 225 46.5 38.5 437 46.8 441
[mJ/m?] :
Image
optical
density A A A A A A A A A A
(OD)
Scratching oy B A A A A A A A A
resistance
Marker A A A A A A A A A A
resistance
Storage
stability
for A A A A B A A A A A
extended
periods
Ejection
Stability A A A A B A B A A A

MMA: methyl methacrylate, AAc: acrylic acid, St: styrene
BzMA: benzy!l methacrylate, BA: butyl acrylate
NaSS: sodium p-styrenesuifonate

5 DMAEA: dimethylaminoethyl acrylate

EXAMPLE 11

The following mixed solution was slowly dropped



was filtered and conpounded with the conposition in the sane manner as in
EXAMPLE 1. EXAMPLE 15 The foll owi ng m xed solution was slowy dropped 15 in
100 parts of the pignent dispersion solution 1 prepared in EXAMPLE 1 with
electrically stirring at 70C in a nitrogen atnosphere for polynerization
continued for 5 hours. The m xed solution conprised 4.5 parts of benzyl

met hacryl ate, 1.2 parts of butyl 20 acrybate, 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 polynerization m xture was centrifugally
purified in the same manner as in EXAMPLE 1 to prepare a 25 dispersible
colorant 15. The polynerization was carried out in the sanme nmanner as in
EXAMPLE 1, exggpt 00hakriQ0 drartise opighent 91 speirgiesd shBpefshon sol ution 1
was replaced by 100 parts of a 2% aqueous soFﬁtion of potassi um hydroxi de
in an anmount pgepeakentn EXAMPSE yI enefhceykict mies IN-y baisedr thgpatsant used
in EXAMPLE 1 the polynerization 5 mxture was centrifugally purified in the
same manner  a8°¢ niXAMRLErbgeex capio ih@0s 000rr pol ke rl Jaaiiront o prepare
the fine resin particles B3. A recording ink 15 containing the dispersible
col orant 15 aadntiingedediar parhderes Bhatmisedndolotiomgonmspeedi vel y,

was prepared in the same manner as in EXAVPLE 1.
5 4.28 parts of styrene, 1.42 parts of hydroxyethyl

methacrylate, 0.3 parts of acrylic acid, 0.07 parts
of potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
dispersion solution was diluted 10 times with water,

10 and centrifugally treated at 5,000 rpm for 10 minutes
to remove the agglomerates. It was further
centrifugally purified at 12,500 rpm for 2 hours to
produce the precipitate as a dispersible colorant 11.
The recording ink 11 containing the dispersible

15 colorant 11 at 4% was prepared, where the colorant 11
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXAMPLE 12

The following mixed solution was slowly dropped

20  in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at
70°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised
45.6 parts of ethyl methacrylate, 2.4 parts of

25 acrylic acid, 0.6 parts of potassium hydroxide, 0.1
parts of potassium persulfate and 20 parts of water.

The resulting polymerization mixture was



Properties of Recording Inks and Their Evaluation Results The dispersible
colorant prepared in each of 15 EXAMPLES 11 to 15 was observed by vari ous
procedures and analyzed for its properties in the sane manner as in
EXAMPLES 1 to 10. The results are given in Table 3, where St: styrene,
HEMA: hydroxyet hyl nmethacrylate, AAc: acrylic acid, EMA: ethyl

net hacryl ate, MAc: 20 nethacrylic acid;y BzMA: benzyl nethacrylate, MVA

met hyl nethacrylate, BA: butyl acrylate and KPS: potassium persulfate. The
recording characteristics of the recording ink prepared in each of EXAMPLES
11 to 15 were also 25 evaluated for the itens covered by those prepared in
EXAMPLES 1 to 10. Moreover, they were evaluated for the follow ng
addi ti onal reecendiriguchdriactpurrsiied- i88thel tseme n@Arirckr Diyi hg Capacity The
i mge was produced with each ink in the sanme manner as in EXAMPLES 1 to 10,
and scrat chedEEMPLE i ngerpwrea ne nat diapees iftle reclordhmyg Was cdnpl et ed,

to evaluate the ink for stain according to the follow ng standards. A
Essenti al | y noesptaidinics ighds ek edonhat hengbltiek dicmd onib1® 8o 1ldhenkbl ank
portion is stained slightly, but causing no problemfor recognizing the
letters. C Thé Pé&ttiér ¥af CXRRRUPBedWharng BhaenicPsrtamh 12 was

5 filtered and compounded with the composition in the
same manner as in EXAMPLE 1.
EXAMPLE 13

The following mixed solution was slowly dropped

in 100 parts of the pigment dispersion solution 1

10 prepared in EXAMPLE 1 with electrically stirring at
70°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised
5.7 parts of benzyl methacrylate, 0.3 parts of
Mthacrylic acid, 0.07 parts of potassium hydroxide,

15 0.01 parts of potassium persulfate and 20 parts of
water. The resulting polymerization mixture was
centrifugally purified in the same manner as in
EXAMPLE 1 to produce the precipitate as the
dispersible colorant 13. The recording ink 13

20 containing the dispersible colorant 13 at 4% was
prepared, where the colorant 13 was filtered and
compounded with the composition in the same manner as
in EXAMPLE 1.
EXAMPLE 14

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

prepared in EXAMPLE 1 with electrically stirring at



is clearly stained. Water Resistance 15 The recording nmediumprinted with
the black text inage in the sanme manner as in EXAMPLES 1 to 10 was sl anted
at 45 fromthe horizontal plane with the recorded side up, onto which 1 nL
of water was dropped froma height of 20 cmfroma syringe, to 20 observe
extent of bleeding of the inage. Its water resistance was eval uated
according to the follow ng standards.-ApgEssentially no bl eeding of the
image is observed. 25 B: Bleeding of the imge is observed slightly, but
essentially no trace is observed on the blank portion. - 99 C A color

bl eeds out of the image to | eave traces on the blank portion. The results
are given in Table 4. Table 4 sunmari zes the conposition, properties 5 and

eval uati on reg%b&sigfatgggfygéHeggﬁéégﬁgrgaggrp%ﬁ42§§£¥%§§génto 15. As

shown in Table 4, good results were erved w confirmng that

it was incorpepatt@duck tibt e sehtsdi speesinbkedcelananton Haweyel sefihe ink 10
prepared in EXAMPLE 13 contained the resin particles agglonerating on the

pi gnent surface mared hah héehydt hetbaang 1ditsd,r ibusedt $ess aairkorm y. Each
recordi ng i nk exhi bited excellent recording
acid, 1.9 parts of potassium hydroxide, 0.05 parts of
5 potassium persulfate and 20 parts of water. The
resulting polymerization mixture was centrifugally
purified in the same manner as in EXAMPLE 1 to
produce the precipitate as a dispersible colorant 14.
A recording ink 14 containing the dispersible
10 colorant 14 at 4% was prepared, where the colorant 14
was filtered and compounded with the composition in
the same manner as in EXAMPLE 1.
EXAMPLE 15
The following mixed solution was slowly dropped
15 1in 100 parts of the pigment dispersion solution 1
prepared in EXAMPLE 1 with electrically stirring at
70°C in a nitrogen atmosphere for polymerization
continued for 5 hours. The mixed solution comprised
4.5 parts of benzyl methacrylate, 1.2 parts of butyl
20 acrylate, 0.3 parts of acrylic acid, 0.07 parts of
potassium hydroxide, 0.05 parts of potassium
persulfate and 20 parts of water. The resulting
polymerization mixture was centrifugally purified in
the same manner as in EXAMPLE 1 to prepare a
25 dispersible colorant 15.
The polymerization was carried out in the same

manner as in EXAMPLE 1, except that 100 parts of the



characteristics. However, the one prepared in 15 EXAMPLE 11 having a hi gher
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 uniformy than the others was 20
slightly inferior to the others in inmage density, quick drying capacity and
ejection stability. The 1ink prepared +n9EXAMPLE 14 having a higher surface
functional group density was inferior to the others slightly in marker

resi stance and, nore notably, in 25 water resistance, although sufficient

i mge density and ejection stability are obtained. On the other hand, the
one prepared in EXAMPLE 15 having a higher - 100 B/P ratio than the others
was slightly 'pmgméhar di@pehe o hes Sut hodj ecliaen rsiphidéd ypybeoause it
sonetines caused twi sted inmages during the initial stage o¥ ej ect and

hi gh- speed repatrdsngf corceiambiyusd seduktbng offr gatiaes pasedydirsgasiety of
the ink to deteriorate response to high-speed eject. Table 3. Conpositions
and properti einofint headingpergibvalentotantbel sit ywrmerld/aandlibereséwval uati on
results Dispersible Dispersible Dispersible D spersible D spersible

colorant |1 cbkReedndirpeagsiagttanesad &bl BRANPLES lcdiher apelyBer Corsiqnt BP8SO
BP880 BP880 BP880 BP880 Acid value of 170 170 170 170 170 di spersant
Starting nonofértar eEMA SBAM VAL BIRALYspe&idd eaad vAch AABTAACTIARRE T

as in EXAMPLE 1, except at 20,000 rpm for 1 hour, to
prepare the fine resin particles B3.

A recording ink 15 containing the dispersible
colorant 15 and fine resin particles B3 at 4% and

10 19.2%, respectively, was prepared in the same manner
as in EXAMPLE 1.

Properties of Recording Inks and Their Evaluation
Results
The dispersible colorant prepared in each of

15 EXAMPLES 11 to 15 was observed by various procedures
and analyzed for its properties in the same manner as
in EXAMPLES 1 to 10. The results are given in Table
3, where St: styrene, HEMA: hydroxyethyl methacrylate,
AAc: acrylic acid, EMA: ethyl methacrylate, MAc:

20 methacrylic acid, BzMA: benzyl methacrylate, MMA:
methyl methacrylate, BA: butyl acrylate and KPS:
potassium persulfate.

The recording characteristics of the recording
ink prepared in each of EXAMPLES 11 to 15 were also

25 evaluated for the items covered by those prepared in
EXAMPLES 1 to 10. Moreover, they were evaluated for

the following additional recording characteristic



Monomer 4.28 45.6 5.7 10 4.5 charging ratio 1032 2.4 0.3 8 03 Total
nononmer 6 48 6 18 6 content Polynerization initiator KPS KPS KPS KPS
nitiator Cbserved results 0 0 0 0 0O Presence node of the fine resin 0 0 X O
O particles Dispersion OOOOO stability Fine resin BzMA - RA particles
B - - AAc Average dispersed particle 122 170 320 152 134 dianeter [nnl Tg
[*A 60 45 108 102 30 Surface functionaP8group 275 302 180 1086 321
density [pnol s/ gl Surface energy 827 47.2 45.5 92.5 32.7 [nB/m 1 Storage
stability for extended A A AA A periods St: styrene, HEMA: hydroxyet hyl
met hacryl ate, AAc: acrylic acid, KPS: potassiumpersulfate 10 EVMA: et hyl
nmet hacryl ate, MAc: nethacrylic acid, BzMA: benzyl nethacrylate

items.

Quick Drying Capacity
The image was produced with each ink in the
same manner as in EXAMPLES 1 to 10, and scratched by
5 a finger one minute after the recording was completed,
to evaluate the ink for stain according to the
following standards.
A: Essentially no stain is observed on the
blank portion.
10 B: The blank portion is stained slightly, but
causing no problem for recognizing the letters.
C: The letters are disturbed, and blank portion
is clearly stained.
Water Resistance
15 The recording medium printed with the black
text image in the same manner as in EXAMPLES 1 to 10
was slanted at 45° from the horizontal plane with the
recorded side up, onto which 1 mL of water was
dropped from a height of 20 cm from a syringe, to
20 observe extent of bleeding of the image. Its water
resistance was evaluated according to the following
standards.
A: Essentially no bleeding of the image is
observed.
25 B: Bleeding of the image is observed slightly,
but essentially no trace is observed on the blank

portion.



MVA: net hyl nethacryl ate and BA: butyl acrylate - 101 Table 4: Properties
of the recording inks 11 to 15, and their recording characteristic

eval uation results Recording ink Recording ink Recording ink Recording ink
Recording ink 11 12 13 14 15 Dispersible 11 12 13 14 15 colorant Starting
St EMA BzMA MVA BZMA nononmer HEMA MAc AAc AAc BA species AAc AAc Fine
resin BzMA particles B BA AAc Preseneedpode of the fine resin 0 0 x 00
particles Tg [C] 60 45 109 102 30 Resin pignment 0.3 1.5 1.2 0.4 5.1 (B/P)
ratio potential -27 -26 -27 -90 -26 [nV] Standard deviation of 33 32 72 45
38 potential Surface functional 275 302 180 1086 321 group density

[ prol s/ g] Surface energy

C: A color bleeds out of the image to leave
traces on the blank portion.
The results are given in Table 4.
Table 4 summarizes the composition, properties
5 and evaluation results of the ink prepared in each of
EXAMPLES 11 to 15.

As shown in Table 4, good results were observed
with each ink, confirming that it was incorporated
with the self-dispersible colorant. However, the ink

10 prepared in EXAMPLE 13 contained the resin particles
agglomerating on the pigment surface more than the
others and distributed less uniformly. Each
recording ink exhibited excellent recording
characteristics. However, the one prepared in

15 EXAMPLE 11 having a higher surface energy than the
others was slightly inferior to the others in quick
drying capacity and water resistance. The ink
prepared in EXAMPLE 13 with fine resin particles
distributed less uniformly than the others was

20 slightly inferior to the others in image density,
quick drying capacity and ejection stability. The
ink prepared in EXAMPLE 14 having a higher surface
functional group density was inferior to the others
slightly in marker resistance and, more notably, in

25 water resistance, although sufficient image density
and ejection stability are obtained. On the other

hand, the one prepared in EXAMPLE 15 having a higher



[m)/nmR] 82.7 47.2 45.5 92.5 32.7 |Inmage optical A AB AB density (0D
Scratching A A ABA resistance Marker A A A B A resistance Storage
stability for extended A AB A B periods Quick drying B AB A A capacity
Water AAACA resistance Ejection AABAC stability St: styrene, HEMA
hydr oxyet hyl nethacrylate, AAc: acrylic acid EMA: ethyl nethacrylate, MAc:
met hacrylic acid, BzMA: benzyl nethacrylaie - MVA: net hyl nethacryl ate and
BA: butyl acrylate 5 - 102 - COVWPARATI VE EXAMPLE 1 A conparative ink 1
containing a pignent at 40 was prepared in the same manner as in EXAVPLE 1,
where the dispersion solution 1 prepared in EXAMPLE 1 5 was used for the
pi gnment. The conparative ink 1, observed in the sanme manner as in EXAVPLE
1, showed nopfipneJiesd ok tigbesthast Wiaxi RA itghithe £REOFaBt. + COMPARATI VE
EXAMPLE 2 A conparative ink 2 was prepared in the sane

the others in ejection stability, because it

sometimes caused twisted images during the initial
stage of eject and high-speed recording, conceivably
5 resulting from increased viscosity of the ink to

deteriorate response to high-speed eject.

Table 3: Compositions and properties of the dispersible colorants 11 to 15, and their evaluation results

Dispersible Dispersible Dispersible Dispersible Dispersible
colorant 11 colorant 12 colorant 13 colorant 14 colorant 15
Colorant BP880 BP880 BP880 BP880 BP880
Acid value of 170 170 170 170 170
dispersant
Starting monomer HES]:/IA EMA BzMA MMA BZBI\/:A
species Adc MAc AAc AAc AAc
Monomer o 456 57 10 "
charging ratio 0 3 24 03 8 0'3
Total monomer 6 43 6 18 6
content
Polymerization KPS KPS KPS KPS KPS
initiator
Observed results O O O O O
Presence mode of
the fine resin O O x O O
particles
Dispersion
stability o o o 0 0
. . BzMA
Fine resin ; ) ) } BA
particles B AAc
Average
dispersed particle 122 170 320 152 134
diameter [nm)
Tg [°C] 60 45 108 102 30
Surface
functional group 275 302 180 1086 321
density [umols/g)
Surface encrgy 82.7 472 455 925 327
[mJ/m?)
Storage stability
for extended A A A A A
periods

St: styrene, HEMA: hydroxyethyl methacrylate, AAc: acrylic acid, KPS: potassium persulfate
10 EMA: ethyl methacrylate, MAc: methacrylic acid, BZMA: benzyl methacrylate

MMA: methyl methacrylate and BA: butyl acrylate



10 manner as

carbon bl ack (Cabot's Cabojet 200)

and the fine
1.6%
showed

aggl oner at ed

i n EXAMPL

E 1,

except that a surface-treated,
was incorporated at a 4% solid content

sel f-di spersible

resin particles Bl prepared in EXAMPLE 3 were incorporated at

The conparative ink 2,
the fine resin particles fixing to the col orant
distribution of fixation of these

with eac

15

h ot her.

observed

in the sane nmanner as

anal yzed for its properties in the same manner as

results are given in Table

in

pl aces.

and

in EXAMPLE 1,
However,
partildlles-was not uniform and sone

20 The col orant prepared in each of
COVMPARATI VE EXAMPLES 1 and 2 was observed by various procedures

in EXAMPLES 1 to 15. The

5. The recording ink prepared in each of
COVPARATI VE ' 2 DableX/AMpkeSot the atbihiing ink@1S toaly, adduidir €brding ciafd@eriSid BRILATBRINAEs AS

EXAMPLES 9 t ¢—15—Fheresul-ts—are—gi-veri+n—Table—6. 103—TFhe-—col-ors
prepared in %ach of chﬁﬁ%“ﬁ e WE‘ES f“&fﬁ;ag ik »\/a%ec"éldqn:‘?é’lkv 3“83?'“%15'? i
pr ocedur es HI)QH chu ~for—itsproperttes—+thesanremanner—as—+n
EXAMPLES 1 t ¢ mm resuﬂts ane giden in Tabl e 5|5. THe conparailve
recording ink PRERR T gach of” ECWPAHATiXE EXAVPCES T and—2yws
eval uated in thﬁmm§ane MepENes as |nI§KANPLES a0 13. MHA resultgaare
in Table 6. The spenils priepared in eachbf JGOVPARATI VE 10 MPLES Aacand
observed to be Sl gplflcantly BzMA
meresin . _ _ R BA
particles B AAc
Presence mode
of the fine resin O O x O O
particles
Tg [°C] 60 45 108 102 30
Resin/pigment
(B/P) ratio 0.3 1.5 12 0.4 5.1
€ potential } } R ) R
(V] 27 26 27 90 26
Standard
deviation of 33 32 72 45 38
potential
Surface
functional 275 302 180 1086 321
group density
[umols/g]
Surface energy 82.7 472 455 92.5 327
[mJ/m*]
Image optical
density (OD) A A B A B
Scratching
resistance A A A B A
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 C

St: styrene, HEMA: hydroxyethyl methacrylate, AAc: acrylic acid

EMA: ethyl methacrylate, MAc: methacrylic acid, BZMA: benzyl methacrylate

MMA: methyl methacrylate and BA: butyl acrylate

n
nt
ous

gi ven
2 was



inferior to the ink of the present invention prepared in each EXAMPLE, in
particular in inmage density, storage stability for extended periods and
ejection stability. The one prepared i n COVPARATI VE EXAMPLE 2 15 was
significantly inferior to the ink of the present invention in scratching
resi stance, water resistance and quick drying capacity, because the
colorant, although self-dispersible, fdid2edto allowthe fine resin
particles to sufficiently fix thereto. - 104 Table 5: Properties of the
col orants prepared in COMPARATI VE EXAMPLES | and 2, and their eval uation
resul ts COVPARATI VE EXAMPLE | COVPARATI VE EXAMPLE 2 Col orant BP880
Caboj et 200 Acid val ue of dispersant 170 Observed results x x Presence
node of the | COMPREATIViEarR{ZaNMELEE Di spersion stability x O Fine resin
particles B - MVA AAc Average dispersed particle 98 102 dianmeter [nn] Tg
['CA - 105 SurfaceAfoowpropdivg dupk densonya 2ZOng[ pnplighgnt Sur féce ener gy
[mI/n2] - - Storage stability for extended C C periods
was prepared in the same manner as in EXAMPLE 1,
where the dispersion solution 1 prepared in EXAMPLE 1
5 was used for the pigment. The comparative ink 1,
observed in the same manner as in EXAMPLE 1, showed
no fine resin particles fast fixing to the colorant.
COMPARATIVE EXAMPLE 2
A comparative ink 2 was prepared in the same
10 manner as in EXAMPLE 1, except that a surface-treated,
self-dispersible carbon black (Cabot’s Cabojet 200)
was incorporated at a 4% solid content and the fine
resin particles Bl prepared in EXAMPLE 3 were
incorporated at 1.6%. The comparative ink 2,
15 observed in the same manner as in EXAMPLE 1, showed
the fine resin particles fixing to the colorant in
places. However, distribution of fixation of these
particles was not uniform, and some agglomerated with
each other.
20 The colorant prepared in each of COMPARATIVE
EXAMPLES 1 and 2 was observed by various procedures
and analyzed for its properties in the same manner as
in EXAMPLES 1 to 15. The results are given in Table
5. The recording ink prepared in each of COMPARATIVE
25 EXAMPLES 1 and 2 was evaluated in the same manner as

in EXAMPLES 9 to 15. The results are given in Table

6.



BzMA: benzyl nethacrylate and AAc: acrylic acid 5 Table 6: Properties of the
recording inks prepared in conparative ink | and 2, and their recording
characteristic evaluation results Conparative ink | Conparative ink 2

Col orant COVPARATI VE EXAMPLE ] COWPARATI VE EXAMPLE 2 (bserved results x x
Presence node of the line resin particles Fine resin particles B - MVA AAc

Tg [C] - 105 Resin/pigment (B/P) ratio $030-4 c potential [mV] - -25
St andard deviation of C potential - 37 Surface functional group density 270
[lumol s/g] Surface energy [mJ/n2] - - Image optical density (OD) CC

Scratching resistance B B Marker resistance B C Storage stability for
extended C C periods Quick drying capacity B C Witer resistance CC
Ej ection stability ChE dBdMikarbenzyépaettadnykaich afd COMPARETYVEC acid -
105 Moreover, the recording inks prepared in
EXAMPLES 1 and 2 was observed by various procedures
and analyzed for its properties in the same manner as
in EXAMPLES 1 to 13. The results are given in Table
5 5. The comparative recording ink prepared in each of
COMPARATIVE EXAMPLES 1 and 2 was evaluated in the
same manner as in EXAMPLES 9 to 13. The results are
given in Table 6.
The ink prepared in each of COMPARATIVE
10 EXAMPLES 1 and 2 was observed to be significantly
inferior to the ink of the present invention prepared
in each EXAMPLE, in particular in image density,
storage stability for extended periods and ejection
stability. The one prepared in COMPARATIVE EXAMPLE 2
15 was significantly inferior to the ink of the present
invention in scratching resistance, water resistance
and quick drying capacity, because the colorant,

although self-dispersible, failed to allow the fine

resin particles to sufficiently fix thereto.



EXAMPLES 1 to 4, 6, 12 and 15 were additionally
results are given in Table 7. Solid patches (5 cm5
each of EXAMPLES on a

pr ocedures,

gl ossy paper
for

and the
square) were produced with the black ink prepared in
recording (Canon's PR-101) by the recorder used

t he above eval uations, to observe the inage density,

for ink jet

scrat chi ng

eval uated by the foll ow ng

resi stance and gl oss on the gl ossy paperlL040-1mage density on the gl ossy
produced for optical

paper The inmage was observed one day after
and evaluated according to the follow ng standards.
| ess than 2.3. 15 B: |

density (OD),
OD i s not
C

it was

mage OD is 1.7 or

nore and

A

g/ cn2 was app
and eval uat eq

scraped off,

I mage
remai ning. Cj

is scra

i mage was Vi

fol | owi ng st andards particles

Image ODis less than 1.7. Scratching Resistance on (]oss% Paper  The
i mge was scra?bﬁéﬂmgm?PﬂﬁﬁmWWT%W%?WHb Pﬁﬁﬁgy SIS b 2P et sr 40
’)n J_l_l_(‘ll’)l I \I f\r\lf'\ Al or hf\ I o0 AAMND (el ol d "\V’\t‘d Off
u f —1f y
SRR, T e REIVERRRET ) ¢
P ptia AP ¥ss B The
¥ 3 HH QL i LA ge g
The @%ﬁﬁ@m$§53|an|f|cantly scraped ofif | mage* d oss 106§ The
$ uBtedenee oigs efithy Enf résior |gl oss, and eval uatjed according to the
Dispersion stability X O]
Fine resin particles B - I\‘:IX?
Averagc‘: dispersed particle 08 102
diameter [nm]
Tg [°C] - 105
Surface functional group density
- 270
[nmols/g]
Surface energy [mJ/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 1 and 2, and their recording
characteristic evaluation results
Comparative ink 1 Comparative ink 2
Colorant COMPARATIVE EXAMPLE 1 COMPARATIVE EXAMPLE 2

Observed results

X

X

Presence mode of the fine resin

| mage

| ess than 2. 3.

particles
. . . MMA
Fine resin particles B - AAc
Tg [°C}] - 105
Resin/pigment (B/P) ratio -- 0.4
 potential [mV] - -25
Standard deviation of £ potential - 37
Surface functional group density
[umols/g] i 270
Surface energy [mJ/m?] - -
Image optical density (OD) C C
Scratching resistance B B
Marker resistance B C
Storage stabiliPy for extended C c
periods
Quick drying capacity B C
Water resistance C C
Ejection stability C C

BzMA: benzy! methacrylate and AAc: acrylic acid



A: The image is essentially as glossy as the blank portion. 5 B: The inmage
is sufficiently glossy, although showing nore irregular reflection than the
bl ank portion. C. The image is not glossy, and shows little |ight
reflection. 10 The ink prepared in EXAMPLE 2 containing styrene and that
prepared in EXAMPLE 15 having a higher B/P ratio gave the inmage slightly
lower in image density on the gl ossy pdper +han the others containing a
nmet hacrylic acid ester-based nononer. 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 inage nore excellent in
scratching resistance on the glossy paper. - 107 Table 7. Conpositions and
properties of the respediag,i ik preaparethdni EXAVBEEDaltcel 4n 6, 12 and 15,

and their evaluation results EXAMPLE EXAMPLE EXAMPLE EXAMPLE EXAMPLE
EXAMPLE EXAVPEEAMPLES3 14 tho 12, 16, DRspedsibl erelre? adidhi t6i d2alby col orant Fine
resin MVA BzMA BzMA - - BA BA particles B AAc AAc - AAc AAc Tg[(C] 105
110 105 30 118v4%u3d@ed by the following procedures, and the
results are given in Table 7. Solid patches (5 cm
5 square) were produced with the black ink prepared in
each of EXAMPLES on a glossy paper for ink jet
recording (Canon’s PR-101) by the recorder used for
the above evaluations, to observe the image density,
scratching resistance and gloss on the glossy paper.
10 Image density on the glossy paper
The image was observed one day after it was
produced for optical density (OD), and evaluated
according to the following standards.
A: Image OD is not less than 2.3.
15 B: Image OD is 1.7 or more and less than 2.3.
C: Image OD is less than 1.7.
Scratching Resistance on Glossy Paper
The image was scratched 5 times with silbon
paper on which a pressure of 40 g/cm’® was applied to
20 wvisually observe whether the image was scraped off,
and evaluated according to the following standards.
A: The image is little scraped off, and the
blank portion remains essentially stainless.
B: The image is scraped off, but at least 90%
25 of the printed image is remaining.

C: The image is significantly scraped off.

Image Gloss



Rcsin/pignme 0.2 .0.2 0.5 0.5 0.8 1.5 5.1 at (B/P) ratio Imge density on A
BBABAB the glossy paper Scratching resistance on B B A ABAAthe
gl ossy paper doss ABA A A AB BzMA: benzyl nethacrylate and AAc:
acrylic acid |NDUSTRI AL FlI ELD OF .APPLI CATION 5 The present invention
provi des a dispersible colorant sufficiently high in dispersion stability,
showi ng no separation froma col orant ofl¢&stn conponent and stable for
extended periods, and a nethod for sinply producing the sane. The present
10 invention al so provides an aqueous ink containing the excellent,
di spersible colorant, ink tank, ink jet recorder, ink jet recordi ng nethod
and inkjet recorded inages. Another advantage of the present invention is
to provide the di spehsi bnageolwarsanti 49akexgebbebtrvigdl qlokg oy ngagdpaci ty on
a recording nedium Still another advantage is the dispersible colorant
hi gh in scrat elaigiatesi st@nced bngatoeddredifiugl 1 oveth gins t Shdkicdanot her
advantage is to provide the - 108 dispersible colorant high in eject
characteristics in A: The image is essentially as glossy as the
blank portion.
5 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.
10 The ink prepared in EXAMPLE 2 containing
styrene and that prepared in EXAMPLE 15 having a
higher B/P ratio gave the image slightly lower in
image density on the glossy paper than the others
containing a methacrylic acid ester-based monomer.
15 The ink prepared in EXAMPLES 4, 12 and 15 having a
lower Tg value, and the one prepared in EXAMPLE 3
containing the fine resin particles B gave the image

more excellent in scratching resistance on the glossy

paper.
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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 aqueous ink containing the

excellent, dispersible colorant, ink tank, ink jet

recorder, ink jet recording method and inkjet
recorded images. Another advantage of the present
invention is to provide the dispersible colorant
15 excellent in quick drying capacity on a recording
medium. Still another advantage is the dispersible
colorant high in scratching resistance on a recording

medium. Still another advantage is to provide the



15 of not less than 250 pnols/g and | ess than 1000 wunvols/g. 4. The

di spersi bl e colorant according to any one of clains 1 to 3 which has a
surface energy of 70 20 mJ/n2 or less. 5. The dispersible col orant
according to any one of clainms 1 to 4, wherein a copol ymer conponent
conposi ng the chargeabl e resin pseudo fine particles 25 has a gl ass
transition tenperature of not |ess than-g#4QC and not nore than 60C. - 110
6. The dispersible colorant according to any one of clains 1 to 5, wherein
the chargeable resin pseudo fine particles contain a copolyner of nononer
conponents containing at |east one type of 5 hydrophobic nononer and at

| east one type of hydrophilic nmonomer. 7. The dispersible col orant

according to ah%@rs@bhl;%]%ei&zmﬁ H%gﬁoﬁﬁogij%.d@%a&?@%%'Eﬁlc%t ileast 10

a nononer having a met group at t a position a radica

pO'Y”ETiZab'eanuﬂ%%té%%ﬁ¥EéE%@%§,bQﬂ@ill8anEBﬁegi%@%@H€H§%C¥%0fé”t
according to claim or 7, wherein the hydrophobi c nononer contains at 15

| east a (met hpaekylde test eli SoepouBle So1bhand spefsi et cohokanbraccor di ng
to claim 8, wherein the hydrophobi c nononer contains at |east one conpound

sel ected fromdehe lghpduty consd St tngonf a2@ chenzyingreiddody| at®t and met hy
nmet hacryl ate. 10. The di spersible colorant according to any
5 another advantage is to provide the dispersible
colorant stably serviceable in a high to medium pH
range or medium to low pH range. The method of the
present invention can simply produce the dispersible
colorant having the above advantages. Still another
10 advantage is to provide the aqueous recording ink
which can give a highly glossy image on a glossy
recording medium. Still another advantage is to
provide the aqueous recording ink excellent in
scratching resistance on a glossy recording medium.
15 Still another advantage is to provide the aqueous

recording ink excellent in storage stability for

extended periods.



one of clainms 6 to 9, wherein the hydrophilic nononmer contains at |east an
ani oni ¢ nononer. 25 11. The di spersible colorant according to claim 10,
wherein the ani onic nononer contains at |east one - 111 conpound sel ected
fromthe group consisting of acrylic acid, nethacrylic acid and p-styrene
sul fonate salts. 5 12. The col orant according to any one of clains 6 to 9,
wherein at |east a cationic nononer is 1ddhtai ned as the hydrophilic
nononer. 13. A nethod for producing a dispersible 10 colorant, conprising
the step of conducting an aqueous deposition polynerization process of a
radi cally pol ynerizable nononmer in an aqueous dispersion of a

wat er -i nsol ubl e col orant using an aqueous radical-polynerization initiator
to integrate 15 the water-insol uble callokBnm$ with chargeable resin pseudo
fine particles. 14. A nethod for producing a dispersible colorant,
conprising the steps.of ¢iypeasndidts myplagra0 aguesisidgpesiadlonrant

pol yneri zation process of a radically polynerizable polynmer in an aqueous
di sper si on of aadwaghergesddiaubies Edl BF andousiing ®#r EHfuedtishaving a

radi cal -polynerization initiator to integrate the water-insoluble colorant
Wi th char geabPFBalé&irn Si%e JdWRIo- % neC paF EREr eFNHRET 2P PuFPLYEARG T he

product . 5 and particles fix to each other.

2. A dispersible colorant comprising a colorant
and chargeable resin pseudo fine particles having a
smaller size than the colorant, wherein a plurality
10 of the particles are disfributed on and fix to the

colorant.

3. The dispersible colorant according to claim
1 or 2 which has a surface functional group density
15 of not less than 250 umols/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

20 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

25 has a glass transition temperature of not less than -

40°C and not more than 60°C.



- 112 15. The nethod for producing a dispersible colorant according to
claim 13 or 14, wherein the aqueous dispersion of water-insoluble col orant
is an aqueous solution containing a pignent dispersed with 5 a polyneric

di spersant having an acid value of not |[|ess than 100 and not nore than 250.
16. The nmethod for producing a dispersible colorant according to claiml15,
wherein the 10 di spersant is a copol yrernlaf -vononer conponents contai ni ng
at | east one type of nononer selected from the group consisting of acrylic
acid, and nethacrylic acid and a styrene nononer. 15 17. The method for
produci ng a dispersible colorant according to claim15 or 16, wherein the
aqueous radi cal -polynerization initiator is anionic or anpholytic. 20 18.
The met hod for prodéici Tige adtlspperssidilee c«lod oimnt aaeeendinmg tio alyai m 13 or
14, wherein the aqueous dispersion of the water-insoluble colorant is an
aqueous sol utona odntdiadimyy la tpd gnmenvhdrspar sed ohMardyealpbé ymesino di sper sant
havi ng an am ne val ue of 25 not | ess than 150 and not nore than 300. 19. The
met hod for prpdacidagfangi $Partsidles -canBaivokocamo laseor db hgnonookai m 18,
wherein the aqueous radical-polynerization initiator is cationic or

anphol ytic. 5CQUPoTRatgetdsddFringodticlAgss enspdngidlet

5 hydrophobic monomer and at least one type of

hydrophilic monomer.

7. The dispersible colorant according to claim
6, wherein the hydrophobic monomer contains at least

10 a monomer having a methyl group at the a position and

a radically polymerizable, unsaturated double bond.

8. The dispersible colorant according to claim
6 or 7, wherein the hydrophobic monomer contains at

15 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

20 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.

25
11. The dispersible colorant according to claim

10, wherein the anionic monomer contains at least one



col orant according to any one of clains 13 to 19, wherein the radically

pol yneri zabl e nononer conponent is dropped in the polynerization system 10
21. The nmethod for producing a dispersible colorant according to any one of
claims 13 to 20, wherein the radically polynerizabl e nononer conponent
contains at |east one type of hydrophobic nononer and at |east one type of
hydr ophi li ¢ nononmer. 15 22. The net hod fldrl pr oduci ng a di spersi ble 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 clains
13 to 22. 24. An aqueous ink containing the dispersible 25 colorant
accordi ng to abypon@dofsedleaitresd 1f tomlPhandro2®. cornldidst 2bg A aqueous i nk
containing a dispersible colorant conprising a colorant and chargeabl e
resin pseudoafiryé igartdicl ,esndiavangyadismallier asizetdanrehe col orant,
wherein the colorant and particles fix to 5 each other, and at |east one
type of self-dbdpensitlsi salktesin fine particles are additionally contained.
26. The aqueous ink according to claim25, wherein the resin conponent

whi ch constitutes the 10 pseudo-fine, chargeable particles and the resin

5 12. The colorant according to any one of claims
6 to 9, wherein at least a cationic monomer 1is

contained as the hydrophilic monomer.

13. A method for producing a dispersible
10 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
15 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
20 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
25 pseudo fine particles; and

(2) purifying the product.



conponent which constitutes the at | east one type of self-dispersible resin
fine particles contain a polynerization product of a m xture containing at

| east one type of conmon nononer conponent. 15 27. The aqueous i nk according
to claim26, wherein the resin conponent which constitutes at |east one
type of the pseudo-fine, chargeable particles and the resin conponent which
constitutes 20 the at | east one type of 15¢l f-di spersible resin fine
particles contain a polymnerization product of a mxture containing at | east
one type of conmmobn 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 colorants. anget he thayd ifdesptddut@ngaahdathesrs ik t he
di spersi bl e colorant has an average surface zeta potential of not |ess than

-80 nmV and notomerartthardrdbngVtoncaaiaquéous redi wheheéch caapose the
aqueous ink and a surface zeta potential distribution of less than 50 in
terns of the stjardarsd depatsiioon @9. wAheaguesud ulnle comtaranhgia dinspersi bl e
10 col orant conprising a colorant and pseudo-fine, positively chargeable
particles of rasepUsaddigitalomnednbaising ehad gtmtcolosp@rsedheiéhn t he

colorant and the particles fix to each other, and the
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 claim 15, wherein the
10 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.

15 17. The method for producing a dispersible
colorant according to claim 15 or 16, wherein the
aqueous radical-polymerization initiator is anionic

or ampholytic.

20 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

25 not less than 150 and not more than 300.

19. The method for producing a dispersible



di spersi bl e colorant has an average surface zeta 15 potential of not |ess
than +10 nV and not nore than +60 nV in an aqueous nedi um whi ch conposes
the aqueous ink and a surface zeta potential distribution of |ess than 50
in ternms of the standard deviation. 20 30. The aqueous ink according to any
one of clains 24 to 29, wherein the colorant which conposes the
di spersible colorant is a pignent, and the3ratio of the total resin
conponents to the pignent (resin/pignent or B/P by nmass) of not |ess than
0.3 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 formng images wwth the ink according to any one of clains 24 to 30. 5
33. An ink jetonesemnd rgdetdddgf 06 toading 8,i mEgese v t bhehegaguwesus i nk
according to any one of <clainms 24 to 30 by an ink jet recorder. 34. An
i mage forned hbydimal-gtoInecor dragivnt hnilQstthe agiecaisionkcaocordi ng to any
one of clains 24 to 30 using an ink jet recorder.

ampholytic.

5 20. The method for producing a dispersible
colorant according to any one of claims 13 to 19,
wherein the radically polymerizable monomer component

is dropped in the polymerization system.

10 21. The method for producing a dispersible
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.
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25. An agueous 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 agqueous 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



10

15

20

25

- 115 -

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 ink and 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 aqueous ink



10

- 116 -

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.



