SPECIFICATION INK SET, INK-JET PRINTING METHOD, AND INK-JET PRINTER 5 TECHNICAL
FIELD The present invention relates to an ink set characterized in that a treatment liquid including
particle is combined with a recording liquid including resin-coated colorant, a specific treatment liquid
for the ink set, a specific recording liquid for the ink set, an ink-jet printing method for 10 forming an
image by adhering the treatment liquid and the recording liquid to a recording medium, an ink-jet
printer, a cartridge for receiving therein the treatment liquid and the recording liquid, and an ink-jet
record article produced by using the ink-je‘i]ﬁﬁﬁﬂaw MPKGROUND ART An ink-jet printing method
for carrying out an image recording by using, as a liquid droplet, a recording liquid including a colorant
is excellent in that the above printing method has a simple printing mechanism and is free from noise.
20 On the other hand, the above image printing method is likely to cause an image failure whose

typical example igi@ SAfaptek G AMEPRINTINRIEG NafisHEIpT aND aNRaleN g Alifpytable to some

combinations with a recording medium, thus greatly deteriorating image quality. Trying to decrease
the feathering by suppressing ink permeability is carried out. In this case, however, deteriorated
dryness of the ink may cause failures 5 such as: touching a print after printing may allow the ink to

adhere to a
5 TECHNICAL FIELD

The present invention relates to an ink set characterized in that a
treatment liquid including particle is combined with a recording liquid
including resin-coated colorant, a specific treatment liquid for the ink set, a
specific recording liquid for the ink set, an ink-jet printing method for

10 forming an image by adhering the treatment liquid and the recording liquid
to a recording medium, an ink-jet printer, a cartridge for receiving therein
the treatment liquid and the recording liquid, and an ink-jet record article

produced by using the ink-jet printer.

15 BACKGROUND ART
An ink-jet printing method for carrying out an image recording by
using, as a liquid droplet, a recording liquid including a colorant is excellent
in that the above printing method has a simple printing mechanism and is
free from noise.
20 On the other hand, the above image printing method is likely to

cause an image failure whose typical example is a character feathering



hand, the image may be stained, and the like. Moreover, printing a color image overlaps different
colors of ink one after another, thus causing bleeding of color ink at a color boundary portion or
causing a non-uniform mixture (hereinafter referred to as "color 10 bleeding"), thus substantially
decreasing the image quality, which is problematical. Increasing the ink permeability is being tried for
solving the problem, namely, for decreasing the color bleeding. In this case, however, the colorant
entering the recording medium may decrease image_density and increase permeation of the ink to a

back of a ré&siepiietivaferethdroy feaihg e cliid etahlo doasersr Ao bnaitosried

printing. Therefore, the image forming method is desired to solve the above problems at the same
time and inevédse thedriige auediyn otthesaheve lprdbterisratinethoch gé ecpmbityng Ar@egrding liquid
with a treatment liquid (which includes particle) is proposed. For example, 20 an ink-jet printing

method is diSClRsed (I BXMIIEn LRIR5!D PAGHE ARCHMETh ) 1 hich AieplpLless-liddd (ncluding

silica particle is adhered to 2 a recording medium, followed by adhering of a non-aqueous recording
liquid including,ail black. Moreover, an ink-jet printing method js disclosed (for example, refer to
Patont docu a3 GnIITELHT s I AR SSac bR K s EDILHEA metuding
the above particles and 5 binder polymer is applied or injected before a recording liquid including
pigmerit andueBinis Gpsriined MoroescapmdgegdrangHusthbldsindistiosdd et xample, refer

to Patent document 3) in which an image is
hand, the image may be stained, and the like.

Moreover, printing a color image overlaps different colors of ink one
after another, thus causing bleeding of color ink at a color boundary portion
or causing a non-uniform mixture (hereinafter referred to as “color

10  bleeding”), thus substantially decreasing the image quality, which is
problematical. Increasing the ink permeability is being tried for solving
the problem, namely, for decreasing the color bleeding. In this case,
however, the colorant entering the recording medium may decrease image
density and increase permeation of the ink to a back of a recording medium,

15 thereby making it difficult to carry out a favorable double-sided printing.

Therefore, the image forming method is desired to solve the above
problems at the same time and increase the image quality.

To the above problems, a method of combining a recording liquid
with a treatment liquid (which includes particle) is proposed. For example,

20 an ink-jet printing method is disclosed (for example, refer to Patent

document 1) in which a colorless liquid including silica particle is adhered to



formed on a recording medium by discharging a colorless ink-jet treatment liquid (including anionic
metal oxide colloid) separately from discharging of 10 an ink (including colorant but not resin content),
followed by mixing. Each of Patent document 1 and Patent document 3, however, discloses a
combination of the recording liquid (including anionic colorant) with the treatment liquid (including
anionic particle), thus making aggregation effect and absorption effect of the colorant unobtainable, 15
resulting in failure in suppression of feathering and color bleeding. Patent document 2 disclosing a
combinatior? sEaeTeAEcOIRfanmwitallatiedibyRamam ol aenea Fauans sreeprdinaiguititerms of
aggregation and absorption of the colorant, however, does not show a sufficient effect for
suppressingrfehtiatingars adtor Méedioget)smoifdavyatisnasitynpknaachda levdustesiy (featment
liquid in Patent document 2 may flow out aggregation component, thus causing failure in sufficient

suppression.of 3 frathgLiag apdisplen blerdingbid) isProlpmapcan MRIRQURS, atiRAgE forming

method is disclosed (for example, refer to Patent document 4) having a step of absorbing to a particle
surface a colorant that js in a singlermolecule state.in a.liquid,droplet and a step of 5 causing
greantion SFBAFIRTELG10) T Fack 6 SHILT 1L GElLA S RoCap dhrBEs IMERSCar BR i set i
disclosed (for example, refer to Patent document 5) in which pH of a mixture that is an ink and liquid
compogitioP1rfeadsibseantiti\2aphedtiotoln es e dybrisighta aesesdisig riinu s grsdatdons Moreover,
a liquid composition is disclosed (for example, refer

pigment and resin is discharged. Moreover, an image forming method is

disclosed (for example, refer to Patent document 3) in which an image is

formed on a recording medium by discharging a colorless ink-jet treatment

liquid (including anionic metal oxide colloid) separately from discharging of
10  an ink (including colorant but not resin content), followed by mixing.

Each of Patent document 1 and Patent document 3, however,
discloses a combination of the recording liquid (including anionic colorant)
with the treatment liquid (including anionic particle), thus making
aggregation effect and absorption effect of the colorant unobtainable,

15 resulting in failure in suppression of feathering and color bleeding. Patent
document 2 disclosing a combination of anionic colorant with cationic
titanium dioxide can feature a certain effect in terms of aggregation and
absorption of the colorant, however, does not show a sufficient effect for
suppressing feathering and color bleeding. Use of low viscosity ink and

20 low viscosity treatment liquid in Patent document 2 may flow out

aggregation component, thus causing failure in sufficient suppression of



10 to Patent document 6) which is included in such a state that a particle having a surface charged
with an opposite polarity to that of aqueous ink is dispersed. Although showing a certain effect in
terms of color aggregation and color absorption, each of the above Patent documents is, however,
unable to bring about a sufficient effect for suppressing feathering and color 15 bleeding. Moreover,
using the treatment liquid including particle, the above proposals have another problem in fusibility of
the recording liquid. Specifically, the treatment liquid and the recording liquid are adhered to the
recording nieaflaring M@W@é&méﬁféﬂd%@?@é@mﬁg@b medium, thus accumulating a
mixture of the particle with the colorant on a surface of the recording medium. The thus formed
accumulation is 4 nideoheoieallvuinergbléytherebynt thayl be dasilyeirvedhymdleingbyr hand and
the like. This may stain a user's hand by ink or backface of overlapped prints, resulting in failure of

wear resistaCp, {1 e s 4RI a0 SO MISArd CHISIRBEE b DS RIING FiRiRod, prig.digclosed (for

example, refer to Patent document 7) in which i) a first liquid including a reaction agent which causes

aggregation when contacting. a polymer particle and/or an ink composition, and i) the ink composition
including e LORE PAHIE AR SIS SOHLTE S rHbek T TRCIRORIC b ARSI B out
printing. In a constitution in Patent document 7, a 10 colorant in itself is free from a function for

improving vwearstasistaatesatiere by paBlgiesrhovn sftheyaiasartieedishdbgewloramtaming a
absorbed. Moreover, an ink set is disclosed (for example, refer to Patent
document 5) in which pH of a mixture that is an ink and liquid composition
mixed substantially at a ratio of 1 to 1 by weight causes colorant
aggregation. Moreover, a liquid composition is disclosed (for example, refer

10 to Patent document 6) which is included in such a state that a particle
having a surface charged with an opposite polarity to that of aqueous ink is
dispersed. Although showing a certain effect in terms of color aggregation
and color absorption, each of the above Patent documents is, however,
unable to bring about a sufficient effect for suppressing feathering and color

15 Dbleeding.

Moreover, using the treatment liquid including particle, the above
proposals have another problem in fusibility of the recording liquid.
Specifically, the treatment liquid and the recording liquid are adhered to
the recording medium and then a vehicle permeates to the recording

20 medium, thus accumulating a mixture of the particle with the colorant on a

surface of the recording medium. The thus formed accumulation is



sufficient wear resistance. Putting a large amount of polymer particles may, however, cause such side
effects as decreased discharge stability, decreased preservability stability, increased viscosity and the
like, resulting 15 in an unsolved problem. Moreover, an ink-jet print printing method is disclosed (for
example, refer to Patent document 8) in which a semi-transparent white ink which is composed of i)
an inorganic oxide pigment, ii) dispersant and/or high molecular compound, iii) an water-soluble
organic solvent and iv) water is 20 caused to fixed in advance to a recording medium, and an

Water-solubﬂ@%@@ﬂiﬂ@i&m%@ﬁ@%b&)réh@@hﬁrﬁa@ﬂn@(ﬁﬁf\%iﬂﬁ/uﬁ@ﬁl% rYataBH&ment 8,

however, a colorant in itself is free from a function for improving wear resistance, therefore a large
amount of godyrdes partibledikee n@édediiayobtaining aseifficienhddsy resisianteclebigéingf in an
unsolved problem. 5 Moreover, an ink-jet printing method is disclosed (for example, refer to Patent

document %\;Brﬁ‘ﬂﬂgédsﬂﬁﬁt@ Méﬂl@&%@gﬁliﬁﬁ%‘%‘ﬁ%éa‘%%@éﬁ%@&ﬁf:%miC liquid including two or more

_cationic groups per molecule IS caqseq ( dhere t(_) a recording medium, then the liquid i§ p_ermeated
disappears from & SAHERATET e QAR AL AP A6 ARer e S0 GBpEmSIARR inclucing
anionic dye is caused to adhere to a portion to which the liquid is caused to adhere. Moreover, an
ink-jet Prinfinglinetpertlid s vsssanter sxfanpie, Pefent terameic(hént whjeh 1) a first
liquid including a reaction agent which causes aggregation when contacting
a polymer particle and/or an ink composition, and ii) the ink composition
including the polymer particle are caused to adhere to a recording medium,
to thereby carry out printing. In a constitution in Patent document 7, a
10  colorant in itself is free from a function for improving wear resistance,
thereby a large amount of polymer particles is needed for obtaining a
sufficient wear resistance. Putting a large amount of polymer particles
may, however, cause such side effects as decreased discharge stability,
decreased preservability stability, increased viscosity and the like, resulting
15 1in an unsolved problem.
Moreover, an ink-jet print printing method is disclosed (for example,
refer to Patent document 8) in which a semi-transparent white ink which is
composed of i) an inorganic oxide pigment, ii) dispersant and/or high
molecular compound, iii) an water-soluble organic solvent and iv) water is

20 caused to fixed in advance to a recording medium, and an water-soluble dye

ink 1s used for recording an image. In a constitution under Patent



which, so as to form an image, a colorless or hypochromic liquid including a 15 multivalent metal salt is
caused to adhere to a recording medium, then the liquid is permeated in the recording medium, then
the liquid is present in the recording medium, then the liquid disappears from a surface of the
recording medium, and soon after the above steps, an ink including oxide-group including dye is
caused to adhere to a portion to which the 20 liquid is caused to adhere. Moreover, an ink-jet printing
method is disclosed (for example, refer to Patent document 11) in which, so as to form 6 an image, a

colorless ordegpaRRRSMIG liGamEareludhg aletardriaryitammanidiscafromarraiinetaan inbse

molecule has therein one or more groups selected from i) an alkyl group with carbon atoms 4 or more,
i) an alkenyhgiewirgnavidid arcenidtgiony theautad ta ddheseatm auretatlipg beediumtities the thus
adhered liquid is permeated in the recording medium, then the liquid disappears from a surface of the

recording mediufy.aag Sf%?”(ﬂﬁ%’iﬁ@ﬁ?b?vgﬁfﬁqén%n&E%WC}Hgigﬂaﬁ‘ELé{blﬁegﬁ?tiﬁ ugling geidic
group is caused to adhere to a portion to which the liquid is caused to adhere. 10 However, using the
treatment liquid that.does not include particle, the methods disclosed in the above Patent documents
are insufficieRt f V%%Bms\?%éqmage density, decreasing character feathering and decreasing color
mixture. Moreover, use of the dye whose colorant is not of resin-coated tg/pe is insufficient in terms of
wear résistance on Megeves formmitgisbmbmting method 1s disclosed (for example, refer

to Patent document 9) in which, so as to form an image, a colorless or
hypochromic liquid including two or more cationic groups per molecule is
caused to adhere to a recording medium, then the liquid is permeated in the
recording medium, then the liquid is present in the recording medium, then
10 the liquid disappears from a surface of the recording medium, and soon
after the above steps, an ink including anionic dye is caused to adhere to a
portion to which the liquid is caused to adhere. Moreover, an ink-jet
printing method is disclosed (for example, refer to Patent document 10) in
which, so as to form an image, a colorless or hypochromic liquid including a
15 multivalent metal salt is caused to adhere to a recording medium, then the
liquid is permeated in the recording medium, then the liquid is present in
the recording medium, then the liquid disappears from a surface of the
recording medium, and soon after the above steps, an ink including
oxide-group including dye is caused to adhere to a portion to which the
20 liquid 1s caused to adhere. Moreover, an ink-jet printing method 1is

disclosed (for example, refer to Patent document 11) in which, so as to form



[Patent document 11 Japanese Patent Application Laid-Open (JP-A) No. 04-259590: Scope of claim
for patent on line 1 to line 7 in column 1 on page 2, paragraph [00101, paragraph [00151 and
paragraph [00221. 20 [Patent document 21 Japanese Patent Application Laid-Open (JP-A) No.
06-92010: 7 Claim 1 on line 2 to line 8 in column 1 on page 2 and paragraph [00101. [Patent
document 31 Japanese Patent Application Laid-Open (JP-A) No. 11-228890: Scope of claim for
patent on line 1 to line 27 in column 1 on page 2. 5 [Patent document 41 Japanese Patent Application
Laid-Open @IP-APRge2001c0b91ass criiyPeshiiems tbigHed? inslaslingn 2 ofpHgE B Patent
document 51 Japanese Patent Application Laid-Open (JP-A) No. 2001-199150: 10 Claim 1 on line 2
to line 9 in eolumenlon patiedd: fRatentidecusitentvkdapalesdPhtenthaplicatan baidnGpen (JP-A)
No. 2001-19915 1: Claim 1 on line 2 to line 7 in column 1 on page 2. [Patent document 71 15

Intemationa}2licaliR Ve RPPIOR IR ISR} RINER BN 520 PR For{PalFRl focumen

alkenyl group and iii) an aryl group is caused to adhere to a recording

5 medium, then the thus adhered liquid is permeated in the recording
medium, then the liquid disappears from a surface of the recording medium,
and soon after the above steps, an ink including soluble dye including acidic
group 1is caused to adhere to a portion to which the liquid is caused to
adhere.

10 However, using the treatment liquid that does not include particle,
the methods disclosed in the above Patent documents are insufficient for
improving image density, decreasing character feathering and decreasing
color mixture. Moreover, use of the dye whose colorant is not of
resin-coated type 1is insufficient in terms of wear resistance on image

15  forming portion.

[Patent document 1]
Japanese Patent Application Laid-Open (JP-A) No. 04-259590:
Scope of claim for patent on line 1 to line 7 in column 1 on page 2, paragraph
[0010], paragraph [0015] and paragraph [0022].
20 [Patent document 2]

Japanese Patent Application Laid-Open (JP-A) No. 06-92010:



Japanese Patent Application Laid-Open (JP-A) No. 2001-171095: Claim 1 on line 2 to line 7 in column
1 on page 2. 20 [Patent document 91 Japanese Patent (JP-B) No. 2667401: 8 Claim 1 on line 2 to line
7 in column 1 on page 1. [Patent document 101 Japanese Patent (JP-B) No. 2675001: Claim 1 on line
2 to line 7 in column 1 on page 1. 5 [Patent document 111 Japanese Patent (JP-B) No. 2711098:
Claim 1 on line 2 to line 9 in column 1 on page 1. DISCLOSURE OF THE INVENTION 10 It is
therefore an object of the present invention to provide an ink set, a printing method, a printer and a

record articlelaiich gidingsthtpthiamR isetoliareih inainges3tadath patarramigtglaliy image free

from feathering and color bleeding, can obtain a high quality image even when used for printing on a
plain paper [$haeh cdoabiadntagdrint excellent in wear 15 resistance, can obtain a high image density
without causing a deep permeation of a recording liquid in the paper sheet, can perform a favorable

double-sideghprinfing with 2 IOXMRGRIENEHYIMDEBANG PIRPKIS Viwedsgpm an opposite face of an

image print face, can be free from an image stain attributable to drying failure of the recording liquid,

and can proyide 106 20 RK A A RIORSA PV 7 BOUISLaDIF el o yesentinventon

5 [Patent document 4]
Japanese Patent Application Laid-Open (JP-A) No. 2001-199149:
Claim 2 on line 13 to line 21 in column 1 on page 2.
[Patent document 5]
Japanese Patent Application Laid-Open (JP-A) No. 2001-199150:
10 Claim 1 on line 2 to line 9 in column 1 on page 2.
[Patent document 6]
Japanese Patent Application Laid-Open (JP-A) No. 2001-199151:
Claim 1 on line 2 to line 7 in column 1 on page 2.
[Patent document 7]
15  International Publication No. WO00/06390:
Claim 1 on line 2 to line 6 on page 2.
[Patent document 8]
Japanese Patent Application Laid-Open (JP-A) No. 2001-171095:
Claim 1 on line 2 to line 7 in column 1 on page 2.
20 [Patent document 9]

Japanese Patent (JP-B) No. 2667401:



to provide an ink set, a printing method, a printer and a record article 9 which three using the ink set;
wherein the ink can improve waterproof of an image which is obtained on a recording medium, and is
excellent in aging (elapsing) stability without causing prosperity of mold and the like to treatment
liquid or recording liquid after a long time storage. 5 BRIEF DESCRIPTION OF THE DRAWINGS FIG.
1 is an external perspective view of a cartridge which is capable of receiving therein a recording liquid
and a treatment liquid under the present invention. 10 FIG. 2 is a cross sectional front view of the
cartridge witit#iie tapabreot teching tadinmte Fetdiigs llquid and the treatment liquid under the
present invention. FIG. 3 shows an example of a constitution of an ink-jet printer under the present
invention. 1Peten# de@mentargdll view of a nozzle face of a record head. FIG. 5 is an enlarged view
of a nozzle face of a record head. BEST MODE FOR CARRYING OUT THE INVENTION After

studying haggﬁgrga%@ofaﬂgiﬁygpe@q%emithe present 20 inventor has found out the following.

When forming an image by adhering a treatment liquid and a recording liquid to a recording medium,

an 10 agarqggton St ol gui lople! atised g qoag) f the above liuids

5 [Patent document 11]
Japanese Patent (JP-B) No. 2711098:

Claim 1 on line 2 to line 9 in column 1 on page 1.

DISCLOSURE OF THE INVENTION
10 It is therefore an object of the present invention to provide an ink set,
a printing method, a printer and a record article which three using the ink
set; wherein the ink set can obtain a high quality image free from feathering
and color bleeding, can obtain a high quality image even when used for
printing on a plain paper sheet, can obtain a print excellent in wear
15 resistance, can obtain a high image density without causing a deep
permeation of a recording liquid in the paper sheet, can perform a favorable
double-sided printing with a low image density when the image is viewed
from an opposite face of an image print face, can be free from an image stain
attributable to drying failure of the recording liquid, and can provide the
20  print with a proper glossiness. It is another object of the present invention

to provide an ink set, a printing method, a printer and a record article



is of importance. For controlling it, an ink set having a combination of the treatment liquid including
particle with the recording liquid including resin-coated colorant can achieve the above object
effectively. By 5 considering viscosities of the above liquids, the present inventor has found that the
above problems can be preferably solved, to thereby come up with the present invention. Solution of
the above problems can be achieved by the following (1) 10 to (2): (1) An ink set comprising: a
recording liquid including a resin-coated colorant; and a treatment liquid including a particle which has
a reactivity Whichhdresinsamdhebirast: vohenean ihie sekaedoianky ey ¢ 1y ahtiaresnizf aggregation

is formed when the treatment liquid and the recording liquid contact each other. Moreover, solution of
the above pinalgms hichbie athieired hynthe réeheding @)k (1) 4B) Adrestolanidiguid gised for the ink
set according to (1), wherein the 20 particle included in the treatment liquid is made of a cationic

material. (4) A RRBPIINIE AR MDCISIOING RIQGARIEALdS i GO Inorganic
material. (5) A treatment liquid according to (4), wherein the cationic inorganic material is a cationic

silica. (8) A e e A QSRS 3 M NG SRS il WSl hee.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an external perspective view of a cartridge which is capable
of receiving therein a recording liquid and a treatment liquid under the
present invention.

10 FIG. 2 is a cross sectional front view of the cartridge which is
capable of receiving therein the recording liquid and the treatment liquid
under the present invention.

FIG. 3 shows an example of a constitution of an ink-jet printer under
the present invention.

15 FIG. 4 is an enlarged view of a nozzle face of a record head.

FIG. 5 is an enlarged view of a nozzle face of a record head.

BEST MODE FOR CARRYING OUT THE INVENTION
After studying hard so as to achieve the above objects, the present
20 inventor has found out the following. When forming an image by adhering

a treatment liquid and a recording liquid to a recording medium, an

10



5 treatment liquid includes a water and a water-soluble solvent. (7) A treatment liquid according to (6),
wherein the water-soluble solvent is at least one of a humectant and a penetrant. (8) A treatment liquid
according to any one of (3) to (5), wherein the treatment liquid includes an antiseptic for preventing at
least one of a 10 corrosion and a mold. (9) A treatment liquid according to any one of (3) to (5),
wherein the treatment liquid includes a cationic surfactant. (10) A treatment liquid according to any one
of (3) to (5), wherein the treatment liquid includes a rust preventive. 15 (11) A recording liquid used for
the ink set ACEieRAg e (Hhateredraihiend dcdrorlat iprnseddin theordesiomdgngabaeahonids(12) A
recording liquid according to (11), wherein the anionic colorant is a pigment colorant. (13) A recording
liquid used ferotharipkgetraecordiog dortje Niher&in 4hei 20 Jechedingdiguidifibihat wemiirides a water
and a water-soluble solvent. 12 (14) A recording liquid according to (13), wherein the water-soluble

solvent is atjeashng ofigIMMBRIAMIAR BRENEH R DR recasding diaHidl Ageordingnd14).

wherein the recording liquid includes an antiseptic for preventing at least one of a corrosion and a

mold. © (1) A1RGOI9IP 'S 2500 ‘2 NSIE ISR . Lslyges 2y

5 considering viscosities of the above liquids, the present inventor has found
that the above problems can be preferably solved, to thereby come up with

the present invention.

Solution of the above problems can be achieved by the following (1)
10 to (2):
(1) An ink set comprising:
a recording liquid including a resin-coated colorant; and
a treatment liquid including a particle which has a reactivity with
the resin-coated colorant.
15 (2 An ink set according to (1), wherein an aggregation is formed when
the treatment liquid and the recording liquid contact each other.
Moreover, solution of the above problems can be achieved by the
following (3) to (15):
3) A treatment liquid used for the ink set according to (1), wherein the
20 particle included in the treatment liquid is made of a cationic material.

(4) A treatment liquid according to (3), wherein the cationic material is

11



Moreover, solution of the above problems can be achieved by the following (17): (17) An ink set
according to (1), wherein at least one of the recording 10 liquid and the treatment liquid has a
viscosity of 5 mPa sec or more at 25 C. Moreover, solution of the above problems can be achieved by
the following (18): (18) An ink-jet printing method for forming an image by using the ink set 15
according to any of (1), (2) and (17), or by using a combination of the treatment liquid according to
any one of (3) to (10) and the recording liquid according to any one of (11) to (16), the ink-jet printing
method corﬁpi@émgllédﬁ@@@q}?e%’ﬁi%ht liquid to a recording medium; and 20 adhering the
recording liquid to the recording medium, 13 to thereby form the image on the recording medium.
Moreover, $6lution &f theaahovetphiehlainsccandia aiebidygdvbldhe fdlowiagitha)y thn@Ra1d) An ink-jet
printer for forming an image by using a combination of 5 the ink set according to any of (1), (2) and

(17), or by ysing a.cophinatinmef e freatment liquid according to any one of (3) to (10) and the

recording liquid according to any one of (11) to (16), the ink-jet printer comprising: a conveying section
for conveylrag)a rechrdclpegair:nnelell{r‘rhquld according to any one of (3) to (5), wherein the

5 treatment liquid includes a water and a water-soluble solvent.

(7) A treatment liquid according to (6), wherein the water-soluble
solvent is at least one of a humectant and a penetrant.
® A treatment liquid according to any one of (3) to (5), wherein the
treatment liquid includes an antiseptic for preventing at least one of a

10  corrosion and a mold.
9 A treatment liquid according to any one of (3) to (5), wherein the
treatment liquid includes a cationic surfactant.
(10) A treatment liquid according to any one of (3) to (5), wherein the
treatment liquid includes a rust preventive.

15 (11) A recording liquid used for the ink set according to (1), wherein the
colorant included in the recording liquid is anionic.
(12)  Arecording liquid according to (11), wherein the anionic colorant is a
pigment colorant.
(13) A recording liquid used for the ink set according to (1), wherein the

20  recording liquid further comprises a water and a water-soluble solvent.

12



10 a first adhering section for adhering the treatment liquid to the recording medium; and a second
adhering section for adhering the recording liquid to the recording medium, to thereby form the image
on the recording medium. 15 (20) A treatment liquid cartridge for receiving therein the treatment liquid
which is used for the ink set according to any of (1), (2) and (17), or the treatment liquid according to
any one of (3) to (10). (21) A recording liquid cartridge for receiving therein the recording liquid which
is used for the ink set according to any of (1), (2) and (17), or 20 the recording liquid according to any

one of (11) 6416). {oAenpriinptlicsa anserditctias ProburdiessinsitethwateTrojetianter

according to (19). Hereinafter described are details about the present invention. In an ink set used for
an ink-jet regdrentdenthie psesenrt dafvehienecprefetablya eeraiding liquid includes an anionic
colorant and a treatment liquid includes a cationic particle. Moreover, at least one of the recording

liquid and ﬂa%feame%é@m? @fséepiﬁln%c%'m § S MIRASRC ML PN & AL 2R GidHerein, the

viscosity of the recording liqui the treatment liquid is to be measured with a rotary V|SCOS|meter

e i A o g S S R U G R SO F RS

5 (16) A recording liquid according to (14), wherein the recording liquid
includes a rust preventive
Moreover, solution of the above problems can be achieved by the
following (17):
(17)  An ink set according to (1), wherein at least one of the recording
10 liquid and the treatment liquid has a viscosity of 5 mPa-sec or more at 25°
C.
Moreover, solution of the above problems can be achieved by the
following (18):
(18)  Anink-jet printing method for forming an image by using the ink set
15 according to any of (1), (2) and (17), or by using a combination of the
treatment liquid according to any one of (3) to (10) and the recording liquid
according to any one of (11) to (16),
the ink-jet printing method comprising:
adhering the treatment liquid to a recording medium; and

20 adhering the recording liquid to the recording medium,

13



5 quality is considered as below, but not limited thereto. Adhering the treatment liquid including particle
and the recording liquid including resin-coated colorant to a recording medium may accumulate a
mixture of the particle and the resin-coated colorant on a surface of the recording medium, allowing a
vehicle to permeate in the 10 recording medium. At this time, the resin-coated colorant accumulated
on the recording medium, which has in itself a resin component, may bind with peripheral particles,
thereby forming a mechanically strong film and featuring a good wear resistance. Moreover, a resin
film formed on the tuifaeeehaioreréhed iassinas Eregnsthpganesivs levels of lights in 15 the
resin material film intervened between colorants may be so well mixed and reflected, thus obtaining a
bright intermediate Meeowiersdhetiesinorhponkst és matbhatisdach in e sebdssing bgutdher the
treatment liquid, the accumulated layer becomes mechanically so week that the accumulated layer
may be re”}BYl%%W@ Qayg yvisy).something has 20 a contact with it. As a result, user's hand may be
stained with the ink or the ink may stain a backface of overlapped prints. 16 When polymer particles

are included.in.the recordjng liquid or the treatment liguid but the colorant in itself is free from the resin
oot L e B e et B AR Pt it T CabiE & P RPARg. B e
polymer particles are to be added so as to embed a periphery of the 5 colorant for the improved wear

resistafice. thfeinkaapietanydinertanseebidind Bhardadded Byby [uria s meembingsigmef particles

may decrease
the treatment liquid according to any one of (3) to (10) and the recording

liquid according to any one of (11) to (16),
the ink-jet printer comprising:
a conveying section for conveying a recording medium;
10 a first adhering section for adhering the treatment liquid to the
recording medium; and
a second adhering section for adhering the recording liquid to the
recording medium,
to thereby form the image on the recording medium.
15 (20) A treatment liquid cartridge for receiving therein the treatment
liquid which is used for the ink set according to any of (1), (2) and (17), or
the treatment liquid according to any one of (3) to (10).
(21) A recording liquid cartridge for receiving therein the recording
liquid which is used for the ink set according to any of (1), (2) and (17), or
20  the recording liquid according to any one of (11) to (16).

(22)  Anink-jet record article which is produced by using the

14



discharge stability and preservability stability, and may cause an increased viscosity. Decreasing the
amount of the polymer particles added is needed for keeping the discharge stability and the
preservability stability and 10 properly suppressing the viscosity. In this case, however, a sufficient
wear resistance cannot be obtained, thus not reaching the problem solution. Moreover, when a
soluble resin replaces the patrticle as a reaction agent in the treatment liquid, the soluble resin may
form a non-permeable film on the recording medium, thereby preventing permeation of the vehicle,
15 resultingHdétreaisdeapsesdiagtadictorated color bleeding. In this case, when both of the
recording liquid and the treatment liquid have low viscosity and thereby lowering viscosity of the
mixture of the recokiégiligifidadd dhelitehtmedicligilid atheuagbie patioonnayvitewiont laterally before
the vehicle included in the recording liquid and the 20 treatment liquid permeates in the recording

medium. As a resulf,a, Sutfigicht efieat Rdsereasing thedeathared and theLalps Rleeding may 17

occasionally not be obtained. Making the viscosity of at least one of the recording liquid and the
treatment li ui(tS Pa-sec or more at 25'C.may increase the viscosity of the mixture, thereby
preventing B KGR n ot RO RIS S TRHATD B ROHEE, B B e L ERIERE Petuced in
the recording liquid and the treatment liquid may proceed its permeation in the recording medium,

thus effectirangravelinday thetbaniting Hielehe dbwseovssdiglevferap|of tHe eaionidiparticle

included in the treatment liquid has
liquid and the treatment liquid has a preferable viscosity of 5 mPa-sec or

15



its surface charged, and thereby particles may cause repulsion to each other 10 by the above surface
charge, thus stabilizing dispersion. The recording liquid including anionic colorant contacting the
treatment liquid including cationic particle may allow the anionic colorant to be strongly absorbed to
the cationic particle by an electrical operation. In this case, the surface charge of the cationic particle
may be neutralized by a charge of the anionic 15 colorant, thus eliminating the repulsion between the
cationic particles and thereby the cationic particle and the anionic colorant may form a large
aggregatiormMtsredive?ba Solubldefioitp dixeh Hseosshoply| tdreureareiingutbnyidgesud dhehe anionic
colorant may be masked by the cationic particle in the 20 absorbing, thereby rapidly decreasing
solubility of tihex ag@gnegaiiendn svaidreaned ddiined witbasing dre apgredatiereinosizevibettation of the
above 18 rapid aggregation may allow the aggregation to be trapped in a porous portion of the
recording mgdjiiay Wwhgy.the recording liquid and the treatment liquid are permeated in the recording
medium. With this, the colorant may find it difficult to move, thus decreasing the feathering and 5 the

color bleeding. The]rjlpkd%?t Lglthis case, with the cationiclggr icle.and r%he anionic colorant forming a
particulate aggrega igh 3 b chﬁﬁﬁﬁgfeaqﬁeél%?ﬁ'f of d AR e”iﬂ.?ﬂﬁ‘?&%?tﬁ&‘éﬁﬁace of the
recording medium, may form a permeable film. With this, the vehicle included in the recording liquid

and 10%the graathiEns igmelfeay basbedtaratatiynpbdimetied hhreetocording

Adhering the treatment liquid including particle and the recording
liquid including resin-coated colorant to a recording medium may
accumulate a mixture of the particle and the resin-coated colorant on a
surface of the recording medium, allowing a vehicle to permeate in the

10  recording medium. At this time, the resin-coated colorant accumulated on
the recording medium, which has in itself a resin component, may bind with
peripheral particles, thereby forming a mechanically strong film and
featuring a good wear resistance. Moreover, a resin film formed on the
surface may increase glossiness. Furthermore, various levels of lights in

15 the resin material film intervened between colorants may be so well mixed
and reflected, thus obtaining a bright intermediate color.

When the resin component is not included in the recording liquid or
the treatment liquid, the accumulated layer becomes mechanically so week
that the accumulated layer may be removed with ease when something has

20 a contact with it. As a result, user’s hand may be stained with the ink or

the ink may stain a backface of overlapped prints.
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medium, thereby the color bleeding may become good and the dryness of the record image may
become good. Compared with the above, according to the conventional technology using the
treatment liquid with the polymer dissolved therein, the polymer 15 may form a film on the surface of
the recording medium, thus preventing the permeation of the vehicle, resulting in decreased dryness of
the record image. Under the prevent invention, however, the above problem can be solved.
Moreover, as described above, the aggregation accumulated in a 20 form of a stone wall in the vicinity
of the surface of theYeesrdialy medivar Helpobianadiidsd imdge trraonding HightichagetBensity,
moreover, may 19 suppress the ink from permeating to the backside of the recording medium, thus
bringing abeotsemexaelienii ddublerkceol printit gnpitgeftys Meretiven asdessiibesmponenthe soluble
group such as the carbonyl group and the sulfonyl group of the anionic colorant masked by the

cationic 5 pAHAR PG RNFRMPIRGHTIPAGTEASERIL P AL AN 2AAMRAHION 18 YA ol Improving

waterproof of the record image. With the resin-coated type pigment under the present invention, it is
important for thﬁ resin not to be separated frgm th cg}oranti the recording liquid, and not to be
dissolved althdUGHP SR dHABURIoT Pt B a5l didebi bl S Ao SRBRSHEE i Reaiso
important for the resin to have a strong compatibility with the colorant. The resin coating the pigment
is in a Statecolat it résintiBeparapgiselvEadn trsyelegteing liduedtreatment liquid or the

recording liquid added by a large amount of polymer particles may decrease
discharge stability and preservability stability, and may cause an increased
viscosity. Decreasing the amount of the polymer particles added is needed
for keeping the discharge stability and the preservability stability and
10  properly suppressing the viscosity. In this case, however, a sufficient wear
resistance cannot be obtained, thus not reaching the problem solution.

Moreover, when a soluble resin replaces the particle as a reaction
agent in the treatment liquid, the soluble resin may form a non-permeable
film on the recording medium, thereby preventing permeation of the vehicle,

15  resulting in decreased dryness and deteriorated color bleeding.

In this case, when both of the recording liquid and the treatment
liquid have low viscosity and thereby lowering viscosity of the mixture of
the recording liquid and the treatment liquid, the aggregation may flow out
laterally before the vehicle included in the recording liquid and the

20 treatment liquid permeates in the recording medium. As a result, a

sufficient effect of decreasing the feathering and the color bleeding may
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or expanded in the recording liquid. Distinguishing the resin-coated type pigment from a high
molecular 15 dispersing type pigment may be done by the following steps: i) increase visibility of
resin film by mixing in a recording liquid a substance that is absorbed selectively to the resin, ii)
observe the colorant component with an analyzer such as a transmission electron microscope (TEM)
and the like, and iii) determine coated state. The resin-coated type is entirely coated 20 with the resin,
while the high molecular type has many portions not coated with the resin. 20 Moreover, the
distinguishiﬁ%ﬁtﬁ@&@éﬁﬁ@bhﬁé@l@@@ﬁ ment from the high molecular dispersing type can be made
from a weight ratio of the pigment relative to the resin (high molecule). A specific method is: i) deposit
pigment and resin Qylskohgatsieyasdeivaryfpdt dédke oeroudinhd tigoict iangdliigartt aandotanic solvent
to the thus deposited component for extracting the resin. With the above operations, the weight ratio

of the pigment IREVEQHE S6RIP £3BR%5 ARADGH JOC ISP SN 1RLRAIRS i SUEtaEe Of the pigment,

th(aT weight ratio (resin/pigment) is prefgrrgd .to bg 0.01 or more. 10 Mo.reover, rubping the pigment with
pigmbnt thal S SAEEr AL 1 & BRI Uh b ARG B hd e S LR 0 QRIS A1, whie the
high molecular dispersing type that is not securely fixed to the paper sheet due to its shortage of high
molecile Moreover in this case, the vehicle included in the recording liquid and the
treatment liquid may proceed its permeation in the recording medium, thus
effectively preventing the feathering and the color bleeding.
Preferably, the cationic particle included in the treatment liquid has
its surface charged, and thereby particles may cause repulsion to each other
10 Dby the above surface charge, thus stabilizing dispersion. The recording
liquid including anionic colorant contacting the treatment liquid including
cationic particle may allow the anionic colorant to be strongly absorbed to
the cationic particle by an electrical operation. In this case, the surface
charge of the cationic particle may be neutralized by a charge of the anionic
15 colorant, thus eliminating the repulsion between the cationic particles and
thereby the cationic particle and the anionic colorant may form a large
aggregation.
Moreover, a soluble group such as a carbonyl group and a sulfonyl
group of the anionic colorant may be masked by the cationic particle in the

20 absorbing, thereby rapidly decreasing solubility of the aggregation in water

and further increasing the aggregation in size. Formation of the above
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15 components causes color drop. The above finding is another point of distinction. Using the
resin-coated colorant under the present invention that has in itself the resin component may bring
about a binding effect with a small amount of resin additive and obtain a sufficient wear resistance. 20
The resin additive that is small in amount may avoid failures in such properties as discharge stability,
preservability stability and viscosity. 21 The amount of the resin added is preferably 0.01 weight % or
more to less than 20 weight % relative to an entire liquid, more preferably 1 weight % or more to less
than 5 weight il Pregsrgsiionismy wélght dher ageregdatioss thahe2dtanertins felBEVRUD the
colorant, more preferably 10 5 weight % or more to less than 50 weight %. The recording liquid under
the presentpoyeiptiorothalidesdber diolgranikthiains cohtad with thecmslimd hBqasi may cdat the
surface of the colorant entirely or partly. Moreover, a periphery of the colorant may be coated in a

form of a MGroGaRSHIE AL AAYRPHEAROE TAET WIBME nEOHRM M HNe SORINGHESIRHS preferred

to use a polymer that is compatiple with the _colorant. Examples qf the resip incluo_le \(inyl resin,
polyetr 5 poleine e gha e O ke e P s, S pafprale. A
(meth)acrylate ester. Under the present invention, both dye and pigment can be used for
5  the color bleeding.
The ink set in this case, with the cationic particle and the anionic
colorant forming a particulate aggregation to be accumulated in a form of a
stone wall in the vicinity of the surface of the recording medium, may form a
permeable film. With this, the vehicle included in the recording liquid and
10 the treatment liquid may be acceleratedly permeate in the recording
medium, thereby the color bleeding may become good and the dryness of the
record image may become good.
Compared with the above, according to the conventional technology
using the treatment liquid with the polymer dissolved therein, the polymer
15 may form a film on the surface of the recording medium, thus preventing
the permeation of the vehicle, resulting in decreased dryness of the record
image. Under the prevent invention, however, the above problem can be
solved.
Moreover, as described above, the aggregation accumulated in a

20 form of a stone wall in the vicinity of the surface of the recording medium

may obtain a record image that has a high image density, moreover, may
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the colorant. However, an anionic dye or an anionic pigment is preferable for a cationic particle for
better electrical neutralization and aggregation, so as to improve image. Moreover, use of dye is more
preferred than pigment. 20 Specifically, when electrically neutralized, the pigment in a dispersion state
can cause the aggregation more efficiently than the dye in a soluble state, 22 thus improving the
image. Pigments used for the recording liquid under the present invention include: i) organic pigments
such as azo group, phthalocyanine group, anthraquinone group, quinacridone group, dioxazine group,
indigo groupuBRERsiAdHRR gV d0 WeRREmE AfBUH Lasbired idegpbtipe distiordbrgcriedFdmethine
group, rhodamine B lake pigment, carbon black, and the like, and ii) inorganic pigments such as iron
oxide, titanitinnoXicieygialgisboasboaate] lbatidimdilbased @duprinitin § ydrapédey.barium yellow, iron
blue, cadmium red, chrome yellow, and metal power. 10 Examples of pigment dispersing agent

including anionic grypg.JRciHAe: RRIYAGHLE A6, LANMEINAGIYIIS 561 s SVEENERE YIGBERI Styrene

maleic_ acid, soluble vinyl naphthalene acrylic .resin, soluble vinyl naphthalene maleic aqi re_sin, .
main  JpINSHIC, PRSI SSmn L cellose s el e, sodum
be used in a form of acid, but alkali metal salts such as sodium and potassium are also usable. A
typical @xarhpltistena plpridrfonkiing canichiergoispsehibs lsbirfatehe aggregation in water,
thus improving waterproof of the record image.
With the resin-coated type pigment under the present invention, it
1s important for the resin not to be separated from the colorant in the
recording liquid, and not to be dissolved although a small amount of resin
10 may be dissolved in water or expanded. It is also important for the resin to
have a strong compatibility with the colorant. The resin coating the
pigment is in a state that the resin is partly dissolved in the recording liquid
or expanded in the recording liquid.
Distinguishing the resin-coated type pigment from a high molecular
15 dispersing type pigment may be done by the following steps: i) increase
visibility of resin film by mixing in a recording liquid a substance that is
absorbed selectively to the resin, ii) observe the colorant component with an
analyzer such as a transmission electron microscope (TEM) and the like,
and ii1) determine coated state. The resin-coated type is entirely coated

20  with the resin, while the high molecular type has many portions not coated

with the resin.
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is carbon black that has carboxyl group or sulfonic group. Other examples 20 include those obtained
by the following: phthalocyanine group pigment or anthraguinone group pigment that is oxidized or
treated by fuming sulfuric 23 acid to thereby introducing carboxyl group or sulfonic group in a part of
pigment particle. Used for the soluble dye under the present invention include: those categorized into
acid dye, direct dye, basic dye, reactive dye, and edible dye 5 in color index and excellent in
waterproof and light resistance. Mixing the above dyes is allowed for use or, when necessary, the
above dye(s) can bMexgasevith ot Bigishisgep 4 pigarntcqHe ABove doRmeRs E80Tbe added
within a scope that the effect of the present invention is not hindered. (a) As acid dye and edible dye:
10 C. 1. acithyehoyh 1rh,028c A rAdisperddg Cy e agid el haBlelf:old,dl & edgh? f.a3fn 37 the, 52, 82,
87, 89, 92,97, 106, 111, 114, 115, 134,186,249,254,289 C. 1. acid blue 9, 29,45,92,249 C. 1. acid

black 1, 2, 7,i 2t 26, 9814 o ford yellow @uf%ﬁ-&oﬁ%@gl@d 7 9shdcFicl nfRpAdlagk )2 (b) As
direct dye: C. 1. direct yellow 1, 12, 24, 26, 33, 44, 50, 86, 120, 132, 142, 144 20 C. 1. direct red 1,

49,13, 17, e%ozsgf; %]i’gr%lgér?toh% ' ?géiirglgb}%zgﬁc 2731 step as to vary pH of the recording

5 liquid, and ii) add an organic solvent to the thus deposited component for
extracting the resin. With the above operations, the weight ratio of the
pigment relative to the resin can be obtained. For the resin to coat the
surface of the pigment, the weight ratio (resin/pigment) is preferred to be
0.01 or more.

10 Moreover, rubbing the pigment with a finger or a cloth after the
recording liquid is dried may find the following: the resin-coated type
pigment that is securely fixed to a paper sheet by means of the resin is free
from color drop, while the high molecular dispersing type that is not
securely fixed to the paper sheet due to its shortage of high molecule

15 components causes color drop. The above finding is another point of
distinction.

Using the resin-coated colorant under the present invention that
has in itself the resin component may bring about a binding effect with a
small amount of resin additive and obtain a sufficient wear resistance.

20 The resin additive that is small in amount may avoid failures in such

properties as discharge stability, preservability stability and viscosity.
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C. 1. direct orange 26,29,62,102 24 C. 1. direct blue 163,165,199,202 C. 1. direct black 1715 (C) As
basic dye: 1, 2, 6, 15, 22, 25, 71, 76, 79, 86, 87, 90, 98, 19, 22, 32, 38, 51, 56, 71, 74, 75, 77, 154,
168, C. 1. basic yellow 1, 2, 11, 13, 14, 15, 19, 21, 23, 24, 25, 28, 29, 32, 36, 40, 41, 45, 49, 51, 53,
63, 64, 65, 67, 70, 73, 77, 87,91 C. 1. basicred 2, 12, 13, 14, 15, 18, 22, 23, 24, 27, 29, 35, 36, 38,
39, 46, 49, 51, 52, 54, 59, 68, 69, 70, 73, 78, 82, 102, 104, 109, 112 10 C. 1. basic blue 1, 3,5, 7, 9,
21, 22, 26, 35, 41, 45, 47, 54, 62, 65, 66, 67, 69, 75, 77, 78, 89, 92, 93, 105, 117, 120, 122, 124, 129,
137, 141, 147, 155 tha aspeesiaéikharegimaddadiiverirdacahlydhblve elabk 20 armmere 12 17 15
C. 1. reactive yellow 1, 5, 11, 13, 14, 20, 65, 67 C. 1. reactive red 1, 14, 17, 25, 26, 32, 79, 96, 97
21,22,25, 46 4é51 a3 28 4wkaghd, BOkbatdve to an entire liquid, more preferably 1

weight % or more to less than 5 weight %. Preferably, it is 0.1 weight % or
more to less than 200 weight % relative to the colorant, more preferably 10
5 weight % or more to less than 50 weight %.

The recording liquid under the present invention includes the
colorant that is coated with the resin. The resin may coat the surface of
the colorant entirely or partly. Moreover, a periphery of the colorant may
be coated in a form of a microcapsule, or the colorant can be mixed with the

10  resin.

The coating resin is preferred to use a polymer that is compatible
with the colorant. Examples of the resin include vinyl resin, polyester
resin polyurethane resin, and the like. Of the above resins, the vinyl resin
1s preferable. As the vinyl resin, a polymer of at least one monomer

15 selected from styrene, (meth)acrylate, and (meth)acrylate ester.

Under the present invention, both dye and pigment can be used for
the colorant. However, an anionic dye or an anionic pigment is preferable
for a cationic particle for better electrical neutralization and aggregation, so
as to improve image. Moreover, use of dye is more preferred than pigment.

20  Specifically, when electrically neutralized, the pigment in a dispersion state

can cause the aggregation more efficiently than the dye in a soluble state,
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C. 1. reactive blue 1, 2, 7, 14, 15, 23, 32, 35, 38, 41, 63, 80, 95 20 The treatment liquid under the
present invention includes a particle. The particle may be an organic material, an inorganic material,
or an 25 organic-inorganic compound material. Particle configuration is not particularly limited,
namely, any of sphere, bead (moniliform) or irregularity is allowed. Examples of the organic material
include polystyrene, 5 styrene-acrylic copolymer, polymethyl methacrylate, melamine resin, epoxy
resin, silicon resin, benzoguanamine resin, polyamide resin, fluorine resin, and a polymer obtained by
emulsion-pé@ﬁ‘i’éﬁﬂzﬁﬁ@ﬁlﬁﬁélﬁ%m@g@f a,(3-unsaturated ethylene monomer, and the like. Examples
of the inorganic material are largely categorized into: i) 10 an inorganic salt such as calcium carbonate
and ii) an inorganic Bigdecsushiasisibeahei02joshagiflltexdmpldsot Hieepnesganiinsaihiciude
calcium carbonate, calcium nitrate, calcium chloride, calcium sulfate, aluminum nitrate, aluminum

chloride, alyminyip:syjfaegifen. SpiaiecAnd tagdike but ROLAS lipitod 19 (6se FigUse g, aqueous

treatment liquid, calcium carbonate, calcium nitrate, iron sulfate and the like having low solubility in

t ferable fi ily obtaini di ion body. M , Subjecting the above t
cationizatioR HOAERE A RiAHEr HEIBASE SN BIRPeADRING M S He RO cER By of the

colorant, which is 20 more preferable. A method for improving quality by cationic agent is
5 thioindigo group, perylene group, isoindolenone group, aniline black,

azomethine group, rhodamine B lake pigment, carbon black, and the like,
and ii) inorganic pigments such as iron oxide, titanium oxide, calcium
carbonate, barium sulfate, aluminum hydroxide, barium yellow, iron blue,
cadmium red, chrome yellow, and metal power.

10 Examples of pigment dispersing agent including anionic group
include: polyacrylic acid, polymethacrylic acid, styrene acrylic resin, styrene
maleic acid, soluble vinyl naphthalene acrylic resin, soluble vinyl
naphthalene maleic acid resin, formalin [p-naphthalene sulfonate
condensation, carboxymethyl cellulose, starch glycolic acid, sodium alginate,

15 pectic acid, hyaluronic acid, and the like. The above anionic group
dispersing agents can be used in a form of acid, but alkali metal salts such
as sodium and potassium are also usable.

A typical example of the pigment having anionic group on its surface
1s carbon black that has carboxyl group or sulfonic group. Other examples

20 include those obtained by the following: phthalocyanine group pigment or

anthraquinone group pigment that is oxidized or treated by fuming sulfuric
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proposed in a conventional technology {Japanese Patent Application 26 Laid-Open (JP-A) No.
10-129113, Japanese Patent Application Laid-Open (JP-A) No. 11-20301, and the likel but not limited
to these. Specific examples of the inorganic oxide include silica (SiOA cationized silica, titanium
dioxide, alumina (A1203) and the like, but not 5 limited to these. The cationic particle under the
present invention can be used provided that at least a surface of the particle be cationic. Examples of
cationic particle include cationic silica ~cationized silica (Si02)1, alumina (A1203), titanium dioxide,
polymer pagfeid fitrbieikshy datibefigiaapcaho1ol tBEdike . Prasiidipaiy, shewntiont parichd under the
present invention shows a good absorption -a ggre gation when combined with an anionic colorant,
thus showing higérefiecitietémproving image quality. In terms of reactivity, cationic silica is particularly
preferable among the cationic particles. Cationic silica is usable provided that at least a surface of the

15 silica be cationizgd. §2ipRizind R.8ediayedivePemicaliyand RRvaisaly IRkaducing gationic

compound on the surface of the silica. For example, the chemical treatment of the surface can be
carried out by coupling,amino c¢ ound with silica's silanol group,.or by reacti luminum
compound THRRAR AL RS SFEu R HIESS e Rl ISR ATSn 5D SSHRISGTRE n a
solvent to thereby physically absorb the cationic compound, and then removing the solvent can
achievé thelpripdivainderast oxepHet in waterproof and light resistance. Mixing the

above dyes is allowed for use or, when necessary, the above dye(s) can be
mixed with other pigment such as pigment. The above colorants can be
added within a scope that the effect of the present invention is not hindered.
(a) As acid dye and edible dye:

10 C.I. acid yellow 17, 23, 42, 44, 79, 142
C.I. acid red 1, 8, 13, 14, 18, 26, 27, 35, 37, 42, 52, 82, 87,

89, 92, 97, 106, 111, 114, 115, 134, 186, 249, 254, 289

C. I. acid blue 9, 29, 45, 92, 249

C. I. acid black 1,2, 7, 24, 26, 94
15 C.I. food yellow 3,4

C. I. food red 7,9, 14

C. I. food black 1,2

) As direct dye:

C. I. direct yellow 1, 12, 24, 26, 33, 44, 50, 86, 120, 132, 142, 144
20 C. 1. direct red 1,4,9, 13,17, 20, 28, 31, 39, 80, 81, 83, 89, 225, 227
C. I. direct orange 26, 29, 62, 102
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surface. In this case, specific examples of the anionic silica used as a core material include: ST-ZL,
ST-20, ST-30, ST-40, ST-C, ST-N, ST-0, ST-S, ST-50, ST-20L, ST-OL, ST-XS, ST-YL, ST-XL,
ST-UP, ST-OUP (made by Nissan Chemical Industries, Ltd.), Cataloid SI-350, SI-500 (made by
DuPont), 5 Nipgel AY-220, AY-420, AY-460 (made by Nippon silica) and the like. Not limited to the
above methods, those having silica surface thereof cationized can be preferably used. Cationic
particle can be obtained as product. Examples of cationized product of silica include ST-AK (made by
Nissan Chetnidarirednblistries, Ltd.). Exaniplés 6f dfm#iRa %god?ﬂet ifolude Afinfina 28 960, 200, 520
(made by Nissan Chemical Industries, Ltd.) and the like. Examples of titanium dioxide product include
Titania Serig63miadie by9oldepRitsu Kosan Co. Ltd.). Some of the above products can be used as a
water dispersion body. 15 The particle under the present invention may be a cationic
inorganic-oxganiq {NPeL4g provided that ii@,eﬁ)a@a,dg@t%ﬁ %Qitiglﬁ. ﬂ’pflgr,aﬁt% q%ggtiq;gg particles
can be used in combination. The cationic inorganic- organic compound particle may be obtained by
absorbing cg%iﬁnic organic material to a surface of an inorganic particle, 20 or oppositely, by
absorbing cationic inorganic material to a surface of an organic material. For example, an inorganic-
organic compound particle 28 that is coated with cationic high molecular material can be obtained by
disperding 4% inorgdsidpaitidEdn a solvent such as water and the like, and

C. L. basic yellow 1, 2, 11, 13, 14, 15, 19, 21, 23, 24, 25, 28, 29,
32, 36, 40, 41, 45, 49, 51, 53, 63, 64, 65, 67, 70, 73, 77, 87, 91
C. I. basic red 2,12, 13, 14, 15, 18, 22, 23, 24, 27, 29, 35, 36,
38, 39, 46, 49, 51, 52, 54, 59, 68, 69, 70, 73, 78, 82, 102, 104, 109, 112

10 C. 1. basic blue 1,3,5,7,9, 21, 22, 26, 35, 41, 45, 47, 54, 62, 65, 66, 67,
69, 75, 77, 78, 89, 92, 93, 105, 117, 120, 122, 124, 129, 137, 141, 147, 155
C. I. basic black 2,8

(d) As reactive dye

C. I. reactive black 3,4,7,11, 12, 17

15 C. I. reactive yellow 1, 5, 11, 13, 14, 20, 21, 22, 25, 40, 47, 51, 55,
65, 67
C. L. reactive red 1, 14, 17, 25, 26, 32, 37, 44, 46, 55, 60, 66, 74,
79, 96, 97
C. I. reactive blue 1,2,7,14, 15, 23, 32, 35, 38, 41, 63, 80, 95

20 The treatment liquid under the present invention includes a particle.

The particle may be an organic material, an inorganic material, or an
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then gradually adding thereto cationic high molecular material in a form of water or water-soluble
organic solvent. 5 Specific examples of cationic high molecular material include polyallylamine,
polyvinylamine, polyimine, polyvinyl pyrolidone, polyethylene imine, polyvinyl pyridine, aminoacetal
polyvinyl alcohol, ionene polymer, polyvinyl imidazole, polyvinyl benziklphosphonium, polyalkylallyl
ammonium, polyamidine, polyamine sulfone, cation starch, 10 and the like. Particle added is
preferably from about 0.01 weight % to 50 weight % of the treatment liquid, more preferably from
about 1 weigf@RIE1IBIRgaRINYEPaPeta ¢oRtatesta.01 Weaghiok orderE ghay fiinto chitdle a
sufficient effect of image improvement, while particle content of 50 15 weight % or more may fail to
obtain a suffigieitudischardensiehility nidaedinahove, aplusalityref cdilenic fatdeldsfoambe aised in
combination. Average particle diameter is preferably 500 nm or less, more preferably 200 nm or less
from the Vi%‘ﬁ%ﬁﬂﬁﬂi isehaigsRsigbility. The average particle diameter of 500 nm or more is likely to
cause clogging of a 20 discharge head, leading to discharge failure. The average patrticle diameter

can be measured with an gptical 2 p% ticle distributiop meter, srovv.in a particle diameter of pgrticle
number 50%. Theﬁ%ﬁ&fg’i%%omo S théﬁeat%gﬁflﬁ&wdlﬁﬁ B ng &]égpgeed W?%é’ﬁ%f@’havmg a
main component of water. When dispersing the patrticle,
5  styrene-acrylic copolymer, polymethyl methacrylate, melamine resin, epoxy
resin, silicon resin, benzoguanamine resin, polyamide resin, fluorine resin,
and a polymer obtained by emulsion-polymerization and the like of
o,B-unsaturated ethylene monomer, and the like.

Examples of the inorganic material are largely categorized into: 1)

10  an inorganic salt such as calcium carbonate and ii) an inorganic oxide such
as silica (Si0s).

Specific examples of the inorganic salt include calcium carbonate,
calcium nitrate, calcium chloride, calcium sulfate, aluminum nitrate,
aluminum chloride, aluminum sulfate, iron sulfate and the like, but not

15 limited to these. For use as an aqueous treatment liquid, calcium
carbonate, calcium nitrate, iron sulfate and the like having low solubility in
water are preferable for easily obtaining a dispersion body. Moreover,
subjecting the above to cationization treatment may further increase
absorption capability and aggregation capability of the colorant, which is

20 more preferable. A method for improving quality by cationic agent is

proposed in a conventional technology {Japanese Patent Application
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5 peptizer is preferably used for stabilizing the dispersion. The peptizer can stabilize dispersion by
forming electric double layers on a surface of charged particle in such a manner that the electric
double layers electrostatically repulse for preventing approach of the particle. The particle is positively
charged from neutral to acid, therefore anion sources are used as the 10 peptizer such as acetic acid,
nitric acid, hydrochloric acid, formic acid, lactic acid, alkali metal salts thereof, zirconium compound
such as zirconium oxychloride bl>1/Q<)3Irate, sodium pyrophosphate, sodium hexametaphosphate, taurine,

and the likel-Bid ¥R amiE hede. The dliiRedempngimbatendt phostinaiioanlieid4rsa produced

15 by the following method. A patrticle, water, and peptizer are mixed to prepare a dispersion liquid.
When nece6EBrp) Nwater-goRble sntveheisiladdad tadh & aifpersoohigwid and then the thus obtained
is peptized with a peptizing machine. Examples of the above peptizer include a high speed rotary

high shear type stirg@)g(gggtizéggmmgf aglissolvs, &q@ll%ggll,igglg&pngqgggizgigg ultrasonic

peptizing machine, and the like. Specifically, T. K. Auto Homomixer, T. K. Homomic Line Flow, Ultra
Homomixer, 30 NNK collide mill, and the#iﬁ)e..Rotat'on during,peptization may.vary with types or
constitution B RS SptUtGe ntARHIKE PR Ge RSB o S00° g0 G0 ForimBIE preferably
from 2000 rpm to 8000 rpm. Temperature during peptization is preferably from 5C to 100C. 5

Peptization "miat?daﬁp\ﬁél*?ﬁﬁfith types or constitutions of the peptizing machines, but is preferably from
0.01 hours to 48 hours.

The cationic particle under the present invention can be used
provided that at least a surface of the particle be cationic. Examples of
cationic particle include cationic silica {cationized silica (SiO2)}, alumina
(Al203), titanium dioxide, polymer particle introducing cationic group, and

10 the like. Particularly, the cationic particle under the present invention
shows a good absorption-aggregation when combined with an anionic
colorant, thus showing high effect for improving image quality. In terms of
reactivity, cationic silica is particularly preferable among the cationic
particles. Cationic silica is usable provided that at least a surface of the

15 silica be cationized. Cationizing is achieved by chemically and physically
introducing cationic compound on the surface of the silica. For example,
the chemical treatment of the surface can be carried out by coupling amino
compound with silica’s silanol group, or by reacting aluminum compound
with the silica’s silanol group. Moreover, mixing silica with cationic

20 compound in a solvent to thereby physically absorb the cationic compound,

and then removing the solvent can achieve the physical treatment of the
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For allowing the treatment liquid and the recording liquid to have desired properties, or for preventing
the clogging of a nozzle of the record head which may be caused by drying, a water-soluble organic
solvent is 10 preferably to be used. The water-soluble organic solvent may include humectant and
penetrant. The humectant is to be added so as to prevent the clogging of the nozzle of the record
head which may be caused by the drying. Specific examples of the humectant include polyatomic
alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene 15 glycol,
polyethylen8'ghass!, plapylescafsotpeatsutxasanies &-phepantoris| sihieaetrgd1as-prepetediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, glycerin, 1,2,6-hexanetriol, 2-ethyl-1,3-hexanediol,
1,2,4-butangtriobrik]Zidebudrn&TidlIpesied arRiTt3e |iRa: alkyd e S BNYAEYRO T e SBBO such as
ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, 20 diethylene glycol monomethyl

ether, diethyeng,glyephppnogti sther- piicthyiengs glyael ponopiiyh pIGL. Hiethyleqs, giyeol

monobutyl ether, 31 tetraethylene glycol monomethyl ether, propylene glycol monoethyl ether, and the

like; aryl ethers of. polyatomic alcohaql ch.as ethyle ol pheny] ether, ethylene glycol
monobenzi@ﬁgﬂ%%d iﬂé{l}iﬁgleﬁ’l’trﬁﬁ’i nrgﬁ%ajr?é@é%zrg%?cll@ Egggo%ﬂaé%ﬁ%ﬁ ;gu}}yonti
N-methyl-2-pyrolidone, 5 N-hydroxyethyl-2-pyrolidone, 2-pyrolidone, 1,3-dimethyl imidazolidinone,
e-caprélactiftp SeldAN2A; AXiHAS s‘é%ﬁlﬁg fanndenie, 'Dﬁéthﬂﬂf@%émﬂdéb%lrikamid‘é?t
N,N-dimethyl formamide, and the like; amines such as monoethanol amine, diethanol amine,
triethanol aifingedha@oatidbove methods, those having silica surface thereof cationized

can be preferably used.
Cationic particle can be obtained as product. Examples of
cationized product of silica include ST-AK (made by Nissan Chemical

10 Industries, Ltd.). Examples of alumina product include Alumina sol 100,
200, 520 (made by Nissan Chemical Industries, Ltd.) and the like.
Examples of titanium dioxide product include Titania Series (made by
Idemitsu Kosan Co. Ltd.). Some of the above products can be used as a
water dispersion body.

15 The particle under the present invention may be a cationic
inorganic-organic compound provided that it be shaped into a particle. A
plurality of cationic particles can be used in combination.

The cationic inorganic-organic compound particle may be obtained
by absorbing cationic organic material to a surface of an inorganic particle,

20  or oppositely, by absorbing cationic inorganic material to a surface of an

organic material. For example, an inorganic-organic compound particle
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amine, diethyl amine, triethyl amine, and the like; sulfur compounds such 10 as dimethyl sulfoxide,
sulfolane, thiodiethanol, and the like; propylene carbonate, ethylene carbonate, y-butyrolactone; and
the like. The above solvents may be used alone or in combination. The penetrant is added for the
purpose of improving wetting state of the treatment liquid with the recording medium or wetting state
of the 15 recording liquid with the recording medium, to thereby adjust penetration rate. As the
penetrant, those given by the following formula (1) to formula (1V) are preferable. Specifically,

polyoxyethyleft EkyhstedysihBr catiipadtatightiaatreidfr ()adeaglettighecPRtracdn?in the
formula (11), polyoxyethylene alkylether surfactant in the formula (111), and 20 polyoxyethylene

polyoxyproplikgne silkylatihen stgtaciapbirt itle formulel (ROt wintbhaareveapahiedofloetileasiglsurface
tension of the liquid, thereby 32 improving the wetting state and increasing penetration rate. [Formula

111C RG (Ryg2 9&99@59%&@%%9@{3%&%1@&1%Mé}iﬁ@épy&%&mﬁ%%ﬂ%ﬁ to 20)
[Formula 21 1 K CH- .VI>4, :-C-C-CH, :..i'l.o } Z!
water or water-soluble organic solvent.

5 Specific examples of cationic high molecular material include
polyallylamine, polyvinylamine, polyimine, polyvinyl pyrolidone,
polyethylene imine, polyvinyl pyridine, aminoacetal polyvinyl alcohol,
ionene polymer, polyvinyl imidazole, polyvinyl benziklphosphonium,
polyalkylallyl ammonium, polyamidine, polyamine sulfone, cation starch,

10  and the like.
Particle added is preferably from about 0.01 weight % to 50
weight % of the treatment liquid, more preferably from about 1 weight % to
30 weight %. Particle content of 0.01 weight % or less may fail to achieve a
sufficient effect of image improvement, while particle content of 50
15 weight % or more may fail to obtain a sufficient discharge stability.
Hereinabove, a plurality of cationic particles can be used in combination.
Average particle diameter is preferably 500 nm or less, more
preferably 200 nm or less from the viewpoint of discharge stability. The
average particle diameter of 500 nm or more is likely to cause clogging of a

20  discharge head, leading to discharge failure.

The average particle diameter can be measured with an optical
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i (m, n: 0 to 40) [Formula 31 10 . . tl {lll) (R is a hydrocarbon chain of carbon atoms 6 to 14 which may
be branched) 33 [Formula 41 (.'l[;3. | -()CH2c1-1,0)nj (OCHC I )n (R is a hydrocarbon chain of carbon
atoms 6 to 14, m and n: 20 or less) 5 Examples of usable compounds other than those in the above
formula (1) to formula (V) include alkyl ethers and aryl ethers of polyatomic alcohols such as
diethylene glycol monophenyl ether, ethylene glycol monophenyl ether, ethylene glycol monoallyl
ether, diethylene glycol monophenyl ether, diethylene glycol monobutyl ether, propylene glycol 10

monobutyl deicletdistiariiogyestenl claphang e prrtigh diemréer inieydakeabtambsich as
polyoxyethylene polyoxypropylene block copolymer and the like; fluorine surfactant; lower alcohols
such as ethad®d, 2-propanol, and the like. Particularly preferable is diethylene glycol monobutyl ether.
15 The treatment liquid under the present invention may include a
The particle becomes the treatment liquid after being dispersed by a
vehicle having a main component of water. When dispersing the particle,

5 peptizer is preferably used for stabilizing the dispersion. The peptizer can
stabilize dispersion by forming electric double layers on a surface of charged
particle in such a manner that the electric double layers electrostatically
repulse for preventing approach of the particle. The particle is positively
charged from neutral to acid, therefore anion sources are used as the

10 peptizer such as acetic acid, nitric acid, hydrochloric acid, formic acid, lactic
acid, alkali metal salts thereof, zirconium compound such as zirconium
oxychloride hydrate, sodium pyrophosphate, sodium hexametaphosphate,
taurine, and the like, but not limited thereto.

The treatment liquid under the present invention can be produced

15 Dby the following method. A particle, water, and peptizer are mixed to
prepare a dispersion liquid. When necessary, a water-soluble solvent is
added to the dispersion liquid and then the thus obtained is peptized with a
peptizing machine. Examples of the above peptizer include a high speed
rotary high shear type stirring peptizing machine, a dissolver, a colloid mill,

20 a homogenizer, an ultrasonic peptizing machine, and the like. Specifically,

T. K. Auto Homomixer, T. K. Homomic Line Flow, Ultra Homomixer,

30



cationic surfactant such as quaternary ammonium salt, pyridinium salt, imidazoline-type compound,
and the like. Specifically, examples include lauryl trimethyl ammonium chloride, lauryl dimethyl benzil
ammonium chloride, benzil tributyl ammonium chloride, benzalkonium chloride, 20 cetylpyridinium
chloride, 2-hepta decenyl hydroxy ethyl imidazoline, and 34 the like. The cationic surfactant can
increase wetting state with the printed materiel by decreasing surface tension to thereby accelerate
formation of the particle layer, and can aggregate the anionic colorant. With this, the 5 cationic
surfactant iS\e¥Eceridiels miprovitth thfabEqualkgtathendatinehphtidediertmeae dewinyuid under
the present invention can include a first antiseptic (preventing corrosion) and a second antiseptic

(preventingtynedd) oinchuditigutiomn s e hitCp qanzsngpiesshipresperityi o picufgushio thene0ihcrease
preservability stability and image 10 stability. Examples of the antiseptics include sodium

dehydroacellg, goCiO0rAlR 2 RisiUnaihialsprdeRadiumoiRptigeling capRPUR, sodium
benzoate, pentachlorophenol sodium, and the like. The treatment liquid and the recording liquid under

the present, jnvention can include rust preventive. Including the rust preventive can revent metal
rust on a su’ff%{gé’ SiateLs arr‘il(]j“fﬁ%giiké) gﬁ%ﬂ&?gﬂﬁac{f copﬁégﬁ?@ﬂe ﬁg‘ﬂﬁa I%anpﬁgs ﬁtﬁearust
preventive include acid sulfite, sodium thiosulfate, ammonium thiodiglycolate, diisopropyl ammonium
nitrite, Pent&eRirbioetidmeamadicyehexiibniiveesnostustitiaitens of the peptizing

machines, but is preferably from 0.01 hours to 48 hours.

For allowing the treatment liquid and the recording liquid to have
desired properties, or for preventing the clogging of a nozzle of the record
head which may be caused by drying, a water-soluble organic solvent is

10 preferably to be used. The water-soluble organic solvent may include
humectant and penetrant. The humectant is to be added so as to prevent
the clogging of the nozzle of the record head which may be caused by the
drying. Specific examples of the humectant include polyatomic alcohols
such as ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene

15  glycol, polyethylene glycol, propylene glycol, 1,3-butanediol, 1,3-propanediol,
2-methyl-1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
glycerin, 1,2,6-hexanetriol, 2-ethyl-1,3-hexanediol, 1,2,4-butanetriol,
1,2,3-butanetriol, petriol, and the like; alkyl ethers of polyatomic alcohols
such as ethylene glycol monoethyl ether, ethylene glycol monobutyl ether,

20 diethylene glycol monomethyl ether, diethylene glycol monoethyl ether,

diethylene glycol monobutyl ether, triethylene glycol monobutyl ether,
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and the like. 20 Examples of pH adjuster include hydrides of alkali metal elements such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, and the 35 like; ammonium hydroxide; quaternary
ammonium hydroxide; quaternary phosphonium hydroxide; carbonates of alkali metal such as lithium
carbonate, sodium carbonate, potassium carbonate, and the like; amines such as diethanol amine,
triethanol amine, and the like; boric acid; 5 hydrochloric acid; nitric acid; acetic acid; and the like.
Viscosity of the treatment liquid can be adjusted by varying density of cationic particle, density of
water-solubtetsaridntkengch a@qlum@eﬁanetlwnétém dronydane dupelysmpethsdoridantiseptic
(preventing mold), density of the first antiseptic (preventing corrosion). At least one of the 10
treatment liguid ahd th&secardingthguid siciveled inrtie inkeshbindeicther prederivimvegiyenlpreferably
has viscosity of 5 mPa-sec or more. Adjusting the density of the above additives can bring about the

desired Vis%%%%?}%&%@'l‘afé%etﬂe %&ﬁ%ﬁ@”t%&é’ﬂﬂ%@ﬁ%ﬂhﬁ“kd%@ﬁi”tﬁh&a“crﬂ@glﬂk'é;the method

are described, re Iring to thg drawings. 1.5 F_ _1 and FIG. 2 show a ponstitution of a cartridge which
ivention. FIC b I o e bar S e R BA e Cartoge IS FrGP 2 A S cross
sectional front view of the cartridge. A cartridge (20), as is seen in FIG. 2, has a cartridge body (49)
receivifg 20\terdneayehbebiton Qedyn@2 Riavabbomieg the rdtosiihylligmidezeiedinone,
e-caprolactam, and the like; amides such as formamide, N-methyl
formamide, formamide, N,N-dimethyl formamide, and the like; amines such
as monoethanol amine, diethanol amine, triethanol amine, monoethyl
amine, diethyl amine, triethyl amine, and the like; sulfur compounds such
10 as dimethyl sulfoxide, sulfolane, thiodiethanol, and the like; propylene
carbonate, ethylene carbonate, y-butyrolactone; and the like. The above
solvents may be used alone or in combination.
The penetrant is added for the purpose of improving wetting state of
the treatment liquid with the recording medium or wetting state of the
15  recording liquid with the recording medium, to thereby adjust penetration
rate. As the penetrant, those given by the following formula (I) to formula
(IV) are preferable. Specifically, polyoxyethylene alkylphenylether
surfactant in the formula (I), acetylene glycol surfactant in the formula (II),
polyoxyethylene alkylether surfactant in the formula (III), and

20 polyoxyethylene polyoxypropylene alkylether surfactant in the formula (IV)

which are capable of decreasing surface tension of the liquid, thereby
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treatment liquid. The cartridge body (49) is formed in such a manner that 36 an upper cover member
(44) is adhered or welded to an upper large opening of a case (43). The cartridge body (49) is formed,
for example, through resin molding. The absorption body (42) is made of porous body such as
urethane foam body and the like. After being compressively inserted to the 5 cartridge body (49), the
absorption body (42) may absorb the recording liquid or the treatment liquid. The case (43) of the
cartridge body (49) has a base section which is formed with a supply port (45) for supplying the
recording liUBYOVIRG theaathes R aiate anddoad sruasrspattdqaepieates with an inner 10
periphery of the supply port (45). The upper cover member (44) is formed with an atmospheric
opening (41Fdreadangmber (50) is mounted to the cartridge body (49). The cap member (50) may
prevent leak of the inside recording liquid or the inside treatment liquid which leak may be caused by
a compressive deformation of 15 the case (43) in the following state: i) before loading and when the
supply port (45) i$ blo keg? h [ ecayty or loading or transpqrtagion, or i) when a pressure
is applied to ;lﬁ\;v)?deﬁdg&val dﬁgﬁa@bfﬁ%@q qn'é As is seen in FIG. 1, the atm(ol'p eric opening
(47) is sealed by sealing to the upper cover member (44) a film-shaped seal member (55) 20 which
has oxygen permeability of 100 MI/M2 or more. The seal member (55) has such a dimension as to
seal the atmospher@o%feﬁi@@l‘p})ﬂﬁb()&lﬁlain of carbon atoms 6 to 14 which may be

5 branched, k: 5 to 20)

[Formula 2]

CH, CH, CH, CHgy
| | | l
CH;— CH— CH;,— C—C=C—C—CH;— CH— CH;,
Q O
| |
CHpy CH,
| |
CH, CH,
| |
0 0
T T = (ID)
H H

(m, n: 0 to 40)

[Formula 3]

R-——(OCHZCHz)nH s s (ITID)

10

(R is a hydrocarbon chain of carbon atoms 6 to 14 which may be

branched)
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plurality of grooves (48) which are formed around the atmospheric opening (47). Sealing the
atmospheric opening (47) with the seal member (55) having the oxygen permeability of 100 ml/m2 or
more may bring about the following effect: 5 Effect) Even in the following state i), with the cartridge
(20) packed under a decreased pressure using a pack member made of an aluminum laminate film
and the like that is free from air permeability, and with the recording liquid or the treatment liquid being
loaded: 10 state i) an atmosphere present in a space A (see FIG. 2) that is formed between the
absorption &W?é&d the cartridge body (49) causes air to be dissolved in the recording liquid or
the treatment liquid; the air in the recording liquid or the treatment liquid can be 15 exhausted via the
seal member (55) to a space {between the cart g‘é[ﬁ)ody (49) and the pack member which is
disposed outside the cartridge body (49)} having a high degree of vacuum, thus improving degassing
of the recordinbl liquit@rihElgéalrhe iy, i G Onte EativEly, the-earidge can be integyated with the
record head. 20 Hereinafter, the ink-jet printing method and the ink-jet printer carrying out this

thod are describgd,.referring to the drawings. 38 FIG. 3 sh le of g congtitution of th
ot priner undey s ReRELROBRHER, T A ISR AAP LD, i RoA a0 O o

less)

5 Examples of usable compounds other than those in the above
formula (I) to formula (IV) include alkyl ethers and aryl ethers of
polyatomic alcohols such as diethylene glycol monophenyl ether, ethylene
glycol monophenyl ether, ethylene glycol monoallyl ether, diethylene glycol
monophenyl ether, diethylene glycol monobutyl ether, propylene glycol

10 monobutyl ether, tetraethylene glycol chlorophenyl ether, and the like;
nonion surfactant such as polyoxyethylene polyoxypropylene block
copolymer and the like; fluorine surfactant; lower alcohols such as ethanol,
2-propanol, and the like. Particularly preferable is diethylene glycol
monobutyl ether.

15 The treatment liquid under the present invention may include a
cationic surfactant such as quaternary ammonium salt, pyridinium salt,
imidazoline-type compound, and the like. Specifically, examples include
lauryl trimethyl ammonium chloride, lauryl dimethyl benzil ammonium
chloride, benzil tributyl ammonium chloride, benzalkonium chloride,

20  cetylpyridinium chloride, 2-hepta decenyl hydroxy ethyl imidazoline, and
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and the recording liquid are received in the cartridge (20), and the treatment liquid and the recording
liquid may be supplied to a record head 5 (18) from the cartridge (20). Herein, the cartridge (20) is
mounted in such a state that the one for the treatment liquid and the ones for the recording liquids
(for different colors) can be separated. The recording liquid and the treatment liquid which are used
are described above, therefore repeated explanation of the same is to be omitted. 10 The record head
(18) is mounted to a carriage (19). Being guided by a guide shaft (21) and a guide shaft (22), the
record head@é}k@moved by a timing belt (23) that is driven by a main scanning motor (24). On the
other hand, a recording medium that is conveyed by a main scanning motor (25), a main scanning
motor (26) and a maihescatioing: vatds2n) aoarnsinondesited B {ngntayedy ihh akulpsnaraing motor
(17) via a gear (16) is placed in a position opposite to the record head (18) by means of a platen. FIG.

4is an enlaﬁggggyigm%r A09%ZI8i e ORGSR RRRY HRkehynREZled3bLdisEhalaing the treatment

liquid is_disposed .Iongi udinally. A nozzle .(32)_, a .nozzle (33), a nozzle. (34_) and nozzle (35), .
i, and 4B R AL OG0 P SE B SROLS Qo EBGAAUON bt (LT BTl As fo scen
in FIG. 5, all the nozzles can be arranged laterally. FIG. 5 shows a nozzle (36) and a nozzle (41) for
dischafyingctHacreastafrdiquid lasiechioefe3mpee vise len@s), enadidle (39), and nozzle (40) for
discharging, respectively, the
The treatment liquid and the recording liquid under the present
invention can include a first antiseptic (preventing corrosion) and a second
antiseptic (preventing mold). Including the antiseptics can suppress
prosperity of fungus, to thereby increase preservability stability and image
10 stability. Examples of the antiseptics include sodium dehydroacetate,
sodium sorbate, 2-pyridinethiol-1-oxide sodium, isothiazoline compound,
sodium benzoate, pentachlorophenol sodium, and the like.
The treatment liquid and the recording liquid under the present
invention can include rust preventive. Including the rust preventive can
15 prevent metal rust on a surface of head and the like which surface
contacting the liquid. Examples of the rust preventive include acid sulfite,
sodium thiosulfate, ammonium thiodiglycolate, diisopropyl ammonium
nitrite, pentaerythritol tetranitrate, dicyclohexylamine ammonium nitrite,
and the like.

20 Examples of pH adjuster include hydrides of alkali metal elements

such as lithium hydroxide, sodium hydroxide, potassium hydroxide, and the
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5 yellow recording liquid, the magenta recording liquid, the cyanogen recording liquid, and the black
recording liquid. In the record head (18) according to the above aspect having the treatment liquid
discharging nozzles disposed respectively at a left end and a right end, printing can be carried out
both on a forward way and a backward way of the record head 10 (18) on the carriage (19). In other
words, the treatment liquid may be adhered first either on the forward way or the backward way,
followed by adhering of the color recording liquid(s) on the treatment liquid, or vice versa, thereby
causing no }Hag e BEneRy i dEAtesteb dRMIeTRARO ARGt Ml Ide0 RIRESRNEND). 15
Herein, the recording liquid and the treatment liquid which are discharged from the record head (18)
are most prptergiphotd e osrthppede in ¢helwamecpordidnalkadipresaal invection s, lhdwawer, not
limited to this. For example, the following cases are included within the scope of the present

invention: applyig,(RArEHHNERSLING Y egmluqmml&ﬁa%g thergaiel B exPandahby

exudation and the like, and |s overlapped with the recording liquid, or only a profile of the image

k tl I 0 the.treat ith th di k-jet
cord AR AR < RFABERAD i L PARAAD AHEHRLR Ny i e A recorcing

liquid and the treatment liquid under the present invention has a very good image that is 5 free from
featherfing drdtoeiblergingl dinal tslexeaiemcrtwaeldrosidabe gt resistance. Particularly, even
when a plain paper sheet is used for

Viscosity of the treatment liquid can be adjusted by varying density

of cationic particle, density of water-soluble solvents such as humectant,
penetrant and the like, density of the second antiseptic (preventing mold),
density of the first antiseptic (preventing corrosion). At least one of the

10 treatment liquid and the recording liquid included in the ink set under the
present invention preferably has viscosity of 5 mPa-sec or more. Adjusting
the density of the above additives can bring about the desired viscosity.

Hereinafter, the ink-jet printing method and an ink-jet printer
carrying out the method are described, referring to the drawings.

15 FIG. 1 and FIG. 2 show a constitution of a cartridge which is capable
of receiving therein the recording liquid and the treatment liquid under the
present invention. FIG. 1 shows an external perspective view of the
cartridge, while FIG. 2 shows a cross sectional front view of the cartridge.
A cartridge (20), as is seen in FIG. 2, has a cartridge body (49) receiving

20 therein an absorption body (42) for absorbing the recording liquid or the

treatment liquid. The cartridge body (49) is formed in such a manner that
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the recording medium, the ink-jet record article can have high quality image. Hereinafter, more
detailed explanation is to be made according to 10 examples. Production example 1 of resin-coated
type pigment (Preparation of resin-coated type pigment) W Preparation of polymer solution A flask of
1 L provided with a mechanical stirrer, a thermometer, a 15 nitrogen gas intruding tube, a rotary flow
tube and a droplet funnel was subjected to a sufficient nitrogen gas substitution. Then, styrene 11.2 g,
acrylic acid 2.8 g, lauryl methacrylate 12.0 g, polyethylene glycol methacrylate 4.0 g, styrene
macromer (NSIPRRIJEONGITERIOBEr &) iedaiheresd ﬁ?e%fi RSE {19 PR Y AP SStRIRIEES, and
temperature was increased to 20 650 C. Then, a mixture of styrene 100.8 g, acrylic acid 25.2 g, lauryl

41 methacrylate 308:0(g3polyEthyleaetglygol birthactylaie Iorihgdhyidioxk setipllemethacrylate 60.0 g,
styrene macromer (AS-6 made by Toagosei Co., Ltd.) 36.0 g, mercaptoethanol 3.6 g, azobis dimethyl

veleronitie;2 4,0 A mEVIPYIB A5 1630 as UPPPES e sk (oh2 Hhaursusiafer he

dropping was completed, a mixture of azobis dimethyl valeronitrile 0.8 g and methylethylketone 18 g
was dropped i he ok for O howoy Ay malufing [0 Lbour 2 65C, agobls ety yalerontle
5 cartridge body (49), the absorption body (42) may absorb the recording
liquid or the treatment liquid.

The case (43) of the cartridge body (49) has a base section which is
formed with a supply port (45) for supplying the recording liquid or the
treatment liquid to a record head. A seal ring (46) mates with an inner

10  periphery of the supply port (45). The upper cover member (44) is formed
with an atmospheric opening (47).

A cap member (50) is mounted to the cartridge body (49). The cap
member (50) may prevent leak of the inside recording liquid or the inside
treatment liquid which leak may be caused by a compressive deformation of

15 the case (43) in the following state: i) before loading and when the supply
port (45) is blocked, handling the cartridge for loading or transportation, or
i1) when a pressure is applied to a wide sidewall during vacuum packing.

As is seen in FIG. 1, the atmospheric opening (47) is sealed by
sealing to the upper cover member (44) a film-shaped seal member (55)

20  which has oxygen permeability of 100 ml/m2 or more. The seal member

(55) has such a dimension as to seal the atmospheric opening (47) and a
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After the reaction was completed, methylethylketone 364 g was 10 added into the flask, to thereby
obtain polymer solution 800 g having density of 50%. Part of the polymer solution was dried, and then
measured with a gel permeation chromatography (standard: polystyrene, solvent: tetrahydrofuran), to
obtain a weight average molecular weight of 15000. 15 (2) Preparation of resin-coated type black
pigment The polymer solution 22.2 g obtained in paragraph (1), carbon black (Monarch 880 made by

Cabot) 26.0 g, 1 mol/L of potassium hydroxide solution 13.6 g, methylethylketone 20 g, and ion
exchanged W By §hateoweridishihighercaformed srerandithe afthaRpSer ORHBIR-84A 20

made by Noritake Company). The thus obtained paste was input into ion exchanged water 200 g, 42
and then wésBtirreteslifigieritty, annddheherietyetiiylketane andlwater veare listileerw@ban
evaporator, to thereby obtain resin-coated type black pigment 160 g (recording liquid including

resin-coateql {ype LAROBRIEK Do AR AMAIY BFAD0 Waiahi & mirdms 9 $alid capsap thProduction

example 2 of resin-coated type pigment (Preparation of resin-coated type yellow pigment) Paragraph
(2) in the Production eﬁlmﬁlle 1 was repeated, except that the carbon black was replaced with yellow
pigment (S SPPaST Yétlow 4181 made by Dainippon Ink and Chemicals, Incorporated.), to 10

thereby obtain resin-coated type yellow pigment.
5 Effect)

Even in the following state 1), with the cartridge (20) packed under a
decreased pressure using a pack member made of an aluminum
laminate film and the like that is free from air permeability, and
with the recording liquid or the treatment liquid being loaded:
10 state 1) an atmosphere present in a space A (see FIG. 2) that
is formed between the absorption body (42) and the cartridge body
(49) causes air to be dissolved in the recording liquid or the
treatment liquid;
the air in the recording liquid or the treatment liquid can be
15 exhausted via the seal member (55) to a space tbetween the cartridge body
(49) and the pack member which is disposed outside the cartridge body (49)}
having a high degree of vacuum, thus improving degassing of the recording
liquid or the treatment liquid.
Alternatively, the cartridge can be integrated with the record head.
20 Hereinafter, the ink-jet printing method and the ink-jet printer

carrying out this method are described, referring to the drawings.
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<Production 1 of recording liquid> Components of each of the following recording liquids were mixed,
and then were filtered by a polytetrafluoroethylene fluorine resin filter of 0.8 gm, to thereby produce
each recording liquid. 15 (1) Recording liquid 1 (used for each example; black, resin-coated type)
Resin-coated type black pigment 10.0 weight part (Of 10.0 weight part, resin is 3.0 weight part.)
1,3-butanediol 22.5 weight part Glycerin 7.5 weight part 20 Surfactant (1) 1.0 weight part 2-pyrolidone
2.0 weight part 43 Sodium dehydroacetate 0.2 weight part Sodium thiosulfate 0.2 weight part lon
exchanged water BEnce (3hREgofdingNijuielo a?séd%%femﬁmtieé thampleiet prertes
self-dispersion type) Cabojet 300 (made by Cabot, self-dispersion type pigment) 10.0 weight part
1,3-butanediald22. hweaigbt@atrt islyeeivn 7. 9 weaighh Rajé tLprEuwdadanttil fEaveight paytiid-pyrolidone
2.0 weight part Sodium dehydroacetate 0.2 weight part
and the recording liquid are received in the cartridge (20), and the
treatment liquid and the recording liquid may be supplied to a record head
5 (18) from the cartridge (20). Herein, the cartridge (20) is mounted in such
a state that the one for the treatment liquid and the ones for the recording
liquids (for different colors) can be separated. The recording liquid and the
treatment liquid which are used are described above, therefore repeated
explanation of the same is to be omitted.
10 The record head (18) is mounted to a carriage (19). Being guided by
a guide shaft (21) and a guide shaft (22), the record head (18) is moved by a
timing belt (23) that is driven by a main scanning motor (24). On the other
hand, a recording medium that is conveyed by a main scanning motor (25), a
main scanning motor (26) and a main scanning motor (27) and is controlled
15 (conveyed) by a sub-scanning motor (17) via a gear (16) is placed in a
position opposite to the record head (18) by means of a platen.
FIG. 4 is an enlarged view of a nozzle face of the record head (18).
Anozzle (31) discharging the treatment liquid is disposed longitudinally. A
nozzle (32), a nozzle (33), a nozzle (34) and nozzle (35), respectively,

20  discharge a yellow recording liquid, a magenta recording liquid, a cyanogen

recording liquid, and a black recording liquid.
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Sodium thiosulfate 0.2 weight part lon exchanged water Balance 15 (3) Recording liquid 3 (used for
comparative example 2; black, self-dispersion type + acrylic emulsion added) Cabojet 300 (made by
Cabot, self-dispersion type pigment) 10.0 weight part Acrylic resin emulsion (made by Avecia) 5.0
weight part 20 1,3-butanediol 22.5 weight part Glycerin 7.5 weight part 44 Surfactant (1) 2-pyrolidone
Sodium dehydroacetate Sodium thiosulfate 5 lon exchanged water 1.0 weight part 2.0 weight part
0.2 weight part 0.2 weight part Balance (4) Recording liquid 4 (used for comparative example 3 and

comparative exampld@: Bladiowyanpideicconshisy bracrDtlmyresme face.  As is seen in

FIG. 5, all the nozzles can be arranged laterally. FIG. 5 shows a nozzle (36)
and a nozzle (41) for discharging the treatment liquid, and a nozzle (37), a
nozzle (38), a nozzle (39), and nozzle (40) for discharging, respectively, the
5 yellow recording liquid, the magenta recording liquid, the cyanogen
recording liquid, and the black recording liquid. In the record head (18)
according to the above aspect having the treatment liquid discharging
nozzles disposed respectively at a left end and a right end, printing can be
carried out both on a forward way and a backward way of the record head

10 (18) on the carriage (19). In other words, the treatment liquid may be
adhered first either on the forward way or the backward way, followed by
adhering of the color recording liquid(s) on the treatment liquid, or vice
versa, thereby causing no image density difference attributable to moving
direction of the record head (18).

15 Herein, the recording liquid and the treatment liquid which are
discharged from the record head (18) are most preferably to be overlapped
in the same portion. The present invention is, however, not limited to this.
For example, the following cases are included within the scope of the
present invention: applying (namely, thinning) the treatment liquid which

20 thereafter is expanded by exudation and the like, and is overlapped with the

recording liquid, or only a profile of the image makes a partly overlapping of
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10 Ethylene glycol Diethylene glycol Diethylene glycol monobutyl ether Sodium dehydroacetate lon
exchanged water 3.0 weight part 10.0 weight part 15.0 weight part 24.0 weight part 4.0 weight part
0.3 weight part Balance 15 (5) Recording liquid 5 (used for comparative example 5; black, dye type)
C. 1. food black 2 Glycerin Ethylene glycol Diethylene glycol 20 N-methyl-2-pyrolidone Diethylene
glycol monobutyl ether 3.0 weight part 5.0 weight part 5.0 weight part 15.0 weight part 2.0 weight

part . N
the treatment liquid with the recording liquid.

Moreover, an ink-jet record article which is produced in the ink-jet
printing method using the ink set including the recording liquid and the
treatment liquid under the present invention has a very good image that is

5 free from feathering or color bleeding, and is excellent in waterproof and
light resistance. Particularly, even when a plain paper sheet is used for
the recording medium, the ink-jet record article can have high quality
1image.

Hereinafter, more detailed explanation is to be made according to

10 examples.
Production example 1 of resin-coated type pigment (Preparation of
resin-coated type pigment)
(1) Preparation of polymer solution
A flask of 1 L provided with a mechanical stirrer, a thermometer, a
15 nitrogen gas intruding tube, a rotary flow tube and a droplet funnel was
subjected to a sufficient nitrogen gas substitution. Then, styrene 11.2 g,
acrylic acid 2.8 g, lauryl methacrylate 12.0 g, polyethylene glycol
methacrylate 4.0 g, styrene macromer (AS-6 made by Toagosei Co., Ltd.) 4.0
g, mercaptoethanol 0.4 g are introduced, and temperature was increased to
20 65°C.

Then, a mixture of styrene 100.8 g, acrylic acid 25.2 g, lauryl
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3.0 weight part 45 Sodium dehydroacetate lon exchanged water 5 0.3 weight part Balance (6)
Recording liquid 6 (used for comparative example 6; black, dye type) Direct black 195 2-pyrolidone
Glycerin Isopropyl alcohol NaOH lon exchanged water 10 (7) Recording liquid 11 (used for each
example; yellow, type) Resin-coated type yellow pigment 1,3-butanediol Glycerin Surfactant (1)
2-pyrolidone Sodium dehydroacetate Sodium thiosulfate lon exchanged water

methacrylate 108.0 g, polyethylene glycol methacrylate 36.0 g, hydroxy
ethyl methacrylate 60.0 g, styrene macromer (AS-6 made by Toagosei Co.,
Ltd.) 36.0 g, mercaptoethanol 3.6 g, azobis dimethyl valeronitrile 2.4 g and
methylethylketone 18 g was dropped in the flask for 2.5 hours.
5 After the dropping was completed, a mixture of azobis dimethyl
valeronitrile 0.8 g and methylethylketone 18 g was dropped in the flask for
0.5 hours. After maturing for 1 hour at 65°C, azobis dimethyl valeronitrile
0.8 g was added, then matured for another 1 hour.
After the reaction was completed, methylethylketone 364 g was
10 added into the flask, to thereby obtain polymer solution 800 g having
density of 50%.

Part of the polymer solution was dried, and then measured with a
gel permeation chromatography (standard: polystyrene, solvent:
tetrahydrofuran), to obtain a weight average molecular weight of 15000.

15 (2) Preparation of resin-coated type black pigment

The polymer solution 22.2 g obtained in paragraph (1), carbon black
(Monarch 880 made by Cabot) 26.0 g, 1 mol/L of potassium hydroxide
solution 13.6 g, methylethylketone 20 g, and ion exchanged water 30 g were
sufficiently stirred, and then were mixed with three roll mills (NR-84A

20 made by Noritake Company).

The thus obtained paste was input into ion exchanged water 200 g,
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(Of 10.0 weight part, resin is 3.0 weight part.) 15 20 2.5 weight part 10.0 weight part 5.0 weight part
4.0 weight part 0.4 weight part Balance resin-coated 10.0 weight part 22.5 weight part 7.5 weight
part 1.0 weight part 2.0 weight part 0.2 weight part 0.2 weight part Balance (8) Recording liquid 12
(used for comparative example 1; yellow, 46 self-dispersion type) C. I. pigment yellow 17
(self-dispersion type) 10.0 weight part 5 1,3-butanediol

and then was stirred sufficiently, and then methylethylketone and water
were distilled with an evaporator, to thereby obtain resin-coated type black
pigment 160 g (recording liquid including resin-coated type carbon black in
an amount of 20.0 weight % in terms of solid content).

5 Production example 2 of resin-coated type pigment (Preparation of
resin-coated type yellow pigment)

Paragraph (2) in the Production example 1 was repeated, except
that the carbon black was replaced with yellow pigment (Symuler Fast
Yellow 4181 made by Dainippon Ink and Chemicals, Incorporated.), to

10 thereby obtain resin-coated type yellow pigment.
<Production 1 of recording liquid>

Components of each of the following recording liquids were mixed,
and then were filtered by a polytetrafluoroethylene fluorine resin filter of
0.8 um, to thereby produce each recording liquid.

15 (1) Recording liquid 1 (used for each example; black, resin-coated type)

Resin-coated type black pigment 10.0 weight part

(Of 10.0 weight part, resin is 3.0 weight part.)

1,3-butanediol 22.5 weight part

Glycerin 7.5 weight part
20 Surfactant (I) 1.0 weight part

2-pyrolidone 2.0 weight part
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Glycerin Surfactant (I) 2-pyrolidone Sodium dehydroacetate Sodium thiosulfate lon exchanged
water 10 (9) Recording liquid 13 (used for comparative example 2; yellow, self-dispersion type +
acrylic emulsion added) C. I. pigment yellow 17 (self-dispersion type) 10.0 weight part 15 20 Acrylic
resin emulsion (made by Avecia) 11,3-butanediol Glycerin Surfactant (I) 2-pyrolidone Sodium
dehydroacetate Sodium thiosulfate lon exchanged water 22.5 weight part 7.5 weight part 1.0 weight
part 2.0 weight part 0.2 weight part

Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ton exchanged water Balance

2 Recording liquid 2 (used for comparative example 1; black,

5 self-dispersion type)
Cabojet 300 (made by Cabot, self-dispersion type pigment)

10.0 weight part

1,3-butanediol 22.5 weight part
Glycerin 7.5 weight part

10 Surfactant (I) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ton exchanged water Balance

15 (3) Recording liquid 3 (used for comparative example 2; black,
self-dispersion type + acrylic emulsion added)
Cabojet 300 (made by Cabot, self-dispersion type pigment)

10.0 weight part

Acrylic resin emulsion (made by Avecia) 5.0 weight part
20 1,3-butanediol 22.5 weight part
Glycerin 7.5 weight part
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0.2 weight part Balance 5.0 weight part 22.5 weight part 7.5 weight part 1.0 weight part 2.0 weight
part 0.2 weight part 0.2 weight part Balance (10) Recording liquid 14 (used for comparative example
3 and 47 comparative example 4; yellow, dye type) C. I. acid yellow 23 Glycerin Ethylene glycol 5
Diethylene glycol Diethylene glycol monobutyl ether Sodium dehydroacetate lon exchanged water 3.0
weight part 10.0 weight part 15.0 weight part 24.0 weight part

Surfactant (I)
2-pyrolidone
Sodium dehydroacetate

Sodium thiosulfate

1.0 weight part
2.0 weight part
0.2 weight part

0.2 weight part

5 Ion exchanged water Balance
(4) Recording liquid 4 (used for comparative example 3 and comparative
example 4; black, dye type)
C. I. food black 2 3.0 weight part
Glycerin 10.0 weight part
10 Ethylene glycol 15.0 weight part
Diethylene glycol 24.0 weight part
Diethylene glycol monobutyl ether 4.0 weight part
Sodium dehydroacetate 0.3 weight part
Ton exchanged water Balance
15  (5) Recording liquid 5 (used for comparative example 5; black, dye type)
C. I. food black 2 3.0 weight part
Glycerin 5.0 weight part
Ethylene glycol 5.0 weight part
Diethylene glycol 15.0 weight part
20 N-methyl-2-pyrolidone 2.0 weight part

Diethylene glycol monobutyl ether
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4.0 weight part 0.3 weight part Balance (11) Recording liquid 15 (used for comparative example 5;
yellow, dye 10 type) C. I. acid yellow 23 Glycerin Ethylene glycol Diethylene glycol 15
N-methyl-2-pyrolidone Diethylene glycol monobutyl ether Sodium dehydroacetate lon exchanged
water 3.0 weight part 5.0 weight part 5.0 weight part 15.0 weight part 2.0 weight part 3.0 weight part
0.3 weight part Balance (12) Recording liquid 16 (used for comparative example 6; yellow, dye 20

type) Projet Fast Yellow 2 _
Sodium dehydroacetate 0.3 weight part

Ton exchanged water Balance

(6) Recording liquid 6 (used for comparative example 6; black, dye type)

Direct black 195 2.5 weight part
5 2-pyrolidone 10.0 weight part
Glycerin 5.0 weight part
Isopropyl alcohol 4.0 weight part
NaOH 0.4 weight part
Ion exchanged water Balance
10 (7 Recording liquid 11 (used for each example; yellow, resin-coated
type)
Resin-coated type yellow pigment 10.0 weight part
(Of 10.0 weight part, resin is 3.0 weight part.)
1,3-butanediol 22.5 weight part
15 Glycerin 7.5 weight part
Surfactant (I) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
20 Ion exchanged water Balance
® Recording liquid 12 (used for comparative example 1; yellow,
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2.0 weight part 48 Direct yellow 86 1.0 weight part 3-thiodiglycol 8.0 weight part Ethylene glycol 8.0
weight part Acetynol EH (Kawaken Fine Chemicals) 0.2 weight part 5 Isopropyl alcohol 4.0 weight
part lon exchanged water Balance <Production 1 of treatment liquid> Components of each of the
following treatment liquids were mixed, and then were filtered by a polytetrafluoroethylene fluorine
resin filter of 10 0.8 gm, to thereby produce each treatment liquid. (1) Treatment liquid 1 (used for
example 1) Polyallylamine coated silica 15.0 weight part Glycerin 10.0 weight part Surfactant (I) 1.0
weight part@ ZdJéﬂ?ﬁ}ISIRYBt-)H@?ane diol 2.0 weight part Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part lon exchanged water Balance (2) Treatment liquid 2 (used for
example 2) 20 Alun@ind. (Pigmine sellER0 nadeydiNipsasiGhenpeal Mdustight pidd) 15.0 weight part
(solid) 49

1,3-butanediol 22.5 weight part
Glycerin 7.5 weight part

5 Surfactant (I) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

10 (9) Recording liquid 13 (used for comparative example 2; yellow,
self-dispersion type + acrylic emulsion added)

C. I. pigment yellow 17 (self-dispersion type) 10.0 weight part

Acrylic resin emulsion (made by Avecia) 5.0 weight part

11,3-butanediol 22.5 weight part
15 Glycerin 7.5 weight part

Surfactant (I) 1.0 weight part

2-pyrolidone 2.0 weight part

Sodium dehydroacetate 0.2 weight part

Sodium thiosulfate 0.2 weight part
20 Ion exchanged water Balance

(10)  Recording liquid 14 (used for comparative example 3 and
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Glycerin 10.0 weight part Surfactant (I) 1.0 weight part 2 -ethyl- 1, 3 -hexane diol 2.0 weight part
Sodium dehydroacetate 0.2 weight part 5 Sodium thiosulfate 0.2 weight part lon exchanged water
Balance (3) Treatment liquid 3 (used for example 3) Cationic silica (ST-AK made by Nissan Chemical
Industries, Ltd.) 15.0 weight part (solid) 10 Glycerin 10.0 weight part Surfactant (I) 1.0 weight part 2
-ethyl- 1, 3 -hexane diol 2.0 weight part Sodium dehydroacetate 0.2 weight part Sodium thiosulfate
0.2 weight part 15 lon exchanged water Balance (4) Treatment liquid 4 (used for example 4,
comparativeBRRAHE Le sraneplaphrelewxanfpl¥iz)Cationic silica (ST-AK made by Nissan
Chemical Industries, Ltd.) 15.0 weight part (solid) 20 Glycerin 10.0 weight part Surfactant (I) 1.0
weight part 50 2-ethy/)-I1 a3tliexdiwdiaB2.0 weight part Cation G50 Gatweighktfactant made by Sanyo
Chemical Industries,

Glycerin 10.0 weight part
Ethylene glycol 15.0 weight part

5 Diethylene glycol 24.0 weight part
Diethylene glycol monobutyl ether 4.0 weight part
Sodium dehydroacetate 0.3 weight part
Ion exchanged water Balance

(11) Recording liquid 15 (used for comparative example 5; yellow, dye

10  type)
C. I. acid yellow 23 3.0 weight part
Glycerin 5.0 weight part
Ethylene glycol 5.0 weight part
Diethylene glycol 15.0 weight part

15 N-methyl-2-pyrolidone 2.0 weight part
Diethylene glycol monobutyl ether 3.0 weight part
Sodium dehydroacetate 0.3 weight part
Ion exchanged water Balance

(12)  Recording liquid 16 (used for comparative example 6; yellow, dye
20 type)

Projet Fast Yellow 2 2.0 weight part
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Ltd.) 5 Sodium dehydroacetate Sodium thiosulfate lon exchanged water 4.0 weight part 0.2 weight
part 0.2 weight part Balance (5) Treatment liquid 5 (used for comparative example 3) 10 15 (6) 20
Polyallylamine 5.0 weight part Glycerin 10.0 weight part Ethylene glycol 11.0 weight part Diethylene
glycol 20.0 weight part Diethylene glycol monobutyl ether 12.0 weight part Sodium dehydroacetate
0.1 weight part lon exchanged water Balance Treatment liquid 6 (used for comparative example 4)
AI(NO3)3-9H20 Glycerin Ethylene glycol

Direct yellow 8 1.0 weight part
B-thiodiglycol 8.0 weight part
Ethylene glycol 8.0 weight part

Acetynol EH (Kawaken Fine Chemicals) 0.2 weight part
5 Isopropyl alcohol 4.0 weight part
Ion exchanged water Balance
<Production 1 of treatment liquid>
Components of each of the following treatment liquids were mixed,
and then were filtered by a polytetrafluoroethylene fluorine resin filter of
10 0.8 um, to thereby produce each treatment liquid.

(1) Treatment liquid 1 (used for example 1)

Polyallylamine coated silica 15.0 weight part
Glycerin 10.0 weight part
Surfactant (I) 1.0 weight part

15 2-ethyl-1,3-hexanediol 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

2) Treatment liquid 2 (used for example 2)
20 Alumina (Alumina sol 520 made by Nissan Chemical Industries,

Ltd.) 15.0 weight part (solid)
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Diethylene glycol Diethylene glycol monobutyl ether Sodium dehydroacetate 5.0 weight part 10.0
weight part 11.0 weight part 20.0 weight part 12.0 weight part 0.1 weight part 51 lon exchanged
water Balance (7) Treatment liquid 7 (used for comparative example 5) 5 Quaternary ammonium
compound (Cation G50 made by Sanyo Chemical Industries, Ltd.) 5.0 weight part Glycerin 10.0
weight part Diethylene glycol 20.0 weight part lon exchanged water Balance (8) Treatment liquid 8
(used for comparative example 6) 10 Cationic silica (ST-AK made by Nissan Chemical Industries, Ltd.)
15.0 weight part GKREERFTS weight part Diethylene glycol 7.5 weifhfpaaight part

Surfactant (I) 1.0 weight part
2-ethyl-1,3-hexanediol 2.0 weight part
Sodium dehydroacetate 0.2 weight part

5 Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

3) Treatment liquid 3 (used for example 3)
Cationic silica (ST-AK made by Nissan Chemical Industries, Ltd.)

15.0 weight part (solid)

10 Glycerin 10.0 weight part
Surfactant (I) 1.0 weight part
2-ethyl-1,3-hexanediol 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part

15 Ton exchanged water Balance

4) Treatment liquid 4 (used for example 4, comparative example 1, and

comparative example 2)
Cationic silica (ST-AK made by Nissan Chemical Industries, Ltd.)
15.0 weight part (solid)
20 Glycerin 10.0 weight part

Surfactant (I) 1.0 weight part
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Nitric acid 0.6 weight part 15 lon exchanged water Balance <Image quality evaluation 1> Image
quality of print was evaluated in the following manner. (1) Feathering An image quality was evaluated
by observing a black character 20 portion and comparing it with a rank sample. Rank 5: No feathering
is found. 52 Rank 4: Very few featherings are found. Rank 3: Feathering are found but are not
practically problematical. Rank 2: A fair amount of featherings are found. 5 Rank 1: Many featherings
are found. (2) Color bleeding An image quality was evaluated by observing a boundary portion
between a black soficeihald anbexgerédelolid image and compariRditerghbpakk sample. 10 Rank
5: No mixed color is found. Rank 4: Very few mixed colors are found. Rank 3: Mixed colors are found
but are not practicallia thsab(ehoalieaioRanku2 A faii tamadotof Siixed ctheisired fouthdstdibdRank 1:
Many mixed colors are found.

Ltd.) 4.0 weight part
Sodium dehydroacetate 0.2 weight part
5 Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance
(5) Treatment liquid 5 (used for comparative example 3)
Polyallylamine 5.0 weight part
Glycerin 10.0 weight part
10 Ethylene glycol 11.0 weight part
Diethylene glycol 20.0 weight part
Diethylene glycol monobutyl ether 12.0 weight part
Sodium dehydroacetate 0.1 weight part
Ton exchanged water Balance

15  (6) Treatment liquid 6 (used for comparative example 4)

AI(NO3)s-9H20 5.0 weight part
Glycerin 10.0 weight part
Ethylene glycol 11.0 weight part
Diethylene glycol 20.0 weight part
20 Diethylene glycol monobutyl ether 12.0 weight part
Sodium dehydroacetate 0.1 weight part
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(3) Wear resistance 1 hour after the printing was completed, the black solid image portion was rubbed
by finger, so as to check for ink transfer to the finger. (4) Image density and back-through density 20
An optical density was measured from a surface of the black solid image portion and from a backface
of the black solid image portion, to 53 thereby obtain respectively an image density and a
back-through density. (5) Dryness Immediately after the printing was completed, a plain paper sheet
(My paper made by NBS Ricoh Co., Ltd.) was pressed to a print, so as to 5 check for ink transfer of
the black solid ima&@%@ﬁ@?ﬁi@ﬁ%‘ﬁ%ﬁrpaper sheet. (6) Waterprcﬁﬂ];ﬁlﬂé? being dipped in ion
exchanged water for 1 minute, the print was taken out, and water adhesion was absorbed with a

paper towelfor 10 fagatahdnt Demsity dhtee itactosebdintage axasipeasiired before and after the
dipping, and change ratio was determined as a fading ratio. (7) Discharge stability Print was observed,

and was checked fah QiSehargs, fajlieRagad Qi phigHer or not image defect was found. 15 (8)

Glossiness 60' glossiness of print was measured with a glossiness meter (4501 made by BYK

Gardner). (Cation G50 made by Sanyo Chemical Industries, Ltd.)
5 5.0 weight part
Glycerin 10.0 weight part
Diethylene glycol 20.0 weight part
Ion exchanged water Balance
® Treatment liquid 8 (used for comparative example 6)
10 Cationic silica (ST-AK made by Nissan Chemical Industries, Ltd.)
15.0 weight part
Glycerin 7.5 weight part
Diethylene glycol 7.5 weight part
Nitric acid 0.6 weight part
15 Ton exchanged water Balance

<Image quality evaluation 1>
Image quality of print was evaluated in the following manner.
(1) Feathering
An image quality was evaluated by observing a black character
20  portion and comparing it with a rank sample.

Rank 5: No feathering is found.
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<Viscosity measurement 1> The recording liquid and the treatment liquid thus produced were 20
measured for viscosity at 25' C with a rotary R-type viscosimeter (Series 500 made by TOKI SANGYO
CO., LTD.). 54 (Example 1) A treatment liquid cartridge was loaded with a treatment liquid 1, a yellow
recording liquid cartridge was loaded with a yellow recording liquid 1, and a black recording liquid
cartridge was loaded with a black recording 5 liquid 1, thereafter the above cartridges were mounted to
an ink-jet printer in FIG. 3, to thereby carry out a print evaluation. My paper (plain paper sheet made
by NBS Ricoh Co., Eﬁﬂ)kvéés used for a rec&’?dﬁéeme%ﬁ@?h%m%&rwm print test. Printing was
carried out in such an order that the treatment liquid was adhered at first to the paper sheet, and 10
subsequently the reRardings liquids of variouSeznlossinwgra@dfiaied dutharéreaimpridicuidlyT he print
after the test was evaluated on feathering, color bleeding, wear resistance, image density,
back-throuq;}m&,tgréfpess, and waterproof. The results are shown in Table 2. 15 (Example 2 to
example 5) Print tests in the example 1 were repeated, except that the treatment liquid 1, the black

recording liquid 1 agid the yellow recording Jiquid 1 in the e 1 were replaced respectively with
those shown in Ta 3%%& results are s %ﬁﬁﬁﬁ%}gﬁﬁgg{%ermgs arg{%und'
5 Rank 1: Many featherings are found.
2 Color bleeding
An image quality was evaluated by observing a boundary portion

between a black solid image and a yellow solid image and comparing it with

a rank sample.

10 Rank 5: No mixed color is found.
Rank 4: Very few mixed colors are found.
Rank 3: Mixed colors are found but are not practically
problematical.
Rank 2: A fair amount of mixed colors are found.
15 Rank 1: Many mixed colors are found.
(3) Wear resistance

1 hour after the printing was completed, the black solid image
portion was rubbed by finger, so as to check for ink transfer to the finger.
(4) Image density and back-through density
20 An optical density was measured from a surface of the black solid

image portion and from a backface of the black solid image portion, to
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20 (Comparative example 1 to comparative example 6) Print tests in the example 1 were repeated,
except that the 55 treatment liquid 1, the recording liquid 1 and the recording liquid 11 in the example
1 were replaced respectively with those shown in Table 1. Test results are shown in Table 2. 56
[Table 1] Black recording liquid.Yellow recording liquid. Treatment liquid. No. & type.Viscosity.No. &
type.Viscosity.No. & type.Viscosity. Recording liquid 1Recording liquid 11{polyallylamine coated
Treatment liquid t Example 1.(resin-coated type).8.25(resin-coated type).8.210 5.22 SiO2 + glycerin
10% + surfabeishy) Pitatd fppardiNg YRecorass faumal bl 7rdharethiGhiep 2 4R Gemsats glycerin 10%
+ Example 2.(resin-coated type).8.25(resin-coated type).8.21surfactant (1)}.4.48 Recording liquid
1Recording(8guid 1DTseaiment liquid 3 {cationic silica + glycerin Example 3.(resin-coated
type).8.25(resin-coated type).8.210 5.02 10%+ surfactant (1)}. Recording liquid 1Recording liquid

tlyt;g)‘.egltg‘lgnt liquid ficAURNIETICH b OMTE I ATIP e A4 (BRIpRABIELIAG) S prPes trerated
(My paper made by NBS Ricoh Co., Ltd.) was pressed to a print, so as to
5 check for ink transfer of the black solid image portion to the plain paper
sheet.
(6) Waterproof
After being dipped in ion exchanged water for 1 minute, the print
was taken out, and water adhesion was absorbed with a paper towel for
10 natural dry. Density of the black solid image was measured before and
after the dipping, and change ratio was determined as a fading ratio.
(7) Discharge stability
Print was observed, and was checked for discharge failure based on
whether or not image defect was found.
15 (8) Glossiness
60° glossiness of print was measured with a glossiness meter (4501
made by BYK Gardner).
<Viscosity measurement 1>
The recording liquid and the treatment liquid thus produced were

20 measured for viscosity at 25° C with a rotary R-type viscosimeter (Series

500 made by TOKI SANGYO CO., LTD.).
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5.20 10%-+ surfactant (1)}. ComparativeRecording liquid 2 (self-Recording liquid 12 (self-Treatment
liquid 4 {cationic silica + glycerin example 1.dispersion type).8.16dispersion type).8.0110% +
surfactant (1)}.5.20 ComparativeRecording liquid 3 (self-Recording liquid 13 (self-Treatment liquid 4
{cationic silica + glycerin example 2.dispersion + Acrylic8.05dispersion + Acrylic8 0910% + surfactant
(N}.5.20 emulsion added).emulsion added). ComparativeRecording liquid 4 (dyeRecording liquid 14
(dyeTreatment liquid 5 {polyallylamine + glycerin example 3.type).4 71type).4.7510% + plural kind of
glycols + mé@%ﬂ?ﬂ@éep]y olidone}. ComparativeRecording liquid 4 (dyeRecording liquid 14
(dyeTreatment liquid 6 {A1203 + glycerin 10% + example 4.type).4.71type).4.75plural kind of
glycols}.6.95 CompAraiiveecctdiogldjvid-br{dyeRecotdinp iowidH 8 (dyaTneatmbgiuliduid & {onium
salt + glycerin 10% example 5.type).2.03type).2.11+ glycol}.2.33 ComparativeRecording liquid 6

(dyeRecorg})%@HM@J&&?M&H@E‘HH‘@QHHH' SigationigiicRH IYCRIR SXemiRie liquid 1,
6.type).1.49type).1.5310% + DEG 5%}.3.05 Remark: viscosity unit is mPa/sec. 57 [Table 21

e ety e, DAY, v

5 liquid 1, thereafter the above cartridges were mounted to an ink-jet printer

in FIG. 3, to thereby carry out a print evaluation. My paper (plain paper

sheet made by NBS Ricoh Co., Ltd.) was used for a recording medium for

carrying out a print test. Printing was carried out in such an order that

the treatment liquid was adhered at first to the paper sheet, and

10  subsequently the recording liquids of various colors were adhered on the
treatment liquid.

The print after the test was evaluated on feathering, color bleeding,
wear resistance, image density, back-through density, dryness, and
waterproof. The results are shown in Table 2.

15 (Example 2 to example 5)

Print tests in the example 1 were repeated, except that the
treatment liquid 1, the black recording liquid 1 and the yellow recording
liquid 1 in the example 1 were replaced respectively with those shown in
Table 1. Test results are shown in Table 2.

20 (Comparative example 1 to comparative example 6)

Print tests in the example 1 were repeated, except that the
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ink transfer. density.failure. Example 1.3.03.0Not found.1.740.04Not found.4.3%Not found.3.2
Example 2.3.53.5Not found.1.780.05Not found.2.5%Not found.3.2 Example 3.4.04.0Not
found.1.800.03Not found.2.1%Not found.3.4 Example 4.5.05.0Not found.1.850.02Not found.2.5%Not
found.3.5 Comparative 3.03.0Found.1.650.08Not found.7.1%Not found.2.5 example 1. Comparative
3.03.0Found.1.690.08Not found.6.0%Found.3.0 example 2. Comparative 2.02.0Found.1.430.12Not
found.10.5%Not found.1.5 example 3. Comparative 2.02.0Found.1.350.15Not found.11.2%Not
found.1.4 elksapreentdmpdrhtiteerroccdbus diaBdolianbt fsurerandzneNs ok 113 dample 5.
Comparative 2.02.0Found.1.450.12Not found.10.1%Not found.1.8 example 6.

example 1 were replaced respectively with those shown in Table 1. Test

results are shown in Table 2.
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58 <Production 2 of recording liquid> Components of each of the following recording liquids
were mixed, and then were filtered by a Teflon filter of 0.8 m, to thereby produce each
recording liquid. 5 (14) Recording liquid 21 (used for comparative example 7; black,

self-dispersion type) Cabojet 300 (made by Cabot, self-dispersion type pigment) 10.0 weight

() 1.0 werg i b

.5 weight part 10 Glycerin 2.5 weight part Surfactant (general formula
pyrolidone 2.0 weight part Sodium dehydroacetate 0.2 weight part

Sodium thigsutfate6-2-weight part—15tomrexchanged water Batarce (15) Recording figgid-22 —
(used for example 6; blagk, self-BR{ereiehrgyisa Cabojet 300 (Hidete B Eapsavstlf-dispersion Treatment liquid.
type pigmept) 10.0 weight pariNgO&li3-hutanddivlkdif). Weight para9ps. GlyCcériniscosity. No. & type. Viscosity.
Recording liquid 1 Recording liquid 11 Treatment liquid 1 {polyallylamine coated
Example 1. (resin-coated type). 8.25 (resin-coated type). 8.21 Si0, + glycerin 10% + surfactant (D}. 522
Recording liquid 1 Recording liquid 11 Treatment liquid 2 {alumina + glycerin 10% +
Example 2. (resin-coated type). 8.25 (resin-coated type). 8.21 surfactant (). 4.48
Recording liquid 1 Recording liquid 11 Treatment liquid 3 {cationic silica + glycerin
Example 3. (resin-coated type). 8.25 (resin-coated type). 8.21 10% + surfactant (I)}. 5.02
Recording liquid 1 Recording liquid 11 Treatment liquid 4 {cationic silica + glycerin
Example 4. (resin-coated type). 8.25 (resin-coated type). 8.21 10% + surfactant (I)}. 5.20
Comparative Recording liquid 2 (self- 316 Recording liquid 12 (self- 301 Treatment liquid 4 {cationic silica + glycerin 5.90
example 1. dispersion type). ) dispersion type). ) 10% + surfactant (I)}. )
Comparative R.ecordling liquid 3. (self R.ecordling liquid 1.3 (celf Treatment liquid 4 {cationic silica + glycerin
example 2 dispersion + Acrylic 8.05 dispersion + Acrylic 8.09 10% + surfactant (D)} 5.20
pie 2. emulsion added). emulsion added). ’ )
. . — . . Treatment liquid 5 {polyallylamine + glycerin
S;ﬁiiaglve Fece")rdmg liquid 4 (dye 4.71 Fece")rdmg liquid 14 (dye 475  |10% + plural kind of glycols + methyl 7.46
pie o Ypes. Ype). pyrolidone}.
Comparative Recording liquid 4 (dye 471 Recording liquid 14 (dye 4TS Treatment liquid 6 {Al,05 + glycerin 10% + 6.95
example 4. type). ’ type). ' plural kind of glycols}. '
Comparative Recording liquid 5 (dye 203 Recording liquid 15 (dye 911 Treatment liquid 7 {onium salt + glycerin 10% 933
example 5. type). : type). : + glycol}. :
Comparative  |Recording liquid 6 (dye 1.49 Recording liquid 16 (dye 153 Treatment liquid 8 {cationic silica + glycerin 3.05
example 6. type). ) type). ) 10% + DEG 5%}. )

Remark: viscosity unit is mPa/sec.
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Surfactant (general formula (1)) 2-pyrolidone Sodium dehydroacetate Sodium thiosulfate lon
exchanged water 4.0 weight part 1.0 weight part 2.0 weight part 0.2 weight part 0.2 weight
part Balance (16) Recording liquid 23 (used for example 7; black, type) self-dispersion
Cabojet 300 (made by Cabot, self-dispersion type pigment) 10 15 20 1,3-butanediol Glycerin
Surfactant ([g[%%%aﬁormula (1)) 2-pyrolidone Sodium dehydroacetate Sodium thiosulfate

Wear Backface Discharge
Feathering Bleeding resistance 0D density, Dryness, ink | Waterproof, stability, Glossiness
rank. rank. ik t f ’ . optical transfer. fading ratio. discharge )
i transter. density. failure.

Example 1. 3.0 3.0 Not found. 1.74 0.04 Not found. 4.3% Not found. 3.2
Example 2. 3.5 3.5 Not found. 1.78 0.05 Not found. 2.5% Not found. 3.2
Example 3. 4.0 4.0 Not found. 1.80 0.03 Not found. 2.1% Not found. 3.4
Example 4. 5.0 5.0 Not found. 1.85 0.02 Not found. 2.5% Not found. 3.5
S;ar?;’;rea?ve 3.0 3.0 Found. 1.65 0.08 Not found. 7.1% Not found. 2.5
S;ar?;’;rea;”e 3.0 3.0 Found. 1.69 0.08 Not found. 6.0% Found. 3.0
S}S:rf;ia;lve 2.0 2.0 Found. 1.43 0.12 Not found. 10.5% Not found. 1.5
S;;f;iazve 2.0 2.0 Found. 1.35 0.15 Not found. 11.2% Not found. 1.4
S;ﬁ;iagve 2.0 2.0 Found. 1.32 0.16 Not found. 10.3% Not found. 1.3
S;ﬁ;iagve 2.0 2.0 Found. 1.45 0.12 Not found. 10.1% Not found. 1.8
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lon exchanged water 10.0 weight part 15.0 weight part 5.0 weight part 1.0 weight part 2.0 weight
part 0.2 weight part 0.2 weight part Balance (17) Recording liquid 24 (used for example 5, example
8, example 9, example 10 and comparative example 8; black, self-dispersion type) Cabojet 300
(made by Cabot, self-dispersion type pigment) 60 1,3-butanediol Glycerin Surfactant (general formula
(1)) 5 2-pyrolidone Sodium dehydroacetate Sodium thiosulfate lon exchanged water 10.0 weight part

22.5 weight part 7.5 weight part 1.0 weight part
<Production 2 of recording liquid>

Components of each of the following recording liquids were
mixed, and then were filtered by a Teflon filter of 0.8 um, to thereby
produce each recording liquid.

5 (14) Recording liquid 21 (used for comparative example 7; black,
self-dispersion type)

Cabojet 300 (made by Cabot, self-dispersion type pigment)

10.0 weight part

1,3-butanediol 7.5 weight part
10 Glycerin 2.5 weight part

Surfactant (general formula (I)) 1.0 weight part

2-pyrolidone 2.0 weight part

Sodium dehydroacetate 0.2 weight part

Sodium thiosulfate 0.2 weight part
15 Ion exchanged water Balance

(15)  Recording liquid 22 (used for example 6; black, self-dispersion

type)
Cabojet 300 (made by Cabot, self-dispersion type pigment)
10.0 weight part
20 1,3-butanediol 12.0 weight part
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2.0 weight part 0.2 weight part 0.2 weight part Balance (18) Recording liquid 31 (used for
comparative example 7; yellow, 10 self-dispersion type) C. I. pigment yellow 17 (self-dispersion type)
1,3-butanediol Glycerin 10.0 weight part 7.5 weight part 2.5 weight part 15 Surfactant (general
formula (1)) 1.0 weight part 2-pyrolidone Sodium dehydroacetate Sodium thiosulfate lon exchanged
water 2.0 weight part 0.2 weight part 0.2 weight part Balance 20 (19) Recording liquid 32 (used for
example 6; yellow, self-dispersion 61 type)

Glycerin 4.0 weight part
Surfactant (general formula (I)) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part

5 Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

(16)  Recording liquid 23 (used for example 7; black, self-dispersion

type)

Cabojet 300 (made by Cabot, self-dispersion type pigment)

10 10.0 weight part
1,3-butanediol 15.0 weight part
Glycerin 5.0 weight part
Surfactant (general formula (I)) 1.0 weight part
2-pyrolidone 2.0 weight part

15 Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ton exchanged water Balance

(17)  Recording liquid 24 (used for example 5, example 8, example 9,
example 10 and comparative example 8; black, self-dispersion type)

20 Cabojet 300 (made by Cabot, self-dispersion type pigment)
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C. I. pigment yellow 17 (self-dispersion type) 10.0 weight part 1,3-butanediol 12.0 weight part 5
Glycerin 4.0 weight part Surfactant (general formula (1)) 1.0 weight part 2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part Sodium thiosulfate 0.2 weight part 10 lon exchanged water
Balance (20) Recording liquid 33 (used for example 7; yellow, self-dispersion type) C. I. pigment
yellow 17 (self-dispersion type) 10.0 weight part 15 1,3-butanediol 15.0 weight part Glycerin 5.0
weight part Surfactant (general formula (1)) 1.0 weight part 2-pyrolidone 2.0 weight part Sodium
dehydroacetate 0.2 weight part 20 Sodium thiosulfate 0.2 weight par® 2wengdxchamged water Balance
(21) Recording liquid 34 (used for example 5, example 8, example 9, example 10 and comparative

example 8; yellow, self-gispgisigiyiypre) C. I. pigment yellow 17 (sefslispersian tyagl

Glycerin 7.5 weight part
Surfactant (general formula (I)) 1.0 weight part

5 2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ton exchanged water Balance

(18)  Recording liquid 31 (used for comparative example 7; yellow,
10  self-dispersion type)
C. I. pigment yellow 17 (self-dispersion type)

10.0 weight part

1,3-butanediol 7.5 weight part
Glycerin 2.5 weight part

15 Surfactant (general formula (I)) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

20 (190 Recording liquid 32 (used for example 6; yellow, self-dispersion
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5 10.0 weight part 1,3-butanediol 22.5 weight part Glycerin 7.5 weight part Surfactant (general
formula (1)) 1.0 weight part 2-pyrolidone 2.0 weight part 10 Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part lon exchanged water Balance <Production 2 of treatment liquid>
Components of each of the following treatment liquids were 15 mixed, and then were filtered by a
Teflon filter of 0.8 m, to thereby produce each treatment liquid. (9) Treatment liquid 11 (used for
example 5, and comparative example 7) Cationic silica (ST-AK made by Nissan Chemical Industries,
20 Ltd.) 5.0bwpi§ht part (solid) 63 Glycerin 5.0 weight part Surfactant (general formula (1)) 1.0 weight
part 2-ethyl-1,3-hexanediol 2.0 weight part Sodium dehydroacetate 0.2 weight part 5 Sodium
thiosulfate 0.2 weight part; JoR&xCHaNgGA watss Balasse 6100 tigatment liquid 12 (used for example 6,

example 7, and

10.0 weight part

1,3-butanediol 12.0 weight part
5 Glycerin 4.0 weight part
Surfactant (general formula (I)) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
10 Ion exchanged water Balance

(20)  Recording liquid 33 (used for example 7; yellow, self-dispersion
type)
C. I. pigment yellow 17 (self-dispersion type)

10.0 weight part

15 1,3-butanediol 15.0 weight part
Glycerin 5.0 weight part
Surfactant (general formula (I)) 1.0 weight part
2-pyrolidone 2.0 weight part
Sodium dehydroacetate 0.2 weight part

20 Sodium thiosulfate 0.2 weight part
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example 8) Cationic silica (ST-AK made by Nissan Chemical Industries, 10 Ltd.) 5.0 weight part
(solid) Glycerin 10.0 weight part Surfactant (general formula (1)) 1.0 weight part
2-ethyl-1,3-hexanediol 2.0 weight part Sodium dehydroacetate 0.2 weight part 15 Sodium thiosulfate
0.2 weight part lon exchanged water Balance (11) Treatment liquid 13 (used for example 9) Alumina
(Alumina sol 520 made by Nissan Chemical Industries, Ltd.) 5.0 weight part (solid) 20 Glycerin 10.0
weight part 64 5 10 15 20 (12) Ltd.) Surfactant (general formula (1)) 1.0 weight part
2-ethyl-1,3-hexanedioh 2Roheigie pava ®adium dehydroacetate 0.2Badighepart Sodium thiosulfate 0.2
weight part

(21)  Recording liquid 34 (used for example 5, example 8, example 9,

example 10 and comparative example 8; yellow, self-dispersion type)

C. I. pigment yellow 17 (self-dispersion type)

5 10.0 weight part
1,3-butanediol 22.5 weight part
Glycerin 7.5 weight part
Surfactant (general formula (I)) 1.0 weight part
2-pyrolidone 2.0 weight part
10 Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
Ton exchanged water Balance

<Production 2 of treatment liquid>
Components of each of the following treatment liquids were
15 mixed, and then were filtered by a Teflon filter of 0.8 um, to thereby
produce each treatment liquid.
(9) Treatment liquid 11 (used for example 5, and comparative
example 7)
Cationic silica (ST-AK made by Nissan Chemical Industries,

20 Ltd.) 5.0 weight part (solid)
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lon exchanged water Balance Treatment liquid 14 (used for example 10) Cationic silica (ST-AK made
by Nissan Chemical Industries, 5.0 weight part (solid) Glycerin Surfactant (general formula (1)) 2-ethyl-
1, 3-hexane diol Cation G50 (cationic Industries, Ltd.) Sodium dehydroacetate Sodium thiosulfate lon
exchanged water 10.0 weight part 1.0 weight part 2.0 weight part surfactant made by Sanyo
Chemical 4.0 weight part 0.2 weight part 0.2 weight part Balance (13) Treatment liquid 15 (used for
comparative example 8) Anionic silica (ST-ZL made by Nissan Chemical Industries, Ltd.) Glycerin 34.6
weight part (solid) Glycerin 5.0 weight part

Surfactant (general formula (I)) 1.0 weight part

2-ethyl-1,3-hexanediol 2.0 weight part
Sodium dehydroacetate 0.2 weight part

5 Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

(10) Treatment liquid 12 (used for example 6, example 7, and
example 8)
Cationic silica (ST-AK made by Nissan Chemical Industries,
10 Ltd.) 5.0 weight part (solid)
Glycerin 10.0 weight part

Surfactant (general formula (I)) 1.0 weight part

2-ethyl-1,3-hexanediol 2.0 weight part
Sodium dehydroacetate 0.2 weight part

15 Sodium thiosulfate 0.2 weight part
Ton exchanged water Balance

(11)  Treatment liquid 13 (used for example 9)
Alumina (Alumina sol 520 made by Nissan Chemical Industries,
Ltd.) 5.0 weight part (solid)

20 Glycerin 10.0 weight part
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10.0 weight part 65 Surfactant (general formula (1)) 1.0 weight part 2-ethyl-1,3-hexanediol 2.0 weight
part Sodium dehydroacetate 0.2 weight part Sodium thiosulfate 0.2 weight part 5 lon exchanged
water Balance <Viscosity measurement 2> The recording liquid and the treatment liquid thus produced
were measured for viscosity at 25C with a rotary R-type viscosimeter (Series 500 made by TOKI
SANGYO CO., LTD.). 10 (Example 5) A black recording liquid cartridge was loaded with a black
recording liquid 24, a yellow recording liquid cartridge was loaded with a yellow recording liquid 34,
and a treatment liguitietactiaygé (gasdvabiéer witda tdatment fquid gLt tsreafter the above cartridges
were 15 mounted to an ink-jet printer in FIG. 3, to thereby carry out a print evaluation. My paper (plain
paper sheet made by NBR Ricph Gombifid] was used for aggpardigg megiym for carrying out a print
test. Printing was carried out in such an order that the treatment liquid was adhered at first to the
paper sheet, and subsequently the recording 20 liquids of various colors were adhered on the
treatment liquid. 66 TR &Ry Brapesteadsrd article thus BrintB81%AL Basuated in

Sodium thiosulfate 0.2 weight part
5 Ion exchanged water Balance
(12)  Treatment liquid 14 (used for example 10)

Cationic silica (ST-AK made by Nissan Chemical Industries,

Ltd.) 5.0 weight part (solid)
Glycerin 10.0 weight part

10 Surfactant (general formula (I)) 1.0 weight part

2-ethyl-1,3-hexanediol 2.0 weight part

Cation G50 (cationic surfactant made by Sanyo Chemical

Industries, Ltd.) 4.0 weight part

Sodium dehydroacetate 0.2 weight part

15 Sodium thiosulfate 0.2 weight part
Ion exchanged water Balance

(13) Treatment liquid 15 (used for comparative example 8)
Anionic silica (ST-ZL made by Nissan Chemical Industries, Ltd.)
34.6 weight part (solid)

20 Glycerin 10.0 weight part
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the following manner. <Image quality evaluation 2> (I) Feathering 5 An image quality was evaluated
by observing a black character portion and comparing it with a rank sample. Rank 5: No feathering is
found. Rank 4: Very few featherings are found. Rank 3: Featherings are found but are not 10
practically problematical. Rank 2: A fair amount of featherings are found. Rank 1: Many featherings
are found. (2) Color bleeding An image quality was evaluated by observing a boundary 15 portion
between a black solid image and a yellow solid image and comparing it with a rank sample. Rank 5:
No mixed color is fovmefaRtmktAe¢asrfdvioninedacbldrs are found. RankS:giixedwolors are found but
are not 20 practically problematical. 67 Rank 2: A fair amount of mixed colors are found. Rank 1.:

Many mixed colors argifoping. s(BlLmageAgnsity and back-through glgngity Ay Rtigal density was
measured from a surface of the black

Sodium dehydroacetate 0.2 weight part
Sodium thiosulfate 0.2 weight part
5 Ion exchanged water Balance

<Viscosity measurement 2>
The recording liquid and the treatment liquid thus produced
were measured for viscosity at 25°C with a rotary R-type viscosimeter
(Series 500 made by TOKI SANGYO CO., LTD.).
10 (Example 5)
A black recording liquid cartridge was loaded with a black
recording liquid 24, a yellow recording liquid cartridge was loaded with
a yellow recording liquid 34, and a treatment liquid cartridge was
loaded with a treatment liquid 11, thereafter the above cartridges were
15 mounted to an ink-jet printer in FIG. 3, to thereby carry out a print
evaluation. My paper (plain paper sheet made by NBS Ricoh Co., Ltd.)
was used for a recording medium for carrying out a print test.
Printing was carried out in such an order that the treatment liquid was
adhered at first to the paper sheet, and subsequently the recording

20 liquids of various colors were adhered on the treatment liquid.
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5 solid image portion and from a backface of the black solid image portion, to thereby obtain
respectively an image density and a back-through density. (4) Dryness Immediately after the printing
was completed, a recording 10 medium (My paper made by NBS Ricoh Co., Ltd.) was pressed to a
record article under a certain pressure, so as to check for ink transfer of the black solid image portion.
(5) Waterproof After being dipped in ion exchanged water for 1 minute, the 15 record article was taken
out, and water adhesion was absorbed with a paper towel for natural dry. Density of the black solid
image was measured aggore alatladfeihhe elippthgr tistecang o rmice d asa slearhintetasa fading
ratio. (Example 6 to example 10) 20 Print tests in the example 5 were repeated, except that the black
68 recordingyjgdigh 8é- e yellomerecording liquid 34 and the treatment liquid 11 in the example 5
were replaced respectively with those shown in Table 3, to thereby carry out an evaluation on image
quality of the_record article. 5 (Comparative example 7 and comparative example 8) Print tests in the
example 5 WLPRAEHARRH LELEUMALOMEBlack recording liquid 24, the yellow recording liquid 34 and
the treatment

(1) Feathering

5 An image quality was evaluated by observing a black character

portion and comparing it with a rank sample.

Rank 5: No feathering is found.
Rank 4: Very few featherings are found.
Rank 3: Featherings are found but are not

10  practically problematical.
Rank 2: A fair amount of featherings are found.
Rank 1: Many featherings are found.
(2) Color bleeding
An i1mage quality was evaluated by observing a boundary
15 portion between a black solid image and a yellow solid image and

comparing it with a rank sample.

Rank 5: No mixed color is found.
Rank 4: Very few mixed colors are found.
Rank 3: Mixed colors are found but are not

20 practically problematical.
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liquid 11 in the example 5 were replaced respectively with those shown in Table 3, to thereby carry
out an evaluation on image quality of the 10 record article. Table 3 shows results of evaluation on
image quality of the record article obtained by the example 5 to the example 10 and by the
comparative example 7 and the comparative example 10. Fig. 3 also shows viscosity at 25C of the
recording liquid and the treatment liquid 15 used therefor. 69 [Table 31 T Back- Black

recordingYellow recordingli FeatherinColorimageh Drynessf idh reatment t Waterproo qu roug. .
liquid.liquid.gbleedilgaénity. A fair amount of mixed colors are found.

Rank 1: Many mixed colors are found.
(3) Image density and back-through density
An optical density was measured from a surface of the black
5 solid image portion and from a backface of the black solid image portion,
to thereby obtain respectively an image density and a back-through
density.
(4) Dryness
Immediately after the printing was completed, a recording
10 medium (My paper made by NBS Ricoh Co., Ltd.) was pressed to a
record article under a certain pressure, so as to check for ink transfer of
the black solid image portion.
(5) Waterproof
After being dipped in ion exchanged water for 1 minute, the
15 record article was taken out, and water adhesion was absorbed with a
paper towel for natural dry. Density of the black solid image was
measured before and after the dipping, and change ratio was
determined as a fading ratio.
(Example 6 to example 10)

20 Print tests in the example 5 were repeated, except that the black
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density. No.ViscosityNo.ViscosityNo.ViscosityRank.Rank.(OD).(OD).transferFading ratio W. Not
Example 5.248.16348.01114.033.03.51.750.055.5 found. Not Example
6.224.10323.91125.023.03.01.740.044.3 fou nd. Not Example
7.235.16335.01125.023.53.51.780.052.5 found. Not Example
8.248.16348.01125.024.04.01.800.032.1 found. Not Example
9.248.16348.01134.483.53.01.730.042.5 fou nd. Not Example
10.248.1634ecorduse2bgoBlodg5the2teslow recording liquid 34 and the treatment

liquid 11 in the example 5 were replaced respectively with those shown
in Table 3, to thereby carry out an evaluation on image quality of the
record article.

5 (Comparative example 7 and comparative example 8)

Print tests in the example 5 were repeated, except that the black
recording liquid 24, the yellow recording liquid 34 and the treatment
liquid 11 in the example 5 were replaced respectively with those shown
in Table 3, to thereby carry out an evaluation on image quality of the

10  record article.

Table 3 shows results of evaluation on image quality of the
record article obtained by the example 5 to the example 10 and by the
comparative example 7 and the comparative example 10. Fig. 3 also
shows viscosity at 25°C of the recording liquid and the treatment liquid

15 used therefor.
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found. Comparativ 213.45313.22114.032.02.01.650.08Found.7.1 e example 7. Comparativ
248.1634 8.01155.301.01.01.500.15Found.10.2 F e example 8. Remark: viscosity unit is

mPa/sec. 70 As is seen in Table 3, the example 5 to the example 10 with their at least one of
the recording liquid and the treatment liquid having the viscosity of 5 mPa-sec belong to rank

3.0 or more Eal of feathering and color bleeding, which rank is not practically
problematl oted that 5 the aggregation formed by the anionic colorant included in the
recording llquid and the|cationic particle included in the treatment liquid is held oy means pf Back-
the viscosity of mixture qf tH8TE&BraTIGyid AR tFedtAent diguidwithpunydiRghewa | Color | Tmage |, o ) DIYRESs| . orbroof.
out, and that the featherlng anditédeolor | Ieedlﬂéqélﬂé suppr=ssed. Moreover, fhe infage |Pleeding.| density. density.
density showstighvatugs 10 of 1gcosf% 35, wite L{}ISCOSlé( hrough )gnbl(yg % WS fow TITK Fadin
values of 0J02 to 0.05. VitiNthis,|the aggrggation id accumulatedin alform of 4 stoRenkall ih Rank. [ (OD). | (OD). |transfer . Og
the vicinity pHhe-surface-oHtherpcordirgthedioriptherebyirereasathe—age-gensity J:.d ratio (%).
permeation| guhtagheshdck efithd regording mediun isg.o1 11 4.03 3.0 3.5 1.75 0.05 folj?lti 5.5
Example 6. 22 4.10 32 3.91 12 5.02 3.0 3.0 1.74 0.04 Not 4.3
found.
Example 7 23 5.16 33 5.01 12 5.02 3.5 3.5 1.78 0.05 Not 2.5
found.
Example 8. 24 8.16 34 8.01 12 5.02 4.0 4.0 1.80 0.03 Not 2.1
found.
Example 9. 24 8.16 34 8.01 13 4.48 3.5 3.0 1.73 0.04 Not 2.5
found.
Example 10. 24 8.16 34 8.01 14 5.20 5.0 5.0 1.85 0.02 Not 1.6
found.
Comparativ 3.45 31 3.22 11 4.03 2.0 2.0 1.65 | 0.08 | Found. 7.1
e example 7
Comparativ| 8.16 34 8.01 15 5.30 1.0 1.0 150 | 0.15 |Found.| 10.2
e example 8.
Remark: viscosity unit is mPa/sec.
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suppressed to thereby decrease the back-through density. Moreover, even 15 pressing the recording
medium to the record article obtained immediately after printing does not cause ink transfer, which
proves that permeation of the vehicle (included in the recording liquid and the treatment liquid) in the
recording medium is accelerated and the dryness of the record image is good. In addition, change in
the image density after the record article is dipped 20 for 1 minute in the ion exchanged water shows a
low fading rate of 1.6% to 5.5%, proving that the aggregation formed by the anionic colorant and the
71 cationic particle Nélps $efrdve rprédleot xaanileordtinthiges aimible d oy thrideattisdugh using

the anionic colorant for the recording liquid and the cationic particle for the treatment liquid, the

comparativgegxample dhahthesdseasity di@ach ahihetrcaidinglionid hgdid the vieatmaat liquid less
than 5 mPa-sec, belonging to a low rank 2.0 in terms of feathering and color bleeding and featuring a

fairy low imgge, depsip-of.bes andadaliyig back-raugh densitof 6,98, dsidynssp and the

waterproof of ampl are also |n ior. An |nsuff|C|ent viscosity of mixture o recordlng liquid
and the treatment liquid seems 10 to have caused the anionic colorant and the cationic particle to flow

out, resultifg Iy thieedbigse. Whdrdovank I’t%%%‘iﬂH b&amb @%@ﬁf& thd ifidmtedotbint for the
recording liquid and the anionic particle for the treatment liquid has viscosity of each of the recording

liquid ahd thhdreaineph tigu d@mia-dec fibeonnorgc loolbiacasmdadedan thieeantoniclooadorant and
the anionic
liquid and the cationic particle included in the treatment liquid is held by
means of the viscosity of mixture of the recording liquid and the treatment
liguid without being flown out, and that the feathering and the color
bleeding are suppressed. Moreover, the image density shows high values
10 of 1.73 to 1.85, while the back-through density shows low values of 0.02 to
0.05. With this, the aggregation is accumulated in a form of a stone wall in
the vicinity of the surface of the recording medium to thereby increase the
image density, and permeation out to the back of the recording medium 1is
suppressed to thereby decrease the back-through density. Moreover, even
15 pressing the recording medium to the record article obtained immediately
after printing does not cause ink transfer, which proves that permeation of
the vehicle (included in the recording liquid and the treatment liquid) in the
recording medium is accelerated and the dryness of the record image is good.
In addition, change in the image density after the record article is dipped

20 for 1 minute in the ion exchanged water shows a low fading rate of 1.6% to

5.5%, proving that the aggregation formed by the anionic colorant and the
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particle forming no aggregation caused deteriorated image quality evaluations. INDUSTRIAL
APPLICABILITY 20 As described in detail and specifically above, use of the recording liquid including
the resin-coated colorant can obtain a print having a good 72 wear resistance, the treatment liquid and
the recording liquid forming the aggregation can suppress the feathering and the color bleeding, use
of the cationic particle and the anionic colorant can effectively form the aggregation to thereby further
suppress the feathering and the color 5 bleeding, moreover, use of the cationic inorganic particle can
further effeetiienifopartidabghegatiprey ehepdsyiuenicrdipspreeerthiniégitiering and the color
bleeding, moreover, use of the cationic silica can further effectively form the aggregation to thereby

further suppress th@featheriogh@nd talcoldflcnleiantsing tigaimenbliguiddnaliadingdheMater and the
10 water-soluble solvent can decrease ignitability and decrease skin stimulation to thereby increase

safety, the treatment liquid.including,the humectant revent clogging of the head, the tfreatment
liquid incluéﬁﬁ(g)%nge%&?égt %:gé a%h)%v% eﬂ%%%d%grggégﬁ?/%érn%%téq%t eeﬁlappetlequs 1gétq%ethereby
increase dryness, the treatment liquid including the first antiseptic 15 (preventin%Acotrosion) and the

second antRYPRaTAtevesFgRlId) Bas thersmsesdtnmg tash sfdragdwariing Hautdaneént liquid

including the cationic surfactant can improve aggregation property to thereby further suppress the
feathering ahe delartbleedingy wisk lekthehpignient Rar-$be, belonging to a low rank 2.0 in

terms of feathering and color bleeding and featuring a fairly low image
density of 1.65 and a fairly high back-through density of 0.08. The dryness
and the waterproof of the example 7 are also inferior. An insufficient
viscosity of mixture of the recording liquid and the treatment liquid seems

10  to have caused the anionic colorant and the cationic particle to flow out,
resulting in the above.

Moreover, the comparative example 8 using the anionic colorant for
the recording liquid and the anionic particle for the treatment liquid has
viscosity of each of the recording liquid and the treatment liquid 5mPa-sec

15 or more. In this case, however, the anionic colorant and the anionic
particle forming no aggregation caused deteriorated image quality

evaluations.

INDUSTRIAL APPLICABILITY
20 As described in detail and specifically above, use of the recording

liquid including the resin-coated colorant can obtain a print having a good
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colorant in the recording liquid can improve aggregation property to thereby 20 suppress the feathering
and the color bleeding, the recording liquid including the water and the water-soluble solvent can
decrease ignitability 73 and decrease skin stimulation to thereby increase safety, the recording liquid
including the humectant can prevent clogging of the head, the recording liquid including the penetrant
can allow the liquid to easily permeate in the paper sheet to thereby increase dryness, the recording 5
liquid including the first antiseptic (preventing corrosion) and the second antiseptic (preventing mold)
can increas® ¢aiblgsistaNStorblye Stantiment haer tharptedent esosdtinn Bayisgianennsthsthe
viscosity, the recording liquid including the anionic colorant and the treatment liquid including the

cationic pariglereatleiast e ohpiedesatdin@dichiciandhe tHe trodmbliditiuig, hasing iseosity of 5
mPa-sec or more at 25'C can suppress the feathering and the color bleeding and can provide an ink

set giving a. [ecorel mageal ha highimage densiyand o mags aualy,re fram  pack-through.
Particularly, when ei]r%g printed on a plain paper sheet, an ink-jet printing me¥ho<§) and an ink-jet
printer can be provided which _cause 15 high image density and are excellent in double-sided printing
without caSIRERAHSYNG ateeEslst di RY, BRERVATEHh Hé@/efﬁaébééllﬂ%/n%’%@ oftRe cpddbrd image.
Moreover, the above ink-jet printing method can provide a record article having an improved
waterpioof biwbtghg resisiaoser2Qise of the cationic inorganic particle can further

effectively form the aggregation to thereby further suppress the feathering
and the color bleeding, moreover, use of the cationic silica can further
effectively form the aggregation to thereby further suppress the feathering
and the color colorant, the treatment liquid including the water and the
10 water-soluble solvent can decrease ignitability and decrease skin
stimulation to thereby increase safety, the treatment liquid including the
humectant can prevent clogging of the head, the treatment liquid including
the penetrant can allow the liquid to easily permeate in the paper sheet to
thereby increase dryness, the treatment liquid including the first antiseptic
15 (preventing corrosion) and the second antiseptic (preventing mold) can
increase a long-term storage stability, the treatment liquid including the
cationic surfactant can improve aggregation property to thereby further
suppress the feathering and color bleeding, use of the pigment for the
colorant in the recording liquid can improve aggregation property to thereby
20 suppress the feathering and the color bleeding, the recording liquid

including the water and the water-soluble solvent can decrease ignitability
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74 CLAIMS 1. An ink set comprising: a recording liquid including a resin-coated colorant; and 5 a
treatment liquid including a particle which has a reactivity with the resin-coated colorant. 2. An ink set
according to claim 1, wherein an aggregation is formed when the treatment liquid and the recording
liquid contact each other. 10 3. A treatment liquid used for the ink set according to claim 1, wherein the
particle included in the treatment liquid is made of a cationic material. 4. A treatment liquid according

to claim 3, wherein the cationic 15 material is a cationic inorganic material. 5. A treatment liquid
according teethifeareqsersiklthe casiéinorbarib encherian epsationietsilidheroesopditegtment liquid

according to any one of claim 3 to claim 5, wherein the treatment liquid includes a water and a

water-solubli; selvemnilGaihgA tHRatmemilighic aceardingvientlaiio gaiwbergin e Wader-sglable solvent
is at least one of a humectant and a penetrant. 5 8. A treatment liquid according to any one of claim 3

corosion kS8, SOk e s e e A N Al SR aang @

. 9. g to any one of claim 3'to claim 5,

permeate in the paper sheet to thereby increase dryness, the recording

5 liquid including the first antiseptic (preventing corrosion) and the second
antiseptic (preventing mold) can increase a long-term storage stability.

Under the present invention paying attention to the viscosity, the

recording liquid including the anionic colorant and the treatment liquid

including the cationic particle, at least one of the recording liquid and the

10 treatment liquid having viscosity of 5 mPa-sec or more at 25°C can suppress

the feathering and the color bleeding and can provide an ink set giving a

record image that has high image density and high image quality free from

back-through. Particularly, when being printed on a plain paper sheet, an

ink-jet printing method and an ink-jet printer can be provided which cause

15 high image density and are excellent in double-sided printing without

causing feathering and color bleeding, and which have a good dryness of the

record image.
Moreover, the above ink-jet printing method can provide a record

article having an improved waterproof and light resistance.

20
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10 wherein the treatment liquid includes a cationic surfactant. 10. A treatment liquid according to any
one of claim 3 to claim 5, wherein the treatment liquid includes a rust preventive. 15 11. A recording
liquid used for the ink set according to claim 1, wherein the colorant included in the recording liquid is
anionic. 12. A recording liquid according to claim 11, wherein the anionic colorant is a pigment
colorant. 20 13. A recording liquid used for the ink set according to claim 1, wherein 76 the recording
liquid further comprises a water and a water-soluble solvent. 14. A recording liquid according to claim
13, wherein the water-soluble solvent is at leastbAdMfa humectant and a penetrant. 5 15. A recording
liquid according to claim 14, wherein the recording liquid includes an antiseptic for preventing at least
one of a corrosion and a mold. 10 16. A recording liquid according to claim 14, wherein the recording
liquid includes a rust preventive. 17. An ink set according to claim 1, wherein at least one of the
_recqrding I_iﬂuid an%thenﬁges%tpc%%ligysi&l%as a vis_cosity o_f 5 mPa sec or more at 25 15 _C. 18. An
ink-jet printing methiod *or forming an image by using the ink set according to any of claims 1, 2 and

17, or by using a combination of the ) )
a recording liquid including a resin-coated colorant; and

5 a treatment liquid including a particle which has a reactivity with

the resin-coated colorant.

2. An ink set according to claim 1, wherein an aggregation is formed
when the treatment liquid and the recording liquid contact each other.

10
3. A treatment liquid used for the ink set according to claim 1, wherein

the particle included in the treatment liquid is made of a cationic material.

4. A treatment liquid according to claim 3, wherein the cationic

15 material is a cationic inorganic material.

5. A treatment liquid according to claim 4, wherein the cationic

inorganic material is a cationic silica.

20 6. A treatment liquid according to any one of claim 3 to claim 5,

wherein the treatment liquid includes a water and a water-soluble solvent.
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treatment liquid according to any one of claims 3 to 10 and the recording 20 liquid according to any
one of claims 11 to 16, the ink-jet printing method comprising: 77 adhering the treatment liquid to a
recording medium; and adhering the recording liquid to the recording medium, to thereby form the
image on the recording medium. 5 19. An ink-jet printer for forming an image by using the ink set
according to any of claims 1, 2 and 17, or by using a combination of the treatment liquid according to
any one of claims 3 to 10 and the recording liquid according to any one of claims 11 to 16, 10 15 20
the recording medium; and a second adhering section for adhering the recording liquid to the
recording medium, the ink-jet printer comprising: a conveying section for conveying a recording

medium; a first adhgring seekien fogatthadag-the dreataeih liguidierte thereby feer dbrisiage on the
recording medium. 20. A treatment liquid cartridge for receiving therein the treatment liquid which is
used for the(i)

it ACKPIOg e g AR 31 A deligfeament liuid according to any

one of claims 3 to 10.

5 8. A treatment liquid according to any one of claim 3 to claim 5,
wherein the treatment liquid includes an antiseptic for preventing at least

one of a corrosion and a mold.

9. A treatment liquid according to any one of claim 3 to claim 5,

10  wherein the treatment liquid includes a cationic surfactant.

10. A treatment liquid according to any one of claim 3 to claim 5,

wherein the treatment liquid includes a rust preventive.

15 11. A recording liquid used for the ink set according to claim 1, wherein

the colorant included in the recording liquid is anionic.

12. A recording liquid according to claim 11, wherein the anionic
colorant is a pigment colorant.

20

13. A recording liquid used for the ink set according to claim 1, wherein
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21. A recording liquid cartridge for receiving therein the recording 78 liquid which is used for the ink set
according to any of claims 1, 2 and 17, or the recording liquid according to any one of claims 11 to 16.
22. An ink-jet record article which is produced by using the ink-jet 5 printer according to claim 19. 79

the recording liquid further comprises a water and a water-soluble solvent.

14. A recording liquid according to claim 13, wherein the water-soluble

solvent is at least one of a humectant and a penetrant.

5

15. A recording liquid according to claim 14, wherein the recording
liquid includes an antiseptic for preventing at least one of a corrosion and a
mold.

10 16. A recording liquid according to claim 14, wherein the recording
liquid includes a rust preventive.
17. An ink set according to claim 1, wherein at least one of the recording
liquid and the treatment liquid has a viscosity of 5 mPa-sec or more at 25°

15 C.

18. An ink-jet printing method for forming an image by using the ink set

according to any of claims 1, 2 and 17, or by using a combination of the

treatment liquid according to any one of claims 3 to 10 and the recording
20  liquid according to any one of claims 11 to 16,

the ink-jet printing method comprising:
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10

15

20

adhering the treatment liquid to a recording medium; and
adhering the recording liquid to the recording medium,

to thereby form the image on the recording medium.

19. An ink-jet printer for forming an image by using the ink set
according to any of claims 1, 2 and 17, or by using a combination of the
treatment liquid according to any one of claims 3 to 10 and the recording
liquid according to any one of claims 11 to 16,
the ink-jet printer comprising:

a conveying section for conveying a recording medium;

a first adhering section for adhering the treatment liquid to
the recording medium; and

a second adhering section for adhering the recording liquid
to the recording medium,

to thereby form the image on the recording medium.

20. A treatment liquid cartridge for receiving therein the treatment
liquid which is used for the ink set according to any of claims 1, 2 and 17, or

the treatment liquid according to any one of claims 3 to 10.

21. A recording liquid cartridge for receiving therein the recording

78



liquid which is used for the ink set according to any of claims 1, 2 and 17, or

the recording liquid according to any one of claims 11 to 16.

22. An ink-jet record article which is produced by using the ink-jet

printer according to claim 19.
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