WO 2006/ 04 6 74 7 PCT/JP2005/ 020052 DESCRI PTI ON | NKJET RECORDI NG APPARATUS
AND | NKJET RECORDI NG METHOD 5 Technical Field The present invention
relates to an inkjet recording apparatus and an inkjet recordi ng nethod

t hat enpl™®y 281#/0#¢ik7t hat provi des superior imge qual ity bsghspeed
printing ability on regular paper, as well as favorable storage stability

and di scharging stability. 10 Bac ecently, inkjet printers have
been rapidly devel oping their mﬁ@gﬁmb their features such as

printability on_requl ar paper easy col orization, conpact size,

i nexpensi ve pﬂ?@giggﬂ@Eﬁgﬁﬁiﬁh%}ﬁé’dﬂ%ﬁITEBA$QbHﬁﬁ@lﬁTdﬁBEKﬂﬁBlNéﬂuired f or
inkjet recording ink are as follows: color tone, inmage density and

bl eedi ng to achi eve high i mage qual iM¥THOGDssol ution or di spersion
stability, preservation stability, and discharge stability of colorant in
the ink to achieve reliability; water resistance and |light resistance to
secure the storage |ife of recorded inmages; rapid 20 drying of ink to

achi eve_hi gh- spee rinting. Various inprovenents have been proposed
heretofarquﬁﬁgF@gﬁg? satisfy these requirenents. Initially, colorants of
the inkjet recording ink were nmainly based on dyes owing to their bright
coloration and hiljie pe¢deatsi inveytioreeeatty to itk inERAPAROPE L 8PH Rt-4tf0

pi gnents such as carbon bl ack have gained 1 WD 2006/ 046747

PCT/ JP2005480@%2 inkjet recording method that employ an ink that provides
superior image quality and high-speed printing ability on regular paper,

as well as favorable storage stabﬂity and discharging stability.

10
Backgroand Axt
Recently, inkjet printers have been rapidly developing their
market owing to their features such as printébﬂity on regular paper,
easy colorization, compact size, inexpensive price, and low running cost.
15 Typical properties required for inkjet recording ink are as follows:

color tone, image density and bleeding to achieve high image quality;

dissolution or dispersion stability, preservation stability, and discharge

stability of ‘coiorant in the ink to achieve ré]iability; water resistance

and ]ight resistance to secure the storage life of recorded images; rapid

20 drying of ink to achieve high-speed printing. Various Improvements
have been proposed heretofore in order to satisfy these requirements.

Initially, colorants of the inkjet recording ink were mainly based

on dyes owing to their bright coloration and high reliability; recently, ink

components containing pigments such as carbon black have gained

1



attention for the purpose of maeking the recorded i mges |ight- and

wat er-resistant. Further, the recent trend is to make the size of ink drops
smaller in order to achieve high-quality i mages and hi gh-speed printing;

5 t her ef owe,20tdwmsnazzlie di aneter al so tends to be reducegey/hiomey®ies2it 1S
considerably difficult to assure discharging stability of printers when
pigments are enployed as their colorant_ and_  printers are equipped with
nozzl es wi tHtentppeiordithaerernosacebrankipy the mreaded chnagendightk amdt
satisfies both these requirement and other ink 10 properties has not been
devel oped yehterPreystaus, proposals for increasing the reliability of
printers include inprovenents of the long-termpreservation stability of

the ink (o prevenichenlorpihelong ¥ +6 QM RE (ARSIt CRh AP

aggregati ons) an rmil ath1ons that suppress as nuc S posSsi

increase in the viscosity. of the ink when the noisture in the ink has
evapor at ed *'n Otrﬁérvi%‘&i AFPAFVET tt’t‘gr'é"ﬂ’é‘ﬂlztlYe§marg?sacﬂ:ﬁ‘ i Bigh sneads HiBEsged to
install a filter between the ink supply unit and ink discharge unit in
order to® pribeseforeuidte foode deamgtan aled tends he bendeduRedjar di ng t he

formul ation of the aforesaid ink, Patent Literature 20 1, 2 and 3 disclose

that the di schar gipgesbabii i {y dohsddsib Eiﬁﬁc%%'ﬂ)“:{&ug@erﬁi&&lﬁs%%ﬂéy when

the ink is being condensed; however, wth these propose Is found
RN T SR R, L T
PCT/ JP2005/ 020052
printers are equipped with nozzles with smaller diameter. Accordingly,
inkjet recording ink that lsatis.ﬁes both these requiremeﬁt and other ink
10  properties has not been developed yet.
Previous proposals for increasing the reliability of printers
include improvements of the long-term preservation stability of the ink
(to prevent the formulation of coarse particles due to pigment
aggregations) and formulations that suppress as much as possible the
15 increase in the viscosity of the ink when the moisture in the ink has
evaporated in the vicinity of the nozzles. In addition, it is proposed to
install a filter between the ink supply unit and ink discharge unit in
order to prevent dust from being mixed in the ink.
Regarding the formulation of the aforesaid ink, Patent Literature
20 1, 2 and 3 disclose that the discharging stability is assured by regulating
the viscosity when the ink is being condensed; however, with these
proposed ink, it is found difficult to ensure the high image quality on
regular paper.

In addition, Patent Literature 4 discloses that an ink with high
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viscosity (5 nmPa s to 15 nPa s) is required to ensure high image quality.
According to this proposal, it is reconmended to adjust the initial

vapori zation speed for assuring reliability, as well as to add specific
conpounddv@gogioseiesi ty control ling agents for adjustingporseomsoyesh
However, no description is present concerning the particle size stability
of the pignent, and the reliability is considered inferior in certain

confi gur at VEEosity heaaPang tadpanBagrhiereduinpbho pRowee highy ipage gualit.or a
prol onged period. Further, regarding a filter to be installed between an

i nk suppl yActerdingt t@anihis nikroiosehaitgés urddommanded stopragpjasialtbe hinvieisbeen
made for the purpose of preventing external dust, dust w thin ink,

preci pi tat @ﬁp(@ﬁggﬁiﬂéng%eéﬁ"@olaiarésﬁﬁqbl%] ‘féﬁ%ﬁgﬁiﬂfp l,Q9GeNY 28077 ha 42l diflk

channel . For™ exanp atent Literature Scl oses a device that prevents

air bubbles trapped by a.filter that .is installed as g neans to repove dust
is fromi nﬁ?%??ﬁﬁgst S fY8sHy tC}?@%Fﬂil.ngPa%%erﬂtSL&%rﬁal}‘rsngm@ NERESLY-

proposal to achieve both high definition and high speed. According to this
proposd , Flumtdver, nozddseriptioanst preseatmeoesseaing flor phitgtlersizestatilitpn of
i mage quality, which as a result requires smaller pore size of the filter

for dust remwal pighikss, 48dCERDI AAHHMItY 1sh@ohfiAELAB GrifdtidhanS epRkied | Nk
guantity due to speeding up, increases the pressure difference around the

Stat o ¢ nato e Seni of Beelort DYCRB BUTR - Rheh TOE I Wl B AL o

Furthernore, Patent, Literature 7 discloses that keeping the 3 WO
2006/ 0467 4R PCTEIPPEDHHN020052

Further, regarding a filter to be installed between an ink supply
10 unit and ink discharge unit, various proposals have been made for the
purpose of preventing external dust, dust within ik, precipitates from

ink, and air bubbles from clogging nozzle and ink channel.

For example, Patent Literature b discloses a device that prevents
air bubbles trapped by a filter that is installed as a means to remove dust

15  from inhibiting the flow of the ink.

Patent Literature 6 makes a proposal to achieve both high
definition and high speed. According to this proposal, smaller nozzle
diameter is necessary for higher definifion of image quality, which as a
result requires smaller pore size of the filter for dust removal. This,

20 combined with the increase in the supplied ink gquantity due to speeding
up, increases the pressure difference around the filter and decreases the
maximum ink ejecting frequency. The Iliterature states that this
problem can be avoided by contriving the configuration.

Furthermore, Patent Literature 7 discloses that keeping the



inertance and the flow resistance of a filter that is to be used within a
certain range elimnates the clogging due to inflow of contam nants,
relieves and absorbs the pressure generated when ink drops are being

di schar gego mtchidher effore secures a stabl e di scharge. ' Hoveyahooddignse
proposed filter consists of multiple grooves formed by etching on

ani sotropic crystal base, which |lacks versatility. Al so, the proposal

m sses to reattameetdved the fliwnshispabet wéanfitthe that tiertodyel wshé within and
shape of colorant particles in the ink. Patent Literature 8 points out a

possi bi i t yelhah sOMANMRRMHes kPeOBRRihARRR thyirdldw | dfebo@ssinkhtough the
filter over the long-termusage of a head and repetitive absorption and

di scharge of,.ink. The proposal _discloses that,installjng two types of
il ters mayelogis apealisaly thepEessusR sy at, ket ak Hhons i beg: ge:
however, this is not advisable in terms of cost. 15 Patent Literature 1
Japanese Pakiethargpgl iasul itbarefarel-@sunes () pighlendischaage 33 Hawemy dibe
Literature 2 JP-A No. 2000-95983 Patent Literature 3 JP-A No. 9-111166

Pat ent &it erapbser]l HiMEr Acddsisia00E- 3620 3e 20rddaieentiothb@r ByyUkecHindapanese
Patent (JP-B) No. 3168122 Patent Literature 6 JP-B No. 3267457 Patent -

IHLRREE I R T S

misses to mention the relationship between the filter and the size and

shape of colorant particles in the ink.
Patent Literature 8 points out a possibility that contaminants
10 once trapped by a filter pass through the filter over the long-term usage
of a head and repetitive absorption and discharge of ink. The proposal
discloses that installing two types of filters may avoid these and hence
considerably decrease poor discharge; however, this 1s not advisable in
terms of cost.
15 Patent Literature 1 Japanese Patent Application Laid-Open
(JP-A) No. 2002-337449
Patent Literature 2 JP-A No. 2000-95983
Patent Literature 3 JP-A No. 9-111166 |
Patent Literature 4 JP-A No. 2001-262025
20 Patent Literature 5 Japanese Patent (JP-B) No. 3168122
Patent Literature 6 JP-B No. 3267457
Patent Literature 7 JP-B No. 3389732

Patent Literature 8  JP-A No. 2002-273881



The present invention, in an inkjet recording apparatus equipped wth a
head that includes a filter as its conponent, enables to achieve both high
image quality and high reliability by adjusting the viscosity of s an

enpl oyed wokow@to4@2370C between 6 nPa s and 13 nPa s, amdTadpwsvisosy the
fluid resistance of the filter against the ink between 4.4 x 109 Pa s/nB
and 2.2 x 1010 Pa s/n8. Herewith, the discharge stability is ensured
because thddisslepnee gbbavandion) og with the external contami nants or
precipitants fromthe ink and because the stable ink supply is possible to
at hi gh-speed pr iTHd pupseAb ihnénidop) oy e inkjdt hecprdserdppiarat equppedpr i ses
essentially a colorant, a hunectant, a surfactant, and a wetting agent,

and 1s ChagRalLraadihyt titusarl ARbE U ASoRLRNMTY didbias Bf abhRSR

conponents adjuste e viscosity at is 6 nmPas to 13 nPas.

In 15 addition, .the present. . jnventi.on enabl.es both.high i e quality and
i gh el | RSERNGhapRE GetibRnduER ey pUeRPe rditeiy R e Bty od s
a conponent of a head within the range of 4.4 x 109 Pa s/nB and 2.2 X
1010 Pa sym@mplayedrinknkl 85 “Cdudmuienst apParaend 16 ntlfer peaderdjustingnt i on,
an ink 20 that conprises a colorant, a humectant, a surfactant, and a

wetting aggptflifd desibanee il tim Mtbeatkbhad tBeNEilstSetdfced fiid berrpoThe
viscosity of the ink is 6 mPa s to 13 nPa s, and the fluid resistance of

the filter , agai nst i & ¥ 4.,.%5109, Pa . a : 0L, Pa s/ nB.
Pr ef er abl y,Paa%??lnﬁ%}aé‘?z i%l&éjrlrpl%yesém by 1glr‘l3 rgﬁkﬁ%%ee(ggsrcéanﬁé SJS' ap;ggﬁgt us of
the present invention possesses the follow ng }giﬁect s: th i nk_ conprises 3

e
% by mass EREHEhhAttaitser dreeppade doeaomnedeyvitlpthe external contaminants

or precipitants from the ink and because the stable ink supply is possible
10  at high-speed printing.

An ink employed in the present invention comprises essentially a
colorant, a humectant, a surfactant, and a wetting agent, and 1s
characterized by the combination and blending ratio of these components
adjusted such that the viscosity at 25 °C is 6 mPa-s to 13 mPa-s. In

15 addition, the present invention énables both high image quality and high
reliability by adjusting the fluid resistance of a filter employed as a
component of a head within the range of 4.4 x 10° Pa-s/m3? and 2.2 X 1010
Pa-s/m3.

In an inkjet recording apparatus of the present invention, an ink

20 that comprises a colorant, a humectant, a surfactant, and a wetting
agent is discharged from a head thaf consists of a filter. The viscosity of
the ink is 6 mPa+*s to 13 mPa‘s, and the fluid resistance of the filter
against the ink is 4.4 X 10% Pa-s/m3 and 2.2 X 10%0 Pa * s/m3.

Preferably, an ink that is employed by an inkjet recording



mass% of col orant and 10 mass% to 40 mass% of hunectant; the colorant is a
pi gnent dispersible in water with no di spersant, having at |east 5 one kind
of hydrophilic group being attached, directly or with other intervening
atom c groups, to the surface of the pignent; the ink is a polyner

enul si on fornmed iAcorporating water-insol ubl e or. hardl wat er -sol ubl e
color mat efPRRLa R oF BB DRERAC Rt RkBh bSgsseh En et e slBig 1505 “one
or nore kind of multivalent al cohols that respectively 10 exhibit 25 nmass%
or nore of Ueluiormapenes woishyr eass haremdien deferwrd tooa ranes%®) telldtive
hum dity of 60 % one of the nultivalent alcohols is glycerin, which nmakes
up 20 nmassWass80f nelssfhiofind O huseBttart( nidsed% ovh hinegtagethe colopihises at

| east one polyol that exhibits a solubility of 0.2 mass%to 5.0 mass%in

 pidiRe ROLYQlerk 14 Fn 25 8L lvidh S0henanediA! ; tYRhsd
water at 2 G, Piéliﬁ ROWYGYerk _1e1|§ %?ﬁée&y%vn%l 3o @fégt@i;‘sdd ; .htag‘?né’%tyl‘@ ¢S

I
2,2,4-trimethy 3- pent'anedi ol ; consi amn

-2-ethyl -1, 3-prop, anedi ol ; . a.head copprise | tipl.e pressurized |iquid
chanbers, ﬂB?z*“ergd ﬁ??ﬁy%@p@l ¢ Z°H8 Grida @?tartéﬁﬁa’ %‘3‘60@ Whi WHhe SF¥ i cat e
with the liquid chanbers, ink supply channels, a transducing unit for ink
di schar ge, 1aterveRigyg agmdicarauie, ttantha harfacaudethe plzmentit theeipr éssure. An
i nkj et recording nethod according to the present invention enploys the

af orement i ppbanenkjetlsiecdbeined dppai@btpsraaing hi stpriaseniblé Ne Mar 81
wherein the size of drops discharged fromthe nozzles is preferably 3 pL

tzgog? 02%74%%%{% é%gd(.l)%é'? %%O%ggeﬂrlrlﬁgitélggtpgﬁ%%ri r;heeg{j&%ﬁél%g}r ?I%FF%S‘ % rg%lﬁten_cy i's
et eerY condfifued o ' Hore R WP SmUTEOMER McoRoR” st Fosphctivaly™ "
10 exhibit 25 mass% or more of equivalent moisture at a temperature of

20 °C and a relative humidity of 60 %; one of the multivalent alcohols is
glycerin, which makes up 20 mass% to 80 mass% of the humectant; the
wetting agent comprises at least one polyol that exhibits a solubility of
0.2 mass% to 5.0 mass% in water at 20 °C; the polyol is
15 2-ethyl-1,3-hexanediol; the polyol is  2,2,4-trimethyl-1,3-pentanediol; the
ik consists 2-amino-2-ethyl-1,3-propanediol; a head comprises multiple
pressurized liquid chambers, nozzles with pore size no greater than 35
um which communicate with the liquid chambers, ink supply channels, a
transducing unit for ink discharge, a filter, and an ink tank that causes
20 negative pressure.
An inkjet recording method according to the present invention employs
the aforementioned inkjet recording apparatus of this present invention,

wherein the size of drops discharged from the nozzles is preferably 3 pL

to 40 pL, the velocity of the ejected drops is preferably 5



Preferably, an inkjet recording nmethod of the present invention provides a
feature to nerge nultiple droplets of continuously discharged 5 ink drops
into a larger drop prior to reaching the recording nedium Brief

Descri pt ivam 2@k0k¥7ay ngs FIG 1 shows a partially enlar Q%Ty‘]ip%a@% an
exenplary inkjet head related to the present invention. 10 Fl f‘ls a

cross-sectional view of an exenplary inkjet head, partially enlarged in
t he directimdsewmto ERamisics the elrating froquéecipiepeeferablyeitilnnr EeGteld i s an
expl oded perspective diagram of an exenplary constitution surroundi ng an

i nkj et heaghd ¥he kb&oludidrSisairefedalhod 800R SRaGLh¥&. di agram of an exenpl ary
configuration of a cartridge. FIG 5 schematically shows an exenpl ary

i nkj et recording rat us agcording to the.pres invention. FLG 6
schemat | cal |y SHERRR B dfpl ot PRGNS "BOHKS PR ePe P ISFoR L SR TiAR] ot
recording apparatus_of FIG 5. FIG_7 is a plan view show ng_an exenplary

i nk-j et heptpvaflemn fephgecto mezae arwiplpphonicets dicoptmuosislpdischomeed f or
Carrying Qut the Invention 7 WO 2006/046747 1 1 PCT/ JP2005/ 020052 (I nkj et
Recor disng ikpdrsisisitanrdlalpks @tofRpeior db Rgadlbinadle Aot dikjzehedaaar di ng
apparatus is configured so that an ink that conprises a colorant, a
hunmectant, a surfactant, and a wetting agent is discharged froma head
with a filter; any additional nmeans is enpl oyed

Brief Description of Drawings
FIG. 1 shows a partially enlarged view of an exemplary inkjet
head related to the present invention.

10 FIG. 2 18 a cross-sectional view of an exemplary inkjet head,
partially enlarged in the direction of channels, related to the present
invention.

FIG. 3 1s an exploded perspective diagram of an exemplary
constitution surrounding an inkjet head.

15 FIG. 4 i1s an exploded perspective diagram of an exemplary
configuration of a cartridge.

FIG. 5 schematically shows an exemplary inkjet recording
apparatus according to the present invention.
FIG. 6 schematically shows an exemplary internal constitution of

20  an inkjet recording apparatus of FIG. 5.

FIG. 7 i1s a plan view showing an exemplary inkjet head of an

inkjet recording apparatus of FIG. 5.

Best Mode for Carrying Out the Invention



5 as required. An inkjet recording, nethod of the present invention is
conducted on the inkjet recording apparatus of the present invention, and
any additional process is included as required. Hereinafter, an inkjet

recordi n%g%wgﬁg the present invention to is detail eg-¢/h00aRdshe

description o jet recording apparatus of the present 1nvention. <lnk>
The ink conprises a colorant, a hunmectant, a surfactant, and a wetting

agent; any (fsheiet iHﬁ&@kdﬁ@@ﬁF&f&mb%@ﬂﬂﬂﬁ@R%&ﬂihg@daﬂ@)% for the

colorant, pignments are mainly enployed fromthe aspect of durability;

however, dyes may, Lned.w th ts | r IS ol or
tone if necessar ﬁ%@en@éreacg’g@hng %BE%%%% (},dé’:ﬁ iﬁt%olt?]% .h%h%n%?g%gnts
may be inorganic or organic, and such pignents 20 may be sel f-di spersing
pi gment's, GPBPIELISOALCOMapdr slumecH Ny Bf S8k &ﬁ‘iantaﬁg’%o@ Witk r st per sant |
enul sion-type pignents, and sel f-dispersing pignents coated with resin.
The aver agelipdidriceti efrdiandierd ofith hefiiegheny ddslitionat estaniciseempldymaever
pignent with its average particle diameter ranging preferably 8 WO

2006/ 04p747 PCTHJR2005/ 020052 from 5 nm and 200 nm nore preferably from
10 nmtd 156 nmost preferably from10 nmto 100 nm are used to

oreat ot han 200 ATie iRl ressrEPegnatid pEfS BRtFRB ey EHEnds SERd Giy
stability may be inpaired. On
on the inkjet recording apparatus of the present invention, and any
additional process is included as required.
Hereinafter, an inisjet recording method of the present invention

10 is detailed through the description of inkjet recording apparatus of the
present invention.
<Ink>

The ink comprises a colorant, a humectant, a surfactant, and a
wetting agent; any additional component is adde@ as required.

15 As for the colorant, pigments are mainly employed from the
aspect of durability; however, dyes may be combined with pigments in
order to adjust the color tone if necessary as long as the durability is
maintained.

The pigments may be inorganic or organic, and such pigments

20 may be self-dispersing pigments, dispersions dispersed with surfactant
and/or polymer dispersant, emulsion-type pigments, and self-dispersing
pigments coated with resin.

The average particle diameter of the pigment is not restricted;

however pigment with its average particle diameter ranging preferably



5 the other hand, when the average particle dianmeter of the pignents is

| ess than 5 nm the productivity and the cost-performnce decrease, and

t he aggregation occurs nore easily, which may inpair the storage stability
of the i Mk 2tdenes74the term "average particle dianmeter” podiyesdes208s2 10

vol ume- average particle dianeter, i.e. the value of cunul ative percentage
of 50 % on_ a volunetric. basis. One nethod to determ ne the vol une-average
particle sirem psnm apdadP@ Mpgmorechreferaly Werhdd per to BdPpbar, weatt eri ng

| ight analysis), wherein a |aser beamis applied to particles in an ink
under Br ovwiedfrady ifecmn 20dbhis padtiel enxsiveed so msantebar nhoedlhbdisyt he

magni t ude of the frequency of |ight returned from the particles

(backscat Ue1giagls AR 6%eBp dihie1d AKARNNCoPLAMERL $hhA olen! %écgd‘yiéd;g‘xi de.

oxi de, iron~ oxl clu arbonate, bariu um num

barium vyellow _cadm umred, and chrtone, yel |l ow. Al so, .carbon. bl acks 20
manuf actur"éﬂgtﬁ/ﬁﬁ@ﬁe?ﬁ oR@ngen dﬁ%ﬁ“ﬁf?ﬂ@gsﬁf@% & Ry der mpaned. E‘fI’urnace
nmet hod and thernmal nmethod can be used. Exanples of the organic pignents are

as f ol bowstheaathepi hpredyt whesutle aveszge pakizele dizsoéislr f droppimentd &
condensed azo pignents, and chelated azo pignents; polycyclic pignments

such as phpEakpey FhiAL thd WBRREEIBARLA thBChetBEPRRRARANPe cr BATRIE

peryl ene pignents, perynone pignents, anthraquinone pigments, quinacridone
S0t ndol | diie SBELHEHESY S auFHOBNCALIOnE Mgk g SHiyE. Eife PSS uch as
basi ¢ dye chel ates and aci di ¢ dye chel at es;
stability of the ink.
Here, the term “average particle diameter” indicates a
10  volume-average particle diameter, i.e. the value of cumulative percentage
of 50 % on a volumetric basis. One method to determine the
volume-average particle size is a dynamic light scattering method (or
Doppler scattering light analysis), wherein a laser beam is applied to
particles in an ink under Brownian motion, and the particle size is
15  determined from the magnitude of the frequency of light returned from
the particles (backscattering).
Examples of the inorganic pigments_ include titanium oxide, iron
oxide, calcium carbonate, barium sulfate, aluminum hydroxide, barium
yvellow, cadmium red, and chrome yellow. Also, carbon blacks
20 manufactured by heretofore known methods such as contact method,
furnace method and thermal method can be used.
Examples of the organic pigments are as follows: azo pigments

such as azo lakes, insoluble azo pigments, condensed azo pigments, and

chelated azo pigments; polycyclic pigments such as phthalocyanine

9



5 nitro pignents, nitroso pignents, aniline black, and the |ike. Anmong
these, pignents with high affinity for water are preferred in particular.
Speci fic exanpl es of the black pignents include carbon black (C 1. Pignment

Bl ack 7) &@Cho@sshyr nace bl ack, acetylene black and changel ypbaekeszmet al
and metal conpounds such as copper, iron (CI. Pigment 1o Black 11), and

titani um oxi de; and organi c pignments such as Aniline Black. Specific

exanmpl es ofpitheeite) opepilgnentsighteaitade perynold gpegments| | amtliraqdind@e 13,
14, 17, 24, 34, 35, 37, 42 (|.e., yel low iron oxide), 53, 55, 74, 81, 83,

225, T S gt s @ﬂt%%‘ﬁ%%ﬂ%ﬂ%%e&t%Sm%‘%sp%%ﬁ o

Pi grrent Re 3, 5, 17 22 2 31, 38,.48:2, 48:2 (Perma Red 2B
(Ca)), sthlwgl%hgo 491@11@3"28 -2, Isgidphingne, “pigmepisyn@ndar AHE al%f&ﬁ 1,
63: 1, 63 2 64:1, 81, 83, 88, 101 (red iron oxide), 104, 105, 106, 108

( Cadmi um Rq:dgmemt@, dsled dhelapss $ @l asbasiote: ijatnsaaud redlic iy, chedlesp0 166,
168, 170, 172, 177, 178, 179, 185, 190, 193, 209 and 219; C.1. Pignent

Violet 1 (%W%%eh%%tﬁso ? igments, 49im3bRN, 3tid Ghb. ik gARRIndSl ue 1,
2, 15, 15:1, 15:2; 15:3 (Phthalocyanine Blue), 16, 17=1, 56, 60 and 63;

Cl. Pignme Greenl 4 nd36 apd ably, the
C ot o Teh G ot bt siah Hap b od 0 SE g %E#é%é’é‘f%‘?&%ﬁ
PCT/ JP2005/ 020052 | east one_ki nd of hydrophilic _groups is attached
directly, or via Indstfic exawples of tepblackpismeniindedesrrbaa bn is.
Specifically, such pignments may be produced by chem cally bonding certain

1; ;thL Ie onal Pighoiis Bsakkh 7aswedl honargnos blatkcatdigiate dilatlp #ml thansul f ace
black; metal and metal compounds such as copper, iron (C.I. Pigment
10 Black 11), and titanium oxide; and organic pigments such as Aniline
Black.
Specific examples of the color pigments include C.I. Pigment
Yellow 1, 3, 12, 13, 14, 17, 24, 84, 35, 37, 42 (i.e., yellow iron oxide), 53,
55, 74, 81, 83, 95, 97, 98, 100, 101, 104, 108, 109, 110, 117, 120, 128, 138,
15 150, 151, 153, and 183; C.I. Pigment Orange 5, 13, 16, 17, 36, 43 and 51;
C.I. Pigment Red 1, 2, 3, 5, 17, 22, 23, 31, 38, 48:2, 48:2 (Permanent Red
2B (Ca)), 48:3, 4814,‘ 49:1, 522, 53:1, 57:1 (Brilliant Carmine 6B), 60:1,
63:1, 63:2, 64:1, 81, 83, 88, 101 (red iron oxide), 104, 105, 106, 108
(Cadmium Red), 112, 114, 122 (Quinacridone Magenta), 123, 146, 149,
20 166, 168, 170, 172, 177, 178, 179, 185, 190, 193, 209 and 219; C.L
Pigment Violet 1 (Rhodamine Lake), 3, 51, 16, 19, 23 and 38; C.L
Pigment Blue 1, 2, 15, 15:1, 15:2, 15:3 (Phthalocyanine Blue), 16, 17:1, 56,
60 and 63; C.I. Pigment Green 1, 4, 7, 8, 10, 17, 18 and 36; and such.

Preferably, the surface of the pigments is modified such that at

10



5 pignents, or alternatively, by oxidizing the pignents with hypohal ogen
acid and/or its salt in a wet condition. A favorable configuration in
particular is that carboxyl groups are attached to the surface of the

pi gent s vewdodshhag74t he pignments are dispersed in water. $eghp200s/020052
surface-nodified pignments with carboxyl groups enhance dispersion 10
stability and print quality, and also they inprove water resistance of the
recor di ng leedi umeaftied of hpdrophiliFugtols, 1saatliacke df disecifly, confviigurther on
affords re-dispersibility after drying. Therefore, w thout clogging of ink

flow, appremmal GroRphNitoNghiBYurkEce abf 1136 q;igm@ﬁtﬂear%)@ﬁﬁ@a@, Mehé&h
n

cl eani ng operation even 15 when the ink noisture arou the nozzl es of an

i nkj et head. has , evapor,ated aftef .a p ongged pause in printing.. Moreover,
such - ser 1 PisagarCPERE T gitaflbbe 1k, RESRIEHS  BRNTRe Pelold Attt nge

quality owing to a synergistic effect especially when conbined with a
sur f act ant graim$ ek iafy sulfene xexer Phedrhexrd srgurrte He shrfagdi of theto the
af oresai d pignents, polyner enul sions nay be enployed in a configuration

such that waesnis)oel Albéatvdiarkly bxidiater tholpibhenis gneht lsypslealegat ai ned
in polymer fine particles. Polyner enul sions containing pignents may be

cxempl | 1% e RN <4 BELRECLERL SR DS BLng B areokGt0l B
AN R I R
pi gnrent may be dispersed in the emulsions as long as the effect of the
present i nyemiémis imdothdtnpdier gdgments are dispersed in water. Such
| surface-modified pigments with carboxyl groups enhance dispersion
10  stability and print quality, and also they improve water resistance of the
recording medium after printing.

Further, an ink of such configuration affords re-dispersibility
after drying. Therefore, without clogging of ink flow, appropriate
printing may be carried out by means of a simple cleaning operation even

15 when the ink moisture around the nozzles of an inkjet head has
evaporated after a prolonged pause in printing. Moreover, such
self-dispersible pigments provide high rehability and high image quality
owing to a synergistic effect especially when combined with a surfactant
and wetting agent described hereinafter.

20 In addition to the aforesaid pigments, polymer emulsions may be
employed in a configuration such that water-insoluble or hardly
water-soluble pigments are contained 1in polymer fine particles.

Polymer emulsions containing pigments may be exemplified by polymer

fine particles encapsulating pigments and/or polymer fine particles

11



5 Exanpl es of the polymer that constitutes pol yner emul sion include‘vinyl
pol ynmer, polyester polyner, and urethane polyner; in particular vinyl
pol ymer and pol yester polynmer are preferred. Further, in the present

i nventi ongoSHEdhpt@meNt s as dispersed in aqueous nedi un i,d of
di spersants nmay be conbined. 1o Preferable pignments ar ?%%ggé%g?@tzof ore

known to be used for the preparation of the known pignent dispersants.
Exanpl es ofadwchipy gimnebsatd o6lvhddr paitfiacr yIn suekicdnfighehsionshdey yhiige aci d,
acrylic acid-acrylonitrile copolyners, vinyl acetate-acrylate copol yners,

acrylic acigeftdat! 1:Cndt oAl TSGR (PPOIHIELSuISEY EEIRGHYL! fufC

copol yners,” Styrene-net hacryli'c’ aci copol yners, styrene-acry

acid-acrylic acid al kyl ester, copo rs, t.yrene-nmethacrylic acid-acrylic
aci d al kyl &t R EEHoPY RETRCTt Ty E%E%p%?iyﬁs% %Wéﬁ%}epwscloa& gp the
copolynmers, styrene -a-nethylstyrene-acrylic acid-acrylic acid al kyl ester
copol yrer s effgt of yhe peresatcinyentiod isopdliynpaissd.vi nyl napht hal ene- mal ei ¢ aci d
copol ymers, vinyl acetate-ethylene copolyners, vinyl acetate-fatty acid

vinyl ester - et hyl eme,; 00B0] YiTetRe YoHWAcehat ecdmétﬁhﬁeé%ayﬁfér%m@%ﬁ ymers,

vi nyl acetate-crotonic acid copolyners, vinylacetate-acrylic aci

copol yners .agpu he .| ife.ollz WO 2006/ 0 46 174 7 )I;%’{JP_ZE 5/ 020052 The

wei ght - averBgadfol B HONECEh OO St e RS sHES AP e BYEBTSF 300 to
50, 000, nore preferably 5,000 to 30,000 and_nost preferably from 7,000 to
15. 000. Theaawmsuar vyl melpmspandalzestay Polympevpee pyefteret.mi ned so

Further, in the present invention, such pigments as dispersed in

agueous medium with the aid of dispersants may be combined.
10  Preferable pigmenis are those heretofore known to be used for the
preparation of the known pigment dispersants.

Examples of such pigments include polyacrylic acid,
polymethacrylic acid, acrylic acid-acrylonitrile copolymers, vinyl
acetate-acrylate copolymers, acrylic acid-acrylic acid alkylester

15 copolymers, styrene-acrylic acid copolymers, styrene-methacrylic acid
copolymers, styrene-acrylic acid-acrylic acid alkylester copolymers,
styrene-methacrylic  acid-acrylic acid alkylester copolymers,
styrene-a-methylstyrene-acrylic acid copolymers,
styrene-a-methylstyrene-acrylic acid-acrylic acid alkylester copolymers,

20 styrenme-maleic  acid copolymers, vinylnaphthalene-maleic acid
copolymers, vinyl acetate-ethylene copolymers, vinyl acetate-fatty acid
vinylester-ethylene copolymers, vinylacetate-maleic acid ester
copolymers, vinylacetate-crotonic acid copolymers, vinylacetate-acrylic

acid copolymers and the like.

12



5 that the pignent is stably dispersed as well as the effect of the present
invention is not reduced. The ratio of the pignent to the dispersant is
preferably between 1/0.06 and 1/3, and nore preferably between 1/0.125 and
1/3. As wasenbshedsabove, carboxyl groups are preferablypatl@sheddos, 10 the
di spersant of the ink, thereby the dispersion stability, printing quality,
and water resistance of the recording nmediumafter printing are inproved.
In addition to tHése wdightuyerage boglgcudpoupsishay obfthese i valojymprevient
strike-through. In particular, when a pignment dispersed with the aid of

di sper sant ptefewdibish 3c000b e Y30, 000U psorar srefeiaslyes, 009 €oBY, 060 ksl widdl a
wetting agent, sufficient drying rate and | ess strike-through may be

achi eved eﬁg&eﬁg% ﬂ.g{neﬁ%bgigaglgwggb_um of high sizing such as regul ar
It mably

paper. S pres because,’ due to the relatively | ow dissociation
constants of carpoxyl groups, conmpared to other acidic groups, a synergetic
effect of a decrgkeawupﬁ@fpﬁ%ﬁil‘ﬁﬂf’é'sﬁﬁks ARy ¢ Pﬁ?lé?l'glft dArBInegEh sphe
pignment with multivalent netal ions such as calciumions that exist near

t he recordilmg thedpugmsut imceablyndispetdeel aolwdli laist theoéffedieolitlzppraant

itself to induce the aggregation of the dispersant and the pignent, '

fol  owed by, iadNeshep rfiufdaMephs +heiot &;@g@@@a@%}ﬂhgg t%ﬂ%%%%y%%g%ﬁ?s present

invention, in addition to the pignents,

PCT/ JP2005/ 020052 b | Specif i | es,of acidjc d f ood
dyes | nol URS ALY AR CoRel OGP 270 54 a58 BERe Ero Al kotvesy ITAPA Rod 1,

8, 13, 14, 18, 26, 27, 35, 37, 42, 52, 82, 87, 89, 92, 97, 106, 111, 114,
115, 134, a8é1/249, 254 and

As described above, 'carboxyl group's are preférably attached to

10 the dispersant of the ink, thereby the dispersion stability, printing

quality, and water resistance of the recording medium after printing are

improved. In addition to these effects, carboxyl groups may effectively

prevent strike-through. In particular, when a pigment dispersed with

the aid of dispersant to which carboxyl groups are attached is combined

15 with a wetting agent, sufficient drying rate and less strike-through may

be achieved even with a recording medium of high sizing such as regular

paper. It is presumably because, due to the relatively low dissociation

constants éf carboxyl groups compared tor other acidic groups, a

synergetic effect of a decrease in the pH of the ink and an interaction of

20  the pigment with multivalent metal ions such as calcium ions that exist

near the recording medium surface lowers the solubility of the dispersant

itself to induce the aggregation of the djs;;;ersant and the pigment,
followed by an adhesion of pigments to the recording medium.

In the present invention, in addition to the pigments, dyes may

13



5 289; C.I. Acid Blue 9, 29, 45, 92 and 249; C.|I. Acid Black 1, 2, 7, 24,
26 and 94; C.|I. Food Yellow 2, 3 and 4; CI. Food Red 7, 9 and 14; and
C. 1. Food Black 1 and 2. Specific exanples of direct dyes include C.I.

Direct YeWloosmwodwscde, 24, 26, 33, 44, 50, 86, 120, 132, JAR;pN0esdAds, C I .
Direct Red 1, 4, 9, 13, 17, 10 20, 28, 31, 39, 80, 81, 83, 89, 225 and
227, C.I. Direct Orange 26, 29, 62 and 102; CI. Direct Blue 1, 2, 6, 15
22, 25, 71,bgémpleyed6, 87, 90, 98, 163, 165, 199 and 202; and C.|I. Direct
Bl ack 19, 22, 32, 38, 51, 56, 71, 74, 75, 77, 154, 168 and 171. Specific

exanpl es of basi cg &ﬁc'e&@b&iﬂ@s%ﬂaa%ﬂ?es\(%ldoﬂoli d%es iﬂoludé5CZI3Acitf' 15
19, 21, 23, 24, 2 28, 29, 32, 36, 40, 41, 45, 49, 51, 53, 63, 65, 7,

19 52 10Bes Sk e BE R Ao g’ éé“’l%&%vz%%a

102 104, 109 and 112; C. I Basi ¢ Blue 1, 21, 22, 26, 35, 41,
45 47, 54,3642, 5 8537.699, 8D 9775106,71117811489115923493861%9 25% and0.
122, 124, 129, 137, 141, 20 147 and 155; and C.I. Basic Black 2 and 8.

Speci fie exmml@s. chici Bdak iy 29yER 9Nahdde4%. €.1. Read Bluek Bl acky 4 6 7,
11 12 and 17; C.I. Reactive Yellow 1, 5, 11, 13, 14, 20, 21,22, 25, 40,

46 5?1 eg%‘gg‘la% 6%0&37‘6118%3%% Nogaag F‘%eagl’] ve’zgl 1% %ﬂdﬁlm 15,

23, 32, 35, .38 006/ 046747 PCT/JP2005/ 020052 41, 63 80 and 95.

Anong thesgﬂiﬂeglaé‘cfo %Iyes and direct dyes are parti cuI arly preferred.

The content of these colorants in the ink is preferably 3 mass%to
Specific examples of direct dyes include C.I. Direct Yellow 1, 12,

24, 26, 33, 44, b0, 86, 120, 132, 142 and 144; C.1. Direct Red 1, 4, 9, 13, 17,
10 20, 28, 31, 39, 80, 81, 83, 89, 225 and 227; C.I. Direct Orange 26, 29, 62
and 102; C.I. Direct Blue 1, 2, 6, 15, 22, 25, 71, 76, 79, 86, 87, 90, 98, 163,
165, 199 and 202; and C.I. Direct Black 19, 22, 32, 88, 51, 56, 71, 74, 75,
77, 154, 168 and 171.
Specific examples of basic dyes include C.I. Basic Yellow 1, 2, 11,
15 13, 14, 15, 19, 21, 23, 24, 25, 28, 29, 32, 36, 40, 41, 45, 49, 51, 53, 63, 65,
67, 70, 78, 77, 87 and 91; C.1. Basic Red 2, 12, 13, 14, 15, 18, 22, 23, 24,
27, 29, 35, 36, 38, 39, 46, 49, 51, b2, 54, b9, 68, 69, 70, 73, 78, 82, 102, 104,
109 and 112; C.I. 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,
20 147 and 155; and C.I. Basic Black 2 and 8.
Specific examples of reactive dyes include C.I. Reactive Black 3, 4,
7, 11, 12 and 17; C.I. Reactive Yellow 1, 5, 11, 13, 14, 20, 21,22, 25, 40, 47,
51, 55, 65 and 67; C.1. Reactive Red 1, 14, 17, 25, 26, 32, 37, 44, 46, 55, 60,

66, 74, 79, 96 and 97; and C.I. Reactive Blue 1, 2, 7, 14, 15, 23, 32, 35, 38,

14



5 15 mass% nore preferably 5 mass%to 12 mass% Wen the content of the
colorants in the ink is less than 3 mass% the ink density is low, and the
-clarity of the printed i mage nay not be ensured with small anopunt of ink
adhesi on.wanoidmesarher hand, when the content of the colmrmurhssiosoesgr eat er
than 15 mass% the density of the colorants is too high, which 10 causes

t he aggreg%tlqug gB e colorants, resulting in poor discharge. As for
hunect ant s F-able for the present invention to enploy a

conponent that tends to form hydrogen bond, exhibits high viscosity as a
pure substance, dndoexhhbi¢ slykisgherdieqlyidsi bnd uhrerti dyes ere comttentladpd | ower
viscosity in the presence of water, in order to obtain an 15 ink that is
able to fob%ﬁirgggu_qual ity images. It is preferable that the hunectants
conpri se one or rmre kind of nultival ent al cohols that respecti vely
exhibit 25 mass% nor e of u Ient noi, st ur cont t e rature
of 20 C and a rel ‘i?élte ih?ﬁ@i“et%@ OrEAtEI 3 eéﬂgﬂﬁlpeg O gﬁé fﬁr% ant s
selected fromnultival ent al cohols include glycerin, et hyI ene gl ycoI

di et hyl%ene 151mess%, moretthyfarablybyners% tor bpyiansss.gl Yuin thi pewieyit ef

gl ycol, tripropylene glycol, 3-nethyl-1,3-butanediol, 1, 3-butanedi oI

2, 3- but anegh®kolokaftoit AREHIOks losh, @a@eetx@neﬁ,tothehﬂtaaﬁgttylleuew,ghmol
1, 6- hexanedi ol , 15 WO 2006/ 046747 PCT/ JP2005/ 020052

2- et hyl - 2, 4- Bﬁﬂ: 8 IFPE‘](EP/%%JJ g!)’yﬁglen dréa 47 VLANST & m%]unl’tr?f

1, 2, 6- hexane r|o n provi-des raprd rncr 2ade
V|sc05|ty wi.th nnlsture evaporatiqQn, but_ suppresses the aggregatlon of
col orant, HHe adhesemy e\tﬁaecst g i :l‘BheéftE’@c(tOItfﬁ%@ bheswil ot ds

greater than 15 mass%, the density of the colorants is too high, which
10  causes the aggregation of the colorants, resuliing in poor discharge.

Ag for humectants, it is preferable for the present invention to
empley a component that tends to form hydrogen bond, exhibits high
viscosity as a pure substance, and exhibits higher equilibrium moisture
content and lower viscosity in the presence of water, in order to obtain an

15  ink that is able to form high quality images.

It is preferable that the humectants comprise one or more kind of
multivalent alcohols that respectively exhibit 25 mass% or more of
equivalent moisture content at a temperature of 20 °C and a relative
humidity of 60 %. |

20 Examples of such humectants selected from multivalent alcohols
include glycerin, ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, dipropylene glycol, tripropylene glycol,
3-methyl-1,3-butanediol, 1,3-butanediol, 2,3-butanediol, 1,4-butanediol,

1,5-pentanediol, tetraethylene glycol, 1,6-hexanediol,

15



5 growth of the particle size. Accordingly, glycerin content is preferably
20 mass% or nore of the hunectant. Further, glycerin is preferable wth
respect to its higher equival ent noisture content. As for the hunectants

conbi ned whhhsdhyaerin, 1, 3-butanediol and 3-nethyl -1, 3suianpdhbals;ar e
preferable. Both 1, 3-butanediol and 10 3-nethyl -1, 3-butanedi ol have

equal l'y high equilibriumnoisture contents as gl ycerin, show high
reliabilit g mabylal Hopehtsmeticdf f eqolpsthyieneadiglgedy enl y2 dheutametiiot,
pi cture el enments on paper and preserving the ink material on paper

surface. 1n PaHdxaBbdfiol BidaHYlikel, SlydiH@ngrdlifls shons thecedd gat of

evenly spreading picture 15 elements, and thereby high-quality i mages may
be formed. Wiile it.exhibits a superj.or effect on enhancing ihe,.

Cel i abi |1t JSCOYY CEitFnmosiulp ey i Talidhs Sy Snpipates Ty ARketediioy of
follow ng noi sture evaporation, reduces the image quality and harns the

di schar gi ngelosarisi ahdyt yanrewdes s veupgmenteifect agdegupmesshige tlieng
ratio of 20 these butanediol to glycerin is preferably between 1/4 and 4/1,

more py ef grawtly ofahwepirtldlsd ansl 3Adcorddsdlypebi@iableynidnt @ngrefbdablyhe
effects of the present invention nmay be achi eved when the hunectant

bt or ably 2P PR Bh ook tche BeplEeRBETEBLUI, TSGR dscprp/iBae

PCT/ JP2005/ Q20052 I nsuyfficjent hunmectant .content may inpair the storage
stability HAth IAREChE? dis8SERBARIYAIeNERPIFTREISPIERRY the nozzles. On the
ot her hand, excessive hunectant content can affect the drying property,
causle;sS iblneedi ngAsf fdretherlsuiardishitsecimbimefd sakbr gheoendarl,8hutanddirdnce
e and 3-methyl-1,3-butanediol are preferable. Both 1,3-butanediol and
10  3-methyl-1,3-butanediol bave equally high equilibrium moisture
contents as glycerin, show high reliability, and afford such effect as
spreading evenly the applied picture elements on paper and preserving
the ink  material on paper swface. In  particular,
3-methyl-1,3-butanediol shows the effect of evenly spreading picture
15  elements, and thereby high-quality images may be formed.

While it exhibits a superior effect on enhancing the reliability,
glycerin, causing an excessive increase in viscosity following moisture
evaporation,. reduces the image quality ami harms the discharging
stability when an excessive amount is added. The blending ratio of

20 these butanediol to glycerin 1s preferably between 1/4 and 4/1, more
preferably between 1/3 and 3/1, most preferably 1/1 and 3/1.
The effects of the present invention may be achieved when the

humectant percentage of the total ink is in the range of 10 mass% to 40

mass%, most preferably in the range of 25 mass% to 35 mass%.
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5 poor image quality. A surfactant and a wetting agent are incorporated
into the ink according to the present invention, in order to provide the
desired properties described |ater respectively. A surfactant is enpl oyed

in the mes@ebidgmvention to reduce the static surface pemrgpsnsaiooss ound
1,000 to mlli-seconds (hereinafter referred to as nsec) in particular and
thereby to facilitate the ink to penetrate into paper at the noment when
the ink diopeifistantappimedanh whdephpapry mpeie the ndpragmatabilitet g agent
enpl oyed in the present invention reduces the relatively dynam c surface

tensi on at dachupginkO sttty 0addAikalgcelos ey hoetlesr ondthéiethby Handls
facilitate the ink to spread on the surface of paper at the nonent when

the ink drops.ae anRhLogd.n cbhe Rapsh. JBL IS0 Avitl (ACLaRL, and,snet Ling

C
agent in co |nat|on i's pOSSIb e to ac |eve a ppropri ate

spread of |ma e el nts igh penetration into paper
(hence qui Ble %ﬁgﬁm ctiors A@égﬂa@?fﬁa £ qﬂ?@hm% a%erlrﬂ?,yalil 852 Fa5UbE Bbt ai ned

at higher production rate. The surfact ant may be sel ected from anphol ytic
sur f act®ant spor oagenualisyr f act ants, and anionic surfactants. Preferably,
noni oni ¢ surfactants such as pol yoxyet hyl ene al kyl phenyl et her,

pol yoxyet hyl ene Ald, MQ-2R64 0461 4etbal éE@Q@%&Q%ﬁQ&%eré&éﬁ’ hﬁt%t e ink

pol yoxyet hyl ene al kyl am de, pol yoxyet hyI ene al kyl am de, pol yoxyet hyl ene
cor bi £ anf aRFPETHEs ol he st EsiEr Bt eky! bhdorine dha fpoiedr e
enpl oyed conS|der|n the relation betmeen t he dlsperS|on stabi]ity_ of
properties described later 1espect1ve1y A surfactant is employed in the
present invention to reduce the static surface tension at around 1,000
10 milli-seconds (hereinafter referred to as msec) in particular and thereby
to facilitate the ink to penetrate into paper at the moment when the ink
drops are applied on the paper. On the other hand, a wetting agent
employed in the present invention reduces the relatively dynamic surface
tension at around 10 msec to 100 msec in particular and thereby to
15 facilitate the ink to spread on the surface of paper at the moment when
the ink drops are applied on the paper.

By using a surfactant and a wetting agent in combination, it is
possible to achieve an ink with appropriate spread of image elements
over paper and with high penetration into paper (hence quick-drying).

20 Accordingly, higher-quality images may be obtained at higher production
rate.

The surfactant may be selected from ampholytic surfactants,

nonionic surfactants, and anionic surfactants. Preferably, nonionic

surfactants such as polyoxyethylene alkylphenylether, polyoxyethylene

17



5 color material and image quality. Further, fluorochem cal surfactants or
silicone surfactants may be used alone or in conbination depending on the
reci pe. Anong these, the nonionic surfactants expressed by the foll ow ng

formul a (4o 8c%4pf,gf enable in particular. 10 R - 0 - (C%Jﬂ‘ltq)ﬂ}hd%'o'z'oa'zzor mul a
' group wt é ?d

(1) where "R' represents a linear or blanched al kyl 14
carbon atons; "m' represents a positive integer. tn ternms of inmage quality;

"R' is pr efaekyxlebteranpa]lybxjrem&me walltyladinel pulyexgetiydenat afisylamitle] s

preferably two to 30, nore preferably 15 seven to nine. The content of the

surfact ant %Sﬁ@xh%?hﬂglﬁﬁe' gl%gk%%gk\%\hsgﬁggt 20iH8st2,0 m&%%ggie&eo L

preferably ss%to Ss% the content 1s’lesst

mass% the effects are.insignifigcagnt. e he ,content..is mgre than 5.0
Tass% t ho SPEHGERBERGIRATREEE ﬁ@ewg%%ip%&z@tfnﬁmﬁﬁw@éﬁcé 9% y2I6 gh,
and this may cause problens such as decrease in imge density and

occur r ence eaiplsyed kenshderigh . thSpeelation debwpbestiof dismersunpetabiditegxef essed
by the above-noted formula (1) include, but not limted to:

CBHL7O( £2H4Q)o2Hn b dksrddl ardkBihOor 6747 PCT/ JP2005/ 020052 -
CLOHR10( C2HA0) 4151 (1-3) CLIHI50( COHA0) 3H (1-3)  CL2H250( C2HAO) 7H ( 1- 4)
C12H250( C2Ha0) 12]5Hur€:1%ér?)ﬂuorochemical surfactants or silicone surfactants may

be used alone or in combination depending on the recipe.

Among these, the nonionic surfactants expressed by the following

formula (1) are preferable in particular.

10 R— 0O —(CoHO)w—H - Formula (1)
where “R” represents a linear or blanched alkyl group with 6 to 14
carbo;l atoms; “m” represents a positive integer.

In terms of image quality, “R” is preferably an alkyl group with
10 or more carbon atoms; “m” is preferably two to 30, more preferably

15 seven to nine.

The content of the surfactants in the ink is preferably 0.01
mass% to 5.0 mass%, more preferably 0.5 mass% to 3.0 mass%. When
the content is less than 0.01 masé%, the effects are insignificant. When
the content is more than 5.0 mass%, the penetration i-nto the recording

20 medium is excessively high, and this may cause problems such as
decrease in image density and occurrence of strike-through.

Specific examples of the compounds expressed by the above-noted

formula (1) include, but not limited to:

CsH;70(C2H40)H (1-1

18



5 C13H270( C2H40) 3H (1-6) Cl13H270(C2H40)5H (1-7) C13H270(C2H40) 7H (1-8)
C13H270( C2H40) 9H (1-9) C13H270(C2H40) 12H (1-10) 10 C13H270( C2H40) 20H
(1-11) C13H270(C2H40)30H (1-12) C14H290(C2H40)30H (1-13) These

sur f act ant'@ 20y4bR7used al one or in conbination. A surfeagl@hiosdBsgi ssol ve
and stably stand with the other surfactants even 15 when it does not
easily dissolve in a recording liquid. As for the commercial surfactants

t hat incl ude the(ébgvénﬁbﬁéﬂngﬂhpounds aéleir main conponents, BT series
fromN kko Chem cals Co. Ltd., SOFTANOL series from N ppon Shokubai Co.

Ltd. and DI SPANOC, fHem(&.BRoNHYushi Co. (143). may be exenplified. 20 The
wetting agent enployed in the present invention preferably contains at

| east one pol yol i ility of .Aeast 0.2 nmass% but no nore
SR TRCROpY i

than 5.0 mass% i Exanpl es”of fatty diol anong such polyols
i ncl ude 2-ethyl -2-net hyl - <~ prQpanedi ol , , 3-di net hyl - 1, 2- but anedi ol ,
2,2-diethyl-1, 3- é}lgfgéégﬁgizéifig)& WD 2006/ 6]4@;47 PCT/ JP2005/ 020052

2- met hyl - 2- propyl - 1, 3- propanedi ol , 2, 4-di net hyl - 2, 4- pent anedi ol ,

2, 5-di reet hyl - 2, 5:ChgiaE @Bl O)Flhexene- 1, ft-@)ol , 2-ethyl -1, 3- hexanedi ol and
such. Among these, 2-ethyl- 1, 3-hexanediol and

C13H,0(C.H,0)sH 1-7
C13He7O(C2H,40)-H (1-8)
C13H270(CH40)eH (1-9)
C1sH270(C2H40) 12H (1-10)
10 C1aH270(C2H.0)20H (1-11)
C13Ha70(C2H40)50H (1-12)
C14H200(CoH40)30H (1-13)

These surfactants may be used alone or in combination. A
surfactant may dissolve and stably stand with the other surfactants even

15 when it does not easily dissolve in a recording liquid. As for the
commercial surfactants that include the above-noted compounds as their
main components, BT series from Nikko Chemicals Co. Ltd., SOFTANOL
series from Nippon Shokubai Co. Ltd. and DISPANOL from Nippon
Yushi Co. Ltd. may be exemplified.

20 The wetting agent employed in the present invention preferably
contains at least one polyol having a solubility of at least 0.2 mass% but
no more than 5.0 mass% in water at 20 °C. Examples of fatty diol
among such polyols include 2-ethyl-2-methyl-1,3-propanediol,

3,3-dimethyl-1,2-butanediol, 2,2-diethyl-1,3-propanediol,
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5 2,2,4-trinmethyl -1, 3-pentanedi ol are nost preferable. Exanples of other
wetting agents possible to be conbined include alkyl and aryl ethers of
mul tival ent al cohol s such as diethyl enegl ycol nonophenyl et her,

et hyl eneghyebssRAPPNENYl et her, et hyl enegl ycol nonoal |y < <
di et hyl enegl ycol nonobutyl et her, propylene glycol 10 rmn%ﬁf?ﬁog*[/ zg(r)::z and

tetraet hyl enegl ycol chl orophenyl ether; and | ower alcohols such as ethanol.
The wet t i ng2-agehiy$- 2apeopydtl, R ipropedediol t ) ésEmeatbypaufigentqaglioljed t hat they
may di ssolve in the ink and adjust to the desired properties. The content

of the vel 3 Boyiafain-b%s ReeLRL bl V> AckeiBastiulg), 4 Biyl3 ABssdhedigen Lhe

content is l'ess .1 mass rapi rying is not -achieve resulting in
bl eedi ng i mages. .On the ot her hand, when the content is nore than 4.0
mass% the‘H&gﬁ%¢§ion stability of the colorant is reduced, possibly
resulting in clogging nozzles, and the penetration into the recording

medi um exceeds t hemoagddeae,y2-etlvdr1,3phesinddiobeed easi ng 20 the i mage

density and causing strike-through. Exanples of ink conponents other than

the essgntimb LOIRRIBYE-$,3-p6StameBibICAR hBLE hpRAGRISRL . an o :
antiseptic-antifungal agent, a chelating agents and a rust-inhibitor. The

pH control | i ng agent ny _subst ance.. provi.ded that 0 2006/ 046747
PCT/ JP2005/ ozoos%ﬁxap‘ﬁgg‘%g ‘?bfg%g‘?\é ﬁh@ﬁ%ﬁ%%ﬂﬁssm&a}hﬂs 38&’%&% Weﬁo‘alég‘f‘%ed
range w thout causing an adverse effect on the pr egar ed_recording |liquid.
Exanpl es ofalkik apd asvk ethareng syelstvalert adeohals meshsas rigthylaneglvanbl
am ne, triethanol am ne and the |ike; hydroxi des of alkali

monophenylether, ethyleneglycol monophenylether, ethyleneglycol

monoallylether, diethyleneglycol monobutylether, propyleneglycol
10  monobutylether, and tetraethyleneglycol chlorophenylether; and lower
alcohols such as ethanol. The wetting agents are not limited to these
compounds, provided that they may dissolve in the ink and adjust to the
desired properties.
The content of the wettiﬁg agent is preferably 0.1 mass% to 4.0
15 mass%. When the content is less than 0.1 mass%, rapid drying is not
achieved, resulting in bleeding images. Omn the other hand, when the
content is more than 4.0 mass%, the dispersion stability of the colorant is
reduced, possibly resulting in clogging nozzles, and the penetration into
the recording medium exceeds the necessary level, possibly decreasing
20 the image density and causing strike-through.
Examples of ink components other than the essential components
are a pH controlling agent, an antiseptic-antifungal agent, a chelating
agents and a rust-inhibitor.

The pH controlling agent may be any substance, provided that

20



s nmetal elenment such as |ithium hydroxi de, sodi um hydroxide, potassium
hydr oxi de and the |ike; amoni um hydroxi de, hydroxi des of quaternary
anmoni um hydr oxi des of quaternary phosphonium |ithium carbonate, sodium

car bonat ¢, pRkAsS#M carbonate and ot her carbonates of %Ifﬁjli%]owﬂﬁb?zj s. An
appropriate anmount of 2-am no-2-etyol -1, 3-prop anedi ol enhances t he

di spersion stability of pignments nore effectively and hence assures the
reliabilityHselttecasdidioslédpeidoe stjabidd wythiihedesint & nbngdericldutdepends on t he
reci pe and the desired pH value. In general, 0.01 nass%to 2.0 mass%is

pr ef er abl e%m%ﬂ%epseleff@@cso%i’/%ﬁ@}age&aﬁaa%%fcﬁng%cﬁum eferable. A'so, an

addition of 15 2-am no-2-ethy 1, 3- propane has been confirned to

enhance the reljabili.t f wettin he,.materi al .used for .i nk channel .
e es of t he BRamAIY (o i P De BE: Shaf 0 e Sy S RcRE ai o
sodi um sorbat e, sodi um 2-pyridinethiol- | -oxide, sodium benzoate and

sodi um pendizthinelphemel . trighBEnahpiminecofandhéhe hekeit ihydrogdes sofapskalbdi um

et hyl enedi am netetraacetate, sodiumnitrilotriacetate, sodium hydroxyethyl

et hyl enedi aiEtAEbldndGet 3hch aaneilsasi bRdrekidehybensh mpdioRedsaasguati e and
sodiumuram | diacetate. Exanples of the rust-inhibitors are acidic

anmmont um (Y st bt MGt AR RERRRRT ISP S 0SSR o

tetranitrate, dicyclohexylamoniumnitrite and henzotriazole. An ink used
in the presEFeoRiRanhydrP¥ides R cpeterpatggphgsepnium, lithium carbonate,

sodium carbonate, potassium carbonate and other carbonates of alkala
metals. An appropriate amount of 2-amino-2-etyol-1,3-propanediol
10 enhances the dispersion stability of pigments more effectively and hence
assures the reliability such as discharge stability.
The content thereof depends on the recipe and the desired pH
value. In general, 0.01 mass% to 2.0 mass% is preferable, and 0.1
mass% to 1.0 mass% is more preferable. Also, an addition of
15  2-amino-Z-ethyl-1,3-propanediol has been confirmed to enhance the
reliability of wetting the material used for ink channel.
Examples of the antiseptic-antﬁmgﬂ agents are sodium
dehydroacetate, sodium sorbate, sodium 2-pyridinethiol-1-oxide, sodium

benzoate and sodium pentachlorophenol.

20 Examples of  the chelating  agents are sodium
ethylenediaminetetraacetate, sodium nitrilotriacetate, sodium
hydroxyethyl ethylenediaminetriacetate, and sodium

diethylenetriaminepentaacetate and sodium uramail diacetate.

Examples of the rust-inhibitors are acidic sulfites, sodium
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S viscosity adjusted to 6 nPas to 13 nPas at 25 C by the selection and the
conpoundi ng rati o of conponents. Herewith, high image quality is assured
even at high-speed printing on regular paper. The ink is nore effective
when it i J4-a recording nethod where the size of _ .

di schar gevglolrig@gh#g{]r?\g ink is preferably 3 pL to io 40 plf,cqrﬁigéﬁ\?feéﬁ%()@%ty of
the ejected drops is preferably 6 msec to 20 msec, the driving frequency
i s preferabhjpshifsbl, ofmmdIMeunatthibdielyedaleyt didsopropyimiemibhy Z@Htepi or

nore, as well as when it is used in a recording nethod that provides a
feature to di |t | dro LGOS nd ge t into a
| ar ger drogggzggﬁgﬁﬁgui nee%@}ol'f)l[sﬂ%eis {i%gg%%t@%% recor%}]%g nlgﬁl{lg% g?ordi ng
to the present invention, a desired ink with a colorant such as a pignent
with the aPEPENEH4°Fhed average particle size nay be obtained by, for
exanpl e, adoption of an extra dispersion process of a colorant such as a
pi gnent, sel ecti dm abkausidper shepresdntimveadjiost menhaptefizeédebyrithieng
ratio of the colorant with the sel ected dispersant, and/or adjustnent of

the stigrigedbiip Hdste@t b APaSYGD BFnid T 495 SPEBH the (RN ANRA2 RN
adjustnent of the condition of centrifugal separation. Regarding the

adj ustnent of the viscosity. of.the ink of the present invention. w.thin the
o br eront | SREAPRAYRTINE o o ERRABT B » PTG tRl P o° auatity is

PCT/ JP200-5/ 020052 produce a high-density inmage with mcro droplets in
order to fessmeed dieghat bigdi-apecwshpinding on rhgglardpaed. Therefore, it is
mandatory to increase the pignent concentration, which | eads to the

necessity to addThanndPhy eitireadffedtfrutthedf itdisweddd Mg saeekdiiainsttbds the
piI gnent :

where the size of drops of discharged recording ink is preferzibly 3 pl to
10 40 pl,, the velocity of the ejected drops is preferably 6 m/sec to 20 m/sec,

the driving frequency is preferably 1 kHz or more, and the resolution is

preferably 300 dpi or more, as well as when it is used in a recording

method that provides a feature to discharge multiple ink drops

continuously and merge them into a larger drop before the ink drops
15  reach the recording medium.

According to the present invention, a desired ink with a colorant
such as a pigment with the aforementioned average particle size may be
obtained by, for example, adoption of an extra dispersion process of a
colorant such as a pigment, selection of a dispersion medium, adjustment

20  of the mixing ratio of the colorant with the selected dispersant, and/or
adjustment of the stirring time and condition such as stirring speed,
followed by adjustment of the condition of centrifugal separation.

Regarding the adjustment of the viscosity of the ink of the

present invention within the aforementioned range, it is required fo
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5 concentration in order to assure the discharge stability. As stated
above, viscosity is adjustable by neans of adjusting the type and quantity
of wetting agent. Inproved inmage quality is a benefit of the high

Vi scosi t Yyq 26d3,0kd¥g7 Ot her hand, di sadvantages are that hng?ﬁé’m%L/ﬁf‘)ga{ ge

pressure Is required and that it is difficult to assure blllty
In fact, an ink to that enploys a colorant as small in dianmeter and is as

hi ghly vi sgeodués a hhalh-dehsitfeirnsgs enithi pMers idedpless UnpbRtadentfogm gl nkj et
Recordi ng Apparatus and |nkjet Recording Method> The inkjet recording

apparat Us BEEOndingcig WG AT SRAEh 15eLAY et g0 SOTRE i30R Blad SRS R Uni

for dischargrng 1nk dro ead), plezoe ri’c or ernoe tFi ¢
transduci ng net hod |s enpl oyed as dlscharg n thod. The head is

char act er i 2&degye dheipigaenteangPRER U, B ]r%aﬁgkto thesepersseiyutn £ddnd an
ink supply unit, and fluid resistance of the filter to 20 the enployed ink
i s adj ust ednv»ialplpirnptihee rangeanof ofl.ad wettd®y PasyiiB thatl sw@it® thel Gi@mmt s/ nB
in order to secure the discharge stability. Furthernore, the head is

conpri sgd gén&ﬁtkgfleﬁ ihnshal ked Q&fé"ﬁfé“dw%ﬁa&n%ﬂésﬁ!biﬁgﬁr 96 HEHtE thve,

consists o rrutlpepressurlze [1quid zzl es Wlt por e’

di ameter of. 35 m .or k channel 2006/ 046747

hCT] 3Po00s 550808 1S dSRbiler by Sharns Rt s Gne e (i eag.RaPEEY ¢y
di scharge, and an ink supply unit with ink tank that causes a negative

pressure i wethagisgentdi Suiparyed umiage qraditgrialsl henaftteof thechiahi wisevsty.of t he
inkjet nozzles is 30 mor 5 less, nore preferably 25 gmor |ess.

On the other hand, disadvantages are that higher discharge pressure is
required and that it is difficult to assure the reliability. In fact, an ink
10 that employs a colorant as small in diameter and is as highly viscous as

that of the present invention is unprecedented.

<Inkjet Recording Apparatus and Inkjet Recording Method>
The inkjet recording apparatus according to | the present
15 invention comprises at least a unit for discharging ink drops (head), and
plezoelectric or thermoelectric transducing method is employed as
discharging method.
The head is characterized by a filter installed between an ink
discharge unit and an. ink supply unit, and fluid resistance of the filter to
20  the employed ink 1s adjusted within the range of 4.4 X 10% Pa+s/m3 and
2.2 x 1019 Pa~ s/m3 in order to secure the discharge stabﬂity.
Furthermore, the head is comprised of a filter installed between
an ink discharge unit that consists of multiple pressurized liquid

chambers, nozzles with pore diameter of 35 um or less, ink channel and
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FIG. 1 and 2 show an exenplary configuration of ink discharge wunit that
enpl oys a piezoelectric transducer. FIG 1 shows a partially enlarged view
of an inkjet head according to the present invention, and FIG 2 is a

Cr 0SS- SeGlj Miew of 10 the inkjet head partially:e J .he
directi oﬁ\bg?ﬂgéﬁoéiﬁﬁgl s. The inkjet head is conprised of Plil%e ”?@g?%@moéi‘é: a

frame 1, which is engraved to forman ink inlet (not shown) and a common
| i qui d chapbetoeldet?ic or thannedle@irtd erahsdube Hoi $nkrlisevedel addosmialkf | ui d
resistive part 2-1, pressurized liquid chanbers 2-2, and a conmuni cati on

slot 2-3t foYascel te 1M z -4 - Wy or s
t he nozzl egué-ﬁlf);: a vi%tfrigtll ng p atatélr‘c‘%Qﬁ%#&éﬁﬁ#%ﬁb?%&ﬁ%?ﬂ%k&i@ a

di aphragm par 6-2, .and an ink inlet 6-3; |am nated piezoelectric elements
5 bonded tgls B9t i ng plate through an adhesive |ayer 7: and a base 4
whi ch secures the | am nated piezoelectric elenents 5. The base 4 is nade
of 20 barium tit &mefeeabby dbecnlethdimnetmr pbwbe dikijemoziled ipidraet eat ri c

el enents 5 are arranged and bonded. The piezoelectric elements 5 are forned

by al t &y natdesehbre BREIALINA5RIEEReb&Ct ric layers (not shown) with 10 mto
50 mof thickness per layer made of |ead zirconate tiatanate (PZT) and

internal 24 WO 6/ Q 46, 74 ,7 PCT/ JP2005/ 02005 el,ectrode | rs (not
shown) with seveﬂ&sg%%‘l‘i éh?lﬁ%éaéjseﬁpe?lp e FORgRratyn Q?F‘S“Er‘ﬁ%é}qr i um
(AgPd). The internal electrodes (not shown) are connected to outer

el ect r odesupHothadtamploysta pieapelepbut tensslucehe pi ezoel ectric el enents 5 are

divided into conb-1ike shapes 5 through half-cut dicing process; each
shape is alternaFifel ¥ bb@#sas @artially enlarged view of an inkjet head

according to the present invention, and FIG. 2 is a cross-sectional view of
10 the inkget head partially enlarged in the direction of channels.
The inkjet head is comprised of the following: a frame 1, which is
engraved to form an ink inlet (not shown) and a common liquid chamber
1-2; a channel plate 2, which is engraved to form a fluid resistive part 2-1,
pressurized liquid chambers 2-2, and a communication slot 2-3 to
15 communicate with a nozzle 3-1; a nozzle plate which forms the nozzle
3-1; a vibrating plate 6, which comprise a salient 6-1, a diaphragm part
6-2, and an ink inlet 6-3; laminated piezoelectric elements 5 bonded to
the vibrating plate through an adhesive layer 7; and a base 4 which
secures the laminated piezoelectric elements 5. Thé base 4 is made of
20  barium titanate ceramic, where two rows of laminated piezoelectric
elements 5 are arranged and bonded.
The piezoelectric elements 5 are formed by alternatively
laminating piezoelectric layers (not shown) with 10 pm to 50 pm of

thickness per layer made of lead zirconate tiatanate (PZT) and internal
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driving part 5-6 and a supporting part 5-7. The outside of the outer

el ectrode (not shown) is limted inits |I|ength by notching, for exanple,
intheir lengths so that they are divided through a half-cut dicing
process, vantooslese? render mul tipl e i ndependent io el ect pedag:003mosi her
side nmaintains electric continuity wthout being divided through the

di ci ng process and renders co n_electrode 5-5.. _An FPC 8 is

sol der - nou?ﬂleéEFOgSq?H@rﬁi ;ﬁiﬁa@%bem%a%w Hbthicksapsy Per layee Bade ng
part. Further, the common el ectrode 5-5 is connected around an el ectrode

| ayer provofledvat/poladént dAgPdR | Shienantdnail selpetended dobt i shosvememe t o Gnd
el ectrode of the FPC 8. A driver I1C (not shown) is nounted to the FPC 8;

thereby, thg, (ki BYo%el:t ABELBARL (RS sowhNS: Hidi¥ibRgh RAHE 5-6 is
controlled. The vibrating plate 6, fornmed by coating the followng with two

d
| ayers of N -pl t hrough an el ectrof qrm ng,.pr ss; the thin-film 20
i aphr agm par b orBe Rheberiy Slemenl SuAre e TRo, bl k) <baPES . “whi ch
is bonded to the | am nated piezoelectric elenent 5 intended to be the
driving pathrosgb balfthig dwmug giropess efch kbape aphalégmatavelycused as a
thick-filmpart containing a beam connected to a support part (not shown);

and a commﬂk%'ggﬂ 5100dnd arsuppertinle partes-76-3. As for the 25 WO
2006/ 046747 P P2005/ 020052 di aphragm part, the thickness is 3 m and

the width is 35 ( . 8] T ond] j st.and-li.ke salient
part 6-1 of the ’91\% boﬁia]ft% }‘%gggl)ﬂé?e egné(}%t%gdg%\é?%’g% Oéﬁnst 135%1?) dtlﬁeltg
pi ezoel ectric elements 5 |s achieved through patterning of the adhesive

| ayer 7 cosngthibygreshing fenegampls, n their lengths so that they are divided

through a half-cut dicing process, and these render multiple independent
10 electrodes. The other side maintains electric continuity without being
divided through the dicing process and renders a common electrode 5-5.
An FPC 8 is solder-mounted to the independent electrodes (not
shown) of the driving part. Further, the common electrode 5-5 is
connected around an electrode layer provided at the end of the laminated
15 piezoelectric element to Gnd electrode of the FPC 8. A driver IC (not
shown) is mounted to the FPC 8; thereby, the driving voltage applied to
the driving part 5-6 is controlled.
The vibrating plate 6, formed by coating the following with two
layers of Ni-plate through an electroforming process: the thin-Hilm
20 diaphragm part 6-2, the island-shaped salient part 6-1 (island part),
which is bonded to the laminated piezoelectric element 5 intended to be
the driving part 5-6 on the central part of the diaphragm part 6-2; a
thick-film part containing a beam connected to a support part (not

shown); and a communication slot for the ink inlet 6-3. As for the
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The channel plate 2 is nade of a silicon single crystal. On the silicon
single crystal, the fluid resistive part 2-1, an inpression to form the
pressured liquid chanbers 2-2 and pass-through slots, which is to formthe

comuni cafig@o&b@E472-3 With the nozzles 3-1, are patterngdrypRoetiegdsgh an
etching process. The remaining part after etching forns a partition 2-4

between the pressured |iquid chanbers 2-2. Also, the fluid resistive part
2-1 is praliagbtagm navs, Heathicknpss is Jnny, aat twwidth he Sbtrohdenesiieh. The
nozzle plate 3, made of a netal material such as Ni-plate 15 filmforned

through an el ect rEf OrHEHENE’ BEBSSen PSS €519@9 - BkOUSHREN DT ar08Zl &F Bhdl whi ch
act as fine outlets of discharge ink drops. The inside structure or

cone- |1 ke SRS plrie S BRE Brifdal BB o0 S B I0G R0 oRBHRS | 1 ©

di anmeter at the ink drop qutlet, is about 20 mto 35 m _ 20 The nozzle
pitch of tHe ashdéevad shroush gotbpmingpltthe adbeave biverhé (OmkadRBEEATYI ng
side of the nozzle plate 3, a water-repellent |ayer (not shown) is

provi deg t hhgtginla. wat er-repel l ant  surface treatnent (not shown). Exanples
of surface treatnment nmethod are PTFE-N eutectoid plating,

el ot 0dep0st | | OMROBRARILObIILUL) dEad e sIRANVEAA0CL0MOT 4 0n the

PCT/ JP2005/ 02005 vapor osition coating o e\rllapo at i veS ‘uoride resin
such as flugrinated, pitch.and coating. fol |l owed_hy baki ng of. sol vent such
as silicon&iew sogly crystads Q&%ﬁ’%éirﬁgl%ﬂ’@hpﬁrts%%ﬁa%é%? SPRRR M Pod i s

sel ected depending on the ink properties so as to stabilize the shape of
i nkI :j{ )(;p aritie predsuokbdigiuid qixaxpgerglz-z rwdgpyss-mhamkglewéoﬂﬁt ghhicheigeto
" | form the communicating slot 2-3 with the nozzlles 3-1, are patterned

10  through an etching process.

The remaining part after etching forms a partition 2-4 between
the pressured liguid chambers 2-2. Also, the fluid resistive part 2-1 is
provided in the head by partially narrowing the etched width.

The nozzle plate 3, made of a metal material such as Ni-plate

15 film formed through an electroforming process, possesses a number of
nozzles 3-1 which act as fine outlets of discharge ink drops. The inside
structure or interior structure of these nozzles is horn-shaped, wherein
column-like or cone-hike shape is also allowed. The size of a nozzle 3-1,
which is the diameter at the ink drop outlet, is about 20 um to 35 um.

20  The nozzle pitch of the each line is 150 dpi. _

On the surface of the ink discharging éide of the nozzle plate 3, a
water-repellent layer (not shown) is provided through a w'ater“repe]lant

surface treatment (not shown). Examples of surface treatment method

are PTFE-Ni eutectoid plating, electrodeposition coating of fluoride resin,
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The frame 1 is produced through resin nolding where grooves are forned for
the ink inlet (not shown) and the common |iquid chanber 1-2. In the inkjet
nozzl es of above construction, an application of driving waveform (pul se

vol t age @fo 30sVist9y 50 V) to the driving part 5-6 in lopaegpidaneesMth a
recordi ng signal generates displacenents in the direction of the | am nated

| ayer, pressurizing the liquid chanber 2-2 through the vibrating plate 3.
The pressuvapamdepsitior seatinged dviaperative fbwtlesresin suckramtusrinatied i nk
drops are discharged fromthe nozzles 3-1. 15 As the discharging of ink

drops conphigtieand B HAKINRESLBS Dakihhef splvens wiichet biliguhed refianbeds 2- 2
decreases, and a negative pressure develops in pressurized |liquid chanbers

2-2 through the inertia<of, in . t hicrdi.schal of
ar i ng. pofluifife 85 foin o Burth b A SUCHHEA I EIR08 AuBaRse Ol
fromthe ink tank flows into the 20 compon |iquid chanber. 1-2, then_flows

f r om commopi | ihguitek r perRertiest 80 39 JPdSJ?Bé%Jlé‘fit%@ ﬁéﬁpezgg 19# é&@h Ak f1ow
inlet 6-3 and fills up the pressurized |iquid chanbers 2-2. The fluid
resistisve gidchazihgpropbagstiarebfftecichidveabiphnimagequahiéy. resi dual pressure
vibration after discharging, whereas it disturbs 27 WO 2006/ 046747

PCT/ JP2005/ Ozooﬁﬁhe FELhLL q%%l%}ﬂuw& ftﬁ?@uédl?t 38 o REASWHOY YnookBEare

attenuation of e residua pressure an e period for refilling nay be

beri ody maprBieeithenel Bt (HPERBPYY B AP TE RABTRCTUBPer Ak part. s
In the present invention, at |east one part that conprises the
In the _inkjet nozzle; of above construction, an application of
driving waveform (pulse voltage of 10 V to 50 V) to the driving part 5-6 in
10 accordance with a recording signal generates displacements in the
direction of the léminated layer, pressurizing the liquid chamber 2-2
throu.gh the vibrating plate 3. The pressure in the pressurized liquid
chambers 2-2 increases, and ink drops are discharged from the nozzles
3-1. |
15 As the discharging of ink drops completes, the ink pressure in the
pressurized liguid chambers 9-2 decreases, and a negative pressure
develops in pressurized liquid chambers 2-2 through the inertia of ink
flow and elecfric discharge process of driving pulse, transferring to
ink-filling stroke. That is, the ink fed from the ink tank flows into the
20 common liquid chamber 1-2, then flows from common liquid room 1-2 to
fluid resistive part 2-1 through ink flow inlet 6-3 and fills up the
pressurized liquid chambers 2-2.

The fluid resistive part 2-1 provides an effect of attenuating the

residual pressure vibration after discharging, whereas it disturbs
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| i quid discharge unit of the inkjet head, nanely the |iquid chanbers, the
fluid resistive part, the vibrating plate, and the nozzles, is preferable
to be made of a material that conprises either silicon or nickel. FIGs. 3

and 4 showoao@wxampl e of ink supply unit (hereinafter

sub-t ank) .
exenpl ary
| ever 10;

menber 15

at nospheri
anbient p
(herei naft
t o connect
the sub-ta

- ahesyeesho as

FIG 3 is a perspective exploded bl ock diagramto describe an

constitution surrounding the i_nkf' et head. FIG 3 conprises a

Fefling by sHnfece tersien.t hdceaganglypthe astemuiagige Rfthehrasidaak i es
the inkjet head; a vent pin 21; a negative-pressure pin 22; an elastic

23psansubnd ahk @Qidd Ak fdbkg mak W Wellnbilaecedr 4h@38e cgble

c vent, 31 to adjust the internal pressure.of the sub-tank to

HFRMER R ARG LGSR BN BSOS By, o,

ri

er erred to as a ] ol

the .ink_ cartrid 50 and.the sub-tank 30 for supplying ink to
i

PEODSYY F61e0HRE the

BYSLEHEe P&sent invention is installed where

the sub-tank 30 and the head 40 are jointed in FIG 3. For printers with
| ar ge- capacity ink tlar presge tovemtion, eat leadteade do 4191 tHitgboropriges gl i ty,

i mge disp
2006/ 04674
printers a
the carria
t empor ary

positive,

Ther ef or e,

i0

15

20

| acenment may occur due to the weight of the carriage 20 in

i RIS : f : i . :
rilg%grﬁ‘ligguredqgrgﬁgfg?n th@i%%%&%@%@g%%;%a%%@ggl%l}:thgi de of

28 WO
such

i PesBhs pertyiEn R BN AL b% FBaes  Ropilp O30 | <

ink 5 may leak fromthe head 40 due to its own weight.
bptmpde of a material that comprises either silicon or nickel.

FIGs. 3 and 4 show an example of ink supply unit (hereinafter
referred to as sub-tank).

FIG. 3 is a perspective exploded block diagram to describe an
exemplary constitution surrounding the inkjet head. FIG.3 comprises a
lever 10; a driving unit 13 for the lever 10; a carriage 20 that carries the
inkjet head; a vent pin 21; a negative-pressure pin 22; an elastic member
23; a sub-tank 30 that stocks ink within the carriage; an atmospheric
vent, 31 to adjust the internal pressure of the sub-tank to ambient
pressure; a negative-pressure lever 32; the inkjet head 40 (hereinafter
referred to és head); the ink cartridge 50; a joint tube 51 to connect the
ink car_tricige 50 and the sub-tank 30 for supplying ink to the sub-tank
30.

The filter of the present invention is installed where the sub-tank
30 and the head 40 are jointed in FIG. 3. For printers with
large-capacity ink cartridge or printers intended for high image quality,

image displacement may occur due to the weight of the carriage 20 in
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necessary to set the inside pressure of the tank to negative. A pressure
configuration such as above is inportant for the feature that a jet of ink
is produced fromthe head. However, a degradation of image forned by ink

occurs wheo obynianpunt of air within the sub-tank 30 inqrd(%aﬁggﬁsygzg 3,10 tine
with the possibility of air entering fromthe ink cartridge and the

joint tube 51. Hence, the air proportion and pressure configuration inside
the i nk carmupiidge Shexeorconsrdidven inadlkGt 03,t freth ronnigiraadrestatdsuonl a
regul ar basis. FIG 4 is an expl oded perspective diagram of an exenpl ary

15 confi gurehémin thednkaddrtiidge 500k 18864 bltdibe UehS lé'ﬁr%iﬁ%!é 290 aplaowp, i n
FIG 3 in nore detail. The sub-tank 30 is conprised of the followng: a

case 33 wit i | ,open _an e rest_surrounded by an upper wall
39a, a bot tcgfnﬁgggﬁ% %B@ﬁath{eh% eg@%éb\/ﬁqge%&a@’a BI*EWRIEh is nearly
rectangle; a 20 film 34 that covers the opening; elastic nmenber that
presses the fil m¥hensigrinteanphprassuteach the s Bk H44is positive, ink

negati ve-pressure |lever 32, which is a tabular elastic nenber that presses

back the fichay 3éakr frowi heotibsdde) dud tel #stownmarieit. 36Thaveifeh presses the
film34 fromthe inside, is configured such that it presses the film 34

hegat | vo- pEeCeirey Buer 55 AR Brceees ohihG AR Gu s paeso e
therefore, the film34 is being pressed towards the outside at an .initial
state. At Fﬂ?ﬁgﬂ‘%‘?nﬁﬁéﬁ&ﬁﬁﬁ?‘ﬁr WPW@H\Q@%%@ eaturpridgfeneboivkn  the
negati ve-pressure |lever 32 and the internal elastic nenber 36 5 changes
accordi ng t®pridudddibrovathemead. t Fowenar nadegpudasioneobimadeformed by
ink occurs when the amount of air within the sub-tank 30 increases with
16 time with the possibility of air entering from the ink cartridge 50 and the
joint tube 51. Hence, the air proportion and pressure configuration
inside the ink cartridge 50 are controlled back to their original states on
a regular basis.
FIG. 4 is an exploded perspective diagram of an exemplary
15  configuration of a cartridge for describing the sub-tank 30 shown in FIG.
3 1in more detail.
The sub-tank 30 is comprised of the following: a case 33 with one
side wall open and the rest surrounded by an upper wall 39%a, a bottom
wall 39b and three side walls 39¢, each of which is nearly rectangle; a
20 film 34 that covers the opening; elastic member that presses the film 34
from the inside via a plate 35; and a negative-pressure lever 32, which is
a tabular elastic member that presses back the film 34 from the outside.

An elastic member 36, which presses the film 34 from the inside, is

configured such that it presses the film 34 with a higher pressure than
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sub-tank 30. Wen ink in the sub-tank 30 decreases in quantity, the film
34 is pressed back inside due to the change in the internal pressure. Under
normal conditions, the atnospheric vent 31, provided on one of the side
wal | s 39cwoand/@a747nk-filling opening 37 are seal ed tighgdyypdesPuepal | s
312 and 372 that are pressed by elastic nenbers 311 and 371 of springs and
such, elastic nenbers 313 and 373 of rubber and such and caps 314 and 374,
respect i velthe Begatmke prédsurg lepenidity that iprese¢eddod 3y frarhethsr eussides of i nk
flown through the joint tube 51, and the flowing ink is introduced to the

i nsi de of thersik: taRKARA. 3ALS Beild @raddlasfiesids Menbuldiddlat snrialwased by
the vent pin 21, provided on the carriage 20 in FIG 3, being pressed, and

hence the ipntern essure .of the,sub-tank can.he dj I
ndd tion. ehitEhoghh PHESSRE Bie ddEBHuhn N B0 iBbrRfe cREth bedbn
negati ve-pressure | ever 32 fromthe outside is provided on the carriage 20
20. By pushhagopgatirepreyatey eymreddypadpithe omieganl talastie hmember 36

negati ve-pressure |lever 32 is displaced towards the inside of the sub-tank

30, thesinthangbks wcordngf té es fllct@atiod Oirb ebenistesial lpakessurbhef efhast i ¢
menber 23 is configured such that the negative-pressure |ever 32 and the

negat i ve- p%gg(s)%?% QPR ; & §nR! 35 8fe A9A-Ntk S NALARE iﬁogl\{%ﬁ%%%%?‘”

PCT/ JP2005 e opposite direction; due to the action of the
negat i ve- piddsif & prevosd TERE SR Heath Fhe FRUGEnTA Lo dniHF A OROBEHE, . The
operation of the inkjet head configured as descri bed above is 5 as
follows. First, Rmdarsnéithhbdondricugh thieeaimksphduic vgndphi moyvided wna
one of the side walls 39¢, and an ink-filling opening 37 are sealed tightly
10 by balls 312 and 372 that are pressed by elastic members 311 and 371 of
springs and such, elastic members 313 and 373 of rubber and such and
caps 314 and 374, respectively. An ink-filling opening 37 is released by
the pressure of ink flown through the joint tubé 51, and the flowing ink is
introduced to the inside of the sub-tank 30. Also, the atmospheric vent
15 31 is released by the vent pin 21, provided on the carriage 20 in FIG. 3,
being pressed, and hence the internal pressure of the sub-tank 30 can be
édjusted__
In addition, the negative-pressure pin 22 that pushes in the
negative-pressure lever 32 from the outside is provided on the carriage
20 20. By pushing in the negative-pressure pin 22 such that the
negative-pressure lever 32 is displaced towards the inside of the
sub-tank 30, the internal volume of the sub-tank 30 becomes smaller.

The elastic member 23 is configured such that the negative-pressure

lever 32 and the negative-pressure pin 22 are biased against each other
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condition where the internal volunme of the sub-tank is being reduced by
operating the vent pin 21 to relieve the atnospheric vent 31 as well as by
operating the negative-pressure pin 22 to push in the negative-pressure

| ever 32woltwsnaskafilled is detected by a liquid fill-upcegbaetiRpssensor
38, 10 located at the top of the sub-tank 30. The ink supply is controlled
by the detection results; therefore, the quantities of air_and ink in the
sub-tank BOthe epHesiée divestionTHaw, tocepnefdon ied thatelesiik nsomben28d thy
closing the atnospheric vent 31, relieve the pressure against the

negat i ve- piegsive prédurdhietbr N33 heabrthkepbopties3edssiBe phh S22 paeabioen the
i nside of the 15 sub-tank 30 is controlled at a constant negative-pressure,

a stable i‘mﬁ#i@wﬁﬁ%*ﬂfﬂ&bﬁ&ﬁ@ﬁ 40 may be achi eved. An aspect of the
I g t

i nkj et recor apparatus o e present invention is explained

herei nafter wt ef erence t | Gs, . The i pkjet recording apparatus _shown in
FIG 5 conpri segT 9@&???“%"“%659 1@5}1@%@5@&% A8 d@ﬁ%aﬁquzbﬁﬁw ed on
the main body 101 for charging paper, a paper discharging tray 103 nounted
on thesnaias Holdyws.10Fikar it ds Kilbhey ttheouwghn gher adofitléds (dpemirg)3paper, an
ink cartridge nounting portion 104, an upper cover 111, and a front face

112. On the ppsh whee e IherhakveRIbE io@@ﬁe%”ﬁdﬂ]&i@?éﬂgofb&%d o 31 wo
2006/ 046747 b .1 PCIT/JP2005/ 020052 operating portion 105 "equi pped with

por t on 0t ks Besent pideh B Feiavaul EadRReneRerES9aE Yel WPy dor (o
nount and renove the ink cartridge 1. s In the main body 101, as shown in
FI Gs. 6 arberatiagctre hegativg@pressure pin 22 to push in the negative-pressure
lever 32. The ink filled is detected by a liquid fill-up detéctioﬁsensor 38,
10 located at the top of the sub-tank 30. The ink supply is controlled by the
detection results; therefore, the quantit‘ies of air and ink in the sub-tank
30 are detérmined. Then, keeping the sub-tank 30 sealed by closing the
atmospheric vent 31, relieve the pressure against the negative-pressure
32, which has been kept pressed. By this operation the inside of the
15  sub-tank 30 is controlled at a constant negative-pressure, a stable inkjet
property at the head 40 may be achieved.
An aspect of the inkjet recording apparatus of the present
invention is explained hereinafter with reference to FIGs.
The inkjet recording apparatus shown in FIG. 5 comprises a main
20  body 101, a paper feeding tray 102 mounted on the main body 101 for
charging paper, a paper discharging tray 103 mounted on the main body
101 for stocking the image-recorded (formed) paper, an ink cartridge

mounting portion 104, an upper cover 111, and a front face 112.

On the upper side of the ink cartridge mounting portion 104, an
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is supported by guide nmenmbers, nanmely a guide rod 131 and a stay 132, that
bridge laterally the right and | eft side plates (not shown) so that the
carriage 133 may slide freely in the main scanning direction and scan wth

a mains L& pREOr (not shown) in the direction indig L 10
arrow i nqlgllaG 7. The carriage 133 conprises a recordi ngqﬂée]zﬂlzg%ﬁ)?gbgaui pped

with four inkjet recording heads that discharge the respective recording

ink  drops opbryighg @urtith, 10y aquiped wageopardtiihg dagsphatikplBkindwhehei n the

recording head 134 is nmounted such that the respective ink outlets is

i ntersect wth.. ir i o] i s&g&g; t1 4 .scharged inks
travel dom%m%}éghgﬁg' iﬁ%ee? H}r(e{::%lgge%s ea sﬁg aﬁ[ﬂ%ddr}gclgrzld?ﬁgiq%g% %%4 may
enpl oy an ener eperating unit for discharging the ink, for exagple, a
pi ezoel ect PPEH%%Q?‘SFE%%EP grong ‘iﬂ"@%oﬂi% Préetetaemonnt apd Kemeye et uat or
20 that utilizes the phase change due to filmboiling of liquid by neans of

el ect ot her mak cetiendgd $. such as heating resistors, a shape-nenory all oy
actuator that utilizes netallic phase change due to tenperature change and

el ectrostatic acﬁﬂ%%rm%ﬂ@boﬂgil'dlz,ea% SARFh iASFALd G RAWSS -4 ENFLRSE 133
color-identified sub-tanks 135 aré nmounted on the 32 WO 2006/046747

recordi ng._ FoanPaared T it g ¥Rl fidq ST TR eoriee BT om
the cartridge 1, nounted on the ink cartridge nmounting portion 104,
through a thekbridendaiamlls st yEht anddefi side At ROt Sharmite Gatdlei me, a
paper - f eedi ng section for feeding
carriage 133 may slide freely in the main scanning direction and scan
with a main scanning motor (not shown) in the direction indicated by the
10 arrow in FIG. 7.
The carriage 133 comprises a recording head 134, equipped with
four inkjet recording heads that discharge the respective recording ink
drops of yellow (Y), cyan (C), magenta (M) and black (Bk), wherein the
recording head 134 is mounted such that the respective ink outlets
15 intersect with the direction of main scanning and that the discharged
inks travel downward.
The inkjet recording heads of the recording head 134 may employ
an energy generating unit for discharging the ink, for example, a
piezoelectric actuator such as a piezoelectric element, a thermal actuator
20 that utilizes the phase change due to film boiling of liquid by means of
electothermal elements such as heating resistors, a shape-memory alloy
actuator that utilizes metallic phase change due to temperature change

and electrostatic actuator that utilizes electrostatic power.

Further, color-identified sub-tanks 135 are mounted on the
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accurnul at ed paper 142 on a paper-loading unit (pressure plate) 141 of a
paper-feeding tray 102 conprises a half-noon collar (a paper-feeding

collar 143) and a separating pad 144, in which the hal f-noon collar feeds
paper 143vgh@ew4dyy? sheet from the paper-1oading unit 14kCriksoi@zmeparati ng
pad 144 is disposed oppositely to the paper-feeding collar 143 and i s made
of a material with relatively high frig |on coeffrcrent and t

separ at i ngCaudaga 435 o apad ok dgnia HYeT 1o ddigi F@:OE@’mgahe@L@SlS‘ﬁ' he

transporting section, which transports paper 142 fromthe paper-feeding
section i n’IﬁaIeeilﬂpdeefedet@vandreeﬁHsdﬂ:@i nghhealts1B35 from torpartdédga 1,
transport belt 151 that electrostatically attracts paper 142 and transports

L B counbiuiall o 162 thal LEARRRAT LRoRARRE WZROTNe yRARAY -heedi ng

section through a gui de 145 y prnc transport

transport 153 .t hat orc ect{on of paper 142, Dbeing
transporte g’ﬂ&?%fg&?? Xlﬁg QPP&%‘OY{P ectl on, to change by 20 about 90

degrees to foI | ow the transport belt 151; a pressure collar 155 that is
pressed toward t A& thhenspame btinte,151 Ipapergeedisigngsenitrer f@54feeding al so
an electrified roller 156, as a neans of static electrification, that

el ectrost aht@ahlateAaARS 142 08 W Eagel Wadihe ﬁﬂx@'@?é’és‘iar@%'l&te}ihl JM

transport belt 151 is an endl ess t that I's spanned over

2006/ 046747 PCT JB2005/ 020 | er 157 a tens o roI | er
T35 and | SPABTe a0 08 KAz e DRRgn: 3}3?# o b B?P‘?‘hi A

t he back side of the transport_ belt 151 gui de manber 161 is arranged
such that fellanitdspehdssersrabiag prd Adinin F‘egpbﬁhéfh&lﬁéiqoé’c@ﬂkﬁrn@eﬁead 134,

Further, the 5 paper-discharging section that discharges paper 142 recorded
by the paper 142 sheet-by-sheet from the paperloading unit 141. The

10 separating pad 144 is disposed oppositely to the paper-feeding collar 143
and is made of a material with relatively high friction coefficient, and the
separating pad 144 is pressed toward the paper-feeding collar 143.

The transporting section, which transports paper 142 from the
paper-feeding section in the space below the recording head 134,

15 comprises a transport belt 151 that electrostatically attracts paper 142
and transports it; a counter roller 152 that transports paper 142 from the
paper-feeding section through a guide 145 by pinching with the transport
belt 151; a transport guide 153 that forces the direction of paper 142,
being transported approximately in a vertical direction, to change by

20  about 20 degrees to follow the transport belt 151; a pressure collar 155
that is pressed toward the transport belt 151 by a pressing member 154;
and also an electrified roller 156, as a means of static electrification, that
electrostatically charges the surface of the transport belt 151.

The transport belt 151 is an endless belt that is spanned over a
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recordi ng head 134 conprises a separating pawl 171 for separating paper
142 fromthe transport belt 151, a delivery roller 172 and a delivery
collar 173. A delivery tray 103 is |l ocated below the delivery roller 172.

At the bagl Bsidaeaf; the main body 101, a doubl e-sided ,,llﬁblpﬁ%(;ﬂfzg(rsgi ng
unit 181 is mounted in a nanner that allows attachnent and renoval. The

doubl e-si ded paper feeding unit 181 entraps paper 142 returned by reverse
rotation oftrehepantaneslenrtbbend 2 sansionmeler t156vand is ade thentdtedastlia agai n
bet ween counter roller 152 and transporting belt 151. Al so, a manual

paper - f eeditpgnspirtinkBdirestibh O theheaPOVAL thE babk Ao R ehsitdessRARdL1f eedi ng
unit 181. In the inkjet recordi ng apparatus, paper 142 is fed

sheet - by-s t _f t aper~feeding _seetion, .and.paper 142.fed j,n

appr oxi mat el & g@g‘?%ilggp% Fr%%{ il%naﬁrgﬂg?ﬁies&cgdt ?795‘]288 isﬁgn‘ﬁgoaﬂ’c?
transported while being pinched between the transport belt 151 and the
count er rolHrépting? remoxhenl Jdger racrrding gurerst at34.ts | Fzathey, enthepy
transporting guide 153. Pressed on the transport belt 151 by the pressure

rol l er 455 pdpee-disclanghes tdeatiodl tleet idiscHasgburpgseralidnt rQQrdedreessheAt this
stage, the transport belt 151 is electrostatically charged by the

o eet T | bR 1A e SBHeBRLep s JRNTPPRLE R Bactit
ccor dance WPt FrOEh@bEngespeT bl Tilor AR REIRB 1o 204 o1 Sg8vers,
one-line image is recorded wth ink drops discharged onto the stationary
paper 142, coHenliBe papdivesyligdyil®3neechibyl elpwdhdatadiverpadller 3F¥ance, and
the next line is recorded.
At the back side of the main body 101, a double-sided
10 paper-feeding unit 181 is mounted in a manner that allows attachment
and removal. The double-sided paper feeding unit 181 entraps paper
142 returned by reverse rotation of the transport belt 151, turns it over,
and then feeds it again between counter roller 152 and transporting belt
151. Also, a manual paper-feeding unit 182 is provided above the
15 double-sided paper-feeding unit 181.
In the inlkjet recording apparatus, paper 142 is fed sheet-by-sheet
from the paper-feeding section, and paper 142 fed in approximately a
vertical direction is directed by the guide 145 and transported while
being pinched between the transport belt 151 and the counter roller 152.
20 Then, paper 142 is guided at its leading end by transporting guide 153.
Pressed on the transport belt 151 by the pressure roller 155, the
transporting direction is turned about 90 degrees.

At this stage, the transport belt 151 is electrostatically charged

by the electrified roller 156; thereby paper 142 is transported in a
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When an end-of-record signal or a signal that the tailing end of the paper
142 has reached the recording region is received, the recordi ng operation
is term nated, and the paper 142 is renoved into a delivery tray 103.

Furt her, whemetohersirnk remained in the sub-tank 135 is deiqeieshsolgst o be
nearly depleted, a required ampunt of recording ink is supplied to the
sub-tank 135 fromthe ink cartridge_ 1. In the |nﬁggnﬁrecord|ng appar at us,

when the i sRofitiamebeing elestrostageally i atteched b ranspoyt belty 18A. i nk
bag 2 in the ink cartridge 1 is replaced by disassenbling the housing 3 of

t he i nk cafi¢iedds drividg Ahbefaratdingl Heal B4 ik Rastddmtgewithrele Hen
| ongi tudi nal disposition with fiont-side nounting configuration; this also

Bheoue 2 S uRlds " ARde Uich! ROLNIGL | DlirialaT €4 Lo 1R b B 4 cases where

t he appar at present I nvention upper space of
the main bod bei bscur,ed, for exarrpl e when the paratus of the
present i nVé& ilB% @@Pﬁgiﬁ gadiontg tg‘&c‘i!:aﬁlt‘?&aﬁﬁéﬁm%ﬂé%ﬁﬁé%t thespapegposed
on the main body 101, the ink cartridge 1 nay be repl aced easily.

Meanwhi t e, 1dPtikcoigihed bﬁ aepoampé tesnhieedidibefmree anfl thhengutdienis rdcovéed.i on are
those applied to a Serial type (Shuttle type) inkjet recording apparatus

with a sca
PCT/ 3 pzoosf""%%%%é%aéi‘? %9?%2&9%5%'%@?‘2*2% TR Sailie .‘Qﬁ%@f@ pig o

etor i ng AR theckil R Bt BRIy AR, dee PRI SRS gResont

invention may be applied to various 5 recordings based on inkjet recording
met hod suchks teyopuiakedrand the phpet 842 is removed into a delivery tray 103.

Further, when the ink remained in the sub-tank 135 is detected
10  to be nearly depleted, a required amount of recording ink is supplied to
the sub-tank 135 from the ink cartridge 1.
In the inkjet recording apparatus, when the ink in the ink
cartridge 1 is consumed completely, only an ink bag 2 in the ink cartridge
1 is replaced by disassembling the housing 3 of the ink cartridge 1.
15  Alternatively, the ink cartridge 1 may be of longitudinal disposition with
front-side mounting configuration; this also allows a stable feed of
recording ink. Therefore, even in the cases where the apparatus of the
present invention is placed with the upper space of the main bedy 101
being obscured, for example when the apparatus of the present invention
20  1is placed in a rack and when some object is disposed on the main body
101, the ink cartridge 1 may be replaced easily. |
Meanwhile, although the examples hereinbefore of the present
invention are those applied to a Serial type (Shuttle type) inkjet

recording apparatus with a scanning carriage, the present invention is
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copiers, conplex apparatus of printer/facsim]le/copier, for inkjet
recordi ng. According to the present invention, in an inkjet recording
apparatus whi ch di scharges an ink that conprises a water-dispersible to

col orant g ;hsxEgIaNt ., a surfactant and a wetting agent ﬁéﬂ%ﬁoﬁ&%@s}zi n

which a filter 1s installed, wherein the viscosity of the 1'hK I's "adjusted
to 6 nmPa s to 13 nPa s at 25 C, the average particle dianeter of the

col orant i similarhe apphigeblf td aulihd oyROnkjst wecrding dppidtuesgipped of
the filter tothe ink is in the range of 4.4 x 109 Pa s/nmB to 2.2 X 1010

Pa s/nB 1%} 4 hs tt‘?@? ure of 25 C and the head pressure of 150 nmm aq.,
it has a ggnefi cl gl éegl%i'that an i nkjet apparatus recording with both

high reliability an igh image .quality,.my be provided. ,The present
"nvention will bd% P&@Qf%att%'& Pifb FECOTSing AnRAE LT andriBaes FeroERtmpl os
gi ven bel ow, but these are not to be construed as 20 |limting the present
i nvent i on. oA¢thgde acemtdage $oatite pactenanevédytionsmayuhé egplotd éo wadous

i ndi cated. Production Exanple 1 - Preparation of Black Ink 36 WO

2006/ 046744 R Hid 2 BARL D A% e tKMBP3H o HRYRoH RN p:FRtersl Fksimiles,
sel f-di spersi bl e carbon bl ack 50% d ycerin 10 % 1,%- butanediol 15 % 5

- . . i 0h 9. i 0
2-ethyl -1, %o{)]fe)%g,negtl)gnlplezx/o %lp s &sl d(())P € p%{ﬁter/facsimﬂe/copier, for inkjet

recording.

. According to the present invention, in an inkjet recording
apparatus which discharges an ink that comprises a water-dispersible
10  colorant, a humectant, a surfactant and a wetting agent from a head in
which a filter is installed, wherein the viscosity of the ink is adjusted to 6
mPa-+s to 13 mPa-s at 25 °C, the average particle diameter of the
colorant is in the range of 5 nm to 200 nm, and the fluid resistance of the
filter to the ink is in the range of 4.4 X 102 Pa+s/m3 to 2.2 x 1010 Pa-s/m3
15  at the temperature of 25 °C and the head pressure of 150 mm aq., it has
a beneficial effect that an inkjet apparatus recording with both high

reliability and high image quality may be provided.
The present invention will be illustrated in more detail with
reference to examples given below, but these are not to be construed as
20  limiting the present invention. All percentages and parts are by mass

unless otherwise indicated.

Production Example 1

- Preparation of Black Ink -
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Surfactant (1-9) 1 % C 3H270(C2H40)9H Silicone Antifoamer KS508 (Shin-Etsu
Chem cal Co., Ltd.) 10 0.1% De-ionized water bal ance The ink ingredients
of the above-noted recipe were mxed sufficiently at roomtenperature to

produce @ dddkos@position. Then, the resulting ink coppegbide@fones
filtered through a nenbrane filter 15 having an average pore size of

gm thereby an ink of Production Exanple 1 was prepared. The viscosity of
the ink at 25 C ¥4 903 (Ryo ik Mfg Che Ladermdedipperiible cditaoeblackof t he
colorant in the ink was 102 nm Production Exanple 2 20 - Preparati-on of
Pol ymer Solution A After a one-liter flask equipped withrsgtirrer,
thernoneter, inlet tube for nitrogen gas, reflux condenser, and dropping
funnel was suffbcigier% ly purged with nitrogen gas, 11.2 glcbftystyrene, 2.8 ¢
of acrylic acid, V3 g of lauryl nethacrylate, 4.0 g of ?

pol yet hyl enegl ycol _ 37 WD 2006/ 046747 PCT/ JP2005/ 020052 net hacrylate, 4.0
g of styrene nacilciieutanaddolo. 4 g of nercapto ethanol wer d&¥ended and
heated to 65 C. Then, a m xed solution consisting of 100.8 g of styrene,
25.2 gsof acryl pethel-d,3-h88uk:dobf |auryl nethacrylate, 389 g of

pol yet hyl ene glycol 5 nethacrylate, 60.0 g of hydroxyethyl nmet hacryl ate,
36.0 g of styrens. 3.6 g of nercapto ethanol, 2.4 of

azobi snet hyl val %f&%lg{)ﬁ)l e, and 18 g of nethyl et hyl ketonez\%s fed by drops

into the flask fglrlrt%icgant (1-9) 1%

C13Ha70(C2H4O)oH
Silicone Antifoamer KS508 (Shin-Fitsu Chemical Co, Ltd)
10 | 0.1%
De-ionized water balance
The ink ingredients of the above-noted recipe were mixed
sufficiently at room temperature to produce an ink composition. Then,
the resulting ink composition was filtered through a membrane filter
15  having an average pore size of 1.2 pm; thereby an ink of Production
Example 1 was prepared. The viscosity of the ink at 25 °C was 7.6 mPa-s,

and the average particle diameter of the colorant in the ink was 102 nm.

Production Example 2
20 - Preparation of Polymer Solution A -
After a one-liter flask equipped with a stirrer, thermometer, inlet
tube for nitrogen gas, reflux condenser, and dropping funnel was
sufficiently purged with nitrogen gas, 11.2 g of styrene, 2.8 g of acrylic

acid, 12.0 g of lauryl methacrylate, 4.0 g of polyethylenegiycol
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hours. After the dropping of the solution was conpleted, a m xed solution

consisting of 0.8 g of azobisnethyl valeronitrile and 18 g of 1o
nmet hyl et hyl ket one was fed by drops into the flask for 0.5 hours. The
sol ution wasaged-at 65 C for one hour. Then, 0.8 g of. pzpH-SHBLAN:
valeronitrile was added to the flask, and the solution was aged for
anot her one hour. After the reactions were conpleted, 364 g of

met hyl et hy liketleneylsds, dddghft stytrdwe thaskmeandnd00.4gg of metoapso «hhubl on
A with a concentration of 50 % was recovered. Preparation of Agueous

Di spersion | . Il mer Fine Particles A mxture of
ggé[re%leﬁ&@a m%é%{eazﬂg%f%y

28.0 g of ymer sol ution

15

g of CIl. pignent vyellow 97, 13.6 g of

ot assi um hydr oxi.fJe aqueaus ,sol ut.i on of. 1. nol 0 0 of
Dot iyt ety kot onderndt S88a S2utting boBkicditE phop Hg ot Sufrels AR E & i 11 ed

and then kneaded with a roll mll. The resulting paste was introduced to

200 g of decrynd zedl, %0 g ohilztrlasetimnrylitee 864 gufff paiyethyleseglyeohg.

This was distilled in an evaporator to renove nethylethyl ketone and water,

and final | ynayhaRapigess ediGpersi o debxy 38y ekAPR8¢PAB7 46 BCE/ JP29PR{H20052

yel | ow pol ymer particles wwth an average particle dianmeter of 80 inn was

Al yzor UPCEBR AU BBl e B g e SYolEr s bR veBihbitele s as

di luted by the pignment concentration of 0.01 % - Yellow Ink D spersion
Yel | ow Pol 1§ig]@f pPaethdeptsvlketoge was fed by drops into the flask for 2.5

hours. After the dropping of the solution was completed, a mixed
solution consisting of 0.8 g of azobismethyl valeronitrile and 18 g of
10  methylethylketone was fed by drops into the flask for 0.5 hours.

The solution was aged at 65 °C for one hour. Then, 0.8 g of
azobismethyl valeronitrile was added to the flask, and the solution was
aged for another one hour. After the reactions were completed, 364 g of
methylethylketone was added to the flask, and 800 g of polymer solution

15 A with a concentration of 50 % was recovered.
- Preparation of Agueous Dispersion of Pigment-Containing Polymer
Fine Particles -
A mixture of 28.0 g of polymer solution A, 26.0 g of C.I. pigment
yellow 97, 13.6 g of potassium hydroxide aqueous solution of 1 mol/L,, 20
20 g of methylethylketone, and 13.6 g of de-ionized water was sufficiently
stirred and then kneaded with a roll mill. The resulting paste was
introduced to 200 g of de-ionized ﬁfater, which was then given a sufficient
stirring. This was distilled in an evaporator to remove

methylethylketone and water, and finally an aqueous dispersion of
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A ycerin 8% 1, 3-butanediol 20 %10 2,2,4-tri nethyl -1, 3-pentanediol 2%
Surfactant (1-8) 1.5 % C13H270(02H40)7H Silicone Antifoanmer KS508
(Shin-Etsu Chem cal Co., Ltd.) 0.1% 15 Dc-ionized water bal ance The ink
i ngredi ent® 2@f6/046v@7 above- not ed reci pe were m xed suffi eicantebossatoospom
tenperature to produce an ink conposition. Then, the resulting ink
conposition was filtered through. a nenbrane filter . having an average pore
size of 1.velipw noheneppaghiclasvih I g¥gragoravisclediapeder ohsh Prepaged. The
viscosity of the ink at 25 Cwas 7.8 nPa s. Production Exanmple 3

Pr epar at i opregfarddqueous Di spersi on of Pignent- Containing Polyner 39 WO
2006/ 046747 PCT/ JP2005/ 020052 Fine Particles An aqueous dispersion of
magenta pol ymer hoGaaeicld ahaneliviid dAB-AYRLASS RABLLIEO MBI, Of 140

nm was prepared in the same manner as Productio anpl e 2, except that

EG?S. P el RS 38 maRBit R b 0% S pBIHors nihgie EhE SRS o6
I 0
yeet |5n 1\7?7&&? diluted by the pigment concentration of 0.01 %.

- Yellow Ink -
Dispersion of Yellow Polymer Fine Particles 40 %
Glycerin 8%
1,3-butanediol 20 %
10 2,2,4-tri methyl-1,3-pentanediol 2 %
Surfactant (1-8) 1.5 %

C13Ha70(CoH4O)H

Silicone Antifoamer KS508 (Shin-Etsu Chemical Co., Ltd.)

0.1%

15 De-ionized water balance
The ink ingredients of the above-noted recipe were mixed
sufficiently at room temperature to produce an ink composition. Then,
the resultiné ink composition was filtered through a membrane filter
having an average pore size of 1.2 pm; thereby an ink of Production
20 Example 2 was prepared. The viscosity of the ink at 25 °C was 7.8

mPa-s.

Production Example 3

-~ Preparation of Aqueous Dispersion of Pigment-Containing Polymer
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1, 3-butanediol 18 % 10 2,2,4-tri nethyl-1, 3-pentanedi ol 2% Surfactant
(1-8) 1.5 % C13H270(C2H40) 7H Silicone Antifoaner KS508 (Shin-Etsu Chem cal
Co., Ltd.) 0.1% 15 De-ionized water bal ance The ink ingredients of the
above- notwd Hegiparvwere mxed sufficiently at room t enparaiihgs d28Rr oduce
an ink conmposition. Then, the resulting ink conposition was filtered
through a nenbrane filter having an average pore dianeter of 1.2 m

t her eby an Hink Rertideducti on 20 Exanpl e 3 was prepared. The viscosity of
the ink at 25 Cwas 8.1 nPas. Production Exanple 4 - Preparation of

Aqueous Di spersi oty @fyuBbasRRipe SRIH Bf Rh Ak Al Yoot ertBndQ 2 9RMONESThG
PCT/ JP2005/ 020052 Fine Particles An aqueous dispersion of cyan polyner

fine particles_having an. avera arti,cl.e_diameter of 110.urn was _prepared
1 he. sane raNAETES el EnRtte Byt 3 SNEs bRy B thegREREE |
Production 5 Exanple 2 was replaced by C 1. pignment blue 15:3. - Cyan Ink
Di sper si onIAnRsEans gopgnefion Krxampnla 2ctxcepidhed the ywememtan Prodyichignanedi ol
20 %

5 Example 2 was replaced by C.I. pigment red 122.

- Magenta Ink -
Dispersion of magenta polymer fine particles 50 %
Glycerin 10 %
1,3 -butanediol 18 %
10 2,2,4-tri methyl-1,3-pentanediol 2%
Surfactant (1-8) 1.5%

C13sH2,0(C,H,0):H

Silicone Antifoamer KS508 (Shin-Etsu Chemical Co., Litd.)

0.1%

15 De-ionized water balance
The ink ingredients of the above-noted recipe were mixed
sufficiently at room temperature to produce an ink composition. Then,
the resulting ink composition was filtered through a membrane filter
having an average pore diameter of 1.2 pm; thereby an ink of Production
20 Example 3 was prepared. The viscosity of the ink at 25 °C was 8.1

mPa-s.

Production Example 4

- Preparation of Aqueous Dispersion of Pigment-Containing Polymer
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10 2,2,4-tri methyl -1, 3-pentanedi ol 2% Surfactant (1-8) 1.5 %

C1l3H270( C2H40) 7H Si |l i cone Anti foamer KS508 ( Shin-Etsu Chem cal Co., Ltd.)
0.1% 15 De-ionized water balance The ink ingredients of the above-noted
reci pe we¥e 20i6ider47suf ficiently at roomtenperature to padessatdsnk
conposition. Then, the resulting ink conposition was filtered through a
menbr ane f%j.te%)@gggri ng an average pore size of 1.2 m thereby an ink of
Product i on*28¢ % 4 was prepared. The viscosity of the ink at 25 C was
7.9 nPa s. <Filter> As a filter material, stainless steel is preferable.
SUS 304 is 41 WAM20Q8+0u$ isheRSilin PROPS: qRIPERr GoenmntirlasshdyingUsn316
with i nproved corrosion resistance may al so be used. An exanple of

manuf act ur RBgya-d bhitesleldi met 81 e rQc t. pr ces a
mesh filter thefgou%h web ng%éftggt%ﬁri ng of %tg?enlfaergg %tggfs i%ezrp%fn(%l%?lomed by
vacuum si ni_ st ey i and rolling. ,The s per bj,lity. of these filters may be
managed by?3 %ﬁ%@‘g?tf’?fl bgﬁﬁpgﬁgo?nte“ﬁpgségggk%tﬁlgi”}fiﬁts 1t Hredpetignper e
used for evaluation. Wth inks of ~Production Exanples 1 to 4, the fluid

r esi st anceEspmiedewhireplaceddyi Adt pigment blke 46:25 C was nmeasured at a
tenperature of 25 C and head 10 pressure of 150 mm ag.

- Cyan Ink -
Dispersion of cyan polymer fine particles 40 %
Glycerin 8%
1,3'bui;anedi01 20 %
10 2,2,4-tr1 methyl-1,3-pentanediol 2%
Surfactant (1-8) 1.5%

Ci13H2,0(C2H0)-H

Silicone Antifoamer KS508 (Shin-Etsu Chemical Co., Lid.)

0.1 %

15 De-ionized water balance
The ink ingredients of the above-noted recipe were mixed
sufficiently at room temperature to produce an ink composition. Then,
the resulting ink composition was filtered through a membrane filter
having an average pore size of 1.2 pm; thereby an ink of Production
20 Example 4 was prepared. The viscosity of the ink at 25 °C was 7.9

mPa-s.

<Filter>

As a filter material, stainless steel is preferable. SUS 304 is
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When a volune of ink (V) was flown for a tinme period (T), the fluid
resistance R of a filter under pressure P can be obtained by R=PT/V.
Specifically, the fluid resistance was cal cul ated by neasuring the effl ux
time per WBSsod&krof i'nk when the ink was flown fromthel,@ﬁngﬁhwzp 2vvlth a
head of 150 mm Table 1 shows the bubble point pressure an

resi stance of each filter. Table 1 Fluid Resistance (x 1010 Pa' s/ rrB)

Bubbl e- poi nbnBhodl tked; FUSAE with Bhpderodid corrBsioduecisiginnce mesy ulse Hxanpl e
1 Exanple 2 Exanple 3 Exanple 4 Filter 7000 Pa 2.80 3.00 3.80 3.20 A
Filter 5000, 23 149 cholfbil GOnbocufihd LeHIR4 0P (Aodb 0 ils 34 - 55 C
Filter 2000 Iga011 20 0.16 D Exanples 1 to 2 and Conparative
Exanples 1 to 2006/ 046747 P2Q05/ 020052, Next e.foll

of i nter s warEeda tBat wprtces ety HH dpgoes rwahc%mu%%g%%s to 4=
Printer A, IPS O G707, manufactured by Ricoh Co., Ltd., with a head that
conpri ses Riaimdessisteuli fiber fallowPSi oy \GRURM neiniftaciog addbyolhmtgohm

Ltd., with a head that conprises 5 Filter B; Printer C, |PSi O G/07,

manuf act ur e R aBiEON o Phese tifters Wdhh@ managed by a property bubble point

Wi ng

pressure.
Four types of filters were used for evaluation. With inks of
Production Examples 1 to 4, the fluid resistance of these filters against
each ink at 25 °C was measured at a tempel.'atu._re of 25 °C and head
10  pressure of 150 mm agq.
When a volume of ink (V) was flown for a time period (T), the
fluid resistance R of a filter under pressure P can be obtained by R=PT/V.
Specifically, the fluid resistance was calculated by measuring the
efflux time per mass (g) of ink when the ink was flown from the height
15 with a head of 150 mm. Table 1 shows the bubble pomnt pressure and

the fluid resistance of each filter.

Table 1
Fluid Resistance (1010 Pz s/m3)

Bubble-point | Production | Production | Production | Production

- pressure Example 1 | Example 2 | Example 3 | Example 4
Flger | 7000 Pa 2.80 3.00 3.80 3.20
Flger 5000 Pa 1.10 1.10 1.20 1.50
Flger 3400 Pa 0.46 0.48 0.54 0.55
Flg‘er 2000 Pa 0.11 0.09 0.20 0.16

Examples 1 to 2 and Comparative Examples 1 to 2
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head that conprises Filter C and Printer D, IPSi O G/07, manufactured by
Ri coh Co., Ltd., wth a head that conprises Filter D. Then, Evaluation (1)
was conducted as below. 10 Evaluation (1) - Performance Eval uation of

Cont i nuoW® Pos/to7#g - Per formance of continuous printingewaszoeyeuat ed at a
tenperature of 23 C and a relative humdity (hereinafter referred to as

RH) of 45 % Reg grl(} r|nt pattern, ck-and-whjte letter pattern
was printed on 1%6%%& il IBSIIB\}\%‘E?rEW‘?lﬁa@ﬁ% vrtR GBe aake of bhe 2boye aphi c
pattern on_400 pages. No nozzle recovery operation such as cleaning was

conduct ed Bmdu@qﬂw&@mpl@atldn 4BEfrorter ahdIBBI@rGTOE nemalfuatired, bypozzl e
check patterns were printed to find the nunber of occurrences of nozzle

down; the Rwadhecowaﬁt&vaélt!@tae@eaasmat%bxﬁﬁﬁseé @d@WMPE&{tbP%&ﬁéﬁ) results

are shown in Table 2. 20 Rati ngs: Rating A Zero occurrences nozzl e

down Rati L n_f nc Rating C. More
than fi ven%g§71 é’géﬁyﬁ%uﬁ%i %S'cglﬁf;%iﬁcég g'?t‘f S}B‘?ﬁ%n Ayl comprises
PCT/ JP2005/ 020052 nozzl e _down Rating D:. nore than 15 occurrences of nozzle
down FabliElter@Behrimder &5 IFSINGAZ0E, D@mfa@mdddm Bizobr@dyditdgnwiFheduct i on
Production Exanple 1 Exanple 2 Exanple 3 Exanple 4

head that comprises Filter C; and Printer D, IPSiO G7 07, manufactured

by Ricoh Co., Ltd., with a head that comprises Filter D. Then,

Evaluation (1) was conducted as below.

10 Evaluation (1) - Performance Evaluation of Continuous Printing -
Performance of continuous printing was evaluated at a
temperature of 23 °C and a relative humidity (hereinafter referred to as
RH) of 45 %. Regarding the print pattern, a black-and-white letter
pattern was printed on 1,000 pages, followed by images including color
15  graphic pattern on 400 pages. No nozzle recovery operation such as
cleaning was conducted during the evaluation. Before and after the
evaluation, nozzle check patterns were printed to find the number of
occurrences of nozzle down; the number was evaluated based on the

following ratings. The results are shown in Table 2.

20
Ratings:
Rating A: Zero occurrences of nozzle down
Rating B: Less than five occurrences of nozzle down
Rating C: More than five and less than 15 occurrences of
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Conparative Printer D DD D Exanple 1 A Exanple 1 Printer B B B A Exanple
2 Printer ABB A Conparative Printer DC CD Exanple 2 D The results
shown in Table 2 indicate that larger fluid resistance 5 causes inadequate
i nk suppl w@bnshshigieases the nunber of occurrences of - npéf)ﬁmggw s;XOn the
ot her hand, too small fluid resistance allows the commngling o Porel gn
subst ances and causes a nozzle down. Evaluation (2) - Performance

Eval uati on whzAlodbwmuous Printing 10 Performance of continuous printing
was evaluated at 10 C and 15 % RH. Regarding the print pattern, a

bl ack-and- whi te 1ghLEE ML t SlflordBiRad 5URHr Fhobs BRoRAGI L Of | oved by

i mges including color graphic pattern on pages. A cl eaning was
sequenced %?«}gl %ry 150 pages during the evaluation. Before and after the
eval uati on #74 e check is patterns were printed to find the nunber of

occurrences of nozzle down; the NUMDEeTOWAT & é"'@f]ﬁgzﬁ@%’(?wﬁ” the
follow ng ratings. The resultqu o et At AAD
2006/ 046747 PCT/ 1P2005/ 020052 | TRRAUAHOR. | Brod C?Q RS OBt CE%own
Rating B: Less than five occurdrbwua x5 Exangle dan
five and | efSompamii®e otrixteences %f ngzzl eIrown
D D

Example 1 A

Example 1 Pnﬁter B B B A

Example 2 P“gter A B B A

Comparative | Printer

Example 2 D D C C D

The results shown in Table 2 mdicate that larger fluid resistance
5  causes inadeguate ink supply and increases the number of oceurrences of
nozzle down. On the other hand, too small fluid resistance allows the

commingling of foreign substances and causes a nozzle down.

Evaluation (2) - Performance Evaluation of Continuous Printing -

10 Performance of continuous printing was evaluated at 10 °C and
15 % RH. Regarding the print pattern, a black-and-white letter pattern
was printed on 1,000 pages, followed by imélges including color graphic
pattern on 400 pages. A cleaning was sequenced at every 150 pages
during the evaluation. Before and after the evaluation, nozzle check

15  patterns were printed to find the number of occurrences of nozzle down;
the number was evaluated based on the following ratings. The results

are shown in Table 3.

Ratings:
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s Rating D: nore than 15 occurrences of nozzle down Table 3 Cccurrences of
Nozzl e Down Production Production Production Production Exanple 1 Exanple
2 Exanple 3 Exanple 4 Conparative Printer DD DD Exanple 1 A Exanple 1
Prinnt er v BoB/oBs74Exanpl e 2 Printer B B B B Conpar ati vedhyipséloafese C C
Exanple 2 D The results shown in Table 3 indicate that a cool -tenperature
condition increases the viscosity of inks, resulting in higher fluid

resi stance. Ther BR&RE Agven %erchocovraeiias ofinestzle lewni ng sequence, the 10
results of Printer A deteriorated conpared to Evaluation (1). Production

Exanple 5 - PreRataig Bn of Lk tHde fivelocefirRimdyef nepzlbxwphe 5 was
prepared in the sanme 15 nmanner as Production Exarrpl e 3, except that a

refined ink pig us t nt a
pol ymer fine pa??’g ]Ingé eﬂlggggtvﬁegr}ggﬁe‘?ega arre er %&gbcgﬁ%&as
used. The vis 05|ty of the I nk at 25 C was 8.1 nPas. Al so, the bubble
poi nt presBofe® &#9F0 1 uid resistance of filters were measured in the sane
manner as 45 WO 2006/ 046747 PCT/ JP2005/ 020052 Production Exanple 1. The
results are showRatmgl@bl e 4more than 15 occurrences of nozzle down

Table 3
Occurrences of Nozzle Down
Production | Production | Production | Production
Example 1 | Example 2 | Example 3 | Example 4
Comparative | Printer
Example 1 A D D D D
Example 1 Pr:gter B B B B
Example 2 Pnélter B B B B
Comparative | Printer
Example 2 D C C C C

The results shown in Table 3 indicate that a cool-temperature
condition increases the wviscosity of inks, resulting in higher fluid
resistance. Therefore, even with an addition of cleaning sequence, the

10  results of Printer A deteriorated compared to Evaluation (1).

Production Example 5
- Preparation of Ink -
The ink of Production Example 5 was prepared in the same
15  manner as Production Example 3, except that a refined ink pigment was
used and that an aqueous dispersion of magenta polymer fine particles
with an average particle diameter of 30 nm was used. The viscosity of
the ink at 25 °C was 8.1 mPa-s. Also, the bubble point pressure and

fluid resistance of filters were measured in the same manner as
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Table 4 Fluid Resistance (x1010 Pa s/ nB) Bubble point Production Exanple 5
pressure Filter A 7000 Pa 3.20 Filter B 5000 Pa 0.98 Filter C 3400 Pa
0.46 Filter D 2000 Pa 0.13 5 Exanples 3 to 4 and Conparative Exanples 3 to
4 Eval uaty and (2) as described above were condu ' dlters A
to D (i .e.BQ,rﬁ?G?\Ot]%?g A to D), except that an ink of Pr odﬁlg:(tel?{)ﬁr%&%%gdéﬁl e 5
was used. The results are shown in Table 5. Table 5 Occurrences of Nozzle
Down Eval yabiabtidn Bsalitpld 9N 2he GeBRRE alrk \shomeairpilebB: £rinter A D D
Exanple 3 Printer B A B Exanple 4 Printer C A A Conparative Exanple 4
Printer D DD 10 The results in Table 5 indicate that an inkjet recording
apparatus wth higher discharge stability may be produced by conbining an
ink with smaller pignment dianeter. Production Exanple 6 15 - Preparation
of I nk Set Tablg4i nks of Production Exanples 1 to 4 were conbined as an ink

set of Production Exanple 6. Fluid Resistance (x1010 Pa - s/m?)
Bubble point Production Example 5
pressure
Filter A 7000 Pa 3.20
Filter B 5000 Pa 0.98
Filter C 3400 Pa 0.46
Filter D 2000 Pa 0.13

5 Ezxamples 3 to 4 and Comparative Examples 3 to 4
Evaluations (1) and (2) as described above were conducted with
Filters A to D (i.e. Printers A to D), except that an ink of Production

Example 5 was used. The results are shown in Table 5.

Table b
Occurrences of Nozzle Down
Evaluation 1 | Evaluation 2
Comparative Example 3 Printer A D D
Example 3 Printer B A B
Example 4 "~ | Printer C A A
Comparative Example 4 Printer D D D
10 The results in Table b indicate that an inkjet recording apparatus

with higher discharge stability may be produced by combining an ink

with smaller pigment diameter.

Production Example 6
15 - Preparation of Ink Set -
The inks of Production Examples 1 to 4 were combined as an ink

set of Production Example 6.
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46 WD 2006/ 046747 PCT/ JP2005/ 020052 Conparati ve Production Exanple 1 -
Preparation of Ink Set The ink set of Conparative Production Exanple 1 was
prepared s in the same manner as Production Exanple 6, except that the
surf act amto 2@edsem@t ti ng agent of Production Exanple 6 weggpefespsygpounded.
The viscosities of the black ink, the yellow ink, the magenta ink and the
cyan ink in the ink set of Conparative Production Exanple 1 were 6.3 nPa
s, 6.5 nmPa - s, 6.8 mMPa s and 6.5 nmPa s, respectively. 10 Conparative
Production Exanple 2 - Preparation of Ink Set The ink set of Conparative
Product i on Uotap@t=i: Rasdyrtepafedmple & he same manner as Production Exanpl e
6, except that the wetting 15 agent of Production Exanple 6 was not

conpounded. i ) f. the black ink, the yellow ink, the magenta
ink and thgtgggﬁét?%%ﬁﬁ%%g@i nk set of Conparative Production Exanple 2

were 6.6 nPa s, 6.8 nPa s, 7.0 nPa, s_and 6,8 nPa s, respectively. 20
Conpar ati ve Pr odlﬁ‘ﬁ H{? @(ta%pén@alatﬁreegé‘?(g‘ﬁth gfiammlesbtwa%éenwdset of
Conpar ative Production Exanple 3 was prepared in the sane manner as
Pr oduct 3 onuicthephertmexeems Phatudtiven Sxohagled)texcopt Bindilet §wrfatbaaitpl e 6
was not conpounded. 47 WD 2006/ 04 6 74 7 PCT/JP2005/ 020052
and wetting agent of Production Example 6 were not compounded.
The viscosities of the black ink, the yellow ink, the magenta ink
and the cyan ink in the ink set of Comparative Production Example 1
were 6.3 mPa-s, 6.5 mPa-s, 6.8 mPa*s and 6.5 mPa-s, respectively.
10
Comparative Production Example 2
- Preparation of Ink Set -
The ink set of Comparative Production Example 2 was prepared
in the same manner as Production Example 6, except that the wetting
15 agent of Production Example 6 was not compounded.
The viscosities of the black ink, the yellow ink, the magenta ink

and the cyan ink in the ink set of Comparative Production Example 2

were 6.6 mPa+s, 6.8 mPa-s, 7.0 mPa+s and 6.8 mPa-s, respectively.

20  Comparative Production Example 3
- Preparation of Ink Set -
The ink set of Comparative Production Example 3 was prepared
in the same manner as Production Example 6, except that the surfactant

of Production Example 6 was not compounded.
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The viscosities of the black ink, the yellow ink, the magenta ink and the
cyan ink in the ink set of Conparative Production Exanple 3 were 7.0 nPa
s, 7.3 mPa s, 7.5 nPa s and 7.4 nPa s, respectively. 5 Exanple 5 and
Conpar at iwe 2B6rpl4Es 5 to 7 A performance eval uati on Wasecongusietossi t h t he
ink sets obtained as described in Production Exanple 6 and Conparative
Production Exanples 1 to 3. The results are_shown in Table 6. to Eval uation
(4) - Eval uati on 13 piscatitiegftithy blackoinds theatpdlopadnks: the aengdnta edch i nk
set in a node such that the level of the print speed is the same. Each
printed i magel Was cyxhsindl 1y thydhlased of @orhpitative Peodicigoantxealpds 3
boundary bl eeding. Regul ar paper was used for the evaluation. 15 The

results of ti .eXar i t J j - i ngs:
Rating A RS o1 esdiha elpl RS PR T ORESS SRl TS g ng
20 Rating D definite bleeding Table 6 Letter Bl eeding Col or Boundary
Bl eeding Exanple 5 A A Conparative Exanple 5 D D Conparative Exanple 6 C
C Conparative Exanple 7 C C 48

5 Example 5 and Comparative Examples 5 to 7

A performance evaluation was conducted with the ink sets
obtained as described in Production Example 6 and Comparative

Production Examples 1to 3. The results are shown in Table 6.

10  Evaluation (4) - Evaluation of Print Quality -
A color image was printed with each ink set in a mode such that
the level of the print speed is the same. Each printed image was
visually evaluated for letter bleeding and color boundary bleediﬁg.

Regular paper was used for the evaluation.

15 The results of the evaluation were expressed with the following
ratings:
Rating A: no bleeding
Rating B: little bleeding
Rating C: some bleeding
20 Rating D: definite bleeding
Table 6
. Color Boundary
Letter Bleeding Bleeding
Iixample 5 A A
Comparative Example & D D
Comparative Example 6 C C
Comparative Example 7 C C
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WO 2006/ 046747 PCT/ JP2005/ 020052 The results in Table 6 show that ink sets
that lack a surfactant and wetting agent give severe |etter bleeding and
col or boundary bleeding. The results also indicate that high imge quality
my be eagidogoachi eved with ink set of Exanple 5. s Produgtrbasokanpl e 7

- Preparation of Ink The ink of Production Exanple 7 was prepared in the
sane manner as the ink_of Production Exanple_ 4, except that the anmount of
to glycerin was dhintresilisoin Tahde & sher that inkesedfddiat 18¢k 1 surfaetamidi ol
was changed to 23 mass% The viscosity of the ink at 25 C was 8.2 nPas
Product i onabdamvpdtei ddent Biwpascaterenledted nkeeding iand odoléy detueaidaoy

Exanpl e 8 was prepared in the sane nanner as the ink of Production Exanple

4, except phalghhe mu?ésé}g‘?ﬁ e\EA%}s! C@L&i&t\éﬁ%ﬁgﬁ‘%g@fgﬁﬁygﬁéﬁ%naﬁﬁ%é hat

the amount of  173-butane anged to _ cosi'ty of the
s doscri bEASBAYBRHCAT IHRELIET BUBHIRE oh Bxanpl s 4, 7 and 8. The
resul ts5 are shown in Table 7. 49 WD 2006/ 046747 PCT/JP2005/ 020052 Table 7
Production Example 7
- Preparation of Ink -
The ink of Production Example 7 was prepared in the same
manner as the ink of Production Example 4, except that the amount of
10  glycerin was changed to 5 mass% and that the amount of 1,3-butanediol

was changed to 23 mass%. The viscosity of the ink at 25 °C was 8.2

mPa-’s

Production Example 8
15 - Preparation of Ink -

The ink of Production Example 8 was prepared in the same
manner as the ink of Production Example 4, except that the amount of
glycerin was changed to 23 mass%, and that the amount of
1,3-butanediol was changed to 5 mass%. The viscosity of the ink at

20 25°Cwas 6.8 mPa-+s

Examples 6 to 8
Evaluation (4) was conducted as described above with inks of

Production Examples 4, 7and 8. The results are shown in Table 7.
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Ink Letter Bleeding Exanple 6 Production A Exanple 4 Exanple 7 Production
A Exanple 7 Exanple 8 Production B Exanple 8 Production Exanple 9 -
Preparation of Ink 5 The ink of Production Exanple 9 was prepared in the
same nanwer2oasodshe i nk of Production Exanple 2, except pagtypRodoiigss % of
2-am no- 2-et hyl -1, 3- propanedi ol was included additionally to the ink
conposition. The viscosity of the ink at 25 Cwas 8.2 nPa s 1o Production
Exanpl e 10 'Ibbkep'érati on of Ink The ink of Production Exanple 10 was

prepared i nthe-same—mannmer—as—the—+nk Productiop-Exanpl e 4, except
that 0.5 MEssY% of —2—amino-p-ot hyla 3. pﬁoéﬁgﬁ Bleefiag hel uded

addi ti onal llygtombiegi nk 15| c B1tiodn. [The vi sgosity of the ink at 25 C
was 8.4 nPa__s anpl es 9 andEg@mplalduat|i on (4) concerni{ng |l etter bl eeding
was conducte}g‘wit? i nks of | Preghdaictiom Exanpl es 9 and 10] The results were
equi val ent |ti¥aP818 Kose with i Rksmwiid out| additides (i.e| Production
6/’1§;r0ﬁ§102%n7 RCTIP2005-02060652 Exanples 11 to

Exanpl es 2 ) Ci13P266
16 E le 8
XAmpae Example 8 B
Production Example 9
- Preparation of Ink -
5 The ink of Production Example 9 was prepared in the same

manner as the ink of Production Example 2, except that 0.5 mass% of
Z-amino-2-ethyl-1,3-propanediol was included additionally to the ink

composition. The viscosity of the ink at 25 °C was 8.2 mPa-s

10 Productioﬁ Example 16
- Preparation of Ink -
The ink of Production Example 10 was prepared in the same
manner as the ink of Production Example 4, except that 0.5 mass% of
2-amino-2-ethyl-1,3-propanediol was included additionally to the ink

15 composition. The viscosity of the ink at 25 °C was 8.4 mPa +s.

Examples 9 and 10
Evaluation (4) concerning letter bleeding was conducted with

inks of Production Examples 9 and 10. The results were equivalent to

20  those with inks without additives (i.e. Production Examples 2 and 4).
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Eval uation (5) was conducted with inks of Production Exanples 2, 4, 7, 8,
9 and 10. The results are shown in Table S. Evaluation (5) - Intermttent
Printing Examnation 5 An ink jet printer, IPSIi O Jet 300, with nozzle size
31 gm maapdfoaotamed by R coh Co., Ltd., was enpl oyed agcanreysdlob@ti on
instrunent. The following is the operation sequence in this evaluation:
first, free scanning, that is, the carriage was scanned w t hout di scharge
for a peri&i‘f’éflil?lteiS tonk given for 30 seconds; then, 20 drops per nozzle
io were printed on glossy filmfor ink jet; and finally, a recovery action
(i.e. 50 drops ®vapusigond}) was doakentedhétls egjueof ProductiapBatetibor, 10
times. A macrophotograph of the first dot anong the 20 drop in the

direction gf 7t Q,egjaglg gbwr evgggf}@smg akgtélﬁﬂgqlzﬁ 'K%E a4 |y eval uated according

15 to the ratings tings: I Sturbance exists in the
jet direction ts .are normal in size and aligned. 20 Rating B: No
di st ur banc V@J(‘Féggni(wat erg{%mgjdﬂl‘aﬁg WINFIN 3| npst al i gned but smal |
in size. Rating C. Some disturbance exists in the jet direction, but the
di st ur bance doesAmotinkxjetngrimterhdPSeCodat | Bd&@,. vRahi ngzdidk Fize Bilr gin,dot s
extends beyond the line of the 51 WO 2006/046747 PCT/JP2005/020052 second
dots. Rati pthrhifabRu@domyasicdhSeRar 48d., was employed as an evaluation
instrument. The following is the operation sequence in this evaluation:
first, free scanning, that is, the carriage was scanned without discharge
for a period of time, was given for 30 seconds; then, 20 drops per nozzle
10  were printed on glossy film for ink jet; and finally, a recovery action (i.e.
50 drops of purging) was taken. The sequence was repeated for 10
times.
A macrophotograph of the first dot among the 20 drop in the

direction of the jet direction was taken and visually evaluated according

15  to the ratings below:

Ratings:
RatingAI No disturbance exists i-n the jet direction. Dots
are normal in size and aligned.
20 Rating B: No disturbance exists in the jet direction. Dots
are almost aligned but small in size.
Rating C: Some disturbance exists in the jet direction, but
the disturbance does not extend to the second line.

Rating D: The first dots extends beyond the line of the
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Table 8 Ink Intermttent Printing Exam nation Exanple 11 Production
Exanple 2 B Exanpl e 12 Producti on Exanple 4 B Exanple 13 Production
Exanple 7 C Exanple 14 Production Exanple 8 B Exanple 15 Production
Exanpl e wé 20dx@aspbe 16 Production Exanple 10 A 5 The r gt iBoEhnwt2i n

Tabl e 8 indicate that when the glycerin content is |ess than 20 mass% the
reliability is reduced. On the other hand, when the glycerin content is
greater tha¥e@odmds% |letter bleeding occurs. Further, an addition of 2-
amno -2-ethyl- 1, 3-prop anedi ol enhances the discharge reliability. 10
Producti on ExanplRafitg E: Prepibalropived didthargdd.st, pignent di spersion was
prepared with the following recipe. - Yellow Pignent Dispersion is C 1.

Pi gment Yel l ow 97 30% Pol yoxyet hyl eneol eyl et her ammoni unsul fate 15 %

Et hyl ene glycol 30 % Pure water bal ance After the above-noted ingredients
were m xed,_dispersion was 20 perforned in a wetted sand mll, followed by
centrifugatT"fbHetso renove 52

Ink Intermittent Printing
Examination
Example 11 Production Example 2 B
Example 12 Production Example 4 B
Example 13 Production Example 7 C
Example 14 Production Example 8 B
Example 15 Production Example 9 A
Example 16 Production Example 10 A
5 The results shown in Table 8 indicate that when the glycerin

content is less than 20 mass%, the reliability is reduced. On the other
hand, when the glycerin content is greater than 80 mass%, letter
bleeding occurs. Further, an addition of

2-amino-2-ethyl-1,3-propanediol enhances the discharge reliability.

10
Production Example 11
- Preparation of Ink -
Hirst, pigment dispersion was prepared with the following recipe.
- Yellow Pigment Dispersion -
15 C.I. Pigment Yellow 97 30 %
Polyoxyethyleneoleylether ammoniumsulfate 15 %
Ethylene glycol 30 %
Pure water balance

After the above-noted ingredients were mixed, dispersion was
20  performed in a wetted sand mill, followed by centrifugation to remove
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WO 2006/ 046747 PCT/ JP2005/ 020052 coarse particles. As a result, yellow

pi gnent di spersion was prepared. - Yellow Ink Yellow Pignment Dispersion 20
% dycerin 8 5 3-methyl-1, 3-butanedi ol 25% 2-et hyl -1, 3- hexanedi ol 2%
Sur f act aiyO gaosI¥63% C1311270(C21140)511 Silicone Antif camerr:6SB3ds2
(Shin-Etsu Chemcal Co., Ltd.) 10 0.1% De-ionized water bal ance The ink

i ngredients _of the ahove-poted reci were mxed sufficiently at room

t enper at ur E°F5°%Y %S'arfg? ﬁkreéﬁ'ﬁtpé’gﬁf’fvo?ﬁ%, SPEFROR &1 PYRpeAK
conposition_was filtered through a nenbrane filter 15 having an average
pore di amet @ellgw Imle-m thereby an ink of Production Exanpie 11 was
prepared. The viscosity of the ink at 25 C was 6.6 nPas. Production

Exanpl e 12 20 - YBliepaPaihomt Disgdtsionti rst, pigment di spersion was prepared
with the follow ng recipe- - Magenta Pignent Dispersion C.1. Pigment Red
122 30 % Pol yox -eneol eyl et her ammoni unsul fate 15 % WO 2006/ 046747
PCT/ JP2005/ 02005%’%’9&18 583%

5 3-methyl-1,3-butanediol 25%

2-ethyl-1,3-hexanediol 2%
Surfactant (1-7) . 2 %
C13H7O(CoHLO)sH

Silicone Antifoamer KS531 (Shin-Etsu Chemical Co., Ltd.)
10 0.1%
De-ionized water ' balance

The ink ingredients of the above-noted recipe were mixed

sufficiently at room temperature to produce an ink composition. Then,

the resulting ink composition was filtered through a membrane filter

15 having an average pore diameter of 1.2 pm; thereby an ink of Production

Example 11 was prepared. The viscosity of the ink at 25 °C was 6.6

mPa-s,

Production Example 12
20 - Preparation of Ink -
First, pigment dispersion was prepared with the following recipe.
- Magenta Pigment Dispersion -
C.I. Pigment Red 122 30 %

Polyoxyethyleneoleylether ammoniumsulfate 15%

53



G ycerin 30 % Pure water bal ance After the above-noted ingredients were

m xed, dispersion was performed through a triple roller mlIl., followed by
centrifugation to 5 renove coarse particles. As a result, magenta pignent
di spersi amovaw/o4priepared. - Magenta I nk Magenta Pi gnenteDiigpersgban2 25 %
Gycerin 7% 10 3-nethyl -1, 3-but anedi ol 23 % 2-et hyl - 1, 3- hexanedi ol 2%
Surfactant (1-7) % .G 3H270( C2H40)5H Silicone Antifoaner_ KS531 (Shin-Etsu
Chenical Co., Ltd&*ycerig 0.1% De-ionized water bal ance The3® Ak ingredients
of the above-noted recipe were mxed sufficiently at roomtenperature to
produce an ink cdhpeswhtean. Then, the resulting ink cordshtd on was
filtered through a nenbrane filter 20 having an average pore di aneter of

1.2 gm thereby awpdnknef o - johh
Ared ke ARG T RROML wike Bt CBRRYsio N s\

viscosity of the ink at 25 C was 6. Ss. Production Exanp

2006/ 04674;91?%&]6%2%%?‘{)81;0035 2trip_lep£'o éirr %hﬂnfo%ov!rgd( by centrifugation to

5 remove coarse particles. As a result, magenta pigment dispersion was

prepared.
- Magenta Ink -
Magenta Pigment Dispersion 25 %
Glycerm | 7%
10 3-methyl-1,3-butanediol 23 %
2-ethyl-1,3-hexanediol 2 %
Surfactant (1-7) 1%

C1sH270(C:H40)sH
Silicone Antifoamer KS531 (Shin-Etsu Chemical Co., ILtd.)
15 0.1%
De-ionized water balance
The ink ingredients of the above-noted recipe were mixed
sufficiently ﬁt room temperature to produce aﬁ ink composition. Then,
the resulting ink composition was filtered through a membrane filter
20 having an average pore diameter of 1.2 pm; thereby an ink of Production
Example 12 was prepared. The wviscosity of the ink at 25 °C was 6.8

mPa-s.

Production Example 13
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First, pignment dispersion was prepared with the follow ng recipe. - Cyan
Pignent Dispersion C.|I. Pignment Blue 15:3 30 % 5

Pol yoxyet hyl eneol eyl et her amoni unsul fate 15 % Ethyl ene gl ycol 30% Pure
wat er bal‘ﬁéé@ﬁﬂﬁﬁéﬁ the above-noted ingredi ents were ni XEd/JrddEsEerisz on was
performed in a wetted sand ml|l, followed by centrifugation to renove 10
coarse part. ult, cyan pignent dispersion was obtained. - Cyan
I nk Cyan PilgIle ngagglslgoefﬁgli%on 15 % dycerin 10% 3-nethyl- 1, 3 -butane
diol 20 %15 2 eﬁg%l - .1, 3 -hexanediol 2% Surfactant (1-7) 1%

C13H270( C2H4O) 5H B Fh Pmmenh disnagsan vesszerasyl with she viegl reCpe. Lt d.)
0.1% 20 De-ionized water balance The ink ingredients of the above-noted
reci pe wer e Gyare®igment ikcpatdign at room tenperature to produce an ink
conposition. Then, the resulting ink conposition was filtered through a

menbrane filter (havp & pore dianeter of 1.2 m,thereby an ink
Sovalbabsal B B

of Production 55 WO 7 PCT/ JP2005/ 020052 Exanpl was
prepar eg . The vi %o??cg}%)étﬁ;letn%%léy ic—§t}i’j}3tr azngm%n\év&gls?ﬂfate 15%
Ethylene glycol 30 %
Pure water balance

After the above-noted ingredients were mixed, dispersion was
performed in a wetted sand mill, followed by centrifugation to remo.ve

10 coarse particles. As a result, cyan pigment dispersion was obtained.

- Cyan Ink -
Cyan Pigment Dispersion 15 %
Glycerin 10 %
3-methyl-1,3-butanediol 20 %
15 2-ethyl-1,3-hexanediol 2%
Surfactant (1-7) 1%

C13H270(CeH40)sH
Silicone Antifoamer KS531 (Shin-Etsu Chemical Co., Ltd.)
0.1%
20 De-ionized water balance
The ink ingredients of the above-noted recipe were mixed
sufficiently at room temperature to produce an ink composition. Then,
the resulting ink composition was filtered through a membrane filter

having an average pore diameter of 1.2 pm; thereby an ink of Production

55



mPa s. Production Exanple 14 5 - Preparation of Ink First, pignment

di spersion was prepared with the following recipe. - Self-Di spersible Cyan
Pi gment Dispersion Seventy (70) parts of sulfolane was charged to 20 parts
of C. I. vPbgnentsBiue 15:3. After the solution was heat et wp20@@2sen an

oil 10 bath, 10 parts of sulfam c acid was added to allow sul fonation for
5 hours. soI was cool e hen centrjfuged to renpve coarse
particles. hﬁ pvta,s EE‘?H@@& sﬁg’@smces h&ﬁtatdgépdﬂ%sv%s

prepared. - q/an Ink Sel f-Di spersi ble Cyan Pi grrent Di spersion 50 % 15
d ycerin 8wmPh-3-butanediol 20 % 2,2,4-trinethyl-1, 3-pentanedi ol 2%
Surfactant (1-7) 1 % C13H27Q( C2H40)5H 20 Silicone Antifoaner KS531
(Shin-Etsu Chemical Co., Ltd.) 0.1% De-ionized water bal ance The ink

i ngredi ents of the above-noted recipe were mxed sufficiently at room

t enper at ure,t o_pr.odygce an,i % conposition. Then, 56 WD 2006/04 6 74 7
PCT/ JP2005/ Onttﬁ}éa Eﬁ& ing ink conposition was filtered through a
menbrane filter having an average pore diameter of 1-2 m thereby an ink
of Prodéct i-dfreparation of Ink -

First, pigment dispersion was prepared with the following recipe.
- Self-Dispersible Cyan Pigment Dispersion -
. Seventy (70) parts of sulfolane was charged to 20 parts of C.I.
Pigment Blue 15:3. After. the solution was heated to 120 °C in an oil
10  bath, 10 parts of sulfamic acid was added to allow sulfonation for 5 hours.
The solution was cooled and then centrifuged to remove coarse particles.

As a result, self-dispersible cyan pigment dispersion was prepared.

- Cyan Ink -
Self-Dispersible Cyan Pigment Dispersion 50 %

15 Glycerin 8%
1,3-butanediol 20 %
2,2,4-trimethy1~1,é~pentanediol 2%
Surfactant (1-7) 1%

Ci13Hz70(C2H,0)sH
20 Silicone Antifoamer KS531 (Shin-Etsu Chemical Co., Ltd.)
0.1%
De-ionized water balance

The ink ingredients of the above-noted recipe were mixed

sufficiently at room temperature to produce an ink composition. Then,
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Exanpl e 14 was prepared. The viscosity of the ink at 25 Cwas 7.3 nPas. 5
Exanples 17 to 20 Evaluation (5) was conducted as descri bed above with inks
of Production Exanples 11 to 14. The results are shown in Table 9. Table 9
I nk | nt emnd bstie®ri nting Exam nation Exanple 17 Prodgeiy@soExssdorie 11 A
Exanpl e 18 Production Exanple 12 A Exanple 19 Production Exanple 13 A
Exanpl e 20 Production anple 14 A 10 The results shown in Table 9 indicate
that an i nkbgi FeEWHigReink cerpasitionywasyikberashthronsh my memheane thiter sel f -
di spersible pignmented ink. Conparative Production Exanple 4 15 -

Pr epar at i orhafinBlaackvémige pdivie 33 dtEoyd 1L Dk ther&oy anlind of Production

sel f-di spersi bl e carbon black) 30% dycerin 5% Diethylene glycol 15 % 20

2-ethyl-1 0240l 52 %e2aRYA I Otpido B
2-ethyl - 1.3 ozoog a8 %Predr PRessity D (1R RBOGLOSS 24 was 7.3
mPa-s.
5
Examples 17 to 20
Evaluation (5) was conducted as described above with inks of
Production Examples 11 to 14. The results are shown in Table 9.
Table 9
Intermittent Printing
Ink S
Examination
Example 17 Production Example 11 A
Example 18 Production Example 12 A
Example 19 Production Example 13 A
HExample 20 Production Example 14 A
10 The results shown in Table 9 indicate that an ink with higher

reliability may be obtained by using with a self-dispersible pigmented

ink.

Comparative Production Example 4
15 - Preparation of Black Ink -

KM-9036 (Toyo Ink Mfg. Co., Ltd., self-dispersible carbon black)

30 %

Glycerin 5%

Diethylene glycol 15 %

20 2-ethyl-1,3-hexanediol 2%
2-pyrrolidone 2%
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Surfactant (1-9) 1 % C13H270(C2H40)9H Silicone Antifoamer KS508 (Shin-Etsu
Chem cal Co., Ltd.) 0.1% 5 Dc-ionized water bal ance The ink ingredients
of the above-noted recipe were mxed sufficiently at roomtenperature to
produce a¥Ople/GoHPosi'ti on. Then, the resulting ink cComEoasiktiGRINRS
filtered through a nenbrane filter having an average pore size of 1.2 gm
t hereby an ink of rrparagliv? to Production Exanple 4 was prepared. The

vi scosity of t he Juskachast £1-9) pa s, and the average partik¥e di aneter of
the colorant in the ink was 100 nm Conparative Production Exanple 5 15 -

Preparation of Black | 6Hi;{@B088:MToyo Ink Mg. Co., Ltd.,
sel f-di spersi ble carbon black) 50% dycerin 12 % 1, 3-butanediol 30 % 20

LYy S sangdle Mnyfeiyet okisinne B BEACRBLr Wl Yha) |

C13H270( C2H40) 9H Sili cone Anti foaner em ca

58 WO 2006/ 046747 PCT/JP2005/ 020052 0.1% 0.1%
. 0

5 Derionized water balance
The ink ingredients of the abovenoted recipe were mixed
safficiently at room temperature to produce an ink composition. Then,
the resulting ink composition was filtered through a membrane filter
having an average pore size of 1.2 pm; thereby an ink of Comparative
10  Production Example 4 was prepared. The viscosity of the ink was 5.1
mPa-s, and the average particle diameter of the colorant in the ink was

10G nm.

Comparative Production Example 5
15 - Preparation of Black Ink -

KM-9036 (Toyo Ink Mfg. Co., Ltd., self-dispersible carbon black)

50 %

Glycerin 12 %
1,3-butanediol 30 %

20 2-ethyl-1,3-hexanediol 2%
2-pyrrolidone 2%

Surfactant (1-9) 1%

C13Hz70(CH,0)sH

Silicone Antifoamer KS508 (Shin-Etsu Chemical Co., ILtd)
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De-ioni zed wat er bal ance The ink ingredients of the above-noted recipe were
m xed sufficiently at roomtenperature to produce an ink conposition.

Then, s the resulting ink conposition was filtered through a nmenbrane
filter hdVP AYSAMTdVer age pore size of 1.2 gm thereby aRCIRR2@F0DOADar ati ve
Production Exanple 5 was prepared. The viscosity of the ink was 15.3 nPa
s, and the average particle dianeter of the colorant int eli0 k was 108
nm 10 Conparative Exanples 8 to 11 Evaluations (1) and ( re conduct ed
as descri bed above with _inks of Conmparative Production Exanples 4 and 5.
The results are L3¢isvized WriBre 10. 1s Table 10 Eval uat itydameal uation

Eval uation Evaluation (1) (1) (2) (2) Conparative Conparative Conparative
Conparative Prodist i@k Rnggedicnen &F oghectilaveRictddcrboine BxaRpIBivdkd
-Exanple 5 Exanple 4 -Exanple 5 Conparative Printer B B DD Exanple 8 A

Conpar ati ve, B LiRhek & &%Qen@eﬁ%ﬁ% ?i:o %}rgﬁﬁpg%‘;ﬁt e cg)ﬁaip%tsﬁgon[.) Cl‘ﬁ)erla

Exanpl e 10 npar at | ron
5 the resulting ink composition was filtered through a membrane filter
having an average pore size of 1.2 pm; thereby an ink of Comparative

Production Example 5 was prepared. The viscosity of the ink was 15.3

mPa-s, and the average particle diameter of the colorant in the ink was

108 nm.
16
Comparative Examples 8 to 11
Evaluations (1) and (2) were conducted as described ahove with
inks of Comparative Production Examples 4 and 5. The results are
shown 1n Table 10.
15  Table 10
Evaluation Evaluation Evaluation Evaluation
) )] @ 2
Comparative | Comparative | Comparative | Comparative
Production Production Production Production.
Example 4 Example 5 Example 4 Example 5
Comparative | Printer
Example 8 A B B D D
Comparative | Printer
Example 9 B € B D D
Comparative | Printer
Example 10 | C D C D D
Comparative | Printer
Example 11 | D D D C D
In addition, Evaluation (4) was conducted as described above

with inks of Comparative Production Examples 4 and 5. The results are

shown in Table 11.

59




Exanple 11 D In addition, Evaluation (4) was conducted as described above
with inks of Conparative Production Exanples 4 and 5. The results are

shown in Table 11. 59 WD 2006/ 046747 PCT/JP2005/ 020052 Table 11 Ink Letter
Bl eedi ng B8 BPE/BIHdary- Bl eedi ng Conparative Producti oRCDIR00gang e 4
Conparative Production C D Exanple 5 Industrial Applicability An inkjet
recor di ng aﬁﬂgﬁﬁifs and inkjet recording nethed of the 5 present invention
may be applied to various recordings based on inkjet recording such as

printers, flacsimle, copier, conglex apparatus of] (,lor Boundar;x
n

printer/fadsimle/cofidr, for inkj elett %Bﬂ%ﬁdﬂgg 40 Ve i nkj et
""""" ad—ith a

recordi ng rat Ubtll,umij an—tnk—ant—5-arecot-a-hrg—read

filter, vvherg Iﬁlpf’ltiu% TRk BRQPC@BH-F“ ses apcol orant|, a hunmggtant, 4
sur f act ant Gt 1 ng agent ils discharged frogmthe recording|head, and
Comparative Production o D

Example 5

Industrial Applicability
An inkjet recording apparatus and inkjet recording method of the
5 present invention may be applied to various recordings based on inkjet
recording such as printers-, facsiﬁﬂe, -copier, complex apparatus of

printex/facsimile/copier, for inkjet recording.
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the viscosity of the ink at 25Cis 6 nPa s to 13 nPa s, and the 10 fluid
resistance of the filter against the ink is 4.4 x 100 Pa. s/nB8 and 2.2 X
1010 Pa s/nB;. 2. The inkjet recording apparatus according to claim1,
wherein the recording ink conprises 3 %by mass to 15 % by nmass of
colorant, and 10 % by mass to 40 %RQ% of hunectant. 15 3. The i nkj et
recordi ng apparatus according to any ﬁ clains 1 and 2, wherein the
colorant is a pignment processed to be at |east dispersible and soluble in
water with no dispersant present, having at |east one kind of hydrophilic
group being attached to the surface of the pignent. 20 4. The inkjet
recor di ng appar atlugnaicdge tdiengrdiogamponeuotombaisime: 1 to 3, wherein the
colorant is a pignment dispersed with at | east one of surfactant and
pol ynmer di spersant,.ink, ahfie i nkj et recording apparatus according to any one
of claime 1 to 4, wherein the colorant is a polyner enulsion fornmed by 61
WD 2006/ 046747 PCT/JP2005/,020052, inRnecorporating water-insoluble or hardly
REb BRI RED B

wat er - sol ubl e col'or BRilge ®mer fine particles. 6. The inkjet

recordi ng apparatus according to any one of claims 1 to 5, wherein the
hunect ant conpri $eereHe de nbke thathdemifrises muloplaranénta diwoholantt hat
respectively exhibit 25 % by mass or nore of equival ent noisture content at
a t enper at suefaefa) s@dandwattiet atgeve is higdldivgyd ofro®0te rdcordigs hakiet
recordi ng apparatus according to claim®6, wherein

and
the viscosity of the ink at 25°C is 6 mPa*s to 13 mPa-s, and the

10 fluid resistance of the filter against the ink is 4.4 ¥ 109 Pa*s/m? and 2.2 X
1010 Pa s s/m?3.

2. The inkjet recording apparatus according to claim 1, wherein
the recording ink comprises 3 % by mass to 15 % by mass of colorant, and
10 % by mass to 40 % by mass of humectant.

15 3. The inkjet recording apparatus according to any one of claims
1 and 2, wherein the colorant is a pigment processed to be at least
dispersible and soluble in water with no dispersant present, having at
least one kind of hydrophilic group being attached to the surface of the
pigment.

20 4. The inkjet recording apparatus according to any one of claims
1 to 3, wherein the colorant is a pigment dispersed with at least one of
surfactant and polymer dispersant.

5. The inkjet recording apparatus according to any one of claims

1 to 4, wherein the colorant is a polymer emulsion formed by
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one of the multivalent alcohols is a glycerin and the content of glycerin
is 10 20 %by mass to 80 % by mass of the whole hunmectant. 8. The inkj et
recordi ng apparatus according to any one of clains 1 to 7, wherein the

wettin onbowasRryi ses at | east one of polyols that ewajﬁzgos%ﬁ&EUbl lity
of 0. Zg%agy rrassﬁr?i) 5.0 % by mass in water at 20 C. 9. The i1nkjet recording

apparatus according . to claim8, wherein is the polyol is o

2p2t hyl -1, 3DGesRHadiy water 1Wﬂ?gub}$k?léhar@@owdtawgsczlpbbraﬂas raateeidiimget 0 any
one of clalms 8 and 9, wherein the polyol is _

2,2,4-tri nmdiymei',ﬁaqopaﬂalﬂedj ol. 11. The inkjet recording apparatus
according to any one of clains 1 to 10, wherein the ink conprises

according To any Grror arg eeordiaP dnrhife pHRng B2, n g niaes
accordi ng

conpri ses I L ressurl id chanbers, nozzles with pore size no
gr ggt er t h pElfn Tt ncBﬁr‘i’th&%ﬁ ant t PIEPEISES qohe ehamsaes kindg efippl y

channel s, a transducing nmethod for ink discharge, the filter, and an ink

tank wh$ ch mBitivadeaoedtdndy 4haPEEsIRIDRE) (20052 25 39986 EEAbE VEoR ggsure.
13. An inkjet recording apparatus according to claim12, wherein the

tr ansduci ngquesdled: ioRbirO B8 BnPhELFRGRE ﬁﬁ%re‘gp%uce% g5t gl and

t hernoel ectric transducing nmethod. s 14 recor % hat

enpl oys any, ing apparatus according to any one of claims lto
1gp V\AYIEI’EI nkﬁrﬁﬁi(ﬁbgﬁg@fﬂ drops discharged fromthe nozzles is 3 pL to 40

L, the velocit of t he ected drops is 6 nisec to 20 nisec, the driving
]P requency is 1 y 4; recordmg apparatus according to claim 6, wherein

one of the multivalent alcohols 18 a glycerin and the content of glycerin is
10 20 % by mass to 80 % by mass of the whole humectant.
8. The inkjet recording apparatus according to any one of claims
1 to 7, wherein the wetting agent comprises at least one of polyols that
exhibits a solubility of 0.2 % by mass to 5.0 % by mass in water at 20 °C.
9. The inkjet recording apparatus according to claim 8, wherein

15  the polyol is 2-ethyl-1,3-hexanediol.

10. The inkjet recording apparatus according to any one of claims
8 and 9, wherein the polyol is 2,2,4-trimethyl-1,3-pentanediol.

11. The inkjet recording apparatus according to any one of claims
1 to 10, wherein the ink comprises Z-amino-2-ethyl-1,3-propanediol.

20 12. The inkjet recording apparatus according to any one of claims
1 to 11, wherein the recording head comprises multiple pressurized
liguid chambers, nozzles with pore size no greater than 35 pm which
communicate with the liquid chambers, ink supply channels, a

transducing method for ink discharge, the filter, and an ink tank which
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greater, and the resolution is 300 dpi or greater. 10 15. The inkj et
recording method according to claim14, wherein ink drops are discharged
continuously, and multiple droplets are merged into one |larger drop prior
t o r eachMiy2aoke+4a7ecor di ng nedi um 63 PCT/IP2605/020052

causes negative pressure.

13. An inkjet recording apparatus according to claim 12, wherein
the transducing method is any one of piezoelectric transducing method
and thermoelectric transducing method.

5 14. An inkjet recording method that employs an inkjet recording
apparatus according to any one of claims 1 to 13, wherein the size of
drops discharged from the nozzles is 3 pL to 40 pL, the velocity of the
ejected drops is 6 m/sec to 20 m/sec, the driving frequency is 1 kHz or
greater, and the resolution is 300 dpi or greater.

10 15. The inkjet recording method according to claim 14, wherein
ink drops are disgharge’d continuously, and multiple droplets are merged

into one larger drop prior to reaching the recording medium.
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