DESCRI PTI ON | NKJET RECORDI NG APPARATUSAND | NKJET RECORDI NG METHOD Techni cal
Field The present invention relates to an inkjet recording apparatus and an
i nkj et resordisngemet hod t hat enploy an ink that provi depcsupsnioroosage
qual ity and hi gh-speed printing ability on regul ar paper, as well as
favorabl e storage stability and di_scharqi ability. Background Art
Recently, inkjet printers have beéEESQ%ﬁEﬂgo vel opi ng their market ow ng
to their features such as printability on regul ar paper, easy colorization,
conpact size, INEJEAhREBCGORDING ARRARATUSIANDINICERT REQGOIMDINCoperti es
required for inkjet recording ink are as foll ows”™ color tone, imge density
and bl eeding to achieve high i mage quaTHi®D di ssol ution or di spersion
stability, preservation stability, and discharge stability of colorant in
the ink to achieve reliability; water resistance and |ight resistance to
secure the storage life of recorded ima ges, rapid drying of ink to achieve
hi gh-speed printing. Various inprovenents have been proposed heretofore in
or der tdisa.¢@mwciﬁ%@éirequirenents. Initially, colorants of the inkjet
recording ink were mainly based on dyes owing to their bright coloration
and hi gh reli abi | Thy pregeehtihyentiok rebrtpertenss imkjdtaredordiny appairstusuch as
carbon bl ack have gai nedattention for the purpose of naking the recorded

i mages |ightyqang 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
Background Art
Recently, inkjet printers have been rapidly developing their
market owing to their features such as printability 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 colorant in the ink to achieve reliability; water resistance

and light 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



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

t her ef or ewot2b@/memz! e di aneter al so tends to be reducedpciHarewenz0052 i s
considerably difficult to assure discharging stability of printers when
pigments are enployed as their col prant. an prlnte S, are e ed wiith
nozzl es wi ta %%Pllefordﬂ%ﬁré%‘gposﬁ dhﬁ” ecex efdeéwggﬁgﬁ ARt
satisfies both these requirenent and other i nk properties has not been
devel oped ywhterFreswstans. proposals for increasing the reliability of
printers include inprovenents of the long-termpreservation stability of

the ink (to prevepd,thae {Har#Bdbat tRMPIs PR3 ﬂf@rélh@bmyla@owsﬁiaa&nt
aggregations) and formul ati ons t hat suppress as nmuch as possible

i ncrease in_the VIS osi t en the nk. has
evapor at ed Fn FHEr v i fif V%fi?ﬁh Yeymagﬁsaaﬂatl ﬁhspge& Pgﬂﬁﬁed to
install a filter between the ink suppl¥ unit and ink discharge unit in
order t& prideseforeuidie nozsle dimetorialae tends trebe medugrdgar di ng t he

formul ation of the aforesaid ink, Patent Literature 1, 2 and 3 discl ose
that the di schar giegeséRbiit i isy doﬁs&ﬁe&abgd ifficeliultat ia@guféwedisbha@g:htgy when
the ink is being condensed; however, with these proposed ink, it is found

difficult tQ A% 6 RGN HMPHREnIS 43 SMPIGHH 85 tARRCEolorant and

printers are equipped with nozzles with smaller diameter. Accordingly,
inkjet recording ink that satisfies 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

2



In addition, Patent Literature 4 discloses that an ink with highviscosity
(5 mMPa s to 15 niPa s) is required to ensure high image quality. According
to this pwopossalss747t is recommended to adjust the initia&cTemoshmass on
speed for assuring reliability, as well as to add specific conpounds as
viscosity controlljng agents for adjusting viscosity. However, no,.

descri pti orviseospydSanPac sredbrindg * #1&5 madred o epsereshigh 1mage gualitye
pignent, and the reliability is considered inferior in certain

confi gur at ipdeopdinkead iid pesdsal ditariet sscommmentedi to laefjtistt dhet amidfiafior a
prol onged period. Further, regarding a filter to be installed between an

Lk SUPPLY Jilohi AR Biedd S6DAUBGAY eliMBIIIRPHAR0AR! R ARUCSPEAACTRAC

for the purpose of pre i'ng exter ust, “dust wthin ink, precipitates
fromink, and air pubbles fromclo éﬁ nozzuﬁ a&d inﬁichanneL. Fo
exanpl e, PLCEHROUNGSeraft uVECeIHY s¢q RS (Aht 2R SVISFPSBhbbI es

trapped by a filter that is installed as a neans to remove dust from
i nhi bi t 5ng Howetémwmooflesdription is Paessmt ¢ancerning the pantiele HzesbPvddy t o
achi eve both high definition and high speed. According to this proposal,

smal | er nozgl endiFABRiA, | Sndakessaliybiliy ¥ ¢bakidéeéd ninfédor o icob@én
quality, which as a result requires snmaller pore size of the filter for

dust | . eThis,. ' 7t I ' ' ' tit
due to- specaPiyouptiof i AEEatbale SAEEAFrch k18 BIVR) SRR B 80T L0

decreases the maximum.ink ejecting frequency. The literature states that
this prolonged period.

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 ink, precipitates from

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

For example, Patent Literature 5 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 definition 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 quantity due to speeding
up, increases the pressure difference around the filter and decreases the
maximum ink ejecting frequency. The literature states that this
problem can be avoided by contriving the configuration.

Furthermore, Patent Literature 7 discloses that keeping the



probl em can be avoi ded by contriving the configuration. Furthernore,

Patent. Literature 7 discloses that keeping theinertance and the flow

resi st anowoabosa4biart er that is to be used within a certacmipznge0ess m nat es
the clogging due to inflow of contam nants, relieves and absorbs the
pressure generated when ink drops are beln dlscharged and t herefore
secures a dnettanceianshthedlovserigtancet ofe olohat 15 fe be wepdsathingg

mul ti pl e grooves forned by etching on anlsotroplc crystal base, which | acks

versatil it yertAlif oranidie chimeip@sed thiescegging Wrwt torinflow ol @nitamihapthHet ween
the filter and the size and shape of colorant particles in the ink. Patent

Literature 8. E%gﬁ dOHbsdthBOR g'féésh %gﬁpbrg@at%q@eaaﬁ{ks de86¢ a&é%@ﬁg by a

filter pass rou ver t ong-term usage of a head and
repetitive orptlon di scharge of ink he osal sclose that
instal ling f%@l%rﬁsés aéﬁ] (%h?%' PES i eRFoiPd S{:q‘%‘? ﬁ%ehceﬁé) S B’e he)y
decrease poor discharge; however, this is not adV|sabIe internms of cost.

Pat ent bi t gmaposed IfillapacemssstBaoénmulpiple cardoyas Liirmethehy (gohme Non
2002- 337449 Patent Literature 2 JP-ANo. 2000-95983 Patent Literature 3

JP- ANo. 9- Lid&SopRt erfsthl tRise! WRich JRIANGersility?62ARD, Riteepiropodadr at ur e
5 Japanese Patent (JP-B) No. 3168122 Patent Literature 6 JP-B No. 3267457
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 is 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



Patent Literature 7 JP-B No. 3389732 Patent Literature 8 JP-ANo.

2002- 273881Di scl osure of Invention The present invention, in an inkjet

recor di ngweppermtus equi pped with a head that includes acfrijptoesozesits
conponent, enables to achieve both high imge quality and high reliability
by adjustigﬁ.the viscosity of an enployed ink at 25 0OC between 6 nPa s and
13 nPa s, z;scmjumgpfﬁgvenféoml uid resistance of the filter against the ink
between 4.4 x 109 Pa s/nB and 2.2 x 1010 Pa s/nB8. Herewith, the discharge
stability is ensuledpbepatsavehtonpnr ha idkft mreoordihggppiarhtuseqerppednal
contam nants or precipitants fromthe ink and because the stable ink supply

I's possi bl ey g, Qil%?{dsﬂ?ﬁgirﬂflil b4 BOAIAR 4t SRRt RubBRPiSaeReve

i nvention conprises essentially a colorant, a hunectant, a surfactant, and
a wetting ent.,. and i s chaj.acterjized by. the conbination_ and.bl endi ratio
of these cgkgﬂfg‘r@ﬁﬁs‘%%gllgi}%é a0l ﬁlﬁgtreﬁwg’ﬁg?%ggfid@?ﬁté?g fge (Yl?cgsgyn(gg s to
13 mPa s. In addition, the present invention enables both high inmage

qual i t y sancamiegtploysd ik At 2§ 6y beldyesst 6 myPahe andul HinyRaiss vadcadiystings i | t er
enpl oyed as a conponent of a head within the range of 4.4 x 109 Pa s/nB and

2.2 x 1010 {fa $1A@. rdsistanck Néf ¢he r filter digidnapheainis Inftwidea @resertod
I nvention, an ink that conprises a colorant, a hunectant, a surfactant, and

\6/1i \é\gt)ts: {]3 g?g Di/nisS 2 S5 Bk 95t T 00y fhsh e gsh bhath, cANS idchalke &thbilits is The
ensured because the nozzle does not clog with the 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 is
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/m? 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 that 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 1010 Pa - s/m3.

Preferably, an ink that is employed by an inkjet recording



the ink is 6 nPa s to 13 nPa s, and the fluid resistance of the filter
against the ink is 4.4 x 109 Pa- s/nB and 2.2 x 10 Pa s/nB. Preferably, an
i nk that we 2esgl4omed by an inkjet recordi ngapparatus of pCrarpnssmns2

i nventi on possesses the follow ng aspects: the ink conprises 3 % by nass
(hereinafter referred to as mass% to 15 mass% of co).orant and 10 pass%to
40 nass% ofappaxatusapf the presentoiypntion popsessent %ifeiagWQSa@éP??FSM 8r with
no di spersant, owing to at |east one kind of hydrophilic group being
attached, dhkeedthpriees \i h ot meass fherieaftoy refared tgr aspeass®) tthelsur f ace
of the pignent; the ink is a polyner emul sion formed by incorporating

wat er - i nSO'I#%ées@/ﬁ%? cOREGhY aNRURS 3Rk UPl L4 %ﬂs%rﬁf Egh@écﬁaﬁﬁl‘m,ﬁe Relorame fine

part icles umectant conprises one or nore nd of multival ent al cohols

that respectively exhibit 25 nmass% pr nmore of ..equival ent .noi.sture at a
t enper at ur &8 & pi%“@’@?é%ﬁfeﬁsﬁ’éﬁ’ é?iW@P%uWilm £y %lﬁg%ﬁa%t’, ogias §p %%geastt

mul tival ent al cohols is glycerin, which nmakes up 20 mass%to 80 nmass% of
t he hungct ame; kimd ofehydraphilje ngrozmnpeing attachedasdireidy 31 yoth tother
exhibits a solubility of 0.2 mass%to 5.0 mass%in water at 20 0C, the

pol yol is Zngdikhilg aBomexanedpsl to the spefael of she pigment; the ink is a
2,2,4-trimethyl -1, 3-pentanediol; the ink consists

ram o2 foivhel. Sn@igRAnRARld 1 BRAToERIRAL GRS RRePbP RIS o

liquid cha _ nozzies w size no greater t _
ni ¢ for i Megrgehangenler mABAls e BRI Fadearaiee the deegapte
PrESSHre: comprises one or more kind of multivalent alcohols that respectively
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
glyceriﬁ, 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 1is
15  2-ethyl-1,3-hexanediol; the polyolis 2,2,4-trimethyl-1,3-pentanediol; the
ink consists 2-amino-2-ethyl-1,3-propanediol; a head comprises multiple
pressurized liquid chambers, nozzles with pore size no greater tilan 35
pum 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

6



An inkjet recording nethod according to the present invention enploys the
af orenenti oned i nkjet recording apparatus of this present invention,

wher ei n twe 28éaz@6ma7 dr ops di scharged fromthe nozzl es i ecpretmsadoyz 3 pL to
40 pL, the velocity of the ejected drops is preferably 5msec to 20 ni sec,

the driving frequency is preferably 1 kHz or greate gggthe resolution is
pr ef er abl y m3Bec dpi2bm/gee dbherdrivng @'ﬁ&ﬂ???yéﬁpirﬁ%féﬁyrz Ao ELeat%od of
the present invention provides a feature to nmerge nultiple droplets of
cont i nuous landditechaobetion ikprbferdly 300 dpilargeatearop prior to reaching the
recording medium Brief Description of Drawings FIG 1 shows a partially

enl ar ged vi ew of 1arsBpaf YokiakliBholHAE MELRIEEC hethiRsBhesRRntioYeNt | on.

FIG 2 is a cross-secti vi ew of an eXenplary inkjet head, partially

enlarged in the direction,of channe rel ated to the present kLnvention.
FIG 3 is XROBMSPRURRLPLT LD &mesesem 'figlreaﬁﬁfo@fle%’no%?é‘g’ﬁﬂlgorvi% gﬁ%chatrﬁ?ﬁion
surrounding an inkjet head. FIG 4 is an exploded perspective diagramof an
exenpl aby aokfdrgps anioom laxigen deap Driatge. reprlonsthacraeppdingamedivhons an
exenpl ary inkjet recordi ng apparatus according to the present invention.
FIG 6 schematically shows an exenplary internal constitution of an inkjet
recordi ng apparatus of FIG 5.

Brief Description of Drawings

FIG. 1 shows a partially enlarged view of an exemplary inkjet

head related to the present invention.

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

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

15 FIG. 4 is 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 is a plan view showing an exemplary inkjet head of an

inkjet recording apparatus of FIG. 5.

Best Mode for Carrying Out the Invention



FIG 7 is a plan view show ng an exenplary inkjet head of an inkjet

recordi ng apparatus of FIG 5. Best Mdde for Carrying Qut the

| nvent i ononkdsatueEecor di ng Apparatus and | nkJet Recordi mgTNEBRdOS00FN | nk| et
recordi ng apparatus is configured so that an ink that conprises a col orant,

a hunectant, a surfactant, and a wetting agent is discharged froma head
with a fil tEnkjeaRecarding Appdraresasd In egding dﬁ ed. An inkjet

recording method of the present invention is conducted on the inkjet
recordi ng appar atAs ifkjdthecordiagrapparaeas iioronfigdred soaddittamwiak ghascess is
included as required. Hereinafter, an inkjet recording met hod of the

present | nygptiy %Iﬁcgfal%ltegn@%g&%tt DS FESARR! 4R 0 fretfiklalednfGa" di ng

ﬁpparatus 0 resent inve e |n conpri ses orant a
unmect ant rfa nt agent ; di ti onal co nt is
hided as + eriasged Agowon Hand wellh pduor g Tiond TerRby TR BYER f r om
the aspect of durability; however, dyes may be conbined with pignents in

order te acﬁ&nﬁquﬁi_ml.col or tone if necessary as long as the durability is
mai nt ai ned. The pignments may be i norganic or organic, and such pignents may

be sel f-dispersi ngn phEfRHesord?hs REEHANK tHeSPrRIsBAE iMhdriticn id aehdidted
on the inkjet recording apparatus of the present invention, and any

additional process is included as required.
Hereinafter, an ini;jet 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 added 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

8



and/ or pol ymer dispersant, enul sion-type pignments, and sel f-dispersing

pi gnments coated with resin. The average particle dianeter of the pignent is
not rest rwotedsosbmmever pignment with its average parti clreTdpzmebmosy angi ng

preferablyfrom5 nmand 200 nm nore preferably from10 nmto 150 nm nost

preferably from10 nmto 100 nm are used to maintain the reliability.

Pi gnent s wiftdm & emagad) 200 BMe mprgrereferablygfiem 0 panto 200 AmLt 898t i o cl og
a filter, and hence the discharging stability may be inpaired. On the other
hand, when pibfrabg figen & hircke Ianst, eireofisddheo phairsais the dedimbilityan 5 nm
the productivity and the cost-performance decrease, and the aggregation

occurs mDr%igﬁl]%&lkywimiﬁ@ﬁ%@%{éﬂ?@%fm&ﬁ&éﬁ B t8t 3RhhiZ00 A ted bok.

Here, the fé average par aneter” | cates a vol une-aver age
particle dianmeter, i.e.,the value.of cunulatiyve. percentage of 50 %on a
vol umetric® ﬁsélt%@%ilﬁaﬂet%geo@ﬁ%b%gﬁ%gts %b\%?dﬁﬁy e?‘QB@Hﬁ ti(3 e size
is a dynamc |light scattering nethod (or Doppler scattering |ight

anal ysi 5), thherthen handasehehdhm aecragp nagticle dizmeten ek the ragmienks ander
Browni an notion, and the particle size is determ ned fromthe magnitude of

the frequengy fad 5ith, EBE Wrb@dctiviegandetiaedstaleaforihands datreasé,nand

Exanpl es of the inorganic pignments I nclude titani um oxide, iron oxide,

ca o U 024007 ] e T R e B AP M
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
yellow, 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



manuf act ured by heretofore known net hods such as contact nethod, furnace
nmet hod and thernal nethod can be used. Exanples of the organic pignents are
as fol | ows0 28@m4pisgnent s such as azo | akes, insol ubl e aroTRPYOEDL0852
condensed azo pignments, and chel ated azo pignents; polycyclic pigments such
as phthalocyanlneplgnents peryl ene pi gments, perynone pignents,
anthraqU|ndﬂ&npﬂﬁﬁnnpemyem@naﬁgmﬁéﬁ% pPEIEene, E%%%ﬁﬁﬁneaﬁl ﬁﬁﬁ#@ﬂnﬁndlgo
pi gnents, thioindigo pignments, isoindolinone pignments, and qui nopht hal one

pi gment s, glgmeehs gaiticsidoneapigniattisc diyadihe pigmenss)dndigal pigyatshel at

es, nitro pignents nitroso pignents, aniline black, and the |Iike. Anong

these Pi gREg ffis t pr rr ul ar
Speci fic exarrp s of pi%%‘%éoﬁ%@&%%??&rﬁ?n%reﬁ%ar%ﬁa (Flﬁgkﬁ?%?ﬂbglggnent

and ot a1 CORBOERIE I AR PR AREI e AB A Thelole

titani um oxi de and organi ¢ pigments such as Aniline Black. Specific
exanpl es ofnitiee pighentsyi miteosospigmeentse apiline hlgeknandetheolike, HAmong 13,
14, 17, 24, 34, 35, 37, 42 (i.e., yellowiron oxide), 53, 55, 74, 81, 83,

95, " 97, 98,théQ8, 1£9ﬂenté%th H98h a¥eRity ¥dPwatdy ard BGefedntsd 1nl§§1:t1(§hﬂﬁr 151,
153, and 183; Cq_ gnent Orange 5, 13, 16, 17, 36, 43 and 51; Cl. Pignent

463, 4804, 49 Jgnffz% %%nyf’e“sﬁ%%%b@gd%m Sfphyd SRR ()
03:2, 64 L, P18g]ﬁ191353131§c?§ 7 OSJI-lC ed iju;'ggcemf)llatﬁi) ac]é(%éleneoglac}ioand cilannel
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, 34, 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
9B (Ca)), 48:3, 48:4, 49:1, 52:2, 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), 8, 51, 16, 19, 23 and 38; C.I.
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



(Cadm um Red), 112, 114, 122 (Quinacridone Magenta), 123, 146, 149, 166,
168, 170, 172, 177, 178, 179, 185, 190, 193, 209 and 219; C L Pi gnent

Vi ol et 1 wBhoabasmae Lake), 3, 5:1, 16, 19, 23 and 38; Cptr/iPrgsensBl ue 1,
2, 15, 15:1, 15=2, 15:3 (Phthal ocyanine Blue), 16, 17:1, 56, 60 and 63; C L
Pigment Geen 1, 4, 7, 8 10, 17, 18 and 36; and su _h.gi{éeferably t he
surface of least pngrdndsol hydsenlilisdzeanns %%&?taé?bﬁéagltre R éa gfther
hydrophilic groups is attached directly, or via other atom c groups, to the
surface of atbmipi greipss. toSphei kuefacky of stheh gipgremtss nepedificgiydeued by
chem cally bonding certain functional groups such as sul fone group or

boxyl t f ' , ' :
carboxyl g :pﬁgﬁehres Igggsymé ﬁ%ﬁy%%%tﬁ QRIS boAdRI %éﬂ%‘iflwﬁiﬁemo%l

oxi di zi ng pi gnment t gen acid and/or its salt in a wet
condition. A favorable configuration in partjcular s, that garbo groups
are attach&§Orbs tsi ﬂ?fséﬁé’n%f StHY 6’?9??&??9? FEOR AP the SW%r?gn?§¥%?e

di spersed in water. Such surface-nodified pignments with carboxyl groups
enhances di spemends, et abiernativelydbpromdizang theypigmental widht hegohalpgewe wat er
resi stance of the recording nmediumafter printing. Further, an ink of such

confi gur at ig@i] HdeEStd Ralti SRS S cohditRid erA daybrable Teaifafuna¢ionmin hout
clogging of ink flow, appropriate printing may be carried out by neans of a

si npl e cl eani g PRECALYAD EYERMNER LR oDl ABLRILTS ALUdEBeoNPRE! e Of

an i nkj et evapor at'e prol onged pause 1 n printing.

Mor eover, such sel f-di.spersihle pjgnents provj.de high.reliagbilit nd hi gh
i rage qual jpigments and Qcﬁat the g{g%lents aF])fe dlsperseg in water. dulh '9

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 reliability 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 in polymer fine particles.
Polymer emulsions containing pigments may be exemplified by polymer

fine particles encapsulating pigments and/or polymer fine particles

11



owi ng to a synergistic effect especially when conbined with a surfactant
and wetting agent described hereinafter. In addition to the aforesaid

pi gnent s,wpabyemas74enul si ons may be enpl oyed in a confi gecatipmnssode t hat
wat er -i nsol ubl e or hardly water-soluble pignments are contained in polyner
fine particles._ Polymer emul sions containing pi.gnents may be exenplified b
pol ymer fi redspabing prsmentsapa thatn sriagey md usthap gwti/q% tﬁ? @éﬁere Y
parti cl esadsorbi ng pignents on their surface. In such configurations, the
entire pi gneiginérg isohoinacessarily yeqemad riedbd enbapsirdatess ot adsdrled, ddgor bed,
but an anmount of pignent may be dispersed in the enulsions as |ong as the

effect of (e KBNS bi@fﬁ@ﬁq Ry Be 'a?épeirﬁ@di!iﬁ%iﬁe eﬁefsmﬁss a®floAdashly Mer

that constitutes pol yner enul si on include vinyl polyner, polyester polyner,
and ur et han I r; in particular. vinyl pol r and pol yester polyner are
preferred.‘%ﬁggﬁﬁgﬁeTﬁe? ]ﬁngﬁﬂplﬁﬁ§%ﬁ¥ﬂ%%¥%gﬁch pi gnents as di spersed in
aqueous nediumw th the aid of dispersants nay be conbi ned. Preferable

pi gnent $ are t hosExampdesfafr sh rpelsimey Bhatiseanstidnies odymesr exiudsionf t he
known pi gnent dispersants. Exanples of such pignments include polyacrylic

aci d, pol yngchadd Wihgl gsdlmeac polyestacipblptiey| amd nirethoepqholyies; ivi ny|
acetate -acrylate copolyners, acrylic acid-acrylic acid al kyl ester

Copol Y & SHBRE BB APENRG Bl epEp AR TacTY ¢ acid

Further, in the present invention, such pigments as dispersed in
aqueous -medium with the aid of dispersants may be combined.

10 Preferable pigments 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 styrene-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



styrene nethacrylic acid-acrylic acid al kyl ester copol yners,
styrene-a-net hyl styrene-acrylic acid copol yners,

st yr ene- avoRbbwl4614yr ene- acryli c acid-acrylic acid al kyl estap2eospnbyarer s,
styrene -mal eic acid copol yners, vinyl napht hal ene-mal ei ¢ acid copol yners,
vinyl acetate -ethyl ene copol yners, vinyl acetate-fatty acid )
vinylester-ethyléﬂ@Bd@ﬁ&ﬂﬁﬁ@ﬁ%?g%iﬁVkﬁ%%%%f%eﬁgﬁepé %ﬁ eqodymesh sy ner s,
vi nyl acet at e-crotonic acid copolyners, vinylacetate- acrylic acid

copol yner s mrdertabty |3,8€0 Toe50£00h tra anee pagiierailye 510108 tovedg0R0 cind Inessd
copolynmers is preferably 3,000 to 50,000, nore preferably 5,000 to 30, 000

and nost pr 5, 000. The anount of the di spersants ma
ﬁggﬁ%wﬁforéﬂmﬂmﬂ&?m@ob. p y

be properl ermned sb that the pigment is stably dispersed as well as
the effect of th resent in¥ Sﬁi@g IS Q%t redqged. Thﬁ r %io of(%he
pignent to the diSperYioyng 3 8f SFRBTSA YRt RBEN L PEOBR" %’m‘ie TFeth§nor e
preferably between 1/0.125 and 1/3. As described above, carboxyl groups are
pref er abl y that dbeepigmenthis stiabiie dispersed astwell s, theneffeelyof the Breseatsi on
stability, printing quality, and water resistance of the recording nedi um

after printinRgnéibf isnmdtorRthcetn W@ tatdd of ehé higmeat ftocihe, dispelaitlisgr oups
may effectively prevent strike-through. In particular, when a pignent

di sper sed yé%??}ﬁ%gy \%ﬁv?@n‘?F/é.@%réx?%‘t&ﬁ,oaﬂ}i‘h%}grc@fe?&%l %rewgé?qvm%t ached

I s conbi ne ng agent, i cl ent ng rate an ess strike
-t hrough may
and 1/3.

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 of carboxyl groups compared to 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 disbersant and the pigment,
followed by an adhesion of pigments to the recording medium.

In the present invention, in addition to the pigments, dyes may
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be achi eved even with a recording nedi um of high sizing such as regul ar
paper. It is presumably because, due to the relatively | ow dissociation
const ant swof2oesauboxyl groups conpared to other acidi ¢ growps0080mygser geti c
effect of a decrease in the pH of the ink and an interaction of the pignent
with nultival ent_netal ions such as calciumions that exist near the
recordi ng RedeRLeeds ace | owers the sol ubil i ty of the dispersant itself to
i nduce the aggregation of the dispersant and the pignment, followed by an
adhesi on of pi gnSpexifio ekamples of dicidjc ndydisusamd food Wiyepriesbrte Crvehtidon, in
addition to the pignents, dyes maybe enpl oyed. Specific exanples of acidic

dyes and fo@egld%é’qg 23‘04210@4 GQd and\aud; K.l Red 23R, B2.14448, 26, anisl42;
C.l. Acid Re 14, 18, 26, 27, 35, 37, 42 52, 82,787, 89, 92, 97

02 and 240,56 12 R i HPon AN Loy B A i, S

and 4; C. 1. Food Red 7, 9 and 14; and C.|I. Food Black 1 and 2. Speci f| C
exanpl es of 288 r@d: AdifeBlua & $9e 48, 192 mnd 405 Yol AgidiBlack 103, 7084, 36, 44,
50, 86, 120, 132, 142 and 144; C. 1. Direct Red 1, 4 9, 13, 17, 20, 28, 31,

39, 80, 81,a1ﬁi3948E.I.212&>daY6118\272, Land DHi CeICtFoﬁdaRgdB g4 aﬁ&,léﬁZaxfth@.]lOZ;

Cl. Drect Blue 1, 2, 6, 15, 22, 25, 71, 76, 79, 86, 87, 90, 98, 163, 165,
199 and 20%; d%f;%la% QPr £ct Bl ack 19, 22, 32, 38, 51, 56, 71, 74, 75, 77,
154, 168 and0 peciTic exanpl es of baS| C dyes include C.I. Basic Yellow

1, 2,
11, Specific examples of direct dyes include C.I. Direct Yellow 1, 12, -

24, 26, 33, 44, 50, 86, 120, 132, 142 and 144; 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; 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, 38, 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, 73, 77, 87 and 91; C.I. Basic Red 2, 12, 13, 14, 15, 18, 22, 23, 24,
217, 29, 35, 36, 38, 39, 46, 49, 51, 52, 54, 59, 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.I. Reactive Red 1, 14, 17, 25, 26, 32, 37, 44, 46, b5, 60,

66, 74, 79, 96 and 97; and C.I. Reactive Blue 1, 2, 7, 14, 15, 23, 32, 35, 38,
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13, 14, 15, 19, 21, 23, 24, 25, 28, 29, 32, 36, 40, 41, 45, 49, 51, 53, 63,
65, 67, 70, 73, 77, 87 and 91; C.|. Basic Red 2, 12, 13, 14, 15, 18, 22,
23, 24, Ao 28804807 36, 38, 39, 46, 49, 51, 52, 54, 59, r6BIrLi@5/020052 73, 78,
82, 102, 104, 109 and 112; CI. 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, Pd963180 ans95. 147 and 155; and C. 1. Basic Black 2 and 8.
Speci fic exanpl es of reactive dyes include C. I. Reactive Black 3, 4, 7, 11,
12 and 17; C. 1. ReaohpgviheYeldyes, heidic dybs 48d didect2dyes2 aye parpeulandy 47,
51, 55, 65 and 67; CI. Reactive Red 1, 14, 17, 25, 26, 32, 37, 44, 46, 55,
60, 66, 74,28y d§ and 97; and C.I. Reactive Blue 1, 2, 7, 14, 15, 23, 32,
35, _38,|41, I 63, 8]9 andd95. Anong t hese dyes, acidic dyes and direct dyes are
particularly preferred. The.content of .the colorants | ' i
preferably 3 rras%et @@gnﬂgggh,gsen@ﬁ%raﬁigflgf@&ly %Sr%ggq%ipy ?gnémé@]slss/gdf Wien
the content of the colorants in the ink is less than_3 mass% the ink
densi ty5i s Jbomasa¥d more preferably & magepio ke aepsstageWhep tha coteatofir ed
with small anmount of ink adhesion. On the other hand, when the content of
t he col or anhs doforameatierhé Ak id Jedsptinta Sthasstenshd inloflehbgydsllowamhd is too
g!gh,h whi ch causes the aggregation of the colorants, resulting in poor

I schar ge. . 3 I | tion to
erpl oy o coiB stakipy BFBR fifed dhak? sRECHEL BB sk, Witk REAPRiduBKor

orm rogen bond, ex
Vi scosi t s.a pure substance, .and exhi bits hi gher Il 1k bri [
y ?'mk acPhesFi‘on. nat e otherdhan& when trilegcgnterenqi%f t %réotfé?'a%!s Sitsur €

greater than 15 mass%, the density of the colorants is too high, which

10 causes the aggregation of the colorants, resulting in poor discharge.

As for humectants, it is preferable for the present invention to
employ 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



content and | ower viscosity in the presence of water, in order to obtain an
ink that is able to formhigh quality inages. It is preferable that the
hunect antwocospusssie one or nore kind of multival ent al cebwlys20okatoos2
respectively exhibit 25 mass% or nore of equival ent noisture content at a

tenperature of 20 C and a relative humdjty of 60 % Exanpl.es of such
hunect ant s Zs@ietkykd 4 pembameialy a| éﬁ’?yegbé’iﬂﬁﬂ S ig%éqotgde ér?;gé’r‘ﬁtﬁpe@fﬂ | ene
gl ycol, diethylene glycol, triethylene glycol, propylene glycol,

di pr opyl end,byloatanetrioprapd | e lkey c oGly@riret pryovidesouhpitedinotgase in
1, 3- but anedi ol , 2, 3-butanediol, 1, 4-butanediol, 1,5-pentanediol,

tetraet hyl en&ogltyCRith ﬁuﬁsﬁﬁéa&%o@hﬁ%n{%myéu&ﬁs@@snm@ggggégatmi pet hyl ene

glycol, 1,2,4-butanetriol, 1,2,6-hexanetriol and the |ike. ycerin
provides rapjd increase, in,viscosity wth noisture, evaporation. b

suppr esses Cgir? ay glaé'aa&%’??bgf pEBYlgFén?, SURGHOTH S5 %o%qp&’ggsﬁhgug%?i or
effect on suppressing the growh of the particle size. Accordingl

gl yceri b cemewth afsther partielsl sizeo Aecpsdinglynghicesm contentine Rreferabiyir t her
glycerin is preferable with respect to its higher equival ent noisture

content. AS0f afadshe oruniet adft the brimheddnwi t Fugthe rglycerin 3s bpiedtredleol and
3-net hyl -1, 3-but anedi ol are preferable. Both 1, 3-butanedi ol and 3-nethyl -

L 5,00t anelio AR 9P o Syl Bgumtatae contens s ¢ cerin
applied picture ?leseI%(‘)arnttﬁeOﬂuglae%gnt%ngmg{nense \ngc]ﬂ glycerin, 1,3-but‘anediol'
and 3-methyl-1,3-butanediol are preferable. Both 1,3-butanediol and
10  8-methyl-1,3-butanediol = have 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 surface. 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 and harms the discharging
stability when an excessive amount is added. The blending ratio of

20 these butanediol to glycerin is 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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the ink material on paper surface. In particular, 3-nethyl-1, 3-butanedi ol
shows the effect of evenly spreading picture el enents, and thereby

hi gh- qualwoyoisnagras nmay be fornmed. Wiile it exhibits a sgparrmsombirect on
enhancing the reliability, glycerin, causing an excessive increase in
viscosity followi ng noi sture evaporation, reduces the i mage gyality _and
harns the dinsubagignhdamapiant: oRieas BEYe MRRAY] \Fgeaﬁs’aﬁge istahdggangpe

bl ending ratio of these butanediol to glycerin is preferably between 1/4
and 4/1, nutiechurging athyilitet wadnlikély elog Biel nomples. pOaf ¢habithet /HMarahd 3/ 1.
The effects of the present invention nmay be achi eved when the hunect ant

per cent age Qf.oidige t Rhiflect | Snkdnt Man" 328t Ofhel 4 BPipett), NBAEYs NOSt

preferably in the range of 25 mass%to 35 mass% | nsuffici ent “humect ant
content may . npair the stor stabi | jty and di,schar gi stability,. and
Tkely of olerbnapiieliers S Redafrot folnf BoupuateR. dnfthaid shotldient can
affect the drying property, causes bleeding of |etters and bl eedi ng of

col or béundeorémageriudtiyce results in poor image quality. A surfactant and
a wetting agent are incorporated into the ink according to the present

i nvention, in ordefsulrfadbanyiatkl bhwedasd agdnpraapemicbgsordesd ihtiethd dhkr
respectively. A surfactant is enployed in the present invention to reduce

the static SUPIAGS t&NHL rr?%ecxa{ QHO&%OIQ 00y ”%}de'r’ %?Wdé h§lee id@@frEEr ‘o

referred to as nséc) in p ar and t’hereby to tate the In

enetrate into er. at .t he. nonent n.the,ink i .
P propexpt?gs descri e(f later respec ?Vely. 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
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drops are applied on the paper. On the other hand, a wetting agent enpl oyed
in the present invention reduces the relatively dynam c surface tension at
around 10wowrees/d4674100 nsec in particul ar and thereby toptagpdosatoesz he i nk
to spread on the surface of paper at the nonment when the ink drops are
applied on the paper. By using a surfactant and a wetting a ni in

conbi nat i ortlkylestey, pB@lé’PﬁY%thyge%%hiaHQéaminP,nI@ oRed pﬂ%’&ri apidad of

i mge el enents over paper and with high penetration into paper (hence

qui ck- dryi n@lyoAethyldnngbyockyolpmer, goabitayfattyegpedestay, pelyixyatimddnat

hi gher production rate. The surfactant may be sel ected from anphol ytic

surfactant Ssorﬂﬂﬁh?a%ﬁ(ﬁ%sft@ﬁt 0L Byle AR cAB1OBE C?tzi;:lél?&)tﬁ&é SadditRiec2B! v,

noni oni ¢ surfactants su as pol yoxyet hyl ene a phenyl et her,

y
pol yoxyet hyl eneal kyl est er . pol.yox hyl ene al kyl ar gi ne, pol hyl.ene
B kyl am de eBloyedyeomRding b‘i%’cﬁ%ﬁtvﬁ’ei’??‘é’%‘?%i‘{h&naﬁﬁ%&‘?i‘ﬂdégﬁﬁy of
pol yoxyet hyl ene sorbitanfattyacidester, acetyl eneal cohol of ethyleneoxide
addi ti ve arcelamphtsmal aatdinageiguplitie rel ati on between the di spersion
stability of color material and image quality. Further, fLuorochem cal

surfactants or sipi@hee Subfcrbibalits] safabeartsest silivdaeosurifacta@tdimayi on
dependi ng on the reci pe. Anong these, the nonionic surfactants expressed by

the foll O\Nil%quée%r ﬂ&l@ o(rlill c%&r?oiﬁ%@fo%r(féﬂe%dﬁﬂg Bﬁrtthie%kﬁfe: R- O (QHO1n- H

- Formul a (

Among these, the nonionic surfactants expressed by the following

formula (1) are preferable in particular.

10 R—0 —(CoHO)w—H  -- Formula (1)
where “R” represents a linear or blanched alkyl group with 6 to 14
carbon 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 iﬁto 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:

CsH170(C2H40)H (11
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where "R' represents a linear or blanched alkyl group with 6 to 14 carbon
atons; "ni' represents a positive integer. In terns of inmage quality, "R' is
pr ef er ablwoanosalskyy group with 10 or nore carbon atons; pCwiype@sproeser abl y
two to 30, nore preferably seven to nine. The content of the surfactants in
the ink is preferably 0,01 ss%to 5.0 ss% nore preferably 0.5 mass%to
3.0 mass% Wen t(I;ﬂ@HétQh(%HfiQ ¢H ess t han b’?gl mass% the effects are
insignificant. Wen the content is nore than 5.0 mass% the penetration
into the recordi g Hesd(CrH®)eMcessi vel y (hi3yh, and this may cause probl ens
such as decrease in inmge density and occurrence of strike -through.
Speci fic exanpl e heSP. ds expregpgy by the above-noted formula (1)
i ncl ude, but not S(Flfgfr%z% X0 HL7O( CZH4§)) 2?—11 (1- 1) CLOH2I O{ C2H4O) 4H ( 1- 2)
Ci 2H25Q( C2H40) 3H ( 1:,3) ~ L QG2HAO 7H (1-.4) C 2H25Q( C2HA0) 12 H (1-5)
G 3H27Q( C2H40) 3H lfféao@éﬂ@a%mq 5H H ) G 3H270( C2H40) TH ( 1- 8)
G 3H27Q( C2H40O 9Hé1- 9) G 3H27%CZH40) I 2H({ 16) 10)

5 . 3 -

18H270(C2H40)

C13H270(C2H40)sH a-n

C13H270(C2H40)7H (1-8)

C13H270(C2H40)sH (1-9)

C1sH270(C2H40)12H (1-10)
10 C13H270(C2H10)20H (1-11)

C13H270(C2H40)30H (1-12)

C14H200(C2H40)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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Ci 3H27Q( C2H40) 20H (1-11) G 3H2 O( C2H40) 30H (1-12) Cl4H2 O C2HAO) 30H (1-13)
These surfactants may be used al one or in conbination. A surfactant nay

di ssol ve wodossimbisy stand with the other surfactants eveoTwhznsnioostoes not
eﬁsily d:ssolve in a recording quuid As for the connercial surfactants

t hat include the above-npted conpoun as .t hei.r ts, BT series
from Ni kko ZomethgkPpropyl Ilt?dPTO A&O@ ‘éé%m@%hxlr?oﬁmnggg 18hokubai  Co.

Ltd. and DI SPANOL from N ppon Yushi Co. Ltd. may be exenplified. The
wetting agens-dinpithyked, 5-hexdreediok Semgxanevk it dioh HedfydrihBihexanetdmlns at

| east one pol yol having a solubility of at least 0.2 mass% but no nore than

5.0 mass% i at 20 C. Exanples of fatty diol anong such polyols
i ncl ude 2-et 2 ‘met hyl -1, 3-propanedi ol , 3, 3-di net hyM 2- but anedi ol ,
2, 2-di et hyl -I 3-p i ol rQ r opanedi ol ,

2, 4- di net hyl - A{)%‘ﬁ ﬁga?%uzz e%%%%%beﬂ‘ﬁw%vﬂﬁgxaned. ol ,

5- hexene- 1, 2- d| ol, 2-ethyl-1,3-hexanedi ol and such. Anong these,

2- et hyMp3- %2@@@m@thﬂnu3@@m@dw¥@mwoﬁraceﬁ@wﬂoémed. ol are nost
preferable. Exanples of other wetting agents possible to be conbi ned

i nclude al kyl andi:aiiplest dfsthepivottinki agintapoasibtdhtd be somibined dhdubyl ene
gl ycol nonophenyl et her, ethyl enegl ycol nonophenyl et her, ethyl ene gl ycol
alkyl and aryl ethers of multivalent alcohols such as diethyleneglycol
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. On 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
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nonoal | yl et her, di et hyl enegl ycol nonobutyl ether, propyleneglycol
nonobut yl et her, and tetraethyl enegl ycol chl orophenyl etherJ and | ower

al cohol s wochieaaemrhanol . The wetting agents are not | i wrcrad2dsotoosse
conpounds, provided that they may dissolve in the ink and adjust to the

desired properties. The content of the wetti a is preferably 0.1
mass% t o 4.1 eh¥ecardipe haukd 1% adiusted V@Vﬁé's% ﬁgﬁlg%&@' angpyethput %?d“}%nﬁr yi ng

is not achieved, resulting in bleeding inages. On the other hand, when the
content i s amwadvdrsarffecdonahefrephredirapedsighqsaidabi ity of the colorant is
reduced, possibly resulting in clogging nozzles, and the penetration into

the recor di Ng MeditihflGE6F $he NFHNEGRTSRING |a%\éﬁi; inPRER Ah¥indeciRAShBY the
i mge density and cau3| ng strl Ke -through. Exa | es of ink conponents other

ant 11 ungal RO NRT aE e LA OB e, L iR, B IRERT <

controlling agent may be any substance pI’OVI ded t hat pH of recordl ng liquid
i s adj ust edneal lemengesicheas hiemvhydronide sodiwg Bydraxide.cROtESEMR on t he
prepared recording liquid. Exanples of the pH controlling agent include

am nes suchyarodidet fad ahe dilksieamidorgtiinhglradtachpdebxifes bf faatdrydrpxi des
of alkali netal elenent such as I i thium hydroxi de, sodi um hydroxi de,

potassi um hydr oxi 46, %gﬁég mw hﬁﬁis hbeuﬂfxﬁXdaq snife,

quat er nary ammnl unm’ quat er ary pno Onl um I um

r bon 1
carbonat e, sodium carbonate, potassium carbonate and other carbonates of alkali

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-2-ethyl-1,3-propanediol has been confirmed to enhance the
reliability of wetting the material used for ink channel.
Examples of the antiseptic-antifungal 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 uramil diacetate.

Examples of the rust-inhibitors are acidic sulfites, sodium
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sodi um car bonat e, potassi um carbonate and ot her carbonates of al kali

netal s. An appropriate anount of 2-am no-2-etyol -1, 3-propanedi ol enhances

t he di spewei2oms/@tabi | ity of pigments nore effectively ardThemosomesures the
reliability such as discharge stabi lity. The content thereof depends on the

reci pe and the desired pH value, .In general,_ 0.01 s%to0.2.0 SS%IS
pr ef er abl e thigspliate, paaEEERMY "@1 g%)f enoHEsoprep m‘ﬂinsél
addi ti on of 2-am no-2-ethyl-1, 3-propanedi ol has been confirmed to enhance

t he reli abigentyesfthwedl i nigtidetraeer i dicyclsbdxylammokiwhannetritexaapes of
the antiseptic-antifungal agents are sodi um dehydroacetate, sodi um sorbate,
sodi um 2- pwehl ﬁlqéiyl@.l | gxide, sodium benzoate and sodi um

pent achl oro Exanpl es of the chelating agents are sodium

et hyl enedi am net et r aacet at fumnitri.l otri.acet at xyet hyl
et hyl enedi ami net FiadBEalt e‘?a’ﬁd%g%o‘?li?ﬁ?’a éPﬁWté?I%t]lsl If?ecg%rr}%araa%ga & and
sodiumuram | diacetate. Exanples of the rust-inhibitors are acidic

sul fites, sostogiyradiggtadateb mﬁmmtgrﬁ& mBatisgrly 2o &t by th?l%@ﬂﬁt’f%y?%@mom um

nitrite, pentaerythritol tetranitrate, dicyclohexylamoniumnitrite and
benzot ri azahe. cofipdurkdiugatticiof bempoasety iHeemtitlonhigh thagacualitydd by the
viscosity adjusted to 6 nPa’'S to 3 nPa-s at 25 0C by the selection and the
compoundi ng, L Atl PePin GOTRONSPLS pidiftBYY bR re U JdfRREE quality is
The ink is more effective when it is used in a recording method
where the size of drops of discharged reco;'ding ink is preferébly 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 to
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assured even at high-speed printing on regular paper. The ink is nore
effective when it is used in a recording nethod where the size of drops of
di schar gesloreeaneisng ink is preferably 3 pL to 40 pL, treTdeloosniogsof the
ejected drops is preferably 6 msec to 20 misec, the driving frequency is
preferably 1 kHz or nore, and the resolution is preferably 300 dpi or nore,
as wel | as muediceta ihighutensity dmage oviibngnise Hk@plf%ﬁtlnppgiqrd& fgrmegi ure to
di scharge nultiple ink drops continuously and nerge theminto a | arger drop
bef or e t he higk-sbsohgidiedatagehatr i dipegd re dherefofesdt dsnmaralatbey poesent
invention, a desired ink with a colorant such as a pignent with the

af or ement | aRed AXCHAOR ALY EdfeetitfidRYwhEel? M EARY nobodsifX ATHUR.
adoption of "an extra Hi persion process of a colorant such as”a pignent,

sel ection of a dispersion nediu adj ust.ment of, the m xing,rati.o of .the

col orant wi#h %wogé}aiet %chmnstpglf sAnetiapg/ Gge%tdjtg‘é’f SIS ofhe HEsEIent, i g
time and condition such as stirring speed, followed by adjustnent of the
condi ti 6n odoncentmaitiongal oteraozssone the gasahiange stabilidy.usAsstatedrahave,
viscosity of the ink of the present invention within the aforenmentioned
range, it iwsésity i€AdI@REBILUBS Mmebingofigdizisting thgeypé tdhdriqgaaatdyadl ets in

order to forma high-resolution inmage at high speed. Therefore, it is

mandatory to j.n t | . i i £
TN O el SR PR G R PBop Bt SPhRI LRkl
glbg\r,rg?t Con(ggntthrea(t)tlhc()ag Illa{]nclcj r(ﬂggdégnt%isézg ra?‘ettti'l%t q{igﬁgﬁ ¢ sechséfrgg Iplrleégllirepisé stated

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
piezoelectric or thermoelectric transducing method is employed as
discharging method.
The head is characterized by a filter installed between an ink
discharge unit and aﬂ ink supply unit, and fluid resistance of the filter to
20 the employed ink is adjusted within the range of 4.4 x 109 Pa*s/m? and
2.2 x 1010 Pa *s/m3 in order to secure the discharge stability.
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 pm or less, ink channel and
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viscosity is adjustable by nmeans of adjusting the type and quantity of
wetting agent. Inproved imge quality is a benefit of the high viscosity.
On the otwenodsaneis47di sadvant ages are that higher di scharge/pzssrns is
reEU|Led and that it is difficult to assure the reliability. In fact, an
i nk that enmploys a colorant as snmal| in _dianmeter and s as hi ghly. viscous
as that of pi¢moeircsiemr thararg m’pm%ﬁ@ﬁﬁfl@(%% Bkﬁq]%r%%a R &%F%
Appar atus and | nkJet Recordi ng Met hod> The |nkjet recordi ng appar at us
accordi ng sapphe unitseith inkvemik dhat cramses es megativaspressure tinfidre ink

di schargi ng 1 nk drops (head), and piezoelectric or thernoelectric
transduci ng; %?q? enployed as di scharging nethod. The head is
characterize ter installed bet ween an ink di scharge unit and an

i nk supply unit, re5|st t I he. e Io ed ink is
adj ust ed wi t hin ﬁ?&g’#&hg‘/ beiplgt &1 59"1% Q%ﬁ% akiFt AGAE 1S PE8 i n
order to secure the discharge stability. Furthernore, the head I's conprised
of a fibtedessnaeyel prefensble8h pm ordkssdi scharge unit that consists of
multiple pressurized |iquid chanbers, nozzles with pore dianeter of 35 mm

or less, ink chaiRI€ls. angpd ezokdw in egemplityessifdeetionof ifodiubargsor i nk
di scharge, and an ink supply unit with ink tank that causes a negative

pressure | Qubhend Mo SRNR0a8 Ulric BrAISRABLY, the Tnlet diameter of the
|

I nkj et noz nmore preferably 25 nmor |ess.

FIG. 1 shows a partially enlarged view of an inkjet head
according to the present invention, and FIG. 2 is a cross-sectional view of
10  the inkjet 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. The 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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FIG. 1 and 2 show an exenplary configuration of ink discharge unit that
enpl oys a piezoelectric transducer. FIG 1 shows a partially enlarged view
of an i nkyvetedwaaersaccording to the present invention, ardTBPfsosB2005 a

c][ os?]-seclt i onalh view of the inkjet head partially enlarged in the direction
of channels. The_inkjet head is conprised of the following: a fra 1,
which is erdecivede layers (Rotaphown) ngﬁbﬁe‘f(eﬁa nehghAbickngss PER IANSE PRERI d
chanber 1-2; a channel plate 2, which is engraved to forma fluid resistive
part 2-1, pfesitvipdthdivgui AglBmbéfle infrmahdelacivodes Hinoht shmww)l are2-3 to
comuni cate wth a nozzle 3-L a nozzle plate which forns the nozzle 3 -L a

vibrating RhaheeBd thieil: eMBFRE (o 8hawhl) b theirdodhapideagm part 6-2, and

an ink inlet 6-35 | am nated piezoelectric elenents 5 bonded to the

vibrating plate rough an adhesive | ayer T, ..an .base 4.w res the
| ami nat ed pi ezoell]gbet P?%Zogreé:?rgﬁtéegl.enﬁef’e@ﬁgedl 1(?95(?6% ecgpbg%?ctr}r]ﬁ%ﬁ%? anat e

ceram c, where two rows of |am nated piezoelectric elenments 5 are arranged
and bonded.thTorglpikedbentalicing preavsst sach ahapeoisnalienyatarelsr nead @6l §
| am nating piezoelectric layers (not shown) with 10 mmto 50 mm of

thi ckness Rﬁﬁvihgwrtrmdanafabﬁpﬁoxz;iﬂg:paﬂwﬁi atanate (PZT) and
I nternal el ectrode | ayers (not shown) with several mmin thickness per |ayer

e O | 1) P Pl o505 ke gicoiqies (agioq g o<
pi ezoel ect rliaﬁgtehl g}rrre nré)ttc iSng?rfgr grlce\llrlng eq 1}1 ilgircferrrlbg_tflé lég tﬁQ@ Qﬁgy 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-film
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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t hrough hal f-cut dicing process; each shape is alternatively used as a
driving part 5-6 and a supporting part 5-7. The outside of the outer

el ectrodewbnods/aban) is limted in its | ength by notchipogrioosomespl e, in
their lengths so that they are divided through a half-cut dicing process,
and these render mul tigl e i ndependent_ el ectrodes. Tﬂe ot her side. mintains
el ectric cohaphragny DAt HoethBERFSIE B g anatdagridthds oA OB?(%QS and
renders a conmon el ectrode 5-5. An FPC 8 is solder-nounted to the

i ndependent el ectledésnding Isdtowe)n dhet ixdand-likengahant . pautr 6hkerof the conmon
el ectrode 5-5 is connected around an el ectrode | ayer provided at the end of

the |am nama%ggz prgit%% 3&19 meeaﬁeing ga@ﬁaeéﬂeﬁier ?ﬂfzo@fe_cﬁﬁ@ efdifeis B driver

| C (not sh unted to the FP ereby, the driving voltage
applied to.the drivi art 5.6 is controlled. .The vibrating.plate 6,
formed by &%&m%ggﬁﬁﬁ%wﬁﬁrm% O?\XE}GI %‘gté‘?’sév%ﬁaﬁrpﬁa‘f%&gh‘ﬁgﬁgﬁa%n

el ectrof orm ng process” the thin-filmdiaphragmpart 6-2, the island-shaped

sal i ent 5pampa®@rialgi sl and part), which is bonded to the |amn nated
pi ezoel ectric elenent 5 intended to be the driving part 5-6 on the central

part of the di aphraosh@@ndl plaZe Rid Mple 6f hrsilioon siwgleainystyl. a Oredhe
connected to a support part (not shown); and a communication slot for the

T Sl DAY AR BB ) KOS e AL
2|_ émgn;]t tshg t\lllie blgraetsisgxge I]i%tu(lad 6ch%rrln etrgez- ] ia}lliingaéjs@trﬁro?ﬂgg afotst, hv?thghe%so (I)ect ric
form the communicating siot 2-3 With. the nozzies 3-1, are patterned
10 through an etching process.
The remaining part after etching forms a partition 2-4 between
the pressured liquid 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-like shape is also allowed. The size of a nozzle 3-1,
which is the diameter at the ink drop outlet, is about 20 pm to 35 pm.
20  The nozzle pitch of the each line is 150 dpi. |
On the surface of the ink discharging side of the nozzle plate 3, a
water-repellent layer (not shown) is provided through a Wéter-repellant

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

are PTFE-Ni eutectoid plating, electrodeposition coating of fluoride resin,
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I s achi eved through patterning of the adhesive layer 7 containing gap
materials. The channel plate 2 is made of a silicon single crystal. On the
silicon swoghes/maspustal, the fluid resistive part 2-1, amrcirapzodessioose to form
the pressured liquid chanbers 2-2 and pass-through slots, which is to form
t he communi cating slot 2-3 with the nozzles 3-1, are patterned throygh an
et chi ng pr oe@et depheiticanedatingohayaraeiwe Luemde gesig suchyas fuorinatgd - 4

bet ween the pressured liquid chanbers 2-2. Also, the fluid resistive part
2-1 is proyit®dand cohtinbdalowygd far balanigyofrrlventi sught e sBicohedrerindahd The
nozzle plate 3, made of a netal material such as Ni-plate filmforned

through an fﬁl&ﬁée gé&hm' ggmﬁrg%%%ﬁacepﬁ%aﬁﬁé% RethoaPR! sdlbcte@zddpsmding Whi ch

act as fine ou s of scharge 1 nk drops. The inside structure or

interior structure of these nozzles, is LN-S e wher.ei | unm-Li ke or
cone- 1 i ke éﬂ’i‘a&gei §0 nePeraemen ente StoBiRe° BRE et gt PoKireR #ad; pe
diameter at the ink drop outlet, is about 20 mmto 35 nm The nozzle pitch
of the eachlis¢herging psepetpy, therelhto achitue high imggeigwaldyschar gi ng si de of
the nozzle plate 3, a water-repellent |ayer (not shown) is provided through

a waterrepel | ant T fraet 146prodided tirbughaesin mickding wheed gravveacee
treatnment nmethod are PTFE-Ni eutectoid plating, electrodeposition coating

reatment met ho el | . on_coat |
cuch as. 11 dBPERGEHERP PpFRRRLIMCTR AR LD i CPUSRRL BoRle chaldb 052" Sheh as

silicone resin and . ..
In the inkjet nozzles 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
through 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 liquid 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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fluoride resin. Such a surface treatnent nethod is sel ected dependi ng on
the ink properties so as to stabilize the shape of ink drop and di schargi ng
property,wohesslay7ato achi eve high inage quality. The fr aoe/Jk2dosomoseduced

t hrough resin nol di ng where grooves are forned for the ink inlet (not
shown) and the common |iquid chanber 1-2. In_the inkjet nozzles of above
const ruct | onfilling Sypiurfags temstn. drAcqorgingv.ciher mﬁtepua‘éenxpé thagesigualo v t o
50 V) to the driving part 5-6 in accordance with a recordi ng signal

gener at es @irsphaceaBdtthe iperidiefodiefidlingmay bieheell drslantel] dmlythe cycle
pressurizing the liquid chanmber 2-2 through the vibrating plate 3. The
pressure i MRS A& Sy rops
are di scha?’gﬁ%ﬁg? frio%%t t{t{ek ﬁf(;sg]zl%%éﬂgddl& ﬁ'l bg}r:g gggfsmﬁe%%gg

conpl etes, the ink ssu essurlzed l'iquid chanmbers 2-2

decr eases, PIRRCHY }4&£Qﬁéggtwﬁl in pressurized liquid chambers
2-2 through the inertia of ink flom/and electrlc di scharge process_ of

drivi ngspul se, tdanthemresentt tnvenitidn,| 4% hepstt ek @arfHbati eomprises hkef ed
fromthe ink tank flows into the common |iquid chanber 1-2, then flows from

comon | i qujghiAQEsHarket @nitlofitHe [8kjet o, BRihel3- thet lg@idothdmbedd, ehei nl et
6-3 and fills up the pressurized liquid chanbers 2-2. The fluid resistive

Bt or o scii ity paf e PR AR, tftaﬁgﬁ%%b?%i?% RERRbraton

Accordi ngly, the attenuation of t he residu
g )i)e made of a material that comprises eltﬁer silicon or nickel.

FIGs. 3 and 4 show an example of ink supply unit (hereinafter
10 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
15  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 as head); the ink cartridge 50; a joint tube 51 to connect the
ink cartri(ige 50 and the sub-tank 30 for supplying ink to the sub-tank
20 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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pressure and the period for refilling may be well bal anced, and the cycle
bet ween the ink-discharging actions (drive period) may be shortened by
proper |y wel2eaidsomy7t he fluid resistive part. In the presemipemyenbson, at

| east one part that conprises the liquid discharge unit of the inkjet head,
nanmely the liquid chanbers, the fluid Istive part, the vibragtin | at e,
and the noZBpESD. | g‘hﬁﬂ'@foéﬁaﬁﬁeshqu%énnkié- ob ks PEIETS @EG(C rgégs
either silicon or nickel. FIGs. 3 and 4 show an exanpl e of ink supply unit
(her ei naf t ewhewfirrthednkaaasridgd 50askplacdd Gutside of theeampags L0eard theded

bl ock diagramto describe an exenplary constitution surroundi ng the inkjet

head. FIG %a?ﬁi%%@bﬁﬁ@mﬁldfsvﬁe_ é'tﬁﬁteﬁﬂﬁ?.b‘éﬂs@%éiﬁbéré%r i® rdsBevdigver 10; a

carriage 20 that carriesthe inkjet head; a vent prn 21" a

negati ve- pressur in 225.an el asti c _nenber, 235.a syb-tank 30. 1 hat. stocks
"W Lhih he. caPReRyB iRtIPAbSERETTE CohRe Stk PRECIYH, dPRa
pressure of the sub-tank to_anbient_ pressure; a negative-pressure |ever 32;

t he i nkpet meddleal fiosn ctheathead 4@fdue dg s emnhwaight. t Hehqreforearit risdge 50;
a joint tube 51 to connect the ink cartridge 50 and the sub-tank 30 for

suppl yi ng indeebsaryhid satbtHeadtsiddprddsaird iof tthe tahkttoengyztitent A pyesyuren is
i nstall ed where the sub-tank 30 and the head 40 are jointed in FIG 3. For

PLLSZ e;ﬁaﬂ c{o{i}’ﬁlg%Qgﬁbﬁasr?ﬂ:ﬁi 19 abB¥e GRIhpbAYG: 3br BRE Kstute tBhERIRY b Fhicni Oh
is produced from the head. However, a degradation of image formed by
ink occurs when the amount of air within the sub-tank 30 increases with

10 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 in 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 39a, 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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| mage di spl acenent may occur due to the weight of the carriage 20 innotion.
Therefore, as shown in FIG 3, such printers are configured wherein the ink
cartri dgewbQoic4pisaced out side of the carriage 20, and trheJezmwshags 20

enpl oys the sub-tank 30 as a tenporary ink reservoir. \Wen the internal
pressure of the sub-tank 30 is positive, ink may_ | eak fromghe head 40 due
to its own thei negativeipressore leyer 32 tbele drassest Blmep4tiyam 48e QSIS sure of
the tank to negative. Apressure configuration such as above is inportant
for the feahursfotd)atheafilit34fis bekng preysedunechrilsorhet tnetsidadt aovevial, a
degradation of inmage fornmed by ink occurs when the anmpbunt of air within the

sub-tank SQehfict 68 fis titdh, {nEPedhilBrilif MOBR RubbbsbirhbtieHefibad f1om

the ink cartridg e Joint tube 51. Hence, the air proportion and
pressure configuration inside.the ipk cartyid 50 .ar ontrol led ck to
their origithgl DEEAHEE PERSSIILe lRNeL, 3ga§P : t“lil‘F d%%ﬁnil%l 8??%%’%‘@3’%5 pective
di agram of an exenplary configuration of a cartridge for describing the
sub-t ank 3Ghsinges acofdiBg 3o i thenflustuation |in the mibrnalnprewure ebiBei sed of
the following: a case 33 with one side wall open and the rest surrounded by
an upper wWajyh-38 30. bWheMing! in 306 suctddlt 80 dédeaved s ABmtitgache of

which is nearly rectangle; a film34 that covers the openin g, elastic

rorber <Pl 53 UBAR A 0 LR shos Bt R e
back the film 34 IfJ{lgg;‘ tngx?m% tc?)inﬂft'ions, the atmospheric vent 31, provided on
one of the side walls 389¢, and an ink-filling opening 37 are sealed tightly
10 by balls 312 and 872 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 tube 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
adjusted.A
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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An el astic nenber 36, which presses the film34 fromthe inside, is
configured such that it presses the film34 with a higher pressure thanthe
negat i ve-woeseuaerdrever 32 that presses film 34 from t hecoupziosiez00s2
therefore, the film34 is being pressed towards the outside at an initial
state. At this time, the equilibriumijn the suppress strength between the
negat i ve- prilisther epnasiter dizectaery 4w to fhe aghiongy afglei elaghigiaember A9athes
according to the fluctuation in the internal pressure of the sub-tank 30.
When i nk i mddagivetpresaate 36vaeBleandsther mpganivietyresshee fpihn34ares motessed
back inside due to the change in the internal pressure. Under nornal

condi tions, L RSRAE! H SV Eth Stherpr OVi ded on one of the side walls 39c,
and an inkﬂl ?1lyﬁ1g ope%ﬁg&% are segl ed tightly by balls 312 and 372 that

are pressed by elgstic nbers,,311 .and. 371 of ri mgs and such, elastic

members 313 and gpe %95%1%8 heh @Eﬁﬁ‘i%ﬁn‘ﬁe%?i’?&r@ﬁgéﬁ vel y.
An ink-filli ng) opening 37 is rel eased by the pressure of ink flown through
the joi at tasbéolbmwys.anfirsthenkl snifidled tharoughi bhe dakdddingooperingndy da af t he
sub-tank 30. Al so, the atnospheric vent 31 is released by the vent pin 21,

provi ded onohldeis@whaeaheOintsridlGolamedef tl piksaal, isdringesdacédhby
I nternal pressure of the sub-tank 30 can be adjusted. In addition, the
negati ve- pr

ifigh} | RVE 32 f
e RS R R AR AR S Sy 2 Trom

negati ve-pressure piin 22 such that th tive- | 2 i
di gpl :i\(;edpt(&%g%g?t;]?@ lp(?-gﬂtgsge-gms[spige p?n 'Eezg ‘?0 Ip\lllghFﬂle’aiseulﬁggat%\flee-&)rgssdrg

lever 32. The ink filled is detected by a liquid fill-up detéction'sensor 38,
10 located at the top of the sub-tank 30. The ink supply is controlled by the
detection results; therefore, the quantiﬁes 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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sub-tank 30, the internal volune of the sub-tank 30 becones smaller. The
el astic nenber 23 is configured such that the negative-pressure |ever 32
and the nwoavievaspressure pin 22 are bi ased agai nst eaclrcwtypzns/mobie
opposite direction; due to the action of the elastic nmenber 23, the

negati ve-pressure |l ever 32 and the negative -pressure pj.n 22 anf not
usual | 'y i noperaiEee nurtiencHdh eguiged Wi ea%lfaeﬁ%ifem %ﬁ‘lésnlﬁxj%r% G
configured as described above is as follows. First, ink is filled through
the ink-filiki svgangedi nd'R ihk earteidget mouniieg epdrhien A0dr cahpyisesnenof t he
sub -tank is being reduced by operating the vent pin 21 to relieve the

at mospheri %p\éﬁabléénasclm*bhe ?ft)rRyﬁerQ? rabi ot e ﬂael%hhr AndPFERSYS ehei N 22

to push in the negative-pressure lever 32. The ink filled is detected by a
liquid fill-yup detection sensor 38, |ocated at the top of the sub-tank 30.
The ink suﬁB#fargu ntrolled by the detection results; therefore, the

quantities of air and ink in the sub-tank 30 are determ ned. Then, keeping

the substank 30 Jeathedmayn bodyi MY, taseshawmdpHEGss 6/and BB cawiags é38he
pressure agai nst the negative-pressure 32, which has been kept pressed. By

this oper atis @ppberedisy daidd nidiebsis) niaanddy 30 gusdes oo 16l Il atstay k35t ant
negati ve-pressure, a stable inkjet property at the head 40 may be achi eved.

P Sk B A LA U A g B SR a0 |
AU 2 KW L Ty A AR v TR
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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chargi ng paper, a paper discharging tray 103 nounted on the main body 101
for stocking the i mge-recorded (fornmed) paper, an ink cartridge nounting
portion MWé,20@m4spper cover 111, and a front face 112. @uTukmospPes2 si de of
the ink cartridge nounting portion 104, anoperating portion 105 equi pped

wi th operating keys, a display and such_ is. arranged. The_ink_ cartridge

mount i ng paegriege 1538 derpmpdE scokor-isabiinde inlky t‘él@@a’éﬁ(‘@f‘ﬁ%nbe%@m-lw in

order to nmount and renove the ink cartridge 1. In the main body 101, as
shown in FlITse ifikaizdfed ta @wed refifle S sub-tamisol32drom ¢he dartmdperls,
nanely a guide rod 131 and a stay 132, that bridge laterally the right and

left side phahffed NOH %ﬂé)wmkSgalgtggfﬁesmhtﬁﬁﬁgﬁ%g?%rﬁ%ﬁ MR, Skhesudl €gl y 11

the main scanning direction an n scanni ng notor (not shown)

in the direction indicated by the arrowin\FIG 7. The carriage 133
conpri ses &eFEBPEIH qﬂﬁﬁk@é&ﬁéaiﬁ#%ﬁﬁé“ﬁyth four inkjet recording heads
that discharge the respective recording ink drops of yellow (Y), cyan (O,

magent a5(M and bAtackhé Bigpmerhéimen aheaprdiedimg heections4 fors derdingd such
that the respective ink outlets intersect with the direction of main

scanni ng a%chﬁﬁilaté@pﬁgéﬁ hapgedaipiperileadiels aawnipaesburd idatd)ki4t of gcor di ng

heads of the recording head 134 may enpl oy an energy generating unit fo

0 ST g SR gl SRR RN
collar 143) and a separating pad 144, in which the half-moon collar feeds
paper 142 sheet-by-éheet from the paper-loading 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 90 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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that utilizes the phase change due to filmboiling of liquid by neans of

el ectothermal el enents such as heating resistors, a shape-nenory all oy

act uat or wbabosaiss147zes netal | i c phase change due to tenperarrnsombsnge and
el ectrostatic actuator that utilizes electrostatic power. Further,
color-identified sub-tanks 135 are npount d on thecarrjage 133.t0 s I

col or - i denttranerprt meller d 5Thand &cbrnsion r 198 andrpa ﬁg tq rotpge1p Gﬁggdy
refills the sub -tanks 135 fromthe cartrldge 1, mounted on the ink
cartridge neanspordinppdirection ®f theHredtughAtathebackiiside ohithes typpisporigbe¢libe (not
shown). At the same time, a paper-feeding section for feeding accunul ated

paper 142 ojssa aP%Qﬁﬂe 'Iﬁéﬂivag e tls (a%ﬁﬁéé{{ euehafie) #4doRbsportrPes theedi ng

tray 102 conpri s€s hal f - moon col a paper feedl ng coI ar 143) and a
separating pad_.144, in whic ha f eds 142

sheet - byshe‘g‘i1 n{ipg f‘f‘%oﬁapgf Itglﬁdl heod I{g 1 d? epara ﬁ%‘eﬁ’ad thes s
di sposed oppositely to the paper-feedin oIIar 143 and is nmade of _a

mat eri al5 windperalisthanging rieghiony thaf dms ge$ daner, 144 draceeded dur 4beng pad
144 is pressed toward the paper-feeding collar 143. The transporting

section, whiegbrdinghepdr 134 parppriséda depamting peawel 71 Redicpgradagipapeirn t he
space bel ow the recordi ng head 134, conprises a transport belt 151 that

elect r ostati Ao, Hild AbipRaP dlelt! 481800 dbLIGAIPIENS: 172 AnfOKHtvep! | ef

152 that transports paper omt e paper - I ng section throug

»? E:i? ef éfgegcyogl%g% %]hxrf]q}%fh‘%a%reﬁ)%llﬁg{)éatgﬁ bel&v? ]the adeﬁ_lrv%]rc? lg(c)llrler %‘é.de 153
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 inkjet 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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bei ng transported approximately in a vertical direction, to change by about
90 degrees to follow the transport belt 151; a pressure collar 155 that is
pressed twoana/dbm7t ransport belt 151 by a pressing nenper/Jeidsozmnsk al so an
electrified roller 156, as a neans of static electrification, that

el ectrostatically charges_the surface of the transport belt, 151. The
transport teemdition beingn elﬁﬁ'&@%ﬁ[ﬁ%ii’ attached @péﬁﬁeﬁrﬁﬂﬁé’foﬂégbeﬁhsw-t

roller 157 and a tension roller 158 and is able to rotate in the
transporti ek, rige diriving fthieheedoediing Atad HBdac laceodianet with thanspaet bel t
151, a guide nenber 161 is arranged such that it corresponds to the

printing regi-RLsO C ol ihvigachris t G8d-linkhBn RAP 8 veésERar 9i ng
section thg%g‘gfﬂssc%}gr :vgitglag{ér 142 fgecor%{e&(‘j3 %@’t he rgcordi%g hgad 134

conprises a paratin a 171 for separating paper romthe transport
el | 151, aviB kiR Pperarerd offe BRhShRaaAgy BRBES 147 shER Tk IRrEy "t Py
103 is located below the delivery roller 172. At the back side of the main
body 108, al4fbisiineved dyd papdetdrsriaiedydigiance; gndithemanttlere iswegordgther t hat
all ows attachnent and renoval. The doubl e-si ded paper feeding unit 181

entraps pap@hehden eatitwfiedollysicavbosa dighal it thie talikng eadsqfahle gegler 151,
turns it over, and then feeds it again between counter roller 152 and

transporti 0 ) - . , _ . e ed
above the %%ﬁég g%%éehcf dséa}gee?%@geglagé%ﬁﬁﬁ s %%(f'le%% q?’ﬁﬁcﬁﬁ‘?lgg g _eg gﬁlﬁ?ﬂng_
appar atus, paper 142 15 Lo sheet -t shet_ Lram t ey faper f seglgo sect i on

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 body 101
being obscured, for example when the apparatus of the present invention
20 is 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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vertical direction is directed by the guide 145 and transported whil e being
pi nched between the transport belt 151 and the counter roller 152. Then,
paper 1l42voo@uisemd at its | eading end by transporting gurde2s582005 essed
on the transport belt 151 by the pressure roller 155, the transporting
direction is turned about 90 degrees. At this stage, the transport helt 151
i s el ect rosimilarly epplicablgete ByLinectymectikiet reepraglg apparatus ¢EHEBRYdpaper
142 is transported in acondition being electrostatically attached to the
transport heith dlhhe-tijpeédrealdy driving the recording head 134 in accordance
with the image signals along with the noving carriage 133, one-line inmge

Is recorded wth ﬁnnﬁdgitg);iﬁ tﬂh%&%@@&oeai% Eﬁﬁaﬁt%"simwk%@%&oﬂcﬁﬁg then

t he paper 142 is nove a pre-determ ned distance, and the next line is
recorded. Ve end-of -recgrd signal .or a.signal ,that t.he tailing end of
t he paper f?r?a’rf‘i apg%r@ﬁ%] fl‘)h@lg‘ @58?‘?}}%&“?6 ?‘H’n%il@’ rb«fcgpgga,& ftongaf;lgg‘(?r di ng
operation is term nated, and the paper 142 is renoved into a delivery tray
103. Fubt herecoxdings based ok inkjeti resardimgt methetbsuelhrs peintess,diacaianides,t o be
nearly depleted, a required amount of recording ink is supplied to the
sub-tank 13ppideMm chmplek epphihtige of IpRidtee/facingle/dopi@r difog dpkpmtat us,
when the ink in the ink cartridge 1 is consuned conpletely, only an ink bag
2 in the igﬁcggﬁhg}dge 1 is replaced by disassenbling the housing 3 of the
ink cartridge 1. ternatively, the ink cartridge 1 may be of | ongitudina

g![ ng)zi ]Eiece)g \(,)V:c ! h Aéc%%i_ngsj t((j)e tggu%tx'jage%thngé tL{cr)g,t ii(len ;ant hlin {] | Sr%cgll' ?1\&5 a

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 109 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 agq., 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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recording ink. Therefore, even in the cases where the apparatus of the
present invention is placed with the upper space of the main body 101 bei ng
obscur ed,wbanoeemxenpl e when t he apparatus of the present pcmaerbsomoss pl aced
in a rack and when sone object is disposed on the main body 101, the ink

cartridge 1 may he replaced easily. anwhi | e, _al t hough . the exanpl
her ei nbef ore of tIRM-BPBEdHpye ApkMisn af,é'ﬁdhoﬁ@%éﬁﬂqr le &aéb@éﬁ%(ﬁstype

(Shuttle type) inkjet recording apparatus with a scanning carriage, the
present invention issimlarly applicable to a Line type inK) % recording
apparatus equi pped with a line-type head. In addition, the inkjet recording
appar at us and inlqj;g,tceﬁ@lcordi ng nmet hod according to the pregeey invention
may be applied to various recordi ngs based on inkjet recording nmethod such

as printers, facsjgiles opi ers, conpl ex apparat us of o
printer/facsiniIZLgBBﬁ@PFEFﬁr i nkj et recording. .. Accordiﬁgsﬁb the present
invention, in an inkjet recording apparatus which discharges an ink that
conpri sés a wat er2-ethdpbBshasamedoilor ant, a hunectant, a surd#tant and a
wetting agent froma head in which a filter is installed, wherein the
viscosity of the 2-pkridliduaeusted to 6 nPa's to 13 nPa s at 2% 0C, the
average particle dianeter of the colorant is in the range of 5 nmto 200

nm and the fl ui i of the filter to the ink is im#pe range of
4.4 x 109 Pa- s/ %ﬁlﬁ%b@t@q&%{mo Pa s/nB at the tenper aturgl of 25 0C and

t he head pressure of 15813?{276802,1{16)9{31515 |

Silicone Antifoamer KS508 (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 size of 1.2 pum; 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 polyethyleneglycol
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a beneficial effect that an inkjet apparatus recording with both high
reliability and high imge quality may be provided. The present invention
will be iwbusdéomtmd in nore detail with reference to exaoplyesogbese bel ow,
but these are not to be construed as limting the present invention. Al
percentages and parts are by nmass unl ess otherw se indicated. Production
Exanpl e 1 methegtylate.ohOog oflshrtenenmackwnobssnd fod & hmeyegptocgthanol g

sel f-di spersi bl e carbon black) 50 % dycerin 10 % 1, 3-but anedi ol 15 %

2-ethyl -1, ydredderdeédhnd Boaded o163 9Glone 2 % Surfactant (1-9) 1 % Silicone
Anti f oamer KS508 (Shin-Etsu Chem cal Co., Ltd.) 0.1 % De-ionized water

bal ance The Tnk iiased aksq Abidiith BBRYEHAR! SO JERRILEE WiBns] és@ﬁ of

sufficiently at roomtenperature to pro an 1 nk conposition

aver age poPEIBHGECEs 15D A Hetrahy %‘fw%%%l%ﬁﬁ?h?ﬁ 0.0t P etkElfeE e ”g g
prepared. The viscosity of the ink at 25 0C was 7.6 nPa s,
5 methacrylate, 60.0 g of hydroxyethylmethacrylate, 36.0 g of styrene
macromer, 3.6 g of mercapto ethanol, 2.4 g of azobismethyl valeronitrile,
and 18 g of methylethylketone 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 Aqueous 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 Water, 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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and the average particle dianeter of the colorant in the ink was 102 nm
Production Exanple 2 Preparation of Polynmer Solution A - After a one-liter
fl ask equwppeeb/oastsh a stirrer, thernoneter, inlet tube forJridosomese gas,
refl ux condenser, and droppi ng funnel was sufficiently purged with nitrogen
gas, 11.2 g of styrene g of _acrylic acid, ;12.0 g of | auryl

net hacr yl avellow. polgmeir Wﬁgﬁ&%ﬂ@?\@ngﬂv%%g%ﬁlﬂ%lﬁﬂlaﬂ@teﬂ of 88 YR ¥R 1 ene
macronmer, and 0.4 g of nercapto ethanol were bl ended and heated to 65 0OC
Then, a rripeép@@duti on consisting of 100.8 g of styrene, 25.2 g of acrylic
acid, 108.0 ¢ of | auryl net hacryl ate, 36.0 g of polyethyl eneglycol

met hacrylate.  00rhedpiidly 4 %&pwa{m&@m}g By 8als broPatiole Eifo

macronmer, 3.6 g rcapt o noI blsnethy valeronltrlle

and 18 of tone fe oth
hour s. g\ft rdﬁfé%lgé %CSJ%‘S? tlpyhf r% Fet"& erea ﬁ“té?ﬂ ution

consi sting of 0 8 g of azobisnethyl valeronitrile and 18 g of

met hyl es hy vkast diftetedaly fleeipigmenbeondemtratidreof 04JK%f or 0.5 hours. The
solution was aged at 65 C for one hour. Then, 0.8 g of azobi snethyl

val eroni tri- N@1wasiggded to the flask, and the sol ution was aged for another
one hour. After the reactions were conpleted, 364 g of nethylethyl ketone
was added to the{:l : f on Aw t concentration
of 50 %was recovgﬁ%@éép%?g%g?g?%&%%@%gg;u%g H%sslper Si on4§f@P| gnent -

Cont ai ni ng Pol yner

Glycerin 8%

1,3-butanediol 20 %

10 2,2.4-tri methyl-1,3-pentanediol 2%

Surfactant (1-8) 1.5 %
C1sH270(C2H40)7H

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 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 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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Fine Particles - A mxture of 28.0 g of polyner solution A, 26.0 g of C. 1.
pi gnent yellow 97, 13.6 g of potassium hydroxi de aqueous solution of 1
nmol /L, 20wg 2066/0atshyl et hyl ket one, and 13.6 g of de-i oni red/JrEUEN200625

sufficiently stirred and then kneaded with a rol

mll. The resulting paste

was introduced to 200 g of de-ionized water, which was then given a
sufficient f@nprl%anﬁg:.lesrhi s was distilled in an evaporator to renove

nmet hyl et hyl ket one and wat er,
pol ymer parti cl eAmiaglieails dviergivonpal ageatdippipiher fife farticlendmvingpar ed.

The particle dianmeter was determ ned by neans of Particle Size Anal yzer

oi gmont contei PR R o Bl o Giete Ao R B BRI SpTHhe By Ve

pi gnent concentr at

Fine Particles 40 % Q3
1,3-pentanéﬂ?%?e§a§&@ﬂﬁ
KS508 (Shin-Etsu Chemcal Co., Ltd.) 0.1 % De-ionized water
Example 2 was replaced by C.I. pigment red 122.

Ant i f oamer
bal ance5

10

15

20

cerin

pgien

and finally an aqueous dispersion ofyell ow

% 3- but i 20 % 2,2, 4-tri t.hyl -
kgl 2 ooy kot SAOpLPRAR S PEpAtEG

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

C1sH270(C2H40)-H

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

0.1%

De-1onized 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

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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The ink ingredients of the above-noted recipe were m xed sufficiently at
roomtenperature to produce an ink conposition. Then, the resulting ink
conposi t iwo 20&%046747t ered t hrough a nmenbrane filter havi rgTar2@ms/ezoaspe pore
size of 1.2 mm > thereby an ink of Production Exanple 2 was prepared. The
viscosity of the ink at 25 Cwas 7.8 nPa s. Production Exanple 3 -

Prepar at i of'ipp ﬂf@é@ﬁﬁs Di spersion of Pignment- Containing PolynerFine
Particles - An aqueous dispersion of nagenta polynmer fine particles having
an average parti dire adiuanes elispdrsiod0of\ oy am pgymearfige ipartinkesskhadingeamer as
Production Exanple 2, except that the pignment in Production Exanple 2 was

repl aced byybrh ¢! hQﬂEIétdfa%Qet%?%f nol\/ﬁﬁﬁ%@,% a're@ilﬁpﬁ{eséélﬂe%aﬁﬁﬁﬁma
pol ymer fine particles 50 % dycerin 10 %1 but anedi ol 18 % 2 -tri

h 3- % S 8),1,5,,% CL3H27 C2 H.S
Mt 1T oer SRetiedudtion. EaMeRo T nerdes tndt Sthe PR %éﬂ%ﬁ?é?one

bal ance .
5 Example 2 was replaced by C.I. pigment blue 15:3.

- Cyan Ink -
Dispersion of cyan polymer fine particles 40 %
Glycerin 8 %
1,3-bu£anediol 20 %
10 2,2,4-tri methyl-1,3-pentanediol 2%
Surfactant (1-8) 1.5 %

C13H270(C2H40)7H

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 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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The ink ingredients of the above-noted recipe were m xed sufficiently at
roomtenperature to produce an ink conposition. Then, the resulting ink
conposi t iwo 20@46747t ered through a menbrane filter havi rgrammseziage pore
di ameter of 1.2 mmthereby an ink of Producti on Exanple 3 was prepared. The
viscosity of the ink at 25 C was 1 nPa s. Production Exanple

Prepar at i orconfmaplieused;(FYpet 1A Wﬁbo#mpﬂ({j’ﬁérﬂorr%?f@ éﬁPWF@l@dpﬁbféﬁﬁ he
Particles - An aqueous dispersion of cyan polyner fine particles having an
aver age pardded| e Adi erahfyle Off thh@ufaotwemgpaefiberdrim these sambenimlsnisr aas
Producti on Exanple 2, except that the pignent in Producti on Exanple 2 was

repl aced b rGCésEoreg}ﬂgE@fon{cag &()/m%s% Har! Il SP&S th%ﬂu?ictﬁi‘ﬁ& Rl ymer

fine partl erin 8 utanelol 20 % 2,2, 4-t

ety diol g % Qurf ey O 7H, Si |
Antl?‘/oarrer %%%‘g‘éggs(eﬁ#ﬁﬁlég ac(iab}by Cu}} 1%[%11 &Cﬁ%)mﬁ‘{l ilicone

bal ance
5 permeability of these filters may be managed by a property bubble point

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 tempex"atlire of 25 °C and head
10 pressure of 150 mm aq.
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 point pressure and

the fluid resistance of each filter.

Table 1
Fluid Resistance (x1010 Pa*s/m3)

Bubble-point | Production | Production | Production | Production

: pressure Example 1 | Example 2 | Example 3 | Example 4
F‘}:er 7000 Pa 2.80 3.00 3.80 3.20
FﬂPfer 5000 Pa 1.10 1.10 1.20 1.50
Fﬂger 3400 Pa 0.46 0.48 0.54 0.55
F‘ger 2000 Pa 0.11 0.09 0.20 0.16

Examples 1 to 2 and Comparative Examples 1 to 2
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The ink ingredients of the above-noted recipe were m xed sufficiently at
roomtenperature to produce an ink conposition. Then, the resulting ink
conposi t iwo 20&%046747t ered t hrough a nmenbrane filter havi rgTar2@ms/ezoaspe pore
size of 1.2 nmmj thereby an ink of Production Exanpl e 4 was prepared. The
viscosity of the ink at 25 0C was 9 nPa . <Filter> As a filter
material, stainl eN%stﬁ Y OIII%WB%%PE‘F%WSeWe Sézwlrtgc@ﬁr@ifﬁxpfﬁbéd’sb%@s 316
W th irrproved corrosion resistance nay al so be used. An exanpl e of

manuf act ur i Pupdaictiont Brafpdes tihés d- itintdralds IPSi@ G70Gessanhfsictywreadbges a
mesh filter through web manufacturing of stainless steel fiber followed by

vacuum si nigiceh! 08, 33d. rﬂit’ﬂ AOheald'@hRe CORFRIdes! Filfdr Ahqsﬁnife'r Benpsi@y be

managed by ‘a propefty bubbl e point pressure. Four types of lters were

o stance GO Tnarled i Riel Stntoly w08 Mﬁ%gg%%ib@f A a

tenperature of 25 C and head pressure of 150 mna When a vol ume of ink
(V) was 5f | dwhterrdd; BrintenCpPbya G707, mmufao@mdrbrgngmlm@@ oktd, witht ar under
pressure P can be obtained by R'PT/V. Specifically, the fluid resistance

was cal cul diced thatneaspiriseg Filter €5 fandxPrinter DgMTPFOSGOY, afanufscitred t he
ink was flown fromthe height with a head of 150 mm Table 1 shows the
bubbl e poi rﬁy %ﬁﬁﬁu@%.,a'ﬂ%d., 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 28 °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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the fluid resistance of each filter.
Conparative Exanples 1 to 2Next,
t he i nks wb 2bésmsstaove Production Exanples 1 to 4 -
manuf act ured by Ri coh Co.

Printer B,

with a head that conprises Filter C,
manuf act ured by Ratdds Do. ,

Eval uati on

eval uat ed at

| PSi O G707,

TEbL

Ltd.

manuf actured by Ri coh Co.
conpri ses HOIZ?:]@I’dCBVHPI’I nter C, 1PSI O G707, manuf actured by Ri coh Co.,

and Printer
Ligbre thianhl Bobdwadehdeatofamapld dewnFi | ter D. Then,
Eval uation (I) was conducted as bel ow. Evaluation (I)
nti nuous Printing -

Ltd.,

D, IPSi O

Per

Table 1 Exanples 1 to 2 and
the following printers were filled with
Pri ntrem/aieook/pn G707,
with a head that conprises Filter A
wi th a head that

Gr07,

f or mance

Ltd.,

Per f ormance of continuous printing was
enperature of 23 C and a relative hum dity (hereinafter

referred to as RH) of 45 % Regardi ng Oreupfentts p&Noarle, Dewtd ack- and-whi te
Ieltter patL ern w?ts print egogn Pr@@@ctgag “Prod@ticﬁwpr&iﬁmtfmﬂepxddifdtﬂﬁihng
col or grap |c pa ern on D D a as
cl eani ng condu cied -6 ﬁ%@%—u% Bet J?ﬁ%%éﬁggg _’E}%;QJ?};{IEQ%
eval uat i on P& b"P‘?ecEr ?l?ar ns mere printpd to|findthe nhumbgy of
occurrences Sxample|le Wﬁ* t he nunher s _eval uated based pn the fal| ow ng
rati ngs. Thesesul.ts arBrisemwn in Jabl el 2. tings Ratj,ng A Zer
occurrences gf;x Sje dowB g % B R

Example 2 Prlgter A B B A

Comparative | Printer

D
Example 2 D D C ©

5

10

The results shown in Table 2 indicate that larger fluid resistance

causes inadequate ink supply and increases the number of occurrences 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 -

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 images 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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Rating B Less than five occurrences of nozzle dowmn Rating C Mdre than five
and | ess than 15 occurrences ofnozzle down Rating D- nore than 15
occurrencwe 2066/memzl e down Table 2 The results shown i np€ahpmofozonsh cat e
that |arger fluid resistance causes inadequate ink supply and increases the
nunber of occurrences of nozzle dowmn. On the other hand, too small fluid
resi stance al | ondatheg donmi nderhgcBrreneas ﬁm@@ks@%mees and causes a nozzle
down. Evaluation (2) - Performance Eval uation of Continuous Printing -
Per f or mance of c@timg®as pr Lebs tlhandseacalivineds af ndgzledosnd 15 %RH.
Regarding the print pattern, a black-and-white letter pattern was printed
on 1,000 pages, fgloyed bY MBACEANGAA SOt AhbecRFbhesd opn 400
pages. A cleaning was  sequenced at every 150 pages during the eval uati on.
Before and after_the eval uation, nozzle check patterns were printed to find
t he nunber I@FZ@C‘#{W’Fences of nozzle down? the nunber was eval uated based on
the followng ratings. The results are shown in Table 3. RatingsRating A
Zero ockurrences ReftimpDi| e dovereRiwinntp secursencastefmdzzleede®Bur r ences of
nozzl e down Rating C More than five and | ess than 15 occurrences of nozzle
down Rati ngripiggre than 15 occurrences of nozzle down

Occurrences of Nozzle Down
Production | Production | Production | Production
Example 1 | Example 2 | Example 3 | Example 4

Comparative | Printer D
Example 1 A D D D
Example 1 Prlgter B B B B
Example2 | "o0"| B B ‘B B
Comparative | Printer C C C C

Example 2 D

The results shown in Table 38 indicate that a cool-temperature

condition increases the viscosity 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 90 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 3 The results shown in Table 3 indicate that a cool -tenperature
condition increases the viscosity of

r esi st anowo 200wnefor e,

Exanmple 5 -

Preparati on of

| nk -

i nks,

!

resulting in higher fluid

even with an addition of cleani ngcsagresempst he
results of Printer Adeteriorated conpared to Evaluation (I).
The i nk of_ Producti
prepar ed i Profuctiendixeanpler L.asThe sesidlts are shaypa Tn

Pr oducti on
n Exanple 5 was
8dcept that a refined

i nk pignent was used and that an aqueous di spersion of nagenta polynmer fine
particles with an average particle dianeter of 90 nm was used. The

, the bubbl e point
pressure aq%b gid resistance of filters were neasured in the sane nmanner

viscosity of the ink at 25 0C was 8.1 nPa s.

asPr oducti on

3 to 4 and Conparative Exanples 3 to

Al so

anple 1. The results are shown in Table 4. Table 4 Exanpl es

" Pl Bdsistascé (X160 P2 mas

descri bed

above werefconducted W igdiEsotn® tp D (i.e. Printers Ato D), gxcept
that an ink of Productionlggg gé 5 was useBrodugdioreEspmplefe shovn in
Tabl e 5. Table5Fhe rcsuu?s“ tabte5—indtcate %E& arm—tnkjet—rgcor di ng
appar at us ATE#H?J er |di scharge®stability may be Broduced by—cenbini ng an
ink with sial FdtepBgment di ar. 0.98
Filter C 3400 Pa 0.46
Filter D 2000 Pa 0.13
5 Examples 3 to 4 and Comparative Examples 3 to 4
Evaluations (1) and (2) as described above were conducted with
Filters A to D G.e. Printers A to D), except that an ink of Production
Example 5 was used. The results are shown in Table 5.
Table 5
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 5 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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Production Exanple 6 - Preparation of Ink Set - The inks of Production
Exanples 1 to 4 were conbined as an ink set of Production Exanple

6. Conpar avoveodRueriuct i on Exanple 1 - Preparation of | nkp8etip2003hmosnk set
of Conparative Production Exanple 1 was prepared in the sane manner as
Producti on Exanpl e 6, except that the surfactant and wetting agent of
Production Exanple 6 were not conpounded. The viscosities of the bl ack ink,
the yellow ink, the magenta ink and the cyan ink in the ink set of

Conpar at i veCompauative Predanipbe Examplk .3 nPa s, 6.5 nPa's, 6.8 nPa s and
6.5 nmPa's, respectively. Conparative Production Exanple 2 - Preparation of

I nk Set - Thp,.ddikagish HIinkogsar ative Production Exanple 2 was prepared in
t he sane manner as Production Exanple 6, except that the wetting agent of

Pr od i le 6. ded. i it i
P Q0uEt) o EAATDL 5 S 10k ORGSO e Bt |1

Conparati ve Production Exanple 2 were 6.6 nPa s, ' a s and

6.8 nPass, ieHiesameangnnenapdiredugdordsarapleo, %%&gb lrtrbpg‘efﬁe Ziagfggﬁaatti on of
Ink Set - The ink set of Conparative Production Exanple 3 was prepared
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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in the sane manner as Production Exanple 6, except that the surfactant of
Production Exanple 6 was not conpounded. The viscosities of the black ink,
t he yel | omoi2nés/046T3¢ magenta i nk and the cyan ink in thepcmkpsesombs2
Conpar ative Production Exanple 3 were 7.0 nPa s, 7.3 nPa s, 7.5 nPa s and
7.4 nPa s, respectively. Exanple 5 and Corrparatlve Exanples 5 to 7

perf or mance eval (Bhd wiscogisiessHdet llackiink, the yeHrvwsink ’r&@tma,gggtzagnk
described in Production Exanple 6 and Conparative Production Exanples 1 to
3. The resuldd ths eyahomik im thahink Set &F @omap aramiviedPredintidn dstaonplef 3Pr i nt
Quality - A color 1mage was printed wwth each ink set in a node such that
the | evel Sgt t.ed visual |y
eval uat ed %‘?Iterg??{el?gbﬁeegeﬂpaandl??olﬁlwboaﬁ%ggy Ie%dléég{ﬁ%glggﬁlsar paper
was used for the evaluation. The results of the evaluation were expressed
with the following ratings Rating A no bleeding Rating B little bl eedi ng
Rating C sone bleeding Rating D definite bl eeding Table 6The results in
Tabl e 65shdixample 5 akdsGompahative Fdanaplears tocT ant and wetting agent give
severe letter bleeding and col or boundary bl eeding. The results al so

indicate that high pedaenaHed | dvaliBYioRe was conducted with the ink sets
obtained as described in Production Example 6 and Comparative

Production Examples 1 to 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 bleeding.

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
Example 5 A A
Comparative Example 5 D D
Comparative Example 6 C C
Comparative Example 7 C C
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easily achieved with ink set of Exanple 5. Production Exanple 7 Preparation
of Ink - The ink of Production Exanple 7 was prepared in the sanme manner as
t he i nk ovoRo@duetsron Exanpl e 4, except that the anount pofi/gtopsezoose was

changed to 5 mass% and that the anmount of 1, 3-butanediol was changed to 23

mass% The viscosity of the ink at 25 C was 8.2 nPa,s Praqduction Exanple 8
- Preparation of Yhkresulteinfiabde Grplem dihiaginkxsatp thag 19\&% answHasi@dti n t he

same nmanner as the ink of Production Exanple 4, except that the anount of
gl yceri n wamnd hwatjéng t ag@t rgiss%evard ldtaer thleedimpurrndofcolor3-Hanirataesti ol was
changed to 5 mass% The viscosity of the ink at 25 0Cwas 6.8 nPa s Exanpl es

6to8 EV&'Bléé&i%]%. (PhdaesGREUMIGH St ASatdetial NEgh ahaYE \Wulality "KyObe

Production Exanples 4, 7 and 8. The results are shown in Table 7. Table 7
P 00CLon S S BRI BBl o0t 0L on el 9
that O. i mass% of
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 6.8mPa-s

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

Production Examples 4, 7 and 8. The results are shown in Table 7.
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2-am no- 2-et hyl -1, 3- propanedi ol was included additionally to the ink
conposition. The viscosity of the ink at 25 Cwvas 8.2 nPa s Production
Exanpl e Wo-20drmparati on of Ink - The ink of Producti onprErgrmosohds:as
prepared in the sane manner as the ink of Production Exanple 4, except that
0.5 mass%of 2 aminr 2-ethyl | ,3 propanediol was included additionally to
the ink conpaklet? on. The vi scosity of the ink at 25 OOwas 8.4 mPa s .
Exanpl es 9 (4)—=cpncermimn tt eedi ng was conduct ed
with inks ¢ . !ﬂsIgﬁaﬁd 10.Eﬁq§r.;§J$?§LJere equi valent to

t hose mﬁthiﬂﬁﬁhdﬂébout addltﬂﬁ@guFVOB Productigpn Examples 2 and

4) . Exanpl eqd 11 to 16 Eval uati daxq@playds conducted with ilnks of Production
Examples 2,/ 4, 7,.8, 9 and [10.Prbdectienul {s are ;&uown in|Tabl e 8. Eval uation
(5) - | nt er| X3RRI Bri nt | ng BEx@gdmpld Pn {1 An ink*jet prijnter, 1PSiO Jet
300, with nozzie sSize 3T mm Wi 2GEHT €@ by Ricoh Co., |Ltd., was enpl oyed
as an eval Udtxample8t r unent|. ﬁi& @f gW hg is th oper atji on sequence in

t hi s eval uatienr—FH+st—freeseahirng,—that—-s—the—ear+i age was scanned

wi t hout discharge for a period of tinme, was given for 30 seconds; then, 20
drops per nozzle were printed on glossy filmfor ink jet; and finally, a

recovery acgio i .en_ 50 dreps of purging) was taken. The sequence was
r epeat ed fo]:)r (ﬁlc(tlon Exampqe%p

- 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
2-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 10
- 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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times. A macrophotograph of the first dot anong the 20 drop in the
direction of the jet direction was taken and visually eval uated accordi ng
to the rawvong®/daetsow Ratings- Rating A No di sturbance exTIpPsosmoebe j et
direction. Dots are normal in size and aligned. Rating B- No disturbance
exists in the jet direction. Dots are alnost aligned but small in size.
Rating C Sowemples Lk badbe 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 thesdévaltativims(s)meds candrictéd wdtlo inke@ef Predidiqelxafgiiee 28 The
results shown in Table 8 indicate that when the glycerin content is |ess

than 20 masg% d laeak&hbabiHe desubts' £8UdRGn I ThBR gt her hand, when the

glycerin cont ént i's greater than 80 mass% letter bleeding occurs. Further,
o 00 L el AR U el aba B Ry g O ocherge
di spersion was prepared with the foll ow ng recipe.

5 An ink jet printer, IPSiO Jet 300, with nozzle size 31 pm,
manufactured by Ricoh Co., Ltd., 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 téken. 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:
RatingAZ No disturbance exists in 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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-Yel l ow Pignent Dispersion - C. 1. Pignent Yellow 97 30 %

Pol yoxyet hyl eneol eyl et her anmoni unsul fate 15 % Et hyl ene gl ycol 30 % Pure

wat er balwoeeosAlstmr t he above-noted ingredients were ni pedJreiospmosi on was

performed in a wetted sand m I, followed by centrifugation to renovecoarse

particles. As a result, yellow pignent dispersion was prepared. -Yellow |Ink

- Yel | ow Pi ¢peond dvtspersi on 20 % A ycerin 8 % 3-nethyl -1, 3- but anedi ol 25 %

2- et hyM 3- hexanedi ol 2 % Surfactant (1-7) 2 % CL3H27Q( C2H4AO) 5H Si | i cone

Ant i f oamer KS531 Rghing-Et su (Nendroplwdsodischarged.0. 1 % De-i oni zed wat er

bal ance The ink ingredients of the above-noted reci pe were m xed

sufficiently at roomtenperature to produce an ink conposition. Then, the

resulting ink conposition was filtered through a nmenbrane filter having an

aver age porﬁggk_ ter of 1.2 mmthereby an ink of Production Exanple 11 was
iSc

prepared. T osity of the ink at 25 C was 6.6
I Intermittent Printing
nk ..
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 -
First, pigment dispersion was prepared with the following recipe.
- Yellow Pigment Dispersion -
15 C.1. 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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nmPa s. Production Exanple 12 - Preparation of Ink - First, pignent

di spersion was prepared with the follow ng recipe. - Magenta Pi gnent

Di sper si ow0-206s/d4674Pi gnment Red 122 30 % Pol yoxyet hyl eneolpeylietdosn20052

ammoni unsul fate 15 %3 ycerin 30 % Pure water bal ance After the above-noted
I ngredi ents were m xed, dispersion s performed through a triple_roller
mll, foll GRB¥SHDaEeles; fé@é’t’f“-‘&ﬁf‘i’ ér\gﬁ@ﬂg%nﬁ%gépﬁ%ﬁl?li?@w&s?reﬂgrad-r esul t,
magent a pi gnent di spersion was prepared. - Magenta Ink - Magenta Pi gnent
Di spersi on -XelbevwElgkerin 7 % 3-net hyl -1, 3-but anedi ol 23 %

2- et hyM 3- hexanedi ol 2 % Surfactant (1-7) 1% Silicone Antifoamer KS531

(Shin-Etsu Chem cpllidaP Pighbft DifpédrstérPe- i oni zed water bal ayipg, The ink
i ngredi ents of the above-noted reci pe were m xed '

Glycerin 8 %

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

2-ethyl-1,3-hexanediol 2%

Surfactant (1-7) 2 %
C1sH270(C2H40)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

mPac-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%
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sufficiently at roomtenperature to produce an ink conmposition. Then, the
resulting ink conposition was filtered through a nenbrane filter having an
aver age pwsoeogiasrtyer of 1.2 mmthereby an ink of Produetcirordexarmpie 12 was
prepared. The viscosity of the ink at 25 C was 6.8 nPa s. Production

Exanpl e 13- Preparation of Ink - First, pignment dispersion was prepared
with the foll ow r%lYIC%linpe. - Cyan Pignent Dispersion - C. 130 %; gnment Bl ue
15: 3 30 % Pol yoxyet hyl eneol eyl et her ammoni unsul fate 15 % Et hyl ene gl ycol 30
% Pure wat er bal dhom whter t he above-noted ingredi ents bhatana xed,

di spersion was performed in a wetted sand mll, followed by centrifugation
to renove coarse méf't%eébov%snéterde rﬂedléﬂt%,nw%&snﬁ Medll §RPEFLION WAS
obt ai ned. - QIan Ink - Cyan Pig persion 15 %CSycerl n 10 %

3-net hyl -1 % % Sur. t (1-7) 1%
S 1 cone ARGTULHET %83%8(% rﬂ@ét ﬁl%@ﬂﬂﬁaf vt i, SRR b1 )

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

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

C1sH270(C2H40)sH
Silicone Antifoamer KS531 (Shin-Etsu Chemical Co., Ltd.)
15 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
20 having an average pore diameter of 1.2 pm; thereby an ink of Production
Example 12 was prepared. The viscosity of the ink at 25 °C was 6.8

mPa-s.

Production Example 13
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0. 1% 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, thewoeses/dsbmag i nk conposition was filtered througirca/yrenbozos filter
havi ng an average pore dianeter of 1.2 mm' thereby an ink of

Pr oducti on le 13 repared. The viscosity of the ink at 25 C was 6.5
nPa s. Progﬁegé) aé?&ﬁ%s@q‘lh - Preparation of Ink - First, pignent

di spersion was prepared with the follow ng reci£e. - Sel f-Dispersible Cyan
Pi gment Di sper si ofiirst,Segereng diidrsper was girepatddwitietvafllomangeadcipe. 20
parts of C. 1. Pignent Blue 15-3. After the solution was heated to 120 0C in

an oil bat h,C%QnﬂagﬁﬁarﬁfDﬁpbfﬁaic acid was added to allow sul fonation for 5
hours. The solution was cooled and then centrifuged to renove coarse

particles. As a rgasubt, se di si bl e cyan pignent dis §i on was
prepared. Cyan | n@i i)g%lf“rlnjbhglﬁ%ﬁgﬁ%l e Cyan Pi gnent Di sper si 4} 50 % G ycerin
8 % 1, 3-butanedial 20 % 2,2,4-trinethyl-I,3-pentanediol 2 % oSurfact ant

(1-7) 1% Polyoxyethyleneoleylether ammoniumsulfate 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 remove

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(C2H40)sH
Silicone Antifoamer KS531 (Shin-Etsu Chemical Co., Litd.)
0.1%
20 De-1onized 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
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Silicone Antifoaner KS531 (Shin-Etsu Chemcal Co., Ltd.) 0.1 % De oni zed
wat er bal ance The ink ingredients of the above-noted recipe were m xed
suf fi ci enwbyo@tossTaom t enperature to produce an ink conpesripzms/ooen, t he
resulting ink conposition was filtered through a nenbrane filter having an
average porg dianeter of 1.2 nm thereby an ink of Prqduction Exanple 14 was
prepared. THEample d$ Wasoprenagednk The ?’@CQ,SlWéé)f?tEl? ’fﬂ?l‘a%.%ixgnﬁﬂaés&@? to 20
Eval uation (5) was conducted as descri bed above with inks of Production
Exanpl es 11lmfRa-k4. The results are shown in Table 9. Table 9 The results
shown in Table 9 indicate that an ink with higher reliability may be

obt ai ned by using with a self-dispersible pignmented i nk. Conparative
Production Exanple 4 Preparation of Black Ink KWM9036 (Toyo Ink Mg. Co.,
Ltd., self-dispersible carb bl ack) 30 % dycerin 5 % Di ethyl ene glycol 15
o6 2 ot hyM S IR R HE 11

5 - Preparation 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. Aftef 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'l,é'pentanediol 2%
Surfactant (1-7) 1%

C13Hz70(C2H40)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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2-pyrrolidone 2 %urfactant (1-9) 1% C13H27Q(C2HAO) 9H Si | i cone Anti f oaner
KS508 (ShprEtsu Chemcal Co., Ltd.) 0.1 % De-ionized water bal ance The ink
i ngr edi enwe 2066/tabm7above- not ed reci pe were m xed suffi cipemtyPyosb200s20m
tenperature to produce an ink conposition. Then, the resulting ink
conposition was filtered through .a nenbrane fjlier having ap avergge pore
size of 1.2thAnresigiiug ] qomp%ﬂﬁtleanwaﬁaﬂ%wdaﬁém}b& SnmesaRe Attt
prepared. The viscosity of the ink was 5.1 nPa s, and the average particle
di amet er of havimgeanh avardge potehdianmdtewad 112 pumnthe@elbmyp anamikvef Prasbiwtionon
Exanple 5 - Preparation of Black Ink - KM 9036 (Toyo Ink Mg. Co., Ltd.,
sel f - di SperEthﬁ)léaI_@%sbt)?é}i@reaQ PHd ViRbdiby b tHhelink Ayt 2med) gas39 3%
2-ethyl -1, 3-hexanediol 2 % 2-pyrrolidone 2 % Surfactant (1-9) 1 % Silicone
Ant i f oaner Iiﬁsao.% (ShinE tsu Chemical Co., Ltd.)0.1 %

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 L.
Examination
Example 17 Production Example 11 A
Example 18 Production Example 12 A
Example 19 Production Example 13 A
Example 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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De-ioni zed wat er bal ance The ink ingredients of the above-noted recipe were
m xed sufficiently at roomtenperature to produce an i nk conposition. Then,
t he resulwongos/mkragconposition was filtered through a neroraemofinicoer havi ng
an average pore size of 1.2 mmthereby an ink of Conparative Production
Exanpl e 5 was prepared. The viscosity of the ink was 15.3 nPa s, and the
average particl e Sgirfaatant (M the colorant in the ink was 10%nm
Conparative Exanples 8 to 11 Evaluations (I) and (2) were conducted as
descri bed above with i ksHefOCFD®)sEI ve Production Exanples 4 and 5. The
results are shown in Table 10. Table 10 In addition, Evaluation (4) was
conducted as descy:i: a 1 g{[m f i -adugid on npl es 4
and 5. The resul glhg&ges oﬁ‘)%%a e ﬁ.%@ﬁl%ﬁ%@?@af@%p F%'Zbi lity
An inkjet recording apparatus and inkjet recording nethod af(yt he present
invention may be applied to various recordi ngs based on i ™ j@t recording
such as printers, facsimle, copier, conplex apparatus of
printerbfacsi m | ddeopiised wader i nkj et recordi ng. CLAI M5 1balarncakj et recording
apparatus conpri sing:

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 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

100 nm.

Comparative Production Example 5
15 - Preparation of Black Ink -

KM-9036 (Toyo Ink Mfg. Co., Litd., 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%

C1sH270(C2H40)sH

Silicone Antifoamer KS508 (Shin-Etsu Chemical Co., Ltd.)
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an ink, and a recording head with a filter,

a col orant, a surfactant,

13 nPa

109 Pa s/nB and 2.2 x |
%y mass of col orant,

t he col or ant

i nkj et

recor
t he col or anf

a hunect ant,
from t he wecossisog7head,

pol ymer di spersant.

udﬁ:ﬁggegﬁﬁf)

ccording

t,o an

falter

recordi ng

one of .cl ai ns
fitP rPrQ%ﬁ“F%é’é’t 1 GOBPOSHH o t
recordi ng apparatus according to any one
ego thrarshe aumsinobrang ddter
hardly water-sol ubl e col or

wherein the ink that conprises
and a wetting agent
and the viscosity of the ink atctBedosofosPa
and the fluid resistance of the filter against the ink is 4.4 x
O Pa- s/nB. 2. The inkjet gpparatus
according to claiml1l, wherein the recording ink corrprisesOB1 Ay mass to 15
and 10 %y mass to 40 %y mass of hunectant.
i nkj et recordi ng Bppantdedswaieeor di ng to any one of cl ai rmldnend 2, wherein
I's a pignment processed to be at
in water with no gjsp a t . a
hydr ophi lic group’mﬁii ﬁré]?aﬁgggﬁg%% of PHAd Sall ool
arat us
Bhdomg Fner s
. 5. _The inkjet
of clai ms 1theorasuliimg éhlp compasiiiion ames i
byi ncor porating water-insol uble or

I s di scharged

| east dispersible and soluble
bcipBe widrad Iﬂfxedh
t. 4. The

to the surface of the pignent.

.to

mat eri al

pol ymer fi rieaviakt 46! Berage pore size of 1.2 pm; thereby an ink of Comparative

10

15

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.

Comparative Examples 8 to 11

Evaluations (1) and (2) were conducted as described above with

inks of Comparative Production Examples 4 and 5.

shown in Table 10.

The results are

Table 10
Evaluation Evaluation Evaluation Evaluation
o)) &) @) ()
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 C 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 1n Table 11.
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6. The inkjet recording apparatus according to any one of clains 1 to 5,
wherei n the hunmectant conprises one or nore kinds of multival ent al cohols

t hat respwotnasaley74exhi bit 25 % by mass or nore of equi vacenr2apomosy e
content at a tenperature of 20 OC and a relative humdity of 60 % 7. The

i nkj et recording apparatus according to claim6, wherein one of the
mul ti val ent T %bléglﬂols is a gl ycerl n and the content of glycerin is 20 %y
mass to 80 (Yby mass of the wholeThumectant 8. di ng

appar at us dccordi ng inkany one of GtkticrBléedimg?, \/\ﬁbﬂﬁJﬁ&f!ﬁiﬁ titi ng agent
conpri ses at_least one of pelyols that exhibits a-sel dmg, of 0. 2 %y
mass to 5.d Gamparaive nPaedeetion [ 20 C 9 The inkj et regerdi ng dppar at us
accordi ng t/d&xdmpla 4, wherein the polyol is 2-ethyl-I,3-hexanedilol. 10. The
i nkj et recqrCimparqve aPusdaciten fli ng to any one pf cl ai 8 and [9, wherein
the polyol |igxamgletstrimethyl -1, 8-pentarnediol. 1. The inkjet recording
appar atus according to any one of ctains L to 10, wherernmthe Tnk conprises
2-am no-2-et hyl -1, 3-propanedi ol . 12. The inkjet recordi ng apparat us
according to any one of clains 1 to 11, wherein the recording head

conpri ses nlﬂ&dsi?hﬁll\;\lﬁ?‘f;ﬁ%ﬁbﬂﬁ?d l'iquid chanbers nozzles wth pore size no
greater than comruni cate wth the I i quid chanmbers, ink supply

channel s, atransguct po et o ob el 25R38Re 5 dib Slimod @3 1%

5 present invention may be applied to various recordings based on inkjet
recording such as printers, facsimile, copier, complex apparatus of

printer/facsimile/copier, for inkjet recording.
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13. An inkjet recording apparatus according to claim12, wherein the
transduci ng nethod is any one of piezoelectric transduci ng nethod and
t her noel ewprves/isAansduci ng net hod. 14. An i nkj et recor dipag/Jrebomoshat
enpl oys an inkjet recording apparatus according to any one of clains 1 to
13, wherein the size of drops di scharged fromthe nozzles is 3 pL to 40 pL,
the velocity of the ejected drops is c to 20 nmisec, the driving
frequency is 1 kHz or greater, and the resolution is 300 dpi or greater.
15. The inkjet recording nethod according to claim 14, wherein ink drops
are discharged continuously, and multiple droplets are nerged into one
l'arger drop priory ta, (8gebr8srifiies A RF AUl SofRidEy:
an ink, and ’
5 a recording head with a filter,
wherein the ink that comprises a colorant, a humectant, a
surfactant, and a wetting agent is discharged from the recording head,
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 X 102 Pa*s/m3 and 2.2 X
1010 Pa *s/m3.
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, owing to 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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' Incorporating water-insoluble or hardly water-soluble color material into
polymer fine particles.
6. The inkjet recording apparatus according to any one of claims
1 to 5, wherein the humectant comprises one or more kinds of
multivalent alcohols that respectively exhibit 25 % by mass or more of
equivalent moisture content at a texﬁperature of 20 °C and a relative
humidity of 60 %.

7. The inkjet recording apparatus according to claim 6, wherein
one of the multivalent alcohols is a glycerin and the content of glycerin is
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
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 2-amino-2-ethyl-1,3-propanediol.

12. The inkjet recording apparatus according to any one of claims
1 to 11, wherein the recording head comprises multiple pressurized
liquid 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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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.

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.

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

into one larger drop prior to reaching the recording medium.
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