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present invention relates to i mage form ng apparatuses

which spray or eject a record| conposition to form

an i mage, being reprddENR Eﬁﬂ j et apparat uses.

In particular, it relates to |nage form ng

appar atuses which utilizes a recording conposition in

which a colorant is dispersed, inmge form ng
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droplets of ink is sprayed to record an inmage, has a
sinple printing nmechanismand therefore is
advantageous in that the costs are | ow, apparatuses
Technicaddfipldt, and noise is low Further, by using an
i nk containing a dye, the process can yield printed

matThe a%menm dnfreghiorvtelatestorimage fanthingvappardtoses which
t one. wever, when such ink contarning a dye is
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1 WD 2004/ 091916 PCT/ JP2004/ 005062 are vul nerable to
colaxanais éiiﬁp@l‘ , izaage 50131,&11’1@ PLOFESSES| WSIRg &e@@pparatuses,
deforms the |mage Mor eover, when exposed to |ight
reccadidt asatters nghde byt seck yper atiesses;i reoes dihg@aghpioisitions, and

absor ption and col or fadi ng occurs. As
cartridges housing the recording composition.

Background Art

Ink-jet recording process, in which droplets of ink is sprayed to
record an image, has a simple printing mechanism and therefore is
advantageous in that the costs are low, apparatuses are compact, and
noise is low. Further, by using an ink containing a dye, the process can
yield printed matters having high color saturation and vivid color tone.

However, when such ink containing a dye is printed on a plain
paper sheet, the ink vehicle will bleed along the fibers and so will the
dye. Then, the outline of characters will become jagged, and the image
quality will be poor (this may be referred to as "feathering" hereinafter).

In addition, the printed matters produced with an ink containing a dye
1



descri bed above, when an ink utilizing a dye is used,
sone problens as shown above will arise in exchange
wo 2004990 col or tone. To overcome such probl ePET/JR20642005062

using a pignment instead of a dye as the col orant have
been proposed. Since the colorant is _a pjgnment, it

are yodserablegiocwiatey @dhesione ap thevdye eissolviasdan watey and
the fibers when the ink is printed on a plain paper

defethmstthedsnape. Moprsrwsed whemeaposed tedpglit suchssaseslight,
between the fibers or aggregates due to the change of
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shopmyabaveivailadise if sechangedatudn: Soledons, ¢ hat
deposition or precipitation can be easily fornmed when
t helodwenigomesugh preblemshinks vsinganpigmentingtead of a
deposits near the nozzle, it will affect discharging

dyeds theecoldraritthave heegnpropdsedsbirscentiae coberaruizisl @ pigment,

the ink is pulled toward the side of the deposition

it dobenotMebdleven ifilse ik drhickabiedds dlth & theT#HEs when the

direction to deviate fromits intended rection, a

ink B PO On TP EParErahietions B0 HibPerse Rigmentis rapped
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improTedPitee Pipavents erpdiatdlyesolaile ithevabderland light fastness
increases, and this will eventually cause a |arge

is irﬁ?éﬂbdoéirfcbet até Fereeapen gﬁfrtiQIesI &adi thud 8re resistant to
evaporate and form deposition of the pignent.

col R e B AP AP Lo mappen when consecutive

P P owWevet, pigment-dispersed inks are disadvantageous in that
deposition or precipitation can be easily formed when the solvent
volatilizes. Therefore, when the pigment deposits near the nozzle, it will
affect discharging of the ink. If the pigment deposits near the nozzle, the
ink is pulled toward the side of the depésition when the ink is
discharged, causing the discharge direction to deviate from its intended
direction, a phenomenon known as "discharge bending." The deposition
of the pigment is particularly troublesome for a thermal ink-jet head,
which employs thermal energy to spray the ink. A thermal ink-jet head
gains discharging energy by applying heat to the ink and causing it to

bubble. When this discharging operation is repeatedly performed, the
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performed with a thermal ink jet head. Confronting
this issue, several proposals have been nade to date.
wemh/oprvoposal s i ncl ude, for exanple, an aqueoRGT/JRRO4/(95062
which the iron content of the ink is 0.3 ppmor |ess
(Japanese Patent Application Laid-Open (JP-A) No.
temperatusy apar she aprstlesnicreases, winid thishw ilgvemtually cause a
content of the ink is 4 ppmor less (JP-A No.

largefadibiasdt the vadatitesonnponient Wfithle irfietd svapareitd and form
content of the ink is 0.3% by weight or less (JP-A

dep%i%@ﬂ'épﬁf‘e? é%ﬁréﬁiﬁ ggt&ﬁ‘&iﬂgﬁyi Atschiar ;/b“e\f,\heclﬂg% fogiih!( due to

acld ester c the | 15 0. 6%Db

pighE3fi ddposiiy é%?i%?i%@ﬁﬁ%ﬁ&%ﬁﬁf&%ﬁ%@fﬁ%a?régg%is
pertaiipriavTiaitherial k- RE BEASY ocese utilizing an | nk
contai ni ng pignent particles _having on_their surfaces
a Corfuenting thisiisguei speeraliprapagsalapavia hgeprmagle to date.
penetrating (wetting) agent, and water (JP-A No.

SucRQddoR6dlsGhcludd, for exkniple, ankagetous dnkainmwisich the iron
pigment particles having on their surfaces a

confeh{ of tREMHRIIBIOG EI%S@F 1éés_bq hphyresBR teht A BpRidati iR
aqueous organi c sol'vent havihg a surface tension of

. a . .

Laid B B5AT 2R, 0550 1 06 2 AGheEHs B kIn which, the barium
tabi lity.of .the ink an I (MA0VEd. er, these .

coninfoat e 18k isdr g ardess SR Ao PR I, 4 slieSus ink
. 2004/091916 PCT/ JP2004/ 005062, hi gh-speed printing and
in whighothe attyracidscontegd ofcthe ink 5 i o besveight Orrigss (JP-A

foll owi ng proposals deal wth the sinultaneous
No.d33-00605dieand efn agoiclouts ik speekligh the fagyadd ester content

di scharge bending inhibition. An ink jet recording

o 43158 DO BISRSEAL TLos T,Ne OMTS) According
thest PIBpHBsal, dd¥teB¥Bi bf ik 85 BYU&Peasing impurities
in the ink.

Other proposals include, for example, an ink-jet printing process
utilizing an ink containing pigment particles having on their surfaces a
sulfur-containing dispersibility-imparting group, a penetrating (wetting)
agent, and water (JP-A No. 2001-287455); and an ink for ink-jet
containing pigment particles having on their surfaces a sulfur-containing
dispersibility-imparting group, an aqueous organic solvent having a
surface tension of 40 mN/m or more at 20 °C, and water (JP-A
2001-254033). According to these proposals, discharge stability of the ink

can be improved.

However, these proposals do not consider establishing both
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and the volune of mnute droplets is 6 pl or |ess
(JP-A No. 2001-239751); and an ink jet recording
w@e@smeswiohi ch uses a head operating at an oOpRCHEIR2004/005062
frequency of 15 kHz or nore and di scharges an ink
_containing _a pignment, a dispersant, and a solvent, in
highvsipeedapriavsng gndiinhdeisiornpf disehargebending sissultameously.
100 nm (JP-A No. 2001-239744) have been proposed.
TheAotlowing propdeds deadnoitdl the simudtareesuoestdblidfement of

di schargéd ink does not bend even if the operation
o G R AL BE bl LR gReneAdng et
rec i piies dER i iR iEn RETelT 8 BpRIint and a

scanpi ng, Wi,th the head,is redu for high;speed
oI\ inth HEDLCHH AB A s GRS T g0 e b epe tharh 100 nm
so-cal | ed one-pass printing . in which rows of dots
anddhegrieliiaecafminattendroplatain orgl ar less (JEhA Nor2(tled39751);
in a single head scanning. The above-nenti oned
andpare pokget recotetiref process wahitch usenh hieghogiergting at an
i nhi bi tion of discharge bending in one-pasS printing,
opefﬁ&‘ﬂohrf?e_ H@!’n%y of $51da%i ¥micdrd A di&%ldﬁgglw a@ﬁﬁﬂ@géﬁ'taining

urther i"nprovenent and devel opnent. osure o

a Piggﬁ{%ﬁ%iagﬁi%%%hﬁg?%aa% EBEV% jgor\&mglié%@’ghggrége Wameter of
the B aergon dngpe1ay oen (i dVou BT ALY B RS

recordi ng conposition which do not cause_  discharge
propesedndceorriigg-topheseproposrisuthe lae@n@n@ftthawalsaﬂmarged
which can forma vivid image with no white streaks;
ink @lvesanoebendeelventif ehe ofpersticn fregeendy ipindieaskd: ,
an object is to obtain an inage form ng apparatus, an
I mepRyet e Nl O ERESe g@op@%ﬁlﬁt@ﬁsﬁﬁﬂ)ﬁﬁhﬂlﬁﬁﬁg discharge
cartridge, and a recorded matter which do not cCause

bendiigNASSIPEPErABon frequencies, they do not take into account the

discharge bending of ink when the number of scanning with the head is
reduced for high-speed printing, in particular when an image is formed
with so-called one-pass printing in which rows of dots aligned along the
main scanning direction is printed in a single head scanning. The
above-mentioned proposal is therefore not sufficient regarding
inhibition of discharge bending in one-pass printing, and the current
situation is that there are needs for further improvement and

development.

Disclosure of Invention

An object of the present invention is to obtain an image forming
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even under consecutive use of a thermal ink jet head
and which can form a vivid image with no white
w@eeakwie | n addi ti on, anot her object of the PCEIEN04/005062
invention is to obtain an i mage form ng apparatus, an
i mage formng g)rocess, a recording conposition, a
appegatus e IMmage tormeidgqawass; adecatding campeostien, and a
image satisfying water resistance and |ight fastness
carisidyge twwsing the flecqretiher ool pbsisiorew Ipichndbngov¢dhisan
ink jet recording process, the so-called one-pass
) oo . by G . ¢ oy ]
i Dening ot Spetd, PHriHng ing & PR iikeénd which
. l . l
can¥ordh & Vi&ad 1&93@8 WHh 111§ @&%Qﬁﬁéﬁ(@ %ﬂ% ggg&c{fgﬂlgggﬁter of

nount eéd on a caeri age 1

suchrheaf E0EGEs b ebinTREo Bl 47 el R

of dots along the main scanning direction in one head
appadabas, AN AR TABRE Pakessha reeeding gomposition, a
Therefore, it is possible to mnimze the nunber of
cartridige saadri necanted mdttee whéch ideenoé ededefdischarge bending
a single sheet, enabling high-speed printing. Thrs

evefn@ndes sopisebiitivg tiSe Rt éanalsnkget HeddcardbivhiéM can form
of high-speed printing, but when di'scharge bendi ng of

. i i . 4
a vivtl ipge SEHlimo Whi LAkl i AHRARoF Ut G GE the
rep] ace the f.aile nozzl e wth.another nozzle havi.n
pref@it iffentiin Bengrigiign S dm faMRBE anaratisy A1 Hiage
usi ng an ink containing a dispersion of g col orant
formipg REOGESENR AECOTRLES EPFRPPEHIPR R cantidee gnecagecorded
since the colorant is likely to deposit, and it is
matteghwhighoean foem hatimage dadisfying waferr résisigarce and light
defects such as white streaks as shown in FIG 2.
fastﬁ@fsgrsﬁﬂrﬁﬂtéﬂedﬂlﬂgl the left-side patterns 215 are

made by nor nmal dgiles (no di scharge bendi ng and no

di sTRApEF ol fh bR Yiinting with an ink-jet recording process,
the so-called one-pass printing is effective, in which rows of dots aligned
along the main scanning direction is printed in a single head scanning. In
a process in which a head mounted on a carriage is moved right and left
to scan while a sheet of paper is moved relatively so as to form an image,
the one-pass printing prints the rows of dots along the main scanning
direction in one head scanning and does not print them over again.
Therefore, it is possible to minimize the number of head scanning and
reduce the time needed for printing a single sheet, enabling high-speed
printing.

This one-pass printing is advantageous for its capability of

high-speed printing, but when discharge bending of the ink occurs, it
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right-side patters 217 by abnormal patterns (wth
di scharge bending and discharge failure). D scharge
whendioviy111l and di scharge failure can be obseewarRR004DV5062
the other hand, in a so-called nulti-pass process, in
which the rows of dots along the main scanning i
maydiead tbem dmagedetertisincadghis sapessiblectanreplgce the failed
operations, different nozzles print a single row of
nozdhd svithlaanothdrenorile lsaeing no disrcétzirig@rbeﬁdi'm%fto ferm dots.
even if discharge bending ~occurs in one of the

Parﬁ@ﬁl%ﬂzbf/\)g?%fﬁ glsggg?glg dentﬁﬁgjg{%a%%%zéﬁ ¥f a colorant

noti ce ! tlon nay 0SS _ pther
oucBEEhGim, AT Ha-CO Y PRl WOt olpran s

o e, defect, and.therefore discharge, bendi nmust ., be,
likely i gletaocike andif in BigRC possiedfiad thds feadS e dhajor image
conducted on inhibiting discharge bending to prevent
defeqta gardhens svbiterstoerkpas showntinmBlGba3i ng a  new poi nt
of view and chal | enge. . The i nventors have found that

i n Reférming tboFIGnD, dmpkefsiside gmtteiarcP1bedeabade byhtormal
deposition of colorant can be inhibited by limting

nozklts GYGHEehAUTBEAUIAL A o HAANrdOfalflr i 2] Ithies
and that vivid 6 W 2004/091916 PCIT/ JP2004/ 005062

rigﬂt@%sgﬁﬁ%rg 212?{&%%@1‘&%@?8?%35% \@%}ﬁ%pc?‘%chg‘fge bending and

occurrence o arge one+pass

. printi and.¢.h the i nventi ha ee conpl.et ed.
disdliargie ) HaCRetag hendibane b ATR: ey B A fgucan be
form ng apparatus conprising a recordi ng head which
Obsgﬁf%@s a recording conposition containing a col orant
di spersion toward a recordin medi um whi ch appar at us
f or @i Hne iothge hamd He a eoema:l%m@ rreeditivpa 5/ prooess, ahlwigch the

the recording head to scan relatively to the recording

rovﬁﬁg@f?%l@%n?n Wgt?ﬁgg:glgt HRif\REAIENG difettibreard fertedelaugh
several scanning operations, different nozzles print a single row of dots
along the main scanning direction. Therefore, even if discharge bending
occurs in one of the nozzles, white streaks will not be excessively
noticeable and correction may be possible if other nozzles are
functioning. With one-pass printing, however, failure of one nozzle will
result in a major image defect, and therefore discharge bending must be
inhibited at a higher level. No studies have been conducted on inhibiting
discharge bending to prevent image defects in one-pass printing, being a
new point of view and challenge.

The inventors have found that in an image forming apparatus as

described above, the deposition of colorant can be inhibited by limiting

the average diameter of the colorant to 70 nm or less and that vivid
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and the rows of .dots of the inmage aligned along the
mai n scanning direction are formed with a single
W@ e@n/091916 i s presuned that reduci ng the di anmetBCT/aif20041®5062
colorant can inhibited its aggregation for the
. follow ng reason. Specifically, the colorant is )
imagestcam bg formed atdxigh speedivitheatpide orcurranceof discharge
di spersed state, in which an electric repul sive force
benidingf éveen withaomegpddweprisitingrand dhnts thesmventverhaspeen
coal escence and aggregati on of the col orant
conpPdldibdl es. This repul sive force is generally based on
ectric charges of electrically charged groups such

s e Ctealf o .
ani SRRy R BrRe i RSt dviFRs n iftlhge forming
colorant, or.the like. .\When the yol.atile solvent of

apPARa TS OMRHSIAE A Teqaraling aent rligh SPTayRA TeesToHRg:
i ncreases, leading to_collisions between the col orant

compesitionr sorndaining a epderankdispersien fowaid pgiecording
repul sive force between them A portion of the

medindi, dirhirk apgreratus dotims &3 image oesthi¢ récording medium by
unification, initiating aggregation. Wen this

cong@slieaathe @e&@i‘&ﬁﬁ’h’éﬁ@l ReESEan heldatpzeiveto dnel rebsrdi

becones significa di scharge bendi ng occurs in whith
7 4 Ny / ' j
ey VA0S 0a TR SRl 3o o s
r . A cerg i n azgﬁpt_of coloraqi ﬁs added ta an ink
an‘f ﬂ‘%ﬁ?%sho o3 Ofthe image aligind longINE MAInSEAHNg

. the same anmount of  added col orant are conpared, the
dirqcfion azgfpzmed meha simglessdagt ant becones | arger as
the colorant dianeter gets smaller. \Wen the
conploisi premuned theet madciveg tie diametelr afdiescalorantean

same and assum ng that the density of charged groups

inhibivaddts pesredation Ra) tl@fdllt@w@ﬁgqrea@brﬁ @ﬁ@ﬁchﬂy, the

constant. Wfth™ respect to the diameter of “col oran

ol e B S SR oY s
statégztla :vgeflygl %ﬁ?@éggﬁgggﬁmgvgﬁ gﬁ? %?Féjct&nhgtaﬁg%g the colorant

particles, preventing coalescence and aggregation of the colorant

particles. This repulsive force is generally based on electric charges of
electrically charged groups such as an anionic group of the colorant itself,
an anionic group of a dispersant surrounding the colorant, or the like.
When the volatile solvent of the ink evaporates, the concentration of the
colorant increases, leading to collisions between the colorant particles as
they overcome the energy barrier of the repulsive force between them. A
portion of the colliding colorant particles will result in unification,
initiating aggregation. When this aggregation takes place near the nozzle

and its size becomes significant, discharge bending occurs in which the
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particles in the ink as a whole becones |arger. For
this reason, it is presuned that even if the
w@oemdiopidvons are such that the solvent of the iP&I/JP2004/005062

evaporates and the colorant is likely to deposit, the

. . ink according to the present invention is resistant

ink inpsllad teyegit ihmaggnegatendnen ét i dischaggedvinttel the air.
of ink does not occur. Mreover, the follow ng my be
appAi carthin amenat frccdophat s added Ideandsdutpobiain a certain
that when the probabilities of collision between

image FEASity PRVRLR ifiksTavirs tRE ERme Mnblint STHAARd colorant are
confgaiid ﬁtiﬁeé‘%{tﬁf spERRSTI bf the c0ToPuTPRECqfes MighY difthe
consi ger e

col 3BT et s AT B A B Brtace o

certain period of tinme _becones. Therefore, the
the coleraas avet thessamesand \assagving shet shewlansitiaeé charged
smal l er size of depositing aggregate, leading to

groupsi (sanber tperdiaiharagy detterwlofantisacfadedd corstant with
by limting the average dianeter of the 8 WD

res 0OHOd ba iietésd BR Q%é%@@ﬁﬁrﬁ@lé "thBttotal EIQ_af%@ ®f the whole
for I C f

| ess and using an I mage ng apparat us wh or s

af . ! . . .
cold 6/ BRCARRS: 10 40 Bl SSAAc o BEH) Sl
oA 1o PR A e 155618 g ok S0P cotorant
according to, the presen% inventjon is_ used in an _ |
partigiesdiry therimly agppavholesbecamesslarges. For shis repsandt is
whi ch sprays a recording conposition containing a

presuhwedbhatiespnrifithe doovditibnsare socty theg trtbei soty enttiafhthe ink

apparatus controls the recording head to scan

evagg)'ra’éés\/@h&l the édﬂl%rhlﬁ_“é 9% @imygrtﬁgategggﬁg theifk dR6¥dehg to the

ts of an imge aligned a mai n scanni ng

prefbAE AR 85508 1392 BbockohERLEGSTEHE Wichargo
bending of ink does not occur.

Moreover, the following may be applicable as another explanation.
The assumption is that when the probabilities of collision between
colorant particles are the same, the unification speeds of the colorant
particles are also the same. In other words, assuming that the numbers of
unifying colorant particles per unit time are the same, it is considered
that the smaller the colorant particles are, the smaller the size of
aggregates formed in a certain period of time becomes. Therefore, the
colorant with smaller average diameter will have smaller size of

depositing aggregate, leading to resistance to discharge bending.

As described above, by limiting the average diameter of the
8



the recording nediumis 70 nmor |ess. The recorded
matter according to the present invention conprises
wa@eoodmgiyes f or med by the recordi ng conposition BCOORA04®5062
to the present invention on a recording material. The
cartridge according to the present invention houses ]
colarast tm%bmmm lesapoel vistihg ast inaigeof araning appegetus which
invention in a container. Brief Description of
forrhsaowg of ddis dligred ohenid mairesedrihitsgt datddtipn in a single
one-pass printing of ink jet recording process. FIG

R D O R SR L VB BRCBESIEhitH Bl dree of
Qne; 1Nk L NG, tS _a schematic view of an
Wh@ggﬁ%%i&ogﬁgh%éﬁmgiﬁ?fﬁt@n apparatus according to
th resent .Jinvention..,9 WO 2004/.09191 . . .
PCTeT PASEPrdiBE EORPESiIONAGCFingdey ﬁxﬁepve%wfomva%nhon 15
exanpl e of the cartridge according to the present )
usedinean imagefamingappawivsaemprisinga reqerding heagewhich
of FIG 4. FIGS. 6A, 6B, 6C, and 6D are schematic
spraysagecbirdihg @iomposittonramitainirsg afcalopahbdéspetsion toward
(registered trademark in Japan) recording head. FIGS.

a reizlﬁlrcl:}Zrt% medidR, Whicl Ei’pglé’e([eﬁ(’)c?l@ chrﬂ:r&d‘&Y@iﬂé@ofdiﬁ:gGhead to

ating the princ i nk-dropl et discharging

. p iy .

scaf BN £ D G0 1 S APARIERAL D) g o am

. il lustrati t he nmechani cs of ot her bubbl e | et

image Al gheHaone duia sconaing eeion i Res sliglescan on
is a yiew of an example of the ink jet head used wth .

the reeor aredivvenvherein the average diameter of the colorant in

the recording medium is 70 nm or less.

The recorded matter according to the present invention comprises
an image formed by the recording composition according to the present
invention on a recording material.

The cartridge according to the present invention houses the

recording composition according to the present invention in a container.

Brief Description of Drawings

FIG. 1 is a schematic view illustrating one-pass printing of ink-jet
recording process.

FIG. 2 is a schematic view of nozzle check patterns printed in
Examples for illustrating image defects in one-pass printing.

FIG. 3 is a schematic view of an example of the image forming

apparatus according to the present invention.
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FIG 10 is a view of an exanple in which three col ored
inks are supplied to the recording head of FIG 9.
WoR@4/04116 s a schematic view showi ng an exanpl BCDIP204/005062

configuration of a serial printer. FIG 12 is a view

of an exanple in which four colored inks are supplled

t o ¥He. 448 6rperapertive view of ag. exampledf thexcaeridge

vi ew of another ink jet head having four colored-ink
accoidiciptating present Ehentiéri.s a schematic vi ew show ng

an exanple of a configuration of a 4-color ink jet

heaPIGFS@a §e';c‘h(9ﬁ91 %gﬁlg fg%‘t%f B&FtriESE BRI VA, e Vs

s OW ng an exanp uration of a 4-col or

bl U y?@%“%@o@# %@éﬁ%ﬁ@?ﬁ%&é’lﬁ%@%ﬁ#&he
medlSHiesialio RytHIE jehLiE P iswRer g adspar ok 45 JAEEB deRgreing

the present invention conprises a recordlng head
headhi ch contains a recordi ng conposition containing a
col orant di spersion and which sprays the recording

conBIGHt Véy TRVECA7D, 78, 31 angd 1768 iarens chvean & tic i eavs

i mge on the recording nmediumby allow ng the

s o et IO aloplpetichangy g st
e TR P R o, (e
SCoBE A0 LB A LR L, 1 T o

ano{c‘é1 Bgu:h(i;ae ﬂég&pagig%ie trgé%%ﬁai‘lg r1rr1n ]g%a% ?’%cb?d\ll\rﬁ”g (ileaacl:l.

FIG. 9 is a view of an example of the ink jet head used with the
present invention.

FIG. 10 is a view of an example in which three colored inks are
supplied to the recording head of FIG. 9.

FIG. 11 is a schematic view showing an example of a
configuration of a serial printer.

FIG. 12 is a view of an example in which four colored inks are
supplied to the recording head of FIG. 9.

FIG. 13 is a partial view of another ink jet head having four
colored-ink discharging rows.

FIG. 14 is a schematic view showing an example of a
configuration of a 4-color ink jet head.

FIGS. 15A and 15B are other schematic views showing an example

of a configuration of a 4-color ink jet head.
10



contains a recording conposition containing a col orant

di spersion and which sprays the recordi ng conposition
w0 owaneliozs recordi ng nediumis controlled to SPEFJIP2004/005062

relatively to the recording nmediumto. forman inage

on the recording nmedium wherein the average di aneter

of the colorant in the recording conpositionis 70 nm

or less and the rows of dots of the inmge aligned

BestModetfoe (ﬁafqiﬁga(@mtrthedmmwi@n_ are formed with a
single scan. The recording conposition according to

(lmb 6 FEE APPATARY [bfagh Teitrhihg PocBBI AT Afkding
COI%Z)SSgﬂ@Q{) nvention. 11 WO 2004/ 091916 PCT/ JP2004/ 005062

s of the recording conposition according to
the present invention wl| becone,apparent through - )
t heTHesERAge FORTNBEADBATRHIS afsRIgLTg, fordhg DISSSNEfnyention
and i mage form ng process of the present _invention.
conTprises armg@rdjmgﬂlwd svhidhecontainsma recerdingcomposigion
recording conposition is 70 nmor |less, preferably 50

contairdngl #eelomntt dispersivreheckihyichOsprays tHesecoidieg
the diraneter of the colorant particles’is 70 nm or

corﬂp}gé itidi Goeidl éirééof&frgf nREAWEST dte f@Pﬂrﬁré’ﬁ‘im%%e on the
r I [l be t

ticles w I'arge” enough to inhibit color
. | .
recEBPRL QT by BlIRERTs 4G SRl s LERRFR) ShEfuglatively to
likely. to oecgcur. re,. if, the average dianet of the .
the Eewanimg pae %‘F‘eg‘?ﬁ@f@é‘ {hﬁ BV erage shapmeter &fg’q&‘e colotant in
surface area of the colorant particles will be even
the reegeding camypasition iy épunm ok lessranrdithegowsaf dots of the
| arger, resulting in further increase of the effect,
imagedali yaeedf alon g e nnaire scannivg dirattienlare forned tveith a
and also that of density fluctuation. Wen the

sincFléedage di anmeter of the colorant particles is 30 nm
r less, an even greater effect is achieved, so that

Wi e image forming apparatus according to the present invention
comprises an image forming step in which a recording head which
contains a recording composition containing a colorant dispersion and
which sprays the recording composition toward a recording medium is
controlled to scan relatively to the recording medium to form an image
on the recording medium, wherein the average diameter of the colorant
in the recording composition is 70 nm or less and the rows of dots of the
image aligned along the main scanning direction are formed with a
single scan.

The recording composition according to the present invention is
used in the image forming apparatus and image forming process

according to the present invention.
11



streaks are controlled and density fluctuation is

controlled at a higher level. The lower limt of the
war@rageiedi aneter is desirably 1 nmor nore. PGT/JP2004/005062

descri bed above, the use of pignent as the col orant

I mproves light fastness. However, even if the
col dherdetailsnopitlesacording con@peeﬁr@g according éo the present
less than 1 nm light fastness will decrease and be

invehtiea will béwomefap ]todyent thraeghthendeswiptionielow of the
present I nvention, the so-called one-pass printing,

mie R iy S S BB P

nmv%h srngle row of 12 WD 2004/091916 PCT/JP2004/005062
Ps aI i gned al ong the mai n scanni ng direction by a

SI n recordl nn| in Fl G
& HCTAgH A2 @?3 SPeat} patiisios, gy e refarding
drreptroh iLn which the recordin head noves relatively
- compositian ie0mmgr hess, prefaiahly Yhamoizlesst andsmore
row of dots along the main scanning direction with
preferabigad noawrilegs. Wirehithbedianpetert ohthe spbadirdapatticles is
achieved. Wth reference to FIG 1, an arrow 201

70 hitdbE BERS theefe?tﬂsnﬁé%rtjenlsetv%éﬁ%e%lo%aﬁt f,ljar@rctéﬁﬂfwﬂl be

203 the Second ry scanning direction. A nozz

o ABRRIET TRATS cLGEOR) O bl T g e of
de eac{g1 row al on téggﬁgﬁf}{] ann d| rec Hg,ngggg%snﬁﬂely to

Nb y adj ustin the recordln conp05|t|on to

occys ﬁ, e ayerrgeRiagetescd @r%log aué partislgais 80 nm or
sol vent, dispersion stability is secured even if the

lessy thattotal cearea aff theheolotandvadidessyilt becevdrniarger,
aqueous organi ¢ solvent disperses the col orant.

s stalebltoan | tfseaping e ncreac
of the effect, and therefore occurrence of white streaks is limited and also
that of density fluctuation. When the average diameter of the colorant
particles is 30 nm or less, an even greater effect is achieved, so that white
streaks are controlled and density fluctuation is controlled at a higher
level. The lower limit of the average diameter is desirably 1 nm or more.
As described above, the use of pigment as the colorant improves light
fastness. However, even if the colorant is a pigment, when the average
diameter is less than 1 nm, light fastness will decrease and be close to
that of a dye.

In accordance with the present invention, the so-called one-pass

printing, in which rows of dots aligned along the main scanning

direction are formed in a single scan, is the forming of a single row of
12



To prevent drying of the recording conposition, or for
obj ectives such as inproving dissolving stability and
waelk@peswidi | ity of a conpound according to theCPIRSeNnt5062
i nvention, an aqueous organic solvent may be used.
Exanpl es ueous  organi ¢ sol vent |nclude et hyl ene
dotg adigned a?emg maainyssanning diregtiomebya simgle recording
pol yet hyl ene gl ycol, polypropylene glycol,
head, $eapamitay edi siowh 0 Feargdirhere ghy caain scanning direction is
1, 2,6-hexanetriol, 1,2,4-butanetriol,

defﬂne%i as thﬂﬂ?ééhéh PR ¢ the recordin head moves relatively to
-met hyl -1, 3, 5-pentanetri o % er pol yhydric

the 3@@@%&%@%&}%% 880 Ry a0 108 clng the
ma .et her .d| eth qI?&ne g}lﬁé ?(l)]agg]qoﬂ;ft%h et h,gﬂl%ﬁkgel%glﬁe)ﬁ%ﬁng

ether tetraet hyl ene glycol nononethyl ether,
Spegd@@ﬁbﬁea@ﬁﬁe nonoet hyl ether and ot her poI yhydri c

al cohol al kyl ethers; ethylene glycol nonophenyl

et h#¥Yith mifbyererety HG)I] rnabeowy20kimdicates theheain scanning

pol yhydri c al cohol aryl ethers;

dird¥tion, hwhd ZrpufFl 2081 ¢he Meh?z&ﬁﬁ@?f¥ ?Oéliféé‘ticﬂ?neA nozzle
2- pyrrol i done, 1, 3-dinethylimdazolidino

t:he 0
S ocymﬁ@é%%%‘%}) iacthe Baif TRy Bicifon o form rows of
th onmam de _anmd ot h
do ’fﬁém& o AR SHBWEy &a@m‘e{n@eﬁ?élg"%hﬁ Dhaimseamiag direction is
oet hyl a t hyl ami ne, triethylam ne and ot her
formg 1@3 1 &]@cﬁwg ebysyfr@m the @wmwﬁtmg awzgleanol
and ot her sul fur-containing conpounds; propyl ene

car Moowaayers iy s djestingibeatecordingycdmpositiart tmeontain 10%
Wth water, each of these solvents may be used al one

by erlght oehiReldfom ajdatus of @iceso %ﬁé@s‘lon stability is
particularly prefer Ie are |ethyl ene gly

sec%é’c‘i %57%&1] if 1!:11%\/601 ane I‘p@l}é'm% iachial 455 ggﬂqraﬁ?@é 'difilke the
N-

aqueo'rﬁest of’gamcpélolvgln't %ﬁspérses the colorant. Accordingly, the

colorant will not deposit, and therefore discharge bending of the ink is
inhibited.

To prevent drying of the recording composition, or for objectives
such as improving dissolving stability and dispersibility of a compound
according to the present invention, an aqueous organic solvent may be
used. Examples of aqueous organic solvent include ethylene glycol,
diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene
glycol, 1,5-pentanediol, 1,5-hexanediol, glycerol, 1,2,6-hexanetriol,
1,2,4-butanetriol, 1,2,3-butanetriol, petriol (3-methyl-1,3,5-pentanetriol)

and other polyhydric alcohols; ethylene glycol monoethyl ether, ethylene
13



N- hydr oxyet hyl - 2-pyrrol i done, 2-pyrrolidone, and
1, 3-di net hyl i m dazol i di none. By using at |east one of
W0 bagme9191¢ i s possible to gain excellent effeRPtBHIRMM04/005062
the prevention of spraying properties failure due to
nmoi sture evaporatlon hlgh dlssoIV|ng properties, and
glyeplgmonpkutyketherp digdntlens. glyicoh arnonomeﬁmyl ethjars diethylene
the static surface tension of the ink at 25 Cto 25

gly cttb]/md:rmeﬂfhiﬂ?dtbnery\ﬂm‘t lehe glc%cdl sabaober tgla ethey tetraethylene
occurs WD 2004/ 09 916 /JP2004/0 62 the ink

gly%ﬁ%ﬁhgggggkﬁgﬁr% by %ﬁ%cgl schar twle@%ié?}gm other
Polfﬁ%%iﬁff—’@@ 450 3 el T BooREE R lher,
SR ool XC%@?@@%%@%&;&%@%«%@% gy

|S|nsuff|C|ent resultin formng of white

ethesis; Murgetlyil-2n EY@ICNédohﬁngJ-hyf ditoeyefhanl+2-pyurokidone
tension is less than 25 mMNVm repellency of the

2-pymadiconey 13edimidthytbienidawolidinone; e-dalproladtanhland other

bl eed out fromthe nozzle orifice to the nozzl e

mtr@ haééntﬁ&*ﬁng:}:?ét%ﬁ'@& H@@b@ﬁ duMdd; foend@hde

ordlngly mat | partlcles i's I nhibited,

N SRR, A0 Pl i
el %&B%é%iw%ﬁ%%} TAGESHp i, LR

i,te streak used by the di scharge bendin
dlefméamm tripthyhamineemdipther ampes; clispeth ﬁ;ﬂul?omde,
the viscosity exceeds 30 nPas, bleeding of the ink is
sulfelare sthieldietnninol and cdﬂrﬂm/léur-r@ni:ammg benipagads;
defect by discharge bending is insufficient,

proﬁ?%!hé icagbonalte) eihident caltbbaate/ &ﬁ&sy— b?%cet@&ié@ With

and, if the visco tylslessthan

watl e@é’t‘: g%le’sg%dfl{}éﬂté"%ﬁ%y PR ﬁ&%ﬁ@pﬂé)‘%ﬁ%{, E%ir‘i"ﬂl)ihation of two

cause aractrers,

or more.

Among these, particularly preferable are diethylene glycol,
glycerol, 1,2,6-hexanetriol, 1,2,4-butanetriol, petriol
(3-methyl-1,3,5-pentanetriol), 1,5-pentanediol, N-methyl-2-pyrrolidone,
N-hydroxyethyl-2-pyrrolidone, 2-pyrrolidone, and
1,3-dimethylimidazolidinone. By using at least one of these, it is possible
to gain excellent effects on the prevention of spraying properties failure
due to moisture evaporation, high dissolving properties, and high
dispersion properties.

In addition, by adjusting the static surface tension of the ink at

25 °C to 25 mN/m to 50 mN/m, when a slight discharge bending occurs,
14



the like and will greatly deteriorate inmage quality.
Any col orant having a color other than black may

wa niotadloye be used in accordance with the preseer/JP2004/005062
invention provided that it can be dispersed in a
recordi ng conposition. Representative exanples incl ude
the gnkleedsanpdeyetelynandreovernsdhetpesdonswdtishrwondd be
preferably use one color selected fromcyan, nagenta,

whitelstreak cadsedreethe klisehasge behiding, dhd\eheagorédheiwhite
PCT/ JP2004/ 005062 For the present invention, the use

stre@[k Wil oEbe o ??ﬂéf@[ﬁﬂ@sﬁﬁi%éﬁf‘fa@:@ ﬁéns%g‘%meeds 50

GDOSItIOH do not occur at the nozzle usi ng

mN?.%ﬁf Wtlime b@?ﬂ%ﬁ@ﬁi&n@é@%S%&g%Wﬂébﬁ@ %ﬁﬁ”é&f@m Bip of

exa | s . of, ,pi ts ar ted hel o These nent,s
P datey B HSehards bepdinggsdnsiifislant caSuiting ias
amxtur wth a dye or other coloring materials, .
formiagof 311’@8’@@@&@. ihe atbenthand i the statis sudage tension
the effect of the present invention. Exanples of the

is lessdhainc2p g s riepe]leteyeod the ndrdle syafaoe will be

ant hr aqui none, di oxazi ne, indigo, thioindigo,

ms@[‘ﬁdiéﬁﬁ eshe Fflt HEQ B outdFrbh Hee Ri3eHe cﬁiﬁ@@ttb' h nozzle

Rhodanm’ne B | ake, carbon bl ack pi gnents,

surfdéée an@(ﬁ{@e%ré’ fm&ﬂi(}ddéo\%qﬁriﬁ& fBﬁ)gg %gfcdx’&ﬁh%ﬁiﬁ, {drPation of

ani um oxl cal ¢ci'um car
sul fa OXI d bar i |l ow, Prussian
1111(538}}‘51 rﬂﬂ@ﬁ%& agﬁclhﬂﬁg ﬂ%‘%li MPowder s, and
thellke Asdesrlbeda ove, the average dianeter o
t heMorRQyRInthy aéﬂwmg V1§C¢©1tﬁrﬁ7fg’¢h¢ sk ate2d nG.h& 2mPa-s
deposition. To further inhibit deposition, it is

to 3prmiRar-abivheiDarslight dishar emd agoetear a,bt]tye Bk trleeds

| ess. Since discharge bending becones | ess as the

mod¥piRde i osvers ghe ﬂ:(ﬁ’ffﬁi\ﬂl erhidtheroRldbabh WhiteQftreak

white streak occurrence will be I ess and i mage density

cau%%gm ?ﬁ% ggggh%f%gb%&diﬁg §iRPthédefble $hESKTte/ SrBEk will not
be apparent. If the viscosity exceeds 30 mPa-s, bleeding of the ink is
excessively inhibited and covering up of the image defect by discharge
bending is insufficient, resulting in forming of white streaks. On the
other hand, if the viscosity is less than 2 mPa-s, the bleeding of the ink
will be so much that it will cause bleeding of characters, color mixing, or
the like and will greatly deteriorate image quality.

Any colorant having a color other than black may suitably be
used in accordance with the present invention provided that it can be
dispersed in a recording composition. Representative examples include

pigment, oil dye, and the like. These colorants may preferably use one

color selected from cyan, magenta, yellow, red, green, blue, and white.
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wi Il increase, causing discharge bending and
subsequent white streak occurrence. The ratio of the
w@we/0o016 he di scharging orifice of an ink jetPEEARR004/005062
(hereinafter "nozzle dianmeter”) to the dianeter of the
colorant particle (hereinafter "particle dianmeter")
For &hequresentipy e, tthe use whapigmesudsereferable particularly
PCT/ JP2004/ 005062 Deposits becone | arger as the
sindesdepobkitioh ateienot vecaasethebzzle, artbbyoaging: a pigment,
dianmeter is |large enough, formng of deposits wll not
ligh$faatdess MASThth FedbiAfld N the 1R HebeseptHbfitising a
conp scharged 1n the a

osition is di Ir. However, even

i Bt . recor di 0 Si.ti i , f
dye, PrERTHG EFREnBIELOL PRy R s A0el b S T i g Fehts
nozzl e di aneter decr.eases, and therefore . ;
mag PgrHeeq %A JIRGHES Of TR Ot KT @il O as a mixture with a
recordi ng-conposition flying path. As a result, .
dyedvs otheycolaninpgmyaiterials. kehgse may beraddedha anameunt which
di aneter decreases even if the sane recording
willepresesiviel e effeut of thépreseeat pneeeaiori.nvention, the
net hod to reduce di scharge bendi ng has been studi ed,

andEihenpRUbE the oﬁfgéhi@ p%ﬁgég%@ B AY, Pledialocyanine,

di aneter- of the col orant and the si Ze of

' ' i i f.ice. of- i .

antRRRIIAL dAFAREL IR HEaS PEGARRE MyERenone,
.di scharge bendi of Jrecprdi.n osi tion can be

anilipd RaeRcrrriatiing, BhodAnia b ke danaoro Btk pigmpants,
density fluctuation and white steaks can be obtained .

andvihelikenExganples phthe dnorganirpigerentsiachide isegoxide,
velocity of the recording conposition also affects

titanfoageorice, ¢al civiecabatepies barodim belfsderalsimenitan hydroxide,
formed, if the discharge velocity Vis at or above a

. barfigint eeNokhe VRHisHhA Blaied @a@.@ﬁﬁhﬁﬂre&ﬁéhﬂﬁn@ﬁ?%ﬂ@?ﬂz, rhiegal

di scharge velocity is preferably from2.0 o 30.0
r referably from4.0 mM s to 25.0 m s.
pov?ﬁe?%, %&fﬁg lrfrlf@'s or

As described above, the average diameter of these pigments to be
used is 70 nm or less to inhibit deposition. To further inhibit deposition,
it is preferably 50 nm or less, and more preferably 30 nm or less. Since
discharge bending becomes less as the average diameter gets smaller, the
probability of white streak occurrence will be less and image density
fluctuation will also decrease. If it exceeds 70 nm, pigment deposition
will increase, causing discharge bending and subsequent white streak
occurrence.

The ratio of the size of the discharging orifice of an ink-jet head
(hereinafter "nozzle diameter") to the diameter of the colorant particle

(hereinafter "particle diameter") affects image quality.
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nore, the |l ocational precision of point of inpact of
the recording conposition will be high, and if it is

wad2@4m09®160r nore, the |ocational precision of PEDIF040[05062
impact will be even higher and it will be possible to
make the recording conposition hit where it is ained )
at Beposifa heeonme lapgeres e pasticlerdimreter tosasses, but if
super high-speed printing. On the other hand, if it is

the belzzle 2lianmdter is fergé enough,iforneing bé dh‘c}soﬁmwﬂl not greatly

bet ween the recordi ng medi um and the head greatly

ottt Uiréohceh e R g sbischarged i

T . S
the pff STpHPE By et I St SR REnE RN s BRpt 1L the
S ess,. . the pccurrenc f .satellite particles..

effeE:r{J Qﬁh@ éﬁl&‘?%lé SSFYHIS Brat Qﬁggaclp(gq%s&]s fhe nozzie diameter

fragnentation of discharged recording conposition) is
decrensesi and theretrsa signifisantly af qrtﬁdi%@ girestionapkthe

formed. If it is 25.0 nfs or less, the formation of
recoatinig-compesition fying path.has a resuli dischadgedj)emdi'm% is

whi ch are nore closer to conplete round are torned. |

Iike}}?’ teXRRedSas Bk Aodde dahdteridedrentes eveniflthelfime

ornmed, causing pixels to becone elliptical,

rec%#cﬁﬂgé&?%?%gﬁlgﬂsﬁﬁ qr Fo%?h%ﬂe%%ﬁé%?grﬁ@@' tHd fitbthod to

surracta

enef.ratin wet 1.i n agent t.o0 {.h recordin .
rediER it hEdibEhad Baeh difidifl, Ak he 5Bt is that by
.agents_are used for inprqvjng ttabjlity between the
adju Bg&hﬁga‘é@fﬁg%dl@mﬁ?t@h@? thea etantig (Fwa) antlthe size of
controlling the penetration rate. Conpounds
the ogmﬁngrmécglimhmtgingvmmﬁcémﬁtheamc(mg%n@ h¢ad @ni(pmpdo that
(I'V) are preferred as the wetting agent. Mre

i i T . .
they Ragisty g{y é Y%l} I@_T;ﬂg%%{ ¢hoylisohafe& beplHmY oftéedrding

sur f act a (1), acetylene glycol
congs {008 B pERUEM 6Ll PAVPYAHT i it
Witﬁﬁw %ﬁ%& lfﬁ;?c Doy O)é}/l%f A8 Ul d¥hn B Sbtained with
one-pass printing.

In addition, the discharge velocity of the recording composition
also affects image quality. When a deposit of the same size is formed, if
the discharge velocity V is at or above a certain level, discharge bending
can be reduced. The discharge velocity is preferably from 2.0 m/s to 30.0
m/s, and more preferably from 4.0 m/s to 25.0 m/s. If itis 2.0 m/s or
more, the locational precision of point of impact of the recording
composition will be high, and if it is 4.0 m/s or more, the locational
precision of point of impact will be even higher and it will be possible to

make the recording composition hit where it is aimed at even with a
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(1'V) can reduce the surface tension of the treating
liquid conposition and inprove the wettability to
w0 baneim1é ncrease the penetration rate. 18 WO PCT/JP2004/005062
2004/ 091916 PCT/JP2004/ 005062 R 0 (CH2CH20)kH . (1)
In Forrrul a(l), "R represents a_linear, or branched
supgyrighaspead pnmung}@rhﬂlesothenha@&t abit istelowahd m/s, the
"kK" represents an integer of 5to 20. CH3 OH3 CH3 C

ﬂudﬂﬂartldn of ithe@list@nee Bettven the tecomding nedduin &ndl the head
(1 cH2CH2tmto o0 H In Fornmula (11),

greag[*ty @fécfﬁh@I&a%MaPEréﬂbRﬁ? bf the3SoRit dfeﬁﬁpa%@ dhh8ethe

n' and nore than 0 and equal “to ‘or

pOItg %Eul%lgﬁ%i:ﬁ&ﬂl }%Qr epr géi‘gg‘% aaiﬁ' PI ne g&l éoljre!fé%%(n% ﬁ)é‘ 8 blem such

hydrocar chai n _havin 14 car
s Windpg, g%#ﬂergesatﬁlqynps@é? O the eth% 3Bk if TFis ?(? 0 m/ s or
OCH2CH2) m ( ﬁ In Formula (
less, Fﬂgler@?ﬂl@@'@ﬁﬁ@ of satadite mrtmlsﬁ c(uéuvnpae@ dasaharged particles
having 6 to 14 carbon atons; and "nf and "n"

formad?ebyrfm‘agmmtatupm@Efenlmschargeder@eording dompdsition) is
inhibited, and nearly completely round pixels are formed. If it is 25.0
m/s or less, the formation of satellite particles is further inhibited and
pixels which are more closer to complete round are formed. If it exceeds
30.0 m/s, satellite particles will be formed, causing pixels to become
elliptical, or fragmented, and therefore thin lines will be blurred or
duplicated.

A surfactant may be added as a penetrating (wetting) agent to the
recording composition of the present invention. The wetting agents are
used for improving wettability between the recording composition and
the recording medium and controlling the penetration rate. Compounds
represented by following Formulae (), (II), (III) and (IV) are preferred as
the wetting agent. More specifically, polyoxyethylene alkylphenyl ether
surfactants of Formula (), acetylene glycol surfactants of Formula (II),
polyoxyethylene alkyl ether surfactants of Formula (III), and
polyoxyethylene polyoxypropylene alkyl ether surfactants of Formula
(IV) can reduce the surface tension of the treating liquid composition and

improve the wettability to thereby increase the penetration rate.
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In addition to the conpounds of Fornmulae (1), (I1),
(I1r1) and (1V), 19 WD 2004/091916 PCT/ JP2004/ 005062

W b@4oetté ng agents al so i ncl ude di et hyl ene gl BCDIP2004/005062

nonophenyl ether, ethylene glycol nonophenyl ether,

et hyl ene gl ycol nonoallyl ether, diethylene glyco

nonophenyl r, diethyleng glycol nonobutyl ether,

propylehe—§§i§§#—ﬁd%65yﬂgu)}kHer, t et r-aet(ly) ene gl yco

chl or opheny et her and other al kyl and aryl ethers of

pol yhydri c al cohols, pol yoxyethyl ene-pol yoxypropyl ene

bl op F%)?B‘?ﬁlfaﬂgﬂ) ,S'_'R‘"?eﬁféb%"nts@ﬁh%ﬁk ‘btsbhl‘aﬁ?él’ié’d‘ draocarbon
ntarning s nol ,

fluorine-co rfactants, etha 2- pr opanol

cha e e kbt B £08, i o5 o

20.

agent may be added to the recording conposition
according to the present invention for inhibiting
decay.or growh of nolds. Exanples of such
antiseptic-antinold agents include sodium

dehydr ogaet at e, soei s sor bat e +50di UM 3 |,
2-pyridinethiol-1-dxide, isothiazoline |conpounds,
Sodr am %éﬁiﬁ%t*é?“—s,ggrﬁﬁﬁ&wra roEdpien st H—4&nll o he
i ke An anticorrosgyve may be ded to the recording
conposition according to the present invention for
preventing corrosi Hef the rehkers to co 'rgo
contact with the cdnposition. [Exanpl es of'?ﬁéh

anti corrosive incl ifdzacidic &beites, sodium
t hi osul fate, amonil’m thi odi TWCOI at e,
di i sopropyl amoni ulinitrite, ent aerythritol

tetranitrate, dicy#f ohexylammppiumnitrite, and the
I'i ke. A pH adjuster may be added to the recording
conposition according to the present invention for

i ncreasi ng storage stability of the conposition. Any

SubBi Foeendhy (105 "vatdreb "t 'hard HagH) s i8fe gty 20ér less, and
that it can adjust pHto a certain |evel t hout

the 394"t A P eh" Wnhdfe t¥n 0 and equal to or less than 40.

R—(OCH,;CH)nH o o o (IIT)

In Formula (III), "R" represents a linear or branched hydrocarbon

chain having 6 to 14 carbon atoms; and "n" represents an integer of 5 to

20.

CHsg

H——(OCHZCHz)m—(OCHCHz)n——R « o o (IV)

In Formula (IV), "R" represents a linear or branched hydrocarbon

chain having 6 to 14 carbon atoms; and "m" and "n" independently

represent an integer of 1 to 20.

In addition to the compounds of Formulae (), (II), (III) and (IV),
19



20 WD 2004/ 091916 PCT/ JP2004/ 005062 to which it is
added. Exanpl es of the pH adjuster include
walk@ilgrod am ne, triethanol am ne and ot her am PEBJP2004/005062
['ithium hydroxide, sodium hydroxide, potassium
hydr oxi de and ot her al kali metal hydroxides; amoni um
the pyaiteng agenjsalse includedisthylengighaalsmonephenyhether,
phosphoni um hydr oxi des; |ithium carbonate, sodium
ethylertoght el maresshenyt athenatthydere glireol ahsaballydether,

carbonates; and the |like. An antifoam ng agent fray be

diefitifieshe! slyides Ih;é‘iﬁiﬂhéﬁ}lP@fﬂéi‘é idibBiyletfe glygc%dl?zﬁ{ghdﬁﬁtyl ether,

present~ i'nventionfor 1nhibiting foamn

profIBAE 181 AR oPLE QB A0GE et EhFGpheny!
ethet Rgmheallo e aryy SRt b PoTacbt alsiaser i ng
pomysi St SRS e et scapol s S50
secure reliability. Mddified stlicone antifoam ng
nordgeit surfactanss, fluoninevoditakdngsnifactahtsyethinet],2-propanol
pol yet her - nodi fi ed, al kyl -nodi fi ed,

andoeier Idwet wlashels Biewhied i dieglylene fg(ljycol monobut;yl ether is

al kyl ene-oxi de-nodified silicone” anti Foam ng agents,
prePé £the |ike, my also be used. Commercially available
Slli I'’cone antifoanm ng agents include, for exanple,

those_ by, Shin: Et syu. Cheni cal Co. td. ,(for exanple, ..
a0 AR pHCRRpm Ol ey, beladdsd torecenreing
Cornjng Toray . Silicope Co., Ltd. (for exanple,.
congposiIAaCePEding tarde pERSEIMANY i foy INMEing decay or
Uni car Co., Ltd. (for exanple, SAG30 and the I|ike),
growhiisef nyokds fixameglea ofsych antisepaic-antimbéd afpEka include
NOL series), and the |like. The anount of these
sod@ﬁiﬁé ?@m@mm&t@, dedemasisigshteo sbdkuim2-poratindthioclel-oxide,
as
isothiazoline compounds, sodium benzoate, sodium pentachlorophenol,
and the like
An anticorrosive may be added to the recording composition
according to the present invention for preventing corrosion of the
members to come into contact with the composition. Examples of the
anticorrosive include acidic sulfites, sodium thiosulfate, ammonium
thiodiglycolate, diisopropylammonium nitrite, pentaerythritol
tetranitrate, dicyclohexylammonium nitrite, and the like.
A pH adjuster may be added to the recording composition
according to the present invention for increasing storage stability of the

composition. Any substance may be used as the pH adjuster provided

that it can adjust pH to a certain level without adversely affecting the ink
20



WO 2004/ 091916 PCT/JP2004/ 005062 is effective, but in
general, it is desirably in a range of from 0. 001 % by
waowrioght19t® 3 % by weight, and preferably in a Peng00f005062
fromO.005 % by weight to 0.5% by weight. The details

of the present invention will be described _bel ow with
to whidh grisedded Bxaspleswef the pH adjusteinanger st ood

that the present invention is not linmted thereto.

dietha@olansiimdriethaxalphtinefard o thenfarpined;ilathioin drydroxide,

I mage form ng appar atus according to the present

t
sodi@ﬁ?ﬁyggb I(ﬁé éart % ﬁlﬁﬁlrcﬁaﬁl%”aﬁ&‘bﬂh%&' kbl @letal

conpr ges 2 ‘each separately containing

hydﬁé%ﬂ%g?%ﬁﬁmﬁﬁ@ hYR Ry éilafi?%ﬁ&ﬁ” pRAPabERR iy droxides,

head k is supplied,fro h LNk cartri

quaéﬁmatra@P s hﬁn hgdrowtdes dithiges carl Hhahalfsodivin
recording head 3; a carrier roller_ 8 which carries

carbenatelipetasaian carhanaterand athesalkelanegal cagkonates; and
and 5b or nmanual feed table 6 which contain recording

the pikeer sheets; and an ejecting roller 10 which ejects
printed recording paper sheets to catch tray 9. Wen

| TBgG, ﬁﬁ?ﬁo&hﬁﬁ%‘a@@ﬁ? mEPBY B8 JRIPLS Che2ebbi i cfposition

sheet of recordi™mg-paper,”“the carriage 4 scans

acc§fAERS cHe Pqﬁ-ﬁéﬁ? hﬁn{@%ﬁﬁf@ﬁ RIS R o

comRgSgint AmPEE e B EoaTH AR A SRRt @E&%& Ahtioanig agents
recqord_characters and |rrages The recordi ng head V\,hl ch

are prefernhlyassed Gangpplyatyipesof shicone @gﬁrﬁ%ammgtagﬂnts

wi || be described next with reference to FIGS.
inclialeod; conpoanid setf-endelsifyiog, il enmelgions €lunsidering the

i nvention i s not limted thereto. 22 WD 2004/091916
useffTdd BERRAIDRIGA UM, a self-emulsifying or emulsion silicone
antifoaming agent is desirable to secure reliability. Modified silicone
antifoaming agents, such as amino-modified, methacryl-modified,
polyether-modified, alkyl-modified, higher-fatty-acid-ester-modified,

- alkylene-oxide-modified silicone antifoaming agents, or the like, may
also be used.

Commercially available silicone antifoaming agents include, for
example, those by Shin-Etsu Chemical Co., Ltd. (for example, KS508,
KS531, KM72, KM85, and the like), those by Dow Corning Toray Silicone
Co., Ltd. (for example, Q2-3183A, SH5510, and the like), those by Nippon
Unicar Co., Ltd. (for example, SAG30 and the like), those by Asahi
Denka Co., Ltd. (for example, ADEKA NOL series), and the like. The

amount of these antifoaming agents to be added to ink may be as little as
21



FIGS. 6A, 6B, 6C, and 6D are views for illustrating an
exanple of a bubble jet (registered trademark in

wqQ apandidnecor di ng head, in which FIG 6A i s aPCT/JP2004/005062
perspective view of the head, FIG 6B is a perspective

. ew of .a ,top subsirate _constituting the head, FIG

18 eé@q%s"ea byat gbg@nﬁ%t ut sndesirakby mcapr@nggtqfafg:@m €001 % by
fromthe | ower side, and FIG_ 6D is a perspective view

weighttnéds bygweight rand preferatlyeirra @angetof fiemingd 908 by
the top substrate, 42 +the heating substrate, 43 a

wer GJIOI’fg%d@}ww@@ii iton inlet, 44 discharge orifices,

fl ow paths, 46 a space for formng a |iquid

A s AR GOl i
e S R T IR YA

. to, formfl t 45 or a liquid chanber 46 so as to
lnvﬁﬁﬁ'@ﬁ'hbiﬂpgﬁ e&iﬂ‘%@@@trate 41, but the nost

preferabl e manufacturing nethod is plastic nolding.
Al t Kbty sihows ar exemepleof thetdonfiguratonhayi aniingage forming
make a nold, since mass production is possible after

appdratus rmnofrdm% torthecpsdsepgrinveinti GRNABShdWHEEFICEY an
low. FIGS. 7Ato 7G are schematic views illustrating

B 1 : | . 3 r i | i . .
iR pPIARS P oot ol At T BaEA At S gpigining
Nk . I .St A te. kR which ink .
cyabimbgench i SR RIS XA AYend 3 HALEL Hturality of
bal anced ,at, di schatge.ori fjice,pl ane. _.Fl 7B shows a

nozZfd R Wik DRAIRE Lidach S ksrtpplied Homn@ach pk
surface tenperature of the heating el ement 49 rises

Carig}égg % aeatiagn 4 heldiognthe inylecastridges Boahd, thenrecording
smal | bubbles 51 are forned. FIG 7C shows a state in

headhd;ch canenaaliend eilbvhrtart feapecddingheaper sheets from
adj acent ink layer, which boils instantaneously and

sheppaiing a8 SELBRIIP AR5 ko Ly
recd¥ditg'piper sheets; and an ejecting roller 10 which ejects printed
recording paper sheets to catch tray 9. When image data from a host
machine are to be printed on a sheet of recording paper, the carriage 4
scans along carriage guide rollers 11 and the recording head 3 discharges
ink from its nozzles according to the image data onto the recording
paper sheet carried by the carrier roller 8 to a printing section 7, so as to
record characters and images.

The recording head which may be used in an apparatus of the
present invention will be described next with reference to FIGS.

However, it is to be understood that the present invention is not limited

thereto.
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i nside the discharge orifice rises with respect to the

anount of growth of the bubble, causing the | oss of
whadoang®iem t h the external pressure at the di BCTawrge/005062

orifice plane and the growth of ink pillar 50" at the

discharge orifice. FIG 7D illustrates a state in

whi EHGBhe Ay bl @Cs andheDyarswiiewsifos illwstratingsiny example of a

and a volune of ink equivalent to that of the bubble

bublie jeuflegisteredf raterharldin Japagy recofdieg Wad, inswhich FIG.

tlne no electricity is running through the heatlng

6A B &R 5pedtivndid & fStHd REEd! FIBeBH 144 Eﬁve view of a
ing ma

elenent 49 is ecllnln e va ue of

top %E@s?%# i Sedtechid Eiﬁ%éﬁa%"%%@gbgﬁﬁb% Fielof the

top SAkErd B B R 3hanea R Al Rl Bl view
the ink pillar 50° maintains its velocity at which it

of arheatingsuhsinate. do these Wévss 41 designntesthedon swabstrate, 42
rear end the ink flows backward fromthe di scharge

the breiatirge spbstetep48 kereqmidiagdimmtpoditiordiidet 44 déscharge
internal pressure in the discharge orifice caused by

orlﬂééfs ﬂBfﬂ@%ﬁ?ﬁtﬁé 469 zﬁ%@ﬁ)r fdieh afH WA Thambeeka7

0"’in the kplllar 50'. FIG 7F a state in
mdi’m Qghg:(ﬁ‘ﬁd?ﬁ%ph ag:["eoﬁ(;ﬁ{g Efesch Iﬁﬁggglacgﬁﬁn%& electrode,
andG i S 'S 1 e RS iy e e may

hi gher than the i nt ernal pres of the i sch rge
be w59d paca glass sulshiaie wia metal sd@@f@ tonEowra flaw paths 45 or
di scharge orifice. The front end of the ink pillar is

a liquoid ahenopérd65n astio ahahiifestuieviialtap subsiratiendl, but the
paper sheet at a speed of 1 mis to 30 mls. 24 WO

moSOPARIABIS &l (1 #4200 8 4R B0 & i lﬁ%&%Mdiﬂ‘ﬂgt A3ghough this

the ink refills the distharge ori |ce by capitlary

is sﬁlgiséﬁﬂatt COBBIYA thE Helpinfifg othale® mibld ! SARYRRSE

production is possible after that, manufacturing cost per unit can be
reduced very low.

FIGS. 7A to 7G are schematic views illustrating the principle of
ink-droplet discharging with a bubble jet (registered trademark in Japan)
method of ink-jet. FIG. 7A shows a steady state, in which ink 50, surface
tension, and external pressure are balanced at discharge orifice plane.
FIG. 7B shows a state in which the heating element 49 is heated, the
surface temperature of the heating element 49 rises sharply until an
adjacent layer of ink boils, and small bubbles 51 are formed. |

FIG. 7C shows a state in which the heating element 49 quickly

heats the adjacent ink layer, which boils instantaneously and forms a
23



di sappeared completely. FIGS. 8A and 8B show a head,
which is different fromthe head of FIGS. 6A, 6B, 6C
warpw4BD91havi ng a nozzle plate 60 at the frontPEN#P2064/005062
flow paths. FIG 8A shows the head before nmounting the
hozzle plate 60, and FIG 8B the head after nounting.
boilimgdayer,card thedubble §1hws gropimtat thistine, thesprgssure
perforating a resin (plastic) filmwth, for exanple,
insidedhredischaepetarifioe miswzatiths rédpeot torthd amdhotofspadwth of

as etching, “electroform ng, or punching a netal.

the Baspie! caﬁéei?lﬁ'gﬁ@ 16 of PAVAHCOSvithHRE@%rnal pressure at the

appropri at ccording to its hardness as descri

s oA hn 8B SRR AIE PRSI PHE 5 hibraree

..head, which enploys heat, has been descri bed.
orififSaever, the present invention is not limted to this
met hod only, and is applicable to al]l ink jet ]
r ecBHdi ¥ Hhustsates &statesin svhich the bublile §lhas gaopya to its
of an ink jet head according to the present

maxinvent isie, aied shwelumidef hdeeqrivatetitng that ofthe badble is

i nvention has, on a conmon heating el enent substrate

H o H r 1 - . .
pusli) e o il donsi, A egtaraies el eleaiy is

runtFhE e FIPBPhBSL o AR 97 Bl e g Ao nfRrpture of

the bablie efiebdricl 2t TR0 ERimily Lo Bl otume

of the %&‘1‘»&%@’@”2& ?gaélgéjqu 8 'rgf{ti/}\f/ gitoe{rottlgigpt icglhigqg{ é% 3életecq‘,l(?ic pulse.
preferably used. FIG 10 is a view show ng the

r ecBI@i W steewrsaf stdlte. indwitiohi thedbubblebl A6 G4a0leng 16 shrink
PCT/ JP2004/ 005062 with an ink tank 80 which supplies

o i LoeTRaSHeR PG SesRCR e nfopl
mai?ﬁeiérﬁ%tjg ﬁ}el()@&?ir S AhilRAY 1R Pidied Battd Hibves
forward, and at the rear end the ink flows backward from the discharge
orifice plane to the inside due to the decrease of internal pressure in the
discharge orifice caused by the shrinkage of the bubble, thereby forming
a neck 50" in the ink pillar 50'.

FIG. 7F shows a state in which the bubble further shrinks, ink 50
comes to contact with the surface of the heating element 49, and the
surface is further quickly cooled. At the discharge orifice plane, the
external pressure is higher than the internal pressure of the discharge
orifice, causing meniscus to form deep inside the discharge orifice. The

front end of the ink pillar is now a droplet 52, which flies toward a

recording paper sheet at a speed of 1 m/s to 30 m/s.
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conprising a recording head and an i nk tank, and
therefore differs from those in reality (described
whedem)191d-l G 11 is a view show ng a confi gur apCDIP2064/@5062
so-called serial printer which is equipped with an
Ink_j et head according to the present _invention on a
car PJlég éG ﬁlqlpé‘fﬂi that astbednkgeefills thesdisahawge orifice by
designates the ink jet head according to the present
capillagnaction &lreturecto the gtatepef FIGhEe,, the?babble hiagge,
93 guide rods of the carriage, 94 a screw rod for

dis eated ROra [éw_e, 95 a recording paper sheet
agg\?ryi ng roIPer, and 96 a recording paper sheet

heab 65 P LSBT R, bR R e R R Had o
. : A
FIGR 6Py 4t Bl B Qi idig 2 mowlfanlath 60 bkt end of
per 91 is carried) jn_a single row noves back and

a
ﬂOV?’d?&ﬁhSi- w1Eh & Aisheaws shesheasl befare srounsing tae aiazgle plate 60,
C{glz%per 91 as it perforns recording. According to the
an

HseBB thevheadafter mrountionglilngthispaseisdsos thisireozzle plate
the direction of arrow Y for each single scanning of

may e neadé %ﬁexﬁaﬁﬁgé Gesir @gfk[sﬁt)tﬁ‘lﬁ‘h WitH, #6@ r@@@ﬂgle,

W th one ning is determned by the length of t

. : .
excingt s SHeTR6-2les O Q°Aiih 2GRS SIEH ficfthing,
rkically in_a i.ngle ro or_no scapni.
elecffblariiing o phmdiit fanarl Howayeatie SafRA fhould be
and. C inks, .is required for full-cplor recording.. The
selegiied @pjeeepriptelyaceordingdie 4a 55 af denexibed below.
colors, vyellow, magenta, and cyan, but according to
t heTheegeneralmamiigonation asd Rénwplzoofos bedtble jet
PCT/ JP2004/ 005062 al so applicable to an ink jet with
(redistérecotradermbrk iiﬁqh?x’agﬁ Ifétbi“dillgg o, WhiER@hbi6¥s heat, has

(B) as the additional color. FI 12 shows such™an
e e PO P S R Ao s
method only, and is applicable to all ink jet recording methods.

FIG. 9 is a view showing an example of an ink jet head according
to the present invention. As shown, the head according to the present
invention has, on a common heating element substrate 70, a plurality of
color-ink discharging elements 71Y, 71M, 71C. In this example, three
color inks, yellow (Y), magenta (M), and cyan (C), are shown as the
plurality of color inks. It should be noted that in this and the following
examples, ink discharging elements and discharge orifices for each color
are explained using four or five of them to simplify the FIGS. However,
in reality 64 to 512 of them are preferably used.

F1G. 10 is a view showing the recording head of FIG. 9 provided
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FIG 13 is another exanple having four colors of
di scharge orifice rows. In the exanple shown in FIGS.
W@G@200t090h there is provided an independent iPKI/§12004/005062
path for each color, but in the exanple in this
figure, flow paths for four colors are nol ded )
withrare gakitank 80 avhicks supples. yeltowo ugagemits, antdscyan inks
assenbly cost can be reduced significantly. In this

sephtdiely. Itshdold beohotetl dhat thisdG 02a acyarepfidhl figure
magenta 106, and yellow 108. In a typical color ink

Shoyfng AN 4 REURGRE B ORAPCHP Mgt hveition

i nl.C: .al : .
corpBkging Rk SR#Elgl 158ad 07 prSfu BN S iEgES differs from

111C, 111M, .and .111Y. desi gnate recordi ng heads for
tho%?§@ﬁ§?§%ﬁédﬁﬁ F%%PQ ﬁ”ﬂagenta, and yel | ow col or

inks, respectively. An arrow 114 desjgnates the )

di r BIG. dd isfa viewi shewingeneanfigmatienofm sowalled serial

is to secure reliability through providing for exanple
printersathick is egpiipgtedwdghianginleqet keadpiceording tohthe present

configuration is such that the four heads

invéA#Bnléhta ééﬂi%iglégé aﬁ%{éﬂférﬁ@?@céfdli I W FIGa1$090'dédibnates

are independen gned on the rriage 110 as

the E@%ﬁgt 13%95: %C&Qii | to ﬁjéé’ ?%E?%}Qﬁ?\gérﬁﬁgﬁ N &‘Ec{)f'cfing paper

possi ori‘gi na

S by si npl epl aci ng that one head. )t include
shefh 3% achriiaBe 03 SRS rAtarne Siiagsy Umidiere e for
used as the, heatjng substrate |ike the exanpl es of
moyingthejcarriageyi% aregording papeat sheefgarmyirgsmlarnand 96 a
FIGS. 9 to 13, but also heads filled with 27 WO
recanbitic)pags SPeBtirddtingoadla? Asis kposvndiotte aft, ithe
as shown in FIGS. 15A and 15B, in which 111B, 111C,

recdddiMg hedd190 Yiratige ie&hﬁﬂfe)w Shota thad Bead! shéWhsin FIG. 10 is
e, a zle p d f

exa conmon noz late 113 is provide or

mol§ 2 BB, Mg 0 e ferd L g e rection
wh}nﬂ?}z ﬁl’l% rglﬂ&t_ mlg;L f’)aipsér@lr {socr:e‘i’ll;r‘féjd) fiv %esq%lg?g 1oV $n8Pel Btk and
forth in the direction X in front of the recording paper 91 as it performs
recording. According to the present invention, the recording paper is
carried in the direction of arrow Y for each single scanning of the
carriage. Therefore, the area that is recorded with one scanning is
determined by the length of the discharge elements of the head, namely
the row of discharge orifices. Since Y, M, and C are aligned vertically in a
single row, two or more scanning, which allows overlapping of printed
areas of Y, M, and C inks, is required for full-color recording.

The above description has shown an example of three colors,

yellow, magenta, and cyan, but according to the present invention, it is
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preci sion, dot |ocational precision for multiple
colors wll be high and nmanufacturing costs reduced.
W@ Banoeiddge) The present invention may be pr oRCTHERROGH005062
a cartridge containing a recording conposition with
the properties described above. An exanple of such
alsq:appﬁlcagvée ite aghitva jetwitlegoua cobarsof dischargel geifte rows
contains in a cartridge chassis a |iquid absorber 22

havingiack (8)reacibreladditionap eoldr. &G s12bhovbe duchhen example,
cartridge chassis is fornmed of a case having on its

in WRRH afReM ﬂﬂsc@ngag*gf@ dlerhent ?ZB@??I%}(% (fl’%@&dco the example

thereto, and or exanp sin.

i.qu rber 22 is a porous material such as a
sholy 45, 859 :

foam which is conpressed and inserted into

t he rtri.dge chassis, and.then is nade to orb the ..
ool g S EARE AmPIE hatitg Buth Ol Rlaitehasge orifice
top nmenber 23, and an air _opening 25 is formed near
TOWSh indchm exanmple sbownria EIG%O pén ?@, oDstheredspravidachan

a strip sealing nenber 29. The sealing nenber 29 is
indepdndehtdnkefienw plath\for dadh colos, bt ifi theeexaaiple irothis

alr) such as an alum num sheet or a polyner sheet

figunel RldwWpatts R fRAEGICTS -ar® Mﬂéﬂ%ht%%&rlﬂg 91?'1 ! @Plhstic 100.

appliedon the side of this sealing ne
T 5 A AREERESy b NLES HRAE LR 858 i,
the faBReRoR v Hlach 403 eyapclif RaBenredadiani! yellyfaos.

(bl 6imgal el hrecpediig apataiis) Foshimsording head
lil<e£ééhgt%$m%811?i&eﬁége glAr t(B%ll} gfﬁﬁ%wéﬁi&éhﬁ; Qii{,?airrld

the recording conmposition will be supplied to the
seveérABUiubd) eadnaiBohs the cblordased, Riendigned on a carriage 110.
Here, 111B, 111C, 111M, and 111Y designate recording heads for
discharging black, cyan, magenta, and yellow color inks, respectively.
An arrow 114 designates the direction of carriage movement. One reason
for this is to secure reliability through providing for example a measure
against clogging. For example, when the configuration is such that the
four heads 111B, 111C, 111M, and 111Y each filled with a color ink are
independently aligned on the carriage 110 as shown in FIG. 10, if
clogging occurs on one of the heads, it is possible to restore to the
original state by simply replacing that one head.

It includes not only the examples in which a common substrate is

used as the heating substrate like the examples of bubble jet (registered

trademark in Japan) shown in FIGS. 9 to 13, but also heads filled with
27



At the bottom of the case of the cartridge chassis, a
l[iquid supplying orifice 24 is formed to supply the
WO e@anhiong conposition to the recordi ng head. P@yJP2004/005062
inserting a protrusion for preventing liquid | eakage,
which is forned in cap nmenber 27, into the liquid
mulliple ¢elegs@fiinkcas shown in ElGSs 45 A andol 9B civenthich 1118,
liquid | eakage during transportation of the
111€adddMgandAt bl carienimtegeally laupipiatedgInrthis eraddplem
el astic seal ring such as rubber is nounted for
con®eRIn ABZAe gla&uws 38 ?ﬁbﬂ jdedofort fr%ﬁt%c?sﬁ!ﬂ%ZBbﬂZC, 112M,
I'i qui d-1 eakage- preventing protrusion when they are
. o ; - '
112000 b e shd WA TS 10K, BN 4%, st ¥R gommon
cart ki hassi cartridae-posifionj.n ot kon, is
nozgff et 5 i Perkarteds Soartiiiagh aast HotHpRR by Hah
carriage, the cartridge chassis is fixed at a )
pregistemp: dofilaeatiopad presisiondogenadtiple solars willdee bogh and
fromthe carriage for replacenent, a finger is
manuftueihg coskereduteddge detachnent recess 31, and
the finger is placed on a cartridge detachnment finger
(Chfﬁgg'é)ng portion 30a on a side of a cartridge
det achhent protrusion 30 to pull it off. Since the

i f ' . rdl . .« s
| v Shel oFeBaRft iFREREI0AF T POVIAL BT FAEHidge Gontaining
inkgs. it may al so be .ysed suitably for a..precess using
a reciiding omposidon withefie propgriies deschibedebrsesiah
PCT/ JP2004/ 005062 ener gy, hape t her mal_- head i mage
examﬁfﬂ @ésgﬁfw@ggr,lé@ﬂ iR o F1GS. deandid lﬂaﬁ"étﬂg-@e&?-o
di scharge bendi ng due to such deposition. (Recorded
contaitnsen) a Thetridgerdabsinatliquic adsdebeb P2t teewihiikhj erecording
recordi ng apparatus and by the ink jet recording

conppesitim & abEIHEd! Thichealr kRN EhasYi8Ns fefniel of a case having
recorded matter according to the present invention.

on 1?%??%%1%%%%%% ’(cg{) éﬁ%ﬁ‘%‘g% 29 cﬁcﬁé% Bt S¥élded thereto, and
may for example be a molded resin. The liquid absorber 22 is a porous
material such as a urethane foam which is compressed and inserted into
the cartridge chassis, and then is made to absorb the recording
composition.

A recess 26 is formed on the top member 23, and an air opening
25 is formed near the center thereof. The air opening 25 is sealed with a
strip sealing member 29. The sealing member 29 is made of a material
which blocks air (impermeable to air) such as an aluminum sheet or a
polymer sheet with low air permeability. A material for welding is

applied on the side of this sealing member 29 which adheres to the case,

and it adheres around the recess 26 through heat sealing. The recess 26 is
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the recording ink according to the present invention
on a recording material. The recording material is
woea4lo9r9id ed and may suitably be sel ected accPe™irego4/@35062
t he purpose, and exanples of the recording nmateri al
i ncl ude plain paper, glossy paper, special paper .
formed: fior providingsa meem tprpiesantdhe @uRypening 2Sdnom heing
i ke. These may be used alone or in conbination of

clo%gmi by the adhékéve esatettal. Whicer using shie cabtridpe, tsedealing

or various purposes as a material on which avivid

meyFRE fs pEERIBH RFHIIRAy TRe AR Zlbpetnfh BIRBY opening

uctuati on. Exanpl es

to aff, FAERNie PRifEe O Mol st i 8, BRE ,RERR AR ot e
rocd A A e 55 St ooty

Exanpl e 1 of Yellow Recording Conposition Preparation
durmg@mtmgaf yel | ow recordi ng conposition was
prepared by m xing the foll ow ng conponents and
fi | Adrthedbottonmiofttivecc® Jt120041 odge&hassis, a liquid
PCT/ JP2004/ 005062 t hrough a 0.8-pm Tefl on (regi stered
plutigr +oRi ;
sup&ié?gﬁg@riif}cé phtigforfned ’7co ?%@7[ th\@féé&f%ﬁﬁl@oﬁ?@(gédgl%n to the

3- But anedi ol wei ght cero .
AR T 04 ' .f ae
recqbiHR 8P, BY ek e erstdaiBh I Beyehfritiniiy Fhakage,
which% 838 inSc%OI“) iy Ahtothe 19('1121(1)/31 %pmﬁﬁﬂtg orifice 24, it

is possible to prevent liquid leakage during transportation of the

cartridge. Around the liquid supplying orifice 24, an elastic seal ring
such as rubber is mounted for sealing the liquid supplying orifice 24 and
the liquid-leakage-preventing protrusion when they are joined together.
When using the cartridge, the cap member 27 is removed.

On the side of the case of the cartridge chassis, a
cartridge-positioning portion is formed so that when the cartridge 20 is
mounted on a carriage, the cartridge chassis is fixed at a predetermined
position. To detach the cartridge 20 from the carriage for replacement, a
finger is inserted in the cartridge detachment recess 31, and the finger is
placed on a cartridge detachment finger receiving portion 30a on a side
of a cartridge detachment protrusion 30 to pull it off.

Since the image forming process according to the present
invention inhibits deposition of the colorant in the ink, it may also be

used suitably for a process using ink-spraying means based on thermal
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Sodi um t hi osul fate 0.2% by wei ght |on-exchanged wat er
bal ance The above conposition was adjusted to pH 10.5
wowdoh/ogri@queous Li OH sol ution before use. ThECHYE0GH®5062
di aneter of the pignent contained in the Preparation
Exanpl e 1 of vyell ow conposition was 95.0 ran, .
energppbamely thermahbead iagetfosmistg paoressdvhdchdas been
conposition are shown in Table 1. (2) Preparation
likegi dopueffer ok Mibtlardebendiing dneposiudlodepdsitionat i on
anple 2 of yellow recordi ng conposition was

(Re@ép@@dqﬁalgbér ul veri zing and m xing 100 g of
Preparati on anple 1 of vyellow recording conposition

2 e b tegt BSRREra R Lo ) ks fipBBhratus
and) 5 iU R PERPTO5o SRAPIAE ko ABRTRGGAY invention is
Exanpl e 3 of Yell ow Recording Conpositigon 31 WO
a regopdedarmtterayaringdotso preseapireentonelderecardgd

yel |l ow recordi ng conposition was prepared by
matbet eecording 4o dheipiesgnt GAvendiorPeepapsises mrEkmageefcrmed by
of yellow recording conposition and 100 g of zirconia

the Eé@@fdﬂdﬁ] tnk %@bi‘dﬁlog td theRSfesdntdniRintidh lon A%ecdiding

ours. e average aneter of the pignent contained

in:tihe Preparation Exanple 3 of yell ow conmposition was
ma’ﬂfg?%l. nm (4) Preparation Exanple 4 of Yellow

e ARl LS SR, e e

accordisiita ghednieete, G bruaTpie o the roonrding agateriak
rotation in a pot of a ball mll for 36 hours. The

inclavte pleirdpaper eglasisyt paper gpedial paper, cloth, film, overhead
projection (OHP) sheet, and the like. These may be used alone or in
combination of two or more.

The recorded matter may suitably be used for various purposes as
a material on which a vivid image is recorded having no white streak
and image density fluctuation.
Examples

Hereinafter, the present invention will be described specifically by
way of Examples, but it should be understood that the present invention
is not limited thereto.
1. Preparation of Recording Compositions
(1) Preparation Example 1 of Yellow Recording Composition

Preparation Example 1 of yellow recording composition was

prepared by mixing the following components and filtering the mixture
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contained in the Preparation Exanple 4 of yellow
conposition was 27.0 nm (5) Preparation Exanples 5

wa 2008/02916'el | ow Recordi ng Conposition Prepar apCDaR2004/005062
Exanples 5 to 8 of yell ow recording conposition were

prepared_ in the same manner as Preparation Exanple 1
thr@uggba %t-%:.um Tﬁﬂomq&ﬂglgte@edﬂaﬁgm@mb)@&ﬁ%l and
gl ycerol in Preparation Exanple 1 of yellow recording

conposition were changed to the anmbunts as shown in
Table 1. The average di aneters of the pignent

C. E@ibaheat YidlldWwege recording conpositions vgygoa :
nm g( 6) Preparation Exanple 9 of Yellow Recm?égby &%lght

S i9n Preparation Exanple 9 of yellow I.N0g.
1’3§%&n%g§4ﬁogn was prepared in the sanme manner é%%%?&%lght

Glygjlrre%grrati on Exanple 1 except that the surfa tg‘%tb}(flvzleight

eparation Exanple 1 of yellow recordi ng#4:
L was not added. The average di aneter of ]
Dlﬁlﬁﬁﬁﬁ@ieﬁbeom ained in the 32 WO 2004/ 0919160% by weight
PCT/ JP2004/ 005062 recordi ng conposition was 65 nm
(7) (Psapfactanir(IEavailabla firai XEDF@oRpooation
Conposition Preparation Exanple 10 of yell ow

}Pyemhdbm conposition was prepared in the sqqge%nggrwéight
as Preparation Exanple 1 except that the surfactant

i | Exanple 1 of yellow recor gy .
Soé:lgkn%giellﬁggéé%fsa‘%?epl aced with OLEFIN STG su@f%%’t%%twelght

. [ e fromN ssin Chemnmical Industr .
SOCE@)&‘?%{%%@\% age di aneter of the pignent Qyo%%gbjﬁé’gelght

in the regording conposition was 65 nm (8)
IOHF’?%%S?@MEX le 1 of Cyan Recording Conpositionbalance

Preparation Exanple 1 of cyan recordi ng conposition

was prepared by m xing the foll ow ng conponents and
filtering the m xture through a 0.8-pm Tefl on

(r eJllss abedetdmtgrosikbrf Waseidjusted to pH 10.5 with an aqueous
LiOH solution before use. The average diameter of the pigment
contained in the Preparation Example 1 of yellow composition was 95.0
nin. Properties and other information of each recording composition are
shown in Table 1.

(2) Preparation Example 2 of Yellow Recording Composition

Preparation Example 2 of yellow recording composition was
prepared by pulverizing and mixing 100 g of Preparation Example 1 of
yellow recording composition and 100 g of zirconia beads with rotation
in a pot of a ball mill for 3 hours. The average diameter of the pigment
contained in the Preparation Example 2 of yellow composition was 65.0
nm.

(3) Preparation Example 3 of Yellow Recording Composition
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C. I. Pigment Blue 15:3 10.0% by wei ght _

1, 3-But anedi ol 7.5% by weight dycerol 2.5% by wei ght
wWORERERNGL TOC 1. 0% by wei ght (a surfactant (PQT/JP2004/005062

ava| | abl e from I\I(J: Cor porati on) 2-Pyrrolidone 2.0 % by

ehyd t at 2% by wei ght  Sadi um
t hi g&ﬁﬂaﬁg‘ E%Piﬁe? Qeft}’elf%w ; Qgc%m?tms:'hfél xgvas
b tion was adjuste op
PrepRrRddhy Riilseutring ardoatiningA08c of Prepmration Bxanagke 1 of
di aneter of the pignent 33 WO 2004/ 091916
yelleov/repooding @ positivai ared 100 ¢ bf Arepaiabeds @ﬁ@f&ahon

1 of cyan conposition was 86.0 nm Properties and

in sopbeof TbalBdIgor oty H%?Zzé?%?f%ﬁ&%%°afﬁﬁ%‘éffﬁy@%§ pigment.
or..cya
conBE A SRR A AP, ool e s

m xi ng 100 g of Preparation Exanple 1 of cyan
recordi ng conposition and 100 g of zirconia beads with

t of ball mll for 3 hours. The
@) Bipatation drwiplord of Y qllapeRecorting Gemposition

Pre arat| on Exanple 2 of cyan conposition was 63.0

nm PreparatiepdixangleEk afylel ByafecOydin BeeahPorition was
Conposi tion Preparation anpl e 3 of cyan recordi ng

pregarenbfbyt pulvesisin rmrrﬁ&mg fPr@ﬁa?é‘Ho? Ekgﬁhple 1 of

00 g of " Preparat on Exanp cyan recor

yelRREEo AR EOpA08 e 19D B SRR B AR Rttion

in a5t 885 BUIRIRIPFof 56 hours. The average diameter of the pigment

contained in the Preparation Example 4 of yellow composition was 27.0
nm.
(5) Preparation Examples 5 to 8 of Yellow Recording Composition
Preparation Examples 5 to 8 of yellow recording composition
were prepared in the same manner as Preparation Example 1 except that
the amounts of 1,3-butanediol and glycerol in Preparation Example 1 of
yellow recording composition were changed to the amounts as shown in
Table 1. The average diameters of the pigment contained in these
recording compositions were all 65 nm.
(6) Preparation Example 9 of Yellow Recording Composition
Preparation Example 9 of yellow recording composition was
prepared in the same manner as Preparation Example 1 except that the
surfactant (I) of Preparation Example 1 of yellow recording composition

was not added. The average diameter of the pigment contained in the
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pi gnment contained in the Preparation Exanple 3 of cyan

conposition was 43.0 nm (11) Preparation Exanple 4
w@boo@perriRRecor di ng Conposition Preparation EXBOpir064/005062

of cyan recordi ng conposition was prepared by

pul verizing and m xi ng_100 g of Preparation Exanple 1
recording gampesitimyvaspd¥iti on and 100 g of zirconia

beads with rotation in a glass pot of a ball mlIl for
(7) Bseparaison Treamydeddrof NaeikbereéordhEAg Rigmpusition

contained in the Preparation Exanple of cyan

Confarne ( MG
ConpeE o mort Bt 28 IOl SRR S e g

preﬁgédgﬁqﬁlﬁd Q%%Gﬁ'}e{orﬁ?&aégtﬁr%g)@gég%g{dﬁlﬁﬁﬁmfé § ezéce‘f%acﬂat the

ecordrng conmpositiron were e Sa

ne S epar at i.on ampl.e xcept that the o
surlgitant et FRESRTAUMEFRATG Tl yeTbiwitschrdgiag sorprosition
Exanpl e 1 of cyan_recording conposition were changed
wag belgf?@e&imuﬁh 5@%%%\7 G surfagtant (I1) (pvailadlefsom Nissin
di aneters of the pignent contained in these recording

ChemipalsirtdusisyEog [atd.).6Bheraverage drapater obth&pigphent
9 of Cyan Recordi ng Conposition Preparation Exanple 9

con®irtadin the aedbidirte® ToRapbsiiomasas@ERAi.ed in the
sanme manner as Preparation Exanple 1 except that the

(8) PYEBAEAABh 1ldn i P A KL HRHREChpBbolifth
o R B b EBRTEIt 12 B oo T eae
prepyand Lening EonpalovioR ol gk sa EHB B mixture
manner as Preparation Exanple 1 except that the
threughas Oyl )?efd)@nF(reghatarécd) rtrﬁam:ﬁr&) fildér.cyan

recordi ng conposition

C. L. Pigment Blue 15:3 10.0% by weight
1,3-Butanediol 7.5% by weight
Glycerol 2.5% by weight
DISPERNOL TOC 1.0% by weight
(a surfactant (I) available from NOF Corporation)
2-Pyrrolidone 2.0% by weight
Sodium dehydroacetate 0.2% by weight
Sodium thiosulfate 0.2% by weight
Ion-exchanged water balance

The above composition was adjusted to pH 10.5 with an aqueous

LiOH solution before use. The average diameter of the pigment
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was replaced with OLEFIN STG surfactant (I11)
(available from N ssin Chem cal Industry Co., Ltd.).
wab@sayei@age di aneter of the pigment contai neRCT/iP206u005062
recordi ng conposition was 63 nm (15) Preparation
Exanp] e 1 of Magenta Recording Con'p03|t| on
contaigiest i the Rrepasation branmpknl ofrawn epmyposithesiwas$6.0 nm.
was prepared by mixing the foll owi ng conmponents and
Pro%’etties iamgl btkerrinformatiolr ofighch rec8rding ebnaposition are
regi stered trademark) filter. C |. Pignent Red 122
showéh 8 Tybee ght 35 WO 2004/ 091916 PCT/ JP2004/ 005062
1,3-Butanediol 7.5 % by weight dycerol 2.5 % by

©) Ff PP R oo s U COmRIERAC" on

o B R OB T O PR Rb OB B Bl BT Vs

bal ance The above conposit.i on vvas adt)ust ed to pH 10.5
prepared &y pelvetizingiandd eidngp0d ¢ of Ereparatina Ex@ny@l@ 1 of
di aneter of the pignent contained in the Preparation

cyafxaaplre ing dompositiencongd d90t g of zieconitbe@dswith rotation in
Properties and ot her information of each recording

a p@toapa%dm eRilRfSr 8RYrd. 'TH@B‘V@I%%e (i E¥eeRsY fié Ploment
Exanpl e 2 of Magenta Recordi ng rrp03|t| on

confIFRAL 7 {8 IRRTRLR o PLaTRERDS S0 S68 LhgnBamG whg®3.0

prepare veri z
Preparation Exan'pl e 1 of magenta recording
conposi tion and 100 g of zirconia beads with rotation

(10)d]g£1@§1%t: 81;1 xﬁg?{ﬁlg %ﬂf ny%rn %e%%%&?ng@grr?ﬁlggl%%n
Preparation Example 3 of cyan recording composition was
prepared by pulverizing and mixing 100 g of Preparation Example 1 of
cyan recording composition and 100 g of zirconia beads with rotation in
a glass pot of a ball mill for 24 hours. The average diameter of the
pigment contained in the Preparation Example 3 of cyan composition
was 43.0 nm.
(11) Preparation Example 4 of Cyan Recording Composition
Preparation Example 4 of cyan recording composition was
prepared by pulverizing and mixing 100 g of Preparation Example 1 of
cyan recording composition and 100 g of zirconia beads with rotation in
a glass pot of a ball mill for 48 hours. The average diameter of the
pigment contained in the Preparation Example 4 of cyan composition
was 26.0 nm.

(12) Preparation Examples 5 to 8 of Cyan Recording Composition
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contained in the Preparation Exanple 2 of nmagenta
conposition was 69.0 nm (17) Preparation Exanple 3 of
wokgent@iRecor di ng Conposition Preparation EXBOpir0@H005062

of magenta recording conposition was prepared by
pul veri zing and m xing 100 g of Preparatjon Exanple 1
of Pregeratondbamnplgs Sotp8nfiqymn sagondimg composition were
zirconi a beads with rotation 36 WO 2004/ 091916

prepaféd PAGHE Liheadharmer g Bseppoatioh Bxamipled leixcept that the
ours. The average di aneter of the pignent contal ned

amointdef T[%tahie@lfioﬁéﬂ@pg};yc%rél i A ativw E%a&hglb 1 of cyan
was 47.0 nm (18) Prepar@ation Exanple 4 of Magent

reccﬁ%ﬁﬂ%& : J@ﬁ@?’% %c%‘%zp %géﬁgéa%i 9 F500hEs ég%fhown in Table 2.

nages a on Was ~ prepar ed

ul verizi,ng and m xi 100 f Preparati Exampl e, 1
Thepveragsieidmeclees af (aC aipsacnt FoRtained s thegs Tetording

zirconi a beads with rotation in a glass pot of a ball
COMPPSILITS wereall 3 v average di aneter of the

pi gnent contained in the Preparation Exanple 4 of
(13)nBoepam ttamibeimipde 9 oAyt Rewording)Cengpesiatoron

Exanples 5 to 8 of Magenta Recordi ng Conposition

Pr epagpatftio e bf cyadf retrieihg ¢ dHifion was
conposition were prepared’in the san®€ manfer as

(=Y st ‘
prefbER IR Tk 16 ek Baliont DS, INT 2:8bpt ot th
f ntasrecor di ng conposi ti op were changed to the.,.
suriciaF O R RIS e 1L b Rk A ition
the pig t_contained Ln these _recording conpositions
wasBp agidedgl ]ﬂ%aV(eZ@BeF‘h@fmﬁﬁﬁli ohths pignacot gpn i the
Recordi ng Conposition Preparation Exanple 9 of
recomhjerg comgrasitiorgwampdaimi on was prepared in the
same manner as Preparation Exanple 1 except that the
(14) Preparation Example 10 of Cyan Recording Composition
Preparation Example 10 of cyan recording composition was
prepared in the same manner as Preparation Example 1 except that the
surfactant (I) of Preparation Example 1 of cyan recording composition
was replaced with OLEFIN STG surfactant (II) (available from Nissin
Chemical Industry Co., Ltd.). The average diameter of the pigment
contained in the recording composition was 63 nm.
(15) Preparation Example 1 of Magenta Recording Composition
Preparation Example 1 of magenta recording composition was

prepared by mixing the following components and filtering the mixture

through a 0.8-pm Teflon (registered trademark) filter.

C. I Pigment Red 122 10.0% by weight
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surfactant (1) of Preparation Exanple 1 of magenta
recording conposition was not added. The average
waelc@awevre of the pignent contained in the recPC™ireg04/005062
conposition was 69 nm (21) Preparation Exanple 10 of
Magent a Recordi ng Conposition Preparation Exanple 10
1,3-Brutangelioh recor di ng conposition was 37 WO 7.5% by weight
2004/ 091916 PCT/ JP2004/ 005062 prepared in the sane

Glywenokr as Preparation Exanple 1 except that 2B by weight
surfactant (1) of Preparation Exanple 1 of magenta

DISPERRNNITO®NMposi tion was replaced with C]_Ef.l(j*%&‘gspweight

surfactant (11) (available from N ssin Chen cal

I nd . Vv [ ' he

o aenpitans Y14 RE RUERISRE CIRFatnh es oo

nm 2. Measurenment of Properties of Recording, .
2'P]Z%‘fﬁalb@?¥1?ons (1) Pignent Particle Diameter %Qo’ﬁbywe%ht

recordi ng conposition was diluted 200- to 1000-fold
Sodipon dehyrdenadcetated water, and a particle si@&% by weight

anal yzer (M CROTRAC UPA150, available from Ni kki so

Sod@am thiosylfates used for the measurenent. The.2%8llmeweight
for 50% average di aneter (D50) was used as the

Ionﬁéé@lméﬁmfe&* of the pigment. (2) Static Surfaceyzlance
Tensi on” An automatic surface tensioneter (CBVP-Z,

avai l able from Kyowa Interface Science Co., Ltd.) was
used at 25 C for the nmeasurenment. (3) Viscosity A

{orbrabovaaBob oA Fat adingted Io bkt 1E53vify afiaqueous
LioH sangon befowousad! Bemeragadinneimpt die pigment
contained in the Preparation Example 1 of magenta composition was
105.0 nm. Properties and other information of each recording
composition are shown in Table 3.

(16) Preparation Example 2 of Magenta Recording Composition
Preparation Example 2 of magenta recording composition was

prepared by pulverizing and mixing 100 g of Preparation Example 1 of

magenta recording composition and 100 g of zirconia beads with rotation

in a pot of a ball mill for 6 hours. The average diameter of the pigment

contained in the Preparation Example 2 of magenta composition was

69.0 nm.

(17) Preparation Example 3 of Magenta Recording Composition
Preparation Example 3 of magenta recording composition was

prepared by pulverizing and mixing 100 g of Preparation Example 1 of

magenta recording composition and 100 g of zirconia beads with rotation
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(1) Printing Processes (1.1) Exanples 1 to 9 and
Conparative Exanple 1 Preparation Exanples 1 to 10 for
weamh/opfiegel | ow, cyan, and nagenta recordi ng PCT/JP2004/005062
conpositions as prepared by the nethods described 38

. WD 2004/ 091916 PCT/ JP2004/ 005062 in Preparation of
in argless poigolcarhedt milbfer ¥ houts. e averagedinmeter of the

conposition cartridges, and these cartridges were

pigaidractenitdinetie thaPeephoationdE let319f shagenita coin®position
3. The imge form ng apparatus of FIG 3 is equi pped
wadsMty o Anthermal ink jet head. The thermal ink jet head
has 150 nozzles with discharge orifice diameter of 30

(18)5tond B B A0 of MIFERREPREEHISE OO S
o BPF RN RSeiEIEl bREnAgFStS et b dohiediion was
resistance _is 110 Q For each recording conposition
prepared hy peduegiedngtand mnixingyl 0B geobPrepatation Example 1 of
voltage is adjusted while using this recording head so

magdéata rebadiaggeongpasition aad 100 gadf zirconis deids wittedotation
val ue. Table 4 shows the discharge velocity -for each

in a @gﬁg ci«'i/agofarMF hhilPfor ‘ﬁzlﬂ&hﬂ%ﬂqﬁeaveiag@ HEMERr S Sthe

r
c el l ow, and magenta, were consecuttvely printed

pighingQhREs e Bropera85n BEAHAR bEihEER e composition

Eza le 1. In Exanples 1 to 9, Preparation Exanples 2
wag * yell ow recordi ng conposition, Preparation

Exanples 2 tol O of cyan_recording conposition, and | .
(19)Feeparation xamples Sto 3o Mﬁgﬂﬁ%@éﬁ@@p@m giorgposition

conposition were used in conbination of three colors
i n Pegpamfieh Bxalerplesd tonBmfratigen tBxmording composition

Preparation Exanple 1 for each of yellow cyan, and

wegb e e Yo grasof il | excep
the amounts of 1,3-butanediol and glycerol in Preparation Example 1 of
magenta recording composition were changed to the amounts as shown
in Table 3. The average diameters of the pigment contained in these
recording compositions were all 69 nm.
(20) Preparation Example 9 of Magenta Recording Composition
Preparation Example 9 of magenta recording composition was
prepared in the same manner as Preparation Example 1 except that the
surfactant (I) of Preparation Example 1 of magenta recording
composition was not added. The average diameter of the pigment
contained in the recording composition was 69 nm.

(21) Preparation Example 10 of Magenta Recording Composition

Preparation Example 10 of magenta recording composition was
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Printed matters of Exanples 10 to 36 and Conparative
Exanples of 2 to 10 were obtained in the sane nanner
wasgooEnsuypd e 1 except that recording conposi t i PCEIJENGINS062

in Tables 5, 6, and 7 and recordi ng heads 39 WO

2004/ 091916 PCT/JP2004/005062 havi n dlscha e orifice
prepatgintbestaone miasmemasTRpeparation, Examlek except édat the

and that the driving waveform and driving voltage were
surfadtamst () off Brepacdtion Exadiple doopasagénta secdithing he

di scharge velocity of each” recording conposition was

conéﬂi%oﬁww @}?er R Cp¥V1 EFTN SEYCNE Siditvial {)1;")7(;11&/9 ilable

Printe es 37 to 60 were al ne

frorbﬁh%%ﬁﬂ?ﬁ?@@mﬁwﬁﬁmtgdén% Rl B JRERE Y the

. having di scharge orifice,di ameters .shown al
PigTa e P TIRHNG, OGS ReAR b THiand

driving volta wer e adjusted _for each recording
meDh @%mpﬂrueseo Rechadijeg Gempeosifiaats each
recordi ng conposition was as shown in Table 8. It
(1) BigmeatRartidleDidraetel scharge orifice diameter of 20
pm corresponds to an area of about 314 pnt, and 10 pm

to EHCH&%@O@Hl %m?%sﬁ'i‘bn Was cﬁYﬁ{é@QOOD t@fl(](llﬁﬁ@ld with

Quality A nozzl®e cheCtk pattern shown in

. r
ion Bk %ﬁ‘ﬁétse%ﬁ S8 parrlete SURE Rt ok ﬁ{}ﬁcﬁ?@ﬁfmé
' i ch.;mark dis from al | ozzles
UP A 50p i gHERIE Frty Nikaied S Gn ftdor S Ysed 18T Ehgn s
one to verlLy mhet r thg ink is _discharged from each
meamEgmaent khegral @@t qrefhéraveanage dh@metpﬁg D50) wias used as the
formed for each of three colors of yellow cyan, and
avenage diameted afthe pigimentof abnormal nozzles, to which
di scharge bendi ng or discharge failure had occurred,
2) g%@gu@f&@ Tgﬁgwﬁs are shown in Table 4. In
addi ti on, color solid patch on the 500th sheet of

' he Al hﬁtttha’ac surface tensiometer (CBVP-Z, available from

Kyowa Interface Science Co., Ltd.) was used at 25 °C for the
measurement.
(3) Viscosity

A rotational R-type viscometer (Series 500, available from Toki
Sangyo Co., Ltd.) was used at 25 °C for the measurement.
3. Evaluation of Image Quality for Examples 1 to 60 and Comparative
Examples 1 to 10
(1) Printing Processes
(1.1) Examples 1 to 9 and Comparative Example 1

Preparation Examples 1 to 10 for each of yellow, cyan, and

magenta recording compositions as prepared by the methods described
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matter formed with one-pass printing was observed wth
the eye for white streaks and density fluctuation,
wapa4eieval uated by the 40 WO 2004/ 091916  PCT/JP2004/005062
PCT/ JP2004/ 005062 st andards shown below into five
| evel s. Resul ts are shown Table 4. In addition,
in Freparatioanaf Resozding rampositiens were falledriverpagrding
an optical mcroscope. 5. No white streak, and no

conmueosition thriridgescand. thusewsirtid dgesasiere attacHadbd the i image
ensity fluct uat| on 3. No white streak, but apparent

fonﬁfﬁg gltaéfa»tafs%cb% ule iz, :rrﬁ S f’dﬁhh&g alppéﬂ(e?cﬁs of FIG.

reaks visible Tabl ow Aqueou

3 is@efiRfirfad S¥E HRdnaf iﬁféﬁ%ﬁﬁgéﬁgg R Hdifial ik jet héad has
1, 3- hut an cero es, wt % % wW% nr, ni ' m
150 isiezley g%ﬁ%%?%g@ ?mflcgﬂ%énetez 3030 AiBedip 5ga row.
(1) 65 32.0 2.50 3 10 7.50 2.50 (1) 48 31.5 2.68 4
Dlsqhavges orifigydjameter o 3 pnegorsegpands to arsareg ofmbout 707
32.6 1.89 6 20 15.00 5.00 (1) 65 31.5 4.89 7 40
pm30he aj:ﬁaﬂgeme)ntﬁdeﬁ@ltg dftlsnogzies 37400 thHis the sisd of the

29.5 30.12 9 10 7.50 2.50 None 65 56.0 2.32 10 10
heatirteferh€nt i4 P2§9n?ByO® 88, and resistance is 110 Q. For each
recording composition to be discharged, the driving waveform and
driving voltage is adjusted while using this recording head so that
discharge velocity can be set to a predetermined value. Table 4 shows the
discharge velocity for each recording composition. Solid patches of three
colors, cyan, yellow, and magenta, were consecutively printed for 500
sheets with one-pass printing to yield printed matters of Examples 1 to 9
and Comparative Example 1. In Examples 1 to 9, Preparation Examples 2.
to 10 of yellow recording composition, Preparation Examples 2 t010 of
cyan recording composition, and Preparation Examples 2 t010 of
magenta recording composition were used in combination of three colors
in sequential order. In Comparative Example 1, Preparation Example 1
for each of yellow, cyan, and magenta recording compositions were
used.

(1.2) Examples 10 to 36 and Comparative Examples 2 to 10
Printed matters of Examples 10 to 36 and Comparative Examples

of 2 to 10 were obtained in the same manner as Example 1 except that

recording compositions shown in Tables 5, 6, and 7 and recording heads
39



41 WO 2004/ 091916 PCT/ JP2004/ 005062 [Table 2] Cyan
Agqueous organi ¢ sol vent Surfactant Average Surface
wO/k@ae0%i9ty conposition dianeter tension PrepBCHEIP2004/005062
Total 1, 3-butanediol glycerol Exanples wt% w % w % rim
oN'mnPas 1 10 7.50 2.50 (1) 86 33.0 2.60 2 10 7.50
havingalisrhasge sgifice ddameters shoygnzalso inYakles® 6 andy were
4 10 7.50 2.50 (1) 26 34.4 2.99 55 3.75 1.25 (I) 63

used4ardd thaz the Rfvithg A0abelBrrl and 311*39115% 5701€a @ wiére adjusted
30.00 10.00 (1) 63°32.0 13.7 8 50 37 (|) 63

for §éc14 r%éoPdlri’g %Qrﬂspggﬂgmg %ggﬂﬂch@% éfsc?la%éég&aetﬂg)% u%% Sgch

reco@zcﬁ%zsf?frﬁw% GRS Sl

(AR HEI AR B 50 e el ke
(1|o ngttzél gtézttglfs QgE;grxgpgeosgi tg 6(9 ‘)Ne% qséizénéd?l;sdfe same
32.0 1.82 6 20 15.00 5.00 (1) 69 31.6 4.96

manner as Example 1 except that recording compositions shown in Table
8 and recording heads having discharge orifice diameters shown also in
Table 8 were used and that the driving waveform and driving voltage
were adjusted for each recording composition so that the discharge
velocity of each recording composition was as shown in Table 8. It
should be noted that discharge orifice diameter of 20 pm corresponds to
an area of about 314 pm?, and 10 pm to an area of about 79 pm2.
(2) Evaluation of Image Quality

A nozzle check pattern shown in FIG. 2 was printed after printing
500 sheets with one-pass printing. This check pattern yields a printed
matter in which marks of ink discharged from all 150 nozzles are aligned
independently and serially, and enables one to verify whether the ink is
discharged from each nozzle in a correct manner. This check pattern was
formed for each of three colors of yellow, cyan, and magenta, and the
number of abnormal nozzles, to which discharge bending or discharge
failure had occurred, was counted. Results are shown in Table 4.

In addition, a 3-color solid patch on the 500th sheet of the printed

matter formed with one-pass printing was observed with the eye for

white streaks and density fluctuation, and was evaluated by the
40



7 40 30.00 10.00 (I) 69 29.6 12.3 8 50 37.5 12.5 (1)
69 28.6 31.3 9 10 7.50 2.50 None 69 54.3 2.44 10 10
W@ 280021950 (11) 69 22.0 2.77 42 WO 2004/ 09191BCT/JP2004/005062
PCT/ JP2004/ 005062 [ Tabl e 4] Di scharge Nunmber of | nage
Nozzl| e surface vel ocity (mvﬁa abnormal nozzl es
stangdards shewree belowoinio five s Resuliawirershommplable 4. In
10 10 10 2 2 3 3 Little deposition Exanple 2 10 10 10
additibn] noAdtlesteadiéhe sutr'round[fmgraﬁeasavb@e Hbsk@vedowith an
No deposition Exanple 4 10 10 10 13 16 15 2 M nute
ﬂt%qqmdﬁdg@op@ganpl e 510 10 10 4 3 2 3 Mnute
deposition “Exanple 6 10 10 10 3 4 3 3 Mnute
deposition Exanple 7 10 10 10 18 21 22 2 Mnute
deposi ti on Exan'pl e 8 10 10 10 15 20 17 2 Mnute
1t| Ie910 0.10,11 .14 16 2 Mnute
5. l\g%ggg ‘Fli’ﬂi]lc@u aB%barative 10 10 10
65 77 89 1 Large dep05|t| on nple 1 Note: 150
4. Npwwhite srealprbut ahghft@lemtjhfhmt@ah@u s cyan, M
magenta, and Y yellow. 43 WO 2004/091916

3. M@Whﬁé&ﬂﬁé&i@ﬁbﬁﬂ aggpna@eﬁtdeﬁhm}t)fhl@u@tﬂzlo Ncil bO O
cu OO0OOtip OQ O O b0 O a)

2. White streaks visible
1. Wide white streaks visible

[Table 1]

Yellow Aqueous organic solvent Surfactant | Average | Surface | Viscosity
composition diameter | tension
Preparation | Total | 1,3-butanediol | glycerol

Examples

wt% | wt% wt% nm mN/m | mPa-s

1 10 7.50 2.50 @ 95 32.0 2.50

2 10 7.50 2.50 @ 65 32.0 2.50

3 10 7.50 2.50 €)] 48 31.5 2.68

4 10 7.50 2.50 D 27 324 2.89

5 5 3.75 1.25 4)) 65 32.6 1.89

6 20 15.00 5.00 @ 65 315 4.89

7 40 30.00 10.00 @M 65 30.4 11.23
8 50 37.5 12.5 @ 65 29.5 30.12
9 10 7.50 2.50 None 65 56.0 2.32
10 10 7.50 2.50 1) 65 224 2.65
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Crapy " 0) | RS AFFRIGRVRREN N 1 - ) Siicit Av?fageoo%‘&fﬁﬁ?l Yyscosity
compgsifiotinl .0 "0 mm' . O O 'd 00 'D d+| femgter  Hiensipmo
Prepargjiog (\fota} |1g-butanedtiol | glyrereh [t r~ N md+ r-i | N mda
Exagyples wt% | wt% wt% nm mN/m | mPa-s
1 10 7.50 2.50 @ 86 33.0 2.60
2 10 7.50 2.50 D 63 33.0 2.60
3 10 7.50 2.50 @M 43 32.5 2.69
4 10 7.50 2.50 @ 26 344 2.99
5 5 3.75 1.25 M 63 34.4 1.92
6 20 15.00 5.00 1)) 63 33.5 5.12
7 40 30.00 10.00 @ 63 32.0 13.7
8 50 37.5 12.5 @ 63 31.4 31.0
9 10 7.50 2.50 None 63 57.5 2.46
10 | 10 7.50 2.50 (I) 63 23.6 2.89
[Table 3]
Magenta Aqueous organic solvent Surfactant | Average | Surface | Viscosity
composition diameter | tension
Preparation | Total | 1,3-butanediol | glycerol
Examples wt%h | wt% wt% nm mN/m | mPa-s
1 10 7.50 2.50 @ 105 31.8 2.55
2 10 7.50 2.50 @ 69 31.8 2.55
3 10 7.50 2.50 @0 47 31.2 2.67
4 10 7.50 2.50 4] 29 32.0 291
5 5 3.75 1.25 @ 69 32.0 1.82
6 20 15.00 5.00 @ 69 31.6 4.96
7 40 30.00 10.00 4] 69 29.6 12.3
8 50 37.5 12.5 @ 69 28.6 31.3
9 10 7.50 2.50 None 69 54.3 2.44
10 10 7.50 2.50 (I 69 22.0 2.77
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c-1 r i |reelqcity(my/s) |abnoripphnagzies 1gyality) | f|)obperyatign

0 CD C 'M |Y C M Y evaluation
Example 1 10 |10 {10 |2 2 3 3 Little deposition
Example 2 10 (10 |10 |1 1 1 4 Minute deposition
Example 3 10 (10 (10 (O 0 0 5 No deposition
Example 4 10 |10 |10 |13 16 15 2 Minute deposition
Example 5 10 |10 |10 (4 3 2 3 Minute deposition
Example 6 10 (10 |10 |3 4 3 3 Minute deposition
Example 7 10 (10 |10 |18 21 22 2 Minute deposition
Example8 =~ |10 (10 |10 |15 20 17 2 Minute deposition
Example 9 10 |10 |10 |11 14 16 2 Minute deposition

Bleeding from nozzle

Comparative |10 |10 |10 |65 77 89 1 Large deposition
Example 1

Note: 150 nozzles are provided for each color.
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Applicability (1) By using a recording conposition

containing a colorant wth an average dianeter of 70

nm or | ess, deposition of the colorant near the

nozzl e can be inhibited, and, since high-speed
Lndushﬁalﬁgppﬁ¢&b@hy=pass printing, in which rows of

dots aligned al ong the main scanning direction are

(1) BfiERe f reqiiglcohTpOMRN LonrAtibe: 4 CRIGRnEYillo b
Lng;. r gi i I nj t
avelifid Uit G683 J1P PR WBIZES o FCpBSM A DB ARsBhE ey the
of the,col aran ear .t he zzl e can, further be
noZpl BRI R SHdnSed RS SFeca G W Gbeane-pass
_printing was performed with one-pass printing, images
printiingein wihiderowsreladotaatiguachalong |t§eimayé sgensing
fluctuation can be obtained. (3) By using a recording
directimeaire fonneahirioniengcan, cisl possibleyitividimages sgithout white
di aneter of 30 nmor |ess, deposition of the col orant

streBRa'caBe dlﬁéﬁll@d%&rhigql %Pgégi_ted even further so that

even in the case wher gh- speed printing. was
@ B SRR PRI R DR S olbfdivien an
averdge SGRMAHET sit ThBragioses SFBRRIEcn S tbe CoRThEE i the
t the total _anount  of_ recording conposition to 10%
nozaie ieeh

gendmrther heiahi s thateves! ia thecasspeherg hagh-speed

the recording conposition evaporates, it will not dry
prirebingtivas gienfermed withtone-(hemssderingirid, dmages keithout white

col orant near the nozzle. (5) By limting the static
strealifaed Wwihsligle pinddiedensityiflneteoHBA N BB dlbtained.
(3) By using a recording composition containing a colorant with an
average diameter of 30 nm or less, deposition of the colorant near the
nozzle can be inhibited even further so that even in the case where
high-speed printing was performed with one-pass printing, images
without white streaks and with image density fluctuation further
restricted can be obtained.
(4) By adjusting the content of the aqueous organic solvent in relation to
the total amount of recording composition to 10% by weight or more,
even if the volatile component of the recording composition evaporates,
it will not dry and therefore can inhibit the deposition of the colorant

near the nozzle.

(5) By limiting the static surface tension of the recording composition at
48



48 WD 2004/ 091916 PCT/ JP2004/ 005062 25 C to a range of
from25 nmMVmto 50 mMVm a certain anount of bl eeding
w@Rootthe19recor di ng conposi tion can be effected RI/IR2004/005062

mai ntai ning discharge stability. As a result, even if
sonme di scharge bendi ng_occur the recording

25 6ot astangsm o% feeas2p trrBOdmIW imha ceutainameount of
into a white streak, thereby inhibiting the

bleetity o€ the retordirige cemdpekmom Gante leffadtedgvblile maintaining

viscosity of the recording conposition at 25 Cto a

cgfeﬁ% §tfaHi¥1P§tF”h1§s'H°?ésd Sﬁ SPefitR8onde %ﬁéél% e H Fl}ingfoccurs,

ng o recordi ng conposition c ett ed

the $ihafifil Eéﬁ'*ﬁb%‘i%%ﬁ BIOGR T sBtRn ‘rﬁid? Fé@iﬁcﬁﬁa into a

03|t ed 0.the,portion which c
whitg sgrea ¥t1F@’ét?mlﬂgéh€kquWHCﬁ treaks.
occurrence of white streaks. usrng a prgnent as
(6) Bydimdtimgathe viscgisipaobth eéccerdm@ camappsifioniatgh °C to a
fastness can be achi eved sinultaneously. (8) By

rangelofdirong 2 indP@sltor3lhinPa-sha acertaiof anyeunt ofgdeeding of the
yellow, red, green, and blue, vivid color inmages can

|
recHIelifl I*ga?%ﬁg?%?%&n% effebfia] SPhil¥ ﬁ%lﬂ?ﬁ%@*ﬂl%ﬁharge

di sc rmal energy, inages of

staﬁ& 22 %bé %Qegov éggeﬂkil!f %bglgg S(:}léf:ﬂ%gé( b%?{ g[aggcﬂso thHas
recqrdlrr%ngerffﬁ%@ 7 qrifgag shrion vt fon %E&m into a

recorded h such inages. 49 WD _2004/091916

mlwg the oggiinreage @lonhikg streaks
apparatus conprrsrn a_recording conposition
(7) Byrusiing agigmenbasiheiaolaraint wateatresistance and high

light fastness can be achieved simultaneously.

(8) By selecting the colorant to be one of cyan, magenta, yellow, red,
green, and blue, vivid color images can be obtained.

(9) By using the spraying means which discharges by thermal energy,
images of high resolution can be obtained.

(10) By using the process described above, it is possible to obtain an
image forming apparatus which forms vivid images without white
streaks and image density fluctuation and recorded matters with such

images.
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the col orant containing colorant particles; and a
recordi ng head containing the recordi ng conposition,
wakiogho1onecor di ng head sprays the recordi ng coOPEDIRA044005062
toward a recording nedium wherein the inmage formng
apparatus fornms an inmage on the recording nedium by
controlling the recordinq:Eé¥HVEb scan the recording
medium relatively, average di aneter of the col orant
particles is 70 nmor less, and a row of dots of the
I mage aligned along a main scanning direction is

f | 1 j sf7@Fk M ng appar at us
L %%%%T?gﬁ%ﬁﬁ@??rmﬁi n ¥%§lﬁg\7er age di ameter of
t he rti.cl j I . '
for oL SBrbEsRToh R ol n cEiSray iR (i sed state,
average di apeter of .the colorant parficles is 30 nmor
the fofafehi Contamigs QolPRGPRHaS: Bchcoor ding 1o any
one of Claims_ 1 to 3, wherein the recording head has,

a dagepardinghericceontainiggdhesiesaradng eemnposition, which
avcgragﬁL déias(netersog) ﬁ&%f t he cold(;rac\gi partidcl es anctlj
cardii énd dpay sothe ini aditiodi tewardea recordin
e ori]pigge satisfythefornulag%ap Dn < 0.003. 50 WO &

medfB4, 091916 PCT/ JP2004/ 005062 5. An inmage form ng
apparatus according to any one of Clains 1 to 4,

whiSThTE 536 TGAAT Abrbtalas AR P RGP hesrpraing
medfiifiRy Duiolis HhesReoridhead Badan e fedbralifly thedium

is from25 mM\Umto 50 m 7. An image fqrm ng
relagpielyanverage cdl@mgt&rd)gavxe epkorentgrantigles is 0gnm or less, and
wherein viscosity of the recording conposition at 25 C
a rdw dfrdotLoftlas image aligned along a main scanning direction is

formed with one scan.

2. Animage forming apparatus according to Claim 1, wherein the

average diameter of the colorant particles is 50 nm or less.

3. Animage forming apparatus according to Claim 1, wherein the

average diameter of the colorant particles is 30 nm or less.

4. Animage forming apparatus according to any one of Claims 1 to 3,
wherein the recording head has a discharge orifice having an opening,
and the average diameter Dp (pum) of the colorant particles and a size Dn
(pm) of the opening of the discharge orifice satisfy the formula:

Dp / Dn <0.003.
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to 30 nPas. 8. An inmage form ng apparatus according to
any one of Clains 1 to 7, wherein spraying is
w@esohovrred by di scharging the recording conmpoBRCT/IRXM040005062
thermal energy. 9. An inmmge form ng process,
conprising the steps of: providing a recordi ng head
containing a recording conposition, which recording
head sprays the recording conmposition toward a
5. rendnthgefomting apparent acddidiogt treanyanediofdladats 1 to 4,
to scan the recording nedium relatively, so that an
whéx‘&‘ﬁ%idibéhﬁﬁ%@%léﬂitg”? (h‘?n)zg)” SAH6rie% ¢he Pornyi:ei n the
recordi ng conposition contalins a colorant in a
di s te, the col orant havi ng col orant
par ?%?Sgéfgz tage dianmeter of the 51 WD 2004/091916
PCT/ JP2004/ 005062 col orant particles is 70 nmor |ess,
and a row of dots of the image aligned along a main
scanning direction is formed with one scan. 10. An
6. iAmdmage foryipgrpparaitsoaciongling o any ene widcksiims 1 to 5,
the average dianeter of the colorant particles is 50
whersinrsthtissurfdce fensiorgef tlee mreograiny eompositicin ag 250°C is
Claim9, wherein the average dianmeter of the col orant
frof@3 h¥NEAmi ® 80 AN Pm.! ess. 12. An image forning
process according t'o any one of Clains 9 to 11,
wherein the recordi ng head has a discharge orifice
havi ng an opening, and the average dianmeter Dp (pm
of t.he col.orant particles and a,.size |an .t he
7. dpifgeforaung Shateii Ao it aff onf Beslaitds 1 to 6,
Dp./ Tin < 0.003. 13. An image fqrmng qupess
whexeinipagsity afrtherecaydingeomppsitiorvat 2n&¢ & from 2 mPa-s
di scharge velocity V (nm's) satisfies the formul a:
to 30.10¥a-8/ :'g 30.0.

8. An image forming apparatus according to any one of Claims 1 to 7,
wherein spraying is performed by discharging the recording

composition by thermal energy.

9. An image forming process, comprising the steps of:

providing a recording head containing a recording composition,
which recording head sprays the recording composition toward a
recording medium; and

controlling the recording head to scan the recording medium
relatively, so that an image is formed on the recording medium,
wherein the recording composition contains a colorant in a dispersed

state, the colorant having colorant particles, average diameter of the
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14. An image form ng process according to any one of
Caims 9 to 13, wherein static surface tension of the
WO e@angiong conposition at 25 Cis from 25 mV PeT/aP26@H005062

mMVYm 15. An image form ng process according to any

one of Clainms 9 to 14, wherein viscosity of the )
colorasdrprniicles ip@oiniar des5re asrdwarh d%ﬁ?@é theimage aligned

2004/ 091916 PCT/ JP2004/ 005062 to 30 nPas. 16. An

alongraomdinrdtartipicod e tiaat iy fhmpetiondtly oorescein.C ai ms 9
to 15, whereinspraying is performed by discharging
the recording conposition by thermal energy. 17. A
recordi ng conposition, conprising: a colorant in a

10. o RRIBEEe R lna PRodRe ABIndiBRaD CIa S o ERkin the
v i o o STononh oddes by S0 CD I
conprising: a recording head containing the recording

conposition, which recording head sprays the
recordi ng conposition toward a recordi ng nedi um

 11. whkndimagééoimng procisspnamrreiagus Chaim Brwheren the
the recording nedium by controlling the recording

ave?&(; difnseR? dffiped @Gﬁfrﬁkﬂg?dﬁfﬂléﬁ‘is Bgl# ¥eldss.and a

of dots of the I nage I gned al ong a mal n scanni ng
direction is forned with one scan. 18. A recording
conposi tion according to Caim17, wherein the

average dianmeter of the colorapnt particles i 0.nm gr
12. 7 55 1Hage RoTatnerRr o RSTODS hLeby it o S Qi 9 to 11,
17, wherein the average dianeter of the col orant )
whegein; theseeqordingimead hassa discharge orifice having an opening,
and the average diameter Dp (m) of the colorant particles and a size Dn
(pm) of the opening of the discharge orifice satisfy the formula:

Dp / Dn < 0.003.

13.  Animage forming process according to any one of Claims 9 to 12,
wherein discharge velocity V (m/s) satisfies the formula:

2.0V <30.0.

14. Animage forming process according to any one of Claims 9 to 13,
wherein static surface tension of the recording composition at 25 °C is

from 25 mN/m to 50 mN/m.

15. Animage forming process according to any one of Claims 9 to 14,

wherein viscosity of the recording composition at 25 °C is from 2 mPa-s
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53 WD 2004/ 091916 PCT/ JP2004/ 005062 20. A recording
conposition according to any one of Clains 17 to 19,
wab@nedr1é he recordi ng head has a di scharge orPET/ar2004/005062
havi ng an opening, and the average dianmeter Dp (pm
of the colorant particles and a size Dn (pm of the
to 30pallang, of the discharge orifice satisfy the formila:
Dp / Dn < 0.003. 21. A recording composition
according to any one of Clains 17 to 20, wherein
di scharge velocity V (m s) satisfies the fornul a:

16, 2 5y o g HREASHrCOn LS PPl 910 15
whEHSS G SApURN PSR BB WSl o

the recording c¢ osition is 10% by wei ght or nore.

COH%QSWQIE%%@WW@% ®EX on according to any one of
Clains 17 to 22, wherein static surface tension of
the recording conposition at 25 Cis from25 mMNImto
50 MV m 24. A recording conposition according to any

17. orfe retofdlAigreobpodsitith, covmgprésimgti scosity of the
recordi ng c%ranpglzll)tion at 25°C isgf/romz nPas to 30

Pag colSrart 1P 8 YidpBEsEP RO, thetq16EahHeoatdiniABYcsloRant
f Claims 17 to 247 54 WO 2004/ 091916

0
ar§§ﬁ£9P2004/005062 wherein the colorant is a pignent.
p . A recording conposition according to any one of
e col orant, has

whegsiBderage HaHE IS L Ee SRPLIThgrBAcIebIE 70 fify Siilgss, and
the Ferpoding CRTHPEB ASI UBCAA WnEMHIG T armang ARPAT S
comprising:

a recording head containing the recording composition,
which recording head sprays the recording composition toward a
recording medium,
wherein the image forming apparatus forms an image on the recording
medium by controlling the recording head to scan the recording medium

relatively, and a row of dots of the image aligned along a main scanning

direction is formed with one scan.

18. A recording composition according to Claim 17, wherein the

average diameter of the colorant particles is 50 nm or less.

19. A recording composition according to Claim 17, wherein the

average diameter of the colorant particles is 30 nm or less.
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wherein spraying is perfornmed by discharging the
recording conposition by thermal energy. 28. A
WO e@anivds mat t er, conprising an i mage fornmed uBCTIgP2004/005062
recording conposition according to any one of C ains
17 to 27 on a recording material. 29. A cartridge,
conprising: a recording conposition according to any
one of Claims 17 to 27; and a container housing the
20. r eAatedondingmeeapbsition étzording to any one of Claims 17 to 19,
wherein the recording head has a discharge orifice having an opening,
and the average diameter Dp (pm) of the colorant particles and a size Dn
(pm) of the opening of the discharge orifice satisfy the formula:

Dp / Dn < 0.003.

21. A recording composition according to any one of Claims 17 to 20,
wherein discharge velocity V (m/s) satisfies the formula:

2.0=V<30.0.

22.  Arecording composition according to any one of Claims 17 to 21,
further comprising an aqueous organic solvent, wherein content of the
aqueous organic solvent relative to a total amount of the recording

composition is 10% by weight or more.

23. A recording composition according to any one of Claims 17 to 22,
wherein static surface tension of the recording composition at 25 °C is

from 25 mN/m to 50 mIN/m.

24. A recording composition according to any one of Claims 17 to 23,
wherein viscosity of the recording composition at 25 °C is from 2 mPa-s

to 30 mPa:s.

25. A recording composition according to any one of Claims 17 to 24,
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wherein the colorant is a pigment.

26. A recording composition according to any one of Claims 17 to 25,
wherein the colorant has a color selected from the group consisting of

cyan, magenta, yellow, red, green, blue, and white.

27. A recording composition according to any one of Claims 17 to 26,
wherein spraying is performed by discharging the recording

composition by thermal energy.

28. A recorded matter, comprising an image formed using a recording
composition according to any one of Claims 17 to 27 on a recording

material.

29. A cartridge, comprising:
a recording composition according to any one of Claims 17 to 27;
and

a container housing the recording composition.
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