;,4567e3e8vf 8" _avaze6"fTvfcv- 6 S E P 2002 COLOR | NK JET RECORDI NG METHOD
Technrcal Fi el d BACKGROUND OF THE I NVENTI ON The present invention requEszwz
to a color ink jet recording nmethod. Background Art Color printing is
general |y perfornmed by using color inks of yellow, nagenta and..cyan and
superinposing the colors on one anotheﬁ In the ink jet printing, this
nature of the color ink printing sonetines raises probl ems,
color-to-color interm xi ngOLJIR i ks FBT FEQDRIING MBUHRDD i nk | ntmmmmmmmm”m
color inks. In order to solve these problens, Japanese Patent Lai d;fpgn No.
197778/ 1985 di scl oses a nethod in which color inks having the sane surface
tension (30-60 dyn/cm at 20C) are used. According to the disclo
publication, the use of inks having the sane surface tension e m&n@mm@mmﬂh@
time taken for each color ink to fix to a recording materi al
degree of feathering. The publication discloses that the coIor i mag€opgt ned

by the inks can wthstand ak ik 0fy = f the present inventors
know, however, this recordgHEKeﬁ feobe EHdpﬁNYﬁﬁ%gégtly reduce the

bl eedi ng iTechnécedcbigld Furthernore , the degradation of the i nage cannot
be prevented sati C h i

di sadvant ageous a Bé #Pégth g@%egg %r%%%§¥%$ﬁ§%q% bﬁgﬁkf?%k wth a
nonochronﬁeppﬁﬁﬂég mgthﬁﬂerlor in quality. FurthernDre Japanese Pat ent

Lai d- Open ghiey 440441884 proposes a recording method in which a water-base
col or ink ace tension in the range of from30 to 40 dyn/cmis
first printed and*PheR BIwAEERT bhSeIRRRTHR LI NICHEPTRES RYrvabRg t Bn in

the range jpficsf bemyéilba TRag¥ALEMaAE - BFANT &6 é\@ﬁ@fﬂhﬁtﬂsiz@gtbﬁedéé%%ure
of this publrcatreeﬁb I's goss ble, therefore, prevent a color ink from

flowi ng | RPoCREj & n Pkt @rleﬁrcg'.%mgs MBFeBS et Wrgh
resol uti ogollett Qna p/ﬁmhmgescpmacimcal falsreedpf@mmunﬁ& Se:eaﬁlp‘p@ provi ded
wi t hout stalnrng ﬁ Pagﬁ% feed.roll aused b¥ |nsu f|C|e r ng of

t he inks PTC8RR ﬁ%ifhﬂgo? th% %I%%% He T he° %¥o+ nks

havi ng diﬁheoeaujauehaceonensunhs in the nmethod may produce a difference in
the size of ink dogs ecor p. i dot

si zes, the amount ?%f e£‘bf'ac 6% %E%de nélpozg{gfargerﬂﬁ%néﬁ%é of the

ot her col dridnRpensBd. TAR7VEs§R8andLecletes e metidd i bk wnyckaeskot he
delay in n I LN f ' t he
f1ow of agh?éﬁkg‘?“g%%é}g“egggn% gagfgggl %%Sf? TR i gcgfc’ &
phenonenauSS@MVMCQ}dIﬂﬂEtIOI\lVENTCﬁG\FM%‘@F%QfgIttﬁlsamubb}@%t-l@ﬂ ttHee pisesent

I nvent i Onofslhﬁsphﬂﬂ.ﬂg @hEOEQﬁre'Bﬁer&ert?&%%ﬂge hosh yhigd €ane make the
dot dianeter of _a bl ac he dot dianmeters of other_ col or

i nks- mrth&&FeEaEQFnSaFHEQQEaEaFP ytﬂe +R050 | B eSS FRte Rt} AP and

i nsuf LI ci e@ﬂ.ldasldﬂﬂe degﬁbgragbfﬁath@hm@e mesl}fam:éiw‘emm omse%dszaspr ovi de
an ink je cordi ng, net ho ch ¢ vent eedi ng. derived from

col or-to- %8?% g#ﬁt& AP%i AB288u %ﬁm%§n?£et £ ohioT %FQH é% éﬂﬁ?ﬁother

col or inksegmddatdenver 8a. fAnodsethebprestent iﬁmemmmmxnknmwnwhmwawers to
provi de an,i.nk sh ivid

ol o g SwseRar At febind b At Frbier S TRRERY S5 fed P Bl SI  i ng
a bl ack dah time trewcird .a m::rtrlaermqr@,f thlead&gr atadi oplagt shenlmM%WatIﬁ@tbl ack

I nk has apgu E-QGSnES&Sb Elg%aEEﬁB S tﬂ?&f‘eé‘@eldy“éﬂ@ ﬁ%’f&dﬁiﬁf'rﬁé’ 6&‘9
present invention provi es a co recor di ng co
i nk and bnécralsnﬁvanéﬁgﬁpssnglsnelste!pa‘éfapblmk rigrlampliﬂmil@ybbfthﬂ ack | nk

dropl ets L9abRr fhR Phiegka de&naerﬁr@mw%@f%ﬂef hes C%Périé‘f‘slxhadﬁanﬂl@y surface
tension of less than 40 dyn/cm at bl ack_i nk having a surface

t ensi on of not Ie§§r¥hﬁﬁngedy%?E%?%§% Rakent LaidrGyen Mo 4187/3{/% col or

ink jet rp@—@geseg getbedrafingheePhegEt wny@nta osmatériwééreéomarm& erized
I n that | ack dot _unit consists of to a black irk draglets

0
pr esent E@Eﬁ?goﬁ SPE52BRoFERBECR b?e?%?r%ﬂn%%t%b T dUeCBH}éW‘rnk

j et recordsnglﬁetheﬁlmteﬁ Eh CHRBH aACREL ¥hePade BEELdr | IMgEhABimgljacent to a
color image, further conprising the step of prrntkhg t he color_1nk a

an
under coat ¥ 535§ EPBASCBE 1R dhE BRESR QbtErI™ *ChECWHDISYYER oF BY 1A Farti al
regi on of Aderdizektbnege.dildtostned vhib mebhinradinaf er isepesseulle o as

"the firs oIor nrxrn t The RLesent e . r _RLQuides a
preferredt 5 t%é”§b8§%“to orlrnk %%tffgﬁo?gPﬁgn%eghgg,a?ég¥bg€

ci rcunst ances mhen a black image is adjacent to a col or inmage, further
conprising the steps of suspending the printing step of sonme black dots in
the whole or a partial region of the black imge and printing the color ink

on the print suspended dots. This method will be hereinafter referred to as
the second coIor nlxrng nethod The coIor |nk ] et recordrng nethod

b o o - Y I r o, S




-, 6 SEP 2002 - 4 BRIEF DESCRIPTION OF THE DRAWNGS Fig. 1 is an

expl anatory view of one dot unit of a black ink printed by the col or- §SEp 2002
bet recording nethod according to the present =nvention. Referring to the
drawi ng nuneral 101 desi gnates one dot of a color ink as viewed fromthe
top, nuneral 102 black ink droplets constituting one dot unit as viewed
fromthe top, nunmeral 103 one dot unit 20f a color ink on recordi ng paper as

viewed fromthe side, nuneral 104 black ink droplets constituting one dot
unit on r &SR HGKFapMOTEOVATendd 5P SRFPRY “dPle L e&RG TRUBEER 208 recording
paper. Fi gra2di%aaN yeXedNaoer Yoruewnet aaneshodi-genbeal LG QL hRK j et
recordi ng ‘et hod-according to the present _invention _in which one black dot
uni t ponsﬂéEECﬁf?t@@ﬁeﬁkI&F@pF@@é?rTﬁéFEFQWPMgléﬁgéféﬁéﬁ§taﬁﬁﬁhés of

embodi ment Heh (WHsCh tHarewiled t ithe pofbihanieh bhechbagka bRk iRk BhiNgnks

shi fted. Referryg% to the dna@bng, an_arrow indicates a main scanning

di rect i onCN@Fel@kS20£VdeS GatesBheSHBL26F a°BERORS| AR aBevReRrBALSf rom t he
top. Two Blaachrioaiucd aplatrye2@3cehiiahcaensizbube 9nR BbaskoHot UpLh;ARe
printed with devi ation D1 that |i.|n t he ﬁagerfcarrlage direction. T

bl ack i nk P@P&HI-etld £F8Skhitoh cBAstFEuLBeoHB bFAGRSdotRaNPROURE BFi AB&d with
devi at i onpikdkhahk sisied mag Bei Nasgapnthgndiheet benthki §chdri 80@8r

expl anatory view of anot her enbodi nent of the color ink jet recording

met hod acédkai #§edo t MV rExedt TR i oh FRewhieRk ok bMg¥k ca¥seunine
consi sts gk1hYo:ihnkrgiap %th-thBeE@_rihthnao thie qdoawdag i cRUBE! ah 3Rdge

desi gnates four color_dots. Blac |nk,dropI§ts 302 are prbiteg,mﬁth
devi ati ondpe @ it FLo¥eChl 48k Wt W s29REERG +RKSn BXEPFARE0ARY I ew
of a furthereenhadeierbbot bhene@éns.ink jet recording nethod according to
the present invention in which one black dot unit consists of three ink
droplets. Referring to the drawi ng, nuneral 401 designates four color dots.
Bl ack ink droplets --'.02 af8MMARNtGH RHEhINEENEALOBN D2 to constitute black
dot units. Fig. 5a} : angh ofd + ¥é f f e i o) e

col or ink jet,rec%FSP%glﬁggkédagcé%%%?ﬁgb?ott eﬁiéggﬁt ?nggfﬁgé'ﬁ%d%y- 5
ent i nvenProN idgererR 18fe IPKadRtIEECARALINEORSERPE YRi¢huran nkakie ophet s.

Ref er =i ng gk bhamdtawi be anuneeal iRRledeal gRat ehet 89f GPLRE+EPL Sor Sl ack ink
droplets 502 are printed w i deviation D3 to constitute black dot units.

print th . . . .
Fig. 6 i sOkRe&xFPAREL SPYFSuIF&MBRtaCRUFLRGr 1BABBITRRHE tBf degEadr bhemi
i nventi ongythe aki Fehthelrahgnayingnsetbodieht ahygngnbodinﬁny,twgen a bl ack
rinted on sone

imge is adjacent _to tol or. i ge,&color dots are first

dots where the bIéERtSSFsogﬂgcgg Be“%?iﬂf%ﬁ?nﬁnﬂnY?ﬁﬁﬂ%ﬂaﬁ% ORI e
printed . agnihhke jeel eecdotidingr aethod| yhpehnted. pFeeeht asked@ingodst sts of a
plurality_of i.nk_dropl _Flgs.6_( c) shows the ints.in

whi ch 1/ 35YF9 ARE™ pist %Fagélg& gﬂ%?é@ﬁ%ggi%%%%%%% 18 o Lo, gt '
previ ousl plpckntiel, ingopethevergloFi §nky &gdaniegpvansdory view of a
further enbodi nen e,Rt Nt ¢ i j e; g&gﬂi o] or. m xing nethod.
In this method, mﬁ%gﬁggggl 8%&3‘??}&55 ?PS{‘?;%?%%%’%‘? %%\?a co rgrign%égﬁ%ﬁe

bl ack i rege $okeiBtagrcasaingr Betherdnddioht cannprenide t heshatrandk is
printed og;t{,hg tRhppedndgbs. Specifically, sone black dots are replaced
with color dots. Figs.7 (a), (b) and (c) show the prints in which 1/4 2/5
and 3/5 of black H8tB8a%RenPEpFatRd Wik toro? BRRleresgrttheadgived g, 8 is
an expl angyofyrviry afoladlurddieunesbedt Fedtplafrdine Cokop1 a8k it dgsy ding
nmet hod according tg,tge Ereg&nt i nvention. Ref rring to the dramﬁhgs, t he
square inlek& dBnFEAChsthecBLarK HR§e ?RgR oRUT BRTE cEPRT H0N | @t (0% T9®S and
bars aroum@lahheocakaycmnage region are black inmage regions. In this

enbodi nent, when g blagk igﬁge Eﬁ | ocat ed_apart {ron1the col or_ i e at a
di stance not exceBBFRYTES80tY wi GPR, PTRESFFr PV R E LR PP EHTT HiSARF net hod
i s appl i ednko jeherebolrdinggmenhod thengaat calor efmionandishadiasirid- dot wi dt h
fromthe border of t b 'ggg% (G : '?qgﬁa : er
hand, wr]eﬁoﬁpﬁr-éé&gi rprglaeélgégl%c tedftg%{ai]% %pgﬁgﬁhgpcg or |dng&'er{]g?ir?w

di st ance éetsedbngosmdet bhadkhdothenbtackherape theforhed yks Hewaioky i nk

al one. DETA P ENTI t t ho f ot esent

i nventi on:g %I‘%g%ggggr%gﬁgl Egogfgfﬁlg{ggéw %é&nna€€bg@s¢n§?cg %o%%{ of
yel | ow, nmag&nhavang eyanrdrcgl terpaenvef ynahylees —elian c¢@epymfeln Hage. The
col or inkﬁsgg'be used may be determ ned by taking the print density or the
bl ack =nk and hue into consideration The color =nk jet recording nethod
according to the present invention will now be described in detail wth
reference to Fig. I. In the color ink jet =ecording nmethod of the present
invention, as shown in Fig. 1 one black dot unit consists of an assenbly of
a plurality of ink droplets 102, while one color dot unit 101 consists of

o, A NN -




-.6 S E P 2002 by, for exanple,shiftingt'.”. e posits on where printing is

started or by delaying :.::e timng of printing. This nethod enables_grggpz002
size of the color ink dot and that of the black ink dot to be made c
closer to each other . _ Fig. 3 showa an enbodi nent ;n which one bl ack dot

unit consists of two black ink dropletS. In this enbodiment, the dot units
i ncl udi ng she bl ack dot and she col or "dét "are formed with deviation ?1 that
is in the paper-cdhei agéodi tekt jon (éeoThendraeihgd pérpbacbcesant

directi onp WlithEa0e ealRhedobauphL CoNSLA! 2 0thgeeoselstatﬂkdﬁtoeh§t 302,
one bl ack “dot unit consists of l'ack 1 nk % 302

enmbodi nenconshstsweiblagk FanGFOpPQKSGa?Elﬁiﬁnted wi th deviation Dl that
is in the pape J i Nl be tRet he
mai n scanni ng ngr%;l{e}%%ﬁ gh{}gr%ﬁ a%géﬂr errtc)%% {lréj(r%%\f\r\gglr:gﬁlé one b?ack dot
uni t cons.aépgeoro%%rerembrm-.eﬁrer&r-aﬁrré@%howﬁq-:r CHE XBIS6ANGSE WhER 2

consi sts gfi sene;paker isnkadeephet to Ancdhes ?ﬁ@@é'n?ﬁithbbrésm?ﬁibgﬁgOf
bl ack ink droplets are printed mnth three passages of rinting.

Speci fi calthg, S&PPePTt REIPLEBE §BR| €31P5 pREMRBAINSHBISEEBAE SBrPesirs

printed apabhsfpemsbhe hbilhek &6tsesnatha rﬁ'ﬂl@l@”ﬁé‘ obndeyi atpgpePR1that is
ection Further. the thi rinted apart

in the paper-carriage dj es

fromthe $886R8 Qérggg égafhelﬂ?g?anc%hot ﬂ%@?%.l%hféﬂb F$§r EN3RBRE an
enbodi nenteferwbtichoone btaek:dﬁttuemloﬁoﬂﬁxsmg wéthodr bl ack =nk droplets,
whi | e one col or, dot_unit consists Qf

enbodi ment, t woPE S EREDt 18T’3%‘f<l?rh3udggg gcqé'rdggtl‘(%d&o%eeéﬁ%d EEEHbgsosfages
of the prthélamp¢ﬁﬁn¢108peokf]Q%ﬂﬂapordﬂnsrm@thpdtrﬁﬂ? sérrugstanges mhen t he
second Sengfa%ﬁ Phddd e apatleehtomt hechidstiniRfd e Fudt hardbshppesing

devi ati on I's In the papercarriage di rection. Furthernore, in th
embodi menthewatapa eérsuspehdbhgickhe i thopretsten of | sord, blhekréspsnse
frequency ;qf e t Lng, head. HNPAL h; printing

t he colorlgnEBQAg§%?§ bf ?oﬁgﬁo% g$l§€r§ed en§§%¥%%n%$9$£ %ﬁﬁ resent

i nvent i onpranpingt £hg ﬁ@é@a havkngnntrmuer@ho%%eended @O SEP 2’1)@25 8 for
ej ecting Rbagkqi wrltratse n8rusistdy PBANSI &L tHeaprihéngebssd cqupburality
of black =nk droplets which consists of one black dot unit is printed with
one passaPéXépdtRBLRPANti ng head. | This printing head may rot .educe tae

printing speed. A@ﬁ@rdbmartQn@npé@efeéeﬁﬁiﬁgCﬁeﬁﬁwﬁFﬁéééfalﬁﬁvﬁﬁﬂtﬁﬁl i.e.,
the first color ntX|n8 m?ﬁ g LO ge IS aﬁéacent to a color

i mage, itPFESHREF &FYE t?S“pF?ht rchhor *h R FRERPUD T osi ti ons
of sone bkagksedots. Then at this position, the black dot consisting of a
plurality of blac n r t i nted d

effectively preve%%ib %gdfﬁﬁgd£?$€e TrontcoPlaC?oinEFSP%iﬁteFﬁthﬁ&rcaused
by the flonkefod wellowk mngenadjen@ntvd@tscamdhahe dhowdehtacal nkotn an

| mge egholnkPLp 8Al REERtaLA %@9'0§§ablfﬁi L 0ot NBYq s aR! Lotht 0 @
partial regron o acent to the color® i nage. I s reglon
may be hekf@agﬁrﬁréﬁrﬁdomobég ln@o‘I)f)rtfﬂﬁ?xmﬂg gegtloe. t1MQc@fd¢¢|1901to t he
preferred adi grat seb+hheipLessnt ghdson, the color mxing region-does
not excee 1 -got mtgth, nn%egg;e e?aﬂ¥ -dot width, fromthe border of
the bl ack image fBRENETYhRRICHRE? PHulRe bstqwér nHRF RESOme hea bl gh ragi on or

the bl ackthaBgenhaRycBeothenks! of Fal4 r€ge AELRYG 0 doaggprefesred
embodi nent of the Efesgnt ?nventT%% ?ﬁgbothqggées IgEt[lheﬁ%;ttlo of the bl ack

dot s undeFe@HFeRIt RBECBFBLRERE P 5??%%%% 25t9D PHIABBRIof the total - nunber
of the black dotsMbRotheofel PécHr&ing Tl a Thigh | gied1 Lo Ofarlipe Ng Metr os
is specificall escribed in Fig. 6. F@ferrlng to Fig.6 (a 1/ 3 of bl ack
dots are 9688}¥ﬁ3098dp ﬁleoPBPegots previously printed. Furthermore, Figs.
6 (b) and (c) shomu#tReandtRé 3fofmi ol &t korotisl seipeisd trposed wintlcad or dot s

b csont 1 FBRERoRY PECSTSCh e Hrrh ERoR R O Tsth 86 SWREh BOLTRER” | mage

is adjacemhksocancpkevennagéeedtngsdarsme@refemredlon—suspehdrthwt@r+nt|ng

step of sone.black d ks he_whol e.regi on_or p | . regkon of. the

bl ack |na8éx%89tﬁ?Hs bgoﬁé ek of & I%E#3506230£ fgtodgéi,ca%% then to
prim theickl dotenk on the prlnt suspended dots. Specifically sonme bl ack
dots are replaced with color dots. In Dais nethod, the black dot unit also
consists of a plurality of black ink droplets. According to the preferred
enbodi nent of the present invention, in the second color m xing nethod, the
bl ack image is fornmed by first printing the color ink and then printing the
bl ack ink on the place where the color ink is not printed. This nethod can
nore effectively prevent bl eeding derived fromcolor-to-color interm xing
caused by the f|OM/Of a dot ink |nto adjacent dots and the flomrof an i nk
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C.I. Direct Yellows8, 9, 11, 12, 27, 28, 29, 33, 35, 39, 41, 44, 50, 53,

58, 59, 08, 86, 87, 93, 95. 96, 98, 100, 106, 108, 109, 110. 130, 132 142,
144, 161 and 163; C. 1. Direct Blue 1, 10, 15, 22, 25, 55 67, 68, 71, 6 SEF 200!
76,77, 78, 80, 84, 86, 87, 90, 98, 106, 108, 109, 151, 156, 158, 159, 160,
168, 189, 192, 193, 19a, 199, 200, 201, 202, 203, 207, 221, 213, 214, -218,
225, 279, 236, 237, 244, tag, 249, 25T, 252, 264, 270, 280, 288, 289 and

291 - 6 SE P 2002 11, - | ack., 232, 51, 56) 62,

69, 77, 80, 91, 94, 97, é¢gu, :E?hifé?cﬁéﬁ: &%#,&%i%?Niél) 122, 125, | 132,

| 46, 154, 166, i68igQr3 andan9sxplzhatdry dvied @6 on@ dot2unb7.0b2 80, 82,

T L S T T SR U

Violet 5, a3¢ﬁr43ng410 4Be 90eseD3 andenpsenC. |Refern: rvel tow:ig, dd®y- 23, 25,

39, 40, 42 0, 4en 79, .1 327 14 169,
174, 190, T@s ”Té%fa? }09 39 §1é§e§1§"ezégt 2%§§?f §§C% 1%#%§§% 25,
40, 41, 62r0m2uh¢6L098 ngoers2, 92 ~1@6k 1, QEQBlQQQOCOQQVlLHQIHQZQUG138
143, 175, 5 Of 1,.+,23 2 0 6 7 277,
278, 279, dégounggsas Jgeued’s éﬁ g€ Cop? Sty g§§4pg§9d°§8 45791 200
172; C. 1. aRéQéPFvénReGn3re$Qrdl¥U E@UteaSZQIQQQﬂ 2m0m29h9351d%7 40, 41,
43, 45, 4%uae9a§51o@ blagﬁaﬁhkvérS%OE€§ é@n§tléut§m%6@ng d§t na1dbon 17, 22,
23, 24, 26, 27, C. 1. Reactive Yel 15 17, 18,
23, 24, 2secged125 P296r355 3?°waq ﬂam49hecﬁ}deF&éR§|Q%ﬂ%#@% W53 5 8
10, 13, 14ecg§dlgg &§Qr19 21, 25, 26, 27, 28, 29 and 38; C |. Reactive
Bl ack 4, 5, 8, 51 23, 26, 31, 32 and 34; C|. Basic Red 12, 13, 14,
15, 18, 22, 23, 251925 5%, apgeXREanaOTRAV Igy oYy REbRHiTent Hadihe
Violet 1,c3108, ifk 38t iécofﬁlngomeiﬂod2§cc85d1£§ t35théd /préfend0 and 48;
C.I. Basig¢ YeIIOWli 2 gl k t Z%ﬁ 23t 24 25, 28 29, 32,
36, 39 andPYBREEOR eaghec§|age 3¢ 5“09 “%l PNSESL910% 4890 451k 47 54,
57, 60, 6&ropietb6, aaeaddaw1ngaamsﬁ:thoﬁnsaMOfﬁankeﬁbodﬂme@anim wh prkent s
(carbon bI ck t (L o] zo

pi gnent s, §ﬁt%§?§%§§§. Og&ggﬁgn S, “?éo%%%%glﬁﬁg pggﬁgi st qU| %%??done

pi gnents arderring SEPtBSOQraW12g pen|annewanmdpeay¢ene magmem¢snnzngithe
i ke may S t b [

treated p?gﬁégggoﬁavyﬁﬁeg%gg? %c%gggéggéﬁs q§§$e§fﬁgd%¥%ﬁp %ﬁgq£%such as
craft carb@nyEdaﬁrams@haetgﬁedTW¢hble©htenk ®¢0phete 202 ovhiel ¢onsthieink
conposi ti oR¢LSoREehenaRM HokNubhe aeagsr9£t£50w1éht&béﬁaéeanwe G2 O &

solid basis fromthe viewpoint of print density of record +ogg|n and
del i very pRopBft PeReANGaFRé2PPKEIIPRTEAR- |%Y°j¥%a¢%cbWH|®§°Ph%t% ding to

the presthleVéahBQ@tuﬁ@t@ﬁesﬁﬂabkecéﬁgﬁﬁlﬁ §@éV§ﬁi§te@eﬁiQ@Sdev1a—
i on- exchanged wat e ed as a sol vent. | es of the

wat er - soIGgPE BFg&hFE %él%@n? Fn@?bﬂesﬁ?ﬂ?}nﬁl%iﬁﬁﬁ 1GMd ethers having 1 to
4 carbon atoms, spgh.as et apl eﬁbt@h@torﬁt\lﬂyéw ab £ odrod thdr perpyd insdreohol

S0P o8] SRBokna R a8 BMkea 88, RUbMLa PLeSkob Lot BHL Y gl coho

dinethylaeatamndentkenomeswbncheoneabtahbléetswmhtasom33$bﬂeoﬁWdﬂduaﬁetone

al cohol ; suc abyd u | ycol s,
such as po%gggﬁyﬁeneES?ég%?héngx E %p?ggyiggé 0 yco%l P€£y$%%%$€ yé%lg
havi ng anfabkykedergdoup -wBibcR uokGdcapbehsai@hsarguphlage@t%ytmne gl ycol ,
propyl eneq@lya@honlnd, GoNeXAReL ELoL: bageggggky&9+tend hexyl ene glycol;

gl ycerin; I"ower al kyl ers 0 ric al cohols, such as ethylene
gl ycol nethyl ethBig- dﬁe@ﬁyaenexal9eeFOﬁﬁnbhewh@f 4 FuBthgT ) erborkimeriy

triethyl epe ghxcebigengnart Hik eeeoeahxb)meﬁnea afPBAgihhess vié eprspl ubl e
organi ¢ sol vents, polyhydric alcohols_are gﬂe erred because they are very

ef fecti ve©B$ énHPVFﬁSnréPaVﬁéFhfSPepPe9€ht b anthi FRReLIDES goF i YRFSR deri ved
fronlclOQQhkngBpmeéélesReaesedngyteueheaaryﬁiﬁgor@@&@r@hemonﬁees1@at wat er

contained in an _ink j gordlng F Qratfs to $ﬁ se prec|$ ation of
a recordlﬁétﬁéeﬁpurlﬁoﬁﬁé BESr PARC[ et FetbPRr AES nel Aol AckbIY ﬁ% to the
present i pyent geriatkabneranpbeconsnohydei latkodotsunsueh as ethyI al cohol

and n-propyl ‘al copol, Ln addit Lon, Lo the aboys et 150l Wbl ol Gifldne

of the color ink jet recording method according to the pres-




- 6 SEP 2002 - 13 wetting agent) and preferred as the water-sol uble
organi ¢ solvent. They Can prevent she recording ink from excessivelyg SEP 1002
penetrating or diffusing ?:1L0 recordi ng paper, thereby preventing

=ear. hering, which is effective for realizing a high print quality which is
enough to enable the ink to be used with plain paper. The water-sol uble
organi c solvents may be used alone or”ith the formof a mixture of two or
nmore. Fur endr ipVeNRtIanf HBEEALE SUEhP&3CHCEP Y| enkt gtyrdls targfbéoaddéenkt o

i nks of thr QLOr Spekef-in¥elon, - NBgeni @gan Ny H§edakly | or ink
j et metho r%%l%hé pregeﬁt“f%Vention?_to a ?%étg%ﬁ%?sur?ace te%g?%%ggf t he
inks to | dosirt kakoZ0dayR/ chlaThelaoGReDbetshed2 suefatiahed witled as the
surface tagian;gRAbG! €6 L8aBLELELabLY-ER 48e hagpe of Trom 0.1 to 20 by
wei ght fromthe viewpoint of preventing unfavorable phenonena, such as
occurrence of sat@igité amoasozxphenazery helew nef of HeTThe¥ yemsod hrenhks.
Furt hermoig, (haeprecehdi pvLAK:Yaedhl EESEOLOToL ik Sha ! RECAANT 1Rt Nod
according to the present invention nmay, i1f necessary, contain the
convent i orthlisdiespedimnns, whenaetbhack Vmagesisyadpacentrts suedder tension
modi fiers,; ci fj eghskance BRALEi BF $ps j r nLLoxLdagt s, -
niIdempro&?%ﬁ%'aég%ggchglat?hg gge%tg‘%%%t?ﬁgégiﬁéﬁgT%%t%on¥gﬁ%s@g t hese
various addiackydstEnarRetPnRechapdseti orndmbherrylaehederngaupopr putedses.
Since, howevehe LBEoUSE0OL LREvAGELL|VESihfe@ BXECSPANE QHPURbnESsts
causative of the occurrence’ of foamnhg, precipitation and deterioration in
storage stdbal plyralhtyaefi ink < wletf of Fig-¢ U3ed (R) arndnbehtshawg he
range of %@.ﬂ;@ﬂ@é tR SRibY Wehghi /2 EXAWPLES Jbebfa)é}@rdwg%f‘é §ggerding
met hod according to the present invention wll now be described in nore
detai | wi tmPESPEr BRCECLBTt ABTE OPF B AYS EXappleEe@ndr eBRPEEAYPYE- exanpl es,
though it is not k&glt¢di§oaﬁhsﬁﬁlsﬁaﬂ@%fsvgegefIQkf&f%ﬁ5§'ém56@iﬁéﬁéed In
the follow ng tabl e were prepared according to a_conventional nethod.

Tabl e 1 1 ®fc present invention, the secdnd color mixing method. In

~) 12MVat er ikrdlisl 3kanbaYebhewMagentaky anabacl § Yeh | avdhegetbtaagoYoPDihigs, t
blac)c 192 . OAC|§ yeILOM/233.0Ac§S red.523. 0Col or-Aci d bl ue 9~3. 0ant Di r
eel . bl acip the-5lacypipage FaMPoRI86%. BPFFcRTr EALIDDSZ. BBFr 2R pERRD
7i9961ycgg%@gcolgiOink01thrQ?Qed 64 th@29hinﬂ?%1dgﬁé#_$bf¢£@ic£@l¥¢thy|ene
glycol E 10. .01Q. 0Dt hanol 5. Ovent n- Pr opan . rtyno

Tb° 40, 40 SBRGIPLSGR1 GROF 823, G3PLHCBE TALRLRPIRE| SO HD1IATFBxB (2), ()
XL-20. 30. 30d3Qc30sR6w38h380p3Snksl| an- ektbanggd, 2/5 and 3/5 of black
mater88.774.374.374.320.725.75@.77gp7ven Surface tgnsi?n (dyn/cm at

2057. 331. 385:5426°748P557°838183G-8C°N RPHSN TETBBFE ¥ thyc (wt. 0)3

4MVat eri al sBl ac) cYeigowBh@entnCgapbDhnaloXyel v bewhge nd aflyatii e detibed kmeéx2t OAci d

| : id , | or - Aci I ]
150270011 8 P61 FBRCEas toARas FEA: 960 HBF P SEEHEEY By "ERE, pres-
()Di et hyl em& invention. Referring to the drawings, the square in the

I I ] : : ' -G L03; : =U. : '
660l OG0, B0 19aLAOFLB0ksC) et L0g POk QURLED 20 BRal Y
0>r t hanol »ags- RropadoltBe0SaipynamagenregdonEane Fahagk - Snagenoegdoaso. 4 0.

9 OtivesSytf dQheft, OunBhOXebiack i is located t
XL- 20. 30. 8.%%&§0é§%;3g.§u.3sgl-Ion-ex%ﬁanégage 1s located apart from

wat er 87. 7t5he7relpr6imggerat. a7digtancegyventSerraedingndrént(dydtan) the
2053. 931. A335£33,548c 4308 8371033R1REhg et holt Ts Hbgliea1favthe-ahole--t--
~v... a__~~L_ TC.VITILL! 1c1IC yt TVl

~. J_icuy y:Vv1® 1U-L41~Y1 eL. IIE 'L

N Tegion or the partial region which” has 10-dot width from the
border of the black image facing the color image. On the
other hand, when a black image is located apart from the
color image at a distance exceeding 5-dot width, the black

image is formed by a black ink alone.

DETAILED DESCRIPTION OF THE INVENTION
In the method of the present invention, the color




02 m0O - 6 SEP 2002 - 16 The followi ng color ink bet =ecording was
carried cut using the ink conpositions listed i.”. Table 1 to evaluatsﬁh%e
print quality. 360-rimon-remand =ak jet =ecording device provided w gl002
+ nozzles, which is an experinental nodel manufactured by our conpany, was
used as an ink bet recording device. Test 1: Bl eeding due to color

. intermxing of black ink with yell ow ik yel l ow i nk was printed at 1000
duty on conner0|al avai.l abl e PPC paper. .( XEROX- P_manuf act ured by Fuj i
Xerox Co.:Pt% d"9Y 48 SIS hee %r VAted"r hBRESR “dsPRG SYBPaBK ink. The
print saraalreammle/\eajwm tb;e erl@mer vatieanawtt B1be naked cemromnhgeeal ng
derived fromlnIerméxe §.3§ ck rgglon wth th%Eé ow re |on The
eval uati dff criTer1 W ﬁﬁﬂ 8w§ BEmpaPaPfve "EXampreY 21t 618, the
bl ack i nkoMesz priinteed ihuesuchca comsnéerbahavnone dot oz the ink consi sted of

one bl ack ink drapl tcol%‘?-t grior gtegelcg?,g%gune B°%| ﬁ?ggﬁgggLee ing.

Si gni ficant bleedlng ........................... g ﬂ3V|ng no
=nfl uencemesdrite xvend liomage.ll. now. oe. described. in. detal1 with. DeRer-
S|gn|f|caent eblee gg ........................ OO Test 2: Drving rate of
prints pr|n sanpl provided in the same manner as described above in Test

1 was all owed toI@tah@ t@doa aektaen pecoodin®Ptephpér ofwhhehpreseftt he
Same typ%rﬂﬁerﬁs{}:o e%%r Q)gmp?;. Fﬁe asg pH Oﬂlééﬁ 86%“&??”‘1&;%5%9?%%?556‘1

for one sec cause no o
recor di ng?l’p&ﬁéﬁ“%é‘ty @rﬁa%mlétralmm ﬁérlmf rférceﬁlﬁtrﬁ; 2,02t e wiha 3 eevad Ut leoic i n

terms of r&ﬁ]g&dl@ 1lg3k @brisdls e 2Rk BT bRt 1 ARMBEBp A CaURgeNBy QL SOt on

the reco aper. The evaluation criteria were | ess t han
1 min....ink .dmp.l.e.t.S. .1.0.2. on recordiny pap§Ecar® thinner and more

mn...... homo th dot - f g 17 t 0

Coq, | rhome geneous - than' = doc - forned by, ofic FP A08B1acl” & {nd
sec...... results show, the drying rateQgsameste ﬁﬂQﬁﬂﬁﬁﬁﬁwﬂaqdcﬁurhkenots

Pri nt sanﬁxi_aec%éfyengg{ REQY T sledo by drid dU | NOri@speotd Vieh £ ob LI 5t O‘%%?E%o Phhs

magenta cyan and ack on cormer cially avail abl e PPC paper
manuf act WBRFIEFUj i Xerox. Co., Ltd.) as recording paper. The spread of ink
dots was neasuredhbynambealeetbﬂachﬁhheﬂroﬁhet§0ﬁﬁgenetbusﬂitﬁh£ ok dots

was eval o) conp r| n he .si.ze_of i nk_dot t ha t he
Cotor b She YRR W, pB° gt EEnehen CRePraT KR HR: tﬁ‘ﬁdW?h%héo?%r ot
was: Wt Hihre 1nu)amd the spn@aﬂ plfi ithe 206k0droplet. oD aveecer@ing .

. X The g:fe%itutrr? arg g o s Eabkiendnaindahb8a3- 00 h1 ng2kEGD 0L,

such as the responsibility of a recording head and timing of
paper feed. However, the number of ink droplets which con-
stitute one black dot unit is preferably 2 to 4 from a
practical viewpoint.

A method for ejecﬁing a plurality of black ink droplets
through an identical nozzle using, for example, a serial head
of 360 dpi will now be described with reference to Fig. 2.

As shown in Fig. 2, the number of ink droplets constituting
one black dot unit is 2. The color ink is printed by one
droplet (201) at 1/360 dot pitch with one passage of the
printing head. The black ink is printed by two droplets
(202) with two passages of the printing head. In this embodi-
ment, two.black ink droplets are printed with deviation D1 —
that is in the paper-carriage direction (in the drawing,
perpendicular direction). It is also preferred to form black
ink droplets with deviation L1 that is in the main scanning

direction, like ink droplets 203. The deviation may be formed



color inlc per dot ( fig)'1l oLal. weight of viae)c inlL per dot ( Eig

) Wi ght and nunber of ink droplets of black inlt per doi:'Pest 1 Pest

.' Pest 3Ex. 120.060.06, 0.03 erg x 20Q0L: x. 220.0Q0.0Q0! 02 ~tg X 300#&&2002
310. 060.120. 0~ ~m x 3p0OA : x. Al0.0G0.120.03 gird x 9000G ,x . 520 . 000

0~0 . 02 ~m x ~OO0CConp. fix. 120.0C0.060.06 erg x 1, pCXCbrnp. Lx.

210. 060. 120. 12 erg X 1IxxOComp . Ex . 328 - 09 ~0 . OFSO . 04 ~y X lppx N a~
m-000N - 6SEP2002-_19 i when the fornaglon of dots having
|dent|calh@vaﬁ@te?éaﬁgﬁﬁg §0¢olForSi Ak RS A bPRCKIGF R: PHIRFLRENESTrom each
other in sukfraed bensiyoHeakg egnteaptatedyidfisrnetesgar yThos usethbe bl ack

i nk havi Lhigh f t I I € k ht th h I
|k havi ngnalbaeEhenEh aBe Srenarons: PhulvbrioE e dr iR PO bR bk o

usi ng a plinkakoty tef benkadet 8 ceeenc éoeactmk@t&(ﬁrrpl es 1, 2 and 5 the dot
wei ght of the blaﬁé ink is equal to or.s er t.han that o{ she. col or i nk,

makes the dot di aheBer” an?H BIaC@D?TRW% 1o fo??mﬁn%f ﬂ%ké%Ibr i nk as
conpar ed wntilh €onpasati v€ Exanpleskl: anddﬁopldaes ebyImnall s ngmivddidkent,

derived fr oIor- nt er m xi t0.be preven e Fur even for
li ke Exa % QtaHBIEStHQCIBPaIgrnkemﬁpg%% %ﬁt egngtIéuanoIU é?arg@r t han
t hat of tﬁermahow1thkﬁevhetﬁonnﬁnionaofra.bmatkedpapﬂsfm@ralpg@rQireq—of

|k dots nahl o9l bRel Bkahanhe appliedian Lecor dlag,paperypre Shinl v and

nor e honngeneo OVEr her~as conpar ed
Wwith Exarrpbéoz das aniésgbnsiassfof Emnmlaer 13nk2 @mlplset meédrwrgederr ved

fronrcoloE ?Egrubgke gbéhg? E aro fy@wtfﬁkd%gy%Iewgey?or ck do

unit consis ura K et s per I'nk, the
i nk can b@happemqunmenry &nd hﬁﬂn@bﬁ@@usmW rop et di Yy E%¢m¢edwmitm can

reduce t hﬁe?f@ﬁ‘dhbﬁdm”'ﬁhﬁ@ ght 1Hf BQ%Q{I:@chéP:I&a@é SYERL-PISeding derived

from col or-col or I_.nterm xing and addrtrona ly, I1nprove the drying rate of
t he col or CRF&gen fey¥iakiompEBptMRi iy TR %%ﬂ@ws%ﬁ¢¢&n%6%lE ed with

the conbi nation ofjghesi EKoGaMRASLEADONENSOWNE Fe iR e Zopertrg%@r@ﬂﬁily
avai | abl e PPCpaper [ XEP, CM—P manuf actured b FQ%élXErox ). The

anount ochﬁ§§55§r° othZRE RUGABEr 1BF FHRPLF %%H%?%t??&PEﬁd%tblack dot

were as Shﬁwlﬂ tBnfabke ef M\hencalbfackxld@@mws fmnﬁﬁlﬁderﬁlﬁ@dlimé@tﬁ col or
i mage, was [ on.the I? ons_of_sone g ts in the

n pri.n
whole r ooFOReET SEROSH! BEk PLABe L RHEEPBITHY REe et TRAR £RT whi oh
t he col or paskagas pfimhedprmntmagtDEaﬁ Speéﬁfi&hf&?ﬁO&fteﬁOthmumhestof she

bl ack dogs. g LheCalon (Wxi 0.T eLon, Was, AS. SIOWD. | sabls. de Ihis T eeding

oz the pri sanp Was “eval uate Fhe- sane |n Test
1. The resbet §igst gevénrs. atTablésTaste S5of Digyv gt fam . @Zoth@tlnﬁslﬂhehdrylng

e O PBERCLALS REAvLdedcinoheoSaTEPNIE A ARSELIbEL) 14 el vere

measur ed saire nner —as described | h Zest he results are gi ven
in Tabl e 44 Fpsrtefrppndfensecyndf senkegors the distance of deviation

D2.

Fig. 5 shows an embodiment in which one black dot
unit consists of four black ink droplets, while one color dot
unit consists of one color ink droplet. In this embodiment,
two series of black ink droplets are formed with two passages
of the printing head. Specifically, after the first series
is printed, the second series is printed apart from the first
series at a distance of deviation D3 that is in the paper-
carriage direction. Furthermore, in this embodiment, when a
series of black ink droplets 1s printed, the response fre-
quency of the printing head is doubled compared with that for
printing the color ink.

According to another preferred embodiment of the

present invention, a printing head having multiple nozzles



The honogeneity of ink dots Forned by the inks shown in Table 2 with the
amount of inks per dot and nunber of ink droplets consisting oz a bL@gﬁﬁﬂqz
were as shown in Table 5 were evaluated in the same nanner as descri [
Test 3. The results are given _:z Table 4. "fable 4 Conmbi- nation of

I nks\Wei ght of color inlc per dot ( ~.g )Total weight of blae)c inlt per dot
( ~g )Véight and nunber of in)c droplets of blac)c init per: dotCol or

m Xi ng' 1'esL 4Ies£ SVést Q? 1130. 0950. 080.09 ~. g x 22/3

1290. 0950E 8502 945211 Rlad 2epodask oo 356095y, 6@%”@9 o the pranting

27.13(" ] Ogh8%;, 2940402001 Wr 051 s@€J: nk 22 RIS &nﬁh%o&%@ﬁ%' 8£0@nar c~ x
91/ 2U() () Cor np, . fix. .1130. 0950 UR. 0G ~I g x 12/ 3p
1240. 0950° é%@’gd?tpg*“%clileﬁbk%ﬁp’ltﬁxon éé%ﬁsc?%uOthgg %“Eﬁléﬂ £e2s3xxp N

N o~ m N €hGNridt SidE R2URaynokesddute Gl Gbrr_Moﬁm@g s'ﬂ@@qcol or print was
conducted with t@f conpi nation of .the ink conpositions sh in Table 2 on

comercial ly avai %ﬂﬂ§9%ﬁﬁiﬁhﬁéFm(ﬁE~éﬁ°9Cﬁaﬁdf EFUP§8589 FuFVe? 8% ' Co.

Ltd.). The.anpuths DirstksoRgs thofimncethaker whlern rakndra@rkl dtnageonsi st i ng oz
a bl ack dot.were S sho in Tabl e 5., \When a _.bl ac S&EQFHE
adj acent $HIEH o O GRS ack d6t £5°H SERE 8I &gi oM €of % RE bl ack
i mage merénkem$ammendéﬂthﬂ(ﬂn(husi_gﬁhe b&tsom@fbﬂhekbha¢h dahent hitnned

m Xji ng regi on_was as

out to the, Tot al nber ck dots in the _color
shown in TabFePasit %nbﬁgbed?“ﬁacgf Phe& PR K HE e Rl A A rdPilackhe
sane mannénkagrdesetsbes pnidesd. 1. The results are given in Table 5- Test
8: Drying rate'o%ﬂ%Q'Hé%hod can more effectively prevent bleeding

derived from color-to-color intermixing caused by the flow of

a dot ink into adjacent dots and the flow of an ink in an

image region into adjacent image regions.

This method may be applied to a partial region of a
black image adjacent to the color image. This region may be
herein referred to as a "color mixing region." According to
the preferred embodiment of the present invention, the color
mixing region_does not exceed 10-dot width, more preferably
5-dot width, from the border of the black image facing the
color image. Alternatively, the whole region of the black
image may be the color mixing region. According to a
preferred embodiment of the present invention, in both cases,
the ratio of the black dots under which the color ink is
printed is 10 to 100% of the total number of the black dots
in the color mixing region.

The first color mixing method is specifically de-
scribed in Fig. 6. Referring to Fig.6 (a), 1/3 of black
dots are superimposed on color dots previously printed.
Furthermore, Figs. 6 (b) and (c¢) show 1/2 and 2/3 of the black
dots superimposed on color dots previously printed,
respectively. )

According to another aspect of the present invention}
i.e., the second color mixing method, when a black image is
adjacent to a color image, 1t 1s also preferred to suspend
the printing step of some black dots in the whole region or a

partial region of the black image to thin out some black



The drying rates or the prints provided in the same manner as described in
Test 7 were neasured in the same manner as described in Test 2. The T &ShP 802
are given in Table 5. fable 5 Conbi- nation of inl~sWight of color inlc
per dot (hg)Total weight of blac)c in)t per dot QL19) Wi ght and nunber of
in)i droplets of black in)c per dotCol or m xing Pest 7Pest E3EX.

2130. 0450. 0f 30. 04_pg x 21/ 4QUEx. 22307 0250.060.015 ~. c~ x 92/ 5Q0CoEX.

2340. 04504099, 0aBA <Ren xt@PBLag the colpradnk @gp the pint Gspended 27

[4(~0hx. 2549, 066 L80: 02, 119, Xdhd 30k dots ABGMMLEUi0E dhoX
11/ 4~pCornp. Ex. 2230, 0450.7700.10 ~tg x 12/5xxConp. I~ x . 2340 . O&. 1
2.0. 12 feysx 7Im/BE NaWhAD - D1lack gps A007 - 24 BL1SR GRSk j et
recor di ng #1ed hod, 1451 NG, €A Uil Nkhamidd & sSUr e Aang e ehel psa-t han 40
dyn/ cm at 20C(?nd a bl'ack ink having a sSurface tension qof not |ess than 40
dyn/ cm at £ 90€2d v#HERQH SR b e Ko tPIRASN Y S VG @™ r ot 415 FRSOPEY of

dropl et s @1éhentt ook nedhcind the Wlded igeigeunist doxnfear mad firem a singl e

oroplet ofeesl reddple shanaet sriged un el Wl ha A blag raeg 15,
m Xi ng reglare fulldye odrthepardlgr carkpriissineg tpird nitlegick i mage, specific printing
rinted in the clb MATRG: Fo0) BYI6r CRECHIAERY, RAGY T FHEBrding
posi ti onsdewhivdd af morf reel dr-omo-tidck iimkerixing celused my jthe fdowr difng
of the bIAcdT b YERd B el R0 s o 2oRE ofo B e ABerne border
bet ween tirade adgiomga enddieard] dnageagegid®nsthe Toel @aritiklj eegieror di ng
oLl S EYE Ay SRR telndttl K st RS,
enpty dotkegion." According teo a preferred embodiment of the

present invention, the color mixing region does not exceed

10-dot width, more preferably 5-dot width, from the border of

the black image facing the color image. According to a

preferred embodiment of the present invention, the ratio of

the black dots which are thinned out is 10 to 80% of the

total number of dots in the color mixing region.

The second color mixing method is specifically

described in Fig. 7. Referring to Fig. 7(a), 1/4 of black

dots are replaced with color dots. Furthermore, Figs.7 (b) and

(c) shows that 2/5 and 3/5 of black dots are replaced with

color dots, respectively.

In the first and second color mixing methods of the

present invention, the term "adjacent to" refers not only to

the case where a black image is adjacent to a color image

without any empty dots, but the case where a black image is

located apart from a color image at a distance of a certain

space, for example, 10 or 5 empty dots. This space may be

set on account of a variation in the dot spread which depends

upon, for example, the paper feed accuracy and the paper

quality. The space ensures a good image quality. When the

image has the space between the color image and the black

image, the first and second color mixing methods may be applied

and they effectively prevent bleeding derived from color-



4. The color ink jet recording nethod according to claim3, characterized
in that the distance does not exceed 10 dots. 5. The color ink jet

. recordi ng method according to any one of clains 1 to 4, characteri zed 6i SEP 2002
that the ratio of the black dots in the color mxing region to the total
nunber of the dots in the color m xi ng regl onis 10 to 80%
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Among these water-soluble organic solvents,

polyhydric alcohols are preferred because they are very

effective as a drying retarder for preventing a failure of

delivery derived from clogging of nozzles caused by such an

unfavorable phenomena that water contained in an ink jet

recording ink evaporates to cause precipitation of a record-

ing agent.

In the color ink jet recording method according to
the present invention, for example, monohydric alcohols, such
as ethyl alcohol and n-propyl alcohol, in addition to the

above water-soluble organic solvents, which can serve as a
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EXAMPLES
The color ink jet recording method according to the
present invention will now be described in more detail with
reference to the following examples and comparative examples,
though it 1s not limited to these examples only.
Ink compositions listed in the following table were

prepared according to a conventional method.
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9]1& ()-N 8% g9 8e(inkl dO%o9 & dns Ni1D%G in Table 1 to evaiuate the

print guality.
A 360-dp1 on-cdemand ink jet racording device ctrovided
with 48 nozzles, which 1s an exper:mental model manufactured

by our company, was used as an ink jet recording device.

Test 1: Bleeding due to color intermixing ¢ black
ink with yellow ink

A yellow ink was printed at 100% duty on ccmmercial-
ly available PPC paper (XEROX-P manufactured by Fuji Xerox
Co., Ltd.), and letters were printed thereon using a black
ink. The print sample was evaluated by observation with the
naked eye on bleeding derived from intermixing of the black
region with the yellow region. The evaluation criteria were
as follows.

rfor Comparative Examples 1 to 3, the black ink was
printed in such a manner that one dot of the ink consisted
of one black ink droplet.

Deteriorated image due to remarkable bleeding. .X

Significant bleeding........ ... A
Slight bleeding having no influence on

the whole image...... ..ottt iinennnnny O
No significant bleeding..........cuiuiiunnnn.. ©

Test 2: Drving rate of prints

A prrint sample provided in the same manner as de-
scribed above in Test 1 was allowed to stand for a
certain period. PPC paper, which 1s of the same type as the
recording paper, was put on the print sample and pressed for
one sec. The time taken for the print to cause no offset on
the recording paper was measured. Further, the drying rate
was evaluated in terms of the time taken for the whole print
sample to cause no offset on the recording paper. The
evaluation criteria were as follows.

Not less than 1 min...... ... .. it iniennnnn X

30 seC O 1 MIn. it ittt it it et e et e e e e A
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Test 3: Homogeneity of i1nk dots

Print samples were provided by printing respective
colors of yellow, magenta, cyan and black on commercially
available PPC paper (XEROX-P manufactured by Fuji Xerox. Co.,
Ltd.) as recording paper. The spread of ink dots was mea-
sured by a projector. Further, the homogeneity of the ink
dots was evaluated by comparing the size of the black ink
dot with that of the color ink dot.

The size difference between the black dot and the

color dot was:

within £10% ....O
within £20% ....A
over =20% ...... X

The results are given in Table 3.
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rent rrom each
other in surface tensicn are contemplated, 1t 1s necessary
to use the black ink having a n:gher surface tension 1n a
larger ink weight than the color 1ink naving a lower surface

_ tension. However, the formation of a black dot using a
plurality of ink dots, even for 1like Examples 1, 2 and 5
the dot weight of the black ink is egual to or smaller than
that of tThe color ink, makes the dot diameter of the black
ink closer to that of the color ink as compared with Compar-—
ative Examples 1 and 3, thereby enabling bleeding derived
from color-to-color intermixing to be prevented.

Further, even for like Examples 3 and 4 the total
ink weight of one dot unit is larger than that of the color
ink, the formation of a black dot using a plurality of ink dots
enables the ink to be applied on recording paper more thinly
and more nomogeneously. Moreover, the drying rate becomes
higher as compared witn Example 2. As a result, as for
Examples 1, 2 and 5, bleeding derived from color-to-color
intermixing can be prevented.

Thus, when a black dot unit consists of a plurality of
ink droplets per dot c¢i a color ink, the ink can be applied

thinly and homogeneously on recording paper, which can reduce
the required ink weight of the black ink, prevent bleeding
derived from color-color intermixing and additionally, improve

the drying rate of the color image.

Test 4: Color Mixing

The color print was conducted with the combination
of the ink compositions shown in Table 2 on commercially
avallable PPC-paper (XEROX-P manufactured by Fuji Xerox Co.,
td.). The amount of inks per dot and number of ink drop-
lets consisting of a black dot were as shown in Table 4.
When a black image was Iormed adjacent to a color image,
color ink was printed on the positions of some black dots in
the whole region of the black image. The ratioc of the black

dots under which the color ink was printed to the total
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number of the black dots in the color mixing regicn was as
shown 1n Table 4. The zleeding of the print sample was
evaluated in the same mzanner as described in Test 1. The

results are given in TzZie 4.

Test 5: Drying rate of prints

The drying rates of the prints provided in the same
manner as described in Test 4 were measured in the same
manner as described in Zest 2. The results are given in
Table 4.

Test 6: Homogeneity of ink dots

The homogeneity of ink dots formed by the inks shown
in Table 2 with the amount of inks per dot and number of ink
droplets consisting of 2 black dot were as shown in Table 5
were evaluated in the same manner as described in Test 3.

The results are given =2 Table 4.
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Test 7: Color Mixing
The color zrint was conducted with the combination
of the ink compositions snown in Table 2 on commercially
avallable 2PC paper (XZR0X-? manufactured by Fuji Xerox Co.,

td.). The amounts of inks per dot and number of ink drop-

L"!

lets consisting of 2 black dot were as shown in Table 5.
When a black image was formed adjacent to a color image,
some black dots in the whole region of the black image were
replaced with color dots. The ratio of the black dots
thinned out to the total number of the black dots in the
color mixing region was as shown in Table 5. The bleeding
of the print sample was evaluated in the same manner as
described in Test 1. The results are given in Table 5.

Test 8: Drying rate of prints

The drying rates of the prints provided in the same
manner as described in Test 7 were measured in the same
manner as described in Test 2. The results are given in
Table 5. )
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a single droplet of the colored ink, characterized in that
while a black image is being printed near the printing sphere
of a color image for forming a color mixing region fully or
partly comprising the black image, specific printing positions
in the black image are left free of black ink, and colored ink
is printed in the color mixing region of the black image at the

printing positions which are free from black ink.

2. The color ink jet recording method according to claim 1,
characterized in that the color mixing region of the black
image is not extending over more than 10 dots from the border

between the black image and the color image.

3. The color ink jet recording method according to claim 2,
characterized in that the black image is located apart from the

color image at a distance of one or a plurality of empty dots.

4. The color ink jet recording method according to claim 3,
characterized in that the distance does not exceed 10 dots.

5. The color ink jet recording method according to any one
of claims 1 to 4, characterized in that the ratio of the black
dots in the color mixing region to the total number of the dots

in the color mixing region is 10 to B80%.



