- 1 - DESCRIPTION Title of Invention: |INK JET RECORDI NG WATER- BASED
| NK AND METHOD FOR PRODUCI NG THE SAME Technical Field [0001] The
present invention relates to an ink jet recordi ng water-based ink
exhi biting good dispersion stability and ejection stability and
relates to a method for producing such a water-based ink. Background
Art [0002] Ink jet recording aqueous pignment inks which contain
pi gnents di spersed i n aqueous nedi a,- riesi ns havi ng ani oni ¢ groups,
and basi c conpounds have been traditionally proposed as ink jet
recordi ng inks which can inpart good water resistance and |i ght
fastness to i mages recorded on rgﬁg%gg 3Q$€ia' [ 0003] I n ink
jet printing, printing is carrie ﬁ%& cting ink droplets froma
printer head. Exanples of techniques for ejecting ink droplets
i nclude a piezoelectric technique and a thermal technique. In
particular, in the thernmal t%@Q Eg%%,f%dggtng}n head i ncl udes a
resistive - 2 - heating elenent, such as aJheater, and ink inside a
nozzle is a | he [ S j
The 1 api dVenper ot OR o MBSt ER RS b R A PP Gh Tl ioieie,
a rapid tenperature change | eads tgythgygecurrence of a phenonenon
known as "Kogation" in which foreign substances, such as deconposed
col or antts g ddPUFidiges, are deposited on a surface of the resistive
heating el ement, and this phenomenon readily causes a problemin
whi ch a [oatce jat which ink droplets are ejected is decreased in a
long-termprinting with the result that ink droplets eventually
become unabl entophesenhectadtenbabwi rglbhesprebbemingl geedreeckkagati on
has been studi ed even when dyes have been used as colorants; it is
known t hattear toedieet iiork iaxhite tdonrt eptodfd ippianslents tagtidlix yasnd
inpurities in an ink is one of effective approaches (see Patent
Li t er at efechiorEwembin iitnk gret mgeliaitdasngoMd atetutdd ifoes producing
pi ezoel ectric technique and is free fromthe occurrence of Kogation,
nozzl e cluggyiengats rdadiddy iggused particularly due to cal ci umi ons;
hence, it is known that a reduction in the calciumion content can
i npr ove Beck&tcomst’gBi ity (see Patent Literature 2). In the
techni ques disclosed in Patent Literatures 1 and 2, chelating resins
are used%9%durify dyes, thereby elininating i npurities. [0004] An
ink jet recording ink containing a dye as a colorant. - 3 - is
di scl osed, iﬁnkhgéﬁ FRECHFE EaRTBECHFePI-AT'RALT LY XBuFPEFBdCRyta-N
sal ting-aqut t rgpuce t he cal ci um content, in the in%ﬁto 5p

r

. pm (see
Patent EHIEERN §13Persed 1y FOSENT ML iTon L oF Wim Y 1Equ AT 1B
ng/ kg unl ess .ot herw se .speci fi ed. Q05 I.n,.contrast, in._ink
Tot Tecorani i e CH N FRE Aty e Sram S Aty &E R
to redu : .qt.al f .ol yval.e cium as
i mpur i ti%%stl?% b%tet irr?%%t o] tgpgrrﬁ]%y h%ﬁ\éc hn%&gg |assfgl ég%gi %%t%gflt ent
Li terat yres ok o063 o BUSRP TN A ARt 230 Wol e in wat er
or organi c solvents. [0006] A technique for reducing the total
content ,Qf-peliyahedti smetal s as inpurities in an ink jet recording
ink containing a pignent as a colorant is disclosed, in which a
cati on- gxohange resin can be used to reduce the total content of
polyvalent netals as inpurities to 100 ppmor |ess (see Patent
Literature 4In Jhe feehpkgueidiyschesading Pat eatrhibbepatupe 4,
however, is ineffective to reduce the total content of polyval ent
met al s agclctpui tings drepd@ tpphret less iandr need .eSExhApsay, of
i npractical for reducing the total content of the polyvalent netals
to 5 ppmeahnlieses Aocordicngliy,g d ntkechipduws swhinell velkalal ed etzlve lteattalic
content of polyvalent netals as inpurities in ink to be reduced to 5
- 4 - ppmcand owel ehd epahesTexcdldobmt dueng- Ter pestdcaferst abi they and

thermal technique, a printer head includes a resistive



In addition, in production of an ink jet recording water-based ink, a
hi gh- pressure honogeni zer is used in place of a nedia disperser in a
process for dispersing a pignent in a dispersion nediumto suppress
contam nation of polyvalent netals as inpurities derived from an
apparatus used, such as inpurities generated due to peeling of the
inner wall of a kneader (see Patent Literature 7). Unfortunately,
this approach is ineffective to prevert contam nati on of pol yval ent
netals derived frompignments, and only the limted type of
apparatuses can be used with the result that optinmum di spersion

arat that v _ 0
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chel ating, rrgefﬁ{@d e S Ffd ol £ 9 %eeééliynlg%{oeﬁeeaéh%ﬁf @l cause

content of yval ent metals as inpurities in ink jet r'ecordi ng 1nks
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such as long-termdispersion stabiTity, are nmalntal ned,

devel opraft ofuan £ff8etd veedgohni gue hasdbeensid 1o stiidi g Haee
t here has been a demand for a sinple and etficient technique which
enabl es & reidridieridh theodotal ayantonf polyyadiedo@tal s in an
ink jet recording water-based ink in a process for producing such a
wat er - basgtstiatkce Hatanih ldd elaidim skd Jajanese: naxadaninad: Ratet are
Application Publication No. 1-193376 Patent Literature 2: Japanese
Unexam riexpfattent Ap@ isoatfiare RPubltleatiesn No.vel -HBAI Yy Rateemdint, and
Literature 3: Japanese Unexam ned Patent Application Publication No.
5- 005073 MRat eriteridmnesrcat ureadii 1 yJ aparsese dUnmexdmtiare d rPatteinth Appldteatdton
Publ i cati on No. 2002-179961 Patent Literature 5: Japanese Unexam ned
Pat ent Appldhc dtriko i Rl 6 teatd o eNe C gD 8- 83 aRstckritn 15 tlearet-trasm6:
Japanese Unexam ned Patent Application Publication No. 2008-214551
Pat ent [HReYEdMmer erith Jdywanesal ndhah dad PHtamte Mpsivagdtyadd y become
Publ i cati on No. 2001-187851 Summary of Invention - 7 - Technical
Probl emYBPLF to Pe qieqtechn 8B 8éfi9ofhenerpPésEntelaledt £6n to

provide an ink jet recordi ng water-based ink exhibiting excellent
ongt er FCSEdrRge AR EAT y* I 5] GO ORMARBIAS I &P ShiSTed S

pi gnent cqncentrati.on .and to provide a sinpl.e and nveni ent et hod
Por " br odtaic e o v dr Buedatne. B GH T MG BRI AL | n
order tq i rrt._excellent |ong-term.stor.age st.ahil.ity and ejection
stabili tpfl%%&r?n%nﬁnﬁtgtelsr &Cor |pr?§lvr€aﬁe§r - rlag@glsaend linlr?& Cort' & r‘ﬁfﬁg a

pi gnent , i.Qni - contajni r.esi:n, basi c oynd.
an inteﬁﬁggcgﬁgﬁéﬁ'E%%%%%ﬁ%ﬁa |Shfﬂgﬁglt&pgﬁﬁggﬁﬁg%?%df %gggvgﬂeﬁﬁk

metal s asd gutllies Jaaes, 10408 Aeal I JRlicRiy lhe YA S hAve

found that a contact treatnent wth a specific chelating resinis

effecti veloy employed 2% HidmRlee ANG LAV enlomthed Jori é;e%ci ng
the total content of polyvalent netals and then acconplished the
present deRvant @Rusge@0bArticulaAify it asPeel Qfunt RRr;e$RMce, it
invention provides an ink jet recording water-based ink containing a
pi gment i samknafin0 Rihe tg RO U RtiainNiifg thesida.] cAngh d JPASich te@rPewRd,

wherein the total content of polyvalent netals as inpurities - 8 -
in the dabenvekasgddtikn $taelidane (tskan Pht2rppmitedaeire of) .1 mass%
of a pignent concentration. [0013] A second aspect of the

pr esent theveértichon gueey iddes: 1a srelt Hod Padrengr ddueirag wars 1k anet 2,
recordi ng wat er-based ink, the nethod including a contact treatnent
of a warée-lbased pegierst adiesperesi ¢ puguifd wivies ,a thleeledtyi ng resin
that is in the formof particles or fibers, the water-based pignent
di sper siedAamingiitgc émpainditdgsa pi gment, an ani oni ¢ group- cont ai ni ng
resin, and a basic conpound, wherein each particle or fiber of the
chel ati 1§9Pé4di n contains both an al kali netal -bonded chel ati ng group

An ink jet recording ink containing a dye as a colorant



- 10 - directly and properly reduced even when the pignent dispersion
liquid has a high pignent concentration. Hence, the contact treatnent
with the chelating resin according to an aspect of the present
invention can be carried out at any tine after a pignment is dispersed
in an aqueous nedium which is advant ageous. The pol yval ent
nmet al scavenger according to an aspect of the present invention
enabl es pol yval ent netals contained+ B & water-based ink to be
easily, efficiently, and effectively renoved w thout any effect on

t he physical properties of the water-based ink and, in particular,

can be e, adv. eousl y, used .in rocess for produci an ink. jet
recor di %g V\%J?secrfcg%egcg’d %%k%hjf}/g%}%%g%b%scﬁ ?%%t%r% lr?ervaé%{%brPLfﬁO{lﬁg
The i nk j.et i - ' [ .aspect. of th
present PR o g 2B Srem R A RS B e B b S
stabi | i ty,greaterpihan %i%ug@ﬁ?hose of dye inks having the
reduced pol yval ent netal content, ile excellent light fastness and
wat er resi st apceyeer;ent iigh Piig 1lsn ne RigNtA) met hod
for producing anq nk jet recdrdiggﬁtafé%i%ggééﬁ?%khgg%%? ng%ﬁo an
aspect ftHderiyesgidcimnvantion enabl es nore sinple and efficient
production of an ink jet recordi ng water-based ink having the reduced
pol yval ertoosgt al content as conpared with the techni ques nentioned
as related art. The pol yval ent netal scavenger according to an
aspect of thé&npresentsitnvent iok gemnt aetsrainwat enizase tpiigApgt
dispersion liquid to readily and efficiently reduce the pol yval ent
nmet al cgnteerntsn dsheolatemimsed pigrien fidigpertss areddiaguitthe total
Description of Enmbodi ments [0018] Enbodi ments of the present

i nvent i erpniidrit mow deel Weslamitbe tial detaidh as calAniumk §=etimecdrdiasy
wat er - based ink of the present invention is a water-based ink which
cont ai ns-ra pigreit taarP afiiic tedup-ama aifapsessiin Baterd basi c
conpound, and the total content of nultivalent netals as inpurities
in the ME{ELHALES inkKd & RRCarsce JIKEEME D a3Fm linh sl Yofins orasxlos
of a pignent concentratian. Pol yval ent netal content in the ink
j et recddiNed Skatdr B8Ed G ReoreYFe present invention refers to the
total c 3{ of polyvalent netals regardless of their forms, such as
si npl e 3 C@&%Ient nmetal, a polyvalent netal ion, and a pol yval ent
nmet al conponent cpntai ned i n_a _.palyval ent tal - cont ai ni ng conpound.
[0019] go%?&%PéﬁPenePﬁl§eggc?ﬁ8quFiEg%sieEPBFFgFeogr sedi ment
on, for I a |_ect r.qd f t.hermal jet-type.ink jet.. - 12 -
apparatﬁgﬁ%&%ﬁchtlgg%fﬁ%B %hgﬂgﬁgﬁFﬁgﬁbg%béﬁmiﬁﬁEi%$ tﬁﬂ%dlng irk
sedi mentation 9n AR glieH-Ade PLOgasies Wil ALIINGLASE 4 NG -
frequency of ink“ejection; hence, 1n order to achieve éxcel I'ent

ej ecti o stihi-lddohandae daver dhe bteOtu%lecﬁ:CE%t e e Q?{ey \f%lt%qt metal s
as inpurities, the nore preferred. [0020 Exanpl es o

pol yval e te@fraloy that vaneitmpiditiatises st a e fieduced d N doher esent

i nvention include cal c¢ium chromum nickel, iron, copper,

nol ybdenwds gréestpa@rhicumi tEresefeolsyval eat aBtAhS$qas HABYLbLLEESiARY
be present in a variety of forms such as sinple polyvalent netal, a
pol yval ent efiet ali tieetuard 43 pohgvalrenti snehalf freenmereric Ge@luaicnete N a
pol yval ent nmetal conpound; in Specification, polyvalent netals in a
vari ety toftaflocestane odl pedtyivadleytr efeerried atso iapurialiysalients omptal S
as inpurities" regardless of their forns for conveni ence of

descri poirodes0024, needlAssngot Beye exenploed cefl Folryvaldent noetcales as
inpurities contained in a water-based pignment dispersion liquid or an
i nk j et togedr diongenitk ofcahel polyoatent aed atsgiesiSumpoortreit sar.e
generally high; in particular, the calciumcontent is significantly
hi gh i nAeerydéagds., Bemechnigues whight ecablies ahal yoéadf toatengf of

polyvalent metals as impurities in ink to be reduced to 5



- 15 - invention preferably forns a coating | ayer which stably coats
the surface of a pignent in an aqueous nedi um and has a hydrophobic
noi ety which can be suitably adsorbed to the surface of the pignent
to properly coat the surface of the pignent; in addition, the resin
preferably exhibits stable water dispersibility when the anionic
groups are at least partially neutralized. Fromthis viewpoint, the
acidic value of the resin is preferabl4y +n the range of 60 to 300
ngKOH g, nore preferably 80 to 250 ngKOH g, and further preferably
100 to 200 ngKOH g. The acid value refers to mlligrans (ny) of

pot assi Y. i.de e raljzi 0, Sj nd
o epr dlhr e R S SRR B0 e B, Phrade SRS LGS
t han 60 Molgl r - L ni [ i bj

excossi vaTy o hyar camiT e g O PG M A e g S o,

stabil i td’e\%l%}éﬁgnﬁ%tnée‘?n@%etr% be depased t A rARnACHH 1V YWables
greater than 300 ngKOH g, the hydrophilicity of the resin becones
unnecessaid | yod ICreasedi ¢ | dr Spehy o Lase md el Yal £11 St st ane e 10fa
printed articles tends to be decreased. [0028] he

wei ght - avarage s8d®cid 1arc e ghte @icddie- AN ONi ol OHPELONt Bl N dYeind @S N
used in the present invention is preferably in the range of 5,000 to
20, 000, lanthgww eof -a k6 gmaritef@sraddyt S, ©06h t o 15, 000. At a

wei ght - aver age nol ecul ar wei ght | ess than 5,000, although initial
pigment di®pPErsibility is excellent, the long-termstorage stability
of the ink tends to be decreased. At a wei ght-average nol ecul ar

wei ght gr eat €hefllh&nn20 @80 st ke evicoroeirioy adfl vt ke addtedrlcbased pi gnent
di spersion liquid is increased, which is likely to decrease the

ej ect i o &vElidgnsy wied Heot e usedl 4nt et flor raofimpny ki gsetand have
recording liquid, in particular, thermal jet-type ink jet recording

|i qui d. qegopojidely uppd il i &t is ipgintory) tdian Hérqani oni ¢
group-containing resin used in the present invention is preferably in
the rand€dMiEHEs ¢ BYESshd ot Sitteflertafiat e c 1w d3bdsee Patgnty

gl ass transition eipoi t o Egot lLess than 50C, the water resistance of
print ed 9@ % er‘f’ﬁ%ch d. Fhe SEREFABENSabPPALGtEE the

wat er - based ink is naturally alsq enhanced;. thus,_ even in the case
Where ¢ HEAHET S BIT G O et TRE o 3 A0 d AL orth AFE ¢ he
physi cal__pr rtj of  the ink are less |likegly .to be thermall .
changed,re\%nol(}‘(%ﬁnéoziatrﬁﬁ H%esaeéy't&(%ﬂ{dg}aevc T4é le%j‘af’exci%llc—’omn(_:‘.n hﬁosncgeine{:s]:}s/atlon
transi ti;oh pol-nt. 4 %vir‘%eraefc%rnﬁneq;cq %.rlﬁpl a%@bqyee%helat ' n-laqeﬁ‘e%i%ss
transition point of the resin Used in the present 1 nventi‘on can be
cal cul atgd f rop &N LCARASIH I ored bhrecilPBAe is genHg@R ONicC
group-containing resin to be used nay be in"any form 'such as a
honopol YIFRY ¢ A GRRO VRS p 18 RN AAMACRRO IR o & H Q96 1G] Y RS 1 rANnd
a graft copol yner. Specific exanples of the anionic

gr oup- C iMidiNip @ vie@ SN thC I reds rStiHRn iRt Meafand raftesd MR,y
acid resins, styrene-(nmeth)acrylic acid resins,

st yr eneedayipArRe s Waf=0riingy aditth r@Sid¥slkali. Such chelating resins

vi nyl napht hal ene- (et h) acryl ate-(neth)acrylic acid resins,

vi nyl napiftiialieme-1(metaptacrey [tax g@ai thatesi Ans when a ligquid to be
(meth)acrylate-(neth)acrylic acid resins, (meth)acrylic acid resins,
al kenyl tetdhderd dsi md,ighulnoladdaoie roes st narle tzhan e mee Sihes; e firrea
resins, amde resins, ester resins, carbonate resins, ether resins,
epoxy r egisng tadi¢ dlogokdlf ivdsinis,y tamel as lemitd vrloumagantrding ng resi n
can be appropriately selected fromthese resins. [0031] Anong
such regiodyvalgntemed adf loxncelunsiftr dins pdrksiling ey v igioefeanrtedtr ¢ s
are styrene resins_which have anionic groups derived fromunsaturated
al i phat i°¢ &@toxyRiEhaeplsahdsragtdoabl sabendsolshéh abedaEyhic acid,

agents are used to remove a slight amount of metal icns,



The aqueous nedi um nmay be nerely water or contain a water-soluble
organi ¢ sol vent which can give the followi ng benefits to an ink jet
recording ink: for instance, prevention of drying, adjustnent of
viscosity, retention of hum d, and adjustnent of concentration.

[ 0037] Speci fic exanpl es of the water-sol uble organic sol vent

i ncl ude glycols such as ethylene glycol, propylene glycol, diethylene
glycol, triethylene glycol, polypropyl®ene glycol, and pol yoxyal kyl ene
adduct s thereof; glycerines such as glycerine and diglycerine; ethers
of polyhydric al cohols, such as diethyl ether of diethylene glycol
and - - poly e t of . etates:. thiodiglycol;
nitr ogeﬁ%%l}]tagrl!l n%%%%oﬁﬁ‘ggﬂg%% hga%&ﬁéﬁ%%ﬁ/?&f%ﬁ%ﬂ%ne,

1, 3-di o . Bt  de:

di et hﬁ%%%%(ﬁd%g %giggmna?%?-soiﬁ%ﬁ %g%%%c so({gviesnil'g}gl Jfjenfc T%n as a
humect ant, d f- 80, cases. [0038] The chelating resin used in the
present 1 nvention has a structure in which a chelating group is

introduced i nto tRDISQSUBILANGE,1iSHEN 3D de treated is an agueous
pol ystyrene-di vi nyl benzene copol yner, polyacrylonitrile,

pol yet hydenes i qpolyhiethacs VA Bit£L i 8 #hdhetidn rest th i@ thd & £apabl e of
capturing netal through chelation. Any resin having a functional
group whirtdvlensitd eisn fuardeat g drgalic aflwddead | dmtilss 4 ink jet
particul ar, sodium and/or potassium can be used; a chelating resin
whi ch selegiddiely iodaptaores: poliwyad gnitgmei@las anscolsoneaed, B eferred
exanpl es of usable resins include i mnodiacetic acid-type chelating
resi ns ahidt faimwldphos plagrti wrea g alk tyglercheteaitd Ingl.oresiwisch Imigdar ti cul ar,
i m nodi acetic acid-type chelating resins exhibit significantly high
sel ect i vftfd aiensat yvaiceran meffdctions taahraraasheéraforke gr efterlabl vy
enpl oyed. [0039] Speci fic exanples of chelating resins which can
be pref el desedlaanarie present invention include imnodiacetic
acid-type chel ating resins such as DI AION CR11 (nmanufactured by

M t subi stiC%Heni cal Corporation) and - 21 - Anberlite | RC748

(manuf actured by ORGANO CORPORATI ON).. For_exanpl e, DI AlON CR11
exhi bi ts t he lfoPPSWAG s el 8c PR HHEIneaf Ty dik: Jet recording
Hg2+cu2+p 2+N&?+C%€f %52+ > .Co2+Fe2+ > M2+ > 13e2+ > Ca2+ > My2+
>Ba2+ > "SiHT °A8A% Vi PE IR et FCIBHE 5 ot et Hi gher

t han thatl Qs i um i L%S'di% AéIrO\érCRilnl aaI sroocexhi o] ts Olsll nifi.cantly
good selfedtS viotyato Fic or M gsher val®eft Tetal i Ons 1 011 B T o 3+
> | n3+ >.Fe3+ .>. + + > +, > +. .

i m nodi g&@?%éltacll%- ;g;ie@(]:ehe la%r%_%gédrléggﬁtoussl’eug%ﬁgérsst hceoncton a{lcal[tlon of
treatme I, resents iJw i 1S, d r rti ad N
parti cu{ggrl,ﬁeaal%ﬁ)tfesi n psara'%'i gq@%gn%liﬁéns%%%%kgognﬂaﬁaﬁqf a?é%a - uognded

chel ati RgQf,0uR ANG A shydnagensbopded ghel alddg AP, AN 1 hee
proportion of the alkali netal -bonded chelating group in all of the

chel at i ng:n@ouRs 1has heemaadidist @dd ehedft amie-4m|% tg 90 npl96.
Use of such a chelating resin enables easy renoval of mnultival ent
met al s as figArateas,,t Rmaug s e WU 4RGeS Sie it dddiddran, such
a chelating resin does not have adverse effects on the properties of
an ink jeehteedenadiing weat erollasekritkeasla fdardlveer qduet pERghdrt s,
therefore preferably enployed. [0041] The chel ating resin used
in the presently mhentliion tray hed o fampdaamueaed icarphef ersdal wiith t he
formof particles, - 22 - in particular, fine particles. The

parti cl ehsi zesofl tt édachelpatiimgn rdésipe sl arhedralimieh o iceewrpedr tdecl es i s
preferably in the range of 100 pmto 2000 pm [0042] At a
particl @lsiezs leawd dvisan 100 abmisv arricklsnsriclsl-ens to be addressed
occur due to powder dust; at a particle size greater than 2000 nm
the chell%0%d resin has an excessively small surface area, which

As 1s clear from the above-menticned examples related



[ 0048] In contrast, in the case where an ink jet recording

wat er - based ink which is a liquid to be treated (pH 8 to 11) is
allowed to flow through the chelating resin which is used in the
present invention and in which each resin particle contains both a
hydr ogen- bonded chel ati ng group and a al kali netal -bonded chel ati ng
group, the total content of polyvalent netals as inpurities can be
decreased to a - 25 - desired | evel-wt-hout any effect on the
properties of the ink. [0049] In the chelating resin which
enabl es such a contact treatnent, the proportion of the alkali-bonded

chel ati i I he. ch | PG ps.cC 1 hed
particIQ%Dggg#ﬁgtgﬂgléﬁéiﬁé?e%?nf%ga+ﬁ§% ePgé%%éggégggﬁH%%@gégggothe
nml % T i of - t i = chel at i ng. Pid S

pref er by n The Tange OTo b  BaToh o Bb ol %4 Rre or et eraot 3 4t
mol % t o 8Q- 4wl Mg andd %érﬁ‘%irﬁ’{ﬁ‘% 65 Bhn 09 D! 2810 A7c ol¥414 0050]

In the chelating resin in which the proportion of an alkal

et al - bandac chet Bl i NG I OUhd Nigkd, ofudies heday i ngrBr Qupse £01%ai ned
in the particles of the chelating resinis 30 nol%to 90 nol % the
rati o ofsddiei al kgl i areted sihondesy cheh@tdage sht ot hen effective
hydr ogen- bonded chel ating group can be adjusted by repeating stirring
and washigghrofquee dhed diddrg stesin; st el edel atenrg,r esigrd $1a8t ibgeed a n
an acid aqueous solution and an aqueous solution of an al kali netal
hydr oxi diensurch fasr sodi i ey diroki elief aoide ot ascshinimly drloxdldesnd b= @cd d
aqueous sol ution being appropriately subjected to concentration

adj ust nereduriti @onposEte dfqtd orcaxaampt eof hyakwoohl @rti onatcd s oin dith ut e
sul furic acid. Alternatively, the proportion of the al kaline

chel at i igrk -126 regpwling wallerdiase ohel i inPrpops tontmiedecing
the chelating resin may be adjusted to a desired level in the

fol | owi fGrarmetater 1hafAd ¥Mow colum is filled with the chel ating
resin, and then running of an_acid aqueous sol uti on and an aqueous

sol uti orf &€t et et a0 mARDE e, Ungicnige & dad i thyeRiokd SR

pot assi um hydr oxi de, an shi are repeated, the acid agueous
sol ut i orf 1&g St &ﬁ‘egl"%%oyn%ent rati on adjustnment and conposed of,
for exa

I hydr.ochl or.i i di | | furi id. [0051] . .
I'n orde a‘[tgéntfe%iel;torﬁcrﬁaetol{%eg %? Iodgaé)%heoslf‘n‘:f t)qneeei%%&ﬂg ::P%ge!trgq -%ﬁﬁoﬂe‘%atlon
Chelatl%%ﬂﬁ#?g%%ﬁ}%Pﬁ qugé§§$elatlng resin, the alkali netal
in e che |

cont ent ati’ng resin’s appropriately neasured by existing

techni ques SUCh 8% XS Ak f.UoraMBtry. dn@ﬁg%%& %Heégy&_ﬂr@f&%ae&%n

atom c absorption spectronetry, and energy dispersive

spect r oI e ANG A RN theygyeppertions of the resulting al kali netal
content to alkali metal contents obtained through neasurenment in the
cases OfpkQ0) a0 %0fa a2l kal ja gipiad « handedhichel atd g 9 and: 100
nmol % of a hydrogen-bonded chel ati ng group are cal cul ated.” [ 0052]

I n orderpuia igshjiest M Watogr>liases i nk contai ning a pignent, an

ani oni ¢ group-containing resin, and a basic conpound to a contact

t r eat merda twirith 74 teardtad &t-e Shelrddd@inexadi mred @&tEAt AMH G B@cth
resin particle contains both the alkali netal -bonded chel ati ng group
and t he Fudriegen-doonded 2008 -ed0¥g gr oup and i n which the proportion
of the alkali netal -bonded chelating group in all of the chelating
groups ik tfandmI3@ emzlt4rteo 630 JayldMe tehdirfeoldmiwiany Ragehrt dues] icart ien
enpl oyed: in a batch technique, the chelating resin used in the
present HulndmtEitdren dlodi 282 Id5linto a liquid to be treated and
then stirred for the contact treatnent; in a colum technique, a

col um fHatead wiltte nefie reh el :atfampneass Wngsedniined Hia temgs e liimadnitdron
is prelimnarily prepared, and a liquid to be treated is allowed to
flom/thﬁ@@@ﬁfﬁﬁéO@oWgthOpd0§§ﬁ851 Different types of chelating

Summary of Invention



- 30 - metal -bonded chel ating group content in the entire chelating

resin was determned in the foll ow ng manner. <Cal cul ati on
Exanpl e of Proportion of Potassiumbonded Chelating Goup (RK) in
Entire Chel ati ng Resin> In accordance with the foll ow ng

cal cul ati on exanple, the proportion of the al kali netal-bonded
chelating group in the entire chelating resin (RK or RN) was
calculated fromresult of an el enental7 anal ysis (arithnmetic nean at

t he nunber of test sanples n = 5) perfornmed with an energy dispersive
X-ray spectroneter (EDX, acceleration voltage: 15.0 kV) included in a
Field Em ssi.o I | ectron M croscope JSM 7500FA (trade nane,
nanufac?%%%gggv§gé%ﬁhﬁggf): RK = SW/ ST SW potassi um
content'dbfbphelating resin of a test sanple ST:

pot assium content in a chelating resin of a standard sanpl e having a
proportion offta ;ROLas$ymRrorded nehel aldddd 9nMR RO &f 1R %n

I n Exanpl es, the proportion RK of the potassi um bonded chel ating
group i nigk chel atddrd8sd Nvdaduycedsd n {18)e i i odus td .on Bl B -
was defined as 1; the potassiumcontent of the chelating resin was
nmeasur edse Mhi afb shpest & 19 1Pl Lad ROTe @X@P| L5281 1he Lasen Wiedenddie
potassiumcontent I1n a sanple was 3.94 nol% its RK was 3.94 / 5.19 =
0.76. -pidfnent] G9Mentratior Alnd Rieparatidn Ofs Chel atdmy Rasidasient
(Production Exanples 1 to 7) (Production Exanple 1) Preparation of
Chel at i ngetfRes] ERK-pAodulinky chetlatd nptreasiimagda AlrGN CR11, trade nane,
manuf actured by M tsubishi Chem cal Corporation) was i nmersed into
wat er, dhduthersglatBmybwas accurately weighed to 500 g with a
graduated cylinder (tanping nethod) and then transferred into a
beaker. [QU)1]The water was renoved by decantation, 1 nmol/L (liter)
hydrochloric _acid was added to the product in a volunme (BV)
approxi mat el ¥t P& fRe LPpRGFe eFLetlienEhdlagi g rFesitRragsd t he

m xture was stirred for approximately 10 m nutes. (3) The

hydr ochl@aE LHdivd anss Ssvied By adddaritatiomn iidghk echaffr Wdt®er was
added to the e{odu t, at approximately 3 BV, the solution was stirred,

and t he &4 195G S AR T SoRrGEd t TIRéh, 2 i e G&ttsd wat er
was added to .the product agajn at approxinately .3 BV, and hi ng was
i mi | ar (5 BRI Ge L0 ek 2 SR (Aer AdIEoe ot assi um
hydr oxi sol uti o ed_at roxi mately 3 BV to convert .the

chel at i %Si mees‘fllttn 91 C\(I)(x’{%la I:%Sttl;dlo 616‘ ctﬁgﬁoattol A ga rCeOsr%/tner{th rooéu X Vea%seerllr}ce

procedu&%ﬁ;%ase%@ qh@%gigi@ -nee@>to%g1%a@1%y9%r | &gy oyt d hree

tinmes w I on-exchanged wat er at appro as in(3). - 32

- (6) Thent1RQ MRl ledddd ehatofa RO i @gd wasised to
produce a chelating resin RK-A though the sane procedure as enpl oyed
in (2); doadife ChelalHdngd el A e LR RSN SRIIHYEPL Lo &g e
bot h a hydrogen-bonded chel ati ng group and a pot assi um bonded

chel at i RGQVHrerdrthtt A tHRPAHIH Areditioly tthe: peiassidonthondeds

chel ating group was 0.31. [0061] (Production Exanple 2) Preparation
of Chel gldlRgraResith idt-=Bs and tAgolayvon(diiameierches6GreBsnd engt h: 990
mm was filled with 500 g of a chelating resin (DI AION CR11, trade
name, mamwieattivred by M t subi shi Chem cal Corporation), and 1500 g of
1 nol/L (liter) hydrochloric acid was allowed to flow through the

col umm. [D&rz,] i on- exchanged water was allowed to flow through the
colum to repeat water washing to adjust the pH at the outlet of the
colum to beaAnbétrmbresphah 8f Thenpr&5e@tgiofehtaoh/ proiites) an ink
pot assi um hydr oxi de was all owed to flow t hrough the colum, and

i on- exch&ged orRacdn e teurbdegrehting gldndwdd ity fa e amemsuglan he
colum to repeat water washing to adjust the pH at the outlet of the
col um EF1lea ol oePs ARER 11GNg resimphamd BO®aFist @ Pawld.L (liter)

wherein the total content of polyvalent metals as impurities



0. 76 was produced as in Production Exanple 1. [0064] (Production
Exanpl e 5) Preparation of Chelating Resin RN -E Except that a 1
mol /L (liter) aqueous sodi um hydroxi de solution was used in place of
alnml/L (liter) aqueous potassi um hydroxide solution in (4) in
Production Exanple 1, a chelating resin RN-E in which each resin
particle contained both a hydrogen-bonded chel ating group and a

sodi um bonded chel ating group and in-vhi<ch the proportion RN of the
sodi um bonded chel ati ng group was 0.47 was produced as in Production
Exanpl e 1. [0065] (Production Exanple 6) Preparation of Chelating
Resin RK-F Except that 200 mmol /L (liter ydrochl oric acid S
Used i n B aEE of° B0 RN Y L Br]C hyBREER G ol 2o T ri et oF'
Product i Y] , i i.n. RK-F in which the proportion
RK of thﬁ%%ﬂ%ﬁn%b%%%ﬂ%%%%@éﬁ%%' was 0.24 was produced as
in Pr odur:ddpﬂ Exanple 1. [0066] (Production Exanple 7)
Preparation of Mxed Chelating Resin RK-X (1) A chelating resin

(DI Al ON CR11,p t f u M;t subishi g}%@i-

Cor por ati on) Aﬁ?@ﬁ%%@&ﬁ?’g \%Agl{ee?%%s%é% * an&s'{yﬁe sol tJthl%l()sn awas
accur at ehr Wi ahed d:AROL gy Wirt hi ik gjb@@waécﬁﬁr&mj neere {1AMGU NG n,

nmet hod) and then transferred into a beaker. (2)" The water was
renoved dne decaB@tiriludi dPld leddd 4@ )t ety i Gy agd 1k Mass dded
to the product in a volunme (BV) approximately triple the vol une of

t he chelmignghtr esigpeaichrt el qudd urieciwas Stdrdteichd ofe sippridxdyratel yn 10
m nutes. (3) The hydrochloric acid was renoved by decantati on,

i on- excharget matet pwast iadded dro e qr,oditet vait apirapddradieinerd BY,
the solution was stirred, and then the liquid content was di scharged.
Then, i chi-speastringed iwatiet was: zddded tzo glmngriodwst aagaimiatgroup~
approximately 3 BV, and washing was simlarly carried out. (4) Then,
a 1 nol /QorHairgma amfrdus grst gs Siamh hyshimpdwe s othariem wesshused at
approximately 3 BV to convert the chelating resin into a K-type

chel at i mRpatesile I dugten K ddrfe hradeddure s ienplasyied nisn Qabh an 5)
Washing was carried out three tines with ion-exchanged water at

appr oxi fet@lyt I L andeB)chealipdridlyy FHhivtrudh % tekieaandaestah in
which th roportion RK of the potassi umbonded chel ating group was
1 (6) RERHRG A5 HBY1 ADITATOROREE T IR de e 2 e SR ed by
M t subi shi_ Chem. cal_  Cor porati on) separately i rsed into water,
and t he POIRT GIES 5k A8 v e (4 & AR ST RTuded
cylinder_ (¢t in thod) .and then - .36 - transferred into a beaker.
(1) The st ariads O&Er#l@vg&glb’y é)e?gjntméjtli"dn, 1 mol/L (liter)

hydr ochl ori c,acj d_to e t -l u

appr oxi mat el Z;‘ ?bggﬁggfﬁgggof%n%h%f pgﬁggg%eﬁgpfﬁé\i?ésg?l,o(]gé%st Re

m Xt ur € gpas-Shichiehdan RRRAHIT doed Gl L G3x () S rding

hydr ochlori'c acid was renobve y decantation, ion-éxc ange(f wat’er was
added tqm%elder%!éctpoqtyv%mér&xmtaql %3 vBYgd & SRlUH Iy was stirred,
and then the l'iquid content was di scharged.” Then, 1 on-exchanged water
was addetheliatlif® ReRdUClradH otk ARR SHITRIENY 3BVip2RGMNGFNIdH 1Was
simlarly carried out. (9) Then, a 1 nol/L (liter) agueous potassium
hydr oxi de $@leUtfioeth Was paged clle sappr @iiEtsg! wha BY rf @ 2¢onyRItt it& or
chelating resin into a K-type chelating resin through the sane
procedurfabas efpltoyedhien atihg rekdh dashizngwast¢aran ed keuti warea -
times with ion-exchanged water at approximately 3 BV as in (8). (11)
Then, 1bmolded dhietlert)i naydrmcid arridc ach gd negensiednded pelogdleeiag group,
chelating resin RK-G through the sanme procedure as enployed in (7);
in the enel ahiengrogsirt iRK- G the prldpdrit mertaRKohdele chelating

pot assi um bonded chel ating group was 0.02. (12) The chelating resin
pr epar edrionp( 3n €4 laoft dhexbihigile LRKJog rovwss Lmertdley pedotvadierdl metal

scavenger 1s in the range of 30 mol% to 90 mol%.



(GPC Measurenment Conditions) The mass-average nol ecul ar wei ghts
of the resins S and T were neasured by GPC (gel perneation
chromat ography) in terns of the nol ecul ar wei ght of polystyrene. The
measur enent conditions were as follows. - 38 - Liquid delivery punp:
LC-9A Systemcontroller: SLC-6B Automatic injector: SlL-6B Detector:
Rl D- 6A Manuf actured by SH MADZU CORPCORATI ON Dat a processi ng software:
Si c48011 data station (manufactured-byY SYSTEM | NSTRUVENTS Co., Ltd.)
Col um: G.-R400 (guard columm) + G.-R440 + G- R450 + GLR400OM
( manuf actured by Hitachi Chemical Co., Ltd.) Mbile phase: THF Fl ow
rate: M Colum tenperature: 35C [ 0069] (Production
Exanpl e @ ]v\a er-based Pignent Dispersion Liquid ML A m xture having
the foll ow ngnb%moahﬁa Ol r\@%rc@@ﬁ 02 o2 B2 Ah ToKel dphy\{ 0V
a t

(manuf acture ving a volunme of 50 L

jacket was afb%?é&d@ﬁ %@ﬁ%é&&ﬁ"@%d@}ﬁﬁw adirfcd OMSREAG I rditd pnal
speed: 21 rpm orbital speed: 14 rpm before the tenperature of the

content Jreatdied, HQGt and e SPpeehbas: idiwraasat (Falatindg sipeedis
35 rpm orbital speed: 24 rpm after the tenperature of the content
reached fACnAthershdhel kneadhi nich Wascneod i Nueth s sSCaPasigigrenl> Resin
51500 parts - 39 - FASTOGEN Super Magenta RTS (manufactured by DI C
Cor por atdcrerb0OM ipar,t Kdyatind ene. i yicol GhoEpart s P aEqiieoits

pot assi um hydr oxi de sol uti on662 parts |on-exchanged water200 parts
The kneagimayamees] contd meed Storvearhdriumafdlemaraxiafum |thed-malr riert— was
exhi bited, 200 parts of ion-exchanged water was subsequently added to
this kneaded jprlodiedt derai eadiang vessiel | lear tien vt e lavesading
was further continued. Then, 200 parts of ion-exchanged water was
further wadded Jtaﬁciﬁmtcprﬁjmﬁ:]tl%rﬁlwlpﬁbcﬁmbw}i n auniformy

m xed state, and then the product was simlarly kneaded into a
unlformﬁ%sx]ed state. Then, 1000 parts of ion-exchanged water was

further simlarly added in total hy 200 parts. Then, the anount
of ion-exchaf @dm\%flé?ﬂ t8rheraddedngach thr]FeJ\%s r@ﬁ&ﬁ&é&gt Y566~

par t o o?b”ds&xflvﬁzﬂwgc@&“e FRra i 04 o a”%ﬁexs?%btséiﬁiem‘mo as

descri bed a_Lbove whi | K 2£ nea mve& as. contli nued, o _4 ment t he

addi ti ort "S5t {6r: éaxc%élnge s n| shecF The I ucg( fas renoved
fromthe pI t.ar duc 0

of diet hyJ1 %er}esg%y%oﬂcﬁﬁéj féf%l;l Srlhange \L/\i/asi er ve\%r A

gradual |, 21% e Nid e Bel %t%tr‘ rﬂaes%dMF;l@“%rpd WP 4@%

t her eby i a Viscosity-adjusted product.

The r es@&dt’}&rﬁrr%d‘éc p AR, 0GES S8 JrirO B 3888 d %sifd Mehd
(four passage) with a bead mill (Nano M IT NV GL nanufactured by

ASADA | %%a%%&%ouddmﬁhéﬁ&@f dhe fpldiawing gondid 'chéS_Lafiﬁrngf)e' ng
di spersed, thereby produ0|ng a pignment dispersion liquid ML (solid

concent ratdion codd%ind PERIH Loncentlratics] -bffde <RiMessireN group
Conditions with Bead MII> Disperser: Nano M|l NM &L (manufactured

by ASADArRGAN MRS R0-borldHa )cHBgadinyg Grdupn znd ala heach Beiach of
content: 85% Tenperature of cooling water: 10C Rotational speed: 2660
rpm (di sheperlijaiar aletsdeddind=dl Thylsacng group in all of the
chelating groups is in the range of 30 mol% to 350 mol%.
[CC16]
The contact treatment of a water-based pigment

dispersion liguid with a chelating resin readily enables the

total content of polyvalent metals as impurities to be



Liquid delivery rate: 200 g/mn [0071] (Production Exanple 9)
Wat er - based Pi gnent Dispersion Liquid Vi A m xture having the
follow ng Conposition 2 was fed into a planetary m xer PLM V-50V
(manuf actured by INOUE MFG., INC.) having a volume of 50 L, the

j acket was heated, the m xture was kneaded at a | ow speed (rotational
speed: 21 rpm orbital speed: 14 rpm before the tenperature of the
content reached 60C, and the speed wa30i Acreased (rotational speed:

- 41 - 35 rpm orbital speed: 24 rpnm) after the tenperature of the
content reached 60C. Then, the kneadi ng was continued. <Conposition

(ranut act i ea by DRVG B VRS ST 370000 part & 08 Mueous
. y . d* fu
Then | nreate Tt et Spbbd Aol he 1o e Frr o Tl AREEES,

m xer to.yeach,the: r@f@ﬂ&ﬁ@r&@%&w@téh@agﬁ%ﬁ&meg@@émn the
reased a I

| oad current of the planetary m xer dec entered a stable

state. Idn thisest ale tAdg kneadi n;%mlccq@tém% fadrtiueediows 44

produce a kneaded product'. en, in a state in which the

kneadi ng: Was £OHd# NUgsh grd00 pard ssfr 4 Q- axciang@e Wed afe s, added
to the kneaded product 1n the kneadi ng vessel in total by 13 parts
per m nuiteichMid eadhendkdgaslisng was conti nued, 4800 parts of

i on- exchanged wat er was subsequently added to the product in total by
50 parts per Mhengicd.yvElemt @ 1paicias eofyeiromcexehdmge ¢ onane fa spas:t
further added, and the product was renoved fromthe planetary m xer.
Then, 35i# ffer tsrexferdi etrwdreniectyl gpeadd 1 een p 286 Jpart snafa I D eexichiarged
wat er were gradually added to 10000 parts of this product while being
- 42 - igtia reakenitiezedigpersd dre stagirler, afierelmntlor miand a

di spersi on. [0_072J]‘ The resulting product was processed through
a di spersdredniey ke s b asisdya)t ith &f fread an 1thg s idal NV G2L
manuf act ured by ASADA | RON WORKS. 00., LTD.) under the follow ng

condi t i GHEOHIE Iss Y dilspetateat ~Rarae by pradifci iy R Piigheir, can be
dispersion liquid Yl (solid concentration: 25% pignment . ,
concent M4 %rf 3 vEgvh2 I S Sipe rid SSh 1o fIiRTBIRS Wi BERfinging an ink

Di sperser:. Nano M| NM &L (manyufactured by ASADA | RON WORKS. 00. ,
LTD.) Bedd: ]S?COD]%{JW i“fartceo%"iba?ac?é:gdl ad content: 85% Tenperature of
cool i ng ter: 10C R i gnal ed: 2660 rpm (di sc peripheral speed:
12.5 m é\é%sarﬁaqqgueiodlsdcet{ﬁ/eec%ys roa]fgfnvﬁﬁ:lgo/r}ﬁ n [ 0073] (Production
Exanpl e [JOQ}) Mat er -based Pignent Di spersion Liquid d A m xture
havi ng the]T |l owt ng Conposition 3 was fed into a planetary m xer

PLM V- 50V (mapuf agtu ggqt gxé cbwﬁgwﬁgter'—ugsg dh%ikngc%ov_»aliggg 58f an0 L,

the jacket was heate e m xture was kneaded at a low s

(rotati qngleSPefdtiil giBent 4ientdd tals SPaefhy-44 P fefre the
tenperature of the content reached 60C, and the speed was I ncreased
(rotati gralpispesd:and bt ibididly S8 g 2 ddiMe it & thfal to
tenperature of the content reached 60C 'Ighen, t he kneadi ng was
cont i nuetho seCHIPRBId 1101k 3 haRagig thebQR RIS JAFHATEM Bl 2GR
(Pigment Blue 15:3) (manufactured by DI C Corporation)5000 parts 34%
agueous daeitassi, UmHING exxdde 1seltutliiemkl G qrardss Diret Mdweite 13 460a230
parts The increase in the speed caused the planetary mxer to
exhi bi t itne et numgd ieaek nurireest o rkb maimt=asiecher @akt eerhbHe fhead
current of the planetary m xer decreased and entered a stable state.
I n this pstoatue,incherkneddijeg wassccahitionwed drotb aswde d rio wes: dral iprgo duc e
a kneaded product. Then, 500 parts of ion-exchanged water was added
to t he lkmeaded qir odudthd prdse ikndadiend ives selab Thwe rareadiing wasind
further continued,

efficient production of an ink jet recording water-based ink

having the reduced polyvalent metal content as compared with



500 parts of ion-exchanged water was further added to the product
when the product was in a uniformy mxed state, and then the product
was simlarly kneaded into a uniformy m xed product to adjust the
viscosity of the product. Then, 4000 parts of ion-exchanged water was
simlarly added in total by 500 parts. Then, the anount of

i on- exchanged water to be added each tinme was changed to 1000 parts,
and, when - 44 - the product was iR aluniformly m xed state, 4000
parts of ion-exchanged water was further added in total in the sane
manner as descri bed above whil e the kneadi ng was conti nued. After the
addi tion_,of .ion-e wa s fihished, the viscosity-adjusted
or oduct ! #%m%%‘ﬁy?aéfjgﬁq&%le‘g%%ﬁ% 51582 1 0074] To 10000
parts of thi i i Ly-.adj t,. .4 ; f di ethyl ene

gl ycol and 3%@% gggéé&%fgﬁb%?%%% 2%%%%%'?ﬁégggéﬁgﬁ%§% 6%%V§E§%ﬁé
whi | e bei i i t j rsi ir f j a

di sper sﬁoﬂg%eﬁiﬁﬁtﬁ&ﬂpfﬁeégﬁbﬁ% 0%13{1&%&%%%%%%6{?{%%% tines
(four passage)s Mg qulpﬁﬁdtdnﬂéacﬂ\gﬂoa% |d £ NV (G PRNME RGE Tk DY
ASADA | RON WORKS. 00., "LTD.) under the follow ng conditions for being
di sper sgth1herahy myQducd sior &h i Geit e di sher- b oned isdged (solid
concentration: 24% pignent concentration: 15% . <Dispersion

Condi ti aiisspeAdti dBeadidid > Di sperser: Nano M1 NM GL (manufact ured
by ASADA | RON WORKS. 00., LTD.) Bead: y 0.3 nm zirconi a bead Bead

cont ent DB emiper adfurentmidioeaiting water: 10C Rotational speed: 2660
rpm (di sc peripheral speed: 12.5 misec) - 45 - Liquid delivery rate:
200 g/ m [0 q1EJ75] (Production Exanple 11) Witer-based Pi gnent

Di spersion Liquid K A m xture having the follow ng Conposition
4 was fed i nEobadghendtsarcy e prRisMN- 50V efrrarnf adtldr edwbyel NOUE
MFG, INC.) having a volune of 50 L, the jacket was heated, the

m Xt ur e RS sl ed: atet@dlow speed (rotational speed: 21 rpm orbital
speed: 14 rpm before the tenperature of the content reached 60C, and
the speed wadhi AEKed§éd LEFOLELNGn#E tegedasesls ingme foithict Bregsddd: 24
rpm after the tenperature of the content. reached 60C. Then, the
kneadi ng- "W [t iU . Y L EHTHEEIRT o My IR FORIEHE S tRs IFERABL ACK
#5500 (Car.bon Bl ack) (manufactured by T CARBON CO., LTD,)500
parts DB $nE IR ASBE00 Pt & Suh a s Rt SR 0x8

sol ution666 part.s The increase Jn . the speed caused .the | oad
Surrent BF (5 SRR el tio Posah I e HumTiedd O et ;the
then, th ead] i nu or.,3Q m .20 s .of o
ion-excﬁ%ﬁ%ﬁﬁ%%ﬁ%%%Wagéggﬂggghﬁgﬁ%?fjgghg%e?kﬁﬁhfél3ﬁ§%§%éﬁgﬁbgﬁ%S? n

t he knquggglﬁﬁﬁﬁgﬁt ang. 4neading was further continued. Then,

200 parts of “i on-exchanged water was - 46 - further added to the

product whenpbhgvRAiQHECHeWAS EBnRcWR! ol hi Ahxedest akeo@Adgt hen the
product was sinmilarly kneaded into a uniformy mxed product.” Then,

the progisgle s Jeiradad JOr RPRNAE I aliveh thH S-avidL DA%, pards; 10f
i on-exchanged water was simlarly added thereto in total by 200

parts. TEeRenithe fAPMRyQfedtofeexohangast Walys 1o headdedeach dudre
was changed to 500 parts, and, when the product was in a uniformy
m xed stzat inpQRO ppaArtv@ lefht artexichanged watlemn was taddedd,n dretal in
t he sane manner as descri bed above whil e the kneadi ng was conti nued.
After t e laddilicnan meft alorcexeirange doretzameanas of ianighisdsa tdrer kmeaded
product was renoved fromthe planetary m xer. This kneaded product
had a saldnd acoroentocatdcamdof 38. 1% To 10000 parts of this kneaded
product, 3757 parts of diethylene glycol and 2380 parts of

i on- excH&®déd wat er were gradual |y added over 30 minutes while being
stirred with a dispersion stirrer, thereby yielding a

vi scosi ty- adPasvedlpréduetalpoerelimpuritiFhepyesepsiteyeadjruseddment

on, for example, an electrode of a thermal jet-type ink jet



Liquid delivery rate: 200 g/mn In this case, the viscosity-adjusted
product was processed through a disperser four tines (four passage)
under the above-nentioned conditions for being dispersed. The agueous
carbon bl ack dispersion liquid KI had a solid concentration of 25%
and a carbon bl ack concentration of 18% [0077] Exanpl es whi ch
wi |l now be described as representative exanples of a contact
treatnent with a chelating resin includes two cases each invol ving
use of four colors (nagenta, cyan, yellow, and black). In one case, a
liquid in which a pignent was nerely dispersed in an aqueous nedi um
nanmel y, a water-based. pi nt dispersion liquid s, used. as a Jiquid
Lo be § 1A L SUeh bt St Mo baseel B griene E Shes < ork T34 o al SHF
corresponded to an ink,jel recording water-based vlunth’f having a high,
pi gnent coricent rati on befor e of TutTon and” 2aai 11 o of AUdTTTVes T In

the oth ' ' e I - bas ' -, 48_ - ar ed
fromt hgcrhaeﬁg%gei escéﬁptk)oefdef\/{/}aktE e%jo%gtl's{;%jbly%%e% ! dl?rgp%l?és((:f%nt? i%%lll‘gé‘g\gs
used as oqul. o to: -f%&p t a i i ing
wat er - baé}eédé]iqllrﬁgghaéc;J %}ﬁcefcflg?gg%lot a 'Eo%}%%nj{fo‘%%;&o yvﬂa enit eén%létg%g{ g%f]
i puri tigs,ydhishi nhed£ls recordhng wad £r -haseth ik, hagk composi tion
equi val ent to that of a commercially avail able final product of the
ink jet reeardi ng water-based ink. [0078] [C]. Exanples
| nvol vi ng Use of Aqueous Pignent Dispersion as Liquid to Be Treated
(Exanpl es 1 EeazdleComFapailiywe bnameeslt thaldhre impuliiitq GOltwmis
each having a dianeter of 50 nmand a |length of 500 nm 70 g of the
chel ati ngpdwesidisin elg: ,piRIGAt prrepatteictbn ni rRlodie td0ne et esordi dmo, 7
were separately put. The aqueous pignent dispersions (M, Yl, d, and
Kl') preparadaeli,n iRrayduoctdppe Bx anpl wsdéhum, ldnd retspectiwel y Theskee
allowed to flow through the colums at SV = 10 or SV = 30 to yield
treat ed requeeisdi gredra ] =i ssp eimyp wnist (R Aa o IR redEt aimd sovan)etyThe
statuses, Ca contents, and other properties of the contact-treated
aqueous 9fi driems disPerai IR Ay WRIRR Y29 taEnd & e O)vaeset metal
analyzed. The term "SW used herein refers to space velocity and is
repr esert®@ &% e AAEIEETHT Ml GRIIPMREh W@ 19Yuind ontacts a
filter layer per hour. In the present invention, it is a relative
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et hod | FLOTRL B P e e UG Bkt ol o e P SR
of the gngl %%iz)ﬁren[i%%:g O(frgeecsk{y at.e, on Chel ati ng Resin) The
presence or absence of precipitate was visually observed, and

Exanpl es gy whi ch precipitate had not been observed were eval uated as
"Absence”, and ot her Exanples in which precipitate had been observed
vere eval uat ﬁﬁloﬁ? '{:Bbgée@%g;np_l(egaocfoﬁtaqgmalen e‘%‘a§§”@|sei‘g@%ritie
accurately weighted to approximtely 0.2 g ang gleconposed cnB of'3
nitric agnd Gk PHeCiaS & AR ¥ s g @ddad cassp%r%elmq%m agent,
with a mcrowave sanpl e preparation apparatus (M.S-1200MVEGA,

manuf actiwned by Mdstione iGanerall duf Joorlddta-drN meXERaANGed MHtInt
was added to the resulting deconposed liquid, the solution was then
filteredre gemaswlilng Higask iwasdharulsed thadeiargiiuie ddiaam une of
the resulting filtrate to be 25cnB, and this solution was anal yzed
W th ansiGRidnalayzdry (Qoth N 33000V4aswmnuf dehueediby iBepkbpElinel to
Inc.) to determine the Ca content. [0080] - 50 - (pH Measurenent)
The pH ehadacle eff fiche st rodatped ywetlembasad i gmenthedilsper-sieom | i qui ds
and ink jet recording water-based i nks was neasured at 25C wth a
Cast any sttABagle meadrl 1R-£32 afhamifeadtinme s tap IHORIYBAE letnd . Hnk [1G081]

recording water-based ink on the basis of the total content
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of calcium and magnesium or the calcium content. A
reduction in the content of polyvalent metals as impurities
can be also evaluated by measurement cof the calcium content
or the total content of calcium and magnesium.

Especially in the case where the polyvalent metal
content in a water-based pigment dispersion liquid is
decreased by a contact treatment with a chelating resin,
polyvalent metal ions other than calcium ions are also
captured by the resin at high selectivity greater than or
equal to selectivity for calcium ions. 1In general, even the
magnesium content is therefore actually decreased to a level
substantially less than or equal to the detection limit of
ICP analysis.

[0022]

The total content of polyvalent metals as impurities in
the ink jet recording water-based ink of the present
invention is nect mere than 1.2 ppm in terms cf 1 mass% of a
pigment concentration.

[C023]

In the case where a reduction in the impurities
contained in the water-based pigment dispersion liquid or
ink jet recording water-based ink is evaluated particularly
on the basis of the calcium ccntent, the calcium content is
preferably not more than 1 ppm in terms cf 1 mass% cf a

pigment concentration.
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Furthermore, it 1s more preferred that the total
content of calcium and magnesium as impurities in the water-
based ink is not more than 1 ppm in terms of 1 mass% of a
pigment cconcentration.

[C024]

Commercially available products can be employed as the
pigment used in the present invention.

Examples thereof include inorganic pigments such as carbon
black; organic pigments such as azo-based pigments,
phthalocyanine-based pigments, anthraguinone-based pigments,
quinacridone-based pigments, metal complex-based pigments,
dioxazine-based pigments, indigo-based pigments, thioindigo-
based pigments, perylene-based pigments, iscindolinone-based
pigments, aniline black, and azomethine-bkased pigments; and
other organic pigments such as a Rhodamine B Lake pigment.
[0025]

Commercially available products can be employed as the
anionic group-containing resin used in the present invention.
The anionic group-containing resin can be appropriately
selected from dispersicn reins having anionic groups such as
a carboxyl group, a sulfonate group, a phosphate group, and
salts thereof. 1In particular, an anionic resin having a
carboxyl group or a salt thereof is preferably employed.
[0026]

The anionic group-~containing resin used in the present
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invention preferably forms a coating layer which stably
coats the surface of a pigment in an agueous medium and has
a2 hydrophobic moiety which can be suitably adscrbed to the
surface of the pigment to properly ccat the surface of the
pigment; in addition, the resin preferably exhibits stable
water dispersibility when the anionic groups are at least
partially neutralized. From this viewpoint, the acidic
value of the resin is preferably in the range of 60 tc 300
mgKOH/g, more preferably 80 to 250 mgKOH/g, and further
preferably 100 to 200 mgKOH/g. The acid value refers to
milligrams (mg) of potassium hydroxide (KOH) necessary for
neutralizing 1 g of resin and is represented in units of
mgKOH/g.

[0027]

At an acid value less than 60 mgKOH/g, the anionic
group-containing resin exhibits excessively low
hydrophilicity; in such a case, the dispersion stebility of
a pigment tends to be decreased. At an acid value greater
than 300 mgKOH/g, the hydrophilicity of the resin becomes
unnecessarily increased; in such a case, the water
resistance of printed articles tends to be decreased.
[0028]

The weight-average molecular weight of the anionic
group-containing resin used in the present invention is

preferably in the range of 5,000 tc 20,000, and more
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preferably 5,000 to 15,000.

At a weight-average molecular weight less than 5,000,
although initial pigment dispersibility is excellent, the
long-term storage stability of the ink tends to be decreased.
At a weight-average molecular weight greater than 20,000,
the viscosity of the water-based pigment dispersion liguid
is increased, which is likely to decrease the ejection
stability of the ink used in the form of an ink jet
recording liquid, in particular, thermal jet-type ink jet
recording ligquid.

(0029]

The glass transition point (Tg) of the anionic group-
containing resin used in the present invention is preferably
in the range of 50°C to 150°C, and more preferably 70°C to
130°C.

At a glass transition point of not less than 50°C, the
water resistance of printed articles is enhanced. The
thermal stability of the water-based ink is naturally also
enhanced; thus, even in the case where the ink is used for
thermal jet-type ink jet recording, the physical properties
of the ink are less likely to be thermally changed, which
does not lead to defective ejection. This glass transition
point is therefore preferably employed.

The glass transition point of the resin used in the

present invention can be calculated from resin composition.
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[0030]

The anionic group-containing resin to be used may be in
any form, such as a homopolymer, a copolymer, a random
copolymer, a block copolymer, and a graft copolymer.

Specific examples of the anionic group-containing resin
include styrene-(meth)acrylate-(meth)acrylic acid resins,
styrene- (meth)acrylic acid resins, styrene-styrenesulfonic
acid resins, vinylnaphthalene-{meth)acrylate-{meth)acrylic
acid resins, vinylnaphthalene-(meth)acrylic acid resins,
(meth)acrylate- (meth)acrylic acid resins, (meth)acrylic acid
resins, alkenyl ether resins, pyrrolidone resins, urethane
resins, urea resins, amide resins, ester resins, carbonate
resins, ether resins, epoxy resins, and alcohol resins; the
anionic group-containing resin can be appropriately selected
from these resins.

[0031]

Among such resins, in terms of excellent dispersibility,
preferred resins are styrene resins which have anionic
groups derived from unsaturated aliphatic carboxylic acids
having double bonds, such as acrylic acid, methacrylic acid,
a-ethylacrylic acid, crotonic acid, maleic acid, and fumaric
acid, and which contain styrene monomers, such as styrene,
a-methylstyrene, P-methylstyrene, 2,4-dimethylstyrene, and
a—ethylstyrene, as constituents of hydrophobic moieties.

More preferred resins are styrene-{meth)acrylic acid resins.
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The term " (meth)acryl” herein refers to methacryl and/or
acryl.
[0032]

The styrene-{meth)acrylic acid resins contain not less
than 30 mass%, preferably not less than 50 mass% cof styrene
moncmers as constituents, which enhances the hydrophobicity
of the copolymer resin and therefore enables pigments to be
more strongliy coated with the resin in an aqueous medium.
Hence, use of such resins is effective in developing the
dispersicn stability and ejection stabkility of the ink even
in thermal jet-type ink jet recording, and such resins are
therefore preferably employed.

(0033]

The basic material used in the present invention serves
to neutralize the anionic group-containing resin, and any
existing material can be used.

[0034]

Examples of usable basic materizls include inorganic
basic materials such as sodium hydroxide, potassium
hydroxide, and ammeonium; and organic basic materials such as
triethylamine and alkanolamine. Among these materials,
alkali metal hydroxides which have excellent thermal
stability and are free from odor are preferably used, such
as sodium hydroxide and potassium hydroxide; and potassium

hydroxide is more preferably employed because it can exhibit
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stronger basicity.
[0035]

The basic compound is contained in an amount which
enables a rate of neutralizaticn of the anionic group-
containing resin to be normally in the range of 50 mol% to
200 mol%, and preferably 80 mol% to 120 mol%. Such a rate
of neutralization is preferably employed because 1t can
contribute to enhancing dispersibility in an aqueocus medium
and maintaining long-term storage stability.

[0036]

The agueous medium used in the present invention is
water or a mixture of water and a water-soluble organic
solvent.

The aquecus medium may be merely water or contain a
water-soluble organic sclvent which can give the following
benefits to an ink jet recording ink: for instance,
prevention of drying, adjustment of viscosity, retention of
humid, and adjustment of concentration.

[0037]

Specific examples of the water-soluble organic solvent
include glycols such as ethylene glycecl, propylene glycol,
diethylene glycol, triethylene glycol, polypropylene glycecl,
and polyoxyalkylene adducts thereof; glycerinres such as
glycerine and diglycerine; ethers of polvyhydric alcohols,

such as diethyl ether of diethylene glycol and
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polyoxyalkylene adducts therecf; acetates; thiodiglycol;
nitrogen-containing compounds such as N-methyl-2-pyrrolidone,
1,3-dimethyl imidazolidinone, and dimethylformamide; and
dimethylsulfoxide. These water-soluble organic solvents
function as a humectant in some cases.

[0038]

The chelating resin used in the present invention has a
structure in which a chelating group is introduced into a
base substance, such as a polystyrene-divinylbenzene
copolymer, polyacryleonitrile, polyethylene, polymethacrylate,
or a phenol resin, and is capable of cepturing metal through
chelation. Any resin having a functional group which
enables formation of salts of alkali‘metals, in particular,
sodium and/or potassium, can be used; a chelating resin
which selectively captures polyvalent metal ions 1is used.
Preferred examples of usable resins include iminodiacetic
acid-type chelating resins and aminophosphoric acid-type
chelating resins. In particular, iminodiacetic acid-type
chelating resins exhibit significantly high selectivity to
polyvalent metal ions and are therefore preferably employed.
(0039]

Specific examples of chelating resins which can be
preferably used in the present invention include
iminodiacetic acid-type chelating resins such as DIAICN CR11

(manufactured by Mitsubishi Chemical Corporation) and
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treatnent with a chelating resin was not carried out. [0082]

[D]. Production of Ink Jet Recording Water-based Ink as Liquid to Be
Treated (Before Contact Treatnent) (Production Exanples 12 to 15)
The wat er - based pi gnent dispersion liquids (M, Y, d, and KlI) of
Production Exanples 8 to 11 were usedzto_prepare ink jet recording
wat er - based ink (Mp, Y5, C5, and K5) (before contact treatnent) as
shown in Table 2, respectively. [0083] [Table 2] Itens |Ink No.

G yoor | AEPLRRS Vot OB Wt e TCpe TGN Gtk OLaRhr at i on

(9 No. Am%gy égg%aig, DIATON CR11 exhibits the following
selectivity to metal ions: Hg®* > cu®* > Pb** > Ni*" > cd® >
zn®t > Co*'Fe®* > Mn?" > Be2+ > Ca®t > Mg?* >Ba® > sr?* >>> Na'.
Selectivity to divalent metal ions is greatly higher than
that to sodium ions. DIAION CR11l also exhibits
significantly good selectivity to tri- or higher wvalent
metal ions as follows: Cr®" > In®* > Fe® > ce® > a1% > La¥
>Hg2+.
[0040]

An iminodiacetic acid-type chelating resin used for the
contact treatment in the present invention is in the form of
particles; in particular, each resin particle contains both
an alkali metal-bonded chelating group and a hydrogen-bonded
chelating group, and the proportion of the alkali metal-
bonded chelating group in all of the chelating groups has
been adjusted to be from 30 moi% to 90 mol%. Use of such a
chelating resin enables easy removal of multivalent metals
as impurities through a continuous process; in addition,
such a chelating resin does not have adverse effects on the
properties of an ink jet reccrding water-based ink as a
final product and is therefore preferably employed.

[0041]
The chelating resin used in the present invention may

be in any form and is preferably in the form of particles,
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in particular, fine particles. The particle size of the
chelating resin in the form of fine particles is preferably
in the range of 100 pum to 2000 pum.

[0042]

At a particle size less than 100 pum, various problems
to be addressed occur due to powder dust; at a particle size
greater than 2000 pm, the chelating resin has an excessively
small surface area, which greatly reduces an efficiency with
which polyvalent metals are captured.

[C043]

The chelating resin used in the present invention is
different from chelating resins used for general contact
treatment in that each resin particle contains both the
hydrogen-bonded chelating group and the alkali metal-bonded
chelating group as described above.

[0044]

In a generally recommended contact treatment with a
chelating resin, a chelating resin is prepared so as to
contain 100 mol% of a sodium-bonded chelating grcocup to most
efficiently remove polyvalent metals, and a liquid to be
treated is adjusted so as to have a pH from 4 to 5 and then
allowed to flow.

[0045]
However, an ink jet recording water-based ink that is a

liquid to be treated generally has a pH from 8 to 11; in the



[ 0084] [ E]. Exampl es Involving Use of Ink Jet Recording

Wat er-based Ink as Liquid to Be Treated (Exanples 21 to 40,
Conparative Exanples 14 to 26) Into columms each having a di aneter of
SO mm and a |l ength of 500 mm 70 g of the chelating resins prepared
in - 52 - Production Exanples 1 to 7 were separately put. The
aqueous pignment inks (Mb, Y5, 05, and K5) prepared in Production
Exanpl es 12 to 15, respectively, weresgllLowed to flow through the
colums at SV = 10 or SV = 30 to yield treated aqueous pignent inks
(MBA to M6G Y6A, and so on). The statuses, Ca contents, and ot her

properties of the treated aqueous pignment inks (MBA to MoH, 16A, and
so on) W& AHEIE & 1Gne Bl ¢ s ul §ls TRCQHE Hh A 3/3 5.
Table 4 shows the Ca content of each treated aqueou i nt ink and
The Ca” ORI oA AT RS Dt & iR orbdit ot 1on. | [0085)
- 53 - [Table | tens Fl ogwi ng sanpl es Prepared chel ating resins
A Kl | TR B g B T el ETRSe P00 AdedPERGFAT! N8 or oup

(rmol 99 Treated .dispersion liquid No. Resin precipitation Ca content
mprac 1C§©, . .
pﬁ =10 SV = 30 Exanple 21 Mb (pignent concentration

4% RK-A K S%f an ink jet recording water-based ink which is a
liquid to be treated and has not been subjected to pH
adjustment (pH 8 to 11) is allowed to flow through a
chelating resin prepared so as to contain 100 mol% of a
sodium-bonded chelating group, the pH of the ligquid to be
treated is greatly increased. Thus, the long-term storage
stability of the ink jet recording water-based ink is
reduced, and the permeability of a colorant contained in the
ink jet recording water-based ink to printing media is
changed with the result that sharpness of formed images
tends to be impaired.

[0C46]

In the case where an ink jet recording water-based ink
which is a liguid to be treated (pH 8 to 11) is allcowed to
flow through a chelating resin containing 100 mol% cf a
hydrogen-bonded chelating group, the pH of the liquid to be
treated is decreased, and the colorant contained in the ink
jet recording water-based ink precipitates on or adheres to
the chelating resin during the contact treatment, which
causes the component variations of the water-based ink.

[0047]
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Even in the case where a chelating resin prepared so as
to contain 100 mol% of a hydrogen-bonded chelating group is
merely mixed with a chelating resin prepared so as to
contain 100 mol% of an alkalli metal-bonded chelating group
and where the mixture is then used for contact treatment,
the same problem also occurs. In such a case in which the
chelating resin containing 100 mol% of a hydrogen-bonded
chelating group 1s merely mixed with the chelating resin
containing 100 mel% of an alkali metal-bonded chelating
group, a liquid to be treated eventually contacts the
portion of the chelating resin containing 100 mcl% of a
hydrogen—-bonded chelating group and the portion of the
chelating resin containing 100 mol% of an alkali metal-
bonded chelating group in the microscopic sense. The above-
mentioned problems are not accordingly overcome, and the pH
variations and component variations of an ink jet recording
water-based ink are unable to be suppressed.

[0048]

In coentrast, in the case where an ink jet recording
water-based ink which is a liquid to be treated (pH 8 tTo 11)
is allowed to flow through the chelating resin which is used
in the present invention and in which each resin particle
contains both a hydrogen-bended chelating group and a alkali
metal-bonded chelating grcoup, the total content of

polyvalent metals as impurities can be decreased to a
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desired level without any effect on the properties of the
ink.
(0049]

In the chelating resin which enables such a contact
treatment, the proportion of the alkali-bonded chelating
group in all of the chelating groups contained in the
particles of the chelating resin is in the range of 30 mol$%
to 90 mol%. The proportion of the alkali-bonded chelating
group 1is preferably in the range of 30 mecl% to 85 mol%, more
preferably 40 mol% to 80 mol%, and further preferably 50
mol% to 75 mol%.

[0050]

In the chelating resin in which the proportion of an
alkali metal-bonded chelating group in all of the chelating
groups contained in the particles of the chelating resin is
30 mol% to 90 mol%, the ratio of the alkali metal-bonded
chelating group to the hydrogen-bonded chelating group can
be adjusted by repeating stirring and washing of a chelating
resin; the chelating resin is stirred in an acid agueous
solution and an agueous solution of an alkali metal
hydroxide such as sodium hydroxide and potassium hydroxide,
the acid aqueocus solution being appropriately subjected to
concentration adjustment and composed of, for example,
hydrochloric acid or dilute sulfuric acid.

Alternatively, the proportion of the alkaline chelating
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group in all of the chelating groups contained in the
chelating resin may be adjusted to a desired level in the
following manner: a liquid flow column is filled with the
chelating resin, and then running of an acid aqueous
solution and an aqueous solution cf an alkali metal
hydroxide, such as sodium hydroxide and potassium hydroxide,
and washing are repeated, the acid agueous solution being
subjected to concentration adjustment and composed cof, for
example, hydrochloric acid or dilute sulfuric acid.

[0051]

In order to determine the proportion of an alkali
metal-bonded chelating group in the entire chelating resin,
the alkali metal content in the chelating resin is
appropriately measured by existing techniques such as X-ray
fluorometry, ICP spectrometry, flameless atomic absorption
spectrometry, and energy dispersive X-ray spectrometry, and
then the proportions of the resulting alkali metal content
to alkall metal contents obtained through measurement in the
cases of 100 mol% of an alkali metal-bonded chelating group
and 100 mol% of a hydrogen-bonded chelating group are
calculated.
f0052]

In order to subject a water-based ink containing a
pigment, an anionic group-containing resin, and a basic

compound to a contact treatment with a particulate chelating
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resin in which each resin particle contains both the alkali
metal-bonded chelating group and the hydrogen-bonded
chelating group and in which the proportion of the alkeli
metal-bonded chelating group in all of the chelating groups
is from 30 mol% to 90 mol%, the following techniques can be
employed: in a batch technique, the chelating resin used in
the present invention is directly put into a liquid to be
treated and then stirred for the contact treatment; in a
column technique, a column filled with the chelating resin
used in the present invention is preliminarily prepared, and
a liquid to be treated is allowed to flow through the column.
[0053]

Different types of chelating resins can be used in
combination in the present invention. For instance, in the
case where an iminodiacetic acid-type chelating resin is
used as a main chelating resin, another type of resin may be
used in combination, such as a chelating resin containing
polyamine, amidoxime, dithiocarbamic acid, thiourea,
aminophosphoric acid, or glucamine. Furthermore, other ion-
exchange resins, such as cation-exchange resins or anion-
exchange resins, may be used in combination.

[0054]

After the contact treatment with the above-mentioconed

chelating resin, the aqueous pigment dispersion or ink jet

recording ink of the present invention can be diluted with
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an agqueous medium, and existing additives or other materials
can be optionally added thereto. Examples of usable
additives include alkaline agents, pH adjusters, surfactants,
preservatives, chelating agents, plasticizers, antioxidants,
ultraviolet absorbers, and ultraviolet curable resins.

[0055]

A pigment concentration is preferably not less than 2
mass%, so that the ink jet recording water-based ink has
proper tinting strength and that images to be formed have
adequate sharpness. The upper limit of the pigment
concentration varies depending on a combination of
components of the ink jet recording water-based ink, such as
a pigment, an anionic group-containing resin, a basic
compound, and an agueous medium; hence, it is inappropriate
to determine the specific upper limit thereof.

[0056]

The basic compound used in the present invention is an
alkali metal hydroxide, and the alkali metal of the alkali
metal hydroxide is preferably the same as the alkalil metal
of the alkali metal-bonded chelating group contained in the
chelating resin. Alkali metal exchanged for polyvalent
metals i1s dissolved in the ink during the contact treatment;
however, 1n the case whare the above-mentioned alkali metals
are the same as each other, a variation in ink composition

due to such dissclution of alkali metal 1s further reduced.
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[0057]

The ink jet recording ink of the present invention can
be suitably employed as an ink used in ink jet recording
apparatuses. Examples of ink jet techniques to which the
ink jet recording ink can be applied include, but are not
limited to, existing techniques such as continuous ejection
techniques, e.g., a charge-controlling technique and
spraying technique and on-demand recording technigues, e.qg.,
a pilezoelectric technique, a thermal technique, and an
electrostatic absorpticn technique. Especially in the case
where the ink jet recording ink is applied to thermal-type
ink jet recording apparatuses, dispersion stability and
storage stability are exhibited, and the occurrence of
Kogation can be reduced for a long time, which enables
highly stable ink ejection.

Examples
[0058]

The present invention will now be specifically
described with reference to Examples but is not limited
thereto. The term "part” means "part by mass", the term "3%"
means "mass%", 1L, (liter) is equal to 1 dm’, and 1 ul

* unless otherwise specified.

(microliter) is equal to 1 mm
(0059]
The chelating resin used in the present invention was

produced in each of Production Examples 1 to 7. The alkali
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metal-bonded chelating group content in the entire chelating
resin was determined in the following manner.

<Calculation Example of Proportion of Potassium-bonded
Chelating Group (RK) in Entire Chelating Resin>

In accordance with the following calculation example,
the proportion of the alkali metal-bonded chelating group in
the entire chelating resin (RK or RN) was calculated from
result of an elemental analysis (arithmetic mean at the
number of test samples n = 5) performed with an energy
dispersive X-ray spectrometer (EDX, acceleration voltage:
15.0 kV) included in a Field Emission Scanning Electron
Microscope JSM-7300FA (trade name, manufactured by JEOL
Ltd.):

RK = SW / ST

SW: potassium content in a chelating resin of a
test sample

ST: potassium content in a chelating resin of a
standard sample having a proportion of a potassium-bonded
chelating group (RK) of 100 mol%.

In Examples, the proporticn RK of the potassium-bonded
chelating group in a chelating resin produced in (5) in
Preduction Example 7 was defined as 1; the potassium content
of the chelating resin was measured, which showed 5.19 mol%.
For example, in the case where the potassium content in a

sample was 3.94 mol%, its RK was 3.94 / 5.19 = (¢.76.
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[0060]

[A] . Preparation of Chelating Resins (Production
Examples 1 to 7)
(Production Example 1) Preparaticon of Chelating Resin RK-A
(1) A chelating resin (DIAION CR1l1l, trade name, manufactured
by Mitsubishi Chemical Corporation) was immersed into water,
and the solution was accurately weighed to 500 g with a
graduated cylinder {(tamping method) and then transferred
into a beaker.
(2) The water was removed by decantation, 1 mol/L (liter)
hydrochloric acid was added to the product in a volume (BV)
approximately triple the volume cf the chelating resin, and
the mixture was stirred for approximately 10 minutes.
(3) The hydrochloric acid was removed by decantation, ion-
exchanged water was added to the product at approximately 3
BV, the sclution was stirred, and then the ligquid content
was discharged. Then, ion-exchanged water was added to the
product again at approximately 3 BV, and washing was
similarly carried out.
(4) Then, a 1 mol/L (liter) aqueous potassium hydroxide
solution was used at approximately 3 BV tc convert the
chelating resin into a K~type chelating resin through the
same procedure as employed in (2).
{5) Washing was carried out three times with ion-exchanged

water at approximately 3 BV as in (3).
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(6) Then, 150 mmol/L {liter) of hydrochloric acid was used
to produce a chelating resin RK-A though the same procedure
as employed in (2); in the chelating resin RK-A, each resin
particle contained both a hydrogen-bonded chelating group
and a potassium-bonded chelating group, and the proportion
RK of the potassium-bonded chelating group was 0.31.
f0061]

(Production Example 2) Preparation of Chelating Resin
RK-B

A column (diameter: 60 mm * length: 990 mm) was filled
with 500 g of a chelating resin (DIAION CR11l, trade name,
manufactured by Mitsubishi Chemical Corporation), and 1500 g
of 1 mol/L (liter) hydrochloric acid was allowed to flow
through the column. Then, ion-exchanged water was allowed
to flow through the column to repeat water washing to adjust
the pH at the outlet of the column to be not more than 3.
Then, 1500 g of 1 mol/L (liter) potassium hydroxide was
allowed to flow through the column, and ion-exchanged water
was subsequently allowed to flow through the column to
repeat water washing to adjust the pH at the outlet of the
column to be not less than 10.

Then, 100 g of a 1 mel/L (liter) agueous potassium
hydroxide solution was allowed to flow through the column,
and ilon-exchanged water was subsequently allowed to flow

through the column to repeat water washing to adjust the pH
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at the outlet of the column to be not more than 8.
Finally, 1500 g of 50 mmol/L (liter) hydrochloric acid was
allowed to flow through the column, and ion-exchanged water
was subsequently allewed to flow through the ceolumn to
repeat water washing to adjust the pH at the outlet of the
column to be not less than 9, thereby producing a chelating
resin RK-B in which each resin particle contained both a
hydrogen-bonded chelating group and a potassium-bonded
chelating group and in which the proportion RK of the
potassium-bonded chelating group was 0.51.
[0062]

(Production Example 3) Preparation of Chelating Resin
RK-C

Except that 100 mmol/L (liter) hydrochloric acid was
used in place of 150 mmol/L (liter) hydrochloric acid in (6)
in Production Example 1, a chelating resin RK-C in which the
proportion RK of the potassium-bonded chelating group was
0.53 was produced as in Production Example 1.
[0063]

(Production Example 4) Preparation of Chelating Resin
RK-D

Except that 20 mmol/L (liter) hydrochloric acid was
used in place of 150 mmol/L {liter) hydrochloric acid in {6)
in Production Example 1, a chelating resin RK-D in which the

proportion RK of the poifassium-bonded chelating group was
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0.76 was produced as in Production Example 1.
[0064]

(Production Example 5) Preparation of Chelating Resin
RN-E

Except that a 1 mol/L (liter) agqueous sodium hydroxide
sclution was used in place of a 1 mol/L (liter) aguecus
potassium hydroxide sclution in (4) in Production Example 1,
a chelating resin RN-E in which each resin particle
contained both a hydrogen-bonded chelating group and a
sodium-bonded chelating group and in which the proportion RN
of the sodium-bonded chelating group was 0.47 was produced
as in Production Example 1.
[0065]

(Production Example 6) Preparation of Chelating Resin
RK~F

Except that 200 mmol/L (liter) hydrochloric acid was
used in place of 150 mmol/L (liter) hydrochloric acid in (6)
in Production Example 1, a chelating resin RK-F in which the
proportion RK of the potassium-bonded chelating group was
0.24 was produced as in Production Example 1.
[0066]

{Production Example 7) Preparaticn of Mixed Chelating
Resin RK-X
(1) A chelating resin (DIAION CR1l1l, trade name, manufactured

by Mitsubishi Chemical Corporation) was immersed into water,
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and the solution was accurately weighed to 250 g with a
graduated cylinder (tamping method) and then transferred
into a beaker.

(2) The water was removed by decantation, 1 mol/L (liter)
hydrochloric acid was added to the precduct in a veolume {BV)
approximately triple the volume of the chelating resin, and
the mixture was stirred for approximately 10 minutes.

(3) The hydrochloric acid was removed by decantation, ion-
exchanged water was added to the product at approximately 3
BV, the solution was stirred, and then the l1iguid content
was discharged. Then, ion-exchanged water was added to the
product again at approximately 3 BV, and washing was
similarly carried out.

(4} Then, a 1 mol/L (liter) agueous potassium hydroxide
solution was used at approximately 3 BV to convert the
chelating resin into a K-type chelating resin through the
same procedure as employed in (2).

(5) Washing was carried out three times with ion-exchanged
water at approximately 3 BV as in (3), thereby producing a
chelating resin in which the proportion RK of the potassium-
bonded chelating group was 1.

{(6) A chelating resin (DIAION CR11, trade name, manufactured
by Mitsubishi Chemical Corporation) was separately immersed
into watexr, and the solution was accurately weighed to 250 g

with a graduated cylinder (tamping method) and then
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transferred into a beaker.

(7) The water was removed by decantation, 1 mol/L (liter)
hydrochloric acid was added to the product in a volume (BV)
approximately triple the volume of the chelating resin, and
the mixture was stirred for approximately 10 minutes.

(8) The hydrochloric acid was removed by decantation, ion-
exchanged water was added to the product at approximately 3
BV, the solution was stirred, and then the liquid content
was discharged. Then, ion-exchanged water was added to the
product again at approximately 3 BV, and washing was
similarly carried out.

(9) Then, a 1 mol/L (liter) aqueous potassium hydroxide
solution was used at approximately 3 BV to convert the
chelating resin into a K-type chelating resin through the
same procedure as employed in (7).

(10) Washing was carried out three times with ion-exchanged
water at approximately 3 BV as in (8).

(11) Then, 1 mol/L (liter) hydrochloric acid was used to
produce a chelating resin RK-G through the same procedure as
employed in (7}; in the chelating resin RK-G, the proportion
RK of the potassium-bonded chelating group was 0.02.

{12) The chelating resin prepared in (5) sc as to exhibit RK
of 1 was merely mechanically mixed with all the chelating
resin RK-G prepared in (11) so as to exhibkit RK of 0.02,

thereby producing a mixed chelating resin RK-X.
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[0067]

[B]. Production of Water-based Pigment Dispersion
Liguid (Prcduction Examples 8 to 11)
The following resin S and resin T were used in Examples and
Comparative Examples.
Resin S: a resin having a composition ratio of monomers of
styrene/methacrylic acid/acrylic acid = 77/13/10 (mass
ratio),
a mass-—average molecular weight of 1200C, an acid value of
151 mgKOH/g, and
a glass transition point (calculated value) of 107°C.
Resin T: a resin having a composition ratio of monomers of
styrene/methacrylic acid/acrylic acid = 77/13/10 (mass
ratie),
a mass—-average molecular weight of 7500, an acid value of
150 mgKOH/g, and
a glass transition point {calculated value) of 107°C.
[CC68]

The weight-average molecular weight was measured under
the following conditions.
(GPC Measurement Conditions)

The mass-average molecular weights of the resins S and
T were measured by GPC (gel permeation chromatcgraphy) in
terms of the molecular weight of polystyrene. The

measurement conditions were as follows.
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Liquid delivery pump: LC-9A
System controller: SLC-6B
Automatic injector: S1L-6B
Detector: RID-6A

Manufactured by SHIMADZU CORPORATION
Data processing software: Sic480I11 data station
(manufactured by SYSTEM INSTRUMENTS Co., Ltd.)
Column: GL-R400 {(guard column) + GL-R440 + GL-R450 + GL-
R400M (manufactured by Hitachi Chemical Co., Ltd.)
Mobile phase: THFE
Flow rate: 2 ml/min
Column temperature: 35°C
[0069]

(Production Example 8) Water-based Pigment Dispersion
Liquid M1

A mixture having the fellowing Composition 1 was fed
into a planetary mixer PLM-V-50V {(manufactured by INOUE MFG.,
INC.) having a volume of 50 L, the jacket was heated, the
mixture was kneaded at a low speed (rotational speed: 21 rpm,
orbital speed: 14 rpm) before the temperature of the content
reached 60°C, and the speed was increased (rotational speed:
35 rpm, orbital speed: 24 rpm) after the temperature of the
content reached 60°C. Then, the kneading was continued.
<Composition 1>

Resin S 1500 parts
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FASTOGEN Super Magenta RTS (manufactured by DIC Ccrporaticn)

5000 parts
Diethylene glycol 3500 parts
34% aqueous potassium hydroxide solution 662 parts
Ion-exchanged water 200 parts

The kneading was continued for an hour after maximum
load current was exhibited, 200 parts of ion-exchanged water
was subsequently added tc this kneaded product in the
kneading vessel, and then the kneading was further continued.
Then, 200 parts of ion-exchanged water was further added to
the product when the product was in a uniformly mixed state,
and then the product was similarly kneaded into a uniformly
mixed state. Then, 1000 parts of lon-exchanged water was
further similarly added in total by 200 parts.

Then, the amcunt ©f ion-exchanged water to be added
each time was changed to 500 parts, and, when the product
was in a uniformly mixed state, 4000 parts of ion-exchanged
water was added in total in the same manner as described
above while the kneading was continued.

After the addition of ion-exchanged water was finished,
the preoduct was removed from the planetary mixer. To 10000
parts of this product, 4390 parts of diethylene glycol and
4433 parts of ion-exchanged water were gradually added while
being stirred with a dispersion stirrer, thereby yielding a

viscosity-adjusted product.
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[0070]

The resulting product was processed through a disperser
four times (four passage) with a bead mill {Nano Mill NM-G2L
manufactured by ASADA IRON WORKS.CO., LTD.) under the
following conditions for being dispersed, thereby producing
a pigment dispersion liguid M1 (solid concentration: 23%,
pigment ccncentraticon: 17%).
<Dispersion Conditions with Bead Mill>
Disperser: Nano Mill NM-G2L (manufactured by ASADA IRON
WORKS.CO., LTD.)

Bead: ¢ 0.3 mm zirconia bead

Bead content: 85%

Temperature of cocoling water: 10°C

Rotational speed: 2660 rpm {disc peripheral speed: 12.5
m/sec)

Liguid delivery rate: 200 g/min

[0071]

(Production Example 9) Water-based Pigment Dispersion
Liquid Y1

A mixture having the following Composition 2 was fed
into a planetary mixer PLM-V-50V (manufactured by INOUE MFG.,
INC.) having a volume of 50 L, the jacket was heated, the
mixture was kneaded at a low speed (rotational speed: 21 rpm,
crbital speed: 14 rpm) before the temperature of the content

reached 60°C, and the speed was increased (rotational speed:
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35 rpm, orbital speed: 24 rpm} after the temperature of the
content reached 60°C. Then, the kneading was continued.
<Composition 2>
Resin S 2400 parts
Fast Yellow 7410

(Pigment Yellow 74)

(manufactured by SANYO COLOR WORKS, Ltd.) 6000 parts

34% aqueous pcotassium hydroxide solution 1118 parts
Diethylene glycol 3000 parts

Then increase in the speed caused the load current of
the planetary mixer to reach the maximum load current; 30
minutes thereafter, the load current of the planetary mixer
decreased and entered a stable state. In this state, the
kneading was continued for three hours to produce a kneaded
product.

Then, in a state in which the kneading was continued,
1000 parts of ilon-exchanged water was added to the kneaded
product in the kneading vessel in total by 13 parts per
minute. While the kneading was continued, 4800 parts of
ion-exchanged water was subsequently added toc the product in
total by 50 parts per minute. Then, 1500 parts of ion-
exchanged water was further added, and the product was
removed from the planetary mixer. Then, 3514 parts of
diethylene glyccl and 2185 parts of ion-exchanged water were

gradually added tec 10000 parts of this product while being
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stirred with a dispersion stirrer, thereby forming a
dispersion.
[0072]

The resulting product was processed through a disperser
one time {one passage) with a bead mill (Nano Mill NM-G2L
manufactured by ASADA IRON WORKS.CO., LTD.) under the
following conditions for being dispersed, thereby producing
a pigment dispersion liguid Y1 (solid concentration: 25%,
pigment concentration: 16%).
<Dispersion Conditions with Bead Mill>
Disperser: Nanc Mill NM-G2L (manufactured by ASADA IRCN
WORKS.CO., LTD.)

Bead: ¢ 0.3 mm zirconia bead

Bead content: 85%

ol

Temperature of cooling water: 10°C
Rotational speed: 2660 rpm (disc peripheral speed: 12.5
m/sec)
Liguid delivery rate: 500 g/min
[0073]

(Production Example 10) Water-based Pigment Dispersion
Liquid C1

A mixture having the following Composition 3 was fed
into a planetary mixer PLM-V-50V {(manufactured by INOUE MFG.,
INC.) having a volume of 50 L, the jacket was heated, the

mixture was kneaded at a low speed (rotaticnal speed: 21 rpm,
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orbital speed: 14 rpm) before the temperature of the content
reached 60°C, and the speed was increased (rotational speed:
35 rpm, orbital speed: 24 rpm) after the temperature of the
content reached 60°C. Then, the kneading was continued.
<Composition 3>

Resin T 2500 parts
FASTOGEN Blue TGR

(Pigment Blue 15:3)

(manufactured by DIC Corpcration) 5000 parts
34% aqueous potassium hydroxide solution 1103 parts
Diethylene glycol 2390 parts

The increase in the speed caused the planetary mixer to
exhibit the maximum load current; 15 minutes thereafter, the
load current of the planetary mixer decreased and entered a
stable state. In‘this state, the kneading was continued for
three hours to produce a kneaded product. Then, 500 parts
of ion-exchanged water was added to the kneaded product in
the kneading vessel. The kneading was further continued,
500 parts of ion-exchanged water was further added to the
product when the product was in a uniformly mixed state, and
then the product was similariy kneaded into a uniformly
mixed product to adjust the viscosity of the product. Then,
4000 parts of ion=-exchanged water was similarly added in
total by 500 parts. Then, the amount of ion-exchanged water

to be added each time was changed to 1000 parts, and, when
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[ 0087] [F]. Preparation of Ink Jet Recording Ink from Treated
Agueous Pi gnent Dispersion (Production Exanples 16 to 39) The
aqueous pignment dispersions (MA to K2G prepared in Exanples 1 to 20
were used as shown in Table 5 to prepare treated color ink
conpositions (MBAto K3G. The Ca - 55 - contents of the color ink
conpositions were anal yzed, and Table46 shows results of the
analysis. In addition, Table 6 shows the Ca content in terns of |
mass% of a pignment concentration. [0088] [Table 5] Itenms I nk No.

Di spersi

0,581 . L 05,5 (pArL ), SANAS 52008, (gt PNag 405 o
ion-exchanged water was further added in total in the same
manner as described above while the kneading was continued.
After the addition of ion-exchanged water was finished, the
viscosity-adjusted product was removed from the planetary
mixer.

[0074]

To 10000 parts of this viscosity-adjusted product, 4000
parts of diethylene glycol and 3290 parts of ion-exchanged
water were graduzally added while being stirred with a
dispersion stirrer, thereby forming a dispersion. The
product was processed through a disperser four times (four
passage) with a bead mill (Nano Mill NM-G2L manufactured by
ASADA IRON WCRKS.CO., LTD.) under the following conditions
for being dispersed, thereby producing a pigment dispersion

liquid C1 (solid concentration: 24%, pigment concentration:

<Dispersion Conditions with Bead Mill>

Disperser: Nano Mill NM-G2L (manufactured by ASADA IRON
WCORKS.CO., LTD.)

Bead: ¢ 0.3 mm zirconia bead

Bead content: 85%

Temperature of cooling water: 10°C

Rotational speed: 2660 rpm (disc peripheral speed: 12.5

m/sec)
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Ligquid delivery rate: 200 g/min
[0075]

(Production Example 11) Water-based Pigment Dispersion
Liquid K

A mixture having the following Composition 4 was fed
into a planetary mixer PLM-V-50V (manufactured by INOUE MFG.,
INC.) having a volume of 50 L, the jacket was heated, the
mixture was kneaded at a low speed (rotational speed: 21 rpm,
orbital speed: 14 rpm) before the temperature of the content
reached 60°C, and the speed was increased (rotational speed:
35 rpm, orbital speed: 24 rpm) after the temperature of the
content reached 60°C. Then, the kneading was continued.
<Composition 4>
Resin T 1500 parts
TOKABLACK #5500

(Carbon Black)

(manufactured by TOKAI CARBON CO., LTD.) 5000 parts
Diethylene glycol 3800 parts
34% azqueous potassium hydroxide solution 666 parts

The increase in the speed caused the load current of
the planetary mixer to reach the maximum load current; then,
the kneading was continued for 30 minutes, 200 parts of ion-
exchanged water was subsequently added to this kneaded
product in the kneading vessel, and the kneading was further

continued. Then, 200 parts of ion-exchanged water was
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further added to the product when the product was in a
uniformly mixed state, and then the product was similarly
kneaded into a uniformly mixed product. Then, the product
was kneaded for approximately 2 hours while 1000 parts of
ion~exchanged water was similarly added thereto in total by
200 parts.

Then, the amount of ion-exchanged water to be added each
time was changed to 50C parts, and, when the product was in
a uniformly mixed state, 5000 parts of ion-exchanged water
was added in total in the same manner as described above
while the kneading was continued.

After the addition of icn-exchanged water was finished,
the kneaded product was removed from the planetary mixer.
This kneaded product had a solid concentration of 38.1%. To
10000 parts of this kneaded product, 3757 parts of
diethylene glycol and 2380 parts of ion-exchanged water were
gradually added over 30 minutes while being stirred with a
dispersion stirrer, thereby yielding a viscosity-adjusted
product.

[0076]

The viscosity-adjusted product was dispersed with a
bead mill (Nano Mill NM-G2L manufactured by ASADA IRON
WORKS.CC., LTD.) under the following conditions, thereby
producing an agqueous carbon black dispersion liquid KI1.

<Dispersion Conditions>
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Disperser: Nano Mill NM-G2L (manufactured by ASADA IRON
WORKS.CO., LTD.)

Bead: ¢ 0.3 mm zirconia bead

oo

Bead content: 85
Temperature of cooling water: 10°C

Rotational speed: 2660 rpm (disc peripheral speed: 12.5
m/sec)

Liquid delivery rate: 200 g/min

In this case, the viscosity-adjusted product was processed
through a disperser four times (four passage) under the
above-mentioned conditions for being dispersed.

The aqueous carbon black dispersion liquid K1 had a solid
concentration of 25% and a carbon black concentration of 18%.
[COT7]

Examples which will now be described as representative
examples of a contact treatment with a chelating resin
includes two cases each involving use of four colors
(magenta, cyan, yellow, and black). In one case, a liquid
in which a pigment was merely dispersed in an aqueous medium,
namely, a water-based pigment dispersion liquid, was used as
a liquid to be treated. Such a water-based pigment
dispersion liquid also corresponded to an ink jet recording
water-based ink having a high pigment concentration before
dilution and addition of additives.

In the other case, an ink jet recording water-based ink
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prepared from the above-described water-based pigment
dispersion liquid was used as a liquid to be treated.

Except that such an ink jet recording water-based ink had
the large total content c¢f peclyvalent metals as impurities,
this ink jet recording water-based ink had composition
eguivalent to that of a commercially available final product
of the ink jet recording water-based ink.

[0078]

[C]. Exzamples Involving Use of Agqueous Pigment
Dispersion as Liguid to Be Treated (Examples 1 to 20,
Comparative Examples 1 to 13)

Inte columns each having a diameter of 50 mm and a
length of 500 mm, 70 g of the chelating resins (e.g., RK-A)
prepared in Production Examples 1 to 7 were separately put.
The aqueous pigment dispersions (M1, Y1, Cl, and K1)
prepared in Production Examples 8 to 11, respectively, were
allowed to flow through the columns at SV = 10 or SV = 30 to
yield treated aquecus pigment dispersions (M2A to M2H, Y2A,
and so on). The statuses, Ca contents, and other properties
of the contact-treated aqueous pigment dispersions (M2A to
M2H, Y24, and so on) were analyzed. The term "SV" used
herein refers to space velocity and is represented as the
inverse of time over which a raw liquid contacts a filter
layer per hour. In the present invention, it is a relative

amount of ink to be treated per unit time to the volume of a



C3G 2 3.0 Production Exanple 34 K3A K2A 19. 7 5. 05 . 0
Bal ance 3.0 Production Exanple 35 K3B K2B 3.0 Production Exanple
36 K3C K2C 3.0 Production Exanple 37 K3D K2D
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chelating resin; in particular, 1 SV is equivalent to the
mass (gram) of ink to be treated with a gram of resin per
hour. The contact treatments with the chelating resins were
analyzed by the following method in terms of the items
described below. Table 1 shcws results of the analysis.
[0079]

(Precipitate on Chelating Resin)

The presence or absence of precipitate was visually
observed, and Examples in which precipitate had not been
observed were evaluated as "Absence™, and other Examples in
which precipitate had been observed were evaluated as
"Presence".

{Ca content)

A sample was accurately weighted to approximately 0.2 g
and decomposed (2 cm® of nitric acid for precise analysis
was added as a decomposing agent) with a microwave sample
preparation apparatus (MLS-120CMEGA, manufactured by
Milestone General K.K.). Ultra-ion-exchanged water was
added to the resulting decomposed ligquid, the solution was
then filtered, a measuring flask was then used to determine
the volume of the resulting filtrate to be 25cm®, and this
solution was analyzed with an ICP analyzer (Optima 3300DV,
manufactured by PerkinElmer Inc.) to determine the Ca
content.

[0080]



Chem cal

3.0

I ndustries,
content (ppm Ca content

3.0 Production Exanple 38 K3E K2E
* SANNI X GP-600 (trade name, nmanufactured by Sanyo
Ltd.) [0089]

3.0 Production Exanple 39 K3G

56 -

[ Tabl e 6]

ltens

Sv= 10 SV = 30 SV= 10 SV = 30 Production Exanple 16 MA

(pH Measurement)

- 50 -~

The pH of each of the treated water-based pigment

dispersion liquids and ink jet recording water-based inks

was measured at 25°C with a Castany LAB pH meter F-22

(manufactured by HORIBA, Ltd.).

Ink No. C a
in ternms of 1 mass% of pignent concentration

[00B1]
[Table 1]
Proportion of Ca content
. Prepared . |alkali mefal-  |Treated {ppm)
ltems SFJBO:;ES chelating glgg'l bonded dispersion [Precipitation oy = pH
resins chelating liquic No. 10 T o lsv=30
@roup {mol%)
Example 1 RK-A K 3 [M2A Absence  [13 15 10.1
Example 2 RK-B K 51 M2B Absence |14 16 10.3
Example 3 RK-C K 53 M2C Absence |14 16 10.4
Example 4 M1 (pigment |RK-D K 76 M2D Absence |15 17 10.8
Example § concentrafion|RN-E Na |47 M2E Absence |14 15 10.2
Comparative Example 1 [17%) None* | - M2 - 35 9.9
Comparative Example 2 RK-F K 24 M2F Presence |- - -
Comparative Example 3 RK-G H {0 M2G Presence -
Comparative Example 4 RK-X K 50 (Mixed})  [M2X Presence |- - -
Example 6 RK-A K 31 Y24 Absence |7 8 10.1
Example 7 RK-B K 51 Y28 Absence |8 9 10.2
Example 8 Y1 (pigment RK-C K 53 Y2C Absence |8 9 10.3
Example 9 “oncpe%tration RK-D K 76 Y20 Absence |8 9 10.6
Example 10 ;6% ) RN-E Na 47 Y2E Absence |8 10 10.2
Comparative Example § None* - - Y2 - 25 9.9
Comparative Example 6 RK-F K 24 Y2F Presence |- - -
Comparative Example 7 RK-G H [0 Y26 Presence |- - -
Example 11 RK-A K 31 C2A Absence |11 12 10.1
Example 12 RK-B K 51 C2B Absence 110 11 10.2
Example 13 C1 {pigment RK-C K 53 C2C Absence |10 11 10.3
Example 14 :onc%gtratior RKD K |76 ) Bbsence |11 12 [106
Example 15 15%) RN-E Na 147 C2E Absence |12 13 101
Comparative Example 8 Nong* - - C2 - 30 9.9
Comparative Example 9 RK-G H 0 C2G Presence |- - -
Comparative Example 10 RK-X K 50 (Mixed)  [C2X Presence |- - -
Example 16 RK-A K 31 K2A Absence |5 6 10.0
Example 17 RK-B K 51 K2B Absence |4 5 10.1
Example 18 K1 (pigment RK-C K 53 K2C Absence |4 5 10.2
Example 19 "oncpe%tration RKD K |76 K2D Absence |5 6 105
Example 20 ‘1‘5% ) RN-E Na |47 K2E Absence |6 7 10.0
Comparative Example 11 None* - - K2 - 25 8.9
Comparative Example 12 RK-G (Hy 10 K2G Presence |- -
Comparative Example 13 RK-X K 50 {(Mixed)  |K2H Presence |- -




3.1 3.5 0.78 0.88 Production Exanple 17 M3B 3.3 3.8 0.83 0.95
Producti on Exanple 18 M3C 3.3 3.8 0.83 0.95 Production Exanple 19 M3D
3.5 3.9 0.88 0.98 Production Exanple 20 MBE 3.3 3.5 0.83 0. 88
Production Exanple 21 MBG 8.2 2.05 Production Exanple 22 Y3A 1.6 1.8
0.40 0.45 Production Exanple 23 Y3B

- 51 -~

* "Neone" means that the contact treatment with a chelating
resin was not carried out.
[0082]

[D]. Production of Ink Jet Recording Water-based Ink as
Liquid to Be Treated {(Before Contact Treatment) (Production
Examples 12 to 15)

The water-based pigment dispersion liquids (M1, Y1, C1,
and K1) of Production Examples 8 to 11 were used to prepare
ink jet recording water-based ink (M5, Y5, C5, and K5)

(before contact treatment} as shown in Table 2, respectively.

[0083]
[Table 2]
Dispersion .
- : SANNIX . lon- Pigment
ltems Ink No. “qu'dsAmount Dlreéglyl(er;?t) GP-600 ?g::tt)arme exchanged |concentration
No. glycol (p {part) P water (part) (%)
. (part)
Production 15 M1 las |50 5.0 3.0 66.5 4.0
Example 12
Production s vy b3g 5o 5.0 3.0 66.9 4.0
Example 13
Production
Example 14 C5 C1 18.7 5.0 5.0 - 70.3 3.0
Production s k1 197 50 5.0 3 70.3 3.0
Example 15
(0084]

[E]. Examples Involving Use of Ink Jet Recording Water-
based Ink as Liquid to Be Treated (Examples 21 to 40,
Comparative Examples 14 to 26)

Into columns each having a diameter of 50 mm and a

length of 500 mm, 70 g of the chelating resins prepared in



1.8 2.1 0.45 0.53 Production Exanple 24 Y3C 1.8 2.1 0.45 0.53
Production Exanple 25 Y3D 1.8 2.1 0.45 0.53 Production Exanple 26 Y3E
1.8 2.3 0.45 0.58 Production Exanple 27 Y3G 5.8 1.45 Production
Exanple 28 C3A 2.2 2.4 0.73 0.80 Production Exanple 29 C3B 2.0 2.2
0.67 0.73 Production Exanple 30 C3C

_52_

Production Examples 1 to 7 were separately put. The aqueous
pigment inks (M5, Y5, C5, and K5) prepared in Production
Examples 12 to 15, respectively, were allowed toc flow
through the columns at SV = 10 or SV = 30 to yield treated
aqueous pigment inks (M6A to M6G, Y6A, and so on). The
statuses, Ca contents, and other properties of the treated
aguecus pigment inks (M6A to MGH, YG6A, and so on} were
analyzed, and Table 32 shows results of the analysis. Table
4 shows the Ca content of each treated aqueous pigment ink
and the Ca content in terms of 1 mass% of a pigment
concentration.

(0085]



2.0 2.2 0.67 0.73 Production Exanple 31 C30 2.1 2.4 0.70 0.80
Production Exanple 32 C3E 2.4 2.6 0.80 0.87 Production Exanple 33 C3G
5.9 1.97 Production Exanple 34 K3A 1.0 1.2 0.33 0.40 Production
Exanple 35 K3B 0.8 1.0 0.27 0.33 Production Exanple 36 K3C 0.8 1.0
0.27 0.33 Production Exanple 37 K3D

— 5 3 —

[Table 3]

Propertion of Ca content

alkali metal- m

Flowing | ePaed lapat loonded | 7°2€Y4 lregin =
ltems samples chelating metal |chelating dispersion precipitation pH
resins group liguid No. SV =10|SV =30

(mol%)
Example 21 RK-A K 31 MBA Absence  [2.9 3.2 9.9
Example 22 RK-B K 51 MGB Absence (2.7 3.0 104
Example 23 RK-C K 53 MBC Absence  [2.7 3.0 10.2
Example 24 M5 (pigment [RK-D K 76 M6D Absence 2.8 3.1 10.4
Example 25 concentrationRN-E Na |47 MGE Absence 3.0 3.2 10.0
Comparative Example 14 [4%) None - - M6 - 8.4 9.7
Comparative Example 15 RK-F K 24 (MBF) Presence | - -
Comparative Example 16 RK-G H [0 MBG Presence | - -
Comparative Example 17 RK-X K 50 (Mixed} |(M6X)  |Presence |- - -
Example 26 RK-A K 3 YBA Absence |12 1.4 9.9
Example 27 RK-B K 51 Y6B Absence 1.3 [1.4 101
Example 28 Y5 (pigment RK-C K 53 Y6C Absence |13 [1.4 10.2
Example 29 "oncpe%tration RK-D K 76 Y6D Absence |14 [1.5 104
Example 30 4%) RN-E Na |47 Y6E Absence 1.6 |17 10.0
Comparative Example 18 None - - Y6 - 6.4 9.7
Comparative Example 19 RK-F K 24 (YBF) Presence | - -
Comparative Example 20 RK-G (H [0 Y65 Presence | - -
Example 31 RK-A K 31 CoA Absence  [1.9 |20 9.8
Example 32 RK-B K 51 ceB Absence 1.8 |21 9.9
Example 33 C5 (pigment RK-C K 53 CeC Absence 1.8 |20 10.0
Example 34 nonC’;ﬁtraﬁon RKD K [76 C6D __ |Absence 19 [21 __ [10.3
Example 35 ‘é% ) RN-E Na |47 C6E Absence 20 [2.2 9.9
Comparative Example 21 None - - Co - 6.2 9.6
Comparative Example 22 RK-G (H [0 Y6G Presence | -
Comparative Example 23 RK-X K 50 (Mixed) |(C6X) Presence | - -
Example 36 RK-A K 31 K6A Absence (0.2 1.0 9.7
Example 37 RK-B K 51 K68 Absence 0.9 1.0 9.9
Example 38 K5 (pigment RK-C K 53 K6C Absence 0.9 1.0 9.9
Example 39 - oné’eﬂtraﬁon RKD K [76 K6D _ |Absence [1.0 1.1 10.2
Example 40 ‘é% ) RN-E Na |47 K6E Absence 1.2 1.3 9.8
Comparative Example 24 None - - K6 - 5.1 9.6
Comparative Example 25 RK-G (H [0 K6G Presence |- - -
Comparative Example 26 RK-X K 50 (Mixed} |(K6X) Presence | - -

[0086]



1.0 1.2 0.33 0.40 Production Exanple 38 K3E 1.2 1.4 0.40 0.47

Producti on Exanple 39 K3G 4.9 1.63
Properties of Contact-treated Ink Jet Recordi ng Water-based

Physi ca

[ 00

90]

[G.

I nk (Exanples 41 to 70, Conparative Exanples 27 to 32)

j et

Eval uat

recording inks (MbA to K6E) prepared through the contact

i on of

The i nk

treatments with the chelating resins in Exanples 21 to 40 and the ink

jet recording inks (M3A to K3G) prepated-fromthe treated aqueous
pi gnent di spersions (MA to K2G were subjected to analysis of ink
physi cal properties, and Tables 7 to 10 show results of eval uation of
the ink iecazi properties. The follow ng evaluation itens - 57 -
and net hods \'A'ere] enﬂp! O‘/ed_ All of the inks used for the eval ||n1'|nn i-n
Exanpl ei; had been treafed at SV = 10. [[k ? ﬁp erage 0?“” eﬁf’ze)
A Nanot fileres particl e si Fevidj smpssbut i on apalyzet” UPAEX15 fe ﬁ ed
by NIKKISO CO., LTD.) was used to neasufgg=# VOl [GWE3RVEEATR p g.;@le
si ze by Ranfl(nam c i ght scattering methpd. The kol T OW [Ngg rreaqaugoerrent
condi ti @grsnpeRI € enpl oyed: 10cnB of i on-gxXchange@lowat erjossias adusd t o
10 1.1l Exqmpee¥ ol iter) of a water-based RiAk to pBé&pare @6&di | ut/eth
sol uti ofixamped f or t he peasurenent, and RBe neas@it enentd-#Was cat#i ed
out at ExMPEPHOA2] (Vi SMEErigmeR)jongntglicsdOVEIER TV-22 (manbifact ur®fd by
TOKI SAK@wRyameExamgieNd was ysed to anal yzg~2 -bagel inks at 25C
[0093] (Sympeiehe sramae L, 11 ¢ y)) The i F uced—ad descrifbed
above “ﬁ%pggggﬁggﬁpl’f &l thernostati c chafrer—at—60€—For—35—days—and
t hen th%mﬂﬁﬁﬂﬁgc Balti,ic stzeand—visc STty ti_ e e ed
and evalggglger -Evatuation Criteria- CGogpg (Satipii ed) . jgsvari ggison
| ess thgmmi@zm in a particle - 58 - skze and [yari ati|@sp | €s9pdshan
10% in kape3d ty Bad (fejected). .. vari.aikhon notlifess tjhan 10 jmf in
parti cl é&xample &0 and/ or vgﬂp'ﬁwng%?mﬁ%rft'op %"}.%)51.6 han 10% i n vi|g4osi t w43 0094
(Ej ect i ¢amBtat 18 Test inks wefé placed at th&bposition of
bl ack c%mnaraﬂvﬁﬁxarﬂm% nk jet printer Photosmart 05360 (manuflact ured
by Hew Jd & pany)—and qualiffcation bf each ink fgr jink
j et recf”'”p:ﬁ | was—evallated; in particullde—priating wh& sucdbilsively
carried Eég{l Ieg% fve—sheets of A4 paper \}vg(—h'l—ﬁ—f L 809 hieatHereof—af
. e . . il o - |0:60 AR

100% i CHp HS"‘!D' ty,—an t_hen i nk €] ectl PO PropesyTES OFd0r e giyd ar e
the pri hn@@3yere eval [Yatrgaent compriiieadhlopy Criterp a- 067 073

Comparative Example 21 6.2 2.07

Comparative Example 22 - -

Comparative Example 23 - - N B

Example 36 0.9 1.0 0.30 0.33

Example 37 0.9 1.0 0.30 0.33

Example 38 0.9 1.0 0.30 0.33

e 0 K5 pgnentconosieon 34) 95— foa—o a3

Comparative Example 24 9.1 1.70

Comparative Example 25 - -

Comparative Example 26 -

[0087]

[F].

Aqueous Pigment Dispersion

The aquecus pigment dispersions

(M2A to K2G)

Preparation of Ink Jet Recording Ink from Treated
(Production Examples 16 to 39)

prepared

in Examples 1 to 20 were used as shown in Table 5 to prepare

treated color ink compositions

(M3A to K3G).

The Ca



Good (satisfied)...no defective ejection was observed, and forned

| mages had good quality. Bad (rejected)...after the successive
printing, the direction of ink ejection was abnornal, or uneven print
density was observed. [0095] - 59 - [Table 7] Itens Test inks
Particle size T/nmViscosity ri/nmPa.s Tenporal stability E ection
stability Exanple 41 MBA 147 3.9 Good (satisfied) Good (satisfied)
Exanpl e 42 M3B 133 3.8 Good (satisfied}y Good (satisfied) Exanple 43
MBC 140 3.3 Good (satisfied) Good (satisfied) Good (satisfied) Good
(satisfied) Exanple 44 MBD 115 3.4 Exanpl e 45 MBE

contents of the color ink compositions were analyzed, and
Table 6 shows resulits of the analysis. In addition, Table 6

shows the Ca content in terms of 1 mass% of a pigment

concentration.
[0088]
[Table 5]
Dispersion liquids SANNIX . |Pure Pigment

[tems Ink No. No Amount '(%E% GP-600 (C;lg;:tt)enne water  [concentration

~_ |(part) (part} (par)  |(%)
Production Example 16 |M3A  |[M2A 4.0
Production Example 17 [M3B  |M2B 4.0
Production Example 18 (M3C  [M2C 4.0
Production Example 19 (M3D  |M2D 235 5.0 0.0 5.0 Balancs 4.0
Production Example 20 [M3E  |M2E 4.0
Production Example 21 [M3G  |M2 4.0
Production Example 22 [Y3A  [Y2A 4.0
Production Example 23 [Y3B  [Y2B 4.0
Production Example 24 [Y3C  |Y2C 4.0
Production Example 25 [Y3D [Y2D 23.1 5.0 5.0 30 Balance 4.0
Production Example 26 [Y3E  |Y2E 4.0
Production Example 27 Y3G  |Y2 4.0
Production Example 28 [C3A  |C2A 3.0
Production Example 29 |C3B  |CZB 3.0
Production Example 30 [C3C  |C2C 3.0
Production Example 31 [C30 b |1 o [P0 0k Balance 13
Production Example 32 |C3E  |C2E 3.0
Production Example 33 [C3G  |C2 3.0
Production Example 34 |K3A  K2A 3.0
Production Example 35 |[K3B  K2B 3.0
Production Example 36 [K3C  {K2C 3.0
Production Example 37 [K3D kb | >/ PO 0 Balance 135
Production Example 38 |K3E  |K2E 3.0
Production Example 39 [K3G K2 3.0

* SANNIX GP-600(trade name, manufactured by Sanyo Chemical
Industries, Ltd.)

[0089]



124 3.2 Good (satisfied) Good (satisfied) Bad (rejected) Conparative
Exanpl e 27 MBG 136 3.5 Good (satisfied) Exanple 46 M6A 112 3.6 Good
(satisfied) Good (satisfied) Exanple 47 M6B 157 3.6 Good (satisfied)
Good (satisfied) Good (satisfied) Exanple 48 MbC 121 3.0 Good
(satisfied) Exanple 49 M6D 117 3.7 Good (satisfied) Good (satisfied)
Exanpl e 50 MBE 106 3.7 Good (satisfied)

_56_

[Table 6]
Ca content in terms of 1 mass% of

ltems Ink No. Ca content (ppr) pigment concentration {(ppm)

SV =10 SV=30 SV =10 Sv=30
Production Example 16 M3A 3.1 3.5 (.78 0.88
Production Example 17 M3B 3.3 3.8 0.83 0.95
Production Example 18 M3C 3.3 3.8 0.83 0.95
Production Example 19 M3D 3.5 3.9 .88 (.98
Production Example 20 M3E 3.3 3.5 0.83 0.88
Production Example 21 M3G 8.2 2.05
Production Example 22 Y3A 1.6 1.8 0.40 0.45
Production Example 23 Y3B 1.8 2.1 0.45 0.53
Production Example 24 Y3C 1.8 2.1 0.45 0.53
Production Example 25 Y3D 1.8 2.1 0.45 0.53
Production Example 26 Y3E 1.8 2.3 0.45 0.58
Production Example 27 Y3G 5.8 1.45
Production Example 28 C3A 2.2 2.4 0.73 0.80
Production Example 29 C3B 2.0 2.2 0.67 0.73
Production Example 30 C3C 2.0 2.2 0.67 0.73
Production Example 31 C3D 2.1 2.4 0.70 0.80
Production Example 32 C3E 2.4 26 0.80 0.87
Production Example 33 €3G 5.9 1.97
Production Example 34 K3A 1.0 1.2 0.33 0.40
Production Example 35 K3B 0.8 1.0 0.27 0.33
Production Example 36 K3C 0.8 1.0 0.27 0.33
Production Example 37 K3D 1.0 1.2 0.33 0.40
Production Example 38 K3E 1.2 14 0.40 0.47
Production Example 39 K3G 4.9 1.63
[0C20]

[G]. Evaluation of Physical Properties of Contact-
treated Ink Jet Recording Water-based Ink (Examples 41 to 70,
Comparative Examples 27 to 32)

The ink jet reccrding inks (M6A to K6E) prepared
through the contact treatments with the chelating resins in
Examples 21 to 40 and the ink jet recording inks (M3A to
K3G) prepared from the treated aquecus pigment dispersions
(M2A to K2G) were subjected to analysis of ink physical
properties, and Tables 7 to 10 show results of evaluation of

the ink physical properties. The following evaluation items



Good (satisfied) Conparative Exanple 28 1\16 117 3.2 Good (satisfied)
Bad (rejected) [0096] [Table 8] Itens Test inks Particle size T/nm
Viscosity ri /nPa.s Tenporal stability Ejection stability Exanple 51
Y3A 102 3.3 Good (satisfied) Good (satisfied) Good (satisfied) Good
(satisfied) Exanple 52 Y3B 110 3.5 Exanpl e 53 Y3C 127 3.4 Good
(satisfied) Good (satisfied) Good (satisfied) Good (satisfied)
Exanpl e 54 Y3D 122 - 57 -

and methcods were employed.

All cof the inks used for the evaluation in Examples had been
treated at SV = 10.

[0091]

(Average Particle Size)

A Nanotrac particle size distribution analyzer UPA-
EX150 (manufactured by NIKKISC CO., LTD.) was used to
measure a volume-average particle size by a dynamic light
scattering method. The following measurement conditions
were employed: 10cm® of ion-exchanged water was added to 10
puL {microliter) of a water-based ink to prepare a diluted
solution used for the measurement, and the measurement was
carried out at 25°C.

[0092]

(Viscosity)

A VISCOMETER TV-22 (manufactured by TOKI SANGYO CO. LTD) was
used to analyze the water-based inks at 25°C.
[0093]

(Temporal Stability)

The inks produced as described above were stored in a
thermostatic chamber at 60°C for 35 days, and then the
average particle size and viscosity thereof were measured
and evaluated.

-Evaluation Criteria-

Good {satisfied)...variation less than 10 nm in a particle



4.0 Exanpl e 55 Y3E 146 3.6 Good (satisfied) Good (satisfied)
Conpar ati ve Exanple 29 Y3G 110 3.7 Good (satisfied) Bad (rejected)
Exanpl e 56 Y6A 136 3.4 Good (satisfied) Good (satisfied) Exanple 57
Y6B 113 3.9 Good (satisfied) Good (satisfied) Good (satisfied) Good
(satisfied) Exanple 58 Y6C 123 3.1 Exanpl e 59 Y6D 165 3.3 Good
(satisfied)

- 58 -

size and wvariation less than 10% in viscosity

Bad (rejected)...variation not less than 10 nm in particle
size and/or variation not less than 10% in viscosity.
[0094]

(Edlection Stability)

Test inks were placed at the position of a black
cartridge in an ink jet printer Photosmart D5360
(manufactured by Hewlett-Packard Company), and qualification
of each ink for ink jet recording was evaluated; in
particular, printing was successively carried out on five
sheets of A4 paper within the 80% area thereof at 100% image
density, and then ink ejection properties before and after
the printing were evaluated.

-Evaluation Criteria-

Good (satisfied)...no defective ejection was observed, and
formed images had good guality.

Bad (rejected)...after the successive printing, the
direction of ink ejection was abnormal, or uneven print
density was observed.

[0005]



Good (satisfied) Exanple 60 Y6E 107 3.5 Good (satisfied) Good
(satisfied) Conparative Exanple 30 y6 118 3.7 Good (satisfied) Bad
(rejected) [0097] - 60 - [Table 9] Itens Test inks Particle size
T/nm Viscosity i/nPa.s Tenporal stability Ejection stability Exanple
61 C3A 102 3.7 Good (satisfied) Good (satisfied) Exanple 62 C3B 121
3.4 Good (satisfied) Good (satisfied) Exanple 63 C3C 103 3.8

— 5 9 —
(Table 7]
[tems Test inks Particle size Viscosity Temporal stability \Ejection stability
T/nm n/mPa-s
Example 41 M3A 147 3.9 Good (satisfied) Good (satisfied)
Example 42  [M3B 133 3.8 Good (satisfied) [Good (satisfied)
Example 43  |M3C 140 3.3 Good (satisfied) Good (satisfied)
Example 44  |M3D 115 3.4 Good (satisfied) |Good (satisfied)
Example 45 |M3E 124 3.2 Good (satisfied) |Good (satisfied)
gg;“rﬁslfg‘;e M3G 136 3.5 Good (satisfied) Bad (rejected)
Example 46 MBA 112 3.6 Good (satisfied) Good (satisfied)
Example 47 MeB 167 3.6 Good (satisfied) |Good (satisfied)
Example 48 IMBC 121 3.0 Good (satisfied) |Good (satisfied)
Example 49  |M6D 117 3.7 Good (satisfied) |Good (satisfied)
Example 50  |M6E 106 3.7 Good (satisfied) |Good (satisfied)
g:;”ﬁ?;ftz"ée M6 117 3.2 Good (satisfied) |Bad (rejected)
[0096]
[Table 8]
items Test inks Particle size |Viscosity Temporal stability [Ejection stability
T/nm n/mPa's
Example 51 [Y3A 102 3.3 Good (satisfied) |Good (satisfied)
Example 52 [Y3B 110 3.5 Good (satisfied) |Good (satisfied)
Example 53 [Y3C 127 3.4 Good (satisfied) |Good (satisfied)
Example 54 |Y3D 122 4.0 Good (satisfied) |Good (satisfied)
Example 55 |Y3E 146 3.6 Good (satisfied) |Good (satisfied)
Eg:r:;r:tz“ée Y3 |10 37  |Good (satisfied) |Bad (rejected)
Example 56 [YBA 136 3.4 Good (satisfied) |Good (satisfied)
Example 57 |[Y6B 113 3.9 Good (satisfied) |Good (satisfied)
Example 58 |Y6C 123 3.1 Good (satisfied) |Good (satisfied)
Example 59 |Y6D 165 3.3 Good (satisfied) (Good (satisfied)
Example 60 |YGE 107 3.5 Good (satisfied) [Good (satisfied)
g:;"nf;':g‘ée Y6 118 37  |Good (satisfied) [Bad (rejected)

[0097]




Good (satisfied) Good (satisfied) Exanple 64 C3D 106 3.4 CGood
(satisfied) Good (satisfied) Exanple 65 C3E 159 3.8 Good (satisfied)
Good (satisfied) Good (satisfied) Bad (rejected) Conparative Exanple
31 c3 158 3.9 Exanpl e 66 C6A 121 3.4 Good (satisfied) Good
(satisfied) Exanple 67 C6B 109 3.8 Good (satisfied) Good (satisfied)
Exanpl e 68 C6C 103 3.5 Good (satisfied) Good (satisfied) Exanple 69

- 60 -
[Table 9]
ltems Test inks Particle size Viscosity Temporal stability |[Ejection stability
T/nm n/mPa-s
Example 61 |C3A 102 3.7 Good (satisfied) [Good (satisfied)
Example 62 |C3B 121 3.4 Good (satisfied) |Good (satisfied)
Example 63 [C3C 103 3.8 Good (satisfied) |Good (satisfied)
Example 64 [C3D 106 3.4 Good (satisfied) |Good (satisfied)
Example 65 |C3E 159 3.8 Good (satisfied) [Good (satisfied)
Comparative |»q 158 3.9 Good (satisfied) [Bad (rejected)
Example 31
Example 66 |C6A 121 3.4 CGood (satisfied) |Good (satisfied)
Example 67 |C6B 109 3.8 Good {satisfied) |Good (satisfied)
Example 68 |C6C 103 3.5 Good (satisfied) |Good (satisfied)
Example 69 [C6D 110 3.1 Good (satisfied) Good (satisfied)
Example 70 |C6E 108 3.0 Good (satisfied) |Good (satisfied)
Comparative - .
Example 32 C6 156 4.0 Good (satisfied) |Bad (rejected)
[0098]
[Table 10]
ltems Test inks Particle size Viscosity Temporal stability |Ejection stability
T/nm n/mPa-s
Example 71 |K3A 102 3.7 Good (satisfied) Good (satisfied)
Example 72 |K3B 101 3.4 Good {satisfied) Good (satisfied)
Example 73 |K3C 103 3.8 Good (satisfied) Good (satisfied)
Example 74 |K3D 106 3.4 Gocod (satisfied) Good (satisfied)
Example 75 |K3E 109 3.8 Good (satisfied) Good (satisfied)
Comparative . .
Example 33 K3G 106 3.9 Good (satisfied) Bad (rejected)
Example 76 |KG6A 103 3.4 Good (satisfied) Good (satisfied)
Example 77 |K6B 109 3.8 Good (satisfied) Good (satisfied)
Example 78 |[K6C 103 3.5 Good (satisfied) Good (satisfied)
Example 79 |K6D 102 3.1 Good (satisfied) Good (satisfied)
Example 80 |KGE 108 3.0 Good (satisfied) Good (satisfied)
Comparative - .
Example 34 K6 106 4.0 Good (satisfied) Bad (rejected)
[0099]
[H]. Measurement of Free Ca Content

It is presumed that the contact treatment with a

chelating resin in the present invention mainly affects




C6D 110 3.1 Good (satisfied) Good (satisfied) Exanple 70 C6E 108 3.0
Good (satisfied) Good (satisfied) Conparative Exanple 32 C6 156 4.0
Good (satisfied) Bad (rejected) [0098] [Table 10] Itens Test inks
Particle size T/nm Viscosity i/nPa.s Tenporal stability Ej ection
stability Exanple 71 K3A 102 3.7 Good (satisfied) Good (satisfied)
Exanpl e 72 K3B 101 3.4 Good (satisfied) Good (satisfied) Exanple 73
K3C 103 - 61 -

polyvalent metals existing in the aqueous media of a water-
based pigment dispersion liquid and ink jet recording water-
based ink. In order to confirm a reduction in the
polyvalent metal content in the agueous media of an aqueous
pigment dispersion and ink jet recording ink, the following
experiment was carried out.

[0100]

(Example 81)

The dispersion M2C prepared in Example 3 was subjected
to ultracentrifugation under the following conditions, and
the supernatant liquid of the resulting dispersion was
collected.

The Ca content of the supernatant liguid was measured by an
ICP analysis.

Ultracentrifugal separator: Optima TLX (manufactured by
Beckman Coulter, Inc.)

Rotational speed: 110,000 rpm

Operation time: 3 hours

Operation temperature: 25°C

(0101]

(Examples 82 to 84, Comparative Examples 35 to 38)

The Ca content of the supernatant liquid of the agueous
pigment dispersion prepared in each of Examples 8, 13, and
18 and Comparative Examples 1, 5, 8, and 11 was measured as

in Example 81. Table 11 shows results of the measurement.



3.8 Good (satisfied) Good (satisfied) Exanple 74 K3D 106 3.4 Good

(satisfied) Good (satisfied) Exanple 75 K3E 109 3.8 Good (satisfied)

Good (satisfied) Conparative Exanple 33 K3G 106 3.9 Good (satisfied)

Bad (rejected) Exanple 76 K6A 103 3.4 Good (satisfied) Good

(satisfied) Exanple 77 K6B 109 3.8 Good (satisfied) Good (satisfied)

Exanpl e 78 K6C 103 3.5 Good (satisfied) Good (satisfied) Exanple 79
_62_

[0102]
[Table 11]
Material |Ca content (ppm)
Before ultracentrifugation  |Supernatant liquid after
ultracentrifugation
Test sample No. Sv=10 SV =30 SVv=10 SV =30
Example 81 M2C 14 16 2 3
Comparative example 35 M1 35 17
Example 82 Y2C 8 9 2 3
Comparative example 36 Y1 25 14
Example 83 c2C 10 [11 2 3
Comparative example 37 CA1 30 14
Example 84 K2C 4 l5 1 2
Comparative example 38 K1 13 6
[0103]

The Mg (magnesium) content was less than detection
limit (0.02 ppm) of the measurement.
[0104]

(Examples 85 to 88, Comparative Examples 39 to 42)
The Ca content of the supernatant liquid of the ink jet
recording water-based ink prepared in each of Production
Examples 18, 21, 24, 27, 30, 33, 36, and 39 was measured as
in Example 81. Table 12 shows results of the measurement.

[0105]



K6D 102 3.1 Good (satisfied) Good (satisfied) Exanple 80 K6E 108 3.0
Good (satisfied) Good (satisfied) Conparative Exanple 34 K6 106 4.0
Good (satisfied) Bad (rejected) [0099] [H . Measurenent of Free Ca
Cont ent It is presuned that the contact treatnent with a
chelating resin in the present invention mainly affects - 61 -

pol yval ent netals existing in the aqueous nedia of a water-based

pi gnment dispersion liquid and ink jetgrecording water-based ink. In
order to confirma reduction in the polyvalent netal content in the
aqueous nedi a of an aqueous pignment dispersion and ink jet recording
i nk, the@Lﬁ%Iowkgg experiment was carried out. [0100] (Exanple 81)
The dis T C prepared in Exanple 3 was subjected ta

ul tracentTi ation under tMeteriell [CawPMENtRRMI t i ons . _and the
supernatant |iqui the resul ti Bglom dipsertiifogrtinns [Serermstanbliguidaier ca
content | of the super nat i qui dLwas_measured by gyireeepriigationsi

Ul t r acehestispnpigN Oseparator; e VLW ( nelSMESt ur pﬁvﬁgoRpr $an 30
Coul t er Exﬁ'ﬁPle¢5an :-\'r iLonal w@ggrl 340 ﬂﬂﬂ r ﬁ&\ Operat 0.8n time:l%8 hours
Oper at i Qompawh‘ﬁeﬁmampls 3925 M3 01] 8(2|:yarml es 82 to Ql;g Conparative
Exanpl eExarﬂpls§6qm Th&3EB3 co ; R

t he aqueéSTRASIYERXANPIG4Ener {]

and 18 &fif Hparative Exah

Exanpl e [4@Tp2rptiyn exampledf g

[ Tabl e MR L
Comparative example 42

[0106]

As is clear from Examples and Comparative Examples, the
ink jet recording water-based ink according to the present
invention, in particular, a water-based ink which contained
a pigment, an anionic group-containing resin, and a basic
compound and in which the total content of polyvalent metals
as impurities in the water-based ink was not more than 1.2
ppm in terms of 1 mass% of a pigment concentration had
excellent temporal stability and ejection stability. In the
case where a water-based pigment dispersion liquid or an ink
jet recording water-based ink contained polyvalent metals as
impurities in the total amount larger than the above-
mentioned total content, such a water-based pigment
dispersion liquid or ink jet recording water-based ink was
subjected to the contact treatment with a specific chelating
resin having alkali metal-bonded chelating group, thereby

readily producing an ink jet recording water-based ink



Ca content (ppm Before ultracentrifugation Supernatant liquid
after ultracentrifugation SV= 10 SV = 30 SV= 10 SV = 30 Exanple 81
M2C 14 16 2 3 Conparative exanple 35 ML 35 17 Exanple 82 Y2C 8 9 2
3 Conparative exanple 36 Y1 25 14 Exanple 83 C2C 10 11 2 3
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having the total content of multivaient metals of not more
than 1.2 ppmn.

The effect of a reduction in the total content ot
multivalent metals as impurities was provided under the
following conditions: the chelating resin was in the form of
particles, each resin particle contained both an alkali
metal-bonded chelating group and a hydrogen-bonded chelating
group, and the proportion of the alkali metal-bonded
chelating group in the entire chelating resin was in the
range of 30 mol% to 90 mols.

The contact treatment invelving use of such a chelating
resin as a polyvalent metal scavenger significantly
contributed to a reduction in the polyvalent metal content
in an agqueous medium.

In other words, a chelating resin in which the
proportion of the alkeli metal-bonded chelating group in the
entire chelating resin was in the range c¢f 30 mol% to 90
mol% was used as a polyvalent metal scavenger, so that the
total content of polyvalent metals as impurities was able to
be decreased to a desired level without a compositional
variation of ink, the compositional variation having an
adverse effect on the physical properties of an ink jet
recording water-based ink.

The above-menticned ink jet recording water-based ink

in which the total content of polyvalent metals as



Conparative exanple 37 d 30 14 Exanple 84 K2C 4 5 1 2 Conparative
exanple 38 K1 13 6 [0103] The My (nmagnesium content was |ess than
detection [imt (0.02 ppm of the neasurenent. [0104] (Exanples 85 to
88, Conparative Exanples 39 to 42) The Ca content of the supernatant
liquid of the ink jet recording water-based ink prepared in each of
Producti on Exanples 18, 21, 24, 27, 30, 33, 36, and 39 was neasured
as in Exanple 81. Table 12 shows resukts-of the neasurenent. [0105]

- 63 - [Table 12] Material Test sanple No. Ca content (ppm Bef or e
ultracentrifugati on Supernatant liquid after ultracentrifugation SV

= 10 SV{%Qﬁ%i fgé' §§/5géﬁ)reduced to a desired level had excellent

tempocral stability and ejection stability as described above.
Industrial Applicability
[0107]

The ink jet recording water-based ink of the present
invention can be desirably used as an ink jet recording
water-based ink having excellent long-term stocrage stability
and ejection stability. Owing to the method of the present
invention for producing an ink jet recording water-based ink,
in which a peclyvalent metal scavenger is used, the ink jet
recording water-based ink having a significantly low
polyvalent metal content can be produced in a very simple

manner.



Exanpl e
Exanpl e
Exanpl e
Exanpl e

85 MBC 3.3 3.8 0.5 0.7 Conparative exanple 39 M3G 8.2 3.9
86 Y3C 1.8 2.1 0.4 0.5 Conparative exanple 40 Y3G5.8 1.4
87 C3C 2.0 2.2 0.4 0.5 Conparative exanple 41 C3G5.9 1.2
88 K3C 0.8 1.0
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CLAIMS

[Claim 1]

An ink jet recording water-based ink comprising: a
pigment; an anionic group-containing resin; and a basic
compound, wherein the total content of pelyvalent metals as
impurities in the water-based ink is not more than 1.2 ppm
in terms of 1 mass% of a pigment concentration.

[Claim 2]

The ink jet recording water-based ink according to
Claim 1, wherein the ink jet recording water-based ink is
produced through a contact treatment with a chelating resin
containing an alkali metal-bonded chelating group.

[Claim 3]

The ink jet recording water-based ink according to
Claim 2, wherein the chelating resin is in the form of
particles or fibers, each particle or fiber of the chelating
resin contains both an alkali metal-bonded chelating group
and a hydrogen-bonded chelating group, and the proportion of
the alkali metal-bonded chelating group in all of the
chelating groups is in the range of 30 mol% to 90 mol%.
[Claim 4]

The ink jet recording water-based ink according to any
one of Claims 1 to 3, wherein the basic compound is an
alkali metal hydroxide.

[Claim 5]



0.2 0.3 Conparative exanple 42 K3G 4.9 1.0 [ 0106] As is clear
from Exanpl es and Conparative Exanples, the ink jet recording

wat er - based i nk according to the present invention, in particular, a
wat er - based i nk which contained a pignent, an anionic

group-contai ning resin, and a basic conpound and in which the total
content of polyvalent nmetals as inpurities in the water-based ink was
not nore than 1.2 ppmin terns of I mEBss% of a pignment concentration
had excellent tenporal stability and ejection stability. In the case
where a wat er-based pignent dispersion liquid or an ink jet recording
wat er - based | nk cont ai.ned pol.yval ent net al S._J ifres gL

total anmount® BFERP%t h8h Pﬁgdﬁﬁb{}%-ﬁ%nﬁgniﬁgt B%QFPQ%%?eﬁ?Fggugﬁsgd
wat er - based pi gnent . di.spersion.lLi qui r.ink.j r dien -
wat or - baddd IHE T hGh " SlPES S5 % %e%gglﬁtaggt ttr%tggtg“ 2 q’v%i By vater
speci fi ¢ _chel ati ng_resi. Is likal.i | - b aleisne, @meup,
t her eby%f-‘@&%i P}Z/Lgf)nr%(? u?:%l%é’%g\r%li %k%jle lrde(r‘:%ﬁtgli ﬁg%&gﬁg;c?%?sed ink - 64
) haVInqstq$ takale Sanky ngaQE'@Q%%'%&!%ﬂ%e@%ﬁak%eOMaQ%&—&Eb%dthan 1.2
ppm he effect o reduction in the total content of
nu't!Va%ﬁghegﬁt%H%p%%sﬁ%%uwﬂdd$8‘Mﬁhﬂ%ﬁﬁﬂﬂ@ﬁ@ widelentthe anolalndwinig
conditions: the chelating resin was in the formof particles, each
resin p?]]rrioiuﬁl—%o(h(%%ti@lii@l%d Retih anrdl kaldasies alorpendey] cielratimgaghoup
and a hydrogen-bonded chel ating group, and the proportion of the

al kal i mptalidended rahelaldmng her et liat itrke rentiin eccheliats ppthesim was
in the range of 30 nol%to 90 nol % The contact treatnent

i nvol vi RQ Mise afe tsuchondehielcdd g iresigragp arpolay aldmyaretainded
scavenger significantly contributed to a reduction in the polyval ent
metal ceMeantt iiny aragyecust midi ymoportion wiotther aldrds, meteHel ating
resin in which the proportion of the al kali netal-bonded chel ating
group i bdrhiecentialetcng atiovg rigsial Wwest ithe HéSlaigé DRI TRYRDI% t1d! 90
nol % was used as a pol yval ent nmetal scavenger, so that the total

cont ent tdfe peingealat3ncdl®s tas 90t es was able to be decreased
to a desired |l evel wthout a conpositional variation of ink, the
conposi tiG@msam vdr i ati on havi ng an adverse effect on the physical

properties of an ink jet recordi ng water-based ink. . Th _
above- ment i oR88 MAEPE TPECEEAANG WGt & HaSed SitniE SR TR Eh Wta%éert ot al
content of polyval ent tals as.. -, 65 - i.npur.ities o) eduged
to a dedigsd IdveladRRf chénqlatjé?‘rg%r a‘Thr%)]’Eeanr} Itﬁey%gaﬁsdlcgf%cngl on
stability as descrjbed above. Industri i EER 1

The ink §%t371 @ga?ad]ilnd“mtﬁe\rﬁ)bdarsoex ?en’k %dt eé pér:%%elnlt I?len%agln?? Jaont}}:ean be
desirably used a n.ink jet cor.di : haseds ) hayd of
excel | er%l]?a(s)]rfg-r?egfr% s}}yoér&aéggl% g.JbI I%%gsan g%ctl oﬁals]{g;lb% l@?’%ﬁ;@l Owi ng
to the t ho t )¢ 1LY i on: £ or ucing an ink jet
recordi %%dle]?%]blars}ged@%]ﬁ%?&mé%%ié;@b%?y%ﬁgt nmetal scavenger is
used, th@C ig&l&njﬁt recordi ng wat er-based ink having a significantly

| ow poly a]l ent nmetal content can be produced in a very sinple manner.
- 66 - CLA M ChaitRcH for prdudihg &n riegording swirerirased 4 mk
conprising: a pignment; an anionic group-containing resin; and a basic
conpound,, Whergiin dhetdiad €oOndeptond ol yvalments netdl &, agherein
inmpurities in the water-based ink is not nore than 1.2 ppmin terns
of 1 nmasse ofnhdl Pi GiENEe ONCENt AL intnod Chedti@]acid-tydhechakaf by
recordi ng water-based ink according to Claim1, wherein the ink jet
recordi ngesvad er-based ink is produced through a contact treatnent
with a chelating resin containing an al kali netal -bonded chel ati ng
group. [CEBaim33}] The ink jet recording water-based ink
according to Claim?2, wherein the chelating resinis in the form of
particles or X igmensaleach nparal cteawgndéhersed ke Ahel Bt idfRy resin

recording liquid, the polyvalent metal scavenger comprising



[Claim7] The nethod for producing an ink jet recording

wat er - based i nk according to any one of Clains 5 and 6, wherein the
chelating resin is an imnodiacetic acid-type chelating resin. [C aim
8] A pol yval ent netal scavenger used for an ink jet recording
liquid, the polyvalent netal scavenger conprising - 68 - a chelating
resin which contains chelating groups and which is in the form of
particles or fibers, wherein each paré8cte or fiber of the chelating
resin contains both an al kali metal -bonded chel ating group and a

hydr ogen- bonded chel ati ng group, and the proportion of the alkal

et al -bonded, chel af 100, f QiR i Al 8l N Ehel Atd No QDS d Nt

polyyalent ne avenger 1sin e range o
[Gaim Qs 5o cnol P! Al A0t JIRIAlo,SGEAMENGE! HRAL fiPleth Iddd Rl
recording I'fquid according to aim 8, wherei'n the chelating resinis
an i m nodi §68ld.¢ Acidid YR chel i} I i8Sidhtains both an alkali
metal-bonded chelating group and a hydrogen-bonded chelating
group, and the proportion of the alkali metal-bonded
chelating group in all of the chelating groups in the
polyvalent metal scavenger is in the range of 30 mol% to 90
mol%.
[Claim 9]
The polyvalent metal scavenger used for an ink jet

recording liquid according to Claim 8, wherein the chelating

resin is an iminodiacetic acid~type chelating resin.



