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TITLE
SELF-DISPERSING PIGMENT AND PROCESS

- OF MAKING AND USE OF SAME

Backeround Of The Invention

This invention relates to self-dispersing pigments and particularly to a
process of making such pigments and to the use thereof in ink j ét inks.
" Aqueous dispersions of pigments are known in the art and have been used
10  in various applications, such as, inks for printing (particularly ink jet pr'ihting);r ,
waterborne paints and other coating formuiaﬁ;)ns for vehicles, buildings, road
.markings and the liké; cosmetics; pharmaceutical preparations; etc. Because .
- pigments are typicélly not soluble in an aqueous vehicle, it is often required to use
dispersing égenfs, such as, polymeric diéperéarits or surfaétants, to produce a
15  stable dispcrsidn of the pigfnent in the vehicle. '
The use of dispersing agents, however, increases the viscosity of the
| dispersion over ’wha-.t it would be without the dispersing agents. The increase in
viscosity, while not particularly a problem for some uses, presents a significant
disadvantage in others. For ekample, viscosity limitations on the end use
20  application of the dispersion (e.g., ink jet inks) may be exceeded if binders are
added to imi:r‘ove prdperties of the final product. Thus, the viscosity of the
dispersion itself ﬁn reduce the formulation latitude for final products.
Sélf-dié.persing- pigments, particularly self-dispersing carbon black
pigments, have been known in the art for many years. For example, US 2,439,442 .
25  disclosesa process in which a carbon black pigment is exothermically reacted
with a water solution of sodiﬁm hypochlorite, or is‘ subjecting the to élech*olysis in
a sodium ch[oﬂde solution, or is suspended in 2 sodium hydroxide solution and
treated with chlorine gas to alter the colloidal properties such that the carbon -
black will readily and spontaneously disperse in water. Inks made from these

30  dispersions are said to be waterfast on newsprint.



of ozone, water and pignent is subjected to a dispersiv L X/ ation.
and/or the pH of the mxture is maintained in a range 01?6 gbéé'ﬁ%é%g% t he
pi gnent i kspersing and preferably has an acid valu han
3pnol es/ I\/stéglh/gdrrﬁﬁts fromthis process and ink jet inks c%ﬁ?fé{shﬁﬁsgsq he
sel f-di spersing pignents, are also provided. 6 Decenber 2004 WD 01/ 94476
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inink jet inks. Agueols di spgrsi ongr olfg%plfgrrents are no%%d?%% art and
have been usednittidadiatosndeismapreadibt dispessableudit 2,379, P35k disbwsesarasnt i ng
(particularly. ink je ing); . waterbgrne_paints and other coating

‘formul ations fRRASG eﬁ;de\%ls S% wEpdechlarkgeneiglln andrdn Rashigalan fepchefa gaswhase

cosiheti cs;qoh ' B ONSi. f i-ganents.are .
typically 1ndgt aé)ggﬁﬁbteﬁ rﬁgésgg{g@%@g&@@gﬁc@ﬁs&aﬁ%@g@?9@%%%50%& e 86 use

di spersing agemirfixed with a3feroxiad Y43 1US3,dU4Ep%Y ®atHeS aQhoces bOG: s, to
‘produce a 15 staple dispersion of the pignent in the vehicle. The use of

di spersi ng ageWtdsophiboearben blagk by seseting the catber black yn ot aquseus shilefirarefi on over
what it would &)%1 ] hog(%ltt{e di spersing agents. The increase in . viscosity,
whi | e. not parti.cu am cfﬂ’%'bl em for some uses, presents a significant

di sadvant age in ot hPhere hEObeed f a6tiGEPREMIY b Toinilh@ MQRidhRiend use
20 application of the dispersion (e.g., ink jet inks) rmay_ be éxceeded if

bi nders arld® adigpatsing pigmmnty & quespeple) €8 53541788 ahd N&D 9618088 teacHthes, t he

_V | scosity of 't_ ;rq]r%ducﬁon of surface modified carbon black pigments in which the carbon black

is reacted with diazonium salts. WO 97 47698 teaches treating carbon black with
silicone to improve its dispersibility, Inks containing such surface modified
carbon black pigmenté, or the use of such carbon black pigments in inks, have
20  also been proposed in WO 96 18694; US 5,713,988; WO 97 49774; énd W0 98
06788. Treatment of carbon black pigment with an aqueous solution of a
- hypohalite (e.g., sodium hypochlorite) and its uses areﬁroposéd in US 5,609,671;
us 5,718,746; EP 0 802 247 and EP 0 819 737. ' | .
All of these treaﬁnent pro,lcesses in the prior art have one disadvantage or
25 another; “The gas phase o:dda_iiog can be very exothermic and ﬂlué poée a
. significant safety hazard Both the gas and wet phase processes générate
_ signiﬁcant amounts of by—pfoduéts which need to be removed through -
- purification stepé. To overcome these disadiraﬁtéges, EP 0 896 986 di__éé_loses a
process of teaﬁng carbon black with ozone in the présenqe of water and inks and
30 coatings made therefrom. The carbon black,ptbdﬁced by such alproce'ss are said

to have less contaminants than prior art processes and produce more stable



glsper5|on itself will reduce the formulation |atitude Qpb é%ﬁngBQQdUCtS'
el f - di spersing pignents, particularly self-dispersing CAF D ac

pi gnents, have been known in the art for many years. For exanple, US
2,439,442 25 discloses a process in which a carbon black pignment is
exothermcally reacted with a water solution of sodium hypochlorite, or is
subjecting the to electrolysis in a sodiumchloride solution, or is
suspend ecﬂis&pnrsiams OEkieti rhekw;dgmedtsdhombrumieaa o mdfitiere ahatily wibk Borahtekilne gas to

alter the, oi dal dfpr Rler\tﬁl?s such g}at t.he carbon black will readily and

spont aneo &l ; MCIRS: AE GREFEFHONS, iR a3 kdPrBHRE hese 30 di spersions are

said to be Waterfast on newsprint. 6 Decenber 2004 WD 01/94476

PCT/ US01/ 18180 Donnet et al. ,§Et ude Q&Gf alctl g.n chirni que des oxydants sur

|l e noir de carbone, Ecole S de Ml house, No. 294 (1962)
pp. 1727- 1735$ fipst wb@eﬁthapmmpimdaﬂmspmedmaq:rwmvfonﬁaldiﬂga self-igpdrsind oOxi dant s

on car bon. §(C:ol§ntomr %d o Oxeln?mrgo ent‘ﬁpb Oxi dant s _di SCUsS sed
i ncl ude ﬁ’o%sm (PR IE SR GhRETE gsocﬁ’l ?mﬁeelnaggﬁe%egﬂf‘)&frﬁ? sodi um
per chl or awlgle ssmduannmuslparb;aaaﬂlﬂghengmeﬁtnoa:tl@mode disgkr@dhining bygpaioh ttar | te. us

3,023, 118 h Cess. 0 X i ng carbon black wth dilute nitric
acid to re ‘g%%agf%ffecm?esqme”%l ttatgﬂastggé &bl e. US 3,279,935 di scusses gas

phase oxi dati ok s@ﬁndmpd:mmf thd mcdntlg:emmdésl aypravesh,of imakipgs tdlisdispersingt eaches a gas

phase 10 gxidati on. prace. koxx 1zm ST l%o 19] ack is treat ede Wi t .an oxygen
cont ai ni rPg‘é’grh adm )%ecf vﬁpt P qaenen 3n agas mediimpahile, o heess
of maki ngnmiﬁynimg[alpﬂl afé tec&r bon bI ack by r eact | ng t he carbon bl ack | n an
aqueous sol uti {_u och orit as bheen f urr
activity recen %myaq ré?sgé tn%(env?nn RSP rt?‘s’lﬁﬁs i pr%(iefs o R assﬁgrdésf’?@m pi grrent s.
For exanmigmenUSniprising the38pafioxidieng ﬁlétﬂfﬁ&nt\a&cdzohehla an pqueclsciadimm tofansur f ace
nodi fi ed carbon {?\%g&;‘ szlnvxln r bon black is reacted with
di azoni urﬁcgda‘iaﬁlgpp t pjdgg‘g%&r?egbdﬁé? ?Te RFHEREEYck with silicone
to inprove it svdiad@aios it abb\texnoclenkss ircetittafestiegofhcdboseirbasses #rodi f i ed
car bon bl %cﬁmg%g% iss or & Cﬁ use of such carbon bl ack pignments in inks,
have 20 ai’St 888?8&‘ Fh WD 96 18694; US 5,713,988; WD 97 49774; and
WO 98 06788. Afemathawphit obthe diveltivn flakiRefropt Graeelf dishérkingpigmery pRpsedB} uti on of
a hypoha th odi um hypochl grit and |ts2 uses are proposed in US
5, 609, 671Le 2 %mg‘ﬁs ;‘&‘émg =25 ‘@B’f Ogif-’rs tﬁ Epole 819 737. All of these
treat ment proggessesbddiménl@hddé meY beirbvilla\ig a@R6uslispedoa BbAgRindfh pigment
prepared by the above processes.
A fifth aspect of the invention provides an ink jet composition comprising an aqueous
vehicle and a colorant, wherein the colorant comprises the self-dispersing pigment as defined
above.
A sixth aspect of the invention provides an ink concentrate composition comprising an
aqueous vehicle and a colorant, wherein the colorant comprises a self dispersing pigment as
defined above, wherein the pigment has a mean particle size of less than 0.2 pm and has a
charge density measured by zeta potential lower than —50 mV,
A seventh aspect of the invention provides an ink concentrate composition comprising
an aqueous vehicle and a colorant, wherein the colorant comprises a self dispersing pigment as
defined above, wherein the pigment has a conductivity of less than 0.15 siemens/m and counter

ions of less than 0.15 moles per liter.



25 another. The gas phase oxidation can be very exotherrg pose a
significant safety hazard. Both the gas and wet phase. g%%%%%@gégggﬁerate
significant anmounts of by-products which need to be renoved through
purification steps. To overcone these di sadvantages, EP 0 896 986 di scl oses
a process of treating carbon black with ozone in the presence of water and
inks and 30 coatings nade therefrom The carbon bl ack produced by such a
process are said to have | ess contam nants than prior art. processes and
produce nore stable 2 6 Decenber 2004 di spersions. Even these pignents,
however, are not of suffi ciBuefDescrinitiop Ofdhedravimgerci ally viable for use

i n demandi ng L cat.i : 1 NK1] g RN ﬁxmgy The

| nvention A f??@%ég%ﬁé&?ﬁﬁ?i%ﬁgn%@3@%ﬁ?ﬂ$ﬁﬁﬂﬁgégﬁkggﬁﬂl es gygﬁ%%ess for
maki ng a psedess ofthepegsent myentiphgnent conpri sing the step of oxidizing the
pigment with ozone in an aqueous environment while sinultaneously
subjecting the pignent to at | east one di spersive m xing operation that
provi des an effective shedletailed Desetiption Of The Ipemtionec' . A second aspect of
the invention j | . di IS4 Ligment
conprisbﬂg théﬁ%gﬁﬁggﬁwgﬁﬁg?gﬁﬁgs@%ﬁﬁﬁggﬁ%ﬁﬁmgﬁ%ﬂ&%?oﬁgfﬁ aﬁagggeous

medi um wiigpersingigment mada gheselion, arfd weathergof. Thé¢tetma t hird aspect of the

i nvention provides a process for making a self-dispersing pignent
conprising the step of oxidizing the pignent with ozone in an aqueous
mediumto an acid value of |ess than 3 Eunol es/nR2, and purifying the

sel f-di spersing pignent. Variations on the above processes, in which
features of the above processes are conbined, may al so be provided. A
fourth aspect of the invention further provides a self-dispersing pignent
prepared by the above processes, having an acid value of |ess than 3

pnol es/n2. In an enbodi nent, there may be provi ded an aqueous di spersion
conprising a pignent prepared by the above processes. A fifth aspect of
the invention provides an ink jet composition conprising an aqueous
vehicle and a col orant, wherein the col orant conprises the self dispersing
pi gnent as defined above. A sixth aspect of the invention provides an ink
concentrate conposition conprising an aqueous vehicle and a col orant,
wherein the colorant conprises a self dispersing pignment as defined above,
wherein the pignment has a nean particle size of less than 0.2 p.mand has a
charge density neasured by zeta potential |ower than -50 nwv.

3a



A seventh aspect of the invention provides an ink conce éate cogﬁﬁgi tion
conprising an aqueous vehicle and a col orant, wherein t © ecﬁ]%‘?r

conpri ses wa@ldisfd spersing pignent as defined above, whergin:dhg ﬂ'Pgmant
has a conductivity of less than 0.15 sienens/mand counter ~10NS o? ess
than 0.15 noles per liter. 3 6 Decenber 2004 Brief Description O The
Drawi ng Fi gur e “self-disperfingtadit fgrestally indekioctbin the ait hhd 6dciderd) reands ef er r ed
enbodi nent of the process of the present invention. Detail ed Descri ption

O The I nvent i GHme hayies siebilizingareunssoprieniyntiachndde dhpswefapo ol fhaki ng

ises thereor . T PRI 58 o Ak PRGISRL AP b SPBasBRE bR Toria e ™ s 1

di spersi ng" aSab:&enE@oﬂﬁﬁzeidaltio)ﬁM%&ﬁﬁ fdnisn the art and used here, neans a
pi gment having stabilizing groups covalently attached to the surface of the

pi gnent pardicl es s(¥ith referencerte Figugerdythe schemstia dizpminl Husmateoihs péfepeat si on
in the absence of any -additi orﬁal . di.spersin ents. Wt hF,r eference to
Figure 1, the SLIFEHHMthe WvagionmBasicaly.rafhes mend showi i Fighisle 88 of t he

i nvention. Basigald nex‘afbrtllﬁge?&%g’gﬁﬂé'ﬁoﬁ&%ﬁ%eés@d Ek:%éheorlm d Qe
generator 10 generates ozon rom conpr essed ‘oxygen of alr ed Into a

st orage, vapor swaigepvaparidationethdtfegtktadlo 1 Suadl dbliversalicsodone t©F preembotadk pr e- i X
tank. 16. Water n%@pi gnent are also delivered to the pre-mx tank 16 via
wat er ‘suppl y - Yaterrd pighen eresaippislivered §o the preiix ok d @i wetes sunplon 17

[ d wgh . . At . | ' exit t dust
Sol1 bort ontd) 32408 frentind e, 2ol WA adeKE oA TPV R bt 8 O
~introduced int grdthg afd otiiyalvditid Baving afl kit AL &st UbIctivn 5¥8RGR 18Ntrpe SO | ONg

as the water is added before the ozone. It is preferred that the reactants
‘are agitated whrdepin whichdhepigmenty waten knd ézong Srefihtrodugied iito the wamizdank i n t he

form of bubbli .the ozone vi.gorqusly . nto ter .an ' nt mxture, from
2 Tmgnet io_sti AP FRGREEYRpH gk SlF plar i el hEOR e Tone”

par t_l_cul_arly pr ef'erIﬁgp%i&%tﬁﬁﬂheréa@ﬁ@@%m%‘%ﬁéte&%le%@tﬂcﬁn@-ﬂkg&kﬁ‘Peed |
-di sper.ser {"HSD'). Exanples of an HSD include the Gtype or F type

i npel | er 215 dr iThe agitationzan cordb imthaifbmbbEbubbling thenabaxcvigomustylinioavdtac key mer

'Co. 20 In th Ki | es, the high sp ' ' ' | | K- bl ad
AR " © ind piI nient i e?ﬁom ar%agrlle cst?l%gg%e%cg,%? rﬁ:%lnilgth!arngfi"tableer ade

' means. In a particularly preferred embodiment, the pre-mix tank 16 is a high
speed disperser (“HSD™). ‘Examples‘of an HSD inc_lu&e the G type or F type
“impeller 21 driven by motor 25 available from manﬁfacﬁlrers like Hockeymer Co.
20 In thé working examples, the high speed diépersive impelier K—-blade
manuféxctﬁred by Paul Gardner Company is used. The pre-mix tank has-a vent to
atmosphere 23 with an ozone destruction device 24. o
To aid with the agjtation and increase process efficiency, it is generally
preferred to introduce the ozone in & manner that produces more and smaller
25  bubbles as opposed to fewer and larger bubbles.
' " In the embodiment shown in Figure 1, the reactants are pumped via pump
20 from the pre-mix tank 16 into a dispersive mixing apparatus 18. It has
surprisingiyrbeen diséoyered that the addition of a dispersive rmxmg step in the
wet oxidéfc_ion of pigment with ozone results in é. decrease in cycle time, and
30" increase in yield and a decrease in acid value of the pigment compared to the same

process without the dispersive mixing step.



manuf actured by Paul Gardner Conpany is used. The pre-m Dt an h%ﬁog vent
to atnosphere 23 with an ozone destruction device 24, . Evaojod he
agitation [ ease process efficiency, it is generally referred to

i ntroduce %ﬂﬂl@?%e in a manner that produces nore and snaFCEUSHEISABHLI es
as opposed to fewer and |l arger bubbles. In the enbodi nrent shown in Figure
1, the reactants aradaiimReIievicds Ry Be, 249 pidradh REf18ed ; PNt 0 a
di spersive m xi ng apparatus 18. Itgﬁa’s sgrprl sl:y%?’y&%@r?)&d#lg%v%%%(f t hat
the addition ofheanvindivepsicess. fox exegapi¢, qurificationeppaatusQ2iisldésired tdpuriBygment
W th ozone resH%Iets I,.n a .decrease jn cycle tinme, and 30" increase in yield

and a decr easeleAcafion Mixprraliar oxiation oremevepmrmarte @ 7icontaining zayeby-pr ocess

wi t hout the di SRALSKVELBES .14 e 2004 1/ 9447
PCT/ US01/ 181807 K94 7 ‘%ﬁa@ﬁ%ﬂﬂ?:?gggﬁg‘% S@épg ahﬁgr“e‘fzé’%ﬂ?igg&g%’? %F%"yed in
carrying out isiesirsblef preeendrdess 6f oAoaE toeatibhplre. PSudhfdecRbd, Qhii@ppar at us 22

Is desired to purify the reaction m xture after oxidation to renove _
permeat e 27 coWtBilnitsdobeiiioelto the Bryemtive Pressat. ani nants, free acids, salts,

etc. and an ozone d ' Vi 24 5.i.s .desi.rable.to _prevent rel ease
of ozone to at rmsph%?%i é@%%‘ﬁﬁﬁgtgﬁ%%gf“ﬁﬁ@e Jﬁge@ﬂgp;eaéprgs#&oxtq%ppge; to
the inventive pizARASHithloBord ik a8 ARGGUIBNInmcHe R ALAST isoﬁecteﬁﬁxgitgﬁg I on

requi res.the oxidation of pigment with ozone in an aqueous environnent. As
such, it is nedegpseneys bypbimginmiogether water esmetand pigmaitnThe pgetiiarordat er
ozone and i gnen The particul ar. order 0 that these three reactants are
br ought togiet @%mﬁﬁ@@?ﬁm@%? b{?éig_ﬁqt[?%ﬂ]ﬂé‘?‘i boweysp s Betpartisalaelyt to note
t hat oxi dat i onip@forfing BeEd: ¥ 410kt Malifon(l t GEYe ' | @n) 1S not’
within the scoﬁﬁeﬁ of ?he&{pnvention. Thug?ﬁ)t%ﬁg’%ﬁnggrﬁe%?uta‘ﬁékﬂg%érm’can be

m xed t oget heroxidatian és ma ovithid the scapetof dehineshtions Thie thzpigReanN@dwaigr can
be m xed before introdycing the t%i gnent., 15 It is generally greferred for

the water to be@nhgdatret fpeether prdthepzonehgn inoduged, qrithe pzansrend welst 9an 2 and
for the ozone {0,B&l 30 L: . -mx tank 16 and punp 20 activated
to begin ci‘rcui?a'tl ng%ﬁgégﬁggg&gﬁyﬁé@%‘?ﬂtﬂomt he pre-m x tank 16, through

the di sperki ve m xi Itds geeiadly ptéfematifob kv tb be apd&t 13ithe pakix ek 10Mi | e the
ozone and -water, are circulating through this |loop, the pigment is slowy 20

i ntroduced i ntYatiewaiersupply 1%and fowthe prenede be bukbled info the preradx tanktlisi s -

manner unti | ' . uf fi.cient| i di zed and_ becongs sel f
di spersi ng. _Th%ﬂaﬁ)éjgﬁlf?ﬁ%égtﬁa?éd%q Legm czrculat%g%e 0zone 3 Water om the pre-mix

tank 16, through ﬂ1¢ dispersive mixing device 18 and back to the pre-mix tank 16.
While the ozone and water are circulating through this loop, the pigment is slowly
20  introduced into the pre-mix tank 16. The process is continued in this manner until
" the pigment is sufﬁéiéntly oxidized and becomes self-dispersing. The resulting
self dispérsed pigmeﬁt is removed and pléced into storage containers.
By adding the ‘p'igme_nt‘ slowly to a circulating mixture of water and ozone,
the viscosity of the réactioxi mixture remains lower than it would be if the pigment
25 were addeci all at once, or if the pigment and water were mixed prior to-
o infroducing the ozone. The lower viscosity is ad‘vantageous because the proéess is
- more efficient When the viscosity'is kept low, Furthermore, a low viscosity
mixture is less taxing on the pumps, ‘preumix apparatus and dispersive mixing
device than a higher v'iscosifj mixiure. Thus, smaller scale equipment can be
30  used (without sacﬁﬁcing‘ throughput) and it will last ldnger, which results in an

overall improvement in process efficiency. In addition, when run in this manner,




sel f dispersed pignent is renoved and placed into storage~contai . By
addi ng the pigment slowy to a circulating m xture-of wa ?Ceﬁpfr%g@%e, t he
vi-scosi t ywofoioherér eacti on m xture remai ns | ower than it wagdtgudwegfset he
pigment 25 were added all at once, or if the pignent and water were m xed
prior-to introducing the ozone.. The |lower viscosity is advantageous
because the pHisdEaecss becompsessentially @eantinhers prveesy as opwised/to sbdteipt | ow.

-Fur t her nor e, 8 Icow viscosity mxture is | ess taxing on the punps; pre-m X
apparatus and i E??er sive m xing device than a higher viscosity m xture.

Thus, smaller scal ¢, gstith@Baiodfifdht A8e %'egﬁré%s% PHAR 3Gk b)?# fon of

t hroughput) and it wll Tast Tonger, | 1n an overa

i mprovenent i pigorent esth ozbhid ini the preserics oﬁdrdh%tie@ﬁs enipRmentWhil®mbahitsngnner, 6
Decenber 2004 01/ 94476 PCT/US01/ 18180 the process becones essentially a
cont i nuous® pr 3PSy - Hlyebean disroxcrsd thah as eqtbekthe onidation méktuembodi nent

the inventive V] r_{he oxidati f l.gnent.wi th ozone in
t he presence g rgaﬁggg?]eg%lu%osgﬁéfﬁlgr% ewgfqagesn%ﬁgwﬁt?\ﬁ%og%ﬁ of 6-8. It

- -has been’ di sadw@rapdold Yo thdSaibeeaRbhHotddenR¥distaly MRyl Tﬁéjfeﬁﬁvgli” eases,

. the viscosity of the m xture increases. The | ower. viscosity Is Advantageous
for the. same pebdpbl caobe dnaintringd by Sioaddiivncf atiase toahatdacdbrymixteret r al° pH
can -be mai ntained.by the Lti,on of, a base to the reactiqn m xture.

Sui t abl e basegu%g%ff ﬁ%FSS Hﬁﬁﬁg‘&o ERG _H‘?B%a@éﬁ#ﬂé%%%%afe &wﬁ%@l@houl d be
taken . gAM lRoiRBlusé %-H@[%ni‘%'i)aéé)ﬂhat' WilPRSEiHDAd in'thé breggnbg)ﬁfgbc?n%d Fop fﬁa?e
presence of 'ozone. For that reason, m. organic- bases, particularly
pot assi um hy dreasdm énagahis babies) patticttaolyi pdeassianchydostidpaes sxdied hyddoxidel
anot her enbodi nent tl%e invention provides a process for the wet oxidation
of pigment wi 9 PRBREREEdr oduce “a sel f-di spersing pignent, preferably a

- bon 15 bl ack pi ' i - : “pt noles/ n2and
ot preferably | eobqtpnoRelidth el piftalthn BrovifeS3 Sl S BCRECT] ™"
invention, it ae@c&ﬁ&%ﬁﬁ@ﬁénywhﬁbioﬁwodprw@éawﬂ-éisﬁé}sﬁllg%gﬁﬁeﬂgpgk%ﬁ%%ﬁ eded

to have relatively high acid values  (as taught for "exanp 6

7 986) to flbr m hladsipienesing bavirg amrcidryalyaobless tene nyrlesduTand imovamtionbly leothan ar v
‘to this belief \ ' Y t - .ecting the,20 m xture of ozone,
‘wat er and pi gr%ﬁ'?talt'sg” rg(%l§ﬁ%gé§{n%gtr?etp%%r§pée{trlgélé\g{el&mltﬂa% ‘T‘nersap%p 9 stable

di spersions cCidlieRed HaeRM-gidpdbihh pRintHHe Hea dOPM e Ak cYPhigh Sciddntiesd from

about 0:7 to 1.40 ~inol es/n% toggbo‘ut‘ 2.5 [tnol es/ m~. HPhighaci <
: (as taught for example in EP 0 896 986) to form stable dispersion in water. The

present inventors, contrary to this'bei_igf, have discovered that by subjectinig the
20  mixture of ozone, water and pigment to at least one dispersive mixjhg-sfep, stable
dispersio_ns _caﬁ be p'reparedlwith pigments having acid values rangiﬁg from about
0.7 to 1.40 pmoles/m’ to abbut 25 pﬁ‘loles/mz._ | | A o 7
Inthe presenit iilvention,-acid value is determined by the volume of alkali
or amine réquired to neutralize 2 pfe-detemﬁnéd weight of pigment inan aqueous
25 dispérsion. “The acid value_ is e}{j;)feésed as milii—moleé pér gram (;‘mmolés[g’.’)' of
pigmént or,mic'r'c)moies_i)cr équare meter of pigment surface arézia (“;,.Lmolles/nlz”).
The acid value (in milli-moles per gram) is calculated by the following |
equation when using 45 wt% (11.7 N) KOH to neufralize the mixture: -

Ml'quOHxll.?N-_ '

Acid Value (mmolesfg) sample weight (g) X Wt% pigment -



In the present invention, -acid value is deternined by tfglﬁevm UW%P% al kal i
or amne required to neutralize a pre-determ ned wei ght 'n an -~
aqueous 2@0%,?9&5& on. 'The acid value is expressed as mni-noles per gram.
(mmol es~g.) 0 pi gnent or, micromol es per square neter SCTHIS§HEAB surface
area ~ CpLnoles/m"). The acid value (in mlli-noles per gram is

cal culated by the followi ng . equation when using 45 WO'o (11.7 N) KOH to
neutralize the mxture: Wf KOH x 11.7 N Acid Value - (ol es/g) sanple

wei ght (g) x Wereuvertitharesiv vaucieqandies pe2 GGuary\Refet/ 04 40lfoviRhd bdiafdh &8180 To,
convert that aci,d value to gnoles per square nmeter, the foll ow ng equation-
is used: Acildsc@al ue (mmol es/a) 1000 nol e Acid Value (pnoles/n). surface
area (n2/g) x nmmole 5 A back titration using 0.025 N HCO is normally
practiced to quantify the excess base ("alkali or am ne") when the pH of  a

di spersi on exceeds 7: Excess base. m AefdNGu RmBRS/xN1000 'imlhﬁ%gole

(p. nol es/ nR) ij‘gii%ment wt % x- sanple wei ght (g) xXmole syrfac (n2lg) 10
The aci d val uecBiValwe (Hndssén3i on i s olsuhcesdedim’ )bt r act i ng rhfeleexcess |
basic solgvent fromthe.total ‘acid value. The standard devi ation of acid
val ue neasurenent is determned to be about 1.4% It is_rather unexpected
and count er - Amhek fitrmtontifd ] g,ﬁ)ﬂlg, ]| j arelative
| ow acid value, that is, Iﬂ{egs(goztf{llg%{%g(s)ﬁt 3 .%@E?%Q%gbn#g%ﬁﬁsre stabl e
di spersi-on t Hse &'afalirzaming™) whes the 11 ghedisparsion vadesds 7:Thi s obser vat i on,
however, is attributed to a nore uniform functional group distribution on
the pignent with less free acids created by the dispersive nmixing step
when per f.or MTE@ek Basel TF ST U SUT L RTERRR d5aet T y—oZoRe 1% Ag—gHi.ndi ng.
Particle siZe distributdion is alrso “unt form ugi ng tHe : aneous.
ozone/ di sper|sitonlepmicelss, | piamtentwi¥ax bamplé wightiighx | esS over simzmgk 20 '
particles. The manner |of general"s‘%rpagegnzag Ingor usel|in thd process is not
critical. Generally speaking, | S.p ef/%)rred to use qomercially

avai | abl e ozone generation - equi pnent. for that purpose.. Such equipnent
gener_at'eﬁ a gas stream cont-ai ni ng_' between 1-20% by wei ght ozone, which is
sufficie p for th I}erﬂt;%thgeepfﬁh@ EBESion is obtained by subtracting the excess basic’

} soiyent from the total acid value. The stand.a'rd deviation of acid value

_measuremént is determined to be about 1.4%. Tt is rather unexpeéted and counter-
intuitive that a treated carbon black pigment‘with a relati{e low acid value, that is,
" less than about 3 umoles/mz, forms a more stable dispersion than a pigment wifh :
: 15 a higher acid value. This observation, howex.rer, is attribut-ed fo a mote uniform
ﬂsnctiox;al group distribuﬁon on ihe pigxhent with less free acidé created by the
: dispersive mixing step whén_ performing the in-situ surface modification by ozone -
~ during grinding. Particle size distribution is also more upiform using the |
| simulfaﬁeous _dzone/dispersion process, particuiarly with .mucA:h iegs 6vcrsized
20 particles. | - .' | Lo
- The manner of generating ozone for use in the process is not critical.
Genq:ally speaking, it is_p;:éfenred to_u:se com:ﬁerci_ally available ozone generation
| equipm_ent_fo; that purpose.. Subh equipment géne_rates a gas stream containing
_bcﬁvegn 1-20% by weight dzons, which is sufficient for thé'inventive prboé'ss.\
25  Ozone is _igt’roduc#d into the bottom of the pre-mix tank 16, for examplc,. using a
dip mbé_at a ﬂpv_if rate _of 3 to 5 liters per mjnuté. Ozone conéehtrations aré '

maintained at 5.0to 6.5 wt% when using oxjrgen' as the feed gas and 2.0 to 3.5

7



25 Ozone is introduced into the bottomof the pre-mx t 16, f xampl e,
using a dip tube. at a flowrate of 3 to 5 liters per ?ﬁ]ﬁﬁf%ﬁb%%@ﬂg
concentr atygR$osd7e Mmintained at 5.0 to 6.5 wt % when usi Be[ %q%%qsoas t he
feed gas and 2.0 to 3.5 6 Decenber 2004 WO 01/ 94476 PCT/ US T Wt % when
using air as the feed gas. It is particularly preferred to use oxygen as
the carrier gawthovhenhgingzimns thifted gah| Ieisgasaml B yprataed Reusd8feenMast
preferably, a _gas stream conprising about 6% by wei ght ozone in oxygen is
enpl oyed. ~ Ot hethesauier gosor theyozpee, bybapblngasnemes absoibo isad lost erefesblyes t he

~water, ozone,_Qi t and .base. Fgr.exanple, the addition of hydrogen

per oxi de has _%%en SHOWA T lgﬂgﬁﬁ?qteé%P)ﬁgve@%p@ntei%x%gqam.t@%& ase the
formation of salts oftiesBddifRIndPodEsel BIMEGhckiBn iR Bekiab s Ak WflerSt €P- 1N
addi tion, physically adsorbed i spersants or pignent wetting agehts nay be
added to t#¥e rezeseipigmentandbase. iFor edasplegtiie additiopbilsydodgeppgsixidd hag adsor bed
di spersants anlg ﬁi gmen% 'éﬁtti?%ragiants 10, are fam Jiar tQ those skilled in
the art and i ndiCHAEOVAL S1origR thy FleFons et todecigpsgihs toamationyelssalts Bdirthel ow,
comercially ayaghg Qﬂ’"ﬁ% , | : thyl ene
.oxi de-'ext ended al kypgg%%ﬁ}c%gsg , e éﬁrﬁ%épggn [ %%gﬁ’ggn%%lgaﬂﬁ%%ﬂbggl e from
BYK. Cheni e anddispeesatitsqarignae it weatirgy agehtsiniay okt toths edabs@tmishure, if

McCut cheon' s Equ| sifjiers and Det_eér;&yent S,. publi shed by Manuf act.UrT ng .15
Conf ect i oner s $5§BFd-shrampplevoiriyically adforksd isprpantopndpigment wetting egents

advant age yqof i t.h t toautiliz h,,di rsants so, if they are
used, they1 Oshogltjrpg no‘\é?& {hb%g%s%g‘fefir]ﬁ g%oa#n%nge Tﬁgﬁe%ﬂﬁgﬁwggﬁpﬁmfeﬁma stabl e

di spersi on absdifferédnes dg@itRd belovd coREercidlEaRIASEIE $4d6h dnbdtrhayRAt i On is
general |y applicable to all types of 20 pignents that are. subject to being
rendered sel f -dippaseants (ag-lsthydsne darideaprtentied alkpkphenels), the, fankly of dzpesantsan be
used with both hl.ack .an i ts..and, por specifically, any color
D eremt that CAIARE SR B RR, Ol T et S e an el Be St Ahrliein

car bon- carbon roblcheod 9 RSPk r : ' AlgENts  are
generally nore diffi g?,” t to re_ﬁ%éﬁdgge%@gﬁé%lg?glﬁ%@%‘%ﬁ\% ion is
“parti cul adby 2Gonfedtionsisi Rublisfing Compamy,tGler RodlgNIb| Gfcloupt doBrihadviithges ol or
‘pigments are b 0, means excl uded. Phéfsi cal property and .conposition of

pi gnents are | HIBT IYREAGLRA & Wiilizs such dispersants 3pa tighe are ysqdethen shemd aobf i nk

j et ‘inks and gpatd.A 4 nvent i . t )f _pi-gnments, to
be used are not par ?‘?%ﬁ‘} ‘ghrtf {}%fﬁéqataggémtﬁgr@éﬁ%é %%JG.I%}%'PSJ&@?E? ?C%%mgppl I cation,
it is preferretatmentse pi gments having a primary particle of

LJ

5.

~ The pfocess of the invention is generally applicable to a]l'_types of

20 pigments.that are subject to being rendered sglf-dispersing by o)ddaﬁbn. In other
wofds; the process can be used with both black and color pigments and, "more, |
specifically, any color pigment that containé either aromatic groups or groups
'conta.inipg carbon-carbon double bonds on its surface. Because color pigments
are genéraily more difficult to render self-dispersing, the inventiox is particularly.

25 well suited for use with carbon black pigments, but color pigments are by no
means excluded. | : ' -

Physical'propérty and composition of pigmenfts are hﬁportant factors to

attain a high quality performance of ink jét inks and coatings. In the present
invention, the types of pigments to be used are not particularly limited. For the

30 inkjetink appiication, it _is: preferred t‘o_use' pigments having a priméry particle of
size less thaﬁ 30nm. Surface a;éa measured by BET method affects signiﬁcanﬂy



size less than 30 nm Surface area neasured by BET net h%)d afef cet'? 4
significantly 6 Decenber 2004 WD 01/ 94476 PCT/ USO1/1818 ‘Pﬁ%’@%é ®%ng
condi tion in self dispersing pignents. The higher the pignent
surface a?qveda&l/%%%?he | onger the cycle time is usually nee&’é‘&“_’moﬁ”g‘ﬁ@
present. invention, a variety of carbon blacks are used, including FW 18
and FW200 naddpedtiHoqenbiioRe@Uuiam LA ARl B ﬁ%s@ LI mary
particle of 15'nnx1fé§£vmg?ﬁ a BET surface a%Hea 0@51 60 r?ﬂf%lg l-2%8 has a
primary parti gigmentisudacefargds, therlongetthe cRiFtimeid anellpnealedf 60 ppdbae A
nunber of other _carbon bl acl%-pi gg&nt al so can_be used, such as, Raven

5000, Raven 33B§EUeH ajgaiey O lackgpys e, teghdioa FIM-dhambFind0ain

Chenmi cal s .Conpap | T . ck S 160. .Special Black 6
from Degussa Cor %garc E#déw g&% tsvufﬁgéogﬁ)aj%nx@g%? h%)%&?@ﬁ”l%ﬁ"%ﬂﬁ? rch 880
from Cabot5 TyphaBERDifore apéagpd@6l °/s.NBW-I0amadeprishadl pirficlé:ne pepggggaof this

I nvention to formself dispersing pizgment_s are blue pignents, such as,
Sunfast bl ue, "YW SBRT sehiepirend! 460 myanw, nurder gfiofrecdrison tdaskh. as, | ndof ast.

Brilliant Scarlet, .fromB Co . Synfast ta fro Cheri cal
Corpany. g eeR S GRATE Rt Seed SRR Kavor e By P EAek Clehati on
yel | ow pi gmenGPE098CODFG04 SodIebia SHeRMAlY CSMSHY, FRETT Bdktex i’?d(}*,g‘r’v 131AK

from Ci ba Chemicals Corporation. As noted above, r{ is pre terre
requi red, - dep&riiirdjadnS kd0e Spedial diladefi fromdepukgadidrpodationand Unkanf wat er,

ozone and,pig to_ at one, di spersive ) Xi'ng step. Mdst of m-xing
or stirr‘ng am&&wﬁ@bm%ﬁ@m%@ 20 flow of |iquid,

i quid-sol id. o | rgpicdr Gt-pignt BEBH hotusth ¥ bikeGAR e ERRAT LT | 2€0

by the--energy inpuf or .the effective shear rate. . ar rate.
for mxing usfiatd selffdisygesing pigmebf3 aroblRO Pigaemts, fubhn® sShfasObieNem Sl ui d

M xi ng Technol gy 8 29, 1983). and from 200 to 20,000 sec'' for dispersive
m xi ng or di sﬁg‘ 10ishComenpl eedbigmgnisonich as Andafast Bsilliant Scmiegnbom Bayer

Di spersion, ™ ) ?sqgf ~Orddi . C rm "di spersive mxing",

i s used -her e ?D?%é%rent |%§&§éenr%£§r§%g§%pm& E) ?%nr&{#gaflyﬁg% @@eﬁﬁ’ ¥fective

shear rat# of anHdliegat grRODHBRIBASBCoiporinl y&ﬂﬁmiiigﬁﬁﬁissf@ﬁ:h%, Qb a m |1,
attritor, hamrer mll, Mwerof] uidi zer%r)}uéfrom_ crofl uidics Corp), '
honogeni zer, Felowdipm Sun Ghemigal, yelloydl BiAK frgm GibgIChemicaly Cogpospionsi ng

devi b to, adyant age.in t t ] ation. . 3Q -The t fo
Govi o used for tnasapeHabar 35 pidterr e BiRH, contiERbom B aabment wne, Con
the type of prosiBfct eintsneX baRe 0ahth ddSishalias hebist bhe displrsivbe ©

rﬁi}dx_lg step. Most of mixing or stirring applicatibns' involve pumping and mass

20 . flow of liquid, liquid-solid, or liquid-gas. The intensity of nnxmg can be
cheiractgrized by the enérgy input: or the effective shear rate. The effective shear
-rate for n:uxmg u_sﬁally ranges from 50 to 200 sec"- (James Y. Oldshue, “Fluid |
Mixing Technology,” p.29, 1983) and from 200 to 20,000 sec” for dispersive
o ini:ting or dispersion (Temple C Patton,“Paint Flow and Pigment Dispersion,f’ p.
g5 -:356, 1979). Accdrdinglﬁ, the t_erhi “dispersive mixing” is used herein to identify a
' : n.uxmg operation that provides an efféctive shear rate of at least 200 sec”. Such -
. jﬁell known devices as a média zﬁill, attritor, hammer mill, Microfluidizer® (from
_i\f[ibroﬂuidicé Corp), homogénizer, jet mill, fluid mill and similar high énergy ‘
~_ dispersing de_:vicés can be used to advantage in the present invention.

30 . -Thetype of device used for the dispersive mixing step will depend, to.



6 Decenber 2004 WO 01/94476 PCT/ USO1/ 18180 pignent. In g{_gaeral ;@I 9r
pi gnents need hi gher enérgy mixing as conpared to - the chPBSHANRRTZOR

pi gment s wod1sos7eal | ed "aci di c" pignments need | ess energy gd@giseingidor al '

~ pignents. The preceding statenent is not neant to inply that the process
wi Il not work unless the proper mxing device is selected, but rather to 5
note that norBlgieah krgenerak gelos pigsentsiesg highep entrgy bdxing ad edmpdret e

sel ected devj utficient.energv. |l.n. general, it has been found
Chat redi a i A oS Pt i, R et PR o PSR Py dham o g1 s
wi thin a |iQuikyh8l figh8tacThOosb Bhteiontlshio i K fadheat | east 69
bar- (1000 psi (70 kgﬁ%rh}iz)), ié.jlgr.e, su ﬁ%easnﬁmguogﬂigg%tﬁﬁ%?ﬁ%tﬁaﬂge :

Mai cr of | ui di zgwotesy, willmokwaseld tinless thdpropeomedsg dndesiseclespe b kthier 140

preferred._ After the oxidation and dispersive mxing step(s), the pignent
mxture i s prErghEABIGye BgRione dispersiyerpiging fer manbe 6@?49ﬂ¢€‘gét§¢lé9te@al ts are

renmoved from 4 | 1 (. f o herel s, "desal.j,hation")
and the m xt u‘?%%l;esla_ I%{Et‘ﬁéﬁrcéé(?tég%gﬁ ) _%E%H%H‘ﬁgg%s%efﬁ_gg%@sﬁﬁ rﬁﬁcﬁ?% process is
‘preferably peadfdyassidg e fxtutb thirohgH & pRilRY of AbzAd Wit Hquid fa€ P! grrent

- mxture may be concentrated if desired by renpval of sone of the water.
Prior to puriftFegionghamber atjadigyidgrespyreef &t trag 68 bar (1009 pst (70 keg/ofn®)pi.enmchnd

toavent the pre-m.x tank 16 .to.rel.ease a upr.egct ed ozone, unless, of
course, the pto %‘géo%w%?%cwé&ée@a@@%?”ﬁﬂ&% WB@@%@‘?@?WM
above. Th ungefelegd ozone is delivered to the ozone destruction device 24
and 20 vented to atnosphere. It is particularly preferred that the pignent
be subjected to thAftdi thpexsitien and dispeysive apixingrep(s))thb pighidn mik@rdi ng

subj ected to purification _In-other words, it is not preferred that the
pi gnent to 'be&ﬁf?ﬁmﬁ’a - dp&bPyRnation 8rqsedure; salis arpeemeged fomthe pref erred

that irt be dr ﬁf%@tﬁr@- ] ! | Slave X, 5 ‘gppar at us
18. ‘The. reasolﬁ,gﬁgs _emnge?ﬁﬂg%ﬁ%%{%%%ﬁgbgggﬁgﬂ%, |se?%gﬁer§& mor e
stabl e and r-edrdaehtifigdd. [The depdlinktion prrstsie greftablygerforthal bpf cartridge

- nozzl e-faliél ure as a function of aging) results. The concentration of

pi gient tidat WHAilGation.edt this poiat, freguigsent Bixgee maydaqongentrated i desitedal  and

- is nmore a fungt ; t of. pigment and-the type aof 0 equiprent
used tn the nooEaRuRlofsdfieiofA Bef BTG sRRRR R PRl sl R
g:ne;gl-I.yzggiﬂdwagozdm\mwveﬂtmeammamw%m&e RlyaRSicttghg not 10 6
cenber , : - : .

o unless, of course, the process is being run as a continuous process as suggested

-above. The unreacted ozone is delivered to the ozone déstmotion dé\_ricé 24 and
20 Vented to abnosphéré. | ‘ . | - : .
Itis pértiéularly preferred that the pigment be subjected to the dispersive
mlxmg s'tep' immediately prior to béing subjected to purification. ‘In-othér ﬁords;
it is not preferred that the pigment to be puriﬁed be drawn from the pre-mix tank |
16, but-is préferreti that it be drawn from the stream éxiﬁpg thé, dispefsi’ve mixing
25  apparatus 18. The rééson, as demonstrated in_thé_ working examples, is that a"
more stable _aqd reliable ink jet ink (as measured By the mimber of éal;tti&ge
nozzle failure as a functioﬂ of aging) results. o | o
The.concentration of pigment that can _Ee used 111 the p,ro_éess_ is nof
particularly criticall and 1s more a funétion of the type of pi_gnient and the type of
30 equipment used in the process than it is a limitation on the p]."ocess itself,

Generally speaking, however, the maximum amount of pigment should not

10



WD 01/94476 PCT/ USO01/ 18180 exceed 50 wt% A pi gnent conciﬁtratio 83 5-20
W% especially about 10 w% is preferred for process ??%?%?5%9. The
sel f-dispersin i gnents produced by the process of the invention are
particul arqu}%f“ﬁr%ui ted for use in ink jet inks. Accordi n§Fy/USPHI&$H
enbodi ment,. 5 the present invention provides such inks. Generally
speaking, ink | | 0 ' gueo Ry col.orant .and_vari ous
addi tives. Theb.a 8‘? ?{5\5}%% a@éﬂgﬁ%&f@a&%e: dtugﬁg]\;g\%ye&{’ﬁgpelcﬁllgy %) @ W&/’i red
property or ef isgutferradi €y paseess effitieh®. needed to adapt the ink to the

requi rements of a particular ink jet printer or to provide a balance of
light stability, snEa¢sqtedispersing pigmentsqueducpd by trefrroeess efidie dmyention agpt i cal

density, adhesj Q. cryst..resi stance,. for exanple., Aqueou rrier
Medi umy'The aqUé%ﬁts’m%g}’W Fmﬁ%agéﬁ}ﬁq @_%&Pﬁ%r 8%5 PquQ}’fe ‘?fé%“gaimﬁﬁd at
| east one 3t fHepsedeiihfer®ion YasedesEuSCinkE eGE&Phl ﬂ&ﬁ%lxgﬁ fﬁftﬁﬁei«,ed to as

"wat er - sol ubl ") organi ¢ solvent. Sel ection of uita xture depends
on requi r enent sompriselm aqasaus yphiclef & colarapt andatarions adiitivesaThe daditivedcrsur f ace

tensi on and viscosity, dryipg.tine of the ink, and_the type of substrate
onto which thes-ﬁ?ﬁe%lwoﬁéeﬁlgi‘ﬂima R FECHafUch 28 BYigHI b8 or gani ¢
solvents that Fay.® | I | | D) : . , 698, the
di scl osure of whi 8h&f§ﬁpﬁ%%r%g%t§§%%]qﬁ%%?ﬁg%fﬁ re?@?relﬁgi:e?gkn%%g re of
water and a popsolviddra imlaabe ofibght sabithy,amenl ietibith@neisedbity] steHke tensiony ef erred

as the aunous caqra.[]i er, medium If a mxture of water and a water-sol uble
sol vent i siQiseBPtighdensiiy,aghesion §F erughTesEamagnion SXamPl9- cont ai ns fr om about

30% to about -9 0@ g grlin .Egn bal ance (i.e., 70 to 5% being the

wat er - sol ubl e 2 %Egm s gl y, the aqueous carrier mediumis 60-95%
nost preferably 85 The &mebos dyrich@h@iim isR4EF or alABNAR OB WARP YR §AELSk Bhe MBI UM
conprises 70 to 99.8% by weight of the total ink conposition, nost
preferably 90 Watensolblpyr wetegmiscillsi(enllzaiiely miureddab o5 Swatei-soluble”)i nks of
this invention are the self:dj.spersin i gnent . prepared . by. the process
descr.i bed abov&s4P sglggx?tr ga-l,ec%?rﬂ%ﬁa %@B]gﬁ{r@re g‘?ﬁﬂgg‘%ﬂ @QW%H%%?ftgﬁal

pi gments 015 dygsecifi¥BpBdation RRck 8€ dediftd GRARINBAE R anfl ikkoki Ahd il 3Per si ng
pi gnent s of D e, AR As Botd 5004 W5 01/ 944 6%‘%@%1‘%?8180
: - the ink, and the type of substrate onto which the ink will be printed. :

- Representative water-soluble organic solvents that may be selected are disclosed
in U.S. Patent 5,085,698, the disclosure of which is incorporated herein by
reference. A mixture of water and a polyhydric alcohol, such as diethylene
20 glycol, is preferred as the aqueous carrier medium.
| If é mixture of water and a water-soluble solvent is used, the aqueous
carrier medium usually contains from about 30% to about 95% water with the
balance (i.e., 70 to 5%) being the water-soluble solvent. Preferably, the aqueous
| carrier medium is 60-95%, most preferably 85 to 95 %, by weight, water. The
25 aqueous carrier medium compﬂseé 70 t0 99.8%, by weight of the total-ink
compoéition, most preferably 90 1o 99 % by weight.
‘Colorants | _
| The colorant in the inks of this invention are the self-dispersing pigment |
prepared by.the process described above. If desired, other colorants, such as
30 .conyentional pigments or dyes, may also be used in combination with the self-

' dispei-sing pigments of this invention.
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Useful pignments conprise a wide variety of organic and inQrgani c.piLgnents,
al one or in . conbination. The pignent particles need to bé;B%%??rheéizgh%I y
smal | towenwiszéree flow of the ink through the ink jet Pbirﬂ%hﬂﬂnﬂ?w ce,
especially at the ejecting nozzles that usually have a dianeter rangi ng
from10 Amto 50 gm 5 The particle size also has an'influence on the

pi gment di sper si onUsefabpigieyts cotnprike a svider vatrietyedf orfaminglddusrghdie |ife of the
i nk. Browni an.nmotion of m nuitﬂgJ particles. will help prevent the particles

from sett| i ndIEPERiBalone o iggembiiaiian, She pigmestpariiclpnee 40 besuffeientixi num

col or strengt T ¥ article size .is-approximately 0.005 m
to 15 m prefSlg%azjajbﬁafimj : u%e%v@éﬁﬁt}w T J.Jgﬁ&%mbi]engpiﬁ "F‘feo?ﬁpﬁ?léh};to 0.3
gm The ink mBfic cjeftinginbzzAtR tHaOusiRIRS ¥t araiaﬁl_leﬁémé@?(g il%lgff@?ﬁn@%owe' ght, but

y 0

will generally be in the range of approximte | 5% pl}"erferably
appr oxi mafel y 1%Pmlewee\léqgaﬁtanaﬂlu@meondmlgmenmsmamuosition for nost ink
jet printing |icatians... ;15 he col or d, unt of dye present in
the ink conp&%nwsﬁchllﬁ%@faﬁhéw%ﬁ&&é&e %ffag‘éﬁ%rng#f)wﬁ@ﬂﬁyﬁwm%ri ly
dependent  UPGRinkRErarf&ss HAPhAR pRIveRtl thk BE Bl hEVERE Bid %@yi nk, the
purity-of the dy%epand Its strgkgtﬁ. ﬂfo‘a&ggﬁégﬁfur%??ﬁoésﬁ%o DyeeS}r et‘F‘lot gi ve
adequat e col awse winall gpasiiesthemesisuni oflocsirmgtht ITicirans ofayeful Retidlé siz8 poor
print head performance or unacceptably dark colors. Cenerally, if a 20 dye
is.used, it -WFFPTORENgSelE 88AF mindo themaprefarably§f000 @3 nineand0% pref er ably 0. 05
to 8% gpd npst ereﬁLﬁff?b%@/.Olltotooz E{@ by wei ght, based on the total weight

I on. S '

of the ink conposi spersan If the ink contains a c'onventiona!

pi gment in additi oTheiak by coatain @Sto AipsiemaielyBAYs BIERMEbLPweloht, Hut WENt i On,

it will be necessar£ to_al so use a-dispersant to disperse tthe conventi onal
aF

pi gnent . Pol s8¢y §F ipthegamgenfapproginadtelyridd 16%; preferablyieppliosipeatelxrit s i n i nk
jet inks and S referr .pol ymer. - dispersants, having a bl ock; conb
or branched af& GI’:b S)f"aﬂ e 0{3@9%&?%@%}@96&5@%6&@@@% Pol yneri-c

di spersant.s  sgplicbloasfor. use in ink jet ink are well -known,to 30 those
skilled in the art._and need not be discussed in detail here. Particularly
‘pref er red3 di sper sdrhessolasrand mopnt ofi dyk presert idittedinb sendpositidn iSlargelp 27, 794: '

- uU.Ss 12 6 Decgenber %0B4. V\(%Ol/ 94476 RCT/US01/18180, 5, 085, 698; U S. -

5,272, 201 and"iiORPI61S8E by nmarly depgndentyipgp die doirgghealer of tlee print

achieved with the inl, the purity of the dye and its strength. - Low concentrations

=

of dye may not give adequate color x.rividziess whereas high concentrations may
result in poor printhead perfdrmancé or unacceptably datk colors. Generally, if a
20 dyeisused, it wﬂl be present in the amount of 0.01 to 20%, preferably 0.05 to -
8%, and most pr‘eferably 1 to 5%, by weight, based on the total weight p'fthe' ink
. composition. ‘ | ' ' '
Disgersailt
If the ink contains a éonventibgz;l pigment in addition t.q. fhe self-
25 disper&ing~ pigments of this invention, it will be necessary to al.soliI_s'gl adispersant
to dispérée the conventional pigment. Polymeric disﬁ;'rsants are pfefer:ed for use
. as dispersants in ink jet inks and, most prt_éfeﬁed ére polyﬁle‘l_-..disp‘ersants' 'having’a .
" block; comb or bran_é_heci architecture ‘(sio-call‘ed “structured polyniérs”); : |
Polymeric dispersants suitable for uge in ink jet mk are ﬁell known 10
30 those skilled in the art and need not be discussed ini defai.[- hefe’f "P;cuﬁcularly
preferréd dispersants for ink jet inks aré disclosed in U."S..‘4,597,794;' U.s.
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i ncorporated herein by reference. Additives The ink my £ Qnt ai n %)B?
additives that are commonly used in ink jet 5 inks. For %%%?eé
surfactantﬁ,(géay be used to alter surface tension as well as maximze = .
penetratio $H€ ink into the print nedia. However, surfXETAROYIHE) have
a negative effect on the stability of the pignent in the ink, so care
shoul d be- tak eJU%c | I tia addi t he
choi ce of a Spggg?'};g% sur ajgtgégtg?%n&lhﬁggOﬁﬁggge%r}dg%td%ﬂosﬁeém&“%édho ®hedi a
substrate to béngorporited hedein ByOrefgereeus i nks, the surfactants may be present
in the amount of 0.01 to 5% and preferably 0.2 to 2% based on the total
wei ght of the AdItNgS i des, such as, Dovm' cides(r) (Dow Chemical, Mdland,

M), N t H . ' I n t Om d a

M) NOSEPL () (S Rk e e R8N Al oS S e 1), (910

Troysans(r)s5 ( Tinke, @beem@le @fo@otant%%a Wﬁé& tolditbr ﬁﬂf&cﬁéﬂbﬁ!ﬁ‘a@%ﬁ%t €. nmay
i bi t

be used in the ink conpositions to in growt h m cr oor gani sns.
Sequest ering ag@ngmmﬁba@m@ﬁﬂwms/mﬂmphm mediel Eﬁ&(&vﬁx@sﬁf&cﬁﬂu%@y

del eterious eff.ects of .he taI urltles O her. known addltlves such
as hunmectants, L@Y Saclaggapve %%ﬁt PR 19k £hq Rigpentdn thednk soraredhguld be 0

i nprove vari OUakBA t.he mai n
advant ages- of usi ngpﬂ%cfhﬁ erﬁ) ﬁgﬂg?gne éddfﬂg télt%hc%?aﬁkgmﬁ%ve very

| ow vi scosity surfachsnt mhghlyrd,ep@ﬂem drsthe h@e&@ﬁieﬁia@&bﬁfaww bedtt@ddint | ves to
provi de dre}férable gﬁ{ﬂ%grtill es to the printed i mage. For exanple, it is
known frontYhe® i the purfagiants may b%Bﬁeﬁ@l’fﬁlﬂlyﬁé@u@ﬁOfMMﬁei% bidhder s,

when ‘added to r ndency of the ink to snear
when, for 25923%2‘%1?%2%@?&&%&% ﬁ‘eﬁg@e‘f’ ﬁﬁ?%’f‘% an office highlighter:
can decrease the t Bistidsysuwoeh afDéwiideo® PBowaHgEcA iidisd M MawREsE ng;
can increase the adhesion of the ink to hydrophoblc surface§ such as

of fi ce transpatdHsAsacrisadng; R&Spata‘éfah@ﬂ)dt)@ﬁmﬁﬁﬂﬂmﬂdw @EGhItCOCTI),DI’OVG t he

geghgt ggge (I%]IcD yaﬁg%&%%@e(%gpé% %é‘gi ngA) eﬁ%‘l@ ﬁ?ﬁi&‘)ﬂ? 'scl-osur es

of which ar® i Newh#lQ aﬂiibﬂhﬁhﬁe@()afe%ﬂl%lﬁéddﬁ e @Sﬂﬁg'b
2004 PCT/ US01/ 18180n\‘13'¥1erefore I S nost prefer?ed thag%%ﬂ]fze I nks of the

present -i nvent E@Wtb@ﬁm@rnongmsm Smeetepng ggeats sochndeEBTAOmpY alkd B such

useful propert| InGRided to eliminate deleterious effects of heavy metal impurities. Other known
additives, such as humectants, viscosity modifiers and the like made also be added
to improve various 'propertiés of the ink compositions.

20 One of the main advantages of using self—ﬂispersjng pigments is that the
inks have very low viscosity which, in turn, permits the addition of various
additives to provide desirable prdperties to the printed image. For example, it is
known from the pafent literatﬁre that certain types of polymer binders, when
added to ink jet inks, can decrease the tendency of the ink to smear when, for

25 example, printed text is struck with an office highlighter; can decréase the |
tendency of an ink to be washed off during laundering; can mcrease the adhesion
of the ink to hydrophobic surfaces such as office transparencws and vinyl
substrates; and can be used to improve the resistance of the printed ink to

_ abrasion. See e.g,, EP 0‘974 607; US 6,040,358; EP 0 851 014; US 5,912,280 and
30 US 6,005,023, the disclosures of which are incorporated herein by teference.
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I nk Preparation and Properties The inks are prepared-by jixing t her the
sel f dispersing pignent .of 5 this invention, the aqueou@%ﬁﬁ"ﬂ?eéggg%y

addi ti onawomaJeesmnt s and any additives. |If a conventionalpdags®itishs bei ng
“used as an additional colorant, it will be, necessary to prepare a

di spersion of the pignent and the sel ected di spersant. The preparation of
t he di sper si ohb¢rsfong|if isknestmrefesradifbatéhesinks b&theipnesehfdnvertion|contaimn gereer al | y
desirabl e to. make thesE. i.nk J’)et ipks in ncentrated form .10 The
concent rat ed TP PUymeRRmders 40 8 FuehbselBrPRATES- ¢ 0 t he appropri ate
concent r at i onyfiOsreMa8tbNadd Erobied €1 Printing system Thi's technique
permts preparation of a gre r quantity of ink fromthe equipnent. Prior
- to use, the concefihe ails arspreparad By hitiag tégettidn the sfdispeesigOpigaRhl ¢ i on with
appropriate solvents_ which contajn the water sol ubl ebi nder additive. By

di | uti on, X hethihiavertion fhesaqugous pshicle, anjeadsiionabgolorasisssdapy additives, Ifue,
t ti density. .. int . | 2 acfOr ot g ar
ol cat Don.  BuienaBRl Rk Ol R SRR AREan A POBERRANIALE conpr i ses

water.  and  phéEEaly Wsesirs aumgeﬂ@ioamme pPigiedt RARe RAHILAiSpcidabe Phe | €SS

t han- 0.2 pmand has a charge density nmeasured by zeta potential |ower than
-50 nV. 20 Anpuehaetipn of therdagpersénifis siell Jmpwhrig theisg sldHed tathe erit rat e conpri ses
- water and pi gnent erein the pi nt -has a .conduycti.vity of |ess than 0.15
Si.enens/rn and cou lﬁgenelrﬂl%&&fralﬁg&m?]ﬁ’a eﬁ’.‘ifg] @Fﬁ@%ﬁpﬁﬁ"é&?‘?’f%t
vel oci ty, 1Pt Rent-209it j6f n e dinhl® ifeappfijfliafl F €am
-stability are greatl l; -affectJed by f%e&s%r agéﬂ?feéﬁgiaon J)Rg:{bglhage vi scosity of
the ink. 25 |cincpmtationkfer sae ihaid iak jeiprivteg wstdin.i Thisjiedhnlyue peioiigs Sy st ens
“shoul d have a surface _tension in the range of about 2. 10AN cmto about
7.104 N cm anerePisien pf a gesales Ayantinok igk ropythsequipmenty Riiarito usm st 7. 10- 4
‘Ncm. An acce [ lydi Vi b g k] n.Pa.s. . and preferably
~in the range of a%fﬁ%ﬁi{ﬁ%ﬁ%ﬁ%g{lé}tﬁ%d%{%ﬁ%cﬁ%ﬁ%%? a.msl.agqrﬁgl_l?tﬁﬁglﬁg@sphysi cal
.. properties cowhihicoh@inheRvaerWolible i@ a8ditiob.BY IdNgH6QREY Ik QO &djudte®-
- driving voltage and pulse. width for thermal ink jet printing C]eyl ces,
driving flPequieriby desiredrigscogsita goler. dwerraturationedenkigy, and prinbpeocovdmgarior 14 6
“Decenber 2004 V\%%%ﬁ447 .PCT/ US01/ 18180 devi ce or a continuous: device, and

t he shape andﬂ-lgi A ARRVEEI e They may be wused with a variety of ink

jet printers such @pepRitiateisdis i 8AORkR~hT bdnotithis OnpeseAtt-ang t her mal
or bubble j et drop-on-demand. The inks have excellent -
o pigment wherein the pigment has a mean particle size of less than 0.2 ym and has a charge

* . density measured by zeta potential lower than —50 mV.
20 Another preferred self-dispersing pigmenf concentrate comprises water
and pigment wherein ‘the- pigment has a conductivity of less than ¢.15 Siemens/m.a-nd counter
.7 ions of less than 0.15 moles per liter. | , |
- Jet velocity, separation lengfh of the dréplets, drop size, and sﬁeam

stability are greatly affected by thé surface tf_:psio_ﬁ and the viscosity of the mk. o
25 Inkjet inks suitable for use with ink jet printing systerﬁs should have a surface ,

tensic;n in the range of about 2 10* N/em to about 7.10“’ N/cfn c;md, méfe preferz;bly, in ;the

range 3.10™ N/em to about 7.10" N/em. An acceptable viscosity is no greater than 20m Pa.s,

and preferably in the range of about 1.0 m Pa.s to about 10.0 m Pa.s. The ink has physical

ﬁroperties compatible with a wide range of ejecting conditions, i.e., driving voltage and pulse

width for thermal ink jet printing devices, driving frequency of the piezo element for either a

drop-on-demand
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storage stability for a long period and do not clog in Ink jet
apparatus. Fixing 5 the ink on the image recordi ng mat e??gfe?ergkb%ﬁ.ogé,

paper, fabric, film etc., can be carried out rapidly and accurately. The
printed i n¥AHEGE%€ have clear color tones, high density, eR€EUSENISISML er
resi stance and |lightfastness. Furthernore, the ink does not corrode parts

of the ink jet gp&L0L] jce, it C Lbn contact with. 10 rkin
Exanpl-es The i rﬁ{\%g‘%‘ﬁ)ﬁ&vﬁqﬁﬁ I(rflsp% Cg’_%g'r%ﬁ%%]rap? ?ﬁ’%%lﬁﬁ%ln ,iLe'bﬁerﬁB%Y § mited
to, the foll ovbedowitk aratie ofhﬂj,%rﬁ&r@ﬁch%s%&%ﬂ%@ﬁ&?%z@&@éﬁ@ﬁfb Dy el ght
unl ess otherwi se noted. Unless otherw se stated, ozone was geneérat ed.

usi ng ozone géerarnd #d theansl obuliblejehdibpontdestinty TRCINKYEDREGRcH g i t her
air or 15 indugtrial arade oxygen as the. feed gas. Particle sizes were
det er i ned usi Ng&° Sf\ﬁ%&%&?‘?f&ﬁ%’% P%w&l@g%%&wb&ﬁh%%aﬂmﬁ%t Hisdeg by
Honeywel | . 3/i sS@RShk ¥n WeSimadet f&,’-% LN r ' | meter, With a
UL adapter from Br ooﬁf I el ciag Iér:?gtr #{égél’ %ocglagﬁg%g%??télnﬁégcac@é?m ned

usi ng a MacBet barded sirtrapidiyeand a2CuribeBnite ptinfAAnk irges BivediMakSowasod.gaded
i nto an HSD veﬁ%ﬁ‘l wi.th 4,400 granms ,of de-ionized water. The tip speed was
kept at 5.5 m D8 depsify, sxcrllentwaterspsiviance and lightfotness Jwthepatiss thetile ozone

treatment, thep,d . a he .0zone treatnent. Ozone
was nai nt ai neda%%sq?t g%?l(gde%ﬁt ra’gJ %%h?l%?fé Ep 'F&r%."f?eﬁﬁ‘%%ﬂé?ﬁé“‘%g&m&f ed into
the bottom of the HSD vessel at a flowrate of 4.5 liters per m nute.

Sodi um hyd oxigg was added to the mixture in order to increase its pHto 7 -
after a thike t. After adjusting pH the mxture was then :
re-circulated thro . rofl ui di zer(r)...V for, 5 hours. Sepdium

hydr oxi de was perilgg?lélgwfa%o(havg@e%)wf?fﬁ‘ﬁ%ﬁgﬁ%@%ﬁﬁg@o%ﬁ%ﬁ‘%ﬂlﬁﬁﬁémﬁ bet ween
6.5 and 7.5. Thalo38ndeeehiids ﬁﬁﬁhi@ﬁbirts@n&%fe%hﬁlg&&EBP%I%h@Hﬂle&art icle

sedi nent ati on or gelation after nore than 6 nonths of orage at room

t enper at ure.  18fherviscreipdr Unigsuothupndse/sodetl; ezcﬁefmasgemérmd&@mgmm e 2 600
orars of FW 19 and 350 SRS o NS 0950 B ks, Loadeq i nto an HeD
w5 porforned barar o aa Saery o oer s s T LG8 el P el il g g 077 "
After = - Microtrac® UPAI50 model analyzer manufactured by Honeywell. Viscosity was

~ determined using a Brookfield viscometer with a UL adapter from Brookfield

Instruments. Optical density was determined using a MacBeth densitomiter.

20 : - Example 1
600 grams ofFW-IS was loaded into an HSD vessel with 4,400 grams of
de-ionized water. The tip speed was kept at 5.5 m/sec to pre-wet the pigment for
 30 minutes before the ozone treatment, then iﬁcreaséd to 11 rm/sec_ during the
7 ozone treatment. Ozone was maintained at a concentl;aﬁoﬁ of 5.5 to 6.0 W% and
- 25 was fed,intq the bottoni of the HSD vessel at a flow rate of 4.5 liters per minute.
 Sodium hydrq}ddé was adéed to the mixture in order to increase its pH to 7 after a
 three ]?ours treatment. After adjusting pH, the mixture was f.hen re-circulated
 through a Microfluidizer® M110F for5 hours. Sodium hydroxide was
- periodically added to the mixture to maintain a pH between 6.5 and 7.5. The
. 30 product was self-dispersible without any pérticle sedimentation or gelation after

more than 6 months of storage at room temperature.
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the pH was adjusted, the m xture was processed for four urs .t hr h a
M crofluidizer(r) MI1OF with periodic pH adjustnments to E{:Jg?%e[n%HeHZQH%H

bet ween o 9164365 7. 5. The m xture was further purified byP@ITpU*S@ Adigg ration
usi ng UFP-100E 10 cartridge' manufactured by A/ G Technol ogy w t?} a nmenbrane
pore size rating of .100,000 nol ecul ar weight. The purification process
was performed by punping the mixture froma container to the cartridge at
aflowrate of 10 to 15 liters. per mnute. The cartridge inlet pressure was
mai ntained at 0.2 to 0.35 bar (3 to SE¥uRRE2 After passing the mixture.
‘through the cartriy ' X reci kel uat ed bhack t h
container while thégﬂ)ﬁgraéﬂlggfm?rga %&%Zéfsg?ﬂ ﬁﬁ%%&éﬁpﬁﬁg%ewﬁ%ﬁéhﬁfms

. renoved. The iderdndiEDedssslivith S50 @ehk 0dicaldizedandad Gperiths cof@Rbat ner to
~conpensate the perneate being renmoved so that ‘the quantity of the filtered

product r enni a8 thehimesasahess depritbedfin Eempledreaxicens thaiadpumhour Tiestment
ultrafiltrati h cyele was.defined.as the volunetric ratio, -of perneate
bei ng- 20 rer?g%éj\(%%gn?%@efgfeaﬁﬂﬁf%Lﬁ@?ﬁ@g&aslaﬁd‘?‘ﬁoﬁ‘&?ﬁﬁh@%50 {ofdierof five
wash cycl es WA§pHGMs ddfebtcdUine miRkfur ' ' ) di spersible
and had no .sedirlr)rent aSt [ gl%t -o¥rhe'gel at?%ﬁ%@g%g{?g&g@%%%%&g@ & of FW 18 was

| oaded into avfickgnidized® MMOFwith gaibdir phiadijabmaters tomhaedinehe betviear at i ng
condi tions Wecﬁlg tcg,z S\gge as those_described in _ Exanple 2 except that

pot assi um hy droFUESwddie JuEHHs §as BPHsbed byeulfpstlwation ysing 108Esi x- hour

t r eat mentjgwa dug=Ye" ) i | izing . agent, ..The.m xture
-was pr-océgse?a?%?é%ﬁgggfa oue(rasb%i %@Tﬁﬁlg&%@ &91 tﬁ é%re#ﬁn.% p?ﬁees S?Pfig 8f30 was

further puri fI08@0Dymeltdia-difhtl AHe@urifiostidnovas b;agy@ﬂf@ﬁedﬂgjmai nt
~resulting was self dispersing and stable. 16 6 Decenber 20 /94476
PCT/ US01/ 181 8he mixnys isom agontagies tes thefcaraideeaat weflow tieieltl O tot 1S5 liersigsD vessel

- with 4,400 9L.3fBe Ghe cABrabOR ter. Operati c 5Ffi'tions were the sane
as those in Exanpl _eeg 5 g@ieeéﬁgfﬁ%twatsﬁneal mlgﬁ%lﬁ Qg\fﬁh@? ﬂ__’%@e@s’iéﬁlgv-n a '
-:Mrcrofluidzer(r) Aﬂérp%sﬁﬁy‘ﬁfem%&eﬂ&bﬁ%:fh% c‘&ﬁﬁ%@JmefrhEﬁnQ%v ' |
rultra-filtration for four wash cycles. -Exanple 5 650 .grarrs'_c?f? FW 18 was

- 1 oaded i Afo afcirBpisdbaskito thetdontriBF vhjlednsliqiid pormimtd masing throaglethe
Qperating ¢ Qr}géngllnrgu?gw\{avse{e%gvg . sfhréede?i%n}zh \Swgtér Qwa%gnngdigalﬁr added to the

container to compehsate the permeate being removed so that the quantity of tI_lc
filtered product remained the same as that of the starting material. The |
- ultrafiltration wash éycle was defined as the volumetric ratio of permeate being
20 removed to the starting mixture. In this example, a total of five wash cycles was
~ carried out. The rgsulﬁng_'i)igfnent was self-dispersible and had no sedimentation

or gela.ﬁon.

L o .EXampléS T
725 . 600 grams of FW-18 was loaded info an HSD vessel with 5,400 grams of
 de-ionized water. .Operating c.onditioﬁs were the same as those dés.cﬁf)ed in
Example 2 excebt that potaséiuﬁl h}gdroxide was used to _ﬂeutrélizé the mixture |
~and thatra six-hour frea;unént was pénfqrme& before adding the ﬁeuﬁaliﬁng agent.
The mixture was processed for thrée' houlrs‘in a Microﬂuidizer@. The mixtire
30  was further purified by ultra-filtration for tﬁro wash éyéles. The pigment résulting
was self-dispersing and stable. '
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except -that the m xture was processed in a M.crofluidi ) for.sihX
hours. The mxture was further purified by ultra-fi I.trgfpé%&?%egzp%r wash

cycles. Exanple 6 15 400 grans of FW200 from Degussa was | oaded into an
vessel wi tWOIBHTE grans of de-ionized water. Operating coR@X{USOHEsIGRr e t he
sanme as those in Exanple 1 except that the m xture was washed for three
cycles.via ultra filtration. This mxture was self-dispersible w thout any
sedi nentation or gelation. 20 Exanple 7 .200 grans of carbon black FW18
manuf actured by Degussa was | oaded inggamdple i ndrical vessel wth 3,800
granms of de-ionized water. The m xture was stirred at a tip speed of 3.5
rn/sec to pre-wet t6@0 gremsehFW-1B svae leadedinte on &SN vesstlonitlod 460 gtamswefs
introduced intg the m xing vessel at.a flowrate of 4 25 |iters per mnute.
The tip speed ‘%@%ﬁ’&"@é%&’l’?{? g@"’?ﬂ@%‘? W C%W-thﬁ?rm%f‘?%ﬁller%nt to

i ncrease the | BlpShitthOmifint s prddiBsdl i LWIR RSB B0 f'aRGES§fe t hrough a

M crofluidizer(r) while continuing the ozone treatnment for an additional 5
hours. No washmsxtwerwasparifiod by dltfaefilttatios forifatuuwashtdyeleesgh ul trafiltrati on.
17 6 Decenber 2004 WD 01/94476 PCT/ US01/18180 Exanple 8 (conparative) 200
grans of carbon bl ack FW-18 manufactured by Degussa was |oaded into a
cylindrical vessel with 3,800 grans OfEﬁ%'eﬂvlg%i zed water. The mi xture was
stirred at a tip speed of 3.5 msec to pre=wet the pignent. Ozone at a

concentration of 6 6f(grams of AW-08luaetbaded mié e HEDRGIMAREE SREramsidrow rat e
of 4 liters per, mnute. The tip speed was increased to 6.9 msec after a

two- hour 14§ t réaionizst wateri Rpemiing conditipnswers itheysagte asithosedn Erample

t t t ti ' V t hi hi },.X 1T h tanti al
bt oo set (1 e e beogrs Ve ey s Atk St fr iRt RS 20t @
(conpar ati ve) xﬁﬁ@mgrm&m@iergaﬁﬁ@mb)bh%kﬁlﬁxﬁén Bres: WARdgHes Nt o the vessel

used in Exanple '8 with 3,600 grans of de-ionized water. Ozone at a
concentration of -:3 W% was introduced into. the mxing vessel at a flow
rate of 5 liters per mnute. The tipdﬁaeeq \gas kept at 3.5 msec for the
first .hour 'of treatment then increased>ampie ' '

15 400 grams of FW-200 from Degussa was‘ldad'ed into an vessel with 3,600
. grams of de-ionized water. Operating conditions were the séme as those in
‘Example 1 except that the mixture was washed for three cycles via Mtéﬁltaﬁon.
Tﬁis mixture was self-dispersible without anj( sedimentation or gelation.

20 . ' | Example 7
| 200 grams of carbon black FW-18 manufactured by Degussa was loaded
‘into a cylindrical vessel with 3,800 grams of de-ionized water. The mixture was
stirred at a tip speed of 3.5 m/sec to pre-wet the pigment. Ozone at a
_ concentration of 6 wi% was introduced into the mixing vessel at a flow rate of 4
25 liters per minute. The tip speed was increased to 6.9 m/sec aftera two-hbur g
treatment to increase the intensity of mixing. The mixture was then processed -
- through a Microfluidizer® while continuing the ozone treatment for an additional
5 hours. No washes were performed for t]jis mixture through ultraﬁltfation.
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15 to 6.9 msec. Atotal of 20 hours treatnent was perf was no
sedi ment ati on observed for this m xture; hOV\BVﬁI’ thfa dc%{(ﬁeoe@%gsgtgl | ed
within a Processing conditions and physical dat

Exanpl es ‘g@\gﬁ/?lﬁwiet forth in Table 1, below That data sﬁp(ﬁ%@ha? pi gnent s
prepared by the process 20 having a d| sperswe m xing or dispersion step
have significantly |ower particlEx£fmpRS @bgpasitheyer particle size

di stribution as conpared to pignents treateg in a process without a

di spersive mi xi ng ¥{&gamsef garlipn blask FWd 8duanafatued by E@gusspmgsimﬂsd pr epar ed

wher eas those B a&ﬁ@“?ﬁv&aﬁa%?ﬁ@&ﬁﬁ%% S SrE £ heptiee 25 not
stabl e. The d@ﬁ@d@kgq %Qg& diwt nyg&t@?%g‘éﬁ%%a%ﬁam é}tal on produces

stabl e, self dispersing black pignment ue bel ow about 3
nmol es/ nP Sandconcentretiquiof kevt% wes mbeiifical iatut thp ndgiag vessel ﬁlﬁﬂd\ﬂﬂ/ﬁw\gﬁ? % OZH one

. OXi ' ‘ f .the ., r|or art. 18 6 Decenber 2004 WO 01/94 ~.V
bC 23454 e pegminutg, Jh6 e secd vssingroeseéy O fseo afer  two Hour

treatment to i mcrease the intensity of mixing. A total treatment time was 5 hours.
Within a day, this mixture had a substantial particle settlement at the bottom of
the container.

10 ) Example 9 (comparatipe)
" 400 grams of carbon black FW-18 was loacied into the vessel used in
" Example 8 with 3,600 grams of de-ionized water. Ozone at concentfation of 3
wit¥e was introduce& into the'mi)sing vessel at a flow rate of 5 liters per minute.
The tip speed was kept at 3.5 m/sec for the first hour of ’treatment then mcreased
15 10 6.9 mifsec. A total of20 hours treatment was performed There was no
sed1mentat10n observed for this mixture; however the mixture was gelled wﬂhm a
few days. '
Processing conditions and physical data regarding Examples 1-9 is set
forth in Table 1, below. That data shows that pigments prepared by the process
20 having a dispersive mixing or .dispersion step have significantly lower p'artiele
31zes and narrower partlcle size distribution as compared to pigments treated in a
process mﬂlout a dlsperswe rmxmg step. In addltlon, the data shows that
pigments prepared w11:h a dlsperswe mixing step produce stable, self- d1spersmg
pigments whereas those plgments treated without a dispersive mmg step were
25  not stable. The data also show that the process of ﬂllS mvention produces stable,
self- dlspersmg black p1gments having an acid value below about 3 ‘pmoles/ m®and
isa qmoker more efﬁclent - process versus the wet ozone oxidation process of the

prior art.
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Ink Jet Ink Formulation

The utility of the invention is illustrated by preparing ink jet inks from the
self-dispersing pigments of Examples 1-5. The inks were pj:epai'ed by mbﬁng
together the ingredients identified below (in parts by weight) with stirring to form

a homogeneous mixture.

Example 10 (comparatlve)

As a comparison, an ink was prepared according to the teachmgs of US
5,519,085 using unprocessed FW-18 pigment and an ABC triblock polymeric
dispersant comprising an A block of ETEGMA, 2 B block of BZMA and a C
block of MA A with a degree of polymerization 0f 3.6, 13.6 and 10.8, respectively,
was prepared as follows: | .

A 3-liter flask was equipped with a mechanical stirrer, thermometer, Ny

inlet, drying tube outlet, and addition ﬁnﬁels. 291.3 gm of THF was chargéd to
- the flask. The catalyst tetrabufyl ammonium m~chlorobenZoate, 0.44mlofal.0
M solution in acetonitrile, was then added. Initiator, 1,1-bis(trimethylsiloxy)-2-

methyl propene, 20.46 gm (0.0882 M) was injected. Feed I [tetrabutyl
ammonium m-chlorobenzoate, 0.33 ml of a 1.0 M solution in acetonitrile and

THF, 16.92 gm] was started and added over 185 minutes. Feed IT [triniethylsilyl

methacrylate, 152.00 gm (0.962 M)] was started at 0.0 minutes and added over 45

minutes. One hundred and eighty minutes after Feed II was completed (over 99
%o of the monomers had reacted) _Eéed m [b'ené;yl methacrylate, 211.63 gm (1.20
M) was started and added over 30 minutes. F orty minutes after Feed IIT was
completed (over 99 % of the monomers had reacted) Feed IV
[ethoxytriethyleneglycol methacrylate, 78.9 gm (0.321 M)] was started and added
over 30 minutes. At 400 minutes, 73.0 gm of methanol and 111.0 gm of 2-
pyrrolidone was added to the above solution and distillation begins. During the
first stage of distillation, 352.0 gm of material was removed. Then more 2-

3 pyrrohdone 340.3 gm, was added and an additional 81. 0 gm of matenal was

dlstﬁled out, Finally, 2-pyrrolidone, 86.9 gm total, was added. The final polymer
was at 40.0% solids.

20
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Formul ation The utility of the invention is illustrated er"elbérz i nk j

et inks f sel f di spersing pignents of Exanples 1- !lﬂ% ks wer e
pr epar ed By rlnbgﬁgg together the ingredients identified b G ?)r‘l lﬁgrts by

weight) with stirring to form 5 a honogeneous m xture. Exanple 10
(conparative) As a conparison, an ink was prepared according to the

teachi ngs of _US 5,519,085 usind unprocessed FW 18 pi gment and an ABC
tribl ock pol yngrédientd0 di spersant cdnpri ExmgpRrioA bl dck ShalpleGVEs a l|f3

bl ock of BzNMPA—and-a-C.-hlock of MAAIWith a degree of lpolymer) zation of 3.6,
13.6 and 10. BWa@spectivel y, was prep'ar ed as/t®l | 0ws A 3-1iTe9 flaskl was
eCIUi pped W t fgarreehanical—stirrer —t |1Lr RrBret e" A ‘-nl nf dr\“ ng tupe
outlet, and alé’ﬁ”%ﬂl n funnels. 291.3\gin of TI—%Eﬁmas ckarged t o 515 the
flask. The ch Dalywe: raput yi— anmoni unm mrchigog obenzgat e, 0 m—of—a 1.0
M solution ip acet%ﬁ(?]ﬁl | e, was then added, Igr%(?ti at or, : Lng
|, 1-bis(tri rreLipphms@di@)l—Z net hyl gropene, 2046 gm|(0.08823§ was
injected. Fepd}l [tetrabutyl ammnilum m chlorobenzoate, 0.33 m_of g 1.0 M
solution in b’é@ﬂ’é‘m@ﬂlle and THF, 16.92 g ks stafted and Za@ided ovier 185

m nutes. Feep tHrethytstyd 20 ret-haetyt efe, 152-00-—g-h—(0.062 M| was
started at -0} O°m s and added over 45 m es. Ope hundr@dzand eijghty
m nut es. aftermage@ oS HoR V&L p act ed)
Feed |11 [ benzyl {Hhacr ylate, 21 3 gm (1. é)O M S starteélI nd added

over 30 mnu ABCtFieiulbykdlspefsaﬁ after Feed 1111.8¥8s conpl etedg{over 99 % of
t he nmononer sk—had reacted) Feed 1V {25 [et hoxytriethyl eneglycol '
nmet hacrylate, 78.9 gm (0.321 M] was started and added over 30 minutes. At
400 m nut es, ﬁflp? my of methanol "and 111 A gm of 2- pyrrolidone was added
to the above SO ron and distillation begins. During the first stage of
distillation, 352.Dhgimkeko pﬁb&reu%}era%ﬁdé@ﬁwﬁﬂmﬂ@ﬂmi%&ei%k j%g”o' i done,
340. 3 gm was added- and an additional 81.0 gmof material was 30 distilled
out. Finaldl y,cdrridge (BewkegrRackad) sudyprinted antp plmpapiadesingﬂiksﬂem&m(bol ymer

0,
was. at 40.0 /Omglj 't%%mter (Hewlett—Packard) The stablhty of the mks was detemnned by

" measuring particle size before and after the inks were,subjected to a freeze / thaw
- cycle (i.e., 8 hours at -20°C followed by 4 hours at 60°C). Data is reported in the
table below. The data show that the inks of this invention have higher optical
10 density (at the same pigment load) lower viscosity énd arerat-leastr as stable as

conventional pigmented ink jet inks.

o L Viscosity * Particle Size tnrn) [ Surface Tension | " [ Optical |
- cps @ 25°C | D50 befere DSO_V after | (lgyng:rls | pH | Density |
. Ex. [ 234 | 982 947 | 69.7 | 55 | 143 -
IR b= 3.05 | 736 % | &4 |6l i3 o

o Ex3 298 | 819 845 - 702 | e8| 137]

o [Bid 24 | 883 . | 882 604 | 649] 145
o[BS T 236 | 973 [ 1021 702 |65 15 |
. [=T0{ 30 [0 105 37 50 115 | '
e



20 6 December 2004 WD 01/ 94476 PCT/ US01/ 18180 | ngr edi ent anpl es
1-5 \Water 77.879.9 Pignment3.753.75 . 2-pyrrol i done9. 09. oéﬁxgermbe?i%x

Li poni cs(wolfedse 05. 0 i'so- propanol 2. 02. 0 n- propanol 0. 20. 2 g2roxsh 8986
(biocide from Aveci a) 0. 1250. 125 ABC tri-bl ock di spersant1. 8750 Print Test
The inks so prepared were | oaded into an HP51645A nodel ink jet cartri dge
(Hewl et t - Packar d) 'Eﬂdﬁlpﬂmmaéﬂjtheﬁdm,gmorﬁupag&e dispangjvambDdsg Jtep aB#C i nk | et
printer (Hewgett-Pac I) The. stability ei%élhe I,nks s, det erm ned by
measuring parlﬁtﬁeé”g %pl?@?sd*‘é‘k%ﬂdred?%ai SPRESNG &3t 011?13511‘8%31 10 a

freeze / tha | B , yEs at 60C) .~
Data is repo\r,!tngcgﬁlsn E)Léﬁlem%f] @'ﬁg‘g’é%ﬂ%{"s‘?ﬁ at he I nks of this
i nvention hawmﬂ:ecbhle}ymm(pahﬁ&éhdﬂxeﬁﬁeﬁothéﬁarﬁphﬁthéﬁ eﬁlmﬂedad) | ower

viscosity and are at |east as stable as conventiona g mented ink jet

i nks. Vi séosifymghs HSD Sl"i]ée’(ﬂweaﬂpﬁ@éntpeﬁ@sﬁfﬁﬁf@& et epErid@e25CD50

Bx. 25- 0579, o ehg it Poalt bl REOR K eSS Bl dpfnpithef ik 700 49

88. 388. 269. 4 Gzaﬂﬁdgé& Warelthenya&id k0Bl idr Hhd 2R édméer'@f nofh%iring nozzles
3 0100. 10554' . 8. 01. 15 .
: , ~determined. The average number of failed nozzles for the plgment purified from

, . the HSD tank was 15.1 compared to an average of 4.3 for the sample purified
10 . from the Mlcroﬂmdlzer® '

Exampie 11
. 500 grams of Sunfast blue PB15: 3 pigment at 49 01 % i n water ﬁ‘om Sun
. Chemlcal Company was Ioaded into an HSD vessel Wlth 4, 502 grams of de-
15 1omzed water. The HSD tip speed was kept at 3.9 m/sec to pre-wet pigment for
N 30 minutes. The mixture was then treated with ozone at 7.5% for three hours.
Ozone was fed into the bottom of vessel ata ﬂow rate of 1.5 hters/mm Lithium
" hydroxide was added to the rmxture to increase its pH to 7.2. The tip speed was
_lthen mcreased to 8 mf sec and the mixture was re—c:reulated through a |
20 Mmroﬂmdmer@ M110F for a total of 23 hours. Lithium hydroxide was
.penocheally added to the mixture to maintain a pH between 7.0 and 8.5. The
mixture was further purified by ultra-filtration UFP-500E9A cartridge for 5 wash
cycles. The resulting pigment achieved a mean particle size of 154 nm with an
-acid number 0f3.47: pmoles/m® . .. The mixture was self-dispersible and had no
25 . sedlmentatxon or gelation after exposmg toa senes of thermal cycles between 60°
C and -20 ¢ Ink was prepared ﬁom this dxspersmn usmg a standard ].Ilkj et ink
vehmle and a p1gment concentratlon of 3. 5%, The ink was printed using thermal

mlq et pnnter to obtam a relative 0ptlca1 dens1ty of 1.05 on plam paper.
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21 6 Decenber 2004 WO. 01/94476 PCT/US01/18180 To dermnset[f)ate thg @gvant age
of using the dispersive mxing step as the last step in %%e"btfeﬂi 8 , I nks
wer e usi f dispersing carbon black pignment. 1In one sanple, the

pi gnent V\rkggaoééﬁ{%t hrough a M crofluidizer(r) MZ10F i medi 5?@“{;8{5&1%Qe
purification. In another sanple, the pignent was purified 5 fromthe HSD
tank. The inks were |oaded into an Hligégﬁﬁékﬂnk jet cartridge

(Hewl ett-Packard) and stored for 6-weeks in a nozzles down position. The
ink cartridges we2@) ghaes qfl Indefdsti Briliant SeailettR633MER1 efromger of

non-firing nozzles determned. The average nunber of failed nozzles for

t he pi gment pé?ﬁni’?'%wf“f @Fﬁq&{]’l’i‘@ @pé’ﬁﬁgeaﬁghﬁﬁoqg@%ﬁﬂé@m@da‘ﬁa%erage of
4.3 for the S?H@jf{g g g Ldi L).. nple 11
500 grans of Sunfast iﬁﬂueg&gﬁ%geé ag%%ﬁ%g%@@ﬁ%ﬁ%ﬁ%%m Sun
Cheni cal Conpaintureasaslthadgehtédivith afondaD8\6e% T6d tvitd Hdrd , O he WA R, de 15

ioni zed water, The HSD tip speed was kept at 3.9 msec to pre-wet pignent
for 30 ni nut®sbottema qfivessst & aew rateef 4.7 dtarethimat scangentetiati o 8.8%f or t hr ee
hours. Ozone fyed .into-.t he, bhott yessel at.,a flowrate of 1.5
rerssmn 8% GBS gieine ehdlo e i hifread ol Rt ade” 1 on
to 7.2. The tinBrsRefmd tere HRAIIGhRASE i L@n A7 S0k e was
re-circul ated through a r'280- M-.Carofl.ui giﬁzéére?r 10F9(?(g)sf]'111 G'P?tmglw%? 23
hours. Lit hi usedigdt 88%edeadraBhepeili wak leat &y, Q000RPM: duringeherexdittaiitive mai nt ai n
a pH between 7.0,.,and, 8.5 T m xture was further purified by

ultra-fil rat.w‘@ﬁ%,t@f %{%?@5@1@@?@5’5 Waspericstped é‘@ﬂe”‘éﬁé&ﬂgsul ting -
pi gment achi evgigh, @ HIRBGkiBMvRS £ d?d'ay e%ﬁ]ﬁ%'fe ﬁ@- aci ¢ number of
3.47 noles/nmz . The™m xturgva%Agsrﬁ)sel fa(?ésegitrééll e ang0 a tar%ggfgl

sedi ment at i orbedweayel.GthdA.SafTherendtipsiipgeitachicvads esn paticleRRe BRI 1ZYCl es
between 60 C and 20, . Ink was prepared fromthis dispersion using a
standar d i nkj®R Thaacidawnberavasid. hrpesent - cort emmsafiasmenticysier The i nk

was printed Uskhg. i Rk BN olt ai rel ative, optical
density of 1%@@?\?p .a:g?\l.'_ld tp%%)og%raj.s Sékﬁ% beév%{eeﬁ%%? ﬂa%%d‘i% C e ?Be
PCT/ US01/158 1 8@ixixa MittepdlgmefRagprotesse in MY s hnotBéi § hd@indSead | €t R- 633
5' PR123-from Bayer . o o ' '

, : purified by ultra-filtration for 5 wash cycles. A mean particle size of 97 nm was

achieved. Thé‘resulting pigment was stable after 3 weeks at 60 C without any
sedjmentation or geiation. Ink was prepared from this di'séersion using a standard
inkjet ink vehicle and a pigineﬁt-concentation of 3.5 %, The ink was printed

20 ﬁsing thermal inkjet printer to obtain a relative optical density of 0.74 on plain
paper. ‘ | |

, Example 13 .
| 694 gramis of 50% solids presscake PR122 Sunfast magenta (428-5024)
.25 " from Sun Chemical was loaded into the HSD vessel with 2773 grams of .de,-
io'nized' water. The HSD tip speed was kept at ,_5;3 m/sec to pre-wet ﬂie pigﬁlent-
A_'for 2 hours before the ozone tréatmént. Tip speéd was maintained at 5.3 m/sec
during the ozbné treatment. Ozone was mﬁin_ta_ined. ata éonceni:aﬁbn of 8.0-94 -
wt% and was fed into the bottom of the HSD ﬁesse‘l at a flow rate of 14 -1.8 |
30 liters per minute. Potassium hydroxidé‘was added to the mixture hourly to
© maintain its pH at 6. Dusing the first 8 hours of ozonation, 20— 100% of the

23



Conpany was | oaded into an HSD vessel with 3800 grans of6 ﬁ%é nir%%ﬁﬁtwatler.
The HSD tip speed was kept at 2 nisec to pre-wet pignent f i nut es.
The .5 m xivgy@/Mess then treated with ozone at 8.6 %for twg oinsfgpone
was fed into the bottomof vessel at a flowrate of 4.5 liters/mn at a
concentration of 8.4 to 9.6% Lithiumhydroxide was added to the m xture
to increase it sohirhd wef fod thfdvah aniBigarmeiniaidl dree Bn hews dctrohiateddot hraugh
Eiger Mnimil M50 using 0.5 mm YTZ_ 'media at 80% | oad. The ml|l was kept
at 4,000 RPM dHHRHES: tﬁ%ﬂ reguRad te frekipBrveswl JRORwagythemaddnddp thyf sappltrtour s

por i odi car 'y adie el fod. TRE ARl b ol SUGRRSNES 1%, &
The resul ting piegiBfie caeidbeRe PorfTRER TREHTbldEyC sthZ Nebdhatil M1A R enlbi, aci d

nunber was 33.3 tinmoles/nm2 . 74 grams of an acrylic water soluble polymer
at a sol i dsd of €156 pait. WwEhearextvhboyrs of bennaticlalternated withméducinggartidie sits

‘m xture with pol r S. Rrocessed. L.n 0 for, another.8 hours_and then
purified by. ul H%Eﬁl‘r\fl’\ﬁ%ﬁﬁ%" t_ag?)‘?u%t tﬁﬁ#g%h@m&@rﬁaﬁkﬁﬁ%&cﬁ% si ze of 97
nmwas - achi evedmating, KOBHditidd, OB INES, b fiMbSEmE sBRKS at 60 C

wi t hout any sedinentation or gelation. I'nk was prepare romthis

di sper si on. usi RgnaoB¢cGevitation imik jvas 150 nimees. CTie farll partiplegiwrif 108ReEnt r at i on
rinted 20 _using thermal inkjet printer to obtain a

of 3.5 % The in ,
relative opt i C&F% PE§h°M1°?ZFZ_9ﬁ ), ¥ep ackieysd;y Thepsegyceolitbisqyacess ans of

50% sol i dsy@r e S ( - 2 n._Chem cal
was | oadedl(lpnt g@#ﬁ@%@%@# Pﬁﬁg‘%g’%ﬁé’ﬁ%&é@ aglg%iagé@@wléﬁéyqs The
.HSD tip speed papatedifton thibdidpentioe asih® a sRh@ardSikjtliak REBRRAL a pigREnt2 hours
before the ozone treatnent. Tip speed was nmaintained at 5.3 n’'sec during
‘the ozone tr eaftPRSSRraTIHHS hvddeink wespreigd using botrtbermal avd piezoinki:to - 9.4
w % o and was fed.into the bottomof the HSD vessel at a flowrate of 1.4 -
1.8 30 i tersplﬁjé?e hut e. ‘Pot assi um hydroxi de was added to the mxture
‘hourly to namintain its pHat 6. During the first 8 hours of ozonation, 20
"-100% of the 23 6 Decenber 2004 WO 01/94476 PCT/US01/ 18180 vol une were fed
t hrough anl¥iger nmininill once an hour; recirculated for 1- 5 minutes,
then returned to the HSD vessel. KOH was then added to the sanple to - raise
the pHto 8. The sanple was then ultrafiltered through a perneable
menbrane cartridge filter from AG Technol ogy Corp., Needham MA to renove
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5 exceéss salt. The next 7 hours of ozonation alternated w hhg
particle size in a Controlled Cavitation unit from 5- St%l,rJg erélﬁegolél%ggi es,

Cl evel and, OH ozonating, KOH addi-tion, and ultrafiltering. Total residence
time in the Controlled Cavitation unit was 150 mnutes.. The final particle
size of 103 nm wth 98% of the particles <204 nm was achi eved. The

product of tRygaR 1@ glg}ﬂgp ntinues to be self dispersed after 4 weeks of
I‘wﬁ'g at(:@% ' (r?Evvas prepared fromthis dispersion using a

accel erated agin
standard inkjet ink vehicle and a pignent concentration of 3% The ink was
printed usi ngf both t her mal aa(d igeég I nkjet _printheads. 15 24 6 Decenber
2004 VHAT | S'CLAI Ofegs Ior m "bé)% dispeingRigmat sompnyingthsstepsifng pi gnent
conpri sing the st gpjaefing &% iindddd%ith ¥ oRd | ; ' n .Agqueous

envi ronnment while sli éngrrﬁl ;paneéluslly1 sﬁ%%ﬁ%&%lﬁgnﬁ%ﬂn@ﬁt%@eg | east one
di spersi v& m xi ngnoptanemalyisobjectivg thp pipmades @deasf bractispesieaning @-e of at

| east 200 sec-1. 2. .Th rocess ‘of _cl ai rrhl, wherein the digpersive. mXxing
oper ati on conpr i s8E1OR {5 BOVideg ap pEeGiveshyas refe obgidaet 200 ¥ent and an
aqueous nmediumto an operation selected fromthe group consisting of media
ml1ing and passi Me pOctRDIRakhY! Gub[OM0 RisBervdildeYopBiati ithina -
liquid jet interact i_%n_C chanber "at a Tiqui lcfﬁf)r esﬁ%{gltggpg%%lgﬁ?éélgfﬁsé’gﬂ bar. 3.
The process of cl siecting theemiiture bfezqneppigssni andcaragneshsenddivm kddmi ni ng a
pHof 6t 08. 4. The process of c¢l.aim.1, wherein.the_pignment.is oxidized to an
acid value 15 of gﬁ’%gtémﬁ‘?%ﬁteé f%ﬁ‘i‘nh?/gﬁ%‘fp eonsiping Bﬁ%@%é?‘h\‘ﬂgépﬁpﬁﬁsﬂg furt her

compr1 SIT the ot g kU kbMHID it 6ihiozs Gl SREES] RALIBIAIRLcidh, A BT ocess

of making a self dispersing pignment conprisin oxl - dizing the
pi gment wi t h ozoneéhdnbeant aliqad presemy pf grieasht69tarl e main 20 - . taining a pH
of 6 to 8 7. .The process of claim®6, wherein the pignent is oxidized to

an acid val ug. ..ahe process of claim 6,
wher ei n_t he pi grreorir;]'?_é ﬁ?ﬁ%é ?gﬂ%%gﬂmﬁégﬁ%ggc%sst%% mﬁéﬁ‘étdﬁ%‘?tam? onment
whi | e simul'taneousyfsubBecting the pignent to at. _

4, The prdcess of claim 1, wherein the pigment is oxidized to an acid value
15 of less than 3 pmoles/m’,
5. The process of claim 1, further compriéing the step of purifying the self-
dispersing pigment.
6. - A process of making a self-dispersing pigment comprising the step of oxi-
dizing the pigment with ozone in an aqueous environment while main-
20 . - . taining a pH of 6 to 8.
7. The process of claim 6, wherein the pigment is oxidized to an acid value.

of less than 3 ymoles/m?,

8. - The prl'ogess.of claim 6, wherein the pigment is oxidized with ozone in the |
aqueous environment while simultaneously subj ebtiug the .pig.m_ent- to at
.25 : least one dispersive mixing operation that provideé an effective shear rate
of at least 200 sec™, co_mprisirng subjecting the mixtﬁre of ozbne,' pigment
and an aqueous medium to an operation selected from the group conéiéting

of media milling and passing the mixture through a plurality of nozzles

25



25 | edst one di spersive m xing operation that provides ti shear
rate of at Ieaslto 200 sec-t, conprising subjecting the ?9%‘%@&&2&%0%,

pi gnent and an aqueous nediumto an operation selected fromthe group
consisting of nedia mlling and passing the m xture through a plurality of
nozzles 25 6 Decenber 2004 within a liquid jet interacti Ion; chgnb](car aL a

| i quid pressure of .3 4o . ... the _process of clai urt her
co?rpri s}ong t he stévﬁﬁ%?gggél?f]%q%& %ﬁ%mgheqn%-%erafasfé% éf’ﬁeﬁs‘ﬁ? Bﬁgﬁ%@tS 10. A
process for making%basel f di spersing pigment conprising the step of. :
oxi di zing the pignment with ozone in an aqueous nediumto an acid value o

| ess than 3 | es ,. and fplIJr_if ing the self di s&;rsi ng _pignent. 11. 'The
process of cPai m 16 PEFsAiFEnS, Beampsipg theistsg S purfansthaiseling ad_ pHd
of 6 to S. 10 12. 4j : of claim 10, wherein the pignment is oxidize
with ozone in thgﬁg‘gﬁgﬁgﬁg@gﬁl\}i ronnent while sinultaneously subjecting the
pignent to at |east one dispersive mXxing. operation t.hat provi des an '
ef fectiveSshdBr Aaprecess fertmildnse sddisparsing p(gmqmd canmmyﬁ;a@tb?!dfg thle o
m xture of ozone, pig- nent.and an aqueous mediumto, an operation selecte
fr)c()m the group coﬁg'fgllggn":f,’leipf'%“%'fwﬁ@dﬁ%ﬁnerﬁnﬁniaﬂt}?%’rﬁémﬁ&g%i%ﬂl %‘h‘é"#‘r“ﬁt ﬁirje t
t hrough a plurali sy o T TI0 B PY =" S r n chanber a
ali qgi d pP‘essur ebg}eggatthmﬁllg ascﬁésél_)g"bagp%uﬁglhg'wgggirfgg%é{s&n%ﬁ %fh!f/ﬁbne of - cl ai s
1-12, wherein the pigment is. present in an amount of up to 50% by wei ght.
.20 14. The ptocedbe pfoceisaifwiaiB,10yibereinrtht hwcpisdsreditied sutpndi@iting 1 an
anount of 5 to 20% ight. . 15. The process of any one of clainms 1-12,
wherein the aqueoﬁéoogryw\fggonnent ~includes hydrogen peroxide. . 16. Th_e
process of -any one of clains ' 1-12, wherein the ozone conprises 1 to. 25

lai s 112 Mher Gl e e § e o R "2 00
, ~ the aqueous environment while simultaneously subjecting the pigment to
ét Ieasf one disperéive inixing operation that provides an effectivé shear
rate of at Jeast 200 sec™, comprising subj gcthig'the mixture of ozone, pig-
. fnent and an aqueous medium to an operation selected from the group con-
15 sisting of media milling and passing the mixture through a pluzality of
| nozzles within a liquid jet interaction chamber at a liquid pressure of at -

 least 69 bar.

13.  The process of any one of claims 1-12, wherein the pigment is present in

an amount of up to 50% by weight.

20 14.  The process of claim 13, wherein the pigment is present in an amount of 5
to 20% by weight.

15.  The process of any one of claims 1-12, wherein the aqueous environment

includes hydrogen peroxide. ‘

16. The process of any one of claims'1-12, wherein the ozone comprises 1 to

25 ' '20% by weight ozone in 4 carrier gas.

17. The process of anj one of claims 1-12, wherein the pigment is carbon
black. |
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18. The process of any one of clainms 1-12, wherein the pi ng, i n :
organic colored pignent. 19. The process of anyone of (Fﬁgg?eﬁsr&qqr??,&Merei n

the process further com prises subjecting the m xture of ozone, pignent
and an aqueous nediumto 5 a pre-m xi ng operation which conprises agitating
the mxture in a high speed dispersing apparatus. 20. The process of any

one of clai 1-1 i di.z t.0 an .aci d val ue of

| ess than 1mig ml%gg)é\%g&% ?aﬁ)ﬁ'ﬁeeoéb%g%sl g%%?l%ﬁée%?m‘& WA A OMEARIS *\iher ei n
the pignent is oxiolozgpigment0 an acid value of from10.7 Anmoles/nR2 to 2.5
Aol es/ n2. 22. The process of any one of cI a| ms 3, 6 or 11, wherein the pH
i's maintai nei dd| tion. of a base. process  of cI aim 22, wherein
the base is 81 Bpﬂcﬁﬁ%olfﬁ’éycﬁ’@&@ﬁl%ﬁl 1:% ‘é’bﬁfﬁgﬂl}fﬁpmﬁﬁs@ﬂmﬁmmﬂom de and

sodi um hydr oxi de Ss s
carried out nmnai nt %%Sﬁgb g&&%ﬁ%@g Zgﬁﬁg%&ﬁﬁ%{l Ji({]uct)aél Hmt?) an acid
val ue of ¥ess thanps:- milxmgqx/ratﬁmwlauldcdsrhpnmggmﬁngltﬁeﬁ@ttbﬂfh}lallﬁg}k; and
further conprisin tg . Step of purifying the self-dispersing pignment. 25.
A sel f - . di sper si n%’eﬁ af?ﬁ?ﬂsmélﬁf’%ﬁf%ﬁ according to the process of any one of
20 clainms 4, 7, 10 or 24, having an acid value of less'than 3 noles/nR2. 26.
The sel f - di SBEI Si M PloBBBE aRFER FHollins Q- 30 i ino Hghal i LR (et
forms a stabl-e agueous dispersion int sence 0 addvtrgral di's
persi ng agent (s). atlZa‘ledx!alsebfleshthmerlsimgolps/g{r‘rent obt ai ned according to the
process of claim 20, 25 having an aci d vaI ue of less than 1.5 jnol es/ n2.

27 6 Decenbe 200% 28. A s If dis SI n g\glent Qbt ai ned_according to the
process. of c he Pmﬁ%ﬁ?f’ gate "Wél ereh e QIEmmtet eadiggd oo 2.5

urol es/ ngy 29. Anmgumﬁaebmfmﬁmm&esmtseq%mo&e an aqueous vehi cl e and
a colorant, wherein the colorant conprises the se = di spersing pi gnent
according. to ctaim?25. 30. An ink jet ink composition conprising an

aqueous vehi #}.e ahle process of amtone offsérims B, 6helho’1'lmram1thatpmmms1&&1ﬁehe
sel f-di sper Si ng pf)}ggﬁnomﬁca% r di ng to claim 27,

23. _The process of claim 22, wherein the base is selected from the group con-

sisting of potassium hydroxide and sodium hydroxide.

15 24.  The process of claim 1, wherein the process is carried out maintaining a
pH of 6 to 8, the pigment is oxidized to an acid fralue of less than 3
pmoles/m’ , and the pigment is carbon black; and further comprising the
step of purifying the seIf—disperéing pigment.

25. A self-dispersing pigment obtained accordiﬁg to the process of any one of

20 claims 4, 7, 10 or 24, having an acid value of less than 3 ymoles/m?

26.  The self-dispersing pigment acbording to claim 25, wherein the pigment
. forms a stable aqueous dispersion in the absence of any additional dis-
persing agent(s). ' “

27. A self-dispe'rsil'l'g pigment obtained according fo the process of blaim 20,

25 having an acid value of Jess than 1.5 pmoles/m’.
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31. An ink jet

col or ant,

according to _ _
aqueous vehicle and a col- orant, wherein the colorant conprises a self

di spersing pignent according to claim?25, wherein the pignent has a gegn
article sizggof Aega;fdm t | sure y

get a potential 1 118g ﬁ\%ﬁéﬁﬁm e %%%con%gﬁl ggﬁoqgég%ftc}ém%?

conpri sing an aqub@ﬂsgwehudWduanﬂﬁannOVﬂn@kﬁﬂﬁﬁoE@Fﬁgkg the colorant

conprises a self dlsper5|ng pi gnent according to ¢

pi gnent
i ons o.f

has
| ess

10

15~

33,

20

30,

31.

32,

i nk conposi tion conprising an aqueous ve

erfbt 2004
10 Wherein the colorant conprises the self dispersing plg

claim 28 32. An ink concentrate conposition conprising an

33. An | e conposrt

| ower than 5

a|m wherein the

‘co UCthI. of Iess than .0.15 Si enens/ m 20 . and counter
‘han HBJéJFI IO] £QmMPpTLSige an aqueous vehicle and a colorant,

: Wherem the colorant comprises the self-dispersing pigment according to

cIaix_n 25.

Anink jet ink composition comprising an aqueous vehicle and a colorant,
wherein the colorant comprises the self dlspersmg pigment accordmg to

claim 27. .

An ink jet ink composition comprising an aqueous vehicle and a colorant,
wherein the colorant comprises the self-dispersing pi gment accordmg to

clalm 28.

An ink concentrate composition cdmpﬁsing an aqueous vehicle and a col-
. orant, wherein the colorant comprises a self dispeijsing pigment according
fo claim 25, wherein the pigment has a mean particle size of less than 0.2

pm and has a charge density measured by zeta potential lower than 50 mV:

An ink concentrate composition compiising an aqueous vehicle and a col-
* orant, wherein the colorant comprises a self dispersing pigment according
to claim 25, wherein the pigment has a conductivity of less than 0.15 Siemens/m

and counter fons of less than 0.15 moles per liter.
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