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(S7) Abstract: A pracess is provided in which a pigment is oxidated with bzone in an aqueous environment in which the mixture
of ozone, water and pigment is subjected 10 a dispersive mixing operation: and/or the pH of the mixwre is maintained in range of
6-8. wherehy the pigment is seli-dispersing and preferably has an acid vabue of less than Jpumoles/M?, Pwnn_ms {rom this process
and ink jet inks containing the self-dispersing pigments. are also pravided.




Abstract: A process is provided in which a pigment is oxjgat&hWMdg g 40zone
i n an aqueous environment in which the mxture of. ozone, water an gnent
is subjected to a dispersive nixing operation. and/or the pH of the nlxture

is maintained in a range of WEB(OUAT t AS Pi gdﬂlﬂlll[lilﬁlﬂill!I#IHiIINIIHIﬂI'lfllHIIHHIIIHﬁlll[llﬁllllﬁimd

preferabl'y has an aci d vatue of tess thanr 3pnotesvB—PHgrerts—

process and i nk i nks containing the self-dispersing pignents, are also
provi ded. W%ﬁg@& B ﬁWeCFAs(SSn Hate 4f gpbligyliyn dkfibe infoiatioBHE searkR)eport:
OAPI pat ent™ ﬂﬂﬁﬂ“@? TGibl i cation of the internati ondMay 20
search rreprdi: CG d CM GA GN. GW M.. MR NE. SN. TD. TG. 2 May 2W
Publ i shed: "wﬁ@MMWMMQmwahv@nal search report before the expiration of the
lithe |iTm CYFote anfmeinge tiei»Ror drwdind @t t &r roddeswdandd otherevabbs R ald ang.
refer to tﬁ‘;@,::;mﬂih"d@‘ rREp et et o e b peitst Yosherd edenont e dniem toppyfring ecie bt
of 1V ores“on”Codes and : abbrevi ati ons" afFearTHE 4t “t1ré vEgi% - amendnent s
begi nning of each regular issue of the PCT Gazette. 6 Decenber 2004 WO

01/ 94476 PCT/US01/ 18180 TITLE SELF-DI SPERSI'NG PI GVENT AND PROCESS OF
MAKI NG AND USE OF SAME 5 Background OF The Invention This invention rel ates
to self-dispersing pignents and particularly to a process of naking such
pi gnents and to the use thereof in ink jet inks. Aqueous dispersions of

pi gnments are known in the art and have been used 10 in various
applications, such as, inks for printing (particularly ink jet printing);
wat er borne paints and other coating formul ations for vehicles, buildings,
road markings and the |ike; cosnetics; pharmaceutical preparations; etc.
Because. pignents are typically not soluble in an aqueous vehicle, it is
often required to use dispersing agents, such as, polyneric dispersants or
surfactants, to produce a 15 stable dispersion of the pignent in the
vehi cl e.




The use of dispersing agents, however, increases t he Vis i f. e
di spersion over what it would be without the dispersing %gglﬁ‘%ﬁs{b&ﬁ?gﬂ

i ncrease i@oo‘ibﬁ sity, while not particularly a problemfor _sone uses,
presents a significant disadvantage in others. For exanpl 8CTHSLEL

limtations on the end use 20 application of the dispersion (e.g., ink jet
i nks) may be exceeded if binders are added to inprove properties of the
final product. Thus, the viscosity of the dispersion itself will reduce

the fornulation latitude for final prodygtg. Self-dispersing pignents,
particul arly sel f-di spersing carbon bl ack pignments, have been known in the
art for many years. For ex#&FpFdISHIRSINGBEGMENT ANMIBPROGESSOSES a process in
whi ch a carbon bl ack pignent is othermcally reacted with a water

sol ution of sodi um hypochl orit é’ﬁ‘ﬁm“@% %éFﬁQMtEhe to electrolysis in a
sodi um chl gride solution, or is suspended in a sodi um hydroxi de sol ution
and treated with chlorine gas to alter the.colloidal properties such that
the carbon black wi |l readilyBaddrsmedOfMeUskenibipsper se in water. |nks
made fromthese 30 _dispersjons are said to_be waterfast on newsprint. 6
Decenmber 2004 WO 0lfuminyentiogteleisyty sehsspersingpigments apd paticulely dea f act i on

chi rni que des %ﬂ? ' nol r.de ..carbon Ecal e ,Superi eur e- de- Chem e
de Ml house, R&% 9 "?ﬁf%ﬁ‘l"gé’%"?ﬁm‘ﬁ ,usﬁﬁz)e\;?ogoé%m&%g ‘ehensi ve
overvi ew of the ef iARftiodd digperaGiios pipthenl O Rnovitt Bitke bR ah8 RARS bR GRAJTOT ©
hydrophilic. Oxidants discussed include potassium 5 pernmanganate, sodium
chl ori de, 1@ odinuwariaits @ppliceations dilias pisksfor priating (peuititlanty iplejet ptifitig); nitric
acid and sodi um hypochlorite. US 3,023, 118 feaches, a process of oxidizing
carbon bl ack _Wr%eﬁ‘g‘grﬁﬁ?@ %ﬁ@ﬁe&"%@a%‘ffm oge foT ehiglss ebyiidings) ypad

di spersabl e. WRrdndd $hdOR i8e-3688 ﬂéﬁn AR j f on bl ack
general ly and, i nn%%rti c_ngr’, tegc%% S a %%gﬁ%%g%#ggg%&ggt?%%&%rocess.i n
whi ch car bon pigadnts are typedliydionsdiiblain avaggesusoehichd, itiinghigarequizelord wWith a
per oxi de gas. ,US 3, 347,632 teaches a .process. of making hydrophilic carbon

bl ack by r eacfi}sﬁﬁrsmélgé‘étﬁ’%ﬁh B RelVmeHC diEPergido osusierianisole mpdusedi um ‘
hypochl orji e. r€ - flurrye of o ivity recently to formul ate

i nks usi n{;g sef%%ﬁ#%?%p‘gﬁg? ﬁlé{.deg{léxrﬁr%en{eg%{:or exanpl e, US 5,554,739 and WO
9648688 teach the The use of dispersing agents, however, increases the viscosity of the

dispersion over ’what 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 so_luticin of sodiﬁm hypochlorite, or is subjecting the to élech*olysis in
a sodium chloride solution, or is suspended ina soﬁium hydroxide solution and |
treated with chlorine gas to alter the colloidal properties such that the carbon -
_bla‘ckv{zill readily and spontaneously disperse in water. Inks made from these .

.30 dispersions are said to be waterfast on newsprint.



production of surface nodified car bon bl ack pi gments in ygLch. theqgarbon
black is reacted with diazoniumsalts. WD 97 47698 teachés treating carbon
bl ack W t Ryogibisgne to inprove its dispersibility. Inks c Ml uch
surface rmdif:’led carbon bl ack pignents, or the use of suc%&ggjrs gﬁﬂ%‘fack
pignents in inks, have 20 al so been proposed in WD 96 18694; US 5,713, 988;
WO 97 49774; and WOD@Suet@6FI8 & tuder Aol weeioh chimigind s wdameks pilgAGRHe Wi t h an

aqueous sol ution of %Gehy ohalite (e.g,,_ sodium h{ggchl orite) and its uses
are. proposed i fAbens Esols Sgp¢reurede Ehomie defdulbppsegNeo299@P62hwp. 2727 819 737.
Al of these t gﬁ% r.o -0 the briqr. ard. e.qone di sadvant age or
25 anot her. Thie‘%gsté p %egél c%)%ﬁ%%@f‘%ﬂe 8‘&‘?{“%@({%@ e%e)gg?ﬁtgpﬁ,mgs %ﬁ%s pose a
significant sablatlytdeaddherBaidie Eﬂflﬁ\?\ﬁﬁﬁc.ad)ﬂidwt% dRbased iﬂ&l&ﬁ%&@ﬁu&ﬁner ate
signi ficant_ anmounts of by-products ich need to be renpoved ™t hroug
purification spepengangievedivorblorideswditing eldoraty, agism feRhior8@Gs@BEndi scl oses
a process of treat.i n% car bon bl.ack with one in the presence of water and
inks and 30 c%?i’?‘flf?é g ecidRaf spdigm hyprehledtenon bl ack produced by such a
process are said toyRayed ERStesPBl 201J28RE okiiRnPEL QSN Bk ses and
_produce nore stable 2 6 Decenger Zogiél %gspgrm on%. Even t .g?%(a%iﬁ%rrents,
however, are nuiriodcid tf fendérdthmorpuabdilyydisperdablec AFRLE9,085 iscwsasdae for use
in demandi ng applicatiqns, _ such as, ink jet printing. Summary O The
‘Invention A fi,&qseﬁwé’ﬁ?nﬁfcalrw ?‘%‘s@ﬁ?@ﬁ@%&@@ﬁﬁﬁ\%@ﬁ%ﬁé’be@gﬁﬂd@é@s for
maki ng a f dis ' ' ; i Bl -oxi di zi.ng the

o grent w th oonaasrprdess B AERA o TR i\t B ofeeR Kol fies

subj ecting t headihigo® Mlithtapepdxii€ast UR8,347,63Likathee aProdebdoORgiiag i on t hat
‘provides an effective sheer rate of at |east 200 sec'. A.second aspect of
t he i nvent.i on Bydsophilis carbpr blaek by sfactingiha garhor black i apequsongsolytiapnadint.
conpri si ng theso%g hof K ci) (iazi ng the pignment with ozone in an aqueous

medi um while main ?B‘i’ﬁ%% pHof 6 to 8. Still a third aspect of the

i nvention provides Fhéte BEEHRen A urfPdd Rvity SBbditycth Fo19kA a8 Ik NiseHFERLr-
conprising the step of oxidizing the pigment wth ozone in an dqueous

medi um t o l@n  dispatsing pigments. | Fos sxarhple, BS Biid)789 fan@ WA R 186E8 topenthet he

" sel f-dispersin i ghent riati.qns on the .above pr.oc es, i'n which
Featuroe of -t HErolhERE  surfateuBedipE carbon Biackgients i which the carbon black
~ isreacted 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 thus 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



conbi ned, may al so be provided. A fourth aspect of the Qpﬁ&&%h%nggither
provi des a sel f-dispersing pignment prepared by the above processes, having
an acid value of less than 3 pnoles/n2. In an enbodi nent, there may be
provi ded an aqueous di spersion conprising a pignment prepared by the above
processes. A fifth aspect of the invention provides an ink jet conposition
conprising an aqueous vehicle and a col orant, wherein the col orant

conpris esdisﬂarsiosel Eved P ghents, hovgver bre ast of exif'ﬁdsied quainpede chumengially aspect  of

t he |nvent|ﬁ£ rat n303|t|on conprising an

aqueous véf ﬁo use Q%Haggfl%?%?iffﬁm%él}céaﬁ CBI% ant conpri ses a sel f

di spersi ng plgnent as defined above, mhereln the pignent has a nean
particle size of |less than 0 § E 3@@5!he§!ﬁ . charge density neasured by
zeta potential |ower than - ect of the invention

provi des an i nkficompentf tht premnmwnbm pmvldcsrmmcsssrfgrmﬂammuﬁdispersdﬁ@l cle and
a col orant. erein.t e rapt. ¢ [ises di sper si ment as
e ned AguET EdnicRink 1% e of bkt WRREEEC R A8k e RGN BecheR o T2

si emrens/ widldinpdtandoesly submatsngxhe ngmmttma&naél oh&dismks® muieing bpdraion tidt 6 Decenber

2004 Bri ef ti.on. O The am Figure | is a flow diagram in
schenmat i cpmv[i)%%% ff?ec%mShee”ateor%ae?éera%&ag%odl ment of the process of the
present i nventA mond}sp@t cbﬁhle iDestion p]bwddﬂ; a@rocfdrse)fhmlmgla se(bﬂ’-tliiiaeh@r esent

i nvention.provides. di spersin sel f -

di sper si fg"p comrﬁnsﬁﬁgjes eF"ner e 18'7‘n% 11}%8? gof ql"%%ﬁt"gege Decenber
2004 WO 0&d1mm@a|§BTdflﬂ$ﬁ)&/ 18180 "sel f d| sperS| ng" as it is general 'y

understood in rt.a nt |n stabilizing
groups coval en%trl a (% asga 8“?’ o n%on an?‘ésea pr?cef’%g'gm %?Ibgrﬁssﬁ% g? TPl es such
that the mgrgammﬂrmmgﬁieataetoﬁmmzzag ueqnmedn wifierzendin ah Aquehes meﬂhﬂﬂﬂ@ﬁ of any

-addltlonal Wth fe to Figure 1 the schenmmatic
di agr am i1l ugluf‘ §F£§ tF%esa ’%?2?5 r 8 fing ihe Self dispersing Bigment

Variations on the above processes, in which features of the above processes are

combined, may also be provided.

A fourth aspect of the invention further provides a self-dispersing pigment prepared by
the above processes, having an acid value of less than 3 pmoles/m’.

In an embodiment, there may be provided an aqueous dispersion comprising a 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.



process of the invention. Basically, in the, enbodlnentf§68gghgé?2§bgure 1,
an ozone generator 10 generates ozone from conpressed oxygen of “arr 9 fed
into a storage, vaporization and feed tank 15 and delivers the ozone to a
gge-ﬁlx t?nk 16. yateaoagg plgnent arf alsoldehhvered to fhg pae-nyx t ank
via water supply and pi gnment supply via a solids dunping
station 17 equi pped with a hood, grating and rotary val ve and havi ng an
exit to a dust collection system 19. The order in which the pignent, water
and ozone are introduced into the ];p-ghﬁw;ggk 16 is not particularly
important, so long as the vBmefDeseription aginghe ozone. It is preferred
that the reactf@gﬁézyﬂo@mi@m% gﬁ%&@-a fulddfindS Seflra LdMink ofiRe The
agitation can cone in the formo u bflng t{he ozone V|gorous?y I nto water
and pi greniecessiof themeeserft inyamtiennagnet i ¢ stirring device, or from other
suitable neans. In a particularly preferred enbodi ment, the pre-mx tank
16 is a high speed disperser {"HSD'). Exanples of an HSD include the G
TYEG EL E type |np§btir izﬁﬂhﬂﬁhﬁﬂﬁmﬁm§§%f22&9ﬁ$m | abl e frog1ganufacpurers
i ke Hockeynmer . 3 sper si ve
e e
an as , . estructi on device , To
aid with the agitation and increase process efficiency, it is generally
preferred to introduce the ozone in a manner that produces nore and snaller
25 Egbbleslastﬁpposedttotfemer and Igrger bubblezb }n thfhenbodinpnttshlczmq6
in Figure 1, e reactants are punped via punp romthe pre-mx tan
into a dispersive mxing apparatus 18. It has surprisingly been discovered
that the addition of a dispersive mxing step in the wet oxidation of
pi gnent with ozone results in a decrease in cycle tinme, and 30" increase in
yield and a decrease in acid value of the pignent conpared to the sane
process w thout the dispersive nmxing step. 4 6 Decenber 2004 WO 01/94476
PCT/ US01/ 18180 Additional devices may be, and preferably are, enployed in
carrying out the inventive process. For exanple, purification apparatus 22
is desired to purify the reaction mxture after oxidation to renove
perneate 27 containing any by-

3a



products, contami nants, free acids, salts, etc. and an o[%ziﬁn'e estrHEtion
device 24 5 is desirable-to prevent rel ease of ozone to ﬁ%eé'b eélzg Such
devi ces, ' ful, are not critical to the inventive l.p all
enbodi rren?g{dﬁgéw%reocess of the invention requires the oxi %@?@sﬁﬁgpsﬂ
pigment with ozone in an aqueous environment. As such, it is necessary to
begin the protsdfdisyerbinghad it is gepgelih andersb@t in the anandnskdes Ridans he
particular order 10 that these three reactants are brought together,

however, is no®gegnt havipg siepilizinggreemcovalsatynitaghedio the sunface ofdhdat i on of

i gnent wit hout_. e Jtdryy i dagion) jis.not wthin the scope of
!to Ihg i nvem i on9&)%%?5?‘#31%i%%tﬁﬂy%ﬁaﬁ%?gﬁolrmﬁéﬁhﬁlg W&O\é% dﬂ%ﬁ’é“f??épigﬁg t he
ozone then int @M@@Qfa@maﬁhﬁ,ﬂmgﬁrﬂg {ser can Dbe m xed before

i ntroducing the pigment. 15 It is ‘generally preferred for the water to be
added to the pre-m Withrdafertace toiFigurt é, thaschemstip glagratpiliusuiatéothe tphefemedne t o

be bubbl ed into the -m x tank 16 _and_pu 0 actjvated to begin
circul ating t-h@r%fﬁf@!tgﬁﬂlvﬁﬂi‘%’r %W%H%%FMW%W@?FW&@% t he
di spersive m XighhedRUEGE 547} x%%’ﬁ : hj t he
ozone and water- arecegacci rcﬁﬁgtg?ﬁ%a?ﬁggot%%%ﬁﬁ%%sga )6t ;"F é%egnﬁe%thg oWy 20
i ntroduced: i nt etordge, yaperizhtion :mdedBank heamlt detios:s theozonstd HpRMmbntahli S
manner . unti | égeg&i}gmant s sufficiently oxidized and becones self

1 &SH

di spersing. Th P 4nd pigaent a alfndelivaie toyihepre-mix faakd Gadn water pinpded i nt o

o : ST ; ' s .
of Cvater onyy” oJ2add pidind® bt 1ol M B NP 1P o B Rah e ©
“than it woul d beatinf ahth eothiyaaBRiand2avivg bl cAE 8RS0k bolddction SfterRf 9 frnt he

pi gment and water were mxed pri-or to introducing the ozone.. The lower
‘viscosity is a@tehimaybishdhdpigmeste wates apd orone orej introdnsed ingé fhiegpremixvimdn t he
.viscosity is kept_ |ow _Furthernore. a |ow viscosit I xture i s less taxing
on the punps; zgéﬁ?ﬁ(%)?%b'kﬂgflﬁ?oﬁﬂ’?ﬂlg%%tﬁegafﬁrg?@eéhé?%@‘?ﬁ%ﬁa hi gher
viscosity mxture. Tiyprersidd thelths fAbBnR Gr RIBRYE WL i fredfe 138 arfidd, NOUt
-sacrificing throughput) and it will last |onger, which results in an

over al | i np¥ ovdhengititionpan cems irfheifoine ofhubbling tddizonovigonshsly intodwratém t hi s
manner, 6 Deceane;'r. 2004 WO 01/,94476 PCT/-US01/ 18180 the process becones
‘essential |y a EBhPEMFILRUHGHOR 2TagN5HE SITPng JeYch A diom pthgradtgble

' ' ' means. In a particularly preferred embodiment, the pre-mix tank 16 is a high

speed disperser (“HSD”). Examples of an HSD include 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 a 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.



I n anot her enbodi nent, the inventive process provides foqr@t he ongagi on of
pignent with ozone in the presence of an aqueous environ Rt® rW‘ﬁl

mai nt ai ni ng,oat{lﬁ, 7%f 6-8. It -has been discovered that as the pH of the

oxi dati on decreases, the viscosity of the m xturePCRESEHSA’ The
| ower viscosity is Advantageous for the sane reasons noted irmedi ately

b Th | at f
above. The rela |V9Md1tﬁﬁﬂltde%ice91ﬂa9%@ 48 f@éﬂ% ! %%ﬂﬁ%&}eﬁ Bea lihd G of a

base to the reaction m xture. Suitable b ses | nit and -

i nor gani c baseﬁ;e lbmntwapmcssmlﬂwemplalpanﬁcat@armpj;&aﬁ@tzzt@déb%d&fpurﬁ’y c
base that w II oxidized in the presence of 'ozone. For that ‘Treason, m.

or gani c- bases'® SWHOEm%“?lrf;/ﬂf&sP%FWOH%PM@@%MEMW&WM| de, are
nost preferred g ﬁ%?tléﬁﬂ B il ey nc\}/zgﬁt | or@pégr\r/ des process

to
for the wet Q gatlon o h ozone er si ng

pi gment, prif ersaiahlyalﬂcﬁaprbmntiéieabéaﬁ&oﬂbgfmbspﬂwlS\gzhai&vﬁﬁé Gnyiel ue of Iess
than 3 ptnol es/ nd nost preferably |ess than about 1.5 ~t'mol es/ n?. Pri.or

to the presentY§ e?rﬁm@hcnthalwetbeg@ﬁ@‘mr@cew i eved that sel f-dispersing

pi gments needed .to val as for exarrpl e

in EP 0 896 986) toﬂf%f‘?ﬁ{%&éf tga‘XsBré’ %SSSﬁ et - ‘i(l"ﬁf& &H‘j“’gﬁéﬂ

i nventors, conpigiieyt withloérke ﬁ@h'a&ﬁeou@éﬂﬁroﬂhﬁﬁf)%% §n! ﬂ?stné%ssﬁxg% BEihNg the
r

20 m xture of ozone, water and et%ment to at | east one dispersive Xi ng.
step 9 stable ﬂlammssbxomnmtoa gr\wiatr erbnmandppgrgerﬂnﬂhepamuﬁgtcadeld val ues

rangi ng fr 1.4 o0 about 2. npl es/m-. I n the
preglan'? in nt{il ghese %‘F’& Wgs Eétﬁg‘?ﬁé‘ﬁ W#’ﬁé I%B?W%‘iafal kalii or
ami ne requir ediph @rﬁﬁﬂ%ﬁ@?\t%&&%@oﬂ%ﬁ%@%&éﬂ??ﬂ%&u@&a@f@QE.“' hn an

agueous 25 di spersion he acid value iIs res as mn S per gram
(ol es~g.) ofomd@mmotmthmnhemmpalo@ﬂaepﬂenmqnaﬁ“huﬂﬁeeplgmfenﬂyngmr surface -

area ~ CpLnol es/ cid value (in mlli-mles per gram is
cal cul ated by ‘fql}g"_ef@"feg\;ﬁgﬁ er and e pEepe it edrgd. 0y thgpeone aud Waigy caOH to

neutralize they b%fothrc@%%ﬂljen# gm%Am d Val ue -(nmmol es/g) sanple

wei ght (g) x Wt e pi gnent 04 WO 01/ 94476 PCT/ US01/ 18180 To,
convert thift aci d vﬁhy@@@l@@é&x&e@ﬁfﬂﬁmﬁoﬁeh&dﬂdfohgefyﬁlrhﬂw@quat|on

s via the water supply 12 and for the ozone to be bubbled into the pre-mix tank 16
and pump 20 activated to begin circulating the ozone and water from the pre~
tank 16, through ﬂ1¢ dispersive mixing device 18 and Back to the pre—mk 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 reaction 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,




used: Acid Value (mmol es/a) 1000 nole Acid Val ue (pnol . Sur, e area
(nm2/g) x mole 5 A back-titration using 0.025 N HO. is ﬁ%é%nl“i?r&b@gticed

t o quant i W dilvesmexcess base ("al kali or am ne") when the ga¥efo18s180

di spersion exceeds 7: Excess base.m ofHC x 0.025 N10OO .inole '

(p. noil es/ mZ).gigrrent W % x sanpl e weight (g) xXmmole surface area (n2lg) 10
The aci d .val ugediroeass beosgss esseghialiysa edytianeecprogess aboppsed tog badteh excess
‘basic sol v‘,ené fromthe.total acid value. The standard deviation of acid
value measur BffERT™is determined to be about 1.4% It is rather unexpected
and counter- intui f t iIﬁz@ﬁ%\%;p | ' ' 3 relative
| ow aci d val ue, thg_@gaﬁg%@%gﬁtggout - %ﬁg@% (?)&Ir%s%%ﬂ%@?%oétabl e
di spersi on t hpigmeenpwithembnaintthe pfesenchiof e aqudtslematontenfWhile fRSREMERLI ON,
however, iis attributed to a nore uniform functional group distribution on
the pignmemt whPH ¢dx8. thas been discovpred thead apthermibof e oplation minting ng step

when perform L St s ce_mdificatiat ozone during grinding.
Particle si zel_Ei |Ié3' ??’%ﬁ%%’g}tgggﬁggmxu © _ PG %ﬁg%ﬁﬁrvﬁ St _ Brul t.aneous

- _ozone/ di sper ShdnPipee@SHr theakink ¢aHsaRd dotdd ok EMSRLy H99e.OYES R1ARE20

. particles.- The -manner of generating ozone for usé in the process is not

critical. Gepeytegl pid copdaiainfained by she gudigtoarofedasotarbe rexctivremixtatel y
avai-l abl e ozoge., gengrati o i pment for that purpese.. Such. equj prent
generates a gggmgﬁ? E?fﬁ‘? gﬁﬁ}dgﬁﬂﬂh%gmggﬁg\é@,qr@ngolggsg{;%%qa%&o@&%wk%, chis
suf fi ci enfo f Opotith st BYSRhIEGaR! BSEHT bk he phedts i e
bottom of the %re- rsn X tank %g%rfor e&%ezn(g?&e?,éwu%tﬁgpge%%ggytggﬂl& Iﬁé’?tﬁgpf | ow
rate of 3 t o abdn, énggauie bases) pasicularlynetasinoehdratitoas] sidtum bpdokened at
5.0 to 6.5 w % when Ltlsi ng oxygen as the feed gas and 2.0 to 3.5 6 Decenber
2004 WO 01/ 94#FPERPEPralRsEtrtk 18180 wt % when using air as the feed gas.- It is
particularly prefe ; : L er. f Ok t.he ozone, but
1 9{—)1 ah&h&’isd&n%g@%%f ‘2’? inV o§i ﬁgcfx)lcgeg é&t%g?cesgfor %%en%? ' sing

-nobl-e gases nay al'so” be used. _ er abl- ream
= about 6% by wedgihitioR&AendnPwiK YARE td RokiPh Q¥EHspersing pigment, preferably a carbon

15 black pigment, having an acid value of less than 3 pmoles/m” and most preferably less than -

about 1.5 umoles/m®. Prior to the present invention, it was generally
believed that self-diépersing pigments needed to have relatively high acid values -
(as taught for example in EP 0 896‘ 986) fo 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 -



QO her additives may be used in the reaction mxture besifgﬁs tﬂe gﬁh r,
ozone, pignent and base. For exanple, the addition of h §) ﬁ5 Xi de has’
been show@-QQmiﬁgrten the cycle tinme and to decrease the formation of salts
which need to He removed in the purification step. In ad&8CEUSAVI8IBY S| cal |y
adsorbed dispersants or pignment wetting agents may be added to the
reaction mxture, if desired. Exanples of physically adsorbed di spersants
and pignent, wetting agents 10 are famliar to those skilled in the art and -
i ncl ude the stegew atrpoldyvedud to poblepmn Squirs nbescthe Beltbwig BmatisRETer Ci al |y
avai |l abl e random and structured di spersants (e.g., ethylene oOxi de-extended-
alkyl'phenols?$3the fam |y of dispersants- available from BYK Chem e and

t he di spersants and wetting agents disclosed in MCutcheon's Enulsifiers
and Detergents, published by Manufacturing .15 Confectioners Publishing

Company, G en Rock, NJ. O course, iAcidsVﬂﬂe@@R.ts e of § I ntion not
to utilize sugh dispersants so, +f they are used, - eyxshoﬁ(?@‘%%erﬂg be used
in amounts t hafldWair (reddestm’)i n a st alshdfactiasgreusigpn absent trieolzone
treat ment . The process of the invention is generally applicable to all
types of 25 pi gnents that are subject to being rendered self-dispersing by
oxi dati on. | nAbhdletitrativan g 6.08 RERGES A ﬁ?sﬁlygﬁ? o Bﬂtﬁ l.ack and
col or pigments and, nore _sgpeci ficall y,oa.ny 0 %rﬁsﬁf%%ﬁP t gf'}pcc?f')%t ains .
ei t her ar omathase iebalior eming”pwhben theqit of ndisgersian bosee@aT-bon doubl e. bonds on
its surface. Because color pignents are generally nore difficult to render
sel f-di spersi.ng, the invention is particularly 25 well suited for use with -
car bon- bl-ack Fl.6HBMNCS, [ DUl CUrOLTF t e—by-—fo—eans—exsuded. .
Physi cal prdperty and rrpo_si_tioT#%%%esTTs areji ortan@?&%@érs to .
attain a hi giemelsinty per f pigmentetot sample yelghti(ghks |and cdat i s@sle | N |t he
present -invention, the types ofS aic ar}egiég )to be used arle not partifcularly
limted. ForLthe 30 . Jinkjjet i AK appli at/‘oron,. it]is preferred to Use
pi gnents having a primary particle of size Tess than 30 nm Surface area
measur ed'1 y BET rrg[t,hod_ aftects significantly 6 Decenmber 2004 WO 01/ 94476
PCT/ US01/Y8180 th tharaluridhndispereing it ebtainedibnsuhtiabiing $pexsisnbpsii gnent 's.
The hi gher t Qe R 1 reayi S he Janger the cycle time is
usual |y nee deg%ye&ngﬁeﬁep@% 3%5@%/6.&'&6. %‘he_si..’an&arg Qewagon of acid valiie

measurement is determined to be about 1.4%. It is rather nnexpected and counter-

intuitive that a treated carbon black pigment‘with a relative 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



I nvention, a variety of carbon blacks are used, includi ng FW 18@@? FW 200
manuf act ured by Degussa Corporation. FW18 has a primary BS?“%T%?f 15 nm
5 with a REdeguidace area of 260 n2/g. FW200 has a pri ”ari‘c?/%rsﬁf/ﬁ]&% si ze
of 13 nmwth a BET surface area of 460 nR2/g. A nunber of otheér CAfbon
bl ack pignents al so can be used, such as, Raven 5000, Raven 3500, CD 203 8§,
CD7035,  CD60261%Cledlsingrairs el fes8iza) 10RaHHRlS1yGREMBAEY 1o [E¥bkygdd dst €X
150T, Color Black S 160, Special Black 6 from Degussa Corporation and
Vul can 10 XC72%Re cRiea ganior Bomzene bubaehie rasssmay alsmbeabast Mast prafatablyphor

~pignents that he used .i.n the ess.of this invention to formself

di spersi ng pi ﬁ%%%ﬁgmgﬁﬁag,&tﬁ%@% gS,’W E?glﬂ(’%%n,e WR¥eRL s grpieyed-r om Sun
Cheri cal Conpany, r @hePhHiBRsSmay bichse@ $n the'% E'@ﬁ&ﬂ ifeidel debi et, from
Bayer Conpany, . Sunfast rregent% fI‘OI% Sun C%eer%\ ca Oor%g%gé,ﬂlgﬁ%géﬁ’pi gnent s,

such 15 as;? He¢Zongapiggentemd basen HehSRarfplepthe addition ofstdrapsnpegxidins such as,
Sunbrite vyellow fhom %u Che%nl% cal el l ow 131AK from C ba Chem cal s
P¥A foyghorien etGYPLE%P

Corporation. &0 e oglgerspsertagiprmaton ofesglipihinh on t he

erbod! BN, ool 66 ekl M ATBLANPAET 14 0A0RE, T BUNTL oL €3

.one di'spersive - mxing step. m X1 g or g applicatrons

i nvol ve punpi ndjsparshnibeerpigraéht frettingdgehisuiyche dddeditoths fdaton Mbxthdedifi d- gas.
The intensity.of . m'xing can be characterized by the- energy input or the

effective sheatesiad-eExappleseintysicolly adrerhed disperseus and NEmgnietting peemmges
f. 50 t 00 TR Y5 o1 " Hl.ui ' Technol . op. 29,
153?) andqfogonﬁrggwg’oﬁgﬁﬁ@g%m gafﬁ adlldslgclél}qg‘f @%XSHH% l%eﬁéog%eo gper gi on

(Tenpl e C. Patdigfersantededtritell Gélow) dominir@stly HaSR6E $Ar@Bm and strédtured>6, 1979) .
Accordingly, the term"dispersive mxing", is used herein.to identify a
ni xi ng oper at i Gppersrats (§igo ethydene rridefetented ek gl@wnolsk the familyiof Hispataid0

Vrorof Lui di zerUFIT PR Ry GRee ahd csimooants sna patingaeents abcised i 1 Ui o
:

m Il and sin | eeChicBoPBrRikifidh wﬁa&r&ﬁggﬂ%&%&n ng 0 advantage

in the present invention. 30 -The type 0 Vi ce use [ he™ di sper si ve
"mixi ng stdp wiConfdeiomeans, Publishisg Compatye len Boclk, N, tQfreunt, ipisgreidvadigsang
~oxi dized and the, characteristics of tﬂﬁ 9 6 Decenber 2004 WO 01/94476
PCT/ US01/ 1818Pt the imnvention not o utilize such dispersants so, if t]:_tcy are used, they should not

* be used in amounts that would result in a stable dispersion absent the ozone -
- {reatment. — ,
~ 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



pigment. In general, color pigments need hlgher energy : §8 ar ed
to the carbon black pignments and so-called "acidic" g ess
energy th " ral' pigments. The precedi ng statenent IS not mea

inply tha %ﬂﬁykrocess will not work unless the proper %99%@%@%¢8e |s
sel ected, but rather to 5 note that nore than one dispersive mxing step

oy be needed thd qjdgingehasiion kM RILAGRIILELEN TIEARAGY el N general

it has been foun hat” nedia mlling e m X hrough a -
plurality of migmeéntsuficetareais the thgetthebyalmnmeas:msmhynémiﬁbemm'ﬁap@eslehﬂw d

pressure of at Iesst 69 barf( %%rbﬁaci%(?o /cmz i.e., such as would
occur in a Mart¥B ?’blad‘fafl@W(Q car quuﬁ 8)53%%8 ardiFR-20@speci al | v
10 preferred. Aftex R 3! m-Xxi n t he

pi gment i xture B g@’ﬁ%@@%gﬁ@?ﬂq‘g % -lﬁr%fp W{ﬂ%ﬁgﬁ%ﬂ%g’é’dure

sal ts are §enovitc BETswihéeereamf g6emt/s. rWWt-zn)D&&as(J@{rﬂa&y pehiéle hergizBop$3

"desalination") and the m xture is f| |tered and. centrifuged. The
desal i nati on PFOtESSBEEsysfaet ermefl4p0 pdef drimpdbebof offr cirbandfiackt r ati on. At this

t, th t b trated. if | of
ome of ¢ he. vaEaont K oty B M £ 8 Raen S8 Rayanefidhr G 203 SHR e
flow of ozonecmed:260@mm4 £68 (W@ Biay dh@ﬁkcaisﬁc&ﬂ?inﬁl AL, Bibfad RS PACt ed

ozone, unless, of course, the process is being as a con | nuods process
as suggest ed C@M\Péacmmouﬁpm&lmbkd’zﬁrm Degusl Corporation and Welcaz one

destructi an trms here. It |s particularly
preferr edﬂ?ha%ﬁE ﬁ‘ﬁ’ﬂ’&ﬁk Oég agg&} ga’?ﬂ tspersiv m Xi ng step

i mredi ately prior |

is not preferred tﬁﬁgh%%i%%g tE%t Ee %ﬂ%slh‘? M‘%Eg’%hg?saﬁn rom pﬁﬁgopr e-
tank 16, but firm qﬂﬁaa‘iqyermig pigaienistardlue pipments; @emhtds,eslﬁifmameeﬁbﬁalﬁﬁh t he

di spersive m& apparatus 18. The reason, as denonstrated in the
wor ki ng exarrp gxmq Comppnya Tod pigpieatsstush pe Iadefast Srillant Scaet, frem Baykr (as

measured by t function of aging) -
results.. The co H%fs;utn?%s%&g‘?&ﬁéﬂ @},{Q%ﬁe{lﬁ cgl%oééi’agg’e%eennplgwgntﬁT%gss i s

not parti%ul as, Heliogtd inead framoBASF Dk oratidny pelldve pigtentshuch B esibripd gment .
and-the type of 30 eqSU| phent, used in.the process than it is a limtation

on t he .proces¥eljavsEpm @e‘ﬁ]éﬁﬂalmlw@lb@hkﬂfé{ﬁﬁm@%ﬂhemt@h@mpmamunt of

Pig rrent shoul d not A%O oted above, it is preferred or required, dependmg on the embodiment,

to, subject the mixture of water, ozone and pigment to at least one dispersive
IDJXJI_lg step. Most of mixing or stirring apphcauons involve pumping and mass
20 . flow of liquid, liqﬁid—so]id, 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 Pigroent Dispersion,f’ p.
e o5 -: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
| ,.well known devices as a media mﬂl attritor, hammer mill, Microfluidizer® (from
Mlcroﬂmdms Corp), homogeénizer, jet mill, fluid mill and similar hlgh energy
~_ dispersing de_:vmes can be used to advantage in the present mventlon.

30 -The type of device used for the diSpersive mixing step will depend, to.



6 December 2004 WO 01/ 94476 PCT/US01/18180 exceed 50 wtO/ %?I?Ggmé%
concentration of 5-20 W% especially about 10 w % gpPg? Or
process eWbintioertey. The sel f-di spersing pignments produced RyriSa/Risgcess of
~the invention are particularly well suited for use in ink jet inks.
Accordingly, in one enbodinent, 5 the present invention provides such

i nks. Gener al Pigmesk ale gvgoral, 6RIOF pignientsnesd higlies eneray arjting s comhireti ¢y - a

| t and t iVves.,, | ected t de th
ok T 5 el B SRR el et cpiled e Bl pet R b et
the ink to thedugg hefBnt STR pRedfh éktﬁtéhéﬁtis%tha%tant%! ]pﬁrfth Lo provide

a bal ance of I ght stability, snmear Tesistance, viscosity,” sur ace t ensi on,

10 opti cal depopesg, willdoewbrkunless the psiper mbiisg dedes 1sfsellemed,aimkaﬁher thqueous
Carrier um Tﬁ] aquequs carrier_nmediumis water or_a mxture of -water

and at Ie t Byfe W%?tbeepﬂﬁﬁepeﬂwmeﬁtetmyéeeeﬁsieﬂe’r&ﬂlwelmted eferred to

as "water-sol rg@; ctio t abl ure
depends on re%%‘%e%rlel%ts 0 &%t%%rﬁ %g%qﬁ,r%%asg%egpl gtg{%ﬁtm cﬁgﬂugg:\g desired
‘surface tenSImﬁm@gﬂm&&ymﬁﬁg&iﬂglﬁmoﬁﬁoﬂ@mm idjae type of

- substrate onto which the ink will be printed. Represent |ve ‘wat er-sol ubl e

organi ¢ sol véﬁ?fﬁc%oﬁ&ba‘ﬁ'ﬁyatﬁél%@l%%ﬁ%@low teagti68 bird$@09 psi (70 kB’ )Patentch
5, 085, 698, the d| Iosure %ﬁ% 413@ orp ﬁra ed herei:n_ by reference. A
m xture of vva?se"?’ 80%1“6%? uLdizZer®, ek wet] i theprassss Ad @ eseesialycol , i s
pref erredas Igreﬁn@g_ueous ‘carrier medium 1f a mixture of water and a

wat er - sol ubl € sol vent is used, the aqueous carrier nediumusually contains
from about 30%to Aﬁenﬂhe@ﬁiﬁaﬁm and dﬁsperswhmmlnglswp@ the piyment thitiurdl) bei ng

t he wat er-sol ubj e ve Prefer t he agqueous carri-er nediumis

60- 95% nost PF \1‘9&5‘5 @@“g}é %‘93\%105 rire, SRHE afe rempucd Bomdbeous
carrier mnedi ) _ v f 58!{@' '

corposi tion, L%%ﬁlt pr ei er 3%?6&3868%3&3% %;)dgéﬂvx% g%? an%olafeor ants Ié ﬁﬁ%@gol or ant
in.the inks (ﬁndtdenmﬁrgadeﬁme@esaihﬁubﬂﬂ@rc&essfls giefgablyipagfophgi®yt - prepared by.
t he process descrjbed above. |f desired, other colorants, such as 30

" convent i drial iTgkEHien. oAt Yol Wﬁs@en%@méanaymmmmmdaﬁdwm t he
- self- .

by removal of some of the water. Prior to punﬁcatlon, it is preferred to cease the
flow of ozone and to vent the pre-mrx tank 16 to release any unreacted ozone,
_unless, of course, the process 1s being run as a continuous process as suggested
-above. The unreacted ozone 1s delivered to the ozone destruotron devrce 24 and
20 vented to atmosphere : .
It is particularly preferred that the pigment be subjected to the. dispersive
rmxmg step immediately pnor to bemg subgected to purification. In other words,
it is not preferred that the prgment to be purified be drawn ﬁom the pre—mrx tank
16, but-is preferred that it be drawn from the- stream exrtmg the dlspersrve mixing
25 apparatus 18 The reason, as demonstrated i in the workmg examples, is that a’
more stable and reliable ink jet mk (as measured by the number of cartudge
nozzle failure as a functron of agmg) results.
The- coneentratron of prgment that can be used in the process is not
particularly cntlcal and is more a function of the type of prgmeut and the type of
30 equipment used in the process than it is a limitation on the process itself.

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

10



di spersing pignments of this invention. 11 6 Decenber 2004DV\D 01/ %6491%6
PCT/ USO1/ 18180 Useful pigments conprise a wide variety of PorgRi" d-

i norgani ¢ pignents, alone or in conbination. The pignent particles need to
be suffici@ﬁ’t 104478 a1l | to permit free flow of the ink throB§HUSHEISI®K | et
printing device, especially at the ejecting nozzles that usually have a

di anet er rangi Hld) ) [ rtbecle size al hag, an
i nfluence on t ee%irlgnentm ?F%{&g'}eg?%‘g‘%s t‘éa@f"ﬂp%%m"gﬁgl?egla@?/ias?‘itg‘lo Proughout
the life of thi preferreBf\pnocess effitieady. of minute particles will help prevent

the particles fromsgettling. It is also desirable to use small particles
for maxi num col or siThepdfAispersiag piamypatsairodnsed by theaprocast of ®ie imventisn are
approxi mately 0, t 0., 15. referably. 0.005 to. 5 m and 10 post

pref erabl y frdﬁ?rge‘afﬁ%geg.s ‘%&ﬁ"ﬁ“ﬁ?@ni %Jclrﬁ’gf)s'c‘gﬁ?"é&'ﬂgb’pmc?}m GRneHit el y.
30% pi gments by fagireiehs inbttioWipkdvid SR0EH Rk YGRSl Bk - pproxi mat el y
| to 15% preferably approximr?ately_l to 8% by &;asitpght %’Pﬂ&egi%l%tal. I nk
conposi tion f oromprase duriqueass vehiclet 4 ngloraappld aabioaklitives1 The diditiead 26 and
anount of dye present in.the i.nk. conposition is largely function of

choi ce, being g@?ﬁi‘ﬁfﬁolwmﬂé‘i@ﬁd’gﬁ?ﬂtﬁBdlﬁsqeﬂé’.mkf'é@iqfé Selofush agmighidepr i nt
achieved with hged fadab e B ol ] %%ﬁt-' : W
concentrations o? dye hayenot g%%ﬁg%ég%%ﬂg%lgf oélﬁ%il\i}fl(ilegggég\r/\ﬁe eas high
concent r at i onspromide artedkt of light etability,isnicheesistaadd olsomgesi@factipasioapt abl y
dark col Orfﬁ Generaglly, if a 20 dye is used, it will be present in the
anount of & 01°Rtrabd@isity,adhesion, Py cysigesistancegtar examaplanst preferably 1 to 5%

by wei ght, bas&guéﬂﬁstdlﬂi&%@diuﬂﬁei ght of the ink <conposition. Dispersant

I f the ink con veritronal pignent in addition to the self 25,

di spersing pi gnent-sTh aduebss daiN@ Hhédiin id Watét bl a RBHNE GE SRR ¥nd Bt 184S Bnd!Se @

di spersant to disperse the conventional pignent. Polyneric dispersants are
preferred for Wakr-selyblgios petesanisaiblefcallertiyedy reiforkedd tansl;‘watessolpblet)er red are
ol yner -dispersants havi a.bl ock; .canb .or branched architectuy

(ps oyc,al led " gt?rgg?lﬁﬁg]aelgo{gg};gp%n c))tc a émtal(t;)le muc{ure éepen S on requirements of tﬁe

- 15, specific application, such as, desired surface tension and viscosity, drymg time of
- the ink, and the type of substrate onto which the ink w111 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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Pol ymeric dispersants suitable for use in ink jet ink arg-well Kk to 30
those skilled in the art and need not be discussed in deete%??e"ilpeelrgaw

Parti cul avbyioqmef erred dispersants for ink jet inks are girggh Qgﬁg dsn uU. S.
4,597,794;"' U. S. 12 6 Decenber 2004 WO 01/94476 PCT/ US01/ 18188 , % , 698;
US. 5,272,201 and in EP 0 556 649 Al, the disclosures of which are

i ncor por at ed her ei Hs¢fyl pighentsnompriselaimidenasicihef orgdeioad i6@gkdtn ot her

addi tives that. are'ﬁémmnl,y used i.n ink jet 5 inks. For exanple,

surfactants rFAFIERS AR pronsememation s daepigaiest priticles nestito be suffisiently

enetration el ¥ - ver,. surfactants may have
g negative ef eﬂ%fﬁ%ﬁﬁtgg é’b@ﬁ%%%ﬁ?"dﬁgﬁ PR %‘ie‘ﬁ“f‘?k?sp%lagﬁre |
shoul'd be t ak@eejefting abeAds TRGulIB, WNORBmSHF LAGLARLm 1b Em?ﬁ%t Lon, the

&0

choice of a specific surfactant is highly dependent o t“ype of nedi a
substrat e3t o be Thepatield size plsalps a5 indlvense ion ks pignivet Gspefsiont ant s nay be present
i n the amount_ 0f..0.01l.ta 5%.a ref erab)l 2.to 2% based on the total
wei ght of ¢ hS PR B’%%F '%8‘%,"@8’6%‘?%1@}“%&?#%?%@%@() Brewwionmgtiossf, M dl and,
M), Nuosept([ﬁj)lme(#gﬁa SRRl h & év? +the Bl ﬁ@ 1 QU gl ) (ain
Corp., -Cheshire, ), eNopcoc?gres %ﬂlfﬁéelﬁlgg% r%@@&%@#" ‘%%?gbl%té
Troysans(r) (ube syallipartichss| foomaximurd Bolblestrenisth. (Nh ranp@ oFegifilpbene gake. nmay
be used in the ink:conpositions to inhibit growh of mcroorganisns. .
 Sequest er i ng 'aEpPrAxEmalely A.08% BT IS pmyprefdesblyl®0S tnthoded to el i minate

del eteriqgs :%Jsgﬁgf%ragfyﬁ%ﬂwl B Al Mpurities. Qher known addi tives, such

as hunectants, scosrty nodifiérs and the |ike nmade al so be added to

i mprove various priipdnk nes ohtaihep 'dﬁppmeﬁiﬁjm}gigu?eat@%@ht,mﬁwmi n
advant ages of using_ self dispersing pignments is that the inks have very
| ow vi scosi t \BeHpFAER beimthegrrge of @ppiognately 1atddisY4, preferkbly approsinadelgtilt | ves t o

provi de desi b roper.t i to.the printed imge. .For exanple, it is

- known fromtﬁ(ggggtbgrw lglllttoﬁ%tﬁf% %i%“PcOéWP&if?FT%é@?JSFPWm_ bi nder's,
when . added tgplid¥iongt i.nks, can decrease the tendency-of the ink to snear
when, for _ .25 exanple, printed text is struck: with an office highlighter;

‘can decr édse the Thermoéoremdammoant dfitlyetpoeshnt indehiell cahposition is garbelyader i ng;

: Ca.h ' ner ?aseﬁgﬁlc%ozal% CRoide, being primarily dependent upon the desired‘cblor of the print |

achieved with the ink, the punty 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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of the ink to hydrophobic surfaces such as office trans enci.es vi nyl
substrates; and can be used to inprove the resistance.oﬁ?pﬁggT#?ngpgg ink to
abr asi on. agqﬁgggﬁ, EP 0974 607; US 6, 040,358; EP 0 851 014; US 5,912,280
and 30 US™® , 023, the disclosures of which are incor porf&TdE0Ndsi8I n by
reference. 13 WO 01/94476 6 Decenber 2004 PCT/USO1/18180 Therefore, it is
nost preferredst hg d : LLBV§NL O ont ai ne or nore
pol yner bi nder 3’({32}6&86%8 g@ﬁ%%@@%’ﬁﬁgﬁ%gﬁ?f*@smﬁdqﬁi" %Pjé%e??g?nﬁ@rgﬁnd :
Properties Theincokwraicé hgrerpiar eferbcen xi ng t oget her the sel f di spersing
pigment of 5-this_invention, the aqueous vehicle, any additional colorants
and any addi t | AGElitives 5 conventi onal pi gnment is being used as an

ddi ti I I t el bW be,. .ar O prepare di spersi.on of the
S grent and the. ool dbb ke o ARG SRRV b L ERRRSHE rEBGRE R <1 on 1<
vel | known §o0 @S ®oskidosel shffa&thﬁsaiagy-belufsedl% ASNEEBLL ¥ernGBa ik é}éh%ﬁto- make

these ink jet inks in concentrated form The concentrated 1nk jet inks
are subsequent PaxEZa peretraon hibtheppk b thetpeint medie e Blowaven pufetanis@ay n t he
preparation of a greater

ink jet printi system This technique rmts ]

quantity of inEg‘fer pﬁgaﬁ]ge %%iﬁ%ﬁ S:tatg‘gip' ePiggnt 1n the Inkoecarn shauld bes t hen
diluted to thet ke8] ; %35} td it %%ﬁ- ' . S0 whi ch
contain the water %feg%lhggi n e%ﬁggglﬁa?%’ EI{éy I@lﬁﬁ%&%ﬁo&“ﬁ%ﬁ%ﬁ% adj ust ed.
15 to the desi swithctant ixdsghly depsmident, omhihe typeaff uledis sabstee® Beyprirddid TAri Nt ar ea

cover age. L@r the particular application. One preferred self-dispersing
pi gnent contenf¥HL ¢ swfacigntsinay heresesit gridn empnatl of 00k tess%andent has a

mean particle sj o %I]B lgpg -nas charge density neasured
by zeta potent?ge?&?}%&gff%ﬁza%’%gﬁgo : % An%lgﬁteqﬁ}berlé‘%mred sel f dispersing
pi gment concent r at e Biavides] S©b avdd@vicARED PDEWETHemibHe i dlarld) R1ID 1 105RBtEhas a
conductivity of |ess than 0.15 Sienmens/rn and counter ions of |ess than
0.15 ol gs t)er(flhilﬁéme%lmefﬁéﬁtﬂvfﬁyaﬁi\ﬁdﬁmdm?%@@(ﬁfm Gli&?hlrh; ﬁffﬂ),et_s, drog
size, and str A r rea te e surfa ensi on an
the viscosi tyeﬁogb%%té&?ﬁk(ﬁeﬁc& (?org., imblgr, ﬁﬁj,elgoysans% (’I‘roy. Cﬁwmlca(f %orp.l_, T
15 - Newark; NJ} and sodium benzoate may be used in the ink compositions to inhibit

growth of microorgénisms. Sequestering agents such as EDTA may also be
included 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 de:créase the |
tendency of an ink to be washed off during laundering; can increase the adhesion
of the ink to hydrophobic surfaces such as office transpafencics a.nd 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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25 Ink jet inks suitable for use with ink jet printing tensnﬁsﬁB d have
a surface tension in the range of about 2. 10ANcmto abo ce cm and,
nmor e prefwoa)oys76i n the range 3.104N cmto about 7.10-4 NamseMsiso
~acceptabl e viscosity is no greater than 20m Pa.s, and preferably in the
range of- about 1.0 m Pa.s to about 10.0 mPa.s. The i nk has physi cal
properties cokperfose.dt isimost prafird thatribyeinks oﬁﬂsqmsngt inpendionicontsin éneor,

driving vol tage_an e . wdth for ther ink.jet printing devices,
driving frequg’r%fﬁ/l’?c;{?’gﬁeﬁémﬂ?réfﬁp@l heb v é%r?ﬂ?éﬁlé dr op- on-denand 14 6
Decenber 20041&@113&@&# %@5@@951/ 18180 device or.a continuous device, and
the shape and STze 0 0z They nmay be wused with-a variety of ink
~jet printers such Ehemwwpmp&redbyﬁﬂmgmgethe@thtrﬁlf—dispermTp@ﬂmMthermfﬂ

or bubble j et .drop-on-demand. -The i nks have excellent stor aqg(le stability
for a | ong4 petipvaRioTy therpsiepysyghicts, any 3delitionsl C@Qﬁ&ﬁaﬁﬂdﬂy piditives. 3ft he i nk

h h b
Chrried our rAFRER TEEH U vt %% mn RAR G HEBFREGL IR L o “201 o
tones, hi gh dﬁéb%‘sslaiy tcﬁﬁ&@ﬁérbﬁ@ﬁsp%ioﬁrofﬂf&mgﬁ}%ﬂ%dﬁﬂéjsélécﬂéﬁ digr 488 SThe

Furtherrmre the ink ‘does not corrode parts of the ink jet printing device
it comes in cbuiepagtioniof the dispexatonkis M@HMWplteﬁlowdﬂﬂcd/Brﬂleart wi |l now be

. furth | lustrat f.ol.l |
Wi o part s and ol bl SR Bk S ki ml%gn%%“ EARAGE. Unl 055
ot her wi Sel(ﬁtaTEQco&éﬁﬁ@ce&"ﬁﬁc&gﬁﬁﬁé&E%&bseWnﬂQuﬂﬁ H%ecg)? model G.-1

- manuf act ured. by PCl sing either“air grade oxygen
as the. feed gmcentf-mrdnlﬁ)fmml@nh@et@ndangsyﬂmdmwmuewbmﬁmﬁrac(r)

~ UPAI 50 nodel anal yzer panufactured by Honeywel | .. Viscosity was . determ ned
using a BrookPFBHgLOR S giselsr qwntily @Eﬁa&h@p@ﬂwa@m Hiinsite ugg, ghe

‘I nstrunent s.- densitomter.
20 Exanple 1 60 %&%%&Wﬂ%%g% egﬁ nﬁ%ﬁ%ﬁggﬁfg SVERS 4, 400
grams of de- warchmﬂtaﬁmﬂerwat&helublemﬁmeddmaé Be@iluaén, IhSinkis£Gudied Pr e- wet

t he pi grrent for 30 m-nutes- before the ozone treatnent, then increased to
‘11 ni sec. Sdurtioﬁ:ge glegdred viscosity, color, hue, samratlon densxty, and pnnt area coverage for -

the particular apphcaﬁon .
One preferred self-dispersing pigme_ﬁt concenirate comprises water and

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 mVY,
20 Another preferred self-dispersing plgment concentrate compnses waier

and pigment wherein the pigment has a conductivity of less than (.15 Siemens/m and counter
.7 ions of less than 0.15 moles per liter. | , |
. Jet velocity, separation lengfh of the dreplets drop size, and sﬁeam
stability are greatly affected by the surface tension and the viscosity of the mk. o
25 Ink _]et mlcs suitable for use w1th ink jet prmtmg systems should have a su:face

tension in the range of about 2 10* N/em to about 7. 10 N/cm and, more preferably, in the
range 3.107 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
properties 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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ozone treatnment. Ozone was nmaintained at a concentratior}? @f 5.5 tzg Q.O wt %
and 25 was fed into the bottomof the HSD vessel at a f ﬁ?‘?rﬁ?eé' 10 4.5
liters per_mnute. Sodi um hydroxi de was added to the m xture in order to
increase i POPAHE 7 after a three hours treatment. After RETESOUIRISPH, the
m xture was then re-circulated through a Mcrofluidizer(r) M 10F for 5

o e oaon s L0 it BSIAck ] BB ool B nlill Hh Lo Lol
particle sedi rramdas;it@avaﬁetg@faﬂdjgt(r)pé%fc&@guch@&@nﬁﬂ%g%?ﬁ%g%%ﬁ%@%@r age at

roomtenperature. 15 6 Decenber 4 WO 01/94476 P anple 2
600 grans. of Fé¢mandand themalenbibblf jehdrdp-oyelenpedoTheinkehnve dellled | nto an

HSD vessel with 5,15 ra f de-ionized water, Operating conditions 5
were the sane 5@4%3%@%?%@%%“??@@%@%@@ qlog i @hink e apparafsy Fidiegr
treatment was gRHARGRSSE [ ' d [ e | ncrease the
pHto 7. After the pH m@ﬁggfﬁgﬁgﬂM’?ﬁ?ﬂ%ﬁ%&?’?aﬁzf%glgtlglgggﬁc"fcgp% our
hours through earitdl oniodabidiydidiercturptel Kb printdd ik irh&ehs Gavdtladicofl BRRES tO

maintain a pH'ﬁ‘;%g%en 6.5.and 7.5. The mixture was further purified by
ultra-filtrati PS> ekasliew ateresigance jang lighthstess dfurthermerp, the Gk

Technol ogy W t Bod {38 RBESR ze. rati n% 100 000 ol ecul. ar wei ght.
The purificati 0?1 process %@Bgﬁtﬁ%@%ﬁ%ﬁ% }cﬁétlcoflf?g%ég%?ﬁ?gﬂ oma .
container to the cartridge at a flowrate of 10 to 15 liters. per mnute.
The ca‘rtri&ge l.nl et pressure was nmaintained at 0.2 to 0.35 bar (3 to 5
psig). After xture through the cartridge, the m xture was 15
recircluated back t t ainer Lle t.he |igu d,perneat.e.passing
through the nenbr aﬁléé ﬂmﬁgﬁ‘?@ﬁ%ﬁ?ﬁ%‘@g@wﬁ%@ﬂbwﬁw tedeitBgi cal 1 y

added to the fblowihdeNanipless BIPEBE Bt ldPeRINAIBAL L hE d so that
the quantity of the fil tpger ed prodgct re?gi ne%gt heeggrre%asﬁifﬁggsf of the

starting nat er PEFrwivheoted:t Yalesd otherwiissrstaieds hzangobas geasradfusing dzais: t he
volunetric ratjo. of pe te beipg r the starting mxture. In
this exanple, %GHFEEE%‘E%‘FG%@%M%{F@&&f%M?illélagsﬁher B resul ting
pigment wasg sembustisiifhdd SlyBeAOnb 3 ¥as. SEHiOE Y-8 AR deRimPRh 2"

- 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
Ade—iom'zed 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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Exanple 3 25 600 grans of FW 18 was | oaded into an HSD v el wt - 400
grag of de-ionized water. Operating conditions were th?@g?@%a%gpﬁ%se
descri bedvoniodranpl e 2 except that potassium hydroxide Wagrkigidi9
neutralize the mxture and that a six-hour treatnment was perforned before
addi ng the neutralizing agent, -The m xture was processed for three hours
ina Mcrofluidizer(r).. The mxture 30 was further purified by
ultra-filtration for two wash cycles._The pigment resulting was self

di spersing and stable. 16 6 Decenber B¥AMP®@ 01/ 94476 PCT/ US01/ 18180

“Exanpl e 4 600 grany ' v it vessel wiih.4, 400 grams
of de-ionized m@@éﬁ%ﬁm§8}éﬁg?‘?g@ %ds‘% 0\?\&?@@%&?& © 6% #?Sg%d I n

. Exanple 3 5 cxwepiHSDalesdch it 130 @aid o1 B6-R@saasaté GpeMtirg cahliodeer (1)
for 5 hours. The mxture was puritfied by ultra-filtration for four wash

cycl es. EXanpieec thessmepsdhesesiesqried 8n Faamplo d cradeptribas agdouH\mr westsent wi t h
4,350 grams qQf_10 de-ionized water. rati ng.condi tions, were the sane as
t'hose ‘i n Exa%?séje 0@398@E?équﬁ%byﬁlﬁ%%ﬁW@S\ﬁggedgtrod{%‘“ég%g&ﬁhsfl\%éo 7. Ger

M : crofl uidi zg¢ fiisted, PRYAStur ) , rified by
wtra-filtrati ¢ pHIwe LB, R cyc;ﬁrg‘gs P@x"é%%? E‘”ﬁsﬁ"i%%@%?“&ﬁé of FW 200
from Degussa Masoflwdnterd® Mit10F awith/ pariodic pi ebijustnGdls to iAn@inaf plddeivahzed

wat er. Oper at difions were-the same_as those.in  Exanmple 1 except

that the i xtdi Es- @&W%Wa% r pyficdsby ulfradiliation ysing UFP-dAOE Thi s

“mixture wgs sehfiadl LMole ik ' i.on_or gelat.ion, 20
Exanpl e \g@ 200 gv?gém; og %tg%egoﬁy%@?&ch%;@%%&%&%aﬁgg%%ﬁﬁ a2 8 \as

| oaded i nt o JD0OPLImsleddal welghts SheVutificati i itogisa s pérfelendddy @M@t er . The

- mxture - was stirred at a--tiP.spee of .3.5 rn/sec to pre-wef 'the pignment.
Qzone at a dBhBEHERoB R contagionfotbrasrtridge aadtasdraneiol & fod Sitaisper vessel  at

caf |. ow rate | Hinfle. The cartridge inlet pressure was maintained at 0.2 to 0.35 bar (3 to 5 psig). |

- Afte_r_ passing the mixture through the cartridge, the mixture was
o 15 recircluated back to the container whiié-the liquid péfméate passing thréugﬁ the
- membrm_ié was removed. The de-ibnized water was periodically added to the
container to compehsate the p‘erﬁneate being femove‘d 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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25 liters per mnute. The tip speed was increased to 6. S af, a
two-hour treatnent to increase the intensity of m'xi.ng.96 %@ﬁ?%@ﬁé was

t hen processed through a Mcrofluidizer(r) while continuing the ozone
treat nent YEOP14#74ddi tional 5 hours. No washes were perfoPGBANGISIBH| s
m xture through ultrafiltration. 17 6 Decenber 2004 WO 01/ 94476

PCT/ USO1/ 18180 Exanple 8 (conparative) 200 grams of carbon black FW-18
manuf act ured by Degussa was |oaded into a cylindrical vessel wth 3,800
grams of de-ionized water. The m xturegypapki4 rred at a tip speed of 3.5
msec to pre-wet the pignent. Ozone at a concentration of 6 w % was

i ntroduced into thebGf stamg of E¥&EE was lepded into paiiSLbvessel with £460 gmmsnifnut e.

The tip speed s_Lncre seg}to.6.9 i.sec aft a two-hour, 10 treatnment to
i ncrease the i%‘?é_bor?&e._fclwag‘?r' pRrage c%n%‘ﬁ?%q‘f"?rtegé‘ﬁ?g?ﬁast 50 IREXABPIR G 5.
Wthin a day, &gt Bhohe' k@bt epsgﬁ(m%'a%&%g)u%@ %&tstﬂoﬁg%e at the

bottom of the container. Exanpl conparativ 0 grans carbon bl ack

FW1 8 was | oadduierwas pohified by shta-fikmton forFsanphsh dy8leni t h 3, 600 grans of
de-ionized water. Ozone at a concentration of 3 w% was introduced into.
the m'xing vessel at a flowrate of 5 liters per mnute. The tip speed was
kept at 3.5 misec for the first hour gtk ment then increased 15 to 6.9
msec. A total of 20 hours treatnent was p@rg ornmed.. There was no

sedi ment ati on obser §58dgrhm of WG 1 8rivat Wadad hamen BISD vhgelnint 41850 pamsee! | ed
within a few days. Processing conditions and physical data_regarding
Exanpl es 1109 jd¢-waized pygiary Opprating cenditionserera theriame asdhesednBwample pi gment s

prepared by th ' havi ng a di.spersiv I X or. di spersion step
have signi i cantTy TERY b P st ﬁﬁﬁé@%@%ﬁ%@ﬂrﬁ’?&%& e
di stribution asiGeeRkPeiie pRiASED} tlttalBabech Fi} fSur WAAGHERs W t hout a
di spersive mxing step. In addition, the data shows thaf = pignents prepared
with a dispersive mxing step produce stable, self dispersing pignents
wher eas those pignents treated vvithoutE-a di s%er,si ve m xing step were
o : _ : . xample : L
15 400 grams of FW-200 from Degussa was loaded 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 ultrafiltration.

This mixture was self-dispersible without any 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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25 not stable. The data al so show that the process 'of t 's i vegﬁ{]fgn
produces stable, self dispersing black pignents having bel ow

about 3 RpbesbsH® and is a quicker, nore efficient procew%ﬁhe wet

ozone oxi dation process of the .prior art. 18 6 Decenber 94476 H
~. Vv bC adC-34348 w U Gy wGoCzZ0)Cnrig A )C7 N N . J- _ --iNd M
try N dow - Example 8 (comparative) -

200 grams of carbon black FW-18 manufactured by Degussa was loaded
-into a cylindrical vessel with 3,800 grams of de-ionized water, Tﬁe mixture was
stirred at atip Speed of 3.5 m/sec to pre-wet the pigment. Ozone ata
5  concentration of 6 wi% was introduced into the mixing vessel at a flow rate of 4
 liters per minute, The tip speed was increased to 6.9 m/sec after a two-hour _
treatment to increase the intensity of mixing. A total treatment time was 5 hours.
Wiihin 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'article
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

5  ahomogeneous 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
10 dispersant comprising an A block of ETEGMA, a B block of BzZMA and 2 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 ouﬂet, and addition ﬁnﬁels. 291.3 gm of THF was chargéd to
15 - the flask. The catalyst tétrabutyl amniqﬁihm Iﬁ~chlorobenZoate, 0.44 ml ofal0
M solution in acetonitrile, was then added. Initiator, 1,1-bis{trimethylsiloxy)-2-
methy] 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
20  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
25  [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
30 dlstﬁled out. Finally, 2-pyrrolidone, 86.9 gm total, was added. The final polymer
was at 40.0% solids.

20



19 PCTI US01/ 18180 6 Decehber 2004 WO 01/94476 PCT/ USO1/ ]é;ég E’ﬁ | nk
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- ks wer e
pr epar ed By rlnbgﬁgg together the ingredients identified b Ig&l;%%?)ﬁ 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. Ohgmkeko pﬁb&reu%}era%ﬁdé@ﬁwﬁﬂmﬂ@ﬂmi%&ei%k gycrolidone,
340.3 gm was added - and an additional 81.0 gmof material was )
cartridge (Hewlett—Packard) and printed onto plain paper using a DeskJ et 870C -

ink jet prmter (Hevs_rlett—Packard). The stability of the inks was determined by
" measuring particle size before and after the inks were,eubjected :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



30 distilled out. Finall y, 2- pyrfol | done, 86.9 gmtotal The
final polyner was at 40.0% solids. 20 6 Decenber 2004 \&)wg%@?ﬂ%m

PCT/ USO1/%6189044789r edi ent sExanpl e 10Exanpl es 1-5 Water 77. &¢9n%o1/18180
Pigment 3. 753. 75 . 2-pyrrolidone9.09.0 Liponics(r)EG 15.05.0

| so- propanol 2. 02. 0 n- propanol 0. 20.2 Proxel (r) (biocide from

Aveci a) 0. 1250. 125 Fademenstisfeoibi advasme@énsmgmmmsmmﬁangsfépasﬂms so

d de.d nto an 1645A node
?Lﬁ&arete e IR b0 R Wsremswawifp qus GRoBblaRS BiEmEmbC | nk | et

printer (Hew ]ﬁtdne@%?%ﬁ%&?%ﬂ@nt% l%le t f ugﬁ dfﬂﬁ&z&@l\/ﬁ?bﬁr mned by -

measuring particle s re an &NKs were, subjected to a

freeze / thavinoyedistelyi before prification. &hand’tﬂ@ dafiple) tRchifiyiedt waunsifRd 60C) .
Data is reported in . the table below The data show that the inks of this

i nvent i on>havi&EmitmEsDdpek.cEhe ins d@?ﬁs’ﬁﬁ@ﬂd(lato aoridPS KA. ipk gaveantridgead) | ower

Vnker i Yoot G i PrfRdand i Buffeis B RERA SR RpuPEE 1B 85 ohoo
.bef ore D50 afdaemageéwéﬂe%éh Iﬂﬁ@ﬁﬂﬁiotaypr(ﬁﬂéi%ld%@ mEXb&2f 309829 hoss3s 7551. 43

' . determmed The average number of failed nozzles for the plgment purified from

, . the HSD tank was 15.1 compared toan average of 4.3 for the sample purified

10 . from the Mmroﬂmchzer@ '

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:rculated through a |
20 Mmroﬂmdmer@ M110F for a total of 23 hours. Lithium hydroxide was
.penochcally 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.

22



Ex. 23. 0573. 67669. 46. 741. 38 Ex: 32.9881. 984. 570. 26. 691. 37 écelrlnztielrl2004

88. 388. 269. 46.49. 1.45 EL S2.5697.3102.170.26.51.5 Ex.

- 3.0100. 1‘?5%?'944%01. 15 21 6 Decenber 2004 WO. 01/94476 PCT/US01/18180 To
dempnstrat e the ‘ddvant age of using the dispersive mxing SCAFSEYIRIEL | ast
step in the process, inks were using a self dispersing carbon bl ack
pigment. In one sanple, the pignent Eg@ﬁlpﬁ@m through a M crofluidizer(r)
ML1OF i mredi ately before purification. In another sanple, the pignment was
purified 5 from t2e0 gi8mstednludoffisteBrillilos Sverlet R-633€HR128 fiomBaye51645A i nk -

Dosi on | THECPRIRENEN lopaoeiqiy BSPRtebNi 4800 Argwt detioniad Wer. he
nunher - of no | i : ' n er_of failed
ot es for 1t hat HSDAARE s LASES MG, pl e BRGNS T8 0%, o
average of5 4. Bixtoe wirehsetpitel with okiredt 8@ % rorwo tul, anaine wad ifdemtd ) (1) -

Exampl e 11 500 gram; of Sunfast blue PB15:3 pignent at 49.0.1 %in water
from Sun - Chelp battomeyassp! sesflovomiref 4.5 litsrs(miniSD consemtatingi 0fi8 41602 gr ans

f de 15 i i . ... 1k Dti Y kept, at 3.9 - wet
ot gent for S0t th A i ReSERte HERi Bttt R G 1he 7 506
for three hOUﬁaﬁﬁux@&;@d%&h&@ﬁ-éiﬁﬂla&é@iﬁroh@EE?&MMl M@%&Amﬁ.sM!mfate of

1.5 liters/mn. Lithium hydroxide was -added to the mxtufe to increase its
pH to 7.2. Thaediapt 8¢fédoadrabhet hmdiwaslepeasboD RPEI durmgdhareecitctitioh Xt ur e was
re-circulgted through a 2 crofluidizer(r) M 10F for a total of 23
hours. Lilt%hi Lﬁﬁ%‘ﬂﬁ'o&tﬁf@l § RFPE rareRyatPerorogd whilk grirdingo nai nt ai n
a pH bet ween 1748,AW d8ad rertl ¥ Fiﬂ |

ultra-filtrat ilon U@ 5% E%%Q%%?rﬁl g{é_g?%@%g%%y&ggg es.ﬁgﬁgﬂr esul ting

pi gnent achi ehetelean Tr@and Fai tThelresudtinpepighedtadhiened tleae particR@izd ofunper of
3.47 moles/me . The nixture was self-dispersible and had no. 25

sedi ment at i orfBr Liseacad PR3 3ek pEslerd t o a 74 semseef angrrivevaial cycl es
bet ween B0 soluble polymer ataéolidé of 15% in water was further added to the mixture. The

15 mixture with polymer was processed in M750 for another 8 hours and then
| purified by ultra-filtration for 5 wash cyéle’s. A mean partice 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



Cand 20 . Ink was prepared fromthis dispersion using andar.d .i nkj-et
ink vehicle and a pignent concentration of 35% The inkbaagéerg%rr?tg% usi ng
thermal WG @Al4Pigi Nter tomobtain a relative, optical dengjglyu@fmgj 95 on
pl ain paper. 22 6 Decenber 2004 WO 01/94476 PCT/USO1/ 18180 Exanple f 200

grans of Indofast. Brilliant Scarlet R-633 5 PR123 from Bayer Conpany was
| oaded i nto anvblhereemdtd thirdugh 38 Mggmainimidif onde ah hong edirsaibed. for The HSD tip
speed was kept gt 2 ELSGC to pre-wet_pignment for 60 mnutes. The .5 m xture

was ‘t hen t r eat SHOWES-Hherishinedito ghesHbDrvspsel. W Ofbwas thempdded tadke saablé it 0 t he

bott om of vessel: t I i concentration of 8.4
to 9.6% \Ifi t h?gd% gﬁﬁjﬁggefl%%ngkd\g%sqp%d@ﬁéﬁﬁgﬁéu 2 PHER%S e :ts pHto
8.0: The m Xt efegnbitse édM@idgé Gilte fidi AL PecHndIoRY LbrF, DRE v ith SR Usi ng

0.5 M YTZ 'nedia at 80%load. The m Il was kept at 4,000 RPM during the
re-circul at? onex@sgsalhdlepexiy heours bf ofontomaltarsated with redusigmenticlesize

Bkt are to mai AR comehe i RN Tatib b Sy e
achi eved a nmeap;qmkihk Ck OFSddaRion! mﬂdjﬁtafﬂ'i@ﬁnghqo@irgsiﬂ%ﬂgpﬁﬁwﬁﬁl@& 3
tinmoles/n2 . 74 grans of an acrylic water soluble polyner "at a solids of

15% i n wat er weenfrafi¢dhEavitatidednit orat hE0 mimttes. eThe Hirel partiviexsizsrof 108 b, pol ymer
anof her. 8 hours and then purified

\lesuf){ _(r)g_efs |Sle;j r é{‘]@g%%@ff%% s syt am. was agtievedarlbe prasust ofdhisiprocesim was
O Cuedi 0 bRttt ALl 3B AR A LEL I MR RR 6B S lashONt

any sedinentation or ge Nk was prepare rom

.a standard i nisjepbredrfion efi¢ gikerelosl using b @tBAArd GG 6SAL KallibRAN®E phaRedd The
ink was printed 20 using thermal inkjet printer to obtain a rélative
‘optical densit§owsengatyon o3 %p| Ticdnk papprintedusing bethitBersgul aggd piveo oikjB0% sol i ds
presscake szzﬁn%?&%ﬁ‘ magent a (428-5024) .25 from Sun Chem cal was | oaded
into the-HSD vgss "th 2773 grams of de- ionized water. The HSD tip speed
was kept at 5.3 misec to -pre-wet the pignent. .for 2 hours before the
ozone treatnment. Tip speed was maintained at 5.3 nisec
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during the ozone treatnment. Ozone was nmaintained at a c i of 8.0
- 9.4 ww% o and was fed into the bottom of the HSD vess?ﬁggéré@%rlzﬁgﬁrate of
1.4 - 1.8 30 liters per mnute. Potassium hydroxi de was added to the

m xture hourly to maintain its pHat 6. During the first 8 hours of
ozonation, 20 -100% of the 23 6 Decenber 2004 WO 01/94476 PCT/ USO1/ 18180
vol une were kger mnimll once an hour, recirculated for 1-
5 mnutes, m#%%ngne ]PES,[ he HSD vessel. KOH was then added to the
sanple to raise the pHto 8 The sanple was then ultrafiltered through a
per meabl e nbrane cartri ?{g g t;{ from AG, Technol ogy Corp., Needham MNA
to renove 5 éxcesé$ RQFEss fof 1 sert-isiereing pignah SeMBRSiag thesteatodd wi t h
reduci ng particl eggi j f’gn(:;% )\ i i | r - St ar
Technol ogi es, C e\?gildgzﬁnag, eOE)l ozg%@i&%g%ﬁ%ﬁ@3%‘?@%8@’%%“3@?5&% | tering.
Total restdence tinmianepuslysubjectimpaht prfnEavyid dti¢asnonendispeyiiee rﬂaﬁ@:g’r%pwt es.. .
The final particle gtingfa?f 18{3 nm . wWth 98% of the particles <204 nm was
achi eved. The pr oGGEP™ Gt provides pp effecivesheas fatr Al aldleass 20fbsesel f di sper sed
after 4 weeks of accelerated aging at 60C. Ink was prepared fromthis

di spersi on ugi ng FhLs @ claBkj1etnl i : I acentration’
of 3% The ink was p?%?ﬁﬁﬁ?ﬁé%&?ﬁh}%gpﬁg{ﬁﬁ E){?l gggglltgﬁ%gg?lﬁ&gs%?nt heads.
15 24 6 Decenber S@jectingtie migtGeAf MEDe) Sgment dvdemegessisfiomsdiumicd g a

sel f-di spersing pignent c ri.sing the step. of xi i zi.png the pigment with
ozone in an aqueolTEA ﬁﬁgeﬁﬁﬂﬁf"%ﬂ}fﬂ%m& C@gﬁﬂﬁﬁ YES §Wﬂ§1ﬁlﬁfléé‘ﬁﬁsﬁiﬁ t he
pi gment 1® at | eaffe @RGIrSHSRELS MEralitydMHdz2Rs fd RRLi jdes an
effective shear rate of rat I.eastIMZ(SLO ys(éec-f %Wﬁfll'ﬁled% ‘5%&?%%&@11& m 1,

wherei n the di spefhAmbsr afy kqmd pepswacf gdeasbngfttiases .subj ecting the mixture
of ozone, pignment and an aqueous nmediumto an operation. selected fromthe

group consi sging ?ﬁe ﬁq%gés%ioﬁl:lgjr% ?g\ﬁr;ﬁl%gin ﬁé ﬁf'orcl;gss]is(? %%rglgd Q?.ltxr;[lalljnrlt%inrilpgr 249 h a

plurality of nozzles wt e nt erac
K pHof6to8. :
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
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chanbér at a liquid pressure of at |east 69 bar. 3. The laim1,
wherein the process is carried out maintaining a pHof Gtégggge}%ef%fgo%rocess
of claim1, wherein the pignent is oxidized to an acid value 15 of |ess
than 3 noles/n2, 5. The process of claim1l, further conprising the step of
purifying the self dispersing pigment. 6. A process of making a self

di spersing pignen 2 . t he.pi,gnent with
ozone in an aqueoh@ﬁgﬁggglbélﬁﬁr%ﬁ{l@%ﬁaélg&ﬁ%b %ahqm Pé ﬁr;.af%l rT?of 6 to 8.
7. .The process of69%aai m 6, wherein the pignment is oxidized to an acid
value. of less than 3 unoles/n2, 8. The process of claim®6, wherein the

pi gnent is oxidiz with ozone in the aquequs, environment while

si nul t aneousty subP&PIINE ¢ W@“ﬁl%mﬂPW&‘FS@SWGé?@tOf@H@fW&@étsglifve m xi ng
operation that prowhdes Z,tl]gTﬁ&{teCtlve shear rate of at |east 200 sec-t,
conpri si ng subj ectl ng tﬁ xture of ozone, pignent and an aqueous rredi um
to an operation selected fromthe group consisting of nedia mlling and -
passi ng the APxt udepropese faymaking aself-disperaing pigmdne codprifindieatspairf 2004
within-a liquid jet..interaction cht%fo&er at a liquid pressure of at |east

69 bar. 9. The pr SEdlaing he piement §i P?%’é‘ranc?GHﬁ?‘isélimﬁ]@}”{lﬁéa%%‘é‘bV Bepur i fyi ng
the self disper sbpgspﬂhgﬁrg#tmoflélOXIagéfpﬁggﬁz%ﬁw 581"f V[l\}%tlﬁgrﬁgljlf di spersing

pi gment conprising the ste e pl gne 0zohe in an
aqueous nediumto an acid.value of less than 3 nolesln2,. and purifying the
sel f di spersilthg pilbepracessbf claiiié, wheemshe pfocedsds carfi€d omhesiiahiid® process
is carried out W&Iﬁtc’%i r{i Eg a pHof 6 to S. 10 12. The process of claim 10,
wherein the pi gmaﬂ ﬁé BRidi zed with ozone in the aqueous environnment

whi l e sinultaneously subjecting the pignent to at |east one dispersive

m xi ng operal2on ThéproRés o eREn a0, Rhéreilthy FighlRR6dk oxidized with ozone in
: the aqueous env1romnent while snnuitaneously subjecting the plgment to
at Ieast one dlsperswe mu(mg operation that prov1des an effectwe shear
rate of at Jeast 200 sec™, comprising subjecting 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 plurality 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 any one of claims 1-12, wherein the pigment is carbon
black. | |
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rate of at |east 200 sec', conprising subjecting the m [ f ne, pig-
ment and an aqueous nediumto an operation sel ected froﬁ pﬁgergl?%%éaéon 15
sisting-of media mlling and passing the m xture through a plurality of
nozzles within a liquid jet interaction chanber at a |liquid pressure of at
| east 69 bar. 13. The process of any one of clains 1-12, wherein the

pi gnent s presenty t;0 0% b ight. ..20 14. .The
process of C|Ig.i m gkawgggrgeo?n #ﬁ%e%cé%%ﬁtl'lug%e %%m%ﬁﬁn%hﬁ%wm& 5 to.
20% by wei ght. . tolorelpggpemcess of any one of clainms 1-12, wherein the .
aqueous environment includes hydrogen peroxide. . 16. The process of any
one of clai mi S 1112, wherein the ozone conprises 1 to., 25 .20% by wei ght
ozone in a cafri edbgaweess of anyopgef glagpe dd 2owhensin thpprasessdighersom- 12,
wherein. the pig IShi ' 4 18. The process
of any one of cl gIS ?r%eslsﬁt?g,&{n{%h% Ig?lr@t% hl%’ef O%?%%g%?%%gg‘gdna%%@lgﬁ?scme%W&Bed

pi gnent. 49. The ppoemesndépesaiionnehich cahprises agitdtihg thb@igure ihheigr ocess
further com prises bjecting the m xture of ozone, pignment and an aqueous
mediumto 5 a pr e§9ﬁe§gﬁber6‘|5‘§taﬁmr6‘?*’}s-v\hi ch conprises agitating the mxture in
a high speed dispersing apparatus. 20.- The process of any one of clains
1-12, wherei pgt heTpé 3 el PN LAGI | . . n 1.5
.ol es/ n2. 21. Ther?fggée%grg?}ogﬁdfo%ﬁﬁm%? g{)ﬁ%&i&%fmﬁiﬁﬁﬁﬁzﬁggpi gnent
is oxidized to 10amsacidgalde vBlesecthaf 1.5 puwldOm7 Anol es/nR2 to 2.5 Anvol es/ nP.

22. The process of any one of clains 3, 6 or 11, wherein the pHis

mai nt ai ned gg ad;[iljéti on.’ o% ‘a baﬁ 23. _The process of claim.22, wherein
the base is &8l ect8WPPFERCE Y Yot 'R -4 siterrdn e piBnent & exidiEgdicoxi de and
sodi um hygr oxi de.-al;gci@Qaluél-'gfaﬁ&ﬁgg_q%o%/nplt@b_wﬂﬁolew.r ein the process is

carried out mai-ntaining a

22, | " The process of any one of claims 3, 6 or 11, wherein the pH is maintained

by addition_-of a b‘ase_. _

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 value of less than 3

pmoles/m’ , and the pigment is carbon black; and further comprising the
step of purifying the self-dispersing pigment.

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

20 7 claims 4, 7, 10 or 24, havihg an acid value of less than 3 pmoles/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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pH of " 6 to 8, the pigment is oxidized to an acid val ue 3
Aol es/n2 , and the pignent is carbon black; and furtheﬁggéﬁ%ﬁ?%?@g4th

step of purifying the self-dispersing pignent. 25. A self-.dispersing

pi gnent obtai ned according to the process of any one of 20 clains 4, 7, 10
or 24, having an acid value of less'than 3 -noles/n2. 26. The

el i O sper S26g PHOBERisREGAY Hiedibnl Ghal RARINSHELCLASBLATRY | form 2
stabl e aqueous dispersion in e absence of any” additional di's pétsing
agent (s). 27. A sbifinglaspad shlng opfrigneny yeblaintes: 8¢401.0i20 .t 0 the process
of claim20, 25 having an acid value of less than 1.5 Jnoles/n2. 27 6

Decenber 2004,28. ,A.sel f.dispersi.n i gnent obt ai ned according to the
process of c?%‘i m A9 1k jeL S%gﬁg’%‘gpﬂég 81 aqyeons vehiclagpd @ edlpmant,o 2. 5

umol ST 2. 29, Anheid @ obRlank BIRASIE WYL RAIISANA AR ARIEANS, (o0 o1 © and

a colorant, wherein the calorant conprises the se I Spersi ng pi gnent
accor di ngsto_ cl afl@me85. 30. An ink jet ink conposition conprising an
aqueous vehicle and a colorant, wherein the colorant conprises the

sel f - di sperskmg pi cording to claim27. 31. An.ink jet ink

conposi tion %%npr%ggﬁgﬁ%ﬁ&é%HEBﬂgmggﬂ?@?ﬁn%ﬁﬂmﬁkﬁﬁ?Hﬂ%ﬂ??¥1§@ﬂVW€%einthe
col orant conpri sewhébi thetdlotin ERhSisRs tHe QIR peAS igih'@ﬂt JCPOI'dﬁll gbm 28 32.
An i nk concentrate conposition conprising an aqueous vehicle aﬁ, a col -
orant, wherein th@a@P6rant conprises a self dispersing pignent according
to claim?25, wherein the pignent has a nean particle size of less than 0.2

15 Am and hag; a cRakge: Y asured.hby zeta potential ]J]ower than 50 nV:
33. An ink Cohcen‘?ﬁé’?ﬁ”ﬁ%ﬁ%@%{’%%ﬁ%ﬂ%ﬁl ﬁ‘bﬁﬂéﬁg‘éﬁt@b%% : %I@?rémand a col -
orant, wierein theheehdhacdlonangngiss teselffidigeaRer SiRontRrBRAL tfccor di ng
to claim25, wherei.n the pignent has a 'conductivity of 1ess than 0.15
Siemens/m 20 . afif™ttunter ions of less than 0.15 noles per liter. 28
32.  Anink 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

15 pm and has a charge density measured by zeta potential lower than 50 mV- |

33, Anink concentrate composition comprising 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

20 - and counter fons of less than 0.15 moles per liter.
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