WD 03/ 095568 PCT/ US03/ 14647 1 TITLE MODI FI ED Pl GVENTS, PROCESSES FOR
PREPARI NG MODI FI ED Pl GVENTS AND | NK  COVPCSI TI ONS CONTAI NI NG THEM BACKGROUND
OF THE INVENTION 1. Field of the Invention. [0001] The present invention
relates to nodified pignments and to processes for preparing nodified

pi gment s WQ03/BE$&ri ption of the Related Art. [0002] THRCEYSOPAE of pignents
contain a variety of different functional groups, and the types of groups
present depend on the specific class of pignment. Several nethods have been
devel oped for grafting nmaterials aﬁgl%;n particular, polymers to the
surface of these pignents. For exa .~ 1t has been shown that polyners can
be attached to carbon bl acks containing surface groups such as phenols and

carboxyl g5oups, » ¥@rpR6&g&%d§ORW9ﬁﬁf£R YorRPreb 1ol BRST AR pfunct 1 onal 1ty
of a pi gNBMboSirSd A6eraSRHAOtLE app genera ecause fiot al | pi gnent s
have the sane specific functional groups. [0003] N@thods for the

preparation of nodified pignment products have al so been devel oped which can
provide a pigment with a variety of different attached functional groups.
For exanple, U.S PatenhA@q{Gﬁo%%ggcrﬁ R§ioRE! hods for the attachnent
of organi c groups, SUCh_HS—TUNTC—UT—TUﬂTZ%%&g;gTUUD , onto pignents
including, for exanple, attachment via a diazoniumreaction wherein the
organic P rt of the diazoniumsalt. The resulting surface-nodified
pi gnent s aEB@%QJégﬁa!ﬂﬁLa vari ety of applications, such as inks, inkjet
inks, coatings, toners, plastics, rubbers, and the like. [0004] O her

nethods to%frepare nndlfled pi gnents have also been descri bed. For exanple,
PCT Publ i d8401bn No. Thepresenisnwagopieliéqs b Bodiped pigasnts Ay nEogseseafor npdi f i ed

pi gnent b chem cal group and a second chem cal group to WD
bsf Donsen TEEHRpARTR sheis.

2. Description of the Related Art.

[0002] The surface of pigments contain a variety of different functional
groups, and the types of groups present depend on the specific class of pigment.
Several methods have been developed for grafting materials and, I particular,
polymers to the surface of these pigments. For example it has been shown that
polymers can be attached to carbon blacks containing surface groups such as phenols
and carboxyl groups. However, methods which rely on the inherent functionality of a
pigment’s surface cannot be applied generally because not all pigments have the same
specific functional groups.

[0003] Methods for the preparation of modified pigment products have also
been developed which can provide a pigment with a variety of different attached
functional groups. For example, U.S. Patent No. 5,851,280 discloses methods for the
attachment of organic groups, such as ionic or ionizable groups, onto pigments
including, for example, attaciment via a diazonium reaction wherein the organic
group is part of the diazonium salt. The resulting surface-modified pigments can be
used in a variety of applications, such as inks, inkjet inks, coatings, toners, plastics,
rubbers, and the like.

[0004] Other methods to prepare modified pigments have also been described.
For example, PCT Publication No. WO 01/51566 discloses methods of making a
modified pigment by reacting a first chemical group and a second chemical group to



-2 forma pignent having attached a third chem cal group. |Ink conpositions
containing these pignents are al so described. [00051 While these nethods
provi de nodified pignents having attached groups, there remains a need for
i nproved nodi fied pigments as well as for processes for attaching groups
and, in Walhbhdsgsar, polynmeric groups, to a pignent. Thesasesfdit i onal

nmet hods may provi de advant ageous products and alternatives for formng

nodi fied pignments. SUMVARY OF THE | NYENTI ON 100061 The present invention
relates to processes for preparing nodified pignments. In one enbodi nent,

t he pr ocefsmagigmernsdsvinpettgheba third chemibbalrgrouy, Ink canpositonslemtaisingi gnent

havi ng atfached an el ectrophilic group and a thiol reagent conprising at

| east oneh‘-eﬁ-q’lﬁP%%argﬁgog?seP{%e st two ionic or ionizable groups. Preferably
the thiol [opoosjagent Whil@nheat kibthdtisoprosidbshodiiée Pighhents abvih@aghchedo car boxylic
acid groups. In a second enbodi nent, the process conprises the step of:
combi ni ngErorps: Hisie rema@s 2 nged for pyaYedpaRditing PagReIts A VAl RS PTERPGESTRI | i ¢ group
and a thi (=Y : - Of-0U Py at st one ionic
or ioni zagjl?gitt)géé%%gp .g&%?gf%é’agﬁ}ﬁ?ﬂg%?ﬁ%x%ﬁgr‘%@ﬂs’cg’rrgﬁflgggﬁ't hrgﬁér%gact i on
product ofdditiquel mathodsvarey pryvide adeatageonsepredviaipamil dfematives dasforrgng  act i vat ed
carboxylicg 8‘@!39 .o at | east one carboxylic acid or salt thereof; an

am noal kane { BETSF®an ar omatic amino t hi ol ; and optionally an activating
agent. [00071 The present invention further relates to nodified pignents.
In one enbodinment, the i f] I gnen ises a pignment having attached
a group conprising the Q%T@dyg[ &Nﬁw@gond enbodi nent, the

nodi fied pignment conprises a pignent having attached a group conprising the
formula -X-Sp-S-[PI], wherein X is an arylene, heteroaryl ene, or alkylene
group, Spll086la spacide pictsup inveplion pAEtEs éniperseiten e, preparpgpmediisd s an or ganic
group subsii e it : LM G- i.Qni za . r a

pol ymer i cf’%%“téﬂ% g]oér‘r\‘%)er%le?otggﬂlegﬁ%%%éf‘se?es%)g%h@gﬁ?@e gfr%B iognlpézng%ﬁég’qgr%g p. [00081
The pr esentdei, ap@ntentlimving dithered re klrttephilio grovp aod aploslirtigensomiprisipgr t i cul ar

| nkj et 1 nk CQMBRSIdH 988 alliReb Wi orti0'S: BB E9uR! PIGDSy IESGls) Ped herein.

reagent is an alkylthiol substituted with at least two carboxylic acid groups. In a

.=

second embodiment, the process comprises the step of: combining, in any order, a
pigment having attached an electrophilic group and a thiopolymer comprising at least
one —SH group and at least one ionic or ionizable group. Preferably the thiopolymer
comprises the reaction product of a polymer having at least one anhydride, at least one
activated carboxylic acid, or at least one carboxylic acid or salt thereof, an
aminoalkane thiol or an aromatic amino thiol; and optionally an activating agent.
[0007] The present invention further relates to modified pigments. In one
embodiment, the modified pigment comprises a pigment having attached a group
~ comprising the formula —S-[PI]. In a second embodiment, the modified pigment
comprises a pigment having attached a group comprising the formula —X-Sp-S-[PI],
wherein X is an arylene, heteroarylene, or alkylene group, Sp is a spacer group. For
both embodiments, PI represents an organic group substituted with at least two ionic
or ionizable groups or a polymeric group comprising at least one ionic or ionizable
group. .
[0008] The present invention further relates to ink compositions, in particular

inkjet ink compositions, comprising the modified pigments described herein.



WD 03/ 095568 PCT/ US03/ 14647 -3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] FI G
1 is a graph showing the effect of the targeted percent of anhydrides
reacted with am noethane thiol (AET) on the expected acid nunber of the
resultin roduct for several styrene-maleic anhydride,poldiRlss; [0010] FIG
2 is a gP¥pERYHi ng the effect of the targeted percent of  anhydrides
reacted with am noet hane thiol (AET).;on the expected nol ecul ar wei ght of

the resulting product for several styrene-maleic anhydride pol yners.

DETAI LED DESCRI PTI ON BRIFHBESEWINTION dIOPAE[DRAWINGSsent i nvention rel ates
to processes for preparing nodified pignment products as well as to the
nodi fi ed pignent products thenselves. [0012] In the process of the present

i nventi onjo@opi gnentichaving ahitachRingine eiest SronRi dideted! Qtnt Srconbi ned

w th an SH- cont ai ni ng conpound. The Plpgarrent can be any type of pignent
convent i oralydyidessisarteslwith ammoethine| thigl (AFT) lew therexpeaedcs emekthe pi gnent s and

ot her col o] t of | X\/ggp - i nt is a black pignent,

t he pi gne(rBl{Sﬁﬁngé)%%nfﬁ%ﬁeg%%s%rrl\f&%t%?leels 0 djé%e%%ben' pi gnents can al so be
used. Theg@&n19i gnent BIG &nisah spagie shisenlg ithe efferddi ofathieotargetet] hpeacentirof et y  of
different types of dispersants in.ar to . form stabl e di spersi.ons and
ks 0073 e Becath T ARG B GE Tyt S R B R B 6 ar s o
carbon  bliaoksuiidgd go®ict foBkeelal styrefdifbleRSnefiaaOpbIyRERCKS, furnace bl acks and

| anp bl acks, and include, for exanple, carbon blacks sold under the
Regal (r), Black Pearls(r), Elftex(r), Monarch(r), Mgul (r), and Vul can(r)

trademar ks avai | abl §riAQEPAYRE CRFRONOFAHE SVERTISNB! ack Pearls(r) 2000,
Bl ack Pearls(r) 1400, Black Pearls(c) I300, BI aCE Pearl s(r) 1100, Bl ack

Pearl s(r) 1000, Bl ack Pearls(c) 900, Black Pearls(r) 880, Black Pearls(r)

800, Bl ac ris(ry.7 l. - L s(r. | ft [ o reh(r) 1400,
Monar ch(r ;iOdflggo I\/b%]%er g%ﬁl lﬁ%sg%lﬁgé é%] (plrr 30655%5,‘3 4 &bek%r?ﬂfh%?%go,
Monar ch( r )pighiéht proiixsasohd]lr gs t@ e mdiifted pizhielt ptodictsibgnselvey. L, Regal (r) 330,
Regal (r) 400, Vul cap( P). 0014] The pignent. may al so be chosen froma
w de r angé&&fz] conveﬂt%%ﬁ&%cessfgl%@%seﬁf vl L 2 pigReieying dthgieht can be
bl ue, browctreptaRo géhifeRtombiied &sith\an @reéontaining compound. The pigment can

be any type of pigment conventionally used by those skilled in the art, such as black

pigments. and other colored pigments. Preferably, when the pigment is a black
- pigment, the pigment is carbon black. Mixtures of different pigments can also be
used. These pigments can also be used in combination with a variety of different
types of dispersants in order to form stable dispersions and inks.
[0013] Representative examples of black pigménts include various carbon
blacks (Pigment Black 7) such as channel blacks, furnace blacks and lamp blacks, and
include, for example, carbon blacks sold under the Regal®, Black Pearls®, Elftex®,
Monarch®, Mogul®, and Vulcan® trademarks available from Cabot Corporation
~ (such as Black Pearls® 2000, Black Pearls® 1400, Black Pearls® 1300, Black
Pearls® 1100, Black Pearls® 1000, Black Pearls® 900, Black Pearls® 880, Black
Pearls® 800, Black Pearls® 700, Black Pearls® L, Elftex® 8, Monarch® 1400,
Monarch® 1300, Monarch® 1100, Monarch® 1000, Monarch® 900, Monarch® &80,
Monarch® 8§00, Monarch® 700, Mogul® L, Regal® 330, Regal® 400, Vulcan® P).
[0014] The pigment may also be chosen from a wide range of conventional
colored pigments. The colored pigment can be blue, brown, cyan, green, white, violet,
magenta, red, orange, yellow, as well as mixtures thereof. Suitable classes of colored

pigments include, for example, anthraquinones, phthalocyanine blues, phthalocyanine



magenta, red, orange, yellow, as well as m xtures thereof. Suitable classes
of colored pignents include, for exanple, anthraqui nones, phthal ocyanine

bl ues, pht hal ocyani ne WO 03/ 095568 PCT/ US03/ 14647 -4 greens, diazos,
nonoazos, pyranthrones, perylenes, heterocyclic yellows, quinacridones, and

(thio)i ng,ioq,g)'ggfgﬁs Such pignents are commercial ly avail wuég,i t her powder

or press ca ormfroma nunber of sources including, rporation,
Engel hard Corporation and Sun Chem cal Corporation. Exanples of other
suitabl e col ored pignments are described in the Col our Index, 3rd edition

(The  Socr&dny, OfiafdEr Sodbskok0! BikrtEbSes, 188&9kned OQbRIocTOR PLAMRAL can have a

wi de range of BET surface areas, as_ neasured y nitrogen adsorption. It is
wel | recdoljifiagedppy anddgeo)sidigoidsd Peht pigmants apeneammpisially; ypiadle ay be subj ect
to COF‘VGF&&QP?&V&&IZ& %E&é“ﬁél&e%nﬁr fr&ﬂ”l"nﬂfhﬁ;!eropf LGERN ﬂx‘dﬁﬁmé Hady as ball or
jet mlling, to reduce the pignent to a snaller particle Size, if desired.

[ 00161 Theorpbretidn; dinlgelhard Curpugionf andhSumpChemardl Crspotation. t BeanppleceSs of t he

t i t] [ ' b f I, ng. Wt terial
Pt ng. ato SR e OB PR3 O S PHRd o167 CReRrsHEL ThERPRETpni | ¢ g oup

may conpricgetPof B Yolduries, 1982y, ester, an activated carboxylic acid, an
acid chloride, a sulfonyl chloride, an ac¥l azi de, an isocyanate, a ketone,
an al dehyl@815lan anfhepisient cap have 3 widg range qf BEE quikase 3Fras,.2s mgpgetdy de,

or.sul fong, ni%'a%éi‘ll kabrpBiah | deis #Bu @&%géﬁ% b}?’ihoéé kiilied S feonAtS Qe SUl fate, a

triazene, ‘or salts and derivatives Thereof. Preferably, the electrophilic
group i s pigment(mByubrssubiechtoeepnkentiond  sizgl rddisiiore or eemuminufiom techgugs, or an

al kyl sul f a . . t € . X . | e ilic group ma
e n oo (HE PR i TRl KIBLRL piehle &4 3BT prk DR SPLERARBY! 11 © O Oup T
havi ng atfatdled anTat etciroghilid pouproduthe Gipmede upsdemathe dprodesd 0P tieet hods known

to those skilled in the art. For exa e,. these pjgnents_can be prepared
usi ng t heP REPhBYS IR SEPPRRES a?Bhg"lfi.“ISPaHggllFéﬁfe%‘ég. ng‘ gﬁli%t?@é?la‘é}%%, 016,

5,922, 1181642 Re thiSiBgro@tS Thid) dorPsxhmBued kileCalbdt@philio EEAHRE Aand VO
00/ 22051, e% he %Iesqrizrg%ons of whi (?E are full ghli n%g?uwgﬁg}tged %%rgei n by
r ef er encecarbppglice aciger Keias aprastivaied eapoxylieraeid, an atifle achAdfmybf the groups

onto the cﬁﬂ&{@pﬁn acyl azide, an isocyanate, a ketone, an aldehyde, an anhydride, an
o,B—unsaturated ketone,.aldehyde, or sulfone, an alkyl halide, an epoxide, an alkyl
sulfonate or sulfate, a triazene, or salts and derivatives thereof. Preferably, the
electrophilic group is an o,B-unsaturated ketone, aldehyde, or sulfone group or an
alkylsulfate group or salt thereof. For example, the electrophilic group may be a 2-
(sulfatoethyl) sulfone group or a salt thereof.
[0017] The pigment having attached an electrophilic group can be prepared
using methods known to those skilled in the art. For example, these pigments can be
prepared - using the methods described in U.S. Patent Nos. 5,851,280, 5,698,016,
5,922,118, and 5,837,045, and PCT Publication Nos. WO 99/51690 and WO
00/22051, the descriptions of which are fully incorporated herein by reference. These
methods provide for a more stable attachment of the groups onto the pigment
compared to traditional adsorbed groups, such as polymers, surfactants, and the like.
The pigment having attached an electrophilic group may also be prepared using the
method described in PCT Publication No. WO 01/51566, which is incorporated in its
entirety herein by reference.
[0018] The amount of electrophilic groups can be varied. Preferably, the total
amount of electrophilic groups is from about 0.01 to about 10.0 micromoles of

groups/m® surface area of pigment, as measured by nitrogen adsorption (BET



conpared to traditional adsorbed groups, such as polynmers, surfactants, and
the like. The pignment having attached an el ectrophilic group nay al so be
prepared using the nethod described in PCT Publication No. WO 01/51566,

- which is {ag9nagsated inits entirety herein by referepsgsid@6t8] The
anount of electrophilic groups can be varied. Preferably, the total anount

of electrophilic groups is from abouts0.01 to about 10.0 m cronvol es of
groups/ n2 surface area of pignment, as neasured by nitrogen adsorption (BET

WO 03/ 0955 aitH3@)/ 1dSRR4Arhpgl6,AKe ambuntef Eledjophiko pro@paigitoan atolneo.amd vt of

el ectrophilic groups is framabout. O 5 to about _ 4.0 m cronmpl es/ nP.

Additi onal 8w eSGPga%ii‘gU ga%h%?réﬁ?“agfeuﬁ’fo‘t’hw‘éa’éﬂ%éeas\ﬁ“fehmﬂi he t hi ol
reagent mayhedhidPrebRnt®8falsd 80dBd. The pi gnent having attached an

el ectrophilic group may be purified by washi n%ifi such as by filtration,
centri fugat[‘?(liﬁlg or alheqnignehbaape dtached an elggirapitlis gaeyp may berranBedbXinr eact ed

raw mat eri gy ,¥19thij 'ﬁ?tﬁh‘?ﬁ'ﬂoh,sceﬁgx%%{;&g'ér5%%&1%'311 LPRU GG h@fodd R PI gment s

may al so be 1sol'ated, for exanp vaporation or 1t nay be’recovered by
filtrati on renedmysactgd usy mytekinloybypraotirsaliussl dthertrbmtion shpuritiesl The t he art .

The pignent. may als e .di r.sed intg a liquid di u and t resul ting
di sper si onS"SRESHEY 45 eﬁfoé%gcgfor(?f(%élﬁ%ly 5&2‘30%&%?%%”58“?’ YT ES and ot her

undesi r abl gif#iof asP@TirRSsiaikebwn €RhniGies Gxihsde skhlel hethdiagpeamsipiimeas a result
of the manufacturing process. For._exanple, the dispersign can be purified

to remove &Y Aitdeesfirraser gl spedd awdivayapd i wrtlengdisrersions Bty By agent
usi ng knowRuLRCHH GiESied W R ]li&h?ﬁrﬁfeb bhd ShirORaiAble! oAbttt whif €F S€

osnosi s, or i1on exchange. [0020] In one enbodi nent, the process of the
present i n¢emed-onst dothsrdispessiontae a reulipf g nesondaciuiing prcess.g femexamalei ng at t ached

an el ectrophil.ic..ar . I rgéﬁ : I.s. fi st ?FE? {ment, the
thiol r eaggltr%"tcilé %ﬁ%}ﬁ%ﬂé%@ﬁl&ﬁ&ﬁﬁ%ﬁg - %ggrlrg%p!ﬁ)[g © %Jr%al%%ltdl{heags é\}/gdi oni c or
i oni zabl e greatingsSagesusinge dkrfvemetechniduag siohastulpadiratndidfdiationasversé Wwo" refers

to the stoichinetric anqount of each group. Thus, for this first enbodi nent,
the thiol PFAYERET KAS*TRES oni ¢ or ionizable groups for each -SH group. The

thiol reaggpsopan bemeint b@bodmem! ¥ prdekss dF Wk pkddblinveh@dn domptidishd t uted with

at least V:toep of combining a pigment having attached an electrophilic group and a thiol
reagent. In ﬁs first embodiment, the thiol reagent comprises at least one —SH group
and at least two ionic or ionizable groups. As used herein, “at least one” and “at least
two” refers to the stoichimetric amount of each group. Thus, for this first
embodiment, the thiol reagent has two ionic or ionizable groups for each ~-SH group.
The thiol reagent can be either an alkyl or aryl thiol that is substituted with at least two
ionic or ionizable groups. The amount of thiol reagent can be any amount capable of
reacting with the electrophilic groups on the pigment. Preferably, the ratio of the weight
of the thiol reagent to the weight of the pigment is from about 0.1/1 to about 10/1 and
more preferably from about 0.2/1 to about 2/1.
[0021] An ionic group is either anionic or cationic and is associated with a
counterion of the opposite charge including inorganic or organic counterions such as
Na*, K, Li*, NH,", NR',", acetate, NO;, SO,?, R'SO;", R'OSO,, OH, and CI', where
R’ represents hydrogen or an organic group such as a substituted or unsubstituted aryl
and/or alkyl group. An ionizable group is one that is capable of forming an ionic

group in the medium of use. Organic ionic groups include those described in U.S.

Patent No. 5,698,016, the description of which is fully incorporated herein by reference.



ionic or ionizable groups. The anobunt of thiol reagent can be any anount
capable of reacting with the electrophilic groups on the pignent.
Preferably, the ratio of the weight of the thiol reagent to the wei ght of
the pignent is fromabout 0.1/1 to about 10/1 and nore preferably from

about 0. glolshssabout 2/ 1. [0021] An ionic group is eithely@Qpn c or
cationic and is associated with a counterion of the opposite charge

i ncl udi ng inorgani ¢ or organi ¢ counterions such as Na*, K+, Li', NH+,
NR 4', acetate, NO3, S042, RS, ROSO, 01 1-, &, where R represents
hydr ogen [122hn or gBi Buqjrisegsnismenh cempasesatbletst twe eniopic argsifirebleut ed aryl

and/ or aliotes 0GR Bbul0k ZDHSA0 BMOed Bof\Bolithu Sy APARESL! fOr T NG an

ionic ¢ um of - use: ani c ioni'c grou C utdee t hose
descri bedromgrous. haviPatiemtabMosub&ijtedi;, thdttean tibven dees (amponizableogrowds),ch is ful |y

i ncorporated herein by reference. 03/ 095568 PCTI USN3/ 14647. -6 [0022] The
t hi ol reéb@h?s ARYC CBRHTICEE a eVéﬁ%ytV\gf?Nge BHPTL Mo e aRD At JBiAeRle gr oups.

Ani oni ¢ gneASn@r € negatively charged ionic groups that nay be generated
fromgr ouB)s havi ng_i oni zabl e substituents that can form ani ons (anionizable

groups), D&3th as Benreretatiieh gxampies nefs aniqne yveroupy Brlede p€O0Che—3@0n in the
salts of iQnjz . jituepts. J0023] .Representati.ve anpl es of anionic
groups i ﬁaggide%"ﬁ@@aﬁ—pbméfp%u@% ,Sogﬁ’(‘:}m—“f%f%@nguﬂﬁepr esentative
exanpl es ; ni erhzabl ro i dey: ﬁ()gﬁ[],! DN + P -R SH,

-R OH, arlljgpfhfcgo %%Séﬂhe?gfﬂﬁ R:%fsr gggnf S yﬁr Ggeltljocl)zr’ grllég%ani c group

such as aepredestsinythlo8eh 61 arll BipHRS totdutsBsh & ¥ lsubsBREA O wabibxtitutiep. Preferably,
t he anioni'c or anonizable group is a carboxylic acid group, a sulfonic acid

group, orand/ar elkvk gevm oPref: the apéonicprogninizable group 4 a lsabexyligarid] t hi ol t hat

is substi ed. Wit | |4 ' .3s, for
exanpl e, g&ﬁ}& %gl\p%ntgg Sggig}r?lﬁﬁ%téél %@ef%&?@@ﬁ%th@ﬁe%&{%gggﬁ %}t}g@omri se at
| east onehatdt isobsiimtedr witlatat daastzisol @rbogylinu peid @aduips ruch gs,ofop sxanmde,posi ti vel y

char ged orgaan'tc ichciaCid?r oups that may be generated fromi onizable
subst i t udBFELPIREEAN S or m cations (cationi zabl e groups), such as

pr ot onat 0024 nes. Tho thix@agehtemagp lcbayiprisarat deagl oieneaniesic MR catkdifablet onat ed in
acidic group. Cationic groups are positively charged organic ionic groups that may be
- generated from ionizable substituents that can form cations (cationizable groups), such
as protonated amines. For example, alkyl or aryl amines may be protonated in acidic

media to form ammoniwm groups '—NR'zH *, where R' represent an organic group such as

a substituted or unsubstituted aryl and/or alkyl group. The thiol reagent may also
comprise both an anionic or anionizable group and a cationic or cationizable group.
[0025]) - For this first embodiment, it is preferred that the pigment having attached
an electrophilic group and the thiol reagent are combined under conditions which form
the thiolate of the thiol reagent. For example, it is preferred that the pigment and thiol
reagent are combined under alkaline conditions, which form the thiolate and may assist
in the reaction of the thiol reagent with the pigment. In addition, alkaline conditions
may increase the solubility of the thiol reagent, particularly when the ionic or ionizable
groups of the thiol reagent are anionic or anionizable groups. Thus, it is preferred that
the pigment and thiol reagent are combined at a pH greater than or equal to 7, more
preferably greater than or equal to 9, and most preferably greater than or equal to 11.
[0026] In a second embodiment, the present invention comprises the step of
combining, in any order, a pigment baving attached an electrophilic group and a

thiopolymer comprising at least one —SH group. The —SH group may be present along



media to form amoni um groups -NRl 2H , where R represent an organi c group

such as a substituted or unsubstituted aryl and/or allcyl group. The thiol

reagent may al so conprise both an anionic or anionizable group and a

. cationic ni zabl e group. [0025] For this first t, it is
preferreda?%gﬁgb%e pi gnent having attached an electropﬁﬁﬁgc/g# up and the

thiol reagent are conbined under conditions which form the thiolate of the

thiol reagent. For exanple, it is preferred that the pignment and thiol

reagent ar§e GRREYNB SFthy ABSYo IR bR, ﬁpasihipleoagspm\mh?&mfaﬂrgm@h& dshi ol ate and

may assist in the reaction of the thiol reagent with the {)O&rent In

addi ti on, alerainiting eIt the prsl(s) h hei nebimsas @hq topslymabpreferaplyofirthdie t hi ol

r eagent, I t i ﬁ&b t hi ol
reagent ar e%h?%ﬁ?%L%Pﬂgﬁ)ﬁlganE%El)%me?&gpgﬂ 0 Alqom&%%%&é)? aﬁrhﬁ that the
pi gnent anailytoﬁthose desrahehabowg. €ltms, i ﬂl@dolamelanqofl-begnﬁmlsmeltchmpnmc gqual to 7,

nore pr ef ater t ua .10 9 .an nost ef er f ar eat er

t han or %f OP "%Eilegmf“%(ffg]at lﬁasé eéé?ﬁ]ic oér’r‘{’)1 %E%rpupt n i nvention
conpri ses thivolsiberran be aoaiunt dagabld 6f réddiingdwile the e&ctﬁlpgme@toubaumﬂ@ attached an
el ectrophilic u nd.a _.thiopolynmer, conprisin east ane -SH group.
The - SH grlaaﬁelﬁé’ fgréﬁﬁr%g{@ﬁ? 0%%69?@%%7&9@3&!%@%@ %ewe thegpent. 7 t he
backbone of fbRendui0QPOh ¥P&E 10/3 Ul nidfo réf@f'éb@)ﬁ%mlbﬁuw%l mtssutgh a pendant
group, or as a termnating group on the end(s) e polynmer: The

t hi opol yrmel00%H ef er aBrejerabliy, ﬁh?éhlop@lmgrqo@egseathelr@amn pm@ct ofra rolyoreri oni zabl e

Th t bed ab
Tus t no REBETEHh el Rl Ao uR AR o T e B S B ™ S o o

and at | eastarloxglid aoid growy ox saniﬂmdmlfeznglamumntuﬁﬁau@hnmﬂ thibl, stdhi aspal yner can be
any anount capabl e of reactln W th t s on.the

o et PRGRAGRT {0Loh & R R diClaSFEO oY oS BUE) AR ¥ he vei ght of
t he pi gmenthiol isamidoeti@piyl, 0. 1/ 1 to about 10/ 1, and nore preferably from
about 0.2/1 to about 2/ 1. 0027] Preferably, the thiopolynmer conprises the
reaction p[oﬁ%ﬁlct of ExamRlesy Reolymts Ayngt af &8s osnesastscePRe BWiEp, such as
an anhydri ?&iﬂléf?t &fdh CRT h& che-BGled Cﬁ&b §c @6lgd group or
salt there&h?l a substitut eg gqx eor ear?/]?{y ) suc gsc an

ami noal | caméymm @mchcﬂs palyacylomastd, polampth@rxlmuagld mﬂrcepcéyratrls pf aaryls ubst i t ut ed

al kyl or ag Xthac lic a{ ﬁlu%mc%%ﬁl(gﬁnfe—acl%’hglacm) poly(styrene-methacrylic acid),
poly(ethylene-acrylic acid), or copolymers of acrylic and methacrylic acid with alkyl

acrylates or methacrylates. Other suitable carboxylic acid polymers include polyesters,
polyurethanes, and polyamides, whlch have carboxylic acid end groups. If needed to
improve the reactivity of the carboxylic acid groups, an activating agent may'optionally
be added, thus forming a polymer having at least one activated carboxylic acid. The
activated carboxylic acid may be a mixed anhydride, such as that formed by the reaction
of a carboxylic acid or salt with ethyl chloroformate. Other activated carboxylic acid
groups and activating agents to prepare them will be known to one skilled in the art.

[0029] When the thiopolymer is the reaction product of a polymer having at
least one reactive group and a substituted alkyl or aryl thiol, the amount of each reagent
need not be stoichiometric. For example, the amount of aminoalkyl or aromatic amino
thiol may be less than the amount of the reactive group in the polymer. Any remaining
reactive groups may be further reacted. For example, when the resulting thiopolymer
has remaining anhydride groups, these may be further reacted with base, to hydrolyze
the remaining anhydrides and form carboxylic acid groups, or salts thereof.
Alternatively, reagents such as alkyl or aryl amines and alcohols may be added to react



[ 0028] Exanpl es of polynmers having at | east one reactive group include
anhydri de pol yners, such as poly(styrene-nalei c anhydride) and carboxylic
acid polyners, such as polyacrylic acid, polynethacrylic acid, and
copolyners of acrylic or nethacrylic acid, including poly(styrene-acrylic
acid), Radyd@tgene-nmethacrylic acid), poly(ethyleneﬁgﬁﬁgﬁhﬁ”?cid), or
copol yners of acrylic and nethacrylic acid with al kyl “acrylates or

nmet hacryl ates. Ot her suitable carbgﬁylic acid polymers include polyesters,
pol yur et hanes, and pol yam des, which have carboxylic acid end groups. If
needed tgith iHeRHOMENS Qﬁyﬂﬁﬁ%&éu}’)b tovforf arhid @cigAOPRNNLS) SndAG Chedle@URS, an
activating agent may optionally be added, thus form ng a polyner having at

| east onwssrgetivelyat Bes eaingdpiopelyaer qgu thepde uggdtip therrseresselijbs@ieseat aci d may be a

m xed an | . : ' QR a carboxylic acid
or saltnﬁygﬁ&gﬁﬂ§%ggﬁF%?gﬁg? 1%%&qﬁﬂﬂggmggﬁﬁég?é%*@%?&%%’lic acid groups
and act i [9a30]lng agé&nt thit secordeqmabrodintent thevprbdessoef the prosent invertonghkayt | ed i n t he
art. [0 When the thi | yner. i.s.the reacti roduct. of pol ynmer

havi ng ag%a%gg@pﬂ% et@%@?@@%gﬁ?gﬁﬁmgﬁﬁggms %?ﬁﬁ &gQFWVF@%%’aryI t hi ol

t he anoutap Odny €l@6Tere R aith rerisie dfted ee thiopEiradrahd pidkieht HavinfeftacBed@npl e, the
anount of am noal kyl or aromatic _am no _thiol nmay be | ess than the anount of
the reactli HecigpBlip sroyripee BS?W?P@?I’PE%M?FH%%@%%‘S froBeqli F@PgRFUPs may be
further geactsdne BQfied MPdrPandhe@iic! RE et AHY, bt iiliORAbABIes oN1AS ©emai ni ng

anhydride groups, these may be further reacted"wth base, to hydrolyze the
r emai ni ngplta thegedf, iod esB-anshtfratedncabordyband suifomydicdmgowds suctoas atlites t her eof .

Alternatively, reagents. such_.as al kyl or.ar anj nes. and, al cohol s may be
Added s o omEt GRS 5 aRE FeToasly 1Tl R, e AE A ng anhydr | de
groups t &exfe@i!),m'iﬁﬂ[! sulfefit dsid( & saltérides), a0dndetds (@Riudigs ff&r&am?k,es pectively.

[

This resulting thiopolyner can then be used in the process of the present
i nvent i omalels apd of ek hseal @ mAleEds).grent  havi ng attached an el ectrophilic

group. [RRSH1 For fhbitesSROANAIGIRRHLTR e b HCmBNAELPEaRE. { BEoR esent
invention may further conprise the step of adding allcylating agent. The
al kyl at i emgboslereant, the rogdeldedt pigmefagotupaess 2 hisplenighauyss atidshehargonri n after the

t hi opol yner an I ament  Ravhn C trophilic have been
conbi ned PARYP At 11y “‘g%egﬁﬁ'f glrlea%r E?Po?‘efg?%%gtss%%r%géai%%%‘ﬁ Stu}(’)&%u(r%lééd)s killed in
the art afilat et tieeionik oF ionivabip leupsal Riglpighent aeSonibat Dateilateapor

may be any of those described above. For example, the group PI can represent an

organic group comprising a branched or unbranched alkyl group substituted with at least
two ionic or ionizable groups, preferably at least two carboxylic acid groups. An
example of a preferred group PI is a succinic acid group or salt thereof.

[0032] The group PI may also represent a polymeric group comprising at least
one ionic or ionizable group. The ionic or ionizable groups may be any of those
described above. The polymeric group can be a homopolymer, copolymer,
terpolymer, and/or a polymer containing any number of different repeating units.
Further, the polymeric group can be a random polymer, alternating polymer, graft
polymer, block polymer, star-like polymer, and/or comb-like polymer. Preferably, the
polymeric group comprises a homopolymer or copolymer of acrylic acid, methacrylic
acid, maleic acid, or salts thereof.

[0033] In a second embodiment, the modified pigment of the present invention
comprises a pigment having attached a group comprising the formula —X-Sp-S-[PI]. X,
which is directly attached to the pigment, represents an arylene or heteroarylene group
or an alkylene group and is substituted with an Sp group. Sp represents a spacer

group. The group PI is as described above and can represent an organic group



salts thereof, or a,(3-unsaturated carbonyl and sul fonyl conpounds such as
acrylates and nethacrylates (including, for exanple, acrylic acid,

nmet hacrylic acid, or salts thereof), vinyl sulfonic acid or salts thereof,
and mal eates (including, for exanple, maleic acid or salts thereof, or

mal ei m d®)0 03[09B6B1] The present invention further rel atft&d" B Y Yodi fi ed
“pignent. In one enbodinent, the nodjfied pignment conprises a pignment having
attached a group conprising the fornula -S-[PI]. The group Pl represents an

organi ¢ gLRupnRHbRh tat ekt WhtfnRl of SASLbEWSohAE LholyRidhid akbg 9 oups. The
pi gnment and ionic or ionizable groups nay be any of "those described above.
For exanptanprising agjleasipnPionisenioneggeblesmmp. an  organi ¢ group conprising a

b hed b . | titut i t St ..t i i

oni zabl el ips. et ShyeRbE aSpRE Shit s lenee Bagild® 0" ¢

exanpl e obetaeqrteberouwpd FThogmoulSp can & shondionk chentical ggpupu Examplsabf t her eof .
0032] Th r.o Pl al so represent a I ric u ising at | east

| E)ne i Lni C&E%“?%%Ofﬁsoﬁg%%? %pra.re ‘?‘ﬁémflﬁflugoe "85(97’% z—ab‘?@é&‘grﬁ@%y’ begany of

those desggp _abg(y@OFébﬁ% pgﬂ@@d}f_gr%ﬁcéé%‘ge @gggg_lf?polgﬁrgr, copol yner,

t erpol ymer, andfdr a po r contal ni'ig any nufbet o ferert’ repeating

units. Fugdlen,, tke@raly RSO ¢IHPUP-SaN-RRCB-T aRRQDEHCHIEO,R)2] t er nati ng
pol ymer, graft *polyner? bl ock?pol*yner, star-1like polyner, and/or conb-Iike

pol ynmer. PNRCOCEHCH(CORS-, pDI(GOR)(CO)gr anide coropps S@schalidpo mogieiyder or

copol yner of acrylic acid, nethacrylic acid, nmalei id, or.salts thereof.
[0033] 1| nER B BHES LR BT o Pigactsd AP oacEisriment Bsritend. gftident i nventi o
conpri sescah b e¥BiaehaViiffared! tepediass By APorCAIBigasit olphgich Gkl a
-X-Sp-S-[Pl]. X, which is_ di rectI)( attached to the pignent, represents an
aryl ene ofublydiuted onrgsuBHEtet BvhrT HeY awuwaaélkéml@fe@erps‘&%@s@msh&ti tuted with
an Sp grodp. Sp represents a spacer group. The group Pl is as described
above and can represent an organic group WO (13/095568 PCT/ US03/14647 -9
substit ut B934k t h atTHeegrotp tXmoepiresaits apr arylend oaieraprdenss gonp eorpol ymeri ¢ gr oup

comp LS Pl 5 S8R0 el WHE B RRPRRE A DRl i
an Sp group. The aromatic group can be further substituted with any group, such as
one or more alkyl groups or aryl groups. Preferably, the arylene group is phenylene,
naphthylene, or biphenylene. When X represents an alkylene group, examples
include, but are not limited to, substituted or unsubstituted alkylene groups which may
be branched or unbranched. The alkylene group can be substituted with one or more

groups, such as aromatic groups. Examples include, but are not limited to, CI-C12
groups like methylene, ethylene, propylene, or butylene, groups. Preferably, X is an
arylene group.

[0036] The group X may be substituted with one or more functional groups.
Examples of functional groups include, but are not limited tc;, R", OR", COR",
COOR", OCOR", carboxylates, halogens, CN, NR"Z, SOBH, sulfonates, sulfates,
NR"(COR"), CONR"Z, NOZ, POH, phosphonates, phosphates, N=NR", SOR",
NSO_R", wherein R" which can be the same or different, is independently hydrogen,
branched or unbranched CI-C20 substituted or unsubstituted, saturated or unsaturated
hydrocarbons, e.g., alkyl, alkenyl, alkynyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted alkaryl, or
substituted or unsubstituted aralkyl.



bet ween two groups. The group Sp can be a bond or a chem cal group. Exanples
of chem cal groups include, but are not limted to, -02C, -CO, -COCHz2-,
-CoCc2H4 ,  -0OCOCH2 , -0OCOC2H4 , -NRCOCH, -, -NRCOC2H4 , -OSQz , -so 2, -SO
2C2H4 , -SOC2H4 , NRS02C H4 , -Sk , NRCO , NRCOCH(CH2COZR) -

- NRCOCHZ2 (il 6308 Rks . N(COR) (CO) -, im de gr oups (1 ncl udi n%{;ﬁg g)ﬂ&wje groups),
aryl ene groups, linear or branched allylene groups, R, which
can be the sane or different, represgnts hydrogen or an organic group such
as a substituted or unsubstltuted aryl or allcyl group, and k is an

I nteger, [?9'?7*]‘ as f neMRhdwh By the shdO3R1abbhE mé%l&meI ePL@RRA fo @ aryl ene or
het eroaryl ené group or an al kyl ene gro Is direct|ly attached to the

pi gnent angmens threuglh@@ SQ%PG’S%IOPHtS@cﬁ%atWUE;EHtOSp Heweyer tivellalsorhet i ¢ group can
be furth S r kyl groups or
aryl gr oﬁ{e)%cfgﬁ] iﬂera]feq,tm%‘% 12% %%gbﬁgmeﬁ%%%bgﬁpﬁe% OI;I J‘rlﬁnagﬁcc;ﬁdtehyI ene, or

bi phenyl eamcheﬂ\hemh@(plgmpmt&mmlsplamomltskglbregn@egmbm;r ohmarthﬂoegh pioped ude, but are

not Iimt d.to §thtﬁ utedo unsubsti t ut ed a%élene @t%[eﬁfs whi ch may be
br anched BPehREFRAT gro’l‘ﬂseoré FSPPaTE YRSHST WK S FBETYOE&™ it h one or
nore  gr cileScomptiSdspacer gfoapaadrl-cc- cgw@s aﬁd@aaMeeabw&c ITUAE thebdigrodgse not |imited

to, Cl-C12 rouPs i ke nmethyle et hyl ene, yl ene, or butyl ene, groups.
Pr ef er abl G0 bxaifaghed-fo tlgrg;grg%abqlfgﬁpendm@t@@@tsm%n %b%? Mmay be substit uted

with one @bsyfor e fWBCiHARAAE BisRSpis JPARTBIAM AhydBE! hOAfHuGr UDS | nel ude,

but are not limted to , carboxyl ates
hal ogens, att@pyed [gRups oin 1803HEd. Sbtbishiyt Bs fota ahiounteof attacked IOy fOBONR' 2, NOZ,

PO3H2, ph e i n. R which can

be the sa(r?gwcpr)&ggof 8‘%@:@&%{%&@1 epe%“ntgqgémdsf%%%g B%%ﬁ% or unbranched
Cl-C20 s ubsasuﬁedlbﬁdxmgenmmrbﬁdn (B’!Eﬂ‘edethcxht Boratxedples thel it bﬁzﬁt&dhedhyd'r ocar bons,
e.g., alkyl, en K I ted or ub t ut

substi t ut Bup(ﬁrls E‘ﬁ?)éﬁ%fr u’%&%‘ qﬁ%fe%& ml&ﬁ?ﬁ’é’hs&% e/g‘ué ﬁ@fﬁ@%‘%ﬁl t ut ed

al karyl, &by sslkbbﬁahﬁglﬂ@%rﬁfuw asdelBéd atbuvce@xa@ra@sbmlusemlﬁﬁé&%@&&
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modified pigments of the present invention may be purified using the techniques and

methods described above.

[0039] The modified pigments -of the present invention can be used in a
variety of applications. For example, the modified pigments can be dispersed in a
liquid vehicle and used in an ink or coating application. The vehicle can be either an
aqueous’ or non-aqueous vehicle, depending on the nature of the attached organic -.
group. In particular, the modified pigments can be used in an inkjet ink, such as an
aqueous inkjet ink. Suitable additives may be incorporated into these inkjet ink
compositions to impart a number of desired properties while maintaining the stability
of the compositions. For example, surfactants may be added to further enhance the
colloidal stability of the composition. Other additives are well known in the art and
include humectants, biocides, binders, drying accelerators, penetrants, dyes, buffers,
and the like.

[0040] The present invention will be further clarified by the following

examples which are intended to be only exemplary in nature.



-10 [00371 As shown by the structure above, the group Pl is attached to the
pi gnment through the spacer group Sp and a sulfur atom However, it will also
be recognized that, when the group Pl is a polyneric group, the group P
can al so be attached to the pignent at nultiple points along the pol yner
chai n t hr Y¢H¥¥6ber choice of substituent groups on tRES/USedEst’i ng nonomer
units. These substituents may also conprise spacer groups or -X-Sp- groups
as described above. Thus, these groups can be attached to the pignent at
either end or at points anng t he backbone. [0038] For the nodified pignents
of the present invention, the amount of attached groups can be vari ed.
Preferably, the total anmount of agixavpegsgroups is from about 0.01 to about
10.0 micronol es of organic group/n2 surface area of pignent, as neasured by
ni trogen adsorption (BET met hod). For exanple, the anpbunt of attached

gr oups |s en ;g%m i tional
attached g?g'ps g@@%&-%ﬁim%g$§3m§% gég%gkgagqaggﬁﬁ naygglso be used.
Furt hermr@talnddéronnﬂldﬁﬁmwmiognmm@d@ie shhen pr Babdt: i nventi on nmay be purified
usi ng the techni ques and nethods descri bed above. [0039] Tht. nodified

pi gments of the present invention ﬁaﬁﬁ e used in a variety of applications.
For exanple, the nodified pignents be dispersed in a liquid vehicle and
used in an inkl orpok@addIBY AppIMEat I|oRtyrdREMUEIY AhiEydeR¥e FBRioE] t her an aqueous
or non-aqueous| VelNi&f®ood€HeNgikpg qn the naturg.jof the attached organic --
group. In partfc 1@&2006‘)6 dffb ¢d PIrgmeEnts cap be used 171 an inkjet ink,
such as an aq COTALZO0DET ingsmPuiLdurE’dUUILEﬁes may—be—tncor porated i nto
t hese i nkjet i'“ﬁNﬁﬁAﬂ@ ‘%uh7’b¢ Hpart—a e — of ues%fcﬁ properties
whi | e mai nt ai nkw 3 20%e I ho composi F—exanpl e,

surfactants may QSMR dd g%ﬁg;ﬁ‘ f’uw?%ﬁﬁgﬁ@ﬁ@ﬁﬁmwgéﬁﬁupﬁag ,stability of the
conposi tion. the%nggg&ﬁﬂﬂg§ma&§ we known 1 n e art ang1 i ncl ude
hunect ants, biocides, binders, drying accel erators, penetrants, dyes,

buffers, and t he Ilke [0040] The present invention will be further
clarified B¥Ahe fom#ﬂ@mm@&%ia@ﬁﬁfar@@ niersdeigsuceinise agidl y exenpl ary
In nature. ¥WR,03/ 099808 BT hiES3 R AARTHC), 5,5-dithiobis(2-nitrobenzoioc

acid) (DTNB), ethylchloroformate, concentrated HCI, and triethylamine (TEA) were

obtained from Aldrich Chemical Co. and used without further puriﬁcation. Ji onc;yl®

680 was obtained from S.C. Johnson.

[0043] Particle size was determined using a Microtrac® Particle Size

I

Analyzer, and the values reported are the mean volume particie size (mV). Percent
attached polymer was calculated from thermogravimentric analysis (TGA) using a TA
Instruments TGA Model 2950. The samples were analyzed under nitrogen according
to the following te;rlperature profile: 10°C/min up to 110°C, hold at 110°C for 10
minutes, continue heating at 10°C/min up to 800°C, and hold at 800°C for 10 minutes.
Percent attached material is determined from comparison of the weight lost between

110°C and 800°C of the final product compared to that of the starting materials.



-11 EXAMPLES [0041] For the follow ng exanpl es, the styrene-co-nmaleic acid
polynmers were obtained fromthe Sartonmer Conpany and are shown in Table 1:
Table 1 Polynmer 1D M S rene: Mal ei e Anhydride Ratio SMA 1000 5,500 1:1 SMVA
2000 7,250 2:1 SMA 3000 9,500 3:1 SMA 1440 * 7,500 .1.5:1 * SMA(1440)

pol ynmer was,sRbefeer ed by reacting approximately 65% of pdwusoaniydri des of the
SMA starting polynmer with 2-butoxyethylal cohol to afford the correspondi ng
hal f acid ester. [0042] D nethylforn®-nide (DW), acrylic acid,

mer capt osucci nic acid (MeEA), am noet hanethi ol hydrochl ori de (AETHC1),

5,5" -di t hi obi s(2-nitrobenzoioc acid) (DITNB), ethylchlorofornmate,

concent r agegimbled 1.3and triethyl am ne (TEA) were obtained fromA drich
Chemical Co. and used without further purification. Joncryl(r) 680 was

obt ai ned {0044} S. C. Thehifelwing Geashleraescribe cthe i prepapaiiondef @r moddwdusi ng a
Mcrotrac(r) Particl j . h ues reported are the nean
vol urre pa%’]tg%nc? é‘ofét?eg@ﬁ%}?&%ﬁéﬂ?%ﬁ%ﬂ%g t% g@%l](iaedletﬁ% ymer was cal cul ated from

t hernogravi mentric analysis (TGA) using a TA Instrunents TGA Mddel 2950.

The sanpl es were anal yzed under nitrogen agcording _tg.the follow ng

t enperat ure pg,(g,fEk in up 1M¥EA11QC, h§| ElonakT *fgrjlo m nut es,

conti nue heating at“*0 13508 theolBBIG® and hol d at—800C fifor 10 m nutes.
Percent attached material is determ ned from conparison of the weight | ost
bet ween 110C 4RF"BHEE"5M* Y he final product conparied to that of the starting

materials. WO 03/095568 PCT/ US03/ 14647 -12- Exanples 1-3 [0044] The-
foll ow ng exanpl es descri be the preparation of a dified

Q0
PIGMENT——@—S\/\S‘(COZ Na

CO;Na
MSA-PIGMENT
Scheme 1
Example 1 -
[0045]) A 14.9% aqueous dispersion of Black Pearls® 880 carbon black

(available from Cabot Corporation, Boston, MA) having attached a 2-
(sulfatoethylsulfone) group was prepared according to the procedure described in PCT
Publication No. WO 01/51566 to yield a pigment dispersion. The resulting pigment
having attached an electrophilic group was analyzed for sodium content to determine
that the amount of attached group was 0.3 mmol/g of dry carbon black. ’

[0046] A solution of 0.5 g (3.33 mmol) mercaptosuccinic acid in 5 ml of
deionized water was mixed with 20 g of the above pigment dispersion in a round
bottom flask and the resultant mixture was stirred at room temperature, under an
atmosphere of nitrogen. To this was added dropwise 15 ml of 1N NaOH to afford a
pH of 12.8 and then the mixture was stirred overnight to give a dispersion of a
modified pigment.

[0047] The modified pigment dispersion was purified by diafiltration using a
polysulfone hollow fiber membrane with a pore size of 0.05 microns. The solution
was first concentrated to 35 ml and then diafiltered with 175 ml 0.1M NaOH followed
by 245 ml of deionized water. The final pH of the permeate was between 6-7.



pi gmrent of the present invention according to Schene 1 below. _ 00 MSA 00
Pl GVENT ~ ~ S~/\0503Na NaCH (pH> 12) PIGVENT S/ Sulfatoet hyl sul f one- Pi
GMVMENT _ 00 PIGVENT -\ SCO Na CO2 Na MSA-PIGVENT Schene 1 Exanple 1

[ 0045] A 14. 9% aqueous di spersion of Black Pearls(r) 880 carbon bl ack

(avai | abl &QW&%’?’%bot Cor por ation, Boston, MA) having RGTASAY¥HOH 2-

(sul fat oet hyl sul fone) group was prepalred according to the procedure
described in PCT Publication No. WO'01/51566 to yield a pignment dispersion.

The resul tji i gne ' - ct: Il 1l achPe anal yzed
for sodiu d@gﬁfent ?fcw)h ° gt&gdf%l%ﬁghgt gﬁﬁﬁteﬁglgglﬁgtuﬁpgg na]%a? é{%{w g%‘ﬁp was 0.3
mol | g of df y1Xamod alpackl1.§. 0DdGnodifisd barboroblackf pi@mént gvas 3nd@zedrfof )

mer captosuccinic acid in 5 of. deioni,zed ter.wa ixed with 20 g of the
Rbove pi gmetinud Erbrekth B s Plnn EmER, 5 e itk BB bfie HPane i xture
was sti rrefedilts aRGHLIEHITBEbRIABw. under an at nosphere of nitrogen. To this
was added dropwse 15 m of IN NaOH to afford a pH of 12.8 and then the

m xture was stirred overnight to give a dispersion of a nodified pignment.

[ 0047] TheE%'lgbed pi gnent dispersion was purified by diafiltration using a
pol ysul fone holfTow fi ber nenbrane with a pore size of 0.05 mcrons. The

sol ution 49First Fuithiemtample thetppoce®uretiesariebdtin Emardplafliwas dolbsvedi t h 175

0. 1M NaOH f ol | .oned 45 ni k. of . dej.opj ze e The final .pH of the

per neat e w&’étklbtg? Ve en B%“ %é% %%&@5@%&% %@/-g%G%}h&Q {11@3([ B%’ﬂﬁ The

resul ting ptchéd eok(sadiiottheleulfingngatp wWisspeiced ofthadd %asqlas dispdrdosoze  of 112

m and & oLt Siow 1 (RHHL S BROERLASK RIATERL B2 aflyred for
electrophilic group, also prepared according to the procedure described in WO

01/51560. Results from the Na+ analysis of this modified pigment are shown in Table

2 below.

Example 3
{0050} For this example, the procedure described in Example 1 was followed,

with the exception that the dispersion of Black Pearls® 880 carbon black having
attached a 2-(sulfatoethylsulfone) group was replaced with a 20.51% solids dispersion
-of Pigment Red 122 (available from Sun Chemical) having the same attached
electrophilic group, also prepared according to the procedure described in WO
01/51560. Results from the Na+ analysis of this modified pigment are shown in Table

2 below.
Table 2
Example # Pigment % Na % Na
before after
1 Black Pearls® 880 0.69 1.1
carbon black
2 Pigment Yellow 74 0.20 0.50
3 Pigment Red 122 0.50 0.77




sodi um and conpared to the starting pignment having attached an el ectrophilic
group. Results are shown in Table 2 bel ow. Exanple 2 [0049] For this

exanpl e, the procedure described in Exanple 1 was followed, wth the
exception that the dispersion of Black Pearls(r) 880 carbon bl ack having
attache - | f at oet hyl sul fone) group was repl aced w 7% sol i ds

di sper s%ﬁoﬁ%gg‘%gi gnent Yellow 74 (avail able from Sun &Eﬂé@’?{gglfé%avi ng the
sane attached electrophilic group,isal so prepared according to the procedure
described in WO 01/51560. Results fromthe Na+ analysis of this nodified

pi gnent are shown in Table 2 below Exanple 3 [0050] For this exanple, the
pr ocedur des?ri4gl§ld in Exanple | was followed, with the exception that the
di sper si BP'e8*ac’k Pearl s(r) 880 carbon black having attached a

2- (sul fatiegsipy! sul TRneYolpwanP wRdnglep! agedbeM e aprParaioo 90! ixds di spersion
of Pigment Red 122 (avail able from Sun Chem cal) Eavi ng the sane attached

el ect r optmigasthgpeshiglatedtSEA p (spencaralele c HyAnde) t polymer pﬂngc@@ﬁ?%‘eﬁescri bed in
WO 01/5 by ysis of this nodified pignment are
shown in Ta eg%?%&lbr%?%\t?f&ﬁ%%{ggh%ﬁxanp ‘e # Pignent % Na % Na before after

1 Black Pearls(r) 880 0.69 1.1 carbon black 2 Pignment Yellow 74 0.20 0.50

3 Pignent Red 122 0.5 Q~ZsM0 03/ 095568 PCT/ USQE/ 14647 -14- Exanples 4-11
[ 0051] The fob f'ng exgmpl es descr{ he pro ardtisen of an

am noet h d--SMA—{styr ) pol yner and subsequent
Ph X y 2) HC
0 OH
SMA ) .
Aminoethanethiolated SMA
1) NaOH
2) Pigmen "S/,O
V050, Na
3) Sodium acryate (optional)
Y
0.0
NaO,C H \/,
a0y Ox N\/\S/\/\S/\@—Pigment
Ph X yz z
CO;Na CONa
Scheme 2
[0052] Aminoethanethiol is reacted in DMF with some or all of the anhydrides

of the SMA polymer. The resulting product molecular weight and acid number have a
direct correlation to the extent of this reaction. FIG. 1 and FIG. 2 show the expected
dependence of molecular weight and acid number on the targeted percentage of
anhydrides reacted with aminoethane thiol. These are determined from the theoretical
ratio of styrene/maleic anhydride in the starting polymer. For example, SMA(3000)
has a 3/1 ratio of styrene to maleic anhydride (from the manufacturer’s product sheet).
If 50% of the anhydride groups are targeted for reaction with AET-HCI, the expected
acid number- for the resulting product would be approximately 190 and the expected
MW would be approximately 10400. Thus, by targeting the percent of anhydrides
reacted with the thiol reagent, the properties of the polymer and the subsequent
modified pigment may be controlled.



nodi fi ed pignent according to Schene 2 below O 1) H2ZNN-~"SHO NO O SH 0O
DMF Ph x Y 2) HO Ph X Y-z z 0 OH SMA Am noet hanethiolated SMA 1) NaOH O
2) Pigmen O \0 OSO3 Na 3) Sodium acryate (optional) Na2C 0\ N1~~/~,iS S
Pigment Ph Y-z CON, Co2Na Schene 2 [0052] Am noethanethiol is reacted in
DVF with SYVAEYFS681 | of the anhydrides of the SMA pol yReFUSOM#4T esul ti ng
product nol ecul ar wei ght and acid nunber have a direct correlation to the
extent of this reaction. FIG 1 and 6 2 show the expected dependence of
nmol ecul ar inght and acid nunber on the targeted percentage of anhydrides
react ed w i@ ERoet hane thiol. These are determned fromthe theoretical
rati o of sfgosgne/ mal gibigtidWydsrbsheed By difevelr(d & (@040hmYMRihydrkR) o xanpl e,
SMVA( 3000Q) r[hazpa 3/1 ratio o?ﬁdfg?ﬂf?eenlfey to malg:% cg.ghydri de %,fro?nthe

manuf act ur SMA(30) dyd 0 s oEdyy DME.  Todhis stiraddesolitiepdti lgemdespfaiisgy e t ar get ed
for reacti i t : o Ci upber - of, ulting

pr oduct mgﬁdgwbiqgéﬁ-oxi%t%??ﬁ?g% g%g v{/%eh(gdfgeg?e (Ol\%i\l/?\/\%{;ﬁdgfgg

appr oxi mat etnynogathiolHydochlbnidet asragetid mgorelpertperapé fiten§f2 mhyfdimtds r eact ed

wth the tht ol SR9 Miowide! ThPFRBRE 1nERur®Tval RG1cA A ¥R ot mblRs HPS CAUEN

then at room temperature for 4.5 hours. The product was isolated by slowly dropping

into vigorously stirred IN HCl1 (600 ml). After the addition, the mixture was stirred
for another 60 minutes and then suction filtered, washed with 400 ml of 1N HCI and
then 400 ML of deionized water. The resulting product was briefly air dried to afford
61 g of a free flowing white solid which contained 62% moisture, as measured by
weight loss after heating at 110°C for 1 hour. ,

[0054] The aminoethanethiolated-SMA polymer was dried at 110°C. Resuits
from elemental combustion analysis are shown in Table -3 below. Thiols were
measured by titration with DTNB following a modification of Ellman’s procedure
(Ellman, G.L. (1958) Arch. Biochem. Biophys. 74, 443; Bioconjugate Techniques,
Greg T. Hermanson, Academic Press, Iné., copyright 1996, p 88). The resulting
polymer was found to have 1.4 mmol thiols/g dry polymer. |

Example 5
[0055] For this example, the procedure described for Example 4 was used,

with the differences noted in Table 3. Results from the analysis of the resulting

aminoethanethiolated-SMA are shown in Table 3 below.

Example 6
[0056] For this example, the procedure described for Example 4 was used,

with the differences noted in Table 3. Results from the analysis of the resulting
aminoethanethiolated-SMA are shown in Table 3 below.



nodi fied pignment may be controll ed. WO 03/095568 PCT/ US03/ 14647 - 15-

Exanpl e 4 [0053] A solution was prepared by dissolving 20 g (0.049 nol
anhydride) of SMA(3000) in 100 mM of dry DMF. To this stirred solution, at
roomtenperature, wunder a steady streamof nitrogen gas, was added 4.2 g
(0.037 am noet hanet hi ol hydrochl oride as a one portion
and thenrwé}%&n?&(o 074 mol) triethylam ne, dropw se. "‘Srﬁ'”k‘gé‘éd&ham m xt ure
was heated at 45C for 30 m nutes angﬁ then at roomtenperature for 4.5
hours. The product was isolated by slowy dropping into vigorously stirred
IN HCL (600 ml). After the addition, the m xture was stirred for another 60
m nutes and then suction filtered, washed with 400 Ml of IN HO and then
400 M. ofExampledi zed wat er. The resul ting product was briefly air dried to

afford of a f I noi st ur e,
measur ed?%"ysg ] wei gh%grﬁglss sé a %Wg) {’°%‘%‘3’% e&%%?&oﬁ&%pﬁeo %6%4] The

am noet havit the (ﬂlﬁad:eﬁhsﬂétenoh Wilbll’e AnaResllts efcbnattheléxﬁ(}‘msRﬁ"sthb tresultﬁngom el enent al '
conbust i on.anﬁitl Si.S areq ovvn |n Taﬁh’f 3tE eI ow. Thiols were neasured by
titrati of™WOP afed CHY'O% of Ellman's procedure (El i nman,
G L. (1958) Arch. Biochein. B| ophys 74, 443; Bi oconjugate Techni ques, .

Greg T. Hennanson, Academ c Press, Inc., copyright 1996, p 88). The

resul t i ngxampledner vvas found to have 1.4 muol thiols/g dry polymer. Exanple
5 [ 00551 this gxafpl 1f%eth‘3 CEALLE, irhegh 5 Bl FXaanlsg; 4 was used,
W th the[@g? er ences not p bq} g eRggafb (?r or% '?Efe anal >§5|’s of the

resul ti ngnthaiﬂrenhfé@rhmeemhiedlmﬂehle%Ramétss&mWMa malfals| o tBe basblting Exanpl e 6
[00561 For .thj.s roce cribed for Exanple 4 was used,
with the Wﬁ%‘ﬁ@@%ﬂm %’%}I’e a%?e%ez?ﬁts fromthe analysis of the
resulting am noethanet hi ol at ed- SMA are shown in Table 3 bel ow. WO 03/095568

PCT/ US03/ 14647
Example 9

[0059] For this example, the procedure described for Example 4 was used,
with the differences noted in Table 3. Results from the analysis of the resulting

aminoethanethiolated-SMA are shown in Table 3 below.

Example 10
[0060] For this example, the procedure described for Example 4 was used,

with- the differences noted in Table 3. Results from the analysis of the resulting

aminoethanethiolated-SMA are shown in Table 3 below.

Table 3
Ex. Polymer | Anhydrides | AET-HCI %S %S %N %N
# (mol) (mol) (Theor.)* (Actual) | (Theor.)* (Actual)
4 SMA(3000) 0.049 0.037 5.14 5.18 2.25 2.48
5 SMA(3000) 0.049 0.049 6.39 6.66 2.79 2.83
6 SMA(3000) 0.049 0.021 3.12 3.07 1.36 1.65
7 SMA(2000) 0.065 0.065 8.12 8.46 3.55 3.33
8 SMA(2000) 0.065 0.047 6.46 721 2.83 3.16
9 | SMA(1000) 0.10 0.10 115 9.14 5.03 4.4
10 | SMA(1440) 0.11 0.11 2.20 1.55 0.97 0.83
* Theoretical %S and %N are based on the theoretical Styrene/Maleic anhydnde ratios of the
starting polymers.
Example 11
[0061] A solution of 145 ml of 1M NaOH was magnetically stirred in a round .

bottom flask at room temperature while nitrogen gas was bubbled through the liquid



-16- Exanple 7 [0057] For this exanple, the procedure described for Exanple
4 was used, wth the differences noted in Table 3. Results fromthe

anal ysis of the resulting am noethanethiol ated-SVA are shown in Table 3

bel ow. Exgmpisgosied 0058] For this exanple, the procedureatasoesideed for
Exanple 4 was used, wth the differences noted in Table 3. Results fromthe
anal ysis of the resulting am noethanéthiol ated-SVMA are shown in Table 3

bel ow. Exanple 9. [0059] For this exanple, the procedure described for

Exanpl e 4 W3l Oy@ingtes. {p s e addedr 3% g b dhs, amingethanethiglated Bolymesal t s from t he

anal ysi s omrmﬁe %@z»)mmgme%ﬂta@ﬁtmrf@&lhmlnﬁ&ﬁ& e A€ uSRPWiokth Tabl e 3
bel ow. Exanple 10 [0060] For thi's exanple, the procedure descri bed for

Exanpl e 4 oed)-308€gmntil anlean yellomesogition aeepltaisediot ed in Table 3. Results from

e anal Youel | N® RS e R0 B BNRUDRY) PLALsSHA Bl |1 Tobl 3
(Theor.)* bﬁmngjata}che(dTm%Qmﬂf}afbetbﬂsulfmb)) grovp &Britd(o ERarfgle 10(18Bg) Bad 4 5 18 2. 25
2.48 5 SMA 0 049 0.0 6.39 6.6 79 2.83 3000 0.049 0.021

215 5. o 30t o &Rl sl R hsoh SRR R S, SIS An . S 2000
0. 065 0. 044qdtictal 13 &l of. 1831@oﬂ6was9acﬁ5@\tol£h@§é)th9 pf00 0213, 1thdreddinb. 03 4.4 10
SMVA 1440) 0.11 0.11 2.20 * Theoretical % and %N are based

on the thesHEweEs ﬂ&?ﬂﬁ@ﬁ%ﬂl\@r@i"% fcar%kﬁxm&jfe givptd Gemfontgidhe edified ng
pol yners. E‘féﬁﬁm i tl-ile]present invention.

[0063] A sodium acrylate solution was prepared by dissdlving 7.5 ml acrylic
acid into deionized water éontaining 11.7 g of Na,CO,. This solution was added to
the modified pigment dispersion to “cap” any unreacted thiol groups. Heating and
stirring were continued for another 3 hours and the mixture was then allowed to cool
slowly to room temperature. The dispersion of the resulting capped modified pigment
was purified by diafiltration as described in Example 1 to reach a final permeate
polymer concentration of <50 ppm (momtored by measunng the absorbance of the
permeate at 250 nm in a UV-VIS Spectrometer the concentration of polymer is
calculated from the known epsilon).
[0064] The capped modified pigment dispersion (11.6% solids, pH = 10.15)
was found to have a particle size of 120.4 nm and a sodium level of 1.3% (based on
the dried carbon black solid). TGA analysis showed that the attached polymer
accounted for 14% of the total weight.

Examples 12-13
[0065] The following examples describe the preparation of an aminothiolated-

SAA (styrene-acrylic acid) polymer and subsequent modified pigment according to



[0061] A solution of 145 m of 1M NaCH was magnetically stirred in a round,
bottom flask at roomtenperature while nitrogen gas was bubbl ed through the
| i quid WD 03/ 095568 PCTI US03/ 14647 -17 for 10 m nutes. To this was added
54.8 g of the am noet hanet hiol ated pol yner of Exanple 4 (62@6nnisture
content) . whhgb8sul tant m xture was heated under nitrogen to 40-50C until a
clear yellow solution was obtained. [0062] The 14.9% a 6§Hﬁ¥yﬂﬁﬁber5|on of

Bl ack Pearls(r) 880 carbon black haying attached a 2-(sul fatoethylsulfone)
group described in Exanmple 1 (140 g) was added dropwi se to the yell ow

pol ymer sodheink@meRVWer approximately 5 mnutes. An additional 13 m of 1N
NaCH was added to raise the pHto 12-13. The resultant mnixture was then
stirred at 40-50C for 3.5 hours to give a dispersion of the nodified

pi gment of the present invention. [0063] A sodi umyagiylate sol ution was
prepared by Offi ngigwbonme acrylthc cati dedmbe dei qpiz8d wat er contai ni ng
11.7 g of hi s~ /Richit I on t he—redi++ee pi gnent

di spersi on to”'cap' any unreacted thi ol groups F@gglng and stirring were
continued for another 3 hours and the m xture was then allowed to cool
slowy to roomtenperature. The dispersion of the resulting capped nodified
pignent was purified by diafiltration as described in Exanple | to reach a
final ‘permeate ReLy ~eqpcentration ofth <&+ %ﬁbﬂ“%9+é§4bwmneasurlng t he
absor bance ate'ar—256 ru Spec?%oneter t he
concentration of pbdly is calculated froni'the known epsilon). [0064] The
capped nodified pignent disperS|on (11. 6% solids, pH = 10.15) was found to
have a particle size of 120.4 mng e3 sodi um | evel of 1. 3% (based on the
dried carbon black solid). TGA analysis showed that the attached pol yner
accounted for 14%of the total weight. Exanples 12-13 [0065] The foll ow ng
exanpl es escqi the preparation of an am nothi ol ated- SAA (styrene-acrylic
aci d) pol subsequent nodified pignent according to WD 03/ 095568

PCT/ USO3/ [0066]7 To a magnetically stirred solution of 10 g styrene-co-acrylic acid,

(Joncryl® 680: M, = 4,900, Acid Number = 215) dissolved in 100 ml DMF under a
steady stream of nitrogen at room temperature was added 5.4 ml (0.039 mol) of
triethylamine. To this was added 1'?84 ml (0.019 mol) of ethylchloroformate. The
solution became slightly warm with some gas evdiution a1_1d cloudiness. The resultant
mixture was stirred at room temperature for 40 minutes. A solution of 2.2 g (0.019
mol) aminoethanethiol hydrochloride and 2.7 ml (0.019 mol) triethylamine in 50 ml
DMF was added dropwise to this mixture over 15 minutes, and the resulting cloudy
solution was stirred overnight. The product was precipitated by slowly dropping into
a rapidly stirred solution of IN HCI (250 ml). The resulting white precipitate was
suction filtered, washed with céld 1N HCI, cold deionized water, and then air dried to
afford a chalky white solid. A sample of this aminoethanethiolated SAA polymer was
dried at 110°C. Elemental combustion analysis results were as follows: 71.84% C;
7.53% H; 1.53% N; 3.01%S. |

Example 13
[0067] A solution of 12.5 ml of 0.5 M NaOH was magnetically stirred at room

temperature while nitrogen gas was bubbled through the liquid for 10 minutes. To
this was added 1 g of the aminoethanethiolated SAA polymer of Example 12. To the
resulting solution was added 2.9 g of the 14.9% aqueous dispersion of Black Pearls®
880 carbon black having attached a 2-(sulfatoethylsulfone) group described in



-18- Schenme 3 below. 1) HzN-_/~ P Ethykhl oroformate Ph COzH COzCODEt DMF SH
Xy TEADW 2) HCI Ph COHOO N/-Si~5 PIGVENr N /'SH Ph COND2 %Y.t z
% Yz z Scheme 3 Exanple 12 [0066] To a magnetically .stirred solution of 10
g styrene-co-acrvlic acid, (Joncryl(M680: MN = 4,900, Acid Nunber = 215)
di ssol ved ‘?ﬁoi}%’ﬁy DVF under a steady stream of nitroBeHUS1#am
tenperature was added 5.4 m (0.039 npl) of triethylamne. To this was
added 1.84 m (0.019 nol) of ethyl chiBrof ormate. The solution became

slightly m w_t.h i LQN—A .oudin The r |tant m xture

was stirr \Q?X%JP BE,’\irc"c}or# ]?Segrﬁgggg?ag gl#g?gllgﬁl rgngcﬁlﬁ{l%ns\%sﬁﬁg%? ﬂl%f?agﬂmgg&zé.ag g (0.019

nmol ) am noevkaipht. hTled rebwhiigoahdifed pigmantdvad phrifitd §0di@fiBratied 3s deseribictiyl ami ne in

50 nl  DW.was added dropw.se to.this mxture over 15 mnputes, and the

esul ti ng. dF BYHFLE Jap GF i B TR ey i Al orhRop bt dr e

preci pi t at gendaitr&loay §%dwoRD; UBAIDN © 13 Parh RN 0y4834; %S ed 2304; 9isummeof | N HC

(250 mM). The resulting white pr;ahcigj:qtate was suction filtered, washed with
al

col d I N HO= 0-23%1d T§eh awalysissshpaed dttached pelymeraqeapntedofor 4% of ea chal ky

white soli 4y Agaqpl € of this am noethanethiol ated SAA polyner was dried at
110C. El enental conbustion analysis results were as follows: 71.84% C,
7.53% H 1.53% N, 3.01%S. Exanple 13 [0067] A solution of 12.5 mM of 0.5 M

NaOH was neticaglly stirred at room tenperature while nitrogen gas was
bubbl ed t%&ﬁ"‘?ﬁé‘% quid for 10 nminutes. To this was added 1 g of the

am noet hangqoddspl at edTERAAfgIaEr eRdmpsanpdseribe?. thE0 pieparaticdsubf i ag sol ution
) . :
was added 2. 8 JudheidficatmA AR e tnattic P a8 plyasr AeRhomaty)
functionalized with an alkylamine. In Example 14 the alkylamine is aminoethane

sulfonic acid and in Example 15 the alkylamine is a polyamine (Jeffamine® XTJ506).

Example 14
[0069] To a 3-neck round bottom flask equipped with an overhead stirrer was

added 1.5 liters of DMF followed by 300 g (0.735 mol anhydride) of SMA(3000).
The polymer suspension was heated .to 40-50°C to produce a polymer solution. The
polymer solution was then de-oxygenated using nitrogen. To this heated polymer
solution under nitrogen was added 33.2 g of aminoethanethiol hydrochloride (0.29
mol) and 45.9 g of aminoethane sulfonic acid (0.367 mol), and the mixture was stirred
for an additional 30 minutes at 40-50°C. Then 133 g of triethylamine (1.32 mol) was
added dropwise. The mixture was allowed to stir, coming to room temperature,
overnight.. The solution was then added dropwise into 7 liters of 1 M HCl. The
resulting white solid was filtered, washed three times with 1 liter of 1 M HCI and four
times with 2 liters of DI-water, and then air-dried. Elemental analyses showed that
the product contained 2.13% nitrogen and 5.57% sulfur (theoretical values are 2.5%
nitrogen and 6% sulfur).

Example 15
[0070] To a 3-neck round bottom flask equipped with an overhead stirrer was

added 1.5 liters of DMF followed by 300 g (0.735 mol anhydride) of SMA(3000).
The polymer suspension was heated to 40-50°C to produce a polymer solution. The
polymer solution was then de-oxygenated using nitrogen. To this heated polymer



880 carbon bl ack having attached a 2-(sul fatoethyl sul fone) group descri bed
in WO 03/095568 PCT/ US03/ 14647 -19 Exanple 1. This gave a final pH of 12.5.
This solution was stirred under nitrogen gas overnight. The resulting

nodi fied pignent was purified by diafiltration as described in Exanple 1 to
gi ve a diwpey®see having the foll owi ng physical propertjesq.:Ri nt
concentration: 9.0% (w/w): UPA ny = 137 nm- %\ 0.48%3%?/@3}24%?28%
%sulfate = 0.35% TGA analysis shaoygd that the attached pol yner accounted
for 6% of the total weight. Exanples 14-15 [0068] The follow ng exanples

descri be soliioR it mattdeen vk added AN poEbadethhictial BfirsoMdrids {y/353ne- nal ei ¢
anhydri de) E)ol nmer additi onaleg/,n functionalized with an alkylamne. In
Exanpl e 180l 178d 3146y Ba0fi frdfamine@iXTJa0h 4nddo sl avrilablg cirem JRuRtsBanEY anpl e 15

the al Kyl @i Safd 8O Gad I61H3T RELRIHOED 59 RinuteExa4BE14 [0069] To
a 3-neck rcl)"ﬁénrd tgfc))’tt_omfl_ask eqﬁi pgd w th an.lover hg%ﬁugtﬁiﬁrrer was added 1.5
liters of THeVES o entlsdarhipe GO @olgwasza*@em@mnyahe teytursfwaShidgve@i00) .  The

pol ymer suspensi o d to 40-50C t o aduyce. a _pol yne ol ution. The
pol yrer 58I8ﬁ &gﬁﬂ%\é\a@{%ﬂ%ﬁ% qr%t%/ed%lg%rtae N5 ﬁ{:]an%%{t ﬁgaéﬁpu%ow%ﬁﬁ%n heat ed

pol ynmer =midéditiopwiseriger? hitks of €M \ERG]. atistertsi@Bng white fsohdriwag diltaedet hi ol

hydrochl ori de, (0.29 nuol nd of . am noet hane sul faoni c acid (0.367
mol ), andwﬁsﬁedé?fs?t%?% j _13‘6‘3? of Bt H o i e W&Iﬂ%lﬂ%_ hOYE at - 40- 50C.
Then 133 Gqohed hir@hiby! ARG lndgsddBhdwdPhat BRASHnEHE @BNhHE] 18 M xture was
allowed to stir, comng to roomtenperature, overnight.. The solution was

t hen addettregenpad 888Yorsubur(thepretieal vepesaral. H@nitropge and 2480 sl whi t e sol i d was
filtered, washed three times with I liter of 1 MHCO and four tines with 2
liters of Di-water, and then air-dried. Elenental anal yses showed that the
product cEwatmplayd 2. 13% ni trogen and 5.57% sul fur (theoretical values are

2130 TIORERD 2L PR SR fcta e o ot om
bottom flask at room temperature while nitrogen gas was bubbled through the liquid
for 10 minutes. To this was added 37 g of the SMA polymer of Example 14 (46%
moisture content). The resultant mixture was heated under nitrogen to 40-50°C until a
clear yellow solution was obtained. . ) : )
[0072] A 10% aqueous dispersion of Black Pearls® 1100 carbon black having
attached a 2-(sulfatoethylsulfone) group (400 g), prepared according to the procedure
described in WO 01/51560, was added dropwise to the yellow polymer solution over
10 minutes. An additional 25 mL of 1 M NaOH was added to raise the pH to 12-13.
The reaction mixture was then stirred at room temperature overnight to give a
dispersion of the modified pigment of the present invention.

[0073] To the dispersion was added 6.55 g of sodium acrylate to “cap” any
unreacted thiol groups. The mixture was allowed to stir for another 2 hours at room
temperature. The dispersion of the resulting capped modified pigment was purified
by diafiltration as described in Example 1 to reach a final permeate polymer
concentration of <50 ppm (monitored by measuring the absorbance of the permeate at
250 nm in a UV-VIS Spectrometer; the concentration of polymer is calculated from
the known epsilon)-. .

[0074] The capped modified pigment dispersion (9.5% solids, pH 9.72) was
found to have a mean volume particle size of 108 nm and a sodium level of 2.5%
(based on the dried carbon black solid). ' TGA analysis showed that the attached
polymer accounted for 16% of the total solid weight.



added 1.5 liters of DWF followed by 300 g (0.735 nol anhydride) of
SMA(3000). The polynmer suspension was heated to 40-50C to produce a pol yner
solution. The polyner solution was then de-oxygenated using nitrogen. To
thi s heat Xrer WO 03/ 095568 PCT/ US03/ 14647 -20 sql .yt i der nitrogen
was added 103@%&& am noet hanet hi ol hydrochl ori de (0.%§gmsﬁ}gﬁ4§lﬂand 146 g of
Jef fam ne(r) XTJ506 (0.146 nol, avai 1a_bl e fromHuntsman Corporation), and
the m xture was stirred for an additional 30 m nutes at 40-50C. Then 96 g
of triethylam ne (0.95 nol) was added dropwi se. The m xture was allowed to
stir overnight at roomtenperature under a nitrogen bl anket. The sol ution
was then Euaowieldropwise into 7 liters of 1 MHO. The resulting white solid

was filter washed i i it . . . a ur tines
TR 70 B ?‘msa%l‘ie]ﬁﬁ%ftazﬁg%?{h\éﬁkg?ﬁ‘lﬁsi Fhenlceliy Wik maﬁg?l’é/]ges showed
t hat t he pottdmcflask attoamrtedperatBkedohilei titrapge gasawes RubBBdctisubdhuthe (itjndor et i cal

-values are.1,1%.nitrogen. and % sul fur). aml 6 ][0 sol uti on of
100 nL of %é{n%ﬂ’éesn%n i%"ﬁ@?‘@égil?rgr‘é{iﬁ'ﬁ %Mé %ﬂ'ﬂn% O%t%ﬁ‘él&q%l](g%o@ at room
t enper at ur@oiwfitd Bndht).” TEERsHEG MR GirdwiNHeadd tldep Higld géne 40150 ehtilkor 10

mnutes. To this was added 37 g of the SMA polyner of Exanple 14 (46%
noi st ure cAeE ¥eHop sokpionwag obtpiaed ni xt ure was heated under nitrogen to 40-50C

until a cloBAn yel | ok Sebulhan s, eRkALA Sk A0AZ Aod QbagugANS di spersion

of Bl ack arl's(r) car aving a
2- (sul f at cetving| statted ree)-(wifaopthyld@ldng) grojy €080 el et ar Brangpld @6 twwe pr ocedur e

descri bed | 01/51560, was added .dropwi se to the,yel] ow r solution
over 20 e Gopan il i mel s UGV ) e v Sl i ol s the o
to 12-13. ofTh®l Ne@HtwRNdiRXbWwaRe WRSpH RLIR-$3.1 ThE tkadion’ ARMIré QAP Eleat ur e
overnight to 8i ve a dispersion of the npdified fpi gnent. of the present

i nvent i on. stimgg pEeomdempraatyre oy emighbe gives dispeesioroidhe godifiedpigmemh Hcryl ate to

“cap" any yg{eggl%]gghtfoﬁi ol "groups. The mixture was allowed to stir for
anot her 2 tﬁo rs at room tenperature. The dispersion of the resulting capped

nodi fi ed pi0§7HNt waFopbe idispesion twas diddddi 14 g aifi sodiuvmsacdate rto eap”i amyExanpl e 1 to
reach a fi ur}f'%éac%g rthr{glagtrgu spl’l%genEiXMe was allowed to stir for another 2 hours at room
temperature. The dispersion of the resulting capped modified pigment was purified
by diafiltration as described in Example 1 to reach a final permeate polymer -
concentration of <50 ppm (monitored by measuring the absorbance of the permeate at
250 nm in a UV-VIS Spectrometer; the concentration of polymer is calculated from
the known epsilon).
[0078] The capped modified pigment dispersion (10.4% solids, pH = 9.51)
was found to have a mean volume particle size of 78 nm and a sodium level of 1.3%
(based on the dried carbon black solid). TGA analysis showed that the attached
polymer accounted for 24% of the total solid weight.
[0079] What we claim is:



concentration of <50 ppm (nonitored by neasuring the absorbance of the
pernmeate at 250 nmin a UV-VIS Spectroneter; the concentration of polyner
is calculated from the known epsilon). [0074] The capped nodified pignment
di spersion (9.5%solids, pH 9.72) was found to have a nmean volune particle
size of 108 nmand a sodiumlevel of 2,5% (based on the dried carbon bl ack
solid). TGA analysis showed that the attached polynmer accounted for 16% of
the total solid weight. WO 03/095568 PCTI US03/14647 -21- Examl|lp e 17
[0075] A solution of 280 nmL of NaOH wgsammgnetically stirred in a round
bottom flask at roomtenperature whil'e nitrogen gas was bubbl ed through the
liquid for 10 mnutes. To this was added 322 g of the SMA pol yner of

Exanpl e 15 (69% ' . ' s nder

it ogen To. aorSEeiel Preaifll Ebdise ipleatode BineThe b it ¥R AR, B 71
10% aqueousied]iaspigmsntoliavirig Mtashéd he alebisgphilicld@0p @ad kaothiddIreagent banprisingastt ached
a 2-(su|fftoethylsulfone) k%up 1000 g),ugﬁd in Exanple 16 was added

dr opwi se t68StORe ~YE MR %Pg $LTWE QNG FHOBRNC §9URS nut es. An addi tional 60 niL
of 1 M NaOH was added to raise the pHto 12-13. The reaction m xture was
then stirred at roomtenperature overnight to give a dispersion of the

modi fi ed Ri gmeTlte process loé clmirasle vtheramy thetpigment [h@RINE jattachet laa adgotophisit grovpas
added 14 of .sodium acrylate to "“cap" an unr eacted thi roups. Fthe

it ur e WALTEIEO A ERieh PRt ghof iR il @ A utn SEb QR e Mo he
dispersioaegkmhhgéﬁagulting capped nodi fied pignment was purified by
diafiltration as described in Exanple 1 to reach a final penneate pol yner
concentration of <50 ppm (nonitored by neasuring the absorbance of the
pernmeate at 2 L0Ld.N vl ' NEeRt L akhLon ol ymer
is calcul g’t ed ?Qeogﬁ%%eoﬁﬁlg%nvé&@%ﬁ?ﬁeoﬁgﬁgﬁ cqlh}gﬁ Sgg%pg gr%%ﬁ]ﬁ’eaq%?ogrrent

di sper si opighikat, 4%bweini pigmept] a=cydn5fiymemas dreannpigment)avehie rpegment,0d idet

particle sjze of 78 rimand a sodium|evel of 1.3% .
pigment, a magenta pigment, a red pigment, an orange pigment, a yellow pigment, or

mixtures thereof.

4, The process of claim 3, wherein the pigment is carbon black.

5. The process of claim 1, wherein the electrophilic group comprises an alkylsulfate

group or salt thereof or an o,fB-unsaturated ketone, aldehyde, or sulfone.

6. The process of claim 1, wherein the electrophilic group comprises a 2-(sulfatoethyl)

sulfone group or salt thereof.

7. The process of claim 1, wherein at least one of the ionic or ionizable groups is a

carboxylic acid group, a sulfonic acid group, or a salt thereof.

8. The process of claim 1, wherein the thiol reagent is an alkylthiol substituted with at

least two carboxylic acid groups.

9. The process of claim 8, wherein the thiol reagent is mercaptosuccinic acid.

10. A process for preparing a modified pigment comprising the step of: combining, in any



(based on the dried carbon black solid). TGA anal ysis showed that the
attached polyner accounted for 24%of the total solid weight. [0079] Wat
we claimis: 22 CLAIMS 1. A process for preparing a nodified pignment
conprising the step of. conbining, in any order, a pignment having attached
an electrophilic group and a thiol re nt conprising at |east one -SH
group and at |east two ionic or ionizable groups. 2. The process of claiml,
wherein the pignent having attached an el ectrophilic group conprises the
reacti on pedueionfit ﬁav@ﬁ#ﬁ%@ﬁed@ﬂn%l&:tﬁ?lﬁﬁ@ BodPlaf@h thiGRIPRhSdoftiprisihg at least

el ectrophilic group. 3. The process of claim1l, wherein the pignent

conpr i sesong tHH.gropp girbattleashons igeik or winggablatgroww. br own pi gnent, a cyan pi gnent,
a green pignent, a white pignent, a violet pignent, a magenta pignment, a
red pignent, an orange pignment, a yellow pignent, or mxtures thereof. 4.
The process of Tl prbdesSof sl €0, whekein theghiopdlymsr aifees the agdction prodb& ofaocess
of claim1, wherein the electrophilic group conprises an alkylsulfate group
or salt tPeyBefhaymea leashonganhydnide aglegst oamactivated cpigaylioacidaripffast age The
process o i; : i I i Ba10 : :

D (auit at GRS abid, R SR ek & BEbRRAe WPbPYR GRTRAL BT ol i 1.
wher ei n abptionaldyt arcavtivating dgenti oni ¢ or i oni zable groups is a carboxylic acid
group, a sulfonic acid group, or a salt thereof. 8. The process of claim1,
wherein the thiol reagent is an alkylthiol substituted with at [|east two
car boxyl i €. aci thed§rgeHas of Qaim! e wieRHEHS aMinoalkdl Mhidlis MimbehiethRlt hi ol reagent
is mercaptosuccinic acid. 10. A process for preparing a nodified pignment
conprising the step of: conmbining, in any -23- order, a pignment having
attached el gct i | i 0@ . e one
-SH gr oup?%nd ?fe P Ig’gggts %f?l(élg{ng;iietwglrgre?]otr[l@za eélr g?%d%gw%&h% g%"c‘)‘ke‘g’i{h&

cl ai m 10, thidpety@ien. t he thi opol ymer conprises the reaction product of a

14.  The process of claim 10, wherein the thiopolymer is a homopolymer or copolymer of

maleic anhydride or acrylic acid, methacrylic acid, maleic acid, or a salt thereof.

15.  The process of claim 10, wherein the polymer is selected from the group consisting
of: polyacrylic acid, polymethacrylic acid, poly(styrene-acrylic acid), poly(styrene-
methacrylic acid), poly(styrene-maleic acid), poly(styrene-maleic anhydride), copolymers of
acrylic acid or methacrylic acid and alkyl acrylates or methacrylates, poly(ethylene-acrylic

acid), or salts thereof.
16.  The process of claim 10, further comprising the step of adding an alkylating agent.

17. The process of claim 16, wherein the alkylating agent is an alkyl halide, a
haloacetate, an a,B-unsaturated carbonyl compound, or an o,B-unsaturated sulfonyl

compound.

18.  The process of claim 10, wherein the thiopolymer comprises the reaction product of a
polymer having at least one anhydride, at least one activated carboxylic acid, or at least one
carboxylic acid or salt thereof, an aminoalkane thiol or an aromatic amino thiol, an optional

activating agent, and an alkylamine, arylamine, or alcohol.



pol ynmer having at | east one anhydride, at |east one activated carboxylic
acid, or at least one carboxylic acid or salt thereof, an am noal kane thi ol
or an aromatic amno thiol, and optionally an activating agent. 12. The
process of claim 11, wherein the am noal kyl thiol is am noethane thiol. 13.
The process of claim 10, wherein the -g5gH group is a termnating group of the
t hi opol yner. 14. The process of claim?0, wherein the thiopolyner is a
honmopol ymer or copol ymer of maleic anhydride or acrylic acid, nethacrylic
acid, malgjc ameqyro&gs@f&ﬁhqtlst DEERA the #RopolRerROAPASS Rileie |aﬁh}rﬂrﬂslg wher ei n

t he poI ymer is selected fromthe group consisting of. polyacrylic acid,

pol ynet hacrylic acid, poI y(styrene-acrylic acid), poly(styrene- methacr yI iC
acid), poly(st i r | yners
of acr ylédc/ ac’i}(&n&eﬁ ne?lﬁrél%fns Ongaris"%di é%c?ﬁex Eﬁﬁnéﬁﬁ ?]&% %gﬂ&ﬂ)& %HSI gt es,
pol y( et hyfogigtaaSrpHI], Gvhepsin &) is Dfucsidlctaid grerqseo:f saltiltﬁerefﬁh@' Wlicoeia 3 rqfresehtal m 10
further corrprl sing the step of adding an al kylating agent. 17. The process
of cl ai m aBOlyRpRG &oHP P‘Pfépréﬁ“k%/i‘td?qsh@’ea‘@@ﬁpr I%IZ&W%@F?{‘W hal i de, a

hal oacetate, an a, (3-unsaturated carbonyl conpound, or an a, (3-unsaturated
sul fonyl conpound. 18. The process of claim 10, wherein the thiopolyner
conpri ses2t.he Treaatoddiedppigohent obfclam Pl whm:inhthci ngicabr liemziblo prowniydr i de,

at | east one acti v ted car g)x I|c aci d, 1@‘&}& st one carboxylic acid or
salt ther &51°%Y ?la%l FObRs A SHEOn{CHACH) ergyp, 8533‘? Pt amino thiol, an optional
activating agent, and an al kyl am ne, arylanmine, or alcohol. -24- 19. The

process of claim 18, wherein the thiopolynmer conprises naleic anhydride. 20.

A rodi fi ed-pi ghrenmodifiggr pigmegt f pelgime R0, iveheraiy Blt raREasenss o8 POBIRETICOBEPsi ng
the for ”%’Un?pns aﬂelast 0\{3{@%&}& hzbtﬁegr odgccinic acid group or salt thereof or
Pl r'e ou

wherein rEesent s conprising at | east one ionic or
i oni zabl e group. 21. The m)dl f| ed pi grrent of claim 20, wherein the ionic or

i oni zabl e rou is car box ro a su| fonic .acid group, . or a
salt ther : ﬁg"eﬁnﬂ‘lgf‘ﬁe g 0 g%ﬁ@n? o‘I’VH‘Ec)fF'él HieotPnIGRE gzt TRy sants a
pol ynmeri Cca%d?('}mc a&@%ﬂfub,sé §iffoRtc dcﬁﬁg*rbu;i’%?a 5ANinere8f. 1 ONi zabl e group.

24.  The modified pigment product of claim 22, wherein the polymeric group comprises a

homopolymer or copolymer of acrylic acid, methacrylic acid, maleic acid, or salts thereof.

25. A modified pigment comprising a pigment having attached a group comprising the
formula —X-Sp—S— [PI], wherein X is an arylene, heteroarylene, or alkylene group, Sp is a
spacer group, and PI represents an organic group substituted with at least two ionic or
ionizable groups or wherein PI represents a polymeric group comprising at least one ionic or

ionizable group.

26.  The modified pigment of claim 25, wherein the ionic or ionizable group is a

carboxylic acid group, a sulfonic acid group, or a salt thereof.
27.  The modified pigment of claim 25, wherein PI represents an organic group
comprising a branched or unbranched alkyl group substituted with at least two carboxylic

acid groups.

28.  The modified pigment of claim 27 wherein Pl is a succinic acid group or salt thereof.



23. The nodified pignment of claim22, wherein the ionic or ionizable group
is a carboxylic acid group, a sulfonic acid group, or a salt thereof. 24.
The nodi fied pigment product of claim 22, wherein the polyneric group
conprises a honopol yner or copol yner of acrylic acid, nethacrylic acid,

mal eic acid, or salts thereof. 25. A mpgified pigment conprising a pignment
havi ng attached a group conprising the formula -X-Sp-S- [Pl], wherein X is
an aryl ene, heteroarylene, or al kylene group, Sp is a spacer group, and P
represent 39.an PhHed aUdeicdl Pibineny Tt bl €25 WekeirtPll &psdseiityoa iplrGerRl group

i oni zabl e groups or wherein Pl represents a polyneric group conprising at

| east onecqmEHiistgAt leaptiie2ere ar igpigalle 8P The nodifi ed pi gnent of cl ai m 25,
wherein the ionic or ionizable group is a carboxylic acid group, a sulfonic
acid group, or a salt thereof. 27. The nodified pignent of claim25, wherein
Pl represghts Eie arogéiedcpigneup of adaiyr 23, wherainb then adnéd oorioninilergrongd isalaky|
group subst'tuhed.mﬁth at |l east t carboxglic gcid groups. 28. The
modi fi ed fA ¢ agifl spqup; dsulipnigaciderquipsior p SAlLtherseli ni ¢ acid group or salt
thereof. - 25 29. The nodified pignment of claim?25 wherein Pl represents a
pol ymeric group conprising at |east one ionic or ionizable group. 30. The
modi fi ed pl.gnehhe wodifiedpian®st pradest of alainh @9, whdrein ghe pajynerih group comprises aa

car boxylig¢c_aci rou | foni i,d oF .1 her The
ot 11 o BB RS Bond B dEbfe 36 Rbkele e el Al S BB o s
a honopol yner or copolyner of acrylic acid, nethacrylic acid, nmaleic acid,
or salts thereof. 32.. The nodified pignent of claim?20, wherein at | east two
i oni c or Pbni ZB Bodffied,pigmengof ﬁalészqnwhe@m at7ipst BRI TGRS IBNIGARIA BTOYPS 8ai m
25, mhere@gﬁ%} | east two ionic or ionizable groups are present. 34. An ink
conposition conprising a) a liquid vehicle and b) the nodified pignent of
claim20. 35. The ink conposition of claim34, wherein the ink conposition

'S an | nkgft ! {Jﬁ(e modified ;S){gtrrlle(rjl{-I of claim 25, wherein at least two ionic or ionizable groups are

present.

34.  An ink composition comprising a) a liquid vehicle and b) the modified pigment of

claim 20.

35.  The ink composition of claim 34, wherein the ink composition is an inkjet ink

composition.

36.  An ink composition comprising a) a liquid vehicle and b) the modified pigment of

claim 25.

37.  The ink composition of claim 36, wherein the ink composition is an inkjet ink

composition.

38.  An ink composition comprising a) a liquid vehicle and b) the modified pigment of

claim 33.

39. A modified pigment comprising a pigment having attached a group comprising the

formula —X-Sp—S—{PI], wherein X is an arylene, heteroarylene, or alkylene group, Sp is a



36. An ink conposition conprising a) a liquid vehicle and b) the nodified

pi gnment of claim25. 37. The ink conposition of claim 36, wherein the ink
conposition is an inkjet ink conposition. 38. An ink conposition conprising
a) aliquid vehicle and b) the nodified pignent of claim33. 39. A nodified
pi gnent conprising a pignment having agﬁﬁphed a group conprising the fornula
-X-Sp-S-[PlI], wherein X is an aryl ene, heteroaryl ene, or al kyl ene group, Sp
is a -26- spacer group, and Pl represents a polymneric group conprising at

| east onespa@étiggou, ah®@Pi ZpRisents 8pOHEeEi FRSUpSIORPrisiAg at RASLdneMoME B lhizable a

pol ymer having at | east one anhydride, at |east. one activated carboxylic
acid, or enoup sawpriging theaiepdionl nredust Pf a gelyangr haying abéfastaeons aphydridecpt leastne,
aryl am ne,_ or h Th i fii L QIR 1.aj , i he
aIkyIaningﬁigaghﬁﬁog#ﬁgﬁgbs%ﬂﬁoﬁ?g{lggfgg%r a %@ﬁ;é@angk%iFh¥%§{§%£f’ied

pi gnent odlkglhming &9lamiheoealeolidie i oni ¢ or ionizable group is a carboxylic
acid group, a sulfonic acid group, or a salt thereof. 42. The nodified

pi gnent of claim 39, wherein the polyneric group conprises a honopol yner or
copol yner 4@f agfy/hbéifRe 'p?’gmé?i?bh%&hﬂb@cwﬁ&’eﬁ, th8R|I§1dmiAE iJamRbethde sulfoRr €of .
43. The nodified pigment product of claim39, whérein the pigment conprises
a blue paqgdrema polgampineck pi gnent, a brown pignment, a cyan pignent, a green
pignent, a white pignment, a violet pignment, a nagenta pignent, a red

pi gnent, an orange pignent, a yellow pignment, or mxtures thereof. 44. The
nodi fied pi.gmeThe piodetiedt pigineat aif roladlh 3haheleh tHeeidviaok iphigametgrogp ¢amabon

bl ack. 45. An ink conposition conprising a) a |liquid vehicle and b) the

nodi fi ed PATBOIYHE agidl graupa pylfppic @g].)gr‘l’%orﬁléalé@ﬁf?@gi tion of claima45, wherein
the ink conposition is an inkjet ink comnposition.

42.  The modified pigment of claim 39, wherein the polymeric group comprises a

homopolymer or copolymer of acrylic acid, methacrylic acid, maleic acid, or salts thereof.

43.  The modified pigment product of claim 39, wherein the pigment comprises a blue
pigment, a black pigment, a brown pigment, a cyan pigment, a green pigment, a white
pigment, a violet pigment, a magenta pigment, a red pigment, an orange pigment, a yellow

pigment, or mixtures thereof.

44.  The modified pigment product of claim 39, wherein the black pigment is carbon
black.

45.  An ink composition comprising a) a liquid vehicle and b) the modified pigment of

claim 39.

46.  The ink composition of claim 45, wherein the ink composition is an inkjet ink

composition.





