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5  aparticular theory, it is believed that opacifying effectiveness is a function of the spacing
between the particles of opacifying pigment in the coating or plastic. Maximum light
scattering efficiency occurs when the opacifying pigment particles have a certain diameter
and spacing, so that the light scattering capability of each particle does not interfere with the
light scattering capability of its neighboring particles. This condition may occur in coatings

0  and plastics containing sufficiently low levels of opacifying pigment such that the individual
opacifying pigment particles are isolated from each other. Coatings and plastics containing
such low levels of opacifying pigment, however, often do not provide sufficient opacity or
hiding at a desirable thicknesses. Achieving the desired levels of hiding or opacity typically

requires higher levels of opacifying pigment. At these higher levels, a statistical distribution
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R ey iets: O ein D05 tp 5ireicrons and an index of refraction of A lebst 1.8, from 0.1% to
25% by weight, based on the weight of said pigment particle, water-soluble sulfur acid-
'5  functional first polymer; and from 10% to 200%, by weight, based on the weight of said
pigment particle, second polymer that at least partially encapsulates said pigment particle.
According to a second aspect of the present invention there is providéd a process for
forming an opacifying pigment encapsulated in polymer comprising: (a) dispersing a
pigment particle having an average particle diameter of from 0.005 to 5 microns and an.index
0 of refraction of at least 1.8 in a medium with from 0.1% to 25% by weight, based on the
weight of said pigment particle, water-soluble sulfur acid-functional first polymer; and (b)
performing an emulsion polymerization in the presence of said dispersed pigment particle to

provide from 10% to 200%, by weight, based on the weight of said pigment particle, second

polymer that at least partially encapsulates said dispersed pigment particle.
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350 nm e“average dia ers of° pignen typica provi ded
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pré feraa&%iﬁtf'aiph?@agtp@atg SPlGTEr 499ra8 igEefIar sbelF: SubiF shanes sueh asgregdlapot nor e

than 4.0. aMrHo%u@e@at@fllﬂeesj'xrlﬁé%tlhandlfngra ﬂ’éf‘?\e@é’% d%‘ﬁ&%';ﬁ!né AHa ddnsted in CRC
Handbook of Chem stry and Physics, 80ThEdition, D. de, editor, CRC

Pr ess plBecad Iimg)mr shhpasi @bg piE8@d; pptigles hdavin @ 9pheapicdlt shhpes hf3eiavake
N N O A e T
and f go0mnYhnd hfo@é\ptél’@rﬁllbl?xlhdﬁe £4heB o FroA 200888 t8B60 L. PignerdtpafRic’bl y, the
P! 8nEI1}1tav1Fr)12rnE):15C[)lhggc£ rs}e]apseg p?e%gr?lglyfhra?/?averaoe diameters, defined as their maximum
dimension, of from 5 nm to 5 micron, more preferably of from 150 nm to 500 nm, and most
preferably of from 200 nm to 350 nm. The average diameters of pigment particles are
typically provided by pigment particle suppliers.
The pigment particles are also characterized as having an index of refraction [np (20
5 °C)] that is at least 1.8, preferably at least 1.9, and more preferably at least 2.0, up to not more
than 4.0. The indices of refraction for various maternials are listed in CRC Handbook of
Chemistry and Physics, 8OthEdition, D. R. Lide, editor, CRC Press, Boca Raton, Flonda,
1999, pages 4-139 to 4- 146.
Suitable opacifying pigment particles include zinc oxide, antimony oxide, zirconium
0 oxide, chromium oxide, iron oxide, lead oxide, zinc sulfide, lithopone, and forms of titanium
dioxide such as anatase and rutile. Preferably, the pigment particles are selected from

titanium dioxide and lead oxide. More preferably, the pigment particles are selected from

rutile titanium dioxide and anatase titanium dioxide. Most preferably, the pigment particles
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As used herein, the term “water-soluble sulfur acid-functional first polymer” means that the
sulfur acid-functional first polymer is soluble in water at 25 °C at a pH of less than or equal to
5 to an extent of at least 5% by weight.
The sulfur acid-functional first polymer can be any of a polymer with at least three
0  sulfur acid moieties located randomly in the polymer backbone, a block copolymer with a
single sulfur acid-including block and at least one block which does not have sulfur acids, or
a comb-graft polymer with a backbone that includes sulfur acids and teeth which do not
include sulfur acids. The block copolymers can have the sulfur acid-including block located

terminal to the polymer, or within the interior of the polymer chain. In a preferred
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2-phenylethyl (meth)acrylate, and 1- naphthyl (meth)acrylate, alkoxyalkyl (meth)acrylate,
such as ethoxyethyl (meth)acrylate, mono-, di-, trialkyl esters of ethylenically unsaturated di-
and tricarboxylic acids and anhydrides, such as ethyl maleate, dimethyl fumarate, trimethyl

5 aconitate, and ethyl methyl itaconate; alcohol containing monomers such as hydroxyethyl
(meth)acrylate, hydroxypropy! (meth)acrylate, hydroxybutyl (meth)acrylate; carboxylic acid
containing monomers, such as (meth)acrylic acid, itaconic acid, fumaric acid, and maleic
acid. Examples of suitable sulfur acid-functional monomers include sulfoethyl
(meth)acrylate, sulfopropyl (meth)acrylate, styrene sulfonic acid, vinyl sulfonic acid, and 2-

0  (meth)acrylamido-2-methyl propanesulfonic acid, and salts there of. Examples of suitable
amine-functional monomers include dimethylamino ethyl(meth)acrylate, dimethylamino
propyl(meth)acrylamide, and t-butylamino ethyl(meth)acrylate. As used herein, the term
"(meth)acrylate” refers to either acrylate or methacrylate and the term "(meth)acrylic" refers

to either acrylic or methacrylic.
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from 10% to 200%, by weight, based on the weight of the pigment particle, second polymer

that at least partially encapsulates the pigment particle. The second polymer is typically
prepared by free radical emulsion polymerization of ethylenically unsaturated monomers in

5 the presence of the pigment particle that has been dispersed in a medium. In some
embodiments the second polymer is made of a monomer mixture containing at least one
water-soluble monomer. Examples of suitable water soluble monomers are acid functional
monomers like 2-sulfoethyl (meth)acrylate, sulfopropyl (meth)acrylate, styrene sulfonic acid,
vinyl sulfonic acid , 2-(meth)acrylamido-2-methyl propanesulfonic acid, acrylic acid,

0  methacrylic acid, itaconic acid and the salts thereof. Other suitable water soluble monomers
are acrylamide, diacetoneacrylamide, 2-hydroxyethyl methacrylate and 2-hydroxyethyl
acrylate.

By "at least partially encapsulated” herein is meant that the second polymer is in

contact with at least a part of the surface of the pigment particle. The degree of encapsulation
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storage (substantially maintaining the same particle size, no or minimal sediment formation)

and must have sufficient stability to withstand flocculation during the second polymer
encapsulation process. During the initial stages of the encapsulation process the stabilization
0 mechanism will typically change from a dispersant-stabilized particle surface at a first pH to
a surfactant-stabilized polymer surface at a lower pH. It is believed that while this change is
taking place there will inevitably be an interval in which the stabilization by the dispersant is

reduced and if the stabilization gets too weak then flocculation of TiO, particles will occur.
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acid-functional nonomer is present in the first polyner stage to be
popyrré’Y'th%@er and optionally surfactants and other polymerization adjavants and optionally a
polymer seed, then a part of the monomers for the polymer matrix is added to the kettle, then
the dispersed pigment is added to the kettle, and finally the remainder of the monomer for the
polymer matrix is added to the kettle. The polymerization may be run as a shot process, or by
using multiple shots, or by continuously feeding in the monomer over time. The monomer
5  may be added neat or emulsified in water with appropriate surfactants. For the process to be
considered acceptable herein it must be capable of being effected at a final volume solids
level of 40 vol% or higher, preferably at 45 vol%, with less than 1.0% by weight, based on
the weight of total solids, of grit formation.
In a preferred embodiment of the present invention, the second polymer includes at
0  least one sulfur acid-functional monomer. Examples of suitable sulfur acid-functional
monomers include sulfoethyl (meth)acrylate, sulfopropyl (meth)acrylate, styrene sulfonic
acid, vinyl sulfonic acid, and 2-(meth)acrylamido-2-methyl propanesulfonic acid, and salts
thereof. Preferably the sulfur acid-functional monomer is styrene sulfonic acid or its salt.

The sulfur acid-functional monomer may be present at a level of from 0.1% to 20% by
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hodal ARRLMRARIGE oPPPHSS R aniTiar MU0 R BiFa ed ComBRindsi cicel

and coppehs @Q%Sﬁgé@dult YeoH2§), 10D SFBbik (TR Ry lvﬁéﬂm}h?e? Ad wgdex cat al yst

systens include t-butyl hydroperOX| de/ sodi um for mal dehyde

sul f owbwaem?)@(the)aneahmdrarmomdewsnclpesr sbmtﬁ'lahledrgwmdc bng gumhence/ sodi ur n

hydr o qulte/ nsfer are.opti a added to the

nueou st Mrgmidon spa Ho bl PRED Se PRGS04 ROBLLESRARED) yer

Exarrpleetsyl et3 -Ghalﬁhtj?lbaﬁsi/)elﬁutm&ﬂ% fyu BGI- uﬂeaﬂmrp@ﬁmyanst,yra@@Itymfﬁf/@aﬂix@r@ and

pol yhal gen conpounds. npl es of suitable chain transfer agents include

al Ryl OENanS, rsductwtﬁge@e(mwm PEPSERS: SHEh Frtopify! peBacetst albutd-  Sbut vl
”ercaﬁ;egg?ha’laﬁgbaﬂﬁwwm H‘éﬁ;%%he s QYR asﬁ;%k%?@&e ghcn%ﬁl(l%‘%ﬁ@ tan,

cyclo mer’capt an oct mer capt a cy nmer captan, odecyl
mer caphahylethyl)pﬁosﬁptcamonpme; and p}erph:os@hates hydr oxyet hyl ner capt an; al cohol s,

such as is opanol., 1 sobut anol auryl al cohol aJcohoI and
o bganat ol RLaRETaHAR N GHor TS be i onss PRLARRIETY. fe MEEaIGat y| cno
and ”doﬁﬂ)bﬁérf?'af QMWQ@m @%‘i‘@{zﬁéd %cfdd@ﬁhQeduglnjg(%or{?p%hé’r&tnsdchaa@%%Exdagent by
wei ght based on the wéight of the nmononmer, is Used to prepare the second

poby meelected firom the gnerippreasisfing of astarbicl acity madicecid, grycolkid grhd, oxalioweidi n t he

t, d ti 1 h t t] at t al. t.
Cat a1 yRGheth B4 BRa AR B B ety wBichlly § Rup SR aogt By Sper e
i N sepat@hthydrodulffe SRR IsLMitél sUBW hdipotasdiiitn Gy pekudiitk yoraddedbisalfitél®uch as

pol ymeri zation vessel. Mnoner, neat, di sso?,ved or dispersed in a fluid
medi urBotdssumgnetabianlfije; and sediumrformaldelexdeisylfakylatet he cat al yst and/ or the

chain tr an%fu(ﬁ bR 9S8 of init ator-gnﬁ (t)hen%ﬂurgmgp reHQ% ﬁg@é@qégﬁe‘ni) thelie b&ﬂngﬁ di um

typically SONEArNs “surf actant 1 Ze $eco
poby Meyf fRRCAPS LHab 6% @rh] bask@dn th wa@hp@ﬂ tyiaafdnbaiemm thé) dmh@mar HEAUfAGE

aggregation of the polyner-encapsul ated ment particles in the resulting
e polymerized. Accelerators such as chloride and sul ate salts of cobalt, iron, nickel, and
copper are generally used in small amounts. Examples of redox catalyst systems include t-
butyl hydroperoxide/sodium formaldehyde sulfoxylate/Fe(IT), and ammonium

persulfate/sodium bisulfite/sodium hydrosulfite/Fe(IT).
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: Oaqueous di spersion. One or nore surfactants, including anionic and

noni oni ¢ surfactants, and m xtures thereof, are commonly used. Many
exanpl es wh 20urflaciant s suitabl e for enul si on pol yneri zaCrars2@omogryen in
McCut cheon's Detergents and Enul si fiers(MC Publ i shing Co. den Rock, NF),

ubl i shed nual | O her es of s ilizin ents, such as protective
Pl of de. dTB Dt eSS ateSptionpls Sk tp e PR arctian Prdip g BoRint | and

type Ghosbak Wdight thOSbhARBSIFHer. xaBiph&Y oftchBR ednsfek abdtd Zicn@eagent
enpl oyed during the polynerization reaction be selected so that residual
st abi |m<zrpmar§ge<ﬂ1vmercaphes raad potyihalpgany gempeurdiSSEéarsploﬁszlsyetgbhaﬁham

S|gn|f rfer the propert the a ueous dis erS|on t he
or opert TSR afentOhEROF bkl inertabiffe FhEP R b Esa0 G SRR e AR B el es
pr sparb@cylfnﬁ@mp&mls@augpﬁﬁmipﬁaﬂef &h9Nmercaptan, ﬁueiﬁ%ac@mrpay@ow actants

i nclude, for exanple, alkali fatty al cohol sulfates, such as sodium | auryl
sul f atrercantan, arqefyl r%@xpammme%ecytméwaa@np@rﬂa%%mer@atﬁmoéy| benzene

| f
Ul f odnb S Bdnid b o FUbioRSuiRfn MR ERan HERSRE sEAE R ERRL
sul f ongbasanok umjnylaﬁcmdlaudn@etyyhlcph@lnan@/pﬂbg@iatvawpmhdﬁ whdhedsacartbomvi ng 1

to 5 oxyethylene units. WO 2011/112171PCT/ US2010/ 002874 Sui t abl e
noni oﬁw&acb{ﬂnﬂactﬁamf%omﬁ@vlﬁa@ and srickdeeabrpraocthangy CGeperaly 1500 J L ¢ 3x§hadt hanol s

hawi n I
et ru et el ByRPei gl Seb o SRR o PR S e e B oP oo .
et hyl qmdayrmen Géxede:tchnlqms/ﬁes cmitrdlbmg;rrrollmntmdveu:gnhmqﬁn in the adsipcladeh as | auric

aci d, i.stic aC| almtic acid, oleic acid, or 5m xtures of acids, such
e ¢ hoB R 4t QLahF Mot oA MonAer PRVt 0 60 oxyet nyl ene uni i 5.

et hyl ene oxifig ﬁ%ﬂ%?é%ﬁ%aﬁifexl 453 & ﬂ@ﬁ’algj S &rl!ﬁ e?s%d?&&éﬂaratéjecw
| auryl, or cetyl al cohol's, contai ni ng rom to 60 oxyethylene units; and
bl ock cmdmﬂaywé‘rtsd ofedetrh,wndrggadmllyledéﬁmtbmsolamfrbzatem wsseh Miosower, moate

PRl T R et S AR A s Whenl

al so usa s€and/or the C]I]gﬁn@-aﬁgfelfﬁfehed enbodi nent of the present invention the
di spersed pigment particles are further stabilized with certain surfactants
prior to tH&ciemulsenpelysierisptiagacismonediymiypigall vconirias syactaddhd pol yner .

These f the
for mul T A G aPohd Pt po Bt dnlpled Bl AG EIR 61 BELafSH .8

al I'yl disconpbe agdrygaiopl of tl&rpdlymbh&raxapwlatedplgrhermpdnmmsnetHE Iamduﬁg may be the
sqge or dlfferent th the exception that R and R nmay not poth bgvs.

Pr8f ergBF]Ys dRPEISIAnG Ung opmmpre apt neludiag apippic, angnORew i WeRCHP IS BV r el
that ygguRls BEebr, 3 darhamyistd Nm?y éﬁﬂ?}ﬁés c?f%‘é{-’fhéthﬁg s@itaiBorleful oy si on

pol ynerization to be run with rmch |l evel s than result when no

sur f agoimeerizgtiorsang,givem inide dsifies(VIC Publishifg tCan. the

enul si al n,1s cn r encapsul at ed

oo t 1 HEu R 0! B PR R @ @Bago%ﬁé‘bdﬁ%@%aem&rsuaﬁ* RLPRARHTE they ray
be pr @yilgias, ai’éoﬁhcﬁﬁlly dsdd) Ho%véloﬁm gfef&T&DMﬁ‘ﬁhe QmoRat Al typd bEstRBliY RS
encapsul at ed pi gment particles may be renoved fromthe aqueous mnedi um of
thé erarfagten opetheriipep4stabilizing agept %rpplpmd fering the pRhimgrizatioe Faadiierybe f or
exanpl vV gation, ;5or
coagulsgeftgﬁ%)%ﬂ {cﬁ'ald{t}ﬁ} ﬁ%hg%g‘%}géﬂsu 8"%)5% eoﬁ‘ H?gerts ﬁg{gggé I(Jlérie provi ded
as a signifitanily iﬂtérffﬁé@\flﬂfthe‘érdﬁéﬁlestdﬂﬂle-rzg]u@f)ui&@pe&ﬁ@ﬁ)ﬂde pedpgrdss ofor the Tg of
t he outernost phase of the second polymer in the case where the second

pol ymEPmpasitiansisCliding the adysrus dispersignagyoriclenpreparieg drom ecaddeoushi ch t he

pol ymeg pﬁg%psul ated pignent particles will be stored, transported, and
opti ona al y processed prior to final application. The conposition of

t he pr esentSuitaMenhioait sunfattadisrigeltdes fopexandpye, atkafiifane alcokslcalfath, ekl as n

second pol yner of the invention is typically a coating or a plastic.
Opt i oftafiny laypbsiipsg ianygaky! piliosates, syFl as pofatsitB4SopFRPY e“ﬁ%?eesuéfpr‘%tit ender

par ti chigs algF SARGRALYn ALY TR aPJdhirk bES s uLhAE PAl RS S-

arylalkylpolyethoxyethanol sulfates or sulfonates, such as sodium octyl

phenoxypolyethoxyethyl sulfate, having 1 to 5 oxyethylene units.
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WO 2011/ 112171PCT/ US2010/ 002874 The bi nder of the coating or plastic
of the present invention is the continuous nedi um containing the

pol yrer - enoapswdiatzed pi gnment particles. The bi nder nay ®omAissa10®aised y of

t he second pol yner which encapsul at es t he pi gnent parti cles, or it may be a

Bot -t e s UBRNERBr T <aios T ARLe gol e Eebot AeRERRh ey ehahSlsy =" <

al t er nabingelinyl ardipIep Ao fo 18c&B69 hmmrand&fbm Bk& 69%619&@1%@%&%&@{ k
pol yner, and a blend of two or nore ynmers or olynmers. Suitable third

pol y messfor n&am@le, hepiy) |phenc(ch9>béﬂg®mt anq}s ﬁshqut@eft cedqyiyialives of long
vinyl / aeryl L P&gﬁ 2 YR Suchs 3{5&{1:94c Vi %81%"@%‘1??5 c?am O YT %tcf‘%{‘es
pol yureas, ox1 des; pol'yviny ord ene Vlnyl acélate

polsy mehixturéd (yﬂaenﬁl Suchaditesze foaldyinmails mlminyzmhg Ifrom)b Y&60 Sx% apgeyettie: s, and
the like, and m xtures thereof I n. one enbodi nent the binder may be a

m xt uredhybenepxida samdensates of langcchained pisohelssieiens eatyl, deeyl Jawiyher cebapsul at ed
Pi gmenf. g técﬁ-{t:ﬁﬁm@rfﬁ)rﬁlkttg%B%&&gtﬁkl)éng[lmf ‘Aﬁ&'blo%k%oéagmeﬂs mn)ggﬂesﬂéﬁﬁe as an

organic so ven wat er re o organi c vents a

are prsemncdedombxmdsmth che @mdsreagrdaoghowd@opmi aXidie seedbnd. mhgldnmlﬂc)armr |s
al ternatively 5provi ded i i quid medi um such as a sol ution

erul siGigHRRATS: sYFh as gﬁ(fg #ngr? ﬁb‘qowethbdﬁellgb& &W@@kyvgsvlap ol & are such
aspa pacpg&/dgglg]epomder or an extrusi on polyner. Either or both the second

pol ymer of the polyner-encapsul ated pignent or the optional third polyner
may cont ai fnnpegaefeired egnbodipmpt whihepresponinveontivatthodispérsed pigatennparficlesraer

fi ast t d ther with thensel
ui tn Qe e Sl oG Rlaror it Tirnidhetan f suk MoRebM Ry .

Exanmplgskehe %c@h@ﬁbl)yﬂﬁf | ThoRtsBFthdthts f@u@t BY kAR ¢ Bf sifddNSahidicedipnoner s
and ol i goners, fwo-part crosslinking systenms such as conpositions

cont aiaf |thmfm9@&m(@)gﬂéﬁﬁs@ﬁﬁ)§(@§}ibl V@lmﬂbsnd 86 myayrhe akl anyt,gdlgl.i nki ng

| , .
payca Bt e o e ARR s Pl RBR R b G RE Bt v
pol yoxAe etdepEon hal Rt ke m@m:bt@onotbafﬂalmmraﬂgt ® lsi&@@wmdymﬂ Hesused as

external | y added crosslinkers. Typically, fromO to 25 w % of the
cr oss|alyki lhaskpentdisceversed that geseisush subectaiyingde @pﬁnn@r speridicd@llpws the

The

{ BrvporIsos phihfez Rt bR WMo RURR L MY ol 880 LAGHR GrBlbuamy

equat iionsedBort When otherf surfactafyere osed. Physi cal Society 1, 3 Page 123 (1956)].

The coatin | ast osi.tion. Ooptionally contains c scents or
e ot L et she Sl frn TR A B A SR e oD O SR e e Bt

terrper@hm&qn@t b&ﬁrobﬁie@‘ﬁ/s Eﬂﬁqﬁ&'ﬁﬁ’ﬁfsﬁéﬂéf&u 8t alY@?héi@lfyttH@y ﬁl‘ﬂ?fbb 'ibgoxlléecﬁf%pi ied or

cured, or the plastic part is forned | evel optional "coal escent is

t ypi calohsl in the foran phampewddr dr pelletd The pﬂ:(bymr ensapsabtetl mgmehtepamdghmaafbet he
pol ymer s cft? WO 2011/ 1 217?11%!D /1 US2010/ Q02874 n (§1 eger r éd
embodi"HERT® Orflﬁ}ée %qfugg‘é%?le e B MR B X%’ﬁﬂzﬁbq%? Yc"é’ﬁ’{ at | east

t wo ph&ﬁﬂﬁque\i\ﬁtﬂﬁ@n% JToPBangRe Avapati Véafyin) 8sQy da@Eng, fﬁﬁaﬁéﬁ&feﬁ(mfﬁ%‘tﬁi@nor
equal to 30 C, pre erably greater than or equal to 45 C, and at Teast one

ot Aer oseeaRteDl Y thaRelymesengapsylatedsei gmemDasticlesargiprovidadasa slidefler abl y
less tl@ﬁl%feq{edqﬂzﬂ%e ﬁ"g oP the seRRE poqglr%];,r? 9meyl" é 5tthe tot]@r"most phase of the second

polymer in the case where the second polymer contains multiple phases, is above the
temperature at which the polymer-encapsulated pigment particles will be stored, transported,
ar;d optionally processed prior to final application.

0 The composition of the present invention including the opacifying pigment
encapsulated in second polymer of the invention is typically a coating or a plastic. Optionally,
the coating or plastic also includes one or more of extender particles, secondary pigment

particles, and third polymers.



5or equal to -5 C. In this enbodinent of the present invention, the one
second pol yner phase may be between 5% and 50% preferably between 10% and
40% and wo=v1prnef/er abl y bet ween 15% and 30% by wei ght Phadisdoionoishe

pi gment particle weight. The total of the rest of the polyner phases of the

second pol r.can bet ween 5% an 0% preferably. between 10% and 125%
e D TR iR oD e FObR Bl astB ook e s aR At oo g
parti GhftaMehgihe polymer-entapsal i fn"eﬁﬁpa@ﬂfﬂ@éj ITRMindk MdyeoREiesRIMIy bpuRNt i on,

t he second pol yner contains at Ieast two phases, wherein the fi rst second

pol ynBecqudpotymey vd@cfpemganﬁtrlatzeale@gimmmlm ot itimayche omaxturenfdher t o
crosslin lLif ) |nclud
cxcanpiaEibshiifibe BARRE portHieh Al End'ht bl b g BT BRI st pofmei e

di §etihr@polymet re 1h&peﬂ<mﬂtl@nﬂteghatmly ﬁhérﬂﬁpdﬂ)yﬂﬁf il c@bmyrﬂdflarmt hyl ol propane
tri(nmeth)acrylate, glycerol tri(neth)acrylate, and polyethyl ene gl ycol
di ( metiPpERCASITaiing netwrrk peiymarysnd 2 bisad of b AEmMOFRRO pEeIS s SERRLYMEEM 0. 01% t 0

50% b f th
B R S S
| s 0. k%@lgmﬂ:&%tymne&cm1efcepall§)h1¢r9‘ polyuttRiet pdbPare ) polypp@didgsapdly vinybm 0. 2%

to IOZ%of the fir noner phase. In this enbodjnent of the present
i nventchigides, F%Yéenﬁ ViR ¥ A gigte neaymefsy styene/Rutadicas gelygrers, I?@ly§é'€bﬁﬂlyﬁt9rsyner

haye BoltHeRS Snd [RNiKR! rﬁﬂh&@ltu&?tké%ofpr eferably less than or equal to -5C

t hi's "enbodi ment of e present 1nvention, the first phase of second
poI ynmer nmayn bee bmbmdamns%eé;)mﬂesﬂ%y h@raerhectaﬂaqu alped ymemandopre+podl yi€tic and nost

preferabl an 15% and ,30% h ased on. t he pi gnent artlcle
et onenateal e ST e apmuding bieramt BHEClso e e D By R & Babidy

pol Yy NBhedr@h siéh A&%V&gghlé%lm ok AWer, &F £heiaR] of c}?%ﬂ@@?&v&ﬁs@ﬁd‘@at@fb@ nost
preferably between 20% and 100% by’ wei ght based on the pignent particle

wei ghtare PrOVided’Fhé SQIuhtsuﬁgaS(ﬁr P?)’V@ﬁs’t ﬂ@e@ptnomlshnrdwelumeors abismativelyl y cont ai ns
ex ender ?J es4 The ex § P(il Hes do not gpnlflcantly scatter

ht PrERTEndér ‘qp‘)‘é PeE e Srava aa%ﬁ“‘r?&&? e GF%WP%?&% SWBF" PEds than 1.8
and t wpspeatiby palyat &ir if pRVided 2€gualidRch ada pSHinterPbe dexéemdairugi@dit | cl es
i ncl ude cal ci um carbonate, calcjumsulfate, bariumsulfate, nica, cl ay,

cal ci rmwrmr@ﬂhqr@r hathahe sqcopmhepiymer of therpal wnemedapslged prement af Beaceous
eart h’opal) Ca 12‘%‘8*“?‘3{“? 8&%& Jebétmefo%.gﬁ 91]&%' rfoﬂﬂttxbcdf%sc*oaﬁ‘hé'mxﬂum |

oxi de, er exa ext enders
2011/ bt Mﬁh&@yauwmw&ds crosslink either with themselves or with externally
0 added crosslinkers to provide a crosslinked binder. Examples of pre-polymeric materials are
ethylenically unsaturated monomers and oligomers, and two-part crosslinking systems such
as compositions containing isocyanate groups and alcohol groups. Conventional crosslinking
agents such as, for example, polyaziridine, polyisocyanate, polycarbodiimide, polyepoxide,
polyaminoplast, polyalkoxysilane, polyoxazoline, polyamine, and a polyvalent metal
5 compound can be used as externally added crosslinkers. Typically, from 0 to 25 wt% of the
crosslinking agent is used, based on the dry weight of the polymer.

The polymers which form the binder typically have glass transition temperatures in
the range of from -60 °C to 150 °C, as calculated by the Fox equation [Bulletin of the
American Physical Society 1, 3 Page 123 (1956)]. The coating or plastic composition

0 optionally contains coalescents or plasticizers to provide the polymers with effective film
formation temperatures at or below the temperature at which the coating is applied or cured,

or the plastic part is formed. The level of optional coalescent is typically in the range of from

0 to 40 wt %, based on the weight of the polymer solids.
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I ncl ude solid bead extenders, also known in the art as solid bead pignents,
such as pol ystyrene and pol yvinyl chloride beads. The coating or plastic of
t hi s i nvewbi2zon/apt7ional |y contai ns secondary pignent paPCiralSeslo/00ise4
secondary pi gnent particles have an i ndex of refraction | ess than the index
of 5refract|on of the yner trix. Secondar nent articles include

pi gnent parlfiddireleredf Pﬂ‘rmﬁ?tﬁ C\PEFSGRL INYERLPN, 36819 PR gantaes at
cont alr@ésrlav@prasx@lmre Meadecoﬂﬂ)ﬂ)ldi yiner FHIRE A&d @Tg@%ta&hémﬂ Q@abid Jordex of

refraction close to or equal Secondary pi gitent particles including
m cr osntferael)pglgatentlenwcquaago HdPYnad gpdeast eneethermatendpaiymenphase havz e voi ds

and \Y; te ol rticl re.disclos j us.. P . 427, 835;
s ik B On a5 [ preferably BT rdh 365958 b b demSis rdlefitly rae g o

U § Rixleqindl té 54€@ #28is érhl%dnlﬂéﬁﬁfﬂthé 286ht 8thventibh She Bad %&bn&g@%ﬁre@@ﬂaseu S.

Patent 5,157,084; U S. Patent 5,041, 464 U.S. Patent 036, 10 U S. Patent

5, 409, rﬁ%?SGbe batween $% andt56f. , Brafamblyrmtwaenel Q% and AQ%e Anghmest prefesably hi s

|nvent| S I n omlt 0 I parti.cl m of
pol ymesedanet P 2o e Baet o BEpiEb o BRI o B b e S T
% andfiRe polpimef stiazed of the e6vohd poly2ier\cah baBeech a9 ehd150B eprefekadly vol une of
the coating or plastic. The coating or plastic contains from10 to 99

voI u nebevy es8dOTel anth 23 %i mestpseigrably b%wewe?%raydflpe% by weidghdpagest amibe oy  and

g&gﬂt&%k%lé&g 5 to 80 volunme % based on the total volune of the
coatr stic le coating or plastic contains fromO to 70 volune %

ext ender pdntaipréfesred pmbdinadak yf fhieqiedent @vediongthensecSnd polgmencantgnedter abl y
I'Ofrom 0 to 60 vol une % based on the total volume of the coating or

pl ast i lBast fHPRases. iFraR th st 1corbROINMIFE PRAGHP B° PRIYERSTFEY GARAYS decondar y
p' grre%ullﬁ?tfntch&l) %or%rfefr% érl&%nfkrtﬂ aEé) 1ta‘6fé| IHHRIfL@CU%Hgl Iﬂgﬁ&n&’é ef er abl y

from0O to 15 volune % based on th total volunme of the coating or plastic.
The caatludg) as exgpoples,iatiyl ((mheth}aeryﬂ)ate,sdmmyl banzand, ethytgreigbyral dilmethyaaly ki,

R o PR B AR KT B500ed 0, £08D G5, UG 20 = 1T o
agent sri(HahRRAREE, add RN LM ADE VEdIRT Eneth 28834tk NEBE fultifunctional monomer
may be present from 0.01% to 50% by weight based on the total weight of the monomers
which make up the first phase of the second polymer, preferably the multifunctional
monomer is 0.1% to 10%, more preferably from 0.2% to 5%, most preferably from 0.2% to
20 2% of the first monomer phase. In this embodiment of the present invention, it is preferred
that all of the phases of the second polymer have a Tg less than or equal to 5°C, preferably
less than or equal to -5°C. In this embodiment of the present invention, the first phase of
second polymer may be between 5% and 50%, preferably between 10% and 40%, and most
preferably between 15% and 30%, by weight based on the pigment particle weight. The total
S of the rest of the polymer phases of the second polymer can be between 5% and 150%,
preferably between 10% and 125%, most preferably between 20% and 100%, by weight
based on the pigment particle weight.
The coating or plastic of this invention optionally contains extender particles. The
extender particles do not significantly scatter light. Extender particles have an index of
30  refraction of less than 1.8 and typically greater than or equal to 1.3. Suitable extender
particles include calcium carbonate, calcium sulfate, barium sulfate, mica, clay, calcined clay,
feldspar, nepheline, syenite, wollastonite, diatomaceous earth, alumina silicates, non-film

forming polymer particles, aluminum oxide, silica, and talc. Other examples of extenders
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dyes, pearlescents, adhesion pronoters, dispersants, |eveling agents,
optical brighteners, ultraviolet stabilizers, preservatives, biocides, and
ant i oxi dawo=o1iBErarmpl es of "coatings” herein include i nNkeCTABPE@E0/002334 | NYS;
architectural coatings ; Osuch as interior and exterior house paints, wood
coatlngs nd coati ng coatin for her.; .coatings, and saturants
coat | 108 B0 cFeslLIdN, Cooli 03, 91 LSal sty coatings, and sal pai nt s
such agpysbReR: ARl pHliyvikvIRB1drRieBals.r 0ads, pavenents, and runways. Liquid
coatings nmay be water or solvent based. Wen the coating is a powder
coating, i tThexoptieg erplesilctdfahlsuh‘eenngn@ptlorwélymohgamrsecormm pigment the Tg of

the outer hase of .t he matrjx .in the cas re he

pol y PRt be SRR Trs pisen RATSTE Hafe SR ek of xdlctslp FOS FuallIBF kP2 o
whisch ehgctiondf kigpoMhér et Sé&ﬁ}dﬁf@@ﬁl@@ﬂﬁz@ﬁ’oleﬁlﬂdluﬁﬁbig}ﬂ@it Ipxrtmegc essed
prior to final application. \Wen the coating is a solvent-based coating, it

I's preoptaig tinypidsraick e pakymss Pyitisies spniaungr yewds- Brecdipyeidat ed pi gnent
parti Clharac{e%F&P &sCPaQ'P a%.“%d%l by re?n%kt%“ Soéé}ﬁtob%ﬂézﬁ%\feg CO ﬁaljgr'}ﬁ% L&t of

sol vert i z€e astic o sent
| nventpaﬁitl@pmlaalalg,lmﬁcfmyhah :fafgmmé sudh a@tpb@lmemhﬂfclealcsmmﬁﬁg)ahe/oxf @orgd i n
plastics such as ment particles which do not fall under the present

| nvent‘ioéﬁf a"é)?’?%‘ﬁ'éiéﬁe Pobt%rpaﬁéﬂlfﬁrﬂ? disclosed ngpﬁétﬁét bS5 U-pibatent i zer s,
a@?’m 60, B8l 'Eé?\?ﬁ'SPQIS%BSU Feg# |h1gr8r% é%; (;B'@ Pttt H%g,%ggtﬂﬁ qfatf{;\}lﬁex' bl e

materlésmthe or m of objects, ich
f ol | ow,880,842 KIS .ParcapdO8S, (mﬂ Ul Ratens 87157 JOB4;,20IS. Patent Ibel,aﬁchrlé.\sl Rateon " g"

bbr ovi 6 5" Eirpatsap g8t indliey Ratat S516HRE abbr evi ation tmit
Godocy! benzanc i Srpa < halcuuon SILRL R £R0 20 YERe e HENE® i Lr- 40
= Sodipantidiesde ¢hyd foain|of Ipobyumdremgapsutmedepignend pari @i preferaBiyt fromiByrdper oxi de

5  volume %, and more preferably from 5 to 20 volume %, based on the total volume of the
coating or plastic. The coating or plastic contains from 10 to 99 volume % second and third
polymer, preferably from 20 to 97 volume %, and more preferably from 25 to 80 volume %,
based on the total volume of the coating or plastic. The coating or plastic contains from O to
70 volume % extender particles, preferably from 0 to 65 volume %, and more preferably

!0 from O to 60 volume %, based on the total volume of the coating or plastic. The coating or
plastic contains from O to 20 volume % secondary pigment particles, preferably from O to 17
volume %, and more preferably from 0 to 15 volume %, based on the total volume of the
coating or plastic.

The coating composition of the present invention optionally may also include other

!5  materials commonly found in coatings such as extenders, other polymers, hollow sphere
pigments, solvents, coalescents, wetting agents, defoamers, rheology modifiers, crosslinkers,
dyes, pearlescents, adhesion promoters, dispersants, leveling agents, optical brighteners,
ultraviolet stabilizers, preservatives, biocides, and antioxidants.

Examples of "coatings" herein include inks, paper coatings; architectural coatings,

30 such as interior and exterior house paints, wood coatings and metal coatings; coatings for
leather; coatings and saturants for textiles and nonwovens; adhesives; powder coatings; and
traffic paints such as those paints used to mark roads, pavements, and runways. Liquid
coatings may be water or solvent based. When the coating is a powder coating, it is preferred

that the Tg of the polymeric matrix, or the Tg of the outer most phase of the polymeric matrix
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I CoAl BN = azoi sobutyronitrile SSF = Sodi um sul f oxyl ate formal dehyde | AA=
| soascorbic acid EDTA = Ethyl ene diamne tetra acetic acid sodium salt

( VERSENETWD 20D0NWR 71 n- dodecyl nmercaptan t5 BVA = Butyl nerhaasgéiane2sBA =
Butyl acrylate MVA = Met hyl met hacryl ate DVAEMA = di net hyl am no et hyI

met hacry| at e cryl am do- 2 ropane: sy | fonic acid ?0

St yr or oS WEeRIRE RGBT G IVATE oA Ry LP R RN A LY CAhS P o y1 |
acid Sﬁl}{bmmo&%m bEBILRALC frith spbRed aniRIpBOn 11 yIREEkZES d¥ab inal VO

2011/ 112171PCT/ 010/ 002874
application. When the coating is a solvent-based coating, it is preferred that the second

polymer of the polymer-encapsulated pigment particles is not substantially soluble in the
5 solvent or mixture of solvents utilized in the coating.

The plastic of the present invention optionally may also include other materials
commonly found in plastics such as pigment particles which do not fall under the present
invention, extenders, other polymers, hollow sphere. pigments, plasticizers, flow agents, and
crosslinkers. "Plastics” herein includes solid or flexible materials in the form of objects,

10 films, etc.

The examples which follow illustrate aspects of the present invention.. The
abbreviation "g" represents "grams". The abbreviation "mm" represents "millimeters". The
abbreviation "cm" represents "centimeters”. The abbreviation "mil” represents "1/1000ths of
an inch".

S Abbreviations:
SDS = Sodium dodecylbenzene sulfonate (23%)

SSS = Sodium styrene sulfonate
TREM™ LF-40 = Sodium dodecyl allyl sulfosuccinate (40%)
t-BHP = t-Butyl hydroperoxide
!0 AIBN = azoisobutyronitrile
SSF = Sodium sulfoxylate formaldehyde
IA A= Isoascorbic acid
EDTA = Ethylene diamine tetra acetic acid sodium salt (VERSENE™)
nDDM = n-dodecylmercaptan
!5 BMA = Butyl methacrylate
BA = Butyl acrylate
MMA = Methyl methacrylate
DMAEMA = dimethylamino ethyl methacrylate
AMPS™ = 2-acrylamido-2-methylpropane-sulfonic acid
0 STY = Styrene
MSi = 3-mercaptopropyl trimethoxysilane
MAA = Glacial methacrylic acid
SEM = Sulfoethyl methacrylate

DI water = Deionized water
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EXAMPLE 1. Preparati on of water-soluble sulfur acid-functional first polymner
A 250nmlL fl ask equi pped with a magnetic stirrer, N2-inlet, reflux condenser,
heati ng rsiot2ei1/112arvd t her nocoupl e was charged with 20g ofPCBRSR14MH02374 DVAENVA,
| g of BA, 16g of 5 MVA, 1.1g of nDDM 0.5g of AB3N, and 100g of

n- propanol . The flask was purged with N2, and heated to 60C, at which point
the heating mantel was turned off and the reaction mxture was allowed to

exot herx AMP F80 Brephiteioh @ Wwiaftg-sERMIcdul il ScidUin@sbrdpfilst polyad t he reaction
m xture was held at 80C for 3 hours. The tenperature was then raised to

93C, ahaSombigskequinpedivith 2magnetic sHapaMA-inlgisrellyy sandenser, heaiipgmaaniele was

hel d at ,93C for lhr: then (o]0 tQ + O erature. The
or odudP BamsStmt ven bhE b SPERESERE R AR TR EBR 8 ¥ o

cokl eqiprh antk off AIBOM, DBy GITABBN, ROUNIOE ofVapropmo| YRefladk waK purgédwithwat er
and NH3 to make a 21.3% solution at pH 5.0 EXAVPLE 2. Preparation of

wat er Nblang heated tor @°Caat which peint iedrcating sangpd Wastwmed pffipgdhe ©a¢4aAn on was

nmade . 7. : f nDDM
0. 66gaREpAs AT Ve oxbhelin (EROIETnE ke o A BncliMack dn 24 e
magnetreactioh intik tire whRhéldlae80°C fuir I3thoue riTiens/iperanaatwas gherraised to 98R41, tahdn
funnel , and thernocqupl e was char&?gl w th 0.5g VAZOInb2., 27, ?12{ of the
mononmék 2R ATERIN 508 4-rsppangl was added- thedompetuse Wanbeld arfé ¢ [HslkTwas
PupOednd B i wabbdlefiFlotemplrait. THE BOROPLIbolERIiEI00RBomant €l vas.
turned off and the reaction mxture was allowed to exothermto 70C. The
heat i rgxamsntheh thasoltdpohgderbazskcoblectaddnd deed.eThe dfied pa ymenwaedissaied inon was
added oyer 30nm n i the te ture.was pntained at 70C. After the
addi t iSYH QI AT mﬁ%t%@?]ﬁﬁ%ﬁg\%ﬁa%m%wtﬁ% the reaction mixture was
held at 70C for 0.5 hours. The tenperature was then raised to 77C, and 0. 5g

of VAZOTnb2 in 1.0g ethanol was added. The ;5 tenperature was held at 77C
for | EXAMBE 2.Hueparaiidn afasateossiielle seolfurgsmd-funegenatfirstepodyrdent he sol vent was

str.ipped off. The.dried I iS50} ved i ficie er .and N113
£ oo mehaienga St M omad: HRe SRR A S RMARMA DR B AEE o 201 bl ¢
sul f unviaga dr. f et DDNR20fE6E S eahyINeid 6 88d of dalerL A325trEIKIdsk @gKippedivachni ng
300 g of denatured ethanol, 40 g BA, 90 g MVA, and 70 g SEM was added.
Then, magnefc plingmNgeslehdefdiik canslepsepdicping maate, additipmfnpestn®al j nitiator. The

combi i q b4 e heat ed
© oToo A REbYBIE A Pl RRAG A0 RIS S R s SO0 T o
unr eactaer, amhbhe7g ofldtbarrod.a@he Gaskvass plrged edathi N2 and heatodtd 856 matvhioh. . The
solids were determ nedq by renmpval .of volatiles in a yacuym ovenp in

¢ r Dol iROHR e estinsgmaniel vk Simed Ol dorreaer B iSO ARG RO ¢ he

sol i d spety mRE h\éﬁﬁag@%&ﬁt@ﬁ&r&quﬁ{&@ btk 8 and fH r@iticﬁ(ﬂhé)ﬁbwﬁéro yAsidH waol ved in

sufficient water and NH3 to make a 10% sol ution at pH 4.0 5 COVPARATI VE

EXAMVPLagdgd over d0mimwhde thef temperfatire awis dndintaimet ehd0° G offtesthe additibn oéthegl ass
reactor was charged with 8, 59 t hanol . Under, .a ni | ank t he
Feact groliter B ad bt e et Pilore VY Bl AL A S RES RuREnthe f ced
consi Sémpératie Bds hdn JaiddW@TIPC, 2rd D58 oMKATIME2,in G.0pZetBarit] Rabladdedi? ¥hé g MVA
and 22.56 g SEMwas fed into the reactor over acgerlod of 2 hours and 52

mi ‘Aut éempgxatueiyyas beld ab7H1C fps 2h theastherfliaslt winheeplediaoipgavigmperpburgiapd ehe
proce . ] i . 52

G ssorgnghl whoSERRA At ThEGRIRMITne! S50 o Bsdiftdhl S Glncyyale SAMASIE 0F g
m nut esakeAX 2108 sehdionfat pHI4sO f eed the tenperature was maintained at 752 C
for another 40 m nutes before cooling. Final solids of the product was
39.7% The dried dispersant was not water sol uble at or bel ow pH 5.

EXAMPLE 3.Preparation of water-soluble sulfur acid-functional first polymer

0  Toal L 3-neck flask containing 300 g of denatured ethanol, 40 g BA, 90 g MMA, and 70 g
SEM was added. Then, 4.2 g n-DDM was added via pipette, and 2.72 g VAZO™S2 initiator.
The combined solution was placed under positive pressure of nitrogen and heated to 60 C for
4 hours. After which time 1 g VAZO™S52 was added to chase down unreacted monomer.

The reaction was then cooled to room temperature.. The solids were determined by removal
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COVPARATI VE EXAMPI F. B. Preparation of sulfur-acid functional polyner A1
liter glass reactor was charged with 158.59 g ethanol. Under a nitrogen

bl anket twe 2nsameon was heated to 75 C. Wien t he react oPCrasehomosss C, a
nmononer feed consisting of 58.83 g ethanol, 2.05 g VAZOITm 52, 6.02 g n- DDM
100. 79 , .9.03 SEM and 40.62 ;0 was, fed into the reactor over a
peri ocPfg(f’l\{agﬁﬁdﬁflé' a gﬁe“rﬁnntﬂi’gga.te’ﬁot‘e(?gﬁ'p@ﬁS\PEﬂdélch’aS‘?B‘?‘r e lﬁ&‘iﬁ‘;i ned

t hr oughQhtfe; i@ (MOQIIR RIIPRESHas AlllebRE a8BEri0d. THE dABDBOHMet GBE dRsILdd on of
1.50 g VAZOTm 52 di ssolved in 22.58 g ethanol was fed'into the reactor over

a per isotficadnt p@tariand NE3 tosmakehe 1@%dobftionrat pHf4@d t he t enperature was
mai ntai ned at 752 C for another 40 m nutes before cooling. Final solids of
t he product was 40.4% The dried ,5 dispersant was not water soluble at or

belsow EhivIPARA TR EXRNIELEQQ Hé?drﬁt@orﬁéfi stfuflbsiagisdidnalpsiymese by adding
sufficient NH3 to neutralize all the MAA and SEM aci d groups; the pH was

gr eat &k litenglass caponmas chra gek b B3G9 petbpaglabnder atitragen Blankatheaci d

pol yrner I o0} ' b stirrer,. N2-inl et ef | ux
condenrgaec(r&?AIS ‘ﬁ%a |tr?g t‘?rZ%tgl W}%ﬁgﬁ% 3%%5%35%‘%;%\/\665 acrﬁg?%rg%rf\?\ne%ﬁonﬂs%éo , 1 Qg
BA, 328230z éthMioh, 2.05 @30ANDODNS206.59 eAl-BEM ARy $2g MoV fidorms®k SEMevds ask

was pur&ed with N2, and heated to 65C _at which point the heating mantel
was t dPéhEde Brefreagier aveea pered poh haend 62 Wigutss| AiRreparaiueeft he?m(1 ¥a80C. The

hegt i - ' j r : I t 80C
fod W IR PR BI85, 7™ I aRE boRBEl Kl R oton MU BCE

rai se YAZOBE,52adiskolvedogy 201584 dhhrioh ws Betl intgthepeavodr oves a peidediof Tdhe
tenperature was held at 93C for Ihr: then the flask was cooled to room
tenperrale*u%.“ﬁﬁ%e@ PEdafeep U mpopiee NoE Mianed 8t e Gloraroter #h pH 5.
To thqnﬁlueegemémiﬁgnﬁaﬂé%o@&ctﬁqh@%oazct%ﬁ P %h%'eﬁﬁ%: YRLAIw AN b 20 86
grans ammoni a (2.8% . The 5di spersant forned a cl ear sol ut rpon af ter about
15 mi matessobbie ationgekaw plddm t enperature. The theoretical solids of this

di gpersant solution was 7.5% The pH was neasured to be 9.0 EXAMPLE 4.
Formati on of opacifying pignment dispersion A steel grind pot was charged

wi th oV AR A ERaEKe MPBR®B. $oeR@atid SsuliEREd ThtRioh TUREEM R-706) was
added slowy while grinding at -2000rpm using a Prem er |1 Corp. Mdel 50

di sperAsatigr shastirgseed wascharged st 19i8axfks ethpnadr Undrtianibaget blanket Heo2, t he
o XU Gy s T HENsal AL AT o UL ST e
di speri8i83ng ethanol, 2.05 g VAZO™-52, 6.02 g n-DDM, 100.79 ¢ MMA, 9.03 ¢ SEM and 40.62
0 g AA was fed into the reactor over a period of 2 hours and 52 minutes. A temperature of
75%2 °C was maintained throughout the whole process. At the end of the monomer feed a
solution of 1.50 g VAZO™-52 dissolved in 22.58 g ethanol was fed into the reactor over a
period of 28 minutes. At the end of this feed the tefnperature was maintained at 75+2 °C for
another 40 minutes before cooling. Final solids of the product was 40.4%. The dried
5  dispersant was not water soluble at or below pH 5. A water solution of the dried dispersant
was made by adding sufficient NH3 to neutralize all the MAA and SEM acid groups; the pH

was greater than 6

COMPARATIVE EXAMPLE C. Preparation of non-sulfur-acid polymer

0 A 250ml flask equipped with a magnetic stirrer, N2-inlet, reflux condenser, heating mantel,
and thermocouple was charged with 7.75g MAA, 10g BA, 32.25g MMA, 1.08g nDDM, 0.5¢g
AIBN, and 92.5g n-propanol. The flask was purged with N2, and heated to 65°C, at which
point the heating mantel was turned off and the reaction mixture was allowed to exotherm to

80°C. The heating mantel was turned back on and the reaction mixture was held at 80°C for
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A steel grind pot was charged with 71.6g of Exanple 2 and 235.6g water.
1000g Ti®2 (TIPURETm R-706) was added slowy while grinding at -2000rpm

usi ng a RvermariiM7tl Corp. Mdel 50 di spersator equi ppe®Critskoia/onissk bl ade.
Af ter addition of the TiG2 the slurry was ground for 20m n. The solids were
76.5%_ MPLE 6. Formation of opacifyin gnment _di spersion A steel
grind %‘Eﬁur@va THIPGEYG %A then ised o @(&?rﬁpégg%éﬁ’é ABNjig éﬁ)fo%gb Ti o2
(Ti PUREaEmdBeJOﬁa %@?ﬂ%%lh@mi Elese g fidh kvl
Prem er r 50 di spergggt orrggu?lpp %sth an) Ia e. After
addi t |tomp@fatutr¢1 eTﬁE @ied dispegsant wys waswgfensuiublE et o2iow pHhieTe dhd disedner e

76. 5% .5 COVPARAT] VI For.mati on of e ersion
A st ai iSOGy BaaE Ofd 7 ga o AL RBP Gt i BT 2B 0GR Bl dhe

solsut i RgpefantdRrREd AticHesdRXPdPArter Bbaind| S%r@?esgtﬁ‘}%gez{t todth tdiP&afup&1$He°00 9

TI PURETm R- 706 was added in about 2 mnutes. The agitation was naintai ned
at 100beargtaabsqligis of thig disperfans sglution wagds5% i Theepld o ad mirasurgtl tab89® nesh
filtration bag. The solids was neasured to be 75.5% COVWPARATI VE EXAMPLE E.
Formati on of opacifying pignment dispersion A steel grind pot was charged

Wi th FHXAWRIE Lropanas aﬁopﬁ&ﬁmlgqngnamcmp@m&g water. 500g Ti G2 (TI PURETm

R-706) was added slowy whil e grinding -2000rpmusing a Premier MII WO
2011/ ﬂgtfqumﬂlngszf@&emeq@wnh@g hof%@mplesb anni g@égsmt@xr @Qagp?ad \évlot h a "
di k ﬁ‘{?REN n m n. e
sol'i dglrwer e 73k%96?%k}a{e@ S?(gwwh&%g gﬁ??lg{eéyllgl gment

Par t i dCarp. Model 50 dispersator equipped with a disk blade. After addmon of the TiO2, the slurry

- was ground for 20min; then an additional 11.3g of water was added. The solids were 76.5%.

EXAMPLE 5. Formation of opacifying pigment dispersion

5 A steel grind pot was charged with 71.6g of Example 2 and 235.6g water. 1000g TiO2
(TIPURE™ R-706) was added slowly while grinding at ~2000rpm using a Premier Mill
Corp. Model 50 dispersator equipped with a disk blade. After addition of the TiO2 the slurry
was ground for 20min. The solids were 76.5%.

0 EXAMPLE 6. Formation of opacifying pigment dispersion
A steel grind pot was charged with 40.0g of Example 3 and 41.4g water. 265g TiO2
(TIPURE™ R-706) was added slowly while grinding at ~2000rpm using a Premier Mill
Corp. Model 50 dispersator equipped with a disk blade. After addition of the TiO2 the slurry

\

was ground for 20min. The solids were 76.5%.

COMPARATIVE EXAMPLE D. Formation of opacifying pigment dispersion

A stainless steel grind pot was charged with 100.0 g of the aqueous solution of Comparative
Example B and 67.67 g water. At 1000 rpm’s 500 g TIPURE™ R-706 was added in about 2
minutes. The agitation was maintained at 1000 rpm’s for 1 hour. The slurry was filtered

0  through a 325 mesh filtration bag. The solids was measured to be 75.5%.

COMPARATIVE EXAMPLE E. Formation of opacifying pigment dispersion
A steel grind pot was charged with 37.5g of Comparative Example C and 143.7g water. 500g
TiO2 (TIPURE™ R-706) was added slowly while grinding at ~2000rpm using a Premier Mill
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5 A 250 m, four necked round bottom flask was equi pped with paddl e
stirrer, thernoneter, nitrogen inlet, and reflux condenser. 15 g D water
and 1.2 gweDReimvEasi7added to the kettle. Wiile kettle conPemtus2ew/0e2834irri ng,
94.9 ¢ of Exanple 6 was added to kettle. The kettle was then heated to 50C

7" DrCord M R RRRRYaing Vi o B e o SF1HE TR W e

[ Oket tw@sgg@lt,ﬁfoatzoféqp,qﬂgeg,hgg“(}ré.ﬁg/mqpl ution in DI water of ferrous sulfate
hept ahydrate was added to the kettle. This was followed by the feeding in

5 g of 4.2%solution in D water of t-BHP and 3.2%solution in D water

of SSFE)?XMPI%% Jutes, Oﬁg{ﬂp]r@%’%_ﬁc%&}a?%}%lgme{l\l/ﬁp%(sﬂ started and fed to the

kettl e over a 4 m nu e coﬁf)l etion of the nonomer

fesd tAes50ingpRuSheskeesunddiottoat 1ARGvaydqulppatl withegddleirer fthérinsdiedder, The
pol ymer was cool ed 25C. Then the dispersion was neutralized with 1 g of 14%
aqua dHiregandnighand peflix qondenser 1518 BE watgrgndd & H8Dgevasadded tq the&ewlg. i n a 100

”E‘Sh f 1;8#@ IESONENE vre & Hg?tf ﬁl%?lﬁp 9@65936 ﬁ?ﬁ%&ﬁ%%&‘ﬂ J‘h@% fe WA ticles

To our neck roun equi ppe Irrer,
N2- i nltﬁén hetaedd tU)SOPC)unddftdaem&egen fnamispitge MANMhehomeérsandl§ien l(mm)wﬂs@rmsecc har ged
with 197.3 g of Exa éD?’ 0% saol i ds) anN%ﬂ\émhthasolutlon of 2.5 g SDS

m Xﬁd Byrmixingy/ E)IDIV\‘ié"lt%rr’ I S18eDp) 23R 8 BMA Ui e apg0.7 M Addat Withthe 50C.
‘ ub o at%ﬁéé:]\gﬁt%ll & Sbe@??%%tf B89 tolatén i &ﬁaPQ'lafé} hf)fén%ﬁs Fuifatd h\é{’é}al%rd}z/t% haQN

% EDTA was ad to the reactor. nutes | ater
co-f eetdld#dtocibnketslbl AisobasXolloged bt edinglived g of 88%gsobitionan &1 veater afo- f eed

#2 consisLin 1.1.15 SF d| ved water was fed to the
react (r)}séé% g?%t‘és%\"“@' ‘3‘9% WRICHO é&%oﬁr ‘@E"“é?gst grm{"r‘féesé?té‘irtt he;ME Was co- f eed
sol uti@fied oAd IRNQITRE k&ﬂybsému( Min&é peﬁ&parﬁﬁcpm\éf %%qu@af.dﬁlafltmg 5.2 g D
water, 1.25 g SDS g . MAA"was fed to the

r eact onorgmey feetk the dePQrS@mgN%ZS hﬂkhat Smé?nlrME’all fwais \A@amflheh@:i ‘Bhespdpmdr nonomner

emyl si o n 8 SDS, 66.8 g BA
275" g e6” IRER ik ahiaetligh §% flpue Ll £5 140 Agfly Tipiopti

Upon tihen filmerpd. eltm@narﬂasuﬁm@f&&»\%réﬁﬁereahﬁaqgefnea@ﬁ&“meere continued for
another 20 mn until conpl etion. The contents of the reactor were then

cooled to roomtenperature and 3.0 grans of aqua ammoni a (14% was added.

The flébgkg/fﬁ@ @fFo%ﬁh&?gng& %ﬁc@%ﬁ&té&ﬁi#&%ﬁ%ﬁcm move any gel. The

filte I spersi on [ asednt ént o h 2.5 grans of dry gel
rem)véEb a H)@NPE@r@nechmunﬂboﬁmnﬂasl?@hm@ped with ppddik atigdr, N2gimbnf reRakt i cl es 5To

m f K b fl ask d ddl
R I BReTRE PEng I s RBeoNg et ST ae t hF ECOEIENES  char ged
W t h 188 02308 a9)f algﬁ‘g'im?h% sélu@%ﬁ o@%’§$bb@isaux@h%90 gﬁﬂ\vﬁels ofpd AR s 1.5 0

TREMIm LF-40 in 29 D water. was purged wth N2, and heated to
50C. \purgediwich Net aﬂdehelamdpe SOt Ur WithtthSRéltle sersprratirecat SOPC4da olgtigh d4.01gon

sul f at 0. 1% EDTA o the reactor. Two mnutes |later co-
[0 fe 0311%88%}“8%‘ 514 gzg}gf%aﬁq?dﬁgwmaég € FGACHOf. Ewmrmw&&eéfat%frf@-co feed
#2 congéphi &ﬁhs@fmé—of‘-Z g gltpﬂi-]ﬂ'cﬁs%gi\)é@qn k8 g3 Watk} aﬂ’@é@feeﬂ@@ bRdstf (thf3 1

reactor at a rate of O. mn. Two mnutes after the start of” the
coSf e@lS%Ebdlasqlmdsn 36 g’@hwa@r “@mﬁd:ctiocthe ('EMEtoi)at praspef @3 ghmeni Dee Imyiniwgs i xi ng

ot hateeliBf ortngey fhed sghuiamy syfpnaime craitdnl (ME EB RSO P cone
NMONONMBHix@1EH. 3L P water, 1.25 g SDS, 16.7 g BMA, 11.5 g MMA, and 0.6 g MAA was fed to
the reactor at a rate of 2.0 g/ min. When ME 1 was complete, a second monomer emulsion
(ME 2) prepared by mixing 22.8 g DI water, 5.0 g SDS, 66.8 gBA,47.2gMMA,and 1.2 g
0 MAA was fed to the reactor at a rate of 2.0 g/ min. Upon the completion of the ME 2 feed the
co-feeds were continued for another 20 min until completion. The contents of the reactor

were then cooled to room temperature and 3.0 grams of aqua ammonia (14%) was added. The
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[5 (ME 2) prepared by mxing 22.8 g DI water, 5.0 g SDS, 66.8 g BA, 47.2 ¢
MVA, and 1.2 g MAA was fed to the reactor at a rate of 2.0 g/mn. Upon the
conpl eti omoabithel’WE 2 feed the co-feeds were continuedpComsanoobmsrs 20 nin
until conpletion. The contents of the reactor were then cooled to room

t enper at ure d 3.0 agua a ni,a (14% was ed.. The,cont.ents. of the

| oans it o e gaitolpEkdes B RG0 teraate 49a ec e T SEg PR BBIS! on ad a
1 O soldoflgs &S?ﬂ%n@ﬂf6@.ﬁ‘7mit§%.5’\%ﬂah15%f%§y gé138mo@dd. dry gel renmoved. EXAMPLE 10.
Formati on of Pol ymer-Encapsul ated Pignent Particles A 500 m, four necked

round bottom fl ask was equi pped with paddle stirrer, thernonmeter, nitrogen

i nlet, condenser,. 30 of ter s..added to the kettle.
Wi + e ERRMELE & Horeaor QP Boymd e ol BbiontPRaH0°C |0 ME KM LEL as
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wat er ,condensey, kestingpantelganghhermocopple wagchagged with 138 kg of Kxamp nonomer
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2011/ 1 NA 81614 &d520310¢ DO 28t veasnfied &d theretorMt# Tate MEG2 5V sniat Bwwbatinufeb#2 was
fed in over 75 m nutes. The dispersion was held at 50C until all feeds were
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kettle. The kettle was then heated To 50C under a nitrogen atnosphere. A
o nomego-feeds| wére nomtinueNEar jnopkes 20mamamgid coypletisn.nighek@ntgnp ofithe egactor. 3 g SDS,

16.7 B 11, MVA, . and 0.3 - A second. r_emul si-gn ( ME#2) was
or epar il By ERRAGe Fomy s ey et TR IRAT Ve A R GG 1 2"
SSS.  Wohtentsho theriehdtor WateathemtiltbRE.to ferfovef an§. gk b %he alitekddDdispeisibh haaker of

ferrous sulfate hegtahy_drate was added to the kettle along with 0.4 g of 1%

sout i 9Hds gpnnt RR6% B T Wity PRSEsEMOf Fr gel FRrgoest | owed by the feeding in 38 g
of 3.7%solution in DI water of t-BHP and 37.1 g of 3% solution in DI water
of 1 AA over 100 mnutes. 2 mnutes latter the ME#1 was started and fed to
t he kdiXAMPFE10. Férmation ef PeymedEatapstiatedAfigmenttHaetidespl et i on VE#L, ME#2

50 urlk S 14 OFLR AT PP B Btk o PR BB D PamaetEing 4 g of
a nitrogen inlet, and reflux condenser. 30 g of DI water was added to the kettle. While kettle
!5  content was stirring, 197.3 g of 76.5% solids Example 5 was added to kettle. The kettle was
then heated to 50°C under a nitrogen atmosphere. A monomer emulsion #1 (ME#1) was
prepared by mixing 5 g DI water, 1.3 g SDS, 16.7 g BMA, 10.2 g MMA, and 1.4 g SSS. A
second monomer emulsion (ME#2) was prepared by mixing 22 g DI water, 5 g SDS, 66.8 g
BA, and 48.4 g MMA. With the kettle water at 50°C, 4 g of 0.15% solution in DI water of
30 ferrous sulfate heptahydrate was added to the kettle along with 0.4 g of a 1% solution in DI
water of VERSENE™. This was followed by the feeding in 38 g of 3.7% solution in DI
water of t-BHP and 37.1 g of 3% solution in DI water of IAA over llOO minutes. 2 minutes

latter the ME#1 was started and fed to the kettle over 18 minute period at 50°C. After the



;014% solution in DI water of aqua ammoni a was added. The sanpl e was then
filtered through 100 nmesh filter. 0.13 g of gel was collected. COWP.
EXAVPLE RvoRormmatizon of Pol ymer - Encapsul at ed Pi gnment ParCiraisesiosb2sti t er
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Af ter i wRedMLBEPR afd 37 8e0b M3 bRiMEin mavab@ft&hAmwemo@%la&x@md due to a
massi ve anount of coagulation in the reactor. 5 EXAMPLE 11. Formation of

Pol yneninges tsisn thetMB# Pwgsratactegand fesd teghe kettle over 18 minute period at 50°C. After
the completion ME#1, ME#2 was started. ME#2 was fed in over 75 minutes. The dispersion

was held at 50°C until all feeds were finished. Sample was then cooled to 25°C and 4 g of a
0 14% solution in DI water of aqua ammonia was added. The sample was then filtered through

100 mesh filter. 0.13 g of gel was collected.

COMP. EXAMPLE F. Formation of Polymer-Encapsulated Pigment Particles
Al liter reactor was charged with 233.0 g DI water and 6.3 g TRITON™ X-405 (35% solids).
5 Under agitation 290.0 g of the TiO2 slurry Comp. Example D was slowly added to the
reactor. Under a nitrogen atmosphere the reactor was heated to 50 °C. When the reactor
reached 50 °C a feed of 0.87 g SSF dissolved in 26.1 g DI water was started simultaneous
with a feed of 1.58 g tBHP (70% active) dissolved in 24.5 g DI water. Both feeds were set to
run for 4 hours and 5 minutes. After 5 minutes into the feed, a mixture of 4.5 g FeSO4 (0.1%
0  solids) and 11.0 g VERSENE™ (1% solids) were added to the reactor and a pre-emulsified
monomer feed was started consisting of 28.8 g DI water, 4.8 g DS-4 (23%), 43.7 g MMA,
63.5 g BMA and 2.2 g MAA. The pre-emulsified monomer feed was set to run for 3.5 hours.
After about 1 hour and 12 minutes into the monomer feed, massive amounts of sediment

formed rendering agitation impossible. The batch was abandoned.
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To a 500 m four neck round bottom flask equi pped with paddle stirrer,
N2-inlet, reflux condenser, heating mantel, and thernocouple was charged

wi th 188.\8 2g110fi2BEtanpl e 5 (73. 0% solids) along with a ®alrmszaw/oefs7£. 5 g
SDS mxed in 20 g DI water. The flask was purged with N2, and heated to
50C. Wth the kettle tenperature at 50C, a solution of 4.0 g O of 0.1%iron
sulfate and 0.4 g of 1% EDTA was added to the reactor. Two minutes |ater
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ME 2 A feed, O ZBwasfedtothereactor at a rate of mn. Five
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wer e tpaaiowhobethiting 7@oHDI enkel RS gesasdzo blot BV 1t4m ¢ MVMea.7gel . The

filtered dispersion had a solids content of 61.0%w th 0.04 %ram; of dry
gel r &fDdevas gy theregciarat arpepl Udhg/wop obigive minutesithfeeding the ME: thgi ng

bl grreil RGARSLL A Rlaldhe RO L WIREE QRS Gag AaRbARAL BRI ¢l € havi ng an

average part nmet rom to 8 mcrons and an index of
refraction of at least 1.8; fromO0.1%to 25% by wei ght, based on the wei ght

of _sa i t particle, t er - sol ubl e | fur acid-functional first
po?yn@&‘g&&gﬁilo%f’%%qnoo ZP%M erbé“%@? H‘Fglf) %%lct?f'e wei ght of said
pi gnent, @%dmpfo%r n§&cx%ﬂﬁ|d B yB sk Qc% &ld %ﬁﬁ%ﬁdcﬁé%ﬁh@r‘ Ne-qReapay ates said

pi gnent particle. he opaci fyi ng pi grrent encapsul ated in polyner of claim
1 whercendenseri Ue@mgﬁwt@lcardlthémpuplnawasfqha@edpyotfyh?f&Zignf)Exmsleaﬁt | east two

a0 (PRS00 L BRSBh h BE o PSRRI BB L
at | epatgeanatAND dldiRa{ed 30 30°CTONRARKe kettle temperature at 50°C, a solution of 4.0 g
0  of 0.1% iron sulfate and 0.4 g of 1% EDTA was added to the reactor. Two minutes later co-
feed #1 consisting of 2.0 g t-BHP dissolved in 36 g DI water, and co-feed #2 consisting of 1.1
g IAA dissolved in 36 g DI water was fed to the reactor at a rate of 0.3 g/min. Two minutes
after the start of the co-feed solutions, a monomer emulsion (ME 1) prepared previously by
mixing 5.2 g DI water, 1.25 g SDS, 16.7 g BMA, 11.5 g MMA, and 0.6 g MAA was fed to
5  the reactor at a rate of 2.0 g/min. When ME 1 was complete, a previously prepared second
monomer emulsion (ME 2) consisting of 22.8 g DI water, 5.0 g SDS, 66.8 gBA,and47.2 g
MMA was divided in half. Seventy-one g of ME 2 (designated ME 2 B), was removed and
set aside. To the remaining one half of ME 2 was added 1.2 g MAA (designated ME 2 A).
ME 2 A was fed to the reactor at a rate of 2.0 g/min. Upon completion of the ME 2 A feed,
0 ME 2 B was fed to the reactor at a rate of 2.0 g/min. Five minutes after the start of ME 2 B,
3.0 g aqua ammonia (14%) was added to the kettle. Upon the completion of the ME 2 B feed

the co-feeds were continued for another 20 min until completion. The contents of the reactor
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4. The opacifying pignent encapsulated in polynmer of claim1 or claim?2
wherein said second pol yner conprises at | east two phases, wherein one

pol ymer phNaselagi7a Tg greater than or equal to 40C andpromaSpalopmsr4 phase
has a Tg |l ess than or equal to 25C. 5. The opacifying pignent encapsul ated
in polyner. of claim1 or claim?2 rein said secon I r .c ri.ses at
| et VO isosled et foretalied st e d b PrionE S8 B, M i Bt PR e
mul ti fRAaGEdoRASENIBHI OB 0% with®. MPRGifs\of gy é1gembieencapsul ated in pol ynmer
of claim1l or claim2 wherein said pignment particle conprises Ti02. 7.The
opaci fyi ng pi gnent encapsul ated in polynmer of claim3 wherein said acid-
functional nononmer is a sulfur acid-functional nononer. 8. A process for
form ng an opaci fying pignment encapsul ated in polyner conprising: (a)

di spersing a pignent particle having an average particle dianeter of from
0.005 to 5 mcrons and an index of refraction of at least 1.8 in a nmedi um
with fromO0.1%to 25% by wei ght, based on the wei ght of said pignment
particle, water-soluble sulfur acid-functional first polynmer; and (b)
perform ng an emul sion polynerization in the presence of said dispersed

pi gment particle to provide from 10%to 200% by wei ght, based on the

wei ght of said pignent particle, second polyner that at |east partially
encapsul ates said di spersed pignment particle. 9. The process of claim8
wherein said sulfur acid-functional first polyner conprises at |east two
am ne noi eties 10 The process of claim8 wherein said second pol yner
conprises, as a copolynerized unit, at |east one acid-functional nononer.
WO 2011/ 112171PCT/ US2010/ 002874 11 The process of claim8 wherein said
second pol ynmer conprises at |east two phases, wherein the first polyner
phase fornmed has a Tg greater than or equal to 30C and one pol yner phase
has a Tg | ess than or equal to 12C. 12 The process of claim8 in which said
di spersed pignment particle further conprises at |east one surfactant
selected fromthe group consisting of sulfosuccinic acid esters of the
formul a R-OC(0) CH2CH( SO3H) C(0) OR , where R and R may be al kyl, aryl,
allyl, vinyl, styrenyl, or (neth)acryl, or H and where R and R my be the
same or different, with the exception that R and R may not both be H,
prior to performng said emnul sion polynerization to formsaid second

pol ymer. 13The process of claim8 wherein said pignment particle conprises
Ti 02.
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14The process of claim 10 wherein said acid-functional nonomer is a sulfur
aci d- functional nononer. 15.The process of claim8 wherein said second

pol ymer cwopniigasizat | east two phases, wherein the firstecpalSgomnoshase

i ncludes at |east one nultifunctional nononer. 16A conposition conprising
sai d opaci fying pignment encapsul ated in polynmer formed by the\process of
claim8. 17. The opacifying pignent encapsulated in polynmer of claiml
wher eiwetth@mpi gnent particle has an average particle dianmeter in the range
of 150 to 500 nm and an index of refraction in the range of 2.0 to 4.0.

18. THe opa®nopreifying pigeent enceppdated iegolymep compasings a pignint pattictd ai ns 1 or

' - | L f ional, fi. | '
ot coonip o el RGP Gl Q0TI VRGO BR b pbltr Sl dTne o
t he piagreast1.§ardm Ol1&% t@DsWyes€ht, bidwngie Weightbf #d pighwmppintier, T 02.  19.

A paint formulation cpggrisin?_an oPacifyin pl%nent encapsul ated in a
pol ymeratgrsolthle slfuriagidnfngtigng ﬁ,rstpv,yrrmdalmﬁ,rorwd Ontopd@ferhy weights bassdt at a

concenfrial lﬁ/g&hpgf Afd En%n%ﬁg/ %Mc%%é&gﬁd bglyh%g ﬂ{at \éplleyﬂ‘f)arq{al@ %Lli:ﬂ)%uf.a&stsgﬁl

formulatio
pigment particle.

2. The opacifying pigment encapsulated in polymer of claim 1 wherein said sulfur acid-
functional first polymer corhprises at least two amine moieties.

3. The opacifying pigment encapsulated in polymer of claim 1 or claim 2 wherein said
second polymer comprises, as a copolymerized unit, at least one acid-functional monomer.

4. The opacifying pigment encapsulated in polymer of claim 1 or claim 2 wherein said
second polymer comprises at least two phases, wherein one polymer phase has a Tg greater
than or equal to 40°C and one polymer phase has a Tg less than or equal to 25°C.

5. The opacifying pigment encapsu]atéd in polymer of claim 1 or claim 2 wherein said
second polymer comprises at least two phasés, wherein the first polymer phase includes at
least one multifunctional monomer.

6. The opacifying pigment encapsulated in polymer of claim 1 or claim 2 wherein said
pigment particle comprises TiO2.

7. The opacifying pigment encapsulated in polymer of claim 3 wherein said acid-
functional monomer is a sulfur acid-functional monomer.

8. A process for forming an opacifying pigment encapsulated in polymer comprising:

(a) dispersing a pigment particle having an average particle diameter of from 0.005 to 5
microns and an index of refraction of at least 1.8 in a medium with from 0.1% to 25% by
weight, based on the weight of said pigment particle, water-soluble sulfur acid-functional first
polymer; and

(b) performing an emulsion polymerization in the presence of said dispersed pigment particle
to provide from 10% to 200%, by weight, based on the weight of said pigment particle,
second polymer that at least partially encapsulates said dispersed pigment particle.

9. The process of claim 8 wherein said sulfur acid-functional first polymer comprises at
least two amine moieties

10 The process of claim 8 wherein said second polymer comprises, as a copolymerized

unit, at least one acid-functional monomer.



WO 2011/112171 PCT/US2010/002874

11  The process of claim 8 wherein said second polymer comprises at least two phases, .
wherein the first polymer phase formed has a Tg greater than or equal to 30°C and one
polymer phase has a Tg less than or equal to 12°C.

12 The process of claim 8 in which said dispersed pigment particle further comprises at
least one surfactant selected from the group consisting of sulfosuccinic acid esters of the
formula R-OC(O)CH2CH(SO3H)C(O)OR’, where R and R’ may be alkyl, aryl, allyl, vinyl,
‘styrenyl, or (meth)acryl, or H, and where R and R’ may be the same or different, with the
exception that R and R’ may not both be H, prior to performing said emulsion polymerization
to form said second polymer.

13 - The process of claim 8 wherein said pigment particle comprises TiO2.

14  The process of claim 10 wherein said acid-functional monomer is a sulfur acid-
functional monomer.

15.  The process of claim 8 wherein said second polymer comprises at least two phases,
wherein the first polymer phase includes at least one multifunctional monomer.

16 A composition comprising said opacifying pigment encapsulated in polymer formed
by the'process of claim 8. |

17. The opacifying pigment encapsulated in polymer of claim 1 wherein the pigment
particle has an average particle diameter in the range of 150 to 500 nm and an index of
refraction in the range of 2.0 to 4.0.

18.  The opacifying pigment encapsulated in polymer of either of claims 1 or 17 wherein
the water-soluble sulfur acid-functional first polymer is present at a concentration of 0.5% to
5% by weight, based on the weight of the pigment particle, and wherein the pigment particle
comprises TiO;.

19. A paint formulation comprising an opacifying pigment encapsulated in a polymer of
any of Claims 1 to 7, 17, and 18, which pigment is present at a concentration of 5% to 25%

by volume to total volume of solids in the formulation.
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