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Preferably, Ris C6 to Cl16 al kyl and is a . I't has been discovered
t hat useomséctniththe sedoadtpahtmeri he lkicksass of thepecdnid padyraet engspsutent &ayat si on

S Y act S 89 bl B 500 WLl iR Pl SRarap Ey Belhoiel ek of i ™

enul sise¢ond@oyyitdricaddpseRni By&UHRheN & typieall pBLoVERh 20 MeRRs] U @4, Hre i
particles may be provided as an aqueous dispersion, or alternately they may

be pr dWgdnEstod08@M-d in the formof a powder or pellet. The pol ymer
encapsul ated pignent particles may be renoved fromthe aqueous nedi um of
t he enul si on pol yneri zation by any appropriate techni que including, for
exanpl e, evaporative drying, spray dr§ing, filtration, centrifugation,



20o0r coagul ati on. Wen the pol yner-encapsul ated pignent particles are
provided as a solid, it is preferred that the Tg of the second pol yner, or
t he Tg ofwohelioutennost phase of the second pol yner in trhe/usase/ vises e t he
second pol ynmer contains nultiple phases, is above the tenperature at which
t he pol yner-encapsul ated pignment particles will be stored, transported, and
optionally B?e(ﬁ@'é@@d pehintizagon cambe egsped @l&thycnethgmell(koﬁwosm theon of - t he

pory o PRt R e Mo e RP Ryt RB b RS TRIE RS ona 1y,

the caafjuvagtssuctpheisitiators) dhair felsfetegens, Qm@rsuﬂ'@ét@nt@fareeé(ﬂtﬁiﬂdﬂy ufiRzdd ial es,
secongtgry pi gnment particles, and third polynmers. The binder of the coating

or pl 48¢ Pelygengn, 1pgeperal, H%?WP‘&W"lP@IXWZ@B% isrefcussedasynere@olssa ai ni ng
the p i | el y
of %t h?c%ffeﬁé%n ﬂg@ﬁiﬂnﬂé £ \E,'aq' &hﬁq?%psul gclée%t ctx;{%gs Hle@ggc[s rfF%n? 8&%&%&?

be a mf)thcuplesamt 1rtv|&et1mn¢bq3£aabmn msdecmgmumamrmispm&dqngmeaﬁdn rd

pol ymers.. 5? he seco)ﬂ%ﬁg mer and third 5mer are i ndependently,

al t er EROY BRSO IE%HGPS)%‘FJ“V%MSnaﬁ Shepdhemoremee feethiork
pol yrres@com finbl £094@dd (o' REtIEP ARt ERTbDAffert %Pal%ﬂgeﬁt invehtidAles third
polymers include acrylic (co)pelyners, vinyl acetate polyners,

VI nyI /reantiphivessebischyrged svithsw gtes niepacsey Iplgmam,rnnkiwpaosall}pmirgauraﬂtsmuesher

Dy bl e St i aofidneis Bk pE e giarpiera oritn gitemer Mg SaHE e and
the ||tK@ketﬁé1ChnH‘tPféde @e‘édtcbﬁilaﬂfg ofRdruIgiRed Hi%f@rﬁﬁx@icléshﬁla@é %%fat Yishe a

m xture of a mer and a pre-polyneric material. e pol ymer- encapsul at ed
pi gmeraddedyand élln ymee*eﬁllatr@cmﬁnhvmwomeomrdb@lp@lmr maqu o added ttheuch as an

or gani n or .a.mxture o sol vent s and water, or

are prl%\t}?deé?ggsangghs% "t Odls & Oggﬁeé)rﬁ%\%@rvem er}l?prte'f‘%}?gl VeS| qﬁfﬁe&‘}irrer |s

al t er neith weley, apd @pticedly surfactah@uind dﬂl&dlpblmnﬁ#ﬁbn@ﬁacﬁuﬁﬂtyﬁﬂdlgptMENﬁr

enuIS|on pol ymer, or a 10 suspension polynmer, or is provid as a SO|Id
sden &9 )ﬁnwpwen of the monomery tpgutlempqiwym@ﬁmxas taﬁéfrd erthglsetHes then second

oL Che BispdR ROIUIRS 2BAGABSHL RLAG RGBT 1B rehfinPLt HIFhoddihdioPREY ™!

may cont al ctive groups, upon mat i o coa m or

fini srp@diyrmranams 1qoatdedmmtt&fkeﬁﬂmﬁﬂndsaplmmhomkmaglbbhem ay\a tsHibtthﬂ@migloves or

w th ext erng }é dded crossli nk? to pr ovi de a crossl.inked binder.

Ex anp| €8I EBﬁSy?fe‘?X contigpaysly feediedn themayemes Quer figne, nEhe toapmgr
MONOMEhSy Md@ﬁ heAMREmulRAE iRaBAkith GpRDpliAR iﬁhﬂgct%}/@ ! £5Bthe Lgﬂ)?&e@sgto be
conposi tii ons contai ni ng i socyanate groups and al cohol group Convent i onal
c2BssIconsiflergd accgpehtesheseinlit must ewapalanpbeng pifested atrd finalepligoleyelsgSpanat e,

pol yonagor HEbel o T RO i or e BRSSO 3 SN ab s Shdhtsea s

ext er nadight of tdgldholing of letibk@tatiodypi cal Iy, fromO0 to 25 wt % of the
200rossllnk|ng agent i s used, based on the dry weight of the polyner.

The pol yner8 awFfered enhodimenhphidie presppi in¥gntipnhihe ée@rdwlxmqngcmdwt

t enpen by the Fox
cquat ' on PR helB bbb bAE, TR Wiatte sy RFHIELGRYSY 1056y
TRS cMnommmcmkiasmllf@etnydr(nmm)mrgm@phllﬂﬁpiaﬂ)yl)(n@m)hc&ym& sg@diesutiohie or

pl asti cizers t%x?f prowgfe the polyners with effective film 25 formation

t enperSiduyinyl sifogic asd. 3nd Pr{astispiamide2-methyhporanesulferseridy ali‘%saéﬁpl ied or
cur ed,ihQEoft I?"f"&:f@llaﬁlsyl the sﬁﬁéxtz%cﬁé > il iREBRA- %J%%ég?y %greﬂg SQI%H Q@ih o??t%t gcent is

typically in the range o romO to ed on EWEI of the
pol yndhesulfurdsid-functional m(momeefrmyrtmcbrexdnoah aemtl ocfffrdriné 186 &sw\% bynventi on,
yner contai ns at ast tx\o {)Y ases, Wwhere-in _one second
egual

t he sec I
pol yrré‘fe‘?gﬁggg‘eﬁﬁ%“oénef@ u@‘idetat”é?kettﬁ%ﬁe%m er contgimingihe sulfpeacidapl y great er
' hen Qunc@i@Hﬁ'méeri’é efeamcy #lonl 6331, mwpt;ﬂ&é ﬁ'ﬁé?fﬁ&'B ﬂ%@%%%a%e has a Tg

| ess than or equal to 12 preferably less than or "equal to 0 C,
pr ef emadst yrefee@*dy fioam0.6F0 @ql%l If mesécotﬁd polyridriconmiizadorehin ofie pdigmpr esent

t be bet 5%
or of o PAEy M8 reies G582 ndt o] mandmiagey BY erserion s semb e maba 30% by
wei ghtpowgh&@s.t ITeh@@BRA boRAdric6h@indBh&@Bthan MR JoPjidr gasd REisr est



WO 2011/ 112170PCT/ US2010/ 002873 of the pol yner phases of the second pol yner
can be between 5% and 150% preferably between 10% and 125% nopst

pr ef er ablwoketmaerr020% and 100% by wei ght based on t hePppirgiseom/opmrsi cl e
weight. In a preferred enbodi ment of the present invention, the second

pol ymer contains at 5l east two phases, wherein the first second pol ymer
phase mrgfeb@lfp@pytrhersuliw%ﬁtr@nﬁgalanmmerrﬂmmsmmatherfmfopcéymeraﬁagmlb@

mul ti fI}J g r@&gl nmononers include, for exanple, allyl (neth)acrylate,.

di vin enzene, ethylene glycol di(nmeth)acrylate, propylene glycol

di ( rret h) acrBdlgierizdtionrof tiie/inohPmeR Foethe sedonatpd) pRenis atféctedIby 8&diQbn of a

tri(meth)acryl ate, .and jlgol yet hyl ene gl ycol cli(meth)acryl ate. The
mul ti fRAVEPPERLEN MRitaREr Thapolymepzaiinitistoranayb addsp tofherkedia Bia@todhe 509

refer 1 o t
] A oLl P R
NONOMedssa cdmbmhatmak:éthq@et Bearhples of p.llnm pdlymbeza@adnitiapes okide I n this

enbodi nent of the S%hnventl , is preferred that all of the phases

of t hePLYBEHHARULB IR} ermally| ngﬁ%ﬁwatélPe RR|YRETIZRS10n deMBETatuEs b y | ess

than o en@ﬁ%&aﬁreet 1%d1c§l§ EJ(:Hn 1B} ﬁlcﬁme%'lwgfer-ogoldﬁ"@axm @ﬁl%mnsg)ﬁlb'lepé)%@% the

first phase of second polyner may be between 5% and 50% pref y betvveen

10% anidxahipgs cfrsditahle frep rafieal agdngratimgisitiatot Schild p8tuifatey, sweh ght - based on

t pi rrent, articl .vvei t. The to e rest t he pol yner phases of
D SctimanpBY At nl Botasnien s8dmand bifumpr Shaas; o BORPBGASE 006 and

125% @@ﬁl amatazwbgh%mwnhﬁre\)\@w a&%@smidm& «tn/wmér&ﬁergé)t alPSBetypn the

pi gnent particle weight. 20The coating ic of thi's i nveng,l on

opt i on@pcxﬁn@@yvﬂdiemneebwémgmxp@st such @st bmyéhedwemmdepad cuokes do not

signific ntI scatt er s, have .an fractl on

ot 1 e bRk OE Biteaepptchior BRYPUERP b PR Taii of G B ey

ext enCEthle@B‘J“di cthynpefdx HButgalts iyl G -BaRai@ipetdd vy bura] f anglpebady- 1um

sul fate, m ca, cal cined clay, feldspar, nepheline, syenite,

woiS) as%tbﬂ|h9éanoaiea@1edmb%lp§r@a{rmwlatal REFESHRIS.SUh anit-ely] prepcetate.rtesYlor mi ng

poly i} g,gg;% a | es of
ext err:‘:};err@ﬁ?&rllégﬁ zgl s‘ﬂ{ iﬂ(er ea ggei%(?%nw elr iég ;?e‘?' &%ﬁéoswgﬁ&m agdﬂg Cg?'ﬁggg solid bead
pi grrenhsthy]stwnpmxpdiqasﬁqm&nancapei-ppoﬂpymle@yI chl ori de beads. The coating or

plastic of this invention opti o al cont ai ns. secondary pignment particles.
The seconda[;cﬁ}yrBF’bWé‘ﬁP IyHporEmay éﬁ%j%lﬂ“q AR RGN Y- 48 thoPIFRYE t han t he

i ndex wmp%gé&fo?@%d&nsy@ﬂ‘erﬁ Wi PAYERICITERE hirdducRECRgRM¥n P b eHFERanRR{d | Cl es
include pignment partic¢les containing air voids,” such as polyner particles
caft ai wimgdérqm thei gieup qumsisting ofigiscorbis asirhmealicercicz etycakic heidi ogligracidadex  of

fract to,1.. S tic! | udi
i or odprre AT TSRk b BimapS LRI Bl AR A ARG eteh Hor e vai s
and veswnm{ ﬁ}cﬂﬁs@@ﬂeyﬂﬂy dxalfite Guek adt @taé’dmﬁﬁ'hgﬁﬁsﬂllﬂlt@ & Smef3BisAltite Suckdd, 835;

U S. Patent ~ WD 2011/ 112170PCT/ US2010/ 002873 4, 920. 160: U.S. Patent
4. 594 ERtEsiuy metabisulfiig; and sediunptpsmaldelsyderaifonylate. 468, 498: U, S. Pat ent

5 041, 04, IeRREr B alfdhe epinal BElhe Bodncpbfici e prop@UBRL
5,2510, 6f2bm 01001 %aatsivneachl based shitlke @falghhbﬁthb ﬁh\(c&i@frrie@ﬁnaﬁélhﬁinbﬁlef ffiRtute foo 50
vol u % [i)l gnent Sparticles jn the form of ner - encapsul at ed plqgment

parti y%@?@f“éﬂ?ﬂ%ﬁr?w&?ﬁuﬁh1360‘318“96?%%”1%‘6 |§ ofgplalty irepenighglyand om 5 to
20 vol % The

coati nég erzp[I gaﬁl C coﬁ{l g? %12191 ?’g}%ﬂl%%ngge%/%ﬁgr@@%} thSt%kofggﬁleﬁl rtd

pol ynﬂmtylmryérfopcmalq;c/sbdnmm ﬁﬁmahieﬁyde/mlltumla%/Fe(mﬁ amgranmpowsiiar ably from 25 to

80 vol une, % vol , the coating or plastic. The
coat i My fa‘ﬁ{sa b‘é@ﬁf&?‘?‘i‘. ﬂ{‘@“ﬁﬁe/fBJH?O vol ume % ext ender particles,
prpf er abl y dHapimrhstq a@@nt‘d%é’(ﬁiﬁlo%ll?HS’déEiQB?hé)écfufegﬁé‘Mé’anrlﬂ il @ BRwyp! ue
% based on the total "volune of the coatin pl astic e coating or

pl ast iroleararavaqightfaf dim Econd palyuer. lEvmn%lssemfmhdmrtyaqsfeg apats pahudec! es,

pref ernqgrlca/ptgnrsopolymePcal%gans and polyhalogen compounds. Examples of suitable chain

transfer agents include alkyl mercaptans, such as ethyl mercaptan, n- propyl mercaptan, n-

butyl mercaptan, isobutyl mercaptan, t-amyl mercaptan, n-hexyl mercaptan, cyclohexyl
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volume % and nore preferably fromO to 15 volune % based on the total
vol unme of the coating or plastic. 15The coating conposition of the present
i nventi orwopbitonad7y rmay al so i ncl ude other naterial s cecwarskerofoasnzl i n
coatings such as extenders, other polyners, hol I ow sphere pignents,

sol vents, coal escents, wetting z ents, defoaners, rheol 8gy nodi fiers,

cr ossIMHRN, nRrE m?’f@%l?‘?‘?es!’c‘éerﬁy CHIRLE; BHORSYBIeET AP tang; spersants, |eveling
agent Sye@RbHidpribiit qaheﬂ%apoxgém&%e&hsﬁansaleaiohé Z6¢as 196ﬁ§§£n\(ﬁt i ves,

bi oci des, and anti oxi dant 3 l'es” of "coati'ngs" herein include inks,
paper lsﬂimtanngiaurmlraimhoécamdmlctﬁ @bmhqlgsnd balogeratedi qomgoupds, anch exdagbdror house

pai nt coa s and, net al atl | ea t| ngs
bna s abea ARG Bl Rhen v R ot amodfiies Pl srbh 307 e "and
tr 3f f itfanpRl Adent, Pyokeight BaIQS6n Bfé' \Oél?ht‘iﬁf@ﬁie ﬁ@n&%k if @Rd %o pRPURME k&onand
runways. Liquid coat I ngs_ nay or sol vent based. en the coating is
a pomﬂl@iyma@th@g techpigues ﬁgr@@@trqlbag aBlechlar weightTinostn infthe il ipplide ¢ mat ri x,
or the I 0 as of the polymeric matrix in the case where
the p SF]egrrtér t(}:é?ét r‘lkg(tﬁ%b"n n{s& t“.‘%‘l"eefﬁ’i‘ U'Yt I s above the tenperature at
whi ch the Q@utdlystgnddok thdig tﬁhﬁée@gent ﬁl@ﬂﬁ)ﬂ@ﬁél@ﬁﬁlsmd@tdlmﬁdeHYn pepacgssed
prior to final application. \Wen the coati ng1 Is a solvent-based coating, it
(o]

i s proréieemefhud medumaandremadislly pddedio the polymeyinatianeyrssglsMonpwmar. segfrent
t f
3P\ et S50, dFhepReRi PR AL ko Ypbytich} Wt Aoy lE YLD, P
opt | orcatal yst arad/orathe ohain edansfer a)gelner materials comonly found in plastics such
as pignment parti I .es ich do not fall 13‘gnder t he present invention,

ext ender s, ﬁ’é‘i‘“ 3en TZRRT SRFUPHEFE IR LyRis %cmﬁﬁ'aétswé?%}téo f1 ow
agent %mbﬁm@! th&%&w% 59&65& o]yﬁle@%h& ula{'é‘?lrﬂ%hfklésr@dhgjﬁ r@ﬂéﬁﬁn@ﬁ aBb 'b' e

materials int bJects whi ch 'l ow
i | | ustdisgberags pegregatoin otfhh;: mlmlenenqapmdmedq)lgmen‘fmertalrbnevh@rtesldnng g"
represents "grans". The abbr eV| ation." represent,s "mllinpters”. The
S aBhr e et SRSt QB8 o St SUrr et nstiio SRpRE S0 roatnis ffectinps and

r epr esfiRbtes thérk6H Ak Corholy usbE. Manf@&hﬂﬂésaéf‘ Offactant®Auitatiit Bsriedul@br Yl i €

acid Al BN = azoi sobutyronitrile 10 AI\/P
2- acr ylohmarzagomaiergyyentindelguighen s@/ICaBWismngM =

acet i CELRAGLANS, Rl SPW@E&E&B@W@?Q%WZ BTy S PRy ace -

| AA= Icsbalﬂﬁ,mrebbp:tl(ﬁtailsl used. However, it is preferred that the amount and type of stabilizing

20  surfactant or other type of stabilizing agent employed during the polymerization reaction be
selected so that residual stabilizing agent in the resulting aqueous dispersion does not
significantly interfere with the properties of the aqueous dispersion, the properties of
compositions including the aqueous dispersion, or articles prepared from the aqueous
dispersion.

25 Suitable anionic surfactants include, for example, alkali fatty alcohol sulfates, such as
sodium lauryl sulfate; arylalkyl sulfonates, such as potassium isopropylbenzene sulfonate;
alkali alkyl sulfosuccinates, such as sodium octyl sulfosuccinate; and alkali
arylalkylpolyethoxyethanol sulfates or sulfonates, such as sodium octyl
phenoxypolyethoxyethyl sulfate, having 1 to5 oxyethylene units.

30 Suitable nonionic surfactants include, for example, alkyl phenoxypolyethoxy ethanols
having alkyl groups of from 7 to 18 carbon atoms and from 6 to 60 oxyethylene units, such
as, for example, heptyl phenoxypolyethoxyethanols; ethylene oxide derivatives of long
chained carboxylic acids, such as lauric acid, myristic acid, palmitic acid, oleic acid, or

mixtures of acids, such as those found in tall oil, containing from 6 to 60 oxyethylene units;
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MAA = d acial nethacrylic acid MVA = Methyl nethacrylate MSi =

3- nmer capt opropyl trinethoxysilane 20 nDDM = n-dodecyl ner capt an SEM =

Sul f oet hywormetihaeryl at e SSF = Sodi um sul f oxyl at e f or mal e#emy$eo1BDY2873 St yr ene
t-BHP = t-Butyl hydroperoxide (70% 25 TREMIm LF-40 = Sodi um dodecyl allyl
sul fosucci nat e 40°/c) EXAVMPLE 1. Preparation of sulfur acid-functi onal first
pol ynethylenepxiqe coandesaies Oféﬁlgt‘ﬁ‘la"\ﬁﬂ§k‘(9ﬁalfsgjé@‘%?%y11§?§33’2 lgurgl. R8REY!  Under a

N1 LT ogerynBlankRlintle:dr? 865 89 o xrg/géhp@ gﬁésgqggﬁgé alé@@?m%&eofr iigsigashed

C, a nononer consi st 1 56
2.30 gsemdiiﬁ)M)mBBLeO@wg) (5753 or%orééerdebiaqﬂoﬁbOerﬁﬁmgd@E%m Hi ghdmoiﬁtcolair he
react or ., ver a 6 mn Ate i nt ai ned
[ b i Pohandth s s e e ot dvaipy calibloge, and pobt! Aichnktieon of

1. 35 gyvA4EHIaT 52 d| ssol ved in 21.85 g ethanol was fed into the reactor over
a period of 30 WD 2011/112170PCT/ US2010/ 002873 m nutes. At the end of this
feed the tdwp@r@fcuccéem@dimnoﬁihn@desam ingehtionfthe disperserbpigo@ninpartcles aigef or e
cool i s of. the uct was 28. 7% .EXAMPLE 2. Prepar |on of
ot ud gy izE iR LBl rktior Yo TR dlsniog Phaty Pisels R RS Lar ged
Wi th J{skeQRe cBADpRNMmer. UTHEE sarfﬂd:thlﬂt@gxﬁﬂ'ud?:l B8 ffhily BEsulRBEIHic Weid hRad ed to
75 C. Wien the reactor reached 75 C, a feed consisting of 50.59g MVA,

21. 859 B farduia RROCYOICHBRVEKA I3 H)ECQPR o wdieest R apd Bf n_n.ayss akypagrallzk, 79. 23
g 18t hf{ﬂﬁ) éan)q erg@){%ﬁ)géryirlﬁ&f}r?angi réA’HP %d%rnqa)t dt;lgi to?a%e'i!altywitﬂt o the

react or errper ature o was nmai nt al ned

t hr Oughtoebtce dfmﬂvﬁokan@l{oelmothbtm& Hh®réferhbdf, R 8 €ComorOredlkjlend Rt isol ution
of 1.15 E VAZ0114-52 di ssolved in 21. 853 et hanol was fed into the reactor
over &llybrlt Bes Reen discayared et usg of gyeh avida 4"‘%%11@61*1&@63&9{?5%%%39%&!% was

mai nt r Fi ds of
t he pr u%?@é\aéél %@9‘3 9% t@@%&w@ﬂgﬂ lgrepg?lgfg\l/eg%&gﬁg tpgl}end Irf?é%hiu onal
first iposegnparwheh dihérsuefactighasse nedct or was char ged vvlth 107.12 g et hanol .

Ugger a nity en bl anket 5he reactor was heated to 75 C. Wien the reactor

ched 75 éhwa SI08 PO WRSTiZRUIGR 15190mpiels, WBiPolymey egsansulpigd PigEent g BA and
98. 72 nwm@pr%e%eda@aﬁhaaémgd%e@m%%yme@ﬁhtafy tReyBtha¥ bV PEITERDA 4 N

72.88 g ethanol were simul taneolusly into the feactor over a period of 4
20 howphd mﬂtht dornpeota m\edeufor ‘pBQetC Ehawﬂwnm@npmdlatm wegkoupartitles wiaylbe
pr ocess end of the feed Orl’gﬁera ur. mai ntai ned at 752 C

for af® "ed f%‘B"r‘ﬁ‘ RITETIRUSTE oA t'df’ Wé‘ . '%'é’FEEat{ﬁeS‘:"ycﬂ‘ty WPIRTPE1. 60 g

et hanQJ:chnE[ueaxhc]l&ﬁh ,dsr &fant cfhe dvapstdtie W8t dpraYodrGNANRATON e frfMAbn A
Preparati on_ of suI ur-aci d functional polyrrer 25A 1 liter cgl ass reactor

9 cmﬁﬁg@d' wozlh"!m 159 pglyseneRerpsuldtRen SEER Rarbglenansipaovided asnesalidatit or was

S 63 iy PRF R P Be b BRI ARE BEhe s GiyP oIBRRE bRt FEREARY' o8,

and 4(porﬁneg il\thewase Whekeitihd mcbhdepolgrawtromtamelrmatlplerphasksplts aBohmlnes and 52

mnutes. A tenperature of 752 i ntai ned t hroyghout the whol e
proce égr_nqum{ez% veh e pe Wﬁ%}u?qtgalgglem particles wlill? be stored, transported,

and optionally processed prior to final application.

25 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, secohdary pigment
particles, and third polymers.

The binder of the coating or plastic of the present invention is the continuous medium

30  containing the polymer-encapsulated pigment particles. The binder may consist solely of the
second polymer which encapsulates the pigment particles, or it may be a mixture of the
encapsulating second polymer and one or more third polymers. Both the second polymer and
third polymer are independently, alternatively a homopolymer, a copolymer, an

interpenetrating network polymer, and a blend of two or more polymers or copolymers.
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30 solution of 1.50 g VAZOIm 52 di ssolved in 22.58 g ethanol was fed into
the reactor over a period of 28 mnutes. At the end of this feed the

t enper at we 2oms112ETDNt ai ned at 752 C for anot her 40 m nutre3/usedione2scdol i ng.
Final solids of the product was 40.4% EXAMPLE 4. Fornmation of opacifying
pi gment di spersion. WO 2011/112170PCT/ US2010/ 002873 A mi xture was prepared
of 20. &n@bbfthlm aﬂlwn@rszmcllxd@ agrylc éctqamiamea@n arinly] @cegate obyarans rvinyl/apdylier

ot . Agpoufiesn S CoBafmR it b ke I8 6 B8 ebdafes B R 706)
was admﬁmdewhm@ev\hﬁymeuatd ISlﬂyth@ agichatbutidieie ponadttiglolyesienpoated to

1500 rpm At the end of the addition the agitation 5 was kept at 1500 rpm
for QCPQJﬁCI‘hﬂf%@dmeltl??eaﬁﬂllﬁﬂreﬁﬂéer%nfsperS| on process the slurry was dried

t I d
| msuaciio_ 2t SR CrtBhierE AR b/t Srfua TG L SABKEL SR Sk AR, B! 2ce
wat er mamaiﬁﬂmegpzﬂymer-mc&paﬂhteg pighenp hrtichis atdAiferngtively previtled éxla piquider was

char ged CLO this grind pot. The agitation was kept at 1500 rpmfor 2 hours.
The sITFHYMzHEh #5 %%‘lg%‘&icéﬂ)]é@mé’rwfrr@%%"géﬁuéf‘e‘?f orgﬁéc olvgnts md P&t had a

l'id 39
o 5. G S At A80aEhe THEPYOR) i O P RN i Ty n

pi gnerprovidemierasliiqmd m%dmnx suuheismlmroagnﬂﬁdelohn Eﬂnuﬁ;lcgm pdlymergophe. 1, 100.0 g

et Banol and 28%.anmp Afa t|rr| O mnutes,.this
S aP s PRSe PPl oot B ped as Aalidgruch ¢S RO g PORIFbM HECTRBIONt 100 T pm
and sl Wrﬁ{er‘l@f@hé}&b&hqge @@oﬁ@%%er%f?@ﬂol?&%r-é%ﬁ%lat@é rﬁ])ig?ﬂentt Begddi tion
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screen. The final product had a solids content of 74.6% The Zeta Potenti al

of t he desplastisipart %\B%’m-eﬂs hﬁ}egﬁl qfiaponal ggaleeeat isgypigalinth the gy o fropH 7. 5
sul furlm-g?}@'t Bl &EO'I'% he i he g&gﬁ@?%ﬁd’ ng pignment dispersion. The
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dried untilln aq»rea‘eaeﬂ emlecbcghtenb(yf ths pregeat invdraioay eip seaindrpol yinerauedssatsol ut i on

Bnd 20SRE RIRENMReeanST secrind Rebirien RAFSH AR & bu EGol denanscniia B 7. 506 A
sipi nlogs ﬁre?etrﬁﬁ& gt hAr a1 (628 ¢Cdndaf RastWRe Bitfdr ScohBPofAt Phe has

a Tg less than or equal to 12 °C, preferably less than or equal to 0 °C, most preferably less

than or equal to -5 °C. In this embodiment of the present invention, the one second polymer

phase 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 of the rest
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and 67.67 g water. At 1000 rpm s 500 g TI PURETm R-706 was added i n about 2
m nutes. The agitation was nai ntai ned at 1000 rpmis for 1 hour. The slurry
was filtewedotineowrgh a 325 nmesh filtration bag. The sol iPd3/usasionemssired t o
be 75.5% The Zeta Potential of the dispersion was -22 mV at pH 5, -37 nv
at pH 6 and -43 nV at pH 7.1 15 EXAMPLE 7. Formation of
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COVMP. EXAMPLE C. Formation of Polynmer-Encapsul ated Pignent Particles Al
liter reactor was charged with 233.0 g DI water and 6.3 g TRI TONTm X- 405
(35% sol iwepotidneen agitati on 290.0 g of the Ti Q2 sl urrycCarspoiobsmnpl e D
was slowy added to the 5 reactor. Under a nitrogen atnosphere the reactor

was heated to 50 C. Wien the reactor reached 50 C a feed of 0.87 SSF
di ssol48.160; 6S.Pagentyt.5841368; Ve Rt ¢ 489 8% U-rfeadens Ao8ito%; Ue%d’ga&ﬁnt 1.58 g

tBHP ( 9%@@ ?’a@én%i@%%ﬁf 0. §‘1> ?en%%ﬂb%&% S. 5%&9%§ BE£AS6XT S, PhEnd O T UN

for 4 jours and m nut’es’ mnutesmot ed,” a’'mxture of 4.5
g FeSGHI03)10DYd S| Ratksy Sat0Q,776; ﬁ)’lCQU\EIRSENE’TWIlOZI%SOl I ds) were added to the
enmul sified 10 nononer fee rted c nslstlng of 28.8

éegft%terd”w ¢§re wmamefﬁhﬁsnw@mma%%ﬁ'@?m5/32(0uefse RiZBRA and 2.2 g
MAK. Tﬁaﬁld@ésqn%mo%fdf%@lymé}ceﬁ%spsfuﬁﬁeh fﬁgﬁmﬁ@éa&laeg et Ablyirom Py o After

about 1 hour and 12 nmindtes into the nome eed, massi've anounts of
sedi mevelurhe frend meneiprefergbladianatito 30 |vnbm$£%bb$ed'6hehd3mﬁ tvolase abthadoned. 15

EXAMPLES . 10- 1 i fyi ' t
6 por RO el 5 HASREBMAST SO SOun T b LYt s oo ohid here "
Pr eparRflyR&S piettirily Fn be td19? Dok, @m}eqﬁeﬁr&wﬁbﬂgzsﬂo%é%mﬂn@%06 and

zeta potentlal s were neasured. Dispersion First polynmer conp. Zeta
pot enthaa¢d oy thegaral vl ERARPLIE C%%ouplgﬁiaﬂme cedingay plastip comamyAsBn SEML 5/

“QB'V” 702 volumg % extgnd%9 Bgnlcl%s pre erz?o?l %rom():’ gp\\/glume o, an% more preferably -

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 0 to 17
volume %, and more preferably from O to 15 volume %, based on the total volume of the
coating or plastic.

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

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

25  that the Tg of the polymeric matrix, or the Tg of the outer most phase of the polymeric matrix
in the case where the polymeric matrix contains multiple phases, is above the temperature at
which the coating will be stored, transported, and optionally processed prior to final
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

30  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
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73.4 Comp. F MVAG7/ SEM6/ AA27/ nDDWVA -22 1.5 75.5 Conp. G
BA30/ MVAS5/ MAALS/ MSI 2 -5 1.5 74.1 110 BA20/ MVA45/ SEMB5/ nDDMVR -43 1.5 74.8
11 BA19/ N\wb4BH1AVPSEB7/ nDDVM2 -39 1.5 75.4 WD 2011/ 11217®CT/US2010/002873

crosslinkers. "Plastics” herein includes solid or flexible materials in the form of objects,
films, etc.
The examples which follow illustrate aspects of the present invention.. The

"_n

abbreviation "g" represents "grams". The abbreviation "mm" represents "millimeters”. The
5 abbreviation "cm" represents "centimeters”. The abbreviation "mil" represents "1/1000ths of
an inch".

Abbreviations:

AA = Glacial acrylic acid
AIBN = azoisobutyronitrile
10 AMPS™= 2-acrylamido-2-methy1-l-propanesulfonic acid
BA = Butyl acrylate
BMA = Butyl methacrylate
DI water = Deionized water
EDTA = Ethylene diamine tetra acetic acid sodium salt (VERSENE™)
15 HEMA = 2-Hydroxyethyl methacrylate
IA A= Isoascorbic acid
MAA = Glacial methacrylic acid
MMA = Methyl methacrylate
MSi = 3-mercaptopropyl trimethoxysilane
20 nDDM = n-dodecylmercaptan
SEM = Sulfoethyl methacrylate
SSF = Sodium sulfoxylate formaldehyde
STY = Styrene
t-BHP = t-Butyl hydroperoxide (70%)
25 TREM™ LF-40 = Sodium dodecyl allyl sulfosuccinate (40%)

EXAMPLE 1. Preparation of sulfur acid-functional first polymer.

A 1 liter glass reactor was charged with 150.2 g ethanol. Under a nitrogen blanket the reactor

was heated to 75 °C. When the reactor reached 75 °C, a monomer feed consisting of 108.0g
30 ethanol, 1.56 g VAZO™-52,2.30 g n-DDM, 23.00 g BA, 51.74 g MMA and 40.25 g SEM

was fed into the reactor over a period of 66 minutes. A temperature of 75+2 °C was

maintained throughout the whole process. At the end of the monomer feed a solution of 1.15

g VAZO™.-52 dissolved in 21.85 g ethanol was fed into the reactor over a period of 30

16



PCT/ US2010/ 002873 12 BA24/ MWA55/ SEM21/ nDDMV2 -35 1.5 75.2 13

BA20/ MVA45/ SEML7/ HEMA18/ nDDV2 -29 1.5 76.1 14 BA20/ MWA45/ SEM35/ nDDVR. 1 - 43
1.5 73. 6 wBXAMALES015- 25 and COWP. EXAMPLES H- L. For nmat iPom/uskolopexsis yi ng
pi gnent encapsul ated in polynmer EXAMPLE Di spersion Target solids No.of Ex.

No. of encap. pignent Second polynmer W. non./ conp. w.Ti02 (w.% %attach
Pr ocegninpte§ At the end of this feed the temperature was maintained at 75+2 °C for another 60 '

minutes before cooling. Final solids of the product was 28.7%.

EXAMPLE 2. Preparation of sulfur acid-functional first polymer.

5 Al liter glass reactor was charged with 178.92 g ethanol. Under a nitrogen blanket the
reactor was heated to 75 °C. When the reactor reached 75 °C, a feed consisting of 50.59g
MMA, 21.85g BA anci 2.36 g n-DDM and a feed consisting of 1.56 g VAZO™-52,79.23 g
ethanol, 17.00 g water and 42.55 g AMPS were fed simultaneously into the reactor over a
period of 1 hour. A temperature of 75+2 °C was maintained throughout the whole process. At

10  the end of the monomer feed a solution of 1.15 g VAZO™-52 dissolved in 21.85 g ethanol
was fed into the reactor over a period of 30 minutes. At the end of this feed the temperature
was maintained at 75+2 °C for another 60 minutes before cooling. Final solids of the product

was 28.3%.

15 EXAMPLE 3. Preparation of sulfur acid-functional first polymer.
A 1 liter glass reactor was charged with 107.12 g ethanol. Under a nitrogen blanket the
reactor was heated to 75 °C. When the reactor reached 75 °C, a feed consisting of 11.28 g
MSi, 126.93 g MMA, 56.41g BA and 98.72 g SEM and a feed consisting of a solution of 3.84
g VAZO™-52 in 72.88 g ethanol were fed simultaneously into the reactor over a period of 4
20  hours. A temperature of 75+2 °C was maintained throughout the whole process. At the end of
the feeds the temperature was maintained at 7542 °C for another 30 minutes before cooling.

The batch was cut with 191.60 g ethanol. Final solids of the product was 41.4%.

COMPARATIVE EXAMPLE A. Preparation of sulfur-acid functional polymer.

25 A1 liter glass reactor was charged with 158.59 g ethanol. Under a nitrogen blanket the
reactor was heated to 75 °C. When the reactor reached 75 °C, a monomer feed consisting of
58.83 g ethanol, 2.05 g VAZO™-52, 6.02 g n-DDM, 100.79 g MMA, 9.03 g SEM and 40.62
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

30  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 temperature was maintained at 75+2 °C for

another 40 minutes before cooling. Final solids of the product was 40.4%.

EXAMPLE 4. Formation of opacifying pigment dispersion.
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A mixture was prepared of 20.2 g of Example 2, 100.0 g ethanol and 1.0 g 28% ammonia.
After stirring for 10 minutes, this solution was transferred to a steel grind pot. Agitation was
set at 100 rpm and slowly 400.0 g TiO2 (TIPURE™ R-706) was added. During the addition
the agitation was gradually increased to 1500 rpm. At the end of the addition the agitation
was kept at 1500 rpm for 90 minutes. At the end of the dispersion process the slurry was
dried in vacuo at 50 °C until substantially dry. The recovered solids was placed in a glass
dish and dried at 80 °C in a vacuum oven for 18 hours. 100 g water was charged to a steel
grind pot. At 1500 rpm, the dried powder was charged to this grind pot. The agitation was
kept at 1500 rpm for 2 hours. The slurry was filtered over a 300 mesh screen. The final
product had a solids content of 75.4%. The Zeta Potential of the dispersion was -39 mV at pH
S,-41 mV at pH 6 and -42 mV at pH 7.

EXAMPLE 5. Formation of opacifying pigment dispersion.

A mixture was prepared of 20.9 g of Example 1, 100.0 g ethanol and 1.0 g 28% amrﬁonia.
After stirring for 10 minutes, this solution was transferred to a steel grind pot. Agitation was
set at 100 rpm and slowly 400.0 g TiO2 (TIPURE™ R-706) was added. During the addition
the agitation was gradually increased to 1500 rpm. At the end of the addition the agitation
was kept at 1500 rpm for 90 minutes. At the end of the dispersion process the slurry was
dried in vacuo at 50 °C until substantially dry. The recovered solids was placed in a glass
dish and dried at 80 °C in a vacuum oven for 18 hours. 100 g water was charged to a steel
grind pot. At 1500 rpm, the dried powder was charged to this grind pot. The agitation was
kept at 1500 rpm for 2 hours. The slurry was filtered over a 300 mesh screen. The final
product had a solids content of 74.8%. The Zeta Potential of the dispersion was -43 mV at pH
5,-49 mV at pH 6 and -50 mV at pH 7.

EXAMPLE 6. Formation of opacifying pigment dispersion.

A mixture was prepared of 14.5 g of Example 3, 100.0 g ethanol and 1.0 g 28% ammonia.
After stirring for 10 minutes, this solution was transferred to a steel grind pot. Agitation was
set at 100 rpm and slowly 400.0 g TiO2 (TIPURE™ R-706) was added. During the addition
the agitation was gradually increased to 1500 rpm. At the end of the addition the agitation
was kept at 1500 rpm for 90 minutes. At the end of the dispersion process the slurry was
dried in vacuo at 50 °C until substantially dry. The recovered solids was placed in a glass
dish and dried at 120 °C in a vacuum oven for 4 hours. 100 g water was charged to a steel

grind pot. At 1500 rpm, the dried powder was charged to this grind pot. The agitation was
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45 BMA58/ MVA4A0/ MAA2 50 crashed 34%into the feed Conp. K Conp. G 45.4
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kept at 1500 rpm for 2 hours then 12.0 g Triton X-405 was added to the slurry. Agitation was
maintained for another 5 minutes. The slurry was filtered over a 300 mesh screen. The final
product had a solids content of 74.6%. The Zeta Potential of the dispersion was -43 mV at pH
5,-49 mV at pH 6 and -49 mV at pH 7.

COMPARATIVE EXAMPLE B. Formation of opacifying pigment dispersion.
The sulfur acid functional polymer prepared under Comparative example A was dried until
constant weight by using a rota-evaporator. An aqueous solution was prepared by dissolving
10.17 g of the dried polymer in 90.17 g water and 20.86 g ammonia (2.8%). The solution had

10 asolids contents of 7.5%. A stainless steel grind pot was charged with 100.0 g of the solution
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 through a 325
mesh filtration bag. The solids was measured to be 75.5%. The Zeta Potential of the
dispersion was -22 mV at pH 5, -37 mV at pH 6 and -43 mV at pH 7.1

15
EXAMPLE 7. Formation of Polymer-Encapsulated Pigment Particles.
A 1000 ml, four necked round bottom flask was equipped with paddle stirrer, thermometer,
nitrogen inlet, and reflux condenser. 57.0 g DI water and 7.2 g Triton™ X-405 was added to
the flask. While the flask contents were stirring, 332.0 g of Example 4 was added to the

20  flask. 10g of DI water was added as a rinse to the flask. The flask was then heated to 50°C
under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by mixing 32.6 g DI
water, 5.5 g Rhodacal® DS-4, 72.0 g BMA, 50.0 g MMA, and 2.5 g MAA;. With the flask
contents at 50°C, a feed consisting of’a solution of 1.0 g SSF in 29.0 g DI water and a feed
consisting of a mixture of 1.77 g t-BHP (70% aq.) and 27.6 g Di water were started

25  simultaneously. Both feeds were set to run for 4 hours and 5 minutes. 5 minutes after the start
of these two feeds, 5.04 g of a 0.1 % strength ferrous sulfate heptahydrate solution was added
to the flask and the ME feed was started. The ME feed was fed into the flask over a period of
3.5 hours while maintaining the temperature in the flask at 50+2 °C. At the end of the feeds
the flask was kept at 50+2 °C for another 30 minutes before cooling to room temperature.

30 The pH of the dispersion was adjusted to 8.5 — 9.0 by the addition of ammonia (28%). The
product was filtered over a 325 mesh screen. The final product has a solids content of 59.4%

and 86% of the polymer was attached to the pigment particles.

EXAMPLE 8. Formation of Polymer-Encapsulated Pigment Particles.
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A 1000 ml, four necked round bottom flask was equipped with paddle stirrer, thermometer,
nitrogen inlet, and reflux condenser. 41.81 g DI water and 4.17 g Triton"™ X-405 was added
to the flask. While the flask contents were stirring, 309.0 g of Example 5 was added to the
flask. 10g of DI water was added as a rinse to the flask. The flask was then heated to 50°C
undér a nitrogen atmosphere. A monomer emulsion (ME) was prepared by mixing 40.0 g DI
water, 6.29 g Rhodacal® DS-4, 50.66 g BMA, 91.19 g Sty, and 2.89 g MAA;. With the flask
contents at 50°C, a feed consisting of a solution of 1.16 g SSF in 40.0 g DI water and a feed
consisting of a mixture of 2.08 g t-BHP (70% aq.) and 39.2 g DI water were started-
simultaneously. Both feeds were set to run for 4 hours and 5 minutes. 5 minutes after the start
of these two feeds, 6.0 g of a 0.1 % strength ferrous sulfate heptahydrate solution was added
to the flask and the ME feed was started. The ME feed was fed into the flask over a period of
3.5 hours while maintaining the temperature in the flask at 502 °C. At the end of the feeds
the flask was kept at 50+2 °C for another 20 minutes before cooling to room temperature.
The pH of the dispersion was adjusted to 8.5 — 9.0 by the addition of ammonia (28%). The
product was filtered over a 325 mesh screen. The final product has a solids content of 59.3%

and 82% of the polymer was attached to the pigment particles.

EXAMPLE 9. Formation of Polymer-Encapsulated Pigment Particles.

A 1000 ml, four necked round bottom flask was equipped with paddie stirrer, thermometer,
nitrogen inlet, and reflux condenser. 52.5.0 g DI water and 3.3 g Triton ™ X-405 was added
to the flask. While the flask contents were stirring, 309.0 g of Example 6 was added to the
flask. 10g of DI water was added as a rinse to the flask. The flask was then heated to 50°C
under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by mixing 30.2 g DI
water, 5.1 g Rhodacal® DS-4, 40.3 g BMA, 72.5 g Sty, and 2.3 g MAA;. With the flask
contents at 50°C, a feed consisting of a solution of 0.92 g SSF in 27.5 g DI water and a feed
consisting of a mixture of 1.64 g t-BHP (70% aq.) and 25.7 g DI water were started
simultaneously. Both feeds were set to run for 4 hours and 5 minutes. 5 minutes after the start
of these two feeds, 5.0 g of a 0.1 % strength ferrous sulfate heptahydrate solution was added
to the flask and the ME feed was started. The ME feed was fed into the flask over a period of
3.5 hours while maintaining the temperature in the flask at 502 °C. At the end of the feeds
the flask was kept at 50+2 °C for another 30 minutes before cooling to room temperature.
The pH of the dispersion was adjusted to 8.5 — 9.0 by the addition of ammonia (28%). The
product was filtered over a 325 mesh screen. The final product has a solids content of 59.5%

and 87% of the polymer was attached to the pigment particles.
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COMP. EXAMPLE C. 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).
Under agitation 290.0 g of the TiO2 slurry Comp. Example D was slowly added to the
5 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%
solids) and 11.0 g VERSENE™ (1% solids) were added to the reactor and a pre-emulsified

10  monomer feed was started consisting of 28.8 g DI water, 4.8 g RHODACAL™ 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.

15 EXAMPLES 10-14 and COMP. EXAMPLES D-G. Formation of TiO2 opacifying pigment
dispersions and determination of zeta potential
Pigment dispersions were prepared according to the methods of Examples 4-6 using

TIPURE™ R-706 and zeta potentials were measured.

Dispersion First polymer comp. Zeta potential Wt.% Wt.%
EXAMPLE pH=5 disp/TiO2  solids
Comp.D MMASS/SEM15/ nDDM4 -28 1.5 67.7
Comp. E  MMARS5/SEM15/nDDM4 : -28 1.5 734
Comp.F  MMAG67/SEM6/AA27/nDDM4 -22 1.5 75.5
Comp.G BA30/MMASS5/MAA15/MSi2 -5 1.5 74.1
110 BA20/MMA45/SEM35/nDDM?2 -43 1.5 74.8
11 BA19/MMA43/AMPS37/nDDM2 -39 1.5 75.4
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12 BA24/MMAS55/SEM21/nDDM2 -35 1.5 75.2
13 BA20/MMA45/SEM17/HEMA18/nDDM2 -29 1.5 76.1
14 BA20/MMA45/SEM35/nDDM2.1 -43 1.5 73.6

EXAMPLES 15-25 and COMP. EXAMPLES H-L. Formation of opacifying pigment

encapsulated in polymer

EXAMPLE Dispersion Target solids Second polymer Wt. mon./ %attach Process
No. of Ex. No. of encap. comp. wt.Ti02 result
pigment (wt.%)
Comp.H CompD - 419 BMAS58/ 50 62.4
MMA40/MAA2
Compl Comp.E 45 BMASS8/ 50 - crashed 70% into
MMA40/MAA?2 the feed
Comp.J  Comp.F 45 BMAS5S8/ 50 - crashed 34% into
MMA40/MAA2 the feed
CompK Comp.G 454 50MMA/50BA 100 --- crashed 60% into
the feed
CompL Comp.G 45 STY65/ 50 --- crashed at end of
BMA35 the feed
15 12 60 BMA35/ 50 81.5
STY63/
MAA2
16 12 60 BMAS58/ 50 68.5
MMA40/MAA2 '
Comp.M 12 60 BMA35/ 50 _— Fast feed; crashed
| STY63/ 45% into the feed
MAA2
17 13 60 BMAS58/ 50 84.5
MMA40/MAA2
- 18 14 60 BMAS8/ 50 81.1



WD 2011/ 112170PCT/ US2010/ 002873 MVA40/ MAA2 191460BMA35/5090. 7 STY63/ MAA2
201560BMAS8/ 5074. 7 MVA40/ MAA2 211560BMA35/ 5092. 4 STY63/ MAA2
221660BVABB/2608521830 Y63/ MAA2 231660BMAS8/ MVAA05088. 2 / Mi@Z/US2010/002873
241660BVMA35/ 5082. 1 S63/ MAA2 251660BA5/5071.3 STY93/ MAA2 Exanpl es 15-25 of
the present invention provide acce able process and encapsul at ed pi gnent
conpositions at a viable process A250 wt % or greater with an

accept abl gy degreej pf attagpnment ofEhng3§pcond Py yner ¢g;the pignent. Conp.
Exanpl es H L provided
STY63/

MAA2
20 15 60 ~ BMASS/ 50 74.7
MMA4O/MAA2

21 15 60 BMA35/ 50 92.4
STY63/
MAA2

22 16 60 BMA35/ 50 85
STY63/
MAA2

23 16 60 BMAS58/MMA40 50 88.2
/MAA2

24 16 60 BMA35/ 50 82.1
| S63/
MAA2

25 16 60 BAS5/ 50 71.3
STY93/
MAA2

Examples 15-25 of the present invention provide acceptable process and encapsulated
pigment compositions at a viable process solids of 50 wt% or greater with an acceptable
degree of attachment of the second polymer to the pigment. Comp. Examples H-L provided
5  processes that were run at unacceptably low process solids and Comp. Examples I-L provided
unacceptable results even at those low solids. Comp. Example M was a fast feed process

resulting in unacceptably high free in-process monomer that provided unacceptable results.
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5 processes that were run at unacceptably | ow process solids and Conp.
Exanpl es | -L provided unacceptable results even at those | ow solids. Conp.
Exanpl e Mvoastiziibest feed process resulting in unaccept abiryushoiglhofsree

i n-process nononer that provided unacceptable results. WO

2011/ 112170PCT/ US2010/ 002873 W claim 1. A process for formng an

opaci fyi ng pi gnent encapsul ated in polyner conprising: (a) dispersing a

pi gmenyeRpkHI ¢l € having an average particle diameter of from 150 to 5 500
nm and an index of refraction of at least 1.8 in a nediumwith fromO0.1%to

10% byl.wei ghtprodesssiod famingen apiagfyingpigemntenpapsmated papdlymbereconsprising:

aci d-functi l first pol r ereby the zeta potent.ial, of said dispersed
o grent | par @] drspesi aBEmERE R ahe R Ereg ARG el BeieRor R 15) S

pesf oryuoneh At SIS SNreBAbYOTESf % 3dsOD 81iR atrhRlidrh S5 ESMY.1%ab dod per sed

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

wei ghtwaightskasad oo piegreiaht qfzpid pigmentspasteld, spdfuy aid-functionak fitskpelymgartial | y
encapsul at i i spersed pj. article, 2. T racess of cl ai;m 1
whor o a4 anE PR eRleRE  SeieRh B8 T b Bt i€ IR 2R Sy e 1 o

cl ai MPandiH 8j ahdB) PeHOABINE 2R RMIUIEOn PONRIdNSESen Mhé petie\oT8hidZkdpersatit , at
| east one wat er-sol ubl e nononer. 154. The process of claim3 wherein said

wat er -RgIPE Partickhiermspvide fram H1% 1o 30 o hvmeight, baypbopihscraighteil seidai m 1
s acanfh Laf R S R ANE Bl Gt Rl PR B PR o o1

of t hepaftaderul a R- OC(0) CH2CH( SO3H) C(0) OR , where R and R may be al kyl,
aryl, ally!.  vinyl, styrenyl, aor (neth)acryl, or H _and where R and R nay
be. t he sansthsrPratest af Sm Lterein s dzeg@ﬁra@m%cwna?sqsﬂaﬁ@- R nmay not both

be H, Hriorpg rB@JsE%f@Tiaﬂﬂﬁﬁicﬂairﬁ%%r@ﬂl ol y&s&&ga«gﬁapc&ﬂpﬁgggﬂw@i d second
I econd po

polymer. 6. The process of clalni erein said ymer conprises at
| east copolypkasabynipatleastono matgeiojutde nphaser.has a Tg greater than or equal

tq.30C and .gne_ pol r. phgse has a Tg |less than or equal ,to 12C .25 7. The
piSceds of DeRrert SRRl 4 \Orin SHESTe T STYHE Progmst 1S dbng Eaet 't wo
phasess, Wherii frodesh bf Shink @ WHERE i n RRRISEs fe ¥R pi SRdnt pafti SORINFBSThpgdsdni ts, at
| east one nultifunctional nonomer. 8. An opacifying pignment encapsulated in

pol yneeast easadiapiant sedecinddeers she gippiconsigfing(of subpsysemsd amad astpispthe particle

havi n e | i I, f 0 0 d .an, i ndex
o 't ot R FKCOERO BHCHECHBITIOR  Bhert R pbg s b S 480 uf0her ghe
based sofieryheorwmieghicrol, osHi ndiveieR afdRt ntlyde thelbdni odiffdrenuneiti teal fir st
pglyner whereby the zeta potential_ of said dispersed p%?nent particle is

| €95 topsePtion shahlt HkRemay pet both ke Hyprigr toprafqrayngsed einpisiay RlYesmitationn

pol ymgy iegdf do@n S&&nhtbglﬁﬁgsence of said dispersed pignent
6. The process of claiml wherein said second polymer comprises at least two phases,
wherein one polymer phase has a Tg greater than or equal to 30°C and one polymer phase has
a Tg less than or equal to 12°C.

25 7. The process of claim 1 wherein said second polymer comprises at least two phases,
wherein a first polymer phase comprises, as copolymerized units, at least one multifunctional
monomer.

8. An opacifying pigment encapsulated in polymer formed by the process comprising:
(a) dispersing a pigment particle having an average particle diameter of from 150 to 500 nm

30  and an index of refraction of at least 1.8 in a medium with from 0.1% to 10% by weight,
based on the weight of said pigment particle, sulfur acid-functional first polymer whereby the
zeta potential of said dispersed pigment particle is less than -28 mV between pH 5 and pH 8;

and (b) performing an emulsion polymerization in the presence of said dispersed pigment



WO 2011/ 112170PCT/ US2010/ 002873 particle to provide from10%to 200% by
wei ght, based on the weight of said pignent particle, second pol yner that
at | east weanvilalibyoencapsul ates sai d di spersed pignent partised1e/00873he
opaci fyi ng pignent encapsul ated in polyner of claim8 wherein said pignent

particle conprises _TiO 51Q. The. opaci fying, pi gnent. encapsul ated i n pol ymer
of ol eI RHEPERR fom io%e %Hga’pBy @ﬁ&hte&%‘fﬁ b g@,waghtapféawdrlgwsw zed unit,
at | egnti e Aol BOSERY; hifsyd [ icle.
encapzpélhﬁﬂdei n S{% yéﬁrr%sﬂ#mg?a ! (lrzgl21 ai'm éal%%n%g?%m@gfmltsg??%o@ggﬁg artrllc(:)l?rer IS

aci d- % unctThenegacifying. pigthentepaapisfilatedgn pobymeartof ehemFswheremdsaichpigolentrer  of
claim$@ V\/r]1erei n. saiﬁdogi spersed 10pi gnent particle further conprises at
| east PSRE'STIPRRY AN O%el ected from the group consi sting of sulfosuccinic

acisd et er sTif opabEying pikthént Rn&¥gsQafedd frigo ARG eEsall @ikehdR My be

al kyl, aryl, allyl, vinyl, styrenyl, or (nmeth)acryl, or H and where R and
R nmypobwnariempsaises, 65 a dppdlemenzed wyit, At lepss oag avaparisoblvmonmand R rmay not

cecond pol y i Fari el HeRbD el lei bRl RN WEaH T BpGher of ©

cl ai ms8lubeahendm&ds deigefimatiome] yner conpri ses at | east two phases, wherein
one polyner_phase has a Tg greater than or equal to 40C and one pol yner
phase Ras allrgenasdying pigmesit eaeapsplated ip polymer of glaimifewhgsain said digpgssegnent
engapsd i . i i i i ses at
02T AL AR el PRI LonlhidSh B R oBp Seflcherk B3 AR W RPN IRLorSRARE =
20copalf gaifssuzadicucid ssteradf thedsimuda & -OT(O)TH2CH(SO3H)DD)QRE[ wheikR ardl

conposjtion c risin ai.d opacifyi ng pjgnent encapsul ated in pol yner of
any of T bsal &Y erﬂ&?lyimylwﬂewaei ?mth%cwlgqféﬁtanéﬁ@m& AR MY Bl yer
of cl 3hdNBndRRGRERnL, nﬁtrﬂhee%ypueﬁmama%dflﬁasmggnbmﬁ%b%,&ﬁw ction in the
range of 2.0 to 4.0. 251/. The opacitying pignent encapsulated in polyner of
ei t herpedbrmingisand egnwsiod folymerizatmort tofomm isaid- ssobudbpel yeek f ur  aci d- f uncti onal
firsst %oly r is i?r.egent at a corH(f:lEe?Bt.rati’Yon of, %SW to 5% by wei ght, based
o>t he el ghie BRECTHBE B YREN eNFRRHAtAdn PASHRSF B § WRorBgHishAeopMt (| i e
conpr ipgp@nelicBrpridds. A 108t o HIsE Mt ok OPRY It PRastMa®RaG! Ir¥dBahRh §irENt
encapsulated in a polymer of 30 any of Claims 8 and 16-and 17, which is

pr eserfqualito 40K ardona palymar phase bas T2 %8s hanalegral tof25pgment to tot al

vol unq4pf Sﬂlei oq;%ciifﬁné rf)?gxﬁgx{t @Héa%tsblg{%d in polymer of claim 8 wherein said second

polymer comprises at least two phases, wherein a first polymer phase comprises, as
20  copolymerized units, at least one multifunctional monomer.
15. A composition comprising said opacifying pigment encapsulated in polymer of any of
claims 8 to 14.
16.  The opacifying pigment encapsulated in polymer of claim 8 wherein the pigment
particle has an index of refraction in the range of 2.0 to 4.0.
25 17.  The opacifying pigment encapsulated in polymer of either of claims 8 or 16 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;.
18. A paint formulation comprising an opacifying pigment encapsulated in a polymer of
30  any of Claims 8 and 16-and 17, which is present at a concentration of 5% to 25% by volume

of pigment to total volume of solids in the formulation.
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