;e3e||\R<6rT . Coating Wth Inproved H ding. Conpositions Prepared
Therewi th, and Processes for the Preparation Thereof This invention relates
generally to a coating containing opacifying pignent particles afld a

pplynmer matrix. Mre specifically, the inventi on”ﬂmm uch a coating
wﬁerei n the opacifying pigment particlek have a H ”mmmmw. ng
coefficient wwth a linear or quasi-linear relationshipyie the vol une

concentration of the particles. The invention further relates to a coating

wher ei n t hecgaeinigl Wity I el Hidint ICUmpbSitson® Prepartd ThértRsithanah are
i norgani corgani ¢ particles containing an opacifying prgnent particle wth

S
at | east one pol yner partixggess X , : 3
further relates,f o nmethads of prepari conposite particles,..and to a

met hod of pr _epaﬁ‘?'ﬁg"ﬂ?ﬁﬁf’ﬂgﬁgl%?ﬁ)%%eﬁﬁgy Egﬁ?éﬂﬁfwgta&%‘r‘?ﬁd)ﬁa?’@]ﬁgrt i cl es.
Opaci fyi ng p?gggaﬁpﬁmm&vamaw)&ﬁ&eﬁamﬁnM&B%'ﬁééiﬁcémy,"thb%%'tiorf Rlates

opaci fyi ng cdatings, such as paints. These pighents are present 1n all
coat i ngs t hasueh e cdeingmdurein theopaddying pgment pactadlembawna dighit conceal i ngl y
cover an undersurface.or Eubﬁ{ri.te surface to vvhiﬁaf%.th .coattl_{ifn‘g}li s appli ed.
Qpaci fyi ng SERGHEAE Soeffigienh ¥t 2 (nGAT PhENRSIdMAAT 15 R NPt UMEd to be
clear or 1rIBR&RRFANN of PPRGairticee. MHITROERIGH furPh&SRIMAtek o ARBAL LY W¥brein
coatings, especially paints. In paints, the opacifying pignent s present

i rrespect i the opacifisng pigrent partisies arewhimpesibe pevtidesdvhithare paarighnicag

pi gment of all .paints is dist.inguished. fromthe,. color, specific pignments,

al so known 05?’{1?,9?}1(&‘39%%'%?8“85%8099&9&}%’5{ plmegﬁ Partéd&aﬁfaﬂ Fgﬁﬁiﬂs?f)gﬁr esent
in col ored RRjhESparticld Stthéleed ®lePétoS PEAL ihverRic 8Nl furthal rdditRYitd endtheds
specific color or tint to non-white paints. It is desirable that opacifying

coatings amf ppeparing ¢mvpositetpagticlnsaand o agnetlod of pyeparingcaatingnabl e t he
coati ng orﬁBai nt.tIo corrgllriei el(1y con(:tealaf-f.lﬁlgj undersurface, even if of a
sharply cofPTEROBYRGS EBP S MARIOPEP oGt P IRa21 g5 a ni ni mal application of the
coating or pai NOpakifying d;k]g-_ﬂ:féhl’s prRvidewhitehBa, a8apPLEkS of SNdingJtPf the
undersurface is attained with a single application of the coating or paint,
havi ng t he opasifyinmcpainghisuch Bt printss Thepepigyenty are preseqt anallreatings

manuf act ur g s, have ought, t I cifyi ' a pai nts
havi ng t he%égfé ?&eae Sé%g% foyﬁggldr?aa% %&z‘ﬁ?ﬁ%‘ﬁé‘&p"% A@%@g%ﬁ%&%ﬁgﬂ%& or a
defined | evgldes§urticrigubetrapé siiifade to whith thetcoafihg ivapplivda0padifiéng

t heoretical maxi mum hiding capability for a specific opacifying pignment,
whi | e mi ni rRigmagts are ahssnhirosy those spatingrthat gwe designed s by clearior zed.

transparent. Opacifying pigments are present in opacifying coatings, especially

p_HON Pl

paints. In paints, the opacifying pigment is present irrespective of whether the
paint is white or colored. The opacifying pigment of all paints is distinguished
from the color specific pigments, also known as tinting agents or colorants, which
are additionally present in colored paints. It is the color specific pigments that
provide the specific color or tint to non-white paints.

It is desirable that opacifying coatings and paints have a high opacifying
capacity so as to enable the coating or paint to completely conceal the
undersurface, even if of a sharply contrasting color, while utilizing a minimal
application of the coating or paint. It is highly desirable that complete covering
of the undersurface is attained with a single application of the coating or paint,
having the minimum possible thickness.

Opacifying coating and paint manufacturers have long sought to formulate

opacifying coatings and paints having the desired opacity by maximizing the
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The opaci fying capacity or hiding power of an opacifying coating or paint
Is a measure of the coating's ability to conceal a surface to which the
coating is applied. Opacifying capacity is a function of the spacing
between the particles of opacifying pigment in the dried applied coating.
Opaci fying capacity of a coating is maXi m zed when the |ight scattering
capability of the opacifying pignent is maxinmzed. Maxi mum|ight scattering
efficiency occurs when the opacifying pignent particles have a certain

di anet er alevebpiuiding fos@ derﬁatedtlh@ellquvnaclgaagmmﬁgt, dapartkémpt &f each
particle does not 4nt.erfere wth the,light tterdng capability.of its
el ghbor | ngoBpeh shebidor8hfa1dhadmtf HME o BERING o0 sBARAR bas il i ng
suf fici ent pigrhaw, WhvielfirdiZingehé ¥intt@inbiod B?mifﬁﬂg Rigrhait ddiQally diivizedal
opaci fying pigment particles are isolated fromeach other. Coatings

cont ai ni ng suchTheapacifydng capachiys Hidingpeyemelan opasiving coatingmMrainbis de

fficient whit d _hi ding. ' dr i ' hi :
Achi evi ng. PHECEEE DL Bobing i BuEi A fpRorc R b b BGRRERTT o
hi gher | evgpglief. Opa&ffiigRepadigmnd fundtiohHESke BpaHies bbBv&InSthedpaytiales HFi Cal

di stribution of opacifying pignent particles occurs, which results in at
| east sormeopAcifying pigaeeritin egh'gadeanplwdrqoa@pgs QrecHyingcapachy of sseating

proximty to gne anether that .there i.s a_l ., Of o 14 attering, .

ef fici encylsdrtrjlgx‘[r%lzggBv\r}bﬁnntglegfg}itﬁéaéﬁgcgfcf}P %%ﬁfﬂ? (f:]’fr‘rlrzaﬂrl'%)‘l;l‘|§oaacrf?’lmc%t %lg.me%ﬁésr eased
hi di ng ef f hrixémosedi Mabindumdibhtscatterial REFidibecycdcourt whentthé bpadfass f yi ng
pi gnment particles and m.nimzing the formation of clusters of .opacifying
pi gment paPigmeentpartisleshaveaocarkain diametarandsnacing §otbat thelight sel ect

chem cal g - Whi : -t khVihng: R .

par 1 of e. PP bEANRATY R §RPBL s b iErBRAGIAI AR bring

di sper si oncapabilitypsfitd Reighbbfing particélbe  Thigmsidittorpardy akeasireésdtingscl udi ng a
plurality of selected polyneric |latex particles adsorhed to a titanium

di oxi de op&itRining sp y by tevelscof oppaifdiagquigmanh sughihatthe andividualt i ¢l es

of the sel ERTa PR haruflcp BEho ity Sl sh otk LR Sp RIS Ul

di oxi de pastdiclosslevAlstdfopgtifiihg egmenty) dnmwesenalot natl revideauifidentpr oved

The 0o i 1 yhiteasss pathiding o eypieal Sas Fontng Thicknesee.. AcbErmE theseoirhte
whi ch haveQel Sithidfluend %it‘éhe%piéé)ﬁr PER el mgﬂég levals %ﬁb@&&@/, li ght

scattering theory. Theoretical ng efficiency refers to the maxi num
| evel of hipigment: it thesy highearileelncdstatistical diefrimatior oferartifyitg pigment

pi grent patiches and, | G aGl el Z6flaBodhnd bPBR ofell i igiiaR, 0ot voen the
particles being in such close proximity to one another that there is a loss of light
scattering efficiency due to crowding of the opacifying pigment particles.
Increased hiding efficiency is obtained by reducing the crowding of the
opacifying pigment particles and minimizing the formation of clusters of
opacifying pigment particles. One method uses polymer particles containing
select chemical groups which promote adsorption to the opacifying pigment
particle.
For example, U.S. Patent 5,385,960 discloses an aqueous dispersion of
composite particles, the composite particles each including a plurality of selected

polymeric latex particles adsorbed to a titanium dioxide opacifying pigment
particle. The selected polymeric latex particles have dihydrogen phosphate



coating and.the pignent concentration. Titaniumdioxide (Ti0O2) is the nost
common opaci fying pignent utilized in opacifying coatings and paints today.
Accordingly, the present invention is described hereinafter in the context
0f the maxi mum opacifying capacity for_titani um di oxide, which occurs at an
optimum particle dianeter of from abou? 200 to about 280 nanoneters (nm,
and when the particles are spaced apart from each other at distances on the
order of a few particle dianeters. It is to be understood, however, that

t he scope fahctitwealgresps;twhink @némote adsonption pfithtecsblé¢abed polymarin ditexi de as

t he opaci fying, pi gnent. Titanium djoxjde . s.the opacifyin i gnent of
choi _cg of R leg(9§1t‘? &&Sﬁﬂﬁgﬁﬁggﬁgg%gﬁléﬁPéﬁ‘ge‘fpa%/ntgm_gngf acturers, to
provi de whi t enegshoRthRR&edthposife patitildddrovidd itdirobéd Rldidl ] @fr& RAdHMNT.

Ti tani um di oxi de is, however, typically the nost expensive raw material in
a coati ng & peedtccincraase ithe bidihgefficienayypriovidedfbyt Bhehpagifgmgf migmenhbi ni zi ng

t he amount of, Ti Oz, ,whil e. maxi n zj the.l evel . of, hidi. ravided a certain
arount of PATBSIeAGRA HL BRI S JR bR CPep e PPN TP P ox! de
that has afp.0Rhé MRxiANEh ot ??écii!:t%ﬁ%yﬂ'iglﬁ_s%QE%eﬁ%"gFth@bﬁ'.S' ze distribution
for light scattering; and (2) using titaniumdioxide that is well

di spersed. The Theesatinal hidiegteffasiencyonefers o themdximgn deval ohglihgthatg hi di ng
val ues at or near, t.heoretic hi di ng efficiency. These cqgatings are

char act or (988 DA CORIBERGo & ARPER SOMFeREA O L R PEIPEE PRFGEOR DA W | ght
scatt eri ngcHeaeRitbFHEA®BY % M dal rblaARAShA béiwash the Beaterifl 8bdfARRAL B the their

pi gnent vol ume concentrations. An 4 advantage of the coatings of the
present i reeting@md thethigmenbeoncedtrationd | evel of hiding, these coatings

contain | ower level.s _of. pi and/ or are applied at. | ower cpat.,weights
Chan coat i ngs gita BEetipRERTH0) 3 kPt Sorffin spaeRiing iboetf AHILSL I he
present | roRRifyRE @RBARES anl PRiksttedayeAtcoplingly, tha presditdhPéhtigval - _
According to a first aspect of the present invention, an opacifying coating

i s provi dedbscobedhereimpaiteninetite qentextof the maximym ppacifyisg eapssityifor e

di aneter of, up to,.1 .micron, a surface, and an_in .of refractio f at
least 1 5 iigtfen YgrTrer R Rt 45 ool BptbilE BideleE b Be Ao e

pi gment pagdo &l Avut 280 ringiRBérsiand)] sh&svhizathegaztitled e aﬁﬁeﬂ_ﬂiﬂa@ﬂfx‘pm
coefficient, S, described by the equation: S:A_V£ 1- BVe~) erein: Vis the
pi gnent votashwthemeledistancesan ghe ordernf gfew pasicle diasetersd Itds tmbe he range
of 5 to 40; Vex.l facti I . t i e

pi gnent pal%lﬁég é)(s);a’ ‘5&&19%‘%%’ %oangggﬁgé%whg\b\?g l@glg\?ée}%?%rfst ogﬁﬂbﬂfe%hg Bis a
const ant Witdni@mvdibxideiad thBepaéifdag pigrhemmn O to 0.15. A second aspect of

the present invention provjdes a conposite particle. including a pignent
particle and a pFaniam 539&51@ 18 he RRACLARE pigraant of chgice ol mpst cpatings yrer

parti cl s ganhaleRliad HarkieAnll;PAGnE FAGKASERNR! RIBRKAYwhitaGbLOaRL 0r oup

form ng a covale W t pi gnent particle. t aspéct of the
present i nopecityon “hiding’és tle finapded eogang. i Titaniume dingkideyisahpwegvemt

particle, a first, plurality af polyner tticles; and £eco rality of
react ed co@ﬁ?‘iahéf thé’m ,exgé%ﬁﬁ‘_’? E\d ’%%t@ﬁioa_gh%a&PaYlﬁg??%@ra nc@ﬂ‘ﬂ%‘# €agent s

i's coval enf hynfhRRAetbchAidds 0 AIRMiZRY iHeCArﬁo@ﬁ‘@oﬂ’Pi@Z, WAl 99PaREsRg thge of

the first plurality of polymer particles.

level of hiding provided a certain amount of TiO, have been employed, including:

(1) using titanium dioxide that has an optimal average particle size and particle
size distribution for light scattering; and (2) using titanium dioxide that is well
dispersed.

The present invention provides opacifying coatings having hiding values
at or near theoretical hiding efficiency. These coatings are characterized as
having opacifying pigment particles that have light scattering coefficients with

linear or quasi-linear relationships to their pigment volume concentrations. An



A fourth aspect of the present invention provides a coating conposition

i ncluding a conposite particle containing: a pignment particle, a first
pturality of polymer particles, and a second plurality of reacted coupling
agents, such that each one of the reacted coupling agents is covalently
bonded to the pignent particle and to & correspondi ng one of the first
plurality of polyner particles; and a binder. A fifth aspect of the present
invention provides a nmethod for preparing a conposite particle, wherein the
conposi te Pay4rtake of e @abinds R HEPlesBRY invehBioANS thatfoR afdesibd Révsl ki ty of
pol ymer particles attached to the pignent particle, the nethod including

t he steps bidingrthesecoatingspiogtaintlower levelsofpigmant andiod apé appliéd gt lofwer

| ecul f | t . wherei h. f th | i t
Contai ne. attat ekt bR RA DS IRy TGS KERER g beart ThE 5P GLEM Chirdecre t o
forma firgtiHeopabaittinbemFor BRAIGE the aftBthreseraRerdadeE hidiAglevdIpup for

reacting with a conplenentary functional group to forma second coval ent
bond; forning aAngmgda apfirgtmspeqs of the presept Imeestionganopatifiing egating r eact

the pignent partjcle and.at | ea a rtion. of the first functi onal gro
of t he secbrirosidstaPnisinite meTioy PRChaES RATINE A AT 585 FeRiC e aiRRe Al tho-
nodi fied pLEREBAtMmRI6R,] £5@TARS add lad indeR bBFetrd dtion0df deé@&ll'.@,sarfJagH@mer

coupling agent with reacted’flrst functi onal groups, covalently bonded
t heret o; atvatrixfor ahleagbpantiadly ongaiming phe pigment pagticles; therpigmentiral ity of

pol ymer particles,_ each of .the first rali&y,of .pol partij.cl es

ont ar ni hoPrEAEShar BR . feht R ierPR R B A e Pthe "Rt posi « o
particle by reacting or allow ng ggA[\qqcIBvetggg second functional group of
the third plurality of nolecules of the coupling agent and the

conpl enment ahegréinnVtis ohé pignientprodimelrenéentsdtigrl of thel pigmeht paktictes apdid i cl es,
formng a coval ent bgnd therebetween, such that abg%east one of the first
plurality BFthewangsiofdde 495418 the effectiva pigmmantyobgne seneestentonsdf thee t hir d
plurality Of 3 [ : h I fourth,
and fifth gis%’g%{t?ﬂojfﬁ%ﬁié‘% %\?Qﬁﬁﬁg‘#"?g‘? gS@m"r spg%lts'iql\%g)l%}j/)a tdQB é%%al ently
bonded conpasthist withtd chlee,indhe pahgaof feamded 0.16n cont ai ni ng the coval ently

bonded conposite partjcles d a nmethod of preparing the coval ently bonded
conposite parti &S_@gqn a%Reﬁt g@?ﬁé’_@?e’ﬁﬂnﬁ’ﬁ%ﬂ?}&% ﬁﬂesl ‘F\G%‘HPP%FF_’ Bﬁ_‘“&%ﬁa‘ﬂes an
aqueous pOtydRadindizRghitnt hak el WO pRALKIPE! Afof paFHQRAIAROAE of the

pol ynmeri zed units of phosphorus aci d nonorer, and having first phosphorus
aci d groupgplyarat partiakpseontinied atriteastumte rebetedidomn dementaryfuhytieral

di spersion i s substanti all ee, Of. ter., sol ubl e.pol ymer havi ng second
phosphor us g‘éﬂﬂﬁﬁ?‘bﬁ%g.c"ﬁ&l\éﬁ{ E?’?'Fbwf%‘ *RGE P&Eﬁ}_@& of the present
invention, a CORRASI Sspeed b theDrescRhdérition Prdvides Aeshmpoitdgirticonposite
particles, each of whicCh contains a pignent particle having a surface, and
a plural i t indbedipgla/pigmendipartitlesa first plomalitynofmplypoky partidesi andia second

phosphorus_aci d. nopone and..havi ng, first osphar us id groups. ,wherein
Phe” bl ur ar RGP BETRGlad GRprREAsats, shah b SRR B6s fr iRt Byt

pi gnent  pankbfisds cévrtetly Baidslito tHRGiipHlentpartéls andeoGOfResSEpbAd @ drletdfe

di spersion I's substantially free of water sol uble polynmer bearing second
phosphor us the fisstglBrality pf @olyanemepraiclast ecul ar wei ght of at |east 40, 000.
The aqueous pol i i :SJ NP it d
preparing the c%‘%{é@t%ggéﬁfﬁg Fgrfrg%eﬁgérg?ﬁtgoﬁ&%%ees %%O\S/dglnr:gﬂ&g‘?besﬁqn An

ei ght h aspégdludingthéorppattenpartiolectvnit oinifg: Gyvpigasent paiticlesa first plupakiiynef t he
conposite particle conposition of the seventh aspect_ of the invention. The
process i n®plymeer natticleseprd arsecondoplurplity efireasied seuprtingpgents swch thatyudi ng

pi gnent part] i . i i or. id

O oups:  anerer i pES ek oupRhk aEL ARk deall FahaRT BRIk
phosphor us pagtiéle ERAABRI ¢cortedpohdimhgastisatithe diastpplairalinof olpnbs partidled; landf r ee
of water sol ubl e polyner bearing second phosphorus acid groups and having a
nol ecul ar ﬂéﬂ@ﬁ?nof at | east 40,000; and permtting the polynmer particles
to adsorb onto [ ' : i i In a
ni nth aspect of eﬂgrgggcgtr?tf &?énéiée%tg ?glr#&gwég trit){r?\igelg ?%?‘31\?}1 8§Bfér#gﬁ.l u%s%g
conposi t e pampbsitepartidiervehereantite aimpdsitecuarpioks ¢comtaiar 4 pignesntgentialenanda

pi gnent particle having a surface; and a plurality of polyner particles
contai ning polynerized units of a phosphorus acid nononmer and having first
phosphorus acid groups, the plurality of polynmer particles being adsorbed
on the surface of the pignent particle; such that the conposite particles
are formed by adm xing the pignent particles and the plurality of polyner
particles in an aqueous mnedi unm wherein the aqueous nmediumis substantially
free of water soluble polyner having second phosphorus acid groups and a

o, AN NN N




The sixth and seventh aspects of the present invention relate to

conposi tions havi ng agueous nedi uns substantially free of water soluble

pol ymer havi ng second phosphorus acid groups. The ei ghth aspect of the
present invention relates to a process for preparing the conposition of the
sevent h aspect 7 of the present invehtion. The ninth aspect relates to a
coating prepared fromthe conposition of the seventh aspect. A tenth aspect
of the present invention provides a process for preparing an aqueous

di sper si on, gegtt d;ﬁhPéli‘tS drqioys%ér partidéd ftada!tdithe Qﬂgxﬁ@hVﬁ&‘ti&@QhH %étﬁo@f
phosphorus acid nononer, process including the steps of addi ng a

phosphor usmahAChIngTﬂm@ﬁ@mStOﬁ aiimmt&thﬂ;plgemttlp@mtmbchm seqodd pdigalityiofi ng t he

phosphor us a oner _at a | ess t m t he,.aqueoys

di sper si on™8 ec{"?@ °38| ‘S?Hﬁﬁnﬁéﬁ?{ﬂc Vihereig e ﬁ%eWBfﬁcHPe %fgb co‘d?eh’?%gg?ﬂ esent
invention @neXindesfia fafstesHi g@b@;pﬁfr%a&m@wluﬁtﬁwpx@mWarﬁa@ttb 198 at hat
contain polynerized units of phosphorus acid nononer; wherein the polyner

particl es farsé cpvalpat b@tlcbyllqrewwlreand@tsagnnfbfumdtmrq@ﬂmes@tmfomsea@mg withcarer in

an aqueous reacti o i u Vi H of less,tha wel fth aspect
of the pre¥ER efnr?\’} P&ﬂ%ﬂﬁBE@ (:?§F?rfdo?f’vai ’érmﬁdg’d‘“ﬂﬁﬁtaal ni ng at
| east one ﬁgm'ﬁxgnﬁﬁﬁph%&e a@t‘i’ﬂé 8 BRowinY @Akt AR pikRlcht Bﬁi‘ﬂlélg an
surface; and a plurality of polymer particles containing units of

phosphor usamt atileastaportiom af tlteaﬁeréenctpma} geoupxof the sammhpﬂamalhtyr mfact i on

medi um havin I eSS t han ein the,plural, mer
particles lgpgecg{f%cﬂf%%‘acgl}p frf‘ﬁaa%etﬂf%f‘bc Wt%ﬁgxrbq%ﬁg%&%ﬂti %‘%lrélcq:lﬁ Xl is a
pl ot of |ightd prahlity bNeoleeldsiofitke todflinga it Grieh redcthll G ¥uncfion®S a
function of the pignent vol une concentration, V. The plot shows the

rel ations mupétwekmlymndgééhﬁwprﬁgdmu@m the qul%djpxgmerﬁumﬁhe ansl une

e usod el iyt PR ARSI Od, HEh, end irdt Ararstidoot ity 25, O

met hacr yl apartalek doheain@iigithed ek plAGhYAfyCfunttibRagrodphAd GrmAGE)the C OF
met hacrylic. "G ass transition tenperature” or "Te" as used herein, neans

t he tenper eqmm@lf@tpaatlcbﬂobmewgwr@l@mgg o peacy tae smérfgaetsorsai@rem af

et i mat od_ DY #RE! EEFRUER Auje By ARl TR Bl BB S, 71

3 Page 123f1(nlzasﬁél] givupfdflitheiest plurality, of\lpﬁ;)lﬁﬁﬁeﬂ.péﬁlcies* faigx@ihg a covaleéiit a
copolyner, w,_ and w2 are the weight fractiqgn of Q- nononers, and

T~1) and Thend ﬁ%eéewf@’eﬁpa%‘échttrhé‘ﬁﬁttl?aéﬁ W@ﬁﬁé@%ﬁ[ﬁt@urﬁlﬁyd’é&‘éég YREVi n, of
the two Cog%g&?mg'cega@ﬂggm?hxﬁwo th}féod FEbRuGR am!on,g ?Ehé) mor e

nonomners, Itronal ter are a Fnativel Tg of a
pol ynmer phemmpling agentul at ed by using the approprl at e val ues for t he gI ass

transitionte rature whi ¢ found,. for exanple, in

"Pol ymer Handbook® $°€8 t&i "Efm’pt?‘ gg&éﬁﬂb psﬁoafrfi}ls 1%”?&P§Btre 3%t er sci ence
Publ i shers r nﬁ:ﬁ'ﬁ n the
Fox equati I(‘)er?w%éyeggg% Scr?gélg?igly Ht%ﬂg@?S?%%%g%/gagtﬁlt&e%?ngd%@gﬁgr S t{g%ép bond
bet ween t weordaionisg the nmwxytl)s hendeycan pdsitespartickespaind achethiod of poesarimg)

expressly cI udes dﬁﬁgond QX rogen bonds, bonds forned by adsorption
i ncl udi ng ‘fﬁvé‘ nt SABoR 8§I adsor ption, bonds forned from

van der \Waal s bgRrggh ﬁ%@c%t&ﬁ@ ippbstnt iR &ftfon provides an aqueous polymer
dispersion including polymer particles containing polymerized units of
phosphorus acid monomer, and having first phosphorus acid groups; and an
aqueous medium; such that the aqueous polymer dispersion is substantially free
of water soluble polymer having second phosphorus acid groups.
According to a seventh aspect of the present invention, a composite
particle dispersion is provided including composite particles, each of which

contains a pigment particle having a surface, and a plurality of polymer particles



As used herein, 'the term "phosphorus acid group” refers to a phosphorus oxo
acid having a POH noiety in which the hydrogen atomis ionizable or to the
salt of the phosphorus oxo acid. Inits salt or basic form the phosphorus
acid group has a netal ion or an annnn%un1ion repl acing at | east one acid
proton. Exanpl es of phosphorus acid groups include groups formed from
phosphi ni ¢ aci d, phosphonic acid, phosphoric acid, pyrophosphinic acid,
pyrophosphoric acid, partial esters thereof, and salts thereof. The coating
of the preostriningpelymenized aindts Sbosplomg asidymenomesnand havingfirst pol yner

matrix. Optionally, the coating al cont ai.ns.one or nor.e, of ext.ender
Tarti of e HoaBRb add Er SRR Widrdn M e eRUAR D Re BRGuRr SRHE B s f B PR
present asorPiie durtRe dffthé parfiesl Sdrtichiibad aM Adlidduk ifediahy FBTerBY fHeX. The
opaci fyi ng pignent parti clpes provide light scattering sites within the

coating. Temnposieipagtingdisperswads suhetantioHydpeecofiwatey spludbepelymene

particles,of which have a.,scatterjng coefficient wth | i near ar

fuast -1 | ekl SlpOR ERe PRI REUATRER RS SRURE  Bieteiten rRRe of ot heget

pi gnent. A og®d hereinafter, the terns "pignent", "type of pignent", "type
of pignment particles", and "species of pignent particles" are used to refer

to the 9 varilhesaqupevaipebmaer dispensioneofithgsivthiaspaef isisyifahle fand particl es

t hereof in_the.c ' i he .present Invention .The shape of the
bl grent  paPEPETiae the BRI Brfiklp SuhuouiB R B SEEH ity 0, deh t ha
the pigment parAn elghth $6pédtaf thé prezeat nbionrdeided alfiecdss foRraRgg!t r al
region of from750 nmto 300 nm preferably in the visible spectral region
of from 70bersampysite@article sampgpitionsefipe sevanthiaspedi ofithadnyrntidng | Be i ncl ude
spheri cal n .spher rol ate
sgher e, a g%)sgﬁp‘r:%g%?gﬁgg%ﬁéﬁgtﬂrgﬁﬁlﬁgg gh:aﬁélgog%g‘#ﬁé%@%éﬁ%P%&% ube and a
rhonmbus; pligirnk phetidbapad pobyrhettpardictesl haling fiastephaphongaadd praips; and a
convex plate; and irregul ar shapes. The {)i gnent_ particles having spherical

shapes pr eVBerein the\polymarqagbislesicantain pelymernized units,af phosphgrsaridm to 1

m cron, pr Yool L.0m. .

pr ef er abl yﬁgﬁéﬁtg hea¢%$ﬁ4eﬂpgg%ﬂgg%hggl%g%%gh %1%11@%?&5 mﬁgg?Wéﬁes havi ng
nonspher i gadlymleapesring séemalphosphuriscacid gomupdi ankheviag ahablaeathraseipheei r

maxi mum di rrenii on, of up to mcro pr.ef erably up tgdgﬂ?‘g nm and nore

: 1 :
pr ef er abl yOI@S ?%ﬁté@d)%%nﬂrﬂm’&i?% epRlvmer partacles &g eBttRe of pi gment

particles [i: I : B 'W narticle suppliers. The pignent
particles fggxexfeg)]@ %ﬂéﬂé?g%t erl ?gedag% savi nrétlg%%i ndex of refraction that is
significantly dneahbrthtaspacttdfehe pdesentinvesitions hicoating is hbeoviddd/imetudimgri x.
Sui t abl e pi gnent par%ig es. have a ig ex of refract.ion of at least 1 8,

ot of er abl PO PRtigdarticlss; Whareis each pEine comppsiie Rarkicles soptatnna HemPRbs of
refracti onpdi@fcle/RaViAES BREAES;AINY RApRirkli dl Fandesktaniinghem stry
and Physi(r:g, 8°0 Eldlgt_ion, D. R Li ge,r_ég’ffeg?,ymcé%ggre_ss, Boga Hl'i’%on,

Flori da, I®99mepageunitskfa phosphont acitmaomogrerandisaving fiest phaspharud vel y
have a uniform conposi tion,. or.a.heterogeneoys. conposi ti on,w th.two.or nore
phases. CSFTAEROTHEY Mo BLREHES of Folimst PRRStIFR PrinEaibamad qh the sulfjes of g
surroundi ngheSpigiens iphbiitle] Suchiatithe 8difipbsifep&iitichdsirTbriaad by Gldenikiigs t he
core and another type of particle forns the shell. The core and shell

het er ogenedhepigmgns parfieles paf ébe phualifie ot pelemer dartiplgs in anagueens ng a shel |
conpl etely . 1.ng 2 SUl adt | . 6 icles
havi ng rmrrélggi lla{Irll’ %ﬁglleg%?ielig a@?%o aﬁrdg%éfr %c%@%?gr;&ﬁl%l%gl'% ?’é?‘%@lj So%ggl%avi ng

mul tipl e dedlfines hakinnsecphd phoShdras asidrdroaps ahdt Hencleditar weids of Bt gnent
particles, such as titaniumdioxide, can have at |east one coating of one
or nore ofleapt 48800.al unina, and zirconia. For exanple, certain enbodiments
of Ui tani um di opl fe. BRLLALGS BULAR: ¢ AL pHaGnk BnfBldaafaidlig! e Present

i nvention have a coating SPUEiTicR and a cba I'’ng of alumna. 8ui tabl e

speci es of cqphgisttiénPhatinglaBebtis medtums Babstahtially frde sforatep Xolible

polymer having second phosphorus acid groups. The eighth aspect of the present

invention relates to a process for preparing the composition of the seventh aspect



zi rconi um oxi de, chrom um oxi de, iron oxide, |ead oxide, zinc sulfide,

| it hopone, and forns of titaniumdioxide such as anatase and rutile.
Preferably, the pignment particles are selected fromtitanium di oxi de and

| ead oxide. More preferably, the pignmert particles are selected fromrutile
titani um di oxi de and anatase titanium di oxi de. Most preferably, the pignent
particles are rutile titaniunldioxide A coating containing two different
forns of a yraterial, .suc tﬁtlle and Hase titani.um di oxi

consi der edot HerRIGEPribiBYER 9y THE HRRRREC Talates t0 AAORHEESORPATE ﬁﬁa@nt% or

nore pi gnegSnosién Bf EHESMveARY afi8¢e. @ scattering coeffr cient wth a linear
or quasi-|II near rel ationship to the pignment vol unme concentration of that

pi gnent, while Ahenhheaﬁmem ofg:hplrg'ﬂmnts)lvéWm pravidesy a pgocesefdriprepatisg awi t h

rel ati onshr‘g g t are nei ]E her (ﬂear nor auasr | i near th respect t{)
t hei r resp@tH§oRE BIRFTENT 08 a}M’lané"c BHEBWE PATtICIR? §‘3ntam‘f‘8rﬂ? prjzedunifs of ng
may have ving a linear
or” quas: - | PhiRbrd AT Hoditer (R pRREst kliIhg (EF S ops B ing
concent r at phesphéihes pald ymenomet ta an afju¢dus reactiommediumhang pelyemndrizing ¢hé i on
is a continuous nediy contarnrn p nt_pagticles. The polymer matrix
s alter naghw%na wa Q}r% ok FiaRsFRan 2 b fortretticaneons FRperBeRor k
pol ymer, ém rtidgs or nore polymers or copolyners. Suitable

rrat ric

pol yrner I ncl ude acrylic (co)polyners, vinyl acetate pol yners,
vinyl/acrylic chpelevestls asp&cjnoﬁﬂmé praEsght mveopohwevidps pnlagumeeu:hanes

pol yureas, ol yepoxi des, p chI orras eth ene/.vin acetate

pol yners, ’éh‘@?‘dtf?‘é@f‘% éde ) 88?@“1 d%‘b‘f; hers, and
the like, ?&L pRo¥idA8a Iﬁ&mﬁaf wrﬁeeﬁrawpayxheﬁpeﬁhaa@arer@tewedowv' des the
coating with properties such as adhesion to a substrat 0SS)

abr asi on r pelystezizationanfdhé phosmrorps ep@rmpe@nsuuhaaaqneom maetmesme;hance
and/ or sol ent r Eg?nc polynmer matrix is formed froma binder. The
bi nder is fnél:i etBPB olymeric material. The polymer is

al ternatively prpyi@edth Bspect bfithJprEBehtifveHibn 2n Aq8&iustdoipdRRicH Rl . an
emul si on polyner, or a suspension polyner, or is provided as a solid, such
as a poly rrprovrmlndjmnt@rmagr atleast gne noxpppyhepartmhe thatraoataimap pigmeat n
reactive gr for cro nk to. provi

Cross! | nkeBetiat PRERZA Bittats pERA Pliwglinfrt Aol halpRTiciFL o Rinkhe Pl o

bi nder conbfa phoghhdritd byidehohémen ehatdad heéa Iﬁﬂﬁﬁ@ﬁz@d‘ﬁh an @gasskd Flsetion agent
which reacts with the reactive groups of the polynmer. Conventi onal

crossl i nki mpdigehaying apthef less Ehaw m@wlpmlyatbpmlar%y oboplymascyanat e,
pol yoar bodbfHdiEs sAOLIGR0] df nPOhotail ARk I8tmeRPpyAdOxYS! | ane.

pol yoxazol yam ne, and a p onpolind are used,

provi di ng that FI@ r,tsospldtrmlﬂuggt amnénmg)e&ﬁ‘mbnt folpriabé gecids| afpi grh et Soas
Typically, fromO to 25 weight % of the crossljnking ent is used, based

on the drya/fengfan of therpigmeny valume ponsratrafiony Vimethe Plpgéh%r%r matrix is

formed fro ﬁgngg{ | i nki ng
agent, basg% §t15ﬁ M‘?gﬁﬁﬁgg%%e t @gn%%gg%g%ﬁ&pﬂ# trﬁ) g&ggcond
enbodi ment poﬂdeﬁtmioprfar cmmtumg'sdma'ngdi vaddes pDHon (hl,p@llﬁn@ﬂhmwd fig3r eacti ve
roups and crosslinki ent er eoffrm to 25 wei ght %
hore. pr ef er abl yg‘f’ s Bereifothest ST et ’fyéa*forﬁ‘véﬁﬁ&e‘ pinRer
preferably xﬂé%haagldt@%e bk tfaﬁﬁn'(ﬂieﬂgaétgh\‘é’ef&@ﬁs Heilt SRrAlt dBetiabryifd, ght

of the pol yner ol ymers suitable as bi nder are filmformng at” or

bel ow t he appl i {Glas® tragsition tampe;ﬁatmné océ’E,f iangsed ineveint ineansiskel to pr epare
the coating of this invention H] égl ner,s shouldd have %‘P é’d nsi t

t enper at ur LEMPFrathEe ateraboye whigha pq}y@@r EBRAgLEoes FERT R Y "9 Th Fox
equation. The érQﬂaﬁP ”GPaSs'sttE'QﬁbxﬂBﬁ 't@xﬂ%bfa\ﬁu?&‘&fad PSlyRRal 28 eStinatd by

pl asti ci zers Po provide the polyners with effective filmformation

t enper at ur ¢ke Eox equisibw Brligiappihiectmeopan Epeical So@ety Thd Pageel 230f19661 onal
coal escent the range of from1l weight %to 40 weight % based on the
wei ght  of taﬁi IL‘B'Y Smer solids. 12 Alternatively, the binder is at |east
one pre-polyneric material which ig cuged t@@ formthe polynmer matrix. A
pre-polyneric material is a nmateri vym—crh;rs cured to forma polyner. A
coating according to the present ﬂ/ ntion that is made with a
pre-polyneric binder is prepared by applying a coating conposition, which
contains pignent particles and at | east one pre-polyneric material as the
bi nder, onto a substrate and then polynerizing or crosslinking the at | east
one pre-polyneric material to formthe polyner matrix. Exanples of
pre-polymeric nmaterials are ethylenically unsaturated mononmers and

ol i goners, and two part crossl | nkr ng systems such _as corrposrtr ons

. T o, . B Y M



The coating of this invention optionally contains secondary pignment
particles. The secondary pignent particles have an index of refraction |ess
than the index of refraction of the polynmer matrix. Secondary pignent
particles 13 include pignment particlgs containing air voids, such as

pol ynmer particles containing air voids” The air void is characterized as
havi ng an index of refraction close to or equal to 1. The air void vol une
is considered part of the total pignent volune of the coating, while the
pol yner cdfgroneonolymen; ongAndew eare thepreight fragfion o€ thetwereo-ofonomersyanshder

particles.,The Jjhdex refractiop of the polyner .conpo t. of .1.he

econdar y Tgieite he el ghaffioR tehpfr et 5 ASERE Kl ing ot grtwo
refract i onopfeshbeding! hoMEspolEhbtsX - Forasdivdersy/ cait SiteRg tRteldrGh &% hmbgéHEINT

m crosphere pi gnents such as polynmer particles containing one or nore voids
and vesi cudditongdleyms (wpdy )i areasldad e Adterphvely, the T & a pelymer phadeis 835;

U S Patent,4,920,.160:;. U S Patent .4 594, 363:. U.S. Patent 4 469, 825: U S
patent 4. ABREY Ry ing B apBirtaiase yaes IodihexlRas, FrStion treaperaies pu on
5, 157, 084;osfHomopdRifiéts, hichladOfbun), for eRam@Nd, iR “PSfmi& HandbookPaldereld
5,409,776, and U S. Patent 5,510,422. The pignent particles, the extender
parti cl es,byahdBrandrup caddérE. bhmperent, faterscderce Ruldishers.nEhe Nalussof Lccor di ng

to their aver article di t.ers and. indi ces of. refraction as follows:
14 1| ndex JFPREER BFriD o cpiisinten FoRed BN sha Ko SnRtintnt ' nart i cl oL, B or
greaterl m cr oADiisedlTodreR], $HBtérne *dovalian bdhT £fers t2 4 Bohd®betwdeartwb 8t Wi ce
the average dianeter of particlearticle or snmallerlarge extender articlel.3

to | ess tHatems fognedbygshaniag atlpead anedaiy of elgetronsand expresslyi eyeludes

A N e

pr ef er abl yadsbpbién hAd PByviehliadsc¥ptiambonds fofhed froabiyn BepWhls Bords, vol une

% based on the total volunme of the coating. The coating contains from
and dispersion forces.

As used herein, the term “phosphorus acid group” refers to a phosphorus
oxo acid having a POH moiety in which the hydrogen atom is ionizable or to the
salt of the phosphorus oxo acid. In its salt or basic form, the phosphorus acid
group has a metal ion or an ammonium ion replacing at least one acid proton.
Examples of phosphorus acid groups include groups formed from phosphinic
acid, phosphonic acid, phosphoric acid, pyrophosphinic acid, pyrophosphoric acid,
partial esters thereof, and salts thereof.

The coating of the present invention has an opacifying pigment contained
in a polymer matrix. Optionally, the coating also contains one or more of
extender particles and secondary pigment particles. The opacifying pigment is
present as particles that are distributed within the polymer matrix. The
opacifying pigment particles provide light scattering sites within the coating.

The coating has at least one such opacifying pigment, the particles of which have
a scattering coefficient with a linear or quasi-linear relationship to the pigment
volume concentration of that pigment.

As used hereinafter, the terms “pigment”, “type of pigment”, “type of

pigment particles”, and “species of pigment particles” are used to refer to the



30 to 95 volunme % polynmer matrix, preferably from35 to 90 volune % and
nore preferably from40 to 85 volune % based on the total volune of the
coating. The coating contains fromO to 70 vol une % extender particles,
preferably fromO to 65 volune % and re preferably fromO to 60 vol une
% based on the total volunme of the coating. The coating contains fromO to
20 vol une % secondary pignent particles, preferably fromO to 17 volune %
and nore preferably fromO to 15 volune % based on the total volunme of the
coating. Tharipigembodinénisef puncaytapatifpimg(1Rg@ent Aind paitithep éhefeoHingrhent
particles is  the per(gent agﬁ of tﬁg.voln?ne occupi ed by the particles of that
pi gment, bSCARPEHACCORUNE 4P Lhe PEFSEREIYEDENE- coating. For a coating contai ni ng

one or more typphe ghaft SNRIpiBAkht phitfoled 36 dt YinpoPfand atid@ f
pi gnent particI[)zIéi(,e V?II,% 'S ex%?%sseg by eequation plfoa:al V. :108‘?&{%}01a wher e

VP, ; is thehapd provided thadthe piggphentt peptictss soatgre photpas thavimswamelekgthissint he
total volu of the coating. The.total_volunme of the.coating.s the sum of
e vol ums She,foesrh compBibAEm 450 a3 Py Prterakly i the T Sprgreht

particles, ;fhgn SLEBROPHY nRi &BEY R SdidH1S shiph& ﬂapku@sﬂﬂug@&g\}bg&ictége smal |

extender particles, and the Iar(g: extender particles. [

I's comonly
reported windnode spherical shapes, augheasa megjer sphereganbplate sphexsqiaiprglatavi ng a

. . , !
Plelggf? te d 0 ;(ép Ieggnt% 8&(:{191!eléun13ar /sop(l)'n]:eré, Q%b{costhglpeg (S)l!léi'lng.s gfreé‘u ar%% g Iagg ah as a PvC

rhombus; plate-like shapes including a flat plate, a concave plate, and a convex
plate; and irregular shapes. The pigment particles having spherical shapes
preferably have average diameters in the range of from 10 nm to 1 micron,
preferably in the range of from 100 nm to 500 nm, and more preferably, in the
range of from 200 nm to 300 nm. Pigment particles having nonspherical shapes
preferably have average diameters, defined as their maximum dimension, of up
to 1 micron, preferably up to 500 nm, and more preferably up to 300 nm.
Information about the average diameters of pigment particles is typically
provided by pigment particle suppliers.

The pigment particles are also characterized as having an index of
refraction that is significantly greater than the index of refraction of the polymer
matrix. Suitable pigment particles have an index of refraction of at least 1.8,
preferably at least 1.9, and more preferably at least 2.0. The indices of refraction
for various materials are listed in CRC Handbook of Chemistry and Physics, 80"
Edition, D.R. Lide, editor, CRC Press, Boca Raton, Florida, 1999, pages 4-139 to
4-146.

The pigment particles alternatively have a uniform composition, or a
heterogeneous composition with two or more phases. Certain heterogeneous
pigment particles have an inner core and surrounding shell structure wherein
one type of pigment particle forms the core and another type of particle forms the
shell. The core and shell heterogeneous pigment particles include core/shell
particles having a shell completely or incompletely encapsulating the core;

core/shell particles having more than one core; dipolar particles; and particles



15 The effective PVC for a single type of pignent particles is the
percentage of the volune occupied by that type of pignment particles, based
onh the volunme of the coating w thout including the |arge extender
particles. The effective pignent vol ur? concentration for a single type of
pi gnent particles, Vex,,, is expressed %y equation Ib: V~rr.~ =

| OOVP. ~/ (V~- Vi~) |Ib where V,8 is the volume of the |arge extender
particles. H ding efficiency provided by a pignment in a coating is

cal cul at edhaving miljinle siomains ofane plomeyonudieraprfdve oftbebtibegdrisbed by Stieg

in the Ofji cr al 31(,408 52 (1959 Thi.s nmo cal cul at.e

bl ka MRIERPRERRERASS, SFithe Ltamrt dieidy g ae ghigneiine toatingof gne
function ofp hhﬁ‘-e Br/s;u% émemﬁaraﬂ&kﬁ&rﬁa T*Bﬁ%xﬁ‘in%l@%rtaﬁ?@&'b@&ﬁﬂeﬂt@ orhe
equation 2: S~ , ) 2 where A, B, are constants.
coating hamrtmglum phogmlmparttR&s switabl el fog IISIaenrceahng* ofihei prgsmmnvemoxy f or
t he partic es of t has a |i ttering coefficient, S, ,

t ht
which is | ﬁgﬁPIWa}SP%BBF'?%HEFIat‘E?a\/‘ng qf% ‘é’ag‘%?l on 2, pignment providing

theoretical hi dspgapileld bl%@%y?fé?éerﬁs ;ﬁmmklfﬁcl‘ﬁﬂé'%inctd?u&@ra%un?bz@*&ﬂhehaV' ng
a light scattering coefficien a quasi-linear relationship to the

pi gnent vo lzunmmnnmader chiroovuinexide, Bronvertide, lead okidle; amgsutfideglisthommet han 0

to 0.15, pr rabI t.he e reat r th ng nore

br ef et abl 21l tone® PEdifastit GPREE shoh A i tes itinttiley Preeihb

coeffici enrpl%ns rﬁ%ﬁi’@méé A% ReREANrbR m&ﬁmqﬁohaelamqeaa okidedtMeresuch as
ml-" (1 m m crons). The value of B, for a select type of pignment

particles pnefarahin,ttihngnmnbpaml@er anerrededtod Moas nutileditaméury-diexideendnce

val ues of at t, thre v, stant C sihtion ex ept that
Ve Pvce. ofnpHieHiebiet iGian: Mk BROEDIE iPneRERRAS BRBHED:  or ng
coeffici enfmaﬁruneardm@aycaguhg cEXabringt@@ differertTernYs beh heabARL SurRlage for
that coating, Y~, using equation 3: S~ = CY~l(1 - Y~)2 3 where ‘Cis a
constant. Satle dugd e&taiﬁplt@anmmwoxaﬂe,umdm tRhaye twdafferenyour nal of
Paci nt Technol ogy, 45(579), page 6-23 (1973). Next, the value of B, for

16 the sel & i ghent particles is determnedfromthelight scattering

coefficients foInbhkeatifgtom@snindtivdbradord pigthehts, dnepigdm¥nt dy hére a ) +K 4
The paraneter K is a constant and includes the contribution to |ight

scat t er i ngsfattering eenffiriapt m%mt tisgrrexqwrsidineanaplativaship tecthe pigment

ticl t
Par t1 ol os. VEHHiMe SR atichrR AR ObieR e hilatht o BEpR REARCRIY TR,
measur ed f@éawexs@g btﬁ’fi&f&nﬂ@)ﬁlithgfblalmmpwh@ldtlatreImleithbdlmléaldﬁorp@uids'icI es as

t he pi gm&*nt1 parti ¢l es, at PVCs of 10, 15, and éo The coati ng% al so contain
an acrylic'®&gbM espectitgdh %Irﬁwtﬁﬁ‘ﬁtpr‘ﬂ’%enﬁﬁ umg ensEREaFBBHkt e as | arge

ext ender %Eérﬁﬁf‘é%gé %%tﬁeﬁﬁgpégﬁg)%ngigxﬂ&%ndlﬁ seédhd ng el dah Of

coati ngs, e volu particles re s constant at
15, whil e tpigmemnt hlmdngfa litearpolquasi-linearatel ationshif $o it8ps@active pidroent he
coatings hav iqrg PVCs 10, 15, and 20, respectively. The light scattering
coefficient'8 ‘?c?rﬁ’én 1c°inngs are calculated fromthe Y-reflectance val ues

according to eqgfbifdlyier Maxtix of %@&ﬁtﬁ%’ ofAhB.prestid 1KvéHt?orPﬁ| £k om

the light scatteri ng coefficients according to equation
medium containing the pigment particles. The polymer matnx is alternatively a
homopolymer, a copolymer, an interpenetrating network polymer, and a blend of
two or more polymers or copolymers. Suitable polymer matrices include acrylic
(co)polymers, vinyl acetate polymers, vinyl/acrylic copolymers, styrene/acrylic
copolymers, polyurethanes, polyureas, polyepoxides, polyvinyl chlorides,
ethylene/vinyl acetate polymers, styrene/butadiene polymers, polyester polymers,
polyethers, and the like, and mixtures thereof. Generally, the polymer matrix

provides the coating with properties such as adhesion to a substrate, gloss,



The coating of this invention contains pignment particles, which are
optionally in the form of conposite particles. The conposite particles each
contain a single center pignent particle surrounded by a plurality of

pol ymer particles. The polyner particlgs are attached to the surface of
each pignent particle and mnimze contact between adjacent pignment
particles. Suitable conposite particles include pignment particles having
either conplete or partial surface coverage of the pignment particle by the
pol yner paarreiopgesistansedend barten propesismEichasy mpisture registan¢ecand/r
encapsul atgrdd ‘%rgéigﬁ{ye particles to prevent contact between nei ghboring

pi gnent par%l clés. € polyner particles contained in the conposite
particle typi calHe/pdlgier anateixgitforined from abiwdarl Ahaindbi is dMpolyaferair d east
50, 000, preferably of at |east 250,000, and nost preferably of at |east
500, 000, drerRoAwmeEqg mategial 1be pelimerisaltesnatively pyryidednn adinyider
particles . \, j Gl j { . from 10 nm
Po 1 m or ACAAEKEIE R, BXBIaRRM RALkcE, £ SRIELE polyinds) Se B R Nl oy o

pr ef er abl ypdlymeRerriapgevidéd hs ansolid, sunh 4s 2 Polyniar pdwdyrair,an extrudion
conposite particles containing titaniumdioxide as the pignent particle or
ot her pi grRlymgE £ne beadesrmay gpntain seactive grovpy, Wikchupgn Sormpatien of §pi cal | y

obt ai ned w Rr icle i ge dianeters in the range of
from 40 n\/rriiil d%@lnmtoﬁ%fggfbﬁf%#ﬁe&ggh e of from50 nmto 200 nm and
mor e pref er abl yAlterniahirelyg the polynferanatiix isnfoimed Hbrn @ biflier ebraakiieg aof t he

pol ymer particle?l is measured by a quasi-elastic |ight scatterin
8 b

t echni que.Polyi@efna¥ing reaaldye sENIDS sxogplankgngiagen m@%rw&w#@u@g is
typically j . -0 . . t I r

part ol ey TACAREERRARDEho bbGery Ldulribidl fropdllif Abiis A, ™

pr ef er abl yexaimple apdly 3firidine polyinsdyapate, pobybhsbodiinlidaspolpépdzidelhe pol yner
particles are typically prepared by the addjtion polynerization of

et hyl eni caﬂqll}a’ﬁﬁg"é’ﬁ%ﬁta %léfaﬁ&’%ﬂg?’g P?ﬂ@quwepo AFIPEY %"&‘f %P@gﬁrag?ﬂtded Wi th
functi onal mgfaﬂleeﬁé;ragna%x %@éa,zlsﬂagid@ﬁgvmmh@%ésu&am Héé'ﬁt%e%@?ﬁﬁ{ibghat

has a functi onal up or a precursor to a functional group, referred to
herei n as filim fatmatiom nEypicallihdrdm Osto 2foweight % of the grosslinddnlg higemrispare a

honmopol yrmer hayi ng, fupctional. groups r alternatively, is I rized in a
e o e v s baredban Hir i3 riate of P ndlveitrt Jh oRe SFHORRER B REP G0 e f oq
to herein @gtris 6CRPHATRGHE! éherﬁm%p%s@ﬁ%{o@yrﬁeﬁ&ﬂ&’%b thVW&%hE%C“ onal

groups. Alternatively, the polyner particles are prepared by polynerizing a
first nonomresslinkingggentybased omideh wieight qfthe thermmorlastic pelpoterodnla gr oup.

After polynerization.of th | yer rticle the precursor.group is

converted %eSOIb‘i S{Hbc?guge?th rtiﬁ? B%erglpgﬁb’.‘ ls&%fig@r‘gf %O:f%lgﬁf Egymér oups are

al cohol griptive phiups @idecroNsltilang agentid fhRrrankd ol fiden QIOBUWRR 50K eight bYXY! i C

acid groups, or carboxylic acid %r oups, which are reacted with aziridines
q

to form annate prafersdbly Bytherangerdl feam fphindl wejght| acrndrpesherefenadly iy

i socyanat r , u i gr oups,
and o1 ongaarqegor A P3ADUAeRE B BRse b BV G BERMAST JEPRIVERDL °F g
aci d groups. SuPdlghlees seitabld agnho bidideri are/filaefosinyngaeor beloadihene, a- met hyl
styrene, vinyl toluene, vinyl naphthal ene, ethylene, propyl ene, vinyl
acetate, vapRlicaliopsangdition Q/ﬁy the|coating cpmpositionyised da Prepargithg oating o
acrylonitrjl.e. criwl oniyt L ] . i -C, 0
iyt “ost S ipVERAC IR et by T pldestEh ol BBt dhalabi

et hyl (et fyngerofifiadng ~60-°Cuioy80 (Creishoatilytedtls, the-Bihedulition. Thetdatagr yl at e,
cycl ohexyl (neth)acrylate, n-octyl (peth)acrylate, n-decyl (neth)acrylate,
ndodecy| ~ (§RERPOSAAPR Pﬁ'il@f}albéfqr&éwoagﬁgé?r}ﬁ SE Plasticazers &g P%}?V‘é?rﬂfeh) acryl at e,
ol eyl (et . It {;cq:g,ta- [ ).acLy! ate;
ot her (met %@ﬁ%% g’%@‘sefg%g{?eaﬁsﬂr} SO o?%&%ﬁ%}%“arg?gf g% g?loﬁ)etrlll%y b
(et h) acr ytemtgerapiren \The keelhyfaptivhal egaléschnbimiat thelraggevhiranr ¥ kaight %

2- phenyl et hyl (meth)acryl ate, and 1-napht hyl (meth)acryl ate, al koxyal kyl

( met h) acr ytoAQ werghtife ased ppdhersight ﬂfgﬁhﬁ)%? Pé?@}f&mno-, di-, trialkyl
esters of ethylenically unsaturated di- and tricarboxylic acids and
anhydri des, such as ethyl naleate, dinmethyl fumarate, trinethyl aconitate,
and ethyl nethyl itaconate; and carboxylic acid containing nononers, such
as (nmeth)acrylic acid, itaconic acid, fumaric acid, and nmalefic acid. The
et hyl eni cal | y unsaturated nononer alternatively also includes at |east one
mufti-ethylenically unsaturated nononer effective to raise the nol ecul ar
wei ght and crosslink the polynmer particle. Exanples of nmultiethylenically
unsaturated nmononers include allyl (nmeth)acrylate, tripropyl ene glycol

di (nmeth)acryl ate, diethylene glycol di(nmeth)acrylate, ethylene glycol

o, o o o o o,



pol ymer particles having a single polyner phase and nore than one pol yner
phase. Polyner particles containing two or nore phases have vari ous

nor phol ogi es including, for exanple, core/shell particles, core sheath
particles, core/shell particles with ghell phases inconpletely

encapsul ating the core, core/shell particles with a nultiplicity of cores,
interpenetrating network particles, particles having a di pol e norphol ogy in

T r e Honnr A tesne eIy S Sndepts ol IaRfIcime JHesHALP A SoatoRa) Bid isva) y
t he pol yn%ﬁraﬁfafoenemaapm%nepﬁlamw éﬂfk%bl?ﬂierﬁ:nﬁﬁé‘e&élqg a%a@ha@wnla%m d or

a rod-1ike shape. Prefer the polyner particle 1s spherical. Polyner
particl es iz cuntedi t|o|fngnta/\pnlpmennﬁecqahargeacc¢mlyng:mt}m presbet inventibn that i r oups

in one or ses rowd the functio are in contacgt with
e oxt or PSS HERRR PR ipdler is Preher sy RRrIVie £ eait SepERpRr od by
any proce g%?e% aZat fo ted
nononers. |tag&g@%§§ esse tg mqé edﬁégﬁs@onﬁ%w g?gﬁlﬁﬁ g%ge‘rilg%atl on,
i ncl udi ng bindere satgd eubsthaemnbﬂfeaqmlﬁnenlzmgaﬂ- drosdlinkin@P#ieat leasS3ate 968 and
U S. Patent 5,264,530. The polyne icles are | so pre ar sol ution
pol yror | 2 FPIRITBPRORABH! VB BELIBAF BRU o HRRRRIED AL POt grighers

pol ymer paplieriafsa etwéxﬁ&mf@ﬁémqﬁat%a%dnws%daaigoﬁéie £ WIBphzAt | on
process is typically conducted in the presence of water or an organic

sol vent . mﬂshnhmg)asysyems sreh ReROMPOsitions eentiningrisgryanate gnoupsasdus

di sper si onlof ﬁ %{)Ol ymer particles are well known in the polynmer arts, and
i ncl ude m?i‘fqhﬁ ET¥PSye pol ynerization processes. Various synthesis

adj uvants suchrgg doﬂtlhg%tf%ﬁunﬁ;é'@léh B}%@&ﬁﬂ@rco@ﬁﬁ%ts%xtmr%ﬁfﬁﬁga%% are
optionally utilized inthe polynerization. Preferably, the polyner

parti cl es extender gpaticlds Ih}a.vae}neodex eﬁmfsaotbmnpmﬂuyhes simail aote. thadodexipfig to t he
second and aspects of the inve t he.co 05|t artl ave
ol yr - paetction ST e bolyRer gyl R A5 AEORERIRY St FghtorEA Rt toct | y
to the surﬂa@aaeefhabla @nAndER Bf rdffddtionl ¢ lesaUBAnal. SQHHQ;?bicﬁll?%Eéth{- €hari 6f €T 1 ed
to herein as a "coval ently bonded conposite particle pol yner

particl es equal tal 8. dxtendéryparticlesrarg catﬁaom@e@lagﬁmll %Flenﬁelt Ealttl)d@, coval ent

bond b | ly,
Che. potynarigh AavE B arady heseflE aRpserbr B R8s YRR ph Bbai G bt 1ol '
through a dﬁeBKQ@ﬁaﬂMﬂ&&aﬁ?&eﬁoﬁﬂ%@ﬁienb@@&xWei rhridf'& l‘alﬁgé @ﬁtfénﬂér the pi gnment

particle and a second coval ent bond with the &ymﬁmar particle. In the

second asﬁ@é‘tlcbﬁ, which kaxean ayeragp @ariaclg dizme gveater than twicedbe of the

Funct i onai sy oty tidf BBy of ARCEO R RHIt, PRELIAIEN SRR B0 v

that are rmaﬁtdn%&ype bhpighﬁbxﬂ:lp’afrﬁe}é hﬁwhgﬂdxfmrgﬂemeragétpnaedxde diameters, as pect
the reacted conpl enent ary functl onf A3up forms a c?val ent bond with the
surface ofexteRder pagtiglegraay wrsm% gxte F’éf"ﬁa’PP\FEP?O Pigment RagfiFlgs a8fect

t he coval kages

bet ween tﬁilefdg g%g%f[ﬁ ﬂg‘&?‘ﬁ% é?ﬁl)f% g%gt%?c?g%glreﬂéeﬂgn&iﬂage is from
a sel ect qmrpxlclesgndgdatcalu:amnmgrborfate,sctalﬁunnsulfataj bapiompsulfede, migacclayt o f orm

a coval ent band e surf of the artlcl e and a cond
functi onalcag‘?‘ E?)V\flaﬂafew%t’ée?%eﬁwet ﬁ?%ﬂ%ﬂ%ﬁgﬁm’g diafArereIms a@'ﬁbup of the
pol yner pafihinfihg shpcafcéy HoA- fﬁﬁ%?ﬂuﬁ?g@ VRkr ﬁ:&m@les Qﬁmﬁ%% ﬁﬂ%)’sﬂl@é‘ded

conposite particle i's prepared pigment particle having a surface
cont ai ni ngarad tulios Othercexsehples eﬂeihendenshacl@detsphd@nadsktm‘glem aisxt lmhsyn et al

oxi des, sulfide sal { nonnet al s n sul fi de nonnet i des) and
conbi nat i o‘ﬁ‘slhler?é? €6F°h‘i‘hﬁa‘£8’r§‘%‘(’:‘etsoﬁ’u°?‘haeg Wﬁ‘?nep%‘? pelyxiny, mj ﬁ?e“ﬁati ve
surface ofpddyg pignment particle. Alter natlvely, t he surface of the pignent
particle is a surface having a surface treatnent thereon, which surface
treat ment pr ovﬂH&scqattmgl dfabiscingention eptlonalisocoraalmemn@a;vangmenbonds The

lent b i th t t th f th t
particle, P R AT b RE g copate R e o Fnllion T AE

presence Oéhevm@i of tdFPactioh FERe Qblyrhér Bh iR NBetMdare pearh¥i Serticlesh as
hydr oxyl groups. The polynmer particles suitable for preparing covalently

bonded conposite particles have a conplenentary functional group that is
capable of alternatively form ng a covalent bond with the pignment particle
and with a second functional group of a coupling agent. Suitable

conpl enentary functional groups include acetoacetoxy groups, 1, 3-dicarbonyl
groups, al dehydes, acids, ani nes, epoxides, isocyanates, thioranes,

i sot hi ocyanat es, al cohols, carbodiimdes, aziridines, haloal kanes, and
halophenyls Accordlng to one enbodlnent the polyner partlcles contaln ~as

o, o o o o o M. __ o, o o o o



21 nononers, such as glycidyl (neth)acrylate; carboxylic acid nononers,
such as (neth)acrylic acid, itaconic acid, fumaric acid, malefic acid,
¢3-acryl oxypropi onic acid, ethacrylic acid, a-chloroacrylic acid,
a-vinylacrylic acid, crotonic acid, aphenylacrylic acid, cinnam c acid,

chl oroci nnam ¢ acid, and (3-styrylacry éc aci d; hydroxy containing

mononer s, such as hydroxyal kyl (neth)acryl ates includi ng 2hydroxyet hyl
(meth)acryl ate and 3-hydroxypropyl (neth)acryl ate; hal ogenated nononers,
such as bronppropyl (msth,%cryl ate;, and hal onet hyl -styrene. The covalently
bonded corif¢iidecpigment pagticles contating il syghiaseobigeerartidesicle with
t he pol yne ] j 96%% ] | ement ary
functi onal Jo&?%#%%%@%o?@%%&%%%@g a ggtﬁg }%?g%%{lq%%eﬁfﬁl e.

Opt i onal | yreftdvtionedadei tororiequabta 1.eTheair vaid tvbhime ésencedertd pacwéfahgst . The

reacted conpl enentary functjqnal group, for a, coval ent bond with_ the
pi gment pa‘io@?]cl’lé?neﬂtl”@iiﬁ’ﬂﬁf’h Q?B%”Snm]? tH;d’Pb’d’é?f GoFnRAAeRE A congidered

conpl enment gr i t LV re i ment,
he coval cal 15 PHTHELAE SuBlouihe GuiIcE gabBtich, THIIRHBC of e BREn STREE T
pi gnent  papdliyfle sonpbAentiofcthiedatundairg Pégra éntpatitl i iBishgilah eo PObyE Ito

particles. In one enbodi ment, the coval ently bonded conposite particles are

formed by thecindex afrefractinnefthe mobpaersioatrisoSeeandany Pigraent paridlespar t i cl es
and then 1,%4: : ' ' ' ' - \M aqueous
di sper si o%‘q{(%arﬁlggrﬁ ‘Eg“? ﬂgleegg%yrrenrgg%‘gﬁ ?%Pé}w #@@%?2%& élg}m%ﬂoﬁc? i onal
group t hat moeaedids tandfvesivul dted polsaha@nparbichst ok disvdosedipnddiS. Papaitti cle with

Col Lated |+t S50 Eatae: 4 370 dfoT e et 4,50 Bo2RES. nbient Pt ary
functional yos guifteh £2968, 498! (.S YPLtRKY k880, 849! 1U.9SP KA RIS Y SOPRnRt OM

M on the surface of the pignment particle. The polymer paftiéles are

att ached t5,16M®84; YnkrRatpat 5j0dlc6dy UsS HRatent 51086009 ThSr Pitend §,4 027 6;
connecting b re represented by the structural formula:

-C(X, ) H qé@ﬁf@%@?griﬁ)f@% s -OH, -SH, or -NHand Xz is -H and
alternatively 1 -ﬁﬁgﬁ s (g o kS o H i rorand M
is an atomin t }éé gﬁ gner;ctpaggif !telgbﬁheewgtrﬁ&?%r)i)saerr 1glcets ’le_%jn? F%%IS%'IQP,&a% },gig?}%,ntSi ,
Zn, Cr, SnpafirlesGreatefineld hefhia apcording € theira®¢ra®p partislet diemeberstasd

conpl ementary fu ct'oagl ﬁr? R attached to the polyner particle.

Al ternati v’é%dg‘fest ée%8 PR ‘{jobvc?nded conposite particle has pol yner
particles indirectly attached to the surface of the pignment particle

t hrough | i nkages, which are reacted coupling agents, and are bonded to
atons on or at the surface of the pignent particle by bonds selected from
et her bonds, thiol ether bonds, and sil oxane ether bonds. The atom on or at
the surface of the pignent particle is selected fromthe group consi sting:
of Ti, Al, Zr, Si, Zn, C, Sn, Fe, C and Pb. The |linkages are al so bonded
to the polynmer particles by at |east one group selected from esters,

am des, ethers, urethanes, thiol ethers) am nes, and ureidos. The

coval ently bonded conposite particle having the polyner particles
indirectly attached to the surface of the pignment particle through |inkages
is formed by adm xi ng the pignent particle and a coupling agent. The
coupling agent has a first functional group and a second functional group.
The first functional group of the coupling agent reacts or is allowed to
react with the pignent particle to forma nodified pignent particle. The
reacted first functional group of the coupling agent first forns a coval ent
bond with the pignent particle, thereby formng a nodified pignment
particle. Next, the nodified pignment particle is adm xed with the pol yner
particles, and the second functional group of the coupling agent, which is
covalently bonded to the pignent particle, and the conpl enentary functional
groups of the polyner particle react or are allowed to react to formthe
coval ently bonded conposite particle. The reaction of the second functional
group of the coupling agent and the conpl enmentary functional group of the
pol ynmer particle simlarly forns a coval ent bond. In such an enbodi nent,
the polyner particles are attached to the surface of the pignent particle
by |i nkages, which are nol ecul ar chains form ng coval ent bonds with the
surface of the pignent particle and second coval ent



23 bonds with the polymer particles. The linkages are fornmed by the reacted
coupling agents. The coupling agent typically has a nol ecul ar wei ght of
|'ess than 10, 000) preferably |less than 1,000, and nost preferably |ess than
500. The reacted coupling agent has a reacted first functional group that
forns a coval ent bond with the pignentbbarticle and has a reacted second
functional group that fornms a covalent bond with the polyner particle.
Al ternatively, the coupling agent contains nore than one first functional
group, provided that the coupling agent is bonded to only one pignent
i i ——also-contailnsnore than

particle. W : - pne
second fuhctional group. FbrdexafirfractioncolipverageRpaticlesbiameter

3‘ am nOpr J:—t| | e .: OXYS : LA™ :lu.o t:ll TTC t ' l1l..4.t hUA q; : the
first funtbiehent REFHEs. THiSCIEFERkng ageﬁ; m@r‘&’aé)%ﬂp ® forming ophe,

two, or tRLAENCOVALL{ndepP 1?? t1ksk {Hin PRITPHYicBAtH cé!v@r%%?

coupling pgent ;alternativ
cle

cont al ns nore| i} ne dqra?éﬂlﬁ(%ﬁfoﬂg egroup
and i's cabBBiS% aH-errat-vely—orm-rg e 1%1}?:9%1% %r@%%aqfd:m‘p ?er%cn" Mth a
singl e po \%8¢ par extander ol tgrlessithan,i-8i | greaer vham 4wics e aversgmbls wi t h
two or nofRamtidlener parti¢les Suitable | efdlameter phpigment pagtise to form

t he conpopsdacenganyt imgmenh¢lasddhamiad s of [ dbmidran ¢wleS® equi val ents pf the
second fuﬁpézitmhe group forjeach equival ent b conpl ementary functiona

group. Surtable first functional groups for attaching the coupling agent to
the pignment particle include al koxysil anes, acyl oxysilanes, and sil anol s.
Second funct i orfBhe epadingsof$bis inlyentipncontzans from Hite KO tviebime fpbigmentar y

functional groups _of. t ol r ;particle inc]ude, f appl e, ,i §pcyanat es
and -1 sot hi RO Ecrelaliy Rom B offiiolinheds, ATLHER: mrrRiE AoBhaIe SPonp

sel ected fyQahal %OPAeA orPtHetB6al VOGRS of 8¢ catitie I THE 8oattl SN SR FFAHPS
which react with a conplenentary functi onal %roup sel ected from

acet oacet oy tgyPoupkireeth pelymer matcis preferably apdo Saniotwme faandinpre a
conpl ementary function up,.sel gcted from al de es and,am nes:

cpoxi oo PrtariictoR A0 c5e YRER 8 beRed S PhEtdIa YRR RE TotliRe T
functi onal cqHtRigconhiRE fRfn Drtemoa) demel % extetided puiifled GirdforaBIR ¥y éthi 00RS ,

am nes, and nercaptans; carbodiinides, which react with a conpl ementary

f unct i onal 63 velwne %, apdagorernyaferablydkgmi GtogQ velums Zohased omthetosal 24 and
mer capt ans; ;hal o -hyl i e 1.th a
conpl ementYaf?lxl/ﬁ}’feu(ﬁ%:ig ?g(ﬁ% g'r gﬁéggﬁsg%t" g%%wgo%g@%&géego %@qﬁ%%b%%ﬁ% aci ds;
am nes andpighh&tpartibies)pref@ablydrbim @t DMPbRIE VA anditioet prefirhblyr oo 0

sel ected from epoxides, aziridines, thioranes, acetoacetoxy groups,

i socyanat eto 15 ¥elume %y hasadean the-ietalaroluenei afithe soatingi car boxyl i c aci ds,

whi ch react wt r I . i.des,
aziridines, thi’g}rlgﬁ S, atn Ca?gég%ﬁffﬂﬁe@?@&%%gﬁ%ﬁ gh??lggxf ée}mé’%%ﬁe%g
agent s i ncisudhe:peacermtage bbthesyolsmelvcaspidd byithe pattitler ohithati piginexty,Jased e,
N (2- am noet hyl ) - 3am.nopr opyl di et hyl i sopr opaxysi | ane, and

3- am nopr oY %‘F i‘%fﬁ?}%‘gﬁ ?fgﬁs ;°°%%Béy§i‘s’¥ grf@ ting geptaiging one or more types of

(3- gl yci dogypt Svlariielddy it PRECHEX Y S8 8y 6k pigment particles, V., i d
2-(3, 4- epo%gglgi/cl gdhexyl )gt hyl tri met hoxg;:}si %e;plgrrglregagtaosl? F%’ne‘sl,s eé‘Bf;eﬁSZs

( mer capt onby leguddomdahyl et hoxysi |l ane) 3-nmercapt opropyl triisopropoxysil ane,
and di - 4- nmer capt obut yl di et hoxysi | ane; )acryl osi | anes, such as
3- et hacryl oxypr opyl di net hyl et hoxy‘gﬁ la?rq(e\;‘rg)nﬁ‘ {]a

3-acryl oxyps I i ¥ I : .

3-chl oropr %&%F%M’*r%gﬁégym éaé\tgtl,il‘%ﬁ-s Eﬁéﬁ%@@ﬁéﬁ%? Hﬂ?&ﬁgsx%@? Ivahset,heatﬁaal

5- i odohexykéiugidwt thietdoatiyigl Theaotdl Selurhe of theatvalting ik ahe sumsefihe &8lumes
3-isocyanat opropyl tri net hoxysil ane, and._, . .

3-i sot hi ocyhahecoppepsatadt Ko evatingineluding gl the Rigment particleoAhe sil anes,
such as 3- ' | Dhﬂﬁg ' , .

bi s(2- hydr gé@é@ ﬁéﬂ -g\y'faénl‘lﬁ ﬂ%%ﬁg%éﬂt}{r%tl oéigﬁqglﬁé;the small extender particles,
(propyl tri emthhe Yaige axedraier fpadidcleer ThedVEE ipadnyhiontir reppetddywidhoyt atiés ;

hal ophenyl si | anes, such af br omophenyl tr.i mﬁt hoxysi | ane and |

(2- (i odoph&R{F RoERSANtaESy Fe sAABley 3iCPaTiRS ﬁ&}rtﬁvfepwwﬁé}mwpsﬁgs, such as
bi s(chl oroqaﬁlly td]% i § ;

br ononet hyl'p en%/ |ne%)ﬁ§flailir§g%?%%§%/si gﬁlg,g}taasr%g iCirrfrEip xe'tseldlaasnzeos?r 2'é()uq?:'h as

bi s(propyl tri met hoxysil ane) car bodi i m de and

N-et hyl - N - (propyl et hoxydi net hoxysi | ane) - car bodi i m de; al dehyde-functi onal
sil anes, such as 3-(trinethoxysilyl)propanal and

(propyl trimethoxysilane)sul fide term nated nethyl net hacryl ate-acrol ein
copol ynmer; and 1, 3-di ketone functional silanes, such as 25

(3, 5-hexandi one) tri et hoxysil ane, 3-(trinmethoxysilyl)propyl acetoacetate,
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Conposite particles containing adsorbed pol ynmer particles are useful for
preparing coatings having theoretical or quasi-theoretical hiding. The

pol ymer particles, which bear phosphorus acid groups or salts of phosphorus
acid groups as functional groups, are ggsorbed onto the surfaces of the

pi gnent particles. The phosphorus acid groups are pendant to the polyner
backbone and are referred to herein as "first phosphorus acid groups". The

it ti nt aj ni th | ticl ] ! fi t
aeohor v aci dThe BEANSEUCE b MadlR Y G Mot paruEs s hapdrtniage | cot
conposi t i ogsthefuR@! oteBpic@dyithat Bfpdvidigdeht pattiNBO PAROY b tRE VELMOBPS are

addi tion polyners prepared by the polynerization of ‘ethylenically
unsat ur at etherenading withaut intludjngtthe darge extenden papticleas Theieffentive pigmentd

ti |1 t | t ) d. o LN h id
cont i ns. SYoRine FRRnBRRRD TENR CEIE A S e eRh BRERD Yol RPRERE W oup.

The phosphggystigeis: monomer is alternatively in the acid formor as a salt
of the phosphorus acid group. Exanples of phosphorus acid nonomers include:
26 OOROP OHROP OHOR HOWOROWV.GR-BHRPOHOR OR" IR ORP CH
R ORP-OH Hwherein R.is an organic group containing an acryl oxy)

met hacr yl o¥ipereV, as thayolugenfhe dangerextendermartieles; ndependentily sel ected

fromH and a s j . O k r j
alternatively ggl?cti}gg% glgag}rlgyu sog urda@]e%p §%‘?‘E€1’€I éeg%#gg%%oc%z@ﬂ%%dcfr Mnomer s
i ncl ude di HyHt te thory @singnihieimodd] desdrdvet by Stieh inshée Ofgciad ,
Iphosghat eI eg e??!ofm;gr)] al o,hgl e ich the oyol gllso_cgﬁtgai ng_)eg;%t

pol yneri zaBl %?,@(18§9b|'§?ﬁsﬁp‘g‘i%ﬂ\é\1}ﬁiat§ﬁghe gé‘%&‘ WM“&M&&C_BFWWO- or
(ot 1y acr yFraneShERIAHR REBG E, ho o AL oF hd PRECIANG pobblek Bt btt® ©f
hydr oxyal kpi@mmhmdirgttéahbmqhudbngz 2- hydr oxyet hyl (neth)acryl ate,

3hydroxypropyl (meth)acrylates, and the like Qher suitable phosphorus

aci d nonomers are phosphonat e fubct AdhdI—Bdanders, such as are disclosed in
WD 99/ 25780 _Al, and_include vinyl phosphonic acid, allyl phosphonic acid,
2acryl am d@herend; and B apasrstarish sheeating kaviag grrigpienh shat proyides

2- met hyl P ) ' i,d.. i.1.abl
hosphor us e S GE Al SLRROP BRARRHORE Bf Bl highithl ko £HERE! ©
(hydr oxy) pbestpdrimy tadffigilent, &t vhizhriy liakarlppropetionab te V. dn apatidns;| osed in

VS A e hdit providing theoratical ding sticionty has & B, VAIS equal to gere o ¥ &1 &
Pigment having a light scattering coefficient with a quasi-linear relationship to
the pigment volume concentration has a B, value in the range of greater than 0
to 0.15, preferably in the range of greater than 0 to 0.14, and more preferably in
the range of greater than 0 to 0.12. The scattering coefficient is commonly
expressed in units of reciprocal length, such as mil” (1 mil = 25.4 microns).

The value of B, for a select type of pigment particles in a coating may be
determined by measuring the Y-reflectance values of at least three coatings
having constant composition except that the PVCs of the select pigment particles
are different. A light scattering coefficient for each coating is calculated from the
Y-reflectance value for that coating, Y, using equation 3:

S =CY/1-Y) 3
where C is a constant. See, for example, F. W. Billmeyer and R. L. Abrams,

Journal of Paint Technology, 45(579), page 6-23 (1973). Next, the value of B, for



Preferred phosphorus acid nononmers are di hydrogen phosphate nononers, which
i ncl ude 2-phosphoethyl (neth)acrylate, 2-phosphopropyl 27 (meth)acryl ate,
3- phosphopropyl (nmeth)acrylate, and 3-phospho-2-hydroxypropyl
(meth)acrylate. In one alternative e di ment, the phosphorus acid nononer
is treated prior to polynerization to renove inpurities such as saturated
conpounds cont ai ni ng phosphorus acid groups and salts thereof. Exanples of
sat urated conpounds cont ai ni ng phosphorus acid groups include inorganic
phosphat eghepietesp pigmentawirticlesiio dpteamined fromdtheahghtsdayterimgycoeffipjéntest er of
phosphori ¢ aﬁ%déﬁgnd their salﬁs. The second nononer is an ethylenically
unsat ur at 697 HSHERHDESHUFINE LaHRHOR 451 0sphor us aci d mononer. Suitabl e second
nonomer s include styrene, butadiengy,a:-gRt'AYL wtyrene, vinyl tof uene, vinyl
napht hal ene, ethyl ene, propylene, vinyl ac&fate, vinyl versatate, vinyl
chloride, woyhifAgner ®WisA éiRtaRtCind Ritiddds!tBe cHBIRARIO QMigH dcBttering
(meth)acrylam de, various G C4o al kyl esters of (nmeth)acrylic acid; for
exanpl e, nimttinglcoating fome squrzes pther than the selpatcpigheens pamticles) such as other

th | at e, , 2- et hyl hexyl th | at |, ohexy h) acr.yj at e,
ooty *( mebRpaEs GEEet R Hiep SeErRATy AP At BSticlo R A AL PRy 6)
tet d I t ~ leofs te,
ol g1 (ot by e P, O x Mt od VIRl B MBbredTOFY soligF bEUAIES ) Mot e
such as i sonbaimyhg tibatinjradioxidet partickasas the pegineat pyitides, ap BBHGA of 10, 15,

th | - b t hyl th | at e, 2:phenyl gt hyl th | at e,
tna 1. naptaty 0, TbeipaRRer dse toBialh A0 ek ars iR fin Relviee et 1 ©
et hoxyet hyAnd pREtfneisHonhee adRiFRe extéinder paitRIKYht £ FbRIrfe Bén@htvatRpigral |y

unsaturated di- and tricarboxylic acids and anhydrides, such as ethyl
mal eat e, dlovelmihis series of eoatings, etwolumerof yhe large entander particdeas prmginsc aci d

cont ai ni ng_noporner ugh th)a lig.acid, ila i cid, A i C

acid, and %sgqr&gatglgfa\r%lﬁa@gﬁvﬁngéfWe P%Clgn%e %’Héﬁﬁ%ﬁﬁ ﬁgfl&gle{gp g\ €| east
one mul ti e4dain@8 et/ PVCSF 1021 5,20 Fespetivelit i Pige light svagteridpe ol ecul ar
wei ght and crosslink the polynmer particle. Exanples of nulti-ethylenically

unsat ur at echeffbriemtsrfor theagoagings are caleulated from the Yaeflertapgevaluesry| at e,

tripropyl ene gl.vcol di(neth) acryl at,e i€ | en L yvcoly di h ryl at e,
ety ene o eBng R sahian Py i iGes firAn BB 18E Biplab Tl

1, 3-but yl enghtdetlring coBffibidntetabcading & &yuationysl kyl ene gl ycol

di (meth)acrylate, diallyl phthalate, trinethylol propane tri(meth)acryl ate)
di vi nyl benzene, Tleg aating ofi veptippicpntapes pigmentnaatigles; whicharsht hal ene.
The anount : i NPRE -ﬁ@@ﬁ@ r are
typically @%%%%Hhﬁgﬁ%Fgé?ggﬁg&gggﬁﬁ% cg%%g5|t|%ﬁﬂ€ﬁ? esg%e gggperties
for the intandira ajnglé catteppignidre grotighesurpaurded lBsa iphwiahidly bf pelym@inosphor us
acid groups useful_ for preparing conposite particles, ich, in turn, are
sui tabl e fBartides. i Fhe pelymezpagtciss ar attachedin ¢ ,“’%%fﬁ;’g{élieﬁ&l Ry neri zed
units, pho b l | iclbL.0 to 10
wei ght % g?@%g 3‘6?3”‘ 1#%%%‘% bg E%%ﬁ?j‘a‘?/gﬁtgﬁ norg?aggrlg%gér g%%?fﬂlfer oml to
3 wei ght Y%orhpesitk partiches inelugktpigment papollgsizavipgreither esmplete oy partialt

hosph . Th i cl i | d
onontr . 2SRt eTaRe SLaRY PEmBRt PEARSISLY F RURSHT e OF ey BV BBAeh0. o
wei ght % Ex%@é/c?&ﬁiaéhbawiﬂ% QufricfontB; encapktlite e pipgndM ParBicREH ?Pé\béntf rom 97

to 99 weig sed on the weight of the polynmer particles. The pol yner
particl es bentacgbdtwesn nefghdpmngupigment pgrisgclps are provi ded as an aqueous

di spersion contgj ni t he | yner particlaes having first,phosphorus acid
glr ogps Idi sper se’gh? Iﬁgg'ﬁ]ei Sr?gﬂf)adﬂ?élllh eaaqﬁ%qutené%?ﬁlrﬁoﬁygm%ﬂgr}ga&e&: zed
as bei ng SMﬁ@deﬁ%%é’mBI&ﬁlé}fwéi@hﬁ MO bER RaBO5Y,080, frafkiraBlydfespbuptus aci d

groups. The water soluble polynmer having phosphorus acid groups is an
addi ti on p8b9,080, zmhmwstpreferably ehiat lwmtgh@thWrmsawd byrasl psrmeationr e

alternativ i ndependent| y _l,ocat ed ndant +o the backbone.qof f ter
sol ubl e po%&gﬁ%qﬁ' gf Q%?WF p&@?lﬁ einied llgveu%xéav%rea le’giprr%f%tlf?l‘r‘%edtl %ﬁgé‘%hor us
acid groupsn e td¥yeVeTtiRim 90/ 01k 1t6 108l ok prefvhbly iBBeREaEs of B6IITHAMLERS are
referred to as "second phosphorus acid groups". Cbntenglated are

conposi t i 0A80inm,sridcimorépreferably ihtharanggof irone 8§ mam b 260 g Eoweremnd
phosphorus acid groups axe the same, and conpositions in which the first
phosphorus acid groups and the second phosphorus acid groups are different.
At a pH of 3 and above, the water sol uble polyner having phosphorus acid
groups is a conponent of the aqueous nmedium The water sol uble pol yner
havi ng phosphorus acid groups is alternatively a honopol yner or a copol yner
havi ng a



29 degree of polynerization of at |east 2. The wei ght average nol ecul ar
wei ght of the water sol uble polynmer having phosphorus acid groups is
preferably at |east 10,000, nore preferably at |east 25,000, and nore
preferably at |east 40,000, as neasured by aqueous gel perneation
chromat ography using a polyacrylic acil¥ standard. In the aqueous polyner
di spersion containing the polyner particles having first phosphorus acid
groups, the term"substantially free of water soluble polyner"” refers to

level s of paLeH 2?&&95%&9& b’diﬁ!airﬁg%litﬂgnﬁﬁ?ﬁﬂﬁdcﬂ’é@fﬂglggigﬁnéﬁiﬁrﬂm%s in the

aqueous nedi um i ned by ratios equi valents o d phosphorus acid

groups to ether pigdreentsparticldsrafisipfies pizey maxbaounh idingpowet isdypallg of | ess
than or equal .tq 1,5, preferably less than or gqual taq and no

ot of er abl yoorined Fiiipebimenarides BnE aF Aragse L Lipgbere IR ihe TEREE PLREP | i i (
for the 'el@hnpfoﬁ@ﬂfn.,%?éfépétﬁyE’R!tﬂérfén%%dﬂfpﬁn%%%ﬂ%mﬁﬁﬂ%ﬁ@nﬁﬁéd gr oups

in the aqueous nmedium 1S zero equival en of second phosphorus acid groups.
Al t hough nptefeviably ingthteoramge of fiiore 80 thmn &o 30 nic UThe didmeetey of thepolywent or s

bel i eve that ,f he aqueous | ymeri zation.o hosphorus .,aci d nononer to
b epar 6 anbaRHAHIS RPSHEPEPE R B2l PO Lo R LOSERat= navi g
phosphorus aci drgy glaRs tﬁixﬁ&ié&%ﬂﬁéa\:&e%ﬁh& Qh%ér%‘a&fcléﬂ%%ﬁ i%é’l'ly'm e

pol ymer havi ng phoSphorus acid groups. In the preparation of ?ornulations
cont ai ni ngtheargngeiof &ropar60 CCes 12000. dPreferablyuthedpalpmies ipartidés have giass
particles having phosphorus agid gro t he water sol upl e | ymer having
phosphor ustréeﬁﬂl%tﬁﬁﬁ%erﬁ%e%HE%H\FgP*sgggéf were B’F?fi”f"i’(ﬁ}ﬁ PHF‘%‘i‘ﬁt gg oée‘f“c“il es of
coatings c L ogite particles. The water sol uble polyner
havi ng pho@%&gkﬁﬁggﬁéﬂgggggggvig'believed to cause bridging floccul ati on of
t he pi gnment parThepdasmentpacticlesats tymically priparédbyithe aditlhundi ng ef fi ci ency
of the pignent particles in the_dried coatjng. Reductjon or elimnation of
the water B mr@af}awﬁﬁrhﬂawa@y Bﬁé@%émsfsmaewae& o'hib% PaiymFPartisles
preparatio i 1 -'dw%. i ?ﬁgﬁ L t he
pol ymer di glf)e rgﬁgﬁhc‘gﬁﬁaf}ﬂr}wn%d p g‘ynéérjb%gr I cl e@%ﬁ@‘%g& ?lrlgtgﬁif)ﬁg%gr us

aci d gr oupmonpmeoihit hasxa fitmitivhat grew oea psedursérutai anfanedivenl groupi, bl e
co-sol vents such as nethangl, ethanol, ,gropanol, acetone.ethyl ene glycol
cthyl ot nerETE b REERE 1 PeHi BERaBst - R B P S BUORGISHEShS) - and
water 1nm ﬁfép‘%@a%@ﬂbﬂﬁnéﬂﬁﬁviﬁé fﬁh@@&ﬁal%’g%ﬂ, Sr APk YAtiRAGIARL €, 30

met hyl 1 soanyl ketone,” anyl acetate, diisobutyl ketone, xylene, tol uene,
but anol , apelymiemized|in spmixtuge with athleashérodotimen ethtlmicaly snsstyretedner

Lo hs. * co. TRRomAraLred &) PR 28R ol parit et oMM G PATESE,

the range fifnctioBH] groupslAltebhiatiRelyeErSplomerPartitled ars piparé®@Byai ni ng
pol ymer particles having first phosphorus acid groups, is prepared by
vari ous pr pelymezizing alfirst menpmer dayng & KrauUn ¥ stehpregursor te o|fuprtéond| yer

par t1 o1 6o REUEn oA bty BEtRRoh AT pEQIRATLER, FROLRAHIE AATRRE 17T

pol ymer patdnvered thaptotigeld fusictiphabgtoapu Exnoplps of\prdcardtripronpgd ag t he
concomtant formation of the water sol uble polyner having phosphorus acid
groups. Vadlcehel gespssehichare ogidizedioeithar aldehxde grouns ofisaoxglis atfe

pol ymer hayj p ! . : p.spersion
cont ai ni ngﬁﬂ%s&f@ﬁﬁ@?ﬁ%%%ﬁ%%@%ﬁ%\%ﬁéﬁ ?ilzgrlts%&%% os%ﬁg% lljl[smjerl%élgs& 5&6’%3. In
one procesamihdigrqmsyner particles are phase separated fromthe aqueous
medi um and t hen_t he aqueous nedi um _including the water sol ubl e pol yner
havi ng phosphor B4itabledirst sppomers lmvéﬁa%wmtqm A¥INSASPEYAN3ER G¥AMPSpar ti cl es
are washed y i S - di sp. i The
o ocees | 5 S Hestot Brotll ARERDAL blElpSRefticad frotbS DERA Sloh BB Rhe, 1% ne
aqueous pokydteas gheygpdrosuoacidfgrotps, oirshlts af peohg atid greupsy Snitable sethindkr

nmet hods to separate the pol yner particles fromthe aquequs, nmedi um | ncl ude
filtrati onMERmessinglnge atyrene, R&tﬁ@@nﬁr%-e&g&st%e% tolengaY oy sol ubl e
pol ymer hayi i ’ ; e i IcAfdrie
diafiltrat *gﬁ&%%%ﬁgg?gﬁ%ﬂpﬂgﬁggﬁg ngtrr% i X?nﬂg\n%tgﬁﬁltgﬁeggx r11§ﬁge résins
and t hen r eimpidege tthbride) aeryidrdngle, nethasyloftitrilegtméethdspglamide, vimgous
invention is directed towards a process for form ng the aqueous pol yner

di spersion containing the polynmer particles having first phosphorus groups
that mnimzes the formati on of the water sol uble pol ynmer having phosphorus
acid groups. In this process, the aqueous pol yner dispersion containing the
pol ymer particles having first phosphorus acid groups, according to the

el eventh aspect of the invention, is prepared by an agueous pol yneri zation



31 process at |ow pH The | ow pH polynerization process includes the

pol yneri zati on of phosphorus acid nononer in an aqueous reaction nmedi um
having a | ow pH Al though not wishing to be limted to a particul ar theory,
the inventors believe that in an aqueous reaction nediumat |ow pH, the
phosphorus acid nmononmer is protonated gnd is | ess water soluble than at

hi gher pH. Pol ynerization of the protonated phosphorus acid nononer | eads
to increased incorporation of the phosphorus acid nononer into the grow ng

I ticl d i in the f t.i f th t | ubl
Dol ymor b e 2D &8ss of CaeiTon gl deid’ For e okl Bty SReth BROfeth um  As
used hereie@hyﬁ(n‘xé’c‘POa‘Uf‘yia%e,fn—BF'tﬂf(nie%Eﬁcm&fé, §~etH§rﬁfe§§rP@1é‘thl)§t§glattQan or equal

to 1.7, and nore preferably | é€ss than or equal to 1'5. Suitable pH ranges
for the | excloHepyl (nashiaxaylabey mbctyham gtidaqgriitatesn-decyd (metl)zerylate; hude pH

values in e r,an of from-1 to lLess than.2, prefgerab from-1 to | ess
Uhan 1. 5, dedacirithisrerln totaptrm (Hstyagist fan rderite, devc
phosphor US(n?th%cP%QQéﬁfalhh&yP%Xﬁméé&g&e?ém?s@ér%ﬂ%&g)ef?c?ﬂg%Q)fthéxf om0 to

| ess than 1.8, preferably in the range of from ,"and nore

pr ef er abl methidveylatesgmcbfasfisebmréyt ométhacrylede gi¢nafl (rhethdaprgbade, phemyld i on
medi umis adjuste 0 | ow by t addi tion of .stron i ds, ,such_as
Sul fur o AR Ieke doare Ry s i EPhesaeinL (s hiatrathy fod

sul fonic aﬁhgp 1 &nkvh)aiyixeC BlkoR¥ANS1 BHbIHDALGIAE! Sl5oh & dthofythgni ¢ aci ds,
such as benzosul fonic acid; dodec bénzene sulfonic acid; and naphthal ene
sul foni ¢ doeth)asuylaterimone| di-, trialkplodstensi of eshyldnicallgivnsatirdteddiciandi ¢ aci d;
selenic acid; chramc.acid: nitric acid; rLopho or i,C id:

Cr1 11 bor odbieRrioRyBeAcidr A aidridest S of VSR HRERR, lpREvh ymarate,

di hydr oxy rgg{rhéthat h@dniﬁhtﬁ%’_ﬂiﬁ@étﬁy&rxﬁéth'ypitﬁ@rﬁte;”ﬁi@éd&oﬁﬁi@éei@%@Aﬂa@niﬁg' d; and
tri hydroxybenzoic acid. The strong acid is added to the aqueous reaction
medi um pr iropnomers; such ap (weth)potyiswmcid; ataconicaicid, fomarissasidirarel melaic nononer ,
including, for exanple, prior to the addition of the phosphorus acid
nonomer, dfiff ‘ng the addition of the phosphorus acid nononer, and both
before and duriTie éthglcidelilly @Rsa2iirdted ndynReodlvernatively @8 dludes at
Alternatively, the strong acid is added to the aqueous reaction medi um
after the lagsh aneonulii-etindepicaly vosatratedimeppmer effettine forradse the t he

pol yneri zation pf. th hor ] Iy Th Heof 11.he aqueous
reaction n%‘&feﬁ alrs“t’ %§¥€$§$n%° Suéll{ggé §°I§%{]& aglcgqig’bapnégle%of CH)melflect r odes,

such as sidthgleniddlBrutkatatfted msimershigclnte atlgs (thetadryldte airipropgleheel v
conducted on the aqueous reaction nediumin the reaction vessel or is

conduct ed SxcdsliGnethiparylateidisthydensgiycoldicnetdvacrulatarsthylaneiglzcobeen

renmoved fr ﬁr"ﬂﬂai : ] I w th the
t est ed san%lrpggé}f)a{; e aqg’gbwuegé?igglc?% ;E(t)tﬁneggbdl ﬁmag%’q%ggﬂ%ée@%&ﬂof t he aqueous
reacti on ndtmeth)aaryddtiecpolghlydéne gleeasi di@nethaayladte, didllyl ploghatateaf t er t he
pol ymeri zation _of .the phosphorus acid noner. A pH.ne rement after the
pol yner i zaFiBathylolprepans W@F%c@gﬁ@’ gg‘ﬂﬁ?ﬁ@feni‘%newg&@ngﬁftﬁ&enﬁo the addition
of SUbStanﬁfxﬁnHﬂ)@hzt{?x{Lﬁ'&ﬂﬁ Ji@i‘fxgpﬂaﬁfxtﬂah‘@néqueous reaction medium Suitable

y

aqueous enulsion polyrerizati on processes for preparing the aqueous pol ymer
di sper si on contSiitablg pohyaneopanietespantaivingsfunationgl groups ipdodehottus aci d
groups incl yde singl.e and nmultiple shot batch processes. If desired, a
mononer BT EBRUSIER PATITE S DRGSAIGISE PhaFe SR TOTE RS B SRS and
added gr adpddeY BidyhbBe phRddtd ShtHREALkwo P nhHePHakes hife YRAGIET conposition
within the reaction vessel is varied during the course of the

pol yrrer i z amioppholegies indudipgaforexample,vore/simglbpartides, gbre sheably particles,bei ng
fed into the tion .vessegl . ti onal.l t.he .mononer .m.xture is

pr e- emul si FFEABEN PaFaElSS Fath hanpbreeBlimEIetelY PO CHRRERE B ¢ h ¢ he
optional adgbishemn pattislds kAR AMultiDliRitY of BoreBSinRERreB B atink fcdiwofld Of the
nononer m xture. 'Fhe.m)nomer m xture opti ona1jy contains one or nore other
mat er i al s, panirlesdparticles bayingal dipatesmorlidegieinswhichceashrphage foimls.  The
aqueous reaction di um gpt,i.gnal |y i ncl.udes water mscible.solvents, such
2s mot hanotePast it congpeled s atd peracied Rayitgrulials somaipg pr ser o
propyl ene @irfE@ of indtlyér gilimes phasel Aiteseitendy,ahe PYobimerpativhé Bas hfsnsci bl e
sol vents such as propyl acetate, butyl acetate, nethyl isoanyl ketone, anyl
acetate, diisobutyl ketone, xylene, toluene, butanol, and mneral spirits.
Sui t abl e pol yneri zati on processes, which include enul sion polynerization
and suspensi on pol ynerization processes, are conducted as batch,

sem conti nuous, or continuous processes. Single or multiple stage

pol ynmeri zati on techniques are suitable for the | ow pH process. 33
Tenperatures suitable for the |ow pH aqueous emul si on polynerization

o o Y r o NN O~ 2 o " A NN~ L



34 t-butyl hydroperoxi de and cunmene hydroperoxi de; peroxides, such as
benzoyl peroxide, caprylyl peroxide, di-t-butyl peroxide, ethyl

3,3 -di-(t-butyl peroxy) butyrate, ethyl 3,3'-di(t-amul peroxy) butyrate,

t - amyl peroxy-2-et hyl hexanoate, and t-butyl peroxy pivilate; peresters, such
as t-butyl peracetate, t-butyl perphthﬁ?ate, and t-butyl perbenzoate; as
wel | as percarbonates, such as di(1-cyano-1lnet hyl et hyl) peroxy di carbonat e;
and perphosphates. Polynerization initiators are used al one, and

al t er nat i vaplhericabshdye snchdiszamgllipsajdorentodslika shapko XPssferaby, thbipolynad:s o
includes a red cj n co,n*g]gnlgori such .as an ,acid selected fromthe group
i

consi st i ngPticlRIs YPR&F iParti Fﬂcor&laﬂ‘Bgl E’°é€|’ﬁ°red93}aﬁ5ﬁ§% d, lactic
acid, and I i caIIy a
hydr osul f |‘%0§It£iglu %qgksl&sl l%mﬁgsd é‘?ﬁ ?II. itﬁg?@ghﬁ |e?258§1€ﬁ%§sall pot assi um
hyposul f i tg@oupsdraimedrethitswithi the extertdr d‘sthp@bbanempnntm_ﬂabi sulfite; and

sodi um formal d de sul foxy].ate. Suitable |levels of initjiator and the
optional reduci B@W&ﬁéﬁﬂlaﬁﬁF‘ﬂ?jgr‘?ﬂaﬁﬁ€k’¥@6‘ﬁ§r8?esﬁr‘@ﬁ% PBOYi98% 0 5% each,
based on t

pol yneri ze ‘g’ ﬁ% eartg{no(tr)fgﬁg as chr}s'c%;cﬁlgg ang su|e gltghs&%%%ésﬁo?gsse%a It

i ron, ni ckimkcludermhspemgion oalemtganmp@lymemm«bn nndmding fererample, Ekanpl es of

e et P e B phi e A ML PRSP Fh B, e

hydrosul fi ﬁcﬁén'i%f bla}tlcl@ gf@a%ﬁf’?éﬁ?eﬁn‘”"ﬁ?é&?%?ﬂ &&&L&r@i&ﬂoﬂfoﬁ&@?@' Rz;%h& he

aqueous reac diumto co the poly
particle. denyepdies of)thetﬁndmtnom palysieartogmpiyher pmtio]mbmanam nreshods

pol ymer capt ans, . and on al ogen conpounds l.e ble chai n
transfer gin ﬁ& KRTYMErCd 3r?§°°e§ﬁ&"hgpé’§°33{yhiﬂn%{ﬁé?egéﬁt5ﬁ n- pr opyl
mer capt an, pRsbideVdt v{v"ﬁ%? 3PhabrghsiRRYiveht. ”Ehﬁﬂ%’bol&m@ﬂ!htl% E&AREGtbs fBr hexyl
mer capt an, cyclohexy mer captan, n-octyl mercaptan, n-decyl mercaptan,

n- dodecyl maatpgaan agranUS mmprqfd;he polymiet; paetﬂqugraqu@tlhlsanowmmdm an;

| cohol h tanol , . | | cohol t-octyl
ool ahtiSthet Butsn aRAGRAGR surBOT ERR ralyReidhsich SroleRr o Vagious®' Y
tetrachl or@qﬁhxéls taa,u@wds suctPad fdiGiatds Oémmﬁdw&eage@e@ il Alﬁfédtmsﬁhrbo 10

% by wei ght, based on the wei ght of the nononers in the nononer mxture, is
used to prmtmrmlkyhetllpzﬁd/mhepaﬂxmene@tmra Reafetaédnmhqméymer padivlesodrei ng
nol ecul ar vvelpg known in t art |ncluge selecting the ratio of the

initiator P¥ BT%Pyﬁ'ﬂﬁﬁ?%ésrerg Eﬁﬂp‘n&}eﬁzﬁ Band/ or chain transfer agent are

optional Iy di ssdceedingtodhspesondhriditififpasidcts 6 theifvemidh, fthyicempssitem and
gradual |y added to the pol ynerization vessel. Nononer ei t her neat ,
di ssol ved, Piticgsshasespalymer @aﬂlﬂpﬂt}h%toﬁrer?f)vw@napnh%ﬁa@ eithggdigctly or
si mul t aneo h Anount s
of 1 11 at risectly t thifufiabALY e ABHLAE phpRaET Sl o ARl RARRe, ST
medi um t o reféraeéd'to hesdiduala ‘fmmaieﬁtlydsfohded pm’npmate pattlcrbei’ has pbbanar

ize the resjdual nono as is

substantially, et ed as p
vel | knomp@rﬁlci%m»@&ayﬁéiref%ly%ﬁ?cm&‘? rﬁ%@ggtﬁ%mg tf fr AV AlRRA R

typically LR i,(,lgg; rtlcles
during pol §%@?§?Fﬁé‘g‘%§€ ?Qﬁdﬁggggﬁgggbﬁ%r?gﬁ on ‘glfg ﬂﬁdlt I ;t;'lr?rgr
particles polyhtes pae‘aulles iang iredj nextlysapadhedso the s:ggment)partﬁmetmugblae
sur f act ant

i ncl anl oni.c and ants, and
Sher oot i bk Bah covsst Bind it Ibe suptics 3 B b @meht paiglerd
enul si on pQéc\SHErcvaélEhQBoﬁdﬁnﬂi Mfe’bdlfr‘rnM; P&a@on s Detereents and
Emul sifiers (MC Publishing Co. Aen Roc NF), published annually. O her

types of st abi IImthagseaged]aspe@ uﬁﬁxeamvpntmecthaﬁ@vakelmt(bpdé with theognrfacesdf] y

used. Howe ferred t hat the rm nt and type of stabl I|2| ng
surf act ant th bigriesi: PeyTiElegr famd FY SoHHEnaqRImERBREVAS S
pol yner i zagj Qiioch&REEduDs, #&eﬁ%&%h@?elﬁ%st“bﬁﬁpre%%xﬂﬂﬂl fxﬁicﬁlah!al %io%&bs’agﬁﬂﬁ in

the resulting aqueous pol yner dispersion does not significantly interfere
with the panqamatctme wath thaasmdamfsthp@hgmemt pardjsle.sIrothis akpeqt; dearenited of

conposi tions | eous rsion i cl repared
fromthe a&%B Vg@?‘ gﬁ%gg?’%"i“é’ |at°z%? ngﬁ%ﬂ tlégl?ef %ﬂ,’# O?%PECI ude,
for exanple, alkali fatty al cohol suI fates, such as sodiumlauryl sulfate;
aryl al kyl sul fonates, such as potassium i sopropyl benzene sul fonate; al kali
al kyl sul fosucci nates, such as sodium octyl sulfosuccinate; and al kal i

aryl al kyl pol yet hoxyet hanol sul fates or sul fonates, such as sodi um octyl
phenoxypol yet hoxyet hyl sulfate, having 1 to 5 oxyethylene units.



36 Suitable nonionic surfactants include, for exanple, alkyl
phenoxypol yet hoxy et hanol s having al kyl groups of from7 to 18 carbon atons
and from6 to 60 oxyethylene units, such as, for exanple, heptyl
phenoxypol yet hoxyet hanol s; et hyl ene oxi de derivatives of |ong chained
carboxylic acids, such as lauric acid20nyristic acid, palnitic acid, oleic
acid, or mxtures of acids, such as those found in tall oil, containing
from6 to 60 oxyethylene units; ethyl ene oxi de condensates of |ong chained
al cohol s gligheat pagticté. Atkeeyativdllinythe thirdeaipgtt, 8he ehiallently bohdddii ng from 6
to 60 oxyethyl ene units; ethylene oxide _condensates of |ong chain or
br anched” ¢REIResippatidcleds fomed optrining inkages hetwaere Ehe pigment, pagkigle
oct adecyl i he, [l r et IS Kk

0 peEAREE BRSS!, (ER ke B RGNS Bef e NibB R Lhobi o

copol yner ne+o I‘ons®conbi ned™ W nor'e

propyl ene first denctRakl gitup tHa@heddts 66 Irat a 86vA1BAt Bt d/WithStheHugthca of the
hydroxyet hyl cellul ose, nethyl cellu]lose, and _polyvinyl alcohol, are also
usabl e. THgment partide pnd @ sesend funstisnakgrqup that reants with the epari ng pol yner

particles havi i i f It | ters in the
range of % leﬁl%geéérﬁ‘rr?tguggg(gﬁg%g&gpr gf%l%a%@ﬂ??\p ﬁé&? g%girﬁgg sg %‘%‘%20 nmto
700 nm andvarhebphidf erably in the range of from60 nmto 500 nm The | ow
pH pol yneri zation process of this invention_is suitable for preparing

pol yner parti clle wexalenglyrhonded somppsite nartide is prepaped foma pigraert ar
i ghts of,_at. . 10,000, apl d f er abl
ot Ponot *REBtiglGRNng R aiphios BhEeEAR o aistaitielibed B B BOC, DT CT 7 801

prepar ed lepnbidtink@ft |pktadg|nietal oxidies ulfides; eaklts odorinietald, meanidtalnsulfidés)de
from10 to 70 wej ght. % pol yner, particles having first phosphorus acid
groups, bawdaneal prdesngiompinatiang thereeks a@}%wf%%ﬁ.tgmgpent particle

pol yneri zatli : i SREL Gl ! L husted to a
oH T 1 ho ¢ 48 palipE alitell, of 0 ABHERK Pl ARARLABLY MRL RHake B

pol ymer dipgipmieat particiatisa surfgcehbyimgra penfadecirestnitenti thgrédn, sthighnseyfacr us

acid groups dispersed, in an_ aqueous nedi ym wherein the ueous, medi umi s
subst ant | éﬁr?ﬁfqé)r@é’rﬂldﬁé?e?‘?gr%ﬂ’zaﬁof%rﬁé@%m _ogé%ﬁﬁgﬁﬁ%si‘hﬁrus aci d
groups, i nGLuAstBERE,s foRtMedROth oA ABix %Bﬂéﬁth&ﬁﬁft‘é&%‘f’thé Wedmas | nterior

and exterior house paints, wood coatings and netal coatings; coatings for

| eat her; bpartieles imniddingatriynagptional coating besuriac trestmentnvinvihepresaitesf ves;
and traffic paipts such t hpse paint.s, used to.mark roads, pavenents, and
Mnuays. | THRteEcha RS oL the BRI RATLEIE I DAV G Ry IR aatiy o
conposi te part ifyLpdlPRRp phitiQBs HiieRIE 6k {)fe%ﬁhh@%o@gléﬁﬂ%bdﬁ%ﬂ ¥BhpdiigPer si on
containing polyner particles having first phosphorus acid groups. The
conposi t e praticles/havesngmeplementanyrfunciienal@rpupithet isaapablecf altezpetivedy i n an
aqueous nedi um The uepus iumi.s substantially .fyee of ter. so] uble
ol yror hagred EvAChBuR B A o G BHE BN B 8 Sefond Rl BRI o
wei ght s. Idg%ohbios aGoUphaE hgePArSuiCalle complshéntary fiXRichalpesigsdnpladei cl es
are formed in an aqueous nedi um substantially free of_ water sol ubl e polyner
havi ng sectnetPasRERXYIEFPURS, de?-dicgrband gaeupss alfshydes.Aridss gminet. epoxigdesvei ght
of at |eas; s a . 0 P ref ly at

| east 70, O‘%’B&E’g\?v&p H%é’g%’g%u%g}ﬁgfys%“%%%é? L?/’r}rlg%’ E%ﬁggﬁggggsﬁ%g% (li:)lrg%s aci d
nononer i shéloalkiana®|andirdlbplieriyds.pAegadmg tocoreoembetimealt yiherpolymper si on

cont ai ni ng pol ymer particles having fi r?_t phosphorus _aci d _groups, according
to the el cRaIHICHSLOPEAIN, 83 Polprmeriaed wnitsn firstnenomers selected from fsogyanatag a

conposite i Ll rer Laon .

mnimzes @ﬁé“{‘%%ﬁ%{l ?}g %Pg%'c%\%r%gzp eggﬁu%%ﬁagg{flgﬁ%?@%E@ﬁ?‘%&gﬁ%ﬁ%@phor us
aci d gr oupenzghisopparidtejdcetdacetongirroncanénshbechpad geatoadedosynethybcond
phosphorus acid groups .and havi ng a wei ght average | ecul ar, wei ght of at

| east 40, O@eethypcEylate;plgehyde ragaemers, ee%} a%lﬁﬁf“ﬁ‘ﬂf‘émglr)‘@ @rags?lﬁlra@mleast
70,000. T [ o t] ' ' Siipt

parti cl esh%gﬁ al ﬁ%ﬁg@ﬁ%g&%ﬁ%’ﬁ%@ﬁlé@?kﬁ |I%§’P%Fgmg%%§%ﬁorkg acid

gr oups and(methyaprelats, arethobutyd (hetlhacrdhtey afmineethiyl (metdr)aaylate] e pol yner
havi ng second phosphorus, aci.d groups, is..prepared 'gé first adm xing a first
aqueous rre%ﬁnﬁﬁ'FpEBPPﬁgP’rﬁt Fewlate 6@3&*6601&#133?‘%#\{3&'6 ?szfiqtgsgpqxp{e aqueous
pol ymer di spersion containing the polyner particles having first phosphorus
acid groups dispersed in a second aqueous nedi um and optionally

di spersant, wherein the conbi ned aqueous nedium formed by m xing the first
aqueous nedi um and the second aqueous nediumis substantially free of water
sol ubl e pol yner havi ng second phosphorus acid groups. Next, the polyner
particles having first phosphorus




38 acid groups are allowed sufficient tine to adsorb to the pignent
particles to formthe conposite particles. The adsorption of the pol yner
particles having first phosphorus acid groups to the pignent particles is
believed to be spontaneous and will continue until the occurrence of one of
the follow ng: the polymer particles I2dving first phosphorus acid groups
are conpletely adsorbed to the surfaces of the pignent particles; the
surfaces of the pignment particles are conpletely covered w th polyner
particl es hayidersf badi a@%@%ﬂ (M EtIDaLT 1 &eOtiiboxPlic Ad SWHIME] Bh &
achi eved between adsorbed polyner particles having first phosphorus acid
groups andmeth)aceyliqanid; itdcesihacid fymidncacidhmspéioacid, feaicdylgxypropionéerai ni ng
di spersed in,t aqueous, nedium of .t he, conposite part.i.cl e cqonposition. The
et equittl BT HE St BBl oR et DTS Ay e R SFOERERES tpon” one
or nore of : OWL:A0,.: 3 S, ol : i (€ -1 surface
treat ment o el}l? h%g%l?ég)&n%ﬁt "‘gg‘?"?‘?‘%{“g?’ %léﬁf@a%?ﬁ%bﬁa%&#f (L: n %ﬁﬁlgt%g%, t he
concent r athyalrsxptorithimipg anmiomgray suchl axshydrdxydikypahattPacrphites irchsdihg@- ng
first phosphorus acjd groups, and_ tenperature. The tine required for the
conpl et e dussprathrl @Grethiacryate apd Sphydrrgyrrerybmeib)anrylateihalaganated s
varies fr i la(?ﬂé i 1 Lt U medi um and

t he aqueof}gb%o %/%g%&.gfg%gl;&sf?%iﬁ%?% ontg%ér}"g{%&r%’s%}?d égﬁ{egﬁgusﬁ pI Cal | y on the
order of sever &hehmwakently lbmdad icompositie paeticlé iofortheddyl@dhixing thal t hough

still longer tinmes of up,tq days or weeks may be required,. depending on the
above nentRigment aar%ﬂﬁsv@%alwémeywhaﬁ@nﬁirﬁ%%t%gr QEnE, fe?ﬁrt%e
conpl ete i : i is be

np AR BheAthry FuREiiiial by SPEROSIY AP Bk tibe and thé YRty

deened no comrercially v re=m xi ng the aqueous nmedi um

cont ai ni ngparkielepi @pteonallgthe céaxtioarid catmedolilyitethepresérvead ahaatalygt.f Thet
phosphorus aci royps typically reduces.the tine.for, the | etion of
Pdsor ot onfearish BaRlTReRRy SRasHonal Epin Pt PRl e chiio i he HE8eaE ¢ ne
Pi gment  pagdiiclsa radna S botoiny HRIRRAWEROnPE: the ceRiplaNidary i 1 st
phosphorus acid groups typicallyrequires 4 to 12 hours for conplete

adsor pt i onfunciondlegrelips td motrdeeactiveigroaps. conponembsdiarentpthedoysldntly i n t he
aqueous di um,during. the fqrmatipn of, .t he conposi t article, provided
these compeERHSOmPORse PaHdesAts Brmpd it Al EoAs tas dot Bigmentinprhes: t or c
with the ai@h%@ﬁﬁtagqeo@ dispérsivsi éﬂ?Rﬁirﬁﬁ%}(h@b@lyhféﬂﬂwtiHeéﬁt phosphorus acid
groups to the 9 pignent particle. anpl es _of other conponents include
co-sol vents; wdntdneerabpshiment,dbesavelently honfled cempasitgparticessaredprmed

copol ynmers; _and ot her pignents. Preferapl.y.t cQnpaosite rtic i s forned
o an” aquebyBrisefina it R eES dtmerenapRBitine ths SHRRRRL bErARE: b Bpes

pi gment s. f3hixengthey aqhdvrisqigpent partime dispersion witlepanqdesid dispenstdrns of

di spersant in the range of fromO to 2 weight % preferably fromO to 1

wei ght % ¢ondainsngthe pelgmespartieletn 0 to 0.5 weight % based on the wei ght
of the pignent ' I Al sp ] i@ni

pol yel ectrol yt eﬂgé&ﬁgeélggﬁtﬁgé uc g‘%@*‘%‘ﬁ%@?@%‘r@? %é%gmogﬁitgngg}m FHEB%% ymers
i ncl udi ng eftthpebyipesite pdrtacle witle pelyitbr pavtiplek wttrched te thelsundaeogfahgner i zed
met hacrylic, acid, ana the |i kﬁ; and carhqxylic acigg*s cont aj nhi ng ecul es
such as t aPigaiané pactiele is gelertqr drom iag azinding, ppiepoxidedany A thigrpReelhed
embodi ”entcor{)@gm%?xltg n Bﬁ%l%f%ﬁ Q@%&t@%iﬂ h$ardXYPSPAALWE gbush KBiridA%o2  ©
t wo- phase pol'yner particles ha |n8 phosphorus groups I n a single polyner
phase. Thean atorp/iMsenphé guefaceeaf theqligmehtperticle. fhle\pvlymehpartiods 4rea gl ass
transition te rature.less than,or equal to.40 C and cond pol.yner
phase wit hatéafj}") 10 %P%@PFPBW‘&%&Y §ﬂ3ﬁré)rgt?‘é‘§te§lew4 .COT’HEC §ference
bet ween t hgoHa58 repARShEddNY HIRPaRUYAIRrRLI4:he t wo-pol ymer phases shoul d
be at least 10 C. In the preparation of conposite particles containing the
pol ymer pasf@XQEeEXRAMIRMS i r st phosphorus acid groups, the first aqueous
medi um the second aqueous nedium and, optionally, the dispersant, are
adni xed byWREERY the first aqueous mediumto the second aqueous medi um
and al ternati vegyishphrddiner NG m%g qUSaltERgituay 0 the first agueous
medi um The optional dispérsant is added alternatively to the first aqueous
medi um the sec¥yid -Qfl;e8Hs omeNHuand Xnts Hy t he mixture of the first aqueous
medi um and t he second aqueous nmedium Mxing is typically provided to
ensure that the pignent particles and the polynmer particles having first
phosphorus acid groups are distributed uniformy in the conbi ned aqueous
medium It is preferred that the first aqueous nedi um containing the

pi gnent particle dispersion or slurry is added to the second aqueous nedi um
contai ning the polyner particles having first phosphorus acid groups,
rather than vice versa, so that situations in which 40 there is a

M o ] N oy . . o, . o Y




pol ymer particles in the conposite particle which coalesce to formthe

pol ymer matri Xx. 41 I n anot her enbodi nent, the binder is a prepolyneric
material which is an ethylenically unsaturated material selected from an
et hyl eni cal |y unsaturated nononer, an hyl eni cal | y unsaturated ol i goner,
and m xtures thereof. In this enbodi nent, the coating of this invention is
prepared by applying the coating conposition onto a substrate and then
initiating theO£QI nmerizatjon of the ethylenically unsaturated material by
exposi ng the cohis HPTBAMsi tion contai ning the ethyl enical |y unsat urated
material to el ggt. i C Lakl |4t | t . Sb .

radi ation, to ﬁgﬁ%%gﬁ‘g‘gg‘ta{ﬂ g{eﬁghﬁgbgﬁagésfagg%%& rgélfgéegrfr%ig{??l’ %’re’ Se11 ectron
beam i r r adZmtCHISn, ¥e, By ahdrPryl ati ng the coating conposition with a chem cal
initiator. Suitable ethylenically unsaturated nmaterials include

monoet hyl eni cal The grpsg G E)EHCEAE nis theggaeted commplementasy fpnrgtional group
(meth)acry r rs of ethylenically unsaturated

car boxyl i cétg%:@%’? thgggg%@kan%?‘%?acryl ate, styrene and substituted
styrenes, carboXitbirtatiely] therbedlently behlyd esthpedite/partichd hasipslgmepnoner s,
vinyl chloride, vinylidiene chloride; nmultiethylenically, unsaturated

monomer s seRicles inditestlyattached ba ke surtpspcafiths pigmankparticle through

trinmet hyl of. NERE ' |0,

i (mot by acUPRERET SRR GP B Btted L pIEL MpREEe! b are bpRaOFHORMn gt

bi sphenol thetdurfadelnfahe pigrhent pativlaby bohdd sadé@bd fiom:ditherbdnds tlyibht e,
pentaerythritol tri(met h? acrylate, tetraethyl eneglycol di(neth)acrylate,

gpl ani Ee (?@Pﬁ)"ﬁ%ﬂ%ﬁlaé{de?i_%?é‘f’ %‘n‘%‘ﬁ!dﬁcmhe_cﬁt(’%‘frhj”éé? E}Teaf’tlg,fa%é’(gébﬁt yl gl ycol
i (met h) aC#%ﬁ?g?ﬁ?laetiéﬁgfelawdeﬂgﬁ %%%ﬂﬁﬁ kéﬁ%@?%@ﬂiﬁ&ﬁ ;IZ[ragfj Zn, Cr,

et hyl eni ca olrgoners s as pol yether acryl afés,

epoxy- acr ybaj Be, C roid/Bbi hedixikdges ase alsd boatyd tethwpdymer phaaticles by at
(meth)acryl ated acrylic oliganers fluoripated (meth)acrylated acrylic

ol i gorers, feaaﬁ Wpaﬁﬁliﬁt%‘? o 2tereyarifes, %%Wés,mrsﬁlmt fﬁygl&tﬁl% es.
Acrylates ape,geanRAdlrkioRr eferred over the corresponding nethacrylate as

acrylates typically cure at higher speeds. Coating conpositions containing
an et hyl eni cal | Theicowlently banded eom pdsitaspartieledhawing the pplyedr particlesai n a

m xture of. et hyl.enically unsaturated nanmers, or ol.i goners -t rovide the
desi red_ colndirmstsasfamet s The siibfied or BRERsnL Bt CROTHEbI SRR I

et hyl eni Ca{(’j&ﬁheklrb%ﬁéd&hﬁ&ﬁg tHB bffrh&ht padlicidadFa cHuSEn P Uit "Pd Qupling
visible radiation, preferably 1ncludes a photoinitiator in order initiate

t he pol yneagerdthasm first functicnal group @ndivesespnd fumdtianad gpoip/ MEhée fizsti on
reaction. g@%&“l f)hot Qi r}jthi at orlls are | | _known iln tﬁ% art and include free
radi cal ph PR BEOIP ARG R4 "%'f‘%e’b (S’t"‘glsnolrtlfg SF§ %f%?%lwel Bl?efree

radi cal phpig@hdtitipaatieleStol fafhUdmodEvtOpiBReA0 Darticle. The reacted first

2, 2-di al kyl -2hydr oxyacet ophenong,

2- met hyl anfunstipngbgropp. of the cappling peertiiish formoa cayalephondywithadbe|

phosphi nes_. . Of [Nolr)! of ol nid | at. i hazoni um
salts; di apﬁ%%ﬁ?ﬁlﬁ]%égﬁ%bg%ﬁn% %ﬁlg?{ﬁ%di%)gﬁfe&%ﬂ%ﬁgr@yl e?“%’?r%‘ni um and
di aryl chl offdified pignientvdrbicRogldmixed wath tiw palgmenipanicles, randr thlesebdrahi um
salts; nitrobenzyl esters; sulfgnes; and_triaryl phosphates. Cure of the

coating cofissionabaraipeiiteicaypling paent, vdtelyisfeyatemtln anded te thepiamentg
oqui 1o a BRSTaR A Uk SRNEEl By, Eoi0AN b aRATLE AR Pl L0 pRRR A

cont ai ns aophrd allowéd &d pract Epfdranthd govaldntlyclsmaidedgonqopite iphiticlec Gheai ni ng

et hyl eni cal |l y unsat urat ed terial is cured in the presenge of a chem cal
initiator ERAKIORL 551% 859pesfugFtigna); %YBBBWE%%FQ‘}HHHD&.agﬂ%%‘ﬁéh%m cal

initiators I j LAt ¥ } t he
et hyl eni caf%a%;ngéarfb ﬁl?gtme r@ta g?%%{b.é %@@ﬁ%@?ﬂﬁl{%@%ﬁfﬁg}gg@ose to
form r adi cadwalat bamain resywhr st embodinh érity e polyeieeparticles angpettathedeto theof t en

enpl oyed to achie a faster rate of cure. In one enhodinent, the .

or opol yer PErtAgR g the pigment pariele by LiniagsbrvBichdire 58 ?ulﬁa&i\ﬂasg?wsi | ane
and/ or acy i ggﬁq J s 1R @l d i ptionally
f or med frohgwﬁié%éxym S%QH%ﬁg%céﬁg%rﬁgrg%ﬁ(%?%lflgr?ggrrégggﬁrraééwﬁ?ﬁ ot her
silicon-free nononmers. The prepolyneric material containing the

al koxysi | ane and/ or acyl oxysilane groups is crosslinked by a condensation
reaction in the presence of noisture and, optionally, a catalyst. Exanples
of reactive polyners suitable as a prepolyneric material containing

al koxysi | ane and/ or acryl oxysil ane groups are disclosed in U S. Patent
4,499,150 and U.S. Patent 4,707,515. Alternatively, the prepolyneric
material useful as a binder is a two part curing system The two part

e o, o o " . g,



contains a catalyst to accelerate the crosslinking reaction between the
reactive groups and the conplenentary reactive groups. |In another

enbodi ment, the coating is prepared froma powder coating conposition.
Powder coating conpositions are well kpgwn in the art and are discussed in
Organi c Coatings: Science and Technol ogy, Vol. II, Z. W Wcks, Jr., F. N
Jones, and S. P. Pappas John Wley & Sons, Inc., 1994, Chap 31. A binder

for a powder coatjn Sltl Qn ,suc t her no ett owder, coati ng
CONposi t i oﬁoﬁg Wé‘i}h& fpﬁ’éth%%e’ﬁ ﬁf%ﬁ%saﬂ @rbg'et eFga %@ga pri mary
resin and gosgeendg&gponent, typically referred to as a hardener. Suitable
bi nders include epoxy binders crosslinked with a material selected from

di cyandi am de, thlcbupldnmagmmﬁldélasmolqculmlWﬁlghtmé}eha}'dnaldéo A8Bdeners;

Crover | nicedeieHbtK i Bench oo et ew RfeeaRbaRsR ih S oTfadles " " °1 ¢

tetra(2- hydpomygd Kgéatma%am&%te&ﬂﬁm ‘fﬁHcti’driaQ fg@&wtna%%yxﬁ%tc%%aleﬁﬂﬁond
t et ramet hoxynet hyl gl ycol uril hardeners; acrylic binders containing epoxy

groups whi stitlatlke pigpeesiti partidlevantdihati @aem@‘amondd‘udsmormhgranp yhatfotmader s
containing h ch are crosskhink th bl ocked |socyanates
The coatin§® %qq ﬁ;%nc? ﬁhﬁwe&?‘lyxge{ DaTHEle éhﬁflé é‘f"ﬁ%’ CQBB*(% B8 Coati ng
conposi t i ORoAAIAs Al6PE tha en@ﬁrmnﬁeﬁ&ﬁarg%u ﬂaeﬁﬁd&hﬁh tRS codplingeagamR! e,
brushing, rolli ng, drawdown, di pping, with fe or trowel, curtain

coating, aisibonded torondy ong Prementdparsick éb?maéweév«athp coupling agerdralsed

t ed | |
S o PR BT AR SRR b 1 AR R SBRAE Bedll o
conposi t i 0Butl§ ak BPAHRIdpYopyl-tiiteetheRgiladle HasAlrde tHimefibxly8il2RdgFiups @RS - The

coating congom tion is applied onto a substrate as a single coat or
mul tipl e cdhe firstfuactiongl groupsi| W!}iSecosl@hng@fgenh@ mablmgf ouninEsons, dwoj er

appl i ed. T coat i IIo tQ dr i gat . cof tions,. such for
ovomple.  athreEsy it pinds At Aefes arE) SiEH" d iR ARIE oo
tenperatur Q$te$ﬂ§ﬁiv@l§ ,coﬁfdinﬁifw@ uean Bﬁ@ﬁéo%ﬁd@uhéh&ﬁﬂ g@ouﬂ) Bnddéedpable of he
coating of this invention optionally includes other conponents, including
wi t hout | i itteanatdvely dermaingyapimitian ona fovatens hend withasipglg Pelaer ext enders,
dyes, pear I t i

def oaners, B evgl%i ?\%foggg n? hﬂﬂtlg! I iggﬁﬁgﬁm g%’i‘r“s‘? %58]5 %vrlg\glhgﬁgf ﬁ{;o?égb y|n%eerr S,
absorbi ng [pagtieles.s Suitableclecelstof ouplag mntrmmxﬁm ehe comppesity patticlkemnclude

bi oci des, and _antioxidants. The coat |q22 of this invention |s suitable for
appl i cat i onevals of fram Gddo Sieguivalentsiof the apcegd \ﬁawwm*i?r egdtent i ti ous
substrates 4 and concrete substrates;

st one; cel I° P%I%&sﬁ%gt ?%’ggn?tdgﬁﬁ‘g?‘dﬁg uopard wal | paper, wall board, and
paper; gl ass; mSuitlablafpttdlihctidredignenps ﬁokMﬁacM§ﬂrekcoaphpglagehmd thehl ori de;
and woven and nonvvove ‘%\5‘5)‘? alllkasuc{} as cI th, 1wool the{i ¢ and natural
fibers, and$®Bgpt P%’étl iGRYH ‘}?Fo‘?ﬁy ’9{51 anes; aRPth i nproved

hi di ng of the U'S‘é@&dd’fd’iﬁtl%ﬁ@lséfo%bﬁsuitﬁSle%ﬁEéMoﬁfwitH'tﬁe M@ &tal
suitable as a protective coating and he alternative, as an aesthetic
coat i ng. Trfend@tmalmggumﬁ oftthe mbeaemparrtmmcimie forcexsanple) isaeyamates awtt ur al
coati ngs, as _int erl and exterior int coa cl udi sonry
coatings. JETHETaPRiBLv Bt EReSH iR P RER RS o R el donp aslii
coatings sygdmatcoiBilanfifiad, i iess, apdRaihyderies aldehpddigiduphf WhichOahtiWggh such
as those coatings used to prow de nmar ki ngs on roads, pavenents, and
runways. | ra ¢omep m@amﬁwmtmh@l groupisakpctsd fmnmﬁmﬂeﬁtwmmsp%amem gl 0SS

coati ng havin 0ss, val ues i n .t. f fro

val ues in tf"ﬁlﬁéﬁl\’3 t%q‘ceprxgrﬁr%p% Iggﬁ rg%cé%g? 8|°8§%p %Fﬁeagyl Hmf‘tﬁoep“gg %‘ép of
from 80 to Rfectdd@om AMdebfdds £HdPH KR EpAGdE) thiddahdsy atd Hzadidinies,Ofhizhvol une
basis, from9 to 15 % pignent particles, fromO to 5 % smal | ext ender

particles, reaet withra @mpleneydardonatieyalgrgup selegted: fremeacohols, carboxylic

acids, anhydrides, amines, and mercaptans; carbodiimides, which react with a

complementary functional group selected from carboxylic acids, alcohols, amines,



I n anot her enbodi nent, the coating of this invention is a sheen coating
havi ng 20 gl oss values in the range of from2 to 10, 60 gl oss values in the
range of from 10 to 30, and 85 gloss values in the range of from 10 to 30.
The sheen coating optionally contains, on a volune basis, from9 to 15%

pi gment particles, from10 to 20% | arg%‘lextender particles, and fromO to
10% secondary pignment particles. In another enbodi nent, the coating of this
invention is a flat coating having 20 gl oss values in t he range of fromO
to 5 60 ghndmerddptans; albdikanangd Inflothethylphéryl gro@ps, $high e&set watuas of
fromO to 5. The flat coatin ptlonally contains on a volune basis, from®6
to 12% pi g‘iﬂ?h? lementary octipn ypsglegtrh fromamines andesarpertlicdcads; and from
0 to 15%s trate
the sever af B BUOEPRb BcRLCn S o IR REAIRARS N GH] ol

i nvent i on. frélmesmxideanptieilines thioramede dcdtoacutoxyt s sisbtyamdtés) the art in
under st andi naﬁt he present i nvention. The pgesent i,nvent.i on IS, hovvever in

no way | i nispEogiaaRbesy an tiearbashimeidesansheargoxylicycidse ykich g?%ﬁtevlt The
abbr evi ati e of B
for pec?ognspo elgll%%&rrr@%?a ]tépc}lhggkg@ atl ng e ﬁﬁ 8%/%%Coatl ng
cont al ni Ngarxd partodiitlidés. speci es of p| gnent particles, whi ch are at a

pi gnent vol une concentrati on (PVC) _ havi ng a vaI ue represented by "V' in the

coating, where Eﬁ%mét?&tqfﬁljltﬁblercéfléhpéég% sggcludgat i ng- V', is determnined by
reparin f i I

orepar 0. SRRkl S RS DGL UG AARLLABIIR 02 S BAERl P

0.8V, and Mmfamopjfidmhyhsnprngscylsﬂane;gaxﬁ\&amhupmpyttahnaﬂmxysihmet onal

val ues of V, PVC s of t her specie i.ma i gments and
secondary ?ﬁ"ﬁ‘ﬁfé gaes, gieh a# g Ctﬁma%a@m%yf%ﬁeﬂtﬁxfﬂg%ae s and dyes are
mai nt ai ned s are

pr epar ed byza(?b&ngﬁm ngath@%g sthil kbt i He\ﬁxerc ﬁ’g“?%?n‘ﬁ%%?’:“t‘o%%s in the

e “‘conponents o e coatl
sane order (m&rcagtdm\ﬁhsb)dnnetmythongsﬂ]anep&-mﬁmwptopﬁdﬂylmabpnmgomm; tions
have the sa | une sol.i ds ing,co are applied using a
singl e typ%nngfil'gﬁﬁ?’l'céaf‘&“tmrae%?ﬁ?‘ﬁ %‘f’é‘r"f a ‘é“ aé‘r"?étsé"’go%‘pany For m 3B)
and are alhmagﬁlg%r%ylg%&wmﬁgx}mnleqﬁﬂtl cal conditions for the sane

period of tine. The city Charts have white and bl ack sections. The
Y-refl ect a&taerylaxmopyﬁtnammmaltanaghalmlkyisslama,saHChchsover bot h the bl ack

d whit ch i et i fi
St ent {1 cIeBlPRRR PR RRlase, ¢aipRobel b AP Tladectnd D) The
t hi ckness Qflodmxynﬁéﬂhwnaufokymart@tgﬁuﬁwayﬁtbt%@uémt stdiead- val ues measur ed

over the black and white section of the chart are the same. I|f the Y-val ue
for Coati ngmcvgna@@sommmetmysﬂwe@ét| ng conpositions for the serl es of

coatingsaet'nted th Q.79 |.a Li quid
(darient éfés%}étoﬁy an O})m é’ l%%qg'(r? ]ttlé?%él%}fﬁoglgca onrsﬁ)(:hl_?a]t{‘fegn(%oa ‘}cﬁlg
conposi t i 0as 3-hideosrityRédprepfldihétihokgsiland, Clﬁs(&&@ﬁﬂrﬁﬁ%thpl)% S, are

cal cul ated by usi ng t he equation S=2,578Y(1- Y~lq_“, where Y a nunber from
0 - 1. TheayanReRropy tBetfmxyﬁ%mtéatqpaW? ORHl e&ttﬂﬁdﬁyemwt?fb t he val ues

of S~to e 2 | of Water Sol uble

Pol ymer gbj& w}sﬁ%ethﬂﬂ R%?fstya 1BBEé Slgé%égh?u&f%ge tube, 29.0 g of an
aqueous pobyimsplitnydeimeihoxgsiiir amdt(;z ﬁadqpmnynathyﬂ)etleﬂdhnenhongmmm phor us
acid groups was added. The sanple was centrif éLat 50, O%BH‘ ati on per
m nute (rphplomethyinbepglsienes ‘Seh 2 hes(ehjoromeahy enyl)damet aR:80G er um
phase was stock
sol ution vvgisedﬂgér{ég%ﬂ lgmﬁﬂt al nlﬂﬁ lg%ﬁgg xé’sﬁlﬁﬂﬁ@far{: 0S p?}feégpgﬁg%:éggh Sé

ammoni a (ZBﬁéipro@yttr#nélhogysimﬂeMbmhlmEeemd D20). The serum phase soli ds

et o1 Sol ubY B aRbY BB IRhe BSOS LD S AR TSP ARSI mg

phosphor usg ting
Phe rati o sinfsshfths SRARREHE r’%véﬂt"z@%tﬁ?%r B R N oy D ae

cont ai ni ngt@nnapbal metlydinbthaoyhbseakrolein qpnlynrert had dsdilstondhfunsakal or

met hyl phos honate at 21.6 ppm Determ nation of the Level of Phosphorus

G oups in fhao F?ﬂ%FSPartlcles The equi val ents of phosphorus acid groups
in the polynmer particles were determ ned fromthe equival ents of phosphorus
acid nonomer used in the preparation of the polyner particles, mnus the
equi val ents of water sol uble polynmer having phosphorus acid groups, as
determ ned by phosphorus-31 NWVR




Where the equival ents of phosphorus acid groups used in the preparation of
the polyner particles were not known, the equival ents of phosphorus acid
groups in the polynmer particles were determ ned by first measuring the
total equival ents of phosphorus acid gigpups in the aqueous pol yner

di spersion using atom c absorption spectroscopy, and then subtracting the
equi val ents of water sol uble polyner having phosphorus acid groups, as

Par i1 ol os G hBR PR Sl Cne P el KD B Bfpacesats, Bad | ©
Prepar at i C’('BuP}ltx@QﬂHéfa&?éiIa%eﬁ’ﬁﬂﬁHQ lt@ﬁnifnagén fﬁe%%lh%hgmﬁt%&ﬁr 5&?&%@. and

| socvanat e Function Pol ynier Particles nposSite particles having
coval ent | yadetoagetbxyethylrerethaenylatieeopolemerpr epar ed by the reacti on of

i socyanate funciional | yner _particles.and.titani umdi oxide parti.cles
funct 1 onal | zed A% FHH e E5PBR BEreasaRa 1o idinashereaegom eteeh notvithble
Pol ymer Paéoh&ﬁbﬁ%néax%‘ﬂlhéﬁc?]nalfg%ﬁ aaakRed tp?élﬂ@ﬁ't P%i&@thhgé&t%%&%bﬂped

with a paddle stirref, a thernoneter, nitrogen inlet, and a reflux
condenser . thedinsh furfdtinghl gemsipaatubthelfighent partcliez and vhe¢ eeactibhdetieeamtired

ot ur 6 orspand tuistial SR A & Sfthbfeomglapens o bar A dihohosg. o
dei oni zed yAtfRlalYasnadeied ih thi Peedehes bf a tAldlpwe Frddex@m Pl oS ardirfesY

sodi um carbonate in 50 g deionized water. These additions were’i mediately
fol | owed bgnd tie saifgiare sniteblercasalysts fon thd réactiop hetwieemapdseyhhateegronp50 ¢
dei oni zed wat,er. After the addition,of th odj,um persul fate solutign, a
monomer - erih Hegirepiilincitiafeteny 1A Al SHie HR R ep g Sedetlar or
10 g SLS, A%4pd Theluxtont dFreuétddreof theGirdt uk@{dnal %Rﬁ.ioﬂlfcﬁé ¥edhe fufiéricn

3i sopropenyl -a, a-di net hyl benzyl isocyanate, and I4.0 g nethacrylic acid,
was added gmouphand theeoraplemendary fnchogahgneupds detexminagusiagure of 85 C for
30 minutes, Af{}ﬁr t.he §O.m' nut.es éshe eedi rﬁate was increasedlto 12

gr ams/ mi nufo8YeRRE ARETYESY SEhHARCL TG B BT AR SPRGLOCO R o at a

t enper at ur @aghetddrdsoh@hicelsfeRtrosebpy| add ulbrBviobst-vikibld SdetioBeopsont ents of the
flask was cooled to roomtenperature and filtered to renove any coagul um

The di sper si on @unpesite particies dontripineadsorbet pplymer psatiples arpapefutfars had a

solids con .of . i . .Rarticl j t f,..85 nm and
2 bH of 6.t eBprill soRinghRafib epfbicRl GF B8SAELIR BIAME, he RoBiel T o
di oxi de papirtizless whidlcbéasHdsphorud 4did grous @ salipsof\phosphurap akkdgdyips
treating titaniumdjoxide partjcles with a coupli n&hggent cont ai ni ng

al koxysi | apefunctigpal grouppeare;adserhedrentp she surfaersrfdhg Pigment partiplesup as t he

second fu i . i Bﬁ”ﬂ@_f .t h the
titani um 3?%%(ngépggﬁ}?gflgg}tgggéatgﬁ%ﬁ{%%g%ggﬁ%?l g ag}gar?%{ﬁt&géfg %\Aﬁ tani um
di oxi de pardférred so hetdin aeVAtrstrthosphasis agidrprdupst The @6myodithpaniciend 5 g

water was placed in a grind pot. which, then placed oppn a Premer M|

di sper sat o&“@%&&ﬁ&@ﬂleﬁy Qﬁ?b@"m\giaémtp_ s S ac "RY 2TPA) equi pped
Wi th a di skrdphadProdCedlff fEbédddedMd frdaDsdedt dnisobididfis/06 titani um di oxi de
(TiPure is a'trademark of "E. |. DuPont de Nenours and Conpany) W/ nm ngton,
DE) was added Fhepolymengartices having fist phospherys geisligrpups az@additiom f or a
period of 15 mnutes to,disperse the titarny i oxi.de particles. The m |
Cpeed was BREMER iAo B EhE PEBmmeHARiton B L BH ST Y B LAY BIPOBeRS g of
3- am nopr Oﬁﬁéid&iﬁ% BB 1dM% vk bABSphoHI8 abidehBhSmBR AN btioBAllY At 18adtQie. Next,
the m xture was Transferred to a plastic bucket and the ethanol and water
wer e al | onsstond morgprsrat e at roomtenperature to provide titani um dioxide
particles functionalized wth.am ne groups. as .the functjonalized pignment
barticles. The TanBReaRErys aqdanonam e oRtaine At [patt e sthyiRars

e provided as
an aqueouSypsaturation and a phosphorus acid group. The phosphorus acid monomer is

alternatively in the acid form or as a salt of the phosphorus acid group.

Examples of phosphorus acid monomers include:



di spersion by first adding 75.0 g of water to a grind pot. Next, 300 g of
the functionalized titanium di oxide particles were added to the grind pot
With mxing using a Premer MII| dispersator equipped with a di sk blade and
ground at 2000 rpmfor 20 mnutes to provide the aqueous di spersion

contai ning functionalized titani um di &8 de particles. Preparation of
Conposite Particles Conposite particles according to the present invention
were prepared by adding dropwi se 140 g of the aqueous di spersion containing
the functionalized titani@m di oxide particles, to 80 g of the isocyanate
functional pol yner parti(fe di spersion, with mxin The resulting
conposite particle digperstoipmas pl aced on apptgr—fggat | east 12 hours.
The final conposite partifkle dispersion had a solids |evel of 56.7?7 weight
% The conposite particl cont ai ned 61.5 wei ght @%iitaniun1dioxide
particles and 38.5 wei ght™% pol yner particles. Exanple 1.2 - Preparation of
Conposite Particles From Titanium D oxi de Particles and Acet oacet oxy
Functional Polynmer Particles Conposite particles were prepared by the
reacti on of acetoacetioxy funcfi onal polyner particles and titagi um di oxi de
particles functionalﬂ ed w thfal dehyde groups. 50 Preparatio}} of Al dehvde
Cont ai ni ng CouplROwg—AnentOA—cRupt@Hg agent conRarAPrAg~@H aRkexpst+@He group
as the first functionpl group|and an al dehyde group as a secong functional
group was prepared byogirst agghing 75.0 g butyl acgpate to a 250 nl round
bottom fl ask equi pped with a reflux condenser, nmagnetic stirrer,

t hernocoupl e, and a nitr§gen inlet tube. The contents of the flask was
swept with nitrogen and leated to a tenperature of 88 C. Next, a solution
of 0.05 g VazoTM 67 Rr++Pat+eOH Vazo is a trademark of E. |. DuPont de
Nenours and Co., WImngton, DE) in 2.5 g butyl acetate was added to the
flask. A nononmer m xtureg:which contained 25 g butyl acetate, 12.5 g nethyl
nmet hacryl ate, 12.5 g hydroxyethyl methacrylate, and 0.8 g of

3- mer capt ophereyh Rrisraet drganid granp, conkes nangon achybpayi, seethacrylexyf bmakinyl a 30
m nute period. The _gontepts of .the flask | owed to stand for .a period
of 15"t n(RUP; SHAT ABA 1 readtRndenny sictahpBagand o Sehg cxgenic

mai nt ai necgfahpa THeHRe5R BFAMRE gibtpGsiaieriftitl) whbsratdd)6r GRS tERARIOT the
flask was then allowed to cool to roomtenperature and then 55.5 g

anhydr ous di metyitaldephosphisusasidamgaemersincbydendibydrdgenahdisphatie- of 4.9 g
dii sopropyld car.bodiimde and 1.1 g.pwridi ng-hydrochloric aci,d.dhssolvgd in 5
g d et hyt GERFGSat faBhimeRl Such 4 dndikoata oRERA RE gy & AP I SR
hours. A Whet#cdiotaldd dont&ink %rlﬁﬁi?m@ﬁ@am&iﬁﬁm}vcﬂéﬁm grohip,rstich @R alifne

remai ni ng m xture contai ned an al koxysi|l ane term nated co-oligoner of

net hyl net helesphates moenp- 2rijphosphateel kishadyery-methyl) Bimazatp e itpcoratgei d as

an al dehyde funetio i i 9 Laht % sol i ds.
Preparat SOl BB SR AR CorBRL b 5 387 Bl plonliB it o 0
particl es hydiekyalkel(nvetH)asrylatal inehiding gindpoxyathyl (piethiiceglaby, 3-r eat i ng
titaniumdi oxide particles with a coupling agent c,%ﬁli nj ng. al koxysi | ane

groups anch¥drosyerempytienetagylatee andiielife. (Athegripdlopbespherit addwi th the
titani um dl'ngﬁbﬂ%npﬁfé hﬁ&s%\?}aofxg%efﬁ%xgﬁ nhNSofiGHBld Bgclﬁggg}e HfécLoQQd fﬂ Wl um

di oxide particles wth ¢ nds.” A m xture o g ethanol and 5 g
wat er was $9/25%80 Ad, andinclddeeinyliphosphudc atidpalpylagtesphoniz aeidg@-er M| |

di spersator egui pped wi a di sk bl ade.. To ,the grind pot, 400 g Ti PureTM
R-706 tit a®iry Iﬁ}dgx?d'afbet%%ﬁ’aélqpé"ép qigiafidrk of 51 E. |. DuPont de
Nenours ang. gm&y [ 1 1% NG, ] . ground at
2000 rpm f(grp%% m n%@é%ﬁf’ggg’l?%gglratscgyltghmg?t%n%ﬁﬁ%&?@%@???ﬁé‘g. Next ,
80 g of thRusthdeuitableuptaisphonls &did mxoroners are di$éthylerd geiyt unsstusatddd,

foll owed by the additiqon o drops of hydrochloric acid. The m xture was
ground f or@#r%apbmbaw@hfﬁrﬁmeé@acmﬂétenmpw@se%aus%gs &E%E?ﬁ?éﬂg i gentle

t . . t . t i : . :
stirring aggis_ ﬂﬂ@ceg} i’?‘é.%?bdﬁ?gﬂﬁﬁhélﬁgg t(lﬁlﬁro%ﬁgﬁb i85imdthg1 Hethair§1ates

transferred to a asti ¢ bucket an e e nol™ and watér were allowed to
evaporate at r oPraférepehasphieusacil mwndmers azndilyddigexi plesphate cl es

par | of 65, MARORRGBOHEICH EHERe PRt BBhoa Fe G IAIEL P AR RARIOETY ani um

di oxi de



particles was prepared by first adding 104.6 g water, 6.1 g Tanol TM 731

di spersant (Tanol is a trademark of Rohm and Haas Conpany, Phil adel phi a,
PA), 6.9 g Colloid 643 dispersant (manufactured by Allied Colloids Linted
Conmpany, UK), and 1.1 g sodi um hydroxi de (50 wei ght % solution) to a grind
pot. The contents of the grind pot waf7m xed using a Premer M|

di spersator equi pped with a disk blade followed by the addition of 384 g of
the al dehyde functional titanium dioxide particles. The nmixture was ground

at 2000 r qj 9}%@} ng

al dehyde f nginfgt?{acc)ﬁq EHt Pﬁ}ﬁﬁgh&ﬁg@’%‘g p:ﬁﬁ%‘ ??@r@g{l‘?gﬁ@d? bg%ll te
Parti cl es (dwethpoedate.di sper si on cont ai ni ng the conposite particles of this
i nvention was prepared b .addi dro with m.xin t he
Lqueous.di Sper IR ORe GURTBRHT S G B e PR RRE S OAGH P Te i LRSS de
particles nql&;\g%qiﬁﬁ., r m(pBH ieldis a
t rademar k %&%ﬁrﬁbgﬁgﬁlz—g;?m 1‘ﬂrslpany)l Rhotg% éeiI{%Tal\ﬁd%gltggé%gﬁener ?ggan

acet oacet erytdining phosphope goid growpstand salth teeesfi Bxraguples obfsatarated wei ght %

solids and has a avera e tlcle di apeter of 1 O0.nm_ The resulting
conposi teCBWB t@b&"ﬁ SR}&%ruﬁlaé grogms Anglyfle tporggpicph "ISBg%'ies’lZ hour s

prior to gyogyh&% 98d! PhésphofAR AdH, HRIP: %hs th}f‘ﬁst@?/?f“#llﬁl DloHeTRRE! t e

particle dispersion had a solids |evel melg conp05|fe
particl es apdntheimsdt63 wei ght % titani um d| OXI de particles and 37 wei ght %

pol ymer particleges. 52 Exam-le 2 - Preparation of osite Partjcles with
Rsor bed” Pol yiiessroRE ALORES 1 B oG R Ca b S0P SHer bt FaRgTg & ST
exanpl e:  QUBAGphBRLs Aeid Wb aNtSdigle Qe%d%@ﬂ&ﬁ@rscﬁ'ﬁﬁﬂfe' dt]

| auryl - (et hyl ene oxide), sodiumsulfate; 30 wt % solids SL SOdI um | auryl

sul fate; Zﬁltaﬂlemmmethwl sttyreme; oyl tolnens; 'omyl\/Eaﬁhtﬂwdmﬁj ethylenssr enul si on
ME-3 third I PEM, ph h t | at

hodr oxi e RAEYEPSpHRTLaTaaE, VI Sarsatn 3 vir ehbruRor iy IAEne cRlghor s
Preparat i QRrAbnfthds r}:h@ﬁx\é'c?ﬁ@ﬁtﬁfé‘ r(ﬂx'e@l?)ta@ﬂﬁal%uiév%fah%ﬁéﬁ QX!, 2R E&tl@i’é tESt er

The reactor was equipped with an agitator, a ther rmcoui) , a reagent
f eedi ng | |(mthmrﬁxq/©@d for leempleamlethyhﬁaef@t)mlat@mthm (math)adrglateact or was

added 47 ol yphos a ont nts of .t he or s heated
to a terrpg’r‘g?']ugﬁ %‘5 Page’vé Wyﬁ#“?fy@me e¥ohgsy] Q“S&SE%Y%F%T one
2- (et hacr(,\é{yqxh%u)a@mxte lea 1 8A6tHa t@f 4 nmet hoxyphenol was added to
the reactor over a period hour s i | maintaini ng the contents of the

react or atn'do‘ﬂ@iﬂ)@nath)ﬂ@'}’&ﬁt%@t@deﬂﬂ (émethi’?érﬂém tlperyl metiacrilateu pleyl t he

contents a for 19
hours wit gar%ﬁ%g pf"rlrl Sfl G%Rg‘)?? f‘?‘ng %%‘?11 ge%?iﬁg}aettﬁaérﬂ g%tog)l% "was cool ed
to roomt QﬁmhmcﬂylatMcBSasgsaforﬁyt (ydthiesriiace Wenlzgl (dRethdstaelhté, pHcngl
reactor. The resulti n&rm)nomar cont ai ned 60 wt. % phosphoryl at ed

capr ol act dmethlacrdakm Z-hromaethyh @ethjacsglald, and 15 wt. % net hyl
met hacryl af ghe jl@ﬁ%%{e Qﬁlﬂéoﬁﬂﬁqrﬂé 21 (S, MP%X'al gyl ate The

reactor was' eq agrtator ef nocou a redagent feeding
line, an dmﬁjh)ncsyllae@muchlad etlmmyetlajtlumth)anrylate rﬂ'mmt—hh rtemtkylresms ofidded

49 f | d d
emperat 5?@8@1%@%%5%%3%@ Ay ankl TGP 1o APOFT RN OaRy BOy P
et hacr V| o, oA 6t Wi hndr mmm@m Y‘ﬁx%tHﬂQE%ohﬁté BB EASRHicOVer 2

period of ours vvh ntal ning the content’s e reactor at a
t enper at urae:ld contamlng monomers such as (meth)acrylic acid, itaconic acid, fumaric acid,

and maleic acid. Alternatively, the second monomer includes at least one multi-
ethylenically unsaturated monormer effective to raise the molecular weight and
crosslink the polymer particle. Examples of multi-ethylenically unsaturated
monomers that are utilizable include allyl (meth)acrylate, tripropylene glycol
di(meth)acrylate, diethylene glycol di(meth)acrylate, ethylene glycol
di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, 1,3-butylene glycol



53 of 65 C. After the addition of the mxture, the contents of the reactor
was mai ntained at a tenperature of 65 C for 19 hours wth vigorous
stirring. Next, the contents of the reactor was cooled to roomtenperature
and 20 g of nethyl nethacrylate was added to the reactor. The resulting
nononer contained 63 wt. % phosphoryl ajgd hydroxybutyl nethacrylate and 15
wt. % nethyl nethacrylate. Preparation of Mno-Phosphonoethyl Methacrylate
The reactor vvas equi pped with an agitator, a t her nocoupl e, a reagent

feeding |ine, en stream and te ture control. To the reactor was
added 98 ¢ 1(5?“3 @'ﬁ%@ @ra&yaereoglymdg@l gxlatedialybphtbalateat ure of 65
C A t t

4- et rr?oiyp Qr{hyirﬁ g (g)(?%% gHt? Pl&l)gw?elgﬁef g?ﬁ% llb%ger?eg(rarnga}ltgluggﬁours Af ter

t he addi tlt@ﬁnﬁjrlbbhﬁexm xhdrdévinyhaaplethiaderies of the reactor was naintained at

a tenperature of 65 C for 17 hour Vi gor Qus stirrin The contents of
the reactor wash Weant%arr%me@@f@g?%ﬁ arid @Bannaréﬁ ofpg monomer

met hacryl

phosphonog%rﬁy%%epgg@g@ at %ﬁ@é&b&lﬁg’)}%ﬁ&pm%ag%ﬁf@tgw urersff%ati on
of Phos~hageliviteddetdaplichtibe. A sanpl e of unpurr fi ed phosphoet hyl

net hacryl ate contar ing 20 ght % f oric,acid was purified by
first adding 350 an@atparﬁﬁea SEHP‘BW?S}HE%BF’@tBTSHP% BS§p“MNaCI) 200
g unpurifi I

liter sepzﬁr“1 glrl?/@f unﬁ%?ﬁf&ﬂ})ﬁ?ﬁé}n@%&%ﬂ#l‘ghﬁsﬁisﬂé en %Eﬁ% Erﬁat%lgtcégtlgﬁd t hen
al | oned t ofthjxinzeationf eontaim, pk pebsnerided ﬂmmrptmqplms arnhhﬁﬁnmrdt ai ned
fromthe separato funne Teor nrcto thentransf rred to a
cont ai nerSl T@ £in téé"@“%@#@%‘?‘ﬂ” é{Yeég% Bﬁ% b\tiva b0 grtganveigifoe and
the Organ'aqldom§@gr@eraraly%xﬁ (irto%%ﬁ\:’%%asé—&‘@n@ﬁ?w&tmﬁﬁg \eﬁéné#en

filtered to renbve the nagnesium sultate. The butyl acetate s renoved
fromt he gpayticles lphasg fiost phd3phbrus Roups. EThp(prommer pm't;ula azbnpamm 4tilealst

phosphoet hyl net hacryl ate cont ai ni n fre ric

Pr opar at | diegtee s BB PUPOE R TS R eyoLt & Cr0eR L Fiomn 30 01 ymer
particles émyw&r%ﬁﬂ% a@&wﬁrome% dggr@aeﬁtwra%d% RferabliE ffdRct O
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To the fl ask vvals addeq 800 g deioni zed ter and g concentrat ed

sul furic aRRFPPRES REREEALRS 3Fe thesame, ap \ﬁ&?ﬂ?é‘éioé’d lf‘d"}alc dhpbirst ure of 85
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period of '10 mnutes to allow polymerization of "the a nononers. After
10 minutes, MeE-2 containing 170 g deionized water, 16.0 g surfactant-A,
124.1 ¢ butyI acrylate, 416.3 g net hyl




55 nethacrylate, 5.6 g acrylic acid, 18.0 g purified phosphoet hyl

nmet hacrylate, and 5.0 g sulfuric acid was added to the flask at a rate of
7.5 g/mnute at a tenperature of 85 C. Wen addition of the ME-2 was
conplete, the contents of the flask 9held at a tenperature of 85 C for a
period of 15 mnutes and then cooled tG8°roomtenperature. Next, 16 g
anmoni um hydr oxi de was added to the flask and the contents of the flask was
filtered to renmove any coagulum The resulting dispersion, containing the
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and a pH obeRev® that She Ejacqisepolyrheriaatitee of phacdphonss acld aforfiifergtodsriepairez ed

water and 0.7 g concentrated su| furic, acid. T'hfeﬁ ont,entﬁ of the flask was
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nononers. After 10 m nutes, _Whi ch contained 1 _ dei oni zed wat er,
16.0 g sur foaghahiding propertieg of aeatingsceoptaining trde@omposite partiddeshathel at e,

18.0 i fi.ed phosphoet h et h te, and 5.0. | f ur.i id,

added t o 1 et sERBEPEVIEY ha e FEsEhfR actl Sroups g hellivat fofeeB8 55 " men

addi tion Ofbﬁdgﬁé%ﬁoc%uM%rP&TH%QﬁQmehhﬁaﬁMéﬁWlﬁcl@ied&é&ofzﬂ RAkctiesihthel at a
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tenperature C for a period of 15 m nutes and then cooled to room

t enper at ur didingefficiencypidhapigmamhpartisesda thedrigtieanting. tReductigslerand t he
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wei ght % ahe préarg€ioRaf téotizsdvRRBindrowdd Hiddhgim and a pH of 8.9. Exanple
2.5 To the flask was added 800 g deioni zed water,  and 0.7 g cqncentrated
sul furic acid. The aggpeenmedyim ofthe pelymersisnession fontRIBIREPHEMST ure of 85

C under a nity. al . ] r - Avdl 0g

dei oni zed Wararos Se PpIRA B Sentforty Khad FoBbs ool boRElhr b\ B |
whi ch was phrepadingtver mhistible d2sdlverets @k ad méthanol, btithrp] spropaasiant - A, 8.0
g butyl acrylate, and 28,0 met hyl nethacryl ate. Followi.ng addition of the
ME-1, a niaceforegthylene glmﬁ?t@m 9%@5@ nrapylepp gmobpffmyg ihexy apddircelpre
added to t I e C riod of
10 mi nutes ?%)gﬁﬁﬁﬁﬁgoE%Eé?@%@%ﬁ%%ﬁggﬁ?%gaéé%ggﬁﬁgﬁ%ﬁgﬁésn%?{g%t ’m nut es,
ME-2, which contained 170 g deioni zed water, 16.0 g surfactant-A, 124.1 g
butyl acrylate, 422.0 g nmethyl nethacrylate, 18.0 g purified phosphoet hyl
met hacrylate, and 5.0 g sulfuric acid, 57 was added to the flask at a
rate of 7.5 g/mnute at a tenperature of 85 C. After addition of 75% of the
ME-2, a solution of 5 g ammoni um hydroxi de and 10 g dei oni zed water was
added to the flask while continuing addition of the remaining ME-2. After
conplete addition of the ME-2, the contents of the flask was held at a
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58 Exanple 2.7 To the flask was added 800 g deioni zed water and 3.0 g
concentrated sulfuric acid. The contents of the flask was heated to a
tenperature of 85 C under a nitrogen atnosphere. A mixture of 3.0 g
surfactant-A in 107g deionized water was added to the flask, followed by
addi tion of ME-1, which was prepared by m xing 12 g deionized water, 1.0 ¢
surfactant-A) 8.0 g butyl acrylate, and 28.0 g nethyl nethacryl ate.

Fol I owi ng addition of the Me-1, a mixture of 2.4 g sodi um persulfate in 20

d d wat ded to . the fla t gf the flask
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and 228.0 gz.mathyl nmet hacryl ate, was fed to the flask at a rate of 12.5
g/ m nute. Upon conplete addition of the addition of ME-3, the contents of
the flask was HEhelagueosstpohypeendigpersidn, 85nt@in'mg rolymer palrta'ﬂleSLEavihgtﬁrets and
then cool e room t erat ure. ammoni um.hydr.oxi de was added
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36.3 weight % an average particle di anmeter of nm and a pH of 9. 2.
Exanpl e 2. &uipositien t¢ra@kuma§ha0db'mmr@ckﬁ@|mqeﬂrmlmsphms:gr@ugs,

concentrated,sul furi id. Th tents ltéa gT*;(lv%/a ted to a

e o 85 PracabiesihAE b epaty EnE By R heRhinled hav i fird orys griups

sur f act ant while rimll@mgzldﬁ kR bardnibd it forBatianl de thd Watdigsoldisle Ipolgﬁn%ﬂt wﬂ%b%
wat er , .

addition of ME-1, which was prepared by m xing 12 g dei oni ze
sur f act antPhOSPQOOlﬁgaQ;égwumcryl ate, and 28.0 g nethyl nethacrylate.
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8.0 g surfactant-A, 72.0Q but yl gryl ate, and 228.0 g nethyl nmethacryl ate,
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added 800 ¢ ggl oni ze wat er and 0 g concentrated sulfuric acid
contents oto rdmove ﬁmkwm:; sh@bﬂenolymea hagingphesphorus a88 gtowprifromathei t r ogen

at nosphere. A m xt u ct ant: A in 10 dei oni zed

Rdded o+ hateqtaipedifir fnshide Sipliafionoiid onacte fhe St Trdit withD,

m xi ng 12 ¢ (gicBRhgeresid 8hd tHerQré!:n&MhEQsﬁ&%ﬁ exbhadgl résilyt yl acrylate, and
28.0 g nethyl nethacrylate. Follow ng addition of the ME-1, a m xture of
2.4 g sodi um peFhelté spnctzﬂtgedeve;mom@ dipgcted mrgla@enromsrfhefomasx and
t he conten%s of the f ask i odwr!{] to aItI ow

pol yneri za D&, AqYg0U8 P2 %ﬂﬁre%{aﬂ%ﬁb%?@ al,&’flfl eﬁt V&’%ﬁ@ di°'ni ng 80

g dei oni zegh¥@itRirus Srdupd thet hafimides fhe fRmdatibnbofithe vi’dl:bi/ ls@lhBle;?él @rJg
met hyl net hacrylate, and 21.2 g unpurified phosphoethyl nethacrylate was

added to t hevingphosphorusragidgrsups, nghig processatheaqesnysmelimer dspesia

Af ter corrpl ete addi. t i on, of ) xi.de and
10 g et oneouagast My Rerarticisd Hiinh beR thosfor AR, etk ]

dei oni zed ¥Rt elePeriththspeéd (Faha Mhvention i ﬂa;ﬁhﬂéd( by&fﬁrﬁ?ﬁb&s palythet s tﬁng

met hyl nethacryl ate was added to the fIas at arate of 12.5 g/ mnute. Upon

conplete addition of the ME-3, the contents of the flask was held at a
tenperature of 85 C for a period of 15 mnutes and then cooled to room
tenperature. Next, 12 g ammoni um hydroxi de was added and the contents of
the flask was filtered to renove any coagulum The resulting dispersion
so containing polymer particles had a solids content of 34.4 weight % an
average particle dianmeter of 118 nm and a pH of 9.0.



Exanple 2.10 To the flask was added 800 g deionized water and 3.0 g
concentrated sul furic acid. The contents of the flask was heated to a
tenperature of 85 C under a nitrogen atnosphere. A mixture of 3.0 g
surfactant-A in 10 g deioni zed water added to the flask followed by the
addition of MeE-1, which was prepared by mxing 12 g deioni zed water, 1.0 g
Ssurfactant-A, 8.0 g butyl acrylate, and 28.0 g nethyl nethacryl ate.

Fol | owi ng additi on of ltgh ME-1, a mxture of 2.4 g sodium persulfate in 20
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Fol | owi ng g@’é‘?%bg%%gg %#é Oﬁ/éﬁ%%lattgqrﬁ 'xtQ g%%gloe?p lgrgﬁ %g%%é;{ﬁ%ntﬂ%g%?ul fate in 20
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di spersion_containing the polynmer particles had a solids content of 35.5
wei ght % hsdeoehlagireagidiioflic asidiingmodia acid; splenip arids alroanigacisk nitrs agvanpl e
2.12 To th ed. (elal'y . - 3 .at ed
sul furic agy %‘Jpﬁg% cocngéelgt Q‘%‘?‘g‘f) %cequ:l %cgi’zcgvagél%% telgg?1 g ’ 5’qf@ﬂ%°%9§§§tf‘£e‘ﬁbf 85
C under a diliydegeymali¢rasighdihsdrdkythrtaricecif; ntaldichacidirdxatic anid; Anflavi ng in 10
g deionized water was added to the flask followed by the addition of M1,
whi ch was preparosybenzoxs asidg The strang asid iseadpsitethe pageguspreactippact ant - A,

8.0 g buty | ak : I | OWA i.tion of
the NE 1, " SAEH 6E (o el dOEMin AL BEIRE fllsBon bl M BB O\
added to t hecladingkforrekaniide quridretotthe aidditien 6f thekphoaphaaistacidmonopetrj od of

10 mnutes to, allow polynefization of the added nonopers. ter m nut es,
ME- 2, whi cHugingithesdditiopopthenhospherysand monpmeg, @nggpﬁhhgam ame,il gmage g

butyl acry 356, g@% : rdvfd ‘s
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of 4.0 g anmoni um Bydro,xi de and .10 g dei oni.zed water was .3dded to the

1 ask. NexERONGEIST, bURPEAF thepalmelsation of fhepRosslons erid monomer.
surfactant-A, 28.8 g butyl acrylate, and 91.2 g nethyl nethacryl ate, was
added to the flask at a rate of 12.5 g/ m nute. Upon conpl ete addition of
the ME-3, the contents of the flask was maintained at a tenperature of 85 C
for a period of 15 minutes and then cooled to roomtenperature. Next, 10 g
ammoni um hydr oxi de was added and the contents of the flask was filtered

62 to renove any coagulum The resulting dispersion containing the polyner
particles had a solids content of 35.4 weight % an average particle

di anmeter of 118 nm and a pH of 9.4. Exanple 2.13 To the flask was added
800 g deionized water and 3.0 g concentrated hydrochloric acid. The
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Exanple 2.14 To the flask was added 800 g deionized water and 3.0 g
concentrated sulfuric acid. The contents of the flask was heated to a
‘tenperature of 85 C under a nitrogen atnosphere. A m xture of 3.0 g
surfactant-A in 10 g deionized water was added to the flask foll owed by the
addition of ME-1, which was prepared Bg m xing 12 g deionized water, 1.0 g
of surfactant-A, 8.0 g butyl acrylate, and 28.0 g nethyl nethacryl ate.
Fol I owi ng addition of the Me-1, a mixture of 2.4 g sodium persulfate in 20

g dei oni zed wa sk was
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remove any coagulum The resulting djspersion containing the
parti cl es PRbERerizasiqnyef t@éd’?’@ﬁ? hqyus asidymgpoemer ivmadg mgtagsbe eéfittm @f

di anet er fl ask was added
800 g dei grﬁ})gztég %g?%gﬁgggub&%H%gﬁléee ?ggtues egcﬁ%:ﬁ%é‘g%fd The contents of
the flask was Baitablk dqueaus empdsiah pobymériZdidn prudessea for prepgeingeheospher e.

A m xture of 30qsurfactant Ain loq:del ni zed wa er was gdded to the
flask fol AERENLBOIYRET Sispersion coptajping themobpm waearat %sabeana T8 xi ng 12 g
dei oni zed nge 28.0 g
ot hyl - ePteftarup abidkdiups 84l SRl wnd plaipRigd, VAGHHN bicBaecsar 76,0
sodi um perdemhéda,taa:ﬂonoﬂﬁrgmd&nmmm@ninyﬂfg the plasphdriedadid ntdmnidrask and the

contents of the flask od of Omnut o all ow
ol yimer | 2 P FRATeSand A A A THONG HoiHe TeRFlion vatsel RRtigalikeths Bopdear
cont ai ned g 951@1%hQWtKﬁfjt}¥@:te‘§beo§vgssgl AW dridd @indthé éotkse o?%ﬁé’ | acryl ate,

255.0 g styr and 18.0 purified phosphoet hyl "nethacrylate, was added
to the fl amlcyraenaatmt,eudt a§ b% ajteminguthe camImSItmmdrténﬁunmmexgﬁaeﬁngﬁh‘d er

o dei oni zaaredraien demeh OBtipral e Romdr Do eSS PREF 80 g
dei oni zed tyat8itiorBtdkhe sgiebas tadttioA mdButh Githfhe optfonal aael,uom;t 228.0 g
met hyl nethacrylate, was added to the flask at a rate of 12.5 g/ m nute.

Upon  conplsarfactanditeiaith imthe pre-eymulsifieation ofghe soonampersmixtureeTheask was

d f h
ool e {0 PAHReURBERLE PSa il onctigs e heBRbitrShrtteMalbEhudily 2nd (e

contents GiateR&olvensy duficarhéds} Eﬁ@dtﬁbﬁgra@mévﬁ‘l'ﬁi‘a/qmgliéaUﬂonTlh@dﬁﬁﬁU| ting
di spersi on containing the Eﬂ ol ymer particles had a solids content of 35.5
VR

wei ght % ophicasdy irmlugdes vrearanigeiiesdvents, 3uoh ammethanal, ghapel, orepamokanpl e
2.16 To t trated
sul fur?c tahgfa{fln%ﬂéth cor?fé?t?og 0 te%hgz%r g@gg@ﬁa ?%pa;ﬁf%ﬁggggf Erreaot? 85

C under a diad¢etageslcahoipapd erater ﬁnmscthleeoh*bnﬁs ﬁm@ sUpropgl acktatk, batyl0 g

dei oni zed water was added tqQ the fIa k follo %/ }e add| ion of ME-1,

whi ch was q&p@é&@@%@ﬁﬁ%ﬂé&t@@ 1 setate %@P ylkepone, eﬁveeﬁrt BEREt - A
8.0 g but y Jer-Tels I tion of
the e 1, ButBG bl EnipBRH ofify, o IRINIY polfEl IRAT A Seedslly HIRINAUHE | Vg
added to témgulbioasjolypmerizition ant enspersion pdyfdea-sz!atmspxbeésdeé eurea peri od of

| O~m nutes tqQ al | ow polynerizatjon of the added nononers,, A{t ggl nut es,
ME-2, whi ciendustedadatdp S@m@%m%a PfoRtLNUPUS DEOCESPeS, CiRgLe o My

butyI acry, phosphoethyl
met hacryl aét%éee%dg&%r%agogg%(peﬂﬁ rat #%Efogjtggﬁ%‘g wagi‘gc'ggégd to the flask
at arate of 7.5 g/mnute at a terrperature of 85 C. After conplete addition
of the ME-2, a solution of 4.0 g anmoni um hydroxide in 10 g deioni zed water
was added to the flask. Next) ME3, which contained 80 g deionized water,
8.0 g surfactant-A, 72.0 g butyl acrylate, and 228.0 g styrene was added to
the flask at a rate of 12.5 g/mnute. Upon conplete addition of the M- 3,
the contents of the flask was naintained at a tenperature of 85 C for a
period of 15 mnutes and then cooled to roomtenperature. Next, 10 g

armDnl um hydrOX| de was added and the contents of the flask was f| I tered to

o o ——y o .



65 under a nitrogen atnosphere. A mxture of 3.0 g surfactant-A in 10 g

dei oni zed water was added to the flask followed by the addition of Me-1,
‘whi ch was prepared by mxing 12 g deionized water, 1.0 g of surfactant-A,
8.0 g butyl acrylate, and 28.0 g net hé#3 nmet hacryl ate. Follow ng addition of
the ME-1, a mxture of 2.4 ¢ SOdI um p&fsul fate in 20 g dei oni zed water was
‘added to the flask and the contents of the flask was held for a period of
10 minutes to allow polynerization of the added nononmers. After 10 m nutes,
ME- 2, whi ch cofemiperatuses suitiahle fiorzdu lwat il aq8e@uyersuldier palymekizagion0 g

butyl acr Iate 202. nmet h rylate sph | at ed
capr ol act ﬁ%ceﬁfﬁﬁ't @]’% ﬁﬁ%ﬂé%ﬁ% %%‘Fsﬁ‘rthaﬁglgmzogbé’ﬂgfteghﬁﬁé“ﬁ"éﬁ(“%ﬁ a
rate of 7 0 t b oyl On  Of
he NE 2. A L o O B R e SR8 bt OB 100 b o er
was added The rehetidn wvedsel, Mentainivg3n iditiahquantity of echted agd abphonaliﬁ dtheat er,

8.0 g surfac . 12, Og ?‘lrjtyl ryI at e, d 228.0 th nmet hacryl ate
k- Ch‘?

was added SYRTHERS 4 AR t&lztserg«t ﬁattépwtlﬂﬁbﬁr deoeaadd. tion
of the NEd%teﬁdlﬁe&Qéﬁlgata%upé #betd {4 difiSn }ggﬁfoﬂsﬂle?tm&tﬁr%frperat ure of
85 C for a period mnutes and then coo to room tenperature. Next,
10 g amolypinahlydtheagieona seactitedmadoin ieagitatedtd profmotdmitings Kheas

filtered to renove ulum The,resul ersion cotalnlngthe
ol yrer  pleefiGHass of Lot seaebehgotel i Sen Brished ik nireen,or Anodier ing
particle @aet!@hﬁanﬁfzettéwa oeafyag@nqmat réaction¥@gpl. € 2.18 To the f'ask was

added 800 del oni zed water and g concentrated sul furic acid. The
contents of t h&he Ipaljmerzatimaprmdessofon pt'epqlmgather aquxfou8 5)olyme1d(hspa'smxt rogen

at nospher u f 3. 0 surfactant- A in dej on| zed er was
added to S’I‘?@"tﬂn%‘?i pﬁ’ﬁf‘ FIPUPSRACPTIRE 49 ﬂREel%v %fy\t%feepar ed by
m xing 12 1ﬂvé§ﬁid§‘ﬁ 'oﬁﬁgnéms‘ anplob‘soa geedlpotpthbREmuNiod to Borttrél ﬂﬁ@tﬁdmﬁéirdfl ate,

and 28.0 g net hyl nethacryl ate. FoIIovvl ng addition of the MeE-1, a m xture
of 2.4 g padiicles produceddydhemqrgogs emitsion: polywerizaticas as idenown in Hee f | ask

and the conte th sk was, hel d for, a period o nutes to aIIow
ol yrer | 2 881 R B8 aab A sra e pde PebAhed GpBlaionpibink AV etrke

cont ai ned p30title @hBRteEE In WRé fdngeBofFrém 10N i@ ab B0t Aﬁ@erﬂaﬁlv?lzt We sfedy! ate,
213.9 ¢ 66 net hyl nethacryl ate and 20.1 g phosphoryl ated ydroxybutyl

met hacryl @pb'mwaemm&@danecprenereﬁl lasﬂkd@nganrlattealcquantﬁy@ﬁ gimenamen a

t enper ature 3%8 er co %eteadltlo t he té‘f qutlon of 4.0
g ammoni ufi'H ‘tj eaﬂ“‘ft‘ti”g’e& 190 PSS Rt PO eRH R % 2995e ppRgRer Next,
ME- 3, whi ght&eRAiqet®EoEroll tiehORicle dizeRt Etie ?&yﬁle@ paititiRs 9y adjustiagd

butyl acrylate, and 228.0 met hyl nethacrylate, was added to the Iask at
a rate of theimtigl ﬁ?ﬁﬂ?*@ntgg%eeéﬁrﬂ knewn dryf h‘i’ 8F-of the ME-3, the contents
of the flask of 15

m nut es and t\ﬁ%ﬁp cgogl Iei%hﬁggrl@ltourﬁ%?}eﬁmgﬁgtg Hy ea(adgé tg%%ﬁaeéoaém*rrg%%ér}nghydr oxi de
was added mgdiuihin mmat&-rp(ﬂyménthﬁo:ﬁ btHe Mzhglefméatlbrmbdmratedm&omgts
coagulum The resulti ng di spersio co ni ng t.he poJ yner. par |cI e had a
sol i ds corﬂaﬂo tsqnegga W%ﬁa% RlerHatimes PEOFite Has Bfdigo nm

and a pH E;fp% g ni zed wat er
and 3.0 g %e g’hgs r at lﬁp ltjjur%f%p’am tk‘%’%ghét\g%?%nt sﬂq}oggﬁeﬁfsld‘%% was heat ed
to a terrpenmtama' ahd&ﬁlrﬁlgjﬁmeldditinhtof dgephaﬂpimsmmd menamert Utxarople8. 0 g

surfactant-A jn 10 dei.onj.zed .was .added totheJ‘Iaskf IIovved by the
addi tion &f syahle ﬁ%@%tf&gg A ipgluge prhgrarszaionAntiatosy 1.0 g

of surfactgptméily ﬂe&rﬂ;[)@éta)ﬁlth@(ﬂ'o%ﬁéﬁzatm é}aﬂu‘% heFRE TRl yI at e.
Fol I owi ng addition of ME-1, a m xture 4 g sodiumpersulfate in 20
g dei oni zeddiratserExamspled dedutle botlewhkersdol ulnld axﬂdevammtinmlgblefspebies.f | ask was

hel d f d | | f dd
monorer s. Edrpies of miFehle Sroeyecical einer it fFion el GeBersit5ted: it
g surfact aitgimofifiuf agldbdlkml Iﬁ&%Ytﬁtﬁss1@ﬁ7ng1GHfr%hlamthm5] ?@fsﬁlﬁkﬁ az@nd

27.0 g mono- phosphonoet hyl net hacryl ate, was added to the flask at a rate
of 7.5 g/ rnomnoends, salchaspﬂst?aimb@(l@bbwr@ltmet)ez 2ecapnbist®d-addi ti on of the

added 1o CHBeHRgelersibrtt HERE LR S GBRoE b i Bo R Sirnat a1 =9 5. 0 g

surfactant-A, 72.0 g butyl acrylate, and 228.0 g nethyl nethacrylate, was
added to the flask at a rate of 12.5 g/ m nute. Upon conpl ete addition of
the ME-3, the contents of the flask was nmaintained at a tenperature of 85 C
for a period of 15 mnutes and then cooled to roomtenperature. Next, 67
10 g ammoni um hydr oxi de was added and the contents of the flask was
filtered to renmove any coagul um The resulting di spersion containing the
polyner partlcles had a SO|IdS ~content of 34. melght % an aver age

- Y A A~ Y ~ - p— o PN NN = - -



To the flask was added 800 g deionized water and 3.0 g concentrated

sul furic acid. The contents of the flask was heated to a tenperature of 85
C under a nitrogen atnosphere. A mixture of 3.0 g surfactant-Ain 10 g

dei oni zed water was added to the flask foll owed by the addition of M1,
whi ch was 68 prepared by m xing 12 @g4deioni zed water, 1.0 g of
surfactant-A, 8.0 g butyl acrylate, and 28.0 g nethyl nethacrylate.

Fol l owi ng addition of the ME-1, a mixture of 2.4 g sodium persulfate in 20

dei oni fil . 1 h f £he f k
el d for 309} BueitRiBaaE dnh dubaiGe st PR GT B he betgb g™
nmonomer s. piirbgide, ¢ piyiylipesoxi d&;-di-t-bMtyCperorideaiefigd 349-4-(BButiparesywat er, 4.0
g surfactant-A, 33.0 put¥l acrylate, 104.9 g net Flyl net hacrylate, 1.5 g
al |yl met Hadyrata @t,hyhgéi -det-amplperaxy) briaaimsammeery-SrethvA beyameate, was

added to the f t ¢ [o] [ m t t enper at,ur f 85 C
Af ter corrpﬁne %{)%‘%‘%ﬁ pg\?lia&ﬁéﬁﬁ\x/'és%r@,(,is@ggi%ﬁ Tbﬁ‘lr?ngerfggtaéaat%Xfum hydr oxi de
in 10 g dgi?ph#fdaterhfd Wwas added to the flask. Next, ME3, which contained

120 g deioni zed water, 12.0 g surfactant-A, 108.0 gi(butyl acryl ate, and
342.0 g sttyhwlivkperhenzaatgeas welliasparrarbenatesasydy as @i(1-€yamo-¢7 ni nute. Upon

conpl ete i - e he flask was mai ntai ned at
a terrpera?ﬁ?{e}wé%ggé#grd@%g?%%daggq)%gmn?ssﬁ)g%teéss' and then cooled to room
t enper at ure. NPdlyméfzgtiaminibiatens yd uesd dionsnanddieenatively has thent ent s of

the flask was filtered to renove %% coagul.um The resulting dispersion
cont ai ni nPXidigingsopmpaness of a rpdex syden, whnchyalse dpglades arediring wei ght % an
average p i i ter,.of - . ive am nes
Conpar at i %H%b&gggss%gﬁ K %earnsig%%églggirﬁd a‘?%ﬂﬁg’e%%‘?"%%?‘%g@égﬂ%ﬁ ancgd( ’
phosphor usmalit dcids glypelivacid, pxieatchd] 1hstiaaeidpansd eiogBicolic palyaeallkzdt i on of
phosphorus acid npnoner at a_pH val ue of lat%treeater than 2. The cagnparative

di spersi o@eﬁﬁérsﬁlfﬁﬁemréép?%ﬁ%ﬂb’ & hwgdrosg ofudhsaysediumy ystrpulfike aaqueous
di [ . i 3 C.liTo.the flask
P! OToaf AT, & i QUL B4 S BRI CplaT g e T2k

80 C underpatassitmagetabisutfisgmedesodfumifatmaklebfdd dulfoxylastedi um | auryl sul fate
(SLS) in 10 g i.oni.zed ter . was added to, the flask foll owed by .a m xture
of 6.0 g sodiu "d?&%f‘f"%"fﬁﬁlt%%a&git A PPHgnalRegdpCIng coBPONgBRt WAAS on of
the sodi umgs&w;{sa&fe&&ﬁ 0100199 to b4 dachBh<R SPMHAWEEHS 8P thdmBndileRDiir o

wat er, 53.6 SLS, 330 g butyl acrynate, 1110.0 g thyl nethacrylate, 15.0
g acryni c theGAommnelr maxtoird 5o be golympenized. chiccelerafpirs stitly bs cklonlerardat e, was

added to the, flask a ate of .18 3 mnute at a tenperature aof 80 C

Ator compiilface 2aMs oF efbalf ifara ke, arit PBBH REEeISSRTY HEed Fhekals

mai nt ai nedh@bustst %ﬁ?kﬂb?r&fox&'étﬁ EPéystern8 ih@ddot-blgylm nut es and then

cooled to roomtenperature. Next, 513 g anmmoni um hédrom de was added and the
o

content s diydraperordasogaemsformaldetiyde sulferilatedifg(IDoandiamymortihe r esul ti ng

conparati ve _dispersi,on. GO i ni I r il es, had a solids content
of rrgl 1 \A/e‘i’edﬁ'tIEQQE/sé) I%I\i/lebrlglbg%?{g?({ilgg{)gya,iong‘rlrlefﬁgfrﬁegﬁs'n nm and a pH of 8.1.
Conpar ati ve Exalisin@ransfer agents laas sptibsaliyddéde BEOtHR dipicots z&sttivat er, whi ch

was then heated to a tenperature of 85 C under a nitrogen atnosphere. A
nmi xt ure ofmsdinmny te pentaek malecnlarweightyolddieolymer partigle nHxamplesriichaime

water, 1. oTEReP Shat AL RE Rutells, Poly U CIERD MOGhglofllyl PP 2
met hacr yl adotnpaiidsO Bkagnples bsuiyable chaimtrahofer agenig iaddideiabkylof the ME-1, a

m xture of 2.4 g sodium persulfate in 20 g deioni zed water was added to the
flask and TRECaPEMLISh 8F etingd mereaptany O-pranyl mercaptan AlAvdy! PEreaPtHy t he

pol yreri zatj ng| 1Q 4 , i ontained 170
g dei oni z?%b%%ryg%etr?%?%%,?o ’26’? a% ant BA}?H%%%%‘%&%%{C %}{célr}yfate, 416.3 g
met hyl et haedaptah en-obtyb nipreaptah| a-deeyldmesoaghtdd, 0 dgdemyt nferegbtphp3phoet hyl
nmet hacryl ate, was add_ed_to,éhe fl ask z;};t a rate of Y.ﬁelg/n‘inute at a

t enper at ur BeBgapsepreprispicacidyghydraxyethyd mercapians alqohelse 83ahea’ s of t he
flask was j ' e 0 [ i nut es
and then cigg#lg) Q%I QE?%O%%t?%Jr’%bre%&a lﬁélg{;ﬁo&léé?(?%f%yg%gcr?%gﬁ%b% ;19 ecl)'l)j? ?e e was
added and ¢dmepaordsesich ad cdrbenftetrakhhaislef tdttarhdaotthylenpwadany coagul um
The resulting conparative dispersion) containing polymer particles, had a
solids content of 34.9 weight % an average particle dianeter of 110 nm
and a pH of 8.4. The resulting conparative aqueous pol yner dispersion
contained a ratio of equival ents of second phosphorus acid groups to

equi val ents of first phosphorus acid groups equal to 2.45. Conparative
Example C. 3



70 To the flask was added 800 g dei oni zed water, which was then heated to a
tenperature of 85 C under a nitrogen atnosphere. A mxture of 3.0 g
surfactant-A in 10 g deionized water was added to the flask followed by the
addition of Me-1, which contained 12 ggdei oni zed water, 1.0 g of
surfactant-A, 8.0 g butyl acrylate, ang 28.0 g nethyl nethacryl ate.
Fol |l ow ng addition of the MEl, a mxture of 2.4 g sodiumpersulfate in 20 g
dei oni zed wat.er .was ded tQ the flask and t contents of the flask was
hel d for IeHETvaROEthana HERET 400 Biostwehbriven on the sisesii

m nut es, WET.}?e m\AﬁbﬁQré?ﬁ{‘&?é ﬂ%ﬂoﬁgr ﬁnmniszlféed%ipfrépax% t‘i’\e ElaCt ant - A,

96.0 ¢ eth acryl ate, 0 g methyl methacryla and g purified
phosphoet Ipyt'tldes; h@d}hqﬂ @chmqms favoadrdling helédwdakwatghd, kmrhwenm the &rtg/ m nut e

at a tenper re.of .85, C After. caq te, a on of the 2, ME-3, which
cont ai nggl @ e eRIPeHing the M%?frthe gRba onfe %?;{I?Pn%nelignﬁ“ﬁl butyl acryl alt e,
and 228.0 g nmepQydlySRideF YhRhGrayer égé}ﬁdarts%ph}lgﬁafw ARdsoRleddr'd@igerda 12-

g/ mi nute. Upon corrpl ete addition of th e reaction was I ntai ned
at a tenpénm aepmate)érﬂBaMe)ﬂuad pmdumi and ghadnallyt eddedrtd thh@lolmmmhm:hdm room

t enper at ur e. roxi de were dde e contents of
t he flaskvﬁ%t%ell\leﬁot“@ g‘ é'a%r lﬁPﬁrs ggmq U tharati ve

di sper si 0@pusmfly%aaéwsmmmouewMtﬁl t6e ’caf@gs@arﬁﬂbl‘ g @R %f&ns@ér 36.5
wei ght % an average particle diameter of nm and a pH of 9.9.

Conpar at i \agelix adyploanty of initiatioe ahﬂécs'lcavwlystaai@mptﬁmfallg addied o Zhejaqm(ms) whi ch
was then heated to t enperatyure, 85 C unde itrao pher e.

ot ur o oFSRUPTghedfiEn EF asn Teidiin] GRonariT, Ster BAVEPCIAEORMIRTEED the
flask fol lkauadnbullytemiictet] Qﬁa@fo ﬁéﬁ risBith8 r@sﬁ&ﬁ@l‘ ﬂ@ﬁ'oﬂigr gas%wm zed

water, 1.0 g of suffactant-A, 8.0 utyl acrylate, and 0 g net hyl
met hacryl &mewnlfmltlh@\mhgnadmmq’mart@f the MELl, a mixture of 2 4 g sodium

ersulfate in oni ze er. wa the f t.h nt ent s
bF the 11 ask vABeRaRARbTEAFHof el BEeHDLe Sy muriesRatn A s the
NDNONers. ofbkRig ﬁ&yﬂbﬁ?ﬁ?ﬁcle&@uﬁnﬁwsﬁﬂeﬁ%ﬁ&l ARd t&mceuﬁ@e QpEQFhtIRL er ,
16.0 g surfactant-A, 124 but acrylate, 422.0 g nethyl nethacryl ate

and 18.0 @f plm Mlmrmae@plhemmrmﬂmgﬂguem@ pmeadmrslont Rmefdrask at a
rate of 75 e.at. a eratur f I ete.addition 71
of the e s RR RERHE Bpd noBtont airhantE IRISHERER ure o
85 C for ah&%f Qslc&hnﬂo&ﬂyrusw eMa&@%ﬁaﬂﬂﬂe§6@éxﬁ*ﬂadt@nfs@ﬁitdb@éfﬂﬁ'r@ﬁ&léﬁm Next ,
16 g ammoni um hydrOX| de was added and the contents of t he flask vvas

filtered tp@wem%h%?r%&gemc HENQQ a1 : Esi on
containin t

aver age. o eHIRL ORI, K38, Buffen %fﬁﬁi’%ﬂ 0 er%ffg%ﬁ 3%9‘5““
VﬂJ ues folragehts pﬂé}ya@pratatﬂémcaﬁoxdd)arpbptapx}mﬂwaseﬁt|Hggemwlsq:refekralt ed
The pH val ues were neasured prjor to, an ter the additio

pol yner |  dhrbHeAmPHEE AR YRS oletabLizing %'H%MPHY A OtheE tme%ﬁgﬂﬂel%i d
monomer. Lhgn Eﬁig'p Osgﬁxaﬂg%ﬁe Bd)§mlotGri6h rBAARANL Leledted do RRACIRI4.A

i ndi cat es orus ac nononer was purified to renove free
phosphori Gtzdnhdmg agédt TabhergultiRg aqeexmmlymleudxspbmo@dbysmm zation of

Phosphor us , Ag nomer . Proces start/fni sh) Phosphoru Monaner Exanpl e
P o AT RF Y BRREREn B rORtopFHia sl the BaHCBENRSISTRGF isPorsion, tre

2.31.5/1.
> 5151 1 SBHE EABATErE 1*%“‘%%%&%“‘3&% %EE*?X?{‘W% LR

PEMExanpl @rEpmﬂlfpmmtheequmdmee dis@irgionnpuri fi ed PENExarrpI e

PENBxampl & 2. 10 HP SDUPIG RERCRRRSARSE: 57 SHHEID I LFBARE S ¢

2. 1511 1purdyifaesh BENEXS H&hﬁn‘?lalﬁ'}l aulfatBUsivid18¢] RENRAED 8K ad ’fmtassmm

isopropylbenzene sulfonate; alkali alkyl sulfosuccinates, such as sodium octyl

sulfosuccinate; and alkali arylalkylpolyethoxyethanol sulfates or sulfonates, such

as sodium octyl phenoxypolyethoxyethyl sulfate, having 1 to 5 oxyethylene units.



Exanple 2.181/1 1/ 1phosphoryl ated caprol actone 2-(nethac | oyl oxy) et hyl
ester phosphoryl ated hydroxybutyl nethac |ateExamle 2.19 Exanple 2.201/1
1/ 1nono- hos honoet hyl nethacrylate purified PEVMExanpl e 2.211/ lunpurified
PEMConpar ative C.17.5/2. 2unpurified PEMConparative C. 27.5/2.2purified
PEMConpar ative C.37.5/2. 1purified PEMZ@ggparative C 4 PFM -

r.1", ~ ,i,.,~t...?2.5/2.2t ~..~L _ _~~ L _purified PEM--"' _
r--,..,r.. ."...J.1114Y11G 1nl yau~c 73 Preparation of Conposite

Particles with Adsorbed Pg . Particles Preparation,of Pi t Particle
Di sper si onémwltﬁ? O F SE?%%%&S brl‘d'd\g?’é?l: e’?.né‘g)%’ B#kyilghﬁ’wpgg'%ih%ys per sant
(Tamol is @hlanelaiilg alkyReRoupdst fFeas €OTMedtbbn atéms adbl fféthgoioBM 643

di spersant (Colloid is a trademark of Allied Colloids Limted Conpany, UK),

and 5 g of oxy@thylrpe upilisesihaas don exagnpladheriy] pieroxypalyethaxysthaneds;gri nd pot

| xed Premiar .MJ.| di t. i pped with a.disk blade, To th
orind pot , dwlehs ity deripativenatibe ERained sathakific afids itbtn s B, ©
trademar k ﬁlg,ggsticlacid?tpamitidscial,eaewa&i@,rw RIXTRAIRYF 20RES, SEdesk EHdsk feupt and

r

ground at 2 pmfor 20 mnto grepare a titaniumdioxide particle
di sper si onin @lbeib| containing fragm & bu60 cxygtbylenie amitsy athileneoxidggopdansates

Particles agueous C 0sl tien_containi g, conpasi te rticles . was
prepared b@gﬁg ic.ﬁam&doag%lso S S W ?‘ﬁy fr;dﬁfyﬁgl%y 05 c%tfyl gﬂc@?‘ﬂ%t %ﬂﬂtﬁ’rﬂlﬂg oxi de
particle dirsREE $6 60 oRYEPFIRE ALY RtiRyl6nd ofidd cOhderiita®MBh dhAmddroxi de to
23.2 g of the aqueous dispersion of Exanple 2.1. The resultlnr;i; aqueous

conposi t i obranghep chaindamineg, pesh as dedscyhpmine hexadeqybaminpranst ogtadecyl
T 2L Ol 03l A CRRT o At FO S B AR BT 01 L 1,
particles ehlaideddésectionsicohibifted withnireartinoxd Hedhphbbielp2spyleale 3£id8
wel ght % pé)e!c ircr)?lrs. alrgltx in(l:clmlggﬁlar weight polymers, such as hydroxyethyl cellulose,

methyl cellulose, and polyvinyl alcohol, are also usable.

The low pH polymerization process is suitable for preparing polymer
particles having first phosphorus acid groups with average diameters in the
range of from 10 nm to 1000 nm, preferably in the range of from 20 nm to 700
nm, and more preferably in the range of from 60 nm to 500 nm. The low pH
polymerization process of this invention is suitable for preparing polymer
particles having first phosphorus acid groups with molecular weights of at least
10,000, preferably at least 50,000, and more preferably at least 100,000.

Suitable solids ranges for the aqueous dispersion prepared by the low pH
polymerization process of this invention include from 10 to 70 weight % polymer
particles having first phosphorus acid groups, based on the weight of the aqueous
dispersion. After polymerization, the pH of the aqueous dispersion is typically
adjusted to a pH in the range of from 3 to 10.

Suitable applications of the aqueous polymer dispersion containing
polymer particles having first phosphorus acid groups dispersed in an aqueous
medium, wherein the aqueous medium is substantially free of water soluble
polymer having second phosphorus acid groups, include paper coatings;
architectural coatings, such as interior and exterior house paints, wood coatings

and metal coatings; coatings for lcather; binders and coatings for textiles and



Exanpl e 2.2a - Aqueous Conposition Containing Conposite Particles An
agqueous conposition containing conposite particles was prepared by addi ng
dropwi se and with m xing 40 g of the titaniumdi oxide particle dispersion
prepared above to a m xture of 53.9 g t he aqueous di spersion of Exanple
2.2 and 2.8 g water. The resulting aqueous conposition was placed on a
roller for at least 12 hours prior to forrmulation into a coating
conposition. Exanple 2.4a - Agueous Conposition Containin Conposite
Particl es nenwenessusdhesiyrss and draffopairitaisngh e thossi painpmusddctiogsanias

pr epar ed b{ ddi n drqgmﬁgi and with mxing 38 g of the titanium dioxide
particle d‘?%%rg? r%ﬁ % to a mixture of 48.8 g of the aqueous
di spersion of ERgéBdventh 4spatd oBtlfe PresehtinventiOn i&selhtddeh AeMBPskite
conposition was placed on a roller for at least 12 hours prior to

f or nul at i opartidecempemitipn@repared Sram the aquaonsmhadymer dispsrsion soutainisg

Co iti Cont ai nj. Lt t,i cl jti .
cont ai i ngPUEISS HertEHs FAP e, REOTRIEHS B6iRroutie: e GPBIARLLS PATEIR ¢ h
mMi Xi ng 38 ghRbodifien bortAMEBnshRNeGrtitlelidd pRorsi BRFAS hgle AiSRRARE 2lpAYE tO a

m xture of 49.2 g of the aqueous dispersion of Exanple 2.5 and 2.4 g water.
The resul t agqeeagueedivncisaybstartmllynfzee pf water solubde polymeer havwingsedondst 12

hours prior,to,fornul.ation into, a coating c Sition. anpl e 2. 8a.,-
Aqueous CoRRIBRPPUh el raes At bHEE SRl Y Pirars weimhta K BB ampdet 1 on
cont ai ni ngp&ANRe sorhPodiEibh] tHeQBmpRSite paBEEles aby foraldia £ ApXdow rdédu t h

m xing 40 g of the titani um dioxi de particle dispersion prepared _above to a

m xture of SWistanigally frepof Fptenspiublegotymevhavingmsesons] phosphorwgiagd3 g wat er .
Th | t] it] | | t |.east 12
nour s pri oFF R AN FeROS e HolBaR PSEH: el 0ol HreRbabERE, 10

C. la - Conpakfb 000 ek fisse prefertbly adledson0@00i Nng Conpar ative Conposite
Particles A conparative aqueous conposition was prepared containing
conparative cogmip&éa@mqqsar@slsm priymgEzaben of Bhosphozas asidsmenaper isi on of
Conparativ aml e eI C rat] icles ared
W th & pol 58N EDG reffid to piERs A Abiy BB et HEp BBlol GBSl FoiBlseh
conposi t i opamidePhefag ditsbyphapiiongs adidRndwiss, abebrdirightotbel glgvehth &spedtfoft he
titani um dioxi de di spersion pr red above and 0.40 g of . 28% anmpni um

hydr oxi de the myention, whichdg ueeﬁggqraﬁwenaq@e%ﬂ%pw?ﬁmﬁcm COMPCEIORr at i ve

Exanpl e C. gy [01§ 'i—f*?b‘l'yiﬂé?ﬂza ﬁﬂpﬁ{&%% IRMIZE the™fd %f'ohio?'%va“tgf‘%cﬁhﬂieng 2t he

conparative conposite’particles was placed on a roller for at [east 1
hour s pri opolymédrdravithgsécond iphbsplsorte mpat gtoups, aahparticudartposateresniubléie

conparative conpqsite particle conposifjon of arative .Cla had a solids
| evel of 599*7’%&@?(1‘“@@%98‘1&’5‘;%? é“%i. ETPHES EORTERVARE GV BN BEITRES

particles gonlaifedeftdf 4e16a8E 4600b! SreifdiabE LXledst HRDDO AriPmdpd 39. 8
wei ght % conpar ative pol yner particles. Preparation of Pigment Particle

D sper si onpreferatiyatlest 718800. g of water, 8.9 g Tanol T'" 731A di spersant

(ram 1 2 2GR0 Pl A0 LEAR RIRATN 42 Sr Rl QLS

the grind pgitaiihg tHk $8Hmer particles having first phosphorus acid groups and an
aqueous medium substantially free of water soluble polymer having second
phosphorus acid groups, is prepared by first admixing a first aqueous medium
containing a dispersion of pigment particles, the aqueous polymer dispersion
containing the polymer particles having first phosphorus acid groups dispersed
in a second aqueous medium, and optionally dispersant, wherein the combined
aqueous medium formed by mixing the first aqueous medium and the second
aqueous medium is substantially free of water soluble polymer having second

phosphorus acid groups. Next, the polymer particles having first phosphorus



75 on a Premer MII dispersator equipped with a disk blade. To the grind
pot, 553.5 g of TiPureT'" R-706 titanium di oxi de was added and ground at
2000 rpmfor 20 mn to prepare a titani umdi oxide particle dispersion.
Conpar ative Exanple C. 2a - Conparative Aqueous Conposition Containing
Conpar ati ve Conposite Particles A conﬁ§r ative aqueous conposition

‘contai ning conposite particles was prepared by addi ng dropwi se and with

m xing 40.0 g of the titanium di oxi de di spersion prepared above to a

m xt ur e ofachl3groups (afre tllewed spfiicirt\wimaduadssrbdiothe pigmendpartivigatoroime
Exanpl e C. 2 and 2. % The resul ti gghcorrpar ative agueous conposition
was pl acedh %ﬁOIHPP%}F‘F eertf #s- afhe adsqrpiion b the pelymsr nasticles having Brtinto a

coating C%ﬁ[}%}{&r‘u@&m 53b %H@{;?ﬁ?éﬂéﬁ?agﬁff;é@ﬁar gfl?cl ert%&i X onBHERYS

Composi ti tal ni ng- Cofrpar at | nparative
aqueous camdosilk ¢mlmmrmm1mheg)ccmn'pnea ofe)qmaxﬂthe feltowing: theepalymdrby addi ng
titani um di oxi de di spersion prepared

d d t ] XI 4 ft
above To FAFIEBIEVING Bkt PRgSHIorEA SCMOAPARTY BB R P oIS SitBR of
Co t
TP a1 Y6r XA i BmaR pRrdife WAl St TACof S ULLRR: GAIRALALIVe aueous

conposition was on a or at OUI’ prior tO

formul at i Qnmlph!tel}acmmd wghthtmer partigle<haviagfirst phésphopheadid4@oups;
Conparative Aqueo .Conposj tion, Containing npar ati ve Conposi te Particl es
A conpar af \?@ unyigashieved hetwesn adsorh ge@w&r.m@hﬁ% hayingfiggs

prepared By asiig a@fcﬁ@x"&u%@ a3Q% ol Br gm A& ﬁgvﬂgqyai Rﬁ&g,hto&-ﬁ@%um di oxi de

di spersio prepared above to a ‘mxtur onpar at i ve aqueous
di spersio tgrmipmlqmnmg dispersedph éh€aquens medngn witler conipesiteqsarticleng

conparative a us ,Gonposi tion S aced .on a roller for at J]east 12
hour o pr i SPTPGSEGH T HEe Tented Tontte R RgHB0oF ResPtieS traealy ve Exam ¢
C5 - Coma@faaﬁaye & §H@B§iﬁb'9e PP oMo Ring phAthtarHitRY 'p@é‘m?ﬁtr éah‘iic?ét
Conparative Pol yner Particles A conparative di spersion was epare

cont ai ni nghe sucface tmedtmentiof therpigmlens parmlclepdtppemanvwmcﬁgmmncmatlohes
The comma ve i Speral o L nt e LR LA DS Comoslo R ighes as
oo o s s g

adsorption of the polymer partlcles to the pigment particles varies from

instantaneously upon admixing of the first aqueous medium and the aqueous

polymer dispersion to longer times, which are typically on the order of several

hours in duration, such as from 6 to 12 hours, although still longer times of up to

days or weeks may be required, depending on the above mentioned parameters.

Where very long times are necessary for complete adsorption to occur, the

composite particles so formed may be deemed not to be commercially viable.

Pre-mixing the aqueous medium containing the pigment particles and the

polymer particles having first phosphorus acid groups typically reduces the time

for the completion of adsorption. For composites prepared with titanium dioxide

particles as the pigment particles, adsorption of the polymer particles having

first phosphorus acid groups typically requires 4 to 12 hours for complete

adsorption. Low levels of other optional components are permissible in the

aqueous medium during the formation of the composite particle, provided these

components do not substantially inhibit or substantially interfere with the

adsorption of the polymer particle having first phosphorus acid groups to the



trademar k of Rohm and Haas Conpany), 10 g Coll oi dTM 643 di spersant, and 5 ¢
of 28% NH3 were placed in grind pot. The contents of the grind pot were

‘m xed on a Premier MII| dispersator equipped with a disk blade. To the
grind pot, 553.5 g of TiPureTM R-706 %I t ani um di oxi de was added and ground
at 2000 rpmfor 20 mn to prepare at Pani um di oxi de particle dispersion.
‘Preparation of Conparative Dispersion A conparative di spersion was prepared
by addi ng dropwi se and with m xing 140 g of the titanium di oxi de di spersion
pr epar ed q:li:gmentt partiche. 4Egambld§hxb‘ pthseerVtrS@nzﬁtqahicm coemmntandetlﬂia@

Conpany) . | M SG- 20 is supplied a ht 9% sol ids and
has an avé‘gﬁ’@ § mars AR, biocidet Gher topmpneiss ahde ‘iraplogmeal 8-of
Coatin Commggirhbl ?%e%@ﬂxp@@i@?&ﬁﬁdh\! ¢ foraledng afﬁ%&l%h& 'n?él:ﬁuExV\fﬂ L‘Héaéﬂsgﬂce

conposi tions containing the conposite particles of Exanple 1.1a were

prepar ed af othexred-Blymegnamnt other pigmentsc é)ntutatalkyn tl(x@k@)xpdm;teaphitmtp ishe
i ngredients in he O(i_fg%ﬁﬂj ted in Table 3.1. ‘E Ie3 Coat i ng
Conp05|t|(§’ﬁ§p%ﬁe ofgspaygapt,] eeraélgﬁeﬁsrﬁmg 3 Zo8ihb P 1. 1a9. 55

9143. 29 gl3eRYMGiFort W¥ol1 RBht 39'a)ﬂ21%of’ 8;Sztéf&x‘a%1}Dﬁ%meO £ @QS Whightan | e
1.1107. 46 “gTexandl TM coal escéent 3.733 g2 gNat r dsol TM 250HR th| ckéner (2.5%

a ueous sdlastd om}h weightiaf thapmmetr}iaﬁ‘tiﬂk g@tnhabiedmpwm;unldu(iQS%O 49

g0. 49 gSuproni | T | ack Liqui dQ.49 g0.4 0230 Texanol,.is a trademark
of East naﬁ%ﬁqué'HﬁéEWEw Iré'ﬂg%”fﬁﬂ Su S“h? Qéfqlﬁﬁcgoﬁ‘bosmlons
Exanmpl es 3yolyerd indRideng E@Bol@hﬁ@%d achli/@e[dl@Lb% ;5 Q?s 1rﬁ§.1chh ked in Table

3.2, to prepare coating conpositions at sever al her pi grren vol une
ratios. Taiolxm&'lzed m@daaqryﬂgc axidpasd the)hke Famdmazb@xndyt afidFeamtpingng. 1 and 3.2

0730 gex TRprengs suthas EaTRaE a5a, AN S ARSAIGAAA Coat i ng compesi f1 on
was prepar ed CQHTaaﬁIQféi‘ged BRbedRA! f1f ﬂﬁﬁn‘eﬁ lp@ftiélks having first phosphorus

acid groups are two-phase polymer particles having phosphorus groups in a

single polymer phase. The two-phase polymer particles have one polymer phase

with a glass transition temperature less than or equal to 40 °C and a second

polymer phase with a glass transition temperature greater than 40 °C. The

difference between the glass transition temperatures of the two-polymer phases

should be at least 10 °C.

In the preparation of composite particles containing the polymer particles
having first phosphorus acid groups, the first aqueous medium, the second
aqueous medium, and, optionally, the dispersant, are admixed by adding the
first aqueous medium to the second aqueous medium, and alternatively by
adding the second aqueous medium to the first aqueous medium. The optional
dispersant is added alternatively to the first aqueous medium, the second
aqueous medium, and to the mixture of the first aqueous medium and the second
aqueous medium. Mixing is typically provided to ensure that the pigment
particles and the polymer particles having first phosphorus acid groups are
distributed uniformly in the combined aqueous medium. It is preferred that the
first aqueous medium containing the pigment particle dispersion or slurry is
added to the second aqueous medium containing the polymer particles having

first phosphorus acid groups, rather than vice versa, so that situations in which



Exanple 1.2a at 15 PVC. First, a master formnulation was prepared by

conbi ning 416 g of Rhopl exT"' AC-261 pol yner dispersion, 1.92 g Supronil TM
HK Bl ack Liquid, 24 g Texanol TM coal escent) 64.8 g water, and 50 g of a 2.5
wei ght % aqueous sol ution of Natrosol T'" 250HR thi ckener (Hercules Corp.,
Wl mngton, DE) while stirring on a bedoéh top stirrer. Next, the conposite
particle dispersion of Exanple 1.2a was conbined with the naster

formul ation to prepare the coating conposition of Exanple 3.7. A clear

Cont 1823 RS SO B LGk SOTROLIED e

PVC and O eartifleshaving@ospphodphonruheidrgroops,iang therpoasibilityrdbgaitpl e

o R Bt WA o et oddp GRS, e

e S, SRRSO Sy Rt po P o, o

pi gnment vol une Theiselect dmppasite. phrticlesalf ithe sondothird ares ekt anBitertfth of

Bxanpl e 3. ]ésggc%s gf‘ &eElﬁeentlign are suitable for preparing the coating of the first aspect
of the invention. The coating is prepared from a coating composition containing
the select composite particles and a binder. The coating composition is typically
formed by first preparing the composite particles and then admixing the
composite particles with binder. Next, the coating composition is applied onto a
substrate and dried or allowed to dry, or cured or allowed to cure, to provide the
coating of this invention. In one embodiment, the binder is a second polymer.
Alternatively, the second polymer is provided as an aqueous polymer dispersion
of second polymer particles. Preferably the aqueous polymer dispersion
containing the second polymer particles is prepared by aqueous emulsion
polymerization. Suitable second polymers include styrene butadiene polymers,
styrene acrylate polymers, (meth)acrylate polymers, polyvinyl chloride polymers,
ethylene vinyl acetate polymers, and vinyl acetate polymers. The second
polymer particles generally have an average particle diameter in the range of
from 20 nm to 1 micron, preferably from 50 nm to 600 nm, and more preferably
from 80 nm to 500 nm.

Suitable coating compositions to prepare the coating according to the first
aspect of the invention include coating compositions containing composite
particles selected from covalently bonded composite particles and composite
particles with adsorbed polymer particles having first phosphorus acid groups, in
which the composite particles are formed in an aqueous medium substantially
free of water soluble polymer having second phosphorus acid groups.

One embodiment provides coating compositions wherein the binder is the
polymer particles in the composite particle which coalesce to form the polymer

matrix.



3. 8Exanpl e 3. 9Exanpl e 3. 10Exanpl e 3. 11Cl ear Coati ng Conposition8.15 g5. 93
g3.70 gl.48 gExanple 3.73.64 g6.36 g9.09 gll1l.81 gPVC471013 A coati ng
‘conposition was prepared containing the conposite particles of Exanple 2. 1la
at 16 PVC. First, a master fornul ation4iévas prepared by conbining 564.0 g of
Rhopl exTM AC- 261 pol yner dispersion, 2.9 g Supronil TM HK Bl ack Liquid, 35.0
g Texanol TM coal escent, 102.5 g water, and 67.7 g Natrosol 250HR thi ckener
(3010 solids in water) while stirring on a bench top stirrer. Next, the

conposi te part 18 ahqthenembpdiment, the,pandsr 35 g pserabymerie aatierial whichissare
formul atio L ng: litd f . ear
cont i ng weliyferldBRfdriftel thatathal QRN M o othS MLy artdruact

i ngr edi ent mohbmieedan ethjddniealBy Gnsatabheddligomerpand Agxturep thérebfHNinathid 6 PVC
Exanpl e 3. 12Exanpl e 2. 1a40, 46 gMaster fornmul ati on32.17 gPVCL6 79 Coating
conposi ti o%ba@mrﬁr ﬁ}fa%élmgt"fghﬁ 1gyentipn HoPRePRES h&éaeeﬁ@%thea@qaéﬁg

composition onto a substrate and then initiating the polymerization of the
ethylenically unsaturated material by exposing the coating composition
containing the ethylenically unsaturated material to electromagnetic radiation
such ultraviolet or visible radiation, to ionizing radiation such as gamma rays or
X-rays, or electron beam irradiation, or by formulating the coating composition
with a chemical initiator. Suitable ethylenically unsaturated materials include
monoethylenically unsaturated monomers such as C, to C,, alkyl (meth)acrylates,
hydroxyalkyl esters of ethylenically unsaturated carboxylic acids, isobornyl
(meth)acrylate, styrene and substituted styrenes, carboxylic acid containing
ethylenically unsaturated monomers, vinyl chloride, vinylidiene chloride; multi-
ethylenically unsaturated monomers such as trimethylolpropane
trilmeth)acrylate, trimethylolpropanepropoxylate tri(meth)acrylate,
1,6-hexanediol di{meth)acrylate, 1,3-butylene glycol di(meth)acrylate,
ethoxylated bisphenol A di(meth)acrylates, pentaerythritolglycol
di(meth)acrylate, pentaerythritol trilmeth)acrylate, tetraethyleneglycol
di(meth)acrylate, melamine (meth)acrylate, diethyleneglycol di(lmeth)acrylate,
neopentylglycol di(meth)acrylate, and triethyleneglycol tri(meth)acrylate; and
ethylenically unsaturated oligomers such as polyether acrylates, epoxy-acrylates,
polyester acrylates and polyurethane acrylates, (meth)acrylated acrylic
oligomers fluorinated (meth)acrylated acrylic oligomers, polyamine acrylates;
and C,-C, alkane diol (meth)acrylates.

Acrylates are generally preferred over the corresponding methacrylate as
acrylates typically cure at higher speeds. Coating compositions containing an
ethylenically unsaturated material as the binder, typically contain a mixture of
ethylenically unsaturated monomers or oligomers to provide the desired coating

properties.



by bl ending the conposition of Exanple 3.12 and the master fornul ation, as
Listed in Table 3.6. Table 3.6 - Coating Conpositions From Bl ends of

‘Exanpl e 3.12 and Master Formul ati on Exanpl e 3. 13Exanpl e 3. 14Exanpl e

3. 15Exanpl e 3. 16Exanpl e 3. 17Master Fornul ati on57.85 g42. 21 g34. 24 g27. 45
913. 35 gExanpl e 3.1222. 15 g37. 80 g45. 48 g52. 55 g66. 66 gPVC478. 61013
Conparative coating conpositions were prepared at 2 and 30 pignent vol une
concentration (PVC) by adding the ingredients in the order listed in Table

3.7. Table 3.7 jve . ting. ki r.ati.v amle

A. 1Conpar ati ve T&aﬁgﬁgﬁsﬁ‘@gﬁg@?ﬁ Pgﬁg@g%‘ﬂe‘%l%@@ﬁfaﬁ%ﬁﬁ%m exT™M
SG 20 pol yieich @ sweidbyoilRravidlepdeviaiilé FAdliatish eprterablpBihciizded® gNat r osol TM
250HR t hi ckener (2.5% aqueous sol ution)12.24 gl2.24 g\Water24.73 g27.79

gAmoni umphpteisitiater i grdey. indiate the polsmrrésationandtarcseleratedibiedpead ofy0. 49
O30 T SRR SR O AR Ol SRR B AL
prepar e cqaid idglude free radical photoinitiators and cationic photoinitiators. Examples of
free radical photoinitiators include benzophenone, 2,2-dialkyl-2-
hydroxyacetophenone, 2-methylamino-2-benzyl-1-(4-morpholinophenyl)-butan-1-
one, and acyl phosphines. Examples of cationic photoinitiators include
aryldiazonium salts; diarylhalonium salts such as diaryliodonium,
diarylbromonium, and diarylchloronium salts with complex metal halide anions;
triarylsulfonium salts; nitrobenzyl esters; sulfones; and triaryl phosphates. Cure
of the coating composition containing ethylenically unsaturated material using
ionizing radiation, in particular, electron beam radiation, does not require a
photoinitiator although the coating composition optionally contains a
photoinitiator. Optionally, the coating composition containing ethylenically
unsaturated material is cured in the presence of a chemical initiator such as
peroxides or azoisobutyronitrile. These chemical initiators generate radicals
which initiate the polymerization of the ethylenically unsaturated material. The
chemical initiators decompose to form radicals at room temperature although an
elevated temperature is often employed to achieve a faster rate of cure.

In one embodiment, the prepolymeric material is a reactive polymer or
oligomer having alkoxysilane and/or acyloxysilane groups. The reactive polymer
or oligomer is optionally formed from alkoxysilane monomer and/or acyloxysilane
monomer with other silicon-free monomers. The prepolymeric material
containing the alkoxysilane and/or acyloxysilane groups is crosslinked by a
condensation reaction in the presence of moisture and, optionally, a catalyst.
Examples of reactive polymers suitable as a prepolymeric material containing
alkoxysilane and/or acryloxysilane groups are disclosed in U.S. Patent 4,499,150
and U.S. Patent 4,707,515,

Alternatively, the prepolymeric material useful as a binder is a two part

curing system. The two part curing system includes a first component



conpositions at several other pignment volume ratios. 80 Table 3.8 -
Conpar ati ve Coating Conpositions From Bl ends of Conparative Exanples Al
and A. 2 ConparativeConparati veConparativeConparati veExamle A 3Exam | e

A 4Exam | e A .5Exam | e A 6Conparative36.31 g33.40 g21.78 g7.26 gkExam |l e

A. 1ConparativeS. 36 g8.93 ¢g23.22 g41. 0743gExam | e A 2PVC571525 A second
conparative coating conposition was prepared containing the conparative
conposite particles of Conparative Exanple C. 2a at 16 PVC. First, a master
formul ati on was_prepared by conbi ning 564, 0 g of Rhopl exTM AC- 261 pol ymer

di sper si orcondginingjatrieaghby rrrachyr gxeuns and g seepnd companend contgimngagni | TM HK

Bl ack Liqui d 2 N@Er . g!(m@ |+ 9 ' ' er)
while sti ;ire ?%tgm(;bncoa %18}?%?9 pﬂ%gﬂ% r. ﬁeﬁﬁﬁg Egg%%%)géﬁ# iéq%%#‘%c\gﬁ%

di sper si ongretipCoftiay ftst cempsaeil. €TKe Srond sompohemteid oficnirefdieedrésheh

formul ation to prepare the _coating conposition of Conparative Exanple A 7.

Tabl e 3.9 “curipgpgent’s Ruitahle twe PeBnpuing sisteme indudydorgrgmple, epexsExanpl e
o S ARG 00 AR TR R
for nul at i omevepear, ke bydodgitontainiig Qiring Bgéns; amind tahadwith Jabfieg 3. 10,
Lo POV et eledted Trom hydronyl, carboxylie acid, and amide conthining ouring
agents; and isocyanate resins with a curing agent selected from hydroxyl, and
amine containing curing agents. Suitable isocyanate resins include aliphatic and
aromatic isocyanates. Blocked isocyanates are suitable as the isocyanate resin.

The coating composition containing the two part curing system optionally
contains a catalyst to accelerate the crosslinking reaction between the reactive
groups and the complementary reactive groups. In another embodiment, the
coating is prepared from a powder coating composition. Powder coating
compositions are well known in the art and are discussed in Organic Coatings:
Science and Technology, Vol. II, Z. W. Wicks, Jr., F. N. Jones, and S. P. Pappas,
John Wiley & Sons, Inc., 1994, Chap 31. A binder for a powder coating
composition such as a thermosetting powder coating composition contains a first
component, typically referred to as a primary resin and a second component,
typically referred to as a hardener. Suitable binders include epoxy binders
crosslinked with a material selected from dicyandiamide, modified
dicyandiamide, and trimellitic anhydride hardeners; polyester binders
containing hydroxyl and carboxylic acid groups, which are crosslinked with a
material selected from triglycidyl isocyanurate,
tetra(2-hydroxyalkyl)bisamide, blocked aliphatic isocyanates, and
tetramethoxymethylglycoluril hardeners; acrylic binders containing epoxy
groups which are crosslinked with dicarboxylic acids; and acrylic binders
containing hydroxyl groups which are crosslinked with blocked isocyanates.

The coating of this invention is typically prepared by applying a coating
composition to a substrate by conventional methods such as, for example,

brushing, rolling, drawdown, dipping, with a knife or trowel, curtain coating, and



Tabl e 3.10 - Conparative Coating Conpositions From Bl ends of Conparative
Exanpl e A. 7 and Master Formul ation

‘Conpar at i veConpar ati veConpar ati veConpar ati veExam |l e A . 8Exam|le A 9Exam | e
A. 10Exam |l e A 11Master57.9 g42.2 g27.5 g13. 4 gFornul ati onConpar ative22. 2
g37.8 g52.6 g66.7 gExanple A 7PVC47101#¢ 81 Exanple 3.18 and Conparative
Exanple A 12 A naster fornmul ati on was prepared by conbining 329.8 g of

Rhopl exTM AC- 261 pol ynmer dispersion, 1.7 g Supronil T™M HK Bl ack Liquid, 27.7

g Texanol T, ﬁ?ﬁ{geﬁ%ﬁmds s08h AsJfopak&frpl &G - ﬂgon@ngd @gf'a{}p SP-a LBl sf)ﬂ{)p k e n er

(2.5% solids inwater) while stirring on a bench psStirrer. Next,
aqueous ¢ oanplms spray, bigIExdnpieelow BEessare spoap, aretlain dssistérbairbess epray.

formul ati o repare.the coat.i composi ti on, .of anpl.e 3.18. A

corpar at | vEne el cRREE HASER TR G tHA SO rbRoTH SRt I o S 19Ba gh eous
conposi ti ofoRf 1 GRERA 13250EmEEBAR | Thé cafting 8dthfosition is Eﬁﬁﬁ’é& Gt of Coating
Conposi tion and Conparative Coating Conposition Exanple 3. 18Conparative

Exanpl e A sithdhstte msfosinglexoabamultigscoatsy @mfgtab@a&az@e GO@Cafrthar ative
Exampl e C. 3a

mast er for A% H’tﬁ ‘5’%‘&/@% Els%?b"“%%’ db}%é?%??ﬁ%r}goagg tt{j\égi" g&l %}ﬁ oA
conditions, such as, for example, at from 0 °C to 35 °C, and in the alternative,
dried at elevated temperatures such as, for example, from 35 °C to 150 °C.

In addition, the coating of this invention optionally includes other
components, including without limitation, other polymers, surfactants, other
pigments, extenders, dyes, pearlescents, adhesion promoters, crosslinkers,
dispersants, defoamers, leveling agents, optical brighteners, ultraviolet
stabilizers, absorbing pigments, coalescents, rheology modifiers, preservatives,
biocides, and antioxidants.

The coating of this invention is suitable for application onto various
substrates including wood; masonry; cementitious substrates such as concrete,
stucco, mortar, and concrete substrates; stone; cellulosic substrates such as
paperboard, wallpaper, wall board, and paper; glass; metal; asphalt; leather;
plastics such as polyvinyl chloride; and woven and nonwoven material such as
cloth, wool, synthetic and natural fibers, and textiles. In addition to providing a
coating with improved hiding of the underlying substrate, the coating of this
invention is suitable as a protective coating and in the alternative, as an
aesthetic coating.

The coatings of the present invention are useful as architectural coatings,
such as interior and exterior paint coatings, including masonry coatings, wood
coatings and treatments; floor polishes; maintenance coatings such as metal
coatings; paper coatings; and traffic coatings, such as those coatings used to
provide markings on roads, pavements, and runways.

In one embodiment, the coating of this invention is a semi-gloss coating
having 20° gloss values in the range of from 10 to 50, 60° gloss values in the

range of from 50 to 80, and 85° gloss values in the range of from 80 to 95. The



AC- 261 pol ymer dispersion, 3.42 g Supronil TM HK Bl ack Liquid, 41.55 g
Texanol T'" coal escent, 116.4 g water, and 85.2 g Natrosol 250HR thickener
(2.5% solids in water) while stirring on a bench top stirrer. Next, the
aqueous conposition of Exanple 2.3 wassgonbined with the master fornul ation
to prepare the coating conposition of anple 3.19. A conparative coating
conposition was prepared fronlthe conpar ati ve aqueous conposition of

Conpar ative A 13. 2 Tahle Preparation of Coatin S|t|on and
Compar at | EEEEIDS PRI G TIAL SERABPILE YO apsIe: GRR Dl & W STkt er
Formul ati g&ﬁ iched, 43t B30 %@s%m%llﬁeﬁeﬁaéopg&tﬂ(&ﬁaﬁa Hdr{ © t%ﬁ@%’é&ogdgﬁrs

gPVC1616 ' e$ 3.20-3.21 and Conparative A 14 A master fornulation vvas

prepar ed bmgmnﬂmau'tlgleS?Z 7 g of Rhoplex''M AC- 261 pol yner di spersion, 1.90
and 44,72 g NatFORHDSE RN ot RENERT RIS HEoR HOREE BPRCEHR A6 1 1 g
Exampl o 2, Bang A0 LGk valie neh‘g ‘?%“ O 10 Ml Vol ARG r2n8 e
coat i ng cooffpsint 100tes30) fankdb&htgless3raPfesdncthe range of from 10 to 30. The sheen
coating optionally contains, on a volume basis, from 9 to 15% pigment particles,
from 10 to 20% large extender particles, and from 0 to 10% secondary pigment
particles.
In another embodiment, the coating of this invention is a flat coating
having 20° gloss values in the range of from 0 to 5, 60° gloss values in the range
of from 0 to 5, or 85° gloss values of from 0 to 5. The flat coating optionally
contains on a volume basis, from 6 to 12% pigment particles, from 25 to 40%
large extender particles, and from 0 to 15% secondary pigment particles.
The examples which follow illustrate the several aspects of the
composition and the process of the present invention. These examples are
intended to aid those skilled in the art in understanding the present invention.
The present invention is, however, in no way limited thereby. The abbreviation

“g” represents “grams”. The abbreviation “mg” represents “milligrams”.

Method to Determine Value of B for a Species of Pigment Particles in a Coating

The B value for a coating containing a particular species of pigment
particles, which are at a pigment volume concentration (PVC) having a value
represented by “V” in the coating, where the coating is referred to as “Coating-V”,
is determined by preparing a series of coatings including coatings having
pigment volume concentrations for the species of pigment particles of 0.2V, 0.4V,
0.6V, 0.8V, and V. For those coatings having PVC values that are fractional
values of V, the PVC’s of any other species of primary pigments and secondary
pigments, and the volume concentrations of extenders and dyes are maintained

at the same levels as in Coating-V.



Exanpl e 3.21, respectively. A conparative coating conposition was prepared
fxom t he conparative aqueous conposition of Conparative C 4a. Table 3.7 -
Preparation of Coating Conpositions and Conparative Coating Conposition
Exanpl e 3. 20Exanpl e 3. 21Conparati ve Exanpl e A 1l4Master Fornmul ati on32.2
g32.2 g32.2 gExanpl e 2.4a40.0 gExanpl e 2. 5a40. 0 gConparati ve Exanple

C. 4a40.0 gPVCl161616 Exanple 4 - Preparation and Eval uati on of Coated

Sanpl es Preparation of Coated Sanpl es: Coated sanples were prepared by
applying a 76 micron (3 ml) thick wet filmof the coating conposition onto
Qpaci ty Charts THéeodtorgstare Quapaned, byFcomnrbi8B)g thiet dongpoBients off theéeodVED

| ndustri es) and.allow'@% t he vvedt filmto dry at ﬁo C.and 20% rel gtive

humi i ty f STRRISIHERRTR B sqfme Grder ugingghe same MetAod gf Drspareen.

Coef fi ci entsstint@mpdsidrRRARChe\satevAlmeR1ideaHd B3Rk toMPasitBAS 4red
over the black part” of the chart wwth a Pacific Scientifrc Col orguard

col ori net eapplizat usisg al singledype offapplicpor erdd Opacityl Ghardia(Ehe henetai s an
average of three asur, nt.s. Scatteri coefficient re.cal cul at ed
ising the SQERARENF SR 38 g are gllowed sty oF euee ynden heddamicalggnditions
Y-refl ect apggnyahiR firfbd drtiMal 48eWpa tit'%@hix% h&b@y&ﬁf?&x@%la@ﬁ%feétﬁ&is‘?gt 0‘8’85

selected to provide a 2 PVC coating W a scattering coefficient of
Tabl e 4.1 |i st sThé¥-réfleetfanee valwedon ahctesoading, iYyds nsasuted exerdoth the i ng

SR TS CRLTN R R R TN
Scientific Colorguard Colorimeter (supplied by Gardner Ineotec, MD). The
thickness of the coating must be large enough so that the Y-values measured
over the black and white section of the chart are the same. If the Y-value for
Coating-V is less than 0.75, the coating compositions for the series of coatings
are tinted with 0.79 kg (1.75 1b) of Supronil™ HK Black Liquid (Clarient AG
Corp., RI) per 378.5 liters (100 gallons) of the coating compositions.

The scattering coefficients for each coating, Sj, are calculated by using the
equation S=2.578Y/(1-Y ), where Y is a number from 0 - 1. The value of B for the
Coating-V is calculated by fitting the values of S to equation 4.



84 Table 4.1 - Y-Reflectance Val ues and Scattering Coefficients for
Coatings Prepared from Coating Conpositions and Conparative Coating
Conposi tions Coating ConpositionY-Refl ectance Val ueScattering

Coef fi ci ent PVCComment sExanpl e 3. 10. 23101. 0002Exanpl e 1. laExanpl e

3. 30. 37202. 4325Exanpl e 3. 40. 43153. 4417xanpl e 3. 50. 56657. 77Z15Exanpl e
. 60. 653013. 9825Exanpl e 3. 20. 671015. 9630Exanpl e 3. 80. 41503. 1264Exanpl e
. 2aExanmpl e 3. 90. 50805. 4107Exanpl e 3. 100. 56687. 78610Exanpl e

. 110. 60309 86313Exa 70 616010 771 nple 3 130. 3981 0984Exanpl e
. 1aExan‘p et ) Ve s ates { g h A d

WNWEFk Ww

Exanpl e A~T0.2Z23001. 0002Conpar ati ve C. | aConparative Exanple

A. 30. 37902. 533JcanpattaifugetibeadplOeg 6f 41D adledis pblymep dixpesdiow eortbairiinge
A. 50. 52205. 8891 5Conparati ve Exanple A. 60.56407.64825Conpar ati ve Exanple
A. 20. 5660?0#349303@#53%??83@@1&%@% acd EeupPnWa edhpd % hepample was

C SR B PR B St

A. 70. 5893 WbHF46A pd}&oﬁhﬁ thé dérfign @hﬁs@wae @emvpd 6voingl €igk @mpl@&ﬁd dded utn

. 160. 547 g' 0Exarrp|é 3.170. 5853, 39713Exarrpie 3. 120. 6114 03816Conpar at i ve

di oxi de particles in the coatjn in Table 4.1 were_ determned by fitting

the val uedopmytemperatuger & stogk 8 lromc‘ff%Pgep&ﬁﬁd eortapnigadfld g mathil
concentr at@(@ggﬂe‘, U&%ufs'otﬁﬁ WAL ( gg%‘) %dd'e rslkgg&egig%{gqe&%%} &gol)efrhe

Af*~*[1-B* ere esents the Scatte I Cl ent,

presents

t he pi grrembrumjphmasohdewteraﬂlssalveﬂmneo giof tine stocklisobatida, Fhed A and B are

constants. Val ues  of wer e deter for the coatings cont ai ning the
conposi t e (ERFINLERLQN eF' tlB(‘é{ﬁiﬂréOE‘l g po émrﬂreéﬂ&g phosphorpp peldgroupswas

conparati \(;d%om Qa! s ?n%?ﬁ&sépg#o%gi n%f@&?rxﬁ‘ﬁﬁe‘%lcﬁ}@mﬁ&egp%@ho?cggyt he

titani um € partictre nparative
(NMR) by calculating the ratio of the area of the broad peak for the water soluble

polymer containing phosphorus acid groups at 4.7 ppm to the area of the peak for
methyl phosphonate at 21.6 ppm.

Determination of the Level of Phosphorus Groups in the Polymer Particles.

The equivalents of phosphorus acid groups in the polymer particles were
determined from the equivalents of phosphorus acid monomer used in the
preparation of the polymer particles, minus the equivalents of water soluble
polymer having phosphorus acid groups, as determined by phosphorus-31 NMR.

Where the equivalents of phosphorus acid groups used in the preparation
of the polymer particles were not known, the equivalents of phosphorus acid
groups in the polymer particles were determined by first measuring the total
equivalents of phosphorus acid groups in the aqueous polymer dispersion using
atomic absorption spectroscopy, and then subtracting the equivalents of water
soluble polymer having phosphorus acid groups, as determined by phosphorus-31
NMR.

Example 1 - Preparation of Composite Particles with Covalently Bonded Polymer
Particles

Example 1.1 - Preparation of Composite Particles from Titanium Dioxide
Particles and Isocyanate Functional Polymer Particles



Example C.S. Table 4.2 - Values of B for Coatings Prepared from Coating
Conposi tions and Conparative Coating Conpositions Coating

Conposi t i onBComrent sExanpl es 3. 1- 3. 6-0. 070. O6conposite particles of Examle
1. laExanpl es 3. 7-3.110. 099t 0. 035conposite particles of Exanpl e 1. 2aExanpl es
3.12-3.170.080. 0Olconposite particles o048 Exanpl e2. 1aConpar ati ve Exanpl es

A. 1- 0. 220. 0Ol1ti tani um di oxi de particles of A 6Comarative Examle

C. |l aConparati ve Exanples A. 7-0.170. 005conparative conposite particles

of A. 11Com ar at | @gmpy&ite brticlérhavifE abeH1endtR IbURAED pOlyAreH fArtielEMwdrbani um
di oxi de particletitaniumdioxide particles The results in Table 4.2 show
that the cpeapanedbpthe neactionafisdcyanatefungiienalifolydebpatticdemindtisaniug 17,

have B val yes. pf | ess than.or ;equyal..+o0 Q.15 This indicates that the
titanium d&@ﬁ%@ﬁ‘é’fﬁfﬁn té?%l&(%gs“_”itﬂamggg‘&%! ngs have scattering

coef fici enppeghirhfion of [#R4nMe FilREonhl Pﬂ%dr@a%ilc%sm p to the pignment

vol ume concentration of the titaniumdioxide particles contained in the
coatings. |n cofydalitesofourmecketbrovanddiatiam dlesk iwapsedwappedswithi 4 paddiel y | ower
| evel s of hi.ding.,The B values for.the tifaniumdioxide ni.ai ped in the
conpar at | vEIEEE HS TR Eeg Bioeth itk &Pt Sarileprer, B HiF BFtsHPam

di oxi de pagidéd €500 HAkioieicd Waler C TNealeiGiilzédwatdiiPas heatla th alefiperdtifiet he

| argest val ue for B, indicating 86 significant crowding of the titanium

di oxi de paofi 8T f@andaralmitrogen atmdspheref A mixincy of Thé gwodedmdaun selfatd ues

were al so for, the,coatings prepared f e 18 +,2.21 and
Conparati vg@g?g%esso‘ﬂg?‘iﬁl 1&5%%}3&%(&1?%5 r“é?‘?c?éécgﬁ %ﬁg%s}%sé&?wﬁ&%%r I n
the Y-refl geipneorsd #esdivascarbstale iv 50 §defonidedavatad. ThasE QAGitidas @brb0 be
significant. The Y-values for coatings prepared from Exanple 3.18 and

Conpar at i vinBedigtely falloweddydhaadditiadof pselution of 3hgisebug persylfatainvel y.
part ol vs. 59 EClsiareaf rGRR ARET e ndRiBRR of e f iR hepGIER BTG O, The
pol yner papfonehfs epdulbion ME), hich Wak %r@ﬁzﬁ@ﬁft@@n%ng 1320/ g0dsioized daess of
this invention. The conparative polynmer particles of Conparative Exanple
A 12 were pPERRdtaA5 g bysyhamyliaiat530m prerthgkmathacrplate /2 g3-
isopropenyl-o,ca-dimethylbenzyl isocyanate, and 14.0 g methacrylic acid, was
added to the flask at a rate of 6 g/minute at a temperature of 85 °C for 30
minutes. After the 30 minutes, the feed rate was increased to 12 grams/minute.
When the ME feed was complete, the reaction was held at a temperature of 85 °C
for a period of 15 minutes and then the contents of the flask was cooled to room
temperature and filtered to remove any coagulum. The dispersion containing the
isocyanate functional polymer particles had a solids content of 38.5 weight %, an
average particle diameter of 85 nm, and a pH of 6.0.
Preparation of Functionalized Pigment Particles
The titanium dioxide particles functionalized with amine groups were
prepared by treating titanium dioxide particles with a coupling agent containing
alkoxysilane groups as the first functional group and an amine group as the
second functional group. The alkoxysilane groups were reacted with the
titanium dioxide particles to attach the coupling agent to the titanium dioxide
particles with covalent bonds.

A mixture of 95 g ethanol and 5 g water was placed in a grind pot which

was then placed on a Premier Mill dispersator (manufactured by Premier Mill



The Y-val ues for coatings prepared from Exanple 3.19 and Conparative

Exanpl e A 13 were neasured to be 68.0 and 66.6, respectively. The pol yner
particles contained in Exanple 3.19 and the conparative polyner particles
of Conparative Exanple A 13 had the sane pol yner conposition. The polyner
particles contained in Exanple 3.19 wet® prepared by the | ow pH process of
this invention. The conparative polyner particles contained in Conparative
Exanpl e A 13 were prepared by a polynerization process at a pH above 2. The
Y-val ues f | : . 249, | 2.3 and

Compar at | Ve Brane{ B6g BAPERIERed W CHRIENIRL SO pnE Il e ekl S

respect i velTiPurdieRgdl6ytitamipmr dipxide {TiRureds addadem&naof el. Ddihntideanpl e

3. 21, d t.h [ A t4 f t.0 ) A. 14 had
Che same. pPPRGF BohbBERAn MR o DE) V38 PECER S00 GHeten ReT U anpl o
3.20 and ExamRkéwashodkd 8t ROGP SR doRY pkﬁ%d'o?‘l’ﬂﬁhﬁft@%ﬁiﬁéis brsblthe

I nvention. The conparative polyner particles contalne n nparative

Exanpl e A. titaniemedipxidegraeticley. dheahithspeed avasodecpeasedds gantla spirriagpve 2. The
results show that the palyner, particles prepared a poly i zat i on
brocess. of Pllamedig b el ohd ek b ereeebr oy e HogrElnbo the BiRT: ng
that a 2 ' an Ml . | : by a
pol yrror i zat Fon s LHOF NGRS (AR Gab BafERTAP] 4 PLRECILERA 54 Y
coati ng cotherathang): ara) wptagmeere glbmteddbeyapardta gt acorm\tempgeatpae to provide

di ameter of, up to,.1 mcron,, a surface, and an i.ndex of refraction qf at
feast 1 8 btgiu digxis HAtaHeR dintto g zed e ARG Er ot A% e R sonatredai d
pi gnent pa{,itgh{gn@?hrﬁaieg pi gnent particles having a |ight scattering

) S!

coefficien escri bed by the equati on:
The functionalized titanium dioxide particles were provided as an aqueous

dispersion by first adding 75.0 g of water to a grind pot. Next, 300 g of the
functionalized titanium dioxide particles were added to the grind pot with
mixing using a Premier Mill dispersator equipped with a disk blade and ground
at 2000 rpm for 20 minutes to provide the aqueous dispersion containing
functionalized titanium dioxide particles.
Preparation of Composite Particles

Composite particles according to the present invention were prepared by
adding dropwise 140 g of the aqueous dispersion containing the functionalized
titanium dioxide particles, to 180 g of the isocyanate functional polymer particle
dispersion, with mixing. The resulting composite particle dispersion was placed
on a roller for at least 12 hours. The final composite particle dispersion had a
solids level of 56.7 weight %. The composite particles contained 61.5 weight %
titanium dioxide particles and 38.5 weight % polymer particles.
Example 1.2 - Preparation of Composite Particles From Titanium Dioxide
Particles and Acetoacetoxy Functional Polymer Particles

Composite particles were prepared by the reaction of acetoacetoxy
functional polymer particles and titanium dioxide particles functionalized with

aldehyde groups.



S = AV(1 -BVefr ) wherein: Vis the pignent volune concentration of said

pi gnment particles and is in the range of 5 to 40; Vex. is the effective

‘pi gnment vol une concentration of said pignment particles; Ais a constant
with a value greater than 0; and Bis a constant with a value in the range
of fromO to 0.15. 2. The coating accoP@ing to claim1 wherein said pignent
particles are present as conposite particles. 3. The coating according to
claim2 wherein each of said conposite particles conprises: a) one of said

pi gment paPtdépdrafion bf AdddHydstCanthinahy Couplinp@aemer particles; and c) a
second plurality of reacted coupling agents, _each one of said reacted

coupl i ng agent sAicqupking paent spnbainirgian 8lkuygilaneersupamthefanst fenctionad to a

g ot . ;. .
cont i o nckte i 86 aRRdelgriho By M BLd o8B IuRBRd bidited By AlH°
conpri ses: adding 5.0 badyldadetabertota 250 il ebwrsd bettemflask dyuippdd withaf pol yner

particles, each one of said polyner particles conprising polynerized units
of phospho?@@%@f@eﬁﬁﬁfeﬁﬁgne%ﬁ\? ifgers theymocouple, and a nitrogen inlet tube. The

contents of the flask was swept with nitrogen and heated to a temperature of 88
°C. Next, a solution of 0.05 g Vazo™ 67 initiator (Vazo is a trademark of E. 1.
DuPont de Nemours and Co., Wilmington, DE) in 2.5 g butyl acetate was added
to the flask. A monomer mixture, which contained 25 g butyl acetate, 12.5 g
methyl methacrylate, 12.5 g hydroxyethyl methacrylate, and 0.8 g of
3-mercaptopropyltrimethoxysilane, was added dropwise to the flask in a 30
minute period. The contents of the flask was allowed to stand for a period of 15
minutes, and then the temperature was increased to 95 °C and maintained at a
temperature of 95 °C for 40 minutes. The contents of the flask was then allowed
to cool to room temperature and then 55.5 g anhydrous dimethyl sulfoxide was
added, followed by the addition of 4.9 g diisopropylcarbodiimide and 1.1 g
pyridine-hydrochloric acid dissolved in 5 g dimethylsulfoxide. The contents of
the flask was allowed to sit for 72 hours. A white precipitate formed and was
removed by filtration. The remaining mixture contained an alkoxysilane
terminated co-oligomer of methylmethacrylate and 2-hydroxy acetaldehyde ester
of methacrylic acid as an aldehyde functional alkoxysilane coupling agent at 9.8
weight % solids.
Preparation of Functionalized Pigment Particles

The titanium dioxide particles functionalized with aldehyde groups were
prepared by treating titanium dioxide particles with a coupling agent containing
alkoxysilane groups and an aldehyde group. The alkoxysilane groups were
reacted with the titanium dioxide particles to attach the coupling agent to the
titanium dioxide particles with covalent bonds.

A mixture of 95 g ethanol and 5 g water was placed in a grind pot which
was then placed on a Premier Mill dispersator equipped with a disk blade. To

the grind pot, 400 g TiPure™ R-706 titanium dioxide (TiPure is a trademark of



89 phosphorus acid groups, such that said plurality of polyner particles
are adsorbed on said surface of said one pignent particle; such that said
conposite particle is forned by adm xi ng said one pignent particle and said
plurality of polynmer particles in an aqueous nediumthat is substantially
free of water soluble polyner bearing gecond phosphorus acid groups and
havi ng a nol ecul ar wei ght of at |east 40,000. 5. The coating according to
claim 2 wherein each of said conposite particles conprises: a) one of said

pi gment pa un of ticles ach ne o
said poly riglg'fl?b%f@ésil\]%#np%fg %? &# ri zea‘meﬁ.‘{’)@f‘&"‘b%s'ﬂﬁ%m§
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said pignent particle. 7. A conposite particle conprising: a) a pignent

particle; 9mang andithp |1w<amewaaﬂtnped Jore25 punutest dhe migturg wassecond
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coupl i ng” agénts™ s €ov 0" 5aid Dart to a
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coating conposition conPr|S|n a congS|te particle conprising 90 i)
t

a pigment faretionadized withyaldehgde @rqy!rpams e fungtinplized pigment E%"tlcéﬁﬁ"d
An aqueous dispersion containing the functionalized titanium dioxide
particles was prepared by first adding 104.6 g water, 6.1 g Tamol™ 731
dispersant (Tamol is a trademark of Rohm and Haas Company, Philadelphia,
PA), 6.9 g Colloid 643 dispersant (manufactured by Allied Colloids Limited
Company, UK), and 1.1 g sodium hydroxide (50 weight % solution) to a grind pot.
The contents of the grind pot was mixed using a Premier Mill dispersator
equipped with a disk blade followed by the addition of 384 g of the aldehyde
functional titanium dioxide particles. The mixture was ground at 2000 rpm for
20 minutes to provide the aqueous dispersion containing aldehyde functional
titanium dioxide particles.
Preparation of Composite Particles
An aqueous dispersion containing the composite particles of this invention

was prepared by adding dropwise and with mixing, 46.8 g of the aqueous
dispersion containing the aldehyde functional titanium dioxide particles to 51.4 g
of Rhoshield™ 3188 polymer dispersion (Rhoshield is a trademark of Rohm and
Haas Company). Rhoshield™ 3188 polymer is an acetoacetoxy-functional
polymer particle dispersion supplied at 40 weight % solids and has an average
particle diameter of 120 nm. The resulting composite particle dispersion was
placed on a roller for at least 12 hours prior to formulation into a coating
composition. The resulting composite particle dispersion had a solids level of
56.6 weight %. The composite particles contained 63 weight % titanium dioxide
particles and 37 weight % polymer particles.



iii) a second plurality of reacted coupling agents, such that each one of
said reacted coupling agents is covalently bonded to said pignent particle
and to a correspondi ng one of said first plurality of polyner particles;
and b) a binder. 9. A nmethod for preparing a conposite particle, wherein
said conposite particle conprises a pifgrent particle and a first plurality
of polyner particles attached to said pignent particle, the nethod
conprising the steps of a) adm xing said pignment particle and a second
plural ity fsipleos Ubesy Ao &Pl G2t icl dBRALE WG fer parhesal d
coupling r S a Up tor reac Wwth said

pi gnent parti clBhe follbeimg ablbieivhitim\ea'bersedmmhhstelxarrmlﬂh and a second

functional group for reac in wi.t h a conpl enent ar, upctional group to form
a second &8‘5‘1 %ﬂ 80%“'?3(?} HIRG 27 AYSHRES ‘é’ﬂ“ﬁﬂsﬁ%‘h O]1‘@F}%3‘/glﬁ§’/ereacti ng
or allowing to react gaid ggcggﬁrgulmgtgg:%go@fglﬁt | east a portion of said
first functional groups of said secon lurality of nolecules of said
coupl i ng a&l8t, such sodaimdaurylsolfate; éﬂwm‘@mant particle has a third
plurali tyo@h nmol ecul ?ﬁf gf sai d coupljng agent with reacted first functional
groups, Ently bdHSEHMeBEEERUISION, g xi ng sai d nodi fied pi gment
particle m gaid fi rs%EormH{ﬁBhfe\‘eﬁIuIEi%hynH particles, each of said first

c

plurality of polymer particles conprising said conplenentary functional
group; andMi-3f or m nghsai nhonompnsnm%smnrtl cle by reacting or allowing to

react sai ond fungtiopa of idthird plurality of nolecul es of
sai d coupldllj S/fagent ﬁ hg{) E%?‘Fé’ﬁf"g?y functional group of said first
plurality rpfie RRINGBUPRYdddxidSwald Qf pRAGofdsoval ent bond therebet ween, such
t hat at Ieast one of sald flrst p! urallty of said polyner particles is
coval ent | yPiupagat S % AQ oIS

coupling ) | =rS| n.co i Si a)
pol ymer pa ; ; e noner,
and having fi rsrhmmwe bge&wmp&n a@ﬁﬁtd})a%ﬁeﬁﬂb&%& BEdhgeRt such
that said aqueous polynmer dispersion is substantially free of water sol uble
pol yner hafeedipgdonnag piygepistreas, a@dctegm@umre tantral. chorplossraastqravas cl e

di t t ch of ' :
@ b nent B H € ohorRosBRAnE, TR aoRieRtsof R tanrial o hGrORE A
particles gomrhead @650 Wik maefg U!A' ﬁxintQ}e BNPFPE of bSprafdctortononer ) and
havi ng first ‘phosphorus acid groups, wherein said plurality of polyner

Y

particl es 2fmethiaylostbxyiethul esterand0d of 4arethpryphemol pastiddeed to tiel

reactor over a period of 3 hours while maintaining the contents of the reactor at

a temperature of 65 °C. After the addition of the mixture, the contents of the
reactor was maintained at a temperature of 65 °C for 19 hours with vigorous
stirring. Next, the contents of the reactor was cooled to room temperature and
25 g of methyl methacrylate was added to the reactor. The resulting monomer
contained 60 wt. % phosphorylated caprolactone
2-(methacryloyloxy)ethyl ester and 15 wt. % methyl methacrylate.
Preparation of Phosphorylated Hydroxybutyl Methacrylate

The reactor was equipped with an agitator, a thermocouple, a reagent
feeding line, an oxygen stream, and temperature control. To the reactor was
added 49 g of polyphosphoric acid. The contents of the reactor was heated to a
temperature of 65 °C with mixing. A mixture of 68 g of hydroxybutyl
methacrylate and 66 mg of 4-methoxyphenol was added to the reactor over a

period of 3 hours while maintaining the contents of the reactor at a temperature
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15. An aqueous di spersi.on c risin | ymer particles that, are conprised
of pol ynerddséidon g @FXWHBS%I%(?PB? Epg ﬁ&"w‘%@@é‘? ned 2f dol ymer

particl es i ebatihlo of85R¢ ﬁ'lli'}}?)h!rsz@txt‘ﬁoﬂfg@{ou?,%'t?ﬁﬁ% Zlﬁ{hlcg)‘ﬁ% Il ggpnomer i n

an aqueous r 1'on nmedi um having a p ess n aguieous
conposi t i aeactorwassioolpdato ﬂoemsﬁenmwauﬂﬁmsh 1624 gafmethgl ietlhadrglatemasi sed of

a) a pignent icle having an surface;. and b rality of polymer
particles a@eﬁﬁ @qﬁsuﬂ%m@m@eﬁﬁ%ﬁﬂﬁ%%@ Wi %ﬁweﬁe&aoet thik methacsdate
pol yneri z b emedi um having a pH of less than 2, and
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5 1 Y NS R LD S PR
- A@L AY. . /i‘ré};@/hﬂ:pﬁoﬁc\écﬁi{ Na@"purﬁeﬁ-w flrsb¥ding 350 g of saturated sodium

chloride solution (5.3 M NaCl), 200 g unpurified phosphoethyl methacrylate, and

270 g butyl acetate to a 1 liter separatory funnel. The mixture was shaken for 1
to 2 minutes and then allowed to separate into two phases. The lower aqueous
phase was drained from the separatory funnel. The organic top phase was then
transferred to a container. Next, 10 g magnesium sulfate was added to the
organic phase and the organic phase was mixed for 10 minutes. The organic
phase was then filtered to remove the magnesium sulfate. The butyl acetate was
removed from the organic phase on a Buchii Rota-Evaporator to yield purified
phosphoethyl methacrylate containing 1 weight % free phosphoric acid.
Preparation of Aqueous Dispersions

Aqueous dispersions containing polymer particles having first phosphorus

acid groups were prepared. The reactor used to prepare these dispersions and
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temperature of 85 °C. When addition of the ME-2 was complete, the contents of

the flask was held at a temperature of 85 °C for a period of 15 minutes and then
cooled to room temperature. Next, 16 g ammonium hydroxide was added to the
flask and the contents of the flask was filtered to remove any coagulum. The
resulting dispersion, containing the polymer particles, had a solids content of
35.0 weight %, an average particle diameter of 128 nm, and a pH of 8.6. The
resulting aqueous polymer dispersion contained a ratio of second phosphorus
acid group equivalents to first phosphorus acid group equivalents of less than
0.6.
Example 2.3

To the flask was added 800 g deionized water and 0.7 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g surfactant-A, 7.9 g butyl acrylate,
27.7 g methyl methacrylate, and 0.4 g methacrylic acid. Following addition of
the ME-1, a mixture of 2.4 g sodium persulfate in 20 g deionized water was
added to the flask and the contents of the flask was held for a period of 10
minutes to allow polymerization of the added monomers. After 10 minutes, ME-
2, which contained 170 g deionized water, 16.0 g surfactant-A, 124.1 g butyl
acrylate, 416.3 g methyl methacrylate, 5.6 g methacrylic acid, 18.0 g purified
phosphoethyl methacrylate, and 5.0 g sulfuric acid, was added to the flask at a
rate of 7.5 g/minute at a temperature of 85 °C. When addition of the ME-2 was
complete, the contents of the flask was held at a temperature of 85 °C for a
period of 15 minutes and then cooled to room temperature. Next, 16 g
ammonium hydroxide was added to the flask and the contents of the flask was
filtered to remove any coagulum. The resulting dispersion, containing the
polymer particles, had a solids content of 34.8 weight %, an average particle
diameter of 145 nm, and a pH of 9.0.
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To the flask was added 800 g deionized water and 0.7 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by addition of ME-1, which was prepared
by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate, and 28.0
g methyl methacrylate. Following addition of the ME-1, a mixture of 2.4 g
sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2, which contained 170 g
deionized water, 16.0 g surfactant-A, 124.1 g butyl acrylate, 422.0 g methyl
methacrylate, 18.0 g purified phosphoethyl methacrylate, and 5.0 g sulfuric acid,
was added to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. When
addition of the ME-2 was complete, the contents of the flask was held at a
temperature of 85 °C for a period of 15 minutes and then cooled to room
temperature. Next, 16 g ammonium hydroxide was added to the flask and the
contents of the flask was filtered to remove any coagulum. The resulting
dispersion, containing the polymer particles, had a solids content of 35.6 weight
%, an average particle diameter of 160 nm, and a pH of 8.9.

Example 2.5

To the flask was added 800 g deionized water and 0.7 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate,
and 28.0 g methyl methacrylate. Following addition of the ME-1, a mixture of
2.4 g sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2, which contained 170 g
deionized water, 16.0 g surfactant-A, 124.1 g butyl acrylate, 422.0 g methyl
methacrylate, 18.0 g purified phosphoethyl methacrylate, and 5.0 g sulfuric acid,
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was added to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. After
addition of 75% of the ME-2, a solution of 5 g ammonium hydroxide and 10 g
deionized water was added to the flask while continuing addition of the
remaining ME-2. After complete addition of the ME-2, the contents of the flask
was held at a temperature of 85 °C for a period of 15 minutes and then cooled to
room temperature. Next, 11 g ammonium hydroxide was added and the contents
of the flask was filtered to remove any coagulum. The resulting dispersion,
containing polymer particles, had a solids content of 35.3 weight %, an average
particle diameter of 110 nm, and a pH of 8.7.
Example 2.6

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by addition of ME-1, which was prepared
by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate, and 28.0
g methyl methacrylate. Following addition of the ME-1, a mixture of 2.4 g
sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2, which contained 80 g deionized
water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 216.0 g methyl methacrylate,
and 18.0 g purified phosphoethyl methacrylate, was added to the flask at a rate
of 7.5 g/minute at a temperature of 85 °C. After complete addition of the ME-2, a
solution of 4.0 g ammonium hydroxide and 10 g deionized water was added to the
flask. Next, ME-3, which contained 80 g deionized water, 8.0 g surfactant-A,
72.0 g butyl acrylate, and 228.0 g methyl methacrylate, was fed to the flask at a
rate of 12.5 g/minute. Upon complete addition of the addition of the ME-3, the
contents of the flask was held at a temperature of 85 °C for a period of 15
minutes, and then cooled to room temperature. Next, 10 g ammonium hydroxide
was added and the contents of the flask was filtered to remove any coagulum.
The resulting dispersion, containing polymer particles, had a solids content of

36.4 weight %, an average particle diameter of 123 nm, and a pH of 8.9.
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Example 2.7

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by addition of ME-1, which was prepared
by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate, and 28.0
g methyl methacrylate. Following addition of the ME-1, a mixture of 24 g
sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2, which contained 80 g deionized
water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 216.0 g methyl methacrylate,
and 18.0 g purified phosphoethyl methacrylate, was added to the flask at a rate
of 7.5 g/minute at 85 °C. After complete addition of the ME-2, ME-3, which
contained 80 g deionized water, 8.0 g surfactant-A, 72.0 g butyl acrylate, and
228.0 g methyl methacrylate, was fed to the flask at a rate of 12.5 g/minute.
Upon complete addition of the addition of ME-3, the contents of the flask was
held at a temperature of 85 °C for a period of 15 minutes and then cooled to room
temperature. Next, 16 g ammonium hydroxide was added and the contents of
the flask was filtered to remove any coagulum. The resulting dispersion,
containing polymer particles, had a solids content of 36.3 weight %, an average
particle diameter of 126 nm, and a pH of 9.2.
Example 2.8

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by addition of ME-1, which was prepared
by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate, and 28.0
g methyl methacrylate. Following addition of the ME-1, a mixture of 2.4 g
sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization

of the added monomers. After 10 minutes, ME-2, which contained 80 g deionized
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sulfuric acid. The contents of the flask was heated to a temperature of 85 °C

T

under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask, followed by addition of ME-1, which was prepared
by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate, and 28.0
g methyl methacrylate. Following addition of the ME-1, a mixture of 2.4 g
sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2 containing 80 g deionized
water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 212.8 g methyl methacrylate,
and 21.2 g unpurified phosphoethyl methacrylate was added to the flask at a
rate of 7.5 g/minute at a temperature of 85 °C. After complete addition of ME-2,
a solution of 4.0 g ammonium hydroxide and 10 g deionized water was added to
the flask. Next, ME-3 containing 80 g deionized water, 8.0 g surfactant-A, 72.0 g
butyl acrylate, and 228.0 g methyl methacrylate was added to the flask at a rate
of 12.5 g/minute. Upon complete addition of the ME-3, the contents of the flask
was held at a temperature of 85 °C for a period of 15 minutes and then cooled to
room temperature. Next, 12 g ammonium hydroxide was added and the contents

of the flask was filtered to remove any coagulum. The resulting dispersion
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prepared by mixing 12 g delomzed water, 1.0 g surfactant-A, 8.0 g butyl acrylate,
and 28.0 g methyl methacrylate. Following addition of the ME-1, a mixture of
2.4 g sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2, which contained 170 g
deionized water, 16.0 g surfactant-A, 124.1 g butyl acrylate, 422.0 g methyl
methacrylate, and 18.0 g purified phosphoethyl methacrylate, was added to the
flask at a rate of 7.5 g/minute at a temperature of 85 °C. After the complete
addition of the ME-2, the contents of the flask was maintained at a temperature
of 85 °C and then cooled to room temperature. Next, 16 g ammonium hydroxide
was added and the contents of the flask was filtered to remove any coagulum.
The resulting dispersion containing the polymer particles had a solids content of
36.0 weight %, an average particle diameter of 120 nm, and a pH of 9.5.
Example 2.11

To the ﬂaék was added 800 g deionized water and 3.0 g concentrated

sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g surfactant-A, 8.0 g butyl acrylate,
and 28.0 g methyl methacrylate. Following addition of the ME-1, a mixture of
2.4 g sodium persulfate in 20 g deionized water was added to the flask and the
contents of the flask was held for a period of 10 minutes to allow polymerization
of the added monomers. After 10 minutes, ME-2, which contained 110 g
deionized water, 10.5 g surfactant-A, 88.0 g butyl acrylate, 294.0 g methyl
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was added and the contents of the flask was filtered to remove any coagulum.
The resulting dispersion containing the polymer particles had a solids content of
35.5 weight %, an average particle diameter of 118 nm, and a pH of 9.5.
Example 2.12

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A havingin 10 g
deionized water was added to the flask followed by the addition of ME-1, which
was prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 128 g deionized water, 12.8 g surfactant-A, 105.6 g butyl acrylate,
356.4 g methyl methacrylate, and 18.0 g purified phosphoethyl methacrylate,
was added to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. After
complete addition of the ME-2, a solution of 4.0 g ammonium hydroxide and 10 g
deionized water was added to the flask. Next, ME-3, which contained 32.0 g
deionized water, 3.2 g surfactant-A, 28.8 g butyl acrylate, and 91.2 g methyl
methacrylate, was added to the flask at a rate of 12.5 g/minute. Upon complete
addition of the ME-3, the contents of the flask was maintained at a temperature
of 85 °C for a period of 15 minutes and then cooled to room temperature. Next,

10 g ammonium hydroxide was added and the contents of the flask was filtered
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YS 10% & (initture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 160 g deionized water, 16.0 g surfactant-A, 124.0 g butyl acrylate,
422.0 g methyl methacrylate, and 18.0 g purified phosphoethyl methacrylate,
was added to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. After
complete addition of the ME-2, the contents of the flask was maintained at a
temperature of 85 °C for a period of 15 minutes and then cooled to room
temperature. Next, 16 g ammonium hydroxide was added and the contents of
the flask was filtered to remove any coagulum. The resulting dispersion
containing the polymer particles had a solids content of 35.3 weight %, an
average particle diameter of 128 nm, and a pH of 9.0.
Example 2.14

To the flask was added 800 g deionized water and 3.0 g concentrated

sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask

and the contents of the flask was held for a period of 10 minutes to allow
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addition of the ME-2, a solution of 4.0 g ammonium hydroxide in 10 g deionized
water was added to the flask. Next, ME-3, which contained 80 g deionized
water, 8.0 g surfactant-A, 72.0 g butyl acrylate, and 228.0 g methyl
methacrylate, was added to the flask at a rate of 12.5 g/minute. Upon complete
addition of the ME-3, the contents of the flask was maintained at a temperature
of 85 °C for a period of 15 minutes and then cooled to room temperature. Next,
12 g ammonium hydroxide was added and the contents of the flask was filtered
to remove any coagulum. The resulting dispersion containing the polymer
particles had a solids content of 35.7 weight %, an average particle diameter of
128 nm, and a pH of 9.5.
Example 2.15

To the flask was added 800 g deionized water and 3.0 g concentrated

sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 80 g deionized water, 8.0 g surfactant-A, 27.0 g butyl acrylate, 255.0 g
styrene, and 18.0 g purified phosphoethyl methacrylate, was added to the flask
at a rate of 7.5 g/minute at a temperature of 85 °C. After complete addition of
the ME-2, a solution of 4.0 g ammonium hydroxide in 10 g deionized water was
added to the flask. Next, ME-3, which contained 80 g deionized water, 8.0 g
surfactant-A, 72.0 g butyl acrylate, and 228.0 g methyl methacrylate, was added
to the flask at a rate of 12.5 g/minute. Upon complete addition of the ME-3, the
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contents of the flask was maintained at a temperature of 85 °C for a period of 15

minutes and then cooled to room temperature. Next, 10 g ammonium hydroxide
was added and the contents of the flask was filtered to remove any coagulum.
The resulting dispersion containing the polymer particles had a solids content of
35.5 weight %, an average particle diameter of 125 nm, and a pH of 9.0.
Example 2.16

To the flask was added 800 g deionized water and 0.7 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 80 g deionized water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 216.0 g
methyl methacrylate, 18.0 g purified phosphoethyl methacrylate, and 2.5 g
concentrated sulfuric acid, was added to the flask at a rate of 7.5 g/minute at a
temperature of 85 °C. After complete addition of the ME-2, a solution of 4.0 g
ammonium hydroxide in 10 g deionized water was added to the flask. Next, ME-
3, which contained 80 g deionized water, 8.0 g surfactant-A, 72.0 g butyl
acrylate, and 228.0 g styrene was added to the flask at a rate of 12.5 g/minute.
Upon complete addition of the ME-3, the contents of the flask was maintained at
a temperature of 85 °C for a period of 15 minutes and then cooled to room
temperature. Next, 10 g ammonium hydroxide was added and the contents of
the flask was filtered to remove any coagulum. The resulting dispersion
containing the polymer particles had a solids content of 36.8 weight %, an
average particle diameter of 114 nm, and a pH of 9.4.
Example 2.17

To the flask was added 800 g deionized water and 3.0 g concentrated

sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
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under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 80 g deionized water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 207.6 g
methyl methacrylate, and 26.4 g phosphorylated caprolactone 2-
(methacryloxyloxy)ethyl ester, was added to the flask at a rate of 7.5 g/minute at
a temperature of 85 °C. After complete addition of the ME-2, a solution of 4.0 g
ammonium hydroxide in 10 g deionized water was added to the flask. Next, ME-
3, which contained 80 g deionized water, 8.0 g surfactant-A, 72.0 g butyl
acrylate, and 228.0 g methyl methacrylate, was added to the flask at a rate of
12.5 g/minute. Upon complete addition of the ME-3, the contents of the flask
was maintained at a temperature of 85 °C for a period of 15 minutes and then
cooled to room temperature. Next, 10 g ammonium hydroxide was added and the
contents of the flask was filtered to remove any coagulum. The resulting
dispersion containing the polymer particles had a solids content of 35.2 weight
%, an average particle diameter of 118 nm, and a pH of 7.5.
Example 2.18

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 80 g deionized water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 213.9 g
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methyl methacrylate, and 20.1 g phosphorylated hydroxybutyl methacrylate, was
added to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. After
complete addition of the ME-2, a solution of 4.0 g ammonium hydroxide in 10 g
deionized water was added to the flask. Next, ME-3, which contained 80 g
deionized water, 8.0 g surfactant-A, 72.0 g butyl acrylate, and 228.0 g methyl
methacrylate, was added to the flask at a rate of 12.5 g/minute. Upon complete
addition of the ME-3, the contents of the flask was maintained at a temperature
of 85 °C for a period of 15 minutes and then cooled to room temperature. Next,
10 g ammonium hydroxide was added and the contents of the flask was filtered
to remove any coagulum. The resulting dispersion containing the polymer
particles had a solids content of 35.6 weight %, an average particle diameter of
131 nm, and a pH of 8.0.
Example 2.19

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 80 g deionized water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 207.0 g
methyl methacrylate, and 27.0 g mono-phosphonoethyl methacrylate, was added
to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. After complete
addition of the ME-2, a solution of 4.0 g ammonium hydroxide in 10 g deionized
water was added to the flask. Next, ME-3, which contained 80 g deionized
water, 8.0 g surfactant-A, 72.0 g butyl acrylate, and 228.0 g methyl
methacrylate, was added to the flask at a rate of 12.5 g/minute. Upon complete
addition of the ME-3, the contents of the flask was maintained at a temperature

of 85 °C for a period of 15 minutes and then cooled to room temperature. Next,
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10 g ammonium hydroxide was added and the contents of the flask was filtered
to remove any coagulum. The resulting dispersion containing the polymer
particles had a solids content of 34.1 weight %, an average particle diameter of
116 nm, and a pH of 8.7.
Example 2.20

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized
water was added to the flask followed by the addition of ME-1, which was
prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl
acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to polymerize
the added monomers. After 10 minutes, ME-2, which contained 80 g deionized
water, 8.0 g surfactant-A, 66.0 g butyl acrylate, 213.0 g methyl methacrylate, 3.0
g allyl methacrylate, and 18.0 g purified phosphoethyl methacrylate, was added
to the flask at a rate of 7.5 g/minute at a temperature of 85 °C. After complete
addition of the ME-2, a solution of 4.0 g ammonium hydroxide in 10 g deionized
water was added to the flask. Next, ME-3, which contained 80 g deionized
water, 8.0 g surfactant-A, 72.0 g butyl acrylate, and 228.0 g styrene, was added
to the flask at a rate of 12.5 g/minute. Upon complete addition of the ME-3, the
contents of the flask was maintained at a temperature of 85 °C for a period of 15
minutes and then cooled to room temperature. Next, 10 g ammonium hydroxide
was added and the contents of the flask was filtered to remove any coagulum.
The resulting dispersion containing the polymer particles had a solids content of
35.5 weight %, an average particle diameter of 123 nm, and a pH of 8.9.
Example 2.21

To the flask was added 800 g deionized water and 3.0 g concentrated
sulfuric acid. The contents of the flask was heated to a temperature of 85 °C
under a nitrogen atmosphere. A mixture of 3.0 g surfactant-A in 10 g deionized

water was added to the flask followed by the addition of ME-1, which was
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prepared by mixing 12 g deionized water, 1.0 g of surfactant-A, 8.0 g butyl

acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-1, a
mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the flask
and the contents of the flask was held for a period of 10 minutes to allow
polymerization of the added monomers. After 10 minutes, ME-2, which
contained 40 g deionized water, 4.0 g surfactant-A, 33.0 g butyl acrylate, 104.9 g
methyl methacrylate, 1.5 g allyl methacrylate, and 10.6 g unpurified
phosphoethyl methacrylate, was added to the flask at a rate of 7.5 g/minute at a
temperature of 85 °C. After complete addition of the ME-2, a solution of 4.0 g
ammonium hydroxide in 10 g deionized water was added to the flask. Next, ME-
3, which contained 120 g deionized water, 12.0 g surfactant-A, 108.0 g butyl
acrylate, and 342.0 g styrene, was added to the flask at a rate of 12.5 g/minute.
Upon complete addition of the ME-3, the contents of the flask was maintained at
a temperature of 85 °C for a period of 15 minutes and then cooled to room
temperature. Next, 10 g ammonium hydroxide was added and the contents of
the flask was filtered to remove any coagulum. The resulting dispersion
containing the polymer particles had a solids content of 34.6 weight %, an
average particle diameter of 120 nm, and a pH of 8.8.
Comparative Examples

Comparative aqueous dispersions containing polymer particles having
phosphorus acid groups were prepared by aqueous emulsion polymerization of
phosphorus acid monomer at a pH value of greater than 2. The comparative
dispersions were prepared in the same reactor used to prepare the aqueous
dispersions of Example 2.1 to 2.21.
Comparative Example C.1

To the flask was added 1800 g deionized water, which was then heated to
a temperature of 80 °C under a nitrogen atmosphere. A mixture of 11.8 g sodium
lauryl sulfate (SLS) in 10 g deionized water was added to the flask followed by a
mixture of 6.0 g sodium persulfate in 60 g deionized water. After the addition of
the sodium persulfate solution, ME-1, which contained 520.0 g deionized water,

53.6 g SLS, 330 g butyl acrylate, 1110.0 g methyl methacrylate, 15.0 g acrylic
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R’IE 1, the contents of the flask was maintained at a temperature of 85 °C for a
period of 15 minutes and then cooled to room temperature. Next, 25 g
ammonium hydroxide was added and the contents of the flask was filtered to
remove any coagulum. The resulting comparative dispersion, containing
polymer particles, had a solids content of 37.1 weight %, an average particle
diameter of 73 nm, and a pH of 8.1.
Comparative Example C.2

To the flask was added 800 g deionized water, which was then heated to a

temperature of 85 °C under a nitrogen atmosphere. A mixture of 3.0 g
surfactant-A in 10 g deionized water was added to the flask followed by the
addition of ME-1, which contained 12 g deionized water, 1.0 g of surfactant-A, 7.9
g butyl acrylate, 27.7 g methyl methacrylate, and 0.4 g methacrylic acid.
Following addition of the ME-1, a mixture of 2.4 g sodium persulfate in 20 g
deionized water was added to the flask and the contents of the flask was held for
10 minutes to allow the polymerization of the monomers. After 10 minutes, ME-
2, which contained 170 g deionized water, 16.0 g of surfactant-A, 124.1 g butyl
acrylate, 416.3 g methyl methacrylate, 5.6 g acrylic acid, and 18.0 g purified
phosphoethyl methacrylate, was added to the flask at a rate of 7.5 g/minute at a
temperature of 85 °C. After the completion of ME-2, the contents of the flask
was maintained at a temperature of 85 °C for a period of 15 minutes and then
cooled to room temperature. Next, 11 g ammonium hydroxide was added and the
contents of the flask was filtered to remove any coagulum. The resulting
comparative dispersion, containing polymer particles, had a solids content of 34.9
weight %, an average particle diameter of 110 nm, and a pH of 8.4. The
resulting comparative aqueous polymer dispersion contained a ratio of
equivalents of second phosphorus acid groups to equivalents of first phosphorus

acid groups equal to 2.45.
Comparative Example C.3
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To the flask was added 800 g deionized water, which was then heated to a
temperature of 85 °C under a nitrogen atmosphere. A mixture of3.0 g
surfactant-A in 10 g deionized water was added to the flask followed by the
addition of ME-1, which contained 12 g deionized water, 1.0 g of surfactant-A, 8.0
g butyl acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-
1, a mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the
flask and the contents of the flask was held for 10 minutes to allow
polymerization of the monomers. After 10 minutes, ME-2, which contained 80 g
deionized water, 8.0 g surfactant-A, 96.0 g ethyl acrylate, 186.0 g methyl
methacrylate, and 18.0 g purified phosphoethyl methacrylate, was added to the
flagk at a rate of 7.5 g/minute at a temperature of 85 °C. After complete addition
of the ME-2, ME-3, which contained 80 g deionized water, 8.0 g surfactant-A,
72.0 g butyl acrylate, and 228.0 g methyl methacrylate, was added to the flask at
a rate of 12.5 g/minute. Upon complete addition of the ME-3, the reaction was
maintained at a temperature of 85 °C for a period of 15 minutes and then cooled
to room temperature. Next, 12 g ammonium hydroxide were added and the
contents of the flask was filtered to remove any coagulum. The resulting
comparative dispersion, containing polymer particles, had a solids content of 36.5
weight %, an average particle diameter of 112 nm, and a pH of 9.9.

Comparative Example C.4

To the flask was added 800 g deionized water, which was then heated to a
temperature of 85 °C under a nitrogen atmosphere. A mixture of 3.0 g
surfactant-A in 10 g deionized water was added to the flask followed by the
addition of ME-1, which contained 12 g deionized water, 1.0 g of surfactant-A, 8.0
g butyl acrylate, and 28.0 g methyl methacrylate. Following addition of the ME-
1, a mixture of 2.4 g sodium persulfate in 20 g deionized water was added to the
flask and the contents of the flask was held for 10 minutes to allow
polymerization of the monomers. After 10 minutes, ME-2, which contained 170 g
deionized water, 16.0 g surfactant-A, 124.0 g butyl acrylate, 422.0 g methyl
methacrylate, and 18.0 g purified phosphoethyl methacrylate, was added to the

flask at a rate of 7.5 g/minute at a temperature of 85 °C. After complete addition
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Example 2.4 1.5/1.5 purified PEM

Example 2.5 1.5/1.5 purified PEM

Example 2.6 /1 purified PEM

Example 2.7 11 purified PEM

Example 2.8 1/1 purified PEM

Example 2.9 1 unpurified PEM

Example 2.10 1/1 purified PEM

Example 2.11 /1 purified PEM

Example 2.12 1/1 purified PEM

Example 2.13 0.8/0.8 purified PEM

Example 2.14 171 purified PEM

Example 2.15 1/1 purified PEM

Example 2.16 1.5/1 purified PEM

Example 2.17 11 phosphorylated caprolactone

2-(methacryloyloxy)ethyl ester
Example 2.18 /1 phosphorylated hydroxybutyl
methacrylate

Example 2.19 /1 mono-phosphonoethyl methacrylate

Example 2.20 11 purified PEM

Example 2.21 171 unpurified PEM

Comparative C.1 7.5/2.2 unpurified PEM

Comparative C.2 7.5/2.2 purified PEM

Comparative C.3 7.5/2.1 purified PEM

Comparative C.4 7.5/2.2 purified PEM

PEM = phosphoethyl methacrylate
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Preparation of Composite Particles with Adsorbed Polymer Particles

Preparation of Pigment Particle Dispersion
A mixture of 133.0 g of water, 8.9 g of Tamol™ 731A dispersant (Tamol is

a trademark of Rohm and Haas Company), 10 g of Colloid™ 643 dispersant
(Colloid is a trademark of Allied Colloids Limited Company, UK), and 5 g of 28 %
NH, were placed in grind pot. The contents of the grind pot were mixed on a
Premier Mill dispersator equipped with a disk blade. To the grind pot, 553.5 g of
TiPure™ R-706 titanium dioxide (TiPure is a trademark of E. I. DuPont de
Nemours and Company) was added to the pot and ground at 2000 rpm for 20 min
to prepare a titanium dioxide particle dispersion.

Example 2.1a - Aqueous Composition Containing Composite Particles

An aqueous composition containing composite particles was prepared by
adding dropwise and with mixing 16.8 g of the titanium dioxide particle
dispersion prepared above and 0.4 g of 28% ammonium hydroxide to 23.2 g of the
aqueous dispersion of Example 2.1. The resulting aqueous composition was
placed on a roller for at least 12 hours prior to formulation into a coating
composition. The resulting aqueous composition had a solids level of 51.3 weight
% and a pH greater than 8. The composite particles contained 63.1 weight %
titanium dioxide particles and 36.9 weight % polymer particles.

Example 2.2a - Aqueous Composition Containing Composite Particles

An aqueous composition containing composite particles was prepared by
adding dropwise and with mixing 40 g of the titanium dioxide particle dispersion
prepared above to a mixture of 53.9 g of the aqueous dispersion of Example 2.2
and 2.8 g water. The resulting aqueous composition was placed on a roller for at
least 12 hours prior to formulation into a coating composition.

Example 2.4a - Aqueous Composition Containing Composite Particles

An aqueous composition containing composite particles was prepared by
adding dropwise and with mixing 38 g of the titanium dioxide particle dispersion
prepared above to a mixture of 48.8 g of the aqueous dispersion of Example 2.4
and 3.8 g water. The resulting aqueous composition was placed on a roller for at

least 12 hours prior to formulation into a coating composition.
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Example 2.5a - Aqueous Composition Containing Composite Particles

An aqueous composition containing composite particles was prepared by
adding dropwise and with mixing 38 g of the titanium dioxide particle dispersion
prepared above to a mixture of 49.2 g of the aqueous dispersion of Example 2.5
and 2.4 g water. The resulting aqueous composition was placed on a roller for at
least 12 hours prior to formulation into a coating composition.

Example 2.8a - Aqueous Composition Containing Composite Particles

An aqueous composition containing composite particles was prepared by
adding dropwise and with mixing 40 g of the titanium dioxide particle dispersion
prepared above to a mixture of 51.4 g of the aqueous dispersion of Example 2.8
and 5.3 g water. The resulting aqueous composition was placed on a roller for at

least 12 hours prior to formulation into a coating composition.

Comparative Example C.1la - Comparative Aqueous Composition Containing
Comparative Composite Particles

A comparative aqueous composition was prepared containing comparative
composite particles using the comparative aqueous dispersion of Comparative
Example C.1. These comparative polymer particles were prepared with a
polymerization process at a pH above 2. The comparative aqueous composition
was prepared by adding dropwise and with mixing 16.8 g of the titanium dioxide
dispersion prepared above and 0.40 g of 28% ammonium hydroxide to 23.33 g of
the comparative aqueous dispersion of Comparative Example C.1. The resulting
comparative aqueous composition containing the comparative composite particles
was placed on a roller for at least 12 hours prior to formulation into a
comparative coating composition. The comparative composite particle
composition of Comparative C.1a had a solids level of 53.7 weight % and a pH
above 8. The comparative composite particles contained 60.2 weight % titanium
dioxide particles and 39.8 weight % comparative polymer particles.
Preparation of Pigment Particle Dispersion

A mixture of 133.0 g of water, 8.9 g Tamol™ 731A dispersant (Tamol is a
trademark of Rohm and Haas Company), 10 g Colloid™ 643 dispersant, and 5 g
of 28 % NH, were placed in grind pot. The contents of the grind pot were mixed
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on a Premier Mill dispersator equipped with a disk blade. To the grind pot,
553.5 g of TiPure™ R-706 titanium dioxide was added and ground at 2000 rpm

for 20 min to prepare a titanium dioxide particle dispersion.

Comparative Fxample C.2a - Comparative Aqueous Composition Containing
Comparative Composite Particles

A comparative aqueous composition containing composite particles was
prepared by adding dropwise and with mixing 40.0 g of the titanium dioxide
dispersion prepared above to a mixture of 53.7 g of the comparative aqueous
dispersion of Comparative Example C.2 and 2.9 g water. The resulting
comparative aqueous composition was placed on a roller for at least 12 hours

prior to formulation into a coating composition.

Comparative Example C.3a - Comparative Aqueous Composition Containing
Comparative Composite Particles

A comparative aqueous composition containing composite particles was
prepared by adding dropwise and with mixing 40.0 g of the titanium dioxide
dispersion prepared above to a mixture of 51.2 g of the comparative aqueous
dispersion of Comparative Example C.3 and 5.4 g water. The resulting
comparative aqueous composition was placed on a roller for at least 12 hours
prior to formulation into a coating composition.
Comparative Example C.4a - Comparative Aqueous Composition Containing
Comparative Composite Particles

A comparative aqueous composition containing composite particles was
prepared by adding dropwise and with mixing 38.0 g of the titanium dioxide
dispersion prepared above to a mixture of 49.9 g of the comparative aqueous
dispersion of Comparative Example C.4 and 2.7 g water. The resulting
comparative aqueous composition was placed on a roller for at least 12 hours

prior to formulation into a coating composition.

Comparative Example C.5 - Comparative Dispersion Containing Titanium
Dioxide Particles and Comparative Polymer Particles
A comparative dispersion was prepared containing titanium dioxide

particles and comparative polymer particles. The comparative dispersion did not
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553.5 g of TiPure™ R-706 titanium dioxide was added and ground at 2000 rpm
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for 20 min to prepare a titanium dioxide particle dispersion.
Preparation of Comparative Dispersion

A comparative dispersion was prepared by adding dropwise and with
mixing 140 g of the titanium dioxide dispersion prepared above to 155.4 g of
Rhoplex™ SG-20 polymer (Rohm and Haas Company). Rhoplex™ SG-20
polymer is supplied at 45.5 weight % solids and has an average particle diameter
of 150 nm.

Example 3 - Preparation of Coating Compositions and Comparative Coating
Compositions

Two coating compositions containing the composite particles of Example
1.1a were prepared at 2 and 30 pigment volume concentration (PVC) by adding
the ingredients in the order listed in Table 3.1.
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Table 3.1 Coating Compositions at 2 PVC and 30 PVC

Example 3.1 | Example 3.2
Example 1.1a 955¢g 14329 g

Isocyanate Functional Polymer|107.46¢g -
Particle Dispersion of Example 1.1

Texanol™ coalescent 333¢g 2.38¢
Natrosol™ 250HR thickener (2.5% | 12.24 g 1224 g
aqueous solution)

Water - 16.77 g
Ammonium hydroxide (28%) 049¢ 049¢g
Supronil™ HK Black Liquid 049g 049 ¢
PVC 2 30

(Texanol is a trademark of Eastman Chemical Corp, Kingsport, TN). These two
coating compositions, Examples 3.1-3.2, were then blended in various ratios, as
listed in Table 3.2, to prepare coating compositions at several other pigment
volume ratios.

Table 3.2 - Coating Compositions From Blends of Example 3.1 and 3.2

Example 3.3 | Example 3.4 | Example 3.5 | Example 3.6

Example 3.1 |36.52¢g 33.59¢g 2191g 7.30g
Example 3.2 |536¢g 893¢g 2322¢g 41.07¢g
PVC 5 7 15 25

A coating composition was prepared containing the composite particles of
Example 1.2a at 15 PVC. First, a master formulation was prepared by
combining 416 g of Rhoplex™ AC-261 polymer dispersion, 1.92 g Supronil™ HK
Black Liquid, 24 g Texanol™ coalescent, 64.8 g water, and 50 g of a 2.5 weight %
aqueous solution of Natrosol™ 250HR thickener (Hercules Corp., Wilmington,
DE) while stirring on a bench top stirrer. Next, the composite particle dispersion
of Example 1.2a was combined with the master formulation to prepare the
coating composition of Example 3.7. A clear coating was also prepared from the

master formulation, containing the ingredients listed in Table 3.3.
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Table 3.4 - Coating Compositions From Blends of Example 3.1 and 3.2

Example Example Example Example
3.8 3.9 3.10 3.11
Clear Coating | 8.15¢ 593 g 3.70g 148¢
Composition
Example 3.7 364g 6.36 g 9.09¢ 11.81¢g
PVC 4 7 10 13

A coating composition was prepared containing the composite particles of
Example 2.1a at 16 PVC. First, a master formulation was prepared by
combining 564.0 g of Rhoplex™ AC-261 polymer dispersion, 2.9 g Supronil™ HK
Black Liquid, 35.0 g Texanol™ coalescent, 102.5 g water, and 67.7 g Natrosol
250HR thickener (3% solids in water) while stirring on a bench top stirrer. Next,
the composite particle dispersion of Example 2 was combined with the master
formulation to prepare the coating composition of Example 3.12. A clear coating
was also prepared from the master formulation, containing the ingredients listed
in Table 3.5.

Table 3.5 - Coating Composition at 16 PVC

Example 3.12

Example 2.1a 4046 g
Master formulation 3217 g
PVC 16
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Coating compositions were prepared at various pigment volume concentrations
by blending the composition of Example 3.12 and the master formulation, as
listed in Table 3.6.

Table 3.6 - Coating Compositions From Blends of Example 3.12 and

Master Formulation

Example |Example |Example |Example |Example
3.13 3.14 3.15 3.16 3.17
Master 5785¢g 4221 ¢g 3424 g 2745 ¢ 13.35¢
Formulation
Example 3.12 | 22.15 g 3780 g 4577 g 52.55 g 66.66 g
PVC 4 7 8.6 10 13

Comparative coating compositions were prepared at 2 and 30 pigment
volume concentration (PVC) by adding the ingredients in the order listed in

Table 3.7.

Table 3.7 - Comparative Coating Composition

Comparative | Comparative
Example A.1 | Example A.2
Comparative Example C.1a 8.82¢ 132.27¢g
Rhoplex™ SG-20 polymer dispersion | 92.77 g -
Texanol™ coalescent 333¢ 238¢g
Natrosol™ 250HR thickener (2.5% | 12.24 g 1224 g
aqueous solution)
Water 2473 g 2779 ¢
Ammonium hydroxide (28%) 049¢ 049¢
Supronil™ HK Black Liquid 049¢g 049 ¢
PVC 2 30

The comparative coating compositions of Comparative Examples A.1 and A.2,
were then blended in various ratios, as listed in Table 3.8, to prepare coating

compositions at several other pigment volume ratios.
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Table 3.8 - Comparative Coating Compositions From Blends of

Comparative Examples A.1 and A.2

Comparative | Comparative | Comparative | Comparative
Example A.3 | Example A.4 | Example A.5 | Example A.6
Comparative |36.31g 3340g 21.78 g 726¢g
Example A.1
Comparative |[5.36g 893¢g 23.22¢ 41.07 ¢
Example A.2
PVC 5 7 15 25

A second comparative coating composition was prepared containing the
comparative composite particles of Comparative Example C.2a at 16 PVC. First,
a master formulation was prepared by combining 564.0 g of Rhoplex™ AC-261
polymer dispersion, 35.0 g Texanol™ coalescent, 102.5 g water, 2.9 g Supronil™
HK Black Liquid, and 67.7 g Natrosol 250HR thickener (3% solids in water)
while stirring on a bench top stirrer. Next, the composite particle dispersion of
Comparative Example C.2a was combined with the master formulation to
prepare the coating composition of Comparative Example A.7.

Table 3.9 - Comparative Coating Composition at 15 PVC

Comparative Example A.7

Comparative Example C.2a | 40.46 g
Master formulation 32.17¢
PVC 16

The comparative coating composition of Comparative Example A.7 and the
master formulation were then blended in various ratios, as listed in Table 3.10,
to provide coating compositions at several other pigment volume ratios.

Table 3.10 - Comparative Coating Compositions From Blends of

Comparative Example A.7 and Master Formulation

Comparative | Comparative | Comparative | Comparative
Example A.8 | Example A9 | Example A.10 [ Example A.11
Master 579¢g 422¢g 275¢g 134¢g
Formulation
Comparative }[22.2¢g 378¢g 52.6¢g 66.7g
Example A.7
PVC 4 7 10 13
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Example 3.18 and Comparative Example A.12

A master formulation was prepared by combining 329.8 g of Rhoplex™
AC-261 polymer dispersion, 1.7 g Supronil™ HK Black Liquid, 27.7 g Texanol™
coalescent, 58.2 g water, and 42.6 g Natrosol 250HR thickener (2.5% solids in
water) while stirring on a bench top stirrer. Next, the aqueous composition of
Example 2.8a was combined with the master formulation to prepare the coating
composition of Example 3.18. A comparative coating composition was prepared
from the comparative aqueous composition of Comparative Example C.3a.
Table 3.5 - Preparation of Coating Composition and

Comparative Coating Composition

Example 3.18 Comparative
Example A.12
Master Formulation 352¢g 352¢g
Example 2.8a 450¢g
Comparative Example C.3a 450¢
PVC 16 16

Example 3.19 and Comparative Example A.13

A master formulation was prepared by combining 659.6 g of Rhoplex™
AC-261 polymer dispersion, 3.42 g Supronil™ HK Black Liquid, 41.55 g
Texanol™ coalescent, 116.4 g water, and 85.2 g Natrosol 250HR thickener (2.5%
solids in water) while stirring on a bench top stirrer. Next, the aqueous
composition of Example 2.3 was combined with the master formulation to
prepare the coating composition of Example 3.19. A comparative coating
composition was prepared from the comparative aqueous composition of

Comparative A.13.
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Table 3.6 - Preparation of Coating Composition and

Comparative Coating Composition

Example 3.19 Comparative Example A.13
Master Formulation 36.53 g 36.53 g
Example 2.2a 50.0g
Comparative Example C.2a 50.0¢g
PVC 16 16

Examples 3.20-3.21 and Comparative A.14

A master formulation was prepared by combining 372.7 g of Rhoplex™
AC-261 polymer dispersion, 1.90 g Supronil™ HK Black Liquid, 23.15 g
Texanol™ coalescent, 67.72 g water, and 44.72 g Natrosol 250HR thickener

(2.5% solids in water) while stirring on a bench top stirrer. Next, the aqueous

compositions of Example 2.4a and Example 2.5a were each combined with the

master formulations to prepare the coating compositions of Example 3.20 and

Example 3.21, respectively. A comparative coating composition was prepared

from the comparative aqueous composition of Comparative C.4a.

Table 3.7 - Preparation of Coating Cornpositions and

Comparative Coating Composition

Example 3.20 | Example 3.21 | Comparative
Example A.14
Master Formulation 322¢g 322¢g 322¢
Example 2.4a 400¢
Example 2.5a 400g
Comparative Example C.4a 40.0 g
PVC 16 16 16

Example 4 - Preparation and Evaluation of Coated Samples

Preparation of Coated Samples:

Coated samples were prepared by applying a 76 micron (3 mil) thick wet film of

the coating composition onto Opacity Charts (The Leneta Company, Form 3B)

with a Bird blade (MED Industries) and allowing the wet film to dry at 20 °C and

20% relative humidity for at least 12 hours.
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Determination of Scattering Coefficients:

The Y-reflectance value of the coated sample was measured over the black part
of the chart with a Pacific Scientific Colorguard colorimeter (Gardner Ineotec).
The reported Y-reflectance value is an average of three measurements.
Scattering coefficients were calculated using the equation
S =2.578* Y/(1-Y),
where Y represents the Y-reflectance value and the value of 2.578 for the
constant coefficient was selected to provide a 2 PVC coating with a scattering
coefficient of 1.000. Table 4.1 lists the Y-reflectance values and the calculated
scattering coefficients for the coating compositions and the comparative coating

compositions with PVC values in the range of 2 to 30.
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Table 4.1 - Y-Reflectance Values and Scattering Coefficients for Coatings

Prepared from Coating Compositions and Comparative Coating Compositions

Coating Composition Y-Reflectance | Scattering PVC Comments
Value Coefficient

Example 3.1 0.2310 1.000 2 Example 1.1a

Example 3.3 0.3720 2.432 5

Example 3.4 0.4315 3.441 7

Example 3.5 0.5665 7.771 15

Example 3.6 0.6530 13.98 25

Example 3.2 0.6710 15.96 30

Example 3.8 0.4150 3.126 4 Example 1.2a

Example 3.9 0.5080 5.410 7

Example 3.10 0.5668 7.786 10

Example 3.11 0.6030 9.863 13

Example 3.7 0.6160 10.77 15

Example 3.13 0.398 1.098 4 Example 2.1a

Example 3.14 0.491 1.895 7

Example 3.15 0.520 2.257 8.6

Example 3.16 0.547 2.666 10

Example 3.17 0.585 3.397 13

Example 3.12 0.611 4.038 16

Comparative Example A.1 0.2300 1.000 2 Comparative C.1a

Comparative Example A.3 0.3790 2.533 5

Comparative Example A.4 0.4300 3.412 7

Comparative Example A.5 0.5220 5.889 15

Comparative Example A.6 0.5640 7.648 25

Comparative Example A.2 0.5660 7.748 30

Comparative Example A.8 0.396 1.085 4 Comparative C.2a

Comparative Example A.9 0.482 1.796 7

Comparative Example A.10 0.532 2.429 10

Comparative Example A.11 0.565 2.986 13

Comparative Example A.7 0.589 3.487 16
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The hiding efficiencies provided by the titanium dioxide particles in the
coatings in Table 4.1 were determined by fitting the values for the scattering
coefficients and the pigment volume concentration of the titanium dioxide to the
following equation:

S = A*¥V*(1-B* V%)
where S represents the scattering coefficient, V represents the pigment volume
concentration of the titanium dioxide, and A and B are constants. Values of B
were determined for the coatings containing the composite particles of Example
1.1a, Example 1.2a, Example 2a, the comparative composite particles of
Comparative Example C.2a, and the titanium dioxide particles of Comparative
Example C.5.
Table 4.2 - Values of B for Coatings Prepared from Coating Compositions and

Comparative Coating Compositions

Coating Composition B Comments
Examples 3.1-3.6 -0.07+0.06 composite particles of
Example 1.1a
Examples 3.7-3.11 0.099+0.035 | composite particles of
Example 1.2a
Examples 3.12-3.17 0.08+0.01 composite particles of Example
2.1a
Comparative Examples A.1-| 0.22+0.01 titanium dioxide particles of
A6 Comparative Example C.1a
Comparative Examples A.7-|0.17+0.005 | comparative composite particles of
A.ll Comparative Example C.2a
Literature value for | 0.23 TiPure™ titanium dioxide particle
titanium dioxide particles

The results in Table 4.2 show that the coatings of this invention, as exemplified
by Examples 3.1-3.17, have B values of less than or equal to 0.15. This indicates
that the titanium dioxide pigment particles in these coatings have scattering
coefficients with a linear or quasi-linear relationship to the pigment volume
concentration of the titanium dioxide particles contained in the coatings. In
comparison, the comparative coatings have significantly lower levels of hiding.
The B values for the titanium dioxide contained in the comparative coatings
were greater than 0.15. The coating with titanium dioxide particles that were

not contained in composite particles, had the largest value for B, indicating
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particles contained in Example 3.18 and the comparative polymer particles of
Comparative Example A.12 had the same polymer composition. The polymer
particles of Example 3.18 were prepared by the low pH process of this invention.
The comparative polymer particles of Comparative Example A.12 were prepared
by a polymerization process at a pH above 2.
The Y-values for coatings prepared from Example 3.19 and Comparative
Example A.13 were measured to be 68.0 and 66.6, respectively. The polymer
particles contained in Example 3.19 and the comparative polymer particles of
Comparative Example A.13 had the same polymer composition. The polymer
particles contained in Example 3.19 were prepared by the low pH process of this
invention. The comparative polymer particles contained in Comparative
Example A.13 were prepared by a polymerization process at a pH above 2.
The Y-values for coatings prepared from Example 3.20, Example 3.21,
and Comparative Example A.14 were measured to be 67.1, 67.0, and 66.3,
respectively. The polymer particles contained in Example 3.20, Example 3.21,
and the comparative polymer particles of Comparative Example A.14 had the
same polymer composition. The polymer particles contained in Example 3.20
and Example 3.21 were prepared by the low pH process of this invention. The
comparative polymer particles contained in Comparative Example A.14 were
prepared by a polymerization process at a pH above 2.
The results show that the polymer particles prepared by a polymerization

process of this invention provided a coating with higher level of hiding that a
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What is claimed is:
1. A coating comprising:
a) pigment particles having an average particle diameter of up to 1 micron, a
surface, and an index of refraction of at least 1.8; and
b) a polymer matrix for at least partially containing said pigment particles;
said pigment particles having a light scattering coefficient, S, described by
the equation:
S=AV(1-BV)})
wherein:
V is the pigment volume concentration of said pigment particles and is in
the range of 5 to 40;
V . is the effective pigment volume concentration of said pigment particles;
A is a constant with a value greater than 0; and

B is a constant with a value in the range of from 0 to 0.15.

2. The coating according to claim 1 wherein said pigment particles are present

as composite particles.

3. The coating according to claim 2 wherein each of said composite particles
comprises:
a) one of said pigment particles;
b) a first plurality of polymer particles; and
¢) a second plurality of reacted coupling agents, each one of said reacted
coupling agents is covalently bonded to said one pigment particle and to a

corresponding one of said first plurality of polymer particles.

4. The coating according to claim 2 wherein each of said composite particles
comprises:
a) one of said pigment particles; and
b) a plurality of polymer particles, each one of said polymer particles

comprising polymerized units of phosphorus acid monomer, having first
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groups and having a molecular weight of at least 40,000

5. The coating according to claim 2 wherein each of said composite particles

comprises:

a) one of said pigment particles; and

b) a plurality of polymer particles, each one of said polymer particles
comprising polymerized units of phosphorus acid monomer polymerized in
an aqueous reaction medium having a pH of less than 2, and having
phosphorus acid groups, with said plurality of polymer particles being
adsorbed on said surface of said one pigment particle.

6. A composite particle comprising:
a) a pigment particle; and
b) a plurality of polymer particles, each one of said polymer particles
comprising at least one reacted complementary functional group forming a

covalent bond with said pigment particle.

7. A composite particle comprising:
a) a pigment particle;
b) a first plurality of polymer particles; and
¢) a second plurality of reacted coupling agents, such that each one of said
reacted coupling agents is covalently bonded to said pigment particle and

to a corresponding one of said first plurality of polymer particles.

8. A coating composition comprising:

a) a composite particle comprising:
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i) a pigment particle,

i1) a first plurality of polymer particles, and

iii) a second plurality of reacted coupling agents, such that each one of said
reacted coupling agents is covalently bonded to said pigment particle
and to a corresponding one of said first plurality of polymer particles;
and

b) a binder.

. A method for preparing a composite particle, wherein said composite particle
comprises a pigment particle and a first plurality of polymer particles
attached to said pigment particle, the method comprising the steps of:

a) admixing said pigment particle and a second plurality of molecules of a
coupling agent, wherein each molecule of said coupling agent comprises a
first functional group for reacting with said pigment particle to form a first
covalent bond therewith, and a second functional group for reacting with a
complementary functional group to form a second covalent bond;

b) forming a modified pigment particle by reacting or allowing to react said
pigment particle and at least a portion of said first functional groups of
said second plurality of molecules of said coupling agent, such that said
modified pigment particle has a third plurality of molecules of said
coupling agent with reacted first functional groups, covalently bonded
thereto;

¢) admixing said modified pigment particle and said first plurality of polymer
particles, each of said first plurality of polymer particles comprising said
complementary functional group; and

d) forming said composite particle by reacting or allowing to react said second
functional group of said third plurality of molecules of said coupling agent
and said complementary functional group of said first plurality of polymer
particles, forming a covalent bond therebetween, such that at least one of
said first plurality of said polymer particles is covalently bonded to one of

said third plurality of molecules of said coupling agent.



91

10. An aqueous polymer dispersion comprising:
a) polymer particles comprising polymerized units of phosphorus acid
monomer, and having first phosphorus acid groups; and
b) an aqueous medium;
such that said aqueous polymer dispersion is substantially free of water

soluble polymer having second phosphorus acid groups.

11. A composite particle dispersion comprising:
a) composite particles, each of which comprises:
1) a pigment particle having a surface, and
i) a plurality of polymer particles comprised of polymerized units of
phosphorus acid monomer, and having first phosphorus acid groups,
wherein said plurality of polymer particles are adsorbed on said
surface of said pigment particle; and
b) an aqueous medium;
wherein said composite particle dispersion is substantially free of water
soluble polymer bearing second phosphorus acid groups and having a

molecular weight of at least 40,000.

12. A process for forming composite particles, comprising the steps of:

a) preparing an aqueous composition comprising pigment particles and
polymer particles having first phosphorus acid groups; wherein said
polymer particles comprise polymerized units of phosphorus acid
monomer; and said aqueous composition is substantially free of water
soluble polymer bearing second phosphorus acid groups and having a
molecular weight of at least 40,000; and

b) permitting said polymer particles to adsorb onto said pigment particles to

form said composite particles.

13. A coating comprising:
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composite particles; wherein each of said composite particles comprises:
a) a pigment particle having a surface; and
b) a plurality of polymer particles comprised of polymerized units of a
phosphorus acid monomer and having first phosphorus acid groups, said
plurality of polymer particles being adsorbed on said surface of said pigment
particle;
such that said composite particles are formed by admixing said pigment
particles and said plurality of polymer particles in an aqueous medium,;
wherein said aqueous medium is substantially free of water soluble polymer
having second phosphorus acid groups and a molecular weight of at least
40,000.

14. A process for preparing an aqueous dispersion containing polymer particles
comprised of polymerized units of phosphorus acid monomer, said process
comprising the steps of:

a) adding a phosphorus acid monomer to an aqueous reaction medium; and
b) polymerizing said phosphorus acid monomer at a pH of less than 2 to

form said aqueous dispersion of said polymer particles.

15. An aqueous dispersion comprising polymer particles that are comprised of
polymerized units of phosphorus acid monomer; wherein said polymer
particles are prepared by polymerization of said phosphorus acid monomer

in an aqueous reaction medium having a pH of less than 2.

16. An aqueous composition comprising at least one composite particle that is
comprised of:
a) a pigment particle having an surface; and
b) a plurality of polymer particles comprising units of a phosphorus acid
monomer that has been polymerized in an aqueous reaction medium
having a pH of less than 2, and wherein said plurality of polymer

particles are adsorbed on said surface of said pigment particle.



