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transparent. Opacifying pigments are present in opacifying coatings, especially

paints. In most paints, the opacifying pigment is present irrespective of whether
the paint is white or colored. The opacifying pigment of most 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 c.oatings 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 level of hiding for a defined level of opacifying pigment, in order

to minimize the amount of opacifying pigment utilized.



is a neasure 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 pignent in the dried applied coating.
OQpaci fying capacity of a coating is naéinized when the light scattering
capability of the opacifying pignent is“ maxi mzed. Maxi num|light scattering
efficiency occurs when the opacifying pignment particles have a certain
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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
functional groups, which promote adsorption of the selected polymeric latex
particles onto the surface of the titanium dioxide particles.

Although these composite particles provide improved hiding, there is still
a need to provide aqueous compositions suitable for preparing dried coatings

having a combination of increased hiding and film properties such as resistance



aqueous conpositions containing polyner particles as the binder, is the film
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Further, the use of the polymer particles of the present invention allows the
preparation of dried coatings having acceptable scrub resistance. The dried
coating are alternatively prepared with low levels or even in the absence of
volatile organic compounds.

According to the first aspect of the present invention, a polymer
composition is provided containing multistage polymer particles; wherein each of
the multistage polymer particles contains: a) a first polymer containing: a
polymerized unit of a multiethylenically unsaturated monomer, and ii) a
pendant absorbing group selected from phosphorus acid groups, phosphorus acid
full-ester groups, polyacid sidechain groups, and mixtures thereof, wherein the
first polymer has a glass transition temperature in the range of from -60°C to
35°C; and a second polymer having a glass transition temperature in the range
of from -60°C to 35°C, wherein the second polymer is substantially free of the at
least one pendant absorbing group; wherein the average weight ratio of the first

polymer to the second polymer is in the range of from 1:2 to 1:20.



mul ti stage pol ynmer particles having a first polymer containing a polynerized
unit of a nultiethylenically unsaturated nononer, and at | east one pendant
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multiethylenically unsaturated monomer, and at least one pendant absorbing
group selected from phosphorus acid groups, phosphorus acid full-ester groups,
polyacid sidechain groups, and mixtures thereof, wherein the first polymer has a
glass transition temperature in the range of from -60°C to 35°C; and a second
polymer having a glass transition temperature in the range of from -60°C to
35°C, wherein the second polymer is substantially free of the at least one
pendant absorbing group; wherein the average weight ratio of the first polymer
to the second polymer is in the range of from 1:2 to 1:20; and a binder.

The first, second, and third aspects of this invention relate, respectively, to
a polymer composition containing multistage polymer particles having select
pendant absorbing groups, a composite particle containing the multistage
polymer particles having select pendant absorbing groups, and an aqueous

composition containing these composite particles, which is useful for preparing a

dried coating from the aqueous composition.



tenperature in the range of from-60"C to 35T, wherein the second polynmer is
substantially free of the at | east one conplenentary functional group;
wherein the average weight ratio of the first polymer to the second pol yner
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a bi nder. covalent bond with a corresponding one of the first plurality of reacted coupling
agents; wherein the first polymer has a glass transition temperature in the
range of from -60°C to 120°C; and a second polymer having a glass transition
temperature in the range of from -60°C to 35°C, wherein the second polymer is
substantially free of the reacted complementary functional group; and wherein
the average weight ratio of the first polymer to the second polymer is in the
range of from 1:2 to 1:20.

A sixth aspect of the present invention provides an aqueous composition,
useful for preparing a dried coating, including a covalently bonded compaosite
particle containing a pigment particle; a first plurality of reacted coupling
agents, such that each one of the reacted coupling agents forms a first covalent
bond with the pigment particle; and a second plurality of multistage polymer
particles, each of the multistage polymer particles containing a first polymer
having a polymerized unit of a multiethylenically unsaturated monomer, and a

complementary functional group reacted to form a second covalent bond with a

corresponding one of the first plurality of reacted coupling agents; wherein the



The fourth, fifth, and sixth aspects of this invention relate, respectively
to a multistage polymer particle having a conplementary functional group, a1
coval ently bonded conposite particle prepared fromthe nultistage pol yner
particle having a conplenmentary group; and an aqueous composition containing
the coval ently bonded conposite particl &, which is useful for preparing a
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composition is provided containing polymer particles dispersed in an aqueous
medium; wherein the polymer particles have pendant phosphorus acid full-ester
groups.

An eighth aspect of the present invention provides a composite particle
including an inorganic particle having a surface; and a plurality of polymer
particles absorbed on the surface of the inorganic particle, each of the i)olymer
particles having a pendant phosphorus acid full-ester group.

The aqueous composition of the seventh aspect of this invention is suitable
for the preparing the composite particles of the eighth aspect.

As used herein, the use of the term “(meth)” followed by another term such
as acrylate refers to both acrylates and methacrylates. For example, the term
“(meth)acrylate” refers to either acrylate or methacrylate; the term
“(meth)acrylic” refers to either acrylic or methacrylic; and the term
“(meth)acrylamide” refers to either acrylamide or methacrylamide.

“(3lass transition temperature” or “I” as used herein, means the
temperature at or above which a glassy polymer undergoes segmental motion of

the polymer chain. Glass transition temperatures of a polymer are estimated by



cal cul ated by using the appropriate values for the glass transition
tenperatures of honopol yners, which are found, for exanple, in "Polyner
Handbook”, edited by J. Brandrup and E. H |Imergut, |nterscience
Publ i shers. The values of Tg reported rein are cal cul ated based on the
Fox equation. As used herein, the term"coval ent bond" refers to a bond
between two atons forned by sharing at | east one pair of electrons and

eXpr ess| y (fx(oitesialod R DARGT eritutiouen bopisal $ivds 1f Srfeed 1) @856lipt i on
i ncludi ng chemcal adsorption and physical adsorption, bonds fornmed from
van der Waamlfsllbemds, and dispersion forces. As used herein, the term
"phosphorus acid group"” refers to a phosphorus oxo acid having a POH noi ety
in which the hydrogen atomis ioni.lzaLblYE_(prﬂf_o the salt of the phosphorus
oxo acid. Inits salt or basic fofm The phesphorus acid group has a netal

ion or an ammoniumion replacing at |east one., acid,proton. I in the
defini ti orf@fa eoROlYBEmMW Hh&?%&%@ﬂﬁ rfwﬁma?%hsatﬁ% 4 mgé nggq%g’rd

Phosphor usy 0xg 51 Uy JUSARGY Lokl @hpakPRGSRIGSEISCOKOLAS thedsro

referred est®rs o osphorus aci d" contain at |east one PCH
noi ety ant.respbagiEdicifoRsyeiersaOFat yolyeprre semtaduingythPOROr WHEE EMGRGNIETS, gr oup

containing a carbon atom bonded to the oxygen,atom.attached to {he .
phosphor usadditenal Exawded of aphdadito r%eﬁ%%ﬂ’e&'otglﬁﬁiok@l REGE™G Y Bhﬁbée or ned
from phosphi.ni,c. acid. . P LC . AG Qrdl§s P h =it epliRepiires C
acid, pyr oﬁ%‘gﬁhﬁ%balg%g?l% %%??m?ﬂe%tlg?%&?ﬁgr egofs, and sal ts thereof. As
used her ei g hddhSpdifh@ts, pigisRhes teursd;ifor éxdrhplesirefPgymep Hanthook” edited
phosphorus oxo acid havi ng one or nore phosphor cid leties, b not
cont ai ni ngbaJPBramdiugtand Mme@utdxﬁ%ﬁ%@m%Lbsélh?’&&‘ﬁtﬁ%ﬁ%f’gfueaPﬁm

i nclude 8 full ters of 0 I i C| ignaci d, phosphoric acid,
pyr ophosphfefﬂoﬁte%;b‘?rﬂfn gﬂedgagf/@%g‘%}d;é% e?r‘%rgthaegﬂla?ffg hzgth%# esent invention is
directed towar d§s pQby HEfeiRAfHd ek cuealbnt bémd” refersfard b dlostieegdwieavi ng

i nproved hiding, gloss, and whiteness. Further, the coatin Conﬁ.lt sitions
cont ai ni ngatdues fiwmedary graning peleashoae gagiralectrens FWBS%V "Bs as

(e pr esentoninGERDY OHAEPSIEY RS el o™ EREBtjor O Rk enR Bl 41 o of

t he present I on polymners e polynerization of

et hyl eni cal, hy, UBe At BEIaeki A RARBFRion] BendpMiryreer frpav tarc Hes Warads bemdsher
characterized as contai ning sel ect pendant groups.
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.
Included in the definition of the term “phosphorus acid group” are partial esters
of phosphorus oxo acids. The partial esters of phosphorus oxo acids, as referred
to “partial esters of phosphorus acid” contain at least one POH moiety and a
phosphorus ester moiety represented by POR, where R is a group containing a
carbon atom bonded to the oxygen atom attached to the phosphorus atom.
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.

As used herein, the term “phosphorus acid full-ester group” refers to a
phosphorus oxo acid having one or more phosphorus acid moieties, but not

containing a POH moiety. Examples of phosphorus acid full-ester groups include




The sel ect pendant groups are conplenmentary functional groups capable of
reacting with other functional groups to form coval ent bonds; and
alternatively select absorbing groups capable of attaching to surfaces of
inorganic particles. Typically, the polLynmer particles are forned by aqueous
enul si on or suspension polynerization of at |east one ethylenically
unsat ur at ed nononer containing the select pendant group, optionally an

et hyl eni C@M %ﬁ;ﬁ%ﬁ%rpﬂ{c’gﬁ %Eﬁngﬁ ) £ acid2PHoQorRNedi & YpyPebhogiiiceni cal |y

unsat ur at Bree nically unsaturated second nononers,

referred {Qahgh@ipfrashos B@ﬁadm@onorrers i nclude styr ene but adi ene,
ce-net hyl styrene, vinyl toluene, wngE naphth | ene, ropylene

vinyl acetat e, The Pwse@ém‘éﬁ@t@ isdifgate ‘I‘I’I’%‘r‘ISdﬁ?’ YRERPRFY gﬁ% Tde,

acrylonitrile,. cr IOI’]I'[I‘L QUE gghegq}eé kyl
esters of PYYRECH ga‘cqﬁ?]lnl {cr IIEIO%@&EI IIr(IESQII%IHEWhr%(?I%Sacr;I ate, ethyl

(met h) acr ydat cd?hﬁéthﬁbné aaﬁﬁam@gwhamlyxﬁempmwmmve gonst Bilra dmynatien

cycl ohexyl (neth)acryl ate, n-octy neq*@aacir n-decyl (meth)acryl ate,
n- dodecyl pfap@rh)zaasym@ltcetedt@ta@dééﬁh { %96&91"9 éf?%sm}r&ﬁryl (et h) acryl at e,

ol eyl (rmeth)acryl at almt t ?ggen acryl ate;
ot her (meth) acIréPé’P sIn %eﬁ éﬁg‘g ])ﬁ-ggg%&g%g?gggqrgthge&ya&g@ sacry

(et h) acr ¥ & bjﬁﬁ?@ ¥l H?a)tﬁﬁlrdﬂ eahﬂenmyzaﬁamﬁmwyhommm) eyl at e,

al koxyal ky&I )acrylate, such as ethoxyethyl (neth)acryl nono-, di-

trial kyl @slyema pirteldsdrefuctiaryhanacdericed ag coRtainimg e ‘?Céé’leﬁé%ﬁ §ROURSI ds and
anhydr i de h as mal eat e, dinet f get hyl

i taconat el ‘”(Férpﬁﬁa Ilgroé’cﬁst?rﬁﬁﬂ?lglﬂpﬁrw ggﬂn@é@aqﬁuraﬁgzgé%et h)acrylic
aci d, ?SQ&Ix?ge@r?ﬂhdothfeIﬂ' e iforfitisfouneh ﬂﬁﬁx&l&joﬁ‘/ahﬁitdmnﬁsﬁmbaltsmettamﬂ:e
rmnorrers paring the polymeér particles include nulti -ethylenic ally
unsat ur at edlem‘)abmbmg gttups capebbfdf@(ttacheﬂg msuréa%qsﬁ IRpREANOPHLI S wei ght

d | i nk I t I
Cnsat ur i ABASH RS PPV A1 SRy aaryaegos PR Ian sl ahepfet )
di th 8¢ modib tagh h
ai (ot n) sy A B GoEb R BBt By & e ot 1“’3"&&*?2%@%;’;‘3"5

di (et h) aceidcapendspmd gzaah:lpybphelnadﬂyyanlethwwm Y&@?S?F‘alfaée decomdym fal at e,

trimethyl ol propane fri (rret h) I benz | di vi nyl t ol uene,
trivinyl bé\@e‘?fémftﬁvalll g‘I‘I&Bh%‘l‘ e%lf”ers gr triesters of

QQOEEQQLLS df“(’ie : mm‘}é %’cl‘fyl@ﬂﬁgllﬁ%ﬁﬁt\ﬂra%tpséc‘énﬂtrﬂ&ﬂl@ﬂemh-é&rwdstathﬁraﬂnem such
“second monomers”, include styrene, butadiene, a-methyl styrene, vinyl toluene,
vinyl naphthalene, ethylene, propylene, vinyl acetate, vinyl versatate, vinyl
chloride, vinylidene chloride, acrylonitrile, methacrylonitrile, (meth)acrylamide,
various C,-C,, alkyl esters of (meth)acrylic acid; for example, methyl
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, cyclohexyl (meth)acrylate, n-octyl {meth)acrylate, n-decyl
(meth)acrylate, n-dodecyl (meth)acrylate, tetradecyl (meth)acrylate, lauryl
(meth)acrylate, oleyl (meth)acrylate, palmityl (meth)acrylate, and stearyl
(meth)acrylate; other (meth)acrylates such as isobornyl (meth)acrylate, benzyl
(meth)acrylate, phenyl (meth)acrylate, and 2-bromoethyl (meth)acrylate,
alkoxyalkyl (meth)acrylate, such as ethoxyethyl (meth)acrylate, mono-, di-,
trialkyl esters of ethylenically unsaturated di- and tricarboxylic acids and
anhydrides, such as ethyl maleate, dimethy! fumarate, and ethyl methyl

itaconate; and carboxylic acid containing monomers, such as (meth)acrylic acid,

itaconic acid, fumaric acid, and maleic acid.



met hacryl ate), which has the structure [ CH2=C(CH, ) C(O OCH2CH2Q , P(O) OH.
According to the seventh aspect of the invention, an aqueous conposition is
provi ded contai ni ng pol ymer particles having pendant phosphorus acid full-
ester groups as the sel ect pendant grou Exanpl es of phosphorus acid

full -ester groups include nonoesters, (Fil)esters, and triesters of phosphorus
acids. These polynmer are useful in coating conpositions for preparing dried

coat 11gs havi Ny LAY flodbsigroforigreperad indpohimer pariplasslata | n
coating conpositions applied to netal substrates. The p par ﬁ_ll cles

havi ng a peadaethylboispigrusatwiated gidnoawarer whidugre eeffeétléiéé"i"t Y%ﬁmﬁ ners,

typically prepared by po I f et
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nonomer contal ns at’ I east one et hylenic unsaturation and at |east one ester
of phosphailys] alifrdetbbatryttdesdietitylenaghicol dl(mhblﬂ]ﬁﬁdﬁt% ehleylgng g havi ng an

|on|zablehdr e tomo t he salt her Ex f [
ful - est erd AOnEra THige  aexieyegy L dilmesy pergtator nep St APERRT R 160
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selected froma second organic u T e second
alternati Vt’g}vynylbenzene dlvm% naphglzﬁerrl)e and diesters or ?I‘lg ers otg;r) %horxc aad

wherein each ester group is ethylenically unsaturated, such as phosphedi(ethyl
methacrylate), which has the structure [CH,=C(CH,)C(O)OCH,CH,0},P(O)GH.

According to the seventh aspect of the invention, an aqueous composition
is provided containing polymer particles having pendant phosphorus acid full-
ester groups as the select pendant group. Examples of phosphorus acid full-ester
groups include monoesters, diesters, and triesters of phosphorus acids. These
polymer are useful in coating compositions for preparing dried coatings having
improved hiding or improved adhesion to glass, and in coating compositions
applied to metal substrates. '

The polymer particles having a pendant phosphorus acid full-ester group
are addition polymers, typically prepared by the polymerization of ethylenically
unsaturated monomers including at least one phosphorus acid full-ester
monomer and optionally, at least one second monomer.

The phosphorus acid full-ester monomer contains at least one ethylenic
unsaturation and at least one ester of phosphorus acid, but does not contain a
phosphorus acid group having an ionizable hydrogen atom or the salt thereof.

Examples of phosphorus acid full-ester monomers include:

RO—P—OR" R——P—OR'

OR’ R'




saturated or unsaturated. Suitable phosphorus acid full-ester nononers

i nclude trivinyl phosphate; (2-nethacryol oxy)ethyl-diethyl-phosphate;

di (4-m et hacryl ol oxy) but yl - met hyl - phosphat e; vinyl phosphonic acid, diethyl
ester; and glycerol nonoacrylate, di( giethylphosphate)ester. Sui t abl e

| evel s of the phosphorus acid full-est Y nonomer cont ai ned as pol yneri zed
units in the polyner particles include fromO0.1 weight %to 20 weight %
preferably fromO0.5 t 0415 ight % and nore prefepably from1cto 10 weight
% based on the meightuof ?ﬁe pol ymer particles. | ymer partiﬁles
cont ai ni ng phosphorus lacid Bull -ester groups, %@Lg _@LﬁRsuhLabbe_L@ﬁ{the
preparation of cd§9|ngpconﬁ%sit9 ns, include polyners having a|gl ass
transition tenperaturE in the range of -20C to 100C. An aqueous di spersion
containing the pol yne®Rpar®Rtl es havi ng phosphor uSRacid ful | - &ster groups
typically has a pHin the range of 3 to 10. The average di aneter of the

pol ynmer particles-is typically in the range of 10 nanoneter (nm to 1

mi cron, p&,ﬁ{&@?ﬁhxs bR dth$1n3aa8 ufathfsed 20z aictgpodBuckims anchenylory,

preferably In e range of from60 nmto 500 nm The average dL¥g§ier of

the pol ynenethartylokerissvimyhgrnuad apg B, Blagid Rejagsandepangleptly sg ng
techni que. The pol yger particl es_havi ng ;phaospho I - @ster groups
are prepdfen ab‘iﬁc%‘g%fﬁ%ﬂéggo%i Eﬂe e} d e1"§a‘8‘6’| 'tréé ?gg F%[lrrlﬁt(h)‘%qut hyl eni cal |y
unsaturat%gmgﬁﬂggg;anggﬁhggxphosphorus acid full-ester groups. Suitable

u

processes 1 Nnc e suspension or emnul sion polynerization, including for
exanpl e, the [Huitdisebosilsrhoseid full-¢sts: mpavers ndade beginghghesmhatpgr ent

5. 264, 530. An alt te p t h | i i
oot ou e Pone T PSR R A ATt P e R PR SRE S
pol ymer to.pal ¥ngr. ., Slé!g&'sgﬁoﬁx acHPIdi QU5 BREPOSR Kyeus imbridaerydate, Suitabl e

pol ymeri zati on proce Ich 1nclude emul sion polynerization, solution
pol yrer i zadi(dbthydpkosphapelesiecon pol ynmeri zation processes, are typically

conducted as batch, sem confinuqus,_ or continuous processes.. Preferably,
the pol yner partwiedldg levgls At tf&é&%ﬁBPﬂﬁs ag 3“]4'1?#]‘3-13_@?%?“18? g%ngg "{egr% pr epar ed
by aqueous, gl on u%?‘ésyi%'eéﬁtl A0 nd ATNES BiUIRSTroM 0 ABL&ighO% toa@eous

enul si on p%? nerizZati on processes aFe In the range of from20 Cto |ess

than 100 Gyeph€®arprefarably frbm 0.8gd50feiEhbfh, 40dCnoxe pfg@ablnfromrpt o 10

ref er abl . .
P yweight %, based on the weight of the polymer particles. Polymer particles

containing phosphorus acid full-ester groups, which are suitable for the
preparation of coating compositions, include polymers having a glass transition
temperature in the range of -20°C to 100°C. An aqueous dispersion containing
the polymer particles having phosphorus acid full-ester groups typically has a
pH in the range of 3 to 10. The average diameter of the polymer particles is
typically in the range of 10 nanometer (nm) to 1 micron, 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 average diameter of the polymer particles is measured by a quasi-
elastic light scattering technique.

The polymer particles having phosphorus acid full-ester groups are
prepared by any process which provides polymerization of ethylenically
unsaturated monomers having phosphorus acid full-ester groups. Suitable
processes include suspension or emulsion polymerization, including for example,
the processes disclosed in U.S. Patent 5,356,968 and U.S. Patent 5,264,530. An

alternate process to prepare the polymer particles is solution polymerization



in the range of from50 Cto 90 C. The enul sion pol ynerization process
optionally enploys a seed polyner enulsion to control the nunber of
particles produced by the polynerization, as is known in the art. Suitable
seed pol ymer enul sions include polynmer gmhul sions having average particle
diameters in the range of from10 nmto 60 nm Alternatively, the seed
polymer particles are prepared by adding an initial quantity of a nononer

enul si on g, he, AGUEOLS .846h PP BB mBR LY BBl hidrgrtioksigded monomer

A techniq he particle size of" the polyner particles is by
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radi cal s. Exanpl es .i.ncl ude bot h ,wat e I n Arfag elitAbR: epeci es.
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oxi di zi ng adi@BRO @ﬁﬁﬁsi% Rl REA%EHS bedBosivai b ialtho rangt ufifremal) & e lesy
conponent . anples of 'redox catal yst systens include t-butyl forabl
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persul fat e/ sodi um bi sul f égéso%maahydrosul fite/Fe(ll). 12 Chain transfer
agents ar emd’b@il‘@ﬁﬁﬁlo§} a8 dotHe gueous reaction nmediumto control

mol ecul ar wei ghfheoémhhﬁmﬁghﬁé%ﬂﬁ&f&ﬂ Sl ResENANMAE @thphiyaiaseetinahsher agent s
i ncl ude nercaptans, polyner captans, and pol yhal ogen conpounds. ,Exangl es of
sui tabl e chaiién enedrgrolahentsnbercifusetialasyirodueaddapthmpolyBigeizationethif

mer capt an, n-propyl nercaptan, n-butyl nercaptan,. jsgb ,
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polymerizing the added monomer. A technique to control the particle size of the
polymer particles is by adjusting the initial surfactant charge, as is known in the
art.

A polymerization initiator is typically added to the aqueous reaction
medium to initiate polymerization of the ethylenically unsaturated monomers.
The polymerization initiator can be added at any time, prior to the addition of
the phosphorus acid monomer, after the addition of the phosphorus acid
monomer, and during the addition of the phosphorus acid monomer. Examples
of suitable polymerization initiators include polymerization initiators that
thermally decompose at the polymerization temperature to generate free
radicals. Examples include both water-soluble and water-insoluble species.
Polymerization initiators are used alone, and alternatively, as the oxidizing
component of a redox system, which also includes a reducing component.
Examples of redox catalyst systems include t-butyl hydroperoxide/sodium

formaldehyde sulfoxylate/Fe(Il), and ammonium persulfate/sodium

bisulfite/sodium hydrosulfite/Fe(ID.



trichl orobronoet hane. CGenerally fromO to 10 % by wei ght, based on the

wei ght of the nononers in the nononmer mxture, is used to prepare the
polymer particles. Oher techniques for controlling nolecular weight, known
in the art, include selecting the ratio of the initiator to total nononer
anount. Catal yst and/or chain transfer Ebent are optionally dissolved or

di spersed in separate or the sane fluid nedium and gradually added to the

pol yneri zati on _vessel . Mnoner, either neat i SSQl V. i rsed in a
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medium, is optionally added simultaneously with the catalyst and/or the chain
transfer agent. Amounts of initiator and/or catalyst are optionally added to the
aqueous reaction medium to “chase” residual monomer after polymerization has
been substantially completed, so as to polymerize the residual monomer, as 1s
well known in the polymerization arts.

The aqueous reaction medium typically contains surfactant to stabilize the
growing polymer particles during polymerization and to discourage aggregation
of the polymer particles in the resulting aqueous polymer dispersion. One or
more surfactants, including anionic and nonionic surfactants, and mixtures
thereof, is commonly used. Many examples of surfactants suitable for emulsion

polymerization are given in McCutcheon’s Detergents and Emulsifiers (MC

Publishing Co. Glen Rock, NF), published annually. Other types of stabilizing
agents, such as protective colloids, are optionally used. However, it is preferred
that the amount and type of stabilizing surfactant or other type of stabilizing

agent employed during the polymerization reaction be selected so that residual




oxyet hyl ene 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
acid, nyristic acid, palmtic acid, oleic acid, or mxtures of acids, such
as those found in tall oil, containing from6 to 60 oxyethylene units;

et hyl ene oxi de condensates of |ong chalhed al cohols such as octyl, decyl,

| auryl, or cetyl alcohols, containing from6 to 60 oxyethylene units;

ethylene oxi de” condensat es of l.ang chai n or bre}ﬂF egugh Slﬁﬂlnes such as
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cel l ul ose, and pol yvinyl alcohol, are_ also.usable. The first and the fourth
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unsat ur at esbpmpnlﬂvenmﬂm@ﬂﬁ@l%ﬁoﬂ kaliyatey! 4 Eﬁ?&ﬁ‘eﬁf“tﬁf S‘tl SHEP et & pol yner
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particle is si%iﬁ?tﬁ., beh é‘llnlg%}btamhue}ag&wect Etr?ddol' s&rfﬁﬁ‘e Qfr sulBnaedsestich

functi onal® unctional or absorbing groups

are suitahl &dil% &Hla;ﬁmrﬁgypa?emﬂxyemﬂgalfpm prawing b to Beoxyattidere shitan
inorganic " particle to prepare’ organic- |norgang§ ip)Sltegﬁqrt|cles These
conposi t e Auitpietrioni@sc au actrataindudo.dar pyagp ﬁ'@f LT A T S S
surrounded Iura of mu S EBonDEYs8YS
conpositidﬁgéBaF 1“% §%°u%§%%% %fgg%ggflc egﬂﬁg%% good stability.

Furt her, 8@%&1&\;,%89%@@ 5h@DSs, ifBCbxidh ple, hebed eheanppsilyethpayethaneks; prOVI de
dried filng ha ing improved filmfornmation, .and. |ncéeas d hi.din ﬁhoss

whi t eness. etWidre ndde datleau'dveﬁgofilonb@hbmﬂddaﬁ?o%? PrAide SHSR af Rl 2

inventors believe t he a I tion
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fromthe sgconfopQl Mg Fokd B% sotmewlmﬁnnbﬁabymmlﬂwtwn@msh@sfI rst
polymer is not totally encapsulated by the second pokﬁﬂer nd as such has
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branched chain amines, such as dodecyl amine, hexadecyl amine, and octadecyl
amine, containing from 6 to 60 oxyethylene units; and bloek copolymers of
ethylene oxide sections combined with one or more hydrophebic propylene oxide
sections. High molecular weight polymers, such as hydroxyethyl cellulose,
methyl cellulose, and polyvinyl alcohol, are also usable.

The first and the fourth aspects of the invention provide compositions
containing a polymer particle that is 2 multistage polymer particle containing at
least two different polymers. One polymer component of the multistage polymer
particle is a first polymer having select functional or absorbing groups. The first
polymer also contains as a polymerized unit, at least one multiethylenically
unsaturated monomer. The second polymer component of the multistage
polymer particle is a second polymer that is substantially free of the select
functional or absorbing groups. The select functional or absorbing groups are
suitable for attaching the multistage polymer to the surface of an inorganic

particle to prepare organic-inorganic composite particles. These composite



t he second pol yner, the select functional groups or absorbing groups are

| ocalized to one region of the surface area of the nultistage pol yner
particle formed by the first polymer. The remaining surface area of the
mul ti stage polynmer particle, which is forned by the second polyner, is
characterized as being substantially f}‘ge or conpletely free of the sel ect
functional groups or absorbing groups. The nultiphase polyner particle can
be envisioned .as havin a.surface. dizyi i god B¢t ve" region,
whi ch has P§FBEIS af‘ﬁﬁfi’aac em%ealgp%g%lﬁlgg?%%gﬁﬁ%%?gliﬁﬁg?gani_g_ particle:;
and an "i AaGtdINg of HAMtRbageMIGek paritles! Arfueahs yorhipesitioh cohtainayitsisee
groups neéded to attach to an inorganic _particle., Thus, it.is .believed that
the nulti stapesitelpantielephave goed sabilipabl erther, f&ﬁfl&&mﬂﬁﬁmﬁﬁl%ﬁ’?dlbﬁé“g

i norganic particle since the funciiona ' first
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particle. JFurbhflied Bedindagidsy o WHitensss, f or med by the surface of second
pol yner conponent of the nultistage particle effectivel yﬁgl ocks attachment
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pol ymer part n average weight ratio of the first polynmer to the
second polBuhet, tht pelyrmagphade donstitdtiag the firgopolpmer év aph iptalke 15 | ower

limt for the weight ratio of the first pol r.to.the nmer is

1: 4, and STSRESHA %b&ﬁh??ecﬂn@?‘%”@f’@r ¥ X‘F‘ﬁb hﬁ"ﬁﬁ%? SFIFQr%n ﬁﬂ-ﬂ%ﬂ;ﬁﬁ%e wei ght
ratio for e fir t M{PBLcel oF the rhdeist e 1:18, and
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in the ranggysierpastitle. EEvéver] 20Ce tie Sfsrpiymer kepgitially encapsilated by
tenperature of the first poly nor e rei_%erably, at

r’ier is at |east -40% and > T £
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less, and being substantially free or completely free of the select functional groups or
absorbing groups. The multiphase polymer particle can be envisioned as having
a surface divided between a single “active” region, which has groups that are
capable of attaching to an inorganic particle; and an “inactive” region, which is
substantially free of the requisite groups needed to attach to an inorganic
particle. Thus, it is believed that the multistage polymer particle is capable of
attaching to only one inorganic particle since the functional or absorbing groups
of the first polymer are localized to a single surface area of the multistage
polymer particle. Further, the “inactive region’, formed by the surface of second
polymer component of the multistage particle effectively blocks attachment to a
second inorganic particle, thus minimizing the formation of clusters of inorganic
particles. An example of such a multistage particle is a particle having a
morphology of a core polymer partially encapsulated by a shell polymer, often
referred to as an “acorn” particle.

The multistage polymer particle has an average weight ratio of the first

polymer to the second polymer in the range of from 1:2 to 1:20. Preferably, the



nore preferably, 25C and | ess. The wei ght average nol ecul ar wei ght of the
first polymer is typically in the range of at |east 100,000, nore
preferably at |east 200,000, and nost preferably, at |east 250,000. The
wei ght average nol ecul ar wei ght of the second polyner is typically in the
range of 10,000 to 5,000,000, preferabl¥in the range of 50,000 to

2,000, 000, and nore preferably in the range of 100,000 to 1,000,000. The

wei ght average nol ecul ar wej ghts of .t i rst r S8S

pol yner at@verchimihiordge %§$€B§F?ﬂAﬂFﬂﬁs%gpéﬁ%fp%ﬁﬁ%ﬁg agsggge ofggﬁ% ot her
pol ymer agﬂd%%&@e@&aﬁoﬂ% MEi Phifeaidkage appauhay foneheteigisi mgioger the

per meati on chromat ography. The nultistage polynerhgartlcles gﬁggrqlly have
an aver age€irpepélyalee todhametard pelymies is Enthee vinger bAS4nh A PIe PBn
preferably in the range of from 60 nmto 500 nm and nore preferably in the
range of fi¥Bm 80 nmto 200 nm The first polymer and the second pol yner are

formed by the gl ﬁ)iogﬁﬁ%pna% Bl 8Riiciah t¥mpesature h eHe mongmef fom -
po

enpl oyi ng a sequentia yneri Zation process, such as aqueous emul sion
pol yner i zaggeQno 190eCMitiafgablyotheredpss rankision tespgretyreer! the st PAERFat i on

of a nononer m xture includin et hyl eni cal rat ed.no containin
t he sel ectisfathesst ofHIC gﬁ@)@y)r@%’@%r oﬁbf‘“ﬁr’&‘l‘ é?%?p%@e ﬁ‘tﬂstg itlér'iu%&g@lr;ﬂ cally °
unsat urat ed o RONEL oe 3¢ ARl JAPRlLYs pPUBRlb1? 8600 ¢r IAROHRE préfaealipcBORd

pol ymer i SR nomef m xture contal ning Second nonomer s

but i s subgi@msialdd/nfoke8rabrdBIOIEIC agdriesi.ni ng the sel ect functional group
“or absorbing group that is incorporated into the first kﬁg§r. | n. t he

. 0o 1 . RO
first aspect ofThdsecondgehmenbanaigdiss raBSIHONtEBPEERIWE Y ange ok ¢l e

contains at | east _on | ect . absor.bi n roup . s acid
gr oups, pH@@@H@pﬂgtagﬁgsf rpfegally Sﬁgﬁ g?agﬁiﬁgﬁ%ggﬁﬁgéﬁgggﬁg?E&%?gups.

Pol yaci d S%o‘i§ﬁq%?!i§‘a9{ %954[@%11&{ ANz hosetesallpeapRiayiEs backiogiess hat  cont ai n
at | east four units of polynerized ethylenically unsaturated nononer,

wher ei n at traaasiorhiniperhititesfibb peemidzedymen dsereferably 3Ry €r d88%aend gr oup
pendant to the polyner sidechain. Suitable acid groups include carboxylic
aci ds andmpn©§ﬁﬁéﬁﬂ§Ya%5&%?n S8sed herein, the definitions of phosphorus

Sui tabl o ol 1o HE TR e b e Sueh ac sodi um
and pot assipumalet & atdagst 100,000, more preferably at least 200,000, and most
preferably, at least 250,000. The weight average molecular weight of the second
polymer is typically in the range of 10,000 to 5,000,000, preferably in the range
of 50,000 to 2,000,000, and more preferably in the range of 100,000 to 1,000,000.
The weight average molecular weights of the first polymer and the second
polymer are determined by preparing the polymer in the absence of the other
polymer and measuring the weight average molecular weight using gel
permeation chromatography.
The multistage polymer particles generally have an average particle
diameter in the range of from 40 nm to 1 micron, preferably in the range of from
60 nm to 500 nm, and more preferably in the range of from 80 nm to 200 nm.
The first polymer and the second polymer are formed by the
polymerization of ethylenically unsaturated monomers employing a sequential
polymerization process, such as aqueous emulsion polymerization. One method
to prepare the first polymer is polymerization of a monomer mixture including

ethylenically unsaturated monomer containing the select functional group or




salts formed fromorgani c bases such as diethanol anine and triethanol

am ne. The polyacid sidechain groups are incorporated into the first polyner
by polynerization of an acid macronononer. As used herein, acid
macronononer refers to an oligomer with a terminal unsaturation and having
nononers with acid groups as pol ymeri Zéd units. The termnal unsaturation
and the section of the acid nmacronononer with the acid groups are attached

directly or alternatively, attached. th h |, i ' [

)ngac r gnrﬂ 2 gm%lzllzrm group| 3 nzu]@ekb{"éﬂéﬂaﬂylysi‘%%%ﬁfagf%g?ﬁi‘e"rrﬁ r’ %ﬁeﬁ? g%étafl% ﬁ[ I(i‘/]C |md H
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wher ei n MdistirB@oh8Shiiesebnd rseaonersdiityib enbstantipllyrfzes of meeemgbnoner and

has the formula CHCZ 1 R wherein the N '
o T ange b bimoaon st Fenononk Froan e EkE (Bot HAGLAREIY

residues in tgg ¢jd ,yacromononmer and is in th i
. A : ( . e range of 0 to 150; wherein
is the toldP ﬁﬁ@#pgﬁn“ﬁ residues in the acid macronononer and is in the "

range of .4 tor300s APt &f the present invention, the multistage polymer

particle contains at least one select absorbing group selected from phosphorus
acid groups, phosphorus acid full-ester groups, or polyacid sidechain groups.

Polyacid sidechain groups are branches to the polymer backbone that
contain at least four units of polymerized ethylenically unsaturated monomer,
wherein at least half of the polymerized monomer units have an acid group
pendant to the polymer sidechain. Suitable acid groups include carboxylic acids
and phosphorus acids. As used herein, the definitions of phosphorus acid grbups
and polyacid sidechain groups include salts of these acids. Suitable salts include
ammonium salts, alkali metal salts such as sodium and potassium salts, and
salts formed from organic bases such as diethanol amine and triethanol amine.

The polyacid sidechain groups are incorporated into the first polymer by
polymerization of an acid macromonomer. As used herein, acid macromonomer
refers to an oligomer with a terminal unsaturation and having menomers with
acid groups as polymerized units. The terminal unsaturation and the section of
the acid macromonomer with the acid groups are attached directly or

alternatively, attached through a linker group. Suitable acid macromonomers

are.
(D z “C A——[CH,l,—S8 [N],[M};—H
CH,
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(b H,c==C [N}, [M],—H
X
and
HZC-——-C CH'Z [N]H[NHIII—H_H
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is greater than or equal to m wherein the sumof n and in is in the range
of 4 to 300; wherein Ais a |linker group selected fromester, urethane,
am de, am ne, and ether |inkages; wherein p is in the range of 1 to 20;
wherein X is selected from-COOY and Rl',]wherei n Ris selected from phenyl
radi cal s, substituted phenyl radicals, -CONHz, -CONHR , -CONR R, -CN,
-CCOR, -OCOR, -d, and mxtures thereof, wherein R is an al kyl or

al koxyal kyl .radicql. inde I LA Mteachdshxylintacahched, or
cyclic hydrtRefFbn ¥a Fcrgﬁsﬁqggg%l}égetgﬂteggal J(l:%r bon atons; wherein Y is

i ndependent), ¥, sgbesh@thaknpe dtmiES, al kali netals and al kaline earth
netal s; and wherein each Z is indepe ntlvﬁzsel ected fromH and CH . One
met hod to prepare the acid macronpnonet’s i sy pol ynerization of at |east one
et hyl enical ly unsaturated carboxylic acid noner and optionally at |east
one second et hyl enically unsaturated nonom&COYSui t abl e et hyl enical |y

unsat urated carboxylig¢ aci d, nonone i : AGtafdtdd mididweer yl i ¢ aci d,
bet a- acr yl oxhreopdbi Bersstiueg haa%écépiic%ﬂé%lggl,ég??hl oroacrylic acid,

a-vi nyl acr yggcfhagg%gforﬁ{ﬂgoni c acid, a-phenyl acrylic acid, cinnanic acid,
chlorocinnam ¢ acid, and P-styrylacrylic acid. Preferred ethylenically
unsat urated carboxylic acid NDNOEr S CHEE a ?yl ic acid and nethacrylic acid.
The second ethylenically unsaturated nonomgr includes styrene,

vi nyl t ol uene, a-nethyl styrene, vinyl 18 naghthal ene, vinyl acetate,
acrylonitrile, (nmeth)acrylam.de, mono- and di- substifuted;(meth)acrylam de,
vari ous (Oﬂfh@”e)laltk?ﬁ é@@i‘%e% “?%’E%Sﬁ?ﬂ?'carg%?%%a 1&‘ %1% %or exanmpl e, net hyl
(meth)acryl ate, ethyl . ) 26T %BE ot i Nr dfMtrBdidaey iatlee acidsobut yl

(met h) acr y’iﬂélf%‘%m%‘l"e‘?{%‘;;ﬁﬂg%% meth) acryl ate, cycl ohexyl (et acr¥)l atg,
n-octyl (MBlb)@ssydmbeandidcite faveelnf Actoylad) evhereinoy acihe MYRCFY Pat e,
tetradecyl (neth)acrylate, n-anyl (neth)acrylate, |auryl h LYinat e,

ol eyl (meNheaslugsandhe paldAagTon SRAMT, ?@f%‘f&hearr?&%gt%grt%l r’re%?%) alcryl ate;
and ot her , (net ryl ate i | SAPALdWIm (Oret s daT il iatthe rhapgz pf 4 to

(net h) acr y}sagrg?p%ﬁtg‘r%‘lm %a?%gld?i}?%te, and 1- napht hyl (meth)acryl ate:

al koxyal Ky .nptB)eds Myisat Bnﬁe&c@rou@&eé&dhed(ﬁenh%te(ﬂmeﬂ)%:ﬂ%ﬁdéz ampRe.aci d

macronononmers contain as polynmerized units f 1 gent

et hyl eni cakhyt etineralivkagasy Whar 68:8/15 18 %irangﬁsﬁg?a?,& ‘b"?lé’?'%ngggy%lg‘%rﬁn 70 to

100 1m0l e per cent o Ang, 8t HiehehaR LU SR pHody! BRlioalkps piettitentd of these
phenyl radicals, -CONH,, -CONHR, .CONR'R’, -CN, -CCOR’, -OCOR’, -Cl, and

mixtures thereof, wherein R’ is an alkyl or alkoxyalkyl radical independently

selected from branched, unbranched, or cyclic hydrocarbon radicals having 1 to
18 carbon atoms; wherein Y is independently selected from H, NH,, alkali metals
and alkaline earth metals; and wherein each Z is independently selected from H
and CH,.

One method to prepare the acid macromonomers is polymerization of at
least one ethylenically unsaturated carboxylic acid monomer and optionally at
least one second ethylenically unsaturated monomer. Suitable ethylenically
unsaturated carboxylic acid monomers include acrylic acid, methacrylic acid,
beta-acryloxypropionic acid, ethacrylic acid, o-chloreacrylic acid, o-vinylacrylic
acid, crotonic acid, o-phenylacrylic acid, cinnamic acid, chlorocinnamic acid, and
B-styrylacrylic acid. Preferred ethylenically unsaturated carboxylic acid
monomers are acrylic acid and methacrylic acid. The second ethylenically

unsaturated monomer includes styrene, vinyltoluene, o-methyl styrene, vinyl



Various conventional polynerization nethods are suitable f i

acid macronononers including anionic polynerization as di Sglrog(ragp?:ll []JgS the

Pat ent 4, 158, 736; radical polynerization with chain transfer agents such as

cobalt conpl exes as described in U S P éent 5,324,879; catalytic chain

transfer polynerization with term nally“unsaturated acid nacronononers used

?angfia? transfer iagents as described in U S Patent 5,362,826; and high
ure . radical .po rizati : ' I bhi ’
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acid macr ononomne ornmulas 1, , and 111. Another nethod to
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unsat urated carboxylic acid h. ]
acryl ate, Bﬂltﬁﬁoﬁy%{) ﬁﬁtlquLEP%gg{]egg‘g{flsqtggig&l%;lyte %anggﬁt%gwag@&ygg%ﬁet e

hydr ol ysi s_of t%g 171} i ;
: ﬁ% LB YRS 70 Qo GO 3hHlelgageesdl BAK Yl ds€ paefedably from 90
funct i onal "YF&S: e &g%phorus %.Ci d grglg%sc are i ncorsptl))?ateed iynioomt he first

pol ymer byto pmb ks periehonf tifesa mpdvespésr us aci d nononer. The i

_ ( : phosphorus acid
nmononmer contains at |east one_ ethyl enic.unsaturation i
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i ncl ude:

Patent 4,158,736; radical polymerization with chain transfer agents such as
cobalt complexes as described in U.S. Patent 5,324,879; catalytic chain transfer
polymerization with terminally unsaturated acid macromonomers used as chain
transfer agents as described in U.S. Patent 5,362,826; and high temperature
radical polymerization as described in U.S. Patent 5,710,227. Alternatively, the
terminally unsaturated acid macromonomers of formula I are prepared by
conventional radical polymerization using a hydroxy-functional chain transfer
agent such as 2-mercaptoethanol or an amine-functional chain transfer agent
followed by the reaction of the hydroxyl group or the amine group with an
ethylenically unsaturated monomer having a complementary reactive group to
attach the terminal unsaturation. Examples of ethylenically unsaturated
monomers with a complementary reactive group include glycidyl (meth)acrylate,
isocyanatoethyl (meth)acrylate, or (meth)acrylic acid. The ethylenically
unsaturated monomers with a complementary reactive group are attached to the
fragment of the hydroxy-functional or amine-functional chain transfer agent by

various linkages including ether, urethane, amide, amine, urea, or ester



ORR HOOO 211 1111 Il ROPOOHRPOHR'-OHI I I I OROR" R 0 111 R
--OH R wherein Ris an organic group containing an acryl oxy,

met hacryl oxy, or a vinyl group; and R and R' are independently sel ected
fromH and a second organic group. The second organic group is
alternatively saturated or unsaturated. 1%ui t abl e phosphorus aci d nononers

i ncl ude di hydrogen phosphate- functional nononers such as di hydrogen
phosphate esters of an al cohol in which ¢the alcohol al so contains a
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(hydr oxy) phesplatellddokysis bftedsaer giatps toohbartie cotbdxylic asik di scl osed in
U S. Patent 4,733,005, and include (hydroxy)phosphinyl nethyl nethacryl ate.
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i ncl ude 2-phos e Bre &idd hepirap)the firdepslyanryat e,

3- phosphopr opyﬁ?ﬁépﬁ%pﬁ?ﬁ% g%i?,céﬁgkggﬁ%hosp 0- 2- hydr oxypr opyl

(et h) acr yhayterlatRhndtd piedsphotireacilmontrage Poé phesphpans asidemRBOITEE a
sel ect absorbi ng roup contains a phosphoruscﬁgi fuyll-est %aghggq%éThe

phosphor uscardaths aff least one ethylenic unsaturation and a phospnorus aci
phosphorus acid monomer is alternatively in the acid form or as a salt of the

phosphorus acid group. Examples of phosphorus acid monomers include:
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OR! H
O O O 0
I I I |
RO P O P OH R—P—OH R—P—OH
C|)R' (!)R" OR' H
O
I
R—-T —OH
R'

wherein R is an organic group containing an acryloxy, methacryloxy, or a vinyl
group; and R’ and R” are independently selected from H and a second organic
group. The second organic group is alternatively saturated or unsaturated.
Suitable phosphorus acid monomers include dihydrogen phosphate-
functional monomers such as dihydrogen phosphate esters of an alcohol in which
the alcchol also contains a polymerizable vinyl or olefinic group, such as allyl

phosphate, mono- or diphosphate of bis(hydroxy-methyl) fumarate or itaconate,



ester group is incorporated into the first polyner by polynerization of the
phosphorus acid full-ester nononer. In the fourth aspect of the present
invention, the multistage polynmer particle contains at |east one sel ect
functional group. The nultistage polyner particle containing the sel ect
functional group is useful for preparingconposite particles wherein the
mul ti stage polyner particles are attached to the surface of the inorganic

particle through coval ent bonds. . Suitabl e select functio I i ncl ude
acet oacet Sleyivgtiyepsf (@?@‘-)G?IQ’SEFB‘GH{??S‘;@’FSOG}S@? A% %Eﬁﬁl&?, © Bglg%)s, tgérjngffles,

epoxi des, 4i.s , [ S0t N D AENVRPARRY] @h&dhadrslatepd-bodi i m des,
aziridi nesﬁycﬁgﬁ&g&;ﬁgﬁl&%ﬁgﬁg%ﬁ%}r@ny sgﬁéldhgﬁsel %ct functr?onal groups are

i ncor por atigdirbR¢grophe(ohéthsdcrptitysyemdothefike n@theratiitrble phasplgys 2o i xture

containing an ethylenically unsaturated nononmer having a select . ti onal
group, at mea@pewemhqspb%%eéﬁpéaw IE}ﬁggl[ﬂﬁFSathgh %‘ S,cl[%S%g l%g?léonal ly,

ot her sec r Lel hitvUpssdphoatskidpnoner s

havi ng a ﬁ%%ﬁc??%ﬁgﬁq’gg‘%gﬁfﬁgg sdolggg%gfe ?mﬁ%nep‘rhs, such as isocyanato
et hyl net hagynide.2-dicikyipybpdreiphossloprioperdyl benzyl isocyanate;

acet oacet oxy 21 nononers, such as acet oacet OXébﬁt hcélaﬁgngt h%g)%a%l at.e;

al dehyde nwpbrephonostirene s methplasryagndoweRREHBIMAREPEN agfters, such
as t-butyl_aminoeth nmet cryl ' ly a3 ; fraedy | at e,
am nobut yl F‘(“%‘f’ﬁf‘élégbﬁeaébe‘)?pﬁéﬁ%Sné/oéé@%@qm?ﬁrr%? %}gcl f%ﬁa@?ﬂlgﬂl%ggr% %pyl_

(et h) acr y4}§,gg@xya} oPragPlallgi neethleryl tetiohatveys,atieh asporydisdersdens, such
as glycidyl "(net'h)acryl ate; carboxylic acid m)no,merls, SLiCh S &r{eﬁﬁh) acrylic
aci d, i t acOrS.Patent 4, 73305, enddneudadhedroxyinhesp gy lmethy 6529%@6 8Hi-c acid,

et hacrylic aci -chloroacrylic acid - V] i i otoni c acid,
a- phenyl acryl i %"Qfgf”a‘?dﬁkﬁf‘n&ﬁ@sgﬂ ; 088%’3;{%%?%?\%{%}%6%5?% 6@}113@%3

Styryl acr yLje offrd whitdraxyide @b e sphBet Y0 nemEs R cryd st 2ashdsptiopoopal ky|
(meth)acrylates I ncluding 2-hydroxyethyl (neth)acrylate and 3-hydroxypropyl
( met h) acr y{rati)advgl agedphespapromel nethipdrylade b E)l}lPo“gﬂ’é‘fdﬁ?WQPglt e:
and hal orrg_ltﬂh | -styrene. The first polynmer contains as polynerized units,
fromo0.5 tg"8 )Q\H’r%fht@' % of the ethylenically unsaturated nononer having a

fs.e' ect functi Onﬁite?ﬁé)c'-i'@elﬁrtheeiﬁﬁﬁiéfthgg pBly@ukt, pdréizhchaving heseleitgitsodfing he
irst polyner. Preferably, the first polynmer contains at |east ight %
and nore pgeharabityinsa phembores addhll-emeterone Tderpiesrhery §°d #él\iteur at ed
Tonomer ha\éé trég g%mf;? 1sei%%o;p%¥gt¥eidqg% £158 A p%'iymer by polymerization of the
phosphorus acid full-ester monomer.
In the fourth aspect of the present invention, the multistage polymer
particle contains at least one select functional group. The multistage polymer
particle containing the select functional group is useful for preparing composite
particles wherein the multistage polymer particles are attached to the surface of
the inorganic particle through covalent bonds. Suitable select functional groups
include acetoacetoxy groups, 1,3-dicarbonyl groups, aldehydes, acids, amines,
epoxides, isocyanates, thioranes, isothiocyanates, alcohols, carbodiimides,
aziridines, haloalkanes, and halophenyls. The select functional groups are
incorporated into the first polymer by polymerization of a reaction mixture
containing an ethylenically unsaturated monomer having a select functional
group, at least one multiethylenically unsaturated monomer, and optionally,
other second monomers. Examples of ethylenically unsaturated monomers

having a select functional group are isocyanate monomers, such as isocyanato

ethyl methacrylate, dimethyl meta-isopropenyl benzyl isocyanate; acetoacetoxy



absorbing group, based on the weight of the first polymer. Preferably, the
first polymer contains 20 weight %or less, and nore preferably, 12 weight
% and | ess of the ethylenically unsaturated nononer having a sel ect
functional group or absorbing group, bgsed on the weight of the first
(;))ol ymer. The first polymer contains as g | ymer units, fromO0.1 to 60 wei ght
f/g oftthe Irrul tiethylenically unsaturated nononer, based on the weight of the
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styrene. In on Irst polymer has one or nore of th
_ _ e sel ect
absor bi ng giloupshalnstyaes®@ contai ns one or nore of the select functional

groups provided that the f ti | . - : :
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the ethylenically unsaturated monomer having a select functional group or
absorbing group, based on the weight of the first polymer. Preferably, the first
polymer contains 20 weight % or less, and more preferably, 12 weight % and less
of the ethylenically unsaturated monomer having a select functional group or
absorbing group, based on the weight of the first polymer.

The first polymer contains as polymer units, from 0.1 to 60 weight % of the
multiethylenically unsaturated monomer, based on the weight of the first
polymer. Preferably, the first polymer contains at least 0.2 weight %, and more
preferably, at least 0.3 weight % of the multiethylenically unsaturated monomer,
based on the weight of the first polymer. Preferably, the first polymer contains
40 weight % or less, and more preferably, 30 weight % and less of the
multiethylenically unsaturated monomer, based on the weight of the first
polymer. A suitable range for allyl methacrylate in the first polymer is from 0.1
to 10 weight %, bases on the weight of the first polymer. A suitable range for

diacrylated and dimethacrylated monomers such as ethylene glycol



optionally, nultiethylenically unsaturated nononer. In coating applications,
a level of nultiethylenically unsaturated nmononer contained as polynerized
units in the second polyner is chosen such that filmformation is not
materially inpaired. |In one enbodinent, . the nultistage polyner particle
contains a first polyner having at Ieag? one absorbing group or at |east
one select functional group. In this enbodinent, the second polyner is

substantial.ly free, qof .absor.bin SUSEsh i - BfHd al ly free
of absor bi‘iiﬁ%géli’%ﬂ&a%eil Qﬁ%ﬁrﬁtegolgg{e?lﬁgﬁov\lﬁ?ght %&?{ ﬁre%h%f%?ﬁ ng gr ou%s in
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f th
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the second polyner, of 10 %or less, preferably 5 %or |less, and nore
pr ef er abl yagds Byl é§%t,at%f(_“ﬁﬁ]é{z\f@ﬁﬁﬁ‘tm§/§’o‘?m{%g?é{%et' | east one select
functional group, gﬁ'e LRSohlheht, PRE HI®Y polpARe tha@Bnklte Meregifithefselebe fir st
polymer. Preferred are second polyners prepared without the at |east one

sel ect fugpptdrbnag geRpsmndralss bertainshensecowde pbthymialedfunetiana)sTeBRs ai ns as

at | east one _absorbing group, provided that .thi bsor bj t
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coval ent bond ULl 54808: BT 09 ROLYFREJ bl artrgraRgaaticis empl oyed to

prepare th . particles of this invention. In the
nul ti st age emul &k @Rotie!apimidizment,cheffirst pslymerthdscenst on WeTOSEPHer i zat i on

stages or steps are conducted in sequential fashjon L t one
of the staderctinnsdgrespoaydpipterrtaBiEBE T i%%et“iébe P%‘%@%%%’é‘ﬁ“?ﬁé@?%

different fpl;gvrydgcﬁl e ROl B s oFRIR L3 bhHOBS n8t materially impair the reaction of the
functional groups to form covalent bonds.

The second polymer contains second monomer as polymerized units and
optionally, multiethylenically unsaturated monomer. In coating applications, a
level of multiethylenically unsaturated monomer contained as polymerized units
in the second polymer is chosen such that film formation is not materially
impaired.

In one embodiment, the multistage polymer particle contains a first
polymer having at least one absorbing group or at least one select functional
group. In this embodiment, the second polymer is substantially free of absorbing
groups. As used herein, “substantially free of absorbing groups” is defined as the
weight % of the absorbing groups in the second polymer, based on the weight of
the second polymer, of 10 % or less, preferably 5 % or less, and more preferably
29 or less, of the weight % of the absorbing groups in the first polymer, based on
the weight of the first polymer. Preferred are second polymers prepared without

absorbing groups. Further, the second polymer optionally contains functional




the remai ning stages. The first polymer is forned either before or after the
pol yneri zati on of the second polyner, i.e., either the second polyner is
formed in the presence of the first polyner or the first polynmer is forned
in the presence of the second polyner. 5 preferred process for form ng the
mul ti stage polyner particles is ponneF zation of the first polynmer prior
to the polynerization of the second polyner. Miltistage pol ynerization

t echni ques i ncl ude_ pr sSses i noqt k {18 thot hageriddlyyisaidiZz afittotheand t he
subsequenﬁﬂQEE%ﬁHngﬁggggagg$?ﬁ§@§%§%€%ﬁﬂgggﬁ?éfﬁ%the sang ?ggction vessel
and procesgpsryhed 6f the Maltfistage poltrageppo]djererol thatsugfacard anHEOBEATBRd st age
pol yneri zation are sequential steps in separate reaction vessels.

Pr ef er abl ypartiske.aqueous pol yneri zation of the first polymer froma reaction
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range of firolessagd weLe Bﬁ%ﬁ“’i"?%?%% egrg’gg{tlﬁhﬁleq %@f@g&%@gﬁé?roﬁﬂo to 1.7,

and nore B%L%Eﬁflﬁll%h)ﬁn%f]gltotﬁ% ihahagiat phiyemar) bhsedlod thdweight dthe fiestaqueous
reaction nedium 1s adjusted to a |low pH by the_addition of stron% a@ﬁz,
such as sulgblymier. dereferred aké secnd rdymersaprepared Mg t g 2hdeast QBF S§€ ket hy |

sul fonic acid and_ al kyl _ethyl ene oxi de sul [.G. achds, Y sWcflemdtorRei ds,
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polymerization process, at least two polymerization stages or steps are conducted
in sequential fashion, wherein at least one of the stages prepares a polymer
composition that is compositionally different from the polymer compositions of
the remaining stages. The first polymer is formed either before or after the
polymerization of the second polymer, i.e., either the second polymer is formed in
the presence of the first polymer or the first polymer is formed in the presence of
the second polymer. A preferred process for forming the multistage polymer
particles is polymerization of the first polymer prior to the polymerization of the
second polymer. Multistage polymerization techniques include processes
wherein the first stage polymerization and the subsequent second stage
polymerization occur in the same reaction vessel; and processes wherein the first
stage polymerization and the second stage polymerization are sequential steps in
separate reaction vessels.
Preferably, the aqueous polymerization of the first polymer from a

reaction mixture that contains acid macromonomer is conducted in an agueous



including, for exanple, prior to the addition of the phosphorus acid

nononmer, during the addition of the phosphorus acid nononer, and both
before and during the addition of the phosphorus acid nononer.
Alternatively, the strong acid is addeﬁ to the aqueous reaction nedi um
after the addition of the phosphorus ac'é nmononer, but prior to the

pol yneri zati on of the phosphorus acid nononer. Base 1is optionally added to
rai se the pH of the. r t ' 8iblyh] a PHIBEIRY i4zahiion of the
phosphor-f%?dﬁg? 2%%@&%%”?%a@%ﬁﬁ%ﬁ?ﬁg?gﬁgggfﬁ%f t he aqﬁgous reacti on medi um
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pol yner haii #yuptidsirio pg@?ydﬂger%‘ffbgoed’ﬁﬁ@8§ av(\:/iuishspk%ggg yn‘grC iagg’i on of
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pyrophosphoric acid; trifluoroacetic acid; dichloroacetic acid; trichloroacetic acid;

dihydroxymalic acid; maleic acid; dihydroxytartaric acid; oxalic acid; and
trihydroxybenzoic acid. The strong acid is added to the aqueous reaction
medium prior to the complete polymerization of the phosphorus acid monomer,
including, for example, prior to the addition of the phosphorus acid monomer,
during the addition of the phosphorus acid monomer, and both before and during
the addition of the phosphorus acid monomer. Alternatively, the strong acid is
added to the aqueous reaction medium after the addition of the phosphorus acid
monomer, but prior to the polymerization of the phosphorus acid monomer. Base
is optionally added to raise the pH of the aqueous reaction medium after the
polymerization of the phosphorus acid monomer is complete.

The pH of the aqueous reaction medium is determined using a pH meter
equipped with electrodes, such as silver chloride electrodes. The pH
measurement is alternatively conducted on the aqueous reaction medium in the

reaction vessel or is conducted on an aliquot of the aqueous reaction medium




Pol ynmeri zation of the phosphorus acid monomer at [ow pHis believed to
mnimze formati on of the water sol uble pol yner having phosphorus acid
groups. Al though not wishing to be linmted to a particular theory, the
inventors believe that in an aqueous reaction mediumat |ow pH, the
phosphorus acid nononer is protonated &1d is |less water soluble than at
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This competition results in the reduction in the amount of the phosphorus acid
monomer incorporated into the multistage polymer particle. Further, in certain
applications, such as the formation of composite particles from titanium dioxide
particles, the water soluble polymer having phosphorus acid groups is believed to
have a deleterious effect, leading to flocculation of the titanium dioxide particles.
Polymerization of the phosphorus acid monomer at low pH is believed to
minimize formation of the water soluble polymer having phosphorus acid groups.
Although not wishing to be limited to a particular theory, the inventors believe
that in an aqueous reaction medium at low pH, the phosphorus acid monomer is
protonated and is less water soluble than at higher pH. Polymerization of the
protonated phosphorus acid monomer leads to increased incorporation of the
phosphorus acid monomer into the growing polymer particles and a reduction in

the formation of the water soluble polymer having phosphorus acid groups in the

aqueous reaction medium.



medi um defined by ratios of equivalents of second phosph i

equi val ents of first phosphorus acid groups in theprangeoggslZg;dt%;gugf te
equal to 1.5, preferably less than or equal to 1, and nore preferably, |ess
than or equal to 0.75. A suitable lower lint for the |evel of water ’

sol ubl e pol yner having second phosphor@@ acid groups in the agqueous nedi um
is zero equivalents of second phosphorus acid groups. The agueous

composi t10n of L1 ot TENCr ok S f TR o B, XAk OuS, B! Badld pamding | ow

pH pol ymeri zat ifsn rononer “and processes that tenove the

vat er sol yhl.e, pal vl Naul10-%0¢0%0e 2éfephasiphas yscond ‘
diafiltrati onngﬁh onove%;ézcﬁgal gepa?at iegir?a_t?echni (aueg@v@ilgfsz;zgfgt Zst he
MG RSP

'[nﬁlet Imsj][ ?_g %traabyneqlis paed heters, theqrhoshborrgursid royrsdiit déPer se
i stage polyner particlges in a new aquequ egi {all
of wat er sltﬁrglﬁleeﬂﬁfdl%?gﬁ%w nfgr %Mﬁﬁh%rﬁlgsa%hcggﬂoz‘lpsac ?8}{5%%‘3,%2‘%&%%%%;:156

pol ymer di sper of . thi - Huesefd " . .
et R S e pa i
tht 'r gprgillaypih%sbﬁp{ammagmﬂuspsaamtmmrandscmmtémqom whichothediisyrer | zat i on
urities such as sat ted i ni ;
AR PR A ST e S e Tl

. n cont al ni ng

phosphor us agi'c 'ig’jf dég agﬁgﬁg'{,%&hg%aﬂepgﬁgﬁjm BolRRRS NN £S phpfistisraskick] gaapd is

phosphor ou’P roxy ethyl ester of phos i i i
( _ phoric acid, and the
sal ts. The, $66@Bfent bff thia,aqaiedueingithmasPec water sol Welemobwaat hpKiRGt i on alr:a

di (eg:_t_e_d towar ds conposite particles, each containin inal

i n?)r gani c p]afpstpj}@r'és agidraroupsisalgrnatiely 8 opgppgiy BoT Qﬁﬁgoé(gp%eglhggm;%e
pol ymer particles are  attach t a0 kol heisp? ticl
and nlﬂlnlQ%¥88H$88§?%%?ﬁ%§%Ta%ﬁf%%%ﬁ% ?ﬁ%%ggﬁrgﬁbartié*ggﬁggg?fggﬁg e
conposi te pakdthRtigRyifte ¢fieaticn 8ol polypaarthalieg phasplmyusiacifbBTo¥®Hp| et e or

Part ol ce. wheovindbe whght eresBIyREFepartsEhee arTret enty® P BE o ate the
part ol es. BRKTE bR E L o e P e b o
wi ¢ ?: nac 3%52 glg%[ﬁ) ?ﬁ&”ﬁ?ﬁ“’ srefidblymt feafe40,6001 a5 hepeireddsy aeeousd@e) mer
vol une - permeatioﬁ chromatogrpa(?glllyt gsi%%rzz {)gllygcrgr 1% a%lnd 8 Andard. of from50 to 250
In one embodiment, the polymer composition is provided as an aqueous
polymer dispersion containing the multistage polymer particles having a
phosphorus acid group, wherein the multistage polymer particles are dispersed
in an aquecus medium. In this embodiment, the aqueous medium is further
characterized as being substantially free of water soluble polymer having second
phosphorus acid groups. As used herein, the term “substantially free of water
soluble polymer having second phosphorus acid groups” refers to levels of the
water soluble polymer having second phosphorus acid groups in the aqueous
medium defined by ratios of equivalents of second phosphorus acid groups to
equivalents of first phosphorus acid groups in the range of less than or equal to
1.5, preferably less than or equal to 1, and more preferably, less than or equal to
0.75. A suitable lower limit for the level of water soluble polymer having second
phosphorus acid groups in the aqueous medium is zero equivalents of second
phosphorus acid groups. The aqueous composition of this embodiment, is formed

by various methods including low pH polymerization of phosphorus acid

monomer and processes that remove the water soluble polymer having second
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attached to the surface of each inorganic particle and minimize contact between
adjacent inorganic particles. Suitable composite particles include inorganic
particles having either complete or partial surface coverage of the inorganic
particle by the polymer particles, provided that the polymer particles sufficiently
encapsulate the inorganic particles to prevent contact between neighboring
inorganic particles. In a dried coating, the inorganic particles are distributed
within a continuous polymeric medium, referred to herein as the “polymer
matrix”.

Typically, the composite particle has an average of from 50 to 250 volume
% multistage polymer particles based on the volume of the inorganic particle.
Preferably, the composite particle contains from 75 to 225 volume % multistage
polymer particles, and more preferably, from 100 to 200 volume % multistage
polymer particles, based on the volume of the inorganic particle.

Suitable inorganic particles include pigment particles; and extender
particles, also referred to in the art as filler particles. The pigment particles are

commonly employed to provide light scattering sites within the polymer matrix,
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het er ogeneous conposition wth two or nore phases. Certain heterogeneous
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one type of pignment particle fornms the ggre and anot her type of particle
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pol yrer pars&a-h(é}e? S dB P BT P¥pHére; cbicishapesneth ad @ regular cube and a
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 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;



30 The pignent particles and the extender particles are defined herein
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The extender particles have an index of refraction which is similar to the

index of refraction of the polymer matrix, and do not significantly scatter visible
light. Extender particles have an index of refraction of less than 1.8 and
typically greater than or equal to 1.3. Extender particles are categorized as
small extender particles, which have an average particie diameter of less than or
equal to twice the average particle diameter of the pigment particles, and as
large extender particles, which have an average particle diameter of greater
than twice the average particle diameter of the pigment particles. Suitable
extender particles include calcium carbonate, caleium sulfate, barium sulfate,
mica, clay, calcined clay, feldspar, nepheline, syenite, wollastonite, diatomaceous
earth, alumina silicates, non-film forming polymer particles, aluminum oxide,

silica, and tale.



tenperature. The tine required for the conplete adsorption of the pol yner
particles to the inorganic particles varies frominstantaneously upon
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particles having the select pendant absorbing groups to the inorganic particles is

believed to occur by absorption and is also believed to be spontaneous and will
continue until the occurrence of one of the following: the polymer particles
having select pendant absorbing groups are completely adsorbed to the surfaces
of the inorganic particles; the surfaces of the inorganic particles are completely
covered with polymer particles having select pendant absorbing groups; or an
equilibrium is achieved between adsorbed polymer particles having select
pendant absorbing groups and polymer particles having select pendant
absorbing groups remaining dispersed in the aqueous medium. The time
required for the completion of adsorption typically depends upon one or more of
the following parameter: the pigment particle type, the surface treatment of the
pigment particle, dispersant type and concentration, the concentrations of the
inorganic particles and the polymer particles having select absorbing groups, and
temperature. The time required for the complete adsorption of the polymer

particles to the inorganic particles varies from instantaneously upon admixing of



32 In the preparation of conposite particles containing the polyner
particles having select pendant absorbing groups, the first aqueous nedi um
containing the inorganic particles, the second aqueous nedi um contai ni ng
the polyner particles having sel ect peggant absor bi ng groups, and,
optionally, the dispersant, are adm xed by adding the first aqueous nmedi um
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surfactants; biocides; other copolymers; and other pigments. Preferably the
composite particle is formed in an agueous medium in the absence of other co-
polymers and other pigments. Optionally, the composite particle is prepared
with levels of dispersant in the range of from 0 to 2 weight %, preferably from 0
to 1 weight %, and more preferably from 0 to 0.5 weight %, based on the weight
of the pigment particle. Suitable dispersants include anionic polyelectrolyte
dispersants such as co-polymerized maleic acid, co-polymers including co-
polymerized acrylic acid, co-polymers including co-polymerized methacrylic acid,
and the like; and carboxylic acids containing molecules such as tartaric acid,
succinic acid, and citric acid.

Alternatively, the composite particles containing the polymer particles
having select pendant absorbing groups is prepared by dispersing dry inorganic
particles into the second aqueous medium containing the polymer particles
having select pendant absorbing groups. Typically, high shear mixing is

employed to disperse the inorganic particles.



from phosphorus acid groups, phosphorus acid full-ester groups i
si dechain groups. The resulting conposite particle conta?ns gn,iﬁg?ggg:ga0|d
particle having a surface and a plurality of polyner particles that have
sel ect pendant absorbing groups. In one enbodiment, the conposite particle
is formed froma plurality of nultistagg polyner particles, wherein each of
the nultistage polyner particles contain the same sel ect pendant absorbing
group. An exanple is a conposite particle containing absorbed multistage
pol ymer parti clgsqwi fapRhasahendoen it pagtieliasontainmptitepolgmsodiartines t he
conposite particle formed froma plurality of nultistage polyner particles
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absorbing groups, and the possibility of grit formation through bridging
floceulation of the polymer particles having select pendant absorbing groups due
to the excess of inorganic particles, are avoided.

In the eighth aspect of the present invention, the composite particle is
formed from by admixing a first agueous medium containing a dispersion of
inorganic particles and an aqueous composition containing polymer particles
dispersed in an second aqueous medium, wherein the polymer particles have
pendant phosphorus acid full-ester groups. The resulting composite particle
contains an inorganic particle having a surface and a plurality of polymer
particles that have a pendant phosphorus acid full-ester group, attached to the
surface of the inorganic particle.

Tn the second aspect of the present invention, the composite particle is
formed by admixing a first aqueous medium containing a dispersion of inorganic
particles and an aqueous composition containing the multistage polymer

particles of the first aspect of this invention. These multistage polymer particles

include the first polymer having select pendant absorbing groups are chosen



this enbodinment is prepared by adm xing the first aqueous medi um contai ni ng
the inorganic particles, an aqueous nediumcontaining the first nmultistage
pol ymer particles, and an aqueous nedi um contai ning the second nultistage
pol yner. The order of addition of the various conponents is not inportant,
al t hough processes that mnimze the foiggation of grit are preferred. In one
enbodi nent, an aqueous conposite particle conposition is prepared from an
aqueous pol ymer di spersion containing nultistage polymer particles having
phosphor usframi ghagphupss, add goowss, ghospharys gsid ﬁﬁ}s?Stﬁhéﬁ?}H@r’ asd . The
aqueous conposite particle conpasition contains.c I . e :
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second phosp oups, and having sel ect nol ecular weights. In this

aqueous cggebirgepapsi cl e conposition, the conposite particles are forned
in an aqueous medium substantially free of ter.sol 0 : i ng
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particles. For conpositions containing pignent particles as the inorganic
particles, BTH®E | occul ation can lead to a reduction in the hidi ng.
ef fici'ency of theaRb@EeRimipditieat aheicompodite pdrticktfonyed Redu etntymlgy of

elimnation of the water sol uble polyner havin econd ,phosphorus acid
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invention is directed towards a coval ent bondﬁp co site rticle
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Functional p%iyomugr particle having a phosphorus acid full-ester group and at least one
second multistage polymer particle having a polyacid sidechain group. Another
example is a composite particle formed from a plurality of multistage polymer
particles, wherein the plurality includes at least one first multistage polymer
particle having a second polymer with a glass transition temperature of ~20 °C
and at least one second multistage polymer particle having a second polymer
with a glass transition temperature of 25 °(’. A further example is a composite
particle formed from a plurality of multistage polymer particles, wherein the
plurality includes at least one first multistage polymer particle having an
average particle diameter of 100 nm and at least one second multistage polymer
particle having an average particle diameter of 180 nm. A still further example
is a composite particle formed from a plurality of multistage polymer particles,
wherein the plurality includes at least one first multistage polymer particle
having an average weight ratio of the first polymer to the second polymer of 1:4,

and at least one second multistage polymer particle having an average weight



that reacts to forma first covalent bond wth the surface of the pignent
particle and a second functional group that reacts with the conpl enentary
functional group of We nultistage polyner particle to forma second

coval ent bond. The coval ently bonded conposite particle is prepared froma
pigment particle having a surface cont@ining a substance selected from
metals, nmetal oxides, sulfides, salts, nonnetals, nonnetal sulfides,
nonmet al oxi des, and conbi nations thereof. The surface of the pignent
particl e istibbéthafiratepdymbacethof second polxgnenet baet i%eéonmqséﬁﬁaﬂtfgﬂ@l 8f the

f f the pignment particle.is a. i .
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surface o t particle, including any optional coating or surface
treat ment polyiméhpanidesnod of ayaters, mediens coritadel ngfthetsecors] BrdfEtagsr ticl e

~typically has hydr.oxyl groups. The_coval ently bonded conposite ticle has
the mul ti swobgaenolheerdernfadditien of g YIS, SO PASTLG 1§ 8Ot 1P Osrlti%?t;ce of the

pi gment paghicle Lhrouaheli nkaosse dibiGhAls sRast b pamdhbag agents, and

are bonded on"or at " the surface of the pignment particle by bonds
sel ected from IgtdaRrentisdtdment i bquediseronmsie, partigles¢dropestiéoriher bonds.

The atomon or at the surface of the  pignent particle 'ts sel eciyed romTi,
A, Zr, SipregareddiromSm amaeous pojyrepdispraEon coRipE BULLREs FOSHYYA to t he
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am des, 5, amnes, and ureidos. The
coval ent | y,hapgedhe npesid eoppsditeperticde tanpedtion contains aompeiing patiicles

pignent particle and a coupling agent. The coupling a?ﬁ?t has flf‘st
functi onal dispersed imnu aauscus mediurc t T anugpus pedine of Fus e EeBhE  gr oup

of the coupling agent react .. el Qved,, i heyvh 8 B8R d
particle t‘g‘afrﬁgﬁ‘?flég%ﬁit}e?%s%sﬁarﬁ%‘ﬁp?g%%t| c éet.gr%'ﬁ%%trl%g%l?ga&fi rstgf uncti onal
group of the,caupld i‘cgd%g&ﬂ}?s,fahlﬂ&laviﬁ@@ﬁ]!écﬁmfoﬂdfcmﬂazcweiﬂlﬂmt I bimd aguehus he
pigment particle, thereby formng a nodified pi,g‘Tent Earti le. Next, the
nodi fi ed peogmprsitegeartictd @ posaden Kbg aRmnsitpParhflesiade %Yéllifg}ry%raqﬁﬁ?‘ﬁ cles

of ‘the coudringn ageamntiabeker S st Ry AU AR SRR MG T e

and the coppheRbRtrwhdreictticonatergioulils polyrhéich@oh yaght gesrtipe neole@der  or

are allowed to react to formthe covalently bonded %orrp05| }e?erabl at least
weight of at least 40,000, preferably at least 50,000, and more p vy
70,000. Although not intending to be limited to a particular theory, the
inventors believe that the water soluble polymer having phosphorus acid groups
and having select molecular weights is believed to cause bridging flocculation of
the inorganic particles. For compositions containing pigment particles as the
inorganic particles, this flocculation can lead to a reduction in the hiding
efficiency of the pigment particles in a dried coating. Reduction or elimination of
the water soluble polymer having second phosphorus acid groups allows the
preparation of coatings with improved hiding. Preferably, the composite particle
of this embodiment contain multistage polymer particles that were prepared by a
process including the low pH polymerization of phosphorus acid monomer.

The fifth aspect of the present invention is directed towards a covalent
bonded composite particle including a pigment particle having a plurality of
multistage polymer particles attached to the pigment particle by covalent bonds.
The multistage polymer particles are indirectly attached to the pigment particle
through a linkage that has a covalent bond with the surface of the pigment



particle. The reaction of the second functional group of the coupling agent
and the conplenentary functional group of the nultistage polyner particle
simlarly forns a second coval ent bond. In this aspect of the invention,
the nultistage polyner particles are attached to the surface of the pignent
particle by Iinkages, which are nol ecuBar chains forning first coval ent
bonds with the surface of the pignent particle and second coval ent bonds

ith the multist | i cles, | b
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functional group. For exanple, a cquplin ent such, as_3- aminopr.onyl -
trimnet hoxygantmﬂrehm@gtmwéa%er?%?%S%g?i %“g’ﬁgagf&?&ﬁ%%%dsﬁ'f‘ﬂ’em?ﬁrdgtH‘Fgaﬁct i onal
groups. This coupld td taf QNRARY, Winetaloxides, 4t ee

coval ent BBt S&nllftﬂcﬂé%f %%%%i%d%%gﬁﬂoﬁﬁ? Simlarly, the coupling_ agent
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conpl ementary functional group. Suitable first functianal .groups for
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acyl oxysil anes, hal osi|anes, and gi ondfypchirenalofgheups
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linkages, which are reacted coupling agents, and are bonded to atoms on or at
the surface of the pigment particle by bonds selected from: ether bonds, thiol
ether bonds, and siloxane ether bonds. The atom on or at the surface of the
pigment particle is selected from Ti, Al, Zr, Si, Zn, Cr, Sn, Fe, C, and Pb. The
linkages are also bonded to the multistage polymer particles by at least one
group selected from: esters, amides, ethers, urethanes, thiol ethers, amines, and
ureidos.

The covalently bonded composite particle is formed by first admixing the
pigment 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 pigment particle to form a modified
pigment particle. The reacted first functional group of the coupling agent first
forms a first covalent bond with the pigment particle, thereby forming a modified
pigment particle. Next, the modified pigment particle is admixed with the

multistage polymer particles having a complementary functional group, and the




functional group selected from al dehydes and am nes; epoxides, thioranes,
and aziridines, which react with a conplenentary functional group sel ected
from al cohols, carboxylic acids, anhydrides, am nes, and nercaptans;
carbodiimdes, which react with a conplenentary functional group selected
from carboxylic acids, alcohols, anine3f and nercaptans; hal oal kane and
hal onet hyl phenyl groups, which react with a conplenentary functional group
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am nopr opyhthd,@biorys than e,000p aapthbsti prefdraklysicbatie)s 508 dhetrereteAat ed

pol y(hydr oxyet hyl acryl ate); hal ophenyl sil anes, such as
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bi s( propy! {idiet hoxkaicoRhe Bbheakttiefiastcholymer component of the multistage
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(propyltri H}argc@i%ﬁg? igll*o%%(?)p%gxlri]:iieg%hat the coupling agent is bonded to only one pigment
particle. Alternatively, the coupling agent also contains more than one second
functional group. For example, a coupling agent such as 3-aminopropyl-
trimethoxysilane has three trimethoxysilane groups as the first functional
groups. This coupling agent is capable of forming one, two, or three covalent
bonds with the pigment particle. Similarly, the coupling agent alternatively
contains more than one second functional group and is capable of alternatively
forming more than one covalent bond with a single multistage polymer particle,
or forming multiple individual covalent bonds with two or more multistage
polymer particles. Suitable levels of coupling agent to form the composite
particle include levels of from 0.1 to 50 equivalents of the second function group
for each equivalent of complementary functional group.

Suitable first functional groups for attaching the coupling agent to the
pigment particle include alkoxysilanes, acyloxysilanes, halosilanes, and silanols.
Second functional groups suitable for reaction with the complementary

functional groups of the multistage polymer particle include, for example,



term nat ed net hyl net hacryl at e-acrol ein copol yner; and 1, 3-di ket one
functional silanes, such as (3,5-hexandione)triethoxysilane, 3 -(trim

et hoxysilyl)pro pyl acetoacetate, and (butyltriethoxysilane)sulfide

term nat ed net hyl net hacryl at e-butyl acryl ate- acet oacet oxyethyl nethacryl ate
copol yner. Any one of the group of reacBVons including the reaction between
a suitable conplenentary functional group and the pignment particle; the
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particle i§ sper nto the aqueous dispersion coptaining
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e aminobutylmethyldiethoxysilane, 3-aminopropyltrimethoxysilane, and N-(2-
aminoethyl)-S-aminopropyldiethylisopropoxysilane; mercaptosilanes, such as
(mercaptomethyl)dimethylethoxysilane, di-4-mercaptobutyldimethoxysilane, and
3-mercaptopropyltriisopropoxysilane; (meth)acrylosilanes, such as
3-methacryloxypropyldimethylethoxysilane and
3-acryloxypropyltrimethoxysilane; epoxysilanes, such as (3-
glycidoxypropyl)methyldimethoxysilane and
92-(3,4-epoxycyclohexylethyltrimethoxysilane; haloalkylsilanes, such as
3-chloropropyltrimethoxysilane, 4-bromobutylmethyldibutoxysilane, and
5-iodohexyldiethylmethoxysilane; iso(thio)eyanatosilanes, such as
3-isocyanatopropyltrimethoxysilane and
3-isothiocyanatopropylmethyldimethoxysilane; alcohol-functional silanes, such
as 3-hydroxybutylisopropyldimethoxysilane, bis(2-hydroxyethyl)-3-
aminopropyltriethoxysilane; (propyltrimethoxysilane)sulfide terminated
poly(hydroxyethylacrylate); halophenylsilanes, such as
bromophenyltrimethoxysilane and (2-(iodophenyl)ethyllethyldimethoxysilane;
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group. The extent of reaction of the first functional group, the second functional
group, and the complementary functional group is determined using
conventional analytical techniques such as infrared spectroscopy, nuclear
magnetic resonance spectroscopy, and ultraviolet-visible spectroscopy.

One process to prepare the covalently bonded composite particle includes
the steps of admixing the pigment particle and the coupling agent; forming the
modified pigment particle by reacting or allowing to react the pigment particle
and the first functional group of the coupling agent; admixing the modified
pigment particle into an agqueous dispersion containing the multistage polymer
particle having a complementary functional group; and forming the covalently
bonded composite particle by reacting or allowing to react the second functional
group of the reacted coupling agent, which is covalently bonded to the surface of
the pigment particle, with the complementary functional group of the multistage
polymer particle. The modified pigment particle i3 admixed and dispersed into

the aqueous dispersion containing the multistage polymer particle having a



range of from 20 to 50 volunme % based on the volunme of the aqueous
conposition. The pH of the aqueous conposition is typically in the range of
from 3 to 11, and preferably, in the range of from7 to 10. A suitable
viscosity range for the aqueous conposition is from50 to 130 Kreb units
(KU), preferably from 70 to 110 KU, and9gnore preferably from 90 to 100 KU.
The aqueous conposition optionally contains coal escents or plasticizers to
provide the polyners with effective filmformation tenperatures at.or. below
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cﬁpolymers. Examples of suitable binders include acrylic (co)polymers, vinyi

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. The aqueous composition contains the binder
as dispersed polymer particles, solubilized polymers, or as partially solubilized
polymer particles. Preferred are aqueous compositions containing the binder as
polymer particles dispersed in the aqueous medium. Preferred are binder
polymer particles having average diameter in the range of from 80 nm to 500
nm.

The aqueous medium of the aqueous composition containing composite
particles and the binder optionally contains co-solvents including water miscible
co-solvents such as methanol, ethanol, propanol, acetone ethylene glycol ethyl
ethers, propylene glycol propyl ethers and diacetone alcohol; and water
immiscible solvents such as propyl acetate, butyl acetate, methyl iscamyl ketone,

amyl acetate, diisobuty! ketone, xylene, toluene, butanol, and mineral spirits.




In addition, the aqueous conposition optionally includes other conponents,
including without Iimtation, other polyners, surfactants, other pignents,
ot her extenders, dyes, pearlescents, adhesion pronoters, crosslinkers,

di spersants, defoamers, |eveling agents, optical brighteners, ultraviolet
stabilizers, absorbing pignents, coal esdé@nts, rheology nodifiers,
preservatives, biocides, polyner particles having internal voids, and

antioxi dants. The dried coating of this.inventjion is typically. prepared by
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containing compound that has a boiling point below 280°C at atmospheric
pressure. Compounds such as water and ammonia are excluded from the
definition of VOC. The VOC level of a composition is the total amount of one or
more volatile organic compounds contained in the composttion.

Frequently a VOC is deliberately added to a paint or a coating composition
to improve film formation of the resulting coating or to aid in the application
properties of the composition employed to prepare the coating. Examples of
VOCs are glycol ethers, organic esters, aromatic compounds, ethylene and
propylene glycols, and aliphatic hydrocarbons. Additionally, method of paint or
coating composition preparation may introduce adventitious VOCs from various
ingredients such as the aqueous dispersion containing the polymer particles
having pendant phosphorus acid full ester groups, the aqueous dispersion
containing the multistage polymer particles, biocides, soaps, dispersants, and
thickeners. These typically account for less than 20 g VOC per liter of the

aqueous composition. Additional methods such as steam stripping and choice of



coatings, alkyd resin coatings, solvent urethane coatin

coatings; cellulosic substrates such as paper and papegzbaﬁgq ngég'
asphal t; l|eather; wallboard; nonwoven materials; and synthetic substrat es
such as pol yvinyl chloride, polyvinylidene chloride, polyethylene, and

pol ypropyl ene. The conposite particles @f the second, the fifth ahd t he
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sul fate; 30 weight %solids BA butyl acrylate M ], A nr]é%t?h |, met hacrfll afglelém
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aci d The dried coating of this invention is typically prepared by applying the
aqueous composition to a substrate by conventional methods such as, for
example, brushing, rolling, drawdown, dipping, with a knife or trowel, curtain
coating, and spraying methods such as, for example, air-atomized spray, air-
assisted spray, airless spray, high volume low pressure spray, and air-assisted
airless spray. The wet coating thickness of the coating composition is typically
in the range of from 1 micron to 250 microns. The aqueous composition is
applied onto a substrate as a single coat or multiple coats. Preferably a single
coat of the aqueous composition is applied. The coating is allowed to dry at
ambient 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.

The agqueous composition of this invention is suitable as a protective
coating and in the alternative, as an aesthetic coating. Examples of suitable
coatings include architectural coatings such as interior or exterior paint coatings,
including masonry coatings; wood coatings and treatments; maintenance
coatings such as metal coatings; paper coatings; leather coatings; polishes for

leather; and traffic coatings such as those coatings used to provide markings on



2- EHA 2-et hyl hexyl acrylate AN acrylonitrile EA ethyl acr
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Mil tistage Pol ymer Particles Aqueous dispersions containing the nultistage
pol ymer particles were prepared in a 5-liter, four-necked round bottom
flask equi pped with a paddle stirrer, d42thernoneter, a nitrogen inlet, and
a reflux condenser. Unless noted otherwi se, the PEM used in the prepar éit I on
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The composite particles of the second, the fifth, and the eighth aspects of
the present invention are useful for preparing dried coatings having a desired
level of hiding, but with lower levels of pigment than conventional dried coatings
prepared without these composite particles. These dried coatings formulated
with lower levels of pigment have lower densities than conventional dried
coatings, thus allowing the preparation of low weight dried coatings. Low weight
dried coatings are impertant in applications such as coatings for transportation
vehicles such as cars, buses, trucks, trains, and airplanes. Alternatively, these
composite particles are useful for preparing dried coating having a desired level
of pigment but providing a high level of hiding than conventional dried coatings
prepared without these composite particles. The inventoers have also discovered
that aqueous compositions containing the composite particles having multistage
polymer particles have tint strengths that are more reproducible than
conventional aqueous compositions. Further, the aqueous compositions of the
present invention typically can be formulated to a desired level of viscosity using
lower levels of rheology modifiers or thickeners than aqueous compositions that
do not contain the composite particles of this invention.

The following examples are presented to illustrate the composition and the

process of the invention. These examples are intended to aid those skilled in the



tenperature. Next, 12 g ammoni um hydroxi de were added and the contents of
the flask was filtered to renove any coagulum The resulting dispersion
Exanple 1.1, had a solids content of 36.4 weight % and a pH of 8.5. Exaﬁple
1.2 Exanple 1.2 was prepared according to the process for the preparation of
the Exanple 1.1, except that ME-1 was pt@pared by nixing 30 g deioni zed
water, 6.0 g surfactant-A, 49.5 g BA, 26.5 g MMA, 0.90 g ALMA, 3.6 g MAA,

and 9.5 g PEM The resulting dispersion I : i

of 36.7 wryin End@réﬁ@p@ngmhsfmgs_eg& tpdatiin g et R g Rkeseb 00t et
cording.to t he i

acc NE-1lﬂé§‘N&%BBﬁ&§F§VL%§§' preparation of the Exanple 1.1, except

prepare ing 30 g deionized water, 6.0 g surfactant-A
3?sge?s:3§n SE;(g‘nlglﬂM\Y&vl gﬁg ﬁﬂka@viﬁitﬁhsd&e&agdwm@ﬁﬁﬂ@h?:g PEM The resulti hg
: e 1.3, ha solids content of 36.3 [ v a pH of
8. 8. Exarrwluefajﬁt@@%anﬁql’gaﬁa@t%é’é’uﬁ %%&?’S’Eﬁg&c‘i?&ﬁ?ﬂsg%m% Sy\@ﬁg%(r%}g%%ggf or Iot he
prgpar ation of the E)égirﬁ@fsogi'u’lm ngg@tgﬂt@é?hmgoly@s prepared by m xi ng 30
g deionized water, 6.0 @ sur%actant-A, 49.5 g BA, 29.8 g MMA, 1.8 g ALMA
3.6 g MMApgnd 5.3 g bREMacHfleté esul ting di spersion, Exanple 1.4, had a
solids content of 36.2 weight 9%and a pH of 8.5 45 Exanple Exanple 1.5
\fai p;igggfﬂg;c;:olrvgl gglfttby methagelate for the preparation of the Exanple
.1, a - S or r i.xing 30 g deionized water, 6.0
surfactantE®M 49.5 g gﬁ?%*%eiﬂg’ Wé&%ﬁég ALMA, 3.6 g MA, and 5.3 g PEM
Ihe resul t A\AngAli sper sig@y nfetBaRlygatk. 5, had a solids content of 36.1 weight
% and a pH of 8.4. Exanple 1.6 Exanple 1.6 was prepared according to the
processdf gMHP_ne_ pregargéatm@hm@ihaqfﬁ]éc E‘A‘lénpl e 1.1, except that ME-1 was
prepare xing 30 ei.oni zed er 6.0 g surfactant-A, 49.5
_ J t 1 1 . g BA1
31.6 g N%Mgﬁgi% g N¢AE?9 H“?Wéagy M The resulting dispersion, Exanple
1.6, had asgplids conta%@log{trﬁg. 0 weight %and a pH of 8.5.

EA ethyl acrylate
ST styrene
BMA butyl methacrylate

Preparation of Aqueous Dispersions Containing Multistage Polymer Particles

Aqueous dispersions containing the multistage polymer particles were
prepared in a 5-liter, four-necked round bottom flask equipped with a paddle
stirrer, a thermometer, a nitrogen inlet, and a reflux condenser.

Unless noted otherwise, the PEM used in the preparation of the examples
and comparative examples was unpurified and contained 52.2 weight %
phosphoethy! methacrylate monomer, 33.2 weight % phosphodi(ethyl
methacrylate), and 14.5 weight % phosphoric acid. The phosphodi(ethyl
methacrylate) is a multiethylenically unsaturated monomer. The ammonium

hydroxide was 28% active.

Example 1.1
To the flask was added 1100 g deionized water and 4.5 g concentrated

sulfuric acid. The contents of the flask was heated to 85°C under a nitrogen
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 30 g deionized water, 6.0 g
surfactant-A, 49.5 g BA, 80.7 g MMA, 0.90 g ALMA, 3.6 g MAA, and 5.3 g PEM,

was added to the flask. Next, a solution containing 3.6 g sodium persulfate in 20




Exanple 1.7 Exanple 1.7 was prepared according to the process for the
preparation of the Exanple 1.1, except that ME-1 was prepared by m xing 30
g deionized water, 6.0 g surfactant-A, 58.5 g BA 21.7 g v 0.90 g ALMA,
3.6 g AKA, and 5.3 g PEM The resulting dispersion, Exanple 1.7, had a
solids content of 36.5 weight %and a pH of 8.5. Exanple 1.8 Exanple 1.8
was prepared according to the process for the preparation of the Exanple

1.1, except that Me-I was prepared by m xing 30 dei oni z t 3.0
sur f act antg Agiobized wat@a wassadyleg. Aﬁtean@lrgtamgm,g @%%nbe’ﬁﬁ H%\%“%ﬁé% afpa, gnd
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g deioni ze g surfactant-A, 352.4 g 2-EHA, 324.0 g MMA, 117.5 ¢
ST, and 16agd@ionM¥ATEaD dndfthesodine persudfate soutiome the easitenkssotddsitiagkt o r oom

tenperature, the anount of anmoni um [ added . [
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the flask was filtered to remove any coagulum. The resulting dispersion,

Example 1.1, had a solids content of 36.4 weight % and a pH of 8.5.
Example 1.2

Example 1.2 was prepared according to the process for the preparation of
the Example 1.1, except that ME-1 was prepared by mixing 30 g deionized water,
6.0 g surfactant-A, 49.5 g BA, 26.5 g MMA, 0.90 g ALMA, 3.6 g MAA,and 9.5 g
PEM. The resulting dispersion, Example 1.2, had a solids content of 36.7 weight
% and a pH of 8.3.
Example 1.3

Example 1.3 was prepared according to the process for the preparation of
the Example 1.1, except that ME-1 was prepared by mixing 30 g deionized water,
6.0 g surfactant-A, 49.5 g BA, 32.8 g MMA, 0.90 g ALMA, 3.6 g MAA, and 3.2¢
PEM. The resulting dispersion, Example 1.3, had a solids content of 36.3 weight
% and a pH of 8.8.
Example 1.4

Example 1.4 was prepared according to the process for the preparation of
the Example 1.1, except that ME-1 was prepared by mixing 30 g deionized water,
6.0 g surfactant-A, 49.5 g BA, 29.8 g MMA, 1.8 g ALMA, 36 ¢ MAA, and 53¢
PEM. The resulting dispersion, Example 1.4, had a solids content of 36.2 weight
% and a pH of 8.5.



sulfuric acid. The contents of the flask was heated to 85C under a nitrogen
at nosphere. The pH of the water in the flask was approximately 1. A nononer
emul sion (Me-1), which was prepared by m xing 30 g deionized water, 6.0 g
surfactant-A 49.5 g BA, 30.7 g MVA, 0.90 g ALMA, 3.6 g MAA, andSBgPEM
was added to the flask. Next, a sol utioddcontai ni ng 2.6 g sodium persulfate
in 20 g deionized water was added. After maintaining the contents of the
flask at a tenperature of 85C for 15 minutes, 5.0 g anmoni um hydr oxi de was
added to E&@B&bﬁ to adjust the pH of a value in the range of 2 to 3. A
second nononer [ L ClRrdias tBrtBparecksbYormihe 200 iqn of

dei oni zed wat er, ’?ag}g{ﬂ% Pgﬁ%%ﬁfﬂh@gw g 2- ?imHA 356. 4 mMI\j/A cgld 16.2 ¢
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m nut es, esf 1.al S 1@4939% {d0a 481idl contenit & 3611 Welg‘}lﬂe
addi tion ?E}\V/{E iﬂeresuqtlnﬁldygpe?rm f]egrxla e com?l ete ;.ddl tion of Me-2 feed and

t he sodi ungpgibylpipbes.gol ution, the contents of the flask was naintained at
a tenperature of 85C for 15 mnutes and then cooled to roomtenperature.
Next, 12 gEzamphé L hydr oxi de were added and 47 the contents of the flask

e L o L CRASTBIE B AR Rl facedl g banariiamnl

1.12, had a so wel g and a pH of 8. 8. anple 1.13
To the flagk mRsmlded %iéﬂi}tghd’emlms}s p&tptalredihyl mixing) 30 @riteienized adter,

sulfuric acid. The confents of the flas ed to ?%ﬂgﬁ@f TR nitrogen
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I h 0
Curt act ant reltisEspEsRE ?%‘#5%%“5@ R e 4" Pl

was added ? o1 thesflask. Next, 10 g of a 0.1 weight %sol ution of ferric
sul fate was added, and inmediately followed by the addition of a m xture of
0. 659 t - buBdamplydr'dbper oxi de (70% active) and 10 g dei oni zed water. The next

addition to the_ fla (Flw%%a%pﬁ%agrtg'doa&ﬁrfdl %tkﬂe #nsdg@_,fscg;.lghg pR&paation k@ 9

wat er over a pefreH ntal ning the contents of the
flask at a BE@%ﬁi 1618 Qc8§RGhat MES %@@&@ﬁareatﬂrgmngﬁﬂlgldmhymedmaierms

added to a jUSt the pHto a value in the ra e of .from.2 cond
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water, 26 %’E?I\Lfir f’lal'ﬁ;[ I?ég'{lltmg ﬁlspermgn 2Example 1-7, had a solids content of 36.5 weight
% and a pH of 8.5.

Example 1.8
Example 1.8 was prepared according to the process for the preparation of

the Example 1.1, except that ME-1 was prepared by mixing 30 g deionized water,
3.0 g surfactant-A, 54.0 g BA, 18.0 g AN, 8.2 g MMA, 0.90 g ALMA, 3.6 g MAA,
and 5.3 g PEM. The resulting dispersion, Example 1.8, had a solids content of
36.2 weight % and a pH of 8.2.

Example 1.9
Example 1.9 was prepared according to the process for the preparation of

the Example 1.1, except that ME-1 was prepared by mixing 30 g deionized water,
6.0 g surfactant-A, 63.0 g EA, 17.2 ¢ MMA, 0.90 g ALMA, 3.6 g MAA,and 5.3 g
PEM. The resulting dispersion, Example 1.9, had a solids content of 36.3 weight

% and a pH of 8.5.



441.4 g WA, and 16.2 g MAA was added to the flask at a rate of 5 g/mnute
along with a separate cofeed of a solution of 2.0 g sodium persulfate in 90
g deionized water, while maintaining the contents of the flask at a
tenperature of 85C. After 20 minutes, the feed rate of ME-2 was increased
to 10 g/mnute until the addition of V22 was conplete. After the conplete
addition of ME-2 and the sodium persulfate solution, the contents of the

flask was naintained at a tenperature of 85C for 15 mnutes, and then
cooled to ature. Next, 12 g ammoni um hydroxi de were added and

the contents of gLhgid @51'@ %@épiéﬂatr@d gecorfiing @beepracessdonthd mpafh@m of
resul ting dispersi oﬁ Exanpl e 1.13, had a soli d cont egégg& 35. 9. we g
and a pH ofthsSEsampXaiyl, exdept4hTo MErd wasBreRed d%’dmﬁ %8?‘55?12”@& Wat er
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surf act ant : ﬁﬁ é’%&gﬁfﬁpaﬂ%ﬂres 1%541@6 90 g ALMA, 3.6 g MAA, and 5.3 g PEM
was added BB&W&gﬂﬂt%&ndl‘@pﬂofﬁOﬁlg of a 48 0.1% solution of ferric sulfate

was added, followed by the imediate addition of a mxture of 0.65 g
t - butyl hy@z@pﬂiéali-_l;ﬂe (70% active) and 10 g deioni zed water. The next

addition to thegllashc4am 8.30kuida) Rlodint@tlicparear i thagrebimtisg df

wat er over a pe tes. After maintaining the con&ents f the
flask at aihewR@naiilbriel,axc8mGhaoMB- mwaawespamdd)ygmmﬁﬂﬁrﬁ S8rFRfde is
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MAA, was a a rate of 5 g/mnute along with a separate
cof eed of &5Qkit ¢f%inAfon2urd Iy dreside unidpd veas 1%ige The reeulfingdiGRPEAR N wat er ,
whil e nmaintaining the contents of the ‘%rgs é 2 te%er L HES of 85C. After
20 ni nut es,Exdreplecbiils hadasplidecontggs of 36 Eeighl 7 30 pﬁm nite until the
addi tion o%ﬁz@coml ete. After the conplete addition of ME-2 and the
sodi um per ution, the contents of the flask was maintaiped at a

tenperature of 8§QHeOH1as115wab adties 8a0g dehmizedcwatardindod. Bcg)mrtceﬂiféﬁ%& ure.

Next, 12 g amoni um hydroxi de were added an ask was
filtered t csulBmovacidnilhecwgtenimof Hhell ?“é‘%ﬁ’laﬁq’ﬁd‘ ‘ﬁf%g\%ﬁ@ éell‘l 14 had

a solids Conttn(xaonstphere 3@he p\ﬁa Igtﬁl;[ v/%’%@qn%hglﬂagf( v@asgapproximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 30 g deionized water, 6.0 g
surfactant-A, 49.5 g BA, 30.7 g MMA, 0.90 g ALMA, 3.6 g MAA, and 5.3 g PEM,

was added to the flask. Next, a solution containing 2.6 g sodium persulfate in 20

gﬁtr%

g deionized water was added. After maintaining the contents of the flask at a
temperature of 85°C for 15 minutes, 5.0 g ammonium hydroxide was added to
the flask to adjust the pH of a value in the range of 2 to 3. A second monomer
emulsion (ME-2), which was prepared by mixing 200 g deionized water, 26 g
surfactant-A, 437.4 g 2-EHA, 356.4 g MMA, and 16.2 g MAA, was added to the
flask at a rate of 5 g/minute along with a separate cofeed of a solution 2.0 g
sodium persulfate in 90g deionized water, while maintaining the contents of the
flask at a temperature of 85°C. After 20 minutes, the feed rate of ME-2 was
increased to 10 g/minute until the addition of ME-2 was complete. After the
cémplete addition of ME-2 feed and the sodium persulfate solution, the contents
of the flask was maintained at a temperature of 85°C for 15 minutes and then

cooled to room temperature. Next, 12 g ammomum hydroxide were added and



Exanpl e 1.15 Exanple 1.15 was prepared according to the process for the
preparation of the Exanple 1.1, except that ME-1 was prepared by m xing 30
g deionized water 6.0 g surfactant-A, 51.3 g 2-EHA, 28.9 g MVA, 0.90 ¢
ALMA, 3.6 g MAA, and 5.3 g PEM and ME-2 was prepared by m xing 200 g

dei oni zed water, 26 g surfactant-A, 405%§ BA 385.8 g MMA, and 16.2 g MAA
The resul ting d| spersion, Exanple 1.15, had a soI ids content of 36.2 weight

% and a pH of 8. 4. t.he fl ask
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roomtenperature. Next, g ammoni um hydr.qxi de e H} contents
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23.0 g deioni ze(iL wat er, 4. 612gjg@surfactant A 38gl Proparabdy 0. 98 g

ALMA, 2.8 gilvites. Adfiter maint@lmﬁmthanﬂdnmtﬁoﬁ@?@ P@lpag édeweW%THQ%ﬁ

dei oni zed water, 27.4 surfact an VAA,
resul ting &rshEHARES; 7%(%%’1”&““‘1‘.“1;73’(1?1051 eawgcsj’l i ?g&\g%?ﬁﬂjﬁ f %36 3 \Xngeht %
and a pH of,, &, 6r. Pt én® &P3. A second monomer emulsion (ME-2), which was

prepared by mixing 200 g deionized water, 26 g surfactant-A, 352.4 g 2-EHA,

441.4 g MMA, and 16.2 g MAA was added to the flask at a rate of 5 g/minute
along with a separate cofeed of a solution of 2.0 g sodium persulfate in 90 g
deionized water, while maintaining the contents of the flask at a temperature of
85°C. After 20 minutes, the feed rate of ME-2 was increased to 10 g/minute until
the addition of ME-2 was complete. After the complete addition of ME-2 and the
sodium persulfate solution, the contents of the flask was maintained at a
temperature of 85°C for 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 dispersion, Example 1.13, had a solids
content of 35.9 weight % and a pH of 8.5.

Example 1.14
To the flask was added 1100 g deionized water. The contents of the flask

was heated to 85°C under a nitrogen atmosphere. The pH of the water in the
flask was approximately 6.5. A monomer emulsion {ME-1), which was prepared
by mixing 30 g deionized water, 6.0 g surfactant-A, 49.5 g BA, 30.7 g MMA, 0.90
g ALMA, 3.6 g MAA, and 5.3 g PEM, was added to the flask. Next, 10 gofa




Exanpl e 1.18 was prepared according to the [
process for the preparation of
the Exanple 1.16, except that ME-1 was prepared by m xing 32.3pg dei oni zed
vva'éler, 6.67 g surfactant-A, 55.0 g BA, 34.1 g MVA, 1.0 g ALMA, 4.0 g MAA
gﬂrf 5£9 g PEM MEe-2 was prepared by m xing 196.7 g deionized water, 25.’3 g
sur ac alnt;jA, 792 g BMA, and 8.0 g MAA, &hd after the contents of the flask
cooled to roomtenperature, the anount of anmoni um hydroxi de added was

14 g. The resulting dispersion, Exanple 8 '
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- 24 had ihiOA;S?{Swgs ?gaﬁgiaiggd ?':1? é%evrﬁgegggur%o?gg"é fnglg Emi%h?és 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
dispersion, Example 1.14 had a solids content of 36.4 weight % and a pH of 8.9.
Example 1.15

Example 1.15 was prepared according to the process for the preparation of
the Example 1.1, except that ME-1 was prepared by mixing 30 g deionized water
6.0 g surfactant-A, 51.3 g 2-EHA, 28.9 g MMA, 0.90 g ALMA, 3.6 g MAA, and 5.3
g PEM; and ME-2 was prepared by mixing 200 g deionized water, 26 g
surfactant-A, 405 g BA, 388.8 g MMA, and 16.2 g MAA. The resulting
dispersion, Example 1.15, had a solids content of 36.2 weight % and a pH of 8.4.

Example 1.16 _
To the flagk was added 1200 g deionized water and 4.5 g concentrated

sulfuric acid. The contents of the flask was heated to 85°C under a nitrogen
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 26.5 g deionized water, 5.5 g
surfactant-A, 45.0 g BA, 27.9 g MMA, 0.82 g ALMA, 3.27 g MAA, and 481 g
PEM, was added to the flask. Next, a solution of 3.6 g sodium persulfate in 20 g

deionized water was added. After maintaining the contents of the flask at a



Exanpl e 1.22 Exanple 1.22 was prepared according to the process for the
preparation of the Exanple 1.16, except that ME-1 was prepared by m xing
29.9 g deionized water, 6.1 g surfactant-A, 49.5 g BA, 30.7 g MVA, 0.9 ¢
ALMA, 3,6 g ALAA, and 5.3 g PEM Me-2 was prepared by m xing 200.0 g

del oni zed water, 25.9 g surfactant-A %83.3 g BVMA, 40.5 g BA, and 16.2 g
Nl AA; and after the contents of the flask was cooled to roomtenperature,

t he anobunt of amoni um hydroxi de added was, 17 g. The resul ti i rsion,
ool o teBipomara b8BT Qg bh EERELGy & sebo TbrdimelaruuER QP yBRA

Exanpl e 1. Vg%s ggelﬂtand g&qﬁ&i,gggrﬁ,%dgéei%a%dgv&%h%.6 etk @AnBAG 8405 @

concentrate urit aci e contents of the flask was heated to 85 C
under a niBKRgemd SERONPYEreas Ahdedtd e Ndnk aton catel of & Heinmhe RV

approximately 1. A nononer 51 emulsiqon (M=1), which prepanad by m xing
25.2 g deimﬁ%lfzt@mlﬂﬁttb? cogteqtg of %lmﬁ%%‘i %%/-%%IP}’%%W%O%%O@%& 2?/MA, 0.80 g
ALMA, 3.3 g. nd- 846 fVELS WD AL R t@ QI i theacidetied bgoner
with an av@?%@%ﬁ%ﬁgﬁee@F?L%O‘%MFZ%%Q?#%%%W\%S added to '?he fllask.
Next, a Soputbeshsfondpléted A6 tiie panpleté addition GOJEd2; thricoatentaoéthenas

added. After maintaining the contents of the flask at a tenperature, of 85C
for a perifastoivas snainhained ata wmperatitng AP0 4yfer igirﬂém\ﬁ%&a’é%%f‘ f??li?chgoflask

to adjust the pHto a val I nat r 264 fRmonmer

emul si on (T#E™® e,mmagﬂf lggﬁ#rgéaél gﬁl@}gr‘ﬁnngf%%m%g%e ‘gerégg?gﬁ)zed water, 28.0 g
sur f act ant ; A teSQL8nE RMA waNHItdfddodreMie atBsciagdben. tThe resultinsk at a rate
of 5 g/mnute along with a separate cofeed of a_ soluti gn of %‘éﬁ{[gfggi?l um

per sul f at edispe@fory Kreimplezbdbnkada solifls Fentart at 36 Aiwegiehh & 2pd t he

flask at a terrp?r tl,}re of 85C. After 20 minutes, the feed rate of ME-2 was
i ncreased Eéf"—%@—“gifﬁ—nute until the addition of ME-2 was conplete. After the

conpl ete addi ti pRa b1 ME17 wadpidpare@disripgy sublairecss|fut tlenprdpaeatiembént s
of the flask was naintained at a tenperature of_ 85C for ri.od, of 15

m nutes arite Ehempbod!1éd exeent dbat Milerai preparedly ,mlfznsg?g&%ﬁ?lam%g%dr oxi de
Soagul um - THESHdSLE SRRG e d b P e ) TREALMATTELYIN e o
4.5 wei ght ;dnanfl - EMHAAfH MER whX 3¥ebered Bmixing 207 g deionized water, 27.4 g
surfactant-A, 822.5 g BMA, and 8.3 g MAA. The resulting dispersion, Example
1.17, had a solids content of 36.3 weight % and a pH of 8.6.

Example 1.18

Example 1.18 was prepared according to the process for the preparation of

the Example 1.16, except that ME-1 was prepared by mixing 33.3 g deionized
water, 6.67 g surfactant-A, 55.0 g BA, 34.1 g MMA, 1.0 g ALMA, 40 g MAA, and
5.9 g PEM; ME-2 was prepared by mixing 196.7 g deionized water, 25.3 g
surfactant-A, 792 g BMA, and 8.0 g MAA; and after the contents of the flagk was
cooled to room temperature, the amount of ammonium hydroxide added was 14
g. The resulting dispersion, Example 1.18, had a solids content of 36.0 weight %
and a pH of 8.7.

Example 1.19

Example 1.18 was prepared according to the process for the preparation of

the Example 1.16, except that ME-1 was prepared by mixing 42.9 g deionized
water, 8.6 g surfactant-A, 70.7 g BA, 43.9 g MMA, 1.30 g ALMA, 5.1 ¢ MAA, and
7.6 g PEM; ME-2 was prepared by mixing 187 g deionized water, 23.4 g
surfactant-A, 763.7 g BMA, and 7.7 g MAA; and after the contents of the flask



To the flask was added 1100 g deioni zed water and 4.2 g concentrated
sulfuric acid. The contents of the flask was heated to 85C under a nitrogen
at nosphere. The pH of the water in the flask was approximately 1. A nonomner
enul sion (ME-1), which was prepared by n1X|ng 37.7 g dei oni zed water, 5.5 g
surfactant-A, 61.9 g BA, 38.4 g MVA 1. PO g ALMA, 4.5 g MAA, and 6.6 g PEM
was added to the flask. Next, a solutlon containing 3.6 g sodium persul fate

in 20 g deioni wat er \was added.  Aft i L TYnngmt enis he
flask at ava% &’Pﬁ%‘?é‘f IR e e téleperrS{;% of?'SI m nutlleﬁhl%{Qlte amﬁ?im

hydr oxi de &g m%guftﬁlggiwgéﬁmérﬂ@@d’ﬂnbﬁ B19ahakaisolitlheontangef 86 2oweighB. A
second nonon®8r  enul si on -2), which was prepared by mxing 192.5 g

dei oni zed %atrel a pPBob8.G. surfact ant-A, 360.0 g BA, 345.5 g ST, and 14.4 ¢

MAA was added t@ tgﬁ kettle at a rate of 4 g/mnute along with a separate
cof eed of &% f of 1.0 g sodium52 persulfate in 90 g deioni zed water,

whi | e mai ntai ni f £9BLER bd@cddrat Rithesproesmaebatius preyr8Ga off t er
the conplete adglgﬁn%n of Me-2 El<:;1ér?cmt he sodium persul fate soI ution, the

contents ofhd Reafnlphs k. 16asxcapit thai Nt lavasprepaped by nixing 6 @%d?léfl‘z&d eriod

of 15 m nutes and then cooled to r 2

hydr oxi de Weter; Stsqusiagtantedc 9@?@% éfqp%Wagéo\IEMt e% to "’ rrgar?ove

any coagul BadvaeBd3.dlg content
y 9 F%tg y angﬁ? %ﬁ%ﬁgﬁcﬁbfﬁnxﬁi&am .8 Exldeaénw e g

of 35.0 we 5. Exanmpl e 1. 25 ﬂgle 1. 25 was prepared
accordi ng E@rfk&ﬁn@fmm%s g(BMﬂhanﬂﬁez)ngHAonndfaftetr eexaahqﬂte of theiflagk cept

that ME-1 was prepared by m xing 30 g dei on d wat.er S t- A
49.5 g BA W3e. cmlgdl\twoom BRFTALNR, the %mgui}}aﬂ?a’é‘r‘i‘&“ ignbh dﬁ’é%} g&%&ﬁggg

pr epar ed d wg%n ] d%tgdlﬁﬁ,tc@aterﬂ of 385 delphd- ERA
441.4 ¢ NI\/}&7 gax'!%h‘%ﬁ tlgﬁ/&%’pﬁa f]e;s ?ﬂ?’lé%@dl gper sion, Exanple 1.25, had a
sol i ds congephdaf 13@,{@ aei ght % and a pH of 8. 4. Exarrpl e 1.26 To the flask

was added 800 g deionized water and 3.2 g concentrated sulfuric acid. The
contents offixaneple|laZk was heat ed to 85C under a nitrogen atnosphere. The pH

of the vaer i n el ie I35k WS sARRLAK Bty fo i FRAGKPIor RU LeLAIIabivhich).

whi ch was prepa ei oni zed wat er, 0 g surfactant-A, 49.5
g BA, 30.7ge W&mﬁe%oug eﬁb&%th&t@/{ﬂ MAS pamhr‘éd&ygnﬁﬁwg 2008 deétdzed o t he

rhask Nethatzr S400 ugtslu?'?ac(iz:ngtE ?‘xl g:‘ir(])gg BA, 20% S%?Mim pg L SA&JM%J[ 3 4 g MAA, and
3.5 g PEM; and ME-2 was prepared by mixing 210.0 g deionized water, 280 g
surfactant-A, 831.6 g BMA, and 8.4 g MAA, The resulting dispersion, Example
1.21, had a solids content of 36.5 weight % and a pH of 8.5.

Example 1.22
Example 1.22 was prepared according to the process for the preparation of

the Example 1.16, except that ME-1 was prepared by mixing 29.9 g deionized
water, 6.1 g surfactant-A, 49.5 g BA, 30.7 g MMA, 0.9 g ALMA, 3.6 g MAA, and
5.3 g PEM; ME-2 was prepared by mixing 200.0 g deionized water, 259 g
surfactant-A, 753.3 g BMA, 40.5 g BA, and 16.2 g MAA; and after the contents of
the flask was cooled to room temperature, the amount of ammonium hydroxide
added was 17 g. The resulting dispersion, Example 1.22, had a solids content of
36.4 weight % and a pH of 8.5.

Example 1.23
To the flask was added 1200 g deionized water and 4.5 g concentrated

sulfuric acid. The contents of the flask was heated to 85°C under a nitrogen

atmosphere. The pH of the water in the flask was approximately 1. A monomer



20 g deionized water was added to the flask. After maintaining the contents
of the flask at a tenperature of 85C for a period of 15 mnutes, 7.0 g
anmoni um hydr oxi de was added to the flask to adjust the pHto a val ue of
5.5. The contents of the flask was then cooled to 72C. Next, 10 g of a 0.1
wei ght % aqueous solution of ferric subflate was added to the flask. A
second nononer enmul sion (Me-2), which was prepared by m xing 160 g

dei oni zed water, 54.2 g surfactant- A, 94.5 g BA _53 59 %i nﬁl 1?lc(gt ate, and
12.6 g sodirnmisiim{NEsL) fdneh wag Pxopared it PEHNS %ﬁa%gé‘f?b‘éﬂ? YEREf1'a8k at a

rate of 5 g/ mnute,al i AL e ggﬁﬁgof Ir K&t lgug QIR

cont ai ni ngg%?;‘éc@a t%éﬁ@ﬁg&?&ﬁgﬁ% 06%635 el or’li&z%%fNuv&m%f Eelrﬁaagwrﬁjga second
sol ution CQPLALMPUa3Bated SQFHE AL sligeieh Withtth gvereige N Weof ~1R%kr, whil e
mai ntai ning the contents of the flask at a tenperature qf 72C.. 53 After 20
minutes, t(28.8%dul wade, viasadedugshe ﬂéﬁ%-a@&étt%sa@tlgprﬁf%u%SBF]&‘FP t he

addi tion of -2 was,_conpl ete., After th nm, ehtslohe

sodi um peP%rg/}E’fféfeems%(ﬁ%g&8H}zegrma‘ieﬁév Ellss%da&s:é?br‘%ﬁ%ﬁxggﬁgeag%@%t@fgn%g hetscont ents

of the fl X@éa@k%ﬁ%h%ﬁr@w S54CCRe phisd@oD15 FaGutey 74 penimdnioim 15
m nutes an t%en cooled to roomtenperature. Next, 2 g .a ni um hﬁgrtgxi de

wer e addedhpdbxideewas adtledts thof flasletd rdisist Wes PH; foreyalgiets theraiee §

coagulum The resulting dispersion, ampl.g 1. 26 | ent of
36.0 wei ghs- %%ﬁ@anéw%?e%@w{ﬂ‘é}(gﬂﬁ%= Phich ?f@st%sg?ﬂdegi*ff%?q%ﬁ%? 800 g
dei oni zed wal er 2 NGELALAd 808 & BMA, @6d 46.4Thdias weskdded t he
flask was heated B’g"“%gr?%gégr a nitrogen aét nosphere. The pH of the ter in
the flask yashepasioxi aausd of fg/miinmvealers with asenarpiicofyed oha sptufied br epar ed

by m xing 30 g deionized water, 6.0.9 . surfactantsA 49 MVA,
0790 o ALNAD 8 siiyavmats e B 80§ Sitpizdae it B Retphatihe e,

sol ution copt,ai Qi , i u IAindls GhdgeahiZirbI\MES was
added to tﬂghﬁ @%ﬁﬂga%\?{% grp%ﬁg#%{rg%?%@th}e@%ggtrgms of the flask at a

t enper at ur ¢afin8&Gast@ko a0 phhintteaintiTheixiditen ofME-§ wanemmplete-hpfesihele was

added to the flask to adjust the pHto a value aof 5.5..The, cont of the
fl ask was mhmm‘lai@@lddttl@fmﬂz@'zI‘fdéB@tEhelﬁdw%fpeéslﬂ?ﬁtevﬁgﬁ&ﬁ?n’Oe%lgﬁﬂ%%&?Ofsol ution

of ferric | f.ate was added to .t WY ofemhshetes ( MVE-2),
whi ch was 3#%83? denﬁ%r%ahrbe toyge%ié?%ﬁﬁégf’f %’1@;& "%7.5 gosurfact ant - A,

121.5 g BAanA88e] Bolinylroa@teaiperaand. ext, §2 godhmeniimtydeoxiderveare (25%

solution), was added to the flask at a rz%_t]e 03 5 g/n‘inute al ong V\AH’{
separate added and the contents of the flask was hltered to rémove any coagulum. e

resulting dispersion, Example 1.23, had a solids content of 4.5 weight % and a
pH of 8.5.

Example 1.24
To the flask was added 1100 g deionized water and 4.2 g concentrated

sulfuric acid. The contents of the flask was heated to 85°C under a nitrogen
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 37.7 g deionized water, 5.5 g
surfactant-A, 61.9 g BA, 38.4 g MMA, 1.1 g ALMA, 45¢g MAA, and 6.6 g PEM,
was added to the flask. Next, a solution containing 3.6 g sodium persulfate in 20
g deionized water was added. After maintaining the contents of the flask at a
temperature of 85°C for a period of 15 minute, 9.0 g ammonium hydroxide was
added to adjust the pH to a value in the range of 2 to 3. A second monomer
emulsion (ME-2), which was prepared by mixing 192.5 g deionized water, 26.5 g
surfactant-A, 360.0 g BA, 345.5 g ST, and 14.4 g MAA was added to the kettle at

a rate of 4 g/minute along with a separate cofeed of a solution of 1.0 g sodium



cofeeds of a first solution containing 2.20 g sodium persulfate in 60 g

dei oni zed water and a second solution containing 0.45 g isoascorbic acid in
60 g deionized water, while nmaintaining the contents of the flask at a
tenperature of 72C. After 20 minutes, the feed rate of ME-2 was increased
to 10 g/mnute until the addition of MES2 was conplete. After the conplete
addition of ME-2, the sodium persulfate solution, and the isoascorbic acid

solution, the contents of the flask was maintained at a tenperatuye of 72C
for a peri garafifath imwi90us ésicaivedtreier, whik depinteindestherideatafld, eﬁw at g

amoni um hydr oxi de wer e added and.t he ont ent.s of filtered to
renove any%cf@ﬁmﬂrﬁﬁiﬁre‘ﬂf§5f &s e @ Sﬁes?%?ioﬁfgﬁéj %[&%hé(‘%gdd{lgd sol i ds

content of 39 Nt % RHObf fre3nddk Fsamphiatdind8 ata tohepdrhasi ofas
added 800 d)easelﬁ(f)ar%?zsg t\l/\%r%’eelgggﬁ% 3.0 g concentrated sulfuric acid. The

contents ofgsbligof haskiodas 13eaimdes and3Benndeleddompemdgerperaturgs pirsitel 2 he pH
of the water in the flask was approximtely 1, A r 1+ emulsi (MVE- 1),
whi ch had eemopiupdwsdoside vese weﬁi%eﬁngerﬁégﬁﬁﬁgﬁaskmsef?‘?é’r%%yg
surfactant-A, 8.0 g BA_and . adlge e1.bhaski a sbRAE, a

sol ution cJﬁP’aﬁvﬁiaﬁ‘g ??Hugl%béﬁlﬁ%eg%r s% @%ﬁ% in ’g%hgn%%i onized water was

added. The GAMLRNFS5T welithti%asid AVBH ofed Bt ai ned at a tenperature of 85C for
a period of 10 m nutes. A second nononer enul sion (Me-2), which was

prepared [|Examglenh285 g dei oni zed water, 6.0 g surfactant-A, 86.4 g BA,
83.6 g MVA, 1.8 L 1.8 VAA A%IRhrkBatdtend dASK
at arate of 5 %%%%Sxﬁseﬂep%ed&g%gpgpg tgéﬁg%{}r%&r{@ig I\/Eg[J ?%e contents
of the flasl was,mpRi N2 dedpetha MENPeaAtpepandd BEGiking 20 peeiodzef 10

i
m nutes. Next, the pH of the kettle was adjusted to a E{fge hn t rar&ge of
2-3 with theatadO psufactantg, 4meBamh erdi a0 94 & R RECsi on

(MeE-3), which re by m xin 40 .g. dehQni :

sur f act ant - &2 8\2@%1\’8 @Elaﬂ@ggvﬁysgprﬁﬁﬁrgd %%gugl.r%e% ?\]/Eﬁ %V\Ig/g&%% gﬁég(%gegg to the
flask at a élwﬁg&tgﬁt—AOBQQﬂﬂ PUlEHAl 99 4% MMA, af@Ne B MAAE Bk ofsulisp| ut i on
containing 1.0 g sodium persulfate in 40 g deionized water, ilkf

mai nt ai ni ngdisperstantRatrsplefl.2hehdd asklids C@tﬁéﬁﬂ’@?’%ﬁl}?’@\é\’% 9"8%’@5\{. a phf B84 he
conpl ete additi Olil of ME-3 and the sodium persul fate solution, the contents
of the flas&X 28t ai ned at a tenperature of 85C for a period of 15

mnutes, and t hego B90h 8 ke 125 RN tFBINL A BibHIZRA vNepetk anti(B.9 gamwnenturatedy dr oxi de

were added and the contents of the flask was filtered to renove, an

coagul um  sulfuric acid. The contents of the flask was heated to 85°C under a nltrog%n
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 30 g deionized water, 6.0 g
surfactant-A, 49.5 g BA, 30.7 g MMA, 0.90 g ALMA, 36 ¢ MAA, and 5.3 g PEM,
was added to the flask. Next, a solution containing 2.25 g sodium persulfate in
20 g deionized water was added to the flask. After maintaining the contents of
the flask at a temperature of 85°C for a period of 15 minutes, 7.0 g ammonium
hydroxide was added to the flask to adjust the pH to a value of 5.5. The contents
of the flask was then cooled to 72°C. Next, 10 g of a 0.1 weight % aqueous
solution of ferric sulfate was added to the flask. A second monomer emulsion
(ME-2), which was prepared by mixing 160 g deionized water, 54.2 g surfactant-
A, 94.5 g BA, 535.5 g vinyl acetate, and 12.6 g sodium vinyl sulfonate (25%
solution), was added to the flask at a rate of 5 g/minute along with separate
cofeeds of a first solution containing 1.50 g sodium persulfate in 60 g deionized

water and a second solution containing 0.36 g isoascorbic acid in 60 g deionized

water, while maintaining the contents of the flask at a temperature of 72°C.



The resulting di spersion, Exanple 1.28, had a solids conten i

% and a pH of 8.5. Exanple 1.29 To the flask was added 1108 gfdg?bﬁigghght
water and 4.5 g of concentrated sulfuric acid. The contents of the flask
was heated to 85 C under a nitrogen atnosphere. The pH of the water in the
flask was approximately 1. A nonomer effil sion (ME-1), which was prepared b
m xi ng 30 g deionized water, 6.0 g surfactant-A 49.5 g BA, 30.7 g MVA Y

0.90 g ALMA, 3.6 g MMA, and 5.3 g PE was_ added .to .t he fl
:1 glj gg io Zf f&‘(ﬁﬂél&ﬁ@ iniguBes; tiye Sevdi navte pé%ﬂf%@%iqcﬁe%d% ! %efgliBﬁ?eiz('-éﬂaﬁg%éer awas
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cc for . ) .Ogammnlur% ydr oxi de was added to adj ust
Ve g 0 rﬁﬁ‘if&@e ddlutibe 4apas Rbaokicdcideitition, tecoamdentsndirbe flaghul si on
(ME-2), ch was prepared by m xi ng 200 % del oni e%j ter, 26

sur f act ant whs n3BRtaingd 2¢ BHAmpetdtuwre of RIA, ramellleéﬂ ﬁﬂmﬁtmnﬂahﬁﬁ to the

flask at a rate of- 5 /m i
Sol it on ofoolel 1 igosuiATaRTBEREDI Tt 2 it pyh FRIEneh ARTOind the

mai ntai ning the &rdd @Séndvearyermguiinl Slof re8EItig . After 20

C
m nutes, t é"t?eésao%ma}?gfa%}{%-%n was increased to 10 g/ mnute until e
addi tion ofisNErsloraBxanpll ELE, haf seplidheontenhpf 6.8 welght Toand Pﬁggnd t he
sodi um persul fate solution, the contents of the flask was maintained at a

t enper at ur Bxafmm&1:2% for a period of 15 minutes at 85 C and then cooled to

room t enper at urg. t ' -
o ﬁ'e L sk 4asth TTHNOUTE B AL QY Waterwadl Biddechnaantribel cont ent s
of the flask vva@ ¢ ?pere o renove any coagulum The resulting dispersion,

Exanpl e 1. 2QruliadcR. SThé dsntent @ithedlask6yes heatgdtto B @nender 0

Exanple 1.3 E&arrplce 1.30 was pr epafe,dS cz ra%i ntg to the pr cgl‘::}s]é‘;ngggpih

EL ﬂ)ﬁ; ?E i ggpxgbsgrlhl‘granﬁlh@ I?LHP,’I" g waher ltnh*gle fia Y2 APRIPF TRt g %ep‘ﬁace%r t he
id. . ul ti di .S i !

of 36.1 worgrisisp NI L il BRTEE By rRAIIPIS ¢ etz L e . Baded 1600

g dei oni Zegumkﬁintﬁld@d;sﬁsg RiA 080.0 QIMIBNAT G96d; ABMALR Be Heial. antha3cREMht s of

the flask ves heated Lo 85 G under ot Lrogen - SUIRSPISHSm HSulOh t e
20 g deionized water was added to the flask. After maintaining the contents of
the flask at a temperature of 85°C for a period of 15 minutes, 7.0 g ammonium
hydroxide was added to the flask to adjust the pH to a value of 5.5. The contents
of the flask was then cooled to 72°C. Next, 10 gofa 0.1 weight % aqueous
solution of ferric sulfate was added to the flask. A second monomer emulsion
(ME-2), which was prepared by mixing 200 g deionized water, 67.5 g surfactant-
A, 121.5 g BA, 688.5 g vinyl acetate, and 32.4 g sodium vinyl sulfonate (25%
solution), was added to the flask at a rate of 5 g/minute along with separate
cofeeds of a first solution containing 2.20 g sodium persulfate in 60 g deionized
water and a second solution containing 0.45 g isoascorbic acid in 60 g deionized
water, while maintaining the contents of the flask at a temperature of 72°C.
After 20 minutes, the feed rate of ME-2 was increased to 10 g/minute until the
addition of ME-2 was complete. After the complete addition of ME-2, the sodium
persulfate solution, and the isoascorbic acid solution, the contents of the flask
was maintained at a temperature of 72°C for a period of 15 minutes and then
cooled to room temperature. Next, 2 g ammonium hydroxide were added and the
contents of the flask was filtered to remove any coagulum. The resulting

dispersion, Example 1.27, had a solids content of 39.0 weight % and a pH of 6.3



emul sion (ME-1), which was prepared by m xing 24 g deionized water, 8.0 g
surfactant-A, 16.0 g BA, and 56.0 g MMA, was added to the flask. Next, a
solution containing 4.8 g sodium persulfate in 40 g deionized water was
added. The contents of the flask was naintained at a tenperature of 85 'G
for a period of 10 nminutes. Next, a seebnd nonomer enul sion (ME-2), which
was prepared by m xing 320 g del onized water, 32.0 g surfactant-A, 248.0 ¢

BA, 825.6 MVA, 12.0 g acrylic acid, and 42.4 g PEM was added to the
flask at ﬁg’sé&!.@_dfﬁe 285 56 g/m nute while maintaining the contents of the

flask at a te”ﬁ%rtﬁte Lk adRdadd sodbtdiodibed s eie 3agicbhantaitedE- 2, the
contents of thé flask was nmaintained at a tenperature of 85 C for a period

of 15 m nyhEarRndid hehe conteds bbHihoDask wapdeaterd to 8N&xundgsa FIEASRIhi um
hydr oxi de was added and the contents of ﬂthlg fl ask was ftieltfr gcdimtogoﬁ_l%gove
any coagulatimosrhere: khg PHY the irteatR e NaPs B ARR RAY '8 501 i ds content of
35. 7 wei ght % anda.pH of . 8. ' hagk Adtedz4A00 g
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nparative Polyner Particles

by mixing 140 g deionized water, 18.0 g surfactant-A, 270 g BA, 261.9 g MMA,
and 8.1 g MAA, was then added to the flask at a rate of 10 g/minute along with a
separate cofeed of a solution containing 1.0 g sodium persulfate in 40 g deionized
water, while maintaining the contents of the flagk at a temperature of 85°C.
After the complete addition of ME-3 and the sodium persulfate solution, 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
were added and the contents of the flask was filtered to remove any coagulum.
The resulting dispersion, Example 1.28, had a solids content of 38.5 weight %
and a pH of 8.5.
Example 1.29

To the flask was added 1100 g deionized water and 4.5 g of concentrated

sulfuric acid. The contents of the flask was heated to 85 °C under a nitrogen
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 30 g deionized water, 60g
surfactant-A, 49.5 g BA, 30.7 g MMA, 0.90 g ALMA, 3.6 g MAA, and 5.3 g FEM,

was added to the flask. Next, a solution containing 3.6 g sodium persulfate in 20
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g deionized water was added. After maintaining the contents of the flask at a
temperature of 85 °C for a period of 10 minutes, 7.0 g ammonium hydroxide was
added to adjust the pH to a value in the range of 2 to 3. Next, a second monomer
emulsion (ME-2), which was prepared by mixing 200 g deionized water, 26 g
surfactant-:&, 352.4 g 2-EHA, 441.4 g MMA, and 16.2 ¢ MAA, was added to the
flask at a rate of 5 grams /minute along with a separate cofeed of a solution of
1.0 g sodium persulfate in 90 g deionized water, while maintaining the contents
of the flask at a temperature of 85 °C . After 20 minutes, the feed rate of ME-2
was increased to 10 g/minute until the addition of ME-2 was complete. After the
complete addition of ME-2 and the sodium persulfate solution, the contents of
the flask was maintained at a temperature of 85 °C for a period of 15 minutes at
85°C 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, Example 1.29, had a solids content of 36.2 weight %
and a pH of 8.5.

Example 1.30

Example 1.30 was prepared according to the process for the preparation of
Example 1.1, except that 4.5 g of nitric acid replaced the sulfuric acid. The
resulting dispersion, Example 1.30, had a solids content of 36.1 weight % and a
pH of 8.9.

Comparative A

To the flask was added 1600 g deionized water and 6.0 g of concentrated
sulfuric acid. The contents of the flask was heated to 85 °C under a nitrogen
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 24 g deionized water, 8.0 g
surfactant-A, 16.0 g BA, and 56.0 g MMA, was added to the flask. Next, a
solution containing 4.8 g sodium persulfate in 40 g deionized water was added.
The contents of the flask was maintained at a temperature of 85 °C for a period
of 10 minutes. Next, a second monomer emulsion (ME-2), which was prepared
by mixing 320 g deionized water, 32.0 g surfactant-A, 248.0 g BA, 8256 g MMA,
12.0 g acrylic acid, and 42.4 g PEM, was added to the flask at a rate of 15



-14 -9.8 1:9 Exanple 1.11128-3-9.81:9 Exanple 1.12138-3-27 :
1.13114-3-9.81: 9 Exanple 1.14118-3-9.81:9nExanp|e 1.15120-32%221Egagggﬁp|e
1.16136-3211: 10 Exanple 1.17139-3211:12 Exanple 1.18136-3211:8 Ekanple
1.19130-3211: 6 Exanple 1.20143-3211:4 Exanple 1.21145-3211: 14 Exanpl e
1.22134-317.21: 9 Exanpl e 1.23140-117. 212 %0 Exanpl e 1.24140-33.71: 7 Exanpl e
1.25127-3-9.81:9 Exanple 1.26155-312.81:7 Exanple 1.27170-312. 81:9 58

Ex
Cam s, 2 SRR S B el e o1
Composite RaLl 'tﬁ%z €&m &%ﬁﬂit{brﬁ@fsmbgokhewmmaugehpmayhmasaaamtair@si at

Conposite particles re prepared by dispersing titaniu
into an aqueemperdtare bE35Uhfai mpergod h%lfrrgllppﬁ x Hgﬂ]l Ci)gfi(%q%eé‘? egara;g: ﬁ;

first polyner with select ab b
di sper si ont%ﬂerﬁﬂ‘éfﬁar]gﬂ"tb@%c%%’%‘?rﬂﬁg{ﬁ%&)mél@ ergg:gggg%g%? g})‘ %?hg%lﬁiﬁtl ole
multistage ﬁogéﬁwawﬁér‘éh%ﬁ b¥e 34 bk @n WBhairedalting] domtmmxiizesol | ds

level of tH¢ mer particle . nt % Next, 40,73 g
dispersion had a solids content of 35. ’7 welg t % and a pH of 8

Comparative B

To the flask was added 800 g deionized water and 3.0 g of concentrated
sulfuric acid. The contents of the flask was heated to 85 °C under a nitrogen
atmosphere. The pH of the water in the flask was approximately 1. A monomer
emulsion (ME-1), which was prepared by mixing 12 g deionized water, 4.0 g
surfactant-A, 7.9 g BA, 27.7 g MMA, and 0.40 g MAA, was added to the flask.
Next, a solution containing 2.4 g sodium persulfate in 20 g deionized water was
added. The contents of the flask was maintained at a temperature of 85 °C for a
period of 10 minutes. Next, a second monomer emulsion (ME-2), which was
prepared by mixing 170 g deionized water, 16.0 g surfactant-A, 280.1 g BA, 260.3
g MMA, 5.6 g acrylic acid, and 18.0 g purified PEM, was added to the kettle at a
rate of 15 g/minute while maintaining the contents of the flask at a temperature
of 85 °C. After the complete addition of ME-2 feed, the contents of the flask was
maintained at 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,

Comparative B, had a solids content of 34.7 weight % and a pH of 8.6.
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An agueous composite particle dispersion was prepared by combining the
dispersion containing the multistage polymer particles with sufficient water to
dilute the solids level of the polymer particles to 33.0 weight %. Next, 40.73 g
TiPure™ R-746 titanium dioxide slurry (TiPure is a trademark of E. I. DuPont
de Nemours and Company), supplied at 76.5 weight % solids, was added to 56.65
g of the mixture with stirring. The amount of palymer particles used was the
amount required for the composite particles to have 60 weight % polymer
particles based on the weight of the titanium dioxide particles. The resulting
aqueous composite particle dispersion contained composite particles dispersed in

an aqueous medium.

Preparation of Aqueous Compositions Containing Composite Particles and

Binder

The aqueous compositions were prepared by first preparing master paints
containing all the ingredients of the aqueous compositions, except for the
titanium dioxide and the multistage polymer particles. The following master

paints were prepared containing the listed ingredients in Tables 2.1 to 2.3
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Master Paint #3 (MP3) was prepared by first combining the materials in

Table 2.3a and mixing with a Premier Corporation Model 50 stirrer to make a

grind containing clay particles, Next the grind was combined with the materials

in Table 2.3b to prepare Master Paint #3.
Table 2.3a ~ Grind for Master Paint #3

Ingredients Weight (g)
water 146.33
Tamol™ 1254 dispersant (Rohm and Haas Company) 10.45
Colloid™ 643 dispersant (Allied Colloids Limited Co.) 3.09
2-amino-2-methyl propanol (95 % active) 3.09
Triton™ CF-10 surfactant (Dow Chemical Co.) 0.46
Omyacarb™ calcium carbonate (Omya Corp.) 162.39
ASP™-400 clay (Engelhard Corp.) 155.06
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The aqueous compositions were prepared by combining 50.23 g of the
aqueous dispersions containing the composite particles with 39.09 g of either the
Master Paint #1 or #2, or with 56.48 g of the Master Paint #3. The final aqueous
composition were placed on a roller and allowed to mix overnight prior to testing.

Comparative aqueous compositions were prepared without the latex
absorbing polymer particles. These comparative aqueous compositions contained
the titanium dioxide particles at the same PVC as the aqueous compositions of
this invention, which contained the titanium dioxide as composite particles.

Dried coated samples were prepared by applying a 76 micron (3 mil) thick
wet film of the aqueous compositions 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 4 to 6 hours.

The opacity or hiding of the dried film was characterized by the light
scattering efficiency of the dried film, which was determined by measuring the Y-
reflectance value for the dried coating sample. The Y-reflectance valueis a
measure of light scattering within the coating, in particular, light scattering by
the titanium dioxide particles in the coating. The Y- reflectances of the dried
coated samples were measured using a 45°/0° reflection setting with a Pacific
Scientific Colorguard (Pacific Scientific). The delta Y-reflectance value was
calculated by:

delta Y-reflectance value =Y - Y
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include composite particles. A delta Y-reflectance value greater than zero
indicates improved light scattering compared to the comparative coating which
did not contain composite particles. A difference of 0.1 unit or greater was
regarded as significant.

The film properties of the dried coated samples were characterized by
measuring the ability of the dried coated sample to withstand abrasive rubbing
using the scrub resistance test. In the test, coated scrub test panels were
prepared by applying films of the aqueous composition with a 0.18 mm (7 mil)
gap drawdown bar on scrub test panels (#P121-10N from The Leneta Company).
Comparative coated scrub test panels were also prepared using a comparative
aqueous composition which did not contain composite particles. The coated
scrub test panels were dried at 21°C and 50% relative humidity for 7 days. The
scrub resistance test was performed using an Abrasion Tester from Gardner
Laboratory, according to the following procedure: The coated scrub test panel
was placed on a scrub plate with two 1.3 cm wide brass shims placed 11.4 cm
from each other. On a scrub brush was placed 10 ml of Standardized Serub
Medium (The Leneta Company, item # SC-2). The scrub bush was then placed
on the coated scrub test panel and 5 ml of water was placed on. the coating along
the line that the scrub brush will travel during the scrub resistance test. The
serub resistance was evaluated by measuring the number of scrubs required to
break through the coating (FB) at each side of the shim. Two coated scrub test
panels were tested for each coating formulation. The scrub ratio (SR) was
calculated by:

SR = 0.25[(FB ,+FB, A FB'  +FB’, ) +
(FB,+FB, Y FB', +FB’, ) + (FB, +FB, )/ FB’, +FB’, ) +
(FB,, + FB, J(FB',, + FB’, )l

wherein FB, . is the number of scrubs to break through the coating at the left

3LL
edge of the left shim; FB,,, is the number of scrubs to break through the coating
at the right edge of the right shim; FB  is the number of scrubs to break

through the coating at the right edge of the left shim; and FB ; is the number of
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indicated that the dried coating had an acceptable level of serub resistance.

The gloss values for the dried coatings were determined using a Micro-Tri-

Gloss meter (BYK-Gardner Co.).

The Y-reflectance value, optionally the gloss value, and optionally the

scrub resistance were measured for each sample. Delta Y-reflectance values are

calculated for the dried coatings prepared from the agueous compositions.

Table 2.3 - Master Paint #1

Aqueous Multistage Polymer Y- DeltaY | 20°gloss
Composition Particle reflectance
Example 2.1 Example 1.1 52.55 4.95 40.7
Example 2.2 Example 1.14 52.4 4.8 37.7
Example 2.3 Example 1.13 52.55 4.95 44.3
Comparative C1 - 47.6 - 32.9
Table 2.4 — Master Paint #1
Aqueous Multistage Polymer Y- DeltaY | 20°gloss
Composition Particle reflectance
Example 2.4 Example 1.25 52.45 3.7 35.9
Comparative C2 - 48.75 - 27.5
Table 2.5 — Master Paint #1
Aqueous Multistage Polymer Y- DeltaY | 20°gloss
Composition Particle reflectance
Example 2.5 Example 1.12 53.05 4.1 43.3
Comparative C3 - 48.95 25




Y-

Delta Y20 gl oss ConpositionParticlereflectance Exanple 2. 19Exanpl e

1.1152.93.9532.5 Exanpl e 2. 20Exanpl e 1.2852. 73. 7521. 3 Conparati ve

Cl10-48.95-22.1 Table 2.13 --

Mast er

Delta Y20 gl oss ConpositionParticlereflectance Exanple 2. 21Exanpl e
1.2253. 655.1529. 6 Conparative Cl1-48.5-3#8 4 Table 2.14 - Master Paint #1

Agueous NUItlstage Pol ynmer Y-

Pai nt #1 Agueous Ml ti stage Pol ynmer Y-

Delta Y20 gl oss ConpositionParticlereflectance

Exanpl e 2. 22Exa 5 535. 7 Conparative Cl2-48.95-23.8 65 Table
é)15 .- Maseble ® | h %%Aé%’é’&? Mul tistage PolynmerY-Delta Y
nposi ti ok Bﬁ erefle CAESL Rk Goe doEXappl e 1.38185 Y252 28° Perparati ve
o ez 45 | AR el 3 Balsabiedtba | 3t ave Pyl ymer Vo el 12y
“'x‘a'nﬁi 626 |  Example1.26 52.75 3.45 27.6
Example 2.7 Example 1.27 52.6 3.3 30.3
Comparative C4 - 49.3 - 30.5
Table 2.7 — Master Paint #1
Aqueous Multistage Polymer Y- DeltaY | 20° gloss
Composition Particle reflectance
Example 2.8 Example 1.1 52.75 4.95 35.5
Example 2.9 Example 1.2 52.5 4.7 45.4
Example 2.10 Example 1.3 52.6 4.8 32
Comparative C5 - 47.8 - 24.9
Table 2.8 — Master Paint #1
Aqueous Multistage Polymer Y- DeltaY
Composition Particle reflectance
Example 2.11 Examplel.4 53.3 3.4
Example 2.12 Example 1.5 53.1 3.2
Example 2.13 Example 1.6 52.9 3
Example 2.14 Example 1.7 53.3 3.4
Example 2.15 Example 1.10 53.2 3.3
Comparative C6 - 49.9 -
Table 2.9 — Master Paint #1
Agqueous Multistage Polymer Y- DeltaY | 20°gloss
Composttion Particle reflectance
Example 2.16 Example 1.15 526 7.05 28.2
Comparative C7 - 45.55 - 151




Exampl e 2. 24Exanpl e 1. 2463. 752. 2 Conpar ative D2-61.55- Table 2.17 - Master
Pai nt #3 Aqueous Multistage Polynmer Y- Delta Y

Conposi tionParticlerefl ectance Exanpl e 2. 25Exanpl e 1. 2651. 46 Conparative
E-45.4- The results in Tables 2.3 to 2.17 show that dried coating prepared
from the agueous conpositions of Exanpl 64 2.1 to 2.25, which contained

mul tistage polyner particles having sel ect absorbing groups, had increased
| evel s of hidin conpared_to the conparative dried coatings, which did not
cont ai n cor?{ftﬁ?aewp a5teT B8R4 ng nul tistage pol ymer particles. Further,

t he dri ed cpattgs—preparadf ' €pus goatl | NoeEPPS) t fjthis
I nvention X%Eﬁgﬁﬂgr I evefglt}) tgg%?éwﬁl;n zg arz?téi ve coaztcignré?josé.g Tabl e
2.18 - Mast@ePmBRHE 1 AUl tistageY-Berta oo-gtossSerub

Conposi t i anP&rprEe Bakt i dl er cBXaRPiftERat i b ERZDI eExan%‘Fe 43

1.2951. 71. 1728 90 99 2. Comnpar at i ve- 50. 6- 3. 13166 Tablel 2. 33 ¢ Mister
Pai nt #1 Aqué)ént%sﬁo?lyéeqé)Fart i cleY-Delta Y200 SLIS()%SScr ub .6

Conposi tionrefl ectanceRati o Conparati veConparative A54.56.813. 80. 22 Al
Conparative-47.7-39.51 Cl4 Table 2.20 - Master Paint #1 AqueousPol yner
Parti cl eY- rBdble&: binc dbesten Print #1

Aqueous Multistage Polymer Y- DeltaY : 20°gloss
Composition Particle reflectance
Example 2.18 Example 1.9 52.75 5.65 38.7
Comparative C9 - 47.1 - 28.4

Table 2.12 — Master Paint #1

Aqueous Multistage Polymer Y- Delta¥ | 20°gloss
Composition Particle reflectance
Example 2.19 Example 1.11 52.9 3.95 32.5
Example 2.20 Example 1.28 52.7 3.75 21.3
Comparative C10 - 48.95 - 22.1

Table 2.13 — Master Paint #1

Aqueous Multistage Polymer Y- DeltaY | 20° gloss
Composition Particle reflectance

Example 2.21 Example 1.22 53.65 5.15 29.6
Comparative C11 - 48.5 - 34.4

Table 2.14 — Master Paint #1

Aqueous Multistage Polymer Y- DeltaY | 20°gloss
Composition Particle ' reflectance
Example 2.22 Example 1.30 52.5 3.55 35.7

Comparative C12 - 48.95 - 23.8




Conposi tion ConparativeConparative B49.6-0.1 Bl Conparative-49.7- Cl15 The
results in Tables 2.18 to 2.20 show that the dried coating prepared fromthe
aqueous conposition of this invention, which contains conposite particles
havi ng nul ti stage polymer particles, as exenplified by Exanple 2. 26,

provi ded a conbi nation of inproved hidinjﬁ as indicated by a delta Y val ue
of 1.1; an increase in 20 gloss; and an acceptable |evel of scrub

resi st ance, ich _indicated.go filmformation and properties. In
contrast, fﬁéﬂéghﬁifgﬂPW@rgg?gﬁggcoating prepared fromthe conparative
aqueous CcOMPOREFION.  ConPayRfi{i¥& A PolyMel Ch contai ned QN at i ve conposite
particles q§lbggggﬁﬁparat ggmﬁﬂggle stage| polaiBhicPRrticlesiwth a gl ass
transition—tef erﬂtﬁgggof o4 had Hu 3uvcj ”biQ#JI ' pt provi ded
increase gl o agpfe an un;%EEBPgb“g | evel §f scrub fésistance. Al so, the
conparat!ve(g%@%%daﬁgmpg prepared fromthe egamparati ve. aqueous
conposi tion, | arative Bl, which contained conparhtive caonposite
particles having conparative single stage polyner particles with a glass
transition tenperature of 21C, did not provide increase hiding. Further,
thebplo_rrpar atakle Zat@edlastenhpBdif4 on of Conparative Bl had poor aqueous
stabi | ity gs—evidenced byr i guCf] A, cikent of ar ati ve agueous
conposi tion reer sitting g%%g%hﬁgﬁﬂ%%hgk grﬁiﬁgg éhagﬁ%gpgngs. 67 Exanpl e
3 - Prepar pEPBROBEIBormas| PAIPEL | ol os with VA iabe+evels—ef Absor bed
NUItis}age PdixarePlerhiti ¢ esiﬁﬁﬁééﬁéLgénposit£§ﬁ§ conta?ﬁfng the conposite
particles e prepared,; Wwthvarious Tevels of sofbed_multi st age pol yner
particles gﬁ“%%ﬁ%FﬁFﬁgﬂ?hu ingredients ligsgte T1iE%pTables 3.1jand 3.2 with
stirring. The aqueous conpositions were placed on roller and allowed to mx
overnight. Dried coated sanples were prepared by applying a 76 mcron (3
E\I) t hi ck Weblef2.1-oMaster Rajokéds conpositions onto OQpacity Charts (The
enet a ConpanRy—+e+m-3B) Hh—a—Br+d-——blade—(VED tndustiies)1and al | owi ng
the wet fi|fRfAPEO%y at 20 M@‘Qﬁat%og‘ﬂ?‘éﬁeéti ve_hym di t;bélg%Y4 to 6 hours

bef ore neastPmpgsNidet | ect hARKCloal ues Tahl ¢ reflgctance
Example 2.25 Example 1.26 514 6

D

Comparative E - 45.4 -

The results in Tables 2.3 to 2.17 show that dried coating prepared from
the agueous compositions of Examples 2.1 to 2.25, which contained multistage
polymer particles having select absorbing groups, had increased levels of hiding
compared to the comparative dried coatings, which did not contain composite
particles having multistage polymer particles. Further, the dried coatings
prepared from the aqueous coating compositions of this invention had higher
levels of gloss than the comparative coatings.

Table 2.18 — Master Paint #1

Aqueous Multistage Y- Delta Y | 20° gloss | Scrub
Composition | Polymer Particle | reflectance Ratio
Example Example 1.29 51.7 1.1 28.9 0.59
2.26
Comparative - 50.6 - 23.6 1
C13




Mul tistage Polymer ParticleXl Rhoplex' "' AC 261 binderX2 Water X3 Ti-PureTl"
R-746 titanium dioxide 41.9 g slurry Texanol T11'' coal escentX4 Colloid
6430. 04 Suproni| HK Black Liquid (25%in 2.00 g water) Natrosot''" 250 HR
thi ckener (2.5%in 15.00 g water) Table é 2 Multistage Polymer W. %
Mul tistage X1 X2 X3 X4 Particl ePol ymer P Pticle (9)(9)(9)(g) based on TiO;
Exzzaggl()gzlazolog. 7488. 8433. 057. 14 Exanpl e 1.203026.2176.0228. 477.14 Exanpl e

: : : 59+7. 13 Exanmplie 1.2010087.3631. 1512. 437. 12 Exanpl e
1.20146128. 9%%9 731733?' erEE%Iﬁlpqﬁdel 1.21108. 7488. 8433. 057. 14 Exanpl reTp
1.213026. 2THH.L3:28. 47"%@& Bxatiplkee [1. 218052, 4250t Y2128 %Tosk3 EXanpl e

1.2110087.136 p&é%i%n‘u’ reflectance Ratio
Comparative ;| Comparative A 54.5 6.8 13.8 0.22
Al
Comparative - 47.7 - 39.5 1
Cl4

Table 2.20 - Master Paint #1

Aqueous Polymer Particle Y-reflectance Delta Y

Composition

Comparative | Comparative B 49.6 -0.1
B1

Comparative - 49.7 -
C15

The results in Tables 2.18 to 2.20 show that the dried coating prepared
from the aqueous composition of this invention, which contains composite
particles having multistage polymer particles, as exemplified by Example 2.26,
provided a combination of improved hiding, as indicated by a delta Y value of
1.1; an increase in 20° gloss; and an acceptable level of scrub resistance, which
indicated good film formation and properties. In contrast, the comparative dried
coating prepared from the comparative aqueous composition, Comparative Al,
which contained comparative composite particles having comparative single
stage polymer particles with a glass transition temperature of 54°C had
improved hiding but did not provided increase gloss and had an unacceptable
level of scrub resistance. Also, the comparative dried coating prepared from the
comparative aqueous composition, Comparative B1, which contained
comparative composite particles having comparative single stage polymer
particles with a glass transition temperature of 21°C, did not provide increase
hiding. Further, the comparative aqueous composition of Comparative B1 had
poor aqueous stability as evidenced by significant thickening of the comparative

aqueous composition after sitting for a period of greater than 12 hours.



Exanpl e 1.21146128.271.131.77.11 Exanple 1.18108. 8688.8432.937. 14 Exanpl e

. 183026. 5776. 0228. 127. 14 Exanpl e 1. 186053. 1556. 7620. 907. 13 Exanpl e
.1810088. 5831. 1511. 287. 12 Exanpl e 1.18146130.051.13.017.11 Exanple

.19108. 8188. 8432. 987. 14 Exanple 1.193026,4376.0228. 267. 14 Exanpl e

. 196052. 8656. 7621. 187. 13 Exanple 1. 19100% .0931. 1511. 747. 12 Exanpl e
.19146129. 341. 13. 697. 11 Exanple 1.17108. 7888. 8433. 07. 14 Exanpl e

- 173026. 36700248 333 Prdfa BRI O o A dLOOBartiabs #9%hlvEAbud B EXRM B sorbed
.1710087. 8531. 1511. 977.12 Exanple 1.17146128.981.131.037.11 Exanpl e

. 16108. 74881 8438a 5P olidn dexanmpicdesl. 163026. 2176. 0228. 477. 14 Exanpl e

. 166052. 4256. 7921. 59713 Exanple 1.1610097.3631.1512.437.12 Exanpl e
16146128, 271. 130119913 GOmRRESIHGR? AP B R EIG G SOTPOS F‘rrP&§PP]iQBﬁ‘{er€%ﬁ%?‘f§Fi ve F,
was preparedq,: IV r > ihi
conpositi ong‘l(ﬁglldl %g@}:ﬂés !Sévfllgugilsén%%%%p% ggtﬁ‘:%%&}é"rlﬁ%% ,Q&gcg?%l%ﬁ]g()ﬁv\ﬁgtﬁegg(t?(g), and
3.81 g coal ¢sgedierftXdstediieTdbleed.1 snd3al atittvetinuag.i Thepruepanecbrhpasiivhe
conparati ve agueous conpQqsitiaon 54.9. Table

da Y-refl val f .
3.3 shows t Rergelacgedyen @qll%@tnér&l&%vﬂ;tpe@% gvererﬁ%‘gtr?gﬁrl\éa legﬁe‘?eg‘ssaﬁ?@ﬁa%ef rom
th it f Tapl .2 . Del

v Ret Moot an@lERBRR LY STyt 78 sERsh fo 16 ol SOER B B pdueard! 2

compositions onto Opacity Charts ( The Leneta Company, Form 3B) with a Bird

RPRRPRRRRRRRRE

blade (MED Industries) and allowing the wet film to dry at 20 °C and 20%

relative humidity for 4 to 6 hours before measuring Y-reflectance values

Table 3.1

Multistage Polymer Particle X1

Rhoplex™ AC-261 binder X2

Water X3

Ti-Pure™ R-746 titanium dioxide 419¢

slurry

Texanol™ coalescent X4

Colloid 643 0.04

Supronil HK Black Liquid (25% in 200g

water)

Natrosol™ 250 HR thickener (2.5% in | 15.00 g

water)

Table 3.2

Multistage Polymer | Wt. % Multistage X1 X2 X3 X4

Particle Polymer Particle () (g) (g) (g)
based on TiO, '

Example 1.20 10 8.74 88.84 | 33.056 7.14
Example 1.20 30 26.21 76.02 28.47 7.14
Example 1.20 60 52,42 | 56.79 | 21.59 7.13
Example 1.20 100 87.36 31.15 12.43 7.12
Example 1.20 146 128.27 | 1.13 1.7 7.11
Example 1.21 10 8.74 88.84 | 33.05 7.14
Example 1.21 30 26.21 | 76.02 | 28.47 7.14




Exanpl e Exanpl e Polynmer Particle 1.211.171.161.181.191.20 Based on Ti O,

10-0. 95-1.

1-2.75-7-8.7-8.6 300.50.550.8-8.6-7.1-4.8 601. 61.551. 852. 152. 11. 75

10011.71.72.62.42.5 1462. 73. 23.94.454. 43. 4 Ratio of 18 Polyner to 2

1/ 141/ 121/
conposite

101/81/6'/4 Polymer The results_in Table 3.3 show that the
particles containing nultistag@8 pol ymer particles having ratios

of first polymer to second polyner in the range of 1:14 to 1:10 provided

i ncr eased

hi-g-rg—A—trjed—coatimgs—evenat 5exEt \PTS1U i stag
pol yner pdrti W§§¥ﬂ%;§%5 on titan?8n1dioxidg?”§f Iggé?i oéhégyoaaﬁﬁg

hi.d

greater, domppgLiEPardy cl és Torngsh from rulgtyisd ages1prs yma 4mrt i ghes jhaving

rati os of
provi ded

Pol ymer Particles Having-Phosphoerus—Aet-dHuH—Ester—Gaups—repargttion of
Di et hyl Esft erEéﬁnm%@)é-]H%et h | rJI\/Et Hlcr 1at ¢ P?’-éﬁar aESO%a #1?32&?%50 ﬁil(fil ifliter
T

(m) roun

first polymer tolsecond polyner lin the range qf 1:14 to 1.4
i ncEgagade hidli ng|in driktb films.| B3RPl e 413 RBrepdf at| oh1df

ag K AWelS

bottom+ K—Was$ pur geg,w t 1T dTjy (T D 10 Jdahp
added 50.0Q g W&Fﬁ%l?gi% et hacr?Pat e, O. 2§6§%f g%gbz viei ght” % sol utilon of

4- hydr oxy-
gl ycol met

o CERabiET AT MyT-pi pgoi di nooXy s3i1e| madiegl 20080 pf opylBene
hyl ether acetate, and 10.0 g anhydrousidiethyl ethert The

contents of tEzaflmsl. s Heated 0@ nai nt|ai88edd af 34515 |f L. 2D i Fdes| whil e

a stream

contents of Exannladikifhas

di et hyl chl

addition o

hour, whil

f dry nitrogen gas—was—passed-theugh—theftask—NextTt1

cooled1¥% roon1t;w395atu}é§ and'\%.o g7éﬁ
ophosphat way added {11 S S RTO t 64 OpwWy S g

¢ 3TRmplE 19, ! SO sy | e Y

rous pyridine with Stirrfing over a per 1
€ ML ALalelNto The contenyps of 26.43 | 76.02 | 28.26 | 7.14
Example 1.19 60 52.86 | 56.76 | 21.18 7.13
Example 1.19 100 88.09 31.15 11.74 712
Example 1.19 146 129.34 1.13 .69 7.11
Example 1.17 10 8.78 88.84 33.0 7.14
Example 1.17 30 26.36 76.02 28.33 7.14
Example 1.17 60 52.71 56.79 21.32 7.13
Example 1.17 100 87.85 31.15 11.97 7.12
Example 1.17 146 128.98 1.13 1.03 7.11
Example 1.16 10 8.74 88.64 33.056 7.14
Example 1.16 30 26.21 | 76.02 | 238.47 7.14
Example 1.16 60 52.42 56.79 21.59 7.13
Example 1.16 100 97.36 31.15 12.43 7.12
Example 1.16 146 128.27 1.13 1.7 7.11

The comparative aqueous composition, Comparative F, was prepared without
multistage polymer particles according to the composition in Table 3.1 using
92.25 ¢ binder (X2), 38.85 g water (X3), and 3.81 g coalescent (X4). The dried
comparative coating prepared from the comparative aqueous composition had a
Y-reflectance value of 54.9. Table 3.3 shows the delta Y-reflectance values for

the dried films prepared from the aqueous compositions of Tables 3.1 and 3.2.



the flask at a tenperature below 40 C. The contents of the flask was all owed
to sit for 3 hours. The diethyl ester of phosphoethyl nethacryl ate was
extracted by 70 conmbi ning the contents of the flask with a m xture of 15 g
of 10 wei ght % sodi um hydroxide solution, 140 g butyl acetate, and 185 g
dei oni zed water. The top organic phase ﬁ9el ded 245 g of a 43 weight %

sol ution of the diethyl ester of phosphoethyl methacrylate in butyl

acet ate. 0 mII ter (mM) round bottom flask was purged
with dry f?&ﬁg}b% nQBﬁ?ﬁ@RFaﬁ%tﬁn\‘i\% ‘Eﬁfed 30.1 g hydr oxyet hyI rret hacryl at e

R R

OV Eer
fl ask was eﬁ’hw(kﬂg EE el? at ster

phosphoet h> te_was gxt racted -byv--conbini ng he—contlents nf t he
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xtlﬂre of B9- @9BA anel.1150 géaéi ani zé7d wate187The t%ﬁ of gani c
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phosphoet hyll et h%ryl ate iHdBA. PP@ rati @'ﬁ’ PO§§ ngll']lt cll esci%om ai ni ng
Phosphor us [AcTdFEtT-EStE ger coptaini n

pol ymer par|ticl es havi ng phﬁt.)igpho %'%%ac dﬁf‘%l -les el?j g oug's1 wer e pr epar ed in
a 1-liter, [four Rggked rpund botitom ¢l ask jequiippedgwi th apaddl g stitrer, a
t hernoneter{, a nitrogen |nl et dnd_a reflux candenser] Exanplle 4.1 To the
flask was ddded 336 g dejongzed wat®2. The3®ontlentst5of |t ha.4f | ask 3.#as!| heat ed
to 85 C unader_a mfrnnpn at npsphere. A mononer-emul-siop—(Me-1) which was
prepared by niRatigoBly dei dileed waflgr, | 0.41Q slur fld8t ant N6 4.5 g‘/BA 3.6 ¢
MVA, 0.18 d AdWAnePtdy2"g; MAA, and 9.0 g|diethyl| ester of phosphoet hyl
net hacryl atle (Rrgpakati op #2 at |40 weight % soljids) was added fto the {lask.
This was fo‘I‘hQ?@Qul@ i PELRIISLOW @t Ene LhpbaR. pRALLdtathiAg uRREhUM
persul fate in g delonized water. The contents of the flask was maintai ned
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conpl ete addi tion
P ratios of first polymer to second polymer in the range of 1:14 to 1:4 provided

U

" increased hiding in dried films.

Example 4 — Preparation of Polymer Particles Having Phosphorus Acid Full-

Ester Groups.
Preparation of Diethyvl Ester of Phosphoethyl Methacrylate

Preparation #1: A 250 milliliter (ml) round bottom flask was purged with dry
nitrogen. To the flask was added 50.0 g hydroxyethy! methacrylate, 0.25 gof a 5
weight % solution of 4-hydroxy-2,2,6,6-tetramethyl-piperidinooxy, free radical in
propylene glycol methyl ether acetate, and 10.0 g anhydrous diethyl ether. The
contents of the flask was heated and maintained at 75 °C for 30 minutes while a
stream of dry nitrogen gas was passed though the flask. Next, the contents of
the flask was cooled to room temperature, and 68.0 g of diethylchlorophosphate
was added. This was followed by the dropwise addition of 31.5 g anhydrous
pyridine with stirring over a pericd of 1 hour, while maintaining the contents of
the flask at a temperature below 40 °C. The contents of the flask was allowed to
sit for 3 hours. The diethyl ester of phosphoethyl methacrylate was extracted by



of ME-2 and the sodium persul fate solution, the contents of the flask was 71
mai ntai ned at a tenperature of 85 '"C for 15 mnutes, and then cooled to room
tenperature. Next, 3 g ammoni um hydroxi de was added and the contents of the
flask was filtered to renove any coagulugb The resulting di spersion, Exanple
4.1, had a solids content of 36.5 weight "% an average particle dianmeter of
152 nm and a pH of 8. 5. Exanple 4.2 To the flask was added 220 g dei oni zed
wat er. The GonhaniSqel ccﬁ'RFansl A% e ﬂ‘%@ﬁ \ﬁ%ﬁ%@ﬁl}&ﬁl‘@gf |5 W48 w& ght ¥ Q98 Am
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0.72 g NIAA, and 4.5 g Preparation # 4 ht S ), was, added to
the flask. OFERBIGRIASEIIFIIREE4PE @ 4§a%ﬁ1€rb%ﬁ o of the st Felssidt o ng 0.72
g sodium p z&%y e 1he contents of the flask was
mai nt ai nedeﬁﬁ&%‘l%%%{%ﬂgcgﬂrﬁgg r a perr od of 10 mnutes. Next, a
second noONOPRIpagHibS I#GnA(Mlﬂ)lhh\mt @hl) wasn¢ beprareflably wasxiurged &vith doei oni zed

t 5. 2 f t t , 70.5 2- EHA, ,
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conpl et e addirio®r a pridd aNL0 tliauserdi Tie @rﬁ{t%ﬂtsf atthedhisktwanallbked eositent s
of the flask was nmintained at a tenperature of 85 C for 15 m nutes, and

t hen cool edorat ﬂwﬁrmt@ﬁ?ér aﬂlﬁrcbethyéﬁﬁter@f@ha?@hﬂﬁthﬂ mythasgyaée wws added and

the contents of 't ered u

resul ting a‘?’%tﬁ%‘ilgﬁ?g’ﬁ co@%éﬂﬂwat%eéfoﬁ © tﬁ(?fi\l%égﬁg% x?ﬁﬁ? &t‘é‘:‘? 6%?6 % an
average parisfkdefirirRt ®htaf ﬁr(b%opruﬂgaanobwas@wl@mes 65 4 EPxaanewbight @@nposi te
Particles Containing Polynmer Particles Having PhosE@or us Acid Full-Ester

Groups For @é@hoenﬁﬁre diehhyl %tmgﬁrdrosphpehhybmthﬁﬁry edpdPiyt hi ng except the
titanium dj de .and i:,h Y . 3 d
full -ester kR tign of Polymier barticles Containing Thiosph

of polyner partighes sftﬁy é}@mfn'slcbn@aﬁhﬁr egpm e rﬁcl@@&h&lﬂgeﬁho dr«dﬂsg
sufficient water Jflo E;Idj usI!t) the sol |dsgto %mlwefpght % then addslqb% 40. 73
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condenser.

Example 4.1
To the flask was added 220 g deionized water. The contents of the flask

was heated to 85 °C under a nitrogen atmosphere. A monomer emulsion (ME-1),
which was prepared by mixing 6 g deionized water, 0.4 g surfactant-A, 4.5 g BA,
3.6 g MMA, 0.18 g ALMA, 0.72 g MAA, and 9.0 g diethy] ester of phosphoethyl
methacrylate (Preparation #2 at 40 weight % solids) was added to the flask.
This was followed by the addition of a solution containing 0.72 g sodium
persulfate in 4 g deionized water. The contents of the flask was maintained at a
temperature of 85 °C for a period of 10 minutes. Next, a second monomer
emulsion (ME-2), which was prepared by mixing 40 g deionized water, 6.0 g
surfactant-A, 70.5 g 2-EHA, 88.2 g MMA, and 3.3 g MAA, was added to the
kettle at a rate of 2 g/minute along with a separate cofeed of a solution
containing 0.20 g sodium persulfate in 18 g deionized water, while maintaining
the contents of the flask at a temperature of 85 °C. After the complete addition

of ME-2 and the sodium persulfate solution, the contents of the flask was
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Pr epar at i onwifichvsiasi sepamedFg ymemgha gtdetdresedOvatea, Qishg skifastant-A, 7.2 g BA
5.4 g MMA, 0.18 g ALMA, 0.72 g MAA, and 4.5 g Preparation #2 (at 40 weight %
solids), was added to the flask. This was followed by the addition of a solution
containing 0.72 g sodium persulfate in 4 g deionized water. The contents of the
flask was maintained at a temperature of 85 °C for a period of 10 minutes. Next,
a second monomer emulsion (ME-2), which was prepared by mixing 40 g
deionized water, 5.2 g surfactant-A, 70.5 g 2-EHA, 88.2 g MMA, and 3.3 g MAA,
was added to the flask at a rate of 2 g/minute along with a separate cofeed of a
solution of 0.20 g sodium persulfate in 18 g deionized water, while maintaining
the contents of the flask at a temperature of 85°C. After the complete addition of
ME-2 and the sodium persulfate solution, the contents of the flask was
maintained at a temperature of 85°C for 15 minutes, and then cooled to room
temperature. Next, 3 g ammonium hydroxide was added and the contents of the
flask was filtered to remove any coagulum. The resulting dispersion, Example
4.2, had a solids content of 36.0 weigh %, an average particle diameter of 109
nm, and a pH of 8.3.

Example 5 — Composite Particles Containing Polymer Particles Having

Phosphorus Acid Full-Ester Groups

For each experiment, a master paint containing everything except the titanium
dioxide and the polymer particles having phosphorus acid full-ester groups was
made. A composite was made by placing a given amount of polymer particles
having full-ester groups into a container, adding sufficient water to adjust the
solids to 33.0 weight %, then adding 40.73 g of Ti-Pure™ R-746 titanium dioxide

while stirring. The amount of polymer particles having phosphorus acid full-



Pol ymer Havi na Conpl enentary Functional Goup To a 5-liter flask is added
1100 g deioni zed water. The contents of the flask is heated to 85 'C under
a nitrogen atnosphere, A solution of 3.0 g sodium 73 carbonate in 30 g

dei oni zed water is added to the flask. Next, a nmonomer enulsion (Me-1),
which is prepared by mxing 30 g deionized2water, 6.0 g surfactant-A 49.5
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Table 5.2
Aqueous Polymer Particles Having Y-reflectance DeltaY
Composition Phosphorus Acid Full-
Ester Groups
Example 5.1 Example 4.1 48.55 0.95
Example 5.2 Example 4.2 48.8 1.2
Comparative G - 47.6

The results in Table 5.2 show that the dried coating prepared from the
aqueous compositions containing composite particles having polymer particles
with phosphorus acid full-ester groups had increased hiding compared the
comparative coating, which did not contain composite particles.

Example 6 — Preparation of Multistage Polymer Particles Containing First

Polymer Having Complementary Functional Group

To a 5-liter flask is added 1100 g deionized water. The contents of the

flask is heated to 85 °C under a nitrogen atmosphere. A solution of 3.0 g sodium



A mxture of 95 g ethanol and 5 g water is placed in a grind pot which is
then placed on a Premer MII dispersator (manufactured by Premer MII
Corp., 74 Reading, PA) equipped with a disk blade. To the grind pot, 400 g
TiPure' "l R 706 titaniumdioxide (TiPure js a trademark of E. |I. DuPont de
Nenours and Conpany, WI mngton, DE) is dded with mixi ng. Next, the
m xture is ground at 2000 rpmfor a period of 15 mnutes to disperse the
titani um di ox] r:t : ] . i r.eas 0, gentle stirring,
and 4 g of 38-95%8%%%%%% g%te ﬁnrr%?hvgéiésrilﬁgﬁggﬁlEgglgéégag{'T eex?r‘i%ﬁlﬁ)rn éhleg stirred
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aci d groups,tephesphurews 88CCdof dbIimasites. WeRtiibe cpotarasbfthe flask is cooled to

room temperature and filtered to remove any coagulum. The resulting

dispersion, Example 6.1, has a solids content of 36.0 weight %, an average

particle diameter of 130 nm, and a pH of 5.5. The glass transition temperatures

of the first polymer and the second polymer are 25 °C and 18°C, respectively.

The ratio of the first polymer to the second polymer is 1 to 9. The first polymer

contains isocyanate groups as the complementary functional group.

Example 7 — Preparation of Covalently Bonded Composite Particle Containing

Multistage Polymer Particles
Preparation of Functionalized Pigment Particles

The titanium dioxide particles functionalized with amine groups are
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 are 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 is placed in a grind pot which is

then placed on a Premier Mill dispersator (manufactured by Premier Mill Corp.,



si dechai n groups, and m xtures thereof, wherein said first polynmer has a
glass transition tenperature in the range of from-600C to 35"C and b) a
second polymer having a glass transition tenperature in the range of from
-60'Cto 35 C, wherein said second polyner is substantially free of said at
| east one pendant absorbing group; wherei’d the average weight ratio of said
first polymer to said second polyner is in the range of from1l:2 to 1:20.

2. A conposite particle conpri.sing;. a),an ifor,gani.c,partjcle. havir
surface;npa ?d%lgﬁi h?‘é‘lnipﬁ’ggé‘flﬂﬁﬁ?‘{‘?%%’?g%' pﬁ‘? Q’E?egrlﬁgr%of:c s& gjt?]?'élée;}gc}ﬁ to said
surface of &g fiadilfl IRl PAPLIE1L tRfietd 73 4. MilFdn? aaPeBBh I IRId
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mul ti et hyl eRbmaghhy, WilhsiadctioateHE) soadieedrwithndixang | daxt, theenpendaiw gabsdr bi ng
group selected fromthe groyp .consjsti ng%g,f phoztglhorus_achg g,rdou S,.
phosphor us PO A forpa paFiog 0 4 g MIEs KR HFPETHdER i G BBeXIda AT HF B ur es
t her eof Wnﬁ; I idy:f] I ;A rgam'_' rature in
the range o ?eirl{g%ss%ggdg H‘%%Ei%(aé?é %&%ﬂﬁ%ﬁs’gﬁn pol y%r%?ﬂ?l%l\??ﬁg a gl ass
transition trafpeioxisilend 13 ddded: dflgemikturtiontired for (hdd. (exthBremmxisae d

second polyner is substantially free of A said at |east one ndant absor bi ng
group; wherigitransierraddp agelagis éﬁﬁkqtaﬁl}doﬂ@fe@épﬂ ??‘fé“tat%ﬂﬁ‘ngﬁo"t’ id second
polymer is in.t r.a f X 13 33: : conposition,
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particle, each ofhefunttipnatized tiganivon dinside pprtideels REWHIIASRP agueqysst

pol ynmer conprising:,a.pol rigﬁdounit ggjrie yl@Qi;C b(lf) fyjsat urated
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rpm for 20 minutes to provide the aqueous dispersion containing functionalized

titanium dioxide particles.

Covalently bonded composite particles are prepared by adding dropwise

140 g of the aqueous dispersion containing the functionalized titanium dioxide

particles, to 192.5 g of the aqueous dispersion of Example 6.1, with mixing. The

resulting composite particle dispersion is placed on a roller for at least 12 hours.

The final composite particle dispersion has a solids level of 54.5 weight %. The

composite particles contains 61.5 weight % titanium dioxide particles and 38.5

weight % multistage polymer particles containing first polymer having reacted

isocyanate groups.



to 35C;, and a second polymer having a glass transition tenperature in the
range of from-60C to 35C, wherein said second polyner is substantially
free of said at | east one pendant absorbi ng group; wherein the average
wei ght ratio of said first polyner to said second polymer is in the range
of from1:2 to 1:20; and b) a binder. 4. The aqueous conposition accordi ng
to claim3 having a volatile organic conpound |evel of |ess than 50 gram

per liter ofwﬁaéldS C?g#go&llss_conposi tion. 5. A nmultistage polyner particle
conpri si ng: a? a first polymer conprising: i) a polynerized unit of a

mul ti et hyl eni, eapdlymeneampoaitRe ROHER ndilisthgd pallnlSasirtiong; conpl ement ary
functional group, wherein said first polynmer has a glass transition
t enper at ur e Whereheeadnefeasd miltistageqodymer paoidslespempyises:second pol yrer

having a glass_ir n%itilon ten‘ger.atur_e in the range of from-60C to 35C
wherein sai d s¥CORRIYNEF SYOPEEHE antial Iy free of said at |east one

conpl ementary fyngpbRARéri ORI oBSHEItTthDRBMATPESs B LARH hatdReR angal d
first polyner to said second polymer is in the'range of from1:2 to 1:20.

77 6. A coval entDytbeardedeqemdest nbsqrhing groepceiprted fogn thayraupiopsising
particle; b) a fi.rst plurality of reacted coupl.i agents, such that each
one of said rea(?ifé’g‘os HF BA SHQEREPRISPREIYS g‘i‘ﬁig‘%l“@g?ﬂ%ﬁ’t‘pﬁdw&y%ﬁl h said
pi grrent. part i cl giqaandifbratps e chiRl tedlthbdeop! mul tistage polymer parti cl es,
each of said nultistage polyner particles conprising: i) a first polyner
conpri sing: a whesemesagklirapolynér hasmlglaset tryhsnioaadkempenaisat unahedanpnofrer
and a conplenepntary functional group reacted to forma second coval ent bond
with a correspofidhii B(gﬁ%3é? S%R%ifirst plurality of reacted coupling agents;

wherein said fjy.s el i n..therange
of from-60C to) 1 %%?h%???ﬁ%@lg gc%%%ség%%éélﬁgﬁéﬁéﬁgﬁg‘% glggnelt %51%3 iotfi on
tenper at ure i nfrbie-60a0ge 36fC, wherein said second polymer is substantially free of said
at least one pendant absorbing group;
wherein the average weight ratio of said first polymer to said second polymer is

in the range of from 1:2 to 1:20.

2. A composite particle comprising:

a) an inorganic particle having a surface; and

b} a plurality of multistage polymer particles attached to said surface of said

inorganic particle, each of said multistage polymer particles comprising:
1} a first polymer comprising: a polymerized unit of a multiethylenically
unsaturated monomer, and at least one pendant absorbing group selected
from the group consisting of phosphorus acid groups, phosphorus acid full-
ester groups, polyacid sidechain groups, and mixtures thereof, wherein said
first polymer has a glass transition temperature in the range of from -60°C
to 35°C; and
ii) a second polymer having a glass transition temperature in the range of
from -60°C to 35°C, wherein said second polymer is substantially free of
said at least one pendant absorbing group;

wherein the average weight ratio of said first polymer to said second polymer

is in the range of from 1:2 to 1:20.



from-60C to 35C, wherein said second polyner is substantially free of said
reacted conpl enentary functional group; and wherein the average weight ratio
of said first polymer to said second polyner is in the range of from1:2 to
1:20. 7. An aqueous conposition, useful feg preparing a dried coating,
conprising: a) a covalently bonded conposite particle conprising: i) a

pi gnment particle; ii) a first plurality of reacted coupling agents, such

that each orleAnf ag@doths coraRER b Auphilier paRArhd OaMBd&okiihs! cdiRyAkipRt bond
to said pigment particle; and iii) a second plurality of rnultistage pol yner
particles, Sa rroppostieParticts eompyasIngol ynmer particles conprising: a first

pol ymer Conprii%ia%gm?lé%gﬁgg?@i%lg%a%ﬂj%%l%];.lr%cg“ ﬁd ethylenically wunsaturated

nononer, and a’conp ancti group reacted to forma second

coval ent bond M 4 plératiey LEEROEEHRG PIEmet pastidles bbSdrbRl Whalaid ¥uthed 6RLigd
coupling agents; wherein said first 'EOI yner has a glass transition

t enper at ure i NNERE3RigMgetige, ¢adhnel Hidmtispeae pammhe? $azticles opuh ppsingrer
having a glass transition tenperature in the range of . from.-60C t.o 35C
wherei n said secor‘(ildf_?’fj%Ipfﬁ@?eﬁngorgﬂ%g%nf"ipé’ltlﬁ'?e?F%‘gHBft Ofﬁwl?ﬁgﬁ’g‘%ﬁcaﬁy_
conpl enentary fuight@2dbd HoAeRier'RBA Ak TedNSnB\PRNAYEE WBEARInd 8d) Qeal d
first polynmer to said second polyner is in the range of from1l1l:2 to 1:20;

and b) a bi nder fr@n tegraguemssstonnpbehasphoracsadgirogps, phokphoni? dea/ fully a
vol atile organic , conpound Level of J]ess than 50 gramper. liter of said
aqueous conposi CFHH 8h Fp%?oix’éﬁfé%ﬁ@eﬁgﬁﬁo%lioflipﬁna%ﬂ’dﬁ?i%ﬁéh‘ﬂﬁpﬁﬁ’él?erﬁé} #21d| s
di spersed in an RaUEANYSer TRA! HBTasWRALR o BhdlpBRl Y | fleSot Py Sopndant
phosphorus acid fulﬁ- gstegr gr%%ﬁs. 10. %\ congggtg@{)%ﬁgﬁ@{%nprl s?ﬁ? a)
an inorgani c patbidéf@; dwai ng a surface; and b) a plurality of polyner

particles absorbed on said surface of said inorganic particle, each of said
pol ymer parti cl es 8¢PRG PSRt dang ol 3 ks FigasHigntenp penal wre iay therrgmge of

from -60°C to 35°C; wherein said second polymer is substantially free of
said at least one pendant absorbing group;
wherein the average weight ratio of said first polymer to said second polymer
is in the range of from 1:2 to 1:20; and
b) a binder.

4. The aqueous composition according to claim 3 having a volatile organic

compound level of less than 50 gram per liter of said aqueous composition.

5. A multistage polymer particle comprising:
a) a first polymer comprising:
i) a polymerized unit of a multiethylenically unsaturated monomer, and
i1) at least one complementary functional group,
wherein said first polymer has a glass transition temperature in the range of
from -60°C to 120°C; and
b) a second polymer having a glass transition temperature in the range of
from -60°C to 35°C, wherein said second polymer is substantially free of said
at least one complementary functional group;
wherein the average weight ratio of said first polymer to said second polymer is

in the range of from 1:2 to 1:20.



6. A covalently bonded composite particle comprising:
a} a pigment particle;
b) a first plurality of reacted coupling agents, such that each one of said reacted
coupling agents forms a first covalent bond with said pigment particle; and
¢} a second plurality of multistage polymer particles, each of said multistage
polymer particles comprising:
1) a first poly'mer comprising:
a polymerized unit of a multiethylenically unsaturated monomer, and
a complementary functional group reacted to form a second covalent bond
with a corresponding one of said first plurality of reacted coupling agents;
wherein said first polymer has a glass transition temperature in the range
of from -60°C to 120°C; and
i1) a second polymer having a glass transition temperature in the range of
from -60°C to 35°C; wherein said second polymer is substantially free of said
reacted complementary functional group; and
wherein the average weight ratio of said first polymer to said second polymer

is in the range of from 1:2 to 1:20.

7. An aqueous composition, useful for preparing a dried coating, comprising:

a) a covalently bonded composite particle comprising:
1) a pigment particle;
i1} a first plurality of reacted coupling agents, such that each one of said
reacted coupling agents forms a first covalent bond to said pigment particle;
and
11) a second plurality of multistage polymer particles, each of said multistage
polymer particles comprising:

a first polymer comprising a polymerized unit of a multiethylenically
unsaturated monomer, and a complementary functional group reacted to
form a second covalent bond with a corresponding one of said first
plurality of reacted coupling agents; wherein said first polymer has a glass

transition temperature in the range of from -60°C to 120°C; and
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a second polymer having a glass transition temperature in the range of
from -60°C to 35°C; wherein said second polymer is substantially free of
said reacted complementary functional group;

wherein the average weight ratio of said first polymer to said second polymer
is in the range of from 1:2 to 1:20; and

b) a binder.

8. The aqueous composition according to claim 7 having a volatile organic

compound level of less than 50 gram per liter of said aqueous composition.

9. An aqueous composition comprising polymer particles dispersed in an aqueous
medium; wherein said polymer particles have pendant phosphorus acid full-ester

groups.

10. A composite particle comprising:
a) an inorganic particle having a surface; and
b} a plurality of polymer particles absorbed on said surface of said inorganic
particle, each of said polymer particles having a pendant phosphorus acid

full-ester group.



