1 Polyner Particles Having Sel ect Pendant G oups and Conposition Prepared
Therefrom This invention relates to polyner particles having sel ect
absorbing or functional groups. In particular, the polyner particles are
useful for preparing conposite' particles, which are organic-inorganic
particles containing an inorganic particle having a plurality of the

pol ymer particles attached thereto. The invention further relates to the
conposite particle and to an aqueous conp05|t|on conta|n|ng the conposi te
particle, which is suilalymef & Hes Haw Bele ndantG
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hiding for a defined | evel of opacifying pi gmant i.n order
undersurface or substrate surface to which the coating 1s applied. Opacifying

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

Opacifying coating and paint manufacturers have long sought to
formulate opacifying coatings and paints having the desired opacity by
maximizing the level of hiding for a defined level of opacifying pigment, in order

to minimize the amount of opacifying pigment utilized.



to mnimze the anount of opacifying pignent utilized. 2 The opacifying
capacity or hiding power of an opacifying coating or paint is a neasure of
the coating's ability to conceal a surface to which the coating is applied.
Opaci fying capacity is a function of the spacing between the particles of
opaci fying pignent in the dried applied c®ating. Opacifying capacity of a
coating is maximzed when the |ight scattering capability of the opacifying
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particles occurs, which results in at least some of the opacifying pigment
particles being in such close proximity to one another that there is a loss of light
scattering efficiency due to crowding of the opacifying pigment particles.

Increased hiding efficiency is obtained by reducing the crowding of the
opacifying pigment particles and minimizing the formation of clusters of
opacifying pigment particles. One method uses polymer particles containing
select chemical groups which promote adsorption to the opacifying pigment
particle.

For example, U.S. Patent 5,385,960 discloses an aqueous dispersion of
composite particles, the composite particles each including a plurality of selected
polymeric latex particles adsorbed to a titanium dioxide opacifying pigment
particle. The selected polymeric latex particles have dihydrogen phosphate
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



a need to provide aqueous conpositions suitable for preparing dried coatings
havi ng a conbi nati on of increased hiding and filmproperties such as
resistance 3 to scrubbing. Oher desired properties for the dried coatings
i nclude increased gloss and whiteness. Oée paranmeter influencing film
properties, particularly in aqueous conpdsitions containing polyner
particles as the binder, is the film formation step. Filmformation is the
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level of hiding, these dried coatings contain lower levels of pigment and /or are

applied at lower coating weights than coatings previously known in the art.

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.



of from-60C to 35C, wherein the second polyner is substantially free of the
at | east one pendant absorbing group; wherein the average weight ratio of
the first polyner to the second polyner is in the range of from1l:2 to
1:20. 4 A second aspect of the present i£vention provi des a conposite
particle including an inorganic particle having a surface; and a plurality
of nultistage polyner particles attached to the surface of the inorganic
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mul ti stage polyner particles having select pendant absor bi n%l groups, a
conposi t e paattideésadeched i thy suréacnaf theingyganic particle, each of the multistage

polymer particles having a first polymer containing as a polymerized unit of a
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.



pol ymer particles having sel ect pendant absorbi ng groups, and an aqueous
conposition containing these conposite particles, which is useful for
preparing a dried coating fromthe agqueous conposition. 5 A fourth aspect
of "the present invention provides a nultistage polyner particle including a
first polynmer having a polynerized unit of a mnultiethylenically unsaturated
nononer, and a conplenentary functional group, wherein the first polyner
has a glass transition tenperature in the range of from-60C to 120C, and a
second pol ymer havewighasgeeisyf the present onventiqrprraidgsed rHUtiRageRMEMST 1 om
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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 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 composite
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



particles, each of the nmultistage polyner particles containing a first

pol ymer having a polynerized unit of a nultiethylenically unsaturated
nononer, and a conplenentary functional group reacted to forma second
coval ent bond with a corresponding one of the first plurality of reacted
coupling agents; wherein the 6 first polymer has a glass transition
tenperature in the range of from-60C to “120C, and a second pol yner having
a glass transition tenperature in the range of from-60C to 35C, wherein
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dried coating om t he aqueous conposition containing the coval ently bonded
conposi te padiiderl es. According to the seventh aspect of the present

i nvention, an agyeoys o] sition is praovided containin ol ymer payticles
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surface of the inorganic particle, each of the polymer particles having a
pendant phogghbeledaying afcamplementary Esopp; arKkangaueRs eanprsdtion sentgininge
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term " (et h)pafink IFne thd} qaealsh@mpRItRSeERainag 388 Ybadlentlghbenged 0 both
acrylates and net hacryl ates. For exanple, the term "(neth)acrylate"” refers

to either aceypasidepartidenacryl ate; the term .(meth)acrylic" refers to

either acrylic Okcggrtdri]gé: £ Jcﬂecéevaegg}x taggec ot e present invention, an aqueous

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 polymer
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.

“Glass transition temperature” or “T,” 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



"(nmeth)acrylam de" refers to either acrylam de or nethacrylam de. "d ass
transition tenperature” or "Tg" as used herein, neans the tenperature at or
above which a glassy pol yner undergoes segnental notion of the polyner
chain. Gass transition tenperatures of a polyner are estinmated by 7 the
Fox equation [Bulletin of the American Physical Society 1, 3 Page 123
(1956)1, as follows: 1w, w, Ts Tgm Tx(2) For a copolyner, w, and w., are
the weight fraction of the two co-nononers, and Tg(i) and Tg(2é$are t he

gl ass transhe Foxeteatien dBulletsn of Hhegbgemean Kalysical Seticbhb 3 Rege &43 (EXohdi ng
honopol yners.. ,For pol yners containing three or nore nononers, additional
terms (wn/ ?afﬂr3wsare added. Alternatively, the Tg of a polyner phase is

cal cul ated by using the appropriate valyues Jor the glass transition
tenperatures of honopol yners, whigh= + d, for exanple, in "Polyner
Handbook", edited by J. Brandrup ﬂldeﬁé‘% H?ggl?mrer gut, Interscience
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Fox equation. As eln, 1 term “coval ent bond" refers to a bond
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"phosphor us "aci rou 0 a phosphorus - bxo aci
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oxo acid. Inits salt or basic form the phosphorus acid_ group has a netal
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noi ety and a phosphorus ester noiety represented by POR, where Ris a group
containing a cashwedatepeinhtinelbent teovhlend bygehredermmoa band betvtaent e

phoSporUs at o - EXPIPLES:iSk PROSRIRL U8 el SUPSnd 498, L OHPR or Mo
ionic bonds, hydrogen bonds, bonds formed by adsorption including chemical
adsorption and physical adsorption, bonds formed from van der Waals bonds,
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



phosphoni ¢ aci d, 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 nore phosphorus acid noieties, but not containing a POH noiety.
Exanpl es of phosphorus acid full-ester ggoups include 8 full esters of
phosphi ni ¢ acid, phosphoni c acid, phosphoric acid, pyrophosphinic acid, and
pyrophosphoric acid. The present invention is directed towards pol yner
particl es fudledstiérsfafiphoppleipae a¢id, plephogs: drad; phpsphpriowed, pydepisphimss, and
whi t eness. F@rth r, tpe coatin& conpositions containing the pol yner
particles ¥& »earyﬁ%rw PFREBITETon  properties as indicated by acceptable
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are addition p ormed by e polynerizatiron of ethylenically
unsat ur at esrepaniageostinghavin iyngrovpdhidiagegloas,earfduwhitenesshafadher,ithed as

cont ai ni ng sel ect pendant groups. The sel ect geﬂg nt groggﬁﬁg&e )
conpl enent Wa{ANE RIEIROSHANSHHoAREI RS Hh PRlyBIer RagHeles NG vRigeR rmghieni onal
groups to form.coval ent ; t t absor bi ng groups
capabl e of 3P gcg%l %gﬁ{?i%ca?%@ﬁ gcaé:s&%fﬁ1 g!enlgglglgrﬁf %g‘l;)%rlie%gtgé%e' Typically, the

pol ymer particlBse pslgnie@rpiRelcRY ofghie prisie8 U ENGId nCire AR REBS ipelymers
pol ynmerization of at |east one ethylenically unsaturated mononmer containing
the sel ecforpeddartheqrodyiperioptipnnbbthylemcalinynesivratddmongaens. albe second

. and optional |y _mul tjethyl ] t.ut at Sui t abl
ot ny! oni cab R AT RAE B LEHBR BROHETE S PBFEI o Rarerek s on

nononers”, Th@g&llé@'@pe%{&érnl%%%oupys@é&ﬂﬁen@nm@ghﬁdncﬁwap@%upgicayséblwfuene,

vi nyl napht hal ene,” et hyl eéne,” propyl ene, vinyl acetate, vinyl versatate,
vinyl  chl oraictieg with pthelefuactibhalr groe ps &e forhomivtal éntehonst had myteonativelle,
(meth)acryl gm de, _various C C40. al kyl esters of, (nmeth)acryl.ic acid; for
el o DRAGHADSpR PR ERRTBT CARADI S da TRBE 1S SFEER o Mtda particles
(meth)acry - 3 t : 1 te,
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pal mtyl (nmeth)acrylate, and steﬁryl th)acrylate; other (jreth)acrylates
such as i s@ﬁ:l%‘l‘trﬂﬂnd@ﬁégm% ,oypgpély@@ ylenically unsaturated second monomer,

and optionally multiethylenically unsaturated monomer.

Suitable ethylenically unsaturated second monomers, referred to herein as
“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, dimethyl fumarate, and ethyl methyl
itaconate; and carboxylic acid containing monomers, such as (meth)acrylic acid,

itaconic acid, fumaric acid, and maleic acid.



(meth)acryl ate, phenyl (meth)acrylate, and 2-bronoethyl (nmeth)acrylate,

al koxyal kyl (meth)acrylate, such as ethoxyethyl (meth)acrylate, nono-, di-,
trialkyl esters of ethylenically unsaturated di- and tricarboxylic acids and
anhydrides, such as ethyl maleate, dinethyl fumarate, and ethyl methyl

i taconate; and carboxylic acid containingdnononers, such as (nmeth)acrylic
acid, itaconic acid, fumaric acid, and maleic acid. 9 Oher suitable
nmononers for preparing the polyner particles include nulti-ethylenically
unsat ur at ed nonoRthey, suitahie manemsrs et preparime thginplyrger partidles malnds wei ght

and crossl | nlﬁltngtkhﬁenﬁ)cal?s'n%)rés ﬁ‘fa{tleﬁ 612&(%5@%%? hogrenyf!féc'tlve P¥A1§{H&° IeI y
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di (nret h) acryl at e, 6- hexanedi ol di (neth)acrylate, 1,3-butylene glycol
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phosphori ¢ agj{ith)MapyIatd) 160Bx L5 R6 (ﬁ(ﬂuﬂnhwéﬁayheﬁb&@héﬂe gReat urated, such
as phosphodi (ethyl nethacrylate), which the structure

[ CH, =C( CH, ) Gi(Retild26HA R, Zpla(}@)lkylenegd:ml di( n@thmcrﬁatsdxelmylt‘p}zx@pwe, of the

i nvention, an agueous compos vld contalnln ol yner particles
havi ng pendgwpe et 8?%%35%¢Hﬁéiﬁ¢yﬁ§ W”@’gﬂﬁ?nﬁs P%%Y§@P§E% pendant

group. Exa”Bl ?Ser{%@ﬁépﬁgfr{éﬁog%hghél%}e Cﬁg& Blestdds %Wﬁe%ﬂ%&‘é uﬁgrr.agz)m%; R

di esters, lesters o orus a ese polyner e use

coati ng conﬁz%rélhmhfagtexmxeﬁpﬁs eglydémeﬁjllgzoasmgaté@sha@ asipljpsplveati(dthgli ng or
i nproved adhesjon to glass, and in coatin EﬁOSItIOﬂS agﬁgled to netal
substr at es. nmﬁbaga ﬂ”b@hﬂﬁ@ﬁé@SHEWFW@ }hé 6&& C&é%@MDH

full -ester group ﬂ pre ared
pol ymeri zati on of'\‘cce({r t&’a?l ﬁevgnﬁ%"/@%%e% 1%%% lr’rﬁﬁ 1?‘/h%r Sl ﬁg}l?ﬁfl Onélfosfté%&t one
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nmononer. The phosphorus acid full-ester nononer contains at | east one
ethyl enic esteaguoups anthanseledt Headsnt srapesteamplespi phohpharsisacidifulbestedoes
not contain a phosphorus acid g group havupg_an i 0 ﬁﬁblﬁ hydr o enrﬁton1or
the salt th&F ‘include monoesters; diesters, and triesters of phosphorus-aci
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’



Exanpl es of phosphorus acid full-ester nononers include: OO Il 11

ROP-OR" RP-OR OR R 10 oooO0O Il 11 111l ROP-P-OR" RP-OR'" RP-OR |
I I I OR OR" OR H wherein Ris an ethylenically unsaturated organic group
such as an acryl oxy, nmethacryloxy, or a vinyl group; and R, R', and R"
are independently selected froma secon@ organic group. The second organic
group is alternatively saturated or unsaturated. Suitable phosphorus acid
full -ester nmononers include trivinyl phosphate;

(2- met hacr yol oxy) et hyl i et Hyl - phosphat e; di (4- nmet Kacryl ol oxy) byt yl - met hyl -
phosphat e; vinyl phosphpnic |acid, diethyl ester; arld gl ycerol noacryl at e,
di (di et hyl phosphatre)-ester—3ui-t+ar'e | evel s of tRre—fthos{hRr uB—acPa—FOR! - est er
nononer cont ai ned as pPIynqrized units in the polyjer particles$ include
fromO0.1 weight %to 2Qypweight % preferably from€,5 to 15 ght % and
nore preferably from1 to 10 weight % based on the weight of the pol yner
particles. Polynmer particles containing phosphorus acid full-ester groups,
which are suitable for the preparation of coating conpositions, include

pol ymer s hahergingt &% an sthylgnisplly omsabwipied arganec gFpuprichasan 8¢ryloRye t o
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phosphor us ypi ¢ as a p range of 3 to

10. The avera98 sdbaebiandd giol®. PHe/sRbnPBFddrit 8o Pis atw@naeakzb% in the range
of 10 nanoneter (nm to 1 mcron, preferably in the range of from20 nmto

700 nm andatwratedorctirsaibratedn t he range of from 60 nmto 500 nm The

average di anet og qf, LG, POLYIEY . RATASLES h5n FRASrefhdte R S MloopRLBS | ©
(2-methacryoloxy)ethyl-diethyl-phosphate; di(4-methacryloloxy)butyl-methyl-
phosphate; vinyl phosphonic acid, diethyl ester; and glycerol monoacrylate,
di(diethylphosphate)ester.

Suitable levels of the phosphorus acid full-ester monomer contained as
polymerized units in the polymer particles include from 0.1 weight % to 20
weight %, preferably from 0.5 to 15 weight %, and more preferably from 1 to 10
weight %, 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



The pol yner particles having phosphorus acid full-ester groups are prepared
by any process which provides polynerization of ethylenically unsaturated
nononer s havi ng phosphorus acid full-ester groups. Suitable processes

i ncl ude suspension or enul sion polynerization, including for exanple, the
processes disclosed in U S. Patent 5,3561968 and U.S. Patent 5,264,530. An
alternate process to prepare the polyner particles is solution
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pol yneri zati on, and suspension polynerization processes, are typically
conduct ed amchatecdmuksiori pagtieariraton, sclutioafolyraerigatiomcasksaspeRswher abl y,

t he pol yner particles having phosphor acid full-ester groups. are prepared
by aqueous E?}MWHﬁtlﬁBIRF%ﬁSP%Sa@F%ﬁYPWéi%@ w&a%ba@brswwpuwaéo%

enul si on po i i cesses are in the range of from20 Cto |ess
than 100 C, £%E§{d§§§tqr§%sﬁéiqhe range of from40 Cto 95 C, and nore

preferably in theféabye thé pblyanebPa€ides 946ikg phosplestuk sicNfIDEYEE EHeiadsi On
process optionally enploys a seed polymer enulsion to control the nunber of
particl es pacdprepdrdslby heuemisyeranlszen polmegization. kKirsnperafurassuziable Qi t abl e
seed pol ymer enul sions. include potﬁner enul si ons having greragﬁoezriicle
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emul si on tohkﬁgﬁga32@%%h%§g§fﬁbﬁxﬁgggﬁ&?gﬁglhgopfﬁé¥%?#22%%%%r§gﬁggﬂﬁﬁnoner.
A techni queirt theceitigedf fidne 5p&Ct iocd®°@.i ze of the polynmer particles is by
adjusting the initial surfactant charge, as is_known in the art. A
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t he phosphokdswaGhdhsernBihitabletseed paBmaskdirhiliord inchrlepbspRe el dichs
nmononer, and during the addition of the phosphorus acid nononmer. Exanples

of suit abl ehpvingrsierzga poridedidmetersin thd wagepdisored0zanite®0innt i at ors t hat
Alternatively, the seed polymer particles are prepared by adding an initial
quantity of a monomer emulsion to the aqueous reaction medium and
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(11), and ammonium persulfate/sodium

bisulfite/sodium hydrosulfite/Fe(11).



thermal | y deconpose at the polynerization tenperature to generate free

radi cal s. Exanpl es include both water-sol uble and water-insol ubl e speci es.
Pol yneri zation initiators are used alone, and alternatively, as the
oxidizing conponent of a redox system which also includes a reducing
conponent. Exanples of redox catal yst systens include t-butyl

hydr oper oxi de/ sodi um formal dehyde sul foxyl ate/Fe(ll), and ammoni um

persul fat e/ sodi um bisul fite/sodi umhydrosulfite/Fe(l1). 12 Chain transfer
agents are opti dilsdinytradsfed agentshare agtionaly ndded ito bherediienmst eacoon r ol
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n- decyl mercaptan, n-dodecyl nercaptan; 3- mercaptoproprionic acid;
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mononer m xture, is used to prepare the polynmer particles. Qher techniques
for contr ol iniengppoprpuioaic spdplihydkeryebhylrmereaptan; alcdheds, sueh 9el ecting t he

ratio of the initiataor .tq total n r, a nt t al yst d/or chain
transfer agEAPTEREO d%?%ﬁé?%?%lﬁafﬁahB%Er%@%&@“ﬁi ﬁnégﬁ&gﬁpgp%fr t he
sane fluid pRdhiindaedchaeddontcAAdRMIR, tiLactotoiRY IR ARD Vessel .
Mononer, either neat, dissolved, or dispersed in a fluid nedium is
optional | y addddrabirombottreeudkenesallp ftdue Ocatldl $dty weagghoy bdded ahdienweighanst er

agent. Anounts of initiator and/or catal yst, are optionally added to the
aqueous r ealk th§rmapemar Wothedpgagmer guxiisg) IS E e PTEPYE tHSIBET zat i on has
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during polynerization and to di scourage aggregation ) )

Catalyst and/or chain transfer agent are optionally dissolved or dispersed
in separate or the same fluid medium, and gradually added to the
polymerization vessel. Monomer, either neat, dissolved, or dispersed in a fluid
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 is
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



of the polymer particles in the resulting aqueous polyner dlsper5|on “One or
nore surfactants, including anionic and nonionic surfactants, and m xtures
thereof, is corrm)nly used. Many exanpl es of surfactants suitable for

enul sion pol ynerization are given in McCutcheon's Detergents and

Emul sifiers (MC Publishing Co. den Rock, NF), published annually. O her
types of stabil i zi ng agents, such as prl)%ecti ve col loids, are optionally
used. However, is pref erred that the amount and type of stabilizing
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atoms and from6 to 60 oxyethylene units, such as, for exanple, heptyl
phenoxypol yat thdtayiqt}sgnoxppdﬂyémMy@mweulfeta hamngals tob obcga@my&d&lm aeils.

carboxylic acids, such as |auric acid rryrlstlca palmtic acid, oleic
acid, or mSwipkle r@pl%pagrfgs@@ﬁsasc lude,der example, F‘ﬁ‘yt &bengrypol LyRIRORY i ng
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first and the fourth aspects of the invention provide conpositions
of long chained alcohols such as octyl, decyl, lauryl, or cetyl alcohols, containing
from 6 to 60 oxyethylene units; ethylene oxide condensates of long chain or
branched chain amines, such as dodecyl amine, hexadecyl amine, and octadecyl
amine, containing from 6 to 60 oxyethylene units; and block copolymers of
ethylene oxide sections combined with one or more hydrophobic 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 a 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



containing a polynmer particle that is a nmultistage polynmer particle
containing at least two different polyners. One pol yner conponent of the
nmul ti stage polyner particle is a first polyner having sel ect functional or
absorbing groups. The first polynmer also contains as a polynerized unit, at
| east one multiethylenically wunsaturatetdnononer. The second pol yner
conponent of the nultistage polyner particle is a second polyner that is
substantially free of the select functional or absorbing grougs. The sel ect
functi onal rertiglesereichgragtenipesd by a single ingrigenfcoparsiciesiiragndetbbyrgl t i st age
pol ymer to the.surf.ace, of an_i,norgani anticle tq pr r .
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nmul ti stage polynmer particles. Aqueous conposition containing these
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the nultistage yner particle vent1 on cont i rst
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mul ti st age articl wever, ymer “is partially
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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



attaching to only one inorganic particle since the functional or absorbing
groups of the first polyner are localized to a single surface area of the
mul ti stage polynmer particle. Further, the '"inactive region", formed by the
surface of second polyner conponent of the nultistage particle effectively
bl ocks attachment to a second inorgani§5particle, thus mnimzing the
formation of clusters of inorganic particles. An exanple of such a
mul ti stage particle is a particle having a norphol ogy of a core polyner

partially $%@Hﬁ#{t%xeﬂ1@%e%h% hetib Rehy £é'o %d?irﬁl%{] to £ Eécfoﬁge;fogﬁtﬁér fMm.gacorn’

particle. nul'ti stage pol ynmer partic as an average ratio of the
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Preferably, the 15 lower Iimt for the weight ratio of the first polyner to
the secondfipwinphEner to thessecong @olygner isintthe apnge 1485 anpraerernpsfayablihe” upper
limt for illg weight ratio for the first polymer to the second polyner is
in the range "1: 18, and nore preferably, 1:15. The first polyner has a gl ass

transition tenpehativstepdl Pmehdak angasofrahsieivn tedOierhburkidGheRaagevhfioym t he
glass transition tenperature of the first polymer is at |east -40C and nore
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pr ef er abl yanéledsganll modb Greftheblg| 253C dndansd.t i on tenperature of the second
polynmer is preferably 30C or less, and nore preferably, 25C and | ess. The

wei ght aver age #Beeewndrrolienghhapp glpgs frapsitiopdieprparaturetipghesppge ph t he

range of af | ec Q 0, re.preferably at. least 200,000. .and nost
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The weight average molecular weight of the first polymer is typically in
the range of at least 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



pol ymer and neasuring the wei ght average nol ecul ar wei ght using gel
permeati on chromat ography. The nultistage polyner particles generally have
an average particle dianmeter in the range of from40 nmto 1 mcron
preferably in the range of from 60 nmto 500 nm and nore preferably in the
range of from80 nmto 200 nm The firstlgolyner and the second pol yner are
formed by the polynerization of ethylenically unsaturated nononers

enpl oyi ng a sequential polynerization process, such as aqueous enul si on
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or absorbing groupjthat 1s incorporated into the first polyner.
first aspecintothd fiestgrobgeat. i nvention, the nultistage polynmer particle

contains at |east one sel ect ahsorbing group selected from phpsphorus acid
groups, phosphorlisthgdirgt pepect ﬁéer P’@Flsﬁﬁg’él,"eBFloﬁoﬁl%t’é‘iuélmﬁa&éd’l‘?glfﬁe’gr oups.
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S a0 borertain Ae 8t b hr R Ll RE B e PRI Sl RO S REh G
and pot assi {Refdh ¢ ledtRalSet the goBiBLzdd RITheMEaRINGtsHASRSarS HE ASufi et hanol
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acid groups are attached directly or
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 monomers 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:
(I Z IT A [CH,);——S—— N}, [Mlz7—H
CH,
II
{In H,c=—=C (N],IMlp—H
X
and
H_ZC__C CH'__y [N]n[M]m—_H

(IIT) X



alternatively, attached through a |inker group. Suitable acid nmacronononers
are: (1) Z-IGA[CHR]P S-[NNn[MmH CH, (11) HCC[NNn[MmH X and HC -~
-CH2-[NNIn[MmH (111) X 17 wherein Nis the residue of an ethylenically
unsat urated carboxylic acid nonomer and has the forrmula: -CH2-CZ | COOY
wherein Mis the residue of a second ethyfenically unsaturated nononer and
has the formula -CH2-CZ I R wherein the N and M residues are randomy
arranged in the acid macrononomer; wherein mis the total nunber of M

resi dues in whereae Nlis theGlesithraTan dhelenscally tmatteatge cafbdxylio abt&D; wherein
nis the total nunber of N residues in the acid macronononer and is in the
range of 4 twoBomer whdhasthg formulgi eater than or equal to m wherein the sum
of nand mis in the range of 4 to_—30Q§; 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 Xis selected from-COOY and R, wherein
Ris selected from’phenyl radi cal s, substit dt%d phenyl radicals, -CONH2,
-CONHR - OQReRin M (\the fesfdtie of 45&eBnd etlFlenRBly dHsXtwa®8d bivoandy, Wherein
R is an al kyl or al koxyal kyl radical |ndependen¥Iy sel ected from branched,
unbr anched, ad hyesthefdrgdrdlacar bon radicals having 1 to

CH,——CZ

R
wherein the N and M residues are randomly arranged in the acid
macromonomer;, wherein m is the total number of M residues in the acid
macromonomer and is in the range of 0 to 150; wherein n is the total number of
N residues in the acid macromonomer and is in the range of 4 to 300; wherein n
is greater than or equal to m; wherein the sum of n and m is in the range of 4 to
300; wherein A is a linker group selected from ester, urethane, amide, amine,
and ether linkages; wherein p is in the range of 1 to 20; wherein X is selected
from -COOQOY and R; wherein R is selected from phenyl radicals, substituted
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, a-chloroacrylic acid, a-vinylacrylic
acid, crotonic acid, a-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



18 carbon atons; wherein Y is independently selected fromH, NH4, alkal
netals and alkaline earth netals; and wherein each Z is independently
selected fromH and CH3. One nethod to prepare the acid macronononers is
pol ynmeri zation of at |east one ethylenically unsaturated carboxylic acid
mononer and optionally at |east one secopgd ethylenically unsaturated
nononmer. Suitable ethylenically unsaturated carboxylic acid nononers
include acrylic acid, nmethacrylic acid, beta-acryloxypropionic acid,

ethacrylic aﬁpldthaaexﬁé‘,lIVQE}ﬂaikéydtbCa(a@lcdntxﬁl-ey(Iﬁyﬂ}ﬁﬁd:lylarﬁldeamd}o andtdini ¢ aci d,
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in US. Patent 5,362,826; and high tenperature
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



radi cal polynerization as described in U S. Patent 5,710,227. Alternatively,
the termnally unsaturated acid macronononers of fornula | are prepared by
conventional radical polynerization using a hydroxy-functional chain
transfer agent such as 2-nercaptoethanol or an am ne-functional chain
transfer agent followed by the reaction gf the hydroxyl group or the am ne
group with an ethylenically unsaturated nomer having a conpl enentary
reactive group to attach the term nal unsaturation. Exanples of

et hyl eni cal k: t n r i |_enent ar tive group

i ncl ude gl yg%g}‘ég&%‘%{;ﬂ%%glru;@} gga ?gl\é\fgildglng%lg%t fﬁﬁ?{r}rel%%%éggc ate, or

(et h) acr yl iseméindinubie, @t doylteniotialgrycessersatetiatadde fonarepasatiert bf the acid
conpl ementary reactive group are attached to the fragnent of the

hydr oxy- f unétaapmenemesspihiermghes LdhaandHai n transfer agent by various
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unsat urated carboxylic acid noners such as et hyl acryl.ate, butyl
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phosphorus acid monomer is alternatively in the acid form or as a salt of the

phosphorus acid group. Examples of phosphorus acid monomers include:

I I
RO—P—O0H RO~——P——O0OH
OR' H
O O O O
| I I I
RO }|3 0O fl’ OH R—P—O0OH R—P—OH
OR' OR" OR’ H
O
I
R——1|3 —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 alcohol also contains a polymerizable vinyl or olefinic group, such as allyl

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



RO-P-OP-HRP-CHRP-CHI I I | OR OR® OR H OIll RP-H R
wherein R is an organic group containing an acryl oxy, nethacryloxy, or a
vinyl group; and R and R' are independently selected fromH and a second
organi c group. The second organic group is alternatively saturated or

unsat urated. Suitable phosphorus acid oners include di hydrogen phosphat e-
functional nononers such as dihydrogenngﬂbsphate esters of an alcohol in

whi ch the al cohol al so contains a polynerizable vinyl or olefinic group,

such as al : : | er0f , hi I 5 yl)
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monomers, which include 2-phosphoethyl (meth)acrylate, 2-phosphopropyl
(meth)acrylate, 3-phosphopropyl (meth)acrylate, and 3-phospho-2-hydroxypropyl
(meth)acrylate.

Alternatively, the multistage polymer particle having a select absorbing
group contains a phosphorus acid full-ester group. The phosphorus acid full-
ester group is incorporated into the first polymer 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



phosphorus acid full-ester nmononmer. In the fourth aspect of the present
invention, the nmultistage polyner particle contains at |east one sel ect
functional group. The nmultistage polyner particle containing the select
functional group is useful for preparing conposite particles wherein the
mul tistage polyner particles are attachedjto the surface of the inorganic
particle through coval ent bonds. Suitable select functional groups include
acet oacet oxy groups, 1, 3-dicarbonyl groups, aldehydes, acids, am nes,
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first polyner. Preferably, the first polynmer contains at |east 1 weight %
and nore pr @bsm*@brhg/grcmp,%@afgi och@iwgl'tght%fdjhe first polymer. Preferably, the first

polymer contains at least 1 weight %, and more preferably, at least 2 weight % of
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



the ethylenically unsaturated nonomer having a sel ect functional group or
absor bi ng group, based on the weight of the first polynmer. Preferably, the
first polymer contains 20 weight %or |ess, and nore preferably, 12 wei ght
% and less of the ethylenically unsaturated nonomer having a sel ect
functional group or absorbing group, bas2d on the weight of the first
polymer. The first polynmer contains as polyner units, fromO.1 to 60 wei ght

% of the nultiethylenically unsaturated nonomer, based on the wei ght of the
first pol ydimettcetletabn the firgd polyrser isdromel-5 to AP arsighutl, beaed o the wei ght

% and nore r.ef bl at, least 0.3 weight % of the multiethylenically
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functional groups and also contains one or more of the select absorbing groups
provided that the absorbing groups do not 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
2% 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



provi ded that the absorbing groups do not materially inpair the reaction of

the functional groups to formcoval ent bonds. The second pol yner contains
second nonomer as polynerized units and optionally, multiethylenically
unsat urated nononer. In coating applications, a |level of multiethylenically
unsat urat ed nmononer contained as polyneriged units in the second polyner is
chosen such that filmformation is not materially inpaired. In one

enbodi ment, the nultistage polymer particle contains a first polymer having
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the reaction of the functional group to forma coval ent bond.

with the reaction of the functional group to form a covalent bond.

A multistage emulsion polymerization process is employed to prepare the
multistage polymer particles of this invention. In the multistage emulsion
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 aqueous



A mul tistage emul sion polynerization process is enployed to prepare the

mul ti stage polyner particles of this invention. In the nmultistage enul sion
pol ymeri zati on process, at |east two polynerization stages or steps are
conducted in sequential fashion, wherein at |east one of the stages
prepares a polyner conposition that is egnpositionally different fromthe
pol ymer conpositions of the remaining stages. The first polyner is forned
either before or after the polynerization of the second polyner, i.e.,

ei ther the seetod mpediyiehavisigfzopHestlow 5, nhere prefeealtly xifa pHebellow s, apdl yner or
the first polynmer is forned_in the presence of the second polyner. A
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| ess t han fpreferablyfrom 1l to less than 8, . and nore preferably from
“1to 1.5. preferably imblagl rmﬁo ma Opwséha‘rhfsplé@fah%ﬁ@w reactipn yeasiimed at
alenthe ra es h era t h ge of
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strong acids, such as sulfuric acid; sulfurous acid; alkyl sulfonic acids,

such as net hghy e poide sulentt aphds; ét[:'](lﬁulfomc acids, such as benzosulfonic acid;

dodecyl benzene sulfonic acid; and naphthalene sulfonic acid; sulfamic acid,
hydrochloric acid; iodic acid; periodic acid; selenic acid; chromic acid; nitric acid;
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



et hyl ene oxide sulfonic acids; aryl sulfonic acids, such as benzosul fonic
aci d; dodecyl benzene sulfonic acid; and naphthal ene sul fonic acid;
sulfam c acid; hydrochloric acid; iodic acid; periodic acid; selenic acid;
chromic acid; nitric acid; pyrophosphoric acid; trifluoroacetic acid;

di chl oroacetic acid; trichloroacetic acig% di hydroxymalic acid; maleic
aci d; dihydroxytartaric acid; oxalic acitd; and trihydroxybenzoic acid. The
strong acid is added to the aqueous reaction mediumeprior to the conplete
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polymer having phosphorus acid groups competes with the polymerization of
phosphorus acid monomer to form the first polymer of the multistage polymer.
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.
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sol ubl e pol ynmer havi ng phosphorus acid groups conpetes with the

pol yneri zati on of phosphorus acid nononer to formthe first polyner of the
nmul tistage polyner. This conpetition respgfts in the reduction in the anount
of the phosphorus acid nononer incorporated into the nultistage polyner
particle. Further, in certain applications, such as the fornmation of
conposite parti chAesiskd bieréint tind phoshihoxugecidpaotpcoitihe whierwaludrle polymvdre

pol ynmer havi ng. phosphorus acid groups i s believed to _have a del eferious

ef fect, | ead@iidBRIPEOE atif GROWRS #¥fer e remh fAs gqe&szﬁl@j@%a%ﬁhqreﬁ asud

Pol i zati bt i j i
i e FoBtatiton oo PARRER, Hie BbHHIRACHEN Hopb OBt B bIIRAEE (Rl h S
groups. Al tphstigll aretrefertdil titad ‘Firbephodphoss Adcid grpapd”i @dremplh@ediaret he

inventors believe that in an agueous reaction mediumat |ow pH, the
phosphor us &eingosibieassnr Which the fisstaplaspheisi acid gseunseand theosaspnd t han at

hi gher pH. Pol rizatipn of the rotonat ed phosphorus aci,d,.;noponer | eads
Lo I ncr eased PHOSTBSPAT G087 A RADE BREELNST teRBeRHORB A NEPT HBIHe o ow ng
pol ymer par thheSisoraBGeal é‘l%@'fbgta'n@rth'e%ecérft??fﬁ@pﬂ@%&é)ﬂciafgrbﬂﬁs WA @iffesOhtubA e

pol ymer havi ng phosphorus acid groups in the aqueous reaction nmedium 26

As used her @ipi] of Bearnghasyeotheswatdrcsolulde polyuhern havingtpdospbhdmis! axip grauperis

havi ng phosphorus acid.groups are referr to,as "secon hosphorus acid
groups”. As AORPIErLPrhtng ﬁ‘gu‘i%lﬁé’ﬁﬁ@% 'ig? o agﬁ?’bffﬂ’slgfﬁ pﬂﬂﬁieﬁzﬁaﬁ’?%ﬁ age

pol ynmer - parg. r "fig st ?pﬂﬁmhﬂ i "
Cbntenplate&%gﬁgﬂn?%%%gg tflﬁgs%%e ?%ﬁ§¥%gl I r'st pﬁggﬁ 3?8§9§g#§§3?%%8s and
t he second debpspdfagrolgmardization ofipslase2! Meefeanily, thwlagosqmeahediansid n whi ch

the first phosphorus acid groups_and the second phosphorus acid groups are
di fferent. Aubstangigliyriree ahwatgssetuble pelsmperehadae phiosphesugAsid gEARDSg

phosphorus 3Gl 4..af QIR e ta@eﬁa Bﬁg{ﬂéﬂfwéigﬁt M%Q{J?teﬁf%‘él&ﬂn Ipr?y‘?né’Wt er

sol ubl e pol yner havi ng “phosp us acrd groaps is alternativelfy-a

hormopol yner tewise phfphvies atidwrogpdis sledsrablyodt leakty D000 alnoed pedfentbly aast 2.
Preferably, the aqueous nediumis substantiallé free of water soluble

pol ymer havilerpthedihandsmers prefersbbsat lgast €9.00Phes mepgwredaiepadrousdebeul ar
wei ght of t %%rrvl\l%gagnS(:H'I'clﬁgla?ogggllﬂ)fﬁrsing a polyacrylic acid standard.

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 aqueous 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



havi ng phosphorus acid groups is preferably at |east 10,000, nore preferably
at least 25,000, and nore preferably at |east 40,000, as neasured by
aqueous gel perneation chromatography using a polyacrylic acid standard. In
one enbodi nent, the polyner conposition is provided as an aqueous pol yner

di spersion containing the nultistage pol $ffler particles having a phosphorus
acid group, wherein the nultistage polyner particles are dispersed in an
aqueous nedium _In this enbodi nent, the aqueous nmediumis_ further
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surrounded by a plurality of polymer particles. The polymer barticles are
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,



salts. The second, fifth, and eighth aspects of the present invention are
directed towards conposite particles, each containing a single center
inorganic particle surrounded by a plurality of polyner particles. The
pol ynmer particles are attached to the surface of each inorganic particle
and mnimze contact between adjacent igyrganic particles. Suitable
conposite particles include inorganic particles having either conplete or
partial surface coverage of the inorganic particle by the polyner
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region of from 700 nm to 380 nm. Suitable shapes for the pigment particles
include spherical shapes, such as a regular sphere, an oblate sphere, a prolate
sphere, and an irregular sphere; cubic shapes such as a 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;



The shape of the pignent particles is not inportant and can be of any shape
provi ded that the pignment particles scatter photons having wavel engths in
the spectral region of from750 nmto 300 nm preferably in the visible
spectral region of from700 nmto 380 nm Suitable shapes for the pignment
particles include spherical shapes, sucdgas a regular sphere, an oblate
sphere, a prolate sphere, and an irregul ar sphere; cubic shapes such as a
regul ar cube and a rhonbus; plate-like shapes including a flat plate, a
concave pl abey/stasibpartbesvieaving inadre; thandniercoeg ulipolas ipapisles;Tarel pagicet
particles having spherical shapes referaply have Pver e d'harreters in the
range of fAGHIADTRHIPES AOHRITSH one Bhgpe PRGNS SHHAEH 8 ?haFnég‘eBP fifom 100 nmto

500 nm  ang;ph.Gt ﬁ&f‘tﬁﬁhé%& ds’%‘tfa%lmrcﬁ&age,oé M 2@%@%&&&3&5}5‘3@0@ gment
particles havVing nonsphérical shapes pre eranly ave average di ters,
defined as ofhedre ofeiliday &l whiren sindrzircohidpFoit exakn ples c@tairpémbediatdntsop t o 500
nm and nore preferably up to 300 nm_Information about the average

di anet ers ditapiypehexigeperidrles spdabledpr ape in coptingsgddhepreseptanrenaet i cl e
suppliers. ,The pignent particles alternatjvely have a uniform conposition,
or a het e#‘@é’&?ecc? gmgoor?ﬁgl A FonAwee n"?’\?\’gg%urmlrr&ér'e phases. Certain

het er ogeneous GBI shaidd S REmBAY fasicleNMIRIudOLiB c RS dhtiRadigi Addshel |
structure wherein one type of pignent particle fornms the core and anot her

type of parzdicohsith okite, theomsine bkideThrencaide, derdl stide] zine selfuige htlemngi gnent
particles include cqre/shell,. rticles havin shel | _compl ete or

i nconpl et el3f Elﬁ‘ﬁé’gpg??]r‘l’dn @F@g@%?‘é‘fﬁ‘ %@an%até‘rsﬁgéﬁerlultﬁﬁap tr?tgF Yh'etfi ng nore

t han one cqf:g.. i i ; parti : i HLP onmai ns of
one. phase. GieTioh: BRHReEREG bRy AN cRph e IR N M P P,

titani um diprsfedablyctine pigveergtpdréiakis araeeleoidi fingmafutidaeitaniumliexidé aatdl i ca,
alum na, and zircaonia. For e(ﬁarcrlﬁl e, cgertg{ n enbodi ments of titanium di oxi de
particles Snatasy Btagpmdioxide. gst rgplsy e prezaenk PauHAsH 3T utHave a
coating of .sili oat I nNg.: ' it [ IR: grent
particles it#(?}nlﬁ%g @?%g@b% %ﬁﬂ%ﬁ?%ﬁ%@'ﬂ%@gé@ﬁ (izl?érg%:eg}\t?fg%%g??ae, AChr g"rsﬁ um

oxi de, iroswKiadautileatdd@nabsse Hidrdumudibkide, isl dohbieee®to havéltwodiffereht
titani um di oxi de such as anatase and rutile. Preferably, the pignent
particl es dgmeatected fromtitani um di oxi de and | ead oxi de. More

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 particle 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, calcium sulfate, barium sulfate,
mica, clay, calcined clay, feldspar, nepheline, syenite, wollastonite, diatomaceous
earth, alumina silicates, non-film forming polymer particles, aluminum oxide,

silica, and tale.



preferably, the pignent particles are selected fromrutile titanium dioxide
and anatase titaniumdioxide. Mst preferably, the pignent particles are
rutile titaniumdioxide. A conmposition containing two different forns of a
material, such as rutile and anatase titaniumdioxide, is considered to
have two different pignments. The extendegyparticles have an index of
refraction which is simlar to the index of refraction of the polyner
matri x, and do not significantly scatter visible I|ight. Extender particles
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particles having select pendant absorbing groups attached to the surface of
an i nor gani cTlparcpinpiosite pThiide conmrpsired bp dirst admixing pr eysdragaebys friedium

adm xi ng a fir§t. aqueous nedi u contai ni ng, a di spersion of inorganic
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groups, and optionally dispersant. Next, the polymer particles having select
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pendant absorbing groups are allowed sufficient time to attach to the pigment
particles to form the composite particles. The attachment of the polymer
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



groups, and optionally dispersant. Next, the polynmer particles having sel ect
pendant absorbing groups are allowed sufficient time to attach to the

pi gnent particles to formthe conposite particles. The attachnent of the
pol ymer particles having the select pendant absorbing groups to the
inorganic particles is believed to occyq by absorption and is also believed
to be spontaneous and will continue until the occurrence of one of the
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surfactants; biocides; other copolymers; and other pigments. Preferably the
composite particle is formed in an aqueous 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 1s 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.



substantially inhibit or substantially interfere with the adsorption of the
pol ymer particle having select absorbing groups to the inorganic particle.
Exanpl es of ot her conponents include co-solvents; wetting agents; defoaners;
surfactants; biocides; other copolyners; and other pignents. Preferably the
conposite particle is forned in an aqueous nediumin the absence of other
co- polyners and other pignents. Optionaldgy, the conposite particle is
prepared with levels of dispersant in the range of fromO to 2 weight %
preferably from0O to 1 weight % and nore preferably fromO to 0.5 wei ght
% based on the Iwetlyhprepatatidre opeqgmpoditepparntictdseconSriintad tlee dolypergantisles
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than vice versa, so that situations in which there is a temporary “excess” of
inorganic particles relative to the polymer particles having select pendant
absorbing groups, and the possibility of grit formation through bridging
flocculation 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 aqueous 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.

In 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



containing the polyner particles having sel ect pendant absorbing groups,
rather than vice versa, so that situations in which there is a tenporary
"excess" of inorganic particles relative to the polyner particles having
sel ect pendant absorbing groups, and the possibility of grit formation

t hrough bridging flocculation of the polynmer particles having sel ect
pendant absorbing groups due to the ex s of inorganic particles, are
avoi ded. In the eighth aspect of the present invention, the conposite
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particle copp@pdls an inorganic particle having a surface and a plurality of
pol ymer particles that have sel ect pendant absorbing groups. In one
enbodi nent, t heIn@nnptimxt%nlpahme@ltethescomomd prartmieefotmudétqmya Whraliyl ofi st age

pol yner part| g@ereln e ch of, the st 0 artlcles contain
t he same sép‘é]gts‘%%en M{neé@% 15keR 9V R i rﬂéﬁt?'} %a%qugntlélgi RRSSYe  particle
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groups. I n another enbodi nent, the conposite particle f froma
plurality cdiffelrumlttrmlslttag@quﬂlymr p|aat1tl|eslIeﬁembtetceharehhasﬂhal“ﬁfsttryumstage
mul ti stage pol yner ngt%ﬁde% J ncI des_ two or re different nultistage
pol yner par I @hegparg the secon multistage polymer particle” differ
compositionally, physically, or both compositionally and physically from each
other. One 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 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 °C. 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



different nultistage polyner particles, referred to herein as the "first

mul tistage polynmer particle" and the "second nultistage polyner particle"
differ conpositionally, physically, or both conpositionally and physically
fromeach other. One exanple is a conposite particle fornmed froma
plurality of multistage polyner particlgg, wherein the plurality includes
at |east one first nultistage polyner particle having a phosphorus acid
full -ester group and at | east one second nultistage polyner particle having
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weight of at least 40,000, preferably at least 50,000, and more preferably at least
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



characterized as being substantially free of water sol uble polynmer having
second phosphorus acid groups, and having sel ect nol ecular weights. In this
aqueous conposite particle conposition, the conposite particles are fornmed
in an aqueous nedium substantially free of water sol uble polyner having
second phosphorus acid groups, wherein tdpe water sol uble polyner has a

wei ght average nol ecul ar weight of at |east 40,000, preferably at |east
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particles indirectly attached to the surface of the plgment particle through
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



surface having a surface treatnent thereon, which surface treatnent provides
a suitable surface for formation of coval ent bonds. The coval ent bond is
formed with an atomon or at the surface of the pignent particle, including
any optional coating or surface treatnment. In the presence of water, the
surface of the pignent particle typlcaégy has hydroxyl groups. The

coval ently bonded conposite particle haS"the nultistage polynmer particles
i'ndirectly attached to the surface of the pignent particle through
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polymer particle. Alternatively, the coupling agent contains more than one first
functional group, provided that 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,



particles. The linkages are forned by the reacted coupling agents. The
coupling agent typically has a nol ecul ar weight of |less than 10, 000,
preferably | ess than 1,000, and nost preferably | ess than 500. The reacted
coupling agent has a reacted first functional group that forns a first

coval ent bond with the pignent particleggnd has a reacted second functional
group that fornms a second covalent bond with the first polynmer conponent of
the nultistage polynmer particle. Alternatively, the coupling agent contains
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functional gr OuDE?(gln% (E\seo sfuritoarg'lg ggubp i gl allgcents include: aminosilanes, such as 4-
aminobutylmethyldiethoxysilane, 3-aminopropyltrimethoxysilane, and N-(2-
aminoethyl)-3-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
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane; haloalkylsilanes, such as
3-chloropropyltrimethoxysilane, 4-bromobutylmethyldibutoxysilane, and
5-iodohexyldiethylmethoxysilane; iso(thio)cyanatosilanes, such as
3-1socyanatopropyltrimethoxysilane 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)ethyl)ethyldimethoxysilane;



aci ds, al cohols, am nes, and nercaptans; haloalkane “and halonethylphenyl
groups, which react with a conplenentary functional group selected from
am nes and carboxylic acids; am nes and thiols, which react with a

conpl ementary functional group selected from epoxides, aziridines,

t hi oranes, acetoacetoxy groups, isocyanates, isothiocyanates, and
carbodiimdes; and carboxylic acids, wh&h react with a conpl ementary
functional group sel ected fron1epoxides aziridines, thioranes, and
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optlonally conducted in the presence of a catalyst. For example, tertiary amines
and tin salts are suitable catalysts for the reaction between an isocyanate group
as the second functional group and an alcohol as the complementary functional
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 aqueous 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 is admixed and dispersed into

the aqueous dispersion containing the multistage polymer particle having a



(3, 5- hexandi one) tri et hoxysi |l ane, 3-(trimethoxysilyl)propyl acetoacetate, and
(butyltriethoxysilane)sulfide term nated net hyl net hacryl at e-butyl acryl at e-
acet oacet oxyet hyl net hacryl ate copol ynmer. Any one of the group of reactions
i ncluding the reaction between a suitable conplenentary functional group
and the pignent particle; the reaction bejyeen the first functional group
and the pignent particle; and the reaction between the second functional
group and a suitable conplenentary functional group, is optionally
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of the presexuationeMol@ness suitiddé ub bimdeas twdude bhonppslymassa copilghheds, ean
interpenetrating network polymers, and a blend of two or more polymers or
copolymers. Examples of suitable binders include acrylic (co)polymers, vinyl
acetate polymers, vinyl/acrylic copolymers, styrene/acrylic copolymers,
polyurethanes, polyureas, polyepoxides, polyvinyl chlorides, ethylene/vinyl
acetate polymers, styrene/butadiene polymers, polyester polymers, polyethers,
and the like, and mixtures thereof. 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 isoamyl ketone,

amyl acetate, diisobutyl ketone, xylene, toluene, butanol, and mineral spirits.



suitable for providing opaque dried coatings. These aqueous conpositions
contain the select conposite particles, a binder, and an aqueous nedium The
aqueous conpositions are typically forned by first preparing the conposite
particles and then adm xi ng the conposite particles with binder. The binder
is a polynmer that is filmformng at or BeIOM/the application condition of
t he aqueous conposition. The binder typ| ally has glass transition
ténperatures in the range of from-60 Cto 80 C, preferably in the range of
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1 weight % to 40 weight %, based on the weight of the polymer solids.

A volatile organic compound (“VOC”) is defined herein as a carbon
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 composition.

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



vol une of the aqueous conposition. Typically, the agueous conposition of
this invention, when used to prepare opaque dried coatings, has a solids

l evel in the range of from20 to 50 volume % based on the volune of the
agueous conposition. The pH of the aqueous conposition is typically in the
range of from 3 to 11, and preferably, h@ 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, and nore preferably from90 to

100 KU. ThﬂoW@@ﬁ&)n@_@ﬂﬂ?ﬁ’? LAY QMHRBEYs, (RIS Ah 8%, SOALSALPRESMRE, and
pl asticizers to provide the polymers with effective filmformation
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coal escent ké in the rgg?e of from 1 weight %to 40 weight % based on the
wei ght of t ReCORATIHSF oE BiG AEUeols\FOMROSH Ty gani ¢ compound ("VOC') is defined
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at at nospheric q%%e?srggll}{é. Coﬁ’p%unds S cﬁlas \/vater1 and ammoni a are excl uded
fromthe defs thdad d50 gfarwOper Tiher (¢OR ekt the afuen avpgsisiti@n meret frefdrabhy
anount of one or nore volatile org,ani Ee(ci)g%)ounds cont ai ned |
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conpounds, ethyl ene and propylene glycols, and aliphatic hydrocarbons.

Addi tional |y, melinhadilitipnpgienaqusous commpopigionombirsiallydncindep atkari on may

i ntroduce adventi titous Vng fr.ﬁg;\{ rizguté irmr edients suc? as he,.,aqueous
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conposition of tTHhedriedenaiing ofitlsisan¥Eidreiselypofally 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 aqueous 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



| ess than 150 granms per liter (g/liter)of the aqueous conposition; nore
preferably the aqueous conposition has a VOC | evel of less than 100 g/liter
of. t he aqueous conposition; and even nore preferably the aqueous
conposition has a VOC level of less than 50 g/liter of the aqueous
conposition. In addition, the aqueous comgosition optionally includes other
conponents, including without limtation, other polyners, surfactants, other
pi gnents, other extenders, dyes, pearlescents, adhesion pronoters,

cr ossl i nker soadsgdpsypsneatst snd dehwaper Substerdsi ugtabde frirehegypiplicatiobof ti ener s,
ultraviolet stabilizers, absorbi i nts, coal.escents, .rheol
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knife or trowel, curtain coati nfg, and spraying nFt hods, such as, for
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| ow pressur gt %ﬁrc%}’dr g Abdr- %%hﬁhﬁqnet%'l ?kf&?uﬁpﬁ%eta]-h uhufOdd l&ght
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as a single coat or multiple coats. Preferably a single coat of the aqueous

conposi t i on(freshapged et waatbevashtinelgding bt neleldmiteddoyacaylic epabingst vinyl
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protective coating and in the alternative, as an aestheticC coati ng.
Exanpl es of cellilpsivlsabsiretdsi sugh dsred ped endrpsperieeirds glassomphatlfs leatbhr;as

interior or exterior paint coatings, Jncludin sonry coatings;. od
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coatings; | i ; i i | C coatings such
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i ncl ude, for_exanple, processed ti r{ber such, as_nedi um, density fiber board;
chi p boar ds thermeseahimandion aresett! foy peanagingsduee goaféngs 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 important 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 inventors 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



masonry, cenent, fiber cenent, cenent asbestos, plaster, plaster board,

gl azed and ungl azed ceram c; netal substrates such as gal vani zed iron,

gal vani zed steel, cold rolled steel, Zincalumnetal Zincalumll netal,

al um num wought iron, drop forged steel, and stainless steel; previously
pai nted or prined surfaces (fresh, aged,g3r weathered) including but not
limted to acrylic coatings, vinyl acrylic coatings, styrene acrylic
coatings, powder coated surfaces, solvent acrylic coatings, alkyd resin
coati ngs, sattventnderetdralieg thapresgst imrectmpoxXhhepamsenysiventienl is) lnsiever,
substrates such as Papertggqépaperboard; gl ass; asphalt; |eather;

wal | boar d; HoRRKAHIMEESSFY-and synt hetic substrates such as pol yvi nyl
chl ori de, polyvi i ?(ﬂgj ' . -pol angn, ypropyl ene. The
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| evel of hiding, but wwth |ower |evels of pignment than conventional dried
coatings prepared w t hade pelanconirie; 8@ wsight %Ise dsThese dried coat i ngs
f ormul at ed ith | oner h1VF£§ QRepignent have | ower densities than
conventional dried co&flﬁgs,nﬁ%us all owi ng the preparation of |ow weight
dried coati nggA Low weighbthyldhét®@csQatd ngs are inportant in applications
such as coatings for transportation vehicles such as cars, buses, trucks,
trains, andP&Mpl anes. plhasphneithiyVaieghatiyéate conposite particles are useful
for prepari i ed coat, havi n desired |l evel of pignent but providing
a high I evelr‘lgfﬁAhi di ng ?*ﬂﬁ“%@‘ﬁ\?@ﬁ?&onal dried coatings prepared without
these conpogyfAg particlggcial ReethAME MR have ‘al so di scovered that aqueous
conpositions containing the conposite particles having nultistage polyner
particles h&BHA nt str2ethiibexHatcriate nore reproduci bl e than conventi onal
agueous conpQsitions. Furt{ler_, .t he aqueous conpositions of the present

i nvention t cal ly canrr®¥ldtilgl ated to a desired | evel of viscosity using
| ower | evel f rheol og Lihers or thickeners than aqueous conpositions
that do no?hgontain tﬁ%hggggﬁg?%e particles of this invention. The

foll ow ng ednpl es are giwesented to illustrate the conposition and the

process of the invention. These exanples are intended to aid those skilled
inthe 43 &MAn under‘%‘ﬂté(ﬁlmﬁba?ﬁéatﬁr esent invention. The present invention

I's, however ’Prei)QraQR)nV\@fyAAdéguE%sb&%fc@gy@ontaining 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 %
phosphoethyl 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, 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 3.6 g sodium persulfate in 20



The follow ng abbreviations are used in the exanples: surfactant-A
surfactant having an average conposition of l|auryl-(ethylene oxide)4 sodium
sul fate; 30 weight % solids BA butyl acrylate MVA nethyl nethacryl ate PEM
phosphoet hyl nethacrylate ALMA allyl nethacrylate MAA gl acial methacrylic
acid 2-EHA 2-ethyl hexyl acrylate AN acrylonitrile EA ethyl acrylate ST
styrene BMA butyl nethacryl ate Preparati of Aqueous Di spersions

Cont ai ning Mul ti stage Pol ymer Particles Aqueous dispersions containing the

mul ti stage E%e&’&ﬁ%e@%’a&éxﬁhﬁé a}@@ AREERRiRthihih }% Jo'nttgrﬁt’s drQHE niaggked round
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preparation of the exanples and conparative exarrpl es was unpur| fied and
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The amoni umEAKduakisdeVma, 38801802 £ WeAAFKARRIdEed td tHOflhbk at haske ves added
1100 g deionized water and 4.5 g concentrated sulfuric acid. The contents
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wat er was addegdmimiitecun titaihet additiog of MEE-Qomdectnsplete.t Aétef thas koraplete
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 1.1, 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 95 ¢
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, 3.6 g MAA, and 5.3 ¢
PEM. The resulting dispersion, Example 1.4, had a solids content of 36.2 weight
% and a pH of 8.5.



85C for 15 mnutes, 7.0 g ammoni um hydr oxi de was added to the flask to
adjust the pHto a value in the range of 2 to 3. A second nononer enul sion
(ME-2), which was prepared by m xing 200 g deioni zed water, 26 g
surfactant-A, 352.4 g 2-EHA, 441.4 g MVMA, 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
1.0 g sodiumpersulfate in 90 g dei oni Z&d water, while maintaining the
contents of the flask at a tenperature of 85C. After 20 m nutes, the feed
rate of Me:2 ma? increased to 10 g/mnute until the addition of Me-2 was
conpl ete. conplete addition of ME-2 and the sodi um persul fate

sol ution, the CEQ%&?}] $18fwi refda%é&acef@au{meo%@lﬁ%s@tfoﬂtﬁ qy@%@&m@opf 85C
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49.5 g BA, %Qnéaqg}mw 90 g ALNA 3 6 g MAA, and 9.5 ¢ PEM The resulting
di spersion, Exanple 1.2, had a solids content of 36.7 weight % and a pH of
8. 3. ExaanEeK_mHLEﬁanpl e 1.3 was prepared accordi ng to the process for the
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The resul tlp@? pggperm on, Exanple 1.4, had a solids content of 36.2 weight
% and a pH'o

Example 1.7

Example 1.7 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, 58.5 g BA, 21.7 g MMA, 0.90 g ALMA, 3.6 g MAA,and 5.3 ¢
PEM. The resulting dispersion, Example 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 g MMA, 0.90 g ALMA, 3.6 g MAA,and 5.3 ¢
PEM. The resulting dispersion, Example 1.9, had a solids content of 36.3 weight
% and a pH of 8.3.



Exanple 1.5 Exanple 1.5 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, 49.5 g BA, 31.2 g MVA, 0.45 g ALMA,
3.6 g MMA, and 5.3 g PEM The resulting dispersion, Exanple 1.5, had a
solids content of 36.1 weight %and a phgof 8.4. Exanple 1.6 Exanple 1.6
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
surfact ant - Rxah®ld190BA, 31.6 g MVA, 3.6 g MAA, and 5.3 g PEM The

resul ting dispersion, Exanple 1.6, had a solids content of 36.0 weight % and
a pHof 8.5. ExBrphnplel iom@me@aqemwagdlpgégéhe@ra@@@|f<mhbgnr@p@m-;tlcpr @fbess

for the pre tion, o except, t hat. NE- re
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t he Exanple 1.1, .except H%NF was prepared by m xing 30 g dei oni zed
wat er 03§53tirie b Paand APHEA 84y BA 18.0 g AN, 8.2 g MVA, 0.90 g ALMA
3.6 g MAA, PEM The resulting dispersion, Exanple 1.8, had a
sol i ds contg'ri}r&g?iif}g 2 weight %and a pH of 8.2. Exanple 1.9 Exanple 1.9
was prepared accBkahinpte 1 Q1tvigs w@@maé@rdlhgeophembwsbm e pricpberdtxanpf e
1.1, except that ME-1 was prepared by m xing 3 dei oni zed water, 6.0 g
sur f act ant - fhe Ezample EA,, excqerp thah k- ovagiop@pﬂmm y miging RMAS deipnized g PEM
The resul ting,di spe d 0 c f i ght
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% and a pH
MAA; and after the contents of the flask was cooled to room temperature, the

amount of ammonium hydroxide added was 18 g. The resulting dispersion,
Example 1.11, had a solids content of 36.2 weight % and a pH of 8.5.

Example 1.12

To the flask was added 800g deionized water and 3.2 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 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
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
complete 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 ammonium hydroxide were added and



Exanpl e 1.10 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 dei oni zed
water, 6.0 g surfactant-A, 17.1 g EA, 45.0 g BA, 18.1 g MVA, 0.90 g ALMA,
3.6 g MMA, and 5.3 g PEM The resulting dispersion, Exanple 1.10, had a
solids content of 36.5 weight %and a pH-of 8.4. Exanple 1.11 Exanple 1.11
was prepared according to the process for the preparation of the Exanple
1.1, except that ME-2 was prepared by m xing 200 g deionized water, 26 g

sur f act ant - fhe 36teftPof2thieHsk324s Altgrddvd, rehiovetaryy Shgudintl. ITbh&eregul A, and
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Next, 12 0 gEFBRhiAmRtEY o @¥ HemWRTEn 2Tdeckial W a4 Added to adjust the pH to a value
in the range of from 2 to 3. 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 g of a



the contents of the flask was filtered to renove any coagulum The resulting
di spersion, Exanple 1.12, had a solids content of 40.8 weight % and a pH of
8. 8. Exanpl e 1.13 To the flask was added 1100 g deionized water and 4.5 g
concentrated sulfuric acid. The contents of the flask was heated to 85C
under a nitrogen atnosphere. The pH of tfie water in the flask was
approximately 1. A nononer emulsion (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,
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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 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
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 4.81 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



48 0.1% solution of ferric sulfate was added, followed by the i med ate
addition of a mxture of 0.65 g t-butyl hydroperoxide (70% active) and 10 g
dei oni zed water. The next addition to the flask was a solution of 0.22 g

i soascorbic acid in 10 g water over a period of 10 m nutes. After

mai ntai ning the contents of the flask at 4@ tenperature of 85C for 5

m nutes, 7.0 g ammoni um hydroxide is added to the flask to adjust the pHto
a value in the range of from2 to 3. A second nononer enul sion (ME-2),
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flask. Next, a solution of 3.6 g sodiumpersulfate in 20 g
and 4.1 g PEM,; and ME-2 was prepared by mixing 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, 4.0 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 flask 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 g 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



dei oni zed water was added. After maintaining the contents of the flask at a
49 tenperature of 85C for 15 mnutes, a second nononer enul sion (M- 2),

whi ch was prepared by m xing 203.5 g deionized water, 26.6 g surfactant-A,
810.0 g BMA, and 8.2 g MAA, was added to the flask at a rate of 5 g/ m nute,
while maintaining the contents of the flggsk at a tenperature of 85C. After
20 mnutes, the feed rate of ME-2 was increased to 10 g/mnute until the
addition of ME-2 was conplete. After the conplete addition of Me-2, the
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Example 1.21 was prepared according to the process for the preparation of
the Example 1.16, except that ME-1 was prepared by mixing 20.0 g deionized
water, 4.0 g surfactant-A, 33.0 g BA, 20.5 g MMA, 0.6 g ALMA, 2.4 g MAA, and
3.5 g PEM; and ME-2 was prepared by mixing 210.0 g deionized water, 28.0 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, 25.9 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



7.6 g PEM ME-2 was prepared by m xing 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 50 was cooled to roomtenperature, the anmount of amroni um hydroxi de
added was 16 g. The resulting di spersion, Exanple 1.19, had a solids
content of 36.2 weight %and a pH of 8.7. Exanple 1.20 Exanple 1.18 was
prepared according to the process for tid preparation of the Exanple 1.16,
except that Me-1 was prepared by m xing 60 0 g dei oni zed water, 8.6 g
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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
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 1.23, 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, 4.5 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



To the flask was added 1200 g deioni zed water and 4.5 g concentrated

sul furic 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
5 emulsion (Me-1), which was prepared by m xing 25.2 g deionized water,
4.0 g surfactant-A, 45.0 g BA, 30.3 ¢ 0.80 g ALMA, 3.3 g MAA, and 8.6
g of termnally unsaturated acrylic aci | igomer with an average MW of -
1200 (28.8%in water), was added to the flask. Next, a solution of 3.6 ¢
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Example 1.26

To the flask was added 800 g deionized water and 3.2 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 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 2.25 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.



added to adjust the pHto a value in the range of 2 to 3. A second nononer
emul sion (ME-2), which was prepared by mxing 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
keéttle at a rate of 4 g/mnute along with a separate cofeed of a solution
of 1.0 g sodium52 persulfate in 90 g deioni zed water, while maintaining
the contents of the flask at a tenperature of 85C. After the conplete
addition of ME-2 and the sodium persulfate solution, the contents of the
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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 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



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/mnute along with
separate cofeeds of a first solution containing 1.50 g sodiumpersulfate in
60 g deionized water and a second solution containing 0.36 g isoascorbic
acid in 60 g deionized water, while maigyaining the contents of the flask
at a tenperature of 72C. 53 After 20 mnutes, the feed rate of ME-2 was
increased to 10 g/mnute until the addition of ME-2 was conplete. After the
conpl et e adgkdhenr phbgVE-2, the sodium persul fate solution, and the

i soascorbic acid solution, the contents of the flask_ was maintained at a
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pr epar ed by m Xi ng 2 g dei oni zed water, 67.5 g surfactant- A 121.5 g BA,
688.5 g Vi ng/miavts.aAéer dnel c@Rplete aédmmmﬁ/h/[&i’y? tdugl doobexite of 250/l aslo atsi on),

was added to the.flask at a rate of_5 gl m nute al w th separate cofeeds
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to 10 g/m nute unti] the
g 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 flask 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, 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 3.6 g sodium persulfate in 20



addition of ME-2 was conplete. After the conplete addition of Me-2, the
sodium persulfate solution, and the isoascorbic acid solution, the contents
of the flask was nmintained at a tenperature of 72C for a period of 15
m-nutes and then cooled to roomtenperature. Next, 2 g anmoni um hydroxi de
were added and the contents of the flask was filtered to renove any
coagulum The resulting dispersion, Exaﬁ%le 1.27, had a solids content of
39.0 weight %and a pH of 6.3 54 Exanple 1.28 To the flask was added 800 g
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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, 825.6 g MMA,
12.0 g acrylic acid, and 42.4 g PEM, was added to the flask at a rate of 15



Exanple 1.29 To the flask was added 1100 g dei oni zed 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 nononer emnulsion (Me-1), which was prepared by m xing 30
g deionized water, 6.0 g surfactant-A, gﬁ 5 g BA 30.7 g MVA, 0.90 g ALMA,
3.6 g MMA, and 5.3 g PEM was added to e flask. Next, a solution
containing 3.6 g sodiumpersulfate in 20 55 g deionized water was added.
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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.



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 C
for a period of 10 m nutes. Next a secdd nonomer enul sion (ME-2), which
was prepared by m'xi ng 320 dei oni zed water, 32.0 g surfactant-A, 248.0 g
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Example 1.11 128 -3 -9.8 1:9
Examplel.12 138 -3 -27.9 1:9
Example 1.13 114 -3 -9.8 1:9
Example 1.14 118 -3 -9.8 1:9
Example 1.15 120 -33.2 5 1:9
Example 1.16 136 -3 21 1:10
Example 1.17 139 -3 21 1:12
Example 1.18 136 -3 21 1:8
Example 1.19 130 -3 21 1:6
Example 1.20 143 -3 21 1.4
Example 1.21 145 -3 21 1:14
Example 1.22 134 -3 17.2 1:9
Example 1.23 140 -1 17.2 1:10
Example 1.24 140 -3 3.7 1:7
Example 1.25 127 -3 -9.8 1:9
Example 1.26 155 -3 12.8 1.7

Example 1.27 170 -3 12.8 1:9




Table 1.1 - Properties of Multistage Polynmer Particles and Conparative

Pol ymer Particles Sanple Particle 1st Polymer Tg 2nd Pol ynmer Tg Wi ght
ratio of Dianeter (C (C 1" Polymer to (nm 2nd Polynmer Exanple 1.1 129
-3-9.81:9 Exanmple 1.2 139 -4.2 -9.8 1:9 Exanple 1.3 123 -2.4 -9.8 1:9
Exanple 1.4 142 -3 -9.8 1:9 Exanple 1.5 4§40 -3 -9.8 1:9 Exanple 1.6 131 -3
-9.8 1:9 Exanmple 1.7 130 -16.3 -9.8 1:9 Exanple 1.8 170 -10.7 -9.8 1:9
Exanple 1.9 148 6 -9.8 1:9 Exanple 1.10 134 -14 -9.8 1:9 Exanple 1.11 128
-3 -9.8 1. 9Edaxapiplie2d. 12 138 -3 -27.8.91:9 HExanpl491.13 114 -31:39.8 1|9
Exanple 1.14 118 -3 -9.8 1:9 _Exanple 1.1

5 12 33251 Eg,fvamgl_eér-w 136
-3 21 1:10 | Bzampled 29 17 1393-3 21 1: 13 Exanp ple 1988 136]-3 2112:8 Ekanpl e
1.19 130 - 3=2t—t-6—FExamptest 2043 =321 1. te— 12t t45,=3—21 1: 14
Exampl e 1. 225P13-95 75" 1189 Banmi e 2. 23 140 A 10 Ex ﬁp 1] 24
140 -3 3.7 [Bofuob%aale| 1. 293127 -3 -5 8 1.9 Exarer e 1. 26 155 - 8|17
Exampl e 1.47 170 -3.12.8 1-9

\m
o

Comparative B 120 6.4 - -

Example 2 — Preparation of Composite Particles Containing Absorbed

Multistage Polymer Particles

Composite particles were prepared by dispersing titanium dioxide
particles into an aqueous mixture containing the multistage polymer particles
having first polymer with select absorbing groups.

An aqueous 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 polymer 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



58 Exanple 1.28 122 6.9 4.9 1:3 Exanple 1.29 133 -3 -9.8 1:9 Exanple 1.30
130 -3 -9.8 1:9 Conparative A 113 51.6 - - Conparative B 120 6.4 - -
Exanple 2 - Preparation of Conposite Particles Containing Absorbed

Mul ti stage Pol ymer Particles Conposite particles were prepared by dispersing
titani umdi oxide particles into an aquegys mni xture containing the

mul ti stage polyner particles having first polynmer with sel ect absorbing
groups. An aqueous conposite particle dispersion was prepared by combini ng
the di spergikle XpNMBddAeNPaiier INAMPiL)st age pol ynmer particles with sufficient
water to dilute the solids IJaALeJ_QL_t_he_pgl—yLnex—pam—l—cLes_Lo 33.0 weight %
Next, 40. 731rg'red‘1|eptlreTM R- 746 ti t ani um di oxi de sl urwlghﬁ E?‘lrek is a trademark

of E 1. [: .u ey bupp1 ed i ght % solids,
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60 wei ght %thﬂlyrrer particles based on the wei ght of185If1‘-’4';8 titani um di oxi de

particles. rest tS—C on cont ai ned
conposite p ‘F’farr&‘fﬂ c%l‘%ﬁk?g%ﬂﬁ%ﬂla%ﬁh%ﬁ%mﬁ% @P;%)Zr atli on of Aqueous
Conposi 1 O RalRBE Al 500 kgﬂg@é@ﬁﬁ% Gk £@rAnd In%ws_.saﬂe aqueous
conpositio @l ﬁ qu}g qre Irst preparing master pai nts containing all
t he ingred GHES ot Sihepavped S—€conposSitions,—exce fre—titani um

di oxi de and P}r?étrﬁﬂfiﬂn&%gaﬁgl%}%e%g# Sc‘?’@?”‘:"l*he folﬁy\?}sng master paints
were preparB-kontaining the listed ingredients ih Tahles 2.1 to 2.3 59
Table 2.1 - Master Paint #1 (I\/Pl) Ingredi ent weight (g) RhoplexTM AC 261

bi nder (ROh'IFaglneleZ_la—aﬁIa]s'tze?‘ a1nt #g?my)

Ingredients Weight (g)
Rhoplex™ AC-261 binder 1319.16
water 197.36
Texanol™ coalescent 110.63
Natrosol™ 250 HR thickener (2.5% in water) 170.76
Supronil™ HK black dye (Clariant AG Corp) 6.84

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




wat er 185.88 Texanol TM coal escent (Eastnman Chem cal Corp) 106 26

Nat r osol TM 250 HR t hi ckener (2.5% in water) 166.32 (Hercul es Corp)

Col ortrendTM 8807 bl ack pignent (Huls Anmerica 41.96 1Inc.) Table 2.2 -
Master Paint #2 (MP2) Ingredients Weight (g) RhoplexTM AC- 261 bi nder
1319.16 water 197.36 Texanol TM coal escgpt 110.63 Natrosol TM 250 HR

t hi ckener (2.5%in water) 170.76 SupronilTM HK bl ack dye (C ariant AG Corp)
6. 84 Master Paint #3 (MP3) was prepared by first conbining the materials in
Tabl e 2. 3a anklerd.3b ngVnsteh Paifty £3(MP3Cor por ati on Mbdel 50 stirrer to make a

grind cont%cLay_pau-uaLes_Nexi—L%—gu—nd—»as%m_nad-wth t he
materials |} ngs 2.3b to prepare Master Paint #3Wergly1 @) 2/3a - Gind for

Mast er Pai ht—#3—tngredients—Weirght—(g)y—water—146-3 3 TiM 1254

di sper sant %ﬁm and Haas Conpany) 10.45 ColloidT 62% (% spgrsant (Allied
Col | oi ds Lym,§£driBe]l ba%n@e%(R%hmm}?aa@,@MLaw)opanolloe% % active) 3.09
TritonM CF 10 surfactant (Dow Chem cal Co Oryacar bTMical ci um
carbonate (®@aya Corp.) 162.39 ASPTM 400 cI ay (Engel he.84 Corp. ) 155. 06 60

Tabl e 2. BbAAWn;—#s—ews)——Lng%é%AWﬂ;ri nd 409. 22
RovaceTM 6plexaniet cqatessantand Haas Conpany) 107.35 wet-89 12]84

28% ammonia 1.00
Natrosol™ 250 HR thickener (2.5% in water) 60.00
Colortrend'™ 8807 lampblack pigment 10.70

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 value is 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,



Texanol TM coal escent 13.09 28% ammonia 1.00 Natrosol TM 250 HR thi ckener
(2.5%in water) 60.00 ColortrendTM 8807 | anpbl ack pi gnent 10. 70 The aqueous
conpositions were prepared by conbining 50.23 g of the aqueous dispersions
containing the conposite 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
conposition were placed on a roller and allowed to m x overnight prior to
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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 Scrub

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

scrub 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,g+FB,,/( FB’ ,+FB’, ) +

(FB,+FB,  J/(FB’ +FB’, ) + (FB,, +FB, )J/(FB’

1LR 1RL +FB02RL) +
(FB,, + FB, J/(FB°,, + FB’, )l

IRL

1LL ILL

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

1RL
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wher ei n

edge

of the left i E@%EE i unber of scrubs to break through the coating
at the righg%ggg%BOf ééf?%ﬁﬁighinl FBILR i s the nunmber of scrubs to break
through the scprRblieg at the MugRtafiBSysiert Ne | eyl shimelgny FB2R gloss t he
nunber of 62, 35dkihen t 0 br gakiiblarough the dqgpbagnal [the 1eft edge of the
ri ght shi m—t aFrnBl \giiid'ul €S )Véath lteiie Zerg—s tl),élp ' esent "|17 rpber
of scrubs at tHe VRAFiOUs Ioc§¥|5%% fo} t hg cg%%a ative'?bied cdg?ing. A
scrub rati o grmaiepletdian (.5 Ekhfiptatad that theqdried goating hagdzan
acceptabl el evel of scrubjresistance. The gloss valueés for the dried
coati ngs wer e Eietrepleihad usi nBxamleld3Tri - 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




d oss neter (BYK-Gardner Co.).
and optionally the
Delta Y-refl ectance val ues are
fromthe aqueous conpositions.
Delta Y 20 gl oss

val ue,

Mul ti st age

Pol yrmer Y-

The Y-refl ectance val ue,

optionally the gl oss

scrub resi stance were neasured for each sanple.

Exanple 2.1 Exanple 1.1 52.55 4.95 40.7
37.7 Exanple 2.3 Exanple 1.13 52.55 4.95 44.3 Conparative ClL - 47.6 - 32.9

Table 2.3 -

Mast er

calculated for the dried coatings prepared
Pai nt #1 Agueous

osition Particle refl ectance

anple 2.2 Exanple 1.14 52.4 4.8

Table 2.4 qugggg@.Paﬁakeﬁpaﬁquﬂous Mul ti stage Polynmer Y- Delta Y 20 gl oss
Conposition Particle reflectance Exanple 2 4 Exanple 1.25 52 45 3 7 35 9
Conpar at i vé AQueous8. 75 - »Maltistagd Bolyn®r- |Mast¥r Pai fdelia YaquéBtgloss
Mul ti st age | Bomypositiofs Del t ¥a¥ti2le gl oss Conpefedtaope Particl e|refl ectance
Exanple 2.5 Emaphsle 2 53. 08x4mbld3.28 Conpayvals ve| C33:4548]95 25663 | Tabl e
2.6 - Master Paint #1 Aqueous Miltistage Polynmer Y- DPelta Y 20 gloss
Conposi ti on Péhtample Qr"éf | ¢ct aEzemEﬂ(faﬂr{S?ﬁe 2.6 E&%ﬁpl e|1.36352/75 3.35 2V.6
Exanpl e 2. uu He—1- 52 6-3—3—30—3—Cotparative4—49-3 30--5—abl e
2.7 - Master pﬁfa@ﬁeQHerus Mul tistage Pol n§$3Y- Pelta Y 20 dﬁbés
Conposi tiom Particte reffectance Exanpte 2.8 EXxanple 1.1 52. 75 4.9535.5
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 - 249
Table 2.8 — Master Paint #1
Aqueous Multistage Polymer Y- Delta Y
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
Aqueous Multistage Polymer Y- DeltaY | 20°gloss
Composition Particle reflectance
Example 2.16 Example 1.15 52.6 7.05 28.2
Comparative C7 - 45.55 - 151




Example 2.9 Exanple 1.2 52.5 4.7 45.4 Exanple 2.10 Exanple 1.3 52.6 4.8 32
Conparative C5 - 47.8 - 24.9 Table 2.8 - Master Paint #1 Aqueous Milti stage
Pol ymer Y- Delta Y Conposition Particle reflectance Exanple 2.11 Exanple
1.4 53.3 3.4 Exanple 2.12 Exanple 1.5 53.1 3.2 Exanple 2.13 Exanple 1.6
52.9 3 Exanple 2.14 Exanple 1.7 53.3 3.4,,Exanple 2.15 Exanple 1.10 53.2
3.3 Conparative C6 - 49.9 - Table 2.9 - ster Paint #1 Agueous Milti stage
Pol ynmer Y- Delta Y 20 gloss Conposition Particle reflectance Exanple 2. 16
Exampl e 1. 15783 6.10 ODiZBelPafzdpar ative C7 - 45.55 - 15.1 64 Table 2.10 -
Mast er Paint_#1 Aqueous 1 Miltistage Polyner Y- Delta Y 20 gl oss ,
Conposi t i or| ARareoius| e 1 ef | gdalisagx Rapieer2. (17 EXanpl ¢ Belad) |5 26° gloss
Conpar at i vg (@8nposAfol - 24 Kartithbl e 2. 11 - |Mefleetanlaiint #1 Adueous

Mul ti st age Pomgﬁ{ 1¢2. 1l tla Y BEabrssg8 Conposghison Fartgel e reflgrtance
Exanpl e 2. 18 Exarmle 1.9 82 75 5 65 38 7 Conparative C9 - 47 1 - 28 4
Tabl e 2.12 |- OvesiaertiPaiGR |#1 Aqueous NUItistagé5§nyner Y- Dgl t a24.620 gl oss

1 1 | V2 2 110 oy | 1 1.4 E2 .02 QL 29
Conposi t i on—Parti-ete—refl-eetanceExanpte—2-19Exarpte—3-—31+-52-9-3-9532. 5

Table 2.11 — Master Paint #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 - 284

Table 2.12 — Master Paint #1

Aqueous Multistage Polymer Y- DeltaY | 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




Example 2.20 Exanple 1.28 52.7 3.75 21.3 Conparative Cl10 - 48.95 -
Pai nt #1 Aqueous Miltistage Pol yner Y-

Tabl e 2. 13

Mast er

22.1

Delta Y 20 gl oss

Conposition Particle refl ectance Exanple 2.21 Exanple 1.22 53.65 5.15 29.6
Conparative Cl1 - 48.5 -

Mul ti st age

Tabl e 2. 15

Pol yrmer Y-

Mast er

34.4 Table 2.14 -
Delta Y 20 gl oss

Mast er

Pai nt #1 Agueous

qup05|t|on Particle reflectance
Exanpl e 2.22 Exanple 1.30 52.5 3.55 35.7 "Conparative Cl2 - 48.95 -
Pai nt #2 Agueous Ml ti stage Pol ynmer Y-

23.8 65

Delta Y

Oorrp03|t|onTl§gretg qge_ mg{&qbﬁgggg Exanpl e 2.23 Exanple 1.23 65.25 2.8
|

Conparative D Table 2.16 - Master Paipt #2 Aqueous Milti stage
Pol ynmer Y- qutaaué{ Corrpo:Mulhat@rE’mlymrr@fleéf-ance Fdtayl € 2. 24 Exanpl e
1.24 63. 75| Zothpoeitigaar at i YPal¥cle 6. 1. 55 - Tabflectdnde/| - Mastef Paint #3
Agqueous M tlgkﬁgglé@&gma' Y-ERehb Y. 23Composighiam Partibgd e feflectance
Example 2. 25 Exanple 1.26/51.4 6 Conparatiive E - 45!/4 The tesults in

Tabl es 2. 3| tCodparatsteoldlt hat dried coating|pré&@atied from the aqueous
conposi ti ons—of Exanples 2.1 to 2. 25 which containedultistage polyner

particles having sel ect absorbi ng groups,
Table 2.16 - Master Paint #2

had i ncreased | evel s of hiding

Aqueous Multistage Polymer Y- Delta Y
Composition Particle reflectance
Example 2.24 Example 1.24 63.75 2.2
Comparative D2 - 61.55 -
Table 2.17 — Master Paint #3
Aqueous Multistage Polymer Y- Delta'Y
Composition Particle reflectance
Example 2.25 Example 1.26 51.4 6
Comparative E - 45.4 -

The results in Tables 2.3 to 2.17 show that dried coating prepared from
the aqueous 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




conpared to the conparative dried coatings, which did not contain conposite
particles having nmultistage polyner particles. Further, the dried coatings
prepared fromthe aqueous coating conpositions of this invention had higher
| evel s of gloss than the conparative coatings. Table 2.18 - Mster Paint #1
Aqueous Multistage Y- Delta Y 20 gl oss Scggib Conposition Polynmer Particle
refl ectance Ratio Exanple Exanple 1.29 51.7 1.1 28.9 0.59 2.26 Conparative
"50.6 - 23.6 1 Cl3 66 Table 2.19 - Master Paint #1 Aqueous Pol ymer
Part icle Y- Todle 2.19 2Magteyd®ait trub Conpositi on ref | ectance Rat i o
Conpar at i ve—Cerparatt-veA—54-5-6-8—13-85022—A pat 4 39.5 1
Cl4 Table 2.A5%€0Ufpst of POLTRAGT %ﬁrt}ﬁh%eous I5€I ymer Dggtrat ((QQ gfo'sa g&f‘él?me.
Delta Y CdryuspesibanConparative Conpareflesfanee 40 6 -0l1 B1 r‘rj(ﬁa?féﬂl e -
49.7 - C15 |TBempesatlite | i iCohapHrasivE. A8 |t o 24.80 showb.Bhat t h&.8dr i ed0.28at iing
prepared firomtAe aquéous conposition of this invention, which contains

conposite p@gﬁllpg}mvg'udw ng mu tistage poiymer particles,zqs exenphified by
Exanpl e 2. 26, Erqw ed a conbi nation|of I nproved h| ding, as indicated|by a

B—1 A a HEEZ N e ¥ a WP | nitall | el
delta Y val‘ue—of +H—t—an—t+herease—+i 26 g1 0SS; and—an a\,bcpt apre—Tev of

scrub resistance, which indicated good filmformation and properties. In

contrast, tnhe,joBPRY aliaterdbdift #1

174

Aqueous Polymer Particle Y-reflectance DeltaY

Composition

Comparative | Comparative B 49.6 -0.1
Bl

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.




coating prepared fromthe conparative aqueous conposition, Conparative A,
whi ch cont ai ned conparative conposite particles having conparative single
stage polyner particles with a glass transition tenperature of 54C had
i mproved hiding but did not provided increase gloss and had an unaccept abl e
| evel of scrub resistance. Al so, the conpagrative dried coating prepared from
the conparative aqueous conposition, Conparative 131, which contained
conparati ve conposite particles having conparative single stage pol ynmer
particl es w Exampld 3issPrepanation ohComppeiteParicles witlCVadios develsr g lkorbed
increase hiding. Furfher, the.conparative aqueous conposition of

$fisae HlGnen bagad
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vari ous | evemereioRisensaan mﬂbgess%-é@@%gﬁm sgarflflgm AP COUREPRPAG toRS
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The Leneta Conpany
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bilp By R e &R0 e

AC- 261 bi ndefel2ve WALEHI X For 4ito BHRIEMbEFof4 SnddshidisUynrail SothHEe ¢dluls 9

Texanol TM coal escent X4
2.00 g wat€eFable3.1

Colloid 643 0.04 Supronil

HK Bl ack Liquid (25%in

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 2.00 g

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) (2) (g)
based on TiO,

Example 1.20 10 8.74 88.84 | 33.05 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

Bird at




Nat r osol TM 250 HR thi ckener (2.5%in 15.00 g water) Table 3.2 Miltistage

Pol ymer W.
(9)

% Mul tistage X1 X2 X3 X4 Particle Polyner
based on Ti Q2 Exanple 1.20 10 8.74 88.84 33.05 7.14 Exanple 1.20 30

Particle (g) (9) (9)

26.21 76.02 28.47 7.14 Exanple 1.20 60 52.42 56.79 21.59 7.13 Exanple 1.20

100 87.36 31.15 12.43 7.12 Exanple 1.20

dgt6 128.27 1.13 1.7 7.11 Exanple

1.21 10 8.74 88.84 33.05 7.14 Exanple 1.21 30 26.21 76.02 28.47 7.14 68
Exanple 1.21 60 52.42 56.79 21.59 7.13 Exanple 1.21 100 87.36 31.15 12.43

7.12 Examjl € Bxahpldb2128. R7 1. 136d. 7 7. 11 s&xanpl 56.9918 2058. 36 788 84
32.93 7.14 Exannjp 1.18 30/ 26 57 76 02 2812 7 1 Exanple 1_18 60 53]15
56.76 20.90 7. ESamE}ealrﬁ'ﬂe 1, 18 104088. 58 3. &E3§1J 281.151p 1ZEABnp| §.12 18 146
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100 88. 09 E Z [ EXanpl €, L. 19 T - 34 37 1T anpl e
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Exanpl e 1. ]7 6Bx HA 77911 96.79]21.32 3013 Exanpbe7l.176.000| 82885 31.71b4 11. 97
7.12 Exanple 1.17 14&128 81 131 03 7 {1
Example 1.18 60 53.15 56.76 20.90 7.13
Example 1.18 100 88.58 31.15 11.28 7.12
Example 1.18 146 130.05 1.13 .01 7.11
Example 1.19 10 8.81 88.84 32.98 7.14
Example 1.19 30 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 7.12
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 88.84 33.05 7.14
Example 1.16 30 26.21 76.02 28.47 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 g 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.
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The results in Table 3.3 show that the composite particles containing multistage
polymer particles having ratios of first polymer to second polymer in the range of
1:14 to 1:10 provided increased hiding in dried coatings, even at levels of 30 %
multistage polymer particles, based on titanium dioxide. At levels of 60 % and
greater, composite particles formed from multistage polymer particles having
ratios of first polymer to second polymer in the range of 1:14 to 1:4 provided

" increased hiding in dried films.

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

Ester Groups.

Preparation of Diethyl 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 hydroxyethyl methacrylate, 0.25 g ofa 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 period 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



Ester Goups. Preparation of D ethyl Ester of Phosphoethyl Methacrylate
Preparation #1. A 250 mlliliter (m) round bottomflask was purged with dry
nitrogen. To the flask was added 50.0 g hydroxyethyl nethacrylate, 0.25 g of
a5 weight %solution of 4-hydroxy-2,2,6,6-tetranethyl-piperidi nooxy, free
radical in propylene glycol nethyl ether7@acetate, and 10.0 g anhydrous
diethyl ether. The contents of the flask was heated and maintained at 75 C
for 30 mnutes while a streamof dry nitrogen gas was passed though the
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of phosphoet hyl" nethacrylate in butyl acetate.” Préparation #2: A 250

mlliliter (ditdhylchlochphotploatef Nesdt, DAS pinigpbglamine wayadded dogense wath he

flask was added 30.1 g hydroxfyet hyl nmet hacrylate and 50Q.0 g .
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havi ng phosphid$ati&e bEAPbIN eraBdreicl & ORI VB EPHYsBREARIA LA FullHstdr@Grodpaur
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ni trogen inlet, agheuselfisnexsionsnadetadring thepoleeripdrticles having phosphorus

acid full-ester groups were prepared in a 1-liter, four necked round bottom flask
equipped with a paddle stirrer, a thermometer, a nitrogen inlet, and a reflux
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 diethyl 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



To the flask was added 220 g dei oni zed water. The contents of the flask was
heated to 85 C under a nitrogen atnosphere. A nononer emnul sion (Me-1),

whi ch was prepared by m xing 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 diethyl ester of
phosphoet hyl nethacryl ate (Preparation #2;at 40 wei ght % 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 fl ask
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m nut es, anitheg cogl ed to room tenperature. Next, 3 g anmoni um hydroxi de
was added a tents of the flask was filtered to renove any

coagul um The reqyltheRthsfi WRLESAQN22(F% ABRIBze PwhterNAh dectRbh dSor@RPIRRL Of
36.5 weight % an average particle dianmeter of 152 nm and a pH of 8.5.
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flask at a rA{RoRl rforféreth BRIt OB ) Bhdcls fRdREsarea s iahgao gol ution of
0.20 g sodium persulfate in 18 g dei oni zed water, while maintaining
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-



the contents of the flask at a tenperature of 85C After the conplete
addition of Me-2 and the sodium persul fate solution, the contents of the
flask was nmintained at a tenperature of 85C for 15 minutes, and then cool ed
to room tenperature. Next, 3 g amoni um hydroxi de was added and t he
contents of the flask was filtered to reppve any coagulum The resulting

di spersion, Exanple 4.2, had a solids content of 36.0 weigh % an average
particle dianmeter of 109 nm and a pH of 8.3. Exanple 5 - Conposite
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185. 88 TexaRbeRirk CHAC2&IhiNdene. 26  Nat |06 250 HR t hi ckener (2.5% i n
166.32  wat water 185.88
Texanol™ coalescent 106.26
Natrosol™ 250 HR thickener (2.5% in | 166.32
water)
Colortrend™ 8807 black pigment 41.96
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



Col ortrendTM 8807 bl ack pignent 41.96 Table 5.2 Aqueous Pol yner Particles
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is increased to 10 grans/ mnute until the addition of ME-2 i's conplete.

After the comaltet evidbidionitemtsaff thMflaska idimialietai sedlatimtperpeod fuat of 861t Afer t he
contents of the flask is nmaintained at a tenperature of 85 C for 15
m nutes. Nex20 mipatesihedied rate efdErs sincreasgg dp d§ grams/minute until the

addition of ME-2 is complete. After the complete addition of ME-2 and the
sodium persulfate solution, the contents of the flask is maintained at a
temperature of 85 °C for 15 minutes. Next, the contents of the 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.,



roomtenperature and filtered to renove any coagulum The resulting

di spersion, Exanple 6.1, has a solids content of 36.0 weight % an average
particle dianmeter of 130 nm and a pH of 5.5. The glass transition
tenperatures of the first polynmer and the second polyner are 25 C and 18C,
respectively. The ratio of the first polymer to the second polyner is 1 to
9. The first polynmer contains isocyanate groups as the conplenentary
functional group. Exanple 7 - Preparation of Coval ently Bonded Conposite
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mnutes 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.



titani um di oxide particles. Covalently bonded conposite particles are
prepared by addi ng dropwi se 140 g of the aqueous dispersion containing the
functionalized titaniumdioxide particles, to 192.5 g of the aqueous
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di spersion is placed on a roller for at least 12 hours. The final conposite
particle dispersion has a solids level of 54.5 weight % The conposite
particl es coMlaitris cimezdvei ght 96titaniun1dioxide particles and 38.5 weight
% mul ti stage polyner particl es contajning |rst k yner haV|ng react ed

i socyanat e ghobyFolymer cqmaqsmgnep@ﬂ)ﬁ;éwagl tistaﬂew XFRRT PRIGHPSI ti on
conpri sing ”Wge&ahae%%h%?ké(ﬁ%u@ﬁt%g&&)8fri,mer"€h%r%w§ Sk, said mul tistage

pol ymer particleS co conprising: i) a polynerized

unit of a nmultiptahfydsepobahéryconmsasingat ed monomer, and ii) at |east one
pendant absorbin% group sel ected fron1the:§roup con5|st|ng of phosphorus
aci d groups, phodphbelymeaized unit pf 2snatieth a@@a wn,%amr@te%m@emna@d oups,
and m xtures ther. erein ald first pol ss _transit.ion
tenperature in tHz ibﬁ?\é’g%? pep %I?‘ﬁal&?&glflg 1:’?8?%@%1% @‘8&{8‘* RSPYHRERE
having a glass tgapRldphaPud SARYrBEMN, %HonE&%sra%ﬂDﬁﬂPEstefr g%ﬂpsﬁ?@yh@ld%c
wherein said second polyner is substantially free of sai at [ east one
pendant -absor bi ngidgchaip; grehps,ein mﬁuae%tlmgeOﬁ/\m ght ratio of said first
polymer to said second ng in th e of fron11 2 tp 20. 2. A
oo t 6 part RS UD R LR GO s hElsA T BarR HeTBe R tenesd
and b) a pluraldty ghe CE"!:H?S% pol ymer particles attached to said surface
of said inorganrc par eac of said nultistage polynmer particles

conprising: i) B o édcshd polyyi@ hadnpra ghsgtraasipivnyteetperatinerintthefrafge of
multiethylenically unsaturated nononer, and at |east one pendant absorbi ng
group sel ect ed fromofiPthto 3o B pveriesn saidmgeentd polymsngs sybstentially dtessof said

phosphorus acid tfllégslt 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:
i) 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.



ester groups, polyacid sidechain groups, and m xtures thereof, wherein said
first polynmer has a glass transition tenperature in the range of from-60C
to 35C, and ii) a second polynmer having a glass transition tenperature in
the range of from-60C to 35C, wherein sgsd second polymer is substantially
free of said at | east one pendant absorbing group; wherein the average

wei ght ratio of said first polyner to said second polymer is in the range
of from 1:2 3 d\rlag@eoupaconipositivragisebilfor prargging adriedseatingf cymprisipgr i ng a

dried coating, conpri.sing...a) a conposite particle conprising: i) an
i nor gani c paﬁqtai ‘E:qngg‘?%‘isﬁ %%tlafles%ﬂl?%%&ngand ii) aplurality of nultistage
pol ynmer particlesm aks élg@q)agﬁclggigiﬁg@f@gc@{aﬁi d inorganic particle, each

of said multistage polymer particles conprising: a first polyner conprising:
a pol ynmeri zed unatplofalgtymfinuléisbagecpilyaieryparticleaabseatbed omsmodenrfasadt seid

| east one pendant absor bi.n rqup.sel.ected, fromthe group consisting of
phosphor us aci H“ﬁ"g%‘ﬁé?arﬁlﬁ%sgﬂg} Egsadéinau fitpge B er&%ﬁﬁgs AR &

si dechai n groups, Qﬁ?sﬂaigﬂrﬁ’é?%oﬁl? ';srﬁlgé]:’a M?fn%.&'i'ieé"i’iin@t of d fxﬁﬂti@&iﬂﬁ%rcalﬁ‘ S a

glass transition tenperature in ge of from-60C to 35C, "and a second

pol ymer havi ng augdaasgatiedanshdmer) andngideastuore pendane abantdéng krodp setect6dC t o

35C, wherein said second polyner is substantially free of said at | east one
pendant absor bi ngoBriheETowREPRIIALING T RYBSRIFEUGBFIGHETouRE | RhasPheriAgid fal-

pol yner to said ess%gpgpo@%i:écﬁgcidis?dé.c%aﬁltﬂ gfch.ﬁ:)%gg?g fnél]fxgllﬁ)%s%héréo? whéin ?g%l P)e

a binder. 4. The™aqueou oSItion acc 0 aving a vo

organi ¢ conmpoungrdt§6Bmef hh€£a glddtahahfitidhatiRratirt ¢h thé redgdloPRILR0EBe°C
conposition. 5. A nultistage polyner particle conprising: a) a first

pol ymer conpri sitwg35°%C; aadpol yneri zed unit of a nultiethylenically
unsat urat ed rmnomag ’sec%rrll p(!lgn)nexé1 thalnenagsrsl gPa%g t%e?n 1l!,igrq%grtn%[a¥at]i1lf'lg ?I‘tl It}?g] Iaellng%ro%uD’
from -60°C to 35°C; wherein said second polymer is substantially free of
sald 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:
1) a polymerized unit of a multiethylenically unsaturated monomer, and
ii) 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.



wherein said first polymer has a glass transition tenperature in the range
of from-60C to 120C, and b) a second pol yner having a glass transition
tenperature in the range of from-60C to 35C, wherein said second pol yner
is substantially free of said at least o conpl ementary functional group;
wherein the average weight ratio of said first polynmer to said second
polynmer is in the range of from1:2 to 1:20. 77 6. A covalently bonded
conposite particle conprising: a) a pignent particle; b) a first plurality
of reacted coupling agents, such that each one of said reacted coupling
agent s f or ns6aAfdorslentlyhondad compasite particle ¢opipgistmg: particle; and ¢) a
second plural {ty.of Itigﬂage pol ymer particles, each of said nultistage
pol yrer partFtnggTﬁ PG i) a first polymer comprising: a pol ymerized

unit of a muph et BYPRIAES) byrddbeAt Wuplig FRATBLch &Mt GO SR Adabted
functional group reacted to forma second covalent bond wth a
cor r espondi ngouplnmhgesds dormy g firph covaldrtybond wishehed pimugiti paytatpand;

wherein said first polynmer, has | ass transitian te rature in.the range
of from -60Cct®5g ;plaﬁ@ﬂm? %@%&%&mpﬁwrﬁ ﬁ@@ said mylisiaeei on

tenperature | -60C to 35C, wherein said second pol yner
i's substanti P‘Iygx/lp(%r[;eag‘@%%sgglngﬁér?e cted conpl enentary functional group; and

wherein the avd)adastwolghierrcdtiprigdhg:sai d first polymer to said second
polymer is in the range of from1l:2 to 1:20. 7. An aqueous conposition,
useful for prepari®hpolymarized wohef agoulsishaylesically unspturated maemey, sehded

conposite particle, ¢cq i sing.. | . i riicl e 1 iyr ity
of reacted coupli nabc%{a ﬁ@%&gﬂ%h‘)l}cﬁlg agggﬂjpo%%c% éggpgh%%%gpgéﬁi%glﬁfﬁ%d
agents forns a fiwish acovakpoidingnaetod sarl GrspiplaRiity RAéAdb& couplitl Agdntsa

second plurality of multistage polyner particles, each of said nultistage
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:
i) a pigment particle;
ii) 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
iii) 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



pol ymer particles conprising: a first polymer conprising a polynerized unit
of a nultiethylenically unsaturated nononer, and a conpl enentary functional
group reacted to forma second coval ent bond with a correspondi ng one of
said first plurality of reacted coupling-gggents; wherein said first polyner
has a glass transition tenperature in the range of from-60C to 120C, and
78 a second polyner having a glass transition tenperature in the range of
from-60C to 35C, whsdcehd poiyrdeskaving aog]laysrenfarissmubahpmtafdmﬁfeeﬁx@% ofsai d
reacted conpl enentary functional group; wherein the average vvel rati o of
said first polyneromg683F dodedony Bﬁl?ﬁﬁd chgniiMmew stntig bhfrﬁe oft o
1: 20; and b) a bi ccording to claim?

) 248" eaéedmz% ?egﬁnxgtléﬁg ﬂ&??ﬁiall gg ;t? 9 !

having a volatil e 6rganic ’han 50 gram per liter of
said aqueous cwmsidt}fmaverage A eSEpesid & saad fitstl 1ERRPLs §é1|ag;ec@ﬂd Bélymer
inorganic particle having a surface; and b) a plurality of polymer particles
absor bed on sau@llrsthefmeafffgand%@ﬂg‘,’é)naod particle, each of said pol ymer
particles hab;arll%n? eeendant phosphorus acid full-ester group.

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. 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.



