- 1- SURFACTANT- CONTAI NI NG ACETOACETOXY- FUNCTI ONAL AND ENAM NE- FUNCTI ONAL
POLYMERS Field of the Invention This invention belongs to the field of
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This invention belongs to the field of emuision chemistry. 1n particular, it
relates to acetoacetoxy-functional polymers which are useful in a variety of coating
formulations.

Background of the Invention

10 In an increasing number of industries, aqueous coating compositions continue
to replace traditional organic solvent-based coating compositions. Paints, inks,
sealants, and adhesives, for example, previously formulated with organic solvents are
now formulated as aqueous compositions. This reduces potentially harmful exposure
to volatile organic compounds (VOC’s) commonly found in solvent-based

15 compositions. While the move from organic solvent-—based to aqueous compositions
brings health and safety benefits, the aqueous coating compositions must meet or
exceed the performance standards expected from solvent-based compositions. The
need to meet or exceed such performance standards places a premium on the
characteristics and properties of waterbome polymer compositions used in aqueous

20 coating compositions.

Waterborne polymer having various functional groups have been used to
impart and achieve desired properties to a particular coating composition. For
example, a coating composition should exhibit good film formation, print and block
resistance, as well as adhesion and tensile properties. Polymers having acetoacetoxy-

25 and enamine-functional groups represent one example of waterbornc polymers which

have such properties, may carry different functiona) groups, and are useful in aqueous

coating compositions.
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resi stance, as well as adhesion and tensile properties. Polynmers having
acet oacet oxy- and enam ne-functional groups represent one exanple of

wat er borne pol yners which have such properties, may carry different
functional groups, and are useful in agueous coating conpositions. U S.
Pat ent 5, 206W830/48468Ccl oses a qui ck-curing coating prepared darRiEyPoshml Yer
havi ng acetoacetyl groups, in which substantially all of the acetoacetyl
groups have been converted to enam ne functional groups. This conversion
occurs, for exanple, by treatnment with amonia or a prinmary amne. Coatings
So prepared -2- cure nore quickly under sunlight or ultraviolet Iight
than coatings which contain the acetoacetyl functional polymer but which
have not been converted to an enam ne fcqrn U S. Patents 5,484,975 and
5,525,662 describe the preparation of polyners containing functional
acetoacetate groups and then, follow ng the polynerization, reacting the
acetoacetate group with a functional amne to forman enam ne. The

resul ting pol yner g .51Patch€R896, 39 dise1dieEquicki@fing bdatik pHp&ed kdf &/di Ng
coatings, seal ants, adﬁe3|ves and safﬁ%ant ap 4 %%a%?ﬂﬁ BB% Pat ent

5, 498, 659 di @@lya%bavm %ﬁ@#qeéylﬂm“nﬂllmwhwhsul@Canmllyﬁlmtmcatqqus carrier,
at |east one gpo%by We'b%ed &ﬂ(r&@d‘?@%ﬂmm@ Rmctp ona groups Tpus c rflvl'leps%r{ &231!5

for example, by treatment with ammonia or a primary amine. Coatings so prepared

5 cure more quickly under sunlight or ultraviolet light than coatings which contain the
acetoacetyl functional polymer but which have not been converted to an enamine
form.

U.S. Patents 5,484,975 and 5,525,662 describe the preparation of polymers
containing functional acetoacetate groups and then, following the polymerization,

10 reacting the acetoacetate group with a functional amine to form an enamine. The
resulting polymers are reported to have a variety of uses including coatings, sealants,
adhesives, and saturant applications.

U.S. Patent 5,498,659 discloses polymeric formulations comprising an
aqueous carrier, at least one polymeric ingredient, a non-polymeric polyfunctional

15 amine, and a base. The polymeric ingredient has both acid-functional and
acetoacetoxy-type functional moietiés. The aqueous polymeric formulations produce
crosslinked polymeric surface coatings on a substrate.

Japanese Patent 61-21171 describes a fast-curing adhesive consisting of two
separate liquids. The first liquid is an aqueous solution and/or aqueous emuision of a

20 polymer compound containing an acetoacetyl group. The second liquid consists of
polyethylenimine.

Even with current waterbomne polymer formulations, a need remains for
improved aqueous coating compositions and waterborne polymers for use in those
compositions. In particular, a need exists for waterbome polymer compositions which

25 may formulated as a single, stable composition but which undergo crosslinking upon
film formation imparting one or more desired properties to the resulting coating. The

present invention meets such needs.
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am ne, and a base. The polyneric ingredient has both acid-functional and
acet oacet oxy-type functional noieties. The aqueous polyneric fornul ations
produce crosslinked polymneric surface coatings on a substrate. Japanese

Pat ent 61-21171 descri bes a fast-curing adhesive consisting of two separate
| i qui ds. The wopw#s46d qui d i s an aqueous sol ution and/ or aquecTEsye8808i on of
a pol yner conpound contai ning an acetoacetyl group. The second liquid

consi sts of pol yethylenimne. JP 0320302 relates to a process for preparing
an acetoacetyl group containing water soluble polynmer conpound which
conprises copolynerizing (a) an acetoacetyl group- containing ethylenically
unsat urated nononer, (b) a sul phonic group-containing water sol uble

et hyl eni cal | y unsaturated nononer; and (8) a hydroxy group-containing

et hyl eni cal |y unsaturated nononer. The sul phoni ¢ group-contai ni ng wat er

sol ubl e ethylenically unsaturated nononer is defined as styrene sul phonate.
Even with current waterborne polyner fornulations, a need remains for

i nproved aqueBesmaryaifithegneswiposi ti ons and wat er borne pol yners for use in
t hose conpositions FarticuL r, a_need exists for watefborne pol yner
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properties tot ing coati nt%. The present invention neets such
needs. a surfactant-containing enamine-func

tional polymer and more preferably a surfactant-
5 containing, polymeric (polyamino)enamine (PPAE). The PPAE is the reaction
product of a surfactant-containing acetoacetoxy-functional polymer (SAAP) and a
poly(alkylenimine). The polymers of the invention may be prepared as waterborne
polymer compositions, such as latexes. The waterbome polymer compositions can be
prepared with high solids content while maintaining low viscosity. Waterbome
10 polymer compositions containing the polymers of the invention are useful in a variety
of coating formulations such as, for example, paints, inks, sealants, and adhestves.
When used in coating formulations, the polymers of the invention provide adhesion
and crosslinking in the final film or coating. The film or coating may be cured at
ambient temperatures or may be thermally cured.
15 Brief Description of the Drawings
Figure 1 depicts the affect of polymer particle size and percent solids on the
viscosity of a latex of the invention.
Detailed Description of the Invention
The present invention provides polymers which may be used in a waterbormne
20 polymer composition, that is a composition containing a polymer and water.
Waterbome polymer compositions include, but are not limited to, latexes, dispersions,
microemulsions, or suspensions. Waterborne polymer compositions are stable when
stored at room temperature or moderately above room temperature {e.g., about 50 o
60°C) and provide adhesion and crosslinking upon film formation when applied to a
T 25 substrate. Yet, a film or coating formed with polymers of the invention may be cured

at room temperature (ambient cure) or at elevated temperatures (thermal cure).
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-3- Summary of the Invention This invention provides a

sur fact ant - cont ai ni ng acet oacet oxy-functional polyner (SAAP). In a
preferred enbodi nent, the acetoacetoxy-functional polyner is a

sur f act ant - cwatggMsdéBg enam ne-functi onal polymer and nore @cahRoaesls a -
surfactant- 5 cant ai ni ng, polyneric (polyam no)enam ne (PPAE). The
PPAE is the reaction product of a surfactant-containing

acet oacet oxy-functional polynmer (SAAP) and a poly(al kyl enimne). The

pol ymers of the invention may be prepared as waterborne pol yner

conposi tions, such as |atexes. The waterborme pol ymer conpositions can be
prepared with high solids content while jgmintaining | ow viscosity.
Wat er borne 10 pol ymer conpositions containing the polyners of the

I nvention are useful in a variety of coating formulations such as, for
exanpl e, paints, inks, sealants, and adhesives. Wen used in coating

formul ations, the Tebylyiiefs oFthdilifentibl GidlgeRdiall}f ;¥aFR 28 JR6SIE Baitlarly
crosslinking in the final filmor coating. The filmor coating nmay be cured
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to about 100 nm and more preferably from about 45 to about 80 nm. For large
particles, preferred average polymer particle sizes range from about 110 to about
450 nm.
The polymer particles generally have a spherical shape. In one embodiment,
10 the generally spherical polymeric particle may have a core portion and a shell portion.
The core/shell polymer particles may also be prepared in a multilobe form, a peanut
shell form, an acor form, or a raspberry form. It is further preferred in such particles
that the core portion comprises about 20 to about 80% of the total weight of said
particle and the shell portion comprises about 80 to about 20% of the total weight of
15 ' the particle. |
Reacting a surfactant-containing acetoacetoxy-functional polymer (SAAP)
with ammonia, a primary or secondary amine yields a surfactant-containing enamine-
functional polymer of the invention. A polymeric (polyamino)enamine (PPAE) results
from the reaction of a SAAP with a poly(alkylenimine). Polymeric
20 (polyamino)enamines represent a particularly preferred group of amino-functional
polymers for use in a waterborme polymer composition according to the invention.
These various polymers according to the invention, their preparation, and the related
preferred embodiments are discussed below.
The SAAP may be prepared by free radical emulsion polymerization of a non-
25 acid vinyl monomer having an acetoacetoxy functionality such as those of Formula
(1) below with at least one non-self-polymerizing, surface-active vinyl monomer and

other non-acid vinyl monomers. This affords water-based dispersion of surfactant-



Wat er bor ne pol yner conpositions include, but are not limted to, |atexes,
di spersions, mcroenul sions, or suspensions. Waterborne polyner
conpositions are stable when stored at roomtenperature or noderately above
roomtenperature (e.g., about 50 to 60[err]C) and provi de adhesi on and
crossl i nki ngwpeamssesl m f or mati on when applied to a 25 PGUMIRIT/NGRDE. Vet ,
a filmor coating formed with polyners of the invention may be cured at
roomtenperature (ambient cure) or at elevated tenperatures (thermal cure).
WD 97/ 45468

PCT/ US97/ 08808 -4- The polyners of the invention are generally prepared as
particles, particularly in a waterborne conposition. The particles nay be
structured or unstructured. Structured particles include, but are not
limted to, core/shell particles and gradient particles. The average

pol ymer particle size may range from about 25 to about 500 5 run.
Preferred average polyner particle sizes for small particles range from

about 25 to a@mmnlﬂ@ﬁblm@ﬂdmm@mhmeqiodghﬂérlhywﬁgpmd&h@cﬁtoa@aokpgmbpwt 80 nm
preferred average polymer particle sizes range from

gg{)ult “110 to. &95 Bas 5 B ACHREN BIOPARPT 15 2R Fﬁh&wga‘yéwé?taw Rve a spheri cal
shape. | n one.M0ft Bl lkontahing monomérh% SRR %&&c&&&%&&ﬁ a%yanﬁr X
particle nmay have’a core portion and a eII portio e core el
pol ymer partilohesl totlyosehtshe tbemprﬁpm;sdymn Remdaht dcktohetaxy groupsalgeanut
5 include groups attached to the polymer’s backbone and available for further reaction.
The SAAP preferably contains about 1 to about 40 weight percent
acetoacetoxy-functional monomers such as those of Formula (1) below, about 0.05 to
about 20 weight percent of at least one non-self-polymerizing, surface-active vinyl
monomer and about 60 to about 90 weight percent of other non-acid vinyl monomers.
10 The weight percentage is based on the total amount of monomer. More preferably,
the SAAP has about 10 to about 25 weight percent acetoacetoxy monomers, about 0.1
to about 10 weight percent of at least one non-self-polymerizing, surface-active vinyl
monomer and about 75 to about 90 weight percent of other vinyl monomers.
The water-based emulsion polymerization to prepare the SAAP preferably
15 occurs in the presence of a nonionic surfactant and an anionic surfactant. The
nonionic surfactant may be present in amounts ranging from about 0.25 to about 5
phr, and the anionic surfactant in amounts ranging from about 0.1 to | phr. The unit
“phr” defines the grams dry weight of the recited component, for example the
surfactant, per 100 grams dry weight of the resin, where the “resin” includes all
20 polymerization components excluding water. Aspects of this emulsion
polymerization and preferred embodiments are discussed below.
Any non-acid vinyl monomer having acetoacetoxy-type functionality may be
used to prepare a polymer of the invention. Of such monomers, preferred monomers
are those of Formula (1).
- 25
R'-CH=C(R2)C(O)-X I-X2-X3-C(0)-CH,-C(0)-R? ¢}



shell form an acorn form or a raspberry form It is further preferred in
such particles that the core portion conprises about 20 to about 80% of the
total weight of said particle and the shell portion conprises about 80 to
about 20% of the total weight of 15 the particle. Reacting a

sur f act ant - cCWX9Gi4sH68 g acet oacet oxy-functi onal pol yner (SAARcTRISbIsassTONI A,
a primary or secondary am ne yields a surfactant-containing enam ne-
functional polyner of the invention. A polyneric (polyam no)enam ne (PPAE)
results fromthe reaction of a SAAP with a poly(al kyl enimine). Polyneric 20
(pol yam no) enam nes represent a particularly preferred group of

am no-functional polyners for use in a waterbone polyner conposition
according to the invention. These variogs polyners according to the

i nvention, their preparation, and the related preferred enbodi ments are

di scussed bel ow. The SAAP may be prepared by free radical emul sion

pol yneri zation of a non- 25 acid vinyl nononer having an
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nononmer and ot her non-acid
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gr oups. N(R")-, where R' is a C,-C; alkyl group. X?is a C,-C,, alkylene group or C,-C,,
5 cycloalkylene group. The alkyl and alkylene groups described here and throughout
the specification may be straight or branched groups. Preferred monomers of Formula
(1) are acetoacetoxyethyl methacrylate, acetoacetoxyethyl acrylate,
acetoacetoxy(methyl)ethy! acrylate, acetoacetoxypropyl acrylate, allyl acetoacetate,
acetoacetamidoethy! {meth)acrylate, and acetoacetoxybutyl acrylate.

10 Acetoacetoxyethyl methacrylate (AAEM) represents a particularly preferred monomer
of Formula (1).

Suitable non-acid vinyl monomers which may be used, for example, include,
but are not limited to, methyl acrylate; methyl methacrylate; ethyl acrylate; ethyl
methacrylate; butyl acrylate; butyl methacrylate; isobutyl acrylate; isobutyl

15 methacrylate; ethylhexyl acrylate; 2-ethylhexyl methacfylate; octyl acrylate; octyl
methacrylate; iso-octyl acrylate; iso-octyl methacrylate; trimethylolpropy! triacrylate;
styrene; a-methyl styrene, glycidyl methacrylate; carbodiimide methacrylate; C,-C,,
alkyl crotonates; di-n-butyl maleate; di-octylmaleate; allyl methacrylate; di-allyl
maleate; di-allylmalonate; methoxybutenyl methacrylate; isobornyl methacrylate;

20 hydroxybutenyl methacrylate; hydroxyethy! (meth)acrylate; hydroxypropyl
(meth)acrylate; acrylonitrile, vinyl chloride; ethylene; vinyl ethylene carbonate; epoxy
butene; 3,4-dihydroxybutenc; hydroxyethyl (meth)acrylate; methacrylamide;
acrylamide; butyl acrylamide; ethyl acrylamide; vinyl (meth)acrylate; isopropeny!
(meth)acrylate; cycloaliphaticepoxy (meth)acrylates; and ethylformamide. Such

25 monomers are described in “The Brandon Worldwide Monomer Reference Guide and

Sourcebook™ Second Edition, 1992, Brandon Associates, Merrimack,



As used here, a non-acid vinyl nononer is an ethylenically-unsaturated,
non- carboxylic acid-containing nononer. A pendant acetoacetoxy group is
not strictly limted to those at the termni of the polymer. Pendant

acet oacet oxy groups also 5 i ncl ude groups attached to the polyner's
backbone and woar4saé e for further reaction. The SAAP pref erabU§97®8808 ai NS
about | to about 40 wei ght percent acetoacetoxy-functional nononmers such as
t hose of Formula (1) bel ow, about 0.05 to about 20 wei ght percent of at

| east one non-sel f-pol ynerizing, surface-active vinyl nononmer and about 60
to about 90 wei ght percent of other non-acid vinyl nononers. 10 The
wei ght percentage is based on the total amount of nononer. More preferably,
t he SAAP has about 10 to about 25 wei ghtypercent acetoacetoxy nononers,
about 0.1 to about 10 wei ght percent of at |east one non-self-polynerizing,
surface-active vinyl nononer and about 75 to about 90 wei ght percent of

ot her vinyl nononers. The water-based enul sion polynerization to prepare

t he SAAP pr ef Bewidaynpiliire; and in “Belymes and MdnempusE skenk996- 199 2 Catalog dromnc

sur f act ant a% an. ani gni surf act nt.lTh.e noni oni ¢ surfactant nmay be
present in anb¥MiERFE IR N2 PERRdIsBEY ™S (o about 5 phr, and the anionic

3 u ][ fact anL in amumiﬁcréa@@ﬂjrl]ﬁ&r ]gtmrﬁlw,&beup a:QcauJu &Soutl 0.4 i) of]]&eiuulrﬂ-t | phr'r']
efines the grams (r ight o er ed c onent, for exanp]e the
oty ant . DuTamas Y ety o culoafie, GHeSS el A na ionpmes spBts '
i ncl udes al |l #Qorporated intofitl SAVE iABaihg Such EBTIAESRUNSMEX R thhohGney\§HeRfor Aspect s
of this enul sion polynerizati and preferred. enbodi nts, are di scussed
Dl ot~ Ay noremER P redes e oh B R isR L BUTTO R B ) | Ly
may be used t BPAR.cibigh evels fohciRBbilidiig hér®men wen tiegawaté meanttdne tayaroner s,
preferred TONRA% e polymer particles in the latex or disrupt film formation. AMPS is available from

Pennwalt Corporation under the LUBRIZOL. 2405 Trade name.

10 Vinyl esters of the general Formula (2) represent further examples of non-acid

vinyl monomers:
RCH=CH-0-C(0)-CRR ), 2

15 InFormula (2), R is independently hydrogen or an atkyl group of up to 12 carbon
atoms. Particular monomers of Formula (2) include CH,=CH-O-C(0)-CH,,
CH,=CH-0-C(0)-C(CHj,),, CH,=CH-0O-C(0)-CH(C,H)}(C,H,), and
CH,=CH-0-C(0)-CH,CH,. Vinyl ester monomers also include vinyl esters of vinyl
alcohol such as the VEOVA series available from Shell Chemical Company as

20 VEOVA 5, VEOVA 9, VEOVA 10, and VEOVA 11 products. See O.W. Smith, M.J.
Collins, P.S. Martin, and D.R. Bassett, Prog. Org. Coatings 22, 19 (1993).

As a further preferred embodiment, the SAAP may also incorporate nitrogen-
containing, non-acid vinyl monomers known to promote wet adhesion. Exemplary
wet adhesion monomers include, for example, t-butylaminoethyl methacrylate;

25 dimethylaminoethyl methacrylate; diethylaminoethyl methacrylate; N,N-
dimethylaminopropyl methacrylamide; 2-t-butylaminoethyl methacrylate; N,N-
dimethylaminocethyl acrylate; N-(2-methacrylamido-ethyl)ethylene urea; and N-(2-



are those of Formula (1). 25
R-CH=CRerr])CO-Xerr]-Xerr]-Xerr]-C(O-CHerr]-C(O-Rerr]

(1) WD 97/ 45468

PCT/ US97/ 08808 -6- For an acetoacetoxy-type nononer of Forrmula (1), Rerr]
I s a hydrogewomidbsBogen. Rlerr] is a hydrogen, hal ogen, Cl®fridsofassss’ | -

al kylthio group, or (Jerr]-Clerr] alkyl group. Rerr] is a (Jerr]-(err]

al kyl group. Xferr] and X/ err] are independently 0, S, or a group of the
formula - N(R)-, where Rerr] is a (Jerr]-Cerr] alkyl group. Xerr] is a
Cerr]-Cerr] alkylene group or (Jerr]-Clerr] 5 cycl oal kyl ene group.
The al kyl and al kyl ene groups descri bed here and t hroughout the

speci fication may be straight or branchegd groups. Preferred nononers of
Formula (1) are acetoacetoxyethyl nethacryl ate, acetoacetoxyethyl acryl ate,
acet oacet oxy(net hyl )ethyl acryl ate, acetoacetoxypropyl acrylate, allyl

acet oacet ate, acetoacetam doethyl (neth)acrylate, and acetoacet oxybutyl

acryl ate. 10 methacryloyioR}-aagiRpitivionetubaal rhé’tﬁicﬁl?l_@x)!eﬁ@ﬁ%yfeﬁ@ﬁ:%§ fnts a

particularly preferred nononer of Fornmula (1). Suitable non-acid vinyl
nononer s whi ciraiahle fiem RobmTeehys 50%eapiition in wateuder theiRokamera6852+0 triadeed t o,

oY e NG, R RS B G
methacrylamido-ethyl)ethylene urea is available from Rhone-Poulenc under the
5 WAM trade name.

Small amounts of acid vinyl monomers may also be used to prepare an SAAP
according to the invention. Such acid vinyl monomers include, for example, acrylic
acid, methacrylic acid, itaconic acid, crotonic acid, and monovinyi adipate.
Incorporating acid vinyl monomers into the SAAP may increase the viscosity of the

10 resuiting latex and may have a detrimental effect on the formation of an enamine-
functional polymer according to the invention. Generally these monomers are used in
small amounts. Preferably, the amount of acid vinyl monomers may range, for
example, from O to 5 phr. Greater amounts may be uscd to achieve a desired effect,
such as increased viscosity. '

Preparation of the SAAP reacts non-acid vinyl monomers, such as described
above, with at least one non-self-polymerizable, surface-active vinyl monomer (also
known as a non-self-polymerizable ethylenically-unsaturated surfactant or a reactive
surfactant). A non-self-polymerizable surfactant monomer, rather than polymerizing
with itself to form a separate polymeric surfactant, is substantially (preferably
completely) incorporated into the polymer of the invention. Thus, the surfactant
becomes part of the polymer. Non-self-polymerizing surfactants possessing, for
example, propenylphenyl or allyl groups are preferred. Examples include surface
active monomers sold by PPG Industries, Inc., as MAZON® SAM 181, 183, 184, 211
surfactants which are anionic sulfates or sulfonates and MAZON® SAM 185-187
surfactants which are nonionic surfactants. Other non-self-polymerizing, surface-
active vinyl monomers include the macro monomers sold by Daiichi Kogyo Seiyaku

under the names NIOGEN RN, AQUARON or HITENOL surfactants. These include



15 met hacryl ate; ethyl hexyl acrylate; 2-ethyl hexyl nethacryl ate;
octyl acrylate; octyl nethacrylate; iso-octyl acrylate; iso-octyl

nmet hacryl ate; trimethylol propyl triacrylate; styrene; a-nethyl styrene;
gl ycidyl nmethacrylate; carbodiimde nethacrylate; Clerr]-Clerr] alkyl
crotonates; dvon#ssdé8yl nul eate; di-octyl mal eate; allyl nethecry$aosses
di-allyl naleate; di-allylnmlonate; nethoxybutenyl nethacrylate; isobornyl
nmet hacryl ate; 20 hydr oxybut enyl net hacryl ate; hydroxyet hyl
(meth)acryl ate; hydroxypropyl (neth)acrylate; acrylonitrile, vinyl

chl oride; ethylene; vinyl ethylene carbonate; epoxy butene;

3, 4-di hydr oxybut enc; hydroxyethyl (neth)acryl ate; nethacryl am de;
acrylam de; butyl acrylam de; ethyl acrypam de; vinyl (meth)acryl ate;

i sopropenyl (meth)acrylate; cycloaliphaticepoxy (neth)acryl ates; and

et hyl f ormam de. Such 25 nononers are described in "The Brandon
Wor |l dw de Monomer Reference Guide and Sour cebook"” Second Edition, 1992,
Br andon Assocpalyaysthjdene aliedpheny! ethey@opiponiit©8the general formulae (3), (4), and
PCT/U897/0880§.-7- New Hanpshire; and in "Polynmers and Mononers", the
1996- 1997 .Cat pog from Pol ysci ence, Inc., Warrington, Pennsylvania. To
i ncrease polyner stability, a small anount (about 0.4 phr) of sodium 2-
acryl am do- 2- et hyl propane sul fonate, (AWMPS), and other stabilizing
mononers may be 5 CHéd-6Hsat ed into the SAAP. Adding such

/
stabilizing nDnoners‘Pb t he pol yner shell, for
R- \.C-) -O(CHZCH {))gi 3)

/CH=CH-CH3

®-
R~0<.9 -O(CHLHP) SO,NH , (4)

CfHZOCH.zCH=CHZ
: R-{é}-OCH ;HO(CHZCH ?%SO 3NH 4 5

In Formulae (3), (4), and (5), R is nonyl or octyl and n and m are preferably integers
of from 15 to 50 and 15 to 40, respectively. More preferably, n ranges from 20 to 40,
and m from 15 to 25. HITENOL RN, HITENOL HS-20 and HITENOL A-10
products are particularly preferred non-self-polymerizing, surface-active monomers.

5 Other such polymerizable surfactants include the sodium atkyl allyl sulfosuccinate
sold by Henkel, under the trade name TREM LF-40 surfactant.

The SAAP (as well as other polymers useful in the invention) may be prepared
using emulsion polymerization techniques known in the art. The polymer may, as is
known in the art, be prepared using free radical emulsion polymerization techniques

10 which yield structured or unstructured particles. As mentioned above, structured

particles include, for example, core/shell particles, raspberry particles, and gradient



exanple, aids in preventing flocculation upon the addition of a
pol yal kylenimne to forma PPAE. H gh |evels of such stabilizing nononers

may create water
di srupt filmformation.

nmenbrane | ayers between pol ymer particles in the latex or
AMPS is avail able from Pennwal t Corporation under

t he LUBRI ZOLwWOHEsdE8 ade nane. 10 Vi nyl ester scqfusbhigsgener al

Formula (2)

represent further exanples of non-acid vinyl nononers:
RCH=CH- O C(O-C(R[err] (2) 15 In Fornula (2),

i ndependent |y hydrogen or an al kyl group of up to 12 carbon atons.

Particul ar nononers of Fornmula (2) include CHerr]=CHOC(O-CHerr],

CHerr]=CHOCO-C(CHerr])[err],

CHerr]=CHOCO-CHCerr]Herr])(CernhHerr]), and _ _
CHerr]=CHOCO-CHerr]CHerr]. Vinyl ester nononers al so include vinyl
esters of vinyl alcohol such as the VEOVA series avail able from Shell

Chem cal Conpany as 20
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net hacy yl am
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19 (1993), As a further preferred embodi ment,

ate; "amh foet hyl

VEOVA 5, VEOVA 9, VEOVA 10, and VEOVA 11
pr oduct s Segpafficlts. Shaih Iman%rhgeﬁb,lxﬁ:tlers Rdindipehts bufferRfard cRalyB@sset t,
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mercaptoacetic acid, allyl mercaptopropionate, allyl mercaptoacetate, crotyl
mercaptopropionate, crotyl mercaptoacetatc, and the reactive chain transfer agents
taught in U.S. Patent No. 5,247,040, incorporated here by reference. In particular,
2-ethylhexyl 3-mercaptopropionate represents a preferred chain transfer agent.

Typical initiators include hydrogen peroxide, potassium or ammonium
peroxydisulfate, dibenzoyl peroxide, lauryl peroxide, ditertiary butyl peroxide, 2,2'-
azobisisobutyronitrile, t-butyl hydroperoxide, benzoyl peroxide, and the like.

Suitable reducing agents are those which increase the rate of polymerization
and include for example, sodium bisulfite, sodium hydrosulfite, sodium formaldehyde
sulfoxylate, ascorbic acid, isoascorbic acid, and mixtures thereof.

Polymerization catalysts are those compounds which increase the rate of
polymerization and which, in combination with the above described reducing agents,
may promote decomposition of the polymerization initiator under the reaction
conditions. Suitable catalysts include transition meta) compounds such as, for
example, ferrous sulfate heptahydrate, ferrous chloride, cupric sulfate, cupric chioride,
cobalt acetate, cobaltous sulfate, and mixtures thereof.

As discussed above, the emulsion polymerization to prepare the SAAP
preferably occurs in water and in the presence of a nonionic surfactant and/or an
anionic surfactant. Suitable nonionic surfactants include surfactants such as alkyl
polyglycol ethers such as ethoxylation products of lauryl, oleyl, and stearyl alcohols;
alky] phenol polyglycol ethers such as ethoxylation products of octyl- or nonylphenol,

diisopropy! phenol, and triisopropyl phenol. Preferred nonionic surfaciants are the



WD 97/ 45468
PCT/ US97/ 08808 -8- nethacryl oyl oxy-ethyl)ethyl ene urea.

N ( 2- met hacryl oyl oxyet hyl ) et hyl ene urea is avail able from RohnTech as 50%
solution in water under the Rohanere 6852-0 trade nane and as a 25%

sol ution i n Wex%#454hder the Rohamere 6844 trade nane. N-(2XCT/US97/08808

nmet hacryl am do- et hyl ) et hyl ene urea i s avail abl e from Rhone- Poul enc under

the 5 WAM trade nanme. Snmall amounts of acid vinyl

be used to prepare an SAAP according to the invention.
nmononers include, for exanple, acrylic acid, nethacryli

nononers nmay al so

Such acid vinyl

c acid,

itaconic

acid, crotonic acid, and nonovi nyl adipate. Incorporating acid vinyl
nononers into the SAAP may increase thel¥iscosity of the 10
| atex and may have a detrinental effect on the formati on of an enam ne-

functional polyner according to the invention. Cenerally these nononers are

used in small amounts. Preferably, the anount of acid vinyl

resul ting

nononers nmay

range, for exHFIEOLf FoPt0 apbTERGRIOL NPeAd surfacigntq ayeidablgafjoadlnipfed t o achi eve

reacts non-acid vinyl nononers, suc e

a desired ef f@a%idc. ﬁG?ﬁ)IL Pﬁé%%@#%c\(égz f@d[g%%)réls Lﬁé@ﬁ%ﬁ@é k%io?tkr%({&@ﬁ o AP

ove, Wt

east one

non- sel f - pol ya mixture apl ie] 5 carivdnalimeanscondaryalecohbls andethpend adideo TERGIMOAS a
non-sel f - pol ynerj zahl e et hyl eni.cal | y-unsaturated surfactapt or
surfactant). Iﬁﬁ@ﬁgr wt-*ﬁ@{eyﬁ@rlp&améﬂgﬁ?f-aﬁ% ol ﬁﬁ%@m@ mglengh ¢
pol ymey i zi ng em,llaxe'o&m'bf,«nmeméfe}r@d SR G A YETRPY RO f436 kaRictant S

substantially (preferably
available from Air Products.

reactive
t han

Anionic surfactants which may be used in the invention include surfactants

such as alkali metal or ammomunm salts of alkyl, ary! or alkylary! suifonates, sulfates,

phosphates, and the like. These anionic surfactants include, for example, sodium

10 lauryl sulfate, sodium octylphenol glycolether suifate, sodium dodecyibenzene

sulfonate, sodium lauryldiglycol sulfate, and ammonium tritertiarybuty! phenol and

penta- and octa-glycol sulfonates, sulfosuccinate salts such as discdium ethoxylated

nonylphenol half ester of sulfosuccinic acid, disodium n-octyldecyl sulfosuccinate,

sodium diocty! sulfosuccinate, and the like. AEROSOL 18 surfactant, a 35% solution

15 of N-octyldecyl sulfosuccinimate in water and AEROSOL OT-75 surfactant, a 75%

solution of sodium dioctyl sulfosuccinate in water, from Cytech are preferred antonic

surfactants.

Water-dispersible and water-soluble polymers may also be employed as

surfactants/stabilizers in the water-based latexes of the invention. Examples of such

20 polymeric stabilizers include water-dispersible polyesters as described in U.S. Patent
Nos. 4,946,932 and 4,939,233; water-dispersible polyurethanes as described in U.S.
Patent Nos. 4,927,876 and 5,137,961; and alkali-soluble acrylic resins as described in

U.S. Patent No. 4,839,413. Cellulosics and polyvinyl alcohols may also be used.

The acetoacetoxy functionality in the SAAP may be present as frce

" 25 acetoacetoxy groups or as derivatives of those groups such as, for example, an

enamine group or acetoacetamide group. The acetoacetoxy-functional polymer may

contain both free acetoacetoxy groups and acetoacetoxy derivatives. Surfactant-



conpletely) incorporated into the polyner of the invention. Thus, the
surfactant becones part of the polyner. Non-self-polynerizing surfactants
possessing, for exanple, propenylphenyl or allyl groups are preferred.
Exanpl es include surface active nonomers sold by PPG Industries, Inc., as
MAZON SAM 18WOIB8468184, 211 surfactants which are ani oni c mordsat/essos0r
sul fonates and MAZON err] SAM 185-187 surfactants which are nonionic
surfactants. O her non-self-polyrnerizing, surface- active vinyl nononers

i nclude the macro nononers sold by Daiichi Kogyo Seiyaku under the nanes
NI OGEN RN, AQUARON or HI TENOL surfactants. These include WO 97/ 45468
PCT/ US97/ 08808 -9- pol yoxyet hyl ene al kyl phenyl ether conpounds of the
general formulae (3), (4), and (5): [ertje-In Forrmulae (3), (4), and (5), R
is nonyl or octyl and n and mare preferably integers of from15 to 50 and
15 to 40, respectively. Mre preferably, n ranges from20 to 40, and mfrom
15 to 25. HITENOL RN, H TENOL HS-20 and HH TENOL A-10 products are

particul arly ¢amefiRipg mwﬁxsetiornah:ﬂlms according te thefimeatiaicmay be pmmedar s. 5

gu Ihfe gs 332 |h ng? {t'dé%$%$\ %%hﬁgéir%ﬁélnggygﬁté&%ﬁ 2 e abg‘&ﬂ? sﬁ‘ref act ant .
reactnon stoichiometry uses at least one molar equivalent of amino hydrogen (N-H)
groups to acetoacetoxy groups.

5 Surfactant-containing enamine-functional polymers represent a preferred
derivative of polymers of the invention. Enamine-functional polymers may be used as
the acetoacetoxy-functional polymer in the water-based latex of the invention. In
water-based latexes, the enamine functionality serves to further stabilize the
acetoacetoxy-groups and protect them from hydrolysis. Enamine-functional

10 polymers have been described in Moszner et al., Polymer Bulletin 32, 419-426
(1994); European patent Application No. 0 492 847 A2; U.S. Patent No. 5,296,530,
and U.S. Patent No. 5,484,849, These documents are incorporated here by reference.

- Enamine-functional polymers may be prepared by reacting a polymer having
acetoacetoxy groups with ammonia or a primary or secondary amine. The primary or

15 secondary amine may be a monoamine compound or a polyamine compound.
Preferred amines include, for example, triaminononane,
H,N(CH,);CH(CH,NH,)(CH,),NH, (CAS Registry No. 1572-55-0), available from
Monsanto; 2-amino-2-methyl-1-propanol available as AMP-95 product from Angus
Chemical Company, Buffalo Grove, IL; or, as described below, polyethylenimine,

20 (PEI).

The preparation of enamine-functional viny! polymers having pendant
enamine groups is described in U.S. Patent No. 5,484,849. Typically, the reaction
stoichiometry uses at least onc molar equivalent of amino hydrogen (N-H) groups to
acctoacctoxy groups. Though the reaction 1s rapid, an equilibrium exists between the

25 enamine product and the acetoacetoxy/N-H reactants. The rate of enamine formation
increases with temperature. Due to the equilibrium, however, an enamine-functional

polymer may have both enamine and acetoacetoxy groups.



The SAAP (as well as other polynmers useful in the invention) may be
prepared using enul sion polynerization techniques known in the art. The
pol ymer may, as is known in the art, be prepared using free radical

emul si on pol yneri zation techni ques 10 which yield structured or
unstruct ur ed WAPY45d88es. As nenti oned above, structured partPCI/E8827/08888 ude,
for exanple, core/shel particles, raspberry particles, and gradi ent WO
97/ 45468 PCT/ US97/ 08808

-10- particles. Chain transfer agents, initiators, reducing agents,

buffers, and catal ysts, known in the art of enul sion polynerization, my be
used to prepare the polyners. Exenplary chain transfer agents are butyl

mer capt an, dodecyl mercaptan nercapt opreBionic acid, 2-ethyl hexyl

3- nmer capt opropi onate, n-butyl 3- 5 mer capt opr opi onate, octyl

mer capt an, isodecyl nercaptan, octadecyl mercaptan, mercaptoacetic acid,
allyl mercaptopropionate, allyl nercaptoacetate, crotyl nercaptopropionate,
crotyl mer capt oaceEramine-Smefiqnakpalanrrs praopelyaicrs mayalsorfbeprapgeddy t aught in

u.S. Patent o!xg)engéZi 2 3PenainEHRUANHOBRER. This” e{tlg{dfégg?eg Horpx?” i cul ar,

2- et hyl hexyl 3-mercaptopropionate represents a pr arn transfer
agent. 10 described Moszndr\epalG Xblyner Buldtinr32, 4 19426d @993y .dEngsine-Amtdotialle,

it ort 1 ary buPgPTBATRRaERE i) Brctgublie) wedaeed it Or3 Faenia g o7 O O
hydr oper oxi de ,ReZAYbrphafe@ Nk 8y rédtdndeN @slghfese methods, an enamine-functional
monomer may be substituted for an acetoacetoxy-functional monomer of formula (1)
to prepare surfactant-containing polymers of the invention.
To form a PPAE, a SAAP is reacted with a poly(alkylenimine}. In general, a
poly(alkylenimine) contains primary, secondary, and tertiary amine groups. At least a

10 portion of the primary and secondary amine groups of the poly(alkylenimine) react
with the pendant acetoacetoxy groups on the SAAP to form enamine linkages yielding
a crosslinked polymeric (polyamino)enamine or PPAE.

Poly(alkylenimines), particularly poly(ethylenimine), are known to flocculate
latexes, and are actually sold for that purpose. In contrast, the PPAE of the present

15 invention, does not flocculate, but provides a stable, waterborne polymer composition.
As shown in the examples below, adding a poly(alklyenimine) to a waterborne SAAP
composition yields a stable waterborne PPAE composition, without flocculation.
Advantageously, the PPAE affords -NH functionalities which increase adhesiveness
and crosslinking ability of a coating formulation containing the PPAE.

20 A poly(alkylenimine) for use in the invention may have a weight average
molecular weight of about 400 to about 750,000. The poly(alkylenimine) is
preferably a poly(ethylenimine) (PEI) and more preferably PEI having a weight
average molecular weight of about 800 to about 25,000. Such PEI compounds are
commercially available from many sources and include POLYMIN

25 poly(ethylenimine) and LUPASOL poly(ethylenimine) available from BASF

Corporation. BASF polyethylenimine product literature reports the ratio of
primary:secondary:tertiary amine groups to be about 1:2:1. A preferred PEl, LUPASOL G35



Sui tabl e reducing agents are those which increase the rate of

pol ymeri zation and include for exanple, sodiumbisulfite, sodium .
hydrosul fite, sodium fornal dehyde 15 sul foxyl ate, ascorbic acid,

i soascorbic acid, and mxtures thereof. Polynerization catalysts are those
conpounds whith9%45¢88case the rate of pol ynerizati on and whimhryusetyesses

combi nation with the above described reducing agents, may pronote
deconposition of the polynerization initiator under the reaction
conditions. Suitable catalysts include transition metal conpounds such as,
for 20 exanpl e, ferrous sul fate heptahydrate, ferrous chloride,
cupric sulfate, cupric chloride, cobalt acetate, cobaltous sulfate, and

m xtures thereof. As discussed above, thg-emul sion polynerization to
prepare the SAAP preferably occurs in water and in the presence of a

noni oni ¢ surfactant and/or an anionic surfactant. Suitable nonionic
surfactants include surfactants such as al kyl 25 pol ygl ycol ethers
such as et hoxgAt¥ethdenipinglekas & grolseuldranighy bf 2,090 exd 3 raémef psimeruisgdondahctediadys ;. al ky|
phenol pol ygl yaed gr&ilpl 6f sbot Gt .45 et hoxyl ation products of octyl- or

nonyl phenol , diisopropyl phenol, and triisopropyl phenol. Preferred
noni oni ¢ sur f acl ankh regction tedform th®PAE/ m&igccomplished by adding, with stirring,

T Rt 0 el o B o A R T L
reacti®n prodpudg(alihlcaimingishutd B ustd toliehizRé Baidlar kbR EmERIPBR/REYRH§ OhO! S
and et hyl ene gor)élix;%etb a;%ﬁt;r% groups of about 0.1 to about 35, preferably a molar ratio from

about 0.5 to about 20, and more preferably, from about 1 to about 5. The amount of

poly(alkylenimine) added to the polymer having pendant acetoacetoxy groups may

range from about 1 phr (grams dry weight poly(alkylenimine) to 100 grams dry

10 weight resin) to about 30 phr and preferably from about 7 phr to about 25 phr. A
water-based solution of the poly(alkylenimine) is preferably combined with a SAAP
emulsion over about 15-30 minutes at ambient temperature. When preparing the
PPAE in a single reaction vessel, the reaction mixture containing the SAAP may need
to be cooled before adding the poly(alkylenimine).

15 In a water-based composition of the invention, the acetoacetoxy-functional, or
enamine-functional polymers, (preferably a PPAE) may be present from about 5 to
about 60 weight percent solids, Based on the polymer’s dry resin weight. More
preferably, from about 25 to about 55 weight percent of the water-based composition.
The examples below illustrate the potymer preparation and water-based compositions

20 of the invention.

Latexes or other water-based compositions containing small particle size
polymers, those ranging from about 25 to about 100 nm and more preferably from
about 45 to about 85 nm, represent one preferred embodiment of the invention.
Advantageously, latex compositions containing these small particle enamine-

25 functional polymers have a high solids content, preferably about 25 to about 55, and
more preferably, about 35 to about 55, percent solids, as well as low viscosity,

preferably about 10 to about 1000 cps, and more preferably about 10 to about 200 cps.



NP-40 surfactant is the reaction product of a nonyl phenol and about 40

nol es of 5 ethylene oxide. Another preferred nonionic surfactant is
SURFYNCL 485 surfactant available fromAir Products. Anionic surfactants
whi ch may be used in the invention include surfactants such as al kali netal
or ammoni um W@ S4B al kyl , aryl or al kylaryl sul fonates, RITUPHeRss -
phosphates, and the |ike. These anionic surfactants include, for exanple,
sodi um 10 | auryl sul fate, sodium octyl phenol glycol ether sulfate,

sodi um dodecyl benzene sul fonate, sodium | auryldiglycol sulfate, and
ammoniumtritertiarybutyl phenol and penta- and octa-glycol sulfonates,

sul fosucci nate salts such as di sodi um et hoxyl at ed nonyl phenol half ester of
sul f osucci ni ¢ acid, disodium n-octyl decyl5-sul fosucci nate, sodi um di octyl

sul fosuccinate, and the |ike. AEROSOL 18 surfactant, a 35% solution 15

of N-octyldecyl sulfosuccinimate in water and AEROSOL OT-75 surfactant, a
75% sol ution of sodiumdi octyl sulfosuccinate in water, from Cytech are
preferred ani dhe teagtians ageddeprsparghepelyemesyiad Spsesponding latexesrof gl ipyAntiono| yner s
may al so be e s/stabilizers in the water-based | at exes
of the invent %ﬁgg%%fn%régsé éﬁ’% 20 polymeric stabilizers include
wat er - di sper si bl e Bighsecisdepics tmreﬁaanshuﬁmd;véen phly&er ﬁ%ﬂ'txdamzé;kp@rceﬁl sOlds, 932 and

4,939, 233; wat er-di s&gr i bl e g&l éuret harulﬁ escribed i.p U. S, Patent Nos.
4,927,876 and 28 {'§P59%4" 2 ?‘Rﬁl° R 4Iventian: ég‘!ii‘: 19w, pyeawith apartiglesizs hed i n
U.S. Patent anéb:l?%anﬂﬂa}xda@@% doli@sie G, aﬁ@ﬁtewmnwé stﬁi e iRin200Rys.al so be
used. The acetoacefoxy functionality in the may be present as free 25

acet oacet oxy dwhigpiogdis Ec;bt!deshm/@wwmmﬁﬂetsms%h@mmt god htexyischsity exanpl e,
an

represents a particular advantage of the invention. Accordingly, the invention
provides waterborne polymer compositions which are stable, have high solids content,
but low viscosity. Advantageously, the polymer particles within the composition may

10 be present as essentially monodispersed particles. Such compositions are particularly
well-suited for coating formulations.

The pH of a waterborne polymer composition of the invention may be
adjusted and/or buffered using, for example, buffers such as sodium bicarbonate,
ammonium bicarbonate, ammonium dihydrogenphosphate, an ammonium

15 " poly(meth)acrylate, or a mixture of such buffers. The buffer, such as ammonium
bicarbonate, may generally be added to the waterborne polymer composition to adjust
and/or buffer the pH of the composition. Waterbome polymer compositions having
pH values in the range of about 7.0 to 9.2, preferably 8.4 to 9.2, may be achieved
using ammonium buffers. Buffered compositions of the invention are particularly

20 useful in coating formulations.

Advantageously, the enamine-fucntional polymers of the invention may used
to prepare stable cationic latexes having an acidic pH from an anionic stabilized latex
without precipitation or coagulation of the latex. Typically, a latex of the invention
containing an enamine-functional polymer, such as a PPAE, has a pH of about 10 or

25 above. Adding a Bronsted acid to such a latex lowers the pH and below neutral pH
forms a stable cationic latex. A wide range pH values may be achieved, even pH

values as low as 0.5. The acid is generally added to a cooled latex. Any Brdnsted



enani ne group or acetoacetani de group. The acetoacetoxy-functional polymer
may contain both free acetoacetoxy groups and acetoacetoxy derivati ves.
Sur f act ant - WD 97/ 45468 _

PCT/ US97/ 08808 -12- containing enam ne-finctional polyners according to the
i nventi on maW®¥/45468pared by reacting a SAAP with amoni a afcTRUPIOEE Y Or
secondary am ne. Typically, the reaction stoichionetry uses at |east one
nol ar equi val ent of am no hydrogen (N-H) groups to acetoacetoxy groups. 5
Sur fact ant - cont ai ni ng enam ne-functional polynmers represent a preferred
derivative of polymers of the invention. Enam ne-functional polynmers may be
used as the acetoacetoxy-functional polyner in the water-based | atex of the
invention. In water-based | atexes, the emami ne functionality serves to
further stabilize the acetoacetoxy-groups and protect them from hydrolysis.
Enam ne-functional 10 pol ymers have been described in Mszner et al.,
Pol ymer Bul letin 32,419-426 (1994); European patent Application No. 0 492
847 A2; U.S. g may bewseds Foorxamply; minerhl afids suplnassuifutibacid, ph8shhBr®acid hese

may Do pr epar DS RE BB e B B R RO PRSP btk
anmoni a or a @t.im@ be ued. SCARARALtYx 8 Radhs tHeBSarP bhriBIlNi1yPhsedn in coating €CONdary
am ne may be &m%%rs]t?t?rg]fgreha?dotgggﬁc?g toosrubgtraFt)egl( o?g](a?nilccr?xgtg ?r?ertlg -surfaces).
5 Exemplary coating compositions include laminate coatings, inks, textile coatings,
coatings for plastic and primer coatings.

A waterbome polymer composition of the invention may also contain other
additives known in those compositions and may use other emulsion polymerization
methodology. U.S. Patent No. 5,371,148 describes such additives and is incorporated

10 here by reference.

The polymers and waterborne polymer compositions of the invention are
useful in a variety of coating formulations such as metal coatings, wood coatings,
plastic coatings, textile coatings, cementitious coatings, paper coatings, inks, and
adhesives. Examples of such coating formulations adapted for particular uses include,

15 but are not limited to, corrosion inhibitors, architectural coatings, concrete coatings,
maintenance coatings, latex paints, industrial coatings, automotive coatings, textile
back coatings, laminating inks and surface printing inks. Accordingly, the present
invention relates to such coating formulations containing a waterborne polymer
composition of the invention, preferably a water-based latex. The polymers and

20 waterborne polymer compositions of the invention may be incorporated in those
coating formulations in the same manner as known polymer latexes and used with the
conventional components and or additives of such compositions. The coating
formulations may be clcar or pigmented. With their crosslinking ability, adhesion
properties, and resistance properties, the water-based latexes of the invention impart

25 new and/or improved properties to the various coating formulations.

Upon formulation, a coating formulation containing a polymer or waterbome

polymer composition of the invention may then be applied to a variety of surfaces,



Preferred am nes include, for exanple, triam nononane,
Herr] N(CH err])[err]CH(CH err]NH err]) (CH err])[err]NH err] (CAS Registry

No. 1572-55-0), avail able from Monsanto; 2-am no-2-nethyl-1 -propanol
avai |l abl e as AMP-95 product from Angus Chem cal Conpany, Buffalo Gove, IL;
or, as descr Mse¥/45tBow, pol yet hyl eni mi ne, 20 (PEl) . TREEHOEIRIOEHL i On

of enam ne-functional vinyl polyners having pendant enam ne groups is
described in U S. Patent No. 5,484,849. Typically, the reaction

stoi chionetry uses at |east one nolar equival ent of am no hydrogen (N H)
groups to acetoacet oxy groups. Though the reaction is rapid, an equilibrium
exi sts between the 25 enam ne product and the acetoacetoxy/N-H
reactants. The rate of enami ne formati onAncreases with tenperature. Due to
the equilibrium however, an enam ne-functional polyner nmay have both

enam ne and acet oacet oxy groups. WD 97/ 45468

PCT/ US97/ 08808 -13- Enam ne-functional polyners or copolyners may al so be
prepared by psibgtuases, gnaartidns,eg,emmm&mm{mmmeyssuﬂr béasd.net hod of
preparation is de "‘C@ifiﬁggd Moszner et .a 426

|.., Polynmer Bulletin 32 ..419-
(1064 - Enam SRECTHIn Yo mEborg 1S e shochl e P o bR Peghat B8 e o e
descri bed in {ypSof fafabd) surate Sor2aldié Be 2oated generalddtdimiies theaPpdsy at ed here
Y T ECe. g Tormutation ised, The coatng, foMaution may be appied using means
coating Jormu s g y be app g
5 known in the art. For example, a coating formulation may be applied by spraying or
by coating a substrate. In general, the coating may be dried by heating but preferably
is allowed to air dry. Advantageously, a coating employing a polymer of the
invention may be thermally or ambiently cured. As a further aspect, the present
invention relates to a shaped or formed article which has been coated with a coating
10 formulations of the present invention.
A coating formulation according to the invention may comprise a polymer or
waterborne polymer composition of the invention, water, a solvent, a pigment
(organic or inorganic) and/or other additives and fillers known in the art.
For example, a latex paint composition of the invention may comprise a
15 waterborme polymer compesition of the invention, a pigment and one or more
additives or fillers used in latex paints. Such additives or fillers include, but are not
limited to, leveling, rheology, and flow control agents such as silicones,
fluorocarbons, urethanes, or cellulosics; extenders; curing agents such as
multifunctional isocyanates, multifunctional carbonates, multifunctional epoxides, or
20 multifunctional acrylates; reactive coalescing aids such as those described in U.S.
Patent No. 5,349,026; flatting agents; pigment wetting and dispersing agents and
surfactants; uitraviolet (UV) absorbers; UV light stabilizers; tinting pigments;,
extenders; defoaming and antifoaming agents; anti-settling, anti-sag and bodying
agents; anti-skinning agents; anti-flooding and anti-floating agents; fungicides and
25 mildewcides; corrosion inhibitors; thickening agents; plasticizers; reactive
plasticizers; drying agents; catalysts; crosslinking agents; or coalescing agents.

Specific examples of such additives can be found in Raw Materials Index, published



nononer may be substituted for an acetoacetoxy-functional nononer of
formula (1) to prepare surfactant-containing polynmers of the invention. To
forma PPAE, a SAAP is reacted with a poly(alkylenimne). In general, a

pol y(al kyl eni m ne) contains primary, secondary, and tertiary am ne groups.
At | east a 1W097145468portion of the primary and secondary arAQrassgrasaess of
the poly(al kyl enimne) react with the pendant acetoacetoxy groups on the
SAAP to form enam ne |inkages yielding a crosslinked polyneric

(pol yam no) enam ne or PPAE. Pol y(al kyl eni mines), particularly

pol y(et hyl eni mne), are known to floccul ate | atexes, and are actually sold
for that purpose. In contrast, the PPAE of the present 15 I nventi on,
does not floccul ate, but provides a stabi&, waterborne polynmer conposition.
As shown in the exanples bel ow, adding a poly(al klyenimne) to a waterborne
SAAP conposition yields a stable waterborne PPAE conposition, w thout
floccul ati on. Advant ageousl the PPAE affords -NH functi onal i ties which

i ncrease adhebY %M@%Ré‘“&g‘(ﬁ@llﬂﬁl&§§@lml 1300 RépdelstepdAveryesMWaul at i on

contai ning the, ﬁEﬁﬁon 9. 20005. A poly(al kyl enimne) for use in the
I nvention may have® a wei ght average nol ecul ar wei ght of about 400 to about
750, 000. The pol y(lnladyitioninthose)usessdigpngsee aledve ythaprefeliyd EPAR Ipelyimer ae) ( PEI)
and nore preferahly PElI having a weight average nol ecul ar wei ght of about
800 to about ¥8tetheme %’Mpwper&em@eﬂﬁ%ofé%m&mrrwsf: Pﬁﬁdaﬂlﬁ'ﬂ‘)éﬁﬁ t8e from

many squrces gk ihAghid %m? LpYiMifing @here poly(a‘?@léﬁ(tﬁfn@% & @P@?lre%@q’ JsbPASCL

pol y(ethyl eni m ne) available from B Cor porati1 on.” BASF pol yet hyl eni m ne
product liter E@nﬁxempbponéEpﬁélcma@nl@pmhaxﬁqM§8®@dlmmH>yom@¢n fary anine

groups to be gmgllilxtg p%otems andbéngyxr?csqg En%g sEbEsltr’atcls? lszFs:ﬁ‘ mpoo%éitive to improve hair
substantivity, as a dye fixative for textiles, a pigment dispersion for coatings, or a
flocculant in water treatment.

10 A polymer or waterborne polymer composition of the invention can be utilized
alone or in conjunction with other waterborne polymers. Such polymers include, but
are not limited to, water dispersible polymers such as polyesters, polyester-amides,
cellulose esters, alkyds, polyurethanes, epoxy resins, polyamides, acrylics, vinyl
polymers, polymers having pendant allyl groups such as described in U.S. Patent No.

15 5,539,073, styrene-butadiene polymers, vinylacetate-ethylene copolymers, and the
like.

Used in combination with certain other water-dispersible polymers, the PPAE
polymers of the invention bring a unique advantage to the final composition, in
addition to their crosslinking ability, adhesion properties, and resistance properties.

20 The PPAE has the ability to scavenge, via a Michael Reaction, &,B-unsaturated
carbonyl-containing monomer or ¢.,B-unsaturated electron withdrawing group-
containing monomer remaining in the polymer latex. In other words, the PPAE
scavenges residual monomers or contaminants such as ketones, aldehydes, a,B-
unsaturated acids, ¢,p-unsaturated esters, o,B-unsaturated amides, and o, 3-

25 unsaturated nitriles. Removing these monomers can, not only eliminate the odors

associated with them, but also improve health and safety when using the composition.



WD 97/ 45468 PCT/ US97/ 08808
-14- poly(ethylenimne), has a nol ecular w ght of 2,000 and a ratio of
primary:secondary:tertiary am ne groups of about 1.5:1.4:1. The reaction to
formthe PPAE may be acconplished by adding, with stirring, the appropriate
pol y(al kyl eniw®A®)s4680 an enul sion of the SAAP. Sufficient SPCT/US97/08808

pol y(al kyl eni m ne) shoul.d be used to achieve a nolar ratio of am no
hydrogen (N-H) groups to acetoacetoxy groups of about 0.1 to about 35,
preferably a nolar ratio fromabout 0.5 to about 20, and nore preferably,
fromabout 1 to about 5. The anpunt of poly(al kyl enimne) added to the

pol ymer havi ng pendant acetoacetoxy groups nmay range from about 1 phr
(grams dry wei ght poly(al kyleninmne) to-18B0 grans dry 10 wei ght

resin) to about 30 phr and preferably from about 7 phr to about 25 phr. A
wat er - based sol ution of the poly(alkylenimne) is preferably conbined with
a SAAP enul sion over about 15-30 m nutes at anbient tenperature. \Wen
preparing the PPAEThHfollowinggremplesare intendodtodustratepgot lignts the dnvention: ur e
containing th - ' t

pol y(al kyl eni %h%@“q%yma%%“g&Qﬁg?ﬁmé‘%{&gér%ag‘zegﬂé‘g%o%?ﬁ B 1 he
i nvention, thehefobbwingetaterglsf uncti onal, or enam ne-functional polyners,

R W R R
5 solution in water.

TAMOL 1124 dispersant sold by Rohm & Haas Company.
RHOPLEX RM-2020 assoctative thickener sold by Rohm & Haas Company.
FOAMASTER AP and FOAMASTER VF defoamers sold by Henkel.
TI-PURE R-900 titanium dioxide pigment sold by DuPont.

10 TRITON CF-10 surfactant sold by Union Carbide.
SURFYNOL 104 and 104DPM products (50% Solids), sold by Air Products
and Chemicals, Inc., Allentown, Pennsylvania.
DOWICIL 75 preservative, sold by Dow Chemical Company, Midland,
Michigan.

15 . OMYACARB UF, a calcium carbonate extender, sold by Omya Inc., Proctor,
Vermont.
EASTMAN EB and EASTMAN DB solvents, sold by Eastman Chemical
Company, Kingsport, Tennessee.
TAFIGEL PUR 45 thickener, sold by King Industries, Norwalk, Connecticut.

20 RHEOVIS CR2 thickener, sold by Allied Colloids, Suffolk, Virginia.
t-butylhydroperoxide was used as a 70% solution in water.
TEXANOL coalescing solvent sold by Eastman Chemical Company,
Kingsport, Tennessee.
The following methods were used to evaluate the coatings and filins prepared

25 according to the invention.



preferably, from about 25 to about 55 wei ght percent of the water-based
conposition. The exanples belowillustrate the polyner preparation and

wat er - based conpositions 20 of the invention. Latexes or other

wat er - based conpositions containing snmall particle size polyners, those
rangi ng fronwebwmsse®5 t o about 100 nm and nore preferably perosabsiss 45 to
about 85 nm represent one preferred enbodi nent of the invention.

Advant ageously, | atex conpositions containing these small particle enam ne-
25 functional polyners have a high solids content, preferably about
25 to about 55, and nore preferably, about 35 to about 55, percent solids,
as well as low viscosity, preferably about 10 to about 1000 cps, and nore
preferably about 10 to about 200 cps. -20-WO 97/ 45468

PCT/ US97/ 08808 -15- The reactions used to prepare the polyners and
correspondi ng | atexes of the invention produce |ow | evels of coagulum
Figure 1 depicts the relationship between polyner particle size, percent
solids, and SRIE gratuge dnd Hemnidity Rémm:i nvention. As Figure 1 shows, even
with a particle sél of Farl 60 nm and a 50% solids |evel, the

e 5
| atex viscosity i5"%8% Y’F’Iepfeé’é?dta%ﬁ “Q%X%ngenﬁc‘,’ﬁ“’e‘%ﬂ“ﬂ'&t?%f@ cpRstaft | onshi p
bet ween part idphpRrabird Gnd BPhiiES(CIM)rB6th at ASEM Bin8ard Vhriibnk foF 1AHRRRGFENt S A

particul ar advantage of the 1nvention. Accordingly, the inventioh
testing of 73.5 % 3.5°F (23 £ 2°C) and 50 % 5% relative humidity.

5 Film Gel Fraction (FGF) and Film Swell Ratio (FSR):
Film gel fraction (FGF) is obtained by determining the insoluble weight

fraction of polymer in a dry film sample. Film swell ratio (FSR) is obtained by
determining the ratio of the insoluble polymer weight fraction swollen in the selected
solvent (by weight) to dry weight of the insoluble weight fraction in a dry film

10 sample. Average valucs are determined from quadruplicate measurements with
acetone as the solvent.

The procedure used was as follows: for each sample determination, a 4"x 4"
325-mesh steel screen and a metal weighing boat are baked in a vacuum oven at
120°C for 90 minutes, cooled 30 minutes over P,0; and weighed (W1 and W2,

15 respectively). After the latex film is dried the required number of days under
constant temperature and humidity or baked in the oven at the specified time and
temperature, a piece of the film is cut, weighed (W3), placed in the aluminum pan,
and put aside. Another film sample is cut, weighed (W4), and placed in a screw cap
jar with excess solvent on a shaker bath for 16 hours at constant temperature. The

20 film gel is recovered by pouring the solution plus wet solids from the jar through the
screen and then weighing the screen plus retained wet solids (W5). At this point, the
screen plus solids and the film sample in the aluminum boat are dried in a forced air
oven at 80°C overnight and then in a vacuum oven at 120°C for 3 hours and cooled
for 30 minutes in a desiccator over P,0;. The samples are weighed and the vacuum

25 portion of the baking procedure is repeated until reproducible weights are obtained for

the screen plus dry solids (W6) and the film sample in the aluminum boat (W7).



provi des wat er borne pol ymer conpositions which are stable, have high solids
content, but |ow viscosity. Advantageously, the polyner particles within

t he conposition may 10 be present as essentially nonodi spersed
particles. Such conpositions are particularly well-suited for coating

f or mul at i ons WOr&548 of a wat er bor ne pol yner conposition of PGSRt on
may be adj usted and/or buffered using, for exanple, buffers such as sodi um
bi car bonat e, anmoni um bi car bonat e, anmoni um di hydr ogenphosphate, an

anmoni um 15 poly(neth)acrylate, or a m xture of such buffers. The
buffer, such as ammoni um bi carbonate, nmay generally be added to the

wat er borne pol yner conposition to adjust and/or buffer the pH of the
conposi tion. Waterbone pol yner conpositiZdns having pH val ues in the range
of about 7.0 to 9.2, preferably 8.4 to 9.2, may be achi eved usi ng anmoni um
buffers. Buffered conpositions of the invention are particularly 20

useful in coating fornul ati ons.. Advant ageously, the enam ne-fucnti onal
pol yners of tﬁ%“%ﬂi’é‘ﬁf"i%ﬁf@?&fﬁﬁ?e@“?@“ﬁ% ¥%’Y:abl e cationic |atexes

having an acidic pH from a”F@WW&-\?@)@@V&)“RW-WQ?IWS]W thout precipitation
or coagul ation of the latex. Typically, a’latex of the invention containing
an enam ne-functional polyner, $8BIF @Q¥S-¥VIDIOAE; Whhs a pH of about 10 or 25
above. Addi ng,.a I%r,onsted acid to such a latex |owers the pH and bel ow
neutral pH fo?%gu% stable cationic |atex. A wi de range pH val ues may be

achi eved, even pH Makitaiestsisre perforied th the CTHE0GRIO aioh adBiiRd Tehdlleadsted to a
cooled | atex. Any Bronsted )
Model STM-1-PC, which is a constant rate of elongation machine. Film samples are
obtained by casting the sample on release paper with a 7 mil bird bar, drying the film
far the desired time at the stated conditions, and cutting a dogbone-shaped thin-film
sample with a 1" wide die. The film is measured for film thickness, mounted in the

10 tensile tester grips and tested at a crosshead speed of 1"/minute using a 5 lb-force load
cell. Ten samples are run and the five samples with the greater breaking stress are
averaged for all tensile values reported according to ASTM D2370. Tensile values
were calculated nsing Datum software from United Testing Systems, Inc., Flint,
Michigan.

15 Glass Transition:

Onset and midpoint temperatures were determined on film samples using a
differential scanning calorimeter (DSC) in a nitrogen atmosphere at a heating rate of
20°C/min. values quoted are from the reheat curve.

Color:

20 Seven mil wet emulsion films are cast on polyester sheets. The coated
polyester sheet and an uncoated control polyester sheet are allowed to dry under the
specified conditions. Cotlor is measured of both the clear emulsion film and the
control panel placed on top of a white control panel using a colorimeter in the L,a,b
mode.

- 25 Paint Viscosity:
Paint viscosity (in Krebs Units) was measured after 24 hours using a Krebs-

Stormer viscometer.



WD 97/ 45468

PCT/ US97/ 08808 - 16- aci d may be used. For exanple, mneral acids such as
sul furic acid, phosphoric acid, hydrochloric acid, etc., and organic acids
such as p-toluene sul furic acid, acetic acid, etc. may be used Cationic

| at exes suchw@9®74§46%e are particularly useful in coating ceapus27osses for
hard to adhere to substrates (for exanple rusty netal surfaces). 5

Exenpl ary coating conpositions include | am nate coatings, inks, textile
coatings, coatings for plastic and primer coatings. A waterborne polyner
conposition of the invention may al so contain other additives known in

t hose conpositions and nay use ot her enul sion polynerization nethodol ogy.
U S. Patent No. 5,371, 148 descri bes sucR2additives and is incorporated 10
here by reference. The polynmers and wat erbome pol yner conpositions of the
I nvention are useful in a variety of coating fornulations such as netal
coatings, wood coatings, plastic coatings, textile coatings, cenentitious
coat i ngs, pa#@ﬂﬁéoatings i nks, and adhesives. Exanples of such coating

for nul ati ons adaptcﬁsissfv&ggfeggu%dcaﬁ'@mgﬁg?muat?&hmgs%%éfgx.enetazB opaly 2re not

limted to, corrosion In Itors ura
coati ngs, naippanaech lemedisings micat-teixgipametesby Bmmﬁmalacaﬁc&ﬁg f@gs,

aut onotive co , l.am nating inks and surface
printing i nksﬁgwg‘bﬁ‘?ﬂdﬁs%@ 16?%@%@2%‘ chﬁ’ifgﬂ?ﬁson relates to such coating
formulations Egggi@__j@ggg%materborne pol ynmer conposition of the invention,

preferably a water-base atex. The polyners and
Blocking resistance was determined using 6 mil (wet) films on Leneta 2B

opacity paper according to ASTM 4946 Test Method for Blocking Resistance of
Architectural Paints using 1 psi pressure after film dried to designated times. Heated
block resistance was determined in a forced air oven at 120°F with the painted

10 surfaces face-to-face under 1 psi pressure for 30 minutes. The tests were numerically
rated where a rating of 1 represents 100% pass where painted surfaces lift apart with
no noise, a rating of 2 represents noise when painted surfaces are separated but no
film degradation occurs, a rating of 3 represents some destruction of the painted
surfaces when the two surfaces are separated and a rating of 4 represents 100% fail

15 where the painted surfaces flow completely together and complete destruction of the
films occurs upon separation.
Print Resistance:

Print resistance was determined using 6 mil (wet) films on Leneta 2B opacity

paper according to ASTM D 2064 - 91 Test Method for Print Resistance of

20 Architectural Paints using a 4 psi pressure placed on top of a #6 black rubber stopper
which was placed on four layers of cheesccloth after film dried to designated times.
Heated print resistance was determined in a forced air oven at 120°F with folded
cheesecloth (as above) under 4 psi pressure for 30 minutes. The tests were
numerically rated where a rating of | represents 100% pass with no demarcation

25 (cloth lifts off with no print left behind), a rating of 2 represents demarcations (some
impression is observed), a rating of 3 represents 100% fail (the cheesecloth

impregnates the film).



20 wat er borne pol yner conpositions of the invention may be

I ncorporated in those coating fornulations in the same manner as known

pol ymer | atexes and used with the conventional conponents and or additives
of such conpositions. The coating formul ati ons nmay be cl ear or pignmented.
Wth their cr¥9g974#5468 ng ability, adhesion properties, and rBETHE(48%88
properties, the water-based | atexes of the invention inpart 25 new
and/ or inproved properties to the various coating formulations. Upon
formul ation, a coating fornulation containing a polyner or waterborne

pol ymer conposition of the invention may then be applied to a variety of
surf aces, WO 97/ 45468

PCT/ US97/ 08808 -17- substrates, or artickes, e.g., paper, plastic, steel,
al um num wood, gypsum board, concrete, brick, masonry, or gal vani zed
sheeting (either primed or unprined). The type of surface, substrate, or
article to be coated generally determnes the type of coating fornulation

used: The coatcrgResistangent i on nay be applied using neans 5 known in
the art. For exanpbg.y fesfsBiibd Wik d &‘?&180«':5&%&8’&91@%@&' €4 MhoaRpAY 1 Ng or
by coating a subst?ate.sln generg , %ﬁe coaflng may be gr?ed %y heati ng but

preferably is saubcasistintoofarchitektyral chdtingst dbecanting is applisdat 7 myl wetpinoyi ng a
PO VTR 01 Sk, B, 0 R OF DA SRS 5 Bl U 1
has begn coat egie phifelisPpldcedin 4 Gardco Scrub Machine, Model D-10V, 10 g of Standardized
Scrub Medium (abrasive type) for ASTM D2486 and D3450 is placed on the scrub
brush, the panel is wet with 5 ml DI water, the test machine counter is zeroed, and the
test 1s run at the maximum test speed on the machine. After each 400 cycles before
failure, the brush is removed and 10 more g of scrub medium is added evenly on the
10 bristles, the brush is replaced, 5 ml of DI water is placed on the panel and the test is
continued. The test is stopped at 1000 cycles or failure, whichever comes first.
Failure is defined as the number of cycles to remove the paint film fully in one
continuous line across the width of the shim.
Wet Adhesion Test:
15 This procedure tests the coatings adhesion to an aged, alkyd substrate under
wet, scrubbing conditions. This procedure is described in "VYNATE™ (Union
Carbide Chemicals and Plastics Corporation) - Vinyl Emulsion Vehicles for
Semigloss Interior Architectural Coatings”, M. J. Collins, et al., presented at the 19th
Annual "Water-Bome High-Solids and Powder Coating Symposium", February 26-
20 28, 1992, New Orleans, Louisiana, USA
A ten-mil drawdown of a commercial gloss alkyd paint is made on a "Leneta"
scrub panel (adhesion varies from alkyd to alkyd - a Glidden Industrial Enamel was
used.) The alkyd film is allowed to age one week at ambient conditions, then baked at
110°F for 24 hours, and then aged at least one more week at ambient conditions. A
25 seven-mil drawdown of the test paint is then made over the aged alkyd and allowed to
air dry three days. (In order to differentiate between samples that pass this test, dry

times may be shortened. Seven days is a common period, and occasionally 5 hours



10 fornmul ati ons of the present invention. A coating fornulation
according to the invention may conprise a pol yner or waterborne pol yner
conposition of the invention, water, a solvent, a pignment (organic or

i norgani c) and/or other additives and fillers known in the art. For
exanpl e, a |wbewssass nt conposition of the invention may coepruseessesd
wat er bore pol yner conposition of the invention, a pignment and one or nore
additives or fillers used in latex paints. Such additives or fillers

i nclude, but are not limted to, |eveling, rheology, and flow control
agents such as silicones, fluorocarbons, urethanes, or cellul osics;
extenders; curing agents such as nultifunctional isocyanates,

mul tifunctional carbonates, nultifunctiggal epoxides, or 20

mul tifunctional acrylates; reactive coal escing aids such as those descri bed
in U S Patent No. 5,349,026; flatting agents; pignment wetting and

di spersing agents and surfactants; ultraviolet (UV) absorbers; UV |light
stabilizers; drytitnengused.gGenstast temp’emtuﬂefhmnidiigimﬂiﬁoﬂg 7arEI5@00] aré aarmallyg agent s;

anti-settlin tI-S d bod agent anti-skinnin gents
anti -1 oodi ndishtr SHIEX 1B ER AR, Fdhircross haighed wika gy 298 subtmcrged in
m | dewei des; merrfe,ssm,du{kel Phd Sk mﬁm ﬁEﬁ‘e@ieB GorBH QB arfd!sBr3fched 41 fire

reactive plast|C|zers drying agents; catalysts; crosslinking agents; or
coal esci ng agfmgpslaﬂSpmlgW@ adhesiop| Séhilefstil weh theqdnel fismaced an aBiGardoeid i n Raw

I\P/BCEI./E [Ji |7/S 0 |8 g%gm’o rHacR#n'es kfcn mi of twg t?c/c#tE‘/lllg%A‘M“ soap slurry are added to the film,
and the nylon scrub brush (WG 2000NB) is passed over the scored paint film area.
Water is added as needed to keep the paint film wet (flooded). The number of
brushing cycles for initial peel and ten percent peel are noted. The number of cycles
for complete removal of the film is often noted also.
10 Example 1: Preparation of a Large Particle Size, Core/Shell Enamine-Containing
Waterbome Polymer
To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 640 g of water, 4.05 g of TREM LF-40, 1.93 g of
TERGITOL NP-40(70%), 7.3 g of sodium carbonate, 44.24 g of methyl methacrylate,
15 8.26 g of styrene, 57.09 g of 2-ethylhexy! acrylate, and 0.252 g of trimethylolpropane
triacrylate. A nitrogen purge was begun, then the contents of the reactor brought up to
80°C at 400 rpm. After reaching 80°C, an initiator charge composed of 7.70 g of
sodium persulfate dissolved in 43.6 g of water was added to the reactor. An emulsion
feed composed of 355 g of water, 11.7 g of TREM LF-40, 10.21 g of TERGITOL NP-
20 40 (70%), 271.78 g of methyl methacrylate, 50.72 g of styrene, 350.63 g of 2-
ethylhexy!l acrylate, and 1.55 g of trimethylolpropane triacrylate was begun at 8.38
g/min. Five minutes after the first emulsion feed was begun, an initiator solution
composed of 4.36 g of sodium persulfate dissolved in 112 g of water was fed at 0.466
g/mmn. After the first emulsion feed was completed, a sccond emulsion feed
25 composed of 171 g of water, 12.79 g of AEROSOL 18, 5.09 g of TERGITOL NP-40
| (70%), 180.88 g of styrene, 90.0 g of 2-ethylhexy! acrylate, 143.92g of

acetoacetoxyethyl methacrylate, and 1.68g of the sodium 2-acrylamido-2-

This Sheet Has Been Replaced THIS SHEET HAS BEEN

[T LA




by the National Paint & Coatings Association, 1500 Rhode Island Avenue, NW
Washi ngton, D.C. 20005. In addition to those uses di scussed above, the
preferred PPAE pol ymer or waterborne PPAE pol ymer conposition of the

i nvention may be used in many of the 5 sanme industries and

appl i cati ons WR8Y#54%0| y(al kyl eni m nes) such as PEl are now BEBUSI7EER0S
exanpl e, a PPAE of the invention may be used as an adhesion pronoter for
bi ndi ng proteins and enzynes to inert substrates, a shanpoo additive to

i nprove hair substantivity, as a dye fixative for textiles, a pignment

di spersion for coatings, or a flocculant in water treatnment. 10

A pol ynmer or waterborne pol ynmer conposition of the invention can be
utilized alone or in conjunction wth ot¥er waterborne polyners. Such

pol ymers include, but are not limted to, water dispersible polyners such
as pol yesters, polyester-am des, cellulose esters, alkyds, polyurethanes,

epoxy resins, palyam des, acrylijcs I n | ymer pol ynmers hayi ng pendant
al 'yl groups ﬁ?@ﬁy aBE%‘KP’i‘”(S"eéO/%“L‘)’@‘ ‘éﬁt{g‘ﬁ?tsﬁg E?TS‘ Five minuigs afty thyy 3

styr ene- but adi8ed ah YiiB4tSn soliiBY bAF.S4 Bber ﬁkﬂ%@x@ﬁmﬁﬂ@@ 'ax&"?@a g ofBshnie | i ke.
Used in conbination with certain othef water-dispersible polyners, the PPAE

pol ymers of t femaldghydeisalfoxylatndjssalvedingiiel aaf/uamrazg@ chagedwndfhieatiig
conposition, in_ addi their ssl i nki i t adhesi on

properti es, aﬁ?fmrn@%d fofggmé"uﬁersogér f’mugmn%s Coalet dl‘keg%wlﬂ B t he ability
to scagenge, WdoRdd2BPRYer d@dover | Briifgel tméxtaea@l ved i Milere@ont @i Ni ng
nononer or a, B-unsaturated el ectron withdraw nﬂ group cont ai_ni ng nonomner

remai ni ng i n tHeughdi0) mesh wire ssreeny SobidhisyelydrQ pH, § hcanmupof dried material
(100 mesh screen), 1 1.6 g; particle size (Dw), 236 nm, ZETA potential, -47.1 mv,

latex gel fraction/swell ratio 42/9.6. Infrared analysis of clear films cast over ZnSe
showed an absorption at 1565 cm™ which represents an enamine moiety.
10 Example 2: Preparation of a Large Particle Size, Core/Shell PEI-Containing
Waterborne Polymer
The procedure for the preparation of this latex was similar to the latex
preparation described in Example 1 except that 247.35 g of poly(ethylenimine) (50%
in water) was added in place of the ammonium hydroxide solution. Mole ratio of N-H
15 group to acetoacetoxy group was 4.27. The latex was then filtered through 100 mesh
wire screen. Solids level, 46.8; pH, 10; amount of dried material (100 mesh screen),
3.28 g; particle size (Dw), 225 nm, ZETA potential, -23.7 mv (pH = 11.7), latex gel
fraction/swell ratio 75/6.1. Infrared analysis of clear films cast over ZnSe showed an
absorption at 1653 cm™ and 1565 cm™ and a disappearance of the absorbencies at
20 1631 em™' and 1655 cm! after addition of the poly(ethylenimine). After reacting the
poly(ethylenimine) with the pendant acetoacetoxy group, the latex was centrifuged
and the water phase analyzed. Elemental anaiysis of the water phase showed that at
most 2% of the poly(ethylenimine) remained in the water phase.
Example 3: Preparation of a Large Particle Size, Core/Shell PEI-Containing
25 Waterborne Polymer
The procedure for the preparation of this latex was similar to the latex

preparation described in Example 1 except that 316.86 g of poly(ethylenimine) (50%



scavenges residual nononers or contam nants such as ketones, al dehydes,
a, B- unsaturated acids, a,B-unsaturated esters, a,B-unsaturated am des, and

a, B- 25 unsaturated nitriles. Renoving these nononmers can, not only
elimnate the odors associated with them but also inprove health and
saf ety when webmngatshe conposition. WD 97/ 45468 PCT/US97/08808

PCT/ US97/ 08808 -19- The foll ow ng exanples are intended to illustrate, not
limt, the invention. The exanples and various coating formrulations of the
i nvention use one or nore of the following materials: LUPASOL G35
poly(ethylenimne), 2,000 MN sold by BASF as a 50% 5 solution in
wat er. TAMOL 1124 di spersant sold by Rohm & Haas Conpany. RHOPLEX RM 2020
associ ative thickener sold by Rohm & Hagg Conpany. FOAMASTER AP and
FOAMASTER VF def oaners sold by Henkel. TI-PURE R-900 titanium di oxide

pi gmrent sold by DuPont. 10 TRI TON CF-10 surfactant sold by
Uni on Carbi de. SURFYNOL 104 and 104DPM products (50% Solids), sold by Ar
Product s and irOnates) e sdded i placedfltamamoniuBdiydoyide aslution. MME @Gitlo of N-H

. cal N
preservative ’grosug ltg ac%}/oacl:jé%g\)/cycgr}ce)&g \%z?s 5.8? r%%qxtéx ‘!r\v/lasdthgn tclj]?ered through 100 mesh
wire screen. Solids level, 46.5; pH, 10; amount of dried material (100 mesh screen),

4.11 g; particle size (Dw), 225 nm, latex gel fraction/swell ratio 76/5.7. Infrared

5 analysis of clear films cast over ZnSe showed an absorption at 1653 cm™ and 1565
cm’! and a disappearance of the absorbencies at 1631 cm™ and 1655 cm™ after addition
of the poly(ethylenimine). After reacting the poly(ethylenimine) with the pendant
acetoacetoxy group, the latex was centrifuged and the water phase analyzed.
Elemental analysis of the water phase showed that at most 2% of the

10 poly(ethyleniminc) remained in the water phase.
Exampie 4: Preparation of a Small Particle Size, Core/Shell Enamine-Containing
Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and

subsurface feed tube were added 1100 g of water, 49.0 g of HITENOL HS-20,8.05 g

15 of TERGITOL NP-40(70%), 7.3 g of sodium carbonate, 44.24 g of methy!
methacrylate, 8.26 g of styrene, 57.09 g of 2-ethylhexyl acrylate, and 0.252 g of
trimethylolpropane triacrylate. A nitrogen purge was begun, then the contents of the
reactor brought up to 80°C at 400 rpm. After reaching 80°C, an initiator charge
composed of 7.70 g of sodium persulfate dissolved in 43.6 g of water was added to

20 the reactor. An emulsion feed composed of 273.5 g of water, 19.65 g of AEROSOL
18,20.19 g of TERGITOL NP-40 (70%), 271.78 g of methyl methacrylate, 50.72 g of
styrene, 350.63 g of 2-cthylhexyl acrylate, and 1.55 g of trimethylolpropane
triacrylate was begun at 8.38 g/min. Five minutes after the first emulsion feed was
begun, an initiator solution composed of 4.36 g of sodium persulfate dissolved in 112

25 g of water was fed at 0.466 g/min. After the first emulsion feed was completed, a
second emuision feed composed of 147 g of water, 12.15 g of AEROSOL 18,125 g
of TERGITOL NP-40 (70%), 180.88 g of styrene, 90.0 g of 2-ethylhexyl acrylate,



M chi gan. 15 OWACARB UF, a cal cium carbonate extender, sold
by Onya Inc., Proctor, Vernont. EASTMAN EB and EASTMAN DB sol vents, sold by
East nran Chem cal Conpany, Kingsport, Tennessee. TAFI GEL PUR 45 t hi ckener,
sold by King Industries, Norwalk, Connecticut. 20 RHEOVI S CR2
t hi ckener, soWva91ys4ed | i ed Col | oi ds, Suffolk, Virginia. 1-buPgrH§eiossedroxi de
was used as a 70% solution in water. TEXANOL coal esci ng sol vent sold by
East mran Chem cal Conpany, Kingsport, Tennessee. The foll ow ng nethods were
used to evaluate the coatings and filnms prepared 25 according to the
I nventi on. WO 97/ 45468

PCT/ US97/ 08808 -20- Constant Tenperature and Hum dity Room Filns were
prepared and film neasurenents were cond2tted in a constant tenperature and
hum dity (CTH) room at ASTM standard conditions for |aboratory testing of
73.5 3.5[err]F (23 2[err]C) and 50 5% relative humdity. S Film

Gel Fraction (1FGF and Film Swell|l Ratio (FSR{: ) .
43.92g of acetoacetoxyethyl methacrylate, and 1.68¢g of the sodium 2-acrylamido-2-

methylpropanesulfonate (50% in water) was {ed at 8.38 g/min. Five minutes afier the
last feed, an initiator solution of 1.34 g of t-butyl hydroperoxide, and 1.34 g of sodium

formaldehyde sulfoxylate dissolved in 40.2 g of water was charged and heating

n

continued for 30 minutes. The emulsion was cooled, and 45 g of ammonium
hydroxide (28%) were pumped in over 15 minutes. The latex was then filtered
through 100 mesh wire screen. Solids level, 41.0; amount of dried material (100 mesh
screen), 4.8 g; particle size (Dw), 65 nm, latex gel fraction/swell ratio
57/11.6. Infrared analysis of clear films cast over ZnSc showed an absorption at 1565
10 cm' which represents an enamine moiety.
Example 5: Preparation of a Small Particle Size, Core/Shell PEI-Containing
Waterborne Polymer
- The procedure for the preparation of this latex was similar to the latex
preparation described in Example 1 except that 247.35 g of poly(ethylenimine) (50%
15 in water) was added in place of the ammonium hydroxide solution. Mole ratio of N-H
group to acetoacetoxy group was 4.27. The latex was then filtered through 100 mesh
wire screen. Solids level, 41.6; pH, 10; amount of dried material (100 mesh screen),
3.03 g; particle size (Dw), 58 nim, latex gel fraction/swell ratio 62/5.6. Infrared
analysis of clear films cast over ZnSe showed an absorption at 1653 cm™ and 1565
20 cm! and a disappearance of the absorbencies at 1631 cm™ and 1655 cm'! after addition
of the poly(ethylenimine). After reacting the poly(ethylenimine) with the pendant
acetoacetoxy group, the latex was centrifuged and the water phase analyzed.
Elemental analysis of the water phase showed that at most 2% of the

poly(ethylenimine) remained in the water phase.



Filmgel fraction (FGF) is obtained by determ ning the insol uble weight
fraction of polynmer in a dry filmsanple. Filmswell ratio (FSR) is
obtained by determning the ratio of the insoluble polynmer weight fraction
swollen in the selected solvent (by weight) to dry weight of the insol uble
wei ght fractwav7iasues dry film 10 sanpl e. Aver age valpgraissmosses
determ ned from quadruplicate neasurenents with acetone as the solvent. The
procedure used was as follows: for each sanple determ nation, a 4"x 4"
325-nmesh steel screen and a netal weighing boat are baked in a vacuum oven
at 120[err]C for 90 mnutes, cooled 30 mnutes over Plerr]Jerr] and

wei ghed (W and W2, 15 respectively). After the latex filmis dried

t he required nunber of days under constagt tenperature and hum dity or
baked in the oven at the specified tinme and tenperature, a piece of the
filmis cut, weighed (WB), placed in the alum num pan, and put asi de.
Another filmsanple is cut, weighed (W), and placed in a screw cap jar
with excess Mdmmmmwtjﬁtlwaﬂbh Si%, Rore/Shed PEE-Costeaairig t enper at ur e.
The 20 l, m i s recovered by pouring the solution plus wet solids
fromthe Jar‘Wﬂygﬁﬂﬁ W% reen and then wei ghi ng the screen plus retai ned

wet solids (VB). Anebphicd?®rdithe élﬁra%@ﬁ%?i?usﬁht@:?ﬁé’éxhﬂ&rt@'&ﬂel&@ﬁ filmsanple
in the alum num boat are dried in a forced air oven at 80[err] C overni ght

and then in repastiondesgeihedin Exaoplerirekeept that 31 4Sgof pelnethybroimige) (§0%30
m nut &S ina 19%&:@0\9‘% ddgcy ?‘nrptlflla ggt’i'xk %%Hu ro%(acm)soﬁlﬁor?‘ M f1ole GraﬁgePN%d the

vacuum 25 I ng proc ure I'S repea
r eproduci bl e gmnpg:btaSct&’cetongﬂﬂuﬂ&ds &av. rhelaaaﬁ:memeﬁlﬁmredwosgu 1003ndsk\V6) and

the films arrpvl‘”?c slc?eeEl gohdsLig\‘le? lilirInGbgﬁt 10} amount of dried material (100 mesh screen),

3.03 g; particle size (Dw), 70 nm, latex gel fraction/swell ratic 61/6.5. Infrared
analysis of clear films cast over ZnSe showed an absorption at 1653 cm'! and 1565

10 cm’! and a disappearance of the absorbencies at 1631 e and 1655 cm! after addition
of the poly(ethylenimine). After reacting the poly(ethylenimine) with the pendant
acetoacetoxy group, the latex was centrifuged and the water phase analyzed.
Elemental analysis of the water phase showed that at most 2% of the
poly(ethylenimine) remained in the water phase.

15 Example 7; Preparation of a Large Particle Size, Core/Shell PE1-Containing
Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and

subsurface feed tube were added 640 g of water, 4.05 g of TREM LF-40, 1.93 g of
TERGITOL NP-40(70%), 7.3 g of sodium carbonate, 55.23 g of methyl methacrylate,

20 4.03 g of styrene, 47.40 g of 2-ethylhexyl acrylate, 20.15g of acetoacetoxyethyl
methacrylate, and 0.336 g of trimethylolpropane triacrylate. A nitrogen purge was
begun, then the contents of the reactor brought up to 80°C at 400 rpm. After reaching
80°C, an initiator charge composed of 7.70 g of sodium persulfate dissolved in 436 g
of water was added to the reactor. An emulsion feed composed of 355 g of water,

25 11.7 g of TREM LF-40, 10.21 g of TERGITOL NP-40 (70%), 271.78 g of methyl
methacrylate, 50.72 g of styrene, 350.63 g of 2-ethylhexyl acrylate, and 1.55 g of

trimethylolpropane triacrylate was begun at 8.38 g/min. Five minutes after the first



WD 97/ 45468

PCT/ US97/ 08808 -21- Cal cul ati ons were nmade by the equati ons shown bel ow
FGF = (W-W)/[ (W) *[(W-W)1WB]] FSR = (Wb-WL)/ (Ws-WI) Tensile: 5

Tensile tests are perforned in the CTH roomon a on a United Tensile Tester
Model STM 1wWRu97/4a8#68ch is a constant rate of el ongati on nmachGTAESI7/ARSPIN -
sanpl es are obtained by casting the sanple on rel ease paper wwth a 7 m|
bird bar, drying the filmfor the desired tine at the stated conditions,
and cutting a dogbone-shaped thin-filmsanple with a 1 " wide die. The film

I's measured for filmthickness, nmounted in the 10 tensile tester
grips and tested at a crosshead speed of 1 "imnute using a 5 |b-force | oad
cell. Ten sanples are run and the five s@ples with the greater breaking

stress are averaged for all tensile values reported according to ASTM
D2370. Tensile val ues were cal cul ated using Datum software from United
Testing Systens, Inc., Flint, Mchigan. 15 A ass Transition: Onset
and i dpoi nt emnisiendeadrvens bagungardiaitiatarisplstiorgenipiobat of 41361 2of sediimg a

O ol T e S et RIS, 2
emulsion feed was completed, a second emulsion feed composed of 171 g of water,
12.79 g of AEROSOL 18, 5.09 g of TERGITOL NP-40 (70%), 211.03 g of styrene,

5 80.0 g of 2-ethylhexyl acrylate, 123.77g of acctoacetoxyethyl methacrylate, and 1.68g
of the sodium 2-acrylamido-2-methylpropanesulfonate (50% in water) was fed at 8.38
g/min. Five minutes after the last feed, an initiator solution of 1.34 g of t-butyl
hydroperoxide, and 1.34 g of sodium formaldehyde sulfoxylate dissolved in 40.2 g of
water was charged and heating continued for 30 minutes. The emulsion was cooled,

10 and filtered through 100 mesh wire screen. Solids level, 46.64; pH, 8.2; amount of
dried material (100 mesh screen), 24.65 g; Particle Size, (Electron Microscopy), 450
nm. To 2500 g of this latex were added over 15 minutes 115 g of poly(ethylenimine)
(50%). Solids, 46.6%; pH, 10.4; Particle Size (Electron Microscopy), 450 nm.
Infrared analysis of clear films cast over ZnSe showed an absorption at 1653 cm™ and

15 1565 cm and a disappearance of the absorbencies at 1631 cm™ and 1655 cm™ after
addition of the poly(ethylenimine).

Example 8; Preparation of a Small Particle Size, Unstructured Enamine-Containing
Waterborne Polymer
To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and

20 subsurface feed tube were added 290 g of water, 15.52 g of HITENOL HS-20,2.55 g
of TERGITOL NP-40 (70%), 3.5 g of sodium carbonate, 8.10 g of methyl
methacrylate, 5.38 g of 2-ethylhexyl acrylate, and 4.43 g of acetoacetoxyethyl
methacrylate. A nitrogen purge was begun, then the contents of the reactor brought
up to 80°C at 400 rpm. Afier reaching 80°C, an initiator charge composed 0of 2.30 g

25 of sodium persulfate dissolved in 13.0 g of water was added to the reactor. An
emulsion feed composed of 120 g of water, 6.55 g of AEROSOL 18, 10.22 g of
TERGITOL NP-40 (70%), 153.66 g of methyl methacrylate, 102.03 g of 2-ethylhexy!



Col or: 20 Seven m| wet emulsion filnms are cast on pol yester
sheets. The coated pol yester sheet and an uncoated control pol yester sheet
are allowed to dry under the specified conditions. Color is nmeasured of
both the clear enulsion filmand the control panel placed on top of a white
control panewouysiswgsa colorineter in the L,a,b node. 25  pcrusPaiss

Vi scosity: Paint viscosity (in Krebs Units) was neasured after 24 hours
using a Krebs- Stornmer visconeteri WO 97/ 45468

PCT/ US97/ 08808 -22- d oss: @ oss was neasured on 6 m| (wet) thick filns
cast on Leneta 2B opacity paper after 24 hours using a mcro-tri-glossneter
by BYK-Gardner according to ASTM net hod D 523 Test Method for Specul ar

G oss. 5 Bl ocki ng Resi stance: Bl.agking resistance was deterni ned
using 6 ml (wet) filnms on Leneta 2B opacity paper according to ASTM 4946
Test Method for Bl ocking Resistance of Architectural Paints using 1 psi
pressure after filmdried to designated tinmes. Heated

acrylate, and 84.21 g of acetoacetoxyethyl methacrylate was begun at 8.38 g/min.
Five minutes after the first emulsion feed was begun, an initiator solution composed
of 1.3 g of sodium persulfate dissolved in 33.5 g of water was fed at 0.536 g/min.
Five minutes after the monomer feed, an initiator solution of 0.40 g of t-butyl
5 hydroperoxide, and 0.40 g of sodium formaldehyde sulfoxylate dissolved in 12 g of

water was charged and heating continued for 30 minutes. The emulsion was cooled,
and 27.7 g of ammonium hydroxide (28%) were pumped in over 15 minutes. The
latex was then filtered through 100 mesh wire screen. Solids level, 43.3; amount of
dried material (100 mesh screen), 0.12 g; particle size (Dn), 50 nm. Infrared analysis

10 of clear films cast over ZnSe showed an absorption at 1568 cm™ which represents an
enamine moiety.
Example 9: Preparation of a Small Particle Size, Unstructured PEI-Containing
Waterborne Polymer

To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and

15 subsurface feed tube were added 232 g of water, 12.42 g of HITENOL HS-20,2.02 g
of TERGITOL NP-40(70%), 2.8 g of sodium carbonate, 4.15 g of methyl
methacrylate, 5.38 g of 2-ethylhexy! acrylate, and 4.33 g of acetoacetoxyethyl
methacrylate. A nitrogen purge was begun, then the contents of the reactor brought
up to 80°C at 400 rpm. After reaching 80°C, an initiator charge composed of 1.84 g

20 of sodium persulfate dissolved in 10.4 g of water was added to the reactor. An
emulsion feed composed of 96 g of water, 5.24 g of AEROSOL 18, 8.18 g of
TERGITOL NP-40 (70%), 78.90 g of methyl methacrylate, 110.82 g of 2-ethylhexyl
acrylate, and 82.36 g of acetoacetoxyethyl methacrylate was begun at 8.38 g/min.
Five minutes after the first emulsion feed was begun, an initial solution composed of

25 1.04 g dissolved in 26.8 g of water was fed at 0.536 g/min. Five minutes after the
monomer feed, an initiator solution of 0.32 g of t-butyl hydroperoxide, and 0.32 g of

sodium formaldchyde sulfoxylate dissolved in 9.6 g of water was charged and heating



bl ock resistance was determned in a forced air oven at 120[err]F wth the
pai nted 10 surfaces face-to-face under | psi pressure for 30

m nutes. The tests were nunerically rated where a rating of | represents
100% pass where painted surfaces |ift apart with no noise, a rating of 2
represents novesw4sesn pai nted surfaces are separated but noPGTU7/08808
degradation occurs, a rating of 3 represents sone destruction of the
pai nt ed surfaces when the two surfaces are separated and a rating of 4
represents 100% fail 15 where the painted surfaces flow conpletely
t oget her and conpl ete destruction of the filnms occurs upon separation.
Print Resistance: Print resistance was determned using 6 ml (wet) filns
on Leneta 2B opacity paper according to-ASTM D 2064 - 91 Test Method for
Print Resistance of 20 Architectural Paints using a 4 psi pressure
pl aced on top of a #6 bl ack rubber stopper which was placed on four |ayers
of cheesecloth after filmdried to designated tinmes. Heated print
resi st ance wasoutiamed for 38 chinutesa The emeBioniwasovaed wt301Q0md189.68 giof h f ol ded

cheesecl oth (as ove). under 4 psi pressure for 30 .m.nutes. The.t S were
uner  cally + 2oRGPREYRIRES 304 ing el PSR BB Pt s GRS Male o -

demar cation 2 group to acktehdidry ?Hub&va.@ﬁfooy\h“h@la{&.\ﬁ% kHeh filtefell taelinn@h, a rating
of 2 represents demarcations (sone inpression is observed), a rating of 3

represents 100%sh wire s¢reere Sohidelsue] 444 pHabe;amoanted dripkmaterigh(Recoverable
5 Solids, 100 mesh screen), 0.10 g; particle size (Dw), 54 nm. Infrared analysis of clear

films cast over ZnSe showed an absorption at 1653 ¢m™ and 1592 cm™ and a
disappearance of the absorbencies at 1631 cm™ and 1655 cm after addition of the
poly(ethylenimine). After reacting the poly(ethylenimine) with the pendant
acetoacetoxy group, the latex was centrifuged and the water phase analyzed.

10 Elemental analysis of the water phase showed that at most 1% of the
poly(ethylenimine) remained in the water phase.
Example 10: Preparation of a Large Particle Size, Core/Shell Allyl- and
Acetoacetoxy-Containing Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and

15 subsurface feed tube were added 529.6 g of water, 2.87 g of TREM LF-40, 1.36 g of
TERGITOL NP-40 (70%), 7.1 g of sodium carbonate, 5.01 g of methyl methacrylate,
28.95 g of styrene, 17.54 g of methyl methacrylate, 33.78 g of 2-ethylhexyl acrylate,
and 0.16 g of trimethylolpropane triacrylate. A nitrogen purge was begun, then the
contents of the reactor brought up to 80°C at 400 rpm. After reaching 80°C, an

20 initiator solution composed of 5.28 g of sodium persulfate dissolved in 20.88 g of
water was added to the reactor. An initiator solution composed of 3.56 g of sodium
persulfate dissolved in 53.77 g of water was fed into the reactor at 0.336 g/min. Ten
minutes after the initiator feed was started, an emulsion feed composed 0f 192.6 g of
water, 8.31 g of TREM LF-40, 7.25 g of TERGITOL NP-40 (70%), 107.72 g of

25 methyl methacrylate, 177.89 g of styrene, 207.54 g of 2-ethylhexyl acrylate, and 0.98
g of trimethylolpropane triacrylate was begun at 5.25 g/min. After the first emulsion

feed was completed, the lines were rinsed with 160 g of water, and heating continued.



WD 97/ 45468 PCTI US97108808
-23- Scrub Resistance: Scrub resistance was determ ned foll om ng ASTM D2486
Test Method for scrub resistance of architectural coatings. The coating is
applied at 7 m| wet on Scrub Test Charts Form P121-1ON and all owed to dry
for the specwbisgds4eeri od of tinme. 5 . The panel is pl E8WSP18808Gar dco
Scrub Machine, Mddel D- | OV, 10 g of Standardi zed Scrub Medi um (abrasive
type) for ASTM D2486 and D3450 is placed on the scrub brush, the panel is
wet with 5 mM D water, the test machine counter is zeroed, and the test is
run at the maxi numtest speed on the nmachine. After each 400 cycl es before
failure, the brush is renoved and 10 nore g of scrub nediumis added evenly
on the 10 bristles, the brush is-32eplaced, 5 M of D water is

pl aced on the panel and the test is continued. The test is stopped at 1000
cycles or failure, whichever conmes first. Failure is defined as the nunber
of cycles to renove the paint filmfully in one continuous |ine across the
wi dt h of the AfiendS rviutes\disesaind emiilsin; feskbcomposed of 205 g of Witers Lii7dgeflure tests

condt trons. TAEROSPGCku 2 8o HHEDLPOLE-REOBAFaie shrefent 753 &oisi de
Chemi cal s anded}i&iyi adryiaie] RRIPS bmktoacemxgtlil¥x%a§me,\@bh%Ioean,hor Seni gl oss

Interior Architectural Coati J. ins, et al., presented at the

"M
16t h Annual " WERERIBE: 3693 £ himsiy sringsh PRy gscatiy 9% foshyihey!
Febru agy 26- g—%emaptopmp%%ate %g Zmé\&?éﬁ’ 8%’/1111%%{&5 ’Te}r hudsHAey thtk:J %é%‘ds were

completed, an initiator solution composed of 1.34 g of sodium formaldehyde

sulfoxylate and 1.34 g of t-butylhydroperoxide dissclved in 40.2 g of water was fed
into the reactor over 15 minutes. The latex was then filtered through 100 mesh wire
screen. Solids level, 47 %; amount of dried material (100 mesh screen), 1.7 g.

10 Example 11: Preparation of a Small Particle Size, Core/Shell Amine-Containing
Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and

subsurface feed tube were added 1100 g of water, 49 g of HITENOL HS-20, 8.05 g of
TERGITOL NP-40 (70 %), 7.3 g of sodium carbonate, 36.6 g of methyl

i5 methacrylate, 36.1 g of styrene, 36.2 g of 2-ethylhexyl acrylate, and 0.335 g of
trimethylolpropane triacrylate. A nitrogen purge was begun, then the contents of the
reactor brought up to 80°C at 400 rpm. After reaching 80°C, an initiator solution
composed of 7.05 g of sodium persulfate dissolved in 43.55 g of water was added to
the reactor. An initiator solution composed of 4.36 g of sodium persulfate dissolved

20 in 112 g of water was started at 0.466 g/min. Thirty minutes after the initiator feed
was begun, an emulsion feed composed of 355 g of water, 19.65 g of AEROSOL 18,
20.19 g of TERGITOL NP-40 (70%), 224.84 g of methyl methacrylate, 221.95 g of
styrene, 224.4 g of 2-ethylhexyl acrylate, and 2.06 g of trimethylolpropane triacrylate
was begun at 5.24 g/min. After the first emulsion feed was completed, a second

25 emulsion feed composed of 147 g of water, 12.15 g of AEROSOL 18, 12.48 g of
TERGITOL NP-40 (70%), 168.6 g of styrene, 80 g of 2-ethyihexy! acrylate, and

167.9 g of acetoacetoxyethyl methacrylate was fed at 8.4 g/min. Ten minutes after the



A ten-m | drawdown of a commercial gloss alkyd paint is nmade on a "Leneta"
scrub panel (adhesion varies fromalkyd to alkyd - a didden Industrial
Enanmel was used.) The alkyd filmis allowed to age one week at anbient
conditions, then baked at 110[err]F for 24 hours, and then aged at | east
one nore week¥QP/4MEi ent conditions. A 25 seven-mi | FFBOBT t he
test paint is then nade over the aged alkyd and allowed to air dry three
days. (In order to differentiate between sanples that pass this test, dry
times may be shortened. Seven days is a common period, and occasionally 5
hour s -24- dry tinme is used. Constant tenperature/humdity conditions,
72[err] F/50% are normally used for drying.) The test paint is then
cross-hatched with a razor and subnerged33n water for 30 m nutes. The paint
filmis inspected for blistening and scratched with the fingernail to gauge
t he adhesion. Wiile still wet, the panel is pl aced on a "Gardner" scrub
machi ne. Ten of five ercent "LAVAT[err]" soap sluny are added to the
film and the fPPﬁFWT%C@WS:‘@FHSW"{WBSQQ ﬁosedpéééé@%\m*“mhe scored pai nt

TS, Y G SRR RSB R )
ten percent peadterava chmgeldo tliEheacmr rabdaheanhg othesi o030 amwes.eTlhke a_mltmxml of
e L or ok ol S o 6l SaBbL D S 0 IR e gpar at on
5 in over 15 minutes. The latex was then filtered through 100 mesh wire screen. Solids
level, 41.8; amount of dried material (100 mesh screen), 0.60 g; pH, 10.5. Infrared
analysis of clear films cast over ZnSe showed an absorption at 1565 cm™ which
represents an enamine moiety.
Example 12: Preparation of a Large Particle Size, Unstructured Acetoacetoxy-
10 Containing Waterborme Polymer
To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 294 g of water, 1.34 g of TREM LF-40, 1.79 g of
TERGITOL NP-40 (100%), 2.044 g of sodium carbonate, 9.67 g of styrene, 6.09 g of
2-ethylhexyl acrylate, and 0.01g of sodium 2-acrylamido-2-methylpropanesulfonate
15 (50% 1n water). A nitrogen purge was begun, then the contents of the reactor brought
up to 80°C at 400 rpm. After reaching 80°C, an initiator solution composed of 2.3 g
of sodium persulfate dissolved in 13.0 g of water was added to the reactor. An
initiator solution composed of 1.3 g of sodium persulfate dissolved in 34 g of water
was fed into the reactor at 0.16 g/min. Ten minutes afier the initiator feed was started,
20 an emuision feed composed of 120 g of water, 9.94 g of AEROSOL 18, 7.16 g of
TERGITOL NP-40 (100%), 186.6 g of styrene, 115.63 g of 2-ethylhexyl acrylate,
40.81g of acetoacetoxyethyl methacrylate, and 0.52¢g of sodium 2-acrylamido-2-
methylpropanesulfonate (50% in water) was fed into the reactor at 1.72 g/min. Five
minutes after the feeds were completed, then an initiator solution composed 0f 0.4 g
25 of sodium persulfate and 0.4g of sodium metabisulfite dissolved in 12 g of water was

added to the reactor and heating continued for 30 minutes. The latex was then



To a 3000 nL resin kettle equipped wth a condenser, nitrogen purge, and
subsurface feed tube were added 640 g of water, 4.05 g of TREM LF-40, 1.93
g of TERA TOL NP 40(70%, 7.3 g of sodium carbonate, 44.24 g of methyl

nmet hacryl ate, 8.26 g of styrene, 57.09 g of 2-ethyl hexyl acrylate, and
0.252 g of t W®¥454680| propane triacrylate. A nitrogen purgercvassoersesn, t hen
the contents of the reactor brought up to 80[err]C at 400 rpm After
reaching 80[err]C, an initiator charge conposed of 7.70 g of sodium

persul fate dissolved in 43.6 g of water was added to the reactor. An

enmul sion feed conposed of 355 g of water, 11.7 g of TREM LF-40, 10.21 g of
TERA TOL NP- 40 (70%, 271.78 g of nethyl nethacrylate, 50.72 g of styrene,
350.63 g of 2- ethyl hexyl acrylate, and.j4.55 g of trinethyl ol propane
triacrylate was begun at 8.38 g/mn. Five mnutes after the first enul sion
feed was begun, an initiator solution conposed of 4.36 g of sodium

persul fate dissolved in 112 g of water was fed at 0.466 g/mn. After the
first emul si offilttedthrongh WOmEsketvird screens Sotidslleest) #256; amomt ol ddaihmpatetsl of 171 g -

of water, 12.7 of AE 18, 5,09 of TERG TOL NP-40 (70%, 180.88 g
of styrene, gé?wg’ﬁesgﬁcr?@%&s(%n¥ié’§’§‘P‘_°a?&°§P&’§d,53I‘%gg%g“’[éﬁ‘lﬂe’éi‘ét%acet oxyet hyl
met hacryl at e, ggggk -lgsgrﬁ%mﬁ&?oﬁq,%%[?a%i@@g%é Ulsiertred Acgté!%@q.%‘l%

PCT/ US97/ 08808 - 25- net hyl propanesul fonate (50% I n wat er ed at 8.38
g/ mi n. Five niGontagsngMaterboredPolymer

5 To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 351 g of water, 0.76 g of AEROSOL OT, 5.11 g of
TERGITOL NP-40 (100%), 2.05 g of sodium carbonate, 3.58 g of styrene, 11.63 g of
2-ethylhexyl acrylate, and 2.68g of sodium 2-acrylamido-2-methylpropanesulfonate
(50% in water). A nitrogen purge was begun, then the contents of the reactor brought

10 up to 80°C at 400 rpm. Afler reaching 80°C, an initiator solution composed of 2.3 g
of sodium persulfate dissolved in 13.0 g of water was added to the reactor. An
tnitiator solution composed of 1.3 g of sodium persuifate dissolved in 34 g of water
was fed into the reactor at 0.16 g/min. Ten minutes after the initiator feed was started,
a monomer feed composed of 4.10 g of AEROSOL OT (75%), 88.02 g of styrene,

15 221.06 g of 2-ethylhexyl acrylate, 51.01g of acetoacetoxyethyl methacrylate, and
0.26g of sodium 2-acrylamido-2-methylpropanesulfonate (50% in water) was fed into
the reactor at 1.72 g/min. Five minutes after the feeds were completed, then an
initiator solution composed of 0.4 g of sodium persulfate and 0.4g of sodium
metabisulfite dissolved in 12 g of water was added to the reactor and heating

20 continued for 30 minutes. The latex was then filtered through 100 mesh wire screen.
Solids level, 47.6; amount of dried material (100 mesh screen), 0.10 g; particle size
(Dw), 122 nm; Tg of Polymer, -28°C.

Example 14: Preparation of a Large Particle Size, Unstructured Acetoacetoxy-
Containing Waterborne Polymer

25 To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 294 g of water, 1.34 g of TREM LF-40, 1.79 g of
TERGITOL NP-40 (100%), 2.044 g of sodium carbonate, 12.71 g of styrene, 3.84 g



| ast feed, an initiator solution of 1.34 g of t-butyl hydroperoxi de, and
1.34 g of sodium formal dehyde sul foxylate dissolved in 40.2 g of water was
charged and heating continued for 30 m nutes. The emul si on was cool ed, and
45 g of ammonium 5 hydr oxi de (28% were punped in over 15 m nutes.
The | atex waswOR##s46d | t ered t hrough 100 nesh wire screen. SBCT/HSITI08808| | -
46.0; pH, 8.4; anmount of dried material (100 nmesh screen), 11.6 g; particle
size (Dw), 236 nm ZETA potential, -47.1 nv, |atex gel fraction/swell ratio
42/9.6. Infrared analysis of clear filns cast over ZnSe showed an
absorption at 1565 cnjerr] which represents an enam ne noiety. 10

Exanpl e 2: Preparation of a Large Particle Size, Core/ Shell PEI-Containing
Wat er borne Pol yner The procedure for the3preparation of this |atex was
simlar to the latex preparation described in Exanple 1 except that 247.35
g of poly(ethylenimne) (50%in water) was added in place of the amoni um
hydr oxi de solution. Mdle ratio of NNH 15 group to acetoacetoxy group
was 4.27. The ¢fasoegtyhesylatecand 0014 gof dodivm dragtylangdo-usdthylpropanssulfonste Sol i ds

| evel, 46.8; p 10; nt. of dried terial (,100 mesh.screen 3..28 Q;
ol ol et vo ot waBE hiGer By E e, e e o3 B RETGERL ol 9
fraction/ swel |y @800C 40409.rprh. Alfief feactik S01a, ¥BinRialdr s6lu8&H conpob ofasig over
ZnSe showed an absorption at_ 1653 C{Herr] and 1565 cnferr] and a

di sappear ance ¥fsotiHE pEEUHE diseqleed 1nd 3.9 @ of water wag grigled i the Fclgh AN 655 cnf err]
af ter ?ﬁd' ti Qr‘inﬁfagotr\%&%:ﬁ&{ %Grﬁ:tog%l £71378 SSbdiuf defihifhtE 351G ihg@F of water

pol y(et hyl eni m ne e pendant "acet oacet oxy group, t at ex was
centrifuged anetatfaeiniathe reaptoastd. Eorgimyw ckén nihateeaftenthcamtibtpsiced whs stirtedyat er

phase shovied . gt 1Bt 2% 1, 1150 B YR DAL ABROSOETE TR P 1o
TERGITQOL NP-40 (100%), 241.47 g of styrene, 73.02 g of isooctyl acrylate, 25.61 g
of acetoacetoxyethyl methacrylate, and 0.52g of sodium 2-acrylamido-2-

10 methylpropanesuifonate (50% in water) was fed into the reactor at 1.72 g/min. Five
minutes after the initiator solution feed was in, an initiator solution of 0.72 g of
sodium formaldehyde sulfoxylate and 1.03 g of t-butyihydroperoxide dissolved in 12
g of water was added to the reactor. The latex was then filtered through 100 mesh
wire screen. Solids level, 43.8; amount of dried material (100 mesh screen); 3.3 g;

15 pH, 7.4; particle size (Dw), 151 nm; Tg of Polymer, 16°C.
Example 15; Preparation of a Large Particle Size, Core/Shell Amine-Containing
Waterborne Polymer

To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and

subsurface feed tube were added 192 g of water, 1.22 g of TREM LF-40, 0.79 g of

20 TERGITOL NP-40 (70%), 2.4 g of sodium carbonate, 13.55 g of methyl
methacrylate, 1.21 g of styrene, 17.24 g of 2-ethylhexyl acrylate, 0.10 g of
trimethylolpropane triacrylate, and 6.04 g of acetoacetoxyethyl methacrylate. A
nitrogen purge was begun, then the contents of the reactor brought up to 80°C at 400
rpm. After reaching 80°C, an initiator solution composed of 2.31 g of sodium

25 persulfate dissolved in 13.06 g of water was added to the reactor. An initiator solution
composed of 1.31 g of sodium persulfate dissolved in 34 g of water was started at

0.54 g/min. Thirty minutes after the initiator feed was begun, an cmulsion feed



Exanpl e 3: Preparation of a Large Particle Size, Core/ Shell PEl-Containing
25 Wat er bor ne Pol ynmer The procedure for the preparation of this

| atex was simlar to the |atex preparation described in Exanple 1 except
that 316.86 g of poly(ethylenimne) (50% WO 97/ 45468

PCT/ US97/ 0889® 97868 i n water) was added in place of the ampowusswdsgodr oxi de
solution. Mole ratio of N-H group to acetoacetoxy group was 5.47. The | atex
was then filtered through 100 nmesh wire screen. Solids |evel, 46.5; pH, 10;
anount of dried material (100 nesh screen), 4.11 g; particle size (Dw), 225
nm |atex gel fraction/swell ratio 76/5.7. Infrared 5 anal ysi s of
clear filnms cast over ZnSe showed an absorption at 1653 cm' and 1565
cnferr] and a di sappearance of the absorfgncies at 1631 cnjerr] and 1655
cnferr] after addition of the poly(ethylenimne). After reacting the
poly(ethylenimne) with the pendant acetoacetoxy group, the |atex was
centrifuged and the water phase anal yzed. El enental analysis of the water
phase showed téraposed ofiif¥tg owabér, 3.5ieg @OTREM LF-$@ 3\06e3 ¢fYIERGIFOLNP-4&@mai ned in -

e Ao, Phas o CeaRl o oY SBRLRR Rl SRR BOLICLE Bk o
equi pped W t ha@yRRNARIGEI9 g 66 thRHdIRUFAE trizdRthte was begun at 8.38 g/min. After
the first emulsion feed was completed, the feed lines were washed with 80 g of water,
5 and the temperature held at 80°C for 30 minutes. A second emulsion feed composed
of 53 g of water, 3.84 g of AEROSOL 18, 1.53 g of TERGITOL NP-40 (70%), 63.31
g of styrene, 24.0 g of 2-ethylhexyl acrylate, 37.13 g of acetoacetoxyethyl
methacrylate, and 0.50 g of the sodium 2-acrylamido-2-methylpropanesulfonate (50%
in water) was fed at 8.38 g/min. Five minutes after the initiator solution feed was in,
) an initiator solution of 0.40 g of sodium formaldehyde sulfoxylate and 0.40 g of t-
butylhydroperoxide dissolved in 12.1 g of water was added to the reactor. . The
emulsion was cooled to less than 35°C., and 69.51 g of polyethylenimine (50%) were
pumped in over 15 minutes. The latex was then filtered through 100 mesh wire
screen. Solids level, 46.6; amount of dried material (100 mesh screen), 0.15 g;
15 particle size (Dw), 167 nm, Tg, 5°C.
Example 16: Preparation of a Large Particle Size, Core/Shell Amine-Containing
Waterbome Polymer
To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 640 g of water, 4.05 g of TREM LF-40, 1.93 g of
20 TERGITOL NP-40 (70%), 8.0 g of sodium carbonate, 55.23 g of methyl
methacrylate, 4.04 g of styrene, 47.4 g of 2-ethylhexyl acrylate, 0.33 g of
trimethylolpropane triacrylate, and 20.1 g of acetoacetoxyethyl methacrylate. A
nitrogen purge was begun, then the contents of the reactor brought up to 80°C at 400
rpm. After reaching 80°C, an initiator solution composed of 7.0 g of sodium
25 persulfate dissolved in 43.6 g of water was added to the reactor. An initiator solution
composed of 4.36 g of sodium persulfate dissolved in 122 g of water was started at

0.54 g/min. Thirty minutes after the initiator feed was begun, an emulsion feed



subsurface feed tube were added 1100 g of water, 49.0 g of H TENOL HS- 20,
8.05 g 15 of TERA TOL NP-40(70%, 7.3 g of sodium carbonate, 44.24 ¢
of nethyl nethacrylate, 8.26 g of styrene, 57.09 g of 2-ethyl hexyl
acrylate, and 0.252 g of trinethylol propane triacrylate. A nitrogen purge
was begun, tMWEW'PE8contents of the reactor brought up to QJSP? 400
rpm After reaching 80[err]C, an initiator charge conposed of 7.70 g of
sodi um persul fate dissolved in 43.6 g of water was added to 20 t he
reactor. An emul sion feed conposed of 273.5 g of water, 19.65 g of AEROSCL
18, 20.19 g of TERA TOL NP-40 (70%, 271.78 g of nethyl nethacrylate, 50.72
g of styrene, 350.63 g of 2-ethyl hexyl acrylate, and 1.55 g of

trimethyl ol propane triacrylate was begur37at 8.38 g/mn. Five mnutes after
the .first enul sion feed was begun, an initiator solution conposed of 4.36 ¢
of sodi um persul fate dissolved in 112 25 g of water was fed at 0.466

g/mn. After the first enul sion feed was_conpl eted, a second enul sion feed
conposed of 14qmppsgd ofdiSeyof wager .38 BfIwK@n]‘éiO, 1621 gf TERGIFORMRAGrOL  NP- 40

(70% , 180. 88 ghopf 2 3% L RGLY) ate 97/ 45468
PCT/ US97/ 088oéﬂ’-@’z?cﬁﬁéSB@S‘“@B"%&%{%‘%&‘% ‘%f?%?’?‘*ﬁ’e%zé ?xﬁtzg?“é’,”h%" 4 1.68g of
the sodi um 2- aelsteaandino@g ofeintesiyfimrppane sridcHydnaives §epOfial 8138\@heéi.) Aers fed at

8.38 g/mn. Five minutes after the |last feed, an initiatar solution of 1.34
g of t-butyl MeEhs frifeed ‘éfﬁ%@f!r’?&ea"gﬂﬁffeﬁég&%we washed with 80 g of water,

5 and the temperature held at 80°C for 30 minutes. A second emulsion feed composed
of 171 g of water, 12.79 g of AEROSOL 18, 5.09 g of TERGITOL NP-40 (70%), 211
g of styrene, 80.0 g of 2-ethylhexyl acrylate, 123.8 g of acetoacetoxyethy}
methacrylate, and 1.68 g of the sodium 2-acrylamido-2-methylpropanesulfonate (50%
in water) was fed at 8.38 g/min. Five minutes after the initiator solution feed was in,
10 an initiator solution of 1.34 g of sodium formaldehyde sulfoxylate and 1.34 g of t-
butylhydroperoxide dissolved in 40.2 g of water was added to the reactor. . The
emulsion was cooled to less thag 35°C., and 121 g of polyethylenimine (50%) were
pumped in over 15 minutes. The latex was then filtered through 100 mesh wire
screen. Solids level, 46.6; amount of dried material (100 mesh screen), 25 g; particle
15 size (Dw), 450 nm; Tg, 14°C; pH, 10.4
Example 17: Preparation of a Large Particle Size, Core/Shell Allyl- and
Acetoacetoxy-Containing Waterborne Polymer
To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 480 g of water, 1.30 g of HITENOL HS-20,1.08 g
20 of TERGITOL 15-S-40 (100%), 5.84 g of sodium carbonate, 5.01 g of methyl
methacrylate, 8.27 g of styrene, 9.63 g of 2-ethylhexy! acrylate, and 0.0689 g of
trimethylolpropane triacrylate. A nitrogen purge was begun, then the contents of the
reactor brought up to 80°C at 400 rpm. After reaching 80°C, an initiator solution
composed of 6.16 g of sodium persulfate dissolved in 34.84 g of water was added to
25 the reactor. An initiator solution composed of 3.48 g of sodium persulfate dissolved
in 89.8 g of water was fed into the reactor at 0.336 ¢/min. Ten minutes afier the

initiator feed was started, an emulsion feed composed of 210.4 g of water, 2.75 g of



f or mal dehyde sul foxyl ate dissolved in 40.2 g of water was charged and
heating 5 conti nued fer—30—-mnutes ~Thé enul sion was cool ed, and 45
g of amoni um hydr oxi de (280 etmégg@gq Répigxéer 15 minutes. The | at ex was

then filtered through 100 mas ol ids |l evel, 41.0; anount of
m mm&m[m\u icle size (I:)\N)Ppmmmosl at ex
alysis of clear filns cast

dried nmateri wo 9748488 nesh screen
gel fraction/swell ratio 57/11.

over ZnSe showed an absorption at 1565 1 0 cnferr] which represents
an enam ne noiety. Exanple 5. Preparation of a Small Particle Size,

Cor e/ Shel I PEI - Cont ai ni ng Wat er bone Pol ynmer The procedure for the
preparation of this latex was simlar tggthe | atex preparation described in
Exanpl e | except that 247.35 g of poly(ethylenimne) (50% 15 in

wat er) was added in place of the amoni um hydroxi de solution. Mle ratio of
N-H group to acetoacetoxy group was 4.27. The latex was then filtered

t hrough 100 nﬁEROﬂQl@Edb’mlof'EERGHQU Ev&H40 (KD%8, 95, gdmnetmyfount of dried

mat eri al (100 tex gel
fraction/ sweI‘F‘ %tesgﬁgseg"fs&‘?gr b@%@é}sﬁgy@w&c i’t"’fai“fi t over
ZnSe showed aginpBBAdipob&iE 13kcrifE ¥as Blgthial 5.859/mhR6 gl and a
di sappearance of the aBsorbecrﬁg:il es aat g‘%‘631 C gg‘r ﬁﬁ&ﬁhe%xgtemn#fxe” after
addi tion of tWes qeeipjgted, Hel lmas Wﬂm@)lsewtﬂe‘iﬁsrtéaf@tqr,mgdthgobxy(wemyA&en m ne)
uith the Pendabune! PRESLONNONE Bl SR BT BRI ITLIET d the
nmost 2% of t hAEROSYLEL8NY 136 Riof TERGITODB53e4D (100%))225\8 EQF stpleas a53.5 g of

2-ethylhexyl acrylate, 47.97g of acetoacetoxyethyl methacrylate, 28.78 g of allyl

methacrylate, 18.81 g of dimethylaminoethyl methacrylate, and 4.894 g of 2-
ethylhexyl 3-mercaptopropionate was started at 8 g/minute. Ten minutes after the

10 feeds were completed, the reactor was cooled to 65°C, then an initiator solution
contposed of 2.74 g of sodium formaldehyde sulfoxylate dissolved in 32.2 g of water,
and 5.05 g of a catalyst solution composed of 0.5% iron (II) sulfate chelated with
ethylenediamine tetracetic acid were added to the reactor. A solution of 2.94 g of t-
butylhydroperoxide dissolved in 32.2 g of water was fed into the reactor over 15

15 ' minutes. The latex was then filtered through 100 mesh wire screen. Solids level,
46.9; pH, 7.6; amount of dried material (100 mesh screen), 2.0 g; particle size (Dw),
197 nm.
Example 18: Preparation of 2 Small Particle Size, Core/Shell Amine-Containing Waterborne
Polymer

20 To a 3000 mL resin kettle eqnipped with a condenser, nitrogen purge, and subsurface
feed tube were added 720.4 g of water, 39.2 g of HITENOL HS-20, 1.08 g of TERGITOL
15-S-40 (100%), 5.84 g of sodium carbonate, 26.14 g of methyl methacrylate, 35.2 g of
styrene, 26.4 g of 2-ethylhexy! acrylate, and 0.264 g of trimethylolpropane triacrylate. A
nitrogen purge was begun, then the contents of the reactor brought up to 80°C at 400 rpm.

25 After reaching 80°C, an initiator solution composed of 6.16 g of sodium persulfate dissolved
in 34.84 g of water was added to the reactor. An initiator solution composed of 2.08 g of

sodium persulfate dissolved in 53.6 g of water was started at 0.336 g/min. Thirty minutes

_ THIS SHEET HAS BEEN |
SUBSTITUTE SHEET (RULE 26) £PLAGED




WD 97/ 45468 PCT/ US97/ 08808
-28- Exanple 6: Preparation of a Small Particle Size, Core/ Shel

PEI - Cont ai ni ng Wat er borne Pol ymer The procedure for the preparation of this
|l atex was simlar to the |latex preparation described in Exanple 1 except

t hat 314. 459 W 9545868 et hyl eni mi ne) (50% 5 in wat er) REFEUSHHORSEB i n’

pl ace of the amoni um hydroxi de solution. Mle ratio of NNH group to

acet oacet oxy group was 4.27. The latex was then filtered through 100 nesh
wire screen. Solids level, 41.6; pH, 10; anount of dried material (100 nesh
screen), 3.03 g; particle size (Dn), 70 nm Ilatex gel fraction/swell ratio
61/6.5. Infrared analysis of clear filnms cast over ZnSe showed an
absorption at 1653 cnferr] and 1565 10 -39- cnferr] and a di sappear ance
of the absorbencies at 1631 cm' and 1655 cnferr] after addition of the
poly(ethylenimne). After reacting the poly(ethylenimne) with the pendant
acet oacet oxy grou the |l atex was centrifuged and.the water phase anal yzed.
El enental analafieit e mtlmWéeqﬂawvérbem\a%e@wm&eﬂ hempased ofokS8 4mefovaternks. 72 g of

Preparat on oPBsGLeRITE AftIERRY BT SEAG0 Ao s ot meniF BB o e
Pol ymer To a 3@90 graf styesie Nl 1K S2 gl of 2&ﬂwlm§thcw'lité1 aad com def ainticthylolpropgan
Ellir ?18 inSBS;Q%?cg z?tg?»a]; %ggqmta? ? %4 \é\/?'t{lre) %(Etgx? tﬂc irst cmulsnon ee;[i gwr';xs coénpqgedq t}?J fe;rdREM
5 lines were washed with 80 g of water, and the temperature held at 80°C for 30 minutes. The
reactor was then cooled to 65°C, and an initiator solution of 2.74 g of sodium formaldehyde
sulfoxylate dissolved in 16 g of water, and 5.05 g of a catalyst solution composed of 0.5%
iron (I1) sulfatc chelated with ethylenediamine tetracetic acid were added to the reactor. A
second emulsion feed composed of 138.4 g of water, 9.72 g of AEROSOL 18, 6.99 g of
10 TERGITOL 15-S-40 (100%), 191.90 g of styrenc, 43.25 g of methyl methacrylate, 14392 g
of 2-ethylhexyl acrylate, 95.95 g of acetoacetoxyethyl methacrylate, and 9.45 g of the sodium
2-acrylamido-2-methylpropanesulfonate (50% in water) was fed at 5.24 g/min. A solution of
3.92 g of t-butylhydroperoxide dissolved in 32 g of water was fed into the reactor during the
second emulsion feed at 0.14 g/min. After the t-butylhydroperoxide feed was completed,
15 heating was continued for 30 minutes. The emulsion was cooled to less than 35°C., and 122
g of polyethylenimine (50%) were pumped in over 15 minutes. The latex was then filtered
through 100 mesh wire screen. Solids level, 44.6; amount of dried material (100 mesh
screen), 1.1 g; particle size (Dw), 54 nm; pH, 10.5. Infrared analysis of clear films cast over
ZnSe showed an absorption at 1565 cm™ which represents an enamine moiety.
20 Example 19: Preparation of Pigment Grind
A pigment grind was prepared using a Premier disperser, as below, and a portion of

the grind was used to letdown each specified paint.

Material: Yolume:

Deionized (D) Water 120.0
25 TAMOL 1124 dispersant 12.0

TRITON CF-10 6.0

Propylene Glycol 6.0



TERG TOL NP-40(70%, 7.3 g of sodium carbonate, 55.23 g of nethyl

net hacryl ate, 20 4.03 g of styrene, 47.40 g of 2-ethyl hexyl
acrylate, 20. 15g of acetoacetoxyethyl nethacrylate, and 0.336 g of
trimethyl ol propane triacrylate. A nitrogen purge was begun, then the
contents of woomaemst or brought up to 80[err]C at 400 rpm péfriss/asgmchi-ng
80[err]C, an initiator charge conposed of 7.70 g of sodium persulfate

di ssolved in 43.6 g of water was added to the reactor. An emnul sion feed
conposed of 355 g of water, 25 117 g of TREM LF-40, 10.21 g of
TERG TOL NP-40 (70%, 271.78 g of methyl nethacrylate, 50.72 g of styrene,
350.63 g of 2-ethyl hexyl acrylate, and 1.55 g of trinethyl ol propane
triacrylate was begun at 8.38 g/mn. Fiyg mnutes after the first WO
97/ 45468 PCT/ US97/ 08808
-29- enul sion feed was begun, an initiator solution conposed of 4.36 g of
sodi um persul fate dissolved in 112 g of water was fed at 0.5.36 g/ mn.
After the firmpARASTEROAP f eed was conpl eted, a ggcond enul sion feed :
conposed of 171 g of water, 12.79 g of AEROSOL 18, 5.09 g of TERG TOL NP-40
(70% , 211. 03Thg materipfsiverp dispegsed well and ghpnwag added mndsriagitationy| acryl at e,

123. 779 of aog’g};{ﬁg%kl%et hyl methacryl ate, and. . 68g of the sodi um

2-acryl am do-2Z-nmet hyl propanesul fonate (50%in water) was fed at 8.38 g/ mn.
Fi ve m nutes Afidr@owi®aintipht gfitdphssedV+ Hdghiad] thén watbidsaddaf 1. 34 g of
t-butyl hydr o&er oxi de, and 1.34 g of sodium fornal dehyde sul f oxyl ate

di ssol¥ed in %8> g of 37.5

Example 20: Preparation of 2 Pigmented Coating Formulation using Latex from Example 17

Paint Letdown:

Material: Weight (g):
10 Latex Example 17
Example 19 Grind 137.02
Example Latex 216.0
TEXANOL 6.5
FOAMASTER AP)Premix 1.04
15 FOAMASTER VF) 1.56
5% Cobalt Hydrocure II) 2.34

The above were mixed with stirring then the following were added:

RHOPLEX RM 2020 56.16
20 (50% aqueous by weight)

DI (deionized) Water 39.0

Ammonia 0.8

(28% agueous by weight)

RHEOVIS CR2 thickener 24.26
25 (60% aqueous by weight)
Resulting pH: 8.55

Paint Viscosity (KU): 88



wat er was charged and heating continued for 30 m nutes. The enul sion was
cool ed, 10 and filtered through 100 nmesh wire screen. Solids |evel,
46. 64; pH, 8.2; anount of dried naterial (100 nesh screen), 24.65 g;
Particle Size, (Electron Mcroscopy), 450 nrm To 2500 g of this |atex were
added over 15vobssess 115 g of pol y(et hyl eni mine) (509 . SoP¢HYSI7E880%04 pH,
10.4; Particle Size (Electron Mcroscopy), 450 nm Infrared anal ysis of
clear films cast over ZnSe showed an absorption at 1653 cnferri—and-15—

1565 cnferr] and a di sappearance of the absorbencies mséﬁ%gﬂéﬁ%pé%

1655 cnferr] after addition of the poly(ethylenimne). :
Preparation of a Small Particle Size, Urél-ructured Enam ﬂ m} umwl
Wat er borne Polyner To a 1000 nL resin kettle equi pped w ,

nitrogen purge, and 20 subsurface feed tube were added 290 g of
wat er, 15.52 g of H TENOL HS-20, 2.55 % of TERA TOL NP-40 (70%, 3.5 g of
sodi um car bond¢kVisgosity (B): of net hyl netH8Rrylate, 5.38 g of 2-ethyl hexyl
acryl ate, and  Bhed pret oxyekhyh nethacrylate. A nitrogen purge
was begun, thg;}o% eecon‘t:e*r}lﬁs&o the reactor brought up to 80[err]C at 400
rpm After red3spindlg3803em]C, an initiator charge conposed of 2.30 g 25
of sodium persulfate dissolved in 13.0 g of water was added to the reactor.
An enul sion feed conposed of 120 g of water, 6.55 g of AEROSOL 18, 10.22 g
(2)1‘ tTEnglhTﬂ—l NP- 40 p4£iaPAiscob@pf Rrdbs ChnitdRldheallRid el ¥4 Abilts ushit’a RRRbE.SRfmer
-e ex

Y Y viscometer. The resulting paint, Example 20, was evaluated for gloss, color, scrub

resistance, alkali resistance, blocking resistance, and print resistance. The results are shown

in the following Tables 1-5.

Table 1
.l o Scrub Days { BT/TF Wet Adhesion Alkali
oss olor
10 Paint Dry Days/Dry Resist 7D
60/20 Lab
ID | 7D ID 7D Dry
95.17, -0.39, 865/
20 73/31 89 |277 87/181 6.5%
2.21 2311
Table 2
Blocking Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)
Paint
1P-1D iD-7D 2D-1D 2D-7D 7D-1D 7D-7D
15 20 4 3 4 4 5 4
Table 3
Blocking Resistance: Days (D) dry - 30 Minutes FTF at 120°F
Paint
1D 2D 7D
20 1 2 4

20
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WD 97/ 45468 PCT/ US97/ 08808
-30- acrylate, and 84.21 g of acetoacetoxyethyl nethacryl ate was begun at
8.38 g/mn. Five mnutes after the first emul sion feed was begun, an
initiator solution conposed of 1.3 g of sodium persulfate dissolved in 33.5
g of water vaesfasdémt 0.536 g/mn. Five mnutes after the PONURYI08808ed, an
initiator solution of 0.40 g of t-butyl 5 hydr oper oxi de, and 0.40 ¢
of sodi um for mal dehyde sul foxyl ate dissolved in 12 g of %a{ef was—f:harg'ed""""
and heating continued for 30 m nutes. The enul sion was @ RépiSced
of ammoni um hydroxi de (28% were punped in over 15 m nut es

then filtered through 100 mesh wire scrgen. Solids |evel, muww
dried material (100 mesh screen), 0.12 g; particle size (

I nfrared anal ysis 10 of clear filns cast over ZnSe shovved an
absorption at 1568 cnferr] which represents an enam ne noi ety. Exanple 9:
Preparation of a Small Particle Size, Ungjluctured PEI-Containing

Wat erborne Polyner _To a 1000 mi resin kettle egui pped with a condenser,
nitrogen purge, and Op A g fof
water, 12.42{9pgjnt Hl T':N};nn't-éesi#m liﬂlgﬁ)i Jjgrgﬁ%gg %2 g of
sodi um car bomat e, 4.113Dgif memhyb bt:lrlzm())/l atm-'iﬁ. 3B qufD ZJ e;tx:hybliexyl
acryl ate, an@—4—33— of—acetoacet OXY rl.llyl g l.llla.bl‘y: ae—A i oger—jpur ge
was begun, tqen29he congent$ of 2the feactor {poroght pp té 80[lerZ] C jat 400
rpm After reaching 80[err]|C, an initiator charge conposed of 1.84 g 20

of so%i um persul fate dissolved in 10.4 g_l_of wat er was added to the reactor.
An

Print Resistance: Days (D) dry - 30 Minutes FTF at 120°F
1D 2D 7D
20 4 6 6

Paint

10 Example 21: Preparation of a Small Particle Size, Core/Shell Acetoacetoxy-Containing

Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 720 g of water, 39.2 g of HITENOL HS-20, 1.54 g of TERGITOL NP-
40 (70%), 5.84 g of ammonium bicarbonate, 26.14 g of methyl methacrylate, 35.2 g of

15 styrene, 26.4 g of 2-ethylhexyl acrylate, and 0.264 g of trimethylolpropane triacrylate. A
nitrogen purge was begun, then the contents of the reactor brought up to 80°C at 400 rpm.
After reaching 80°C, an initiator solution composed of 6.16 g of ammonium persulfate
dissolved in 34.84 g of water was added to the reactor. An initiator solution composed of
2.08 g of ammonium persulfate dissolved in 53.6 g of water was started at 0.336 g/min.

20 Thirty minutes after the initiator feed was begun, an emulsion feed composed of 153.6 g of
water, 15.72 g of AEROSOL 18, 15.72 g of TERGITOL NP-40 (70%), 110.4 g of methyl
methacrylate, 148.7 g of styrene, 111.52 g of 2-ethylhexyl acrylate, and 1.12 g of
trimethylolpropane triacrylate was begun at 5.24 g/min. After the first emulsion feed was

completed; the feed lines were washed with 80 g of water, and the temperature held at 80°C

THIS SHEET HAS BEEN
REPLACED
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enul sion feed conposed of 96 g of water, 5.24 g of AEROCSOL 18, 8.1 8 g of
TERA TOL NP-40 (70%, 78.90 g of--nethyl—methacrylate, 110.82 g of

2- et hyl hexyl acrylate, and 82. %ﬁ\gs  ASSEQAGRbRYaet hyl methacryl ate was
begun at 8.38 g/mn. Five mnutes t enul sion feed was begun,
an initial soveei4ssssconposed of Zj ﬁmuﬂmmmg di ssol ved TGT/YS97/88888 of
water was fed at 0.536 g/mn. Fiv t t he nononer feed, an
initiator solution of 0.32 g of t-butyl hydroperoxide, and 0.32 g of sodium
f or mal dehyde sul foxyl ate dissolved in 9.6 g of water was charged and

heat i ng WO 97/ 45468

PCT/ US97/ 08808 -31- continued for 30 m m3tes. The enul sion was cooled to
30C, and 139.58 g of poly(ethylenimne) (50%in water) were punped in over
15 minutes. Mole ratio of NN H group to acetoacetoxy group was 4.00. The

| atex was then filtered through- 100 nmesh wire screen. Solids |evel, 42.8;
pH, 10; anounfordf minwtes Thereastprwvasthencseled 4p6¥ U5 and an initiago salution of 3 4raafh

screen), 0.10_qg;. rti an ed

filnms cast ové&"ﬂg%’ ﬁgyed%s lﬁcx&@@ lf)sf)ﬁ%%‘ {é gl%{ rgaq %cfg%yf %‘ﬁ‘ftg’ﬁ]
and a di sappeasmgssed of0. S%QroﬁbBWuB@tE@ha&e@(vn&@@%eﬁéﬂmﬁé te&ﬁ&t&&ﬁ&& werd £ded
after addition of the poly(ethylenimne). After reactin

pol y( et hyl eni ki theyeagior. bA sérend empulsian fogd compesed QWSglrmfpwawrh%n EOEAERQSOL
centri EUQGd ang 9t£ﬂ§e%\e d Gﬁ?ﬁﬁﬁ?ﬁ& }eibl é(ﬁgeof styrene&?@rg QF@IL:th?MLtK%t?lagf

t he water phase S at at nost

143.92 g of 2-ethylhexyl acrylate, 95.95g of acetoacetoxyethyl methacrylate, and 4.72g of
the sodium 2-acrylamido-2-methylpropanesulfonate (50% in water) was fed at 5.24 g/min. A
solution of 3.92 g of t-butylhydroperoxide dissolved in 32 g of water was fed into the reactor
during the second emulsion feed at 0.14 g/min. After the t-butylhydroperoxide feed was

10 completed, heating was continued for 30 minutes. The latex was then filtered through 100
mesh wire screen. Solids level, 44.9; amount of dried material (100 mesh screen), 1.5 g;
particle size (Dw), 72 nm.
Example 22: Preparation of a Small Particle Size, Core/Shell Amine-Containing Waterborne
Polymer

15 To a 400 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 900 g of water, 49 g of HITENOL HS-20, 1.93 g of TERGITOL NP-40
(70%), 7.3 g of sodium carbonate, 32.67 g of methyl methacrylate, 44 g of styrene, 33 g of 2-
ethylhexyl acrylate, and 0.33 g of trimethylolpropane triacrylate. A nitrogen purge was
begun, then the contents of the reactor brought up to 80°C at 400 rpm. After reaching 80°C,

20 an initiator solution composed of 7.70 g of sodium persulfate dissolved in 43.55 g of water
was added to the reactor. An initiator solution composed of 2.61 g of sodium persuifate
dissolved in 67 g of water was started at 0.42 g/min. Thirty minutes after the initiator feed
was begun, an emulsion feed composed of 192 g of water, 19.65 g of AEROSOL 18,1965 g
of TERGITOL NP-40 (70%), 138.01 g of methyl methacrylate, 185.88 g of styrene, 13941 g

25 of 2-ethylhexyl acrylate, and 1.394 g of trimethylolpropane triacrylate was begun at 6.56
g/min. After the first emulsion feed was completed, the feed lines were washed with 80 g of

water, and the temperature held at 80°C for 30 minutes. The reactor was then cooled to

SUBSTITUTE SHEET (RULE 26) { THIS SHEET HAS BEEN
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poly(ethylenimne) remained in the water phase. Exanple 10: Preparation of
a Large Particle Size, Core/Shell Allyl- and Acetoacetoxy-Containing
Wat er borne Pol yner To a 3000 nL resin kettle equi pped with a condenser,

ni trogen purge, and 15 sullbig Sheet ¢lat Beeh Repaeever e added 529.6 g of

wat er, 2.87 WoohushREM LF- 40, 1.36 mg NP- 40 ( 70%cTiisshogr®f
-ethy

sodi um car bonate, 5.01 g of nethyl 28.95 g of styrene, 17.54
g of methyl nethacrylate, 33.78 g o exyl acrylate, and 0.16 g of
trinmet hyl oi propane triacrylate. A nitrogen purge was begun, then the
contents of the reactor brought up to 80[err]C at 400 rpm After reaching
80[err]C, an 20 I nitiator solutloQ conposed of 5.28 g of sodium
persul fate dissolved in 20.88 g of water was added to the reactor. An
initiator solution conposed of 3.56 g of sodium persulfate dissolved in
53.77 g of water was fed into the reactor at 0.336 g/mn. Ten mnutes after

the initiat orssf@%d%%xﬁaza{sfoﬁﬁon aﬁs wg'oﬁédaimﬁ ﬁﬁﬂalaagaef.ggy /?faté:%%ol?g(gmqo

water, 8.31 g of TREM LF-40 TERG TOL NP g of 25 -
met hyl met ha@rof Ivattee, and 63, lwfg cetalyst spiusion corapRed af 5% firofl () dujfatechglbted with

oo o B R S ORA T BS  ud BRBE ©, 22,
with 160 g ofcomma of §78g hmt:emgz topbf ABRASOL 18YQ2.4874 4SHEIEGITOL NP-40
PCT/ US97/ 08808 - 32-

5 (70%), 239.88 g of styrene, 54.06 g of methyl methacrylate, 179.91 g of 2-ethythexyl
acrylate, 119.94 g of acetoacetoxyethyl methacrylate, and 11.81 g of the sodium 2-
acrylamido-2-methylpropanesulfonate (50% in water) was fed at 6.56 g/min. A solution of
4.9 g of t-butylhydroperoxide dissoived in 40 g of water was fed into the reactor during the
second emulsion feed at 0.14 g/min. After the t-butylhydroperoxide feed was completed,

10 heating was continued for 30 minutes. The emulsion was cooled to less than 35°C, and
202.53 g of polyethylenimine (50%) were pumped in over 15 minutes. The latex was then
filtered through 100 mesh wire screen. Solids level, 44.7; amount of dried material (100
mesh screen), 1.3 g; particle size (Dw), 56 nm; pH, 10.5.
Example 23; Preparation of a Small Particle Size, Unstructured Amine-Containing

15 Waterbome Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface

feed tube were added 1115 g of water, 15.52 g of HITENQL HS-20, 2.55 g of TERGITOL
NP-40 (70%), 3.5 g of sodium carbonate, 8.10 g of methyl methacrylate, 5.38 g of 2-
ethylhexyl acrylate, and 4.43 of acetoacetoxyethyl methacrylate. A nitrogen purge was

20 begun, then the contents of the reactor brought up to 80°C at 400 rpm. After reaching 80°C,
an initiator charge composed of 2.30 g of sodium persulfate dissolved in 13.0 g of water was
added to the reactor. An emulsion feed composed of 120 g of water, 6.55 g of AEROSOL
18, 10.22 g of TERGITOL NP-40 (70%), 66.36 g of methyl methacrylate, 170.73 g of 2-
ethylhexyl acrylate, and 101.0 g of acetoacetoxyethyl methacrylate was begun at 8.38 g/min.

25 Five minutes after the first emulsion feed was begun, an initiator solution composed of 1.3 g
of sodium persulfate dissolved in 33.5 g of water was fed at 0.536 g/min. Five minutes after

the monemer emulsion feed was completed, a post initiator solution of 3.125 g of sodium
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After 25 mnutes, a second enul sion feed conposed of 205 g of water, 15.73
g of AEROSOL 18, 6.12 g of TERA TOL NP-40 (70%, 251.8 g of styrene, 175.1
g of 2- ethyl hexyl acrylate, 94.94 g of acetoacetoxyethyl nethacryl ate,
47.92 g of allyl nethacrylate, 23.99 g of dinethylam noethyl nethacryl ate,
and 4.79 g ofwQ9on4shésl hexyl 5 3- mer capt opr opi onat e WaRCHUSHOESES at 8
g/mnute. Ten mnutes after the feeds were conpleted, an initiator solution
conposed of 1.34 g of sodium fornmal dehyde sul foxylate and 1.34 g of

t - but yl hydr oper oxi de di ssolved in 40.2 g of water was fed into the reactor
over 15 mnutes. The latex was then filtered through 100 nmesh wire screen.
Solids level, 47 % anmount of dried material (100 nmesh screen), 1.7 g. 10
Exanpl e 11: Preparation of a Small Parti-dfe Size, Core/ Shell

Am ne- Cont ai ni ng WAt erborne Polynmer To a 3000 nL resin kettle equi pped with
a condenser, nitrogen purge, and subsurface feed tube were added 1100 g of
water, 49 g of H TENOL HS-20, 8.05 g of. TERG TOL NP-40 (70 %, 7.3 g of
sodium car bonaeesulfage apd 3 12 & afsodipm ’B‘Eﬁab‘s'ﬂﬁ‘e g afsedien mw%psseﬂﬁteéls@@dom 93.8¢g
styrene, 36.2 [ opane
triacryl ate. Oq“%{err é’ "g%ﬁ%%epg’éx&%?ﬁ%é‘g‘ﬁﬁ“i %PS’O ‘?‘h“:g'?‘egog{' lgmwag&ogeed;ct or

brought up to ®OLethed 29934géﬂ@blyqumlemhtne(wmedsﬂda@a%grvra]s&ideanothlalréacm@ﬂid
sol ution conmposed of 7.05 g of sodium persul fate_dissolved in 43.55 g of

water was adde¥ming @H%“qeéé‘t’tlérm‘“ﬂﬁs i Hetlatet wes then Gitareshthreaygh 400 megy wize %3‘633@ of
sodi um per sul fafiigs flveiS 9 ¥.athodbt of dried m'aﬁng-lj(gO(grnQSf}) s\‘,\@&ﬁro B85, pabtid &£k, 33 nfl; 466

g/mn. Thirty mnutes after the initiator feed was begun, ~an enul sion feed
conposed of 335lags trahsitign enset/ m@dmtg%‘fC/A‘ERCB@Ereésnalm mlﬂyr HimsEER@VEAnSe

NP-40 (709, 25 10w§<f1' ab%orptxons atl Ii'y§2 Rt h r5¥'} ewmc?i represen% th formation of enamine

moieties from the reaction between polyethylenimine and acetoacetoxy moieties.
Examples 24-35: Preparation of Small Particle Size, Unstructured Amine-Containing

10 Waterborne Polymers

The monomer compositions were the same as described in Example 23. The process

was similar to that described in Example 23 except for solid levels adjustments, surfactant
changes, levels of poly(ethylenimine) and process changes described in Table 6. Using the
data from Table 6, Figure | illustrates the relationship between polymer particle size, percent

15 solids, and viscosity of these latexes. As can be seen from Table 6 and from Figure 1, a latex
according to the invention having a small polymer particle size of nearly 60 nm and a 50%

solids level, still possesses a latex viscosity of less than 200 cps.



styrene, 224.4 g of 2-ethyl hexyl acrylate, and 2.06 g of trinethyl ol propane
triacrylate was begun at 5.24 g/mn. After the first enmul sion feed was
conpl eted, a second 25 enul sion feed conposed of 147 g of water,
12.15 g of AERCSOL 18, 12.48 g of TERA TOL NP-40 (70%, 168.6 g of styrene,
80 g of 2-etwoplovesegd acrylate, and 167.9 of acetoacet oxyetwrbyilusomossoscryl al e
was fed at 8.4 g/mn. Ten mnutes after the WO 97/ 45468

PCT/ US97/ 08808 -33- feeds were conpl eted,-ggn initiator solution conmposed of
1.34 g of sodium fornmal dehyde sul foxylate and 1.34 g of

t - but yl hydr oper oxi de di ssolved in 40.2 g of water was charged to the
reactor and heating continued for 30 mnutes. The enul sion was cool ed to

| ess than 35[err]C, and 28373% gJO' O YETY Mg (50% were punped 5
in over 15 mnutes. The Iwgﬁz q tthef|f $H§\od Lfr #1100 nesh wire
; £ ! ol e
screen. Solids level, 4 1/&%aridUf]=os|d[dEdlrt|&Rakl€100 nmesh screen),
0.60 g; pH, 10.5. Infrare(ﬁ,gaglal Vg 'qﬁ{c ok |5 i | = I lover ZnSe showed an
absorption at 1565 cnferr] mhicerépresehts | gngnife“npi ety. Exanple 12:
Preparation of a Large Part+etqg—$tze—brstidetinred—Aeetgdacet oxy- 10
Cont ai ni ng Wat er bor ne Pol yner_ T&la| stedste]| #kslial Hedt 14 lequi pped with a
. < o
condenser, nitrogen purge| g @@@:ﬁa@ﬁ@@%g&g £q added 294 g of
water, 1.34 g of TREM LF40, ER AT IHSIZIZIZIZ=ale] |
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TERG TOL NP-40 (100%, 2.044 g of sodium carbonate, 9.67 g of styrene, 6.09
g of 2-ethyl hexyl acrylate, and 0.01 g of sodium

2-acryl am do- 2- et hyl propanesul fonate 15 (50%in water). A nitrogen
purge was begun, then the contents of the reactor brought up to 80[err]C at
400 rpm Aft eVOTU4bd#8i ng 80[err]C, an initiator sol ution conpeEBEP748808, 3 ¢
of sodium persulfate dissolved in 13.0 g of water was added to the reactor.
An initiator solution conposed of 1.3 g of sodium persul fate dissolved in
34 g of water was fed into the reactor at 0.16 g/mn. Ten mnutes after the
initiator feed was started, 20 an emnul sion feed conposed of 120 g of
water, 9.94 g of AEROSOL 18, 7.16 g of TERA TOL NP-40 (100%, 186.6 g of
styrene, 115.63 g of 2-ethyl hexyl acryl a#d@, 40.81 g of acetoacetoxyet hyl

met hacryl ate, and 0.52g of sodi um 2-acryl am do-2- net hyl propanesul f onat e
(50%in water) was fed into the reactor at 1.72 g/mn. Five mnutes after
the feeds were conpleted, then an initiator solution conposed of 0.4 g 25
of sodi um perﬁl&ﬂg-é&ammﬁ%‘ offa Sserdli Resticletize Unstrytured Aminedfendaining 12 g of
wat er was add tor and heating continued for 30 m nutes. The

| at ex was theﬁgaégﬁ@gg’?;@%g%

PCT/ US97/ 08808 - 34Tofai300& mdcresih kettlg bqulpried methia cohdehses atiegen pbige] drl substeface

R LN TR TR ERet O B DR S R
Particle Size NpRGEOUH! 35 §df S5RIR BABLRXS 8.98 g of styrene, 3.62 g of 2-ethylhexyl acrylate,
and 5.32 g of acetoacetoxyethyl methacrylate. A nitrogen purge was begun, then the contents
of the reactor brought up to 80°C at 400 rpm. After reaching 80°C, an initiator charge
composed of 2.30 g of sodium persulfate dissolved in 13.0 of water was added to the reactor.
An emulsion feed composed of 120 g of water, 9.94 g of AEROSOL 18, 10.22 g of
10 TERGITOL NP-40 (70%), 170.39 g of styrene, 68.70 g of 2-ethylhexyl acrylate, and 101.0 g .
of acetoacetoxyethyl methacrylate was begun at 8.38 g/min. Five minutes after the first
emulsion feed was begun, an initiator solution composed of 1.3 g of sodium persulfate
dissolved in 33.5 g of water was fed at 0.536 g/min. Five minutes after the monomer
emulsion feed was completed, a post initiator solution of 3.125 g of sodium persulfate and
15 3.125 g of sodium metabisulfite dissolved in 93.8 g of water was charged and heating
continued for 30 minutes. The emulsion was cooled to 30°C, then 299.4 g of
polyethylenimine (33.3% solids in water) was added to the reactor and stirring continued for
15 minutes. The latex was then filtered through 100 mesh wire screen. Solids level, 23.8;
amount of dried material (100 mesh screen), 0.00 g; particle size, 49 nm. Infrared analysis of
20 clear films cast over ZnSe showed absorptions at 1553 cm™* and 1597 cm™ which represent
the formation of enamine moieties from the reaction between polyethylenimine and

acetoacetoxy moieties.



Cont ai ni ng Wat er borne Pol ynmer 5 To a 1000 nL resin kettle
equi pped with a condenser, nitrogen purge, and subsurface feed tube were
added 3 51 g of water, 0.76 g of AEROSOL OT, 5.11 g of TERG TOL NP-40
(100%, 2.05 g of sodium carbonate, 3.58 g of styrene, 1 1.63 g of

2- et hyl hexylwoovndsgd e, and 2. 68g of sodi um PCT/US97/08808 =
2-acryl am do- 2- net hyl propanesul fonate (50%in water). A nitrogen purge was
begun, then the contents of the reactor brought 10 up to 80[err]C at

400 rpm After reaching 80[err]C, an initiator solution conmposed of 2.3 g
of sodium persul fate dissolved in 13.0 g of water was added to the reactor.
An initiator solution conposed of 1.3 g of sodium persulfate dissolved in
34 g of water was fed into the reactor -48- 0.16 g/mn. Ten mnutes after the
initiator feed was started, a nononer feed conposed of 4.10 g of AEROSOL OT
(75%, 88.02 g of styrene, 15 221.06 g of 2-ethyl hexyl acrylate,
51.01g of acetoacetoxyethyl nethacrylate, and 0.26g of sodium

2- acryl am do-ExamplehJT-A4:0Preparationfafadmall(Fagide Sizadinsrictwed Aming-Contaning e :
reactor at 1\32l rg/rrig. Fie\r/e m nutes after the feeds were conpl eted, then an
initiator sol'UYTOR & ed of 0.4 g of sodiumpersulfate and 0.4g of '
sodi um net abi sul f ThemdhéafiércemPositionsvete the saked BidesvrbeditiBxdmple 36h The partRr
and heating 20 continued for 30 minutes. The latex was then filtered

through 100 r8Rimiler ko thatdesnbedsny Exgmplecipaxoeph jor golidieyrinadinstments. serfagiantr i al
(100 mesh scrggibks | f BolyReyldnfhifie)dnd SrdcEWchankeLdddfibed tn PLbIEP! YITET
-28[e;§$] C. E)fgﬁ% se’ %Z":JS%P?% grg'ginonl gfdna%iar gg :Ig;ag?ti cﬁia eSi ze, Unstructured
Acet oacet oxy- Cont ai ni ng Wat erbone Pol yner 25 To a 1000 nL
resin kettle equi pped with a condenser, nitrogen purge, and



subsurface feed tube were added 294 g of water, 1.34 g of TREM LF-40, 1.79
g of TERG TOL NP40 (100%, 2.044 g of sodium carbonate, 12.71 g of styrene,
3.84 ¢ WD 97/ 45468

PCT/ US97/ 08808 -35- of isooctyl acrylate, and 0.014 g of sodium

2-acryl am do-wolw#sgd pr opanesul fonate (50% in water). A nitPEHUSS798308e \Vias
begun, then the contents of the reactor brought up to 80[err]C at 400 rpm
After reaching 80[err]C, an initiator solution conposed of 2.3 g of sodium
persul fate dissolved in 13.0 g of water wigs added to the reactor. An 5
initiator solution conposed of 1.3 g of sodium persulfate dissolved in 34 g
of water was fed into the Teactor at 0.16 g/mn.- Ten mnutes after the
initiator feed was started, an emnul sion feed conposed of 120 g of water,
9.94. g of AEROSOL 18, 7.16 g of TERG TOL NP-40 (100%, 241.47 g of styrene,

73.02 g of isooctyl acrylafe, 25161 p pf| aceqt daget oxyet hyl nethacryl ate,
and 0.52g of sodium 2-acrylfam go{2¢ 10| 1 t hyl propanesul fonate (50%
in water) was fed into thel|ieagt oR|AITIS /afin. Five minutes after the
initiator solution feed wag 4%, m@@mtﬁlaﬁ/q{;ﬁa ution of 0.72 g of sodium
f or mal dehyde sul foxyl ate a cﬁ@ ng%tﬁ dHbnat gl {fidr oper oxi de di ssol ved in 12
g of water was added to th¢ % eagiofs Jrel & &t (6% s then filtered through
100 nesh wire screen. Solids |e&¢l! #3} 8 jaqoynt| of dried material (100
mesh screen); 3.3 g; 15 P4 g6 size (Dw), 151 nm Tg of
Pol ymer, 16[err]C.
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Exanpl e 15: Preparation of a Large Particle Size, Core/ Shell

Am ne- Cont ai ni ng Wat erborne Polyner To a 1000 nL resin kettle equi pped with
a condenser, nitrogen purge, and subsurface feed tube were added 192 g of
water, 1.22 g of TREM LF-40, 0.79 g of 20 TERA TOL NP-40 (70%, 2.4
g of sodi umwenheags e, 13.55 g of nethyl nethacrylate, 1.2pcgusiosdoyr ene,
17.24 g of 2-ethyl hexyl acrylate, 0.10 g of trinethylol propane triacryl ate,
and 6.04 g of acetoacetoxyethyl nethacrylate. A nitrogen purge was begun,
then the contents of the reactor brought up to 80[err]C at 400 rpm After
reaching 80[err]C, an initiator solution conposed of 2.31 g of sodium 25
persul fate dissolved in 13.06 g of water was added to the reactor. An
initiator solution conposed of 1.31 g 0§g.sodi um persul fate dissolved in 34
g of water was started at 0.54 g/mn. Thirty mnutes after the initiator
feed was begun, an enul sion feed WD 97/ 45468

PCT/ US97/ 08808 -36- conposed of 106 g of water, 3.51 g of TREM LF-40, 3.06
g of TERG TOExddhhid@s.(FibProp&lie23 g of nmet hyl et hacryl ate, 7.44 g of
styrene, 105.91 g of 2-ethyl hexyl acrylate, and of

tri met hyl ol pr opan@ epr i %r“ﬁ%ﬁ@%ﬁ’s“sﬁgdhwa%e%ofﬁa’gplﬁ?ﬁ 2xiTemnd 3 Glearst
enul si on fee i 1 er,
5 TP e SR L s B Sty aRERPF I HARRE et Br e B CHH
emul si on feecboqmmrpm@cfor 30 minutes in a forced air oven at 120°C The film tensile propertics, film

5 gel fraction (FGF), film swell ratio (FSR), and volatile content were determined. The results
are-shown in Table 8 below. The changes observed in ambient versus thermal (120°C)

curving demonstrate the curing behavior of the films.



of 53 g of water, 3.84 g of AERCSCOL 18, 1.53 g of TERG TOL NP-40 (709%,
63.31 g of styrene, 24.0 g of 2-ethyl hexyl acrylate, 37.13 g of

acet oacet oxyet hyl nethacrylate, and 0.50 g of the sodium

2-acryl am do- 2- met hyl pr opanesul fonate (50%in water) was fed at 8.38 g/ mn.
Five minutes WPP&5%he initiator solution feed was in, an i ACE{USP48808
solution of 0.40 g of sodium fornmal dehyde sul foxylate and 0.40 g of t-

but yl hydr oper oxi de dissolved in 12.1 g of5Water was added to the reactor.
The emul sion was cooled to less than 35 [err]C., and 69.51 g of

pol yet hyl eni m ne (50% wer eptpped—+njov atex was then
filtered through 100 nesh re %pqgen <§ 'vﬁnnunt of dried
material (100 nmesh screen), |0. L= o 23 < sijze|(Dw), 167nm
Tg, 5[err]C. Exanple 16: Pr¢palati®on df i'ze, Cor e/ Shel
Ani ne- Cont ai ni ng Wt er borre Pol yerd” To |a @ equi pped with
a condenser, nitrogen purge} and skbgyrf added 640 g of
water, 4.05 g of TREM LF-40{ 1 QB;@ Bf -40 (70%, 8.0
g of sodium carbonate, 55.23 g| & #egH g of styrene,
47.4 g of 2-ethyl hexyl acryljatp, & 33|g ( e triacrylate,
and 20.1 g of acetoacet oxyetfhy[  met haqryl pufige was begun,
then the contents of the react P% k# ought t 400 rpm After
reaching 80[err]C, an initiatdbrEs ugiq?a 0<df sodi um 25
persul fate di ssolved in 43. é? Of =nat qr reactor. An
initiator solution conposed 4--36—g-tof e—di ssol ved in 122
g of water was started at 0% g[nh@. Thi r he initiator
feed was begun, an emulsion|fepd® 5 |§ 5
2 g | = =
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WD 97/ 45468 PCT/ US97/ 08808
-37- conposed of 355 g of water, 11.7 g of TREM LF-40, 10.21 g of TERA TCL
NP-40 (70%, 399.3 g of nethyl nethacrylate, 24.78 g of styrene, 291.2 g of .
2-ethyl hexyl acrylate, and 2.06 g of trinethylol propane triacrylate was
begun at 8. 3WOHTMB4§8 After the first emul sion feed was compCarusarossdse feed
| ines were washed with 80 g of water, 5 and the tenperature held at
80[err]C for 30 mnutes. A second emnul sion feed conposed of 171 g of water,
12.79 g of AERCSOL 18, 5.09 g of TERGA TOL NP-40 (70%, 211 g of styrene,
80.0 g of 2-ethyl hexyl acrylate, 123.8 g of acetoacetoxyethyl nethacrylatc,
and 1.68 g of the sodium 2-acryl am do- 2- net hyl propanesul fonate (50% i n
water) was fed at 8.38 g/nmin. Five minubPés after the initiator solution
feed was in, 10 an initiator solution of 1.34 g of sodium

f or mal dehyde sul foxylate and 1.34 g of t- butyl hydroperoxi de di ssolved in

40.2 g of water s, _added tq the reactor. The enul sion was cooled to | ess
t han 35[err](§x?ln\§%tﬁéi%fs‘§“ﬂ&WWé§H&°‘éﬂfm ne (50% were punped in over 15
mnutes. The | at eXxhiRn ARNRCAtbdcb@k R Hade IRUBNMHY FVBSPe WiiiBal 3Eef& bthyPO! | dS

| evel , 46.6; amount of dried material (100 mesh screen), 25 g; particle 15
size (Dw), 45%0ryiate wiy50 ppti,@nd the;amopnt of cetor@y fromlhydiblysisf dgdiMidimmg of a

\5\2{ g? bg?rntel (|::>|d:|% %%iezatio%?(rigt/eépd%ln ltheAilatle;.{ Iw_as qu%A%g}ng 3s %%r%xp\{ép%%g%% Ib?elngﬁlg each

35 latex with a PPAE latex (3 parts latex to 1 part PPAE latex). The PPAE latex contained no
ethyl acrylate as a base monomer and 0.08% acctone. After one week, the amount of
detectable ethyl acrylate and acetone in all three samples was 2 ppm (theoretical: 37 ppin) and
the amount of detectable acetone, 0.006% (theoretical 0.11%), respectively. The results
demonstrate the ability of a PPAE according to the invention to scavenge or remove

10 carbonyl-based compounds, such as acrylates, ketones, aldehydes, acrylonitrile, and viny}
acetate from complex compositions such as waterborne polymer latexes.
Example 47 (Comparative); Preparation of latex described in European Patent Application,
0634 425 A), Example 10 Latex B (Composition: Core: Butyl Acrylate/Styrene/Divinyl
Benzene/Methacrylic Acid; 3/91.6/4.4/1 Shell: Butyl Acrylate/Acctoacetoxyethyl

15 Methacrylate/Methacrylic Acid; 83/10/7)

To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 382.5 g of water, 0.072 g of AEROSCL OT (75%), 0.1 g of
TERGITOL 15-8-40 (70%), 0.1761 g of methacrylic acid, 16.13 g of styrene, 0.528 g of
butyl acrylate, and 0.775 g of divinyl benzene. A nitrogen purge was begun, then the

20 contents of the reactor brought up to 80°C at 400 rpm. After reaching 80°C, an initiator
solution composed of 2.26 g of sodium persulfate dissolved in 13.06 g of water was added to
the reactor. An emulsion feed composed of 57.45 g of water, 0.765 g of AEROSOL OT
(75%), 0.765 g of TERGITOL 15-8-40 (70%), 1.55 g of methacrylic acid, 141.8 g of styrene,
4.64 g of butyl acrylate, and 6.81 g of diviny] bcnzene was begun at 2 g/min. Five minutes

25 after the first emulision feed was begun, an initiator solution composed of 1.278 g of sodium
persulfate dissolved in 32.7 g of water was fed at 0.466 g/min. Thirty minutes after the first

emulsion feed was completed, the reactor was cooled to 75 °C, and a second feed composed



To a 3000 nL resin kettle equipped wth a condenser, nitrogen purge, and
subsurface feed tube were added 480 g of water, 1.30 g of HI TENOL HS- 20,
1.08 g 20 of TERA TOL 15-S-40 (1009, 5.84 g of sodium carbonate,
5.01 g of nethyl nethacrylate, 8.27 g of styrene, 9.63 g of 2-ethyl hexyl
acryl ate, andv@I888 g of trimethyl ol propane triacryl ate. ATHYPHYEE pur ge
was begun, then the contents of the reactor brought up to 80[err]C at 400
rpm After reaching 80[err]C, an initiator solution conposed of 6.16 g of
sodi um persul fate dissolved in 34.84 g of water was added to 25 t he
reactor. An initiator solution conposed of 3.48 g of sodium persulfate

di ssolved in 89.8 g of water was fed int§8-the reactor at 0.336 g/mn. Ten
mnutes after the initiator feed was started, an enul sion feed conposed of
210.4 g of water, 2.75 g of -38- AEROSCL OT, 5.72 g of TERG TCOL 15-S-40

1009, 95.21 f t th | at 157. 23 f t 183. 02 f
b oyt aEp3l SPEATRQEOL BT (15v0r 081 B FRBLE b o58r (PThdAgPAE S e

b 5. 25 f
begun a1 525 D7 0F LS el S S0 4 55 BREPAE Te igh 7
m nutes, a sedaid Zﬂ’gﬂnfn drivd mipites aﬁﬁobeldstdéedJ.fB.B regetof wigdooled td65 4C,ina10.6 g

AEROCSOL 18, 2.85 oL 15-S-40 (10 225. 8 f 153.5
of 2-ethyl hexyfagg/y‘:eéﬁgR%‘F 59‘7’%}%?"“&‘3@%8 Qﬁ@%ﬁ‘ﬁ?p Pr%t"rfz{?%{?g‘g’?‘"eadeS 78gg

Zf 88'4' ¥l O][mt [‘%&EML&H 66 gl aterveRd it 3B tdint AaLOR CANBEbd B AAPrefafiaSron?f 933

g of t-butylhydroperoxide (70%) dissolved in 6 g of water was then fed into the reactor over
30 minutes. After the initiator feed, heating was continued for 30 minutes, then the
emulsion was cooled. The latex was then filtered through 100 mesh wire screen. Solids
level, 45%.

10 Example 48 (Comparative): Attempted Functionalization of Latex from Example 47 with
Polyethylenimine using the process described in Example 10, Latex B, European Patent
Application, 0 634 425 Al )

To 104 g of the latex from Example 46 was successively added while stirring the
latex at room temperature 8.93 g of butyl CELLOSOLVE, (available from Union Carbide,
i5 Houston, Texas), 2.98 g of butyl CARBITOL (available from Union Carbide, Houston,
Texas), and 0.37 g of polyethylenimine (PEI, 50% in water). The latex began to coagulate.
After adding a total of 0.97 g of polyethylenimine (PEI, 50% in water), the latex had
completely coagulated forming a solid mass.
Table 9

Moles of
20 PEI (50% PEI (dry Acetoacetoxy

Active Moles of | Mole Ratio of

. o N-H Moieties N-H per
solution), g | material), g | Moieties per 104 g

from PEI Acetoacetoxy
of latex
0.37 0.185 0.011 0.0043 0.39
0.97 0.485 0.011 0.0011 1.0
‘This Sheet Has Been Replaced '
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et hyl hexyl 3-nercaptopropionate was started at 8 g/mnute. Ten m nutes
after the 10 feeds were conpleted, the reactor was cooled to
65[err]C, then an initiator solution conposed of 2.74 g of sodium

f or mal dehyde sul foxyl ate dissolved in 32.2 g of water, and 5.05 g of a

cat al yst sol wownrsessnposed of 0.5% iron (I11) sulfate chel atrearusyridssos

et hyl enediam ne tetracetic acid were added to the reactor. A solution of
2.94 g of t- butyl hydroperoxi de dissolved in 32.2 g of water was fed into
t he reactor over 15 15 m nutes. The latex was then filtered through
100 mesh wire screen. Solids |level, 46.9; pH, £ 7.6; anmount of dried materi al
(100 nmesh screen), 2.0 g; particle size (Dw), 197 nm Exanple 18:
Preparation of a Small Particle Size, Cgge/ Shell Am ne-Containing

Wat er bor ne Pol yner 20 To a 3000 nL resin kettle equi pped wth
a condenser, nitrogen purge, and subsurface feed tube were added 720.4 g of
water, 39.2 g of HITENOL HS-20, 1.08 g of TERG TOL 15- S-40 (100%, 5.84 ¢
of sodi um carbxampteet9: Z’Geplu-‘htign of a2 SmalhParticte SizapCork/Shel] EdmiRe-Gomthiniigy r ene,
26.4 g of 2- g&q%lhex acrylate, and 0.264 g of trinethylol propane

triacryl ate. FoPRIS 8 rge was begun, then the contents of the reactor

brought up to 80[ qila ¥606n1 488n k&l eeﬁﬁhﬁﬂ wath a condenser! ﬁ&@@ne'}ﬂgééo&ﬁrs%s@rfa@éq

initiator solution conposed of 6.1 of sodi um persul f | ssol ved
34.84 g of wdessrtubgwergddded %SSMW&NMTENQLHS@Q, b33 gof TERGUIPo$&d

8f 3%6 g/ 21 gf ﬁ_ﬁ? yg ﬁf siggxltljsélf 9atrbona | %Slcg ;‘;’ SP metﬂyl met}(xsacgrlaqfe, 4Wagto%rsty¥\g1% 3$3t ga craft 2e-d at
ethylhexyl acrylate, and 1.1 g of tnmethylolpropane triacrylate. A nitrogen purge was begun,
then the contents of the reactor brought up 1o 80°C at 400 rpm. After reaching 80°C, an
initiator charge composed of 7.54 g of sodium persulfate dissolved in 43.6 g of water was
added to the reactor. An emulsion feed composed of 198 g of water, 19.65 g of AEROSOL

10 18, 13.8 g of TERGITOL 15-5-40, 134.8 g of methyl methacrylate, 185.9 g of styrene, 139.4
g of 2-ethylhexyl acrylate, and 4.6 g of trimethylolpropane triacrylate was begun at 8.38
g/min. Five minutes after the first emulsion feed was begun, an initiator solution composed
of 4.26 g of sodium persulfate dissolved in 109 g of water was fed at 0.466 g/min. After the
first emulsion feed was completed, a second emulsion feed composed of 173 g of water,

15 12.15 g of AEROSOL 18, 8.7 g of TERGITOL 15-S-40, 239.4 g of styrene, 54.1 g of methyl
methacrylate, 179.9 g of 2-ethylhexyl acrylate, 119.9 g of acetoacetoxyethy! methacrylate,
and 11.8 g of the sodium 2-acrylamido-2-methylpropanesulfonate (50% in water) was fed at
8.38 g/min. Five minutes after the last feed, an initiator solution of 0.95 g of t-butyl
hydroperoxide (70%), 1.34 g of isoascorbic acid dissolved in 20 g of water, and 2 g of 0.5%

20 iron(II) sulfate «7 H,O (chelated with EDTA) was charged and heating continued for 30
minutes. The emulsion was cooled, and 35.8 g of ammonium hydroxide (28%) were pumped
in over 15 minutes. The latex was then filtered through 100 mesh wire screen. Solids level,
43.5; amount of dried material (100 mesh screen), 0.94 g; particle size (Dw), 60 nm. Infrared
analysis of clear films cast over ZnSe showed an absorption al 1565 cm™ which represcnts an

25 enamine moiety.



WD 97/ 45468 PCT/ US97/ 08808
-39- after the initiator feed was begun, an enul sion feed conposed of 158.4
g of water, 15.72 g of AEROSOL 18, 11.00 g of TERGA TOL 15-S-40 (100%,
110.4 g of nmethyl nmethacrylate, 148.7 g of styrene, 111.52 g of

2- et hyl hexyl W@PY454¢8%, and 1.12 g of trinethyl ol propane triBEV$%30880Mas
begun at 5.24 g/mn. After the first enulsion feed was conpl eted, the feed
5 | ines were washed with 80 g of water, and the tenperature held at
80[err]C for 30 mnutes. The reactor was then cooled to 65 err]C, and an
initiator solution of 2.74 g of sodium fornmal dehyde sul f oxyl ate di ssol ved
in 16 g of water, and 5.05 g of a catalyst solution conposed of 0.5%iron
(I'l) sulfate chelated with ethyl enedi am-f® tetracetic acid were added to
the reactor. A second emul sion feed conposed of 138.4 g of water, 9.72 g of
AEROSCL 18, 6.99 g of 10 TERG TOL 15-S-40 (100%, 191.90 g of

styrenc, 43.25 g of nethyl nethacrylate, 143.92 g of 2-ethyl hexyl acrylate,

95.95 g of acdixaapletslx PeppptioneitleacElosstemulpted patiggsy of t he sodi um

2-acryl am do- 2- met hyl pr opanesui f @n %in ter s fed at 5.24 g/ mn.
A solution of 3.92 g of t-butyl h?ﬁ%@%?g& de d;@%}’%’éﬁi n 32 g of water was
fed into the meaaiadr during the seconWeightl(g) on feedvéghtQg): 14 g/ mn. After
t he t-butyl hydroperoxi de feed was conpl eted, 15 heati ng was

conti nued for :nutes. The enul sion was cooled to less than 35[err]C.,
and 122 g of pglwathyl eni mine (50% wejgg, punped in gygr 15 minutes. The

| atex was then filtered through 100 nesh wire screen. Solids |evel, 44.6;
amount of dri ddhM@Ldi24l (100 mesh scr2én), 1.1 g; p&ticle size (Dw), 54

nm pH, 10.5. ]lfﬁjg@ﬁr émal ysis of cl egé filnms cast aver ZnSe showed an
absorption at C «5 r] which represents an enam'tie noiety. 20
Exanpl e 19: PrrepaeviaSTBR A Pignent Gind 1.3
DOWICIL 75 0.5 Q.5
10 Mix well then add under agitation:
TI-PURE R-900 99.0 99.0
OmyaCarb UF 31.0 31.0
Cowles until the grind passes 6 Hegman, then add:
DI Water 15.5 15.5
15 LETDOWN:
Grind (above) 179.2 179.2
Emulsion: Example 48 231.0 231.0
Premix*:
*Foamaster AP 34 34
20 *Foamaster VF 1.3 1.3
*Aerosol OT-75 0.4 0.4
*Eastman EB 4.8 48
*Eastman DB 4.8 4.8
25 Eastman EB 2.0 40
Eastman DB 2.0 4.0
DI Water 9.5 4.0
RM-2020 Solution 540 -

Tafigel PUR 45 Solution - 10.0



A pignment grind was prepared using a Prem er disperser, as below, and a
portion of the grind was used to | etdown each specified paint. Material:

Vol une: Deionized (D) Water 120.0 25 TAMOL
1124 di spersant 12.0 TRITON CF-10
6.0 Propyl en¥O&4) 468 6.0 WO 8¢THEWAE808
PCT/ US97/ 08808 -40- FOAMASTER AP 6.0 The
materials were di spersed well and then was added under agitation: TI-PURE
R- 900 600.0 After Cow es until the grind
passed 7+ Hegman, then water was added: 5 Wat er
37.5 Exanple 20: Preparation of a Pignensgd Coating Formul ati on using Latex
from Exanple 17 Paint Letdown: Material: Weight (9g):
10 Lat ex Exanpl e 17 Exanple 19 Gind
137. 02

Adjust viscosity to approx 85 KU with the following

CR2 Thickener 447 62.0

Final pH: 8.8 8.8

5 Final KU: 82 79

The resulting paints, Examples 49A and 49B, were evaluated for gloss, wet adhesion, scrub
resistance, blocking resistance, and print resistance. The results are shown in the following
Tables 10-14.

10 Table 10
Pai Gloss Scrub Average of 8, | BT/TF Wet Adhesion Days/Dry
amt
60/20 15, & 21 Days Dry 1D 7D
49A 4177 6438 1800/3600 3000/3000
49B 17/3 695 3000/3000 3000/3000
15
Table 11
Blocking Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)
Paint
o 1D-1D 1D-7D 2D-1D 2D-7D 7D-1D 7D-7D 21D-1D | 21D-7D
49A 9 7 7 9 9 9 10 10
498 8 6 9 6 6 7 10 9
20
Table 12
Paint Blocking Resistance: 21 Days (D) dry - 30 Minutes FTF at 120°F
49A 7
498 10
25
Sheet Has Been Replaced THIS SHEET HAS BEEN
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Exanpl e Lat ex 216. 0 TEXANOL 6.5
FOAMASTER AP) Pr em X 1.04 15 FOAMASTER VF)

1.56 5% Cobalt Hydrocure I1) 2.34 The above were nmixed with
stirring then the foll ow ng were added: RHOPLEX RM 2020

56.16 20 WO ITRES), aqueous by wei ght) DI (dei oni zed) Wat EF /US97/08808
39. 0 Ammoni a 0.8 (28% aqueous by wei ght) RHEOVI S
CR2 t hi ckener . 24.26 25 (60% aqueous by wei ght) Resulting
pH: 8.55 Paint Viscosity (KU): 88 -41- 1 C
Vi scosity (P): 2.09 Brookfield Viscosity* (cP): 5, 760
*spindle 3 at 3 rpm -57-

Table 13

Print Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)

Paint ID-1D | 1D-7D | 2D-1D 2D-7D 7D-1D 7D-7D 21D-1D 2;:;-
49A 0 0 i 1 7 4 8 7
20 6 2 3 3 7 3 6 3
5
Table 14
Paint Print Resistance: 21 Days (D) dry - 30 Minutes FTF at 120°F
49A 8 |
49B 10
10
Example 51; Preparation of Small Core/shell Amine-functional Particle.
To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 720.4 g of water, 39.2 g of HITENOL HS-20, 1.59 g of TERGITOL
15 NP-40 (70%), 25.5 g of methyl methacrylate, 35.2 g of styrene, 26.4 g of 2-ethylhexyl

acrylate, 0.88 g of trimethylolpropane triacrylate and 5.84 g of sodium carbonate. A nitrogen
purge was begun, then the contents of the reactor brought up to 80°C at 400 rpm. After
reaching 80°C, an initiator charge composed of 6.0 g of sodium persulfate dissolved in 34.84
g of water was added to the reactor. An emulsion feed composed of 197.2 g of water, 15.72
20 g of AEROSOL 18, 16.18 g of TERGITOL 15-S-40 (70% in water), 107.81 g of ethyl
methacrylate, 148.70 g of styrene, 111.53 g of 2-ethylhexyl acrylate, and 3.72 of
trimethylolpropane triacrylate was begun at 5.248 /min. Five minutes after the first emulsion
feed was begun, an initiator solution composed of 3.41 g of sodium persulfate dissolved in

87.2 g of water was fed at 0.336 g/min. Afer the first emulsion feed as completed, the feed

1This Sheet Has Been Replacec THIS SHEET HAS BEEN
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5 Pai nt. viscosity (in Krebs Units) was neasured after 24
hours using a Krebs-Storner visconeter. The resulting paint, Exanple 20,
was eval uated for gloss, color, scrub resistance, alkali resistance,

bl ocki ng resi stance, and print resistance. The results are shown in the
foll ow ng Takbewsshess. Tabl e 1 Scrub Days BT/ TF Wet Adhesporruse7iossed\ kal i

10 Pai nt A oss Col or Dry Days/ Dry

Resi st 7D 60/ 20 L,a,b 1D 7D 1D 7D Dry 95.17,

- 0. 39, 865/ 20 73/ 31 89 277
87/ 181 6.5% 2. 21 2311 Table 2
Bl ocki ng Resi stance: Days (D) dry - Days (D) Face-To-Face (FTF) Paint 1D 1D
1 D7D 2D- 1D 2D- 7D 7D-40 7D-7D 15 20

4 3 4 , 4 5 4 Table 3

Bl ocki ng Resi stance: Days (D) dry - 30 Mnutes FTF at 120[err]F Paint 1D
2D 7D 20 ' 1 2

4 line was washed with 20 g of water and the eaction was held at 80°C for 30 minutes. Then a

second emulsion feed composed of 135.2 g of water, 9.72 g of AEROSOL 18, 10.28 g of
TERGITOL 15-S-40 (68% in water), 191.90 g of styrene, 43.25 g of methyl methacrylate,
143,93 g of 2-ethylhexy! acrylate, 95.95 g of acetoacetoxyethyl methacrylate, and 9.45 g of
5 the sodium 2-acrylamido-2-methylpropanesulfonate (50% in water) was fed at 5.25 /min.

After the last feed, the reaction was held for 10 minutes at 80°C then cooled to 65°C over the
next 20 minutes The reactor was then charged with a solution of 0.8 g of isoascorbic acid in
16 g water and 0.4 g of 0.5% iron (11) sulfate. Over the next 30 minutes, a solution of 0.58 ¢
of t-butyl hydroperoxide (70% in water) in 16 g of water was fed into the reactor while

10 heating continued. The emulsion was cooled, then 174.76 g of poly(ethylenimine) LUPASOL
G35 (50% in water) was fed into the emulsion.and the emulsion was filtered through 100
mesh wire screen. Dried solids collected on 100 mesh screen = 1.24 g. Total solids level of
45% and pH was 10.4.
Example 52: Addition of 10% Sulfuric Acid to Example 51 Latex to Make a Cationic

15 System.

16.92 g water was added to 15.0 g ice, the 3.58 g of concentrated sulfuric acid was
added to the ice and water mixture to make a 10% olution of sulfuric acid. With stirring. the
entire 10% sulfuric acid olution was added slowly to 50 g of the amine-functional latex of
Example 51. The latex appeared to raise in viscosity very slightly upon initial contact but

20 redispersed very nicely as the remainder of the sulfuric acid was added. Final pH =0.9,

particle size 105 nm.



20 AMENDED SHEET -42- Table 4 Print Resistance: Days (D) dry - Days (D)
2D- 7

Face- To- Face (FTF) Paint 1D 1D 1D-7D 2D 1D D 7D- 1D
7D-7D 20 2 2 4 4 4

25 Table 5 Print Resistance:
Days (D) dry woSov4aswbanutes FTF at 120[err]F Paint 1D PCT/US97/08808 2D

7D 20 4 6 6 10

Exanpl e 21: Preparation of a Small Particle Size, Core/ Shell
Acet oacet oxy- Cont ai ni ng Wat er borne Pol ymer To a 3000 niL resin kettte—-

equi pped with a condenser, nitrogen purge, and subsurfigaSgect ASd Yé/g%g

added 720 g of water, 39.2 g of H TENOL HS-20, 1.54 ¢

(70%, 5.84 g of anmonium bi carbonate, 26%-14 g of neth I! | ,’ , 35.2
; f

g of. 15 styrene, 26.4 g of 2-ethyl hexyl acrylate,
trimethyl ol propane triacrylate. A

The claimed invention is:

1. A surfactant-containing acetoacetoxy-functional polymer comprising the
reaction product of the free radical polymerization of a non-acid viny! monomer having an
acetoacetoxy-type functionality with at least one non-self-polymenizing, surface-active vinyl

5 mornomer.
2. A polymer of claim 1, comprising about 1 to about 40 weight percent of 2 non-

actd vinyl monomer having an acetoacetoxy-type functionality of Formula (1):

R'-CH=C(R}C(0)-X'-X2-X3-C(Q)-CH,-C(0)-R* M
10
where R'is a hydrogen or halogen; R?is a hydrogen, halogen, C,-C, alkylthio group,
or C,-C, alkyl group; R?is a C,-C; alkyl group; X' and X® are independently O, S, ora
group of the formula -N(R")-, in which R' is a C,-C, alky! group; X?is a C,-C,, alkylene
group or C5-C,, cycloalkylene group;
15 about 0.05 to about 20 weight percent of at least one non-self-polymcriiing, surface-
active vinyl monomer; and
about 75 to about 90 weight percent of a non-acid viny! monomer.
3. A polymer of claim 2, wherein the monemer of Formula (1) is selected from
acetoacetoxyethyl methacrylate, acetoacetoxyethy!l acrylate, acetoacetoxy(methyl)ethy!
20 acrylate, acetoacetoxypropyl acrylate, allyl acetoacetate, acetoacetamidoethyl (meth)acrylate,
and acetoacetoxybuty] acrylate and the non-self-polymerizing, surface-active vinyl monomer
is a sodium alkyl allyl sulfosuccinate or a polyoxyethylene atkyl phenyl ether of formula (3),

(4), or (5):
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ni trogen purge was begun, then the contents of the reactor brought up to
80[err]C at 400 rpm After reachi-ng-80ferr}E&—an—initiator solution
conposed of 6.16 g of anmonium persulfate d ssol, ved in 34.84 g of water was

added to the reactor. An initi'a sed of 2.08 g of ammoni um
persul fate diwgsglygs in 53.6 g o arted at 0. 33@rfis89/dk80520
Thirty mnutes after the initiat gun, an enul sion feed
conposed of 153.6 g of water, 15.72 g of AERCSCL 18, 15.72 g of TERG TCL
NP-40 (70%, 110.4 g of methyl nethacrylate, 148.7 g of styrene, 111.52 g
of 2-ethyl hexyl acrylate, and 1.12 g of trinethylol propane triacrylate was
begun at 5.24 g/mn. After the first enulsion feed was conpleted. the feed
lines were washed with 80 g of water, apgl the tenperature held at 80[err]C
-43- for 30 minutes. The reactor was then cooled to 65C, and an initiator
solution of 2.74 g of sodium formal dehyde sul foxyl ate dissolved in 16 g of
water, and 5.05 g of a catal yst solution conposed of 0.5% iron (lI1) sulfate
chel ated with ethyl enedi anm ne tetracetic acid were added to the reactor. A
second enul sion feed coyﬁ}é"é@é @15 138.4 g of water, 9.72 g of AERCSOL 5

18, 9.98 g of TERA T P-40 (70%, 191.90 g of styrene, 45.6 g of nethyl
met hacryl ate, 143.B2 Q) 0@1@ hﬁxyl acryl ate, 95.95g of 3)

acet oacet oxyet hyl et ryl at’e, and 4. 72g of the sodium

2-acryl am do- 2- et hyl pr o&pﬁéﬁ}%onate (50%in water) was fed at 5.24 g/ mn.
A solution of 3.92 g of butyt'hydr oper oxi de dissolved in 32 g of water was
fed into the reactor i t he second emul sion feed at 0.14 g/mn. After

t he t-butyl hydropeR ﬂg@ NH , “4)

C[H,OCHZCH-—CHa

<. }-OCH#HO(CH LHO) SONH, )

where R is nonyt or octyl, n ranges from 15 to 50, and m ranges from 15 to 40; and
wherein the non-acid vinyl monomer is selected from methyl acrylate; methyl
methacrylate; ethyl acrylate; ethyl methacrylate; butyl acrylate; butyl methacrylate; isobutyl
acrylate; isobutyl methacrylate;ethylthexy! acrylate; 2-ethylhexyl methacrylate; octyl acrylate;
5 octyl methacrylate; iso-octyl acrylate; iso-octyl methacrylate; trimethylolpropyl triacrylate;
styrene; -methyl styrene; glycidyl methacrylate; carbodiimide methacrylate; C,-C,; alkyl
crotonates; di-n-butyl maleate; di-octylmaleate; atlyl methacrylate; di-allyl maleate; di-
allylmalonate; methoxybutenyl methacrylate; isobomy! methacrylate; hydroxybutenyl
methacrylate; hydroxyethyl (meth)acrylate; hydroxypropyl (meth)acrylate; acrylonitrile, vinyl
10 chloride; ethylene; vinyl ethylene carbonatc; epoxy butene; 3,4-dihydroxybutene,
hydroxyethyl (ineth)acrylate; sodium 2-acrylamido-2-methylpropane sulfonate;
methacrylamide; acrylamide; butyl acrylamide; ethyl acrylamide; viny! (meth)acrylate;
1sopropeny! (meth)acrylate; cycloaliphaticepoxy (meth)acrylates; vinylformamide; 2,3-
dihydrofuran a vinyl ester of Formula (2):
15
R CH=CH-0O-C(0)-C(R ), (2)
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10 conpl eted, heating was continued for 30 mnutes. The |atex was
then filtered through 100 nesh wire screen. Solids |evel, 44.9; anpunt of
dried material (100 mesh screen), 1.5 g; particle size (Dw), 72 nm Exarrple
22: .Preparation of a Small Particle Size, Core/ Shell Am ne-Containing

Wat er bone  Polwaoer4s5aés ThnsShe‘E@Hasa placli n kett| e BOUUSKIHEEORI th a
condenser, nitrogen purge, and tube were added 900 g of
water, 49 g of H TENOL HS- 20, 1 OL NP-40 (70%, 7.3 g of
sodi um car bonate, 32.67 g of net hy rret hacryl ate, 44 g of styrene, 33 g of

2- ethyl hexyl acrylate, and 0.33 g of trinethylol propane triacrylate. A
nitrogen purge was begun, then the contents of the reactor brought up to
80[err]C at 400 rpm After reaching 80[eér] C, 20 an initiator

sol ution conmposed of 7.70 g of sodium persul fate dissolved in 43.55 g of
water was added to the reactor. An initiator solution conposed of 2.61 g of
sodi um persul fate dissolved in 67 g of water was started at 0.42 g/ mn.
Thirty mnut eswlm‘direR i$ hdej)anﬂtﬁtlat}wdmggeqt anadkyb gxpup of mtOdﬁwhnbbmntOimetd

conposed of 1 5 f f TE
prrgos( 70% | %399 i C‘Bﬁt‘ }agh%?‘hEMW‘B i‘?ﬁ?é”z*“%g eglyy%"é'ﬂ%e 139 41 g
25 of Zn&mwm@wtq memytammpwa lrﬂaelﬁ%yl&nﬁ% 1-t-buiplalioRinpl MBRARYlate;

triacrylate was begun at 6.5 After the first enul sion feed was

conpl eted, the¥ Ne&weqhyh@@%v@méﬁﬁé&(mﬁ\mh@!dﬂethw!)a%lpne WA apdh N-(2-

%g{rgﬂ]asture h?ﬁ%ha%l»yk%%;@%lri%ﬁﬁéue%@eam nutes. The reactor was then cooled to

4. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactant-containing acetoacetoxy-functional polymer of claim 1 and of
ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

5. A surfactant-containing, enamine-functional polymer comprising the reaction

10 product of a surfactant-containing acetoacetoxy-functional polymer of claim 2 and of
ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

6. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactant-containing acetoacctoxy-functional polymer of claim 2 and of
poly(ethylenimine).

15 7. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactant-containing acetoacetoxy-functional polymer of claim 3 and of

ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

8. A surfactant-containing, enamine-functional polymer comprising the reaction
20 product of a surfactant-containing acetoacetoxy-functional poiymer of claim 3 and of
poly(ethylenimine).

9. A waterborne polymer composition comprising a surfactant-containing
acetoacetoxy-functional polymer of claim I and water, wherein the average polymer particle
size ranges from about 25 to about 500 nm. |

25 10. A waterbome polymer composition comprising a surfactan{-containing
acetoacetoxy-functional polymer of claim 2 and water, wherein the average polymer particle

size ranges from about 25 to about S00 nm.
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and an initiator solution of 3.42 g of sodium formal dehyde sul f oxyl ate
dissolved in 20 g of water, and 6.31 g of a catal yst solution conposed of
0.5%iron (Il1) sulfate chelated with ethyl enediam ne tetracetic acid were
added to the reactor. A second enul sion feed conposed of 173 g of water,
12. 15 g of ABROPEIs4B8, 12.48 g of TERA TOL NP-40 (70%, 239%@EBusphrhssos

of styrene, 54.06 g of nethyl nethacrylate, 179.91 g of 2-ethyl hexyl
acrylate, 119.94 g of acetoacetoxyethyl nethacrylate, and-11-81-g-of the
sodi um 2- acryl am do- 2- net hyl propanesul fonate (50% i n ter) was fed at

6.56 g/mn. A solution of 4.9 g of t- butyl hydroper oxi S plggecg
of water was fed into the reactor during the second errulsi m ,
g/mn. After the t-butyl hydroperoxide fgpd was conpl et ed,

was continued for 30 m nutes. The enul sion was cooled to | ess than
35[err]C, and 202.53 g of polyethylenimne (50% were punped in over

m nutes. The latex was then filtered through 100 nmesh wire screen. SO|IdS
| evel , 44.7; anourtl. of Adwatedbormeipelymal cqriiBitivr oficisint manahprehtae averggapolyalee

5122 (0 e b Bt B TR R0 by Sl Bomo
nL resin ket tths £3ui POLpYivith 2 SolRREKER I gredict hePRbuPAege, and subsurface
feed tube were added 11 15 g of water, 15.52 g of H TENOL HS-20, 2.55 g of

TERG TOL NP-40 (70%, 2 eatingforsdlatiemsamarisigaeterbomapajymer comppsition of claim
et hac ylat €. zin?%t Qﬁ?, ong a (‘ﬁhbé’ é %%é}ilfroﬂgg XAI%IF ’a %cnt g)%ffgrf a Ievclbnég a&enl fhen

acet oacet oxyet acry at e. nitrogen pur

the contents méolt:g)eagemaburﬁngwgaugmﬂo\upomml 8g4ne ran eklewder, 40&adftﬁﬁboa4<fst:@g aid, a
reaching 80[err]C, an injtiator charge co osed of 2.30 g of sod

persul fate dil BA8GN, A PIETCRL Yetipe 3gshlkp diRRESIAE AR éurtf?féanf é&é‘{‘@?’w‘eAﬂW)
enmul si on feedyeqBpos e Rint 18Gii%r defdnfihg agenP an IniBbarfiFRERAL. alt Smnti-settling

agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an

10 anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a
coalescing agent.

13. A coating formuiation comprising a waterbome polymer composition of claim
11 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a

15 rheology agent, a curing agent, a flow control agent, an cxtender, a rcactive coalescing aid, a
flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling
agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an
anti-floating agent, a fungicidc, 2 mildewcide, a corrosion inhibitor, a thickening agent, a

20 plasticizer, a reactive plasticizer, and a coalescing agent.

14. A waterborne polymer composition comprising a surfactant-containing
acetoacetoxy-functional polymer of claim 3 and water, wherein the average polymer particle
size ranges from about 25 to about 500 nm.

15. A coating formulation comprising a waterbome polymer composition of claim

25 14 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent. a curing agent, a flow control agent, an extender, a reactive coalescing aid, a

flatting agent, a pigment wetting agent, a dispersing agent, a surfactanl. an ultraviolet (UV)
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10.22 g of TERA TOL NP-40 (70%, 66.36 g of nethyl nethacrylate, 170.73 g
of 2- ethyihexyl acrylate, and 101.0 g of acetoacetoxyethyl nethacrylate
was begun at 8.38 g/mn. 25 Five mnutes after the first emul sion
feed was begun, an initiator solution conposed of 1.3 g of sodium

persul fate diwooMs®sin 33.5 g of water was fed at 0.536 g/ PCRUSFI/08808

m nutes after the nononer enul sion feed was conpleted, a post initiator
solution of 3.125 g of sodium WO 97/ 45468 - S

PCT/ US97/ 08808 -45- persulfate and 3.125 g of sodium et isulfite of
sodi um nmet abi sulfite dissolved in 93.8 g of water was %’ a 2t
continued for 30 mnutes. The enul sion was cool ed to 30[ ' 9.4 ¢
of polyethylenimne (33.3%solids in wate3-) was added t nd
stirring continued for 15 mnutes. The |atex was then filtered through 100
mesh wire screen. 5 Solids level, 23.9; amount of dried materi al

(100 nesh screen), 0.00 g; particle size, 53 nm dass transition onset/
m dpoi nt, - 14[absarhet/ AP E¥ighGtabllizkr, adefdammgl ageritsancitifolamang dgetitnan eutssetidmgr

ZnSe showed absorptiopns_at 155 ferr] and 1597.cnferr] which .represent
Che for mat 1 on AEfuCAnaRaeS pisTp PebMetah, ALikrhia el futif fodanEREET R

pol yet hyl eni mpg-frR8thapehtOAARERNY, dTRIiEEWE e, aksReanEinhiBlor3 b thidkeipgagdnt,an of
Smal | Particle Size, Unstructured Am ne-Containing 10 .. \Waterbone

Pol yners The rabsBeiat. £isApNS Plapinivsr.viRingRgen dhfdtahst acsesslinkeng aBts3tdipl e 23.
The pracess \N%al@gcmglagg?t_to that described in Exanple 23 except for solid

| evel s "adj ust nent's, “sur

act ant
16. A waterbome polymer composition comprising a surfactant-containing

enamine-functional polymer of claim 4 and water, wherein the average polymer particle size
ranges from about 25 1o about 500 nm.
17. A waterborne polymer composition comprising a surfactant-containing
10 enamine-functional polymer of claim S and water, wherein the average polymer particle size

ranges from about 25 to about 500 nm.

18. A waterborne polymer composition of claim 17, wherein the average polymer

particle size ranges from about 25 1o about 100 nm and the composition has a viscosity of less
15 than about 200 cps with a solids content greater than about 40%.

19. A waterbome polymer composition of claim 17, wherein the surfactant-
containing, enamine-functional polymer comprises the reaction product of the surfactant-
containing acetoacetoxy-functional polymer and poly(ethylenimine).

20. A waterborne polymer composition of claim 19, wherein the average polymer

20 particle size ranges from about 25 to about 100 nm and the composition has a viscosity of less
than about 200 cps with a solids content greater than about 40%.

21. A coating formulation comprising a waterborne polymer composition of claim
17 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent, 2 curing agent, a flow control agent, an extender, a reactive coalescing aid, a

25 flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling

agent, an anti-sag agent, a bodying agent, an anti-skinning agent. an anti-flooding agent, an
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changes, |evels of poly(ethylenimne) and process changes described in
Table 6. Using the data from Table 6, Figure 1 illustrates the relationship
bet ween pol yner particle size, percent 15 solids, and viscosity of
these | atexes. As can be seen from T Table 6 and fromFigure 1, a | atex

accordi ng tovidendsgggenti on having a small polyner particl e sipagso9bsspear!y

60 nmand a 50% solids level, still possesses a |latex viscosity of |ess
t han 200 cps. WD 97/ 45468 e
PCT/ US97/ 08808 [err] -46- WD 97/ 45468

Unstructured Am ne- Cont ai ni ng Wat erborne Polyner To a ettle
equi pped with a condenser, nitrogen purge, and subsurf re
added 1115 g of water, 15.52 g of H TENOL HS-20, 2.55 g of TERGI

NP-40 (70%, 3.5 g of sodium carbonate, 8.98 g of styrene, 3.62 g of

2-et hyl hexyl acrylate, and 5.32 g of acetoacetoxyethyl nethacrylate. A

ni trogen pur gsati-fasingagen, a fuhgibidt,remildatadd, 8 corrosion inhibitor, a thickening agent, a

PCT/ US97/ 08808 -47- Exanple 36: Preparation of a SmFP’Smﬁ$Be®&Qpaced

plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a
coalescing agent.

22. A coating formulation comprising a waterborne polymer composition of claim

5 19 and at least onc additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent, a curing agent, a flow control agent, an extender, a reactive coalescing aid, a
flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviotet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling
agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an

10 anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a
coalescing agent.

23. A waterbome polymer composition comprising a surfactant-containing
enamine-functional polymer of claim 7 and water, wherein the average polymer particle size

15 ranges from about 25 to about 500 nm.

24, A waterbome polymer composition of claim 23, wherein the surfactant-
containing, enamine-functional polymer comprises the reaction product of the surfactant-
containing acetoacetoxy-functional polymer and poly(ethylenimine).

25. A coating formulation comprising a waterborne polymer composition of claim

20 23 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent, a curing agent, a flow control agent, an extender, a reactive coalescing aid, a
flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling
agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an

25 anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a

coalescing agent.
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of the reactor brought up to 80[err]C at 400 rpm After reaching 80[err]C
an initiator charge conposed of 2.30 g of sodium persul fate dissolved in
13.0 of water was added to the reactor. An enul sion feed conposed of 120 g
of water, 9.94 g of AEROSOL 18, 10.22 g of 10 TERA TOL NP-40 (70%,
170.39 g of swersemsiss 68. 70 g of 2-ethyl hexyl acrylate, and PetaSowpssis -
acet oacet oxyet hyl nethacrylate was begun at 8.38 g/mn. Five mnutes after
the first ermul sion feed was begun, an initiator solution conposed of 1.3 g
of sodium persul fate dissolved in 33.5 g of water was fed at 0.536 g/'min.” "~
Five mnutes after the nononer emulsion feed was conpl et gsls SRed?PiSé Been Replaced
initiator solution of 3.125 g of sodium persul fate and 15 of
sodi um et abi sul fite dissolved in 93.8 gegef water was char JJ’HIMMBH@HM
continued for 30 minutes. The enul sion was cooled to 30[err]¢C, Y4 g
of polyethylenimne (33.3%solids in water) was added to the reactor and
stirring continued for 15 mnutes. The |latex was then filtered through 100
mesh wire screen. 86l i dé pobymer of d@nB2, wherpimthe pélynier ied strdtered parti¢le bavimgah

screen), 0.00 g; particle size, 49 nm.Infra anal ysjs_of 20 cl ear
Frl e bt ovarecohitofishalcfoizs Mee forh ootk 5o dhRusPh Ry 507 cnferr]
whi ch represent thQ’?.fOrK%iﬁihr@fcl@iﬁﬁ!ﬂvﬂ@rdiﬂ)ﬂheb&?/%eﬁﬁQﬂhﬁmCt{x%%ﬁféfélﬁeitn‘é’een
pol yet hyl eni m ne and acet oacetoxy noieti es. 97/ 45468

PCT/ US97/ 08808n 24gagerpokmar artigipsigg ramgingdernaboyh2 Sop abous$fP hmparticl e Si ze,
Unstruct ured Am nexgont Qi

;J&i;i?&r of claim S, wherein the polymer is a structured particle having an

average polymer particle size ranging from about 25 to about 500 nm.

29. A polymer of claim 5, wherein the polymer is an unstructured particle having
an average polymer particle size ranging from about 25 to about 500 nm.

10 30. A polymer of claim 7, wherein the polymer is a structured particle having an
average polymer particle size ranging from about 25 to about 500 nm.

31. A polymer of claim 7, wherein the polymer is an unstructured particle having
an average polymer particle size ranging from about 25 to about 500 nm.

32. A method of making a surfactant-containing acetoacetoxy-functional polymer,

15 comprising polymerizing a non-acid vinyl monomer having an acetoacetoxy functionality
with a non-self-polymerizable, surface-active vinyl monomer under emulsion polymerization
conditions wherein the non-self-polymerizable, surface-active vinyl monomer is incorporated
into the surfactant-containing acetoacetoxy-functional polymer.

33. A method of making a stable, enaminc-functional polymer, comprising the

20 step of reacting a surfactant-containing acetoacetoxy-functional polymer prepared according
to claim 32 with ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

34. A method of making a stable. enaminc-functional polymer, comprising the
step of reacting a surfactant-containing acetoacetoxy-functional poiymer prepared according
to ctaim 32 with poly(ethylenimine).

25 35. A method for scavenging residual «,-unsaturated, carbonyl- or electron

withdrawing group-containing monomers from a polymer latex comprising the step of
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Wat er bonre Pol ymer The nononer conpositions were the sane as described in
Exanpl e 36. The process was simlar to that described in Exanple 36 except

for solid | evels adjustnments, surfactant 5 changes, |evels of
pol y(et hyl eni m ne) and process changes described in Table 7. WD 97/ 45468
PCT/ US97/ 0880 94s468 er 1 | WO 97/ 45468 PCT/US97/088608

PCT/ US97/ 08808 -50- Exanple 45: Film Properties Clear filns were prepared
using the | atexes of Exanples 24, 25, 27, and 28. O ear—fi-lrs—were cast on

rel ease paper and cured anbiently for specified peri odg t| rre in the CTH
roomor cured for 30 mnutes in a forced air oven at 1 '6% Rapiamd
tensile properties, filmb gel fraction (FGF), f|| '

(FSR), and volatile content were deterngged. The results abI e
8 bel ow. The changes observed in anbient versus thernal (120[err]C) CUI‘VI ng
denonstrate the curing behavior of the filns.

contacting a polymer latex having residual o,B-unsaturated, carbony!- or electron

withdrawing group-containing monomers with an effective amount of a polymer of claim 6.

36. A coating formulation of claim 11, wherein the coating formulation is selected
5 from a metal coating, a wood coating, a plastic coating, a textile coating, a cementitious
coating, a paper coating, an ink, and an adhesive.

37. A coating formulation of claim 21, wherein the coating formulation is selected
from a metal coating, a wood coating, a plastic coating, a textile coating, a cementitious
coating, a paper coating, an ink, and an adhesive.

10 38. A wterborne polymer compostion of claim 16, wherein the composition is a
cationic compostion having an acidic pH.

39. A wterborne polymer compostion of claim 19, wherein the composition is a

cationic compostion having an acidic pH.
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WD 97/ 45468

PCT/ US97/ 08808 -51- [err] WO 97/ 45468

PCT/ US97/ 08808 -52- Exanple 46: Residual Mononmer Reduction Three AAEM
acet oacet oxy- based | at exes having average residual |evel of ethyl acrylate
was 50 ppm aw@® 7HE468nount of acetone (from hydrol ysis of A&EWusoressey ~ -
pol yneri zation) detected in the latex was 0.13% Sanples were prepared by
bl endi ng each 5 latex with a PPAE |atex (3 parts latex to | part
PPAE | atex). The PPAE | atex contai ned nd/éthyl acrylate as a base nonomer
and 0.08% acetone. After one week, the anount of detectable ethyl acrylate
and acetone in all three sanples was 2 gm (theoretical: 37 ppnm) and the
amount of detectable acetone, 0.006% (tkegretical 0.11%, respectively. The
results denonstrate the ability of a PPEwaccording to the invention to
scavenge or renove 10 car bonyl - ba @'corrpounds, such as acryl at es,
ket ones, al dehydes, acrylonitrile, and ™yl acetate from conpl ex
conpositions such as wat erborne pol yner~| at exes.
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Exanpl e 47 (Conparative): Preparation of |atex dgserdbed.in Eunopggn,.Patent

Application, 0 634 425 Al, Exanple 10 Latex B (Coﬁp05|t10ﬁ Eotr e: “?Mtyi“”
Acryl at e/ Styrene/ Di vi nyl Benzene/thhacryllc Acid; 3/91.6/4.4/1 Shel

Butyl Acryl ate/ Acet oacet oxyet hyl 15 N@thacrylate/N@thacrylic Acid;
-83/10/7) To a 1000 nmL resin kettle equipped with a condenser, nitrogen
purge, and subsurface feed tube were added 382.5 g of water, 0.072 g of
AERCSOL OT (75%, 0.1 g of TERA TOL 15-S-40 (70%, 0.1761 g of nmethacrylic
acid, 16.13 g of styrene, 0.528 g of butyt acrylate, and 0.775 g of divinyl
benzene. A nitrogen purge was begun, tfgen the 20 contents of the
reactor brought up to 80[err]C at 400 rpm After reaching 80[err]C, an
initiator solution conposed of 2.26 g of sodium persul fate dissolved in
13.06 g of water was added to the reactor. An enul sion feed conposed of

57.45 g OfAEROSOL 017692 ¢ FTEREGIPEEL1 45 407(5%%) B5795 g AlthyERG TAL 15-S-40
(70%, 1.55 g of nethacrylic acid, 141.8 g of styrene, 4.64 g of butyl

acryl at e, metbadsylate, 4523 gloisnyydnebbﬁﬁz(@rlgoﬁ\Mtfbﬁ@uyl &rylategdmd h31 Eiofe m nut es
25 after the first erruIS|on feed was begun, an initiator solution

conposed drlmft!y’rfdp@palﬂe T@enviate pas Besunat &. %.%@m vféﬁer the §est pmylsign fged er was
[ % 0y B I Gt B 0 B e R RSB IS e
R T o
12. 59 of tAEROBORa, 2|85 &t TERGEROL 15-5-40 (100%), 225.8 g of styrene, 153.5 g of
2-ethylhexyl acrylate, 47.97g of acetoacetoxyethyl methacrylate, 28.78 g of allyl
methacrylate, 18.81 g of dimethylaminoethyl methacrylate, and 4.894 g of 2-
_ ethylhexyl 3-mercaptopropionate was started at 8§ g/minute. Ten hminutes after the
10 feeds were completed, the reactor was cooled to 65°C, then an initiator solution
composed of 2.74 g of sodium formaldehyde sulfoxylate dissolved in 32.2 g of water,
and 5.05 g of a catalyst solution composed of 0.5% iron (II) sulfate chelated with
ethylenediamine tetracetic acid were added to the reactor. A solution of 2.94 g of t-
butylhydroperoxide dissolved in 32.2 g of water was fed into the reactor over 15
15 minutes. The latex was then filtered through 100 mesh wire screen. Solids level,
46.9; pH, 7.6; amount of dried material (100 mesh screen), 2.0 g; particle size (Dw),
197 nm. '
Example 18: Preparation of a Small Particle Size, Core/Shell Amine-Containing Waterborme
Polymer
20 To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 720.4 g of water, 39.2 g of HITENOL HS-20, 1.08 g of TERGITOL 15-
S-40 (100%), 5.84 é'df sodium carbonate, 26.14 g of methyl methacrylate, 35.2 g of styrene,
26.4 g of 2-ethylhexyl acrylate, and 0.264 g of trimethylolpropane triacrylate. A nitrogen
purge was begun, then the contents of the reactor brought up to 80°C at 400 rpm. After
25 reaching 80°C, an initiator solution composed of 6.16 g of sodium persulfate dissolved in
34.84 g of water was added to the reactor. An initiator solution composed of 2.08 g of

sodium persulfate dissolved in 53.6 g of water was started at 0.336 g/min. Thirty minutes
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fed at 2.0 g/mn. Five mnutes after the last fegd, f.he react.or was.cooled
t0 65 [err]C, and 0.6 g of a 0.5% Fe(l1) sul fate"sol utidncompl exetr -
EDTA, and 0.39 g of isoascorbic acid 5 dissolved in 6 g of water
were charged to the reactor. An feed solution prepared fromO0.288 g of
-t - but yl hydr operoxi de (70% dissolved in 6 g of water was then fed into the
reactor over 30 mnutes. After the initiator feed, heating was continued
for 30 minutes, then the enul sion was cooled. The latex was then filtered
t hrough 100 nmesh wire screen. Solids |level, 45% Exanple 48 (Conparative):
Attenpted Functionalization of Latex fgom Exanple 47 with 10
Pol yet hyl eni m ne using the process described in Exanple 10, Latex B,
Eur opean Patent Application, 0 634 425 Al To 104 g of the latex from
Exanpl e 46 was successively added while stirring the |atex at room
t enper at ur g{&i%gsgygf .butyl CELLOSO My (available from Union Carbide,
Houst on, ‘Ilexas , 2. E? g of butyl CARBITOL (available from Uni on Carbi de,
Houst on, IBrookfield Viscoasy* (cBRird 0. 37 §§76F pol yet hyl eni mine (PEl, 50%in
water). The |atex began to coagul ate. After adding a total of 0.97 g of
pol yet hyl €ispmidiee3 #tREIPM 50% i n water), the latex had conpletely coagul ated
formng a solid nmass. Table 9 Ml es of Active Ml es of Mol e Ratio of 20
PElI (50% PEI (dry Acet oacet oxy N-H Mi eties
Rig’t gggefgl(;t | Phlnt viscosity B R Unitsy was nidRbiRtd £%erP@ohBst A0 K FIBS-Stormer
viscometer. The resulting paint, Example 20, was evaluated for gloss, color, scrub resistance,

alkali resistance, blocking resistance, and print resistance. The results are shown in the

following Tables 1-5.

Table |
o ol Scrub Days | BT/TF Wet Adhesion Alkali
0ss olor
10 Paint Dry Days/Dry Resist 7D
60/20 L,ab
ID | 7D 1D 7D Dry
95.17,-0.39, 865/
20 73/31 89 1277 87/181 6.5%
221 2311
Table 2
Blocking Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)
Paint
1D-1D 1D-7D 2D-1D 2D-7D 7D-1D 7D-7D
15 20 4 3 4 4 5 4
Table 3
Blocking Resistance: Days (D) dry - 30 Minutes FTF at 120°F
Paint
1D 2D 7D
20 1 2 4
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g of latex 0.37 0. 185 0. 011 ~0. 0043 o
0:39°0. 97 0.485 0.011 “hooott N OEREGH
WD 97/ 45468 PCT/ U897/ 08808
-54- Exanple 49: Preparation of a Small Particle Size, Corel/ Shell

-Enam ne- Cont ai ni ng Wat er borne Pol ymer To a 3000 nlL resin kettl e equi pped
with a condenser, nitrogen purge, and subsurface feed tube were added 900.5
g of water, 49.0 g of HI TENOL HS-20, 1.35 g of TERA TOL 15- 5 S- 40,
7.3 g of sodium carbonate, 31.9 g of methyl nethacrylate, 44 g of styrene,
33 g of 2- ethyl hexyl acrylate, and 1.4p.g of trinethyl ol propane
triacrylate. A nitrogen purge was begun, then the contents of the reactor
brought up to 80[err]C at 400 rpm After reaching 80[err]C, an initiator
charge conposed of 7.54 g of sodium persulfate dissolved in 43.6 g of water
was added to the reactor. An enul sion fiege gonposed of 198 g of water,
19.65 g of AERCSOL 10 18, 13.8 g of TERA TOL 15-S-40, 134.8 g of

and 4.6 g| of 41} et ’J33%?"5%5%&?%?‘%%?%ya?@?aés-g%@&éﬁﬁ EhOTORAG g e
m nutes after 2the fli r$h. | 5i qRy. 5? ed magog@rd,dgb_i@ht at-gy. léolﬂit i 9.1

conposed @f 4 26 g f{of sodium persu g 0f wat by _WAS fe
at 0.466 g/ mng Aftler the fi st emul sifon fegeed s canpl e} [ ed, 4a se¢ond 5

enul si on reed—eorpesEt—0F—31F3—g—ooF—wat-e+s

5 Table 5
‘ Print Resistance: Days (D) dry - 30 Minutes FTF at 120°F
Paint 1D 2D - 7D
20 4 6 6
10 Example 21: Preparation of a Small Particle Size, Core/Shell Acetoacetoxy-Containing
Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 720 g of water, 39.2 g of HITENOL HS-20, 1.54 g of TERGITOL NP-
40 (70%), 5.84 g of ammonium bicarbonate, 26.14 g of methyl methacrylate, 35.2 g of

15 styrene, 26.4 g of .2-ethylhexyl acrylate, and 0.264 g of trimethylolpropane triacrylate. A
nitrogen purge was begun, then the contents of the reactor brought up to 80°C at 400 rpm.
After reaching 80°C, an initiator solution composed of 6.16 g of ammonium persulfate
dissolved in 34.84 g of water was added to the reactor. An initiator solution composed of
2.08 g of ammonium persulfate dissolved in 53.6 g of water was started at 0.336 g/min.

20 Thirty minutes after the initiator feed was begun, an emulsion feed composed of 153.6 g of
water, 15.72 g of AEROSOL 18, 15.72 g of TERGITOL NP-40 (76%), 110.4 g of methyt
methacrylate, 148.7 g of styrene, 111.52 g of 2-ethythexyl acrylate, and 1.12 g of
trimethylolpropane triacrylate was begun at 5.24 g/min. After the first emulsion feed was

completed. the feed lines were washed with 80 g of water, and the temperaturc held at 80°C
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15 12.15 g of AEROSOL 18, 8.7 g of TERA TCL.. 1,5 S-40, 239..4

styréne, 54.1 g of methyl methacrylate, 179.9 g Bf-2L tHyFheRyl a%’r’%l' Cabee 1
19.9 g of acetoacetoxyethyl nethacrylate, and 11.8 g of the sodi um

2-acryl am do- 2- met hyl pr opanesul fonate (50%in water) was fed at 8.38 g/ mn.
-Five mnutes after the last feed, an initiator solution of 0.95 g of
t-butyl hydroperoxide (709, 1.34 g of isoascorbic acid dissolved in 20 g
of water, and 2 g of 0.5% 20 iron(ll) sulfate 7 Herr]O (chel ated

wi th EDTA) was charged and heating continued for 30 m nutes. The enul sion
was cool ed, and 35.8 g of ammoni um hydpoxi de (28% were punped in over 15
m nutes. The latex was then filtered through 100 nesh wire screen. Solids

| evel, 43.5; amount of dried material (100 mesh screen), 0.94 g; particle
size (Dw), 60 nm Infrared analysis of clear filns cast over ZnSe showed an
3\%5 8;?2'52208@0 rﬁﬁﬁ@escmﬁ@feﬁ&tommﬁmeﬂ 856188 €165°@and 2n initiator sEhNHA &1, TRE 8FY -
PCT/ US97/ &80 feﬁﬁalda)wﬁphléoﬂbate B’rseqﬂaedain g of whmy afll 69 greffanstaystdolution
Coati ngs: Formul a a 50B Mate

Wi ght :  ( §9mposed of O S\%Frgm(ﬂx mlfatmehg;d with ethylene@pmmtgqracenc acid were added
3860 to the reactor. 28 se%oa_cf‘@%lsllo}l%ed composed of 138.4 g of water, 92.7§g of AEROSOL
5 18, 9.98 g of TERGITOL NP-40 (70%), 191.90 g of styrene, 45.6 g of methy! methacrylate,

143.92 g of 2-ethylhexyl acrylate, 95.95g of acetoacetoxyethyl methacrylate, and 4.72g of the
sodium 2-acrylamido-2-methylpropanesulfonate (50% in water) was fed at 5.24 g/min. A
solution of 3.92 g of t-butylhydroperoxide dissolved in 32 g of water was fed into the reactor
during the second emulsion feed at 0.14 g/min. After the t-butylf;ydroperoxide feed was

10 compléted, heating was continued for 30 minutes. The latex was then filtered through 100
mesh wire screen. Solids-level, 44.9; amount of dried material (100 mesh screen), 1.5 g;
particle size (Dw), 72 nm.
Example 22: Preparation of a Small Particle Size, Core/Shell Amine-Containing Waterborne
Polymer

15 To a 400 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
feed tube were added 900 g of water, 49 g of HITENOL HS-20, 1.93 g of TERGITOL NP-40
(70%), 7.3- g of sodium carbonate, 32.67 g of methyl methacrylate, 44 g of styrene, 33 g of 2-
ethylhexyl acrylate, and 0.33 g of trimethylolpropane triacrylate. A nitrogen purge was
begun, then the contents of the reactor brought up to 80°C at 400 rpm. After reaching 80°C,

20 an initiator solution corﬁposed of 7.70 g of sodium persulfate dissolved in 43.55 g of water
was added to the reactor. An initiator solution composed of 2.61 g of sodium persulfate
dissolved in 67 g of water was started at 0.42 g/min. Thirty minutes after the initiator feed
was begun, an emulsion feed composed of 192 g of water, 19.65 g of AEROSOL 18, 19.65 g
of TERGITOL NP-40 (70%), 138.01 g of methyl methacrylate, 185.88 g of styrene, 139.41 g

25 of 2-ethylhexyl acrylate, and 1.394 g of trimethylolpropane triacrylate was begun at 6.56
g/min. After the first emulsion feed was completed, the feed lines were washed with 80 g of

water, and the temperature held at 80°C for 30 minutes. The reactor was then cooled to 65°C,
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TRI TON CF- 10 1.3 o 3. FQANASTER AP

1:3 - 1.3 DOMCIL 75 & 9.5 W EEO8
0.5 10 M x well then add under agitation: TI -PURE R- 900

99.0 99.0 OmwaCarb UF 31.0

-31.0 Cow es until the grindpasses 6 Hegman, then add: D Water

15.5 15.5 15 LETDOWN: G'i nd (above)

179. 2 179. 2 Enul sion: Exanple 48 231.0

231.0 Prem x*: *Foamaster AP 3.4 3.4 20
*Foamast er VF 1.3 .44- 1.3 *Aerosol OT-75

0.4 0.4 *Eastman EB 4.8 4.8
*East man DB 4.8 4.8 25 East man EB
2.0 4.0 Eastman DB 2.0 4.0
DI VAt er  and an initiator solution of 3.42 g o®scdlium formaldehyde sulﬁ:@lﬂ’ﬁ@&ﬁ@e@ﬁ'?@tg on
54.0 -- Tafigel PUR 45 Sol ution

10.0 water, and 6.31 g of a catalyst solution composed of 0.5% iron (II) sulfate chelated with

ethylenediamine tetracetic acid were added to the reactor. A second emulsion feed composed
of 173 g of water, 12.15 g of AEROSOL 18, 12.48 g of TERGITOL NP-40 (70%), 239.88 g
S of styrene, 54.06 g of methyl methacrylate, 179.91 g of 2-ethylhexyl acrylate, 119.94 g of

acetoacetoxyethyl methacrylate, and 11.81 g of the sodium 2-acrylamido-2-
methylpropanesulfonate (50% in water) was fed at 6.56 g/min. A solution of 4.9 g of t-
butylhydroperoxide dissolved in 40 g of water was fed into the reactor during the second
emulsipn feed at 0.14 g/min. After the t-butylhydroperoxide feed"was compieted, heating

10 was continued for 30 minutes. The emulsion was cooled to less than 35°C, and 202.53 g of
polyethylenimine (50%) were pumped in over 15 minutes. The latex was then filtered
through 100 mesh wire screen. Solids level, 44.7; amount of dried material (100 mesh
screen), 1.3 g; particle size (Dw), 56 nm; pH, 10.5.
Example 23: Preparation of a Small Particle Size, Unstructured Amine-Containing

15 Waterborne Polymer

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface

feed tube were added 1115 g of water, 15.52 g of HITENOL HS-20, 2.55 g of TERGITOL
NP-40 (70%), 3.5 g of sodium carbonate, 8.10 g of methyl methacrylate, 5.38 g of 2-
ethylhexyl acrylate, and 4.43 of acetoacetoxyethyl methacrylate. A nitrogen purge was

20 begun, then the contents of the reactor brought up to 80°C at 400 rpm. After reaching 80°C,
an initiator charge composed of 2.30 g of sodium persulfate dissolved in 13.0 g of water was
added to the reactor. ‘An émulsion feed composed of 120 g of water, 6.55 g of AEROSOL 18,
10.22 g of TERGITOL NP-40 (70%), 66.36 g of methyl methacrylate, 170.73 g of 2-
ethyihexyl acrylate, and 101.0 g of acetoacetoxyethyl methacrylate was begun at 8.38 g/min.

25 Five minutes after the first emulsion feed was begun, an initiator solution composed of 1.3 g
of sodium persulfate dissolved in 33.5 g of water was fed at 0.536 g/min. Five minutes after

the monomer emulsion feed was completed, a post mitiator solution of 3.125 g of sodium
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-56- Adjust viscosity to approx 85 KU with the fQJlomnng CR2 thKQﬂ%L,
44,7 62.0 Final pH: 8.8 TG g
8.8 5 Fi nal KuU: 82 79 The
resulting paints, Exanples 49A and 49B, were evaluated for gloss, wet
-adhesi on, scrub resistance, blocking resistance, and print resistance. The
results are shown in the follow ng Tables 10- 14. 10

Tabl e 10 d oss Scrub Average of 8, BT/ TF Wt Adhesi on Days/Dry Pai nt

60/ 20 15, & 21 Days Dry 1D 7D 49A 41/ 7
648 1800/ 3000 3000/ 304306- 49B 17/ 3 695
3000/ 3000 3000/ 3000 15 Table 11 Bl ocki ng Resistance: Days (D) dry -

Days (D) Face-To-Face (FTF) Paint 1D-1D 1D-7D 2D-1D 2D 7D 7D 1D
7D-7D 21D-ID 21D 7D
0f 0.21 g of AEROSOL OT (75%), 0.21 g of TERGITOL 15-S-40 (70%), 149.32 g of butyl

acrylate, 17.99 g of acetoacetoxyethyl methacrylate, and 12.59 of the methacrylic acid was
fed at 2.0 g/min. Five minutes after the last feed, the reactor was cooled to 65 °C, and 0.6 g
of a 0.5% Fe(II) sulfate solution complexed with EDTA, and 0.39 g of isoascorbic acid

dissolved in 6 g of water were charged to the reactor. An feed solution prepared from 0.288 g

W

of t-butylhydroperoxide (70%) dissolved in 6 g of water was then fed into the reactor over 30
minutes. After the initiator feed, heating was continued for 30 minutes, then the emulsion
was cooled. The latex was then filtered through 100 mesh wire screen. Solids level, 45%.
Example 48 (Comparative): Attempted Functionalization of Latex from Example 47 with

10 Polyethylenimine using the process described in Example 10, Latex B, European Patent

Application, 0 634 425 Al

To 104 g of the latex from Example 46 was successively added while stirring the latex
at room temperature 8.93 g of butyl CELLOSOLVE, (available from Union Carbide,
Houston, Texas), 2.98 g of butyl CARBITOL (available from Union Carbide, Houston,
15 Texas), and 0.37 g of polyethylenimine (PEI, 50% in water). The latex began to coagulate.
After adding a total of 0.97 g of polyethylenimine (PEI, 50% in water), the latex had

completely coagulated forming a solid mass.

Table 9
Moles of
Active Moles of | Mole Ratio of
20 PEI (50% PEI (dry Acetoacetoxy
R . N-H Moieties N-H per
solution), g material), g Moieties per 104
from PEI Acetoacetoxy
g of latex
0.37 0.185 0.011 0.0043 0.39
0.97 0.485 0.011 0.0011 1.0
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49A 9 7 7 9 ',,9 - 9_ ey 10
10 49B 8 6 9 6 L ' g NS
9 20 Table 12 Paint Bl ocki ng Resi stance: 21 Days (D) dry - 30

M nutes FTF at 120[err] F 49A

7 49B 10 -57- Table 13
Print Resistance: Days (D) dry - Days (D) Face-To-Face (FTF) Paint 1D-1D
1D- 7D 2D-1D 2D-7D 7D-1D 7D-7D 21D ID 21D 7D 49A 0
0 1 1 7 4 8 75 20
6 3 3 -56- 3 6 3 Table 14
Pai nt Print Resistance: 21 5Days (D) dry - 30 Mnutes FTF at
120[ err] F 49A 8 10
49B _ _ _ 10 Exanple 51:
Prepar at | ofy;of iBLity SUpBlS kuARD B il hgnal Particle.

CR2 Thickener 44.7 62.0

Final pH: 88 . 8.8

5 Final KU: 82 79

The resulting paints, Examples 49A and 49B, were evaluated for gloss, wet adhesion, scrub
resistance, blocking resistance, and print resistance. The results are shown in the following

Tables 10-14.

10 : Table 10
Pai Gloss Scrub Average of 8, | BT/TF Wet Adhesion Days/Dry
aint -
60/20 15, & 21 Days Dry 1D 7D
49A 41/7 648 1800/3000 3000/3000
49B 17/3 655 3000/3000 3000/3000
15
Table 11
Blocking Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)
Paint
1D-1D | 1D-7D | 2D-1D | 2D-7D | 7D-1D { 7D-7D | 21D-1D | 21D-7D
49A 9 7 7 9 9 9 10 10
49B 8 6 9 6 6 7 10 9
20 oA
' Table 12
Paint Blocking Resistance: 21 Days (D) dry - 30 Minutes FTF at 120°F
49A 7
49B 10
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To a 3000 nL resin kettle equipped with a condenser, . nltrogen gurge
subsurface 15 feed tube were added 720.4 ¢~ b ‘watéek: [N
"HI TENOL HS-20, 1.59 g of TERG TOL NP-40 (70%, 25.5 g of mat hyI

nmet hacryl ate, 35.2 g of styrene, 26.4 g of 2-ethyl hexyl acrylate, 0.88 g of
trimethyl ol propane triacrylate-and 5.84 g of sodium carbonate. A nitrogen
purge was begun, then the contents of the reactor brought up to 80[err]C at
400 rpm After reaching 80[err]C, an initiator charge conposed of 6.0 g of
sodi um persul fate di ssolved in 34.84 20 g of water was added to the
reactor. An enulsion feed conposed of ¢497.2 g of water, 15.72 g of AEROSCL
18, 16.18 g of TERA TOL 15-S-40 (70% in water), 107.81 g of ethyl

nmet hacryl ate, 148.70 g of styrene, 11 1.53 g of 2-ethyl hexyl acrylate, and
3.72 of trimethyl ol propane triacrylate was begun at 5.248 /mn. Five

m nutes after the first enmul sion feed was begun, an initiator solution
conposed of 3.41 g of sodium persulfate dissolved in 25 87.2 g of
water was fed at 0.336 g/mn. After thmpldrst enmul sion feed as conpl et ed,
t he feed WD 97/ 45468

PCT/ US97/|08808 -5B- |ine P’i@ﬁR‘@?ﬁﬂ%ﬁe ' E&epd’? qjarxgqb?{:a Fhe @%&I on was

hel d at 80[ epfpk C for-30 eed c d of

135.2 g of water, QDZ?DQ @D ﬁgﬁﬁg,zéwﬁ aD TERS7HAL 4ip.- $D40 A88pi N
water), 191.90-g Syt F—net-hylmet-hderyl at e 143,93 g of
2- et hyl hgxgga acry ate_, 9?095 g jof acet o1acet oXyet hyl {net hacﬂ;sl ate, and 9.45
g of 5 +hersothtr2—acHytar-do-r2—retmipropatestt-ofate—{t50to++r
wat er) wgl2fed at] &®. 25 /|ndn. 3 3 3 6 3
Table 14
Paint Print Resistance: 21 Days (D) dry - 30 Minutes FTF at 120°F

49A . 8

10 49B | 10

Example 51: Preparation of Small Core/shell Amine-functional Particle.
To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface
15 feed tube were added 720.4 g of water, 39.2 g of HITENOL HS-20, 1.59 g of TERGITOL
NP-40 (70%) 25. 5 g of methyl methacrylate, 35.2 g of styrene, 26.4 g of 2-ethylhexyl
acrylate, 0.88 g of trimethylolpropane triacrylate and 5.84 g of sodium carbonate. A nitrogen
purge was begun, then the contents of the reactor brought up to 80°C at 400 rpm. After
reaching 80°C, an initiator charge composed of 6.0 g of sodium persulfate dissolved in 34.84
- 20 g of water was added to the reactor. An emulsion feed composed of 197.2 g of water, 15.72 g
of AEROSOL 18, 16.18 g of TERGITOL 15-S-40 (70% in water), 107.81 g of ethyl
methacrylate, 148.70 g of styrene, 111.53 g of 2-ethylhexyl acrylate, and 3.72 of
trimethylolpropane triacrylate was begun at 5.248 /min. Five minutes after the first emulsion
feed was begun, an initiator solution composed of 3.41 g of sodium persulfate dissolved in

25 87.2 g of water was fed at 0.336 g/min. After the first emulsion feed as completed, the feed
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After the |ast feed, the reaction was held for 10 mnutes at 80[err]C then
cooled to 65[err]C over the next 20 minutes The reactor was then charged
Wwith a solution of 0.8 g of isoascorbic acid in 16 g water and 0.4 g of
0.5%iron (11) sulfate. Over the next 30 mnutes, a solution of 0.58 g of
t-butyl hydroperoxide (70%in water) in 16 g of water was fed into the
reactor while 10 heating conti nued. The enul sion was cool ed, then
174.76 g of poly(ethylenimne) LUPASOL G35 (50%in water) was fed into the
enul si on. and the emul sion was filtered through/100 mesh wire screen. Dried

solids collected on 100 nesh screen = 1.24 g fotal solids |evel of 45% and
pH was 10.4. Exanple 52: Addition of 10% SuI fUI’I c Acid to Exanple 51 Latex
to Make a Cationic 15 System 16.92 g water was added to 15.0 g i ce,

the 3.58 g of concentrated sul furi c\pgcséa\sqtgdde gt)he ice and water

m xture to make a_10% ol ution of sulfuric aci stlrlng the entire
10% sul furic acuﬂ:ol uti @ was addegy slowy tgy50 g of the am ne-functional

| at ex of Exanpl e®1. Theml atex appggred to r@yse in viggosity very slightly

upon initial conkact buteg20 v edi spersed very ni ggly as theyremi nder
of the sulfuric g¢id was added. Final pH = 0.9, particle size 105 nMma 25
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1. + A surfact ahtREPLACEMRENThW§HECet|oacet oxy- f uncti onal pol yprgg,ééé%%) i si ng

the reaction produptfof—tne Tree rjadi cal pol ynerization of a no “Wi nyl
nmononer having an fcgt Qg&ng.éggy e [functionality wi tRERLAGENMBINT SHtéT
non-sel f - pol yneri z| np, c&7actj vie vi nyl nonomer selected fromthe group
consi sting of a sofli sjul f osucci nate and a pol yoxyet hyl ene

al kyl phenyl etherjof formula (3), (4), or (5 : [err] where Ris nonyl or
octyl,n ranges froh—f&—t-o—ﬁﬁ'-a'n'd"'m‘ranges 15 to 50 -60- 2. A pol yner

of claiml, co e | nmonomer
havi ng an acet gg%gt OXY- t g% mﬁe&&egﬁ%‘iﬁﬁp&ﬁﬁtﬁak%
Rrerr]-CEC(R err]) (O -4 W‘i‘éﬁ UNCHPNAY GOBHPEERS. () - REer 1]

(I') where Rlerr] is a hydrogen or halogen; R err] is a hydrogen, hal ogen,

Cerr]-Cerr] alkylthio group, or (Jerr]-Clerr] alkyl group; Rerr] is a

Clerr] - errEied &fthednembon X[ err] and X[ err] are independently O S, or a
group of the formula -N(R err]qn in which Rlerr] is a (Jerr]-Cerr] alkyl
group; Xerr] is ghé[‘él’?‘]m@[bé BS@Ithylﬁéhfeot’gmwmomchdﬁ[law]LnG[«-mmJ}«r it

cycl oal kyl en wei erc of | east .one
non- sel f - pol g%%r %)*Z&Par\cge?oagg?)fyagg“m%w 89{%’"831 ChﬂFFo‘?ﬁ?%‘ﬂ A §2Y PHCBE NG ght
per cent - of a fst@fd&fdnd. vi nyl nmononer. 3. A pol ymer of claim 2, wherein

t he nononer of Formula (1) is sel ected from
Background of the Invention

In an increasing number of industries, aqueous coating compositions continue
lo replace traditional organic solvent-based coating compositions. Paints, inks,
sealants, and adhesives, for example, previously formulated with organic solvents are
now formulated as aqueous compositions. This reduces potentially harmful exposure
to volatile organic compounds (VOC’s) commeonly found in solvent-based
compositions. While the move from organic solvent-based to aqueous compositions
brings health and safety benefits, the aqueous coating compositions must meet ot
exceed the performance standards expected from solvent-based compositions. The
need to meet or exceed such performance standards places a premium on the
characteristics and properties of waterborne polymer compositions used in aqueous
coating compasitious.

Waterborne polymer having various functional groups have been used to
impart and aghieve desired propertie; to a particular coating composition. For
example, a coating composition should exhibit good {ilm formation, print and block
resistance, as well as adhesion and tensile properties. Polymers having acetoacetoxy-
and enamine-functional groups represent one example of waterborne polymers which -

have such properties, may carry different functional groups, and are useful in aqueous

coating compositions.

U.S. Patent 5,296,530 discloses a quick-curing coating prepared from a
polymer having acetoacetyl groups, in which substantially all of the acetoacetyl
groups have been converted to enamine functional groups. This conversion occurs,

for example, by treatment with ammonia or a primary amine. Coatings so prepared
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U.S. Patent 5,498,659 discloses polymeric formulations comprising an
aqueous carrier, at least one polymeric ingredient, a non-polymeric polyfunctional
amine, and a base. - The polymeric ingredient has both acid-functional and
acetoacetoxy-type functional moietiés. The aqueous polymernic formulations produce
crosslinked polymeric surface coatings on a substrate.

Japanese Patent 61-21171 describes a fast-curing adhesive consisting of two
separate liquids. The first liquid is an aqueous solution and/or aqueous emulsion of a
polymer compound containing an acetoacetyl group. The second 1i§uid consists of

polyethylenimine.

JP 0320302 relates to a process for preparing an acetoacetyl group containing water

soluble polymer compound which comprises copolymerizing (a) an acetoacetyl group-

containing ethylenically unsaturated monomer; (b) a sulphonic group-containing water

soluble ethylenically unsaturated monomer; and (c) a hydroxy group-containing

ethylenically unsaturated monomer. The sulphonic group-containing water soluble

ethylenically unsaturated monomer is defined as styrene sulphonate.

Even with current waterborne polymer formulations, a need remains for
improved aqueous coating compositions and waterbomne polymers for use in those
compositions. In particular, a need exists for waterborne polymer compositions which
may formulated as a single, stable composition but which undergo crosslinking upon
film formation imparting one or more desired properties to the resulting coating. The

present invention meets such needs.
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Water is added as needed to keep the paint film wet (flooded). The number of brushing
cycles for initial peel gr break through (“BT™) and ten percent peel are noted. The number
of cycles for complete removal of the film Qg total failure (“TF™) is often noted also.

Example 1. Preparation of a Large Particle Size, Core/Shell Enamine-Containing
Waterbome Polymer
To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and
subsurface feed tube were added 640 g of water, 4.05 g of TREM .LF-40, 1.93 gof
TERGITOL NP-40(70%), 7.3 g of sodium carbonate, 44.24 g of methyl methacrylate,
8.26 g of styrene, 57.09 g of 2-ethylhexyl acrylate, and 0.252 g of trimethylolpropane
triacrylate. A nitrogen purge was begun, then the contents of the reactor brought up to
80°C at 400 rpm. After reaching 80°C, an initiator charge cqﬂmposed 0f7.70 g of
sodium persulfate di_ssolvcd in 43.6 g of water was added to the reactor. An emulsion
feed composed of 355 g of water, 11.7 g of TREM LF-40, 10.21 g of TERGITOL NP-
40 (70%), 271.78 g of methyl methacrylate, 50.72 g of styrene, 350.63 g of 2-
ethylhexy! acrylate, and 1.55 g of trimethylolpropane triacrylate was begun at 8.38
g/min. Five minutes after the first emulsion feed was begun, an initiator solution
compbsed of 4.36 g of sodium persuifate dissolved in 112 g of water was fed at 0.466
g/min. After the first emulsion feed was completed, a second emulsion feed
composed of 171 g of water, 12.79 g of AEROSOL 18, 5.09 g of TERGITOL NP-40
(70%), 180.88 g of styrene, 90.0 g of 2-ethylhexyl acrylate, 143.92g of

acetoacetoxyethyl methacrylate, and 1.68¢g of the sodium 2-acrylamido-2-
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vinyl monomer selected from the group consisting of a sodium alkyl allyl sulfosuccinate

and a polyoxyethylene alky! phenyl ether of formula (3), (4), or (5):

H=CH-CH,

<O§ -O(CHLHO) H Q)
H=CH-CH, |

<O§-0(CH,;H p),§03 ' )

,OCH,CH=CH,
®a
R-€ O »-OCH ZHO(CHLH D), SO;NH , 5.

where R is nony! or octyl, n ranges from 15 t 50, and m ranges from 15 to 40.
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a leveling
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coal esci
sur f act agtoupaitGy-Qj, RYcloalkylene group;

rne polynmer conposition conprising a

abeut 0.05 to-abeut 20 weight percent of at least one non-self-polymerizing, surface-

active vinyl monomer; and

abeut 75 to-abeut 90 weight percent of a non-acid vinyl monomer.

3. A polymer of claim 2, wherein the monomer of Formula (1) is selected from

acetoacetoxyethyl methacrylate, acetoacetoxyethyl acrylate, acetoacetoxy(methyl)ethyl

acrylate, ak:etoacetoxypropy! acrylate, allyl acetoacetate, acetoacetamidoethyl (meth)acrylate,

and acetoacetoxybutyl! acrylate and-the-nen-se

and  wherein the non-acid vinyl monomer is selected from methyl acrylate; methyl

methacrylate; ethyl acrylate; ethyl methacrylate; butyl acrylate; butyl methacrylate; isobuty!
acrylate; isobutyl methacrylate;ethylhexyl acrylate; 2-ethylhexyl methacrylate; octyl acrylate;
octyl methacrylate; iso-octyl acrylate; iso-octyl methacrylate; trimethylolpropy! triacrylate;

styrene; «-methyl styrene; glycidyl methacrylate; carbodiimide methacrylate; C,-C,; alkyl

crotonates; di-n-butyl maleate; di-octylmaleate; allyl methacrylate; di-allyl maleate; di-

allylmalonate; methoxybutenyl methacrylate; isobomyl methacrylate; hydroxybutenyl

methacrylate; hydroxyethyl (meth)acrylate; hydroxypropyl (meth)acrylate; acrylonitrile, vinyl

chloride; ethylene; vinyl ethylene carbonate; epoxy butene; 3,4-dihydroxybutene;

hydroxyethyl (meth)acrylate; sodium 2-acrylamido-2-methylpropane sulfonate;

methacrylamide; acrylamide; butyl acrylamide; ethyl acrylamide; vinyl (meth)acrylate;

1sopropenyl (meth)acrylate; cycloaliphaticepoxy (meth)acrylates; viaylformamide; 2,3-

dihydrofuran a vinyl ester of Formula (2):

e R CH=CH-O-C(0)}-CR ), 2

T
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wherein the surfactant- containing, enamine-functilojal polymer cofmptises
the reaction product of the surfact an}- cont ai ni ng dcetoaceroxy-rungti onal
pol ymer and pol y(et hyl eni m ne). 20. Ol wat er bor né pol yner__conposi tjon of
claim19, wherein the average pol yner particle size ranges from 25 to 100
nm and the conposition has a viscosity of |ess than 200 cps with a solid
cont ent gr%ater than 40% 21. A coati nq formul ati on gonpri sing a
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4. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactnni—contﬁining acetoacetoxy-functional polymer of claim 1 and of
ammonia, a'primary amine, a secondary amine or a poly(alkylenimine).

5. A surfactant-containing, enamine-functiona! polymer compnising the reaction
product of a surfactant-containing acetoacetoxy-functional polymer of claim 2 and of
ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

6. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactant-containing acetoacetoxy-functional polymer of claim 2 and of
poly(ethylenimine). _

7. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactant-containing acetoacetoxy-functional polymer of claim 3 and of

ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

8. A surfactant-containing, enamine-functional polymer comprising the reaction
product of a surfactant-containing acetoacetoxy-functional polymer of claim 3 and of
poly(ethylenimine).

9. A waterborne polymer composition comprising a surfactant-containing
acetoacetoxy-functional polymer of claim 1 and water, wherein the average polymer particle
size ranges from abewut 25 to abeut-500 nm.

10. A waterborne polymer composition comprising a surfactant-containing
acetoacetoxy-functional polymer of claim 2 and water, wherein the average polymer parti_c‘lc

size ranges from abeut 25 10 abeut SO0 nm.

L
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anti-floodi ng agent, an anti-floating agent, a fungrcides ' i de, a
corrosion inhibitor, a thickening agent, a plasticizer, a reactive
pl asticizer, a drying agent, a catalyst, a crosslinking agent, and a

coal esci ng agent 23. A wat er hor ne pol ynmer conposition conprising a
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the surfactant- containing acetoacetoxy-functional polymer and _
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rheology agent, a curing agent, a flow control agent, an extender, a reactive coalescing aid, a

flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling
agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an
anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a
coalescing agent.

13. A coating formulation comprising a waterbomne polymer compaosition of claim
11 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
theology agent, a ;uring agent, a flow control agent, an extender, a reactive coalescing aid, a
flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, 2 defoaming agent, an antifoaming agent, an anti-settling
agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an
anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, and a coalescing agent.

14. A waterbome polymer composition comprising a surfactant-containing
acetoacetoxy-functional polymer of claim 3 and water, wherein the average polymer particle
size ranges from abewt-25 to abewt 500 nm.

15. A coating formulation comprising a waterbome polymer composition of claim
14 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent, a curing agent, a flow control agent, an extender, a reactive coalescing aid, a

flatting agent. a pigment wetting agent, a dispersing agent, a surfactant. an ultravioiet (UV)
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rheol.ogy agent, a curing agent, a flow control agent, ~@X 1€ 5{4{ N
reactive coalescing aid, a flatting agent, a pignent V\SEPM@ : ‘QI b_HEH
disspersing agent, a surfactant, an ultraviolet (UV) absorber, a UV |ight
stabilizer, a defoam ng agent, an antifoam ng agent, an anti-settling

agent, an anti-sag agent, a bodying agent, an_-anti-skinning agent, an

anti-fl oodi ng agent, an anti-floating agent, HBPDQGEMW Slaff:'ﬁq ll[dewci de, a
corrosion inhibitor, a thickeni'ng agent, a plpst+erzes tli ve

pl asticizer, a drying agent, a catalyst, a cr ossl | nki n\%ﬁegent, and a

coal esci ng agent. - 65- 26. A pol yner of fclja ®in the pol yner
is a structured particle having an g%erage pdl [ Dart icle $i1e ranging
from 25 to 500 nm 27. A polyner of claim?2, wherein the polyner is an
unstructured particle having an average pol yrre+—particle-size ranging from

25 to 500 nm 28. A polymer of claim5, wherein the polyner is a

struct ur@doer hiloV §cheyin: Y. gle.size from
25 1o L o . e B R 8 REe T AR,

unst r uctagesetd apant-sag Egchambngyxag agmerzmgmupskhwm ageal, tahcalrﬁ fidodéng &gl &g from
25 to 500 pm . 30. ymer of claim?7, wherein the polyrrer s a
st r uct urdd-featingag é’“h&@i"ﬂ&‘%adVé‘i%‘g‘éd%@ICyﬁéiﬂobwftlbléqrea &!%éﬂr@-r?gﬁmgaf rom
25 to 50 ]ut A [ of, ¢l aim i s, an
Unstructhid e zc?' reactiy ewﬂsucxz , a drymg agem a cataﬁyst a crossq nﬁ)( aae..t and a

coalesc1115 agent.

16. A waterbome polymer composition comprising a surfactant-containing
enamine-functional polynter of claim 4 and water, wherein the average polymer particle size
ranges from abewt 25 to abeut 500 nm.

17. A waterbome polymer composition comprising a surfactant-containing
enamine-functional polymer of claim 5 and water, wherein the average polymer particle size

ranges from abeut 25 10 abeut 500 nm.

18. A waterbormne polymer composition of claim 17, wherein the average polymer
particle size ranges from-abeut 25 to abeut 100 nm and the composition has a viscosity of less
than abeut 200 cps with a solids content greater than abeut 40%.

19. A waterbome polymer composition of claim 17, wherein the surfactant-
containing, enamine-functional polymer comprises the reaction product of the surfactant-
containing acetoacetoxy-functional polymer and poly(ethylenimine).

20. A waterborne polymer composition of claim 19, wherein the average polymer
particle size ranges from abest 25 to-abeut 100 nm and the composition has a viscosity of less
than abeut 200 cps with a solids content greater than abeut 40%.

21, A coating formulation comprising a waterborne polymer composition of claim
17 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheclogy agent, a curing agent, a flow control agent, an extender, a2 reactive coalescing aid, 2
ﬂattipg agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling

agent, an anti-sag agent, a bodying agent, an anti-skinning agent. an anti-flooding agent. an
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an average polynmer particle size ranging from25 to 5 ! = MTSHBE
of maki ng surfactant-containing acetoacet oxy-functi on&E%%%rM[:é\gnprﬁ?%r
pol ymeri zing a non-acid vinyl nononmer having an acetoacetoxy functionality
with at | east one non-self-polynerizing, ethylenically-unsaturated

surfactant nononer selected fromthe group consisting of a sodium al kyl

allyl sul fosuccinate and a pol yoxyet hyl ene TKWW of formul a
(3), (4), or (5): [err] where Ris nonyl or oi.t")}'lﬂc - from15 to 50,
and mranges from 15 to 40, -66- 33. Almgt hod of making p stabl e,

enam ne-functional polyner, conprising the $tép 208 NOY®I9NO| a
surfactant-containi ng acetoacetoxy-functiongl {pol ymer prepayefl according to
claim32 with amonia, a primary amMe, a s¢condaryammne or A
pol y(al kyl eni mi ne). 34. A met hod of making a stabl e. enam np-functional
pol ymer, conprising the step of reacting a surfactant-containing

acet oacet oxy-functi onal polynmer prepared accordi n_g_ toclaim32 with

pol y( etWTé%‘?‘fﬁ%’&f’.“'Sﬁng‘c‘%'ﬁeﬂ‘r‘ﬂ@ﬂw?‘é% IEOAPER iRy Diters b diekeningRgensat t r at ed,
car bony| ..ok el 1&:hdraw ng. ar - L.ning nononers from a pol yner
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22 A coating formulation comprising a waterbome polymer composition of claim

19 and at least onc additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent, a curing agent, a flow control agent, an extender, a reactive coalescing aid, a
flatting agent. a pigment wetting agent; a dispersing agent, a surfactant, an ultraviolet (UV)
absarber, a UV light stabilizer, a defoaming agent, an antifeaming agent, an anti-settling
agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an
anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a
coalescing agent.

23. A waterbome polymer composition comprising a surfactant-containing
enamine-functional polymer of claim 7 and water, wherein the average polymer particle size
ranges from abeut 25 to abeut 500 nm.

24. A waterborne polymer composition of claim 23, wherein the surfactant-
containing, enamine-functional polymer comprises the reaction product of the surfactant-
containing acetoacetoxy-functional polymer and poly(ethylenimine).

25. A coating formulation comprising a waterbome polymer composition of claim
23 and at least one additive selected from a solvent, a pigment, a buffer, a leveling agent, a
rheology agent, a curing agent, a flow control agent, an extender, a reactive coalescihg aid, a
flatting agent, a pigment wetting agent, a dispersing agent, a surfactant, an ultraviolet (UV)
absorber, a UV light stabilizer, a defoaming agent, an antifoaming agent, an anti-settling

agent, an anti-sag agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an
anti-floating agent, a fungicide, a mildewcide, a corrosion inhibitor, a thickening agent, a
plasticizer, a reactive plasticizer, a drying agent, a catalyst, a crosslinking agent, and a
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27.

A polymer of claim 2, wherein the polymer is an unstructurcd particle having
an average polymer particle size ranging from abewt-25 to abeut 500 nm.
28. . A polymer of claim S, wherein the polymer is a structured particle having an

average polymer particle size ranging from abeut 25 to abeut 500 nm.

29. A polymer of claim 5, wherein the polymer is an unstructured particle having
an average polymer particle size ranging from abeut25 to abeut 500 nm.

30. A polymer of claim 7, wherein the polymer is a structured particle having an
average polymer particle size ranging from abeut 25 to abeuat 500 nm.

31. A polymer of claim 7, wherein the polymer is an unstructured particle having
an average polymer particle size ranging from abeut 25 to abeut-500 nm. ‘

32. A method of making surfactant-containing acetoacetoxy-functional polymer,
comprising polymerizing a non-acid vinyl monomer having an acetoacetoxy functionality with at

least one non-self-polymerizing, ethylenically-unsaturated surfactant monomer selected from the

group consisting of a sodium alkyl allyl sulfosuccinate and a polyoxyethylene alkyl phenyl ether of
formula (3), (4), or (5):

/CH-=CH—CH3
@- \ i
R- 1\9 z-O(CHZCH P H 3)
H=CH-CH ,

e } O(CH CH?%SO NH, (4)

(szOCHzCH—CHz

<.O OCH;,‘HO(CH FHD) SONH, (5)

where R is nonyl or octyl, n ranges from 15 to 50, and m ranges from 15 to 40,
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33. A method of making a stable, enamine-functional polymer, comprising the

step of reacting a surfactant-containing acetoacetoxy-functional polymer prepared according

to claim 32 with ammonia, a primary amine, a secondary amine or a poly(alkylenimine).

34. A method of making a stable. enamine-functional polymer, comprising the

step of reacting a surfactant-containing acetoacetoxy-functional potymer prepared according
to claim 32 with poly(ethylenimine).

35, A method for scavenging residual a,$-unsaturated, carbonyl- or electron

withdrawing group-containing monomers from a polymer latex comprising the step of
contacting a polymer latex having residual &,B-unsaturated, carbonyl- or electron
withdrawing group-containing monomers with an feéfeetive} amount of a polymer of

claim 6 effective to scavenge the said residual e,B-unsaturated, carbonyl- or electron

withdrawing group-containing monomers.

36. A coating formulation of claim 11, wherein the coating formulation is selected

from a metal coating, a woed coating, a plastic coating, a textile coating, a cementitious
coating, a paper coating, an ink, and an adhesive.

37. A coating formulation of claim 21, whereiri the coating formulation is selected

from a metal coating, a wood coating, a plastic coating, 2 textile coating, a cementitious

coating, a paper coating, an ink, and an adhesive.

38. A wterbome polymer compostion of claim 16, wherein the composition is a

cationic compostion having an acidic pH.

39. A wterborne polymer compostion of claim 19, wherein the composition is a

cationic compostion having an acidic pH.
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