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STABLE AM NO- CONTAI NI NG POLYMER BLENDS Fi el d of the Invention Thi's

i nyenti onwaebmasgso to the fiel'd of enulsion chemistry. In paPETREYA880% ¢ 5
relates to a blend of different waterborne polynmers which are useful in a
vari ety of coating conpositions. Background of the Invention In an
I'ncreasi ng nunber of industries, aqueous coating conpositions continue to
repl ace traditional organic solvent-based coating conmpositions. Paints,

i nks, 10 seal ants, and adhesives, for exanple, previously

formul ated with organic solvents arc nowlfornul ated as aqueous
conpositions. This reduces potentially harnful exgosure'to vol atil e organic
conmpounds (VOC s) commonly Ai"ﬂ"@%%ﬁi”—"ﬁ%%ﬁ m’o':sqqsi ons. Wiile the
ove from organi c sol vent-based to aqueous conpositions brings health and
safety benefits, the agueous coating conpositions nust neet or 15

exceed the 9e§£o§5gqce gtandards expected from sol vent - based conpositions.
The need to such performance standards places a prem um on
the charact eri st g jaPchtidh YRRInsk esthefficl@bshakins cRehistrps T parioslat,ions used
i n aqueous coating conpositions. Waterborne pol yner having various

funcgi onal gglstep® diblend bbdiffersnt watagbaroe polymers whightareusgfid ahp yomety@fi r ed

properties to a particul ar coating conposition. For exanple, a coating
composi t i onceHBS|CQMPRRMIBPE- good film formation, print and bl ock resistance,

as well as gdaesi on¥ g_f;]ﬂeirﬁ}%ﬁ{its properties. Polyners having acetoacet oxy-
and enam ne epresent one exanpl e of waterborne pol yners
whi ch have such pg PpRictdaging nimibet af industiitd, agestius otz conmplosigionsipsntinand ar e -

useful in aqueous 25 coating conpositions. U S. Patent 5, 296, 530
di scl oses atapepbice traditiogalcasgania solpenihapetcaatipg cempositions. Paints, inks,
10 scalants, and adhesives, for example, previously formulated with organic solvents arc

now formulated as aqueous compositions. This reduces potentially harmful exposure
to volatile organic compounds (VOC’s) commonly 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 or
15 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 compositions. .
Waterborne polymer having various functional grotips have been used to
20 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-
and enamine-functional groups represent one example of waterbome polymers which
have such properties, may carry different functional groups, and are useful in aqueous
25 coating compositions. '
U.S. Patent 5,296,530 discloses a quick-curing coating prepared from a
polymer having acetoacetyl groupé, in which substantially all of the acetoacetyl

groups have been converted to enamine functional groups. This conversion occurs,



pol ymer havi ng acetoacetyl groups, in which substantially all of the

acet oacetyl groups have been converted to enam ne functional groups. This,
conver si %gﬁ, WD 97/ 45490 PCT/US97/08809

PCT/ US97/ 09 - 2 for exanple, by treatnent with anmonia or a primary

am ne. Coatings so prepared cure nore quickly under sunlight or ultraviol et
| i ght than coatings which contain the acetoacetyl functional polynmer but
whi ch have not been converted to an enamine form 5 u. S
Patents 5,484,975 and 5, 525,662 descri be the preparation of polyners

contai ning functional acetoacetate groupg_and then, follow ng the

pol ymeri zation, reacting the acetoacetate group with a functional amne to

forman ena resul ting.polyner.s are.re ave a vari ty of
uses | ol uargemRle by Sesmenl iR Smiai of BB A e, CRaffeieRrtm ons 10

U.S. Patent é»e‘h?&a@,ﬁfckg» aﬂepaﬁﬂl Pby iRl iolet Bighithay ¢ b&i‘iﬁg&ﬁrﬁ%'cﬁhﬁ& @8

aqueous carrier st one po yneric ingreéedient, a non-polyneric
pol yf unct i oagdtoaesiyhfuncaonal pobaser bul whighdiayeaoi lseeh cgmeettied b4 2 ersanking h

aci d-functional and acetoacetoxy-type functional npieties. The aqueous
pol yneric fﬁnﬁUIatlons produce crosslinked polyneric surface coatings on a

substrate. st curing
adheél ve con3| st q‘l@‘ %afte”ttﬁi\%’ig&)gara e?,l%lﬁﬁ,gk%ﬁéscﬁééﬁfep‘égfa?{do% O%c?% 4h aqueous
sol uti on ang}QLinfpURRkTorANMetd20Bta el grouGind thén, F61INIHE thedMriéibation,an
acetoacetyl group.” The second liquid consists of pol yet hyl'ene i.m ne. Even

Wit h curr enteastingethecicetoagetdty grupfwithna functional ananm'@é'dnn enanmmﬁo'rl'he

resulting polymers are reported to have a ‘variety of 1 uses mcludmg coatmgs, sealants,
adhesives, and saturant applications. | |
10 U.S. Patent 5,498,659 discloses polymeric formulations éoinprising an
aqueous carrier, at least one polymeric ingredient, a non-polymeric polyfunctional
amine, and a base. The polymezicling'fedieht has both acid-functional and
" acetoacetoxy-type functional moieties. The aqueous polymeric formulations produce
crosslinked polymeric surface coatings on a substrate.
15 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 acetoacety! group. The second liquid consists of
polyethylene imine. |
Even with current waterborne polymer formulations, a need remains for
20 improved aqueous coating compositions and waterbome potymers 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 fonnaﬁon imparting one or more desired properties to the resulting coating. The

present invention meets such needs.



20 | nproved aqueous coating conpositions and waterborne polyners for
~use in thos _
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but whi ch undergo crosslinking upon filmformation inparting one or
desired properties to the resulting coating. The present invention neets
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In a preferred enbodinent, a |atex of the invention 5
[ ¢ fifonne pol ymeric (pol yam no) enam ne ( PPAE)
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polymer (SAAP) and 2 poly(alkylenimine). The water-based latexes of the invention
provide stable emulsions containing a blend of waterbome polymer particles which
undergo crosslinking upon film formation. The latex films or coatings may be cured
at ambient temperatures or may be thermally cured. The latex is useful in a variety of
coating compositions such as, for example, paints, inks, sealants, and adhesives.

ief Description of the Drawings

Figure 1 depicts constant contour plots of methy! ethyl ketone double rubs as a
function of ammonia-based enamine-functional polfmer latexes and dry film
thickness.

Figure 2 depicts constant contour plots of methy! ethyl ketone double rubs as a
function of latex particle size.

Figure 3 depicts constant contour plots of methy! ethyl ketone double rubs as a
function of the ammonia-based enamine-functional polymer latexes and number of
days cured at 72°F (room temperature) at 50% relative humidity. |

Figure 4 dépicts constant contour plots of methyi ethyl ketone double rubs as a
function of the ammonia-based enamine-functional polymer latexes and dry film
thickness.

Figure 5 depicts constant contour plots of methyl ethy! ketone double rubs as a

function of latex particle size.

Figure 6 depicts tensile properties of thermally and ambiently cured latexes of

Example 12 A versus a control latex of Example 1.

di spersed, wat er bor ne acetoacet oxy-functional polyner particles;



Figure 2 depicts constant contour plots of nmethyl ethyl ketone double rubs
as a function of latex particle size. Figure 3 depicts constant contour

pl ot s of wetdryusqont hyl ket one double rubs as a 20 f ungpioTasInbsgove ™ ¢
ammoni a- based enam ne-functional polyner |atexes and nunber of days cured
at 72[err]F (roomtenperature) at 50%relative humdity. Figure 4 depicts
constant contour plots of nethyl ethyl ketone double rubs as a function of
t he ammoni a- based enani ne-functional polyner |atexes and dry film

t hi ckness. 25 Figure 5 depicts constant contour plots of

met hyl ethyl ketone double rubs as a fungjlon of latex particle size.
Figure 6 depicts tensile properties of thermally and anbiently cured

| at exes of Eéanlplﬁ 12. A verii 3 a (‘t:)nt rol latex of Exanple 1. WO 97/ 45490 -
PCT/ US97/ 08 ;ﬁni on of the Invention The present
I nvention provid ¥ .
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affords a stabl e, sion containing a m xture Sper sed,

wat er bor ne mé)ydf&rrds)asﬁablel asulsion cbntaivirg g blend ¢orothixmice)\6of digpeised] | m
formation. 5 Lat exes of the invention are stable when stored at

t enper at ur ewaterbaspe RRlYBICEPATIGlen Bibich ynderaor fé'ﬁ?ibﬂhma upon frlm formationm or
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‘particles; dispersed, waterborne acet oacet oxy-functional polyner partlcl es,
and wat er . - cured at room temperature (ambient cure) or at elevated temperatures (thermal cure).

A water-based latex comprises dispersed, waterbor_ne amino-functional polymer
.pa.rticles; dispersed, waterborne acetoécetoxy—'mnctional polymer particles, and water.

10 In other words, a water-based latex of the invention is an aqueous dispersion
containing separate waterbozﬁe amino-functional polymer particleé and separate
waterborne acetoacetoxy-functional polymer particles.

In the water-based latexes of the invention, the polymers generally exiét as

particles dispersed in water. The particles may be structured or unstructured.

15 Structured particles include, but are not limited to, core/shell particles and gradient
particles. The particle size of the polymers may range from about 25 to about 500 nm.
Preferred particle sizes for small particles range from about 25 to aboﬁt 100 nm, and
more preferably from about 45 to about 80 nm. For large particles, preferred particles
sizes range from about 110 to about 450 nm.

20 The polymer particles generally have a spherical shape. Ina preferred
embodiment, the generally spherical polymeric particle has a core portion and a shell
portion. The core/shell polymer particles may also be prepared in a multilobe form, a
peanut shell, an acorn 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

25 of said particle and the shell portion comprises about 80% to about 20% of the total _

weight volume of the particle.
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particles. |
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amino-functional polymers include, but are not limited to, polymeric
(polyamino)enamines and polymers prepared by reacting aziridines with carboxylic
ac;d-containing.latexes such as described in U.S. Patent No. 3,261,796.

Polymeric (polyamino)enamines represent a particularly preferred group of
amino-functional polymers for use in a water-based latex according to the invention.
Reacting a surfactant-containing acetoacetoxy—funct@onal 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

20

25

from the reaction of a2 SAAP with a poly(alkylenimine). Polymeric
(polyamino)enamines represent a particularly preferred group of amino-functional
polymers for use in a waterborne 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-
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-
containing polymer particles with the polymer having pendant acetoacetoxy groups.
As used here, a non-acid vinyl monomer is an ethylenically-unsaturated, non-

carboxylic acid-containing monomer. A pendant acetoacetoxy group is not strictly

particles range-s£rom about 25 to about 100 nm and

atign,ingy be yisedasan aping-functiopal nolymer m | t

and

on
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5 secondary am nes. In general, the am no groups should be present at
or near the surface of the polyner particle to react with the .
acet oaceyowyrtsgnct i onal pol ymer. The am no-functional pol poRUsSHessdd
contain a sufficient nunber of am no groups to permt efficient
crosslinking with the acetoacetoxy-functional polyner. Exenplary _

am no-functional polyners include, but are not limted to, . polyneric 10
(pol yam no) enam nes and pol yners prepared by reacting aziridines with
carboxylic acid-containing | atexes such as described in U S. Patent No.
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0) enam ne
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particularly preferred group of am np-fynctionpal po s for yse in a
wat er bor neacptonsaiexy-fingHeral IonemeETch af Hrosg 0 ﬁ‘@"q‘ﬁﬂ/éﬁgﬁ W ag@.xt%,os 0 These
.various pol accordin ' 11110, Li P atdon.. and the

" réPat ed pra@ﬁgﬁiﬁ'egﬁggﬁr’@ﬁ?% ltg?sg oé?égﬂégggowgﬁng%@ﬁ%ﬁhﬁ%ngg pr epar ed
by free ragigshersiidl abo6(R!YEBY IOwEighrpeddentioféthier rivti-atid vinyl monmaerr havi ng

an acetoacetoxy functionality such as those of Fornul awg’%) bel ow wi th at
| east one Tmrwsight pevcinsapsiis biased ondhg fotal amaunt af aneriomer. e peaferably, 25

__ot her. non-aci i hyl _non rs. This affords water-based dispers] f
“surfact antthe §waﬂ%ﬁ ar]i’ﬁubgﬁré’fmb%gr YVF‘@F’L%“WHE ﬁc"ttl_ e‘g’?ﬂ' EA iaﬁéé‘ﬁprbéfr)ldant
~acetoacet A pé(géé?ﬁ' oP&Y'18ast Bnd\Adt- S FolynBiLinBDMPFABE-abtiveVinyl
et hyl eni cal'l'y-unsat ufated, non- carboxylic acid-containing nononer. A
pgpdant acabsaa&tdyabgnrliioi abomt0 weightgidrgent of other vinyl monomers.
| The water-based emulSion polymerization to prepare the SAAP preferably
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 0.1to 1 phr. The unit
15 “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
polymerizatibn 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

20 used to prepare a polymer of the invention. Of such monomers, preferred monomers
are those of Formula (1).
R'-CH=C(R?)C(0)-X'-X*-X3-C(0)-CH,-C(0)-R? D)
25 For an acetoacetoxy-type monomer of Formula (1), 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, or a group of the formula -
N(R')-, where R' is a C,-C, alkyl group. X?is a C,-C,, alkylene group or C;-C,,
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-6- limted to those at the termni of the polyner. Pendant acetoacetoxy
groups al sWOAYHME® groups attached to the pol yner's backbonBCENSIHILEN abl e
for further reaction. The SAAP preferably contains about 1 to about 40

wei ght percent acetoacetoxy-functional nononers such as those of Fornmula
(1) below, about 0.05 to 5 about 20 wei ght percent of at |east one
non-sel f - pol yneri zi ng, surface-active vinyl nonomer and about 60 to about
90 wei ght percent of other non-acid vinyl nonomers. The wei ght percentage

I s based on the total anount of nonomer. lybre preferably, the SAAP has
about 10 to about 25 wei ght percent acetoacetoxy nononers, about 0.1 to

about 10 wei I 1 7 ; bl

Surtace- acti CAUIGREVRASErth. Thelaigl bnd Bty RAG e g IOCEMIT hirk alll tpgoghout
percent of othedpevificytiomnmay be stzighiher braiched gromes! Prefdresdanoperhyrsef Famhulan t o
prepare the SAAP preferably occurs in the presence of a nonionic surfactant
“and an ani oni(b a6 peeteacstoxyethilmptbacrylate asetpacstaxyethyhegpylBte, present in

anounts ranging from aho b r d.t jonic surfactant
in anounts r &R P?F&QW@%"@%%%I@ lga.ci'ﬁ? %’ %"é%%?gtggmgoﬁﬂiatcryﬁée,amy? ac&?ﬁff{a{edefi nes
the ggans dr AcetimiBbethPNqnieBNhér9Thte; AHP ttestcetok PhutgraIPhLR, t he surfactant,
per 1%0 granéc%?y vveilgh? i(;)']g teﬁg rrgsi n, where tegeﬁ's'urgsi n" includes all

pol yneri zat i dretwangoxyatiyd nestidcadated AMEN) represpts o pagiculaniyprefemred mmmomer
pol yneri zation_and preferred enbodi nents are di scussed bel ow. Any non-acid
Vi nyl nononepfﬁﬁvmﬂ@(la)cet oacet oxy-type functionality nmay be 20 used

o Prepare a Dol Y ittt cbh Scia Ui thSHomeck whith hudPOOBRASfor QkBBHe] BT S

are .those of Formila

(L B e et by (ypb. Tononer or Lot D). Aerr]
i s al®ydr ogemethacrylate; butyl acrylate; lzutyl methacrylate; isobutyl acrylate; isobutyl -
methacrylate; ethylhexyl acrylate; 2-ethylhexy! methacrylate; octy! acrylate; octyl
methacrylate; iso-octyl acrylate; iso-octyl methacrylate; trimethylolpropy! triacrylate;
styrene; ct-methyl styrene; glycidyl methacrylate; carbodiimide methacrylate; C,-C,,
alkyl crotonates; di-n-butyl maleate; di-octylmaleate; allyl methacrylate; di-allyl
15 maleate; di-allylmalonate; methoxybutenyl metha_cr}late; isobornyl methacrylate;
| hydroxybutenyl methacrylate; hydroxyethyl (meth)acrylate; hydroxypropyl
(meth)acrylate; acrylonitrile, vinyl chloride; ethylene; vinyl ethylene carbonate; epoxy
butene; 3,4-dihydroxybutene; hydroxyethyl (meth)acrylate; methacrylamide;
acrylamide; butyl acrylamide; ethyl acrylamide; vinyl (meth)acrylate; isopropenyl
20 (meth)acrylate; cycloaliphaticepoxy (meth)acrylates; and ethylformamide. Such
monomers are described in “The Brandon Worldwide Monomer Reference Guide and
Sourcebook™ Second Edition, 1992, Brandon Associates, Merrimack, New
Hampshire; and in “Polymers and Monomers”, the 1996-1997 Catalog from
Polyscience, Inc., Warrington, Pennsylvania.
25 To increase polymer stability, a small amount (about 0.4 phr) of sodium 2-
acrylamido-2-methylpropane sulfonate, (AMPS) and other stabilizing monomers may be
incorporated into the SAAP. ‘Adding such stabilizing monomc;.rs to the polymer shell, for

example, aids in preventing flocculation upon the addition of a polyalkylenimine to form a



“hal ogen. R err] is a hydrogen, halogen, Cerr]-Clerr] alkylthio group, or
Clerr]-Clerr] alkyl group. Rerr] is a (Jerr]-C[err] alkyl group. X err]
and X[ er wo sw4s49ndependently O, S, or a group of the formecrusiobboy- . N
where R is a (Jerr]-Cferr] alkyl group. Xerr] is a (err]-Cerr] alkylene
group or (Jerr]-derr] WO 97/ 45490

PCT/ US97/ 08809 -7- cycl oal kyl ene group. The al kyl ‘and al kyl ene groups
descri bed here and throughout the specification may be straight or branched
groups. Preferred nononers of Fornula (1) are acetoacetoxyet hyl

net hacryl ate, acetoacetoxyethyl acrylatg, acetoacetoxy(net hyI ) et hyl

acryl ate, acetoacet oxypropyl acryl ate, allyl acetoacetate,

acet oaceta c d Aacet oac to but a Iate

Acet oacet o%gghgﬂéwﬁ{'ﬂgcgr%ﬂa l?%}? |5$r'35y %%'a{?et‘rﬁy g? K preferred
nonomer’ of bEieed pady rﬁér)partﬁlﬂsﬁrﬁhhﬁtﬁm-d&ﬁlpdﬁm foratfoan AMEPSSis Whtlilable iy be used,
for exanpl e, include, but art'eh n |.i mt nmet hyl acryl ate; nethyl

met hacryl afLibrizs] ﬁ?‘lW%P‘}/P%ﬂeé °é‘8ﬂ%ﬂl Trade’h"étehacryl ate; butyl acryl ate;
butyl methacryl ; exyl
acrylate; 2-et hyltlﬁjélxéff%? ﬁggéﬁlrgitlg&ﬁlgg pfg}(l:'ry %gﬂ oc%ﬂnﬁi& otfﬁé@)r&laate

i sosoctyl anyyh@hemersso-octyl nethacrylate; trinethylol propyl tri acryl at e;
styrene; [err]-nmethyl styrene; glycidyl met hacryl ate; carbodiimde

‘met hacryl ate; (err]-Cerr] al kyI crot onat es; -n-butyl nmal eate;
di -octyl mal eate; allyl net hacr mal e
di -al Iyl mal onat e; net hoxybut en Cﬁgcr@dgy(ga{lfsobor nyl met ﬁ@iryl at e;

hydroxybut enyl net hacryl at e; hydroxyet hyl (nmeth)acrylate; hydroxypropyl
(meth)acrylate; acrylonitrile, vinyl chloride; ethylene; vinyl ethylene

car bonat e; Inaﬁcmwlb(ﬁ)eRe;S leepeddmlyrlwdmm@men a}kyblgmuyef yto [Zrearbymacryl at e;

”ei (5] acryl a21 ogns Particular monomers of Formula (2) include CH,=CH-O-C(O)-CH,,

CH2=CH-O-C(O)-C(CH,)3, CH2=CH-O-C(O)-CH(C,HS)(C.,H,) and
| CH,=CH-0O-C(0O)-CH,CH,. Vinyl ester monomers also include vinyl esters of vinyi
alcohol such as the VEOVA series available from Shell Chemical Company as
VEOVA 5, VEOVA 9, VEOVA 10, and VEOVA 11 products. See O.W. Smith, M.J.
15 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 mdnomers known to prom'ote wet adhesion. Exemplary
wet adhesion monomers include, for examplé, t-butylaminoethyl methacrylate;
dimethylaminoethyl methacrylate; diethylaminoethyl inethacrylate; N,N-

20 dimethylaminopropyl methacrylamide; 2-t-butylaminoethyl methacrylate; N,N-
dimethylaminoethyl acrylate; N.-(Z-methacrylamido-ethyl)ethylene urea; and N-(2-
methacryloyloxy-ethyl)ethylene urea. N-(2-methacryloyloxyethyl)ethylene urea is
available from RohmTech as 50% solution in water under the Rohamere 6852-0 trade
name and as a 25% solution in wéter undef the Rohamere 6844 trade name. N-(2-

25 methacrylamido-ethyl)ethylene urea 1s available from Rhone-Poulenc under the
WAM tradc 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



acrylam de; butyl acrylamde; ethyl acrylam de; vinyl (neth)acryl ate;

| sopropenyl 20 - - (nmeth)acryl ate; cycloaliphaticepoxy (nmeth)acryl ates;
and: et hyl f OVORWREMO Such nononers are described in "The Bran®€AURBY/PEAR de
Mononer Reference Cuide and Sour cebook™ Second Edition, 1992, Brandon
Associ ates, Merrimck, New Hanpshire; and in "Polyners and Mononers", the
1996- 1997 Catal og from Pol ysci ence, Inc., Warrington, Pennsylvania. 25

To increase polymer stability, a small anmount (about 0.4 phr) of sodium 2-
acryl am do- 2- net hyl propane sul fonate, (AMPS) and ot her stabilizing nononers
may be incorporated into the SAAP. Addi ng.gsuch stabilizing nononmers to the
pol ymer shell, for exanple, aids in preventing floccul ation upon the

addi ti on of no, : L% . .
PCT) Uo7 0pe gt YRR iR Reccrd A Brdtonie S 2 iodoboy adipate,
create wat er Ifgyipdratez Ay @iyl hrinorers intd heSA AR iy Ghozcase thetiscosiay oRther
disrupt filmformation. AVPS is available from Lubrizol Corporation under

the LUBRI ZOL resabingiiated and aiay. have aletrimentalefiort omthe fermatian of an auaraing2)

rR ecpl |r gs_l_egt C]E uogfé%?)rﬁnsx E(Raéi% grsacggrd?lggnt__ ke gnv%{nécjn. | ﬁer\ﬁ&aﬁﬁl}pgs%?%%rn%rf are used in

I ndepgndent | ' : at ons.
RSt e Fesh g afb e B bR B

CH[ er r ] =CH- Oekiridpte (fréir] Getor phire rGrieater amounts may be used to achieve a desired effect,

CHerr]=CHOCO-CHderr]Herr])(Cerr]Herr]), and
CH err] =CH- Os ingqeasedVeS9PEEY-] . Vinyl ester nonomers al so incl ude vinyl

esters of vinyl yag‘gg&%tio%%ﬁh@?»A%eyE%@h-ﬁ&ﬁiv‘fr?yl ?fyo%ioln%@, ?ucfhra%r@eg}ﬁ%h

Chem cal Conpan
above, with at least one non-self-polymerizable, surface-active vinyl monomer (also

10 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 poljrm_en'c surfactant, is substantially (preferably

cdmpletely) incorporated into the pdlymer of the invention. Thus, the surfactant
becomes part of the polymer. Non-self-polymerizing surfactants possessing, for

15 example, propenylpheny! or allyl groups are preferred. Examples include surface
active monomers sold by PPG Industﬁes, 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

20 : undef the names NIOGEN RN, AQUARON or HITENOL surfactants. These include
polyoxyethylene alkyl phenyl ether compounds bf the general formulae (3), (4), and

(5):
(CH=CH-CH,
. ®-
R-€O -OCHLHD) B | €)

»



VEOVA 5, VEOVA 9, VEOVA 10, and VEOVA 11 products. See OW Snith, MJ. 15
Collins, P.S. Martin, and D.R Bassett, Prog. Og. Coatings 22, 19 (1993).
As a fuMORH4xPEf erred enbodi nent, the SAAP nmay al so i ncOrQI/USA748809t T Ogen-
cont ai ni ng, non-acid vinyl nonomers known to pronote wet adhesion.

Exempl ary wet adhesi on nononers include, for exanple, t-butylam noethyl

met hacryl at e; di net hyl am noet hyl nethacryl ate; diethyl am noet hyl

met hacryl ate; NN 20 di met hyl am nopr opyl net hacryl am de;

2-t-butyl am noet hyl nethacrylate; NN di net hyl am noet hyl acryl ate;

N- ( 2- met hacryl am do- et hyl ) et hyl ene urﬁ_@;_ and N-(2-

nmet hacr yl oyl oxy-et hyl ) et hyl ene urea. (2- met hacryl oyl oxyet hyl ) et hyl ene
urea i s available fro%ﬁq)%h as 50% solution in water under the
Rohanere 6852- O trade/ an@ as a 25% sol ution in water under the '
Rohanere 6844 trggl/é' ame. N-(2- 25 met hacryl am do- et hyl ) et hyl ene urea
i s availabl e frBr€EobpO NH‘{ he WAM trade name. Smal | g#punts of
acid vinyl nononere-efay al so be uséd to prepare an SAAP according to the

i nvention. Such acid vinyl nmononers include, for exanple, acrylic WO
97/ 45490 ' PCT/ US97/ 08809
acid, nethacrylic acid, it =€CHcr ot oni ¢ acid, and nonovi nyl .
adi pate. | ncorporgeiag aci d vinyl” nononers into the SAAP may increase the
viscosity of th&i@ D

HO(CH @mzynsp N¥e a detrinental effegsyon the
formation of an e ne- f4ncti orfal H}yn%r 4ccor di ng to the inven%ion.

General ly these nononers are used in 5 _ smal | anmounts. Preferably,
t he amount of acid.vinyl nononmers may range, for exanple, fromO to 5 phr.
Greater amounts nay be used to .achieve a desired effect, such as increased
vi scosi t yln Formulae _(%), (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.

Other such polymerizable surfactants include the sodium alky] 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

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

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

particles. Chain transfer agents, initiators, reducing agents, buffers, and catalysts,

known in the art of emulsion polymerization, may be used to prepare the polymers.

Exemplary chain transfer agents are butyl mercaptan, dodecyl mercaptan

mercaptopropionic acid, 2-ethylhexyl 3-mercaptopropionate, n-butyl 3-

mercaptopropionate, octyl mercaptan, isodecyl mercaptan, octadecyl mercaptan,

mercaptoacetic acid, allyl mercaptopropionate, allyl mercaptoacetate, crotyl

mercaptopropionate, crotyl mercaptoacetate, 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.



Preparati on of the SAAP reacts non-acid vinyl nononers, such as described
above, with at |east one non-self-polynerizable, surface-active vinyl
mononer: ( e 97/45390 known as a non-sel f-polynerizable PCTUS97/08809

et hyl eni cal | y-unsaturated surfactant or a reactive surfactant). A

non-sel f- pol yneri zabl e surfactant nononer, rather than polynmerizing with
itself to forma separate polyneric surfactant, is substantially
(preferably conpletely) incorporated into the polymer of the invention.
Thus, the surfactant becones part of the polyner. Non-self-polynerizing
surfactants possessing, for 15 ex | e, propenyl phenyl or allyl
groups are preferred. Exanples include surface active nononers sold by PPG
| ndustries, Inc., as MAZON SAM 1 183, 184, 211 syrfactants.which are
ani oni ¢ sul f at es Typicalintttors dncludrdiyigRogsR PETRAides BORESIIT OF IO \\hi ch are

mononer & | nBFOTRaENEe i ORaR4, MPIIELA Merall baSFreribly a7

under the ngpRssith e mm eréﬂﬂ&ﬂi@uo?‘ﬂ?ér@ﬁid@r‘dnﬂthghkée i nel ude
pol yoxyet hyl ene al ky phenyl et her conpounds o eneral fornulae (3),

(4), and (5): [ eiSujtable retiBcimhg/agsuty@re those which increase the rate of polymenzatlon

Dot yT amd aBd inchidefor Srebmle SR Hirages SodtmAYETREE Sod e gty o

respectivel f gand mfrom 15 to 25.
H TENOL RN, ¥ﬂf¥@&&%§&§%@§% 1s|9"Q g%d 18 @%%%?%%Pe particularly
preferred non- seIPbi)ﬁﬂérwﬁﬁdmZatﬂgstsawthmmnéswmhmr&setherateof

polymenzatlon and which, in combmauon with the above described reducing agents,

may promote decomposition of the polymerization initiator under the reaction
conditiens. Suitable catalysts incIude transition metal compounds such as, for
example, ferrous sulfate heptahydrate, ferrous chloride, cupric sulfate, cupric chloride,
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;
alk}rl phenol polyglycol ethers such as ethoxylation products of octyl- or nonylphenol,
diisopropyl phenol, and triisopropyl phenol. Preferred nonionic surfactants are the
TERGITOL 15-S-40 and TERGITOL NP-40 surfactants available from Union
Carbide. TERGITOL 15-S-40 surfactant (CAS # 68131-40-8) is a reaction product of
a mixture of 11415 carbon, linear secondary alcohols and ethylene oxide. TERGITOL

.NP-40 surfactant is the reaction product of a nonylphenol and about 40 moles of
ethylene oxide. Another preferred nonionic surfactant is SURFYNOL 485 surfactant
available from Air Products.

Anionic surfactants which may be used in the invention include surfactants
such as alkali metal or ammonium salts of alkyl, aryl or alkylaryl sulfonates, sulfates,
phosphates, and the like. These anionic surfactants include, for example, sodium

lauryl sulfate, sodium octylphenol glycolether sulfate, sodium dodecylbenzene



O her such pol ynerizable surfactants include the sodium al kyl allyl

sul fosucci nate sold by Henkel, under the trade nane TREM LF-40 surfactant. -
The SAAP wa9748#90 as ot her - pol yners useful in the inventi oRCTABY7/48809
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
enul si on pol ynerization techni ques which yield structured or unstructured
particles. As nentioned above, structured particles include, for exanple,
core/shell particles, raspberry particles, and gradient particles. Chain
transfer agents, initiators, reducing ents, buffers, and catal ysts, known
in the art of enulsion polynerization, 1ay be used to prepare the pol yners.

Ex I hai n t f t but aptan, .d I t

mor Chpt opr SORHIC, S sy Aol Yo e AR o DpruRAPY! Phegll i 3.
. i : i ' . |

ror capt an. PHFLRRosERE oIEbARE, EiipeuEBHRE b TR R AR AL HR i

Mer capt oac gbmfighendl RAIY EstérITCOIIsUBEIAN i desodRin®h ety lRicoPRIIRAEREBE. and .t he
reactive chain transfer agents taught in U S. Patent No. 5,247,040,

i ncor por at seflitmerdéodsyl sulfosnceingte, anchthgdikei ABROSOL-181suxfattantys 35% solution |
S}?‘Zgzggt ng ﬁ%c%ngéc%d Eﬁpgssgc?%ﬁtgnp&ﬁgxe gnrde gEﬁB%IdL b&’% sfu?fagégt,,a e%é’é% 0 8\é\609 )
-11- Typi cglpdig of dioR6/ SelfosY ARG §7 whfh b € ] § ?al%iﬁ@”i um
per oxydi suﬁlgat@{, 6%|®Eg{lnzoyl E’Jper oxsi de, lauryl ,perrggya%?ltag? Sﬁ"‘gr"? utyl
peroxi de, gurfactanészobi si sobutyronitrile, t-butyl hydroperoxi de, benzoyl

peroxide, and the like. Suitable reducing agents are those which increase. -
the rate of pol YWaserdisnerdbleand Watssolbls polymersmaalsa beyempioyrdas 1 t e,

sodium hydg& a%%Jnkst/&abiﬁQQE HI¥hE Yt A4S Hfexes of the invention. Examples of such

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.

To form a PPAE, a SAAP is reacted with a poly(alkylenimine). In general, a
poly(alkylenimine) contains primary, secondary, and tertiary amine groups. Primary
and secondary amine groups of the poly(alkylenimine) react with the pendant
acetoacetoxy groups on the SAAP to form enamine linkages yielding a polymeric

_(polyamino)enamine or PPAE.

_ 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
poly(ethylenimine) and LUPASOL poly(ethylenimine) available from BASF
Corporation. .BASF polyethylenimine product literature reports the ratio of '
primary:sccondary:tertiary amine groups to be about 1:2:1. A preferred PEI, LUPASOL G35

poly(ethylenimine), has a molecular weght of about 2,000 and a ratio of

primary:secondary:tertiary amine groups of about 1.5:1.4:1.



Vo

sul foxyl ate, ascorbic acid, isoascorbic acid, and m xtures thereof.

Pol yneri zati on catal ysts are those conpounds which increase the rate of .
pol.yrer i z3¥Q@ 8H454%Y which, in conbination with the above desRFTNEA88Muci ng
agents, may pronote deconposition of the polynerization initiator under the
reaction conditions. Suitable catalysts include transition netal conpounds
such as, for exanple, ferrous sulfate heptahydrate, ferrous chloride,
cupric sulfate, cupric chloride, cobalt acetate, cobaltous sulfate, and

m xtures thereof. As discussed above, the emnul sion polynerization to
prepare the SAAP preferably occurs in wafzer and in the presence of a

noni oni ¢ surfactant and/or an anionic surfactant. Suitable nonionic

surfactants incl eré&éﬁgﬁlﬁ ﬁﬁ&,lsméPFnslafﬁayachoafgkmgA&mddﬁ&gzWiﬁ,-siﬁﬁﬁg,as

et hoxyl ati on products o auryl, oleyl, Jand stearyl alcohols; al kyl phenol

pol ygl ycol giduppsopriatdpaig(atityhenimine) tooan gmuldioataf thef SAAPyY ISuffaciemtony| phenol ,
- diisopropyl phenol, and triisopropyl phenol. Preferred nonionic surfactants
are t he TERepipGlkylsniming shawldbemepdrtg ackieve e molar ratip ohNH &PHPS bl e from

it Y Bt DA SRl R Bl s
ethyl ene oxigéyt sTEHE alfduntBY fily@iyi@amaie) abdded!td thd RAPhbONavi® of a- -

nonyl phenol and about 40 noles of "ethyl ene oxide. "Another preferred
noni oni ¢ suatacdcatuxyigsoupsREayNGngeiBomabohtak phar(igrameadryy atdightf rom Ai r Product s.

Such as al kEPDHBVERIBRS dar DN TG vecigh e o abap 0 e 35 istegafly °' " °
UL onat =5, o4 PR PR RRLRA St Wikt Bl TR P bRt
sul fate, sodbmbindddeeydboansBe minutes at ambient temperature. When preparing the
PPAE in a direct process, the reaction mixture containing the polymer having pendant
acetoacetoxy groups may need to be cooled before adding the poly(alkylenimine).
e Acetoacetoxy-functiona

Any vinyl polymer having pendant acetoacetoxy groups or their derivatives
may be used as the acetoacetoxy-functional polymer in the water-based latex of the
invention. Polymers having pendant acetoacetoxy groups have been described, for
example, in U.S. Patent No. 4,987,186; U.S. Patent No. 4,908,403; European Patent
Application No. 0 573 142 A1; European patent Application No. 0 483 915 Al; and in
Del Rector, et al., "Applications for the Acetoacetoxy Functionality in Thermoset
Coatings”, presented at the Water-Borne and Higher Solids Coatings Symposium,
February 3-5, 1988, New Orleans, LA. These documents are incorporated here by
reference. '

The polymers having pendant acetoacetoxy groups or derivatives of
acetoacetoxy groups may be prepared using emuision polymerization techniques
known in the art, such as described above. Generally, the acetoacetoxy-functional
polymer is prepared by emulsion polymerization of acetoacetoxy monomers such as
Formula I above with other vinyl monomers. These polymers may contain both acid-
and non-acid vinyl monomers. See U.S. Patent No. 4,987,186; U.S. Patent
No. 4,908,403; European Patent Application No. 0 573 142 Al; European patent



WD 97/ 45490 PCT/ US97/ 08809
-12- sul fonate, sodiumlauryldiglycol sulfate, and ammoni um
tritertivoytesdgd phenol and penta- and octa-glycol sulfoneCEESI7/08809 °

sul fosucci nate salts such as disodi um et hoxyl at ed nonyl phenol half ester of
sul fosucci nic acid, disodiumn-octyldecyl sulfosuccinate, sodi um dioctyl

sul fosucci nate, and the |ike. AEROSCL 18 surfactant, a 35% sol uti on of

N- oct yl decyl sul fosuccinimate in water and AEROSOL OT-75 surfactant, a 75%
sol ution of sodiumdioctyl sulfosuccinate in water, from Cytech are
preferred anionic surfactants. Water-djspersible and water-sol ubl e polymers
may al so be enployed as surfactants/stabilizers in the water-based | atexes

et er - di speplrgie N5 TRE R A LIHGCDBPRUTR cFett sEter Rfied §loMidony: 032 and
4,939, 233, Ly RIS b %oﬂiabw%ﬁ}lrilﬂ&ﬁwlinﬁaﬁqlﬁ&ﬁn@@&t'theLﬂié @t ent Nos.

4,927,876 , 961; and al kali-soluble acrylic resins as described in

U. S. Pat eabowddn régaddto4HSSAGH. | THeareloacatovy-fimctionad pblyaiet abead sotmay al so be
used. To forma PPAE, a SAAP is reacted with a poly(alkylenimne). In
general , incomoygtaRIsyriase-2atiVe Vinyd FOFCMET, Ut g prefarsd smbodimentmpnte t i ary

anmne gro I ma y ] T QM ] | eni m ne)
o e O OHRSARE R Aa? B OIRE VAL BRSO nl 0 AL
l'inkages yie tdippéhafe MielareBidetoxtyPRibytichialpolgnRFistanidd ditiftheHresence of a '
poly(al kylenim'ne) for use in the invention nmay have a wei ght average

nol ecul ar nowibnictsurfbctaitend an@oionic susfagtanysnjasaibed phevefargiieaSAdPeni mine) is

preferably a pol y(ethyl eninne El) an re preferably PEl having a
Per ght - avar ago T PECOHETOREBEHonSt Pallet Sheuw sostait Seimcs eRstpacot e

conpounds VR bio Fokdt bl Bsst -,g{q,,, (e | bdihede POLYM N
pol y(et hyF%?%ﬁﬁe§ a%ﬂt)P?ASO_ pol yr??ast y e_ﬁ?%ene; g\cfgﬁ ?t%@?eﬁ ff'(y)lm_’ BASF
- preferably the PPAE, upon film formation. The acetoacetoxy-functional polymer

may, for example, generally contain from about 1 weight percent to about 40 weight
percent of aéetoacetoxy—ﬁmctional monomers and about 60 to about 99 weight
percent of other vinyl monomers. The amount of acetoacetoxyoﬁmcﬁonal ONomers
may vary outside this range depending on the degree of cure necessary for a particular
application. Conventional coatings usually contain between 2 to 25 weight percent
acetoacetoxy-functional monomers, which is a preferred range for an acetoacetoxy-
functional polymer used in the present invention. The acetoacetoxy-functional
polymer may be a high or low molecular weight polymer with an average molecular
weight ranging, for example, from about 1000 to over 1 million.. Lower molecular
weight polymers should contain more acetoacetoxy-functional monomers to assure
sufficient crosslinking with the amino-functional polymer upon film formation and
cure. |

The acetoacetoxy functionality in the acetoacetoxy-functional polymer may be
present as free acetoacetoxy groups or as derivﬁtives of those groups such as, for
example, an enamine group or acetoacetamide group. The acetoacetoxy-functional
polymer may contain both free acctoacetoxy groups and acetoacetoxy derivatives.
When the acetoacetoxy—ﬁmctibna] polymers contains acetoacetoxy derivatives, the

polymer should be capable of crosslinking with the amino-functional polymer upon



Cor porati on. BASF pol yet hyl eni m ne product literature reports the ratio of
primary: secondaé{: tertiary am ne groups to be about 1:2:1. @C&r,gggg; 9 PEl,
¢ 8

LUPASQOL: C{B‘B’or?a{" t hyl eni m ne), has a nol ecul ar weght of about and a
ratio of primary:secondary:tertiary am ne groups of about 1.5:1.4:1. WO
97/ 45490 ' PCT/ US97/ 08809 - 13-

The reaction to formthe PPAE may be acconplished by adding, with stirring,
t he appropriate poly(al kylenimne) to an ermul sion of the SAAP. Suffi cient
pol y(al kyl eni m ne) should be used to achieve a nolar ratio of NH groups to
acet oacet oxy groups of about 1 to about -85-and preferably a nolar ratio from
about 2 to about 5. The anmpunt of poly(al kyl eni mi ne) added to the pol yner
havi ng pend%ﬂﬁ(ﬁ) LRGE eFiaX ¥rodsifikiss HRY obaitdRroh Rectdiebiox ghdips ogti@Ts dry
wei ght pol y(alkyl'enimne) to 100 grans dry weight resin) to about 30 phr
and pr ef er aldeyivativegrabput 8 phr to about 25 phr. Water-based-enul sions of
the polyners may be comhi ned qver about 15-30 m_nutes .at .an:?n#

| ent
tenperature. \WherEnamipecfiuncgonspofymagrs represent 3 preferprd fepyanve d”?%ﬁ'gi on -

m xt ure cont,ai ni ng _th | [ ' [ need
to be cool ed‘aﬁg‘ﬂcﬁgdﬁﬁagﬁﬁyﬁgﬁoé‘ )J;%%‘%IE%% &gﬁ%ﬁg?ﬁﬁ%ﬁgﬁ%&’nﬂﬁ%\%%ew

Acet oacet oxy{ ysddcenRal- RKoREr poyieVinthié waRrbassd e ofthefiavetmioh. In -~ - -
acet oacet oxy groups or their derivatives may be used as the

acet oacet oxywitenbised heiéxep,ahy emaming fennsiopalityserygs teostabilizedthe peetprceta¥yent i on.

Pol ymer s havi ng pendant acetqaceto t oups have. been .descr.i

exanpl e, in E50¥PS Jognaplec ‘?m&‘,‘o%g?"i% SIS, %"W’gm&ﬂf}ddpﬁ%g%}gge {’%lrﬁlr opean

patent Appl i £LHQR iNModinet e? al Fotftner BUNARFSS) 41926 (193 Exiablarpablan 0483
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 is reacted with ammonia or a primary or secondary amine. This
preparation of enamine-functional vinyl polymers having pendant enamine groups is
described in U.S. Patent No. 5,484,849. Typically, the reaction stoichiometry uses at
least one molar equivalent of amino (NH) groups to acetoacetoxy groups. Though the
reaction is rapid, an equilibrium exists between the enamine product and the
acetoacetoxy/NH 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.

Enamine-functional polymers or copolymers may also be prepared by
polymerization of enamine-functional monomers. This method of preparation is
described Moszner et al., Polymer Bulletin 32, 419-426 (1994). '

| Enamine-functional polymers also having allyl functionalities are described in
U.S. Patent No. 5,539,073 which is incorporated here by reference. During emulsion
polymerization, allyl functionality may be incorporated into the particles using, for
example, allyl methacrylate and acetoacétoxy and/or enamine functionality may be
incorporated using, for exainﬁle, acetoacetetoxy methacrylate. Waterborne allyl-

functional polymer particles form coatings which cure slowly at room temperature.



Del Rector, et al., "Applications for the Acetoacetoxy Functionality in
Ther noset- Coati ngs", presented at the Water-Borne and H gher Solids

Coat i ngs vy apesapaum February 3-5, 1988, New Ol eans, LA Thefessagsgent s
are incorporated here by reference. The polyners havi ng pendant

- acet oacet oxy groups or derivatives of acetoacetoxy groups may be prepared
usi ng emnul si on pol yneri zati on techni ques known in the art, such as

descri bed above. Cenerally, the acetoacetoxy-functional polyner is prepared
by emul si on pol ynerization of acetoacetoxy nononers such as Fornmula | above
wi th other vinyl nononmers. These polyneig may contain both acid- and
non-acid vinyl nononmers. See U.S. Patent”No. 4,987,186; U S. Patent No.

4,908, 403; European Patent Ai)pl [ %at ion No. O 573 142 Al; European_ patent
WO 97/ 4549-oatings formed from a blend of acetoacetoxy-functional particles, suchpsenamnrer 08509

-14- Appli i , 83 Al , I ctor. et -al ... supra. Preferred
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acet oacet oxy-functional polynmer need not incorporate a surface- aC?I ve vinyl

nmonomer , bproduce sogtingsevhichiareyielowed nWateshorne polymespexticles bavibg allylepar e t he

-PPAE. More preferagbly, the enul siqn pol ynerizatiqn used to prepare  the
acet oacet oXfynatigRality sind aceigpcriaxy 21"3/ %&P?’%’é’& fepgtiopghity pEpdyre.coatings which

noni oni¢c s s ank ONj | ab f t he
AP The” SR USRI A Catil bR STl Bénety Bdte
acet oacet 0Xyom éndininedasdd partitles albhe)Wocording toaheinvamibng watesbdrdolyhieh t he

. am no-functional polyner, _ preferably.the PPAE, upon filmfornmation. The
acet oacet opgriclascyhish gpntpis) ajlyband enamine and/or acetoacetoxy functionality can be

blended with waterborne amino-functional polymer particles to produce coatings

which cure faster than coatings prepared from allyl-based waterborne particles. In
addition, this combination of crosslinking chemistry provides coatings with less
yelloWing than cured éoatin’gs prepared from a blend of enamine-based and/or
acetoacetoxy-functional polymer particles and amino-functional polymer particles.

Water-based Latexes of the Invention

In a water-based latex of the invention, the mnino-ﬁxncﬁonal polymer
particies, (preferably PPAE particles) may be present from about S to about 50
weight percent based on dry resin and more preferably from about 10 to about 25
weight percent. The acetoacetoxy-ﬁmctional polymer may be present from about 50
to about 95 weight percent based on dry resin. The acetoacetoxy-functional polymer
is, more preferably, present from about 75 to about 90 weight percent based on dry
resin. |

The examples below illustrate the preparation of a water-based latex according
to the invention. In general, the latex of the invention may be prepared by mixing
aqueous latexes of the amino-functional polymer particies and of the acetoacetoxy-
functional polymer particles. Accordingly, 2 water-based latex of the invention may
be a “one pack” pre-mixed latex or a “two pack” for mixing prior to use. Due to the

advantageous stability of a water-based latex of the invention containing the amino-



may, for exanple, .generally contain fromabout 1 weight percent to about 40
wei ght percent of acetoacetoxy-functional nononers and about 60 to about 99
wei ght perw@R7/454900t her vi nyl nonomers. The anmpunt of PCT/US97/08809

acet oacet oxy-functional nonomers nmay vary outside this range dependi ng on
the degree of cure necessary for a particular application. Conventional
coatings usually contain between 2 to 25 wei ght percent

acet oacet oxy-functional nononmers, which is a preferred range for an

acet oacet oxy- functional polymer used in the present invention. The

acet oacet oxy-functional polynmer may be a_lly_i gh or | ow nol ecul ar wei ght

pol ymer with an average m)l ecul ar wei ght rangi ng, for exanple, from about
1000 to ove a aht D | ver houl d tal n nore--
acet oacet oxyf“f‘ﬁtﬁﬂﬂabgﬁéfm ‘?8}.'{5? Sy '@{'é @?‘gg@ﬁﬁ Swith the
am no-funct "‘H?)@ha Bﬁ* 41EREs #QBinﬁf:x&édn iy ﬁﬁbﬁits%ué‘s‘éﬂ 8bove! e pretramyet oxy
functionality i e acetoacet oxy-functional polynmer nmay be present as free
acet oacet oxycopiponpsts of thvse thtexes girovidingnstatiilitypriog toarpkafien olixing, A latexefanpl e,
an enam ne group or. acetoacetan de group, The acetpacet oxy-functi onal

pol ymer rmy emvepHonsa) a¥£Pé€"@§b‘?‘bﬁfc%4dé¢k‘§ﬂS§P6WB§1 letex compositions andmay

d t th t

acet oacet oxy BeTTe strbes POREEHER e OB Rk 3P uReliied in g
with the am pigeds wslmauspmhwafatwme by réf€refdd. 45490

PCT/ US97/ 08809 - 15- | mformation. This crosslinking may occur through

acet oacet oxy gr ouAs)rcfcrredwnU@hmpat ofithe invsntien refiestoadatexipontaining pol yner s

represent a cﬂgfefrgdr \%gtexcfl)ornlxé/ gx%l%n\é?fugghcpnai Xcr;ieymer pamcles (preferably PPAE

particles); dispersed, waterbome acetoacetoxy-functional polymer particles; and a
- buffer, particularly an ammonium-based buffer. The pH of a water-based latex of the
invention may be adjusted and/or buffered using, for example, sodium bicarbonate,
ammonium bicarbonate, ammonium dihydrogenphosphate, an ammonium sali ofa
poly(meth)acrylate, or a mixture of such buffers. The buffeﬁng compound, such as
ammonium bicarbonate, may be added to an aqueous dispersion of either amino-
functional polymer patticles or acetoacetoxy-functional polymer particles prior to
mixing or to the final latex. Preferably the buffer is added to tﬁe final blended latex.
 When an ammonium buffer is used, an equilibrium exits between the

ammonium ion and amine groups on the émino-ﬁmctional polymer particles. This
equilibrium provides free ammonia to the latex which may react with the acetoacetoxy
groups on the acetoacetoxy-functional polymer to form enamine groups. Not only |
does this provide stability to the acetoacetoxy-functional polymer, but it also may
lower and buffer the pH of the overall latex. Latexes having pH values in the range of
about 7.0 to 9.2, preferably about 8.4 to 9. 2 may be achieved using ammonium
buffers. Moreover, the buffered latexes of the invention possess increased stability
(shelf life) at elevated temperatures and for long periods of time.

The water-based latexes of the invention are useful in a variety of cdating
compositions such as architectural coatings, maintenance coatings, industrial coatings,

automotive coatings, textile coatings, inks, adhesives, and coatings for paper, wood,



havi ng pendant acetoacetoxy groups. Enam ne-functional polyners may be used
as the. acet oac%oxy-functional polymer in the water-based | atex of the

i nvent i RO 44t er - based | at exes, the enanine functi onal PEY/USEHAE8R9 't o
stabilize the acetoacetoxy- groups and protect them from hydrolysis.

Enam ne-functional polyners have been described in Myszner et al., Polyner
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 docunents
are incorporated here by reference. Enam ne-functional polynmers may be
prepared by reacting a pol yner havi ng-1@cet oacet oxy groups is reacted with
anmonia or a primary or secondary amne. This preparation of

enami ne- f ' | AdRk I j ] Al

doscr | ed PR AcBitindtl ER!eSert M sHlgP RIBENt: SRR Phithg JoRiiBitbi

st oi chi onmeprityinipeswater-based latenef the inventioni Yhé Ruixes bf theinventibiinagibeups to
acet oacet oxy groups. Though the reaction is rapid, an equilibrium exists
“bet ween t mom<§@ HPROAting FRMPpoRtiNsdn oym@he rate of

AnOer
owaver . ARCEh A e iR RE St Beh TRRR A F e RIS g

acet oacet .@c‘fzﬁp&h’it%&ﬁis.;ThE@éiﬁdRDﬁiﬂUﬁﬁioﬁﬁﬁ{ay%|c_}’é"£?Bﬁpi%heﬁ&ﬁpWi’i'i? mirmey also be
prepared by pol ynerization of enam ne-functional” fononers. Thi's net hod of

prepar at i orosslinkdesabilitycatihesion properiesadnd resistaycespropirties thenwaer-baséd- 426
(1994). Epam ne-functi Qnahﬁgol )};rrers al so having allyl functionalities are
descr i bedlatgxegofithe pnyention pppartneys andfonimproved propertiestofhe uamousicenting)y
_reference orgﬁcisjitf@xse”m sion polynerization, allyl functionality may be
~incor po'rafe Into the particles using, for exanple, allyl nmethacrylate and

acet oacet oxy aUpbR forffvddtionga toulitigicofipbsitivn dBitaiming HwatepBistidslexI5f the, f or

exanpl e, acetoacetetoxy nethacrylate. Waterborne allyl- functional polyner
parti cl esinvertiprcmay tMgéemplm to@raanigtyfi syrfacesy sbsiratesyoe adiclesce.g.,

paper, plastic, steel, aluminum, wood, gypsum board, or galvanized sheeting (either

primed or unprimed). The type of surface, substrate, or article to be coated generally
determines the type of coating composition used. The coating composition may

applied using means known in the art. For example, a coating composition 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
water-based latex of the invention may be thermally or'ambienﬂy cured. As a further .
aspect, ihe present invention relates to a shaped or formed article which has been
coated with a coating compositions of the present invention. .

A coating composition according to the invention may comprise a water-based
latex of the invention, water, a solvent, a pigment (organic or inorganic) and/or other

~additives and fillers known in the art. When a solvent is used, water-miscible solvents
are preferred.

For example, a latex paint composition of the invention may comprise a water-
based latex 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, rtheology, and flow
control agents such as silicones, ﬂuprocarbons, urethanes, or cellulosics; extenders;

reactive coalescing aids such as those described in U.S. Patent No. 5,349,026; flatting
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-16- Coatings formed froma bl end of acetoacetoxy-functional_ particles,

such as endY@RES4Ynctional pol ymers, with anino-functional PofPiE/0sses
particles, according to the invention, cure rapidly to form crosslinks.
However, unwanted side reactions may produce coatings which are yel |l owed.
Wat er borne pol yner particles having allyl functionality and acet oacet oxy
and/ or enam ne functionality produce coatings which have little or no

yel l owi ng than coatings of conparable crosslinked density produced from
enam ne- based particles alone. According-figo the invention, waterborne

pol ymer particles which contain allyl and enam ne and/ or acetoacet oxy
functionalit Y ﬁé?él eGP RcthM -Gl A .-
particles tox%t?]g%lg%nécﬂég{él n ’sm\%ktﬁk h clﬁér géb?last er tﬁatn c'oe{itr?‘;nlg%tg?iel#a‘}:sgﬁbeﬁ’om
al 'yl -based ©al Bglitatabilizess; tintihgpignientsa extendersy defdansing ambamigbaming agents; anti-
crosslinking chem stry praovides coatings with less yellow ng than cured
coatings pr epiting, atupagang bedying rEentsANHskinniug agants; apti-flooding and anti-floating

acet oacet oxy-funct.i onal, pol ticles.and 1 nQz.functional polyner
particl os. vaedHs fuiigeame ldestics, EofidnRtony ot 38t e, o
the inventi Ofacthva@lafidistds; butitglageiidlor BOAAERE agtdts! SHéckif exhbples 6f b adaltvbican
particles) nmay be present from about 5 to about 50 wei ght percent based on

dry resin anbe foundindas: Matgials Index, ppblisherd bythe NationplRaint S5Coptnghisspdatiannt00The

acet oacet OXnyaé’cE‘ibhrgﬁﬂenQQWﬁﬁaéﬁﬁ&t&?Dw.Qﬁmt from about 50 to about. 95
ase

wei ght per cent on dry resin. "The acetoacetoxy-functional polyner is,
more preferably, Arestenbaskd htexabithe pRSentanvdntion c@ibevatilipet afnezim based on

dry resin. The exanples below illustyrate.the preparatjon of a water-based
| a%/ex accor dqugunctlrgg wx?h other conventional waterborne olyrgers, tSuch polymers include, :

but are not limited to, water dispersible polymers such as consisting of polyesters,

polyeste_r-amidés, cellulose esters, alkyds, polyurethanes, epoxy resins, polyamides,
acrylics, vinyl.polymers, styrene-butadiene polymers, vinylacetate-ethylene
copolymers, and the like. _

Used in combination with certain other water-dispersible polymers, the water-
based latexes of the invention bring a unique advantage to the final composition, in
addition to their crosslinking ability, adhesion properties, and resistance properties.
The PPAE, when present as a preferred amino-functional polymer, has the ability to
scavenge residual o,B-unsaturated, carbonyl- or electron withdrawing group-
containing monomer remaining in the polymer latex. In other words, the PPAE
scavenges, throngh a Michael-addition reaction, residual monomers such as o.,p-
unsaturated acids, o,B-unsaturated esters, o,f-unsaturated amides, and o,3-
unsaturated nitriles. Removing these monomers can, not only eliminate the odors
associated with them, but also improve health and safety when using the composition.

The following examples are intended to illustrate, not limit, the invention.
The examples of various coating compositions of the invention use the following
materials not described above: '

LUPASOL G35 poly(ethylenirﬁine), MW 2000, sold by BASF as a 50%

solution in water.



to the invention. In general, the latex of the invention may be prepared by
-m xi ng agqueous | atexes of the am no-functional polyner particles and of the
acet oaceMXY45#cti onal pol ymer particles. Accordingly, PGRUHTORBI

| atex of the invention may be a "one pack"” pre-mxed |atex or a "two pack”
for mxing prior to use. Due to the advantageous stability of a water-based
| atex of the invention containing the am no- WO 97/ 45490

PCT/ US97/ 08809 -17- functional polyner particles and of the

acet oacet oxy-functional polynmer particles, "one pack” | atexes are
preferred. The surfactants discussed alpgve are preferably conponents of
those | atexes, providing stability prior to and after mxing. A latex of

the invention ' t | L l.h | atex conpositions -
and may use ot @%@%ﬁ%ﬁ%ﬁ@%ﬁgﬁpﬁw@nﬂg%@éﬁﬁaﬁﬂm hodol ogy such as
di'scl osed in U RHOPIEXRMI2020 askbiiali¢Sthickensr ¥ By R HaaY Coffpghgnce. A
preferred enbodi nent of the invention relates to a | atex containing

di spersed, wat eRb&Sand SGTHSL5 thaelopy madifirss (thiskeneas)tsold bysRokmprée Hanabl y PPAE
particles); di s§er sed, wat erborne acetoacetoxy-functional polyner

particles; and &®B®EFEr, particularly an ammni um based buffer. The pH of a

water -based | at AASPER!AY 6 FOAMRSTER VP lidRfafiftraldit 6f HtikdiCr ed using,

for exanpl e, sodium bicarbonate, ammoni um bi carbonate, anmoni um

di hydr ogenphos pTRPURBR-%0amiwmdictitde pignenpsdly bydniPoatr yl ate, or a mixture
of such buffers. The buffering conmpound, such as amoni um bi carbonate, may

be added to an EBUEQNLENE panfagtani sokd byi Wmier Gambide- functional pol yner
pariicles of Scek Rt A A pRBAKROO RS S BRI 0 T 09
| at ex. AQUACAT (Alkylaryi ethoxylate of Cobalt; 5% active cobalt metal, 72%
Solids) sold by ULTRA additives, Inc., Paterson, New Jersey. '
HYDROCURE II (Cobatt neodecandate, 45% solids), sold by Mooney
Chemical, Inc., Cleveland, Ohio.
FC—430 Fluoro surfactant, {98.5% solids), sold by 3M, St. Paul, Minnesota.
PROXEL GXL preservative, sold by Zeneca.
IGEPAL CO-630 surfactant, sold by Rhone-Poulenc.
DREWPLUS L-493 defoamer, sold by Drew Chemical.
- TEXANOL coaleséing solvent, sold by Eastman Chemical Company.
EASTMAN DM AND EASTMAN EB coalescing solvents, sold by Eastman
Chemical Company.
POLYPHOBE 102 thickener, sold by Union Carbide.
DISPERSE-AYD W-22 dispersant, sold by Daniel Products.
SURFYNOL 104 and 104DPM products (50% Solids), sold by Air Products

and Chemicals, Inc., Allentown, Pennsylvania.

SURFYNOL 420, sold by Air Products and Chemicals, Inc., Allentown,
Pennsylvania. '
RHEOVIS CR2 thickener sold by Allied Colloids, Suffolk, Virginia.

t-butylhydroperoxide was used as a 70% solution in water.



When an amoni um buffer is used, an equilibriumexits between the amoni um
~ion and am ne groups on the am no-functional polyner particles. This

equi'l i bri uW@P®¥¥4Rs free ammonia to the | atex which may reaBET{ISPHOSSAL
acet oacet oxy groups on the acetoacetoxy-functional polymer to form enam ne
groups. Not only does this provide stability to the acetoacetoxy-functional
polymer, but it also nmay |lower and buffer the pH of the overall I atex.

Lat exes having pH values in the range of about 7.0 to 9.2, preferably about
8.4 to 9.2, may be achi eved usi ng ammoni um buffers. Mreover, the buffered
| at exes of the invention possess i ncreasgéil_stabi lity (shelf life) at

el evat ed terrperatures and for Iong periods of tine. The water-based | atexes
of the invention efuI i f as
architectural coati ngr{? ar?c‘gygg’%ﬁ%geggﬁgk&ngf ijggg%% Bﬂég%g;d

aut onoti ve cg@édrag,gtott@(ﬁwétﬁmﬁoatl ngs, inks, adhesives, and coatings for
paper, wood,

PCT/ US97/ 088@QXIMMMACCOI’¢ ngly, t he present invention
relates to such coqating S nt ai_ni a wat er.- has | atex of the
hventi on. The | deeosesEaphan (LANE OREH Py SRS Beduiiin st
coating canp er and used
with the con {‘?'g P&ggtrerggln@n S angﬁorl‘ag% ve!é18 gﬁﬁ%ﬁ}bg% |t|ons The

coating conp@giekmititg tRtatikeolihe isoliblPpalpmes ﬁé:-ghthéhohdelleﬁ ﬁx@ﬂﬁlsbmkteﬂg
ability, adhesion ropertles and resistance properties, the water-based
| at exes of t tselvem(gutqugilt)WMMWOﬁﬂwmwlﬂwpmm frpptmamta latextsempliee

o i e R A iR SRR

_contalnlng_a

acetone as the solvent.

The procedure used is as follows. For each sample determination, a centrifuge
tube.is baked in a vacuum oven at 120°C for 90 minutes, cooled in a desiccator of
P,0; and weighed (W1). Enough latex is added to the conditioned tube to make
approximately a 1% solution when solvent is added and the latex weight is recorded
(W2). Solvent is added to the tube until the tube is approximately three fourths full
and the solution is allowed to sit overnight. The next day, the sample is centrifuged at
75,530 rpm for 30 minutes. The clear liquid portion in the tube is removed. The
remaining polymer gel is washed with addiﬁonél solvent. The centrifuge and washing
step is repeated twice more. Finally, the clear liquid portion is removed and the tube
contéining the wet gel is weighed (W3). The tube containing the wet gel is baked
overnight in a forced air oven at 80°C and then baked in a vacuum oven at 120°C for
3 hours and cooled in a desiccator over P,Os. 'fhe tube plus dry solids is weighed and
the vacuum portion of the baking procedure is repeated until reproducible weights are

obtained (W4). Calculations were made according to the following equations:

LGF = (W4-W1)/(W2*TS)
© LSR = (W3-WI)(W4-W1)

where TS = total weight fraction solids of the latex.



I nvention may then be applied to a variety of surfaces, substrates, or
articles, e.g., paper, plastic, steel, alum num wood, gypsum board, or

gal vani ZW@ 9348480 ng (either prined or unprimed). The typePEF/USATHs80%,
substrate, or article to be coated generally determ nes the type of coating
conposition used. The coating conposition may applied using nmeans known in
the art. For exanple, a coating conposition 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 enploying a

wat er - based | atex of the invention mayype thermally or anbiently cured. As
a further aspect, the present invention relates to a shaped or forned
article which has been coated with a coating conpositions of the present

i nvention. A coating conposition according to the invention rmay conprise a

wat er - bas @ e@-gerhﬁee%'%w_gﬂmﬁ@gmgﬁ%er, a solvent, a pignent (organic or
I norgani c) and/or other additives and fillers known in the art. \Wen a

sol vent is usedilmeawere-prepac¢dind &lot measuzements perefoondwdied far comstanpl e, a

| at ex paint conpositjon of t nvent | C rise.,a water- based | atex
of the i nV@RpPFrayre %PdplP"B'ﬁ‘gm’ (gﬁg)B%“SFRE’E%&%‘E’F?%‘W for lab@rptoryised i n
latex paig ﬁnng?k"?’s‘s@ﬁjgbﬂfﬂ%q hd 56 & soREhfR nufiiligfr © ot 1imited to,

| evel i ng, ogy, ["fow con agents such as ‘l'i cones,

fl uor ocar IRpsR i ihe Tempeafire:ext enders; reactive coal escing

ai ds such as those descrl bed in U S Patent No. 5,349,026; flatting WO
97/ 45490 Resistant minimum film forming temperature (MFFT resxst) is deternpigad bjB97/ 08809

-19- agents; | ng, agent surfact ants;:
Ll aui o ERsRweR K ity & i npB el ebe 8F & MY bt gt b
ext ender s iy, deifiR'Th R6hi @D the FHH W RPBa G SR HeSryRB! § ;Bu‘lhng the edge of a brass -
spatula blade through the film from cold to hot end on the MFFT bar after 30 minutes,

and recording the temperature at which the blade offers significant resistance to the
experimenter. |
Tensile:

Tensile tests are performed in the CTH room on a on a United Tensile Tester
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

-~ for 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
tensile tester grips and tested at a croséhead speed of 1"/minute using a 5 1b-force load
cell. Ten samples are run and the five samples with the gréater breaking stress are
averaged for all tensile values reported according to ASTM D2370.

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.

Film Gel Fraction (FGF) and Film Swell Ratio (F

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



settling, anti-sag and bodyi ng agents; anti-skinning agents; anti-flooding
and anti-floating agents; fungicides and m | dewides; corrosion inhibitors;
thrckenrndw . plasticizers; reactive plasticizers; cuHﬁﬁf@ﬁﬁWﬁ%@ or
coal esci ng agents. Specific exanples of such additives can be found in Raw
Mat eri al s I ndex, published by the National Paint & Coatings Associ ation,
1500 Rhode Island Avenue, NW Washington, D.C. 20005. A water-based | atex
of the present invention can be utilized alone or in conjunction with other
conventi onal waterborne polynmers. Such polyners include, but are not
limted to, water dispersible polyners s¥3h as consisting of polyesters,
pol yest er-am des, cellul ose esters, al kyds, pol yurethanes, epoxy resins,

pol yam des, g&tedthinfiy th¥ ki oftRtie/ SEME insolublEpelyRiet ﬁéfgﬁf‘ﬁad%h)é%ﬂl%ndn the
vi nyl acet at e- et hyl ene copol yners, and the like. Used in conbination with

certai n ot heselere¢dsolvén fey weight) tp dtyyweight of the insaluble weightdfthctiahéx esirpf t he

i nvention bring a unique advaptage o the final conposition, in addition to
their crossl ﬁHRisH@PQbi \ie{ayg,ev&ﬁﬁég{e tesmingd frora guadipplicatesmeasyrranents Whhr ¢ i es.
The PPAE, V‘hg&t&{eea%?ﬂésﬁr@ preferred am no-functional polyner, has the
ability to scavenge resi dual [err]-unsaturated, carbonyl- or electron

wi t hdrawi ng gr OUDTh@Emceau}le Rfed WADIEEfoI6WEBoNEARE shiiplcliRtPinadBh, 4 b€z I n
ot her words, the PPAE scavenges, through a M chael -addition reaction,

resi dual non3Xemesk stetl saeceh and p matd}avaighing Boatairalbaked én 2 yaawusnovansted

esters, [err]; turated am des,..and [err aturated.nif.ril Renovi ng
these m)nomel%@ﬁ{rﬁﬂﬁmlﬂﬁff%@rﬁoﬁﬂwl[?WXLQJ%@;§“§§’§¥£’Fﬁm ﬂdﬁﬁzt hem but
al so | Mpr ove,digaliybn AN th mahd teekHifh 14 208 et Ro GRARARMYE B dayEifiak0! | OW N
exanpl es are i1nten to 1llustrate, not Ilmcll, the 1 nventi"on. The exanpl es
of various cestistangtenspepnsictand hamidityt drebaked anthe overListehé Specifieditine agl

materi al s not described above: LUPASOL G35 go‘lvg(et hyl eni m ne), MA 2000,
sol d by BASHemperatwgys BigFeef ha film igeuteweighed (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
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 i1_1 a vacuum oven at 120°C for 3 hours and cooled
for 30 minutes in a desiccator over P,O;. The samples are weighed and the vacuum
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).

Calculations were made by the equations shown below:
FGF = (W6-W1)/[(W4)*[(W7-W2)/W3]]

FSR = (W5-W1)/(W6-W1)
Yellowness Index: |
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

spccified conditions. Yellowness index is measured of both the clear emulsion film
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PCT/ US97/ 08809 -20- TAMOL 1124 dispersant sold by Rohm & Haas Conpany.
RHOPLEX M@ 212890 ssoci ative thickener sol d by Rohm & Haas RCIFREPSS0RN 5 arid
SCT 275 rheol ogy nodifiers (thickeners) sold by Rohm & Haas Conpany.
FOAMASTER AP and FOAMASTER VF def oaners sol d by Henkel. TI-PURE R-900
titani um di oxi de pignent sold by DuPont. TRITON CF 10 surfactant sold by
Uni on Carbi de. CELLOSI ZE 4400H r heol ogy nodifier sold by Union Carbide.
AQUACAT (Al kylaryl ethoxylate of Cobalt; 5% active cobalt netal, 72%
Solids) sold by ULTRA additives, Inc.,plPaterson, New Jersey. HYDROCURE ||
(Cobal't neodecanoate, 45%solids), sold by Money Chem cal, Inc.

Cl evel and 0l:i

0 oY 2l Boont R AR o 15 e ol R S bl g,
surfact antL PGhédedy Rhone- Poul enc. DREWPLUS L-493 defoaner, sold by Drew
Chem cal . %XANO_ coal esci ng solvent, sold by Eastnman Chem cal Conpany.
EASTMAN DM AND EASTMAN EB coal esci ng sol vents, sold by Eastnan Chem cal
Conmpany. POLYPHOBE 102 thickener, sold by Union Carbide. DI SPERSE-AYD W 22
di spersant, sold by Daniel Pr oduct S. _

D;-i




SURFYNCL 104 and 104DI_3M products (50% Solids), sold by Air Products and
Chem cal s, | nc Al | ent own, Pennsyl vani a. SURFYNCL 420, sold b

Products aWP OM%al's, Inc., Allentown, Pennsylvania. RHEOR féf/'éﬁwsm

t hi ckener sold by Allied Colloids, Suffolk, Virginia. t-butyl hydroperoxide
was used as a 70% solution in water. WD 97/ 45490

PCT/ US97/ 08809 -21- The foll ow ng net hods were used to eval uate the
coatings and filns prepared according to the invention. Latex Gel
Fraction/Swell Ratio: Latex gel fraction (LGF) is obtained by deternining
t he insol uble weight fraction of polynerpggn a |atex sanple. Latex swell
ratio (LSR) is obtained by determning the ratio of the insoluble polyner
wei ght fractQ@Pstol len in the selected solvent (by weight) to dry weight
of the insol e weight fraction in a | atex sanpl e. Average val ues are
det ermi.ned from tSevehintihtvet emulgioadilmslarcedstonrpolyestarshedts. Fhe bnmdet one as
the solvent. The procedure used is as follows. For each sanple

det er ni nat i cpelyester sheet m@geum%teducgngamy¢sﬁpr§hse&emnowéﬁo dry undgf ﬁ?er] C for

90 m nutes, coal e of P err hed Enough
latex is addREe 8 ?\’édlﬁ%?fdﬁoqé é&‘?aﬁ‘ggdkg{)%%% %f 1%19@?: dg}g/% sol uti on
when sol venteohgoPSiRIpREEH i RploFhSvhitedofltb] hanel By Qs&loﬁ%ier u§eie\19@,b s
added to the tube until the tube is approximately three fourths full and
the sol uti omede.al |l owed to sit overnight. The next day, the sanple is

centrifuged at .
ethvl Ethvl Ketone Resistance:

Films dried at speciﬁed conditions were constantly soaked with methyl ethyl
ketone (MEK). Data was obtained using a crockrﬁeter with a 1 kg weight placed on
the arm for a total weight of approximately 1500 g. The test ended when the break-
through of the film on the panel was first observed. Data were reported as MEK
dduble rubs (one set of back and forth). All data are an average of three results.

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

Stormer viscometer.

Gloss was measured on 6 mil (wet) thick films cast on Leneta 2B opacity
paper after 24 hours using a micro-tri-glossmeter by BYK-Gardner according to
ASTM method D 523 Test Methbd for Specular Gloss.

Blocki esistance:

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
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 noisc, a rating of 2 represents noisc when painted surfaces are separated but no



75,530 rpmfor 30- mnutes. The clear liquid portion in the tube is renoved.
The remai ni ng pol yner gel is washed with additional solvent. The centrifuge
and washi W &v4s#90i s repeated twice nore. Finally, the cl earrdriussrdsgesr’ti on
is renmoved and the tube containing the wet gel is weighed (WB). The tube
containing the wet gel is baked overnight in a forced air oven at 80[err]C
and then baked in a vacuumoven at 120[err]C for 3 hours and cooled in a
desiccator over Plerr]Jerr]. The tube plus dry solids is weighed and the
vacuum portion of the baking procedure is repeated until reproducible
wei ghts are obtained (W). Calcul ations?ggre made according to the

)

fol lowi ng equations: LGF = (W-W)/ (W* LSR = (WB-W)/ (WI-WL) where TS =

total weighg, fracti,on sol i ds_ of. l.at ex. 97/ 4549 .

pCT/ Usa7/ 08B f’?%‘?&@é‘r?&{“‘éﬁta?&‘ﬁ%@?ét’%?’%“&ﬁ‘a@ﬁ%ﬁeﬁ?‘f SRIHE BT ver e
prepared angyfichdRABRHE I RIRRBced A CocpAAGA R rafipfofPpicatits | GPRIEM! Ur © and
humdity (CTH) room at ASTM standard conditions for |aboratory testing of
73.5 3. 5[ ewhére theRaihted sirfajes flopv@onapietelytogéthtrand zbmpletddesirdction ofthsi st ant

M nimum Fi | m Form ng Tenperature: Resistant mininmum filmform ng
t enper at ur el imgCcrursdyogsEParaticiet er ni ned by casting a wet latex filmwth a

4-m | appli ar'g csutjb%e_on an MFFT bar set at a-tenpera-. ture_range in which
the fil mvmgll."-‘g%f-e%nc‘e‘ during drying, pulling the edge of a brass spatula

bl ade through t hprifd resistahedwaddieridinddisié nﬁrﬁ]v.te@eﬁlhﬁlaﬁ IRAEta3E Spacity

m nutes, and recording the tenperature at which the bl ade offers .

si gni fi cantpapesaccordingta ASTNED 2064 - 91 Test Method for Print Resistance of
Architectural Paints using a 4 psi pressure placed on top of 2 #6 black rubber stopper
which was placed. on four layers of cheesecloth after film dried to designated times.
Heated print resi stance 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 1 represents 100% pass with no demarcation
(cloth lifts off with no print left behind), a rating of 2 represents demarcations (some
impression is observed), a rating of 3 fepresents 100% fail (the cheesecloth

impregnates the film).

Scrub resistance was determined following ASTM D2486 Test Method for
scrub resistance of architectural cbatings. The coating is applied at 7 mil wet on
Scrub Test Charts Form P121-10N and allowed to dry for the specified period of time.
The panel is placed in a 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 S ml DI water, the test machine counter is zeroed, and the
test is 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
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.



experinmenter. Tensile: Tensile tests are perforned in the CTH roomon a on
a United Tensile Tester Mddel STM 1-PC, which is a constant rate of

el ongati o'WOAUM4PAR. Fi | m sanpl es are obtai ned by casting t hBECEASPT/e886h

rel ease paper with a 7 m!| bird bar, drying the filmfor the desired tine
at. the stated conditions, and cutting a dogbone-shaped thin-filmsanple
with al" wide die. The filmis neasured for filmthickness, nounted in
the tensile tester grips and tested at a crosshead speed of 1 "/mnute
using a 5 I b-force load cell. Ten sanples are run and the five sanples with
the greater breaking stress are averagedyfor all tensile values reported
according to ASTM D2370. 3 ass Transition: Onset and m dpoi nt tenperatures

wer e det er mgg cquéﬁr{emam[g}lmeaakega@s ﬂiraﬁlso@meg@inﬁg@mwyﬂ:&a' ori met er

(DSC) in a nitrogen atnosphere at a heating rate val ues quot ed

are from t heontiuoas liielioress the widthelf the shihi on (FGF) and Film Swel |l Ratio
(FSR): Filmgel fraction (FGF) is obtained by determ ning the insoluble
wei ght fracWetiAdbesion(Tgster in a dry filmsanple. Filmswell ratio (FSR) is

PCT/ US517/ 08800 - 3815 RIESESNT (R 1 tRER Fhetpm fo 15 UL Y SREBEUBIE ol yrer
e O, 1 SRR ngTok aSELRR, Bl DIy YN iy o o
det er mi ned Datbid€iChehicplsiand Péastiess€orporativng - Winy) Enadsion¥ehieldsifer sol vent .
" Semigloss Interior Architectural Coatings", M. J. Collins, et al., presented at the 19th
Annual "Water-Borne High-Solids and Powder Coating Symposium”, February 26-
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
seven-mil drawdown of the test paint is thexi inade 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
dry time is used. Constant temperature/humidity conditions, 72°F/50%, are normally |
used for drying.) The test paint is then cross-hatched with a razor and submerged in
water for 30 minutes. The paint film is inspected for blistering and scratched with the
fingernail to gauge the adhesion. While still wet, the panel is placed on a "Gardner"
scrub machine. Ten ml of five percent "LAVA™" soap slurry are added, 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.



The procedure used was as follows: for each sanple determ nation, a 4"x 4"
325-mesh steel screen and a nmetal weighing boat are baked in a vacuum oven
at 120 [ avOPW4s49® 90 ni nutes, cool ed 30 m nutes over P[errPCIAsyy08a0sd '
wei ghed (W and W2, respectively). After the latex filmis dried the
requi red nunber of days under constant tenperature and humdity or baked in
the oven at the specified tinme and tenperature, a piece of the filmis cut,
wei ghed (WB), placed in the alum num pan, and put aside. Another film
sanple is cut, weighed (W), and placed in a screw cap jar with excess
sol vent on a shaker bath for 16 hours g constant tenperature. The fil mgel
i's recovered by pouring the solution plus wet solids fromthe jar through
t he screen.and.t hen wei h . retained wet solids (W). At

0 A e d 1118
this point =the=S il msanple in the al um num boat

are dri ed e&?ﬁe%ﬂe&m @H@Q{:ﬁrdeieﬁnmeamahgmnemﬂm(\bw hit filpyacuum

- oven at 12 err for hours and ¢ooled for 30 mnutes in a deS| ccat or

over P205. onliensta2@ mcﬂy papuz vdtictiwanallavwed toalcy fom2ddouisin agbomtkepbatki ng

procedure is repeated unti] reprodycible hts are btal ned for t he
screen pl ud0aF @%é@%d@atl\ﬂi?m&’ﬁg‘)’taﬁ aFP'h"ﬁ'ijé\eﬁ'Hgﬁ"?q paiRt Boat (W).

Cal cul ations were mad o °

(VB- W) / [ ( \%H?“*WRR?WE‘F%‘P} Qﬁgﬁg&l?ﬁ S 15y ?‘?ﬁ\%}s &% . F%v%\ﬁuegg | F930% seven
ml wet empighivihdhidy. The yelieineasindek Y¥Diveds deberiiried ohtackk @3t @idting! yest er
sheet and an uncoated control -polyester sheet are allowed to dry under the

speci fi ed osing iatcotorimetttoin|thsvhassmpreibsforesndeaficr staining the paint fox S rinates

Ie::)rcr:u_r} lSJISSQ / Blglgg]ga 7 m\qo(vw?ey K Od-N ‘Special Test Compound The test compound was

removed by washing with a camel hair brush wetted with mineral spirits. The panel
was hung vertically to air dry for at least 3 hours. The change in Y] (delta YI) for
each paint sample was calculated and low temperature coalescence was assigned a
value based on the difference between the change in YI for the 70°F and the 40°F
coating. Mudcracking was labeled “Yes” if the coating which was dried at 40°F and
50% relative humidiiy developed cracks and the delta Y] for the sample could not be
determined.
Stain Resistance:
Stain resistance was determined using 6 mil (wet) paint films on Leneta 7B sag and
level test paper which were allowed to dry for 21 days in the CTH room. Thirteen
stains were appliéd to the dried coating film in approximately one inch diameter drops
and then removed with a sponge wetted with an aqueous solution of dish detergent
after various amounts of exposure time. The coating was exposed -to black shoe
polish, catsup, Top Job™, crayon, grape juice, red Kool Aid™, and Pine Sol™
covered with a watch glass for 5 hours before removal, mustard, coffee and mgrosme
covered with a watch glass for 30 minutes before removal, red ink and black ink for 5
minutes before removal and iodine for 30 seconds before removal. Each stain was
given a numerical rating from one to five, with one representing no stain left, two

equal to a slight stain, three equal to a moderate stain, four equal to a strong stain and



-24- and the control panel placed on top of a white control panel using a
colorinmeter in the L,a,b node. WD 97/ 45490 ' '

PCT/ US97/ 03¥0874$80 ol or: Seven mi| wet emulsion filnms are ESE{USEH08809

pol yester sheets. The coated pol yester sheet and an uncoated control

pol yester sheet are allewed to dry under the specified conditions. Color is
measured of both the clear emulsion filmand the control panel placed on
top of a white control panel using a colorineter in the L,a,b node. Methyl
Et hyl Ketone Resistance: Filns dried at specified conditions were
constantly soaked with nethyl ethyl ketom®-(MEK). Data was obtained using a
crockneter with a 1 kg weight placed on the armfor a total weight of

appr oxi mat el ¥iv3 3Gl Go  Bbferé Giin. CThéeHirebe futinge wercutled khd # ugihulafivébalué i | m on~

the panel was first observed. Data were reported as MEK doubl e rubs (one
set of back fordtdiorepoytedAl| data are an average of three results. Paint

Vi scosity: Paint viscosity.(in_ Krebs, Unj Was. sur.ed ter 24 hours

usi ng a Kr ebgmgn&he?rewgtgmfﬁ%rge_@ﬁéﬁei@%@n%nmwr CHATE ni | (wet)
thick filns t neta 2B opacity paper after 24 hours using a
mcro-tri-gl gg@%?g‘r&%y BYK- Gar dner according to

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,
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 coﬁtents of the feactor 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-
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 trimethylolpropan_e 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/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 1.68g 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
continueci 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, 46.0; pH, 8.4; amount of dried material

(100 mesh screen), 11.6 g; particle size (Dw), 236 nm, ZETA potential, -47.1 mv,



ASTM nmet hod D 523 Test Method for Specul ar 3 oss. Bl ocki ng Resi stance:

Bl ocki ng_resi stance was determned using 6 ml| (wet) filnms on Leneta 2B
opacity PEPeM4%ording to ASTM 4946 Test Method for Bl ockRGHUSEMBEOance of
Architectural Paints using 1 psi pressure after filmdried to designated
times. Heated block resistance was determned in a forced air oven at
120[err]F with the painted surfaces face-to-face under 1 psi pressure for
30 mnutes. 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 noi se when pai nted surfaces.sgre separated but no WO 97/ 45490
PCT/ US97/ 08809 -26- film degradation occurs, a rating of 3 represents sone

destructio ' U S #@é& rated and-
a rating O’L t%f $éell|§1% 8@@%&82@&4??€ : ere %’ﬁgs%s\é&r? edhﬁ%gé‘gﬂ?ﬁ@%

conpl et el y shgvest ditdbsaiptios a8 65t e Hehich represeitsain dnlmirld mé®typccur s upon
separation. Print Resistance: Print resistance was determned using 6 m|

ﬁ/\gteh ) OIf } | rrE%ammtgez:eErgp?gi@p@ﬂ}-arge §ﬁ{¢f$hea&ﬁir@;tgnitm W@M@@Eﬂym_er 91 Test
od for_ Pri esi.s 0 chitectural Pain ing a 4 psi pressure
pl aced on Pﬁﬁx@°§%°ﬂ?§€'ﬁ Er i S PR %PBW”\?\%QL};I aced on four |ayers
of cheesecl oth . ' ' b ' : I nt

resi stance was 3&% gi;oﬁfezrilﬁe,g]fﬁﬂlgﬁ%r&gggﬁ g?%@%ﬁ%&?&ﬁ?@??@a\%t h fol ded
cheesecl ot prepamtioh dest}ibediiheExaingle il epcaps that 247.35 g 30 poly(ethylenimihe) (58%t s wer e

o ot i water) was added in place ofhe ammonsugn hydroxide sotion, Mole fatio of N-E

' group to acetoacetoxy group was 4.27. The latex was then filtered through 100 mesh
wire screen.” Solids level, 46.8; pH, lO; 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” anda disappearance of the absorbencies at
1631 cm™ and 1655 cm™ after addition of the poly(ethylenimine). Afier 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 at most
2% of the poly(ethylenimine) remained in the water phase. |
Example 3; Preparation of Large Core/Shell PEI-Containing Waterborne Polymer
Latex (Mole ratio of N-H group to acetoacetoxy group was 5.47.)

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%
in water) was added in place of the ammonium hydroxide solution. Mole ratio of N-H
group to acetoacetoxy group was 5.47. The latex was then filtered 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
analysis of clear films cast over ZnSc showed an absorption at 1653 cm™ and 1565
cm™ and a disappearance of the absorbencics at 1631 cm™ and 1655 cm™ after addition
of the poly(ethylenihline). After reacting the poly(ethylenimine) with the pendant

acetoacetoxy group, the latex was centrifuged and the water phase analyzed.



(cloth lifts off with no print left behind), a rating of 2 represents
demarcations (sone inpression is observed), a rating of 3 represents 100%
fail (the WMot h i npregnates the filnm). Scrub Resi st an®ET/USI7/08809

resi stance was determ ned foll ow ng ASTM D2486 Test Method for scrub

resi stance of architectural coatings. The coating is applied at 7 m| wet
on Scrub Test Charts Form P121- 10N and allowed to dry for the specified
period of tinme. The panel is placed in a Gardco Scrub Mchi ne, Mdel D 10V,
10 g of Standardi zed Scrub Medi um (abrasive type) for ASTM D2486 and D3450
is placed on the scrub brush, the panel 4;s wet with 5 nl DI water, the test
machi ne counter is zeroed, and the test is run at the maxi numtest speed on

t he machi ne: el WS ved and-
10 more g of e SRl bRt Wi/ han ithfed st mol P dr i USRI
repl aced, 5 réthaifiéd il theataesr phasepl aced on the panel and the test is

continued. The test is stopped at 1000 cycles or failure, whichever cones
first.  \\BxamplesyoPreparation of Small Core/Shell Enamine-Containing Waterborne

PCT/ US97/ 08§) gﬂ L Failure is defined as the nunber of cycles to renove
the paint fiPA™% Xin or continuous |ine across the width of the shim

Vet Adhesion Testp, T@@ﬂg&ﬁgﬁég?ﬁgﬁgw‘pﬁh gﬁgﬁd"ﬁlﬂé’ ﬁ%g EQan aged,.. ..

al kyd substrate under wet, scr ondi t1 I's procedure Is
descri bed i aubs\{hfwkTEEeetu’de weve added 0400 igod watarn43.0 gof HITENGIS HS:20, 8.05 g
Corporatlon) Emul si on Vehicles for Semi gloss Interior Architectural

Coat i ngs" Rf T E QLNB#O(;{O‘VQ, 7.3 golsodimeathenai, ¢4 241 0f methyl
methacrylate, 8.26 g of styrene, 57.09 g of 2-ethythexyl acrylate, and 0.252 gof

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 0f 273.5 g of water, 19.65 g of AEROSOL
18, 20.19 g of TERGITOL NP-40 (70%), 271.78 g of methy} 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 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/min. After the first emulsion feed was completed, a
second emulsion feed composed of 147 g of water, 12.15 g of AEROSOL 18, 12.5 ¢
of TERGITOL NP-40 (70%), 180.88 g of styrene, 90.0 g of 2-ethylhexyl acrylate,
143.92g of acetoacetoxyethyl 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, 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.



Annual "Water-Borne Hi gh-Solids and Powder Coating Synposiunm, February 26-
28, 1992, New Ol eans, Louisiana, USA A ten-m | drawdown of a conmerci al

gl oss al WPt i s nmde on a "Leneta" scrub panel (adhe®Corusozosses from
al kyd to alkyd - a G@idden Industrial Enanel was used.) The alkyd filmis
all owed to age one week at amnbient conditions, then baked at 110[err]F for
24 hours, and then aged at | east one nore week at anbient conditions. A
seven-m | drawdown of the test paint is then nade over the aged al kyd and
allowed to air dry three days. (In order to differentiate between sanpl es
that pass this test, dry tinmes may be_ghortened. Seven days is a common
period, and occasionally 5 hours dry tinme is used. Constant

t enper at un el ' lﬂﬁsca v/ r drying.) -
The test gﬁ%@%ﬂ%ﬁ*?@%’;@_ at (s:th%? %Rtg/%s@vfegz&graggdﬁhé{%ﬂju%en@ﬁ é_g%‘i n wat er
for 30 ni Reltigipreprdrentpan Bharhinemaistyl nspected for blistering and scratched
with the fingernail to gauge the adhesion. Wiile still wet, the panel is

pl aced on Exampla 5tnBreparation pf fmaHiGase/Skelh PEI-ContainingWatarbame Polysws err ] "
soap slurry, ar dded, t he |l on scrub brush ( 2000NB) is passed over
t he scorea‘aﬁféi(gﬂ‘ﬁ?ﬁei}ﬂﬁ% gw{’gga?eoaﬁaﬁéﬁgé@pﬁ@éé\éﬁ')co keep the paint film
wet..(fl ooded) .. r | : Lokt Al and ten

per cent peel arT-em 5%@@%'%@{1}?3{%%?“@ cyc Zite);g?s%@lrlrlp fg’tﬂelé)?agén)%)val of the
filmis obpkgartionhddsaibed in ExandfledA7éxtbptdhat 247.35 g of poly(ethylenimine) (50%

PCT/ US97/ 08809 -28- Low, Tenperature Coal escence and Mudcracki ng: Low

't enper at uikwatss) wacadded i pireg ofthe apmpniwmtydraxidesglutign. Moale ratioefiN-Fhai nt
Tilmon Lepetd,3BBRAR erBAPShs 4370 TriTReR b tRY sliref Hirob g 160 RS 11 2

-room kept.

wire screen. Solids level, 41.6; pH, 10§ amount of dried material (100 mesh screen),
3.03 g; particle size (Dw), 58 nm, latex gel fraction/swell ratio 62/5.6. Infrared
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 at m0.st 2% of the poly(ethylenimine)
remained in the water phase.

Example 6: Preparation of Small Core/Shell PEI-Containing Waterborne Polymer
Latex (Mole ratio of N-H group to acetoacetoxy group was 5.43.)

The procedure for the preparation of this latex was similar to the latex
preparation described in Example 1 except that 3 14.45 g of poly(ethylenimine) (50%
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), 70 nm, latex gel fraction/swell ratio 61/6.5. Infrared
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 -

acetoaccloxy group, the latex was centrifuged and the water phase analyzed.



40[err]F and 50% rel ative humdity and another 7 m| (wet) paint filmon
Leneta 2B opacity paper which was allowed to dry for 24 hours in a room .
kept at- 70MVere7454%nd 50%rel ative humidity. The yel | owness iBfEUSYPPE0as
determ ned on each dry coating using a colorineter in the Lab node before
and after staining the paint for 5 mnutes with a 7 ml (wet) of K-and-N
Speci al Test Conpound. The test conpound was renoved by washing with a
canmel hair brush wetted with mneral spirits. The panel was hung vertically
to air dry for at least 3 hours. The change in Yl (delta Yl) for each paint
sanpl e was cal cul ated and | ow t enper at ur.gzcoal escence was assigned a val ue
based on the difference between the change in Yl for the 70[err]F and the
40[ err] F coatyl ackd i ost 0P é MRk Was
dried at 40][ el%a??’—(aang%?&(ﬁrte ‘é’t&?\gghﬁg%}lg\i@%@xﬁggﬁ Izﬁoggmg?g%sm%ﬁﬁlﬁ? delta
Yl for the semhined GPthedvdiéripbase.det ermi ned. Stain .Resistance: -Stain

resi stance was determned using 6 m|l vvet%) i)ai nt filnms on Leneta 7B sag
and | evel tmhl’mmtlomfg@el@m/ helh PE{~containipg Watcrbomg RolamerrH r oom

Thirteen stains re appl | to the dried coating fi Ln approxi mately one
inch di anet elra_tﬁ‘r&%leéﬂg’p?fltﬁ% PRABR AP XY S58Hy a%\%ﬁ’id with an aqueous
sol ution of dish ﬁogétgeé@t&% rafih RetteAguipped m%oidéﬂscﬁmﬂﬁ%éh%uig%d The

coating was expose ack shoe poli'sh, catsup, Top Joblerr], crayon,
- grape j ui ce,subffake fdedAits wereladdeh64(Pg nEwster,[4£05 § of TREMLFWO, 1.93 geff ch

S Th e vt IR GERO DP-S TR 1 38 SR Sachmais, 35208 o ELRNAERSa Y f or
5 minutes b | i odi . Each
ol e orbBhE of YRR 470 s of PeSu nRRC 2P 15 B A Gack @B COED,
no stain | efihemidoiaRdund OB%Qo?kﬂixﬁ%yﬁildﬁkbﬂméthhﬁ?la@a%hitfdgeﬁpﬁfgieﬁ&t e

stain, four equal”to a strong stain an )
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-40 (70%), 271.78 g of methyl
methacrylate, 50.72 g of styrene, 350.63 g of 2—ethy!hexyl 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 0.5.36 g/min. After the first
emulsion feed was éompleted, 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,
80.0 g of 2-ethylhexy} acrylate, 123.77g of acetoacetoxyethyl 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,
and filtered through 100 mesh wire screén. 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.
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-29- five equal to a severe stain. The thirteen ratings were added and a

cunul ati Veyyy9/49¢ Or Stain reported. Exanple 1: Preparationpgf L
Cor e/ Shel | Enam ne- Cont ai ni ng Wat er borne Pol yner Latex To a 36'6%@{‘7’@%9 n

kettl e equi pped 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 TERA TOL
NP-40(70%, 7.3 g of sodium carbonate, 44.24 g of methyl nethacrylate, 8.26
g of styrene, 57.09 g of 2-ethyl hexyl acrylate, and 0.252 g of

trimethyl ol propane triacrylate. A nitrog n purge was begun, then the
contents of the reactor brought up to 8 ‘?‘err]C at 400 rpm After reaching

- 80[err]C, an initiator charge conposed of 7.70 g of sodium persulfate '

di ssol ved ilnfragdanglysis ofglear filmasscastiones Zn§e shewedancabserption atlafi3simsharideed
conposed of 5 g, of ter, 11.7 g of TREM LF-40._.10. 21 f. TERG TOL NP-
40 (70%, 53t gPka ?Hi\??raﬂ%t‘t‘?éﬁ?9'i’safp"g’,“°’f§6?‘7g63d B %ﬁd&éﬁé‘r{“ 261 65 g of
2- et hyl hexyds; jenimned). Of trimethyl ol propane triacrylate was
begun at B%gltgﬁg@%ﬂéﬁ?lﬂ);% m}t esaafter the first enul sion feed was begun,
an initiat ExapleBi BvalatimosEFilmé Prepafeddront Biadingani@ramihé-Tontailiisgehded in

112 g of water was fed at 0.466 g/mn. After the first emulsion feed was -
conpl et ed, BElsCemainingyiaterbame Bel?frr@é#a%eﬂAe@rdmg toytheflnvamtien, 12.79 g of

AEROSOL 18, 5.0 f TERG TOL, \NP- %) 180 88.q.of 90. 0 f
2- et hyl hexyl ac?@@ﬁ? we’fﬂe@ﬁ%dWé@’éé&é?@?%&eﬁmlgﬁ&aﬁé@m and % 889
of the sodidima2ning 14tk éﬁanene-mmin@meﬁt(&?%sﬁ@wa& re§ifPo Typiviketd Was fed

at 8.38 g/mn. Five mnutes after the |as eed, an'initiator soflution of

1.34 g of t100 of enagninepantaringdatex (éxamde 1 hwefe asideld therappropriktsd weighed

sul foxylate dissolyed 10 40,28, 9l ¥9LChalEs £hatged, and heating

of PEI-contaiﬁing latexes represented a weight fraction of 25% (dry resin on dry
resin). All formulations were prepared in a similar manner with varying weight
fractions of PEI-containing latex. After the blends were prepared, 1 phr of
SURFONYTL 104 DPM (1 g of active SURFONYL 104 DPM per 100 g of dried resin)
was added as a wetting agent. Wet films were cast over aluminum chromate treated
panels (0.025 * X 3" X 9") then cured in a forced-air oven or allowed to cure at room
temperature at a relative humidity of 50%. Dried film thicknesses were measured,
and thé solvent. resistance determined by measuring the films resistance to methyl
ethyl ketone double rubs. The results are reported in Tables 1 and 2 below and
Figures 1-5. Tables 1 and 2 report the volume fraction of the PEI-containing latex
(Vol Frac PEI Latex). The remaining volume fraction was made up by the enamine-

containing latex.



continued for 30 mnutes. The enul sion was cool ed, and 45 g of anmmoni um
hydr oxi de (28% were punped in over 15 mnutes. The latex was then filtered
t hr.ough - 10WOM454% re screen. Solids |evel, 46.0; pH 8.4; HOUHPOTOBWY ed
material (100 nmesh screen), 11.6 g; particle size (Dw), 236 nm ZETA
potential, -47.1 nv, WO 97/ 45490
PCT/ US97/ 08809 -30- | atex gel fraction/swell ratio 42/9.6. Infrared
anal ysis of clear filns cast over ZnSe showed an absorption at 1565 cnierr]
whi ch represents an enam ne noiety. Exanple 2: Preparation of Large
Cor e/ Shel | PEI - Cont ai ni ng Wat er borne Pol y3ser Latex (Mdle ratio of N-H group
to acetoacetoxy group was 4.27.) The procedure for the preparation of this
latex was simlar to the latex preparatigye flescribed in Exanple 1 except
that 247.35 g of poly(ethylenimne) (50%i1n water) was added in place of
the ammoni unf Qe OXF den8 0" (N B eVl [ 8 hif iRbocbloil ' Rerh B A AR DEROKY
group was 4. e s—t-Ref—i--ef-ed—hrough—1H00—resh—we—Ssereehn-
Solids |eveljtl 46.8;| pH, 1d;25am)unt of P& materi al] ®1O0 nesh |{3¥¥een),
3.28 g; partlple sige (DwW} 45225 nm Z Teb,s,pg)tentlal 1;’0307 m (pH,,208 11.7),
| at ex 96| fl""%t : G:"./ fv"ﬁlL: aL;U ‘75/_(‘){ ﬁﬁTr 1 aTcu allonl yﬁl S TJl \.rr & Jf“?—r#ﬁ"—ﬁ—
cast over ZnSe_sho an aporption at} W%8 cnferr] A€ 1565 chif#3 ] and|a
di sappear anclg; of th& absorb;_enm es at 166373/1§rr{ err] andzol@SS cni ¢rsfrzs af t er
{

addi tion of . fethytHermmmer—After—Teact gt oty tettyytenme)
with the pendant ackt oaceti®y group. th¥5i5¢tex was dJ#E i f iged |AKA { he

wat er phase anal yzed s El engnfsal anal ysikomsishe water pwmse showgdyas nost |2%
of the poly(| ||| e T Emar med T 1T g, Wat e piage, . EXanpreTs;

Preparation | > Corel Hell PFEI- Cont 73’”1L ng \MAt erld® he Pal yi '1‘3
: 14 6 25 : 0.75/1.5 . 120°C 19/80
1 7 50 1.0 120°C 143

The first eight blends in Table 1 were analyzed by least squares analysxs The
results are shown in Figures 1 and 2.

Figure 1 depicts constant contour plots of methyl ethy! ketone double rubs as a
function of ammonia-based enamine-containing latexes and dry film thickness. The
PEI-containing latex was added at a volume fraction of 25% (dry resin on dry resin).
The plots were constructed assuming a one to one stoichiometric level of NH to
enamine. In the plots, X2=1 represents a large particle size PEI-containing latex
whereas X2=-1 represents a small particle size PEI-containing latex. Films were
cured at 120°C for 30 minutes in a forced-air oven. _

Figure 2 depicts constant contour plots of methyl ethyl ketone double rubs as a
function of latex particle size. The PEl-containing latex was added at a volume

fraction of 25% (dry resin on dry resin). The plots were constructed assuming a one

SUBSTITUTE SHEET (RULE 26)



Latex (Mole ratio of N-H group to acetoacetoxy group was 5.47.) The
procedure for the preparation of this latex was simlar to the | atex

pr epar aiW@A7#48¢r i bed i n Exanple 1 except that 316.86 g JFCT/USH7/08309
poly(ethylenimne) (50%in water) was added in place of the amoni um
hydroxi de solution. Mle ratio of NNH group to acetoacetoxy group was 5. 47.
The latex was then filtered through 100 nmesh wire screen. Solids |evel,
46.5; pH, 10; amount of dried material (100 nmesh screen), 4.11 g; particle
size (Dw), 225 nm latex gel fraction/swell ratio 76/5.7. Infrared analysis
of clear filns cast over ZnSe showed &g-absorption at 1653 cnierr] and 1565
cnferr] and a di sappearance of the absorbencies at 1631 cnferr] and 1655
cnjerr]  afyhghe adshinidrmétieieveler WHItY eRirhink e WisWore citell 81 12(P@Gbi 5@ t he
poly(ethylenimne) with the pendant acetoacetoxy group, the latex was

cent ri f ugadmasslin Hforoudtair oyena The drafila @dckness Was DO/miE490

PCT/ US97/ 08809 -31- El enental analysis of the water phase showed at nost 2%
of the poly(ethylenimne) remained in the water phase. Exanple 4:

Preparati on of Small Core/ Shell Ena qﬁ gont ai ni ng Wat er borne Pol yner Lat ex
To a 3000 nL resin kettle equi pped wi 1° condenser, nitrogen purge, and

subsurfac ded J.,J.HU g or WAL eT .~ 4970 | HS- 20
Filr T 1 ’

8.05 g of ‘89 g sod U Caf bonaf & 2474 g lof et hyl
net hacryl pt** 8.2 Eﬁ"‘%ﬁ 4% ?’ﬂe 517’ B‘Q"ﬂ‘of Sty | hexy 03¢ -9PRte,| and
0. 252 g ofEewrienet hyl ol propane trijpcrylate. A nitrogen purge was bdggun, then
the contepis of the reacley brougptonl;p to 8pjerr] C at 4@ rpm Aftler
reachi ng pefer+t+Cr—amrtmttrator——cprar ,

1 3 25 1.0/1 - 12 _ 35/69

i 5 25 1.01.5 2 517101

1 6 25 ons 2 36/73

4 2 25 10/1.5 2 75N77

4 3 25 1.01.5 2 33/52

4 5 25 1.0n.5 2 - 31/63

4 6 25 1.01.5 2 30/62

t 2 25 1.01.5 21 29/57

B 3 25 1.0/L.5 21 29/58

1 5 25 1.0/1.5 21 5099

1 _ 6 25 1.01.5 21 34/64

4 2 25 1.01.5 21 101/227

4 3 25 1.0/1.5 21 100/202

4 5 25 1.0/1.5 2 65/140

4 6 25 1.01.5 21 46/96
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conposed of 7.70 g of sodium persulfate dissolved in 43.6 g of water was
added to the reactor. An enul sion feed conposed of 273.5 g of water, 19.65
g of AEROS®YOW45499. 19 g of TERG TOL NP-40 (70%, 271.78 g oPCHESHAQ8809

nmet hacryl ate, 50.72 g of styrene, 350.63 g of 2-ethyl hexyl acrylate, and
1.55 g of trinethylol propane triacrylate was begun at 8.38 g/mn. .Five

m nutes after the first enmul sion feed was begun, an initiator solution
conposed of 4.36 g of sodium persulfate dissolved in 112 g of water was fed
at 0.466 g/mn. After the first enulsion feed was conpl eted, a second

enmul sion feed conposed of 147 g of water,3712.15 g of AEROSOL 18, 12.5 g of
TERA TOL NP40 (70%, 180.88 g of styrene, 90.0 g of 2-ethyl hexyl acrylate,

143. 92g -of acet oacgt : '
2-acryl am do- 2- mcﬁﬁ%%’ﬁa%%ﬁ%@g?%g% é ES‘%%{}%&\A% er 8%\%\1/3 égﬂg{r@%?e

g/ mn.. Five ghowheSFRFRn3, #vmd st feed, an initiator solution of 1.34 g of
t-butyl hydroperoxide, and 1.34 g of sodium fornal dehyde sul foxyl ate

di ssol ved i n 40. 2 Rjgwt 3wizpicts apastantrontpd plotsiofmethy hetbyldistingdoubleanbss a -

m nutes. The enu] si was cool ed,, and .45 af. a ni um,hydr oxi de % were
punped | n ov dnolion it des BEmOTa RmiEEedhiaRing et ARLTSH S oot
W re screen. o)y : | lnzﬁtn-

screen), 4.8 (lg%%Hp%ﬁdegﬁYge)s?tlz% @ﬁ}\?mg@bﬁ%&y IdglftleggE ge ?%ir“ggtlé%’g' saé\rg dra(flt e}
57/11. 6. AR ohé §498bn of 25% (dry resin on dry resin). The plots were constructed

PCT/ US97/ 08809 -32- Infrared analysis of clear filns cast over ZnSe showed.

an absor pt i osssuminge®ne i ener stoighiontetricisye o NE taenamingyi Fas thopletsy 2 lageanpl e.
5:..Preparation ogq—FS‘ﬁ"r "lg‘%o'{ﬁgéggﬁ ’ég'tl%y? ghg{?@rg\ggn%%t%%é@ < DO fjer Latex

(Mole ratio AU
Figure 4 depicts constant contour plots of methyl ethyl ketone double rubs as a

o

function of the ammonia-based enamine-containing latexes and dry film thickness.
The PEI-containing latex was added at a vdlume fraction of 25% (dry resin on dry
resin). The plots were constructed assuming a one to one stoichiometric level of NH
to enamine. For the plots, a large particle size PEl-containing latex was used. Films
were cured at 72°F (room temperature) at 50% relative humidity for 21 days.

F igufe 5 depicts constant contour plots of methyl ethyl ketone double rubs as a
function of latex particle size. The PEI-containing latex was added a volume fraction
of 25% (dry resin on dry resin). The plots .were constructed assuming a one to one
stoichiometric level of N-H to enamine. Films were cured at 72°F (room temperature)
at 50% relative humidity for 21 days. The dry film thickness was 1.5 mil.

Example 9: Preparation of Small Unstructured Enamine-Containing Waterborne
Polymer Latex

To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and
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 methy!
methacrylate, 5.38 g of 2-cthylhexyl acrylate, and 4.43 g of acetoacetoxyethyl
methacrylate. A nitrogen purgé was begun, then the contents of the reactor br;)ught

" 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



0

The procedure for the preparation ofthis latex was simlar to the |atex
preparation described in Exanple 1 except that 247.35 g of :

pol y( et hywers74s498) (50% in water) was added in place of th®CxnIserioasos’
hydroxi de solution. Mle ratio of NNH group to acet oacetoxy group was 4. 27.
The |l atex was then filtered through 100 nesh wire screen. Solids |evel,
41.6; pH, 10; anount of dried material (100 nesh screen), 3.03 g; particle
size (Dw), 58 nm latex gel fraction/swell ratio 62/5.6. Infrared anal ysis
of clear filns cast over ZnSe showed an absorption at 1653 cnierr] and 1565
cnferr] and a di sappearance of the absogfdencies at 1631 cnferr] and 1655
cnrferr] after addition of the poly(ethylenimne). After reacting the

pol y(et hyl Y 18 QLB

centri fugegg"l’égac?q’?% s@ﬁ s{q %ﬂgggggn@a %S%Rgglﬁespélﬁgg ana )E}g'l?g g’?f? € vvat er
phase showegp_ab (T8%), 139’069fg dffugethylintéthidiyla 1 02.03 ; of 2rethylkekyl Beriylate, wad er
phase. Exnple 6: Preparation of Small Core/ Shell PEI-Containing \Waterborne
Pol yner Lat8d:21(gvf asetaacétoxyethylimethacnptemas degunaideiHgimins Hive mmutes. 43.) The
procedure for the pre ratlo of .this |atex was simlar t | af ex

D epar at | o aEe BN HOR S 3145 bEWR 2B RILF IRk 01330n Rorgbesed of 13 8

pol y(ethyl %941 W&A@{){ak&%ﬁﬁ Osp {gg@%@% Redlk efs@eg/mhm:l

hydr oxi de SO ratio group to acet oacetoxy group é\glans 4. 27.

The | at ex \wier theeRorfomdr €¢edclart mithatghsohfibnrafO40ng oLt-ButyEigyiropenditids ahével |
41.6; pH, 10; anpunt of dried material (100 nesh screen), 3.03 g; partlcle

si ze (Dw), 04D pof sqdaquorgaﬂldeﬁwaesulmmmssqlm ig 12y ef \y,ateq ves ehaggsdanal ysi s

f cl f | t d 1565
o er ) and8 bettnmsRlFueAOS) BIRYEE B SRRSO WattoRted ST E L] 1E 2
cmerr] af taﬁ{m@xﬂgxhtﬂ)fapoﬁ’cie ©8%) F%Hré’f»%ﬁ&d RV 18 infibs. €The RAKIWAIhdne

pol y(ethyl eni m ne) he péndant acetoacetoxy group, the |latex was
cent ri f ugediltznsl mt'tmgh/a()ﬁmqshaea serezhy Selids level, 43.3; amount of dried material

(100 mesh screen), 0.12 g; particle size (Dn), 50 nm. Infrared analysis of clear films

cast over ZnSe showed an absorption at 1568 cm’ which represents an enamine
moiety.

Example 10: Preparation of Small Unstructured PEI-Contammg Waterborne Polymer
Latex (Mole ratio of NH group 1o acetoacetoxy group was 4.0)

To a 1000 mL resin kettle equipped with a condenser, nitrogen purge, and
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 61‘ 2-ethylhexyl 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 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-ethyihexyl acr.ylate, 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 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
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- -33- Elenental anpalysis of the water phase showed at npbst 29

pol y( et hy ¥RPHHE) renmined in the water phase. Exanple 7: epara 8 of
Large Core/ Shell PEI-Contai.ning Waterborne Polynmer Latex (Mdle ratio of N-H
group to acetoacetoxy group was 2.12.) To a 3000 nL resin kettle equi pped
with a condenser, nitrogen purge, and subsurface feed tube were added 640 ¢
of water, 4.05 g of TREM LF-40, 1.93 g of TERA TOL NP-40(70%, 7.3 g of

sodi um car bonate, 55.23 g of nethyl .nethacrylate, 4.03 g of styrene, 47.40
g of 2-ethyl hexyl acrylate, 20.15g of ae®toacetoxyethyl nethacrylate, and
0.336 g of trinethylol propane triacrylate. A nitrogen purge was begun, then

t.he cont ent forgfalddhgde anfoxglatddissoived in9.6 g oBohter watchargetDand Isating! t er
reaching 80[err]C, an initiator charge conposed of 7.70 of so |um
persul fate dontined for 30nmimites. Jherempliien wagsodetiod X6, %’1%&9

I feed d 5 f fe T L 0 f
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triacr ylga? eI-Izv\%r‘a ngdgun ak: et%ﬁ%éﬁﬁ}b Q""asamlzbl Vﬁa%ﬁ%agﬁ%%r{@é}ﬁ]gﬁﬁ r sf(mérrul sion

feed was begiesh wire screehi Sblids Lem¢1u42 87pH, k) ameuntasf died Gnageridl (5Minash
mn. After the

persul fate dissolved in 112 ¢ of s.fed at Q.

first emul ssmcﬁ)e%éﬂﬁaﬁa@ﬂ?ﬁlzét@d")’ %‘F g %@Y%@é@ﬂ%&?ﬁﬁ%‘é’d’%f 171 g
of water, 1 9 of . AE ., @il 03

of styrene %§é 519%}" %§$ Pﬂ&ly‘?r“g‘%‘?g?‘g‘{ %% %Nﬁsﬁ%cg@acet oxyet hyIg

et hacryl at gysophicheies @8 9631 crh h@ndsmbsttm: Pafbes di6ioh dﬁth% (ethylehimimeRsul f onat e
(50%in water) was fed at 8.38 g/mn. Five mnutes after the |ast feed, an

i nitiator salfter reanting the. M(gthﬁfentmlbal‘ylth Hmeaéwamtq%cetwmum glafx sodi um

for n'al de hyd(‘a”ag lcj:t!er];tgﬁ}/geg and ﬂxe wa er p asc'e ana[fyzea lglemental analysis of the water phase

showed at most 1% of the poly(ethylenimine) remained in the water phase.
Example 11: Evaluation of Films Prepared from the Polymer Latex of Example 9 and
a Blend of the Polymer Latexes of Example 9 and Example 10

Blends were prepared similar to Example 8 by adding the appropriate weight
fraction of PEI-containing latex to enamine-containix‘lg latex such that the weight
fraction of PEI-containing latexes represented a weight fraction of 25% (dry resin on
dry resin). Wet films were cast over ZnSe and cure at temperatures between 35°C and
90°C for up to 30 minutes. FT-IR analysis of the cured films showed an exchange
reaction between of ammonia-based enamine-containing particles and PEI-containing
particles during film formation. Analysis of the results showed that ammonia had
evolved from the film, and that an organic-based enamine (from the active N-H on the
PEI-containing particles) had formed on the original ammonia-based enamine-
containing particles. More than 90% of the exchange reaction was over after heating a
film for 30 minutes at 90°C. A film was cast over lenata paper 6 mils wet then heated
for 30 minutes at 90°C. The film was tough, nontacky, and had excellent block and
print resistance. When a film was prepared from Example 9 only and heated for 30

minutes at 90°C, FT-IR analysis showed no chemical reaction within the films. A



wat er was charged and heating continued for 30 m nutes. The enul sion was
cooled, and filtered through 100 nesh wire screen. Solids |evel, 46.64; pH,
8.2; anoMAI4W i ed naterial (100 nesh screen), 24.65 g; PCIVYSITNE0S z¢,
(El ectron M croscopy), 450 nm To 2500 g of this |atex were added over 15
m nutes 115 g of poly(ethylenimne) (50%. Solids, 46.6% pH, 10.4;
Particle Size (Electron Mcroscopy), 450 nm WO 97/ 45490

PCT/ US97/ 08809 -34- Infrared analysis of clear filns cast over ZnSe showed
an absorption at 1653 cnferr] and 1565 cnferr] and a di sappearance of the
absorbencies at 1631 cnjerr] and 1655 @oferr] after addition of the

pol y(ethyl eni mi ne). Exanple 8. Evaluation of Filns Prepared from Bl endi ng
an Enam nefif (frétn Exehpl\0) @ﬁw%%&ﬁp%%f@%iﬁ%&%%%ﬁﬁh%%s .
According to the Invention Blends were prepared by adding the appropriate
wei ght f r aminutes a8 90PEfor 3doninutesi Age fidmoxastnot toughiandvergnackiyni ng | atex (dry

(Exanpl o TPAARRIE 184 PechaFiton. s Aty BIERGR B ERER es o2, 4o G cont o ni ng
| atex (33.42 g P&te@ﬁf’éﬁﬁé We@eps thH\ﬁEr&tgﬁ?ﬂ@mP.faﬁfég%ﬁeg%O?HWw esin on

PEI - cont ai ni ng Tatexes repr ed a wel raction

dry resi n)lateRbs weer blehdetivsing aleboratoremixes dnd While Siifin %nd(?ﬁ%ﬂf ofdth varying..
wei ght fractions of PEI- | atex. After the blends were prepared, 1

g et
phr of SU mgﬁﬂw%in@%ﬁ’&gwased@@m@m e film iDweitingrthg Bdeage of dri ed

i dded L1 VL ] . t | uni
Chr onmt o chARAE G5 0 famteyepen 38 MiGhues Wi ot S owi gt batore a0 Fish een, 1 oven
or al | onedeak PHY Rsifttant PR Ao TRRAIASM BnAorfineRbRpérRrd Y MEFTY oPhe 50% Dried

filmthicknesses were neasured,
blends are shown in Table 4 below.

Table 3
Sample Enamine Latex | Vol Frac PEILatex | Vol Frac Surfynol
Example (Enamine Latex) Example (PEI Latex) % | 104 DPM
%
12A 1 75% 2 25% 1%
12B 1 75% 3 25% 1%
12c |1 75% 5 25% 1%
12D 1 75% 6 25% 1%
12E 4 75% 2 25% 1%
12F 4 5% 3 25% 1%
12G 4 75% 5 25% 1%
12H 4 75% 6 25% 1%

SUBSTITUTE SHEET (RULE 26)



and the sol vent resistance determ ned by neasuring the filns resistance to
met hyl ethyl ketorne double rubs. The results are-reported in Tables 1 and 2
bel ow and RvQur/@s#90-5. Tables 1 and 2 report the vol une fracPCHAISST088H '
PElI -containing |latex (Vol Frac PElI Latex). The remaining volune fraction
was made up by the enam ne- containing | atex. WO 97/ 45490

PCT/ US97/ 08809 -35- Table 1 Exanple Exanpl e Vol Frac (PElI Latex) Dry
Fil m Thi ckness, mls Cure Tenp 30 mn MEK Doubl e Rub 1 2

25 0.75/1.5 120[err]C 24/ 99 1
3 25 0.75/1.5 = 41. 120[err]C
41/ 208 1 5 25 0.75/1.5
120[err]C 651215 1 6 25 0.75/1.5
120[err] C 57/ 175 4 - Jable 4 25

.75/ 1. ] TAT & . 2
8. 72;1.2 EXAMPLE | ST1C){ Viual and Resist2 Ranges) 173 i zg
0.75/1.5 1264.8rr] C Resistt 17/83 4 |og 6 25
0.75/1.5 _ 120L-er+-6 49+80—% f 50
1.0 12A 126Ferr] C |16 143 The fli¥o$t ei ght blgnds in
Tabl e | were fanmatyzed Dg east squar, gi anal ysis. §gng resurts arg shown in
Figures 1 and 2B Fiqui&>1 depicts ddfistant contour| Blots of net Byl et hyl

| at exes and @y—tilm-thi-elress—Hha—PE—econrt-ai-ri-Rg—tatex—was—added at a
vol une fracti

L TS uUTTt

ket one doubl %lwbs asjasfunction off ;@ggnoni a- based jepam ne- cont aifni ng
|

agbof 25%<fdry resin qriddry resin). 109

12E <s oS l13s 1106 -
12F <5 N EVT : 10.7
12G 6.2 15.8 | 10.6
12H 58 1 16.1 10.7

Figure 6 depicts tensile properﬁes of thermally aﬁd ambiently cured blends of
Example 12 A versus a control latex of Example 1. | |
Example 13; Evaluation of Clear Films from Latex Blends Thermally Cured from
Examples 12

Clear films were cast on telease paper and cured ambiently for specified
periods of time in the CTH room or cured for 30 minutes in a forced air oven at
specified temperatures ranging from 75° - 120°C. The films tensile properties, film
gel fraction (FGF), film swell ratio (FSR), and Yellowness Index were determined.
The results are shown in Tables 5-7 below. Table 5 reports the tensile properties.
Table 6 reports FGF and FSR in tetrahydrofuran, (THF) and Acetone. Table 6 also
reports the volatile content (VC) of the films. Table 7 presents the Yellowness
Indices for the films at four different temperatures 75°C, 90°C, 105°C, and 120°C.
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The plots were constructed assum ng a one to one stoichionetric |evel
X2=1 represents a large particle size - -
par t PETAISS7/08809
Films were cured at 120[err]C for 30 minutes in a
Figure 2 depicts constant contour plots of nethyl

to enam ne.
PEI - cont avVQi9Wg549at ex whereas X2=-1 represents a small
PEI - cont ai ni ng | at ex.

forced-air

In the plots,

oven.

ket one doubl e rubs as a function of

| atex particle size.
| at ex was added at a volune fraction of 25% (dry resin on dry resin).

pl ots were constructed assum ng a one

PCT/ US97/ 08809 -36- to one stoichioneti g |evel

The

WD 97/ 45490

of NH to enam ne.

were cured at 120[err]C for 30 mnutes in a forced-air oven.
thickness was 1.0 mil. Table 2 Enam ngyple 5

‘PEI

Lat ex,

Vol

of NH

et hyl
PEI - cont ai ni ng
The

Filnms
The dry film
Frac

Dry Film Room Tenp MEK Doubl e Rub Lat ex, '
E‘Xlalrr?_l g i | %5’5!55‘ ua 'ﬁge%(e]lm“C Cure forS-gminﬁéﬁgss mls %r e, days- 1, 1'( é 0
2 Example | Ultimate4 1/ § Miltimate Ultimate B Initial Yiel®5 Yield
]2"'50/ 1.5 1Br%xk 15 Elong Vﬁlf_{)rk 35 ﬁlgdullu Break 51 Eﬁng '
6 - 1 25 1347 302 1.0/ 12490 122 2 3920 |96 o
‘;’g; };’7-4 4 12A 1481 < 2 |65 1 559: 12.2 L ?’%43 =| 81 2 5
33/52 4 {12 1550 5 |62 2596 222 1.|o%0s 5 | 100 2
g(l); gg 4 12C 1885 |99 T34 21.5 9561 > |89 2_

12D 1593 83 977 20.6 391.0 9.8

4 1252 457 2080 L1 151.2 716

12E 1959 155 1605 157 4822 10.1

12F 2011 129 1443 22.1 5922 8.7

12G 1661 123 1106 19.2 464.8 8.5

12H 1629 110 1016 17.7 511.6 8.7
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1

29/ 57 1
29/ 58 1
50/99 1
34/ 64 4
101/ 227 4
100/ 202 4

- 65/ 140 4

2

WO 97/45490

N O OTw

3
5
6

25
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constant contour plots of nethyl

e

25
25
25
25
25
25
25

VO S8l
PCT/ US97/ 08809 -37- The blends in Table 2 were anal yzed by | east squares

anal ysis. The results are shown in Fiqran 63 4 and 5. Figure 3 depicts
etone double rubs as a function of

t hyl

45490

1.5 21
1.0/1.5 - 21
1.0/ 1. 5 PCY/US97/08809 o1
1.0/1.5 21
1.0/1.5 21
1.0/1.5 21
1.0/1.5 21
1.0/1.5 21

S
re

t he ammoni afpased ne- cont al nl.ng I at exes and pays,.cured.at 7Z2[errJF
(r oom t enpel HETPE) %%b%o g’ﬂgﬁiﬁéﬂ umdity. The E’"-'?'(‘)’E?egf' ing gt PXL\@
added at a yol une fir Eﬁi n| e6r 25% kBRy regive on dfygr esi )rsrThe phet s we
const r uct edassu-Rg—a—ehetHto—ore—stotehtgretr+e—teve—ofiMNtto—erarre-
For the pl of $Comrol rige& particle sijfze PEIl-¢ontai ni hgg.37at e %¥@s used26 The
filmthickngss was (1.0 mil| Figurel 4 depid¢ts consf@?t contddr pl 083 of

met hyl et hy| ketond 98bubl elrubs as| a functli on of [#5ammq4d- bases!?
enam ne-conj ai ni ng |l at exes|and dryl fil mthi ckness|%%he PHI% ont a| Alhg | 3
was added af a vol yi@5%raction of 25% (dry resin pf%ry ré%ﬁﬁ). rbggplot

d A

were constrpcted as sl%;\ ng a?:? 6e to 105% St ( |1%51| orret,ﬁg% I ev (—ﬁ“qf N-|”2

1022 1.0 1039 0.26 0.97 0.13

12A 75° 93.18 6.08 277 90.25 5.28 147

0.31 0.07 0.17 0.10 1.10 0./3

90° 93.71 5.64 235 91.59 3.80 1.22

0.77 | 1.00 014 0.05 1.30 0.17

105° 93.19 5.60 1.65 92.06 4.30 1.05

0.27 0.28 013 0.16 0.57 0.17

120° 93.37 6.27 1.54 9247 4.09 0.29

0.35 0.48 0.02 0.52 0.43 0.76

12B 75° 93.27 6.55 291 91.29 4.72 2.15

05! 1.43 0.57 0.27 0.94 0.3]

90° 91.5% 4.76 - 2.01

0.69 0.37 0.19

105° 91.70 438 1.80

0.90 0.74 0.30

120° 92.47 92.47 1136 92.83 4067 1.46

0.24 0.24 0.05 0.19 0.60 016

12C 75° 092.28 4.36 2.06

0.47 0.56 0.05

.90° 91.80 4.55 1.70

013 0.69 0.11

105° 92.18 4.68 1.56

0.18 0.49 0.41

120° 91.58 5.91 1.16 92.84 5.04 . 1.26

0.76 0.74 0.54 0.10 - 0.75 0.20

12D 75° 91.46 485 2.27

0.13 0.51 0.12

90° 92.14 472 1.85

0.20 0.36 0.08

105° 92.95 5.00 1.67

0.33 0.33 0.50

120° 92.40 548 1.14 93.55 4.90 1.39

0.18 0.63 0.18 0.22 0.50 0.14

dry

tex




t o enam ne.

For the plots,

used. Filns were cured at 72[err]F (room-tenperature) at 50%relative

hum di t yWop97/45490days.
ket one doubl e rubs as a function of

et hyl

The

a large particle size PElI-containing |atex was

Figure 5 depicts constant contour plmxmsymomphyl :
| atex particle size.

PEI - cont ai ni ng | atex was added a volune fraction of 25% (dry resin on dry

resin).
| evel

of N-H to enani ne.
50% rel ative humdity for 21 days.

The plots were constructed assunming a one to one stoichiometric

Films were cured at 72[err]F (roomtenperature) at

Exanpl e 9: Preparation of Small

Pol ymer Latex To a 1000 nmlL resin kettle equi pped with a condenser, nitrogen
pur ge, ang—substrface—fega—tube—jpere—adaed—290—g—ef—water—I15~52-g 0f -
H TENOL H$220, 2.pB°g of |TERA TQ: NP-40 |(70% , 3865&% of| 96@i um aasbon e,
8.10 g of jnmethyl prethacryl ate, 5§38 g of| 2-et hyfAd&kyl ddr4/l at.efoand 4.43 g
of acetoag¢et oxyethfd® nethacrylatp. A nitjrogen pyByE wag 1043un, |then t
contents of the rleactor Qrought bp to 8(Q[err] C a0.1200 rig8¢ Aft ¢0.25 eachi ng
80[err]C, Jan inity WBdr charge cophposed df 2.30 ¢3B¥ sodi%#h per $uMdf at e
di ssolved{in 13.0 g of water was|added tjo the re&étor. |Af3enul $05a WO
97/ 45490 0° T e S.3CT/ UB%29? 08809
-38- feed|conposed of 12( g of whter, 6.155 g of |ABRosal /#8, 108769 of
TERG TOL NRy40 (7 , 153%.66 g of nethyl| nethac te, 03 ¢
2- et hyl he ;E/?}:Aacr y%e, and 84. 21} g of adetoacet )%i}%t hyl j“%t hac %@;te vias
begun at $.38 g/ njigy Fi veorknut ebgsd ter ftihgg firphy gmul s |40,@9fee1 1¥&s bggun,
an initiator solution conpgsed of pdp 3.9 |qf2sodi Jm,_perSLIgf.,@te di gsgl ved in
33.5 g of fwater Wagst ed qip;.63 536| g4y n. Fli.OQE mpyiss . |s528.. . |1i6
0.26 1.22 0.13 0.19 0.27 0.41
120° 90.98 6.70 1.23 91.84 5.45 1.14
0.59 0.87 0.45 0.23 0.93 0.14
12F 75° 92.53 673 - ]1.99 92.30 4.59 2.06
0.21 1.00 . 0.20 0.22 0.45 0.31
90° 92.04 6.50 1.11 N.75 4.23 1.41
0.09 0.76 0.33 0.08 0.25 0.21
105° 92.71 6.05 132 92.75 4.81 1.63
0.34 0.30 0.05 0.24 0.34 0.14
120° 92.53 5.15 1.28 92.90 4.92 1.09
0.56 0.53 0.38 0.26 0.53 015
12G 75° 91.40 4.83 1.75
0.29 0.44 0.31
90° 91.55 6.56 1.12 91.14 5.31 1.22
0.14 0.48 0.18 0.42 0.83 0.20
105° 92.24 5.91 1.57 91.60 553 0.80
0.12 0.31 0.21 0.40 1.20 0.30
120° 91.47 6.60 113 92.00 547 0.96
0.14 0.62 0.35 0.13 0.24 0.03
12H 75° 91.88 6.34 1.63 9142 4.22 1.55
0.75 0.18 0.24 0.34 0.44 0.3!
1 90° 91.97 552 1.36 91.76 3.90 1.48
0.78 0.52 0.19 0.17 0.10 0.}
105° 92.22 5.84 1.20 92,67 4.65 1.93
0.1 0.31 0.27 0.2¢ 0.80 0.14
120°° 91.96 531 1.30 92.00 5.43 0.92
0.10 077 0.19 0.01 0.0 0.12

Unstr u

The dry filmthickness was 1.5 m|.

ured Enam ne- Cont ai ni ng Wt er bor ne




after the nononer feed, an initiator solution of 0.40 g of t-butyl

hydr operoxi de, and 0.40 g of sodium fornal dehyde sul foxyl ate dissol ved in
12" g of WHOGT/45420 charged and heating continued for 30 nmi nREKUSIPH8809 ~ -
emul si on was cool ed, and 27.7 g of anmmoni um hydroxi de (28% were punped in
over 15 m nutes. The | atex was then filtered through 100 nmesh wire screen.
Solids |level, 43.3; amount of dried material (100 nesh screen), 0.12 g;
particle size (Dn), 50 nm Infrared analysis of clear filnms cast over ZnSe
showed an absorption at 1568 cnferr] which represents an enam ne noiety.
Exampl e 10: Preparation of Small Unstrugsured PEI-Contai ning Wat er bor ne
Pol ymer Latex (Mble ratio of NH group to acetoacetoxy group was 4.0) To a
1000 nl resin kettle equipped with a egggenser, nitrogen purge, and
subsurface feed tube were added 232 g of water, 12.42 g of H TENOL HS- 20,
2.02 g of TEREEA fg\l%40(70% ogec8 g of scqby@ car bonate 12%"(,15 g of m?t hyl
nmet hacr yl atje, §.3 o+t .r.cxy. aetyHat-e- of

acet oacet ojyet hyl jdedehacy Pdtat d.nd& nj thedtger Invier ge Wasitabeg Jhsicxt hehpétae
contents o ré or prought tio 80[qrrl Cat|400 rppy AT Tel reac in
80[err]C, 4 SEF%df aﬁafsg; gha_;_gg f??klrgnc mL E}J?z hf :ndip LT {)\prq Ufate ¥

di ssol ved i{n240. 4 [goof weinr Jasésad 3t 0 jtine2 reai:h.mr. Apixoaul sy sup fegd
conposed o f Te b.sz OfTAE " J'f——'FERG—'FG_—NF 40

(70%, 78. A% o [t 1136800 atle?23110.18% g of 44 et hiy1HExyI | B vI ait e,

and 82.36 ¢i1o¢ acdtipamcet osgwetryh,smt haar yl ag@; was bggun hizs$ 38 glgm n} Five
m nut es af tte st Enutstor—fegd—wasthegur—ar—+attHat—sot LIUII
conposed off 1P 04 ¢ 9%fssalidd ijd%¥6. § X/ of |WkBler whs!% ed p1280. 53668/ mih. -
Fi ve mi nut g5, @ften oihe el oheed,| a9 | Nighhator | sal utipp.of 0 32 g pf
t-butyl hygreperotdes Ye—6—32—eg—o+ SCdLlTFF.L

12F 8.91 238 9.12 2.5 9.53 2.9 10.76 4.18

12G 8.73 22 89 |2z 9.24 2.62 10.36 3.78

12H 8.87 234 9.09 248 | 977 3.15 10.65 4.07

1 787 | 134 7.96 1.34 8.18 1.56 8.36 1.78

2 7.28 0.75 7.44 0.83 7.44 0.82 7.7 1.12

w/SURF

2 wio 7.32 0.79 733 0.72 737 0.75 7.62 1.04

SURF '

Example 14: Evaluation of Clear Films of Latex Blends Amblently Cured from
Examples 12
Clear films were cast on release paper and cured ambiently for specified
- periods of time in the CTH room. Table 8 below demonstrates the development of
film gel fraction (FGF) and film swell ratio (FSR) in the films as they cured. The

90% confidence limits are shown in parenthesis.
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- 39-

heat i ngwaosw4ssmeed for 30 m nutes.
139.58 g of poly(ethylenimne) (50%in water) were punped in over

m nut es.

was then filtered through 100 nesh wire screen.

PCT/ US97/ 08809

f or mal dehyde sul foxyl ate dissolved in 9.6 g of water was charged and
The emul si on was cool edPaTsUHOPE09 ] C, and

15

Mole ratio of NN H group to acetoacetoxy group was 4.00. The | atex

anount of dried nateri al

nm

(100 nesh screen),

Solids |evel,
0.10 g; particle size (Dw),
Infrared analysis of clear filnms cast over ZnSe showed an absorption at

42.8; pH, 10;
54

1653 cnferr] and 1592 cnferr] and a digappearance of the absorbencies at
1631 cnferr] and 1655 cnferr] after addition of the poly(ethylenimne).

Af ter

t he wat er

phase.

reacting the poly(ethylenimne) with the pendant acetoacetoxy group,
the | atex was -centrifuged and the water phase anal yzed. El enental
of the water phase showed at nost 1% of the pol y(ethyl eni m ne)

anal ysi s
remai ned in

Exanpl e 11: Evaluation of Filnms Prepared fromthe Pol yner
Latex of Exanple 9 and a Blend of the Pol yner
Exanpl e 10 Bl ends were prepared sim
appropriate weight fraction of PEIl-

Lat exes of Exanple 9 and

o Exanple 8 by adding the
ning | atex to enam ne-contai ni ng

| at ex such—t+heat—t romrof—PE—~Tcomarm g atexes represented a
wei ght f r|dxemrien of 29@%"[‘65‘"@ resi h® B Fiip si n) 2! Dpfim YRy were cast over
ZnSe and jcure at %g)eratqggs betpgen 3pksrr] d ggid 90kgtr] C{for up to 30
m nut es. [4-R-ahpyrst-s—gi—the—efred—frAs—shoped—anrexcheanye reacti on
bet ween dfl2amoni h$isased |ddani ne} Bt ai nf-hg paliscl e$38nd PEl-cont ai ni ng
particles duri ng (015;n.f..or nadi on. | dopl ys @.5pf t h@.ay esuill(ms shpwed t hat
amoni a heag—evotvet—fromithe =t at—anorgamc-taseyl enam ne (from
the actiVel2R H on| 8% PEI|-*®ont ai E’Wg - 81.cl es)¥fad L&‘rred bn the ori gi nal
amoni a- jased enajiore- cdre®i ni ng@3arti c08s. M08 t hakt.90% pf t he exchange
reacti on Wag OVET| af.ter featl ng 'm 30 utes gt 90Jerr]C. Afilm
was cast |o&r | enhf®? papsgr 66‘6 m | >9(\;/\(/Jet t hen heat%elg s¥

(0.3) {0.5) 0.4) 1.0 (0.10) ©5)

12D 88.5 7.0 91.0 5.6 92.7 6.1
(0.5) (1.6) " (0.1) (0.8) (0.4) (1.2)
12E 89.3 7.1 90.0 6.6 91.5 59
(02) (0.6) (0.1) (0.5) ©.1) (0.6)
12F 90.2 6.4 90.6 6.6 91.8 5.6
(1.2) (1.2) (0.2) (1.2) (0.3) (0.6)
12G 90.2 72 90.5 7.1 91.2 6.4
(0.5) ©.7 (0.2) (1.5) ©.2) 0.9
124 90.2 6.5 91.4 6.2 91.3 6.1
' (0.2) (0.2) (0.3) (0.4) ©.2) (0.4)
Example 15: Preparation of Large Core/Shell Allyl/Acetoacetoxy-Containing
Waterborne Particles

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and
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
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for 30 mnutes at 90[err]C. The fil mwas tough, nontacky, and had excel |l ent
bl ock and r|nt resi stance. Wen a filmwas prepared from Exanpl e 9 onIy )
and heat e®Q¥454Y ni nutes at 90[err]C, FT-1R analysis shovveﬂcﬁg STHERC a
reaction within the films. A WO 97/ 45490

PCT/ US97/ 08809 -40- film (from Exanple 9) was cast over Leneta paper at 6
mls wet then heated for 30 mnutes at 90[err]C for 30 minutes. The film
was not tough and very tacky. Exanple 12: Preparation of Latex Bl ends from
Exanples 1, 2, 3, 4, 5, and 6 Latex blends were prepared in the ratio's
shown in Table 3 below The two | atexes4pere bl ended using a | aboratory

m xer and while m xing, one percent of a surfactant, SURFYNCL 104 DPM was

added t0 al@oldhfs ¢ thidabrol Bidughh mebesd@'a?m{/ﬁ&pﬁﬁef&racﬁnﬁégo*c af testing.

The m xtures were ro over bef ore an | s were cast

resul t ant Fihiti‘itoﬁtrsdluﬁoﬂlcampoiadloﬁstm grbﬁgpd:mmpersalfanedxssolvwmo 88 gtdfe bl ends
are shown in Table 4 below. Table 3 Sanple Enam ne Latex Val Fra

PEl Latex Wwatetwesadded to therpasten AnHuiiater solutlon(mwdeo{%é@z)o sotwanm e

(255) Lat ex) % @}{1 ﬁD?ved in ?3.77 g oftwater wasfgg%mto e reactor at 0.%36 g/mm. Te% 506

. %%_ 12C mz%u%eg&oﬁer the initiat6p ?éeg was started, anzgra%ﬂsion feed c&ﬁ?ﬁ%ei cz’tl'E 1926¢ o}: % 12D

75% water, 831 g of TREM RBHA0, 7.25 g of TERGATDIFNP-40 (70%), 107.72gof 75%

3 tﬁet(;ly] methacrylatel, O{977.89 g of styrene, 207.54 g of 2-ethylhexy! 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.
After 25 minutes, a second emulsion feed composed of 205 g of water, 15.73 g of
'AEROSOL 18, 6.12 g of TERGITOL NP-40 (70%), 251.8 g of styrene, 175.1 g of 2-
ethylhexyl acrylate, 94.94 g of acetoacetoxyethyl methacrylate, 47.92 g of allyl
methacrylate, 23.99 g of dimethylaminoethyl methacrylate, and 4.79 g of 2-ethylhexyl
3-mercaptopropionate was started at 8 g/minute. Ten minutes after the feeds were
completed, an initiator solution composed of 1.34 g of sodium formaldehyde
sulfoxylate and 1.34 g of t-butylhydroperoxide dissolved 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.
Example 16: Preparation of Small Core/Shell Amine-Containing Waterborne
Particles . ‘

To a 3000 mL resin kettle equipped with a condenser, nitfogen 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
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 fhe 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



126 4 75% 5 25% 1% 12H

4 - 75% 6 25% 1% WO 97/ 45490
PCT/ USO7WaBS0B4%1- Table 4 EXAMPLE MT ([err] Q) (Visual roTiustessssd 2
Ranges) Vi sual Resi st pH 12A <5

16 10.8 12B <5 14.1

11 12C <5 15.8° 10.8 12D - <5
13.6 10.9 12E <5 13.8

10.6 12F <5 14.8 . 10.7 12G 6.2
15. 8 10.6 12H 5 16.1

10.7 Figure 6 depicts tensile propert i°es' of thermally and anbi ent | y cured
bl ends of . le 12 A vers cont r ol tex of  Ex e.l.. Ex le 13:
Eval uat i od%?%"géf‘fa%ﬁiwwtﬁ‘%aﬁ? Bé?gﬁl%ﬁne gg%mm"ﬁla%np@ﬁﬁwawg%aanpl es
12 Cear fj r Y g’;\m ag ' r ecified
peri ods ofwz{s:ﬁné‘!\?n tﬁﬁ%ﬁ?ﬁeg%ﬁ%r% cure ISfor %wmfﬂﬁ?g? f?gﬁ%é§§?'cle83pair
oven at spelisfd SOTERGIEORINP-40 (762 1224.84 [posf nféthyl rﬁ&ﬁ{tcﬁfraie(;zﬂfbs Efdf" ms

tensile properties, filmgel fraction (FGF& filmswe ratio (FSR), and
Yel | ownes styrente 2248 gof Pecthyberd @crylate, and 2. 6 g of trimethylolpropane triacrylate

was begun at 5.24 g/min. After the first emulsion feed was completed, a second
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-ethylhexyl acrylate, and
1679¢ of acetoacetoxyethyl methacrylate was fed at 8.4 g/min. Ten minutes after the
feeds were completed, an initiator soluﬁon composed of 1.34 g of sodium
formaldehyde sulfoxylate and 1.34 g of t-butylhydroperoxide dissolved in 40.2 g of -
water was charged to the reactor and heating continued for 30 minutes. The emulsion
was cooled to less than 35°C, and 283.84 g of polyethylenimine (50%) were pumped
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 17: Preparation of Zero Volatile Organié Compound (V.0.C.) Pigment
Grind:

'A 15 gallon grind was prepared using a Premier disperser, as below, and a

portion of the grind was used to letdown each specified paint.

Material: Volume:
Water 48.00
TAMOL 1124 | : 4.00
TRITON CF-10 2.00
FOAMASTER AP 2.00
DOWICIL 75 1.00

The materials werc dispersed well. Then pigment was added under agitation:

TI-PURE R-900 200.00



The results are shown in Tables 5-7 below. Table 5 reports the tensile
properties. Table 6 reports FG- and FSR i n tetrahydrofuran, (THF) and

Acet one. WALTHM58031 so reports the volatile content (VC) of RGTEUSYTORY? Tabl e
7 presents the Yellowness Indices for the filns at four different

tenperatures 75[err]C, 90[err]C, 105[err]C, and 120[err]C WO 97/ 45490
PCT/ US97/ 08809 -42- Table 5 Tensile Properties (120[err]C Cure for 30
M nut es) Exanpl e Utinate Utinate Utinate Initial
Yield Yi el d Break El ong Wor k Modul us
Br eak Elong 1 1347 -49. 302 2490 12.2
392.0 9.6 12A 1481 65 779 12.2
ggi é‘ Aﬁ&r]%&\gg& the grin&?%sggs 7+ Hegman ngcbwater was added.79?3 44 23'72 5-'
956. 2 8.9 waler 1593 19:.0083 977 . 20. 6
891.0 9.8 4 1252 457 2080 : 1.1
151. 2 Aftar, fiitering through a Fadfio filter, the grind3eas stored. 1605 15.7
482. 2 10. F . 20 . 129 . . 1443 22.1
592 2 Lygmjlﬁé Preparatxgg@i%cnngloss Late}zéoatmgs Using Latexeg from Examples 19 2

. 464. 8. . %2 842 G %}@1 1016 17.7

1,2: 4, di6 .

511. 6 E NN S ROt B 817

The following paint letdowns were prepared using the Zero V.O.C. Grind of
Example 17 and by adding the ingredients shown in Table 9. The ingredients were
added in the order shown in Table 9.  All amounts shown are in grams. If required,
the final coating composition is adjusted to pH 9 with ammonium hydroxide (28% by

weight in water).



WD 97/ 45490

PCT/ US97/ 08809 -43- Table 6 Exanple 30 Mn  Film(in THF L
Film (i nWReT4MY) Cure ([err]C) FGF FSR vc P 97/08809 SR
VC 1 Control 75 62. 37 9.70
1.26 0. 20 0. 60 0.05 90[err] -
65. 05 9. 42 1.19 0. 21 0.35 0.05 105[err]
68.78  11.66 1.62 0. 43 0. 47 0.32 120 73.°06 15. 58
1.33 72. 04 9. 64 1.12 0. 22 1.0 0.39 0.26
0.97 0.13 12A 75[err] _5093. 18 6. 08 2.77 90. 25
5. 28 1.47 0.31 0. 07 0.17 0. 10 1.10 0.13
90[ err] 93. 71 5. 64 2. 3fubleg 91.59 3. 80 1.22 0.17
1.00 0.14 0.05 1.30_ 0.17 105 93. 19 5. 60
1.65 30 15 0. >8 o B 0.16
0.57 g fﬁﬂ o o482 Tty o 18E20 gy OlfsG) | 4.09
0.29 0.35|Bx17 0.4B13s {04002 |46 0. 9240  |0s3 [140 O] 10 12 75
93. 27 0. DD Z. 91 91. 79 4 T4 15 Ut oI 1.43
0.57 B 57 0 048 521 dr - CANE
91. 59 %46 2.01-0.69 |~ 0|3ds | 265510 |- 206.5

Ex.2 60.5 - 60.5 - - 60.5

Ex. 5 . - 68.0 - 68.0 68.0 -

Ex. 15 179

Ex. 16 68.0

Premix* 9.9 7.6 7.6 7.5 7.6 7.6 7.6

DI Water 69.0 - 54.0 46.5 32.5 250 44.5 305

RM-S - - - - 52 52

SCT 275 50 50 50 50 - -

CR2 Sol'n. 520 - | - -~ - - -

Cellosize 34.6 346 346 346 - ~-

4400 Soln

* Premix: 100 g FOAMASTER AP; 150 g FOAMASTER VF; 500 g SURFYNOL
104. )

Example 19: Evaluation of Latex Blends Ambiently Cured from Example 18
Paint compositions containing the blends of latexes from Example 1 were
evaluated for gloss, wet adhesion, scrub resistance (scrub), blocking resistance, print
resistance, stain, mudcrack, and LTC. The results are shown in Tables 10-14 below.
~ Table 10 also reports the composition of each paint.

SUBSTITUTE SHEET (RULE 26)



_/

105[ err] 91.70  4.38 1.80 0.90
0.74 - 0. 30 120 92. 47 92. 47 1.36 92.83 4067
1.46° 0.24 WO 9745499 0. 05 0.19 0. 60 0. 16 PCXUSH7/0880575
92. 28 4.36 2.06 0.47 0.56 0.05 90-
91. 80 4.55 1.70 0.13 0. 69 0.11 105[err] |
92.18 4.68 1.56 0.18 0. 49 0.41 120 91.58 5.91
1.16 92. 84 5.04 ~ 1.26 0.76 0.74 0.54 0. 10
0.75 0.20 12D 75 91. 46
4.85 2.27 0.13 0.51 0.12.890[err]
92. 14 4.72 1.85 0. 20 0. 36 0.08 105[err]
92. 95 66 467033 35 5626 9940 5148
1.14 9 1.39 0.18 0. 63 0.19 Gless 0. 22
0.50 .- b ,
PCT/ US97/ 08 25% Thickener { Cobalt 60° 20° 8d. 58
10.97 Ex.16 | RM-S YES 56 |14
SCT 275 NO | 48 10
SCT 275 NO 36 5
SCT 275 NO 58 17
SCT 275 NO 48 12
RM-5 NO 59 16
RM-5 {NO 62 22
Table 11
Paint Wet Adhesion (# days dry, D) Scrub
1D 1D 8D 15D | 15D 8day | 15day |22day
BT* |F** |BT BT F
18A 2392 |3K -
188 |3K 3K |3K 3K 3k {967 |721 |o901
18C  |3K 3K |3K 3K 3K 941 430 1000
18D 3K 3K {3K 1000
18E 3K 3K |3K 1000
18F 3K 3K |3K 3K 3K 628 | 1000
186 |2433 |3k {3k {3k |3k |74

| 1000

* BT = breakthrough; **F = failure



0.26 0.41 0.25 90 81.83
10. 13 1.27 0.17 0.94 0.25 105 ,
83.38  WOQTH540 1.45 0.15 0. 63 0. 52 120[ er r PCT/US97/08809
84. 42 9. 63 1.10 0.11 1.35 0.16 12E 75[err]
91. 84 4.10 2.01 0.30 0.21 0.24 90[err] . - 91,57
6. 22 1.56 91. 07 4.719 1.29 0.14 0.50 0.21
0.13 0.48 0.28 105[err] 91.53 6. 41 1.02 91.23
5.28 1.16 0.26 1.22 0.13 0.19 0.27 0.41 120
90. 98 6. 70 1. 23 91.84s5p. 5.45 1.14 0.59 0. 87
0. 45 0.23 0.93 0.14 12F 75[err] 92.53 6.73
1.99 92. 30 4.59 2. 1. 00 0.20 0.22
0. 45 0.31 90[err] o0 o4 ¥ oo 1.11 91. 75 4.23
1.41 0. 43 a. ~0.33 0,08 075 U i
92.71 %a%‘.‘o5 g'%mf.e%‘i‘ame- 92. 75 4,81 1.63 0.34 BO
0.05 0.24 &4 17 97. 1.28
- 92.90 4. 92 1 Day Fact¥To Face (FTHS' =giﬁ5§'h‘if§%Fa°e(ﬁFb. 25§~Sﬁ'I 0.53
0.15 126 7 4P 7 8B
1.75 0. 9 5554 2 o bl gd?! o1 32 [ 43 heated,
91.14 {184 31 |9 1922
18B 6 6 7 8 5 5 7 7 9
18C 6 7 7 4 s 7 6 9
18D 6 6 6 8 4 5 6 6 9
| 18E 6 7 7 8 5 5 6 7 9
18F 5 6 7 5 4 4 6 4 9
18G 5 6 7 5 4 5 5 4 7
Table 13
Paint Print Resistance:
1 Day FTF 7 Day FTF ASTM
] 2 7 21 1 2 7 21 | heated
18A 8 8
18B 6 6 8 10 |6 6 8 8 10
18C 6 6 8 8 6 6 8 8 10
18D 6 4 6 10 |6 6 6. |6 10
18E 6 8 8 8 6 6 8 |8 10
18F 4 |6 6 8 4 4 4 6 8
18G 4 6 8 8 4 4 6 6 8




0. 14 0.48 0.18 0.42 0. 83 0.20 105 92. 24
5.91 1.57 - 91.60 5.53 0.80 0.12 0.31 0.21
0.40 WO 97M5490 0.30 120 91. 47 6. 60 1. 1BCT/US97/0§80% 0
5. 47 0.96 0. 14 0.62 0.35 0.13 0.24 0.03 12H
75[ err] - 91.88 634 1.63 91. 42 4.22 1.55 0.75
0.18 0. 24 0. 34 0. 44 0.31 90[err] 91. 97 5.52
1.36 91.76 3.90 1.48 0.18 0.52 0.19 0.17
0. 10 0.11 105[err] 92. 22 5.84 ° 1.20 92. 67 4. 65
1.93 0.11 0.31 0.27 0 0. 80 0.14 120[err]
91. 96 5.31 1.30 92. 00 5.43 0.92 0.10 0.77
0.19 - 0.01 0.01 0. 12 pap1aM 97/ 45490
PCT/ US97/ 08809 -45--Table 7 Exanple  75[err]C 90[err] C
105[err] CI . 20] e r 1 C | Del ta ndex Delta
| ndex Paint | ¢ 5 I%’é‘i}an&eeétai"Del't "é?laﬂijar d 6L'g§
6.61 6. 62 6.58 12A |._ 10. 27
3. 74 18464 4 03 1092 NO, - T 5 44l 12B
10. 19 66 10. 3& 3.95 03 4 41 13. 6pb
7.08 12C 1§B 1172 @SR 10 12 Rgﬁs A 27 16 07 .45
22.57 18&5. 99 12D 33 9.76 ANG3 10. 31 -0.9 3.7 0. 81
4.19 |10 g 6122

18D 31 NO -0.9

18E | 34 YES

18F 33 NO _ -0.3

18G 32 NO -0.6

Example 20: Preparation of Large Unstructured Acetoacetoxy-Containing
Waterbomne Particles (Particle contains 12% AAEM)

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
(50% in 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 0f2.3 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 minutgs after the initiator feed was started,
an emulsion 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 0.52g 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



el

12E 9.12 2.59 9.3 2.69 - 9.77 3.15

10. 71 4.13 12F 8.91 2. 38 9.12 2.51 - 9.53
2.91 WwWOb0/4580 4.18 12G 8.73 2.2 PBTAIS97/08809 2. 23
9.24 2.62 10. 36 3.78 12H 8. 87 2.34

9. 09 2.48 9.77 3.15 10. 65 4.07 1

. 7.87 1.34 7.96 1.34 8.18 1.56 8. 36

1.78 2 7.28 0.75 7.44 0.83 7.44 0.82
7.7 1.12 W SURF 2 w o 732 0.79 7.33 0.72
7.37 0.75 7.62 #4 SURF Exanple 14: Eval uation of
Clear Filnms of Latex Bl ends Anbiently %ured from Exanples 12 Clear filns
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88. 3
Waterbome Particles (Particle contains 13% AAEM)

To a2 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, 5.1 1gof
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
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 after the initiator feed was started,
a monomer feed composed of 4.10 g of AEROSOL OT (75%), 88.02 g of styrene,
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
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 22: Preparation of Large Unstructured Acetoacetoxy-Contammg
Waterborne Particles (Particle contams 7.5% AAEM)
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After re

ao?%&i%mSS&sulﬂ?e 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 after the initiator feed was started,

an emulsion feed composed of 120 g of water, 9.94 g of AEROSOL 18, 7.16 g of

TERGITOL NP-40 (100%), 241.47 g of styrene, 73.02 g of isooctyl acrylate, 25.61 g C

of acetoacctoxyelhyl. methacrylate, and 0.52g of sodium 2-acrylamido-2-
methylpropanesulfonate (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-butylhydroperoxide 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;
PH, 7.4; particle size (Dw), 151 nm; Tg of Polymer, 16°C.

Example 23: Preparation of Large Core/Shell Amine-Containing Waterborne
Particles (Particle contains 12% AAEM, Ratio N-H to Enamine, 3.6)

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
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-ethylhexy! 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

persulfate dissolved in 13.06 g of water was added to the reactor. An initiator solution
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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
erulsion 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;
particle size (Dw), 167 nm; Tg, 5°C.

Example 24: Preparation of Large Core/Shell Amine-Containing Waterborne
Particles (Particle contains 12% AAEM, Ratio N-H to Enamine, 1.1)

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 gof
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,'lhcn 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
persulfate dissolved in 43.6 g of water was added to the reactor. An initiator solution

composed of 4.36 ¢ of sodium persulfate dissolved in 122 g of water was started at



s
the reactor. An initiator solution corrposed of 4 36 g of sodium persulfate
di ssol ved WO 97/ 45490
PCT/ US97/ W8808154%8- in 112 g of water ‘was started at 0. 466 RFHPSP7/08809 ¢ y
mnutes after the initiator feed was begun, an enul sion feed conposed of
355 g of water, 19.65 g of AEROSOL 18, 20.19 g of TERG TOL NP-40 (709%,
224.84 g of methyl nethacrylate, 221.95 g of styrene, 224.4 g of
2- et hyl hexyl acrylate, and 2.06 g of trinethylol propane triacrylate was
begun at 5.24 g/mn. After the first enul sion feed was conpl eted, a second
enmul sion feed conposed of 147 g of watsw, 12.15 g of AEROSOL 18, 12.48 g of
TERG TOL NP-40 (70%, 168.6 g of styrene, 80 g of 2-ethylhexyl acrylate,

and 167.9 Pt%é(r)é’/%% 28 RliRY LR thd it frd P es ¥&an] Aferdblsiondedi ni n.  Ten

mnutes a ds were conpleted, an initiator solution conposed of

1.34 g of cﬁmgbéé@dmﬁﬁ’gldfw&m k@ |gruf>a";nmd,m 10.234g of BERGITOL NP-40
t - but yl hydr oper oxi de di ssol ved i n_40. g of water was c &1 &g to the

reactor afiP%R3993¢g @bﬁ@thﬂmﬁhﬁwla&ﬂﬁﬂ B UStYranee 28 129 hexyol ed to

over 15 N aégra¥$ﬁe&“%?3§l%v§gyl?'ﬁ§°ﬁaﬁ9 IERae s Bhi 4 B AR D
Sol i ds 'eYﬁ‘éﬁ QSI&@mamoxﬁgle@d 1HR A libles (eROvAEDEA vt SEE8 bf wlteB0 0; PH,

10. 5. Infrare ysis of clear fi 1ms cast over ZnSe showed an absorption
at 1565 c@@the]tem(pemture hddas&@PCsfoaaOanamneAmoadwmlﬁsaaw&ed cPmpopetpar at i on

Vs pr epaosa7LEORFARE LT B AT, .09 BoP SRRGITBLNBA G ke ™

grind was USF &yxtege ls%téj g4 %&%13?{9?&&&1‘3@11%8 @ of acetoacetoxyethyl
methacrylate, and 1.68 g of the sodium 2-acrylamido-2-methylpropanesulfonate (SO%
in water) was fed at 8.38 g/min. Five minutes after the initiator solution feed was in,
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 than 35°C., and 121 g of polyethylenimine (50%) were
pumped in over 15 minutes. Thé latex was then filtered through 100 mesh wire
screen. Solids level, 46.6; amount of dried material (100 mesh screen), 25 g; particle
size (Dw), 450 nm; Tg, 14°C; pH, 10.4
Example 25: Preparation and Evaluation of bleﬁd Prepared Using the Latexes from
Examples 20-24

To 100 parts of acetoacetoxy-containing latexes from Examples 20, 21, or 22

were added with stirring the appropriate weight fraction of amino-containing latex
from Example 23 or 24 (dry resin of acetoacetoxy-containing latex to amino-
containing latex). Six mil films were cast over Al panels then cured in a forced-air

oven for 30 minutes. The results are shown in Table 15.



Mat eri al : Vol une: Water 48. 00

TAMOL 1124 ' 4.00 TRI TON CF- 10 . 2.00
FOAVAST RO AP45490 2.00 DONC L 75 PCT/US97/08809 1. 00
The materials werc dispersed well. Then pignent was added under agitation:
Tl - PURE R-900 : 200.00 WO 97/45490

PCT/ US97/ 08809 -49- After Cowl es, the grind passes 7+ Hegnan and water was
added: Water 19.00 After filtering through a Fulflo

filter, the grind was stored. Exanple 18: Preparation of Sem gl oss Latex
Coatings Using Latexes from Exanpl essd, 2, 4, 5, 15, and 16 and the Gind
of Exanple 17. The foll ow ng paint |etdowns were prepared using the Zero
V.O.C. Gind of Exanple 17 and by .fgﬁglilg the ingredients shown in Table 9. -
The ingredients were added in the order shown in Table 9. Al "ambunts shown
are in granms. If required, the final cgaitio@Nepgposition is adjusted to pH

9 wi th amoni um hydr oxi de (289%_@1&%}@% EthYi@t er). Methyl Ethyl
Example Example of Amine- inAmine-  Cure Ketone
Acetoacetoxy- Amine-Latex Containing Containing Temperature Double Rubs
fatex ~ Latex Latex = . (°C). .. perMil

20 23 0.255 36 150 132
20 23 0.255 3.6 140 31
21 23 0.305 3.6 150 300
21 23 0.305 3.6 140 99
21 23 0.305 3.5 125 39
22 24 0.38 1.1 150 283

Example 26: Preparation of Large Core/Shell Allyl/Acetoacetoxy-Containing
Waterborne Polymer Latex | _ |

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
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-ethylhexyl acrylate, and 0.0689 g of
trimethylolpropane triacrylatc. 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
the reactor. An initiator solution corﬁposed of 3.48 g of sodium persulfate dissolved
in 89.8 g of watcr was fed into the reactor at 0.336 g/min. Ten minutes after the
initiator feed was started, an cmulsion feed composed of 210.4 g of water, 2.75 g of
AEROSOL OT, 5.72 g of TERGITOL 15-8-40 (100%), 95.21 g of methyl
methacrylate, 157.23 g of styrenc, 183.02 g of 2-ethylhexyl acrylate, and 1.31 g of

trimethylolpropane triacrylatc was begun at 5.25 g/min. After the first emulsion feed



P

WO 97/ 45490

PCT/ US97/ 08809 -50- Table 9 Ingredient “18A 188 - 18C - 18D
18E - . 18F0 97/45486G Ex. 17 136 140 140 PCTAS97/08809
140 140 140 Ex. 1 185 185 -

- 185 - Ex. 4 : - 206. 5
206.5 - 206.5 Ex. 2 60.5 - 60.5
- - 60.5 Ex. 5 - - 68.0 -

68. 0 68.0 Ex. 15 179 EX. 68.0 Preni x* 9.9 7.6
7.6 7.6 7.6 7.6 §6DI Wat er 69.0 54.0
46.5 32.5 25.0 44.5 %SRMS

50 gﬁas completed, ﬁgﬁa&es%?rc ﬁmsed ggﬁgongger, and heating contmuec? After

- Cell 05| z 3 - 4400

Sol n + pr s minujes a Scclglc’is&éMr&lg%lEoFrel fAegé%ﬁBmd ofi38 sLyets B70g of g SURFYNOL 104.

Exanpl e 19: AERQSOIS 1 8)12.85 g bETERGETORAS- sxm(em%x 205 8eb istyrend:1 4835 geof1 8
Pai nt conmpositions containing the blends of | atexes from Exanple 1 were

eval uat ed f2ethylhexyl acndate fracetpaseioxyeduil mathaceyiatscedf8 g obrlbki ng
e N e N T
pai nt. ethylhexyl 3-mercaptopropionate was started at 8 g/minute. Ten minutes after the
feeds were compl eted', 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 0f 2.94 g of t-
butylhydroperoxide dissolved in 32.2 g of water was fed into the reactor over 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 27: Preparation of Small Core/Shell Amine-Containing Waterborne Particles

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 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. 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
after the initiator feed was begun, an emulsion feed composed of 158.4 g of water, 15.72 g of
AEROSOL 18, 11.00 g of TERGITOL 15-S-40 (100%), 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 ¢ of water, and the temperature held at 80°C for 30 minutes. The

50 -



WD 97/ 45490
PCT/ US97/ 08809 -51- Paint Conposition

G 0ss 75%0 97/45490 25% Thi ckener Cobal t 6597108809

20[err] 18A Ex. 15 Ex. 16 . RM5 YES

14 18B- 1 2 SCT 275 NO 48 10.
18C 1 5 SCT 275 NO 36 5 18D
4 2 SCT 275 NO 58 17 18E 4
5 SCT 275 NO 48 12 18F 1 5
RM 5 NO 59 6 18G 4 2

RMt 5 NO 2 Table 11 Paint Wt Adhesi on (#

ggzs dr yfegg([%?r was ﬂbeé&coglfzﬂ t§ %5",!_'.'2,31]15) an Epnatgﬁpsolumgﬁoqz 74 g gf %@D um forr%aiggxyde 3K

éﬁ B é’lﬂfoxylate dﬁgolved m31*6 g of wat&'éfand 5.05 g%f a catalyst gﬁﬁnon coxﬁg(;sed of 895@/} 18C
3K Skon §1))] sulfatc chelated thh ethylen&dlemmt:&Etracetlc 2kid were ad&ld to the @kctor. A

1000 18F 3K . e(i%K 3K 3I§ 3K 628 1000 18G
2433  %fond emulgion feed comyposed of 1384 g of watery9.72 g of AFROSOB8-699 &0 hr ough;

"t = T arERIATOL 15-5-40 (100%), 191.90 g of styrene, 43.25 g of methyl methacrylate, 143.92 g
of 2-ethylhexyl acrylate, 95.95g of acetoacetoxyethyl methacrylate, and 9.45g 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,
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; pérticle 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.

Example 28: Preparation of a low pH blend using the Latexes from Examples 26 and 27

To 233.1 g of Example 27 were added with stirring 700 g of Example 26; pH, 10.5.
While stirring the blend of Example 26 and 27, 25.2 g of ammonium bicarbonate (25% in
water) was added. The pH was 9.2. Samples of this blend were stable at 60°C for greater
than 14 days.



WD 97/ 45490

PCT/ US97/ 08809 -52- Table 12 Pai nt Bl ock Resistance: 1 Day Face To
Facte (FTF)WO974589®ay Face To Face (FTF) ASTM 1 2 PCT/UB97/08809 27
1 2 7 21 heat ed 18A 9 9 18B 6 6
7 8 .5 5 7 7 9 18C 6 6 7
7 4 5 7 6 9 18D 6 6 6 8
4 5 6 6 9 18E 6 7 7 8 - 5
5 6 7 9 18F 5 6 7 5 4 4
6 4 9 18G 5 6 -61- 7 5 4 5 5
4 7 Table 13 Pai nt Print Resistance: 1 Day FTF
7 Day FTF E,zgﬁg]e 29: Preparation of’ ASWW&latlle Org%mc Comp&md (V. 01.’1) PlgmenﬂGnnd 2 -
7 21 eat ed Ef 10
6 6 A grind wa& prcparedlmsmg;g;Prem:er dxsgerser as ts:low and aa)ortxon oﬁ;he grind 6
6 8 E 4 6 10 6 6
6 6 was uslzg tq{pgiown each specified pgnt 8 8 6 6 g
8. . 4 6 6 8 .4 4 4 6
8 18G feal: ¢ 8 8 4 Yolumg: 6 6 8

DI Water 120.0

TAMOL 1124 | ' 12.0

TRITON CF-10 6.0

Propylene Glycol 6.0

FOAMASTER AP 6.0

The materials were dispersed well and then was added under agitation:

TI-PURE R-900 600.0

After Cowles until the grind passed 7+ Hegman, then water was added:

Water 37.5

Example 30: Preparation of Low V.0.C. Paints using Latex from Examples 26 and 28

Paint Letdown:

Material: Weight (g):

Ex. 30A Ex,. 30B Ex. 30C
Latex - Example 26 Example 28 Example
28 '
Example 29 Grind 137.02 138.02 : 137.02
Example Latex 216.0 238.68 238.68
Texanol - 6.5 6.5 6.5
FOAMASTER AP)Premix 1.04 1.04 1.04
FOAMASTER VF) 1.56 1.56 1.56

5% Cobalt Hydrocure II) 234 234 -



WD 97/ 45490 PCT/ US97/ 08809

-53- Tabl e 14 -Pai nt Cumul ative Stain Mudcr ack .LTC
18A WO 97/45490 NO - 0.peTHo8 7108809

35 YES 18C 33 NO -

-0.9 18D 31 NO -0.9 18E

34 : YES 18F 33 NO

-0.3 18G 32 NO -0. 6 Exanple

20: Preparation of Large Unstructured Acetoacet oxy-Containing Waterborne
Particles (Particle contains 12% AAEM, To a 1000 nlL resin kettl e equi pped
with a condenser, nitrogen purge, andvSubsurface feed tube were added 294 g
of water, 1.34 g of TRE 1.79 g of TERG TOL NP-40 (100%, 2.044 g of--
sodi um Cg‘pﬁawergr@sﬁecgﬂwggsgmgéhgl 6@"‘@‘“&1‘“"’23 8ddedt hexyl acrylate, and
0.01 g of sodium 2-acryl am do- 2- et hyl propanesul fonate (50%in water). A
nitrogen purge was begun, then the contents of the reactor brought up to
80[err] CR2¢8) rpm After reachi ngs.B®[err]C, an is8jt6i ator sol uti g8 16
conposed of 2.3 g of sodium persulfate dissolved in 13.0 g of water was
added t o (506 agueaitsdy. weight) ni ti at or sol uti on conposed of 1.3 g of sodium

persul f i ssolved in 34 g of was fed int he react or
g/ mn. '?'tivﬂ‘lﬂutes after the m&% r feed was 583 an ermlmgrpfeed

corrposedAg{mgng g of water, 9.94 gg¢ AERCSCL 18, 7. 16 g of
(28% aqueous by wclght) | _
CR2 o . 2426 7.36 759
(60% aqueous by weight)
Resulting pH: 8.55 8.65 8.79
KU Viscosity: | 88 104 99
ICI Viscisity (P) | 209 209 1.90
Brookfield Viscosity* (cP) 5,760 11,240 : 8480
*spindle 3 at 3 rpm

Paints 30A, 30B, and 30C were evualted for gloss, color, scrub resistance, alkali resistance,

blocking resistance, and print resistance. The results are shown on Tables 16-20.



=
TERG TOL NP-40 (100%, 186.6 g of styrene, 115.63 g of 2-ethyl hexyl
acrylate, 40.81 g of acetoacetoxyethyl nethacrylate, and 0.52g of sodi um
2- acryl anivwi@9@4549t hy| pr opanesul fonate (50% in water) was fRETUEIHBIP
reactor at 1.72 g/mn. Five mnutes after the feeds were conpl eted t hen an
initiator solution conposed of 0.4 g WO 97/ 45490
PCT/ US97/ 08809 -54- of sodium persulfate and 0.4g of sodiumnetabisulfite
di ssolved in 12 g of water was added to the reactor and heating continued
for 30 mnutes. The latex was then filtered through 100 nesh wire screen.
Solids level, 42.6; anmount of dried matgati al (100 nmesh screen), 0.20 g;
particle size (Dw), 153 nm Tg of Polymer, 14[err]C Exanple 21:
Preparation of Large Unstructured Acetopgft9gy- Contai ni ng Wat er bone
Particles (Particle contains 15% AAEM To a 1000 nL resin kettle equi pped

with a con erl, i trp pur, and sy e feed added 351 g
of water. prok d Gt chesd Mo 377 SRR 1 %%%0%, 2.05 g of
sodi um car onate,608.0_58 babf $Dpysdhe, 11.)68hesicpiDagsTyyhyThByl acrlyl ate, and
2.68g of spdiumj2-acry|am do ZiDrret b | propqﬁesulfgﬂate (50%in wdter). A
ni trogen p +her-eort-ght-s—of—t-h ht up to
80[err] C ag30400 [ri3/m Af?SeJﬂ-r a&hl ngTBO[ér&?]lSJ dreesmi tf &8%r sol utli on
conposed of 2.3 |g of saglkym ersul fate dissol vgd,ipn 18.0 g of wgter was
added to the redctor. An Initiator|sol utfion corposed f 1.3 g ofl sodi um
persul fate| di ssdl ved i p2-84 glof wafer wgs fed ijnto the reactor 4t 0.16
g/mn. Ten NuUt[es .af { AL Qr 1 rijed,. a nonorner feed
conposed of >%. 14 63’2gf Ao 5@T 7 505 d d 23 194e/f'1 22106 g of
2- et hyl hexyl acrjyl ate,|%36,01¢ of afcet oacellstikyet hyd)o+rret hacryl ate,| and
4.26
_ 30C 67/22 97.49,- | 441 982 1236/ 3000+ | 1.4%
2.15, 1814 3000+
4.05
Table 17
Paint Blocking Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)
{ipp |ipd {0iD |20 (WD 7DD
30A 4 3 4 4 5 4
30B S 4 5 5 6 7
30C 5 5 2 5 6 7

 SUBSTITUTE SHEET (RULE 26)



0. 26g of sodi um 2-acryl am do- 2- met hyl pr opanesul fonate (50%in water) was
fed into the reactor at 1.72 g/mn.
conpl et QO 9V4K9 an initiator solution conposed of 0.4 g OPCHUSS78309

persul fate and 0.4g of sodium netabisulfite dissolved in 12 g of water was

added to the reactor and heating continued for 30 m nutes.
then filtered through 100 nesh wire screen.

dried material (100 nmesh screen),

Pol ymer,

Five mnutes after the feeds were

Solids |evel,
0.10 g; particle size (Dw),

The | atex was
47.6; amount of

122 nm Tg of

-28[err] C. Exanple 22: Preparation of Large Unstructured
Acet oacet oxy- Cont ai ni ng Waterborne Pguticles (Particle contains 7.5% AAEM
PCT/ US97/ 08809

WO 97/ 45490

-55- To a 1000 nmlL resin kettle equi pped with a condenser,
and subsurface feed tube were added 294 g of water,
1.79 g of TERG TOL NP-40 (100%,

nitr
1.34 g of

2. O4able p§ sodi um car bonat e,

ogen purge,
TREM LF- 40,
12.71 g of

styrene, _3.84 a of isooctvl acrylate. and 0.014 g of sodium
2- acryl grg,ge- 2- met hyl pg G5 e Bl trogen purge was
begun, t?g%pt he—coht-en Eic%{; Dn*ég ,ﬁ’,@ﬁﬁ/ d}ﬁm&%ﬁ%mlﬁm}‘p”“ at 400 rpm
Af ter rdaching 80[err]n? an |n|t|at D sol uti on cormmsed of 2.3 g of sodium
persul f gredirssotved [T 13-0 g of Ter wWas addegtotheTeactjior. An
initiatdrr®ol ution conbosed of 1.3 of sodi um pdr&ul fate dissolved in 34 g
of water|3ggs fed into|l 4§ he reactor a*t40 16 g/mn. |Ten mnutes gfter the
i ni ti at g—eed—was—stprt-edr—aR—erHser—+-eed—coAdos of "water,
-9.94 g Jf0AEROSOL 18,{4.16 g of TERA TOL NP-40 (Ja0%, 241.47 |g of styrene,
- 73.02 g of 1sooctyl acrylate, 25.61 g of acetoacetoxyethyl methacryl ate,
~and 0.52g of sodium 2-acryl am do-2-
Table 19
Paint Paint Resistance: Days (D) dry - Days (D) Face-To-Face (FTF)
ID-1D 1D-7D 2D-1D 2D-7D 7D-1D 7D-7D
30A 2 2 4 4 4 2
30B 8 6 8 6 8 4
30C 6 4 6 4 8 4
Table 20
Paint Paint Resistance: Days (D) dry - 30 Minutes FTF at 120°F
1D 2D 7D
30A 4 6 6
30B 8 8 6
30C 6 8 8

Example 31: Preparation of Small Core/Shell Acetoacetoxy-Containing Waterborne
Polymer Latex

SUBSTITUTE SHEET (RULE 26)



met hyl propanesul fonate (50%in water) was fed into the reactor at 1.72
g/mn. Five mnutes after the initiator solution feed was in, an initiator
sol uti on W@IH4H0 g of sodi um f or mal dehyde sul f oxyl ate and PCEHAISY7/8§809

t - but yl hydr oper oxi de di ssolved in 12 g of water was added to the reactor.
The latex was then filtered through 100 nesh wire screen. Solids |evel,
43.8; ampunt of dried material (100 nesh.screen); 3.3 g; pH 7.4; particle
size (Dw), 151 nm Tg of Polymer, 16[err]C Exanple 23: Preparation of:
Large Core/ Shell Am ne-Containing Waterborne Particles (Particle contains
12% AAEM Ratio N-H to Enami ne, 3.6) dq a 1000 nL resin kettle equi pped
with a condenser, nitrogen purge, and subsurface feed tube were added 192 ¢

Soalum car bondices S0 B elfle efoibbeduith s Koyl ol it 5,

g of 2- elrkndl tiwxWereddd¥d awg o whitrB9? g oF HIPEROIOHBI 200 234 gl s PER GIAHE Npand
6. 04 g of acetoacetoxyethyl nethacrylate. A nitrogen purge was begun, then
t he cont 681(20%), 58#g pEammonivinx biggiponate, 261489 pEmejh®l atethtdylatp 35 g ofr

hi 80[ er- , i nitiat | ut i ed of 2.31 g of sodium
per sul { aEERe et 2 +iye Splfievian 2GS faaeaoipiopand witeite. A

~initiatog; '
PCT/ usg75‘8@’?8555‘%W%%‘?$§é’§§§é§@%%‘f“‘3 of the seagtor brought up to BG40 Tpmy | ) 34

g of wat erfterpeaching 8080, antinitiatod solution compPbsed\of Bl 18U 6Sanhbsitind f@silfutd i at or
feed was begun, an enul sion feed conposed of 106 g of water, 3.51 g of TREM

" LF-40, 3dissolyedin 3184z vEwatgpwas addmbty thewactar. gAn initistohsalution ¢ompasedné, 7. 44

0, o oA B SPGB i,

- 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
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 (1I) sulfate chelated with ethylenediamine tetracetic acid were added
to the reactor. A second émulsion feed composed of 138.4 g of water, 9.72 g of AEROSOL
18, 9.98 g of TERGITOL NP-40 (70%), 191.90 g of styrene, 45.6 g of methyl 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-butyihydroperoxide feed was
completed, heating was continued for 30 minutés. 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 32: Preparation of Small Core/Shell Amine-Containing Waterborne Polymer Latex



the first emul sion feed was conpléeted, the feed |ines were washed with 80 g
of water, and the tenperature held at 80[err]C for 30 m nutes. A second .
emul si onW@2WM5d¥hposed of 53 g of water, 3.84 g of AEROCSOPQBUSINNSR9g Of
TERG TOL NP-40 (70%, 63.31 g of styrene, 24.0 g of 2-ethyl hexyl acryl ate,
37.13 g of acetoacetoxyethyl nethacrylate, and 0.50 g of the sodium -
2-acryl am do- 2- et hyl propanesul fonate (50%in water) was fed at 8.38 g/ mn.
Five mnutes after the initiator solution feed was in, an initiator
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 of water was added to the reactor.
The enul sion was cooled to | ess than [err]C., and 69.51 g of

| yet hyl i m 09 d i 1 i nutes. The | at th -
PPl Yered ¢nr odgre A8bmhatiin fefl Biipeeh wiH copderbey Bitoes PHEe, FHADSGRcA | o
mat er i al fééggrﬁr% SAEES00 g 0P whier Ko gafm?tﬁom%gé,l%s SETERBITOL NP-40

5[err]C e 24: Preparation of Large Core/ Shell Ant ne-Containing
Wat er bor (20%R 73 g bEsodfiRacaibohatec3N6AE of mERHH ABidcryRas,idd dofityrend33H -
1.1) To a 1000 nL resin kettle equipped with a condenser, nitrogen purge,
and subsgthylheayf acerlateund 33 € 05@3@68151@@1)&8 tiigerzlate. 4A pRrogen purERAsL F- 40,

. - 9 . dj .
Trethy? miesa e onéls O ereacky bufhudtt y5 % 50C S W0 BRR, Al iabhind sPi5 .
0.33 g obnikitistet SothGbPéRFsed bf 770 dfabiunPpédsiiRiteldissoRfeddn a8 33 GEdfavatat hy!

met hacryl ate. A nitrogen purge was begun, then the contents of the reactor
br ought wyasrdd@ipdhe feactar. AoMitiptor soihtien compashd nfj2.80 gof sddinmepersulfate at or

sol ution conposed of 7.0 of saodiu rsul fate di.ssolved jn, 43.6 f
Vater wadisEEIn 67 & fEwpiEpes st af OFF pipiey Ty ainens ebmsbe ue Beds g of
sodi um pgreuLi Al 6n A RPin'REd Eompoedbrab2 WalrSratclofo 65 £bf RRRUSOL 18,1965
of TERGITOL NP-40 (70%}, 138.01 g of methyl methacrylate, 185.88 g of styrene, 139.41 g
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,
and an initiator solution of 3.42 g of sodium formaldehyde sulfoxylate dissolved in 20 g of
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 1 73 g of water, 12.15 g of AEROSOL 18, 12.48 g of TERGITOL NP-40 (70%), 239.88 g
of styrene, 54.06 g of methyl methacrylate, 179.91 g of 2-ethylhexy! 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
emulsion feed at 0.14 g/min. After the t-butylhydroperoxide feed was completed, 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 scrcen. Solids level, 44.7; amount of dnied materiél (100 mesh

screen), 1.3 g; particle size (Dw), 56 nm; pH, 10.5.

Example 33: Preparation of a Jow pH blend using the Latexes from Examples 31 and 32



-

WD 97/ 45490 ' PCT/ US97/ 08809
-57- 0.54 g/min. Thirty minutes after the initiator feed was begun, an
ermul si on f W@ X¥MIBsed of 355 g of water, 11.7 g of TREM LF- XETUSITH880Y of
TERG TOL 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 trinethyl ol propane
triacrylate was begun at 8.38 g/nin. After the first enulsion feed was
conpleted, the feed lines were washed with 80 g of water, 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 AEROSOL 18, 5.09 g of TERG TOL NP-40
(709, 211 g of styrene, 80.0 g of 2-ethyl hexyl acrylate, 123.8 g of

acet oacet oxyet hy C . N . ' . .
2-acryl am do- 2- rrt? Eg{‘giogp%ﬁr@?@?%‘zrgf gee a?gﬁ‘?/ov}l?&n’ s\%\‘ﬁ“&@@\é@?’éﬁ“@? 3&?%@’ b(}:rsn n.
Fi ve mi nut egalelstifridd¥8e bithll bR ERAmpIe!31tand32{ 250 gVéFaninioniih Bicirboite(25% in
solution of 1.34 g of sodium fornal dehyde sul foxylate and 1.34 g of t-
but yl hydr opwatex)i s aiided olThepH iwas Q. Sagnplés ofthisrblensswerd dtabllct as 60RE foregxedter .
The enul sion was cooled to | ess than 35C., and 121 g of polyethyl eni m ne
(509 were HaRP8days over 15 ninutes. The latex was then filtered through

100 nesh wi n; I: £05 f dried material (100 -
mesh screen%&% [I)igr %%ﬁoi%??%’f%gﬂﬁgge g, l4[err]C pH, 10.4
Exanpl e 25: Prepgsabd pansetihElatdxséendfomfExahple 3 Povensddded Withiriihg 54qiaes of
from Exanpl es 20-24 To 100 parts of acetoacetoxy-containing |atexes from

Exanpl es 20TEXANGQL. Afteppyeatixtinebovwsormiifilmsivege casbovgsiensts panes the filns air

[ octl on, of Bl B0 Sonk el 15, balF dROR I3 bl bl BBy S e

\gﬁreer ggﬁ lt : g%g:ge,é é&s%galn%ﬁ:fimﬁr g gpzo%fgmni o efhah 81 InSAae Were pfided B8h tRDsurfa bethe

o cured films, then covered for 1 hour to prevent evaporation of the drop. After 1 hour, no
effect of water or the ethanol solution was observed on the film. This test demonstrates that
 the cured films have outstanding water and ethanol resistance.
Example 35: Preparation of small acetoacetoxy-containing 49/51 (w/w) core/shell polymer
particle. o
Duplicate runs of Example 35 were prepared and blended to make a master batch.
To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface feed
tube were added 900.5 g of water, 49 g of HITENOL HS-20, 1.987 g of TERGITOL 15-S40
(68%), 31.9 g of methyl mcthacrylate, 44 g of styrene, 33 g of 2-ethylhexyl acrylate, 1.1 g
trimethylolpropane triacrylate, and 7.3 g of sodium carbonate. A nitrogen purge was begun,
‘then the contents of the reactor brought up to 80°C at 350 rpm. After reaching 80°C, an

initiator charge composed of 7.54 g of sodium persulfate dissolved in 43.55 g of water was
added to the reactor. An emulsion feed composed of 245.5 g of water, 19.65 g of AEROSOL
18,20.23 g of TERGITOL 15-§-40, 134.76 g of methyl methacrylate, 185.88 g of styrene,
139.41 g of 2-ethylhexyl acrylate, and 4.647 g of trimethylolpropane triacrylate was begun at
5.248 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 0.336 g/min.
After the first emulsion fecd was completed, the feed line was flushed witﬁ 20 g of water and

the reaction was held at 80°C for 30 minutes. Then a second emulsion feed composed of 169



WD 97/ 45490 - PCT/ US97/ 08809

-58- Table 15 Ratio of NH W. Fraction to Enam ne ' Met hyl . Et hy]
Exanpl e wdvasgdoe of Anmi ne- in Am ne- Cure PCTAE$99/08809 '
Acet oacet oxy- Am ne-Lat ex Contai ning Containing  Tenperature Double
Rubs | at ex . Lat ex Lat ex : ([err] O per
M1l 20 23 o 0. 255 3.6 150 132 20 23
0. 255 3.6 140 31 21 23. 0. 305 3.6
150 300 21 23 - 0.305 3.6 140 99
21 23 0. 305 3.5 ' 125 39 22 24

0. 38 1.1 150 'fgé Exanpl e 26: Preparation of Large

o reat efrre 6 B3ERREN SRINRN BN ORGES 00 St ™
. T )

Tera oL $0r SRR P VIat, Ep 9 BE chnBieil ylaley E1Y4 e abbipakelliylndt

met hacr yl aethaclald, 19 .8X g of the sodinmR2-6&ryntifdo-2-methylpheaybsudfonate 156% iR Mdter)

0.0689 g of trineth Iolgropane triacrylate. A nitrogen purge was begun,

then the anshb.¢Rgofdrewpius Ledi Grderanmaihvayfediay S 248 gfminC Atersbolastdeed, Aht er
reaching 80[err]C. gn.initiator .on co sed, of 6.16 f sodi um
per sul f at &2 '%%Fﬁ/’é%d if?fqigd’.l%‘)f?e aggb%kl{;p %@gﬁgg(ﬁ Py %n?’g_ RAnutegn
it at or g i reR T IRUWEL® Witk I ofS PYiof BBt halitn S0 3Whd 0.5
g of iron (II) sulfate. Over the next 30 minutes, a solution of 0.72 g of t-butyl hydroperoxide

in 20 g of water was fed into the reactor while heating continued. The emulsion was cooled,
and filtered through 100 mesh wire screen. Forrun 1: solids level, 44.59; amount of dried
material (100 mesh screen), 2.49 g; For run 2: solids level, 44.97, amount of dried material
(100 mesh screen), 1.81 g. The combined batches had a solids level of 44.53, a particle size
of 71.0 nm (Dw) with a monomodal distribution. |

Example 36: Preparation of large acetoacetoxy-containing 65/35 (w/w) core/shell structured
polymer particle .

Fourteen replicate runs of Example 36 were prepared and blended to make a master batch.

The following preparation was used.

To a 3000 mL resin kettle equipped with a condenser, nitrogen purge, and subsurface feed
tube were added 600.6 g of water, 1.62 g of HITENOL HS-20, 1.98 g of TERGITOL NP-40
(70%), and 7.3 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
7.705 g of sodium persulfate dissolved in 43.55 g of water was added to the reactor. An
emulsion feed composed of 355 g of water, 3.26 g of AERSOL OT-75 (75% in water), 10.51
g of TERGITOL 15-5-40 (70% in water), 382.85 g of methyl methacrylate, 111.38 g of
styrene, 266.37 g of 2-cthylhexyl acrylate, and 1.75 g of trimethylolpropane triacrylate was
begun at 4.59 g/min. Five minutes after the first emulsion feed was begun, an initiator
solution composed of 4.36 g of sodium persulfate dissolved in 112.22 g of water was fed at
0.294 g/min. Afier the first emulsion feed was completed, the feed line was washed with 50 g
of water and the reaction was held at 80°C for 30 minutes. Then a second emulsion feed
composed of 172.5 g of water, 10.93 g of AEROSOL 18, 5.27 g of TERGITOL 15-S-40,
178.31 g of styrene, 66.56 g of 2-cthylhexyl acrylate, 141.45 g of acetoacetoxyethyl



in 89.8 g of water was fed into the reactor at 0.336 g/mn. Ten m nutes
after the initiator feed was started, ‘an enul sion feed conposed of 210.4 ¢
of wat er , W® 97854900f AEROSOL OT, 5.72 g of TERG TOL 15-S- 40 KCud0Sdy/0885. 21 ¢
of methyl nethacrylate, 157.23 g of styrene, 183.02 g of 2-ethyl hexyl
“acrylate, and 1.31 g of trinethylol propane triacrylate was begun at 5.25
g/mn. After the first enul sion feed WO 97/ 45490

PCT/ US97/ 08809 -59- was conpleted, the lines were rinsed with 60g of water,
and heating continued. After 25 m nutes, a second enul sion feed conposed of
138 g of water, 8.74 g of AEROSOL 18 .85 g of TERA TOL 15-S-40 (100%,
225.8 g of styrene, 153.5 g of 2-et hy? exyI acrylate, 47.97g of

i et ﬁﬁfa"‘msemﬁf'ﬁk 45 198 e efsodiiin Shebly it S enVibdR et Bbsine (Shobin ¢
3- mer capMHRIDPRY Qi 7vﬁ%mbtéﬁﬁfe‘beé%5t feed/ thﬁmﬂcaon was heidifot k&nﬁlﬁuterattﬁméCf eeds
ST, Comalatdicuion e gt sl A B4
32.2 g of’?ﬁ%&“%ﬁ‘?ﬂr@ﬁ trd 8" %é 8 yatefiand Psi2 &@Tlmn @h Sélfﬁﬁso te r&xB% i ron
(11) sul pifwes asbonitios ofiol72 @6%1&91&@@@%18@H2¥P§5f@a@? Was Y8 frpided o

522 o ofoasisr S EgieaPlinged TS Bupiion Wa olds il Aersd trveh 180 sveshas
t hen fi | tiessdreehr ough 100 mesh wire screen. Solids |level, 46.9; pH, 7.6;
aroun RSB bl o RGPS, e BB A PR 1T
Parti cl emOﬁgmadQ(mﬁn hutigresThe n@etlctlbsaamanapwﬂasx\nhb lhaspberdy G B tranSinki ssigie n
purge, agEcEiPRirb&oBy. After blending, 5.116 g of PROXEL GL (biocide) was added to the
masterbatch.
Example 37: Preparation of Jarge core/shell amine-functional particle from Example 36.
To 2500 g of the latex of Example 36 were added over 15 minutes 72.52 g of LUPASOL G35
poly(ethylenimine) (50%). Total solids 46.66. Infrared 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). |
Example 38: Blend of latexes for Example 35 and 37.
756.8 g of the acetoacctoxy-containing latex from Example 35 was weighed out. While
stirring, 2166.74 g of the amine-latex from Example 37 were added, then 31.58 gof
TERGITOL 15-S-40 (70% in water) (this was added to make the blend stable to coalescing
solvents used in example Y5 below), and then 62.75 g of ammonium bicarbonate (25% in
water). Total solids of the blend was 45.4%, visual MFFT of 28°C, resist MFFT of 36°C,
vnscosxty of 19.5 cps, pH of 9.2.

Example 39: Clear coating formulation using Example 38.
The Example 38 blend was made into a clear coalescing formulation as shown on the table
below.

The clear formula was allowed to equilibrate at least 24 hoﬁrs before using,

Tablc 21: Clear Coalescing formulation for Example 38

Ingredient: Weight (grams):
Example 38 : 200

Premix - 12,9



feed tube were added 720.4 g of water, 39.2 g of H TENOCL HS-20, 1.08 g of
TERG TOL 15- S-40 (100%, 5.84 g of sodium carbonate, 26.14 g of nethyl
met hacr Wwebr4s4@b. 2 g of styrene, 26.4 g of 2-ethyl hexyl apepvssmssgnd 0.264
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[err]C, an initiator solution conposed of 6.16 g of sodium persulfate
di ssolved in 34.84 g of water was added to the reactor. An initiator
sol ution conposed of 2.08 g of sodium persulfate dissolved in 53.6 g of
water was started at 0.336 g/ mn. Th;(i)ty mnutes after the initiator feed
was begun, an enul sion feed conposed’of 158.4 g of water, 15.72 g of
AERCSOL 18, 11.00 g of TERA TOL 15-S-40 (100%, 110.4 g of nethyl
net hacr?W@lBl‘g’%PMf styrene, 111.52 g of-82-ethyl hexyl acrylate, and
1.12 g of trinethylol propane triacrylate was begun at 5.24 g/nmin. After the
first emul sion feed was conpleted, the feed |ines were washed with 80 g of
wat er, @pgmixhe tenperature held at 80[err]C for 30 minutes. The WO
97/ 45490 PCT/ US97/ 08809
-60- reEASIMANSEBhen cooled to 65[err]C, and8an initiator solution of 2.74
g of sodjum fornal dehyde sul foxylate dissolved in 16 g of water, and 5.05 g
of a cafrgwo%l ution conposed of 0.5%i ron4-?l |) sulfate chelated with
et hyl enedj . amma:t ghpaceti c acid were added tg,the reactor. A second
enmul si oﬁmf‘%{eﬂd ?oérrggged of 138.4 g of water, '.272 g of AEROSCL 18, 6.99 g of
TERG TOL 15-S-40 (100%, 191.90 g of styrene, 43.25 g of nethyl
nmet hacryl ate, 143.92 g of 2-ethyl hexyl acrylate, 95.95g0of- - - >
acet oacé(ad;@;mmy flupsshemical weitiag, lgweling apddlays carye! agemt phthe company 3M -
2-acryl am dq- 2-jyet hyl.propanesul fonate (50%in water) was fed at 5.24 g/ mn.
A sol ut F@‘}r?%g?%ﬁﬂ?g‘i‘“%}S‘%*‘“{)e?Bﬁ?%?Fﬁ?W peroxi de dissolved in 32 g of water was
fed into the reactor during the second enmulsion feed at 0.14 g/mn. After
t he t-butyl hydroperoxi de feed was conpl et ed,

: Table 22: Tensile properties for Example 39

Treatment Ultimate Ultimate | Energy to Initial Yield Yield

Breaking | Elongation Break Modulus Load Elongation
Load (%) (in-1b/in’) (ksi) (psi) (%)
(psi) _
4 days dry 2454 215 - 1761 438 329 53
10 days 2869 178 - 2001 12.6 509 30
dry
60°C** 1622 197 1029 1.2 188 52
126°C** 3516 138 2902 54 1760 9

**samples were air-dried for 2 hours then baked at specified temperature for 15 minutes -

Example 40: Pigmented coating formulations using Example 38.

Table 23: Initial Brush or Roller-type TiQ, formulations using Example 38

Grind 1 Ingredient; ' Weight (grams):
Water : 125



heating was continued for 30 m nutes.

35[err]C.,

| evel, 44.6; anmount of dried materi al

size (Dw),

Exanpl e 26; pH, 10.5. Wile stirring the

The enul sion was cooled to | ess than

and 122 g of polyethyl enimnmne (50% were punped in over 15
M nutes. WO 974549 was then filtered t hrough 100 nesh wire SEFESI7/0888% ds

54 nm- pH, 10.5.

(100 nesh screen), 1.1 g; particle

Infrared analysis of clear filnms cast over ZnSe
showed an absorption at 1565 cnferr] which represents an enam ne noiety.
Exanpl e 28: Preparation of a | ow pH blend using the Latexes from Exanpl es
26 and 27 To 233.1 g of Exanple 27 were added with stirring 700 g of

bl end of Exanmple 26 and 27,25.2 g

of ammoni um bi.carbonate (25%in water) was added. The pH was 9.2. Sanpl es

of this blﬁgﬂfﬂﬁ&%@ﬁ,ﬁdat 60[err]C for greater %%n 14 days. . WO

97/ 45490

PCT/ US97/ 08809

-61- Exarrgbg @9:-ARrpwanat i on of Low Vol atile OrganijgsConpound (V. O C.)
Pigment Gi nd A grind was prepared using a Prem er disperser, as bel ow, and
a portion NH,QHe gri@3&%Mwas used to | etdown each spédified paint. Mterial:

Vol unme: DI
12.0 TR T&Wﬂ&’s L-493

6.0 FOAMA
di sper sed
600. 0

5éZO. 0 TAMOL 1124
b Propyl ene d ycol
. The materials were

- | ... .6
wel | ag((j) ?%Pen was added under agitation: i?’l - PURE R-900

Ti-Pure R-706
Water

Grind 2 Ingredient:
Water

PROXEL GXL
DISPERSE-AYD W-22
IGEPRAL CO-630
DREWPLUS L-493
Ti-Pure R-706

etdow jient:

_ Grind 1: 42

Grind 2: -
Water 3
Example 38 139
SURFYNOL 420 -
DREWPLUS L-493 .1
TEXANOL 4
EASTMAN DM

Dibutyl Phthalate 3.6
EASTMAN EB

139
3.1
1.13
3.8
6.7
3.6

875
75
Weight (grams):
200
4
- 16.8
8.55
8.05
840
Weight (grams):
C:
76.5
139
3.1
1.13
3.8
- 5.04



/

After Cowes until the grind passed 7+ Hegman, then water was added: Water

37.5 ExanRI e_30; Preparation of Low V.O'C. Paints using Latex from Exanpl es
26 and 28VBAT44Pet down: Materi al : Ve PERUSPHI880:y © 30A
Ex. 30B Ex. 30C Latex Exanpl e 26

Exanpl e 28 Exanpl e 28 Exanple 29 Gind 137.02

138. 02 137. 02 Exanpl e Lat ex 216.0

238. 68 238. 68 Texanol 6.5

6.5 6.5 FOAMASTER AP) Prem x 1. 04

1.04 1. 04 FOAMASTER VF)-72- 1.56

1.56 1.56 5% Cobalt Hydrocure I|1) 2.34

2. 34 POLYPHOBE 102 1.1WO 97/45490 124 1

2
PCT/ US97/ 08809 -62- The above were m xed with stirring t%en the foll ow ng

wer e addetdjusRkd pHXZ02-9.8 with 28% NH,OH 56. 16 - 56. 16
56. 16 (50% aqueous by weight) DI Water 39.0
39.0 41.0 Ammonia : 0.8
-- 0 ' o
- 3%28 /o qus by W?' ggﬁﬁ CrR2 initial KU:  final pH (3 days): *haaku (3 days):
A 9.3 . 69. . 92 L BG ee
B 9.3 . 63 9.0 93
C 9.3 64 9.0 93
Table 24: Appearance characteristics for :13g ), formulations using Example 38
Sample | Opacity | 20 60 85 L a b Days’
degree | degree | degree | color color color film
Gloss Gloss Gloss value value value dried:
A 98.8 63 86 96 96.5 -1.8 29 1
B 99.7 {19 57 77 97.3 -1.5 2.9 1
C 99.6 44 83 89 97.3 -1.6 3.0 1
ble ZSa:IP ormance characteristi ] i i e 38
Sample | 1day 7 day Heated | 1 day 7 day Heated
Block: | Block: | Block: [ Print: | Print: Print;
A 6 5 4 4 4 6
B 5 5 4 4 4 6
C 6 4 5 6 4 6




(60% aqueous by wei ght) Resulting pH: 8.55

8. 65 8.79 KU Viscosity: ' 88 -

104 " w09745490 99 ICl Viscisity (P) 2.09 PCT/US97/08809
2.09 1. 90 Brookfield Viscosity* (cP) 5, 760

11, 240 8480 *spindle 3 at 3 rpm Paints 30A, 30B, and 30C were

evual ted for gloss, color, scrub resistance, alkali resistance, bl ocking
resi stance, and print resistance. The results are shown on Tabl es 16-20.
WD 97/ 45490

PCT/ US97/ 08809 -63- Table 16 Pai nt 8§s Col or Scrub
BT/ TF Wet Al kali Resist 60/2 L, ab Days Dry
Adhesi on Days{ D _ _ . 7D 30A  73/31
95.17,- 89'* 3 y ~825% 0. 39,
2311 2 21 3%@%@3@6 227 612 825/ . - 2310/
4.4% 2. 56, 1812 3000+ 4.26 30C 67/ 22
97.49,- 441 982 1236/ 3000+/ 1.4% 2. 15,
1814 3.5@91 t 4 'l% 7 day Heated | 1 day 7 day Heated
Block: | Block: | Block: | Print: Print; Print:
A 16 5 5 6 4 6
B 6 16 6 6 6 8
C 7 6 6 6 6 8
Table 25¢: esistance and .Double Rub Properties after _
10 days dry for TiO, formulations using Example 38
Sample: | MEK | Water | 50/50 | MEK | Toluene | 5% 5% NaOH
Double Water/ HCI
Rubs/m Ethanol
il: .
A 58 an A/4 5/4 171 4/) 171
B 61 475 4/4 5/4 171 1 1/1
C 63 4/5 4/% 574 171 17 171

For spot resistance and MEK double rub testing, samples were cast 7 mil wet on
Alodine-treated aluminum. Two spots of the indicated liquid were placed on the
coating, covered with a watch glass and then the coating was rated after 2 hours and
24 hours. A rating of 5 was given to the coating when it was untouched by the liquid
and a rating of 1 given when the coating blistered and/or cracked. Some of the poorer-
results in spot testing may be due to lack of sufficient ambient cure or wetting

problems versus coating formulation difficulties.

‘SUBSTITUTE SHEET (RULE 26)



Tabl e 17 Pai nt Bl ocki ng Resistance: Days (D) dry - Days (D)
7D

Face- To- Face (FTF) ID-1D 1D- 7D 2D- 1D 2D 7D- 1D .
7D- 7D 3WM 97/45490 4 3 4 4 PCT/US97/08809
4 30B 5 4 - 5 5 6 7
30C 5 5 2 ' 5 : 6 7
SUBSTI TUTE SHEET (RULE 26) WO 97/ 45490
PCT/ US97/ 08809 -64- Table 18 Paint Bl ocki ng Resi stance: Days
(D) dry - 30 Mnutes FTF at 120[err]F ID 2D
- 7D 30A 1 -74- 2 ' 4 30B

3 4 : 5 30C 4
4 able : Tensile propEatfek &ftek A afail0s 2y . e: Days (D) dry -
Days (D) Face- To- Face (FTF) ID-1D - 1D- 7D 2D- 1D 2D- 7D
7D- 1D usingBxampledd 2 2 4 - 4 4
2 30B 8 6 8 6 8 4 30C -
6 4 6 4 8 4 Tabl e 20 Pai nt
Pai nt Résmglé arjcUitindey$s Ubjmattr y} Enggy tMnuingsl FTF ¥ield12([ ervidld

days dry: | Breaking | Elongation: Break: Modulus: Load: Elongation

Load: (%) (in-Ib/in’y | (ksi) (psi) (%)
(psi) '

A-4 1766 137 - 1033 4.5 271 23

A-10 2041 133 1179 .50 307 - 23

~B-4 1542 116 813 1.5 308 30

B-10 1659 121 907 1.7 295 . 28

C-4 1644 90 227 8.4 727 14

C-10 1577 83 660 10.2 660 12

Example 41: Preparation of large acetoacetox}containing 6/25 (w/w) core/shell
structured polymer particle

To a 3000 mL resin kettle equipped with a condenser, nitrogen purse, and subsurface feed
tube were added 600.6 g of water, 1.62 g of HITENOL HS-20, 1.98 g of TERGITOL NP-
40 (70%), and 7.3 g of sodium carbonate. A nitrdgén purge was begun, then the contents
of the reéctor brought up to 80°C at 400 rpm. After reaching 80°C, an initiator charge
composed of 7.705 g of sodium persulfate dissolved in 43.55 g of water was added to the
reactor. An emulsion feed composed of 355 g of water, 3.44 g of AEROSOL OT-75
(75% in water), 10.51 g of TERGITOL 15-S049 (70% in water), 379.27 g of methyl
methacrylate, 110.54 g of styrene, 266.62 g of 2-ethylhexyl acrylate, and 5.72 g of trimethylol-
propane triacrylate was begun at 4.59 g/min. Five minutes after the first emulsion feed was
begun, an initiator solution composed of 4.36 g of sodium persulfate dissolved in 112.22 g of
water was fed at 0.294 g/min. After the first emulsion feed was completed, the feed line was
washed with 50 g of water and the reaction was held at 80°C for 30 minutes. Then a second
emulsion feed composed of 172.4 g of water, 10.93 g of AEROSOL 18, 5.27 g of TERGITOL
15-S-40, 177.91 g of styrene, 66.56 g of 2-ethylhexyl acglate, 141.87 g of acetoacetoxyethyl
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6 30C ° wo0 97/45490 6 8 PCT/QSH/08308| e 31:
Preparation of Small Core/ Shell Acetoacetoxy-Contai ni ng Wat er borre Pol yner
Lat ex SUBSTI TUTE SHEET ( RULE 26) WO 97/ 45490

PCT/ US97/ 08809 -65- To a 3000 nmL resin kettle equi pped with a condenser,
nitrogen purge, and subsurface feed tube were added 720 g of water, 39.2 g
of HI TENOL HS-20, 1.54 g of TERG TOL NP- 40 (70%, 5.84 g of amoni um

bi carbonate, 26.14 g of nmethyl nethacrykate, 35.2 g of styrene, 26.4 g of
2- et hyl hexyl acrylate, and O. 264 g of trinethylol propane triacrylate. A

ni trogen pur(ngpé Q’%%%egr&r eac |ng %lﬁrﬁd?%%gt&ﬂﬁm?ml%a@'tﬁwm up to

_80[err]Ca't'"e t1ator. solution
_conposed oater) das @da‘i 7 ghminnAfienthelastfeddathe radctionobasdldifor Bvmdntegatd¥0°Gat er was

added to the reactor,, I ti .Sl d

per sul  at cihe SRR E51G s g B il AL HE PP L o hargea Ying BB T
m nutes af &ﬁr% 418oakdbrbit adi@in z‘oegaﬂm alEQ g oﬁms%ﬁmhﬂmlfﬁtﬁed)veﬂh@md of
153.6 g of water, 15,72 P- 40 (709%,

110. 4 g of 3¢reimigs, %h%!‘ﬁ'aﬁgﬁﬁ %&%0 twgﬂ#v%owwgizwﬂ"ﬁén Wi‘f? "5%61 E ater was

2- et hyl hexgli 46 &bélr@atcf‘or “andheht.ﬂgco&nﬂ&edt TheBhioR was aiwaemidrmﬁserdmuaﬁg; was
begun at 5.24 g/mn. After the first enulsion feed was co eted t he feed

li nes wer emﬁanmavmsmerad)rgedép ideolectedand 0D mesh sorrsB =t 198 doligs go[err]C
for 30 m n#%%%gﬁ??’f%rﬁﬁﬁtp%cm5:e biE9 e @vWittfa ﬁé&cﬁﬁcfdlaﬁxstﬁﬂﬂloﬂnﬂ@' tiator

- solution o
particles appearance was the raspberry type by transmission electron microscopy.

Example 42: Preparation of 50/50 (w/w) small core/shell structured amine-functional
particle '

To a 3000 mL resin kettle equipped with a condenser, nitrogen purse, and subsurface feed
tube were added 600.6 g of water, 1.62 g of HITENOL HS-20, 1.98 g of TERGITOL NP-40
(70%), and 7.3 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 7.54 g of sodium persulfate dissolved in 43.55 g of water was added to the reactor. An
emulsion feed composed of 246.5 g of water, 19.65 g of AEROSOL 18, 20.23 g of
TERGITOL 15-S-40 (70% in water), 134.76 g of methyl methacrylate, 185.88 g of styrene,
139.41 g of 2-ethylhexyl acrylate, and 4.647 g of trimethylolpropane friacrylate was begun at
5.248 g/min. Five minutes after the first emulsion feed was begun, an initiator soluﬁon
composed of 4.26 g of sodium persulfate dissolved in 109 g of water was fed at 0.336 g/min.
After the first emulsion feed was completed, the feed line was washed with 20 g of water and
the reaction was held at 80°C for 30 minutes. Then a second emulsion feed composed of 169
g of water, 12.15 g of Aerosol 18, 12.85 g of TERGITOL 15-5-40 (68% in water), 239.68 g
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 7 g/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 1 g of isoascorbic acid in 20 g of water and 0.72 g of
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"sodi um f or mal dehyde sul f oxyl ate dissolved in 16 g of water, and 5.05 g of a

catal yst solution conposed of 0.5%iron (I1) sulfate chelated with .

ethyl enadpamis#80t et raceti c acid were added to the react or PCRUSHHNSS09

emul si on feed conposed of 138.4 g of water, 9.72 g of AEROSCL 18, 9.98 g of
TERG TOL NP-40 (70%, 191.90 g of styrene, 45.6 g of methyl .nethacryl ate,
143.92 g of 2-ethyl hexyl acrylate, 95.95g of acetoacetoxyethyl

nmet hacryl ate, and 4.72g of the sodi um 2-acryl am do- 2- net hyl propanesul f onat e
(50%in water) was fed at 5.24 g/mn. A solution of 3.92 g of

t-butyl hydroperoxi de dissolved in 32 4 of water was fed into the reactor
during the second enulsion. feed at 0.14 g/mn. After the

i rut bs. STERE o6 oY MEmFrORAEL ARl 0 AR " TN S0l as

| evel , 4Bydropenoniden(70%fin shateddn 2@ of watkr wab(Fed imtesthe macterovliile hiatingg; particl e

o o i S o) B o 8o PLung b RSB s

PCT/ US97 {DS&69 wabfed irto tiee efitilsiohand etsel emukeidnl was filgheil Idﬁﬁ.tthWO hesh wisndenser ,

I TENGL PRS2 Driedgaic piecedapn pOmensess T Jas: Tribsonievd ahtiear bonat o,

32.67 g m@%zchM%aﬁgafoﬂm%nm&aoﬁﬁmrm with 4 of 2- ethyl hexyl

acryl ate of trinethyl ol propane triacrylate. A nitrogen purge

was beguﬁ'helat%wEm@p&@ﬁﬂ@ﬂé@wreméewweﬁrcquagabl%fomﬂem[wr]c at 4oo
rpm  Af tQLunSRG 2813, r'ﬂmgsol@é?xt bl@ﬁ& w&,tcefnpageh of §080g mﬁér, fter/- 70 g oOf

sodi um persul fate dissolved in ) wat er was added to the reactor
An i niti aleohol m®WM7MMMANPM1A§dlbﬂnaéEBRﬁm'Q¥el55&I4f)a‘taeaQﬁcésoI ved in

67 g of Yé@&%tﬁ?ﬁ&%ﬁ%fl?&b@ft dﬁv&ﬁﬁkﬁh Thirty mnutes after the initiator
ee

feed was begun, an enul si on 1 conposéd of 192 g of water, 19.65 g of
AERCSCOL The cl&s& fermulp below was allowed to equilibrate at least 24 hours before using

Example 41 276.75
Example 42 : 71.47
TERGITOL 15-S-40 - 227
25% Ammonium Bicarbonate _ 23.83
Solvent Blend 3632
pH 8.09
Viscosity ' 25

Onset/midpoint glass transition (Tg) °C: 14/24

Example 44: Physical performance of clear films of Example 43

Tensile properties, MEK double rubs and various liquid spot resistance tests were performed
on clear film samples of Example 43. For spot resistance and MEK double rub testing,
samples were cast 7 mil wet on Alodine-treated aluminum. Two spots of the indicated liquid

were placed on the coating, covered with a watch glass and then the coating was rated after 2
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of TERA TOL NP-40 (70%, 138.01 g of nethyl nethacrylate, 185 88 g of
styrene, 139.41 g of 2-ethylhexyl acrylate, and 1.394 g o

tri met hylwpgfr"b}é@ge triacryl ate was begun at 6.56 g/mn. Af PETTY§92/08809 o ¢
emul sion feed was conpleted, the feed lines were washed with 80 g of water,
and the tenmperature held at 80[err]C for. 30 m nutes. The reactor was then
cooled to 65[err]C, and an initiator solution of 3.42 g of sodium

f or mal dehyde sul foxyl ate di ssolved in 20 g of water, and 6.31 g of a

catal yst solution conmposed of 0.5%iron (I1) sulfate chelated with

et hyl enediam ne tetracetic acid were ggded to the reactor. A second’

emul si on feed conposed of 173 g of water, 12.15 g of AEROCSOL 18, 12.48 ¢ of
TERG TOL 1Riré Gnd i@%urs%%aﬁﬁg 8f 9vas eﬁ'i@the%a@@g hed itRedshistoudBédBEr Y| at e,
179.91 g of 2-ethyl hexyl acrylate, I19.94 g of acetoacet oxyet hyl

met hacr y| thediquiyd rdtingdsf 4foo £lontly amnarame,zaxamlg( bfidrfatdacky feel and cloudy

nmet hyl propanesul fonate (50% er ed at 6,56 A sol ution of
4.9 g of %RPSB‘@P?FP Hﬁﬁ"’éﬁ)‘é&)@hgbﬁa&‘ﬁ {%awrtf‘eﬁl R&?‘b{;’}’%@q ed into the
react or |onfeed at 0.14 g/mn. After the _
t - butyl hy‘gprang% aeﬁea?’g@gm\%aggé{onpl eted, heating was continued for 30-

m nutes, The emul si on was M__MW@H]C and 202.53 g of
pol yet hyI enim ne (50% were punped in over 15 mnutes. The latex was then

filtered fhr uvgn O 0—nesir—wrre—stt CCIT, ouuda_:.cv ' . T TOtHE of dri ed
mat eri al {( Fogmeesh Ulimateen U"“I““B E}Bﬁﬂt‘? cI e dnitigb ([Dweld Lyw qn% Yisld 0. 5.
Exanpl e 33: Prepal & b aﬁ“’Bw (mﬂéblm s’f‘?ﬁg"st he L&xes '?‘g;?f”Emrrpl es
31 and 32 WO 97/ 42 :
PCT/ US97/108809—-6¥ 1'9 ”’“. 6—g—o—Exarple132—were—jadded—w-tHh—stitri ng 700 g
of Exanpl e4d3)ilsﬂf>'p 1835. V\hil46e sjirr98g the bbend lof Exarrpl e 34 anfl 32,
25.2 g of ToTy ] carpponaj,.e (Eo% | er) S jadded. Ine pH wap 9. 2.
Sanpl es df l%tJ Q‘LQSMprp ZMQhI b_at 2%0 (i¥\a nuag er )i

127°C* hf 3146 129 2540 1646 86

**samples were air-dried for 2-3 hours then baked at specified temperature for 15 minutes

ouble Rubs (per mil) an 0 istance Properties using Example 43
Days dry MEK Water 50/50 MEK Toluene 5% HCL 5% NaOH
| Double Water/
Rubs: Ethanol
4 daysdry | 258 4/4 44 55 4/4 515 5/5
11 days 30 4/5 4/5 515 4/4 4/5 5/4
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than 14 days. Exanple 34: Evaluation of Latex Blend from Exanple 33 To 100

parts of the latex blend from Exanple 33 were added wth stirring 5.4 parts

of TEXANGKO 9¥ab@0 twenty-four hours 6-m | filns were cast g¢gfushssRbR

paper, the filns air dried for 15 mnutes, then dried at 60[err]C for 15

m nuf es k%?i&(ﬁilf%ﬁﬂ-?éfs overg; A difop of pure water and adrep—froma 50%
et hanol 1

solugion o

N wat er” were {pl aced on the surfgg Qf the cured fil s,
t hen [E]oDmCépltidmrpageﬂlou%.. tb @agadev.ent| evaporation of th a8 lacechour
no eflfleCiingf) wat przedil % he pejdaa®dl. |sol uti on was obserq I , i This

t est| [MepmRaig9t csagtdal.. ibgagur.ed i | N have out standi t hanol

r esi [gtjoMbseractEX al g 33;. (Bhenar at | i on of8-smal | acet oacet oxy-contai ni ng 49/51
(w ticlel] Duplicate runs of Exanple 35 were

prepared and bihsrdaitedenvenkien 3: nast er batch. To a 3000 nL resin kettle
equi pped with condensgr, nitragen purge, and subsurface feed tube were
added 908:5 g W%tcl’éf?de‘&@x&wnglﬁéﬁﬁgﬁé!”égﬁ?b@%%W“’Q%Fctmﬂg’wel5- S- 40
(68%, 3 : 0L Ofr: or=Tel A} . : f2-et hyl hexyl
acryl at _e,}m%.c%sg&’ts g‘?& nﬁ*’? ol pr opar?gé ??’f}gg}n%}lgéael?géng ?%éig%s’g?n%s% F‘ﬁm
carbonat @, A ™ lategefclgint Yeviesin iegaminotfaraionbEpalanéss a polimdrapbBaAiNY)
brought up to 80[err]C at 350 rpm_ After reachi n%gg_{&[ierr]c, an Initiator
char ge c&hpBinssopiprisingthe regetiarhprogust 9 a surfactans-sta weqtozastoxy-foactipnal

wat er was added ?o t e%ct or . An enul sion feed conposed of 245.5 g of
wat er, 18°BE% 38 2 oy BEINEL 23 g of TERG TOL 15-S-40, 134.76 g of

met hyl mat hacra jaedxeof diim B8 itrélh tid AeRaBetorsd Rurbfiorhl P&ltyaxe?hmdaﬁmé.
~acrylate, and 4.647 g of trinethylol propane triacrylafe was begun at 5.248
g/ m n. Fifuretichalgrespsandedlyt-fmcfionad igranpsl si on feed was begun; an initiator
sol ution conposed of 4. 26 of .sodi um persul fate dissolved in 109 g of
water waé- fed “nfalex %fsfgalty/ Frvehersip the aceloacatopi fungtionad PERMICE BAN TR et ed,

t he feed hed with 20 g of water and the reaction was.held at
80[err]C d&?‘(aﬁéq"im'%'fis. Then a second enul sion feed conposed of 169

5. - A latex of claim 4, wherein the surfactant-stabilized acetoacetoxy-functional polymer

comprises about 1 to about 40 weight percent of a monomer of Formula (1):
R'-CH=CR)C(0)-X'-X?-X3-C(0)-CH,-C(0)-R? 0))

where R!is a hydrogen or halogen; R?is a hydrogen, balogen, C,-C, alkylthio group,
or C;-C, alkyl group; R3isa C,-C; alkyl group; X' and X3 are independently O, S, or a
group of the formula -N(R')-, in which R' is a C,~C; alkyl group; X?is a C,-C,, alkylene
group or C;-C,, cycloalkylene group;

about 0.1 to about 10 weight percent of a non-self-polymerizing, surface-active vinyl
monomer; and

about 75 to about 90 weight percent of a non-acid vinyl monomer; and
wherein the poly(alkylenimine) is poly(ethylenimine).
6. A latex of claim 5, wherein thc-.monomer of Formula (1) is selected from
acetoacetoxyethyl methacrylate, acetoacetoxyethy! acrylate, acetoacetoxy(methyl)ethyl
acrylate, acetoacetoxypropyl acrylate, and acetoacetoxybuty! acrylate and the non-self-
polymerizing, surface-active vin)ﬁ monomer is a polyoxyethylene alkyl phenyl ether of

formula (3), (4), or (5):
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WO 97/ 45490 PCT/ US97/ 08809
-68- g of water, 12.15 g of Aer%ﬁ'Shé’egﬂasZBBexﬁ& cedf TERG TOL 15-S-40, 239.68

g of styrewgg-,}ig,;g% g of met hyl ! mnﬂﬁn 79.91 g of 2PETNINOMNOBEPY
0

acrylate, 119.94 g of acetoacetox |l ate, 11.81 g of the sodium
2-acryl am do- 2- net hyl pr opanesul f o inwater) and 6.12 g of Drewplus
L-483 (a defoaner) was fed at 5.248 g/mn. After the last feed, the
reaction was held for 10 minutes at 80[err]C then cooled to 65C over the
next 20 m nutes. Then the reactor was charged with a solution of 1 g of

i soascorbic acid in 20 g water and 0.5 g iron (I1) sulfate. Over the
next 30 mnutes, a solution of 0.72 g -t - butyl hydroperoxide in 20 g of
water was fed into the reactor while heating continued. The enul sion was
cool ed, and filtered EHFEHgRHE00 mesh wire screen. For run 1: solids |evel,
44.59; anount of dre material (100 nesh screen), 2.49 g; Feor run 2:
solids |evel, .{‘ CHOH OyHed material (100 nesh screen), 13B1 ¢
The conbi ned batc ad a goll | evel of 44.53, a particle size of 71.0
nm (Dw) with a nononodal distribution. Exanple 36: Preparation of |arge
acet oacet oxy-contai ni ng 65/35 (ww) core/shell structured polyner particle
Fourteen replicate runs of Exanmple 36 were prepared and bl ended to nake a
“master batch. The follow ng preparation was used. To a 3000 mL resin kettle
equi pped with a conde?ﬁ_fe_r gi [ rogen purge, and subsurface feed tube were
added 600.6 g of wate 1% @ of HI TENOL HS-20, 1.98 g of TERG TOL NP-40

(70%, and 7.3 o] A nitrogen purge was begun, en the
.contents of thegﬁ'k 63 g&éé&k 3&353&3*430[err]c at 400 rpm After r(ggchi ng
80[err]C, an initia® charge conposed of 7.705 g of sodium persulfate

di ssolved in 43.55 g of water was added to the reactor. An enul sion feed

conposed of 355 g of water, (f?—l%%}%Cﬁr—(ﬁiRSO' Or- 7.5 (75% in water), 10.51

{O}—OCH#HO(CHZCH?}HSO NH, ©)

where R is nonyl or octyl, n ranges from 5 to 50, and m ranges from 15 to 40.

7, A latex of claim 5, comprising from ébout 5 to about 50 weight percent of the amino-
functional polymer particles and about 50 to about 95 weight percent of the acetoacetoxy-
functional polymer particles, based on weight dry resin and wherein the particle size of the

S amino-functional polymer particles ranges from about 25 to about 500 nm and the particle
size of the acetoacetoxy-functional polymer particles ranges from about 25 to about 500 nm.
8. A latex of claim 7, wherein the particle size of the amino-functional polymer particles
ranges from about 45 to about 80 nm.
9. A latex of claim 7, wherein the particle size of the amino-functional polymer particles

10 ranges from about 110 to about 450 nm.

10. A latex of claim 2, wherein the surfactant-stabilized acetoacetoxy-functional p'olymer.

comprises about 1 to about 40 weight percent of 2 monomer of Formula (1):

15 R!-CH=C(R?)C(0)-X'-X?-X3-C(0)-CH,-C(O)-R? (1)

S
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g of TERA TOL 15-S-40 (70% i A—water) 382 .85 g of methyl nethacryl ate,

111. 38 g of styrene, 266.37 g_qof 2-ethyl hexyl acrylate, and 1.75 g of -

tri met hywolopusgeane triacryl at B n Bepladed59 g/ mi n.  Fpeeokbiogeess after
the first enul sion feed was be* u i iiflf or sol ution conposed of 4.36 g
of sodi um persul fate di ssol ved water was fed at 0.294 g/ mn.
After the first enul sion feed was conpleted, the feed |line was washed with
50 g of water and the reaction was held at 80[err]C for 30 m nutes. Then a
second enul sion feed conposed of 172.5 g of water, 10.93 g of AERCSOL 18,
5.27 g of TERA TOL 15- S-40, 178.316_8 of styrene, 66.56 g of 2-ethyl hexyl
acrylate, 141.45 g of acetoacetoxy Pryl WO 97/ 45490

PCT/ US97/ 08809 -69- nethacrylate, and 1.68 g of the sodium

2- acryl am dowhenveR higlagrydpegen ou htlogen; eRY 5 @hydrogens lelggens€,-Ceo dlkylthid gyomp,n.
After the |l gast feed, the. reacti was he f 10 .mnutes at 80[err] C then
cool ed ¥ G%kMP“R;hg?ﬁé@'éegﬁymP%.k‘?’?&‘ﬂjqﬁré‘? erdrntld SI9ERged wit h
~a solut} I 5 CQrbh:Gh #€d, ¢ N2 I 3L _ 2 iron (11)
aui  at el B fBmalia | NGERC R whicn Rl GRCPRH B 01 G5 diofibnd

hy dr opegreup BCI-T, 2 challyletietgesupias fed into the reactor while heating
continued. The enulsion was cooled, and filtered through 100 nesh-wire
5screen. The aheub{Ade abeut Sk ghiRereentof 3 pen-palfrpolymeriziog. surfage-petive ving si ze

of 254 nmé’PDN | th a nononodal distribution. The particles appearance was
the radpB¥ V)’?‘\é}ape by transmi ssi on el ectron microscopy. After blending,
5.116 g of FRuERs (3athlit 96 Wdfpht Pertert @8 8 AohAcldEnyIBRdRd &g Exanpl e 37:
Preparation of |arge core/shell am ne-functional™ particle from Exanple 36...
To 2500wherein théipolyéailepteromine} aspoly(cdtylemmineddded over 15 minutes 72.52 g of

LUPASO‘] 1935 A latex of claim 10, wherein the monomer of Formula (1) is selected from

10 acetoaceloxyethyl methacrylate, acetoacetoxyethyl acrylate, acetoacetoxy(methyl)ethyl
acrylate, acetoacetoxypropyl acrylate, and acetoacetoxybutyl acrylate and the non-self-

polymerizing, surface-active vinyl monomer is a polyoxyethylene alkyl phenyl ether of -

formula (3), (4), or (5):
H=CH-CH
ol 3 '
R-<.9>—O(CI-12CH D) H - 3)
H=CH-C
o H,
R-<o -O(CHLHD) SONH, | . @
'®-
. CH.OCH.CH=C
R-<é\ ~OCH§H§)(C:2 CH?:;O NH | )
: w4 2 34

where R is nonyl or octyl, n ranges from 5 to 50, and m ranges from 15 to 40.
12. A latex of claim 10, comprising from about 5 to about 50 weight percent of the

amino-functional polymer particles and about 50 to about 95 weight percent of the
[ ——
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pol y(et hyl eni m ne) (50% . Total solids46.66. Infrared analysis of clear
filns cast over-ZnSe showed an absorption at 1653 cnierr] and 1565 c{g{ err]

and a di s QEHsANe oﬁihﬁiﬂt mﬂs at 1631 cnierr] and®GBY87A5 ]

after addition of the ;is ne). Exanple 38: Blend of |atexes for
Exanpl e 35 and 37. 756. t oacet oxy-containing latex from
Exanpl e 35 was wei ghed out. Wile stirring, 2166.74 g of the am ne-| atex
from Exanpl e 37 were added, then 31.58 g of TERGA TOL 15-S-40 (70% i n water)
(this was added to nmake the blend stable to coal escing solvents used in
exanpl e Y5 below), and then 62.75 g ofgyammoni um bi carbonate (25%in water).
Total solids of the blend was 45.4% visual M-FT of 28[err]C, resist MFT

For ool at 1 sty Binglioral PRl mer AiSIB, biked 2 S AP pein g VBl (OBlER
coal esci ng, f of tm!' :agltrir;ﬁio?gmgﬁo@g QW ptaﬁﬁlésfi'ﬁ%%s P hout DS t&éilfb%'i 1060hUnA thes

al l owed t0 equi hours betore using. Tahle 21: C ear

Coal esci ngarfiele Rizeaf ki actoucdkoayfinetidial polynextiperticles ranges from about 45 to about
Wei ght (grams): Exanple 38 200 Prem x

12.9 VES D 45490
E / .USQ?/ '809&-%%5( o‘?cl?ﬁ:l:xﬁ{ Wcomﬁiﬁ%om about 5 to about 50 w:;iggt percent of tli]e 8

m X: T IVIA
amino-functional polymer particles and about 50 to about 95 weight percent of the

acetoacetoxy-functional polymer particles, based on weight dry resin and wherein the particle
 size of the amino-functional polymer particles ranges from about 110 to about 450 nm and
the particle size of the acetoacetoxy-functional polymer particles ranges from about 25 to

10 ébbut 500 nm.

-14. A water-based latex comprising dispersed waterborne amino-functional polymer
particles, dispersed waterbome acetoacetoxy-functional polymer particles, a buffer and water;
the latex having a pH ranging from about 7.0 to abbqt, 92.

15 15. A latex of claim 14, wherein the amino-functional polymer is a polymeric
(polyamino) enamine comprising the reaction product of a surfactant-stabilized acetoacetoxy-
functional polymer and a poly(alkylenimine) and the buffer is mﬂmonium bicarbonate,
ammonium dihydrogenphosphate, or a mixture thereof.

16. A latex of claim 15, wherein the surfactant-stabilized acetoacethy—flmctional

20 polymer comprises about 1 to about 40 weight percent of a monomer of Formula (1):
R!-CH=C(R*)C(0)-X'-X2-X>-C(0)-CH,-C(0)-R* (1)

where R’ isa hydrogen or halogen; R?is a hydrogen, halogen, C;-C; alkylthio group,
25 or C,-C, alkyl group; R*isa 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, alkyl group; X?is a C;-Cy, alkylene
- group or C,-C,, cycloalkylene group; . '
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TEXANOL 4.9 Fluoradferr] FC 430*
0.2 *(a nonionic fluorchem-cal wetting, I eveI I n and fl ow control ~agent of.

t he "conpar®yO3RMS498dded t o hel p enul si on r) PaiplusyHodsoo
Tensil e properties for Exanple 39 Treat Utinmate Ener gy
to Initial Yield Yi el d Breaki ng Br eak Modul us
Load El ongati on Load (9 (in- Ib/|n[err]) (ksi) (psi)
(psi) 4 days dry 2454 215 1761 329 _
53 10 days 2869 178 2001 12. 6 509 30
dry 60[err] C:* 1622 197 8- 1029 1.2 188
52 126[err] C* 3516 138 2902 54 1760
9 **sanpl es Wer ed fo hours t en ba é?d at s eC|f|ed t enper.at ure
for 15 mi nut es2¥8¥L llgl ?H@“F aeaa%wnﬂ 38.
Tabl e 23: B{.} &l&ag (prush or Rol | er - type Tierr] formul at I ons using Exanple
38 Gind T ngrédi ent : Wei ght (grans): Water
125 WO 97/ 44660075 to about 90 weight percent of a non-acid vinyl monomer; and -
PCT/ US97/ 08809 -71- SURFUNOL 104 DPM 22.6
Di sper se- w}mewtbgpoly(alkylemmmc) is poly(ethylenimine). 17.5 - -

5 17. A latex of claim 16, wherein the monomer of Formula (1) is selected from

acetoacetoxyethyl methacrylate, acetoacetoxyethyl acrylate, acetoacetoxy(methyl)ethyl
acrylate, acetoacetoxypropyl acrylate, and acetoacetoxybutyl acrylate and the non—self~
polymenzmg, surface-active vinyl monomer is a polyoxyethylene alkyl phenyl ether of
formula (3) (4), or (5): ' '
10
F =CH-CH3

3-<:C:§>-0(CHZCH ,P’%H | | O

H=CH-C
o H .
R-Q(?}-O(CHZCH £)SONH,, @)

CH.PCH,CH~CH,
<O -OCH {HO(CHLH D) SONH, | G) -

where R is nonyl or octyl, n ranges from 5 to 50, and m ranges from 15 to 40.
18. A latex of claim 16, comprising from about 5 to about 50 weight Ipercent of the
amino-functional polymer particles and about 50 to about 95 weight percent of the
acetoacetoxy-functional polymer particles, based on wei ght dry resin and wherein the particle

5 size of the amino-functional polymer particles ranges from about 25 to about 100 nm and the

* [ L M b *



NH[ er r] OH (5%-#--————————— 4.1 DREWPLUS L-493
1.52 | GEPAL QO 630 11 Ti-Pure R-706

87 5 V\ﬂt or WO 97/45490 heet Has Been Replaced 25" PEEUS97/08809
£ DM ||| EEREER

200 PROXEL GXL 4 DI SPERSE- AYD W 22
16. 8 | GEPRAL CO- 630 8. 55 DREWPLUS L-493
8.05 Ti-Pure R-706 840 Letdown

| ngr edi ent : ' Wi ght (grams): A ' B:

C. Gind 1: 42 -83- - Grind2 -- :
76.5 76.5 Water -- Exanpl e38
ési particle size ogﬁ%%ﬁﬁgm?}g %mité%pal ﬁ%%nép%'égs raAn%Qs from ziboEt %%to about
1. 13 TEXANGD nm. - 3.8 ' . 3.8 EASTMAN
DM 6.7 -- Di butyl Phthal ate

3.6 19. A lat@x @f claim 16, comprising-fronEABTNIENoBBout 50 weight percent of the

- amino-functiogélop%lwner particles and about 50 to about 95 weight percent of the

5 acetoacetoxy-functional polymer particles, based on weight dry resin and wherein the particle
size of the amino-functional polymer particles ranges from about 110 to about 450 nm and
the particle size of the acetoacetoxy-functional polymer particles ranges from about 25 to

about 500 nm.

10 20. A coating composition comprising a latex of claim 1 and an additive selected froma -
solvent, a pigment, a leveling agent, a theology 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

15 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.
21. A coating composition comprising a latex of claim 2 and an additive selected from a |
solvent, 2 pigment, a leveling agent, a rheology agent, a flow control agent, an extender, a
reactive coalescing aid, a flatting agent, a pigment Wetting agent, a dispersing agent, a

20 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 curing agent, and a
coalescing agent.

25 22. A coating composition comprising a latex of claim 3 and an additive selected from a
solvent, a pigment, a leveling agent, a rheology agént, a flow control agent, an extender, a
reactive coalescing aid, a flatting agent, 2 pigment wetting agent, a dispersing agent, a

surfactant, an ultraviolet (JV) absorber, 2 UV light stabilizer, a defoaming agent, an

A




WD 97/ 45490 ' -
PCT/ US97/ 08809 -72- POLYPHOBE 102 1.1 1.24 . .

1.22 Adwosxr4seopH 9.2-9.8 with 28% NH err] OH Sanpl e: PCT/US97/0880% .

initial KU final pH (3 days): final KU (3 days+ A

9.3 : 69 9.2 . 9.3
63 90 93 C ThlS Shee; Been Re laced 64
9.0 93 Tabl e 24: Appearance characteristi cs I,m

formul ati ons using Exanple 38 Sanple Opacity 20 L
a b Days degree degrge  degree col or coI or coI or
filmd oss A oss A oss val ue val ue val ue dried: A

gg ;3 anﬁé;aming agen@%n anti-setggg agent, arggﬂgsag ag‘eét, gbodyigg agent an antilsl%mjng

99.6  agét, an anti-flo8d@ng agent, #%nti-floatinf 4gent, a funkicide, a2 mildéwvcide, a colrofidhll € 25a:
Perforrrance characteristics after 1 day dry for Ti(Qerr] formul ati ons usi ng -

Exanp! énldBit@aathickening agent, a plastigizer, amtxedplastmiw, acunngagent pediaed Bl ock:
Bl ock: Bl ock: Pr| nt: Print Print: A 4 4
4 w@‘f{?lng agent.q 5 4 4 4 6C 6

4 4
5 PCT/ US&?I 08 Sbogoatﬁlg composxﬁon comprifing a 1€ 8f Ei4id 98 and an additive selected from a

- solvent, a pigment, a leveling agent, a rheology agent, a ﬂow ‘control agent, an extender, a
reactive coalescing aid, a flatting agent, a pi igment 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
10 - 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 curing agent, and a
coalescing agent. .

24. A coating composition comprising a latex of claim 17 and an addivtive selected from
a solvent, a pigment, a leveling agent, a rheology agent, a flow control agent, an extender, a
15 reactive coalescing aid, a flatting egent 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 antl-skmnmg
agent, an anti-flooding agent, an anti-floating agent, a fungicide, 2 mildewcide, a corrosion
inhibitor, a thickening agent, a plasticizer, a reactive plasticizer, a curing agent, and a |

20 coalescing agent.

25. A method for preparing a water-based latex comprising the step of mixing a water-
based latex containing dispersed waterborne amino-functional polymer particles and water
with a water-based latex containing dispersed waterborne acetoacetoxy-functional polymer
particles and water.

25 26. A method for preparing a buffered water-based latex comprising the step of mixing:
an ammonium buffer,

a water-based latex containing dispersed waterborne amino-functional polymer

particles and water, and
I —
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-73- Table 25b: Performance characteristics after 7 days dry for Tierr]

fogrmul ati ons usi ng Exanpl e 38‘%"!”Tﬁa7f 7 day =~ ~Heated | day

7 day WEe 7618498 ock BI oCK: thidines Kas BeEif taced Pri nt FRGTIUS97/48809 6
5 5 6 6 6

6 8 C 7 ‘\L \ 8 Tabl e 25c:
‘Spot Resi stance and MEK Doubl e |es after 10 days dry for
Tigerr] fornulations using Exanple 38 Sanple: - Wat er 50/ 50 VEK
Tol uene 5% 5% NaCOH Doubl e Wat er/ HCI
Rubs/ m Et hanol il. A 898 4/ 1 4/ 4 5/4 1/1
4/ 1 1/1 B 61 4/ 5 4/ 4 5/ 4 1/1 1/1 1/1
C 63

resi stance and WER™- g?ﬁﬁg fatex E%‘%‘Eg‘?, Sgersggwﬂégéo%%et%éc%m fH# F %IPPQ,O'E -

Al odi ne- taghadndlvggum Two spots of the indicated liquid were placed on
the coating, covered with a watch gl ass and then the coating was rated
after 2 0urs Anmtdd dfelaim 26)whateimtheainifo-firstighalpolymertih @ pobansritgy when it
was untouched by the |iquid . and a rating o‘i“cl |ve when g oati ng

bI i ster edp@luemmO) ERABINE OMBERBE the Feactionupdict pEa t‘!"ﬁ's?b {zeg SSRPHFINY be

e to | gk ol pUiThel S0a aiheniitind) Ba ﬁ@%kﬂa&s%ﬁmﬂa HELBHRE Rt i N

r mul at
ammonium dihydrogenphosphate, or a mixture thereof.

-~28. A method for scavenging residual ¢,B-unsaturated, carbonyl- or electron withdrawing

group-containing monomers from a polymer latex coniprising the step of contacting a

10 polymer latex having residual ¢,B-unsaturated, carbonyl— or alec':a;on withdrawing group-

| containing monomcrs.with an effective amount of a latex of claim 2. _

29. A method for scavenging residual o, B-unsaturated, barbonyl- or electron withdrawing
group-containing monomers from a polymer latéx comprising the step of contacting a
polymer latex having residual o, B-unsaturated, carbonyl- or electron withdrawing group-

15 containing monomers with an cffective amount of a latex of claim 10.
30. A method for scavenging residual a,B-unsaturatéd, carbonyl- or electron withdrawing
group-éontaining monomers from a polymer latex comprising the step of contacting a
polymer latex having residual a,B-unsaturated, carbonyl- or electron withdrawing group-
containing monomers with an effective amount of a latex of claim 16.

20
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WD 97/ 45490
PCT/ US97/ 08809 -74- -Table 25d: Tensile properties after 4 and 10 days dry

for Ti ( ewolo7iasaooul ations using Exanple 38 Sanple - Ul ti wetrasse7/osshy i nat e
Energy to Initial Yield Yi el d days dry: Breaking El ongati on:

Br eak: Modul us: Load: El ongati on Load: (%

(in- Ib/|n[err]) (ksi) (psi) (%9 (psi) A-4 1766 137
1033 4.5 271 23 2041 133 1179
5.0 307 23 B-4 4@ 116 813 1.5
308 30 B- 10 1659 121 907 _ 1.7 295
28 C-4 1644 90 227 8.4 727 14 C
10 1577 83 660 10. 2 660 - 12 Exanpl e-

"41: Preparation of |arge acetoacetoxy-containing 6/25 (ww) core/shell
structured polyner particle To a 3000 nL resin kettle equipped with a
condenser, nitrogen purse, and subsurface feed tube wgye added 600.6 g of
water, 1. 62 g of HITENOL HS-20, 1.98 g of . TERG TOL NPgn40 (70%, and 7.3 ¢

F

of sodi um car ; PNt he contents of the .
reactor brought u to 80['3 r]Ca 400 rp After frefc 80[err]C, an
initiator charige qorrposed of 7.7 g of di.um pg¢r syl at di ssolved in
43.55 g of watjer s add to thd reactof. An enfil s| on feed conposed of 355
g of water, 3.}44 5 lof AEJROSOL OTR75 (75%in watdgr),|10.80 g of TERG TOL
15-S049 (70% ijn \@te ; 9. 27 of netifyl nethfcryjate, 110.54 g of
styrene, 266.62|d df| 2 dthy] I} acrylptle, andf5.7p g of trinethylol -
propane. triacHyllgie tieguﬁ' gt 4.59 /rri n. Fijve mnutee after the first
emul sion feed was | | > o | . ; E
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begun, an initiator solution conposed of 4.36 g of sodium persul fate

di ssolved in 112.22 g of water was fed at 0.294 g/mn. After the first -~
emul si on f eWO %#84%onpl et ed, the feed |ine was washed with SECTEIITRER08,
and the reaction was held at 80[err]C for 30 m nutes. Then a second

enmul sion feed conposed of 172.4 g of water, 10.93 g of AEROSOL 18, 5.27 ¢
of TERA TOL 15-S-40, 177.91 g of styrene, 66.56 g of 2-ethyl hexyl acrylate,
141. 87 g of acet oacet oxyet hyl WO 97/ 45490 '

PCT/ US97/ 08809 -75- nethacryl ate, and 2./66 g of the sodium

2-acryl am do- 2- met hyl pr opanesul fonate (50%in water) was fed at 7 g/ mn.
After the last feed, the reaction was held for 10 m nutes at 80C then
cooled to 65[err] C over the next 20 m nutes. Then the reactor was charged
with a solution of 1 g of isoascorbic acid in 20 g of water and 0.72 g of
0.5%iron (Il) sulfate. Over the next 30 mnutes, a solution of 0.72 g of
t-butyl hydroperoxide (70%in yater) ip 20 g of water was fed jnlgp t he
reactor while heating ¢ontrnuedl. " The enfil sToh Was cool & _and [fil ered

t hrough 100 nmesh wire gcreen. Dried soffids collected on L®] mesh.screen =
1.72 g. Total solids |&vel of 47.57% gand a particle siz 2 nm ( Dw)
with a mononodal distrifbution. The pgfticles appearance was the r#&pberry
type by transm ssion eljectron m'copy. Exanpl e 42: Preparatf on®®f 50/50
(ww) small core/shell (st Bd aim ne-functional particle Tog a 00 nL
resin kettle equi pped th a condenser, nitrogen purse, and subsu® ace feed
tube were added 600.6 ¢ of water, 1.62 g of H TENOL HS-20, 1.98 'gnof'

TERG TOL NP-40 (70%, and 7.3 g of sogum carbonate. A nitppgen purge-was
begun, then the contentfs of the reacte+t brought up t err] G at 00 rpm
After reaching 80[err] ¢, an initiatorharge co ed of 7.54 fg oT'E'sodi um
persul fate dissolved in 43.55 g of vvagér was adfled to the readjtor g An
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enmul sion feed conposed of 246.5 g of water, 19.65 g of AEROSOL 18, 20.23 ¢
-of  TERG TOL 15-S-40 (70%in water), 134.76 g of nmethyl methacrylate, 185.88
g of styrengerdsadp 41 g of 2-ethyl hexyl acrylate, and 4. 647 gcotisornssoy
trinmethyl ol propane triacrylate was begun at 5.248 g/mn. Five mnutes after
the first emul sion feed was begun, an initiator solution conposed of 4.26 g
of sodium persulfate dissolved in 109 g of water was fed at 0.336 g/ mn.
After the first enul sion feed was conpleted, the feed |ine was washed with
20 g of water and the reaction was held at 80[err]C for 30 m nutes. Then a
second enul si on feed conposed of 169 ¢3of Bwater, 12.15 g of Aerosol 18,
12.85 g of TERA TOL 15-S-40 (68%in water), 239.68 g of styrene, 54.06 g of .
met hyl nethacrylate, 179.91 g of 2-ethyl hexyl acrylate, 119.94 g of =
acet oacet oxyet hyl methacrylate, and 11.81 g of the sodium 2-acryl am do- 2-
met hyl propanesul fonate (50%in water) was fed at 7 g/mn. After the |ast
feed, the reaction was held for 10 mnutes at 80[err]C then cooled to

65[err] C over the ngxt 20 miynutes. The reactpor was thenveharged with a
solution of{IT g of filsdascory c acid i ter jang@NO. 72 g of
SUBSTI TUTE BHEET (RULE 26) WO 97/ 45490
PCT/ US97/ 08809 -76% 0.5% irof (11) sul gate. Over elnext 30 m nutes, a
solution of {0.72 gjof t-butyl} hydroperoki de (70%un ter) in 20 g of water
was fed intp the rgactor whilg heating Qonti nued.eofhe¢ enul si on was cool ed,
then 244.97|g of Lupasol G35 Roly)ethyl egi m ne ( in water) was fed into
the enul sioh and t enmul sionfas filter t hr ough 0O mesh=wi re screen.
Dried.solidf collecfed on 100 §esh screeny=_0.95 g. Yotal gdlids |evel of
44,77% Exappl e 43:§C ear coal &scing forruldtion bl epd of Eanpl e 41 with
42 The | atekes Exanpl es 41 and Y2 were nyg into a clear cagl escing bl end
_formul ati onj as
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shown on the table below The sol vent blend was conposed of 52.8 g of
TEXANQOL, ester al cohol mxed with 47.2 g of EASTMAN DM Additional TERG TOL
15-S- 40 wWOR34880t 0 nake the | atex bl end stable to the sol PER{USET/R8889 The
clear formula below was allowed to equilibrate at |east 24 hours before
using Table 26: C ear Coal escing fornulation for Exanple 43 Ingredient:

Wi ght (grans): Exanple 41

276. 75 Exanpl e 42 71. 47
TERA TOL 15-S-40- 4/6 2.27 25%
Ammoni um Bi car bonat e 23. 83 Sol vent Bl end
36.32 pH 8. 09
Vi scosity ' 25 _
Onset/ m dpoint glass transition (Tg) [err]C 14/ 24
Exampl e 44: Physical performance of clear filnms of Exanple 43 Tensile
properties, MEK double rubs and varjous liquid spot rgsistance tests were
performed o : et poé resistance and MEK
doubl e rub testing, sknples were §ast 7 m | t onj AlOUi ne-treated
al um num Twp spots off the indicat¥ed |iquid wqres] p] aced on the coati ng,
covered with]a watch ass and thel the coatin rated after 2 WO
97/ 45490 ' :
PCT/ US97/ 08899 -77- holks and 24 hos. A rati 5 was given to the
coating whenfit was untuched by the\liquid, a ra 'ngq.pf 4 for cloudy
appearance, @ rating of for tacky fgel and clou . -
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appearance, a rating of 2 for bubble formation and a rating of 1 given when
the coating blistered and/ or cracked. Tensile properties for Exanple 43 . -

Tr-eat mentwo 9gMs490at e Utinmte Energy to ' ni t i BETAUS97/088¢8 d Load
Yi el d Breaking El ongati on Br eak Modul us (psi)
El ongati on Load (% ' (in-1b/inferr]) (ksi)
(5) (psi) 4 days dry 1853 146 928 . 97
46 10 days dry 2202 184 1299 - 2.1
261 43 127C+* %? 129 2540 53
1646 8.6 **sanples were ai /dsled for 2-3 hours then baked at
specified tenperature for 15 m nutes MEK Double Rubs (per m|l) and Spot
Resi stance Properties using Exanple 43 Days dry VEK Wat er 50/ 50 -
VEK Tol uene 5% HCL 5% NaCOH Doubl e Wat er/ Rubs:
Et hanol 4 days dry 258 4/ 4 4/ 4 5/'5 4/ 4 : 5/'5
5/5 11 days 30 4/ 5 4/ 5 5/5 4 4/ 5
5/4 -78-. Tl ined | i 1__A vater-bage atex conpri sing
di spersed wat &r mer Rart'i dl @§. ,di spersed
wat er bor ne acgt oacet o i ymer part cles,_gn wat er, wherein
the am no- fupctional i i JQaY arfi NO)*=enam ne conpri si ng
the reaction product il oacéﬂoxy-functional
pol ynmer and af pol y(al :
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3. A latex of claim1l, wherein the acetoacetoxy-functional polyner has

enam ne- functional groups and al |yl -functional groups. 4. A | atex of .
claim1, WOt he acetoacet oxy-functional polyner is an Eﬂ‘wwﬁﬂm
functional polymer. 5. A | atex of claim4, wherein the
surfactant-stabilized acetoacetoxy-functi onal pol ymer corrpri ses about 1 to
about 40 wei ght percent of a nono Formula (1):

Rlerr]- CH=C(R[err])C(O-Xerr]-Xerr]-Xerr]-C(OQ-CHerr]-C(O-Rerr]

(1) where Rerr] is a hydrogen or halogen; Rerr] is a hydrogen hal ogen,
Cerr]-Cerr] alkylthio group, or (Jerr]-Clerr] alkyl group; Rerr] is a
Cerr]-Cerr] al kyl group; X[err] and X/ err] are independently O S, or a
group %Q?ﬁgorwla N(Rlerr])-, in which Rerr] is a Jerr]-Cerr] alkyl -~
group; is aderr]-Cerr] aI kyl ene group or (Jerr]-Clerr]
cycl oal kyl ene group; about 0.1 to about 10 weight percent of. a
non-self-polynerizing surface-active vj n\d nononer. and about 75 to about.

90 wei ght percent of a no ci.d vi h* and wherein the

pol y(a] kyl eni mine) is pol 5‘{‘@?%%"@%’5 'ﬁ@)‘.‘ %.‘ A latex of clain}5, wherein
t he noponer of Formula (1) is selected from acet oacet oxyet hyl nef hacryl ate,
_.acet oafet oM irhyt—acrytate—acet oacetoxytnethyethy—agryl at e,

acet oatet oxypriopyl agfephate. and acqguggiggt oxybut'yl. acrylfate and fhe
non-sej f- paLyneri zing, surf@; di've vi nyl monomer is ja pol yoxyet hyl ene

al kyl phenyl ¢t her of for pfhl (3)...(4)- or (=5-)--’!-'h l_7__9‘-.[err] [grr]
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(4) [er-r] V\/nere R is nonyl or octyl, n ranges from5 to 50, o,.?"’f‘\
from15 to 40. A | at ex of cIa|m5 r|S|n from about \GONPY
50 mei ght pechC'Bf the anB wwmm%g@w BATON ¢l o5 anNOuITER).

o tRpN R P Eainy PR PGP ARBER Wi PAREY RBBPRRRNIEREATY O

am n )(s‘lmmmlmmmmwpaﬂ icles rangefmy‘m@mﬁhﬂmu%oﬁ Sundaeout 50 WO HASHI0

the part e t BpRs/o,Q2oset 0OqYAL Yinctional pol yner particles ranges
fr omH ab oggﬁlfi)]i(g]b‘g g%:;tg%iw nm 8. A || €8)idntephtiong! Rphlication Rgtea o4 Peqener 1957 (04.12.97)

partifctesize of the am no-t1.unctional p0| yTTer parti cl es ranges from abouf

45 t ¢ (ajEwina®Bal ApplicBion Numblr:| at e RCHUSITOEN) (B1) Desimmated SmteshaU, BVCCF_% Y} 65 HYj le (lg-
the ami no-functional polyner hges Wﬂp’f“

nm 162 ‘“‘eﬂ“‘l“a‘?'&'“%‘?““gl ai m 12 sqﬂ%ﬁid?i zﬁﬁsfs{% surf%%}iéé :al BT zedG B TF LU, MC,
acet gacet oxy-functional polyner corrprl ses| about | to about 40 wei ght

perceb(ﬂl)mfona paanoner of Fornul a. ,
1
I’ I’] r?'f’ m inter, uona! ifarg;( ;)artR[ er I’]

Rl erq] CHﬂZgR[“é'*rr])C( Mﬂ[?ﬁj
(1) -8 e Re E’c Jgpen @r hal oggl), mEetplrks bjsth@mﬂyg&z%e&}xendmg the
hal ogen, /@d’]l}; rCerrp xadquwﬂ(hloszmr oup,usf C ettils &id @ Be |repadliliyd in Qe QebRY; of the receipt of

Rl eri] is a C[err] C[err] al kyI group; Xl lerr] empddméprerr] are |ndependently

O S -, inwhich Rerr] is a

der f"’(ﬁl’q '%%g%, -}“M'gbg{’{ﬁ err]-Clerr] al kyl ene group or
Cert]- C[err cyc I ene group, about 0.1 to about 5 weight percent of a
non- evlz)flmpmb:yrreomw anlauieirad@,&mmdzeDmen | mononer; and about 75 to about

W
.9.0 ' ght Bg% on'esttRx ge Drive q@’ngspo%3 s)_amﬁﬂon'er , and

(74) Agent:- ALLEN, Rose, M.; P.O. Box 511, Kingsport, TN
37662-5075 (US).

(54) Title: STABLE AMINO-CONTAINING POLYMER BLENDS

Amblent Cure Vs. Themal Cure
200
’ Thermal 213 Axablen
“Thermal
“r] [osmm]
204 400 e
Sueln
(57) Abstract
* ‘This invention provides the composition, preparation, and end-use of waterbome cross-linking technology-based compositions preparéd

from water-based latexes. The invention provides a water-based latex comprising dispersed, waterborne amino-functional polymer particles;
dispersed, waterbome acetoacetoxy-functional polymer particles; and water. In a preferred embodiment, a latex of the invention comprises
dispersed, waterbome polymeric (polyamino)enamine (PPAE) particles; dispersed, waterbome acetoacetoxy-functional polymer particles;
and water. The PPAE is the reaction product of a surfactant-stabilized acetoacetoxy-functional polymer (SAAP) and a poly(alkylenimine).
The water-based latexes of the invention provide stable emulsions containing a biend of waterbome polymer particles which undergo cross-
linking upon film formation. The latex films or coatings may be cured at ambient temperatures or may be thermally cured. The latex is
useful in a variety of coating compositions such as, for example, paints, inks, sealants, and adhesives.




g

G 02-%
yherein the poly(al kyl enimne) is poly(ethylenimne). 11. ;%igt ex of
“/claim 10, wherein the nononer of Fornula (1) is_sel metodaA CALT QLICET
acet oacet oxyet hyl nethacryl ate, acetoacetoxyet Hyl EETS G~

‘acet oacet oxy-funct.i onal paql ymer particles
Y 3 ST - Th A A O AR IS ON M

& ()
acet oacet oxy(net hyl )ethyl acryl ate, acetoacet oRypr %wﬁ_pﬁgﬁwiﬁé&i:.aﬁdpag@d -.

acet oacet oxybutyl acrylate and t;Re non-self- pg :?JA écﬁ_ﬁ?foalgatgédgé
vinyl nmononer is a pol yoxyethyl ene al kyl phenyl Etﬁq (fsio é -(g)opaggélL
or (5): - - .Ris nonyl or octyl, |naranges-fro %ib" and’ n
ranges f&grrzn%lé&]tg%mlsmﬁg A latex of claim 1d, Dc&'ﬁ%‘f‘i“’éi ng PP "a'lgomge‘g'"t’o
about 50 wei ght percent of the am no-functional] pal yner particles bout
50 to about 95 weight percent of the acet oadet &%TE mﬁmﬂmﬁﬂk@
parlt i ¢} water-bpsedlgtey forisipgdisgeryed adsrbprag amippréinstionat MY PRTEFR si ze of the
am diPerkaGiréBoat ad%%é’éi@c@-fﬁ’xﬁii&daﬁ?b&?m&%ﬁﬁﬁ:l%s,fah@%@Q%Ere%hé gmiahout 100 nm and
0

the particle size of thé acetoacetoxy-functional pgOTyITEr particles ranges
f r diacappab polymes is a gelsmericigolyaminoyenamine gomprisg He reacypnprodyct kdnpri sing from

ag%Uffac@m?—@taﬁ‘ih%tacé&c%kgﬁﬁwtmﬁﬁlg@%epin_dt#l%m(%&ﬁ;n%@gt 't ﬁgal pol ymer
p N

, based on weight dry resin and
PRIOYTIAY - BT YT RETE 33 ’, e :- ranges

frow- 3 APOUEL450 & e partisle size O ol e i e
acetoacet oxy-fu 'onal poYynmer particles ranges fr ol )ut 25 to about 500
-‘ .

bl avdiaaicialiketbalaiagk conpri si ng di spersed wat er bor ne
am no-functional polynmer particles, dispersed waterborne
acetloacetiiarexs gf“@@lim)h,a\lvhthyheacepzacct_bw-ﬁmcnanzﬂlpbfmerdmsi egmmiae; the | atex

functional groups and allyl-functional groups.
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4. A latex of claim 1, wherein the acetoacetoxy-functional polymer is an enamine-
functional polymer.
S. A latex of claim 4, wherein the surfactant-stabilized acetoacetoxy-functional polymer

comprises about 1 to about 40 weight percent of a monomer of Formula (1):
R'-CH=CRY)C(0)-X'-X2-X!-C(0)-CH,-C(0)-R? (1)

where R!isa hydrogen or halogen; R?is a hydrogen, halogen, C,-C, alkylthio group,
or C,-C; alkyl group; R?isa 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; alkyl group; X2 isa C,-C,; alkylene
group or C;-C,, cycloaik_ylene group; '
about 0.1 to about 10 weight percent of a non-self-polymerizing, surface-active vinyl
monomer; and
about 75 to about 90 weight percent of a non-acid vinyl monomer; and
wherein the poly(alkylenimine) is poly(ethylenimine)
6. A latex of claim S, wherein the monomer of Formula (1) is selected from
acetoacetoxyethyl methacrylate, acetoﬁcetoxyethyl acrylate, acetoacetoxy(methyl)ethyl
acrylate, acetoacetoxypropyl acrylate, and acetoacetoxybutyl acrylate and the non-self-
polymerizing, surfacc-active vinyl monomer is a polyoxyethylene alkyl phenyl ether of

formula (3), (4), or (5):

LR
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having a pH ranging fromabout 7.0 to about 9.2, wherein the

. amno-functional polynmer is a polyneric (polyam no) ena SH
reaction product of a surfactant-stabilized aceto @W gg
and a pol y(al kyl eni m ne). 15. A latex of claim 14, wherein the

am no-functional polyner is a polyneric (polyam no) enam ne conprising the
reaction product of a surfactant-stabilized acetoacet oxy é}m gﬁ

pol yner and a pol y(al kyl eni m ne) and the buffer is amonfu 3 nat e,
ammoni um di hydr ogenphosphate, or a m xture thereof. 16. A latex of claim
15, wherein the surfactant-stabilized acetoacetoxy-functional polymer
conprises about 1 to about 40 wepght percent of a nononer of Formula (1):
Rlerr]-CH=C(Rlerr])C(O-Xerr]-Xerr]-Xerr]-CO)- CHerr]-C(O-Rerr]

(1) where Rer Hjclsr thydrogen or halogen; Rerr] is a hydrogen, halogen,
Cerr]-Cerr thldgroup, or Jerr]-Clerr] alkyl group; Rerr] is a
Cerr]-Cery rou X[err] and X[ err] are independently O S, or a
group of Rh Qrf‘ﬁqﬁ r]) in which Rerr] |saC[erQJ]) Cerr] alkyl
group; Xerr -?s a C[err -Cerr] aI kyl ene group or CJerr]-Clerr]
cycl oal kyl ene group; -82- about 0.1 to about 10 wei ght percent of a
non-sel f - pol yneri zi ng, surface-active vinyl nononer; and about 75 to about
90 wei ght percent of a non-acid vinyl nononer; and wherein the

pol y(al kyl eni mine) is poly(ethylenimne). 17. A | atex of claim 16,
wherein the rmanBCI-pCH:or mula (1) is selected from acetoacet oxyet hyl

nmet hacr yl at e._acet oacet dxyet hyI acryl ate, acetoacetoxy(nethyl) et hyl

acryl ate, yl ate, and acetoacet oxybutylgacryl ate and
t he non- se‘?f\eégol y@l m%m gurfdace-active vinyl nononer i s( r
polyoxyethylene al kyl phenyl ether of

CfHZOCH2CH=CPIZ

@ .
R-¢ O $-OCH.CHO(CH.CH 0) SO.NH %)
{ O }-0cH HOCHLHD) 50N, |

where R is nonyl or octyl, n ranges from 5 to 50, and m ranges from 15 to 40.
7. A latex of clairri 5, comprising from about 5 to about 50 weight percent of the amino-
functional polymer particles and about 50 to about 95 weight percent of the acetoacetoxy-

- functional polymer particles, based on weight dry resin and wherein the particle size of the
amino-functional polymer particles ranges from about 25 to about 500 nm and the particle
size of the acetoacetoxy:-functional polymer particles r#nges from about 25 to about 500 nm.
8. A latex of claim 7, wherein the particle size of the amino-functional polymer particles
ranges from about 45 to about 80 nm. _

9. A latex of claim 7, wherein the particle size of the amino-functional polymer particles

ranges from about 110 to about 450 nm.

10.  Alatex of claim1, wherein the surfactant-stabilized acetoacetoxy-functional polymer

comprises about 1 to about 40 weight percent of a monomer of Formula (1):

R'-CH=C(R?)C(O)-X'-X*-X*-C(0)-CH,-C(O)-R? | (1)
| S
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frormula (3), (4), or (5): [err] [err] [err] where Ris nonyl or octﬁ;EEQr
rinlie,

. ranges froms to 50, and m ranges from 15 to 40. TS
IREP| ACEMEN

conprising fromabout 5 to about 50 wei ght percen am no-functi ona
pol yner particles and about 50 to about 95 wei ght percent of t he

acet oacet oxy-functional polynmer particles, based on melght &ﬁy 1989 n and
wherein the particle size of the am no-functional polyner particles ranges
from about 25 to about 100 nm and the -83- particle size of the

acet oacet oxy-functional polynmer particles ranges from about 25 to about 500
nm 19. A latex of claim 16, conprising fromabout 5 to about 50 wei ght
percent of the am no-functional,polyner particles and about 50 to about 95
wei ght percent of the acetoacefgﬁy functional polymer particles, based on
wei ght dry resji.n %nd wher ejn thedﬁgrtlcle si ze_ of the _anj no-functional

pol yrrer whgre i | 84 hydrpges of halagem diitis atydrogendimingensr-farbarith OrBo¥Rr ti cl e

f b 25
o Sioute by RS S G R 8% R e Rt s R e ot "ot m 1
andg@ip @ﬂdﬂet{bh‘ﬂllﬁﬂh e WhieRR2isS0t VEDhlkyPerBLSMRP s 2 @,-C5VAkyiege agent, a

rheol ogy agent, ow contr ol agen‘t an” extender, a reactive coal esci ng
ai dgroapbtﬁt\(]‘{@cag&q'yﬂgnuagrpmpgnent wetting agent, a dispersing agent a
surfactant, an ultraviol et absorber, a UV |ight stabil.zer,

def oami n@Pay8rtto ﬂ\%wrsbhmrﬁaﬂs&éﬁtm-ssﬁ pah'merszgt& PUTRRFeAGHNE Vmé(h anti - sag

agen om%exnggxl ng agent, an anti-skinning

about 75 to about 90 weight percent of a non-acid vinyl monomer; and
wherein the poly(alkylenimine) is poly(ethylenimine).
I1. A latex of claim 10, whercin the monomer of Formula (1) ts selected from
acetoacetoxyethyl methacrylate, acetoacetoxyethyl acrylate, acetoacetoxy(methyl)ethyl
acrylate, acetoacetoxypropyl acrylate, and acetoacetoxybutyl acrylate and the non-self-
polymerizing, surface-active vinyl monomer is a polyoxyethylene alkyl pheny! ether of
formula (3), (4), or (5): |

FH=CH—CH3

R—<.5 OCHLHD) H - ®)

=CH—CH3

. = .
R—<9 . -O(CHLH Q) SONH 4)

(szOCEIiCH=CPIZ

\ : ' )
| R-<.C-). ;-OCH?HO(CH;H?)mSO:,’NH 4 | (5)

where R is nonyl or octyl, n ranges from 5 to 50, and m ranges from 15 to 40.
12. A latex of claim 10, comprising from about 5 to about 50 weight percent of the
amino-functional polymer particles and about 50 to about 95 weight percent of the
S
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agent, an anti-flooding agent, an anti-floating agent, a fungicide, a

. m | dewci de, a corrosion inhibitor, a thickening agent, a plastici zerEEa,B
reactive plasticizer, and a coal esci ng agent. 21. oAk r’@b:" 1 bn
conprising a latex of claim1 and an additive sel REé&CACEW@gI vent, a
pignent, a leveling agent, a rheology agent, a flow contr b %t, an
extender, a reactive coalescing aid, a flatting agent ,2'29 & 8 wetting
agent, a dispersing agent, a susffflactant, an ultraviolet (UV) absorber, a W
| ight stabilizer, a defoam ng agent, an antifoam ng agent, an anti-settling
agendetomaroapifincyalggenher particley, ibagedagentighbdryasdin askwhedeidthagaticle an
anti-flooding agent, an anti-floating agent, a fungicide, a ml|dewide, a
cor 6ias pbHciagHn@ilurstions] polhyroeremirtigjesrgeges, frem pbawtt2S5ep aboyt 1Q0manatd the

pl asticj zer, curing agent, and a coal escing ageni. 22. A coating

co n‘Bi’B%‘ich Btf %@H‘B P‘f“-é‘?“%@tog)ﬁ uptiongk PQ!Y‘QFW%“QE%‘%%“%%‘HPF%W& dPabP¥d from a
sol B hm. @ pi gnent, a leveling agent, a rheol ogy agent, a flow control
agent, an extender, a reactive coalescing aid, a flatting agent, a pignent
wet tiBng agbandx ofcidirSIE compEisiAgEFim about §rtb ABS@IB0, wélBhtetdeavothet (UV)
absorber, a UV light stabilizer, a defoam ng agent. an -84- antifoam ng
agenmingrfunstionaloofymerpgrizalesand about¥ fo-abayt Aweight perberdpf thy agent, an

ant i - ski nni_ng.agent n anti-floodi ng agent, .an anti-fl oat.i agent, a
FungrEP o P AL pABTE peicl SoiRsAE PR AT 9P el R R e gRe  o

ol asti.Gi ‘ ; b ; ¢i ng

D oA arnfho ERAIMEPAARE pRERE rachcl Mol HhAUFLY 1o ARt HERELAZ" .00 an
addithe partisRl oo efdhd sceroatetdl fendtionsl golgiENiartiéled AXEES figmabent2s @ rheol ogy

agent, a flow control agent, an extender, a reactive coalescing aid, a

f| atabonyS¥Y@mt . a pignent wetting agent, a dispersing agent, a surfactant,
an ultraviolet (UV) absorber, a U/ light stabilizer, a defoam ng agent, an

14. A water-based latcx comprising dispersed waterborne amino-functional polymer particles,
dispersed waterborne acetoacetoxy-functional polymer particles, a buffer and water; the latex

having a pH ranging from about 7.0 to about 9.2, wherein the amino-functional polymer is a

polymeric (polyamino) enamine comprising the reaction product of a surfactant-stabilized

acetoacetoxy-functional polymer and a poly(alkylenimine).

15.  Alatex of claim 14, wherein the amino-ﬁx.nctional polymex; is a polymeric
(polyamino) enamine comprising the reaction product of a surfactant-stabilized acetoacetoxy-
functional polymer and a poly(alkylenimine) and the buffer is ammonium bicarbonate,
ammonium dihydrogenphosphate, or a mixture thereof. |

16. Alatexof claim'ﬁls; wherein the surfactant-stabilized acetoacetoxy-functional

polymer comprises about 1 to about 40 weight percent of a monomer of Formula (1):
R'-CH=C(R?)C(0)-X'-X2-X}-C(0)-CH,-C(0)-R? (1)

where R'isa 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, or a
group of the formula -N(R")-, in which R' is a C,-C; alkyl group; X?is a C-C,, alkylene
group or C;-C;; cycloalkylene group; |

N



antifoam ng agent, an anti-settling agent, an anti-sag agent, a bodying

. agent, an anti-skinning agent, an anti-floodi ng agent, an % -.f.(l T :
agent, a fungicide, a mldewide, a corrosion |nREP\9¢\CE & ﬁﬂ%@?
agent, a plasticizer, a reactive plasticizer, a curing agent, and a o
coal esci ng agent. 24. A coating conposition conprising 34 loat;?&g @ggcl aim
17 and an addivtive selected froma solvent, a pignent, a# &ve i ng agent, a
rheol ogy agent, a flow control agent, an extender, a reactive coal escing
aid, a flatting agent, a pignent wetting agent, a dispersing agent, a
"surfactant, an ultraviolet (UV) absorber, a UV light stabilizer, a

def oam ng agent, an antifoam ng_g@gent, an anti-settling agent, an anti-sag
agent, a bodying agent, an anti-skinning agent, an anti-flooding agent, an

anti-floati ent fungicide, a mldewide, a.corrgsion.inhibitor, a
Ehi cent AgoR A Rgu, o uadk bufeic ot adenr el oty suracRuyF vy agent
- and rﬁorfb%r, ing agent. 25. A nethod for preparing a water-based |atex
conprising the step of m xing a water-based | atex contai ni ng dispersed
wat er bor reboatTl Ne-dbomcd( weight Pertantel a pantacid Waylanshowireindwi t h a wat er - based
| at ex cont ai ni ng di spersed wat er borne acet oacet oxy-functional polymer
par tWwhdrei tlamxeplmgﬂl@/ﬂe,mwmapplmélyéqmwmef)uncti onal polymer is a polynmeric

I ' 1N i Si t h i t of

Sor 1Y BRBT RS 6 Mt gor e fmuls (8 iselegiom
I }eid acrvlae Oz ' d

vt Cr AR A et e e S P, R R R BB L s

wat efcrijlacesbetacetsxgrop i dtyige ddminreoaceoajtacil acitatatidthe nunatifonal pol ynmer
particles and water, and. )
polymenzing, surface-active vinyl monomer is a polyoxyethylene alkyl phenyl ether of

formula (3), (4), or (5):

CH=CH.CH,
R—<.§>-O(CH2CH O H | (3)
fH=CH-CH,

.-
R-<9 -0(CH2CH ?)glosNH 4 (4)

| qupeagu-c,
R—<9 -OCH§H0(CH§H9%IS03NI§4 (5)

where R is nonyl or octyl, n ranges from 5 to 50, and m ranges from 15 to 40.
18.  Alatex of claim 16, comprising from about 5 to about 50 weight percent of the
amino-functional polymer particles and about 50 to about 95 weight percent of the
acetoacetoxy-functional polymer particles, based on weight dry resin and wherein the particle

size of the amino-functional polymer particles ranges from about 25 to about 100 nm and the

T



a wat er-based | atex containing dispersed waterborne acetoacetoxy-functional
. polymer particles and water, :wherein the am no-fu

N J

~polyneric (polyam no) enami ne conprising the reacﬁsmgﬁﬁgmzsﬂﬁ-r
surfactant-stabilized acetoacetoxy-functional polyner andglzmv 909

pol y(al kyl eni m ne). 27. A nmet hod of claim 26, wherei nét 1

am no-functional polyner is a polyneric (polyam no) enam ne conprising the
reaction product of a surfactant-stabilized acetoacetoxy- functional

pol ynmer and a pol y(al kyl eni m ne) and the buffer is amoni um bi carbonat e,
ammoni um di hydr ogenphosphate, or a m xture thereof. 28. A et hod for
scavengi ng residual [err]-unsaiggrated, carbonyl- or electron withdraw ng
group-cont ai ni ng nononers froma pol ynmer |atex conprising the step of

co | - Dol € AVl ' - , rbonyl - or
o B e P e R A oRE a8 et of
a Isgoexn.of clainml. 29. A net hod for scavengi ng residual

[err]-unsaturated, carbonyl- or electron wthdraw ng group-containing
nmod8mer A latehebclpe Vovsemprsiog froonghaus 5 g abons SOrvesigltfperennt efcthe ng a pol yner

| atex having residual [err]-unsaturated, carbonyl- or electron w thdraw ng
gr Mﬂog‘ﬁ?ﬁt‘gf‘ﬁf%y’ﬂbrrﬂ?héﬁlgg%3930%;#’09‘1%“88% Sgstrawﬁ‘r%hmm‘fﬁt ofteat ex of claim 10.
30. 18hctiBfial $6 ! ' RSl dein QR) RRUL - O

el 66t tr(@?laﬁ}{]hdrcalw ang g’ﬁgh@glﬁ’% 2"?‘%%‘3‘1‘ “n%%lﬁgpéﬁs 1?Ioak&naa }gegfl?/rrer I ét ex

Congizd &ff the ainireo-filnegioril pelghicppirticigs fanges foryabloat &0 focabiong450aan dad|
[err]-unsaturated, carbonyl- or electron w thdraw ng_group- containing
moribapegiocld size afthe peateacripry-dunstinnal polymernasticles rapges frpregibout 25 to

about 500 nm.

20. A coating composition comprising a latex of claim 1 and an additive selected from a
solvent, a pigment, a leveling agent, a rheology agent, a flow control agent, an extendér, 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 defogming 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 nﬁldeWcide, a corrosion
inhibitor, a thickening agent, a plasticizer, a reactive plasticizer, and a coalescing agent.
21. A coating composition comprising a latex of claim 1 and an additive selected from a
solvent, a pigment, a leveling agent, a rheology 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 plasticizgr, a curing agent, ;md a
coalescing agent. |
22. A coating composition comprising a latex of claim 3 and an additive selected from a
solvent, a pigment, a leveling agent, a rheology agent, a flow control agent, an extender, a
reactive coalescing aid, a flatting agent, a pigment wetting agent, a dispersing agent, a

N

surfactant, an ultraviolet (V) absorber, 2 UV light stabilizer, a defoaming agent. an
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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 curing agent, and a
coalescing agent.

23. A coaling composition comprising a latex of claim 10 and an additive selected from a

solvent, a pigment, a leveling agent, a rheology 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 curing agent, and a
coalescing agent.

24. A coating composition comprising a latex of claim 17 and an addivtive selected from

a solvent, a pigment, a leveling agent, a rheology agent, a flow control agent, an extender, 2
reactive coalescing aid, a flatting agent, a pigment w.etting agent, a dispersing agent, 2
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, 2 mildewcide, a corrosion

inhibitor, a thickening agent, a plasticizer, a reactive plasticizer, a curing agent, and a
coalescing agent.

25. A method for preparing a water-based latex comprising the step of mixing a water-based
latex containing dispersed waterborne amino-functional potymer particles and water with a
water-based latex containing dispersed waterborne acetoacetoxy-functional polymer particles
and water, wherein the amino-functional polymer is a polymeric (polyamino) enamine

comprising the reaction product of a surfactant-stabilized acetoacetoxy-functional polymer and
a poly(alkylenimine).
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26. A method for preparing a buffered water-based latex comprising the step of mixing:
an 'ammonium buffer,

a water-based latex containing dispersed waterborne amino-functional polymer particles and
water, and

a water-based latex containing dispersed waterborne acetoacetoxy-functional polymer particles

and water, wherein the amino-functional polymer is a polymeric (polyamino) enamine

comprising the reaction product of a surfactant-stabilized acetoacetoxy-functional polymer and
a poly(alkylenimine).

27. A method of claim 26, wherein the amino-functional polymer is a polymeric

(polyamino) enamine compnising the reaction product of a surfactant-stabilized acetoacetoxy-

functional polymer and a poly(alkylenimine) and the buffer is ammonium bicarbonate,

ammonium dihydrogenphosphate, or a mixture thereof.
28. A method for scavenging residual &,B-unsaturated, carbonyl- or electron withdrawing
group-containing monomers from a polymer latex comprising the step of contacting a
polymer latex having residual e,(-unsaturated, carbonyl- or electron withdrawing group-

containing monomers with an effective amount of a latex of claim1 .

29. A method for scavenging residual «,B-unsaturated, carbonyl- or electron withdrawing
group-containing monomers from a polymer latex comprising the step of contacting a
polymer latex having residual «,3-unsaturated, carbonyl- or electron withdrawing group-

containing monomers with an effective amount of a latex of claim 10.

30. A method for scavenging residual «,B-unsaturated, carbonyl- or electron withdrawing

group-containing monomers from a polymer latex comprising the step of contacting a
polymer latex having residual e,B-unsaturated, carbonyl- or electron withdrawing group-

containing monomers with an effective amount of a latex of claim 16.
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