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Wat er - cur abl e conpositions based on thernoplastic pol ynmers having
hydr ol yzabl e silane noieties are becom ng increasingly interesting as

envi ronnent al , heal th and safety concerns increase for other curing
t echnol ogi e VO HkSR24conpositions 10 have excel | ent properBGTAS167&at her - |
chem cal - and water-resistance, since the al koxysilyl group is
connected to the polyner chain by a carbon-silicon bond, rather t han
a | abil e carbon-oxygen-silicon |inkage; therefore water-, alkali- and acid-

resi stance are renmar Ly ] ved conpared to a systemwth silicates or
A AEURoLSERVERTES PO ViER cu_nAELE COMPOSITIONS

BACKGROUND OF THE INVENTION
Water-curable compositions basad on thermoplastic polymers having

hydrolyzable silane moieties are becoming increasingly interesting as environmental,
health and safety concerns increase for other curing technologies. Such compositions

10 have excellent properties of weather-, chemical- and water-resistance, since the
alkoxysily! group is connected to the polymer chain by a carbon-silicon bond, rather
than a labile carbon-oxygen-silicon linkage; therefore water-, alkali- and acid-
resistance are remarkably improved comparad 1o a system with silicates or silanes
added by physical mixing. One disadvantage of water-curable silylated polymer

15 compositions, however, is that they tend to crosslink, especially if dispersed in water,
under normal conditions of preparation, handling and storage. As a result, the
relatively poor shelf life of such compositions has tended to limit their wide commercial
acceptance and has kept the use of silylated polymers to those with very low silane
concentrations, typically less than 1.0 weight percent, in waterborne polymeric

20 products.

Modification of water-curable compasitions to alleviate the problem of

premature crosslinking is described in U.S. Pat. No. 4,526,930 which teaches
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added by physical m xing. One di sadvantage of water-curable silylated
pol.ymer 15 conpositions, however, is that they tend to crosslink,
especially if dispersed in water, under nornmal conditions of
preparation, handling and storage. As a result, the relatively poor
shelf life of such conpositions has tended to Iimt their w de commerci al
accept ance vaneisem kept the use of silylated polymers to PEHERSMTR very

| ow sil ane concentrations, typically less than 1.0 wei ght percent,

i n wat erborne polyneric 20 products. Modi fication of
wat er - cur abl e conpositions to alleviate the probl em of premat ur e
crosslinking is described in U S Pat. No. 4,526,930 which teaches

1 retativaly watar-stable, meit-processable, thermoplastic polymers with hydrolyzable

PCT/ US96/ 16776 relatively water-stable, nelt-processable,
t her nopl ast i silpnd gnoiaties\Whdsersjiyiatadypolymars are only activated-onToadd readily Watsse
silylated polyners are only activated or nade readily water-
curable by the reaction therewith of an organotitanate having at least one readily
hydrolyzable group, which ester exchanges with an ester group of the silane.
5 Unexamined Japanese Patent Application No. 6025502 teaches a
composition comprising a polymer emulsion obtained by adding a tin catalyst (a
diorganotin carboxyiate) which is insoluble in water, to silylated vinyt polymers after
emulsion polymerization. The addition of a water insoluble tin catalyst, however, is not
suitable for such films because defects result from the heterogeneous catalysts and
10 the emuision polymer mixtures, such as formation of craters and granular particles on
the surface and uneven crosslinkage in the film structure. Moreover, the silanes
taught therein have alkoxy groups at least eight carbons long and generally of a
straight chain structure.
This Japanese patent application also teaches non-discriminate curing
15 catalysts generally used for silane/ester hydrolysis and condensation reactions.
Simitar examples of catalysts for silane ester and silanol-containing compositions can
be found in the literature, which disclose batalysts dissolved in organic solvent-based
systems to ensure a proper cure.
Thus, It is clear that there is the need for one component, water-based

20 dispersed sliylated polymeric systems that have good stability during storage in water

and which produce films of good quality upon application and drying.
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curable by the réaction therewith of an organotitanate having at |east one
readily hydr ol yzabl e group, which ester exchanges with an ester

gr i ' anese Ratent .

Appl i cation No. 6025502 teaches a 2oSTId gnconpri sing a pol ymer
emul si on obtained by adding a tin catphysts ‘&1:1{;‘) dilor ganoti n
carboxylate) which is Insoluble in water, 't Mt ated vi nyl polyners after
emul si on pol YW@P1/15634 on. The addition a wat er insol ubl e POTAISBGR6AT6Y St |
however, is not suitable for such filnms because defects result from
t he heterogeneous catalysts and 10 the enul sion pol ynmer m xtures, such as
formation of craters and granul ar particles on the surface and
uneven crosslinkage in the filmstructure. Mreover, the silanes

t aught therei nm%mﬁwwom east eight carbons |long and generally
of a straight chain structure. Thi s Japanese
patent application al so Thepressntimentiorsprovidbs osrapssitions @nd hieth6ds & préparing
generally used for silane/ester hydrolysis and condensati on reactions.

Similar exanpl and efeticdsedfysing wWater didperdisle ©8 bRUISHRBIeSéUrabIB mof/ATtrd havi
conpositions can be found in F{ he literature, which pgi scl Osghﬁgat

catal ysts di sspigsfshd AIkeXySAENE hﬁd?btxﬁ.isﬁle IS:;%%? ?nd an acid %&? Wthtaofugfﬁﬁﬁ bés¢

proper cure. T clear t here 1 heed

for one corpongad whmtcwangmmé&aue 'eéwsffeeagbg?é brdoidr PRY YERBAGnsHtibR

that have good stability during storade in wa
relates to the compositions and methods of making compositions of silylated polymers,

curable by blocked internal acids, and which have good stability during storage in
water. These compositions may also include other catalysts, water and optionally,
some other ingredients. The compositions may be used in coatings, adhesive and
10 sealants.
Said compositions have shelf lives of at least twelve months. More

preferably, these compositions have shelf lives of at least 24 months.

DETAILED DESCRIPTION OF THE INVENTION

15 The curable, aqueous compositions of the present invention comprise:
(1) a stable, water dispersibie or emulsifiable, curable polymer at 0.1 to 75 weight
percent of the total composition containing a sterically hindered alkoxylated silane
group and a copolymerized or grafted acid which is blocked with a fugitive base; (l1)
water at 99.9 to 25.0 weight percent; and optionally, (Hl) other ingredients.

20 (1) Polymer

Polymers for use herein are water dispersible or emulsifiable, curable

polymers which have pendant and/or terminal silyl ester groups (i.e., alkoxy silane)

e

S
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and which produce filns of good quality upon application and dryi ng.

2 SUMMVARY OF THE | NVENTI ON The present

i nvention provides conpositions and net hods of preparing and et hods
of using water dispersible or emul syfs @bl yausaly ¢ pol ymers having at

| east one al koxy silane hydrol yzabl e grepma@md an @cid groups bl ocked with

a fugitivewes3ss6245 and which cl € | enge FBUSPHE Whove
probl enms. The present invention relates to the conpositions and
met hods of naki ng conpositions of silylated pol yners, curabl e by

bl ocked internal acids, and which have good stability during storage in
opt 1 onal Iy, an PR3l ot iGmiRdi ok ool BEGrafeluif Ry Brle sl Pofiors bt
coatings, ad h 'a\éte séf’mg of tjh pesn%g}na;ﬁd%r terminal silyl ester groups are sitanes which are
sterically hindered. The steric hindrance of the silyt estar prevents hydrolysis of the
silane ester and allows for longer shelf-life. Moreover, the release of fugitive bases(s)
5 upon application of the present compositions frees the acid for catalyzing the cure of
the polymer. The silane monomer portion of the polymer should be present at 0.1 to
50 mole percent of the monomaers usad to form the polymer. Varying the amount of
silana in the polymer affects the performance properties of the composition. The acid
monomers should be present at 0.1 to 10 molar percent of the monomers. The

10 polymers should have molecular weights of between one thousand and three million.

The polymers of the present invention have an acid preferably in the
form of a carboxylic group which are terminal or pendant. Examples of reactive
polymers which can be used in the prasent invention include carboxylic acid
modified polymers chosen from the following: polyethylene, polypropylene,

15 polyethylene propylene copolymer, urethanes, epoxies, polystyrenes and urethane
acrylic polymers. Alsao useful herein are acrylic homopolymers, vinyl acrylic
polymers, methacrylic polymers, styrene acrylic copolymers, and polyesters. These
reactive polymers may also contain other organic functional groups, including
hydroxy!l, amide, vinyl and halogens are contemplated as being within the scope of

20 reactive polymers.

The acidic groups bound to the polymer chain may be provided by

copolymerized or grafted species. Acrylic and methacrylic acids are used commonty

This Sheet Has Been Replaced
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Sai d conpositions have shelf lives of at |east twelve nonths. Mre
preferably, these conpositions have shelf lives of at |east 24 nonths.
DEFAH-EB-BESCSRHPH-ON- OF  THE-PMA=MH-ON—L15- The—curabl e
aqueous conpositions of the present invention conprise: (1) a stable,
wat er di spersible or enulsifiable, curable polynmer at 0.1 to 75 wei ght
percent of the total conposition containing a sterically hindered

al koxyl at ed @ Pyts624 group and a copol yneri zed or gr af RGUNGAEF7@hi ch i s
bl ocked with a fugitive base; (I1) water at 99.9 to 25.0 weight
percent; and optionally, (I1l11) other ingredients. 20 (1) Polyner

Pol ymers for use herein are water dispersible or emulsifiable, curable

pol ymers whi ch have pendant and/or termnal silyl ester groups (i.e.,
al koxy si | anein vinyl and acrylic polymers. Maleic and fumaric acids, itaconic acid, sulfoni acids

WO 97/ 15624 _
PCT/ US96/ 16778nd others may also be used. The fugitive bases which may be used to block the acid

groups are fugitive in the sense that greater than fifty weight percent of the total
amount of base in the composition should evaporate from the composition in one day
5 at ambient temperature after it is applied as a 2 mil thick film. Examples of such bases
include ammonia, organic amines, such as morpholine, diethanotamine, amino
alcohols (including AMP from Angus Chemicals) and similar compounds. Different
amines may be used to neutralize the acid functionalities, which neutralization is
achieved when enough base is added to bring the composition to a pH of about 5.5 to
10  8.5. The fugitive base may be added to the polymer prior to or after the polymer has
been placed in water by simple addition of the base with low shear stirring, though it is
preferred that the base be placed in solution only after the polymer has been formed.
llustrative examples of monomeric crganofunctional silanes for
incorporation into the polymer when free radical addition mlyherization is used
15  include acrylatoalkylalkoxysilanes, methacrylatoalkylalkoxysilanes or vinyf alkoxysilane
monomers, such as 3-methacryloxypropyltrl-iso-propoxysilane, 3-
methacryloxypropyltri-iso-butoxysilane, 3-methacryloxypropyltrioctoxysilane, vinyltri-
iso-butoxysilane, vinyl tri-n-decoxysilane and vinyltri-tert-butoxysilane. Other
polymerizable silanes, such as maleate functional silanes, may be used. Silyl-
20 terminated polymers are formed by reacting chain transfer agents, such as 3-

mercaptopropyl tri-iso-butoxysilane.
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and pendant or termnal acidic groups neutralized with fugitive base(s)
t hereon, where at | east sone of the pendant and/or term nal silyl
ester groups are silanes which are sterically hindered. The steric
hi nderance of the silyl ester prevents hydrolysis during storage of the
silane ester and allows for [onger shelf-life. Mreover, the rel ease of
fugitive bawesymspd 5 upon application of the present conﬁ@'!ﬂ-'ﬁ?‘@ﬁ?‘frees

the acid for catalyzing the cure of t he pol yner. The sil ane nononer
portion of the polyner should be present at 0.1 to 50 nol e percent of
t he nononers used to formthe polyner. Varying the anount of si |l ane

in the polynmer affects the erformance properties of the conposition. The
aci d nononers shd ﬁ@ enamples ofanomumericporganafunclionpksilanes fopf t he

nmononers. The 10 polyners shoul d have nol ecul ar wei ghts of between one
t housand and interperatibh into the polymer when the polymer is foimase by gordensafion he present .

I nvention have an acid preferably in the formof a carboxylic group
whi ch are t erpolymérization éncilaet3-aminopropyitridéo-propexyi siane, N-(2-apiasti)s 3whi ch
can be used in the present invention include carboxylic acid nodi fied"

pol ynmer s chosghinbpropyidhBofuitdxy silans, mbmbﬁbhﬁmnetnwbmmwfaﬁees 15

pol yet hyl ene propyl ene copol yner, ur et hanes, epoxi es, pol ystyrenes and

uret hane 5 .soc%hxtbbc rpvm-w@bﬁmxﬂuaﬁe Lh?ﬂfalbl%ée]t&?é/g p?rlfn‘zetg'g%)khfbxy

Ila{\
homopol ynmers, vinyl a yners mers yrene

contain ot her ONE gan.f@ﬂ%ﬁ?‘%ﬁ*%ﬁé %Pgﬁﬁéﬁﬁ"mlvm&"%%t'h&ﬁdé’%‘m@f@-y s
epoxies, polyssters, viny! esters, polyureas, polyamides and similar types of polymers.

The silanes may be grafted or end-capped onto an existing polymer or
may be a co-monomer in the production of the polymer. The silane group is most

10 commonly attached to the polymer through an alkylene group.

Further, the pandant and/or terminal silane group of the polymer may be
represented by the structure R%(R'0)a..SiR*where R' is a sterically hindered C3 to Cyo
alkyl group in straight or branched chain configuration; R? is a monovalent
hydrocarbon group having from one to ten carbon atoms; R® is an alkylene, arylene,

15  aralkylene group or the polymer backbone itself, with the proviso that the SiRYis
bound to the polymer through an Si-C bond; and *a” has a value of zero, one or two.

Hlustrative of suitable sterically-hindered, straight chain hydrocarbon
radicals for use as R' in the formula set forth above are n-butyl, n-pentyt n-hexyl, n-
heptyl, n-octyl, n-nonyl, n-decyl and the like, and cyclo-radicals such as cyclopentyl,

20 cyclohexyl, cycloheptyl, cyclooctyl, bicycloheptyl, and the like. lllustrative of suitable

branched chain hydrocarbon radicals for R' are alkyl radicals such as iso-octy!, 3-

methyl pentyl,
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hydr oxyl, am de, vinyl and hal ogens are contenplated as being within the
scope of 20 reactive polyners. The aci di c groups

b ; copelyerized-or—
grafted species. Acrylic and met hacrylic acids are used conmonly

4 WD 97/ 15624

PCT/ US96/ 16776 in vinyl and acrylic polyners. Maleic and fumaric
aci ds, itacoWwP@7a%24, sul fonic acids and ot hers meBCTWSIH14726 used.
The fugitive bases which may be used to bl ock the acid groups are

fugitive in the sense that greater than fifty weight percent of the total
anount of base in the conposition should evaporate fromthe conposition in

one da Lent, tenperature after it is applied as a 2 m| thick
film >I;xarrpl e&: %"‘% 8xYs 4-methyl-2-pentyl apd thedikemTbaimgst prefenabte Rtarses, such

as nor phol i ne, zimol am ne, am no
. sterrca y hindered groups of less than five carbons, and more preferably less than four

carbons, such as iso-propyl, sec-butyl, and iso-butyl,
R?is a monovalent hydrocarbon having from one to ten carbon atoms,
S for example, an alkyl group (e.g., methyl, ethyl, propyl, octyl or decyl) or an aryl group
(e.g., tolyl or phenyl) or aralky! (e.g., benzyl, phensthyl or tolyl). R%is the group that
links the silane pendant or terminal group fo the polymeric backbone and may be a
straight or branched aikyl group, aralkyl group or ary! group, generally has about from
1 to 18 carbons and may have substituents thereon or may be the polymer itself. The
10 R groups bonds the silicon atom to the polymer through a sificon carbon covalent
bond, which provides hydrolytic and thermal stability to the silylated polymer.
Substituents to the R® group may include a replacement for a carbon atom with atoms
such as oxygen, nitrogen or sulfur, with the proviso that the carbon atom adjacent to
the silicon is not replaced. Other substituents include replacement of the hydrogen
15  atom attached to carbon with halogen atoms, nitrogen, sulfur, oxygan, and
organofunctional groups, such as cyano, urea, esters, amides, oxo and the like.

The polymers may be prepared by any polymerization technique known
in the art, such as, suspension polymerization, interfacial polymerization, solution
polymerization or emuision polymerization. Emulsion polymerization of ethylenically

20  unsaturated monomers in the presence of certain surfactants is the preferred
polymerization technique for vinyl and acrylic polymers because the aqueous

dispersion of latex polymer particles so formed can be used directly or with minimal
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al cohol s (including AMP from Angus Chem cals) and sim |l ar conpounds.

Different am nes nmay be used to neutralize the acid

functionalities, which neutralization is achi eved when enough base

is added to bring the conposition to a pH of about 5.5 to 10 8.5. The

fugitive base may be added to the polynmer prior to or af Eﬁmﬁ&ﬁﬁml ynmer has
OW S

been pl aceWOi915634 er by sinple addition of the base with ear

stirring, though it is preferred that the base be placed in solution
only after the polynmer has been forned. Illustrative
exanpl es of nononeric organofunctional silanes for I ncor poration

into the po 2 s ' LI | L QR 1S ed 15
i ncl ude acr w g‘f %W%é@b@%ﬁ@s %ﬁ%@% I%gthéﬁ %I{@H@Bw I Qf?@? or vinyl
gl_ ﬁgﬁ:::lr 3 P&VWBW%P"?%E@& 59 Tl % igmg,ll kgown in the art. The polymers may also
met hacryl oxypropyl tri-isq;butoxysilane, . . .
3- net hacryl égﬂ)%ﬁw k’Y 9@&"?9(&9& 'Q‘t’%‘*ﬁ‘wp tha art, such as frpg sadical grafting efne,
vinyl tri- n-g‘ecoxysi | ane and, viml tri-t Er t - but o_xgsi | ane. Ot her .
pol yner i zabplyeniceantainigg sterigaliRindared sianesor asigs tapolysletinic pelymaes. Utisd.
Silyl- 20 ternmnated polyners are forned by reacting chain transfer
agent s, ucprefgred that the polyfaerdiamage sush thatthereds aignadientof séane.
5
concentration in the polymer, commencing with a high silane concentration in the
center core of the dispersion particles and moving towards a lower silane
concentration at the outer “sheil” to provide for better stability of the polymer.
Polymers suitable for dispersing in water usually incorporate solubilizing
10  groups, such as nonionic or anionic groups. Nonionic groups include hydroxyl,
carboxyl, polyalkylene oxide and the like. Anionic groups include saits of sulfates,
phosphates, carboxylates and the like. Combinations of the above solubllizing groups
of nonionic with anionic groups may be used. Polymer dispersions may be prepared
by techniques well known in the art. However, it is important that the polymer still
15 contains acidic groups that are neutralized with fugitive bases, which can provide
catalysis for crosslinking afier the fugitive base evaporates.
Emulsions of polymers that contain a silyl group with sterically hindered
alkoxy groups can be prepared by using emulsifiers and techniques well known in the
art. Suitable emulsifiers are set forth below.

20 The stable, water dispersible or emulsifiable, curable polymer

containing a sterically hindered alkoxylated silane group and acid group blocked or
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WD 97/ 15624

PCT/ US96/ 16776 Il1lustrative exanpl es of nononeric
organeftunetonat—st-anes—fot—————neorporatton—int o t he: porymer—when
the polyner is formed by condensation pol yneri zati on incl ude

3-am nopropyl tri-iso-propoxy silane, N-(2-am noethyl)-

am nopropyl di -i so-but oxy sil ane, 4-nercaptobutyl di net hyl octyl oxysil ane, 3-
5 isocyanatVw@PBIH4 ri - sec- but oxysi | ane, and /US96/16776

3- gl yci doxypr opyl net hyl di pent oxysi | ane. Pol ymers that are forned by
condensati on polynerization include pol yurethanes, epoxi es,

pol yesters, vinyl esters, pol yureas pol yam des and sim |l ar types of

pol ymers. sil anes may be grafted or end-cap

onto an exi st iNeYralAesith BrfUQ't'Ve basmubfeb%pr@éem rieto ﬁPQfﬁ%mrbYdM&gg fafn of

the polyner. The silane group is nost 10 comonly attached to the pol ymner

t hrough an al khe kial cpmpasition. Furt her, the pendant and/or
term nal silane group of the polynmer may be represented by the
structure R[ed_m]ﬁ[grr]Qerr])[err]SiR[err] where Rlerr] is a sterically

hi ndered Cferr] to Clerr] al kyl group in straight or branched chain

configuration; R2 is a Watenshbekitbe present at 99.9 to 25.0 weight percent of the
5 composition.
(i) Other Ingredients
In addition to the intemal acid, other water soluble or emulsifiable curing
catalysts may be used to cure the polymers. Suitable catalysts for use herein are
hydrolytically stable, water emulsifiable or water soluble organometallic catalysts, such
10 as hydrolytically stable organotitanate, organotin, chelated titanium, aluminum and
zirconium compounds, and combinations thereof. Usually they are not required for
adequate cure rates.
The preferred pH range of the present aqueous compaositions is about
5.5t0 8.5, with most preferred being 7.0 to ensure blocking of the acid groups. Thus,
15 asmall amount of a buffer may be used. Any conventional buffering agent or mixtures
of such agents known in the art can be employed, such as sodium acstate and sodium
bicarbonate. The buffer should be present at about 1.0 parts by weight or less based
on 100 parts by weight of polymer.
Furthermore, the compositions of the present invention may include an
20 appropriate amount of thickeners (such as carboxymethyicellulose, methylceliulose,
hydroxyethylcellulose, polyvinyl alcohol, polyacrylic acid), fillers, pigments, dyes,

heat-stabilizing agents, preservatives, and penetrants {such as aqueous ammonia)
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hydr ocar bon group having fromone to ten carbon atons; Rerr] is an

alkyl ene, arylene, 15 aralkylene group or the polynmer backbone itself,

with the proviso that the SiRerr] is bound to the pol ynmer through
an Si-C bond; and "a" has a value of zero, one or two.

Il'lustrative of suitable sterically-hindered, straight chain hydrocarbon
radical s fowowssas Rlerr] in the fornula set forth above PGTASREINTTG | |

n- pentyl n-hexyl, n- heptyl, n-octyl, n-nonyl, n-decyl and the |iKke,
and cycl o-radicals such as cyclopentyl, 20 cyclohexyl, cycl oheptyl,
cycl ooctyl, bicycloheptyl, and the like. Illustrative of suitable

branched chai n hydrocarbon radicals for Rlerr] are alkyl radicals such as
i so-octyl, 3and other comonadditives.yin addition, commercially available water-based polymer

gCT / US96/ 16 7dispersi\t'/n\?s <9:a7r/l %g %ﬁ'md iwitsithe waterdispersible camppositignsehthe prasentie
| i ke. The nost preferable R err] are sterically hindered groups of
| ess than fiineentionbprovided titatiineyedpnetfcauas instdbifitys Exemplésimciude conventionally
known waterborne acrylics, cellulosics, aminoplasts, urethanes, polyesters, alkyds,
5 epoxy systems, silicones or mixtures thereof.

The polymer may be added to water as an emulsion or dispersion. If the
polymer is an emulsion, some amount of emulsifier will be required. The emulsifiers
for use herein include nonionic, anionic and cationic surfactants or mixtures of
nonionic with anionic or cationic surfactants. Examples of the nonionic surfactants

10 include polyoxyethylene alkyl ethers, polyoxyethylene alkyl phenyl ethers,
polyoxyethylene fatty acid esters, sorbitan fatty acid esters, and polyoxyethylene
sorbitan fatty acid esters. Exampies of the anionic surfactants include fatty acid
salts, alky! sulfate ester salts, alkyl benzene sutfonate, alkyl phosphate, alkylallyl
sulfate ester salt, and polyoxyethylene alkylphosphate ester. Examples of the

15 cationic surfactants include quaternary ammonium saits such as long chain alkyl
trimethylammonium salts, long chain alkyl benzyl dimethy! ammonium salts, and

di{long chain alkyl) dimethyl ammonium salts. A further listing of surfactants useful

in the present invention may be those described in 1994 McCutcheon’s Vol. 1:

Emulsifiers and Detergents, North American Edition (The Manufacturing
20 Confectioner Publishing Co., Glen Rock) 1994, which is incorporated herein by

reference. The nonionic surfactants are preferred.

10

SUBSTITUTE SHEET (RULE 26)



carbons, such as iso-propyl, sec-butyl, and iso-butyl.

Rl err] is a nonoval ent hydrocarbon having fromone to ten carbon atons,

5 —Ff-or—exarple—an—al-kyl—group—temg——~nothyl—ethyl , propyls—oetyl—or
decyl) or an aryl group (e.g., tolyl or phenyl) or aral kyl (e.g.,.
benzyl, phenethyl or tolyl). Rferr] is the group that l'i nks the
sil ane pendant or termnal group to the polyneric backbone and may be a
strai ght or WO ¥MASARd al kyl group, aral kyl group or aryl grpﬁl'ﬂ’s% ally

has about from 1 to 18 carbons and nay have substituents thereon or
may be the polymer itself. The 10 Rl err] groups bonds the silicon atom
to the polyner through a silicon carbon coval ent bond, mhich

provi des hydrol ytii and thermal stability to the silylated g

Substituents to thehgeEwlSifiess) should Peinresantin 'aerr%fpgea@fé}@ﬁto Qrwe@ghmemam
atomw th atons such as oxygen, nitrogen or sulfur, with the proviso
that the carbbased enweightobpelymer and preferably 0s2 to 2bweight perceanm the pdlyn@rher
substituents include replacenent of the hydrogen 15 atom attached to
carbon wi t h hebrspesitien.ons, nitrogen, sul fur, oxygen, and

or ganof uncti onal groups, such as cyano, urea, esters, am des, oxo and the

l i ke. The appropriéibQiUB)(hyﬁmphiIiwﬁommmaim@@f the &ufactants is
pol ymeri zation techni que known in the art, such as, suspension

pol ymeri za§ i oghosentte cbaesmindre e HILB D1 thedspeckHie!silylatd polymer bdifg léﬁﬁilélﬂ'ébt ' on
or enul sion polynerization. Enulsion polynerization of ethylenically

BPZ ?te H 'celtj ed NTRE RtiSod for BEBCIARE Dpimam MEB tér 'sibstdricelis Wed kndwhts one
skilled in the art and described in "The HLB System" by ICi Americas inc.
The optional ingredients may be added at any time, although in most
cases, the catalyst should be added last.
10
METHOD OF MANUFACTURE
The compositions of the present invention are prepared by adding the
silylated polymer to water, along with any optional ingredients. The method employed

to mix these components is not critical and any commonly used low shear equipment,

15 such as a blade or paddle mixer, is suitable.

USE/ADVANTAGE
The compositions do not seed or gel over an twelve month period of
room temperature storage. More preferably compositions have a shelf life of at least
20 twenty-four months.
The present invention solves the problems of the prior art by using

internal acid functional groups that are prevented from catalyzing the cure of the

"
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pol ymeri zation technique for vinyl and acrylic polyners because the aqueous
di-spersion of |atex polyner particles so-forned can be used directly or

wi th m ni nal 7

WD 97/ 15624

PCT/ US96/ 16776 wor k-up I n preparing the aqueous conpositions of

t he present WordT4asR24on. These pol yneri zati ons nay b@®CETHSWMISTHA as i s
well known in the art. The polyners may al so be prepared by grafting

techni ques known in the art, such as free radical grafting of
ethylenic containing sterically hindered silanes or acids to polyolefinic

polynmers. It j o, preferred that the pol ymer be nmade such that there is
a gradi ent o@&'ﬁ’%{r’@"e neu{raﬂz@g%g{lh # lugitiye basé: Heop application ottheonipagitiont h a
hi gh sil ane gr(])n epgiration in the center core of the dispersion
particles an Yg baseevarorates aRd the pH greps to a moremgidic:valuewhizh then t he

outer "shell" to provide for better stability of the polyner.
Pol ymers sui Calahzes &ie bydsplysisiang condansation ofthe silanei Mast poiditgrosst sHiuld Beé NY
blocked to provide a pH in the range 7+1.5, however, there may be free acid groups in
5 limited quantities remaining, though preferably less than 10% of the total carboxyl
groups on a molar basis so long as the free acid groups do not lower the pH
sufficiently to catalyze hydrolysis.
The compositions of the present invention are intended to be cured upon
use. They may be cured at a range of temperatures, including amblent cure or
10 elevated temperature cure. Such curing may be accomplished by standard means in
the art.
it is possible to use the compasitions for various purposes, e.g., paints,
adhesives, coating materials, binders and sealants, and take advantage of the above
excellent characteristics of compositions of the present invention. The curad
15  compositions form a coating having excellent gloss, soivent resistance, adhesion,
hardness, abrasion resistance and mar resistance. The compositions of this invention
are film forming and are useful for forming protective and/or water repellent coatings
on a variety of substrates, such as metal, wood, textiles, leather, and ceramics. A
composition according to the present invention, depending on the presence of
20 pigments or other conventional components, may be used as a basecoat, clearcoat,

print paste binder, sizing, coating or primer. Cured films having superior transparency
12
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10 groups, such as nonionic or anionic groups. Nonionic groups include

hydr oxyl , car boxyl, polyal kyl ene oxide and the |ike. Anionic groups
include salts of sulfates phaosphates _carboxyl ates and the |ike.
Conbi nations of the above sol ubilizing groups of nonionic with _
ani oni ¢ groups may be used. Pol yner dispersions may be prepared by
techni ques well known in the art. However, it is inportant that the polyner
still 15 w@onisgsns acidic groups that are neutralized VROTUSO6IIE?76 Ve
bases, which can provide catalysis for crosslinking after the
fugitive base evaporat es. Enmul si ons of polymers that
contain a silyl group with sterically hindered al koxy groups can be
prepared by using.emulsifiers and techniques well known in the art.
Sui t abl e enul@idsalvent ggsistance may benfosmpdwith nesurface defects. Wasting osistant,

wat er di spersible or enulsifiable, curable polyner containing a
sterical | y hicoatngemay Rexjealedd sil ane group and acid group bl ocked or

8 SUBSTI TUTE SHEET (RULE 26)

MEK double rub tests, gel content and flow property tests of the latex

films illustrate the enhanced siloxane crosslinking effected by the catalysts used in the

5 presentinvention. Cured compositions made according to the present invention have
an MEK rub resistance (performed according to ASTM D 4752-87) of at least 20 and
preferably at least 40 after curing under mild conditions and for short psriods of time.
The cured compositions have improved adhesion performance according the crosscut
tape adhesion test, ASTM 3359-90, of 4B or greater.

10
Examples
The following Examples are given to facilitate the understanding of this

invention without any intention of limiting the invention thereto. All percentages in
these Examples ars by weight.

15 Example 1 - Synthesis of Silylated Acrylic Latex A

Into a one liter reaction vessel equipped with a stirrer, thermometer, dropping
funnel and nitrogen gas infet were charged deionized water (100g) and IGEPAL CA-
897 surfactant (44g) available from Rhone-Poulenc. A mixture of deionized water
(379.4g), butyl acrylate (55.0g), methyl methacrylate (120.8g), methacrylic acid
20 (2.8g), 3-methacryloxypropyltri-isopropoxy silane (41.8g), aqueous 0.15% ferrous
sulfate solution (6.0g) and potassium persulfate (3.0g) were added at ambient

temperature and mixed for five minutes. A 2% aqueous solution of sodium

13
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WD 97/ 15624

PCT/ US96/ 16776 neutralized with a fugitive base should be present
at 0.1 to 75 percent by weight of : the total conposition.

(rr) water Wat er should be present at 99.9 to 25.0

wei ght percent of the 5 conposition. (I'1r1) O her Ingredients

I n additi onwposed4i nternal acid, other water soluble or &N 163K e
curing catal ysts may be used to cure the polyners. Suitable

catal ysts for use herein are hydrol ytically stable, water

enul sifiable or water soluble organonetallic catalysts, such 10 as

A urm mum and ermaideiyie Sufitlied S8l a5 Aied o dabiidurEo ke reasten mixutea! | y

they are not required for . adequate cure rates.

The pref err e@*§ eF'Hﬂg rogt ampienplesspatatuse inahout 6676 85d thamthei reaction was
cooled to 35°C. A second mixture of butyl acrylate (65.0g), methy! methacrylate
(121.4g), methacrylic acid (2.8g) and 3-methacryloxypropyltri-isopropoxy silane

5 (27.8g) was added to the reaction vesse! and the mixture was aflowed to heat to

about 60°C and then was cooled to 50°C. t-Butyl hydroperoxide-70 (0.1g) was
slowly added to the reaction mixture followed by a 2% sodium formaldehyde
sulfoxylate solution (6.0g). The reaction mixture was stirred and then cooled to room
temperature. Concentrated NH,OH solution was used to block the acid groups and

10 adjust the pH of the silylated polymer emulsion to 7.5. Tha silylated polymer

emulsion was then strained to remove solid particles.

Example 2- Synthesis of Silylated Acrylic Latex B
Into a one liter reaction vessel equipped with a stirrer, thermometer, dropping

15 funnel and nitrogen gas inlet were charged deionized water (499.4g) and IGEPAL

CA-897 surfactant (44g) available from Rhone-Poulenc. The system was heated to

65°C. Aqueous 0.15% ferrous sulfate solution (6.0g) and potassium persulfate

(3.0g) was added at ambient temperature and mixed for five minutes. In another

flask butyl acrylate (120.0g), methy!l methacrylate (242.2g), methacrylic acid (5.6g)
20 and vinyitriisopropoxy silane (49.8g) were mixed. Part of this mixture (41.74g) and a

2% sodium formaldehyde sulfoxylate solution (3.0g) were added and stirred for 15

minutes at 65°C. The remaining mixture (375.6g) and 2% sodium formaldehyde

14
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5.5 to0 8.5 wth nost preferred being 7.0 to ensure bl ocking of the acid
groups. Thus, 15 a small ampunt of a buffer may be used. Any conventional

b .in the art can be

enpl oyed, such as sodium acetate and sodi um bi carbonate. The buffer
shoul d be present at about 1.0 parts by weight or |ess based on 100
parts by wei ght of polyner. Furthernore, the

conposi ti onsy@byisep present invention nmay include an 20 PRQEUSHENETHM e
anount of thickeners (such as carboxynet hyl cel | ul ose, nethylcell ul ose,
hydr oxyet hyl cel | ul ose, polyvinyl alcohol, polyacrylic acid), fillers,

pi gnents, dyes, heat - stabi |l i zing agents, preservatives, and
penetrants (such as aqueous anmoni a)

9 sulfp:@/Tdta S6sion (21.0g) were separately fed into the one liter reaction vesse! over
PCT/ US96/ 16776 and other common additives. In addition,

o ehed i 1, SRR S AT o oy S IGH 650,
hydroperoxide-70 (0.19) and a 2% sodium formaldehyde sulfoxytate solution (6.0g)
was added to the vessel as it was stirred for one hour to complete the polymerization

5 reaction and then cooled to room temperature. Concentrated NH,OH soiution was
used to block the acid group adjust the pH of the silylated polymer emulsion to 7.5.

The silylated polymer emulsion was strained to remove any solid particles.

Comparative Example 1- Synthesis of Acrylic Latex X containing no hindered sily!
10 groups _
Intc a one liter reaction vessel equipped with a stirrer, thermometer, dropping
funnel and nitrogen gas iniet were charged deionized water (521.6g), GEPAL CA-
897 surfactant (44g) available from Rhone-Poulenc, butyi acrylate (73.7g), methyl
methacrylate (121.1g), methacrylic acid (2.8g), aqueous 0.15% ferrous sulfate
156 solution (6.0g) and potassium persuifate (3.0g) at ambient temperature and mixed

for five minutes. A 2% aqueous solution of sodium formaidehyde sulfoxylate (12.0
g) was added. The reaction mixture exothermed and then was cooled to 35°C. A
second mixture of butyl acrylate (73.7g), methyl methacrylate (121.1g) and
methacrylic acid (2.8g) was added to the reaction vesse! followed by the addition of
20 a 2% sodium formaldehyde sulfoxylate solution (12.0g). The reaction mixture was
allowed to exotherm to about 60°C and then cooled to 50°C. {1-Butyl hydroperoxide-

70 (0.1g) and a 2% sodium formaldehydse sulfoxylate solution (6.0g) was added to

15
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I nvention, provided that they do not cause instability. Exanples include
conventional ly known wat er borne acrylics, cellulosics, am noplasts,
ur et hanes, polyesters, alkyds, 5 epoxy systens, silicones or m xtures

t her eof . The pol yner nmay be added to water as an

enul sion or dispersion. If the polymer is an emul sion, sonme anount
of emul sifi &wO 9Wis62dbe required. The enulsifiers f OrPaFAESIEIEE7R6 N

i ncl ude nonionic, anionic and cationic surfactants or m xtures of

nonionic wth anionic or cationic surfactants. Exanples of the nonionic
surfactants 10 include pol yoxyethyl ene al kyl ethers, pol yoxyethylene

al kyl phenyl ethers, pol yoxyet hyl ene fatty acid esters, sorbitan

fatty acid eshevesschag itwdsystirsedt foy besour to complitd thieapolfmbtizatipnirdatinedri
Exanpl es of the anionic surfactants include fatty acid salts, alkyl

sul fate est erhgmtdsled ¥ Foom ReApaRIrE UCHRcEtecPartitionin? Adrakite salufishwWdsy

I
sul fate ester salt, and pol yoxyet hyl ene al kyl phosphate ester. Exanpl es of

the 15 cal iuaglito ek a5d BBl dHiFscibYSs BRY TERBRAUARIrEP ot

| ong chai n al kyl trimethyllammonium salts, long'c
di met hyl ammgng u | ' | ' : ni um
salts. A furt ﬁérﬂ‘?gﬁ %Sd?? gjerrfeg(':utlgg‘é g@ Sg}a WUQO%'ha?%a&gaﬁ%dgéﬁw

i nventi ongmay be those described in 1994 McCutcheon's Vol . 1:
Enul sifiers and Detergents, North Anerican Edition (The Manufacturing 20

Conf ect i oner dll sl ehble 1 EHMnERE K sify ke Vil AdyicLABeo'RAANRG nper & N

by
Acid Functional Groups

A latex was produced by a semicontinuous batch process from deionized water
(419.5g), IGEPAL CA-897 surfactant (26.5g), IGEPAL CA-630 surfactant (3.0g),

10  sedium bicarbonate (2g) and NATROSOL 250 MXR (2.5g) were charged into a one
liter reactor equipped with an overhead condenser and a metal-bladed stirrer. The
system was heated to 65°C with a heating mantle and purged with nitrogen.
Ammonium persulfate (1.8g) and ABEX EP-110 anionic surfactant from Rhone-
Poulenc (3.8g) were added. Ten percent of a monomer mixture (prepared by pre-

15 mixing vin;-l acetate (385g), butylacrylate (65g) and
3-methacryloxypropyitriisopropoxysilane (66g) was then added in less than 1 minute.
THy temperature was maintained befow 75°C and stirred for 15 minutes at 150 rpm.
After the seed latex was made by this batch process, the remaining 90% of the
monomer mixture was added over a three hour period at a rate that permitted the heat

20 of reaction to be removed and the reaction tempsrature maintained at 75°C. When
the monomer mixture had been completely added, the emuision was held at 75°C for

30 minutes and t-butyl hydroperoxide-70 (0.1g) was added. 2% Sodium formaldehyde

16
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reference. The nonionic surfactants are preferred.

10 WD 97/ 15624

PCT/USQ6/ 16776 The emilsifier(s) should_be present in the
range of 0.05 to 30 wei ght percent based on wei ght of polyner and
preferably 0.2 to 20 wei ght percent of the pol yner conposition

The appropriate HLB (hydrophilic-1lipophilic balance) of the surfactants is

5 chosen towsggligiprond to the HLB of the specific silyl atacrknees bei ng
enul si fi ed. he nmet hod for selecting the optimum HLB for a substance

Is well known to one skilled in the art and described in "The HLB
Systemt by ICl Anericas Inc. The optional ingredients
may be added at any tine, although in nost cases, the catal yst

shoul d be addggdgtdte solution (25g) was added over a period of one hour while maintaining the
temperature at 75°C. After completion of the reaction, the pH of the reaction solution

was adjusted 1o 7.5 by adding a 5% NH;OH solution.

5 TESTING OF EXAMPLES (Examples 3-6 and Comparative Examples HlI-V1)

Films were prepared by castingthe polymer compositions set forth above
using a draw down bar onto phosphated stainless steel panels. The dry film
thickness was 2 mils [50.8 um]. The films were cured at 23°C and 50% relative
humidity for seven days. The solvent resistance of the fiilms was dstermined by

10 MEK double rubs, as described in ASTM D 4752-87. Gloss values were performed
according to ASTM D 523. Pencll hardness was performed according to ASTM
D3363-74 (reapproved 1989). The crosscut tape adhesion test was performed
according to ASTM 3359-90.

The effectiveness of the curing catalysts in promoting the erosslinking of the

15  polymer containing sterically hindered alkoxysilyl groups is demonstrated by the gel
content of films. The gel content was determined by pouring compositiorls of the
present invention or comparative examples into a petri dish and allowing them to
cure at room temperature for ten days. One gram of the dried (cured) film was
removed and divided into small rectangular pieces which were weighed (w,), placed

20 into a cellulosic thimble and extracted with methyl ethyl ketone (MEK) solvent for

tweive hours under nitrogen atmosphere using a Soxhlet extractor. After extraction,

17
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10 METHOD OF MANUFACTURE The conpositions of the
present invention are prepared by addi ng the silylated polyner to
water, along with any optional ingredients. The nethod enpl oyed to
m X these conponents is not critical and any commonly used | ow shear

equi pnent, 15 such as a blade or paddle mxer, is suitable.

USE/ ADVANT A% 97/15624 The conpositions do not BEFEFIITHe| over
an twelve nonth period of roomtenperature storage. Mre preferably
conposi tions have a shelf life of at least 20 twenty-four nonths.

The present invention solves the problens of the prior art by using

i nternal acid functional groups that are prevented from catal yzing the cure
of the the sample remaining in the thimble was dried and the remaining sample was \\D

97/ 15624
PCT/ US96/ 167 7eeighed {wz). The gel content was determined by the equation:

Gel content (%) = [[1-(w;-W2))w4]x100,

where w; and w are as above.

Table I. FILM PROPERTIES OF COMPOSITIONS OF PRESENT INVENTION AND

COMPARATIVE EXAMPLES
Example | Polymer | Catalyst' [ Gloss |Hardness | Tape MEK | Gel
No. (60°) Adhesion | Rub | Content, %
3 A No 85 F 58 >40 |89

0
4 A Yes 83 H 58 >40 | AN

0
5 B No 88 2H 5B >40 |92

0
6 B Yes 87 2H 58 >40 |89

0
Comparative Examples
1] X No 84 B 5B 10 [0°
v X Yes 83 HB 58 30 |o0°
vV Y No 85 5B 58 22 13.1
Vi Y Yes 85 28 58 38 25.4
1. TYZOR 131 catalyst (E.l. DuPont de Nemours & Co.) added at S weight percent
of composition.

10 2. These films were soluble in MEK and so the gel content reads as 0.

The eftactiveness of the internal acid catalysts of the compositions of the present
invention is illustrated by the gel content of the cured films. Examples 3 and 5 have
gel contents of 89 and 92 percent, respectively. These high gel contents indicated

15 that the sterically hindered triisopropoxy silyl groups of the polymer have hydrolyzed

18
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pol ymer while neutralizated wwth a fugitive base. Upon application of the
conposition, the fugitive base evaporates and the pH drops to a
no+e—acikdic—valuewhi.ch then catalyzes-the hydrolysis and .
condensati on of the silane. Mst acidic groups should be bl ocked to
provide a pHin the range 7[err]1.5, however, there may be free acid groups
I n 5 limted quantities renmai ning, though preferably |ess than 10% of
the total cawbowysezs groups on a nolar basis so | ongPEBUSYE6I6ece aci d
groups do not | ower the pH sufficiently to catal yze hydrol ysis.

The conpositions of the present invention are intended to be cured upon
use. They may be cured at a range of tenperatures, including anbient cure
or 10 el evated tenperature cure. Such curing nay be acconpl.i shed by

st andard means and condensedd;erogslink or cure the polymers. Comparative ExampleV,id e t o
use the conpositions for various purposes, e.g., paints, adhesi ves,
coating mat er i sinylactylic:pelymeacohtairiap anisapropony silyligeougrsy butt repiaterfial taeid caitalyst,
excel l ent characteristics of conpositions of the present invention. The
cured 15 comnhas aigebcenténtiofonly dGatt pergerita Every additien bEwigh Evelssof titaiung Bliring
resi stance, adhesi on, har dness, abrasion resistance and mnar

resi stance. TheatalysTYZORT®, @id ridtiaghiewy thetdapie degree of &lire. ThbHef Sdritdmbfand
are useful for formng protective and/ or water repellent coatings

5 Comparative Example VI was only 25.4 percent.

The internal acid catalysts were effective in achieving the complete cure of the
films. For example, the addition of five weight percent titanium catalyst to silylated
acrylics A and B, as shown in Examples 4 and 6, did not significantly increase the gel
content of the cured films from that achieved when no catalyst was used, as in

10 Examples 3 and 5. The gel contents for Examples 3 through 6 were between 89 and
92 percent.

Incorporation of the internal catalyst significantly improved the properties
of the cured films, such as solvent resistance and hardness. The MEK double rubs of
examples 3 through 6 greater than 400. A polymer containing no silyl groups had very

15  poor solvent resistance, as shown by Comparative Examples Ili and IV, which had
only 10 and 30 MEK double rubs, respectively. The solvent resistance of silylated
polymers not containing the internal cure was also poor. The MEK double rubs of

Comparative Examples V and V! ware 22 and 38, respectively.

19
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on a variety of substrates, such as netal, wood, textiles, |eather, and

ceramcs. A conposition according to the present invention,

dependi ng on the presence of 20 pi gnents or ot her conventi onal
conponents, nmay be used as a basecoat, clearcoat, print paste binder,
sizing, coating or primer. Cured filns having superior transparency

12 wo s7/15609 97/ 15624 PCT/US96/16776

PCT/ US96/ 16776 and sol'ven ' ce mayb: rmed with no
surface defects. Washing re 'm Iy oati ngy HHIS bereTEat

MEK double rub tests, gel ¢ ﬁmummlﬂﬂgrwert st BEmfy A1’ 5t fx
films illustrate the enhancel il ¢éxame <r | i nking effec 3yt he

cat al ysts use¥eidiaimme 5 present invention. Cured conpositions nade

according to the present invention have
1. A curable composition comprising:

(a) a stable, water dispersible, curable polymer at 0.1 to 75 weight percent
of the total composition containing a sterically hindered alkoxylated
5 sitane group and acid groups blocked with a fugitive base; and
(b) water at 99.9 to 25 weight percent of the total composition.
2. A composition according to claim 1 additionally comprising a buffer in an
amount sufficient to maintain the pH of the composition at between 5.5 and 8.5.
3. A film produced by curing of the composition of claim 1.

10 4. A composition according to claim 1 wherein the water dispersible or
emulsifiable, curable polymers have a pendant or terminal silane group of the
structure RSiR%(OR")s.¢, where R is a sterically hindered Cs to Cyo alkyl group
in straight or branched chain configuration; R? is a monovalent hydrocarbon
group having from one to ten carbon atoms; R® is an alkylene, arylene,

15 aralkylene group or the polymer backbone itself, with the proviso that the Sir®
is bound to the polymer through an Si-C bond; and “a” has a value of zero, one
or two.

5. A composition according to claim 4 wherein R' has less than five carbons and
is branched.

20 6. A composition according to claim § wherein R' is selected from the group

consisting of: iso-butyl, sec-butyl, iso-propyl, iso-amyl and sec-amyl.

This Sheet Has Been Replaced
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an MEK rub—resistance (performed according to ASTM D 4752-87) of at |east
20 and referably at |east 40 after curing under mld conditions
and _for s“p'!twﬂu wutﬂ t i -ABee———TFhte—e 28— 0APOSIi t | ONS -have—mproved
adhesi on ace rding the crosscut t ape adhesion test,
ASTM 3359-90, of 4B or greater. 10 Exanples . The

fol I owi ng Exanpl es are given to [TagbISHERT easBetNnder st andi ng of this

i nvention w wWoemisedy i ntention jof | i RERUAGEDt he | }went i on F&E’P@?‘Gfmﬂl I
percentages in t hese Exanptes—are by weight. 15 Exanple 1 -
Synthesis of Silylated Acrylic Latex A Into a one liter
reaction vessel equipped with a stirrer, thernoneter, dropping

funnel and nitrogen gas inlet were charged deionized water H‘ 00% and
| GEPAL CA- 7.~ ghuorspesition agsordinglg)claifal wherel the watardisee nc. A

m xture of deionized water 379.49), butyl acrylate (55.09), nethyl
net hacryl ate (120. Gpylsifiahleaunablei polymerds asiylated visyl acrylic polymer with @ molecutar
3- et hacryl oxypropyltri-isopropoxy silane (41.8g), aqueous 0.15% ferrous
sul fate sol ution (Gvéight betwsenot,886 andthoes milidnat e (3. 0g) were added at

anbt ent tenperature and m xed for five mnutes. A 2% aqueous sol ution
of sodium 8.  Acomposition according to claim 1 wherein the blocked acid groups are
5 terminal or pendant carboxyl groups.

9. A composition according to claim 1 wherein the acid is present at 0.1 to 10
mole percent of the polymer.

10. A composition according to claim 1 wherein the fugitive base is selected from
the group consisting of: ammonia, morpholine, diethanolamine, and amino

10 alcohols.

11 A composition according to claim 1 wherein the fugitive base is present ata
level so that less than ten percent of the acid groups on the polymer are not
blocked.

12.‘ A method for making a curable composition comprising mixing:

15 (a)  astable, water dispersible, curable polymer at 0.1 to 75 weight percent
of the total composition containing a sterically hindered alkoxylated
silane group and acid groups blocked with a fugitive base; and

(b)  water at 99.9 to 25 weight percent.

13. A process according to claim 12 wherein the curable composition has a shelf

20 life of at least twelve months.

14. A process according to claim 12 additionatly comprising adding buffer in an
amount sufficient to maintain the pH of the composition at between 5.5 and 8.5.

-
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WO 97/ 15624
PCT/ Uﬁﬂmﬁmmmcumumlﬂ f or mal dehyde sul foxylate (12.0 g) was addedto the
m xt ur xture exot hermed from anbi ent tenperature to
about 60C ‘and then® tHe reaction was TR Phedto 35(err]C. A second
m xture of butyl acrylate (65.0g), nethyl gefyrhat&g -

met hacryl i c WE%1%624 8g) and 3- et hacryl AEED | sopri
(27.8g) was added to the reaction vessel and the m x

heat to about 60[err]C and then was cooled to 50[err]C. t-Butyl
hydr oper oxi de-70 (0.1g) was slowy added to the reaction m xture
foll owed by a 2% sodi um f or mal dehyde sul foxyl ate solution (6.0g).

The reaction #P.xt uk pracess according tacldin H2additiohally comprisimgncuring the curable
tenperature. Concentrated NH err] CH solution was used to bl ock the acid
groups and 10 adiompositioa. pH of the silylated polymer emulsion to 7.5. The

silylated pol yner emul sion was then strained to renove solid
particles. 16. A process according to claim 12 wherein the water dispersible or emulsifiable,
curable polymers have a pandant or terminal silane group of the structure
5 RPSiR%(OR")s.e, where R’ is a sterically hindered Cs to Cyg alkyl group in
straight or branched chain configuration; R? is a monovalent hydrocarbon group
having from one to ten carbon atoms; R? is an alkylene, arylene, aralkylene
group or the polymer backbone itself, with the proviso that the SiR® is bound to
the polymer through an Si-C bond; and “a” has a value of zero, one or two.
10 17. A process according to claim 16 wherein R' has less than five carbons and is
branched.
18. A process according to claim 17 wherein R'is selected from the group
consisting of: iso-butyl, sec-butyl, iso-propyl and sec-amyi.
19. A process according to claim 12 wherein the water dispersible or emulsifiable
15 curable polymer has a molscular weight between 1,000 and three million.
20. A process according 10 claim 12 wherein the blocked acid groups are terminal
or pendant carboxyl groups.
21. A process according to dalm 12 wherein the acid is present at 0.1 to 10 mole
percent of the polymer.
20 22. A process according to claim 12 wherein the fugitive base is selected from the
group consisting of: ammonia, morpholine, diethanolamine, and amino

alcohots.

22
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Exampl-e—2-- Synthests—of Silylated Acrylic Latex B Into a one

lite equi pped with a stirrer, thernoneter, dropping 15
fmn%ﬂ'lmmnmnm&aa as—fet—rere—charged—deroni-zed—wat er (4994g) and
| GEP The

surfactant (44g) avail abl e from Rhone- Poul enc.
syst em was heated to 65[err] C. Aqu "G ferrous sulfate
sol ution (6.0g) and potassium per [QkarEt EBT M (3. i)g) was anbi ent
t enper at ur e WOA@VM86%ed for five m Autes. Ri:m»‘éﬁbm r&&gg&gg{-@
acrylate (120.0g), nethyl nethacr 29) met hacrylic acid (5.69)
20 and vinyltrilsopropoxy silane (49.6g) were mxed. Part of this m xture

m \'

(41.749) and a 2% sodi um f or mal dehyde sul f oxyl ate sol ution (3.09)
were added and stirred for 15 m nut es at 65{errLC The renai ni e%
m xture (375.@8) aAdroosssagrondingde elaimdRywherein the fugitive base is present at a level

14 SUBSTI TUTE SHEET ( RULE 26)
. so that less than ten percent of the acid groups on the polymer are not blocked.
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ViQ 97/°15624
PCT/ US96/ 16776 suLfo*%atwe“”s@“’utel on (21. oﬁ%’%@%@t’rg@r’ﬁ?g

into the one liter reactioR: fve\ﬁs%ﬂo éi*" a period of three hours
whil e nmai RING-9TSER4t he reéct“r‘orf“t errper atuzre; at 65[err]C. t-BOI/YS6/16776

hydr oper oxite- 70 ( 0. lg) aqg%§§@ LW mal dehyde sul f oxyl ate sol ution
(6.009) was added td th& Vesse it was stirred for one hour to
conpl ete the pol yneri zatﬂorL D wreattrbngand then cooled to room
tenperature. Concentrat ed, NH[ err] OH sol uti on was used to bl ock the

g A A

acid group asmmmmdﬂmt ed polymer enulsion to 7.5.

The silylated pol ynmer enul sion was strained to renove any solid particles.

o v "0 “oroupe. - . THE R @V?'té““?‘:%’#é“?sk@ﬁ’%‘ﬁeﬁf ahE R 3 e “delr %
wer o char geaat MO Sdh vl gafiie.or amuisifie, irs 18'9%{ o bavaaar

(449) availaple fro Rhon -PouI enc, butyl acrylate (73. 7 met hyl '
met hacr y| at eléggsbana giko: aroup ang)an MGW@S lmfvaﬂ'ra)mgiﬁve base
sulfate 15 solution (6. Og) and pot assi um persulfate (3.0g) at ambi ent .
t enper at & e andiwhichalearly meet therchallangesiof theeabovie problems: oThe prelsatt inverstion
sodi um f or mal dehyde sul foxylate (12.0

relates to the compositions and methods of making compositions of silylated polymers,

curable by blocked internal acids, and which have good stability during storage in
water. These compositions may also include other catalysts, water and optionally,
some other ingredients. The compositions may be used in coatings, adhesive and
10 sealants. _
Said compositions ‘have shelf lives of at least iwelve months. More
preferably, these compositions have shelf lives of at least 24 months.

DETAILED DESCRIPTION OF THE INVENTION

15 The curable, aqueous compositions of the bresent invention comprisei
(1) a stable, water dispersible or emulsifiable, curable polymer at 0.1 to 75 weight
percent of the total composition containing a sterically hindered alkoxylated sitane
group and a copolymerized or grafted acid which is blocked with a fugitive base; (1I)
water at 99.9 to 25.0 weight percent; and optionally, (Ill) other ingredients.

20 () Polymer |

Polymers for use herein are water dispersible or emulisifiable, curable

polymers which have pendant and/or terminal si'lyl ester groups (i.e., alkoxy silane)

SUBSTITUTE SHEET (RULE 26)



g) was added. The reaction m xture exotherned and the E@LA@E%N}T SHEET
35[err]C. A second m xt,.ULﬁmginwwbu%y{-~~a§r)ﬁl ate (73.7g9), nethyl
met hacryl ate (121.1 g) and RepiReEERTY pHEE dcid (2.8g) was added to the

reaction aessel . fol | owed by the raddition st~ 20 a 2% sodi um f or nal dehyde

sul f oxyl agi;@g%g{‘i on (12.0g). Tl?ﬁeéﬂ agld Qauati Xtiure Was  perniob/gyes to
t

exot herm 60[ err] C anc Uadt et o% Sb[ err]C. t-Butyl

hydr oper oxi de- 70 (0. 19) 6{[151,,,.3.-..2.%..=s4;di~u-'¥n for mal dehyde sul foxyl ate
solution (6.0g) was added to |

15 WD 97/ 15624 SR

7CT1 95! 1720 oo o, B56F et G b paRe i whor

D o U o Ao PO PPt St S sanes WG st
;8| id part r@’?egga]_l;] gingpjrl X lT%te §gﬁ£ I?Irlac}/errTaEILe gfnt}:L giliyloensta\;vapfevesr;[tsr r?;drr]o?yiist cﬁ:rit:ge ;Ttgr\:/age 2fnﬂ>1/a
silane ester and allows for longer shelf-life. Moreaver, the release of fugitive bases(s)
5 upon application of the present compositions frees the acid for catalyzing the cure of
the polymer. The silane monomer portion of the polymer should be present at 0.1 to
50 mole percent of the monomers used to form the polymer. Varying the amount of
silane in the polymer affects the performance properties of the composition. The acid
monomers should be present at 0.1 to 10 molar percent of the monomers. The

10  polymers should have molecular weights of between one thousand and three million.

The polymers of the present invention have an acid preferably in the
form of a carboxylic group which are terminal or pendant. Examples of reactive
polymers which can be used in the presenf invention include carboxylic acid
modiﬁed polymers chosen from the following: polyethylene. polypropylene,

15 polyethylene propylene copolymer, urethanes, epoxies, polystyrenes and urethane
acrylic polymers. Also useful herein are acrylic homopolymers, vinyl acrylic
polymers, methacrylic polymers, styrene acrylic copolymers, and polyesters. These
reactive polymers may also contain other organic fuﬁctional gmupé, including
hydroxyl, émide. vinyl and halogens are contemplated as being within the scope of .

20 reactive polymers.

The acidic groups bound to the polymer chain .may be provided by

copolymerized or grafted species. Acrylic and methacrylic acids are used commonly



Conpar at i ve Exanpl e I1. Synthes; St yti’ét’gﬁh\/i
Cont ai ni ng no Aci d Funct i oR@iif l@%‘t}b s
produced by a sem continuous baf C T6Cess fron’] dei oni zed wat er (41
9. 588e c14PAL CA-897 surfactant ; ( 6. 5@)nak GERY rfactant (3.09),

10 sodi'um bi car bonat e (2g) and% T O_ 250 IVD(R (2?59‘}"&/\%%% *|‘;g‘43~d_4h nto a

oneq cd&ﬂ]?r g@? wi-t-h- a’n’“overhea@i @&an_@n&&:rpap LN
rre1af—b|ae S HP@ﬁ asystemmsmabedto 65[err“]Cw,_th6{
heat i ng rrantl and mni sul fate 1 89)
an{l ABEX EP-1 0 aﬁ @ﬁ%edlé Elé'i iﬁrﬂgﬁﬁ‘%‘mﬂ" &"n aﬁ‘;’f 8g) were
adged. Ten percent of a nononer m xture (prepared by pre- 15 m xing vinyl
acetat e ( 385gylispersiblese epulsifiableseyrablecpolymer of a molecular weight

3- et hacryl oxypropyl trii sopropoxysilane (66g) was then added in less than 1
m hut e. béiwr:encl]000 ghd tireeasillion whithtead at @l bty SXbimele percantobfsti rred for

15{m nutes at 150 rpm After the seed | atex was nmade by this batch
process, the ﬁfé@!uﬂl OBdQ{( Hﬁ,ﬂ ‘W?ﬁa% ed over a

t hree hour perio #ﬂg rg{ per?glwggg%ﬁ at reaction to be
refroved and the re iop te i ntain 75 C, Wen t he
nohoner ni xt ufe® ‘Waﬂ.t% éﬁ"’fﬂ%ﬁé@ﬁ#ﬂm §1 %&%W&
75)err] C for 30 m nutes and t-butyl hydroperoxide-70 (0.1g) was

added. 2% Sodconsistingaflalkylgd€3 to 5 mrbons, branched alkyls of 3 to 10 carbon
16

atoms and cyclocalkyls of 3 to 10 carbun atoms; R3is a manovalent
hydrocarbon group having from one to ten carbon atoms; R® is an
alkylene, arylene, aralkylene group or the polymer backbone itsclf, with
the provise that the SiR?is b;)und to the polymer through an Si-C bond;

) and “a” has a valuc of zero, one or two; and

! terminal or pendant carbexylic acid gmupé, at 0.1 to 10 mole percent of
the monomers used to form the poiymer, which groups are blocked with a

fugitive base; and

: (b)  water at 99.9 to 25 weight percvent of the total composition,
2 A comapostion according to claim 1 wherein R is branched.

3 . Acomposition according to claim 2 wherein R! is selected from the grﬁup
consisting of: iso-butyl, sec-butyl, iso-propyl, iso-amyl and'sec-amyi.

4 A composition according to claim 1 wherein R! has from 3 to 5 carbon atoms.

L

This Sheet Has Been

B o LT

5. A curable composition comprising:



RS HEM U
Vg 97) 15 - —1 | REPLAGEMENT SHEET
PCT/ U896 ul fox;}l étezgqmﬁ ks (”25‘\9) was added over a period
of one h m]““mm le ng tihé t enper at ure—at-75lerr]C_ After
conpl eti oR ot tithewreactton, the gk of-the-reaction; sejhllﬁjnfém HAS 3a:x\'\/§/as

adjusted to 7.5 by adding a 5%i{NH err] OH sol utlgh SEPIHESTT NG O
EXAI\/PLES (Exampl es 3 6 and Conpeatative EXANpl es III-VI Fil ns

wer e przepar ed by cé®tingolymer @élﬂy]r@r75c‘{6ﬂlﬂb§l’9ﬂ°9h%0fsté? Wfé-} £HuRgRNen a

using & draw down bar onto phosphated stainless steel panels. The dry film

thi ckness was 2 ni ktabldGvaltef dispériible thembldifizblepturablerpety mér N molep@laxnd
50%r el atlve humi di ty for seven days. The solvent resistance of the

filnms V\BS determn I

4752-87, doss val SEiEitibebieal OO AU Eirl o R SniaRARE BER I RS hle
har dness was perfornmed accordi ng to AST 63 74, (reapproved 1989).
The crosscut tape BREFFES 6& SURITRES H@Pyﬁqmmewf merat orpen%a.n%

sterically hindered alkoxylated silane group bound to the polymer

?

through an Si-C bond and tcrminal or pendant carboxylic acid groups, at

i 0.1 to 10 molc percent of the monomers uscd to form the polymer, which

groups are blocked with a fugitive base wherein the polymer is formed
: from incorporating acrylatoalkylalkaxyszilanes or
; methacrylatoalkylalknxysilanes intw the polymer; and
(h)  water al 99.9 to 25 weight percent of the tutal composition.
6. A rumposition according to claim 5 wherein the water dispersible or emulsifiable
curable polymer is a copolymer of acrylatoalkylalkoxysilane.
A composition according to claim 5 wherein the water dispersible or emulsifiable

curable polymer ig a copolymer of methacrylatoalkylalkoxysilane

B. A method for making a curable composition comprising mixing:
(a)  polymer at 0.1 to 75 weight percent of the total composition a

stable, water dispersible or emulsifiuble, curable polymer of a molecular

weighl between 1,000 and three million containing at 0.1 mole to 50
percent of the monomers used to form the polymer a terminal or pendant
sterically hindered alkoxylated silane group bound to the polymer

through an Si-C bond and terminul or pendant carboxylic acid groups, at

0.1 to 10 mole percent of the monomers used to form the polymer, which

This Sheet Has Been Re: plac
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ac(eord 59 90. e o Fhe !effect i venBysi- é)ff%‘"fﬁa“e;‘lﬁ@ TngHEE
cataly iﬂl“ 'Iméﬁg@ t he cﬁ@%gﬁ}ft i jﬁng__mi t] 15 pol ymer contai ni ng

steric oxy i 1yT groups is de nstxalﬁmwnl t he gel

content of films. The gel ¢ n'-t t MAR ‘898 el m nedTHEY SiRRN LAY REGRTOSI ti ons of
t he pr esent inventio ‘or corrparatlv_é : aﬂp_l__e_ém?mm’ﬁ petm di sh and
al l owi ng themto s Tﬁ“‘f“éﬁ,er

ture for 1. S am of
the drigd (cured) f@-’P‘PfPﬁ/\ﬁ@ locked wi ve base WherRly H"'ﬁ? y%’r?ﬁllﬁ ormed
rectangyl ar pieces which weré” WET ghed (w[err]) placed 20 into a

cel I ul ogi ¢ thinbl efﬂdﬁm&drp&@tﬂ@mﬂlhtoaﬂy@koﬂsﬂaheken one (MEK) solvent for
twel ve RQours under nitrogen atnosphere using a Soxhlet extractor. After

extractijon, lalkoxysilanes into the polymer; and 17

VO 97/ 15624 methacrylatoalkylalkoxy POty PCT/ US96/ 16776

the samyle rer{gs ni anéepaiagsttgb welgl\ﬁapergerﬂted and the renaining sanple vas
g. A methad for making a curable compusilion comprising mixing:

(@)  al0.1to 75 weight percent of the total cornposition a stable, water
dispersible or emulsifiable, curable polymer of a molecular weight
beiween 1,000 and three million which have at 0.1 to 50 mole percent of
the monomers used to form the polymer a pendant or terminal silane |
group of the structure RISiR%:(0R )., where R! i selevled from the group
consisting of alkyls of 3 to 5 carbons, branched alkyls of 3 to 10 carbun
atoms and cyclocalkyls of 3 to 10 carbon atoms; ﬁ’ is a monovalent
hydrocarbon group having [rom one to ten carbon atoms; R¥is an
alkylene, arylene, aralkylene group or the polymer backbone itself, with
the proviso that the SiK? is bound to the polymer through an Si-C bond,;
and “a” has a value of zero, one or two; and

terminal or pendant carboxylic acid groups, at 0.1 L 10 mole percent of

% the monomers used to form the pulymer, which groups are blocked with a
fugitive base; and

(b)  water at 99.9 to 25 weight percent of the total composition.

This Sheet Has Been R
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WEI ghed (w2). The gel content
content (%9 =[[1 -(Werr]-

the equati on:

X1 0, I err]
M |3‘R(]?EIZ[EEé-A;&:iﬂmE SH EF;;ll-'l ONS

aﬁg% are as above. 5 ~Table |. Fi

PR | NVENTI ON AND - ARATIME WBRAMPLES | THIS SI‘:E&&E#}‘MB@*“P ymer
REFLACED

Cgt al yg! %gaémpogﬁsﬂ%m%}g ek Cel ho. B

----- —~Rerh~Cont ent
>40

% 3 A

o 4 (a) ~ gt 0.1 to 75 wpééht pe tof omposilion a siaple, water ~,0 g1

0 5 B - No 88 2H 5B >40 92
6 Bdispersible Weemulsifiabl8 /curable pblymer of a molefular weight>40 89
Conpar ati ve Exanpl es I X No 84 B 5B

10 Of[err]
30 v betweeh$ 000 and ffﬁge m:lhonvygﬁhhas at 08}.:%0 50 molé%seéccnt of 2 2 13. 1

Vi 25. 4 1.

TYZOR 131 CQ%%Wg?mF@ W%W%Mﬂ??e&d&tﬂﬁﬁMMM| ght percent

of conposition. 10 2. These filnms were soluble in MEK and so the gel -
cont ent r eageoupsnfthe structure MASHZ(OR Jww,cvbere Rifis selected frammthe group cat al ysts
of the conpositions of the present invention is illustrated by the gel
content’ of pdiyigtingest flkyigor 3 s 8EaHAhs orafehed SMRYE of 3 to 10 carbon

atoms and cyclocalkyls of 3 to 10 carbun atoms; R%is a monovalent

hydrocarbon group having from one to ten carbon atoms; R® is an

alkylene, arylene, aralkylene group or the polymer backbone itsclf, with

the provisv that the SiR?is b;mnd to the polymer through an Si-C bond;

and “a” has a valuc of zero, one or two; and

terminal or pendant carboxylic acid groups, at 0.1 to 10 mole percent of

the monomers used to form the polymer, which groups are blocked with a

fugitive base; and

(b)  waterat99.9 to 25 weight percent of the total composition.

2. A compostion accurding (o claim 1 wherein R is branched.

—_—

3. A composition according to claim 2 wherein R’ is selected from the group ’ lmm "m

L

consisting of; iso-butyl, sec-butyl, iso-propyl, iso-amyl and sec-amyl.
4. A composition according to claim 1 wherein R? has from 3 to 5 carbon atoms.

§——Acurable composition-comprising: —_—
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gel nd 92 per cent....respectively. These high gel contents
| WM%! the st eri cpl RBPLACEENTEGHERTI ilsopr opOREPEATRMENTT SHERY of
t he p y et rolyzed THIS SHEER 18

VO 97/ 15624 . l REPE 4GS BEEN |

PCT/ US96/ 16776 and cohd n%&l & &Bsq me—or— -c&Fe—t-he__p.é)l yIers.
Conpar at i ve Exanpka)-V;-pelymer-at-f ae.(@hlt intipfithie todeainpbdigion a-
trisopropoxy silyl groups, but ] no [ nt er naI aci d ;cat al yst, has a gel

conten: o iy 13 w%@%?& PN LSRR,

curing cataly

The gel content of : %tlve was .only 25.4 percent.
The internal acid e B 00 '?‘"v’é“ ‘ﬁ“&E‘I\WPE&ttOHem@ 120 wolgr e
of the films. For exarrpl e, the addition of five weight percent

titani um cat al yst Petcextk wanomers useddo furme the/pdynieBa tasninabwnpemdant
Exanples 4 and 6, did not significantly increase the gel

sterically hindered ulkuxylated silane group bound to the polymer

through an Si-Chond and terminal or pendant carboxylic acid groups, at

0.1 to 10 molc percent of the monomers used to form the polymer, which
groups are blocked with a fugitive base wherein the polymer is farmed
from incorporating acrylatealkylalkoxyzilanes or
meihac;'ylatnalkylalknxysil s inl Lhe polymer; and
(b}  water at 99.9 10 25 weigl‘x ercent of the tutal composition.
8. A wmposition according to claim 5 whereik the water dispersible or cmulsifiable
curable polymer is a vopolymer of acrylato alkoxysilane.
7. A composition according to claim 5 whereinan:h‘ex’n%ter dispersible or emulsifiable
cu;'able polymer i8 a copolymer of mcthacrylatoalkj\rlaﬂcoxysilan@
8. A method for making a curable corposition comprisi ixing:
(@)  polymer at 0.1 to 75 weight pexrcent of the total composition a
stable, water dispersible or emulsifiable, curable polynier of a molecular
weighl belween 1,000 and three million containing at 0.1 kole to 50
percent of the monomers used to form the polymer a terminalor pendant
AN

sterically hindered alkoxylated silane group bound to the pol

\"k
through an Si-C bond and terminal or pendant carboxylic acid g'rou\}a‘_s, at
0-1-to-10-mole-percent of the monomers-used to-form thepolymer, whic

——

——
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{tﬁaﬁ” achiBvied when no cat;

%i was_used, as
e gel conten‘t";s or Exarrpl es 3 :

Udﬁ'j uﬁeﬁa
oratlon of the
of the cured
rubs of

m”
o

i i"and 5.
betWeem 92 e c e S

i nternal catal yst signifiga tIy [ rrproved
filnms, such as sol vent regpi stance‘“arrd-~
exarrpl es 3 t hr oughrdigrarebycked ot gemhez@mtw—pdlmenm—fs#mﬁ groups
had very 15 poor sMent r esi stance =shown by Conparative Exanples |11

and 'V, which hadg, e a% gﬁﬁ{gggg J4bs, respectively. The
sol vent resistance 8} SI @%‘%&&%a widle er\’gft‘ (lglo)nt aining the internal

cure was al so poor. The tive Exanpl es V and
VI were 22 andp38m ggé{%%lgy sx‘ljanesmtn thepulyme ang P
19

(b)—--waber-at-99.8-t0-25-weight perceinl.

& A methad for making a curable compusilion comprising mixing:
(g)  at 0.1 to 75 weight percent of the total composition a stable, water
dispersible or emulsifiable, curable polymer of a molecular weight
belween 1,000 and three million which have at 0.1 to 50 mole percent of
the monomers used to form the polymer a pendant or terminal silane |
group oi' the structure RiSiR%L(0RY)s.., where R! i selected from the group
consisting of alkyls of 3 to 5 carbons, branched alkyls of 3 to 10 carbun
atoms and cyclocalkyls of 3 to 10 carbon atoms; R? is a monovalent
hydrocarbon group having from one to ten carbon atoms; R¥ is an
alkylene, arylene, aralkylene group or the polymer backbone itself, with
the proviso that the SiR3 is bound to the polymer through an Si-C bond;
and “a” has a value of zero, one or two; and
terminal or pendant carboxylic acid groups, at 0.1 te 10 mole percent of
the monomers used to form the polymer, which groups are blocked with a
fugitive base; and

(b)  water at 99.9 to 25 weight percent of the total composition.
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CLAIMS 1. A curable conp gswtrrmmc& g: (a) at 0.1 to 75 weight
pef cefif of the total conpostitEMERT bnmstable wat er dispersi bl e or

enul sifiable, curable pol ymer of a jroi ecul ar wei gf; MBEGN M d..
three mllion whichlhas ;ap @il 4599 S0 nol e per cent*"efﬂ ?he» v’h@éhﬁ
used to formthe polynei ? cTant or tlerim nal si | a‘é“g‘rvcrrof—t—he\

T

structure R err]Si R err] “ervi-ter+] ,| where Rl err] rom
the group &8&dMSting of [unbranched allkyls of 3 to SHH‘"@M ﬁ@ﬂ ’”

branched al kyI S 20 rbon atons and cycl oal:kyl s<o

f
car bon Lt ond cﬁfabaeac%‘ﬁﬁégéﬂ? ROBP B3I dh group having from one

to ten carbf) ata. 1Rty s iveidhtalderdere, oF Yheheotal dedltaa @roup
or the polynmer backbone iteslf, with t he proviso that e SiR3 is bound

to the pol ymer stahl I?rroug’ﬁ%ﬁ Sﬂlwﬁﬁﬁﬁblﬁndora"e‘ﬁéjss%fl\ﬁéﬂiﬁa ofcuzakde one
t d
or two, an Ip%gﬁfgﬂfte 0'a PRSPARY r@&i‘é’ﬂxﬁcség%gegrlg‘ﬂ%o ‘QQ]HCI?:P&r

copol yneri zed o |nto the po mer,~at 0. 0 nol e percent of
t he mononers usedlildonorwhidie halsyraar 0.1 twhi®h godappercertd oockedhsith a

fugitive base; and vvat er. at 99.9 1o 25 percent of the tot
conposi ti on. SX‘ SonpES ?Po oL@ bR ﬁlﬂﬁfﬁ%‘&ﬁﬁﬂ AN éﬁer?mlﬁfi _
branched. 3. s&la@n@%dp OBf 26eOldtiMkture Flcarf) OrMgL el 'Whe'%[eerﬁ’] 'S
sel ected fromthe group consisting of: iso-butyl, sec- “but

tyl
i so-propyl, isoignysebpetedcfaep the group consisting of unbranched
alkyls of 3 to 5 carbon atoms, branched alkyls of 3 to

10 carbon atoms and cycloalkyls of 3 to 10 carbon
atoms; R® is a monovalent hydrocarbon group having from
one to ten carbon atoms; R® is an alkylene, arylene,
aralkylene group or the polymer backbone iteslf, with
the proviso that the SiR?® is bound to the polymer
through an S8i-C bond; and “a” has a value of zero, one
or two; and

terminal or pendant carboxylic acid groups, which are

copolymerized or grafted into the polymer, at 0.1 to 10

mole percent of the monomers used to form the polymer,
which groups are blocked with a fugitive base; and
(b) water at 99.9 to 25 weight percent of the total

composition.

2. A composition according to claim 1 wherein R' is

branched.

3. A composition according to claim 2 wherein R' is
selected from the group consisting of: iso-butyl, sec-

butyl, iso-propyl, iso-amyl and sec-amyl.

20



20 .. 4. A conpositjon accordi ng to claiml1l wherein RL is an

unbeanched al kyl of 3 to b ezy 15, A nethod for making

curabl e conposition conpr ; (a) at REF A 1B ‘iﬁdlﬁg”hff‘ =y

percent of the total conppsition a abl e, water dlsperS| bl e or

enul sifiable, curable Eoﬁy’nﬁm Pof%2 noliecul ar wei ght between 1, 000 and
I

'cmpfa”nge'
structure R[errhﬁbg[agr ORLeL. whe. a?rﬁgr?r r"]f“t‘ sel ected from
05c¢C

e i

three m | lion which at 0.1 to 50 nole percent of the nmononer s
used to forfmthé pefyrRyit i nalaim 1 ghensdrngr®upisf ame

t he group consi 6 arbon at ons,
branched al kyI s of 3 to 10 car bon at ons and cycloal kyls of 3 to 10
carbon ato Rzimd % m)noval ent hydrocar bon g roug havi ng fromone to
ten carborP- at &nglet £ST FRkimok\a efurable goppesition GompEAsEmg gr oup
or the polyner laaggilg,%neitself W th the proviso that the SiRerr] is
bound to the polyner t hrough an Si-C bond; and "a" has a val ue of
zero, one or two; and term nal or pendant car boxyl [ c acid groups,

\Arrgi ghpz gen(t of %t%ﬁ%l é’nnoners "{fsé"ttafﬁef%%reﬁ%t Ogt 6&%%@:@[ cotipogitich &

stable, water dispersible or emulsifiable, curable
polymer of a molecular weight between 1,000 and three
million which has at 0.1 to 50 mole percent of the
monomers used to form the polymer a pendant or terminal
silane group of the structure R3SiR%,(OR');., where R is
selected from the group consisting of unbranched alkyls
of 3 to 5 carbon atoms, branched alkyls of 3 to 10
carbon atoms and cycloalkyls of 3 to 10 carbon atoms;
R?* is a monovalent hydrocarbon group having from one to
ten carbon atoms; R?® is an alkylene, arylene,
aralkylene group or the polymer backbone itself, with
the proviso that the SiR® is bound to the polymer
through an Si-C bond; and “a” has a value of zero, one
or two; and

terminal or pendant carboxylic acid groups, which are

copolymerized or grafted into the polymer, at 0.1 to 10
mole percent of the monomers used to form the polymer,
which groups are blocked with a fugitive base; and

(b) water at 99.9 to 25 weight percent of the total

AR

composition.

21



whi ch groups are blocked with a fugitive base; and ' fdnsat 2 99.9 to
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