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Th s invent 0 a corrp05|t|on for coating and/or inpregnating, |
caQpri si ng‘%&ga@a%egﬁef %sperm on of a vinyl addition polynmer and a reactive
eoal escent, and cured pol yner conpositions derived therefrom Film

form ng vi nyI pol ymers have rrany uses partlcul arly in coating and/ or
i npregnation applications and ¢ , /s persions in water.

Maki ng wat er - ‘based coati ngs -" IR NG SN TON, yrrers havi ng | ow Tg
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t enperatures wthout the useo a plasticizer results Tn fi ich Tn
many mague@@s disprrginn of ; viaybadditien pelyarer a;rea@w%male&wt,f and sowed

appl i cat Il ons cas I's desirable to achi eve the
har dn Yﬁiﬁ oﬁwg)s%n%? Vf?%#@%@fstance and print resistance of a
hard film To acconplish thIS a polymer with a gl ass tranS|t|on tenperature

(Tg) above
: Film forming vinyl polymers have many uses particularly in coatmg and/or

impregnation applications and are most useful as dispersions in water. Making water-
based coatings or impregnants with polymers having low Tg values enables the
aqueous-based paint to be applied at normal room temperatures without the use of a
plasticizer but results in films which in many cases are inadequately hard and tough
after drying, at least for some applications. In many cases, however, it is desirable to

achieve the hardness, block resistance, solvent resistance, and print resistance of a hard
film. To accomplish this a polymer with a glass transition temperature (Tg) above
about 30 °C. is required and such polymers require a coalescent or fugitive plasticizer to
yield coherent films at ambient temperature or below.

Conventional coalescents such as butyl CELLOSOLVE®, butyl CARBITOL® and
TEXANOL®, are useful to facilitate film formation from hard polymers (Tg
substantially above room temperature) and even from soft polymers (Tg less than
zo0m temperature) when film formation is required at temperatures lower than
normal room temperature. However, after film formation is complete the coalescent

& . evaporates at a rate depending on its boiling point and may generate odour and

pollution problems.

US-A- 4,141,868 discloses a reactive coalescent, dicyclopentenyloxy ethyl methacrylate
which is a good coalescent and subsequently cures in the film by air oxidation.

However, this material may cause odour problems and film embrittlement on aging.

The present invention aims to provide a composition incorporating an improved
reactive coalescent which may exhibit low-toxicity, non-odiferous and/or non-

volatility, and which may also function as an emulsion polymer crosslinker.
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abdut 30 C. is required and such polyners require a coal escent or fugitive
plasticizer to yield coherent filnms at amnbient tenperature or bel ow:
Conventional coal escents such as butyl GELLOSOLVES, butyl CARBITICOL and
TEXANCL[err], are useful to facilitate filmformation fromhard pol yners
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conplete t coal escent evaporates at a rate depending on its boiling point
and nayregistence, dlodo resistanceosokvend registasicensnd /opdilm torighnessss di scl oses
a reactive coal escent, dicyclopentenyl oxy ethyl nethacrylate which is a
good coal escent and subsequently cures in the filmby air oxidation
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agi ng. he present inverntion ains to provide“a conpositi I ncor por ati ng
an i npranédor mgregzaamglmmngﬁm nquegue dispension wf rovinyil eyldition polymer
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polymer, of a reactive coalescent which is an acetoacetate of formula I, enamine of

formula II, or mixture thereof,

RINH
]
(CH; CO CH COnxR ({CHa C=CH COy)x R
I I

wherein R is 2 monovalent or polyvalent organic radical, X is an integer from 1 to 6
whose value is equal to the valence of the organic radical R and Rl is hydrogen or Ci-
Caz alkyl.

The composition of the invention incorporates a “reactive coalescent” which, after it
has facilitated film formation, does not substantially evaporate but reacts to become
part of the film.

The ability of an aqueous dispersion of a vinyl addition polymer to form a film
depends upon the glass transition temperature of the dispersed polymer and the
temperature at which the coating is allowed to dry, as is disclosed in US-A- 2,795,564.
The dispersed polymer is preferably obtained by emulsion polymerization of one or
more monoethylenically unsaturated monomers and will have a glass transition
temperature which depends, inter alia, upon the identity of the components and the
proportions of the monomers in the polymer. Certain ethylenically unsaturated
monomers such as, for example, methy! methacrylate, styrene, vinyl acetate, vinyl
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2 'The present invention also ains to provide a reactive coal escent which
| eads to coating filns, derived from a%ueous vi nyl pol ynmer di spersions,
with inproved print resistance, block Besistance, solvent resistance,

and/ or filmtoughness. I n accordance with the present invention there is

provi dgathade oRReAbhitsile,f talidte, anetiticryIGiiaien andov drfd BHiGH e,
aqueous ﬁ(sﬂ%erm on of a vi XQ addi ti on po r%/(mer ang fromI%to 200% €
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NUIMErous ethyﬂemcally unsaturated monomers such as, for example, acryiic ester
monomers including methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl ‘
acrylate, decyl acrylate, butyl methacrylate, isodecyl methacrylate, and hydroxyethyl
acrylate; butadiene, and chloroprene produce relatively soft homopolymers, ie.,
polymers having glass transition témpezatures of about 20°C or less.

By copolymerizing various hard and/or soft monomers a polymer suitable for coating

and/or impregnating uses may be obtained having a glass transition temperature (Tg)

from below about -40°C up to about 150°C or higher. The polymer may also
incorporate other monormers capable of addition poiymeriiation such as, for example,
functional monomers as méthacrylic acid, hydroxyethyl acrylate, dimethylaminoethyl
methacrylate, dimethylaminopropyl methacrylamide, sulfoethyl methacrylate; multi- '
ethylenically unsaturated monomers such as 1,4-butyleneglycol dimethacrylate, diallyl
phthalate, diviny} benzene, and allyl methacrylate, to an extent that film formation is
not unduly compromised. Coating and/or impregnant compositions incorporating
such polymers may be made with good film-forming qualities if the Tg value of the |
polymer is not above the temperature at which the coating or impregnant is dried.
For example, aqueous-based paints containing a polymer having a Tg value of about
B 15°C generally can be applied at room temperature and result in good film formation
simply by drying of the coated film in the ambient atnosphere. On the other hand, if
the coating composition contains as its primary film-forming component an emulsion
- polymer having a Tg value above room temperature, such as about 35°C and up, the
coated film may require elevated temperature, such as 35°C and up, during drying in
order to assure that the polymer particles are adequately coalesced or fused into a
continuous coherent film. Some polymers may be characterized by a Tg substantially
above room temperature such as up to 30-35°C but still would be capable of forming a
continuous film at normal room temperatures because of an affinity for water

(hydrophilicity) of a copolymerized monomer such as, for example, vinyl acetate in the
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[err] wherein Ris a nonoval ent or polyvalent organic radical, X is an
integer from1l to 6 whose value is equal to the valence of the organic
radical R and Rlerr] is hydrogen or C[@rr] Cerr] alkyl. The conposition
of the invention incorporates a "reactive coal escent"” which, after it has
faci | idiépmeﬁip@z&mm?aﬁtt@be& dThe hyarophilidignof poigmey aparmselitof a sebstastiab
becone part of the film The ability of an . aqueous di spersion of a vinyl
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pol ynpggn'?rmgg{ ef erabl y obtai ned by enul sion pol ynerization of one or nore
nonoet'hyl eni cal | y unsaturated nononmers and will have a glass transition

tenperature which depends, inter alia upon the identity of the conponents
and t n i j : ' ' y
tnsat UraPe PRI SR RIparE R W bl el Call HeldERlly S e LS ok
vinyl afigkiie( T.Q)Wox, Bulletin American Physical Seciety, Volume 1, Issue 3, page
123(1956)). Polymer Tg is generally very close to the minimum film formation

temperature (MFFT). The MFFT may be measured directly using a temperature-

gradient bas.

The composition of this invention incorporates a reactive coalescent selected from
substantially nonvolatile monofunctional or polyfunctional acetoacetate esters and the
corresponding enamines (which may be made from the acetoacetate by reaction with
ammonia or a prirnary amine). The acetoacetate esters can be represented by the

generic formuia I and the corresponding enamines by the generic formula IE:

RINH
|
{CH3 CO CH;3 COz)xR {CH3 C=CH CO3)x R
I i

where R is a monovalent organic radical or a polyvalent organic radical. X is an
integer from 1 to 6 whose value is equal to the valence of the organic radical R and Ri
is hydrogen or C;-Cx alkyl. These acetoacetates, and there enamines thereof, may be

either oil- or water-soluble.

The acetoacetate reactive coalescents can be most conveniently prepared by reaction of
the corresponding alcohol or polyol with diketene, with the thermal reaction of 2,2,6-
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3 [err] <chloride, acrylonitrile,

vi ayl tol uene, nethacrylonitrile, and vinylidene chloride, produce

honopol yzners whi ch have rel atively highgglass transition values, that is,
pol ymers having a glass transition tenperature above about 2 err]C. On the
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butyl agpyiedicsf Eosrikyd Mwo!g}gjg;,am,, Qeeber a90g).ate, butyl nethacryl ate,

i sodecyl” netha€ryl ate, and hydroxyet hyl acryl ate; butadi ene, and
chl oroprene produce relatively soft honopol yners, i.e., polyners having
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(Tg) fr ow about -40[err]C up to about 150[err] C or higher. The
pol yner dismetedcataten SangrivoaneneZimethanaineqetoaceiates 4, obutantidicbdiacetoacetate; 2,3

olynerjzatio ch as. for anpl g ncti on rs_as,.nethacrylic ..
Dol 4, hyhFtngraeh isesipsette: SPHBRpRasRbL ARG RAE! SrffullTL R Fehtisiediol
di met hy g/ eRQReRRM. bERhESICA e aaRt el Bre; THN{QRYIBIbroBiNe trisdcetcicerdtk! Sorbitol
| acetoacetate (various degrees of substitution); oxyethylated glycerol trisacetoacetate; 2,5

hexanediol diacetoacetate; 1,6-hexanediol diacetoacetate; acetoxyacetoethyl

methacrylate; and the corresponding enamines from ammonia or ethanolamine.

Acetoxyacetoethyl methacrylate (a monomer in its own right} is a substantially
nonvolatile reactive coalescent and can be used in very similar fashion to other

acetoacetates described above.

The enamines are spontaneously formed by addition of ammonia or primary amine to
the acetoacetate in water. This can be done as a separate step or by addition of the
amine or ammonia in proper amount to the aqueous coating compdsition. In general,
addition of suitable amounts of amine brings the pH to about $ and under these
conditions enamine formation {as shown by ultraviolet spectrometry) is essentially

complete. If acetoacetates from primary alcohols are used and the emulsion is required

to undergo heat aging, conversion of the acetoacetate to an enamine may be important
to prevent acetoacetate hydrolysis in water. This hydrolysis ultimately generates

carbon dioxide and acetone as shown.

Hy0
R10 CO CH, CO CH3 —> RIOH + CH; COCH;,; CO3 H ~> CH3 CO CH;3 + CO;

The enamines are not usually as effective as latex coalescents as are the less polar
acetoacetates. However, they are still useful. If the presence of amine or ammonia is
undesirable in the latex formulation, the hydrolysis problem may also be eliminated by

“This Sheet Has Been Reﬂiaced
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ethyl eni cal |y unsaturated nononers such as 14-butyl enegl ycol

diinmet hacryl ate, diallyl phthalate, divinyl benzene, and allyl nethacryl ate,
to an extent that filmformation is nbtgunduly conprom sed. Coating and/or
| mpregnant conpositions incorporating such polynmers may be nmade with good
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15[ err] C general |y can be applied at roomtenperature and result in good
filmformation sinply by drying of the coated filmin the anbi ent
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require elevated tenperature, such as 35[err]C and up, during dr
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still would be capable of formng a continuous filmat normal room
tenperat ures because of an affinity for water (hydrophilici ty% of a
copol yAdtérfimriesmatiors isctompletedhess sapttive coalpscente i ot aubstantially

evaporate. Exposed to air, they may autoxidize and cure in the matrix of the film
& derived from the dispersed polymer. To facilitate a rapid cure it is often desirable to
 add a siccative or drier and an autoxidizable additive such as a drying oil or polyalkyl
ether. The autoxidizable additive may be present at a level of 1-15% by weight, based
on the weight of the vinyl addition polymer.

The drier may be any polyvalent metai-containing complex or salt that catalyzes the
oxidative curing of drying oils or drying oil-modified alkyd resins. Examples of the
driers are various polyvalent metal salts including calcium, copper, zinc, manganese,
lead, cobalt, iron and zirconium as the cation. Simple inorganic salts are useful such as
the halide, chloride, nitrate, sulphate. Salts of organic acids suchl as the acetylacetonate,
acetate, propionate, butyrate are also useful. The driers may also be complex reaction

products of metal oxides, acetates, or borates and vegetable oils. Useful driers also
include salts of naphthenic acids or of Cg to Cyp aliphatic acids. Examples of the
aliphatic or fatty acid component or anion of the drier salt is that of naphthenic acids,
resinic acids (that is, rosin acids), tall oil fatty acids, linseed oil fatty acids, 2-ethylhexoic
acid, lauric acid, palmitic acid, myristic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid, behenic acid, cerotic acid, montanic acid, and abietic acid. Preferred drier
salts are those of cobalt and manganese, such as cobalt octoate, cobalt naphthenate and
manganese octoate and naphthenate. Mixtures of various driers may be used. The
driers mentioned in Encyclopedia of Chemical Technology,

Kirk-Othmer, vol. 5, pp. 195-205, published by Interscience Encyclopedia, Inc., NY (1950)
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di sbersed pol ymer particles. The hydrophilicity of polynmer as a result of a
subst anti al anount of vinyl acetate (or equivalent nmononer) nmay aid in
coal escing the polyner particles into & continuous film at tenperatures

| ower tan the nomi nal Tg of such pol yner. G ass transition tenperatures
of copg NTRE drfadht ¥f B BrieR R w@@ i 08085 ¥o SZMahiefd] do Tm‘&) ox,
Bul | et| n meésiéggnighym cal Society, Vog% 1, Issue 3, page 123(1956 ?f

Pol ynmeweifihtict therveaalive coslegcedtose to the mni num film formation
tenperature (MFFT). The MFFT  mmy be neasured directly using a
t enper at ur e- gradi ent bar. The conposition of this invention incorporates
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composition is then placed in closed storage containers to prevent volatilization of the
inhibitor.

Thus, a volatile stabilizer may be used in coating compositions containing a reactive

% coalescent to prevent accidental oxidation and crosslinking thereof in the formulated
composition at any time prior to film formation. The volatile stabilizer must exhibit
sufficient volatility under use conditions such as, for example, in thin films so as to
not retard the development of film properties to any appreciable extent. The volatile
stabilizer may be a volatile ketone-oxime obtained from ketones having 3 to 10 carbon
atoms or an aldehyde-oxime derived from aldehydes having 1 to 10 carbon atoms.
Preferred are methyl ethyl ketone-oxime, methyl butyl ketone-oxime, 5-methyi-3-
heptanone-oxime, cyclohexanone-oxime, and butyraldehyde-oxime. The amount of
volatile stabilizer may be from about 0.1% to about 2% by weight based on the weight
of the reactive coalescent. |

@ . The autoxidizable additive, which may function as an aerobic radical source, may be a
drying oil, a polyallyl ether (such as SANTOLINK XI 100, Monsanto Chemical Co.) or
any of the autoxidizable components described in EP-A-0492847. The autoxidizable
additive may be used in an amount from 1% to about 15% by weight based on the
weight of the reactive coalescent. Simple esters of unsaturated fatty acids are preferred
as the autoxidizable additive.

The reactive coalescents-acetoacetates or enamines-may alsc be cured by sunlight or by
ultraviclet radiation. Ultraviolet radiation of wavelengths between 200 mm and 400
mim is particularly effective. Either oxidative cure or light-assisted cures are effective
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R is a nonoval ent organic radical or a“polyvalent organic radical. X is an
integer from1l to 6 whose value is equal to the val ence of the organic

r adi csinckthewe Riggerp arg appropsigte fon foopaiation of ene pagkage siable coatings.

1 1t at ) f. Ig o] -
net or CfeE biBng YHer S5y, KBANL G3ed BRLR DS, (P Uxdifipld (bHRAIdHHy e ind
Convegéb g étiBhap ?&ﬁﬁa@’ absiaes] Rewelver | ﬂ@secnémg@% QPG [dal wethlend thankslves

W th ene, with the thernmal reaction of err]
to one package stable coatings.

—

In another embodiment it is possible to use the acetoacetate (I) or enamine (I} as a
reactive coalescent crosslinker for co-curing with the aqueous dispersion of an addition
polymer. This is particularly true when the latex polymer has pendant acetoacetate
groups. Such latex polymers are described in EP-A-0452847. If the pendant acetocacetate
functionality is introduced into the vinyl dispersion by copolymerization with

. acetoacetoxyethyl methacrylate, such polymers may contain 1-40% by weight of this

@ monomer. These vinyl addition polymer dispersions are usually treated with
equivalent amounts of ammonia or primary amine to form the enamine in order to
prevent hydrolysis of the acetoacetate function during aging of the emulsion. When
multifunctional acetoacetates or enamines are used coalescent activity may be lower
but cure capability by air or light is enhanced and such systems co-cure and offer
desirable combinations of print resistance, block resistance, and solvent resistance after
cure is obtained. Analytical work on these films dearly shows disappearance of the

reactive coalescent crossbinder as well as development of improved film properties.

' The coating and/or impregnating compositions may additionally contain

conventional materials such as, for example, pigmenits, extenders, dispersing agents,
surfactants, sequestering agents, defoaming agents, humectants, thickeners, defoamers,
colorants, waxes, bactericides, fungicides, odour-modifying agents, and other resinous
materials.

The coating and/or impregnant composition of this invention may be prepared by
mixing the aqueous dispersion of an addition polymer with the reactive coalescent
using eonventional equipment such as, for example, a Cowles dissolver.

The coating and/or impregnant composition of this invention may be applied to a

wide variety of materials such as, for example, wood, cement or concrete, nonwoven

T



[err] trimethyl-4H 1, 3-di oxi n4-one, or by tranesterification w th another
acet oacetate Uournai of Coatings Technol ogy 62 101, Cctober 1990).

Typi cal reactive coal escents include 9, 4- but anedi ol di acet oacet at e;
neopentyl glycol diacetoacetate; 2,2-trinethyl 1, 3pentanediol .

di acgt epewirnEsbrids, aldmiuind o iother rvtalsp glass Aterantics oglaoed anenglaretiiles)
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enaniweathenedhswlpstoates: or et hanol ami ne. Acet oxyacetoethyl methacrylate (a
nmononer in its own right) is a substantially

The coating and/or impregnant composition of this invention may be applied by
techniques well known in the art such as by paint brush, roller, air-assisted spray and

airless spray trowels.

The following examples are intended to illustrate the coating and/or impregnating

composition of this invention.

GLOSSARY

The following abbreviations are used in these Examples and are to be understood as
having the meaning set forth in this glossary. All percentages in these examples are
percent by weight unless otherwise specified

MEK - methyl ethyl ketone
PAGE - polyailylglycidylether (Santolink XI-100, Monsanto)
AAEM - acetoacetoxyethyl methacrylate
8 SR - swell ratio
g ~ grams
Hg - mercury
mn - millimeters
wt - weight
MFFT - minimum film forming temperature
cm - centimeter
h - hour




nonvol atil e reactive coal escent and can be used in very simlar fashion to
ot er acet oacet ates descri bed above. The enam nes are spontaneously
~fornmed by addition of amonia or prinmat anmine to the acetoacetate in
~water. This can be done as a separate step or by addition of the amne or
anmoni BE nt to the aqueous coating conposition. In general,
addi tf Ol su anmounts of am ne brings the pHto about 9 and under
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S es% t| ally conplete. If acetoacetates fromprinmary al cohols are used
and t Re8i@Mulsion is required to undergo heat aging, conversion of the
acetoacetate to an enam ne may be inportant to prevent acetoacetate
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3000 g. The test ended when the breakthrough to the panel was first observed Data

were reported as double rubs (one set of back and forth).

@  Eilm Swell Ratio
Thin filins were cast down on glass slides and a portion of the film was cut and
removed from the glass slide (soaking the glass slide in warm water for a few minutes
aids film removal}. The film samples were measured in two directions (length and
width). The samples were then soaked for 15 minutes in methyl ethyl ketone and
remeasured. The increase in each dimension was averaged to yield an average
numeric value for linear swell, and the result was then cubed to yield a volumetric
swell ratio.

Thin films were cast down on a black vinyl sheet and cured at ambient temperature. A

@ layer of cheesecloth was then placed over the film and covered by a rubber stopper that
had a surface area of approximately one square inch. A one kilogram weight was
placed on top of the stopper. The resulting test sample was then placed in an oven for
the reported time at the reported temperature (typically for two hours at 60°C) and
then cooled. The print was then rated on a scale of 1 to 10 (best) according to observed
ease of removal of the cheesecloth and the depth of the imprint of the film.

Thin films were cast down on black vinyl sheet and cured at ambient temperature.
Two films were placed face-to-face and a one kilogram weight was placed on top. The
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Substitute Sheet - 7 August 1996 _
6 use of acetoacetates derived from ggcondary or tertiary al cohols. Such
' acet oacetates are much- |ess prone to hydrolysis, presunmably because of
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the incorporation of from about 5% to about 50% by wei ght, based on the
wei gheasef of hepasatign afithe fibms moid) fibm damagearpon sapaxatioati on is conplete
these reactive coal escents do not substantially evaporate. Exposed to air,
they may autoxidize and cure in the matrix of the film

EXAMPLE 1. Coalescent Efficacy of various acetoacetate reactive coalescents
To 10 gram portions of an acrylic latex (45% solids content,
Tg = 44 °C, MFFT = 35 °C) was added the coalescent indicated in the Table below at the
~ following levels: 0.23 grams (5 wt. %); 0.45 grams (10 wt. %); 0.67 grams (15 wt.%). The
samples were equilibrated for 24 hours prior to determination of the visual minimum _

film forming temperature using a Sheen temperature gradient bar.

Reactive coalescent A was made from a mixture of 90 g. 1 4-butanediol, 500 g. methyl
acetoacetate, 200 g. xylene and 0.7 g. of dibutyl tin oxide. This mixture was heated to
reflux under nitrogen for 8 hours with removal of the distillate, and yielded 19%

monosubstituted material.

Reactive coalescent B was made from a mixture consisting of 400 g. neopentyl glycol,
1298 g. methyl acetoacetate, 400 g. xylene and 1.0 g. dibutyl tin oxide. This mixture was
heated to reflux under nitrogen for 8 hours with removal of the distillate. The
mixture was cooled to 95 °C and a 0.5 mm Hg vacuum was applied for two hours to
remove all volatile material. Analysis of the product mixture showed the presence of
@- 81% disubstituted and 19% monosubstituted material.

Reactive coalescent C was made from a mixture of 140 g.

2,2 A-trimethyl-1,3-pentanediol and 300 grams of 2,2,6-irimethyl-4H-1,3-dioxin-4-one.
This mixture was heated to 120 °C for 3 hours under nitrogen with removal of the
distillate. The mixture was then cooled to 60 °C and a 0.4 mm Hg vacuum was applied
for 2 hours to remove all volatile material. Analysis of the product mixture showed
the presence of 44% monosubstituted and 56% disubstituted material.

Reactive coalescent D was made from a mixture of 500 g. 2-butene-1,4-diol, 1350 g.
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derived fromthe dispersed polyner. To facilitate a rapid cure it is often

.desirable to add a siccative or drier and an autoxidi zable additive such as
:a drying oil or polyal kyl ether. The ¥toxi di zabl e additive nay be present

at a level of 1-15% by weight, based on the weight of the vinyl addition

pol Y hdih thyl alBfoddbtdib 20! Q%%@Mﬂé@h@“@ﬁ%ﬁiﬁﬁ%%s%&e& BHeBnOhnd el t

t hat- catal yzes the oxidati curing of drying oils or drying oil-nodified
al ky ghitregensor B(hmm‘semﬂ‘f rarhoval oétlw distilisde) dlte pokfurel was coal@ tcsﬁ'?t"é:
cobal t

i ncluding calciu zi nc, nese, |l ea

S GO PR g RO A AP RHRG G IVEO boues 1 tetiss i vouRe reaterial.
hal i t

nal | gt e pAKIALRBM BHENAY Ol bstlhPLISHr AR gt 18hE
may @smmmmeénmmalon products of netal oxides, acetates, or borate

and vegetable oils. Useful driers also include salts of napht heni ¢ adds or
of CJerr] to (err] allphatlc aids. Exanples of the aliphatic or fatty acid

cometag w@%@%@éé%@n@@ g1 aa@r @ﬂ Fﬁi?t&z‘éaéf ob gﬂasiaid&saf %-%ﬁ ﬂ{a%m

aci ds rosin a atty aci I nsee atty aC|
2- et gy Rcacatnaftetdtaandcﬂ 3@ cﬂxbp@lirtm ORideci “ﬁhnsrmmxmre wa&h@tedtteemefhnx

acid ei ¢, add I C ac,l I nol.e acid,, behgpic acid, cerotic add,
Tont am&eerafamrogﬁ% QR dYES AR TRl (B tbg, o SFlale 3 BOHER v Sealih 10
and 8l c‘pgﬁy ledyr. se
oct o%e%ﬁ%glaﬁap %gﬁn t{nﬁﬁgéggPﬁ\i}ggf}gSs éﬁ?‘g{r}’g%%ﬂﬁ %%&d @ingdr lers
@nt inardidln Anelysiopfdhe prbdCGhemizhbrelsiwwed cBi% Iéonlvembmer vol . 5, pp.
5- 205, published by Intersdence Encycl opedia, Inc., NY (1950) :
Reactive coalescent F was made from a mixture of 99.6 g. 1,3-butanediol and 345 g.
2,2 6-trimethyl-4H-1,3-dioxin-4-one which was heated to 120 °C for 3 hours under
nitrogen with removal of the distillate. The mixture was then cooled to 60 °C and a
0.4 mm Hg vacuum was applied for 2 hours to remove all volatile material. Analysis
of the product mixture showed the presence of 31% monosubstituted and 69%

disubstituted material.

Reactive coalescent G was made from a mixture of 98.0 g. 2,3-butanediol and 340 g.
2,2 6-trimethyl-4H-1,3-dioxin-4-one. This mixture was heated to 120 °C for 3 hours

®  under nitrogen with removal of the distillate. The mixture was then cooled to 60 °C
and a 0.4 mm Hg vacuum was applied for 2 hours to remove all volatile material.
Analysis of the product mixture showed the presence of 38% monosubstituted and
62% disubstituted material.

Reactive coalescent H was made from a mixture of 240 g. 2-methyl-2,4-pentanediol,
600 g. methyl acetoacetate and 1.2 g. dibuty! tin oxide. This mixture was heated to
reflux under nitrogen for 6 hours with removal of the distillate. The mixture was
cooled to 96 °C and a 0.5 mm Hg vacuum was applied for two hours to remove all

volatile material. Analysis of the product mixture showed the presence of 78%
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Substltute Sheet - 7 August 1996 7
may be used. The anpunt of the drier may be from 0.0005 to 2% nmetal content
by wei ght of the reactive coal escent. 13The drier may be added to the
conposition prior to storage provided such addition is nmade in the absence

of oxy r ! zsl . t abilizer is included in the
conposqq}eq%e%bpgﬁi&%%dg$#&mrdé\%éﬁgt#%éao%gﬁrﬁihg action of the drier and the
conposition is then Placed in closed storage containers to prevent
volatilization of the inhibitor. . Thus, a volatile stabilizer may be used

in coaReagfive rpaisseandiswas m@ﬁiem ifm;n@ riube\f Q?&gebomdta@ldﬁ@ﬁ@t

acci de OXli d .cros t her.eof in osi t | on

o anyeerriratBy BB ARt T RGP o i befien o bAF ok Lhties . "

?:Jr ‘;r:sciszg@ﬂgn; ‘fiﬁigégéh"bkhtﬂé?ﬁ%vﬂsﬁf gendiddlnne. %@nﬁim&%a@éﬁéﬁ"cﬁoléd‘ td @DWC
and a 0.4 mm Hg vacuum was applied for 2 hours to remove all volatile material.

Analysis of the product mixture showed >95% conversion.

Table 1.1 MFFT at various Reactive Coalescent Levels

Coalescent  Swi%10wt%  1iwt%

1 TEXANOL 19 9 3
2 A 19 11 5
3 B 18 10 3
4 C 19 12 6.5
5 D 17 9 4
6 B 18 11 4
7 F 185 11 4
8 G 21 12.5 6
g H 19 12 4
10 1 16 10 3

Compositions 2-10 of this invention which contain reactive coalescents A-I show
coalescent efficiency similar to comparative composition 1 containing a non-reactive
coalescent, TEXANOL(Eastman Kodak).

EXAMPLE 2. Coalescent efficacy using a vinyl acetate latex and various acetoacetate
reactive coalescents . | .

To 10 g. portions of a vinyl acetate latex (45% solids, Tg = 32 °C, MFFT = 18 °C) was
added the coalescent indicated in the Table below at the following levels: 0.23 grams
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not retard the devel opment of film properties to any appreciable extent.
The volatile stabilizer may be a volatil e ketone-oxi ne obtained from
ket ones having 3 to 10 carbon atons orlgn al dehyde- oxi ne derived from
al dehydes having 1 to 10 carbon atonms."Preferred, are nethyl ethyl

ket one- oxi me, nethyl butyl ketone-oxinme, 5-nethyl-3- heptanone-oxine,

cycyotEwin)e0d5 gramsfid wit f)a Thensaraplssi were vauilibretest fosr24/ hours prior to
stabilizer may, be trom about 0.1%t t . 2% wei ght based on the weight
iRt ot B Bl SR spBalBRY e o ot rmy

of t hdepesm :
function as an aerobic radical source, may be a drying oil, a polyallyl
et her (such as SANTOLINK ) XI 100, Monsanto Chemical Co.) or any of the
aut ox Tdblen®l1eMEID es @nFuncticn of fteactiveKoatesamitduavel The aut oxi di zabl e

additive may, be usgd jn_an anoynt  f 1%4,0 about 15% by wei ght based on
t he @%ﬁ%&@@e QaERtIL coaée@&é%@@%% e esters, of unsaturated fatty

acids are preferred as the autoxidizable additive. The reactive

coal escents acetoacetates or enam nes-nay al so be cured by sunlight or by
Ut raviidl et radi afexanolunt r avi ofZet radi ati oh of wavel engt hs between 200 mm
and 400 mmis particularly effective. Either oxidative cure or

| i ght-assisted cures are effective

12 D 8 3
13 E 8.5 4.5

Compositions 12 and 13 of this invention incorporating reactive coalescents D and E
show coalescent efficiency similar to comparative composition 11 containing a non
reactive coalescent (TEXANOL).

EXAMPLE 3. Coalescent Efficacy of Enamine Reactive Coalescent

Polymer (I) was prepared from a monomer mixture that contained 501.7 grams of
water, 45.74 grams of sedium dodecyl benzene sulphonate (23% solution), 470.6 grams
of buty! acrylate, 1001 grams of methyl methacrylate and 22.4 grams of methacrylic acid.
From this monomer emulsion mixture, 47.2 grams was removed and added to a kettle
contairing a mixture of 1317.9 grams of water and 22.0 grams of sodium dodecyl

benzene sulphonate heated to 85 °C under nitrogen. An initiator charge of 2.26
gramsofsodium persmfate dissolved in 50 grams of water was added. Ten minutes
later, the remaining monomer emulsion was gradually added over a three hour
pericd along with 1.13 grams of sodium persulfate dissolved in 50 grams. After the
three hour period, the emulsion was cooled to 60 °C and 0.7 gtams of t-butyl
hydroperoxide dissolved in 12.5 grams of water was added folilowed by 1.03 grams of
isoascorbic acid dissolved in 12.5 grams of water. The latex was cooled to ambient
temperature. '

Reactive coalescent | was made from a mixture of 293.9 grams of trimethylolpropane
and 1143.3 grams of tert-butylacetoacetate. This mixture was heated to 115 °C for 8

T




[ erre] _ [err] since these triggers are appropriate for formulation
of one package stable coatings. Qther curing agents may al so be used such
as, for exanple, fornal dehyde and polyﬁgnctional primary am nes; however,

these curing agents do not |end thensel'Ves to one package stable coatings.

‘I'n anot her enbodi nent it i.s possib]e tqQq use the acetoacetate (1) or enanine
(1'1) abours end testebwiyd adeqhniiwas 69 %?tﬁaeﬂs q%@?rg’ésﬁ@@ﬁl ﬁ'&evﬁe@@ R anBiUER eas

b . f anoaddif] | ; v ..
ol prcodiad ¥ GHec Sl s Wl s aculith SedSapBlibd 5t 3 tidiurs W reliSPe AlICyOBHE
I N EP=fv/24828 7 Thefrebtikting peoduchasisonimettiylolpropeineteisatetorsetatd.r oduced

into the vinyl dispersion by copolynerization wth acetoacet oxyet hyl
nmet hacryl ate, such polynmers nmay contain 140% by wei ght of this

Portions of the latex were neutralized to pH=9.5 with the base indicated in the Table
below. To a 100 gram aliquot of the neutralized latex emulsion was added
trimethylolpropane trisacetoacetate in the amounts indicated. A comparative series
was also formulated using TEXANOL as the coalescent. For the amine neutralized
materials, an additional one equivalent of amine based on acetoacetate was then added
to ensure complete formation of the enamine of the trimethylolpropane

* trisacetoacetate. In these cases, the nominal weight percent of coalescent added was
based on the weight of the enamine form of trimethylolpropane trisacetoacetate. The
formulated emulsions were equilibrated for three days prior to determination of the

minimum film forming temperature.
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nononer. These vinyl addition polyner dispersions are usually treated with
equi val ent amounts of ammonia or primary amine to formthe enanine in order
t6 prevent hydrolysis of the acetoacefgte function during aging of the

emul sion. When nultifunctional acetoacetates or enam nes ate used

coal escent be | ower t.qure capabilit alr or Iight IS
enhanWEQii@ﬁﬁ;%%@W%@%ﬂWfW% %acﬂ\é’ty E3eEons of print
resis; K r t ance, nt resi @qu after cure is

obt ai é: sn@%d}fl cafﬁé\/\%rk on t gglee% II?(tems dearl?“s ows di sappearance of the
reactive coal escent crosshinder as well as devel opnent of inproved film
properties. The coatj ng and/ 8£ | npregnati ng cgnpositions nmay additionally
cont alh convent iBSREIOREK eri al sSP%Qich as, for exdBple, pigments, extenders,

di spersing agents, surfactants, sequestering agents, defoam ng agents,
hunect ants, thickeners, defoaners, colorants, waxes, bactericides,

fungi g§ des, odowmpshiayi ng agb¥ Texanol ot her 138si nous material s. The
coating and/ or inpregnant conp on of this invention may be prepared by
m Xi négt he aquedBIRB{Fer si on ié%aﬁ X3R0k i on pdidner with the reactive

coal esgent usin I onal | 9, puch asg for exanple, a Cow es

di ssoﬁ The %géwﬁgﬁand/or ??T‘/bregnan? corrp05|t|on of this invention may
be applled to a wde variety of materials such as, for exanple, wood,

cement or concrete, nonwoven
18 KOH 5% J 38

$ v KOH 10% J 25
20 KOH 15% J 18
21 ammonia 5% J 38
22 ammonia 10% ] 27
23 ammonia 15% J 23
24 ethanolamine 5% J 39
25 ethanolamine 10% J 34
26 | ethanolamine 15% ] 25

ﬁ Compositions 18-26 of this invention containing enamine reactive coalescents (formed
from reactive coalescent J and ammonia or primary amines) exhibit lower MFFTs than
comparative composition 14 which has no coalescent. The coalescent power of the
enamine reactive coalescents formed from reactive coalescent J is dependent on the

amine used to form the enamine.

EXAMPLE 4. Curable reactive coalescents

Reactive coalescent K was made from a mixture of 182.0 grams of sorbitol, 900 grams of
methyl acetoacetate and 1.0 grams of dibutyl tin oxide. This mixture was heated to
reflux under nitrogen for 8 hours with removal of distillate. The mixture was cooled

"Nl a




[err] - : 9 Substit  Sheet -
7 Aut 1996 or woven fabrics, alum numor other netals, glass, ceramcs,

gl'azed or ungl azed tiles, polyvinyl chlggride and other plastics, plaster,
stucco, and roofing substrates such as asphaltic coatings, roofing felts

o ovi ot P "L AR VR o atrtiAl AR FEmVESY Hhdey U Oi. B B Bireb & two
The COﬁm q%@ma Om[?ﬂ‘m . n@im&w%stedaﬁpeéed b %m@fﬁac@fbmmb%mpl i ed

by tec es well the art such as by paint brush, rol ler,
ai r - as iistetdacatate/and B2% diacetoagetate. t r ovel s.

Reactive coalescent L was made from a mixture consisting of 61.2 grams of dry glycerol
and 0.75 grams of sodium hydroxide. This mixture was heated to 160 °C and 438.8
grams of ethylene oxide were added slowly over four hours. The mixture was cooled
to 100 °C and 1.2 grams of phosphoric acid was added and the reaction was cooled. Ina
separate reaction, 300 grams of methyl acetoacetate, 1.4 grams of acetic acid and 2.0
grams of dibuty! tin oxide was added to the ethoxylated glycerol and the mixture was
Q refluxed at 138 °C for 6 hours with removal of distiliate. The mixture was cooled to 95

| °C and a 0.5 mm g vacuum was applied for two hours to remove all volatile material

to give the triacetoacetate.

Reactive coalescent M was made from a mixture consisting of 57.2 g.
trimethylolpropane and 200 g. 2,2,6-trimethyl-4H-1,3-dioxin-4-one. This mixture was
heated to 125 °C for 2.5 hours under nitrogen with removal of the distillate. Analysis
of the product showed only the presence of triacetoacetate.

Polymer II was prepared from a monomer mixture that contained 505.6 grams of
water, 18.1 grams of a 23% solution of sodium dodecyl benzene sulphonate, 1062.9

Q grams of butyl acrylate, 454.3 grams of methyl methacrylate, 25.7 grams of methacrylic

“acid, 171.4 grams of acetoacetoxyethyl methacrylate, 3.42 grams of n-dodecyl mercaptan.

Then 40.0 grams of this monomer emulsion mixture was removed and added to a
kettle containing a mixture of 1432.7 grams of water and 11.0 grams of a 2.3% solution
of sodium dodecyl benzene sulphonate heated to 85°C. An initiator charge of 2.52
grams of sodium persulfate dissolved in 84.0 grams of water was added. Ten minutes
later, the addition of remaining monomer emulsion was begun and continued
gradually over a two hour period. After the two hour period, the emulsion was cooled
te 60°C and 0.8 grams of t-buty] hydroperoxide dissolved in 16 grams of water was
added followed by 0.5 grams of sodium formaldehyde bisulfite dissolved in 16 grams of




The foll ow ng exanples are intended to illustrate the coating and/or

| mpregnating conposition of this invention. GLOSSARY The fol |l owi ng
abbrevi ati ons are used in these Exanpl 9% and are to be understood as having
the neaning set forth in this glossary.” All percentages in these exanples

are percent by wei ght unI ess Qt herw se, s edfied MEK- et hyl et hyl

ket onewatepaGhe latgx uas,ihg, ¢4 &p rRenbie ﬁ?@ﬂﬁ‘iﬁhﬁeioo Monsant 0) AAEM
acet oacet oxyet hyl nethacryl ate SR swel | ratio g -grams Hg
Mercury nmm ilimeters w wei ght M:T mnimmfilmformng

tenper gipWigh grafisof ¢he iolpiner Il wa diftled 0.5 grams of TRITON X-405 (Union Carbide)

and the emulsion'wés neutralized to pH=7 with ammonia. A premix consisting of 9
grams of diisopropyladipate, 9 grams of propylene glycol, 0.5 grams of Triton X-405 and
22.5 grams of a 2% aqueous mixture of Natrosol 250 MHR (Hercules) was also made.
The coalescent in the amount listed below was then added to 3 grams of the premix
and then added to 15 grams of the latex. The formulated emulsions were equilibrated
overnight and then films were made on Bonderite B-1000 steel panels. The films were
heated at 60 °C for three days to allow for film coalescence and then placed ma sealed

* container containing a large molar excess of a 37% aqueous formaldehyde solution for

three days. The films were then removed, air dried and solvent rub resistance was

obtained as a measure of the level of cure.

Table 4.1 Evaluation of compositions containing curable reactive coalescents

28 none none 30

29 , M 047¢g " 300
30 C 05g " 180
31 none X D46 g 380
32 M 047¢g K 046 g 720
33 c 05g K 046 g 315
34 none _ L 103g 190
35 M 047 g L 1.03g 360
36 C 05g L 103g 250
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i LO Substitute Shet- 7 Augut 19% The follow ng test procedures were used

to’ generate the data reported in the Exggpl es bel ow . Films were
constantly soaked with nethyl ethyl ketone. Data was obt ai ned usi ng a
crocknmeter with a ht, pl a donthe. arm f of

appr ox (RABPPSHIHS ég'lé%hégh%é n% i %&%‘Waﬁggﬁ%&ﬁ?ﬁr%ﬁ% Wa%?rw

First oBsebRe- co%f:émﬁve example 28 without reactive additives.

EXAMPLE 5. Autoxidative cure of composition containing acetoacetate reactive
coalescent

This example shows that a composition containing acetoacetate reactive coalescent and
an acetoacetate functional polymef will cure by autoxidative processes.

Reactive coalescent N was made from a mixture consisting of 500 grams of d-sorbitol
and 1300 grams of tert-butylacetoacetate. This mixture was heated to 105 °C for 8 hours
and tert-butyl alcohol was collected as the distillate under reduced pressure. The

reaction mixture was cooled to 60 °C and a 1 mm Hg vacuum was applied for 2 hours
1o remove all volatile material. Analysis of the resuilting product indicated an average

substitution of 3.2 acetoacetate functional groups per molecule.

A polymer (IIl) was prepared from a monomer mixture that contained 501.7 grams of
water, 18.13 grams of Alipal CO-436, 149.4 grams of acetoacetoxyethyl methacrylate,
672.3 grams of butyl acrylate, 652.9 grams of methyl methacrylate and 19.4 grams of
methacrylic acid. From this monomer emulsion mixture, 47.2 grams was removed
and added to a kettle containing a mixture of 1317.9 grams of water and 8.74 grams of
Alipal CO-436 heated to 85 °C under nitrogen. An initiator charge of 2.26 grams of

sodium persulfate dissolved in 50 grams of water was added. Ten minutes later, the
remaining monomer emulsion was gradually added over a three hour period along
with 1.13 grams of sodium persulfate dissolved in 50 grams. After the three hour
period, the emulsion was cooled to 60 °C and 0.7 grams of t-butyl hydroperoxide
dissolved in 12.5 grams of water was added followed by 0.5 grams of isoascorbic acid

- dissolved in'12.5 grams of water. The latex was cooled to ambient temperature.

An additives solution consisting of 0.3 grams of Triton X-405 (Union Carbide), 4.1

grams of propylene glycol, 4.1 grams of diisopropyladipate, 5.11 grams of a 2% aqueous
solution of Natrosol 250 MHR (Hercules), 0.68 grams of a 6% solution of cobalt




were reported as double rubs (one set of back and forth). Thin filns
were cast down on glass slides and a portion of the filmwas cut and
renoved fromthe glass slide (soaking t glass slide in warmwater for a
few mnutes aids filmrenoval). The filmsanples were neasured in two

1 nut es (ierehyl-12 GRS BRi kI KEHURA BN e 1d Eaea of Bnelplc acd were
di t

i e Sl PSR B M WAHE R QDR S P ulOfableSRtond Bl
films weipledslatdowt. wmdtsammmk D100 avtd B r’Eﬁe premis wea then added to

tenperature. A Iaéer of cheesecl oth was then placed over the f| | m_and
cover ed 180 gramsmobthe lajpn that had begg neulta thfét%@@£%¢h Fg¥-S Withne

asal 1 Agriost o IOTALAHNR Hite MiSel S4F Salitdied ! 2 gfét?% “Fimb ere
the repg ?f?@iédt AR SR Heed {J pivecabout 1-Ormilvhidlo ilsmsat THpovetd cand Lhder
cool ed. e print was then fated one a scale of 1 to 10 (best) according to

obser vedmbieat sonditionalanek tested.cheesecl oth and the depth of the inprint of
the film

Table 5.1 Evaluation of cure of compositions containing acetoacetate reactive

coalescent _
CompReactive Additional Eilm Swell Ratios Print Block
Coal. Crosslinker Zdays 28 days 28days 28days
37 none none 48 3.4 8 9
38 J none 8.7 53
39 ] ethy! linoleate 40 28 6 5
40 ) Santolink XI-100 39 34
4 N none 5.6 5.8 3 1
42 N . ethy! linoleate 3.9 8.4
ﬁ' 43 N Santolink XI-100 53 33 6 3

Note: Santolink XI-100 (Monsanto) is a 10 equivalent polyallylglycidyl ether of
MW=1200.

Comp@siﬁons 38-43 of this invention incorporating acetoacetate reactive coalescents
and an acetoacetate functional latex show evidence of autoxidative cure with higher
levels of crosslinker (compositions 39,40,42 and 43) showing cure comparable to a
control film without reactive coalescent.




Thin filnms were cast down on black vinyl sheet and cured at anbient

tenperature. Two filnms were placed face-to-face and a one kilo weight was
pl aced on top. The [err]

11 resulting test sanple was then pl aczéld in an oven typically for two
dt | ed. Th | ock th .at ed | fol
AT b B S EoRR8h Stk Ol oP HPBtal SRR SE s BBk bl
damage LRQL-3RAM P hbdacetate polymer |

The rate of reaction of the multifunctional acetoacetate reactive coalescent J

formulated with an acetoacetate functional polymer (Il) in films from Example 5 was
determined by dissolving the cured film in a known amount of dimethyl sulfoxide '

and analyzing for reactive additive J by high pressure liquid chromatography against
calibration samples.

Table 6.1 Rate of autoxidative cure

39 80 O 0 ]
40 83 05 08 0

Compositions 38-40 of this invention are shown to have incorporated the reactive

coalescent into the film.

EXAMPLE 7. Rate of autoxidative cure of composition containing acetoacetate
reactive coalescent and nonfunctional polymer

é A polymer (IV) was prepared by a similar procedure to polymer I from a monomer
mixture that contained 501.7 grams of water, 45.74 grams of sodium dodecyl benzene
sulphonate (23% solution), 747 grams of butyl acrylate, 727.6 grams of methyl
methacrylate and 19.4 grams of methacrylic acid and 3.0 grams of n-dodecyl mercaptan.

Compositions were formulated and films made by a procedure similar to those of
compositions 38-40 from Example 5 with non-functional polymer IV replacing
acetoacetate functional polymer IIl. The rate of reaction of the reactive coalescents
mixed with a non- functional polymer was determined by dissolving the cured film in
a known amount of dimethyl sulfoxide and analyzing for the reactive additive by high
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EXAMPLE 1. Coal escent Efficacy of various acetoacetate reactive coal escents
To 10 gram portions of an acrylic latex (45% solids content, Tg=44

‘[err]. MFFT =35[erre] C) was added the co2 escent indicated in the Table
below at the following levels: 0.23 grans (5 w. %; 0.45 grans (10 wt. 9%;

. 0. 67 grans r |

det or mEERTE Ui b EAIBLG ol GBaUBLRBole: KA M Bl ok
t enper glokk e%@éés&iﬁthb&reacnv&addﬁmv& bpakees dalysA was made froma mixture
of 90 g. T, 4-butanediol, 500 g. nethyl acetoacetate, 200 g. xylene and 0.7
- g. of dlbutyl tin oxide. This m xture was heated to reflux under nitrogen

Tor 2 R SN ok SR costvs sl

© mont os USE

. consi st 19ined 08/ )0wad @ e aied fi@y@monbifée rirtudeyihas conteinetB01.7 408mg.of
§xy|ene'%%gﬁrl dlbut t|n oxide. This m xture was heated to refl| ux

- under rwatesgd5.74gragno sgdwmrdqctﬁwwﬁnéem sulphonate (43%. solution)«f4:f groms

T onove diacinestoreidh et REDTITT RIS BRR) sEE R, S002 SRR ! Rretty

. prese ”%ﬁe&i@é&f@t@' gramt&(memhc%?% geitbantl X993 piads Blirelbdeeyl miBeaRithne

 coal escent tas nade froma m xture of 140 g.
2,2, 4- tﬁ"mmtth;é margraer grudsion mintwe4ggrams was removed and added to a kettle
-2, 2 6- trlﬁemﬁl-ﬂ-l-l 3- di

contai 2 iktire B 1910 gPaHis of water and 22.04 grams of sodium dodecyl
benzene sulphonate heated to 85 °C under nitrogen. An initiator charge of 2.26 grams

of sodium persulfate dissolved in 50 grams of water was added. Ten minutes later, the
remaining monomer emulsion was gradually added over a three hour period along
with 1.13 grams of sodium persulfate dissolved in 50 grams. After the three hour
period, the emulsion was cooled to 60 °C and 0.7 grams of t-butyl hydroperoxide |

: dissolved in 12.5 grams of water was added followed by 1.03 grams of iscascorbic acid
dissolved in 12.5 grams of water. The latex was cooled to ambient temperature.

Aliguots (100 g) of polymer IV and polymer V were neutralized to pH=9.5 with
ethanolamine. An additional 0.57 grams of ethanolamine was added to the polymer V
portions for complete enamine formation. To one aliquot of each polymer was added

4.0 grams of reactive coalescent ] and 1.9 grams of ethanolamine for complete
enamine(reactive coalescent JE) formation. A premix consisting of 4 grams of
propylene glycol and 1 gram of a2 10% aquéous solution of QR-708 (Rohm and Haas)
was then added. After a 24 hour equilibration period, films were applied on glass
slides and vinyl sheet then air dried to give 1-2 mil thick coatings. The films were
exposed for varying periods of time to ultraviolet radiation provided by 8 UVA-340
bulbs (Q-Panel Co) arrayed 16 inches above the films in a light box. Total radiation
level above the films is 4.7 Joules/em2/hour. Film swell ratios in methyl ethy} ketone
and print ratings of the unexposed and exposed films were made.

N 1T




This m xture was heated to 120 [err]C for 3 hours under nitrogen with
renoval of the distillate. The m xture was then cooled to 60[err]C and a -
O 4 mm Hg vacuum was applied for 2 hour%o renove all volatile material.
Anal ysis of the product m xture showed the presence of 44% nonosubstituted

AN o A LA o el 7
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12 Reactwe Film Swell Ratios Print Rating
Comp Pol.  Coal Z4h 2h oh 72h
44 v nene dissolves dissolves
45 IV JE dissolves dissolves 2
46 \'4 none 4.8 '654
47 -V JE ' dissolves 57 1 6

C@mpasihﬁon 45 incorporating enamine reactive coalescent JE and polymer IV without

AAEM, the print rating of the cured film improved versus comparative example 44.
Composition 47 exhibits an improved swell ratio of the film compared to composition

46 without the enamine reactive diluent.

EXAMPLE 9. Hydrolysis Resistance of Reactive Coalescents

Reactive coalescent O was made from a mixture of 118.8 grams of 1,6-hexanediol and

323.0 grams of tert-butylacetoacetate. This mixture was heated to 100 °C under nitrogen
 for seven hours while all distillate was collected to give a liquid identified as

1,6-hexanediacetoacetate.

Reactive coalescent P was made from a mixture of 115.0 g. 2,5-hexanediol and 320.0 g.
tert-butylacetoacetate. This mixture was heated to 100 °C under nitrogen for six hours
while all distillate was collected to give a low melting solid identified as

2 5-hexanediacetcacetate. ' |

A polymer VI was made from a monomer mixture of butyl acrylate, methyl
methacrylate and methacrylic acid was formulated with 20 wt % based on polymer
weight of the diacetoacetate indicated in Table 9.1. The pH of the samples were
adjusted with dimethylethanolamine or ammonia to the indicated level. These were
equilibrated overnight and the pH of the ammonia containing samples were




met.hyl acetoacetate and 0.1 g. phenothiazine. This m xture was heated to
refl ux under nitrogen for 8 hours with renoval of the distillate. The
m xture was cooled to 97[err]C and a 0.9% man vacuum was applied for two
hours to renove all volatile material. Analysis of the product m xture

Poact pespRiet B i HstBR Vallys 7 Rehé RofifiSee B ing TahnbkbH. CEndRbaipies
S5-nor b%'%ér&ﬁeﬁ -sSeRidiaed hedbdd 8t 60CCHok taf Giditiee phlafidr Ereatthbtit Wast i n

oxi de I's mxture was heated to._reflux under nitrogen for 6 hours wth

r enovabbtdinete Hydrolysis of thenacetoaceiate/rRaaming| fuactionaldty way ée@muaed by rm

Zﬁaﬁ‘?éi%ﬁn 28 B AOMR it g e e SRR A sl R B

coal es iwas nmade froma mxture of 99.6 g. 1,3-butanediol and 345 g.
2,2,6- t% -1, 3-di oxi n-4-one whi ch was heatedto 120 [err]C for 3 hours
under mtrogen with renoval of the distillate. The m xture was then cool ed

to-60 vacuum was applied for 2 hours to renove all
vol at i h@%ﬁ%?gf@pﬁoﬁﬁﬁ %]?”é € he product m xture showed the presence of

was maae PR R OB DLt Anedi of £y 340 g, | TSt ©
48 O none 29 2.6 33%
49 O DMAE 6.9 4.8 12%
50 0 DMAE | 9.0 65  37%
51 O NH3 9.5 9.3 <3%
52 P none 2.9 29 5%
53 p DMAE 6.9 6.0 4%
54 P DMAE 9.0 7.8 7%
55 P NH3 9.5 9.4 <3%

The data show that acetoacetate functional material made from a secondary alcohol

{compositions 52-55) is more hydrolysis resistant than material made from a primary
alcohol (48-51). Formation of the enamine using ammonia (51 and 55} also gives

hydrolysis resistant materials.

EXAMPLE 10. Acetoacetoxyethyl methacrylate monomer as a reactive coalescent |
Acetoacetoxyethyl methacrylate was added to an acrylic latex polymer composed of
methyl methacrylate, butyl acrylate, and methacrylic acid (45% solids content;
MFFT=33 C.) at 3% ,6%, and 10% by weight based on the weight of polymer. The
mixtures were then divided and one set was neutralized with ammonia to pH=9.5,
thereby forming the enamine of AAEM, and the other set was neutralized to pH=7

i




2,2,6-trinethyl.-4H 1, 3-di oxi n-4-one. This m xture was heated to 120 [err]C
for 3 hours under nitrogen with renoval of the distillate. The m xture was
then cooled to 60 [err]C and a 0.4 nm H¥ vacuum was -applied for 2 hours to
remove all volatile material. Analysis of the .product m xture showed the
presengg;.nf %0s iddit ' ket WX .Eggﬁ\%i
coal es%gy’rgti Q??kégégﬁﬁ?n% rginﬁié;.%qietagur ‘ﬁ%{%’z%ﬁgﬁéz- met ﬁﬁéé%,n?ll-@ggirﬁegﬁe 1 ol, alé
600 g. presénteddocTablect®l.e and 1.2 g. dibutyl tin oxide. This mixture was
heat ed "tq@qﬁr fl Uﬁé&l r nitrogen for gwhoura%ewi th renmoval of the distillate.
The m x& %i% ¥ WQ@P@@?@F@ geactlyg COaeSCeRt) Ly vacuum was applied for

two hours to renove all volatile materi&@;@nal ysis of the product m xture

L3

showed t he presence of 78% 0 8 AUG
: 0 33 33
6 14 17
s 10 ¢ 8

* AAEM monomer functions as a coalescent with the enamine form of the monomer

being slightly less effective than the monomer itself.

EXAMPLE 11. Volatility of AAEM monomer in air-dried films

Acetacetoxyethyl methacrylate was added to an acrylic latex polymer composed of
methyl methacrylate, butyl acrylate, and methacrylic acid (45% solids content; Tg = 0
C.) at 10% by weight based on the weight of polymer. The latex mixture was then
neutralized to pH=9.5 with ammonia. A film was applied to a glass panels and dried

ST 0 D U GV NI T T P Y - v e

under ambient conditions. The film was weighed periodically to determine the rate of

loss of AAEM as a function of time; weight loss data are presented in Table 11.1.

Table 11.1 Volatility of AAEM monomer in air-dried fiim

Time (days) % AAEM Remaining
0 100
3 95
4 91
7 77
10 70

Substantial portions of AAEM remain in the film over an extended period of time,
permitting AAEM to function as a reactive coalescent.

This Sheet Has B
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13 nonosubstituted and 22% di substituted material . Reactive coal escent |

was made froma mxture of 97.0 g. borneol and 93. 81
Gt err] c
i < s
L Ok Zs s to

2,2,6-trinethyl-4H 1, 3-di oxi n-4-one. Thi 6m xture

for 2 hours under nitrogen with renoval of the disti ";f‘.fm;“{.‘

‘then co d Oferr]C and a 0.4 nm Hg vacuum was apaplc
it

renove a Ile material. Analysis of the product m xture showed >95%
conver:si on. Table 1.1 MFFT at vari ous Reactive Coal escent Levels

Conposi tion, Ooal .escent }5 lowt % 15w. %

1 1. A composigpn for coatinggand/or mpregnau% comprising an aqueous dxspersmn

iA\8 10 ofa vgnilgaddm@n polymer éﬂx& from 1% to é(i@%, preferably from %% to 50% by

6.5 weight, based on the weight of said polymer, of a reactive coalescent which is an

acetoacetate of formula I, enamine of formula I, or mixture thereof,

RINH
i
(CH3 CO CH3 COzx R (CH; C=CH CO)x R
1 , I

wherein R is a monovalent or polyvalent organic radical, X is an integer from 1 to 6
whose value is equal to the valence of the organic radical R and R! is hydrogen or Ci-
Cos alkyl.

2. The composition of claim 1, further comprising from .0005% to 2% by weight, based
on the weight of said reactive coalescent, of a drier; the drier preferably being a salt of
cobalt or manganese, such as cobalt octoate, cobalt naphthenate, manganese octoate or
manganese naphthenate.

3. The composition of claims 1 or 2, further comprising from 1% to 15% by weight,
based on the weight of said reactive coalescent, of autoxidizable additive; the

autoxidizable additive preferably being a simple ester of an unsaturated fatty acid.

4. The composition of claims 1, 2 or 3, further comprising from (.1% to 2% by weight,
based on the weight of said reactive coalescent, of volatile stabilizer; the volatile
stabilizer preferably being methyl ethyl ketone-oxime, methyl butyl ketone-oxime,
S-methyl-3-heptanone-oxime, cyclohexanone-oxime or butyraldehyde-oxime.

/
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non- reawg@w@m@%m@st man Kodak) EXAMPLE 2. Coal escent
efficacy using a vinyl acetate |latex and various acetoacetate reactive

coal escents To 10g. portions of a vinyl acetate latex (45% solids, Tg =

320 e 1] Gy MR ochBRhidChe URD PG LRG3 ST, WhERES dald plmbe®! ©

campmses pendant acetoacetate groups.

7. The composition of any of the preceding claims, wherein said polymer comprises
1% to 40% by weight, based on the weight of said polymes, copolymerized
acetoacetoxyethyl methacrylate. |

? 8. A composition according to any preceding claim, which has been cured either by
! exposing it to air for at least 28 days, or exposing it to light with a wavelength of from
200 nanometers to 400 nanometers:.

9. A method of forming a cured composition comprising: (a} forming a composition as
defined in any of claims 1 to 7; and (b) exposing said composition to air for at least 28

{ days, or expoéing it to light with a wavelength of from 200 nanorneters to 400
nanometers.

10. A method for improving the coalescence of an aqueous dispersion of a vinyl
addition polymer comprising admixing from 1% to 200%, preferably from 5% to 50%

by weight, based on the weight of said polymer, of a reactive coalescent which is an
acetoacetate of formula I, enamine of formula II, or mixture thereof,

RINH
| a

(CH;3 CO CH, COpxR (CH3 C=CH COz)x R

I . - I

T

iRy
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Mo wt. %. The sanples were equilibrated for 24
P of the mnig8mfilmform ng tenperature.

gﬁ%

14 ]
hours |or‘

‘L A F ¢! N "'_ i
Tabl e. 2‘ 1 MJUFFT as a Functi on of Reactive Coal escent Level 11
geignolﬁa wherein R ig a monovalent or épwem orgamﬁ .rgdnal, X is an integer flom1to 6

% whose value is equal to the valence of the organic radical R and Rl is hydrogen or C;-

Cx alkyl.

11. Use of an emanine or acetoacetate as defined in claim 1 as a reactive coalescent.

i




Cbnp05|t|ons 12 and 13 of thls |nvent|on |ncorporat|ng reactlve coalescents
D and E show coal escent efficiency sinmilar 'to conparative conposition 11
containing a non reactive coal escent (Z¢XANCL). EXAMPLE 3. Coal escent
Ef fi cacy of Enam ne Reactive Coal escent Polyner (1) was prepared froma
mononmer m xture that contained 501.7 grans of water, 45.74 grans of sodium
dodecyl benzene sul phonate (23% solution), 470.6 grans of butyl acryl ate,
1001 grams of methyl methacrylate and 22.4 grans of- methacrylic add. From
this mononer emul sion mxture, 47.2 grans was renoved and added to a kettle
containing a mxture of 1317.9 grans of water and 22.0 grans of sodi um
dodecyl: benzene sul phonate heated to 85 [err] C under nitrogen. An initiator
chargeof 2.26 gransof sodi um persul fate di ssol ved i-n 50 grans of water was
added.  Ten minutes later, the remaining nonomer emnul sion was gradually
added over a three hour period along,with 1.13 grans of sodium persulfate
di ssolved in 50 grans. After the three hour period, the enulsion was cool ed
to 60 IC and 0.7 grans of ttbutyi hydroperoxi de dissolved in 12.5 grans of
watier was added foll owed by 1.03 gr aABSHRAERscorbic acid dissolved in
1245 granms of water. The | atex was cool ed to anbient tenperature. Reactjve
_co | escent J was nmade froma m xture of 293.9 grans of trinmethylol propane
1143.3 granms of tert-butyl ageAoaQe! & ¥t ure was heated to 115
'I.g for 8 BLACK T ~

A coating or impregnating composition containing an aqueous dispersion of a vinyl
addition polymer and a reactive coalescent. The reactive coalescent contains at least
one acetoacetate grouping, or an enamine thereof. In one embodiment the reactive

coalescent also functions as an emulsion polymer crosslinker.
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o015
’;:“‘tgyt:‘yr‘.‘”qi gqhol 5 wasz{cm Tected as the distillate. The reaa%t ion

m xture | I. y §gng ai 1l mm Hg vacuum was applied for 2
hours to r h‘;ﬁq_ rigal The resulting product was
trlmsthyl et ag § Portions of the | atex were

neutral i ze o' pHgo. B ot t“hé""i? 4sg’ i pdi cat ed the T 100
gram al i qiot™8¥t he' H&litrat i B¥Fatex] enul si o ﬁ?ﬁt?%n& J&?%opane
“trisacetoacetate in the ar@%nts i ndi cpted. A conpar atrve series vvas al'so

a

f or nul ated:usi ng- TEXBENCT fhe..coal esceht. For the amine neutralized

mat eri al's,” ‘an additional one  equi alent of amne based on acetoacetate was
then added to ensure conplete f AN COIM Ra¥ ne of the

;rGIr gg;[] y! ‘@mg 33?%@%@5& %élé&% 5 g%%%ﬁ&ﬁ&sfnoﬂ ?mI &%@“fmg%r i} Re R koM ity

an aqueous dispersion of a viny! addition pclymer and a reactive coalescent, and cured

pelyrner compositions derived therefrom.

Film forming vinyl polymers have many uses particularly in coating and/or
impregnation applications and are most useful as dispersions in water. Making water-
based coatings or impregnants with polymers having low Tg values enables the
agueous-based paint to be applied at normal room temperatures without the use of a
plasticizer but results in films which in many cases are inadequately hard and tough
after drying, at least for some applications. In many cases, however, it is desirable to
achieve the hardness, block resistance, solvent resistance, and print resistance of a hard
film. To accomplish this a polymer with a glass transition temperature (Tg) above
about 30_°C. is required and such polymers require a coalescent or fugitive plasticizer to
yieid coherent films at ambient termperature or beiow.

Conventional coalescents such as butyl CELLOSOLVE®, butyl CARBITOL® and
TEXANOL®, are useful ‘o facilitate film formation from hard polymers (Tg
substantially above room temperature) and even from soft polymers (Tg less than
room temperature) when film formation is required at temperatures iower than
normal room temperature. However, after film formation is complete the coalescent

evaporates at a rate depending on its boiling point and may generate odour and
pollution problems.

US-A- 4,141,868 discloses a reactive coalescent, dicyclopentenyloxy ethyl methacrylate
which is a good coalescent and subsequently cures in the film by air oxidation.

However, this material may cause odour problems and filin embrittiement on aging.

 The present invention aims to provide a composition incorporating an improved
refctive coalescent which may exhibit low-toxicity, non-odiferous and/or non-

volatility, and which may also function as an emulsion polymer crosslinker.




. pased on the weight of the enam ne formof -rinethyloipropane

L-i sacet oacetate. The fornul ated enul sions were equilibrated for three days
prior to determnation of the mininumfilmform ng tenperature.
roe,, LO8 ACE U
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The present invention also aims to provide a reactive coalescent which leads to
coating films, derived from aqueous vinyl polymer dispersions, with improved print
resistance, block resistance, solvent resistance, and/or film toughness.

In accordance with the present invention there is provided a composition for coating
and/or impregnating comprising an aqueous dispersion of a vinyl addition polymer
and from 1% to 200%, preferably from 5% to 50% by weight, based on the weight of sai

polymes, of a reactive coalescent which is an acetoacetate of formula I, enamine of
formula II, or mixture thereof,

RINH
u
(CH;3 CO CH; COzx R | (CH; C=CH CO2)x R
1 I

wherein R is 2 monovalent or polyvalent organic radical, X is an integer from 1 to 6
whose value is equal to the valence of the organic radieal R and Ri is hydrogen or Cy-
Cas alkyl. '

The composition of the invention incorporates a “reactive coalescent” which, after it
has facilitated film formation, does not substantially evaporate but reacts to become
part of the film. |

The ability of an aqueous dispersion of a vinyl addition polymer to form a film
depends upon the glass transition temperature of the dispersed polymer and the
temperaMre at which the coating is allowed to dry, as is disclosed in US-A- 2,795,564.
The dispersed polymer is preferably obtained by emulsion polymerization of one or
more monoethylenically unsaturated monomers and will have a glass transition
temperature which depends, jnter alia, upon the identity of the components and the
proportions of the monomers in the polymer. Certain ethylenically unsaturated
monemers such as, for example, methyl methacrylate, styrene, vinyl acetate, vinyl

REPLACEMENT SHEET
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:16 Table 3.1 MFFT of Conpositions containing enam ne reactive coal escent

Conposi tion Base Coal escent MFFT 14 anmoni a
0% 48 15 ammoni a 5% Texanol 30 16
ammoni a 10% Texanol 19 17 ammoni a 15%
Texanol 9 18 KOH - Sibstitute Sheet - 7 August 19% J

3

chloride, acrylonitrile, vinyl toluene, methacrylonitrile, and vinylidene chioride,
produce homopolymers which have relatively high glass transition values, that is,
polymers.having a glass transition-temperature above about 20°C. On the other hand, |
numerous ethylenically unsaturated monomers such as, for example, acrylic ester
monorers including methyl acrylate, ethyl acrylate, buty! acrylate, 2-ethylhexyl
acrylate, decyl acrylate, butyl methacrylate, isodecyl methacryiate, and hydroxyethyl
acrylate; butadiene, and chioroprene produce relatively soft homopolymers, i.e.,
polymers having glass transition temperatures of about 20°C or less.

By copolymerizing various hard and/or soft monomers a polymer suitable for coating
and/or impregnating uses may be obtained having a glass transition temperature (Tg)
from below about -40°C up to about 150°C or higher. The polymer my also
incorporate other monomers capable of addition polymerization such as, for example,
functional monomers as methacrylic acid, hydroxyethy!l acrylate, dimethylamincethyi
methacrylate, dimethylaminopropyl methacrylamide, sulfoethyl methacrylate; multi-
ethylenically unsaturated monomers such as 1,4-butyleneglycol dimethacrylate, diallyl
phthalate, diviny! benzene, and allyl methaerylate, to an extent that film formation is
not unduly compromised. Coating and/or impregnant é@mpositions incorporating
such polymers may be made with good film-forming qualities if the Tg value of the
polymer is not above the temperature at which the coating or impregnant is dried.
For example, aqueocus-based paints containing a polymer having a Tg value of about
18°C generally can be applied at room temperature and result in good film formation
simply by drying of the coated film in the ambient atmosphere. On the cther hand, if
the coating composition contains as its primary film-forming component an emulsion
polymer having a Tg value above room temperature, such as about 35°C and up, the
coated film may require elevated temperature, such as 35°C and up, during drying in
order to assure that the polymer particles are adequately coalesced or fused into a
continuous coherent film. Some polymers may be characterized by a 'Ifg substantially
above room tem?efame such as up to 30-35°C but still would be capable of forming 2
coritinuous film at normal room temperatures because of an affinity for water

(hydrophilicity) of a copolymerized monomer such as, for example, vinyl acétate in the
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49 KOH 10% J 25 20 KOH

15% J 21 anmoni a 5% J 38 22 anmoni a
10% 7 27 23 amoni a 15% J 23 24
et hanol am ne 5% 7 39 25 et hanol am ne 10% J

34 26 et hanolam ne  15%J - . 25 _ Conposition -26 of
this invention containing enam ne reactjve &msm@rswfgrgﬂgm

reactive coal escent J and ammonia or primary am nes) exhibit | ower MFTs

t han conmpar ati v.e GO rti.Qn I.ch S . %Vﬁé t.. . &6
power of IWW%%?&%@&%%@%&%‘#@@%?@ roerﬁgraeraec?%%%g%g’% esc%nnt J
1 s dependgiur@aftvinybatetste (o dgtiivalent modmmer)anay aid in Ealrftifg 4he Qotywher
reactive coalescents Reactive.coalescent K was made fr¢ ] X 4182. 0
G ans. of PENBEE G0 SEOTGHAHS Y A PeanRes MeePL R Ao T4 8 flox

di but yl tﬁ@gyzﬁég,de. This mxture was heated to

Glass transition temperatures of copolymers can be readily calculated using the Fox
equation { T.G. Fox, Bulletin American Physical Society, Volume 1, Issue 3, page -
123(1556)). Polymer Tg is generally very close to the minimum film formation
tesnperature (MFFT). The MFFT may be measured directly using a temperature-

gradient bar.

The composition of this invention incorporates a reactive coalescent selected from
substantially nonvolatile monofunctional er polyfunctional acetoacetate esters and the
corresponding enamines (which may be made from the acetoacetate by reaction with
ammonia or 2 primary amine). The acetoacetate esters can be represented by the

generic formula I and the corresponding enarnines by the generic formula IT:

RINH
| |
(CH3 CO CHa COax R (CHj C=CH CO)x R
1 ' i

where R is a monovalent organic radical or a polyvalent organic radical. X is an
integer from 1 to 6 whose value is equal to the valence of the organic radical R and Ri
is hydsogen or C;-Cp alkyl. These acetoacetates, and there enamines thereof, may be
either oil- or water-soluble.

The acetoacetate reactive coalescents can be most conveniently prepared by reaction of
the corresponding alcoho! or polyol with diketene, with the thermal reaction of 2,2,6-

REPLACEMENT SHEET
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feflux under nitrogen for 8 hours with renoval of distillate. The m xture
was cool ed 17 to 94 [err]C
and all volatile material was renoved under vacuum (1 ng Hg) over a two
hour Period. The product m xture was conposed of 36%tetraacetoacetate, 42%
tri acetoacetate and 22% di acet oacei at e. ReSulsstinete Shidet s FeAugustvES6rade
froma mxture consisting of 61.2 grams,of Gry grycerol and U. 75 grans of
sodi um hydroxi de. This m xture was heat®d to 160 [err] C and 438.8 grans of
et hyl ene oxi de were added slowly over four hours.  The m xture was cooled to

100 [ er r ] imethy-4d-Ti-sinxiafi-gne op fyr Fenestryifipson guid aanther #eetPast®tton was
cool ed. I@@@gﬂe%@f&gg%&m%%%ﬂ; tb&f 1ggeh hyl acetoacetate, 1.4 grams

of aceticYaci grans I but I n oxi de was added to the
et hoxyl ated gl ycerol and the m xture was refluxed at 138[err]C for 6 hours

with e”“j‘%gc&fmgé@é ¢dafisBentd RS 1A Y UiikuthRSiE P @aRbtobetfte; neopentyl glycol
diacetoacetate; 2,2, 4-trimethy! 1,3-pentanediol diacetcacetate; 2-butane-1,4-diol

diacetoacetate; 5-norbornene-2-methanol acetoacetate; 1,3-butanediol diacetoacetate; 2,3-
butanediol diacetoacetate; dipropyleneglycol diacetoacetate; 2-methyl-2,4-pentanediol
diacetoacetate; borneol acetoacetate; trimethylolpropane trisacetoacetate; sorbitol
acetoacetate (various degrees of substitution}; oxyethylated glycerol trisacetoacetate; 2,5-
hexanediol diacetoacetate; 1,6-hexanedicl diacetoacetate; acetoxyacetoethyl
methacrylate; and the corresponding enamines from ammonia or ethanolamine.
Acetoxyacetoethyl methacrylate (a monomer in its own right) is 2 substantially
nonvolatile reactive coalescent and can be used in very similar fashion to other
acetoacetates described above.

The enarhines are spontaneously formed by addition of ammoenia or primary amine to
the acetoacetate in water. This can be done as a separate step or by addition of the
amine or ammonia in proper amount to the aqueous coating composition. In general,
addition of suitable amounts of amine brings the pH to about § and under these
conditions enamine formation (as shown by ultraviolet spectrometry) is essentially
complete. If acetoacetates from primary alcohols are used and the emulsion is required

%o undergo heat aging, conversion of the acetoacetate to an enamine may be important
to prevent acetoacetate hydrolysis in water. This hydrolysis ultimately generates
carbon diexide and acetone as shown.

H-0
RIOCOCHy CO C'H3 e3> RIOH + CH; COCH; CO H > CH3; COCH3 + COy

The enamines are not usually as effective as latex coalescents as are the less polar
acetcacetates. FHowever, they are still useful. If the presence of amine or ammonia is
undesirable in the latex formulation, the hydrolysis problem may also be eliminated by
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Jerr]C and a 0.5 nm Hg vacuum was applied for two hours to renove al
volatile material to give the triacetoacetate. Reactive coal escent M was
made froma m xture consisting of 57.2 g. trinmethyl ol propane and 200 g.
2,2,6-trinmethyl-4H 1, 3-di oxi n-4-one. This m xture was heated to 125 [err]C
for 2.5 hours under nitrogen with renoval 3logg s of
the product showed only the presence of triaceteacetate——Folymer 1l was
prepared froma nononer mxture that céntai ned 505.6 grams of water, 18.1
grans of a 23% sol ution of sodi um dodecyl benzene sul phonate, 1062.9 grans
of butyl useofheatoacelBes dexjvethfrout sacondsdy orctertiary lephels. fhich agetnacetafes are

th | i ' 7 : : I , 3.42
o - don byt pestiely Wi BThy orR G ARl MRS Y T O ikt
was renoved and added to a kettlé containing a mxture of 1432.7 grans of
wat er. ang,11. 0 qgr f. 0 L Qn. | LG . A .
sul phonat @t@?‘g%ta?n%fe%g?% %?a%)chﬁé i&%lk ?giqﬁ%%#ﬁc %%%ﬁggd‘g‘?%%@gg’%@?%@%%‘éi um
Fﬁre s g ld];i g%@gﬁ?gﬁ;mﬁmy ibe ffuin@bguah® tofallba_at 200%ay veeight] bai@amfmw&agm afer,

i . | ni_ng._non [ i an _was hegun

gr adual | ﬁﬁ%mﬂfﬁﬁ%@%@ﬁ%ﬂ%r ?%%.err%ﬁse ‘ﬁ“gari%gfﬁ%ﬁ?f %gg‘? %%é,]utlt%%%ﬁ%?‘?i on
was cool egs Gyocikigh, | Based dnhd waightof dhe virtyl ayititiordpalgereexi de di ssol ved in

16 grans of water was added followed by 0.5 granms of sodi um formal dehyde
bisulfite dissolved in 16 grans of

After film formation is complete these reactive eoalescents do not substantially

evaporate. Exposed to air, they may autoxidize and cure in the matrix of the film
derived from the dispersed polymer. To facilitate a rapid cure it is often desirable to
add a siccative or drier and an autoxidizable additive such as a drying cil or polyalkyl
ether. The autoxidizable additive may be present at a level of 1-15% by weight, based

on the weight of the viny!l addition polymer.

The drier may be any polyvalent metal-containing complex or salt that catalyzes the
oxidative curing of drying oils or drying cil-modified alkyd resins. Exampies of the
driers are various polyvalent metal salts including calcium, coppes, zinc, manganese,
lead, cobalt, iron and zirconium as the cation. Simple inorganic salts are useful such as
the halide, chleride, nitrate, sulphate. Saits of organic acids such as the acetylacetonate,
acetate, propionate, butyrate are also useful. The driers may also be complex reaction
products of metal oxides, acetates, or borates and vegetable oils. Useful driers also
include salts of naphthenic acids or of Cg to Cgg aliphatic acids. Examnples of the
aliphatic, or fatty acid component or anion of the drier salt is that of naphthenic acids,
resinic acids (that is, rosin acids), tall oil fatty acids, linseed oil fatty acids, 2-ethythexoic
acid, lauric acid, palmitic acid, myristic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid, behenic acid, cerotic acid, montanic acid, and abietic acid. Preferred drier
salts are those of cobalt and manganese, such as cobalt octoate, cobalt naphthenate and
n?nanganese octoate and naphthenate. Mixtures of various driers may be used. The
driers mentioned in Encyclopedia of Chemical Technology,.

Kirk-Othmer, vol. 5, pp. 195-205, pubﬁshéd by Interscience Encyclopedia, Inc., NY (1950)
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-,~[err‘] 18 water. The | atex
was then cooled to anbi ent tenperature. To 200 grans of the polyner 11
was added 0.5 grans of TRITON X-406 (Union Carbide) and the enul sion was
neutalized to pH=7 with amonia. A prem x consi sting.,.of 9.grans o

dii sopropyl adi pate, 9 grams of propyl ene gl @s;mme%hﬁe& Apgyst i% X405
and 22.5 grans of a 2% aqueous m xture Nat r osol 250 (Hercules) was al so

made. The coal essent_in the ampunt |isted bel ow was then added to 3 grans
of the pré&ngkbe used. The amount of the drier may be from 0.0005 to 2% metal content by

weight of the reactive coalescent.

The drier may be added to the composition pri@s' to storage provided such addition is
made in the absence of oxygen or, aliernatively, if a volatile stabilizer is included in the
composition to inhibit or prevent the oxidizing action of the drier and the
composition is then placed in closed storage containers to prevent volatilization of the
inhibitor.

Thus, a volatile stabilizer may be used in coating compositions containing a reactive
coalescent to prevent accidental oxidation and crosslinking thereof in the formulated
composition at any time prior to film formation. The volatile stabilizer must exhibit
 sufficient volatility under use conditions such as, for example, in-thin films so as to

not retard the development of film properties to any appreciable extent. The volatile
stabilizer may be a volatile ketone-oxime obtained from ketones having 3 to 10 carbon
atoms or an aldehyde-oxime derived from aldehydes having 1 to 10 carbon atoms.
Preferred are methyl ethyl ketone-oxime, methyl butyl ketone-oxime, 5-methyl-3-
heptanone-oxime, cyclohexanone-oxime, and butyraldehyde-oxime. The amount of

volatile stabilizer may be from about 0.1% to about 2% by weight based on the weight
of the reactive coalescent.

The autoxidizable additive, which may function as an aercbic radical source, may be a
drying oil, a polyallyl ether {such as SANTOLINK XI 100, Monsanto Chemical Co.) or
any of the autoxidizable components described in EP-A-0492847. The autoxidizable
additive may be used in an amount from 1% to about 15% by weight based on the

weight of the reactive coalescent. Simple esters of unsaturated fatty acids are preferred
as the autoxidizable additive.

The reactive coalescents-acetoacetates or enamines-may also be cured by sunlight or by
ultraviolet radiation. Ultraviolet radiation of wavelengths between 200 mm and 400
mm is particularly effective. Either oxidative cure or light-assisted cures are effective
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and then added to 15 grans of the |atex. The fornul ated emul si ons were
equi l i brated overnight and then filns were nade on Bonderite B-1000 steel
panels. The filnms were heated at 60[err]C for three days to allow for film
coal escence and then placed in, a sealed container containing a |arge nol ar
excess of a 37% aqueous fornal dehyde sol ut i oRy.hQlindd SRBetd2Y Auclisf 1606
were then renoved, air dried and sol ventd r ub—e5+stafrece—was—ootarnet—as a
measure of the |evel of cure. Tabl e 4.1 Eval uati on of conpositions
cont ai ni ngircethésiedriggersiare eppnpriate fortformulatiog: of one package stablgroatings.

288630 Other curing a%ents may %Lgég) bé Used such as, for ex%pie, formgldjezﬂ'cie and

180
31 polyfunctioms primary amines; howevég, these curing agents Giodotglend theggelve®
M

0.5g C'tééﬂepackage sta!%lemaﬁngsnl 46 g 0.46 9 7.20 33 c

315

In another embodiment it is possible to use the acetoacetate (I} or enamine (I} as a
reactive coalescent crosslinker for co-curing with the aqueous dispersion of an addition
polymer. This is particularly true when the latex polymer has pendant acetoacetate
groups. Such latex polymers are described in EP-A-0492847. If the pendant acetoacetate
functicnality is introduced into the vinyl dispersion by copolymerization with
acetoacetoxyethyl methacrylate, such polymers may contain 1-40% by weight of this
monomer. These vinyl addition polymer dispersions are usually treated with
equivalent amounts of ammonia or primary amine fo form the enamine in order to
prevent hydrolysis of the acetoacetate function during aging of the emulsion. When
multifunctional acetoacetates or enamines ate used eoalescent activity may be lower
but cure capability by aix or light is enhanced and such systems co-cure and offer
desirable combinations of print resistance, block resistance, ancd solvent resistance after
cure is obtained. Analytical work on these films clearly shows disappearance of the

reactive coalescent crossbinder as well as development of improved film properties.

The coating and/or impregnating compositions may additionally contain
conventional materials such as, for example, pigments, extenders, dispersing agents,
surfactants, sequestering agents, defoaming agents, humectants, thickeners, defoamers,

colorants, waxes, bactericides, fungicides, odour-modifying agents, and other resinous
materials. ' '

Thie ecating and/or impregnant composition of this invention may be prepared by
mixing the aqueous dispersion of an addition polymer with the reactive coalescent
using conventional equipment such as, for example, a Cowles dissolver.

The coating and/or impregnant composition of this invention may be applied to a

wide variety of materials such as, for example, wood, cement or concrete, nonwoven
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34 - none L 1.03 g 190 35,

M 0.47g L 1.03 g 360 36 C

.0.5¢g L 1.03 ¢ 290 '

19 Conpositions 29-36 of this invention containing reactive coall escents

show i nproved cure over conparative exd&pl eS@Bstituté'Sheetr<hdugunst 4886t i ves.

EXAMPLE 5. Autoxidative cure of conpositionTcontal nng acetoacetate reactive

coal escest widves fakrion latumiroun o ttheramenil) ghiss) Gamins] aae@@ra@v@ama&ﬂaﬁ e

reactive copal, esﬂoeg@t gnd nace oacet te functiona c? e c:ﬁ

aut oxi da astncs, aster, stucco, and roching substrates sw as
asphaltic coatings, roofing felts, synthetic polymer membranes, and foamed
polyurethane insulation; or to previously painted, primed, undercoated, worn, or

weathered substrates.

The coating and/or impregnant compoesition of this invention may be applied by
techniques well known in the art such as by paint brush, roller, air-assisted spray and
airless spray trowels.

The following examples are intended to illustrate the coating and/or impregnating
composition of this invention.

GLOSSARY
The following abbreviations are used in these Examples and are to be understood as

having the meaning set forth in this glossary. All percentages in these examples are
percent by weight unless otherwise specified

MEK --methyl ethyl ketone

PAGE - polyallylglycidylether {Santolink XI-100, Monsanto)
AAEM - acetoacetoxyethyl methacrylate

SR - swell ratio

g - grams
Hg - mercury

mm - millimeters

wt - weight -

MFFT - minimum film forming temperature
cm - centimeter

h - hour
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» Reactive coal escent N was made froma m xture consisting of 500 grans of
d-sorbitol and 1300 grans of tert-butylacetoacetate. This m xture was
heated to 105[err]C for 8 hours and tert-butyl al cohol was collected as the
distillate under reduced pressure. The reaction mxture was cooled to

60[err]C and a 1 mm Hg vacuum was applied f 2 hoyrs to, DVE .+ Ahk
volatile material. Analysis of the resiftiaBosHW Reelidl AU 2A72ver age
substituti on of 3 2 acet oacetate functional groups per nol ecul e. A

pol ymer (TE ICEDEREE ed from a nmononer nixture that contained 501.7

gr ans of pa 436, . 1 rans_,o

acet oac et l[iﬁv %é%%%?‘%?%@é w%‘??"‘%dgo ghRegpe ﬁ?ﬁ%tg ?ft%ﬁi in theBxagnplps, 1
of met hybembhacryl ate and 29.4 grans of nmethacrylic acid. Fromthis
mononer enul sion mixture, 47.2 grans was renoved and added to a kettle
cont ai ni ng a mxture of 1317.9 grans of water and 8.74 granms of Ali pal

CO 436 hogEEdR® MblstinckC  under nitrogen. An initiator charge of 2.26

grans of sodlu 3 esulf' sol ved 50 ans o vvater ded Ten.
T nut es %@Wéﬁ% 3 S Er T MOy HetaBe. GRaP opE Hs%@r a
three how@d@@ﬁéz@@m&w@q kgﬁvéﬁ ght pliced éﬁ&h@&mﬁ%ﬁﬂ%m H{t%f%p?r

50 grans. After the t hodr period, the enul sion was cool to 60 err]C

and 0.7 GOa%E cFhe feamﬂxﬁecﬁyh%% erlpbrongh i thepane! was Sz eserver. dater vias
added f ol gued. Q%e@agdg&?gg,utg%(%%%gg%mz%f&ﬂgl ssolved in 12.5 grams of

wat er. The Iat X was coo0 nt tenperature An additives solution
consisting of 0.3 grans of Triton X-405 (Union Carbide), 4.1 grans of

propyl en b 9ranms of  diisopropyl adi pate, 5.11 granms of a 2%

aqueous B
Thin films were cast down on glass slides and a portion of the film was cut and

removed from the glass slide (soaking the glass slide in warm water for a few minutes
aids film removal). The film samples were measured in two directions (length and
width). The samples were then socaked for 15 minutes in methyl ethy! ketone and
remeasured. The increase in each dimension was averaged to yield an average
numeric 'value for linear swell, and the result was then cubed to yield a volumetric

swell ratio.

- Thin filins were cast down on a black vinyl sheet and cured at ambient temperature. A
layer of cheesecloth was then placed over the film and covered by a rubber stopper that
had a surface arez of approximately one square inch. A one kilogram weight was
placed on top of the stopper. The resulting test sample was then placed in an oven for
the re?@ﬂed time at the reported temperature (typically for two hours at 60°C) and
then cooled. The print was then rated on a scale of 1 to 10 (best) according to observed
ease of removal of the cheesecloth and the depth of the imprint of the film.

Block Resistance
THin films were cast down on black vinyl sheet and cured at ambient temperature.
Two films were placed face-to-face and a one kilogram weight was ?Kaced on top. The

l
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solution of Natrosol 250 MHR (Hercules), 0.68 granms of a 6% sol ution of
cobal t 20 (lIntercar, 0.12
grans of methyl ethyl ketone oxine and 1.23 grans of linoleic acid were
m xed. Mxed with this solution were the additives listed in the Table
bel ow (ethyl linoleate at 7 wt. % and Sant ol &k Jeile Da¢all 7 10 oMot 180 The
prem x was then added to 100 grams of the | atexthal—had be eh-heuttar zed
to an equilibrated pH=9.5 with ammoni a.iiThe fornul ati ons were ni xed and
equilibrated for 24 hours. Filns were applied and air dried to give about
1-2 mil trhswldng ﬁe%aﬂm%%m\meﬁphmédnmnaypzmﬁy footved hoarsatesiCteet ed.
-rrgglcﬁ \S/eJtC%g ?&5;%% ! ?ﬁe%ﬁo&%ﬁs Her IRPSH b 28 59 %@%es%e Sk ggetg% served
ease of separation of the films and film damage upon separation.

EXAMPLE 1. Coalescent Efficacy of various acetoacetate reactive coalescents
To 10 gram portions of an acrylic latex (45% solids content,

Tg =44 °C, MFFT = 35 °C) was added the coalescent indicated in the Table below at the
following levels: 0.23 grams {5 wt. %); 0.45 grams (10 wt. %); 0.67 grams {15 wt.%). The
samples were equilibrated for 24 hours prior to determination of the visual minimum
film forming temperature using a Sheen temperature gradient bar.

Reactive coalescent A was made from a mixture of 90 g. 14-butanediol, 500 g. methy}
acetoacetate, 200 g. xylene and 0.7 g. of dibutyl tin oxide. This mixture was heated to

reflux under nitrogen for 8 hours with removal of the distillate, and yielded 19%
monosubstituted material.

Reactive coalescent B was made from a2 mixture comisting of 400 g. neopentyl glycol,
1298 g. methyl acetoacetate, 400 g xylene and 1.0 g. dibuty! tin cxide. This mixture was
heated to reﬂgx under nitrogen for 8 hours with removal of the distiliate. The
mixture was cooled to 95 °C and a 0.5 mm Hg vacuum was applied for two hours to

remove all volatile material. Analysis of the product mixture showed the presence of
1% disubstituted and 19% monosubstituted material.

Reactive coalescent C was made from a mixture of 140 g

2,2 4-trimethyl-1,3-pentanediol and 300 grams of 2,2,6-zimethyl-4H-1,3-dioxin-4-one.
This mixture was heated to 120 °C for 3 hours under nitrogen with removal of the
distillate. The mixture was then cooled to 60 °C and a 0.4 mm Hg vacuum was applied
for 2 hours to remove all volatile material. Analysis of the product mixture showed
the presence of 44% monosubstituted and 56% disubstituted material.

Reactive coalescent D was made from a mixture of 500 g. 2-butene-1,4-diol, 1350 g.
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.Conmp Reactive Additional Film Swell Ratios Printn

Coal Crossl i nker 7 days 7 days : 28 days

28 days 37 none none 4.8 3.4 8
9 38 J . none 8.7 53

7-39 J ethyl linol eate 4.0 40
J Santolink XI-100 3.9 3,4 Subsmﬁm@hm ?GAW 3199@
none _ 5 6 5.8 ' 1 42

et hyl linol eate .4 .. ..

Sant ol i nkmgphﬂ@getoacgtage and Gg & phemtmazmg This mzx%;ze W%eat%% ﬁq 5?@%@@25
XI-100 (Map g r'ssmm},%aq veMay AN the|distilaye. olrke lzﬁm&metw@s c@éﬂeﬂﬂfé@?@@
C0np05|t|on of this invention incorporating aceto reactive
coal escengsd arfiis @maﬁgtmw%ws poplitd doraiwe heuss BheRmReNs @m@; material.

:ﬁé ox g;iats YEIW 6f meté%,@p ar%TW 5Rowéd SR prisbiideds és%m&n&ea a2 % 42

W“Ng cure
monosubstituted material.

Reactive coalescent E was made from a mixture of 0 g. 5-norbornene-2-methanol, 250
g. methy] acetoacetate and 0.3 g. dibutyl tin oxide. This mixture was heated to reflux
under nitrogen for 6 hours with removal of the distillate. The mixture was cooled to
96 °C and a 0.5 mm Hg vacuum was applied for two hours to remove all volatile
material. Analysis of the product mixture showed >84% conversion.

Reactive coalescent F was made from a mixture of 99.6 g. 1,3-butanediol and 345 g.
2,2,6-trimethyl-4H-1,3-dioxin-4-one which was heated to 120 °C for 3 hours under
nitrogen with removal of the distillate. The mixture was then cooled to 60 °C and a
0.4 mm Hg vacuum was applied for 2 hours to remove all volatile material. Analysis
of the product mixture showed the presence of 31% monosubstituted and 6%
disubstituted material.

Reactive coalescent G was made from a mixture of 98.0 g. 2,3-butanediol and 340 g.
2,2 6-trimethyl-4H-1,3-dioxin-4-one. This mixture was heated to 120 °C for 3 hours
under nitrogen with removal of the distillate. The mixture was then cooled to 60 °C
and a 0.4 mm Hg vacuum was applied for 2 hours to remove all volatile material.
Analysis of the product mixture showed the presence of 38% monosubstituted and
€2% disubstituted material.

Reactive coalescent H was made from a mixture of 240 g. 2-methyl-2 4-pentanediol,
600 g. methyll acetoacetate and 1.2 g. dibutyl tin oxide. This mixture was heated to
reflux under nitrogen for 6 hours with removal of the distillate. The mixture was
eooled to 96 °C and a 0.5 mm Hg vacuum was applied for two hours to remove all
volatile material. Analysis of the product mixture showed the presence of 78%

08 AUG 9%




control filmw thout reactive coal escent. 08 AUG
96 : Substitute Sheet -
August 1996 21 EXAWVPLE-6. Rate of
aut oxi dative cure of conposition containi ngSgs@itoacShedte 7 dagiist 2996
coal escent and acetoacetate polymer The rate—of—reactTomof—tre
mul tifunctional acetoacetate reactive codfescent J formulated with an
- acetoacetate functjonal polyner (I1l) in filnms from Exanple 5 was

det er ni nedmieposRastidpiad.apd Qé%c@ﬁs@hsﬁiﬁmtﬁ materiddnown amount of di net hyl
sul foxi de and anal yzing for reactive additive J by high pressure liquid
chr omat ogr aphy agai nst calibrati on sanpl es.
Reactive coalescent I was made from a mixture of 7.0 g. borneol and 93.8 g.

2,2,6-trimethyl-4H-1,3-dioxin-4-one. This mixture was heated to 120 °C for 2 hours
under nitrogen with removal of the distillate. The mixture was then cooled to 80 °C
and a 0.4 mm Hg vacuum was applied for 2 hours to remove all volatile material.
Analysis of the product mixture showed >95% conversion.

Tabl@ 1.1 MFFT at various Reactive Coalescent Levels
Composition Coalescent  5wi.%10wt% 15wt %

1 TEXANOL 15 9 3
2 A 19 11 5
3 B 18 10

4 C 19 12 6.5
5 D 17 9 4
6 E 18 | 11 4
7 F 185 | 11 4
8 G 21 125 6
) H 19 12 4
10 1 16 10 3

Compositions 2-10 of this invention which contain reactive coalescents A-I show
coalescent efficiency similar to comparative composition 1 containing a non-reactive
coalescent, TEXANOL(Eastman Kodak).

EXAMPLE 2. Coalescent efficacy using a vinyl acetate latex and various‘acgtoacetate
reactive coalescents

~Jo 10 g. portions of a vinyl acetate latex (45% solids, Tg = 32 °C, MFET = 18 °C) was
added the coalescent indicated in the Table below at the following levels: 0.23 grams
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cuir 7 14 28 8U . 38
9.6 5.2 2.5 0 39 8.0 0 0

0 40 - 8.3 0.5 0.8 0 Conpositions 3840 of
this invention are shown to have incorporated the reactive coal escent into
the film EXAMPLE 7. Rate of autoxidative cure of conposition containing
acet oacetate reactive coal escent and nonfunct i Swtstitytel -A Aupystel996 V)
was prepared by a simlar proce dure toy £O| ynmer T _from a nonomer m xture
that contained 501.7 grans of water, 4 grans of sodi um dodecyl benene

si phonate (23% tio a I/ Ez?éTg

nmet hyl me@h‘ﬁ%r 3§t %ﬁ#f@ g%iéﬁg%@%k&%é&éﬁ%ﬁ aC| dafégzgh% gr rif to ,
n- dodecyl gaRieanitioh of ﬁwrnﬁﬁimmmrﬁ&méomﬁtytmmmmmnd films made by a
procedure simlar to those of conpositions 3840 from Exanple 5 with

non-functional polymer |1V replacing acetoacetate functional polyner M The
rate of regokizONMEFT bea Fenetiby of ReaitbrcEodlescent Level-

Composition Coalescent Swt.%I10wi%
11 Texanol 7 : 2
12 D - 8 3
13 E 85 4.5

Compositions 12 and 13 of this invention incorporating reactive coalescents D and E
~ show coalescent efficiency similar to comparative composition 11 contammg a non
reactive coalescent {TEXANOL).

EXAMPLE 3. Coalescent Efficacy of Enamine Reactive Coaleseent

Polymer (I} was prepared from a monomer mixture that contained 501.7 grams of
water, 45.74 grams of sodium dodecy! benzene sulphonate (23% solution), 470.6 grams
of butyl acrylate, 1001 grams of methyl methacrylate and 22.4 grams of methacrylic acid.
From this monomer emulsion mixture, 47.2 grams was removed and added to a kettle
containing a mixture of 1317.9 grams of water and 22.0 grams of sodium dodecyl
benzene sulphonate heated to 85 °C under nitrogen. An initiator charge of 2.26
gramsofscdium perszﬂfate dissolved in 50 grams of water was added. Ten minutes
later, the remaining monomer emuision was gradually added over a three hour
period along with 1.13 grams of sodium persulfate dissolved in 50 grams. After the
three hour pericd, the emulsion was cooled to 60 °C and 0.7 grams of t-butyl |
hydroperoxide dissolved in 12.5 grams of water was added followed by 1.03 grams of
ispascorbic acid dissolved in 12.5 grams of water. The latex was cooled to ambient
temperature.

Reactive coalescent ] was made from a mixture of 293.9 grams of mmethyloipmpane
and 1143.3 grams of tert-butylacetoacetate. This mixture was heated to 115 °C for 8
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mxed with a non- functional polynmer was detered by dissolving the cured
filmin a known anount of dinethyl sulfoxide and analy2|ng for the reactive
additive by high 22
pressure |iquid chromat ography against calibration sanples. Al three filns
showed conplete | oss of the reactive additivesSilystiiateShei\s7 Aunen MBE 8.
Curing efficacy of conpositions contalnlng enamtTTe Teactive—coarescent A
polymer (V) was prepared froma nmononerldv xture that contai ned 501.7 gr ans
of water, 45.74 grans of sodi um dodecyl benzene sul phonate (23% sol ution),

74.7 grankowfs MW&&@WamWaam dipgiiate. Jheeacsiorpasture was

acrylate, 6 r LGN +8f r add
and 2. 99 3%@ géaé%g‘ ecyl nergr%[ ﬁ%gghﬁwﬁé@g@%ﬁlomr g re {ﬁ? o%ﬁn?/‘%é%%e
47. 2 gr anmaterizlr dheveduliing prbddedt was drikethylolpropsad msagetaamtmure of 1317.9
grans of water and 22 04 granms of sodi um dodecyl benzene sul phonate heated
to 85 [err]C under nitrogen. An initiator charge of 2.26 grans

Portions of the latex were neutralized to pH=9.5 with the base indicated in the Table

below. To a 100 gram aliquot of the neutralized latex emulsion was added
trimethylolpropane trisacetoacetate in the amounts indicated. A comparative series
was also formulated using TEXANOL as the coalescent. For the amine neutralized
materials, an additional one equivalent of amine based on acetoaceiate was then added
to ensure complete formation of the enamine of the trimethylolpropane
trisacetoacetate. In these cases, the nominal weight percent of coalescent added was
based on the weight of the enamine form of trimethylolpropane trisacetoacetate. The
formulated emulsions were equilibrated for three days prior to determination of the

minimum film forming temperature.
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«of sodium persul fate dissolved in 50 grans of water was added. Ten m nutes
| at er, t he remai ni ng nononer enul sion was gradual |y added over a three hour
period along with 1.13 grans of sodium persul fate dissolved in 50 grans.
After the three hour period, the enmul sion was cooled to 60 [err]C and 0.7
grams of t-butyl hydroperoxide dissolved in 1@ BfrangnQls . o SOGK
followed by 1.03 grans of isoascorbic acd di ssalve R gl SR G —pat er .
The -l atex was cool ed to anbi ent tenper agure. Ali quots (100 g) of poI yner
IV and polyner V were neutralized to pH=9.5 with ethanol ai ni ne. An :
addi tion e S8k % SRS SH48 V portions
for corrpatﬂbg gnam ne ?%éon’%\won gbgne al’i quot g%? eégi(?% dpaglhéf%t was added
4.0 granCehposiiinn ve Besd escentCoaleseantl. 9 gr anMET et hanol ani ne for

conpl ete enam ne(reactive coal escent JE) formation. A prem x consisting of

4 granms of propylene glycol and 1 gram of a 10% aqueous sol ution of QR 708
(Rohm andigHaas) wasmimemiadded. %t er a 24 hour4®quilibration period, Elns

were applied on glass slides and vinyl sheet then air dried to give 1-2 m|
thick coatings. The filns were exposed for varying periods of tine to
ultraviolg radiatismmproeri ded bs%gféidﬁeBm buIB@ (Q Panel Co) arrayed 16

i nches above the filnms in a li ghiq;g%% ation |l evel above the
films is ¥7 joul e ¥R NBur . o atl os n methyl ethyl ketone and

print ratymngs of thanmmirposed afstecraxansd fil My were rrade

18 KOH 5% J 38 o
19 KOH 10% J 25 REPLACEMENT SHEET
21 ammonia 5% . 38
22 ammonia 10% J 27
23 ammonia 15% J 23
24 ethanolamine 5% ] 39
25 ethanglamine 10% ] 34
26 . ethanolamine 15% J 25

Compositions 18-26 of this invention containing enamine reactive coalescents (formed
from reactive coalescent | and amumonia or primary amines) exhibit lower MFFT's than
comparative composition 14 which has no coalescent. The coalescent power of the
'enamine réactive coalescents formed from reactive coalescent ] is dependent on the
amine used to form the enamine. |

EXAMPLE 4. Curable reactive coalescents

Regctive coalescent K was made from a mixture of 182.0 grams of sorbitol, 900 grams of
methyl acetoacetate and 1.0 grams of dibuty! tin oxide. This mixture was heated to
reflux under nitrogen for 8 hours with removal of distillate. The mixture was cooled



23 Table 8.1 Curing of conpositions contai ni ng enam ne reactive

coal escent Reactive FilmSwell Ratios

Print Rating Conp Pol 24h 72h 44 I\/’JE
none di ssol ves di ssol ves

di ssol ves  di ssol ves 2 6 Subﬁﬂﬂﬂhﬁh&ﬁ '?Fﬂummhﬁggﬁ

4.8 6.4 3 17 7 a7 \Y

di ssol ves 5.7 1 Cbnp05|t|on 45 |ncorporat|ng
enami ne 15344 nd Al RALERmateialthaB B BVEd hé{déé @f\% PPl Phwo
rating of the cured f I nproved versus conparative exa

Conposi t ifews Frriedhi m gm@m WFW@W%\@M})@S&@ o6 36% tetreadeﬂ:cbamtamrﬂaﬁ ed to
conposi t 100 #8aded B Ak 3298 aBRAThARafCACt | Ve dil uent.

Reactive coalescent L was made from a mixture consisting of 61.2 grams of dry glycerol
and 0.75 grams of sodium hydroxide. This mixture was heated to 160 °C and 438.8
grams of ethylene cxide were added slowly over four hours. The mixture was cooled
to 100 °C and 1.2 grams of phosphoric acid was added and the reaction was cooled. Ina
separate reaction, 300 grams of methyl acetoacetate, 1.4 grams of acetic acid and 2.0
grams of dibutyl tin oxide was added to the ethoxylated giycerol and the mixture was
refluxed at 138 °C for 6 hours with removal of distillate. The mixture was cooled to 95

°C and a 0.5 mm Hg vacuum was applied for two hours to remove all volatile material
to give the triacetoacetate. '

Reactive coalescent M was made from a mixture consisting of 57.2 g.
trimethylolpropane and 200 g. 2,2,6-trimethyl-4H-1,3-dioxin-4-one. This mixture was
heated to 125 °C for 2.5 hours under nitrogen with removal of the distillate. Analysis
of the product showed only the presence of triacetoacetate.

Polyme:z Il was prepared from 2 monomer mixture that contained 505.6 grams of
water, 18.1 grams of a 23% solution of sodium dodecyl benzene sulphonate, 1062.5
grams of butyl acrylate, 454.3 grams of methyl methacrylate, 25.7 grams of methaerylic
acid, 171.4 grams of acetoacetoxyethyl methacrylate, 3.42 grams of n-dodecy] mercaptan.
Then 40.0 grams of this monomer emulsion mixture was removed and added to a
kettle containing a mixture of 1432.7 grams of water and 11.0 grams of a 2.3% sclution
of sgdium dodecy! benzene sulphonate heated to 85°C. An initiator charge of 2.52 .
grams of sodium persulfate dissolved in 84.0 grams of water was added. Ten minutes
later, the addition of remaining monomer emulsion was begun and continued
gra@uaﬂy over a two hour period. After the two hour period, the emulsion was cooled
to 60°C and 0.8 grams of t-butyl hydroperéxide dissolved in 16 grams of water was
added followed by 0.5 grams of sodium formaldehyde bisulfite dissolved in 16 grams of
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. EXAMPLE 9. Hydrol ysis Resi stance of Reactive Coal escents Reactive
coal escent O was nade froma m xture of 118.8 granms of 1, 6hexanedi ol and
323.0 grams of terttbutylacetoacetate. This m xture was heated to 100[err]C

under nitrogen for seven hours while all disfil]late was collecte give a
liquid identified as 1, 6-hexanedi acet oacet at é@ﬂ’s‘m@aéﬁg s%ﬂ?@@%«@@@p Wwas

made froma m xture of 115.0 g. 2, 5-hexanedi ol and 320.0 g.

tert-butyl acetoacetate. This m xture wa& heated to 100[ err] C under
nitrogen for six hours while all distillate was collected to give a | ow

nel ti ng wetdrd Theclstexs wag then cooledh iy ambientdempesatuse.e. A pol yner VI was
made from a nononmer m xture of butyl acrylate, nethyl nethacrylate and

met hacrylic acid was fornulated with 20 wt % based on pol ynmer wei ght of the
di acet oaTe 89 grims iof thepolymerdbivas @died Difegrihod! TREGN LS (Union Catbidd)ed

cqui 11 by SR EGaERRaR A AR kR Wik S Rhnt 4 ek SERBETES
- grams of diisopropyladipate, 9 grams of propylene glycol, 0.5 grams of Triton X-405 and

22.5 grams of a 2% aqueous mixture of Natrosol 250 MHR (Hercules) was also made.
The eoalescent in the amount listed below was then added to 3 grams of the premix
and then added to 15 grams of the latex. The formulated emulsions were equilibrated
overnight and then films were made on Bonderite B-1000 steel panels. The films were
heated at 60 °C for three days to allow for film coalescence and then placed ma sealed
container containing a large molar excess of a 37% agueous formaldehyde solution for
three days. The films were then removed, air dried and solvent rub zesistance was
obtained as a measure of the level of cure. .

Table 4.1 Evaluation of compositions containing curable reactive coalescents

MEK Solvent
- Rubs

28 none : none 50

29 M 047g " 300
30 C 05g " 180
31 none K Q46 g 380
32 M C47g K 046g 720
33 C 05g X 046g 315
34 none L 103g 190
35; M 047g L | 103g 360
36 C 05g L 103g 2350
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24 readjusted to the listed value to ensure conplete enam ne formation. The
sanpl es were then seal ed and heated at 60[err] C for ten days and the pH
after treatnent was obtained. Hydrolysis of the acetoacetatel/ enam ne
functionality was determ ned by quantitative 13C NVR and |isted as a

percentage |oss conpared to the original matSibstitute SHedt -7 Aubush (]!996ysl S

Resi st ance Coal escent —Base—pt ¥y dr ol

48 o none ¥ 29 26 33% 49

O 4.8 12% 50

o) Comp@g@@s 25-36 of this mventngn @onmnmng regctive coalespenis show improved
O cure @Jgﬁgﬁ@mpammve egaﬁple 28 without reactive adQitives.

EXAMPLE 5. Autoxidative cure of composition containing acetoacetate reactive
coalescent

This example shows that 2 composition containing acetoacetate reactive coalescent and _
an acetoacetate functional polymer will cure by autoxidative processes.

Reactive coalescent N was made from a mixture consisting of 500 grams of d-sorbitol

and 1300 grams of teri-butylacetoacetate. This mixture was heated to 105 °C for 8 hours

and teﬁobmyl aleohol was collected as the distillate under reduced pressure. The

reaction mixture was cooled to 60 °C and 2 1 mum Hg vacuum was applied for 2 hours

to remove all volatile material. Analysis of the resulting product indicated an average
 substitution of 3.2 acetoacetate functional groups per molecule.

A polymer (IIT) was prepared from a monomer mixture that contained 501.7 grams of
water, 18.13 grams of Alipal CO-436, 149.4 grams of acetoacetoxyethyl methacrylate,
672.3 grams of buty! acrylate, 652.9 grams of methyl methacrylate and 19.4 grams of
methacrylic acid. From this monomer emulsion mixture, 47.2 grams was removed
and added to a kettle containing a mixture of 1317.9 grams of water and 8.74 grams of
Alipal CO-436 heated to 85 °C under nitrogen. An initiator charge of 2.26 grams of
sodium persulfate dissolved in 50 grams of water was added. Ten minutes later, the
remaining monomer emulsion was gradually added over a three hour period along
with 1.13 grams of sodium persulfate dissolved in 50 grams. After the three hour
period, the emulsion was cocled to 60 °C and 0.7 grams of t-butyl hydroperoxide
dissolved in 12.5 grams of water was added followed by 0.5 grams of isoascorbic acid
dissolved in 12.5 grams of water. The latex was cooled to ambient temperature.

4n additives solution consisting of 0.3 grams of Triton X-405 (Union Carbide), 4.1
gramns of propylene glycol, 4.1 grams of diisopropyladipate, 5.11 grams of a 2% agueous
solution of Natrosol 250 MHR (Hercules), 0.68 grams of a 6% solution of cobalt




52 P none 2.9 2.9 5% 53

P . DVAE 6.9 6.0 4% 54 P
DVAE 9.0 7.8 7% 55 P
NH3 9.5 9.4 <3% The data show t hat acetoacet at €

functional material nmade froma secondary algpRfikte SHERPS 7t AQBGstOl ) is
nore hydrolysis resistant than material mude froma pripary arcohol— hl
(48-51). Formation of the enam ne usi n% anmoni a (51 and 55) al so gives
hydrol ysis resistant material s. EXA EE 10. Acet oacet oxyet hyl

ot hacr y IR0 AR e B Biveav Sy RaRE 6% e PRE RE B ipbicic agg were

I

met hacr yLgked. Mgl wigh Yhistselutividwerd thecadditicenlisd (id3ke Jabledseloonieting ;

MFFT=33 C.).at 3%, 6%, and_.10%.b I.gh ased, .on..t he weight of p r.

The i xt liFeleaipit/ f“‘ﬁg% @‘65%82‘3%3&519@ 3&&8 %g(")ng{‘her%%%g”% @Wﬁ%ﬁﬁa to

PH=9. 5, 4hepelNs bPiNE DX hat RAADelR reliii tad ehlititeitedrpided Swasth

neutralized“to pH=17 _ . . ) '
ammonia. The formulations were mixed and equilibrated for 24 hours. Films were
applied and air dried to give about 1-2 mil thick films. These were cured under

ambient conditions and tested.

Table 5.1 Evaluation of cure of compositions containing acetoacetate reactive

coalescent .
CompReactive Additional Film Print = Block
Coal. Crosslinker Zdays 28days 28days 28days

37 none none 4.8 34 8 )

38 ] . none 8.7 5.3

3% 7] ethyl linoleate 40 2.8

40 J Santolink XI-100 39 3.4

41 N none 5.6 5.8 3 1

42 N ethyl linoleate =~ 39 8.4 é 1

43 N Santolink XI-100 5.3 3.3 6 6

Note: Santolink XI-100 (Monsanto) is a 10 equivalent polyallylglycidyl ether of
MwW=1200. :

Compositions 38-43 of this invention incorporating acetoacetate reactive coalescents
and an acetoacetate functional latex show evidence of autoxidative cure with higher
Iieyféls of crosslinker (compositions 39,40,42 and 43) showing cure comparable to a
control film without reactive coalescent.
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25 with pot assi um hydroxi de. After equilibration the MFFTs were neasur ed,;
results are presented in Table 10.1 Table 10.1 AAEM nononer as a reactive

coal escent 0 33 33
3 23 .25 6
14 17 10 Substitute Sheet - 7 August 1996

8 AAEM nononer functions as a coal escenjy wiTh the enam ne formof the
nmononer being slightly |less effective than the nononer itself.

EXAMPLE 6. Rate of autoxidative cure of compesition containing acetoacetate reactive
coalescent and acetoacetate polymer

The rate of reaction of the multifunctional acetoacetate reactive coalescent ]
formulated with an acetoacetate functional polymer (IIf) in films from Example 5 was
determined by dissolvihg the cured film in a known ameount of dimethyl sulfoxide
and analyzing for reactive additive | by high pressure liquid chromatography against
calibration samples.

Table 6.1 Rate of autoxidative cure WEJACEWT §HEET
Cure Time (days): 1 7 14 | 28 L8 AUG % i
38

39 80 ¢ 0 0

40 - 83 05 (8 0

Compeositions 38-40 of this invention are shown to have incorporated the reactive
eoalescent into the film.

EXAMPLE 7. Rate of autoxidative cure of composition containing acetoacetate
reactive coalescent and nonfunctional polymer

A polymer {IV) was prepared by a similar procedure to polymer I from a monomer
mixture that contained 501.7 grams of water, 45.74 grams of sodium dodeéyll benzene
sulphonate (23% solution), 747 grams of butyl acrylate, 727.6 grams of methyl
methacrylate and 15.4 grams of methacrylic acid and 3.0 grams of n-dodecyl merca?tan.

Compositions were formulated and films made by a procedure similar to those of
compositions 38-40 from Example 5 with non-functional p@imr IV replacing
acgtoacetate functional polymer II. The rate of reaction of the reactive coalescents
mixed with a non- functional polymer was determined by dissolving the cured film in
a known amount of dimethyl sulfoxide and analyzing for the reactive additive by high
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.EXAMPLE 11 Vol atility of AAEM nononmer in airdried filnms Acetacetoxyet hyl
met hacryl ate was added to an acrylic | atex polynmer conposed of nethyl _
met hacryl ate, butyl acrylate, and nmethacrylic acid (45% solids content; Tg
=0 €) at 10% by weight based on the weight o inditePShect 7 ARt I

was then neutralized to pH=9.5 with a Ni a—A——-

panel s and dried under ambient conditions. The filmwas wei ghed

ol gt | et SR CHrBaBE D et priont HreRE T YISE s ol
3

AAEM mn%ﬁﬂé& 18k4 ofifieadaétivenadditives by séven days. 100
95 ° 91 7 77
10 70 Substantial portions of AAEMremain in the film

o eggeggmm BEIchQeh bificaBP of BSPbbitibAY corilaihg ehufiihé oractivedohRagdnt Ve
A polymer (V) was prepared from a monomer mixture that contained 501.7 grams of
water, 45.74 grams of sodium dodecyl benzene sulphonate (23% solution;, 74.7 grams
of acetoacetoxyethyl methacrylate, 709.7 grams of butyl acrylate, 690.2 grams of methyl
methacrylate, 19.4 grams of methacrylic acid and 2.95 grams of n-dodecyl mercaptan.
From this monomer emulsion mixture, 47.2 grams was removed and added to a kettle
containing a mixture of 1317.9 grams of water and 22.04 grams of sedium dodecyl
benzene sulphonate heated to 85 °C under nitrogen. An initiator charge of 2.26 grams
of sodium persulfate dissolved in 50 grams of water was added. Ten minutes later, the
remaining monomer emulsion was gradually added over a three hour period along
with 1.13 grams of sodium persulfate dissolved in 50 grams. After the three hour
period, the emulsion was cooled to 60 °C and 0.7 grams of t-butyl hydroperoxide
dissolved in 12.5 grams of water was added followed by 1.03 grams of iscascorbic acid

dissolved in 12.5 grams of water. The latex was cooled to ambient temperature.

Aliquots (100 g) of polymer IV and polymer V weze neutralized to ptl=9.5 with
ethanolamine. An additional 0.57 grams of ethanclamine was added to the polymer V
portions for complete enamine formation. To one aliquot of each polymer was added
4.0 grams of reactive coalescent J and 1.9 grams of ethanolamine for complete
enamine(reactive coalescent JE) formation. A premix consisting of 4 grams of
propylene glycol and 1 gram of a 10% aqueous soiution of QR-708 (Rohm and Haas)
was then gdded. After a 24 hour equilibration period, flms were applied on glass
slides and vinyl sheet then air dried to give 1-2 mil thick coatings. The films were
exﬁ@sed for varying periods of time to ultraviolet radiation provided by 8 UVA-340
bulbs (Q-Panel Co) acrayed 16 inches above the films in a light box. Total radiation
level above the films is 4.7 Joules/cm2/hour. Film swell ratios in methyl ethyl ketone
and print ratings of the unexposed and exposed films were made.
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ferr] We Caim 1. A conposition for coating and/or inpregnating _
conpri sing an aqueous dispersion of a vinyl addition polynmer and froml1%to
200% preferably from5%to 50% by wei ght, based on the wei ght of said

pol ymer, of a reactive coal escent which is aguﬁset oagﬁé&t e7cgwfor%bg I,

enam ne of forrmula Il, or mxture theregf, titute
Rl err] NH (CH[err] CO CHerr])x[err] 23 (CHerr] C=CH
CJerr])x R wherein R is a nonoval ent or polyval ent organic radical, X

i s an intEgpe &} Gwring of @W@ovam@taiz@nsmm reartive foaleseenst he

organic radical R and RLeLt)e IS g P86 derr]
4 IV none dissolves dissolves- 2
4 IV JE dissoives  dissolves 2
46 \'2 " none 48 64 i
47 v JE ;Iissclves 8.7 1 6

Composition 45 incorperating enarnine reactive coalescent JE and polymer IV without
AAEM, the print rating of the cured film improved versus comparative example 44.
Composition 47 exhibits an improved swell ratio of the film compared to composition
46 without the enamine reactive diluent.

EXAMPLE 9. Hydrolysis Resistance of Reactive Coalescents

Reactive coalescent O was made from a mixture of 118.8 grams of 1,6-hexanediol and
323.0 grams of terf«-butylacetcacetate. This mixture was heated to 100 °C under nitrogen
for seven hours while all distillate was collected to give a liguid identified as

1,6-hexanediacetoacetate.

~ Reactive coalescent P was made from a mixture of 115.0 g. 2,5-hexanediol and 320.0 g.
tert-butylacetoacetate. This mixture was heated to 100 °C under nitrogen for six hours
while all distillate was collected to give a low melting solid identified as
2 5-hexanédiacetoacetate.

A polymer VI was made from a monomer mixture of butyl acrylate, methyl
methaerylate and methacrylic acid was formulated with 20 wt % based on polymer
weight of the diacetoacetate indicated in Table 9.1. The pH of the samples were
ad!justed with dimethyiethanolamine or ammonia to the indicated level. These were
equilibrated overnight and the pH of the ammonia containing samples were
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2. The conposition of claim1, further conprising from.0005%to 2% by -

wei ght, based on the weight of said reactive coal escent, of a drier; the
drier preferably being a salt of cobalt or nanganese, such as cobalt
octoate, cobalt naphthenate, nmanganese octoate or nanganese naphthenate.

3. The conposition of claims 1 or 2, furthebubstitpte Sheet 7 Mugust 1896504 by
wei ght, based or, the weight of said reactive coal escent, of autoxidizable
additive; the autoxidizable additive preferably being a sinple ester of an
unsat ur at egh: kd; Qﬁ ool néthfled TornatidrQ THe shiw; r
conpri si ﬁega%ﬁ‘%%%ha%)ﬁg?g}f%s%%ﬁ%@u@mg g t,eb%ggsﬂ 8t&)érjlét he ﬁght of said reépg%?ve
coal escemtere thervataded had heatdd 2648 °C fdrgenclaysiand el aftes rogiment wesy

o< et ny1 SOt aFE bR e Rp R R AR e iy
quantitative 13C NMR and listed as a percentage loss compared to the original
material. -

Table 9.1 Hydrolysis Resistance

Composition  Coalescent  Base pH % Hydrolysis
before after by 13C NMR

48 @) none 29 2.6 33%

49 o DMAE 6.9 - 4.8 12%

50 O DMAE 9.0 - . 65 37%

51 O NH3 .3 93 . <3%

52 P none 2.9 2.5 5%

53 P DMAE 69 £.0 4%

54 P DMAE ' 9.0 7.8 7%

55 P NH3 9.5 94 <3%

The data show that acetoacetate functional material made from 2 secondary alcohol
{compositions 52-55) is more hydrolysis resistant than material made from a primary

alcchol (48-51). Formation of the enamine using ammonia (51 and 55) also gives
hydrolysis resistant materials.

EXAMPLE 10. Acetoacetoxyethyl methacrylate monomer as a reactive coalescent
Acetoacetoxyethyl methacrylate was added to an acrylic latex polymer composed of
methyl methacrylate, butyl acrylate, and methacrylic acid (45% solids content;
MFFT=33 C.) at 3% ,6%, and 10% by weight based on the weight of polymer. The
mixtures were then divided and one set was neutralized with ammonia to p¥=9.5,
éhereby forming the enamine of AAEM, and the other set was neutralized to pH=7

REPLACEMENT SHEET
08 AUG 1996




Jerr]- 27 5. The conposition of clainms 1,
2,3 or 4, wherein said polynmer has a glass transition tenperature front
-40[err]C to 150[err]C. 6. The conposition of any one of the preceding
claims, wherein said pol yner conprises pendant acetoacetate groups. 7.
The conp05|t|on of any of the preceding clains, wherein said polyner
conprises 1%to 40% by wei ght, based on the S«bs@hﬂﬁe@h@#@ Aunpustcl 996
copol yneri zed acet oacet oxyat hyl net haayl at e 8 A Conposition accor di ng
to any preceding claim which has been 28red either- by exposing it to air
for at |east 28 days or exp05| ng it tolight with a wavel ength of from 200
nanometerwnthcp@t%z rioyxiioaice. Afigr equilibkdtish tHe MFFTsWefk SidhStked? FRHs by ON
.conprisin gﬁt% g%ra%} corrp05|t|on as defined in any of clains 1 to 7;
and (b) eﬁ%ﬁﬁ g8 ecg?T%OSItIOI’I to air for at |east 28 days, or exposing
it to |ighiblavith AABM eheneher 88 afreitveQadpeRet ers to 400

% AAEM Monomer

0 33 33
K] 25

6 14 17

10 & : 8

AAEM monomer functions as a coalescent with the enamine form of the monomer
being slightly less effective than the monomer itself.

EXAMPLE 11. Volatility of AAEM moncmer in air-dried films

Acetacetoxyethyl methacrylate was added to an acrylic latex polymer composed of
methyl methacrylate, butyl acrylate, and methacrylic acid (45% solids content; Tg=0
C.) at 10% by weight based on the weight of polymerz. The latex mixture was then
neutralized to pk=9.5 with ammonia. A film was applied to a glass panels and dried
under ambient conditions. The film was weighed periodically to determine the rate of

loss of AAEM as a function of time; weight loss data are presented in Table 11.1.

Table 11.1 Volatility of AAEM monomer in air-dried filin
XTime {days) % AAEM Remaining

0 100
v 3 o5
4 91
7 77
10 70 , e

Substantial portions of AAEM remain in the film over an extended period of time,
permitting AAEM to function as a reactive coalescent.

REPLACEMENT SHI
08 AUG B4

T
=




\_nanbrreters____lQJ__A_nm_h_og_Lgr I nprovi ng the coal escence of an aqueous
di spersion of a vi nyl addl ti-on polymer conprising adm xing from1%to 200%
ERCRE) T B il wei ght, based on the weight of said polyner,

ikl iMlich i s an acetoacetate of formula |, enanine of
fornula I, 6r ?nx‘tur"e fhef eof , ubstitute Sheet - 7 August |
R err] NH (CHerr] COCH[err] CCIerr]%x R (CH err] C=CH
CAerr]) %R claim: [ |

1. A compesition for coating and/or impregnating cexﬁprising an aqueous dispersion
of a vinyl addition polymer and from 1% to 200%, preferably from 5% to 50% by
weight, based on the weight of said polymer, of a reactive coalescent which is an
acetoacetate of formula I, enamine of formula B, or mixture thereof,

RINH
. ' i
(CH3 CO CHy COzxR (CH; C=CH COz)x R
1 i

wherein R is 2 menovalent or polyvalent organic radical, X is an integer from 1 to 6

whose value is equal to the valence of the organic radical R and R! is hydrogen or C;-
Cop alkyl.

2. Th@ composition of claim 1, further comprising from .0005% to 2% by weight, based
on the weight of said reactive coalescent, of a drier; the drier preferably being a salt of

cobalt or manganese, such as cobalt octoate, cobalt naphthenate, manganese octoate or
manganese naphthenate.

3. The composition of claims 1 or 2, further comprising from 1% to 15% by weight,
based on the weight of said reactive coalescent, of autoxidizable additive; the

autoxidizable additive preferably being a simple ester of an unsaturated fatty acid.

4. The composition of claims 1, 2 or 3, further comprising from 0.1% to 2% by weight,
based on the weight of said reactive coalescent, of volatile stabilizer; the volatile
stabilizer preferably being methyl ethyl ketone-oxime, methyl butyl ketone-oxime,
S5-methyl-3-heptanone-oxime, cyclohexanone-oxime or butyraldehyde-oxime.
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*28 wherein Ris a nonoval ent or polyvalent organic radical, X is an
i nteger fr@m_l_t_o_a_\Mmse_\LaLue I.s equal to the val ence of the organi c

radical R and r |s h drogen or CJerr]- Cerr] alkyl. 11. Use of an
emani ne or Hijl maefi ned in clai mslmb%ﬁm%e %%&jﬁ%ﬁé@ﬂ%nt.

27

5. The composition of claims 1, 2, 3 or 4, wherein said polymer has a glass transition
temperature from -40°C to 150°C,

6. The composition of any one of the preceding claims, wherein said pollymer
comprises pendant acetoacetate groups.

7. The composition of any of the preceding claims, wherein said polymer comprises
1% to 40% by weight, based on the weight of sand p@lymer, mpclymenzed
acetoacetoxyethyl methacrylate.

8. A composition according to any preceding claim, which has been cured either by

exposing it to air for at least 28 days, or exposing it to light with a wavelength of from
200 nanometers to 400 nanometers. '

9. A method. of forming a cured composition comprising: (a) forming a composition as
defined in any of claims 1 to 7; and (b) exposing said composition to air for at least 28

days, or exposing it to light with a wavelength of frem 200 nanometers to 400
nanometers.

10. A method for improving the coalescence of an aqueous dispersion of a vinyl
addition polymer comprising admixing from 1% to 200%, preferably from 5% to 50%
by weight, based on the weight of said polymer, of a reactive coalescent which is an
acetoacetate of formula I, enamine of formula II, or mixture thereof,

RINH
_ !
(CH3 CO CH, COx R {CH; C=CH CO2)xR
I 1
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wherein R is a monovalent or polyvalent organic radical, X is an integer from 10 6

whose value is equal to the valence of the organic radical R and Rl is hydrogen or C;-

- Cp alkyl.

o s 2 &
11. Use of an emanine or acetoacetate as defined in claim 1 as a reactive coalescent.
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ABSTRACT

A coating or impregnating composition containing an aqueous dispersion of a vinyl
addition polymer and a reactive coalescent. The reactive coalescent contains at least
one acetoacetate grouping, or an enamine thereof. In one embodiment the reactive
eoalescent also functions as an emulsion pelymer crosslinker.




